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MICROORGANISMS AND METHODS FOR
PRODUCING BIOLOGICS AND
INTRODUCING BIOLOGICS TO SITES

FIELD OF THE INVENTION

The 1nvention 1s directed to microorganisms and methods
for producing biologics and introducing biologics to sites,
including 1n vivo sites such as the gastrointestinal tract or 1n
vitro sites.

BACKGROUND

The application of microorganisms for in situ delivery of
therapeutics was first demonstrated by (Steidler et al. 2000)
with lactic acid bacteria. The cheese bacterium Lactococcus
lactis was engineered to secrete murine interleukin-10
(mIL10). Oral administration of the recombinant lactic acid
bacterium significantly reduced intestinal imnflammation in
two mouse models of disease. The authors demonstrated
mI[.-10 was detected in the colon of IL10~"~ mice and that
the therapeutic eflect was obtained following de novo syn-
thesis of IL-10 by L. lactis during gastrointestinal (GI)
transit. Since then, the L. lactis workhorse has been

exploited to deliver a variety of recombinant proteins (Ba-
hey-El-Din et al. 2010, Robert et al., 2014) and DNA

(Guimaraes et al. 2009, Chatel et al. 2008, de Azevedo et al.,
2012), and has paved the way to harness other microbes as
delivery vehicles. In particular, engineering food-grade
microorganisms that can survive passage through the gas-
tromntestinal tract, and naturally encode health-promoting,
properties, collectively provides a promising platform to
deliver biologics of interest.

There are at least two challenges, however, to using
microorganisms as biologic delivery vehicles. A first chal-
lenge 1s obtaining specificity in the delivery of biologics at
therapeutic amounts, either with respect to particular sites in
the body or within particular timeframes after administra-
tion. A second challenge 1s biologically containing the
microorganisms. Biologic delivery vehicles that address
these challenges are needed.

SUMMARY OF THE INVENTION

The present invention addresses the atorementioned chal-
lenges. The present invention provides microorganisms and
methods for introducing biologics to a site upon stimulation
with an environmental cue. The microorganisms of the
invention employ a maltose-inducible promoter to stimulate
production and/or release of biologics at the site upon
exposure to maltose. Accordingly, the microorganisms can
be used as a delivery platform to introduce biologics to sites
that have a suflicient amount of maltose present to stimulate
production and/or release of the biologics. The microorgan-
isms can also be used as a delivery platform to deliver
biologics to sites that do not have a suflicient amount of
maltose present to stimulate production and/or release of the
biologics. This can be done by “priming” the microorgan-
1sms with maltose prior to mtroducing the microorganisms
to the site. The priming induces transcription and thereby
permits production and/or release of biologics at later points
in time to sites having no or low concentrations of maltose.

In some versions of the invention, the microorganisms are
used as delivery vehicles to introduce biologics to 1n vivo
sites, such as the gastrointestinal tract. The microorganism
can be administered to the gastrointestinal tract orally or by
other routes. Maltose present 1n the gastrointestinal tract
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2

simulates production and/or release of the biologics therein.
To help induce production and/or release of the biologics,

maltose levels 1 the gastrointestinal tract can be increased
by administering maltose or a maltose precursor, such as
starch, to the gastrointestinal tract. Alternatively or addition-
ally, the microorganisms can be exposed to a maltose-rich
medium to induce transcription prior to being administered
to the gastrointestinal tract.

In other versions of the invention, the microorganisms are
used to produce biologics 1n vitro. The microorganisms can
be cultured 1n the presence of a suilicient amount of maltose
present to stimulate product and/or release of the biologics.

The microorganisms of the invention can be configured to
introduce biologics to a site in any of a number of formats.
In some versions, the microorganisms are configured to
secrete a secretable biologic 1n a maltose-dependent manner.
In these versions, production of the secretable biologic i1s
dependent on expression of one or more genes controlled by
the maltose-inducible promoter such that the secretable
biologic 1s produced and secreted upon exposure to maltose.

In other versions, the microorganisms are configured to
constitutively produce a therapeutic biologic intracellularly
but release the therapeutic biologic primarily in a maltose-
dependent manner. In these versions, the microorganisms
may comprise a maltose-dependent promoter operably con-
nected to a nucleic acid sequence encoding a lytic protein
that promotes lysis of the microorganism upon exposure to
maltose. Exposure to maltose drives expression of the Iytic
protein, induces lysis of the microorganism, and facilitates
release of the biologic.

In yet other versions, the microorganisms are configured
both to produce a therapeutic biologic and to induce lysis in
a maltose-dependent manner. In these versions, production
of the biologic 1s dependent on expression of one or more
genes controlled by the maltose-inducible promoter such
that the biologic 1s produced upon exposure to maltose. The
microorganisms also comprise a maltose-dependent pro-
moter operably connected to a nucleic acid sequence encod-
ing a lytic protein that promotes lysis of the microorganism
upon exposure to maltose. Exposure to maltose drives
expression of the lytic protein, induces lysis of the micro-
organism, and facilitates release of the biologic. There 1s
typically a lag between induction of the lytic protein and cell
lysis, which leaves time for intracellular production of the
biologic before lysis.

In some versions of the invention, the microorganisms are
configured to produce a biologic 1n a maltose-dependent
manner regardless of whether or not the microorganism 1s
configured for lysis.

The objects and advantages of the mnvention will appear
more fully from the following detailed description of the
preferred embodiment of the invention made 1n conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schema outlining an exemplary version of
the invention, wherein a microorganism 1s modified for use
as a biologic delivery vehicle. The microorganism 1s a
Lactobacillus reuteri that produces a pathogen-specific bac-
teriophage as an exemplary biologic and harbors a maltose
(mal)-sensitive lytic protein gene (e.g., holin and/or lysin).
Maltose exposure leads to expression of the lytic protein
gene, which, 1 turn, causes lysis of the microorgamism and
release of the biologic into the surroundings.

FIG. 2 shows lysis of L. reuteri mediated by holin
expressed from an inducible promoter as an exemplary lytic
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protein gene. Data shown are averages of three experiments,
and error bars indicate standard deviation. Average viability

levels are indicated.

FIG. 3 shows a schema of an exemplary plasmid
(pVPL3628) containing a maltose-inducible holin gene of
the mvention. “Pmis2” indicates a maltose-inducible pro-
moter. “Holin™ indicates a holin coding sequence. “Term”
indicates a transcriptional terminator sequence. “Erm”™ gene”
indicates an erythromycin resistance marker. “pSH71” indi-
cates a replication origin. “sspK” and “sspR” indicate a two
component system. The replication origin (pSH71), the two
component system (sspK, sspR), and the Erm” gene are from
parent plasmd (pSIP411).

FI1G. 4 shows percent lysis relative to control (black bars)
and % wviability relative to control (white boxes) for L.
reuteri harboring the maltose-inducible holin gene 1n
pVPL3628 1n the presence of various relative amounts of
glucose and maltose at 100 mM total sugar. Data shown are
averages ol two independent experiments. Error bars indi-
cate standard deviation.

FIG. 5 shows OD600 of L. reuteri harboring the maltose-
inducible holin gene 1 pVPL3628 (L. reuteri+maltose-
holin) relative to L. reuteri harboring an equivalent plasmid
but lacking the maltose-inducible holin gene (L. reuteri
control) 1n glucose (GLU) after exposure for 45 minutes 1n
maltose (MAL).

FIG. 6 shows a schema of a method of genetic engineer-
ing using a maltose-inducible promoter combined with
repA.

FI1G. 7 depicts a schema showing maltose-inducible gene
silencing 1n bacteria using antisense RNA (asRNA), specifi-
cally with cis-encoded asRINA and trans-encoded asRNA.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The microorganisms of the invention may comprise bac-
teria or other types of microorganisms, such as yeast.
Bacteria of the invention may include certain commensal or
probiotic bacteria, non-commensal bacteria, and other types
of bacteria. The bacterna may include non-pathogenic,
Gram-positive bacteria capable of anaerobic growth. The
bacteria 1in some cases are viable 1n the gastrointestinal tract
of mammals. The bacteria may be food grade.

Exemplary bacteria of the mvention include species of
lactic acid bacteria (i.e., species of the order Lactobacilla-
les), such as those from the genera Lactobacillus, Leuconos-
toc, Pediococcus, Lactococcus, Streptococcus, Aevococcus,
Carnobacterium, Enterococcus, Oenococcus, Fructobacil-
lus, Sporolactobacillus, letragenococcus, Vagococcus, and
Weissella.

Exemplary bacteria more preferably include species of the
Lactobacillus genus. Exemplary species from the Lactoba-
cillus genus include L. acetototerans, L. acidifarinae, L.
acidipiscis, L. acidophilus, L. agilis, L. algidus, L. atimen-
tarius, L. amytolyticus, L. amylophilus, L. amylotrophicus,
L. amylovorus, L. animatis, L. antri, L. apodemi, L. aviarius,
L. bifermentans, L. brevis, L. buchneri, L. camelliae, L.
casei, L. catenaformis, L. ceti, L. coleohominis, L. colli-
noides, L. composti, L. concavus, L. coryniformis, L. crispa-
tus, L. crustorum, L. curvatus, L. delbrueckii subsp. del-
brueckii, L. delbrueckii subsp. butgaricus, L. delbrueckii
subsp. lactis, L. dextrinicus, L. diolivorans, L. equi, L.
equigenerosi, L. farraginis, L. farciminis, L. fermentum, L.
fornicalis, L. fructivorans, L. frumenti, L. fuchuensis, L.
gallinarum, L. gasseri, L. gastricus, L. ghanensis, L.
graminis, L. hammesii, L. hamsteri, L. havbinensis, L. haya-
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kitensis, L. helveticus, L. hitgardii, L. homohiochii, L. iners,
L. ingluviei, L. intestinalis, L. jensenii, L. johnsonii, L.
katixensis, L. kefiranofaciens, L. kefiri, L. kimchii, L. kitasa-
tonis, L. kunkeei, L. leichmannii, L. lindneri, L. malefermen-
tans, L. coati, L. manihotivorans, L. mindensis, I.. mucosae,
L. murinus, L. nagelii, L. namurensis, L. nantensis, L.
oligofermentans, L. oris, L. panis, L. pantheris, L. parabre-
vis, L. parabuchneri, L. paracollinoides, L. parafarraginis,
L. parakefiri, L. paratimentarius, L. paraplantarum, L.
pentosus, L. perolens, L. plantarum, L. pontis, L. psittaci, L.
vennini, L. veuteri, L. vhamnosus, L. rimae, L. vogosae, L.
rossiae, L. ruminis, L. saerimneri, L. sakei, L. salivarius, L.
sanfranciscensis, L. satsumensis, L. secaliphilus, L. sharp-
eae, L. siliginis, L. spicheri, L. suebicus, L. thailandensis, L.
ultunensis, L. vaccinostercus, L. vaginalis, L. versmoldensis,
L. vini, L. vitulinus, L. zeae, and L. zymae.

A bacterium used 1n the following examples 1s L. reuteri.
In addition to L. reuteri, other particularly preferred bacteria
include L. plantarum (e.g., L. plantarum BAA-793), L.
rhamnosus (e.g., L. rhamnosus GG (L. rhamnosus ATCC
53103)), L. lactis (e.g., L. lactis M(G1363), and L. casei.

In some versions, the microorganism 1s a bacterium other
than L. reuteri strain 100-23. In some versions, the micro-
organism 1s a lactic acid bacterium other than L. reuteri
strain 100-23. In some versions, the microorganism 1s a L.
reuteri strain other than L. reuteri strain 100-23.

The microorganism may be configured to produce a
biologic. As used herein, “biologic” refers to any biologi-
cally active product capable of being produced by a micro-
organism. The biologic can be biologically active in vivo 1n
any prokaryote or eukaryote or in vitro i1n any 1n vitro
biochemical system. The biologic can have any activity,
whether enzymatic, binding, structural, etc. The microor-
ganism may be genetically modified to produce the biologic.
Accordingly, the microorganism may have at least one
genetic modification that results 1n the production of a
biologic that 1t naturally does not make and/or results the
increased production of a biologic that it naturally does
make. For example, the microorganism may include a trans-
gene (chromosomally integrated or on a non-chromosomal
plasmid, etc.) encoding a gene product 1t does not naturally
express or may contain a modified gene (e.g., a gene with a
modified or heterologous promoter or other genetic element)
that enhances production of a gene product that 1t naturally
CXPresses.

The biologic may have any of a variety of biological
functions 1 a subject 1n which the microorganism 1s 1ntro-
duced. The biologic preferably has a therapeutic eflect on
the subject. The biologic may target and promote growth of
beneficial cells in the subject, may target and inhibit growth
of deleterious cells 1n the subject, or may target certain cells
for destruction. The biologic may alter gene expression 1n a
cell or may aflect the physiology, growth, or activity of a cell
in any other manner. Biologics that have a therapeutic eflect
on the subject are referred to herein as “therapeutic biolog-
1cs.”

Examples of biologics capable of being made by the
microorganism include carbohydrates, polypeptides, nucleic
acids, or complexes of these substances, such as viruses,
etc., small molecules, and metabolites.

Exemplary nucleic acid biologics include DNA and RNA.
Preferred nucleic acid biologics include therapeutic nucleic
acids. Nucleic acid biologics can generally be classified as
nucleotides and nucleosides, oligonucleotides, or polynucle-
otides. Various types ol nucleic acid biologics include oli-
gonucleotides for antisense and antigene applications, DNA
aptamers, antisense oligodeoxynucleotides, DNAzymes,
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DNA vaccines, RNA-based therapeutics, RNA aptamers,
NA Decoys, antisense RNA, ribozymes, small interfering

R
RNAs, and microRNAs, among others.

Exemplary viruses include bacteriophages, including
antimicrobial bacteriophages. See, for example, (Sulak-

velidze et al. 2001, Summers 2001, Borysowski et al. 2006,

and Fischett1 2004). Since their discovery nearly a century
ago, bacteriophages have been exploited to kill select
microbes, which can be attributed to production of holins
and/or endolysins. Historically, bacteriophage therapy was
mainly focused in Eastern Europe whereas i the US the
wide application of antibiotics was preferred (Sulakvelidze
et al. 2001). However, the emerging and rapidly expanding
threat of antibiotic-resistance has led to a revival of the use
ol bacteriophages 1n therapy.

Exemplary antimicrobial bacteriophages include those
employing the CRISPR-Cas system to specifically target
certain bacteria. CRISPR-Cas can be repurposed for appli-

cations such as programmable antimicrobials (Gomaa et al.
2014). What renders CRISPR machines desirable {for
genome editing 1n eukaryotes, makes them lethal antimicro-
bials 1n prokaryotes (Beisel et al. 2014). The paucity of DNA
repair mechanisms 1n bacteria compared to eukaryotes ren-
ders bacteria highly susceptible to DNA damage, including
CRISPR-induced DNA breaks and nicks. Therefore, sell-
targeting CRISPR spacers are highly lethal, and selected
against during accidental acquisition of spacers from the
host chromosome (Paez-Espino et al. 2013). This provides
the opportunity for repurposing endogenous or €xXogenous
CRISPR-Cas systems for seli-targeting in bacteria, as pro-
grammable and specific antimicrobials (Gomaa et al. 2014).
Type I and Type 11 CRISPR-Cas systems harnessing both
native and heterologous Cas nucleases have been generated
in vivo and 1n vitro (Gomaa et al. 2014, Bikard et al. 2014,
Citorik et al. 2014). However, a primary challenge 1n
employing this technology i1s in-situ delivery of the bacte-
riophages to sites 1 the body—especially in the gastroin-
testinal tract. The microorganisms provided herein provide a
solution to this challenge. The microorganisms described
herein can be engineered as Trojan horses for the local
delivery of engineered bacteriophages that carry CRISPR-
cassette for seli-targeting 1n pathogenic bacteria. A hybnd
between a plasmid and a bacteriophage can be engineered to
yield a phasmaid for heterogenic bacteriophage production in
the microorganism. The generation of a phasmid was
already demonstrated 3 decades ago by fusion of the . coli
bacteriophage P2 with plasmid pBR322 (Nicolett1 et al.
1983). Replication of the phasmid can be established from
cither the plasmid replication proteins, or from the bacte-
riophage replication proteins. Regardless of the modus of
replication, functional virions can be produced. With the
development of high-throughput assembling technologies,
such as Gibson assembly (Gibson et al. 2009), building
synthetic DNA fragments such as phasmids containing
double-stranded bacteriophage DNA are a suitable
approach. A CRISPR-array specific for a pathogen to be
targeted can be embedded 1n the bacteriophage genome for
packaging (Bikard et al. 2014, Citorik et al. 2014). Once the
phasmid 1s established 1n the probiotic, virions are produced
in the cytosol. Release of the virions 1n situ can occur using
the modules and mechanisms described herein (e.g., a malt-
ose-1nducible promoter fused to a lytic protein gene to lyse
the microorganism and release the engineered virions). The
released virions will 1inject the DNA 1n the target pathogen
to deliver the CRISPR-array, which, when combined with
the native Cas proteins, will yield strain-specific killing.
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Suitable polypeptide biologics may include any polypep-
tide of interest. The polypeptide may have any of a number
of amino acid chain lengths. In some versions, the polypep-
tide may have an amino acid chain length of from about 2
to about 2,000 amino acids, from about 2 to about 1,000
amino acids, from about 2 to about 500 amino acids, from
about 3 to about 250 amino acids, or from about 3 to about
225 amino acids. The polypeptide may have a net positive
charge at neutral pH, a net negative charge at neutral pH, or
a net neutral charge at neutral pH. The polypeptide 1is
preferably soluble 1n water. The polypeptide may form a
globular or fibrous structure or may have an intrinsically
disordered structure.

The polypeptide may have any of a number of function-
alities. The polypeptide, for example, may be enzymatic or
non-enzymatic. The polypeptide may be tluorescent or non-
fluorescent. The polypeptide may be a cytokine, a hormone,
an antibody, an antimicrobial peptide, and an antigenic
peptide, among others.

Exemplary classes of cytokines include interleukins, lym-
phokines, monokines, interferons (IFNs), colony stimulating
factors (CSFs), among others. Specific exemplary cytokines
include IL-1 alpha (IL.1a), IL-1 beta (IL1b), IL-2, IL-3, IL-4,
IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13,
IL-14, IL-15, IL-16, IL-17, IL-18, IL-19, IL-20, IL-21,
1L.-22, IL-23, IL-24, IL-25, 1L-26, IL-27, IL-28, IL-29,
IL.-30, 1L-31, IL-32, IL-33, IL-35, IL-36, IFN-alpha, IFN-
beta IFN-gamma, TNF-alpha, TNF-beta, CNTF (C-NTF),
LIF, OSM (oncostatin-M), EPO (erythropoietin), G-CSF
(GCSF), GM-CSF (GMCSF), M-CSF (MCSF), SCFEF, GH
(growth hormone), PRL (prolactin), aFGF (FGF-acidic),
bFGF (FGF-basic), INT-2, KGF (FGF7). EGFE, TGF-alpha,
TGF-beta, PDGFE, betacellulin (BTC), SCDGF, amphiregu-
lin, and HB-EG, among others.

Exemplary hormones include epinephrine, melatonin, tri-
iodothyronine, thyroxine, amylin (or 1slet amyloid polypep-
tide), adiponectin, adrenocorticotropic hormone (or corti-
cotropin), angiotensinogen, angiotensin, antidiuretic
hormone (or vasopres sin, arginine vasopressin), atrial-
natriuretic peptide (or atriopeptin), brain natriuretic peptide,
calcitonin, cholecystokinin, corticotropin-releasing hor-
mone, cortistatin, encephalin, endothelin, erythropoietin,
follicle-stimulating hormone, galanin, gastric inhibitory
polypeptide, gastrin, ghrelin, glucagon, glucagon-like pep-
tide-1, gonadotropin-releasing hormone, growth hormone-
releasing hormone, hepcidin, human chorionic gonadotro-
pin, human placental lactogen, growth hormone, inhibin,
insulin, 1insulin-like growth factor (or somatomedin), leptin,
lipotropin, lutemnizing hormone, melanocyte stimulating
hormone, motilin, orexin, oxytocin, pancreatic polypeptide,
parathyroid hormone, pituitary adenylate cyclase-activating,
peptide, prolactin, prolactin releasing hormone, relaxin,
renin, secretin, somatostatin, thrombopoietin, thyroid-stimu-
lating hormone (or thyrotropin), thyrotropin-releasing hor-
mone, and vasoactive intestinal peptide, among others.

Other physiologically active peptides include tachykinin
peptides, such as substance P, kassinin, neurokinin A, ele-
doisin, and neurokinin B; peptide PHI 27 (peptide histidine
1soleucine 27); pancreatic polypeptide-related peptides, such
as NPY (neuropeptide Y), PYY (peptide YY), and APP
(avian pancreatic polypeptide); opioid peptides, such as
proopiomelanocortin (POMC) peptides and prodynorphin
peptides; AGGO1; B-type natriuretic peptide (BNP); lac-
totripeptides; and peptides that inhibit PCSK9 (Zhang et al.
2014).
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Exemplary antibodies include single-chain antibodies,
single-domain antibodies (sdAbs), and single-chain variable
fragments (scEFvs).

Exemplary antimicrobial peptides include cathelicidins,
defensins, protegrins, mastoparan, poneratoxin, cecropin,
moricin, melittin, magainin, dermaseptin, nisin, and others.
Other antimicrobial peptides include reglll-f§ and reg-I11-v,
which are eukaryotic antimicrobial peptides produced 1n the
intestine. Lactic acid bacteria are well known for their
extensive heterogenic repertoire of antimicrobial com-
pounds, including bacteriocins (Alvarez-Sieiro et al. 2016).

Other exemplary biologics include peptides that play a
role 1in degrading bacterial cell walls, such as holins and
lysins.

Other exemplary biologics include any of a number of
antimicrobials produced (either naturally or via engineering)
by microorganisms. Lactic acid bacteria, for example, are
well-known for their extensive heterogenic repertoire of
antimicrobial compounds, 1including bacteriocins (Alvarez-
Sieiro et al. 2016). Bacteriocins are small ribosomally-
synthesized peptides that can inhibit or kill bacteria. The
tunctional diversity of this family of antimicrobials 1s large,
which 1s 1llustrated by the fact that bacteriocins can collec-
tively target a wide-array of Gram-negative and Gram-
positive bacteria (Cotter et al. 2013).

Although narrow-spectrum bacteriocins may be preferen-
tial, the application of broad-spectrum bacteriocins may be
usetul to alleviate a bacterial infection of unknown source.
Bacteriocin-mediated impact on the gut microbiota compo-
sition can be substantial. This was demonstrated for Abp118,
a broad-spectrum bacteriocin produced by L. salivarius
UCC118 (Riboulet-Bisson et al. 2012). By comparing the
microbiota 1 mice and pigs between groups that were
administrated with L.  salivarius wild-type or L.
salivariusAabp118, 1t was confirmed that the presence of the
bacteriocin-producing lactobacilli alters the gut microbiota
composition without significance changes in microbial
diversity. This study, and that of others (Kommineni et al.
20135), demonstrates that a bacteriocin-producing probiotic
can eradicate select members of the gut microbiota, provid-
ing a rationale to engineer bacteriocins for enhanced efli-
cacy.

One example of a useful bacteriocin 1s nisin, which 1s
produced by select Lactococcus lactis strains and strepto-
coccl. The 372 basepair gene encoding nisin (nisA), one of
the si1x natural nisin variants, was subjected to site-directed
and saturation mutagenesis, and mutants were recovered that
displayed enhanced activity against Gram-positive and
Gram-negative pathogens (Field et al. 2008, Field et al.
2012). The above-described methodology was based on
modification of a plasmid-encoded nisin by PCR. Recent
developments now enable codon saturation mutagenesis 1n
the chromosome. In L. reuteri, single-stranded DNA recom-
bineering can be combined with CRISPR-Cas selection,
which allows one-step codon saturation mutagenesis (Oh et
al. 2014). A single transformation ol an oligonucleotide
containing the NNK motif (N=A/T/G/C and K=G/T) yielded
a pool of recombinants 1n which a single codon was modi-
fied to encode for all 20 amino acids. These approaches can
be multiplexed to accelerate the discovery of probiotics with
enhanced anti-microbial activity.

Rather than using codon mutagenesis to identily novel
anti-microbial variants, genetic engineering approaches can
also be applied to enhance the production of the antimicro-
bial. This was previously demonstrated for reuterin, also
known as 3-hydroxypropionaldehyde (3-HPA) (van Pijkeren
and Neoh et al. 2012). Select L. reuteri strains produce
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reuterin as an intermediate during glycerol fermentation to
produce 1,3-propanediol (Doleyres et al. 20035). Reuterin has
a broad-spectrum activity (Spinler et al. 2008, De Weirdt et
al. 2012, Talarico et al. 1988). The gene cluster responsible
for 1,3-propanediol production (and thus reuterin) i1s the
propanediol utilization (pdu) operon. By single-stranded
DNA recombineering six bases were modified 1n the pro-
moter region driving expression of the pdu operon. The
recombinant strain produced more reuterin (Dishisha et al.
2014, van Pyjkeren and Britton et al. 2012, van Pijkeren and
Neoh et al. 2012), resulting in 3-fold increased killing
ellicacy of £. coli compared to the wild-type strain (van
Pijkeren and Neoh et al. 2012). Also, deletion of the gene
encoding 1,3-propanediol reductase, which 1s responsible
for the conversion of reuterin to 1,3-propanediol, yielded
approximately 4-fold more reuterin compared to the wild-
type (Schaefer et al. 2010). A double mutant derivative in
which increased expression of the pdu operon 1s combined
with deletion of the 1,3-propanediol reductase gene can
yield a tailored probiotic with superior in-vivo killing activ-
ty.

Preferred versions of the invention make use of a maltose-
inducible promoter for introducing a biologic to a particular
site. As used herein, “introduce” and 1ts grammatical equiva-
lents, when used in reference to an element such as a
microorganism or a biologic, refers to any activity that
results 1n the 1mitial appearance or increased appearance of
the element at the site. Introducing microorganisms to a site
may comprise, for example, inoculating, administering, cul-
turing, and growing the microorganism at that site. Intro-
ducing biologics to a site may comprise, for example,
stimulating production of the biologics and/or release of the
biologics at the site.

An exemplary maltose-inducible promoter 1s represented
by SEQ ID NO:1, which 1s a maltose-inducible promoter
found 1n L. reuteri:

(SEQ ID NO: 1)
TACCAAGAATAACTTTCATCGTAARAAGGCAAGTAATTCGAGGARAACTTGAR

GTTTTTCTCTATTACTTGCCTTCTTTATTTTATTAAGCTAAATATGTTTT
AAATAATTAACTATAACGGACCTGCTTGGCGGAAACTAAACAGTAAGAAC
TTTAAATTATAAAAATCTGCAACCGTTTTCTAAAATTTTGCGCAAGCGGT
TGCGCAARAA T TTTTAAATT TGATATTATTAATATTGCAATAATTCATGAA
GCGCTTACAATAATCACAAGTGTCTTTTAGAACTATTTTATAAGT TAAGG

AGTTGETTAGCA

The maltose-inducible promoter represented by SEQ ID
NO:1 or vaniants thereof are suitable for use 1n the present

invention. Variants of SEQ ID NO:1 include sequences at
least about 80% i1dentical, at least about 83% identical, at
least about 85% 1dentical, at least about 87% identical, at
least about 90% 1dentical, at least about 83% identical, at
least about 935% 1dentical, at least about 97% identical, at

i ]

least about 98% i1dentical, or at least about 99% identical to
SEQ ID NO:1

In some versions of the invention, the maltose-inducible
promoter 1s operably connected to a coding sequence of a
gene product. The maltose-inducible promoter can be oper-
ably connected to the coding sequence of any biologic
described herein. As used herein, “gene product” refers to
any product resulting from expression (e.g., transcription or
transcription and translation) of a gene. The term “gene
product” explicitly encompasses polypeptides as well as
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nucleic acids such as RNA (e.g., mRNA, pri-microRNA,
pre-microRNA, microRNA, antisense RNA (asRNA) etc.)
and DNA (cDNA). “Coding sequence” refers to a nucleic
acid 1n the gene that encodes the gene product. The term
“coding sequence” encompasses sequences that include
codons that are ultimately transcribed and translated into
polypeptides as well as sequences that do not include codons
and/or are merely transcribed (e.g., antisense RNA, etc.).
“Gene” refers to any collection of genetic elements involved
in expressing a coding sequence and may include, 1n addi-
tion to the coding sequence, a promoter, a ribosomal binding,
site, an enhancer, etc. The term “gene” encompasses genetic
clements that are transcribed into mRNA and translated into
polypeptides as well as genetic elements that are merely
transcribed into various types of RNA (e.g., microRNA,
antisense RNA, etc.). “Promoter” refers to any nucleic acid
that confers, activates, or enhances expression ol an oper-
ably connected coding sequence. “Operably connected”
generally refers to a connection of two genetic elements 1n
a manner wherein one can operate on or have eflects on the
other. “Operably connected” used 1n reference to a promoter
and a coding sequence refers to a connection between the
promoter and the coding sequence such that the coding
sequence 1s under transcriptional control of the promoter.
For example, promoters are generally positioned 5' (up-
stream) of a coding sequence to be operably connected to the
promoter. In the construction of heterologous promoter/
coding sequence combinations, it 1s generally preferred to
position the promoter at a distance from the transcription
start site that 1s approximately the same as the distance
between that promoter and the coding sequence 1t controls in
its natural setting, 1.e., 1n the gene from which the promoter
1s derived. As 1s known in the art, some variation in this
distance can be accommodated without loss of promoter
function.

In some versions of the invention, the maltose-inducible
promoter 1s operably connected to the coding sequence of a
lytic protein as a biologic. As used herein, “lytic protein™
refers to any protein that causes or aids, either directly or
indirectly, 1n the lysis of a microorganism. Operably con-
necting the maltose-inducible promoter to the coding
sequence of a lytic protein induces lysis of the microorgan-
1sm, release of the lytic protein, and release of any other
biologics made by the microorganism in a maltose-depen-
dent manner. Such release can occur, for example, 1n the
gastrointestinal tract due to natural levels of maltose therein,
or in other sites of the body with low levels of maltose due
to maltose priming, as discussed in further detail below.
Such release can also occur 1n vitro, whether 1n the presence
of high levels of maltose or in the presence of low or no
levels of maltose due to maltose priming.

Lytic proteins are well known 1n the art. A number of Iytic
proteins, for example, are found 1n bacteriophages and serve
to lyse microorganisms during the lytic stages of the bacte-
riophage’s life cycle. These include holins and lysins (Shee-
han et al. 1999). During bacteriophage replication, biologi-
cally active lysins are present in the cytosol but require
expression of a membrane protein, holin, to release the
virions from the cell. When holin levels are optimal, the
lysin can access the peptidoglycan layer for cleavage which
leads to bacterial cell lysis (Wang et al. 2000). So {far, five
main groups ol lysins have been identified that can be
distinguished from one and another based on the cleavage
specificity of the different bonds within the peptidoglycan
(Fischett1 2009). Structurally, lysins can comprise a single
catalytic domain, which generally 1s typical for lysins
derived from bacteriophages targeting Gram-negative bac-
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teria (Cheng et al. 1994). Bacteriophages targeting Gram-
positive bacteria typically encode lysins that contain mul-
tiple domains: a N-terminal catalytic domain and a
C-terminal cell-wall binding domain (Nelson et al. 2006,
Navarre et al. 1999). A few lysins have been 1dentified that
have three domains (Becker et al. 2009).

A number of other lytic proteins are native to the micro-
organisms themselves (Feliza et al. 2012, Jacobs et al. 1994,
Jacobs et al. 1995, Lopez et al. 1997). These lytic proteins
may aflect cell wall metabolism or introduce nicks 1n the cell
wall. Five protein classes are diflerentiated by the wall

component they attack (Loessner et al. 2005, Loessner et al.
2002).

In some versions of the mvention, the microorganism 1s
configured to constitutively express a lysin and to express a
holin 1n a maltose-dependent manner. In some versions, the
microorganism 1s configured to express both a lysin and a
holin 1n a maltose-dependent manner.

In certain versions of the invention, maltose-dependent
lysis of the microorganism serves to release one or more
additional biologics made by the microorganism other than
the lysis protein. The microorganism may naturally produce
such additional biologics or may be genetically modified to
produce or enhance production of the additional biologics.
The one or more additional biologics may comprise any one
or more of the biologics described herein or otherwise
known 1n the art. The additional biologics may be produced
in a maltose-dependent manner or 1n a maltose-independent
manner. For example, a gene responsible for making the
biologic, either directly or indirectly, can be controlled by a
maltose-inducible promoter or with any other inducible or
constitutive promoter. The maltose-inducible promoter may
be operably connected to a coding sequence of an additional
biologic itself such that production of the biologic 1s directly
controlled by the maltose-inducible promoter. The maltose-
inducible promoter may alternatively be operably connected
to one or more coding sequences of factors responsible for
producing an additional biologic such that production of the
biologic 1s indirectly controlled by the maltose-inducible
promoter. The additional biologics may be non-secreted
biologics, meaning that the biologics may be substantially
inhibited from being released from the microorganism until
the microorganism 1s lysed.

In some versions of the mvention, the microorganism 1s
configured to produce a biologic 1n a maltose-dependent
manner regardless of whether or not the biologic 1s ulti-
mately released from the microorganism through lysis. For
example, the maltose-inducible promoter may be operably
connected to a gene product that 1s produced within the
microorganism without substantial release therefrom. The
gene product may be internally contained within the micro-
organism for an extended period of time. The gene product
may include any gene product described herein, including
any polypeptide and any nucleic acid. The produced gene
products may have a functional effect on the microorganism.

The maltose-inducible promoter, for example, may be
used for maltose-inducible gene silencing with the use of
antisense RNA (asRNA). The antisense RNA may include
cis-encoded asRNA or trans-encoded asRNA. Cis-encoded
asRNA can be obtained by cloning the maltose-inducible
promoter on the opposing DNA strand and in the opposite
orientation of a gene of interest. Trans-encoded asRNA can
be obtained by cloning the maltose-inducible promoter in
front of an asRNA-producing coding sequence at a locus
(elsewhere 1n the genome or from a plasmid, etc.) other than
where the gene of interest resides.
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A schema showing maltose-inducible gene silencing
using cis-encoded or trans-encoded asRNA 1s provided in
FIG. 7. In the presence of glucose (top panel of FIG. 7), there

1s no production of cis-encoded (left side of FIG. 7) or
trans-encoded (right side of FIG. 7) antisense RNA (as-

RNA). Thus, gene-of-interest (goiA) mRINA 1s produced
which will lead to production of the protein (GoiA). Acti-
vation of the promoter by maltose (bottom panel 1n FIG. 7)
leads to production of cis-encoded asRINA (left side of FIG.
7) or trans-encoded asRINA (right side of FIG. 7). In nature,
and as depicted in the FIG. 7, trans-encoded asRNA has
limited complementarity with the mRNA and requires the
RNA chaperon Hiq to facilitate binding. However, the
trans-encoded asRNA can be user-defined and is therefore
not a limitation for the application of the maltose-inducible
trans-encoded asRNA expression. Once the asRNA (cis- or
trans-) 1s bound to the target mRNA, there are diflerent
processes that can contribute to reduce translation. This can
be achieved through blocking binding to the ribosomal
binding site (RBS) (1 1n FIG. 7), through RNase-mediated
degradation of the mRNA:asRNA complex (11 in FIG. 7), or
both. For turther aspects of employing gene silencing with
asRNA, see Good et al. 2011. One of skill in the art 1s readily
capable of identifying antisense sequences for any gene of
interest.

Any of the biologics made by the microorganism may be
produced from a recombinant gene. “Recombinant™ used in
reference to a gene refers herein to a sequence ol nucleic
acids that are not naturally occurring in the genome of the
microorganism. The non-naturally occurring sequence may
include a recombination, substitution, deletion, or addition
of one or more bases with respect to the nucleic acid
sequence originally present in the natural genome of the
bacterium. The recombinant gene may be incorporated 1nto
the chromosome of the microorganism or may be included
on an extra-chromosomal plasmid. The extra-chromosomal
plasmid may replicate at any copy number in the cell and,
accordingly, be a single-copy plasmid, a low-copy plasmid,
or a high-copy plasmid. The extra-chromosomal plasmid 1s
preferably substantially stable within the microorganism.
The rate of loss of the extra-chromosomal plasmid from the
microorganism 1s preferably less than about 10% per gen-
eration, less than about 5% per generation, or less than about
1% per generation, wherein percent per generation refers to
the percent of the population per generation in which the
plasmid 1s lost.

In some versions, stability of an extrachromosomal plas-
mid 1 a microorganism 1s established by including an
antibiotic marker on the plasmid and selecting for microor-
ganisms harboring the plasmid with the antibiotic. Such
selection can occur 1n vitro and 1n vivo. As administration of
antibiotics can be undesired 1n some cases, stability of the
extrachromosomal plasmid in the microorgamism can be
established 1 an antibiotic-independent manner. An exem-
plary method of establishing stability of the extrachromo-
somal plasmid in the microorganism in an antibiotic-inde-
pendent manner 1s by inducing auxotrophy 1n the
microorganism with respect to a factor limited or absent in
its surroundings and including a gene that resolves that
auxotrophy on the extrachromosomal plasmid. An example
of this method 1s provided 1n the examples, in which thyA
1s deleted from L. reuteri but i1s included on an extrachro-
mosomal plasmid harbored by the L. reuteri.

An exemplary extrachromosomal plasmid containing a

recombinant, maltose-inducible gene for holin as a biologic
1s provided by SEQ ID NO:2, a schema of which 1s shown

in FIG. 3:
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(SEQ ID NO: 2)
TAATCTAGACTCCAGGAATTCGETACCCCEGCTTCCAAGGCECCARAGCTT

CAAATTACAGCACGTGTTGCTITTGATTGATAGCCAAAALGCAGCAGTTGA

TAAAGCAATTACTGATATTGCTGAAALAATTGTAATTTATAAATAAALATC

ACCTTTTAGAGGTGGTTTTTT TATTTATAAATTATTCGTTTGATTTCGCT

TTCGATAGAACAATCAAAGCGAGAATAAGGAAGATAAATCCCATAAGGGC

GGGAGCAGAATGTCCGAGACTAATTCATGAGATCGATTTTTTATTAAAAC

GTCTCAAAATCGTTTCTGAGACGTTTTAGCGTTTATTTCGTTTAGTTATC

GGCATAATCGTTAAAACAGGCGTTATCGTAGCGTAAAAGCCCTTGAGCGET

AGCGTGCTTTGCAGCGAAGATGT TGTCTGTTAGATTATGAAAGCCGATGA

CTGAATGAAATAATAAGCGCAGCGTCCTTCTATT TCGGTTGGAGGAGGCT

CAAGGGAGTTTGAGGGAATGAAATTCCCTCATGGGTTTGATTTTAAAAAT

TGCTTGCAATTTTGCCGAGCGGTAGCGCTGGAARAAATTTTTGAAAAARAT

TTGGAATTTGGAAAARAAAT GGEEEEAAAGGAAGCGAATTTTGCTTCCGTA

CTACGACCCCCCATTAAGTGCCGAGTGCCAATTTTTGTGCCAAAAACGCT

CTATCCCAACTGGCTCAAGGGTT TGAGGGGTTTTTCAATCGCCAACGAAT

CeCCAACGTTTTCGCCAACGT ITITTATAAATCTATATTTAAGTAGCTTT

ATTGTTGTTTTTATGAT TACAAAGTGATACACTAATTTTATAAAATTATT

TGATTGGAGT TTTTTAAATGGTGATTTCAGAATCGAAARAAALAGAGTTATG

ATTTCTCTGACAAAAGAGCAAGATAARAALAATTAACAGATATGGCGAAACA

AAAAGGTTTTTCAAAATCTGCOGOGTTGCGGCOGTTAGCTATAGAAGAATATG

CAAGARAGGAATCAGAATAAARAARAAATAAGCGAAAGCTCGCGTTTTTAGA

AGGATACGAGTTTTCGCTACT TGTTTTTGATAAGGTAATATATCATGGCT

ATTAAATACTAAAGCTAGAAATTTTGGATTTTTATTATATCCTGACTCAA

TTCCTAATGATTGGAAAGAARAAATTAGAGAGT TTGGGCGTATCTATGGCT

GTCAGTCCTTTACACGATATGGACGAAAAAALAAGATAAAGATACATGGAR

TAGTAGTGATGTTATACGAAATGGAAAGCACTATAAAALAACCACACTATC

ACGTTATATATATTGCACGAAATCCTGTAACAATAGAAAGCGTTAGGAAC

AAGATTAAGCGAAAA TTGGOGAATAGTTCAGT TGCTCATGTTGAGATACT

TGAT TATATCAAAGGTTCATATGAATATTTGACTCATGAATCAAAGGACG

CTATTGCTAAGAATAAACATATATACGACAAALALAGATATTTTGAACATT

AATGATTTTGATATTGACCGC TATATAACACT TGATGAAAGCCAAARALAG

AGAATTGAAGAAT TTACTT TTAGATATAGTGGATGACTATAATTTGGTAA

ATACAAAAGATTTAATGGCTTTTATTCGCCTTAGGGGAGCGGAGTTTGGA

ATTTTAAATACGAATGATGTAAAAGATATTGTTTCAACAAACTCTAGCGC

CTTTAGATTATGGTT TGAGGGCAATTATCAGTGTGGATATAGAGCAAGTT

ATGCAAAGGTTCTTGATGCTGAAACGOGGGGAAATAARAATGACAAACALAG

AAAAAGAGTTATTTGCTGAAAATGAGGAATTAAAAALAGARATTAAGGAC

TTAARAAGAGCGTATTGAAAGATACAGAGAAATGGAAGTTGAATTAAGTAC

AACAATAGATTTATTGAGAGGAGGGATTATTGAATAAATAAANAGCCCCCC

TGACGAAAGT CGAAGGGGGCT TTTATTTTGGTTTGATGTTGCGATTAATA
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-continued
GCAATACGATTECAATARAACAAAATCATCCCCTTACAAGCAAACTTAACA

GIGTGTTGATAGTGCATTATCTTAAAATTTTGTATAATAGGAATTGAAGT
TAAATTAGATGCTAARAAATAGGAAT TGAAGTTAAATTAGATGCTAARAAAT
TTGTAATTAAGAAGGAGGGAT TCGTCATGTTGGTATTCCAAATGCGTAAT
GTAGATAAAACATCTACTGTTTTGAAACAGACTAARAALACAGTGATTACGC
AGATAAATARATACGTTAGATTAATTCCTACCAGTGACTAATCTTATGAC
TTTTTAAACAGATAACTAARAATTACAAACAAATCGTTTAACTTCAGGAGA
GATTACATGAACAAAAATATAAATATCTCAAACTTTTTAACGAGTGAAAA
AGTACTCAACCAAATAATAAAACAATTGAATTTAAAAGAAACCGATACCG
TTTACGAAAT TGGAACAGG TAAAGGGCATTTAACGACGAAALCTGGCTAAA
ATAAGTAAACAGCG TAACGT U TAT TGAATTAGACAGT CATCTATTCAACTT
ATCCGTCAGAAAAAT TAAAACTGAATACTCGTGTCACTTTAATTCACCAAG
ATATTCTACAGTTTCAATTCCCTAACAAACAGAGGTATAAAATTGCTTGGE
AATATTCCT TACAAT T TAAGCACACAAATTATTAAAAAAGTGGTTTTTGA
AAGCCGTGCGCT CTGACATCTATCTGACTGT TGAAGAAGGATTCTACAAGC
GTACCTTGGATATTCACCGAACACTAGGGTTGCT CTTGCACACTCAAGTC
TCGATTCAGCAATTGCT TAAGCTGCCAGCGGAATGCTTTCATCCTAAACC
AAAAGTAAACAGTGTCTTAATAAAACTTACCCGCCATACCACAGATGTTC
CAGATAAATATTGCAAGC TATATAAGTACTTTGTTTCAAAATGGGTCAAT
CCAGAATAT CGT CAACTGT T TACTAAAAAT CAGTTTCGTCAAGCAATGAA
ACACGUCAAAGTAAACAAT TTAAGTACCAT TACT TATGAGCAAGTATTGCT
ClAT T T T TAATAGT TAT CTATTATTTAACGGGAGGAAATAATTCTATGAG
TCGCTTTTTTAAAT TTGGAAAGT TACACGTTACTAAAGGGAATGGAGACC
GGGGTCGACCCTTCAATAGAGTTCTTAACGTTAATCCGAAARAALAACTAAC
GITTAATATTAAAAAATAAGATCCGCTTGTGAATTATGTATAATTTGATTA
GACTAAAGAATAGGAGAAAGTATGATGATATTTAAAAAACTTTCTCGTTA
AGATAGGTTGTTGGTGAGCATGT TATATACGGATGTATCGGTTTCCTTAA
TGCAARAAT T T TGTTGCTATCT TATTAATTTTTCTATTATATAGATATATT
CAAAGAAAGATAACATTTAAACGGATCATATTAGATATTTTAATAGCGAT
TATTTTTTCAATATTATATCTGTTTATTTCAGATGCGTCATTACTTGTAA
TGGETATTAATGCGATTAGGGTGGCATTTTCATCAACAARAARAGAARAATAAG
ATAAAAACGACTGATACAGCTAATT TAATTCTAATTATCGTGATCCAGTT
ATTGTTAGTTGCGGTTGGGACTATTAT TAGTCAGTTTACCATATCGATTA
TCAARAAGTGATT TCAGCCAAAATATATTGAACAATAGTGCAACAGATATA
ACTTTATTAGGTATTTTCTTTGCTGTTTTATT TGACGGCTTGTTCTTTAT
ATTATTGAAGAATAAGCGGACTGAATTACAACATTTAAATCAAGAAATCA
TTGAATTTTCGT TAGAARAAACAATATTTTATATTTATATTTATTTTATTT
ATAGTAATAGAAATTATTT TAGCAGTTGGGAATCTTCAAGGAGTAACAGC
CACGATAT TATTAACCATTATCATTATTTTTTGTGTCCTTATCGGGATGA

CTTTTTGGCAAGTGATGCTTTTTTTGAAGGCTTATTCGATTCGCCAAGAA

GCCAATGACCAATTGGTCCGGAATCAACAACTTCAAGATTATCTAGTCAA
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-continued

TATCGAACAGCAGTACACCGAATTACGGCGATTTAAGCATGATTATCAAA
ACATCTTATTATCGT TGGAGAGT TTTGCCGAAAAGGGCGATCAGCAACAG
TTTAAGGCGTATTACCAAGAATTATTAGCACAACGGCCAATTCAAAGTGA
AATCCAAGGGGCAGT CATTGCACAACTCGACTACTTGAAAAATGATCCTA
TTCGAGGATTAGTCATTCAAAAGTTTTTGGCAGCCAAACAGGCTGGETGTT
ACTTTAAAATTCGAAATGACCGAACCAATCGAATTAGCAACCGCTAATCT
ATTAACGGTTATTCGGATTATCGGTATTTTATTAGACAATGCGATTGAAC
AAGCCOGTTCAAGAAACCGATCAATTGGTGAGT TGTGCTTTCTTACAATCT
GATGGTTTAATCGAAATTACGATTGAAAATACGGCCAGT CAAGTTAAGAD
TCTCCAAGCATTTTCAGAGTTAGGCTATTCAACGAAAGGCGCTGGTCGGG
GGACTGGTTTAGCTAATGTGCAGGATTTGATTGCCAAACAAACCAATTTA
TTCTTAGAAACACAGATTGAAAATAGAAAGTTACGACAGACATTGATGAT
TACGGAGGAAACT TAAT TTGTATCCCGTTTATTTATTAGAGGATGATTTA
CAGCAACAAGCGATTTATCAGCAAATTATCGCGAATACGATTATGATTAA
CEAATT TGCAATGACTT TAACATGCGCTGCCAGTGATACTGAGACATTGT
TGGCGGECAAT TAAGGAT CAGCAACGAGGTTTATTCTTTTTGGATATGGAA
ATTGAGGATAACCGCCAAGCCOGOGTTTAGAAGTGGCAACTAAGATTCGGCA
GATGATGCCGTTTGCGCAAATTGTCTTCATTACAACCCACGAGGAACTGA
CATTATTAACGTTAGAACGARARAATAGCGCCTTTAGATTACATTCTCAAG
GACCAAACAATGGCTGAAATCAAALGGCAATTGATTGATGATCTATTGTT
AGCTGAGAAGCAALAACGAGGCGGCAGCGTATCACCGAGAAAATTTATTTA
GTTATAAAATAGGTCCTCGCTTTTTCTCATTACCATTAAAGGAAGTTGTT
TATTTATATACTGAAAAAGAARAATCCGGGTCATATTAATTTGTTAGCCGT
TACCAGAAAGGTTACTTTTCCAGGAAATTTAAATGCGCTGGAAGCCCAAT
ATCCAATGCTCTTTCOGGTGTGATAAAAGTTACTTAGTTAACCTATCTAAT
ATTGCCAATTATGACAGTAAAACACGGAGTTTAAAATTTGTAGATGGCAG
TGAGGCAARAAGTCTCOT TCCGGAAAT CACGLGAACTAGTGGCCAAATTAA
AACAAATGATGTAGCGCCTGCAGGCACGCCAAATGATCCCAGTAAALAGC
CACCCGCATGGCEOEETGGCTTTTTATTAGCCCTAGAAGGGCTTCCCACAC
GCATTTCAGCGCCTTAGTGCCTTAGTTTGTGAATCATAGGTGGTATAGTC
CCGAAATACCCOGT CTAAGGAATTGTCAGATAGGCCTAATGACTGGCTTTT
ATAATATGAGATAATGCCGACTGTACTTTTTACAGTCGGTTTTCTAATGT
CACTAACCTGCCCCGTTAGTTGAAGAAGGTTTTTATATTACAGCTCCAGA
TCTACCGGTTTAATTTGAAAATTGATATTAGCGTTTAACAGTTAAATTAA
TACGTTAATAATTTTTTTGTCTT TAAATAGGGAT TTGAAGCATAATGGETG
TTATAGCGTACTTAGCTGGCCAGCATATATGTATTCTATAAAATACTATT

ACTACCAAGAATAACTTTCATCGTAAAAGGCAAGTAATTGAGGAAACTTG

AAGTTTT TCTCTATTACTTGCCTTCTTTATTTTATTAAGCTAAATATGTT

TTAAATAATTAACTATAACGGACCTGCTTGGCGGAAACTAAACAGTAAGA

ACTTTAAATTATAAAAATCTGCAACCGTTTTCTAAAATTTTGCGCAAGCG
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-continued
GTTCECRCAAAATTTTTAAATT TGATATTATTAATAT TGCAATAATTCATC

AAGCGCTTACAATAATCACAAGTGTCTTTTAGAACTATTTTATAAGT TAA

GGAGTTGT TAGCAATGCAAACAATGCACTTCTTACTTGCAATGGCTCCAC

CCCCGETATCATCAACAGTATTTTCAGCATTTTCAAGGAATGGAAGATAAC
TGEATAATATGGCTTTTCGTGTGGGETAATTATCATTGACATAATAACAGG
GACGGCAAGGAGTTTAGTAACGCATCATACAACATCAACTAAAGGCACAT
CAGGCTTAATCAAGCATGGCATCCTATTAATAATAATCCTGACGCTTTAT
CCAATGCTTGATATTAATGGTATGAAAAGCGCCGGCGATACCTTTACGAT

GTTT TATGTATTAT TCTATGCTGTTTCAATAATTGAGAATTGCGGACALAA

In SEQ ID NO:2 shown above, underline indicates an
exemplary terminator sequence, italics indicates an exem-
plary erythromycin resistant marker, bold underline indi-
cates an exemplary maltose inducible promoter coding
sequence, and bold indicates an exemplary holin coding
sequence. For generating a stable plasmid in an antibiotic-
independent manner, the erythromycin resistant marker can
be replaced with the thyA gene, as discussed elsewhere
herein. For producing biologics other than holin, the holin
coding sequence can be replaced with a coding sequence of
a different biologic or a gene product responsible for pro-
ducing a different biologic.

The microorganism can be engineered using any methods
known 1n the art. General methods are provided in Green et
al. 2012. Methods for engineering lactic acid bacteria such
as L. lactis are provided by van Pijkeren and Britton et al.
2012, van Piyjkeren and Neoh et al. 2012, Oh et al. 2014, and
Barrangou et al. 2016.

In some versions of the invention, one or more of the
biologics are produced by the microorganism and secreted
from the microorganism 1n a maltose-dependent manner
without the need for lysis. In the case of polypeptide
biologics, for example, the microorganism may comprise a
recombinant gene configured to express and secrete the
polypeptide. Elements for engineering a microorganism to
secrete a polypeptide are well known 1n the art. Typical
clements include a signal peptide-encoding sequence placed
upstream of—and in-frame with—the coding sequence of
the polypeptide to be secreted. The sequences of a large
number of signal peptides for bacteria are known 1n the art.
Exemplary signal peptide sequences are available at http://
www.cbs.dtu.dk/services/SignalP/. The signal peptide may
be cleaved from or remain intact on the polypeptide after

secretion.

In certain versions of the invention, the microorganism 1s
administered to a subject in a manner that introduces one or
more biologics to the gastrointestinal tract. This can be
accomplished at least 1n part due to the maltose-inducible
promoter. Portions of the gastrointestinal tract, such as the
small itestine, have relatively high levels of maltose, par-
ticularly after the consumption of starch. A microorganism
of the mvention configured to release a biologic 1n a malt-
ose-dependent manner can be administered to the gastroin-
testinal tract, wherein the microorganism will release the
biologic 1n the gastrointestinal tract after exposure to the
maltose. If the microorganism 1s configured to express and
directly secrete the biologic in a maltose-dependent manner,
the microorganism will secrete the biologic after exposure to
the maltose. If the microorganism 1s configured to express a
lytic protein and release a non-secreted biologic, the micro-
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organism will lyse and release the non-secreted biologic
alter exposure to the maltose.

The microorganism can be administered to the gastroin-
testinal tract by any method known in the art. The micro-
organism may be administered orally, rectally, or directly
into the gastrointestinal tract via a stoma. The microorgan-
ism 1s preferably administered directly into or upstream of
the small intestines, so that the microorganism ultimately
passes through or into the small intestines. The bacterrum
may be swallowed or introduced via a tube.

The bacterium may be combined 1n a composition with a
pharmaceutically acceptable excipient, carrier, buller, stabi-
lizer or other material well known to those skilled 1n the art.
Such materials should be non-toxic and should not 1nterfere
with the eflicacy of the bactertum. The precise nature of the
carrier or other material may depend on the route of admin-
istration. The composition may be liquid, solid, or semi-
solid. The composition may comprise a foodstull or may
take the form of a pharmaceutical composition. Those of
relevant skill in the art are well able to prepare suitable
compositions.

The subject to which the bacterium 1s administered may
be an animal, such as a mammal or, more specifically, a
human.

To ensure there 1s a suflicient amount of maltose 1n the
gastrointestinal tract to induce release of the biologic
therein, maltose or a maltose precursor can be administered
to the gastrointestinal tract of the subject before, during, or
alter administering the microorganism. Any carbohydrate
that can be degraded to maltose can serve as a suitable
maltose precursor. In some cases, the carbohydrate 1s
degraded to maltose by natural enzymes produced by the
subject. In some cases, the carbohydrate 1s degraded to
maltose by enzymes co-admimstered to the subject along
with the maltose precursor. An exemplary maltose precursor
1s starch. An exemplary enzyme that degrades starch to
maltose 1s amylase (salivary and pancreatic forms). The
maltose or maltose precursor (and, optionally, any enzyme
responsible for degrading the maltose precursor to maltose)
can be administered within (before or after) S hours, 4 hours,
3 hours, 2 hours, 1 hour or less of administering the
microorganism. The maltose or maltose precursor (and,
optionally, any enzyme responsible for degrading the malt-
ose precursor to maltose) 1s preferably administered in an
amount suflicient to stimulate or increase release of the
biologic 1 the subject. The maltose or maltose precursor
(and, optionally, any enzyme responsible for degrading the
maltose precursor to maltose) may all be admimistered in the
same composition or may be administered in separate com-
positions.

The administered starch may be substantially purified
starch. “Substantially purified starch™ refers to processed
compositions that contain starch in an amount of at least
about 50% w/w, at least about 55% w/w, at least about 60%
w/w, at least about 65% w/w, at least about 70% w/w, at least
about 75% w/w, at least about 80% w/w, at least about 85%
w/w, at least about 90% w/w, or at least about 95% w/w.

In certain versions of the invention, the microorganism 1s
used to produce a biologic 1n vitro. The microorganism may
be cultured in the presence of a suflicient amount of maltose
to induce production and/or release of the biologic from the
microorganism. The maltose may be provided 1n the form of
maltose or a maltose precursor, either with or without
carbohydrate-degrading enzymes. Alternatively or addition-
ally, the microorganism may be primed in a maltose-con-
tamning medium and then subsequently cultured in a low-
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maltose or no-maltose medium. The microorganism may be
cultured 1n a reactor or other suitable site for producing the
biologic.

Due to the lag period associated with gene transcription,
the microorganism can be “primed” with maltose at a first
time period such that the microorganism releases the bio-
logic at a second time period. This method can be used, for
example, for releasing the biologic at sites in the body that
do not contain maltose or contain maltose only 1n low
concentrations. This method can alternatively be used for
releasing the biologic at 1n vitro sites that do not contain
maltose or contain maltose only 1n low concentrations. The
priming can be performed by contacting the microorganism
with a maltose-containing medium prior to administering the
microorganism to the subject. The maltose-containing
medium preferably comprises an amount of maltose sufli-
cient to mduce expression of the gene product, and the
contacting 1s preferably conducted for a time suflicient to
induce expression of the gene product. The amount of
maltose suflicient to imnduce expression of the gene product
in some cases 1s a relative amount of maltose with respect to
sugars or other factors that may repress expression of the
gene product. The contacting 1s preferably conducted in
vitro. The contacting 1s preferably performed for a time
period of from about 10 minutes to about 80 minutes, such
as about 20 minutes to about 70 minutes, about 30 minutes
to about 60 minutes, about 40 minutes to about 50 minutes,
or about 45 minutes. The microorganism 1s preferably
administered to the subject within 60 about minutes, within
about 50 minutes, within about 40 minutes, within about 30

minutes, within about 20 minutes, within about 10 minutes,
within about 10 minutes, within about 5 minutes, or within
about 3 minutes of completing the priming. The microor-
ganism can be administered to the gastrointestinal tract of
the subject for release of the biologic therein or to other sites
of the subject’s body for release of the biologic therein.

In some versions of the invention, the microorganisms can
be configured to enter cells of the subject and release the
biologic within the cells of the subject. This can be accom-
plished by engineering the microorganism to express inter-
nalin A (InlA).

The maltose-inducible promoter described herein can also
be used for genetic engineering purposes. Eflicient genome
engineering 1s key to further improve industrial strains, to
engineer probiotics as delivery vehicles, and to understand
biological (probiotic) function. The approach of Campbell-
like homologous recombination 1s widely used for genetic
engineering purposes, especially for gene insertions and
deletions. A commonly used application to modily genomes
of lactic acid bacteria i1s by the application of a temperature-
sensitive helper plasmid (that provides RepA 1n trans) com-
bined with a repA— vector that contains DNA sequences
homologous to target locations in the chromosome. Once
both vectors are established 1n the cell, the helper plasmid 1s
cured following growth at increased temperatures, after
which the repA- vector 1s integrated in the chromosome
(single-cross over). The latter 1s typically easily to identily
by means of antibiotic selection encoded from the repA-—
backbone.

There are several shortcomings of the conventional
Campbell-like system, however. First, the applicability of
high temperatures 1s unifavorable because 1t 1nduces
increased stress. This increased stress may yield an increase
in undesired mutations 1 the genome, especially when
taking into consideration that prolonged culturing of the
bacteria at high temperatures 1s required to cure the helper-
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plasmid. Second, the process can take up to one week, after
which only approximately 50% of the population 1s cured

from the helper plasmad.

The maltose-inducible promoter combined with repA
alleviates all of the above concerns, omitting the need to use
the temperature sensitive plasmid. On a previously repA—
vector, the maltose promoter fused to repA 1s cloned. Upon
transformation of the bacteria in the presence of maltose,
RepA 1s produced which allows temporarily replication.
Transformants (>2,000) are routinely observed in the pres-
ence ol maltose. However, when the cells are plated on
glucose the colony numbers dramatically reduce. This
approach allows specific selection for replication, which can
be expanded to select for single cross-over. The selection
can happen overnight. A schema of this process 1s shown 1n
FIG. 6.

The elements and method steps described herein can be
used 1 any combination whether explicitly described or not.

All combinations of method steps as used herein can be
performed in any order, unless otherwise specified or clearly
implied to the contrary by the context in which the refer-
enced combination 1s made.

As used herein, the singular forms “a,” “an,” and “‘the”
include plural referents unless the content clearly dictates
otherwise.

Numerical ranges as used herein are itended to include
every number and subset of numbers contained within that
range, whether specifically disclosed or not. Further, these
numerical ranges should be construed as providing support
for a claim directed to any number or subset of numbers 1n
that range. For example, a disclosure of from 1 to 10 should
be construed as supporting a range of from 2 to 8, from 3 to
7, from 5 to 6, from 1 to 9, from 3.6 to 4.6, from 3.5 to 9.9,
and so forth.

All patents, patent publications, and peer-reviewed pub-
lications (1.e., “references”) cited herein are expressly incor-
porated by reference to the same extent as 1f each individual
reference were specifically and individually indicated as
being incorporated by reference. In case of contlict between
the present disclosure and the incorporated references, the
present disclosure controls.

It 1s understood that the invention 1s not confined to the
particular construction and arrangement ol parts herein
illustrated and described, but embraces such modified forms
thereol as come within the scope of the claims.

EXAMPLES

Microorganisms as Biologic Delivery Vehicles

FIG. 1 shows a schema for an exemplary microorganism
of the invention modified for use as a biologic delivery
vehicle. The biologic shown in FIG. 1 1s a bacteriophage
produced by a modified L. reuteri microorganism. DNA of
a pathogen-derived bacteriophage 1s fused with a plasmid
origin of replication (ORI), a L. reuteri auxotrophic marker
(thyA), and a CRISPR (Clustered, Regularly Interspaced
Short Palindromic Repeats)-cassette to generate a phasmad.
The phasmid-encoded auxotrophic marker, when deleted on
the L. reuteri chromosome, yields stable phasmid replication
in L. reuteri. The phasmid will produce 1n L. reuteri virions
that encode engineered CRISPR arrays. The CRISPR arrays
can be designed to target pathogens in a strain-specific
manner. Expression of internalin A (InlA) can localize L.
reuteri tracellularly for subsequent virion release. For
extracellular delivery (1.e., 1in the lumen of the gastrointes-
tinal tract, etc.), InlA 1s not required. The microorganism can
be engineered to lyse and deliver the biologic after ingestion
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by harboring a lytic protein gene (holin and/or lysin) oper-
ably connected to a promoter that 1s specifically activated 1n
the presence of maltose, a disaccharide sugar that 1s abun-
dant 1 the small intestine of mammals. This leads to
expression of the lytic protein (holin and/or lysin), lysis of
the microorganism, and delivery of the biologic to its
intended destination. In addition to virion delivery, complete
lysis 1s also a robust approach to achieve biological con-
tainment.

The schema outlined 1n FIG. 1 can be used for microor-
ganisms other than L. reuteri and biologics other than
bacteriophages. For example, a microorganism can stably
harbor a maltose-inducible gene encoding a protein biologic
(c.g., an antibody, antibiotic, enzyme, etc.) or a protein
responsible for making a biologic. Maltose-induced lysis of
the microorganism will then release the protein biologic
from the microorganism.
Lactobacillus reuteri as an
Platform

L. reuteri 1s a microorganism amenable to genetic
manipulation (van Pijkeren et al. 2009, Oh et al. 2014, van
Pijkeren and Britton et al. 2012, van Pijkeren and Neoh et al.
2012, van Piyjkeren et al, 2014), 1s capable of surviving
passage through human and murine gastrointestinal tracts
(Frese et al. 2010, Oh et al. 2010), and exhibits probiotic
features, such as anti-inflammatory properties (Thomas et al.
2012, Liu et al. 2010), prevention of bone loss (Britton et al
2014.), and amelioration of infection by pathogenic £. coli
(Eaton et al. 2011). These characteristics make L. reuteri a
suitable exemplary microorganism for use as a platform for
delivering biologics to the gastrointestinal tract. The par-
ticular L. reuteri stramn used in the present examples
(VPL1014) 1s an undomesticated strain directly derived
from L. reuteri ATCC PTA 6475.

Antibiotic-Independent Plasmid Stability

In-trans expression of thyA i L. reuteri AthyA stably
maintains extra-chromosomal DNA 1n the cell. Native thyA
was 1nactivated by single-stranded DNA recombineering,
(van Pyjkeren and Britton et al. 2012, van Pijkeren and Neoh
et al. 2012) to yield L. reuteri Athy A, which makes the cells
dependent on exogenously added thymidine in minimal
medium. To demonstrate that L. reuteri AthyA can be used
as a host to stably maintain extra-chromosomal elements
that encode ThyA, we cloned thyA with 1ts native promoter
in the backbone of pSIP411 (Em®™), yielding pSIP-thyA. L.
reuteri AthyA harboring pSIP-thy A and L. reuteri wild-type
harboring pSIP411 were cultured 1n minimal medium lack-
ing thymidine in the absence of antibiotic. Stability of
pSIP411 and pSIP-thy A was determined by the ratio of total
number of cells and Em” cells. After 50 generations only
20+£0.9% of L. reuteri wild-type retained pSIP411, while
96+5% of L. reuteri AthyA retained pSIP-thyA. These data
show an approach to maintain unstable plasmids in L.
retiterli.

Induced Lysis for Biologic Delivery and Biological Con-
tainment

Lysis 1s an eflicient way to release biologics 1n situ, and
complete lysis achieves biological containment. Native lysin
expression can result i lysis of the expression host, as
previously demonstrated 1n L. lactis (de Ruyter et al. 1997).
The phage search tool (PHAST) (Zhou et al. 2011) revealed
the presence of 4 prophages in L. reuteri of which 2 are
predicted to be intact, all encoding holin-lysin gene clusters.
Induced expression of holins alone do induce lysis (de
Ruyter et al. 1997, Shi et al. 2012) as a consequence of
increased membrane permeability, possibly combined with
the presence of native endonucleases.

Exemplary Biologic Delivery
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We cloned a bacteriophage-derived holin gene in the
inducible expression vector pSIPS57, and confirmed induced
lysis 1 L. reuteri (FI1G. 2). L. reuteri cells harboring pSIP-
holin were cultured overnight and diluted to OD600=0.1. At
OD600=1 the culture was split, and one culture was induced
for holin expression. Expression of the holin lysed L. reuteri
killing 95% of the population.

These data confirm that we can induce lysis 1n L. reuteri,
which we can further optimize and exploit for ethicient local
biologic release.

Maltose-Dependent Lysis

Controlling microorganism lysis can aid with delivery of
biologics to various regions in the body, such as the gastro-
intestinal tract. We 1dentified a promoter in L. reuteri that 1s
activated upon sensing maltose, a disaccharide present in the
small intestine of mice and humans (Tannock et al. 2011,
Fogel et al. 1973). We fused the maltose-inducible promoter
to the L. reuteri holin gene, and we confirmed lysis of cells
when grown 1n the presence of maltose alone or 1n a mixture
of different ratios of maltose and glucose (FI1G. 4).

L. reuteri harboring pSIP411 (control) or a pSIP411-
derived plasmid containing the holin gene under the control
ol a maltose-inducible promoter (pVPL3628; FIG. 3; SEQ
ID NO:2), was cultured 1n modified MRS (mMRS) with
glucose as a sole carbon source to OD600=0.4. Cells were
washed twice 1n PBS, and resuspended in mMRS containing
100 mM sugar, which was either glucose only (bar#l),
maltose only (bar #10) or different ratios of glucose-to-
maltose (bars #2-9), 1.e. 50-50, 25-75, 12.5-87.5, etc, as
indicated in the bottom panel of FIG. 4. After two hours
growth, the reduction 1n OD600 of L. reuteri expressing the
holin was expressed relative to that of the control as % lysis
(primary axis). In analogy, on the secondary axis 1s the
reduction 1n viability plotted. With a 50-50 mix of glucose
and maltose, a 50% reduction of viability was observed for
L. reuteri expressing the holin.

When L. reuteri was cultured in medium containing
maltose and equumolar levels of lactose, or fructose, or
galactose, or an equimolar mix of these three sugars, the
activity of the maltose-inducible promoter was similar to
cells cultured 1n medium containing maltose only (data not
shown).

These data demonstrate robust maltose-dependent tran-
scriptional activation. Since L. reuteri utilizes mainly non-
complex sugars for growth, the present system allows for
induced lysis of L. reuteri once 1t reaches the small intestine,
which 1s expected to yield in-situ biologic delivery.
Maltose Priming of L. reuteri

L. reuteri harboring the maltose-inducible holin gene can
be primed with maltose to control the timing of lysis after
administration. L. reuteri harboring pSIP411 (control) or a
pSIP411-derived plasmid containing the holin gene under
the control of a maltose-inducible promoter (pVPL3628;
FIG. 3; SEQ ID NO:2) was cultured in modified MRS
(mMRS) with glucose as a sole carbon source to
OD600=0.4. Cells were washed twice 1n PBS, resuspended
in mMRS containing 100 mM maltose, and cultured for 45
minutes. After 45 minutes of growth, the cells were trans-
ferred to mMRS containing glucose as the sole carbon
source, and the OD600 of L. reuteri expressing the holin was
determined relative to that of the control. As shown i FIG.
5, prior priming of L. reuteri harboring the maltose-induc-
ible holin gene 1n maltose 1nduced lysis even after transfer
to glucose-only medium. These data show that priming L.
reuteri with maltose can be employed for delivering biolog-
ics to areas of the body 1n a manner independent of the
maltose concentration at such areas of the body.
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Intracellular Biologic Delivery

L. reuteri can be engineered to deliver biologics intrac-
cllularly. This can be accomplished by engineering L. reuteri
to internalize 1n cells, preferably prior to lysis. Intracellular
traflicking and replication of (facultative) anaerobe bacteria
are well-established phenomena (Sznol et al. 2000, Cronin et
al. 2012, Palfty et al. 2006). Intracellular entry of L. reuteri
can be achieved by expression of the L. monocytogenes
internalin A (InlA) protein, as previously has been shown 1n
L. lactis (Guimaraes et al. 2005). InlA complexes with
E-cadherin and mediates the invasion of LMO 1n mamma-
lian cells (Lecuit et al. 1997), including in solid breast tumor
cells (van Pijkeren et al. 2010). Colorectal cancer (CRC)
cells are also of epithelial origin and express E-cadherin
(Elzagheid et al. 2006), which allows InlA-mediated 1nva-
sion. To engineer L. reuteri to enter cells, mlA can be
codon-optimized for expression in L. reuteri and placed

under the control of a constitutive promoter, such as Pr-; »
(Riedel et al. 2007).

EXEMPLARY VERSIONS OF THE INVENTION

Exemplary versions of the invention are as follows:

Version la. A microorganism harboring a recombinant
gene, wherein the recombinant gene comprises a maltose-
inducible promoter operably connected to a coding sequence
ol a first biologic.

Version 2a. The microorganism of version la, wherein the
maltose-inducible promoter comprises a sequence at least
about 80% 1dentical to SEQ ID NO:1.

Version 3a. The microorganism of any one of versions
la-2a, wherein expression of the first biologic from the
coding sequence ellects release of the first biologic from the
microorganism.

Version 4a. The microorganism of any one of versions
la-3a, wherein the first biologic comprises a lytic protein.

Version 5a. The microorganism of any one of versions
la-4a, wherein the first biologic comprises a lytic protein
selected from the group consisting of a holin and a lysin.

Version 6a. The microorganism of any one of versions
la-5a, wherein the first biologic eflects lysis of the micro-
organism.

Version 7a. The microorganism of any one of versions
la-6a, wherein the first biologic effects release of a second
biologic made by the microorganism.

Version 8a. The microorganism of version 7a, wherein the
second biologic 1s selected from the group consisting of a
carbohydrate, a polypeptide, a nucleic acid, a metabolite, a
virus and a combination thereof.

Version 9a. The microorganism of any one of versions
7a-8a, wherein the microorganism 1s genetically modified to
enhance production of the second biologic.

Version 10a. The microorganism of any one of versions
7a-9a, wherein the second biologic 1s a polypeptide pro-
duced from a recombinant gene.

Version 11a. The microorganism of any one of versions
la-3a, wherein the first biologic comprises a biologic that 1s
secreted from the microorganism without lysis of the micro-
organism.

Version 12a. The microorganism of version 11a, wherein
the first biologic comprises a polypeptide comprising a
signal sequence.

Version 13a. The microorganism of version la, wherein
the first biologic comprises an RINA.

Version 14a. The microorganism of version 13a, wherein

the RNA 1s an antisense RNA.
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Version 15a. The microorganism of any one of versions
la-14a, wherein the microorganism comprises a bacterium.

Version 16a. The microorganism of any one of versions
la-15a, wherein the microorganism comprises a member of
lactic acid bactena.

Version 17a. The microorganism of any one of versions
la-16a, wherein the microorganism comprises a member of
Lactobacillus.

Version 18a. The microorganism of any one of versions
la-17a, wherein the microorganism comprises Lactobacillus
reutert.

Version 19a. The microorganism of any one of versions
la-18a, wherein the microorganism comprises a bacterium
other than Lactobacillus reuteri 100-23.

Version 1b. A method of producing a biologic, the method
comprising exposing a microorganism as recited in any one
of versions la-19a to an amount of maltose suflicient to
stimulate production of the first biologic from the coding

sequence.

Version 2b. The method of version 1b, wherein the
biologic 1s an RNA.

Version 3c. The method of version 2b, wherein the RNA
1s an antisense RNA and production of the antisense RNA
reduces expression of a gene comprising a sequence comple-
mentary to a sequence of the antisense RNA.

Version 1¢. A method of mtroducing a biologic to a site,
the method comprising mtroducing a microorganism har-
boring a recombinant gene to the site, wherein the recom-
binant gene comprises a maltose-inducible promoter oper-
ably connected to a coding sequence of a first biologic,
wherein expression ol the first biologic from the coding
sequence ellects release of the first biologic from the micro-
organism at the site.

Version 2¢. The method of version 1c, wherein the malt-
ose-1nducible promoter comprises a sequence at least about
80% 1dentical to SEQ ID NO:1.

Version 3¢. The method of any one of versions 1c-2c,
wherein the first biologic comprises a lytic protein.

Version 4c. The method of any one of versions 1c-3c,
wherein the first biologic comprises a lytic protein selected
from the group consisting of a holin and a lysin.

Version 5c¢. The method of any one of versions 1c-4c,
wherein the first biologic eflects lysis of the microorganism
at the site.

Version 6¢. The method of any one of versions 1c-5c,
wherein the first biologic effects release of a second biologic
made by the microorgamism at the site.

Version 7c¢. The method of version 6¢, wherein the second
biologic 1s selected from the group consisting ol a carbo-
hydrate, a polypeptide, a nucleic acid, a metabolite, and a
combination thereof.

Version 8c. The method of any one of versions 6c¢-7/c,
wherein the microorganism 1s genetically modified to
enhance production of the second biologic.

Version 9c. The method of any one of versions 6c-8c,
wherein the second biologic 1s a polypeptide produced from
a recombinant gene.

Version 10c. The method of any one of versions 1c-2c,
wherein the first biologic comprises a biologic that 1s
secreted from the microorganism without lysis of the micro-
organism.

Version 11c. The method of version 10c, wherein the first
biologic comprises a polypeptide comprising a signal
sequence.

Version 12¢. The method of any one of versions 1c-11c,
wherein the microorganism comprises a bacterum.
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Version 13c¢. The method of any one of versions 1c-12c,
wherein the microorganism comprises a member of lactic
acid bacteria.

Version 14c¢. The method of any one of versions 1c¢-13c,
wherein the microorganism comprises a member of Lacto-
bacillus.

Version 15¢. The method of any one of versions 1c-14c,
wherein the microorganism comprises Lactobacillus reuteri.

Version 16¢. The method of any one of versions 1c-15c,
wherein the microorganism comprises a bacterium other
than Lactobacillus reuteri 100-23.

Version 17¢. The method of any one of versions 1c-16c,
wherein the introducing the microorganism comprises 1ntro-
ducing the microorganism to an 1n vitro site.

Version 18c. The method of version 17¢, wherein the in
vitro site comprises an amount of maltose suflicient to
induce expression of the gene product.

Version 19¢. The method of any one of versions 1c-16c,
wherein the introducing the microorganism comprises 1ntro-
ducing the microorganism to an in vivo site 1n a subject.

Version 20c. The method of any one of versions 1c-16¢
and 19c, wherein the site 1s a gastrointestinal tract of a
subject.

Version 21¢. The method of any one of versions 19¢-20c,
wherein the imntroducing the microorganism comprises orally
administering the microorganism to a subject.

Version 22c¢. The method of any one of versions 19¢-21c,
wherein the subject 1s a mammal.

Version 23¢. The method of any one of versions 19¢-22c,
wherein the subject 1s a human.

Version 24¢. The method of any one of versions 1¢-23c,
turther comprising introducing maltose or a maltose precur-
sor to the site before, during, or after the introducing the
microorganism to the site.

Version 25¢. The method of version 24c¢ wherein the
maltose precursor comprises starch.

Version 26¢. The method of any one of versions 1c¢-25c,
turther comprising, prior to the introducing the microorgan-
1sm to the site, contacting the microorganism with a maltose-
contaiming medium.

Version 27c¢c. The method of version 26c¢, wherein the
maltose-containing medium comprises an amount of malt-
ose sullicient to induce expression of the gene product and
wherein the contacting 1s conducted for a time suflicient to
induce expression of the gene product.

Version 28c¢. The method of any one of versions 26¢-27/c,
wherein the contacting 1s conducted in vitro.

The mvention encompasses any combination of the above
versions, whether explicitly stated or not.
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-contilnued
ccagtgacta atcttatgac tttttaaaca gataactaaa attacaaaca aatcgtttaa 2340
cttcaggaga gattacatga acaaaaatat aaatatctca aactttttaa cgagtgaaaa 2400
agtactcaac caaataataa aacaattgaa tttaaaagaa accgataccg tttacgaaat 2460
tggaacaggt aaagggcatt taacgacgaa actggctaaa ataagtaaac aggtaacgtc 2520
tattgaatta gacagtcatc tattcaactt atcgtcagaa aaattaaaac tgaatactcg 2580
tgtcacttta attcaccaag atattctaca gtttcaattc cctaacaaac agaggtataa 2640
aattgttggg aatattcctt acaatttaag cacacaaatt attaaaaaag tggtttttga 2700
aagccgtgeg tctgacatct atctgactgt tgaagaagga ttctacaagce gtaccttgga 2760
tattcaccga acactagggt tgctcttgca cactcaagtc tcgattcagce aattgcttaa 2820
gctgccageg gaatgcetttce atcctaaacce aaaagtaaac agtgtcttaa taaaacttac 2880
ccgccatace acagatgttc cagataaata ttggaagcta tataagtact ttgtttcaaa 2940
atgggtcaat cgagaatatc gtcaactgtt tactaaaaat cagtttcgtc aagcaatgaa 3000
acacgccaaa Jtaaacaatt taagtaccat tacttatgag caagtattgt ctatttttaa 3060
tagttatcta ttatttaacg ggaggaaata attctatgag tcgcectttttt aaatttggaa 3120
agttacacgt tactaaaggg aatggagacc ggggtcgacc cttcaataga gttcttaacg 3180
ttaatccgaa aaaaactaac gttaatatta aaaaataaga tccgcecttgtg aattatgtat 3240
aatttgatta gactaaagaa taggagaaag tatgatgata tttaaaaaac tttctcgtta 3300
agataggttg ttggtgagca tgttatatac ggatgtatcg gtttccecttaa tgcaaaattt 3360
tgttgctatc ttattaattt ttctattata tagatatatt caaagaaaga taacatttaa 3420
acggatcata ttagatattt taatagcgat tattttttca atattatatc tgtttatttc 3480
agatgcgtca ttacttgtaa tggtattaat gcgattaggg tggcattttc atcaacaaaa 3540
agaaaataag ataaaaacga ctgatacagc taatttaatt ctaattatcg tgatccagtt 3600
attgttagtt gcggttggga ctattattag tcagtttacc atatcgatta tcaaaagtga 3660
tttcagccaa aatatattga acaatagtgc aacagatata actttattag gtattttctt 3720
tgctgtttta tttgacggct tgttctttat attattgaag aataagcgga ctgaattaca 3780
acatttaaat caagaaatca ttgaattttc gttagaaaaa caatatttta tatttatatt 3840
tattttattt atagtaatag aaattatttt agcagttggg aatcttcaag gagtaacagc 3900
cacgatatta ttaaccatta tcattatttt ttgtgtcctt atcgggatga ctttttggca 3960
agtgatgectt tttttgaagg cttattcgat tcgccaagaa gccaatgacc aattggtcecg 4020
Jgaatcaacaa cttcaagatt atctagtcaa tatcgaacag cagtacaccg aattacggceg 4080
atttaagcat gattatcaaa acatcttatt atcgttggag agttttgccg aaaagggcga 4140
tcagcaacag tttaaggcgt attaccaaga attattagca caacggccaa ttcaaagtga 4200
aatccaaggg gcagtcattyg cacaactcga ctacttgaaa aatgatccta ttcgaggatt 4260
agtcattcaa aagtttttgg cagccaaaca ggctggtgtt actttaaaat tcgaaatgac 4320
cgaaccaatc gaattagcaa ccgctaatct attaacggtt attcggatta tcecggtatttt 4380
attagacaat gcgattgaac aagccgttca agaaaccgat caattggtga gttgtgcttt 4440
cttacaatct gatggtttaa tcgaaattac gattgaaaat acggccagtc aagttaagaa 4500
tctccaagca ttttcagagt taggctattc aacgaaaggce gctggtcecggg ggactggttt 4560
agctaatgtg caggatttga ttgccaaaca aaccaattta ttcttagaaa cacagattga 4620
aaatagaaag ttacgacaga cattgatgat tacggaggaa acttaatttg tatcccgttt 4680
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atttattaga

ttatgattaa

tggcggcaat

accgccaagc

ttgtcttcat

ctttagatta

atctattgtt

gttataaaat

ctgaaaaaga

caggaaattt

acttagttaa

tagatggcag

aacaaatgat

gcgggtgget

cttagtttgt

aggcctaatyg

tttctaatgt

tctaccggtt

atttttttgt

cagcatatat

caagtaattyg

taaatatgtt

actttaaatt

atttttaaat

agtgtctttt

cttacttgca

ggaagataac

gacdgycaadgdy

caagcatggc

tatgaaaagc

aattgagaat

ggatgattta

cgaatttgca

taaggatcag

cggtttagaa

tacaacccac

cattctcaag

agctgagaag

aggtcctcgc

aaatccgggt

aaatgcgctyg

cctatctaat

tgaggcaaaa

gtagcgccty

ttttattagce

gaatcatagg

actggctttt

cactaacctg

taatttgaaa

ctttaaatag

gtattctata

aggaaacttyg

ttaaataatt

ataaaaatct

ttgatattat

agaactattt

atggctccac

tggataatat

agtttagtaa

atcctattaa

gccggcgata

tgcggacaaa

What 1s claimed 1s:
1. A method of introducing a biologic to a site, the method
comprising introducing a microorganism harboring a recom-
binant gene to the site, wherein the recombinant gene
comprises a maltose-inducible promoter operably connected
to a coding sequence of a first biologic, wherein the maltose- 60
inducible promoter 1s at least about 90% i1dentical to the

sequence of S.
biologic from the coding sequence e:
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cagcaacaag
atgactttaa
caacgaggtt
gtggcaacta
gaggaactga
gaccaaacaa
caaaacgagyg
CCLLttctcat
catattaatt
gaagcccaat
attgccaatt
gtctcgttcec
caggcacgcce
cctagaagygg
tggtatagtc
ataatatgag
cccegttagt
attgatatta
ggatttgaag
aaatactatt
aagtttttet
aactataacg
gcaaccgttt
taatattgca
tataagttaa
cceegtatcea
ggcttttegt
cgcatcatac
taataatcct

cctttacgat
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cgatttatca

catgcgctgc

Cattcttttt

agattcggca

cattattaac

tggctgaaat

cggcagcgta

taccattaaa

tgttagccgt

atccaatgct

atgacagtaa

ggaaatcacg

aaatgatccc

cttcccacac

ccgaaatacc

ataatgccga

tgaagaaggt

gcgtttaaca

cataatggtyg

actaccaaga

ctattacttg

gacctgcttyg

tctaaaattt

ataattcatyg

ggagttgtta

tcaacagtat

gtgggtaatt

aacatcaact

gacgctttat

gttttatgta

biologic from the microorganism at the site.
2. The method of claim 1, wherein the first biologic 65

comprises a lytic protein that ef

ganism at the site.

-continued

Jgcaaattatc

cagtgatact

ggatatggaa

gatgatgccyg

gttagaacga

caaaaggcaa

tcaccgagaa

ggaagttgtt

taccagaaag

cttteggtgt

aacacggagt

ggaactagtg

agtaaaaagc

gcatttcagc

cgtctaagga

ctgtactttt

CtLttatatta

gttaaattaa

ttatagcgta

ataactttca

Ccttctttat

gcggaaacta

tgcgcaagcyg

aagcgcttac

gcaatgcaaa

tttcagcatt

atcattgaca

aaaggcacat

ccaatgcttyg

ttattctatg
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H(QQ 1D NO:1, wherein expression of the first
Tects release of the first

ects lysis of the microor-

gcgaatacga

gagacattgt

attgaggata

tttgcgcaaa

aaaatagcgc

ttgattgatg

aatttattta

catttatata

gttacttttc

gataaaagtt

ttaaaatttyg

gccaaattaa

cacccgcatyg

gccttagtygce

attgtcagat

tacagtcggt

cagctccaga

tacgttaata

cttagctggce

tcgtaaaagyg

tttattaagc

aacagtaaga

gttgcgcaaa

aataatcaca

caatgcactt

ttcaaggaat

taataacagg

caggcttaat

atattaatgg

ctgtttcaat

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6500
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3. The method of claim 2, wherein the microorganism 1s
genetically modified to produce a second biologic, and

wherein production of the first biologic et
second biologic at the site.

ects release of the

4. The method of claim 3, wherein the site 1s an 1n vitro
site comprising an amount of maltose suflicient to 1nduce

expression of the first biologic.

5. The method of claim 4, wherein the lytic protein
comprises a holin.
6. The method of claim 3, wherein the site 1s a gastroin-

testinal tract of a subject.

7. The method of claim 6, further comprising introducing,
maltose or a maltose precursor to the gastrointestinal tract
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before, during, or after the introducing the microorganism to
the gastrointestinal tract 1n an amount suflicient to induce
expression of the first biologic in the gastrointestinal tract.

8. The method of claim 7, wherein the lytic protein
comprises a holin.

9. The method of claim 3, further comprising, prior to the
introducing the microorganism to the site, contacting the
microorganism with a maltose-containing medium compris-
ing an amount of maltose suflicient to induce expression of
the first biologic, wherein the contacting 1s conducted for a
time suflicient to mduce expression of the first biologic.

10. The method of claim 9, wherein the site 1s a gastro-
intestinal tract of a subject, and wherein the contacting is
conducted 1n vitro.

11. The method of claim 10, wherein the lytic protein
comprises a holin.

12. The method of claim 1, wherein the coding sequence
of the first biologic encodes a polypeptide comprising a
signal sequence.

13. The method of claim 1, wherein the site 1s an 1n vitro
site comprising an amount of maltose suflicient to induce
expression of the first biologic.

14. The method of claim 1, wherein the site 1s an 1n vivo
site 1 a subject.

15. The method of claim 1, wherein the site 1s a gastro-
intestinal tract of a subject.

10

15

20

36

16. The method of claim 15, further comprising introduc-
ing maltose or a maltose precursor to the gastrointestinal
tract before, during, or after the introducing the microor-
ganism to the gastrointestinal tract in an amount sutlicient to
induce expression of the first biologic in the gastrointestinal
tract.

17. The method of claim 1, further comprising, prior to the
introducing the microorganism to the site, contacting the
microorganism with a maltose-containing medium compris-
ing an amount of maltose suflicient to induce expression of
the first biologic, wherein the contacting 1s conducted for a
time suflicient to mduce expression of the first biologic.

18. The method of claim 17, wherein the site 1s a
gastrointestinal tract of a subject, and wherein the contacting
1s conducted 1n vitro.

19. A method of producing a biologic, the method com-
prising exposing a microorganism to an amount of maltose,
wherein the microorganism harbors a recombinant gene,
wherein the recombinant gene comprises a maltose-induc-
ible promoter operably connected to a coding sequence of a
first biologic, wherein the maltose-inducible promoter 1s at
least about 90% i1dentical to the sequence of SEQ ID NO:1,
wherein the amount of maltose 1s suflicient to stimulate
production of the first biologic from the coding sequence.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

