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MODULATION OF THE GUT MICROBIOME TO TREAT MENTAL DISORDERS
OR DISEASES OF THE CENTRAL NERVOUS SYSTEM

Cross Reference to Related Applications

(6001} This application claims priority to, and benefit of, US Provisional Application
Wo. 62/307,991, filed March 14, 2016, the contents of which is incorporated by reference in

its entirety.

Incorperation of Sequence Listing

[B002] The contents of the text file named “HOBEOCI00I1WOSegLlist ixt,” which was
created on March 13, 2017 and 1s 7.6 MB 1n size, are hereby incorporated by reference in

their entirety.

Government Fundinge

(00603} This invention was made with government support under 3RO1THG005824-0251
awarded by the National Institute of Health. The government has certain nights in the
mvention.

Field of the Disclosure

[3004] The present disclosure relates to compositions and methods for treating at least
one symptom of a disease in a subject. In some cases, the disease is a mental disorder or a
disease of the central nervous svstem. The present disclosure teaches treatment of the
disease bv modulating (e g., increasing) the amount of endogenous GABA n a subject’s
body. In some embodiments. the present disclosure teaches modulating (e.g.. increasing}
the amount of GABA produced in the subject’s gut by bacteria in the gut. For example, the
present disclosure teaches admimistration to a subject in need thereof bacteria that are

capable of producing GABA (e.g., inside a human gut).

[3005] The present disclosure also relates to methods of culturing previously uncultured
bacterial strains. For instance, the present disclosure teaches the previously uncultured
bacterial strain Fviepia gabavorous KLE1738.  As set forth herein, newly uncultured
bacterial strains such as Eviepia gahavorous KLE1738 can be cultured by providing growth

faciors necessary for the bacteria’s growth and reproduction.

i
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[6606] Also disciosed are methods of identifying bacterial strains capable of producing
certain growth factors. For instance, described herein are methods of identifying bacterial
strains capable of producing GABA, for instance under physiologically relevant conditions

such as at a phvsiologically relevant pH.

Background

60071 The gut microbiome affects certain gastrointestinal and metabolic disorders,
such as urritable bowel syndrome (IBS), Crohn’s disease, ulcerative colitis, celiac disease,
obestty, heart disease, tvpe I and I¥ diabetes, and colon cancer.

G008] Microbiological studies have so far been himited, by necessity, to cultivable
microorganisms. By some estimates, in external environments, 99% of bactena are thought
to be uncultured. The development of new techniques for culturing previcusly uncultured

or unculturable bacteria can thus help to expand the scope of microbiclogy research.

Summary of the Invention

[3009] The present disclosure provides compositions and methods for treating diseases
such as mental iliness or diseases of the central nervous svstem. In some embodiments, the
present disclosure teaches therapeutic compositions comprising one or more bacteria {e.g.,
purified bacteria) that are capable of producing GABA. The bacteria can be capable of
producing GABA under physiologically relevant conditions, including within a human gut.
The present disclosure also provides methods of treating a subject in need thereof
comprising admimstering to a subject a therapeutic cornposition comprising GABA-
producing bacteria.  As set forth herein, the GABA-producing bacteria can produce GABA
in the subject’s gut. The GABA can diffuse into other systems of the subject’s body {e.g..
the circulatory and nervous svstems).  There, the endogenous GABA can act as a
newroiransmitter. In some embodiments, increased levels of GABA (e.g., in the nervous
systemy can improve the svmptoms of the mental illness or disease of the central nervous
system,

[6G10] In some embodiments, the present disclosure also provides methods for
identifving bacteria that produce GABA in humans at a physiclogically relevant pH range

and uses for these bacteria to modulate GABA levels in humans to treat mental iliness.

b2
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[6611] The present disclosure also relates to a method of culturing previously
uncultivated bacterial species. For instance the present disclosure teaches the isolation
and characterization of a bacterial species KLE1738, provisionally named Evrepia
gabavorous. Growth of £. gabavorous requires the presence of the growth factor
GABA, which can be supplied by GABA-producing bacteria such as Bacreroides fragilis

KLEITS8.

(6012} In one aspect, the present disclosure provides a therapeutic composition
comprising at least one purified bacterial population consisting of bacteria capable of

producing GABA in a subject in need thereof.

[6613] In some embodiments, the at least one bacterial population consists of a
hacteria comprising a 168 rDNA sequence at least about 95% identical to g 165 tDNA
sequence selected from one of Seq. ID. Nos. 1-31 set forth in Table 1. In some
embodiments, the at least one purified bacterial population consists of bacteria selected
from the group consisting of Bacteroides caccae XKLE911.  Bacteroides clarus
KLE1930; Bacteroides dorei KLE1912; Bacteroides finegoldii KILE1931, Bacteroides
Jjragilis WLE19358; Bactfercides massifiensis KLE1932, Bactercides ovatus KLE1770;
Racteroides stercoris KLE1I933; Bactercides thetaiotaomicron KLE1934; Bacteroides
uniformis KLE1913; Bacteroides vulgatus KLE1910; Bactervides xylanisolvens KLE1935;
Bifidobacterium adolescentis KLE 1879, Blautic obeum KLE1914; Blautia wexierae
KLE1916; Butvricimonas virosa KLE1938,; Clostridium perfringens WLE1937, Clostridium
sordellii KLE1939; Closwridium sp. KLE1862; Clostridium sp. KLEI91&; Coprobacillus sp.
KLEY779, Coprococcus sp. KLE188G; Dorea longicatena KLEIDT, FEggerthella lenta
KLEY926; FEubacterium rectale KLE1922:  Gordonibacter pamelaeae  KLE1915;
Oscillibacter sp. KLEV928, Parabactercides distasonis KLE2020, Parabactervides merdae
KLEI863; Ruminococceus grovus KLE1940; Turicibacter sanguinis KLE1941, and

combinations thereof

[60614] In some embodiments, the at least one purified bacterial population consists
of a bacteria comprising a 165 rDNA sequence at least about 95% identical to a 165
tDNA sequence selected from one of Seq. ID. Nos. 32-274 set forth in Table 2. In

some embodiments, the at least one purified bacterial population consists of bacteria
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comprising a 165 rDNA sequence having at least 95% similarity to the 165 rDNA
sequence selected from one of Seq. 1D, Nos. 305-2217 set forth in Table 10, In some
embodiments, the at least one purified bacterial population consists of bacteria
comprising a DNA sequence which encodes an enzyme selected from: glutamate
decarboxylase; puirescine aminotransferase; gamma-aminobutyraldehyde dehvdrogenase:
arginine decarboxvlase; agmatinase, omithine decarboxylase; or a combination thereof. In
some embodiments, the glutamate decarboxylase; putrescine aminotransferase; gamma-
aminobutyraldehvde dehvdrogenase; arginine decarboxylase; agmatinase; ornithine
decarboxylase, or a combination thereof, is encoded by a3 DNA sequence at least 70%

strmilar in DNA sequence to anv one of Seq. 1D Nos. 275-304 set forth 1in Table 3.

[3015] In some embodiments, the glutamate decarboxylase is encoded by a DNA
sequence  at  least 95% simular in DNA  sequence {o a gene with a
EMBL/GENBANK/DDBI ID found in Table 4. In some embodiments, the putrescing
anminotransferase 1s encoded by a DNA sequence at least 95% similar in DNA sequence
to a gene with a EMBL/GENBANK/DDBIJ ID found 1n Table 5. In some embodiments,
the gamma-aminobutyraldehvde dehydrogenase is encoded by a DNA sequence at least
95% similar in DNA sequence to a gene with a EMBL/GENBANK/DDBI ID found in
Table 6. In some embodiments, the arginine decarboxvlase is encoded by a DNA
sequence  at  least 95% simular in DNA  sequence {o a gene with a
EMBL/GENBANK/DDBI ID found in Table 7. In some embodiments, the agmatinase is
encoded by a DINA sequence at least 95% similar in DNA sequence to a gene with a
EMBL/GENBANK/DDBIJ ID found i Table 8  In some embodiments, the omithine
decarboxylase is encoded by a DNA seguence at feast 95% simiiar in DNA sequence to a

gene with a EMBL/GENBANK/DDRI ID found in Table 9.

[6016] In some embodiments, the at least one purified bacterial population consists of
bacteria comprising a 165 rDNA seqguence having at least 95% similarity to a reference
bacterium selected from the group consisting of: Fscherichia coli MG1655, Escherichia

cofi Nissle 1917; or a combination thereof,

(60617} In some embodiments, the bacterial population consists of bacteria capable of

producing GABA at a physiologically relevant pH. In some embodiments, the bacterial
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population consists of bacteria capable of producing GABA at a pH range between about
4.5 and about 7.5. In soms embodiments, the bacterial population consists of bacteria

capable of producing GABA inside the human gut.

[3018] In some embodiments, the composition ig in the form of a probiotic, prebiotic,
a capsule, a tablet, a caplet, a pill, a troche, a lozenge, a powders, a granule, a medical
food, or a combination thereof In some embodiments, the composition 18 administerad

as a fecal transplant.

16019} In some embodiments, the bacteria are capable of producing GABA via
expression of any combination of glutamate decarboxylase, puirescine aminotransferase,
gamma-aminobutyraldehvde dehydrogenase, arginine decarboxylase, agmatinase, and/or

ornithine decarboxylase.

[3020] In some embodiments, the therapeutic composttion further comprises a
purified bacterial strain that is cytotoxic or cytostatic to a GABA-consuming bacteria. In
some embodiments, the GABA-consuming bacteria is Iviepia gabavorous or Firmicutes

bacterivm MGS: 114,

6021} In some embodiments, the therapeutic composition further comprises a
prebiotic capable of stimulating the growth or GABA-production levels of a GABA-

producing bacteria.

[06022] In one aspect, the present disclosure provides a method of treating a disease or
disorder in a subject in need thereot, the method comprising administering to the subject
a therapeutic composition comprising at least one purified bacterial population consisting

of bacteria capable of producing GABA in a subject in need thereof.

{6023} In one aspect, the present disclosure provides the use of a therapeutic
composition comprising at least one purified bacterial population consisting of bacteria
capable of producing GABA in the manufacture of a medicament for the treatment of a
disease.

[60G24] In one aspect, the present disclosure provides the use of a therapeutic
composition comprising at least one purified bacterial population consisting of bacteria

capable of producing GABA for the freatment of a disease.

W
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[6025] In some embodiments, the disease or disorder is a mental disease or disorder.
In some embodiments, the mental disease or disorder is selected from the group
consisting of depression, bipolar disorder, schizophrenia, anxiety, anxiety disorders,
addiction, social phobia, treatment-resistant major depressive disorder (TR-MDD),
major depressive disorder and its subtypes {melancholic depression, atypical
depression, catatonic depression, postpartum depression, and seasonal affective
disorder), Neurodegenerative amyloid disorders (Parkinson’s, Alzheimer’s, and
Huntington’s diseases) orthostatic tremor, Lafora disease, restless leg syndrome,
neuropathic pain, pain disorders, dementia, epilepsy, stiff-person syndrome, premenstrual
dysphoric disorder, autism spectrum disorder, sleep disorders, and attention deficit
hyperactivity disorder (ADHD), and combinations thereof. In some embodiments,
treating a disease or disorder comprises decreasing at least one sympiom of the disease or
disorder, such as faligue, insomnia, motor dysfunction, siress, persisient anxiety,
persistent sadness, social withdrawal, substance withdrawal, irritability, thoughts of suicide,
thoughts of self-harm, restlessness, low sex drive, lack of focus, seizures, memory loss,
anger, bouts of emotional reactivity, confusion, pain, and muscle spasms, loss of appetite,

altered 1ntestine motility, and combinations thereof.

[6026] In some embodiments, the at least one bacterial population consists of a
bacteria comprising a 168 rDNA sequence at ieast about 95% identical to a 165 rDNA
sequence selected from one of Seq. ID. Nos. of 1-31 set forth in Table 1. In some
embodiments, the at least one purified bacterial population consists of bacteria selected
from the group consisting of: Bacteroides caccae KLE1911;,  Bacteroides clarus
KLE1930; Bacteroides dorei KLE1912, Bacteroides finegoldii KLE1931, Bacteroides
Fragilis WLE1958; Bacfercides massifiensis KLE1932, Bacteroides ovatus KLE1770;
Ractercides stercoris KLE1933; Boactercides thetaiotaomicron KLE1934; Bacteroides
uniformis KLE1913, Bactercides vulgatus KLE1910; Bacteroides xylanisolvens KLE1935;
Bifidobacterium adolesceniis KLE 1879, Blautia obeum WLE1914; Riautic wexlerae
KLEY916; Butvricimonas virosa KLE193R; Clostridium perfringens WLE1937; Clostridium
sordellii KILE1939; Clostridium sp. KLE1862; Clostridium sp. KLE1918; Coprobacillus sp.
KLE1779; Coprococcus sp. KLE1880: Dorea longicatena KLE1917, Eggerthella lenta

KLEI926, Fubacterium  reciale WLE1922, Gordonibacter pamelaeae KLE1915;

6



WO 2017/160711 PCT/US2017/022091

Oscitlibacter sp. KLEV9Z8, Parabacteroides distasonis KLE2020, Parabacteroides merdae
KLE863; Ruminococceus grovus KLE1940;, Twricibacter sanguinis KLE1941, and

combinations thereof.

{30271 In some embodiments, the at least one purified bacterial population consists
of a bacteria comprising a 1658 rDNA sequence at least about 95% identical to a 165

rDMNA sequence selected from one of Seq. ID. Nos. of 32-274 set forth in Table 2.

[B028] In some embodiments, the at least one bacterial population consists of a
bacteria comprising a 165 rDNA sequence at least about 95% identical to any one of Seq

ID Nos. 305-2217 set forth in Table 10.

60291 In some embodiments, the at least one purified bacterial population consists of
hacteria comprising a DNA sequence which encodes an enzyme selected from: glutamate
decarboxylase; putrescine aminotransferase; gamma-aminobutyraldehyde dehyvdrogenase;

arginine decarboxvlase; agmatinase; ornithine decarboxvlase; or a combination thereof.

[B030] In  some embodiments, the glutamate decarboxylase, putrescing
anminotransferase; gamma-aminobutyraldebvde dehydrogenase; arginine decarboxvlase;
agmatinase; ornithine decarboxyiase; or a combination thereof, 15 encoded by a DNA
sequence at feast 70% sinular to a DNA sequence selected from one of Seq. ID. Nos. 275-

304 set forth in Table 3.

60311 In some embodiments, the glutamate decarboxylase is encoded by a DNA
sequence at least 953% similar in DNA  sequence to a gene with a
EMBL/GENBANK/DDBIJ ID found in Table 4. In some embodiments, the putrescing
aminoiransferase 1s encoded by a DNA seqguence at least 95% similar in DNA sequence
to a gene with a EMBL/GENBANK/DDBIJ 1D found 1n Table 5. In some embodiments,
the gamma-aminobuivraldehvde dehvdrogenase is encoded by a DNA sequence at least
95% similar in DNA sequence to a gene with a EMBL/GENBANK/DDBI ID found in
Table 6. In some embodiments, the arginine decarboxvlase is encoded by a DNA
sequence at least 953% similar in DNA  sequence to a gene with a
EMBL/GENBANK/DDBIJ ID found in Table 7. In some embodiments, the agmatinase is
encoded by a DNA sequence at least 95% similar in DNA sequence to a gene with a

EMBL/GENBANK/DDBEI 1D found m Table 8 In some embodiments, the omithine
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decarboxylase is encoded by a DNA seguence at feast 95% simiiar in DNA sequence to a

gene with a EMBL/GENBANK/DDRBI ID found in Table 9.

66321 In some embodiments, the bacteria is genetically engineered to produce
GABA. In some embodimenis, the bacteria is engineered to produce GABA via
expression of glutamate decarboxylase; putrescine aminotransferase; gamma-
aminobutyraldebyde dehydrogenase; arginine decarboxylase; agmatinase; ornithing

decarboxylase; or a combination thereof,

16033] In some embodiments, wherein the glutamate decarboxylase; putrescine
aminotransferase; gamma-aminobutyraldehyde dehydrogenase; arginine decarboxylase;
agmatinase. ormithine decarboxylase; or a combination thereof, 18 encoded by a BNA
sequence at least 70% sirnilar in DNA sequence selected from one of Seq. ID. Nos. of 275-

304 set forth in Table 3.

[6634] In some embodiments, the giutamate decarboxylase is encoded by a DNA
sequence at  least 95% similar in DNA  sequence to a gene with a
EMBL/GENBANK/DDRI ID found in Table 4. In some emboduments, the putrescine
aminotransferase is encoded by a DNA sequence at least 95% similar in DNA sequence
10 a gene with a EMBL/GENBANE/DDBJ ID found in Table 5. In some embodiments,
the gamma-aminobutyraldehvde dehydrogenase is encoded by a DNA sequence at least
95% similar in DNA sequence to a gene with a EMBL/GENBANK/DDRJ 1D found in
Table 6. In some embodiments, the arginine decarboxylase is encoded by a DNA
sequence at  least 95% similar in DNA  sequence to a gene with a
EMBL/GENBANK/DDRI ID found i Table 7. In some embodiments, the agmatinase is
encoded by a DNA sequence at least 95% similar in DNA sequence to a gene with a
EMBL/GENBANK/DDBIJ ID found in Table 8 In some embodiments, the omithine
decarboxvlase is encoded by a DNA sequence at least 95% similar in DNA sequence to a

gene with a EMBL/GENBANK/DDBIJ 1D found in Table 9.

[3035] In some embodiments, the at least one purified bacterial population consists of
bacteria comprising a 165 rDNA sequence having at least 95% similarity to a reference
bacterium selected from the group consisting oft Fscherichia coli MG1655, Fscherichia

cofi Nissle 1917; or a combination thereof.
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[6636] In some embodiments, the bacterial population consists of bacteria capable of
producing GABA at a physiologically relevant pH. In some embodiments, the bacterial
population consists of bacteria capable of producing GABA at a pH range between about
4.5 and about 7.5, In some embodiments, bacierial population consists of bacteria
capable of producing GABA inside the human gut In some embodiments, the
composttion is admirustered as a fecal transplant. Tn some embodiments, the composition
s administered as a probiotic. In some embodiments, the bacteria are capable of
producing GABA via expression any combination of glutamate decarboxylase, putrescine
aminotransferase, gamma-aminobutyraldehyde dehydrogenase, arginine decarboxylase,

agmatinase, ornithine decarboxylase, and combinations thereof.

[3037] In some embodiments, the at least one bacterial strain is cytotoxic or cyiostatic
to a GABA-consuming bacteria. In some smbodiments, the GABA-consuming bacteria is

Evtepia gabavorous or Firmicutes bacterium MGS 114,

[B038] In some embodiments, the method of treating a subject further comprises
identifving a subject in need of treatment by deternuning whether the subject would
benefit from an increase in endogenous GABA by measuring an initial amount of GABA
in the subject’s stool. In some embodiments, the initial amount of GABA in the subject’s
stool 15 below about 8 ug per gram of wet or dry stool. In some embodiments, the
amount of GABA in the subject’s stool is increased relative to the initial amount atter

administering the therapeutic composition.

[3039] In some embodiments, the method of treating a subject further comprises
wdentifying a subject in need of treatment by deternuning whether the subject would
benefit from an increase in endogenous GABA by measuring an initial amount of GABA-
producing bacteria in the subject’s sfool. In some embodiments, the initial amount of
GABA-producing bacteria in the subject’s stool 15 less than about 10% of total bacteria as
measured by 168 sequence mapping. In some embodiments, at least one GABA-
producing bacteria is increased in the subject’s stool relative io the initial amount of
GABA-producing bacteria in the subject’s stool after administering the therapeutic

compaosition,
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[6040] In some embodiments, the method of treating a subject further comprises
identifving a subject in need of treatment bv determining whether the subject would
benefit from an increase in endogenous GABA by measuring an initial amount of GABA
inn the subject’s blood or serum. In some embodiments, the amount of GABA in the
subject’s blood or serum is below about 10 pg per liter of blood. In some embodiments,
the amount of GABA in the subject’s blood or serum is increased relative to the nitial

amount after administering the therapeutic composition.

6041} In some embodiments, the method of treating a subject further comprises
identifving a subject in need of treatment by determuning whether the subject would
benefit from an increase in endogenous GABA by measuring an amount of GABA in the
subject’s brain. In some embodiments, the amount of GABA i the subject’s brain is
below about 1.0 mM/kg. In some embodiments, the amount of GABA in the subject’s
brain is increased relative to the initial amount after administering the therapeutic

compaosition,

16042} In some embodiments, the method of treating a subject further comprises
identifying a subject in need of treatment by determining whether the subject would
benefit from an increase in endogenous GABA by measuring an initial amount of
expression of GABA-producing enzymes in the subject’s stool. I some embodiments,
the GABA-producing enzymes are selected from glutamate decarboxylase, putrescine
aminotransferase, gamma-aminobutyraldehyde dehydrogenase, arginine decarboxylase,
agmatinase, orntthine decarboxylase, and combinations thereof. In some embodiments,
the initial amount of enzyme expression 15 measured by gPCR. In some embodiments,
the expression of enzymes is increased relative to the initial amount of enzyme

expression after administering the therapeutic composition.

[6043] In some embodiments, the method of treating a subject further comprises
identifving a subject in need of treatment by determining whether the subject would
benefit from an increase in endogenous GABA by measuring an initial amount of
GABAergic response in the subject’s brain. In some embodiments, the amount of the
GABAergic response in the subject’s brain 5 increased relative to the mitial amount after

administering the therapeutic composition. In some embodiments, the therapeutic

10
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composition comprises a prebiotic capable of stimulating the growth or GABA

production of GABA-producing bacteria.

[6044] In one aspect, the present disclosure provides a method of culturing a GABA-
dependent bacteria, comprising disposing at least one live GABA-dependent bacterial

cell on a suitable substrate, and providing a source of GABA.

[30645] In some embodiments, the switable substrate is agar. In some embodiments,
providing a source of GABA comprises co-culturing with another bactenial stram, said
strain is capable of producing GABA. In some embodiments, GABA is added to the

substrate. In some embodiments, the GABA-dependent bacteria is £ gabavorous.

[6046] In one aspect, the present disclosure provides a method of identifying a bacterial
strain or strains capable of producing GABA at a phvsiologically relevant pH of the human

intestinal tract, comprising:

{a) dispersing a sample believed to contain GABA-producing bacteria within a substrate, the

substrate being at least partially permeable to GABA,

(b) contacting the substrate toaded with potential GABA-producing bacteria with a GABA-

dependent bacteriumy; and

{cy identifying a GABA-producing bacteria by observing the formation of a colonies of the

GABA-dependent bactena around potential GABA-producing bacteria in the substirate.

[0647] In some embodiments, the substrate 15 being buffered to maintain the pH at a
physiologically range found 1n the human gastrointestinal tract. In some embodiments, the
GABA-dependent bacteria s Egabavorous. In some embodiments, the pH range is

between about 4.5 and about 7.5.

[30348] The present disclosure provides compositions and methods for {reating mental
illness or disease of the central nervous sysiem in a subject and therapeutic compositions for
the same. The method can comprise administening to the subject a bacterium and/or
multiple bacteria capable of producing endogenous GABA in the subject’s gui at a
physiologically relevant pH. The present technology can have the advantage of alleviating
the symptoms of a mental iliness or disease of the central nervous system without the aid of

synthetic medications {e.g.. antidepressanis), which can have unwanted side-effects, or in

it
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combination with existing medications. Additionally, the present iechnology can have the
advantage of further improving the digestive health of the subject, such as mproving
mntestinal motility and reducing gastrointestinal pain.  Additional features and advantages of
the present technology will be apparent to one of skill in the art upon reading the Detailed

Description of the Invention, below.

Brief Description of the Fisures

[60349] Figure 1 A shows a co-culture assav to grow and identify previously unculturable

bacteria.

3050} Figure 1B shows the growth of Eviepia gabavorous KLE1738 in the presence of
the helper bactenia Bacreroides fragilis KLE1TS8.

(G051} Figure 2A shows the growth of Eviepia gabavorous KLE1738 in the presence of
the supemnatant from Bacteroides fragilis.

G052} Figure 2B shows a lack of growth of Eviepic gabavorous KLE1738 i the
presence of the empty velucle.

[6053] Figure 2C shows the growth of Avrepia gabavorous in the presence of the most
polar fraction of the supernatant from Bacteroides fragilis KLE1758.

60541 Figure 2D shows a close-view of the lack of growth of fviepia gabavorous

KLE1738 in the presence of the empty vehicle.

[(3055] Figure 2F shows a close-view of the growth of Eviepia gabavorous KLE1738 in

the presence of the supematant from Bacteroides fragilis KLE1758.

{0056} Figure 2F shows a close-view of the lack of growth of Kviepia gabavorous

KLE1738 in the presence of the empty vehicle (bacterial media).

6057} Figwe 2G shows a table of potential growth factors for X gabavorous
KLE1738, with green indicating mnduction of growth.

[6058] Figure 3 shows a proposed GABA metabolism of £, gabavorous KLE1738.

60591 Figure 4a shows GABA production of B. fragilis KLE1758 is observed only at a
pH of 5.5 and below, highlighting the importance of acidic pH on GABA production for

certain strains or species of bacteria.

12
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16060} Figure 4B shows an assay for the identification of GABA-producing bacteria,
capable of producing GABA at a pH between 4.5 and 7.5, using the GABA-requivement of
E. gabavorous KLE1738. The reedium was heavily buffered to maintain a pH of the desired
range and identify strains of bacteria capable of producing GABA at a pH physiologically

relevant to the human gut.

[3061] Figure 4C shows a phylogenetic tree of GABA producers, capable of producing
GABA at a pH of about 4.5 to about 7.5, 1dentified by the methods herein.

{0062} Figure 5 shows GABA production capabilities of several strains identified using
the screen described in Example 7. The ability of organisms to produce GABA at a range of

pH conditions s highlighted.

[6063] Figure 6A shows the growth of £ gabavorous KLE1738 in the presence of £

coli that has been engineered to express glutamate decarboxylase gadA.

[3064] Figure 6B shows the growth of £ gabavorous KLE1738 in the presence of £

coli that has been engineered (o express glutamate decarboxylase gadB.

[B065] Figure 6C shows the growth of £ gabavorous KLE1738 in the presence of A

Jragilis KLE 1758 that 15 known 1o produce GABA.

[6066] Figure 6D shows the absence of growth of £ gabavorous KLE173% in the

presence of /£ coli that has been engineered to express glutamate decarboxylase gadC.

6067} Figure 6E shows the absence of growth of £ gabavorous KLEI738 m the

presence empty vector.

Detailed Descrintion of the Invention

[B068] The present disclosure relales to compositions and methods for treating or
decreasing a symptom of a disease in a subject. The disease can be a mental iliness or a
disease of the central nervous system. After identifying a subject with a mental iliness or
disease of the central nervous system, the method can comprise determining whether the
subject would benefit from an increase in endogenous GABA, for instance by measuring the

amount of GABA i the subject’s stool, blood serum. or other bodily fluids, measuring

[
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levels of GABA in different regions of the brain, measuring the GABAergic response in
different regions in the brain, measwing activity of GABA producing enzymes in stool, or
by measuring the amount of GABA-producing bacteria in the subject’s stool. The method
can further comprise administering to the subject a GABA-producing bacterium or bacteria
that can be capable of producing GABA in the subject’s gut, (e.g., at a physiologically

relevant pH of the gut).

{0069} Some bacteria produce GABA from gamma-amunobutyrate to  maintain
intracellular pH homoeostasis in order to overcome acid siress. As set forth herein, the
production of GABA by microbes (e.g., bacteria} in the lniman gut can impact the health of
a subject. For instance, GABA produced by bacteria in the human gut can act as a
neurotransmitter 1o treat a mental illness, a disease of the central nervous system, or

improve gastrointestinal health in a subject.

Definitions
(3070} As used herein “administer” and “administration” encompasses embodiments in

which one person directs another to consurse a bacteria or a bacterial composition i a
certain manner and/or for a certain purpose, and also situations in which a user uses bacteria
or a bactertal composition in a certain manner and/or for a certain purpose independently of
or tn variance to any mstructions received from a second person. Non-limifing examples of
embodiments in which one person directs another to consume a bacteria or bactenal
composition 1 a certain manner and/or for a certain purpose include when a physician
preseribes a course of conduct and/or treatment o a patient, when a parent commands a
nninor user (such as a child} to consume bacteria or a bacterial composition, when a trainer
advises a user (such as an athlete) to follow a particular course of conduct and/or treatment,
and when a manufacturer, distributer, or marketer recommends conditions of use to an end
user, for example through advertisements or labeling on packaging or on other maitenials
provided n association with the sale or marketing of a product.

[6071] The term “isolated” encompasses a bacterium or other entity or substance that
has been (1) separated from at least some of the components with which it was associated
when inittally produced (whether in nature, such as human stool, or in an experimental

setting, such as a Petri plate consisting of artificial growth medium), and/or (2} produced,

i4
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prepared, purified, and/or manufactured by the hand of man. Isolated bacteria may be
separated from at least about 10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 70%, abowt 80%, about 90%, or more of the other coraponents with which they
were initially associated. In some embodimenis, isolated bacteria are more than about 80%,
about 83%, about 90%, about 91%. about 92%. about 93%, about 94%, about 95%, about
96%, about ©7%, about 98%, aboul 99%, or more than about 99% pure. As used herein, a
substance is “pure” if #f is substantially free of other components (such as other bacterial
species}. The terms “purify,” “purifving” and “purified” refer to a bacterium or other
material that has been separated from at least some of the components with which it was
associated etther when imitially produced or generated (e.g.. whether in nature or 1o an
experimental setting), or during any time after its irutial production, as recognized by those
skilled i the art of bacterial cultivation. A bacterium or a bactenial population may be
considered purtfied if it is i1solated at or after production, such as from a malerial or
environment containing the bacterium or bacterial population, and a purified bacterium or
bacterial population may contain other materials up to about 10%, about 20%, about 30%,
about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, or above about 90%
and still be considered “isolated.” In some embodiments, purified bacteria and bacterial
populations are more than about 80%, about 3%, about 90%, about 91%, about 92%, about
93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%. or more than
about 99% pure. In the instance of bacterial compositions provided herein, the one or more
bacterial types present in the composition can be mdependently purified from one or more
other bacteria produced and/or present in the material or environment containing the
bactenial type. Bacterial compositions and the bacterial components thereof are generally

purified from residual habitat products.

66721 As used herein, “probiotic” 1s understood to mean “Live microorganisms which
when administered in adequate amounis confer a health benefit on the host”, as currently

defined by the World Health Organization.

[B873] As used heremn, “prebiotic” is undersiood to mean an ingredient that allows
specific changes, both in the composition and/or activity in the gastrointestinal microbiota

that may {(or may not) confer benefits upon the host.



WO 2017/160711 PCT/US2017/022091

[6874] As used herein, “medical food” is understood to mean “a food which is
formulated to be consumed or administered enterally under the supervision of a physician
and which is intended for the specific dietary management of a disease or condition for
which distinctive nutritional requirements, based on recognized scientific principles, are
established by medical evaluation”, as defined by 5(b} of the Orphan Drug Act 21 US.C.
360ee (b} (3)).

[B075] As used herein “initial amount” is understood to mean the amount of a
substance, e.g.. GABA in an aliquot of sample prior to administration of GABA-producing
bacieria to the subject. Imtial amouni can be measured in terms of concentration. For
mstance, an imiial amount can be measured in terms of micrograms of substance per
milliliter of sample, e.g., nucrograms of GABA per milliliter of blood or serum (ug
GABA/mL blood or serum). The mitial amount of can also be measured, for instance, as
the amount of GABA in regions of the brain, such as the prefrontal cortex prior to
admuanistration of the GABA-producing bacteria. The amount of GABA can be represented
m terms of millimoles of GABA per kg tissue (mmol GABA per kg of brain tissue}. The
imitial amount can also be measured, for instance, as the amount of GABA in a subject’s
stool sample prior {0 adminisiration of GABA-producing bacteria o the subject. The
amount of GABA can be represented in terms of nucrograms of GABA per gram of stool
{(ug GABA/g stool). The imitial amount can also be the level of expression of GABA
producing enzymes in the stool {(log change of reads), as measured by gPCR or other
appropriate method. Unless otherwise defined herein, stool is weighed when wet or drv, 1.e.,
without active drying, and within one hour of production of the stool. For instance, the
stool can be weighed within 45 minufes, 30 mimutes, 15 minutes, 1¢ mimues, or within 5

minutes of production of the stool.

6076} As used herein, a “GABAergic response” means the response of a given organ
{e.g.. the brain or vagus nerve) to differences in the concentrations of GABA, GABA
producing bacteria, or prebiotics to which 1{ is exposed. A GABAergic response can include
a change in concentrations of GABA as well as expression levels and/or activity of different

GABAx, GABAs, and/or GABAC receptors.
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{68771 “GABA-producing bacteria” is understood 1o mean bacteria that can produce
measurable quantities of GABA, as detected by LC/MS, ELISA, or other appropriate
analytical assays. In some ersbodiments, GABA-~producing bacteria can produce GABA
under the physiological conditions in a human, e.g., under the pH, and temperature of the

human gut.

3078} “Phvsiologically relevant pH™ of the human intestinal tract is undersiood to
mean a pH range that exists in the body. For instance, a pH range that is physiologically

relevant to the human gut can be in the range of about 4.5 1o about 7.5,

[6679] The term “gut” is understood to refer to the human gastrointestinal tract, aiso
known as the alimentary canal. The gut includes the mouth, pharynx, oesophagus, stomach,
small intestine (duodenurn, jejunum, leumy), large intestines (cecum and colon) and rectum.
16080] As used herein, “bacteria” or “bacterial strain” is understood to mean a species
of bacteria. A “bacterium’™ is understood as a single bacterial cell of a given species.

[B081] The term “ireating” with regard to a subject, refers {o improving at least one
svimptom of the subject’s disorder. Treating includes curing, improving, or at least partially
ameliorating the disorder.

6082} The term “EMBL/GenBank/DDRJ 117 refers to an accession number, which
when used as in inpul for databases such as the European Molecular Biology Laboratory
(EMBL), GenBank, or DNA Data Bank of Japan (DDBJ), via their respective intemet
webhsites, enables access to information, such as nucleotide sequence of a gene, and the
bacterium encoding that sequence in its genome. The EMBL/GenBank/DDRBJ 1D is used in

this application as a conveninent means 10 access sequence information.
Gamma-Aminobutyric Acid (GABA)

16083] The term “GABA” is understood fo mean gammg-aminobuivric acid (y-

aminobutvric acid). GABA has the chemucal structure:

O

HZN\/\/J\
OH .
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[6084] GABA 15 a major inhibitory neurotransmitter in the mammalian central nervous
system. It plays a principal role in reducing neuronal excitability throughout the nervous
svstern. GABA can be a difficult compound to deliver therapeutically due to efflux and
half-life limitations. For example, in rodents, the brain efflux rate of GABA was found to
be 17 times higher than the influx rate. Additionally, GABA only has a half-life of only
17 minutes in mice. Accordingly, because of the short halt-life of GABA in vivo, oral
GABA supplementation can be meffective, as it may require frequent dosing, even with

slow release capsules.

[0085] The present disclosure provides for delivering a therapeutic composition of
one or more bacteria that can produce GABA within the intestinal tract, in order to
consistently deliver GABA info systemic circudation (e g., into the nervous system). The
endogenously produced GABA can also activate vagal nerve receptors directly. This can

mitigate the inherent half-life of GABA.

(0086  In some embodiments, the microbiome can influence GABA levels and the
GABAergic response in the brain. For instance, germ-free animals can have
substantially reduced luminal and serum levels of GABA. Without wishing to be
bound by theory, this suggests the microbiome is important in regulating levels of this
important neurotransmitier.  As set forth herein, GABAergic modulation by
microbiome intervention (e.g., using methods and compositions described herein) can

have therapeutic potential.

[B087] In some embodiments, GABA can play a role in mental illness or disease of the
central nervous systermn. For mstance, in some embodiments, low levels of GABA can be
associated with depression, bipolar disorder, schizophrenia, anxiety, anxiety disorders,
addiction, social phobia, treatmeni-resistant major depressive disorder {TR-MDD), major
depressive disorder and tis subtypes {melancholic depression, atypical depression, catatonic
depression, postpartum depression, and seasonal affective disorder), Neurodegenerative
amyloid disorders (Parkinson’s, Alzheimer’s, and Huntington’s diseases) orthostatic tremor,
Lafora disease, restless leg syndrome, neuropathic pain, pain disorders, dementia, eptlepsy,

stiff~person syndrome, premenstrual dysphoric disorder, autism spectrum disorder, sleep

disorders, and attention deficit hyperactivity disorder (ADHD). As set forth herein, the
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present disclosure provides increasing the amount of endogenous GABA in a subject can

decrease levels of mental illness or disease of the ceniral nervous system in the subject.

[6088] In some embodiments, GABA produced by gut bacteria can play a role in mental
iliness or disease of the central nervous system via the vagus nerve, connecting the intestinal

tract to the peripheral and central nervous systems.

[6089] In some embodiments, GABA produced by gut bacteria can play a role in mental
illness or disease of the central nervous system via affecting circulating levels of systemic

GABA in the host, which can influence the peripheral and central nervous systems.
Means of GABA Production by Microbes

[6696]  Bacteria can produce GABA using a variety of different pathways. Set forth
below are exernplary pathways that bacteria and other microbes can use to produce
GABA (eg., in vive). As set forth below, any of the GABA production pathways
described herein can be naturally occuiring in a given bacterium. Alternatively, a
necessary enzyme or grouping of enzymes can be added to the DNA sequence of a

hacteria to enable the bacteria to produce GABA.

Glutamate Pathwav

[6691] In some embodiments, microbes can produce GABA using the glotamate
decarboxvlase enzyme {e.g., glutamate decarboxylase EC 4.1.1.15). In some embodiments,

glutamate decarboxvlase is capable of directly converting glutamate to GABA.

Putrescine 1o 4-Anunobutanal Pathwayv

606921 In some embodiments, microbes can produce GABA using the puirescine o 4-
aminobutanal pathway. The microbes can then convert 4-anunobutanal to GABA. Tn some
embodiments, putrescine anunotransferase (for ingtance, putrescine aminotransferase EC
2.6.1.82) can be used to convert puirescine to 4-aminobutanal. The 4-aminobutanal can
then be converted m the presence of gamma-aminobulyraldehyvde debydrogenase (e.g.,

gammma-aminobutyraldehyde dehydrogenase (EC 1.2.1.19)) to GABA.

Aroinine 1o Agmatine to Putrescine Pathway

[3093] In some embodiments, microbes can produce GABA using the arginime to

agmatine to putrescme Pathwav. Once the putrescine i3 produced, it can be converted as
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described above {e.g., using the putrescine to 4-aminobuianal pathway) to GABA. In some
embodiments, arginine decarboxylase {(e.g., argining decarboxylase (EC 4.1.1.19)) can
convert argining o agmatine. Agmatime can then be converted o pulrescine using

agmatinase {e.g., agmatinase (EC 3.53.11)).

L-ormithine to Putrescine pathwav

In some embodiments, omithine decarboxylase (e.g., omithine decarboxyvlase (EC
4.1 1.17}) can be used to convert omnithine 1o putrescine. Once the putrescine is produced, it
can be converted as described above (e.g., using the putrescine 1o 4-aminobutanal pathway}

o GABA.

Bacterial Sirains

[6094] The present disclosure provides bacterial strains (e.g., purified straing} and
therapeutic compositions comprising the same for admunistration to a subject in need
thereof. The bacteria can be naturally occurring, or can be engineered {e.g., through strain
engineermg or selection) 1o produce GABA. In some embodiments, one strain of GABA-
producing bacteria can be administered to a subject. In some embodiments, multiple strains
of GABA-producing bacteria can be administered to a subject in need thereof In some
embodiments, the one or more bacteria {e.g., purified bacterial can act synergistically. For
mstance, the multiple bacteria can act synergistically fo produce high levels of GABA. In
some embodiments, the one or more bacteria can also help to reduce the number of GABA-
consuming bacteria in a human gut.  Accordingly, any one, or any combination of the

GABA-producing bacteria taught herein can be administered {0 3 subject in need thereof.

[B095] In some embodiments, the bacteria tfanght herein can produce GABA at
physiologically relevant conditions, such as under the conditions of the human gut. In some
embodiments, the GABA-producing bacteria taught herein can produce GABA a pH
relevant to the human gut 15 between about 4.5 and about 7.5, For instance, the pH can be
about4.5,5.0,55,6.0,65 7075, or anv value between about 4.5 and 7.5,

(3096} The ability to produce GABA at physiologically relevant pH is important in
view of the pH restrictions of GABA production in many bacteria. For example, £. cofi 18

unable to produce GABA above a pH of 4.5 Instead, without wishing to be bound by
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theory, it can use conversion of ghiamate to GABA coupled with GABA export, for
example, as a means to neutralize the intracellular envivonment.  Accordingly the present
disclosure bacteria capable of producing GABA at a pH relevant to the host environment,
such as the more neuiral large intestines {e. g.. between about pH 4.5 and about pH 7.5). in
some embodiments, the bacieria taught herein can also produce GABA under other relevant
conditions that exist within the human gut. That is, the GABA-producing bacteria taught
herein can produce GABA in the absence of oxygen, in a nuirieni-competitive and

fluctuating environment, and in the absence of light.
Matural Straing

(0097  In some embodiments, the GABA-producing bacteria can be identified by
having a 165 nucleic acid sequence substantially similar to the 16S sequences of
reference bacteria listed in Table 1, with a Seq. ID. No. of 1-31. In soms embodiments,
the GABA-producing bacteria can have at least 90% 168 sequence similarity to the 165
sequences given in Table 1 (e g., at least 91% similarity, at least 92% similarity, at least
93% similarity, at least 94% similarity, at least 95% similarity, at least 96% similarity,
at least 97% similarity, at least 98% similarity, at least 99% similarity, at least 99.5%

similarity, at least 99.9% similarity, or 100% sumilarity).

[0098]  In some embodiments, the GABA-producing bacteria can be identified by
NCBI Taxon ID of the organism they are most related to by 168 sequence These
bacteria include those belonging to the same NCBI Taxon assignment as Bacteroides
caccae KLE1911, Bacreroides clarus KLEY930, Bacteroides dorei KLE1912;
Bacteroides finegoldii KLE1931; Bacteroides fragilis KLE1958; Bacteroides massiliensis
KLE1932; Bacteroides ovatus KLE1770; Bactercides stercoris KLE1933; Bacteroides
thetaictaomicron KLEV934, Bacteroides uniformis KLE1913, Bactervides vulgatus
KLEY910; Bacteroides xyianisolvens KI1E1935; Rifidobacterium adolescentis KLE 1879,
Blautia obeum K1LE1914; Blautia wexlerae KLE1916; Butyricimonas virosa KLE1938;
Clostridium perfringens KLE1937; Clostridium sordellii KLE1939; Clostridium sp.
KLE862; Clostridium sp. KLEI91&; Coprobaciilus sp. KLE1779; Coprococeus sp.
KLEI880; Dorea longicatena KLEI917T, Eggerthella lenta KLE1926; Eubacterium rectale
KLE1922; Gordonibacter pameloeae KLE1913; Oscillibacter sp. KLE1928;
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Parabacteroides distasonis KLE2020; Parabacteroides merdae KLE1863; Ruminococcus

grnavus KLE1940; Turicibacter sanguinis KLE1941, and combinations thereof.

Table 1. Strain name of GABA nroducing bactenia

and their cooresponding Seg. 1D No.

Strain Seq. I Na.
Racteroides caccoae KLEIO1 1
Bacteroides clarus KLE1930 2
Bacteroides dorei KLE1912 3
Ractercides finegoldii KLE1931 4
Bactersides fragifis KLE1958 3
Ractercides massiliensis KLE1932 6
Bacreroides ovatus KLE1770 7
Bacteroides stercoris KLE1933 3
Bacteroides thetaiotaomicron KLE1934 1 9
Bacteroides uniformis KLE1913 10
Racteroides vilgarus KLE1910 11
Bacteroides xvianisolvens KLE1935 12
Bifidobacterium adolescentis KLE 1879 113
Rlautic obeum KLE1914 14
Blautia wexierae KLE1916 15
Butyricimonas virosa KLE1938 16
Clostridium perfringens KLE1937 7
Clostridium sordellii K1LE1939 18
Clostridium sp. KLE1862 19
Clostridivm sp. KLE1918 20
Coprobacillus sp. KLE1779 21
Caoprococcus sp. KLE1SS0 22
Dorea longicatena KLE1917 23
Fggerthella lenio KLE1926 2
Fubacterium rectale KLE1922 25
Gordonibacter pamelaece KLE1915 26
Oscillibacter sp. KLE1928 27
Parabactercides distasonis KLE2020 28
Parabacteroides merdae KLE1863 2¢
Fuminococeus gnavus KLE1940 30
Turicibacter sanguinis KLE1941 31

100991 Also disclosed herein are bacteria that are predicted to be capable of producing

GABA (e.g., under physiologically relevant conditions and/or in the human gut). Bacteria

are identified as being candidate GABA producing bacleria if they have encoded in their
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genome enzymes imvolved m GABA biosynthesis. In some embodiments, the bacteria that
are predicted to be capable of producing GABA can be idenfified by having a 16S
nucleic acid sequence substantially similar to the 168 sequeunces of reference bacteria
listed in Table 2, with a Seq. ID. No. of 32-274. In some embodiments, the predicted
GABA-producing bacteria can have at least 90% 165 sequence similarity to the 165
sequences given it Table 2, with a Seq. 1D, No. of 32-274 (e.g., at least 91% similarity,
at least 92% sumilarity, at least 93% similarity, at least 94% similarity, at least 95%
similarity, at least 96% similarity, at least 97% similarity, at least 98% similarity, at
least 99% simlarity, at least 99.5% similarity, at least 99.9% similarity, or 100%

similarity).

Table 2. Predicied GABA vproducing bacteria and their corresponding Ssa. 1D No.

Species Seq. 1D Mo,
Abiotrophia defective 32
Acetobacter okingwensis 33
Achromobacter arsenitoxyvdans 34
Achromobacter xyvlosoxidans 35
Acidovorax sp. 36
Acidovorax sp. 37
Acidovorax sp. 38
Acidovorax sp. 39
Acidovorax sp. 44
Actinoplanes friuliensis 41
Aeromonas enteropelogenes 42
Aeramonas hydrophila 43
Afipia birgiae 44
Afipia clevelandensis 45
Afipia sp. 46
Agrobacterivin albertimagni 47
Agrobacterium sp. 48
Agrobacterium tumetaciens 49
Akkermansia muciniphila 50
Alcaligenes faecalis 51
Alicveliphilus deniirificans 52
Alistipes finegoldii 53
Alistipes indistinctus 54
Alistipes onderdonfii 55
Alistipes putredinis 56

b2
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Alistipes shahii 57
Aguamicrobium defluvii 58
Arenimonas donghaensi 50
Arthrobacter sp. 60
Azospirillum sp. 61
Racilius bataviensis 62
Bacillus cereus 63
Bacillus cereus 64
Raciilus endophviicus 65
Baciflus weihenstephanensis 66
Racteroidaceae bacterium 67
Bacteroides acidifaciens 68
Bacteroides caccae 69
Racteroides celfulosilviicus 70
Bactersides dorei 71
Racteroides eggerthii 72
Bacteroides finegoldii 73
Bacteroides fragilis 74
Bacteroides gallinarum 75
Bacteroides intestinalis 76
Racteroides massiliensis 77
Bacteroides vleiciplenis 78
Bacteroides ovatus 79
Bacteroides rodentium B
Bacteroides salversiae 81
Racteroides sariorii 82
Bacteroides sp. 83
Bacteroides sp. 84
Bacteroides sp. 85
Bactervides sp. 86
Racteroides stercoris 87
Bacteroides thetaiotaomicron 8%
Racteroides uniformis 89
Bacteroides vulgatus S0
Bactervides xylanisolvens o1
Rarnesiella intestinihominis 92
Bhargavaea cecembensis 93
Rifidobacterium adolescentis 04
Bifidobacterium angulatum 95
Bifidobacterium dentium 96
Bifidobacteriym ruminantium 97

PCT/US2017/022091
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Riastococcus sp. 08
Bordetella bronchiseptica 99
Bordetella trematum 100
Bosea sp. 104
Bradyrhizobium sp. 102
Rrevibacillus borstelensis 103
Brevundimonas diminuta 104
Brevundimonas naejangsanensi 108
Brucella aborius 106
Brucella melitensis 167
Rrucella neotomae 108
Burkholderia mailei 109
Buriholderia multivorans 110
Carnobacterium gallinarum 111
Canilobacter crescentus 112
Caulobacter sp. 113
Cellulomonas flavigena 114
Cellulomonas sp. 115
Celiulosimicrobium celfulons 116
Cetobacterium somerae 117
Citrobacter amalonaticus 118
Clogcibacillus evryensis 119
Clostridium acetobutylicum 120
Clostridium perfringens 121
Comamonas granuii 122
Corynebacterium variabile 123
Cupriavidus basilensis 124
Cupriavidus sp. i25
Dechloromonas agitata 126
Deinococcus geothermalis 127
Delftic tsuruhatensis 128
Desulfovibrio desulfuricans 129
Desulfovibrio sp. 130
Devosia riboflavina 131
Fggerihella sp. 132
Ensifer adhaerens 133
Enterococcus casseliflavus 134
FEnterococcus flavescens 135
Bscherichia coli 136
Fubacterium [imosum 137
Fubacterium nodatum 138
25
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Fubacterivm saphenum 139
Fusobacterium periodonticum 140
Gordonia sputi 141
Gordonia terrae 142
Gordonibacter pamelaeae 143
Halomonas stevensii 144
Halomaonas titanicae 145
Hoeflea sp. 146
Intrasporangivm calvum 147
Janibacter hoylei 148
Kuaistia granuli 149
Kineococcus radiotolerans 150
Lactobacillus coleohominis 151
Laciobacillus plantarum 152
Lactobacillus reuteri 153
Lactococcus garvieae 154
Lactococcus lactis 155
Lautropia mirabilis 156
Leucobacter salsicius 157
Luteimonas huabeiensis 158
Magnetospirillum magnetotacticum 159
Marinobacter lipolyticus 160
Marmoricola sp. 161
Megasphaera micronuciformis 162
Megasphaera sp. 163
Mesorhizobium sp. 164
Methanobrevibacter arboriphilus 165
Methylobacterium radiotolerans 166
Methylobacterium sp. 167
Microbacterium sp. 168
Micromonospora aurantiaea 169
Mogibacterium Mogibacterium 170
Morganella morganii 171
Mycobacterium smegmatis 172
Mycobacterium sp. 173
Mycobacterium sp. 174
Mycobacterium vanbaalenii 175
Neisseria sicca 176
Neorhizobium galegae 177
Nocardia rhamnosiphila 178
Nocardiopsis allaliphila 179
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Nocardiopsis ganjiahuensis 180
Nocardiopsis syrnemataformans 181
Nocardiopsis valliformis 182
Novaosphingobium nitrogenifigens 183
Ochrobactrum intermedium 184
Odoribacter laneus 185
Odoribacter splanchricus 186
Oerskovia turbaia 187
Pannonibacier phragmitetus 188
Pantoea vagans 189
Parabacteroides distasonis 190
Parabacteroides goldsteinii 191
Parabactercides johnsonii 192
Parabacteroides merdae 193
Parabactervides sp. 194
Parabacteroides sp. 195
Paracoccus denitrificans 196
Faracoccus sp. 197
Paracoccus yeel 108
FParvimonas Parvimonas 199
Pectobacterium carotovorum 200
Phyllobacterivim sp. 201
Polaromonas sp. 202
Porphyromonas bennonis 303
Proteus mirabilis 204
Providencia alcalifaciens 205
Providencia burhodogranariea 206
Providencia rettgeri 207
Pseudacidovorax intermedius 208
Pseudoalteromonas sp. 209
Pseudochrobactrum sp. 210
Pseudomonas aeruginosa 211
Pseudomonas alcaligenes 212
Pseudomonas chloritidismutans 213
Pseudomonas chiororaphis 214
Pseudomonas japonica 215
Pseudomonas knackmussii 216
Pseudomonas mendocing 217
Pseudomonas monteilii 218
Pseudomonas oleavorans 219
Pseudomonas putida 220
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Psevdomaonas savastanoi 224
Pseudomonas sp. 222
Pseudomonas sp. 223
Pseudomonas sp. 224
Pseudomonas sp. 225
Pseudomaonas sp. 226
Pseudomonas sp. 227
Pseudomonas sp. 228
Pseudomonas sp. 229
Pseudomonas sp. 230
Pseudomonas stutzeri 231
Pseudomonas synxantha 232
Pseudomonas syringae 233
Pseudonocardia sp. 234
Ralstonia solanacearum 235
Raoultella planticola 236
Rhizobium leguminosarum 237
Rhizobium sp. 238
Rhodococcus defluvii 39
Rhodococcus pyridinivorans 240
Rikenella microfusus 24

Robinsoniella sp. 242
Roseomonas cervicalis 243
Roseomonas sp. 244
Salmonella enterica 245
Sanguibacter keddieii 246
Shewanella baltica 247
Shewanella sp. 248
Shinella zoogloeoides 249
Sphingopyxis alaskensis 250
Starkeyva novella 251
Stenotrophomaonas maltophilia 252
Stenotrophomonas rhizophila 253
Streptococcus thermophilus 254
Streptomyces atroolivaceus 255
Streptomyces coelicoflavus 256
Streptomyces olindensis 257
Streptomyces rimosus 258
Streptomyces roseoverticillatus 259
Strepiomyces sp. 260
Streptomyces sp. 261

b2
]
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Streptomyces sp. 262
Streptomyees sp. 263
Strepiomyces sp. 264
Streptomyces sp. 265
Streplomyces sp. 266
Streptomyces tayocaensis 267
Streptomyces turgidiscabies 268
Symergistes sp. 269
Tannerelia sp. 270
Thauera terpenica 271
Variovorax paradoxus 272
Variovorax sp. 273
Xanthomonas axonopodis 274

Engineered Strains

[661068]  In some embodiments, bacteria can be engineered to produce GABA (e.g., under
the conditions of the human gut). The bacteria can be engineered using techniques of
molacular biology, or can be evolved using the process of selection to produce GABA in the

human gut.

[3010%]  As set forth above, GABA can be produced by multiple pathways within a
microbial cell.  For example, GABA can be produced by the glutamate pathway, the
putrescine to 4-aminobutanal pathway, the arginine to agmatine to putrescine pathway, the
L-ornithine o putrescine pathway, or by a combination of pathwayvs. In some
embodiments, bacteria can be enginesred to contain one or more enzymes in any one of the
above pathways that can enable the bactenia to produce GABA or a necessary precursor to
GABA.

[36102] A vanety of different host bacteria can be enginesred to produce GABA. For
nsiance, in some embodiments, Fscherichia coli Nissle 1917, can be genetically modified
or selected through evolution to produce GABA. In some embodiments, the bacteria (e.g.,
Fscherichia coli Nissle 1917) can be modified 1o express or overexpress glutamate
decarboxvlase A or glutamate decarboxylase B. The bacteria can also be made to produce

GARBA by one or more of the other pathways described herein.
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[68103] Accordingly, in some embodiments, an engingered GABA-producing strain can
be identified as having a specific enzyme encoded n its genomes. For example, the enzyme
can be glutamate decarboxylase (EC 4.1.1.15); putrescine aminotransferase (EC 2.6.1.82);
gamma-aminobutvraldehyde dehydrogenase (EC 1.2.1.19); arginine decarboxvlase (EC
41.1.19). agmatinase (EC 3.5.3.11);, omithine decarboxyiase (EC 4.1.1.17) or a
combination thereof. In some embodiments, the GABA-producing strain can be engineered
to comtain an enzyme that has at least 50% similarity with with the representative sequences
listed in Table 3 {e.g. at least 60% similanty, at least 70% similanty, at least 80%
simalarity, at least 90% similarity, at least 919% simularily, at least 92% similarity, at least
93% similarity, at least 94% similarity, at least 93% sinmularity, at least 96% sinulanty, at
feast 97% similarity, at least 9%% similarity, at least 99% similarity, at least 995%
simularity, at least 99.9% similarity, or 100% simtlarity). The enzyvme classes, as identified

by their Enzyme Commission (EC) numbers, are Histed in Table 3.

Table 3. Enzvmes mvolved in GABA-Production Pathwavs. and Seq. ID No. for

representative sequences for each enzvme class

Enzyme Seq 1D Mo,
Glutamate decarboxylase (BC 4.1.1.15) 275-279
Putrescine aminotransferase (EC 2.6.1 82} 280-284
Garoma-aminobutvraldehyde debydrogenase (EC 1.2.1.19) | 285-289
Arginine decarboxylase (EC 4.1.1.19) 25(-294
Agmatinase (EC 3.53.11) 295-299
Ornithine decarboxvlase (EC 4.1.1.17) 300-304

[66104] Representative examples of glutamate decarboxylase (EC 4.1.1.15) are given
below in Table 4 and identified by their EMBL/GENBANK/DDBJ 1D numbers. Any of the
bacteria given in Table 10 can be engineered with any version of the glmamate
decarboxylase set forth in Table 3 or Table 4. For instance, the bacteria can be engineerad
with a version of the glutamate decarboxylase enzyme that has at least 50% wnucleotide
stotilarity with anv of the versions of glutamate decarboxylase given in Table 4 (e.g., at
least mucleotide 60% simularity, at least 70% nucleotide simularity, at least 80% nucleotide
similarity, at least 90% mucleotide similarity, at least 91% nucleotide similarity, at feast 92%

nuclectide stmilarily, at least 93% nucleotide simalarity, at least 94% nucleotide similarity,

30
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at least 95% nucleotide simularity, at least 96% nucleotide simularity, at least 97%
nuclectide similarily, at least 98% nucleotide simalarity, at least 99% nucleotide similarity,
at least 99.5% nucleotide similarity, at least 99.9% nucleotide sinularity, or 100%

nucleotide similarity).

Table 4. Representaiive  Examples  of Glutamaie  Decarboxviase by

EMBL/GENBANK/DDREJ ID Number
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KOA34702.1

KIQ773438.1

KKB58027.1

KMEO3650.1

KOG31486. 1

KIS21947.1

KKC03154.1

KMEST053.1

KOG36523.1

KIiS823847.1

KKD05819.1

KMEG68735.1

KOG41666.1

KIU16352.

KKD45841.1

KMM25249.1

KOG45278.1

KIV73177.1

KKD49597 1

KMM34481.1

KOG36200.1

KIX49302.1

KKD62001 .1

KMM81854. 1

KOG03866.1

KIZ19716.1

KEKES8190.1

KMM85123. 1

KOG07868.1

KIZ46656.1

KKI122291.1

KMM89123 1

KOGR2155.1

KIE22572.1

KKI42113.1

KMNO3094. 1

KON11130.1

KIE77520.1

KKI50839.1

KMNI10907 1

KONT74404.1

KJIF18813.1

KKW62398.1

KMNi3408.1

KONRB3792.1

KJF19781.1

KK X97583.

KMNig102.1

KOP74641.1

KJIF19871.1

KKY01177.1

KMN42082.1

KOR26641 .1

KJIF23624.1

KKY01179.1

KMNO90Z1 1

KOS58051.1

KIF792718.1

KKY69347.1

KMO68962.1

KOT30645.1

KJIF79387.1

KILAZ9488 1

KMO71467.1

KOTS53033 1

KJF93058 1

KLA31120.1

KMO77249.1

KOT88922 .1

KMO96783.1

KOT94882.1
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KOU20397 1

KOY49525.1

KOU22686.1

KOY53494 1

KPN18694 1

PCT/US2017/022091

KOU33149.1

KOYS4178.1

KPN43081 .1

KQJ27665.1

KOUS0755.1

KPASI275.1

KPN48420.1

KST35322.1

KOU34733.1

KPC66018.1

KPO13719.1

KST82806.1

KOU36607.1

KPC77424.1

KPO16265.1

KST89062 1

KOV13964.1

KPC82004.1

KPO16391.1

KSU11406.1

KOV45494 1

KPD04524 1

KPO17089.1

KSU16336.1

KOV48801.1

KP(33268.1

KP(O34510.1

KXL66213.1

KOVS2774 1

KPH96934.1

KP(O35845.1

KYRS53955.1

KOVS7805. 1

KPi04468.1

KPO37368.1

KYV67232.1

KOV68117.1

KPI10516.1

KP0O41178.1

KYV71371.1

KOV68430.1

KPI15295.1

KP0O44233.1

OAJ87252.1

KOV76057 1

KPI19262.1

KPOS1751.1

OAJ89593.1

KOV97628.1

KPIZ20012.1

KPOS2539.1

0AQ63316.1

KOX01174.1

KPIZ26485.1

KP(G58193.1

OCL17438.1

KOX37867.1

KPL33203.1

KPQ02829 1

OEI61147 1

KOX47623.1

KPMS51038.1

KPV45380.1

OEN35083.1

{00105] Representative examples of putrescine aminotransferase (EC 2.6.1.82) are given

below in Table 5 and identified by their EMBL/GenBank/DDBJ 1D numbers.

KB54807.1

OEN35408.1

0IX26336.1

Any of the

bacteria given in Table 10 can be engineered with any version of the putrescine aminotransferase
(EC 2.6.1.82) set forth in Table 3 and Table 5. For instance, the bacteria can be engineered with
a version of the putrescine aminotransferase enzyme that has at least 50% nucleotide similarity
with any of the versions of putrescine aminotransferase given in Table 5 {e.g., at least nuclectide
60% similarity, at least 70% nucleotide similarity, at least 80% nucleotide simularity, at least
90% nucleotide similarity, at least 91% nucleotide similarity, at least 92% nucleotide similarity,
at least 93% nucleotide similarity, at least 94% nucleotide similarity, at least 95% nucleotide
similarity, at least 96% nucleotide similarity, at least 97% nuclectide similarity, at least 98%
nucleotide similarity, at least 99% nucleotide similarity, at least 99 5% nucleotide similarity, at

feast 99.9% nucleotide similarity, or 100% nucleotide similarity}.

Table 5. Representalive Examnples of Pulrescine Aminotransferase by EMBL/GenBank/DDRBI

1D Number

AAAS57874.1 AAC36332. AACT4384.1 AACT61083

AAAB9152.1 AACA45301.1 AACTST709.1 AAF10980.1
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AAGO3522.1

ACI36066.1

AAGO3688.1

ACI77901.1

AFG42020.1

PCT/US2017/022091

AAGS8206.1

ACI77902.1

AFHG65907 1

AIT00514.1

AAK15486.1

ACI77903 1

AFI89823 .1

ATU72158.1

AAL220091.1

ACIT7904.1

AFI30752.1

AIW78685.1

AAN44587.2

ACIT7905.1

AFI45596.1

AIW86257 1

AANS2273.1

ACN47379.1

AFIST021.1

AIX66695 1

AAQT0680.1

ACO02631.1

AFMA41617.1

AlZ84136.1

AAP18369 1

ACOB0985.1

AFM61662.1

AJAZ8077 1

AAVTR320 1

ACRGS5342 1

AFN34266.1

AJB064485 1

AAX67071 1

ACSB5106.1

AFROZB837 1

AJC52685. 1

AAZROTO2.]

ACTO7527.1

AFS72647 1

AJCo01854.1

ABASBS323 1

ACTI2462.1

AFT85693.1

AJCO5876.1

ABB6T7447.1

ACT27738.1

AFUI2013.1

AJE19840.1

ABEO8957 1

ACKB7602 1

AGBT66063.1

AJEST644.1

ABF05173.1

ACYS0298.1

AGES6701.1

AJEBZ594 1

ABGT7114511

ACZT77451 1

AGHSB6154.1

AJF57894.1

ABJ02583.1

ADAT5444 1

AGM28305.1

AJF75010.1

ABJ15261 1

ADDS8285 1

AGNBSB41 1

AJH17424 .1

ABO88369 1

ADF63987 1

AGQT4484.1

AJK 49269 1

ABP62186.1

ADM9S7796.1

AGR60480.1

AJOR6687.1

ABR7889¢6.1

ADO46913.1

AHAOP869.1

AJ(98395 1

ABU78707 1

ADQ70560.1

AHAG7171.1

AIYT76773 1

ABV07434.1

ADR28470.1

AHAG67172.1

AJZ91824.1

ABVI15541.1

ADTT6707.1

AHB72039.1

AKE62036.1

ABV20592.1

ADX19003.1

AHE60723.1

AKES3437 1

ABX24187.1

AEATI912.1

AHE69148.1

AKHOBB54 1

ABX64022.1

AEES8362.1

AHFT76631 .1

AKH23767.1

ABX69344 1

AEE97629.1

AHJT76496.2

AKK34697 1

ABXT75005.1

AEGS5705.1

AHM77480.1

AKKA40619.1

ABY42524 1

AEIN6121.1

AHMSB3064.1

AKK49917.1

ACAT6303 1

AEI45944 1

AHNS1979.1

AKE15453.1

ACBO4157.1

AEJ41147.1

AHY10460.1

AKL34316.1

ACBIT7060.1

AEJS8471.1

AHY72510.1

AKL96946.1

ACF64513.1

AEN66465.1

AlDS2376.1

AKMI18742.1

ACF70070.1

AE(14325.1

AMI63595 1

AKM36624.1

ACF88918.1

AEW04404 1

AIPS6878.1

AKP48388.1

ACH48710.1

AEW63332.1

AIR04884.1

AKP75846.1

ACHT7510.1

AEWT5317 1

AIR60611.1

AKZ54414 1

ACI09453 1

AEX02383 1

AJR68505.1

ALAT5381 1

ACII8235.1

AF(C33584.1

AIS03494.1

ALB43935.1

AIS53235.1

ALB53581.1

ALB68770.1
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ALB72871 1

BASZ7610.1

ALC72125.1

BASZ7927.1

CCK00585.1

PCT/US2017/022091

ALD27706.1

BAT36548 1

CCKO05055.1

CFW77176.1

ALK33515.1

BAT40862.1

CCK09612.1

CJF80882.1

ALLS0%941 1

BAT45090 1

CCK25971 .1

CKGB3699 1

ALG12300.1

BAU25986.1

CCK48380.1

{CNQ38822.1

ALOI5071.1

BAUS53092.1

CCO07408 1

CNT85510.1

ALRZ5918.1

CAB9%164 .1

CCO08483.1

CNU20511.1

ALR78149.1

CADO7742.1

CCY01522.1

CNU75336.1

ALX80070.1

CADS5516.1

CDB46597 .1

CPR21341.1

ALY14616.1

CAGT4449.1

CDC39173.1

CPR52929 1

ALZ699502.1

CAJ90253.1

CDD12313.1

CPR70581 1

AMAT4351 1

CA(J90518.1

CDK69254.1

CP520475.1

CDK78180.1

CPU47210.1

CDL09266.1

CPU50448.1

AMI41057 1 CARO00034.1
AMI69166.1 CARO04699.1
AMKI11196.1 CAR09890 .2

CDL16320.1

CPUG3604.1

AMW45996 1

CAR14711.1

CDLZ1785.1

CPV69500.1

AMX16613.1

CAR19687.1

CDL24460.1

CPW19061 1

ANK35521.1

CAR34636.1

CDL4A1008.1

CPW19086.1

ANMSE3865.1

CAR38915.1

CDLA3466.1

CPW42553.1

ANO2Z4137.1

CARG1129.1

CDL49947 1

CQAO1107.1

ANOSI000.1

CAS10914.1

CDL54548.1

CQA05377.1

ANP19910.1

CAUS9632.1

CDL60105. 1

COR59780.1

ANZB85526.1

CBA27530.1

CDNO8464.1

COR65737.1

AQOM43730.1

CBG36194.1

CDN83323.1

COR76108.1

APA44613.1

CBGY1495 1

CDO12367.1

CRF31866.1

BAAT4871.1

CBH75900.1

CDQ16366.1

CRKB2822.1

BAAI6525.1

CBI02339.1

CDQSsS161 1

CRL90015.1

BAA94599 1

CBI02439.1

CDS92449.1

CSLO3976.1

BAA940600.1

CBJ02843.1

CDU33631 1

CSN57331.1

BAB37378.1

CBL20779 .1

CDU41038 1

C5P97983 .1

BADSR710.1

CBWI19289.1

CDW60669.1

C5548268.1

BAE77123.1

CCC31907 1

CDZ85955.1

CST07703.1

BAGT8878.1

CCEF65898.1

CDZ90589.1

CTO00194.1

BAI27353.1

CCI78933 1

CEG33484.1

CTO01408.1

BAI32529.1

CCJ45694 1

CEH27897.1

CTO06965.1

BAI37675.1

CCI72687 1

CEH28958.1

CTQ10470.1

BAK33430.1

CCJ77939.1

CEJ63776.1

CT(Q20562 1

BAMO0748.1

CCJ80840. 1

CEK06962.1

CTQ78696.1

BAN45963.1

CCJ87365.1

CEL88139.1

CTR79713.1

BAN57107.1

CCJo1133.1

CEOGB9736.1

CTR96904.1

CEP33002.1

CTS73379.1

CT873419.1
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CTT28505.1

EEL41357.1

EFR14711.1

PCT/US2017/022091

CTT56172.1

EEL47872.1

EFU36955.1

EHC67259.1

CTT69475.1

EELS8542 1

BEFV42072 .1

EHCT75056.1

CTU79150.1

EEL71807.1

EFW49740.1

EHC75092.1

CTUSR023.1

EELB4498 1

EFW54280.1

EHCR1432.1

CTU%4690.1

EEMO6318.1

EFWS57755.1

EHCRI1436.1

CTV09894 1

EEM17585.1

EGBI14251.1

EHCRI453.1

CTV11053.1

EEP53384.1

EGB62034.1

EHCR2194.1

CTX20702.1

EEP61904.1

EGB65436.1

EHC82200.1

CT7229307.1

EEQ93121.1

HGB73934 .1

EHC87537.1

172493221

BEEW41109.1

HGBRT427.

EHC87548 1

CUJ62304.1

EFC54109.1

EGC96496.1

EH(C99340.1

CUIB7125.1

EFEOS5843 .1

HGE3S595.1

EHC99346.1

EGHS8156.1

EHC99347.1

CUK19452.1 EFE61929.2
CUVIG8ES. 1 EFF04850.2

EGI09466.1

EHCO9662. 1

CUV28759.1

EFF11713.2

EGII4765.1

EHC99665.1

£UV44247 1

EFI88372.1

BGI20132.1

EHC990666.1

CUW27398.1

EFJ64043.1

B(GI39453.1

BEHD22256.1

{CUXB3295 1

EFJ70989.1

BEGI44536.1

EHI00584 .1

CVK16600.1

EFJ81337.1

EGI49547 .1

EHIB0884.1

EAU62914.1

EFJ85921.1

EGI91691.1

EHIS089Z.1

EDL55484 1

EFJ98691 . 1

EGIOI88Z.1]

EHM38093.1

EDO506632.1

EFK04657 1

EGIO1908 .1

EHM49393 .1

EDQ32965.1

BEFK09659.1

HGI05807.1

EHP66038.1

EID§93910.1

BEFK13604.1

HGK18274.1

EHT11055.1

EDU66756.1

EFK21010.1

HEGK35042.1

EHU06080.1

EDU92373.1

EFK23876.1

EGKS7964.1

EHUOG383 .1

EDX36107.1

EFK46876.1

BEGUO8422

EHUO9521 .1

EDX43683 .1

EFK49689.1

EHB43515.1

EHUI9477.1

EDX70173.1

EFK57463.1

EHC32088.1

EHUZ2647.1

EDY23644.1

EFK70624.1

BHC32777.1

EHUZ26084 .1

EDY55948.1

EFK75383.1

EHC32730.1

EHU36390.1

EDY58150.2

EFK91732.1

EHC32793.1

EHU35097 1

EDY59830.2

EFLO3670.1

EHCA45475.1

EHUSSI6.

EEH1Z8590.1

EFL18682.1

EHCA45503.1

EHV54826.1

EEII9352 1

EFL30368.1

EHCS52082.1

EHYO68818.1

EEI70764.1

EFL33839.1

EHCS52087.1

EiD63416.1

EEI93920.1

BEFL36249.1

EHCS52088.1

EIDG68002.1

EEK74306.1

EFQ50858.1

EHC61796.1

EIG80589.1

EELO7176.1

EFPT71978.1

EHC61797.1

EIGO93735.1

EEL35424.1

EFP71979.1

EHC67244.1

EIH10970.1

EIH24433.1
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EIH45756.1

EKI50350.1

EIH76113.1

EKN09369.1

ENZ36084.1

PCT/US2017/022091

EHZ21076.1

EKY15805.1

ENZB5363.1

EPJ05539.1

EH37121.1

ELC14392.1

BEOB13036.1

EPJ10674 .1

Ell44330.1

ELC16479.1

BO0O15443 1

BEQD48086.1

EIK73551.1

ELC36432.1

FOO21808 1

BEON24196.1

EIL52772 1

ELC95414.1

EO040793 1

EOQN91238.1

EIGOS5705.1

ELDOT045.1

EOQ75774.1

EQO58637.1

EIQ18685.1

ELE40056.1

EOQO78537 1

EQP45856.1

EIQ33923 1

BLES3047.1

EOP16122.1

EQQ02030 1

EIQ57498.1

BLES7708.1

HOP27458.1

EQV89459 .1

EIQ69925. 1

BELGB6056.1

HOP41686.1

EQX26002.1

EIQ70386.1

BLE22530.1

HOP56689.1

EQX85393 1

EJE66457.1

ELJ68100.1

HOP57538.1

EQY15934 .1

EJES4374 1

ELK42117.1

EOP72097.1

EQYS7475 .1

EJFZ29639.1

ELS58123.1

EQP74673 1

EQZ98152.1

EJKE9144 1

ELVO7387.1

EGQ14051 .1

ERIO3907.1

EJL13039.1

ELW30847.1

BOQ45898 1

ERIO9683 .1

EJL42219.1

EMD08043.1

BOQS1737.1

ERI93353.1

EJP95200.1

EMRS3712.1

EOU48296 1

ERK29115.1

EJQ09156.1

EMT38915.1

EOU64078 .1

EROS58336.1

EJ(42479 1

EMT53291.1

EOU77605.1

EROS59766.1

EJ(53019.1

EMUSOI20.1

EOUZ%114.1

ERPO0368.1

HI(Q73265.1

EMUGB070.1

EOV03214.1

ESA64895.1

HIQ76215.1

EMV17890.1

HOV47394 .1

ESA65448.1

EIRO3070.1

EMWO4343 1

HOV55537 1

ESA65917 .1

EJR30137.1

EMX18799 1

BOV76073.1

ESAT75128 .1

EIR37137.1

EMX29635.1

EOV93686.1

ESAB7456.1

EJR56655.1

EMX36855.1

EOWO03648 1

ESA87933 1

EJR60363.1

EMX47016.1

EQW19479.1

ESBO1012.1

EJSO1188.1

EMX83385.1

EQW29746.1

ESC84775.1

EJS10133.1

EMZ13604.1

BOWoZ005.1

ESD11433 1

EJS12547.1

ENAO4805.1

FOW94128.1

ESD19507.1

EJS52655.1

ENA37997 1

EPF20607 1

ESD37227.1

EJS66726.1

ENA43345.1

EPF23810.1

ESD63043.1

EJS874470.1

ENC89529.1

EPF68941.1

ESD69311 .1

EJ35674.1

END51354 1

EPH43618.1

ESD77797 .1

EIV59704.1

ENDB3308 1

EPI71152.1

ESEO0825 1

EJV38337.1

ENG94980.1

HPI71726.1

ESEZ1665.1

BEIZ63610.1

ENH00344 .1

EPIO1450 1

ESER4032.1

EKB48854.1

ENHO6977.1

EPI9B428 1

ESFS3913.1

EPI99620.1

ESG67336.1

ESJ20736.1
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ESK 159091

EZP34120.1

KEO29548.1

PCT/US2017/022091

ESK33462.1

EZP69273 .1

KEQ37679.1

KGME3624.1

ESL70275.1

GABS3792 1

KERS50700.1

KGME5554.1

ESM13306.1

GADGOT08 1

KER78502.1

KGT96644.1

ESN17365.1

GAF37976.1

KEY61249 1

KHD16675.1

ESN64633.1

GAKT1556.1

KEY61542.1

KHG17857.1

ESS57289.1

GAL45775.1

KEY61632.1

KHG23880.1

ESS68083.1

GALS1546.1

KEY01720.1

KHG24026.1

EST52466.1

GALST703.1

KEY02070.1

KHG25621.1

ESU79725.1

GAMO1523.1

KEY62211.1

KHI36730.1

ESU79726.1

GAP71067.1

KEY062248.1

KHI145606.1

ETA87938.1

GAQ24599.1

KEY62600.1

KHN51965. 1

ETC31011.1

GAQ5259%4.1

KEY62750.1

KHN62432.1

ETD63590.1

GAQG62824.1

KEY62777.1

KHN91314 1

ETE17194.1

GART6344 1

KEY63154.1

KHO61939.1

ETE48332.1

GASTRT53 1

KEY63197.1

KHS46174.1

ET191426.1

KCZ71192.1

KEY63491 1

KHS75073.1

ETI22905.1

KDAS6524.1

KEY63621.1

KHT32808.1

ETi36492.1

KDE35397.1

KEY636066.1

KHT39972.1

ETT76699.1

KDFI12097 .1

KEZ84112.1

KIDO2664.2

ETY41938.1

KDF12267.1

KEZ91498.1

KIHO5031 1

EUA69680.1

KD(G92710.1

KFBO8795. 1

KIL36988.1

KIL37280.1

EUAB4046.1

KDMS54636.1

KF(C77618.1

EWGT73522.1

KDN97932.1

KFC87779.1

KIL75881.1

EWGT77224 1

KDU32581.1

KF(92200.1

KIL78121.1

EWS95005.1

KDV36696.1

KFC94055.1

KIQ46533.1

EWS95811.1

KDV41i290.1

KFD40864 .1

KIQJ55575.1

EYDR3647.1

KDV63554.1

KFD77810.1

KI545828.1

EYE21343.1

KDW29512.1

KEF72766.1

KIU31395.1

EYV13884.1

KDX22072.1

KEI56278.1

KIV76534.1

EYVi4671.1

KDX46941 1

KFI63760.1

KJIC02074 1

EYZ94185 1

KEAS3701.1

KF164199.1

KIC05752.1

EZA39087 1

KEF36300.1

KFIR1170.1

KIC10953 1

EZD30976.1

KEJ44729 1

KFX06880.1

KJIF38320.1

EZE08113.1

KEJ58710.1

KFX14235.1

KIHO7563.1

KIM39013.1

EZE58040.1

KEJ72834.1

KEFX74939.1

EZJ36257.1

KEL69605.1

KGA35360.1

KIM95208.1

EZJ49055.1

KENS2983.1

KGA42964.1

KIN23016.1

BEZJ70721.1

KEN65251.1

KGF09343 .1

KIS00574 .1

EZJ83281.1

KEN9S7872.1

KGME2239.1

KJS11246.1

BEZK20097.1

KEQ07702.1

KGM72003.1

KJS12052.1

KJ523079.1
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KMO73567.1

KIwW31626.1

KM75473 1

KPQ48969.1
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KJW48653.1

KMV34687 1

KPR50433.1

KEX94554.1

KJIX12962.1

KMV71410.1

KPU43824.1

KS5Y24943.1

KIX35546.1

KMYS52755.1

KPW09941 1

KSZ14257 1

KIZ82903.1

KMY 52867 1

KPW15746.1

KTH73029.1

KJIZ83822.1

KNA43034.1

KPW54438 1

KTi23444.1

KKAS3732.1

KNB70753.1

KPWol211.1

KTK26313.1

KKB33451.1

KNB70796.1

KPX42861.1

KTK78251.1

KKB37484.1

KNCIi2151.1

KPX63485.1

KTMB4786.1

KEC61647.1

KNC91419.1

KPY30896.1

KT049964 1

KKI148768.1

KNF71262.1

KPYS55802.1

KTO73181 .1

KKI89815.1

KINF81324.1

KPYR1707.1

KTP656062.1

KKJ26361.1

KNH23702.1

KPYS7724.1

KTZ06325.1

KKK45477.1

KNNB6024.1

KOB77808.1

KUB34136.1

KKM10135.1

KNW78813.1

KOC84343.1

KUE74614.1

KKY41353.1

KNYT77855.1

KQJ43040.1

KUH45954.1

KKY86484.1

KNZ99940.1

KQL34770.1

KUHS57572.1

KLQ22117.1

KOAZ27411.1

K{L45807.1

KUO48919.1

KLT727351

KONG&9897 1

K{31.49683 1

KUQR5390.1

KLU65949.1

KON90844 1

KQU20541.1

KWU61736.1

KLV42517.1

KONS6751.1

KQU25399 1

Kwuoegsel 1

KLV56190.1

KOP04345.1

KRD84748 1

KWWI113551

KLYV64988.1

KOP73204.1

KREI0236.1

KXG99471.1

KLV65484.1

KOP92853.1

KRF52330.1

KXH99505 1

KLV74220.1

KOR79514.1

KRF58368. 1

KXL57621 1

KLWS860671.1

KORB6809.1

KRF60614. 1

KXQ38659.1

KLX58084.1

KPAR7633.1

KRF63503.1

KYR51641.1

KLX94977 1

KPART634.1

KRK41016.1

KYS898061.1

KLY122321

KPB72987.1

KRMO6091.1

KYV66420.1

KILY330211

KPL77404.1

KRM11195.1

KZ362467 1

KME6T644 1

KPO05706.1

KRQO8§6107.1

OAC42867.1

KMI32966.1

KP0O33063 1

KRT40893.1

3AJO0061 .1

KMKI2937 1

KPO54643.1

KSB12379.1

OA074321.1

KML66598.1

KPP86588.1

KSB60709.1

OCL20194.1

KMM34304.1

KPP90487 1

KSB77569.1

0CSs62224.1

KMM41841.1

KPQ06635.1

KST26600.1

OCV69030.1

KMN46751 .1

KPQO7802.1

KSTE0109 1

ODH23946. 1

KMN64361 1

KPO17574.1

KS5U03228.1

OEH16092.1

KMNO3720.1

KPOI8521.1

KSUTIR25.1

OEN36946.1

KMOQO70017 1

KPQ21853.1

KSU28121.1

OFD{9909. 1

KSX62841.1

SAET9353 1

SBLE0466.1
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{00106] Representative examples of gamma-aminobutyraldehyde dehydrogenase (EC
1.2.1.19) are given below in Table ¢ and identified by their EMBL/GENBANK/DDBJ ID
numbers. Any of the bacteria given in Table 10 can be engineered with any version of the
gamma-aminobutyraldehyde dehydrogenase (EC 1.2.1.19) set forth in Table 3 and Table 6. For
instance, the bacteria can be engineered with a version of the gamma-aminobutyraldehyde
dehydrogenase enzyme that has at least 50% nucleotide similarity with any of the versions of
gamma-aminobutyraldehyde dehydrogenase given in Table 6 (eg., at least nuclectide 60%
similarity, at least 70% nuclectide similarity, at least 80% nucleotide similarnity, at least 90%
nucleotide similarity, at least 91% nucleotide similarity, at least 92% nucleotide similanity, at
feast 93% nucleotide simularity, at least 94% nucleotide similarity, at least 95% nucleotide
similarity, at least 96% nucleotide similarity, at least 97% nucleotide similarity, at least 98%
nucleotide sinmmlarity, at least 99% nucleotide similarity, at least 99 5% nucleotide simularity, at

feast 99.9% nucleotide similarity, or 100% nucleotide similariiy).
Y. ¥

Table 6. Representative Examples of Gamma-Amincbutvraldehvde Dehvdrogenase by

EMBL/GENBANK/DDBJ ID Number

AAAZ3428.1

ABAT3860.1

ABG69453 1

ABVIG711.1

AACTA382.1

ABAT6670.1

ABIBB593 .1

ABV42738 .1

AACTA526.1

ABATTZT1 A

ABIS1617.1

ABVO47541

AAGS6331.1

ABABLII34.1

ABJ00886.1

ABX21278.1

AALZ205151

ABBO6719.1

ABOS56067.1

ABX67082.1

AANA3345.1

ABB09933.1

ABP60799.1

ACATTR53 1

AANS4343 1

ABB61850.1

ABP83011.1

ACB02660.1

AANG68409.1

ABC35115.1

ABQ62162.1

ACB16069.1

AANBO331.1

ABEQOT7141.1

ABQ79255 1

ACB17411.1

AAU69141 1

ABE33447.1

ABQ31306.1

ACDO8717.1

AAPLIT225.1

ABE35009.1

ABR77355.1

ACF651838.1

AAVTT7220.1

ABESE543.1

ABRS0823.1

ACH48735.1

AAX65500.1

ABF03934.1

ABU77182.1

ACIOT7089 1

AAY35300.1

ABF07563.1

ABV05856.1

ACEI1169.1

AAYS16151

ABF08506.1

ABV1Z2611.1

ACII1654.1

AAZBB386.1

ABF77276.1

ABV19407. 1

ACI38546.1
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ACIR3776.1

AEGRS612.1

AFR27692.1

AHA65444 .1

ACIBR3777.1

AEGI8095 1

AFR30100.1

AHAG5445 1

ACIB3778.1

AEG98933.1

AFR31023.1

AHB5%062.1

ACIB3779.1

AEH78268.1

AFST4542.1

AHB70534.1

ACI83780.1

AEH79912.1

AFST4651 .1

AHB70670.1

ACI84176.1

AEI77057 .1

AFT90302.1

AHC33991 1

ACIB4177.1

AEIZ1569.1

AFT90471 1

AHC33996.1

ACI84178.1

AEJI1708.1

AFY18239.1

AHC38640.1

ACIB4179.1

AEJ41144.1

AFY18244.1

AHCB6568 1

ACIB4180.1

AEJS6308.1

AGBT725006.1

AHC90526.1

ACI98856.1

AEJS6491.1

AGB72704.1

AHC99932.1

ACLB6708.1

AEKA44843 1

AGB74580.1

AHDO3574 1

ACN46267 1

AENG65037.1

AGB75454 1

AHDI13184 1

ACRE3729.1

AE(12441 1

AGBTB252.1

AHD17058.1

ACS85105.1 AEV61105.1 AGE94564.1 AHES1105.1
ACTO7528.1 AEWG0590.1 AGGT5097.1 AHES7975.1

ACTIZ4611

AEW61590.1

AGI23954.1

AHES8040.1

ACXE7601.1

AEWG61597.1

AGI25578.1

AHET70444 1

ACYS88405.1

AEWT3833 1

AGKO3386.1

AHFT76632.1

ACZLTT452.1

AEWOS6333.1

AGM29868 1

AHF85737.1

ACZ84797.1

AEX05106.1

AGNT8797.1

AHG19057 1

ACZ84868.1

AEX05672.

AGNTE800.1

AHG19062.1

ADAT4159.1

AEX21381.1

AGNT2081. 1

AHG38795.1

ADDS56229.1

AEY02655.1

AGNB1120.1

AHHO95453 1

ADDS6381.1

AFG40539.1

AGNB4096.1

AHHS6134.1

ADF61409 1

AFG40645.1

AGO56529.1

AHI31496.1

ADFE61777.1

AFI68614.1

AGOS56534.1

AHIT3863.1

ADI12862.1

AFIR9822.1

AGP45636.1

AHK23152.1

ADJ47943 1

AFJ28854.1

AGP48796.1

AHK28260.1

ADMYG7795.1

AFJ28952.

AGPS2381.1

AHKZ29047 1

ADNT5355.1

AFJ47105.1

AGP54692.1

AHK?29048 1

ADO48635.1

AFKS56420.1

AGP54697 1

AHK?29235.1

ADP16410.1

AFK67163.1

AGP60625 .1

AHK?29423.1

ADR26852.1

AFLS53103.1

AGQT3200.1

AHK34315.1

ADTT74882.1

AFMS9735.1

AGR38814.1

AHL32427.]

ADT75049.1

AFMG0144.1

AGS23468.1

AHMT79287.1

ADV53576.1

AFN323451

AGST21Z11

AHMS0280.1

ADX17297.1

AF(G48697.1

AGZ34904 .1

AHMB4G57 1

AECI7673 1

AF0O86070.1

AGZ34508.1

AHMBS5917 1

AEES6233 .1

AF(092872.1

AGZ36730.1

AHNB0401 1

AEES6444.1

AFRO2836.1

AHAB5135.1

AHWG2955.1
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AHXS59431 1

AJA23872.1

AKK26535.1

BAI30293.1

AHY13380.1

AJC55682.1

AKK48033.1

BAI30398.1

ARY70456 .1

AJC65875.1

AKK48134.1

BAI35600.1

AHZ69437 1

AJC81199.1

AKL12092.1

BAI35738.1

AHZT5601.1

AJD42887 1

AKL36390.1

BAL93971.1

AHZT5934. 1

AJE4A2771.1

AKM34859 1

BAN47091 1

ATA06216.1

AJES5657.1

AKM34956.1

BAN47978 1

AIC18252.1

AJES5826.1

AKMA45294 1

BANSG325.1

AIC18257.1

AJER1228.1

AKNT71659.1

BANS0G330.1

AIC29053.1

AJF56173 1

AKR566064.1

BANSG6084 .1

AID34200.1

AJF56280.1

AKRS58199.1

CAC47084.1

AIDS0G110.1

AJFO7554.1

AKS06052.1

CADO1728.1

AIGT78005.1

AJFO7987.1

AKS06057 1

CAGT74448.1

AIGT9529.1

AJET3013.1

ALD25372.1

CAQ89037.1

ATI03300.1

AJGI5382.1

ALLS0S86.1

CAQ98298 1

ATI0S5641 1

AJKA4T164.1

ALQ29888.1

CARO2855.1

ATI06622.1

AJ083449 1

ALRZ7562.1

CAROT796.2

ATI07903 1

AJP04064.1

ALYI13001.1

CAR12812.1

ALI88152.1

AJ(48790 1

ALY13176.1

CAR12894 1

ALJ13059 1

AJ(B9920.1

ALZO5876.1

CAR17782.1

ALJ13068.1

ATT64083.1

ALZ66856.1

CAR37392.1

AIL63307.1

ATX741791

AMWA41259 1

CARS50912.1

AINS6R81.1

ATY44820.1

AMWA41352 1

CAS09132.1

AINS58220.1

AYZ89630.1

AMX15658.1

CAU97432.1

AIG70590.1

AKAZ1608.1

ANK32128.1

CAZB6962.1

AlI083%41.1

AKAZ5271 1

ANME2203.1

CBA30725.1

AIP25746.1

AKA26423.1

ANP17955.1

CBGR7141.1

AIP94556.1

AKA26428.1

ANZET342.1

CBGBR353 1

AIR03200.1

AKA26652.1

AOM46387.1

CBJOOS07 1

AIRG2232.1

AKC39739.1

AOMG69814.1

CBJ01019.1

AIR68506.1

AKE96156.1

AQT33034.1

CBWI17622.1

AISO0R09 1

AKF49081 1

APA42536.1

CCB65972.1

AISO0R19 1

AKG67805.1

APA42696.1

CCBOT7003.1

ATT03707.1

AKGH7810.1

BAA14869.1

CCBeTI60.1

ATUT71844 1

AKHO07208.1

BAA15073.1

CCC30509.1

AIUTIR49 1

AKHOB765.1

BAB35471.1

CCE10783 1

ATW48087.1

AKHZ6598.1

BADSS708.1

CCF61531.1

AIWT76907.1

AKHZ6766.1

BAG42223 1

CCH28399.1

AIX63251.1

AKHE5122.1

BAGT77050.1

CCH31748.1

AlZ32499 1

AKII0458.1

BAIZ5150.1

CCH72874.1

AJAT4625 1

AKIOBB10.1

BAIZ53138.1

CCH76962.1
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CCH77412.1

CDPR4626.1

CEL27771.1

CTT92436.1

CCHT79600.1

CDG13701 1

CEL84834.1

CTT92613.1

CCI52108.1

CD14695.1

CELB6039.1

CTTo7100.1

CCI77183.1

CDRO1601 1

CEP29887.1

CTUO1835.1

CCl43834.1

CDR17539.1

CFU00610.1

CTU36153.1

CCl43945.1

ChU36030.1

CPR21343.1

CTU72845.1

CCJ80233.1

CDU38743.1

CQD06815.1

CTV40159.1

CCKO02487 1

CDW92927.1

CQRE61483 .1

CTVS56108.1

CCK27139.1

CDX11539.1

CRI57441.1

CTV74457.1

CCK27147.1

CDX11561.1

CRIS8732.1

CTWO04360.1

CCK46650.1

CDX14815.1

CRL8BO03.1

CTW29476.1

CCMT79078.1

CDX15464.1

CRP27791.1

CTW61879.1

CCMT79926.1

CDX15608.1

CRQ48403 1

CTW77542.1

CCN44439.1

CDX15708.1

CRZ157%6.1

CTX33307.1

CCO17877.1

CDX18128.1

CSK40308.1

CTY24484 1

CCT59175.1

CDX23952.1

CSK40325.1

CTZ61796.1

CCVYOB8313.1

CDX24321.1

CSLO3164.1

CTZ76546.1

CCV10163.1

CDX24344 1

CSM54609.1

CTZ79234 .1

CCV14388.1

CDX24795.1

CSM54649. 1

CTZ96800.1

CCV15291.1

CDX26102.1

CSN55245.1

CUI28728.1

CCW32353.1

CDX30033.1

CSPRO178.1

CUJ66815 1

CDF82476.1

CDX30137.1

CSPR4594.1

CUg2879.1

CDF82481 1

CDX32833.1

CSP99410.1

CUZ08279.1

CDF83258.1

CDX33250.1

58895741

EDMO61330.1

CDG13595.1

CDX33780.1

CTPo9211.1

EDS91265.1

CDG17619.1

CDX35494 1

CT000586.1

EDS82029.1

CDH77402.1

CDX39763.1

CT03890.1

EDU65292.1

CDK71151.1

CDX50647.1

CT10217.1

EDUS0202.1

CDK74582.1

CDX52898.1

CT15467.1

EDUS0317.1

CDL26553 1

CDX53624.1

CT16305.1

EDX34020.1

CDL56081.1

CDX58882.1

CTQ16977.1

EDX35915.1

CDLE15521

CDX59913.1

CTQ17997.1

EDX46872.1

CDLE1886.1

CDX61300.1

CTQ25284.1

EDY24930.1

CDMRB7455.1

CDX61327.1

CTR39889.1

EDXYo6s5642.1

CDNO5905 1

CDX61360.1

CTS37133.1

EED35505 1

CDNO06835 1

CDX62732.1

CTS40511.1

EEDS7074.1

CDN82002.1

CDZ83389.1

CTS554984.1

EEEQ03881.1

CDO06723 1

CEGS54345.1

CTT37563.1

EEEOS5415.1

CDO111e8 1

CEI20766.1

CTT55391.1

EEP49475.1

CDO20175.1

CEJ64257.1

CTTe2054.1

EEP84228.1

CDO27359.1

CEL27766.1

CTT65179.1

EET43351.1
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EET48956.1

EGB72004.1

EHHI1938.1

Ell44042 .1

EEW39317.1

EGB90260.1

EHIO4704 .1

EIK70381.1

EEW60473 1

EGBO98079.1

EHIO4844 1

EIK70690.1

EEX16532.1

EGCO5168.1

EHK52408.1

EIKG7767.1

EFC56792.1

EGDO06231.1

EHKS54788 1

EIK97T772.1

BFEO8792.1

EGE34132.

EHK 66824 1

EIL50217.1

EFE63903 2

HGEAB639.1

EHK74830.1

EIL503511

EFE64066.2 EGE61394.1 EHMZ7681.1 EIM73619.1
EFF07663.2 EGFR9341.1 EHMA47677.1 EIQ09709.1
EFF07812.2 EGG47793 .1 EHN75593.1 EIQ75858.1
EFF12655.2 EGI10883. EHP43848.1 EJE3S9098.1
EFFi12736.2 BGITI039.1 BEHPO2718.1 EJEOTIBL
EF(G35656.2 BGIT76011 EHPo4017.1 EJERS045.1

EFH33353.1

BEGI21877.1

EHTO5663 1

EJE96318.1

EFI®0126.1

EGI22685.1

EHTI13683.1

EIFZ9138.1

EFJe4881.1

EGI41263.1

EHUITIZ201 .1

EIF32265.1

EFJ72274.1

EGI412064 .1

EHU13340.1

EJF68495.1

EFJ83495.1

EGI46454.1

EHU15614.1

EJF68500.1

EFI89608.1

EGI47073 .1

EHU24532.1

EJI90289.1

EFI98368.1

EGIS1604 1

EHU29232.1

EJI93345.1

BEFK05124.1

EGIS1699 1

EHU31012.1

EJI93407.1

EFK15965.1

EGI96T778.1

EHU41004 .1

EJI95486.1

EFK 194441

EGI99670.1

EHU45943.1

EJI95544 .1

EFK26532.1

EGI99749 1

EHUS9778.1

EJI96663.1

EFK45262.1

EGIO3157.1

EHV59483.1

EJI98843 1

EFKS52086.1

BGIOS085.1

EICB2100.1

EJJ00315.1

EFK66278.1

BEGI74429.1

EID61817.1

EJ07858 1

EFK74995.1

BEGK24148 1

ED62214.1

EIK91259.1

EFKO1145.1

EGKZ41491

EID65440.1

EIK91378.1

EFL88470.1

EGKZ46151

EID655211

EILO1279.1

EFM58433.1

EGK24616.1

EID73534.1

EJLO2848.1

EF(059324 1

EGK37820.1

EIES2002.1

EJLOB255.1

EFP69095.1

EGKo60394 .1

EIF92872.1

EJLOB81O.1

EFP69402.1

HGO94631.1

EIG83929.1

EJLOBRR0.1

EFR14050.1

BEGU9s611.1

EIG94831.1

EJL16742.1

EFU33457.1

EGWA40786.1

EIH12409.1

EJL170141

EFV41635.1

EGXS55949.1

EIH21939.1

EJO32261.1

EFV42196.1

EHB41733.1

EiH44123.1

EJT03922.1

EFV44308.1

BEHD22257 1

EIH77056.1

EJU29480.1

EGBS9482.1

EHHO2231 1

BEH233241

EIZ04156.1

EGB68820.1

EHHO9516.1

EH32616.1

EIZ05782.1
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EIZ07520.1

ELJ74005.1

BEOU43864.1

EPLO5218.1

EJZ11850.1

ELG84051.1

EOU6S01S.1

EPRG7720.1

EJZ13633.1

ELGY90577 1

EGU70063 .1

EQD81697.1

EJZ18209.1

ELV(7386.1

EGU79907 1

EQD82324.1

BJZ22729 1

ELW35774.1

EOUB1119.1

EQD83794 1

BJZ267420.1

HLX11035.1

EOU%6152.1

EQD87767 1

BJZ267421 1
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i80107] Representative examples of arginine decarboxylase (EC 4.1.1.19) are given below in
Table 7 and identified by their EMBL/GENBANK/DDBJ 1D numbers.  Any of the bacteria
given in Table 10 can be engineered with any version of the arginine decarboxylase (EC
4.1.1.19) set forth in Table 3 and Table 7. For instance, the bacteria can be engineered with a
version of the arginine decarboxylase enzyme that has at least 50% nucleotide similarity with
any of the versions of arginine decarboxylase given in Table 7 (e.g, at least nucleotide 60%
similarity, at least 70% nucleotide similarity, at least 80% nucleotide similanty, at least 90%
nucleotide similarity, at least 91% mnucleotide similarity, at least 92% nucleotide similarnity, at
feast 93% nucleotide simularity, at least 94% nucleotide similarity, at least 95% uvucleotide
similarity, at least 96% nuclectide similarity, at least 97% nucleotide similarity, at least 98%

nucleotide sinmmlarity, at least 99% nucleotide similarity, at least 99 5% nucleotide simularity, at

feast 99.9% nucleotide similarity, or 100% nucleotide similarity).

Table 7. Representative Examples of Arginine Decarboxviase by EMBL/GENBANK/DDBJ ID

Number

AAAZ3481 1

AAK65019.2

AAPI0882.1

AAVEZ053.1

AAAZ4646.1

AALZ1961.1

AAP18235.1

AAVE39171

AAAB2686.1

AALZ3120.1

AAP2TB96.1

AAWT3474.1

AAAGS105.1

AAM3R760.1

AAPTTB30.1

AAWETI10.1

AAADTO1T .

AAMA43099.1

AAP99095.1

AAWOOL25.1

AAC24937.1

AAMBGOE63.1

AAQ60544 1

AAXG6932.1

AACTS9751

AAN44412.1

AAQ61700 1

AAY394111

AACTTOTE 2

AANS4922.1

AAR35%910.1

AAYS0992.1

AADO6541 1

AANGG194.1

AAS63667.1

AAYO6086.1

AADOT486.1

AANEIST2 1

AASBI619.]

AAZ33811.1

AAF09826.1

AANE3546.1

AAS94900 1

AAZS58866.1

AAF40905.1

AAQI0730.2

AAT33294.1

AAZBO6TY.]

AAFB2957.1

AAQO28012.1

AATH6175.1

ABAZ1777.1

AAF96713 1

AAQS8271.1

AAULGS46.1

ABA23030.1

AAGO8224 .1

AAQTO551.1

AAUZ6114.1

ABA48961 .1

AAGS8069.1

AAGTIO0T 1

AAUS1686.1

ABAS5T077.1

AAKO3466.1

AAGTE500.1

AAVTE788 1

ABAT2371 .1

AAKO5018.1

AAPGT7133.1

AAVEL6TT

ABARB9337 .1
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ABBI10893.1

ABI46161.1
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ABB26344.1
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ABB27130.1
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ABQ25189.1

ACB16864.1

ABB31140.1

ABI68665.1

ABQ76774 .1

ACB59509 1

ABB35370.1

ABI71549.1

ABO91208.1

ACBT6743 1

ABB36243.1

ABI02367 .1

ABR39026.1

ACB91563.1

ABB37372.1

ABI14223.1

ABR71752.1

ACCT9266.1

ABB44410.1

ABJEE595.1

ABR78771.1

ACCE4558.1

ABB49107.1

ABKI15308.1

ABRB85787 .1

ACDO5477 1

ABB50154.1

ABK38605.1

ABRE8619.1

ACDO03093 1

ABB56739.1

ABKA43242 1

ABS07904 .1

ACD08437 .1

ABBS57067.1

ABKA47857.1

ABS26167.1

ACD22470.1

ABB63148.1

ABKT5092.1

ABS44765.1

ACDS56878.1
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ABK82178.1

ABS51948.1

ACDE4161.1

ABB74343.1
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ABLOOZ11Y
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ACEB2746.1

ABC20552.1

ABLB2864.1

ABU75700.1

ACF30404 .1

ABC33051.1

ABLBS457 1

ABV15373. 1

ACF53467.1

ABCB1667.1
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KFF75398 1

KGES0310.1

KEJT73415.1

KFCI8775.1

KFF88090.1

KGE68364.1

KEK28674.1 KFC20875.1 KFG77442.1 KGE71433.1
KEL65109.1 KFC39603.1 KFH26796.1 KGE78509.1

KEL72014.1

KFC59091.1

KFI20485.1

KGF16727.1

KEN50130.1

KFC78158.1

KF}74929.1

KGF26630.1

KEN33759.1

KFC79267.1

KFJo2088.1

KGE34522.1

KEN65627.1

KFCR3040.1

KFKS53898.1

KGF43280.1

KENRIOIZ]

KFCR7306.1

KFK84555.1

KGF45725.1

KEN95683.1

KF(C87307.1

KFK92733 1

KGF49777 1

KENO98031.1

KF(C388523.1

KFL36101.1

KGF52178 1

KEQG05580.1

KF{89970.1

KFL54829.1

KGF56050.1

KEQOB161.1

KFC90672.1

KFLS2212.1

KGFO3655.1

KE(24816.1

KF(C95288.1

KENO2659.1

KGFE3738.1

KEO30080.1

KFC98497.1

KENO9730.1

KGFR8277.1

KEO72498 1

KIFDO7809.1

KFN20471.1

KGF91126.1

KEQI11859.1

KFDI7131 1

KFN41529.1

KGF947406.1

KEQl16618.1

KFD39669 1

KFN43972.1

KGF98813.1

KEQ28307.1

KFD75087.1

KFN40384.1

KGG02043.1

KERO3202.1

KFD78853.1

KFN49579.1

KGG0669%4 1

KERS51206.1

KFD81164.1

KFX05154.1

KGGOBSTS

KERT2322.1

KEFH26842.1

KFX10605.1

KGG13342.1
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KGG16902.1 KGM67544.1 KHE71266.1 KHN93577.1
KGG20690.1 KGMT71413.1 KHF26633.1 KHO63712.1
KGG25301.1 KGMT76900.1 KHF28513.1 KHO63713.1
KGI22183.1 KGMT78995.1 KHF28514.1 KHO64416.1

KGIS1761 1

KGMS83357.1

KHF29887.1

KHS42892.1

KGIS3124.1

KGMS5011 .1

KHF33712.1

KHS44852. 1

KGIS9215.1

KGNB1341 1

KHF33713.1

KHS51059.1

KGI60343 1

KGO11905.1

KHF36661.1

KHS53269.1

KGI79227.1

KGO35136.1

KHG33418.1

KHS73061.1

KGI87491 .1

K{G083427.1

KHG41692.1

KHT30841.1

KGI91964.1

K{G086156.1

KHG64539.1

KHT42018.1

KGIo3972.1

KGO90041 .1

KHI35431.1

KHT50744 .1

KGIo9825 1

KG0O94762.1

KHI37340.1

KHT65210.1

KGKO02508.1

KG0O9%6620.1

KHJ15087.1

KIAT6173.1

KGK0Ze67 1

KGO98326.1

KHJ20005.1

KIAT79535.1

KGK11102.1

KGP46487 .1

KHI37179.1

KIAB43534.1

KGK23554.1

KGP63789.1

KHIi49938.1

KIAB6604.1

KGK41898.1

KGO20140.1

KHI65217.1

KIAB8155.1

KGK59739.1 KGQ21232.2 KHK62458.1 KIAS6246.1
KGK66000.1 KGQ31157.1 KHLOR583 1 KIA97247 1

KGK82506.1

KG(42404.1

KHL11564.1

KIC20030.1

KGL06861 1

KGQ44023 1

KHE18640.1

KIC34193.1

KGL11309.1

KGQ45908.1

KHES9754.1

KIC41765.1

KGL13567.1

KGQ50253.1

KHE70867.1

KIC41860.1

KGL15463.1

K{GQ57330.1

KHE78786.1

KIC47910.1

KGL173351

K{G(Q593085.1

KHL79579. 1

KIC63479.1

KGL29400.1

KGO63142.1

KHE80012.1

KIC30370.1

KGL30461.1

KGR36637.1

KHEE81128.1

KIC91903 .1

KGL33804.1 KGRS59419.1 KHE83404.1 KiC93749 1
KGL37280.1 KGT92074.1 KHEB5844.1 KiC99323.2
KGL61019 KGT93830.1 KHI86355.1 KiD01690.1

KGL63589.1

KGT99163.1

KHLB7974 .1

KID06608.2

KGMO6101 .1

KGUB6824.1

KHLBS471 1

KID09o15 1

KGM21402.1

KGY09804.1

KHL90211.1

KIDS3399 1

KGM27648.1

KGY14273 1

KHMA43729.1

KIDS5412.1

KGM27861.1

KHA74142.1

KHM49647 1

KIE10977.1

KGM51253.1

KHDO7149.1

KHM350824.1

KiE41615.1

KGMS3981 1

KHDI1120.1

KHM92424 1

KIiE47462.1

KGMS6140.1

KHD26207.1

KHNS50316.1

KIESTB48.1

KGMS8508.1

KHD65185.1

KHNS7161.1

KIF03806.1

KGM62446.1

KHE42876.1

KHN63730.1

KIF16862.1
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KIF29318.1

KIPR6694.1

KIC11070.1

KIL32721 1

KIF310064.1

Kip92292.1

KID2200%9.1

KJL47944 1

KiF41875.1

KiP9%462.1

KIB31599.1

KiM40294 1

KiF44860.1

KI(14588.1

KJIB36996.1

KiM94811.1

KiF47532.1

KIQ28277.1

KJE41320.1

KJIN20030.1

KiF56410.1

KIQ33154.1

KIESTOL

KJR246918.1

KIF65759.1

KIQ47084.1

KJIF82239.1

KIs62014.1

KIG15607.1

KIQ47216.1

KJF92896.1

KIU76259.1

KIHO1698.1

KIQ55660.1

KJF94545.1

KIV08099.1

KIHO04248.1

KIQ56019.1

KIF95976.1

KIV2s421.1

KIH77871.1

KIQ60207.1

KIF96788.1

KIV33512.1

KIHE5503 .1

KIQ79728.1

KIF97049.1

KIV50178.1

KH76310.1

KIQ93208.1

KIF99814.1

KIW32727 1

K173823.1

KI(393267 1

KIGI53121

KIW37560.1

K1I80520.1

KI(}396608.1

KIG17565.1

KIwW52381.1

KIK87497.1

KIR02360.1

KIG26623 .1

KIW52975.1

KiL06168.1

KIR20554.1

KIG26708 1

KIX12328.1

KiE10730.1

KIR21483.1

KIJ(G34980.1

KIX37016.1

KiL19543.1

KIR22223.1

KI(G38239.1

KJY36082.1

KiL44729.1

KIS42545.1

KJG40540.1

KIY40855.1

KiL47560.1

KIS78068.1

KJG52387.1

KIY40903.1

KIL50310.1 KITS53654.1 KIG53015.1 KIYRI951.1
KIMO2995.1 KIU32905.1 KIG53489.1 KIYR7010.1
KIMO8543.1 KItJ53521 .1 KIG56948.1 KJIY915906.1

KIMO8702.1

KIV63259.1

KIHO06976.1

KJIY96966.1

KIMIO584.1

KIV65004.1

KIHO8954 1

KJZ05971 .1

KIMI13067.1

KIVoo8i4. 1

KIH71848.1

KJIZ06664.1

KINI2773.1

KIV70624.1

KIH75936.1

KJIZ14999 1

Ki035234.1 KIV70876.1 KIH77340.1 KJZ15059.1
KiO44426.1 KIX22820.1 KIHB3755.1 KJZ18625.1

Ki1(352490.1

KIX48438.1

KJH88029.1

KIZ33665.1

Ki064044 1

KIY14042.1

KJi39829 1

KJZ36032.1

KI064828 1

KIY140471

KIF74678.1

KJZ46139.1

KI064880.1

KIY40969.1

KJIg86656.1

KIZ47590.1

KI1074024.1

KIZ15345.1

KJ¥97023.1

KIZ491238.1

KIG75181.1

KIZ36062.1

KIJKO9157.1

KJIZ60809.1

KiP20469.1

KIZ50625.1

KIK17930.1

KJZ64968.1

KiP22393.1

KICO2191.1

KIK39268.1

KJZ83739.1

KIP30082.1

KIC03662.1

KIL17379.1

KJIZB85288.1

KIP63626.1

KIC05650.1

KIL19924 .1

KEKA06404 1

KIP77624.1

KJCo06414.1

KIL32283.1

KKAQ09341.1
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KKASOR87.1

KKS72573.1

KLC03447 1

KLI99305.1

KKAS3937 1 KKS83788.1 KLC04907 1 KLJt4455.1
KKBO03410.1 KKT00885.1 KELC18880.1 KIN47468.1
KKC50343.1 KKT03015.1 KELC19575.1 KIN96569.1

KKC64605.1

KKT10692.1

KE.C24598.1

KLQ26951.1

KK{C65426.1

KKT19966.1

KEC34817.1

KLQ27291 1

KKC79309.1 KKT24904.1 KLC35928.1 KLS52971 .1
KKD31624.1 KKU39856.1 KLC38727 .1 KLT65350.1
KKD58709.1 KKU48195.1 KLCA42228 1 KLT70448.1

KKD62046.1

KKU49767.1

KLC42317.1

KLT72986.1

KKEZ1684.1

KKU75779.1

KLC4%000.1

KLU04484.1

KKF37789.1

KKU87068.1

KLC54631.1

KLU62082.1

KKI42107.1

KKW45691 .1

KLC62972.1

KLU63827.1

KK144372.1

KKWS0514.1

KLC63061.1

KLU67158.1

KKI47461.1

KK X49557.1

KLC63907 1

KLU9%121.1

KKI52239.1

KEX58002.1

KLC72357 1

KLVQ0218.1

KKJ26482.1

KKX63732.1

KELC80920.1

KLV61109.1

KKJ98306.1 KKX66458.1 KELC81056.1 KLV64650.1
KKK99989.1 KKY43327. KELC86009.1 KLV04732,

KKO13447.1

KKY43878.1

KLC90423.1

KLVIOT775.1

KKO45109.1

KKY65107.1

KLC94053.1

KLV43133.1

KKO48310.1

KKY79845.1

KLC98220.1

KLV47021.1

KKO64897.1

KKZ13187.1

KLD01509.1

KLVo5167.1

KKO88680.1

KKZ18899.1

KLB01730.1

KLV65610.1

KKP30172.1

KKZ98376.1

KLD13508.1

KLV87502.1

KKP36843 1

KKZ389926.1

KLD20633.1

KLWEg6530.1

KKP40578 1

KLAZ3800.1

KLD21311.1

KLX50943.1

KKP72963 1

KLAZS5117.1

KLD25825.1

KLX57834.1

KKP75581.1

KLA31027 1

KLD31524.1

KLX90366.1

KKP83656.1

KLA31452.1

KLD34072.1

KLX95655.1

KKP98423.1

KLA96304.1

KLD38605.1

KLY12052.1

KKQ21504.1

KLA99369. 1

KELD63515.1

KILY34066.1

KKQ47851.1

KLB01232.1

KLD63554 1

KME6B569 1

KKQ35697.1

KLB11267.1

KLD66193 1

KMI32840.1

KKR39473.1

KLB14716.1

KLD71246.1

KMI44158.1

KKR4199%9.1

KLBZ2478.1

KLDEG177.1

KMIi45198.1

KKR62922.1

KLBZ3603 1

KLEQI246.1

KMI53196.1

KKR69783.1

KEB27709.1

KLE03460.1

KMKI2312.1

KKS05164.1

KLB31750.1

KLEOSTT7.]

KMK12388.1

KKS12144.1

KLB41281.1

KLEZ6682.1

KMK65741 1

KKS23019.1

KLC01821.1

KLI68356.1

KML20789.1
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KML20912.1

KMV32029.1

KNE70644 1

KOO007593.1

KML48083. 1

KMV34547 1

KNE79445.1

KO0O13952.1

KML65003.1

KMV67940.1

KNF81883.1

KO059694.1

KMMI17341 .1

KMV68973.1

KNHO2424 1

KO065836.1

KMM40283 1

KMV72040.1

KNHIOOBS 1

KO083034.1

KMM44209 1

KMW72260.1

KNH14365.1

KOP01917.1

KMM74663.1

KMW73819.1

KNH26156.1

KOP04218.1

KMM79436.1

KMWT79566.1

KNH46145.1

KOP26957.1

KMME83437.1

KMYR85028.1

KNN84556.1

KOP335306.1

KMMB7484.1

KMZ12404.1

KNN85899.1

KOP34817.1

KMM91807.1

KMZ45161.1

KNW70656.1

KOP36989.1

KMMO8149.1

KMZ45733 .1

KNW74427 .1

KOP96620.1

KMINTI3151

KMZ47283 1

KNX43865.1

KOQ72056.1

KMNI3443.1

KMZ43992 1

KNX46584.1

KOQ79259.1

KMNI8851 1

KMZ49221.1

KNX47560.1

KOR18913.1

KMN35621 .1

KNA43180.1

KNX49078.1

KOR38747.1

KMNS22111

KNA60505.1

KNX80210.1

KOR43231.1

KMNS58862.1

KNB61204.1

KNX94009.1

KOR44320.1

KMN64506.1 KNC0O6722.1 KNY27166.1 KOR71845.1
KMNS1232. KNC12046.1 KNY27231.1 KO505070.1
KMN92035.1 KNC16749.1 KNY29154.1 KO5831558.1

KMO78898.1

KNC68501 .1

KNY73335.1

KOS31918.1

KMOS0014.1

KNC94639.1

KNY78421.1

KOS833911.1

KMP13875.1

KNDS51979.1

KNZ84104.1

KOU24174.1

KMPO2251.1

KIND54388.1

KNZ85960.1

KOU67934.1

KM23559.1

KIND59806.1

KNZ96652.1

KOVB1H1951

KM(62276.1

KNE03726.1

KNZOTO17.1

KOVo0464.1

KMQ65521 .1 KNEO5809.1 KOAI8143.1 KOV92694.1
KMQ67933 1 KNE0O7439.1 KOA19093.1 KOX28823.1
KMQ72280.1 KNEO7808.1 KOA27317.1 KOX89259.1

KMQ73391 1

KNE0O8827.1

KOA35716.1

KOY02434.1

KMQ80007.1

KNET0687.1

KOAT0224.1

KOY04397.1

KMS77340.1

KNE13318.1

KOB20841.1

KOY33063.1

KMS90246.1

KNET4112.3

KOC89710.1

KOY42334.1

KMT22151.1

KNE16939.1

KOC935111

KOY42343.1

KMT22950.1

KNE17736.1

KOEZ1619.1

KOY45863.1

KMT55834.1

KNE24464.1

KOEZ6500.1

KOY50204.1

KMTo6157.1

KNE76189.1

KOE9S8088.1

KOY52585.1

KMTo7645.1

KNF09795 .1

KOF02803 .1

KOY61140.1

KMTo8464.1

KINFO9831.1

KOG62614.1

KOYo61821 1

KMU66082.1

KNF69262.1

KOH46400.1

KOY85392.1
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KPA10472.1

KPMS81369.1

KPW23692.1

KPY64080.1

KPASZ388.1

KPME1389.1

KPW27562.1

KPY70158.1

KPAS53393.1

KPMB4874.1

KPW34805.1

KPY74009.1

KPAS53642.1

KPMY6730.1

KPW42050.1

KPY&0616.1

KPABE3E3.1

KPN17561.1

KPW48373 .1

KPY90395.1

KPAS0439.1

KPN64870.1

KPW51442 1

KPY92798.1

KPA92636.1

KPNT71852.1

KPW62237 1

KPY99398.1

KPB67773.1

KPN73933 1

KPW62967 1

KPZ05993 .1

KPB69211 1

KPN76064.1

KPW66301 1

KPZ14794.1

KPB79158.1

KPNE8372.1

KPW77493.1

KPZ14841.1

KPB81326.1

KPN9Gs73.1

KPW797251

KPZ23429.1

KPCO7003.1

KEN90O601 .1

KPWE5370.1

KPZ24832.1

KPC14008.1

KP(18579.1

KPW97437 1

KPZ30414.1

KP(C35435.1

KPQO32516.1

KPX00575.1

KPZ42886.1

KPC49975.1

KPO36865.1

KPX06301.1

KPZ47275.1

KPC57075.1

KPO46576.1

KPX09224 1

KPZ49946.1

KP(C99496.1

KPO56914.1

KPX14980.1

KPZ52051.1

KPDO01309.1

KPPRO788.1

KPX22033.1

KPZ54935.1

KPDO03211.1

KPPee272.1

KPX30196.1

KPZ63333.1

KPDI11iss5d

KP(Q04554 1

KPX31760.1

KPZ63441.1

KPD20872.1

KP(14293 1

KPX38634.1

KPZ64594.1

KPD32893 1

KPQ25476 1

KPX43708.1

KPZ67736.1

KPEA9813.1

KPQ26228 1

KPX444729 1

KPZ72598.1

KPG830665.1

KPQ2Z7964.1

KPX50237.1

KPZ74870.1

KPG95064.1

KPQ2Z8712.1

KPX65518.1

KQAS8214.1

KPGO9865 1

KPQ35007.1

KPX66339.1

KOB40657.1

KPHOI642 1

KPQ40221.1

KPX73444 1

KQB42336.1

KPHI3642. 1

KPQ42687.1

KPX75665.1

KQB532498.1

KPHS55638.1

KPR47334.1

KPX84858.1

K(B89823.1

KPHS53606.1

KPR54754.1

KPX85936.1

KOB94067.1

KPHO60167 1

KPR57621.1

KPX98179.1

KQJ13933.1

KPi00128.1

KPU43059.1

KPYO1178.1

K{J19480.1

KPi21829.1

KPU45374.1

KPYO03822.1

KQJ38967.1

KPi28804.1

KPUS3302.1

KPY 16964 1

KQJ46044.1

KPLA49155.1

KPUS9624 1

KPY20911.1

KRGS0855 1

KPLE5176.1

KPV48774.1

KPY29392.1

KRVS51537.1

KPL%9048 1

KPWO00046.1

KPY38577.1

KRV54923 .1

KPM32213.1

KPwW04292.1

KPY41782.1

K5(98439.1

KPM49141 .1

KPW13659.1

KPY47144.1

KST27457 1

KPM63679.1

KPW16726.1

KPY54488.]

K5T30748 .1

KPM65064.1

KPW17184.1

KPY56327 1

K5X90037.1




WO 2017/160711

PCT/US2017/022091

KSX90873 1

KXG97350.1

OAC39173 1

OCX56897 .1

KS5Z13905.1

KXHO00308.1

OAC43114.1

ODH24470.1

KTH73164.1

KXHOY8343.1

OAE®4114.1

0DJo2889.1

KTi23271.1

KXI03206.1

OAH32121.1

ODN20234.1

KTM92464 1

KXLo6971.1

0OAl04384.1

ODRB6790.1

KTP62443 1

KX041321.1

OAJB6653 1

OEB17588.1

KUG62774.1

KX(42780.1

OAJBT7922.]

OEC23471.1

KUH45679.1

KXY17951 .1

OAN24058.1

OEH12480.1

KUQ52564.1

KXY36957.1

OA068286.1

OEH95894.1

KURA40671 .1

KYR44969.1

0A072924.1

OEIe2511.1

KUU48152.1

KYR45993.1

0OBS13167.1

OEI6S537.1

KW516060.1

KY591454.1

OCL17286.1

OEN36599.1

KWS38521.1

KYS97775.1

OCQ74268 1

OFJ25861.1

KWS79043.1

KYV67950.1

OCS74958.1

OINZ26436.1

KWV37200.1

KYV73707.1

OCS76529.1

OIN31202.1

KWV39942 1

KZD34079.1

OCS95943 1

SADT71382.1

KWX82425.1

KZDg8271.1

OC596129.1

SAE32738.1

KWZ89005.1

KZE54774.1

OCV53558.1

SAYT76613.1

KXA39254.1

KZJ50109.1

OCVE9154.1

SBX90614.1

KX(92416.1

KZJ59532.1

OCW73841.1

SBZ90867.1

{00108] Representative examples of agmatinase (EC 3.53.11) are given below in Table 8 and

identified by their EMBL/GENBANK/DDBIJ ID numbers. Any of the bacteria given in Table 10
can be engineered with any version of the agmatinase (EC 3.5.3.11) set forth in Table 3 and
Table 8. For instance, the bacteria can be engineered with a version of the agmatinase enzyme
that has at least 50% nucleotide similarity with any of the versions of agmatinase given in Table
& {e.g., at least nucleotide 60% similarity, at least 70% nuclectide similarity, at least 80%
nucleotide similarity, at least 90% nucleotide similarity, at least 91% nucleotide similarity, at
feast 92% nucleotide simularity, at least 93% nucleotide similarity, at least 94% uwucleotide
similarity, at least 95% nuclectide similarity, at least 96% nucleotide similarity, at least 97%
nucleotide simtlarity, at least 98% nucleotide similarity, at least 99% nucleotide simianty, at
feast 99.5% nucleotide similarity, at least 99.9% nuclectide similarity, or 100% nucleoctide

similarity).

Table 8. Representative Examples of Agmatinase by EMBL/GENBANK/DDBI ID Number
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AAAZ4647 1 AAVI93914.1 ABC36254.1 ABGSET141.1
AAAB9104 1 AAV95718.1 ABC90370.1 ABI47535.1

AAAB3909.1

AAVO5721.1

ABCY0927 1

ABIS9683 .1

AABSE295.1

AAVOT369.1

ABCO90063 1

ABI60409 1

AACT5974.1

AAWETS00 .1

ABDOZ701 .1

ABI67996.1

AAF40906.1

AAWS0124.1

ABD10232.1

ABI89619.1

AAGS8067.1

AAKG6926.1

ABDS53194.1

ABI9G194 1

AAK40769.1

AAYS0871.2

ABD34884.1

ABJO2365.1

AAKA42842.1

AAZ22133.1

ABD35257 1

ABKO2249.1

AALZI953.1

AAL24263.1

ABD68100.1

ABK 164191

AALS1IZ92.1

AAZS4096.1

ABD68348.1

ABK71425 1

AALS2351.1

AAZS8TTT

ABEO08773.1

ABK71845.1

AAM30619.1

AAZG65050.1

ABE29546.1

ABK73126.1

AAN44408.1

AAZGY6T2 1

ABE35008.1

ABK75016.1

AANG6T809.1

AAZBO6TE. 1

ABEA43955.1

ABK78003.1

AANBIGT0.1

ABA19753.1

ABES2778.1

ABKE8044 1

AAQ70550.1

ABAS52140.1

ABES5558.1

ABL69259.1

AAUS0262.1

ABAS3789.1

ABEG0184.1

ABL73176.1

AAP12232.1

ABAT3200.1

ABET75327.1

ABL77915.1

AAP182311 ABAT4317.1 ABFOS5058.1 ABLB2Z726.1
AAPZO2S55 1 ABAT9070.1 ABF41119.1 ABLB2Z833 1
AAQO0R93 1 ABASI349.1 ABF53436.1 ABLE8073.1

AAQS58167 1

ABBO07975.1

ABFO3671.1

ABLI91072.1

AAQ8T313 1

ABB10482.1

ABF03672.1

ABL91501.1

AAQE7384.1

ABB11261.1

ABF77979.1

ABL91972.1

AAT34764.1

ABB12898.1

ABF78588.1

ABL92277 1

AATST7507.1

ABB27188.1

ABGO5817.1

ABMO2702 .1

AAT63474.1

ABB37375.1

ABG32253.1

ABMI10897 1

AAULIS214.1

ABB50840.1

ABG326338.1

ABM11012.1

AAU45759.1

ABB63153.1

ABG32639.1

ABM11652.1

AAVA47T85 .1 ABBG67558.1 ABG62558.1 ABM13827.1
AAV46T99.1 ABC20115.1 ABGT70915.1 ABMZ29529 1

AAVTRTET ]

ABC35193.1

ABGB2607.1

ABM37937 1
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ABMS56124.1

ABO18665.1

ACES0614.1

ACRT0510.1

ABMT71179.1

AB026532.1

ACES1158.1

ACB32933.1

ABMT73084.1

ABQ31960.1

ACES4809.1

ACS41939.1

ABMT76715.1

ABQ33008.1

ACF30403.1

ACS89313.1

ABMT79681.1

ABQG60179.1

ACF01915.1

ACUO0B095 1

ABMT79929 1

ABQT77546.1

ACF67727 1

ACVT67151

ABMO4848.1

ABQT79666.1

ACF91868.1

ACVB1107.1

ABMOR665.2

ABQBT0R1.1

ACHS30852. 1

ACYS35151

ABNO6601.1

ABQ91371.1

ACHG63482.1

ACY85795.1

ABNS56898.1

ABR78770.1

ACHT77920.1

ACY90127 .1

ABN7T0230.1

ABRSI216.1

ACII0057 1

ACZRB7232.1

ABN76664.1

ABRS1751.1

ACIT1642.1

ADAT75255.1

ABN78567.1

ABSTT512.1

ACI18698.1

ADB74457 1

ABN8718%.1

ABUT75701.1

ACI35219.1

ADC90860.1

ABN87725 1

ABVO07331.1

ACI78406.1

ADD45355.1

ABN92921 1

ABV1I5371.1

ACI78407 1

ADDSB091 1

ABN92962.1

ABV21194.1

ACI78408.1

ADD78375 1

ABOOY043 1

ABV43067 1

ACI78409.1

ADEO4586.1

ABO18500.1

ABVS51572.1

ACI78410.1

ADE373571

ABQO23488 1

ABVE7817.1

ACI29740.1

ADE39009.1

ABQ36121.1

ABVO3477 1

ACK73593 1

ADE40257.1

ABQO49035 1

ABX09748.1

ACMOS018 1

ADE40278.1

ABO50523.1

ABX69169.1

ACMO6157 1

ADEGT897.1

ABO58149.1

ABX74248.1

ACN132611

ADEG9284 .1

ABP42590.1

ABXB1911.1

ACN47223.1

ADET2169.1

ABP43281.1

ABY21971.1

ACO74132.1

ADES5469 1

ABP45780.1

ACA3B569.1

ACPO7733.1

ADES6001 .1

ABP51374.1

ACAT6446.1

ACP21851.1

ADFE37727.1

ABP62005 1

ACB04033.1

ACP21922.1

ADE39062.1

ABP70012.1

ACBISE55.1

ACP26294.1

ADF41976.1

ABP86T98.1

ACC84325.1

ACP35785.1

ADF63800.1

ABP94673 1

ACDO06722.1

ACP36686.1

ADGO1441.1

ABP96350.1

ACD24294 1

ACR61943.1

ADGO1991 .1
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ADII4533.1

ADY72884.1

AEH00503.1

AEWO06905.1

ADJ63231 1

ADZ04172.1

AEH06103.1

AEW63139.1

ADK07910.1

ADZ08379.1

AEHO8712.1

AEWT5167.1

ADLO7911.1

ADZ10562.1

AEHT1147 1

AEX02267.1

ADL18540.1

ADZ27749.1

AEH22925 1

AEX23687.1

ADL44534 1

ADZE31008.1

AEH36766.1

AFA38334.1

ADMA2794.1

ADZ91927.1

AEH48221 1

AFA38752.1

ADNTS943 .1

AFEA33345.1

AEH49662.1

AFA47334.1

ADO10712.1

AEA45611.1

AEHS0623 1

AFC24160.1

ADO30990.1

AEA47221.1

AEL14843.1

AFD00687 .1

ADO47092.1

AEA80791.1

AEI94329.1

AFG41863.1

ADP11446.1

AEA80792.1

AEI94330.1

AF184427 1

ADPS3855.1

AEBO8603 .1

AEJ58268.1

AFJO1337.1

ADQ66311.1

AEB10992.1

AEKZ25241

AFJ30619.1

ADRZ28296.1

AEB12421.1

AEKZ3614.1

AFJ45705.1

(¥4

ADTo8876.1

ABECO0219.1

AEK61616.1

AFI59747 1

:\!

ADT70425.1

AEES8170.1

AEK64195.1

AFJ63961.1

ADT76571.1

AEES6159.]

AEM40724.1

AFK 19996 1

ADTO6768.1

AEF17260.1

AEM58024.1

AFLS51309.1

ADTO7392.1

AEF54342 1

AEM69220.1

AFL51840.1

ADTO9263.1

AEF88522 1

AEN(05459.1

AFMI19977 1

ADUS2417 1

AEF93913 1

AEN05763.1

AFM61483 1

ADU70503 1

AEF93919.1

AENG6930.1

AFQO87859.1

ADV49134.1

AEF95254.1

AEN66324.1

AFQO87860.1

ADV64546.1

AEF97223.1

AEP3R702.1

AF(91682.1

ADV66173.1

AEG03799.1

AEQ14108 1

AF(91683.1

ADX18864.1

AEGO5228.1

AER31406.1

AFP37519.1

ADXT2077.1

AEGT4656.1

AEV37646.1

AFP39918.1

ADY 133211

AEGIT7355.1

AEV3RI61 1

AFP40726.1

ADY27253.1

AEG33547.1

AEVE615291

AFP40804.1

ADY29885.1

AEGA44996.1

AEV87262.1

AFQ48622.1

ADY33548.1

AEGA44997 1

AEV97888.1

AF(Q49589 1

ADYS5312.1

AE(G95549.1

AEW04403 1

AF(50194.1
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AFQS51687.1 AGGT3823.1 AHDOG7591.1 AIF84264.1
AFRO9275.1 AGGT5093.1 AHDG7965.1 AIF84945.1

AFS72872.1

AGHB7553.1

AHD(7966.1

AIG28743 1

AFST72271

AGI26201.1

AHD09199.1

AIG32698.1

AFV1IIZ2111

AGI47257 1

AHD(9200.1

AIG35154.1

AFY19072.1

AGI68304.1

AHE60912.1

AIG39783 1

AFY19668.1

AGI68305.1

AHE693351

AIGO7525 1

AFY21143.1

AGE72348.1

AHF69002.1

AR7322.1

AFY36893.1

AGET72349.1

AHFT3775.1

Al87324.1

AFY39232.1

AGEE4982.1

AHF75853.1

ALJ0T652.1

AFY40247 1

AGIS55062.1

AHGI9398.1

ALJ373171

AFY66803.1

AGIS8747 1

AHKO1119.1

ATK37348.1

AFY87223.1

A(GI59299.1

AHKO03741.1

AIK38502.1

AFZ10381.1

AGKT77294.1

AHMO5195.1

AIM26660.1

AFZ31237.1

A(GN38302.1

AHMO5332.1

AIM28333.1

AFZ34586.1

AGOS56878.1

AHMS57412.1

AI0Q30916.1

AFZ37423.1

AGP45918.1

AHMT77673.1

AI031498.1

AFZ44104.1

AGQT74348.1

AHMS3265.1

AIO35681.1

AFZ47238.1 AGQ92958.1 AHNS81844.1 AIO35975.1
AFZ54331.1 AGRG0291 1 AHWT76535.1 AI036489.1

AFZ55267.1

AGRT7854.1

AHY10272.1

AIO44724 .1

AGABT6T8.1

AGS21412.1

AHY72292.1

AIO46049.1

AGATZ601 1

AGS21940.1

AHZ23375.1

Al046224 1

AGB21222.1

AGS26045.1

ATAT40651

Al049720.1

AGBT0811.1

AGS39313.1

AIC26759.1

AJ(70072.1

AGBS3895.1

AGTO7309.1

AIC27350.1

AJO70112.1

AGC6R778.1

AGT11108.1

AlD41526.1

ATOB2805.1

AGCTT7085.1 AGX41862.1 AlD9S2226.1 AT0OB4618.1
AGDOT7972.1 AGYS6862.1 ATE61595.1 AIP23881.1

AGE22498.1

AGZ34567.1

ATET2946.1

AIPZ9149 1

AGE23989.1

AHAGT015.1

AIE75743.1

AIP96985 1

AGG04209.1

AHBO90T8 1

AIES1817.1

AIQ96062.1

AGG32138

AHC15724. 1

ATF82761.1

AIQ98336.1
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AIR06031.1

AJGI4739.1

AKAB5572.1

AKH98312.1

AIRS59440.1

AJGIT7918.1

AKB132931

AKH99850.1

A$852428 1

AJGT9170.1

AKB160721

AKI01044.1

ATIUT71087 1

AJ(G94738 1

AKB17277 1

AKJ41197 1

ATW15709.1

AJHO6394 1

AKB20676.1

AKJ047111

ATWT78498.1

AJHI7306.1

AKB23916.1

AKK49720.1

AIX49199 1

AJHB0029 1

AKB30046.1

AKL10486.1

AIX64797 1

ANO7021.1

AKB33946.1

AKL34469 1

AIXT72614.1

ANTIT7.1

AKB38310.1

AKL94121.1

ATY00411 .1

AJI8362.1

AKB39394 1

AKMO00856.1

AIY172551

AJI971L

AKB45534.1

AKMO03663.1

AIY19826.2

AJI21563.1

AKB49003.1

AKM20612.1

AIY19931.2

AM23801.1

AKB49561.1

AKM36435.1

AlY44086.1

AF24944 1

AKB56266.1

AKM38930.1

AIY47278.1

AJK42294.1

AKB59739.1

AKM44683 1

AIY65560.1

AJK48584.1

AKB60366.1

AKMS2040.1

AIZ56989 1

AJO84524.1

AKB63578 1

ARKQO77002 1

AIZ83993.1 AJQ48197.1 AKB66937 1 AKQO96563 1
AJAL15226.1 AJWT0766.1 AKB70291 1 AKQO93269 1
ATAZTO31 1 AJXT3400.1 AKB73823.1 AKP48868.1
ATA92Z009 1 AJXT73637.1 AKB76958 1 AKP80163.1
AJC63708.1 AJY 106621 AKBg&3790.1 AKV73628.1

AJCT8T97 1

AJY38564.1

AKBE4178. 1

AKV75131.1

AJCTG353 1

AJY39189.1

AKD38344.1

AKV75868.1

AJD40ToL

AYY39634.1

AKE61765.1

AKVT7369.1

AJD44731.1

AlY45045.1

AKE63966.1

AKV7E118.1

AJD44817.1

AlY49192.1

AKE65006.1

AK V796201

AJDS52273.1

ATY49305.1

AKES4626.1

AKV80363.1

AJD92404.1

AYZ58787.1

AKG68119.1

AKV81865.1

AJE4T334.1

AlZ6l1461.1

AKGP1930.1

AKV82611.1

AJEST7434.1

AJZ62973.1

AKHO08717.1

AKV84100.1

AJFESTT741.1

AJZ91146.1

AKH23614.1

ALD23757.1

AJFT74870.1

AKAZ5996.1

AKH64397.1

ALGE2706.1
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ALL39774.1

BAG30482.1

CAD187291

CAMO5191.1

ALVT7276.1

BAG45193.1

CAD83324.1

CAMOS121.1

ALVB1183.1

BAG46924 1

CADE5058 1

CAMIO862.1

ALY 144401

BAGT78729.1

CAE(7927.1

CANSG200.1

ALZ68232.1

BAH31284.1

CAE(8937.1

CANOSG327 1

AMI69304.1

BAH46484 1

CAE16053.1

CAO97869.1

AMWA42737 1

BAHS0915 1

CAE20145.1

CAP14282.1

AMX08364.1

BAHS1S568.1

CAE22388.1

CAQB3181.1

AMX14485.1

BAI27220.1

CAE33200.1

CAQ90364.1

ANCI16538.1 BAI32251.1 CAE38071.1 CAQ99884 .1
ANC22333 1 BAI37474.1 CAET78008.1 CARO4454.1
ANME3716.1 BAI75018.1 CAET78232.1 CARO9553.2
ANGOS0701 .1 BAI75040.1 CAF31141.1 CAR14451.1

ANP1O756.1

BAI75047.1

CAH37930.1

CAR19473.1

ANZE5663.1

BAIBO439.1

CAH39062.1

CAR34499.1

AOM43881.1

BAJ82447 1

CAI8S1IST

CAR38778.1

AOMT71329.1

BAK12515.1

CAI89357.1

CAR44182.1

AOT31398.1

BAK34589.1

CAJ10765.1

CARS51520.1

APA40676.1

BAKO8432 1

CAJ11914.1

CARS54274.1

BAAI6710.1

BAKO8465.1

CAJ35086.1

CARS6347.1

BAAI1TZ98.1

BAL95958 1

CAJ53446.1

CARG0989 .1

BAABO638.2

BANO2875.1

CAJ67724.1

CAS10737.1

BABO7529.1

BAN46237.1

CAKO7164.1

CAUSG217 1

BAB37235.1

BANS4991.1

CAKO09940.1

CAVIB3751

BABS1449.1

BANS0497 1

CAK10592.1

CAX26528.1

BAB65332.1

BAUT2144 1

CAK16253.1

CAXS58939.1

BAC14507.1

BAU75360.1

CAK16639.1

CAX61192.1

BADOG3716.1

BAU76701.1

CAK?24880.1

CAYS1214.1

BADOG6428.1

CABO2517.1

CAK?293338.1

CAYT75590.1

BAD7768%9.1

CAB15776.1

CAK?29381.1

CAZB6945.1

BADSB5071.1

CAC45820.1

CALA44270.1

CAZ96113.1

BAET5292.1

CAC47080.1

CAL68562.1

CBAOTS510.1

BAE770600.1

CADO2Z910.1

CALB0O391.1

CBA19557.1
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CBA33563.1

CCDO03343.1

CCI33643 1

CCO0R237 .1

CBGO1722.1

CCD89954.1

CCI38967 .1

CCPI0570.1

CBH20171.1

CCD93845.1

CCIS2514 .1

CCQ09657.1

CBI44700.1

CCEO1319.1

CCH78869 1

CCQ10974.1

CBJ02630.1

CCE10074.1

CCI6579.1

CCQ34449 1

CBI36000.1

CCE15097 1

CCI36819.1

CCQ35680.1

CBJ41226.1

CCE1T011.1

CCI45540.1

CCQ36200.1

CBJ80SB2.1

CCES5457 1

CCJ49843 1

CCQ47332.1

CBJI89098. 1

CCES6393.1

CCI52441 1

CCQ74550.1

CBKA43642.1

CCH18965.1

CCI71907 1

CCQ94339.1

CBK064440.1

CCF20747.1

CCJB0970.1

CCQ95023.1

CBKT76875.1

CCG46987.1

CCIB6076.1

CCQ95940.1

CBK99237.1

CCGS2586.1

CCI89760.1

CCV00472.1

CBL02267 .1

CCGB6053.1

CCI99407 1

CCV13247.1

CBL06427 1

CCHO0037.1

CCKO020151

CCV63725.1

CBL17762.1

CCH71227 1

CCKO08383.1

CCV65581.1

CBL185B6.1

CCHO1980.1

CCK48226.1

CCWO06091.1

CBL22839.1

CCH94031 1

CCK74894.1

CCWI16005.1

CBL25540.1

CCH97873 1

CCK78277.1

CCW31444.1

CBL2829S5.1 CCH98110.1 CCKE9717.1 CDF80722.
CBL41552.1 CCH99362.1 CCKO6853.1 CDF85323 1
CBV41181.1 CCI04256.1 CCLO0841 .1 CDF86475.1

CBWI19153.1

CCI06792.1

CCL21005 1

CDF92525.1

CCBo4763.1

CCI07869.1

CCL28928.1

CDG13942 1

CCBo51711

CCH4209.1

CCM75184 .1

CDGI8R39

CCB70695.1

CCHI4551 01

CCM77037.1

CDGR0299 .1

CCB85395.1

CCHIB636.1

CCMT78508.1

CDG31563.1

CCB88489.1

CCI20568.1

CCM79193 1

CDGO2784 1

CCC19821.1 CCI26509.1 CCMB0257 .1 CDGO8T43 1
CCC31739.1 CCI27381 1 CCO04886.1 CDGY%622.1

CCC416006.1

CCI27656.1

CCOO05578.1

CDHO5986.1

CCC82222.

CCI29463 1

CCOO05593 .1

CDHZ1445 1

CCD03081.1

CCI33484 .1

CCO06200.1

CDH24733 1
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CDH33017.1

CDN42601.1

CDX62547 1

CEY70465.1

CDH74672.1

CDN83560.1

CDY73639.1

CF(C48269.1

CDH78253.1

CDNO1137.1

CDY74077 1

CFT92190.1

CDIOSB63. 1

CDQ16187 1

CDY75840.1

CFT96567.1

CDIOB139.1

CDR93058.1

CDY77024 1

CIA40003.1

CDH40700.1

CDS53731.1

CDY78583.1

CIC36758.1

CDK71508.1

CDS55128.1

CDZ23447 1

CIFB4804.1

CDK72224 .1

CDS59015.1

CDZ85765.1

CIG39%416.1

CDK72597 1

CDS84404 1

CED57567.1

CI19335%4.1

CDKO8654 1
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KFCS50616.1

KGAS8376.1

KGLO2631 1

KHF32019.1

KFC63916.1

KGBS16R11

KGL61018 1

KHI37342.1

KFC75035.1

KGBSB219.1

KGL63588 .1

KHI20007 .1

KF(C77790.1

KGB82923.1

KGMO06104.1

KHI52626.1

KF(C78157.1 KGB93469.1 KGM27860.1 KHI53009.1
KF(79266.1 KGB93751.1 KGMA47940.1 KHI67587.1

KF(88526.1

KGC15448. 1

KGM62448.1

KHKS8158.1
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KHL14438.1

KIL49701.1

KIX40471.1

KIW52977.1

KHMS0825.1

KIL52719.1

KIX50426.1

KiX12327.1

KHN63731.1

KIN13602.1

KI1Y3&8310.1

KIX8g802.1

KHO02446.1

KI1(35232.1

KIC02192.1

KIYg1950.1

KHS44854.1

Ki064041.1

KICO5651.1

KIY91595.1

KHT65211.1

KI064826.1

KIC11069.1

KJZ06665.1

KIA76172.1

KI0O64882.1

KIE27066.1

KJZ10778.1

KIAT9272.1

KI074022.]

KIE2Z9094 1

KIZ33490.1

KICO8591.1

KIP13348.1

KJE37105.1

KIZ43132.1

KICI1124.1

KIP19334.1

KJE41321 .1

KIZ43642.1

KIC12067.1

KIP21434.1

KIES6468.1

KlZ49391.1

KI1C20734.1 KIP28327.1 KJF68712.1 KIZ65470.1
KIC21142.1 KIP77591.1 KIF74388.1 KJZ83769.1
KIC38967.1 KiQ47214.1 KIF82240.1 KJZ85311.1

KIC39253.1

KIQo67877.1

KIF95975.1

KKA53929.1

KIC42948.1

KIQ067879.1

KIF96789.1

KEKB03409.1

KIC44583.1

KIQ93804.1

KIG26707.1

KEC64603.1

KIC48940.1

KIRZ1892.1

KIG38238.1

KKC79077.1

KICR1372.1

Kis842217.1

KIGS58333 1

KKD31623.1

KIDO1688.1

Ki544949.1

KIHO8952.1

KKD358710.1

KIDO7131.1

Kis45178.1

KIH75111

KKDo60036.1

KID10239.1

KIS78067.1

KIH76892.1

KKF35468.1

Ki53398 1

KIT15205.1

KJigs5i9t 1

KK144370.1

KiF44861 .1 KIT26177.1 KJ§g7017.1 KKJ026095.1
KiF47533.1 KIT34215.1 KIKO5856.1 KKJ26483.1
KiF60145.1 KITS3655.1 KIK14771.1 KKJ76863.1

Ki(04148.1

KIUO06086.1

KIM40293 .1

KKO14625.1

KiH04246.1

KIV633387.1

KIME6390.1

KKT03014.1

KIiI17028.1

KIVET945 1

KIN20029.1

KKWS30513.1

KH76311.1

KIVerii4dl

KJR24917.1

KIK88030.1 KIV7603¢6.1 Kiu79826.1 KKX57725.1
KIL14780.1 KEX18215.1 Kiv49964.1 KKY43328.1
K11.44040.1 KIX35343 1 KIW32728.1 KKY65100.1
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KKY79844 1

KMLO8951.1

KNA43182.1

KOR21593.1

KKZ18900.1

KME19553.1

KNC12045.1

KOY02635.1

KKZ94380.1

KMEPS5768.1

KNC94638.1

KOY33005.1

K1L.A23437.1

KMLPO3754.1

KND54403 1

KOY45864.1

KL A28450.1

KMM44201.1

KND57608.1

KOYo1141.1

KLE26363.1

KMMS80744.1

KND60713.1

KPA10469.1

KLIo&355.1

KMMS88468.1

KNF(9788.1

KPA16733.1

KLI96588.1

KMN35332.1

KNF69260.1

KPA20218.1

KLLO0327.1

KMNS52710.1

KNF813831.1

KPAS53392. 1

KLN47102.1

KMN54483 1

KNHI13933.1

KPBO1772.1

KLN59734.1

KMNe4511

KNH29699.1

KP{C99823 1

KLN96605. 1

KMN82524 1

KNH42940.1

KPDO03212 1

KLQ26950.1

KMNSO587 1

KNN83891.1

KPD11463.1

KL552970.1

KMQO70998.1

KNW74428.1

KPD14945 1

KLT72171.1

KMO75400 1

KNX42579.1

KPD18730.1

KLU1g616.1

KMP15844.1

KNX78696.1

KPF43120.1

KLUg61T.1

KMP32711.1

KNY25361.1

KPF56119.1

KLU211351

KMP76811.1

KNY25362.1

KPFT72724 .1

KLUG3532.1

KMP97239.1

KNY34664.1

KPG94733.1

KLVO11io.1 KMQ03530.1 KNY78419.1 KPG95797 1
KLVO04731.1 KMQ27939.1 KNZ84105.1 KPHO1583 1
KLV109ie.1 KMQ80607.1 KNZ96650.1 KPHIO681 1

KL V651681

KMT23186.1

KOAZ7319.1

KPH60166.1

KL W86529.1

KMV32028.1

KOA70223 1

KPHE1257 1

KLX57832.1

KMV34546.1

KO(C89783.1

KPL3101S1

KLX95653.1

KMV68971.1

KOC93579.1

KPEL8T226.1

KLY12051.1

KMV72039.1

KOEB1497 .1

KPL88374.1

KME63567.1

KMW36860.1

KOEB6385.1

KPL99047 1

KMI45199.1

KMW37564.1

KOF22188.1

KPM59181.1

KMI52368.1

KMWo60148.1

KGO07592.1

KPM65351.1

KMKI2313.1

KMW73818.1

KG(O13953.1

KPMB4873.1

KMEKo65695.1

KMYR86054.1

KOP042Z10.1

KPMO96585.1

KMK67024 1

KMZ11104.1

K(GP34818.1

KPN62270.1
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KPN70840.1 KPWO0Z372.1 KUU48154.1 QAJ87923.1
KPN74193 1 KPW04201 .1 KWV87278.1 OAQ68288.1

KPN90785.1

KP£52050.1

KWZ£91247 1

OAQ72922.1

KPO18578.1

KP£54771.1

KX(G92414.1

OBX00501 .1

KP(O36864.1

KPZ03440.1

KXH00366.1

OCS874956.1

KP(46574.1

KPLo5TTT.1

KXHS8341. 1

0805951 1

KPPR4622.1

KPLOTT37T.1

KXI01250.1

OCVS53559.1

KPPR3673.1

KPZ69053.1

KXJ38653.1

ODH24471.1

KPP85834.1

KPZT72596.1

KXL66969.1

OEGY2891.1

KPPE9409.1

KQA23172.1

KXQ42781.1

OEH04368.1

KPQO6101.1

KQA98185.1

KXX80622.1

OEH12481.1

KPQOS097 1

KOBI5598.1

KXY08066.1

OEH14141.1

KPQ13684.1

KQB16357.1

KXY28981.1

OEHS5893.1

KPQ14340.1

KQB21620.1

KXY53137.1

OFEI6S538.1

KPQ14479.1

KQB98549.1

KXY72091.1

OEN36597.1

KPQ21467.1

K{J13932.1

KYR44967 1

OIN26435.1

KPQ22810.1

K{3J46046.1

KYS&897777 1

OIRS1681 1

KP(29983 1

KST274551

KYV6T7952.1

QIX27476.1

KP(332046 1

KSX90871.1

KZD58224.1

SADT71408.1

KPQ361311 KTH73166.1 KZDg1457.1 SAE32773 1
KPQ37310.1 KTM92472.1 KZD82131.1 SAI34905.1
KPR5762Z.1 KTO38350.1 KZEO6157.1 SAYT76569.1

KPUS0749.1

KTO86996.1

KZ159530.1

SAZS57795.1

KPUS3876.1

KTPo2451.1

OAC43113.1

5BX90640.1

KPU54584.1

KUH44100.1

OAE40342.1

SBZ90882.1

KPUS54773.1

KUIS0798.1

OAES2625 1

SCMS3106.1

KPUg4621.1

KUQS52563.1

OAH32122.1

{60109] Representative examples of ornithine decarboxylase (EC 4.1.1.17) are given below in
Table 9 and identified by their EMBL/GENBANK/DDBJ ID numbers. Any of the bacteria
given in Table 10 can be engineered with any version of the omithine decarboxylase (EC
4.1.1.17) set forth in Table 3 and 9. For instance, the bacteria can be engineered with a version

of the ornithine decarboxylase enzyme that has at least 50% nucleotide similarity with any of the
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versions of ornithine decarboxylase given in Table 9 (e g, at least nuclectide 60% similarity, at
feast 70% nucleotide simularity, at least 80% nucleotide similarity, at least 90% nucleotide
similarity, at least 91% nucleotide similarity, at least 92% nucleotide similarity, at least 93%
nucleotide stmilarity, at least 94% nucleotide similarity, at least 95% nucleotide similarity, at
jeast 96% nucleotide similarity, at least 97% unucleotide similarity, at least 98% nucleoctide
similarity, at least 99% nucleotide similarity, at least 99.5% nucleotide similarity, at least 99.9%

nucieotide similarity, or 100% nucleotide similarity).

Table 9. Representative Examples of Ornithine Decarboxyvlase by EMBL/GENBANK/DBDRI ID

Number

AAA6278 5 B }

AAW60223 1

ABEO6188.1

ABI64670.1

AAAG61T4]

AAY39277.1

ABEO8804.1

ABI73241 .1

AAAG9133 1

AAY96264.1

ABE29508.1

ABIB8035.1

AAC22248 1

AAZLITO03 1

ABE36633.1

ABJO7102.1

AACT3T87 .1

AAZ21026.1

ABE38094.1

ABJIO8721.1

AACTO002.2 AAZ453351 ABE44334.1 ABJI70427.1
AAKO5018.1 AAZGOOTL Y ABE49183.1 ABK39746.1
AAKOG5019.2 AAZTII0S Y ABE49327.1 ABK4%901 1

AAL19645.1

ABA0O4186.1

ABES6353.1

ABKS50089.1

AALZ1989.1

ABATB141.1

ABE64149.1

ABL98620.1

AALS4375.1

ABB12186.1

ABE73821.1

ABMOG1537 .1

AALD4697 1

ABB40870.1

ABF62084.1

ABMO03233 1

AAM328381.1

ABB75259.1

ABF76724.1

ABM17184 .1

AAMEGEYT 1

ABC22493 .1

ABF79243.1

ABM33R819 1

AANS3399.1 ABCO2384.1 ABGI2272. ABM37329 1
AANSTIONNT ABDO09230.1 ABG19485.1 ABMA42903 1

AANG66489.2

ABDS53718.1

ABG64092.1

ABM94883 1

AANTO250.1

ABDOG9850 1

ABIZ25841.1

ABN63325.1

AANB2001 .1

ABDR2224.1

ABI41283.1

ABN63550.1

AAUS0204.2

ABD90359.1

ABI41448.1

ABO25258.1

AAS63636.1

ABD98955 1

ABI59635.1

ABOS55514.1

AAV42846.1

ABEOSTIL

ABI61420.1

ABP39886.1
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ABP62042.1

ACBZ6370.1

ACS39829.1

AEF2Z0700.1

ABPT74273.1

ACBZ6621.1

ACS86807 1

AEF54819.1

ABPT7387 1

ACB79112.1

ACTO8032.1

AEGO5601.1

ABPB3569.1

ACB94577.1

ACT11922.1

AEGOT021.1

ABQ13490.1

ACCT5475.1

ACXE9156.1

AEG09620.1

ABQI18377.1

ACDO9708.1

ACYS53777.1

AEGO9845 1

AB(31378.1

ACERS117.1

ACZT5768.1

AEG48476.1

AB(}333584.1

ACE92836.1

ADAG6T26.1

AEHS0365.1

AB(}335247.1

ACES9495 1

ADEB4258 1

AEHE6445.1

AB(346942.1

ACF00856.1

ADGO0285.1

AEIO7722.1

ABQ77056.1

ACF62498.1

ADIO2315.1

AEJI8813.1

ABQ77881.1

ACF64187.1

ADMA40347 1

AEK®61463.1

AB(Q94106.1

ACGS58193 1

ADMA42835.1

AEM41039.1

ABRO3972.1

ACH49712.1

ADMA42836.1

AEP37160.1

ABR71097.1

ACHS50260.1

ADMS7227.1

AEV60919.1

ABS65893 1

ACHG3785.1

ADO10738.1

AFIS0017.1

ABK77454.2

ACIT1630.1

ADO4T7055.1

AFL53867 .1

ABV20152.1

ACIS3761 .1

ADG49370.1

AFY17936.1

ABV20217.1

ACIOOLI5 1

ADOB4265.1

AFY20265.1

ABV32717.1

ACI00377.1

ADP99549 1

AGAB4911 1

ABV39617.1

ACKA48448.1

ADU45025.1

AGGIST871

ABV43142.1

ACKA49205.1

ADU70535.1

AGGT0048 1

ABVS3117.1

ACKB1873.1

ADUS1399 1

AGGT0049.1

ABX51330.1

ACKB3165.1

ADV11066.1

AGHS8733.1

ABY29398.1

ACLS5330.1

ADV56349.1

AGLS0BI2.1

ABYO0818.1

ACLO3832.1

ADW75162.1

AGOS56945.1

ACAT150101

ACNI4131.1

ADY12020.1

AGTO7607 1

ACA32083.1

ACPO7980.1

ADZ25852.1

AHAG6979.1

ACAGT1I12.1

ACP26670.1

ADZ25990.1

AHD10069.1

ACAT4794 1

ACQO2481 1

AEAZS5536.1

AHD10849.1

ACA92668.1 ACR70548.1 AEABOT89 1 AHES50504.1
ACBI6558.1 ACRS80274.1 AEB13218.1 AHES58679.1

ACB17513.1

ACS38096.1

AEE17405.1

AHF70264.1
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AHF74955 1

AKBA40448.1

BAA35349.1

CARO4482.1

AHHZ0127 1

AKBA43558.1

BAE77028.1

CAROGRT8.1

AHI62296.1

AKB47010.1

BAI71258.1

CAROO582.2

AHK70374 .1

AKBS1817.1

BAI72082.1

CAR14483.1

AHMO4085 .1

AKBS5259.1

BAI76414.1

CAR16788.1

AHMO4146.1

AKB56666.1

BAIS6500.1

CAR19506.1

AHMT7647.1

AKB61403.1

BAJR1775.1

CAR36594.1

AHME3238.1

AKB64701.1

BALS3346.1

CAR40820.1

AHY72323.1

AKB63292.1

BAN98715.1

CARS4968.1

AJ07696.1

AKB72738.1

BAQ17945.1

CAU96547 1

AlJ08459.1

AKBT5272.1

BAUT72598.1

CAU99265 1

AI(92829.1

AKBT8060.1

CAD78655.1

CAX18544 1

ATQ93098 1

AKBE16411

CADS4820.1

CAX22758.1

AIR09930.1

AKBE41501

CAG69512.1

CAX24467 1

ATT00368.1

AKF49823.1

CAGT3878.1

CAX61217.1

AIZB81713.1

AKHZT7073 .1

CAH22470.1

CAX67648.1

AIZ34023.1

AKH69183.1

CAJ97377.1

CAX67666.1

AJEST512.1

AKH99554.1

CAI98549.1

CAY75622.1

AJFS55421.1

AKO77226.1

CAJ12264.1

CBA19528.1

AJF57769.1

AKQ97889.1

CAKO0Z040. 1

CBAZR212.1

ATG206151

ALDZ7842.1

CAK139371

CBAZ9223 .1

ATI8T7080.1

ALVT6207.1

CAL10580.1

CBA33757.1

AJKA49051 .1

ALY144659.1

CAL13549.1

CBG87473.1

AJQ96966.1

ALZ68204.1

CAL19626.1

CBGY1695.1

AKAB4438.1

ALZE9985 1

CAL78631.1

CBIT6815.1

AKB12437.1

ANK35386.1

CAL79901.1

CBI78256.1

AKB14359.1

ANMSE3745.1

CAMO0591 .1

CBI78275.1

AKB18263.1

ANMSB5435.1

CAMO3603.1

CBLO6633 1

AKB21587.1

ANP16911.1

CAO97896.1

CBSE5874.1

AKB25327.1

AOMA43847 1

CAQ81820.1

CB586483.1

AKB2Z8151.1 AQT33749.1 CAQ89917.1 CBS89897.1
AKB32085.1 APFO8471 1 CA(90401 .1 CBWI16782.1

AKB3730%.1

APF13004 1

CARO2067 1

CBWI9188.1
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CBY25820.1

CCJo9535 1

CDL10022.1

CDX54921 1

CBY25832.1

CCKOl6411

CDL20226.1

CDX58455.1

CBY28841.1

CCKO03853.1

CDL23839.1

CDY74095.1

CCA93756.1

CCK06057.1

CDL25819.1

CEF30930.1

CCL57896.1

CCKO08478.1

CDL25820.1

CEGS3321.1

CCC96226.1

CCK22783.1

CDL27267 .1

CEIS979.1

CC98554 .1

CCK45849.1

CDL27268.1

CEJ65390.1

CCDO2602.1

CCK48255.1

CDL27269.1

CEK26252.1

CCD40282.1

CCMT7346.1

CDL39170.1

CEK27948.1

CCD8S5S313.1

CCO07100.1

CDL50778.1

CEL27520.1

CCD87735.1

CCQ09200.1

CDL50819.1

CEL88226.1

CCDY96638.1

CCQ74399 1

CDL86182.1

CEP77894.1

CCE00128.1

CCT59416.1

CDLS0667.1

CFQ53013.1

CCE04953 1

CCU62281 1

CDM25489 1

CFQS53087.1

CCEO0S308.1

CCU62303.1

CDM39302.1

CFQ53093 1

CCE97420 1

CCV0S5533 1

CDMS9281 1

CFQ63135.1

CCE98566.1

CCV16052.1

CDBM60694 1

UNJ42662.1

CCF20520.1

CCW14223.1

CDNO8374.1

CNKO09967 .1

CCGO7833.1

CCWI18613.1

CDOS59353 1

CPR14076.1

CCG39584.1

CDFS7711.1

CDP53980.1

CPRZ6377.1

CCGRO6023.1

CDFR2218.1

CDQ16217.1

CPRZ6378.1

CCGO3567.1

CDF92784.1

CDR81373.1

CQH28513.1

CCI82390.1

CDF95827 .1

CDR83974 1

CQHS50344 1

CCl43149.1

CDG34413 1

CDR89923 1

CRG52628.1

CCI73160.1

ChG41242.1

CD549197.1

CRH30711.1

CCI73613.1

CDI09982.1

CDU34381.1

CRH35440.1

CCJ79388.1

CDK34380.1

CDU39543.1

CRH39733.1

CCI82552.1

CDK72259.1

CDU41134.1

CRI10245.1

CClsol6l 1

CDK72653.1

CDX11380.1

CRL11665.1

CCI8T942.1 CDK75666.1 CDX28277.1 CRLEB7218.1
CCI89361.1 CDK97758.1 CDX31971.1 CRO16551.1

CCJo1600.1

CDK98655.1

CDX32761.1

CRPE0377.1

CCJe7363.1

CDLOT277 1

CDX44074.1

CRY55295.1
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CRYS6151.1

CTQ48990.1

CUH97680.1

EEI73250.1

CRY73398.1

CTQ51582.1

CUI46350.1

EEN80026.1

CRZ77491 1

CT64509 1

CUI65295.1

EEQ01571.1

CS5A30444 1

CTQ70679.1

CUIe5194 1

EEO17726.1

CSB23271.1

CTQ77678.1

CUKO08178.1

EE(24327 .1

C5B44423 1

CTREIB41.1

EAA24580.1

EEVZ29151

CSB97832.

CTR87483.1

EDL69175.1

EEW41165.1

CSC29054.1

CTS506036.1

EDM60163 .1

BEEX49266.1

CSC32042.1

CTS529676.1

EDNSR782.1

EEY45602.1

CSC55030.1

CTS78438.1

ED(319432

EEY99726.1

CSC90483.1

CTT62185.1

ED(34501 .1

EFCO1687.1

C8Co1956.1

CTT6e2210.1

EDR33413.1

EFE9GI68.1

C8190225.1

CTT77363.1

EDS92093 1

EFE96169.1

C8194697.1

CTT33136.1

EDU62245.1

EFE97480.1

CSK70247 1

CTT84900.1

EDU64911.1

EF(G55431 .1

CSL03024.1

CT194762.1

EDU91579.1

EFM19932.1

CSLO7641.1

CTU09480.1

BEDU92556.1

EFMO60159.1
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{801106] A variety of microbes {e. g, bacteria) can be engineered to produce GABA (e.g, by
engineering one or more of the enzymes set forth in Table 2). For instance, any of the bacteria
set forth in Table 10 can be engineered to produce GABA. In other words, a bacteria having a
16S rDNA nucleotide sequence that is at feast 50% similar to that set forth in Table 10 below can
be engineered (e.g., with one of the enzymes in Tables 3-9) to produce GABA. The bacteria
may have a 168 rDNA sequence that is at least 60% similar, at least 70% similar, at least 80%
similar, at least 90% similar, at least 91% similar, at feast 92% similar, at least 93% similar, at
least 94% similar, at least 95% similar, at least 96% similar, at least 97% similar, at least 98%
similar, at least 99% similar, at least 99 5% similar, or 100% similar to the 168 rDNA nucleotide

sequence given in Table 10.

i80111] As set forth in Example 8 K coli was engineered {o overexpress glutamate
decarboxylase, which without wishing to be bound by theory, led to the expression of GABA by
the engineered 7. coli. As shown in Figure 6, the engineered E. colt was able to induce the
growth of /. gabavorous KLE1738. GABA can be produced by intestinal epithelial cells and by
some bacteria, such as Fscherichia coli and Listeria monocytogenes, by decarboxylation of
glutamate. In £, cofi, the decarboxylation of glutamate can serve as a mechanism to decrease
intracellular pH, and therefore in some embodiments GABA production generally occurs at a

fow pH.

{00112] As set forth in Example 8 Expression, e.g., overexpression of glutamate
decarboxylase in £ coli (e.g., gadA or gadB), resulted in induction of £ gabavorous KLE1738
growth to levels seen with B. fragifis KLE 1758, For instance, Figure 6A shows induction of /.
gabavorous KLET738 in the presence of £, coli engineered to express glutamate decarboxylase
gadA  Similarly, Figure 6B shows induction of £. gabavorous KLE1738 in the presence of F.
coli engineered to express ghutamate decarboxylase gadB. As shown 1o Figure 6C, the growth of
£, gabavorous KLE1738 was qualitatively similar to that seen in the presence of B. fragifis KLE
1758, In contrast, as shown in Figure 6D, when £, coli was engineered to express gadC, a
GABA antiporter, no growth of 7o gabavorous KLE1738 was observed. Similarly, no growth of
£ gabavorous KLE1738 was observed in the presence of empty vehicle (Figure 6E). Without

wishing to be bound by theory the results of Hxample 8 demonstrate that bacteria can be
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engineered to produce GABA (eg, via the expression or overexpression of glutamate
decarboxylase). In some embodiments, the bacteria (e g., £. cofiy can be engineered to produce

GABA inside the human gut.

i80113] In some embodiments, the present disclosure also provides compromising one or

more repressors of GABA production, {e.g., gadX or gadW)

In some embodiments, these
repressors can regulate the pH restrictions of GABA production in &. cofi, is a way to increase
native GABA production. This can be achieved, for instance, via gene deletions, insertions, or

substitutions, as known by those skilled in the art of molecular biclogy.

{80114] Altering the pH of growth media for KLE1738 did not change the GABA-
dependency phenotype. Without wishing to be bound by theory, this suggests that engineering
bacteria to overexpress glutamate decarboxylase is an effective way to produce GABA, as well

as induce the growth of £. gabavorous.

{80115] In addition to £. cofi, other bacteria can be engineered to produce GABA (e g, at a
physioclogically relevant pH, such as between 4.5 and 7.5). For instance, any of the bacteria set
forth in Table 10 can be engineered to produce GABA {e.g., at a physiologically relevant pH,
such as between 4.5 and 7.5). For example, the bacteria can be engineered to contain DNA that
codes for one or more enzymes set forth in Table 3-9. Set forth in Table 10 is also a sequence ID
number for the 168 nucleotide sequence of the listed bacteria. In some embodiments, the
bacteria that are engineered to produce GABA can have at least 90% 165 sequence
similarity to the 165 sequences given in Table 10 (e g, at least 91% similarity, at least 92%
similarity, at least 93% similarity, at least 94% similarity, at least 95% similarity, at least
96% similarity, at least 97% similarity, at least 98% similarity, at least 99% similarity, at

least 99.5% similarity, at least 99.9% similarity, or 100% similarity).
g0 oD B//

Table 10, Bacteria Capable of Being Engineered to Produce GABA

Species Seq. D Acetivibrio ethanolgignens 310
Ng. Acetobacter aceti 311
Abiotrophia defectiva 305 Acetobacier fabaram 312
Abiotrophia para-adiacens 306 Acetobacter lovaniensis 313
A . e » 5 ” -7 . >
Abiotrophia sp. 307 Acetobacter malorum 314
Acetanaerobacterium 308 Acetobacter orientalis 318
P ITET] R ~
elor i a.zm # : - Acetobacter pasteurianus 316
Acetivibrio cellulolyticus 309
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Acetobacter pomorum 317
Acetobacter syzygit 318
Acetobacter fropicalis 319
Acetobacteraceae bacterium 320
Acholeplasma laidlowii 321
Achromobacter denitrificans 322
Achromobacter piechaudii 323
Achromobacter xylosoxidans 324
Acidominococcus fermentans 325
Acidominococcus intestini 326
Acidaminococcus sp. 327
Acidilobus saccharovorans 328
Acidithiobacillus ferrivorans 329
Acidovorax sp. 330
Acidovorax sp. 331
Acinetobacter bauwmannii 332
Acinetobacter calcoaceticus 333
Acinetobacter genomasp. 334
Acinetobacter haemolyticus 335
Acinetobacter johnsonii 336
Acinetobacter junii 337
Acinetobacter twoffii 338
Acinetobacter parvas 339
Acinetobacter radioresistens 340
Acinetobacter schindleri 341
Acinetobacter sp. 342
Acinetobacter sp. 343
Acinetobacter sp. 344
Acinetobacter sp. 345
Acinetobacter sp. 346
Acinetobacter sp. 347
Acinetobacter sp. 348
Actinobacillus minor 349
Actinobacillus "

pleuropneumonice 350
Actinobacillus succinogenes 351
Actinobacillus succinogenes 352
Actinobacillus ureae 353
Actinobaculim massilice 354
Actinobaculum schaalii 355
Actinobaculum sp. 356
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Actinobaculum sp.

Actinomyces cardiffensis 358
Actinomyces ewropaeus 359
Actinomyces funkei 360
Actinomyces genomosp. 361
Actinomyces genomosp. 362
Actinomyces genomosp. 303
Actinomyces georgiae 304
Actinomyvces israelii 365
Actinomyces massiliensis 366
Actinomyces meyeri 367
Actinomyces naeshundii 368
Actinomyces nasicola 369
Actinomyces neuii 370
Actinomyces odontolyticus 371
Actinomyces oricola 372
Actinomyces orihominis 373
Actinomyces oris 374
Actinomyces sp. 375
Actinomyces sp. 376
Actinomyces sp. 377
Actinomyces sp. 378
Actinomyces sp. 379
Actinomyces sp. 380
Actinomyces sp. 381
Actinomyces sp. 382
Actinomyces sp. 383
Actinomyces sp. 384
Actinomyces sp. 385
Actinomyces sp. 386
Actinomyces sp. 387
Actinomyces sp. 388
Actinomyces sp. 389
Actinomyces sp. 390
Actinomyces sp. 391
Actinomyces sp. 392
Actinomyces sp. 393
Actinomyces sp. 394
Actinomyces sp. 395
Actinomyces sp. 396
Actinomyces sp. 397
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Actinomyces sp. 398
Actinamyces sp. 399
Actinomyces urogenitalis 400
Actinomyces viscosus 401
Adlercreutzia equolifaciens 402
Aerococcus sanguinicola 403
Aerococcus urinae 404
Aerococcus urinaeequi 405
Aerococcus viridons 406
Aeromicrobinm marinum 407
Aeromicrobium sp. 408
Aeromonas allosaccharophila 409
Aeromonas enteropelogenes 410
Aeromonas hydrophila 411
Aeromonas jondoei 412
Aeromonas salmonicida 413
Aeromonas {rola 414
Aeromonas verorili 415
Afipia genomosp. 416
Ageregatibacter 417
actinomycetemcomitons ]
Aggregatibucter aphwophilus 418
Ageregatibacter segnis 419
Agrobacterium radiobacter 420
Agrobacterium tumejaciens 421
Agrococcus jenensis 422
Akkermansia muciniphila 423
Alcaligenes faecalis 424
Alcaligenes sp. 425
Alcaligenes sp. 426
Alicyclobaciflus acidocaldorius | 427
Alicyclobacillus acidoterrestris | 428
Alicyclobacillus conmtaminans 429
Aflicvelobacillus 430
cycloheptanicus i

Alicyclobacilius herbarins 431
Aflicvelobacillus pomorum 432
Alicyclobacillus sp. 433
Alistipes finegoldii 434
Alistipes indistinctus 435
Alistipes onderdonidi 436

PCT/US2017/022091

Alistipes putredinis 437
Alistipes shahii 433
Alistipes sp. 439
Alistipes sp. 440
Alistipes sp. 441
Alkaliphilus metallivedigenes 447
Allaliphilus ovemilomdii 443
Alloscardovia omnicolens 444
Alloscardovia sp. 445
Anaerobaculum 446
vdrogeniformans
Anaerobiospirillum 447
succiniciproducens
Anaerobiospirillum thomasii 448
Anaerococcus hydrogenalis 449
Anaerococcus laciolviicus 450
Anaerococcus oclavius 451
Anaerococcus prevotii 452
Anaerococcus sp. 453
Anaerococcus sp. 454
Anaerococcus sp. 455
Anaerococcus sp. 456
Anaerococcus sp. 457
Anaerococcus sp. 458
Anaerococcus sp. 459
Anaerococcus sp. 460
Anaerococcus sp. 461
Anaerococeus tetradius 462
Anaerococcus vaginalis 463
Anaerofustis stercorihominis 464
Anaeroglobus geminatus 465
Anaerosporobacter mobilis 466
Anaerostipes caccae 467
Anaerostipes sp. 468
Anaerotruncus colihominis 469
Anaplasma marginale 470
Anaplasma phagocytophilum 471
Aneurinibacillus aneurinilyficus | 472
Aneurinibacillus danicus 473
Aneurinibacillus migulanus 474
Aneurinibacillus terranovensis | 475
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Aneurinibacillus

thermoaerophiius 476
Anoxybacillus contaminans 477
Anoxybacilius flavithermus 478
Arcanobacterium haemolyticum | 479
Arcanobacterium pyogenes 480
Arcobucter butzleri 481
Arcobacter cryvaerophilus 482
Arthrobacter agilis 483
Arthrobacter arilaitensis 484
Arthrobacter bergerei 485
Arthrobacter globiformis 486
Arthrobacter nicotianae 487
Atopobium minitum 488
Atopobium parvilum 489
Atopobium rimae 490
Atopobium sp. 491
Atopobium sp. 492
Atopobium sp. 493
Atopobium sp. 494
Atopobium vaginae 495
Awrantimonas coralicida 496
Aureimonas altamivensis 497
Auritibacter ignavus 498
Averyella dalhousiensis 499
Bacillus aeolius 500
Bacillus aerophilus 501
Bacillus aestuarii 502
Bacillus alcalophilus 503
Bacillus amyloliquefuciens 504
Bacillus atrophaeus 505
Bacillus badius 506
Bacillus cereus 507
Bacillus circulans 508
Bacillus clausii 509
Bacillus coagulony 510
Bacillus firmus 511
Bacillus flexus 512
Bacillus fordii 513
Bacillus gelatini 514
Bacillus halmapalus 515

118
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Bacillus halodurans 516
Bacillus herbersteinensis 517
Bacillus horii 518
Bacillus idriensis 519
Baciflus lentus 520
Bacillus licheniformis 521
Bacillus megaterinm 522
Bacillus nealsonii 523
Bacillus niabensis 524
Bacillus niacini 525
Bacillus pocheonensis 526
Bacillus pumilus 527
Bacillus safensis 528
Bacillus simple 529
Bacillus sonorensis 530
Bacillus sp. 531
Bacillus sp. 532
Bacillus sp. 533
Bacillus sp. 534
Bacillus sp. 535
Bacillus sp. 536
Bacillus sp. 537
Bacillus sp. 538
Bacillus sp. 539
Bacillus sp. 540
Bacillus sp. 541
Bacillus sp. 542
Bacillus sp. 543
Bacillus sp. 544
Bacillus sp. 545
Bacillus sp. 546
Bacillus sp. 547
Bacillus sp. 548
Bacillus sp. 549
Bacillus sp. 550
Bacillus sp. 551
Bacillus sp. 552
Bacillus sp. 553
Bacillus sp. 554
Bacillus sphaericus 555
Bacillus sporothermodurans 556
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Bacillus subtilis 557
Bacillus thermoamylovorans 558
Bacillus thuringiensis 559
Bacillus weihenstephanensis 560
Bacteroidales bacterium 561
Bacteroidales genomosp. 562
Bactervidales genomosp. 563
Bactervidales genomosp. 564
Bacteroidales genomosp. 565
Bacteroidales genomosp. 566
Bacteroidales genomosp. 567
Bacteroidales genomosp. 568
Bacteroidales genomosp. 569

Bacteroides acidifaciens

~3
o
(o

Bacteroides barnesice

5

571
Bacteroides caccae 572
Bacteroides cellulosibvticus 573
Bacteroides clarus 574
Bacteroides coagulans 575
Bacteroides coprocola 576
Bactervides coprophilus 577
Bacteroides dorei 578
Bacteroides eggerthii 579
Bacteroides faecis 580
Bacteroides finegoldii S81
Bacteroides fluxus 582
Bacteroides fragilis 583
Bacteroides galacturonicus 584
Bacteroides helcogenes 585
Bacteroides heparinolyticus 586
Bacteroides intestinalis 587
Bacteroides massifiensis 588
Bacteroides nordii 589
Bacteroides oleiciplenus 590
Bacteroides ovatus 591
Bacteroides pectinophilis 592
Bacteroides plebeis 593
Bacteroides pyogenes 594
Bacteroides salonitronis 595
Bacteroides salyersiae 596
Bacteroides sp. 597

1A

PCT/US2017/022091
Bacteroides sp. 5938
Buacteroides sp. 599
Buacteroides sp. 600
Bacteroides sp. 601
Bacteroides sp. 602
Bacteroides sp. 603
Bacteroides sp. 604
Bacteroides sp. 605
Bacteroides sp. 606
Bacteroides sp. 607
Bacteroides sp. 608
Bacteroides sp. 609
Bacteroides sp. 610
Bacteroides sp. 611
Bacteroides sp. 612
Buacteroides sp. 613
Bacteroides sp. 614
Bacteroides sp. 615
Bacteroides sp. 616
Bacteroides sp. 617
Bacteroides sp. 618
Bacteroides sp. 619
Bacteroides sp. 620
Bacteroides sp. 621
Bacteroides sp. 622
Bacteroides sp. 623
Bacteroides sp. 624
Bacteroides sp. 625
Buacteroides sp. 626
Buacteroides sp. 627
Bacteroides sp. 6238
Bacteroides sp. 629
Bacteroides sp. 630
Bacteroides sp. 631
Bacteroides stercoris 632
Bacreroides theiaiotaomicron 633
Bacteroides wuniformis 634
Bacteroides ureolvticus 635
Bacteroides vulgatus 636
Bacteroides xylanisolvens 637
Buacteroidetes bacterium 638
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Bacteroidetes bucterivm 639
Bacteroidetes bacterinm 640
Barnesiella intestinihominis 641
Barnesiella viscericola 642
Bartonella bacilliformis 643
Bartonella grahamii 644
Bartonella henselae 645
Bartonella quintana 646
Barionella tamice 647
Bartonella washoensis 648
Bdellovibrio sp. 649
Bifidobacteriaceae genomosp. 650
Bifidobacterium adolescentis 651
Bifidobacterium angulatum 652
Bifidobacterium animalis 653
Bifidobacterivum bifidum 6534
Bifidobacterium breve 635
Bifidobacterium catenulatum 656
Bifidobacterium gallicum 657
Bifidobacterium infuntis 658
Bifidobacterivwm ]
kashiwanohense 059
Bifidobacterium longum 660
Bifidobacterium 661
psendocaternlatium

Bifidobacterium pseudolongum | 662
Bifidobacterium scardovii 663
Bifidobacterium sp. 664
Bifidobacterium sp. 665
Bifidobacterium sp. 666
Bifidobacterium sp. 667
Bifidobacterium sp. 668
Bifidobacterium thermophilum | 669
Bifidobacterium urinalis 670
Bilophila wadsworthia 671
Bisgaard Taxon 672
Bisgaard Taxon 673
Bisgaard Taxon 674
Bisgaard Taxon 675
Blastomonas natatoria 676
Blautia coccoides 677

PCT/US2017/022091

Blautia glicerasea 678
Blautia ghicerasei 79
Blautia hansenii 680
Blautia hydrogenotrophica 681
Blautics luti 682
Blautic producta 683
Blautic schinkii 684
Blautic sp. 685
Blautia stercoris 686
Blautia wexlerae 687
Brachybacterium alimentarium | 688
Brachybacterium 630
conglomeratum o
Brachvbacterium 690
tyrofermentans }

Brachvspira aalborgi 691
Brachyspira pilosicoli 692
Brachyspira sp. 693
Brachyspira sp. 694
Brachyspira sp. 695
Brevibacillus agri 696
Brevibacillus brevis 697
Brevibacillus centrosporus 698
Brevibacillus choshinensis 699
Brevibacillus invocarus 700
Brevibacillus laterosporus 701
Brevibacillus parabrevis 702
Brevibacillus reuszeri 703
Brevibacillus sp. 704
Brevibacillus thermoruber 705
Brevibacterium aurantiocum 706
Brevibacterium casei 707
Brevibacterium epidermidis 708
Brevibacterium frigovifolerans | 709
Brevibacterium linens 710
Brevibacterium mcbrelineri 711
Brevibacterium paucivorans 712
Brevibacterium sanguinis 713
Brevibacterium sp. 714
Brevibacterium sp. 715
Brevundimonas subvibrioides 716
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Bryantella formatexigens 717
Buchnera aphidicola 718
Bulleidia extructa 719
Butyricicoccus pullicaecorum 720
Butyricimonas virosa 721
Butyrivibrio crossotus 722
Butyrivibrio fibrisolvens 723
Caldimonas manganoxidans 724

& 7 F e J v, d
Caminicella sporogenes

~J3
U

Candidatus arthromitus

Candidatus sulcia

-~

Capnocytophaga canimorsus

~J
20}~

Capnocytophaga genomosp.

~J
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~J3 &N

~J
O

Capnocytophaga gingivalis 730
Capnocytophaga gramidosa 731
Capnocviophaga ochracea 732

Capnocyiophaga sp.

e

Capnocyiophaga sp.
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e

Capnocytophaga sp.

Capnocytophaga sp.

[ R

Capnocytophaga sp.
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Capnocytophaga sp.

Capnocytophaga sp. 9
Capnocytophaga sputigena 740
Cardiohacterium hominis 741
Cardiobacterium valvarum 742
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Mycoplasma fermentans 1501
Mycoplasma flocculare 1502
Mycoplasma genitalium 1503
Mycoplasma hominis 1504
Mycoplasma orale 1505
Mycoplasma ovipneumoniae 1506
Mycoplasma penetrans 1507
Mycoplasma prewmonicae 1508
Mycoplasma putrefaciens 1509
Mycoplasma salivarium 1510
Mycoplasmataceae genomosp. 1511
Myroides odoratimimus 1512
Myroides sp. 1513
Neisseria bacilliformis 1514
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Neisseria cinerea 1515
Neisseria elongata 1516
Neisseria flavescens 1517
Neisseria genomosp. 1518
Neisseria lactamica 1519
Neisseria macacae 1520
Neisseria mucosa 1521
Neisseria pharyngis 1522
Neisseria polysaccharea 152
Neisseria sicca 152
Neisseria sp. 1525
Neisseria sp. 1526
Neisseria sp. 1527
Neisseria sp. 1528
Neisseria sp. 1525
Neisseria sp. 1530
Neisseria sp. 1531
Neisseria subflava 1532
Neorickettsia risticii 1533
Neoricketisia senmetsi 1534
Nocardia brasiliensis 1535
Nocardia cyriacigeorgicu 1536
Nocardia farcinica 1537
Nocardia puris 1538
Nocardia sp. 1539
Nocardiopsis dassonvillei 1540
Novosphingobium 1541
aromaticivorans L
Uceanobacillus coeni 1542
Oceanobacillus sp. 1543
Ochrobactrum anthropi 1544
Ochrobactrum infermedium 1545
Cichirobactrum .
pseudintermedium 1346
Cdoribacter laneus 1547
Cdoribacter splanchnicus 1548
Okaduella gastrococcus 1549
Ofigella ureolytica 1550
Ofigella urethralis 1551
Olsenella genomosp. 1552
Olsenella profusa 1553
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Olsenella sp. 1554
Olsenella sp. 1555
Olsenella uli 1556
Opitutus terrae 1557
Oribacterium sinus 1558
Oribacterium sp. 1559
Oribacterium sp. 1560
Oribacterium sp. 1561
Oribacteriim sp. 1562
Oribacteriim sp. 1563
Oribacterivm sp. 1564
Oribacterium sp. 1565
Oribacterium sp. 1566

Ornithinibacillus bavariensis 1567
Ornithinibacillus sp. 1568
Oscillibacter sp. 1569
Oscillibacter valericigenes 1570
Oscillospira guilliermondii 1571
Oxalobacter formigenes 1572
Paenibacillus barcinonensis 1573
Paenibacillus barengolizii 1574
Paenibacillus chibensis 1575
Paenibacillus cookii 1576
Paenibacillus durus 1577
Paenibacillus glucanolyticus 1578
Paenibacillus lactis 1579
Paenibacillus lautus 1580
Poenibaciiius pabuli 1581
FPaenibacillus polymyxa 1582
FPuaenibacillus popilliae 1583
Paenibaciilus sp. 1584
Paenibaciilus sp. 1585
Paenibaciilus sp. 1586
Paenibaciilus sp. 1587
Paenibaciilus sp. 1588
Paenibacillus sp. 1589
Paenibacillus sp. 1590
Paenibacillus timonensis 1591
Pantoea agglomerans 1592
Panitoea ananalis 1593
Pantoea brenneri 1594




WO 2017/160711

FPantoea citrea 1595
Fantoea conspicua 1596
Fantoea seplica 1597
Papillibacter cinmamivorans 1598
Parabacteroides distasonis 1599
Parabacteroides goldsteinii 1600
Parabactervides gordonii 1601
Parabactervides jolmsonii 1602
Parabacteroides merdae 1603
Parabacteroides sp. 1604
Parabacteroides sp. 1605
Parachiomyvdia sp. 1606
Paracoccus denitrificans 1607
FParacoccus marcusii 1608
Paraprevotelia clara 1609
Paraprevotella xylaniphila 1610
Parascardovia denficolens 1611
FParasufterella :

excrementihominis to12
Parasutterella secunda 1613
Parvimonas micra 1614
Parvimonas sp. 1615
Pasteurella bettyae 1616
Pasteurella dagmatis 1617
Pasteurella multocida 1618
Pediococcus acidilactici 1619
Pediococcus pentosacens 1620
Peptococcus niger 1621
Peptococcus sp. 1622
Peptococcus sp. 1623
Peptoniphilus asaccharolyticus | 1624
Peptoniphilus duerderii 1625
Peptoniphilus harei 1626
Peptoniphilus indolicus 1627
Peptoniphilus ivorii 1628
Peptoniphilus lacrimalis 1629
Feptoniphilus sp. 1630
Peptoniphilus sp. 1631
Peptoniphilus sp. 1632
Peptoniphilus sp. 1633
Peptoniphilus sp. 1634
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Peptoniphilus sp. 1635
Pepitoniphilus sp. 1636

Peptostrepiococcaceae

bacterium 1637
Peptostreptococcus anaerobius | 1638
Peptosirepiococcus micros 1639
Peptostreptococcus sp. 1640
Peptostreptococcus sp. 1641
Peplostreptococcus sp. 1642
Peplostreptococcus sp. 1643
Peptostreptococcus stomatis 1644
Phascolarctobacterium faecium | 1645
Phascolarctobacterinm sp. 1646
P:’ms.coz’arctobm:zermm 1647
succinatutens

Phenylobacterium zucineum 1648
Photorhabdus asymbiotica 1649
Pigmentiphaga daeguensis 1650
Planomicrobium koreense 1651
Plesiomonas shigelloides 1652
Porphyromonadaceae 1653
bacterium o
{)f)rgiz}/ifgnz(;{?ais 1654
asaccharolytica

Porphvromonas endodontalis 1655
Porphvromonas gingivalis 1656
Porphvromonas levii 1657
Porphyromonas macacae 1658
Porphyromonas somerae 1659
Porphyromonas sp. 1660
Porphyromonas sp. 1661
Porphyromonas sp. 1662
Porphyromonas sp. 1663
Porphyromonas sp. 1604
Porphyromonas uenonis 1665
Prevotella albensis 1666
Prevotella amii 1667
Prevotella bergensis 1668
Prevotella bivia 1669
Prevotella brevis 1670
Prevotella buccae 1671
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Prevotella buccalis 1672
FPrevotello copri 1673
FPrevotello corporis 1674
Prevotella dentalis 1675
Prevotella denticola 1676
Prevotella disiens 1677
Prevotella genomosp. 1678
Prevotella genomosp. 1679
Prevotella genomosp. 1680
Prevotella genomosp. 1681
Prevotella genomosp. 1682
Prevotella heparinolviica 1683
Prevotella histicola 1684
Prevotella intermedia 1685
Prevotella loescheii 1686
FPrevotella maculosa 1687
Prevotella marshii 1688
Prevotella melaninogenica 1689
Prevotella micans 1690
Prevotella multiformis 1691
Prevotella muliisaccharivora 1692
Prevotella nanceiensis 1693
Prevotella wigrescens 1694
Prevorella oralis 1695
Prevotella oris 1696
Prevotella oulorum 1697
Prevotelia pallens 1698
Prevotella ruminicola 1699
FPrevotella salivae 1700
Frevotella sp. 1701
Prevotella sp. 1702
Prevotella sp. 1703
Prevotella sp. 1704
Prevotella sp. 1705
Prevotella sp. 1706
Prevotella sp. 1707
Prevotella sp. 1708
Prevotella sp. 1709
Prevotella sp. 1710
Prevotella sp. 1711
Prevotella sp. 1712

i

PCT/US2017/022091

Prevotells sp. 1713
Prevotello sp. 1714
Prevotello sp. 1715
Prevotella sp. 1716
Prevorella sp. 1717
Prevorella sp. 1718
Prevotella sp. 1719
Prevotella sp. 1720
Prevotella sp. 1721
Prevotella sp. 1722
Prevotella sp. 1723
Prevotella sp. 1724
Prevotellu sp. 1725
Prevotells sp. 1726
Prevotells sp. 1727
Prevotello sp. 1728
Prevotella sp. 1729
Prevotella sp. 1730
Prevorella sp. 1731
Prevorella sp. 1732
Prevotella sp. 1733
Prevotella sp. 1734
Prevotella sp. 1735
Prevotella sp. 1736
Prevotella sp. 1737
Prevotellu sp. 1738
Prevotellu sp. 1739
Prevotells sp. 1740
Prevotello sp. 1741
Prevotello sp. 1742
Prevotella sp. 1743
Prevotella sp. 1744
Prevorella sp. 1745
Prevorella sp. 1746
Prevotella stercorea 1747
Prevotella tannerae 1748
Prevotella timonensis 1749
Prevotella veroralis 1750
Prevotellaceae bacterium 1751
Prochlorococcus marinus 1752
Propionibacteriaceae bacterium | 1753
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Propionibacterium

acidipropionici 1754
Propionibacterium acnes 1755
Propionibacterium avidum 1756
Propionibacterium 1757
Sfreudenreichii T

Propionibacterium granulosum | 1758
Propionibacterium jensenii 1759
Propionibacterium propionicum | 1760
Propionibacterium sp. 1761
Propionibacterium sp. 1762
Propionibacterium sp. 1763
Propionibacterium sp. 1764
Propionibacterium sp. 1765

Propionibacterium thoenii
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Froteus mirabilis
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Froteus pennieri 763
FProteus sp. 1769
Proteus vulgaris 1770
Providencia alcalifaciens 1771
Providencia retigeri 1772
Providencia rustigionii 1773
Providencia stuartii 1774
Pseudoclavibacter sp. 1775
Pseudoflavonifractor capillosus | 1776
Pseudomonas aeruginosa 1777
Pseudomonas fluorescens 1778
Pseudomonas gessardii 1779
FPseudomonuas mendocing 1780
Pseudomonas monieilii 1781
Pseudomonas poae 1782
FPseudomonas 1783

pseudoaicaligenes

Pseudomonas putida
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Pseudomonas sp.
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Pseudomonas sp.

Fsewdomonas sp.
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Pseudomonas stutzeri 783
Pseudomonas toloasii 1789
Pseudomonas viridiflova 1790
Pseudoramibacter alactolyticus | 1791
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Psychrobacter arcticus 1792
Psychrobacter cibariuy 1793
Psychrobacter crvohalolentis 1794
Psvehrobacter faecalis 1795
Psychrobacter nivimaris 1796
Psychrobacter pulmonis 1797
Psychrobacter sp. 1798
Pyramidobacter piscolens 1799
Ralstonia pickettii 1800
Ralstonia sp. 1801
Raoultella ornithinolytica 1802
Raoultella planticola 1803
Raoultella terrigena 1804
Rhodobacter sp. 1805
Rhodobacier sphaeroides 1806
Rhodococcus B
corviebacterioides 1807
Rhodococcus equi 1808
Rhodococcus erythropolis 1809
Rhodococcus fascians 1810
Rhodopseudomonas palustris 1811
Robinsoniella peoriensis 1812
Raoseburia cecicola 1813
Roseburia faecalis 1814
Roseburia faecis 1815
Roseburia hominis 1816
Roseburia intestinalis 1817
Roseburia inulinivorans 1818
Roseburia sp. 1819
Roseburia sp. 1820
Roseiflexus castenholzii 1821
Roseomonas cervicalis 1822
Roseomonas mucosa 1823
Roseomonas sp. 1824
Roseomonas sp. 1825
Roseomonas sp. 1826
Roseomonas sp. 1827
Rothia aeria 1823
Rothia dentocariosa 1829
Rothia mucilaginosa 1830
Rothia nasimurium 1831
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Kothia sp. 1832
Ruminobacter amylophilus 1833
Ruminococcaceae bacterium 1834
Ruminococcus albus 1835
Ruminococcus bromii 1836
Ruminococcus callidus 1837
Ruminococcus champanellensis | 1838
Ruminococcus flavefaciens 1839
Ruminococcus gnavus 1840
Ruminococcus hansenii 1841
Ruminococcus lactaris 1842
Ruminococcus obeum 1843
Ruminococcus sp. 1844
Ruminococcus sp. 1845
Ruminococcus sp. 1846
Ruminococcus sp. 1847
Ruminococcus sp. 18438
Ruminococcus forgues 1849
Saccharomonospora viridis 1850
Sarcina ventriculi 1851
Scardovia inopinata 1852
Scardovia wiggsiae 1853
Segniliparus rotundus 1854
Segniliparus rugosus 1855
Selenomonas artemidis 1856
Selenomonas dianae 1857
Selenomonas flueggei 1858
Selenomonas genomosp. 1859
Selenomonas genomaosp. 1860
Selenomonas genomaosp. 1861
Selenomonas genomosp. 1862
Selenomonas genomosp. 1863
Selenomonas genomosp. 1864
Selenomonas infeli 1865
Selenomonas noxia 1866
Selenomonas ruminantinm 1867
Selenomonas sp. 1868
Selenomonas sp. 1869
Selenomonas sp. 1870
Selenomonas sp. 1871
Selenomonas sp. 1872
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Selenomonas sp. 1873
Selenomonas sp. 1874
Selenomonas sp. 1875
Selenomonas sp. 1876
Selenomonas sp. 1877
Selenomonas sp. 1878
Selenomonas sp. 1879
Selenomonas sp. 1880
Selenomonas sputigena 1881
Serratia fonticola 1882
Serratia liquefaciens 1883
Serratia marcescens 1884
Serratia odorifera 1885
Serratia proteamaculans 1836
Shewanella putrefaciens 1887
Shuttleworthia satelles 18338
Shuttieworthia sp. 1889
Shuttieworthia sp. 1890
Simonsiella muelleri 1891
Slackia equolifaciens 1892
Slackia exigua 1893
Slackia faecicanis 1894
Slackia heliotrinireducens 1895
Stackia isoflavoniconvertens 1896
Stackia piriformis 1897
Slackia sp. 1898
Solobacterium moorei 1899
Sphingobacterium jaecium 1900
Sphingobacterium mizuiail 1901
Sphingobacterium mwltivorum 1902
Sphingobacterium spiritivorum | 1903
Sphingomeonas echinoides 1904
Sphingomonas sp. 1905
Sphingomonas sp. 1906
Sphingomonas sp. 1907
Sphingomonas sp. 1908
Sphingonyxis alaskensis 1909
Spiraplasma insolitum 1910
Sporobacter termitidis 1911
Sporolactobacillus inulinus 1912
Sporolactobacillus nakayamae | 1913




WO 2017/160711

Sporosarcing newyorkensis 1914
Sparosarcing sp. 1915
Staphylococcaceae bacterivm 1916
Staphylococcus aureus 1917
Staphylococcus awricularis 1918
Staphylococcus capitis 1919
Staphviococcus caprae 1920
Staphviococcus carnosius 1921
Staphviccoccus cohnii 1922
Staphviccoccus condimenti 1923
Staphylococcus epidermidis 1924
Staphylococcus equorum 1925
Staphylococcus fleurettii 1926
Staphylococcus haemolyticus 1927
Staphylococceus hominis 1928
Staphylococcus lugdunensis 1929
Staphylococcus pasteuri 1930
Staphylococcus 1031
pseudintermedius B

Staphylococcus saccharolyticus | 1932
Staphylococcus saprophyticus 1933
Staphylococcus sciuri 1934
Staphylococcus sp. 1935
Staphylococcus sp. 1936
Staphylococcus sp. 1937
Staphylococcus succinus 1938
Staphylococcus vitulinus 1939
Staphviococcus warneri 1940
Staphviococcus xylosus 1941
Stenctrophomonas maltophilia | 1942
Stenotrophomonas sp. 1943
Streptobacillus moniliformis 1944
Streptococcus agalactioe 1945
Streptococcus alactolyticus 1946
Strepiococcus anginosus 1947
Streptococeus australis 1948
Streptococceus boviy 1949
Streptococeus canis 1930
Streptococcus constellatus 1951
Streptococcus cristatus 1952
Streptococcus downei 1953
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Streptococcus dysgalactiae 1954
Streptococcus equi 1955
Streptococcus equinus 1956
Streptococcus gallolvticus 1957
Streptococcus genomosp. 1958
Streptococcus genomosp. 19359
Streptococcus genomosp. 1960
Streptococcus genomosp. 1961
Streptococcus genomosp. 1962
Streptococcus genomosp. 1963
Streptococcus genomaosp. 1964
Streptococcus genomosp. 1965
Streptococcus gordonii 1966
Streptococcus infomtarins 1967
Streptococcus infomntis 1968
Streptococcus intermedius 1969
Streptococcus lifetiensis 1970
Streptococcus massiliensis 1971
Streptococcus milleri 1972
Streptococcus mitis 1973
Streptococcus mirtans 1974
Streptococcus oligofermentans | 1975
Streptococcus oralis 1976
Streptococcus parasanguinis 1977
Streptococcus pasteurianus 1978
Streptococcus peroris 1979
Streptococcus pneumoniae 1980
Streptococcus porcinus 1981
Streptococcus 1082
pseudopnenmoniae i

Streptococcus pseudoporcinus 1983
Streptococcus raiti 1984
Streptococcus salivarius 1985
Streptococcus sanguinis 1986
Streptococcus Sinensis 1987
Streptococcus sp. 1988
Streptococcus sp. 1989
Streptococcus sp. 1990
Streptococcus sp. 1991
Streptococcus sp. 1992
Streptococcus sp. 1993
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Strepiococcus sp. 1994
Streptococcus sp. 1995
Streptococcus sp. 1996
Streptococeus sp. 1997
Streptococcus sp. 1998
Streptococcus sp. 1999
Streptococcis sp. 2000
Streptococcius sp. 2001
Streptococcis sp. 2002
Streptococcis sp. 2003
Streptococcus sp. 2004
Streptococcus sp. 2005
Streptococcus sp. 2006
Strepiococcus sp. 2007
Strepiococcus sp. 2008
Streptococcus sp. 2009
Streptococeus sp. 2010
Streptococeus sp. 2011
Streptococcus sp. 2012
Streptococcus sp. 2013
Streptococcius sp. 2014
Streptococcius sp. 2015
Streptococcis sp. 2016
Streptococcus sp. 2017
Streptococcus sp. 2018
Streptococcus sp. 2019
Streptococcus sp. 2020
Strepiococcus sp. 2021
Streptococcus sp. 2022
Streptococcus sp. 2023
Streptococeus sp. 2024
Streptococeus sp. 2023
Streptococcus sp. 2026
Streptococcus sp. 2027
Streptococcius sp. 2028
Streptococcis sp. 202¢

Streptococcis sp. 2030
Streptococcus sp. 2031
Streptococcus sp. 2032
Streptococcus sp. 20373
Strepiococcus sp. 2034

i4

PCT/US2017/022091
Streptococcus sp. 2035
Streptococcus sp. 2036
Streptococcus sp. 2037
Streptococcus sp. 2038
Streptococcus sp. 2039
Streptococcus sp. 2040
Streptococcus suis 2041

Streptococcus thermophilus 2042
Streptococcus uberis 2043
Streptococcus urinalis 2044
Streptococcus vestibularis 2045
Streptococcus viridans 2046
Streptonryces albus 2047
Streptomyces griseus 2048
Streptomyces sp. 2049
Streptomyces sp. 2050
Streptomyces sp. 2051
Streptomyces sp. 2052
Streptomyces sp. 2053
Streptomyces thermoviolaceus | 2054
Subdoligranulum variabile 2055

Succinatimonas hippei

<
IS K

Sutierello morbirvenis

DYDY (DD
D
L fJS W

Sutterella parvirubra 058
Sutterella sanguinus 2059
Sutterella sp. 2060
Sutterella stercoricanis 2061
Sutterella wadsworthensis 2062
Synergistes genomosp. 2063
Synergistes sp. 2064
Svnergistetes bacterium 2065
Svnergistetes bacterium 2066
Svnergistetes bacterium 2067
Svnergistetes bacterium 2068
Synergistetes bacterium 2069
Syntrophococcus sucromutans 2070
Svirophomonadacece 071
L2EROMOSP.

Tannerella forsythia 2072
Tannerella sp. 2073
Tatlockia micdadei 2074
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Tatumella ptyseos 2075
Tessaracoccus sp. 2076
Tetragenococcus halophilus 2077
Tetragenococcus koreeinsis 2078
Thermoanaerobacter 2079
pseudethanolicus B

Thermobifida fusca 2080
Thermofilum pendens 2081
Thermus aquaticus 2082
Tissierella praeacuta 2083
Trabulsiella guamensis 2084
Treponema genomosp. 2085
Treponema genomosp. 2080
{reponema genomasp. 2087
{reponema genomasp. 2088
Treponema phagedenis 2089
Treponema sp. 2090
Treponema sp. 2091
Treponema sp. 2092
Treponema sp. 2093
{reponema sp. 2094
{reponema sp. 2095
Treponema sp. 2096
Treponema sp. 2097
Treponema sp. 2098
Treponema sp. 2099
Treponema sp. 2100
{reponema sp. 2101
{reponema sp. 2102
Treponema sp. 2103
Treponema sp. 2104
Treponema sp. 2105
Treponema sp. 2106
Treponema sp. 2107
{reponema sp. 2108
Treponema sp. 2109
Treponema sp. 2110
Treponema sp. 2111
Trophervima whipplei 2112
Trueperella pyogenes 2113
Tsukamurella paurometabola 2114
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Tsukamurella tyrosinosolvens 2118
Turicibacter sanguinis 2116
Ureaplasma parviom 2117

Jreaplasma urealyticum 2118

Jreibacillus composti 2119
Ureibacillus suwonensis 2120
Ureibacillus terrenus 2121

Jreibacillus thermophilus 2122
Ureibacillus thermosphaericus | 2123
Vagococcus fluvialis 2124
Veillonella atypica 2125
Veillonella dispar 2126
Veillonella genomosp. 2127
Veillonella montpellierensis 2128
Veillonella parvula 2128
Veillonella sp. 2130
Veillomella sp. 2131
Veillomella sp. 2132
Veillonella sp. 2133
Veillonella sp. 2134
Veillonellu sp. 2135
Veillonellu sp. 2136
Veillonella sp. 2137
Veillonella sp. 2138
Veillonella sp. 2139
Veillonella sp. 2140
Veillonella sp. 2141
Veillonella sp. 2142
Veillonella sp. 2143
Veillonella sp. 2144
Veillomellaceae bacterium 2145
Veillomellaceae bacterium 2146
Victivallaceae bacterium 2147
Victivallis vadensis 2148
Virgibacillus proomii 2149
Weissella beninensis 2150
Weissella cibaria 2151
Weissella confusa 2152
Weissella hellenica 2153
Weissella kandleri 2154
Weissella koreensis 2155
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Weissella paramesenteroides 2156
Weissella sp. 2157
Wolinello succinogenes 2158
Kanthomonadaceae bacterium | 2159
KXanthomonas campestris 2160
KXanthomonas sp. 2161
Xenophifus aerolatus 2162
Yokenella regensburgei 2163
Zimmermannella bifida 2164
Zymomonas mobilis 2165
Alistipes shahii 2166
Bacteroides caccae 2167
Bacteroides eggerthii 2168
Bacteroides sp. 2169
Bacteroides sp. 2170
Bacteroides sp. 2171
Bacteroides uniformis 2172
Bacteroides vulgarus 2173
Bacteroides vulgatus 2174
Bifidobacterium adolescentis 2175
Bifidobacterivwm 176
pseudocatenlatum ]

Blautia producta 2177
Blautia producita 2178
Blautia schinkii 2179
Clostridium bolteae 2180
Clostridivm butvricum 2181
Clostridivm disporicum 2182
Clostridivm hathewayi 2183
Clostridium hylemornue 2184
Clostridium innocuum 2185
Clostridium innocuum 2186
Clostridium mayombei 2187
Clostridium nexile 2188
Clostridium orbiscindens 2189
Clostridium symbiosum 2190
Clostridivm tertium 2191
Caollinsella aerofaciens 2192
Coprobacillus sp. 2193
Coprococcus catus 2194
Coprococcus comes 2195
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Dorew formicigenerans 2196
Dorea longicatena 2197
Enterococcus faecalis 2198
Ervsipelotrichaceae bacterium | 2199
Escherichia coli 2200
Escherichia coli 2201
Fubacterium eligens 2202
Fubacterium reciale 2203
Ewbacterium reciale 2204
Faecalibacterium prausmitzii 2205
Faecalibacterium prausniizii 2206
Lachnospiraceae bacterium 2207
Odoribacter splanchnicus 2208
COdoribacter splanchnicus 2209
Parabacteroides merdae 2216
Roseburia intestinalis 2211
Ruminococcus bromii 22172
Ruminococcus gnavus 2213
Ruminococcus obeum 2214
Ruminococcus torgues 2215
Streptococcus thermophilus 2216
Escherichia coli 2217
Streptococcus thermophilus 2218
Escherichia coli 2219
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Therapeatic Compositions

[68116] Any of the GABA-producing bacteria described herein (8. g., natural bacteria
or engineered bacteria}, or any combination thereof (including combinations of natural
and engineered bacteria) can be incorporated into a therapeutic composition. For
instance, the therapsutic compositions can be administered to a patient in need thereof

1o treat or alleviate the symptom of a mental illness or central nervous system disease.

Purification of Strains

[06117] In some embodiments, bacteria are purified prior to incorporation into a
therapeutic composition. For instance, bacteria can be purified so that the population of
hacteria s substantially free of other bacteria (e g, contains at least 90%, af least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, or at
feast 98%, ai least 99% of the specific bacterial strain or strains desired in the

composition}.

[00118] In some embodiments, the therapeutic composition is a probiofic or a
medical food comprising at least one GABA-producing bacterial strain. The strain can
be administered, for instance, as a probiotic, as capsules, tablets, caplets, pills, troches,
lozenges, powders, and/or granules. The strain can also be formulated as a medical
food. The GABA-producing bacteria can also be administered as a fecal transplant or

suppository.

[80119] In some embodiments, the dose of the therapeutic can contain 1x30% 1210
Fd0f 12307, D00, 100, IxE0Y, Dxi0 or greater than 110 colony formuing uniis
{CFULg) of the desired bacterial species. For instance, the desired bacterial species can be
GABA-producing bacteria, bacteria that are capable of inhibiting the growth of GABA-

consuning bactena, or g corabination thereof.

[00120] In some embodiments, the therapeutic composition or dose unit comprises a
pharmaceutically acceptable formulation, including an enteric coating or similar to survive
the acidity of the stomach and enabled delivery into the small or large intestines, prebiotics
{such as, but not hmited to, amino acids (including arginine, glutamate, and ormithine),
biotin, {ructooligosaccharide, galactooligosaccharides, hemicelluloses (e.g., arabinoxvlan,

xylan, xvloglucan, and glucomannan), inulin, chitin, lactulose, mannan oligosaccharides,
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oligofructose-enriched inulin, gums (e.g., guar gum, gum arabic and carregenaan),

oligofructose, cligodextrose, tagatose, resistant maltodextring {e.g., resistant starch), trans-
galactooligosaccharide, pecting (e.g., xviogalactouronan, citrus pectin, apple pectin, and
rhamnogalacturonan-i), dietary fibers (e.g., soy fiber, sugarbeet fiber, pea fiber, comn bran,
and oat fiber) and xylooligosaccharides, polvamines (such as but not limited to spermidine
and putrescine), an effective amount of an anti-bacterial agent, anti-Rungal agent, anti-viral
agent, or anti-parasitic ageni, or any combinations of the above. For instance, the
therapeutic composition can also be in the form of a yogurt containing one or more purified
strains of GABA-producing baciena

Disease Indications

[00121] In one or more embodiments of any of the above-aspects, the mental illness or
disease of the central nervous system that can be treated by admuinistration of a therapeutic
composition described heremn 15 selected from depression, bipolar disorder,
schizophreria, anxiety, anxiety disorders, addiction, social phobia, major depressive
disorder, treatment-resistant major depressive disorder (TR-MDD), major depressive
disorder and its subtypes (melancholic depression, atypical depression, catatonic
depression, postpartum depression, and seasonal affective disorder), Neurodegenerative
amyloid disorders (Parkinson’s, Alzheimer’s, and Huntington’s diseases) orthostatic
tremor, Latora disease, restless leg syndrome, neuropathic pain, pain disorders, dementia,
epilepsy, stiff-person syndrome, premenstrual dysphoric disorder, autism spectrum

disorder, sleep disorders, and attention deficit hyperactivity disorder (ADHD).

[66122] In some embodiments, the method further comprises decreasing at least one
symptom of a mental disorder or disease of the central nervous system in the subject
selected from the group consisting of fatigue, nsomnia, motor dvsfunction, siress,
persistent anxiety, persistent sadness, social withdrawal, substance withdrawal, uritability,
thoughts of suicide, thoughts of self-harm, restlessness, low sex drive, lack of focus, loss of
appetite, seizures, memory loss, anger, bowuts of emotional reactivity, confusion, pain, and

muscle spasms.

Methods of Treatment
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[686123] The therapeutic compositions described herein can be administered to a patient
in need thereof, for instance for the treatment of a mental iliness or disease of the central
nervous svstem. In some embodiments, the method of treatment can comprise first
diagnosing a patient who can benefit from treatment by a therapeutic composition described
herein. In some embodiments, the method further comprises administering o the patient a

therapeutic composition described herein.

Patient Diaenosis

[60124] In some embodiments, the process of identifving a subject with a mental illness
or disease of the ceniral nervous svstem can be carried out by a trained psvchologist,
psychiatrist, or neurologist.  For mstance, a psychiainist, psychologist, or neurologist can
diagnose a subject with a mental illness or disease of the central nervous system evaluating
the subject’s behavior for symptoms of the mental illness or disease of the central nervous
svstem. One of skill in the art will understand that mental illness can also be identified in a
subject with the aid of the Diagnostic and Statistical Moanual of Menial Disorders {DSM-5),

{ American Psychiatric Association).

[00125] In one or more embodiments, the process of identifving a subject with a mental
iliness or disease of the ceniral nervous svstem can comprise diagnosing the subject with a
mental 1llness or disease of the central nervous system.  In some embodiments, the mental
iliness or disease of the central nervous system is identified or diagnosed using fMRIL In
some embodiments, mental illness or disease of the central nervous system can be identified
with standard psychological and newrological surveys, or in other methods known to experts

in the fisld.

[00126] In some embodiments, a subject in need of treatment with a therapeutic
composition described herein can be identified by identifving low levels of GABA in the
subject’s blood, serum, stool, or other bodily fluid. In some embodiments, the amount of
GARBA in the subject’s stool (e.g, the imtial amount of GABA in the subject’s stool) 1s
below about 8 ug GABA per gram of stool The amount of GABA can be measured
using the wet or dry weight of stool by LC/MS or another technique known in the art.
In some embodiments, the amount of GABA 1o the subject’s blood or serum (e.g., the imitial

amount of GABA in the subject’s blood or serum} is below about 10 pg/L +/- 5 ng/L
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GABA per gram of blood or serum (eg., as measured by LC/MS).  In some
embodiments, the amount of GABA 1n the prefrontal cortex, or other areas of the brain,
is below about 1.0 mM/kg, as measured by proton magnetic resonance (PMR), or

another similar technique.

[006127] In some embodiments, the percentage of GABA-producing bacteria in the
subject’s gut (e.g., the inttial amount) represents about 10% of total 168 sequences as
measured by sequencing using such methods as 1685 rDNA gene Hlumina sequencing or
quantitative PCR. In some embodiments, the percentage of GARBA-producing bacteria
in the subject’s gut represents about 9%, about 8%, about 7%, about 6%, about 5%,
about 4%, about 3%, about 2%, about 1%, or less than about 1% of the total 165

sequences measured 1o the subject’s gut.

[060128] Determination of the mitial amount of GABA in a subiect’s blood, serum,
regions of the brain, or stool can help identify subjects that can benefit from treatment by
admuanistration of GABA-producing bacteria.  In some embodiments, a subject with an
mitial amount of GABA in the serum o1 blood below 10 ug/l. GABA can benefit trom
administration of GABA-producing bacteria. In some embodiments, a subject with an
initial amount of GABA in the serum or blood below 100 pg, below 50 ug, below 25 ug,
helow 20 ug, below 15 pg, below 10 pg, below 9 pg, below 8 pg, below 7 pg, below 6
ug, helow 5 ug, below 4 ug, below 3 ug, below 2 ug, below 1 pug, below 0.5 ug, below
0.1 pg, below 0.01 ug, below 10 ng, or below 1 ng, or below 0.1 ng per L of blood or

serum can benefit from admimstration of a GAB A-producing bacteria.

[00129)  In some embodiments, a subject with an initial amount of GABA 10 the brain,
in regions such as the prefrontal cortex (or other areas of the brain), of about 1.0 mM/kg
can benefit from treatment by administration of GABA-producing bacteria. In some
embodiments, a subject with an initial amount of GABA i the brain, in such regions as
the prefrontal cortex (or other areas of the brain), of below 100 mM, below 50 mM,
below 25 mM, below 20 mM, below 15 mM, below 10 mM, below 9 mM, below 8 mM,
below 7 mM, below 6 mM, below 5 mM, below 4 mM, below 3 mM, below 2 mM,
below I mM, below 0.5 mM, below G.1 mM, or below 0.01 mM, or below 0.001 mM

GABA can benefit from treatment by administration of GABA-producing bacteria.
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[68138]  In some embodimenis, a subject with an initial amount of GABA in stool below
8 ug GABA per gram of stool (wet or dry weight) can benefit from administration of
GABA-producing bacteria. In some embodiments, a subject with an initial aroount of
GABA in the stool below 100 pg, below S0 pg, below 25 ug, below 20 ug, below 15
ng, below 10 ug, below 9 ug, below 8 ug, below 7 ug, below 6 ng, below 5 pg, below
4 ug, below 3 ug, below 2 ug, below 1 pg, below 0.5 pg, below 0.1 pg, below 0.0 pug,
below 10 ng, or below 1 ng, or below 0.1 ng per gram of stool can benefit from

administration of a GABA-producing bacteria.

[06131] In some embodiments of any of the above aspects, the amount of GABA is
increased 0.1, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 500, 1000, 2000, 3000, 4000,
5000, or more percent in the subject’s stool relative to the initial amount of GABA in
the subject’s stool, e.g., as measured in step (b) of any of the above-aspects. In some
embodiments, the amount of GABA is increased 0.1, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80,
90, 100, 500, 1000, 2000, 3000, 4000, 5000, or more percent in the subject’s blood or
serum relative to the initial amount of GABA in the subject’s blood or serum, e g., as
measured in step (b) of any of the above-aspects. In some embodiments, the amount of
GABA is increased 0.1, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 500, 1000, 2000,
3000, 4000, 5000, or more percent in regions of the subject’s brain, such as, but not
limited to the prefrontal cortex, relative to the initial amount of GABA in the subject’s
brain, e.g., as measured in step (b) of any of the above-aspects. In some embodiments,
at least one GABA-producing bacteria 15 increased 0.1, 1, 5, 10, 20, 30, 40, 50, 60, 70,
80, 90, 100, 500, 1000, 2000, 3000, 4000, 5000, or more percent in the subject’s stool
relative to the initial amount of GABA-producing bacteria in the subject’s stool, e.g., as
measured in step (b) n any of the above-aspects. In some embodiments, the level of
expression of at least one GABA producing enzyme 15 increased 0.1, 1, §, 10, 20, 30,
40, 50, 60, 70, 80, 90, 100, 500, 1000, 2000, 3000, 4000, 5000, or more percent in the
subject’s stool relative to the initial level of expression of GABA-producing enzymes in
the subject’s stool, as measured by gPCR or some other appropriate method, known to

those familiar in the field.

[06132] In some embodiments of the disclosure, the amount of GABA-consuming

bacteria can be reduced, e.g., reduced in the subject’s stool, blood serum, and the hike.

141



WO 2017/160711 PCT/US2017/022091

The GABA-consuming bacteria can be, for instance, Fviepia gabavorous or Firmicutes
bacterim MGS: 114, In some embodiments, GABA-consuming bacteria can be
reduced by 0.1, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 500, 1000, 2000, 3000,

4000, 5000, or more percent.

[38133] Accordingly, the present disclosure provides for the treatment of mental iliness
or disease of the central nervous system comprising administering o the subject GABA-
producing bacteria, or prebiotics to stimulate growth or GABA production capabilities of

GABA producing bacteria.
Methods of culturing GABA-consuming Bacteria

[38134] In some embodimenis, the present disclosure provides a method of culturing
bacteria that require GABA for survival and replication. In some cases, these bacteria were
previousty uncultured or unculturable. In some cases, the bacteria are cultured by supplying
endogenous GABA to the growth medium. In some embodiments, the bacteria are cultured
by co~-culturing the bacteria with a different bacterium capable of producing GABA (e.g, a

bacterium as described above).

{66135 In some embodiments, the previously uncultured bacterium is & gabavorous.
E. gabavorous can be cultured on a suitable substrate such as agar. In some embodiments,
the agar can contain added GABA. In some embodiments, the present disclosure provides a
method of culturing #. gabavorous comprising co-culturing £ gabavorous with another
bacierial strain, said strain is capable of producing GABA, for instance at conditions that are
physiologically relevant and found n to the human gastrowntestinal tract {e.g., pH less

between about 4.5 and about 7.3).

661367  Without wishing to be bound by theory, some previously unculturable bacteria
(e.g., I gabavorous) may be able to grow in proximity to cultivable organisms producing
growth factors necessary for bacteria to survive or grow. Accordingly, the present
disclosure teaches the discovery and culture of £. gabavorous i the presence of GABA as a

necessary growth factor.

{68137} [/ gabavorous was identified as a late-growing colony in spatial proximity io
Bacteroides fragilis KLELI758. Tt was found that growth of & gabavorous KLEI738 was

mmduced m the presence of supernatant derived from Bactercides fragilis KLEITS8.
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Chemical analvsis via HPLC and NMR of Bacteroides fragilis KLE1738 supernatant

revealed GABA as the necessary growth factor for £, gabavorous.

[60138] As set forth in Figure 1, and Example 2, . gabavorous was mtially found
because it grew in the presence of Bacferoides fragilis KLE1758. It was proposed that
Bacteroides fragilis KLE1758 produces a growth factor that is necessary for the growth and
survival of Z. gabavorous. Figure 1A shows a photograph of an agar plate containing
colonies of bacteria after treatment with human stool. The mset at the top right shows a
close-up of a colony of KLE1758 along with a colony of 1738 that is growing in the
imimediate proximity. Figure 1B shows a colony of KLE1758 that is capable of supporting
multiple colonies of KLE1738 on an agar plate with no other bacteria. Without wishing to
be bound by theory, Bacreroides fragilis KLE1758 can support the growth of £ gabavorous
KLE1738. Without wishing to be bound by theory, Bacteroides fragilis KLE1I758 and #.
gabavorous KLE1738 can co-exist in a symbiotic relationship in which &, gabavorous

KLE1738 can consume the GABA that 1s produced by Bacreroides fragilis KLE1758.

[60139]  As shown in Figure 2 and Examples 3-4, the supernatant from a 48-hour culture

oy
7

of Bacteroides fragilis KLE1758 was found to support the growth of £ gabavorous
KLE1738, whereas standard agar was not.  After a series of purification and isolation steps
of the KLE1758 supernatant, it was discovered that GABA was responsible for the growth
of . gabavorous KLE1738. Figure 2A shows that & gahavorous KLE1738 grew in the
presence of supernatant of Bactercides jfragilis. However, Figure 2B shows that £
gabavorous KLE1738 did not grow wn the presence of sterile vehicle on standard agar.
After a first fractionation of the Bacteroides fragilis KLE1758 spent medium, it was found
that the most polar fragment was capable of inducing the growth of £ gabavorous
KLE1738 {Figure 20), but that less polar fragments could not induce growth (Figure 2D).
Figures 2E and 2F show close-up views demonstrating that the most polar fraction of the
Bacteroides fragilis KLE1758 supernatant could induce growth of £, gabavorous KLE1738
{Figure 2E), whereas less polar fragments could not (Figure 2F}. As shown in Figure 2G.
only GABA was wdentified as being capable of inducing growth of E. gabavorous

KLEI738.
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[60140] The 165 nucleotide sequence of £ gabavorous KLE1738 1s given in Seq. 1D No.
2286,

[60141] The genetic sequence of £ gabavorous KLE1738 was identified as set forth in

Example 5. The annotated genome (2,500,009 bp) of £ gahavorous is given in the attached
Sequence Listing comprising SEQ. ID Nos. 1-2288 and is given in SEQ ID Nos. 2218-
2285, Withoutl wishing to be bound by theory, the genome revealed no obvious entry poinis

for metabolism of common sugars or other carbon sources.

60142} Without wishing to be bound by theorv, it was discovered that transport systems
for common sugars or other carbon sources were also incomplete.  Without wishing to be
bound by theory, their absence suggests a recent loss of function. £. gabavorous 1s predicted

1o have a himited set of transporters, including those for methionine, branched-chain amino

acids, dipeptides, oligopeptides, and choline/betaine, as predicted in Table 10,

[06143]

Table 10: Predicted Transport Systems in & gabavorous.

Category

Subsysiem

Role

Amine Acids and Derivatives

Folyamine Metabolism

ABC transporter, periplasmic spermidine
pufrescine-binding protein PoiD (TC 3.A1.11. 1)

Amine Acids and Derivatives

Polyamine Metabolism

Spermiding Putrescine ABC transporter permease
component PotB (TC 3.A1.11.1)

Armning Acids and Derivatives

Polyamine Metabolism

Spermidine Putrescine ABC transponter permease
component PotC (TC 3 A.1.11.1)

Amino Acids and Derivatives

Methioning Biosynthesis

Methioning ABC transporier ATP-binding protein

Armning Acids and Derivatives

Methioning Biosynthesis

Methionine ABC transporier permease protein

Armine Acids and Derivatives

Methionine Biosynthesis

Methionine ABC transporter substrate-hinding
protein

Aming Acids and Derivatives

MMethionine Degradation

Methioning ABC transporier ATP-binding protein

Arnine Acids and Derivatives

Methioning Degradation

Methionine ABC transporier permease protein

Amine Acids and Derivatives

Methionine Degradation

Methionine ABC transporter substrate-binding
protein

Clustering-based subsystems

PhoR-PhoB two-component
requiatory system

Phosphate ABC transporter, periglasmic
phosphate-binding protein PstS (TC 3.A4.7.1)

Membrane Transport

ABC transporier dipeptide (TC
3.A1.5.2)

Dipeptide-binding ABC transporter, peripiasmic
substirate-binding component (TC 3.A1.5.2)

Membrane Transpod

ABC transporier cligopeptide (TC
341510

Oligopeptide ABC transporter, periplasmic
oligopeptide-binding protein OppA (TC 3.A1.5.1)

Membprane Transpont

ABC transporter branched-chain
amino acid (TC 3.A14.1)

Branched-chain amino acid ABC transporier,
amino acid-binding protein TC 3.A.1.4.1)

Phosphoerus Metabolism

High affinity phosphate transporter
and control of PHO regulon

Phosphate ABC transporter, periglasmic
phosphate-binding protein PstS (TC 3.A1.7.1)

Phosphorus Metabolism

Phosphate metabolism

Phosphate ABC transporter, periplasmic
phosphate-binding protein PsiS (TC 3.A1.7.1)

Stress Response

Choling and Betaine Uptake and
Betaine Biosynthesis

L-profine glycine betaine ABC transport system
permease protein ProV (TC 3.A.1.12.1)

Stress Responss

Choline and Betaine Uptake and
Belaine Biosynthesis

Glycine betaine ABC transport system, glycine-
hetaine-binding protein QpuAC

Stress Response

Choline and Betaine Uptake and
Betaine Biosynthesis

Glycine betaine ABC transport system, permeass
protein OpuAB

Siress Response

Choline and Betaine Uptake and
Betaine Biosynihesis

L-profine glycine betaine binding ABC transporter
protein ProX (TC 3.A1.12.1)
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Category Subsystem Role
Suifur Metabolism Alkanesulfonate assimilation ABC-type nitrate/sulfonate/bicarbonate fransport
systerm, ATPase componeant
Suifur Metabolism Alkanesuifonate assimilation Alkanesulfonaies ABC transporter ATH-binding
protein

[66144] Without wishing (o be bound by theory, these amino acids are not usuvally
capable of supporting bacterial growth as single carbon sources, unlike serine, threonine,
glutamate, and others. This is supported by the inability of £ gabavorous to grow on the

tested amino acids.

[B8145]  Without wishing to be bound by theory, the metabolic pathway of . gabavorous
is proposed to be similar to that of Clostridium aminobutyricum, as set forth 1n Figure 3, as

all enzymes in this pathway were identified in the Z. gabavorous genome {Table 11}

Table 11, Enzymes in £ gabavorous GABA fermentation pathway. predicted by RAST

Enzyme #! Contig Start Stop | Length {bp} Function
1 i LE1738_5 26729 | 28084 1358 Gamma-aminobutyrate alpha-ketoglutarate aminotransferase (EC 2.6.1.19)
2 KLE1738_5 25578 | 26688 1112 NAD-dependent 4-hydroxybutyrate dehydrogenase (EC 1.1.1.61)
3 KLE738_2 1 195680 1187033 1344 4d-hydroxybutvrate:acetyl-CoA CoA transferase {(EC 2.8.1.-)
3 KIE1738_281 3343 10665 1323 4-hydroxybutyrate:acetyl-CoA CoA transferase {(EC 2.8.1.-)
3 WLE1738 5§ 24249 | 25847 1299 4-hydroxybutyrate:acetyl-Coh Coh transferase {EC 2.8.1.-)
3 KLE1738_7 | 87680 | 86401 1290 4-hydroxybutyrate:acetyi-Cod Cod transferase {(EC 2.8.1.-

A-hydroxybulanoyl-CoA dehydratase (EC 4.2.1.-) / Vinvlacelyl-CoA Delta-

4 HLE1738_5 | 22352 | 23902 1551
isomerase (EC 5.3.3.3)
5 KLE1738_6 2858 2092 8a7 Enoyi-CoA hydratase {EC 4.2.1.17)
§ KLE1738 11 1132 356 777 Enoyil-CoA hydratase {EC 4.2.1.17)
[ KIE41738 8 4710 5762 1053 3-hydroxybutyryl-CoA dehydrogenase {(EC 1.1.4.35)
[ KLEAT38 8 | B7921 | 88769 849 3-hydroxybutyryi-CoA dehydrogenase {EC 1.1.1.35)
7 KLE1738_14 4810 8139 1230 Acetyl-CoA acetyltvansferase (EC 2.3.1.8)
7 KLEA738 19 28638 | 27382 1257 Acetyl-CoA acetyltransterase (EC 2.3.1.9}
-] wLE1738_13) 26709 | 25738 g7 Phasphate acetyliransferase (EC 2.3.1.8)
2] HLE1738_1 1 116624 H21141 1218 Acetate kinase (EC 2.7.2.1)
1b KLE1738_301 2650 9999 1350 NADP-specific glutamate dehydrogenase (EC 1.4.1.4)
b KLE1738_6 4303 3083 1221 Butyryi-CoA dehydrogenase (EC 1.3.8.1)
8b KLET738 11 158124 | 159757 1844 Acatyi-CoAuacetnacetyt-CoA transferase (EC 2.83.8)

[38146] The pH dependency of B. fragilis KLE1758s ability to produce GABA was
investigated.  As set forth in Example 6, 5. fragilis KLE1758 was grown at various pH
values, and the supematant from that growth was analyzed using LCMS.  As shown
Figure 4A, GABA 15 produced primarily at relatively lower pH (e .¢., about 5.5 and below),

comparad with glutamate.
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[60147] Accordingly, 1t was found that B. fragilis KLE1758 can produce GABA at low
pH, whereas it was found to produce primarily glutamate at relatively high pH. As set forth
in Example 6 and Figure 4A, at a pH of about 5 and about 535, B fragilis KLE1758
produced considerably more GABA than glutamate. However, at a pH of about 6 and about
6.5, B fragilis KLE1738 was found to produce primarnly glutamate and relatively low

quantiiies of GABA.
Biological Scereens for GABA-Producers

[36148] The present disclosure also teaches methods of identifying bactenia that can
produce GABA. Given the sinet requirement of GABA for the growth of . gabavorous,
the present disclosure provides methods of screening for bacteria capable of producing
GABA using, for nstance, F. gabavorous and/or other GABA-dependent bacterial growth
as a bioassay. Importantly, by using buffered media (e g., buffered agar), the assay
technmque set forth herein can be used to 1dentify bactena that are capable of producing

hacteri at various pH values {e.g.. between about 5.5 to about 7.5).

(001491  As set forth in Example 7, a sample that is thought to contain GABA-producing
bacteria, such as a human stool sample, can be mixed with molien agar. The agar,
containing the bacterial sample, can then be sireaked with a dilute sohution of £
gabavorous. As shown heremn, F. gabavorous cannot grow in the absence of GABA, and
therefore any colonies of K. gahavorous that do form will necegsarily grow in close spatial

proxinuty to GABA-producers.

[66158] Because GABA production by some bacienia, including K. coli, only occurs at a
very fow pH (e.g., at a pH not relevant to the human gut), the assav method set forth herein
was adapted to control the pH of the media, enabling identification of organisms capable of
producing GABA at a pH between about 4.5 and about 7.5, Without wishing to be bound
by theory, the pH of between about 4.5 and about 7.5 is the relevant pH within the homan
gut.  Accordingly, bacteria that can produce GABA at these pH values can in some

embodiments be capable of producing GABA in the human gut.

(60151} In other words, by controlling the pH of the growth medium {e.g., by buffering
the molten agar), the present disclosure can allow one to distinguish between GABA-

producers that are capable of producing GABA at a phvsiologically relevant pH (eg.,
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between about 4.5 to about 7.5) from bacteria that are not able to produce GABA at a
physiological relevant pH {e.g., bacteria that can only produce substantial quantities of

GABA below pH of about 4.5).

661521  Using this method, a number of representatives from multiple genera, including,
but not limited to, Bacferoides, Bifidobacterium, Blauiia, Coprococcus, Gordonibacter,
Dorea, and Clostridium were 1dentified.  Figure 4B shows a representative agar plate
showing growth of F. gabavorous in the presence of a GABA-producing bacteria.  Figure
4C shows a phylogenetic tree of GABA-producing bactena that were identified using this

method.

[60153] Figwe 5 shows the GABA production capabilities of certain strains of GABA
producers identified using the techniques described herein.  As set forth in Figure 5, eight
strains of GABA produers were grown in buffered media (e.g., between about pH 4.5 and
about pH 5.0; and between about pH 6.5 and about pH 7.0). Using the method described in
Example 6, the GABA-producing capabilities of the GABA-producing bacteria at various
pH values were mvestigated.  As set forth in Figure 5, certamn bactena (e.g., B dorei
KLE1912) produced relatively similar guanties of GABA at lower pH (e.g., between about
4.5 and sbout 5.0). In contrast, certain bacteria produced different amounts of GABA
depending on the pH {e.g.. B vidgarus KLE1910 and B ovarus KLE1770). Notably, as
shown for B vulgatus KLE1910 and B ovatus KLE1770, some bacteria were found to
produce relatively more GABA at lower pH than at higher pH, whereas some bacteria were

found to produce relatively more GABA at higher pH than at lower pH.

[60154] In some embodiments of the method of identifying bacteria capable of producing
GABA, the substrate 1s agar. In some embodiments, the step of contacting the substrate
with B gabavorous comprises streaking the agar with a dilute solution of &2 gabavorous.
The GABA-producing colomies are then identified by growth induction of £ gabavorous.
As set forth above, growth £, gabavorous is used to determine if a bacterial strain produces
GABA. However, one of skill in the art will understand that anv bacteria that has a stiict
requirement of GABA for growth and survival can Hikewise be used as described above to

identify bactenia that can produce GABA.
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Examples

[B8155] The disclosure is further dlustrated by the following examples and synthesis
exarmples, which are not to be construed as linuting this disclosure in scope or spirit to the
specific procedures herein described. It is to be understood that the examples are provided
to illustrate certain embodiments and that no limitation to the scope of the disclosure is
imntended thereby. It 1s to be further understood that resort may be had to various other
embodiments, modifications, and eguivalents thereof which may suggest themselves to
those skilled 1n the art without departing from the spirit of the present disclosure and/or
scope of the appended claims.

[B0186]  Unless otherwise noted, all materials were obtained from commercial supphers
and were used without further purification. Anhvdrous solvents were obtained from Sigma-
Aldrich (Milwaukee, W1 and used directly.

(661571  Unless otherwise specified, PCR was performed using the general bacterial
primers 27F (5-AGAGTTTGATCMTGGCTCAG-3') (set forth in Seq 1D No. 2287) and
1492R (5'- TACGGYTACCTTGTTACGACTT-3") (set forth in Seq ID No. 22883 to
amplify the 168 rRNA gene. The PCR reaction mixtare was 12.5 pL. GoTag Master Mix
(Promega), 1 pL 10 uM 27F and 1492R primers, 9.5 pl. Nuclease Free Water (Promega),
and 1 ul. of a colony resuspended in 100 pl sterilized distiled water. The amplification
conditions were one cycle of 95°C for 5 min; 30 cycles of 95°C for 30 s, 55°C for 30 s;
72°C for 90 s; and finally one cycle of 72°C for 7 mun. Amphification of PCR reactions were
then confirmed using gel electrophoresis on a 0.8% agarose gel loaded saturated with
ethidium bromide. Successful PCRs were sequenced by Macrogen Corporation using the
27F pnmer using the Apphed Biosystems 3730x1 DNA analvzer. Quality control for
sequences was performed using DNA Baser {(www.DnaBaser.com), in which ends were
trimmed until there were more than 75% good bases {(defined by having a QV score of
higher than 23) in an 18 base window. Identification of phylogenetic neighbors and

calculation of pairwise sequence simalarily were carried out using the ExTaxon server,

Example 3: Human Stosl Collection

i66158]  Stool samples from a healthy human donor were coliected using a commercially

available stool collection vessel. Within 5 munutes of collection, 1 gram of stool was
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resuspended in 9 mL of steriie 20% glvcerol in PBS and homogenized for 30 seconds using
a vortex. | mL aliguots of this mixture were loaded in cryotubes and stored at ~80°C for

cultivation.

Example 2: Cultivation of helper-uncultured pairs from human stool samples

661597 Al cultivation work was performed in a Coy Anaerobic Vinyl chamber with an
atmosphere of 3% hydrogen, 10% CO», 85% nitrogen. Anaerobically, serial dilutions of
thawed stool samples were prepared in PBS and bead spread (7-10 beads/plate) on 1X
Fastidious Anaerobic Agar { Accumedia) plates with 2.53% veast extract (FAAv). Plates were
incubated at 37°C anaerobically for one week, and each day appearance of colonies were
fracked by spothing the outside of the plates with different colored markers. At the end of

-
I

the week, seral dilutions of late forming colonies {appearance after 4-7 davs) were prepared
in PBS and bead spread on FAAy plates. Nearby (< 2 cmj, early forming colonies
{appearance after 1-3 davs) were then resuspended in PBS at a high density. Five pb of this
suspension were spoited on the plates with their respective spread-candidate dependent and
incubated for up to one week in the chamber, and observed daily. Growth induction of the

dependent organism around the spotted helper indicated a positive hit.

[68168] A fecal sample from a healthy human donor was diluted and spread-plated on
rich medium, and pewly formed colonies were noted daily for a week. Late forming
colonies (3-7 days) were diluted and spread on a nutrient agar plate, and a heavv moculum
of a neighboring, early forming colony (1-2 days) was spotied, as shown in Figure 1A
Using this method, a mumber of helper-uncultured pairs were identified, in which the
spread-plated uncultured isolate formed a gradient of growth around the spotted culturable

helper.

[60161] One 1solate, 1. gabavorous KLE1738 (93.22% similar to Flavonifractor plautii
ATCC 29863 by 16S rRNA gene sequence), was dependent on Bacferoides fragilis
KLEI738 (100% similar to Hacteroides fragilis ATCC 25852 by 168 rRNA gene sequence)

for growth (Fig. 1B). & gabavorous, is a gram positive organism of the Closwridia class.

Example 3: Determination of GABA as Growth Factor for £. sabavorous

[08162] The supermatant of a 48-hour culture of B fragilis KLE1758 grown wn rich

medium iduced growth of K gabavorous as shown in Figures 2A and 2B. enabling
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bivassay-driven purification of the growth factor. The supernatant was solvent-partitioned
with ethyl acetate, and the water residue fraction mnduced the growth of . gabavorous. The
water fraction was then purified using HP-20 colunn chromatography, and the most polar
fraction nduced the growth of £, gabavorous as shown in Figure 2C. This active fraction
was then further fractionated by preparative HPLC. HPLC vielded one active fraction, and
NMR showed that it contained 10 compounds, primanly GABA, threonine, lactic acid,
valine, glutamine, malonic acid, succinic acid, and alanine. All compounds were spottad on
plates where £, gabavorous was spread, and only GABA caused growth induction, as
shown in Figs. 2BE-F. The compounds were identified by NMR analysis including 'H, PC,
H-TH COSY, TOCY, HSQC, and HMBC NMR experiments to identify the constituents in
the fraction. All NMR experiments were carried out on a Varnan INOVA 600 MHz NMR

spectrometer equipped with an indirect detection probe.

Example 4: Testine other compounds for induction of £. sabavorous

[60163] Multiple compounds were tested for the ability to induce the growth of £
gabavorous as shown in Figure 2G. Stocks of each compound (purchased from Sigma,
exchuding the ATCC Mineral and Vitamin mixes) were prepared dependent on solubility in
water at the concentrations shown in Figure 2G. Five ul. of the stocks were then spotted on
FAAv plates spread with £, gahavorous, and incubated anaerobically for one week, and any

growth was observed. No compounds induced growth but GABA.

Example 5: Whole cenome seguencine and annotation

[36164] DNA from cells of £ gabavorous grown 48 hours anaerobically on FAAy plates
with 1.0 mg/mlL GABA was 1solated for genome sequencing using the PowerSoll® DNA
Isolation Kit (Mo Bio, San Diego, CA) to manufacturer specifications, yielding ~5.0 pg of
high quality DNA. Genomic sequencing and de novo assembly was performed by the
Genorsic Core at Tufts University in Boston, MA. The genome of £ gabavorous was
sequenced on an {Hlumina MiSeq using MiSeq V2 500 cycles chemistry with a paired-end
250 bases format. Briefly, 100 ng of genomic DNA was sheared on a Covaris M220 to an
average fragment size of around 600 bases. Using the fragmented DNA as input, a
sequencing library was prepared with [llumina TruSeq Nano DNA Sample Preparation Kit

per the manufacturer ingtruction. Base calling and demultiplexing was performed on the raw

P
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data from the MiSeq using CASAV A and {astg files were generated. De novo assembly of
the genome was performed using Edena V3131028 with a customized parameter
optimization pipeline. The best assembled genome, as assessed by the contig statistic, was
reported. Assembly vielded 68 contigs (nn), with all contigs having a sequence length longer
than 200 bases (n:200}. 7 coniigs with a larger value than the N50 (119748}, and the
minimal contig length is 355 (man). The N20, N50 and N20 are 33403, 119748 and 204670,
respectively. The largest contig length (max) was 344080, and the estimated genome size s
2500009. The draft genome was annotated using the RAST server and the KAAS (KEGG
Automatic Annotation Server} analysis ool of the KEGG (Kyoto Encvelopedia of Genes
and Genomes) database. The genome of E. gabavorous was annotated using RAST, and the

genomes of CAG: 113 and £ gahavorous were compared using RAST,

Example 6: OQuantification of Glutamate and GABA Production in B fragilis

[36165] The absolute amount of ghiamate and GABA contained in the B fragilis
KLE1758 supernatant was deternmuined by HPLC, using a fluorophore to aid in detection.
Specifically, free amines were labeled for analysis by reacting with the Acc) reagent
{(Waters) according to manufacturer’s protocols. A calibraiion curve was generated from
stock solutions {10 mg/mL) thatl were prepared by dissolving GABA (2.0 mg) m water (200
ul), glutamate (Glu) (10.2 mg) in water {1020 ubl) and cvsteic acid (CSA) (169 mg) in
water {1690 pl}) These were serially diluted to generate a conceniration gradient
Specifically, stocks were made to final concentrations of 0.1mg/mL, 0.05 mg/mL, 0.01
mg/mbL and 0.001 mg/mL. An abiguot of a given stock solution, was added to the AccQ
reaction buffer (25 uL final), followed by the addition of the acetonitrile~dissolved AccQ
reagent {25 pL). This was reacted for ten minutes at 55-60°C, and then transferred directly
to an LCMS vial, fitted with a glass insert. Reaclion concentrations of the amino acids were:
20 ng/ul, 10 ng/ul, 5 ng/ul, 2.5 ng/pl. 1 ng/ul, 0.5 ng/ul. 1 ng/pl. and O ng/ul
{control). These samples were injected (10 uL) on an Agilent LCMS, using a gradient of
solvent A {(water/0.1% formic acid) and B {(acetonitnile/0.1% f{ormic acid) over the
following time course: 1) 0-40 mimutes Hnear gradient of 2% B to 98% B; 2} 40-45 mun
isocratic at 98% B; 3) 45-45.5 nun linear gradient of 98% B to 2 % B; 4) 45.5-55 min
isocratic at 2% B. The CSA-AccA denvative eluted at 9.5 min, the Glu-AccQ derivative

eluted at 12.1 min and the GABA-AccQ derivative at 12.5 nun, The area under the curve, in
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extracted ion (EIC) mode (m/z = 274 for GABA-AccQ), 318 for Glu-AccQ and 340 for
CSA-AccQ), was used to develop a calibration curve by plotting area against amount of
original Glu, CSA or GABA (in ng) mjected. An average of two runs for each tested
concentration was used to generate the calibration curve. In the case of GABA and Glu,
CSA was added to all reactions, to a final concentration of 2.5 pg/mi, and used as an

mtemal standard.

[00166] Triphcate cultures of B fragilis KLE1758 were grown in BHlych anaerobically
for 48 hours, the cells centrifuged, and the supernatant was filtered through a 0.2 um filter.
Samples were stored at 4 °C until analvsis. To analyze the samples, an aliquot (2 pL) of
cach sample was added to AccQ reaction buffer (16 uL), CSA intemal standard (2 uL of &
50 pg/mi solution in buffer), followed by the addition of the Acc() reagent (20 ul.}. These
samples were heated to SS°C for ten munutes, and then transferred directly into an LCMS
vial fitted with a glass insert. An aliquot of each sample (10 pL) was injected onto the
LCMS, and separated following the same injection program as used for the calibration
curve, The total FIC area under curves representing GABA, Glu and CSA was determined
using ChemStation software (Agilent). FEach injection represented 25% of the original
media concentration, therefore the total amount of sample determined (in ng) was mualtiphied
by a factor of four to determine the original concentration (in ng/ul = ug/ml). All areas
were normalized to the area under the curve of the internal standard (CSA), which was held

at constant concentration throughout the expeniment. The results are given in Figure 4A.

Example 7: Co-culture Screen for GABA Producers Using . sabavorous

[00167] GABA secretion can allow bacteria to survive acid stress. Decarboxylation of
glutamate produces GABA, which is exported from the cell in a protonated form,
alkalinizing the cytoplasm. /& coli, as well as some Lactobacillus and Bifidobacterium
strains were shown to produce GABA, but these organisms are typically found at a low
abundance in the human intestinal tract, and n the case of £. cofi, 1s dependent on low pH
(e.g., about 4.2 and below). Bucreroides fragilis. the helper of L. gabavorous, 1S a common
gul bacterium, but it was found that similarly to £ coli, GABA production by Bacteroides
Jragilis KLE1IT58 1s only observed at a pH less than about 5.5 as shown in Figure 4A.

GABA 1s shown in left-hand columns and glutamate is shown in right-hand columns at each
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pH value. Without wishing 1o be bound by theory, it was therefore considered useful to
identify microorganisms capable of producing GABA at a physiologically relevant pH for

the human large intestine (e.g., pH of about 5.5 to about 7.5, or about pH 5.7 to about 7.4).

[00168] To accomplish tlus, the strict GABA requirement of Z. gahavorous was uttlized
to screen for bacteria capable of secreting GABA on heavily buffered medium. Metabolic
byproducts of bacterial growth may lower the pH of the medium in the absence of buffer.
Stool sample was mixed with molten agar and poured i Petri plates in an anaerobic
chamber, and £. gabavorous was spread on top of the agar once solidified. By looking for
zones of growth induction of £ gabavorous, and measuring the pH of the agar, bacteria that
produce GABA at a pH of between about 6.0 and about 7.0 were identified, as well as those
producing GABA at a pH of about 4.5 to about 5.0, as shown in Figure 4B. The full 168§
rRNA gene was amplified and sequenced using the 27F and 1492R universal primers, and
annotation with EZTaxon revealed a number of represeniatives from multiple genera,
meluding Bacrervides, Bifidobacterium, Blautia, Coprococcus, Gordonibacter, Dorea, and
Clostridium (Fig. 4C). Of these, only Bifidobacterium adolescentis was previously reported

1o produce GABA.

Esxample 8: Usine an Eneineered Esclierichia coli strain o produce GABA and induce

the srowth of £. zabaverons

661697  GABA can be produced by intestinal epithelial cells and by some bacteria, such
as Lscherichia coli and Listeria monocytogenes, by decarboxyvlation of ghitamate. In £ coli,
the decarboxylation of glulamate serves as a mechanism to decrease intracellular pH, and
GABA production generally occurs at a low pH. To survey whether £ coli could be
engineered to produce GABA, £ coli colones harboring native glutamate decarboxylases
{gadA, cadB), or the GABA antiporter, {gad(C) in the pLA24N PTG inducible high-copy
nuomber vector, were tesied for GABA production via co-culiivation assay with &
gabavorous.  Overexpression of glutarnate decarboxylase in £ cofi {gadA or gadB),
resulted in induction of KLE1738 growth to levels seen with B. fragilis, while expression of
the GABA antiporter, gadC, did not (Figure 6). Altering the pH of growth media for
KLE173%8 did not change the GABA-dependency phenotype. Without wishing to be bound

by theory, this suggests that engingering bacteria to overexpress ghutamate decarboxylase or
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other GABA producing enzymes, constitutively or inducibly, is an effective way to produce

GABA, as well as induce the growth of /2 gabavorous.

Eguivalents
[601708]  While the present disclosure has been described in conjunction with the specific
embodiments set forth above, many alternatives, modifications and other variations thereof
will be apparent to those of ordinary skill in the art. All such aliernatives, modifications and

varigtions are intended to fall within the spinit and scope of the present disclosure.
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Claims:

1. A therapeutic composition comprising at least one purified bactenal population
consisting of bacteria capable of producing GABA in a subject in need thereof.

2. The therapeutic composition of claim 1, wherein the at least one bacterial
population consists of a bacteria comprising a 165 rDNA sequence at least about 95%
identical to a 168 rDNA sequence selected from one of Seq. ID. Nos. 1-31 set forth
in Table 1.

3. The therapeutic composition of claim 1, wherein the at least one purified bacterial
population consists of bacteria selected from the group consisting of: Bactervides
caccoe KUEIS1Y, Ractercides clarus KLUE1930; Bacreroides dorei KLE1912;
Bacteroides finegoldii KLE1931; Bacteroides fragilis KLE1958; Bacteroides
massifiensis KLE1932; Bacteroides ovatus KLE1TT0, Bacteroides stercoris KLE1933;
Bacteroides thetaiotaomicron KLE1934; Bactervides uniformis KLE1913: Bacteroides
vulgarus KLE1910; Bacreroides xylanisolvens KLE1935; Bifidobacterium adolescentis
KLE 1879; Blautia obeum KLE1914; Blautia wexierae KLE1916; Butyricimonas virosa
KLE1938,; Clostridium perfringens KLE1937, Clostridium sordellii KLE1939;
Clostridium sp. KUE1862: Clostridium sp. KLE191S8; Coprobacillus sp. KLE1779;
Coprococcus sp. KLEI8SO: Darea iongicarena KLEI917: Fggerthella lenta KLE1926;
Fubacterium rectale KLE1922; Gordonibacter pamelaeae KLEY915; Oscillibacter sp.
KLE1928; Parabacteroides distasonis KLE2020; Parabacteroides merdae KLE1863;
Ruminococcus gnavus KLE1940; Turicibacter sanguinis KLE1941, and combinations
thereof.

4. The therapeutic composition of claim 1, wherein the at least one purified
bacterial population consists of a bacteria comprising a 168 rDNA sequence at least
about 95% identical to a 168 rDONA sequence selected from one of Seq. ID. Nos.
32-274 set forth in Table 2.

S.  The therapeutic composition of claim 1, wherein the at least one purified
bacterial population consists of bacteria comprising a 16S rDNA sequence having at
least 95% similarity to the 168 rDNA sequence selected from one of Seq. ID. Nos.

3035-2217 set forth in Table 10
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6. The therapeutic composition of claim 1, wherein the at least one purified
bacterial population consists of bacteria comprising a DNA sequence which encodes
an enzyme selected from: glutamate decarboxylase; putrescine arninotransferase;
gamma-aminobutyvraldehyde dehydrogenase; arginine decarboxylase; agmatinase;
ornithine decarboxylase; or a combination thereof,

7. The therapeutic composition of claim 6, wherein the glutamate decarboxylase;
putrescine aminotransferase; gamma-aninobutyvraldehvde dehydrogenase; arginine
decarboxviase: agmatinase; omithine decarboxylase; or a combination thereof, is
encoded by a DNA sequence at least 70% similar in DNA sequence to any one of Seq.
{3 Nos. 275-304 set forth in Table 3.

&  The therapeutic composition of claim 6, wherein the glutamate decarboxylase is
encoded by a DNA sequence at least 95% similar in DNA sequence to a gene with a
EMBL/GENBANK/DDBJ ID found in Table 4,

9. The therapeutic composition of claim 6, wherein the putrescine aninotransferase
is encoded by a DNA sequence at least 95% similar in DNA sequence to a gene with
a EMBL/GENBANK/DDRI ID found in Table S.

10. The therapeutic composition of claim 6, wherein the ganuna-aminobutyraldehyde
dehydrogenase is encoded by a DNA sequence at least 95% similar in DNA sequence
{o a gene with a EMBL/GENBANK/DDBI ID found in Table 6.

11, The therapeutic composifion of claim 6, wherein the arginine decarboxvlase is
encoded by a DNA sequence at least 95% sinular in DNA sequence to a gene with a
EMBL/GENBANK/DDBIJ ID found in Table 7.

12, The therapeutic composition of claim 6, wherein the agmatinase is encoded by a
DNA sequence at least 95% similar in DNA sequence to a gene with a
EMBL/GENBANK/DDRI ID found in Table &

13. The therapeutic composition of claim 6, wherein the omithine decarboxylase is
encoded by a DNA sequence at least 95% similar in DNA sequence to a gene with a
EMBL/GENBANK/DDRJ ID found in Table 9.

14, The therapeutic composition of claim 1, wherein the at least one purified
bacterial population consists of bacteria comprising a 165 rDNA sequence having at

least 95% similarity to a reference bacterium selected from the group consisting of:
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Escherichia coli M{(G1655,

Fscherichia coli Nissle 1917, or a combination thereof
15. The therapeutic composition of claim 1, wherein the bactenial population consists
of bacteria capable of producing GABA at a physiclogically relevant pH.
16. The therapeutic composition of claim 1, wherein the bacterial population consists
of bacteria capable of producing GABA at a pH range between about 4.5 and about
7.5.
17. The therapeutic composition of claim 1, wherein the bacterial population consists
of bacteria capable of producing GABA 1nside the human gut.
18. The therapeutic composition of claim 1, wherein the composition is in the form
of a probiotic, prebiotic, a capsule, a tablet, a caplet, a pill, a troche, a lozenge, a
powders, a granule, a medical food, or a combination thereof
19. The therapeutic composition of claim 1, wherein the composition 1s administered
as a fecal transplant.
20. The therapeutic composition of claim 1, wherein the bacteria are capable of
producing GABA via expression of any combination of glutamate decarboxylase,
putrescine aminotransferase, gamma-aminobutyraldehyde dehydrogenase, arginine
decarboxylase, agmatinase, and/or ornithine decarboxylase.
21. The therapeutic composition of claim 1, further comprising a purified bacterial
strain that is cytotoxic or cytostatic to a GABA-consuming bacteria.
22. The therapeutic composifion of claim 21, wherein the GAB A-consuming bacteria
is kviepia gabavorous or Firmicutes bacteriym MGS:114.
23. The therapeutic composition of claim 1, further comprising a prebiotic capable of
stimulating the growth or GABA-production levels of a GABA-producing bacteria.
24. A method of treating a disease or disorder in a subject in need thereof, the
method comprising administering to the subject a therapeutic composition comprising
at least one purified bacterial population consisting of bacteria capable of producing
GABA 1 a subject in need thereof.
25. The method of claim 24, wherein the disease or disorder is a mental disease or

disorder.
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26. The method of claim 24, wherein the mental disease or discorder is selected from
the group consisting of depression, bipolar disorder, schizophremia, anxiety, anxiety
disorders, addiction, social phobia, treatment-resistant major depressive disorder
{TR-MDD), major depressive disorder and s subtypes (melancholic depression,
atypical depression, catatonic depression, postpartum depression, and seasonal
affective disorder), Neurodegenerative amyloid disorders {Parkinson’s, Alzheimer’s,
and Huntington’s diseases) orthostatic tremor, Lafora disease, restless leg syndrome,
neuropathic pain, pain disorders, dementia, epilepsy, stiff-person syndrome,
premenstrual dysphoric disorder, autism spectrom disorder, sleep disorders, and
attention deficit hyperactivity disorder (ADHD), and combinations thereof.

27. The method of claim 24, wherein ireating a disease or disorder comprises
decreasing at least one symptom of the disease or disorder, such as fatigue, insomnia,
motor dysfunction, siress, persisient anxiety, persistent sadness, social withdrawal,
substance withdrawal, irrifability, thoughts of suicide, thoughts of self-harm, restiessness,
low sex drive, lack of focus, setzures, memory loss, anger, bouts of emotional
reactivity, confusion, pain, and muscle spasms, loss of appetite, altered intestine
motility, and combinations thereof.

28. The method of claim 24, wherein the at least one bacterial population consists of
a bacteria comprising a 165 rDNA sequence at least about 95% identical to a 165
fDNA sequence selected from one of Seq. ID. Nos. 1-31 set forth in Table 1.

29. The method of claimm 24, wherein the at least one purified bacterial population
consists of bacteria selected from the group consisting of.  Bacteroides caccae
KLE1911,;, Bacreroides clarus KLE193(, Bacteroides dorei KLE1912; Bacieroides
finegoldii KLE1931; Bacteroides fragilis KLE1938; Bactervides massiliensis
KLE1932: Bactercides ovatus KLE1770; Bacteroides stercoris KLE1933; Bacteroides
thetaiotaomicron KLE1934; Baciervides uniformis KLE1913; Bactervides vulgatus
KLE1910; Bactervides xylanisolvers KLE1935, Bifidobacterivm adolescentis KLE
1879; Blautia obeum KLEID14; Blautia wexierae KLE1916; Butyricimonas virosa
KLE1938; Clostridium perfringens KLE1937: Clostridium sordellii KLE1939;
Clostridium sp. KLE1862; Closiridium sp. KLE1918; Coprobacilius sp. KLE1779;

Coprococeus sp. KLE1880; Dorea longicatena KLEYOVT, Eggerthella lenta KLE1926;
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Fubacterium rectale KLE1922; Gordonibacter pamelaeae KLEY915; Oscillibacter sp.
KLE1928; Parabacteroides distasonis KLE2020; Parabacteroides merdae KLE1863;
Ruminococcus gnavus KLE1940; Turicibacter sanguinis KLE1941, and combinations
thereof.

30. The method of claim 24, wherein the at ieast one purified bactenal population
consists of a bacteria comprising a 16S rDNA sequence at least about 95% identical
to a 165 rDNA sequence selected from one of Seq. 1D. Nos. of 32-274 as set forth
m Table 2.

31. The method of claim 24, wherein the at least one bacterial population counsists of
a hacteria comprising a 165 rDINA sequence at least about 95% identical to any one
of Seq 11D Nos. 305-2217 set forth in Table 10.

32. The method of claim 24, wherein the at least one purified bacterial population
consists of bacteria comprising a DNA sequence which encodes an enzyme selected
from: glutamate decarboxylase; putrescine aminotransferase; gamma-
aminobutyraldehvde dehydrogenase; arginine decarboxvlase; agmatinase; omithing
decarboxvlase; or a combinaiion thereof.

33, The method of claim 32, wherein the glutamate decarboxylase; putrescine
aminotransferase; gamma-aminohutvraldehyde dehydrogenase; arginine decarboxylase;
agmatinase; omithine decarboxylase; or a combination thereof, is encoded by a DNA
sequence at least 70% similar in DNA sequence selected from one of Seq. ID. Nos.
275-304 set torth in Table 3.

34. The method of claim 32, wherein the gluiamate decarboxylase is encoded by a
DNA sequence at least 95% similar in DNA sequence to a gene with a
EMBL/GENBANK/DDBI 1D found in Table 4.

35, The method of claim 32, wherein the putrescine aminotransterase is encoded by a
DNA sequence at least 95% similar in DNA sequence to a gene with a
EMBL/GENBANK/DDBJ ID found in Table 5.

36. The method of claim 32, wherein the gamma~-aminobutyraldehyde dehydrogenase
is encoded by a DNA sequence at least 95% similar in DNA sequence to a gene with

a EMBL/GENBANK/DDBI I found in Table 6.
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37. The method of claim 32, wherein the arginine decarboxylase is encoded by a
DNA seguence at lsast 95% similar in DNA sequence to a gene with a
EMBL/GENBANK/DDBI 1D found in Table 7.

38 The method of claim 32, wherein the agmatinase is encoded by a DINA sequence
at least 95% similar in DNA sequence to a gene with a EMBL/GENBANK/DDBI ID
found i Table 8.

39 The method of claim 32, wherein the ornithine decarboxvlase is encoded by a
DNA sequence at least 95% similar in DNA sequence o a gene with a
EMBL/GENBANK/DDRI ID found in Table 9.

40. The method of claim 24, wherein the bacteria is genetically engineered 1o
produce GABA.

41. The method of claim 40, wherein the bacteria is engineered {o produce GABA
via expression of ghitamate decarboxylase; putrescine aminotransferase; gamma-
aminobutyraldehyde dehydrogenase; arginine decarboxylase; agmatinase; ornithine
decarboxylase; or a combination thereof.

42. The method of claim 41, wherein the glutamate decarboxvlase; putrescine
aminotransferase; gamma-aminobutyraldehyde dehydrogenase; arginine decarboxylase;
agmatinase; omithine decarboxylase; or a combination thereof, is encodad by a DNA
sequence at least 70% similar in DNA sequence selected from one of Seq. ID. Nos. 275-
304 set forth in Table 3.

43. The method of claim 41, wherein the glutamate decarboxylase 1s encoded by a
DNA sequence at least 95% similar in DNA sequence to a gene with a
EMBL/GENBANK/DDRBI ID found in Table 4,

44. The method of claim 41, wherein the putrescine aminotransferase is encoded by a
DINA sequence at least 95% similar in DNA sequence to a gene with a
EMBL/GENBANK/DDBJ ID found in Table 5.

45, The method of claim 41, wherein the gamma-aminobutyraldehy de dehvdrogenase
15 encoded by a DNA sequence at least 95% sirntlar in DNA sequence to a gene with

a EMBL/GENBANK/DDBJ ID found in Table 6.
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46. The method of claim 41, wherein the arginine decarboxvlase is encoded by a
DNA seguence at lsast 95% similar in DNA sequence to a gene with a
EMBL/GENBANK/DDBI 1D found in Table 7.
47. The method of claim 41, wherein the agmatinase is encoded by a DNA sequence
at least 95% similar in DNA sequence to a gene with a EMBL/GENBANK/DDBI ID
found i Table 8.
48 The method of claim 41, wherein the ornithine decarboxyvlase is encoded by a
DNA sequence at least 95% similar in DNA sequence o a gene with a
EMBL/GENBANK/DDRI ID found in Table 9.
49. The method of claim 24, wherein the at least one purified bacterial population
consists of bacteria comprising a 168 rDINA sequence having at least 95% similarity
to a reference bacterium selected from the group consisting of:

Fuscherichia coli MG 1655,

Escherichia coli Nissle 1917; or a combination thereof.
50. The method of claim 24, wherein the bacterial population consists of bacteria
capable of producing GABA at a physiologically relevant pH.
51. The method of claim 24, wherein the bacterial population consists of bacteria
capable of producing GABA at a pH range between about 4.5 and about 7.5.
52. The method of claim 24, wherein the bacterial population consists of bacteria
capable of producing GABA inside the human gut.
53. The method of claim 24, wherein the composition 1s administered as a fecal
transplant.
54. The method of claim 24, wherewn the composition is administered as a probiotic.
55. The method of claim 24 wherein the bacteria are capable of producing GABA via
expression any combination of glutamate decarboxvlase, putrescine aminotransferase,
camma-aminobutyraldehyde dehyvdrogenase, arginine decarboxylase, agmatinase,
orntthine decarboxylase, and combinations thereof.
56. The method of claim 24, wherein the at least one bactenal strain is cytotoxic or
cytostatic to a GABA-consuming bacteria.
57. The method of claim 56, wherein the GABA-consuming bacteria is Eviepia

gabavorous or Firmicutes bacterium MGS: 114,
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58. The method of claim 24, further comprising identifying a subject in need of
treatment by determining whether the subject would benefit from an increase in
endogenous GABA by measuring an nitial amnount of GABA in the subject’s stool.
59. The method of claim 58, wherein the initial amount of GABA in the subject’s
stool 1s below about 8 ug per gram of wet or dry stool.

60. The method of claim 58, wherein the amount of GABA in the subject’s stool 18
mcreased relative to the titial amount after administering the therapeutic
composition.

61, The method of claim 24, further comprising identifying a subject in need of
treatment by determining whether the subject would benefit from an mcrease in
endogenous GABA by measuring an mitial amount of GABA-producing bacteria in
the subiject’s stool.

62. The method of claim 61, wherein initial amount of GABA-producing bacteria in
the subject’s stool 15 less than about 10% of total bacteria as measured by 165
sequence mapping.

63. The method of claim 61, wherein at least one GABA-producing bacteria 1s
mcreased in the subject’s stool relative to the initial amount of GABA-producing
bacteria in the subject’s stool after administering the therapeutic composition.

64. The method of claim 24, further comprising identifying a subject in need of
treatment by determuning whether the subject would benefit from an increase in
endogenous GABA by measuring an initial amount of GABA in the subject’s blood or
serunt.

65. The method of claim 64, wherein the amount of GABA 1n the subject’s blood or
serurn is below about 10 pg per liter of blood.

66. The method of claim 64, wherein the amount of GABA in the subject’s blood or
serum is increased relative to the initial amount after adnministering the therapeutic
composition,

67. The method of claim 24, further comprising 1identifving a subject in need of
treatment by determining whether the subject would benefit from an increase in

endogencus GABA by measuring an amount of GABA in the subject’s brain.
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68. The method of claim 67, wherein the amount of GABA in the subject’s brain is
below about 1.0 mM/kg,

59. The method of claim 67, wherein the amount of GABA in the subject’s brain is
increased relative to the initial amount after administering the therapeutic
composition.

70. The method of claim 24, further comprising identifying a subject in need of
treatment by determining whether the subject would benefit from an increase in
endogenous GABA by measuring an initial amount of expression of GABA-
producing enzymes in the subject’s stool.

71. The method of claim 70, wherein the GAB A-producing enzymes are selected
from glutamate decarboxylase, putrescine aminotransferase, gamma-
aminobutyraldehyde dehydrogenase, arginine decarboxylase, agmatinase, ornithine
decarboxylase, and combinations thereof.

72. The method of claim 70, wherein the initial amount of enzyme expression is
measured by gPCR.

73. The method of claim 70, wherein the expression of enzymes is increased relative
to the mnitial amount of enzyme expression after administering the therapeutic
composition,

74. The method of claim 24, further comprising identifying a subject in need of
treatment by determuning whether the subject would benefit from an increase in
endogenous GABA by measuring an nitial arount of GABAergic response n the
subject’s brain,

75. The method of claim 74, wherein the amount of the GABAergic response in the
subject’s brain is increased relative to the initial amount after adrmmistering the
therapeutic composition.

76. The method of claim 24, wherein the therapeutic composition comprises a
prebictic capable of stimulating the growth or GABA production of GABA-
producing bacteria.

77. A method of culturing a GABA-dependent bacteria, comprising disposing at least
one hve GABA-dependent bacterial cell on a suitable substrate, and providing a
source of GABA.
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78. The meathod of claim 77, wherein the suitable substrate is agar.

79. The method of claim 77, wherein providing a source of GABA comprises ¢o-
culturing with another bacterial strain, said strain is capable of producing GABA.

20, The method of claim 77, wherein GABA is added 1o the substrate.

&1. The method of claim 77, wherein the GABA-dependent bacteria is £, gabavorous.
82. A method of identifying a bactenal strain or sirains capable of producing GABA at
a physiologically relevant pH of the human intestinal tract, comprising:

{(a} dispersing a sampie believed to contain GABA-producing bacteria within a
subsirate, the substrate being at feast partially permeable to GABA,

{(b) contacting the subsirate loaded with potential GABA-producing bacteria with a
GABA-dependent bacterium; and

{c} identifying a GABA-producing bacteria by observing the formation of a colonies of
the GABA-dependent bacteria around potential GABA-producing bacteria in the
substrate.

83. The method of claim 82, wherein the substrate is being buffered to maintain the pH
at a phystologically range found in the human gastroiniestinal tract.

84. The method of claum 82, wherein the GABA-dependent bactenia 1s F.gabavorous.

85. The method of claim 82, wherein the pH range is between about 4.5 and about 7.5,
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-76

A therapeutic composition comprising at least one purified
bacterial population consisting of bacteria capable of
producing GABA in a subject in need thereof, and a method of
treating a disease or disorder in a subject in need thereof,
the method comprising administering to the subject a
therapeutic composition comprising at least one purified
bacterial population consisting of bacteria capable of
producing GABA in a subject in need thereof, where the
disease is a mental disease or disorder.

2. claims: 77-81

A method of culturing a GABA-dependent bacteria, comprising
disposing at Teast one live GABA-dependent bacterial cell on
a suitable substrate, and providing a source of GABA

3. claims: 82-85

A method of identifying a bacterial strain or strains
capable of producing GABA at a physiologically relevant pH
of the human intestinal tract, comprising:(a) dispersing a
sample believed to contain GABA-producing bacteria within a
substrate, the substrate being at least partially permeable
to GABA, (b) contacting the substrate loaded with potential
GABA-producing bacteria with a GABA-dependent bacterium;
and(c) identifying a GABA-producing bacteria by observing
the formation of a colonies of the GABA-dependent bacteria
around potential GABA-producing bacteria in the substrate.
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