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Importance of Intestinal Health Has Long Been Recognized

Gut Microbiome Involved in:

"ALL DISEASE Digeston
BeciNs IN [ oy
THE GUT’” . Bil_e salt_metab_olism

« Stimulation of iImmune system

Disrupted by:
 Disease
 Antibiotics

Synthetic Biologics is developing therapies to protect the gut microbiome
from the damage caused by antibiotics

, SYNTHETIC



http://drscottamills.com/2014/10/5-holistic-health-quotes-to-live-by/

B-Lactamases: From Enemies to Therapies

Strategy: B-lactamase enzyme is intended to
Capsle wilh ( degrade residual antibiotics in the Gl
" tract to protect the microbiome

enteric-coated
B-lactamase

B-lactamase
not absorbed

pellets .
systemically Product: Capsule with enteric-coated enzyme

Outcome: Prevention of Clostridium difficile
infection and antibiotic-associated

diarrhea
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Orally-delivered p—lactamases intended to degrade residual antibiotics in the
Gl tract to protect the gut microbiome without affecting antibiotic efficacy SYNTHETIC
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SYN-004 Degrades Cephalosporins

 SYN-004 was engineered from P1A
e P1Ais a clinical isolate from Bacillus licheniformis

E. coli growth microtiter plate assay

B-Lactamase 10 ng/ml B-Lactamase 100 ng/ml

Amp: ampicillin
CRO: ceftriaxone

- CFZ: cefozolin
CXM: cefuroxime
CFP: cefoperazone

| FEP: cefepime
CAZ: ceftazidime
CTX: cefotaxime

AMP CRO CFz CXM CFP FEP CAZ

P1A HE SYN-004

10

=
@]

J—
b=
=

an
=3
'S
[ ey
o
o
O
)
o
e
=
<
<t

SYN-004 efficiently degrades cephalosporins, including ceftriaxone, cefuroxime,
cefoperazone, ceftazidime, and cefotaxime
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SYN-004 Degraded Ceftriaxone (CRO) in Dog GI Tract
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In the presence of SYN-004 no CRO was detected in chyme % Fdulle -

CRO (ug/g chyme)




Neonatal Pigs with Human Gut Microflora

Oral SYN-004
(75 mg QID)
Populate Gl tract with
human adult fecal

microflora CRO
(IP, 50 mg/kg)

A 4
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Feces
collections

Readouts:

» Direct measure of CRO-sensitive bacterial population
 Fecal DNA 16S rRNA V6 region sequence analyses
« Shotgun deep sequencing analyses
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SYN-004 Protected the Gut Microflora in Pigs

Monitored CRO-sensitive bacterial population, AmpR aerobes

Bacterial Growth on LB+Amp Plates Bacterial Colonies
No Abx CRO
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CRO + SYN-004

CRO+SYN-004

SYN-004 protected the CRO-sensitive fecal bacterial population




SYN-004 Prevented CRO-Induced Dysbiosis

« 16S rRNA V6 region sequence analyses

Phylum-Level Taxonomic Classification

SYN-004 protected the
Proteobacteria and Firmicutes
and
prevented overgrowth of
Bacteroidetes in the presence of CRO
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No Abx CRO CRO + SYN-004

[ 1 Bacteroidetes M Proteobacteria
B rirmicutes [ Unclassified
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SYN-004 Protected the Pig Microbiome

Whole genome shotgun sequencing and taxonomic profiling
Heatmap of bacterial strains based on compositional s

Dendrogram clustering samples with s

CRO alone

No Abx
SYN-004 + CRO
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Bacteroides_318 Node
Ruminococcls_torques ATCC 27756
Parabacteroides_distasonis_ATCC 8503
Parabacteroides_johnsonii_ DSM_1I8315
Parabacteroides_sp_D13
Bacteroides_353Node
Bacteroides_vulgatus_ ATCC 8482
Bacteroides_dorei 5 1 36 D4

Prevotella_copri DSM 18205~

Bifidobacterium “bifidum_S17 )
Klebsiella_pneumoniae Subsp_pneumoniae_ MGH_78578
Bacteroides_sp 4_3 47FAA
Klebsiella_sp_MS_92-3

Lachnospiraceae bacterium_2 1 58FAA
Lactobacillus_plantarum_subsp_plantarum_ST-I1I
Klebsiella_150 Node

Bacteroides_109 Node
m:mmﬁcncnnzm\”:m::ou:__:m 343 Node
Parabacteroides_merdae ATCC 43184
Alistipes_putredinis DSM_ 17216

es shahii_WAL_8301
Flavonifractor_plautii_ ATCC_29863
Alistipes_sp_HGB5
Bacteroides_vulgatus PC510
Bifidobactefium_adolescentis_L2-32
lla_variicola_At-22

lasp_1 1 55
Bacteroides_uniformis_ATCC_8492
Enterococcus_71 Node
Enterococcus_faecium_24 Node
Klebsiella_pneumoniae_ 1162281
Bacteroides_stercoris_ATCC 43183
Odoribacter”splanchiicus_DSM_20712
Lachnospiraceae bacterium_7_TI_58FAA
Bacteroides_sp_T 1 14
Bifidobacterium__adolescentis_69 Node
Bacteroides_436 Node

bacter sp_PC909
ode 1079 Node

Escherichiacoli SE15

BacteroideS_438 Node

Bacteroides _sp_D20 . N

StreptococcUs_infantarius_subsp_infantarius ATCC_BAA-102

m:m%anonocmlum__o_éncmlmccmu allolyticus ATCT_BAA-2069
obacterium_longum_stibsp infantis_ATCC_55813

dobacterium—sp 12 T 47BFAA

Enterococcus_saccharolyficus 30_1

Enterococcus_gallinarum EGZ

Enterococcus_faecium_EI039

Enterococcus_faecalis_TX0_130 Node

Lachnospiraceae_bacferium 431 Node

Eubacterium_limosum_KIST612

N1 7 47FAA
m_hathewayi DSM" 13479
Betaproteobacteria Node 1005 Node
Clostridium_sp_7_3 54FAA

Jmca m:_umwuamszmloocmlwm»mm
L SM_178

Roseburia_243 Node

Enterococcus_74 Node

Enterococcus_faecium_28 Node

clostridiales Node 1043 Node
Lachnospiraceae_bacterium_3 1 57FAA_CT1
Anaerostipes_caccae_DSM 14662
Clostridium_difficile_CD37

a_pneumoniae_342
Ruminococcaceae_bacterium_D16
Bilophila_sp 4 1 30 )
coccus_thermophilus_LMD-9
7_2 43FAA

-3-CHN

Escherichia_sp_TWT5838
Bacteroides_ eggerthii DSM_20697
Sp_1_3 56FAA

Veillonella. mf_u_nw\ﬂnmﬂw»k.nc_ww
um_hathewayi 373 Node
Sp_4 1 A4FAA
Eggerthella_sp HGAL
ethanobrévibacter_smithii_189 Node
Streptococcus 53 Node
Bacteroides_301 Node
Clostridium__symbiosum_WAL-1416:
Methanobrévibacter_smithii ATCC_35061
Bifidobacterium_bifidum 85 Node
Actinobacteria Node 294 Node
Enterococcus_faecium_14 Node
mm teroides 408 Node’

Veillonella dispar ATCC_ 17748
mﬁ_muq lococcus_hominis SK119
clostri

Bifidobacterium 66 Node
Bacteroides_vulgatus_103 Node
Lactococcus_lactis_subsp_lactis_5 Node
Bilophila_3TNode

Actinobacteria Node 413 Node
Staphylococcus_hominis_119 Node
Gordonibacter_pamelaeae_7-10-1-b

m:mmﬁ.o occus_thermophilus 347 Node
ridium_clostridioforme_Z 1 49FAA
Lactobacillos_fermentum 127 Node
StaphylococcUs_aureus_T61 Node
Bacteroides_306 Node
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The SYN-004-treated animals clustered with the controls demonstrating that SYN-004
protected the GI microflora from the effects of CRO



SYN-004 Prevented Overgrowth of M. smithii

* Whole genome shotgun sequencing and analyses
« Nearest shrunken centroid classification of fecal bacterial species

Ceftriaxone Alone
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The SYN-004-treated animals were more similar to the no antibiotic controls demonstrating
that SYN-004 protected the GI microflora from the effects of CRO
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SYN-004 is in Phase 2 Clinical Trials

Preclinical Results

« Safe in two GLP toxicity studies in dogs

» Well tolerated with a NOAEL of 57 mg/kg/day, highest dose tested
« Not detected systemically

« Did not affect ceftriaxone blood levels

Clinical Results

» Phase 1 clinical studies demonstrated SYN-004 safety and tolerability with a
single dose of up to 750 mg and multiple doses of 300 mg 4X a day for 7 days

 SYN-004 was not systemically bioavailable

* SYN-004 was not immunogenic

» Phase 2a studies are in progress

» Phase 2b study to initiate 3Q 2015
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Conclusions

SYN-004 degraded ceftriaxone in the dog Gl tract
SYN-004 protected the intestinal microbiome from ceftriaxone in pigs
SYN-004 prevented the overgrowth of M. smithii in antibiotic-treated pigs
M. smithii was reported to be associated with constipation, IBS, and obesity
SYN-004 is progressing though Phase 2 clinical trials

SYN-004 has the potential to become the first prophylactic therapy designed to

prevent antibiotic-mediated microbiome damage including C. difficile infection
and antibiotic-induced diarrhea
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