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Importance of microbiota

Metabolic Functions

Control of epithelial cell differentiation

and proliferation

Metabolism of dietary carcinogens
Synthesis of vitamins
Fermentation of non-digestible dietary
residue and epithelial-derived mucus

lon absorption

Salvage of energy

Induction of IgA

Apical tightening of tight junctions
Immune system development
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Importance of microbiota

Gl microbiome helps conirol energy balance

Can microbes make you fat?

) Increased bodyweight

3 ' ;
VIR et
Microbiota Recipient !
and body fat

Obese Twin transplant mice

_ Csoultul Pathways

Turnbaugh et al. 2006 Nature (444)




Zebra  Bacterium
Scale of individual 2m 2 uM
Scale of biome 25,000 km? 40 m?2
Ratio biome:individual 1.3E+07 2.0E+07

Bacillus cells on the tip of a pin.

100 umn . 20 um

Surface Areas:

Mara-Serengeti = 25,000 km?
Human Gl tract = 40 m?




All animals are mostly microbial

MICROBIAL CELLS MICROBIAL GENES
-100 TRILLION ~2,000,000
(-70-90%)

Animals are:
o 50-90% bacterial by cell
count
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Veterinary & Food Animal Medicine MUST consider what comprises the
majority of the organism




Can modern food safefy go
back to the futuree

Q: Can we move from a mentality of
‘killing bad bugs’ to Ecosystem
Management?

Current state of the art is
development of “Microbial
: Agriculture”

“The dependence of the intestinal
microbes on our food intake makes it
possible to adapt measures to modify
the flora in our bodies and to replace
harmful microbes by useful microbes”

E. Metchnikoff
Optimistic Studies, NY:
Putnam’ s Sons, 1908.



Microbial Ecology — Nascent field




Renaissance of Microbial Ecology

o DNA sequencing costs are decreasing faster than
Moore'’s law:

National Human Genome
Research Institute

genome.gov/sequencingcosts
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Toolkit of molecular microbial

ecology
Revolutionized by high-throughput sequencing

o Compositional o Functional census |

census (o) Me’rogenomics 1 |
o 16S rRNA o Metabolic potential :
o Taxonomic ID o Metatranscriptomics

o Metabolic activity




Toolkit of molecular microbiadl
ecology

—

{ DNA isolation
from sample

Collection of
skin microbes

PCR amplification

o Compositional e s cbara T ncen
census e oy
j=—==51 L J—

|
==
o 16S rRNA l
. Kingdom
(o) TC] xonomic | D Data processing, quality control Ph‘g"l"“
and analysis using bioinformatic tools agsrder

Family
Genus
Species

=] (Reference based approach)

(Diversity based approach)




Toolkit of molecular microbial
ecology o Functional census

Microbiome Research O MeTOgeﬂOmICS
Metagenomics
Microbial community Metagenomic reads
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Figure 1: Overview of gene quantification in metagenomics. DNA is extracted and

randomly sequenced from a microbial community. The resulting reads are then mapped
to reference sequences that have been annotated according to their gene content. Each
read that matches a gene is counted as an occurrence of that gene. The end resultis a
list of counts for Each samp]e providing the relative abundance uf ean:h gene

Maodified from Jonss: Wiktor. istical analysis and moc




Renaissance of Microbial Ecology
High-throughput sequencing

o Great plate count anomaly - Has largely removed previous
limitations
o Only0.1 - 1% of taxa cultivable
o ‘uncultured majority’ — Only 26/52 phyla in cultivation

Staley and Konopka 1985. Ann Rev Micro
Rappe and Giovannoni 2003. Ann Rev Micro

o Comprehensive census
once impossible, now .
routine

=== (ld-school cloning/Sanger sequencing
== Next-gen sequencing

2500

1500

o Bioinformatic and
Computational
Advances

Cumulative number
of sequence types
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Bioinformatics gives the keys to the kingdom

>seql AACATCGTC
NGS Output >seq? AACAGCCTA
Huse ot dl. 2007 Gen ol _ >seq3 AATATCGTA
wnnera oo 1 PERL, QIIME
Pre-processed dataset ‘
seconds -
seconds- | | UCLUST, USEARCH

SILVA, PERL

Taxonomy
Assignment

ds -
Srremicrngpess @ PERL

Pipeline built from generic ,i

"

Reformat, parse, ‘
Schloss et al. 2009 AEM

building blocks

R . 4.
build data tables, j>1 ggﬁﬁggl
map OTUs to P
taxonomy

summaries




Importance of Microbial Ecology

Can now answer:
Community composition - who's there
- Community structure - how many of each

Community function — what are they doing l
o Humans as ‘super-organisms’
HMP — Humans as o New tools applied to microbial
microbial ecosystems in and on our bodies .
R o “Second genome”
= ecosystems >

o ~10x more microbial than human
cells

Vs

\

o ~100x more genes

o Ciritical roles in nutrition, health,
disease

http://www.nature.com/nature/focus/humanmicrobiota/




Renaissance of Microbial Ecology

Poultry microbiology and its importance for
food safety

o ~ 9,000,000,000 o Maior source of b
broilers processed protein & foodborne
peryrin U.S. ilIness o
o ~ 40,000,000 tons of o Microbiome of birds
feed per yr and production
o Carbon footprint system as ‘super-
~450,000,000,000 car organism ,
miles yr! g




Broiler Production 101

Transport &

Hatchery




Can we manage the micro biotae

oWhat do natural communities look like?
oNew tools & approaches needed
o Alternative antimicrobials

o Can we put it all togethere “Seed,
Feed, & Weed"”
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What do natural communities look like?¢

Community changes significantly as bird grows
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e |

Time 1
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Time:Treatment 3

Residuals 84

Total 91
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Oakley et al. 2015 BMC Vet Res.




What do natural communities look like?¢

\

Community changes significantly as bird grows

A)

Richness (Number of genera)
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What do natural communities look like?¢

Knowledge of community composition can guide management strategies

B B Clostridium sensu stricto B Anaerotruncus
1.0 5 B B Syntrophococcus B = Robinsoniella \
B W Lachnospiracea_i-s B B Howardella
@ 0.8 - B B [actonifactor B Faecalibacterium
o B B Pseudoflavonifractor B Aminiphilus ‘
o 06 — B 1 Oscillibacter ' Mahella
g B B Butyricicoccus B E Subdoligranulum
%) B B Blautia W @ Papillibacter
SO o 04 - B = Clostridium XIVa W Hydrogenoanaerobacterium
8. B Flavonifractor B Clostridium XVIII
a 02 B Dorea B Clostridium XIVb
B Roseburia O Alistipes
0.0 - |_| 002003200 = W Clostridiales

S u_ll- L= ._._Il— LS B Synergistales
. . Thermoanaerobacterales
O Bacteroides s

Treatment

Birds exposed to wide range of
environmental bacteria, but reproducibly

Figure 2. colonized by limited subset.....

Oakley et al. 2015 BMC Vet Res.




What do natural communities look like?¢

Humans: Taxonomic variability but functional conservation
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What do natural communities look like?¢

Poultry: Taxonomic variability but functional conservation

m Why is this importante
Functional redundancy
Possible to construct minimal community?

Psg% oﬂq}/onifractor
‘Easc er?c'nnghigella 1.00-

Anaerotruncus . .
. Energy production and conversion
Parasporobacterium Nulcl:leotldle trartleport and mettabollsmb
i ell envelope biogenesis, outer membrane
ithanollqenens gmino acid%rans ort and metabolism
Pzam:g:gffrs 75- Secondary metabolites biosynthesis, transport, and catabolis|
Belch?lpbachiella DNA replication, recombination, and repair

%?Vg i Intracellular trafficking and secretion
Flavonifractor | . .
Lachnospiracea_i_c Signal transduction mechanisms
Coenzyme metabolism

Coprococcus

Blautia Carbohydrate transport and metabolism

proportion

Butyricicoccus Inorganic ion transport and metabolism
Clostridium IV

Clostridium XIVa
Transcription
Roseburia

sample

Danzeisen et al. PLoS ONE 2011
Oakley et al. FEMS Micro Let 2014
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Can we manage the microbiota?

oWhat do natural communities look like?¢

oNew tools & approaches needed

o Alternative antimicrobials

o Can we put it all togethere “Seed, Feed,
& Weed”




Fluorescence in-situ hybridization (FISH)

o Sequence-based discrimination of
bacterial cells (and colonies)

__ %
@i - * ® % . acaTc
_ = ’
Ribosome

(rRNA + proteins)
Thousands per cell

B SPECIES A SPECIES B

N\

Stringent hybridization and washing

\




Fluorescence in-situ hybridization (FISH)

o Can use massive rRNA segquence repositories to
design specific and sensitive probes:

‘Campylobacter jejuni RM 1221 3data  —UA G b GEEGRSGIAG ATt A AU

mCampylobacter coli RM2228 3data —UAG A 3 N —

mCampylobacter coli 3data - U-A Gy A —— c lob

mCampylobacter jejuni subsp. jejuni 811186 3data —— -G CAA ampylobacter rectus

mCampylobacter jejuni subsp. jejuni 81-176 3data LA G CAB Campylobacter rectus .
mATCC33250 Odata U-AG4 A Al Campylobacter showae

mCampylobacter jejuni subsp. jejuni NCTC 11168 3data A G4 GEEGNGIATG Al A Al Campylobacter gracilis

mCampylobacter jejuni subsp. do 3data - U-A G4 RGN —s A Al

OCampylobacter jejuni subsp. doylei 269.97 3data —U-A G4 RGeS ——t A AL Campylobacter concisus

mCampylobacter jejuni subsp. je 3data —U-A G4 eGSR —G A AL

mCampylobacter lari subsp. conc 3data —U-A-Gp EGAA A G A G A Bl C C?“,‘pr lobacter s

mCampylobacter lari subsp. lari 3data U A G S GEGESEEEG A GGG A Bl ampylobacter mucosalis

mCampylobacter lari RM2100 3data U-A-G A e et G £+ Campylobacter fetus subsp. ven

mCampylobacter insulaenigrae 3data U A G b GGG A GG A Bl Campylobacter fetus subsp. fet

mCampylobacter peloridis 3data  —U-A G A GEERGERRNGREAC A e GG A AL Campylobacter hyointestinalis

mCampylobacter upsaliensis 3data —U-A G A GG A A At A A Campylobacter hyointestinalis

mCampylobacter upsaliensis RM3195 3data —U-A G4 RGeSt A AL Campylobacter lanienae

mCampylobacter helveticus 3data  —U-A G4 GEESSGIAC A A Al i
mCampylobacter cuniculorurm 3data  ——U-A-C A S OE A G A A Al T Caglpyl"'facbterlw}‘ RM2100

mCampylobacter canadensis adata A G 4 GEERANGA GG Gt h A G A Al ampy‘obacter jart )

mCampylobacter fetus subsp. ven 3data U A G G GA GG A A AL Campylobacter lari subsp. lari

mCampylobacter fetus subsp. fet adata U A G 4 GEGEGGEA A GG A AL Campylobacter peloridis

mCampylobacter hyointestinalis 3data - U-A G A GEEGEGRNGEOAT A S A AL Campylobacter insulaenigrae

mCampylobacter lanienae 3data U-A-G- 4 GRS G A AL Campylobacter jejuni subsp. jejuni 81116

mCampylobacter hyointestinalis 3data - U-A G4 GEEGEGRGATCE e ttG A A Campylobacter jejuni subsp. jejuni 81-176

mCampylobacter showae 3data - U-A G4 GRS — A Al ATCC33250

mCampylobacter rectus 3data  —U-A G4 GEENESG ARG — A Al e faiing

e e o data - U-A-G 4 ARG At A A1 Campylobacter jejuni subsp. jejuni NCTC 11168

mCampylobacter aracilis 3data  —-A-C A SR OA A G A G A Al Campylobacter jejuni subsp. je

mCampylobacter curvus 3data U A-G 4 GEEGegeNGeA A G A G A AL Campylobacter jejuni subsp. do

mCampylobacter concisus 3data U-A-G-5 e A A G AT A A AUl I~ Campylobacter lari subsp. conc

mCampylobacter hominis 3data U AGAGUHOCLGAGH CCCAHGN —  CoAA Campylobacter coli RM2228

mCampylobacter mucosalis 3data —U-A G4 I — A A | Campylobacter jejuni RM1221

Campylobacter upsaliensis 4
Campylobacter upsaliensis RM3195 -
Campylobacter helveticus

Campylobacter cuniculorum !

— Campylobacter canadensis




lerarchical probe concept

Gammaproteobacteria_1

Betaproteobacteria

Gammaproteobacteria_2

Gammaproteobacteria_3
Gammaproteobacteria_4

Alphaproteobacteria

Deltaproteobacteria

< — P> Acidobacteria
Campylobacte.
3 Sulfurospirillum

Helicobacteraceae 2

Chlamydiae
Planctomycetes
7 Fibrobacter

Bacteroidetes

Chlorobia
4 Leptospira
Spirochaetaceae

— Pro’reoboc’reri.

— Bacte ri, “A




Three probe cocktail:

New tools & approaches

Campylobacter rectus TrATmmmmmmmmm e
Campylobacter rectus TTATommmmmmmmm e
Campylobacter showae TTAT oo
-- A _______________

Campylobacter gracilis
Campylobacter hominis - ~AG-=---==--==----~

1. Campy~Cy3
2. Competitor probe
3. EUB~AIx488

0.10

Campylobacter concisus Tt TcTToooomooo---

Campylobacter curvus T ---------- U-----

Campylobacter mucosalis " ttmmommmmmoo-es

Campylobacter fetus subsp.ven ~ "-csmosssmmo---oe-

Campylobacter fetus subsp.fet -7 ---mom-omoo--e-

Campylobacter hyointestinalis "= ==----mmm---me-

Campylobacter hyointestinalis == -==-o--mmmo---

Campylobacter lanienae =~ Tooommoosmsmmo-oes

| * Campylobactercoi ~ Tommooomomoooomoe-

Campylobacter lari RM2100 S oGommmmmm e
Campylobacter lari ATCC 43675 unlabeledl[---6----------~---- |

Campylobacter peloridis ~ moommmmosmmmmo-oes

Campylobacter insulaenigrae ~~ "Toooosmoooomoooo-

Campylobacter jejuni subsp. jejuni 81116 ~ =-=----------------~-
mpylobacler Jejunt Subsp. Jejunt unlabeled2[------------ U----- |

MpPYIoDACLEL [C[UNT ATCC 33250 , U
Chmpylobacter jejuni subsp. jejuni NCTC 11168 || labeled [EUGAGGGAGAGGCAGAUG |
CMpyIobacterJefunt subsprjefunfATCCa99a3==| ------------------
Campylobacler Jejunt supsp. doyler LIVIGS543

- Campylobacter lari LMG21009T
Campylobacter coli RM2228
Campylobacter jejuni RM1221

Campylobacter upsaliensis
Campylobacter upsaliensis RM3195
Campylobacter helveticus

A

Campylobacter cuniculorum B R
Campylobacter canadensis i
Arcobacter cryaerophilus A--u-------- U-----

Helicobacter canis --AU-------- U--G--
Helicobacter sp. ABHU4stomsp “cAU-------- U--G--
Helicobacter bilis --AU-------- U--G--
Helicobacter sp. GA-3 S--U-------- U--G--

Helicobacter sp. CLO-3 ---U-------- U--G--
Helicobacter mastomyrinus ---U-------- U--G--
Helicobacter sp. hokurin—1 ---U-------- U--G--
Helicobacter sp. WYS-2001 ---U------ - U--G--
Helicobacter fennelliae SmmUsmee-- U--G--

Relative fluorescence intensity

100 150 200

50

a

Labeled probe (4?943.{
N,\ P i
Competitorprobe (81-176)

A o Perfect Match (49943/11168)
o < Single mismatch (81-176/33250)
o Single mismatch plus competitor probe

Formamide (%)

Competitor probe (81-176)

0

Labeled probe (11168)




New tools & approaches

Now have direct window to follow
individual strains in G-l fract

Developed high-throughput image
analysis tools

C. jejuni 11168 gavage,
image cecal sample

directly: /




Can we manage the microbiota?

oWhat do natural communities look like?¢
oNew tools & approaches needed
o Alternative antimicrobials

o Can we put it all togethere “Seed, Feed,
& Weed”



Can we manage the microblota?

m Alternative antimicrobials

\




Can we manage the microbiotae

m Alternative antimicrobials I

® + Amidases

 Muramidases
(Lysozyme)

(Gram +)

* Glucosaminidases

(Gram -)
Outer

* Endopeptidases

Membrane ‘
Peptidoglycan “
* Holins form lesionsin |
QP! Membrane bacterial
Heiln membranes
a N-acetylmuramoyl-L-alanine amidase
N-acetyl-3-D-muramidase ° AUTO|y5|nS Ond L
Murein N-acetyl-}-D-glucosaminidase prophcge enzymes ’
Hydrolases interpeptide bridge endopeptidase presen t in bacterial ‘
L-alanoyl-D-glutamate endopeptidase g e n O m es
L . Transglycosylase

Current Opinion in Microbiology




Can we manage the microblota?

m Alfernative antimicrobials

Structural modeling suggest potential for ‘mix-and-match’ use of phage Iytic
enzyme domains to tailor specificity as alternative antimicrobial agents:

A)
Lowest

* N-acetylmuramoyl-
L-alanine amidase

sequence m

: L
conservation varies
\ by domain l
{ Q + Percent protein
N Highest sequence .,

conservation is

shown from highest

Lowest Qo 100% (red) to lowest
a9 RS 60% (blue).

B)

Highest

Oakley et al. BMC Genomics 2011
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Can we manage the microbiota?

oWhat do natural communities look like?¢

oNew tools & approaches needed

o Alternative antimicrobials

o Can we put it all togethere “Seed, Feed,
& Weed”




Importance of early development

May not be possible to return to
DySb'OJ”C state qesired condition from dysbiotic

/,:i> state
S
I Poor Initial State
Q0 management
2 7 o V¥ Proper management
g
& 135 -
E[r:cr:l k.'f::.".' Forlin 6 5
O 0
x 9 &
%, = 2>
an =
2 2
Desired phenotype > A Q




Managing the micro biota...

Knowledge of community composition can guide management strategies

B B Clostridium sensu stricto B Anaerotruncus

1.0 5 B B Syntrophococcus B = Robinsoniella
B W Lachnospiracea_i-s B B Howardella
@2 08 - B B Lactonifactor W " Faecalibacterium
o B B Pseudoflavonifractor B Aminiphilus
S 06 - B [ Oscillibacter [ Mahella
g B B Butyricicoccus B 5 Subdoligranulum
%) B W Blautia W @ Papillibacter
© 04 B u Clostridium XIVa B ' Hydrogenoanaerobacterium
8’. B [ Flavonifractor B [ Clostridium XVIII
x 02 - B Dorea B Clostridium XIVb
B Roseburia O Alistipes
0.0 - [ [ [ H Clostridiales
"_ CI-E g E"‘ CI-E S ; O ; M Synergistales
Thermoanaerobacterales
[JBacteroides
Treatment
Figure 2.

Oakley et al. 2015 BMC Vet Res.




Managing the micro biota...

Microbiome datasets are amenable to high-throughput
data mining to identify potentially desirable & undesirable
taxa.

Staftistical associations of particular taxa with pro- and

anfi-inflammatory cytokines... IL
o _
T m]
c 9 _
S © - Firmicutes: —0.553
S ¢ | = Proteobacteria: 0.696
(@] o
Ultimate objectiveisto &
manipulate taxonomic £ o 7
composition to 2 o
achieve desired © ==
immune responses. .. o d *WI’ B

I I I I I
0 5 10 15 20 25
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Managing the micro biota...

Microbiome datasets can reveal associations...

Answer may be different for different age birds:

. IL-1B .

S - = Faecalibacterium: -0.56 e \
\ \ —a Clostridium: —0.506
c ¥ \ e I V'~ Ruminococcus: 0.531
s © s © \
£ vy = \
e 9 ] ‘g e 9 ] \
e ° \ g ©° e
o \ Q “. [ ]
© « ® o «
2 o \ -% o 7 w
o o
S 7] = g S 7] .
o | o o | /V$W/‘\/
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Can we identify a microbial
conftribution to FCR?

Experiment |
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Can we identify a microbial
conftribution to FCRe

Experiment 2: Genetics vs. microflora

Reciprocal transplant of fecal material from adults to chicks:
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Plus uninoculated controls...




Inoculum improves weight gain

body wt (g)
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Inoculum improves FCR
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Can we manage the microbiotae

m Different cecal communities at 6 weeks
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Strain [dentification

m Different cecal communities at 6 weeks '
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Can FMT ‘lay the golden egg'e
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Can FMT ‘lay the golden egg'e
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Can FMT ‘lay the golden egg'e

Lactobacillus

Ruminiclostridium
Blautia
Lachnospiraceae
Eubacterium
Dehalobacter
Bacteroides
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Can FMT ‘lay the golden egg’e
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Can FMT ‘lay the golden egg’e
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train Identification

Microbiome datasets can guide targeted cultivation of

potentially novel strains from chicken G-l tfract:

cl1-8,95.4

ml-9, 95.5

Ab7Poly2, Anaerobacter polyendosporus
Clointe3, Clostridium intestinale
CIoAIg18, Clostridium algidicarnis
CloPutr3, Clostridium putrefaciens
CIoMesog Clostrldlum mesophilum

CloCaven, Clostrldlum cavendishii
CloSart2, Clostridium sartagoforme
mg20-
2-6-12, 96.9
m1-10-15, 97.6
m2-9, 99.2
CIoButyQ, Clostridium butyricum
CloSacc9, Clostridium saccharoperbutylacetonicum N1-4(HMT)
CloPunic, Clostridium puniceum

CloPerf4, Clostridium perfringens

m20-1, 99.6

c20-1, 99.5
r CloSpo17, Clostridium sporogenes

m20-5, 99.6

CloHisto, Clostridium histolyticum
4[|: CloProte, Clostridium proteolyticum
CloLimos, Clostridium limosum

c1-3c, 99.
c10-3, 99.7
cl-4a, 100
CloDiff4, [Clostridium] difficile
CloDiff3, [Clostridium] difficile
CloGlyc8, [Clostridium] glycolicum
CloMayom, Clostridium mayombei
c10-4,98.5
c20-4, 98.8
Clolrre2, [Clostridium] irregulare
RumFaeci, Ruminococcus faecis
RumTor%S Rumlnococcus torques ATCC 27756
c20-3
m20-2, 96 5

4|7—&atudro, Blautia hydrogenotrophica DSM 10507
mg20-2, 92.9

CloAero2, Clostrldium aerotolerans
mgl0-1,

CIoXyIa8 Clostndlum xylanolyticum
c1-9a, 99.1
c20-2, 98.6

L FIfPIauS, Flavonifractor plautii
CisMinut, Christensenella minuta

Bacillus (15)

Novel strains
shown in red
genome N
sequenced




Strain characterization

Characterization of new isolates

=  Genome Sequencing
«  Optical Mapping

Quter ring = consensus of cut
sites

Fragment sizes and order
reflect true arrangement in
genome

Provides frue barcode of
genome

Provides template for
assembly of genome
sequence reads
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Strain characterization

Characterization of new isolates

=  Genome Sequencing
«  Optical Mapping

Colored ranges ‘
. Probiotics “
B Pathogens

|| Uploaded Genomes

Clusters
. Cluster N (Near C. perfringens)
. Cluster W (With C. perfringens)

. Cluster C (Close to C. celerecrescens)

. Cluster B (By C. butyricum and C. botulinum)
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Glutarate Acetyl-CoA Lysine

011002 ‘ EC2835 l Thi BNy ("°' incugea ty auors
EC28312 2-Oxoglutarate Egmi s
ECA421- | Lz-hydronyguearats denyarogenaze gt oacetyl-CoA
: EC:1.1.1.157 ysine & 6-aminomutase - EC 5.4.3.3
EC:4.1.1.70 | 814392 {Notincluded by authors) I L2Hgdh Eg :'g"' ;; " T KamD,E " (rat incluted by autors
421, el 35
2-Hydroxyglutarate ¥ 1 wneier | 3,5-Diaminohexanoate
Guiaoorate Cor-raterse | Gep Mm“ﬁ”? 3. Hydroxy butanoyl-CoA I Kdd mm.mm&
- (not Inchyded by authors)
3-Keto-S-aminohexanoate
keto-5-aminahexanaate cleavage :
Acetoacetate | Kce enzyme - EC2.3.1.247 \
/ (not Inchuded by aushors)
3 AminobutyrylCoA
acetyl-CoA 0A dahyd
Ving Isom % 38 and EC 1{6
- ydrosybatyryl Cal dehyratase - BC Bed-(af) , “[
o AbfD m”” (nnmm;wmm EC43114
/
0 ate nefarase EC5432
e - mt)wé“ EC5433
bt EC141.11
misannotated 4H EC:231.247
. * |__Butynyi-phosphate EC43.1.14
EC:1.1.181 | ~ But Ato
EC:4.2.1.120 ‘ miasnceasd
EC5333 Butyate king
4 hydrosybutyrate dehydrogenase - B¢ AbfFH Buk oyl L~
L1141 27 [
EC:1.3.1.86
Succinate semialdehyd Butyrate EC:431.44
‘ EC231.19
EC2727

4-Aminobutyrate/Succinate

Image adapted from: doi: 10.1128/mBio0.00889-14 22 April 2014 mBio vol. 5 no. 2 e00889-14




(5)-2-Acetoin Diacetyl

KEGG Map: Butanoate metabolism | - sssumesss o g

reso-Butane-2,3-cio] O

Succinate V 1351
C‘

- 1
(RR)-Butare-23-tol O%— 111 4 [—#O 12246 |
(R)-2- Acewm (5)-2-Acetolactate |

%Pymme

f ) &0

Furaarate

Butanoate 04—-—r Butanoyl-P
28386212
1-Butanol Butanal
o]

—— /| Biosynthesis of type II
00— s ey

Alanine, aspartate and
glutaruate mohsm

Sy {12176
3-Butenoyl-

| }
|

131
| 4 ing- 4Hyrhory- o 5333 —
v butanoate |76 1 10 1| butanoats =

P
LGl o—-—ro s O |+0 21

— |Succinate
Yib““mﬁndmhm | seruildhyrle buhmyl &A 21,
Vitarain B6 metsbolisa  f—————— l b A
§ (R)-34(R)-3 Hyeko 31175 o $)2 oo Cob

butamyloxy)buhm:g m
- 2-Oxog]

st )

— '~o<—m—>o [42131] 0 11183
1354 BMte

[
Alanine, aspartate and
,l glutamate mlmgohsm ¥

120

Q. e 4
I I o ;
62116 04 »O+—
Synthesis and degradtio e
fletmebodsss [T L JNI§ AcetylCols
1ButynL-dl B I
-Butyn- - " 12 3)-3-Hyrroxy-
O———»0——»0—42127 04 {2335 0 Shet aiyhCol |
3-Butyn-1-0l 3-Butynoats Acetoacetate 4134 :
J

[] Genes found in all selected genomes

[JCIETE Genes found in some of the selected genomes [for up to 25%[] »>25%0 >50%0 >75%MH |

D A red border indicates that more than one function maps to this reaction.

Fatty acid degradation ﬁ




Butyrate Synthesis Pathways of new strains

>>>>>>>>>>>>>>

4-Aminobutyrate|
Pathwa

Acetyl-CoA
Pathwa

Glutarate Pathwa

Lysine Pathwa

Common Ending
Pathwa

Presence of Pathway
Absence of Pathway

*Color Represents Presence or Absence of Pathway based on KEGG EC
numbers found in Genome (allowing for 1 missing enzyme)

A Majority of Uploaded Genomes can synthesize Butyrate from Acetyl-
CoA according to their functional profile




CONCLUSIONS

2 Managing the microbiota can improve
performance and food safety

2 Next-generation sequencing is a I
transformative tool
2 Proper management starts with |

understanding natural communities >
0 ‘Efficacy-first’ inversion of traditional strain- I

centric approach may be valuable
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