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Funcao da Microbiota
Gastrointestinal

Barreira contra patégenos
Ajuda em processos digestorios

— Fermentacao de fibras dietéticas

Fornece nutrientes para enterocitos e
colonocitos

Ajuda no desenvolvimento
do sistema imunoloégico




Funcao da Microbiota Gastrointestinal

Microbial products or activities Disease

= SCFA production, vitamin synthesis

= Influences on energy supply, gut hormones, satiety,
energy expenditure

= Lipopolysaccharide, inflammation

« Butyrate production, phytochemical release
= Toxins, carcinogens, inflammation

= SCFA production, intestinal pH, bacteriocins,
competition for substrates and/or binding sites
= Toxin production, tissue invasion, inflammation

« Balance of proinflammatory versus anti-inflammatory : .

signals, development
= Inflammation, immune disorders

= Metabolites (SCFA, gases) from nondigestible carbohydrates

= Lipid, cholesterol metabolism

Flint et al., 2012




Funcao da Microbiota
Gastrointestinal

* Pessoas e animais saudaveis
— Microbiota estavel
— Resistente a alteracoes
— Modulacao transitoria




Dieta e a Microbiota
Gastrointestinal

* Nutricao
— Fator que pode alterar a composicao microbiana a
curto e longo prazo

— Grupo de animais responsivos e nao-responsivos
diferentes tratamentos
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Metabolismo Microbiano

e Substratos

— Carboidratos
* Fibras
* Amidos resistentes
* Oligossacarideos
* Acucares nao absorvidos

— Alcoodis de acucar

— Proteinas dietéticas

— Secrecoes do trato gastrointestinal

* Muco, células descamadas, etc.



Metabolismo Microbiano

* Produtos da fermentacao de carboidratos

— Acidos graxos de cadeia curta
Butyrate O

— CO,, H,, and CH, /\.)I\
OH

* Importancia metabdlica
— Fonte de energia para o hospedeiro
— J pH luminal
— Alteracao de electrodlitos e absorcao mineral

Binder, 2010



Metabolismo Microbiano

* Produtos da fermentacao de proteina
— Acidos graxos de cadeia ramificada

— Fendis and indols Indole
— AmoOnia H
|
— Compostos contendo enxofre - .
I
H H

* Importancia metabdlica
— Odor fecal
— Associacao com doencas TGl



Dieta e Modulacao da Microbiota

* Principais estratégias
— Fibras dietéticas
— Pré- and probioticos
— Produtos de levedura
— QOutros ingredientes
funcionais

* Principal alvo
— Saude do trato gastrointestinal (colon)

— I fermentacao de carboidratos
* | fermentacao proteica



Efeitos de Fibras Dietéticas e
Prebiodticos

Dependente do tipo e dose
Qualidade fecal
Producao de acidos graxos e pH fecal

Alteracoes modestas/ médias no microbiome
TGl



Dieta-Microbioma em Caes e Gatos
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Abstract

Background: Dogs suffer from many of the same maladiies
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Abstract

Background: Cooked bean powders are a promising novel protein and fiber source for dogs, which have demonstrated
potential to alter microbial composition and function for chronic disease control and prevention. This study aimed to
determine the impact of cooked navy bean powder fed as a staple foad ingredient on the fecal microbiome of healthy adult
pet dogs.

Methodology/Principal Findings: Fecal samples from healthy dogs prior to dietary control and after 4 wk of dietary
treatment with macro- and micronutrient matched diets containing either 0 or 25% cooked navy beans (n=11 and n=10,
tespectively) were analyzed by 454-pyrosequencing of the 165 rRNA gene. There were few differences between dogs fed
the control and navy bean diets after 4 wk of treatment. These data indicate that there were no major effects of navy bean
inclusion on microbial populations. However, significant differences due to dietary intervention onto both research diets
were observed (i.e., microbial populations at baseline versus 4 wk of intervention with 0 or 25% navy bean diets). After 4 wk
of dietary intervention on either control or navy bean diet, the Phylum Fimmicutes was increased and the Phyla
Actinobacteria and Fusobacteria were decreased compared to baseline.

Conclusions: No negative alterations of microbial populations occurred following caoked navy bean intake in dogs,
indicating that bean powders may be a viable protein and fiber source for commercial pet foods. The highly variable
microbial populations observed in these healthy adult pet dogs at baseline is one potential reason for the difficulty to
detect alterations in microbial populations following dietary changes. Given the potential physiological benefits of bean
intake in humans and dogs, further evaluation of the impacts of cooked navy bean intake on fecal microbial papulations
with higher power ar more sensitive methods are wananted.

Citation: Karr KR, Forster G, Dowd S€. Ryan EP, Swanson KS (2013) Effects of Dietary Cooked Navy Baan on the Fecal Microbiome of Healthy Companion
Dogs. PLoS OME 8(91- ¢74996. dok 10,1 371 joumal pone 0074998
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ABSTRACT: Four healthy adult cats were used in a crossover

trointestinal Laboratory, Texas A&M University, College Station,
, Universités Aix-Marseille T & I, Marseille, France

A. Barry,"* Ingmar S. Middelbos," % Brittany M. Vester Boler,” Scot E. Dowd,!
10

Fahey, Jr,"¥ and Kelly S. Swanson*’

Texas 77843, United States

This study is the first to use a metagenomics approach to characterize the phylogeny and functional
capacity of the canine gastrointestinal microbiome. Six healthy adult dogs were used in a crossover
design and fed 8 owAber conirol diet (KIC) or one containing 7.5% bset pulp (KOBP), Pooied ecal
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rosequencing, generating 503 280 (KSC)

P! ge!
and 505061 (K9BP) sequences. Dominant bacterial phm included the Bacteroldetes/Chlorobi group
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(13-15%) and Fusobacteria (7-8%). K9C had a qnmr percentage of Bacteroidetos, Fusobacteria
and Proteobacteria, whereas K9BP had greater proportions of the Bacteroidetes/Chlorobi group and
Firmicutes. Archaea were not alhr!d by diet and represented ~ 1% of all !l sequences. All archaea

were member:
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s of d Eu with ing
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rotein metabolism; DNA metabolism; cofactors,

amino acids and derivatives; cell wall and capsule; and virulence.

vitamins, tic groups and pigments;
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humans and mice. More research is required to provide deeper coverage of the canine microbiome,
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or yeast cell wall extract (YOW) on fecal microbial com
3 454 pyrosequencing. Six healthy female adult beagles
5 % 0.5 years; 8.5 % 0.5 kg) were randomly assigned to six test diets using a
Latin square design: (1) beef control; (2) beef + 1.4% inulin; (3) beef + 1.4
YCW; (4) chicken control; (5) chicken + 1.4% inulin; and (6) chicken + 1.4%
YCW. Following 14 days of adaptation, fresh fecal samples were collected on
day 15 or day 16 of each period. Fecal
to create 165 rRNA gene amplicons, which were subjected to 454 pyroseque
ing and qPCR. Predominant fecal bacterial phyla included Fusobacte
Bacteroidetes, and Proteobacteria. Beef-based dicts increased (P < 0.05)
ria, but decreased (P < 0.05) Anacrobiospirillum vs. chicken-based diets.
Inulin decreased (P < 0.05) Enterobacte
Megamonas vs. control. Tnulin also decreased (P < 0.05) Escherichia vs. YOW
GPCR data showed that YCW increased (P < 0.05) Bifidobacterium vs. inulin
and control and inulin increased (P < 0.05) Lactobacillus vs. YCW. Although a
few changes in fecal microbiota were observed with inulin or YCW consump
tion, a strong prebiotic effect was not observed.

with or without inulir

munities of dogs usi

genomic DNA was extracted and used

Firmi

eae. Inulin increased (P < 0,05)

design to determine phylogeny and metabolic functional capacity of
the cat's microbiota using a approach.
Healthy adult cats (1.7 years old) were fed diets containing 4%
cellulose, fructooligosaccharides (FOS), or pectin for 30 d, at which
time fresh fecal samples were collected. Fecal DNA samples from
each cat consuming each diet were subjected to 454 pyrosequenc.
ing. Dominant phyla determined using two independent databases
(MG-RAST and IMG/M) induded Firmicutes (mean = 363 and
49.8%, respectively), Bacteroidetes (mean = 361 and 24.1%
respectively), and Proteobacteria (mean = 124 and 1L1%,
ively). Primary functional categories as determined by
GG were associated with carbohydrates, clustering-based
subsystems, protein metabolism, and amino acids and derivatives.
Primary functional categories as determined by COG were associated with amino acid metabolism and transport, general
function prediction only, and carbohydrate transport and metabolism. Analysis of carbohydrate-active enzymes revealed
modifications in several glycoside hydrolases, glycosyl transferases, and carbohydrate-binding molecules with FOS and pectin
consumption. While the cat is an obligate camivore, its gut microbiome is similar regarding microbial phylogeny and gene
content to omnivores.

KEYWORDS: feline gui, gastrointestinal bacteria, microbiome, metagenomics, pyrosequencing
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Abstract

Background: Dogs suffer from many of the same maladies as humans that may be affected by the gut microbiome, but
knowledge of the canine microbiome is incomplete. This work aimed to use 16S rDNA tag pyrosequencing to
phylogenetically characterize hindgut microbiome in dogs and determine how consumption of dietary fiber affects
community structure.

Principal Findings: Six healthy adult dogs were used in a crossover design. A control diet without supplemental fiber and a
beet pulp-supplemented (7.5%) diet were fed. Fecal DNA was extracted and the V3 hypervariable region of the microbial
16S rDNA gene amplified using primers suitable for 454-pyrosequencing. Microbial diversity was assessed on random 2000-
sequence subsamples of individual and pooled DNA samples by diet. Our dataset comprised 77,771 reads with an average
length of 141 nt. Individual samples contained approximately 129 OTU, with Fusobacteria (23 — 40% of reads), Firmicutes (14
— 28% of reads) and Bacteroidetes (31 — 34% of reads) being co-dominant phyla. Feeding dietary fiber generally decreased
Fusobacteria and increased Firmicutes, but these changes were not equally apparent in all dogs. UniFrac analysis revealed
that structure of the gut microbiome was affected by diet and Firmicutes appeared to play a strong role in by-diet clustering.

Conclusions: Our data suggest three co-dominant bacterial phyla in the canine hindgut. Furthermore, a relatively small
amount of dietary fiber changed the structure of the gut microbiome detectably. Our data are among the first to
characterize the healthy canine gut microbiome using pyrosequencing and provide a basis for studies focused on devising
dietary interventions for microbiome-associated diseases.

Citation: Middelbos IS, Vester Boler BM, Qu A, White BA, Swanson K5, et al. (2010) Phylogenetic Characterization of Fecal Microbial Communities of Dogs Fed
Diets with or without Supplemental Dietary Fiber Using 454 Pyrosequencing. PLoS ONE 5(3): e9768. doi:10.1371/journal.pone 0009768

Middelbos et al., 2010



Fibra Dietética —
Microbiota Canina

* Dietas
— Controle
— 7.5% polpa de beterraba

* Ingredientes principais
— Farinha de frango
— Quirera de arroz
* Animais
— 6 caes adultos (< 2anos)
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Abstract

Background: Dogs suffer from many of the same maladies as humans that may be affected by the gut microbiome, but
knowledge of the canine microbiome is incompléte. This work aimed 1o use 165 DNA tag pyrosequencing o
phylogenetically characterize hindgut microbiome in dogs and detemine how consumption of dietary fiber affects
community structure.

Principal Findings: Six healthy adult dogs were used in a crassover design. A control diet without supplemental fiber and a
beet pulp-supplemented (7.5%) diet were fed. Fecal DNA was extracted and the V'3 hypervariable region of the microbial
165 (ONA gene amplified using primers suitable for 454-p quencing. Micrabial d sssed on random 2000
sequence subsamples of individual and pooled DNA samples by diet. Our dataset comprised 77,771 reads with an average
length of 141 nt. Individual samples contained approximately 129 OTU, with Fusobacteria (23 - 40% of reads), Firmicutes (14

28% of reads) and Bacteroidetes 31 - 34% of reads) being co-dominant phyla. Feeding dietary fiber generally decreased
Fusobacteria and increased Firmicutes, but these changes were not equally apparent in all dogs. UniFrac analysis revealed
that structure of the gut microbiome was affected by diet and Firmicutes appeared to play a stiong role in by-diet clusteri

Conclusians: Our data suggest three co-dominant bacterial phyla in the canine hindgut. Furthermore, a relatively small
amount of dietary fiber changed the structure of the qut microbiome detectably. Our data are among the first to
characterize the healthy canine gut microblome using pyrosequencing and provide a basis for studies focused on devising
dietary interventions for microbiome-associated diseases

Citat elbos 15, Vester Baler BM, Qu A, White BA, Swanson KS, et . (2010) Phylogenetic Characterzation of Fecal Micrabisl Communities of Dogs Fed
Diets with or without Suppiemental Dietary Fiber Using 454 Pyrosecuencing. PLoS ONE 5(3): ed768. dok 1011 371 joumal pene. 0003768

Middelbos et al., 2010



Fibra Dietética —
Microbiota Canina

* Periodo experimental e design
— 14 dias (10 d adaptacao; 4 d coleta)
— Cross-over
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Abstract

Background: Dogs suffer from many of the same maladies as humans that may be affected by the gut microbiome, but
knowledge of the canine microbiome is incompléte. This work aimed 1o use 165 DNA tag pyrosequencing o
phylogenetically characterize hindgut micrabiome in dogs and determine how consumption of dietary fiber affects
community structure.

Principal Findings: Six healthy adult dogs were used in a crassover design. A control diet without supplemental fiber and a
beet pulp-supplemented (7.5%) diet were fed. Fecal DNA was extracted and the V3 hypervariable region of the microbial
165 (ONA gene amplified using primers suitable for 454-pyrosequencing. Micrabial diversity was assessed on random 2000
sequence subsamples of individual and pooled DNA samples by diet. Our dataset comprised 77,771 reads with an average
length of 141 nt. Individual samples contained approximately 129 OTU, with Fusobacteria (23 - 40% of reads), Firmicutes (14

28% of reads) and Bacteroidetes 31 - 34% of reads) being co-dominant phyla. Feeding dietary fiber generally decreased
Fusobacteria and increased Firmicutes, but these changes were not equally apparent in all dogs. UniFrac analysis revealed
that structure of the gut microbiome was affected by diet and Firmicutes appeared to play a stiong role in by-diet clusteri

Conclusians: Our data suggest three co-dominant bacterial phyla in the canine hindgut. Furthermore, a relatively small
amount of dietary fiber changed the structure of the qut microbiome detectably. Our data are among the first to
characterize the healthy canine gut microblome using pyrosequencing and provide a basis for studies focused on devising
dietary interventions for microbiome-associated diseases
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Abstract

Background: Dogs suffer from many of the same maladies as humans that may be affected by the gut microbiome, but
knowledge of the canine microbiome is incompléte. This work aimed 1o use 165 DNA tag pyrosequencing o
phylogenetically characterize hindgut microbiome in dogs and detemine how consumption of dietary fiber affects
community structure.

Principal Findings: Six healthy adult dogs were used in a crassover design. A control diet without supplemental fiber and a
beet pulp-supplemented (7.5%) diet were fed. Fecal DNA was extracted and the V'3 hypervariable region of the microbial
165 (ONA gene amplified using primers suitable for 454-p quencing. Micrabial d sssed on random 2000
sequence subsamples of individual and pooled DNA samples by diet. Our dataset comprised 77,771 reads with an average
length of 141 nt. Individual samples contained approximately 129 OTU, with Fusobacteria (23 - 40% of reads), Firmicutes (14

28% of reads) and Bacteroidetes 31 - 34% of reads) being co-dominant phyla. Feeding dietary fiber generally decreased
Fusobacteria and increased Firmicutes, but these changes were not equally apparent in all dogs. UniFrac analysis revealed
that structure of the gut microbiome was affected by diet and Firmicutes appeared to play a stiong role in by-diet clusteri

Conclusians: Our data suggest three co-dominant bacterial phyla in the canine hindgut. Furthermore, a relatively small
amount of dietary fiber changed the structure of the qut microbiome detectably. Our data are among the first to
characterize the healthy canine gut microblome using pyrosequencing and provide a basis for studies focused on devising
dietary interventions for microbiome-associated diseases
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Abstract

Background: Dogs suffer from many of the same maladies as humans that may be affected by the gut micrabiome, but

knowledge of the canine microbiome & incomplete. This work aimed 1o use 165 DNA tag pyrosequencing to

phylogenetically characterize hindgut microblome in dogs and detemine how consumption of dietary fiber affects
munity structure,

cipal Findings: Six healthy adult dogs were used in a crossover design. A control diet without supplemental fiber and a

: pulp-supplemented (7.5%) diet wer fed. Fecal DNA was extiacted and the V3 hypenvariable region of the microbial
DNA gene amplified using primers suitable for 4 ing. Mic sed on random 2000-
sence subsamples of Individual and pooled DNA samples by diet. Our dataset comprised 77,771 reads with an average
th of 141 nt. Individual samples contained approximately 129 OTU, with Fusobacteria (23 - 40% of reads), Firmicutes (14
9% of reads) and Bacteroidetes (31 - 34% of reads) being co-dominant phyla. Feeding dietary fiber generally decreased
bacteria and increases! Firmicutes, but these changes were not equally apparent in all dogs. UniFrac analyss revealed
structure of the gut microbiome was affected by diet and Fimicutes appeared to play a stiong role in by-diet clustering

clusions: Our data suggest three co-dominant bacterial phyla in the canine hindgut. Furthermore, a relatively small
ant of dietary fiber changed the structure of the gut microbiome detectably. Our data are ameng the first to
acterize the healthy canine gut microbiome using pyrosequencing and provide a basis for studies focused on devising
ary interventions for microbiome-associated diseases.
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Abstract

Background: Dogs suffer from many of the same maladies as humans that may be affected by the gut microbiome, but
knowledge of the canine microbiome is incompléte. This work aimed 1o use 165 DNA tag pyrosequencing o
phylogenetically characterize hindgut micrabiome in dogs and determine how consumption of dietary fiber affects
community structure.

Principal Findings: Six healthy adult dogs were used in a crassover design. A control diet without supplemental fiber and a
beet pulp-supplemented (7.5%) diet were fed. Fecal DNA was extracted and the V'3 hypervariable region of the microbial
165 (ONA gene amplified using primers suitable for 454-p quencing. Micrabial d sssed on random 2000
sequence subsamples of individual and pooled DNA samples by diet. Our dataset comprised 77,771 reads with an average
length of 141 nt. Individual samples contained approximately 129 OTU, with Fusobacteria (23 - 40% of reads), Firmicutes (14

28% of reads) and Bacteroidetes 31 - 34% of reads) being co-dominant phyla. Feeding dietary fiber generally decreased
Fusobacteria and increased Firmicutes, but these changes were not equally apparent in all dogs. UniFrac analysis revealed
that structure of the gut mictobiome was affected by diet and Firmicutes appeared to play a stiong role in by-diet clustering

Conclusians: Our data suggest three co-dominant bacterial phyla in the canine hindgut. Furthermore, a relatively small
amount of dietary fiber changed the structure of the qut microbiome detectably. Our data are among the first to
characterize the healthy canine gut microblome using pyrosequencing and provide a basis for studies focused on devising
dietary interventions for microbiome-associated diseases
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Abstract

Background: Dogs suffer from many of the same maladies as humans that may be affected by the gut microbiome, but
knowledge of the canine microbiome is incompléte. This work aimed 1o use 165 DNA tag pyrosequencing o
phylogenetically characterize hindgut microbiome in dogs and detemine how consumption of dietary fiber affects
community structure.

Principal Findings: Six healthy adult dogs were used in a crassover design. A control diet without supplemental fiber and a
beet pulp-supplemented (7.5%) diet were fed. Fecal DNA was extracted and the V'3 hypervariable region of the microbial
165 (ONA gene amplified using primers suitable for 454-p quencing. Micrabial d sssed on random 2000
sequence subsamples of individual and pooled DNA samples by diet. Our dataset comprised 77,771 reads with an average
length of 141 nt. Individual samples contained approximately 129 OTU, with Fusobacteria (23 - 40% of reads), Firmicutes (14

28% of reads) and Bacteroidetes 31 - 34% of reads) being co-dominant phyla. Feeding dietary fiber generally decreased
Fusobacteria and increased Firmicutes, but these changes were not equally apparent in all dogs. UniFrac analysis revealed
that structure of the gut mictobiome was affected by diet and Firmicutes appeared to play a stiong role in by-diet clustering

Conclusians: Our data suggest three co-dominant bacterial phyla in the canine hindgut. Furthermore, a relatively small
amount of dietary fiber changed the structure of the qut microbiome detectably. Our data are among the first to
characterize the healthy canine gut microblome using pyrosequencing and provide a basis for studies focused on devising
dietary interventions for microbiome-associated diseases

Citation: Midalbos 5, Vester Boler BM, Qu A, White B4, Swanson KS, et sl 2010) Phylogenetic Charactesization of Fecal Microbisl Communities of Dogs Fed
et with or without Supplemental Dietary Fiber Lising 454 Pyrosequencing, PLaS ONE 5(3): 4768, dok 1011 371 jaumal pone. 0009768

Associado a obesidade
M Clostridium ramosum
M Transportadores de Glicose

e acidos graxos

Middelbos et al., 2010



Fibra de Batata — Microbiota Canina

Potato fiber as a dietary fiber source in dog foods

M. R. Panasevich,* M. C. Rossoni Serao,* M. R. C. de Godoy,*
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ABSTRACT: Potato fiber (PF), a coproduct of potato
starch manufacture, was cvaluated as a potential novel
fiber source in dog food. Potato fiber contained 55%
total dictary fiber, 29% starch, 4% crude protein, and 2%
acid-hydrolyzed fat. The PF substrate was cvaluated for
chemical composition, in vitro digestion and fermenta-
tion charactenistics, and in vivo responses. For the in
vitro hydrolytic-enzymatic digestion and fermentation
experiment, raw and cooked PF substrates were first
subjected to hydrolytic-cnzymatic digestion to deter-
mine OM disappearance and then fermented using dog
fecal inoculum. Fermentation characteristics were then
measured at 0, 3, 6, 9, and 12 h. For the in vivo experi-
ment, 10 female mixed-breed dogs (6.13 +0.17yr; 22+
2.1 kg) were provided 5 dicts with graded concentra-
tions (0%, 1.5%, 3%, 4.5%, or 6%) of PF in a replicated
5 x 5 Latin square design. Dogs were acclimated to the
test diet for 10 d, followed by 4 @ of total fecal col-
lection. Fresh focal samples were collected to measure
focal pH and fermentation end products. In vitro diges-
tion revealed that raw and cooked PF were 32.3% and
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Abstract

Inclusion of fermentable fibres in the diet can have an impact on the hindgut microbiome and provide numerous health benefits 1o
the host. Potato fibre (PF), a co-product of potato starch isolaton, has a favourable chemical composition of pecting, resistant and
digestible starch, cellulose, and hemicelluloses. The objective of the present study was to evaluate the effect of increasing dietary
PF concentrations on the faecal microbiome of healthy adult dogs. Fresh faecal samples were collecied from ten female dogs with
hound bloodlines (613 (sey 0417) years; 2240 (sev 210 kgd fed five test diets containing graded concentrations of PF (0, 15, 3, 45
or 6% as-fed; Roquette Fréres) in a replicated 5 %5 Latn square desipn. Extraction of DNA was followed by amplification of the
VA-VE variable region of the 168 tRNA gene using barcoded primers. Sequences were classified into taxonomic levels using Basic
Local Alignment Search Tool (BLASTn) against a curated GreenGenes database, Inclusion of PF increased (P=<0-03) the faecal pro-
portions of Firmicutes, while those of Fusobacteria decreased (P<0-03). Similar shifts were observed at the genus level and were
confirmed by quantitative PCR (qPCR) analysis, With increasing concentrations of PF, faecal proportions of Faecalibacterium increased
(P<(-05). Post boc Pearson's correlation analysis showed postive (P<003) comelations with Bifidobacterium spp. and  butyrate
production and Lactobacilius spp. concentrations. Owerall, increases in the proportion of Feecalibacterium (nol Lactobacifius/
Hifidobacteriim, as confirmed by gPCR analysis) and faecal SCPA concentrations with increasing dietary PF concentrations suggest
that PF is a possible prebiotc fibre.

Key words: Potato fibre: Faecal microbiome: Dogs
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Fibra da Batata — Digestibilidade
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Fibra de Batata — Microbiota Canina

 Efeito benéfico na microbiota canina

— Aumento de Faecalibacterium and Blautia
* F. prausnitzii
— Declinio de Fusobacteria

— Correlacao positiva
» Bifidobacteria and concentracao de butirato
» Bifidobacteria e Lactobacillus

* Potencial efeito prebiotico?

Panasevich et al., 2015
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Abstract

Our objective was to determine the effects of feeding raw ment-based diets
with ar without inulin or yeast cell wall extract (YCOW) an facal microbial comn-
munities of dogs using 454 pyrosequencing. Sex healthy female adult beagles
(3.5 = 05 years 85 £ 05 kg) were randomly assignec to six test diets using 2
Latin sguare design: (1) beef comtrol; (2) beef + 1.4% inuEn; (3) beef + L4%
YCW; {4) chicken contral; {5) chicken + 1.4% inuEn; anc (6) chicken + L.4%
YCW. Following !4 days of adaptation, fresh fecal sammples were collected on
day 15 or day 16 of each period. Fecal genomic DNA was extracted and used
to create 165 rRNA gene amplicons, whick were subjacted to 454 pyroseguenc-
ing and gPCR. Predominant fecal bacterial phyh induded Fusobacteria, Firms-
cutes, Bacteroidetes, and Protecbacteria. Beef-based dicts increased (P < 0.05)
Eschenichia, but decreased (P < 0.05) Anserciiospirillien vs. chicken-based diets.
Inulin decreased (P < 0.05) Emterobacteriacese. Inulin increased (P < 0.05)
Megamonas v< control. Inulin 2so decreased (P < 0.05) Escherichic vs. YOW.
gPCR data showed that YCW increased (P < 0.05) Bifulchactoriuen vx. inclin
and coatrol and inulin increased (P < 0.05) Lactohagilius vs. YOW. Although 2
few changes in fecal microbiotz were observed with inclia or YOW conssmp-
tion, a strong prebiotic effect was not ohserved.

Beloshapka et al., 2013




Carne Crua + Inulina/Levedura - Caes

* Animais, dietas e design experimental
— Beagles
— Arranjo fatorial 2 x 3
* Tipo de carne
—Frango
—Carne bovina
* Tipo de prebiotico
—1.4% inulina

—1.4 % extrato de levedura

—Controle

Beloshapka et al., 2013
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Carne Crua + Inulina/Levedura -
Caes

* Inulina
* Principais filos —  Enterobacteriaceae
— Fusobacteria (29-51%) * \ Escherichia
— Bacteroidetes (27-34%) — Tlactobacillus
— Firmicutes (18-6%) — “MVeillonellaceae
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Dietas: Carne Crua vs. Extrusadas

 Composicao nutricional distinta
— Extrusada: 24% proteina; 12% lipidio; 12% TDF
— Carne Crua: 24-32% proteina; 50-60% lipido; 1-5%

Component 2 (13.3 %)
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Dietas: Carne Crua vs. Extrusadas
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Effects of Dietary Fiber on the Feline Gastrointestinal Metagenome
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ABSTRACT: Four healthy adult cats were used in a crossover
design to determine phylogeny and metabolic functional capacity of
the cat's gastrointestinal microbiota using a metagenomic approach.
Healthy adult cats (1.7 years old) were fed diets containing 4%
cellulose, fructooligosaccharides (FOS), or pectin for 30 d, at which
time fresh fecal samples were collected. Fecal DNA samples from
each cat consuming each diet were subjected to 454 pyrosequenc-
ing. Dominant phyla determined using two independent databases
(MG-RAST and IMG/M) induded Firmicutes (mean = 363 and
49.8%, respectively), Bacteroidetes (mean = 361 and 24.1%,
respectively), and Proteobacteria (mean = 124 and 11.1%,
respectively). Primary functional categories as determined by
KEGG were associated with carbohydrates, clustering-based
subsystems, protein metabolism, and amino acids and derivatives.
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Primary functional categories as determined by COG were associated with amino acid metabolism and transport, general
function prediction only, and carbohydrate transport and metabolism. Analysis of carbohydrate-active enzymes revealed
modifications in several glycoside hydrolases, glycosyl transferases, and carbohydrate-binding molecules with FOS and pectin
consumption. While the cat is an obligate camivore, its gut microbiome is similar regarding microbial phylogeny and gene

content to omnivores.

KEYWORDS: feline gut, gastrointestinal bacteria, microbiome, metagenomics, pyrosequencing
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ABSTRACT: Four healthy adult cats were used in a crossove
design to determine phylogeny and metabolic functional capacity of
the cat's I microbiota using a approach.
Healthy adult cats (1.7 years old) were fed diets containing 4%
cellulose, fructooligosaccharides (FOS), or pectin for 30 d, at which
time fresh fecal samples were collected. Fecal DNA samples from
cach cat consuming each diet were subjected to 454 pyrosequenc
ing. Dominant phyla determined using two independent databases
(MG-RAST and IMG/M) indluded Firmicutes (mean = 363 and

b 49.8%, respectively), Bacteroidetes (mean = 361 and 24,

. respectively), and Protecbacteria (mean = 124 and 11.1%,

respectively). Primary functional categories as determined by

KEGG were associated with carbohydrates, clustering-based
subsystems, protein metabolism, and amino acids and derivatives.
Primary functional categories as determined by COG were associated with amino acid metabolism and transport, general
function prediction only, and carbohydrate transport and metabolism. Analysis of carbohydrate-active enzymes revealed
modifications in several glycoside hydrolases, glycosyl transferases, and carbohydrate-binding molecules with FOS and pectin

consumption. While the cat is an obligate camivore, its gut microbiome is similar regarding microbial phylogeny and gene
content to omnivores.

43, United States

— Controle (4% celulose)
— FOS (4%
— Pectina (4%

* Arroz e farinha de viscera

* Periodo experimental e design
— 30 dias (26 d adaptacao; 4 d coleta)

Barry et al., 2012
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Effects of Dietary Fiber on the Feline Gastrointestinal Metagenome
L Kathleen A. Barry,"* Ingmar S. Middelbos,™ Brittany M. Vester Boler,” Scot E, Dowd,'
Jan 8. Suchodolski,* I%{nmd Henrissat,” Pedro M. Au.mmm.,” Bryan A. White,"1©

George C. Fahey, Jr,"¥ and Kelly S. Swanson

Department of Animal Sciences, TDivision of Nutritional Sciences, and 4 Department of Veterinary Clinical Medicine, and ®The
Institute for Genomic Biology, University of lllinois, Urbana, lllinois 61801, United States

UResearch and Testing Laboratory and Medical Biofilm Research Institute, Lubbock, Texas 79407, United States
“Gastrointestinal Laboratory, Texas A&M University, College Station, Texas 77843, United States

Ir *CNRS, Universités Aix-Marseille T & II, Marseille, France
I o l o m a e I n O Seme
c ABSTRACT: Four healthy adult cats were used in a crossove: ® wctead

design to determine phylogeny and metabolic functional capacity of
the cat's g I microbiota using a approach.
Healthy adult cats (1.7 years old) were fed diets containing 4%
cellulose, fructooligosaccharides (FOS), or pectin for 30 d, at which
time fresh fecal samples were collected. Fecal DNA samples from
cach cat consuming each diet were subjected to 454 pyrosequenc
ing. Dominant phyla determined using two independent databases
(MG-RAST and IMG/M) indluded Firmicutes (mean = 363 and
49.8%, respectively), Bacteroidetes (mean = 361 and 24.1%
respectively), and Protecbacteria (mean = 124 and 11.1%,
respectively). Primary functional categories as determined by
KEGG were associated with carbohydrates, clustering-based
subsystems, protein metabolism, and amino acids and derivatives.
Primary functional categories as determined by COG were associated with amino acid metabolism and transport, general

L]
function prediction only, and carbohydrate transport and metabolism. Analysis of carbohydrate-active enzymes revealed
. modifications in several glycoside hydrolases, glycosyl transferases, and carbohydrate-binding molecules with FOS and pectin
consumption. While the cat is an obligate camivore, its gut microbiome is similar regarding microbial phylogeny and gene
content to omnivores.

KEYWORDS: feline gut g

ptestinal bacteria, microbiome, metagenom

— Pirosequenciamento 454

* Genoma inteiro
— Kyoto encyclopedia of gene and genomes (KEGG)
— Carbohydrate-active enzyme database (CAZy)

* Funcao metabdlica da microbiota

Barry et al., 2012
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The gut microbiome of kittens is affected by dietary protein:carbohydrate
ratio and associated with blood metabolite and hormone concentrations

Seema Hooda', Brittany M. Vester Boler', Katherine R. Kerr', Scot E. Dowd” and Kelly S. Swanson'*

lﬂepamnem of Animal Sciences, University of linois, 1207 West Gregory Drive, Urbana, Il 61801, USA
‘MR DNA Molecular Research 1P 503 Clovis Road, Shallowater, TX 79303, D54

(Subnittted 24 Febraaey 2002 — Final veviston recetped 28 May 20012 — Accepted 5 fuly 2012 — First pubiished onltne 37 August 20120

Abstract
High-protein, low-carbobydrae (HPLC) diets are common in cats, but their effect on the gut microbiome has been ignored. The present

study was conducted o test the effects of dietary proteinccarbohydrate ratio on the gut microbion of growing kitens. Male domestic short-
huair kittens were raised by mothers fed moderate-protein, moderate-carbohydrate (MPMC; n 70 or HPLC (70 diets, and then weaned at
8 weeks onto the same diet. Fresh faeces were collected ar 8, 12 and 16 weeks; DNA was extracted, lollowed by amplification of the V4-v
region of the 165 rRNA gene using 434 pyrosequencing. A total of 384 588 sequences (average of 9374 per sample) were generated. Dual
hierarchical clustering indicated distinet clustening based on the protein:carbohydrate mato regardless of age. The proeincarbohydrate
rato affected faecal bacteria. Faecal Acinobacteria were greater (P<0-03) and Fusobacteria were lower (P<005) in MPMC-fed kinens.
Faecal Clostridlinm, Fascalibaclerinm, Ruminococcns, Blawda and Eubacterfum were greater (P<0-03) in HPLC-fed kittens, while
Dialister, Acidaminococcus, Biffdobacterium, Megaspbaerg and Misnokella were greater (P<0-05) in MPMC-fed kinens. Principal com-
ponent analysis of faecal bacterta and blood metabolites and hormones resulied m distinet clusters, OF particular interest was the clustering
af blood TAG with faccal Clostridiaceae, Eubacteriaceae, Ruminococcaceae, Fusobacteriaceae and Lachnospiraceae; blood ghrelin with
faecal Corobacteraceae, Bifidobacteriaceae and Vellonellaceae; and blood glucose, cholesterol and leptin with faecal Lactobacillaceae.
The present results demonstrate that the proteincarbohydrte ratio affects the faecal microbiome, and highlight the assocations between
faecal microbes and circulating hormones and metabolites that may be imporant in terms of satety and host metabolism.

Key words: Kittens: Faecal microbiome: Protein:earbohydrate ratio

Hooda et al., 2013




Proteina: Carboidrato Dietético —
Microbiota de Gatos (filhotes)

e Dietas

— Proteina e carboidrato moderado
* 34% CP, 19% AHF, 6% TDF

— Alta protéina e baixo carboidrato
* 53% CP, 24% AHF, 2% TDF

* Animais e design experimental
— 7 filhotes de gatos/ tratamento
— Completamente casualizado
— Coletas 8, 12 e 16 semanas de vida

Hooda et al., 2013



Proteina: Carboidrato Dietético —
Microbiota de Gatos (filhotes)
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Deep Illumina-Based Shotgun Sequencing Reveals @
Dietary Effects on the Structure and Function of the i
Fecal Microbiome of Growing Kittens

Oliver Deusch', Ciaran O'Flynn', Alison Colyer’, Penelope Morris’, David Allaway’, Paul G. Jones',
Kelly S. Swanson™**
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Abstract

Background: Previously, mmmmmmmmmuwm
taxonomic structure of Kttens using tageted 165 gene seguencing. The MM using the same ‘el samples,
applied deep lllumina shotgun sequencing to identify the diet-associated functional potentisd and analyze taxonomic
changes of the felne fecal microbiome.

Mawwmmmmumdmmmmmum

cantent (high-peotein, low—<arbohydrate, HPLC: and moderate-proten, moderate<arbohydrate, MPMO) were collected M
B, 12 and 16 weeks of age (n =& per group), A total of 3453 gigabases of sequence were generated from 36 samples, with
46.75% of annotated secuences identified as bacterial. At the genus level. 26% and 39% of reads were annotated Sor HPLC-
and MPMC-fed lottens, with HPLCfed cats showing greater species richness and microbisl diversity. Two phyla, ten families
Mﬁﬁ:mmmmtd&hmﬁm“dhmlwwwhm&tm

(<0.000007) between the Two dietary groups and were assodiated 10 194 pathways, which formed fue discrete dusters
based on average relative abundance. Of those, ten contained more (o<0.022) erzyme functions with significant diet
effects than expected by chance. Six pathways were related to amino acid biosynthesis and metabolism linking changes in
dietary protein with functional differences of the gut microbiome.

Condusions: These data indicate that feline feces-derived microbicmes have large structunl and fundlional diffecences
refating to the dietary proteinccasbohydrate ratio and highight the impact of det eady in life.

Chagion: Dewsch Q. OFlyan C Coyer A Mot 7. Alvaay 0 o1 3 207€ Deep Buming Sases Srongus Sequencing Reves's Dietary Bects on The Snucwe and
Furction of tre Fecal Micobiome of Growing Gmens. PLOS ONE (71 100021, @oi 107 371 jowmal pone 210002
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Microbioma de Gatos (filhotes)
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Effects of dietary macronutrient composition on the fasted plasma

metabolome of healthy adult cats

Ping Deng * Janice C. Jones * Kelly S. Swanson

Received: 25 September 2013 / Accepted: 10 December 2013
© Springer Science+Business Media New York 2013

Abstract Metabolomics assays have recently been used
in humans for the identification of biomarkers for dietary
assessment and diseases. The application of metabolomics
to feline nutrition, however, has been very limited. The
objective of this study was to identify how the feline blood
metabolome changed in response to dietary macronutrient
composition. Twelve adult domestic cats were fed four
nutritionally complete diets [control, high-fat (HF), high-
protein (HP), high-carbohydrate (HC)] at amounts to
maintain ideal body weight and body condition score for
16 days. Overnight fasted plasma samples were collected
on day 16 and subjected to liquid/gas chromatography and
mass spectrometry. Principal component analysis showed
that metabolite profiles of cats fed HP, HF, and HC dietary
regimes formed distinct clusters. Cats fed the HP diet had a
metabolite profile associated with decreased nucleotide

catabolism, but increased amino acid metabolism and
ketone bodies, indicating a greater use of protein and fat for
energy. Cats fed the HP diet had a significant increase in
metabolites associated with gut microbial metabolism. Cats
fed the HF diet had metabolites indicative of increased
lipid metabolism, including free fatty acids, monoacyl-
glycerols, glycerol-3-phosphate, cholesterol, ketone bodies,
and markers of oxidative stress. y-glutamylleucine, 3-hy-
droxyisobutyrate, and 3-indoxyl sulfate were identified by
random forest analysis to distinguish cats fed the three
macronutrient-rich diets. In conclusion, macronutrient-rich
diets primarily altered markers of amino acid and lipid
metabolism, with little changes in markers of carbohydrate
and energy metabolism. Moreover, the HP diet influenced
several metabolites originating from gut microbial
metabolism.




Composicao Macronutrientes —
Metaboloma Felino

e Animais e dietas
— 12 gatos adultos

— Dietas
* Alta-proteina(50% kcal)
* Alta-gordura(50% kcal)
» Alto-carboidrato(50% kcal)
e Controle (30-35% kcal — cada macronutriente)

— Quadrado latino replicado 4 x4
* Periodo=16d

— Perfil de metabdlitos no plasma

* Analise ndo direcionada (untargeted) GC/LC/MS
Deng et al., 2014
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Alta Proteina vs. Alto Carboidrato

* Alteracdes metabodlitos associados a microbiota
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Proximos Passos...

e Existéncia de um nucleo comum microbiano e
sua funcao em caes e gatos
— Relacao microbiota-microbiota e microbiota-
hospedeiro
* Quais sao as variacoes temporais na
microbiota intestinal, e em outras partes do
corpo, de caes e gatos

— Fatores influenciam modulacdao e em que
extensao



Proximos Passos...

e Necessario

— Sequenciamento mais profundo
* Espécies e estirpes

— Estudos longitudinais

e Determinar diferencas microbianas desde o nascimento
até idade geriatrica, diferentes partes do corpo, ou ao
longo do TGl

— Taxa dominantes e raras (subdominates)
— Relevancia saude ou patologias
— Keystone (fundamental) microbiota



Objetivo Final...

* Desenvolver estratégias
nutricionais e terapéuticas
para ajudar na manutencao
do microbioma “saudavel” ou
ajudar no reestabelecimento
de uma microbiota “normal”

em quadros patologicos
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Probioticos & Antibioticos

 Area emergente de pesquisa

— Poor quality control of
commercial products

— /M in probiotic bacteria in gut

— Little evidence of clinical benefits
— Shift in microbiome?

— Which strains?

— Effective dose?



