Fungal microbiome
Gwen Falony

BVMDM symposium
19t of November 2015

T o
VIB




How human are you?

*There are 100.000 times
more bacteria on your body
than there are humans on
earth.

*You have 10 times more
bacterial cells than human
ones.

*You have 100 times more
bacterial genes than human
ones.
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The human gut microbiota

sexpands our digestive capacity,
eproduces essential nutrients

*increases colonization resistance
against pathogenic intruders

eassists in the detoxification of
xenobiotics
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Metagenomics — Access to the uncultivable fraction of
microbial life

Traditional Microbial Genomics Environmental Genomics

, e prepare DNA, sequence randomly
isolate individuals

cultivation —_
prepare DNA, sequence randomly l
l assemble (partial) genomes

assemble genome
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Metagenomics teach you
they can do

Streptococcus dominates =
the oral cavity with 1
S. mitis > 75% in the

Lactobacillus species
(L. gasseri, L. jensenii,
L. crispatus, L. iners)
are predominant

but mutually
exclusive in
the vagina
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Staphylococcus 4
epidermidis A
colonizes

external S
body sites "/
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Commensal
microbes

Potential
pathogens

The four most

who lives where and what

Propionibacterium acnes Many Corynebacterium

lives on the X\ species characterize
skin and \ different body sites:
nose of most C. matruchoti
people ) the plaque
) C. accolens
the nose
C. croppenstedtii
the skin

-

Several Prevotella species are
present in the gastrointestinal
tract. P. copri is present in
19% of the subjects and
dominates the intestinal
flora when present
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¢== Bacteroides
3 is the most ~
] abundant
- genus in
- 2= thegut
l of almost
= all healthy
N == subjects
- ]
+ Campylobacter includes
/= opportunistic
! pathogens,
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Towards health
monitoring

through gut
microbiota
screening




Flemish Gut Flora Project
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The flora is ‘seeded’ at birth




Inoculation at birth: unstable microbiota development of
until weaning

Relative Abudance (% Total Bacteria)
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Gut microbiota distribution

Esophagus
Major bacteria present l Organ Major physiological processes
<103 bacteria/g i
Secretion of acid (HCI)
- Stomach Dﬁestion of macromolecules
4 o HI ! p 2
104 bacteria/g\’
\ J -
} Duodenum
Enterococci l
Lactobacilli L Continued digestion
7 . Jejunum | Small Absorption of monosaccharides,
10 bacterla/ g intestine  amino acids, fatty acids, water
' pH 4-5
Enterobacteria | e i
Enterococcus faecalis b ]
gacteroides
ifidobacterium
Eubacterium - Absorption of bile acids,
Peptococcus - Colon - iLn?regs:ine vitamin B,
Peptostreptococcus pH 7
guminococcus
lostridia .
Lactobacill 10%2 ba@erla/g |
Streptococcus N
Staphylococcus l



Colon microbiota fermentation processes

/ Fermentable \
substrates of
host origin:
( Fermentable \ bO(!y [ CH
substrates of / secretions, 4
microbial .slou.ghed 2
origin: \eplthehal cells / o
bacterial cell 2

debris, EPS
\ _ / Oligosaccharides
Polysaccharides

[ Propionate ]

.
(

Colon microbiota
Fermentable

\\ ’], Butyrate
substrates of _ Branched
dietary origin: SCFA
non-digested

food Phenols/
indols
\ components j

polysaccharide degradation

A trophic chain in a microbial ecosystem




Substantial overlap in gut microbiota between
individuals

*1/3" of species present in almost all individuals
*1500 species in total

*160 species/individual

Phylum B Actinobacleria
B (Nimmicutes B Vernscomicrobia
I Bacteroidetes g Furyarchaeola
I Proteobacteria g Other




Enterotypes - microbiota configurations in gut
microbiome space

Microbiota constellations independent from 85 lllumina Danish
. . metagenomes
gender, age, and nationality

. s @atenibacterium
33 international Sanger

metagenomes AL its00kell

.P!ruv‘llotella

155 US 16S rDNA
pyrosequencing

P ell.
A Blidie revotella

<Y 18D -~

Arumugam®*, Raes* et al., Nature 2011




Enterotype configurations in the

. . Female
Flemish population | ® Male
?;bleroic.ies

10 20 30
Contribution

Prevalent microbiome constellations differ in relative
abundances of enterotype identifiers



Bacteroides Prevotella

= Vitamin E, Food Fortification

m Long term dietary patterns

Carbohydrates

e might determine enterotype
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Enterotype stratification is linked to microbial

substrate preference
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Stool consistency is associated with microbiota
richness and enterotypes
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Vandeputte et al., Gut 2015

Yy " | diet - stool consistency — microbiome composition
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Recurring theme: a ‘healthy’ microbiota is a diverse
microbiota

Unique OTUs vs. Healthy Food Diversity Shannon Index vs. Healthy Food Diversity Diversity vs. Healthy Food Diversity
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Microbiota diversity thought to reflect colon ecosystem stability and resilience



More and more diseases linked to disturbed
gut microbiota




Association # Causality
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Obesity is associated with microbiota dysbiosis
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Microbiota modulation as therapy -

Fecal Microbiota Transplantation
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Transfer of intestinal microbiota from lean donors increases
Insulin Sensitivity in individuals with Metabolic Syndrome



Gut microbiota: more than bacteria "

(1)
()

(K)
(L)

(M)

(N)

stramenopile Blastocystis
hominis

diplomonadid Enteromonas
hominis

retortamonadid Retortamonas
intestinalis

trichomonadid
Pentratrichomonas hominis

tritrichomonadid Dientamoeba
fragilis

retortamonadid Chilomastix
mesnili

amoebozoan Entamoeba
hartmani

amoebozoan Endolimax nana
amoebozoan Entamoeba coli
amoebozoan Entamoeba
dispar

coccidian Isospora belli

amoebozoan lodamoeba
buetschli

microsporidian
Encephalitozoon cuniculi

ascomycete Candida albicans

Lukes et al., PLOS Pathogens 2015



The human mycobiota

B Aspergillus Underhill et al., Nature Reviews Immunology 2014
B Aureobasidium

Parfrey et al., Frontiers in Microbiology 2014

B Arthrodermataceae

m|
Glabella
B Alternaria

Oral cavity § Nare

B Candida

B Cladosporium .
B Cryptococcus Entamoetfa
— B Cystofilobasidium Ea Ez:‘a;asahds
— e B Metazoa
{ B Eplcoccum B Alveolates

® 0

Relative taxon abundance

B Fusarium I Stramenopiles
M Malassezia [0 Green algae

Il Rhizaria

B Meyerozyma
[7] Rhodotorula c.ryptOphyta
I Picozoa

Sacch
[ Saccharomyces B Other
B Others
B Uncultured = _ " . e .

Fecal Skin Air Lichen Litter Soil Freshwater Marine

Plantar heel
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The rare biosphere

Less abundant (<0.1%), but more diverse, component of the microbiome

Relative abundance
in the community

‘Rare biosphere’

Individual microbial species or OTUs
(in decreasing order of abundance)

Fungi \.

The microbiome

Bacteria
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TRENDS in Microbiology

Axis 2

ITS1FATS2 LROR/LRS-F
’mmu )munmumnuuu

18S_0067a_deg/NSR_399 3271-ITS2F/3271-ITS2R
)....(a P q
€

NL1/NL4
MM

1
Figure 1. Schematic representation of the fungal rlbosoﬁ cluster, with binding locations of PCR primers. Within the fungal rDNA,
185, 5.85 and 285 are separated by [TS1 and ITS2. Several primer sets that target specific regions of the fungal rDNA have been designed and used
in previous studies.

Amplicon-based markers for mycobiome studies: Nuclear
ribosomal internal transcribed spacer (ITS) region

Axis 1

Cui et al., Genome Medicine 2013; Huffnagle et al., Trends in Microbiology 2013




Correlations with diet and bacterial residents

98 healthy volunteers, US

Saccharomyces present in 89% of fecal samples, Candida in 57%

Usual (long term) diet

. Recent (short term) diet

ﬁ%ﬁ%m

TotalCarb_TotalSugars

GlycemicLoad

Alcohol_H20_Caf_VitAK

TotSollnsolFib_VegProt
index

TotalSatFA_CLA
ShortChainFA

-02 0 02
Spearman
Correlation

Hoffmann et al., PLoS ONE 2013

Candida: positive correlation with carbohydrates
and negative with total saturated fatty acids
consumption

Aspergillus : negative correlation with SCFA
consumption

Saccharomyces: not associated to defined
dietary pattern

Carbohyd rates

Simple sugars
[ | 5
Prevotella

Candlda
Succmate

\.

Partially

digested
Carbohydrates

57\

Anaerovorax

> = +
Aﬁtate /H Acetate- / H*

<

CO2/CHg

Acetate‘ /H*

Methanobrev:bacter



I
Mycobiome research focusses on disease

19 Crohn’s disease patients versus 7 healthy controls
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*Perturbation of fungal fecal community in CD g Bty ool CD patess
— fungal dysbiosis? 2
*Increased diversity
*Increase prevalence of Candida albicans
* Fungal diversity correlates with CRP levels and
CD activity index
40 60 80 100

Li et al., Journal of Clinical Gastroenterology

Incidence (%)



Candida albicans is not always the preferential yeast
colonizing the human intestine

Wayampi people, an indigenous tribe from French Guiana

o o 151 individuals, fecal samples collected in 2006 and 2010

= Williopsis satumus

100

Cumulative yeast species distribution among intestinal yeast carriers (%)

Humans
2006

Humans
2010

Animals
2006

= Hanseniaspora thailandica

= Hanseniaspora opuntiae

» Pichia kluyveri

= Pichia sydowiorum

= Pichia caribbica

» Candida vaughaniae

= Candida palmioleophila

u Kodamaea ohmeri

u Candida metapsilosis

= Candida maltosa

= Candida lipolytica

= Candida glabrata
Issatchenkia occidentalis
Geotrichum sp.

«» Trichosporon asahii

» Rhodotorula spp.

= Pichia manshurica
Candida temnochilae

u Debaryomyces carsonii

» Candida valida
Candida lusitaniae
Candida sphaerica

= Candida utilis

= Candida inconspicua
Candida colliculosa

= Candida intermedia

» Candida pelliculosa

= Lodderomyces elongisporus
Candida parapsilosis

= Candida orthopsilosis

u Candida guilliermondii

Candida tropicalis

L S h 4

= Candida krusei

= Candida albicans

Rectal swabs of 213 wild and domestic animals
Culture/isolation/identification approach

*Candida krusei and Saccharomyces cerevisiae
identified as most abundant gut fungal
species

Carriage of foodborne origin, associated with
a common environmental source, such as
plants or water

Specific risk factors associated with Candida
albicans carriage are gender (female) and
living in a crowded household

Angebault et al., Journal of Infectious Diseases 2013
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