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Microbiome

* Microbiome - a community of microorganisms that can usually be found
living together in a given environment e

* Microorganism - a single-cell organism of microscopic size

* Bacteria
® VI ru SeS o '"7':‘;']:'.‘.‘42'5".;“ http://www.wikiskripta.eu
¢ FU ng| (Brewer's yeast is a eukaryote belonging to this kingdom) :

* Algae
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The human microbiome MICROBIOME

By the Numbers

* We have more bacteria in our body than L 10-100 trillion 90%
our own cells

Number of symbiotic microbial cells
harbored by each person, primarily

. Bacterial genes outnumber human W ikt iip e ok e e
genes 100:1

«  More than 1000 species of bacteria >10,000 - JOX
live in the intestine o i o S hrh“’hbjdy”

. Based on the microbiome, a person

can be identified in a similar way to - N
fingerprints 100 to 1 @

. Each person has an individual S e ot o
composition of the intestinal e o
microbiome, it differs from 80-90% 22,000 3.3 million

Number of non-redundant genes in the

* Gut microbiome and discovery of Gut ocaiog R
Brain axis: the two-way biochemical ‘
signaling that takes place between the ’
gastrointestinal tract (Gl tract) and our s
central nervous system (CNS) B i

M U N I | R E c E T 0 X The Invisible of us https://dx.doi.org/10.31487/sr.blog.07



Microbiome in healthy status:
contributing internal and external factors

M U N I | R E c E T 0 x Microbiota in health and diseases, https://www.nature.com/articles/s41392-022-00974-4 IVI U I\I I | R E c E T 0 X



How does the microbiome affect health?

Stimulation of immune

systém

“i1raining” of the immune

Influence on brain system after birth

development

Prevention of the

multiplication of Gut Digestion of
pathogenic bacteria in microbiome food

the intestines
Proper development of Effect on fat storage
the intestinal wall

Synthesis of vitamines
(KaB)
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When something doesn't work...

MUNI|RECETOX

Inflammatory

bowel disease
Crohn's disease

Heart disease

Hypertension

Atherosclerosis Ulcerative colitis

Cancer
Lung cancer
Colorectal cancer

Liver disease

Cirrhosis
epatitis

Pancreatic cancer

Oral cancer

disease
Asthma

Bronchitis

Diabetes
Type1

disorders
Parkinson’s disease

Type2 ‘ o
Alzheimer's disease

Depression

Gestational

Microbiota in health and diseases, https://www.nature.com/articles/s41392-022-00974-4

and function

* Dysbiosis, a state of disruption of the balance of the

microbiome and resulting changes in its composition
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HOW doe S the /’/_ ‘“\\\ §)’Carb.ohydrate
microbiome affect health’>

Systemic
Circulation

* By its metabolic activity: | ¢
* it IS processing something e
* It creates something y Soyvin

Tryptophan-
derivatives

: Aryl
Hydrocarbon

Receptor
Pattern

Recognition
Receptors

-

Energy Expenditure Energy Intake
R
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Metabolic control by the microbiome | Genome Medicine | Full Text (biomedcentral.com)



https://genomemedicine.biomedcentral.com/articles/10.1186/s13073-022-01092-0/figures/1

Microbiome research in health asks 3 basic questions
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How to answer these questions? -"Who

e Simple - we find out what bacteria are in the gut -> we
make a genotype -> we estimate the functions
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How to answer these questions?

e Simple - we find out what bacteria are in the gut -> we make a
genotype -> we estimate the functions

 Traditional procedures - cultivation?

* The problem: most bacteria in the gut are not culturable
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Metagenomics

* Study of the genomes of all microorganisms in the sample (soll,
water, skin smear, feces, tumor...)

BACTERIA
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How to explore the metagenome?

Marker metagenomics
(targeted sequencing)

Amplicons corresponding to the whole (or
parts) of genes of so-called phylogenetic

markers (16S rRNA, rpoB...) are isolated,
extracted and sequenced.

Marker genes are used as “species-
specific taxonomic barcodes” — a rapid
estimate of taxonomic composition

Bacteria Archaea Eukaryota
Spirochetes Chloroflexi Entamoebae Slime Animals
molds

Gram-
positives

Methanosarcina Fungi

Methanobacterium

Haloarchaea

Proteobacteria Plants

Methanococcus

Thermococcus
celer
Thermoproteus
Pyrodicticum

Cyanobacteria Ciliates

Planctomyces Flagellates

Bacteroides
Cytophaga

Trichomonads

Microsporidia
Thermotoga

Aquifex Diplomonads
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How to explore the metagenome?

Marker metagenomics
(targeted sequencing)

Amplicons corresponding to the whole (or
parts) of genes of so-called phylogenetic

markers (16S rRNA, rpoB...) are isolated,
extracted and sequenced.

Marker genes are used as “species-
specific taxonomic barcodes” — a rapid
estimate of taxonomic composition

Bacteria Archaea Eukaryota

Slime

Spirochetes Chloroflexi Entamoebae
molds

Animals

Gram- Fungi

positives

Methanosarcina
Methanobacterium

Haloarchaea

Proteobacteria Plants

Methanococcus

Thermococcus

celer
Thermoproteus
Pyrodicticum

Cyanobacteria Ciliates

Planctomyces

Flagellates

Bacteroides
Cytophaga

Trichomonads

Microsporidia
Thermotoga

Aquifex Diplomonads
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Shotgun metagenomics
(whole genome
sequencing)

The entire genome of the microbiome
in the sample is extracted and
sequenced. It provides insight into
the taxonomic composition and
function of the microbiome.




Marker metagenomics
(targeted sequencing)

extraction ‘W

p— <.
By

Sample

ARNNTY

(e.g. water, DNA

soil, sediment,
faeces, biopsy, ...)

. oTu Species Samplel [Sample2 [Sample3
Taxonomic 1|E.coli 17 0 335
- 2|5.aurus 231 11800 45
CompOS|t|0n 3|unknown 30 0 0
Counts of OTUs
per sample
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R

DNA

PCR-amplified
rRNA genes

BLAST-search
rRNA sequence

database
P

with millions
of taxonomically
classified

rRNA sequences
(e.g. RDP, Silva)

—  Seguencing

>seql
AATGTAGTA..
>seq?2
AACGTAGGT..
>seq3

rRNA gene
sequences

cluster l[e.g. >99%

sequences

Identity)

OTUI-[ —
o,

Operational _[ ——
. oTu, —
Taxonomic

Units
(OTUs)

oTU, -[ _"—

otu, {
OTU, € =

oTU, .[ S—
.



Shotgun metagenomics
(whole genome sequencing)

Mragm entation DNA
A2 :

Extrachon &‘Whﬁ, -
/
} ‘?& iy[ <

L

)v sequencing
E—

>seql
GCCGTAGTCC...
>seq?2
TATGCCGGTA...
>seq3

j'Assemhly

" R— -
'ge nome,——— | —‘!'H__ -4 —
e Metabolic Phylogenetic ‘ nge
' reconstruction ] binning ¢ finding &
: : oy annotation
- i:T;:? —
t ' \genameﬁ [ —_——=== T ETBE

Proteomes and functional annotations of proteins




How do we get answers for “what” and

“How"?

By sequencing we
will find out what the
microbiome is and
its genome

MUNI|RECETOX

KEGG, REACTOME, UNIPROT, ...

We have information about the
composition and functional
POTENTIAL of the microbiome
(metabolic pathways and
metabolites)

We find out the function of genes
from web knowledge base
(knowledgebases) about genes,
their functional products and their
involvement in molecular
pathways

application of special bioinformatics
tools:
PICRUST + PRMT, METAPHLAN,



How to bring a sick person closer to a healthy person?

Hypothesis: the microbiome affects health through metabolites => changing the
microbiome of a sick person can help to change his metabolites and thus his
health status

Healthy population Healthy metabolic profile

ﬁ ?
M} Hi's =

Patient Metabolic profile of a patient

ﬁ%o
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But what do we not know
(gap of knowledge)?

* How to use a list of differently abundant bacteria or differently
expressed metabolites to treat a patient - to change their
iIndividual microbiome...
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A typical data integration strategy in
Microbiome Metabolome Integration

O
o O

® O L
Mo (O

L
o O

Healthy population
and diseased
population

MUNI|RECETOX

Metabolic and
microbial profiles of
individuals

Comparison
between groups

—>

List of differences in
microbiome composition

H

A -

Biosynthesis of secondary metabolites - other antibiotics:ko(J0998 _
Starch and sucrose metabolism:ko00500

Ubiqui: and other terpenoid-qui biosynthesis-ko(0130
Phenylalanine metabolism:ko00360

Phosphotransferase system (PT5):ko02060 —

Phenylpropanoid biosynthesis:ko00940

Arpinine and proline metabolism-ko(M330

Biosynthesis of secondary metabolites - unclassified-ko00999 _
Flavone and flavonol biosynthesis ko00944

Aminot legrad ko(627

Polycyclic aromatic hydrocarbon degradation:ko00624

Carotencid biosynthesis:ko00906 _

Galactose metabolism ko(00052
Clavulanic acid biosynthesis:ko(331
Amyotrophic lateral sclerosis (ALS)ko05014
Biotin metabolismko00780 [N |
Glycerolipid metabolismko00561 ;
Tyrosine metabolism:ko00350
Benzoate degradation:ko00362
Chagas disease (American trypanosomuiasis) ko035142

b—o

:
&
8
-~
S
:

Salmonella infection:ko05132

Toluene degradation-ko00623
bactam bi hesis ko0D0261

Thermogenesis:ko(4714

Aminoacyl-tRNA biosynthesis:ko00970
Arginine biosynthesis:ko00220

D-Argi and D-omithi bolism:ko(0472
mTOR signaling pathway:ko(4150

Cholinergic synapse:ko04725

Indole alkaloid biosynthesis 000901 | N
Porphynn and chlorophyll metabolism:ko00860 _

Steroid hormone biosynthesis:ko00140
Caprolactam degradatiou:hu{)wm
Sphingolipid metabolism: ImODGUO

Ovarian steroidogenesis:ka04913 _
Necroptosis:ko(4217
Apoptosis: k00-1-710

Fc epsilon RI signaling pathway ko04664 _
]
LDA SCOR_E(Ins m:

?,0\0
O %o

g

e,

4

List of different metabolic

pathways (Picrust)

(PRMT method)

List of different metabolites



What do we need?

A method that estimates the microbial composition based on the desired (or target) metabolic profile
The method can be implemented to end up with a software tool.

Healthy population Healthy metabolic profile

4Q

Target metabolic profile

Patient Metabolic profile of a patient : i

Start metabolic profile

Microbial composition

Verrycomicrobia
5% ¥

What is the target metabolic profile
of a healthy individual?

Thanks to our clever experimental
design we have also collected data
from healthy individuals...

Microbial composition

Methanobrevibacter

11%
ethanocorpusculum

8%

Lysinibacillus
4%

~~Oscillibacter
5%
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We have microbial composition of healthy people. What do we need?

A method that estimates the microbial composition based on the desir

which microbes «iiim

produce which
metabolites?

Microbial compositior

Verrycomicrobia
5% L

o vy | s
"Treponema"=11.02

"Oscillobacter"=3.05 A type of microbe M1 M2 M M4 M2 z
"Bacillus 5."=7.18 : M3 ®
"Clebsiells" =1.29 Methanobrevibacter 2 0 é 5 M4 8
Oscllibacter 5 0 3 0
e Akkermansia 0 4 1 0
Microbial composition 'E.Coli" =6.77 ’
Patient Metabolic profile of a patient .......pmm.b.m Treponema b 1 6 0 0 We d o not kn ow
Ko~ . . , et how to derive
Using an adaptation of the PRMT method we can derive a y .
Microbial dictionary of biochemical/metabolic the deS|red _
functions, containing functional/metabolic information metabolic profile
e abou_t all mlcr(_)_bes in aII_lnd|V|duaIs_ we collected data from ( reference
o ( patient specific microbial composition and healthy .
individual microbial compositions). estimated

metabolome
...see next slide :)

U1 | RE € E T 0 X |




What do we need?A proper mathematical formulation for the problem

w = argmin |Sw — d| 2 such that w1 < 100

Thanks to the
weRtTP matematical
formulation we
gave to the
i problem, we can
PRMT metapo ites derive the
_ _ _ sc_orez associated to metabolic profile
Healthy population Healthy metabolic profile Microbial composition microbes in our of both healthy
dictionary .
and diseased
Verrycomicrobia 1 individuals
®
score
M1 50
Methanobrevibacter
Druh mikrobu M1 M2 M M4 M2 23
3 Oscllibacter ?
X oy M3 5
Methanobrevibacter 2 0 1 5 Akkermansia ?
0 M4 8
Treponema ?
Oscllibacter 5 0 3 0
Akkermansia 0 4 1 0
2

d

Treponema

i i iti r"C00084"=11.0
Patient Metabolic profile of a patient Microbial composition "c00473" =-3.d5
Methanobrevibacter "C05577"=-7_l
lethanocorpusculum "C07490" =12
"C16551"=-1.7
=% W "C16587"=3.01
: . ] "Treponema"=11.0 "C16596"=4.47 W d
Ry Microbial X| roscillobacter'=3.05 "C00577"=10.0 O
B dictionar "Bacillus 5."=7.18 "C00116" =-6.7
Lysinibacillus of y "Clebsiells" =1.29 "C00441" 25 0 (\@
b chemical = | "c00191"=0.4
iochemica "C11402"=21.4
Imetabolic B ".98043571572""—-21 g we@ d
functions "E.Coli" =6.77 "C06192"= 8 77 ‘o
MUNTI|RECETOX - I
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MiMetDec — a method of deconvolution of microbial profiles based
on their metabolic potential

Principle: Basis pursuit functional approximation
What does it do?The tool takes an (estimated) metabolic profile, a library of microbial profiles and estimates th
microbial composition that would lead to that d reference metabolic profile

. . . . A type of %
The output of the procedure is the w” or rebalanced microbial community. :
A type of microbe M1 M2 l\él M4 Oscllibacter -
Methanobrevibacter 2 0 1 5 \
0 - . v 2P ' '
o s e e e W = argmin Sw'— d|&_such that |w]/; < 100
Akkermansia 0 4 1 0 weRTF }
2 M1 50
Treponema 1 6 0 0
M2 23

How can we use this method?
Find all microbial compositions capable of providing the same metabolic profile (phenotype).

To find out how to specifically modify the microbial composition of the environment (e.g. intestinal microbiome) to obtain the
desired metabolic profile.

To find out which microbes are most important for a certain type of metabolism

MUNI|RECETOX



What do we need to explore microbes as bioterapheutics B ae e

terived the
A method that estimates the microbial composition based on the desired metabolic profile (reference)

metabolic profile of
healthy
indivjduals...the
closgst for each
patient...its
healthy prototype

- we can expand our
- intial dictionary of

microbial metabolic
functions

Healthy population Healthy metabolic profile

Microbial composition

Verrycomicrobia
5% L

Druh mikrobu Methanobrevibacter

’ » ~
X Oscllibacter ? - M2 23 r_\
Methanobrevibacter 2 0 1 5 -

0 Akkermansia ? M3 5

Metabolity A type of microbe % Metabolity PRMT
score O
M1 M2 M M4 ? M1 50
3

Oscllibacter 5 0 3 0 Treponema ? - 2

Akkermansia 0 4

Treponema

Microbial composition

Methanobrevibacter

i sepserpusouive e can explore in
silico intervention
with probiotics or

Patient Metabolic profile of a patient Lactobacillus

What must be the microbial composition
(the abundance of individual microbes of
the patient) in order to achieve the

putative metabolic profile of a healthy individual?

Lysinibacillus biotherapeutucs!

The tool will estimate for us the
composition of the new
therapeutic microbial community

&

#
MUNI|RECETOX '



How does the tool work in a real example? - the gut microbiome In
colorectal cancer

The estimated metabolic profiles of
patients and controls suggest
Wirbel significantly different profiles even in

et al, Nature. https://doi.org/10.1038/s41591-019- healthy individuals
0406-6

We exploited already processed data(Wirbel's
validation cohort:

22 patients with CRC, 16 healthy controls
Metagenome sequencing from fecal samples =>
species composition of bacteria=> our best guest
strain resolution level

1000

|beta-D-Glucose |

|ﬁcetyl-L—phenylalanine |

500 S

o
® [UBIP-3-0- (3-hydrouyt anoyl)-D-glucosami J

Methodology:

1. Estimation of the metabolic profile of hypotized
strains

2. Finding a bacterial healthy prototype (11 found)

PC2,17.5% variation

UDP-2, 3-bis[3-’f;yrdrmytetradecanny1‘;-gl ucosamine

-500 =

3. Estimation of changes in the patient's microbial

profile based on a healthy prototype (d*=Sw") 1000 500 0 500
PC1, 46.61% variation

MUNI|RECETOX


https://doi.org/10.1038/s41591-019-0406-6
https://doi.org/10.1038/s41591-019-0406-6
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In silico experiment,where we have our estimated metabolomes:

Exam p I e Of O n e patl e nt 1)the original computationally derived metabolome of the patient (black square)

2)the computationally derived metabolome of the healthy prototype ( )
. 3)the computationally derived metabolome of the rebalanced microbial community
e as o gﬁ (that is the output of our method) (dark green)
fﬁ o«i# g;ﬁ s”’é"g 4)the computationally derived metabolome after a bioterapeutics based intervention (feeding the procedure with
S < original patient flora + bioterapeutical community)( )

W ecicasesecis mamnosus GBLA-55 Urooosorsiz How did the patient approximate the metabolic profile of the healthy prototype in the in silico experiment?

Clostridium_clostridioforme;1531_999410

Bacteroides_nordii291645 997684 Representing the d vectors (alias computationally derived metabolome )
Atopobium_minutum;1381_997872 . . .
—_— Prevotella_nigrescens;28133_997352 in the space of Principal Components
Streptococcus_vestibularis; 1343 904306
Actinomyces_turicensis;131111_883077 30

Paraprevotella_xylaniphila;454155_762982

Clostridium_symbiosum;1512_742741

Barnesiella_intestinihominis;487174_742726

Eubacterium_cylindroides;39483_717960

Alistipes_shahii;328814_717959 2
Alistipes_finegoldii;214856 679935 0
Lachnospiraceae_bacterium_1_1_57FAA;658081_658081

Faecalibacterium_prausnitzii;853_657322

Ruminococcus_bromii;40518_657321

Eubacterium_rectale;39491_657317

Ruminococcus_obeum;40520 657314 10
Slackia_exigua;84109_649764 n
Granulicatella_adiacens;46124_638301

Roseburia_inulinivorans;360807 622312

Peptostreptococcus_stomatis;341694_596315

Gemella_morbillorum:29391_562982 0 Altered - pger

Clostridium_hylemonae;89153 553973 patient microbiome

Eikenella_corrodens;539_546274 Healthy —microbio i o

Bifidobacterium_longum;216816_537937 prototype me patient

Parabacteroides_johnsonii;387661_537006 relative changed

Roseburia_intestinalis; 166486_536231 10 to the compared

Escherichia_coli;562 511145 30 - prototype | "o

Bacteroides_dorei;357276_483217 The closest rototype
[E— N Bacteroides_eggerthii;28111_483216 20 . healthy prototype ————» pr h Elp

Bacteroides_finegoldii;338188_483215 % composition of Y Profolyp with the

Bifidobacterium_dentium;1689_473819 - 50 " ;f:t;‘_'o“tf_‘cgf

Ruminococcus._lactaris;46228 471875 i 1 = e most 1ot

Fusobacterium_nucleatum;851_469606 1 0 the m|Cr0b|0me / distant healthy

Bacteroides_fragilis;817_457424 prototype

Alistipes_putredinis;28117_445970 O .

Parabacteroides_distasonis;823 435591 .

Bacteroides_vulgatus;821_435590 -30 The original

Eubacterium_siraeum;39492_428128 patient profile

Clostridium_leptum;1535_428125

Methanobrevibacter_smithii;2173_420247

Collinsella_aerofaciens; 74426 411903

Clostridium_bolteae;208479 411902

Bacteroides_caccae;47678 411901 o -

Bacteroides_uniformis;820_411479 20 10 0 10 20 30
Parabacteroides_merdae; 46503 411477

Ruminococcus_gnavus;33038_411470 - - 1 . _E 1

Parvimonas. mica;33033 411465 w = argmin ||Sw —d such that ||w|; < 100
Dorea_longicatena;88431_411462 - 1 —
Ruminococcus_torques;33039_411460 we R P

Streptococcus_sanguinis; 1305_388919
Lactobacillus helveticus CNRZ32 (Strain: CNRZ 32) 326425 -
Bacteroides _thetaiotaomicron;818 226186
Eubacterium_ramulus;39490_1256908
Alistipes_onderdonkii;328813_1203611
M U N Solobacterium_moorei; 102148 1123263 ( d N— Sw/\)
Desulfovibrio_desulfuricans;876_1121445 -

Lactococcus lactis subsp. lactis CNCM 1-1631 [1042402] 1042402



Example of one patient

Mmui

Pavodni

mikrobiom

pacienta

Zdravy

mikrobio
pacienta

Zménény
mikrobiom
pacienta

s probiotikami
Zménény

m

ruminococcaceae bacterium cv2_UP000509623
Lacticaseibacillus_rhamnosus_UBLR-58 UP000307517
Clostridium_clostridioforme;1531_999410
Bacteroides_nordii;291645_997884
Atopobium_minutum;1381_997872
Prevotella_nigrescens;28133_997352
Streptococcus_vestibularis; 1343 904306
Actinomyces_turicensis;131111_883077
Paraprevotella_xylaniphila;454155_762982
Clostridium_symbiosum;1512_742741
Barnesiella_intestinihominis;487174_742726
Eubacterium_cylindroides;39483_717960
Alistipes_shahii;328814_717959
Alistipes_finegoldii;214856_679935
Lachnospiraceae_bacterium_1_1_57FAA;658081_658081
Faecalibacterium_prausnitzii;853 657322
Ruminococcus_bromii;40518_657321
Eubacterium_rectale;39491_657317
Ruminococcus_obeum;40520_ 657314
Slackia_exigua;84109_649764
Granulicatella_adiacens;46124_638301
Roseburia_inulinivorans;360807 622312
Peptostreptococcus_stomatis;341694_596315
Gemella_morbillorum;29391_562982
Clostridium_hylemonae;89153_553973
Eikenella_corrodens;539_546274
Bifidobacterium_longum;216816_537937
Parabacteroides_johnsonii;387661_537006
Roseburia_intestinalis; 166486_536231
Escherichia_coli;562_511145 30
Bacteroides_dorei;357276_483217
Bacteroides_eggerthii;28111_483216 20
Bacteroides_finegoldii;338188_483215
Bifidobacterium_dentium;1689_473819
Ruminococcus_lactaris; 46228 471875 1 0
Fusobacterium_nucleatum;851_469606
Bacteroides_fragilis;817_457424
Alistipes_putredinis;28117_445970 O
Parabacteroides_distasonis;823 435591
Bacteroides_vulgatus;821_435590
Eubacterium_siraeum;39492 428128
Clostridium_leptum;1535_428125
Methanobrevibacter_smithii;2173_420247
Collinsella_aerofaciens;74426_411903
Clostridium_bolteae;208479 411902
Bacteroides_caccae;47678 411901
Bacteroides_uniformis;820_411479
Parabacteroides_merdae;46503 411477
Ruminococcus_gnavus;33038 411470
Parvimonas_micra;33033_411465
Dorea_longicatena;88431_411462
Ruminococcus_torques;33039_411460
Streptococcus_sanguinis; 1305_388919

Lactobacillus helveticus CNRZ32 (Strain: CNRZ 32)_326425
Bacteroides_thetaiotaomicron;818_ 226186
Eubacterium_ramulus;39490_1256908
Alistipes_onderdonkii;328813_1203611
Solobacterium_moorei; 102148 1123263
Desulfovibrio_desulfuricans;876_1121445

Lactococcus lactis subsp. lactis CNCM 1-1631 [1042402] 1042402

% composition of
the microbiome

30

20

10

-10

How did the patient
approximate the metabolic
profile of the healthy
prototype?

Altered
The closest microbiome .
healthy of the patient
rototype compared 0
P the prototyoe -
changed
Altered microbiome
patient Heathy  A€®d  Grine
microbiome prorotype &ailgfon;iomepatient
relative to the Jati compared
prototype relatve 45 the
o the prototype
PrototPe  yith the
addition of
probiotics
PROBIOTICS @
The most & 5
distant healthy X
prototype - =
The original patient &
profile \6’\6
N
S o
™ N3
-20 -10 0 10 20 30 @7
&



What's next?

- Implementation of the method into a package in
R/Bioconductor
- Incorporating the effects of XENOBIOTICS

- Incorporating the HOST's metabolism

MUNI|RECETOX



External collaborator

paniela de Canditiis Thanks for your attention :)

Italian National Research
Council | CNR - Institute

for Applied Mathematics

"Mauro Picone" IAC
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What do we need?

A method that estimates the microbial composiii

on the desired meta rofile

Microbial composition

Verrycomicrobia
5% L

What is the metabolic profile of a
healthy individual?

Thanks to our clever experimental
design we have also collected data
from healthy individuals...and by
interrogating the appropriate
database....

Patient Metabolic profile of a patient Microbial composition

ﬁ%@

Lysinibacillus

MUNI|RECETOX



IF WE WANT ...

- to identify association between a

microbe and a specific metabolite
produced or consumed by this microbe,
we can perform a kind of leave one out
procedure
- filtering the result is of fundamental
Importance

-computations are quite efficient

MUNI|RECETOX
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How does the tool work in a real example - the gut microbiome in colorectal cancer —

estimated relative abundances of strains in in silico adjusted profiles

Healthy Original profile Adjusted profile
prototype in patient

)

MUNI|RECETOX
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Which bacteria changed most often and their elimination caused
the biggest problems?

0|:|I1.:|tha'_||r
3 — 1
//_),‘:Iz _0 005 04 045 02 025
Value

What efiect s
doM the reisss
elimination of st
the bacterium o s
have on the O == Microbes
metabolic 7 mm =i (taxon ids)
profie? = - i
The bigger the ‘[% E e
e = = -

. = o
bigger the S Ea——— S e
. e 411477
influence.
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Comparison of the microbiome in the stool and in the tumor

MUNI|RECETOX

T genere (e R, parediosiool | Stool genera No difference
Mucosa genera Tumour-specific genera|  (depleted in both between stool
E:numsal s:mb:g‘s EE:"S‘;:SEW sir,;ul mucosal samples and tumours

compared to stool) and nommel mucosa) compared to stool)

The tumor microbiome is different from
the microbiome of healthy tissue and
stool

It is enriched with potential oral
pathogens

Zwinsova et al

/ TMS2

Oral bacteria = N N \
7 Fusobacterium /,J‘ =oh 4
() == Leptotrichia e
&»  Selenomonas
@  Solobacterium P -
/  Actinobacillus A 3 |
| _J L -

lﬂmm: Left - sided

\ Oral bacteria - 12.3 % )

Gut bacteria
Bifidobacterium
Campylobacter
Peptoclostridium
Ruminococcus

Coprococcus
Anaerostipes

Oral bacteria - 15.8 %

TMS — tumor microbiome subtypes

Tumors are divided into three basic
groups according to their microbiome

., 2021, Cancers 10.3390/cancers13194799



https://doi.org/10.3390/cancers13194799

How does the tool work in a real example? - the gut microbiome In

colorectal cancer

Colorectal cancer - a very heterogeneous
disease.

Bacteria affect the tumor

- positively: they expose the tumor to the immune

response -

- negatively - they worsen the prognosis, hide the
tumor from the immune system, influence the
response to therapy, cause additional mutations with
their genotoxic products

*'Bacterial passengers of CRC are defined as gut
bacteria that are relatively poor colonizers of a

Il iﬁwiyaglﬁ ﬂ:@léj rcblbx;?c?(l)eer?v(i:for?\ﬁ;:i‘,lgﬂIowing

+thAarm +A A1itcAarmnata harcrtarinl Aviviare AfF DO

Bacterial "driver-passenger" model* of colorectal

cancer develgpﬁmggﬂt

Adenoma Carcinoma =
Bacterial drivers Bacterial passenger o
outcompeted by bacterial passengers . . o . 4 o] _OOS i
O, o O o \Bb)Yo Yool
Bacterial driver O . ; ° o] o B ?
| o O =y o ¢ 7 ‘ > \f {
/ = N A X
» == { e -J_”"..
O e
Newly microenvironment of CRC
0
Candidate bacterial drivers Candidate bacterial passengers
| | | |
- Fi teri i
B.fragilis E.faecalis E.coli Eijgfifilum Sihovia
/ |
| oy | !
BFT TGF-p  Superoxide Pks Island ;BT COX-2
ST, | Sy / N | cLop / \, v N
Th17 RbS Y - '54 DNA COX-2 S s Proliferation Histone Proliferation —Infi ti
: | E-cadherin Sma R g Colibaction aceltylation Angiogenesis Apoptosis nflammation
IL‘:1? NLPR3 2 o ’ il
inflammasome Erosach o : ONA s |
| 1 mismatch repair I
NF-xB DN};dama = Whnt NF-xB ! v
Wnt 9 l Gene instabilty Inflammation
" Inflammation b ¥ ¥
J | CIN MSI CIMP
Inflammation m

The Initiation of Colorectal Cancer The Further Development of Colorectal Cancer

https://link.springer.com/article/10.1007/s12094-021-02738-y/figures/3



Taxon ids of microbilal strains

selected by the tool when an

ad hoc reference metabolic I F WE WAN T .
profile has been provided as

constraint of the problem

> sort (wHat_unknown metabTasks[which{wHat unknown metabTasks != @)])

29466 310297 658086 556269 999412 10060063 411902 525338 716541 UPBDOB3T484 511145 21004382
0.2028664 ©0.2583832 B.3509318 1.9129620 2.3407463 2.7972778 2.9709230 4.,7247821 7.3806503 8.3724402 17.2127286 21.1114636
198215
30.3638442
. - e - . . . . . Description
- to identify a small community of microbial strains having of modules

"Proline biosynihesis, glutamate == proline"

functional similarity with a microbe leader that we already know E j
as probiotics, we can build a reference metabolome (d) ad hoc
to pursue this goal -
[5]
(6]
[7]

"Ornithine biosynthesis, glutamate => ornithine”
"Urea cycle”

"Creatine pathway"

- using E Coli Niesle as microbe leader, we identified other 13
microbes constituting together a putative therapeutical cocktail
of microbes

- the tool estimates the relative abundances of each member
of the therapeutical cocktail

MUNI|RECETOX

"Ornithine biosynthesis, mediated by LysW, glutamate => ornithine"
"Arginine biosynthesis, ornithine => arginine"

"Arginine biosynthesis, glutamate == acetylcitrulline == arginine"
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