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What is microbiome synthesis

e Definition:

The approach of mixing or co-
culturing multiple taxa under well-
defined conditions to mimic the
structure and function of a
microbiome [1]

* First attempt to create a synthetic
community in 1965:

A defined mixture of
isolated from normal mice to study
the association of the organisms
and germ-free mice [2]

[1] Shayathan et al. 2022. Front Agron
[2] Shaedler et al. 1965. ) Exp Med

ASSOCIATION OF GERMFREE MICE WITH BACTERIA
ISOLATED FROM NORMAL MICE*
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RICHARD COSTELLO, Pa.D.
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Prare 11
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Several species of animals have been raised and made to reproduce under
germfree conditions. While the animals so produced seem to have a normal life
span, they exhibit histological, anatomical, and physiological characteristics
which differentiate them from animals raised under conventional conditions.
The very abnormalities of germfree life have thus yielded useful knowledge
concerning the role played by microbial activities in the development and
physiological performance of higher animals.

The availability of bacterial cultures isolated from the gastrointestinal tract
of normal mice has given us the opportunity to study the consequences of
associating these organisms with germfree mice. The present paper describes
the results of the first long range experiments in this series. Our observations
were focussed on (¢) the fate of the bacteria in the various organs of the gastro-
intestinal tract following administration by feeding, and (b) the effect of bac-
teria so administered on the size of the cecum.



Why do we want to synthesize microbiome

* There are substantial linkages between alterations of the gut
microbiome (dysbiosis) and many diseases and conditions, such as
obesity, diabetes mellitus, IBD, and colorectal cancer.

* To study the mechanism and causality in the microbiome, inoculate
the gnobiotic mice with:

(1) Complete, undefined communities (i.e. fecal microbiota
transplantation, FMT)

(2) Incomplete but defined communities (i.e. synthetic communities)

Cheng et al. 2022. Cell



Complete, undefined communities — FM

The NEW ENGLAND JOURNAL of MEDICINE

* (Classic studies to show causation: research on
obesity in germ-free mice SRIEE REDORT

Turnbaugh et al.— cecum-derived microbiota from obese
mice Drug-Resistant E. coli Bacteremia

Ridaura et al— EMT from obese humans Transmitted by Fecal Microbiota Transplant

Zachariah DeFilipp, M.D., Patricia P. Bloom, M.D., Mariam Torres Soto, M.A.,

e C||n|Ca| treatment: FMT for the preventlon Of Michael K. Mansour, M.D., Ph.D., Mohamad R.A. Sater, Ph.D.,
e Ji L o LI . . Miriam H. Huntley, Ph.D., Sarah Turbett, M.D., Raymond T. Chung, M.D.,
recurrence of Clostridioides difficile infection (CDI) ViEin Chen. M.D.. and Elizabath L. Horymanf, M.D.
* Limitations of FMT: SUMMARY
. Fecal microbiota transplantation (FMT) is an emerging therapy for recurrent or
Th e screenin g Of d onors refractory Clostridioides difficile infection and is being actively investigated for other
conditions. We describe two patients in whom extended-spectrum beta-lactamase
Undesir‘ed outcomes (ESBL)-producing Escherichia coli bacteremia occurred after they had undergone
FMT in two independent clinical trials; both cases were linked to the same stool
‘£re «“ . ” . . donor by means of genomic sequencing. One of the patients died. Enhanced donor
Difficult to “fractionate” an undefined community, —Sereening Fo TImTE The TransTTSSTon oF MICFO0TEAMTSS That Could Tead Fo adverse ~
ma k| ng |t Cha | Ieng| ng to d ISscover Wh |Ch SpeC|eS are infectious events and continued vigilance to define the benefits and risks of FMT

across different patient populations are warranted.

involved in a phenotype of interest

Turnbaugh et al. 2006. Nature; Ridaura et al. 2013. Science
DeFilipp et al. 2019. N Engl J Med
Wang et al. 2019. J Formos Med Assoc >



Incomplete but defined communities — synthesized
microbiome

* Prerequisites for the approach:

1. Knowledge of the diversity and composition of the targeted
microbial community

Public databases of reference strains
3. Advanced techniques in cultivation

Rapid identification of taxonomy: 16S rRNA gene sequencing or
metagenomics

5. Accurate assessment of abundance of the strains: metagenomics or
gPCR

Vrancken et al. 2019. Nat Rev Microbiol



Timeline of select highlights in the
sequencing and culturing of the
human gut microbiota
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Vrancken et al. 2019. Nat Rev Microbiol

Late 1800s to early
1900s: first isolation of
bacteria from faeces®

First large-scale anaerobic
cultures from faeces®

Advances in sequencing the
microbiome and assembly

D Advances in culturing the
microbiota

First 16S rRNA gene sequences
from human faecal samples®*®

Description or
reclassification of key
gut species with
next-generation
probiotic potential®®!

Large-scale 16S rRNA gene
sequencing of intestinal and faecal
samples from three healthy donors?

Gut microbiota

associated with obesity

102

Human Microbiome
Project (HMP) launched®*

Tract (MetaHIT)

Metagenomics of the Effects of
Human Intestinal H antibiotics on gut

microbiome!®

Core gut microbiome in
obese and lean twins®

High-throughput anaerobic
cultures of gut microbiota
tested in gnobiotic mice®

Microbial culturomics
introduced?

Cultivation-based
multiplex phenotyping?

Targeted phenotypic
culturing and whole-
genome sequencing of
previously uncultured
strains, many of which
are spore formers®

Culturable Genome
Reference (CGR)*
|

First MetaHIT publication*! ‘

Human gut
microbiome H
enterotypes’

Long-term diet
associated with
microbiome!**

Influence of westernization on
gut microbiome across age

105

| First HMP publication’

A first gut microbiome
in hunter-gatherers'®

First Flemish Gut Flora Project
and Lifelines-DEEP publication'”’

Geographic
variability

determined in large || (American Gut
Chinese cohort'® Project)'®®

First citizen
science dataset

Bacteria Culture
Collection (HBC)*

Human Gastrointestinal

Reassemblies of genomes
from human gut microbiome
metagenomics data

26-28




The first synthetic human microbiome entirely from scratch
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Two communities were synthesized:

hCom1: a shortlist (104 strains) of the most prevalent bacteria found in most people based on the prior human
microbiome research (the HMP project)

hCom?2: a more complete one (119 strains) and derived from hCom1.

The plan: 1. colonize germ-free mice with hCom1; 2. wait 4 weeks; 3. challenge it with human fecal samples

Expected outcome: certain strains from fecal samples would fill in the niches which were left open in hCom1.
Then the invaders can be fished out.

Cheng et al. 2022. Cell 8



A complex gut microbial
community —hCom1

The phylogenetic tree of hCom1 based
on the multiple alignment of 40
conserved ssingle-copy marker genes.
Prevalence: the fraction of subjects in
which the strain is detected.

Stability test. The relative abundances of
strains in the community remained
largely stable through 48 h.

Biological replicates at 48h.
Communities generated from two
inocula on different days.

Technical replicates at 48h. Communities
generated from the same inoculum.
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Key for panels A, C, D
@ Firmicutes

@ Verrucomicrobia
@ Bacteroidetes

@ Actinobacteria

@ Proteobacteria



® ¥ oentere o o
. o ssmoamos s o

e
seeqw.
Ll
. Mo
ity
B
o Yoo
A s -
Lol 0
aWiree
P o

* eee w9 .

. % M Hese o

Key for panels A, B, E, G

@ Firmicutes

@ Verrucomicrobia
@ Bacteroidetes

oo %o

e @ o

red = new to hCom2

@ Proteobacteria

W 1doo ejjajonai,

W snjiydounoad [sepioisjoeg]
B eusjeoibuoj ea10q

M s//200Nq Bjfoj0NBId

W wnyojjop wnuajeqny

W suelsuablouLio) ealoq

W snjoejne snoo0001do)

W sueioAUINUI BLUNGOSOY

W wnjenuajeoopnasd WnLe}oeqoplYIg

M S1/2JOB] SN0000UILINY

1oejonel wJuQQQQEEEK

B snjydoidod seplosejoeg
W s/ej0as WnusjoRqNy

W s/jeulsajul eLNGasoy

W 0G-271 'ds wnipujso;

M z€/) 37 ds egnejg

W suaioejouae eljasulljo)

W epioejjnw efayonsiy

W SuBjJUBLLLIBY SNID0J0UILIEPIDY
W s/uLojun seplosejoeg

W wnsoujuaa wnusjoeqng

W suLojIq wnueoeqny

M sjuosejsip saplossjoeqeled

B ojiXxou WNIpL}SOlD

W ds sepjossjoeqeleq

M ¢££/62 D01V ‘ds wnipLysoln
W suaioeyjijonba e1zjnelols|py
B 5500 SN220201d0D

W s1/0010)S jfasulljoD)

W wnonAjoreyooes wnipLisojD
M 5G9/| \SA /elop seploiejoeg
W snaeub snoosoosoulny

W ojiqeue wninueibliopgns

W ejus| ejjoyuebby

M 9| | z 'ds seploseoeg

W seuowsjAy wnipusolD

W senb.oj snoocodoulwny

W sisusjebauss sadijsiy

W oepiaw saplolsjorqesed

B $|-Z0ZIA WnUsjoeq se[eipLiSojO

W wnaeuis wnuaeqny
W suanjosiuelfx seploiejoeg
W 1pjuopsepuo sadisiy
.Emw.szmm snaosooouny

W ds snooooouepIoY

M snjeno sapiossjoeg

W sjuwoyiyy eluewopjoH

W |-Z9I\ “ds wnipu)solD

W 020080 sadljsoieruy

W suspuIdS WNIPLISO[D

M gz/| 3TH "ds Jejoeqioso
W snajuyouelds 18)0eqLOPO
W susbixajeuLoy ejjejuefig
1 sadsily

qajd seplossjoeg

u I
B SJUILOLYI[00 SNOUNIOIeBUY
W saebid ouginoynsed

W 11yeys sadysiy

W ejypomspem ejydojig

B /2-20Z3/\ Wnuejorq Se[eipi)soj)
W9 | | dssaplorepoeg

W syjibeyy sepioisjoeg

W suuojibeiedse wnipLjsol)

W £0-2023/\ WNU8joRq SejeIpLSojO
W esouin seuownoufing

W oeseixem ennelg

W wnusjoeq ssjeuspjoyying

W sjjeunsajul sapioejoeg

W /Aemayjey wnipLysoj

W snjebjna sepioisjoeg

W $6 ¢ ¥ ‘ds wnnuesbljopgns
M suoasejs seploejoeg

W ejydiuonw eisueuLoyyy

W juosuijof sepiosejorqeled

B oe0)j0q WNIpL)SOID

W zQ ds sepioisjoeg

M zz | z ‘ds seploseoeg

M G| | ¢ ds saprosspoeg

W 520080 SapjoIv)ORg

B £/000.d02 seplose)oeg

W /ipjobauyy sepioiejorg

B UoJojwoe)olRlaY) Saplosjoeg
W o¢ | G aiop saplosjoeg

B snaphjisonjeo seplossjoeg

An augmented community — hCom?2
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Comparison between hCom1 and hCom?2
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Results of hCom1 when challenged with human fecal samples

1. Lower similarity to fecal samples compared to PBS-control
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hCom?2 exhibits colonization resistance against
enterohemorrhagic E. coli (EHEC)
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Colonization resistance: a
phenomenon that resident species
exclude newcomers

Comparing the ability of colonization

resistance with:

1. Stool

2. A 12-member synthetic

community — 12Com
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4. Adding enteromix to 12Com and
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w

EM: Enteromix, a mixture of seven
commensal Enterobacteriaceae
strains
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Limitation of the methodology

* Less stable to challenge with unrelated fecal communities.

* |tis unclear (or other components) may
be necessary to model the of a native human
microbiome. Prior estimates of the number of species in a typical human
microbiome range from ~150-300.

among communities underlies some of the

phenotypic differences in the host caused by the microbiome. hCom?2
represents : therefore, neither hCom?2 nor

any other single community can model the impact of strain-level variation
on host phenotype.



Combine with In vitro
systems

Microfluidic platform: It allows to perform a set
of fluidic unit operations that are enabled by a
set of fluidic elements

Gut-on-a-chip: Chips lined with living human gut
cells and their tiny fluidic channels reproduce
blood and/or air; only allow microbes to grow
under aerobic conditions

HuMiX: Human—microbial crosstalk, a modular
microfluidics-based human—microbial co-culture
platform; can create anaerobic conditions

Vrancken et al. 2019. Nat Rev Microbiol

No host interactions

Host interactions

Batch cultures

Well plate
Test tube
Microfluidic
Batch reactor droplets

Human cell lines

Organoid

Continuous cultures

Chemostat Minibioreactor array

HuMiX 14



The promising applications

* The diet-microbiome interactions: using patient-derived microbiome
and host cells

* The drug-microbiome interactions: interconnection of gut-on-a-chip
and liver-on-a-chip for predictive chemoinformatic analysis and
pharmacokinetic modelling of the microbiome-dependent serum
levels

* The microbiome-based precision and personalized medicine

* The mechanistic studies to validate theoretical hypothesis from
‘omics’ observations and microbiome-target intervention in diseases

Moossavi et al. 2022. Trends Microbiol



Take home message

* It’s essential to synthesize microbiome for both scientific research and clinical practice

* To synthesize microbiome, the prerequisites include:
knowing the composition of the target
databases of reference strains
cultivation techniques

identification techniques of taxonomy and abundances

* A methodology to synthesize the human gut microbiome from scratch

* More applications when combining synthesized microbiome with in vitro systems
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