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CONTEXT

Commensal gut microbiome: 

the new Eldorado
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Host-associated microbiota: Increasing interest and many potential applications…
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Live Biotherapeutics Products & Fecal Microbial Transplantation: increasing interest and 
many potential applications…

Not exhaustive, for illustration purposes only4
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FLOW CYTOMETRY FOR TARGETED 
ENRICHMENT AND CULTUROMICS
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Pipeline for « targeted culturomics »

Analysis, sorting and culture in 
anaerobic conditions

Colony picking
& PCR screening

16S rRNA gene
and/or 

full genome sequencing

Random
Amplified

Polymorphic DNA 
fingerprinting
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Akkermansia muciniphila

Christensenella minuta

Faecalibacterium prausnitzii
(phylogroups IIa & IIb)

Faecalibacterium ‘moorei’
(phylogroup I)

Eubacterium hallii

Fusobacterium nucleatum

o Beneficial properties on adiposity, 

insulin resistance and glucose tolerance

o Presence associated with enhanced

response to immune checkpoint 

inhibitors

o Highly abundant species that is

reduced in IBD, IBS, CRC, obesity…

o Anti-nociceptive

o Presence associated with enhanced

response to immune checkpoint 

inhibitors

o Highly heritable, inversely related to 

host body mass index (BMI) and related 

to healthy status

o Has been associated with colorectal cancer

o Has been associated with increased

insulin sensitivity

Polyclonal antibodies for the detection of specific commensal species

«Beneficial» gut 
commensal 

species

«Detrimental» 
gut commensal 

species

(not exhaustive: additional antibodies are available)

Heat-inactivated 
bacteria
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F.prausnitzii A2-165

F.prausnitzii AHMP21

F.prausnitzii 222 lost

F.prausnitzii 6 HV3

F.prausnitzii 81 HV3

F.prausnitzii 24 HV3

F.prausnitzii CNCM I-4543

F.prausnitzii CNCM I-4574

F.prausnitzii HTF-F

F.prausnitzii CNCM I-4542

F.prausnitzii 202 HV1

F.prausnitzii 50 HV1

F.prausnitzii CNCM I-4540

F.prausnitzii CNCM I-4544

F.prausnitzii 216 HV4

F.prausnitzii KLE1255

F.prausnitzii 112 HV5

F.prausnitzii CNCM I-4575

F.prausnitzii 129 HV4

F.prausnitzii 130 HV4

F.prausnitzii 131 HV4

F.prausnitzii ATCC 27768

F.prausnitzii ATCC 27766

F.prausnitzii 190 HV7

F.prausnitzii S3L/3

F.prausnitzii 186 HV7

F.prausnitzii M21/2

F.prausnitzii CNCM I-4573

F.prausnitzii CNCM I-4546

F.prausnitzii CNCM I-4644

F.prausnitzii CNCM I-4541

Subdoligranulum variabile BI 114

‘F.prausnitzii’–like HV7 199

Gemmiger formicilis ATCC 27749

Gemmiger sp. 221

Ruthenibacterium lactatiformans 585-1

17 Ruminococcaceae
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Staining with anti-
phylogroup I & anti-

phylogroup II 
antibodies

POC study 1: sorting and cultivating high-abundance (5-10%) but Extremly Oxygen 
Sensitive species Faecalibacterium prausnitzii

Bellais S, Nehlich M, Ania M, Duquenoy A, Mazier W, van den Engh G, Baijer J, Treichel NS, Clavel T, 
Belotserkovsky I and Thomas V: Species-targeted sorting and cultivation of commensal bacteria from
the gut microbiome using flow cytometry under anaerobic conditions. Microbiome 2022, 10(24).
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POC study 2: sorting and cultivating very low-abundance (approx. 0.02 to 0.2%) 
species Christensenella minuta

9

Bellais S, Nehlich M, Ania M, Duquenoy A, Mazier W, van den Engh G, Baijer J, Treichel NS, Clavel T, 
Belotserkovsky I and Thomas V: Species-targeted sorting and cultivation of commensal bacteria from
the gut microbiome using flow cytometry under anaerobic conditions. Microbiome 2022, 10(24).

2% spike with C. 
minuta DSM 22607 
& staining with anti-
C. minuta antibodies

C. minuta DSM 22607 C. massiliensis DSM 102344 C. timonensis DSM 102800
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Christensenella minuta strain Marseille-P1999 (LT223649)

Christensenella minuta Y2 (MZ577590)

Christensenella minuta Y5 (MZ577593)

Christensenella minuta Y7 (MZ577595)

Christensenella minuta Y4 (MZ577592)

Christensenella minuta Y6 (MZ577594

Christensenella minuta strain YIT 12065 (AB490809)

Christensenella minuta Y1 (MZ577589)

Christensenella minuta Y3 (MZ577591)

Christensenella massiliensis Marseille-P2438 (LT161898)

Christensenella intestinihominis (AF73-05CM02)

Catabacter hongkongensis strain JCM17853 (AB671763)

Christensenella timonensis strain Marseille-P2437 (NR 144743)

Uncultured Christensenellaceae group R-7 strain 3C0d-14 (AB034013)

Uncultured Christensenellaceae group R-7 strain RFN80 (AB009228)

Clostridiales bacterium strain R-7 (CP068393)

Clostridiales bacterium strain XBB3002 (CP069419)

Acetomicrobium faecale strain DSM 20678T (FR749983)

Caldicoprobacter guelmensis strain D2C22 (JQ707908)

Anaerovirgula multivorans (AB201750)

Natranaerovirga pectinivora strain AP3 (GQ922846)

Guggenheimella bovis strain OMZ913 (AY272039)

Caloranaerobacter ferrireducens strain DY22619 (NR 135860)

Caldisalinibacter kiritimatiensis strain L21-TH-D2 (KC608867)

Brassicibacter mesophilus strain BM 16S (GU645013)

Sporosalibacterium faouarense strain SOL3F37 (EU567322)

Sporosalibacterium tautonense strain MRo-4 (KX371568)

Caloramator viterbiensis (AF181848)

Thermobrachium celere DSM 8682 (X99238)

Clostridium lacusfryxellense strain DSM 14205 (AJ506118)

Bacillus subtilis subsp. subtilis NCIB 3610 (MN640967)
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Reverse Genomics: expand access to potential ‘next generation probiotic’ candidates

We know « who they are » and 
« what they do » thanks to 
shotgun sequencing, 
transcriptomics and 
metabolomics…

… but approx. 70% 
of the detected
‘species’ have 
never been 
cultivated so far!

Gut commensal bacteria
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Ongoing: reverse genomics to generate antibodies directed against uncultivated
species of the gut microbiota (70% of the gut microbiota species!)
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Case study : fishing for Oscillospira species
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Dark matter 
of the 
microbiome

Dysosmobacter welbionis J115

Oscillibacter KLE1745

Oscillibacter sp. Marseille-P2778

Dysosmobacter sp. NSJ-60

Strain 20_7 HV1

Oscilibacter sp. 1-3

Oscillibacter sp. G2

Oscillibacter sp. BX15

Marseillibacter massiliensis

Strain 14_7 HV2

Oscillospira guilliermondii OSC2

Oscillospira guilliermondii OSC4

Oscillibacter NSJ-62

Oscillibacter ruminantium GH1

Oscillibacter valericigenes

Strain 36_7 HV2

Strain 56 HV3

Strain 11_7 HV4

Strain 50_7 HV2

Strain 55 HV3

Strain 41_7 HV4

Strain 51 HV1

Strain 52 HV1

Strain 21_7 HV1

Oscillibacter ER4

Strain 24_7 HV1

Strain 26_7 HV4

Uncultured bacterium clone BAZ aah92a10

Uncultured bacterium clone RL179 aah26h12

Colidextribacter massiliensis

Strain 23_7 HV1

Strain 32_7 HV3

Strain 30_7 HV1

Candidatus Enterocivis anthropi POC01

Strain 10_7 HV4

Candidatus Coprovivens hominis POC02

Faecalibacterium prausnitzii ATCC27768

Uncultured NK4A214 group bacterium clone RL199

Uncultured NK4A214 group bacterium clone RL246
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106 isolates, of 
which 71 are 

positive with the 
Oscillispiraceae-

specific PCR 

Case study : fishing for Oscillospira species

HV1

HV2

HV3

HV4

Live/Dead
+ antibody

staining

Sorting on 
mGAM plates PCR screening
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FLOW CYTOMETRY FOR MICROBIOME
MONITORING
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Sorting
under
anaerobic
conditions

Microbiota profiling using flow cytometry: Bacterial viability

Duquenoy A et al. 2020. Assessment of Gram- and Viability-Staining Methods for Quantifying
Bacterial Community Dynamics Using Flow Cytometry. Front Microbiol 11:1469.
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Good FCM 
correlation

Gram negative Gram positive

Vandeputte, D., et al., Nature, 2017

Duquenoy A et al. 2020. Assessment of Gram- and Viability-Staining Methods for Quantifying Bacterial Community Dynamics 
Using Flow Cytometry. Front Microbiol 11:1469.

Microbiota profiling using flow cytometry: Gram stain
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Nbr of 
bacteria

estimated
based on 

Flow 
Cytometry

analysis after
WGA/Vanco

mycin-
BODIPY 

combined
staining

Nbr of bacteria estimated based on 16S sequencing data (Quantitative Microbiome Profiling approach: 
number of 16S operon was taken into account)
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Microbiota profiling using flow cytometry: antibodies for the detection 
of specific species

Polyclonal 
antibodies (Ab) 
directed against 
F. prausnitzii

Live /Dead
staining

Physical 
parameters 

FSC/SSC
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Conclusion: flow cytometry has the potential to become a fast and cost-effective 
tool for microbiota profiling

BIOASTER has developed and validated a series of staining methods that are compatible with 
flow cytometry analysis to explore fecal microbiota composition at various levels of precision:

18

 Bacterial load = number of bacteria per gram of fecal material
 proportions of Live vs Dead bacteria,
 proportions of Gram positive vs Gram negative bacteria,
 bacterial population complexity based on simple physical parameters (FSC & SSC) and DNA staining
 Specific species of interest: polyclonal antibodies that target commensal bacterial species of interest
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• Flow cytometry is a versatile tool with many potential
applications in the field of microbiome research, from host-
associated to environmental microbiomes

• BIOASTER is a private, non-for profit research organization: we
are interested in collaborations to work on complex microbiota
analysis using FCM as well as selection of specific microbial
targets from any complex ecosystem

• Contact us!

Context FCM for Targeted Culturomics Reverse Genomics Conclusion
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www.bioaster.org
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