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Open questions:

Where are the microbes and what do they do?

Are there common elements between Human, animal,

Plant and environmental consortia?

How do we analyse the complex microbial consortia?
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Where are microbes in and on our body?

Nose

Mouth

Skin

Gastrointestinal 

Urogenital

Some microbes are native, 

normally found in the body

Some microbes are 

introduced, suddenly 

arriving at a new 

residence in the body

Throughout your life, microbes secrete compounds 

that regulate immune cells (T cells)



Up to 2kg per person! 

For an 80kg person, this is 2,5% of total body 

weight

At least 1000 different bacterial species currently 

known

Many are yet to be identified

Interindividual differences are large

Gut bacteria express over 2,5  million genes 

100  times more than human genes

Figure adapted from Magnus Simrén, Gut, 2013

All these trillions of bacteria in the human gut are together with the   

other microorganisms (including viruses) called our microbiota.

Based on DNA content, we are as much (or more?) microbial as human

Joshua Lederberg (Nobel Price Medicine, 1958) first introduces the term ‘microbiome’ in 2001.

‘collection of genomes of microbiota living in a specific niche’

Humans consist of multiple organisms



Gut microbiota: crucial symbionts that constitute an endocrine organ

• Increase energy harvest from diet
• Secrete carbohydrate degrading enzymes 

• Produce metabolites with host metabolic effects
• Short-chain fatty acids (SCFA’s)→ Regulate gut hormones

• Trimethylamine (→ TMAoxide in liver with pro-atherosclerotic effects)

• Produce vitamins  
• (biotin, B12 and vitamin K) 

• Metabolize bile acids, sterols and xenobiotics*
* Drugs such as antidiabetic drug metformin

• Train host immune system
• Protect from pathogen invasion

• Maintain healthy gut barrier function

Schuijt, Trends Microbiol, 2013; Garrett, Nat Rev Gastroenterol Hepatol, 2017

Paradigm Shift in Medicine: No Bacteria or Not The Right Consortium May Cause Disease.

Potential for Diagnostics & Therapy.



Cani, Nat Rev, 2017

Gut microbiota implicated in host health and development of

disease

Microbiota research is moving from an associative to a

translational/ causative science (C. diff. is the best proven case)

Multidisciplinary endeavor

-Wide range of expertise and skill sets (Big Omics Data Analysis!)

Gut microbiota in human health and disease 
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Gut microbiota and human disease; Association or Causality?

Causality in infectious diseases are described by Koch’s

postulates:

• Micro-organism should be associated with disease(s) 

• Micro-organism should be found in a sick person  

• Cultured micro-organism introduced in animal drives disease

• or eradication prevents disease

Robert Hermann Koch 

(1843 –1910)

Fecal microbiota transplantation (FMT) as tool to study causality of gut microbiomes



Insulin sensitivity response and bacterial colonization after FMT

Li, Science, 2016; Kootte, Cell Met, 2017

SNV (single-nucleotide analysis) = method to distinguish and trace donor- and recipient-specific strain populations

• No ‘super-donors’

• Enhance colonization?

• Lower diversity at baseline more likely to benefit

• Predict success of FMT using computational approaches

• Note that the small intestine is exposed to fecal/colonic microbiota that it normally never sees!



Better understanding of the gut ecosystem microbial class diversity might increase FMT efficacy 
(and other microbiome-targeted interventions)

Bacteria

Fungi

Metabolites

Viruses

Archaea

Spores

• Eurkayotic viruses (1%)
• Bacteriophages (99%)

Parasites



Autoimmune diseases (T1DM 7/hypothyroidism)

IBD/IBS 3,4

C. difficile 1

Multidrug resistant bacteria 2

Insulin resistance/T2DM 5,6

Gut-brain axis diseases (anorexia 8 /autism)

• Course of disease
• Responders-non responders
• Influence of genetics and diet
• Multiple FMT or real failures
• Concomitant medication

Role microbiome:

Causal

Disease modifier
or…consequence of disease?

Scheithauer, Mol Metabolism, 2016; 1= van Nood, NEJM 2013; 2= Sigh, BMC microbiology 2018; 3= Rossen, Gastroenterology 2015’ ; 4= Moayyedi, Gastroenterology 2015 5= Vrieze, Gastroenterology 2012; 6= 

Kootte, Cell Metabolism 2017; 7 de Groot, submitted; ; 8  de Clercq, Psychotherapy and Psychosomatics, 2018

“All Disease Begins in The Gut” (?) A statement by  Hippocrates 460-377 bc.
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George Orw ell

George Orwell is een van de beroemdste schrijvers van Engeland. Twee

van zijn meest beroemde werken zijn Nineteen Eighty -Four (1984) en

Animal Farm. Orwell schreef ook veel essays en dankzij deze stukken tekst

genoot hij tijdens zijn le ven de meeste bekendheid. Hij werd geboren in

1903 in India w aar zijn vader destijds werkte. In 1907 verhuisde het gezin

naar Engeland. Van 1922 tot 1927 zat hij in een Indiaase politie eenheid die

gestationeerd was in Burma. Hier deed hij inspir atie op voor zijn eerste

roman Burmese Days (1934). Na zijn periode als politieman v olgde een

aantal arme jaren voor de schrijver, waarin hij onder meer tw ee jaar in

Parijs woonde voordat hij terugkeerde naar Engeland. Animal Farm, de

roman die hem wereldfaam bezorgde, werd uitgebracht in 1945. Deze

klassieker is doorspekt met politieke satire. Net als Nineteen Eighty -Four,

die wordt gezien als de belangrijkste dystopische roman van de moderne

literatuur. George Orwell overleed in januari 1950  in Londen. Een aant al

dagen voor zijn dood kreeg hij een bericht van Desmond MacCarthy een

van de belangrijkste literaire critici aller tijden. Daarin schr eef MacCarthy:

'You have made an indelible mark on Englisch liter ature... you are among

the few memorable writers of your generation.'

 Alles van George Orwell

Toon meer

Samenvat t ing

Animal Farm, by George Orwell - author of 1984, one of Brit ain's most

popular novels - is a brilliant political satir e and a powerful and affecting

story of revolutions and idealism, power and corruption. 'All animals are

equal. But some animals ar e more equal than others.' Mr Jones of Manor

Farm is so lazy and drunken that one day he forgets to feed his livestock.

The ensuing rebellion under the leadership of the pigs Napoleon and

Snowball leads to the animals t aking over the farm. Vowing to eliminate

the terrible inequitie s of the farmyard, the renamed Animal Farm is

organised to benefit all who walk on four legs. But as time passe s, the

ideals of the rebellion are corrupted, then f orgotten. And something new

and unexpected emerges. . . Animal Farm - the history of a revolution that

went wrong - is George Orwell's brilliant satire on the corrupting in fluence

of power. 'Remains our great satire of the darker face of modern histor y'

Malcolm Bradbury 'Animal Farm has seen off all the opposition. It ' s as valid

as today as it was fifty years ago' Ralph Steadman George Orwell (Eric

Toon meer
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Animal Farm has seen off all the opposition. It ' s as valid today as it was fifty

years ago * Ralph Steadman * Remains our great satire of the darker face
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Microbiome not 

equally important 

in all disease



Longitudinal integrated cohort studies needed to get 
clues towards temporal events in health perturbation.

In Amsterdam the HELIUS cohort exists which was 
started from a multiethnic perspective on health.

http://www.heliusstudy.nl/

http://www.heliusstudy.nl/
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Where are the microbes and what do they do?

Are there common elements between Human, animal,

Plant and environmental consortia?

How do we analyse the complex microbial consortia?



Schroeder and Backhed, Nature Medicine 2016

Intestinal microbiota are influenced by a broad range of diet & environmental  factors!



Are there common elements among the different microbes? 

Look at us and our environments as ONE system, ONE health!

A Growth fund proposal in the making: 

The HoloMicrobiome
Leveraging the microbiome for economic growth

Joining forces between existing research groups and research programs

in the Netherlands (UvA, WUR, RUG, UMCs TNO, Companies etc.........)

Home-en | Holomicrobiome (holomicrobioom.nl)

https://holomicrobioom.nl/en/home-en/


Plant

Animal

Human

Policy

Kowledge and 

Innovation

Knowledge and innovation

Industry

Policy

The  HoloMicrobiome
Leveraging the microbiome for sustainable growth

Knowledge and Innovation are the

connecting flywheel for the

realization of our mission and is an

overlapping activity for all domains.

Partnership Industry is crucial for

creating impact, valorization and

realization from Knowledge and

Innovation.

Partnership Policy guarantees the

implementation of a policy regarding the

realization of a healthy, safe and

sustainable food chain for the

Netherlands.



Separate 

microbiomes

The Holomicrobiome



Four linked example projects

Human

• Gut-microbiome (disease)
• Environmental microbiome
• Health increase
• Lower costs
• Lower use of antibiotics

Animals

• Dietary strategies
• Farm animal health
• Reduced emission of Methane 

and N2
• No use of antibiotics

Plant

• Farming strategies
• Soil microbiome
• Plant root microbiome
• Higher yield, lower costs
• Lower use pesticides etc.

Linking the domains:

• Building a new supercohort with stored information on nutrition
and food related microbes in all different domains

• Transfer of microbiome (and related chemicals)
• Causal Models for strategic interventions

Water

PIG-PARADIGM International research team to combat antibiotic resistance in pigs.



Where are the microbes and what do they do?

Are there common elements between Human, animal,

Plant and environmental consortia?

How do we analyse the complex microbial consortia?



Gut microbiome from association to mechanisms associated with health and disease

Combine forces, share knowledge
How? –Microbiota Center Amsterdam 

Study design Sample processing Sequencing

What can we learn from this?

-Predictive components? 

-Signal identification

Data analysis + interpretation



Research question/study

design 

Sequencing 

(MiSeq EVG, located at LVGA)

Microbiota Center Amsterdam (MiCA) 

Expertise and equipment in-house

Patient folders Sample processing

(Equipment located at EVG, CEMM, Tytgat and

LVGA)

Data processing, analysis, interpretation

(EVG)

Anaerobic chamber

(Located CEMM tower)



Microbiota Center Amsterdam (MiCA) 

“powered by Amsterdam UMC location AMC”

Joost Wiersinga Wouter de Jonge Max Nieuwdorp Hilde Herrema

Mark Davids Evgeni LevinTheo Hakvoort Jorn Hartman
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Host-Microbiome Interactions in the laboratory and beyond



Understanding by recreating Host-Microbiome (Microbiota) 

interactions in a miniature human gut

Dr. Jianbo Zhang (SILS-UvA formerly ETH and MIT)









Bacterial growth in the GuMi model system







Progress in understanding the molecular basis of host-microbe interaction: Short chain fatty acids/ amino acids

https://www.nature.com/articles/s41579-020-0438-4

https://www.nature.com/articles/s41579-020-0438-4


Progress in understanding the molecular basis of host-microbe interaction; tryptophan metabolism and serotonin

https://www.nature.com/articles/s41579-020-0438-4

https://www.nature.com/articles/s41579-020-0438-4


Progress in understanding the molecular basis of host-microbe interaction; proline metab., glutamate and GABA

DOI:https://doi.org/10.1016/j.cmet.2022.04.001 (Cell Metabolism)

https://doi.org/10.1016/j.cmet.2022.04.001


Bacterial spores; the good…….& the bad

https://systemsbiology.amsterdam/

https://systemsbiology.amsterdam/


Sporulation cycle of Bacillus cereus

Sporulation:

McKenney PT, et al. Nat Rev Microbiol. 2013, 11(1):33-44

Germination and outgrowth:



ANTIMICROBIAL RESISTANCE
(AMR)

The group linked to the NVWA chair @ SILS-UvA (Benno Ter
Kuile) works on:

➢ Plasmid-mediated → transfer of antibiotic resistance genes
carried on plasmids (horizontal gene transfer)

➢Antibiotic-induced → sub-lethal antibiotics exposure leads to
mutagenesis with acquisition of resistance (vertical gene
transfer)

Can be extended to real life (microbiome/ microbiota) settings!

1.



Model development on individual level and its impact on a biological system; example
@ the Centre for Urban Mental Health @ UvA (Van der Wal et al. Lancet 11, 991, 2021)



• Causality of gut microbiota in many human (autoimmune) diseases is not known. 

• Fecal microbiota transplantation studies suggest a role for specific bacterial strains in disease including diabetes, inflammatory bowel

disease and under- or overweight

• Future: personalized diet (based on gut microbiota composition) in combination with novel probiotic-medication (synergy) to improve

human (autoimmune) diseases.

• The gut harbors an ecosystem with (spore forming) adapted microbes! Study of (transkingdom) interaction between its members is

important to understand microbiota-related pathologies and to design effective interventions.

• Miniature Gut models can recreate important physiologically relevant environments to help understand the function

of gut microbiota.

• Unique and extensive physiological knowledge on AMR and bacterial spore formers, prime inhabitants of the Gut and highly represented in

the gut microbiota is available.

• Extensive modelling knowledge infrastructure needed at different time and length scales. @UvA an example is available at the Centre for Urban Mental Health.

Final conclusions
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Timeline-planning

Oktober 2022Febr. 2022 april 2022 Juni 2022 Juli 2022 Augustus 2022

Pre-proposal Consortium Meeting First version Feedback and second version Final first version

Timeline as of april 2022:

Preproposal oktober 2022, Full application January 2023



Task Force; Consortium core; Extended consortium

Marten Smidt (UvA, FNWI, SILS): Project leader

Harro Bouwmeester (UvA, FNWI, SILS):  Plant/root domain

Hauke Smidt (WUR): Animal microbiome

Age Smilde (UvA, FNWI, SILS): Modeling, data analysis

Stanley Brul (UvA, FNWI, SILS): General microbiology and fermentation

Gerard Muijzer (UvA, FNWI, IBED): Environmental microbiology

Max Nieuwdorp (AUMC): Human Microbiome, health

Hilde Herrema (AUMC): Human Microbiome, health

“External” 

Helen Bergman Quartermaster 

Peter Vermij Scientific writer 

Extended Consortium has a great number of representatives from UMCs, universities,

Knowledge Institutes, industries, Ministries.



Task Force; Consortium core; Extended consortium
Universiteiten/academische ziekenhuizen: 

RUG (JF Salles), UvA (oa AmsterdamUMC, FNWI(SILS, IVI), FGW), VU (oa B. Teusink), UM (oa N. Bocken),

Erasmus (J. Samson), UL (T. Hamkemeijer), UU (A. Stegeman), WUR (oa H. Smidt), 

TUD (M. van Loosdrecht), RU (L. van Niftrik)

Organisaties

TIFN (A. Kardinaal), NIOZ (L. Villanueava/C. Brussaard), NIOO (E. Kuramae) , 

KWR (P. van de Wielen/ T. ter Laak), Plantum (M. van Vegchel), NIZO (A. Kardinaal), 

TNO (R. Montijn), Sanquin (M. van Ham). Topsector health, Topsector T&U (J. Vogelenzang), 

RIVM (S. Fuentes)

Bedrijven (onder constructie)

BASF (Plantum, J. van den Berg), TIFN geassocieerde bedrijven, Danone (J. Knol en via TiFN), 

Trouw/Nutreco (L. den Hartog), Baseclear (B. Reichert), ...

Ministries

LNV (P.P. Mertens, M.J.M..Latijnhouwers, M.S, Plantinga), VWS (..), EZ (directie Strategie, kennis, Innovatie), ... 
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