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Mechanistic Mining of the Microbiome 
for Metabolic and Mental health 

Living in a Microbial world…

Dinan and Cryan, J. Physiol, 2017

…unique needs across the lifespan

Varied microbiota composition

FRIEND & FOE 



Living in a Microbial world…
Metabolic Functions:
Synthesis of vitamins
Fermentation of non-digestible dietary fiber
Salvage of ENERGY: microbiota contributes to host energy
metabolism and alter the way we store fat, how we
balance levels of glucose in the blood, and how we
respond to hormones that make us feel hungry or full.

Humans and other animals share an mutualistic 
relationship with resident microorganisms

MICROBIOTA & NEUROSCIENCE?

Without microbes, brains do NOT 
develop normally 

Luczynski et al Eur J. Neuro. 2016 
Luczynski et al Eur J. Neuro. 2016 

➢ Hyperphagic—eat more
➢ Altered glucose homeostasis
➢ ↑ Stress response (cort)
➢ Altered 5HT signalling
➢ Altered endocrine signalling (ghrelin)
➢ Mood, anxiety, depression, cognition, 

sociability, fear



PLEASE PASS THE MICROBIOTA!!

TRANSFORMING FAT TO THIN

Ridaura et al. 2013

TRANSFERRING THE BLUES

Kelly et al. 2016

✓ FMT has illustrated the influence of the gut microbiota on our 

METABOLIC AND MENTAL HEALTH independently of diet.

FEACAL MICROBIOTA TRANSPLANT

Many factors can both 
positively as negatively 
influence microbiota 
composition

..basis for microbiota-targeted 
approaches (diet, drugs, supplements)

MICROBIOTA MEDIATOR OF GUT-BRAIN FUCTION



Public Health Concern! Obesity & Stress

Obesity and anxiety are public health problems that have no effective cure. 
Few treatments exists and are mostly unsatisfactory.

PROBIOTICS FOR OBESITY: NOT A MAGIC BULLET!

March 2022

“While there are strong relationships between
body weight and gut microbiota composition
both in preclinical studies, translation is not
always there and the gut microbiota alone may
not be sufficient to exert beneficial effects in this
context.”

Multiple microbiota mechanism likely needed
(combining strategies) for translation of anti-
obesity and stress-resilience effects in humans.



➢Obesity, Diet & Stress are linked
➢Obesity is an environmental risk factor for stress, anxiety/depression.
➢Overlapping neurocircuitry of food intake and anxiety
➢Gut hormones and neuropeptides regulating appetite also innervate
the HPA axis (Cortisol ↑ liver gluconeogenesis→ fight/flight reaction).
➢The gut microbiota contributes to host energy metabolism and has
been linked to development of obesity and stress.
➢Central mechanisms of appetite & food intake behaviour and the
overlap between mental health and obesity is obvious but has never
been fully explored
➢Microbiota-gut-brain axis at interface of mood (stress) and food intake
& metabolism

DIET & 
Nutrition

MICROBIOTA

LIFESPAN Torres-Fuentes, Schellekens, et al, Lancet Gastro & Hepat 2017 

MOLECULAR MECHANISM TRANSLATION

METABOLIC & 
MENTAL HEALTH

GUT-BRAIN AXIS

OBESITY                                     STRESS

Host metabolism 
& homeostasis;
Energy harvest,    
storage & 
expenditure 

Microbiome-Gut-Brain Axis in Obesity & Stress

BUGS TO DRUGS:

Pharmaceutical approach to mine microbes & metabolites 

Targeted approach for IDENTIFICATION
of functional bacterial STRAINS & 

METABOLITES and gain MECHANISTIC
insight into the microbiota as 

modulator gut-brain axis function

ROS

[Long-Smith, et al., 2020]

Human Studies

Neurotransmitters

[N. Carey, 2023, in prep]
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Microbiota Metabolites as GPCR Ligands

Can gut bacteria 
regulate host 5HT?



Serotonin, Tryptophan 

and the Brain-Gut-Microbiome Axis

O’Mahony, et al, Behavioural Brain Research, 2015

tryptophan 
hydroxylase

Aromatic AA 
decarboxylase

Microbiota  modulates serotonin signalling

Lactobacillus modulates 5HT2C expression in amygdala



A screening pipeline for Tryptophan metabolism 

and microbiota interactions

✓ Hydrogen peroxide 
(H2O2), a reactive 
oxygen species (ROS) 
implicated in metabolic 
pathways with 
neuroactive potential  

Amplex® Red Hydrogen 
Peroxide/Peroxidase Assay Kit 
(Invitrogen, A22188)

Lactobacillus produces ROS, H2O2

✓ microbiota player 
(Lactobacillus) 
may contribute to 
regulating 
metabolism and 
resilience during 
stress.

indoleamine-2,3-
dioxygenase 
activity

[Marin……Gaultier, Scientific reports, 2017]

[Unpublished]



Mining the GUT Microbiota 
for 5-HT2C Receptor modulation

March 2012

✓ Important role in mood, motor, endocrine
secretion, addiction and food intake.

✓ 5-HT2C is a satiety receptor
✓ 5-HT2C editing is implicated in obesity (Kawahara,

2008; Schellekens et al. 2012 ) and stress response (Bhansali
et al. 2007; Englander et al. 2005)

✓ Editing of the 5-HT2C receptor has been
demonstrated to lead to a decreased receptor
functioning (Burns et al. 1997, Berg et al. 2008; Olaghere da Silva et
al. 2010).

✓ Increased editing in hypothalamus                                 
and hippocampus of ob/ob
(leptin deficient obese mouse)

The 5-HT
2C 

receptor in obesity & stress



✓ Altered 5-HT2C editing in hypothalamus, amygdala and
striatum GF mice (absent microbiota!)

Central 5-HT
2C 

receptor editing 

in Germ-Free mice

striatal

Can gut bacteria 
regulate host ghrelin?



[Yildiz, et al, PNAS, 2004] Human plasma ghelin levels

Ghrelin and the GHSR-1a receptor

Ghrelin and the Gut Microbiota

Duca et al, 2012

2021 Apr 1

Changes in microbial composition and diversity
have been correlated with changes in gut
peptide secretion, and specific gut bacteria have
been shown to be capable of modulating EECs



Mining the GUT Microbiota 
for Ghrelin Receptor modulation

“Culture to Product”
platform

Isolated Human      
bacterial strains

Healthy 
donors

Full agonist

Partial agonist/antagonist

Neutral antagonist

Inverse agonist

10
- 10

10
- 9

10
- 8

10
- 7

10
- 6

100

75

50

25

0

-25

-50

Compound

APC1472 has inverse agonist activity & bias 

towards β-arrestin-mediated ghrelin signaling

signalling bias HIGH 
THROUGHPUT 

CELLULAR ASSAYS



APC
Culture 

Collection

↓ Weight gain
↓ Leptin plasma
↓ Fat Depots
↑ Glucose tolerance
↓ Corticosterone

High-fat diet fed↓ Ghrelin receptor signalling Anti-obesity effects

Translational validation of Bifidobacteria Longum APC1472

anti-obesity effects in overweight/obese humans

Study Outline
Randomised, double-
blinded, parallel, 
placebo-controlled study 
N= [74 active; 48 
placebo]
BMI btw 28.0 – 34.9 
Kg/m2 124

Identifier: NCT04042181

Findings reinforce the concept 
of the link between OBESITY and 

STRESS and the potential 
amelioration of both via 

microbiome targeted approaches

Blood glucose Cortisol Ghrelin

obesity hungerstress

Schellekens, et al. EBioMedicine, The Lancet, 2021

Bifidobacteria Longum APC1472 a novel bacteria modulating

Glucose, cortisol and perceived stress in obesity

-0.295 mmol/L, effect-size 0.092 (η2) 

Normal fasting blood sugar <5.6mmol/L ; Prediabetic 5.6 to 7.0 mmol/L. 



PREBIOTIC (OligofructoseE-Inulin) reverses stress-induced 

immune priming and microglia activation in middle age
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• OE Inulin reverses stress-induced immune priming in middle age
(modulate the peripheral immune response)

• The supplement of prebiotics attenuates age-related microglia (major
immune cells in the brain) activation in whole brain

➢ Potential of microbiota mediated amelioration of age-related
neuroinflammatory pathologies & cognitive decline

➢ Prebiotic dietary fibres as new strategy to promote healthy ageing by
protecting brain function and prevent the adverse effects of age-related
neuroinflammation.

peripheral blood mononuclear cell (PBMC)

➢ Positive correlation of positivity score with Bifidobacterium, Haemophilus,                                                  
IL-8, Dipeptidylpeptidase-4 (degrades incretins like GLP1)  and subcutaneous fat mass,                                    
which can predict or mediate the beneficial effects of inulin on behaviour in obesity. 

➢Inulin intake may improve mood in obese subjects                        
exhibiting a specific microbial profile. 

Food4gut, clinicaltrial.gov: NCT03852069, https://clinicaltrials.gov/ct2/show/NCT03852069

➢ A randomized, single-blinded, multicentric, placebo-
controlled trial (n=106 obese patients), receiving 16 g/d
of native inulin or maltodextrin combined with dietary
advice to consume inulin-rich or -poor vegetables for 3
months & CR.

➢ Inulin supplementation in obese subjects had moderate
beneficial effect on emotional competence and
cognitive flexibility.

➢Positive responders exhibiting specific microbial signature -elevated Coprococcus levels at baseline-
were more prone to benefit from prebiotic supplementation in terms of mood.

PREBIOTIC (Inulin) improves mood in obesity



The Pipeline: Mechanistic Mining of Microbes

[Harriët Schellekens, et al., Nutritional Neuroscience, 2022 ]
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Mind your MicroBiome


