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Life, health, disease (and everything 
else) is all about molecules ….

• Every biological phenomenon is mediated by 
molecules interacting with other molecules

• Probiotics can only affect a host (immune system, 
enteric nervous system, host physiology, 
microbiome, etc) by producing molecule(s) which 
interact with resident molecule(s)

• These molecules may have been produced prior 
to administration, or may be produced post 
administration
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Lessons from clinical microbiology

Staphylococcus aureus
>105/g

Heat stable toxin

Massive disruption to host physiology

No contact required between live 
bacterium (pathogen) and host …. 
the health impact is mediated by a 

single moleculeAntigen 
presenting 

cell

T-cell

Relatively low amounts of microbial molecules can have a significant impact on the host 

Pathogens

Infectious

Living bacteria required 
for physiological effect, 
mediated by molecules

Intoxicative

Bacterial products required 
for physiological effect, 
mediated by molecules

Probiotic Products
Paraprobiotics
Parabiotics
Pharmabiotics
PostbioticsProbiotics

Probiotics

Lessons from clinical microbiology
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Probiotics

Probiotic Products
(molecules)

Bacterial 
biomass

Bacterial 
enzymes

Bacteriophage

Bacteriocins

Bacterial 
metabolites

Bacterial 
structures

Probiotic products

Bacterial 
biomass

Bacterial 
enzymes

Bacteriophage

Bacteriocins

Bacterial 
metabolites

Bacterial 
structures

Probiotic

Health
benefit

Microbiome

Complexity is inevitable
Every probiotic produces multiple 
molecules which can interact with 
the microbiome and the host at 
multiple points, with cascading 
effects on host systems

• Probiotic molecules acting on 
host receptors

• Probiotic molecules acting on 
microbiome receptors

• Crosstalk between probiotic 
molecules and between 
receptors
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Bacterial biomass
• Per definition, inactivated cells cannot be 

probiotics (live microorganisms that, ….)

• But, just because they cannot be 
probiotics does not mean they can’t have 
beneficial effects

• The terms ‘paraprobiotics’ and 
‘postbiotics’ have been mooted for 
inactivated cells with a health benefit

• Inactivated cells could have significant 
advantages over probiotics in terms of 
production, formulation, shelf life, safety 
and dosing regimes

Immunostimulatory
Anti-inflammatory
Cholesterol reduction
Diarrhoea in IBS
Rhinitis
Reduction in cavities
Constipation
Anti-enteric pathogens
NAFLD
Colitis
Allergy
Respiratory infections
Anti-proliferation
Visceral pain
NEC
Anti-aging
Barrier function

Bacillus
amyloliquefaciens
subtilis
pumilis

Bifidobacterium
longum

Lactobacillus
fermentum
bulgaricus
paracasei
salivarius
acidophilus
brevis
casei
gasseri
pentosus
plantarum
rhamnosus
sakei

Enterococcus
faecalis

Leuconostoc
mesenteroides

Lactococcus
lactis

Saccharomyces
boulardii

Streptococcus
thermophilus

Heat
Sonication
g-Irradiation

UV

Bacterial 
biomass

>50 studies
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• Open field
• Novel object recognition
• Marble burying
• 3 chamber test
• Elevated plus maze
• Carmine red transit
• Tail suspension test
• Forced swim test

Warda et al, unpublished

male C57BL/6 mice 

• Put mice on a standard diet supplemented with ADR-159 (5%)

• ADR-159 contains heat killed lactobacilli (Lb. fermentum and Lb. delbreuckii) and 
spent growth medium

• Animals were subjected to a battery of 8 behavioural tests 

• Corticosterone (stress hormone) levels were tested at week 6

• Faecal samples were collected weekly for microbiome analysis
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Control ADR-159

Warda et al, unpublished

Inactivated cells & microbiome 

• Open field
• Novel object recognition
• Marble burying
• 3 chamber test
• Elevated plus maze
• Carmine red
• Tail suspension test
• Forced swim test

Warda et al, unpublished
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Inactivated cells & behaviour 
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Base line
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Inactivated cells & behaviour 

Overall, mice fed inactivated lactobacilli have altered microbiomes, lower 
baseline corticosterone levels and display less anxious behaviour in models of 

stress and social interaction

• Open field
• Novel object recognition
• Marble burying
• 3 chamber test
• Elevated plus maze
• Carmine red transit
• Tail suspension test
• Forced swim test

Warda et al, unpublished
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Bacterial structures
Bacterial structures include cell walls, teichoic 
acids, pili, membranes, spores, etc

Type IVb pili
[Immunogold labelling 
using antibodies raised 
against a 20 aa epitope 
of flp, encoding the pre-

pilin precursor]

Bifidobacterium breve 
produces a Type IVb pilus 
structure required for 
colonisation of conventional 
mice.

Only produced in vivo.

O’Connell-Motherway et al, PNAS, 2011

tadZ

tadA

tadB tadC spk tadV

ATPase
Pilus assembly Minor 

pilins

Assembly Pilus proteins Processing
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Bacterial enzymes
• Probiotics contain enzymes which can 

influence host metabolism by consuming 
undesirable compounds (detoxification), 
or by producing desirable compounds 
(SCFA’s).

• For example, lactase produced by 
yoghurt cultures. 

• Bacterial enzymes are 
responsible for the only 
probiotic claim approved  
to date by EFSA

• Effects can be 
recapitulated by enzyme 
alone

Bacterial enzymes
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Individuals with lactase 
intolerance (GG genotype) and 
yet have a high milk intake 
‘select’ for high levels of 
Bifidobacterium in their 
microbiome (lactase positive)

Bacterial enzymes
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• Screened 
bifidobacteria for 
the ability to 
convert linoleic 
acid into c9, t11 
conjugated linoleic 
acid

• Best performer 
was a strain of 
Bifidobacterium
breve

Bacterial enzymes/metabolites
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Pigs               

• Incorporated 
Bifidobacterium
breve and linoleic 
acid in the diet 

• Lead to a significant 
increase in c9,t11 
CLA in the livers 
(and adipose tissue) 
of mice and pigs

Bacterial enzymes/metabolites

• Effect can be recapitulated by a single 
gene product

• Cloned linoleic isomerase (converts LA 
to t10, c12 CLA) from Propionibacterium
acnes into Lactobacillus paracasei.

• Increased t10, c12 CLA content of 
adipose tissue in mice following dietary 
intervention.

Bacterial enzymes/metabolites
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Bacteriocins

• Made a knockout of 
UCC118 which no 
longer produces 
abp118

• The knockout no 
longer protects mice 
from Listeria infection

No probiotic UCC118
(abp118+)

UCC118
(abp118-)

• Lb. salivarius UCC118 
produces a bacteriocin
- abp118 – which kills 
Listeria

Corr et al., PNAS 2007

Clinical cure rates (N=25)

L. Lactis 64% (16/25)
Antibiotic    72%  (18/25)

20

40

50

60

80

%

culture antibiotic culture antibiotic

Clinically cured

nd

Sub-clinical

nd

Crispie et al., 2008 J Dairy Res 75:374-384Klostermann et al., 2008 J Dairy Res 75:365-373

Probiotics and bovine mastitis
Introduced a viable bacteriocin-producing strain into the teat 

canal of mastitic animals – compared to gold standard antibiotic
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Bacteriocins and mastitis

Teat Seal

Teat Seal
(lacticin 3147)

Streptococcus 
dysgalactiae

Streptococcus 
dysgalactiae

N=37

N=38

healthy

sub-clinical

mastitis

healthy

sub-clinical

mastitis

10 20 30 40

34%

18%

48%

91%

9%
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• Can be recapitulated using bacteriocin alone

Ryan et al.  (1998) Appl Environ Microbiol 64:2287-2290.

• When incubated together, S. 
thermophilus J34 but not J34-6 
(prophage–cured) was able to 
compete with three gastrointestinal 
pathogens for adhesion sites on the 
surface of HT29 cells. 

Phage & probiotic mechanisms
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Conclusions

• Probiotic mechanisms all involve 
molecules interacting with molecules

• Probiotic mechanisms are hard to 
decipher because there are so many 
molecular interactions (probiotic, 
microbiota and host)

• There are instances where single 
molecules seem to be largely 
responsible for probiotic effects

• It is reasonable to expect dead (or 
inactive) cells to have a beneficial 
effect – what is the best term for this 
phenomenon (ISAPP consensus?)

• Paraprobiotic?  Postbiotic?  Parabiotic?  
Pharmabiotic?

Bacterial 
biomass

Bacterial 
enzymes

Bacteriophage

Bacteriocins

Bacterial 
metabolites

Bacterial 
structures

Probiotic

Health
benefit

Microbiome
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Wednesday June 27th 2018

www.worldmicrobiomeday.com

• to showcase the diverse worlds of 
microbiomes

• to encourage public dialogue on 
their critical importance to human, 
animal & environmental health

World Microbiome Day

Please get involved: organise an event near you and register 
it at http://worldmicrobiomeday.com/planned-events/


