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Aryl hydrocarbon receptor activation by Lacto-
bacillus reuteri tryptophan metabolism allevia-
tes Escherichia coli-induced mastitis in mice

Abstract

The intestinal microbiota has been associated with the occurrence 
and development of mastitis, which is one of the most serious disea-
ses of lactating women and female animals, but the underlying me-
chanism has not yet been elucidated. 

Aryl hydrocarbon receptor (AhR) activation by microbiota tryp-
tophan metabolism-derived ligands is involved in maintaining host 
homeostasis and resisting diseases. We investigated whether AhR 
activation by microbiota-metabolic ligands could influence mastitis 
development in mice. In this study, we found that AhR activation 
using Ficz ameliorated mastitis symptoms, which were related to li-
miting NF-κB activation and enhancing barrier function. Impaired 
AhR activation by disturbing the intestinal microbiota initiated ma-
stitis, and processed Escherichia coli (E. coli)-induced mastitis in 
mice. Supplementation with dietary tryptophan attenuated the ma-
stitis, but attenuation was inhibited by the intestinal microbiota 
abrogation, while administering tryptophan metabolites including 
IAld and indole but not IPA, rescued the tryptophan effects in dysbio-
tic mice. Supplementation with a Lactobacillus reuteri (L. reuteri) 
strain with the capacity to produce AhR ligands also improved E. co-
li-induced mastitis in an AhR-dependent manner. These findings pro-
vide evidence for novel therapeutic strategies for treating mastitis, 
and support the role of metabolites derived from the intestinal mi-
crobiota in improving distal disease.
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Tryptophan Catabolites from Microbiota 
Engage Aryl Hydrocarbon Receptor and Balance 
Mucosal Reactivity via Interleukin-22

Abstract

EndogenousEndogenous tryptophan (Trp) metabolites have an important role in 
mammalian gut immune homeostasis, yet the potential contribution 
of Trp metabolites from resident microbiota has never been addres-
sed experimentally. Here, we describe a metabolic pathway whereby 
Trp metabolites from the microbiota balance mucosal reactivity in 
mice. Switching from sugar to Trp as an energy source (e.g., under 
conditions of unrestricted Trp availability), highly adaptive lactoba-
cilli are expanded and produce an aryl hydrocarbon receptor (AhR) li-
gand—indole-3-aldehyde—that contributes to AhR-dependent Il22 
transcription. The resulting IL-22-dependent balanced mucosal re-
sponse allows for survival of mixed microbial communities yet provi-
des colonization resistance to the fungus Candida albicans and mu-
cosal protection from inflammation. Thus, the microbiota-AhR axis 
might represent an important strategy pursued by coevolutive 
mensalism for fine tuning host mucosal reactivity contingent on Trp 
catabolism.
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New research on how tryptophan plus a specific 
gut microbe might help dampen inflammation

Abstract

DeepDeep inside your small intestine is a region that’s critical in the body’s 
immune system: the gut-associated lymphoid tissue (GALT). At this 
site, your body’s cells interact with both microbes and immune cells, 
and the results of their interactions decide whether you will tolerate 
the things encountered in the gut—whether a particular food mole-
cule or a foreign microbe—or alternatively, whether your body will 
mount an immune system attack. And new research shows commen-
sal gut microbes in the GALT help make an immune cell that enables 
its host to function normally by tolerating harmless substances from 
the outside environment.

In the study published in Science, the researchers from Washington 
University School of Medicine in St. Louis (USA) wanted to investiga-
te the making of a unique immune cell: a type of T cell called a ‘dou-
ble-positive intraepithelial lymphocyte’, or DP IEL for short. These 
cells exist in the small intestine and normally help the body to discri-
minate what is “self” and what is “non-self”, and to tolerate dietary 
substances and other molecules from outside the body, dampening 
inflammatory responses.

Body cells interact with bacteria and immune cells at the same time 
in the GALT

Scientists have found that DP IELs are absent in germ-free mice, 
which live their lives in a sterile environment without exposure to 
any bacteria. So do gut microbes play a role in making these toleran-
ce-promoting immune cells? The researchers wanted to find out.
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Tryptophan Metabolites Along the Microbio-
ta-Gut-Brain Axis: An Interkingdom Communi-
cation System Influencing the Gut in Health and 
Disease

Abstract

TheThe ‘microbiota-gut-brain axis’ plays a fundamental role in maintai-
ning host homeostasis, and different immune, hormonal, and neuro-
nal signals participate to this interkingdom communication system 
between eukaryota and prokaryota. The essential aminoacid tryp-
tophan, as a precursor of several molecules acting at the interface 
between the host and the microbiota, is fundamental in the modula-
tion of this bidirectional communication axis. In the gut, tryptophan 
undergoes 3 major metabolic pathways, the 5-HT, kynurenine, and 
AhR ligand pathways, which may be directly or indirectly controlled 
by the saprophytic flora. The importance of tryptophan metabolites 
in the modulation of the gastrointestinal tract is suggested by several 
preclinical and clinical studies; however, a thorough revision of the 
available literature has not been accomplished yet. Thus, this review 
attempts to cover the major aspects on the role of tryptophan meta-
bolites in host-microbiota cross-talk underlaying regulation of gut 
functions in health conditions and during disease states, with parti-
cular attention to 2 major gastrointestinal diseases, such as irritable 
bowel syndrome (IBS) and inflammatory bowel disease (IBD), both 
characterized by psychiatric disorders. Research in this area opens 
the possibility to target tryptophan metabolism to ameliorate the 
knowledge on the pathogenesis of both diseases, as well as to disco
ver new therapeutic strategies based either on conventional phar-
macological approaches or on the use of pre- and probiotics to mani-
pulate the microbial flor
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L. rhamnosus improves the immune response 
and tryptophan catabolism in laying hen pullets

Abstract

InIn mammals, early-life probiotic supplementation is a promising tool 
for preventing unfavourable, gut microbiome-related behavioural, 
immunological, and aromatic amino acid alterations later in life. In 
laying hens, feather-pecking behaviour is proposed to be a conse-
quence of gut-brain axis dysregulation. Lactobacillus rhamnosus de-
creases stress-induced severe feather pecking in adult hens, but 
whether its effect in pullets is more robust is unknown. Consequent
ly, we investigated whether early-life, oral supplementation with a 
single Lactobacillus rhamnosus strain can prevent stress-induced fe-
ather-pecking behaviour in chickens. To this end, we monitored both 
the short- and long-term effects of the probiotic supplement on 
behaviour and related physiological parameters. We hypothesized 
that L. rhamnosus would reduce pecking behaviour by modulating 
the biological pathways associated with this detrimental behaviour, 
namely aromatic amino acid turnover linked to neurotransmitter 
production and stress-related immune responses. We report that 
stress decreased the proportion of cytotoxic T cells in the tonsils (P = 
0.047). Counteracting this T cell depression, birds receiving the L. 
rhamnosus supplementation significantly increased all T lymphocyte 
subset proportions (P < 0.05). Both phenotypic and genotypic fea-
ther peckers had lower plasma tryptophan concentrations compared 
to their non-pecking counterparts. The probiotic supplement caused 
a short-term increase in plasma tryptophan (P < 0.001) and the TR-
P:(PHE + TYR) ratio (P < 0.001). The administration of stressors did 
not significantly increase feather pecking in pullets, an observation 
consistent with the age-dependent onset of pecking behaviour. De-
spite minimal changes to behaviour, our data demonstrate the 
impact of L. rhamnosus supplementation on the immune system and 
the turnover of the serotonin precursor tryptophan. 
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New prospects for the treatment of gluten into-
lerance thanks to the intestinal microbiota

PRESS RELEASE - Celiac disease is an immune disease of the intesti-
ne that affects more than 1% of the population. It is characterised by 
gluten intolerance that causes inflammation of the gut, abdominal 
pain and diarrhoea, and can lead to weight loss and deficiencies 
among patients. An international research consortium involving 
teams from McMaster University (Canada), INRAE, Sorbonne Uni-
versity Paris, INSERM, Paris Public Hospitals (AP-HP) and Wagenin
gen University (Netherlands) has shown that the intestinal microbio-
ta of celiac patients displays a defect in the production of active com-
pounds that result from the breakdown of tryptophan by microorga-
nisms. Their findings, published on 21 October in Science Translatio-
nal Medicine, show that a dietary intake of tryptophan or supple-
mentation with probiotics that can metabolise this amino acid dimi-
nish the intestinal lesions of celiac disease in animals and offer 
therapeutic prospects in humans. Celiac disease is characterised by 
an intolerance of gluten, a protein that is widely present in our diet 
and notably in certain cereals such as wheat. Patients who suffer 
from this disease need to follow a strict and restrictive diet designed 
to exclude gluten and thus improve their symptoms. Several factors 
are involved in triggering this disease and they are notably genetic 
and immune. Because the disease is characterised by inflammation 
ofof the gut, the scientists decided to look at the role of the gut micro-
biota. In healthy subjects, some bacteria in the microbiota specifical-
ly utilise tryptophan (an amino acid found in the diet) to produce new 
compounds called indole derivatives that activate AhR (Aryl hydro-
carbon Receptors) present on cells in the intestine. Activation of 
these receptors generates beneficial effects such as reinforcing the 
intestinal barrier or stimulating immunity, which then attenuate gut 
inflammation and preserve the balance of the gut microbiota. In 
other inflammatory intestinal diseases (Crohn's disease and ulcerati-
ve colitis) the research team had previously demonstrated changes 
to the microbiota, and particularly a defect in the production of these 
tryptophan derivatives and hence a reduction in AhR activation.
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Tryptophan Metabolism and Gut-Brain Homeo-
stasis

Tryptophan is an essential amino acid critical for protein synthesis in 
humans that has emerged as a key player in the microbiota-gut-brain 
axis. It is the only precursor for the neurotransmitter serotonin, 
which is vital for the processing of emotional regulation, hunger, 
sleep, and pain, as well as colonic motility and secretory activity in 
the gut. Tryptophan catabolites from the kynurenine degradation pa-
thway also modulate neural activity and are active in the systemic in-
flammatory cascade. Additionally, tryptophan and its metabolites 
support the development of the central and enteric nervous systems. 
Accordingly, dysregulation of tryptophan metabolites plays a central 
role in the pathogenesis of many neurologic and psychiatric disor-
ders. Gut microbes influence tryptophan metabolism directly and in-
directly, with corresponding changes in behavior and cognition. The 
gut microbiome has thus garnered much attention as a therapeutic 
target for both neurologic and psychiatric disorders where tryp-
tophan and its metabolites play a prominent role. In this review, we 
will touch upon some of these features and their involvement in 
health and disease.



www.vifraintegra.it

Tryptophan Metabolism by Gut Microbiome and 
Gut-Brain-Axis: An in silico Analysis

The link between gut microbiome and brain is being slowly acknow-
ledged due to the speculated role of resident gut microbial communi-
ty in altering the functions of gut-brain axis (GBA). Recently, a 
number of microbial metabolites (referred to as neuro-active meta-
bolites) produced through tryptophan metabolism have been sugge-
sted to influence the GBA. In view of this, the current study focuses 
on microbial tryptophan metabolism pathways which produce neu
ro-active metabolites. An in silico analysis was performed on bacte-
rial genomes as well as publicly available gut microbiome data. The 
results provide a comprehensive catalog of the analyzed pathways 
across bacteria. The analysis indicates an enrichment of tryptophan 
metabolism pathways in five gut-associated phyla, namely, Actino-
bacteria, Firmicutes, Bacteroidetes, Proteobacteria, and Fusobacte-
ria. Further, five genera, namely, Clostridium, Burkholderia, Strep
tomyces, Pseudomonas, and Bacillus have been predicted to be enri-
ched in terms of number of the analyzed tryptophan metabolism pa-
thways, suggesting a higher potential of these bacterial groups to 
metabolize tryptophan in gut. Analysis of available microbiome data 
corresponding to gut samples from patients of neurological diseases 
and healthy individuals suggests probable association of different 
sets of tryptophan metabolizing bacterial pathways with the etiology 
of different diseases. The insights obtained from the present study 
are expected to provide directions toward designing of microbiome 
based diagnostic and therapeutic approaches for neurological disea-
ses/disorders.
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Gut Symbionts Lactobacillus reuteri R2lc and 
2010 Encode a Polyketide Synthase Cluster That 
Activates the Mammalian Aryl Hydrocarbon 
Receptor

A mechanistic understanding of microbe-host interactions is critical 
to developing therapeutic strategies for targeted modulation of the 
host immune system. Different members of the gut symbiont species 
Lactobacillus reuteri modulate host health by, for example, reduction 
of intestinal inflammation. Previously, it was shown that L. reuteri 
activates the aryl hydrocarbon receptor (AhR), a ligand-activated 
transcription factor that plays an important role in the mucosal 
immuneimmune system, by the production of tryptophan catabolites. Here, 
we identified a novel pathway by which L. reuteri activates AhR, 
which is independent of tryptophan metabolism. We screened a li-
brary of 36 L. reuteri strains and determined that R2lc and 2010, 
strains with a pigmented phenotype, are potent AhR activators. By 
whole-genome sequencing and comparative genomics, we identified 
genes unique to R2lc and 2010. Our analyses demonstrated that 
R2lc harbors two genetically distinct polyketide synthase (PKS) clu-
sters, functionally unknown (fun) and pks, each carried by a multi-
copy plasmid. Inactivation of pks, but not fun, abolished the ability of 
R2lc to activate AhR. L. reuteri 2010 has a gene cluster homologous 
to the pks cluster in R2lc with an identical gene organization, which is 
also responsible for AhR activation. In conclusion, we identified a 
novel PKS pathway in L. reuteri R2lc and 2010 that is responsible for 
AhR activation.
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novel PKS pathway in L. reuteri R2lc and 2010 that is responsible for 
AhR activation.IMPORTANCE Temporary changes in the composi-
tion of the microbiota, for example, by oral administration of probio-
tics, can modulate the host immune system. However, the underlying 
mechanisms by which probiotics interact with the host are often un-
known. Here, we show that Lactobacillus reuteri R2lc and 2010 
harbor an orthologous PKS gene cluster that activates the aryl hy-
drocarbon receptor (AhR). 
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Lactobacillus reuteri strains protect epithelial 
barrier integrity of IPEC-J2 monolayers from the 
detrimental effect of enterotoxigenic Escheri-
chia coli

Lactobacillus reuteri is an inhabitant of the gastrointestinal (GI) tract 
of mammals and birds and several strains of this species are known to 
be effective probiotics. The mechanisms by which L. reuteri confers 
its health-promoting effects are far from being fully understood, but 
protection of the mucosal barrier is thought to be important. Leaky 
gut is a state of abnormal intestinal permeability with implications 
for the pathophysiology of various gastrointestinal disorders. Ente-
rotrotoxigenic Escherichia coli (ETEC) can invade the intestinal mucosa 
and induce changes in barrier function by producing enterotoxin or 
by direct invasion of the intestinal epithelium. Our hypothesis was 
that L. reuteri can protect the mucosal barrier, and the goal of the 
study was to challenge this hypothesis by monitoring the protective 
effect of L. reuteri strains on epithelial dysfunction caused by ETEC. 
Using an infection model based on the porcine intestinal cell line 
IPEIPEC-J2, it was demonstrated that pretreatment of the cells with hu-
man-derived L. reuteri strains (ATCC PTA 6475, DSM 17938 and 
1563F) and a rat strain (R2LC) reduced the detrimental effect of 
ETEC in a dose-dependent manner, as monitored by permeability of 
FITC-dextran and transepithelial electrical resistance (TEER).
Moreover, the results revealed that ETEC upregulated proinflamma-
tory cytokines IL-6 and TNFa and decreased expression of the shor-
ter isoform of ZO-1 (187 kDa) and E-cadherin. In contrast, pretreat-
ment with L. reuteri DSM 17938 and 1563F downregulated expres-
sion of IL-6 and TNFa, and led to an increase in production of the 
longer isoform of ZO-1 (195 kDa) and maintained E-cadherin expres-
sion. Interestingly, expression of ZO-1 (187 kDa) was preserved only 
when the infected cells were pretreated with strain 1563F. These fin-
dings demonstrate that L. reuteri strains exert a protective effect 
against ETEC-induced mucosal integrity disruption.
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Pharmacological effects of Trigonella foe-
num-graecum L. in health and disease

Context: The health benefits and medicinal properties of herbal food 
products are known since antiquity. Fenugreek [Trigonella foe-
num-graecum Linn. (Fabaceae)], a seed spice used to enhance flavor, 
color and texture of food, is employed for medicinal purposes in 
many traditional systems. A number of epidemiological studies and 
laboratory research have unraveled the biological actions of fenu-
greek. Objective: Research on fenugreek in recent years has identi
fied a number of health benefits and physiological attributes in both 
experimental animals as well as clinical trials in humans. In this study 
we have reviewed the available scientific literature on fenugreek.
Methods: This review article summarizes and reviews published 
experimental studies and scientific literature from the databases in-
cluding PubMed, Google and local library searches. Results: The in-
formation available in the literature on the health benefits and phar-
maceutical effects of Trigonella accounts for its known medicinal 
properties and adds new therapeutic effects in newer indications. 
Besides its known medicinal properties such as carminative, gastric 
stimulant,stimulant, antidiabetic and galactogogue (lactation-inducer) effects, 
newer research has identified hypocholesterolemic, antilipidemia, 
antioxidant, hepatoprotective, anti-inflammatory, antibacterial, anti-
fungal, antiulcer, antilithigenic, anticarcinogenic and other miscella-
neous medicinal effects of fenugreek. Although most of these studies 
have used whole seed powder or different forms of extracts, some 
have identified active constituents from seeds and attributed them 
medicinal values for different indications. Conclusion: The resarch 
on Trigonella exhibits its health benefits and potential medicinal pro-
perties in various indications and has little or no side effects, sugge-
sting its pharmaceutical, therapeutic and nutritional potential.


