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Introduction

 Widespread in the environment and human

 Inducing selective enrichment and dysfunctionsof gut microbiota.

 Gut microbiota mediates human health and disease

 Mechanisms underlying the selective enrichment and dysfunctions unclear .

⚫ Distinctive species enrichment at the species/strain level, metabolic 

signatures and underlying molecular driving mechanisms 

⚫ Metabolic factors mediating gut microbiota-host interactions

Science, 2024, 386: eadl2746Widely present

Nat. Med., 2025, 31: 
1114-1119

Microplastics in the

brain 7 to 30 times

higher than in the 

kidneys and liver

Environ. Health Persp., 2024 132: 97002. Cell, 2024, 187(8): 1853-1873.e15

Gut microbiota and mental disorders
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enrichment



Highlights

 Selective

      enrichment

 Increases in polyamine synthesis to maintain glutathionylspermidine homeostasis, and decreases in 
pathways related to energy and reactive oxygen species production.

 Disturbed 

aromatic 

amino 

acid- 

neurotran

smitter 

pathways

 Increases in enterolactone synthesis and 

cholesterol-derived hormone synthesis

 Key contributors to 

metabolic dysfunctions



Microplastic exposure induces gut microbial enrichment from the phylum to the species level

 Gut microbial enrichment from the phylum to the species 

level, dominated by Eubacteriales

 Decreases in bacteria within Bacteroidota

 Gut microbial dysbiosis associated with the viruses

 Colitis

Eubacteriales
Eubacteriales

68.07% ↑

Bacteroidota

Bacilli



Microplastic exposure induces systemic metabolic disorders related to gut microbial enrichment

 Systematic metabolic pathways

 Redox homeostasis, nervous and hormonal functions

38 pathways

Oxidative
phosphorylation

Fatty acid 
degradation

27 metabolic pathways

Metagenome

Metagenome

Metabolome Metabolome



Microplastic exposure induces metabolic disorders related to redox homeostasis in gut microbiota

 Decreases in pathways involved in

      energy and ROS production

TCA

Oxidative phosphorylation

 Disturbed glutathione and related amino acid 

metabolism

 Increases in polyamine synthesis to maintain 

glutathionylspermidine homeostasis

Fatty acid degradation

Aromatic compound degradation



Microplastic exposure induces metabolic disorders related to nervous and hormonal dysfunctions

 Kynurenine, indoles ← Tryptophan → Serotonin

 Phenylalanine → Phenylethylamine

 Tyramine ← Tyrosine → T4 

 Disturbed nervous pathways

 Increases in enterolactone synthesis and cholesterol-

derived hormone synthesis



Key contributing species to metabolic disorders related to gut microbial enrichment
C

o
n

tr
ib

u
ti

o
n

 o
f 

Fi
rm

ic
u

te
s

C
o

n
tr

ib
u

ti
o

n
 o

f 
B

ac
te

ro
id

et
es

 Increases in contributions of Firmicutes,  decreases in contribution of Bacteroidetes

 Key species with increased contributions: Oscillospiraceae bacterium, Clostridiales bacterium, Clostridia bacterium

 Key species with decreased contributions: Bacteroides acidifaciens, Aerococcus urinaeequi

80.29%

97.25%



Summary

❑ Gut microbial enrichment under microplastic exposure was dominated by Eubacteria, which was 
related to the virome and accompanied by colitis.

❑ The polyamine synthesis pathway was activated to maintain glutathionylspermidine homeostasis, 
while pathways involved in energy and reactive oxygen species production were decreased.

❑ Tryptophan-serotonin, phenylalanine-phenylethylamine and tyrosine-thyroxine pathways were 
increased, while tryptophan-kynurenine, tryptophan-indole and tyrosine-tyramine pathways were 
decreased.

❑ Increases in enterolactone synthesis and cholesterol-derived hormone synthesis occurred.

❑ Bacteria within Eeubacteria (such as Oscillospiraceae bacterium and Clostridiales bacterium) were 
key contributors to metabolic disorders.
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