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萬病之源，始於腸道



Hou et al., Signal Transduction and Targeted Therapy 2022 



You are what you eat

Ashley York. Nat. Rev. Microbiol. 2019

Anthelme Brillat-Savarin 1826



The Gut-Systemic Axis

Wu et al., Rapid Communications in Mass Spectrometry 2019

Gut microbiota 

eat what you eat



Witkowski et al., Circulation Research 2020

Gut Microbial Metabolites and Cardiometabolic Diseases



L-Carnitine

L-carnitine→TMA

by gut microbiota

TMA→TMAO

Atherosclerosis

Koeth et al., Nat Med 2013; Tang et al, NEJM 2013; Phimister. NEJM 2016

Thrombosis 

potential

Heart attack

Stroke

Heart Failure

TMAO, trimethylamine N-oxide

TMAO



TMAO: a well-studied pathophysiological molecular from gut microbiota



Chen et al., Cell Metabolism 2019Witkowski et al., Circulation Research 2020

TMAO may serve as a therapeutic target for CKM Syndrome



Microbes utilizing
L-carnitine to 
produce TMAO

？？？
Who is it

Broken-Heart Microbes 

Hunting Project



Measurement 

of TMAO in 

Blood/Urine 

Oral Substrate Challenge Test: A Functional Assessment of Gut Microbiota
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Wu et al., Gut 2019

Blood and Urine TMAO were Highly Correlated



Wu et al., Gut 2019

Patented in 
US and Taiwan



Wu et al. Microbiome 2020

Carnitine CarnitineTMAO TMAO
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Wu et al. Microbiome 2020

Emergencia timonensis

Random forest model built using 39 species strongly 

associated with TMAO production. 



Wu et al. Microbiome 2020

A new microbe highly correlated with TMAO production was 

identified using the human microbiota-associated mice model



Wu et al. Microbiome 2020



Rajakovich et al., PNAS 2021

Cai operon

bbu/gbu gene cluster

CntA/B

O2 O2

How essential is the gbu cluster for TMAO production from carnitine in humans?

bbu/gbu
gene cluster

γ-butyrobetaine

L-carnitine

TMA

TMAO
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Stronger correlation of gbu genes with OCCT than with fasting TMAO

Wu et al. Gut Microbes 2025

OCCT correlation coefficient = 0.337-0.436, all p < 0.001

Fasting plasma TMAO correlation coefficient = 0.137-0.185, p = 0.002-0.019
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gbuB amplicon sequencing

Metagenome sequencing

JAGTTR01 may serve as a key gut 
microbes for determining TMAO 
level from Carnitine Consumption
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Finally, Broken-Heart Microbes: 

Gotcha!
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A Gut Microbiome-based Personalized Nutrition



Q: Why don’t I eat 
Red Meat?

A: My doctor discover that my 
gut bacteria love eating meat, 
producing harmful toxins that 
are bad for my heart, kidney 
and metabolism.

Microbiome Personalized Nutrition
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