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Feeding trimethylamine N-oxide (TMAO; found in fish) to individuals with C C ™

—

fish odour syndrome (FOS), in which trimethylamine (TMA) is not detoxified to

Fig. 2. Effect of TMAO on growth of gut bacteria. (a)
Escherichia coli; (b) Citrobacter gillenii; (c) Klebsiella

—

TMAO by hepatic flavin-containing monooxygenases (FMOs), leads to
conversion of 40—60 % of the oral dose of TMAO to TMA [1]. In these
individuals, it is thought the gut microbiota reduces TMAO to TMA, and in those /:: IS
individuals without FOS the TMA is re-oxidized in the liver before being excreted .

pneumoniae; (d) Enterococcus gallinarum; (e)
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@ (© ] | Streptococcus anginosus; (f) Clostridium perfringens.

Representative results are given (mean +/- SD, n =
i 3). Red, growth medium with 1 % TMAO; blue,
growth medium without TMAO.

We examined the bioconversion of TMAO to TMA by the microbiota using in
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in the urine. The process has been termed ‘metabolic retroversion’ [1] (Fig. 1).
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Strains (n = 66) of human faecal and caecal bacteria were screened on e I B e e
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Fig. 4. Effect of TMAO on mixed faecal microbial populations in vitro.

solid and liquid media [2] anaerobically at 37 °C for their ability to reduce TMAO,

3§ el : =il o7 - _ (a) Enumeration of bacteria in fermentation vessels by FISH analysis.

with metabolites in spent media analysed by 'H-NMR. Effects of TMAO on Flew | Tt (b) NMR data for batch culture samples. (a, b) Red lines, TMAO-
. : . . . ) ] ] R ew D e containing systems; blue lines, negative controls. Data are shown as
mixed microbial growth was assessed using /n vitro anaerobic, stirred, pH- el mean +/- sD (n = 3). *, Statistically significantly different (P < 0.05)

"5 ] oo from the negative control at the same time point.

controlled batch-culture fermentation systems inoculated with human faeces. ISR IR

Groups of 6-week-old C57BI6/J mice were given free access to either tap water
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TMAQO significantly increased the growth rate of Enterobacteriaceae (Fig. ; ¢ ¢ & ¢ &
2a—c). While having no effect on the growth rate of lactic acid bacteria (Fig. o g o w0
-o— Control + Antibiotics - - + Antibiotics

2d,e), TMAO had a significant effect on biomass produced by these bacteria

Fig. 5. In vivo confirmation of ‘metabolic retroversion’ of TMAO in a mouse model. Retroversion of d,-TMAO into dg-TMA was
(not ShOWﬂ) and led to increased productlon of lactate (Flg 3) As only quantified by UPLC-MS up to 6 h after d,-TMAO gavage and antibiotic treatment, together with endogenous TMA and TMAO

production. Data (n = 6 animals per group) are shown as mean = SEM. (a, b, e, f) *, significantly different (P < 0.05; t test and

negligible levels of TMA were produced from TMAO by these bacteria, they

corrected for multiple testing) from the respective control not treated with. (c, d, g, h) Differences between the groups were

were not USing TMAO as an alternative electron aCCeptOF IN anaerobic assessed using one-way analysis of variance (ANOVA), followed by post hoc tests. Data with different superscript letters are

significantly different (P < 0.05). (a) Plasma quantification of post-gavage do,-TMA. (b) Plasma quantification of post-gavage
do-TMAO. (c) dg-TMA bioavailability [area under the curve (AUC)]. (d) do-TMAO bioavailability (AUC). (e) Plasma

In mixed microbial populations only the growt'\ Of Enterobacteriaceae was quantification of post-gavage endogenous TMA. (f) Plasma quantification of post-gavage endogenous TMAO. (g)
, Endogenous TMA bioavailability (AUC). (h) Endogenous TMAQO bioavailability (AUC).

respiration.

promoted in the presence of TMAO (Fig. 4a), with TMA produced only in the

TMAO-containing systems (Fig. 4b). In the absence of the microbiota, TMAO is taken up by the host into the
In vivo ‘metabolic retroversion’ of TMAQO was confirmed in mice (Fig. 5), circulation by an unknown mechanism. Elucidating this mechanism, and
demonstrating that choline, phosphatidylcholine and carnitine [4—6] are not the  examining the effects of TMAO on lactic acid bacteria in greater detall are the

only dietary sources of TMA with the potential to influence host metabolism. focus of ongoing work.
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