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Individual differences of drug-metabolizing enzymes are important determinants for the metabolic fate of chemi-
cals. This article focuses on polymorphic human flavin-containing monooxygenase 3 (FMO3) and dietary-derived
trimethylamine. Malodorous trimethylamine is generally converted to odorless trimethylamine N-oxide by liver
microsomal FMO3. Trimethylaminuria is caused by functional disorder of FMO3. In this study mutations of the FMO3
gene were examined in self-reported Japanese trimethylaminuria subjects that showed low FMO3 metabolic capacity in
urine tests. Nine novel polymorphisms in the FMO3 gene were discovered in self-reported Japanese volunteers. Func-
tional analyses of recombinant FMO3 proteins suggested that these FMO3 gene mutations were one of the causal factors
for decreased FMO3 function resulting in trimethylaminuria. Inter-individual variations of FMO3-mediated microsomal
oxygenation activities, levels of FMO3 protein and FMO3 mRNA, and its modification in liver microsomes from
Japanese samples were observed. Both genetic polymorphisms in the 5’ -upstream of the FMO3 gene and some hormonal
changes related to menstruation may be causal factors for inter- and/or intra- individual expression levels of FMO3. To
assess the palliative cares, it was found that absorbed levels of trimethylamine in vivo would be possibly controlled by
selection of precursor foods like fish containing a variety of trimethylamine amounts. These lines of evidence suggest
that individual differences of FMO3 are important determinants for the metabolic fate of dietary-derived trimethyla-
mine.
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Fig. 1. Urinary Trimetylamine Excretion by Daily Food In-
take in Japanese Volunteers Who Suffered from Self-report-
ed Malodor

FMO3 metabolic capacity (<40%, filled bars; 40-95%, shaded; and >

95%, hutched) was shown by the ratio of trimethylamine N-oxide to

trimethylamine in urines (% of trimethylamine N-oxide/trimethylamine and

trimethylamine N-oxide) .
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Fig. 2. Allele Frequency of Mutations of FMO3 Gene in
Japanese Cohort
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Fig. 3. Trimethylamine N-oxygenation Activities of Recom-
binant FMO3
The N-oxygenation of trimethylamine (0-500 uM) activity by FMO3
expressed in E. coli membranes was determined by gas chromatography.
Data were expressed as % of V../Ky value for control (wild type) . Kinetic
parameters were calculated by nonlinear regression analysis
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Fig. 4. Correlations Between Benzydamine N-oxygenation
Activities and FMO3 Contents (A) and Expression Levels of
FMO3 Protein and of FMO3 mRNA (B) in Individual Hu-
man Livers

The expression levels of FMO3 mRNA was normalized to the amount of
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA.
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Fig. 5.

FMO3 Haplotypes and Their Estimated Frequencies in Japanese

Haplotypes and their estimated frequencies in the self-reported trimethylaminuria group. The nucleotide positions of single nucleotide polymorphisms are given
relative to the A of the ATG translational initiation codon. Bases identical to the haplotype 1 sequence are indicated by a dash.
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Fig. 6.

Transcriptional Activities of the 5’-flanking Region of the Human FMO3 Haplotypes

Relative luciferase activities (ratio of firefly to renilla) of pFMO3/—5167 to —1764 (the transcriptional initiation site) reporter plasmids prepared from the
FMO3 haplotypes 1, 2, 3, and 4 were determined. Assay was carried out in triplicate determinations. Data and bar are mean and S.D. *p<{0.01, significantly differ-
ent from the control (wild-type) analyzed by one-way analysis of variance (ANOVA) followed by Dunnet’s multiple comparison tests.
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Table 1. Urinary Excretions of Total Trimethylamine from Food (200 g) Following Human Ingestion

Control Bonito Tuna Cod
Ingested
(umol total trimethylamine/200 g) 225(100) 2500 (100) 14000 (100)
Excreted
(umol total trimethylamine/8 h) 267 1150 3450
Corrected excretion 196 ( 87) 1070 ( 43) 5380( 38)

(umol total trimethylamine/8 h)

Data are mean from n=2-6. Numbers in parentheses indicate % of total trimethylamine contents ingested.
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