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The Identification of the hydroxy-ketone and hemi-ketal tautomers of 6-hydroxy-6-

methyl-heptan-3-one 

The identification of the hydroxyl-ketone tautomer of 6-hydroxy-6-methyl-heptan-3-one was 

made as follows. In a 600 MHz 1H NMR spectrum from a male, week 30, FMO5 KO mouse a 

sharp, methyl (Me-7 and C6-Me) singlet (s) signal at 1.209 with an HSQC to 30.4 (C7 and 

C6-Me) showed HMBC signals to 30.3 (cross-methyl C6-Me to C7 and back), 39.2 (C5) and 

73.6 (C6), establishing the left-hand side of the molecule (see Supplementary Figure 5). The 

C5 methylene protons at 1.739 (2nd order multiplet, shift from JRES) had an HSQC to 39.3 

(C5) with a strong COSY to 2.620, 40.0 (C4) and HMBC connectivities to 30.4 (C6-Me and 

C7), 39.9 (C4), 73.6 (C6) and 222.3 (C3). The C4 methylene protons at 2.620 had an HSQC 

to 40.0 and HMBC connectivities to 39.2 (C5) and 222.4 (C3), thus connecting the middle 

portion of the metabolite to the left-hand side. The methyl group at 1.015 (triplet, t, 7.3 Hz), 

10.1 (C1) had a strong COSY to 2.598 (quartet, q, ca 7.4 Hz), 38.6 (C2) and HMBC 

connectivities to 38.7 (C2) and 222.2 (C3), thus completing the identification of the hydroxy-

ketone tautomer of this metabolite (see also Supplementary Table 3). 

Since the linear, achiral, hydroxy-ketone tautomer should exist in equilibrium with the cyclic, 

chiral, hemi-ketal tautomer (see structure panel above), a search was made in a high-

sensitivity HMBC spectrum of the same male, week 30, FMO5 KO urine for the C6 hemi-

ketal signals that were predicted to be at ca. 86.5, by reference to the corresponding data for 

the authentic hemi-ketal of the homologous metabolite, 5-hydroxy-5-methyl-hexan-2-one 

(synthesized by Enamine, Ukraine). Reassuringly, HMBC signals were observed from 1.367 

(s, C6-Me) to 86.2 (C6), 39.0 (C5) and 30.3 (weak, cross-methyl) and from 1.197 (s, C7) to 

31.9 (cross-methyl) and 86.2 (C6), exactly as would be predicted from the data for the hemi-

ketal of authentic 5-hydroxy-5-methyl-hexan-2-one (1.36, 29.7 (C5-Me); 1.21, 30.3 (C6); 

39.4 (C4) and 86.5 (C5), all data for buffer/TSP; note the numbering differences for the 

hexanone with respect to the heptanone). The two C6 methyl groups are non-equivalent in the 

hemiketal tautomers and even show a characteristic but weak 4JH,H cross peak in the FMO5 

KO urine COSY between the resonances at 1.370 and 1.205 (see also Supplementary Table 

3). 

UPLC-MS data on a sample of authentic Enamine 6-hydroxy-6-methyl-heptan-3-one showed 

one major component eluting at 4.6 min. The high-resolution, positive-ion electrospray mass 

spectrum of this component showed ions at m/z 127.1119 (C8H15O, 0.8 ppm error), 
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corresponding to [M+H-H2O]+, together with ions at m/z 109.1013, 67.0547 and 57.034. No 

protonated molecular-ion signal was observed. The corresponding UPLC-MS data on a week 

15, WT mouse urine sample showed a component eluting at 4.7 min with significant peaks at 

m/z 127.1116 (C8H15O, 1.6 ppm error), 109.1014, 67.0540 and 57.0339. Note that the mass 

error figures quoted are corrected for the mass of the electron. The commercial spectrometer 

software fails to do this, which is critical for low-mass metabolites such as this, and gives 

erroneous mass error figures. 
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Supplementary Figure 1.  At bottom a ‘heat map’ display of the 600 MHz urine 1H NMR spectra of FMO5 KO mice aged 30 weeks from batch 2 (top) and batch 1 

(bottom). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for all the samples. 

At top, the corresponding ANOVA plot for these samples, showing positive peaks for those metabolite signals that are more intense in batch 2, and negative peaks for those 

metabolite signals that are less intense. The signals are colour coded by the p value from the ANOVA analysis. In this case a false discovery rate cut-off of 10% was used and 

the threshold p-value for significant difference was calculated as 0.00079, corresponding to those signals with colouring to the ‘red side’ of light blue. The lack of any 

significantly discriminating metabolites highlights the similarity between these two different groups of FMO5 KO mice. 
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Supplementary Figure 2. At bottom a ‘heat map’ display of the 600 MHz urine 1H NMR spectra of WT mice aged 30 weeks from batch 2 (top) and batch 1 (bottom)..Red 

and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for all the samples. At top, the 

corresponding ANOVA plot for these samples, showing positive peaks for those metabolite signals that are more intense in batch 2, and negative peaks for those metabolite 

signals that are less intense. The signals are colour coded by the p value from the ANOVA analysis. In this case a false discovery rate cut-off of 10% was used and the 

threshold p-value for significant difference was calculated as 6 x 10-7,corresponding to signals with colouring to the ‘red side’ of light blue. The lack of any significantly 

discriminating metabolites highlights the similarity between these two different groups of FMO5 KO mice. 
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Supplementary Figure 3.  At bottom a ‘heat map’ display of the 600 MHz plasma 1H NMR spectra of FMO5 KO mice aged 30 weeks from batch 1 (top) and batch 2 

(bottom), Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for all the samples. 

At top, the corresponding ANOVA plot for these samples, showing positive peaks for those metabolite signals that are more intense in batch 1, and negative peaks for those 

metabolite signals that are less intense. The signals are colour coded by the p value from the ANOVA analysis. In this case a false discovery rate cut-off of 10% was used and 

the threshold p-value for significant difference was calculated as 0.00007, corresponding to those signals with colouring to the ‘red side’ of light blue.



Biomarkers	of	Ageing	in	Wildtype	and	FMO5	KO	Mice	Supplementary	Info	Frontiers	 Page	7	

 

	

Supplementary Figure 4. 	At bottom a ‘heat map’ display of the 600 MHz plasma 1H NMR spectra of WT mice aged 30 weeks from batch 1 (top) and batch 2 (bottom). Red 

and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median signal intensity for the all samples. At top, the 

corresponding ANOVA plot for these samples, showing positive peaks for those metabolite signals that are more intense in batch 1, and negative peaks for those metabolite 

signals that are less intense. The signals are colour coded by the p value from the ANOVA analysis. In this case a false discovery rate cut-off of 10% was used and the 

threshold p-value for significant difference was calculated as 0.00008, corresponding to those signals with colouring to the ‘red side’ of light blue. 
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Supplementary Figure 5. A strip of the contour plot of the 600 MHz 1H, 13C 2D HMBC NMR spectrum of the 

urine of a week 30 FMO5 KO mouse, underneath the corresponding portion of the 1D 1H NMR spectrum. The 

sharp, methyl singlet signal at 1.209 (Me-7 and C6-Me) shows strong HMBC cross-peaks to 30.3 (cross-methyl 

C6-Me to C7 and back), 39.2 (C5) and 73.6 (C6), 
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Supplementary Figure 6. At bottom a ‘heat map’ display of the 600 MHz urine 1H NMR spectra of WT mice at week 30 age (top four strips) vs the corresponding spectra of 

WT mice at week 15 age (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median 

signal intensity for the whole cohort. At top, the corresponding ANOVA plot for this cohort, showing positive peaks for those metabolite signals that are more intense at 

week 30 than at week 15, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value from the ANOVA analysis. In this 

case a false discovery rate cut-off of 10% was used and the threshold p-value for significant difference was calculated as 0.01569, corresponding to those signals with 

colouring to the ‘red side’ of light blue. 
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Supplementary Figure 7. At bottom a ‘heat map’ display of the 600 MHz urine 1H NMR spectra of FMO5 KO mice at week 30 age (top four strips) vs the corresponding 

spectra of KO mice at week 15 age (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the 

median signal intensity for the whole cohort. At top, the corresponding ANOVA plot for this cohort, showing positive peaks for those metabolite signals that are more intense 

at week 30 than at week 15, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value from the ANOVA analysis. In 

this case a false discovery rate cut-off of 10% was used and the threshold p-value for significant difference was calculated as 0.00554, corresponding to those signals with 

colouring to the ‘red side’ of light blue. 
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Supplementary Figure 8. At bottom a ‘heat map’ display of the 600 MHz 1H NMR spectra of the urine of WT mice at week 45 age (top four strips) vs the corresponding 

spectra of WT mice at week 30 age (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the 

median signal intensity for the whole cohort. At top, the corresponding ANOVA plot for this cohort, showing positive peaks for those metabolite signals that are more intense 

at week 45 than at week 30, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value from the ANOVA analysis. In 

this case a false discovery rate cut-off of 10% was used and the threshold p-value for significant difference was calculated as 0.01191, corresponding to those signals with 

colouring to the ‘red side’ of light blue. 



Biomarkers	of	Ageing	in	Wildtype	and	FMO5	KO	Mice	Supplementary	Info	Frontiers	Page	12	

 
Supplementary Figure 9. At bottom a ‘heat map’ display of the 600 MHz urine 1H NMR spectra of FMO5 KO mice at week 45 age (top five strips) vs the corresponding 

spectra of KO mice at week 30 age (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the 

median signal intensity for the whole cohort. At top, the corresponding ANOVA plot for this cohort, showing positive peaks for those metabolite signals that are more intense 

at week 45 than at week 30, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value from the ANOVA analysis. In 

this case a false discovery rate cut-off of 10% was used and the threshold p-value for significant difference was calculated as 0.00334, corresponding to those signals with 

colouring to the ‘red side’ of light blue. 
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Supplementary Figure 10. At bottom a ‘heat map’ display of the 600 MHz urine 1H NMR spectra of WT mice at week 60 age (top four strips) vs the corresponding spectra 

of WT mice at week 45 age (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the median 

signal intensity for the whole cohort. At top, the corresponding ANOVA plot for this cohort, showing positive peaks for those metabolite signals that are more intense at 

week 60 than at week 45, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value from the ANOVA analysis. In this 

case a false discovery rate cut-off of 10% was used and the threshold p-value for significant difference was calculated as 0.03713, corresponding to those signals with 

colouring to the ‘red side’ of light blue. 
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Supplementary Figure 11. At bottom a ‘heat map’ display of the 600 MHz urine 1H NMR spectra of FMO5 KO mice at week 60 age (top five strips) vs the corresponding 

spectra of KO mice at week 45 age (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the 

median signal intensity for the whole cohort. At top, the corresponding ANOVA plot for this cohort, showing positive peaks for those metabolite signals that are more intense 

at week 60 than at week 45, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value from the ANOVA analysis. In 

this case a false discovery rate cut-off of 10% was used and the threshold p-value for significant difference was calculated as 0.00626, corresponding to those signals with 

colouring to the ‘red side’ of light blue. 
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Supplementary Figure 12. At bottom a ‘heat map’ display of the 600 MHz plasma 1H NMR spectra of WT mice at week 30 age (top four strips) vs the corresponding 

spectra of WT mice at week 15 age (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the 

median signal intensity for the whole cohort. At top, the corresponding ANOVA plot for this cohort, showing positive peaks for those metabolite signals that are more intense 

at week 30 than at week 15, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value from the ANOVA analysis. In 

this case a false discovery rate cut-off of 10% was used and the threshold p-value for significant difference was calculated as 0.00001, corresponding to those signals with 

colouring to the ‘red side’ of light blue. 
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Supplementary Figure 13.  At bottom a ‘heat map’ display of the 600 MHz plasma 1H NMR spectra of FMO5 KO mice at week 30 age (top four strips) vs the 

corresponding spectra of KO mice at week 15 age (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, 

respectively, than the median signal intensity for the whole cohort. At top, the corresponding ANOVA plot for this cohort, showing positive peaks for those metabolite 

signals that are more intense at week 30 than at week 15, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value 

from the ANOVA analysis. In this case a false discovery rate cut-off of 10% was used and the threshold p-value for significant difference was calculated as 0.00114, 

corresponding to those signals with colouring to the ‘red side’ of light blue. 
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Supplementary Figure  14.  At bottom a ‘heat map’ display of the 600 MHz plasma1H NMR spectra of WT mice at week 45 age (top four strips) vs the corresponding 

spectra of WT mice at week 30 age (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the 

median signal intensity for the whole cohort. At top, the corresponding ANOVA plot for this cohort, showing positive peaks for those metabolite signals that are more intense 

at week 45 than at week 30, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value from the ANOVA analysis. In 

this case a false discovery rate cut-off of 10% was used and the threshold p-value for significant difference was calculated as 0.00154, corresponding to those signals with 

colouring to the ‘red side’ of light blue. 
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Supplementary Figure  15. At bottom a ‘heat map’ display of the 600 MHz plasma 1H NMR spectra of FMO5 KO mice at week 45 age (top four strips) vs the 

corresponding spectra of KO mice at week 30 age (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, 

respectively, than the median signal intensity for the whole cohort. At top, the corresponding ANOVA plot for this cohort, showing positive peaks for those metabolite 

signals that are more intense at week 45 than at week 30, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value 

from the ANOVA analysis. In this case a false discovery rate cut-off of 10% was used and the threshold p-value for significant difference was calculated as 0.00170, 

corresponding to those signals with colouring to the ‘red side’ of light blue. 
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Supplementary Figure 16. At bottom a ‘heat map’ display of the 600 MHz plasma 1H NMR spectra of WT mice at week 60 age (top four strips) vs the corresponding 

spectra of WT mice at week 45 age (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the 

median signal intensity for the whole cohort. At top, the corresponding ANOVA plot for this cohort, showing positive peaks for those metabolite signals that are more intense 

at week 60 than at week 45, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value from the ANOVA analysis. In 

this case a false discovery rate cut-off of 10% was used and the threshold p-value for significant difference was calculated as 0.00051, corresponding to those signals with 

colouring to the ‘red side’ of light blue. 
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Supplementary Figure 17. At bottom a ‘heat map’ display of the 600 MHz plasma 1H NMR spectra of FMO5 KO mice at week 60 age (top five strips) vs the corresponding 

spectra of KO mice at week 45 age (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that are more intense, or less intense, respectively, than the 

median signal intensity for the whole cohort. At top, the corresponding ANOVA plot for this cohort, showing positive peaks for those metabolite signals that are more intense 

at week 60 than at week 45, and negative peaks for those metabolite signals that are less intense. The signals are colour coded by the p value from the ANOVA analysis. In 

this case a false discovery rate cut-off of 10% was used and the threshold p-value for significant difference was calculated as 0.01969, corresponding to those signals with 

colouring to the ‘red side’ of light blue.
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Supplementary Figure 18. Negative ion DESI MS imaging of mouse liver: a) integrated ion image of liver 

tissues of KO and WT mice, the two left-hand-side tissue sections are from week 30 FMO5 KO mice, the centre 

and two right-hand-side tissue sections are from week 30 WT mice; b) DESI-MS ion image of taurine M-H- ion 

at m/z 124.007; c) univariate analysis demonstrating higher concentrations of taurine in the liver of KO mice 

(red points) relative to WT mice (blue points). 
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Supplementary Figure 19: A superimposition of the low frequency region of the 600 MHz urine 1H NMR spectra of all the wildtype mice at 
weeks 15 and 60.  
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Supplementary Figure 20: A superimposition of the high frequency region of the 600 MHz urine 1H NMR spectra of all the wildtype mice at 

weeks 15 and 60. 
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Supplementary Figure 21. At bottom a ‘heat map’ display of the 600 MHz plasma 1H NMR spectra of male WT mice at week 60 age (top four 
strips) vs the corresponding spectra of WT mice at week 15 age (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals that 
are more intense, or less intense, respectively, than the median signal intensity for the whole cohort. At top, the corresponding ANOVA plot for this 
cohort, showing positive peaks for those metabolite signals that are more intense at week 60 than at week 15, and negative peaks for those 
metabolite signals that are less intense. The signals are colour coded by the p-value from the ANOVA analysis. In this case a false discovery rate 
cut-off of 10% was used and the threshold p-value for significant difference was calculated as 0.0094, corresponding to those signals with colouring 
to the ‘red side’ of light blue. 
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Supplementary Figure 22. At bottom a ‘heat map’ display of the 600 MHz plasma 1H NMR spectra of male FMO5 KO mice at week 60 age (top 
four strips) vs the corresponding spectra of KO mice at week 15 age (bottom 4 strips). Red and blue elements in the spectra indicate NMR signals 
that are more intense, or less intense, respectively, than the median signal intensity for the whole cohort. At top, the corresponding ANOVA plot for 
this cohort, showing positive peaks for those metabolite signals that are more intense at week 60 than at week 15, and negative peaks for those 
metabolite signals that are less intense. The signals are colour coded by the p-value from the ANOVA analysis. In this case a false discovery rate 
cut-off of 10% was used and the threshold p-value for significant difference was calculated as 0.015, corresponding to those signals with colouring 
to the ‘red side’ of light blue. 
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Supplementary Table 1: data acquisition and processing parameters for 2D NMR 

spectra of urine samples from an FMO5 knockout mouse at week 30 

 

Parameter  JRES COSY TOCSY HSQC HMBC 

F2 spectral 

width in Hz 

12,019 6,009 6,128  9,615 6,203 

F1 spectral 

width in Hz 

50  6,004 6,126 30,187  33,523 

data points in 

t2 

16,384  4,096 2,048 1,024 2,048 

spectral size 

in F2 

32,768 8,192 4,096 4,096 4,096 

increments in 

t1 

120  256 512 400 400 

spectral size 

in F1 

1,024  4,096 4,096 2,048 2,048 

number of 

scans 

32  64 32 64 64 

relaxation 

delay (s) 

2.00  2.00 1.50 2.00 2.00 

apodisation sine bell in t1 

and t2 with 

first point 

correction in 

t1  

sine bell 

squared in t2, 

sine square 

and first point 

correction in 

t1 

sine bell 

squared in t2, 

sine square 

and first point 

correction in 

t1 

sine bell 

squared in t2, 

sine square 

with first point 

correction in 

t1 

sine bell in t1 

and t2 with first 

point correction 

in t1 

Bruker pulse 

sequence code 

lcjresprqf  cosygpqfpr. 

Ht 

dipsi2esgpp h hsqcetgpprsisp 

2.2.be 

hmbcgplpndprqf 

notes tilted and 

symmetrised  

t1 noise 

reduced 
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Supplementary Table 2: Typical data acquisition and processing parameters for 2D 

NMR spectra of plasma samples from an FMO5 knockout mouse at week 45 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Parameter  JRES COSY HSQC 

F2 spectral width (Hz) 10,026 6,009 7,211 

F1 spectral width (Hz) 78 6,009 24,875 

data points in t2 8,192 1,024 1,096 

spectral size in F2 8,192 2,048 2,048 

increments in t1 40 512 400 

spectral size in F1 512  2,048 2,048 

number of scans 2 32 32 

relaxation delay (s) 2.00  2.00 2.00 

apodisation sine bell in t1 

and t2 and first 

point correction 

in t1  

sine bell squared 

in t2, sine square 

with first point 

correction in t1 

sine bell squared in 

t2, sine square with 

first point correction 

in t1 

Bruker pulse sequence 

code 

lcjresprqf  cosygpprgf hsqcetgpprsisp2.2.be 

other points t tilted and 

symmetrised  

t1 noise reduction 

applied 

 



Biomarkers	of	Ageing	in	Wildtype	and	FMO5	KO	Mice	Supplementary	Info	Frontiers	Page	28	

Supplementary Table 3: Full NMR Spectroscopic Data for Authentic 6-hydroxy-6-

methyl-hexan-3-one and for the Metabolite in FMO5 KO urine (see Footnotes for 

structures and atom numbering) 

	 6-hydroxy-6-methyl-hexan-3-one	in	

buffer/TSP	(authentic	sample	ex	

Enamine)	

6-hydroxy-6-methyl-hexan-3-one	metabolite	

in	week	30	FMO5	KO	mouse	urine	with	

buffer/TSP	

	 	 	 	 	 	 	

Ketone	 δH	in	ppm	

(multiplicity	

and	coupling	

constants)	

δC	in	

ppm	

additional	2D	

NMR	

connectivities	

δH	in	ppm	

(multiplicity	

and	coupling	

constants)	

δC	in	

ppm	

additional	2D	NMR	

connectivities	

1	 1.018	(t,	7.3	
Hz)	

10.2	 38.6	(C2),	
222.0	(C3)	

1.015	(t,	7.3	
Hz)	

10.1	 COSY	to	2.598	(H2)	

HMBC	to	38.7	(C2)	
and	222.2	(C3)	

2	 2.599	(q,	7.4	
Hz)	

38.9		 10.2	(C1),	
222.1	(C3)	

2.598	(q,	7.3	
Hz)	

38.6	 	

3	 -	 222.0	 δC	from	HMBC	 -	 222.3	 	

4	 2.618	(m,	2nd	
order)	

40.1	 39.2	(C5),	73.6	
(C6)	

2.620	 40.0	 HMBC	to	39.2	(C5)	
and	222.4	(C3)	

5	 1.740	(m,	2nd	
order)	

39.4	 30.4	(C6-Me,	
C7),	39.9	(C4),	
73.6	(C6),	
222.0	(C3)	

1.739	(m,	2nd	
order)	

39.3	 COSY	to	2.620	

HMBC	to	30.4	(C6-
Me	and	C7),	39.9	
(C4),	73.6	(C6)	and	
222.3	(C3)	

6	 -	 73.6	 δC	from	HMBC	 	 73.6	 	

6-Me	
and	7	

1.210	(s)	 30.5	 30.4	(C6-Me	
and	C7),	39.2	
(C5)	and	73.6	
(C6)	

1.209	(s)	 30.4	 HMBC	to	30.4	(C7),	
39.2	(C5)	and	73.6	
(C6)	

Hemi-

Ketal	

δH	in	ppm	

(multiplicity	

and	coupling	

constants)	

δC	in	

ppm	

additional	2D	

NMR	

connectivities	

δH	in	ppm	

(multiplicity	

and	coupling	

constants)	

δC	in	

ppm	
additional	2D	NMR	

connectivities	

1	 0.932	(t,	7.5	
Hz)	

11.0	 35.5	(C2),	
110.7	(C3)	

0.935	(t,	7.5	
Hz)	

N/O	 	
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2	 1.762	(m,	
difficult	to	
analyse:	
resolution	not	
optimal)	

	

1.673	(m,	
ditto)	

35.7	

	

	

	

	

35.5	

11.1	(C1),	
110.7	(C3)	

	

	

	

11.1	(C1),	
110.7	(C3)	

N/O	 N/O	 	

3	 -	 110.7	 δC	from	HMBC	 -	 N/O	 	

4	 2.115	(d,	d,	d,	
12.6,	10.8,	8.0	
Hz)	

	

1.920	(d,	d,	d,	
12.5,	7.2,	2.6	
Hz)	

37.8	

	

	

37.9	

39.2	(C5)	

	

	

39.2	(C5),	86.2	
(C6),	110.7	
(C3)	

N/O	 N/O	 	

5	 2.008	(m,	
difficult	to	
analyse:	
resolution	not	
optimal)	

	

1.862	(m,	
ditto)	

39.2	

	

	

	

	

39.3	

30.1	(C6-Me),	
31.9	(C7),	37.7	
(C4),	86.1	(C6),	
110.7	(C3,	
weak)	

	

30.1	(C6-Me,	
weak),	110.7	
(C3)	

N/O	 39.0	 	

6	 -	 86.1	 δC	from	HMBC	 -	 86.2	 δC	from	HMBC	

6-Me	 1.200	(s)	 30.1	 31.9	(C7),	86.1	
(C6)	

1.197	 	 HMBC	to	31.9	(C7)	
and	86.2	(C6)	

7	 1.370	(q,	0.4	
Hz)	

31.9	 30.1	(C6-Me),	
39.1	(C5),	86.1	
(C6)	

1.367	 	 HMBC	to	30.3	(weak,	
C6-Me),	39.0	(C5)	
and	86.2	(C6)	

Weak	COSY	to	1.205	

Footnotes	to	Supplementary	Table	3:	

1. multiplicities	are:	s,	singlet;	d,	doublet;	t,	triplet;	m,	multiplet	
2. N/O	not	observed	
3. atom	numbering	for	the	ketone	and	hemi-ketal	tautomers	as	in	the	structures	below	
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Supplementary Table 4: Experimental NMR Spectroscopic Data for the Statistically 
Significant Age-Discriminating Metabolites in the Urine of C57BL/6J Wild-Type and 
Flavin-containing Monooxygenase 5 (FMO5)-Knockout Mice 

	

analysis	of	mouse	urine	NMR	spectra	

identity 1H HSQC	C HMBC	1 HMBC	2 HMBC	3 COSY	1 COSY	2 COSY	3 multiplicity J	coupling	1 J	coupling	2 J	coupling	3 TOCSY	1 TOCSY	2
caproylglycine 0.879 16.1 24.7 33.2 1.311 t 7.2
isovaleric	acid 0.916 24.7 24.6 28.8 49.9 1.956 d 6.6 2.06
N-butyrylglycine 0.926 15.8 21.8 40.5 1.623 t 7.4 2.28 1.62
6-hydroxy-6-methyl-heptan-3-one 1.015 10.1 38.7 222.2 2.598 t 7.3 2.6
3-methyl-2-oxovaleric	acid	 1.103 16.7 27.3 46.5 214.2 2.94 d 7
6-hydroxy-6-methyl-heptan-3-one 1.210 30.5 30.3 39.2 73.6 s
alpha-L-fucopyranose 1.213 18.4 69.1 74.8 4.2 d 6.6
beta-L-fucopyranose 1.253 18.4 73.7 3.8 d 6.5
caproylglycine 1.298 33.6 1.6
caproylglycine 1.302 24.6
L-lactic	acid 1.338 23.0 71.2 185.1 4.125 d 6.9
caproylglycine 1.600 27.8 1.3 2.3 t	t 7.5 7.5
N-butyrylglycine 1.621 21.6 15.6 40.4 179.7 2.280 0.925 t	q 7.5 7.4
6-hydroxy-6-methyl-heptan-3-one 1.739 39.4 30.4 39.9 73.5 2.615 t 7.9
putrescine 1.775 27.0 3.055 t 7.3
acetic	acid 1.920 26.3 184
isovaleric	acid 1.958 24.9 m 6.6
isovaleric	acid 2.062 24.9 29.0 186.3 	 d 7.4
N-butyrylglycine 2.280 40.5 15.8 21.6 179.9 1.616 t 7.5
caproylglycine 2.296 38.5 27.8 34 1.601 t 7.5
p-cresol	glucuronide 2.301 22.5 133.4 136 7.23 s	br
p-cresol	sulphate 2.346 22.7 132.9 139.3 7.28 s	br
ureidopropionic	acid 2.382 40.3 40.2 183.3 3.311 t 6.8
succinic	acid 2.410 37.0 36.9 185.3 s
2-oxoglutaric	acid 2.448 33.7 3.015 t 6.9
citric	acid 2.560 47.7 78.2 181.3 184 2.7 d 16.2
6-hydroxy-6-methyl-heptan-3-one 2.597 10.2 222.2 1.015 q 7.3
6-hydroxy-6-methyl-heptan-3-one 2.617 1.738 t
citric	acid 2.704 47.7 78.2 181.3 184 2.56 d 16.2
dimethylamine 2.720 37.6 37.4 s
trimethylamine 2.880 47.6 47.4 s
3-methyl-2-oxovaleric	acid	 2.948 46.9 1.702 1.477 1.100
2-oxoglutaric	acid 3.014 38.6 2.45 t 6.9
creatinine 3.044 33.1 59.3 171.7 4.049 t 0.6
putrescine 3.060 42.0 1.775 t 7.4
beta-D-xylose 3.240 78.8 99.5 4.59 3.45 d	d 9.4 7.9
beta-D-glucopyranose 3.257 77.4 4.63 3.5 d	d 9.4 8
trimethylamine-N-oxide,	TMAO 3.272 62.6 62.2 s
taurine 3.275 50.6 38.3 3.43 t 6.6
beta-D-glucuronic	acid 3.298 77.2 4.66 3.52 d	d 9.4 8
beta-D-xylose 3.326 68.3 72.2 78.7 99.6 3.94 3.64 d	d 11.5 10.7
ureidopropionic	acid 3.311 40.2 40.2 164.4 183.5 2.38 d	t 6.9 5.8
beta-D-glucopyranose 3.415 72.7 78.6 63.6 d	d	 9.8 9.1
taurine 3.433 38.5 50.3 3.28 t 6.6
beta-L-fucopyranose 3.459 4.566 3.66 m
beta-D-xylose 3.454 72.1 77 99.5
trans-aconitic	acid 3.457 40.5 134 141.6 178.9 6.597 d 0.8
beta-D-glucopyranose 3.473 3.92 3.74 3.415 d	d	d 9.9 5.7 2.2
beta-D-glucopyranose 3.504 78.6 3.26 3.42 d	d 9.5 8.9
alpha-D-glucuronic	acid 3.510 74.9 4.09 3.73 d	d 9.9 9.2
alpha-D-xylose 3.536 74.7 d	d 9.5 3.7
alpha-D-glucopyranose 3.548 5.25 3.72 d	d 9.8 3.8
alpha-D-glucuronic	acid 3.587 75.8 5.257 3.734 d	d 9.8 3.8
beta-D-xylose 3.635 3.94 3.64 3.45 d	d	d 10.5 9.1 5.5
phenylacetylglycine 3.680 45.1 131.9 137.6 176.9 7.36 t 0.6
beta-D-glucuronic	acid 3.731 79.0
beta-D-glucopyranose 3.737 	 d	d 12.3 2.5
phenylacetylglycine 3.761 46.3 179.4 177.3 d 5.8
beta-L-fucopyranose 3.805 1.253 d	q 6.6 0.9
cinnamoylglycine 3.882 s
beta-D-glucopyranose 3.915 63.7 3.737 3.471 d	d 12.3 2.5
beta-D-xylose 3.936 3.33 d	d 11.6 5.5
hippuric	acid 3.973 46.9 173.1 179.4 8.52 d 5.9
creatinine 4.050 59.3 171.6 191.2 3.042 m 0.5
alpha-D-glucuronic	acid 4.092 75.0 179.6 3.51 d	d 10.1 0.6
lactate 4.127 	 1.33 q 7
trigonelline 4.437 51.0 148.5 9.118 8.821 d	d 1.5 0.7
1-methylnicotinamide 4.475 51.5 147.9 150.1 9.259 8.950 8.884 d	d 0.65 0.65
ascorbic	acid 4.524 81.4 4.037 d 1.9
beta-L-fucopyranose 4.566 99.5 3.46 d 8
beta-D-xylose 4.588 99.6 3.242 d 7.9
beta-D-galactopyranose 4.597 3.507 d 7.8
beta-D-glucuronic	acid 4.655 3.3 d 7.9
beta-D-glucopyranose 4.658 98.8 3.26 d 7.9
p-cresol	glucuronide 5.088 103.3 157.2 3.61 d 7.6
alpha-D-xylose 5.207 95.5 3.537 d 3.7
alpha-L-fucopyranose 5.216 95.5 3.782 d	m 3.6 br
alpha-D-glucopyranose 5.246 95.4 3.546 d	m 3.7
alpha-D-glucuronic	acid 5.259 95.4 3.595 d	m 3.8 br
allantoin 5.400 66.3 162.3 178.5 s
cinnamoylglycine 6.730 123.3 137.2 171.4 7.558 d 15.9
indoxyl-3-sulphate	H5 7.206 122.7 114.9 118.8 122.9 7.705 7.285 7.51 d	d	d 7.5 7.5 1
indoxyl-3-sulphate	H6 7.281 125.3 120.1 136.2 7.508 7.205 7.702 d	d	d	d 7.5 7.5 1.3	and	0.6
phenylacetylglycine 7.360 129.9 3.68
indoxyl-3-sulphate	H2 7.366 119.0 122.9 132.3 136.1 d 0.5
phenylacetylglycine 7.370 132.2 m
phenylacetylglycine 7.432 132.0 d	d 8.4 0.5
indoxyl-3-sulphate	H7 7.508 115.1 122.7 7.278 d	d	d 8.3 0.9 0.9
hippuric	acid	-	H	meta 7.557 131.7 131.4 136.1 7.837 7.64 2nd	order	m 7.7 1.7
cinnamoylglycine 7.560 144.0 6.727 d 15.9
hippuric	acid	-	H	para 7.643 135.1 129.8 7.555 7.835 t	t 7.5 1.3
indoxyl-3-sulphate	H4 7.706 120.3 125.1 136 7.206 7.512 d	d	d 8 1.2 0.8
hippuric	acid	-	H	ortho 7.839 130.0 129.8 134.8 173 7.555 7.641 2nd	order	m
trigonelline	H5	 8.080 130.5 8.84 8.83 m 9.12
1-methylnicotinamide	H5 8.180 131.3 8.88 8.96 m
hippuric	acid	NH 8.518 3.974 d
trigonelline	H6	 8.830 148.8 8.08 	 d	t 8.843 9.11
trigonelline	H4	 8.843 147.7 8.08 d	t 8 1.7 8.83 9.11
1-methylnicotinamide	H4	 8.891 146.5 8.18 d	(br) 7.5 8.95 9.26
1-methylnicotinamide	H6	 8.957 150.1 8.18 d	(br) 6 8.89 9.26
trigonelline	H2 9.120 148.4 8.83 s	(br) 8.83 8.08
1-methylnicotinamide	H2 9.270 148.1 	 	 s	(br) 8.95 8.89
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Supplementary Table 5: Experimental NMR Spectroscopic Data for the Statistically 
Significant Age-Discriminating Metabolites in the Plasma of C57BL/6J Wild-Type and 
Flavin-containing Monooxygenase 5 (FMO5)-Knockout Mice 
 

	

identity H	NMR HSQC	C COSY	1 COSY	2 multiplicity
isoleucine 0.94 t
leucine 0.95 1.74 d
leucine 0.97 1.73 d
valine 0.99 19.35 2.27 d
Isoleucine 1.01 1.99 d
valine 1.04 20.82 2.27 d
3-hydroxyisobutyric	acid 1.07 2.47 d
ethanol 1.18 3.65 t
lactate 1.324 22.90 4.10 d
alanine 1.48 3.78 d
acetate 1.91 26.10 s
glutamine 2.14 29.27 2.45 3.74 m
3-hydroxybutyric	acid 2.30 4.14
succinate 2.40 s
2-oxoglutaric	acid 2.43 3.00
glutamine 2.45 33.74 2.13 m
3-hydroxyisobutyric	acid 2.47 t
citrate 2.53 47.70 2.69 d
citrate 2.69 47.70 2.53 d
trimethlamine 2.89 s
2-oxoglutaric	acid 3.00 2.45
choline 3.19 56.82
choline 3.51 70.26
glycerol 3.56 65.40 3.78 dd
valine 3.60 63.38 2.27 d
glycerol 3.65 65.42 dd
glycerol 3.78 75.07 m
choline 4.06 58.37
lactic	acid 4.10 71.33 1.32


