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Supplementary figures 

 

Fig. S1. Structural validation of the dipeptide Arg-Phe/Phe-Arg via tandem MS. (a) Pooled 

brain tissue was used for the UPLC-MS/MS analysis and spectra acquired at 20 eV. The feature 

product ions derived from the protonated amino acids are highlighted in red and blue for Phe and 

Arg, respectively (1). The immonium product ion of the protonated Phe is underlined; (b) 

Experimental MS/MS spectra available in the GNPS (2) database for Arg-Phe and Phe-Arg. 
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Fig. S2. Structural elucidation of the dipeptides Phe-Tyr and Tyr-Phe. MS/MS spectra 

available in the GNPS (2) database for Phe-Tyr and Tyr-Phe. 
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Fig. S3. Structural validation of a series of N-acyl glycines. (a) Chemical structure of N-acyl 

glycine analogues; (b) Second degree polynomial correlation between the m/z values of the 

significant N-acyl glycines and their retention time; (c) Extracted ion chromatograms and MS/MS 

spectra collected for the N-glycine analogues in brain tissue sample. 
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Fig. S4. Structural elucidation of the dipeptides Phe-Trp and Trp-Phe. MS/MS spectra 

available in the GNPS (2) database for Phe-Trp and Trp-Phe. 
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Fig. S5. Comparison of multiple isobaric dipeptides. (a) Extracted ion chromatogram of m/z 

295.165 in positive ionization mode. The four different chromatographic peaks at 7.18, 7.33, 7.59 

and 7.94 min are annotated as I, II, III and IV, respectively; (b) Mass spectrometric intensities of 

the dipeptide II in the cerebellum (N=6); (c) Structure validation of the dipeptides I, II, III and IV 

by tandem spectra collected from pooled brain sample. The immonium product ions from the 

protonated amino acids are underlined. 
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Fig. S6. Structural elucidation of the dipeptides Ile-Tyr, Tyr-Ile and Tyr-Leu. (a) MS/MS 

spectra available in the GNPS (2) database for Ile-Tyr; (b) MS/MS spectra available in the 

GNPS (2) database for Tyr-Ile and Tyr-Leu. 
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Fig. S7. Summary of the presented significant metabolites in all investigated brain regions. 

(a) Column plots of the significance, expressed as the negative log10 of the P value (-log10P > 

1.30), and the log2 fold change (FC) of the presented dipeptides per brain region in both positive 

and negative ionization mode (two-tailed unpaired t-test on sleep/wake effects; P<0.05). (b) 

Column plots of the significance, expressed as the negative log10 of the P value (-log10P > 1.30), 

and the log2 fold change (FC) of the presented acylated amino acids per brain region in both 

positive and negative ionization mode (two-tailed unpaired t-test on sleep/wake effects; P<0.05); 

FC= (sleep)/(wake); CBL: cerebellum; CTX: cortex; HC: hippocampus; MDB: midbrain.  
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Supplementary tables 
 

Table S1. Structure validation of significantly altered amino acid analogues 
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N-Ac-Tyr 222.075 222.0761 4.95 NEG 7.55 7.81 20 eV 1 

N-Arachidonoyl 

glycine 

360.255 360.2533 -4.72 NEG 16.31  20 eV 2a 

Asn-Phe/Phe-Asn 278.113 278.1135 1.80 NEG 6.21  20 eV 2a 

Gly-Tyr 237.086 237.0870 4.22 NEG 5.63 5.85 20 eV 1 

N-Ac-Leu/Ile 172.096 172.0968 4.65 NEG 8.19  20 eV 2b 

N-Ac-Phe 206.080 206.0812 5.82 NEG 9.75 10.06 20 eV 1 

N-Decanoylglycine 228.159 228.1594 1.75 NEG 12.35  20 eV 2a 

N-Lauroylglycine 256.191 256.1907 -1.17 NEG 13.68  20 eV 2a 

N-Nonanoylglycine 214.143 214.1438 3.74 NEG 11.54  20 eV 2a 

N-

Undecanoylglycine 

242.175 242.1751 0.41 NEG 13.07  20 eV 2a 

Tridecanoylglycine 270.207 270.2064 -2.22 NEG 14.21  20 eV 2a 

Glu-Asp/Asp-Glu 263.086 263.0874 5.32 POS 1.85  20 eV 3 

Phe-Val/ Val-Phe 265.155 265.1547 -1.13 POS 7.72  20 eV 3 

Ala-Trp/Trp-Ala 276.133 276.1343 4.71 POS 7.10  20 eV 3 

Phe-Leu 279.170 279.1703 1.07 POS 9.70 9.79 20 eV 1 

Leu/Ile-Phe 279.170 279.1703 1.07 POS 9.18  20 eV 3 
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Leu/Ile-Phe 279.171 279.1703 -2.51 POS 8.77  20 eV 3 

Glu-Phe/Phe-Glu 295.129 295.1288 -0.68 POS 8.15  20 eV 3 

Leu/Ile-Tyr/Tyr-

Leu/Ile 

295.165 295.1652 0.68 POS 7.32  20 eV 3 

Asn-Tyr/Tyr-Asn 296.124 296.1241 0.34 POS 6.15  20 eV 3 

Asp-Tyr/Tyr-Asp 297.107 297.1081 3.70 POS 4.65  20 eV 2a 

Asp-Tyr/Tyr-Asp 297.108 297.1081 0.34 POS 5.23  20 eV 2a 

Trp-Val/Val-Trp 304.165 304.1656 1.97 POS 8.27  20 eV 3 

Glu-Tyr/Tyr-Glu 311.124 311.1238 -0.64 POS 6.50  20 eV 3 

Phe-Phe 313.155 313.1547 -0.96 POS 9.48  20 eV 2a 

Arg-Phe/Phe-Arg 322.185 322.1874 7.45 POS 5.29  20 eV 2a 

Phe-Tyr 329.149 329.1496 1.82 POS 7.90  20 eV 2a 

Tyr-Phe 329.150 329.1496 -1.22 POS 8.39  20 eV 2a 

Gln-Trp/Trp-Gln 333.156 333.1557 -0.90 POS 6.51  20 eV 3 

Glu-Trp/Trp-Glu 334.139 334.1397 2.09 POS 6.91  20 eV 3 

Tyr-Tyr 345.144 345.1445 1.45 POS 6.87  20 eV 2a 

Phe-Trp/Trp-Phe 352.166 352.1656 -1.14 POS 9.42  20 eV 3 

 

*Confidence level: Level 1- the proposed structure has been confirmed via appropriate measurement of an authentic 

reference standard with MS, MS/MS and retention time matching; Level 2a- matching literature or library tandem 

MS/MS spectrum data where the spectrum-structure match is unambiguous; Level 2b/ “Diagnostic” - represents the 

case where no other structure fits the experimental information, but no standard or literature information is available 

for confirmation; Level 3- evidence exists for possible structure(s), but insufficient information for one exact 

structure only (e.g., positional isomers). (3, 4) 
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