Table S1. 93 differential metabolites of RRS.

Supplementary materials

Class Number Differential metabolites References
1 Galactose 15
saccharide 2 Fructose 15
3 Galactose-6-phosphate 16
4 Glycerol 15
alcohol 5 Ethanolamine 15
6 Inositol 15
7 3-Hydroxybutyric acid 15
8 Malic acid 16
9 Pyruvic acid 15
10 Shikimic acid 15
11 Lactic acid 15
12 Oxalic acid 15
13 Succinic acid 15
14 Fumaric acid 15
15 Glyceric acid 15
16 Glycolic acid 15
17 Citric acid 16
L 18 Isovaleric acid 23
Organic acid N

19 Phosphoric acid 15
20 Propionic acid 23
21 Valeric acid 23
22 Isobutyric acid 23
23 Butyric acid 23
24 Deoxycholic acid 23
25 Lithocholylglycine 23
26 Glycoursodeoxycholic acid 23
27 Cholic acid 23
28 Chenodeoxycholic acid 23
29 Lithocholic acid 23
30 Ursodeoxycholic acid 23
31 Serine 15
32 Pyroglutamic acid 15
33 Glutamine 15

34 Alanine 15,23

Amino acid

35 Asparagine 15
36 L-asparagine 17

37 Aspartic acid 15,23
38 Proline 15



39 L-proline 17
40 Tryptophan 15
41 Threonine 15
42 Methionine 15
43 L-methionine 17
44 Leucine 15,23
45 Isoleucine 15
46 Valine 15,23
47 Glycine 15,17
48 Phenylalanine 15,23
49 Taurine 16
50 4-Aminobutyric acid 15
51 Glutamic acid 15,23
52 L-glutamic acid 17
53 [-Alanine 15
54 N-acetyl glutamic acid 17
55 Linolenic acid 15
56 Eicosapentaenoic acid 15
57 Arachidonic acid 15
58 Eicosatrienoic acid 15
59 Palmitoleic acid 15,16,17
60 Lauric acid 15
61 Myristic acid 15
62 Palmitic acid 15
Fatty acid 63 Clupanodonic acid 15
64 Docosatrienoic acid 17
65 Linoleic acid 15
66 Oleic acid 15,16
67 Stearic acid 15
68 Arachidic acid 15
69 Behenic acid 15
70 Lignoceric acid 15
71 Docosahexaenoic acid 15
72 Butyrylcarnitine 17
73 LysoPC [16:1 (9Z)] 17
74 LysoPC (17: 0) 17
75 LysoPC (20:0) 17
76 LysoPC [20:1 (11Z)] 17
alkaloid 77 LysoPC [20:3 (5Z,8Z,11Z)] 17
78 LysoPC (24:0) 17
79 LysoPC (O-18:0) 17
80 LysoPC (P-16:0) 17
81 LysoPC (P-18:0) 17
82 Phosphatidylcholine [16:1 (9Z) /16:0] 17



83 Phosphatidylcholine [18:0/20:3 (5Z,8Z,11Z)] 17
84 Phosphatidylcholine [18:2 (9Z,12Z7) / 15:0] 17
85 Phosphatidylcholine [O-16:0/18:2 (9Z,12Z)] 17
86 Urea 15
87 Uracil 16
88 2 - acetyl pyrazine 17
other 89 Norepinephrine 17
90 1,5-Anhydroglucitol 16
91 Glutathione 17
92 Ceramide (d18:0/14:0) 17
93 Sphingomyelin (d18:1/14:0) 17

Table S2. Molecular docking information of target proteins.

Target Protein PDB Entry Resolution / A PDB DOI References
DLG4 6QJL 1.04 https://doi.org/10.2210/pdb6QJL/pdb [36]
EGFR 5UG9 1.33 https://doi.org/10.2210/pdb5UGY/pdb [37]
ESR1 7UJO 1.45 https://doi.org/10.2210/pdb7UJO/pdb [38]
FYN 6IPY 1.34 https://doi.org/10.2210/pdb7A2P/pdb [39]

IL6 7NXZ 2.00 https://doi.org/10.2210/pdb7NXZ/pdb [40]
ITGAV S5FFG 2.25 https://doi.org/10.2210/pdb5FFG/pdb [41]
ITGB1 4WKO 1.78 https://doi.org/10.2210/pdb4WKO0/pdb [42]

LCK 1QPC 1.60 https://doi.org/10.2210/pdb1QPC/pdb [43]
MAPK1 65LG 1.33 https://doi.org/10.2210/pdb6SLG/pdb [44]
MAPKS3 4QTB 1.40 https://doi.org/10.2210/pdb4QTB/pdb [45]
NR3C1 4P6X 1.95 https://doi.org/10.2210/pdb4P6W/pdb [46]
PPARA 6KB1 1.25 https://doi.org/10.2210/pdb6KB1/pdb [47]
PRKCA 2GZV 1.12 https://doi.org/10.2210/pdb2GZV/pdb [48]
PTPN6 4GRZ 1.37 https://doi.org/10.2210/pdb4GRZ/pdb [49]
PTPN11 3B70 1.60 https://doi.org/10.2210/pdb3B70O/pdb [50]
RARA 3KMR 1.80 https://doi.org/10.2210/pdb3KMR/pdb [51]

Table S3. Molecular docking information of target proteins and original ligands.

Target Protein PDB Entry Original ligand RMSD / A
EGFR 5U0G9 8AM 0.528
ITGAV 5FFG NAG 0.751
ITGB1 4WKO NAG 1.168
MAPK3 4QTB 387 0.386
NR3C1 4P6X HCY 0.261




Table S4. Molecular docking results of key RRS metabolites with a-glucosidase and a-amylase.

Number Ligand Receptor Binding energy
1 Chenodeoxycholic acid a-glucosidase (3W37) -7.6
2 Cholic acid a-glucosidase (3W37) -7.9
3 Deoxycholic acid a-glucosidase (3W37) -7.3
4 Glycoursodeoxycholic acid a-glucosidase (3W37) -8.3
5 Lithocholic acid a-glucosidase (3W37) -7.3
6 Ursodeoxycholic acid a-glucosidase (3W37) -7.9
7 Chenodeoxycholic acid a-amylase (1B2Y) -8.6
8 Cholic acid a-amylase (1B2Y) -8.6
9 Deoxycholic acid a-amylase (1B2Y) -8.6
10 Glycoursodeoxycholic acid a-amylase (1B2Y) -7.7
11 Lithocholic acid a-amylase (1B2Y) -84
12 Ursodeoxycholic acid a-amylase (1B2Y) -8.8
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Figure S1. Molecular docking of core metabolites of RRS and key targets. (A): Glycoursodeoxycholic acid,

ITGAV; (B): Cholic acid, ITGB1; (C): Cholic acid, MAPKS3; (D): Lithocholylglycine, MAPK3; (E):
Ursodeoxycholic acid, MAPKS3; (F): Cholic acid, NR3C1.
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Figure S2. Molecular docking validation of key RRS metabolites with a-glucosidase and a-amylase. (A):
Chenodeoxycholic acid, a-glucosidase; (B): Cholic acid, a-glucosidase; (C): Deoxycholic acid, a-
glucosidase; (D): Glycoursodeoxycholic acid, a-glucosidase; (E): Lithocholic acid, a-glucosidase; (F):
Ursodeoxycholic acid, a-glucosidase; (G): Chenodeoxycholic acid, a-amylase; (H): Cholic acid, a-amylase;
(I): Deoxycholic acid, a-amylase; (J): Glycoursodeoxycholic acid, a-amylase; (K): Lithocholic acid, a-

amylase; (L): Ursodeoxycholic acid, a-amylase.
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