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Supplementary Table 2: Fermentation products and sugar utilisation of A. muciniphila grown on human milk 
and mucin. 

Supplementary Table 1: The primers used for transformation of Amuc_0369, Amuc_2136, Amuc_0010, Amuc_0771, 
Amuc_1686 and vector into E. coli BL21 Rosetta, including 6xHis-Tag on C-terminus. His-tags are given in bold. 

Supplementary Figure 1: Growth curve of A. muciniphila grown in mucin (black dotted line), 2’-FL (black 
line), 3’-SL (grey line) measured by optical density at 600 nm. 
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Supplementary Table 3: a) Carbon balance of Akkermansia muciniphila on HMOs and GlcNAc after 48 hours of 
fermentation, b) Production of sugars and metabolites of A. muciniphila grown in 2’-FL (top) and 3’-SL (bottom). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Table 4: Abundance of A. muciniphila enzymes involved in carbohydrate metabolism with their corresponding 
KEGG identifier (KO ID). The average of Log10 transformed LFQ values is shown. Colouring is based on abundance from the most 
abundant (red) to medium abundant (orange) to least abundant (green).  

 

 

Locus tag Protein Average_LFQ_Human Milk KO ID Pathway
Amuc_1210 Phosphoenolpyruvate carboxykinase [GTP] 9.03 ko00010;ko00020;ko00620 Glycolysis/Gluconeogenesis; Citrate Cycle (TCA cycle); Pyruvate metabolism
Amuc_1417 Glyceraldehyde-3-phosphate dehydrogenase, type I 8.95 ko00010 Glycolysis/Gluconeogenesis
Amuc_1832 L-fucose isomerase 8.61 ko00051 Fructose and mannose metabolism
Amuc_1630 Serine hydroxymethyltransferase 8.47
Amuc_0309 2,3-bisphosphoglycerate-independent phosphoglycerate mutase 8.09 ko00010;ko00680 Glycolysis/Gluconeogenesis;Methane metabolism
Amuc_1418 Phosphoglycerate kinase 8.07 ko00010 Glycolysis/Gluconeogenesis
Amuc_1975 Glucose-6-phosphate isomerase 7.95 ko00010;ko00030;ko00500;ko00520 Glycolysis/Gluconeogenesis; Pentose phosphate pathway; Starch and sucrose metabolism; Amino sugar and nucleotide sugar metabolism
Amuc_0721 Fructose-bisphosphate aldolase, class II 7.85 ko00010;ko00030;ko00051;ko00680 Glycolysis/Gluconeogenesis; Pentose phosphate pathway; Fructose and mannose metabolism; Methane metabolism
Amuc_1413 Capsular exopolysaccharide family 7.76
Amuc_1184 Enolase 2 7.71 ko00010;ko00680;ko03018 Glycolysis/Gluconeogenesis;Methane metabolism;RNA degradation
Amuc_1125 UDP-glucose 4-epimerase 7.56 ko00052;ko00520 Galactose metabolism; Amino sugar and nucleotide sugar metabolism
Amuc_0844 Enolase 1 7.30 ko00010;ko00680;ko03018 Glycolysis/Gluconeogenesis;Methane metabolism;RNA degradation
Amuc_1481 6-phosphofructokinase 7.15 ko00010;ko00030;ko00051;ko00052;ko00680 Glycolysis/Gluconeogenesis; Pentose phosphate pathway; Fructose and mannose metabolism; Amino sugar and nucleotide sugar metabolism; Methane metabolism
Amuc_0660 UDP-N-acetylmuramate/alanine ligase 7.08
Amuc_1471 Ribose-phosphate pyrophosphokinase 7.01 ko00030;ko00230 Pentose phosphate pathway; Purine metabolism
Amuc_0653 UDP-N-acetylmuramyl-tripeptide synthetase 7.00 ko00300;ko00550 Lysine biosynthesis; Peptidoglycan biosynthesis
Amuc_0654 UDP-N-acetylmuramoyl-tripeptide--D-alanyl-D-alanine ligase 6.95 ko00300;ko00550 Lysine biosynthesis; Peptidoglycan biosynthesis
Amuc_1388 4-hydroxy-3-methylbut-2-en-1-yl diphosphate synthase 6.89 ko00900 Terpenoid backbone biosynthesis
Amuc_1822 Glucosamine-6-phosphate isomerase 6.79 ko00520 Amino sugar and nucleotide sugar metabolism
Amuc_1741 UTP--glucose-1-phosphate uridylyltransferase 6.72 ko00040;ko00052;ko00500;ko00520 Pentose and glucuronate interconversions; Galactose metabolism; Starch and sucrose metabolism; Amino sugar and nucleotide sugar metabolism
Amuc_0431 Pyruvate kinase 6.71 ko00010;ko00230;ko00620 Glycolysis/Gluconeogenesis; Purine metabolism; Pyruvate metabolism
Amuc_0562 Triosephosphate isomerase 6.62 ko00010;ko00051;ko00562 Glycolysis/Gluconeogenesis; Fructose and mannose metabolism; Inositol phosphate metabolism
Amuc_0772 Phosphoglycerate mutase 1 family 6.60
Amuc_1249 GDP-mannose 4,6-dehydratase 6.59 ko00051;ko00520 Fructose and mannose metabolism; Amino sugar and nucleotide sugar metabolism
Amuc_0969 Galactokinase 6.54 ko00052;ko00520 Galactose metabolism; Amino sugar and nucleotide sugar metabolism
Amuc_0210 6-phosphofructokinase 1 6.09 ko00010;ko00030;ko00051;ko00052;ko00680 Glycolysis/Gluconeogenesis; Pentose phosphate pathway; Fructose and mannose metabolism; Amino sugar and nucleotide sugar metabolism; Methane metabolism
Amuc_1309 Aldose 1-epimerase 6.05 ko00010 Glycolysis/Gluconeogenesis
Amuc_0661 D-alanine--D-alanine ligase 6.04 ko00473;ko00550 D-Alanine metabolism; Peptidoglycan biosynthesis
Amuc_0676 2-dehydro-3-deoxyphosphooctonate aldolase 5.98 ko00540 Lipopolysaccharide biosynthesis
Amuc_1248 NAD-dependent epimerase/dehydratase 5.94 ko00051;ko00520 Fructose and mannose metabolism; Amino sugar and nucleotide sugar metabolism
Amuc_1671 Phosphofructokinase 5.92 ko00010;ko00030;ko00051;ko00052;ko00680 Glycolysis/Gluconeogenesis; Pentose phosphate pathway; Fructose and mannose metabolism; Amino sugar and nucleotide sugar metabolism; Methane metabolism
Amuc_0664 Cell wall hydrolase/autolysin 5.89
Amuc_1192 Mannose-1-phosphate guanylyltransferase (GDP) 5.71 ko00051;ko00520 Fructose and mannose metabolism; Amino sugar and nucleotide sugar metabolism
Amuc_1435 Nucleotide sugar dehydrogenase 5.63 ko00040;ko00053;ko00500;ko00520 Pentose and glucuronate interconversions; Galactose metabolism; Starch and sucrose metabolism; Amino sugar and nucleotide sugar metabolism
Amuc_0097 ROK family protein 5.58 ko00010;ko00052;ko00500;ko00520;ko00521 Glycolysis/Gluconeogenesis; Galactose metabolism; Starch and sucrose metabolism; Amino sugar and nucleotide sugar metabolism; Streptomycin biosynthesis
Amuc_0550 3D domain protein 5.52
Amuc_1895 UDP-N-acetylglucosamine 1-carboxyvinyltransferase 5.50 ko00520;ko00550  Amino sugar and nucleotide sugar metabolism; Peptidoglycan biosynthesis
Amuc_1830 L-fuculokinase 5.47 ko00051 Fructose and mannose metabolism
Amuc_0169 3-deoxy-manno-octulosonate cytidylyltransferase 5.00 ko00540 Lipopolysaccharide biosynthesis
Amuc_0208 Glucose-1-phosphate thymidylyltransferase 5.00 ko00521;ko00523 Streptomycin biosynthesis; Polyketide sugar unit biosynthesis
Amuc_0414 Phosphoheptose isomerase 5.00 ko00540 Lipopolysaccharide biosynthesis
Amuc_0656 UDP-N-acetylmuramoylalanine--D-glutamate ligase 5.00 ko00471;ko00550 D-Glutamine and D-glutamate metabolism; Peptidoglycan biosynthesis
Amuc_0681 UDP-N-acetylmuramate 5.00
Amuc_0795 Glycerol-3-phosphate dehydrogenase [NAD(P)+] 5.00 ko00564 Glycerophospholipid metabolism
Amuc_1211 N-acetylmuramoyl-L-alanine amidase family 2 5.00
Amuc_1541 Lipid A biosynthesis acyltransferase 5.00 ko00540 Lipopolysaccharide biosynthesis
Amuc_1646 4-hydroxy-3-methylbut-2-enyl diphosphate reductase 5.00 ko00900 Terpenoid backbone biosynthesis

a) 

b) 
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Supplementary Table 5: All the differentially expressed A. muciniphila proteins found in Human milk compared to 
mucin cultures. 
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Supplementary Table 6: Top 10 abundant A. muciniphila proteins found in human milk 
compared to 10 most significantly abundant in mucin cultures. 
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Supplementary Figure 2: pH dependent of A. muciniphila GHs using pNP substrates. a) Amuc_0010 and PNP-fucose, 
b) Amuc_0369 and GlcNAc-PNP, c) Amuc_2136 and GlcNAc-PNP, d) Amuc_0771 and PNPG, e) Amuc_1686 and PNPG 

a b 

c d 

e 
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Supplementary Figure 4: Kinetic analysis of A. muciniphila GHs against ΗΜΟs. a) Amuc_0010 and 2’-fucosyllactose, b) 
Amuc_0771 and Lacto-N-tetraose, c) Amuc_0369 and Lacto-N-triose II, d) Amuc_2136 and Lacto-N-triose II. 

a b 

c d 

e 

Supplementary Figure 3: Kinetic analysis of A. muciniphila GHs against PNP substrates. a) Amuc_0010 and PNP-fucose, b) 
Amuc_0369 and GlcNAc-PNP, c) Amuc_2136 and GlcNAc-PNP, d) Amuc_0771 and PNPG, e) Amuc_1686 and PNPG 

a b 

c d 
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Supplementary Figure 5: Purified E. coli BL21 Rosetta strain (Empty vector) specificity against HMOs and lactose. a) 
Lacto-N-tetraose, b) lactose, c) and d) Lacto-N-triose II, e) 2’-fucosyllactose  

a b 

c d 

e 

Supplementary Figure 6: Enzymatic activity of cell lysates of A. muciniphila against lactose and 2’-FL. a,b) human milk  
cell lysate and c,d) mucin cell lysate. 

 

a b 

c d 
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Supplementary Figure 7: Indication of the amount of significant and non-significant proteins expressed by A. muciniphila 
either in human milk or mucin condition. 

Supplementary Figure 8: SDS-PAGE analysis of the purified recombinant A. muciniphila GHs. M- protein 
marker. 


