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Methods 

SGP derived peptide (KVANKT) NMR data  

1H NMR (500 MHz, D2O) δ 4.68 (dd, J = 7.7, 5.8 Hz, 1H), 4.46 – 4.35 (m, 3H), 4.32 (q, 

J = 7.2 Hz, 1H), 4.15 (d, J = 7.6 Hz, 1H), 4.08 (t, J = 6.6 Hz, 1H), 3.10 – 2.96 (m, 4H), 

2.91 (dd, J = 16.9, 5.8 Hz, 1H), 2.81 (dd, J = 16.9, 7.8 Hz, 1H), 2.07 (dq, J = 13.4, 6.7 

Hz, 1H), 1.97 – 1.85 (m, 3H), 1.84 – 1.65 (m, 2H), 1.55 – 1.34 (m, 5H), 1.19 (d, J = 6.4 

Hz, 3H), 0.97 (d, J = 6.7 Hz, 6H). 

 

M3N2-peptide NMR data  

1H-NMR (D2O, 800 MHz) d 4.97-4.96 (m, 1H, H1-D), 4.91 (d, J = 9.7 Hz, 1H, H1-A), 

4.79-4.78 (m, 1H, H1-E), 4.65 (s, 1H, H1-C), 4.53 (dd, J = 7.6, 5.8 Hz, 1H, H2-Asn), 

4.48 (d, J = 8.1 Hz, 1H, H1-B), 4.27 (dd, J = 8.1, 6.5 Hz, 1H, H2-Lys2), 4.17 (q, J = 7.3 

Hz, 1H, H2-Ala), 4.12 (d, J = 2.5 Hz, 1H, H2-C), 4.08 (qd, J = 6.5, 4.5 Hz, 1H, H3-Thr), 

4.00 (d, J = 6.8 Hz, 1H, H2-Val), 3.99 (d, J = 3.1 Hz, 1H, H2-Thr), 3.93 (dd, J = 3.4, 1.8 

Hz, 1H, H2-D), 3.85 (dd, J = 3.4, 1.7 Hz, 1H, H2-E), 3.80-3.73 (m, 7H, H2-Lys1, H3-D, 

H3-E, H6-B, H6-C, H6-D, H6-E), 3.73-3.65 (m, 5H, H2-A, H2-B, H5-D, H6-A, H6-C), 

3.65-3.56 (m, 8H, H3-A, H3-B, H3-C, H4-B, H4-C, H6-B, H6-D, H6-E), 3.54-3.46 (m, 

7H, H4-A, H4-D, H4-E, H5-B, H5-C, H5-E, H6-A), 3.43 (ddd, J = 9.9, 4.5, 2.2 Hz, 1H, 

H5-A), 2.88-2.85 (m, 4H, H6-Lys1, H6-Lys2), 2.73 (dd, J = 16.5, 5.8 Hz, 1H, H3-Asn), 

2.62 (dd, J = 16.5, 7.9 Hz, 1H, H3-Asn), 1.94 (s, 3H, HAc-B), 1.94-1.90 (m, 1H, H3-

Val), 1.87 (s, 3H, HAc-A), 1.79-60 (m, 4H, H3-Lys1, H3-Lys2), 1.60-1.53 (m, 4H, H5-

Lys1, H5-Lys2), 1.36-1.26 (m, 4H, H4-Lys1, H4-Lys2), 1.25 (d, J = 7.2 Hz, 3H, H3-Ala), 

1.04 (d, J = 6.4 Hz, 3H, H4-Thr), 0.84 (d, J = 6.8 Hz, 6H, H4-Val). 

13C-NMR (D2O, 200 MHz) d 176.3 (C1-Thr), 175.7 (C1-Lys1), 174.6 (CO-B), 174.6 

(CO-A), 174.2 (C1-Ala), 172.9 (C1-Lys2), 172.7 (C1-Val), 172.2 (C1-Asn), 171.7 (C4-



Asn), 102.4 (C1-D), 101.2 (C1-B), 100.3 (C1-C), 99.5 (C1-E), 80.5 (C3-C), 79.6 (C4-B), 

78.5 (C4-A), 78.1 (C1-A), 76.1 (C5-A), 74.4 (C5-B), 74.1 (C5-C), 73.4 (C5-D), 72.8 (C3-

A), 72.6 (C5-E), 71.9 (C3-B), 70.3 (2C, C3-D, C3-E), 70.1 (C2-C), 69.9 (C2-D), 69.7 

(C2-E), 67.9 (C3-Thr), 66.7 (2C, C4-D, C4-E), 65.8 (C6-C), 65.7 (C4-C), 61.0 (C6-D), 

60.9 (C6-E), 60.6 (C2-Thr), 59.9 (C6-B), 59.8 (C6-A), 59.4 (C2-Val), 54.7 (C2-B), 53.6 

(C2-A), 53.5 (C2-Lys2), 53.0 (C2-Lys1), 49.9 (C2-Asn), 49.5 (C2-Ala), 39.1 (2C, C6-

Lys1, C6-Lys2), 36.4 (C3-Asn), 31.5 (C3-Lys1), 30.5 (C3-Lys2), 30.0 (C3-Val), 26.3 

(2C, C5-Lys1, C5-Lys2), 22.2 (CH3-B), 22.0 (CH3-A), 21.8 (C4-Lys2), 21.4 (C4-Lys1), 

19.2 (CH3-Thr), 18.4 (CH3-Val), 17.7 (CH3-Val), 16.6 (CH3-Ala). 

 

G0-peptide NMR data 

1H-NMR (D2O, 800 MHz) d 4.98 (s, 1H, H1-D), 4.91 (d, J = 9.7 Hz, 1H, H1-A), 4.78 (s, 

1H, H1-F), 4.64 (s, 1H, H1-C), 4.54 (t, J = 6.9 Hz, 1H, H2-Asn), 4.47 (d, J = 8.1 Hz, 1H, 

H1-B); 4.42 (d, J = 8.4 Hz, 2H, H1-E, H1-G), 4.27 (dd, J = 8.1, 6.6 Hz, 1H, H2-Lys2), 

4.23 (d, J = 3.5 Hz, 1H, H2-Thr), 4.23-4.19 (m, 2H, H3-Thr), 4.17 (q, J = 7.2 Hz, 1H, 

H2-Ala), 4.12 (s, 1H, H2-C); 4.06-4.04 (m, 1H, H2-D), 4.02 (d, J = 7.7 Hz, 1H, H1-E); 

3.98-3.96 (m, 1H, H2-F), 3.94 (t, J = 6.7 Hz, 1H, H2-Lys1), 3.84-3.72 (m, 8H, H3-D, H3-

F, H6-B, H6-C, H6-D, H6-E, H6-F, H6-G), 3.72-3.67 (m, 2H, H2-A, H6-A), 3.67-3.59 

(m, 11H, H2-B, H3-A, H3-B, H3-C, H4-B, H4-C, H5-D, H6-B, H6-C, H6-E, H6-G), 

3.59-3.54 (m, 2H, H2-E, H2-G), 3.54-3.45 (m, 7H, H4-A, H5-B, H5-C, H5-D, H6-A, H6-

D, H6-F), 3.44-3.40 (m, 3H, H3-E, H3-G, H5-A), 3.40-3.27 (m, 6H, H4-D, H4-E, H4-F, 

H4-G, H5-E, H5-G), 2.89-2.85 (m, 4H, H6-Lys1, H6-Lys2), 2.72 (dd, J = 16.6, 6.1 Hz, 

1H, H3-Asn), 2.60 (dd, J = 16.5, 7.5 Hz, 1H, H3-Asn), 1.94 (s, 3H, HAc-B), 1.94-1.91 

(m, 1H, H3-Val), 1.92 (s, 3H, HAc-E), 1.92 (s, 3H, HAc-G), 1.87 (s, 3H, HAc-A), 1.80-

1.72 (m, 3H, H3-Lys1, H3-Lys2), 1.67-1.11 (m, 1H, H3-Lys2), 1.60-1.53 (m, 4H, H5-



Lys1, H5-Lys2), 1.36-1.26 (m, 4H, H4-Lys1, H4-Lys2), 1.25 (d, J = 7.1 Hz, 3H, H3-Ala), 

1.06 (d, J = 6.4 Hz, 3H, H4-Thr), 0.83 (d, J = 6.8 Hz, 6H, H4-Val). 

13C-NMR (D2O, 200 MHz) d 174.7 (2C, CO-E, CO-G), 174.7 (CO-A), 174.6 (CO-B), 

174.3 (C1-Thr), 174.2 (C1-Ala), 173.5 (C1-Lys2), 172.5 (C1-Val), 172.1 (C1-Asn), 172.1 

(C4-Asn), 169.5 (C1-Lys1), 101.2 (C1-C), 100.3 (C1-C), 99.5 (C1-D), 99.5 (2C, C1-E, 

C1-G), 96.8 (C1-F), 80.4 (C3-C), 79.5 (C4-B), 78.6 (C4-A), 78.1 (C1-A), 76.5 (C2-D), 

76.2 (C2-F), 76.1 (C5-A), 75.7 (2C, C5-E, C5-G), 74.3 (C5-B), 74.3 (C5-C), 73.5 (C5-

D), 73.3 (2C, C3-E, C3-G), 72.8 (C5-F), 72.7 (C3-A), 71.8 (C3-B), 70.1 (C2-C), 69.8 

(2C, C4-E, C4-G), 69.3 (2C, C3-D, C3-F), 67.4 (C3-Thr), 67.2 (2C, C4-D, C4-F), 67.2 

(2C, C3-D, C3-F), 65.9 (C6-C), 65.5 (C4-C), 61.6 (2C, C6-D, C6-F), 60.5 (2C, C6-E, C6-

G), 59.8 (C6-B), 59.8 (C6-A), 59.4 (C2-Val), 58.8 (C2-Thr), 55.3 (2C, C2-E, C3-G), 54.8 

(C2-B), 53.6 (C2-A), 53.5 (C2-Lys2), 52.6 (C2-Lys1), 49.9 (C2-Asn), 49.4 (C2-Ala), 

39.0 (2C, C6-Lys1, C6-Lys2), 36.4 (C3-Asn), 30.4 (2C, C3-Lys1, C3-Lys2), 30.1 (C3-

Val), 26.3 (2C, C5-Lys1, C5-Lys2), 22.3 (CH3-E), 22.3 (CH3-G), 22.2 (CH3-B), 22.0 

(CH3-A), 21.9 (C4-Lys2), 21.1 (C4-Lys1), 19.0 (CH3-Thr), 18.4 (CH3-Val), 17.8 (CH3-

Val), 16.7 (CH3-Ala). 

 

 

 

 

 

 

 

 
 
  



 

 
Figure S1. MALDI-tof spectra of the G0-peptide [M+Na]+=1981.007 (upper panel) and 

reaction of the G0-peptide with FUT8 in the presence of GDP-Fuc (lower panel) showing 

complete conversion to the core fucosylated glycopeptide [M+Na]+=2126.625 after 18 h 

of incubation.  



 

Figure S2. MALDI-tof spectra of the M3N2 [M+Na]+=933.134 (upper panel) and 

reaction of the M3N2 with FUT8 in the presence of GDP-Fuc showing partial conversion 

to the core fucosylated M3N2 N-glycan [M+Na]+=1079.15 after 18 h (middle panel) and 

114 h (lower panel) of incubation. 

 

  



 
Figure S3. MALDI-tof spectra of the M3N2-peptide [M+Na]+=1574.399 (upper panel) 

and reaction of the M3N2-peptide with FUT8 in the presence of GDP-Fuc (lower panel) 

showing partial conversion to the core fucosylated glycopeptide [M+Na]+=1720.550 after 

18 h of incubation. 

 

  



 
Figure S4. MALDI-tof spectrum of the M5N2-Asn [M+Na]+=1371.253. 

 

  



 

 

 

 

 

 

 

 

 

Figure S5. Kinetics of FUT8 against variable concentrations of GDP-Fuc using 500 µM 

of G0.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S6. ITC data for the binding of the M5N2-Asn, the M3N2-peptide and the M3N2 

binding to FUT8 under an excess of GDP (1 mM). Top: raw thermogram (thermal power 

versus time). Bottom: binding isotherm (normalized heats versus molar ratio). See Table 

2 for the thermodynamic and Kd values for these experiments. 
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Figure S7. Molecular dynamic simulation of M3N2-peptide. f/y angles distribution 

derived from 1 µs MD simulation of M3N2-peptide starting from the anti conformer (a) 

and syn conformer (b). Dihedral angle definition f = H1(B)-C1-(B)-O4(A)-C4(A), y = 

C1-(B)-O4(A)-C4(A)-H4. 

 

 

  



 

Figure S8. H1B-H4A and H1B-H5A distances were considered for the assignment of 

the syn or anti conformation of the glycosidic linkage between the GlcNAc moieties. 

Distances H1A-H5A and H1B-H5B are used as a reference. 

  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S9. NOESY measurements for M3N2-peptide. a) NOE build-up curves for 
selected proton pairs, b) initial slope (𝜎) calculation and c) equation employed for 
distance (d) calculation. 
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Figure S10. Molecular dynamic simulation of Man3-peptide. Interatomic distances 
measured along 1 µs MD simulation of Man3-peptide starting from the syn conformer. 
Distances H1A-H5A and H1B-H5B were extracted as reference distances for inter-
glycosidic distance calculation. 
 
 
  



 
 

 

 

 

 

 

 

 

 

Figure S11. M3N2-peptide average conformation determination. Comparison of 

distances for H4A-H1B (blue) and H5A-H1B (green) measured from syn conformer MD 

simulation (dark) and calculated from NMR data (light green). 



Figure S12. STD NMR analysis spectra for the naked peptide (KVANKT) in complex 

with FUT8 in the absence (a) and presence (b) of GDP. STD NMR spectra are scaled as 

indicated. Protein saturation was achieved by irradiation at -0.50 ppm.  
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Figure S13. STD NMR analysis spectra for the M3N2 in complex with FUT8 in the 

absence (a) and presence (b) of GDP. STD NMR spectra are scaled as indicated. Protein 

saturation was achieved by irradiation at -0.50 ppm. 
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 Figure S14. STD NMR analysis spectra for the M3N2-peptide in complex with FUT8 in 

the absence (a) and presence (b) of GDP. STD NMR spectra are scaled as indicated. 

Protein saturation was achieved by irradiation at -0.50 ppm. 
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Figure S15. STD NMR build-up curves for the G0-peptide in complex with FUT8 in the 

absence (a) and in presence (b) of GDP. 

a

b



Figure S16.  STD NMR analysis spectra for the G0-peptide in complex with FUT8 in the 

absence (a) and presence (b) of GDP. STD NMR spectra are scaled as indicated. Protein 

saturation was achieved by irradiation at -0.50 ppm. 
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Figure S17. Structural ensembles derived from the 0.5 µs MD simulations performed on 

the FUT8 complexed to G0-peptide (left panel), and M3N2-peptide (right panel). In both 

cases, GDP was included in the simulations. Only the first frame of FUT8 is shown as a 

white surface. The glycan is shown as sticks and the peptide backbone as cartoon. The 

most populated hydrogen bonds between the peptide and FUT8 are also indicated. 

 

 

 

 

 

 

 

 

 



 

Figure S18. A representative frame obtained from the 0.5 µs MD simulations on the 

FUT8-GDP-M3N2-peptide complex, showing the hydrogen bond between the side chain 

of Thr6 and Asp368. 

 

 

 

 
 
 
 
 
 
  



 

Figure S19. Structural ensembles obtained derived from 0.5 µs MD simulations of MPO 

(PDB entry 1D2V), GLA (PDB entry 1R46), GBA (PDB entry 5LVX) and EPO (PDB 

entry 1CN4). Proteins are shown in cartoon ribbons and the glycans as sticks. The solvent-

accessible surface area (SASA) is shown for the hydroxymethyl group of the potentially 

fucosylated GlcNAc. The GlcNAc residue at Asn19, which exhibits one of the lowest 

SASA value is not fucosylated.  

 

 

 

 

 

 

 

 


