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Thr-Azide 
Figure S1. RP-HPLC spectrum of purified glycosylated Fmoc-protected Thr building block 4 from Scheme 1. 

 
HPLC analysis of purified glycosylated Fmoc-protected Thr building block 4 derived from Scheme 1. 

Eluents were 0.1% TFA in water (A) and 0.1% TFA in acetonitrile (B). The elution gradient was 60-100% B in 20 mins with a 

flow rate of 1.0 mL/min.  Detection was at wavelength = 214 nm.  Retention time (min) = 6.732. 

 

 

 

 

 

Figure S2. MALDI-TOF MS spectrum of purified glycosylated Fmoc-protected Thr building block 4 from Scheme 1. 

 
MALDI-TOF MS analysis of purified glycosylated Fmoc-protected Thr building block 4 derived from Scheme 1. 

Thr-Azide: [M + Na]+ = 842.61 Da (expected, 843.66 Da). 

 

Thr-Azide
6.732

6.732 
 

Thr(Tn) 

Tn Antigen                    842.61 
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Figure S3. 1H NMR spectrum of purified glycosylated Fmoc-protected Thr building block 4 from Scheme 1. 

 
1H NMR (400 MHz, CDCl3):  [ppm] =  7.78-7.76 (d, J=7.4 Hz, Ar-H Fmoc, 2H), 7.63-7.62 (d, J=6.5 Hz, Ar-H Fmoc, 2H), 7.42-

7.38 (m, Ar-H Fmoc, 2H), 7.34-7.30 (m, Ar-H Fmoc, 2H), 5.87 -5.84 (d, J=9.0 Hz, HN-Thr, 1H), 5.49 (d, J=3.0 Hz, Gal-H4, 1H), 

5.33-5.29 (dd, J=11.0 Hz, Gal-H3, 1H), 5.18 (d, J=3.5 Hz, Gal-αH1, 1H), 4.80-4.77 (dd, J=10.7 Hz, Thr-αH, 1H), 4.59 (m, Thr-

βH, 1H), 4.49-4.43 (m, Fmoc-CH2, 2H), 4.31-4.28 (t, Fmoc-CH and Gal-H5, 2H), 4.13-4.11 (dd, J=6.0, 1.5 Hz, Gal-H6a-6b, 2H), 

3.79-3.76 (dd, Gal-H2, 1H), 2.17-2.07 (3s, COCH3, 9H), 1.47-1.45 (d, J=6.0 Hz, Thr-CH3, 3H).  

 

 

Figure S4. 13C NMR spectrum of purified glycosylated Fmoc-protected Thr building block 4 from Scheme 1. 

 
13C NMR (400 MHz, CDCl3):  [ppm] = 170.43, 170.06, 169.94, 166.69, 156.57, 143.59, 141.28, 127.76, 127.10, 125.12, 120.00, 

99.19 (C1 GalNAc), 68.49, 67.82, 67.36, 67.23, 61.79, 58.48, 57.92, 47.03, 20.62, 18.91.  
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Thr(Tn) 
Figure S5. RP-HPLC spectrum of purified glycosylated Fmoc-protected Thr building block 5 from Scheme 1.  

 
HPLC analysis of purified glycosylated Fmoc-protected Thr building block 5 derived from Scheme 1. 

Eluents were 0.1% TFA in water (A) and 0.1% TFA in acetonitrile (B). The elution gradient was 40-100% B in 20 mins with a 

flow rate of 1.0 mL/min.  Detection was at wavelength = 214 nm.  Retention time (min) = 11.602. 

 
 
 
 
 
 
 
 
 
Figure S6. MALDI-TOF MS spectrum of purified glycosylated Fmoc-protected Thr building block 5 from Scheme 1.  

 
MALDI-TOF MS analysis of purified glycosylated Fmoc-protected Thr building block 5 derived from Scheme 1. 

Thr(TN): [M + Na]+ = 859.19 Da (expected, 859.72 Da). 

Thr(Tn) 11.602 

 

 

Tn Antigen                    859.19 
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Figure S7. 1H NMR spectrum of purified glycosylated Fmoc-protected Thr building block 5 from Scheme 1.  

 
1H NMR (400 MHz, CDCl3):  [ppm] =  7.80-7.77 (d, J= 7.4 Hz, Ar-H Fmoc, 2H), 7.64-7.63 (d, J= 7.8 Hz, Ar-H Fmoc, 2H), 

7.43-7.39 (m, J= 7.2 Hz, Ar-H Fmoc, 2H), 7.36-7.32 (m, J= 7.3 Hz, Ar-H Fmoc, 2H), 7.18-7.16 (m, NHCOCH3, 1H), 5.80-5.78 

(d, J= 9.2 Hz, NH-Thr, 1H), 5.67-5.64 (d, J= 10.4 Hz, Gal-H1, 1H), 5.40 (s, Gal-H4, 1H), 5.09-5.03 (m, Gal-H3, 1H), 4.76-4.73 

(d, J= 8.2 Hz, αCH Thr, 1H), 4.66-4.54 (m, Gal-H5, Fmoc CH2, and βCH Thr , 4H), 4.44-4.43 (m, Gal-H2, 1H), 4.31-4.22(m, 

Fmoc-CH, 1H) , 4.13-4.06 (m, Gal-H6a-6b, 2H), 2.17 (s, COCH3, 3H) 2.05 (s, COCH3, 3H), 2.00 (s, COCH3, 3H), 1.70 (s, 

NHCOCH3, 3H), 1.44-1.43 (d, Thr-CH3, 3H). 

 
 

 

Figure S8. 13C NMR spectrum of purified glycosylated Fmoc-protected Thr building block 5 from Scheme 1.  

 
13C NMR (400 MHz, CDCl3):  [ppm] = 170.36, 170.04,167.48, 156.30, 143.50, 141.34, 127.84, 127.14, 124.92, 120.05, 100.13 

(C1 GalNAc), 68.20, 67.45, 67.25, 62.08, 58.41, 47.44, 47.14, 22.58, 20.64, 20.63, 20.62, 18.47. 
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Peptide Synthesis 
 

 
         

 

 

 
    

Figure S9. General synthetic scheme for glycopeptides (specifically peptide 7, MUC1: HGVT*SAPDTRPAPGSTAPPA).  
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MUC1 
Figure S10. RP-HPLC spectrum of purified MUC1 peptide (6). 

MUC1: HGVTSAPDTRPAPGSTAPPA 

 
HPLC analysis of purified MUC1 peptide (6). 

Eluents were 0.1% TFA in water (A) and 0.1% TFA in acetonitrile (B). The elution gradient was 0-30% B in 30 mins with a flow 

rate of 1.0 mL/min.  Detection was at wavelength = 214 nm.  Retention time (min) = 17.42. 

 

 

Figure S11. MALDI-TOF MS spectrum of purified MUC1 peptide (6). 

MUC1: HGVTSAPDTRPAPGSTAPPA 

 

MALDI-TOF MS analysis of purified MUC1 peptide (6). 

[M + H]+ = 1885.65 Da (expected, 1884.93 Da). 
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MUC1-Thr4 
Figure S12. RP-HPLC spectrum of purified MUC1-Thr4 peptide (7).  

MUC1: HGVT*SAPDTRPAPGSTAPPA 

 

HPLC analysis of purified glycosylated MUC1-Thr4 peptide (7). 

Eluents were 0.1% TFA in water (A) and 0.1% TFA in acetonitrile (B). The elution gradient was 0-30% B in 30 mins with a flow 

rate of 1.0 mL/min.  Detection was at wavelength = 214 nm.  Retention time (min) = 15.96. 

 

 

Figure S13. MALDI-TOF MS spectrum of purified MUC1-Thr4 peptide (7).  

MUC1: HGVT*SAPDTRPAPGSTAPPA 

 

MALDI-TOF MS analysis of purified glycosylated MUC1-Thr4 peptide (7). 

[M + H]+ = 2088.73 Da (expected, 2089.25 Da). 
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MUC1-Thr9 
Figure S14. RP-HPLC spectrum of purified MUC1-Thr9 peptide (8).  

MUC1: HGVTSAPDT*RPAPGSTAPPA 

 

HPLC analysis of purified glycosylated MUC1-Thr9 peptide (8). 

Eluents were 0.1% TFA in water (A) and 0.1% TFA in acetonitrile (B). The elution gradient was 0-30% B in 30 mins with a flow 

rate of 1.0 mL/min.  Detection was at wavelength = 214 nm.  Retention time (min) = 16.85. 

 

 

 

Figure S15. MALDI-TOF MS spectrum of purified MUC1-Thr9 peptide (8).  

MUC1: HGVTSAPDT*RPAPGSTAPPA 

 

MALDI-TOF MS analysis of purified glycosylated MUC1-Thr9 peptide (8).  

[M + H]+ = 2088.49 Da (expected, 2089.25 Da). 
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MUC1-Thr16 
Figure S16. RP-HPLC spectrum of purified MUC1-Thr16 peptide (9).  

MUC1: HGVTSAPDTRPAPGST*APPA 

 

HPLC analysis of purified glycosylated MUC1-Thr16 peptide (9). 

Eluents were 0.1% TFA in water (A) and 0.1% TFA in acetonitrile (B). The elution gradient was 0-30% B in 30 mins with a flow 

rate of 1.0 mL/min.  Detection was at wavelength = 214 nm.  Retention time (min) = 16.57. 

 

 

 

Figure S17. MALDI-TOF MS spectrum of purified MUC1-Thr16 peptide (9).  

MUC1: HGVTSAPDTRPAPGST*APPA 

 

MALDI-TOF MS analysis of purified glycosylated MUC1-Thr16 peptide (9). 

[M + H]+ = 2088.44 Da (expected, 2089.25 Da). 
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MUC1-Thr9,16 
Figure S18. RP-HPLC spectrum of purified MUC1-Thr9,16 peptide (10). 

MUC1: HGVTSAPDT*RPAPGST*APPA 

 
HPLC analysis of purified glycosylated MUC1-Thr9,16 peptide (10). 

Eluents were 0.1% TFA in water (A) and 0.1% TFA in acetonitrile (B). The elution gradient was 0-30% B in 30 mins with a flow 

rate of 1.0 mL/min.  Detection was at wavelength = 214 nm.  Retention time (min) = 15.93. 

 

 

Figure S19. MALDI-TOF MS spectrum of purified MUC1-Thr9,16 peptide (10). 

MUC1: HGVTSAPDT*RPAPGST*APPA 

 

MALDI-TOF MS analysis of purified glycosylated MUC1-Thr9,16 peptide (10). 

[M + H]+ = 2290.19 Da (expected, 2292.45 Da). 

 
 



S-13 

 

MUC1-Thr4,16 
Figure S20. RP-HPLC spectrum of purified MUC1-Thr4,16 peptide (11). 

MUC1: HGVT*SAPDTRPAPGST*APPA 

 

HPLC analysis of purified glycosylated MUC1-Thr4,16 peptide (11).  Eluents were 0.1% TFA in water (A) and 0.1% TFA in 

acetonitrile (B). The elution gradient was 0-30% B in 30 mins with a flow rate of 1.0 mL/min.  Detection was at wavelength = 

214 nm.  Retention time (min) = 15.38. 

 

 
 

 

Figure S21. MALDI-TOF MS spectrum of purified MUC1-Thr4,16 peptide (11). 

MUC1: HGVT*SAPDTRPAPGST*APPA 

 
MALDI-TOF MS analysis of purified glycosylated MUC1-Thr4,16 peptide (11) was performed with a MicroFlex LT system 

(Bruker). [M + H]+ = 2291.47 Da (expected, 2292.45 Da).  
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MUC1-Thr4,9 
Figure S22. RP-HPLC spectrum of purified MUC1-Thr4,9 peptide (12). 

MUC1: HGVT*SAPDT*RPAPGSTAPPA  

 

HPLC analysis of purified glycosylated MUC1-Thr4,9 peptide (12). 

Eluents were 0.1% TFA in water (A) and 0.1% TFA in acetonitrile (B). The elution gradient was 0-30% B in 30 mins with a flow 

rate of 1.0 mL/min.  Detection was at wavelength = 214 nm.  Retention time (min) = 15.62. 

 

 

Figure S23. MALDI-TOF MS spectrum of purified MUC1-Thr4,9 peptide (12). 

MUC1: HGVT*SAPDT*RPAPGSTAPPA 

 

MALDI-TOF MS analysis of purified glycosylated MUC1-Thr4,9 peptide (12). 

[M + H]+ = 2290.39 Da (expected, 2292.45 Da). 

 



S-15 

 

MUC1-Thr4,9,16 
Figure S24. RP-HPLC spectrum of purified MUC1-Thr4,9,16 peptide (13). 

MUC1: HGVT*SAPDT*RPAPGST*APPA 

 
HPLC analysis of purified glycosylated MUC1-Thr4,9,16 peptide (13). 

Eluents were 0.1% TFA in water (A) and 0.1% TFA in acetonitrile (B). The elution gradient was 0-30% B in 30 mins with a flow 

rate of 1.0 mL/min.  Detection was at wavelength = 214 nm.  Retention time (min) = 15.11. 

 

 

Figure S25. MALDI-TOF MS spectrum of purified MUC1-Thr4,9,16 peptide (13). 

MUC1: HGVT*SAPDT*RPAPGST*APPA 

 

MALDI-TOF MS analysis of purified glycosylated MUC1-Thr4,9,16 peptide (13). 

[M + H]+ = 2493.69 Da (expected, 2495.28 Da). 
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Circular Dichroism 
Figure S26. Circular dichroism spectra of MUC1 (glyco)peptides in buffered (A) H2O and (B) D2O. Δ[θ]max value represents 

each peptide molar ellipticity normalized against MUC1 [θ]max in deg cm2 dmol-1.   
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Macrophage Galactose Lectin 
Figure S27A. Molecular mass determination of hMGL by MALDI-TOF MS. 

 

 

 
 

  

(A) 
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Figure S27B. Tryptic peptide mass fingerprinting of hMGL by MALDI-TOF MS.  

 

 

 
List of detected peptides with their calculated (calc) and experimentally measured (exp) mass values. 

 
 

Sequence coverage (66.1%) 

 
ASMTGGQQMGRILVTLRTDFSNFTSNTVAEIQALTSQGSSLEETIASLKAEVEGFKQERQAVHSEMLLRVQQLVQDLK

KLTCQVATLNNNGEEASTEGTCCPVNWVEHQDSCYWFSHSGMSWAEAEKYCQLKNAHLVVINSREEQNFVQKYLG

SAYTWMGLSDPEGAWKWVDGTDYATGFQNWKPGQPDDWQGHGLGGGEDCAHFHPDGRWNDDVCQRPYHWVCE

AGLGQTSQESH 

(B) 
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Figure S27C. Chymotryptic peptide mass fingerprinting of hMGL by MALDI-TOF MS.  

 

   
List of detected peptides with their calculated (calc) and experimentally measured (exp) mass values. 

 

 
 

Sequence Coverage (67.8%) 

ASMTGGQQMGRILVTLRTDFSNFTSNTVAEIQALTSQGSSLEETIASLKAEVEGFKQERQAVHSEMLLRVQQLVQDLK

KLTCQVATLNNNGEEASTEGTCCPVNWVEHQDSCYWFSHSGMSWAEAEKYCQLKNAHLVVINSREEQNFVQKYLG

SAYTWMGLSDPEGAWKWVDGTDYATGFQNWKPGQPDDWQGHGLGGGEDCAHFHPDGRWNDDVCQRPYHWVCE

AGLGQTSQESH 

(C) 
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Figure S27D. Combined sequence coverage of tryptic and chymotrytic peptide mass fingerprinting of hMGL by MALDI-TOF 

MS.  

 

 
Sequence coverage (89.4%) 

ASMTGGQQMGRILVTLRTDFSNFTSNTVAEIQALTSQGSSLEETIASLKAEVEGFKQERQAVHSEMLLRVQQLVQDLK

KLTCQVATLNNNGEEASTEGTCCPVNWVEHQDSCYWFSHSGMSWAEAEKYCQLKNAHLVVINSREEQNFVQKYLG

SAYTWMGLSDPEGAWKWVDGTDYATGFQNWKPGQPDDWQGHGLGGGEDCAHFHPDGRWNDDVCQRPYHWVCE

AGLGQTSQESH 

 
 
  

(D) 
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Isothermal Titration Calorimetry 
Figure S28. ITC binding data for free glycan-MGL interactions. Isotherms corresponding to binding of (A) α/β-GalNAc (1.50 

mM) with hMGL (29.6 µM), (B) Thr-Tn (1.50 mM) with hMGL (50.0 µM), (C) α-Me-GalNAc (1.50 mM) with hMGL (50.0 

µM), and (D) β-Me-GalNAc (1.50 mM) with hMGL (50.0 µM). The titrations, integrated data, and signature plots are shown in 

the upper, middle, and lower panels. The titrations were performed in buffered (10 mM HEPES sodium salt, 50 mM NaCl, and 2 

mM CaCl2 at pH 7.4) H2O at 25˚C.  
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Figure S29. ITC binding data for MUC1 glycopeptide-MGL interactions. Isotherms corresponding to binding of  (A) MUC1-

Thr4 (0.50 mM) with hMGL (11.5 µM), (B) MUC1-Thr9 (0.44 mM) with hMGL (19.0 µM), (C) MUC1-Thr16 (0.50 mM) with 

hMGL (22.0 µM), (D) MUC1-Thr9,16 (0.50 mM) with hMGL (19.0 µM), (E) MUC1-Thr4,16 (0.50 mM) with hMGL (20.0 µM), 

(F) MUC1-Thr4,9 (0.50 mM) with hMGL (11.0 µM), and (G) MUC1-Thr4,9,16 (0.25 mM) with hMGL (20.0 µM). The titrations, 

integrated data, and signature plots are shown in the upper, middle, and lower panels. The titrations were performed in buffered 

(10 mM HEPES sodium salt, 50 mM NaCl, and 2 mM CaCl2 at pH 7.4) H2O at 25˚C. 

MUC1-Thr4:  HGVT*SAPDTRPAPGSTAPPA                 MUC1-Thr9,16:  HGVTSAPDT*RPAPGST*APPA 
MUC1-Thr9:  HGVTSAPDT*RPAPGSTAPPA            MUC1-Thr4,16:  HGVT*SAPDTRPAPGST*APPA 
MUC1-Thr16: HGVTSAPDTRPAPGST*APPA            MUC1-Thr4,9:    HGVT*SAPDT*RPAPGSTAPPA 

MUC1-Thr4,9,16:  HGVT*SAPDT*RPAPGST*APPA 

 
 



S-23 
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Figure S30. Thermodynamics of free GalNAc and MUC1 glycopeptide-hMGL interactions. Isotherms corresponding to binding 

of (A) α/β-GalNAc (1.50 mM) with hMGL (28.6 µM), (B) MUC1-Thr4 (0.50 mM) with hMGL (21.0 µM), (C) MUC1-Thr9 

(0.50 mM) with hMGL (17.5 µM), (D) MUC1-Thr16 (0.50 mM) with hMGL (14.4 µM), (E) MUC1-Thr9,16 (0.50 mM) with 

hMGL (20.0 µM), (F) MUC1-Thr4,16 (0.50 mM) with hMGL (19.0 µM), (G) MUC1-Thr4,9 (0.50 mM) with hMGL (24.5 µM), 

and (H) MUC1-Thr4,9,16 (0.25 mM) with hMGL (21.0 µM). The titrations, integrated data, and signature plots are shown in the 

upper, middle, and lower panels. The titrations were performed in buffered (10 mM HEPES sodium salt, 50 mM NaCl, and 2 mM 

CaCl2 at pH 7.4) D2O at 25˚C. 

MUC1-Thr4:  HGVT*SAPDTRPAPGSTAPPA                 MUC1-Thr9,16:  HGVTSAPDT*RPAPGST*APPA 
MUC1-Thr9:  HGVTSAPDT*RPAPGSTAPPA            MUC1-Thr4,16:  HGVT*SAPDTRPAPGST*APPA 
MUC1-Thr16: HGVTSAPDTRPAPGST*APPA            MUC1-Thr4,9:    HGVT*SAPDT*RPAPGSTAPPA 

MUC1-Thr4,9,16:  HGVT*SAPDT*RPAPGST*APPA 
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NITPIC, SEDPHAT, and GUSSI 
Figure S31. NITPIC/SEDPHAT/GUSSI thermodynamic values in water. Thermodynamics of MUC1 glycopeptide-hMGL 

interactions. Isotherms corresponding to binding of (A) α/β-GalNAc (1.50 mM) with hMGL (29.6 µM), (B) MUC1-Thr4 (0.50 

mM) with hMGL (11.5 µM), (C) MUC1-Thr9 (0.44 mM) with hMGL (19.0 µM), (D) MUC1-Thr16 (0.50 mM) with hMGL (22.0 

µM), (E) MUC1-Thr9,16 (0.50 mM) with hMGL (19.0 µM), (F) MUC1-Thr4,16 (0.50 mM) with hMGL (20.0 µM), (G) MUC1-

Thr4,9 (0.50 mM) with hMGL (22.0 µM), and (H) MUC1-Thr4,9,16 (0.25 mM) with hMGL (20.0 µM). Monte-Carlo error 

analysis.  
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NITPIC/SEDPHAT/GUSSI thermodynamic values in deuterium oxide. Thermodynamics of MUC1 glycopeptide-hMGL 

interactions. Isotherms corresponding to binding of (A) α/β-GalNAc (1.50 mM) with hMGL (28.6 µM), (B) MUC1-Thr4 (0.50 

mM) with hMGL (21.0 µM), (C) MUC1-Thr9 (0.44 mM) with hMGL (17.5 µM), (D) MUC1-Thr16 (0.50 mM) with hMGL (14.4 

µM), (E) MUC1-Thr9,16 (0.50 mM) with hMGL (20.0 µM), (F) MUC1-Thr4,16 (0.50 mM) with hMGL (19.0 µM), (G) MUC1-

Thr4,9 (0.50 mM) with hMGL (24.5 µM), and (H) MUC1-Thr4,9,16 (0.25 mM) with hMGL (21.0 µM). Monte-Carlo error 

analysis.  
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AFFINImeter KinITC 
Figure S32. Affinimeter KinITC data in water. 
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Figure S33. AFFINImeter KinITC data in deuterium. 
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