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Fig. S1 HPLC chromatographs and ESI-MS spectra of glycosylated GLP-1 analogues

Glc-GLP-1-1

HPLC-C18-UV: The column (4.6 mm × 250 mm) was eluted with a linear gradient of 

20-60% acetonitrile (ACN) containing 0.1% TFA within 35 min at a flow rate of 1 

mL/min. TR = 17.107 min.

MS: calculated 3514.7369; found 3515.4704.

3515.4704

+MS, 0.3min, Deconvoluted (MaxEnt, 572.60-1759.27, *0.0625, 10000)
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Glycan-GLP-1-1(G2)

HPLC-C18-UV: The column (4.6 mm × 250 mm) was eluted with a linear gradient of 20-60% 

acetonitrile (ACN) containing 0.1% TFA within 35 min at a flow rate of 1 mL/min. TR = 16.087 

min.

MS: calculated 4935.2391; found 4936.2523.

4774.2028

4936.2523

5050.3344
5146.4053

+MS, 0.4min, Deconvoluted (MaxEnt, 703.94-1647.12, *0.0208333, 30000)
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Glycan-GLP-1-1(G2S2)

HPLC-C18-UV: The column (4.6 mm × 250 mm) was eluted with a linear gradient of 20-60% 

acetonitrile (ACN) containing 0.1% TFA within 35 min at a flow rate of 1 mL/min. TR = 15.599 

min.

MS: calculated 5517.4299; found 5518.4478.

5227.3504 5356.3927

5518.4478

5633.5386
5728.5931

+MS, 0.3min, Deconvoluted (MaxEnt, 789.20-1578.29, *0.0625, 10000)

0

1

2

3

6x10
Intens.

5200 5300 5400 5500 5600 5700 5800 5900 m/z



S5

Glc-GLP-1-3

HPLC-C18-UV: The column (4.6 mm × 250 mm) was eluted with a linear gradient of 20-60% 

acetonitrile (ACN) containing 0.1% TFA within 35 min at a flow rate of 1 mL/min. TR = 13.345 

min.

MS: calculated 3441.6325; found 3442.6382.

3442.6382

+MS, 0.3min, Deconvoluted (MaxEnt, 574.77-1378.89, *0.075, 10000)
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Glycan-GLP-1-3(G2)

HPLC-C18-UV: The column (4.6 mm × 250 mm) was eluted with a linear gradient of 20-60% 

acetonitrile (ACN) containing 0.1% TFA within 35 min at a flow rate of 1 mL/min. TR = 12.764 

min.

MS: calculated 4862.1347; found 4863.1389.

4701.0788

4863.1389
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+MS, 0.3min, Deconvoluted (MaxEnt, 811.18-1622.75, *0.0208333, 30000)
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Glycan-GLP-1-3(G2S2)

HPLC-C18-UV: The column (4.6 mm × 250 mm) was eluted with a linear gradient of 20-60% 

acetonitrile (ACN) containing 0.1% TFA within 35 min at a flow rate of 1 mL/min. TR = 12.394 

min.

MS: calculated 5444.3255; found 5445.3584.

5345.3185

5445.3584

5664.5121

+MS, 0.3-0.4min, Deconvoluted (MaxEnt, 318.29-1816.83, *0.0625, 10000)
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Glc-GLP-1-5

HPLC-C18-UV: The column (4.6 mm × 250 mm) was eluted with a linear gradient of 20-60% 

acetonitrile (ACN) containing 0.1% TFA within 35 min at a flow rate of 1 mL/min. TR = 19.384 

min.

MS: calculated 3446.6154; found 3447.6287.

3286.5590

3447.6287

+MS, 0.4min, Deconvoluted (MaxEnt, 690.32-1725.85, *0.0208333, 30000)
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Glycan-GLP-1-5(G2)

HPLC-C18-UV: The column (4.6 mm × 250 mm) was eluted with a linear gradient of 20-60% 

acetonitrile (ACN) containing 0.1% TFA within 35 min at a flow rate of 1 mL/min. TR = 18.252 

min.

MS: calculated 4867.1176; found 4868.1329.

4868.1329

4982.2191
5078.2843

+MS, 0.3min, Deconvoluted (MaxEnt, 366.14-1643.41, *0.0625, 10000)
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Glycan-GLP-1-5(G2S2)

HPLC-C18-UV: The column (4.6 mm × 250 mm) was eluted with a linear gradient of 20-60% 

acetonitrile (ACN) containing 0.1% TFA within 35 min at a flow rate of 1 mL/min. TR = 18.160 

min.

MS: calculated 5449.3085; found 5450.3383.

5450.3383

5565.4174 5661.4821

+MS, 0.3min, Deconvoluted (MaxEnt, 345.07-1819.18, *0.0625, 10000)

0

1

2

3

6x10
Intens.

5300 5400 5500 5600 5700 5800 m/z



S11

Table S1 Retention times, theoretical and observed molecular weights of glycosylated 

GLP-1 analogues

ESI-MS analysis
Peptide 

ID
Glycosylation 

site
Glycoform

Retention 
time (min) Calcd 

massb
Observedc

1 15N Glc 17.107 3514.74 3515.47

G2 16.087 4935.24 4936.25

G2S2 15.599 5517.43 5518.45

2 16N Glc N.A.a 3531.74 N.A.

3 26N Glc 13.345 3441.63 3442.64

G2 12.764 4862.13 4863.14

G2S2 12.394 5444.33 5445.36

4 34N Glc N.A. 3433.59 N.A.

5 34N Glc 19.384 3446.62 3447.63

G2 18.252 4867.12 4868.13

G2S2 18.160 5449.31 5450.34
a N.A.: Not applicable. b Molecular weight of free base. c [M+H]+.

Table S2 The calculated ratio of secondary structure elements for native GLP-1 and 

glycan-GLP-1 analogues

Variants α-helix Antiparallel Parallel β-turn Radom coil

GLP-1 13.80% 43.00% 2.30% 20.70% 27.40%
Glycan-

GLP-1-1(G2) 13.70% 45.10% 2.30% 20.00% 26.90%

Glycan-
GLP-1-1(G2S2) 13.80% 45.20% 2.20% 20.00% 26.80%

Glycan-
GLP-1-3(G2) 13.40% 45.80% 2.30% 19.90% 26.70%

Glycan-
GLP-1-3(G2S2) 13.30% 46.20% 2.30% 19.70% 26.70%

Glycan-
GLP-1-5(G2) 13.50% 46.00% 2.30% 19.60% 26.80%

Glycan-
GLP-1-5(G2S2) 13.40% 45.10% 2.20% 20.10% 26.90%
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Fig. S2 Degradation profiles of GLP-1 isoforms incubated with DPP-IV

GLP-1

Glc-GLP-1-1
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Glc-GLP-1-3

Glc-GLP-1-5
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Glycan-GLP-1-1(G2)

Glycan-GLP-1-1(G2S2)
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Glycan-GLP-1-3(G2)

Glycan-GLP-1-3(G2S2)
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Glycan-GLP-1-5(G2)

Glycan-GLP-1-5(G2S2)
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Fig. S3 Degradation profiles of GLP-1 isoforms incubated with mouse serum
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Glc-GLP-1-3

Glc-GLP-1-5
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Glycan-GLP-1-1(G2)

Glycan-GLP-1-1(G2S2)
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Glycan-GLP-1-3(G2)

Glycan-GLP-1-3(G2S2)
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Glycan-GLP-1-5(G2)

Glycan-GLP-1-5(G2S2)
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Fig. S4 GLP-1-bound extracellular domain (ECD) of the GLP-1 receptor (GLP-1R) 

(derived from crystal structure of PDB ID: 3IOL)1. GLP-1R is shown in green while 

GLP-1 is in cyan. The amino acids at positions 15, 26 and 34 of GLP-1, which were 

glycosylated in this study, are highlighted in orange and shown as sticks.
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