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I. General Information 

Materials and Methods 

All commercial materials (Sigma Aldrich, Fisher, Acros, TCI, Adamas, J&K, GL 

Biochem, Energy, etc.) were used without further purification. All solvents were reagent 

grade or HPLC grade (Fisher, Sigma, Acros, Oceanpak). Anhydrous tetrahydrofuran, 

dichloromethane, diethyl ether, toluene, and N,N-dimethyl formamide were purified 

and dried by PURE SOLV® solvent purification system (Innovative Technology, Inc.). 

Filtration for crude peptide was performed using a Bulk GHP Acrodisc® 13 mm syringe 

filter with 0.2 μm GHP membrane. Ultra-pure argon (≥ 99.999%) was used in all 

ligation and desulfurization reactions. Yields refer to chromatographically pure 

materials unless otherwise stated. 

HPLC  

All HPLC separations involved a mobile phase of 0.05% (v/v) TFA in water (solvent A) 

and 0.04% (v/v) TFA in acetonitrile (solvent B). UPLC separations involved a mobile 

phase of 0.1% (v/v) formic acid in water (solvent C) and 0.1% (v/v) formic acid in 

acetonitrile (solvent D). 

Analytical LC-MS(SQD) analyses were performed using a Waters Alliance e2695 

Separations Module and a Waters 2489 UV/Visible (UV/Vis) Detector equipped with a 

Beim Brueckle C4 column (5.0 μm, 4.6 × 150 mm) at a flow rate of 0.4 mL/min, or a 

Higgins Analytical Proto-300 C4 column (5.0 μm, 2.1 × 150 mm) at a flow rate of 0.2 

mL/min. The wavelengths of UV-detector were set to 210 nm and 220 nm. 

Analytical UPLC-MS(SQD) analyses were performed using a Waters ACQUITY 

UPLC H-Class Separations Module and a PDA Detector equipped with a ACQUITY 

UPLC® Protein BEH C4 column (1.7 μm, 2.1 × 50 mm) at a flow rate of 0.2 mL/min. 

The column temperature was set to 80 ℃. The wavelengths of UV-detector were set to 

210 nm and 220 nm. 
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Analytical UPLC-MS(Q-TOF) analyses were performed using a Waters ACQUITY 

UPLC H-Class Separations Module equipped with an ACQUITY UPLC® Protein BEH 

C4 column (1.7 μm, 2.1 × 50 mm) at a flow rate of 0.2 mL/min. The column temperature 

was set to 80 ℃. 

Normal preparative HPLC separations were performed using a Hanbon Sci. & Tech. 

NP7005C solvent delivery system and a Hanbon Sci. & Tech. NU3010C UV detector 

equipped with a Beim Brueckle C4 column (10.0 μm, 20 × 250 mm), or a Proto-300 

C4 column-1 (10.0 μm, 20 × 250 mm) at a flow rate of 16 mL/min. The wavelengths 

of UV-detector were set to 210 nm and 220 nm. 

Preparative HPLC separations for folded protein mixtures were performed using a 

Waters 1525 Binary HPLC Pump and a Waters 2489 UV/Vis Detector equipped with a 

Proto-300 C4 column-2 (10.0 μm, 10 × 250 mm) at a flow rate of 4.75 mL/min. The 

wavelengths of UV-detector were set to 210 nm and 220 nm. The column temperature 

was set to 37 ℃.  
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II. General Procedures 

2.1 Preparation of pre-loaded resins for solid phase peptide synthesis 

Derivatization on 2-chlorotritylchloride (CTC) resin 

Fmoc-hydrazine or the first Fmoc-Xaa was loaded on CTC resin before Fmoc-SPPS 

following the general procedure described below. 

To a mixture of Fmoc-hydrazine/Xaa (0.5 equiv) and CTC resin in dry DCM (approx. 

10 mL per gram of resin) was added DIEA (4.0 equiv) dropwise. The reaction mixture 

was agitated for 2 hours. The resin was collected and washed with 17/2/1 (v/v/v) of 

DCM/MeOH/DIEA (× 3), DCM (× 3), DMF (× 3), DCM (× 3), and dried in vacuo 

overnight at room temperature before the loading test. 

Derivatization on Trityl alcohol ChemMatrix® resin 

Fmoc-hydrazine or the first Fmoc-Xaa was loaded to Trityl alcohol ChemMatrix® resin 

before Fmoc-SPPS following the general procedure described below. 

To the mixture of Trityl alcohol ChemMatrix® resin swelled in dry DCM (approx. 14 

mL per gram of resin) was added SOCl2 (2%, v/v). The reaction mixture was agitated 

overnight. The resin was collected and washed with DCM (× 5) and NMM/DCM (2%, 

v/v, × 3) to obtain chlorinated Trityl ChemMatrix resin, ready for use in loading desired 

amino acids. 

To the Trityl chloride ChemMatrix® resin was added the solution of Fmoc-

hydrazine/Xaa (3.0 equiv) and NMM (4.0 equiv) in dry DCM. The reaction mixture 

was agitated overnight. 25% (v/v) of NMM/MeOH (25% vol. of DCM) was added to 

the reaction mixture and further agitated for an hour. The resin was collected and 

washed with DCM (× 3), DMF (× 3), MeOH (× 3), Et2O (× 3), and dried in vacuo 

overnight at room temperature before the loading test. 
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Determination of resin loadingS1 

Dry Fmoc-hydrazine/Xaa resin (approx. 5 μmol with respect to Fmoc) was weighted 

into a clean test tube (Weightresin/mg), followed by the addition of 2 mL of 2% DBU in 

DMF. The mixture was agitated gently for 40 min, and then diluted to 10 mL with 

acetonitrile. 2 mL of the resulting solution was taken out and diluted to 25 mL as the 

test solution. A reference solution was prepared in the same manner without the addition 

of resin. 

Two matched silica UV cells were filled with reference solution to blank the U.V. 

spectrophotometer. The solution in one of the silica UV cells was changed to the test 

solution after washing with the test solution for three times. The optical density at 304 

nm was recorded for three times and the average value was calculated as Abssample. The 

Fmoc loading of resin could be calculated using the equation below. 

Fmoc loading (mmol/g) = Abssample × 16.4/ Weightresin/mg 

2.2 Automated solid-phase peptide synthesis 

Automated peptide synthesis was performed on a CS Bio peptide synthesizer 

(CX136XT). Peptides were synthesized following the general protocol using DMF as 

solvent, deblock for 5 min (× 2) in piperidine/DMF (20/80, v/v), couple for 20 min using 

excess amino acids (4 equiv) and HATU/HOBt (1:1, 4 equiv) as coupling reagents. The 

coupling cycle was repeated as needed for amino acids after steric hindered residues 

such as Pro, Ile, Thr and Val. 

The following αN-Fmoc or αN-Boc-protected amino acids from Novabiochem, GL 

Biochem or CS Bio were employed in SPPS: Fmoc-Ala-OH, Fmoc-Arg(Pbf)-OH, 

Fmoc-Asn(Trt)-OH, Fmoc-Asp(OtBu)-OH, Fmoc-Cys(Trt)-OH, Fmoc-Cys(StBu)-OH, 

Fmoc-Cys(Acm)-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Gln(Trt)-OH, Fmoc-Gly-OH, 

Fmoc-His(Trt)-OH, Fmoc-Ile-OH, Fmoc-Leu-OH, Fmoc-Lys(Boc)-OH, Fmoc-Nle-

OH, Fmoc-Phe-OH, Fmoc-Pro-OH, Fmoc-Ser(tBu)-OH, Fmoc-Thr(tBu)-OH, Fmoc-

 
S1 Peptide Synthesis, 2010/2011 Catalog, Merck. 
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Trp(Boc)-OH, Fmoc-Tyr(tBu)-OH, Fmoc-Val-OH, Boc-Gly-OH, Boc-Cys(StBu)-OH, 

Boc-Thz-OH. 

The CTC resin (0.97 mmol/g) employed in SPPS was purchased from GL Biochem, 

and Trityl alcohol ChemMatrix® resin (0.42 mmol/g) was purchased from PCAS 

BioMatrix. 

2.3 Removal of acetyl protections of carbohydrate on peptide 

Upon completion of the automated synthesis on a 0.05 mmol scale, the Ac-protected 

glycopeptide resin was washed into a peptide synthesis vessel by using DCM. To the 

resin was added 10 mL of hydrazine hydrate solution in DMF (5%, v/v) and the resulting 

mixture was aigtated at room temperature for overnight. The resin was collected and 

washed with DMF (× 3), DCM (× 3), DMF (× 3), MeOH (× 3), DCM (× 3), and was 

ready for global deprotection. 

2.4 Preparation of peptidyl acids and peptidyl hydrazides  

Upon completion of the automated synthesis on a 0.05 mmol scale, the peptide resin 

was washed into a peptide synthesis vessel by using DCM. Resin cleavage and global 

deprotection was performed under the treatment of TFA/TIS/H2O (95:2.5:2.5, v/v/v) 

solution for 2.5 hours. The resin was then removed by filtration, and the filtrate was 

concentrated under a nitrogen atmosphere. The resulting residue was washed with cold 

diethyl ether to give a white solid, which was then dissolved in a mixture of acetonitrile 

and water containing 5% of acetic acid. The resulting solution was ready for HPLC 

purification after filtration. 

2.5 Hydrazide-based native chemical ligation 

To the west-side peptidyl hydrazide (1.2 equiv, 6 mM) was added 200 mM phosphate 

buffer (pH 3.0-4.0) containing 6 M Gn·HCl. The solution was then cooled to -15 °C 

and gently stirred for 15 min. To the peptide solution was added a freshly prepared 

solution of 200 mM NaNO2 (6.5 equiv) in degassed water dropwise and the resulting 

mixture was incubated for 15 min. Then ligation buffer (6 M Gn·HCl, 200 mM 
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Na2HPO4, 200 mM MPAA, pH 7.0) containing 100 equiv of MPAA was added, 

followed by the east-side peptide containing thio-amino acid at the N-terminus (1.0 

equiv). The resulting solution was then warmed up to room temperature and the pH was 

adjusted to 6.5-6.9 by using 2 M NaOH. The reaction was stirred at room temperature 

and monitored by LC-MS. Upon completion, equal volume of reducing buffer (6 M 

Gn·HCl, 200 mM Na2HPO4, 150 mM TCEP·HCl, pH 6.2) was added to the reaction 

solution and incubated for 20 minutes, and the reaction was then quenched by adding 

equal volume of CH3CN/H2O/AcOH (30/65/5, v/v/v) and further purified using HPLC. 

2.6 Metal-free desulfurization 

To a solution of the thiol-aspartate containing peptide (~ 2 mg) in 200 μL of degassed 

buffer (6 M Gn·HCl, 200 mM Na2HPO4, pH 8.0) was added 200 μL of 0.5 M Bond-

breaker® TCEP solution (Pierce), 50 μL of 2-methyl-2-propanethiol and 80 μL of 

radical initiator ACVA (0.2 M in degassed water, pH 9.0-10.0). The reaction mixture 

was stirred at 50 °C for 5 hours, quenched by addition of CH3CN/H2O/AcOH (30/65/5, 

v/v/v) and further purified using HPLC. 

2.7 Removal of acm groups on cysteines 

5 mg of PdCl2 was dissolved in 500 μL of degassed neutral buffer (6 M Gn·HCl, 200 

mM Na2HPO4) under an argon atmosphere, and the mixture was gently stirred for 30 

min at 37 °C for complete dissolution. To the solution of Acm-protected peptide in 

neutral buffer was added the PdCl2 (10 equiv) solution, and the resulting mixture was 

stirred at 37 °C for 30 min. Then 2-fold volume of degassed guanidine buffer (6 M 

Gn·HCl, 1 M DTT) was added, and the resulting mixture was further incubated for 15 

min. The solution was diluted with CH3CN/H2O/AcOH (30/65/5, v/v/v) and further 

purified by HPLC. 

2.8 Protein folding via a two-step “oxidation-dimerization” procedure 

Human IL-17A prime structure was dissolved in reducing buffer (6 M Gn·HCl, 100 

mM NaCl, 5 mM EDTA, 10 mM DTT, 20 mM Tris·HCl, pH 8.5), and the resulting 

solution (~ 30 mg/mL) was incubated at room temperature for 1 hour. Then the reaction 
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solution was 20-fold diluted with folding buffer (500 mM Gn·HCl, 20 mM Tris·HCl, 

15% glycerol, 1 M arginine, 5 mM cysteine, 1 mM cystamine, pH 9.0) to make a 

concentration of 1-2 mg/mL. The folding reaction was then incubated under 2-8 ℃ for 

36 hours followed by buffer exchange by using water through ultracentrifugation 

(MWCO 3000, at least four rounds of dilution-centrifugation). The folded mixture was 

then analyzed by LC-MS, UPLC-HRMS(Q-TOF) and further purified by HPLC. 

2.9 Nonreducing SDS-PAGE 

SDS polyacrylamide gel electrophoresis was carried out using NuPAGE® 4-12% 

gradient Bis-Tris Mini Gels under nonreducing conditions (Novex; Invitrogen). Protein 

samples were combined with NuPAGE LDS sample buffer (3/1, v/v) and 

electrophoresed at 200 V (constant voltage) in MES buffer for 27 min. Gels were 

stained with Coomassie Brilliant Blue. 

2.10 Surface plasmon resonance (SPR) 

Binding of IL-17A variants to IL-17RA was conducted on a Biacore T200. IL-17RA 

was immobilized on a CM5 sensor chip in 10 mM acetic acid (pH 4.5). IL-17A variants 

with different concentrations were allowed to flow over the chip in a HEPES buffer (10 

mM HEPES, 150 mM NaCl, 0.05% surfactant P20, pH 7.4). The chip was regenerated 

by using a pulse of 3 M MgCl2 after each injection. Binding KD values were determined 

by Biacore T200 Evaluation Software.  
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III. Preparation and Characterization of Peptide Segments 

Peptidyl Hydrazide 2 

 

Peptide 2 was prepared according to General Procedure 2.2 & 2.4 using Fmoc-Ser-

NHNH-ChemMatrix® resin (0.12 mmol/g, 0.047 mmol), Fmoc-Cys(Acm)-OH, Fmoc-

Nle-OH and other standard αN-Fmoc amino acids. After global deprotection using 

TFA/TIS/H2O (95/2.5/2.5, v/v/v), the crude peptide was dissolved in 28 mL of 

CH3CN/H2O/AcOH (35/60/5, v/v/v) and further purified using RP-HPLC (linear 

gradient 20-31% solvent B over 30 min, Proto-300 C4 column-1). Product eluted at 

15.3-17.1 min. The fractions were collected and lyophilized to provide peptide 2 (118.6 

mg, 54%) as a fluffy white solid. 

 

Figure S1. HPLC-MS analysis of peptide 2. Left: UV and MS traces (Liner gradient of 20-30% 

solvent B over 30 min, Beim Brueckle C4 column, tR = 16.2 min); Right: ESI-MS data. Calcd 

for C196H325N69O62S: 4672.24 Da (average isotopes), [M+3H]3+ m/z = 1558.41, [M+4H]4+ m/z 

= 1169.06, [M+5H]5+ m/z = 935.45, [M+6H]6+ m/z = 779.71; observed: 1558.09, 1168.80, 

935.30, 779.62.  
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Peptidyl Hydrazide 3a 

 

Peptide 3a was prepared according to General Procedure 2.2 & 2.4 using Fmoc-Gly-

NHNH-CTC resin (0.123 mmol/g, 0.037 mmol), Boc-Asp(OtBu)(βSTmob)-OH (s1)S2, 

Fmoc-Cys(Acm)-OH and other standard αN-Fmoc amino acids. After global 

deprotection, the crude peptide was dissolved in 16 mL of CH3CN/H2O/AcOH (38/57/5, 

v/v/v) and further purified using RP-HPLC (linear gradient 20-28% solvent B over 30 

min, Proto-300 C4 column-1). Product eluted at 16-18.2 min. The fractions were 

collected and lyophilized to provide peptide 3a (33 mg, 21% yield including the 

aggregated forms of 3a) as a fluffy white solid. 

 

Figure S2. HPLC-MS analysis of peptide 3a. Left: UV and MS traces (Liner gradient of 20-

30% solvent B over 30 min, Beim Brueckle C4 column, tR = 18.0 min); Right: ESI-MS data. 

Calcd mass for C188H277N59O55S2: 4307.76 Da (average isotopes), [M+3H]3+ m/z = 1436.92, 

[M+4H]4+ m/z = 1077.94; observed: 1436.78, 1077.81. 

*Signals denote aggregated species that were generated after HPLC purification, presumably 

during lyophilization and storage, which do not affect the followed ligation steps and can be 

separated afterwards.  

 
S2 Robert E. T.; Bun C.; Leo R.; Katrina A. J.; Richard J. P. Angew. Chem. Int. Ed. 2013, 52, 9723-9727. 
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Glycopeptidyl Hydrazide 3b 

 

Glycopeptide 3b was prepared according to General Procedure 2.2, 2.3 & 2.4 using 

Fmoc-Gly-NHNH-CTC resin (0.4 mmol/g, 0.05 mmol), s1, Fmoc-Asn(Ac3GlcNAc)-

OH (s2)S3 , Fmoc-Cys(Acm)-OH and other standard αN-Fmoc amino acids. After global 

deprotection, the crude peptide was dissolved in 25 mL of CH3CN/H2O/AcOH (37/58/5, 

v/v/v) and further purified using RP-HPLC (linear gradient 20.5-24.5% solvent B over 

30 min, Proto-300 C4 column-1). Product eluted at 18.1-19.5 min. The fractions were 

collected and lyophilized to provide glycopeptide 3b (34.75 mg, 15% yield including 

the aggregated forms of 3b) as a fluffy white solid. 

 

Figure S3. HPLC-MS analysis of glycopeptide 3b. Left: UV and MS traces (Liner gradient of 

17-27% solvent B over 30 min, Proto-300 C4 column, tR = 20.2 min); Right: ESI-MS data. 

Calcd mass for C196H290N60O60S2: 4510.96 Da (average isotopes), [M+3H]3+ m/z = 1504.65, 

[M+4H]4+ m/z = 1128.74, [M+5H]5+ m/z = 903.19; observed: 1504.06, 1128.47, 902.97. 

*Signals denote aggregated species that were generated after HPLC purification, presumably 

during lyophilization and storage, which do not affect the followed ligation steps and can be 

separated afterwards.  

 
S3 (a) Cao, Z.; Qu, Y.; Zhou, J.; Liu, W.; Yao G. J. Carbohydr. Chem. 2015, 34 , 28-40; (b) Premdjee, B.; 

Adams, A. L.; Macmillan, D. Bioorg. Med. Chem. Lett. 2011, 21, 4973-4975. 
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Glycopeptidyl Hydrazide 3c 

 

Glycopeptide 3c was prepared according to General Procedure 2.2, 2.3 & 2.4 using 

Fmoc-Gly-NHNH-CTC resin (0.17 mmol/g, 0.05 mmol), s1, Fmoc-

Asn(Ac3GlcNAc(β1→4)Ac2GlcNAc)-OH (s3)S4, Fmoc-Cys(Acm)-OH and other 

standard αN-Fmoc amino acids. After global deprotection, the crude peptide was 

dissolved in 20 mL of CH3CN/H2O/AcOH (34/61/5, v/v/v) and further purified using 

RP-HPLC (linear gradient 20-28% solvent B over 30 min, Proto-300 C4 column-1). 

Product eluted at 16.5-17.6 min. The fractions were collected and lyophilized to provide 

glycopeptide 3c (46.46 mg, 19%) as a fluffy white solid. 

 

Figure S4. HPLC-MS analysis of glycopeptide 3c. Left: UV and MS traces (Liner gradient of 

20-28% solvent B over 30 min, Proto-300 C4 column, tR = 18.5 min; Right: ESI-MS data. Calcd 

mass for C204H303N61O65S2: 4714.15 Da (average isotopes), [M+3H]3+ m/z = 1572.38, [M+4H]4+ 

m/z = 1179.54, [M+5H]5+ m/z = 943.83; observed: 1571.77, 1179.32, 943.81.  

 
S4 Wagner, M.; Dziadek, S.; Kunz, H. Chem. Eur. J. 2003, 9, 6018-6030. 
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Optimization of the transglycosylation reaction 

 

Table S1. Transglycosylation conditions for 3ba 

 

Entry 
Conc. of 3b 

(mg/ml) 

Conc. of Endo-MN175Q 

(µg/µl) 
Reductant 

Conversionb  

(Isolated yield) 

1c 25 0.4 - <5% 

2 25 0.4 10 mM TCEP 43% (25%) 

3 25 1.2 10 mM TCEP <5% 

4 25 0.2 10 mM TCEP 41% (25%) 

5 6.5 0.2 10 mM TCEP 60% (29%) 

6d 6.5 0.2 10 mM TCEP >50% (40%) 

7 6.5 0.2 20 mM TCEP >50% (N.D.e) 

8 6.5 0.2 50 mM TCEP 50% (N.D.) 

9 6.5 0.2 20 mM Ascorbate <50% (N.D.) 

aReaction conditions: 3b, s4 (5.0 equiv), Endo-MN175Q, buffer, 2 h; then s4 (5.0 equiv), Endo-

MN175Q in buffer, 2 h; centrifuge to remove precipitate. bThe conversion was estimated by 

analyzing the HPLC traces of reaction mixture. cDMSO (30%) was added to improve solubility. 
dThe precipitate was treated with s4 and Endo-MN175Q, then combined with supernatant for 

purification. eN.D.: not determined. 
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Glycopeptidyl Hydrazide 3d 

 

A solution of GlcNAc-modified peptide 3b (2.75 mg, 0.61 μmol) and sialyl biantennary 

complex type N-glycan oxazolineS5 (SCT-ox, s4, 6.1 mg, 3.05 μmol) in 425 µL of Tris 

buffer (80 mM, 10 mM TCEP·HCl, pH 7.2) was incubated with Endo-MN175Q S6 (18 µL, 

4.94 mg/mL, final conc. = 0.2 μg/μL) at room temperature for 2 hours. Then another 

1.5 mg of s4 in 100 µL of Tris buffer and 5 µL of Endo-MN175Q were added to the 

reaction solution. After 2 hours, the reaction mixture was centrifuged. To the 

supernatant was added 600 µL of reducing buffer (6 M Gn·HCl, 200 mM Na2HPO4, 

150 mM TCEP·HCl, pH 6.3) and incubated for 15 minutes, and the reaction solution 

was diluted by addition of 1.2 mL of CH3CN/H2O/AcOH (30/65/5, v/v/v). To the 

precipitate was added 1.5 mg of s4 in 100 µL of Tris buffer and 5 µL of Endo-MN175Q 

to further incubate for 2 hours, then 150 µL of reducing buffer was added and incubated 

for 15 minutes followed by dilution with 300 µL of CH3CN/H2O/AcOH (30/65/5, v/v/v). 

The resulting solution was combined and further purified using RP-HPLC (linear 

gradient 18-27% solvent B over 30 min, Proto-300 C4 column-1). Product eluted at 

 
S5 Oxazoline s4 was prepared according to the published procedures: Tang, F.; Wang, L.-X.; Huang, W. 

Nat. Protoc. 2017, 12, 1702-1721. The plasmid encoding wild-type Endo-M was kindly provided by Prof. 

Wei Huang. 
S6 The glycosynthase Endo-MN175Q was prepared according to the published procedures: Umekawa, M.; 

Li, C.; Higashiyama, T.; Huang, W.; Ashida, H.; Yamamoto, K.; Wang, L.-X. J. Biol. Chem. 2010, 285, 

511-521. 
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18.7-20.1 min. The fractions were collected and lyophilized to provide glycopeptide 3d 

(1.6 mg, 40%, 63% brsm.) as a fluffy white solid. 

 

Figure S5. HPLC-MS analysis of glycopeptide 3d. Left: UV and MS traces (Liner gradient of 

17-27% solvent B over 30 min, Proto-300 C4 column, tR = 21.3 min); Right: ESI-MS data. 

Calcd mass for C272H413N65O116S2: 6513.76 Da (average isotopes), [M+4H]4+ m/z = 1629.44, 

[M+5H]5+ m/z = 1303.75; observed: 1629.98, 1304.00.  

 

Peptidyl Thioester 4 
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The resin-bound peptide 4’ was prepared according to General Procedure 2.2 using 

Fmoc-Pro-ChemMatrix® resin (0.27 mmol/g, 0.05 mmol), Boc-Thz-OH, Fmoc-Nle-

OH and other standard αN-Fmoc amino acids. After SPPS, the side-chain protected 

peptidyl acid 4’’ was cleaved from resin using DCM/TFE/AcOH (3/1/1, v/v/v) for three 

times (1 h × 3), the combined cleavage solution was concentrated under reduced 

pressure, and was lyophilized to remove the residual acid. The resulting white solid 

(238.8 mg) was ready for use in thioester derivatization reaction. 

 

A solution of Boc-His(Trt)-OH (50 mg, 0.1 mmol), ethyl 3-mercaptopropionate (15 

μL, 0.12 mmol) and 4-dimethylaminopyridine (1.2 mg, 0.01 mmol) in dry DCM (1 mL) 

was cooled to 0 °C followed by addition of EDCI (23 mg, 0.12 mmol). The reaction was 

warmed to room temperature and stirred for 18 h. The reaction was diluted with ethyl 

acetate and the resulting mixture was washed with 1 M HCl, water and brine NaCl 

separately, dried over MgSO4, and concentrated in vacuo. The crude was purified using 

silica gel column chromatography (DCM/MeOH 9/1, 0.5% NH3·H2O) to afford compound 

s5’ as a colorless oil (47 mg, 77%). 

Thioester s5’ (32 mg, 0.053 mmol) was treated with 0.53 mL of 4 M HCl in 1,4-

dioxane, and the resulting solution was stirred at room temperature for 20 min. The 

solvent was blown off under a nitrogen atmosphere, and the resulting residue was 

dissolved in a solution of 37% CH3CN in water, which was lyophilized to generate 

HCl·H2N-His(Trt)-S(CH2)2CO2Et (s5, 27 mg) as a fluffy white solid, which was used 

directly in the thioester derivatization reaction without further purification.  

To the mixture of 4’’ (0.05 mmol), s5 (77 mg, 0.15 mmol) and PyBop (78 mg, 0.15 

mmol) in 5 mL of dry DCM was added DIEA (44 µL, 0.25 mmol) dropwise in an ice 

bath, the resulting solution was allowed to warm to room temperature and stirred 

overnight. The reaction solution was then concentrated in vacuo and the resulting 

residue was treated with 12 mL of TFA/TIS/H2O (95/2.5/2.5, v/v/v) for 2.5 hours. Under 

a nitrogen atmosphere the cleavage solution was concentrated and the residue washed 

with cold diethyl ether to give a white solid, which was then dissolved in 25 mL of 

CH3CN/H2O/AcOH (43/52/5, v/v/v) and further purified using RP-HPLC (linear 
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gradient 25-35% solvent B over 30 min, Proto-300 C4 column-1). Product eluted at 

18.5-20.5 min. The fractions were collected and lyophilized to provide peptide thioester 

4 (31.42 mg, 18%) as a fluffy white solid. 

 

Figure S6. HPLC-MS analysis of peptide 4. Left: UV and MS traces (Liner gradient of 20-35% 

solvent B over 30 min, Beim Brueckle C4 column, tR = 26.5 min); Right: ESI-MS data. Calcd 

mass for C156H247N45O47S2: 3569.08 Da (average isotopes), [M+2H]2+ m/z = 1785.54, [M+3H]3+ 

m/z = 1190.69, [M+4H]4+ m/z = 893.27; observed: 1785.22, 1190.72, 893.03.  

 

Peptide 5a 

 

Peptide 5a was prepared according to General Procedure 2.2 & 2.4 using Fmoc-Ala-

ChemMatrix® resin (0.11 mmol/g, 0.024 mmol), Boc-Cys(StBu)-OH and other 

standard αN-Fmoc amino acids. After global deprotection using TFA/TIS/H2O 

(95/2.5/2.5, v/v/v), the crude peptide was dissolved in 15 mL of CH3CN/H2O/AcOH 

(43/52/5, v/v/v) and further purified using RP-HPLC (linear gradient 30-60% solvent B 

over 30 min, Beim Brueckle C4 column). Product eluted at 11.9-12.7 min. The fractions 

were collected and lyophilized to provide peptide 5a (9 mg, 12% yield including 

intramolecular disulfide forms of 5a) as a fluffy white solid. 
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Figure S7. HPLC-MS analysis of peptide 5a. Left: UV and MS traces (Liner gradient of 30-

60% solvent B over 30 min, Beim Brueckle C4 column, tR = 18.8 min); Right: ESI-MS data. 

Calcd mass for C133H220N36O35S4: 3011.68 Da (average isotopes), [M+2H]2+ m/z = 1506.84, 

[M+3H]3+ m/z = 1004.89, [M+4H]4+ m/z = 773.52; observed: 1506.18, 1004.60, 753.78. 

*Signals denote the product containing intramolecular disulfide that were generated after HPLC 

purification, presumably during lyophilization and storage, which could be reduced under 

reductive conditions in the followed ligation steps.  

 

Peptide 5b 

 

Peptide 5b was prepared according to General Procedure 2.2 & 2.4 using Fmoc-Ala-

ChemMatrix® resin (0.24 mmol/g, 0.05 mmol), Boc-Cys(StBu)-OH, Fmoc-Cys(Acm)-

OH and other standard αN-Fmoc amino acids. After global deprotection using 

TFA/TIS/H2O (95/2.5/2.5, v/v/v), the crude peptide was dissolved in 35 mL of 

CH3CN/H2O/AcOH (40/55/5, v/v/v) and further purified using RP-HPLC (linear 

gradient 30-50% solvent B over 30 min, Proto-300 C4 column-1). Product eluted at 

15.5-16.8 min. The fractions were collected and lyophilized to provide peptide 5b (43 

mg, 28%) as a fluffy white solid. 
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Figure S8. HPLC-MS analysis of peptide 5b. Left: UV and MS traces (Liner gradient of 20-

50% solvent B over 30 min, Proto-300 C4 column, tR = 26.7 min); Right: ESI-MS data. Calcd 

mass for C136H225N37O36S4: 3082.76 Da (average isotopes), [M+2H]2+ m/z = 1542.38, [M+3H]3+ 

m/z = 1028.59, [M+4H]4+ m/z = 771.69; observed: 1541.82, 1028.23, 771.50. 
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Stability evaluation of peptide 5a, 5b in solution and proposed aggregation mechanism 

of 5a 

 

Figure S9. (a) Stability test for 5a. Left: UV traces from LC-MS analysis of 5a, 1) in 

CH3CN/H2O (green), 2) stored at room temperature for 3 days (red), and 3) treated with TCEP 

in the stored solutions (blue). 5a’ represents the peptide with all disulfides cleaved by TCEP. 

Right: ESI-Mass data for 5a (top) and the major components in solution after stored at room 

temperature for 3 days (bottom). (b) Stability test for 5b. UV traces from LC-MS analysis of 

5b in CH3CN/H2O (top) and stored at room temperature for 3 days (bottom). Acm protection 

of Cys121 significantly improved the synthetic efficiency and stability of segment IL-17A(106-

132). (c) Proposed structure of the product generated from peptide 5a during purification or 

storage, which possesses a mass 2 Daltons less than that of 5a, and shows aggregation-like 

behavior in LC.  
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Peptide 5c 

 

Peptide 5c was prepared according to General Procedure 2.2 & 2.4 using Fmoc-Ala-

ChemMatrix® resin (0.24 mmol/g, 0.05 mmol), Boc-Cys(StBu)-OH, Fmoc-Cys(StBu)-

OH and other standard αN-Fmoc amino acids. After global deprotection using 

TFA/TIS/H2O (95/2.5/2.5, v/v/v), the crude peptide was dissolved in 36 mL of 

CH3CN/H2O/AcOH (46/49/5, v/v/v) and further purified using RP-HPLC (linear 

gradient 37-52% solvent B over 30 min, Proto-300 C4 column-1). Product eluted at 

17.5-19.2 min. The fractions were collected and lyophilized to provide peptide 5c (32.3 

mg, 21%) as a fluffy white solid. 

 

Figure S10. HPLC-MS analysis of peptide 5c. Left: UV and MS traces (Liner gradient of 50-

70% solvent B over 30 min, Proto-300 C4 column, tR = 16.7 min); Right: ESI-MS data. Calcd 

mass for C137H228N36O35S5: 3099.85 Da (average isotopes), [M+2H]2+ m/z = 1550.82, [M+3H]3+ 

m/z = 1034.22, [M+4H]4+ m/z = 775.91; observed: 1550.89, 1034.24, 776.07.  
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IV. Assembly of Peptide Fragments and Characterization of Products 

Ligated Peptide 6a 

 

Peptidyl hydrazide 2 (17.66 mg, 3.78 µmol) and peptide 3a (13.9 mg, 3.23 µmol) were 

subjected to the ligation conditions following General Procedure 2.5 as described 

previously. The reaction was stirred at room temperature for 16 hours, followed by 

addition of reducing buffer (6 M Gn·HCl, 200 mM Na2HPO4, 150 mM TCEP·HCl, pH 

6.2) and quenched by CH3CN/H2O/AcOH (30/65/5, v/v/v). The ligated product was 

purified using RP-HPLC (linear gradient 20-30% solvent B over 30 min, Proto-300 C4 

column-1). Product eluted at 22.2-23.4 min. The fractions were collected and 

lyophilized to provide peptide 6a (16.55 mg, 60%) as a fluffy white solid. 

 

Figure S11. HPLC-MS analysis of peptide 6a. Left: UV and MS traces (Liner gradient of 20-

30% solvent B over 30 min, Beim Brueckle C4 column, tR = 21.9 min); Right: ESI-MS data. 

Calcd mass for C384H598N126O117S3: 8947.95 Da (average isotopes), [M+5H]5+ m/z = 1790.59, 

[M+6H]6+ m/z = 1492.32, [M+7H]7+ m/z = 1279.28, [M+8H]8+ m/z = 1119.49, [M+9H]9+ m/z = 

995.22, [M+10H]10+ m/z = 895.80, [M+11H]11+ m/z = 814.45; observed: 1790.39, 1492.13, 

1279.24, 1119.40, 995.09, 895.80, 814.46. 
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Ligated Glycopeptide 6b 

 

Peptidyl hydrazide 2 (11.8 mg, 2.52 µmol) and glycopeptide 3b (8.13 mg, 1.8 µmol) 

were subjected to the ligation conditions following General Procedure 2.5 as described 

previously. The reaction was stirred at room temperature for 11 hours, followed by 

addition of reducing buffer (6 M Gn·HCl, 200 mM Na2HPO4, 150 mM TCEP·HCl, pH 

6.2) and quenched by CH3CN/H2O/AcOH (30/65/5, v/v/v). The ligated product was 

purified using RP-HPLC (linear gradient 21-29% solvent B over 30 min, Beim 

Brueckle C4 column). Product eluted at 19-22 min. The fractions were collected and 

lyophilized to provide glycopeptide 6b (10.74 mg, 65% yield including the aggregated 

forms of 6b) as a fluffy white solid. 

 

Figure S12. HPLC-MS analysis of glycopeptide 6b. Left: UV and MS traces (Liner gradient 

of 20-30% solvent B over 30 min, Proto-300 C4 column, tR = 21.6 min); Right: ESI-MS data. 

Calcd mass for C392H611N127O122S3: 9151.15 Da (average isotopes), [M+5H]5+ m/z = 1831.23, 

[M+6H]6+ m/z = 1526.19, [M+7H]7+ m/z = 1308.31, [M+8H]8+ m/z = 1144.89, [M+9H]9+ m/z = 

1017.79, [M+10H]10+ m/z = 916.12, [M+11H]11+ m/z = 832.92; observed: 1831.64, 1526.55, 

1308.67, 1145.10, 1017.89, 916.27, 833.04. 

*Signals denote aggregated species that were generated after HPLC purification, presumably 

during lyophilization and storage, which do not affect the followed desulfurization reaction. 
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Ligated Glycopeptide 6c 

 

Peptidyl hydrazide 2 (17.56 mg, 3.76 µmol) and glycopeptide 3c (14.5 mg, 3.08 µmol) 

were subjected to the ligation conditions following General Procedure 2.5 as described 

previously. The reaction was stirred at 37°C for 9 hours, followed by addition of 

reducing buffer (6 M Gn·HCl, 200 mM Na2HPO4, 150 mM TCEP·HCl, pH 6.2) and 

quenched by CH3CN/H2O/AcOH (30/65/5, v/v/v). The ligated product was purified 

using RP-HPLC (linear gradient 20-29% solvent B over 30 min, Proto-300 C4 column-

1). Product eluted at 23-24.8 min. The fractions were collected and lyophilized to 

provide glycopeptide 6c (16.67 mg, 58% yield including the aggregated forms of 6c) 

as a fluffy white solid. 

 

Figure S13. HPLC-MS analysis of glycopeptide 6c. Left: UV and MS traces (Liner gradient of 

15-30% solvent B over 30 min, Proto-300 C4 column, tR = 28.1 min); Right: ESI-MS data. 

Calcd mass for C400H624N128O127S3: 9354.34 Da (average isotopes), [M+5H]5+ m/z = 1871.87, 

[M+6H]6+ m/z = 1560.06, [M+7H]7+ m/z = 1337.33, [M+8H]8+ m/z = 1170.29, [M+9H]9+ m/z = 

1040.37, [M+10H]10+ m/z = 936.43, [M+11H]11+ m/z = 851.39; observed: 1872.08, 1560.33, 

1337.53, 1170.56, 1040.51, 936.74, 851.69. 

*Signals denote aggregated species that were generated after HPLC purification, presumably 

during lyophilization and storage, which do not affect the followed desulfurization reaction.  
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Ligated Glycopeptide 6d 

 

Peptidyl hydrazide 2 (4.45 mg, 0.95 µmol) and glycopeptide 3d (3.96 mg, 0.61 µmol) 

were subjected to the ligation conditions following General Procedure 2.5 as described 

previously. The reaction was stirred at 37 ℃ for 13 hours, followed by addition of 

reducing buffer (6 M Gn·HCl, 200 mM Na2HPO4, 150 mM TCEP·HCl, pH 6.2) and 

quenched by CH3CN/H2O/AcOH (30/65/5, v/v/v). The ligated product was purified 

using RP-HPLC (linear gradient 20-30% solvent B over 30 min, Beim Brueckle C4 

column). Product eluted at 20-22.5 min. The fractions were collected and lyophilized 

to provide glycopeptide 6d (3.91 mg, 58% yield including the aggregated forms of 6d) 

as a fluffy white solid. 
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Figure S14. HPLC-MS analysis of glycopeptide 6d. Left: UV and MS traces (Liner gradient 

of 15-30% solvent B over 30 min, Proto-300 C4 column, tR = 26.1 min); Right: ESI-MS data. 

Calcd mass for C468H734N132O178S3: 11153.95 Da (average isotopes), [M+6H]6+ m/z = 1859.99, 

[M+7H]7+ m/z = 1594.42, [M+8H]8+ m/z = 1395.24, [M+9H]9+ m/z = 1240.33, [M+10H]10+ m/z 

= 1116.40, [M+11H]11+ m/z = 1015.00, [M+12H]12+ m/z = 930.50, [M+13H]13+ m/z = 859.00; 

observed: 1860.94, 1595.21, 1395.98, 1240.93, 1117.01, 1015.45, 931.03, 859.40. 

*Signals denote the aggregated species that were generated after HPLC purification, 

presumably during lyophilization and storage, which do not affect the followed desulfurization 

reaction.  
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Reaction optimization for the desulfurization of IL-17A(1-75)  

 

Table S2. MFD conditions for IL-17A(1-75) 

Entry 

Radical 

initiator 

TCEP 

(mM) 

Hydrogen 

Donor 

pH Temp.a Result 

1 VA-044 180 tBuSH 7.0 37 7A/7A’ > 1 

2 VA-044 250 GSH 6.5 37 7A/7A’ ~ 1 

3 - 250 H2O/DTT 3.0 65 Peptide cleavage at Asp58 

4 UV (365 nm) 250 GSH 6.5 25 Slow rate & slight decomposition 

5 VA-044 180 tBuSH 3.0 37 7A/7A’ < 1 

6 VA-044 230 tBuSH 6.5 25 Slight 7A’ 

7 VA-044 230 tBuSH 6.3 20 Slow rate 

8 VA-044 800 tBuSH 3.0 25 7A/7A’ > 1 

9 V-50 230 GSH 6.5 37 7A/7A’’ > 1 

10 ACVA 180 tBuSH 7.0 37 Conv. <100%, trace amount 7A’’’ 

11 ACVA 180 GSH 6.5 30 Decreased conv., trace amount 7A’’’ 

12 ACVA 180 tBuSH 8.1 40 Conv. <100%, trace amount 7A’’’ 

13 ACVA 180 tBuSH 8.1 50 7A, yield = 80% 

aTemperature for 10 hours’ half-life: VA-044: 44 ℃; V-50: 56 ℃; ACVA: 69 ℃. 
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Figure S15. HPLC-MS analysis of the products generated from the VA-044-initiated MFD 

reaction following HPLC purification. Left: UV (top) and mass (bottom) traces; Right: ESI-MS 

data. 

 

  

Figure S16. Proposed mechanism for the side reaction of VA-044-initiated MFD. 
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Figure S17. ESI-MS data from HPLC-MS analysis of the product generated from ACVA-

initiated MFD on the substrates containing Met23 (a) or Nle23 (b), respectively. 
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Desulfurized Peptide 7a 

 

Ligated peptide 6a (3.32 mg, 0.37 µmol) was subjected to the MFD conditions 

following General Procedure 2.6 as described previously. The reaction was quenched 

by addition of CH3CN/H2O/AcOH (30/65/5, v/v/v) and further purified using RP-HPLC 

(linear gradient 20-30% solvent B over 30 min, Proto-300 C4 column-1). Product eluted 

at 23-24.4 min. The fractions were collected and lyophilized to provide peptide 7a (1.75 

mg, 53%) as a fluffy white solid. 

 

Figure S18. HPLC-MS analysis of peptide 7a. Left: UV and MS traces (Liner gradient of 20-

30% solvent B over 30 min, Beim Brueckle C4 column, tR = 24.1 min); Right: ESI-MS data. 

Calcd mass for C384H598N126O117S2: 8915.89 Da (average isotopes), [M+5H]5+ m/z = 1784.18, 

[M+6H]6+ m/z = 1486.98, [M+7H]7+ m/z = 1274.70, [M+8H]8+ m/z = 1115.49, [M+9H]9+ m/z = 

991.65, [M+10H]10+ m/z = 892.59, [M+11H]11+ m/z = 811.54; observed: 1784.15, 1486.71, 

1274.45, 1115.49, 991.44, 892.40, 811.44.  
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Desulfurized Glycopeptide 7b 

 

Ligated glycopeptide 6b (2.58 mg, 0.28 µmol) was subjected to the MFD conditions 

following General Procedure 2.6 as described previously. The reaction was quenched 

by addition of CH3CN/H2O/AcOH (30/65/5, v/v/v) and further purified using RP-HPLC 

(linear gradient 22-29% solvent B over 30 min, Proto-300 C4 column-1). Product eluted 

at 16.8-19.4 min. The fractions were collected and lyophilized to provide glycopeptide 

7b (1.67 mg, 65% yield including the aggregated forms of 7b) as a fluffy white solid. 

 

Figure S19. HPLC-MS analysis of glycopeptide 7b. Left: UV and MS traces (Liner gradient 

of 20-30% solvent B over 30 min, Proto-300 C4 column, tR = 21.0 min); Right: ESI-MS data. 

Calcd mass for C392H611N127O122S2: 9119.09 Da (average isotopes), [M+5H]5+ m/z = 1824.82, 

[M+6H]6+ m/z = 1520.85, [M+7H]7+ m/z = 1303.73, [M+8H]8+ m/z = 1140.89, [M+9H]9+ m/z = 

1014.23, [M+10H]10+ m/z = 912.91, [M+11H]11+ m/z = 830.01, [M+12H]12+ m/z = 760.92; 

observed: 1825.02, 1521.13, 1303.75, 1141.13, 1014.30, 913.06, 830.02, 761.09.  

*Signals denote the aggregated species that were generated after HPLC purification, 

presumably during lyophilization and storage, which do not affect the followed ligation steps 

and can be separated afterwards. 
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Desulfurized Glycopeptide 7c 

 

Ligated glycopeptide 6c (3.58 mg, 0.38 µmol) was subjected to the MFD conditions 

following General Procedure 2.6 as described previously. The reaction was quenched 

by addition of CH3CN/H2O/AcOH (30/65/5, v/v/v) and further purified using RP-HPLC 

(linear gradient 22-28% solvent B over 30 min, Proto-300 C4 column-1). Product eluted 

at 17.8-19.5 min. The fractions were collected and lyophilized to provide glycopeptide 

7c (1.8 mg, 50% yield including the aggregated forms of 7c) as a fluffy white solid. 

 

Figure S20. HPLC-MS analysis of glycopeptide 7c. Left: UV and MS traces (Liner gradient of 

20-30% solvent B over 30 min, Proto-300 C4 column, tR = 18.7 min); Right: ESI-MS data. 

Calcd mass for C400H624N128O127S2: 9322.28 Da (average isotopes), [M+5H]5+ m/z = 1865.52, 

[M+6H]6+ m/z = 1554.71, [M+7H]7+ m/z = 1332.75, [M+8H]8+ m/z = 1166.28, [M+9H]9+ m/z = 

1036.81, [M+10H]10+ m/z = 933.23, [M+11H]11+ m/z = 848.48, [M+12H]12+ m/z = 777.86; 

observed: 1865.59, 1554.91, 1333.12, 1166.46, 1036.98, 933.34, 848.67, 777.91. 

*Signals denote the aggregated species that were generated after HPLC purification, 

presumably during lyophilization and storage, which do not affect the followed ligation steps 

and can be separated afterwards. 
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Desulfurized Glycopeptide 7d 

 

Ligated glycopeptide 6d (2.34 mg, 0.149 µmol) was subjected to the MFD conditions 

following General Procedure 2.6 as described previously. The reaction was quenched 

by addition of CH3CN/H2O/AcOH (30/65/5, v/v/v) and further purified using RP-HPLC 

(linear gradient 22-28% solvent B over 30 min, Proto-300 C4 column-1). Product eluted 

at 18.4-20.3 min. The fractions were collected and lyophilized to provide glycopeptide 

7d (1.38 mg, 59% yield including the aggregated forms of 7d) as a fluffy white solid. 

 

Figure S21. HPLC-MS analysis of glycopeptide 7d. Left: UV and MS traces (Liner gradient 

of 20-30% solvent B over 30 min, Proto-300 C4 column, tR = 18.7 min); Right: ESI-MS data. 

Calcd mass for C468H734N132O178S2: 11121.89 Da (average isotopes), [M+6H]6+ m/z = 1854.65, 

[M+7H]7+ m/z = 1589.84, [M+8H]8+ m/z = 1391.24, [M+9H]9+ m/z = 1236.77, [M+10H]10+ m/z 

= 1113.19; observed: 1853.90, 1589.28, 1391.07, 1236.40, 1113.10. 

*Signals denote the aggregated species that were generated after HPLC purification, 

presumably during lyophilization and storage, which do not affect the followed ligation steps 

and can be separated afterwards.  
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Ligated Peptide 8 

 

To a mixture of peptidyl thioester 4 (11.56 mg, 3.24 µmol) and cysteinyl peptide 5c 

(8.37 mg, 2.7 µmol) was added 1.3 mL of ligation buffer (6 M Gn·HCl, 200 mM 

Na2HPO4, 50 mM TCEP·HCl, pH 7.0) under an argon atmosphere, and the resulting 

solution was stirred at room temperature to react for 5 hours. Then the reaction solution 

was added 220 µL of degassed methoxyamine hydrochloride solution in water (500 mM) 

and 220 µL of Bond Breaker® TCEP neutral solution. The resulting mixture was further 

stirred for 5 hours to completely convert Thz76 to Cys76. The reaction was quenched 

with 1.74 mL of CH3CN/H2O/AcOH (30/65/5, v/v/v) and purified using HPLC (linear 

gradient 28-40% solvent B over 30 min, Proto-300 C4 column-1). Product eluted at 

22.3-24 min. The fractions were collected and lyophilized to provide peptide 8 (9.5 mg, 

55% yield including intramolecular disulfide forms of 8) as a fluffy white solid. 
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Figure S22. HPLC-MS analysis of peptide 8. Left: UV and MS traces (Liner gradient of 25-

45% solvent B over 30 min, Beim Brueckle C4 column, tR = 21.8 min); Right: ESI-MS data. 

Calcd mass for C279H449N81O80S4: 6346.39 Da (average isotopes), [M+4H]4+ m/z = 1587.60, 

[M+5H]5+ m/z = 1270.28, [M+6H]6+ m/z = 1058.73, [M+7H]7+ m/z = 907.63, [M+8H]8+ m/z = 

794.30; observed: 1587.58, 1270.17, 1058.67, 907.65, 794.37. 

*Signals denote the product containing intramolecular disulfide that were generated after HPLC 

purification, presumably during lyophilization and storage, which could be reduced under 

reductive conditions in the followed ligation steps. 

 

Ligated Peptide 9a 

 

Peptidyl hydrazide 7a (3.44 mg, 0.386 μmol) and cysteinyl peptide 8 (2.2 mg, 0.347 

μmol) were subjected to the hydrazide-based NCL reaction conditions following 

General Procedure 2.5 as described previously, where excess amount of NaNO2 (20.0 

equiv) was used to oxidize for 30 minutes. The reaction was stirred at room temperature 
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for 3 hours, followed by addition of reducing buffer (6 M Gn·HCl, 200 mM Na2HPO4, 

150 mM TCEP·HCl, pH 6.2) and quenched by CH3CN/H2O/AcOH (30/65/5, v/v/v). 

The ligated product was purified using RP-HPLC (linear gradient 32-38% solvent B 

over 30 min, Proto-300 C4 column-1). Product eluted at 18.8-21 min. The fractions 

were collected and lyophilized to provide peptide 9a (2.2 mg, 42% yield including 

intramolecular disulfide forms of 9a) as a fluffy white solid. 

 

Figure S23. HPLC-MS analysis of peptide 9a. Left: UV and MS traces (Liner gradient of 15-

40% solvent B over 30 min, Proto-300 C4 column, tR = 27.2 min); Right: ESI-MS data. Calcd 

mass for C663H1043N205O197S6: 15230.24 Da (average isotopes), [M+8H]8+ m/z = 1904.78, 

[M+9H]9+ m/z = 1693.25, [M+10H]10+ m/z = 1524.02, [M+11H]11+ m/z = 1385.57, [M+12H]12+ 

m/z = 1270.19, [M+13H]13+ m/z = 1172.56, [M+14H]14+ m/z = 1088.87, [M+15H]15+ m/z = 

1016.35, [M+16H]16+ m/z = 952.89, [M+17H]17+ m/z = 896.90, [M+18H]18+ m/z = 847.12; 

observed: 1905.29, 1693.53, 1524.03, 1385.85, 1270.42, 1172.89, 1089.15, 1016.70, 953.19, 

897.24, 847.34. 

*Signals denote the product containing intramolecular disulfides that were generated after 

HPLC purification, presumably during lyophilization and storage, which could be reduced 

under reductive conditions in the followed Acm-deprotection steps.
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Ligated Glycopeptide 9b 

 

Glycopeptidyl hydrazide 7b (4.54 mg, 0.498 μmol) and cysteinyl peptide 8 (2.46 mg, 

0.388 μmol) were subjected to the hydrazide-based NCL reaction conditions following 

General Procedure 2.5 as described previously, where excess amount of NaNO2 (25.0 

equiv) was used to oxidize for 35 minutes. The reaction was stirred at room temperature 

for 3.5 hours, followed by addition of reducing buffer (6 M Gn·HCl, 200 mM Na2HPO4, 

150 mM TCEP·HCl, pH 6.2) and quenched by CH3CN/H2O/AcOH (30/65/5, v/v/v). 

The ligated product was purified using RP-HPLC (linear gradient 29-37% solvent B 

over 30 min, Proto-300 C4 column-1). The fractions containing pure product were 

collected and lyophilized to provide glycopeptide 9b (2.48 mg, 41%) as a fluffy white 

solid. 
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Figure S24. HPLC-MS analysis of glycopeptide 9b. Left: UV and MS traces (Liner gradient 

of 20-45% solvent B over 30 min, Proto-300 C4 column, tR = 23.6 min); Right: ESI-MS data. 

Calcd mass for C671H1056N206O202S6: 15433.43 Da (average isotopes), [M+8H]8+ m/z = 1930.18, 

[M+9H]9+ m/z = 1715.83, [M+10H]10+ m/z = 1544.34, [M+11H]11+ m/z = 1404.04, [M+12H]12+ 

m/z = 1287.12, [M+13H]13+ m/z = 1188.19, [M+14H]14+ m/z = 1103.39, [M+15H]15+ m/z = 

1029.90, [M+16H]16+ m/z = 965.59, [M+17H]17+ m/z = 908.85, [M+18H]18+ m/z = 858.41; 

observed: 1929.86, 1715.51, 1544.13, 1403.62, 1286.81, 1187.95, 1103.27, 1029.74, 965.47, 

908.65, 858.24.  

 

Ligated Glycopeptide 9c 

 

Glycopeptidyl hydrazide 7c (2.69 mg, 0.289 μmol) and cysteinyl peptide 8 (1.49 mg, 

0.235 μmol) were subjected to the hydrazide-based NCL reaction conditions following 

General Procedure 2.5 as described previously, where excess amount of NaNO2 (25.0 

equiv) was used to oxidize for 35 minutes. The reaction was stirred at room temperature 

for 7 hours, followed by addition of reducing buffer (6 M Gn·HCl, 200 mM Na2HPO4, 
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150 mM TCEP·HCl, pH 6.2) and quenched by CH3CN/H2O/AcOH (30/65/5, v/v/v). 

The ligated product was purified using RP-HPLC (linear gradient 30-38% solvent B 

over 30 min, Proto-300 C4 column-1). Product eluted at 18.3-20.5 min. The fractions 

were collected and lyophilized to provide glycopeptide 9c (1.93 mg, 53%) as a fluffy 

white solid. 

 

Figure S25. HPLC-MS analysis of glycopeptide 9c. Left: UV and MS traces (Liner gradient of 

20-45% solvent B over 30 min, Proto-300 C4 column, tR = 25.2 min); Right: ESI-MS data. 

Calcd mass for C679H1069N207O207S6: 15636.62 Da (average isotopes), [M+8H]8+ m/z = 1955.58, 

[M+9H]9+ m/z = 1738.40, [M+10H]10+ m/z = 1564.66, [M+11H]11+ m/z = 1422.51, [M+12H]12+ 

m/z = 1304.05, [M+13H]13+ m/z = 1203.82, [M+14H]14+ m/z = 1117.90, [M+15H]15+ m/z = 

1043.44, [M+16H]16+ m/z = 978.29, [M+17H]17+ m/z = 920.80, [M+18H]18+ m/z = 869.70; 

observed: 1955.81, 1738.64, 1564.80, 1422.78, 1304.38, 1204.14, 1118.14, 1043.66, 978.39, 

921.06, 869.83. 
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Ligated Glycopeptide 9d 

 

Glycopeptidyl hydrazide 7d (5.56 mg, 0.500 μmol) and cysteinyl peptide 8 (3.87 mg, 

0.610 μmol) were subjected to the hydrazide-based NCL reaction conditions following 

General Procedure 2.5 as described previously, where excess amount of NaNO2 (25.0 

equiv) was used to oxidize for 35 minutes. The reaction was stirred at room temperature 

for 8 hours, followed by addition of reducing buffer (6 M Gn·HCl, 200 mM Na2HPO4, 

150 mM TCEP·HCl, pH 6.2) and quenched by CH3CN/H2O/AcOH (30/65/5, v/v/v). 

The ligated product was purified using RP-HPLC (linear gradient 29-36% solvent B 

over 30 min, Proto-300 C4 column-1). Product eluted at 20.8-23.2 min. The fractions 

were collected and lyophilized to provide glycopeptide 9d (2.91 mg, 33% yield 

including intramolecular disulfide forms of 9d) as a fluffy white solid.
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Figure S26. HPLC-MS analysis of glycopeptide 9d. Left: UV and MS traces (Liner gradient 

of 20-45% solvent B over 30 min, Proto-300 C4 column, tR = 28.6 min); Right: ESI-MS data. 

Calcd mass for C747H1179N211O258S6: 17436.23 Da (average isotopes), [M+9H]9+ m/z = 1938.36, 

[M+10H]10+ m/z = 1744.62, [M+11H]11+ m/z = 1586.11, [M+12H]12+ m/z = 1454.02, 

[M+13H]13+ m/z = 1342.25, [M+14H]14+ m/z = 1246.44, [M+15H]15+ m/z = 1163.42, 

[M+16H]16+ m/z = 1090.76, [M+17H]17+ m/z = 1026.66, [M+18H]18+ m/z = 969.68, [M+19H]19+ 

m/z = 918.70; observed: 1938.00, 1744.08, 1585.75, 1453.45, 1341.68, 1245.91, 1163.00, 

1090.29, 1026.22, 969.26, 917.66. 

*Signals denote the product containing intramolecular disulfides that were generated after 

HPLC purification, presumably during lyophilization and storage, which could be reduced 

under reductive conditions in the followed Acm-deprotection steps.
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Desulfurized Peptide 10a 

 

Peptide 9a (2.2 mg, 0.144 μmol) was subjected to the Acm-deprotection reaction 

conditions following General Procedure 2.7 as described previously. The reaction was 

quenched by addition of CH3CN/H2O/AcOH (30/65/5, v/v/v) and further purified using 

RP-HPLC (linear gradient 31-43% solvent B over 30 min, Proto-300 C4 column-1). 

Product eluted at 16.4-17.6 min. The fractions were collected and lyophilized to provide 

peptide 10a (1.93 mg, 89%) as a fluffy white solid. 

 

Figure S27. HPLC-MS analysis of peptide 10a. Left: UV and MS traces (Liner gradient of 15-

40% solvent B over 30 min, Proto-300 C4 column, tR = 25.7 min); Right: ESI-MS data. Calcd 

mass for C657H1033N203O195S6: 15088.08 Da (average isotopes), [M+8H]8+ m/z = 1887.01, 

[M+9H]9+ m/z = 1677.45, [M+10H]10+ m/z = 1509.81, [M+11H]11+ m/z = 1372.64, [M+12H]12+ 

m/z = 1258.34, [M+13H]13+ m/z = 1161.62, [M+14H]14+ m/z = 1078.72, [M+15H]15+ m/z = 

1006.87, [M+16H]16+ m/z = 944.00, [M+17H]17+ m/z = 888.53, [M+18H]18+ m/z = 839.23; 

observed: 1887.27, 1677.65, 1510.04, 1372.94, 1258.51, 1161.86, 1079.07, 1006.99, 944.31, 

888.80, 839.34. 
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Desulfurized glycopeptide 10b 

 

Glycopeptide 9b (2.48 mg, 0.161 μmol) was subjected to the Acm-deprotection reaction 

conditions following General Procedure 2.7 as described previously. The reaction was 

quenched by addition of CH3CN/H2O/AcOH (30/65/5, v/v/v) and further purified using 

RP-HPLC (linear gradient 25-45% solvent B over 30 min, Proto-300 C4 column-1). 

Product eluted at 18.8-20.7 min. The fractions were collected and lyophilized to provide 

glycopeptide 10b (2.01 mg, 82%) as a fluffy white solid. 

 

Figure S28. HPLC-MS analysis of glycopeptide 10b. Left: UV and MS traces (Liner gradient 

of 25-40% solvent B over 30 min, Proto-300 C4 column, tR = 21.8 min); Right: ESI-MS data. 

Calcd mass for C665H1046N204O200S6: 15291.27 Da (average isotopes), [M+8H]8+ m/z = 1912.41, 

[M+9H]9+ m/z = 1700.03, [M+10H]10+ m/z = 1530.13, [M+11H]11+ m/z = 1391.12, [M+12H]12+ 

m/z = 1275.27, [M+13H]13+ m/z = 1177.25, [M+14H]14+ m/z = 1093.23, [M+15H]15+ m/z = 

1020.42, [M+16H]16+ m/z = 956.70, [M+17H]17+ m/z = 900.49, [M+18H]18+ m/z = 850.52; 

observed: 1911.78, 1699.38, 1529.26, 1390.45, 1274.64, 1176.61, 1093.00, 1020.16, 956.15, 

900.14, 850.11.  
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Desulfurized glycopeptide 10c 

 

Glycopeptide 9c (4.89 mg, 0.313 μmol) was subjected to the Acm-deprotection reaction 

conditions following General Procedure 2.7 as described previously. The reaction was 

quenched by addition of CH3CN/H2O/AcOH (30/65/5, v/v/v) and further purified using 

RP-HPLC (linear gradient 25-45% solvent B over 30 min, Proto-300 C4 column-1). 

Product eluted at 18.3-19.8 min. The fractions were collected and lyophilized to provide 

glycopeptide 10c (4.04 mg, 83%) as a fluffy white solid. 

 

Figure S29. HPLC-MS analysis of glycopeptide 10c. Left: UV and MS traces (Liner gradient 

of 25-40% solvent B over 30 min, Proto-300 C4 column, tR = 21.0 min); Right: ESI-MS data. 

Calcd mass for C673H1059N205O205S6: 15494.47 Da (average isotopes), [M+8H]8+ m/z = 1937.81, 

[M+9H]9+ m/z = 1722.61, [M+10H]10+ m/z = 1550.45, [M+11H]11+ m/z = 1409.59, [M+12H]12+ 

m/z = 1292.21, [M+13H]13+ m/z = 1192.88, [M+14H]14+ m/z = 1107.75, [M+15H]15+ m/z = 

1033.96, [M+16H]16+ m/z = 969.40, [M+17H]17+ m/z = 912.44, [M+18H]18+ m/z = 861.80; 

observed: 1937.61, 1722.89, 1550.37, 1409.61, 1292.29, 1192.92, 1107.87, 1034.02, 969.44, 

912.61, 861.90.  
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Desulfurized glycopeptide 10d 

 

Glycopeptide 9d (1.11 mg, 0.064 μmol) was subjected to the Acm-deprotection reaction 

conditions following General Procedure 2.7 as described previously. The reaction was 

quenched by addition of CH3CN/H2O/AcOH (30/65/5, v/v/v) and further purified using 

RP-HPLC (linear gradient 25-45% solvent B over 30 min, Proto-300 C4 column-1). 

Product eluted at 18.3-19.8 min. The fractions were collected and lyophilized to provide 

glycopeptide 10d (1.08 mg, 98%) as a fluffy white solid. 

 

Figure S30. HPLC-MS analysis of glycopeptide 10d. Left: UV and MS traces (Liner gradient 

of 25-40% solvent B over 30 min, Proto-300 C4 column, tR = 23.9 min); Right: ESI-MS data. 

Calcd mass for C741H1169N209O256S6: 17294.07 Da (average isotopes), [M+9H]9+ m/z = 1922.56, 

[M+10H]10+ m/z = 1730.41, [M+11H]11+ m/z = 1573.19, [M+12H]12+ m/z = 1442.17, 

[M+13H]13+ m/z = 1331.31, [M+14H]14+ m/z = 1236.29, [M+15H]15+ m/z = 1153.94, 

[M+16H]16+ m/z = 1081.88, [M+17H]17+ m/z = 1018.30, [M+18H]18+ m/z = 961.78; observed: 

1921.76, 1729.65, 1572.43, 1441.41, 1330.77, 1235.52, 1153.44, 1081.27, 1017.62, 961.19.  
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V. Protein Folding and Characterization 

 

5.1 Exploration of two-step “oxidation-dimerization” folding 

Table S3. Folding conditions for 10a 

Entry 
10a 

mg/mL 

Folding oxidant 

(mM/mM) 
Folding buffer 

Folding 

operations 
Result 

1 0.1 
Cysteine/Cystin

e 4/0.5 

3 M Gn∙HCl, 100 

mM Tris, pH 8.5 
2-8 °C, dialysis 

Monomers, 

cysteinylated. 

2 0.1 CuSO4, 40 mM  
50 mM Tris∙HCl, 

pH 8.0 
2-8 °C, dialysis 

Monomers, 

unidentified. 

3 1.5 
GSH/GSSG 

1.95/0.39 

150 mM Gn∙HCl, 

97.5 mM Tris, pH 

8.4 

rt, stir. Rapid aggregation. 

4a 0.2 
Cysteine/Cysta

mine 5/1 

500 mM Gn∙HCl, 

20 mM Tris, 15% 

Glycerol, 500 mM 

Arginine, pH 9.0 

1) 2-8 °C, 48 h;  

2) ultrafiltration 

Stable folding 

solution. Dimer 

appeared after 

ultrafiltration. 

5a 0.4 
Cysteine/Cysta

mine 5/1 

500 mM Gn∙HCl, 

20 mM Tris, 15% 

Glycerol, 500 mM 

Arginine, pH 9.0 

1) 2-8 °C, 48 h;  

2) ultrafiltration 

Stable folding 

solution. Dimer 

existed before 

ultrafiltration. 

6a 1.2 
Cysteine/Cysta

mine 5/1 

500 mM Gn∙HCl, 

20 mM Tris, 15% 

Glycerol, 250 mM 

Arginine, pH 9.0 

1) 2-8 °C, 48 h;  

2) ultrafiltration 

Complete 

precipitation. 

7a 1.1 
Cysteine/Cysta

mine 5/1 

500 mM Gn∙HCl, 

20 mM Tris, 15% 

Glycerol, 1 M 

Arginine, pH 9.0 

1) 2-8 °C, 48 h;  

2) ultrafiltration 

Stable folding 

solution. 

Dimerization 

improved.  

Yield = 3%b 

aReducing of 10a was conducted by 1 hour’s incubation in buffer: 6 M Gn∙HCl, 100 mM NaCl, 5 mM 

EDTA, 10 mM DTT, 20 mM Tris, pH 8.5. bThe yield was determined through a Nanodrop. 
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5.2 Comparison of the folding rates in the oxidation step for protein 10 

 

 

Figure S31. HPLC traces and calculated ratios at 8 h for oxidative folding of (a) 10a, (b) 10b, 

(c) 10c, and (d) 10d. The ratios of 11:10 were estimated based on integrations of UV signals, 

not considering aggregates and other byproducts generated in this process.   
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5.3 Possible CH-π interaction in GlcNAcylated IL-17A protomer 

 

 

Figure S32. (a) The enhanced aromatic sequon module in the NMR structure of hCD2ad (PDB: 

1GYA); (b) Crystal structures of IL-17A showing the N-glycosylation site-containing region 

similar to the enhanced aromatic sequon. (PDB: 4HSA and 4HR9).  



S49 

5.4 Preparation of IL-17A isoforms (1) using the optimal folding conditions 

Folded IL-17ANle23,87 (1a) 

 

Peptide 10a (1.5 mg, 0.0994 μmol) was subjected to the folding reaction conditions 

following General Procedure 2.8 as described previously. The protein solution was 

purified using RP-HPLC (linear gradient 26.5-33.5% solvent B over 30 min, Proto-300 

C4 column-2). Product eluted at 20.5-23.5 min. The fractions were collected and 

lyophilized to provide protein 1a (43 µg (NanoDrop), 3%) as a fluffy white solid. 

 

Figure S33. UPLC-MS analysis of protein 1a. (a) UPLC-MS(SQD) traces (Liner gradient of 

19-44% solvent B over 15 min, ACQUITY UPLC® Protein BEH C4 column, tR = 6.9 min); (b) 

UPLC-MS(Q-TOF) trace. (Liner gradient of 15-30% solvent B over 15 min, ACQUITY UPLC® 

Protein BEH C4 column, tR = 12.7 min); (c) ESI-TOF-MS data. Calcd mass for 

C1314H2054N406O390S12: 30164.06 Da (average isotopes); observed: 30164.00.  
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Folded GlcNAcIL-17ANle23,87 (1b) 

 

Glycopeptide 10b (2.49 mg, 0.163 μmol) was subjected to the folding reaction 

conditions following General Procedure 2.8 as described previously. The glycoprotein 

solution was purified using RP-HPLC (linear gradient 27.5-31% solvent B over 30 min, 

Proto-300 C4 column-2). Product eluted at 24-27.6 min. The fractions were collected 

and lyophilized to provide glycoprotein 1b (425 µg (NanoDrop), 17%) as a fluffy white 

solid. 

 

Figure S34. UPLC-MS analysis of glycoprotein 1b. (a) UPLC-MS(SQD) traces, (b) UPLC-

MS(Q-TOF) trace (Liner gradient of 20-45% solvent B over 15 min, ACQUITY UPLC® Protein 
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BEH C4 column, tR = 6.3 min and 6.0 min respectively); (c) Deconvoluted ESI-TOF-MS data. 

Calcd mass for C1330H2080N408O400S12: 30570.4460 Da (average isotopes); observed: 

30570.0020. (d) ESI-TOF-MS data of 1b with multiple charged ion peaks. Calcd mass: 

[M+13H]13+ m/z = 2351.9861, [M+14H]14+ m/z = 2184.0590, [M+15H]15+ m/z = 2038.5223; 

[M+16H]16+ m/z = 1911.1776, [M+17H]17+ m/z = 1798.8146, [M+18H]18+ m/z = 1698.9364, 

[M+19H]19+ m/z = 1609.5717, [M+20H]20+ m/z = 1529.0931, [M+21H]21+ m/z = 1456.3271, 

[M+22H]22+ m/z = 1390.2220, [M+23H]23+ m/z = 1329.7775, [M+24H]24+ m/z = 1274.4541, 

[M+25H]25+ m/z = 1223.5162; observed: 2039.1259, 1911.6606, 1799.2849, 1609.9917, 

1529.4476, 1456.6444, 1390.5281, 1330.1099. 

 

Folded GlcNAc(1→4)GlcNAcIL-17ANle23,87 (1c) 

 

Glycopeptide 10c (1.98 mg, 0.128 μmol) was subjected to the folding reaction 

conditions following General Procedure 2.8 as described previously. The glycoprotein 

solution was purified using RP-HPLC (linear gradient 26.5-32% solvent B over 30 min, 

Proto-300 C4 column-2). Product eluted at 24.5-27 min. The fractions were collected 

and lyophilized to provide glycoprotein 1c (286 µg (NanoDrop), 14%) as a fluffy white 

solid. 
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Figure S35. UPLC-MS analysis of glycoprotein 1c. (a) UPLC-MS(SQD) traces, (b) UPLC-

MS(Q-TOF) trace (Liner gradient of 20-45% solvent B over 15 min, ACQUITY UPLC® Protein 

BEH C4 column, tR = 6.2 min and 5.6 min respectively); (c) Deconvoluted ESI-TOF-MS data. 

Calcd mass for C1346H2106N410O410S12: 30976.8340 Da (average isotopes), observed: 

30976.0020; (d) ESI-TOF-MS data of 1c with multiple charged ion peaks. Calcd mass: 

[M+13H]13+ m/z = 2383.2388, [M+14H]14+ m/z = 2213.0794, [M+15H]15+ m/z = 2065.6079; 

[M+16H]16+ m/z = 1936.5704, [M+17H]17+ m/z = 1822.7137, [M+18H]18+ m/z = 1721.5078, 

[M+19H]19+ m/z = 1630.9551, [M+20H]20+ m/z = 1549.4577, [M+21H]21+ m/z = 1475.7220, 

[M+22H]22+ m/z = 1408.6895, [M+23H]23+ m/z = 1347.4859, [M+24H]24+ m/z = 1291.3826, 

[M+25H]25+ m/z = 1239.7676; observed: 2066.1509, 1927.1995, 1721.8842, 1631.3022, 

1549.7667, 1475.9507, 1408.9597, 1291.7411.  
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Folded UndecasaccharideIL-17ANle23,87 (1d) 

 

Glycopeptide 10d (1.01 mg, 0.058 μmol) was subjected to the folding reaction 

conditions following General Procedure 2.8 as described previously. The glycoprotein 

solution was purified using RP-HPLC (linear gradient 27-31% solvent B over 30 min, 

Proto-300 C4 column-2). Product eluted at 24.7-28.5 min. The fractions were collected 

and lyophilized to provide glycoprotein 1d (273 µg (NanoDrop), 27%) as a fluffy white 

solid.  
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Figure S36. UPLC-MS analysis of glycoprotein 1d. (a) UPLC-MS(SQD) traces, (b) UPLC-

MS(Q-TOF) trace (Liner gradient of 20-45% solvent B over 15 min, ACQUITY UPLC® Protein 

BEH C4 column, tR = 6.2 min and 4.7 min respectively); (c) Deconvoluted ESI-TOF-MS data. 

Calcd mass for C1482H2326N418O512S12: 34576.0440 Da (average isotopes), 34575.0000; (d) ESI-

TOF-MS data of 1d with multiple charged ion peaks. Calcd mass: [M+16H]16+ m/z = 2161.4412, 

[M+17H]17+ m/z = 2034.3569, [M+18H]18+ m/z = 1921.3930, [M+19H]19+ m/z = 1820.3204, 

[M+20H]20+ m/z = 1729.3544, [M+21H]21+ m/z = 1647.0522, [M+22H]22+ m/z = 1573.2319, 

[M+23H]23+ m/z = 1503.9178, [M+24H]24+ m/z = 1441.2965, [M+25H]25+ m/z = 1383.6850, 

[M+26H]26+ m/z = 1330.5051, [M+27H]27+ m/z = 12811.2644, [M+28H]28+ m/z = 1235.5409; 

observed: 1729.7587, 1572.4471. 
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SDS-PAGE analysis of the folded IL-17A isoforms 

 

 

Figure S37. Nonreducing SDS-PAGE analysis of 1b-d using a 4–12% NuPAGE gel. The 

experiment was performed in MES-SDS buffer at 200 V for 25 min, followed by staining with 

Coomassie brilliant blue. The commercially available rIL-17A (NovoProtein) which derives 

from E. coli expression was used as the reference standard.  

 

 

5.5 Comparison of the protein hydrophilicity among 1b, 1c and 1d 

 

 

Figure S38. UPLC-MS(Q-TOF) traces for glycoproteins 1b (tR = 6.00 min), 1c (tR = 5.60 min) 

and 1d (tR = 4.65 min). Liner gradient of 20-45% solvent B over 15 min, ACQUITY UPLC® 

Protein BEH C4 column. 
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5.6 Circular dichroism (CD) spectra of IL-17A isoforms 

A standard sample of recombinant IL-17A (Novoprotein) and synthetic protein samples 

were dissolved in water to a concentration of ~0.12 mg/mL, as determined using 

Nanodrop. The corresponding CD spectra were collected on a Jasco J-810 circular 

dichroism spectropolarimeter using a 1 mm pathlength cuvette. The analysis was 

performed at room temperature. The data were collected by running three scans from 

190 nm to 250 nm at 0.2 nm intervals. Spectra were averaged and normalized against a 

baseline obtained by scanning water alone using the same parameters. 

The CD spectra of glycoproteins 1b-d and the recombinant aglycon display similar 

curves with the minimum ellipticity around 205 nm (Figure S39). The calculated results, 

based on the CONTINLL program from CDPro software, indicate that there is almost 

no difference for their secondary structures (Table S4).S7 These experimental results 

suggest the correct folding of the synthetic glycoproteins, as well as insignificant effects 

on protein conformations induced by neither the Nle mutations nor the glycosylations 

for IL-17A. 

 

Figure S39. CD spectra of the synthetic IL-17A isoforms.  

 

Table S4. The calculated ratio of secondary structure elements for different IL-17A isoforms 

  
 

S7 Sreerama, N.; Woody, R. W. Anal. Biochem. 2000, 287, 252–260. 
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5.7 Determination of the disulfide pairs in the chemically synthesized IL-

17A 

Trypsin Digestion and MALDI-TOF-MS Analysis: 

The folded glycoprotein 1b and 1d (2 µg/µL) was denatured in 8 M Urea buffered by 

100 mM Tris, pH 6.5 in the presence of 2 mM NEM at 37 °C for 2 hours. The reaction 

solution was eight-fold diluted with Tris buffer (100 mM, pH 6.5) and Trypsin (1:20) 

was added to digest at 37 °C for 16 hours. The reaction mixture was then desalted using 

C18 ZipTips, eluted into 50:50:0.1 H2O/iPrOH/TFA, and spotted 1:1 with 1:10 

HPBA/CHCA on a MALDI plate and allowed to dry. The samples were analyzed by 

using an Axima-CFR Plus MALDI- TOF mass spectrometer (Shimadzu Biotech). 

MALDI-TOF-MS signals of the (glyco)peptide fragments correlate well with the 

anticipated pattern based on the Lys and Arg residues in the sequence (Table S5, Table 

S6, Scheme S1, Figure S40 & Figure S41), which indicates the correct formation of six 

disulfides (Cys10-Cys106, Cys71-Cys121, and Cys76-Cys123). 
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Table S5. The peptide coverage for folded IL-17A with N-GlcNAc on Asn45 (1b) 

Peptide IDa Composition MW/Da 
Mass Signal 

Observed/Da 

T1 G1ITIPR 655.80 - 

T2 NPGCP11NSEDK 1060.10 N.D. 

T3 NFPR 532.60 - 

T4 T21V(Nle)VNLNIHNR31 1292.51 1291.76 

T5 NTNTNPK 787.83 - 

T6 R 174.20 - 

T7 SS41DYYN(GlcNAc)R 1107.10 N.D. 

T6/T7 RSS41DYYN(GlcNAc)R 1263.29 1263.56 

T8 STSPW51NLHR 1097.20 1097.02 

T9 NEDPER61 758.74 - 

T10 YPSVIWEAK 1092.26 N.D. 

T11 C71R 277.34 N.D. 

T12 HLGCINADG81NVDYH(Nle)NSVP91IQQEILVLR 3131.57 N.D. 

T13 R101 174.20 - 

T14 EPPHCPNSFR111 1183.31 1183.36 

T15 LEK 388.47 - 

T16 ILVSVGC121TCVTPIVHHV131A 1848.26 N.D. 

T9/T10 NEDPER61/ YPSVIWEAK 1832.99 1833.13 

T2/T3-

T13/T14 
 

2912.17 2912.88 

T11-T16-

T12 

 

5253.13 5254.05 

(T11/T12)-

T16 
 

5235.12 5236.32 

aNote: “T” is the peptide identifier, and “n” is sequential numbering of digested peptide fragments. 

“/” means invalid cleavage by trypsin. “-” indicates the disulfide bond connecting two peptide 

fragments. N.D.: not detected. 
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Table S6. The peptide coverage for folded IL-17A with undecasaccharide on Asn45 (1d) 

aNote: “T” is the peptide identifier, and “n” is sequential numbering of digested peptide fragments. 

“/” means invalid cleavage by trypsin. “-” indicates the disulfide bond connecting two peptide 

fragments. N.D.: not detected.

Peptide IDa Composition MW/Da 
Mass Signal 

Observed/Da 

T1 G1ITIPR 655.80 656.41 

T2 NPGCP11NSEDK 1060.10 N.D. 

T3 NFPR 532.60 - 

T4 T21V(Nle)VNLNIHNR31 1292.51 1292.74 

T5 NTNTNPK 787.83 - 

T6 R 174.20 N.D. 

T7 SS41DYYN(Sia2Gal2GlcNAc2Man3GlcNAc2)R 3108.14 N.D. 

T6/T7 RSS41DYYN(Sia2Gal2GlcNAc2Man3GlcNAc2)R 3266.09 N.D. 

T8 STSPW51NLHR 1097.20 1097.55 

T9 NEDPER61 758.74 - 

T10 YPSVIWEAK 1092.26 1092.57 

T11 C71R 277.34 N.D. 

T12 HLGCINADG81NVDYH(Nle)NSVP91IQQEILVLR 3131.57 N.D. 

T13 R101 174.20 - 

T14 EPPHCPNSFR111 1183.31 - 

T15 LEK 388.47 - 

T16 ILVSVGC121TCVTPIVHHV131A 1848.26 1847.98 

T4/T5 T21V(Nle)VNLNIHNR31/ NTNTNPK 2062.32 2062.12 

T9/T10 NEDPER61/ YPSVIWEAK 1832.99 1832.89 

T13/T14 R101EPPHCPNSFR111 1339.50 1339.63 

T2-T14 

 

2241.40 2240.94 

T2/T3-

T13/T14 
 

2912.17 2911.33 

T2/T3-

T13/T14/T15 
 

3282.62 3281.53 

T11-T16-T12 

 

5253.13 N.D. 

(T11/T12)-

T16 
 

5235.12 N.D. 
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Scheme S1 Trypsin digestion of 1b and 1da 

 
a “/” means invalid cleavage by trypsin. 

 

 

  

Figure S40. MALDI-TOF-MS analysis of trypsin digested mixture of 1b. The fragments 

colored as red refer to disulfide-linked peptide, “/” represents invalid cleavage by trypsin.  
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Figure S41. MALDI-TOF-MS analysis of trypsin digested mixture of 1d. The fragments 

colored as red refer to disulfide-linked peptide, “/” represents invalid cleavage by trypsin. 

 

 

Tandem MS/MS Analysis of 1b:  

The peptide mixtures were analyzed with tandem MS/MS (Q Exactive HF, Thermo 

Fisher Scientific) after LC separation (Ultimate 3000, Thermo Scientific). Each sample 

was loaded onto a homemade trap column (100 μm × 2 cm, packed with ReproSil-Pur 

C18-AQ, 3 μm, Dr. Maisch Gmbh, Germany) with phase A (0.1% formic acid in water). 

Peptide separation was carried out on a homemade C18 column (75 μm × 12 cm, packed 

with ReproSil-Pur C18-AQ, 3μm, Dr. Maisch Gmbh, Germany) at a flow rate of 300 

nL/min and eluted with a 30 min gradient: 4% Phase B (5 min), 4-40% (15 min), 40-

90% (1 min), 90% (5 min), 95-4% (1 min), 4% (3 min) (Phase A, 0.1% formic acid in 

water; Phase B, 0.1% formic acid in 80% CH3CN/water, v/v). The MS Survey scans 

were performed in the ultra-high-field Orbitrap analyzer at a resolution of 60000 and 

target values of 3  106 ions over a mass range from 350 to 2500 m/z. For MS/MS scan, 

the 20 most intense peptide ions with charge state 2 to 8 were subjected to fragmentation 

via higher energy collision induced dissociation (HCD) in the Q Exactive HF (1 × 105 

AGC target, 45 ms maximum ion time). The dynamic exclusion setting was 10 s. 

The linkages between Cys10 and Cys106 were confirmed (Figure S42a), while the 

cyclopeptide fragment involving “cystine knot” disulfides was difficult to be directly 

elucidated (Figure S42b), presumably due to the tight structure formed that is related to 
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the proximity of Cys121 and Cys123. However, considering the similar distribution of the 

secondary structure elements shown in the CD data of synthetic IL-17As comparing to 

that of rIL-17A (Table S4), as well as the anti-parallel arrangement of β-sheet strands 

in the crystal structure, it is unlikely to form mismatched disulfides instead of Cys71-

Cys123 or Cys76-Cys121 (Figure S42b). Putting these information together, we concluded 

that the six disulfides within the structure of chemically synthesized IL-17A were 

correctly matched. 

 

 

Figure S42. Tandem MS/MS (Q-Exactive HF, Thermo Scientific) analysis of the corresponding 

digested peptide fragments of 1b containing (a) interchain disulfides; or (b) intrachain “cystine 

knot” disulfides.
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VI. Biophysical and Biological Evaluation of IL-17A Isoforms 

 

6.1 Evaluation of thermal stability  

The thermal stability of the synthetic glycoproteins was evaluated using Nano 

Differential Scanning Fluorimetry (nanoDSF), and the experiments were performed on 

a NanoTemper Prometheus NT.48 instrument. Proteins rIL-17A, 1b, 1c, and 1d were 

dissolved in HEPES buffer (10 mM HEPES, 150 mM NaCl, 0.05% surfactant P20, pH 

7.4) to a concentration of 100 µg/mL, respectively. The data were recorded by 

measuring the intrinsic fluorescence of tryptophan residues in protein at 330 nm and its 

shift at 350 nm during protein unfolding, while scanning from 20 °C to 95 °C at 

1 °C/min intervals. All samples were prepared in triplicates and measured subsquently. 

The collected data were plotted in the ratio of fluorescence at 350 nm versus 330 nm as 

a function of temperature. The Tm for each protein was calculated automatically by the 

PR.Therm Control Software. 

 

Figure S43. Thermal stability of the IL-17A isoforms. (a) The fluorescence data at 350 nm 

versus 330 nm was collected on a NanoTemper Prometheus NT.48; (b) The Tm value for each 

protein was calculated automatically by PR. ThermControl Software. 
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6.2 Hydrogen/Deuterium exchange mass spectrometry experiments 

A standard sample of rIL-17A (500 µg/mL) and glycoprotein 1d (600 µg/mL) were 

mixed with IL-17RA_ECD (500 µg/mL, Novoprotein) in 50 µL of phosphate buffer 

(20 mM, 150 mM NaCl, pH 7.4) to make a molar ratio of ~ 1.1 : 1 respectively. The 

protein mixture was 20-fold diluted with deuteroxide, and the resulting solution was 

incubated at 4 °C. The deuteration process was monitored at 5 s, 15 s, 1 min, 10 min, 

30 min, 60 min and 240 min, and 50 µL of protein solution was taken and quentched 

by addition of 50 µL of 200 mM phosphate buffer (200 mM Gn·HCl, 200 mM DTT, 

pH 1.8) which was pre-cooled to 0 °C. Pepsin digestion was carried out by automatic 

loading of 5 µL protein sample onto Waters Enzymate online pepsin column, and the 

data of hydrogen-deuterium exchange mass spectrometry were collected by using 

Waters SYNAPT G2-S2i mass spectrometry. Waters PLGS global server2.3 was 

utilized to identify the peptide fingerprint of enzymatically hydrolyzed fragments, and 

Waters DynamX was employed to plot the curve of deuterium number of each fragment 

over time. Peptide regions that were found altered after binding were then selected to 

describe the dynamic deuteration process. 
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Figure S44. Dynamic deuteration of the fragments derived from IL-17RA_ECD in complex 

with (a) rIL-17A or (b) glycoprotein 1d.
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6.3 In vitro assay using normal human adult dermal fibroblasts (NHDF) 

NHDF (Lonza, 4  104 cells/mL) in FGM-2 Media (Lonza) were plated in a 48-well 

microplate at a density of 1  104 cells per well (250 µL) and incubated overnight (37 ℃, 

5% CO2). Following incubation, 50 µL of 1 ng/mL TNF-α (PeproTech) in FGM-2 was 

added to all wells. With FGM-2 as negative control, 10 dilutions of IL-17A isoforms 

(rIL-17A, 1b, 1c, and 1d) ranging from 0.0084 to 550 ng/mL in FGM-2 were added in 

triplicate into the cells (250 μL per well) and further incubated for 48 h. The conditioned 

media was collected and assayed by ELISA for IL-6 (Diaclone) to evaluate the 

inflammatory cytokine-inducing activities. A FlexStation 3 Microplate Reader 

(Molecular Devices) was used to read plates at 450 nm. The titer of IL-6 was calculated 

and the graph was generated by using GraphPad Prism 6. 

 


