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S1. Materials used for Small Molecules  

 

D-Mannose, D-Lactose, 6'-Sialyllactose sodium salt, and HBr (33%) in glacial acetic acid were 

purchased from J&K Chemical and used as received. Ion-exchange resin Dowex® 50WX2 

supplied by Sigma-Aldrich Co. LLC. was washed with methanol three times before use. Sodium 

azide supplied by Xiya Reagent was used as received. All anhydrous solvents were distilled before 

use. All other chemical reagents were purchased from commercial sources (Sigma-Aldrich and 

VWR) and used as received unless otherwise noted.  

 

S2. Instrumentation and Characterization of Small Molecules 

 

NMR spectra were recorded on an AVANCE III HD 400 MHz, INOVA 500 MHz, or AVANCE 

600 MHz spectrometer. The reactions were monitored and the R f values were determined using 

analytical thin-layer chromatography (TLC). The TLC plates were visualized by immersion into 

5% sulfuric acid solution in ethanol followed by heating using a heat gun.  The residual 

undeuterated solvent peaks were used as references. The following abbreviations are used to 

denote the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. 

Coupling constants J are reported in Hertz (Hz). 

 

S3. Synthetic Procedures D,L-2-amino-5-hexynoic acid (HPG) 

Synthesis of Diethyl α-acetamido-α-homopropargylmalonate 

 

 
 

The procedure was adapted from the literature.(1) Diethylacetamidomalonate (24.69 g, 1.5 equiv, 

113.6 mmol) was dissolved in dry dioxane (740 mL) under N2 at room temperature. Potassium 

tert-butoxide (9.35 g, 1.0 equiv, 83.5 mmol) was added under vigorous stirring. The reaction 

mixture was heated to 60 °C and allowed to stir for 2 hours. t-BuOK(10 g, 1 equiv) was added via 

syringe, and the mixture was heated to reflux for 48 hours. The suspension was filtered, and the 

solids were washed with ether (3  50 mL). The solution was concentrated to yield a yellow oil 

via rotary evaporation. Silica column chromatography using 40% ethyl acetate in hexanes (Rf = 

0.58) was performed to isolate pale yellow crystals. (5.5 g, 27% yield) 1H NMR (500 MHz, 

Chloroform-d) δ 6.84 (d, J = 11.1 Hz, 1H), 4.30 – 4.09 (m, 4H, H-1), 2.59 (q, J = 7.2, 6.2 Hz, 2H, 

H-2), 2.11 (td, J = 7.3, 2.7 Hz, 2H, H-3), 2.05 (m, 3H, H-4) 1.96 – 1.88 (m, 1H, H-5), 1.24 (td, J 

= 7.6, 7.1, 4.4 Hz, 6H). LRMS (ESI) m/z calculated for C13H19NO5 [M-H]- 270.3, found 270.1. 

The 1H NMR spectrum is presented in Figure S10. 
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Synthesis of D,L-2-amino-5-hexynoic acid (HPG) 

 
Protocols were adapted from the literature.(2, 3) Diethyl α-acetamido-α-homopropargylmalonate 

(7.46 g, 27.7 mmol) was dissolved in a mixture of MeOH/H2O (5:1) (666 mL). KOH (3.10 g, 55.4 

mmol) was added slowly. The mixture was refluxed for 4 hours. The solvents were evaporated to 

dryness, and the residue was redissolved in ethyl acetate. 2 N HCl was added to the mixture to 

adjust to pH = 1. The aqueous layer was extracted with ethyl acetate. The organic layers were 

combined and dried with sodium sulfate. The solvents were evaporated, and the crude compound 

was recrystallized in ethyl acetate. The crystals were dissolved in 2 N HCl (100 mL) and refluxed 

for 2 hours. The solvents were evaporated off, and the residue was recrystallized in acetone to 

yield the hydrochloride (1.7 g, 48%). 1H NMR (500 MHz, Deuterium Oxide) δ 4.15 (dd, J = 7.2, 

6.0 Hz, 1H, H-1), 2.53 – 2.38 (m, 3H, H-2), 2.22 (dtd, J = 13.0, 7.0, 5.9 Hz, 1H, H-3), 2.10 (dq, J 

= 14.2, 7.0 Hz, 1H, H-4). The 1H NMR spectrum is presented in Figure S11. 

 

S4. Synthetic Procedures for Sugar Azides 

 

Azido monosaccharides, disaccharides, and trisaccharides with different protecting groups were 

prepared by reaction with sodium azide (Man_OH, Man_Ac, Man_Bz, Lac_OH, Lac_Ac, 

Lac_Bz, SA_Ac, SA_OH). Monosaccharide and disaccharide azides were prepared by a 

displacement of acetyl (Ac) or benzoyl (Bz) protected saccharide bromides. Mannose and lactose 

were first fully protected by Ac or Bz, followed by treatment with hydrobromic acid to produce 

the corresponding sugar bromides. Then the azidation was performed in DMF by the addition of 

sodium azide to acetylated or benzoylated saccharide bromides. The protecting groups facilitated 

compound isolation, while the sugar bromide intermediates increased the reaction 

stereoselectivity. Sugar azides with no protecting groups were prepared from sodium methoxide 

catalyzed acetyl removal reaction of azido saccharides, which unified the stereoselectivity and 

made all sugar azides into β isomers. Trisaccharide (SA) azides were prepared by modifying the 

methods presented in the literature.(4, 5) Acetyl 6’-Sialyllactose azide (SA_Ac) were synthesized 

in one-pot from DMC catalyzed 6’-sialyllactose sodium salt azidation and sequential acetylation 

in pyridine. The introduction of acetyl groups greatly benefited compounds isolation and the latter 

deprotection step unified the stereoselectivity of SA_Ac and SA_OH. Detailed synthetic 

procedures for each compound follow. 

 

 

 

Scheme S1. Synthesis of Man_OH 
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Synthesis of Pentaacetyl-D-mannopyranose (2)  .  

The compound was synthesized as described in the literature.(6) D-mannose (10.00 g, 55.56 mmol) 

and iodine (0.22 g, 0.87 mmol) were added to acetic anhydride (100 mL, 1.06 mol). The reaction 

mixture was stirred at room temperature until the solid was totally dissolved. The reaction mixture 

was extracted with CH2Cl2 (3  100 mL) and washed with saturated NaHCO3 solution and 

saturated NaCl solution. The organic phase was dried over anhydrous MgSO4, filtered and 

evaporated under vacuum to yield 22 g (99%) of pentaacetyl-D-mannopyranose as a white solid.
 

1H NMR (400 MHz CDCl3) δ 6.09 – 6.05 (m, 1H , H-1), 5.35 – 5.32 (m, 2H , H-2 , H-4), 5.26 – 5.23 (m, 

1H , H-3), 4.26 (dd, J = 12.3, 4.9 Hz, 1H , H-6a), 4.09 (dd, J = 12.3, 2.4 Hz, 1H , H-6b), 4.06 – 3.99 (m, 

1H , H-5), 2.40 – 1.72 (m, 15H , COCH3). The 1H NMR spectrum is presented in Figure S12. 
 

Synthesis of 2,3,4,6-Tetra-O-acetyl-α-D- mannopyranosyl bromide (3)  

The compound was synthesized as described in the literature.(7, 8) Pentaacetyl-D- mannopyranose  

(8.00 g, 20.50 mmol) was dissolved in DCM (50 mL) and cooled to 0 °C. HBr (33%) in glacial 

acetic acid (22.00 mL, 120.75 mmol) was added slowly via a dropping funnel to the exclusion of 

moisture. The reaction mixture was warmed to room temperature over a period of 1 h under 

nitrogen atmosphere. After complete conversion of starting material as determined by thin-layer 

chromatography (TLC), the solution was diluted with DCM (50 mL) and poured into ice water. 

The organic layer was separated and washed with water (2  50 mL), sat. NaHCO3 solution (50 

mL), and brine (50 mL) prior to drying over anhydrous MgSO4. After filtration, solvent was 

removed under reduced pressure, and the crude product was purified by column chromatography 

using silica and petroleum ether/ethyl acetate gradient (v:v = 3:1→1:1). The product 

mannopyranosyl bromide was obtained as a colorless solid (7.59 g, 92%). The product was 

immediately used for the next reaction due to its reactivity. 

 

Synthesis of azido 2,3,4,6-Tetra-O-acetyl-β-D- mannopyranoside (Man_Ac) 

The compound was synthesized according to the literature.(9) Mannopyranosyl bromide (1.96 g, 

4.77 mmol) and NaN3 (0.62 g, 9.54 mmol) were dissolved in dried DMF (30 mL) and stirred 

overnight at 25 °C. Solvent was removed under reduced pressure, and then DCM (50 mL) was 

added to the mixture. The organic layer was separated and washed with brine (50 mL) prior to 

drying over anhydrous MgSO4. After filtration, solvent was removed under reduced pressure, and 

the crude product was purified by column chromatography using silica and petroleum ether/ethyl 

acetate gradient (v:v = 3:1→1:1). The product Man_Ac was obtained as a colorless solid (1.44 g, 

81%). 1H NMR (400 MHz CDCl3) δ 5.45 (dd, J = 3.3, 1.3 Hz, 1H, H-2), 5.27 (t, J = 10.0 Hz, 1H 

, H-4), 5.05 (dd, J = 10.1, 3.3 Hz, 1H, H-3), 4.74 (d, J = 1.3Hz, 1H , H-1), 4.29 (dd, J = 12.4, 5.6 

Hz, 1H , H-6a), 4.21 (dd, J = 12.4, 2.5 Hz, 1H , H-6b), 3.77 (ddd, J = 10.0, 5.6, 2.6 Hz, 1H , H-5). 

2.21 – 1.99 (m, 21H, COCH3). 20.6, 20.7, 20.8, 20.8 (4C, s x 4, OCOCH3 x 4); 62.3 (1C, s, C6); 

65.3 (1C, s, C4); 69.2 (1C, s,C3); 71.0 (1C, s, C2); 74.7 (1C, s, C5); 85.1 (1C, s, C1); 170.0, 170.0, 

170.0, 169.6 (4C, s x 4, OCOCH3 x 4). The 1H NMR spectrum is presented in Figure S13. 

 

Synthesis of azido -β- mannopyranoside (Man_OH) 

The compound was synthesized according to the literature.(4) Man_Ac (3.43 g, 5.08 mmol) was 

dissolved in methanol (30 mL), and sodium methoxide (3 M in methanol, 5 drops) was added. The 

reaction mixture was allowed to stir at room temperature for 1 h. Dowex 50WX2 H+ resin was 

added to adjust the pH to 7. The mixture was then filtered through Celite, and the solvent was 

evaporated. The product was obtained as a colorless solid (1.73 g, 90%). 1H NMR (400 MHz, 

Deuterium Oxide): δ 4.86 (d, J = 1.1 Hz, 1H), 4.02 (dd, J = 3.1, 1.1 Hz, 1H), 3.95 (dd, J = 12.3, 
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2.3 Hz, 1H), 3.76 (dd, J = 12.4, 6.4 Hz, 1H), 3.66 (dd, J = 9.6, 3.1 Hz, 1H), 3.60 (t, J = 9.5 Hz, 

1H), 3.48 (ddd, J = 9.4, 6.4, 2.2 Hz, 1H). The 1H NMR spectrum is presented in Figure S14. 

 

 

 
 
Scheme S2. Synthesis of Man_Bz 

 

Synthesis of Pentabenzoyl-D-mannopyranose (4)  

The compound was synthesized as described in the literature.(10) Benzoyl chloride (21.0 mL, 180 

mmol) was added slowly to a suspension of mannose (5.14 g, 30.0 mol) ， 4-

dimethylaminopyridine (2.93 g, 24.0 mmol) and Et3N (20.07 mL, 144 mmol) in 100 mL 

dichloromethane at 0 C, then stirred at room temperature for 24 h under argon. Excess benzoyl 

chloride was quenched by adding MeOH with cooling. The organic layer was washed with water 

(330 mL), dried with anhydrous MgSO4, and evaporated under vacuum. The crude residue was 

purified by flash chromatography using EtOAc/petroleum ether (1:5) as eluent to yield 15.8 g 

(90%) of pentabenzoyl-D-mannopyranose as yellow solid. 1H NMR (400 MHz, Chloroform-d) δ 8.26 

– 8.22 (m, 2H, Ph), 8.11 (ddt, J = 7.4, 1.3, 0.6 Hz, 4H , Ph), 8.03 – 7.96 (m, 2H , Ph), 7.93 – 7.85 (m, 2H , 

Ph), 7.78 – 7.69 (m, 1H , Ph), 7.68 – 7.63 (m, 1H , Ph), 7.63 – 7.57 (m, 3H , Ph), 7.56 – 7.52 (m, 1H , Ph), 

7.51 – 7.36 (m, 7H , Ph), 7.36 – 7.29 (m, 2H , Ph), 6.65 (d, J = 2.0 Hz, 1H, H-1), 6.31 (t, J = 10.1 Hz, 1H , 

H-4), 6.09 (dd, J = 10.2, 3.3 Hz, 1H , H-3), 5.94 (dd, J = 3.3, 2.0 Hz, 1H , H-2), 4.72 (dd, J = 12.3, 2.5 Hz, 

1H , H-6’), 4.60 (dt, J = 10.1, 3.1 Hz, 1H , H-5), 4.52 (dd, J = 12.3, 3.6 Hz, 1H , H-6). The 1H NMR 

spectrum is presented in Figure S15. 
 

Synthesis of 2,3,4,6-Tetra-O-Benzoyl-α-D- mannopyranosyl bromide (5) 

The compound was synthesized as described in the literature.(7, 8) Pentabenzoyl -D- 

mannopyranose  (14.36 g, 20.50 mmol) was dissolved in DCM (50 mL) and cooled to 0 °C. HBr 

(33%) in glacial acetic acid (22.00 mL, 120.75 mmol) was added slowly via a dropping funnel 

with the exclusion of moisture. The reaction mixture was warmed to room temperature over a 

period of 1 h under nitrogen atmosphere. After detection of complete conversion of the starting 

material by TLC, the solution was diluted with DCM (50 mL) and poured into ice water. The 

organic layer was separated and washed with water (2  50 mL), sat. NaHCO3 solution (50 mL), 

and brine (50 mL) prior to drying over anhydrous MgSO4. After filtration, solvent was removed 

under reduced pressure, and the crude product was purified by column chromatography using silica 

and petroleum ether/ethyl acetate gradient (v:v = 3:1→1:1). The product benzoyl mannopyranosyl 

bromide was obtained as a colorless solid (12.10 g, 90 %). The product was immediately used for 

the next reaction due to its reactivity. 

 

Synthesis of azido 2,3,4,6-Tetra-O-acetyl-β-D- mannopyranoside (Man_Bz) 

The compound was synthesized according to the literature.(9) Benzoyl mannopyranosyl bromide 

(3.14 g, 4.77 mmol) and NaN3 (0.62 g, 9.54 mmol) were dissolved in dried DMF (30 mL) and 

stirred overnight at 25 °C. Solvent was removed under reduced pressure, and then DCM (50 mL) 

was added into the mixture. The organic layer was separated and washed with brine (50 mL) prior 
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to drying over anhydrous MgSO4. After filtration, solvent was removed under reduced pressure, 

and the crude product was purified by column chromatography using silica and petroleum 

ether/ethyl acetate gradient (v:v = 3:1→1:1). The product Man_Bz was obtained as a colorless 

solid (2.34 g, 80%). 1H NMR (400 MHz, CDCl3) δ 8.13-7.29 (m, 20H，Ph), 6.06 (t, J = 10.1 Hz, 

1H , H-4), 5.95 (dd, J = 3.2, 1.2 Hz, 1H , H-2), 5.62 (dd, J = 10.2, 3.1 Hz, 1H , H-3), 5.08 (d, J = 

1.2 Hz, 1H, H-1), 4.81 (dd, J = 12.3, 2.7 Hz, 1H , H-6’), 4.54 (dd, J = 12.3, 4.4 Hz, 1H , H-6), 4.24 

(ddd, J = 9.9, 4.3, 2.7 Hz, 1H , H-5). 13C NMR (101 MHz, CDCl3) δ 166.1, 165.5, 165.2 (C=O), 

133.6, 133.4, 133.2 (Ph), 130.0, 129.8, 128.6, 128.5, 128.4 (CH, Ph), 85.5 (C-1), 74.7 (C-5), 71.9 

(C-3), 70.0 (C-2), 66.1 (C-4), 62.5 (C-6). The 1H NMR spectrum is presented in Figure S16 and 

the 13C NMR spectrum is presented in Figure S17. 

 

 

 
 
Scheme S3. Synthesis of Lac_OH 

 

 

Synthesis of azido 2,2´,3,3´,4´,6,6´-hepta-O-acetyl-β-lactoside (Lac_Ac) 

Compound 7 was synthesized by the same method as compound 2. The masses of saccharides and 

the other reagents were kept the same. The product compound 7 was obtained as a colorless solid 

(15.8 g, 98%). Compound 8 was synthesized using the same method of compound 3. The moles 

of saccharides and the other reagents were kept the same. The product compound 8 was obtained 

as a colorless solid (13.1 g, 92%). Lac_Ac was synthesized with the same method as compound 

Man_Ac. The moles of saccharides and the other reagents were kept the same. The product 

Lac_Ac was obtained as a colorless solid (1.9 g, 60%).  

 

Octoacetyl-D-lactose (7)  1H NMR (400 MHz, CDCl3): δ 6.26 (d, J = 3.7 Hz, 1H , H-1), 5.47 (dd, 

J = 10.3, 9.1 Hz, 1H , H-2), 5.37 (dd, J = 3.5, 1.2 Hz, 1H, H-1’), 5.13 (dd, J = 10.4, 7.8 Hz, 1H,H-

2’), 4.99 (ddd, J = 17.0, 10.3, 3.6 Hz, 2H , H-3, H-3’), 4.56 – 4.39 (m, 2H, H-5, H-5’), 4.22 – 4.06 

(m, 3H, H-6a, H-6b, H-6’a), 4.01 (ddd, J = 10.1, 4.3, 2.1 Hz, 1H , H-6’b), 3.89 (ddd, J = 7.5, 6.2, 

1.2 Hz, 1H , H-4), 3.86 – 3.78 (m, 1H , H-4’), 2.39 – 1.88 (m, 24H). The 1H NMR spectrum is 

presented in Figure S18. 

 

Lac_Ac 1H NMR NMR (400 MHz, CDCl
3
) δ 5.35 (dd, J = 3.5, 1.2 Hz, 1H, H-4’), 5.21 (dd, J = 

9.5, 9.0 Hz, 1H , H-3), 5.11 (dd, J = 10.4, 7.9 Hz, 1H , H-2’), 4.96 (dd, J = 10.4, 3.4 Hz, 1H , H-

3’), 4.86 (dd, J = 9.5, 8.8 Hz, 1H , H-2), 4.63 (d, J = 8.8 Hz, 1H , H-1), 4.54 – 4.48 (m, 2H , H-1’ 

, H-6a), 4.23 – 4.01 (m, 3H, H-6b, 2×H-6’), 3.93 – 3.75 (m, 2H, H-5’, H-4), 3.70 (ddd, J = 10.0, 

5.0, 2.1 Hz, 1H, H-5), 2.31 – 1.84 (m, 21H, COCH3). 13C NMR (101 MHz, CDCl3) δ 170.3, 170.1, 

170.0, 169.6, 169.5, 169.1, 101.1, 87.7, 75.7, 74.8, 72.5, 71.0, 70.9, 70.7, 69.0, 66.6, 61.7, 60.8, 

20.8, 20.7, 20.6.  The 1H NMR spectrum is presented in Figure S19 and the 13C NMR spectrum is 

presented in Figure S20. 
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Synthesis of azido  β- Lactoside (Lac_OH) 

Lac_OH was synthesized by the same method as compound Man_OH. The moles of saccharides 

and the other reagents were kept the same. The product Lac_OH was obtained as a colorless solid 

(1.71 g, 92%). 

 
1H NMR (400 MHz, D2O) δ 4.46 (d, J = 7.8 Hz, 1H, H-1), 4.04-3.97 (m, 1H, H-1’), 3.93 (dd, J = 

3.4, 0.7 Hz, 1H, H-6a), 3.87 – 3.76 (m, 3H, H-4, H-6b, H-6’), 3.75 – 3.73 (m, 1H, H-4’), 3.72-3.65 

(m, 4H, H-3, H-3’, H-5, H-5’), 3.55 (dd, J = 10.0, 7.7 Hz,1H, H-2), 3.35-3.29 (m, 1H, H-2’). The 
1H NMR spectrum is presented in Figure S21.  

 

 
 

Scheme S4. Synthesis of Lac_Bz 

 

Synthesis of azido 2,2´,3,3´,4´,6,6´-hepta-O-benzoyl-β-lactoside (Lac_Bz) 

Compound 9 was synthesized by the same method as compound 4. The mass of saccharides and 

the other reagents were kept the same. The product compound 9 was obtained as a colorless solid 

(16.0 g, 91%). Compound 10 was synthesized using the same method of compound 5. The moles 

of saccharides and the other reagents were kept the same. The product compound 10 was obtained 

as a colorless solid (21.4 g, 92%). Lac_Bz was synthesized with the same method as compound 

Man_Bz. The product Lac_Bz was obtained as a colorless solid (4.8 g, 92%).  

 

Octobenzoyl-D-lactose (9) 1H NMR (400 MHz, CDCl3): δ 6.13 (d, J = 8.1 Hz, 1H , H-1), 5.94 (dd, 

J = 9.6, 9.0 Hz, 1H , H-2), 5.83 – 5.69 (m, 3H , H-2’, H-4’, H-2 ), 5.37 (dd, J = 10.4, 3.4 Hz, 1H, 

H-3’), 4.88 (d, J = 8.0 Hz, 1H , H-1’), 4.63 – 4.47 (m, 2H, H-6), 4.45 – 4.33 (m, 1H , H-6’a), 4.12 

(q, J = 7.2 Hz, 1H, H-6’b), 3.88 (t, J = 6.4 Hz, 1H , H-5), 3.84 – 3.65 (m, 2H , H-4, H-5’ ). The 1H 

NMR spectrum is presented in Figure S22. 

 

Lac_Bz 1H NMR (400 MHz, CDCl3) δ 8.04-7.16 (m, 35H，Ph), 5.88 – 5.80 (m, 1H), 5.80 – 5.69 

(m, 2H), 5.48 – 5.38 (m, 2H), 4.90 (d, J = 7.9 Hz, 1H), 4.85 (d, J = 8.8 Hz, 1H), 4.63 (dd, J = 12.3, 

1.9 Hz, 1H), 4.54 (dd, J = 12.3, 4.1 Hz, 1H), 4.29 (t, J = 9.5 Hz, 1H), 4.04 – 3.87 (m, 2H), 3.75 

(dd, J = 6.7, 1.7 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 170.3, 170.1, 170.0, 169.6, 169.5, 169.1, 

101.1, 87.7, 75.7, 74.8, 72.5, 71.0, 70.9, 70.7, 69.0, 66.6, 61.7, 60.8, 20.8, 20.7, 20.6. The 1H NMR 

spectrum is presented in Figure S24 and the 13C NMR spectrum is presented in Figure S25. 

 

 
Scheme S5. Synthesis of SA_OH 

 

Synthesis of Acetyl 6’-Sialyllactose azide (SA_Ac) 

The compound was synthesized according to the literature.(5)  6’-Sialyllactose sodium salt (500.0 

mg, 0.76 mmol), DMC (387 mg, 2.29 mmol), NaN3 (496 mg, 7.63 mmol), and DIPEA (1.33 mL, 
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7.63 mmol) were mixed in 1.57 mL water and shaken at 0 °C.for 5 h and lyophilized. Then DCM 

(30 mL) was added, and the organic layer was separated and washed with brine (30 mL) prior to 

drying over anhydrous MgSO4. After filtration, solvent was removed under reduced pressure. 

Ac2O (7.5 mL, 80 mmol) and pyridine (10 mL) were added to the residue, and the reaction mixture 

was stirred overnight at room temperature. The reaction was concentrated in vaccuo. DCM was 

added to the residue, which was then treated with 4 mL of 1 M HCl and washed with water prior 

to drying over anhydrous MgSO4. After filtration, solvent was removed under reduced pressure, 

and the crude product was purified by column chromatography using silica and DCM/MeOH 

gradient (v:v = 20:1→10:1). The product SA_Ac was obtained as a colorless solid (400 mg, 48 

%). 1H NMR (400 MHz, CDCl3) δ 5.74 (d, J = 9.7 Hz, 1H), 5.40 (d, J = 3.4 Hz, 1H), 5.35 (s, 1H), 

5.19 (t, J = 9.5 Hz, 1H), 5.14 – 4.98 (m, 3H), 4.89 (t, J = 9.2 Hz, 1H), 4.63 (d, J = 8.7 Hz, 1H), 

4.54 (dd, J = 22.7, 9.8 Hz, 2H), 4.32 (d, J = 12.0 Hz, 1H), 4.25 – 4.00 (m, 5H), 3.97 – 3.85 (m, 

2H), 3.87 – 3.68 (m, 3H), 3.58 (dd, J = 10.8, 6.9 Hz, 2H), 2.28 – 1.86 (m, 33H). The 1H NMR 

spectrum is presented in Figure S26.   

 

Synthesis of Acetyl 6’-Sialyllactose azide (SA_OH) 

The compound was synthesized according to the literature.(4) SA_Ac (100 mg, 0.09 mmol) was 

dissolved in methanol (10 mL), and sodium methoxide (3 M in methanol, 5 drops) was added. The 

reaction mixture was allowed to stir at room temperature for 2 h. Dowex 50WX2 H+ resin was 

added to adjust the pH to 7. The mixture was then filtered through Celite, and the solvent was 

evaporated. The product was obtained as colorless solid (50 mg, 82%). 1H NMR (400 MHz, D2O): 

δ 4.67 (d, J = 8.8 Hz, 1H), 4.35 (dd, J = 7.9, 1H), 4.03 – 3.41 (m, 18H), 3.33 – 3.17 (m, 1H), 2.67 

– 2.52 (m, 1H), 1.95 (s, 3H), 1.72 (t, J = 12.3, 1H). The 1H NMR spectrum is presented in Figure 

S27. 

 

S5. Cloning Strategy, Peptide Sequences, and MALDI-TOF of ELPs 

 

The gene sequence for the 50 pentapeptide methionine enriched sequence (E50) was purchased 

from Genscript in the pQE1 vector through cloning between SphI and HindIII. The highlighted 

restriction sites are in order SphI and HindIII. The sequence is provided below. 
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E50 Gene Sequence 

 
 
E50 Amino Acid Sequence 

MKHHHHHHQLHAGSVPGMGVPGMGVPGMGVPGMGVPGDGVPGMGVPGMGVPGMG

VPGMGVPGKGVPGMGVPGMGVPGMGVPGMGVPGDGVPGMGVPGMGVPGMGVPGM

GVPGKGVPGMGVPGMGVPGMGVPGMGVPGDGVPGMGVPGMGVPGMGVPGMGVPG

KGVPGMGVPGMGVPGMGVPGMGVPGDGVPGMGVPGMGVPGMGVPGMGVPGKGVP

GMGVPGMGVPGMGVPGMGVPGDGVPGMGVPGMGVPGMGVPGMGVPGKG 

 

 

 

Table S1. MALDI-TOF Measurements of ELPs  

 E50 [kg/mol] E50-MET [kg/mol] 

Predicted with 100% HPG Substitution 22.8  

Predicted with 100% MET  23.7 

MALDI - TOF 23.1 24.0 
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S6. Additional Supporting Figures 

a. MALDI-TOF MS 

 

 
Figure S1. (A) MALDI-TOF MS of E50 with HPG (positive linear mode) (B) MALDI-TOF 

MS of E50-MET (positive linear mode). The molecular weight denoted by the line is the 

weighted average. 

 

 
 

Figure S2. MALDI-TOF MS of E50_Man_OH (positive linear mode). The molecular weight 

denoted by the line is the weighted average. 
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Figure S3. MALDI-TOF MS of E50_Man_Ac. Sample did not ionize well and exhibits poor 

signal to noise. (positive linear mode). The molecular weight denoted by the line is the weighted 

average. 

 

 

 
Figure S4. MALDI-TOF MS of E50_Man_Bz (positive linear mode). The molecular weight 

denoted by the line is the weighted average. 
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Figure S5. MALDI-TOF MS of E50_Lac_OH (positive linear mode). The molecular weight 

denoted by the line is the weighted average. 

 

 
Figure S6. MALDI-TOF MS of E50_Lac_Ac (positive linear mode). The molecular weight 

denoted by the line is the weighted average. 
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Figure S7. MALDI-TOF MS of E50_Lac_Bz (positive linear mode). The molecular weight 

denoted by the line is the weighted average. 

 

 
Figure S8. MALDI-TOF MS of E50_SA_OH (negative linear mode). The molecular weight 

denoted by the line is the weighted average. 
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Figure S9. MALDI-TOF MS of E50_SA_Ac. Signals below 48000 Da were suppressed to 

improve signal to noise. Sample did not ionize well. (Positive linear mode). The molecular 

weight denoted by the line is the weighted average. 

 

 

b. Small Molecule NMR spectra 

 
 

Figure S10. 1H NMR spectrum of diethyl α-acetamido-α-homopropargylmalonate in CDCl3 

(500 MHz). 
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Figure S11. 1H NMR spectrum of HPG in D2O (500 MHz). 

 
Figure S12. 1H NMR spectrum of pentaacetyl-D-mannopyranose (2) in CDCl3 (400 MHz). 
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Figure S13. 1H NMR spectrum of Man_Ac in CDCl3 (400 MHz). 

 
Figure S14. 1H NMR spectrum of Man_OH in D2O (400 MHz). 
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Figure S15. 1H NMR spectrum of pentabenzoyl-D-mannopyranose (4) in CDCl3 (400 MHz). 

 

 

 
Figure S16. 1H NMR spectrum of Man_Bz in CDCl3 (400 MHz). 
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Figure S17. 13C NMR spectrum of Man_Bz in CDCl3 (101 MHz). 

 

 

 

 
 

 

Figure S18. 1H NMR spectrum of octoacetyl-D-lactose (7) in CDCl3 (400 MHz). 
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Figure S19. 1H NMR spectrum of Lac_Ac in CDCl3 (400 MHz). 

 

 
Figure S20. 13C NMR spectrum of Lac_Ac in CDCl3 (101 MHz). 
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Figure S21. 1H NMR spectrum of Lac_OH in D2O (400 MHz). 

 

 

 
Figure S22. 1H NMR spectrum of octobenzoyl-D-lactose (9) in CDCl3 (400 MHz). 
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Figure S23. 1H NMR spectrum of Lac_Bz in CDCl3 (400 MHz). 

 
Figure S24. 13C NMR spectrum of Lac_Bz in CDCl3 (101 MHz). 
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Figure S25. 1H NMR spectrum of SA_Ac in CDCl3 (400 MHz). 

 
Figure S26. 1H NMR spectrum of SA_OH in CDCl3 (400 MHz). 
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c. Protein NMR spectra 

 

Table S1. Conjugate 1H NMR Reference Peaks 

Conjugate Valine (-CH3) hydrogens referenced against Solvent 

E50_Man_OH Triazole hydrogen (8.1 ppm) and hydrogens on carbon 

adjacent to triazole (6.1 ppm) 

D2O 

E50_Man_Ac Triazole hydrogen (8.1 ppm) and Mannose hydrogens (5.8 

to 5.3 ppm) 

d-DMF 

E50_Man_Bz Bz hydrogens (8.2 and 7.4 ppm) d-DMF 

E50_Lac_OH Triazole hydrogen (8.1 ppm) and hydrogens on carbon 

adjacent to triazole (5.6 ppm) 

D2O 

E50_Lac_Ac Lactose hydrogens (6.5 and 5.0 ppm) d-DMF 

E50_Lac_Bz Bz hydrogens (8.0 to 7.5 ppm) d-DMF 

E50_SA_OH SA hydrogens (3.4, 3.1, and 1.2 ppm) D2O 

E50_SA_Ac Ac hydrogens (2.4 to 1.6 ppm) d-DMF 

 

 

 
Figure S27. 1H NMR of E50 in D2O (500 MHz). Peaks at 4.2 ppm and 2.5 ppm correspond to 

HPG protons. The peaks at 2.6 ppm correspond to unsubstituted methionine (-CH2) hydrogens. 

Peaks at 0.9 ppm correspond to valine (-CH3) hydrogens.  
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Figure S28. 1H NMR of E50_Man_OH in D2O (600 MHz). The peak at 8.1 ppm corresponds to 

triazole hydrogens. The peak at 6.1 ppm corresponds to the hydrogens on the carbon adjacent to 

the triazole. Peaks at 0.9 ppm correspond to valine (-CH3) hydrogens.  

 
Figure S29. 1H NMR of E50_Man_Ac in DMF (600 MHz). The peak at 6.7 ppm corresponds 

triazole hydrogens. Peaks from 5.8 ppm to 5.3 ppm correspond to Man hydrogens. Peaks at 0.9 

ppm correspond to valine (-CH3) hydrogens.  



26 

 

 
Figure S30. 1H NMR of E50_Man_Bz in d-DMF (500 MHz). The peaks at 8.2 and 7.4 ppm 

corresponds to Bz hydrogens. Peaks at 0.9 ppm correspond to valine (-CH3) hydrogens.  

 
Figure S31. 1H NMR of E50_Lac_OH in D2O (600 MHz). The peak at 8.1 ppm corresponds to 

triazole hydrogens. The peak at 5.6 ppm corresponds to the hydrogens on the carbon adjacent to 

the triazole. Peaks at 0.9 ppm correspond to valine (-CH3) hydrogens.  
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Figure S32. 1H NMR of E50_Lac_Ac in d-DMF (500 MHz). The peaks from 6.5 to 5.0 ppm 

corresponds to lactose hydrogens. Peaks at 0.9 ppm correspond to valine (-CH3) hydrogens.  

 
Figure S33. 1H NMR of E50_Lac_Bz in d-DMF (500 MHz). The peaks from 8.0 to 7.5 ppm 

correspond to Bz hydrogens. Peaks at 0.9 ppm correspond to valine (-CH3) hydrogens.  
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Figure S34. 1H NMR of E50_SA_OH in d-D2O (600 MHz). The peaks from 3.4 to 3.1 ppm and 

1.2 ppm correspond to SA hydrogens. Peaks at 0.9 ppm correspond to valine (-CH3) hydrogens.  

 
Figure S35. 1H NMR of E50_SA_Ac in d-DMF (600 MHz). The peaks from 2.4 to 1.6 ppm 

correspond to Ac hydrogens. Peaks at 0.9 ppm correspond to valine (-CH3) hydrogens.  

 

 

 

 

 



29 

 

d. Protein Gels 

 

 
Figure S36. Stained Coomassie Blue SDS-PAGE gel of E50 and E50-MET. L – Protein Ladder, 

1– Purified E50, 2– Purified E50-MET.  Molar masses are in kilodaltons.  

 

e. Integrated ITC data 

 

 
Figure S37. ITC results of integrated data for titration of (A) E50_Lac_OH (200 µM) to SBA 

(200 µM) in HEPES buffer at 25 ºC and (B) E50_SA_OH (10 µM) to WGA (100 µM) in HEPS 

buffer at 25 ºC. 
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f. Phase Diagrams 

 
Figure S38. Solubility study for E50_Man_Ac in methanol. 

 
Figure S39. Solubility study for E50_Man_Ac in acetone. 
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Figure S40. Solubility study for E50_Man_Ac in DMF. 

 
Figure S41. Solubility study for E50_Man_Bz in methanol. 
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Figure S42. Solubility study for E50_Man_Bz in acetone. 

 
Figure S43. Solubility study for E50_Man_Bz in DMF. 
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Figure S44. Solubility study for E50_Lac_Ac in methanol. 

 
Figure S45. Solubility study for E50_Lac_Ac in acetone. 
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Figure S46. Solubility study for E50_Lac_Ac in DMF. 

 
Figure S47. Solubility study for E50_Lac_Bz in methanol. 
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Figure S48. Solubility study for E50_Lac_Bz in acetone. 

 
Figure S49. Solubility study for E50_Lac_Bz in DMF. 
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Figure S50. Solubility study for E50_SA_Ac in methanol. 

 
Figure S51. Solubility study for E50_SA_Ac in acetone. 
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Figure S52. Solubility study for E50_SA_Ac in DMF. 
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