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Part I: NMR spectra of novel GL derivatives and compounds-leads 

Supplemental Figure S1. 1H NMR for compound-lead 3 (500 MHz, CD3OD, δ, ppm) 
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Supplemental Figure S2. 13C NMR for compound-lead 3 (125 MHz, CD3OD, δ, ppm) 

Supplemental Figure S3. 1H NMR for compound 4 (500 MHz, CD3OD, δ, ppm) 
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Supplemental Figure S4. 13C NMR for compound 4 (125 MHz, CD3OD, δ, ppm) 
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Supplemental Figure S5. 1H NMR for compound-lead 6 (500 MHz, CD3OD, δ, ppm) 
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Supplemental Figure S6. 13C NMR for compound-lead 6 (125 MHz, CD3OD, δ, ppm) 

Supplemental Figure S7. 1H NMR for compound 7 (500 MHz, CD3OD, δ, ppm) 
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Supplemental Figure S8. 13C NMR for compound 7 (125 MHz, CD3OD, δ, ppm) 

Supplemental Figure S9. 1H NMR for compound 10 (500 MHz, CD3OD, δ, ppm) 
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Supplemental Figure S10. 13C NMR for compound 10 (125 MHz, CD3OD, δ, ppm) 
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Supplemental Figure S11. 1H NMR for compound-lead 11 (500 MHz, CD3OD, δ, ppm) 

Supplemental Figure S12. A part of 1H NMR for compound-lead 11 (500 MHz, CD3OD, 

δ, ppm) 
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Supplemental Figure S13. 13C NMR for compound-lead 11 (125 MHz, CD3OD, δ, ppm) 

Supplemental Figure S14. 1H NMR for compound 12 (500 MHz, CD3OD, δ, ppm) 



11 

Supplemental Figure S15. 1H NMR for compound 12 (500 MHz, DMSO-d6, δ, ppm) 



12 

Supplemental Figure S16 . 13C NMR for compound 12 (125 MHz, CD3OD, δ, ppm) 

Supplemental Figure S17. 1H NMR for compound 13 (500 MHz, CD3OD, δ, ppm) 
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Supplemental Figure S18. 13C NMR for compound 13 (125 MHz, CD3OD, δ, ppm) 
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Supplemental Figure S19. 13C NMR-2 for compound 13 (125 MHz, CD3OD, δ, ppm) 

Supplemental Figure S20. 1H NMR for compound 14 (500 MHz, DMSO-d6, δ, ppm) 



15 

Supplemental Figure S21. 13C NMR for compound 14 (125 MHz, DMSO-d6, δ, ppm) 
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Supplemental Figure S22. 1H NMR for compound 15 (500 MHz, CD3OD, δ, ppm) 

Supplemental Figure S23. 13C NMR for compound 15 (125 MHz, CD3OD, δ, ppm) 
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Part II: Antiviral data 

DENV2 infection in Vero E6 cells (MOI of 0.01) 
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DENV2 infection in Vero E6 cells (MOI of 0.01) 

GL-Lys(Z) (Compound 21, M)
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Supplemental Figure S24. Inhibition of DENV2-induced cytopathic effects and DENV2 

protein expression by Compounds 6 and 21 in Vero E6 cells. Cells were infected with DENV2 at 

a MOI of 0.01 and immediately treated with the indicated concentrations of Compounds 6 and 

21. Images of DENV2-induced cytopathic effect were photographed 96 hours post 

infection by light microscopy (top). Treated/infected Vero E6 cells were also analyzed using 

immunofluorescence staining with anti-DENV2 NS4B antibodies. DENV2 infectivity was 

discovered by the ratio of DENV2 NS4B positive cells (middle) to total cells stained with DAPI 

(bottom).  
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Supplemental Figure S25. Infectivity inhbition of DENV1 in Vero E6 cells by active GL 

conjugates. Cells were infected with DENV1 in the presence and absence of Compounds 3, 6, 11, 

and 21 at the concentrations of 0.1, 1, and 10 μM, respectively. Treated/infected Vero E6 cells 

were also analyzed using immunofluorescence staining with anti-DENV2 NS4B antibodies. 

Residual infectivity was discovered by the ratio of DENV2 NS4B positive cells to total cells 

stained with DAPI, and relative inhibition activity was determined based on full infectivity with 

the subtraction of its residual infectivity. 
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Part III: HPLC analysis for GL derivatives 

Supplemental Figure S26. HPLC for compound 2. A Vydac 218 TPC18 column; a mobile phase 

CH3OH; a flow rate 1.0 ml/min; a retention time was 2.77 min; UV detection was carried out at λ 

254 nm; a purity was 97.8±0.8%. 

Supplemental Figure S27. HPLC for compound 3. A Vydac 218 TPC18 column; a mobile phase 

CH3OH; a flow rate 1.0 ml/min; a retention time was 2.86 min; UV detection was carried out at λ 

254 nm; a purity was 96.8±0.8%. 
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Supplemental Figure S28. HPLC for compound 4. A Vydac 218 TPC18 column; a mobile 

phase CH3OH; the flow rate 1.0 ml/min; a retention time was 2.88 min; UV detection was 

carried out at λ     nm; a purity was 98.2±0.8%. 
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Supplemental Figure S29. HPLC for compound 5. A Discovery C18 column; a mobile phase 

CH3OH; a flow rate 1.0 ml/min; a retention time 4.03 min; UV detection was carried out at λ     
nm; a purity was 97.5±0.8%. 
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Supplemental Figure S30. HPLC for a leader compound 6. An Atlantis C18 column; a mobile 

phase CH3OH: 0.3 N CH3COOH=80:20; a flow rate 1.0 ml/min; a retention time 7.95 min; UV 

detection was carried out at λ     nm; a purity was 98.0±0.8%. 
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Supplemental Figure S31. HPLC for compound 7. A Vydac 218 TPC18 column; a mobile 

phase was CH3OH; a flow rate 1.0 ml/min; a retention time 2.66 min; UV detection was carried 

out at λ 254 nm; a purity was 98.5±0.8%.  
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Supplemental Figure S32. HPLC for compound 8. A Vydac 218 TPC18 column; a mobile 

phase was CH3OH; a flow rate 1.0 ml/min; a retention time 2.65 min; UV detection was carried 

out at λ 254 nm; a purity was 95.8±0.8%.  

Supplemental Figure S33. HPLC for compound 9. A Zorbax RX-C18 column; mobile phase 

CH3OH; a flow rate 1.0 ml/min; a retention time 2.65 min; UV detection was carried out at λ     
nm; a purity was 96.8±0.8%. 
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Supplemental Figure S34. HPLC for compound 10. A Vydac 218 TPC18 column;  a mobile 

phase CH3OH; a flow rate 1.0 ml/min; a retention time 2.74 min; UV detection was carried out at 

λ     nm; a purity was 97.6±0.8%. 
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Supplemental Figure S35. HPLC for a leader compound 11. An Atlantis C18 column; a mobile 

phase CH3OH; a flow rate 1.0 ml/min; a retention time 3.82 min; UV detection was carried out at 

λ     nm; a purity was 96.6±0.8%. 
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Supplemental Figure S36. HPLC for compound 12. A Vydac 218 TPC18 column; a mobile 

phase CH3OH; a flow rate 1.0 ml/min; a retention time 2.92 min; UV detection was carried out at 

λ     nm; a purity was 98.8±0.8%. 

Supplemental Figure S37. HPLC for compound 13. A Zorbax RX-C18 column; a mobile phase 

CH3OH; a flow rate 1.0 ml/min; a retention time 2.54 min; UV detection was carried out at λ  54 

nm; a purity was 97.6±0.8%. 
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Supplemental Figure S38. HPLC for compound 14. A Vydac 218 TPC18 column; a mobile 

phase CH3OH; a flow rate 1.0 ml/min; a retention time 2.75 min; UV detection was carried out at 

λ  54 nm; a purity was 98.8±0.8%. 

Supplemental Figure S39. HPLC for compound 15. A Vydac 218 TPC18 column; a mobile 

phase CH3OH; a flow rate 1.0 ml/min; a retention time 2.66 min; UV detection was carried out at 

λ  54 nm; a purity was 97.5±0.8%. 
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Supplemental Figure S40. HPLC for compound 16. A Zorbax RX-C18 column; a mobile phase 

CH3OH; a flow rate 1.0 ml/min; a retention time 2.44 min; UV detection was carried out at λ  54 

nm; a purity was 97.2±0.8%. 

0.0 2.5 5.0 7.5 min 

-50

0

50

100

150

200

250

300

350

400

450

500
mAU

Supplemental Figure S41. HPLC for compound 17. A Vydac 218 TPC18 column; a mobile 

phase CH3OH; a flow rate 1.0 ml/min; a retention time 2.66 min; UV detection was carried out at 

λ  54 nm; a purity was 98.0±0.8%. 
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Supplemental Figure S42. HPLC for compound 18. A Vydac 218 TPC18 column; a mobile 

phase CH3OH; a flow rate 1.0 ml/min; a retention time 2.70 min; UV detection was carried out at 

λ  54 nm; a purity was 98.7±0.8%. 

Supplemental Figure S43. HPLC for compound 19. A Vydac 218 TPC18 column; a mobile 

phase CH3OH; a flow rate 1.0 ml/min; a retention time 2.78 min; UV detection was carried out at 

λ  54 nm; a purity was 95.8±0.8%. 



28 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 min 

0

250

500

750

1000

1250

mAU

Supplemental Figure S44. HPLC for compound 20. A Vydac 218 TPC18 column; a mobile 

phase CH3OH; a flow rate 1.0 ml/min; a retention time 2.74 min; UV detection was carried out at 

λ  54 nm; a purity was 96.5±0.8%. 

Supplemental Figure S45. HPLC for compound 21. A Vydac 218 TPC18 column; a mobile 

phase CH3OH; a flow rate 1.0 ml/min; a retention time 2.83 min; UV detection was carried out at 

λ  54 nm; a purity was 95.8±0.8%. 


