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Figure S1: 19F {1H} NMR (A) and 31P {1H} NMR (B) spectra comparison of phophonate 6 and 

phosphate 7.  

 
General kinetic inhibition assays of analogues 1-4 against αPMM/PGM and bPGM 

Enzyme kinetic rates for αPMM/PGM and βPGM were determined using a coupled assay with 

glucose 6-phosphate dehydrogenase (G6PDH) to monitor G6P formation from G1P from G1P, using 

aG16BP1 or a-fructose-1,6-bisphosphate (aF16BP)2 as an activator of αPMM/PGM and βPGM, 

respectively (Scheme S1). G6PDH oxidized G6P to 6-phosphogluconolactone with reduction of 

NAD+ to NADH, was monitored at 340 nm. Kinetic rates were recorded using a SpectraMax Plus 

UV/Vis spectrophotometer. Kinetic rates were monitored at A340 over 10 min at 25°C. The linear 
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portions of time progress curves were plotted using GraFit 5.0.4. Reactions were carried out in 

96-well plates. 

Scheme S1. Mechanistic schemes of PGM-G6PDH coupled assay 

 
Enzyme kinetic determination for αPMM/PGM and G6PDH 

Michaelis Menten kinetic data for αPMM/PGM was obtained using the conditions described for the 

αPMM/PGM IC50 experiment (without inhibitor present) with variable aG1P (0–200 µM). For the 

kinetic assay with G6PDH alone, it was carried out in a final volume of 200 µL containing 50 mM 

Hepes buffer pH 7.4, 0.5 mM NAD+, 0.125 U/mL G6PDH, G6P (75–1000 µM).  

Figure S2: Michaelis-Menten plots. (a) αPMM/PGM (b) G6PDH 
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Figure S3: IC50 data for the αPMM/PGM catalyzed formation of G6P from αG1P in response to 

inhibitors (1-4). 
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Figure S4: IC50 data for the bPGM catalyzed formation of G6P from bG1P in response to 

inhibitors (1-4). 

 

Figure S5.  Sequence alignment of Xanthomonas citri PGM (top) and P. aeruginosa 

PMM/PGM (bottom).  

Secondary structure for XcPGM is indicated above the alignment. Figure made with ESPript.3 Key 

active site regions are highlighted, as described before.4 
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Table S1. X-ray data collection and refinement statistics for the CH3G6P complex. (Statistics 

for the highest-resolution shell are shown in parentheses.) 

Compound # 1  
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Ligand abbrev. CH3G6P 

PDB ID code 6N1E 

Resolution range 38.98 - 1.7 (1.761 - 1.7) 

Space group P 21 21 21 

Unit cell 43.705 54.745 172.432 90 90 90 

Total reflections 326911 (31655) 

Unique reflections 46426 (4571) 

Multiplicity 7.0 (6.9) 

Completeness (%) 99.59 (99.05) 

Mean I/sigma(I) 21.28 (1.59) 

Wilson B-factor 21.22 

R-merge 0.07415 (1.23) 

R-meas 0.08007 (1.328) 

R-pim 0.02991 (0.4985) 

CC1/2 0.999 (0.634) 

Reflections used in refinement 46386 (4571) 

R-work 0.1635 (0.2323) 

R-free 0.2019 (0.2658) 

Number of non-hydrogen atoms 4050 

  macromolecules 3499 

  ligands 17 

  solvent 533 
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Protein residues 448 

RMS(bonds) 0.008 

RMS(angles) 1.21 

Ramachandran favored (%) 97.09 

Ramachandran allowed (%) 2.69 

Ramachandran outliers (%) 0.22 

Clashscore 0.27 

Average B-factor 3.88 

  macromolecules 26.21 

  ligands 24.61 

  solvent 43.18 

Table S2. A comparison of protein-ligand hydrogen bonds of complex between the 1-XcPGM 

and αG1P. 

Ligand 

atom 

Protein residue 

& atom a 

αG1P 

(5BMP) 
1 

Phosphate contacts (Å) 

O1P R414 NH1 3.04 2.87 

 R423 NE 2.87 3.44 

O2P R414 NH2 2.67 2.75 

 N417 N 2.83 3.15 

O3P S416 OG 2.53 2.58 

 T418 OG1 2.52 2.82 

 R423 NH1 3.04 3.48 

Sugar hydroxyl contacts (Å) 
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O2 R280 NH1 2.55 - b 

O3 R280 NH2 2.97 - 

 H303 N - 2.99 

 E320 OE2 2.59 2.75 

 S322 OG 2.61 - 

O4 H303 N 3.14 - 

 E320 OE1 2.84 3.31 

a residue numbers correspond to the XcPGM sequence from UniProt ID Q8PGN7 (without His tag). b corresponding interaction is 

missing. 

 

1H, 13C, 19F, and 31P NMR spectra of synthetic intermediates and final products 

Figure S6. 1H NMR (300 MHz, CDCl3) spectra of compound 9 
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Figure S7. 1H NMR (500 MHz, D2O) spectra of compound 12 

 

Figure S8. 13C NMR (125 MHz, D2O) spectra of compound 12 
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Figure S9. 1H NMR (500 MHz, D2O) spectra of compound 1 

 

Figure S10. 31P NMR (202 MHz, D2O) spectra of compound 1 
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Figure S11. 13C NMR (125 MHz, D2O) spectra of compound 1 

 

Figure S12. 19F NMR (470 MHz, DMSO-d6) spectra of compound 10 
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Figure S13. 19F NMR (470 MHz, D2O) spectra of compound 13 

 

Figure S14. 1H NMR (500 MHz, D2O) spectra of compound 2 
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Figure S15. 19F NMR (470 MHz, D2O) spectra of compound 2 

 

Figure S16. 31P NMR (202 MHz, D2O) spectra of compound 2 
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Figure S17. 13C NMR (125 MHz, D2O) spectra of compound 2 

 

Figure S18. 1H NMR (500 MHz, CDCl3) spectra of compound 6 
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Figure S19. 19F NMR (470 MHz, CDCl3) spectra of compound 6 

 

Figure S20. 31P NMR (202 MHz, CDCl3) spectra of compound 6 
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Figure S21. 1H NMR (500 MHz, CDCl3) spectra of compound 7 

 

Figure S22. 19F NMR (470 MHz, CDCl3) spectra of compound 7 
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Figure S23. 31P NMR (202 MHz, CDCl3) spectra of compound 7 

 

Figure S24. 13C NMR (125 MHz, CDCl3) spectra of compound 7 
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Figure S25. 1H NMR (500 MHz, CDCl3) spectra of compound 8 

 

Figure S26. 19F NMR (470 MHz, CDCl3) spectra of compound 8 
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Figure S27. 1H NMR (500 MHz, D2O) spectra of compound 14 

 

Figure S28. 19F NMR (470 MHz, D2O) spectra of compound 14 
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Figure S29. 13C NMR (125 MHz, D2O) spectra of compound 14 

 

Figure S30. 1H NMR (500 MHz, D2O) spectra of compound 3 

 



S23 
 

Figure S31. 19F NMR (470 MHz, D2O) spectra of compound 3 

 

Figure S32. 31P NMR (202 MHz, D2O) spectra of compound 3 
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Figure S33. 13C NMR (125 MHz, D2O) spectra of compound 3 

 

Figure S34. 19F NMR (470 MHz, CDCl3) spectra of compound 11 
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Figure S35. 1H NMR (500 MHz, D2O) spectra of compound 15 

 

Figure S36. 19F NMR (470 MHz, D2O) spectra of compound 15 
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Figure S37. 13C NMR (125 MHz, D2O) spectra of compound 15 

 

Figure S38. 1H NMR (500 MHz, D2O) spectra of compound 4 
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Figure S39. 19F NMR (470 MHz, D2O) spectra of compound 4 

 

Figure S40. 31P NMR (202 MHz, D2O) spectra of compound 4 
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Figure S41. 13C NMR (125 MHz, D2O) spectra of compound 4 
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