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Figure S1. 13C NMR results of glucose, G6P and G1P. The integration value is shown on the top of each NMR signal.



 

 

 

Figure S2. Crystal structures and close-up views of A) G1P (PDB ID 5BMP) and B) an intermediate, G16P (PDB ID 1C47) in their 

complexes with -phosphoglucomutase. The intramolecular hydrogen bonds between the phosphate groups and their adjacent –OH groups are 

shown in dashed yellow lines. The yellow dots are presented for the oxygen atoms of water. 

  



Table S1. Raman and ROA band assignments of glucose, G6P and G1P. Take calculation works on glucose1, G6P solids2, D-gluconic acid3, 

galactose4, beta-D-xylose5, methyl-beta-D-glucose6 and our simulation results as reference. 

 Glucose G6P G1P Assignments 

Region Raman ROA Raman ROA Raman ROA 

low 

wavenumber 

region 

   (-) 375  (-) 360 C-C,C-O stretching; Ring deformation; 

PO3 twisting and rocking 

   (+) 406  (+) 388 C-C,C-O stretching; Ring deformation; 

O-H twisting, O6-H twisting 

444 (-) 436 422 (-) 428 435 (-) 432 Ring deformation; Ring breathing;  

O-H twisting; CH2 rocking;  

PO3 symmetric stretching 

515 (-) 512 450 (-) 505   Ring breathing; OH twisting; 

PO3 asymmetric stretching;  

 (+) 554 505 (+) 540 538 (+) 528 Ring breathing; OH twisting; 

anomeric 

region 

847 (-) 844,α 853 (-) 860, α 843 (-) 840, α C-O-C stretching;CH2 bending;  

C6-O6-H bending; C5-H wagging 

900 (-) 897,  913 (-) 912,  870  C-O-C stretching;CH2 bending;  

C6-O6-H bending; C5-H wagging 

     (+) 920 C-C,C-O stretching; PO3 stretching 

fingerprint 

region 

  980 (+) 980 968 (+) 968 PO3 symmetric stretching 

 (-) 993  (-) 1005  (-) 995 C-C,C-O stretching; C5-C6 stretching 

C-O-H bending; CH2 rocking;  

PO3 symmetric stretching 

1018 (-) 1028  (-) 1036  (-) 1022 C-C, C-O stretching; C1-C2-C3 deformation; 



C3-C4, C2-O2, C1-O1 stretching 

C-O-H bending; C-H wagging 

1064 (+) 1049 1066  1048 (+) 1053 O1- C5-O5-C5-C6-O6 stretching; 

C1-O1-H, C6-O6-H bending; CH2 rocking; 

 (-) 1066   1061 (-) 1070 C-C stretching; C-O stretching  

1125 (-) 1108  (-) 1110 1108 (-) 1102 Ring deformations 

     (-) 1125 PO3 stretching 

 (+) 1152 1130 (+) 1153 1133 (+) 1146 Ring deformations 

 (-) 1228  (-) 1234  (-) 1224 C-H wagging; C-O-H bending; CH2 twisting 

H2 and COH 

deformations 

region 

1265 (+)1266, β 1279 (+) 1267, β 1269 (-) 1264 C-H wagging; C-O-H bending; CH2 twisting 

1332 (-) 1315 1335 (-) 1315 1337 (-) 1337 Ring H torsion; C-O-H bending 

1368 (+) 1365 1372 (+) 1367 1366 (+) 1363 Ring H torsion; C-O-H bending 

1462 (+) 1465 1462 (-) 1455 1462  CH2 scissoring; CH2 twisting 

Weak OH wagging 

α or β refers to an anomer which has an axial or equatorial hydroxyl group at C1. 

 

References 

 

1. Zhbankov, R. G.; Andrianov, V. M.; Ratajczak, H.; Marchewka, M., Vibrational spectra and stereochemistry of mono- and polysaccharides. Journal of Structural 

Chemistry 1995, 36 (3), 392-403. 

2. Pasterny, K.; Chełmecka, E.; Wrzalik, R.; Szeja, W., Theoretical DFT study on glucose-6-phosphate. Journal of Molecular Structure 2005, 744-747, 929-936. 



3. Mutter, S. T.; Zielinski, F.; Cheeseman, J. R.; Johannessen, C.; Popelier, P. L.; Blanch, E. W., Conformational dynamics of carbohydrates: Raman optical activity of 

D-glucuronic acid and N-acetyl-D-glucosamine using a combined molecular dynamics and quantum chemical approach. Physical chemistry chemical physics : PCCP 2015, 17 

(8), 6016-27. 

4. Mutter, S. T.; Zielinski, F.; Johannessen, C.; Popelier, P. L.; Blanch, E. W., Distinguishing Epimers Through Raman Optical Activity. J Phys Chem A 2016, 120 (11), 

1908-16. 

5. Zielinski, F.; Mutter, S. T.; Johannessen, C.; Blanch, E. W.; Popelier, P. L., The Raman optical activity of beta-D-xylose: where experiment and computation meet. Phys 

Chem Chem Phys 2015, 17 (34), 21799-809. 

6. Cheeseman, J. R.; Shaik, M. S.; Popelier, P. L.; Blanch, E. W., Calculation of Raman optical activity spectra of methyl-beta-D-glucose incorporating a full molecular 

dynamics simulation of hydration effects. J Am Chem Soc 2011, 133 (13), 4991-7.  

 

 

 


