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I. Experimental Section

Materials. E. coli harboring cps23FL-pET28a was from our lab. BCA protein quantitation kit from Cwbiotech, glactose-1-phosphate
(Gal-1-P), glucosamine-1-phosphate (GlcNH2-1-P), galactosamine-1-phosphate (GalNH2-1-P), galacturonic acid-1-phosphate (GalA-1-
P) and inorganic pyrophosphatease (YIPP) from Sigma, mannose-1-phosphate (Man-1-P) from Chemme, glucose-1-phosphate (Glc-1-
P), 2'-deoxythymidine 5'-triphosphate (dTTP), uridine 5'-triphosphate (UTP), 2'-deoxyuridine 5'-triphosphate (dUTP), 2'-deoxycytidine
S'-triphosphate (dCTP), cytidine 5'-triphosphate (CTP), 2'-deoxyguanosine 5'-triphosphate (dGTP), guanosine 5'-triphosphate (GTP), 2'-
deoxyadenosine 5'-triphosphate (dATP), adenosine 5'-triphosphate (ATP) from Sangonbiotech, yeast extract, agar and tryptone from
OXOID were purchased, respectively. Other reagents were obtained from Sangonbiotech unless stated otherwise.

Expression and purification of Cps23FL. Expression and purification of Cps23FL were performed as previously reported (Li, S. et
al., Chem. Commun. 2016, 52(97): 13995). Specifically, a desired expression strain was directly incubated overnight in LB/Kan medium.
After growth overnight (37 °C, 200 revolutions/minute), this culture was diluted 1:100 with fresh LB/Kan medium typically to a total
volume of 1 L. The large scale culture was subsequently grown (37 °C, 200 revolutions/minute) to mid-log phase (OD600 =~ 0.6), at
which point IPTG was added at the final concentration of ImM. After growth was continued for an additional 10 hours (25 °C, 200
revolutions/minute), the cells were collected by centrifugation (10 minutes, 8000 g/minute) and suspended in100 ml of 50 mM Tris-HCI,
at pH 7.5, containing 300 mM NaCl on the ice. The desired enzymes were purified with Ni" affinity chromatography (GE Healthcare).
Enzymes concentrations were calculated by BCA protein quantitation kit, and enzymes were stored at -80 °C before use.

Substrate specificity analysis of Cps23FL. Enzymatic reactions were performed under standard conditions in duplicates in a total
100 pL solution containing enzymes (6 or 60 pM), MgClz (5§ mM), YIPP (2 U/mL), sugar-1-P (5 mM), (d)NTP (3 mM) and HEPES (30

mM, pH 7.5). The reactions were performed at 37 °C for 1, 6, or 48 h and terminated in boiling water bath for 30 s, followed by
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centrifugated at 12 300 rpm for 10 minutes. The consumption of (d)NTP and the formation of sugar nucleotide during reactions were
analyzed by analytical HPLC (Dionex CarboPac™ PA-100 Analytical Column 4x250mm, 0~1.0 M ammonium acetate). Scale-up
reactions were applied and then milligram products were purified by semi-preparative HPLC (Dionex CarboPac™ PA-100, 22x250mm,
0~1.0 M ammonium acetate), then desalted via a size exclusion chromatography using Biogel P-2 column with distilled water as the
eluents. Product-containing fractions were combined and lyophilized to give the desired target products, which were fully charaterized
with high resolution mass spectrometry (ESI-HRMS, Shimadzu LCMS-IT-TOF mass spectrometer) and nuclear magnetic resonance
(NMR, 600M Aglient) analysis of "TH-NMR (600 MHz), *C-NMR (150 MHz), *'P-NMR (243 MHz), '"H-'H COSY (600 MHz) and 'H-
3C HSQC (600/150 MHz).

The optimal reactions were carried out by different concentrations of Cps23FL and of (d)NTP. Different concentrations of (d)NTP (0,
1.5,3.0, 6.0, 12.0, 24.0 mM final) were added into reaction mixtures containing 30 mM HEPES at pH 7.5, 5 mM Glc-1-P, 5 mM MgCla,
2U/ml YIPP and 6 uM Cps23FL to optimize concentration of nucleoside triphosphates; whilst different concentrations of Cps23FL (0,
0.06, 0.6, 6, 30 and 60 uM final) was added into the reaction mixtures containing containing 30 mM HEPES at pH 7.5, 5 mM Glc-1-P,
5 mM MgClz, 2U/ml YIPP and 3 mM ATP to optimize concentration of Cps23FL. The reaction mixture was carried out at 37 °C for 6
h, and then quenched for HPLC analysis.

dUDP-Glc. Yield: 95%. "H NMR (600 MHz, D20): & 7.80 (d, J = 8.4 Hz, 1H, -CH=), 6.18 (t, J = 6.6 Hz, 1H, H-1), 5.81 (d, J = 7.8
Hz, 1H, -CH=), 5.46 (dd, J=7.2, 3.6 Hz, 1H, H-1"), 4.47 (m, 2H, H-5a,b), 4.08-4.00 (m, 3H, H-2, H-3, H-4), 3.78-3.73 (m, 1H, H-5"),
3.71 (dd, J = 12.6,2.4 Hz, 1H, H-62"), 3.66-3.60 (m, 2H, H-3', H-6b"), 3.39 (dt, J = 10.2, 3.0 Hz, 1H, H-2"), 3.32 (t, J = 9.6 Hz, 1H, H-
4"),2.29-2.20 (m, 2H, H-2); 3C NMR (150 MHz, D20): § 166.25, 151.57, 141.81, 128.48, 102.42, 95.48 (d, J = 7.5 Hz, C-1"), 83.38 (d,
J=9.0 Hz, C-4), 85.32 (C-1), 72.76 (C-3"), 72.72 (C-5"), 71.49 (d, J = 9.0 Hz, C-2"), 70.77 (C-3), 69.09 (C-4"), 65.30 (d, J = 4.5 Hz, C-
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5), 60.22 (C-6"), 38.76 (C-2);*'P NMR (243 MHz, D20): 6 -11.19 (d, J = 20.5 Hz), -12.85 (d, J = 20.5 Hz); ESI-TOF HRMS m/z calcd
for C15sH24N2016P2 [M-H] ! 549.0528, found 549.0445.

UDP-Glec. Yield: 94%. "H NMR (600 MHz, D20): § 7.79 (d, J = 8.4 Hz, 1H, -CH=), 5.81 (s, 1H, H-1), 5.80 (d, J = 8.4 Hz, 1H, -CH=),
5.43 (dd,J=7.2,3.0 Hz, 1H, H-1"), 4.21 (br s, 2H, H-2,3), 4.14-4.00 (m, 3H, H-4, H-5a,b), 3.75-3.70 (m, 1H, H-5"), 3.69 (brd, J=12.6
Hz, 1H, H-6a"), 3.64-3.57 (m, 2H, H-3', H-6b"), 3.49-3.34 (m, 1H, H-2"), 3.30 (t, J = 9.6 Hz, 1H, H-4"); *C NMR (150 MHz, D20): &
166.15, 151.72, 141.50, 102.54, 95.48 (d, J = 6.0 Hz, C-1"), 88.27 (C-1), 83.10 (d, J=9.6 Hz), 73.66, 72.74, 72.69, 71.48 (d, J = 9.0 Hz),
69.52, 69.04, 64.82 (d, J= 6.0 Hz), 60.18;*'P NMR (243 MHz, D20): §-11.33 (d, J=20.5 Hz), -12.96 (d, J = 20.5 Hz); ESI-TOF HRMS
m/z caled for C1sH23N2017P2 [M-H] ! 565.0477, found 565.0439.

dCDP-Glec. Yield: 93%. 'H NMR (600 MHz, D20): § 7.91 (d, J = 7.8 Hz, 1H, -CH=), 6.13 (t, J = 6.6 Hz, 1H, H-1), 6.03 (d, J = 7.8
Hz, 1H, -CH=), 5.42 (dd, J=7.2, 3.0 Hz, 1H, H-1"), 4.43 (br s, 1H, H-3), 4.09-3.97 (m, 3H, H-4, H-5a,b), 3.75-3.70 (m, 1H, H-5"), 3.68
(d, J=12.6 Hz, 1H, H-6a"), 3.63-3.56 (m, 2H, H-3", H-6b"), 3.38-3.33 (m, 1H, H-2"), 3.29 (t, J = 9.6 Hz, 1H, H-4"), 2.32-2.25 (m, 1H,
H-2a), 2.20-2.13 (m, 1H, H-2b); *C NMR (150 MHz, D20): § 162.81, 142.75, 95.76, 95.46 (d, J = 6.0 Hz, C-1'), 86.18 (C-1), 85.64 (d,
J=9.0 Hz, C-4), 72.75 (C-3"), 72.67 (C-5"), 71.50 (d, J = 8.0 Hz, C-2"), 70.58 (C-3), 69.04 (C-4"), 65.09 (d, J = 6.0 Hz, C-5), 60.17 (C-
6"), 39.41 (C-2); 3'P NMR (243 MHz, D20): & -11.34 (d, J = 20.7 Hz), -12.99 (d, J = 20.7 Hz); ESI-TOF HRMS m/z calcd for
Ci15sH24N3015P2 [M-H] ! 548.0688, found 548.0616.

CDP-Gle. Yield: 87%.'"H NMR (600 MHz, D20): 6 7.83 (d, J = 7.2 Hz, 1H, -CH=), 5.98 (d, J = 7.8 Hz, 1H, -CH=), 5.80 (d, J = 4.2
Hz, 1H, H-1), 5.42 (dd, J=7.2, 3.0 Hz, 1H, H-1"), 4.19-4.13 (m, 2H, H-2, H-3), 4.13-4.08 (m, 2H, H-4, H-5a), 4.05-4.00 (m, 1H, H-5b),
3.74-3.69 (m, 1H, H-5"), 3.67 (br d, J = 12.6 Hz, 1H, H-6a"), 3.62-3.56 (m, 2H, H-3', H-6b"), 3.37-3.32 (m, 1H, H-2"), 3.28 (t, J = 9.6
Hz, 1H, H-4"); 3C NMR (150 MHz, D20): & 164.75, 155.92, 141.78, 96.24, 95.49 (d, J = 7.5 Hz, C-1"), 89.19 (C-1), 82.63 (d, J = 9.0
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Hz, C-4), 74.14 (C-2), 72.75 (C-3"), 72.69 (C-5"), 71.49 (d, J = 9.0 Hz, C-2"), 69.10 (C-3), 69.04 (C-4"), 64.50 (d, J=4.5 Hz, C-5), 60.18
(C-6);*'P NMR (243 MHz, D20): 6 -11.30 (d, J = 20.5 Hz), -12.94 (d, J = 20.5 Hz); ESI-TOF HRMS m/z calcd for C1sH24N3016P2 [M-
H]'564.0637, found 564.0632.

dGDP-Glec. Yield: 89%. '"H NMR (600 MHz, D20): 8 7.92 (s, 1H, -CH=), 6.15 (t, J = 7.2 Hz, 1H, H-1), 5.40 (dd, J = 6.6, 3.0 Hz, 1H,
H-1"), 4.58 (br s, 1H, H-3), 4.08 (br s, 1H, H-4), 4.01-3.96 (m, 2H, H-5a,b), 3.74-3.69 (m, 1H, H-5"), 3.67 (d, J=12.6 Hz, 1H, H-6a"),
3.62-3.54 (m, 2H, H-3', H-6b"), 3.36-3.31 (m, 1H, H-2"), 3.27 (t, J = 9.6 Hz, 1H, H-4"), 2.68-2.60 (m, 1H, H-2a), 2.38-2.30 (m, 1H, H-
2b); 3C NMR (150 MHz, D20): § 158.89, 153.75, 151.34, 137.52, 116.11, 95.45 (d, J = 7.5 Hz, C-1"), 85.46 (d, J = 9.0 Hz, C-4), 83.49
(C-1), 72.70 (C-3"), 72.66 (C-5"), 71.49 (d, J = 9.0 Hz, C-2"), 71.22 (C-3), 69.07 (C-4"), 65.37 (C-5), 60.19 (C-6"), 38.37 (C-2); *'P NMR
(243 MHz, D20): § -11.22 (d, J = 20.6 Hz), -12.99 (d, J = 20.6 Hz); ESI-TOF HRMS m/z calcd for C16H24N5015P2 [M-H] ! 588.0750,
found 588.0680.

GDP-Gle. Yield: 91%. 'H NMR (600 MHz, D20): § 7.93 (s, 1H, -CH=), 5.75 (d, J = 6.0 Hz, 1H, H-1), 5.41 (dd, J=7.2, 3.6 Hz, 1H,
H-1"), 4.60 (t, J = 6.0 Hz, 1H, H-2), 4.35 (brt,J=3.6 Hz, 1H, H-3), 4.18 (br s, 1H, H-4), 4.06-4.01 (m, 2H, H-5a,b), 3.73-3.68 (m, 1H,
H-5'), 3.66 (d, J=12.6 Hz, 1H, H-6a"), 3.64-3.54 (m, 2H, H-3', H-6b"), 3.36-3.32 (m, 1H, H-2"), 3.27 (t, J = 9.6 Hz, 1H, H-4"); *C NMR
(150 MHz, D20): 6 158.88, 153.83, 151.70, 137.49, 116.15, 95.48 (d, J = 7.5 Hz, C-1"), 86.69 (C-1), 83.65 (d, J = 9.0 Hz, C-4), 73.50
(C-2), 72.72 (C-3"), 72.69 (C-5"), 71.50 (d, J = 9.0 Hz, C-2"), 70.29 (C-3), 69.08 (C-4"), 65.18 (d, J =4.5 Hz, C-5), 60.21 (C-6"); *'P NMR
(243 MHz, D20): § -11.25 (d, J = 20.5 Hz), -12.94 (d, J = 20.5 Hz); ESI-TOF HRMS m/z calcd for C16H24N5016P2 [M-H]"! 604.0699,
found 604.0606.

dADP-Glc. Yield:73%.'H NMR (600 MHz, D20): & 8.32 (s, 1H, -CH=), 8.09 (s, 1H, -CH=), 6.36 (t, J = 6.6 Hz, 1H, H-1), 5.42-5.39
(dd, J=6.6,2.4 Hz, 1H, H-1"), 4.59 (br s, 1H, H-3), 4.14 (br s, 1H, H-4), 4.05-3.95 (m, 2H, H-5a,b), 3.73-3.69 (m, 1H, H-5"), 3.66 (d,
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J=12.6 Hz, 1H, H-6a"), 3.60 (t, J = 9.6 Hz, 1H, H-3'), 3.56 (dd, J = 12.6, 4.8 Hz, 1H, H-6b'), 3.35-3.31 (m, 1H, H-2"), 3.26 (t, J = 9.6
Hz, 1H, H-4"), 2.70-2.64 (m, 1H, H-2a), 2.47-2.41 (m, 1H, H-2b); '*C NMR (150 MHz, D-0): 5 155.11, 152.05, 148.63, 139.97, 118.55,
95.45 (d, J = 6.0 Hz, C-1'), 85.65 (d, J = 9.0 Hz, C-4), 83.67 (C-1), 72.73 (C-3'), 72.67 (C-5'), 71.52 (d, J = 9.0 Hz, C-2'), 71.14 (C-3),
69.10 (C-4'), 65.35 (d, J = 6.0 Hz, C-5), 60.22 (C-6'), 38.97 (C-2); *'P NMR (243 MHz, D>0): § -11.22 (d, J = 20.6 Hz), -12.97 (d, J =
20.6 Hz); ESI-TOF HRMS m/z calcd for C16H24N5014P2 [M-H]'572.0800, found572.0728.

ADP-GIc. Yield: 78%.'H NMR (600 MHz, D>0): § 8.34 (s, 1H, -CH=), 8.10 (s, 1H, -CH=), 5.98 (d, J = 6.0 Hz, 1H, H-1), 5.42 (dd,
J=7.2,3.0 Hz, 1H, H-1'), 4.63-4.57 (m, 1H, H-2), 437 (br t, J = 4.2 Hz, 1H, H-3), 4.23 (br s, 1H, H-4), 4.06 (br s, 2H, H-5a,b), 3.74—
3.69 (m, 1H, H-5"), 3.66 (d, J = 12.6 Hz, 1H, H-6a"), 3.60 (t, J = 9.6 Hz, 1H, H-3"), 3.57 (dd, J = 12.6, 4.2 Hz, 1H, H-6b"), 3.36-3.32 (m,
1H, H-2'), 3.26 (t, J = 9.6 Hz, 1H, H-4"); '*C NMR (150 MHz, D20): § 155.45, 152.60, 139.66, 95.48 (d, J = 7.5 Hz, C-1"), 86.70 (C-1),
83.80 (d, J = 9.0 Hz, C-4), 74.16 (C-2), 72.73 (C-3"), 72.67 (C-5"), 71.52 (d, J = 9.0 Hz, H-2'), 70.29 (C-3), 69.07 (C-4"), 65.13 (d, J =
6.0 Hz, C-5), 60.20 (C-6'); 3'P NMR (243 MHz, D20): & -11.24 (d, J = 19.6 Hz), -12.95 (d, J = 19.6 Hz); ESI-TOF HRMS m/z calcd for
C16H24N5015P2 [M-H]! 588.0750, found 588.0704.

dTDP-Gal. Yield: 91%.'"H NMR (600 MHz, D20): § 7.58 (s, 1H, -CH=), 6.19 (t, = 7.2 Hz, 1H, H-1), 5.47 (dd, J = 7.2, 3.6 Hz, 1H,
H-1'), 4.48-4.44 (m, 1H, H-3), 4.11-3.98 (m, 4H, H-4, H-5a,b, H-5'), 3.86 (d, J = 2.4 Hz, 1H, H-4"), 3.75 (dd, J = 10.2, 3.6 Hz, 1H, H-
3", 3.66-3.52 (m, 3H, H-2', H-6a,b'), 2.26-2.16 (m, 2H, H-2a,b), 1.77 (s, 3H, -CHs); '*C NMR (150 MHz, D:0): § 166.49, 151.65,
137.23, 111.67,95.71 (d, J = 7.5 Hz, C-1"), 85.27 (d, J = 9.0 Hz, C-4), 84.90 (C-1), 71.78 (C-5'), 70.92 (C-3), 69.22 (C-3"), 69.00 (C-4",
68.33 (d, J = 7.5 Hz, C-2'), 65.36 (d, J = 4.5 Hz, C-5), 60.91 (C-6'), 38.47 (C-2), 11.55 (-CHz); 3'P NMR (243 MHz, D>0): § -11.40 (d,

J=21.0 Hz), -12.84 (d, J = 21.0 Hz); ESI-TOF HRMS m/z calcd for C16H25N2016P2 [M-H] " 563.0685, found 563.0668.
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dTDP-Man. Yield: 88%. '"H NMR (600 MHz, D20): § 7.61 (br d, J= 0.6 Hz, 1H, -CH=), 6.21 (t, J = 7.2 Hz, 1H, H-1), 5.37 (dd, J =
7.8, 1.8 Hz, 1H, H-1"), 4.51-4.44 (m, 1H, H-3), 4.07-3.99 (m, 3H, H-4, H-5a,b), 3.90 (dd, J = 3.6, 1.8 Hz, H-2"), 3.78 (dd, J=10.2, 3.6
Hz, 1H, H-3"), 3.76-3.69 (m, 2H, H-5', H-6a"), 3.62 (dd, J = 12.0, 5.4 Hz, 1H, H-6b"), 3.54 (t, J = 9.6 Hz, 1H, H-4"), 2.26-2.18 (m, 2H,
H-2a,b), 1.79 (br s, 3H, -CH3); 3C NMR (150 MHz, D20): § 166.50, 151.67, 137.27, 111.70, 96.35 (d, J = 4.5 Hz, C-1"), 85.30 (d, J =
9.0 Hz, C-4), 84.92 (C-1), 73.60 (C-5"), 70.96 (C-3), 70.19 (d, J=9.0 Hz, C-2"), 69.77 (C-3"), 69.00 (C-4"), 66.38, 65.38 (d, J = 6.0 Hz,
C-5), 60.71 (C-6"), 38.55 (C-2), 11.58 (-CH3); *'P NMR (243 MHz, D20): § -11.78 (d, J = 20.6 Hz), -13.92 (d, J = 20.6 Hz); ESI-TOF
HRMS m/z caled for C16H2sN2016P2 [M-H]! 563.0685, found 563.0697.

dTDP-GIeNH,. Yield: 71%. '"H NMR (600 MHz, D20): § 7.55 (s, 1H, -CH=), 6.17 (t, J = 7.2 Hz, 1H, H-1), 5.66 (dd, J = 6.6, 3.0 Hz,
1H, H-1"), 4.44 (br s, 1H, H-3), 4.05-3.98 (m, 3H, H-4, H-5a,b), 3.78-3.72 (m, 2H, H-3', H-5"), 3.70 (d, J = 12.6 Hz, 1H, H-6a"), 3.64
(dd, J=12.6, 3.6 Hz, 1H, H-6b"), 3.38 (t, J = 9.6 Hz, 1H, H-4"), 3.18 (br d, J = 10.2 Hz, 1H, H-2"), 2.25-2.16 (m, 2H, H-2a,b), 1.75 (s,
3H, -CH3); 3C NMR (150 MHz, D20): § 166.49, 151.64, 137.21, 111.62, 92.72 (d, J = 4.5 Hz, C-1'), 85.13 (d, J = 9.0 Hz, C-4), 84.94
(C-1), 73.11 (C-5"), 70.82 (C-3), 69.74 (C-3"), 68.94 (C-4"), 65.51 (d, J = 4.5 Hz, C-5), 59.86 (C-6), 54.04 (d, J = 9.0 Hz, C-2'), 38.49
(C-2), 11.54 (-CH3); 3'P NMR (243 MHz, D20): § -11.34 (d, J = 21.0 Hz), -13.75 (d, J = 21.0 Hz); ESI-TOF HRMS m/z calcd for
Ci16H26N3015P2 [M-H]! 562.0850, found 562.0776.

UDP-Gal. Yield: 86%. "H NMR (600 MHz, D20): 8 7.78 (d, J = 7.8 Hz, 1H, -CH=), 5.82-5.77 (m, 2H, H-1, -CH=), 5.45 (dd, J = 7.2,
3.6 Hz, 1H, H-1"), 4.19 (br d, J=3.0 Hz, 2H, H-2,3), 4.12-3.95 (m, 4H, H-4, H-5a,b, H-5"), 3.84 (d, J = 3.0 Hz, 1H, H-4"), 3.73 (dd, J =
10.2, 3.0 Hz, 1H, H-3"), 3.64-3.59 (m, 1H, H-2"), 3.59-3.51 (m, 2H, H-6a,b"); '>*C NMR (150 MHz, D20): § 166.13, 151.72, 141.49,
102.54, 95.72 (d, J = 6.0 Hz, C-1"), 88.22 (C-1), 83.14 (d, J = 10.5 Hz), 73.66, 71.79, 69.53, 69.19, 68.98, 68.30 (d, J = 9.0 Hz), 64.82
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(d, J = 4.5 Hz), 60.88;3'P NMR (243 MHz, D20): § -11.28 (d, J = 20.8 Hz), -12.80 (d, J = 20.8 Hz); ESI-TOF HRMS m/z calcd for
Ci5sH23N2017P2 [M-H]1565.0477, found 565.0460.

dUDP-Gal. Yield: 83%. '"H NMR (600 MHz, D20): § 7.80 (d, J = 7.8 Hz, 1H, -CH=), 6.18 (t, J = 6.6 Hz, 1H, H-1), 5.81 (d, J = 7.8
Hz, 1H, -CH=), 5.45 (dd, J=7.2, 3.6 Hz, 1H, H-1"), 4.50-4.44 (m, 1H, H-3), 4.08-3.98 (m, 4H, H-4, H-5a,b, H-5"), 3.88 (d, J = 3.0 Hz,
1H, H-4"), 3.76 (dd, J = 10.2, 3.0 Hz, 1H, H-3"), 3.67-3.63 (m, 1H, H-2"), 3.63-3.55 (m, 2H, H-6a,b"), 2.28-2.19 (m, 2H, H-2a,b); °C
NMR (150 MHz, D20): 8 166.23, 151.55, 141.81, 102.40, 95.74 (d, J = 7.5 Hz, C-1"), 85.42 (d, J = 9.0 Hz, H-4), 85.32 (C-1), 71.81 (C-
5", 70.79 (C-3), 69.23(C-3"), 69.01 (C-4"), 68.33 (d, J = 9.0 Hz, C-2'), 65.29 (d, J = 6.0 Hz, C-5), 60.91 (C-6"), 38.76 (C-2);*'P NMR
(243 MHz, D20): § -11.20 (d, J = 19.4 Hz), -12.77 (d, J = 19.4 Hz); ESI-TOF HRMS m/z calcd for CisH24N2016P2 [M-H] ! 549.0528,
found 565.0449.

UDP-Man. Yield: 78%. 'H NMR (600 MHz, D20): & 7.81 (d, J = 7.8 Hz, 1H, -CH=), 5.86-5.79 (m, 2H, H-1, -CH=), 5.36 (br d, J =
7.8 z, 1H, H-1"), 4.24-4.19 (m, 2H, H-2,3), 4.14 (br s, 1H, H-4), 4.11-4.01 (m, 2H, H-5a,b), 3.89 (br s, 1H, H-2"), 3.77 (dd, J=10.2, 3.0
Hz, 1H, H-3"), 3.75-3.68 (m, 2H, H-5', H-6a"), 3.62 (dd, J = 12.0, 5.4 Hz, H-6b"), 3.53 (t, J = 9.6 Hz, 1H, H-4); *C NMR (150 MHz,
D20): 6 166.16, 151.74, 141.52, 102.57, 96.37 (d, J = 4.5 Hz, C-1"), 88.27 (C-1), 83.15 (d, J = 9.0 Hz, C-4), 73.70 (C-2), 73.60 (C-5"),
70.28 (d, J = 9.0 Hz, C-2"), 69.75 (C-3"), 69.56 (C-3), 66.35 (C-4"), 64.80 (d, J = 4.5 Hz, C-5), 60.70 (C-6"); *'P NMR (243 MHz, D20):
8 -11.62 (d, J = 20.7 Hz), -13.91 (d, J = 20.7 Hz); ESI-TOF HRMS m/z calcd for C15sH23N2017P2 [M-H] ! 565.0477, found 565.0500.

GDP-Man. Yield: 13%. ESI-TOF HRMS m/z caled for Ci16H24N5016P2 [M-H]! 604.0699, found 604.0715.

UDP-GIcNH,. Yield: 12%. ESI-TOF HRMS m/z calcd for C1sH24N3016P2 [M-H]'564.0637, found 564.0607.

dADP-GIcNHa. Yield: 21%. ESI-TOF HRMS m/z calcd for C16H25N6O13P2[M-H]'571.0960, found 571.0910.

dTDP-GalNH:. Yield: 5%. ESI-TOF HRMS m/z calcd for C16H26N3015P2 [M-H]! 562.0850, found 562.0781.
S9



II. HPLC analysis of sugar-nucleotides

Table S1. Retention time of various sugar-nucleotides?®

Entry (d)NDP-Sugar Retention Time
1 dTDP-Glc 17.35
2 dUDP-Glc 21.88
3 UDP-Glc 17.16
4 dCDP-Glc 16.07
5 CDP-Glc 15.87
6 dGDP-Glc 26.66
7 GDP-Glc 26.70
8 dADP-Glc 22.22
9 ADP-Glc 22.52
10 dTDP-Gal 16.38
11 dTDP-Man 16.24
12 dTDP-GIcNH2 8.94
13 dTDP-GalNH2 8.35
14 UDP-Gal 16.39
15 dUDP-Gal 21.82
16 UDP-Man 16.32
17 GDP-Man 26.27
18 UDP-GIcNH2 8.91
19 dADP-GIcNH2 11.48

SHPLC conditions: DionexCarboPac™PA-100 column;
4 x 250 mm size; 0~1.0 M ammonium acetate gradient eluents.
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II1. MS and NMR spectra

81Ze
0822
Lz'z
8rz'e
€677
85Z'C
92T
Lze
108°€
REE
e
glge—

ce0P—+
s,
V@V.VW

[o{ety -l

]

J

—_—

el
8bb'G
750G
09K'G
908G
slgs/
€118
%Ew
9848

6CL L
mmh.hW
L08°L

[z

660
(N

80¢Z
Froe

Feot

g0
Feso

Fuieo

Fool

T

35

T

4.0

45
1 (ppm)

5.0

10 0.5 0.0 -0.5

15

25 20

3.0

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5

9.5

"H NMR spectrum of dUDP-Glc (600 MHz, D20)

BL'gg—

9.'86—

ZZ'09—
B2'59—
60'69—
9 Lir
whwm\

Ze'se
mm.mmw
LS8
g mmﬂ.

0556
Zr'eol—

ar'azl—

L8l —

LGS —
52991 —

oF' 18l —

T T T T T T T T T
170 160 150 140 130 120 10 100 a0

180

190

10

20

30

40

50

60

70

80

1 (ppm)

13C NMR spectrum of dUDP-Glc (150 MHz, D>0)

S11



|
" ] . L] B
[ og &
. o %
% o &
* a L] L -]
é e
= o
8.0 75 7.0 6.5 8.0 55 TQE(SDW} 45 40 35 30 25 20
'H-'H COSY spectrum of dUDP-Glc (600 MHz, D20)

55 5.0
12 (ppmy

'H-13C HSQC spectrum of dUDP-Glc (600/150 MHz, D20)

S12

20

30

40

50

60

70

r80

90

100

110

120

F130

L140

1 (ppm)

™ (ppm)



-11.15
-11.24

-12.81
-12.89

L
\

-10 12 -14 16 -18 20 -22 -24 -26 -28 -30 -32 -34
1 (ppm)
3P NMR spectrum of dUDP-Glc (243 MHz, D20)
Inten.(x100,000)
549.0445
1.25 |
1.00 |
0.75 -
0.50 550.0466
0.25 -
0.00 - : ' , .
520 530 540 550 560 a

ESI-HRMS spectrum of dUDP-Gle

S13



08Z'¢
96Z°¢
ZLe'e
85Y'C
pPLLT'T
P09 C—

0Z0'p7
v

ey
’]

2L

CZP'S
8zZy's
mmv.mw I.”LTwmc
obb'g _
86L'S Feal
N_‘m.mM. ]
T O
=4 -
OXF NS
— =
c |z
A
~
Z8Ll = I
mmh.hv 0.|.\._.;.|\(w IJ Fooy
-
o=3.-C
c Lo
oL 0
o}
HHH

T
45
1 (ppm)

50

0.0

05

1.0

15

2.0

25

3.0

35

40

55

6.0

6.5

70

75

8.0

85

9.0

95

"H NMR spectrum of UDP-Glc (600 MHz, D20)

8L'09—
08'v9—
POe9—
SPLi-r
mm.whxj
L0'C8

P v.mwu.
i2'88—
ar'S6

Dm.mmV

s e0l—

05" Lyl—

CLLSl—

Gl'89l—

SN

T
a0

T T T T T T T T
180 170 160 150 140 130 120 M0

190

200

T0 G0 50 40 30 20 10

g0

100
1 (ppm)

3C NMR spectrum of UDP-Glc (150 MHz, D20)

S14



-11.29
-11.38
-12.92
-13.00

L
T

20 18 16 14 12 10 8 g 4 2 0 -2 -4 5 -8 ﬂ-(w }—12 -4 16 18 -20 -22 -24 -26 -28 -30 -32 -34 -36 38 -
ppm.

3P NMR spectrum of UDP-Glc (243 MHz, D20)

(x1,000,000)
203.U35Y
7.3
5.4
2.3 566.0477
ﬂ T T T " I 1 1 1 : L)
T 5500 555.0 560.0 565.0 570.0 575.0 580.0 m/z

ESI-HRMS spectrum of UDP-Glc

S15



¥&1'2
991°C
LLVT

881°C

VLT
82T

v6Z'¢C
LiZ'e
FASTA)
pags’

686'C—

g9

BLY'S
mww.mv.
9209
6209

g8
om_..mw
Lrl'9

DDm.h
€ rm.hv.

NH;
{\
N

HO
HO

N
'&()

@]

0 |
H O-H-()-J’-(J

HO

CHH

OH

OH

SRl

|

8.0

(AN

0o+

bl
6e'l

glet

e

£l

S50

280

60|

ool

70 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 20 15 1.0 05 0.0
1 (ppm)

75

85

9.0

"H NMR spectrum of dCDP-Glc (600 MHz, D20)

L ee—

LL'09—
L0S9—
POe9—
LT
nm.mn.\ﬁ
1958
nw.me
8198
'S6
mw.mmw“
9.'G6

Siepl—

L8 Z9l—

a0

100

180 170 160 150 140 130 120 110
1 (ppm)

180

13C NMR spectrum of dCDP-Glc (150 MHz, D20)

S16



=
BN

3%

T
0 45 40
2 {ppm)

T
35

'H-'H COSY spectrum of dCDP-Glc (600 MHz, D20)

| I

%

NI

T T T T T T
80 75 70 65 60 55

50
2 (ppm)

T
45

T
4.0

T
30

T
25

'H-13C HSQC spectrum of dCDP-Glc (600/150 MHz, D20)

S17

T
20

40

50

60

~70

F80

Fa0

+100

=110

130

1140

1 (ppm}

1 (ppm)



-11.30
-11.28
-12.84
-13.03

L
\

G 4 2 V] 2 4 il
3P NMR spectrum of dCDP-Glc (243 MHz, D20)
Inten(x1,000,000)
| 548.0616
1.5
1.0
S 549.0609
550.0680
0.0 : - . T
545.0 547.5 550.0 552.5 555.0

m/z

ESI-HRMS spectrum of dCDP-Glc

S18



192°¢
£8z'c
ogTE
or
09g°E
685 €~

LOp—
Loy
6rl

.
JeV

Zly'S
LIPS
ver's

6Z¥'S
LBLS—
GL6'5
wwm.mﬂ.

vee' L
mmw.hv.

NH;
C;
N

o}

Hobo

HO

HO

'J%()

HO

0
H OH

OH On

.

260}

Lo

66 |
SO)F
601

o0l

i

Freo

Feeof

Fezo

B0 |

9.0 85 8.0 75 7o 6.5 6.0 55 5.0 4.5 40 35 3.0 25
1 (ppm)

95

"H NMR spectrum of CDP-Glc (600 MHz, D20)

LL09—
B FO—
FO'69—
ap Li-r
ozt
wm,mmur
6L 68—
' G6

vm,mmw
2 96

8L 1wl —

28551 —

SLP9l—

Y

L

L bl

T
100
M (ppm)

T T T T T T T T
170 160 150 140 130 120 110

180

190

200

10

20

30

40

50

60

70

&0

a0

13C NMR spectrum of CDP-Glc (150 MHz, D20)

S19



°g P
(1:]
]
_
—_—
-]

— e

@

1 {ppm}

T T T T T T T T T T T T T T T T T T T T T T T T T T
82 80 78 76 74 72 70 68 66 64 62 6.0 5{82 56 54 52 50 48 46 44 42 40 38 36 34 32
ppm;

'H-'H COSY spectrum of CDP-Glc (600 MHz, D20)

|

b

=100

110

+120

130

H140

™ (pprm)

T T T T T T T T T T T T T T % T T T T T
78 76 74 72 70 68 66 64 B2 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32
f2 (ppm)

'H-13C HSQC spectrum of CDP-Glc (600/150 MHz, D20)

S20



-11.26
-11.34
-12.89
-12.88

L
\

20 1‘5 1IE I ‘Ild- 1’2 10 é 2I I 1] -4 ‘ —I T:I.;(Dppr;\;‘g I—‘1‘4 ‘ —‘:E ' —1‘8 ‘ —2‘0 ' —2‘2 I—2‘4— : - ?‘aU -32 3‘8 -40
3P NMR spectrum of CDP-Glc (243 MHz, D20)
Inten.(x100,000)
2.0
564.0632
1.5
1.0
0.5 565.0477
] 566.0799
0-0 T T T T T ‘,.-1\ T T
561.0 562.0 563.0 564.0 565.0 566.0 567.0 568.0 -

ESI-HRMS spectrum of CDP-Glc

S21



0eLe
9eee
el
052°C
65%°C
8C9C—+
_.mw.m\
LGZ'C
L92°C

pess.
LLBE
PEE'C
Nmm.mw
8.5~

Led¥

5625
00¥'S
90%'S

LS

6EL'9
omr.mw.
91’9

LEL—

Fzol|

Faoi|

WL

201

B4t

e

€01

Eanl

Feso

Feso|

Fooy

20

25

3.0

6.0

6.5

70

7.5

8.0

85

9.0

95

'H NMR spectrum of dGDP-Glc (600 MHz, D20)

68'CC—

Le8t—

gL09—
Le'G9—
L069—
YA
mw.mn.\
Siate}

mv.mmw
6758

ZP'S6

nw.mmv.

Lok —

S LEl—

PE LS~
SGLESl—

88’851 —

T T T T T T T T T
170 160 150 130 120 110 100 90

180

190

200

70 60 50 40 30 20 10

80

1 (ppm)

140

S22

3C NMR spectrum of dGDP-Glc (150 MHz, D20)



|
E

]

-]

o

F2.0

+2.5

F3.0

3.5

+5.0

5.5

6.0

H6.5

Lo

7.5

F8.0

'H-'H COSY spectrum of dGDP-Glc (600 MHz, D20)

|

'H-13C HSQC spectrum of dGDP-Glc (600/150 MHz, D20)

T
8.0

T
75

T
6.5

!

T
6.0

T
55

5.0
f2 (ppm)

I

T
45

T
30

A n

T
25

T
20

T
85

T
8.0

T
75

T
7.0

T
6.5

T
6.0

T
55

T T
50 45
2 (ppm)

S23

T
40

T
35

T
30

T
25

T
20

T
15

T
10

T (ppm)

1 (ppm)



-11.18
-11.26
-12.94
-13.03

L
N

31P NMR spectrum of dGDP-Glc (243 MHz, D20)

Inten.(x100,000)
588.0680
3.0
2.07
1.0 7
589.0546
590.0586
0.0 T T T | T T T
582.5 585.0 587.5 590.0 592.5 595.0 m/z

ESI-HRMS spectrum of dGDP-Glc

S24



6L L—
LGZ'e
99Z'c
£8Z¢
Lece iwwmo |
gree €0}
6.5 5~ we
ch [
Lo
8e0P— E00E
0P by wmmm ‘
rd={sk"] =6
NS_% ) .
L89F
Z0k 6— Uwaa
ol
@E_mﬂ w 80t
956G z -
UﬁN
z =z m
o|lxz
o -
o=g—C
o ? =
1261 o= -0 ——Foo
o
(o]
T
m
20 ¢
- -

Frezt

T
4.0

50

3.0 25 20

4.5 35
1 (ppm)

9.0 85 8.0 7.5 70 6.5 6.0 55

95

'H NMR spectrum of GDP-Glc (600 MHz, D20)

L99L—
Z6'CC—

7815~
1Z09—
L1G9—
8069~
L
g0t
so9a’
556

ey

L9 —

BF LEL—

04 L5k~
£8'05I—
89'85L—

Lo L8l—

-10

220 210 200 190 180 170 160 150 140 130 120 N E1U ) 100 90 &0 70 60 50 40 30 20 10
ppm.

230

3C NMR spectrum of GDP-Glc (150 MHz, D20)

S25



1 (pprm}

i
: ;
e v g P
i -
| ‘o
.i oe” o
i o8¢
& e
° e ©
. i
e ' e
) ‘
o b
i
h
]
% i
* .
T T T T T T T T T T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20
2 (ppm)

'H-'H COSY spectrum of GDP-Glc (600 MHz, D20)

)

T T T T T T T
20 75 7.0 6.5 6.0 55

5.0 4.5
12 (ppm)

4.0

'H-13C HSQC spectrum of GDP-Glc (600/150 MHz, D20)

S26

20

30

50

60

~70

80

a0

100

H110

120

130

140

150

1 {(ppm)



-11.21
-11.29
-12.80
-12.99

L
T

T T T T T T T T T T~ T T~ T T T T T T T T T T

T T T — T T T T T T T T T T
20 18 16 14 12 10 8 G 4 2 o -2 4 -8 ﬁ—(‘l[! 512 -14 6 18 -20 -22 -24 26 -28 -30 -32 -34 -36 -38 -40 42
ppm.

3P NMR spectrum of GDP-Glc (243 MHz, D20)

Inten.(x100,000)
4.0 604.0606
3.0]
2.0]
1.00 605.0656
m msus.om
A

0075050 5975 600.0 6025 6050  607.5  610.0 6125 6150 miz

ESI-HRMS spectrum of GDP-Glc

S27



4k

L2V
cere
iy [
05b'Z Fooy
8raZ—7 Fooy
_.nm.w\. [
FA A
PITE 50
) \y a0
e o
L09'g 500
996'¢— we z
2800'% 650
LE0¥ [
SE Fost
1890/ )
962'G
oov_mw. —[es0
LOF'S
21\
SPe'9 2 =
mmm_mw = ————T0
L9T'8 z =z _
ol [
e}
Q < _ I
O=a—0 |
Q x L
o=4.-O
Z60'8— O iﬂ?lmm 0
Lee— QER —Foo
clLo
T m I

T
45
1 (ppm)

5.0

0.0

0.5

1.0

15

20

25

3.0

35

4.0

55

6.0

6.5

70

75

8.0

85

9.0

95

'H NMR spectrum of dADP-Glc (600 MHz, D20)

LE'8E—

LZ09—
£€'69—
0Les—
Es
Nw.mmw.
89'G8

ef'56

nw.mmw.

§55'8LL—

LEBEL—

£9'8pL—
50254
Wogsks

-10

220 210 200 190 180 170 160 150 140 130 120 N E1U ) 100 90 &0 70 60 50 40 30 20 10
ppm.

230

3C NMR spectrum of dADP-Glc (150 MHz, D20)

S28



9
a8

T T T T T T T T T T
8.5 80 75 70 6.5 6.0 5.5 50 45 4.0 35 30 25
72 (ppm)

'H-'H COSY spectrum of dADP-Glc (600 MHz, D20)

ot

T T T T T T T
55 5.0 45 4.0 35 30 25 20 15
12 (ppm)

'H-13C HSQC spectrum of dADP-Glc (600/150 MHz, D20)

S29

fl (ppm)

11 ipprm)



-11.17
-11.26
-12.83
-13.01

L
\

[l

18 16 14 12 10 8 i 4 2 0 -2 4 -6 8 f:1‘1(0 —}12 -4 16 -18 -20 -22 -24 -26 -28 -30 -32 -34 -36 -38 40
ppm.

3P NMR spectrum of dADP-Glc (243 MHz, D20)

Inten(x10,000,000)
3TZUT728

2.5

2.0

1.5

1.4 573.0760

0.5

0. - r L I u

550.0 5550 560.0 565.0 5700 5750 580.0 5850 590.0 595.0 wm/z

ESI-HRMS spectrum of dADP-Glc

S30



arz'e
voz'e
08Z'€ F
ZEE ot |
mwm_mv 8kl
009's~ g0z
m@o [
0l
550 — Foozl
677 — Fesot
Feso
Bo b =051 |
Sw% IR .
9egp i
Bw.mM —Fawi |
BLY'S
046G o =
0865~ =7 % Fz80 -
Z 2 S5 i
|z
o _ |
_T_ = L
=q.—O
e -
-5 L
980'8— S Ep50
ere8— o7 ——rwi|
= L
ol o r
Hm T

8.5 80 75 7.0 6.5 6.0 55 5.0 4.5 40 35 3.0 25 2.0 i5 1.0 05 0.0 -0.5
1 (ppm)

9.0

'H NMR spectrum of ADP-Glc (600 MHz, D20)

0g09—
b'5e—
L0B9—
6¥ LLT
m\..wh__..\y
0gee—
0.98—

P S6—

GLBEL—

LOBYL—
09 gsl—

-10

180 180 170 160 150 140 130 120 110 100 90 &0 70 60 50 40 30 20 10
1 (ppm)

200

3C NMR spectrum of ADP-Glc (150 MHz, D20)

S31



T T T T T T T T T T
85 80 75 70 8.5 6.0 55 50 45 40 35 30
2 (ppm)

'H-'H COSY spectrum of ADP-Glc (600 MHz, D20)

|
il | UMM

T T T T T T T T T T T T T T
8.5 2.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 30 2.5 2.0
12 (ppm)

'H-13C HSQC spectrum of ADP-Glc (600/150 MHz, D20)

S32

=100

110

120

+130

140

~150

Tt (pprm)

1 (ppm)



-11.20
-11.28

-12.91
-12.89

L
\

T T T T T T T T T T T T T T T T T T T T T T T T T T T
-10 -15 -20 -25 -30 -35 -40
1 (ppm)

3P NMR spectrum of ADP-Glc (243 MHz, D20)

Inten(x1,000,000)

5880704
7.5
5.4
589.0741
2.5
0 Ll |

5750 5775  580.0 5825 585.0 587.5  590.0 5925 5950 5975 miz

ESI-HRMS spectrum of ADP-Glc

S33



€85 L—

0
s
N

0

—H-() —H—()

HO OH
HO

On

|
OH

HH

wvww,

Fero

Fizel

Far
801
vZh

AN
Feso L

Twmo.

Foo

40 35 3.0 25 20 15 1.0 0.5 0.0

1 (ppm)

8.5 8.0 75 7.0 6.5 6.0 55 5.0

9.0

"H NMR spectrum of dTDP-Gal (600 MHz, D20)

SS—

iP8t—

LE'09—
BY'G9—
52897

oo.mm\
BL L
om.w‘mﬂ
0g'58
mm.mmmﬁ

£l 56

LOLLL—

€T LEl—
G9'LGlL—

6 291 —

a0

T
100
1 (ppm)

110

120

190 180 170 160 150 140 130

200

13C NMR spectrum of dTDP-Gal (150 MHz, D20)

S34



+ ’
E—
- 0 8
—_ L] L]
— X v

T T T T T T T T T T T T T T T T T
85 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 20 15 10 05
72 (ppmy

'H-'H COSY spectrum of dTDP-Gal (600 MHz, D20)

1

T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 30 25 20 15
12 (ppm)

'H-13C HSQC spectrum of dTDP-Gal (600/150 MHz, D20)

S35

20

30

H40

50

~60

70

80

~90

~100

110

120

130

140

150

1 (ppm)

1 (ppm)



-11.26
-11.45
-12.80
-12.89

L
\

W A " ki ol Ly i Bl i Ak e " L i i, g ™
ol - i v Wik " s A VL A Y ok L ¥ Lhaiag AR T AT

L e B e e e e A T T T T T I I e e I S e o e e L B S e B T B e s e e e e S BELA B
22 20 18 16 14 12z 10 8 6 4 2 o -2 4 6 —Bﬁ (—10 ]—12 -14 16 18 -20 -22 -24 -26 -28 -30 -32 -34 -36 -38 -40 -42
ppm.

3P NMR spectrum of dTDP-Gal (243 MHz, D20)

Intensity (x10,000)

563.0668
7.5
5.0 ]
25
5614.0692
550.0 555.0 560.0 565.0 570.0 575.0 580.0  m/z

ESI-HRMS spectrum of dTDP-Gal

S36



68LF
vLZ'e
0gee
52T
0EZ'2
[44A4

ZZ5'¢
809'¢
8G9C

GLLE
et
98.°¢

B5F

rrt_\\_‘

9iv'y

B5L'S
L9T'5
LLT'S

PLE'S

61’9
mow.mw.
02Z'9

TLeL
£l9 hv.

|

—_—

=¥5Z[

JaFiVEAS

4.0

o)
o
T

T

5.0

Feo|

55

Fooul

3.0 25 20 15 10 05 0.0 -0.5

A5

45
1 (ppm)

8.0 8.5 8.0 75 7.0 6.5 6.0

95

"H NMR spectrum of dTDP-Man (600 MHz, D20)

BS'LL—

§5'8C—

LL09—
9e'59—
gego’
gl Ew
9502
Z6p8
nm.mmw
£E'58
£C96
ov08”

0L b=

LT LEL—
L9LSL—

05 291—

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 a0
1 (ppm)

T
180

T
200

13C NMR spectrum of dTDP-Man (150 MHz, D20)

S37



T T T T T T T T T T T
75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20
12 (ppmy

'H-'H COSY spectrum of dTDP-Man (600 MHz, D:0)

T
15

i

Lol

T T T T T T T T T T T T T
a0 1.5 7.0 6.5 6.0 55 5.0 4.5 40 35 30 25 20
12 (ppm)

'H-13C HSQC spectrum of dTDP-Man (600/150 MHz, D20)

S38

T
15

1 (ppm)

1 {ppm}



oy 0O
r~0mo 0o
—= o
T
[N} -
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 18 18 14 12 10 8 ] 4 2 0 2 -4 mm }—12 -14 16 18 -20 -22 -24 -26 -28 -30 -32 -34 -3 -38 40
ppm;

31P NMR spectrum of dTDP-Man (243 MHz, D20)

Inten. (x10,000,000)
563.0697
2.4
1.04
504.0739
L565.0757
0.0

4500 4750 5000 5250 550.0 5750 600.0 6250 650.0 675.0

ESI-HRMS spectrum of dTDP-Man

S39



8EL b

0.0

0.5

1.0

15

GG

3514
NGN.NW.
£hee

Sil'e

[45] v.mV
99g'¢—
629C—
ey

omo.vN
Gerr—

20

25

3.0

i

LG9S
959'5
c99'S

L99'G

191’9
mt..mw
v81'9

Pe5L—

6.0

70 6.5

"H NMR spectrum of dTDP-GlcNH: (600 MHz, D20)

75

85 8.0

9.0

95

S L —

PR A

BrP8t—

5_%
Jote
98'85—
659
Nm_mmw
wm.%x
4
E_mmw
al'se
LLZ6
vrze!

29—

L LEl—
v LSL—

6 991 —

-10

10

20

30

40

50

60

70

&0

B TR

90

S40

1 (ppm)

180 170 160 150 140 130 120 110 100
13C NMR spectrum of dTDP-GIcNH: (150 MHz, D20)

180

200



E R
H r2.0
=} é ®
i 25
9 k30
-] H )
135
i a #
S é L4
i
; -* L] -l Las
) 1
: L50
155
L H @
j 60
* ®
H6.5
7.0
E— é " 7.5
'
75 70 65 8.0 55 0 45 40 15 20 25 20 15
2 (ppm)
'H-'H COSY spectrum of dTDP-GlcNH: (600 MHz, D20)
'
3 20
30
_ 40
560
—_— 60
70
-0 E
—_— o =
— =20 =
=100
— H110
120
130
—_— 140
150
Elﬂ 7‘5 Tlﬂ 5‘5 Elﬂ 5‘5 ‘5 4‘0 3‘5 3Iﬂ 2‘5 2‘0 1‘5

50 4
2 (ppm)

'H-13C HSQC spectrum of dTDP-GlcNH:2 (600/150 MHz, D20)

S41

1 tppm)



-11.29
-11.38

-13.71
-13.79

L
<

2‘0 1‘8 1’5 1‘4 1‘2 1ID SI é -l‘t é 5 —I2 ,‘q, 7:3 —IS f‘I’EIpDDme fﬂr-lt 71IE 71‘8 —2‘0 72‘2 f2ld- 72‘5 72‘8 fBID 71;.2 —3‘4— 3‘8
3P NMR spectrum of dTDP-GIcNH2 (243 MHz, D20)
Inten. (x100,000)
562.0776
7.5]
5.0
2.5 563.0726
564.0853
0.0 L— : : ! . :
540 550 560 570 580 /y

ESI-HRMS spectrum of dTDP-GIcNH:2

S42



0eL't—

[q4=p
rs'e
8G5'C
BLST
809'¢C
L2L'e
8EL'T
BEB'C~
BLE'C =
B66'C
620¥
Le0vy

e o

061'¥

vy S
05¥'S
95¥'S

cor's

58.°5
mm\..mw
608'S

mt..h
mmh.hv

HO OH

|

Fisol

Foowp

3.0 25 2.0 15 10 0.5 0.0

35

45
1 (ppm)

8.5 8.0 75 70 6.5 6.0 55 50

9.0

"H NMR spectrum of UDP-Gal (600 MHz, D20)

8809
089
4289
£2'89
8689
BL'69
2569
BLLLTT
99°¢,
0L'eg—
zz'88—

0L'G6—
w5 Z0l—

67 Lyl —

L LSl—

€89l —

-10

220 210 200 190 180 170 160 150 140 130 120 - E1U ) 100 90 80 70 60 50 40 30 20 10
ppm.

230

3C NMR spectrum of UDP-Gal (150 MHz, D20)

S43



-11.24
-11.32
-12.76
-12.84

L
\

) J

T v T T T T T T T T T T —
20 18 16 14 12 10 8 g 4 2 0 -2 4 -6 8 “ —(10 ]—12 -14 16 18 -20 -22 -24 -26 -28 -30 -32 -34 36 -38 40
ppm.

3P NMR spectrum of UDP-Gal (243 MHz, D20)

Intensity (x100,000)

S05.04060
4.0,
3.0.
2,04
Lol 566.0505
567.0493
550.0 555.0 560.0 565.0 570.0 575.0 580.0 m/z

ESI-HRMS spectrum of UDP-Gal

S44



L55°C
G85'C
£Lee
LPe'e
859 mW
BGL'C

@mm”w%
Loy

zL'T
£ECC
8eZ'C
vre'e
§52°¢C

Ev%
shot
ip5—
008's
per
891’
08t &.
6k

mmh.h
@Dm.hv

J

—

—_—

Feozt

a0c
950

POl

=0
Erorp

=0l

Fzol

960

Fuol

00|

T
45
1 (ppm)

T

5.0

25 20 15 10 05 0.0 -0.5

30

9.0 85 8.0 7.5 7.0 6.5 6.0 55

9.5

"H NMR spectrum of dUDP-Gal (600 MHz, D20)

9.88—

L6'09—
LE'G9—
0289

9’89
%K
scse)

LLG6—
oFeal—

L8 Lrl—

55 LSl—

£ 99—

-10

10

40

70

T
a0 g0
1 (ppm)

T
100

T
110

T
190

T
200

3C NMR spectrum of dUDP-Gal (150 MHz, D20)

S45



] Lo b o

T

(] [ &

‘ @ 8.0

T T T T T T T T T T T
7.5 7.0 6.5 6.0 55 4.5 4.0 35 30 25 20

-
o
®
&

30

40

50

B0

=70

80

90

=100

H110

=120

=130

140

=150

E!D 2 (psp.r?ﬂ)
'H-'H COSY spectrum of dUDP-Gal (600 MHz, D>0)

]

§ t ot
+ ¢
L]
L4
EID 7‘5 7‘0 B‘S B‘D SIS 2 (S;ﬂm) 4‘5 4‘0 3‘5 3‘0 2‘5 2‘0

'H-13C HSQC spectrum of dUDP-Gal (600/150 MHz, D20)

S46

1 (ppm)

™ {ppm)



-11.18
-11.24
-12.73

-12.81

L
\

12 14 16 18 -20 -

16 14 12 4 2 V] 2 4 _ST‘I (6;%} - 26
3P NMR spectrum of dUDP-Gal (243 MHz, D20)

Inten(x100,000)

I 5290449
1.5
1.0
0.5 550.0248
0.0 T T T ' T T

520 530 540 550 560 i

ESI-HRMS spectrum of dUDP-Gal

S47



[A2=R%
625¢

Sl
009'¢

809t
619°¢Y
8CY¢Y
269'CH

LOLE
604t
oLLe
58L'E
95LE
13LE]
TLLE
BLLEY
768'S1
Oty
Sb0' P+
BrOY
730
8i0Y
s80Y
el

|74z

Il

T
3.5

4.0

T

4.5

0zzp)
BPeS
z9ve”

L18'S
_.mm.mw.
628’5

6082
e hvn

T

5.0

Feso

A
WN_‘_.
rie
601
=00
oZe
a0l
20¢

Fesy

i

Foot

25 2.0 15 1.0 08 0.0 -0.5

3.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5

8.0

1 (ppm)

"H NMR spectrum of UDP-Man (600 MHz, D20)

0409
6L¥9
5299
9569
§5.69
§L'04
LC0L
09'¢L
0L'EL
Zhes—
i2'88—

5296
L5201 —

Sl —

LIS —

9199 —

L8l —

L b ]

90

100

220 210 200 190 180 170 16O 150 140 130 120 110
1 (ppm)

230

13C NMR spectrum of UDP-Man (150 MHz, D20)

S48



‘ 8

r3.5

4.5

r5.0

5.5

6.0

6.5

7.0

7.5

T T T T T T T T T T T T T T T T T T T T T T T T
80 78 76 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34

2 (ppm)

'H-'H COSY spectrum of UDP-Man (600 MHz, D20)

_ 4=
— =
] + &
— +
— +
— 4

T T T T T T T T T T T T T T T T T T T T T T T T
78 76 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32
f2 (ppm)

'H-13C HSQC spectrum of UDP-Man (600/150 MHz, D20)

S49

L110

120

130

H140

r8.0

100

1 (ppm)

i (ppm)



~ w0 w
0o o0
— = ©Om
At
LN

[y " " " " P " " " - —y

an it W al (ahe s Y iy oy W hf L v LAl g

T T T T T T T T T T T T T T T T T T T
20 18 16 14 12 10 8 6 4 2 0 2 -4 6 8 -0 -12 -14 16 -18 -20 -22 -24 -26 -28 -30 -32 -34 -3 -

1 (ppm}

3P NMR spectrum of UDP-Man (243 MHz, D20)

Inten. (x10,000,000)
1.51 565.0500
1.0
0.5 566.0541
lsm.usss
0.0

450.0 4750 500.0 5250 550.0 5750 600.0 6250 650.0 675.0

ESI-HRMS spectrum of UDP-Man

S50

m/z



Inten. (x1,000,000)

1.25 1 604.0715
1.00 -
0.75 1
0.50 1
077
025 | 605.0775
606.0765
0.00 -

5850 5900 5950  600.0 6050  610.0 6150 6200

ESI-HRMS spectrum of GDP-Man

Inten. (x100,000)

> 564.0607(1)
2.0
1.0]
565.0613(1)
'l. . . . . — . ‘l ' -
5450 5500 5550  560.0 5650 5700 5750 5800

ESI-HRMS spectrum of UDP-GIcNH:2

S51



Inten.(x100,000)

5710910
5.1
2.5
572,0962
5625 5650 5675 5700 5725 5750 5775 580.0 5825 5850,
ESI-HRMS spectrum of dADP-GIcNH:2
Inten(x100,000)

75 ] 5620781

5.0

25

563.0773
564.0853
0.0 , . ﬂ - ! ;
561.0 562.0 563.0 564.0 565.0 e

ESI-HRMS spectrum of dTDP-GalNH:

S52



