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Pseudorotational itinerary of a 
D-aldofuranose ring

E = envelope
T = twist
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Idealized furanose conformations:!
q  Planar (1 form)!
q  Envelope = E (10 forms)!
q  Twist = T (10 forms)!
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Two non-planar forms of 2-deoxy-!-D-erythro-pentofuranose 
(2-deoxy-!-D-ribofuranose)
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Pseudorotation provides a pathway for 
interconversion of all non-planar forms of 
furanose rings that does not involve the 

planar intermediate.  E and T forms have 
different stabilities which depend on 

furanose ring configuration.!
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B face (ring atom numbering counter-clockwise)
(comparatively hydrophobic)

A face (ring atom numbering clockwise)

all polar OH groups are arranged
along molecular "edge"
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A common "recognition" (binding) motif:  pyranosyl-
aromatic ring "stacking" observed in the binding sites of 
carbohydrate-binding proteins (commonly Trp); similar 
interactions are possible in carbohydrate-nucleic acid 
recognition.

Hydrophobic aliphatic sidechains can sometimes 
substitute for the aromatic ring. 







q   deoxygenation ! ! !introduces hydrophobicity!
q   amination   ! ! ! !introduces (+) charge!
q   N-acetylation   ! ! !suppresses (+) charge!
q   oxidation (aldonic/uronic acids)   !introduces (-) charge!
q   oxidation (osones)   ! ! !introduces 2nd carbonyl carbon!
q   reduction (alditols)   ! ! !destroys carbonyl carbon!
q   phosphorylation   ! ! !introduces (-) charge!
q   sulfation   ! ! ! !introduces (-) charge 



UDP-galactose 

H 

Example reaction for NDP-sugar biosynthesis

NTP + glycosyl 1-phosphate            NDP-sugar + PPi
E

e.g.:  UTP + !-D-glucopyranosyl 1-P           UDP-glucose + PPi
E



N-Acetylglucosamine 1-P!

acetylase!

not in mammalian!
systems!



The Glc and Gal moieties of 
UDP-Glc and UDP-Gal are in the 

α-configuration.   
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UDP-D-glucose 4-keto intermediate UDP-D-galactose

! ! !
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A = galactokinse
B = D-galactose 1P uridylyltransferase
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GDP-4-dehydro-6-deoxy-!-D-mannose
(GDP-4-dehydro-!-D-rhamnose
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A = D-mannose 6P isomerase
B = phosphomannomutase
C = D-mannnose 1P guanylyltransferase
D = GDP-mannose 4,6-dehydratase
E = GDP-L-fucose synthase



A = fucokinase
B = L-fucose 1P guanylyltransferase
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(L-fucose)
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2-deoxy-D-ribose (2-deoxy-D-erythro-pentose): 

6-deoxy-L-galactose (L-fucose): 

6-deoxy-L-mannose (L-rhamnose): 

2-deoxy-D-glucose (2-deoxy-D-arabino-hexose): 
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N-glycans of glycoproteins 

bacterial polysaccharides 

metabolic probe 
2DG 
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A probe of cell viability; 
imaging agent if tagged 





Draeger et al., JACS 1999, 121, !
2611-2612.!
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D-glucosamine 6-phosphate

(2-amino-2-deoxy-D-glucose 6-phosphate)
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(-) UDP-GlcNAc

GlcNH2-6P              GlcNAc-6P              GlcNAc-1P              UDP-GlcNAc              UDP-GalNAc



For GlcNAc 6P: Acetylation 
of free D-glucosamine 6P 

generated from F6P is 
enzyme-catalyzed in vivo; 

acetyl CoA is the acetyl donor.!

For GalNAc:  Free D-galactosamine is 
cytotoxic; in mammalian systems, GalNAc 

residues are available via enzyme-
catalyzed epimerization of UDP-GlcNAc to 

UDP-GalNAc. 
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N-acetyl-D-galactosamine (GalNAc)
(2-acetamido-2-deoxy-D-galactose)
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D-glucosamine 6P
(2-amino-2-deoxy-D-glucose 6P)

ACETYLATION

N-acetyl-D-glucosamine 6P (GlcNAc 6P)
(2-acetamido-2-deoxy-D-glucose 6P)



Neu5Ac is a C9 α-ketoacid derived 
biosynthetically from C6 (ManNAc) and 

C3 (PEP or pyruvate) precursors. 
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(2-keto-3-deoxy-D-glycero-D-galacto-nonulosonic acid)!
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ST6Gal I-II:  α-1,6 to β-Galp!
ST3Gal I-VI:  α-2,3 to β-Galp!

ST8Sia I-VI:  α-2,8 to α-Neu5Ac!
ST6GalNAc I-VI:  α-2,6 to GalNAc!

!
Total sialyltransferases:  20!
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N-Acetylglucosamine 1-P!

acetylase!
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D-glucose  +  O2                    D-glucono-!-lactone  +  H2O2
GO









lactones	
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1,2-dicarbonyl)
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A metabolite in!
diabetic patients; a by-product of 

protein glycation; reactive 
glycating agent !

(reacts mainly with Arg residues); 
may play a role in diabetic 
complications and aging.!

Other types of dicarbonyl!
species are also possible!

(e.g., 2,3-dicarbonyl species!
generated from 2-ketoses)!
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HO+ A common chemical derivative used 
to simplify the analysis of 

monosaccharide mixtures generated 
from the hydrolysis of complex oligo- 

and polysaccharides (see below).!









q  D-glyceraldehyde 3P   !pK1 2.1 !pK2 6.8   !ΔGo’ ~-12!
q  β-D-glucose 1P           !pK1 1.1    !pK2 6.1   !ΔGo’ -20.9!
q  β-D-glucose 6P           !pK1 0.94  !pK2 6.1   !ΔGo’ -13.8!
q  α-D-fructose 6P          !pK1 1.0    !pK2 6.1   !ΔGo’ -13.8  !
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ATP!
sulfurylase!

APS!
kinase!




