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q  monosaccharides - the fundamental “building block” units 
(monomers)!
!
q  oligosaccharides - comprised of monosaccharides (2-10) linked 

!together via glycosidic bonds!
!
q  polysaccharides - comprised of monosaccharides (10-1000s) linked 

!together via glycosidic bonds!



Classified according to the type of carbonyl group  
and the number of carbon atoms they contain. 

    aldehyde: aldoses 
    ketone: ketoses 

    Number of carbons: triose = 3; tetrose = 4; pentose = 5; hexose = 6; heptose = 7, etc. 

 

Convention: D-Sugars have the same configuration at their asymmetric penultimate carbon as does D-
glyceraldehyde. L-Sugars are mirror images of D-sugars.!

D-glyceraldehyde as!
reference!

D-Sugars are more biologically abundant than L-sugars.!

These are Fischer projections and imply specific 
stereochemistry at each chiral carbon. 
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Epimers of the 
D-aldoses  
differ in 

configuration at  
one chiral center 

(does not 
apply to the 

anomeric center; 
see below). 



Example: a ketohexose has 3 chiral centers and 23 or 8 stereoisomers (4 D and 4 L) 

ketotriose 

ketotetrose 

2-ketopentoses 

2-ketohexoses 



Alcohols react spontaneously and reversibly with 
aldehydes and ketones to form hemiacetals and 

hemiketals, respectively. 

Monosaccharides undergo the same 
reaction intramolecularly to form 
cyclic structures.  This cyclization 

reaction (anomerization) is 
spontaneous and reversible in 

aqueous solution. 
 

6-Membered rings are known as 
pyranoses; 5-membered rings are 

known as furanoses. 
 

Cyclic forms predominate in aqueous 
solutions of all monosaccharides 

capable of cyclization. 



Upon cyclization, the carbonyl carbon becomes chiral and is referred to as the anomeric 
carbon. In the α-form, the anomeric OH (O1) is on the opposite side of the ring from the 
CH2OH group, and in the β-form, O1 is on the same side. 

The α- and β-forms are referred to as anomers or anomeric pairs, and they interconvert 
in aqueous solution via the acyclic (“linear”) form (anomerization).  Aqueous solutions of 
D-glucose contain ~64% β-pyranose and ~36% α-pyranose. 

The anomeric monosaccharides, α-D-glucopyranose and β-D-glucopyranose, 
drawn as Fischer and Haworth projections, and as ball-and-stick models 

anomeric 
carbon anomeric 

carbon 



Monosaccharides that are capable of assuming a form in solution that contains 
a free carbonyl group can be oxidized by relatively mild oxidizing agents such 

as Fe+3 or Cu+2 (Fehling’s reaction).  The saccharide is oxidized and the 
reagent is reduced.!
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4C1
 1C4

 



4C1	

 1C4!

Equatorial and axial substituents exchange orientations!
upon ring interconversion.!

5 equatorial substituents 
0 axial substituents 

5 axial substituents 
0 equatorial substituents 



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 
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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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ACETYLATION

N-acetyl-D-glucosamine 6P (GlcNAc 6P)
(2-acetamido-2-deoxy-D-glucose 6P)
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Alditols are common chemical 
derivatives used to simplify the 

analysis of monosaccharide mixtures 
generated from the hydrolysis of 

complex oligo- and polysaccharides.!



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  !

O
HO

HO

OH

OH

OPO3
-2

!-D-glucose 6P
(phosphomonoester)

O
HO

HO

OH

OPO3
-2

OH

!-D-glucose 1P
phosphomonoester; glycosyl phosphate)

Phosphorylation:  The presence of phosphomonoesters is common in 
saccharide metabolites. Phosphorylation inhibits diffusion of metabolites 
through the plasma membrane and affects chemical and biological activities.  
The phosphate source is usually ATP. 
!



ATP!
sulfurylase!

APS!
kinase!





acceptor 

donor 

Disaccharides in vivo play important roles as independent sugars (e.g., lactose) 
or occur as repeating subunits in the construction of oligo- and polysaccharides. 



psi (ψ) torsion !
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phi (φ) torsion !
angle!
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