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I. CARBOHYDRATES 

 Most abundant biomolecules on earth (both in animals and 
plants) 

 Polyhydroxy aldehydes or ketones 

 Empirical formula (CH2O)n 

 Examples: 

 Monosaccharides and disaccharides 

 Polysaccharides 

 Glycoconjugates 
 Proteoglycans (carbohydrate is the main structure) 
 Glycoproteins (protein is the main structure) 
 Glycolipid (carbohydrates with lipid) 

 

 
 

II. MAJOR SIZE CLASSES OF CARBOHYRATES 

 “saccharide” from Greek sacharon, meaning sugar 
 

A. MONOSACCHARIDES 

 Simple sugars 

 Single polyhydroxy aldehyde or ketone unit 

 Ex. Dextrose-D-glucose, fructose, galactose 
 

B. OLIGOSACCHARIDES 

 Short chains of monosaccharide units (2-10 units) 

 Joined by glycosidic bonds 

 Ex. Disaccharides  
 Maltose= glucose + glucose 
 Sucrose= glucose + fructose 
 Lactose= glucose + galactose 

 

C. POLYSACCHARIDES 

 Sugar polymers 

 > 20 or so monosaccharide units 

 Ex. Cellulose, starch 
 
 
 
 
 
 

III. MONOSACCHARIDES 
 

A. ALDOSES AND KETOSES 
 

Aldose 
 

 carbonyl group at end is an aldehyde group 

 “-ose” 

 Ex. Glucose, Galactose - aldohexose sugars  

 Simplest aldose: glyceraldehyde (three-carbon sugar)  

 
Figure 1. Three and four-carbon aldoses. [Garvilles] 

 
Figure 2. Five- carbon aldoses. [Garvilles] 

 

 
Figure 3. Six-carbon aldoses. [Garvilles] 

 

Ketose 
 

 carbonyl group at any other position is a ketone group 

 “-ul-” 
 Ex. Erythrulose 

 Exceptions to “-ul-“ are present 

Recall: 

 Hydroxy (-OH group) 

 Aldehydes ( ) 

 Ketones ( ) 
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Glycosidic bonds are formed by enzymes known as 
glyconsyltransferases which use nucleotide sugars as 
substrates. (Ferrier, 2014, p.85)   
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 Ex. Fructose, Tagatose (ketohexose sugars) 

 Simplest ketose: dihydroxyacetone (three- carbon sugar) 
 

 
Figure 4. Three and four-carbon ketoses. [Garvilles] 

 
 

 
Figure 5. Five and Six- carbon ketoses. [Garvilles] 

 

B. CHAINED AND CYCLIC SUGARS 
 

 

Figure 6. The cyclic forms of ᴅ-glucose. [Garvilles] 
 

 All sugars are straight chained but can be changed to cyclic 
conformation  

 The chair conformation is more favored because of steric 
effect in the boat conformation 

  CH2OH and OH are on the same side so they are bumping 
each other  

 Equatorial – β, Axial – α 
 Formation of cyclic ᴅ-glucose: Hydroxyl group from C-5 will 

perform nucleophilic attack on C-1 which has a partially 
positive charge (See Figure 7) 

 Nucleophilic attack because C-1 will be partially positive due 
to the localization of electrons to the O atom. 

 In the formation of cyclic fructose, the hydroxyl group in C-5 
will perform a nucleophilic attack on C-2 because that is 
where the double bond is. 

 
Figure 7. Formation of the two cyclic forms of ᴅ-glucose. [Garvilles] 

 

 

C. HEMIACETALS AND HEMIKETALS 
 

 

Figure 8. Formation of hemiacetals and hemiketals. Garvilles] 
 

 1 aldehyde + 1 alcohol = 1 hemiacetal + 1 alcohol = 1 acetal 

 Hemiacetal/ring formation for aldohexoses: 
 C-5 will perform nucleophilic attack on C-1  

 1 ketone + 1 alcohol = 1 hemiketal + 1 alcohol = 1 ketal 

 Hemiketal/ring formation for ketohexoses: 
 C-5 will perform nucleophilic attack on C-2  

 

D. ASYMMETRIC CENTERS IN MONOSACCHARIDES 
 

 
Figure 9. Ball-and-stick model of an enantiomer. [Garvilles] 

 

 Enantiomers – non-superimposable mirror images
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Fischer projection 

 
Figure 10. Fischer projections of glyceraldehyde. [Garvilles] 

 

 a 2D representation of the stereochemistry of 3D molecules 

[Campbell & Farrell, 2015) 

 Chiral carbon – completely different substituents, only single 
bonds 

 Achiral carbon – at least two constituents are the same 

 Dextrorotatory - D (clockwise rotation) 

 If -OH in the last/ bottommost chiral carbon is on the right  

 Levorotatory - L (counterclockwise rotation) 

 If -OH in the last/ bottommost  chiral carbon is on the left   
 

Perspective Formulas 
 

 

Figure 11. Perspective formulas of glyceraldehyde. [Garvilles] 
 

 Wedge – towards the viewer 

 Dash – away from the viewer 
 

Stereoisomerism 
 

 In general, a molecule with n chiral centers can have 2n 

stereoisomers 

 
Figure 12. Fischer projection of glucose. [Garvilles] 

 

 glucose has 4 chiral centers: (2)4=16 stereosiomers 
 
 

Recall: the hydrogen molecule has the least priority among the 
constituents of a chiral center (to determine if it’s clockwise or 
counterclockwise). If H is in the front (wedge), the rotation is 
reversed. 
 
The Cahn-Ingold-Prelog Rules determine which substituent is of 
higher priority than the other. (Bruice, 2004, p. 188) 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 

E. ISOMERISM IN SUGARS 
 

 
Figure 13. D and L isomers of glyceraldehyde and glucose. [Garvilles] 

 

1. D and L isomerism 

 Orientation of the -H and -OH groups at carbon atom 
adjacent to the terminal primary alcohol carbon 

 -OH (right) = D 

 -OH (left) = L 

 Most hexoses of living organisms are D isomers especially in 
humans. 

 

 
Figure 14. Pyran and furan. [Garvilles] 

 

2. Pyranose and furanose ring structures 

 Pyranose: six membered ring 

 More stable conformation for aldoses  

 Ex. glucose - glucopyranose 

 Furanose: five membered ring 

 More stable conformation for ketose 

 Ex. fructose - fructofuranose)  
 

 

Figure 15. Glucopyranose and glucofuranose. [Garvilles] 
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Figure 16. Pyranose and furanose configurations of fructose. [Garvilles] 
 

3. Alpha and beta anomers 

 Anomeric Carbon - carbon responsible for the linkage 

between the alcohol and aldehyde or ketone group 

 The chiral center is created when a sugar cyclizes 

 
Figure 17. α and β configurations of glucopyranose and fructofuranose. Arrows 

point to chiral centers [Garvilles] 
 

 α – OH is down (OH and CH2OH are on diff sides) 

 β – OH is up (OH and CH2OH are on the same side) 

 Mutarotation– interconversion of alpha and beta anomers 
 

Tip: Compare the C-1 with the CH2OH group and check the 
orientation of the –OH.  
Usually the anomeric carbon is the central carbon of the aldehyde 
or ketone group, reduced through nucleophilic attack 
 

4. Epimers 

 two sugars that differ only in the configuration around one 
carbon atom 

 
Figure 18. Galactose, glucose, and mannose.[Garvilles] 

 

 Galactose and glucose are epimers (which differ only in C-4) 
 Mannose and Glucose are epimers (which differ only in C-2). 
 Mannose and Galactose are not epimers, just diastereomers 

because they differ in two carbons (i.e. C-2, C-4).  

 

5. Aldose-ketose isomerism 

 Same molecular formula but different structure 

 Aldose-reducing compounds = reducing sugars 

 Only the state of the oxygen in the aldehyde group 
determines if the sugar is reducing or non-reducing (Ferrier, 

2011) 
 

 
Figure 19. Glucose and fructose, two aldose-ketose isomers (C6H12O6).[Garvilles] 

 

Recall: Aldehydes = -CHO structure; Ketones = RCOR structure 
Tip: look for an O that has a double bond attached to a carbon, 
that is most likely an aldehyde or ketone. 
 

IV. DISACCHARIDES 

 2 monosaccharides that are linked by a glycosidic bond [Campbell & 

Farrell, 2015] 

 The end of a chain with a free anomeric carbon (one not 
involved in a glycosidic bond) is commonly called the reducing 
end.  

 
Figure 20.Maltose [Garvilles] 

 

 The formation of maltose requires 2 moles of glucose 

 Maltose contains an α(1→4) glycosidic bond 

 αC-1 of glucose will bind with the αC-4 of the other glucose 

 
Figure 21.Sucrose. [Garvilles] 

 

 The formation of sucrose requires 1 mole of glucose and 1 
mole of fructose 

 Sucrose contains a Glc(α1→β2)Fru or Fru(β2→α1)Glc bond 

 αC-1 of glucose will bind with the βC-2 of fructose 

 

Figure 21.Lactose. [Garvilles] 

 The formation of lactose requires 1 mole of glucose and 1 mole 
of galactose 

 Lactose contains a Gal(β1→4)Glc bond 

 βC-1 of galactose will bind with the βC-4 of glucose 
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 Kinds of Bonds 

 N-Glycosidic Bond  
 Sugar attaches to an amine (-NH2) group 
 Structure is called N-glycoside (Ferrier, 2011) 
 Ex: ATP (adenine + ribose) 

 O-Glycosidic Bond 
 Sugar attaches to a hydroxyl (-OH) group 
 Structure is called O-glycoside (Ferrier, 2011) 
 All sugar-sugar glycosidic bonds are O-type as they all 

have -OH 
 

V. POLYSACCHARIDES 

 Homopolysaccharides - contain only a single type of monomer 

 Heteropolysaccharides - combination of 2 or more types of 
monomers  

 

A. HOMOPOLYSACCHARIDES 
 

Homopolysaccharides as stored forms of fuel 

 Starch 

 main storage polysaccharide of plants from photosynthesis 

 two types of glucose polymer: 
 Amylose (α1→4) - waxy, straight chain 
 Amylopectin (α1→6) - gel like, branched, more soluble in 

water (branched = more water molecules can attach) 

 Branching occurs every 24 to 30 residues 

 Glycogen 

 main storage polysaccharide of animals 

 two types of glucose polymer: 
 Amylose (α1→4) 
 Amylopectin (α1→6)  

 more compact than starch because there is branching every 
8-12 residues 

 Dextrans 

 bacterial and yeast polysaccharides 

 (α1→6)-linked poly-D-glucose; all have (α1→3) branches, 
and some also have (α1→2) or (α1→4) branches 

 Growing on the surface of the teeth 

 Ex. Dental plaque formed by bacteria 
 

Homopolysaccharides with structural functions 

 Cellulose 

 Fibrous, tough, water-insoluble substance found in the cell 
walls of plants 

 (β1→4) glucose 
 humans cannot digest because it is in β-conformation 

(human amylase only acts on α-configuration) 

 Termites harbor a symbiotic microorganism, Trichonympha, 
that secretes cellulase  
 Cellulase - enzyme that allows termites and ruminants to 

digest cellulose  

 Chitin 

 Composed of N-acetylglucosamine residues in β-linkage 

 Exoskeletons of many invertebrates (arthropods, arachnids, 
crustaceans, mollusks, etc.) 

 Pectin 

 A polymer of galacturonic acid that is found in the cell wall of 
plants [Campbell & Farrell, 2015] 

 White amorphous complex that has gelling properties used in 
making jams and food preserves 

 Agar 

 Mixture of sulfated heteropolysaccharides made up of D-
galactose and an L-galactose derivative either linked 
between C-3 and C-6 

 Two major components: 
 unbranched polymer agarose (used in making the agar 

gel) 
 branched agaropectin 

 

B. HETEROPOLYSACCHARIDES 
 

Heteropolysaccharides in bacterial cell walls 

 The polysaccharides in the cell wall of prokaryotes are cross 
linked by peptides [Campbell & Farrell, 2015] 

 The material that results from the cross-linking of the 
polysaccharides by peptides is known as the peptidoglycan 

[Campbell & Farrell, 2015] 

 Heteropolymer linked (β1→4) N-acetylglucosamine and N-
acetylmuramic acid residues keep the structural integrity of the 
cell wall 

 Lysozymes kill bacteria by breaking this (β1→4) glycosidic bond 

 Gram positive bacteria have a pentaglycine chain in the cross-
link 

 Gram negative bacteria lack pentaglycine; the terminal D-
alanine residue of one tetrapeptide is attached directly to a 
neighboring tetrapeptide through either L-Lysine or a lysine-like 
amino acid, diaminopimelic acid 

 
Figure 22. Bacterial wall of gram positive bacteria.[Garvilles] 

 

Glycosaminoglycans (GAGs) 

 
 

Figure 23. Structure of GAGs.[Garvilles] 
 

 Extracellular matrix (ECM) 

 Extracellular space in the tissues of multicellular animals, 
filled with a gel-like material 

 Aka Ground substance 

 Functions: 
 holds cells together and provides a porous pathway for 

the diffusion of nutrients and oxygen to individual cells;  
 binds the cell together 

 GAGs: N-acetylglucosamine (GlcNAc) or N-
acetylgalactosamine  (GalNAc) and D-glucuronic (GlcA) or L-
iduronic acid (IdoA) 

 ECM contains 4 heteropolysaccharides = Hyaluronic acid, 
Chondroitin Sulfate, Keratan sulfate and Heparin 

 Hyaluronic acid  
 alternating residues of D-glucuronic acid (GlcA) and N -

acetylglucosamine (GlcNAc)  
 matrix of cartilage and tendons 

 Chondroitin sulfate 
 Greek chondros, “cartilage” 
 N-acetylglucosamine sulfate and GlcA 
 Contributes to tensile strength of cartilage, tendons, 

ligaments, walls of aorta 

 Keratan sulfates 
 have no uronic acid  
 sulfate content is variable 
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 cornea, cartilage, bone, and a variety of horny structures 
formed from dead cells: horn, hair, hoofs, nails, and claws 

 Heparin 
 Greek he-par “liver” 
 Natural anticoagulant made in mast cells and released 

into the blood 
 Inhibits blood coagulation by bonding to the protein anti-

thrombin 
 

C. GLYCOPROTEINS 

 One or several oligosaccharides joined covalently to a protein 

 N-linked glycoproteins 

 N-glycosyl link to the amide nitrogen of an Asn (Asparagine) 
residue  

 O-linked glycoproteins 

  -OH of a Ser or Thr (Serine and Threonine) residue  

 E.g.  
 Immunoglobulins (antibodies)  
 Hormones (follicle-stimulating hormone, luteinizing 

hormone, and thyroid-stimulating hormone) 
 

D. GLYCOLIPIDS 

 Membrane lipids in which the hydrophilic head groups are 
oligosaccharides 

 E.g. Gangliosides  

 membrane lipids of eukaryotic cells 

 complex oligosaccharide containing sialic acid 

 
Figure 24. Glycolipid structure. [Garvilles] 

 

E. PROTEOGLYCANS 

 Glycoproteins with high carbohydrate content (Campbell & Farrell, 2015) 

 Macromolecules of the cell surface or ECM in which one or 
more GAG chains are joined covalently to a membrane protein 
or a secreted protein 

 

F. ABO Blood Group Antigens 

 O antigen lacks both N-acetylgalactosamine and N-galactose in 
polysaccharide chain. 

 A antigen contains N-acetylgalactosamine in polysaccharide chain. 

 B antigen contains N-galactose in polysaccharide chain. 
 

Table 1.Compatibility of different blood types. 

Blood Type Makes AB 
Against 

Receive 
Blood From 

Donate 
Blood To 

O A, B O O, A, B, AB 

A B O, A A, AB 

B A O, B B, AB 

AB None O, A, B, AB AB 
 

G. LECTINS 

 found in all organisms 

 proteins that bind carbohydrates with high affinity and specificity 

 Serves as a marker for cell-cell recognition, signaling, and 
adhesion 

 Intracellular targeting of newly synthesized proteins 

 In the laboratory, purified lectins are useful reagents for 
detecting and separating glycoproteins with different 
oligosaccharide moieties 

 Important in Helicobacter pylori - binds in gut to elicit ulcers  

 Role of lectin as a protein is to collect or find the glycoproteins 

 Using lectins to select the toxic substances (toxic substances 
usually have glycoproteins) 

 Lymphocyte movement to the site of an infection or injury 

 

F. MAILLARD REACTION 
 

● Non-enzymatic reaction  
● Browning that occurs on foods when baked or roasted 
● Chemical reaction between amino acids and carbohydrates 
● Indication of palatable food 
 

 
Figure 25.The Maillard reaction.Glucose interacts with amino acids to form the 

Amadori compound, which is brown in color[Garvilles] 
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