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Modulator : Dr. P.B.Desai HOD ,Dept Of Biochemistry.
 Presenter : Dr Vijayetha S. Kagwad
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Introduction Carbohydrates are polyhydroxy aldehydes or
 ketones or substances that yield them on hydrolysis.
 Many have empirical formula (CH2O)n ,some also contain nitrogen,phosphorus or sulfur.
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Functions Carbohydrates serve as energy stores, fuels,
 and metabolic intermediates. Ribose and deoxyribose sugars form part of
 the structural framework of RNA and DNA. Polysaccharides are structural elements in the
 cell walls of bacteria and plants. In fact, cellulose, the main constituent of plant cell walls, is one of the most abundant organic compounds in the biosphere.
 Carbohydrates are linked to many proteins and lipids, where they play key roles in mediating interactions among cells and interactions between cells and other elements in the cellular environment
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Classification • Monosaccharides contain a single
 polyhydroxyaldehyde or ketone unit .• Disaccharides consist of two
 monosaccharide unitslinked together by a covalent bond (e.g., sucrose).• Oligosaccharides contain from 3 to 10monosaccharide units (e.g., raffinose).• Polysaccharides contain very long chains ofhundreds or thousands of monosaccharide units,which may be either in straight or branched chains(e.g., cellulose, glycogen, starch).
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Monosaccharides Monosaccharides are classified according to
 the number of carbon atoms they contain: No. of carbons Class of Monosaccharide
 3 triose 4 tetrose 5 pentose 6 hexose 7 heptoseThey can also be classified as Aldoses Ketoses
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Structure of monosaccharide
 Aldehyde groupKeto groupCarbonyl carbonChiral carbonReference carbon or
 penultimate carbon
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Structure of monosaccharides can be represented in 3 waysThe straight chain structural formula or
 Fischer projection formula.Cyclic ring structure or Haworth projection.Boat and chair conformation.
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Isomerism Stereochemistry: Enantiomers- mirror image molecules D- and
 L-sugars are enantiomersDiastereomers- nonsuperimposable, non
 mirror imageEpimers- differ in arrangement about one
 other chiral carbons. (Glc vs. Man, e.g.) When a molecule has more than one chiral
 carbon, each carbon can possibly be arranged in either the right-hand or left-hand form, thus if there are n chiral carbons, there are 2ⁿ possible stereoisomers. Maximum number of possible stereoisomers = 2ⁿ
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D and L isomerism
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Optical Activity• A levorotatory (–) substance rotates
 polarized light to the left. [E.g., l-fructose; (-)-fructose]
 • A dextrorotatory (+) substance rotates polarized light to the right. [E.g., d-glucose; (+)-glucose]
 • Molecules which rotate the plane of of polarized light are optically active.
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Cyclic structures or Haworth projectionMonosaccharides do not usually exist in
 solution in their “open-chain” forms: an alcohol group can add into the carbonyl group in the same molecule to form a pyranose ring containing a stable cyclic hemiacetal or hemiketal.
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Chair and Boat Forms of b - d -glucopyranose. The chair form is more stable because of less sterichindrance as the axial positions are occupied by hydrogen atoms.
 Envelope Conformations of b - d -ribose. The C2-endo and C3-endo forms of b -d-ribose are shown. Thecolor indicates the four atoms that lie approximately in a plane.
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Anomerism and mutarotation
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Physical Properties of Monosaccharides
 • Most monosaccharides have a sweet taste (fructose is sweetest; 73% sweeter than sucrose).
 • They are solids at room temperature.• They are extremely soluble in water:– Despite their high molecular weights, the
 presence of large numbers of OH groups make the monosaccharides much more water soluble than most molecules of similar MW.
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Chemical reactions of monosaccharides
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Action of strong acidsForms furfural derivatives that condense with
 alpha naphthol, resorcinol to produce coloured complexes. This is the basis of Molisch test, Seliwanoff test,Bial s test.
 Action of alkaliesForms enediols that are strong reducing
 agents and forms the basis of Benedict s test,Barfoeds test, Fehlings test.
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Action of phenylhydrazine-osazone All reducing sugars will form osazones with
 phenylhydrazine when kept at boiling temperature.
 Glucose , mannose, fructose form needle shaped crystals.
 Lactose forms powder puff shaped crystals.Maltose forms sunflower shaped crystals.
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Oxidation Mild oxidising agents oxidize aldehyde group to
 carboxyl group to produce aldonic acids.Glucose to Gluconic acidCalcium gluconate used i.v. to raise blood calcium.When aldehyde group is protected, the last carrbon
 is oxidised to carboxyl groupto produce uronic acid.Glucose to Glucuronic acid, Galactose to
 Galacturonic acid.Such acids are components of Glycosaminoglycans
 and glycoproteins.Glucuronic acid is used to conjugate bilirubin, drugs.L-Ascorbate is derive from D-Glucurunate.Galacturonic acids in pectins,plant gums , mucilages.
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. Under strong oxidising conditions ,the first and last carbon atoms are simultaneously oxidised to form dicarboxylic acids known as saccharic acids.Mucic acid formed is the basis for test for identification of galactose.Glucose oxidase method utilses this property

Page 27
						

Reduction Both aldoses and ketoses may be reduced by
 enzymatic or non enzymatically to corresponding polyhydroxy alcohols.
 Aldose - alcoholKetose - two alcoholsD-Mannose to D-MannitolD-Fructose to D-Mannitol and D-Sorbitol.Glyceraldehyde to glycerol.
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Sorbitol- sweetener, accumulates in lens and leads to cataract.Mannitol- osmotic diureticXylitol – prevent dental caries.
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Glycoside formationWhen the anomeric OH group of a sugar
 reacts with an alcohol, with elimination of water, it yields an O–glycoside.The glycosidic bond is not a normal ether bond, because the OH group at C-1 has a hemiacetal quality. Oligosaccharides and polysaccharides also contain O-glycosidic bonds.
 Reaction of the anomeric OH group with an NH2 or NH group yields an N-glycoside . N-glycosidic bonds occur in nucleotides and in glycoproteins , for example.
 Uses :Glucovanillin, Cardiac glycosides, drugs like Streptomycin
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Formation of esters The hydroxyl groups of monosaccharides can
 form esters with acids.
 In metabolism, phosphoric acid esters such as glucose 6-phosphate and glucose 1-phosphate are particularly important.
 Phosphorylation of sugar within cells is essential to prevent diffusion of sugar out of the cell.
 Nucleoproteins (RNA & DNA) contain sugar phosphates of ribose and deoxyribose.

Page 32
						

Amino sugars Amino groups may be substituted for hydroxyl
 groups to give amino sugarslike Glucosamine, Galactosamine.
 The amino group may be further acetylated to produce N-acetyl glucosamine.
 Glucosamine seen in hyaluronic acid,heparin , blood group substances.
 Mannosmine –mucopolysaccharidesN-acetyl glucosamine and its derivative N-
 acetyl muramic acid- in bacterial cell wall.N-acetyl glucosamine ,galactosamine in
 glycoproteins,cell membrane antigens.Erythromycin is an aminosugar.
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Deoxy sugarsOxygen of the hydroxyl group may be
 removed to form deoxy sugars.2-deoxy ribose is found in DNAL-galactose to L-Fucose (6deoxyβ-L-
 galactose) found in glycoproteins ex:selectinsL-mannose to L-rhamnose in plant
 polysaccharide.
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Neuraminic acid and sialic acidIt is a nine carbon sugar derived from
 mannosamine and pyruvate.Sialic acid is acetylated derivative of
 Neuraminic acid in which amino or hydroxy group is acetylated.
 Constituents of both glycoproteins and glycolipids.
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Clinical importance Blood glucose measurements in the diagnosis
 and treatment of Diabetes.Benedict’s test.Glucose oxidase method.Glycated haemoglobin.
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hemoglobin
 Schiff Base
 Clinical importance Glycated haemoglobin
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ketoamine
 Glycated hemoglobin
 AGEsProtein cross linking
 Damage to kidneys,retinas,CVS
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Oligosaccharides - Disaccharides
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Important disaccharides
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Polysaccharides Carbohydrates composed of 10 or more monosaccharide units or their derivatives like aminosugars and uronic acids.they differ from each other in the identity of their recurring monosaccharide units,in the length of the chains,in the types of bonds and in degree of branching.
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Homopolysaccharides Storage forms : Starch carbohydrate reserve of plants.
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Glycogen Reserve carbohydrate in animals. 7%of
 weight of liver.Glycogen is made up of glucose units joined
 by (α1→4) and (α1→6) glycosidic bonds like starch but with more extensive branching every 8-12 residues and more compact than starch.
 Since the molecular weight is high glycogen exerts very little osmotic effect and can be stored in small space.
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Structural forms of homopolysaccharidesCellulose is a fibrous, tough water insoluble
 major polysaccharide of plants.
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Importance of α and β linkagesStructure
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Chitin It is a linear homopolysaccharide
 composed of N-acetyl glucosamine residues in β1→4 linkage.
 It is the principle component of hard exoskeletons of insects, crabs.

Page 48
						

Dextrans Dextrans are bacterial and yeast
 polysaccharides made up of (α1→6)linked poly d-glucose;all have (α1→3)branches ,some also have (α1→2)or (α1→4)branches.
 Dental plaque rich in dextrans.Used in fractionation of proteins by size
 exclusion chromatography. Inulin It is a polymer of fructose found in
 onion ,garlic etc.Used to determine renal clearance and
 glomerular filteration rate.
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Heteropolysaccharides Structural heteropolysaccharides in
 bacterial and algal cell walls.Heteropolymer Cross linked by short peptides.Strengthens cell wall and prevents lysis by osmosis.This property is used by penicillin.Lysozyme in tears break b β1 →4 linkages
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Agar
 Sulfated heteropolysaccharide.Remarkable gel forming property Used in electrophoresis, growth of bacterial colonies and capsules.
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Glycosaminoglycans Glycosaminoglycans, are a family of linear
 polymers composed of repeating disaccharide units .
 One of the two monosaccharides is always either N-acetylglucosamine or N-acetylgalactosamine; the other is in most cases a uronic acid, usually D-glucuronic or L-iduronic acid.
 Sulfate groups and the carboxylate groups of the uronic acid residues gives glycosaminoglycans a very high density of negative charge.
 Glycosaminoglycans can be found in free form, or as components of proteoglycans throughout the organism
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Important GAGs•The outward facing carboxyl group is hydrophillic.•They form clear, highly viscous solutions that serve as lubricants in the synovial fluid of joints and give the vitreous humor of the vertebrate eye its jellylike consistency.•Hyaluronate is also an essential component of the extracellular matrix of cartilage and tendons, to which it contributes tensile strength and elasticity as a result of its strong interactions with other components of the matrix. •Hyaluronidase
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•Chondroitin sulfate (Greek chondros,“cartilage”) contributes to the tensile strength of cartilage,tendons, ligaments, and the walls of the aorta.
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Keratan sulfates (Greek keras, “horn”) have nouronic acid and their sulfate content is variable. Theyare present in cornea, cartilage, bone, and a variety of horny structures formed of dead cells: horn, hair, hoofs,nails, and claws.
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Heparin (Greek he–par, “liver”) is a natural anticoagulant made in mast cells. where it inhibits blood coagulation by binding to the protein antithrombin. Heparin binding causes antithrombin to bind to and inhibit thrombin, a protease essential to blood clotting. The interaction is strongly electrostatic; heparin has the highest negative charge density of any known biologicalmacromolecule .Purified heparin is routinely
 added to blood samples obtained for clinical analysis, and to blood donated for transfusion, to prevent clotting
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•Dermatansulfate (Greek derma, “skin”) contributes to thepliability of skin and is also present in blood vessels andheart valves. In this polymer, many of the glucuronate(GlcA) residues present in chondroitin sulfate are replacedby their epimer, iduronate (IdoA).
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Glycoconjugates Proteoglycans , Glycoproteins and
 Glycolipids.Polysaccharides and oligosaccharides are
 information carriers: They provide communication between
 cells and their extracellular surroundings.Label proteins for transport to and
 localisation in specific organelles.For destruction when the protein is
 malformed or superfluous.Serve as recognition sites for
 extracellular signal molecules (growth factors) or extracelllular parasites.
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Specific carbohydrate containing molecules act in cell-cell recognition and adhesion, cell migration during development, blood clotting, the immune response, and wound healing, to name but a few of their many roles
 In most of these cases ,the informational carbohydrate is covalently joined to a protein or a lipid to form a glycoconjugate.

Page 59
						

Proteoglycans Contains 95% of carbohydrate by weight.Core protein with covalently attached
 GAGs.
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Examples of proteoglycans
 Aggrecan
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Glycoproteins Carbohydrate constitutes 1-70%.The glycans are typically branched and
 smaller than GAGs.Contain oligosaccharide covalently linked
 to Asp (N-linked) or Ser/Thr (O-linked)residues.
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Glycoproteins are usually found on the outer surface of the plasma membrane ,in the ECM,blood.
 Inside the cells they are found in specific organelles such as golgi complexes,secretory granules and lysoosmes
 The oligosaccharide portions are heterogenous, information rich ,highly specific and bind with high affinity with lectins.
 Ex :mucin in secretions , Glycophorin A in RBC membrane, Immunoglobulins , hormones like FSH, LH.
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Glycolipids Membrane sphingolipids in which hydrophilic
 head groups are oligosaccharides.Ex :gangliosidesBrain and neurons are rich in glycolipids
 which help in nerve conduction, myelin formation, signal transduction.
 Lipopolysaccharides in gram negative bacteria.
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Monosaccharides can be assembled into an almost limitless variety of oligosaccharides, which differ in the stereochemistry and position of glycosidic bonds, the type and orientation of substituent groups, and the number and type of branches.
 Oligosaccharides are far more information-dense than nucleic acids or proteins
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Lectins Lectins are proteins that bind carbohydrates
 with high specificity and moderate to high affinity
 Lectins serve in a wide variety of cell-cell recognition, signalling, adhesion process and in intracellular targetting of newly synthesized proteins.Ex :P-selectin, E-selectin.
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In vertebrates, oligosaccharide tags read by lectins govern the rate of degradation of certain peptide hormones, circulating proteins and blood cells.
 Baccterial and viral pathogens adhere to their animal cell targets by binding of lectins in the pathogens to oligosaccharide on the target cell surface.
 Ex :HSV1, HSV 2,Influenza virus, V.cholerae, E.coli.Intracellular lectins mediate intracellular protein
 targetting to specific organelles or to secretory pathway.
 Ex: Calnexin ,Calreticulin in ER.
 Lectin –carbohydrate interactions are highly specific and often polyvalent.
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