CARBOHYDRATES




x Carbohydratesrethe mostabundantbiomoleculeson Earth

X Carbohydratesre polyhydroxyaldehydesor ketones,or substances
that yield suchcompoundson hydrolysis

x Many, but not all, carbohydrates have the empirical formula
(CH2O)n somealsocontainnitrogen, phosphorusor sulfur,



X Eachyear, photosynthesisconverts more than
100 billion metric tons of CQ and H,O Into
celluloseand other plant products
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Functionsof Monosaccharides

Certaincarbohydrates(sugarand starch) are a dietary staple in
most parts of the world, andthe oxidationof carbohydratess the
centralenergyyieldingpathwayin mostnonphotosynthetiacells

Carbohydratepolymers (also called glycan$ serve as structural
and protective elementsin the cell walls of bacteriaand plants
andin the connectivetissuesof animals

Other carbohydrate polymers lubricate skeletal joints and
participatein recognitionand adhesionbetweencells

Complexcarbohydratepolymerscovalentlyattachedto proteins
or lipidsact assignalghat determinethe intracellulardestination
or metabolic fate of these hybrid molecules, called
glycoconjugates



There are three major size classes of carbohydrates
monosaccharidegligosaccharidesnd polysaccharides

Monosaccharides or simple sugars, consist of a single
polyhydroxyaldehydeor ketoneunit.

The most abundant monosaccharidan nature is the sixcarbon
sugarD-glucose sometimesreferredto asdextrose

Monosaccharidesof four or more carbonstend to have cyclic
structures CH,OH
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Oligosaccharidesconsist of short chains of monosaccharideunits, or
residuesjoined by characteristidinkagescalledglycosididoonds

The most abundant are the disaccharideswith two monosaccharide
units.

Typicalis sucrose(canesugar),which consistsof the sixcarbonsugarsD-
glucoseand D-fructose
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All commonmonosaccharideand disaccharidesiavenamesendingwith
the suffixarosee

In cells, most oligosaccharidegonsistingof three or more units do not
occur as free entities but are joined to nonsugarmolecules(lipids or
proteins) in glycoconjugates °



X Thepolysaccharidesare sugarpolymerscontainingmore than 20
or so monosaccharidelnits; somehavehundredsor thousandsof
units.

X Somepolysaccharidessuchascellulose,are linear chains others,
suchasglycogenare branched

x Bothglycogemand celluloseconsistof recurringunits of D-glucose,
but they differ in the type of glycosididinkageand consequently
havestrikinglydifferent propertiesandbiologicalroles




Monosaccharides

X The simplestof the carbohydratesthe monosaccharidesare either
aldehydesor ketoneswith two or more hydroxylgroups

X The simplest monosaccharidesare the two three-carbon trioses
glyceraldehydean aldotriose and dihydroxyacetonea ketotriose
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Glyceraldehyde, Dihydroxyacetone,
an aldotriose a ketotriose
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D-Glyceraldehyde Enediol Dihydroxyacetone
(aldotriose) intermediate (ketotriose)

X These two compounds are structural isomeasitomers and
could be turn each other vianediolintermediate.



X Monosaccharidesare colorless,crystalline solids that are freely
soluble in water but insoluble in nonpolar solvents Most have a
sweettaste.

X Monosaccharidesvith four, five, six, and sevencarbonatomsin
their backbonesare called,respectivelytetroses pentoses hexoses,
andheptoses

Number of | Name Aldehyde Ketone

Carbon

3 Triose Glyceraldehyde Dihydroxyacetone
4 Tetrose |Erythrose Erythrulose

5 Pentose | Ribose, Xylose Ribulose, Xylulose
6 Hexose | Glucose, Galactose, Mannose | Fructose, Sorbose
7 Heptose Heptulose
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MonosaccharidegdaveAsymmetricCenters

x All the monosaccharides excaepihydroxyacetoneontainone
or more asymmetric (chiral) carb@omsandthus occur in
optically active isomeriforms.

X In general, a molecule with n chiral centeeshave2"
stereoisomers.

X Thesimplest aldose, glyceraldehydmntainsone chiral center
(the middle carbon atomandtherefore hastwo different optical
Isomers, orenantiomers.
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p-Glyceraldehyde, Dihydroxyacetone,
an aldotriose a ketotriose 11



Polarizing Filter
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Enantiomers (mirror images) Enantiomers (mirror images)

Diastereomers (non—-mirror images)
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X Torepresentthree-dimensionakugar structures on paper, we
often useFischer projectioformulas

X In Fischemprojection formulas, horizontal bond3rojectout of
the plane of the paper, toward the readererticalbondsproject
behind the plane of the papeawayfrom the reader.

Mirror

Ball-and-stick models

?HO ?HO
H—Cl—OH HO—(|)—H
CH,OH CH,OH

D-Glyceraldehyde L-Glyceraldehyde

Fischer projection formulas

CHO CHO
H~—C—OH HO—C—H
CH,OH CH,OH

D-Glyceraldehyde L-Glyceraldehyde

Perspective formulas o



X The stereoisomersof monosaccharidesf eachcarbonchainlength can
be dividedinto two groupsthat differ in the configurationabout the chiral
centermostdistantfrom the carbonylcarbon

x Thosein which the configurationat this referencecarbonis the sameas
that of D-glyceraldehydeare designatedD isomers,and those with the
sameconfigurationasL-glyceraldehydeare Lisomers

(leO (|3HO
H—(lj—OH HO—(lj—H
CH,OH CH,OH
D-Glyceraldehyde L-Glyceraldehyde

Fischer projection formulas

X In other words, when the hydroxylgroup on the referencecarbonis on
the right (dextro) in a projection formula that hasthe carbonylcarbonat
the top, the sugaristhe Disomer, whenonthe left (levo), it isthe Lisomer

x Most of the hexosef livingorganismsare D isomers
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Fisher Projection Formulas of-Bldoses

Three carbons Four carbons Five carbons
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Six carbons
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CH,OH (llHEOH {|3H20H (|3H20H CH,0H (|3H20H LLIHQOH CH,OH
p-Allose D-Altrose p-Gulose p-Idose p-Talose

D-Aldoses
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