
CARBOHYDRATES
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×Carbohydratesarethe mostabundantbiomoleculeson Earth.

×Carbohydratesarepolyhydroxyaldehydesor ketones,or substances

that yieldsuchcompoundson hydrolysis.

×Many, but not all, carbohydrates have the empirical formula

(CH2O)n; somealsocontainnitrogen,phosphorus,or sulfur.

2



×Eachyear, photosynthesisconverts more than
100 billion metric tons of CO2 and H2O into
celluloseandother plant products.
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Functionsof Monosaccharides

×Certaincarbohydrates(sugarand starch)are a dietary staple in

mostpartsof the world, andthe oxidationof carbohydratesis the

centralenergy-yieldingpathwayin mostnonphotosyntheticcells.

×Carbohydratepolymers (also called glycans) serve as structural

and protective elementsin the cell walls of bacteriaand plants

andin the connectivetissuesof animals.

×Other carbohydrate polymers lubricate skeletal joints and

participatein recognitionandadhesionbetweencells.

×Complexcarbohydratepolymerscovalentlyattached to proteins

or lipidsact assignalsthat determinethe intracellulardestination

or metabolic fate of these hybrid molecules, called

glycoconjugates.
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×There are three major size classes of carbohydrates:

monosaccharides,oligosaccharides,andpolysaccharides.

×Monosaccharides, or simple sugars, consist of a single

polyhydroxyaldehydeor ketoneunit.

×The most abundant monosaccharidein nature is the six-carbon

sugarD-glucose, sometimesreferredto asdextrose.

×Monosaccharidesof four or more carbons tend to have cyclic

structures.
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×Oligosaccharidesconsist of short chains of monosaccharideunits, or

residues,joinedby characteristiclinkagescalledglycosidicbonds.

× The most abundant are the disaccharides,with two monosaccharide

units.

× Typicalis sucrose(canesugar),whichconsistsof the six-carbonsugarsD-

glucoseandD-fructose.

× All commonmonosaccharidesanddisaccharideshavenamesendingwith

the suffixά-ose.έ

× In cells,most oligosaccharidesconsistingof three or more units do not

occur as free entities but are joined to nonsugarmolecules(lipids or

proteins) in glycoconjugates. 6



×Thepolysaccharidesare sugarpolymerscontainingmore than 20

or somonosaccharideunits; somehavehundredsor thousandsof

units.

×Somepolysaccharides,suchascellulose,are linear chains; others,

suchasglycogen,arebranched.

×Bothglycogenandcelluloseconsistof recurringunitsof D-glucose,

but they differ in the type of glycosidiclinkageand consequently

havestrikinglydifferent propertiesandbiologicalroles.
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Monosaccharides
×Thesimplestof the carbohydrates,the monosaccharides,are either

aldehydesor ketoneswith two or morehydroxylgroups.

×The simplest monosaccharidesare the two three-carbon trioses:

glyceraldehyde,analdotriose, anddihydroxyacetone,a ketotriose
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×These two compounds are structural isomers, tautomers, and 
could be turn each other via enediolintermediate. 
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×Monosaccharidesare colorless,crystalline solids that are freely
soluble in water but insoluble in nonpolar solvents. Most have a
sweettaste.

×Monosaccharideswith four, five, six, and sevencarbonatoms in
their backbonesare called,respectively,tetroses, pentoses, hexoses,
andheptoses.

10



MonosaccharidesHaveAsymmetricCenters

×All the monosaccharides except dihydroxyacetonecontain one 
or more asymmetric (chiral) carbon atomsand thus occur in 
optically active isomeric forms. 

×In general, a molecule with n chiral centers canhave 2n

stereoisomers.

×The simplest aldose, glyceraldehyde, containsone chiral center 
(the middle carbon atom) andtherefore has two different optical 
isomers, or enantiomers.
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×To representthree-dimensional sugar structures on paper, we 
often use Fischer projection formulas.

×In Fischer projection formulas, horizontal bonds Projectout of 
the plane of the paper, toward the reader; verticalbonds project 
behind the plane of the paper, awayfrom the reader. 
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×Thestereoisomersof monosaccharidesof eachcarbon-chain length can
be dividedinto two groupsthat differ in the configurationabout the chiral
centermostdistantfrom the carbonylcarbon.

×Thosein which the configurationat this referencecarbonis the sameas
that of D-glyceraldehydeare designatedD isomers,and those with the
sameconfigurationasL-glyceraldehydeareLisomers.

×In other words,when the hydroxylgroup on the referencecarbonis on
the right (dextro) in a projection formula that has the carbonylcarbonat
the top, the sugaris the Disomer; whenon the left (levo), it is the Lisomer.

×Most of the hexosesof livingorganismsareDisomers.
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Fisher Projection Formulas of D-Aldoses
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Fisher Projection Formulas of D-Ketoses
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×Two sugarsthat differ only in the configurationaround one
carbon atom are called epimers; D-glucose and D-mannose,
which differ only in the stereochemistryat C-2, are epimers, as
areD-glucoseandD-galactose(whichdiffer at C-4).
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The Common Monosaccharides HaveCyclic Structures
×In aqueoussolution, aldotetrosesand all monosaccharideswith five or
more carbon atoms in the backboneoccur predominantlyas cyclic (ring)
structuresin whichthe carbonylgrouphasformed a covalentbondwith the
oxygenof a hydroxylgroupalongthe chain.

×Theformation of thesering structuresis the result of a generalreaction
between alcohols and aldehydesor ketones to form derivatives called
hemiacetalsor hemiketals.
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×The reaction with the first moleculeof alcohol
creates an additional chiral center (the carbonyl
carbon).

×Becausethe alcohol can add in either of two
ways,attackingeither the άŦǊƻƴǘέor the άōŀŎƪέof
the carbonyl carbon, the reaction can produce
either of two stereoisomeric configurations,
denoted ahnd .̡

×Isomeric forms of monosaccharidesthat differ
only in their configurationabout the hemiacetalor
hemiketal carbon atom are called anomers, and
the carbonyl carbon atom is called the anomeric
carbon.
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×Six-membered ring compounds are called pyranosesbecause 
they resemble the six-membered ring compound pyran. 

×Ketohexoses (such as fructose) also occur as cyclic compounds 
where hydroxyl group at C-5 reacts with the keto group at C-2, 
forming a five-membered ring compounds, furanose.
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×Cyclicsugarstructuresaremoreaccuratelyrepresentedin Haworth
perspectiveformulasthan in the Fischerprojectionscommonlyused
for linearsugarstructures.

×In Haworthprojectionsthe six-memberedring is tilted to makeits
plane almost perpendicularto that of the paper, with the bonds
closestto the readerdrawnthickerthan thosefarther away
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×To convert the Fischerprojection formula of any linear D-hexoseto a
HaworthperspectiveformulashowingtheƳƻƭŜŎǳƭŜΩǎcyclicstructure;

ü drawthe six-memberedring,
ü number the carbons in a clockwisedirection beginningwith the

anomericcarbon,
ü then placethe hydroxylgroups.
ü If a hydroxyl group is to the right in the Fischerprojection, it is

placedpointingdown in the Haworthperspectiveandviceversa.
ü TheterminalτCH2OHgroupprojectsupwardfor the D-enantiomer,

downwardfor the L-enantiomer.
ü Thehydroxylon the anomericcarbonof a D-hexoseis on the same

sideof the ringasC-6, the structureis .̡
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×The ahnd a̡nomersof D-glucoseinterconvertin aqueoussolutionby a
processcalledmutarotation, in which one ring form (say,the ahnomer)
opens briefly into the linear form, then closesagain to produce the ʲ
anomer.

×Thus, a solutionof -hD-glucoseanda solutionof -̡D-glucoseeventually
×form identical equilibrium mixtures having identical optical properties.
This mixture consists of about one-third -hD-glucose, two-thirds -̡D-
glucose, and very small amounts of the linear and five-membered ring
(glucofuranose) forms.
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×Ketohexoses(suchas fructose) also occur as cycliccompounds
withɻandɼanomericforms.

×In these compoundsthe hydroxyl group at C-5 (or C-6) reacts
with the keto group at C-2, forming a furanose(or pyranose) ring
containinga hemiketallinkage
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MonosaccharideDerivatives
×In addition to simple hexoses such as glucose, galactose, and 
mannose, there are a number of sugar derivatives in which a hydroxyl 
group in the parent compound is replaced with another substituent, or 
a carbon atom is oxidized to a carboxyl group.

×These derivatives have important roles in metabolism and classified 
as;   

üPhosphate esters

üAmino sugars

üDeoxysugars

üAcids and lactons

üSugar alcohols (alditols)
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Phosphateesters
×In the synthesis and metabolism of carbohydrates, the
intermediatesareveryoften not the sugarsthemselvesbut their
phosphorylatedderivatives.

×Condensationof phosphoricacid with one of the hydroxyl
groups of a sugar forms a phosphate ester, as in glucose6-
phosphate.

34



×Sugarphosphatesarerelativelystableat neutralpHandbeara
negativecharge.

×Oneeffect of sugarphosphorylationwithin cellsis to trap the
sugarinsidethe cell.

×Phosphorylationalsoactivatessugarsfor subsequentchemical
transformation.
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Amino Sugars
×In glucosamine, galactosamine, and mannosamine, the
hydroxyl at C-2 of the parent compound is replaced with an
aminogroup.
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×Theamino group is commonlycondensedwith aceticacid,as
in N-acetylglucosamine.

×This glucosamine derivative is part of many structural
polymers,includingthoseof the bacterialcellwall.

N-Acetyl- -̡D-galactosamine
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DeoxySugars
×Thesubstitutionof a hydrogenfor the hydroxylgroupat C-6 of
L-galactoseor L-mannose produces L-fucose or L-rhamnose,
respectively.

×L-Fucoseis found in the complexoligosaccharidecomponents
of glycoproteinsand glycolipids; L-rhamnoseis found in plant
polysaccharides
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Sugaracidsand lactons
×Oxidationof the carbonyl (aldehyde)carbon of an aldoseto the
carboxyllevelproducesaldonicacids.

×Oxidationof the carbonat the other end of the carbonchain,C-6
of aldoses,formsthe correspondinguronicacids.

×If both carbonsoxidizes,aldaricacidsform.
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D-glucaric acid
40

×Both aldonic and uronic acids form stable intramolecularesters called
lactones



×The sialic acidsare a family of sugarswith the samenine-carbon
backbone.

×One of them, N-acetylneuraminicacid (often referred to simply as
άǎƛŀƭƛŎŀŎƛŘέύΣis a derivative of N-acetylmannosaminethat occursin
many glycoproteinsand glycolipidson animalcell surfaces,providing
sites of recognition by other cells or extracellular carbohydrate-
bindingproteins
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 ŜƪŜǊ !ƭƪƻƭƭŜǊƛ όAlditoller)
×When carbonyl group of a sugar reducedto alchohol, alditols
form. 

D-Sorbitol

D-Mannitol

D-Dulcitol

D-MannitolD-Sorbitol
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Reactionsof Monosaccharides
RedoxReactions

×Monosaccharidescan be oxidized by relatively mild oxidizing
agentssuchascupric ion.

×Glucoseandother sugarscapableof reducingcupricion are called
reducingsugars.

×Cupricion oxidizesglucoseand certain other sugarsto a complex
mixtureof carboxylicacidsandthis is the basisof CŜƘƭƛƴƎΩǎreaction.
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Furfural
Hydroxymethyl-

furfural

HCl

Heat

HCl

Heat
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Disaccharides
×Disaccharides(suchas maltose, lactose,and sucrose)consist
of two monosaccharidesjoined covalently by an O-glycosidic
bond, which is formed when a hydroxyl group of one sugar
molecule,typicallycyclic,reactswith the anomericcarbonof the
other.

×This reaction representsthe formation of an acetal from a
hemiacetal(suchas glucopyranose) and an alcohol (a hydroxyl
groupof the secondsugarmolecule).

×Resultingcompoundiscalleda glycoside.
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×Glycosidicbonds are readily hydrolyzed by acid but resist
cleavageby base.

×Thus disaccharidescan be hydrolyzed to yield their free
monosaccharidecomponentsby boilingwith dilute acid.
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×Theoxidationof a sugarby cupricion occursonlywith the linear
×form, whichexistsin equilibriumwith the cyclicform(s).

×When the anomericcarbon is involved in a glycosidicbond, the
easyinterconversionof linearandcyclicformsisprevented.

×In describingdisaccharidesor polysaccharides, the end of a chain
with a free anomericcarbon(onenot involvedin a glycosidicbond)is
commonlycalledthe reducingend.

Cellobiose
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Naming of the Disaccharides
×By convention, the name describesthe compound written
with its non-reducingend to the left, and we canάbuild upέthe
namein the followingorder.

×(1) Give the configuration (ʰor )̡ at the anomeric carbon
joiningthe first monosaccharideunit (on the left) to the second.

× -̡
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×(2) Namethe nonreducingresidue; to distinguishfive and six-
memberedring structures,insert άfuranoέor άpyranoέinto the
name.

× -̡D-galactopyranosyl
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×(3) Indicatein parenthesesthe two carbonatomsjoinedby the
glycosidicbond,with an arrow connectingthe two numbers; for
example, (1Ą4) showsthat C-1 of the first-namedsugarresidue
is joinedto C-4 of the second.

× -̡D-galakcopyranosyl-(1Ą4)

51



×(4) Namethe secondresidue.

×The name of this disaccharide is -̡D-galactopyranosyl-(1Ą4)- -̡D-
glucopyranose, or commonly known as lactose. 

×Lǘ ŎƻǳƭŘ ōŜ ŀōōǊŜǾƛŀǘŜŘ ŀǎ DŀƭόʲмĄ4)-Glc. 

×If there is a third residue,describethe secondglycosidicbond by
the sameconventions.

×To shorten the description of complex polysaccharides, three-letter 
abbreviations or colored symbols for the monosaccharides are often 
used. 52
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Maltose
×Thedisaccharidemaltosecontainstwo D-glucoseresiduesjoined
by a glycosidiclinkagebetween C-1 (the anomericcarbon)of one
glucoseresidueandC-4 of the other.

×Becausethe disaccharideretainsa free anomericcarbon,maltose
isa reducingsugar.
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Trehalose

×Trehalose, Glcό1hăĄ1 )hGlc, is a nonreducing sugarand a
majorconstituentof the circulatingfluid (hemolymph) of insects,
servingasanenergy-storage.

×Mushroomsarethe commercialsourceof the trehalose.
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Cellobiose and Gentiobiose
×Cellobiosebe obtained by enzymaticor acidic hydrolysisof
celluloseand celluloserich materials such as cotton, jute, or
paper.

×Gentiobioseis incorporated into the chemical structure of
crocin, the chemicalcompoundthat givessaffronits color. It is a
productof the caramelizationof glucose

Cellobiose
-̡D-glucopyranosyl-(1Ą4) -̡D-glucopyranose

GluόʲмĄ4)Glu

Gentiobiose
-̡D-glucopyranosyl-(1Ą6) -̡D-glucopyranose

GluόʲмĄ6)Glu 56



Lactose

×Lactose is a reducing disaccharde that found in milk and consist of D-
glucose and D-galactose. 

×Lactose could be in h orʲ form.
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Sucrose
× Sucrose(tablesugar)isa disaccharideof glucoseandfructose.

× It is formedby plantsbut not by animals.

× In contrast to maltoseand lactose,sucrosecontainsno free anomeric
carbonatom; andtherefore it isa nonreducingsugar.

× The abbreviatednameof sucroseiseither Glc( 1hĄ2 )̡Fruor
Fru(2 ă̡Ą1 )hGlc.

× Sucroseis a major intermediate product of photosynthesis; in many
plants it is the principal form in which sugar is transported from the
leavesto other partsof the plant body. 58



×Invert sugar is a mixture of glucose and fructose obtained from 
the acid (citric or ascorbic) hydrolysis of sucroseas well as the 
invertase enzyme. 

×It is sweeter and tends to crystalize less than sucrose and 
fructose. 

Invert Sugar
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Polysaccharides

×Most carbohydratesfound in nature occuraspolysaccharides,
polymersof mediumto highmolecularweight.

×Polysaccharides, alsocalledglycans, differ from eachother;

×in the identity of their recurringmonosaccharideunits,

×in the lengthof their chains,

×in the typesof bondslinkingthe units,and

×in the degreeof branching.
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×Homopolysaccharidescontain only a single monomeric species;
heteropolysaccharidescontaintwo or moredifferent kinds.

×Some homopolysaccharides serve as storage forms of
monosaccharidesthat are used as fuels; starch and glycogenare
homopolysaccharidesof this type.

×Other homopolysaccharides(cellulose and chitin, for example)
serve as structural elements in plant cell walls and animal
exoskeletons.
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×Heteropolysaccharidesprovide extracellularsupport for organismsof all
kingdoms.

×For example, the rigid layer of the bacterial cell envelope (the
peptidoglycan)iscomposedin part of a heteropolysaccharidebuilt from two
alternatingmonosaccharideunits.

×In animal tissues,the extracellularspaceis occupiedby severaltypes of
heteropolysaccharides, which form a matrix that holds individual cells
together and providesprotection, shape,and support to cells,tissues, and
organs.
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×Unlike proteins, polysaccharidesgenerallydo not have defining
molecularweights.

×Thisdifferenceis a consequenceof the mechanismsof assembly
of the two typesof polymer.

×Proteins are synthesizedon a template (messengerRNA) of
definedsequenceand length,by enzymesthat follow the template
exactly.

×For polysaccharidesynthesisthere is no template; rather, the
program for polysaccharidesynthesisis intrinsic to the enzymes
that catalyzethe polymerizationof the monomericunits, and there
is no specificstoppingpoint in the syntheticprocess; the products
thusvaryin length.
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×Themost important storagepolysaccharidesarestarchin plant
cellsandglycogenin animalcells.

×Both polysaccharidesoccur intracellularlyas large clustersor
granules.

×Starchand glycogenmoleculesare heavilyhydrated,because
they havemanyexposedhydroxylgroupsavailableto hydrogen-
bondwith water.

Storage Homopolysaccharides
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×Most plant cells have the ability to form starch, and starch
storageis especiallyabundantin tubers(undergroundstems), such
aspotatoes,andin seeds.

×Starch contains two types of glucose polymer, amylose and
amylopectin.

Starch

Starch granules from tomato fruit and corn. 
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×Amylose consistsof long, unbranched chains of D-glucose
residuesconnectedbyό1hĄ4) linkages(asin maltose).

×Sinceits structurallysimilar, it is easierfor amyloseto havea
secondarystructure.

Amylose
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Amilopektin
×Amylopectin also has a high molecular weight (up to 200
million)but unlikeamyloseishighlybranched.

×The glycosidiclinkagesjoining successiveglucoseresiduesin
amylopectinchainsareό1hĄ4);

×the branch points (occurring every 24 to 30 residues)are
ό1hĄ6) linkages.
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×Highly branched amylopectin does not have a secondary
structure.
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×Natural starch consist of (10-20%)amylose and (80-90%)
amylopectin.

×Amylopectin dispersed colloidally in hot water whereas 
amylose is soluble. 

×Amylose is  responsible for deep blue color of iodine reaction 
of starch. 
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Glycogen

×Glycogenis the mainstoragepolysaccharideof animalcells.

×Like amylopectin, glycogenis a polymer of ό1hĄ4) linked
subunitsof glucose,with ό1hĄ6) linkedbranches.

×However,glycogenis more extensivelybranched(on average,
every8 to 12residues)andmorecompactthan starch.
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Structure of glycogenin and glycogen. 
73



×Becauseeachbranchin glycogenendswith a non-reducingsugar
unit, a glycogenmolecule with n brancheshas n+1 non-reducing
ends,but onlyonereducingend.

×When glycogenis used as an energy source, glucoseunits are
removedoneat a time from the non-reducingends.

×Degradativeenzymesthat act only at non-reducingendscanwork
simultaneouslyon the many branches,speedingthe conversionof
the polymerto monosaccharides.

×Dueto the highosmolarityof glucose,glycogenis more suitableto
be the intracellularstorageof energy.
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Dextrans
×Dextrans are bacterial and yeast
polysaccharidesmadeup of ( 1hĄ6)-linked
poly-D-glucose; all have ( 1hĄ3) branches,
and some also have ( 1hĄ2) or ( 1hĄ4)
branches.

×Dental plaque, formed by bacteria
growing on the surfaceof teeth, is rich in
dextrans, whichare adhesiveand allow the
bacteriato stickto teeth andto eachother.

×Dextransalsoprovidea sourceof glucose
for bacterialmetabolism.

×Synthetic dextrans are used in several
commercial products (for example,
Sephadex) that servein the fractionationof
proteinsby size-exclusionchromatography 75



Structural Homopolysaccharides
Cellulose

×Cellulose, a fibrous, tough, water-insoluble substance,is found in
the cell wallsof plants,particularlyin stalks,stems, trunks,andall the
woodyportionsof the plant body.

×Celluloseconstitutes much of the mass of wood, and cotton is
almostpurecellulose.

×Like amylose, the cellulose molecule is a linear, unbranched
homopolysaccharide, consistingof 10,000to 15,000D-glucoseunits.

×But there is a very important difference: in cellulosethe glucose
residueshavethe c̡onfiguration,whereasin amylosethe glucoseis in
the chonfiguration.

×The glucoseresiduesin celluloseare linked by ( 1̡Ą4) glycosidic
bonds,in contrastto the ( 1hĄ4) bondsof amylose. 76
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×Glycogenand starch ingested in the diet are hydrolyzedby -h
amylasesand glycosidases,enzymesin salivaand the intestine that
break( 1hĄ4) glycosidicbondsbetweenglucoseunits.

×Most vertebrate animalscannot use celluloseas a fuel source,
becausethey lackanenzymeto hydrolyzethe ( 1̡Ą4) linkages.

×Termitesreadily digest cellulose(and therefore wood), but only
becausetheir intestinal tract harbors a symbiotic microorganism,
Trichonympha, that secretescellulase,which hydrolyzesthe ( 1̡Ą4)
linkages.

×There is one important exceptionto the absenceof cellulasein
vertebrates: ruminant animals such as cattle, sheep, and goats
harborsymbioticmicroorganismsin the rumen(the first of their four
stomachcompartments) that can hydrolyzecellulose,allowing the
animalto degradedietarycellulosefrom soft grasses
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Chitin

×Chitin is a linear homopolysaccharide composed of N-
acetylglucosamineresiduesin ( 1̡Ą4) linkage.

×Theonly chemicaldifferencefrom celluloseis the replacementof
the hydroxylgroupat C-2 with anacetylatedaminogroup.
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×Chitin forms extendedfibers similar to thoseof cellulose,and
likecellulosecannotbedigestedby vertebrates.

×Chitin is the principalcomponentof the hard exoskeletonsof
nearly a million speciesof arthropodsτinsects, lobsters, and
crabs,for exampleτand is probablythe secondmost abundant
polysaccharide,next to cellulose,in nature
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3-D Structures of Homopolysaccharide

×Thefolding of polysaccharidesin three dimensionsfollows the
sameprinciplesasthosegoverningpolypeptidestructure:

×subunits with a more-or-less rigid structure dictated by
covalent bonds form three-dimensional macromolecular
structures

×that are stabilized by weak interactions within or between
molecules,suchashydrogenbondsandhydrophobicandvander
Waalsinteractions, and,

×for polymerswith chargedsubunits,electrostaticinteractions.

×Because polysaccharideshave so many hydroxyl groups,
hydrogenbondinghasan especiallyimportant influenceon their
structure.
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×Themoststablethree-dimensionalstructurefor the ( 1hĄ4)-linked
chainsof starch and glycogenis a tightly coiled helix, stabilizedby
interchainhydrogenbonds.

×For cellulose,the most stableconformationis that in which each
chair is turned 180ϲrelative to its neighbors,yielding a straight,
extendedchain.
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Heteropolysaccharides

×The rigid component of bacterial cell walls (peptidoglycan)is a
heteropolymerof alternating( 1̡Ą4)-linked N-acetylglucosamineand
N-acetylmuramicacidresidues

×The enzyme lysozyme kills bacteria by hydrolyzing the ( 1̡Ą4)
glycosidicbond between N-acetylglucosamineand N-acetylmuramic
acid

85



86



Agar 
×Certainmarinered algae,includingsomeof the seaweeds, have
cell walls that contain agar, a mixture of sulfated
heteropolysaccharidesmadeup of D-galactoseand an L-galactose
derivativeether-linkedbetweenC-3 andC-6.

×Agaris a complexmixture of polysaccharides,all with the same
backbonestructurebut substitutedto varyingdegreeswith sulfate
andpyruvate.
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×Agarose is the agar component with the fewest charged groups
(sulfates,pyruvates).

×Theremarkablegel-forming property of agarosemakesit useful in the
biochemistrylaboratory.

×When a suspensionof agarosein water is heated and cooled, the
agaroseforms a double helix: two moleculesin parallelorientation twist
together with a helix repeat of three residues; water molecules are
trappedin the centralcavity.

×Thesestructures in turn associatewith each other to form a gelτa
three-dimensionalmatrix that trapslargeamountsof water.
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Glycosaminoglycans 
×The extracellularspacein the tissuesof multicellular animals is
filled with a gel-like material, the extracellularmatrix (ECM),also
calledgroundsubstance,whichholdsthe cellstogetherandprovides
a porous pathway for the diffusion of nutrients and oxygen to
individualcells.

×The ECMthat surroundsfibroblasts and other connectivetissue
cells is composed of an interlocking meshwork of
heteropolysaccharidesandfibrousproteinssuchasfibrillar collagens,
elastins, andfibronectins.

×Basementmembraneis a specializedECMthat underliesepithelial
cells; it consists of specialized collagens, laminins, and
heteropolysaccharides.

×Theseheteropolysaccharides, the glycosaminoglycans, are a family
of linearpolymerscomposedof repeatingdisaccharideunits 89



Hyaluronicacid
×The glycosaminoglycanhyaluronan(hyaluronicacid) contains
alternating residues of D-glucuronic acid and N-
acetylglucosamine.
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