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AMINO ACIDS, PEPTIDES AND PROTEINS



AMINO ACIDS, PEPTIDES AND PROTEINS I:
Amino acids
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×Proteinsmediate virtually every processthat takesplacein a
cell,exhibitinganalmostendlessdiversityof functions.

×Toexplorethe molecularmechanismof a biologicalprocess,a
biochemistalmostinevitablystudiesoneor moreproteins.

×Proteins are the most abundant biological macromolecules,
occurringin all cellsandall partsof cells.
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×Proteins also occur in great variety; thousandsof different
kinds, ranging in size from relatively small peptides to huge
polymerswith molecularweights in the millions,may be found
in a singlecell.

×Moreover, proteins exhibit enormous diversity of biological
function.

×All proteins,whether from the most ancient lines of bacteria
or from the mostcomplexformsof life, areconstructedfrom the
same ubiquitous set of 20 amino acids, covalently linked in
characteristiclinearsequences.

×Becauseeach of these amino acids has a side chain with
distinctive chemical properties, this group of 20 precursor
molecules may be regarded as the alphabet in which the
languageof protein structureiswritten.
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×What is most remarkableis that cells can produce proteins
with strikingly different properties and activities by joining the
same 20 amino acids in many different combinations and
sequences.

×Fromthesebuildingblocksdifferent organismscanmakesuch
widely diverse products as enzymes, hormones, antibodies,
transporters,musclefibers,the lensprotein of the eye,feathers,
spider webs, rhinoceros horn, milk proteins, antibiotics,
mushroompoisons,andmyriadother substanceshavingdistinct
biologicalactivities.

×Among these protein products, the enzymesare the most
variedandspecialized.

×Virtuallyall cellularreactionsarecatalyzedby enzymes.
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×Proteins are polymers of amino acids, with each amino acid
residuejoinedto its neighborby a specifictype of covalentbond.

×Proteinscan be broken down (hydrolyzed)to their constituent
amino acidsby a variety of methods,and the earliest studiesof
proteins naturally focusedon the free amino acidsderived from
them.

×Twentydifferent aminoacidsarecommonlyfound in proteins.

×All the aminoacidshavetrivial or commonnames,in somecases
derivedfrom the sourcefrom whichthey were first isolated.

×Asparaginewasfirst found in asparagus,and glutamatein wheat
gluten; tyrosinewasfirst isolatedfrom cheese(its nameis derived
from the Greek tyros, άŎƘŜŜǎŜέύ; and glycine (Greek glykos,
άǎǿŜŜǘέύwassonamedbecauseof its sweettaste.

Amino Acids
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×All 20of the commonaminoacidsare -haminoacids.

×They have a carboxylgroup and an amino group bonded to the same
carbonatom.

×Theydiffer from eachother in their sidechains,or Rgroups,which vary
in structure,size,and electriccharge,and which influencethe solubilityof
the aminoacidsin water.

×In additionto these20aminoacidsthere aremanylesscommonones.

×Someare residuesmodifiedafter a protein hasbeensynthesized; others
are amino acids present in living organismsbut not as constituents of
proteins. 8



×For all the common amino acids except glycine, the -hcarbon is
bondedto four different groups: a carboxylgroup, an aminogroup,an
Rgroup,anda hydrogenatom.

×The -hcarbonatom is thusa chiralcenter. Becauseof the tetrahedral
arrangementof the bondingorbitals around the -hcarbonatom, the
four different groupscanoccupytwo uniquespatialarrangements,and
thusaminoacidshavetwo possiblestereoisomers.

×Sincethey arenon-superimposablemirror imagesof eachother, the
two formsrepresenta classof stereoisomerscalledenantiomers
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×With the exceptionof glycine,all the amino acidsrecoveredfrom
polypeptides are optically active; that is, they rotate the plane of
polarizedlight.

×The direction and angle of rotation can be measured using an
instrumentknownasa polarimeter.

×Optically active moleculesare asymmetric; that is, they are not
superimposableon their mirror image.
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×The absoluteconfigurationsof simple sugarsand amino acidsare
specifiedby the D, L system, basedon the absoluteconfigurationof
the three-carbonsugarglyceraldehyde,a conventionproposedby Emil
Fischerin 1891.

×For all chiral compounds, stereoisomershaving a configuration
relatedto that of L-glyceraldehydearedesignatedL,andstereoisomers
relatedto D-glyceraldehydearedesignatedD.

×Historically, the similar L and D designations were used for
levorotatory (rotating plane-polarized light to the left) and
dextrorotatory(rotating light to the right).

×However,not all L-aminoacidsarelevorotatoryandviceversa.
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×Theimportanceof stereochemistryin living systemsis alsoa concernof
the pharmaceuticalindustry. Many drugs are chemically synthesizedas
racemicmixtures,althoughonlyoneenantiomerhasbiologicalactivity.

×In most cases, the opposite enantiomer is biologically inert and is
therefore packagedalong with its active counterpart. This is true, for
example,of the anti-inflammatoryagentibuprofen,only one enantiomerof
whichisphysiologicallyactive.

×Occasionally, the inactiveenantiomerof a useful drug producesharmful
effectsandmust thereforebe eliminatedfrom the racemicmixture.

×Themost strikingexampleof this is the drug thalidomide,a mild sedative
whoseinactiveenantiomercausesseverebirth defects.
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×Twoconventionsareusedto identify the carbonsin anaminoacidτ
a practicethat canbe confusing.

×Theadditionalcarbonsin an Rgroupare commonlydesignated̡ , ,ɹ
,ɻ aʁndsoforth, proceedingout from the charbon.

×For most other organic molecules, carbon atoms are simply
numbered from one end, giving highest priority (C-1) to the carbon
with the substituentcontainingthe atom of highestatomicnumber.
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×Nearly all biological compoundswith a chiral center occur
naturallyin onlyonestereoisomericform, either Dor L.

×Theaminoacidresiduesin protein moleculesare exclusivelyL
stereoisomers.

×D-Amino acid residues have been found only in a few,
generallysmall peptides, including some peptides of bacterial
cellwallsandcertainpeptideantibiotics.

×Aminoacidscanbe classifiedbasedon the propertiesof their
Rgroups,particularlytheir polarity, or tendencyto interact with
water at biologicalpH(nearpH7.0).

×Amino acids which contain nonpolar, aliphatic R groups are
glycine, alanine, proline, valine, leucine, isoleucine and
methionine.

14



15



×Theside chainsof alanine, valine, leucine, and isoleucinetend
to cluster together within proteins,stabilizingprotein structure by
meansof hydrophobicinteractions.

×Glycine has the simplest structure. Although it is formally
nonpolar, its very small side chain makesno real contribution to
hydrophobicinteractions.

×Methionine, one of the two sulfur-containingaminoacids,hasa
nonpolarthioether groupin its sidechain.

×Proline has an aliphatic side chain with a distinctive cyclic
structure.

×Thesecondaryamino(imino) groupof proline residuesis held in
a rigid conformation that reduces the structural flexibility of
polypeptideregionscontainingproline. 16

Amino acids with nonpolar, aliphatic R Groups
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