O
Y
al
a
Z
<
%,
L]
B
T
L]
al

AMINO AdDS




AMINO ACIDS, PEPTIDES RROTEINS I:
Amino acids

e ORI UAYS M’)ﬁ‘\"—'.

Mimama ot --m«- o




X Proteinsmediate virtually every processthat takesplacein a
cell,exhibitinganalmostendlessdiversityof functions

x Toexplorethe molecularmechanisnof a biologicalprocessa
biochemistalmostinevitablystudiesone or more proteins

X Proteins are the most abundant biological macromolecules,
occurringin all cellsandall partsof cells
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X Proteins also occur in great variety, thousandsof different
kinds ranging in size from relatively small peptides to huge
polymerswith molecularweightsin the millions, may be found
In asinglecell

x Moreover proteins exhibit enormous diversity of biological
function.

x All proteins, whether from the most ancientlines of bacteria
or from the most complexforms of life, are constructedfrom the
same ubiquitous set of 20 amino acids covalently linked In
characteristidinearsequences

X 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 structureis written.



X 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
seguences

x Fromthesebuilding blocksdifferent organismscan makesuch
widely diverse products as enzymes, hormones, antibodies,
transporters,musclefibers,the lensprotein of the eye,feathers,
spider webs, rhinoceros horn, milk proteins, antibiotics,
mushroompoisons,and myriad other substancesavingdistinct
biologicalactivities

X Among these protein products, the enzymesare the most
variedandspecialized

x Virtuallyall cellularreactionsare catalyzedoy enzymes



Amino Acids

X Proteins are polymers of amino acids, with each amino acid
residuejoinedto its neighborby a specifictype of covalentbond.

X Proteinscan be broken down (hydrolyzed)to their constituent
amino acidsby a variety of methods, and the earliest studies of
proteins naturally focusedon the free amino acids derived from
them.

x Twentydifferent aminoacidsare commonlyfound in proteins

x All the aminoacidshavetrivial or commonnames,in somecases
derivedfrom the sourcefrom whichthey werefirst isolated

x Asparaginevasfirst found in asparagusand glutamatein wheat
gluten; tyrosine wasfirst isolatedfrom cheese(its nameis derived
from the Greek tyros, ¢ OK S S an8 glycine (Greek glykos

& ¢ S Sviassanamedbecauseof its sweettaste. 6



TABLE 3-1 Properties and Conventions Associated with the Common Amino Acids Found in Proteins

pK, values
Abbreviation/ PKy PK; PKg Hydropathy  Occurrence in
Amino acid symbol M, (—COOH) (—NH3) (R group) pl index* proteins (%)"
Nonpolar, aliphatic
R groups
Glycine Gly G 75 2.34 9.60 5.97 —0.4 7.2
Alanine Ala A 89 2.34 9.69 6.01 1.8 7.8
Proline Pro P 115 1.99 10.96 6.48 1.6 5.2
Valine Val Vv 117 2.32 9.62 5.97 4.2 6.6
Leucine Leu L 131 2.36 9.60 5.98 3.8 9.1
Isoleucine lle |1 131 2.36 9.68 6.02 4.5 5.3
Methionine Met M 149 2.28 9.21 5.74 1.9 2.3
Aromatic R groups
Phenylalanine Phe F 165 1.83 9.13 5.48 2.8 3.9
Tyrosine Tyr Y 181 2.20 9.11 10.07 5.66 — 1l 3.2
Tryptophan Tp W 204 2.38 9.39 5.89 —0.9 1.4
Polar, uncharged
R groups
Serine Ser S 105 2.21 9.15 5.68 —0.8 6.8
Threonine Thr T 119 2.11 9.62 5.87 —0.7 5.9
Cysteine Cys C 121 1.96 10.28 8.18 5.07 2.5 1.9
Asparagine Asn N 132 2.02 8.80 5.41 =319 4.3
Glutamine GIn Q 146 2.17 9.13 5.65 —3)% 4.2
Positively charged
R groups
Lysine Lys K 146 2.18 8.95 10.53 9.74 -39 5.9
Histidine His H 155 1.82 9.17 6.00 7.59 =312 2.3
Arginine Arg R 174 2.17 9.04 12.48 10.76 —4.5 5.1
Negatively charged
R groups
Aspartate Asp D 133 1.88 9.60 3.65 2.77 =38 5.8
Glutamate Glu E 147 2.19 9.67 4.25 3.22 =39 6.3

*A scale combining hydrophobicity and hydrophilicity of R groups; it can be used to measure the tendency of an amino acid to seek an aqueous
environment (— values) or a hydrophobic environment (+ values). See Chapter 11. From Kyte, J. & Doolittle, R.F. (1982) A simple method for
displaying the hydropathic character of a protein. J. Mol. Biol. 157, 105-132.

TAverage occurrence in more than 1,150 proteins. From Doolittle, R.F. (1989) Redundancies in protein sequences. In Prediction of Protein Struc-
ture and the Principles of Protein Conformation (Fasman, G.D., ed.), pp. 599-623, Plenum Press, New York.



x All 20 of the commonaminoacidsareh -aminoacids

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

x Theydiffer from eachother in their side chains,or R groups,which vary
In structure, size,and electric charge,and which influencethe solubility of
the aminoacidsin water.

fﬁi{’l{_?
. (‘]00_ a-Carbon -——I-_]ﬁ’_‘- {:ﬂ"" o t\ ./"9
HzN— (‘J_H H3N " Ncoo- @’ "{@
R Amino Carboxyl Ball-and-stick Amino acids are
group group model tetrahedral structures

X |Inadditionto these20 aminoacidsthere are manylesscommonones

x Someare residuesmodified after a protein hasbeensynthesizedothers
are amino acids present in living organismsbut not as constituents of
proteins 8



x For all the common amino acids except glycine, the h-carbon is
bondedto four different groups a carboxylgroup, anaminogroup,an
Rgroup,anda hydrogenatom.

x Theh -carbonatom is thus a chiralcenter Becausef the tetrahedral
arrangementof the bonding orbitals around the h-carbon atom, the
four different groupscanoccupytwo uniquespatialarrangementsand
thusaminoacidshavetwo possiblestereoisomers

X Sincethey are non-superimposablenmirror imagesof eachother, the
two formsrepresenta classof stereocisomersalledenantiomers

CO0- COO~
| CO0" CO0 ([300‘ (|300"
H,N @ i.@— VH HE @ INH, HoN—C—H H—C—NH, HBN—rI:—H H—flz—fma
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L-Alanin D-Alanin



x With the exceptionof glycine,all the amino acidsrecoveredfrom
polypeptides are optically active that is, they rotate the plane of
polarizedlight.

X The direction and angle of rotation can be measured using an
Instrumentknownasa polarimeter.

x Optically active moleculesare asymmetri¢ that is, they are not
superimposabl@®n their mirror image

Analyzer +
(can be rotated)

Degree scale
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X The absolute configurationsof simple sugarsand amino acidsare
specifiedby the D, L system basedon the absolute configuration of
the three-carbonsugarglyceraldehydea conventionproposedby Emil
Fischenn 1891

x For all chiral compounds, sterecisomershaving a configuration
relatedto that of L-glyceraldehydare designated.,and stereoisomers
relatedto D-glyceraldehydere designatedD.

x Historically, the similar L and D designations were used for
levorotatory (rotating planepolarized light to the left) and
dextrorotatory (rotating light to the right).

x However,not all L-aminoacidsare levorotatoryandviceversa

ICHO oelon CHO COO"
HO=2C—H  H,N—C—H H—C—=OH  H~—C—NH,
3CH,OH CH, CH,OH CH,

L-Glyceraldehyde L-Alanine p-Glyceraldehyde p-Alanine
11



x Theimportanceof stereochemistryin living systemsis alsoa concernof
the pharmaceuticalindustry Many drugs are chemically synthesizedas
racemicmixtures,althoughonly one enantiomerhasbiologicalactivity.

X 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
whichis physiologicalhactive

x Qccasionallythe inactive enantiomerof a useful drug producesharmful
effectsand musttherefore be eliminatedfrom the racemicmixture.

X Themost strikingexampleof this is the drug thalidomide,a mild sedative
whoseinactiveenantiomercausesseverebirth defects
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X Two conventionsare usedto identify the carbonsin anaminoacidr
a practicethat canbe confusing

x Theadditionalcarbonsin an Rgroupare commonlydesignated , /,
1, ¥ andsoforth, proceedingout from the h carbon

X For most other organic molecules, carbon atoms are simply
numbered from one end, giving highest priority (G1) to the carbon
with the substituentcontainingthe atom of highestatomicnumber
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+*NHj *NH;

Lysine
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X Nearly all biological compoundswith a chiral center occur
naturallyin only one stereoisomeridorm, eitherDor L

X Theaminoacidresiduesin protein moleculesare exclusivelyL
stereoisomers

x D-Amino acid residues have been found only in a few,
generally small peptides, including some peptides of bacterial
cellwallsandcertainpeptide antibiotics

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

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

14
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Amino acids with nonpolar, aliphatic R Groups

X Theside chainsof alanineg, valine, leucine and isoleucinetend
to clustertogether within proteins, stabilizingprotein structure by
meansof hydrophobicinteractions

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

x Methionine, one of the two sulfur-containingamino acids,hasa
nonpolarthioether groupin its sidechain

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

X Thesecondaryamino (imino) group of proline residuesis held in
a rigid conformation that reduces the structural flexibility of
polypeptideregionscontainingproline. .
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