
Amino acids, peptides, Amino acids, peptides, 
proteinsproteinsproteinsproteins



Biomedical Importance of Amino AcidsBiomedical Importance of Amino Acids

� protein structural compounds 

� precursors for the synthesis of: 

� glucose, fatty acids and ketone bodies

� biologically important nitrogen compounds: hem, 

amines, porphyrins, purines, pyrimidines, and urea, 

hormones, hormone-releasing factors, 

neuromodulators, or neurotransmitters

� source of metabolic fuel



LL--AminoAmino Acids Present in ProteinsAcids Present in Proteins



Two functional groups:
• carboxyl group
• amino group

R-amino acid side chain distinguishes one amino 
acid from another



Three main RThree main R--groups of aminogroups of amino--
acids: acids: 

◦ Hydrophobic side chain (UNPOLAR)
◦ Uncharged hydrophilic side chain 

(POLAR)
◦ Charged hydrophilic side chain (POLAR)













SelenocysteineSelenocysteine, the 21st L, the 21st L--Amino Amino 
AcidAcid



OnlyOnly LL--αα--aminoamino acids occur in acids occur in 
proteinsproteins



Amino Acids May Have Positive, Negative, or Amino Acids May Have Positive, Negative, or 
Zero Net Charge Zero Net Charge 

in very acidic 
medium (pH < 1); 
net charge = +1

pH ≈ 3; 
net charge = 0

in very alkali 
medium (pH > 11); 

net charge = -2

pH ≈ 6-8;
net charge = -1

Protonic equilibria of aspartic acid



dual “ZWITTER” ION         
(physiological pH)





Resonance hybrids of the Resonance hybrids of the protonatedprotonated forms forms 
of the R groups of of the R groups of histidinehistidine and and argininearginine



IsoelectricIsoelectric pH pH 

� The isoelectric pH, also called the pI, is 
the pH midway between pKa values for 
the ionizations on either side of the 
isoelectric species

pK1 pK1 + pK2+ pK2
pI =                                             pI =                                             

22

isoelectric species





Typical Range of Typical Range of ppKKaa Values for Values for IonizableIonizable
Groups in ProteinsGroups in Proteins

Dissociating Group pKa Range

α-Carboxyl 3.5–4.0

Non α- COOH of Asp or Glu 4.0–4.8

Imidazole of His 6.5–7.4

SH of Cys 8.5–9.0

OH of Tyr 9.5–10.5

α-Amino 8.0–9.0

ε-Amino of Lys 9.8–10.4

Guanidinium of Arg ~12.0



The Solubility of Amino Acids The Solubility of Amino Acids 
Reflects Their Ionic CharacterReflects Their Ionic Character

� soluble in polar solvents, insoluble in 
nonpolar solvents

� amino acids do not absorb visible light� amino acids do not absorb visible light

� Tyr, Phe and Trp
absorb UV light



� α-R-GROUPS determine the properties 
of amino acids

� FUNCTIONAL GROUPS dictate the � FUNCTIONAL GROUPS dictate the 
chemical reactions of amino acids



Reactions of amino acidsReactions of amino acids
� R-groups is changing after incorporation of amino acid in protein

� OXIDATION -SH group in Cys builds DISULPHID BONDS 
(stabilize structure of secretory proteins)

� HYDROXYLATION Prol, Lys (stabilize collagen, crucial in vitamin 
C)C)

� GLYCOSYLATION (on Ser, Thr, Asn; for synthesis of secretory and 
membrane proteins; glycosylation of Hb in HbA1c, in weakly 
controlled diabetes)

� PHOSPHORILATION (Ser, Thr, Tyr; modifies activity of many 
enzymes (i.e. glycogen synthetase)

� The most important: forming of PEPTIDE BOND



PEPTIDE PEPTIDE 
BOND



Amino Acid Sequence Determines Amino Acid Sequence Determines 
PRIMARY STRUCTUREPRIMARY STRUCTURE

tyrosyl-threonyl-glutaminyl-tryptophanyl-isoleucine

Tyr-Thr-Gln-Trp-Ile

YTQWI



DIPEPTIDE,

TRIPEPTIDE: 

2, or 3 amino acid

residues

OLIGOPEPTIDE:

from 3 to 10 amino

acid residues

POLYPEPTIDE: 

more than 10

amino acid

residues



Glutathione (-glutamyl-cysteinyl-glycine).

Note the non- peptide bond that links Glu to 
Cys.



Dimensions of a fully extended polypeptide chain.The four atoms of the peptide 
bond are coplanar. Free rotation can occur about the bonds that connect the -carbon 
with the -nitrogen and with the -carbonyl carbon (brown arrows). The extended 
polypeptide chain is thus a semirigid structure with two-thirds of the atoms of the 
backbone held in a fixed planar relationship one to another. The distance between 
adjacent -carbon atoms is 0.36 nm (3.6 Å). The interatomic distances and bond angles, 
which are not equivalent, are also shown.



HPLC

Analysis of the Amino Acid ContentAnalysis of the Amino Acid Content

TLC



“Life cycle” of a protein



Determination of Primary StructureDetermination of Primary Structure

� Proteins & Peptides Must Be Purified 
Prior to Analysis



Column ChromatographyColumn Chromatography



HPLCHPLC——HighHigh--Pressure Liquid Pressure Liquid 
ChromatographyChromatography



SizeSize--Exclusion ChromatographyExclusion Chromatography



IonIon--Exchange ChromatographyExchange Chromatography



Hydrophobic Interaction ChromatographyHydrophobic Interaction Chromatography



Affinity ChromatographyAffinity Chromatography



Protein Purity Is Assessed by Protein Purity Is Assessed by PolyacrylamidePolyacrylamide
Gel Electrophoresis (PAGE)Gel Electrophoresis (PAGE)



IsoelectricIsoelectric Focusing (IEF)Focusing (IEF)



Edman’sEdman’s reactionreaction



Mass SpectrometryMass Spectrometry



SummarySummary
� Only L-amino acids are present in proteins
� Two functional groups, R—NH3

+ and R—
COOH

� pI is the pH at which an amino acid bears no 
net chargenet charge

� The most important biochemical reaction of 
amino acids is the formation of peptide 
bonds

� Amino acids are classified as basic, acidic, 
aromatic, aliphatic, or sulfur containing based 
on the properties of their R groups



SummarySummary
� Peptides are named for the number of amino 

acid residues present, and as derivatives of 
the carboxyl terminal residue

� The primary structure of a peptide is its 
amino acid sequence, starting from the amino acid sequence, starting from the 
amino-terminal residue

� Proteins undergo post-transitional 
alterations during their lifetime

� All proteins expressed in a living cell = 
proteome


