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Amino Acids and Peptides
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PK; values
Abbreviation/ pKy PKs pPKg Hydropathy  Occurrence in
Amino acid symbol M, (—COOH) (—NH3Z) (R group) pl index* proteins (%)t
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 v 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 e 1 131 2.36 9.68 6.02 4.5 (=)
Methionine Met M 149 2.28 9.21 574 1.9 2.3
Aromatic R groups
Phenylalanine Phe F 165 1.83 9.13 5.48 2.8 3.9
Tyrosine Tvr Y 181 2.20 9.11 10.07 5.66 —13 3.2
Tryptophan Tp W 204 2.38 9.39 5.80 —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 —3.5 4.3
Glutamine GIn Q 146 2.17 9.13 5.65 —3.5 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 —3.2 23
Arginine Arg R 174 2.17 9.04 12.48 10.76 —4.5 Ll
Negatively charged
R groups
Aspartate Asp D 133 1.88 9.60 3.65 2.77 —35 =y

Glutamate Glu E 147 2.19 9.67 4.25 3.22 =Zils 6.3
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UNCHARGED POLAR SIDE CHAINS
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Amino Acids Have Characteristic Titration Curves :
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pK; values

Abbreviation/ pKy pK; pKg Hydropathy ~ Occurrence in
Amino acid symbol M, (—COOH) (—NHZ) (R group) pl index* proteins (%)f
Nonpolar, aliphatic
R groups
Glycine Gly G T5 2.34 9.60 597 -04 1.2
Alanine Ma A 89 2.34 9.69 6.01 18 1.8
Praline Pro P 115 1.99 10.96 6.48 1.6 5.2
Valine Val v 117 2.32 9.62 597 4.2 6.6
Leucine Leu L 131 2.36 9.60 h.98 38 9.1
Isoleucine lle | 131 2.36 9.68 6.02 45 B3
Methionine Met M 149 2.28 9.21 h.74 1.9 23
Aromatic R groups
Phenylalanine Phe F 165 1.83 9.13 h.48 28 39
Tyrosine Tr Y 181 2.20 9.1 10.07 .66 -1.3 32
Tryptophan Tp W 204 238 9.39 5.89 -09 1.4
Polar, uncharged
R groups
Serine Ser § 105 2.21 9.15 .68 -08 6.8
Threonine Thr T 119 2.11 9.62 h.87 =07 5.9
Cysteine Cys C 121 1.96 10.28 8.18 5.07 25 19
Asparagine Asn N 132 2.02 8.80 541 —35 43
Glutamine Gin Q 146 2.17 9.13 5.65 —35 42
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 -3.2 23
Arginine Arg R 174 2.17 9.04 12.48 10.76 —45 5.1
Negatively charged
R groups
Aspartate Asp D 133 1.88 9.60 3.65 207 —35 53

Glutamate Glu E 147 2.19 9.67 4.25 3.22 — s 6.3
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Mixture
of proteins

Protein mixture is
added to column
containing a
polymer-bound
ligand specific for
protein of interest.
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Unwanted proteins
are washed through

(c) column.

Protein of
interest

Ligand

\

Solution
of ligand

Protein of interest
is eluted by ligand
solution.




@® Large net positive charge
@ Net positive charge

© Net negative charge

@ Large net negative charge

Polymer beads with

negatively charged
functional groups

Protein mixture is added
to column containing
cation exchangers.

Proteins move through the column at rates
determined by their net charge at the pH
being used. With cation exchangers,
proteins with a more negative net charge
(a) move faster and elute earlier.
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Porous
polymer beads

Protein mixture is added
to column containing
cross-linked polymer.

Protein molecules separate
by size; larger molecules

pass more freely, appearing
(b) in the earlier fractions.
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FIGURE 3-26 Breaking cisulcle bonds in proteins, Tio common
methods are illustrated. Oxidation of a cystine residue with performic
acid produces two cysteic acid residues. Recuction by dithiothreiol
to form Cys residuas must be followed by further modification of
the reactive —SH groups to prevent re-formation of the disulfide
bond. Acetylation by fodoacetate serves this purpose.
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Size of Protemn Molecules®

Protein M, Number of Residues per Chain Subunit Organization
Insulin (bovine) 5,733 21 (A) ap
30 (B)
Cytochrome ¢ (equine) 12500 104 il
Ribonuclease A (bovine pancreas) 12,640 124 )
Lysozyme (egg white) 13,930 129 a
Myoglobin (horse) 16,980 153 il
Chymotrypsin (bovine pancreas) 22,600 13 (@) apy
152 (B)
97 (y)
Hemoglobin (human) 64,500 141 {a) oo
146 (B)
Serum albumin (human) (8,500 550 il
Hexokinase (veast) 06,000 200 0y
yGlobulin (horse) 149,900 214 (a) sl
446 (B)
(lutamate dehydrogenase (liver) 532,694 500 g
Myosin (rabbit) 470,000 [800 (heavy, h) haaty' oo
190 (@)
149 (')
160 (B)
Ribulose bisphosphate carboxylase (spinach) 560,000 75 (a) agPs
12’3 (B)
Glutamine synthetase (E. colt) 600,000 468 @y
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Amino Acid Composition of Some Selected Proteins

Values expressed are percent representation of each amino acid.

Protems®
Amino Acid RNase ADH Mb Histone H3 Collagen
Ala 6.9 7.5 9.8 13.3 11.7
Arg 3.7 3.2 1.7 13.3 4.9
Asn 7.6 2.1 2.0 0.7 1.0
Asp 4.1 4.5 5.0 3.0 3.0
Cys 6.7 3.7 0 1.5 0
Gln 6.5 2.1 3.5 5.9 2.6
Glu 4.2 5.6 B.7 5.2 4.5
Gly 3.7 10.2 9.0 5.2 32.7
His 3.7 1.9 7.0 1.5 0.3
Ile 3.1 6.4 5.1 5.2 0.8
Len 1.7 6.7 11.6 5.9 2.1
Lyvs 7.7 8.0 13.0 9.6 3.6
Met 3.7 2.4 1.5 1.5 0.7
Phe 2.4 4.5 4.6 3.0 1.2
FPro 4.5 5.3 2.5 4.4 225
Ser 12.2 7.0 3.9 3.7 3.8
Thr 6.7 6.4 2.5 7.4 1.5
Trp 0 0.5 1.3 0 0
Twr 4.0 1.1 1.3 2.2 0.5
Val 7.1 10.4 4.8 4.4 1.7
Acidic 5.4 10.2 15.7 8.1 7.5
Basic 15.0 13.1 21.8 24.4 5.8
Aromatic 6.4 6.4 7.2 5.2 1.7
Hydrophobic 15.0 230.7 27.6 23.0 6.5
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by the action of frypsin and
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FIGURE 5.6 ¢ Bovine pancreatic ribonuclease A contains 124 amino acid residues, none Q
of which are tryptophan. Four intrachain disulfide bridges (S—S) form crosslinks in this
polypeptide between C)'S26 and C)-sa", Cys"0 and Cys95 . Cys‘r’B and Cys“o. and Cysr,'s'5 and

Cys™. These disulfides are depicted by yellow bars.
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— D. Conformation space of the peptide chain

() (Phi): Rotation about
N-Cq

\/ (Psi): Rotation about
Cu-C
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