


Functions of proteins




What are proteins made of ?



General structure of an amino acid
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Properties and Conventions Associated with the Standard Amino Acids

pK, values
Abbreviated pK; pK, pKR Hydropathy Occurrence
Amino acid names m, (—COOH) (—NH3) (R group) pl index* in proteins (%)
Nonpolar, aliphatic
R groups
Glycine Gly G 75 2.34 9.60 5.97 -0.4 772
Alanine Ala A 89 2.34 9.69 6.01 1.8 7.8
Valine Val V ) (74 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 le | 131 2.36 9.68 6.02 4.5 5.3
Methionine Met M 149 2.28 9.21 5.74 1.9 223
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 —1:3 3.2
Tryptophan Trp 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
Proline Pro P 115 1.99 10.96 6.48 1.6 5.2
Threonine Thr T 119 211 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 8.80 541 =35 4.3
Glutamine GIn Q 146 217 9.13 5.65 —-3.5 4.2
Positively charged
R groups
Lysine Lys K 146 2.18 8.95 10.53 9.74 —-3.9 5.9
Histidine His H 155 1.82 9.17 6.00 7.59 =359 233
Arginine Arg R 174 2.17 9.04 12.48 10.76 —-4.5 S
Negatively charged
R groups
Aspartate Asp D 133 1.88 9.60 3.65 22 7 4 —=3:5 b5:3
Glutamate Glu E 147 2.19 9.67 4.25 3.22 =35 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
queous env(i)ronmenzt (— values) or a hydrophobic environment (+ values). See Chapter 12. From Kyte, J. & Doolittle, R.F. (1982) J. Mo
310l. 157, 105 - 132.

Average occurrence in over 1150 proteins. From Doolittle, R.F. (1989) Redundancies in protein sequences. In Prediction of Protein
Structure and the Principles of Protein Conformation (Fasman, G.D., ed) Plenum Press, NY, pp. 599-623.



Nonpolar, aliphatic R groups
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Aromatic R groups
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Polar, uncharged R groups
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Positively charged R groups
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Negatively charged R groups
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Glycine Titration Curve
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Titration curve for Glutamate
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Titration curve for Histidine
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[ Peptide bond formation }
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Molecular Data on Some Proteins

Number of
Molecular Number of polypeptide
weight residues chains
Cytochrome ¢ (human) 13,000 104 1
Ribonuclease A (bovine pancreas) 1.3. 700 124 1
Lysozyme (egg white) 13,930 129 1
Myoglobin (equine heart) 16,890 153 1
Chymotrypsin (bovine pancreas) 21,600 241 3
Chymotrypsinogen (bovine) 22,000 245 1
Hemoglobin (human) 64,500 b74 4
Serum albumin (human) 68,500 609 1
Hexokinase (yeast) 102,000 972 2z
RNA polymerase (E. coli) 450,000 4,158 5
Apolipoprotein B (human) 513,000 4,536 1
Glutamine synthetase (E. coli) 619,000 5,628 12
Titin (human) 2,993,000 26,926 1



Conjugated Proteins

Class

Prosthetic group(s)

Example

Lipoproteins
Glycoproteins
Phosphoproteins
Hemoproteins
Flavoproteins
Metalloproteins

Lipids

Carbohydrates
Phosphate groups
Heme (iron porphyrin)
Flavin nucleotides
Iron

Zinc

Calcium

Molybdenum

Copper

3,-Lipoprotein of blood
Immunoglobulin G
Casein of milk
Hemoglobin

Succinate dehydrogenase
Ferritin

Alcohol dehydrogenase
Calmodulin
Dinitrogenase
Plastocyanin



Levels of protein structure

Primary Secondary Tertiary Quaternary
structure structure structure structure
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Amino acid residues a Helix Polypeptide chain Assembled subunits




The carbonyl oxygen has a partial negative
charge and the amide nitrogen a partial positive
charge, setting up a small electric dipole.
Virtually all peptide bonds in proteins occur in
this trans configuration; an exception is noted in

Figure 6-8b.
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The planar peptide group; (a) each peptide bond has some double bond character
due to resonance; (b) three bonds separate sequential o carbons in a polypeptide
chain




Secondary Structure
Four models of the a helix, showing different aspects of its structure
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Secondary Structures of Polypeptides

1. a helix
2. P Conformation
3. P Turns




(a) antiparallel

The p conformation of polypeptide chains
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(b) parallel

The B conformation of polypeptide chains

(b) Parallel
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TABLE 4-1. Secondary Structure and Properties of Fibrous Proteins

Secondary Structures and Properties of Fibrous Proteins

Structure Characteristics Examples of occurrence
o Helix, cross-linked by disulfide Tough, insoluble protective a-Keratin of hair, feathers, and
bonds structures of varying hardness nails
and flexibility
B Conformation Soft, flexible filaments Silk fibroin
Collagen triple helix High tensile strength, without Collagen of tendons, bone matrix
stretch
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Fibrous Proteins

e o Keratins
» collagen
 silk fibroin




Structure of hair: (a) hair a-keratin is an elongated a-helix

Keratin a helix
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Structure of hair: (b) a hair is an array of many a-keratin filaments

Cells

Intermediate
filament

Protofibril

Protofilament

Two-chain
coiled coil

a Helix

Cross section of a hair

(b)
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Structure of silk: (a) fibroin consists of layers of antiparallel B sheet rich
in Ala; (b) strands of fibroin emerge from the spinnerets of a spider

Ala side chain  Gly side chain
(a)

(b)




Collagen Structure
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