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Ambiti di interesse della
Biochimica

* Analisi delle proprieta chimiche e spaziali delle
molecole biologiche

* Analisi delle interazioni tra le molecole biologiche

* Processi di degradazione e sintesi delle molecole
biologiche

* Meccanismi di conservazione ed utilizzo dell'energia

* Meccanismi di organizzazione e coordinamento delle
attivita delle molecole biologiche

- Conservazione, trasmissione ed espressione
dell'informazione genetica
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Le macromolecole sono i principali
costituenti delle cellule

Le macromolecole sono costituite
da subunita monomeriche



Molecular Components of an E. coli Cell

Approximate

number of
Percentage of different
total weight molecular
of cell species
Water /0 1
Proteins 15 3,000
Nucleic acids
DNA 1 1
RNA 6 =>3.000
Polysaccharides 3 5
Lipids 2 20
Monomeric
subunits and
Intermediates 2 500
Inorganic ions 1 20



Some of the amino acids of proteins
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The components of nucleic acids
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Some components of lipids
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The parent sugar
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Proteins

Peptide hormones
Neurotransmitters
Toxic alkaloids

Amino acids

Nucleic acids
ATP

Coenzymes
Neurotransmitters

Membrane lipids
Palmitic acid / Fats

>

Adenine

Waxes

Cellulose
Starch
Fructose
Mannose
Sucrose
Lactose

Glucose
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Level 4: Level 3: Level 2: Level 1:
The cell Supramolecular Macromolecules Monomeric units
and its organelles complexes
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Properties and Conventions Associated with the Standard Amino Acids

pK, values
Abbreviated pk; pK, pKg 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 72
Alanine Ala A 89 2.34 9.69 6.01 1.8 7.8
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 | 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 g.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 § 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 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 8.80 541 —-3.5 4.3
Glutamine Gln 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 -3.2 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 —-3.5 5.3
Glutamate Glu E 147 2.19 9.67 4.25 3.22 —-3.5 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 12. From Kyte, J. & Doolittle, R.F. (1982) J. Mol.
Biol. 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.
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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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Proprieta comuni

Il gruppo a-carbossilico e un acido piu forte del
gruppo carbossilico degli acidi alifatici
paragonabilli

Il gruppo a-aminico € un acido piu forte (o una
base piu debole del gruppo aminico di amine
alifatiche corrispondenti

Tutti gli aminoacidi con gruppi R privi di carica
hanno valori pK1 e pK2 molto simili tra loro

L'unico aminoacido con una capacita tampone
degna di nota a pH fisiologico e l'istidina



Properties and Conventions Associated with the Standard Amino Acids

pK, values
Abbreviated pk; pK, pKg 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 72
Alanine Ala A 89 2.34 9.69 6.01 1.8 7.8
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 | 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 g.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 § 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 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 8.80 541 —-3.5 4.3
Glutamine Gln 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 -3.2 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 —-3.5 5.3
Glutamate Glu E 147 2.19 9.67 4.25 3.22 —-3.5 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 12. From Kyte, J. & Doolittle, R.F. (1982) J. Mol.
Biol. 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.
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Properties and Conventions Associated with the Standard Amino Acids

pK, values
Abbreviated pk; pK, pKg Hydropathy Occurrence
Amino acid names M, (—COOH) (—NH3) (R group) pl index* in proteins (%)
Nonpolar, aliphatic
R groups
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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 | 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 g.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 § 105 2.21 9.15 5.68 -0.8 6.8
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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) 13,700 124 1
Lysozyme (egg white) 13,930 129 1
Myoglobin (equine heart) 16,890 153 1
Chymotrypsin (bovine pancreas) 21,600 241 S
Chymotrypsinogen (bovine) 22,000 245 1
Hemoglobin (human) 64,500 574 4
Serum albumin (human) 68,500 609 1
Hexokinase (yeast) 102,000 972 2
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



Amino Acid Composition of Two Proteins*

Number of residues
per molecule of protein

Amino Bovine Bovine
acid cytochrome ¢ chymotrypsinogen
Ala 6 22
Arg 2 4
Asn B 15
Asp 3 8
Cys 2 10
GIn 2 10
Glu 9 5
Gly 14 23
His 3 2
lle 6 10
Leu 6 19
Lys 18 14
Met 2 2
Phe 4 6
Pro 4 9
Ser 1 28
Thr 8 23
Trp 1 8
Tyr 4 4
Val 3 23
Total 104 245

*Note that standard procedures for the acid hydrolysis of

proteins convert Asn and GIn to Asp and Glu, respectively.
In addition, Trp is destroyed. Special procedures must be
employed to determine the amounts of these amino acids.



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



Tutti gli aminoacidi, a parte la glicina, sono otticamente attivi:
ruotano il piano della luce polarizzata

Analizzatore |
(puc rucisee)

| piano di polarizarzione
della luce emempente non
& Io stesso dellb luce

polarzzata incidente

Unasoluzione di una sostanza
otticame nte attiva determina
una rxiazione del pianc

della luce polarzzata
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In questa molecola I'atomo di carbonio €& detto
centro asimmetrico o centro chiralico

| due isomeri sono chiamati enantiomeri



L isomer D isomer



L-Alanine D-Alanine

(a)



Formule geometriche

CHO % CHO
HO=— C—-—I—I H=— .:: — OH
(E:H;DH i {EIH;_DI—I
F’raieziﬂni:di Fischer
CHO CHO
HD—{lj— H i H —{lj— OH
fl:HEDH JII—I;DI—I

Piano dello specchio
L-Gliceraldeide D-Gliceraldeide



COO" CO0"

CH; CH;
L.-Alanine D-Alanine
(b)

(|300_ (|300_
HJFﬁ%%I H—?—ﬁﬂg
CH; CH;,
L-Alanine D-Alanine

(c)



Talidomide



v i)
H,N—CH—C—OH + H—N—CH—COO"

|
O

HO — N> H,0
R! H R?

v |
H;N—CH—C—N—-CH—COO

|
O




OH

P
| CH; CH,
N Ncft
CH,OH H H H CH, 'H CH, H CH,

| | | . |
H,N—C——C—N-—C—C—N—C—C—N—C—C—N—C—CO0

| | | ! L
O H O H

Amino- Carboxyl-

terminal end terminal end

aw
@
s
@
s



