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Amino acids

General structure of an amino acid.
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Nonpolar & aromatic amino acids

Nonpolar, aliphatic R groups
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Properties

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

pK, values
Abbreviation/ pK; pK, pKg Hydropathy  Occurrence in
Amino acid symbol M, (—COOH) (—NH3) (R group) pl index* proteins (%)7
Nonpolar, aliphatic
R groups
Glycine Gly G 75 234 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 h2
Valine Val V 117 232 9.62 5.97 4.2 6.6
Leucine leu L 131 2.36 9.60 .98 3.8 9.1
Isoleucine lle | 131 2.36 9.68 6.02 4.5 ha
Methionine Met M 149 228 9.21 .74 1.9 23
Aromatic R groups
Phenylalanine Phe F 165 1.83 9.13 5.48 28 39
Tyrosine Tyr Y 181 220 9.11 10.07 b.66 —-13 3.2
Tryptophan Tp W 204 2.38 9.39 .89 —-0.9 14



Polar & charged amino acids

Polar, uncharged R groups
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Properties

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

DK, values
Abbreviation/ PK; pK- pKg Hydropathy  Occurrence in
Amino acid symbol M. (—COOH) (—NH3) (R group) pl index* proteins (%)
Polar, uncharged
R groups
Serine Ser S 105 221 9.15 5.68 —0.8 6.8
Threonine Thr T 119 2.11 9.62 .87 —0.7 b9
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 — 4.3
Glutamine Gin Q 146 217 9.13 5.65 = 4.2
Positively charged
R groups
Lysine Lys K 146 2.18 8.95 10.53 9.74 -39 b9
Histidine His H 155 1.82 9.17 6.00 7.59 —-3.2 23
Arginine Arg R 174 217 9.04 12.48 10.76 —4.5 51
Negatively charged
R groups
Aspartate Asp D 133 1.88 9.60 3.6b 207 — i
Glutamate Glu E 147 2.19 9.67 4.25 3.22 —3.5 6.3

*A scale combining hydrophobscity and hydrophilicity of R groups; it can be used to measure the tendency of an amino acid to seek an agueous

emvironment [— values) or 3 hiydrophobic emvironment |+ valwes). See Chapter 11. From Kyie, J. & Doolitde, R.F (1932) A simple methad for

displaying tha hydropathic character of & protein. [ Mol Biod. 157, 105-132.

tAwarage occumence in more than 1,150 proteins. From Doolittle, R.F. {1989) Redundancies in protein sequences. In Prediction of Prodein Struc-
tura and the Principles of Protein Conformation (Fasman, G.0., ed.), pp. 599-623, Plenum Pres=s, New York.



Properties

Absorption of ultraviolet light by aromatic amino acids. Disulfide bonds
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Other types of amino acids

Uncommon amino acids.
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Zwitterions
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0.1 m glycine at 25 °C.
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Titration curves
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Effect of the chemical environment

a 2 4 6 8 10 12
Methyl-substituted H* H*
carboxyl and +
amino groups CH;—COOH %‘ CH,—COO~ CH,—NH, < CH;—NH,
H* H*
Acetic acid Methylamine
The normal pK, for a The normal pK, for an
carboxyl group is about 4.8. amino group is about 10.6.
Carboxyl and N S
arboxyl an NH H+ NH H* NH
amino groups ’ f | 3 f | ?
in glycine H—C—COOH H—C—COO~ H—C—COO~
| \ | \ |
H H* H H* H
a-Amino acid (glycine) a-Amino acid (glycine)
pK, = 2.34 pK, = 9160
Repulsion between the amino

group and the departing proton
lowers the pK, for the carboxyl
group, and oppositely charged
groups lower the pK, by stabi-
lizing the zwitterion.

Electronegative oxygen atoms

in the carboxyl group pull electrons
away from the amino group,

lowering its pK,.
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Peptides

Condensation reaction
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Proteins

TABLE 3-2 Molecular Data on Some Proteins

Molecular Number of Number of
weight residues polypeptide chains
Cytochrome ¢ (human) 13,000 104 1
Ribonuclease A (bovine pancreas) 13,700 124 1
Lysozyme (chicken 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) 64,500 574 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




Proteins
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Separation of proteins

Electrophoresis

Sample

©

Well

L\

f
uuuwuuuuuuf

Direction
of
migration

'71

@ @ 0 0 © 0)

@ @ @ @ 0 ©

1

| FIm s e e )
| LR sl (ameee (aine 1)

[




Separation of proteins

Electrophoresis

1 2
of L L (]
Myosin 200,000 | P -
B-Galactosidase 116,250 || e Unknown
Glycogen phosphorylase b 97,400 || e ]]I‘Eltﬂiﬂ
B
Bovine serum albumin 66,200 || «— :E
&
Ovalbumin 45,000 || — - P
-— |
Carbonic anhydrase 31,000 | - :
Soybean trypsin inhibitor 21,500 || S-—" :
Lysozyme 14,400 |
Relative migration
®
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Alignment of protein sequences

E. coli
B. subtilis DEDOTILLYDLGGGTFDVSILELGDG

L |

TGNRTIAVYDLGGGTFDISITEIDEVDGEKTFEVLATNGDTHLGGEDFDSELIHYL
TFEVRSTAGDNRLGGDDFDOVIIDHL

Gap
Signature sequence

Archaebacter Hualobacterium halobium IGHVDHGEKSTMVGERLLYETGSVPEHV|IEQH

chaebacteria Sulfolobus solfataricus TGHVDHGEKSTLVGRLLMDRGFIDEKTVKEA

Fuk t Sacchammycescerenisiﬂe IGHVDEGEESETTTGHLIYECGGIDEETIIEEY

ukaryotes Homo sapiens IGHVDSGKSTTTGHLIYKCGGIDKRTIEKF
Gram-positive bacterium Bacillus subtilis IGHVDHGKSTMVGR ITTV
Gram-negative bacterium Escherichia coli IGHVDHGETTLTARA ITTV

|: Chlamydia trachomatis jBorrelia burgdorferi
Chlamydia . .
Bacteroides C Parphyrjrrrwna.sgingciifi?;:ydmpsmaﬂ\/ | Leptospira interrogans :| Spirochaetes
i &/e [ Helicobacter pylori l
Legionella pneumophila,
. Thermophilic bacterium PS-3 T T

v Pseudomonas aeruginosa - Bucillus sffr%gphﬂmus o Tow _%

Evolutionary tree derived from amino acid g Ygaé:%?f{‘g;fi;\____ _:_;—;}ﬁf;ﬁﬁ?ﬁfﬁﬁ?;ﬁim G+C %
S'EE]I.IEH{'E Cﬂn'lpﬂl'iSﬂIIS, E Richettei B [Neisseriagoniﬂ_rf_m_eie____ Streptomyees coelicolor | :E
dc: Esgtsug:?nushi — high E"

Bradyrhizobium japonicum — _Aﬁ*jﬁgﬁcﬂfﬁfﬁﬁfiﬁﬂxﬁms Gre g

o ‘ Streptomyces albus [gene] i i
L Agrobacterium tumefaciens

—
0.1 substitutions/site

Zymomonas mobilis
Cyanidium caldarium chl
Synechocystis Cyanobacteria and
chloroplasts
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Ricinus communis chl.

M Triticum aestivum chl.
Brassica napus chl.
Arabidopsis thaliana chl.



3D structure of proteins
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3D structure of proteins
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3D structure
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B sheet

Ramachandran plot

Side view
Antiparallel Collagen triple
Bsheets p. e helix Right-twisted
3 sheets
(b) Parallel
- |- Left-handed

3 sheets /
+180
o helix 9
120 I
60 Top view “Sp
l:] —

— Right-handed -
' o
—_80 o helix

—120

Y (degrees)

—180 e | d
—180 0 +180 Side view

(a) ¢ (degrees)




Examples

Cells

Intermediate
filament

Protofibril
Protofilament

Two-chain
coiled coil

« Helix

(b) Cross section of a hair

Structure of silk

Ala side chain Gly side chain
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Common arrangements

s = =

) : (c) Right-handed connection Left-handed connection
/ - v‘.".' between g strands between g strands
. (very rare)
‘\ a-a Corner

(b) Typical connections Crossover connection
in an all-B motif (not observed)

Twisted g sheet
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Enzymes

TABLE 6-3 International Classification of Enzymes

No. Class Iype of reaction catalyzed

1 Oxidoreductases Transfer of electrons (hydride ions or H atoms)

2 Transferases Group transfer reactions

3 Hydrolases Hydrolysis reactions (transfer of functional groups to water)

4 Lyases Addition of groups to double bonds, or formation of double bonds by removal of groups

5 Isomerases Transfer of groups within molecules to yield isomeric forms

6 Ligases Formation of C—C, C—S5, C—0, and C—N bonds by condensation reactions coupled to
ATP cleavage

Mote: Most enzymes catalyze the transfer of electrons, atoms, or functional groups. They are therefore classified, given code
numbers, and assigned names according to the type of transfer reaction, the group donor, and the group acceptor.

ATP + p-glucose —— ADP + p-glucose 6-phosphate

ATP:glucose phosphotransferase
(website)

E.C.number 2.7.1.1
26



TABLE 6-1 Some Inorganic Elements That

Serve as Cofactors for Enzymes

cu’*t Cytochrome oxidase

Fe?* or Fe** Cytochrome oxidase, catalase, peroxidase

K™ Pyruvate kinase

Mg?* Hexokinase, glucose 6-phosphatase,
pyruvate kinase

Mn?* Arginase, ribonucleotide reductase

Mo Dinitrogenase

Ni?* Urease

Se Glutathione peroxidase

Zn’* Carbonic anhydrase, alcohol

dehydrogenase, carboxypeptidases

A and B

TABLE 6-2 Some Coenzymes That Serve as Transient Carriers of Specific Atoms or Functional Groups

Cofactor &
coenzymes

Coenzyme Examples of chemical groups transferred Dietary precursor in mammals
Biocytin CO, Biotin
Coenzyme A Acyl groups Pantothenic acid and other compounds

5'-Deoxyadenosylcobalamin
(coenzyme B,5)

Flavin adenine dinucleotide

Lipoate

Nicotinamide adenine dinucleotide

Pyridoxal phosphate

Tetrahydrofolate

Thiamine pyrophosphate

H atoms and alkyl groups

Electrons

Electrons and acyl groups
Hydride ion (:H™)

Amino groups
One-carbon groups
Aldehydes

Vitamin B>

Riboflavin (vitamin B,)
Not required in diet
Nicotinic acid (niacin)
Pyridoxine (vitamin By)
Folate

Thiamine (vitamin B;)




Catalysis and active site

E+S=—ES—EP—E+P

E, S, and P represent the enzyme, substrate, and
pmduet;. ES and EP_are transient Ec_nmpiexes of thé erl-

zyme with the substrate and with the product.

Transition state (%)

Free energy, G

Reaction coordinate (p D B)

Reaction coordinate diagram for a chemical reaction. 28



Enzymatic catalysis

E+8S — ES— EP — E+ P

V = k[S]
Pl
eqd = [G] TABLE 6-4 Relationship between K, and AG™®
Kiq AG'® (kJ/mol)
10~° 34.2
o , 107° 28.5
AG — RT 11’1 KEC] 10—4 228
103 17.1
1072 11.4
R =8.315 J/mol - K 10! 5.7
1 0.0
T =298 K (25 °0C) 10} —5.7
102 —114
10° —17.1

Note: The relationship is calculated from AG'® = —RT In K., (Eqn 6-3).



Vo (uM/min)

Enzymatic catalysis

A double-reciprocal or Lineweaver-Burk plot.

F Vmax [S] V{] = Vmax
-V, = K
————————————————————— Slope = erzx
=
15
>
1—||;-:
1
Vmﬂ](
11 ()
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Example of the reaction mechanism
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2-Phosphoglycerate bound to enzyme Enolic intermediate Phosphoenolpyruvate
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Enzymatic inhibitors

Three types of reversible inhibition.

(a) Competitive inhibition
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(b) Uncompetitive inhibition
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