AMINO ACIDS,
PEPTIDES & PROTEINS
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AMINO ACIDS



Biochemical Properties
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Section 5.1: Amino Acids
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¢ 19 have the same general structure:
central (@) carbon, an amino group,
carboxylate group, hydrogen atom, and
an R group (proline 1s the exception)

o{'.A»t pH 7, the carboxyl group i1s 1n its
é%ﬂdfﬁdgate base form (-COQO-) while the

undigrgciaked

amino group 1s 1ts conjugate acid form

(-NH3+); therefore; it is amphoteric
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Structure of Amino Acids
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Section 5.1: Amino Acids

> Jels N
o Amino Acid Stereoisomers — Zf,;’?j

e Because the a-carbon (chiral carbon) 1s attached to four
different groups, they can exist as stereoisomers

® Except glycine, which is the only nonchiral standard amino acid
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Figure 3-2
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company
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Section 5.1: Amino Acids

——® The molecules are mirror images of
OQO cC OO one another, or enantiomers
f 3 g\ 4 e They cannot be superimposed over
'\\ one another and rotate plane,
-Alanine >-Alanine polarized light in opposite directions
Figure 5.7 Two (optical isomers)

Enantiomers
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Section 5.1: Amino Acids

% Jwst femenbes that Corbohadriates H H
exish in our boddes 1 the D Fotim | |
c=o0 c=o
Figure 5.8 D- and L- H C:: -=OH HO = C:: -aH
Glyceraldehyde = =
CH,OH CH,OH
\ﬁ Sl ol$e s \L p-Glyceraldehyde L-Glyceraldehyde

e Molecules are designated as D or L (glyceraldehyde 1s the
reference compound for optical 1somers)
o D or L 1s used to indicate the similarity of the arrangement of
atoms around the molecule’s asymmetric carbon to the
asymmetric carbon of the glyceraldehyde isomers

e Chirality has a profound effect on the structure and function
of proteins
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Nonpolar, aliphatic R groups
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Section 5.1: Amino Acids

TABLE 5.1 Names and Abbreviations of the Standard Amino Acids

Three-Letter One-Letter

Amino Acid Abbreviation Abbreviation
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Cysteine Cys C
Glutamic acid Glu E
Glutamine Gln Q
Glycine Gly G
Histidine His H
Isoleucine Ile I
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr 1
Tryptophan Trp A\
Tyrosine Tyr Y
Valine Val \Y

L —
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Section 5.1: Amino Acids

Specta( senses
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* Biologically Active Amine Ac¢ids """
e Amino acids can have other biological roles &ter fian berg pot of it

1. Some amino acids or derivatives can act as chemical

excitabon £ achivabion
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Section 5.1: Amino Acids
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Section 5.1: Amino Acids
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e Modified Amino Acids in Proteins

e Some proteins have amino acids that are modified after

synthesis
o Serine, threonine, and tyrosine can be phosphorylated i bl fukeins dolt diselve in waker
o g-Carboxyglutamate (prothtrombin), 4-hydroxyproline (gc';ﬁ;égen), and 5-
hydroxylysine (collagen) prab e bed
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Section 5.1: Amino Acids

e Molecules that have both positive and negative charges on
different atoms are zwitterions and have no net charge at
pH ] L) Ebf Nom—f)o[w AL,

eThe R group 1s what gives the amino acid its unique

properties

From McKee and McKee, Biochemistry, Sth Edition, © 2011 by Oxford University Press
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Acid-Base Properties of Amino Acids

The a-COOH and a-NH2 groups in amino acids are
capabale of ionizing (as are the acidic and basic R
groups of the amino acids)

At phyS|oIog|caI pH (around 7.4), the carboxyl group will
be u"ﬁprotonated and the amino group will be
protonated. An amino acid with no ionizable R group
would be electrically neutral at this pH. This species

IS termed as a zwitterion

When the net charge of an amino acid or protein is zero,
the pH will be equivalent to the isoelectric point (pl)



Histidine

The imidazole ring of histidine allows it to act as either a
proton donor or acceptor at physiological pH

Frequently found in the reactive center of enzymes
}:);'Vld"ﬂﬁ S;fe//\cf‘}vg 3 e

Histidine residues in hemoglobin are critical in its ability
to buffer the H+ from carbonic acid ionization in red
lood cells (RBCs)




Section 5.1: Amino Acids
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PEPTIDES



Peptides

Peptides — <30 amino acids
Proteins - >100 amino acids joined by peptide bonds

Polypeptide chain — the side chains and backbone 5 Now-covalent
groups interact with each other through many weak
Interactions, including van der Waals, hydrogen
bonds, electrostatic interactions, as well as

hydrophobic effect (non-polar groups) to bring about
a protein’s shape and target interactions




Section 5.2: Peptides

still have

Glutathione 1
is involved in protein

balance, appetite, and body temperature

Oxytocin is a peptide that aids in uterine contraction and
lactation

structurally complex than larger proteins, peptides
tologically important functions

tripeptide found in most all organisms and
d DNA synthesis, toxic substance

From McKee and McKee, Biochemistry, Sth Edition, © 2011 by Oxford University Press
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Lys CH—CH, —CH, —CH, —CH,—NH,

COO0™

Figure 3-15
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Figure 3-15

This tetrapeptide (Alanyl glutamyl glycyl lysine)

has one free a-amino group, one free a-carboxyl group,
and two Ionizable R groups. The groups ionized at
pH 7.0 are in red. lonizable R groups in a peptide

also contribute to the overall acid-base properties of
the molecule



Biologically Active Peptides

Naturally occurring peptides: 2 — 1000 amino acids

The artificial sweetener Aspartame (also called Nutra
Sweet) — commercially synthesized dipeptide L-
aspartyl-L-phenylalanyl methyl ester

Snake venoms (20 — 100 components) — the majority of
these are peptides and proteins

a-amanitin (small peptide) — extremely toxic poison from
the mushroom amanita phalloides



PROTEINS



1V:\:18 3 L¥ 2 Molecular Data on Some Proteins

Molecular Number of Number of
weight residues polypeptide chains
Cytochrome ¢ (human) 12,400 104 1
Ribonuclease A (bovine pancreas) 13,700 124 1
Lysozyme (chicken egg white) 14,300 129 1
Myoglobin (equine heart) 16,700 153 1
Chymotrypsin (bovine pancreas) 25,200 241 3
Chymotrypsinogen (bovine) 25,700 245 1
Hemoglobin (human) 64,500 574 4
Serum albumin (human) 66,000 609 1
Hexokinase (yeast) 107,900 972 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

Table 3-2
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company



Changes in temperature & pH can denature
(unfold) a protein so it no longer works

Denaturating
Cooking denatures P rOte i ns

protein in eggs
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Section 5.3: Proteins

DENATURING CONDITIONS
1. Strong acid or base
2. Organic solvents
3. Detergents
4. Reducing agents
5. Salt concentration
6. Heavy metal 10ns
7. Temperature
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