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AMINO ACIDS
 



 

Biochemical Properties
 

20 standard amino acids (a-amino acids) – proteins
 
Uncommon amino acids in the body (in free form or in

combined states) that are not associated with
proteins. For example, citrulline and ornithine
(disposal of waste nitrogen via the urea cycle)

 
Precursors to hormones – tyrosine in the formation of

thyroid hormones
 
Glutamate – as neurotransmitter
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Section 5.1: Amino Acids

●19 have the same general structure:
central (a) carbon, an amino group,
carboxylate group, hydrogen atom, and
an R group (proline is the exception)
 
●At pH 7, the carboxyl group is in its
conjugate base form (-COO-) while the
amino group is its conjugate acid form
(-NH3+); therefore, it is amphoteric

 
 

Figure 5.3 General
Structure of the aa-
Amino Acids
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Structure of Amino Acids

Amino acids have a
central carbon with 4
things boded to it:

Amino group -NH3

Carboxyl group -COOH

Hydrogen   -H

Side group   -R
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Section 5.1: Amino Acids

●Amino Acid Stereoisomers
● Because the a-carbon (chiral carbon) is attached to four

different groups, they can exist as stereoisomers
● Except glycine, which is the only nonchiral standard amino acid
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Section 5.1: Amino Acids

● The molecules are mirror images of
one another, or enantiomers
 

● They cannot be superimposed over
one another and rotate plane,
polarized light in opposite directions
(optical isomers)

 
 

Figure 5.7 Two
Enantiomers
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Section 5.1: Amino Acids

● Molecules are designated as D or L (glyceraldehyde is the
reference compound for optical isomers)

● D or L is used to indicate the similarity of the arrangement of
atoms around the molecule’s asymmetric carbon to the
asymmetric carbon of the glyceraldehyde isomers

● Chirality has a profound effect on the structure and function
of proteins

 
 

Figure 5.8 D- and L-
Glyceraldehyde
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Section 5.1: Amino Acids 
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Section 5.1: Amino Acids

●Biologically Active Amino Acids
● Amino acids can have other biological roles

1. Some amino acids or derivatives can act as chemical
messengers

● Neurotransmitters (tryptophan- derivative serotonin)
and hormones (tyrosine-derivative thyroxine)

 
 

Figure 5.4 Some Derivatives
of Amino Acids
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Section 5.1: Amino Acids

2. Act as precursors for other
molecules (nucleotides and heme)
 
3. Metabolic intermediates (arginine,
ornithine, and citrulline in the urea
cycle)

 
 

Figure 5.5 Citruline
and Ornithine
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Section 5.1: Amino Acids

●Modified Amino Acids in Proteins
● Some proteins have amino acids that are modified after

synthesis
● Serine, threonine, and tyrosine can be phosphorylated
● g-Carboxyglutamate (prothtrombin), 4-hydroxyproline (collagen), and 5-

hydroxylysine (collagen)

 
 

Figure 5.6 Modified
Amino Acid Residues
Found in Polypeptides
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Section 5.1: Amino Acids

●Molecules that have both positive and negative charges on
different atoms are zwitterions and have no net charge at
pH 7
 
●The R group is what gives the amino acid its unique
properties
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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 physiological pH (around 7.4), the carboxyl group will

be unprotonated 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 (pI)
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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
 
Histidine residues in hemoglobin are critical in its ability

to buffer the H+ from carbonic acid ionization in red
blood cells (RBCs)
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Section 5.1: Amino Acids

● Cysteine oxidation leads to a
reversible disulfide bond
 

● A disulfide bridge forms when two
cysteine residues form this bond

● Helps stabilize polypeptides and
proteins

 
 

Figure 5.12 Oxidation of
Two Cysteine Molecules
to Form Cystine
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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

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
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Section 5.2: Peptides

 
 

●Less structurally complex than larger proteins, peptides
still have biologically important functions
● Glutathione is a tripeptide found in most all organisms and

is involved in protein and DNA synthesis, toxic substance
metabolism, and amino acid transport

● Vasopressin is an antidiuretic hormone that regulates water
balance, appetite, and body temperature

● Oxytocin is a peptide that aids in uterine contraction and
lactation
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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. Ionizable 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
 





0

Denaturating
Proteins

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

Cooking denatures
protein in eggs

Milk protein separates into curds
& whey when it denatures



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

 
 

Section 5.3: Proteins
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