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Chapter 4 - Amino Acids

Introduction

Several amino acids were produced in the electrical discharge in the reducing, primordial

atmosphere that gave rise to the first biomolecules (see chapter 1).  

The importance of nitrogen in nutrition was discovered in 1839 when nitrogen-containing

products were found to be essential for the survival of animals.

We now know (1925) that there are 20 commonly-occurring amino acids.  The nutritional

value of proteins depends on how many of these 20 the protein contains.  Meat and fish, with

diverse structures, has high nutritional value, whereas gelatin, with a simpler structure, is not as

nutritionally complete.

Recall also from Chapter 1 that the condensation of simple molecules to form polymers

was a critical chemical evolutionary event.  Amino acids, with both amino and carboxyl groups,

are well-suited for polymerization.

Amino Acid Structure

All amino acids have the following structural features in common:

Since the pKa values of amino and carboxyl groups are on the order 8 and 4, respectively, the

species predominant at physiological pH is the zwitterionic species:



N CH C NH CH C NH CH C NH CH C NH CH C

R R R R R

O O O O O

O

1 2 3 4 5

H3

residue peptide bond
N terminal C terminal

backbone

The removal of water from a carboxyl and amino group to form an amide (peptide) bond

is a well-known condensation reaction. The presence of both a carboxyl and amino group on the

same molecule allows for polymerization to occur.

The condensation of 3 amino acids would form a tripeptide, etc.  Several amino acids

would condense to form a polypeptide.  The structure of a generic pentapeptide is shown below:

Note that the feature that distinguishes one amino from another is the identity of the R

group.  The most useful way to categorize the 20 commonly-occurring amino acids is by the

polarities of their R groups, or side chains.  The most common scheme identifies three groupings

of amino acids, one with nonpolar side chains, another with uncharged polar R groups and

another with charged polar R groups.  Table 4 - 1 shows the structures of these amino acids,

together with their 3-letter and 1-letter symbols (we’ll use 3-letter symbols), and the pKa values

associated with their "-amino and carboxy groups, and R groups if in category 3.  Notice that

internal residues will have both their "-amino and carboxyl groups tied up in uncharged peptide

bonds.  For such internal residues only the R group is capable of bearing a formal charge.  
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You will not be asked to memorize all 20 structures.  You should know the categories

that all amino acids fall under, but only the structures of Ser, Asp, His, Pro, Cys, Lys:

Notice that all the amino acids whose structures you are asked to memorize contain charged

and/or polar functional groups, with the exception of proline, which play important functional

roles in proteins.  Note that the R group in Pro is unique in that it is linked to its amino nitrogen. 

For this reason, proline plays a unique, important structural role in proteins.

Asp and Glu have carboxyl groups on their side chains whose pKa values are on the order

of 4.  Thus these relatively acidic R groups are negatively charged at physiological pH

(conjugage base form predominates).  Lys and Arg have dissociable R groups containing N, with

pKa values over 10. These fairly basic R groups are in their conjugate acid forms at pH 7, and are

thus also charged.  

Cysteine residues can react with one another to form disulfide bonds (Figure 4-6):



Acid-Base Properties

Recall from Chapter 2 that the "- amino and carboxyl groups on all amino acids are

weakly acid, as are the dissociable R groups for lysine, arginine, histidine, aspartic acid and

glutamic acid (note also that cysteine and tyrosine also have dissociable side chains.  The "-

carboxyl groups are the strongest of these weak acids, with pKa values in the range 2 - 2.5; at

physiological pH values, these groups therefore exist primarily in their conjugate base forms. 

Likewise, the "-amino groups, with pKa values typically between 9 - 10, are primarily in their

conjugate acid forms.  

Note that in polypeptides only the N-terminal "-amino and C-terminal "-carboxyl groups

have dissociable protons; all the other "-amino and carboxyl groups are involved in peptide

linkages, which do not bear charge at physiological pH.  Thus, only the dissociable R groups

such as those of lys, asp, etc., are capable of bearing charge.  Only histidine has an R group with

a pKa near 7; thus, only the side chain of histidine has appreciable amounts of both conjugage

acid and base forms in cells, whereas those of asp are almost exclusively present in their

conjugate base forms, and those of lysine, for example, are almost exclusively present in their

conjugate acid forms.  Histidine, for this reason, has a very special role to play in enzymatic

activity, as we’ll see.

An amino acid such as glycine has two dissociable protons, hence the titration curve has

two flat regions (Figure 4 - 8; recall that these flat regions of the titration curve correspond to

greatest buffering capacity).  Note that an amino acid with a dissociable R group, such as

histidine, would have three flat regions.



The HH equation applies to amino acids, as it does to other weak acids as we saw in

Chapter 2:

pH = pKa + log [A-]/[HA] = pKa + log [B]/[A]

The latter form is more appropriate because the conjugate base form is negatively charged for

carboxyl groups (A form is neutral), whereas for amino groups the conjugate acid is positively

charged (B form neutral).  At some pH value the total charge is zero; this is the isoionic point,

pI.  At pI, the [B] for the carboxy groups must equal [A] for the amino groups.  This leads to the

intuitively reasonable equation:

pI = ½(pKa1 + pKa2)
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Question: How do you think you would determine the pI if there were three dissociable groups

with three pKa values?

Stereochemistry

Notice that all the 20 standard amino acids, with the exception of glycine, have 4

different substituents attached to the "-carbon.  These 19 amino acids are therefore 

optically active.  If you were to interchange any 2 non-identical groups, you would produce an

enantiomer, which would not be superimposable on its mirror image.  Enantiomers are

examples of stereoisomers, which differ only in the spatial orientation of atoms, and are distinct

frostructural isomers such as cis and trans CHClCHCl, for example.  

Stereoisomers are designated as D- or L- according to the Fischer convention which is

based on the absolute configuration of L-glyceraldehyde, the Fischer projection of which is

shown below:

An L-amino acid would have the same relative configuration as L-glyceraldehyde, as shown

below:

This convention is used rather than the newer RS convention.  

It is of interest to note that nature selected the L-form to be used almost exclusively. 

There are very few occurrences of D-amino acids. Most biomolecules are optically active and

will typically interact only with one stereoisomer or the other of an optically active molecule. 

Several drugs, for example, are optically active and only one configuration is biologically active. 
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Only one enantiomer of ibuprofen is active, but is packaged as the racemic mixture because the

inactive enantiomer is inert and harmless.  Thalidomide, also an optically active drug, was used

40 years ago as a mild sedative.  It’s inactive enantiomer, present in equal amounts, was

commonly prescribed to alleviate morning sickness in the first trimester of pregnancy, but was

found to cause severe birth defects.

Nonstandard Amino Acids

Although L-amino acids predominate in nature, some D-amino acids do occur.  Bacteria

occasionally use D-amino acids in their cell walls because they are less susceptible to attack by

peptidases (enzymes which cleave peptide bonds).  That penicillin lacks many side effects,

however, is due to the fact that it is targeted towards a D- amino acid configuration.  Some

bacterial antibiotics, such as valinomycin and antimycin, also contain D-amino acids.

Several of the 20 standard amino acids are derivatized in proteins.  Some examples

include, O-phosphoserine, (-carboxyglutamate, 4-hydroxyproline, 3-methylhistidine, and ,-

acetyl lysine (Figure 4-15).

- Various neurotransmitters and other biologically active amino acids are derived from

amino acids (Figure4-16):

Problems: 3, 4, 6, 13, 16


