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Chapter 3

Proteins I

Amino Acids and Proteins
Learning Objectives

• Compare the 20 amino acids commonly found in 
proteins with each other in terms of their chemical 
properties.

• Describe the general properties of proteins and 
peptides.

• Analyze the different 
levels of protein structure.
• Understand the principles 

of protein purification and 
characterization

Nemo = good protein source!!!

Amino acids
20 common amino acids there are others found naturally 
but much less frequently
Common structure for amino acid
COOH, -NH2, H and R functional groups all attached to 
the a carbon

Anatomy of an amino acid.  Except for proline and its derivatives, all of the amino acids 
commonly found in proteins possess this type of structure.

Ionization of amino acids
Three possible forms (not counting R group) 

depending on pH

Amino Acid Basics
pKa of the a amino and a carboxyl differ based on R group 
and microenvironment.

– The average is about 2.2 for the a carboxyl and 9.5 for the a
amino groups for free aa in solution…

- Amino acids are zwitterions - a molecule with both a pos and 
neg charge

- All naturally occurring amino acids are optically active 
isomers, except glycine. Naturally occurring L amino acids

- R-groups determine the functionality of the amino acids.

All amino acids can be based on a few simple groups, non-
polar, uncharged polar and charged polar and unique aa.

MOST IMPORTANT: is to recognize the chemical nature of 
the side groups based on hydrophobicity, reactivity, acidic 
and basic nature, relative size of the side groups

The 20 Common Amino Acids

You should know names, structures, pKa values 
for carboxyl and amino terminus, approximate
pKa for ionizable groups, 3-letter designation.

• Non-polar amino acids
• Polar, uncharged amino acids
• Hydrophobic/hydrophilic
• Large steric bulky or small
• Unique features of unusual aa
• Acidic amino acids
• Basic amino acids

pKa can shift based on 
local environment!!!! 
SUPER Important
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Non-Polar Amino Acids
Aliphatic, inert and non polar.  These are very hydrophobic amino 
acids with various sized side groups.

Valine, leucine and isoleucine are branched chain and bulky and can cause steric 
hindrance.  These amino acids have a large effect on the structure of proteins

Glycine is the smallest side chain and provides maximum flexibility in peptide bond

Non-Polar Amino Acids

Aliphatic, inert and non polar.  These are very hydrophobic amino 
acids with various sized side groups.

Methionine initial amino acid of nascent protein removed as protein is processed, 
Tryptophan and Phenylalanine are bulky ring structures and can cause steric 
hindrance.  These amino acids have a large effect on the structure of proteins

Polar Uncharged Amino Acids

Hydrophilic (except Gly).  Which of the side groups have 
potential for being involved in H bonding and salt bridges?

Acidic Amino Acids

All are hydrophilic.  
Which of the side groups 
have potential for being 
involved in H bonding 
and salt bridges?

R group 
pKa 3.9

R group 
pKa 4.3

Basic Amino Acids

R group 
pKa 12.5

R group 
pKa 10.5

R group 
pKa 6.0

His – imidazole side group also has 
resonance structure. Near physiological pH 
of cell and often shifts higher 

Arg – Guanidino side group provides 
resonance – stability is why pKa is 
higher than Lys

“Unique Properties”
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Less Common Amino Acids

Amino acids which rarely occur in 
proteins but are important for 
function

These amino acids are not synthesized 
by ribosomal processes; most typically 
arise from post-translational 
modifications to the protein, which are 
catalyzed by specific enzymes.

You are not responsible for knowing 
these amino acids, but should be aware 
they exist

Hydrophilic amino acid contains 
sulfur. Cysteine is very reactive 
and involved in the structure of 
the protein.  

Involved in disulfide bonds when 
oxidized.

Special cases - Cysteine Side groups with -OH
Ser, Thr and Tyr

-Only slightly hydrophilic.  
-The OH is only ionizable under very basic 
conditions.  
-The OH groups are very reactive and are 
phosphorylated similar to tyrosine.

-OH (and sometimes histadine) are post 
translationally modified by protein kinases –
though shalt know!!!!

Phenylalanine, tyrosine and 
tryptophan  All are 
aromatic rings.  Pi bonds / 
e- clouds create a very 
hydrophobic aa.  
Phenylalanine is very low 
in relative concentrations.  

Trp and Tyr absorb at 280 
nm. Peptide backbone 
absorb at 260 nm. 
These aa contain phenyl or 
indol rings.

Biologically important aa

Several amino acids that act as neurotransmitters and 
hormones AFTER modification.  Can you “see” which 
amino acids these were derived from?
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Additional Reactions of 
Amino Acids

Carboxyl groups form amides & esters

Amino (e) groups of lysine forms Schiff bases

R3 – N = C  
R1

R2

+ H2O  
..

Aldehyde or keytone

R3 – NH2 +   O = C  
Lys e side chain

R1

R2

..

Side chains show unique reactivities
– Cys residues can form disulfides and 

can be easily alkylated
– Few reactions are specific to a single 

kind of side chain

Modified Amino Acids
Chemical Modifications 
provide diversity and 
regulation to 20 common 
amino acids.  
Called post translational 
modification
• Isoprenylation
• Fatty acids
• Phosphorylation
• Methylation
• Hydroxylation
• Carboxylation
• Acetylation

Selected Mods
Lipid modifications:  increases non-polarity
• Palmitoylation – reversible, at S of Cys, less 

reversible at –OH of Ser/Thre
• Acetylation – reversible – lysine
• Isoprenylated – farnesyl groups (not fatty acids)
• Methylation – reversible also

Isoprenyl and methyl groups are not lipids but have 
similar impact on protein chemistry

Selected Mods
Phosphorylation:  changes H bonding and 
charge
• Reversible reaction by kinases and phosphatases
• Transfer the g-phosphate group from ATP to an                       

R-OH (Ser/Thr/Tyr) or R-N of His

Ser/Thr can be 
“phosphomimic” 

by Asp!

Selected Mods
Glycosylation:  adding sugars to aa/proteins
• N (asparagine) and O (serine/threonine) links

Found on extracellular domain of membrane 
proteins or secreted proteins
Alters solubility and interaction with other 
proteins

Selected Mods
Hydroxylation:  often of extracellular/structural 
proteins – most common in proline and lysine
• Increases potential for H bonding partners
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Peptides

Peptide formation is the creation of an amide bond 
between the carboxyl group of one amino acid and the 
amino group of another amino acid.

A condensation or dehydration reaction!

�Peptides�

Short polymers of amino acids
Each unit is called a residue
2 residues - dipeptide
3 residues - tripeptide
12-20 residues - oligopeptide
many - polypeptide

Isoelectric point

When the amino acid is has a NO net 
charge that is considered the isoelectric 
point (pI).    

For amino acids with side groups that 
contain an ionizable moiety the pI is the 
average of the two pKa that are charged 
when the net charge is zero.


