
Proteins



Learning Outcomes

1. Identify an amino acid by structure

2. Understand that proteins are biopolymers of 
amino acids

3. Explain primary, secondary, tertiary, and 
quaternary structure

4. Correlate pH change at the molecular level to 
protein denaturation at the secondary and tertiary 
levels



Amino Acids



Essential vs. Nonessential Amino Acids

Essential Amino Acid: An amino acid that 

cannot be synthesized from simple 

molecules such as sugars and amino acids 

[de novo (“from scratch”) synthesis].

Non-Essential Amino Acid: An amino acid 

that can be synthesized from de novo.



Amino Acids

Essential (Humans and Cats) Essential (Cats)

Non-Essential (Humans)



Is Taurine Really Non-Essential?

“Review: Taurine: A “Very Essential” Amino Acid”, Molecular Vision, 18, 2673-2686 (2012).



Lipid Peroxidation



Is Taurine Really Non-Essential?



Definition of Amino Acids



What We Colloquially Call

“Amino Acids” Are Alpha-Amino Acids



20 Common Alpha-Amino Acids



20 Common Alpha-Amino Acids

When you take biochemistry you will need to 

memorize the 1) the chemical structure, 2) single-

letter code, and 3) three-letter code for each of the 

20 common amino acids.

Not required for CHEM 60!!



Proteins (Peptides) Are A

Biopolymer of Amino Acids 



A Peptide Bond is an Amide Bond 



A Protein is a Biopolymer

N, C-alpha-R, CO and then REPEAT!!!

N-terminus C-terminus



A Protein is a Biopolymer

n = 2 n = 3



Protein Structure is the 3-D 

Arrangement of Atoms in an Amino Acid Chain Molecule



Types of Protein Structure

1. Primary

2. Secondary

3. Tertiary

4. Quarternary



Primary Structure

Primary Structure: The local sequence of 

amino acids.

N-terminus C-terminus



Secondary Structure

Secondary Structure: The 3-D structure of 

biopolymer (polypeptide) segments. In a 

protein the secondary structure is one of 

three motifs: helix, sheet, or coil.



Secondary Structure: Helix

Alpha-Helix: A motif in the secondary structure of peptides 

and proteins characterized by a right-handed coiled 

conformation in which each backbone N-H group forms a 

hydrogen bond with the backbone C=O group of the amino 

acid four residues earlier in the amino acid sequence.



Secondary Structure: Sheet

Beta-Sheet: A motif in the secondary structure of peptides and proteins 

characterized by two or more amino acid strands connected laterally by two or 

more hydrogen bonds between a peptide bond N-H in one strand and a peptide 

bond C=O in the adjacent strand. The resultant structure has a twisted, ‘pleated 

sheet’ topography.



Silk is a Protein: The Beta-Sheets of the 

Protein Fibroin Is Responsible for its Structure



Secondary Structure: Coil

Coil: A motif in the secondary structure of peptides that is 

not a helix or sheet. Also called a statistical coil or by the 

misleading term ‘random coil’.

Secondary structures in retinol binding protein ( a carrier protein that binds retinol)



Tertiary Structure

Tertiary Structure: The three-dimensional structure of a 

biopolymer, as defined by the spatial coordinates of all the 

atoms. In a protein, tertiary structure is controlled by 

disulfide bridges and folding in response to the 

environment.



Residue Interactions are 

Responsible for Tertiary Structure

1. Hydrophobic Interactions

2. Hydrogen Bonding

3. Salt Bridges

4. Disulfide Bridges



Hydrophobic Interactions

Hydrophobic interactions are the interactions 

between the nonpolar side chains.



Hydrogen Bonding

Hydrogen bonding between side chains



Salt Bridges

Salt bridges form 

between the charged 

acidic and basic 

groups of amino 

acids residues.



Disulfide Bridges

Disulfide bridges form between the thiol 

(sulfur analog of alcohol) functional groups. 

Disulfide Bridge



Problem 1

Which amino acid(s) form disulfide bridges?



Disulfide Bridge



Quaternary Structure

Quaternary Structure: Noncovalent association of 

subunits (proteins) into a single, larger protein structure.



Quaternary Structure

Lactate dehydrogenase a: A tetramer of four identical 

monomers with the subunit M. Note, the color is different to 

highlight the four subunits, although they are all identical.

Lactate dehydrogenase a catalyzes the following reaction.



X-Ray Diffraction (XRD)

X-Ray Diffraction: The study of crystal structure and the 

structure of the atoms, molecules, or ions which compose 

the crystal, based on diffraction of X-rays.



XRD Explanation and Video

https://www.youtube.com/watch?v=QHMzFUo0NL8

4 minutes and 7 seconds

https://www.youtube.com/watch?v=QHMzFUo0NL8


XRD Explanation and Video

https://www.youtube.com/watch?v=gLsC4wlrR2A

7 minutes and 47 seconds

https://www.youtube.com/watch?v=gLsC4wlrR2A


Determining Protein Structure: X-Ray Crystallography



Protein Denaturation Results 

in a Loss of Structure AND Function

Quaternary Structure Denaturation: Disruption of the protein monomers 
(subunits)

Tertiary Structure Denaturation: Includes disruption of the following:

1. Covalent interaction between amino acid side-chains (disulfide   
bridges)

2. Non-covalent dipole-dipole interactions between polar amino 
acid side-chains

3. Instantaneous dipole-induced dipole between nonpolar amino 
acid side chains

Secondary Structure Denaturation: Loss of all regular repeating patterns 
such as alpha-helices, beta-sheets. Adoption of a random coil 
configuration

Primary Structure: Note, the primary structure is maintained by peptide 
bonds and is NOT affected by protein denaturation



Avenues of Protein Denaturation

1. Heat Denaturation

2. pH Denaturation

3. Alcohol Denaturation



Heat Denaturation of Proteins

Denaturation of the egg white protein 

(albumin)



Unboiling an Egg!!!

https://www.youtube.com/watch?v=0msE39RgjgA

2 minutes and 48 seconds

https://www.youtube.com/watch?v=3d1rNTWcDeo

2 minutes and 35 seconds

https://www.youtube.com/watch?v=CHMY4G9gTPA

4 minutes and 9 seconds

https://www.youtube.com/watch?v=0msE39RgjgA
https://www.youtube.com/watch?v=3d1rNTWcDeo
https://www.youtube.com/watch?v=CHMY4G9gTPA


Unboiling an Egg Paper

Shear-Stress-Mediated Refolding of Proteins from 

Aggregates and Inclusion Bodies



pH Denaturation of Proteins

Acid Denaturation: pH 2-5

Base Denaturation: pH 10+

Red: Mostly Unfolded

Yellow: Partly Unfolded

Blue: Mostly Folded



Problem 2

What do you expect to occur to occur to the 

hydrogen bond when the pH lowers to 2 



Problem 3

What do you expect to occur to occur to the 

hydrogen bond when the pH increases to 11 



Problem 4

What do you expect to 

occur to occur to the salt 

bridge when the pH 

lowers to 2? 



Problem 5

What do you expect to 

occur to occur to the salt 

bridge when the pH 

increases to 11? 



Alcohol Denaturation of Proteins

Why are alcohols potent against bacterial 

and viral walls?

Organic Chemistry by Kline (3rd Edition)



Antimicrobial Properties of Alcohols

“Antiseptics and Disinfectants: Activity, Action, and Resistance”, 

Clinical Microbiology Reviews, 12(1) 147-179 (1999).



Alcohol Denaturation of Proteins



Energetics and Conformations of Protein Folding



The Stability of the S-Ovalbumin Explains Why 

Fresh Egg Whites Cook More Readily

Ovalbumin S-Ovalbumin



Why is S-Ovalbumin More Stable?

It is hypothesized that an inversion of configuration from L-serine to D-serine is 

responsible for the stability that facilitates the conformational changes.

Conformational

States



Why Do Egg Whites Foam?

https://www.exploratorium.edu/cooking/eggs/pavlova-pop.html

https://www.exploratorium.edu/cooking/eggs/pavlova-pop.html

