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Protein Structure

Biochemistry Boot Camp 2021
Session #1

Matt Thompson
mthompson10@ua.edu

Cartoon Model

Amino group

Carboxylic acid group

• Answer: Polymer of amino acids connected by peptide bonds
– Multiple representations, including sequence, chemical structure, 

simplifying cartoons

• PyMOL Download: Staphylococcal Nuclease (sticks and cartoon)

What is a Protein?
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General Structure of α-Amino Acid

Dipolar Amino Acid: Zwitterion
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Drawing Amino Acids 101

Structures of Standard Amino Acids
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Structures of Standard Amino Acids

Amino Acid Nomenclature
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Cysteine Can Form Disulfide Bonds

Nonpolar Side Chains
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Uncharged Polar Side Chains

Charged Polar Side Chains
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Electrostatic surface

Red – negative charge
Blue – positive charge
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Proteins Are Composed of a “Chain” of Amino Acids

Condensation of Two Amino Acids
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Condensation of Two Amino Acids

Peptide Bonds Assume Trans Conformation
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Resonance of Peptide Bond

Extended Conformation of Polypeptide

The Protein “Backbone”

Backbone
chain

Side chain
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Torsion Angles of Polypeptide Backbone

Steric Interference of

Adjacent Peptide Groups
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Ramachandran Diagram

Levels of Protein Structure
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1° Structure

Bovine Insulin: 1° Structure
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1° & 2° Structure

1°, 2°, & 3° Structure
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1°, 2°, 3° & 4° Structure

The α Helix
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The α Helix: Space Filling Model

Oxy-Myoglobin
PDBid 1A6M

β Sheets
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http://www.rcsb.org/pdb/explore/explore.do?structureId=1A6M
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Pleating of β Sheet

β Sheet: Space Filling Model

Concanavalin A
PDBid 2CNA
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http://www.rcsb.org/pdb/explore/explore.do?structureId=2CNA
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Connecting Adjacent β Strands

Beta Turns Reverse the Direction of the Backbone

Side Chain Location

Oxy-Myoglobin and Concanavalin A 

PDBids 1A6M and 2CNA
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http://www.rcsb.org/pdb/explore/explore.do?structureId=1A6M
http://www.rcsb.org/pdb/explore/explore.do?structureId=2CNA
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Side Chain Distribution in Cytochrome

Motifs: Supersecondary Structures
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Protein Classification: α, β, or α/β

Cytochrome b562

PDBid 256B

Human immunoglobulin fragment

PDBid 7FAB
Dogfish lactate dehydrogenase

PDBid 6LDH

Protein Topology: 8-Stranded β Barrels 

Human retinol binding protein

PDBid 1RBP

Peptide-N4-(N-acetyl--D-glucosaminyl) asparagine amidase

PDBid 1PNG

Triose phosphate isomerase

PDBid 1TIM
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http://www.rcsb.org/pdb/explore/explore.do?structureId=256B
http://www.rcsb.org/pdb/explore/explore.do?structureId=7FAB
http://www.rcsb.org/pdb/explore/explore.do?structureId=6LDH
http://www.rcsb.org/pdb/explore/explore.do?structureId=1RBP
http://www.rcsb.org/pdb/explore/explore.do?structureId=1PNG
http://www.rcsb.org/pdb/explore/explore.do?structureId=1TIM
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2-Domain Protein : GAPDH

Glyceraldehyde-3-phosphate dehydrogenase

PDBid 1GD1
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http://www.rcsb.org/pdb/explore/explore.do?structureId=1GD1
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Structure Conserved More Than Sequence

4º Structure of Hemoglobin

Deoxyhemoglobin

PDBid 2DHB
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http://www.rcsb.org/pdb/explore/explore.do?structureId=2DHB
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Symmetries of Oligomeric Proteins

Summary

• Proteins are chemical chains made up of 20 different amino acids

• The chemical structure of the backbone has consequences: 
helices, sheets, and turns

• Protein structure is classified into a four-level hierarchy
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