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What is a Protein?
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Carboxylic acid group Cartoon Model

* Answer: Polymer of amino acids connected by peptide bonds

— Multiple representations, including sequence, chemical structure,
simplifying cartoons

* PyMOL Download: Staphylococcal Nuclease (sticks and cartoon)
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General Structure of a-Amino Acid
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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
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Uncharged Polar Side

Serine
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Glutamine
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Red — negative charge
Blue - positive charge

Electrostatic surface
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Proteins Are Composed of a “Chain” of Amino Acids ]
Polypeptlde Chain
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Condensation of Two Amino Acids

17

Peptide Bonds Assume Trans Conformation
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After Marsh, R.E. and Donohue, J., Adv. Protein Chem. 22,
249 (1967).
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Resonance of Peptide Bond ‘1
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Extended Conformation of Polypeptide ‘,
The Protein “Backbone”

Main chain

lllustration, Irving Geis. Image from the Irving Geis Collection/Howard Hughes Medical Institute. Rights owned by HHMI. Reproduction by

permission only.
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Torsion Angles of Polypeptide Backbone

Side group

©

@ Amide plane 53

lllustration, Irving Geis. Image from the Irving Geis CollectionHoward Hughes
Medical Institute. Rights owned by HHMI. Reproduction by permission only.
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Steric Interference of -
Adjacent Peptide Groups
lllustration, Irving Geis. Image from the Irving Geis
Collection/Howard Hughes Medical Institute. Rights
owned by HHMI. Reproduction by permission only.
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(@) —Lys— Ala-His - Gly — Lys — Lys — Val — Leu — Gly — Ala —
Primary structure (amino acid sequence in a polypeptide chain)
Tertiary structure: Quaternary structure:
one complete protein chain the four separate chains ©
(B chain of hemoglobin) of hemoglobin assembled ]
Secondary into an oligomeric protein
structure
(helix)
lllustration, Irving Geis. Image from the Irving Geis Collection/Howard Hughes Medical Institute. Rights owned by HHMI. Reproduction by
permission only.
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1° Structure

(a) —Lys— Ala—His - Gly — Lys — Lys — Val — Leu — Gly — Ala —

Primary structure (amino acid sequence in a polypeptide chain)

lllustration, Irving Geis. Image from the Irving Geis Collection/Howard Hughes Medical Institute. Rights owned by HHMI. Reproduction by

permission only.
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Bovine Insulin: 1° Structure

A chain
Gly —Ile— Val— Glu —Gln —Cys —Cys — Ala — Ser — Val —=Cys—Ser —Leu — Tyr —Gln —Leu—Glu— Asn —Tyr —Cys—Asn
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B chain

Phe—Val — Asn —Gln — His—Leu —Cys— Gly — Ser —His —Leu — Val — Glu — Ala—Leu —Tyr—Leu — Val — Cys — Gly — Glu — Arg — Gly = Phe — Phe — Tyr — Thr —Pro —Lys—Ala
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1° & 2° Structure

(@) —Lys—Ala—-His— Gly - Lys — Lys — Val — Leu — Gly — Ala -
Primary structure (amino acid sequence in a polypeptide chain)

Secondary

structure

(helix)
lllustration, Irving Geis. Image from the Irving Geis Collection/Howard Hughes Medical Institute. Rights owned by HHMI. Reproduction by
permission only.
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(@) —Lys—Ala—-His - Gly - Lys — Lys — Val — Leu — Gly — Ala —
Primary structure (amino acid sequence in a polypeptide chain)
Tertiary structure:
one complete protein chain
(B chain of hemoglobin)
Secondary
structure
(helix)
lllustration, Irving Geis. Image from the Irving Geis Collection/Howard Hughes Medical Institute. Rights owned by HHMI. Reproduction by
permission only.
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T2 3 &4==Sruciure

(@) —Lys—Ala-His - Gly - Lys — Lys — Val — Leu — Gly — Ala —
Primary structure (amino acid sequence in a polypeptide chain)

Tertiary structure: Quaternary structure:

one complete protein chain the four separate chains ©

(B chain of hemoglobin) of hemoglobin assembled &g
Secondary into an oligomeric protein
structure
(helix)

lllustration, Irving Geis. Image from the Irving Geis Collection/Howard Hughes Medical Institute. Rights owned by HHMI. Reproduction by
permission only.
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The a Helix

30
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The a Helix: Space Filling Model

Based on an X-ray structure by lime Schlichting
Max Planck Institut fir Molekulare Physiologie,
Dortmund, Germany. PDBid 1A6M (for the
definition of “PDBId" see Section 6-2E).

Oxy-Myoglobin
PDBid 1A6M
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(a) Antiparallel

B Sheets

(b) Parallel

SC+—N"

lllustration, Irving Geis. Image from the Irving Geis Collection/Howard Hughes Medical Institute. Rights
owned by HHMI. Reproduction by permission only.
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http://www.rcsb.org/pdb/explore/explore.do?structureId=1A6M
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Pleating of B Sheet

ned by HHMI. Reproduction by
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Sheet: S Filling Model -
B Sheet: Space Filling Mode !
Based on an X-ray structure by Gerald Edelman,
The Rockefeller University. PDBid 2CNA.
Concanavalin A
PDBid 2CNA
34
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http://www.rcsb.org/pdb/explore/explore.do?structureId=2CNA
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Connecting Adjacent B Strands
Beta Turns Reverse the Direction of the Backbone

(@)

After Richardson, J.S., Adv. Protein Chem. 34, 196 (1981)

|
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Side Chain Location !
(a) (b)
¢ »
Based on X-ray structures by lime Schlichting, Max Planck Institut fir Molekulare Physiologie, Dortmund,
German y, and Gerald Edelman, The Rockefeller University. PDBids 1A6M and 2CNA
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
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Motifs: Supersecondary Structures
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Protein Classification: a, 8, or a/f

(@) (b, (c)
Based on X-ray structures by (&) F. Scott Matthews, Washington University School of Medicine: (b) Roberto Poljak, The Johns Hopkins School of Medicine; and
() Michael Rossmann, Purdue University. PDBids (&) 2568, (b) 7FAB, and (c) 6LDH.

Cytochrome 5562 Human immunoglobulin fragment

: Dogfish lactate dehydrogenase
PDBid 256B PDBid 7FAB

PDBid 6LDH
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Protein Topology: 8-Stranded 8 Barrels

C N

8 1.2 7 4 5 6 3
(a) ) (c)

Based on X-ray structures by (a) T. Alwyn Jones, Biomedical Center, Uppsala, Sweden: (b) Patrick Van Roey, New York State Department of Health, Albany, New York
and (c) David Phillips, Oxford University, Oxford, U.K. PDBids (a) 1RBP, (b) 1PNG, and (c) 1TIM

Peptide-N*-(N-acetyl-B-D-glucosaminyl) asparagine amidase
PDBid 1PNG
Human retinol binding protein Triose phosphate isomerase
PDBid 1RBP 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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41
2-Domain Protein : GAPDH
)
Based on an X-ray structure by Alan Wonacott, Imperia
College, London, U.K. PDBid 1GD1
) 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 \‘,

(a) Paracoccus cgs (b) Rhodospirillum c, (c) Tunac (d) Chlorobium csss
134 amino acid residues 112 amino acid residues 103 amino acid residues 86 amino acid residues
[

{

lllustration, Irving Geis. Image from the Irving Geis Collection/Howard Hughes Medical Institute. Rights owned by HHMI. Reproduction by permission only.
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4° Structure of Hemoglobin
Primary struclure
amno acid sequence
Tertiary slm@re
three-dimensional structure
Based on an X-ray structure by Max Perutz, MRC
Blecsophpet bl Laboratory of Molecular Biology, Cambridge, U.K.
PDBid 2DHB.
Deoxyhemoglobin
PDBid 2DHB
44
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http://www.rcsb.org/pdb/explore/explore.do?structureId=2DHB
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Symmetries of Oligomeric Proteins

(¢c) Tetrahedral Octahedral (cubic) Icosahedral
symmetry symmetry symmetry

lllustration, Irving Geis. Image from the Irving Geis Collection/Howard Hughes Medical Institute.
Rights owned by HHMI. Reproduction by permission only.
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Summary

helices, sheets, and turns

* Protein structure is classified into a four-level hierarchy

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

* The chemical structure of the backbone has consequences:
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