Chem 452 - Lecture 2
Protein Structure
Part 4

Question of the Day: How is online video game-playing is
being used to help find cures for diseases?

Protein Folding

+ The primary

structure determines
the other levels of
structure.

+ Christian Anfinsen

demonstrated this in the
1950

Christian Anfinsen
1972 Nobel Prize in Chemistry
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Protein Folding

+ Anfinsens Experiment
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Bovine Ribonuclease A
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Protein Folding

+ Anfinsens Experiment
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Protein Folding

+ Anfinsens Experiment
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Protein Folding

+ Anfinsens Experiment
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Protein Folding

+ Anfinsens Experiment

Scrambled ribonuclease
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Chem 452, Lecture 2 - Protfein Structure 7

Protein Folding

+ The primary
structure determines
the other levels of

structure.

+ Christian Anfinsen
demonstrated this in the
1950%

Christian Anfinsen
1972 Nobel Prize in Chemistry
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Protein Folding

..we have occasionally called (9) the
“thermodynamic hypothesis.” This hy-
pothesis states that the three-dimen-
sional structure of a native protein in
its normal physiological milieu (solvent,
pH, ionic strength, presence of other
components such as metal ions or pros-
thetic groups, temperature, and other)
is the one in which the Gibbs free
energy of the whole system is lowest;
that is, that the native conformation is
determined by the totality of inter-
atomic interactions and hence by the
amino acid sequence, in a given environ-
ment. ...

Christian Anfinsen
1972 Nobel Prize in Chemistry
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Protein Folding

DNA proposed structures

+Watson & Crick’s DNA structure also

made biological sense:

+ “However, if only specific pairs of bases can

be formed, it follows that if the sequence of |/
bases on one chain is given, then the
sequence on the other chain is automatically »

determined?”

+ "It has not escaped our notice that
specific pairing we have postulated

immediately suggests a possible copying
mechanism for the genetic material.”

Chem 452, Lecture 1 - Introduc

tion to Biochemistry 14

1 Anfinsen
the ze in Chemistry

Chem 452, Lecture 2 - Protein Structure 8

Protein Folding

..we have occasionally called (9) the
“thermodynamic hypothesis.” This hy-
pothesis states that the three-dimen-
sional structure of a native protein in
its normal physiological milieu (solvent,
pH, ionic strength, presence of other
components such as metal ions or pros-
thetic groups, temperature, and other)
is the one in which the Gibbs free
energy of the whole system is lowest;
that is, that the native conformation is
determined by the totality of inter-
atomic interactions and hence by the
amino acid sequence, in a given environ-
ment. ...

Christian Anfinsen
1972 Nobel Prize in Chemistry
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Protein Folding

+ The primary
structure determines
the other levels of
structure.

..In terms of natural selection
through the “design” of macromolecules
during evolution, this idea emphasized
the fact that a protein molecule only
makes stable, structural sense when it
exists under conditions similar to those
for which it was selected—the so-called
physiological state.

Christian Anfinsen
1972 Nobel Prize in Chemistry
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Protein Folding

+ The primary
structure determines
the other levels of
structure.

+ Christian Anfinsen

demonstrated this in the
19505 Christian Anfinsen
1972 Nobel Prize in Chemistry
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Protein 3-Dimensional Structures

+The first proteins to have their 3-D
structures determined were
determined in the late 1950's
myoglobin and hemoglobin.
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Protein 3-Dimensional Structures
+ X-ray crystallography (Section 3.6)
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Protein 3-Dimensional Structures
+ X-ray crystallography (Section 3.6)
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Protein 3-Dimensional Structures

+ X-ray crystallography (Section 3.6)
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Protein 3-Dimensional Structures
+NMR Spectroscopy (Section 3.6)
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Protein 3-Dimensional Structures
+NMR Spectroscopy (Section 3.6)

1D-proton spectrum of protein
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Protein 3-Dimensional Structures
+NMR Spectroscopy (Section 3.6)
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Protein 3-Dimensional Structures

+NMR Spectroscopy (Section 3.6)
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Protein 3-Dimensional Structures
+NMR Spectroscopy (Section 3.6)

" Calculated structure
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Protein 3-Dimensional Structures
+NMR §

" Caley
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Protein 3-Dimensional Structures

+ Prediction from amino acid sequence
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Protein 3-Dimensional Structures

TasLe 2.3 Relative frequencies of amino acid residues in secondary structures

Amino acid o helix B sheet Reverse turn
Glu 159 052 1.01
Ala 141 072 0.82
Leu 134 122 0.57
Met 130 114 052
Gin 127 0.98 0.84
Lys 123 0.69 107
Arg 121 0.84 0.90
His 1.05 0.80 081
Val 0.90 187 041
lle 1.09 1.67 0.47
Tyr 074 145 076
oys 0.66 140 054
Trp 1.02 135 0.65
Phe 116 133 0.59
Thr 076 117 0.96
aly 043 058 177
Asn 076 0.48 134
Pro 034 031 132
Ser 057 0.96 122
Asp 099 0.39 124

Nore: The amino acid: ling to their p helices (top group), B sheets

(second group), or turns (third group).

Source: T.E. Creighton, Proteins: Structures and Molecular Properties, 2d ed. (W. H. Freeman and

Company, 1992), p. 256.

Chem 452, Lecture 2 - Protein Structure 19

Protein 3-Dimensional Structures

+Predicting a 3-D structure (fertiary
structure) by analyzing the amino
acid sequence (primary structure)

+ By comparison to structures found in the
protein data bank.
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Protein 3-Dimensional Structures
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Protein 3-Dimensional Structures

+ Predicting a 3-D structure (tertiary
structure) by analyzing the amino
acid sequence (primary structure)

+ By comparison to structures found in the
protein data bank.
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Protein 3-Dimensional Structures

The sequence VDLLKN
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Protein 3-Dimensional Structures

+Predicting a 3-D structure (fertiary
structure) by analyzing the amino
acid sequence (primary structure)

+ By comparison to structures found in the
protein data bank. Text

+ By searching for the structure with the
lowest free energy.

+ Rosetta@Home
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Protein 3-Dimensional Structures

+ The Levinthal Paradox
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Protein Folding

+ Proteins folding is highly cooperative
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Protein 3-Dimensional Structures

+ Successive Stabilization
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Protein 3-Dimensional Structures

+ Sucd
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Protein 3-Dimensional Structures

+ Predicting a 3-D structure (tertiary
structure) by analyzing the amino
acid sequence (primary structure)

+ By comparison to structures found in the
protein data bank.

+ By searching for the structure with the
lowest free energy.

+ Rosetta@Home
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Protein 3-Dimensional Structures

+ Predicting a 3-D structure (tertiary
structure) by analyzing the amino

Rosetta@Home

-
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Protein 3-Dimensional Structures

o  boncoskeraborg [ ceacer I

Protein 3-Dimensional Structures

+Predicting a 3-D structure (fertiary
structure) by analyzing the amino

Rosetta@Home
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Protein 3-Dimensional Structures

+ Taking Rosetta one step further with
Foldit, by turning structure prediction
into an online video game!!
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Protein 3-Dimensional Structures

+ The Protein Data Bank (PDB) is an
online database of 3-dimensional

structures.

+ It includes not only proteins, but other
biological structures, such as nucleic acids
and even whole virus particles.

Chem 452, Lecture 2 - Protein Structure 28

Protein 3-Dimensional Structures
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Protein Misfolding

+ What happens when a protein

misbehave and misfold.
+ Prions
+ Mad Cow Disease (Bovine spongiform
encephalopathy, BSE)
+ Creutzfeld-Jakob disease (CID)
+ Scrapies
+ Chronic Wasting Disease (CWD)
* Alzheimer’s Disease
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Protein Misfolding

+Prions

PrPS¢ nucleus

Normal PrP pool

Stanley Prusiner
1997 Nobel Prize in Medicine
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Protein Misfolding

+ Alzheimer’s Disease

Amyloid B -fibrils
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Modifications to the Primary Structure

+Many proteins and peptides undergo
post translational modifications
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Modifications to the Primary Structure

+Many proteins and peptides undergo
post translational modifications
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Modifications to the Primary Structure

+ Some post translational modifications
that we have discovered here at
UW-Eau Claire

Methanobactins are peptide-
derived molecules produced by
methane oxidizing bacteria that
are scavengers for copper ions
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Modifications to the Primary Structure

+Some post translational modificatio
that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure
+Some post translational modifications
that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure
+ Some post translational modifications
that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure

+ Some post translational modifications
that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure

+Some post translational modifications
that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure
+ Some post translational modifications
that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure

+ Some post translational modifications
that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure

+Some post translational modifications
that we have discovered here at
UW-Eau Claire

[ ——
| | \ ?

S-methylbutanoyt-Oxa* v pyrrolidinyh-Oxa® s ot

i ’u [»ﬁ(\/ z i i i
Modifications to the Primary Structure
+Some post translational modifications

that we have discovered here at
UW-Eau Claire

Modifications to the Primary Structure

+ Some post translational modifications
that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure

+Many proteins and peptides undergo
post translational modifications
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Modifications to the Primary Structure

+Many proteins and peptides undergo
post translational modifications
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Modifications to the Primary Structure

+Many proteins and peptides undergo
post :
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Modifications to the Primary Structure

+Many proteins and peptides undergo
post translational modifications
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Modifications to the Primary Structure

+Many proteins and peptides undergo
post translational modifications
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Modifications to the Primary

+ Some post translational modifications
that we have discovered here at
UW-Eau Claire

Methanobactins are peptide-
derived molecules produced by
methane oxidizing bacteria that
are scavengers for copper ions
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Next up
+ Hemoglobin and Myoglobin.
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