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Protein Engineering
and Design

Protein Structure
Secondary Structure
Tertiary Structure

Protein Function
Molecular Recognition
Catalysis

Directed Mutation vs. Random Library
Screening Methodology
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Protein Structure

Protein Structure
Are secondary structures stable on 
their own?

Is protein design computationally 
tractable or are their too many 
potential sequences?

α-Helices

•right-handed twist
•intra-strand h-bonds

between backbone
NHi and C=Oi+4

•1.5 Å rise/amino acid
5.4 Å rise/turn

•3.6 amino acids/turn

http://www.schoolscience.co.uk/content/index.asp
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β-Sheets

•linear
•inter-strand h-bonds

parallel
or anti-parallel

•4 Å/amino acid

http://www.schoolscience.co.uk/content/index.asp

A Designed α-Helix

S. Marqusee, R.L. Baldwin 
Proc. Natl. Acad. Sci. USA
1987, 84, 8898
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A Designed α-Helix

S. Marqusee, R.L. Baldwin Proc. Natl. Acad. Sci. USA 1987, 84, 8898

A Designed β-Sheet

S.R. LaBrenz, J.W. Kelly 
J. Am. Chem. Soc.
1995, 117, 1655

Uses of Model Peptides

•Thermodynamic Studies
•Protein Design
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4-Helix Bundle Design

S.P. Ho, W.F. DeGrado J. Am. Chem. Soc. 1987, 109, 6751
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4-Helix Bundle Design

S.P. Ho, W.F. DeGrado J. Am. Chem. Soc. 1987, 109, 6751

In the future would be nice to have a figure
showing the “molten globule” NMR

4-Helix Bundle Design

W.F. DeGrado et al. Acc. Chem. Res. 2000, 33, 745
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4-Helix Bundle Design

R.B. Hill, W.F. DeGrado J. Am. Chem. Soc. 1998, 120, 1138

4-Helix Bundle Design

R.B. Hill, W.F. DeGrado J. Am. Chem. Soc. 1998, 120, 1138

Harbury stuff here too?

ββα Protein Design

B.I. Dahiyat, S.L. Mayo Science 1997, 278, 82

1027 sequence library
1062 rotamer library

van der Waals interactions
solvation
hydrogen bonding
secondary structure propensity
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ββα Protein Design

B.I. Dahiyat, S.L. Mayo Science 1997, 278, 82

Random Peptide Library

A.R. Davidson, R.T. Sauer Proc. Natl. Acad. Sci. 1994, 91, 2146

Random Peptide Library

A.R. Davidson, R.T. Sauer Proc. Natl. Acad. Sci. 1994, 91, 2146



9

Protein Structure

Design of α-helices and β-sheets

Design of small proteins--iterative vs. 
computational approaches

Random libraries

Structure prediction--”bioinformatics”


