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• Protein design: given the structure, what 
is the sequence? 

• (Contrasts with protein structure 
prediction: given the sequence, what is 
the structure?) 

• Both problems use the same knowledge 
potentials, the same energy terms, etc 

• Highly customizable 

Protein Design: What is this? 
Designed model 
X-ray structure 



Thermostabilization 

• Proteins undergo Brownian motion, 
conformational changes, folding and 
unfolding, etc. 

• Thermostabilization: sequence 
changes to favor a given backbone 
configuration 
• (this can also be achieved by 

destabilizing alternate states) 
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File types used in this tutorial: 
-Fasta files 
-Span files 
-Weights/score files 
-Resfiles 
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• Very short, describe parameters for design 
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Resfiles: the protein design decider 

NATRO # keep existing sidechain in place 
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ALLAA # all amino acids are permitted 
START 

full_redesign.resfile 

NATAA # keep existing amino acid, permit repacking 
START 
10 – 20 A ALLAA # redesign 10 to 20, chain A  
21 – 30 A POLAR # redesign, polar residues only 
31 – 40 A APOLAR # redesign, apolar residues only 
41 A PIKAA AILV # redesign, Ala, Ile, Leu, or Val only 

partial_redesign.resfile 



Resfile syntax 

• NATRO: Keep rotamers in place 

• NATAA: Keep residue identity unchanged, allow repacking 

• ALLAA: Allow full redesign 

• ALLAAwc: Same as ALLAA 

• ALLAAxc: Full redesign except cysteine 

• PIKAA: Any residue from among the following (one-letter codes) 

• NOTAA: Any residue except from among the following 

• POLAR: Polar residues only 

• APOLAR: Apolar residues only 
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model.pdb 

… 

… 

Today’s design protocol 



Today’s test case: bacterial leucine 
transporter 

Periplasmic-facing 
• Crystallized at 1.65 Å resolution 

• No mutations added 

Cytoplasmic-facing 
• Crystallized at 3.3 Å resolution 

• Four mutations added 
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Today’s test case: bacterial leucine 
transporter 

Wildtype 
Rosetta redesign 



Today’s test case: stabilize cytoplasmic-
facing conformation 

• First: Identify the lower-energy conformer 

• Second: Introduce the four thermostabilizing 
mutations used to crystallize the periplasmic-
facing conformation 

• Third: Identify new mutations at those sites 

• Fourth: Redesign the whole protein 

• Fifth: Redesign the whole protein for an 
aqueous environment (outside the membrane) 

 


