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The magical world of non-canonical amino acids (NCAAs)

Sidechain conjugation Non-canonical backbones

D-AAs
PTMs

…or just, whatever

Rosetta can’t doRosetta can do



NCAA March Madness



Anatomy of a Rosetta amino acid

Atom/bond block:
Atom names, atom 
types, partial 
charges, atom 
connectivity

Property assignment: 
Rotamers, Ramachandrans, AA name, 
molecular properties, rotamers, etc.

Internal Coordinates block: Bond lengths, bond angles, dihedral angles



Three methods of NCAA rotamer generation

“Parent” Rotamers Small Molecule 
approach

+Quick and easy
+Ensures 
“dunbrack-like” 
behavior
-Requires the NCAA 
resemble a CAA

MakeRotLib

+Able to parameterize many 
NCAA using CHARMM 
energy
-Longest runtime
-Max chi count of 4
-Best with prior knowledge of 
chi distributions

+Quick because of ligand 
methods
+Handles all NCAAs
-Lacks “dunbrack-like” 
behavior
-Worst performing method



NCAA parameterization flowchart

Does your NCAA 
resemble a CAA?

Is your NCAA alpha, 
mono-substituted, 

and <=4 chis? 

“Parent” Rotamers FakeRotLib
(with --rotlib)

fake_rotlib.py
(no --rotlib)

No

No
Yes

Yes





Peptide 
design starts 
from an L-Cys 
D-Pro stub



Macrocycle 
design produces 
peptides with 
varying activities



Peptide folding is more predictive of bioactivity



Designed peptide 
NDM1i-1G binds 
the enzyme 
pocket



Designed 
peptide 
NDM1i-3D 
contains 
NCAA


