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We predict protein structures for given amino acid sequences when the residues are pre-assigned to specific Ramachandran basins (RBs).
The algorithm uses a protein model with a Cg side chain representation and a scoring function derived from an all-atom statistical potential
that distinguishes between backbone atoms on different residue types. Structures are obtained by minimizing the scoring function with
sampling of backbone torsional angles within their native RBs, termed “intra-basin folding”. We also predict structures ab initio, which
requires accurate determination of many of the native RBs. These RB assignments are obtained by “PsiBlast’'ing” the PDB for fragments of
other proteins that match our target’s amino acid sequence. The fragments’ RBs are used to construct a basin library. In many cases, the
consensus from the basin library is sufficient to fold the protein using intra-basin folding. In other cases, a better basin prediction is
generated using a new folding routine where RBs “hop” during the folding process according to their frequency in the basin library. This
sampling is directed by profiling based on a statistical potential of pairwise interactions. Results are presented for several targets.

Statistical potential (DOPE-C )

DOPE (Discrete Optimized Protein
Energy function) is an all-atom statistical
potential from Shen & Sali, UCSF.
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Apply this “statistical potential function” to the simplified
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reduced representation = Ebackbone+Cp

Ab initio structure prediction routine
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Initial RB assignments obtained by
Psi-blast'ing target sequence
against the PDB for RB fragments.
These fragments are the move-set
when predicting 100 structures.
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RB assignments obtained from the
consensus values from the 100
predicted structures of the previous
step. These RB assignments are
used in the intra-basin algorithm
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Real prediction:
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Add side chains to the 100 predicted
structures of the previous step using
SCWRL 3.0, and calculate energy with
the all atom potential DOPE. Cluster
using Cluster 3.0.

1UBQ native structure:

12:2001-2014, 2003.

(2005)
Reference: M. J. L. de Hoon, S. Imoto, J. Nolan, and
1454 (2004)

3.5 ab initio prediction from consensus

\ Extract the basin assignments from PDB (BLAST).
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Examples of basin assignment

improvements for ab initio
routine
Percentage of | Percentage of
correct basins | correct basins
L) from basin library | from ab initio
consensus consensus
21cB 85 90
AMZM i 96
1CTF 78 88
1AM3 92 100
10RC 81 85
1AF7 84 87
TG 57 55

Predictions for folding within native basins.

DOPE with |Bradley &t
PDEID | Lengtn |3econday[DOPE-CE| DOPE | oring | al. (2005)
structure |Prediction |Prediction e

prediction | prediction
1AFT 69 a 36 37 34 104
1B72 50 a 13 2 1.3 11
1CSP 67 B 77 8.9 [Nl a7
10CJ 72 ap 22 32 32 25
1012 68 af 51 28 2.8 26
AMKY i1 ap 10.8 9.1 9.1 6.3
102F I af 95 99 7.9 101
1TIF 57 ap 25 1.9 1.9 41
MG 86 ap 28 2 2 35
1REY 61 a 4.1 32 4.5 41
2REB 59 ap 36 31 31 21
1SHE 59 B 57 87 A X
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Predictions for several examples of folding within
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native basins: Sampling of the torsional library is restricted to pre-assigned Ramachandran basins, in this case those of
the native structure. Side chains are added to the predictions using SCWRL 3.0, and structures are clustered using Cluster 3.0.
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