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Our goal: determine folded

Function follows from structure
structures from sequence



Protein Folding Problem
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Amino acids - polar, neutral,
charged, or hydrophobic



Vast Conformational Search: Levinthal Paradox
How does a protein find the time to fold?

Polypeptide backbone is flexible,
adopting specific conformations
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Each d,w pair: 3 conformations = ~3" ~1005" conformations/amino acid

e.9., 109 siaies for a 100 a.a. protein
Random, unbiased search would take 103 s even with fsec sampling

And we have to search too!




What info is needed to fold proteins? all-atorn = dihedral angles

Sitzo ‘l: Rermove solvernt —
( hydrophobic, screening, etc terms)
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Saigaans 0,y ze)les cira i ornly coorelinziiss,
2N total for N aa’s (need ~10x3N for x,y,z of heavy atoms)
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Move set uses highly selected trimers frorn PDB

PDB trimer library
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Move o & v of ceniral
resicue ofirirner

Specifying side chain type and backbone geomeiry
implicitly includes all-atorn side chain information



Knowledge-based energy function: Assigrn interacuon anereiss
accoredirie) ko) ifig gossrveel disiziness in tne PDE
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e.g. Dist(C 22 - C o), :
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Energy,pg(ry) = -In( Probgpg(ry) )






Secondary structure prediction methods...

Statistics

—
Single residue and

nearest neighbors

Chou and Fasman Secondary
(1974) structure
probability
conditional
on identity
of
neighbors

Machine Learning

Neural Network
Jones (1999)

Multipl
Dor & Zhou (2007) EIN0 Squence

alignrents
Support Vector
Machines
Kim (2003) + SASA, ...

Hu et al. (2004)

MeGruiiin znd Jories (2008):

Curreni Accuracy of Best Vleihods is 75 — 80 %: PSIPRED

Good for «, bui poorer for B and o/

Dor zirel Znou (2007)



What we do differently:

Couple secondary and tertiary structure
cfurine ine foldineg orocasis
Resirict possiole secondary siruciure as

ine chain folds

Tertiary
structure

Secondary
structure

“Eliminate all other factors, and the one which remains must be the truth.”

A. C. Doyle, The Sign of the Four (1890)



[tFix Algorithm

Starting configuration (no SecStr restriction)

: | Stage 1. Fold 100 tirmes with trirers from entire PDB

} Stage 2. Refine each Stage 1 end structure
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Starting state (no 2° structure restriction)
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Repeat until no rurtner fixing is possible
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Ramachandran map for A-G-K with SecStr A-A-A
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Ramachandran map for A-G-K with SecStr O-O-O
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Ramachandran map for A-G-K with SecStr C-C-E




ldcj sequence DHTLDALGLRCPEPVMMVRKTVRNMQPGETLLIIADDPATTRDIPGFCTFMEHELVAKETDGLPYRYLIRKG
X
gﬂamachandran map for I-P-G with SecStr A-A-/ Ramachandran map for E-H-E with SecStr A-A-A Ramachandran map for A-K-E with SecStr A-A-A
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Q3 2° structure accuracy 3° structure accuracy
Q3 (Q8) % accuracy Lowest (Best), A

PDB Length Fold ItFix SPEED SSPro PSIPRED ItFix ItFix SPEED
code

1af7 97 (86) 94 (87) 86 (81) 2.9 (2.5) 4.0(2.0)
1b72 88 (84) 98 (92) 68 (72) 3.5 (1.6) 3.3(1.3)

1lcsp 79 (67) 87 (70) 75 (67) 10.5 (6.0) 9.8 (4.7)

1dcj 45 (29) 83 (65) 65 (56) 13.3(7.6) 5.5(4.3)

1mky 86 (70) 83 (65) 87 (71) 6.9 (6.1) 7.8 (4.3)
1r69 93 (89) 98 (89) 74 (72) 4.2 (2.4) 4.0(2.3)
1shfA 76 (56) 71(51) 85 (69) 12.2 (6.7) 6.5 (5.5)

1tif 89 (79) 91 (81) 76 (70) 11.3 (4.2) 5.2(3.5)

1tig 83 (70) 88 (81) 69 (67) 6.4 (5.3) 6.4 (4.5)

1ubq 92 (69) 94 (68) 88 (67) 5.3(3.1) 2.6 (1.9)
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Conclusions

We couple the formation of tertiary structure and the identification of
secondary structure to improve both types of structure prediction

Goal: Predict secondary structures — Exceed the 90% barrier... without
homology

Future applications:
Improved ab initio structure prediction

Future improvements: Bigger proteins, multi-domain, docking, design
Better energy functions = better folding and predictions
Use SWAXS data from APS/ANL to aid theory
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