Biology as a Search Problem Preamble: Protein Folding

Milo Lin

Green Center for Systems Biology

Department of Biophysics

Center for Alzheimer's & Neurodegenerative Diseases

A

Mario Di Salvo

b, 4 Levent Sarl )
§ Ph.D. Ph.D. ﬂmmm@ 7 pdaanp it
L S
3 * 3 Ross
e oot {0 !".':'-- )
»
Peimary §171 Bituure Berostary £ Skt Turtiney 13} Stoucturs

2™ A1 eigh Manley

Paul Blazek
MSTP

Many states in protein conformation space How Do Proteins Fold So Quickly?
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...but life chooses only a few

Lin & Zewail, PNAS 2012



Many states in protein conformation space

How Do Proteins Fold So Quickly?
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FOLOMG \ AGGRIGATION

...there is a tength limit ...but life chooses only a few

Lin & Zewail, PNAS 2012

The amyloid is the easiest to see

Unraveling how protein aggregation leads to
Alzheimer’s Disease
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...and what kind of aggregate causes disease?
Schidt et al, PIVAS 2015



Much effort has focused on the amyloid

...yet drugs targeting the amyloid havs all failed

There are many good guesses of the oligomer structure

E

1* s “ .°,.\/»‘ & e
: 7 (5‘,; vy
i s W

=)

’
2 fisheel axd

fshaal ams

il

g -&f
o~
R f{“iﬁ .4 % m -

Petkova, Leap 1, Guo, Yau, Matt Tycko, Science 2005
Luhrs et al, PNAS 2005

Ahmed et al, Nature Struc Mol Biol 2010
Spencer, Li, Nowick, J Am Chem Soc 2014

In fact, the oligomers seem to be the toxic agents
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perhaps we should find and target oligomer structure

There are many good guesses of the oligomer structure
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...but we do not yet know the structure(s)



Simulating protein folding using Newtonian mechanics Potential £nergy
Emplrical Furce Field (¢.9., CHARMM, OPLS, Amber, (MMFF))
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Simulating protein folding using Newtonian mechanics This is hard to compute for two main reasons:
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1. Conformational space is huge

energy barriers of a few tens of kT are common for proteins

Lindorff-Larsen et ai, Science 2011 Lin et. al, PNAS 2011, 2012, 2014



Tackling challenge |
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...there is folding symmetry
that we can exploit

Tackling challenge I

Metadynamics

né metadynanics

Barduccs, Bussi and
Parrinel
PRL

Las0 and Parrnello,
PNAS (2002)

This works for a toy problem...
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NO SYMMETRY CONSTRAINT
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Areal free energy landscape for protein folding and aggregation
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