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Proteins are dynamic — they do not remain in a single, static conformation. 0 @ N 0%y =E [, X, ] Eigenvectors R
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Proteins exist in an ensemble of conformations, continually interconverting o ——— N S
between conformations with varying energies. This ensemble of i N————
conformations has a certain distribution that can be described by the Extension () SuentOpion n SteteBiooey Figure 9: Three-state conformation graph of bovine pancreatic trypsin inhibitor (BPTI) using a
underlying free-energy landscape. This landscape exists in some extreme Figure 6: tICA Algorithm 1 ms simulation trajectory.™*
high-dimensional phase space of atomic motions. Often, the landscape is Figure 2: Free-Energy Landscape of Protein Conformations (1) Evaluate each basis function on all configurations sampled in a trajectory, (2) estimate 324,
approximated in a highly-reduced view but in recent years it has been A. Schematic energy landscape for three-state protein conformations. B. Simplified energy covariance and time-lagged covariance matrix, (3) compute eigenvalues/eigenvectors, (4)
explored more directly through the use of molecular dynamics (MD) landscape.3 project data matrix onto the eigenfunctions.
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graph can be obtained. Forces Fiz~0E 0% Figure 10: Three-state conformation graph of a peptide-major histocompatibility class I
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MSM and thfe resultlng conformqtlon graph_. These co_nfqrmatlon graphs Figure 3: Example MD Algorithm and MSM | |
provide the link required to begin formulating a description through the A. Basic MD algorithm.4 B. Simple Markov state model.? Figure 7: Clustering Methods
Gunawardena lab’s linear framework. A. Geometric clustering — k-means.8 B. Kinetic clustering — Perron cluster analysis.® C. 3000- Q
) ) ) ) ) ) state model constructed using k-means and then coarse-grained to a 10-state model using Figure 11: Coarse-grained conformation graph of the bacterial ribonuclease barnase and its
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The Linear Framework From Free Energy to Markov Model
A oL e Future Work
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separation in biochemical systems. It is based on graph theory and T T | T Moo T v (NS | <ariccivsw Just as protein conformational ensembles can be_ descrlb_ed by the
polynomial algebra. The framework allows for the elimination of the oo y feaure — o free-energy landscape, so too can allostery. As its role in cellular
overwhelming molecular complexity found in cellular mechanisms such as Crapmanslmogoro information processing becomes clearer, the subject of allosteric
allostery, post-translational modification, and gene regulation, and the regulation seems ripe for mathematical reconsideration. In trying to
construction of mathematical representations of how these mechanisms 7 B 4 o : j‘@’ represent allostery in terms of a graph, we know the ratios of the rate
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A labeled directed graph, G, gives rise to a system of linear differential equations by . . . A e —— ° ki ] e Figure 12: Basic Combined
treating each edge as a first-order chemical reaction under mass-action kinetics, with Figure 4: D|§Cret|zat|on (_)f State Spa_lce _ _ _ A Kntionag s ; Graph Example:
the label as rate constants. The corresponding matrix is the Laplacian of G. The true continuous dynamics (dashed line) is projected onto the discrete state space. F | -
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Theorem? Let X be any continuous time, finite-state space Markov process S ' £ C??
that is time homogenous, for which transition rates may be determined by: a 04 [ 1109 ;
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