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Research overview
My research focuses on redesigning the way we develop small molecules for chemical biology and drug dis-
covery and bringing rigorous atomistic modeling into the high-throughput biology and genomics era. By
combining novel algorithmic advances to achieve orders-of-magnitude efficiency gains with powerful but in-
expensive GPU hardware and distributed computing technologies, I am developing a new generation of tools
and open source software packages for predicting small molecule binding affinities, designing small molecules
with desired properties, quantifying drug sensitivity or resistance of clinical mutations, and understanding
the detailed structural mechanisms underlying oncogenic mutations. As a coremember of the Folding@home
Consortium, my lab harnesses the computing power of hundreds of thousands of volunteers around the world
to study functional implications of mutations and new opportunities for therapeutic design against cancer
targets. Using automated biophysical measurements, we collect new experimental data targeted to advance the
quantitative accuracy of ourmethodologies, and gather new insight into drug susceptibility and resistance in
kinases and other cancer targets. Myworkmakes extensive use of scalable Bayesian statistical inferencemeth-
ods and information theoretic principles for designing experiments and quantifying error. I am passionate about
open science, disseminating software engineering best practices, andmaximizing research reproducibility.
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Submitted and Under Review

Submitted · bioRxiv
Rafal P.Wiewiora†, Shi Chen†, FanwangMeng, Nicolas Babault, AnqiMa,Wenyu Yu, KunQian, HaoHu, Hua Zou, JunyiWang,
Shijie Fan, Gil Blum, Fabio Pittella-Silva, Kyle A. Beauchamp,Wolfram Tempel, Hualing Jiang, Kaixian Chen, Robert Skene, Y.
George Zheng, Peter J. Brown, Jian Jin, Chodera JD ‡, andMinkui Luo‡

The dynamic conformational landscapes of the proteinmethyltransferase SETD8
In this work, we show how targeted X-ray crystallography using covalent inhibitors and depletion of native ligands to reveal structures of
low-population hidden conformations can be combined with massively distributed molecular simulation to resolve the functional
dynamic landscape of the protein methyltransferase SETD8 in unprecedented atomistic detail. Using an aggregate of six milliseconds of
fully atomistic simulation from Foldinghome, we useMarkov state models to illuminate the conformational dynamics of this important
epigenetic protein.

Submitted ·
PaulinaM.Wojnarowicz, Raquel Lima e Silva, Masayuki Ohanka, Sang Bae Lee, Yvette Chin, Anita Kulukian, Sung-Hee Chang,
Bina Desai, Marta Garcia Escolano, Riddhi Shah, Marta Garcia-Cao, Sijia Xu, Rashmi Thakar, Yehuda Goldgur, Meredith A.Miller,
OuathekOuerfelli, Guangli Yang, Tsutomu Arakawa, Steven K. Albanese,William A. Garland, Glenn Stoller, Jaideep Chaudhary,
Rajesh Soni, John Philip, Ronald C. Hendrickson, Antonio Iavarone, Andrew J. Dannenberg, Chodera JD , Nikola Pavletich, Anna
Lasorella, Peter A. Campochiaro, and Robert Benezra
A novel small-molecule pan-Id antagonist inhibits pathologic ocular neovascularization
We report the discovery and characterization of a small molecule, AGX51, with the surprising ability to inhibit the interaction of Id1 with
E47, which leads to ubiquitin-mediated degradation of Ids.

Submitted · bioRxiv
Minuesa G, Albanese SK, ChowA, Schurer A, Park SM, Rotsides CZ, Taggart J, Rizzi A, Naden LN, Chou T, Gourkanti S, Cappel D,
Passarelli MC, Fairchild L, Adura C, Glickman FJ, Schulman J, Famulare C, PatelM, Eibl JK, Ross GM, TanDS, Leslie CS, Beeming T,
Golgur Y, Chodera JD , and KharasMG.
Small-molecule targeting ofMUSASHI RNA-binding activity in acutemyeloid leukemia
We use absolute alchemical free energy calculations to identify the likely interaction site for a small hydrophobic ligand that shows
activity against MUSASHI in AML.

Published and In Press
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Cell Chemical Biology, in press ·
Hanson SM⇤, Georghiou G⇤, MillerWT, Rest JS, Chodera JD ‡, and SeeligerMA‡
Whatmakes a kinase promiscuous for inhibitors?
Using a combination of chemogenomics, structural biology, and molecular simulation approaches, we identify a set of human kinases that
are especially promiscuous binders of small molecule kinase inhibitors, and show that a prototypical member of this class, DDR1, achieves
this promiscuity by virtue of its more stable Asp-DFG-out conformation.

Journal of Chemical Theory and Computation, in press · chemRxiv
Zanette C, Bannan CC, Bayly CI, Fass J, GilsonMK, ShirtsMR, Chodera JD , Mobley DL
Toward learned chemical perception of force field typing rules
We show howmachine learning can learn typing rules for molecular mechanics force fields within a Bayesian statistical framework.
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Journal of Chemical Theory and Computation, in press ·DOI
SwensonDWH, Prinz JH, Noé F, Chodera JD , and Bolhuis PG
OpenPathSampling: A Python framework for path sampling simulations. I. Basics
Tomake powerful path sampling techniques broadly accessible and efficient, we have produced a new Python framework for easily
implementing path sampling strategies (such as transition path and interface sampling) in Python. This first publication describes some of
the theory and capabilities behind the approach.

Journal of Chemical Theory and Computation, in press ·DOI
SwensonDWH, Prinz JH, Noé F, Chodera JD , and Bolhuis PG
OpenPathSampling: A Python framework for path sampling simulations. II. Building and
customizing path ensembles and sample schemes
Tomake powerful path sampling techniques broadly accessible and efficient, we have produced a new Python framework for easily
implementing path sampling strategies (such as transition path and interface sampling) in Python. This second publication describes
advanced aspects of the theory and details of how to customize path ensembles.

Journal of Chemical Theory and Computation 14:6076, 2018 ·DOI
MobleyDL‡, Bannan CC, Rizzi A, Bayly CI, Chodera JD , LimVT, LimNM, BeauchampKA, ShirtsMR, GilsonMK, and Eastman PK
Escaping atom types using direct chemical perceptionwith SMIRNOFF v0.1
We describe the philosophy behind a modern approach to molecular mechanics forcefield parameterization, and present initial results for
the first SMIRNOFF-encoded forcefield: SMIRNOFF99Frosst.

Journal of Computer AidedMolecular Design 32:937, 2018. ·DOI
Rizzi A, Murkli S, McNeill J, YaoW, SullivanM, GilsonMK, ChiuMW, Isaacs L, Gibb BC,Mobley DL‡, and Chodera JD ‡
Overview of the SAMPL6 host-guest binding affinity prediction challenge
We present an overview of the host-guest systems and participant performance for the SAMPL6 host-guest blind affinity prediction
challenges, assessing howwell various physical modeling approaches were able to predict ligand binding affinities for simple ligand
recognition problems where receptor sampling and protonation state effects are eliminated due to the simplicity of supramolecular hosts.
We find that progress is now stagnated likely due to force field limitations.

Journal of Computer AidedMolecular Design 32:1117, 2018 ·DOI
IsikM, Levorse D, Rustenburg AS, Ndukwe IE,WangH, ReibarkhM,Martin GE,Makarov AA,Mobley DL, Rhodes T‡, and
Chodera JD ‡
pKameasurements for the SAMPL6 prediction challenge for a set of kinase inhibitor-like
fragments
The SAMPL5 blind challenge exercises identified neglect of protonation state effects as a major accuracy-limiting factor in physical
modeling of biomolecular interactions. In this study, we report the experimental measurements behind a SAMPL6 blind challenges in
which we assess the ability of community codes to predict small molecule pKas for small molecule resembling fragments of selective
kinase inhibitors.
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Communications Biology 1:70, 2018 ·DOI
Hauser K, Negron C, Albanese SK, Ray S, Steinbrecher T, Abel R, and Chodera JD , andWang L
Predicting resistance of clinical Abl mutations to targeted kinase inhibitors using alchemical
free-energy calculations
We show how alchemical free energy calculations can be used to predict whether clinical point mutations in human kinase domains
confer resistance or susceptibility to targeted kinase inhibitors.

Biochemistry 57:4675, 2018 ·DOI
Albanese SK*, Parton DL*, IsikM†, Rodríguez-Laureano L†, Hanson SM, Gradia S, Jeans C, Levinson NM, SeeligerM, and
Chodera JD
An open library of human kinase domain constructs for automated bacterial expression
To establish a tractable experimental system for studying the biophysical determinants of selective kinase inhibitor resistance in clinical
cancer mutations, we engineer a library of human kinase domains with useful bacterial expression with phosphatase coexpression.

PLOS ONE 3(9): e0203224, 2018 ·DOI
Nguyen TH, Rustenburg AS, Krimmer SG, Zhang H, Clark JD, Novick PA, Branson K, Pande VS, Chodera JD ‡, MinHDDL‡
Bayesian analysis of isothermal titration calorimetry for binding thermodynamics
We show how Bayesian inference can produce greatly improved estimates of statistical uncertainty from isothermal titration calorimetry
(ITC) experiments, allowing the joint distribution of thermodynamic parameter uncertainties to be inferred.
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Nature 559:125, 2018 ·DOI
Intlekofer AM*, Shih AH*,Wang B, Nazir A, Rustenburg AS, Albanese SK, PatelM, Famulare C, Correa FM, ArcilaME, Taylor J,
TallmanMS, RoshalM, Petsko GA, Chodera JD , Thompson CB‡, Levine RL‡, Stein, EM‡
Acquired resistance to IDH inhibition through trans or cis dimer-interfacemutations
Clinical double mutations acting in trans in cancer patients receiving IDH2 inhibitors act through a novel biophysical mechanism.
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Figure 2. Different numerical integrators introduce different error structure in phase space,
illustrated in a double-well system. Here, we illustrate the timestep-dependent discretization error
introduced by four integrators on a 1D double-well potential [U(x) � x6 + 2 cos(5(x + 1))].
The top row of 2D contour plots illustrates the difference between the phase-space density �(x, v)

sampled at the maximum timestep considered (�t = 0.7, close to the stability limit) and the equilibrium
density �(x, v); solid lines indicate positive contours, while dashed lines indicate negative contours.
The bottom row of 1D density plots shows timestep-dependent perturbation in the sampled marginal
distribution in configuration space, �x, with the equilibrium distribution �x is depicted as a solid black
line. The sampled marginal distributions �x are shown for increasingly large timesteps, denoted ��t,
depicted by increasingly light dotted lines, for �t = 0.3, 0.6, . . . , 0.7 (arbitrary units). Inspecting the
contour plots suggests that some integrator splittings (especially VRORV) induce error that fortuitously
“cancels out” when the density is marginalized by integrating over v, while the error in other integrator
splittings (ORVRO, OVRVO) constructively sums to amplify the error in configuration space.

Entropy 20:318, 2018 ·DOI
Fass J, Sivak DA, Crooks GE, BeauchampKA, Leimkuhler B, and Chodera JD
Quantifying configuration-sampling error in Langvevin simulations of complexmolecular systems
We address a fundamental question regarding whymolecular dynamics simulation works despite the fact that the use of finite timesteps
leads to error in the sampled probability densities and populations, demonstrating how to measure configuration-space sampling error for
an important class of Langevin integrators widely used in biomolecular simulation.

Journal of Physical Chemistry B 122:5466, 2018 ·DOI
Ross GA, Rustenburg AS, Grinaway PB, Fass J, and Chodera JD
Biomolecular simulations under realistic salt conditions
We show howNCMC can be used to implement an efficient osmostat in molecular dynamics simulations to model realistic fluctuations in
ion environments around biomolecules, and illustrate how the local salt environment around biological macromolecules can differ
substantially from bulk.

Journal of Physical Chemistry 122:5579, 2018 ·DOI
Gill SC, LimNM, Grinaway PB, Rustenburg AS, Fass J, Ross GA, Chodera JD , andMobley DL
BindingModes of Ligands Using Enhanced Sampling (BLUES): Rapid Decorrelation of Ligand
BindingModes Using NonequilibriumCandidateMonte Carlo
Nonequilibrium candidate Monte Carlo can be used to accelerate the sampling of ligand binding modes by orders of magnitude over
instantaneousMonte Carlo.

eLife 7:e32766, 2018 ·DOI
Ruff EF,Muretta JM, Thompson A, Lake E, Cyphers S, Albanese SK, Hanson SM, Behr JM, Thomas DT, Chodera JD , and
Levinson NM
A dynamicmechanism for allosteric activation of Aurora kinase A by activation loop
phosphorylation
Through a combination of FRET, IR, and EPR labeling and large-scale molecular dynamics simulations, we show that phorphorylation
activates Aurora kinase by a novel mechanism that does not simply correspond to a DFG-out to DFG-in population shift, but rather
reorganization of DFG-in subpopulations.
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NatureMaterials 17:361, 2018 ·DOI
Shamay Y, Shah J, TschaharganehDF, Roxbury D, Budhathoki-Uprety J, IjsikM,Mizrachi A, Nawaly K, Sugarman JL, Baut E,
NeimanMR, JohnsonDC, Sridharan R, Chu KL, Rajasekhar VK, Chodera JD , Lowe SW, andHeller DA
Quantitative self-assembly prediction yields targeted nanoparticles
A decision tree based on predicted physical properties and andmolecular descriptors is capable of predicting the assembly of drug/dye
nanoparticles that can be used in tumor-targeted selective kinase inhibitor therapy to minimize on- and off-pathway toxicity.
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Nature Chemical Biology 13:402, 2017 ·DOI
Cyphers S, Ruff E, Behr JM, Chodera JD , and Levinson NM
A conservedwater-mediated hydrogen bond network governs allosteric activation in Aurora
kinase A
Over 50microseconds of aggregate simulation data on Folding@home reveal a surprisingly stable hydrogen bond network underlies
allosteric activation by Tpx2.

Nature Chemical Biology 13:494, 2017 ·DOI
Intlekofer A,Wang B, Liu H, ShahH, Carmona-Fontaine C, Rustenburg AS, Salah S, GunnerMR, Chodera JD , Cross JR, and
Thompson CB
Acidification enhances production of L-2-hydroxyglutarate through alternative substrate use by
dehydrogenase enzymes
At low pH, metabolic enzymes lactate dehydrogenase andmalate dehydrogenase undergo shifts in substrate utilization that have high
relevance to cancer metabolism due to surprisingly simple protonation state effects.
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Journal of Chemical & Engineering Data 62:1559, 2017 ·DOI
Matos GDR, KyuDY, Loeffler HH, Chodera JD , ShirtsMR, andMobley DL
Approaches for calculating solvation free energies and enthalpies demonstratedwith an update of
the FreeSolv database
We review alchemical approaches to computing solvation free energies and update FreeSolv—themost popular database of hydration free
energies of neutral molecules—with more computed and experimental properties.

PLoS Computational Biology 13:e1005659, 2017 ·DOI
Eastman P, Swails J, Chodera JD , McGibbon RT, Zhao Y, Beauchamp KA,Wang LP, Simmonett AC, HarriganMP, Brooks BR, and
Pande VS
OpenMM7: Rapid development of high performance algorithms formolecular dynamics
The latest version of the GPU-accelerated molecular simulation OpenMM features a variety of incredibly flexible but fast tools for rapidly
prototyping, evaluating, and deploying new simulation algorithms.

PLoS Computational Biology 12:e1004728, 2016 ·DOI
Parton DL, Grinaway PB, Hanson SM, BeauchampKA, and Chodera JD
Ensembler: Enabling high-throughputmolecular simulations at the superfamily scale
We demonstrate a new tool that enables—for the first time—massively parallel molecular simulation studies of biomolecular dynamics at
the superfamily scale, illustrating its application to protein tyrosine kinases, an important class of drug targets in cancer.

Journal of Clinical Investigation 126:3529, 2016 ·DOI
Xu J, PhamCG, Albanese SK, Dong Y, Oyama T, Lee CH, Rodrik-Outmezguine V, Yao Z, Han S, ChenD, Parton DL, Chodera JD ,
Rosen N, Cheng EH, andHsieh JJ
Mechanistically distinct cancer-associatedmTOR activation clusters predict sensitivity to
rapamycin
We use massively parallel distributed molecular simulations on Folding@home to probe the mechanism activating mutations of the mTOR
kinase identified in clinical populations.

�

FIG. 3. Bias-variance tradeo� for fixed equilibration time
versus automatic equilibration time selection. Trajectories of
length T = 2000� for the argon system described in Figure � were
analyzed as a function of equilibration time choice t0, with col-
ors denoting the value of t0 (in units of � ) corresponding to each
plotted point. Using ��� replicate simulations, the average bias
(average deviation from true expectation) and standard deviation
(random variation from replicate to replicate) were computed as
a function of a prespecified fixed equilibration time t0, with colors
running from violet (0 � ) to red (1800 � ). As is readily discerned,
the bias for small t0 is initially large, but minimized for larger t0. By
contrast, the standard error (a measure of variance, estimated here
by standard deviation among replicates) grows as t0 grows above
a certain critical time (here, � 90 � ). If the t0 that maximizes Ne�

is instead chosen individually for each trajectory based on that tra-
jectory’s estimates of statistical ine�iciency g[t0,T ], the resulting
bias-variance tradeo� (black triangle) does an excellent job min-
imizing bias and variance simultaneously, comparable to what is
possible for a choice of equilibration time t0 based on knowledge
of the true bias and variance among many replicate estimates.

Bias-variance tradeo�. How will the simple strategy of���

selecting the equilibration time t0 using Eq �� work for cases���

where we do not know the statistical ine�iciency g as a func-���

tion of the equilibration time t0 precisely? When all that is���

available is a single simulation, our best estimate of gt0 is���

derived from that simulation alone over the span [t0, T ]—���

will this a�ect the quality of our estimate of equilibration���

time? Empirically, this does not appear to be the case—���

the black triangle in Figure � shows the bias and variance���

contributions to the error for estimates computed over the���

��� replicates where t0 is individually determined from each���

simulation using this simple scheme based on selecting t0���

to maximize Ne� for each individual realization. Despite not���

having knowledge about multiple realizations, this strategy���

e�ectively achieves a near-optimal balance between mini-���

mizing bias without increasing variance.���

Overall RMS error. How well does this strategy perform���

in terms of decreasing the overall error �Â[t0,T ] compared���

to �Â[0,T ]? Figure � compares the expected standard er-���

ror (denoted �Â) as a function of a fixed initial equilibration���

time t0 (black line with shaded region denoting ��% confi-���

dence interval) with the strategy of selecting t0 to maximize���

Ne� for each realization (red line with shaded region de-���

noting ��% confidence interval). While the minimum error���

for the fixed-t0 strategy (�.�����±�.�����) is achieved at���

90 �—a fact that could only be determined from knowledge���

of multiple realizations—the simple strategy of selecting t0���

using Eq. �� achieves a minimum error of �.�����±�.�����,���

only ��% worse (compared to errors of �.�����±�.�����, or���

���% worse, should no data have been discarded).���

DISCUSSION���

The scheme described here—in which the equilibration���

time t0 is computed using Eq. �� as the choice that maxi-���

mizes the number of uncorrelated samples in the produc-���

tion region [t0, T ]—is both conceptually and computation-���

ally straightforward. It provides an approach to determining���

the optimal amount of initial data to discard to equilibration���

in order to minimize variance while also minimizing initial���

bias, and does this without employing statistical tests that���

require generally unsatisfiable assumptions of normality of���

the observable of interest. As we have seen, this scheme em-���

pirically appears to select a practical compromise between���

bias and variance even when the statistical ine�iciency g is���

estimated directly from the trajectory using Eq. ��.���

A word of caution is necessary. One can certainly envision���

pathological scenarios where this algorithm for selecting an���

optimal equilibration time will break down. In cases where���

the simulation is not long enough to reach equilibrium—let���

alone collect many uncorrelated samples from it—no choice���

of equilibration time will bestow upon the experimenter the���

ability to produce an unbiased estimate of the true expecta-���

tion. Similarly, in cases where insu�icient data is available���

for the statistical ine�iciency to be estimated well, this al-���

gorithm is expected to perform poorly. However, in these���

cases, the data itself should be suspect if the trajectory is���

not at least an order of magnitude longer than the minimum���

estimated autocorrelation time.���

SIMULATION DETAILS���

All molecular dynamics simulations described here were���

performed with OpenMM �.� [��] (available at openmm.org)���

using the Python API. All scripts used to retrieve the so�ware���

versions used here, run the simulations, analyze data, and���

generate plots—along with the simulation data itself and���

scripts for generating figures—are available on GitHub�.���

� All Python scripts necessary to reproduce this work—along with data
plotted in the published version—are available at:

. CC-BY 4.0 International licensethis preprint is the author/funder. It is made available under a 
The copyright holder for; http://dx.doi.org/10.1101/021659doi: bioRxiv preprint first posted online June 29, 2015; 
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Chodera JD
A simplemethod for automated equilibration detection inmolecular simulations
We present a simple approach to automatically determining the equilibrated region of a molecular simulation, a longstanding challenge
formerly without a good solution.

Journal of Computer AidedMolecular Design, 30:945, 2016 ·DOI
Rusteburg AS, Dancer J, Lin B, Ortwine D,Mobley DL, and Chodera JD
Measuring cyclohexane-water distribution coefficients for the SAMPL5 challenge
To test the accuracy of physical modeling techniques in predicting free energies of transfer between aqueous and nonpolar solvents, we
worked with Genentech to develop a new protocol to measure cyclohexane-water distribution coefficients for 53 druglike compounds at
pH 7.4, fielding a blind community challenge as part of the SAMPL5 exercise. A special issue of JCAMDwas published with 16 papers
describing various approaches used by participants to predict this data and understand their failures.

�

FIG. �: Measured (ThermoML) versus predicted (GAFF /
AM�-BCC) inverse static dielectrics (a). Simulation error
bars represent one standard error of the mean estimated

via circular block averaging [��] with block sizes
automatically selected to maximize the error [��].

Experimental error bars indicate the larger of standard
deviation between independently reported measurements

and the authors reported standard deviations; for some
measurements, neither uncertainty estimate is available.
See Fig. � for further discussion of error. See Section III B �
for explanation of why inverse dielectric constant (rather

than dielectric constant) is plotted. For nonpolar liquids, it
is clear that the forcefield predicts electrostatic

interactions that are substantially biased by missing
polarizability. Plots of dielectric constant versus

temperature grouped by chemical species are available in
Fig. �.

IV. DISCUSSION���

A. Mass densities���

Our simulations have indicated the presence of system-���

atic density biases with magnitudes larger than the mea-���

surement error. Correcting these errors may be a low-���

hanging fruit for future forcefield refinements. As an exam-���

ple of the feasibility of improved accuracy in densities, a re-���

cent three-point water model was able to recapitulate water���

density with errors of less than �.��� g / cm3 over temper-���

ature range [��� K, ��� K] [��]. This improved accuracy in���

density prediction was obtained alongside accurate predic-���

tions of other experimental observables, including static di-���

electric constant. We suspect that such accuracy might be���

obtainable for GAFF-like forcefields across some portion of���

chemical space. A key challenge for the field is to demarcate���

the fundamental limit of fixed-charge forcefields for predict-���

ing orthogonal classes of experimental observables. For ex-���

ample, is it possible to achieve a relative density error of���

10�4 without sacrificing accuracy of other properties such���

as enthalpies? In our opinion, the best way to answer such���

questions is to systematically build forcefields with the goal���

of predicting various properties to within their known exper-���

imental uncertainties, similar to what has been done for wa-���

ter [��, ��].���

B. Dielectric constants in forcefield parameterization���

A key feature of the static dielectric constant for a liquid���

is that, for forcefield purposes, it consists of two very di�er-���

ent components, distinguished by the dependence on the���

fixed charges of the forcefield and dynamic motion of the���

molecule. One component, the high-frequency dielectric���

constant, arises from the almost-instantaneous electronic���

polarization in response to the external electric field: this���

contributes a small component, generally around � = 2,���

which can be dominant for non-polar liquids but is com-���

pletely neglected by the non-polarizable forcefields in com-���

mon use for biomolecular simulations. The other compo-���

nent arises from the dynamical response of the molecule,���

through nuclear motion, to allow its various molecular mul-���

tipoles to respond to the external electric field: for polar liq-���

uids such as water, this contributes the majority of the di-���

electric constant. Thus for polar liquids, we expect the pa-���

rameterized atomic charges to play a major role in the static���

dielectric.���

Recent forcefield development has seen a resurgence���

of papers fitting dielectric constants during forcefield pa-���

rameterization [��, ��]. However, a number of authors���

have pointed out potential challenges in constructing self-���

consistent fixed-charge forcefields [��, ��].���

Interestingly, recent work by Dill and coworkers [��] ob-���

served that, for CCl4, reasonable choices of point charges���

are incapable of recapitulating the observed dielectric of���

� = 2.2, instead producing dielectric constants in the range���

of 1.0 � � � 1.05. This behavior is quite general: fixed���

point charge forcefields will predict � � 1 for many non-���

polar or symmetric molecules, but the measured dielectric���

constants are instead � � 2 (Fig. �). While this behavior is���

well-known and results from missing physics of polarizabil-���

ity, we suspect it may have several profound consequences,���

which we discuss below.���

Suppose, for example, that one attempts to fit force-���

field parameters to match the static dielectric constants of���

CCl4, CHCl3, CH2Cl2, and CH3Cl. In moving from the���

tetrahedrally-symmetric CCl4 to the asymmetric CHCl3,���

it suddenly becomes possible to achieve the observed di-���

electric constant of �.� by an appropriate choice of point���

charges. However, the model for CHCl3 uses fixed point���

charges to account for both the permanent dipole moment���

and the electronic polarizability, whereas the CCl4 model���

contains no treatment of polarizability. We hypothesize that���

this inconsistency in parameterization may lead to strange���
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Cell Metabolism 22:1–8, 2015 ·DOI
Intlekofer AM, Dematteo RG, Venetti S, Finley LWS, Lu Chao, Judkins AR, Rutenburg AS, Grinaway PB, Chodera JD , Cross JR,
and Thompson CB
Hypoxia introduces production of L-2-Hydroxyglutarate
Molecular docking is used to demonstrate the potential for alternative substrate usage by isocitrate dehydrogenases under hypoxic
conditions in cancer.

JOHN D. CHODERA - SLOAN KETTERING INSTITUTE - 5

http://dx.doi.org/10.1021/acs.jced.7b00104
https://doi.org/10.1371/journal.pcbi.1005659
http://dx.doi.org/10.1371/journal.pcbi.1004728
https://doi.org/10.1172/JCI86120
http://dx.doi.org/10.1021/acs.jctc.5b00784
http://dx.doi.org/10.1007/s10822-016-9971-7
https://drugdesigndata.org/about/sampl5
http://t.co/xhoJzSQKo0
http://dx.doi.org/10.1016/j.cmet.2015.06.023


Journal of Physical Chemistry B, 118:6466–6474, 2014. WilliamC. Swope Festschrift ·DOI
Sivak DA, Chodera JD , and Crooks GE
Time step rescaling recovers continuous-time dynamical properties for discrete-time Langevin
integration of nonequilibrium systems
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SUMMER 2017 Molecular Software Sciences Institute

CBM Journal ClubModeratorTRI-I
2015–2018 Tri-I Computational Biology andMedicine Program

BCMBBiochemistryWCMC
2018– WCMCGraduate School ofMedical Sciences (statistical mechanics and thermodynamics unit)

Grant Reviews and Study Sections

NIH

Macromolecular Structure and Function B [MSFB] (early career reviewer)

NSF

Ad hoc reviewer and virtual panel member for Chemical Theory, Models, and ComputationalMethods (CTMC)

Conferences organized

CompBioMed 2019LONDON, UK
SEP 2019 IET London

MolKin 2019: Molecular Kinetics: Sampling, Design andMachine LearningBERLIN, GERMANY

MAY 2019 Freie Universität Berlin, Germany

Free EnergyMethods andMolecular Kinetics in Drug DesignWorkshopBOSTON,MA
MAY 2018 Novartis, Cambridge, MA

MolSSIWorkshop onWorkflows in Biomolecular SimulationSAN FRANCISCO, CA
SEP 2017 Autodesk

SMML//2017: Statistical Mechanics //Machine LearningBERKELEY, CA
JAN 2017 University of California, Berkeley

Free EnergyMethods in Drug DesignWorkshopBOSTON,MA
MAY 2016 Vertex Pharmaceuticals, Boston,MA

Markov StateModels in Drug DesignWorkshopCAMBRIDGE, MA
MAY 2016 Novartis, Cambridge, MA

WorldMolecular KineticsWorkshop 2015BERLIN, GERMANY

SEP 2015 Freie Universität Berlin, Germany

Free EnergyMethods in Drug DesignWorkshopBOSTON,MA
MAY 2014 Vertex Pharmaceuticals, Boston,MA

WorldMolecular KineticsWorkshop 2013BERLIN, GERMANY

SEP 2013 Freie Universität Berlin, Germany

Free EnergyMethods in Drug DesignWorkshopCAMBRIDGE, MA
MAY 2012 Vertex Pharmaceuticals, Cambridge, MA

WorldMolecular KineticsWorkshop 2011BERLIN, GERMANY

SEP 2011 Freie Universität Berlin, Germany

Free EnergyMethods in Drug DesignWorkshopCAMBRIDGE, MA
MAY 2010 Vertex Pharmaceuticals, Cambridge, MA

WorldMolecular KineticsWorkshop 2009BERLIN, GERMANY

MAY 2009 Freie Universität Berlin, Germany
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Recent Invited Talks
SEMINARS

What will it take to predict kinase inhibitor selectivity and resistance using computational physical modeling?PHILADELPHIA, PA
4OCT 2018 Fox Chase Cancer Center

Predicting porin permeation for antimicrobial drug developmentWALTHAM,MA
15 AUG 2018 Entasis Therapeutics

Redesigning drug designGÖTTINGEN, GERMANY

18 JUL 2018 Max Planck Institute for Biophysical Chemistry
Redesigning drug design: Selectively targeting the kinome and beyondBERLIN, GERMANY

17 JUL 2018 Charité
Can free energy really be free? The state of open source absolute and relative free energy calculationsDARMSTADT, GERMANY

8 JUL 2018 Merck KGaA
What will it take to predict kinase inhibitor selectivity and resistance using computational physical modeling?CAMBRIDGE, MA

22MAY 2018 BlueprintMedicines
Redesigning drug design: Selectively targeting the kinome and beyondCAMBRIDGE, MA

21MAY 2018 Pfizer
Redesigning drug design: Selectively targeting the kinome and beyondSAN FRANCISCO, CA

12 APR 2018 Pharmaceutical Chemistry Departmental Seminar, UCSF
Selective kinase inhibition and emergence of resistancemutations in cancer:PORTLAND, OR

9 FEB 2018 Probing driving forces with physical modeling and automated biophysical experiments
Biomedical Engineering Seminar, OHSU
What will it take to predict kinase inhibitor selectivity and resistance using computational physical modeling?MINNEAPOLIS, MN

14DEC 2017 Department of Pharmacology, University ofMinnesota

How can physical modeling play amajor role in drug discovery and biomedicine?STANFORD, CA
27OCT 2017 Vijay Pande group, Stanford University

Markov chainMonte Carlo and nonequilibrium statistical mechanics in drug discoveryNEW YORK, NY
13OCT 2017 AppliedMath Seminar, NYUCourant

Advancing drug design with alchemical free energy calculationsDARMSTADT, GERMANY

18 SEP 2017 Merck Darmstadt

Redesigning drug designMOUNTAIN VIEW, CA
16 JUN 2017 Google Advanced Sciences

Advancing quantitative biophysical predictions with blind challengesRAHWAY, NJ
9MAY 2017 Merck Formulations

Redesigning drug designSAN FRANCISCO, CA
10 APR 2017 Diane Barber lab, UCSF

Is there a use for nonequilibrium statistical mechanics in drug design?BOSTON,MA
14 FEB 2017 HarvardWidely AppliedMath Seminar

Redesigning drug designCOLLEGEVILLE, PA
15DEC 2016 GlaxoSmithKline

Redesigning drug designBETHESDA,MD
8DEC 2016 Bernie Brooks group, NHLBI National Institutes of Health

Redesigning drug designSTANFORD, CA
28OCT 2016 Vijay Pande group, Stanford University

Redesigning drug designBARCELONA, SPAIN
15 SEP 2016 Universitat Pompeu Fabra

Redesigning drug designSLOUGH, UK
13 SEP 2016 UCB Pharma

Alchemical free energy calculations for drug discoveryDARMSTADT, GERMANY

6 SEP 2016 Merck KGaA

Redesigning drug designSAN FRANCISCO, CA
29OCT 2015 Autodesk

Redesigning drug designRAHWAY, NJ
8OCT 2015 Merck

Redesigning drug designCAMBRIDGE, MA
24 JUL 2015
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Novartis

Redesigning drug designTOKYO, JAPAN
3 JUN 2015 University of Tokyo / RCAST

Redesigning drug designWALTHAM,MA
15MAY 2015 AstraZeneca

Redesigning drug designNEWHAVEN, CT
13MAY 2015 Yale Theoretical Chemistry Seminar

Redesigning drug designCHICAGO, IL
15 APR 2015 Illinois Institute of Technology

Making themost of limited data in biophysics:NEW BRUNSWICK, NJ
8 APR 2015 Challenges in single-molecule biophysics, nonequilibrium statistical mechanics, and drug discovery

Rutgers —Department of Statistics and Biostatistics Seminar

MEETINGS AND CONFERENCES

Streamliningmolecular simulation dataSTOCKHOLM

27NOV 2018 BioExcelWorkshop on Interoperability and Reproducibility inMolecular Simulations

What can protein folding teach us about drug discovery?TEMPE, AZ
7OCT 2018 Statistical Physics in Biology

Rare events and large-scale conformational changes in drug discoveryVIENNA, AUSTRIA

2OCT 2018 ECAMWorkshop: Large scale activated event simulations

What can physical modeling tell us about mutational mechanisms of kinase inhibitor resistance?BIDDEFORD,ME
12 JUN 2018 HumanGenetic Variation GRC

Testing the Friesner Conjecture: Are relative free energy calculations alwaysmore efficient than absolute?SANTA FE, NM
8MAR 2018 OpenEye CUP XVIII

The SAMPL6 Challenges: Advancingmolecular modeling accuracy with targeted blind challengesSAN DIEGO, CA
22 FEB 2018 Drug Design Data Resource (D3R)Workshop

Bridging scales in cancerNEW YORK,MA
13NOV 2017 SimonsMPS Conference

Building next-generation forcefields andmoving free energy calculations to the cloudCAMBRIDGE, MA
9NOV 2017 OpenEyeMiniCUP

Next-generation small molecule forcefieldsBERLIN, GERMANY

20 SEP 2017 RDKit User GroupMeeting

Challenges and opportunities for reproducibility and reliability in molecular simulationsGAITHERSBERG,MD
24AUG 2017 MolSSI Best PracticesWorkshop, NIST

Developing GPU-acceleratedmolecular simulation tools with OpenMMand theOmnia ecosystemLEIDEN, NETHERLANDS

15 AUG 2017 ECAMSoftwareWorkshop on Path Sampling

Toward realizing the dream of free-energy based small molecule designTELLURIDE, CO
14 JUL 2017 Telluride Free EnergyWorkshop

What can physical modeling tell us about mutational mechanisms of kinase inhibitor resistance?NEW YORK, NY
2 JUN 2017 NYUGenomics Symposium

The statistical mechanics of drug discoveryTORONTO, CANADA

29MAY 2017 Canadian Society of Chemistry 100th Anniversary NationalMeeting

What can physical modeling tell us about mutational mechanisms of kinase inhibitor resistance?WALTHAM,MA
3MAY 2017 EMBL-EBI Informatics and -omics for Oncology Drug Resistance

Can free energies really be free? Alchemical free energy calculations in the cloudSANTA FE, NM
8MAR 2017 OpenEye CUP XVII

AdvancingQuantitative Biophysical PredictionsHOUSTON, TX
8OCT 2016 Molecular Software Sciences Institute—Biomolecular Simulation

Redesigning drug designLONDON, UK
14 SEP 2016 CCPBioSim—Kings College London

What is required for alchemical free energy calculations to be useful for predicting drug polypharmacology?PHILADELPHIA, PA
23 AUG 2016 ACS Fall NationalMeeting
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Advancing quantitative biophysical predictions: What can be gained from industry-academic data sharing?PHILADELPHIA, PA
22 AUG 2016 ACS Fall NationalMeeting

How canwe combine computation and experiment tomove the field forward?BOSTON,MA
17MAY 2016 Free Energy Calculations in Drug Discovery, Vertex

Redesigning drug designSAN DIEGO, CA
16MAY 2016 ACS SanDiego

Redesigning drug designEDINBURGH, UK
4MAR 2016 International Centre forMathematical Sciences (ICMS)

What will it take to design kinase inhibitors with desired selectivity and resistance profiles?LA JOLLA, CA
1MAR 2016 GTC 11th Protein Kinases in Drug DiscoveryMeeting

Biomolecular software interoperabilityEDINBURGH, UK
19OCT 2015 CECAMSoftware InteroperabilityWorkshop

Reaction coordinates in drug discoveryVIENNA, AUSTRIA

18 SEP 2015 ESI Insight fromMolecular Simulations

Redesigning drug designBERLIN, GERMANY

8 SEP 2015 WorldMolecular KineticsMeeting

Redesigning drug designTOKYO, JAPAN
5 JUN 2015 OpenEye JCUPVI

Redesigning drug designNEW YORK, NY
21 JAN 2015 NewYork Structural Biology Discussion Group
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Funding

All funding sources are publicly available online at http://choderalab.org/funding

ACTIVE

Single-Investigator Grants

NIH 5R01GM121505-02
The role of reorganization energy in achieving selective kinase inhibition
The goal of this project is to probe the role of protein reorganization energy in achieving selectivity in targeted
kinase inhibition with small molecules.
9/1/2017 – 8/31/2022
$196,250 annual direct costs, plus $100,073 administrative supplement awarded in 2018

NSFD3SC EAGERCTMC
A probabilistic framework for automated forcefield parameterization from experimental datasets
The goal of this project is to develop a scalable Bayesian inference infrastructure to parameterizemolecular
mechanics forcefields using experimental datasets.
9/1/2017 – 8/31/2019
$52,030 annual direct costs

Merck KGaACollaboration
Developing automatedworkflows for absolute alchemical free energy calculations
The goal of this project is to develop open source automatedworkflows using absolute alchemical free energy
calculations for use in prioritizing compounds for synthesis in drug discovery applications.
7/26/2016 – 1/25/2019
$90,273 annual direct costs

Relay Therapeutics Collaboration
Development of efficient open source cloud-enabled free energy based lead optimization algorithms and
integrative Bayesianmodel of experimental biophysical andmolecular simulation data
The goal of this project is to develop open source scalable cloudworkflows for lead optimization using relative
and absolute alchemical free energy calculations, as well as Bayesian integrative modeling techniques for
experimental biophysical data andmolecular simulations.
4/5/2018 – 4/5/2019
$74,074 annual direct costs

Entasis Therapeutics Collaboration
Development of efficient equilibrium and nonequilibrium algorithms for predicting small molecule porin
permeationwith potential of mean forcemethods
The goal of this project is to develop algorithms and open source tools for efficient equilibrium and nonequilib-
rium potential of mean force calculations for bacterial porins.
4/5/2018 – 4/5/2019
$74,074 annual direct costs

Parker Institute for Cancer Immunotherapy Pilot Grant
Physics-based computational prediction of cancer-associatedmutantMHC class II epitopes
The goal of this project is to develop algorithms and open source tools for efficient computation ofMHC class II
epitope binding affinities.
4/2/2018 – 4/1/2019
$75,000 annual direct costs
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Fellowships

Rafal P.Wiewiora, TPCBGraduate Student
DODPeer-Reviewed Cancer Research ProgramAward
8/15/2017 – 8/14/2019
direct costs: $75,000/year for stipend and supplies

Chaya Stern, TPCBGraduate Student
MolSSI Phase I Fellowship
7/1/2018 – 12/31/2018
direct costs: $40,000/year stipend

Chaya Stern, TPCBGraduate Student
MolSSI Phase II Fellowship
1/1/2019 – 6/30/2020
direct costs: $40,000/year stipend

MarcusWieder, Postdoctoral Research Fellow
Austrian Schrödinger Stipendium
10/1/2018 – 9/30/2019
direct costs: Fellowship recipient direct paid

Simon Boothroyd, Postdoctoral Research Fellow
XtalPi / Open Force Field ConsortiumDistinguished Postdoctoral Fellowship
10/1/2018 – 9/30/2019
direct costs: Fellowship recipient direct paid

Andrea Rizzi, CBMGraduate Student
MolSSI Open Force Field Predoctoral Fellowship
1/1/2019 – 6/30/2019
direct costs: $20,000/six months stipend support

Collaborative Grants

NIH 1R01GM124270-01A1 (PI: Mobley, UCI)
Advancing predictive physical modeling through focused development of model systems to drive newmod-
eling innovations
The goal of this project is to enable blind community challenges that drive progress toward quantitative accu-
racy in the field of computational physical modeling of drug-receptor interactions.
9/10/2018 – 8/31/2022
$248,334 annual direct costs to collaboration

BIH Einstein Visiting Professorship at the Charité Berlin
Computational polypharmacology: A new paradigm for selectively promiscuous kinase inhibitors
The goal of this project is to develop structure-informed machine learning approaches to predicting kinase
inhibitor polypharmacology for computer-guided small molecule design.
1/1/2019 – 12/31/2021
EUR150,000 annual direct costs to Chodera (via Charité) for Berlin working group
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PENDING

Single-Investigator Grants and Contracts

2019 Pershing Square Sohn Prize for Young Investigators in Cancer Research
Predictingmutational resistance and susceptibility to targeted kinase inhibitors for cancer
The goal of this project is to develop structure-informed machine learning approaches to predicting kinase
inhibitor polypharmacology for computer-guided small molecule design.
1/1/2019 – 12/31/2021
$200,000 annual direct costs for three years

Simons Investigator in theMathematical Modeling of Living Systems Award
Modeling the emergence of drug resistance mutations with equilibrium and nonequilibrium statistical me-
chanics
The goal of this project is to develop and use principles of equilibrium and nonequilibrium statistical mechanics
tomodel the emergence of drug resistancemutations in the target of therapy.
8/1/2019 – 7/31/2024
$132,000 annual direct costs

Fellowships

None

Collaborative Grants

NIH 1R01CA232025-01 (PI: Daniel Heller, MSKCC)
Targeted delivery of kinase inhibitors to RAS-driven GI tumors
The goal of this project is to develop predictive computational models for the design and optimization of
nanoparticles for the targeted delivery of selective kinase inhibitors.
7/1/2019 – 6/31/2024
$450,000 annual direct costs / $88,618 annual direct costs to Chodera

NIH Focused Technology Development R01 1R01GM132386
Open data-driven infrastructure for building biomolecular force fields for predictive biophysics and drug
design
co-pI: Michael Shirts (University of Colorado)
co-Is: DavidMobley (UCI), Lee-PingWang (UCDavis), Michael Gilson (UCSD)
The goal of this project is to develop amodern open infrastructure for building fully consistent biopolymer and
small molecule force fields for drug design and predictive biophysical modeling.
5/1/2019 – 4/30/2023
$105,000 annual direct costs to Chodera

Functional Genomics Initiative
Integrated approaches annotate functions of cancer-associated H3K36methyltransferases
The goal of this project is to use a combined experimental-computational approach to annotate the functional
impact of clinical cancer mutations in H3K36methyltransferases.
co-PIs: Minkui Luo (MSKCC)
12/1/2018 – 11/30/2020
$320,000 annual direct costs / $160,000 annual direct costs to Chodera

NSF CMI (PI: David D. L. Minh, IIT)
Collaborative Research: CDS&E: Elucidating Binding using Bayesian Inference to Integrate Multiple Data
Sources
9/1/2019 – 8/31/2022
$126,779 annual direct costs / $52,438 annual direct costs to Chodera
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COMPLETED

Single-Investigator Grants and Contracts

Gerstner Family Foundation
Louis V. Gerstner, Jr. Young Investigator Award
Dates: 2/1/2013 – 1/30/2016
$75,000 annual direct costs

MSKCC Functional Genomics Initiative (FGI) Rapid Response Grant
Biophysical characterization of clinically-identified kinasemutations
The goal of this project is to quantify the impact of clinically-identified kinase domain mutations on FDA-
approved selective kinase inhibitor binding.
4/1/2016 – 3/31/2016
$25,000 annual direct costs

MSKCC Functional Genomics Initiative (FGI) Rapid Response Grant
Biophysical characterization of clincally-identified K-Rasmutants
The goal of this project is to biophysically characterize clinically-identified K-Rasmutants.
7/1/2016 – 6/30/2016
$25,000 annual direct costs

Astra-Zeneca iMed Collaboration
Evaluating the potential for Markov state models of conformational dynamics to advance quantitative pre-
diction of thermodynamics and kinetics of selective kinase inhibitors
The goal of this project is to evaluate the potential for Markov state models of conformational dynamics to
quantitatively predict the thermodynamics and kinetics of selective kinase inhibitors to CK2 and SYK.
7/30/2015 – 1/30/2017
$117,505 annual direct costs

Silicon Therapeutics Collaboration
Development of efficient open source free energy based lead optimization algorithms
The goal of this project is to develop open source scalable parallel workflows for lead optimization using relative
alchemical free energy calculations.
5/17/2017 – 11/17/2018
$48,655 annual direct costs

Fellowships

Chaya Stern, TPCBGraduate Student
NSFGraduate Research Fellowship
8/1/2015 – 7/30/2018
direct costs: $32,000/year stipend

Mehtap Isik, TPCBGraduate Student
Doris J. Hutchison Fellowship
7/1/2017 – 6/30/2018
direct costs: $38,668/year stipend support

Gregory A. Ross, Postdoctoral Fellow
Molecular Software Sciences Institute (MolSSI) Graduate Research Fellowship
direct costs: $50,000/year stipend support

Steven Albanese, GSKGraduate Student
Summer Internship, Schrödinger
Summer 2017

Ariën S. Rustenburg, PBSBGraduate Student
Summer Internship, Genentech
Summer 2015
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Andrea Rizzi, CBMGraduate Student
Tri-I CBMStudent Stipend Assistance
direct costs: $13,500/year stipend support

Collaborative Grants

2014 Functional Genomics Initiative (PI: James Hsieh, MSKCC)
Characterization of Cancer-derivedmTORMutations for Precision Therapeutics
Thegoal of this project is to understand themechanismunderlying clinically-identifiedmTORactivatingmutants
and evaluate the potential for rapalog therapy to aid the 2% of cancer patients harboringmTORmutations.
5/1/2015 – 4/30/2017
$118,000

2014 STARRCancer Consortium (PI: Minkui Luo,MSKCC)
Designing sinefungin scaffolds as specific proteinmethyltransferase inhibitors
The goal of this project is to use computational techniques that explicitly incorporate proteinflexibility to design
selective inhibitors for protein lysinemethyltransferases.
1/1/2015 – 6/30/2017
$125,000
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Personnel

CURRENT MEMBERS

Postdocs

• Ana Silveira, PhD Federal University of Rio de Janeiro (8/1/2018–)
Integrative modeling of allosteric inhibition; modeling antimicrobial permeation of bacterial porins

• MarcusWieder, PhDUniversity of Vienna (9/1/2018–)
Modeling tautomer shifts upon binding of small druglike molecules

• Hannah BruceMacdonald, PhDUniversity of Southampton (10/1/2018–)
Advanced alchemical free energy methods for drug discovery

• Jiaye Guo, PhD Stony Brook University (10/1/2018–)
Design of selective kinase inhibitors and emergence of resistance

• Simon Boothroyd, PhD Lancaster University (11/1/2018–)
Development of advanced biomolecular force fields for drug discovery

Graduate Students

• Patrick B. Grinaway (7/1/2013–12/31/2018 anticipated)
Program in Physiology, Biophysics, and Systems Biology (PBSB)
Automated lead optimization informed by synthetic accessibility; Relative free energy calculations

• Ariën Sebastian Rustenburg (10/1/2013–12/31/2018 anticipated)
Program in Physiology, Biophysics, and Systems Biology (PBSB)
Constant-pH dynamics; protonation states effects in kinase inhibitors via experiment and theory

• Chaya Stern (4/01/2014–6/30/2019 anticipated)
Tri-Institutional Training Program in Chemical Biology (TPCB)
Analysis of single-molecule biophysical experiments; Bayesian inference for forcefield parameterization

• Mehtap Isik (6/1/2015–12/31/2019 anticipated)
Tri-Institutional Training Program in Chemical Biology (TPCB)
Model experiemntal systems for protein-small molecule recognition; targeted nanoparticle design

• RafalWiewiora (6/1/2015–3/31/2020 anticipated)
Tri-Institutional Training Program in Chemical Biology (TPCB)
Design of selective inhibitors for protein methyltransferases; Markov state modeling

• Steven Albanese (6/1/2015–3/31/2019 anticipated)
Gerstner Graduate Program (GSK)
Free energy calculations to predict kinase inhibitor selectivity and resistance; Biophysics of kinase activation

• Andrea Rizzi (9/1/2015–12/31/2018 anticipated)
Tri-Institutional Program in Computational Biology andMedicine (CBM)
Quantitatively accurate alchemical free energy calculations for kinase inhibitor design

• Joshua Fass (9/1/2015–6/30/2019 anticipated)
Tri-Institutional Program in Computational Biology andMedicine (CBM)
Machine learning and statistical inference for biomolecular dynamics and forcefield parameterization

Technicians

• Erin Grundy (6/1/2018–)
Automated human kinase expression andmeasurements of small molecule kinase inhibitor affinities to mutant
kinases
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PAST TRAINEES

Postdocs

• Levi N. Naden (until 8/10/2018)
Current position: Software Scientist at theNSF-sponsoredMolecular SciencesSoftware Institute (MolSSI)

• SonyaM. Hanson (until 6/30/2017)
Current position: Postdoctoral Researcher with Joachim Frank,Columbia University

• Gregory Ross (until 6/30/2017)
Current position: Senior Scientist, Free EnergyMethods, Schrödinger

• DavidW. H. Swenson (until 12/30/2015)
Current position: Postdoctoral Researcher,Universiteit von Amsterdam

• Daniel L. Parton (until 8/31/2015)
Current position: Lead Data Scientist,Bardess Group

• Kyle A. Beauchamp (until 6/12/2015)
Current position: Computational Research Scientist,Counsyl

• Jan-Hendrik Prinz (until 1/30/2015)
Current position: Digital Solutions Architect,Keylight GmbH

• Sarah E. Boyce (until 10/31/2013)
Current position: Senior Scientist, Drug Discovery Group, Schrödinger

Graduate Students

• JulieM. Behr (1/10/2014–12/31/2016)
Tri-Institutional Program in Computational Biology andMedicine (CBM)
Current position: Transferred to Imielinski lab after publishing three papers with the Chodera lab

Technicians

• Lucelenie Rodriguez (7/1/2015–12/31/2016; 12/4/2017–7/20/2018)
Current position:Medical student, NYU School ofMedicine
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Significant Publications

Submitted · bioRxiv
Rafal P.Wiewiora†, Shi Chen†, FanwangMeng, Nicolas Babault, AnqiMa,Wenyu Yu, KunQian, HaoHu, Hua Zou, JunyiWang,
Shijie Fan, Gil Blum, Fabio Pittella-Silva, Kyle A. Beauchamp,Wolfram Tempel, Hualing Jiang, Kaixian Chen, Robert Skene, Y.
George Zheng, Peter J. Brown, Jian Jin, Chodera JD ‡, andMinkui Luo‡

The dynamic conformational landscapes of the proteinmethyltransferase SETD8
In this work, we show how targeted X-ray crystallography using covalent inhibitors and depletion of native ligands to reveal structures of
low-population hidden conformations can be combined with massively distributed molecular simulation to resolve the functional
dynamic landscape of the protein methyltransferase SETD8 in unprecedented atomistic detail. Using an aggregate of six milliseconds of
fully atomistic simulation from Foldinghome, we useMarkov state models to illuminate the conformational dynamics of this important
epigenetic protein.
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Cell Chemical Biology, in press ·
Hanson SM⇤, Georghiou G⇤, MillerWT, Rest JS, Chodera JD ‡, and SeeligerMA‡
Whatmakes a kinase promiscuous for inhibitors?
Using a combination of chemogenomics, structural biology, and molecular simulation approaches, we identify a set of human kinases that
are especially promiscuous binders of small molecule kinase inhibitors, and show that a prototypical member of this class, DDR1, achieves
this promiscuity by virtue of its more stable Asp-DFG-out conformation.
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Communications Biology 1:70, 2018 ·DOI
Hauser K, Negron C, Albanese SK, Ray S, Steinbrecher T, Abel R, and Chodera JD , andWang L
Predicting resistance of clinical Abl mutations to targeted kinase inhibitors using alchemical
free-energy calculations
The emergence of resistance mutations are a significant problem in precision cancer therapy. With cancer centers now routinely collecting
tumor sequencing panels, it is apparent the vast majority of missense mutations in kinases—for which more than 36 small molecule
inhibitors are available—are very rare, and no information will be available as to whether these mutations might reduce therapeutic
efficacy for some inhibitors by inducing drug resistance. Here, we take the first steps toward using physical modeling to predict
individualized therapeutic response, assessing how accurately the impact of clinical Abl mutations on inhibitor binding affinity can be
predicted. Our results suggest free energy calculations are a promising tool for aiding therapeutic decisionmaking.

eLife 7:e32766, 2018 ·DOI
Ruff EF,Muretta JM, Thompson A, Lake E, Cyphers S, Albanese SK, Hanson SM, Behr JM, Thomas DT, Chodera JD , and
Levinson NM
A dynamicmechanism for allosteric activation of Aurora kinase A by activation loop
phosphorylation
Kinase phosphorylation is canonically believed to induce a conformational change of the DFG loop that borders the ATP binding site from
out to in. Surprisingly, it seems that not all kinases behave this way. Through a combination of FRET, IR, and EPR labeling and large-scale
molecular dynamics simulations, we show that phorphorylation activates Aurora kinase by a novel mechanism that does not simply
correspond to a DFG-out to DFG-in population shift, but rather reorganization of DFG-in subpopulations. This paper follows our prior
report inNature Chemical Biology on the role of Tpx2 in activating a cellular subpopulation of Aurora by another surprising mechanism.

Biochemistry 57:4675, 2018 ·DOI
Albanese SK*, Parton DL*, IsikM†, Rodríguez-Laureano L†, Hanson SM, Gradia S, Jeans C, Levinson NM, SeeligerM, and
Chodera JD
An open library of human kinase domain constructs for automated bacterial expression
To establish a tractable experimental system for studying the biophysical determinants of selective kinase inhibitor resistance in clinical
cancer mutations, we engineer a library of human kinase domains with useful bacterial expression with phosphatase coexpression.

PLoS Computational Biology 12:e1004728, 2016 ·DOI
Parton DL, Grinaway PB, Hanson SM, BeauchampKA, and Chodera JD
Ensembler: Enabling high-throughputmolecular simulations at the superfamily scale
Traditionally, biomolecular simulations has focused on the study of one protein at a time. In the modern genome-enabled,
high-throughput world, however, there is much to be gained by studying entire families, superfamilies, or mutational variants at the same
time. To overcome the lack of tools in our field to make this possible, we developed a new high-throughput pipeline to enable massively
parallel molecular simulation studies of biomolecular dynamics at the superfamily scale, illustrating its application to protein tyrosine
kinases, an important class of drug targets in cancer.
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