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Kurt Vonnegut: He shared the OpenEye mentality

Cat’s Cradle, 1963

“... any scientist who couldn't explain to an
eight-year-old what he was doing was a
charlatan.”
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Drug Discovery Realms

Permeability

Modeling

O OpenEye
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Introduction to permeability

*~ outside the cell

QO&? apixaban

Fick’s model of diffusion

Jm = m(Cin_ Cout)

I

inside the cell Permeability coefficient @Opsgﬂgge



We still have some questions about permeability...

Previously, we developed a method to predict permeability from the klnetlc rate

COMPUTATIONAL CHEMIS...

CO n Sta nt Of m e m b ra n e C rOSS I n g Mechanistic Insights into Passive Membrane Permeability of Drug-like Molecules from

a Weighted Ensemble of Trajectories
She Zhang, Jeff P. Thompson, Junchao Xia, Anthony T. Bogetti, Forrest York, A. Geoffrey Skillman, Lillian T. Chong*, and David N. LeBard*
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We even demonstrated at miniCUPs/JCUP last year that this method can predict
permeability for a wide range of drug-like compounds: statistical analysis of 17 drug like compounds

1) What regions within the membrane causethe | | - 001207 065
permeant molecule to progress or regress? - el

nnnnnnnnnnnnnnnnnnnnn

2) Can we identify a rate-limiting step in the
membrane traversal process?
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Our Welghted Ensemble algorithm for permeability

inside the cell

_________________________________________
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How to gain more insight into a permeation process?

1. Run our weighted ensemble protocol

_________________________________________

2. Understand when a molecule will likely progress or regress %—
(committor analysis) ?
3. Analyze the underlying sub rate constants 3
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Understanding the committor though trajectories

x(t)
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Understanding the committor: Coloring trajectories

----- milestone a

- milestone b




From colored trajectories to discretized states

LU U

t

Now, we can use the information about the time spent in state A
and the time spent in to make a transition matrix (MSM). | O 0pen€ye
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How to predict if a particle P will visit A before B?




Direction of permeation, z

How do we perform committor analysis?
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Generate snapshots using the WE
algorithm (symmetrize!)

Cluster the snapshots to define a set
of (Markov) states

Calculate the transition matrix (K(©))
between the states

Use the transition matrix to calculate

the committor (C): (I — K(©)C = 0

0.5
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Elber, R., et al. (2017). Calculating iso-committor surfaces as optimal reaction coordinates with milestoning. Entropy, 19(5), 219. = cADENCEMOLECULAR SCIENCES



Features used to guild the
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Committor and free energy analysis of sotalol
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MD Feature data for sotalol inlside the membrane
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Committor and free energy analysis of imipramine
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MD Features for imipramine on the other leaflet

Imipramine:
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How do we perform rate analysis?

. Generate weighted (w;) snapshots
using the WE algorithm
(symmetrize!)

Define a set of states of interest
Use WESTPA to analyze the fluxes
into any of those states state (/;_, )

Use the Hill relation to calculate the
rate into any state: k;,; = Ji,;/w;

Direction of permeation, z
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Four state definitions for rate constant analysis
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Permeability rate constants for imipramine

Imipramine: J)

—In P(z) [kT 1]

2.5
7
2.0 >
I
I
1.5 I
| <
I =
| -l
1.0 : >
I
l
0.5 | E
| -l
: >
0.0 :
—-40 -30 -20 -10 0 10 20 30 40 O 2 4

AN
z (A) Log[Rate (1/s)] QOD!E!JEU"

E MOLECULAR SCIENCES



A dead person quote
Introduction to permeability and our goals
Gaining more insight into permeability: Committor analysis

Gaining more insight into permeability: Rate constant analysis
Conclusions and outlook

IIIIIIIIII

CCCCCCCCCCCCCCCCCCCCCCC



Conclusions

Previously, we developed a kinetic model for permeability, and we
demonstrated it has predictive utility on several compounds.

Now, we are interested in gaining more insight into permeability from our
trajectory data. We are performing committor analysis and rate constant
analysis to understand the rate limiting step(s), and the physical features
affecting permeation for a given compound.

Future work is focused on using data generated here to build a classifier
model to help a medicinal chemist understand when to expect a molecule to
cross various energetic barriers within a model membrane.
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