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Noncovalent Interactions: Where are they?
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A. Sygula, FR. Fronczek, R. Sygula, P.W. Rabideau, and M.M. Olmstead, R. Podeszwa, B.M. Rice, and K. Szalewicz,
J.Am. Chem. Soc. 129, 3842 (2007). Phys. Rev. Lett. 101, 115503 (2008).
DNA Structure/Function Drug-Protein Interactions

T.M. Parker, E.G. Hohenstein, R.M. Parrish, N.V. Hud, and C.D. Sherrill, J.C. Faver et. al,
J.Am. Chem. Soc. 135, 1306 (2013). J. Chem. Theory Comput.7,790-797 (2011)



SAPT Formalism

Eint — Eelst + Eexch + Eind + Edisp

B. Jeziorski, R. Moszynski, and K. Szalewicz, Chem. Rev. 94, 1887 (1994). 4



Spatially Partitioned SAPT Philosophy

Partitioned SAPT Motivation:
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R .M. Parrish and C.D. Sherrill, J. Chem, Phys. 141,044115 (2014).



Spatially Partitioned SAPT Development

- 1) Allow the many-body interaction to A

occur naturally (SAPTO/|DZ for now).
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- 2) Identify two key occupied bodies in h

each many-body interaction term.
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3) Perform key two-body occupied
summations with local quasiparticles.
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R .M. Parrish and C.D. Sherrill, J. Chem, Phys. 141,044115 (2014).




Functional Groups as Fragments (F-SAPT)

Cut-Cap Partition: F-SAPT Partition: Q o
ﬁ —®  OH
H20 Link o
O 50%
¢ 50%
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R .M. Parrish, T.M. Parker, and C.D. Sherrill, J. Chem. Theory Comput. 10,4417 (2014). 7



Drug Design: Factor Xa S1 Pocket - Cl vs. Me
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Cl variant binds effectively, Me variant does not. Why?

Proposed Explanations:

A. Halogen-1r Interaction

B. Dipole-Aspartate Interaction
C. Unknown Effect

R .M. Parrish, C.D. Sherrill, D. Sitkoff and D. Cheney, In Progress, (2015). 8



Difference F-SAPT Scheme

3ens-Cl: Geometry Difference: -2.46 kcal mol-’ Color Scale (Top):
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Difference F-SAPT Results

Cl Enhancement:
Total: -2.46 kcal mol-!

Electrostatic: -2.32 kcal mol-’

Color Scale:

l -5 kcal mol-' (Favors ClI)

0 kcal mol" AAEint

I +5 kcal mol' (Favors Me)

Cl enhancement comes from electrostatic interactions
with peptide backbone!

R.M. Parrish, C.D. Sherrill, D. Sitkoff and D. Cheney, In Progress, (2015). 10



Summary and Outlook

Partitioned SAPT Methods:

Partitions interaction energy contributions to pairs of fragments
Uses rigorous SAPT methodology
Developed in A-SAPT, F-SAPT, I-SAPT flavors

Application to S1 Pocket in Factor Xa:

A, B Not Orthogonal

Results are not in line with standard intuition A .
, ot Interacting

Pairwise contacts from all over the pocket are significant
Peptide bond dipoles may be very important

Unexpected effects are largely electrostatic in nature

Outlook:

Chemical intuition cannot be trusted
SAPT/F-SAPT can help!

R .M. Parrish, Jérome F. Gonthier, Clémence Corminbceuf, and C.D. Sherrill, J. Chem. Phys., In Press (2015). 11
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F-SAPT Application: Substituent Effect in Bz2
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SAPT Interaction Energy Components

Electrostatics: Exchange:
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Quantitative F-SAPT Results
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Direct Factor Xa Inhibitors

PDB ID 2bok: Factor Xa + Ligand: 2bok:(Diederich, Rivaroxaban (Xarelto):
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More Difference F-SAPT Results

3ens: -2.46 kcal mol-’ 2¢ji: -1.30 kcal mol-’

Color Scale:

-5 kcal mol-' (Favors Cl)
ICs50 = 2.4 nM vs. 118 nM: 49x Ki=6 nM vs. 109 nM: 18x l

2pr3: -1.28 kcal mol-’ 2w26: -0.71 kcal mol-’
0 kcal mol-! AAEint

I +5 kcal mol' (Favors Me)

)

——

(ICs0 = 36 NnM vs. 389 nM: 11x) |Cs50 = 0.7 nM vs. 4.2 nM: 6x

R .M. Parrish, C.D. Sherrill, D. Sitkoff and D. Cheney, In Progress, (2015). 17



Toluene vs. Chlorobenzene

Toluene: Chlorobenzene

Color Scale:

‘ . -0.05H g

0.00Hg" AAFE;+

J \ 4 !

Dipole: +0.42 Debeye Dipole: +2.07 Debeye

R.M. Parrish, C.D. Sherrill, D. Sitkoff and D. Cheney, In Progress, (2015). 18



Geometries

3ens: -2.46 kcal mol-’ 2¢ji: -1.30 kcal mol-’
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Spatially Partitioned SAPT Development

occur naturally (SAPTO/|DZ for now).
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R .M. Parrish and C.D. Sherrill, J. Chem, Phys. 141,044115 (2014).
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Factor Xa: S1 Pocket - Halogen-it Checks

Toluene:

Chlorobenzene Model PES with Tyr228 (Phenol):
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Factor Xa: S1 Pocket - Halogen-it Checks

2CJI Me - Tyr228:

SAPTO/jun-cc-pVDZ Results:

(kcal
mol-1)

T,

F-SAPT Cut-Cap

Me
2CJI CI - Tyr228:

Cl -1.33 -1.37

-0.29 +0.15

R.M. Parrish, C.D. Sherrill, D. Sitkoff and D. Cheney, In. Progress, (2015). 22



Factor Xa: S1 Pocket - Dipole-Aspartate Checks

2CJl Me - Asp189:

SAPTO/jun-cc-pVDZ Results:

(kcal
mol-1)

F-SAPT Cut-Cap

Me

Cl -12.05 -13.16

+1.00 +0.94

R .M. Parrish, C.D. Sherrill, D. Sitkoff and D. Cheney, In Progress, (2015). 23



Factor Xa: S1 Pocket - Point Charge Model

2CJI Me - S1 Pocket:

£ /| SAPTO/jun-cc-pVDZ Results:
T X . /4 (kcal Total Elst 2k
FOARY mol-1) (F-SAPT) (F-SAPT) (Charges)
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R.M. Parrish, C.D. Sherrill, D. Sitkoff and D. Cheney, In. Progress, (2015). 24
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3ens: F-SAPT vs. Cut-Cap Contributors
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