John von Neumann Institute for Computing NICMM

Hamiltonian Replica Exchange Molecular
Dynamics Using Soft-Core Interactions to
Enhance Conformational Sampling

J. Hritz, Ch. Oostenbrink

published in

From Computational Biophysics to Systems Biology (CBSB08),
Proceedings of the NIC Workshop 2008,

Ulrich H. E. Hansmann, Jan H. Meinke, Sandipan Mohanty,
Walter Nadler, Olav Zimmermann (Editors),

John von Neumann Institute for Computing, Jilich,

NIC Series, Vol. 40, ISBN 978-3-9810843-6-8, pp. 237-240, 2008.

© 2008 by John von Neumann Institute for Computing

Permission to make digital or hard copies of portions of this work for
personal or classroom use is granted provided that the copies are not
made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise
requires prior specific permission by the publisher mentioned above.

http://www.fz-juelich.de/nic-series/volume40



Hamiltonian Replica Exchange Molecular Dynamics
Using Soft-Core Interactions to Enhance
Conformational Sampling

Jozef Hritz and Chris Oostenbrink

Leiden/Amsterdam Center for Drug Research (LACDR), Dosisdf Molecular Toxicology,
Vrije Universiteit, Amsterdam NL-1081 HV, The Netherlands
E-mail: {hritz, c.oostenbrink@few.vu.nl

We present a novel Hamiltonian replica exchange molecyiaamlics (H-REMD) scheme that
uses soft-core interactions between those parts of theraythat contribute most to high energy
barriers. The advantage of this approach over other REMBrsek is the possibility to use a
relatively small number of replicas with locally largerféifences between the individual Hamil-
tonians. Because soft-core potentials are almost the samegalar ones at longer distances,
most of the interactions between atoms of perturbed paltemly be slightly changed. Rather,
the strong repulsion between atoms that are close in spdueh 8 in most cases resulting in
high energy barriers, is weakened within higher replicasusfproposed scheme.

The presented approach leads to a significant enhancemennfafrmational sampling both
for the smaller molecules GTP and 8-Br-GTP in explicit wated for residue Phe483 within
the catalytic site of CYP2D6 in complex with its substrate M&.

1 Introduction

Replica exchange molecular dynamics (REMD) has shown aetndous impact in the
field of biomolecular simulation. While temperature REMBDREMD) is mostly used
to enhance conformational sampling of larger systems iri@isolvent, Hamiltonian
REMD (H-REMD) is also suitable for simulations in explictlgent. However, it is not
always trivial to find a perturbation of the Hamiltonian whieads to enhanced conforma-
tioinal sampling.

Here we present a H-REMD scheme using soft-core interagtishich is particularly
suitable for the enhanced sampling of selected flexiblespditystems in which the energy
barrier between different conformations is high due torggroon-bonded repulsions. The
barriers are lowered by weakening the interactions usiffigcene interactions given by

eq. (1)?

C12 1
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All simulations were performed using GROMOS0&nd the GROMOS 53A6 force
field. The REMD efficiency was significantly increased by wailog multiple replicas to

run at the highest softness level. Values of other softressd were optimized by mim-
icked REMD to maximize the number of global conformatiomahsitions

2 REMD of GTP and 8-Br-GTP

We have tested the new protocol on the GTP and 8-Br-GTP mieleauexplicit solvent,
which are known to have high energy barriers between theadtsyn conformation of the
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Figure 1. Potential of mean force along the glycosidic bon@DP, as function of the softness parameter

base with respect to the sugar moiety. During two 25 ns MD kitians of both systems
the transition from the more stable to the less stable (lllesperimentally observed)
conformation is not seen at all. Also T-REMD over 50 repliéas1 ns did not show

any transition at room temperature. On the other hand, niiane 20 of such transitions
are observed in our new H-REMD scheme using 6 replicas (aff&eint Hamiltonians)

during 6.8 ns per replica for GTP and 12 replicas (at 6 difiekéamiltonians) during 7.7

ns per replica for 8-Br-GTP. The soft-core interactionsevapplied for the non-bonded
base-sugar interactions in GTP and 8-Br-GTP.

The calculated population of GTP in the anti conformatiors Wa.6%-+ 0.5% and
6.0%+ 1.8 % for 8-Br-GTP- These values are in very good agreement with results com-
ing from thermodynamic integration using a hidden dihearagle restraint around the
glycosidic bond. The observed inverse character for GTP8aBd-GTP is also in agree-
ment with NMR estimates for anti/syn populations. Dihedragle distributions around
the glycosidic bond were also used to generate the potefitiatan force (Fig. 1). From
this figure it can be seen that the energy barrier as well af¢lsecnergy difference be-
tween the anti and syn conformation is decreasing with amirg softness. This leads to
an increased number of conformational transitions at theests of softness.

3 REMD of Phe483 within CYP2D6

Cytochromes P450 (CYPs) are heme-containing enzymesahdiecfound in virtually all

organisms. CYP2D6 is one of the most crucial isoforms inedlin the drug metabolism
of humans. Mutagenesis experiments confirm importance efi®in substrate bind-
ing. Its conformation is however quite unclear as it is posid in a rather flexible loop
region inside the catalytic site of CYP2D6. Several comjporial studies indicate that
multiple Phe483 sidechain conformations are occuring.sléfiCYP2D6 MD simulations
in complex with several ligands revealed only very few tigoss for Phe483 between
conformations corresponding t¢" = 70° andy! = 170°. Visual inspection indicates
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that the corresponding energy barrier is mostly due to tpalséon between the Phe483
and Leu224 side-chains together with the dihedral angha @oundy'. Therefore en-
hanced conformational sampling by H-REMD using soft-cateractions was performed
for Phe483 within CYP2D6 in complex with the MAMC substratenthich the force con-
stant for they! dihedral angle term was additionally decreased towardsweih increas-
ing softness. When softness was applied only for the intierasbetween the sidechains
of Phe483 and Leu224 no enhanced sampling was observecdkrRathsidechains moved
closer in space and a high energy barrier remained. On tlee bémd, when softness was
applied for all interactions involving the Phe483 sidechaind the rest of the protein or
MAMC, the barrier was significantly lowered. We observed &ugll conformational tran-
sitions within 1 ns of H-REMD using 8 replicas. These pretiary (not fully converged)
simulations reveal that the conformation of Phe483 with= 70°, as it is observed in
the (apo) crystal structure is present for only 15% of thestiwhen MAMC is bound in
the active site. Interestingly,' had value~ 170° in the homology model of CYP2D6 in
complex with the codein, which was constructed in our grogfote crystal structure was
released.

4 Concluding Remarks

We have developed a H-REMD scheme using soft-core intersttand implemented it
into the GROMOSO05 package. Its high conformational sangpdifficiency is shown for
GTP and 8-Br-GTP as well as for Phe483 within the CYP2D6/MA@Nplex. The

high efficiency is obtained thanks to the fact that only thpads of the Hamiltonian are
perturbed which contribute most to high energy barriers.othar efficiency gain was
obtained by using a degenerate highest softness level angptimal H-REMD settings
obtained from optimization by REMD mimickint.
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