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The Holy Grail of Structural Molecular Biology

Protein structure <====) Biological function

__/

Dynamics

Understanding how molecules move requires
knowledge of interactions at the atomic level

MD simulations are a powerful tool for studying atomic motions




MD Simulations in a Nutshell

Experiment Molecular Simulation
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Integrations of the Equations of Motion

I (t+ At) =r, () + v, (1) At + %Atz

v, (t+ At) = v, (1) +a, (t) At



Nuclear Receptors (transcription proteins)

Role: Modulate gene expression by means of hormone binding

Importance: Cell differentiation, metabolism, sexual diff. & function,
diabetes, cancer, inflammatory processes, etc

Vitamins A&D, steroids, estrogen, progesterone, corticoids, fatty acids, etc

Repression
Nucleus
Transcription l
Response Target Gene

Element

—~— Activation
Transcription I

Response Target Gene

Webb et al. J. Steroid Biochem . Mol. Biol. 83, 59 (2003)



HOW DO LIGANDS ENTER & EXIT NR's HYDROPHOBIC BINDING POCKET ?

The Mouse Trap Model

apo RXR holo RXR

(\

"

PDBid: 1LBD o PDBiId: 2LBD

RXR: 9-cis-Reti

Moras & Gronemeyer; Curr. Opin. Cell Biol. (1998) 10 384



Mechanisms of Ligand Dissociation

Locally Enhanced Sampling: Steered MD:
Search for dissociation pathways Relative importance of pathways
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Mainly hydrophobic Mainly hydrophilic

Pat h I Pa-t h I I Pat h I I I Path 3 : Ligand -protein hydrophilic contacts are

readily replaced by ligand -solvent interactions

NR can harbor multiple ligand escape pathways

Martinez et al. Biophys. J. 2005 ; J. Med. Chem. 2006
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Dimerization strongly suppresses some dissociation paths. MD
suggests explanation for ligand dissociation kinetics in ER.

MOLECULAR
ENDOCRINOLOGY



Thyroid Hormone (TR) Isoform Selectivity

TRa : Abundant in the heart / TR : Abundant in the liver

TRIAC is a natural ligand that binds TR with higher affinity.

Crystal structures



Thyroid Hormone (TR) Isoform Selectivity
/ TR : Abundant in the liver

TRa : Abundant in the heart

TRIAC is a natural ligand that binds TR with higher affinity.

Apparent paradox: X-ray structures clearly indicate stronger
Triac binding to TRa, not to TR{!
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MD

Ligand interactions and the role of water

TRIAC Interaction with:  TRa/kcalmol!  TRB/keal mor™!

LBD residues -66.63 -46.96
Whale environment -192.74 -192 52
Water molecules -18.37 -48.47

« Ligand-LBD interactions with TRa are, indeed, stronger!
« Interactions with the environment are similar...
« Water substitutes Ligand-LBD interactions!

Triac/TR a: 1 water at atime
Triac/TR B: up to 4 waters in cavity



TRIAC is substantially more mobile in TR -3 cavity

Computing entropy
difference

MD: ~ 0.4 kcal/mol
Exp: ~ 0.4-0.6 kcal/mol

MD: Entropy accounts for Triac selectivity




