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ABSTRACT

The determination of protein structures is central to the field of
structural biology. Although techniques exist and are well developed for the
determination of proteins in solution and proteins that are readily
crystallized, techniques for the determination of protein structures in the
solid state are just now being developed. Described here is such a technique.
The structure of the membrane spanning, monovalent cation channel
gramicidin A is solved through the use of experimentally determined Solid
State Nuclear Magnetic Resonance orientational constraints. The structure
is solved for the peptide in its native conformation in a fully hydrated lipid
bilayer by taking advantage of the wealth of experimental observations. The
resulting structure is computationally refined by a method described here
using a simulated annealing protocol which defines a penalty function
based on the experimental observations and the CHARMM energy. This
refinement strategy produces a structure that meets the experimental data

and has a reasonable global energy.

XV



CHAPTER 1
INTRODUCTION

1.1 Dissertation Overview

Molecular biophysics is the branch of science that utilizes the
application of physics to explore biological processes and phenomena on the
molecular level. Many of the biological processes of life are carried out by
complex systems composed of biological macromolecules, such as proteins.
Since these molecules exist in the atomic world, physics is well suited to
study their structure. The determination and understanding of the
structure of these proteins at an atomic level is central to the
understanding of their function.

Although most proteins exist within an aqueous media, many find
their roles within an anisotropic environment, such as a cell membrane.
Developing methods for the determination of the structure of proteins in
such an environment is necessary. Solid State Nuclear Magnetic
Resonance (SSNMR) is a useful tool for studying such systems when
coupled with appropriate observations. The results of these observations
can be interpreted to provide conformational constraints on the structure of
the observed system. These constraints may then be used to build a high
resolution structural representation of the protein.

This dissertation will introduce and discuss a method for the

experimental structural determination and computational refinement of



the peptide gramicidin A (gA) in a fully hydrated lipid bilayer. Chapter 1
gives a brief introduction to proteins, gramicidin, phospholipid
membranes, SSNMR, and computational methods. Chapter 2 contains a
description of the materials and methods used in this study. Chapter 3
provides details of the method for the determination of the initial gA
structure, focusing on the peptide backbone. Chapter 4 describes the
computational refinement of the entire gA structure constrained by the
SSNMR observables. Chapter 5 discusses the final structure. An appendix
has been included that contains the SSNMR spectra obtained for many of
the observables, the final atomic coordinates, an analysis of the final
structure, and the source code used to obtain the complete structure.
1.2 Proteins

Proteins are extremely important components in biological systems
and are present in all living systems. They provide structure inside and
between cells. They transport, such as hemoglobin and membrane
channels. They synthesize and metabolize as enzymes. Proteins are the
most versatile of all biological macromolecules. DNA is said to be the
blueprint of life, but it is actually a blueprint for proteins.
1.2.1 Protein Composition

Despite the variable roles of proteins, they are composed of very few
common building blocks known as amino acids. Twenty different amino
aci“s are used to form the wide array of proteins necessary for the survival
of an organism. The difference between the amino acids lies in the R group
which is attached to the alpha carbon, as shown in Figure 1.1. Different
substitutions on the alpha carbon form different amino acids. The amino

acids covalently link in specified sequences to form a polymer, as shown in
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Figure 1.1. The possible combinations of these twenty amino acids is

sufficient to form all of the proteins required by an organism.

~ YO~ \ C
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P N ~ /
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L I | i
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L ]
Peptide Plane

Figure 1.1: Dipeptide. Two amino acids link together to form a
dipeptide. The amino acids link together by forming a covalent bond
known as the peptide bond. The six atoms in a peptide linkage (Cq, C,

O, N, H, Cy) define a plane if the w torsion angle is either 0° or 180°.
The R group defines the amino acid type.

All of the individual amino acids have a specific stereochemistry
about the central alpha carbon, except glycine which has a hydrogen for an
R group. The chirality of an amino acid is determined by comparing its
rotation of polarized light with glyceraldehyde. D-glyceraldehyde
(dextrorotatory) rotates polarized light to the right, so amino acids that
behave in the same manner are D amino acids. Amino acids that rotate

polarized light opposite to that of D-glyceraldehyde are termed L
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