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How the amino acid sequence of a protein specify its three dimensional structure
is referred as protein folding problem. It is the major unsolved problem in structural
biology. TIM barrel is one of the most frequently encountered and the most versatile
structures among the enzymes. Characterization of the folding intermediates ot TIM
barrel proteins is critical to solve the folding problem tor TIM barrel proteins and it
potentially ofters insights to the folding of other protein architectures as well.

A new method. based on hydrogen/deuterium exchange. protein tragmentation
and mass spectrometry was developed to identify and characterize the structures of
folding intermediates at high resolution. In this method. the protein can be fragmented by
an acid protease after the protein undergoes H/D exchange. The deuterium level and
isotope pattern present in each fragment is determined by HPLC and mass spectrometry.

Equilibrium and kinetic folding intermediates of four TIM barrel proteins have
been detected and characterized by this method. The results from rabbit muscle aldolase.
a tetrameric TIM barrel protein. showed that folding to the native state involves three
steps and two intermediates. Approximately 110 residues told to highly compact forms

in each step. These results also showed that each folding domain includes widely
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separated regions of the backbone. Interestingly. two intermediates are also populated in
the equilibrium and kinetic folding experiments of monomeric S. aureus aldolase. which
has high sequence homology with rabbit muscle aldolase. The structures of two
intermediates are similar but not the same as those observed in the rabbit muscle aldolase.
suggesting that quaternary structure aftects folding/untolding pathways. The sequential
folding of two domains was observed in the folding of triosephosphate isomerase (TIM).
the prototype in TIM barrel tamily. The C-terminal tour (« [} units folds much taster
than the N-terminal four (/) units. Two intermediates are characterized in the
equilibrium unfolding of « subunit of bacterial luciferase. The domain that unfolds at
lower concentrations of denaturant is located at the C-terminus of the protein including
the last two (/) units.

All these results suggest that several different models are required to describe the
tolding of TIM barrel proteins. despite their high level of structural and functional

similarity.
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Chapter 1
Introduction and Background:

Protein folding & TIM barrel proteins

1.1 Protein Folding

1.1.1 Protein folding problem

Proteins are the molecules of life. responsible for a wide range ot tundamental
biological processes such as catalyzing the numerous chemical reactions. transport.
signaling and energy conversion. Proteins are synthesized on the ribozymes as linear
chains of amino acids. To become fully functional. all proteins must fold to unique three-
dimensional structures. The question of how proteins efficiently and reliably achieve their
native states following synthesis is referred as protein tolding problem. which is one of
the most intriguing questions in structural biology.

[n 1973. Anfinsen established that the sequence of the protein contains all the
information necessary to direct the unfolded protein to reach the native state (Anfinsen.
1973). However. the practice of this rule is not simple. which is illustrated by a veny
famous question known as the Levinthal paradox (Dill and Chan. 1997). One simple way
to explain this problem follows. If it is assumed that each of the backbone ¢ and \ angles
in an polypeptide chain can adopt only three different values. there will be 3'" possible
conformations for the protein with 100 residues. Ifonly 10™"" s is required to change trom
one conformation to the other. a random search of all conformations will take about 10™

years. which is far more than the time since the earth was born. However. proteins are

frequently observed to fold on the seconds to hours scale.
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The classical view to explain the Levinthal paradox is that the protein folding is
not the random search. Instead. the protein passes through a limited number of

intermediates (Fig 1.1). These intermediates guide the protein to reach the native state.

Unfolded Intermediate Native
state state state

65— e

Figure 1.1 Schematic representation of a simple tolding reaction with one intermediate

1.1.2 The significance of the protein folding

The protein folding is not just a fascinating challenge from an intellectual point of’
view. it has important practical implications. With the completion of the human genome
project. solving protein folding problem is even more urgent. Tremendous eftorts have
been made to predict three dimensional structures from amino acid sequences. In
addition. protein misfolding is found to relate to a number of diseases. such as Parkinson
and Alzheimer’s diseases (Dobson. 1999). For example. mistolded B-amyloid peptides
torm insoluble fibrils in the human brain. which is likely the cause of the Alzheimer's

disease (Walsh. Lomakin et al.. 1997; Walsh. Hartley et al.. 1999). There is also
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