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Describing the folding mechanism of a protein is one of the goals in molecular
bioinformatics study. Nowadays, it is enigmatic and difficult to extract folding
information using standard bioinformatics techniques or even experimental protocols
which can be time consuming. However, protein folding mechanisms have been
intensively investigated with experimental as well as simulation techniques. Since a
protein folds into its specific 3D structure from a unique amino acid sequence, it is
interesting to extract as much information as possible from the amino acid sequence of a
protein. The mainly purpose of this thesis is to extract the folding mechanisms of
variety target proteins, especially the structure formation in an initial state of folding,
from its amino acid sequence by means of inter-residue average distance statistics
methods Average Distance Map (ADM) and contact frequency analysis (F-value).
Moreover, a coarse-grained Go-model simulation was applied for some proteins to
simulate the whole story of protein folding. The proteins used in this thesis are
immunoglobulin (Ig)-like beta sandwich fold proteins and B-trefoil fold proteins.

Ig-like beta sandwich fold protein is one of the most common structural families
that play key roles in the immune system. In this study, the PDB codes 1TIT and ITEN
are used to represent the Ig domain and FN3 domain, respectively. The 3 strand 3 and 5
are suggested to be the significant strands for the initial folding processes in both
proteins. This common feature coincides well with the experimental results and
underscores the significance of the beta-sandwich proteins’ common structure, namely,
the key strands for folding and the Greek-key motif, which is located in the central
region. The results show good correspondence to experimental data, ¢-value and
protection factor from H-D exchange experiments. The significance of conserved
hydrophobic residues near F-value peaks for structural stability by using hydrophobic
packing is confirmed. It is worth noting that the sequence-based techniques were able to
predict the initial folding event just next to the denatured state. The long-range contacts
formed in an early event of folding derived from Go6-model simulation also
corresponded well to the experimental data and the conserved hydrophobic residues
near the peaks of F-value.

The B-trefoil fold proteins are known to have the same 3D scaffold, namely, a
three-fold symmetric scaffold, despite the proteins’ low sequence identity among
superfamilies. In this study, 26 high symmetric B-trefoil proteins and four irregular



structure B-trefoil proteins from six superfamilies were analyzed by the same manner as
Ig-like beta sandwich fold protein. The ADM and F-value analyses predict that the
N-terminal and C-terminal regions are conserved to form a compact region in an initial
state of folding and that the hydrophobic residues at the central region can be regarded
as an interaction center with other residues. These results coincide well with the
experimental data obtained so far for folding of some of the B-trefoil proteins. In the
case of irregular B-trefoil proteins which an experimental data has not been available so
far, the 3D-based Go-model simulations were performed to investigate the protein
folding processes. It is interesting that the conserved hydrophobic residues near the
peaks of F-value plot also observed to form the long-range interaction in the contact
frequency map derived from a Go-model simulation. Moreover, the results indicate that
the irregular parts in the P-trefoil proteins do not hinder the protein formation.
Conserved hydrophobic residues on the B5 strand are always the interaction center of
packing between the conserved hydrophobic residues in both regular and irregular
B-trefoil proteins. Suggesting that 3 strand 5 plays an important role in B-trefoil protein
structure construction.

In summary, it can be confirmed that the average distance statistics methods,
ADM and F-value analysis, were able to predict the initial folding event just next to the
denatured state by using only amino acid sequence information and that a 3D-based

Go-model simulation can be used to investigate the whole process of protein folding.
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