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Abstract  
Protein is an essential element in every cell of living organisms. Most proteins form a 

complex to perform its function. The formation of complex system involves protein—protein 
interaction, which is becoming a great issue in biomolecular studies. In recent times, rapid 
development on computational study of protein—protein interaction has been greatly 
advanced by various approaches. In this thesis, coarse-grained models were developed to 
address several issues, which are unfolding process, crowding effects, and stability of protein 
complex. Current study will focus on protein azurin, which is known as an extremely stable 
protein. To observe the stability and dynamics of azurin, structural properties were evaluated. 
These studies suggested that the Gō-like model is the most accurate model yet lacks 
transferability. To find more transferable potential model, more physical information are 
needed for better approach. Hopefully many important insights will be provided by these 
studies.  

 
Introduction 

Protein consists of sequences of amino acids which folds into the unique three-
dimensional structure determining its activity. Most folded proteins usually make a protein 
complex to perform particular function. In recent times, the study of protein dynamics has 
been rapidly advanced by experimental, theoretical, and computational studies. 
Computationally, all-atom molecular dynamics simulation has been commonly used to 
observe the dynamics of protein at the atomic level. However, the all-atom simulations are 
limited to small systems and nanosecond time scales. 

In the last decade, coarse-grained models have gained much attention since they could 
overcome the limitations of all-atom model. Basically, coarse-grained model in molecular 
dynamics is a lower resolution model where some of atomic details are eliminated so that 
coarse-grained models allow us to simulate larger systems and slow processes where micro- 
to millisecond time scales are required. For instance, native center model, pioneered by Gō 
[1], has retained a great success on studying the folding mechanism by minimizing 
topological frustration. 

In this thesis, we study the formation of protein complex by using coarse-grained 
models. First, the off-lattice Gō model is implemented to investigate the unfolding dynamics 
of single protein. Then, the coarse-grained model is improved by considering the protein-
protein interaction to be applied for a larger system. This research will focus on 
Pseudomonas aeruginosa azurin. Azurin from Pseudomonas aeruginosa is known to exhibit 
a large stability [2] and functions in the electron transfer. Later, azurin also has been 
considered as a proper candidate for treatment of cancer through nanotechnology. Hopefully 
this thesis will provide valuable insights into the study of the formation of protein complex, 
in particular azurin complex. 

 
 Material and Methods 
 

The native conformation of azurin was taken 
from the X-ray crystal structure of wild type azurin 
with PDB entry 4AZU [3]. This azurin complex 
consists of a tetramer of identical azurin molecules 
(see Fig. 1), where each azurin is composed of eight 
β-strands and one -helix. Each amino acid is 
treated as a single bead represented by the C 
position.  



 
The potential energy for the entire system is distinguished into intramolecular and 

intermolecular interactions. The individual chain will be treated as rigid as possible. 
Therefore, Gō-like model (see Eq. 1 and 2) [4] is applied to represent the intramolecular 
interaction. Meanwhile, the implementation of two intermolecular potentials will be 
compared, which are the non-bonded Gō-like model (Eq. 2) and the widely used Lennard-
Jones potential (Eq. 3) [5]. 
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The parameters are set to be: 

€ 

Kbond = 100 kcal/mol/Å2, 

€ 

Kθ  = 20 kcal/mol, 

€ 

Kφ  = 1 
kcal/mol, 

€ 

εnat  = 

€ 

εnon−nat 	
  = 1 kcal/mol, 

€ 

εLJ  = 0.13 kcal/mol, C = 4.0 Å and 

€ 

σ 	
  = 6.5 Å. The beads 
are coupled to Langevin thermostat to mimic the non-conservative forces from the 
surrounding solvent and control a constant temperature at 300 K. The friction coefficient is 
set to be ζ= 0.5 (τ-1) where τ, a time unit, is 3 ps. 	
  

For the analyses, in order to study the effects of protein—protein interactions to the 
stability of azurin complex, some static and dynamical properties were calculated from the 
simulated trajectories, such as root mean square displacement, surface area, and 
intermolecular contacts.  
 
Results 

First, a coarse-grained simulation of a single azurin was performed to observe the 
unfolding process of wild-type azurin and mutated azurin (H117G). Under thermodynamic 
conditions most of the folding process is known as a two state reaction. In such a case, the 
free energy profile has double minimum corresponding to the ensembles of native state and 
denatured state.  

To obtain the free energy profile, the thermodynamic configurations were observed as a 
function of nativeness, Q, along simulation time. At the folding temperature (Tf), both of the 
wild-type and H117G azurin simulations indicate the two state reactions as shown in Fig 2. 
This result is in agreement with the experimental measurements where both of azurins unfold 
in two-state without intermediates and the mutation of His117 to Gly affects the stability of 
azurin [6]. 

 
 
 
 
 
 
 
 
 
 
 
 
 



In the next step, coarse-grained models for azurin complexes were developed. First, the 
non-bonded interaction of the Gō-like model (Eq. 2) was adopted into the intermolecular 
interaction in azurin complex. This potential is suitable to maintain the stability of protein 
complexes and is able to reproduce the tetramer azurin since this model minimizes the 
topological frustration. Nevertheless, this potential lacks transferability because it can be used 
only for a particular system.  

To overcome this limitation, more general potential model was explored by adopting 
the widely used Lennard-Jones potential (Eq. 3). However, it is very difficult to determine the 
parameters. Even though the intermolecular interaction parameter satisfies the limitation that 
intermolecular interaction should be weaker than intramolecular interaction, this approach 
has been found not so accurate yet to reproduce the azurin complex. Fig. 3 clearly shows that 
on the second model, the conformation of tetramer azurin changes a lot. The increase of 
intermolecular contact indicates that there is a tendency for the tetramer to aggregate (data is 
not shown).  

Overall, it is found that Gō-like model is a more realistic model to represent the 
interaction of protein complex. It shows that even for the intermolecular interaction, the 
native structure plays a significant role. This study suggested that the term 

€ 

σ 	
  can not be 
oversimplied.	
   The intermolecular interaction, especially in the binding area, need to be 
treated more carefully by considering more physical informations from the crystal structure. 	
  

 
Conclusion 

In this thesis, the formation mechanism of azurin complex was observed by using 
coarse-grained models. It begins with a coarse-grained simulation of a single azurin via 
implementation of Gō-like model to observe the unfolding process of wild-type azurin and 
H117G azurin. The mutation of His117 to Gly was found to affect the stability of the 
denatured state and the mutated azurin unfolds faster than the wild-type as expected.  

For the main purpose of this thesis, two intermolecular potentials were developed. 
Nevertheless, developing accurate and transferable coarse-grained potential for protein 
complex remains a challenge. Intermolecular interaction in protein complex often can not be 
derived into a simple model. It has to be carefully determined which phenomena can be 
simplified and which should be described with more complicated models. 

In the future, knowledge-based approaches can be considered. Physical informations 
from known PDB structure should be employed to develop a set of transferable and more 
appropriate interactions for azurin complex. When this problem is addressed, it would 
significantly improve the scope of coarse-grained protein model to be able not only to 
reproduce known structure but also to predict the dynamics of unknown structure. 
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