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Project summary. The structure of a functional protein is often not rigid. This is  
necessary, for instance, to allow the protein to bind to a ligand or interact with a  
substrate. In fact the conformational flexibility often is a crucial attribute of a functional protein. A 
general goal of this project is to use molecular dynamics (MD) computer simulation to investigate 
motions in proteins, in particular those that have specific functional implications and to obtain 
information that is not accessible to experiment.  A related goal is to develop a protocol for making 
results from MD simulations and NMR studies of protein mutually useful.  A specific aim, to be 
carried out in collaboration with Professor Chin Yu, Department of Chemistry & Biochemistry, 
University of Arkansas, is to focus our MD studies on the characterization of the residual structure 
in the unfolding pathways of Fibroblast growth factors (FGFs). The Yu laboratory will lead 
experimental efforts in the study.  FGFs are all β-sheet, heparin-binding proteins involved in 
angiogenesis and morphgenesis of the cell [1] and are often detected in tumors [2].  It is believed 
that inhibition of mitogenic activity of FGFs is a crucial target for the development of 
anti-angiogenic cancer treatments.  The polysulfonated binapthyl ureas known as suramins are 
believed to be anti-mitogenic because of its ability to disrupt the interaction of growth factors such 
as FGFs with their membrane receptors.  Therefore, detailed characterization of the structural 
changes – i.e., partial unfolding - in FGFs during their interactions with suramin and with their 
membrane receptors is expected to provide useful clues on the mechanism of action of suramin in 
the inhibition of FGF-induced angiogenic activity and chemoresistance of metastatic tumors [3]. 
 
MD simulation of folding and unfolding of proteins, even one of moderate size as is an FGF (about 
170 amino acids), may be inhibitively demanding computationally. We shall try to overcome this 
obstacle by employing a computation mode known as massively distributed computing [4].  
 
Preliminary results. Previously we have studied protein structure using lattice models [5,6]. 
Recently we constructed a massively distributed computing facility (MDCF) for doing MD studies of 
protein folding and protein function [7].  The facility has been fully tested and is now operational 
and accessible from the Internet. The idea of an MDCF is to utilize the computer powers of the very 
large number of personal computers connected to the Internet. PCs connected to the central 
command (the “server”) of the MDCF for this purpose are called “clients”. A PC becomes a client 
when its owner, via the Internet, voluntarily downloads a MD computation package from the server.  
When the CPU of a client becomes idle from its owner’s tasks it will automatically devote itself to 
MD computations on jobs assigned to it by the server.  When a job is finished the client will send 
its results back to the server and wait for the next job. Notably MDCFs extent are the Search for 
Extraterrestrial Intelligence project SETI@home [8] sponsored by NASA and the Folding@home [9] 
protein study project run from Stanford University. Results for the Stanford project already suggests 
the feasibility of MDC for studying the folding of small proteins [10]. 
 
Our MDCF project is Protein@CBL (PAC, Protein at the NCU Computational Biology Lab).  It’s 
website is http://protein.ncu.edu.tw.  As far as we know PAC is the first and only operational 
MDCF outside of the US and Western Europe. .PAC was launched in November of 2003 via a 
portal on Educities, an online educational website operated from NCU, and now has about 3,000 
downloads and 500 regular clients.  Promotional activities are  planned for PAC to vastly 
increase its clientship.  
 
Research method. 
1. Molecular Dynamics by massive distributed computing.  In PAC, our MDCF, the MD 
code is the freeware GROMACS.  The force-field has the standard form, including inter-atomic 
interactions, hydrogen bonds, restriction on dihedral angles, etc.  The code allows all-atom 
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simulations including water molecules.  We will use PAC to run exploratory studies and cases 
when exceptionally long running times are crucial. 
2. MD by PC cluster.  We also have a small PC cluster composed of 16 CPUs.  This will 
soon be doubled.  The licensed MD code AMBER will be used for jobs run on the cluster.  
AMBER has a more thoroughly tested force-field.  On the cluster will run cases where accuracy of 
the result is of special importance. 
3. Parallel Tempering. The algorithm we are using for annealing is “parallel tempering” (PT) 
[11,12].  It is ideally suited for utilizing the many clients to do multi-simulation of a single peptide. 
Each client receives a job, or a peptide set to fold/unfold at a specific temperature, simulates it for a 
fixed folding time (default is 100 ps, or 10,000 steps at 1 fs per step) and then returns it to the host 
server. The energies and temperatures of the returned jobs are then compared pair-wise and 
according to a generalized Metropolis criterion a decision is made whether or not to swap the 
temperatures of the two jobs.  Preliminary runs on PAC suggest PT, when compared with 
single-temperature runs, promises to be a superior annealing method. 
4. Iterative MD simulation and NMR measurement. This proposal is written as part of the 
Taiwan NMR Center Project.  Developing a protocol for making results from MD simulations and 
NMR studies mutually useful is one of the goals of the project.  For this purpose we will 
collaborate closely with Professor Chun Yu and with Professor Shan-Ho Chou (National Chung 
Hsin University and National Central University), both of which will also be co-proponents of the 
TNC Project. 
 
Research procedure and timeline. 
1. First stage: testing and training.  At the moment we are using PAC for several purposes 
including: (1) Train graduate students on MD simulation proteins. (2) Test the force-fields used in 
the MD codes. (3) Test various annealing algorithms, in particular the parallel-tempering method 
that seems best suited for PAC where the same peptide can be simultaneously simulated by a 
large number of clients running at different temperatures. All these purposes are served by 
studying the folding pathways of a number of short peptides. These include: 
a. 1SOL: (20 res.) A Pip2 and F-Actin-binding site Of gelsolin, residue 150-169.  3-loop helix 
and 1 hairpin; 352 atoms; ~4000 bonds interaction. 
b. 1ZDD: (35 res.) Disulfide-stabilized mini protein A domain. Two helices. 
c. 1L2Y: (20 res.) Synthetic Trp-cage miniprotein; NMR construct Tc5B. 
As the client base of PAC grows an efficient protocol to handle an increasing body of data needs to 
be developed. This stage of the project will take about one year. 
2. Second stage: Folding Intermediates.  In the next stage we will tackle large peptides, 
those composed of several distinct secondary structural elements.  It has become evident that the 
secondary and tertiary structural elements in a protein can persist in the unfolded state of the 
protein, and may act as nucleation center for the initiation of protein folding.  This phenomenon is 
difficult to observe in vitro, hence its study in silico becomes especially important. To study this 
effect we will run simulations with the protein initially being in the native conformation and try to first 
unfold then refold the protein.  There are of course many ways to do this.  For our purpose one 
thing we want to find out is how long would the secondary structures hold along the unfolding path, 
or paths.  We plan to take FGFs as one class of proteins in this study. 
3. Third stage: Internal Motion of Functional Proteins.  Functional proteins needs to be 
structurally flexible in order to carry out their functions.  Such flexibility often manifest themselves 
as intermediate states in the unfolding pathways of proteins in their functioning mode.  For 
instance, studies made by the Yu Laboratory suggest that there are profound structural changes in 
the intermediate state associated with the unfolding of the human acidic fibroblast growth factor  

(hFGF-1).  Among the 12 strands comprising the �-barrel structure of the protein, the residues 
located in �-strands IX and X (residues 95-112) appear to be maximally perturbed [3].  However, 
the nature of the experiment disallows a complete description of the intermediate state.  We will 
use MD simulations, perhaps with the aid NMR experiments, to obtain a fuller description of such 
intermediate states. 
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