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Abstract 

 
DACM (right) and eosin bound to 

lysozyme 
A portion of the laser system used in fluorescence 

spectroscopy experiments 

Membrane-bound regulatory proteins and amyloid plaques are key 
components in biological systems and their malfunction has been implicated as a 
component of many disorders.  These proteins are particularly difficult to study in 
their native environments, but time-resolved fluorescence spectroscopy has been 
shown to be effective in these cases. One of these techniques, fluorescence-
detected resonance energy transfer, has great potential, but its applicability to 
detailed studies of membrane proteins and plaques is uncertain due to a few key 
assumptions. To improve the FRET method, our laboratory is working to develop 
an integration of computational modeling and spectroscopy that uses the 
modeled relative probe motion to provide calculated values in place of the κ2=2/3 
assumption. In verifying this new method, simulations have been conducted of 
multiple systems with diverse fluorescent labels, examining simulation 
parameters such as shell sizes, solvation methods, and neutralization methods.  
Analysis of sampling efficiency and the requirements for converting the 
computational data to model spectra have also been examined.  In particular, as 
an initial test of the method we have measured and modeled the time 
dependence of the fluorescence anisotropy of the dye eosin bound to chicken 
lysozyme. The results of both computation and experiment are presented and 
compared. 

Project Overview 



• The project goal is to develop a method capable of studying amyloid and 
membrane-bound protein structures with both high resolution and time-
dependance. 

• Most traditional structural determination techniques are challenged by 
such large protein systems. 

• Laser spectroscopy is applicable to larger systems and also allows for the 
dynamic system studies. 

• It is limited by inherently poor spatial resolution and a dependence on 
assumptions for various system variables such as κ2. 

• By deriving these system variables from molecular dynamics simulations, 
the structural determination studies can yield more precise data. 

Experimental Method 
• First simulation validity must be verified 

• Studies are conducted on a well characterized protein-dye system 
(lysozyme and the bound dye eosin) which has a substantial library 
of existing spectroscopic data for use in comparisons. 

• This particular study will look at time-resolved anisotropy, the rate of 
depolarization, and thus rate of motion within the system. 

• Verify performance of laser system 
• Spectroscopy studies of other groups are repeated to check the 

experimental setup. 
• Perform first integration of spectroscopy and simulation 

• Simulations and FRET studies performed on a two dye lysozyme 
system. 

• FRET is a structural determination technique that utilizes an 
experimentally measured rate of energy transfer to determine the 
distance between the two dye molecules. 

! FRET studies are the point of application for simulation 
derived system variables used to increase the precision of 
the inter-dye distance measurement. 

• Future studies will also consist of both anisotropy and FRET components. 
• Anisotropy simulation data can be compared to experimental data in 

order to verify the simulation's validity. 
• The augmented FRET studies are then used for structural 

determination purposes. 



  
DACM dye molecule Eosin Y dye molecule 

 
• The rate of the energy transfer (k) measured in FRET is dependant on both 

the distance between the dye molecules (R) and the relative alignment of 
their transition dipoles (κ2). 

• When free motion exists, κ2=2/3, but in reality motion is restricted and 
controlled by the protein. 

• Computer simulations provide a system specific value for κ2 . 
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• Simulation values for κ2 are significantly different from 2/3. The plot below 
shows early calculations on a two dye lysozyme system showing κ2=0.49. 

0.0

1.0

2.0

0 400 800 1200

Avg κ2=0.49 

κ2 

)

• The plot below displays the relati
lysozyme system using both the 
Time (ps

 

ve energy transfer rate for the two dye 
calculated κ2 and the standard κ2=2/3. 



 
Analyzing Computer Simulations 

• Box Size 
• A major question in conducting simulations is, "How much solvent is 

necessary for reasonable protein behavior?" 
• Simulations are performed with periodic boundaries, i.e. copies of 

the system are arrayed around the original in order to mimic the 
behavior of a larger system. 

• Use of a larger original system decreases the interaction of the 
protein with the nearby replicates. 

• Analysis must be performed to find a balance between a system that 
is too large (too computationally tasking) and too small (too much 
protein-protein interaction). 

• Stable system energy plots serve as an indicator of adequate 
separation. 

Box 18 Total System Energy
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Calculated κ : average 0.135

κ2 = 2/3  :  average 0.197

• The large fluctuations that occur in the first ~200ps are due to the 
equilibration process that occurs at the beginning of the simulation. 

• After equilibration, the system stabilizes as desired and displays 
reasonable energy fluctuations. 

• System density is an additional indicator of system stability and 
equilibration.  



Box 18 Density
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• With water as the principle system component, a density of ~1 g/mL 

is expected. 
• Chloride Diffusion 

• To conduct simulations, the system must be charge neutral. 
• One method of neutralization, employed in the simulations 

presented here, is to use chloride ions in order to balance charges. 
• Monitoring chloride diffusion rates during the simulations provides 

another indicator of system consistency and equilibration.  

Box 18 Chloride Diffusion
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• The above plot has a discontinuity at 500ps that is due to an error in 

an analysis script and not unusual system behavior. 
• It shows the ions are in regular motion indicating that none are 

trapped unnaturally within the protein. 



• Solvation Methods 
• Current simulations employ explicitly defined water molecules.  
• Various methods of implicit solvation exist and can drastically 

decrease calculation size. 
• The various methods also have associated weaknesses that need to 

be studied and overcome. 
• A Generalized-Bourne method has been attempted, but difficulties 

arose with eosin charges being buried within the protein.  The 
resulting simulation collapse is a documented weakness of the 
technique.  

• In the future, other methods of implicit solvation will be attempted. 
• Generating Anisotropy Decays 

• The raw simulation data is converted into an anisotropy decay using 
the rotational autocorrelation function and the second-order 
Legendre polynomial.  
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• Examples of simulated anisotropy decays are presented below.           

Computer Simulation of Lysozyme Bound Eosin Anisotropy in 18 Angstrom 
Solvation Shell
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Computer Simulation of Eosin Anisotropy in 20 Angstrom Solavtion Shell
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• The expected curvature, with both fast and slow time components, 
becomes more prominent in the simulation with the larger solvation 
shell.  

• An experimental curve is displayed below. The offset starting 
position is a normal response lag from the laser system. 

Anisotropy Decay of Lysozyme Bound Eosin
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• Simulation Length 

• The question of necessary simulation length involves two components.   
• How much simulation length is necessary to generate a useful 

decay. 
• How long the simulations must be performed in order to sufficiently 

sample the protein's potential energy surface.   
• Useful Decay Length 

Simulation Length Comparison
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• Simulation length is directly related to the length of usable 

anisotropy curve generated from the 18 angstrom system. 



• In order to get several nanoseconds or simulated decay, the actual 
simulations must be significantly longer than the decay. 

• Adequate Sampling 
• Different sections of the simulation are converted into anisotropy 

curves. 
• A change in motion can indicate a transition to a different energy 

well on the potential energy surface. 
• Consistent decays can indicate either effective or drastically 

inefficient sampling.  
-Similar decays can be generated by a simulation that is quickly 
sampling a significant portion of the energy surface and thus 
generating a similar average value from a large variety of 
conformations. 
-Similar decays can also be generated by a system that is 
energetically trapped in a particular conformation and thus only 
sampling a few, very similar conformations. 

• Different sections of the box 18 eosin-lysozyme simulation are 
compared below. 

Sampling Effieciency
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• The similarity in the decays of two different simulated systems 

supports the conclusion that efficient sampling is occuring. 
• Intersystem Comparison 

• By comparing the anisotropy data to that from other simulations of 
lysozyme (i.e. the two dye lysozyme system) more sampling 
efficiency information can be collected. 

• The plot below shows eosin anisotropy decays from both a one and 
two dye system along with the anisotropy decay of DACM from the 
two dye system. 



Intersystem Decay Comparison
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• The similarity in eosin behavior between the two completely different 

systems suggests that adequate sampling is being achieved. 
• The DACM dye molecule is located in a very different region of the 

protein and the environmental difference is manifested in a decay 
with different time constants than the eosin decays. 

• Step Size 
• Current simulations save coordinates output every 0.2ps. 
• This requires significant storage space and results in taxing analysis 

operations. 
• Longer step sizes make simulations easier to work with and analysis 

shows little degradation in data quality. 
• The plot below is constructed of vectors from every 2nd, 5th, 

10th,�etc point in the simulation file. 

Step Size Comparison
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• The data shows that an increase in the step size has little effect on 
long term anisotropy behavior. 

• Emphasizes that simulation length is more critical to obtaining useful 
decays. 

• In order to check for effects on shorter time scale motions, the plot 
was expanded to look at the first 250ps.  

Step Size Comparison
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• Variation are more significant at shorter time scales. 
• Difference are still relatively minor and would affect calculations of 

only the fastest behaviors.  
Summary 

The development a joint MD and laser spectroscopy method could allow 
for the future determination of currently difficult to study protein structures.  The 
augmentation would increase the precision of spectroscopy measurements and 
allow for detailed, dynamic studies of protein-protein interactions.  Calculations 
thus far have shown that protein specific values of κ2 can have a dramatic effect 
on the final distance values derived in structural determination work.  The 
physical requirements of a simulation (size, length, etc) have been discussed 
along with possible simplifications of the simulation procedure (step size and 
solvent methods).  In the near future, this lab will continue to expand the 
simulations and explore possibilities for improving the technique. 
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