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Motivation
Understanding the connection between protein-pigment complex structure and
optical function is complicated, making it difficult to design PPCs.

Calculating optical spectra and running molecular dynamics for proteins by
hand can be tedious and time consuming.
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Checklist:

User Friendly Graphical Interface
Doesn’t require software installation
Molecular Dynamics
Optical Spectrum Predictions
Computationally Inexpensive
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PigmentHunter: The ‘Point-and-Click’ Simulation Tool

We designed an accessible and efficient computational tool, PigmentHunter,
that automates predicting optical spectra from protein structure of
photosynthetic pigment complexes.(Srivastava et al. 2021)
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An Overview of PigmentHunter’s Workflow

1 Identify, classify, and visualize
pigments

2 Repair errors (e.g., missing
atoms) in pigment and protein
structures with biosymmetry

3 Prepare and run MD simulations
and trajectories

4 Calculate optical spectra using
the Frenkel exciton model
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Main Window
1. Characterizing Pigments
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nanoHub Embedded Libraries
1. Characterizing Pigments

ipywidgets
NGLView
HubLib
Parmed
gromacs-2018.4
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iPywidgets
1. Characterizing Pigments
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NGLView
1. Characterizing Pigments
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Pigments
1. Characterizing Pigments

* = used NSD parameters from CLA
† = NSD coefficients available only
‡ = CDC parameters installed but cannot use without MD
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Pigment Repairs and Biosymmetry Operations
2. Repairs and Mutations
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Protein Repairs and Mutations
2. Repairs and Mutations
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Molecular Dynamics (MD) Organizer
3. Molecular Dynamics and Trajectories

All MD jobs are run using the standby queue on the HPC Negishi.
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PyMol and Gromacs Implementation
3. Molecular Dynamics and Trajectories
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Structure-Spectrum Connection
4. Optical Spectrum from Exciton Modelling
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The Frenkel Exciton Model
4. Optical Spectrum from Exciton Modelling
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Exciton Menu and Spectrum Calculation Window
4. Optical Spectrum from Exciton Modelling
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Brief Overview and File Organization
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Predicting Experimental Electrostatic Frequency Shifts
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Predicting Experimental Electrostatic Frequency Shifts

Experimental absorption shifts for eight water-soluble chlorophyll protein point
mutants at the glutamine 57 site were compared with PigmentHunter.
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Ring Distortion Site Energies with PSI and PSII
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Ring Distortion Site Energies with PSI and PSII

PSI, shown in red, and PSII, blue, structure site energies are shown with the
black stars marking deformation values for each structure.
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Site Energy Calculations for Low Symmetry FMO Complex

The Fenna-Matthews-Olson (FMO) protein is a more complex model to
compare how the charge density coupling (CDC) model compares to electronic
structure site energy calculation data from Kim et al. 2020.
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Site Energy Calculations for Low Symmetry FMO Complex

a PigmentHunter CDC vs QM/MM site energies
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Site Energy Calculations for Low Symmetry FMO Complex

b PigmentHunter’s absorption and CD spectra vs. corresponding
experimental spectra at 295K
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Site Energy Calculations for Low Symmetry FMO Complex

c PigmentHunter’s absorption and CD spectra vs. corresponding
experimental spectra at 77K
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Site Energy Calculations for Low Symmetry FMO Complex

d Site numbering where 8th site is excluded from PigmentHunter
calculations
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Adjusting Excitonic Parameters with LH2
Temperature at 5K and TrEsp
couplings
Gaussian Disorder, FWHM, 500
cm−1 B850 ring and 145 cm−1

for the B800 ring.
Uniform Site Energies: 12500
cm−1

Shifted Site Energies: for the
B850 and B800 rings to 12110
cm−1 and 12510 cm−1.
Phonons: S = 0.8
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Conclusions

With PigmentHunter we have
demonstrated how to utilize
nanoHUB’s capabilities to create:

User friendly graphically interface
Automate molecular dynamics
Automate Optical Spectrum
Prediction

Paper coming soon.
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