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Abstract 

Updated parameterization of 
phosphorylated amino acids will 

allow for simulations of many 
modified proteins with increased 

accuracy. 
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Phosphorylated amino acids are highly involved in 

many cell regulatory networks and many research 

groups are studying proteins containing these post-

translational modifications both experimentally and 

computationally. However, at this time there are no 

force field parameters that can model these amino 

acids at the same level of accuracy as unmodified 

proteins. Current protein force fields are used to 

investigate a wide variety of structure and dynamics 

such as ligand binding , enzyme-reaction mechanisms, 

and protein folding events. ff14SB is the recommended 

protein force field for Amber, but does not contain 

parameters for non-standard amino acids.1 The 

dihedral parameters for the side chains of the most 

common phosphorylated amino acids will be 

parameterized for multiple backbone conformations 

using QM and MM, and tested on various systems. An 

application of the developed parameters will 

complement this work. 

Significance 
Most common posttranslational protein modification 

Results in functional change of target protein 

Wide variety of applications2: 

 Agricultural and food 

 chemistry, protein- 

 ligand binding 

 enthalpies, autoimmune 

 disease B cell activation, 

 tumor growth 

Nearly 100 citations of 

outdated parameters in the 

last 5 years2 
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Optimization 

Goal: Maximize transferability of 
parameters for alternate chemical 

or conformational diversity 
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ff14SB 

Fit to QM for small 

molecules 

Multidimensional dihedral scans, multiple backbone 

conformations 

Fitting Goals 

ff14SB backbone (α and β) 

Acetyl and N-methyl capped dipeptides 

Minimization, high temperature simulations 

Relaxation of selected structures with MM 

QM optimization and energies: Gaussian 

 HF 6-31G* / MP2 6-31+G** 

MM reoptimization 

Remove unfavorable structures 

 Sterics 

 Side chain-backbone electrostatics 

 High relative energy 

Fitting decisions  

 Select dihedrals, phase shift angles, generics 

 Assign fitting groups 

Genetic Algorithm 

Objective function 

Optimize QM and MM differences 

Report accuracy of fitting 

Testing 
 

1H4X and 1H4Y 

Reproduce quantum energies 

Compare secondary and tertiary structures and 

structural changes 

Compare energies and stabilities 

2L5I 2L5J 

Dihedral values of selected structures 


