
Jeffrey Grinstead 
 

My research has focused over the last several years on application of structural (NMR) and 
biophysical (UV/Vis and fluorescence spectroscopy, and molecular modeling) techniques to 
biological systems.  Specifically, I am interested in characterizing the structure, dynamics, 
thermodynamics and kinetics of protein-protein and protein-ligand interactions.  
 
Modeling Biomolecular Interactions: 
Recent advances in protein structure determination 
have given us a database of over 85,000 structures of 
proteins and protein complexes with other proteins, 
nucleic acids, or small molecule ligands 
(www.pdb.org).  These structures are valuable tools for 
understanding protein function: reaction specificity or 
mechanism, disease-related amino acid mutations, or 
binding of various partner molecules.  In my 
laboratory, I have been working on development of 
protocols for docking protein molecules with other 
partners with a computational approach utilizing the 
program HADDOCK (High Ambiguity Data-Driven 
DOCKing: http://www.nmr.chem.uu.nl/haddock).  In 
this approach, experimentally determined structures are 
docked together to test predictions about their binding 
(e.g., are they capable of making a favorable 
interaction, or how might a slight alteration of one of 
the molecules change the interaction).  Students in my 
laboratory have worked on testing these docking 
protocols using known protein-ligand complexes, as 
well as making predictions about unknown complexes 
using experimental data from the literature and my 
collaborators at Utrecht University in The Netherlands.   
 
Example docking project: Peroxisome Proliferator-Activated Receptor (PPAR) is a nuclear 
receptor that is known to alter gene expression in response to binding of small molecule ligands, 
such as fatty acids (also oxidized or nitrosylated derivatives), prostaglandins, and at least two 
different classes of anti-diabetic and lipid-lowering drugs.  The biological effects of PPAR 
receptor binding (agonism) are both beneficial (decrease inflammation and improve insulin 
sensitivity) and problematic (weight gain and edema), but the different attributes are stimulated 
to different degree depending on the chemical structure of the bound small molecule ligand.  

Short chain fatty acids have recently been shown to activate PPARγ, and to produce the desired 

anti-diabetic effects without the problems associated with other agonists of PPARγ.  From 
experimental results performed by my collaborators, we know that short-chain fatty acids bind to 

and activate the PPARγ isoform, but not to the PPARα or PPARδ isoforms.  Based upon this 
experimental information, my students have hypothesized that docking short-chain fatty acids 

into the binding site of PPARδ should not result in favorable intermolecular interactions 

compared to the interaction of short-chain fatty acids bound to PPARγ.  During our docking 
procedure, we can evaluate the interactions between the short chain fatty acid and the receptor 

Model of butyric acid binding to the crystal 

structure of PPARγ.  The model was based upon 

the experimental structure of PPARγ with 
decanoic acid bound (PDB code 3U9Q), and 
shows that butyric acid prefers to bind to the 
protein in a conformation very similar to the 
decanoic acid. 



protein and compare to the complex with PPARγ.  So, do short chain fatty acids bind to PPARα 

or PPARδ in our experiments?  We don’t know, yet!  However, we are hoping that our docked 
models will help us to understand which differences are responsible for lack of binding to 

PPARα and PPARδ. 
 
Other potential docking projects: MalA from Bdellovibrio bacteriovorus is a putative glycosyl 
hydrolase (sugar-cleaving enzyme) in an organism that has no metabolic need for glucose.  We 
are working with Mark Martin’s (Biology) and John Hanson’s (Chemistry) labs to understand 
the function of this enzyme, and its purpose in the Bdellovibrio genome.  Initial modeling studies 
in my lab focus on docking of known (from experiments in Hanson’s lab) substrates and 
inhibitors into a homology model of the MalA structure.  Our goals are to validate the homology 
model for MalA, and to make some predictions about the type of molecules that should function 
as MalA substrates or inhibitors.  Results of our experiments will help determine which 
molecules we test in the wet lab as substrates or inhibitors of MalA, and will also help us to 
predict important parts of the MalA protein sequence that could be tested with mutagenesis 
techniques.   
 
Protein Purification:  
Experiments to understand the function of the enzyme MalA would greatly benefit from a 
purified sample of the protein.  We have expressed the protein in bacteria, and have been 
working on a protocol to isolate pure MalA from all of the other proteins expressed by the E. coli 
host, using ion exchange chromatography.  Students who want a hands-on wet lab experience 
may ask about working on this project, or potentially to work on cloning the MalA sequence into 
an expression plasmid that allows purification via an attached histidine tag (in collaboration with 
the Martin lab).   


