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Pulsed Dipolar EPR Measurements of Opa Binding
Kieber, M.; Columbus, L. (U. of Virginia, Chemistry); McKay, J.E. and Song, L. (NHMFL)
Introduction 

 Human pathogens Neisseria gonorrhoeae and Neisseria meningitides are unique organisms in their utilization of opacity-associated (Opa) proteins to mediate bacterial uptake into non-phagocytic cells.1 Opa proteins primarily engage carcinoembryonic antigen-related cellular adhesion molecules (CEACAMs, CCMs), hijacking host cellular mechanisms to promote bacterial engulfment. The structural mechanism of the Opa-CCM interaction is poorly understood. This limited knowledge on the Opa-CCM interaction is largely due to the highly dynamic nature of the extracellular loops of Opa proteins, which makes investigating the structure of the complex with traditional techniques challenging.2 Specifically, we use the Opa60-CCM1 interaction as a model to investigate binding in a highly dynamic system. We aim to generate a structure of the Opa60-CCM1 complex utilizing a combination of electron paramagnetic resonance (EPR) and molecular dynamics (MD) techniques.
Experimental 

The EPR pulsed dipolar spectra were recorded using the high power pulse spectrometer HiPER at the EMR facility of the NHMFL, Tallahassee, with microwave source frequency ν = 94 ± 0.5 GHz and peak pulse power of 1 kW. The relatively large sample volume ~90 μL and high concentration sensitivity of the instrument is particularly suited for EPR studies of biological systems, for which low protein concentrations are desired.
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Samples were prepared in a solution of 20 mM sodium phosphate pH 7.0, 150 mM NaCl, 2.5 mM fos-choline-12, loaded frozen into a flow cryostat pre-cooled to 100 K, and measured at a sample temperature of 60 K. The double electron-electron resonance (DEER) pulse sequence was used to recover the dipolar couplings, with pulse lengths of π = 16 ns in a non-resonant sample holder. 
Results and Discussion

DEER measurements are used to determine interaction distances within the Opa60 – CCM1 complex, where both proteins are spin labeled at one location. DEER distances between Opa60 and CCM1 (Fig.1) are incorporated into MD simulations as spatial restraints, from which an experimentally-guided, simulated Opa60 - CCM1 binding complex can be generated. Several additional sites on both proteins will be probed using DEER to provide a variety of experimental restraints. 
 
Conclusions
       Incorporating these DEER pairs into MD simulations will ultimately provide structural and dynamic information on the Opa-CCM binding complex, from which various binding states can be identified. The results will also highlight the CCM-interacting region within the loops of Opa proteins, as this information is currently unknown. This DEER and MD hybrid approach will unveil a unique method to generate the structure of a protein binding complex that has thus far been unfeasible with other techniques such as crystallography.
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Fig.1 DEER spectrum and associated distance distribution for a spin labelled Opa60-CCM1 complex.















