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A.
Personal Statement

A. Our goal is to understand how current flows through ion channels so we can build and improve channels in health and disease. Biological phenomena depend profoundly on the flow of many types of ions in nonideal solutions. Different ions carry different biological signals. One type of ion changes the flow of another in biological solutions. The approach is to extend existing treatments of electrostatics so they can apply away from equilibrium and can deal with flow of non-ideal biological solutions of many components. The hypothesis is that a specific mathematical approach—energy variational analysis EnVarA—will accurately calculate the electrostatics of mixtures of ions and their current flow through open channels. 

I have measured, analyzed, and computed the properties of open channels for some 25 years. I am the senior designer of the AxoPatch amplifier used in >10,000 laboratories and of a perfusion apparatus to change solutions in patch pipettes. I have reviewed many papers and grants on experimental properties of channels.

My experimental experience makes me believe that channels should be studied in theory as they are studied in experiments. Channels function by controlling current flow. Thus theory should calculate current. Current flow through channels depends on the concentrations of ions. Calculations made with an unspecified concentration are not very useful. Current flow through channels depends on the nonideal properties of ions. For example, the selectivity—and the name—of a channel depend on the accurate knowledge of the gradient of chemical potential (the reversal potential) of the ions. The reversal and chemical potentials deviate substantially from the ideal. Calculations should deal with nonideal solutions.

I have spent many years trying to do realistic calculations of channels. I have analyzed current through channels with stochastic simulations and analysis, molecular dynamics simulations, and Poisson Nernst Planck theory. We named PNP, derived it from Langevin equations and then analyzed it with singular perturbation and more rigorous geometric perturbation theory. I have studied equilibrium selectivity with a mean spherical approximation, a solvent primitive model, density functional theory, and Metropolis Monte Carlo simulations, along with an explicit solution of the inverse problem to determine permanent charge in a channel from current voltage measurements. Each of these methods allowed computation of some of the properties of the open ion channel. The variational approach EnVarA allows computation of all of the properties of the open channel, in realistic conditions. I look forward to seeing how well the computations fit actual experimental data.

I have had experience working with a range of scientists, both as collaborators and as colleagues in the Department I founded and have led for 34 years. I enjoy the range of scientific and personal interactions needed to make an interdisciplinary project work.

B.
Positions and Honors

1965-1968. 
Post-doctoral fellow. Duke University. Department of Physiology. Paul Horowicz laboratory.

1968-1976.
Assistant Professor to Professor. UCLA. Departments of Physiology and Biomathematics.

1976- … .
Endowed Chair. “The Francis and Catherine Bard Professor”. Rush University. 

Founding Chairman, Department of Molecular Biophysics and Physiology.

1991-1995.
Visiting Scientist. Brookhaven National Laboratory. Department of Physics.

2000-2003. 
Visiting Professor. Computational Electronics. University of Illinois, Urbana-Champaign. 

2002.


Member of Jean-Pierre Hansen group in Physical Chemistry. University of Cambridge UK.

Visiting Fellow. Corpus Christi College. 

2005 - … .

Senior Scientist. Argonne National Laboratory. Mathematics & Computer Science Division. 

2007 - … .

Adjunct Professor. University of Illinois Chicago. Department of Bioengineering.

· Honors and inventions

Editorial Board. Journal of General Physiology. 1970-1991. 

Schlumberger Medal in Physical Chemistry, Cambridge UK. 

NIH: Member. 1979-1981. then Chairman. 1981-1983 of NIH Physiology Study Section.
Chicago Heart Association: Member. Vice Chairman. then Chairman Research Council. 1982-1986.
Biophysical Society Member of Council. 1983-1986. Member of Executive Board. 1983-1986.
American Physical Society Councilor. Two terms: 2000-2009 Executive Board 2002-2004.
Chairman of Symposium. ‘Nerve Impulse. From Conduction to Channels by way of Conductance’ at 100th Anniversary Meeting American Physiological Society. 1987. 

Chairman of Minisymposia. ‘Moving through Biological Channels and Ionic Movement through Biological Channels’ Society of Industrial and Applied Mathematics Conference on Applied Probability in Science and Engineering. New Orleans. 1990.

Organizer of Workshop. ‘From Structure to Permeation in Open Ionic Channels’. Biophysical Society Annual Meeting. Washington D.C. 1993.

Chairman of Symposium. ‘Ionic Channels: Natural Nanotubes’ American Physical Society. 2000. 

Chairman and Organizer. Novartis Meeting. ‘Physical Models of Ion Permeation’. 2000.

Chairman and Organizer of Symposium International Conference Computational Nanoscience. ‘Nanostructure Simulation from thin oxides to biological ion channels’. 2001

Co-organizer. Yangtze Conference on Fluids and Interfaces Chairman. ‘Ion Channels’.
Organizer. Chairman Nanostructures: biological ion channels to thin oxides. Nanotech 2003.

Co-organizer. Chair Physical Models of Ion/Protein Interactions American Physical Society 2003.

Chairman. Physics of Ion Interactions with Proteins American Physical Society 2004.

Co-organizer. Ion Channels. Radon Institute of Applied Mathematics. Linz. Austria. 2004. 

Organizer & Chair. Multiscale Analysis in Biology: Computation. American Physical Society. 2005.

Organizer & Chair: Physical Models of Ion Channels. American Physical Society. 2006. Baltimore. 

Co-organizer. Multiscale Modeling of Electrochemical Systems SIAM Soc Ind & Appl Mathematics 2006.

Organizer. ARO Sponsored Meeting. Calibrating Simulations. Rush University 2007.

Organizer. Reciprocal Symposia Biophys Soc and Div of Biological Physics of Amer Physoc 2007-2008.

Organizer. Symposium “Modeling as a Tool in Biophysics” at Biophysical Society 2007.

Co-organizer: “Direct and inverse problems in channels and membranes”. ICIAM 6th International


Congress on Industrial & Applied Mathematics Zurich 2007.

Co-organizer and Lecturer Short course on Channel Biophysics. 10 hours. ICTP and SISSA Theoretical Biophysics and Structural Biology. Trieste. Italy.

Organizer and Speaker: Workshop “Biophysics of Membrane Bound Channels” American Physical Society. Division of Biological Physics. March 2009. 

Senior designer. Axopatch Amplifier Axon Instruments. Used in more than 10,000 set-ups. 
Senior designer ‘Perfusing Pipettes’. hardware to change solutions in patch pipettes without adding noise.
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