Lecture 1/26/11 

Analyzing amino acid functionality: case study using ion channel proteins

I. Channels and pumps 
A. Important for maintaining polarization of membrane.

B. Sodium/Potassium ATP pumps set up chemical gradient with high K+ inside and high Na+ outside.  3xNa+ out and 2xK+ in, thus helping to set up a resting potential.

C. more than 100 channels identified and can be classified by ion selectivity and gating (regulation of flow).

D. Potassium leak channels allow a small amount of K+ to exit, thus increasing the resting voltage potential.

E. Cells use voltage potential to drive movement of biologically important molecules into cell.

F. Action potential results from transient localized depolarization that moves down a nerve to influence release of acetylcholine.

II. History of experimental work on channels, as described by MacKinnon in his Nobel lecture in 2003

A. Seminal work in 1950’s by Hodgkin, who developed theories for ion transport across membranes based on cell physiological studies.

B. Work by Armstrong and Hille in late 1960’s and 1970’s demonstrated evidence for protein pores for ion transport and led to hypotheses on ion selectivity and gating.

C. Development of molecular biology and mutagenesis in the 1970’s and 1980’s allowed channels to be cloned and then selective mutations introduced to test determinants for selectivity and gating.  MacKinnon was central in this work while at Harvard.

D. Sequencing of a wide variety of potassium channels in the 1990’s showed a strong correlation between highly conserved residue positions and function.

E. Moved to Rockefeller University in 1996 to work on producing protein, making crystals, and working on the structure using x-ray methods.  Required removal of a disordered C-terminal sequence to allow crystallization to take place.  The structure was presented in a research paper in Science in 1998.

F. Follow-up paper published in Nature in 2001 resolved some atomic details of the selectivity filter.

G. More recently, his group, and others, have worked on solving structures of channels to explore the relationship between gating and protein dynamics.

III. Potassium channel biophysical properties

A. moves potassium ions from inside to outside

B. degree of selectivity for potassium (compare radius of 1.35 to Na which is 0.95), 10,000 over sodium.

C. high throughput (108 ions per second); diffusion limited.

IV. Potassium channel structure

A. Structure published in 1998 by MacKinnon at Rockefeller University.

B. Two questions-how is it so selective? And how does it achieve such high throughput?

C. Show tetrameric structure - all K-channels share this symmetry

1. pore helices form a 65° relative to plane of membrane and the inner helices are at 20° and are slightly kinked, thus, the subunits open like the petals of a flower facing the outside of the cell.

2. pore helix - points negative helix dipole towards K+ in central cavity (overcomes unfavorable energy of concentrating potassium ions!

3. inner helix – lines the channel

4. outer helix – structural integrity

5. loop defines selectivity filter

D. Conserved residues

1. red defines signature sequence in selectivity filter (TXGYG motif).

2. blue defines lining of the cavity and pore.

3. gray defines other conserved regions.

E. Three sections, 18 angstrom-long wide pore into 10 angstrom-wide chamber (needed to overcome low dielectric of membrane), followed by 12 angstrom-long selectivity filter.

F. Highlight acidic residues as a way to attract K+ and prevent anions from traversing channel.

G. Show dipole interactions to help neutralize potassium charge so that charge repulsion between potassium ions is minimized.  Effective concentration of potassium ions in channel is 4 M!  Helps high throughput!  Larger chamber has water molecules to further neutralize charge.

