Lection 6

Their extremely high selectivity including the phenomena of dehydration and rehydration of hydrophilic species in the process of membrane permeation.

The mechanism of coupling between transport and the energy supporting biochemical reactions.

The mechanisms of transport regulation by ligands and the transmembrane potential.
The pore of this transporter is comprised of four identical subunits that encircle the central ion conduction pathway. Each subunit contains two fully transmembrane a-helices, and a tilted pore helix that runs half way through the membrane. The hydrated K+ ion, entering this channel from the cytoplasmatic side, first remains in the hydration state in a water-filled cavity with a diameter of 1 nm near the midpoint of the membrane.

This cavity helps the K+-ion to overcome the electrostatic repulsion that it would normally experience when moving from the cytoplasmatic water phase into the low dielectric membrane environment. By allowing it to remain hydrated at the membrane center, and by directing the C-terminal negative ends of the protein helices toward the ion pathway, it becomes stabilized at the membrane interior.

After this it enters the selectivity filter which contains four evenly spaced layers of carbonyl oxygen atoms, and a single layer of threonine hydroxyl oxygen atoms, which create four K+ binding sites. In fact, on average only two K+ ions are present at a given time in these four positions, always separated by one water molecule. It is very important that the arrangement of these protein oxygen atoms is very similar to that of water molecules around the hydrated K+ ion. In this way the energetic cost of dehydration is minimized. Furthermore, a part of the binding energy is used for conformational changes of the proteins, which also is a prerequisite for the high conduction. In fact, the flux achieves up to 108 ions per second.

This rate is large enough for sensitive amplifiers to record the electric current of a single channel. Na+ ions cannot enter this filter because of their different crystal structure.

The gate of the channel is represented by a helix bundle near the intracellular membrane surface. In the closed position, as depicted in Fig., the pore narrows to about 0.35 nm and is lined with hydrophobic amino acids, creating an effective barrier to the hydrophilic ions. This structure seems to be representative for many different potassium channels, irrespective of the stimulus that causes the pore to be in closed or open state. The conformational changes of these polypeptide chains that open and close the channel gate occur on the order of 102 times per second.


[image: image2.png]If a particular jonic concentration is not uniform in a compartment, redistribution occurs that ultimately
results in a uniform concentration. To accomplish this, flow must necessarily take place from high- to low-
density regions. This process is called diffusion. and its quantitative description is expressed by Fick's law
(Fick, 1855). For the k™ ion species, this is expressed as
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where }ku = ionic flux (due to diffusion) [mol/(cm.-s)]

Dy = Fick's constant (diffusion constant) [cm,/s]

¢, =ion concentration [mol/cmi]

This equation describes flux in the direction of decreasing concentration (accounting for the
minus sign). as expected.

Fick's constant relates the "force" due to diffusion (i.e., -V ¢, ) to the consequent flux of the kth substance.
In a similar way the mobility couples the electric field force (-7 ®) to the resulting ionic flux. Since in each
case the flux is limited by the same factors (collision with solvent molecules). a connection between ;. and
Dy should exist. This relationship was worked out by Nernst (1889) and Einstein (1905) and is
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