
Los canales iónicos son proteínas que tienen un poro

Los canales voltaje-dependientes cambian de conformación cuando cambia el potencial de 
membrana.  
Los ligando-dependientes cambian su conformación cuando ligan alguna sustancia 
(ligandos). 

Generalmente son muy selectivos: solo iones 
específicos pueden atravesar el poro de cada tipo de 
canal.  
Los canales iónicos cambian su conformación 
dependiendo de varios factores. Estos cambios 
conformacionales permiten que cambien entre 
estados abiertos (poro accesible) o cerrados. Cuando 
están abiertos los iones específicos pueden fluir de un 
lado al otro del canal de acuerdo a la fuerza 
electroquímica que sienten (gradiente de 
concentración y campo eléctrico).



Pueden ser estudiados con métodos electrofisiológicos (ya que la corriente 
iónica puede ser medida).

Voltage clamp technique

Currents in response to depolarizing pulses from 
-60 to 60 mV in increment of 10 mV from a holding 
potential of -70 mV.(Figuras de F. Bezanilla)
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Patch clamp.  

Permite medir la corriente a 
través de uno o unos pocos 
canales.   Para eso se usa 
una pipeta delgada que 
genera un sello que ofrece 
una enorme resistencia al 
flujo hacia los costados. 
Hay distintas 
configuraciones

El estudio de los canales cambió muchísimo con la introducción de la técnica 
de patch-clamp (Neher y Sackman).

Dependiendo de la configuración, la corriente medida puede 
corresponder a la que atraviesa a uno o pocos canales (inside-out 
configuration) o a todos los canales de la membrana (whole-cell 
configuration). La línea punteada corresponde a corriente cero. 



A partir de los experimentos de canal único es posible calcular la probabilidad 
de apertura en el estado estacionario (se calcula como el cociente entre el 
tiempo durante el cual el canal permanece abierto dividido por el tiempo total 
de la observación).

Figures provided by D Mak and K Foskett

Single channel records

Probabilidad de apertura

A canal de K+

canal_de_K+.ppt


Se pueden calcular las “dwell time distributions” (distribución de tiempos de espera)

A partir de las observaciones se pueden construir modelos cinéticos (Hidden Markov 
Models). Problema: muchas topologías equivalentes entre sí!!



Existen también técnicas de visualización y preparación que permiten ver otros procesos 
estocásticos que ocurren en células (que se solían estudiar en términos de una descripción de 
“campo medio”). 







Distintos métodos para estudiar canales

Funcionales  
  • Current clamp (record membrane potential) 
  • Voltage clamp (record ionic currents) 
 Macroscopic 
  2-electrode 
  Whole-cell patch clamp 
 Microscopic (single channels) 
  Cell-attached 
  Inside-out 
  Outside-out 
  • Gating current 
  • Spectroscopy 

Estructurales 
  • Biochemistry 
  • Molecular biology 
  • Structural (x-ray, etc.)



Hille (1984)

¿Cómo es la estructura del canal?

Ejemplo: canal de K+ voltaje 
dependiente 



Bacterial K+ channel
X-ray crystallography

Selectivity filter

Gate

Inner vestibule



Views of the tetramer. (A) Stereoview of a ribbon representation illustrating the three-
dimensional fold of the KcsA tetramer viewed from the extracellular side. The four 

subunits are distinguished by color. (B) Stereoview from another perspective, 
perpendicular to that in (A). (C) Ribbon representation of the tetramer as an integral-
membrane protein. Aromatic amino acids on the membrane-facing surface are displayed 
in black. (D) Inverted teepee architecture of the tetramer.

Estructura de un canal de K+, Science 1998



The crystallographic structure of the KcsA K+ channel revealed that the pore 
comprises a wide, nonpolar cavity of 8 Å radius on the intracellular side, leading 
up on the extracellular side to a narrow pore of 12 Å that is lined exclusively by 
main chain carbonyl oxygens. This region of the pore acts as a 'selectivity filter' 
by allowing only the passage of K+ ions across the cell membrane, whereas the 
wide cavity helps overcome the dielectric barrier caused by the cell membrane. 
The translocation of K+ ions in single file through the narrowest region of the 
pore is expected to be the rate-limiting step in the conduction mechanism. 

Energetics of ion conduction through the K+ channel, Nature 2001

Figuras de 
Science, 
1998

A large aqueous cavity stabilizes an ion (green) in 
the membrane interior andoriented helices point 
their partial negative charge towards the cavity 
where a cation is located. 

Identification of permeant ion positions in 
the pore. 



Resultados de 
simulaciones de 

dinamica 
molecular

Topographic free energy maps of ion conduction. Each colour level corresponds to an 
energy of 1 kcal mol-1; the axes are in Å. To produce the two-dimensional maps, the full 
free energy function W(Z1,Z2,Z3), which depends on the position of the three ions along 
the channel axis, has been projected onto two different planes with reduced reaction 
coordinates. Left: shown as a function of the position of the ion in the cavity, Z3, and the 
position of the centre-of-mass of the two ions in the selectivity filter, Z12. Right: shown as 
a function of the position of the outermost ion near the extracellular end of the pore, Z1, 
and the position of the centre-of-mass of the two ions in the selectivity filter, Z23 



Even though no large free energy barrier opposing ion conduction is observed, some 
positions along the permeation pathway are preferably occupied by K+ ions. Left: 
superposition of a few dynamical configurations associated with the free energy minima 
in the two dimensional maps. Five specific sites in the selectivity filter are revealed by the 
superposition. Right: free energy profile as a function of the position of the outermost ion 
while the two other ions are fixed at different locations in the pore. (a) The outer K+ ion 
cannot exit towards the extracellular side while the other 2 ions are in the cavity and in 
the inner site S3. As the ion in the cavity approaches the inner site S4 and the second ion 
initiates a transition from site S3 to S2, the bottom of the free energy well is lifted up, 
thereby decreasing the barrier between sites S1 and S0. Ultimately, the site S1 becomes 
unstable and the exit of the ion towards the extracellular side becomes barrierless (d). 
This demonstrates the importance of ion repulsion for permeation.
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Structural model of each of the four identical subunits 
of a voltage- gated K+ channel
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Ball-and-chain model for inactivation
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