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Gramicidin: 

A Model Ion 

Channel

Ion permeation 

through Gramicidin A

by multiscale

(vimeo: http://vimeo.com/3173968)

A potassium ion (green) crosses a 

membrane by passing through the 

Gramicidin A pore.

This is a steered molecular modeling 

of all 29000 atoms of the system for 

approximately 3 microseconds. Water 

and membrane molecules are hidden 

for clarity.

The underlying simulations were performed thanks 

to the PS3 time generously donated by the 

contributors to the gpugrid.net project.

by multiscalelab (vimeo: http://vimeo.com/9649709) A potassium ion (purple) crosses a 

membrane by passing through the Gramicidin A pore.

Ion permeation through Gramicidin A

 1.2 NSEC OF WATER MOVEMENT IN A GRAMICIDIN 

CHANNEL

This mpeg movie, supplements the description of water movement in 

the gramicidin channel as reported in Chiu, S. W., Subramaniam, S., 

and Jakobsson, E. 1999. Biophys. J. 76:1939-1950 The visualization 

was done by Elisa Ignacio, an undergraduate Bioengineering student 

(now just graduated) at the University of Illinois. It shows the motions 

over a time period of 1.2 nsec of 13 water molecules out of the 3200 

in the simulated system of one gramicidin channel, 96 lipid 

molecules, and 3200 water molecules. These are the 13 waters that 

spent some time in the channel during the course of the simulation. 

http://peptide.ncsa.uiuc.edu/~schiu/SWC/GA_dmpc/wat_movie.htm



Ion Channel Examples

FIGURE 7! (A) Optical (fluorescence) images (top: red channel, bottom: green channel) of a 

bilayer containing sufficient gA-Cy3 and pF-Phe-gA-Cy5 to result in multiple simultaneous 

channel openings. FRET events (bright dots in the red channel) are indicated with arrows. For 

clarity, not all FRET events are indicated. (B) Simultaneous electrical recording from the same 

membrane. Vertical lines indicate the position of each image in the time record. The acquisition 

time for each image was 6 ms.

Source: Borisenko et al., 2003 Simultaneous optical and electrical recording of single 

gramicidin channels. Biophysical J. 84: 612-622.

Gramicidin: The pore passes 

both ions 

(positively 

charged) and water 

molecules. End to 

end dimer structure 

is most likely, 

although direct 

evidence is sparse.

http://honiglab.cpmc.columbia.edu/grasp/pictures.html

















































































The Evolution of Multi-Cellularity:

Diffusion, Advection and Pumps  –RR Lew

Stoke’s Law—page 1.39

Stoke’s law plays a crucial role in understanding the forces that affect flow, especially at 

low Reynolds number. The derivation of Stoke’s law and its relation to drag —frictional 

resistance to flow— will be explored in the following[1]. Stokes measured the rate of fall 

of spheres of various densities in media of various viscosity and found that the rate of fall 

followed the following relation: 

[1]Dusenbery, David B. (2009) Living at Micro Scale. The unexpected physics of being small. Harvard 

University Press. pp. 49– 56.
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Where the frictional and gravitational forces are 

balenced, the velocity reaches a steady state.



The Evolution of Multi-Cellularity:

Diffusion, Advection and Pumps  –RR Lew

Stoke’s Law—page 1.40

Stoke’s law states that frictional force increases as velocity 

increases[1]. There is a direct relation between Stoke’s Law and 

the Reynolds number because Re = (ρνl)/η, where ρ is the den-

sity, ν is the velocity, l is the characteristic length and η is the viscosity. Velocity is usu-

ally described as a function of the drag coefficient (C
D
). The graph below shows the 

relation between the drag coefficient and the Reynolds number[2]. At low Reynolds 

number —where Stoke’s Law applies— the relation is linear, and predicted by Stoke’s 

Law to be C
D
 = 24/Re. At high Reynolds number (Re>103), the relation between the drag 

coefficient and the frictional force is more complex: C
D
= F

f
 / (0.5ρν2A), where ρ is the 

density, ν2 is the velocity squared and A is the frontal area of the object.

[1]Dusenbery, David B. (2009) Living at Micro Scale. The unexpected physics of being small. Harvard 

University Press. pp. 49– 56.

Ff = 6 a

Note that as the Reynolds number increases 

above 2, the drag coefficient remains high, 

rather than declining, so Stoke’s Law is no 

longer being obeyed.

Predicted relation if 

Stoke’s Law is being 

obeyed:C
D
 = 24/Re.

[2]Barenblatt, G. I. (2003) Scaling. Cambridge University Press. page 41.

We can carry the presentation one step further, focussing on high Reynolds number, and 

consider the terminal velocity of an object free-falling in air:

V
mg

ACterminal

2

D
= ρ

Terminal velocity is where the drag force (F
f
 ) is equal to the ‘downward’ force of gravity 

(mg). You should be able to assess the terminal velocity at low Reynolds number by the 

same analytical approach.
























