Annotated Bibliography (AFM)

Edwardson J. Michael, Henderson Robert M, (2004) Atomic force microscopy and  drug discovery. Drug Discovery Today 9, 64-71

This review article describes the use of AFM as it relates to drug discovery.  First, the authors give a brief overview of how AFM works.  Then the authors illustrate a few experiments where AFM was useful in obtaining structural and functional information about membrane proteins and protein-ligand complexes.  
Garavaglia ML, Dopinto S, Ritter M, Furst J, Saino S, Guizzardi F, Jakab M, Bazzini C, Vazzoli V, Dossena S, Rodighiero S, Sironi C, Botta G, Meyer G, Henderson R, Paulmichl M, (2004) Membrane Thickness Changes Ion-Selectivity of Channel-Proteins.  Cellular Physiology and Biochemisrty 14, 231-240

In this article the authors reveal the affect plasma membrane thickness has on the ion selectivity of ICIa chloride ion channels.  They discover that areas of the plasma membrane containing lipids with longer tails and containing cholesterol (longer tails = thicker membrane) become more selective to chloride ion channels.  Thinner membranes cause this same channel to become more selective to potassium ions.

Bhanu P. Jena, Sang-Joon Cho, Aleksandar Jeremic, Marvin H. Stromer, Rania Abu-Hamdah, (2003) Structure and Composition of the Fusion Pore. Biophysical Journal 84, 1337-1343

The authors of this article disclose new structural and functional information about fusion pores in the plasma membrane at secretory vesicle docking sites.  Specifically, They discuss the use of AFM in combination with other techniques to examine the role of t-SNARE proteins and other related membrane proteins in the docking process of secretory vesicles.
Oberleithner H, Schneider S W, Henderson R M, (1997) Structural activity of a cloned potassium channel (ROMK1) monitored with the atomic force microscope: The “molecular-sandwich” technique.  Proc. Natl. Acad. Sci. 94, 14144-14149

In this article the authors describe using AFM to investigate the structural changes in a protein called ROMK1 when placed in a solution designed to stimulate ROMK1 activity.  They authors use a “molecular sandwich” technique meaning they sandwich the protein between the tip (tip on the end of a cantilever) of the AFM and an atomically flat mica surface.  As the protein is activated and undergoes a structural change the tip is moved and this movement is detected.  

Geisse N A, Cover T L, Henderson R M, (2004) Targeting of Helicobacter pylori vacuolating toxin to lipid raft membrane domains analysed by atomic force microscopy. Biochem. J. 381, 911-917

This article discusses the use of AFM to investigate the association of VacA to lipid rafts in a plasma membrane.  The authors varied the mixture of different types of lipid both with and without cholesterol to study VacA binding activity.  They found VacA has an affinity for lipid rafts with cholesterol and lipids that are more negatively charged.

Henderson R M, Schneider S, Li Q, Hornby D, White S J, Oberleithner H, (1996) Imaging ROMK1 inwardly rectifying ATP-sensitive K+ channel protein using atomic force microscopy.  Proc. Natl. Acad. Sci. 93, 8756-8760

In this article the authors report images and analysis of the ROMK1 protein.  The authors examined the protein under varying condition including the addition of ATP to induced structural changes in the protein visible in the AFM images.  This another illustration of the advantage of AFM to study proteins under conditions close to physiological conditions. 

Gao M, Wilmanns M, Schulten K, (2002) Steered Molecular Dynamics Studies of Titin I1 Domain Unfolding. Biophysical Journal 83, 3435-3445

This article discusses the use of molecular dynamics simulations to study the I1 domain of Titin, which differs from the 127 domain usually studied.  They intend to compare these MD results to AFM studies currently in development hoping to validate their simulation data.

Zhang B, Xu G, Evans J S, (1999) A Kinetic Molecular Model of the Reversible Unfolding and Refolding of Titin Under Force Extension. Biophysical Journal 77, 1306-1315

Here the authors attempt to simulate the folding-unfolding activity of Titin and compare the results of their simulations to the data received experimentally.  They discovered that their results matched experimental data and gave further evidenced for the existence of a transition state between the folded and unfolded state.

Fowler S B, Best R B, Toca Herrera J L, Rutherford T J, Steward A, Paci E, Karplus M, Clarke J, (2002) Mechanical Unfolding of a Titin Ig Domain: Structure of Unfolding Intermediate Revealed by Combining AFM, Molecular Dynamics Simulations, NMR and Protein Engineering.  J. Mol. Biol. 322, 841-849

This article investigates the unfolding pathway of Titin and specifically examines an intermediate state that exists between the folded and unfolded state.  The authors use a variety of methods mentioned in the title for this investigation.  Among other findings the authors discovered that Titin follows different pathways when unfolded either by denaturant or applied force.
Best R B, Brockwell D J, Toca Herrera J L, Blake A W, Smith A, Radford S E, Clarke J, (2003) Force mode atomic force microscopy as a tool for protein folding studies. Analytica Chimica Acta 479, 87-105
This is a review article, which discusses the method of AFM protein folding studies and the difficulties associated with initiating and maintaining objective analysis of the data given the lack of a standard since the technique is so new.  The authors suggest some standards that they have found useful in analyzing their data. 

Websites

http://stm2.nrl.navy.mil/how-afm/how-afm.html
This site has a nice description of how AFM works.

http://www.molec.com/what_is_afm.html
This website by Molecular Imaging (a company that produces Imaging equipment like the AFM) contains a page describing how it works and links to pages showing images and pdf’s related to different types of science where AFM is being used.

http://www.chembio.uoguelph.ca/educmat/chm729/afm/firstpag.htm
This is another excellent site containing an overview of how AFM works.

http://www.jcmm.ro/content.jsp?pageId=473
This page by The Journal of Cellular and Molecular Medicine contains a paper by Bhanu P. Jena that talks more about the fusion pore and has more AFM images and information.
http://www.biochem.arizona.edu/classes/bioc462/462a/NOTES/Bioenergetics/bioenergetics.html
This is a site containing a summery on bioenergetics.

http://physicsweb.org/articles/news/8/6/6/1
This website is an online magazine where I found a news story about scientists in Germany getting better resolution from AFM.

