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Abstract: The role of phosphocholine headgroups in the binding of alpha-Hemolysin (aHL), a nanopore forming toxin secreted by the bacterium Staphylococcus 
aureous, has been extensively studied in the context of lysosomes and red blood cells.  Evidence from these studies indicates that cholesterol clusters PC 
headgroups to create a favorable site for binding, heptamerization, and formation of a functional pore.  This research uses the Langmuir technique to study the role 
of cholesterol in the initial binding/heptamerization of aHL in isolation from pore formation- distinguishing it from prior work.  Preliminary evidence indicates that as 
molar content of cholesterol is increased in monolayers composed of eggPC, aHL more favorably binds.   

Introduction: 
 1. Alpha-Hemolysin is secreted by the bacterium Staphylococcus aureous as a water 
soluble monomer which binds to the membrane, heptamerizes, and forms a membrane 
spanning pore.    
 
2. Preferential assembly of aHL on phosphocholine  
membranes has been observed and is explained by  
the presence of a PC binding pocket within the aHL  
monomer. 
 
3. Cholesterol (known for its condensing effect)  
may encourage clustering of phosphocholine  
headgroups to create favorable sites for binding 
of aHL.  
 
4. This work utilizes the Langmuir technique to  
study the initial binding/heptamerization process  
in isolation from pore formation.  
 
 
 
 
 
 
 
 
Experimental Methods: 
In order to collect change in surface pressure (ΔSP)  
data (indicating binding of aHL), the monolayer is  
first brought to and stabilized at a desired initial  
surface pressure (16mN/m).  Once stable, the barrier 
position is held constant and 70μg of aHL is  
introduced to the subphase.  Binding/heptamerization  
of aHL results in an increase in surface pressure.  
Brewster Angle Microscopy (BAM) was used in  
conjunction with the Langmuir trough as a  
non-invasive imaging technique. 
 
 
 
 
 
 

Results and Discussion: 
1. The eggPC:cholesterol monolayer is brought   2.  Isotherm compression curves evidence a  
to and stabilized at an initial surface pressure.       lipid condensing effect of cholesterol.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. As molar content of cholesterol is increased,     4.  Morphological changes of cholesterol  
aHL more favorably binds to the monolayer and    domains occur over the aHL adsorption  
a greater ΔSP value is observed.                              process.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 

Figure 1. The crystal structure of aHL.  
The mushroom shaped cap and 
membrane spanning pore can be seen.  

Figure 2. The phophocholine headgroup (left) 
of eggPC becomes associated with the PC 
binding pocket of the monomer (right).  Figure 3. A proposed assembly mechanism of 

aHL that accounts for phosphocholine clustering.  

Figure 4. The amphiphilic character of eggPC allows 
for a single molecule thick layer of lipid to assemble 
over the subphase. The monolayers were composed 
of eggPC:cholesterol in various molar ratios 

Figure 6. BAM is useful for viewing eggPC:cholesterol phase 
separation over the aHL adsorption process.  A p-polarized HeNe 
laser (λ=659nm) is incident on the subphase at an angle of 53°.  
The Brewster phenomenon allows only light striking the lipid 
surface to be reflected.   

Figure 5. The physical quantity measured by the Langmuir 
trough is surface pressure (mN/m)- defined as the difference 
in surface tension of the clean subphase (Yo) and surface 
tension with lipid molecules on the subphase (Y).   

Figure 7. A barrier position vs time graph is used to determine 
the stability of the monolayer.  In order to introduce aHL to the 
subphase and proceed with a ΔSP vs time experiment, the 
membrane must first be completely stabilized. A stable 
monolayer is indicated by an unchanging barrier position.  

Figure 9. Change in surface pressure (ΔSP) over time is 
shown for monolayers of various eggPC:cholesterol molar 
ratios.  As the molar content of cholesterol is increased, a 
more favorable interaction between the monolayer and aHL 
occurs thus resulting in increased binding.  

Figure 8. Isotherm compressions for eggPC:chol 
monolayers of various molar ratios.  Empirically determined 
isotherms (solid curves) as well as calculated isotherms for 
ideal mixing (dashed curves) are shown.  The lipid 
condensing effect of cholesterol is observed.  

Figure 10. BAM imaging shows morphological changes to 
cholesterol domains over the aHL adsorption process.  The 
domains are initially circular, but appear to elongate over 
the course of the aHL adsorption experiment. 

Conclusions: Evidence from this work indicates that as molar content of cholesterol is 
increased in monolayers composed of eggPC, aHL more favorably binds/heptamerizes.  This 
increase in binding affinity appears to correlate with the condensing of phosphocholine 
headgroups.  BAM imaging served as a useful technique for imaging phase separation and will 
continue to be used in future work.  
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