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The eukaryotic cell membrane is a complex mixture of lipids, cholesterol, and proteins.  
Direct study of the cell membrane must include these multiple variables, which significantly 
complicates their analysis.  Model systems minimize the number of components used in a 
membrane study.1  Atomic force microscopy (AFM) can be employed to study the morphology 
of model supported phospholipid bilayers (SLB).2  Thermal and diffusive properties of 
membranes can be identified using differential scanning calorimetry (DSC)3 and fluorescence 
correlation spectroscopy (FCS).4  Attenuated total reflectance infrared spectroscopy (ATR-FTIR) 
can be applied to observe SLB disruption.5  This suite of techniques is used to observe 
interactions of molecules interfering with phospholipid bilayers.  Single- and multicomponent 
SLBs and phospholipid vesicles are employed as models of cell membranes.   

 
The effects of the pore-forming peptide alamethicin (Alm) are shown for 1,2-dimyristoyl-

sn-glycero-3-phosphocholine (DMPC) bilayers with different compositions.  A correlation is 
made between the presence of sphingomyelin (SM) or cholesterol (Chol) and increased vesicle 
leakage as well as formation of raft structures visible with AFM (Figure 1).  ATR-FTIR shows 
that Alm disrupts all types of bilayers studied, further suggesting that the observed effects are 
directly related to Alm incorporation. 

 
 

 
Figure 1: AFM images showing that the addition of alamethicin (Alm) to a SM:DMPC 

(60:40 mol:mol) generates phase-segregated domains protruding ca. 4 nm above the bilayer. 
 
 
Previous work showed that the addition of Alm or melittin, another pore-forming peptide, 

can stabilize fusion and aggregation in vesicles incorporating Chol, leading to leakage without 
typical pepide-induced pores.6  We measure changes in visible light scattering for each vesicle 
composition following addition of Alm, and show that turbidity increases in Chol-inclusive 
vesicles.  We agree with previous conclusions for vesicles incorporating Chol.  We propose that 
addition of SM enhances typical pore formation over neat DMPC. 

 
A comparison is made between the interactions of two polychlorinated biphenyl (PCB) 

isomers and DMPC bilayers.  Previous work showed that ortho PCBs, but not the planar isomers, 
cause cell death.7  In this study, AFM images show multiple phase transitions in the presence of 
an ortho-substituted PCB, but only one phase transition in the presence of a planar PCB.  Two 



transitions are consistent with an uninterrupted bilayer, but one transition suggests that an 
intercalated molecule disrupts normal phase transition behavior.  DSC results (Figure 2) show 
that the ortho PCB alters the thermal behavior of DMPC vesicles more than the planar isomer, 
which suggests that the ortho PCB is more strongly associated with the bilayer than the other 
isomer.  This difference is related to polarization differences between the isomers, caused by 
their different geometries.  FCS is employed to observe a PCB-lipid complex which highlights 
the different degrees of interaction between PCB isomers and lipids.  A model is proposed where 
the ortho PCB inserts into the bilayer and strongly associates with the hydrophobic region.  In 
contrast, the planar PCB isomer does not insert deeper than the hydrophilic region of the bilayer.  
The planar PCB interrupts the ordering interactions of water confined between the substrate and 
the lower bilayer leaflet. 

 
 

 
Figure 2: DSC thermograms comparing the behavior of DMPC vesicles with and without PCB. 
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