


Goal: Prepare model oriented lipid bilayers 
with incorporated membrane proteins to be 
studied with x‐ray and neutron diffraction.

Part  I: Study lipid membranes and the effect of 
charge and pH on sample alignment and phase 
behavior.

Part II: Study how the antimicrobial peptide, 
Gramicidin A, resides in the lipid membranes.
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Introduction: Lipid Structure



Microscope: PCPG (80:20)
Before Hydration  After Hydration
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Measuring diffraction from oriented lipid multilayers 

θ− 2θ scans for determining lipid membrane structure 
(in projection on the z‐axis)

θ scans for determining the degree of orientation
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pH Effect on PG

Phase separation of POPG from POPC in a 

 
acidic environment.
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Presentation Notes
We observe additional diffraction peaks (for pH 5.2) in between the main peaks because the PGs lose their Na+ ions from the headgroups, these are replaced with H+ ions that are abundant in the low pH buffer solution. This phenomenon allows the POPG lipid to swell more than when it has its Na+ attached, and the POPG to phase separate from the POPC. Consequently, we see different sets of diffraction peaks, sufggesting the presence of more than one repeat spacings in our multilayer sample. For pH8.2 (basic medium) the POPC and POPG behave almost the same (the Na+ ions are not lost) and the two lipid form one homogeneous phase (one repeat spacing).
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X‐Ray Diffraction Results
PCPG(1:1) vs. PCPG(8:2) vs. 

 POPG alone  Rocking Curve

PCPG (1:1)
POPG alone

PCPG (8:2)

PCPG (8:2):  0.066 +/‐0.003

 
PCPG (1:1):    0.044 +/‐0.004

 
POPG:

 

0.041

 

+/‐0.001
FWHM

PCPG (8:2): 

 

52.6 +/‐

 

0.07 Å

 
PCPG (1:1): 

 

52.1 +/‐

 

0.05 Å

 
POPG alone: 

 

50.7 +/‐

 

0.05 Å

Repeat 

 
Distances 

Theta
C
ou

nt
s

Presenter
Presentation Notes
From water, evidence of coulombic effect, charged lipids repel each other, causing the lipids to spread out and move around which results in the thinning of the bilayer

*Greater intensity in red peak is due to larger amount of lipid in sample.



PCPG/GrA (50/1)

X‐Ray Diffraction Results 
PCPG/GrA(50/1) vs. 

 PCPG/GrA(25/1) vs. PCPG(1:1) Rocking Curve

PCPG (1:1)

PCPG/GrA (25/1)

PCPG : 

 

0.044 +/‐0.004 

 
PCPG+GrA (50:1) : 

 

0.072

 

+/‐0.003

 
PCPG+GrA (25:1) : 

 

0.076

 

+/‐0.003
FWHM

PCPG (1:1): 

 

52.1 +/‐

 

0.05 Å

 
PCPG+GrA (50:1) : 

 

49.2+/‐

 

0.05 Å

 
PCPG+GrA (25:1) : 

 

49.0 +/‐0.05
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From chloroform



Circular 
 Dichroism
 

Circular 
 Dichroism

Killian, J. A., et al. "The Membrane as an Environment of Minimal Interconversion. A Circular Dichroism Study on the Solvent Dependence of the
Conformational Behavior of Gramicidin in Diacylphosphatidylcholine Model Membranes." Biochemistry

 

27.13 (1988): 4848‐55.
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Melitten - a peptide extracted from bee venom 

Alpha-helix more commonly found in proteins



Neutron Diffraction
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for large number of bilayers, N
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Neutron 
 Diffraction 

 Data 

What we measure What we measure  What we want to 

 
determine
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Neutron Diffraction Data 

°

d=53.5 +/‐

 

0.08 Å(POPC

 

alone)
d=52.8 +/‐

 

0.05 Å (POPC+GrA (25:1))
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Presentation Notes
*water distribution becomes slightly broader due to the incorporation of Gramicidin A

*the repeat spacing decreases with incorporation of GrA- the precision of the instrument makes this slight decrease significant

*The density increase because of the contribution of Gramicidin A.



Conclusions
Improve on sample quality by hydration and the 
amount of charged lipid.

Solvent pH plays an important role in the structure 
and properties of a lipid membrane.

Neutron Diffraction and CD data indicate that 
Gramicidin A is incorporated into the membrane. 
• Suggests transmembrane, channel forming 

 conformation.
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