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Peptides composed of alternating hydrophobic and hydrophilic residues may preferably reside at 
interfaces between hydrophobic and hydrophilic phases. Structural studies on amphiphilic β-sheet 
peptides have been conducted both with respect to synthetically designed systems and to natural 
proteins [1][2]. Apolipoprotein B (apoB) recruits phospholipids and triacylglycerols (TAG) into 
TAG-rich lipoprotein particles during lipid metabolism in plasma. A large region in apoB, rich in 
amphipathic b strand content[3] has been proposed to anchor the whole apoB protein to the 
lipoprotein particles. A consensus sequence acetyl-LSLSLNADLRLK-amide (P12) has been 
derived based on the sequence of 24 strands of 11–15 amino acids in apoB[2]. P12 when added into 
the aqueous phase surrounding a suspended oil drop (dodecane or triolein), decreased the interfacial 
tension in a concentration dependent manner. Surface tension measurements in oil drop system and 
surface pressure area isotherm of P12 indicated it forms a purely elastic layer at these interfaces. 
This property is assumed to help in assembling nascent TAG-rich lipoproteins and in anchoring 
apoB to lipoproteins. 

Here we utilized grazing incidence X-ray diffraction (GIXD) at air-water interface along Langmuir 
isotherm to elucidate structure of P12 assemblies. In order to induce 2D formation of crystalline 
structure, Pro residues were added on both sides of the peptide and the modified peptide that 
included N-acetyl and C-amide termini was denoted PP12P. Based on molecular modeling and 
previous studies of β-sheet peptides at interfaces[1], the projected area per molecule of PP12P in 
the β-pleated structure should be 16.4 x 14 = 229.6 Å2. In Langmuir isotherm (Figure 1) the 
limiting area per molecule of the peptide was found to be smaller (~100 Å2) suggesting partial 
dissolution of the peptide in the subphase. In addition peptide probably undergoes irreversible 
aggregation on film collapse as indicated by reduced limiting area per molecule on the second 
compression applied on the same monolayer (Figure 1). According to GIXD measurements, PP12P 
monolayer exhibited domains ordered in two dimensions, along the peptide long axis (0,h) and 
along the interstrand hydrogen bond directions, (k,0). The long axis spacing, d(0,1) = 70.6 Å, 
observed at low surface pressure (Table 1) is longer than the estimated length of the peptide in the 
β-pleated conformation (~3.45 x 14 + ~3 = 51.3 Å; where 3.45 Å is the distance between amino 
acids and the acetyl and amine termini extend additional ~3 Å). Hence, indicating that the 
crystalline unit cell constitutes at least two peptides along the b axis (scheme 1). The (0,1) spacing 
became as small as ~48 Å with the increase in surface pressure (Table 1). Based on Bragg peak 
d(0,1) spacings and the corresponding surface pressures the crystalline compressibility was 
calculated CC = 6.6 m/N. Previously crystalline compressibilities of β-sheet peptides, 13 amino acid 
residues in length, were found to be in the range between ~6 and ~8 m/N [4]. 

In summary, GIXD measurements indicate that PP12P unit cell exhibits molecular elasticity that 
manifests in unit cell deformation resulting of film compression. The model shown in scheme 1 was 
previously proposed to describe the compressibility of the amphiphilic β-sheet peptides PE(FE)5P. 
In this peptide the hydrophobic groups phenylalanine (F) is larger than the hydrophilic side chains 
of glutamic acid (E) hence it was suggested that the strand backbone bend out of the water 
interface. In PP12P described here with the hydrophobic side chains leucine and alanine (L and A) 
comparable in size to the hydrophilic amino acid side chains, other types of deformations, including 
bending of the backbone into the water interface or within the interface, appear to also be possible. 
Further molecular modelling studies, coupled with diffraction analysis are required to elucidate the 
various deformation forms which may lead to the observed decrease in lattice (0,1) spacing. 
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P-K-L-R-L-D-A-N-L-S-L-S-L-P 

 π 
mN/m 

area 
Å2/mol 

qxy 
Å-1 

d (0,1) 
Å 

a 0.44 201 0.0890 70.6 
c 0.02 167 0.0966 65.1 
d 0.1 150 0.0961 65.4 
e 0.37 132 0.0981 64.1 
f 2.17 116 0.1027 61.2 
g 15.2 98 0.1145 54.9 
i 34.9 65 0.1283 49.0 
j 18.1 82 0.1187 52.9 
k 0.86 118 0.0940 66.9 
l 0.31 153 0.0947 66.3 
m 0.13 114 0.0938 67.0 
n 6.04 98 0.1071 58.7 
o 33.3 66 0.1302 48.3 

 

Figure 1: Langmuir isotherm of PP12P on water. GIXD data collected at various points (denoted by letters) 
along the isotherm: (a-i) compression, (i-l) expansion and (l-o) recompression. 

Table 1: Summary of Bragg peak qxy positions (peak centre determined by Gaussian fit) and the 
corresponding d(0,1) spacing. 

 
 
 
 
 

 

 

 

 

Scheme 1: (a) Proposed schematic unit cell with PP12P peptides offset by one amino acid along the (0,1) 
direction. (b) A model previously proposed to describe the compressibility of PE(FE)5P peptide [1], showing 

backbone bending out of the (h,k) plane that may lead to decrease in the (0,1) spacing. For PP12P other 
deformations, including bending of the backbone in opposite direction, seem also to be reasonable.  
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