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Report:

During the course of the experiments at ID31 we obtained new ddigicbpolymorphism for the
model biological membrane. We used recently developed method for obtaiagrgscopically large planar
phospholipid bilayers on top of a liquid substrate surface [1]. We haezisalla set of data on the ordering
of DSPC phospholipid molecules at the surface of hydrosol subsitrigtes-nm and 7-nm particles at varies
sodium concentations. We also found very sharp peaks in the diffuserisgattom the multilayer of
membraines that allows studying interlayer correlations ifhi¢ usage of high energy beam at ID31 (photon
energy= 71 keV with wave-lengtih = 0.17 A) appeared to be very useful for the reduction of the radliatio
damage of the samples. Overall, ID31 offers outstanding capabilities yooaastudies of liquid surfaces.

The surface normal structure of the lipid bilayers we studiedth®y high-resolution x-ray
reflectometry up tay, =(477\)sinu 01.5 A* (see Figure 1a and 1b). Their lateral structure was probed by
both grazing-incidence x-ray diffraction and off-specular siagenethods (see Figure 1c and 1d). For the
scattering measurements we used the detector scan atetlegfezing angley, of the probe beam. The
scattering measurements were performed at 3 differeningrarigles of the probe beam varying from 0.01
degto 0.1 deg.

In the preliminary analysis we have applied free-form aprdar reconstruction of the dielectric
function g(z) [2, 3]. This is self-consistent approach for x-ray datalysis, which is based on special
iterative procedure taking into account the roughness parametersfy®8Dn) when reconstructing the
dielectric constant profile(z) and, vice versa, the functiafz) when determining the PSD-function. The
example of the reconstruction for multilayer is shown in Figureldbfurther analysis we plan to use
scattering data to distinguish between contribution to scatteritigea$urface roughness and nanoparticles
placed in the liquid body. Analysis of the scattering distributiolh e performed in the frame of the
perturbation theory.

The following information we are going to obtain from the collected datao fa@cbnstruct the depth-
distribution of the dielectric constamr(z) in the near surface layers; (b) to determine in-plan&datt
parameters of the bilayers (c) to determine the PSD-functiaoihe agtudied surfaces. These results will allow
us: (d) to compare the near surface structure of membranegxisting biophysical models, (e) to obtain
new quantitative information about lipid mesophases that is necdssatye better understanding of the
physical and chemical properties of biological membranes.
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Figure 1. a) x-ray reflectivity as a function of drom the surface of silica hydrosol of 5-nm
particles: 1 corresponds to monolayer; 2 corresponds to bilayer; 3 corresponds &yenuli)l
example of the reconstructed electron density profile of DSPC multilayepaf 6-nm particle sol;
c) x-ray diffuse scattering from lipid bilayer as a function of the out of pagée.y, at different
incident angles: 0.01 deg (1), 0.018 deg (2) and 0.06 deg (3); d) x-ray diffuse scatbenitigef lipid
multilayer as a function of the out of plane anglet different incident angles: 0.018 deg (1); 0.067
deg (2); 0.1 deg (3).

Preliminary results: The set of our data indicates that the total thickness ofdberlzed DSPC
multilayer is defined by the Debye screening lengthiy~in the bulk of the hydrosol. The enrichment of the
hydrosol substrate with NaOH results in a decrease by $eueaes in the maximum thickness of the
adsorbed lipid layer according to a decreaségn The thickest (~450 A) multilayer of six-eight DSPC
bilayers is formed at the surface of the hydrosol of 7-nmabestat pH: 9 (Ap~ 300 A), the multilayer with
a thickness of ~300 A is formed at the surface of the hydafsBinm particles at pk 11 (Ap~ 100 A)
consists of three - four bilayers, and one bilayer appears atldkb (\p~ 50 A). In those cases, the oriented
packing of molecules inside each bilayer corresponds to two-diomathgphospholipid crystals. We also
found that at pH>11.5 phospholipid molecules arrange at the hydrosol’s surface into a nmonolaye

To summarize, electron density profiles reconstructed withinntbdel-independent approach
demonstrate that the thickness of the DSPC film adsorbed on theesofftne hydrosol coincides in order of
magnitude with the Debye screening length in the substrattheAtolume concentration of NaOH ~ 0.5
mol/L and pH= 11.5, a macroscopically flat phospholipid membrane with a thickness0oh -and with the
value for area per molecule ~ 45.5harp peaks in the diffuse scattering from the multilayéilajers are
the evidence for organic crystal high degree of perfection at the hydrasddises
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