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Abstract:

To physically model how cell-cell contacts establish a finite distance with aid of biopolymers, we design a well defined model based on
planar bilayer stacks whose periodicity can be flexibly tuned by the mixing ratio of amphiphilic DGI and hydrophilic AAm monomers.
An anisotropic hydrogel can be fabricated under shear stress, showing a highly uniform lamellar stacks of DGI whose periodicity can
reach even up to hundreds of nm. The goal of the proposed experiment is to quantitatively unravel how the anisotropic mechanical
parameters of membranes, such as bending rigidity and vertical compression modulus, are modulated by changing the DGI/AAm ratio in
the presence and absence of external osmotic pressure. To gain specular/off-specular scattering signals from such lamellar systems
possessing the periodicity of about 10 nm, we utilize D16 membrane diffractometer equipped with a high-precision humidity control
system.




Background

Biological cells are filled with 50 - 85 wt% water, but their
mode of deformation is clearly different from "balls" made
out of synthetic hydrogels. For example, cell membranes
share common features with smectic liquid crystals, whose
deformability is known to be highly anisotropic. In nature,
the contact between neighboring cells is mediated via
hydrated layers of biopolymers, such as glycocalyx and
extracellular matrix [1]. To date, planar stacks of synthetic
and native glycolipid membranes have been utilized as the
model of saccharide-mediated, cell-cell contacts. Via full
calculation of two-dimensional scattering functions, the
influence of molecular structures [2,3], genetic mutations
[4], and environmental factors [5] on the structural
correlation and anisotropic mechanics of cell membrane
models have been quantified using off-specular neutron
scattering at D16. Here, we focus on the anisotropic lamellar structures developed in material science,
which can tune its intermembrane distance as a function of degree of hydration (Fig. 1) [6, 7]. They
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Fig. 1. (a) Schematic illustration of the
lamellar hydrogels. (b) Young’s modulus of
the lamellar gels is highly elastic and
anisotropic. (¢) Schematic illustration of
lamellar  structure of perfluoroalkyl

polymers.

exhibit highly anisotropic physical properties, e.g., swelling ratio and Young’s modulus parallel and
perpendicular to the membrane planes are largely different. Since the anisotropic physical properties
can be flexibly adjusted (Fig. 1b), such systems offer a unique advantage to physically model cell-cell
interfaces. However, there has been no systematic study shedding light on the influence of swelling
ratio and density of polymer interlayers on the membrane mechanics of such complex structures.

Our previous accounts [2-5] have demonstrated that off-specular scattering is a powerful technique
to fully calculate two principal mechanical parameters, the compression modulus B and bending
modulus «, by calculating the theoretical scattering function S(q,,q;) (Fig. 2) by preparing the

membrane multilayers deposited on a planar substrate as a sample:

$(azqy) « [ J (M) exp(—iqyr)dr

+2 Zk 1(N k) cos(kq,d) j exp <M> exp(—iqr) dr] )

where g, (r) is membrane-membrane height correlation function [8].

Aim of the Proposed Project

The primary aim of this study is to quantitatively characterize the anisotropic physical property of (A)
lammelar hydrogel and (B) perfluoroalkyl polymer stack. The lamellar hydrogels based on DGI
(dodecyl glycerol itaconate) and AAm (acrylamide) was fabricated by the group of Profs. Gong and
Nakajima (Hokkaido University, Japan) under shear stress [9], where DGI was deuterated in order to
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Fig. 2. Scattering profile in reciprocal space map obtained from off-specular scattering on pure Gb3
glycolipid multilayer. Measured data are represented in two 1D profiles along the Bragg sheet ((a)
Intensity profile and (b) width of Bragg sheet) to fit scattering function S(g:, ¢q|) (solid lines).
Compression modulus B and bending modulus x are obtained from the best matching simulation

between experimental data and theoretical profile.

enhance the contrast. Poly(fluoroalkyl acrylate) with different kinds of side chains such as 2-
(perfluorooctyl)ethyl acrylate (PFA-C8) and 2-[(perfluorooctylethyl)carbamate]ethyl acrylate
(PFAUTr-C8) were synthesized by the group of Profs. Takahara and Higaki (Kyushu University, Japan).
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kept at 25 °C in the humidity chamber. To control the Fig 3. Scattering signal of PDGI-AAm gels

Results of Experiments

(a)
(A) lamellar hydrogel: The experiments were carried out I i

with different feeding concentration of d-DGI ([d-DGI]
=0.1 M and 0.14 M), and different mixing concentration
of glycerol (0, 0.5, 0.8, 1.2, 1.5, 2.0, and 3.0 wt%). To

ensure that membranes are in La phase samples were

osmotic pressure, samples were kept in the humidified air ([d-DGI] = 0.1 M) at high relative humidity
with low (~ 30 %) and high (> 95 %) relative humidity or
in bulk buffer and pre-incubated for 2 hour prior to the

(RH > 95 %) presented in an angular

coordinate. Glycerol concentration was
measurement. As show in Fig. 3, scattering signals did not  ,jed from (a) 0 Wt% to (b) 3 wit% to
show very clear specular signals. The reproducibility of ;1101 the volume of AAm gel.
results was confirmed from the measurements of same

sample conditions with two days of incubation time to ensure the sample quality. This result indicates
that the lamellar structure of DGI membranes are not well ordered under all the measured conditions.
This could be attributed to the high concentration of DGI, which is more than 10-folds compared to
previous study [8]. Formation protocol such as the strength of shear stress has to be further optimized.

(B) Fluorinated polymer: The experiments were carried out with different side chains of polymers, and

different osmotic pressure (RH = 30, 60, 80, 95% and bulk water). Temperature of sample chamber
was also varied below and above the temperature for the isotropic transition 7;. We obtained strong
scattering signals around Bragg sheet under all the conditions below 7; (Fig. 4), which allows us not

only to determine the equilibrium intermembrane distance but also to fully characterize mechanical



parameters B and x. Intermembrane distance showed clear
tendency of the increase as increasing relative humidity,
indicating the hydration of lamellar stack. It was also found
that PGA-C8 membranes show very strong lateral
correlation compared to PFAUr-CS8, which appears in the
intensity decay of Bragg sheets in the horizontal direction.
Furthermore, similar scattering patterns were obtained
from PFA-CS8 even above T}, suggesting that the lamellar
structure was kept stable above the phase transition
temperature. The full calculation of scattering functions for
each condition and detailed analysis in order to determine
bending modulus and compression modulus are in

progress.

Summary and Prospects
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Fig. 4. Scattering signal of fluorinated
polymers (PFAUr-C8 and PFA-CS) at low
and high relative humidity (RH = 30% and
95%, respectively) in 25 °C.

The allocated beam time allowed us to systematically investigate how the structure of anisotropic

lamellar material is influenced by the chemical structure and hydration degree. Measured scattering

profiles showed excellent quality which enables us to fully calculate compression modulus B and

bending rigidity x. Further detailed analysis is undergoing for revealing the interaction between

lamellar structures and water molecules, and resulting change in mechanical properties of lamellar

structures.
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