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Abstract:

Lipid membrane elastic properties play an important role in the membrane deformations necessary for cell function, motivating
significant research efforts to understand the physics underlying biomembrane dynamics. The majority of research to date has focused
on model membrane systems composed of zwitterionic lipids; however, nearly all biomembranes are negatively charged at physiological
conditions. Accordingly, here we propose to expand the use of neutron spin echo to study thickness fluctuation dynamics in negatively-
charged model membranes. Neutron spin echo is the only technique capable of probing the appropriate length scales and time scales to
study thickness fluctuation dynamics, and the unique access to the long Fourier times and high flux available on the IN15 instrument is
crucial for the proposed experiments. The experiments outlined below will provide new and necessary insights into charge effects on
lipid membrane dynamics and elastic properties.
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Charged phosphatidylglycerols (PG) are anionic phospholipids found in mitochondrial membranes as
a precursor to cardiolipin and are a major component of the cytoplasmic membrane of bacteria. The
phase behavior of PG lipids not only depends on hydrocarbon tail length like other phospholipids, but
also is highly sensitive to the pH and ionic strength of the surrounding solution. In particular, the phase
behavior of dimyristoylphosphatidylglycerol (DMPG) with saturated 14 carbon tails is highly unusual.
The calorimetric profile shows several broad peaks than span 20 °C and sharpen with increasing buffer
ionic strength. The wide melting transition is associated with changes in the lipid membrane structure
as well as the bulk solution properties including the viscosity and ionic conductivity.(1) The aim of this
experiment was to better understand the collective membrane dynamics on the nanoscale during the
melting transition and link these dynamics to the changes in membrane structure and bulk solution
properties.

SANS data were collected on both the protiated and deuterated DMPG lipid vesicles to complement
NSE experiments to measure the corresponding lipid dynamics (data not shown). The high g SANS
data for 20 mg/mL protiated DMPG in D20 buffer (10 mM HEPES, 2 mM NaCl, pD 7.4) are shown in
Fig. 1a. The first minima in the bilayer form factor (q = 2 nmt) shifted to lower q with decreasing
temperature, suggesting an increase in bilayer thickness as the vesicles are cooled from the fluid
phase (red curves), through the melting transition (purple curves) and into the gel phase (blue curves).

The changes in bilayer thickness were quantified by fitting the data with a bilayer form factor and the
resulting values are plotted in Fig. 1b. The bilayer thickness increased = 1 nm from the fluid to gel
phase as reported for other phospholipids. Interestingly, there was no anomalous change in the bilayer
thickness in the intermediate phase unlike the dynamics measured with NSE (data not shown).
Instead, the bilayer thickness monotonically increased through the melting transition and followed the
lipid volume measured with densitometry.

a ! T T b 11 | |
3 T(°C) 36
® 50.0
® 400 1 -
e 340 34 I
30.0 — 1
25.0 & 1 =
24.0 c ~
e 230 — 32F : 1 <
® 216 0 o
® 206 © 1 a
e 19.7 30 1
e 162 1 [ -
e 114 1 1
10.2 28 1 1 \
] 1
L .1 Jd l L

10 20 30 40 50

T(°C)

Fig. 1 Temperature dependence of (a) the high q SANS data and (b) corresponding bilayer thicknesses (dy) determined
by fitting the data with a vesicle form factor. The green line in (b) shows that the changes in db directly follow the
changes in lipid volume measured with densitometry. The red, purple, and blue symbols correspond to temperatures
in the fluid phase, melting transition, and gel phase, respectively.



The surprising results are shown in Fig. 2 where the low g SANS data showed a marked change at
temperatures corresponding to the lipid melting transition. The 1(q = 0) dropped as the temperature
decreased and then was recovered upon further cooling in the gel phase. Moreover, the original
scattering curve was completely recovered after reheating the sample back to the fluid phase,
suggesting the changes in low q were not due to a change in the vesicle structure.
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Fig. 2 Temperature dependence of (a) low g SANS data and (b) extrapolated S(q = 0). Values for S(q=> 0) were
determined by diving the measured SANS data by the calculated vesicle form factor. The red, purple and blue symbols
correspond to temperatures is the fluid phase, melting transition and gel phase, respectively.

Instead we speculate that the changes in low g are due to an increase in repulsive interactions in the
intermediate phase and associated changes in the structure factor. S(q—>0) values calculated by
dividing the measured intensity by the calculated vesicle form factor are shown in Fig 2b. S(q—>0)
drops by as much as an order of magnitude during the melting transition. This significant increase in
repulsions may be do the enhanced dynamics measured with NSE (data not shown) and associated
increase in the undulation repulsion forces between vesicles.(2)

Together the structural and dynamic data collected on D22 and IN15 show interesting and potentially
complementary trends at temperatures corresponding to the intermediate phase. We are currently
working to better analyze the SANS data and correlate the structural results with the dynamics data.
So far, the data suggest that the bilayer structure does not significantly change during the melting
transition and instead point to a change in the effective interactions between vesicles potentially
caused by an increase in the bilayer undulations. The enhancement may be consistent with the
increase in density fluctuations predicted at the melting transition and may help explain results in
literature that suggest DMPG bilayers become porous during the melting transition. (3)
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