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1 Abstract: In this manuscript we are investigating the contribution of dynamic membrane
:  properties of phospholipid membranes to coherent scattering signals under grazing incidence.
s Spectroscopic measurements under grazing incidence can provide useful insight into the properties
«  of biological membranes, however are often impeded by weak signals. By using grazing-incidence
s small-angle neutron scattering (GISANS) to identify a dynamic scattering contribution we are
s able to independently corroborate the existence of a previously found dynamic mode found by
»  grazing-incidence neutron spin echo spectroscopy (GINSES). Additionally, by increasing the speed
s  of measurement compared to GINSES from several days to hours we were able to explore the
s temperature behavior of this mode in phospholipid membranes. These dynamic modes of the
.0 membranes show a wavelength of around 700 A in-plane of the membrane and are most pronounced
1 around 37°C and strongly decrease at lower temperatures below 25°C before vanishing at 20°C.
1z We therefore speculate that they may be linked to biologically relevant functions of the membranes
1z themselves.
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15 1. Introduction

16 Phospholipid membranes provide a wide array of functions for cells in the form of cell membranes
17 as they define their interface with their environment. Understanding this interface both in terms of
s structure and dynamics is therefore instrumental for the investigation of biological functions of cell
1o membranes. This becomes especially clear when we are considering transport mechanisms through
20 or even along the membranes, such as diffusion along and through the membrane, endocytosis or
a1 function of surface proteins in the membrane. From the application side two important examples are
22 transport vectors for drug delivery or attack vectors for bacterial and viral pathogens.

2 In a previous publication we identified a hitherto unobserved eigenmode of phospholipid
2 membranes at physiological temperatures by means of GINSES.[1] However, due to a limited available
2 time for the experiments we were unable to further explore the behavior of those eigenmodes we
26 called dynamic modes. What is more, since the experimental time for a single spectrum was on the
2z order of several days, this seemed unfeasible for further investigations when there was no a-priori
2s  proof of the existence of such waves for a given sample or specific sample conditions.

20 Searching for a way to overcome this we were inspired by the method of Constantin et al.[2],
so  where the shape of a Bragg peak scattered from lamellae was analyzed and a coherent contribution to
a1 the peak form was found. However, instead of focusing on the Bragg Peak and following through with
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;2 the Caille theory[3] we assumed a standing wave as postulated after the GINSES measurements would
ss  contribute on its own to the coherent scattering in the identified length scale and therefore Q-regime.
3a We therefore set up a GISANS experiment where, instead of searching structural features we
s optimized for resolution and signal to noise ratio in an area that previously was identified by the
s GINSES experiment. There we could indeed identify an additional scattering contribution not
sz associated to the structure of the membrane.[4]

38 Since the GISANS measurements are considerably faster (several hours compared to days) we
s were also able to perform a temperature scan that revealed a temperature response of the eigenmode
20 of the membrane. This temperature response also allowed us to rule out instrumental artifacts as well
a1 as the thermodynamic nature of the effect.

22 2. Results

a3 The measurements presented here were performed on the MARIA[5] instrument at MLZ. The
4 GISANS data is shown in Fig.1. There also the direction of the in-plane cut used for later analyses is
«s  shown.
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Figure 1. GISANS images at a) 37°C initial conditions, b) 25°C, ¢) 20°C and d) 37°C final conditions.
The black lines indicate the limits for the averaging process, which are identical for all images. The
vertical streak is the form-factor of the lamellae, which is not considered in this manuscript. This has
been extensively discussed in one of our previous manuscripts.[4]

46 The vertical cuts as indicated are then analyzed by fitting Gaussians to the appearing peaks. The
4z corresponding data is given in Fig.2. In order to smooth the data, an average over three data points in
s in-plane direction is taken. This does not influence the occurrence of the described peaks, and several
step width for averaging were tested in order to avoid data artifacts.
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Figure 2. In-plane cuts for all GISANS images. Black lines are Gaussian fits for peaks in the curves.
50 By inspection of the data with the bare eye the disappearance and reappearance of the peaks can

51 be seen. The corresponding positions for the first peak, evaluated using a Gaussian Fit, are given in
2 Fig. 3. The Q) -position of the first peak increases upon cooling down, corresponding to an increase in
ss length scale, vanishes at 20°C and reappears when reheated to 37°C. Even though the original value
s« cannot be reclaimed a return of an identical peak can be claimed since the error bars are substantial.
ss This is also supported by the fact that this curve was achieved after the peaks completely vanished
ss during the 20°C measurement on the same sample. All other results of the Gaussian fits indicated in
sz Fig.2 are shown in Tab.1.
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Figure 3. Position of the first peak for temperatures 37°C and 25°C. The red circles are for initial
conditions, the black triangle indicates the value at 37°C after heating up from 20°C.

ss 3. Discussion

59 The original assumption for the analysis in this manuscript was that the data presented in our
e previous manuscript [1] produces a coherent wave package that could be measured by static coherent,
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Table 1. Results from Gaussian fits to the in-plane cuts in Fig.2. Peaks are numbered from left to right.

Where the fit did not converge sufficiently to give an error N/ A is noted.

Temparature in °C  Peak no.

Amp. in arb. units

max A —1
Q” /A

olA-1

reprints201807.0231.v1

37 (initial) 1 29%x1072+24%x103 89x103+21x10% 16x103+15x10*
37 (initial) 2 30x1072+£46x103 17x1024+43x107% 18x103+34x107*
25 1 26x10724£62x1073 93x103+£51x10"* 14x103+41x10"*
25 2 86x103£N/A 1.6 x 1072+ N/A 1.2x 103+ N/A
37 (final) 1 45x103+31x103 98x103+74x107% 14x103+78x10*
37 (final) 2 78x107°3+£14x107% 1.7x1072+47x10"* 1.8x103+38x10*
37 (final) 3 45x103£N/A 24x1072£N/A 1.0x 1072+ N/A
37 (final) 4 70x103+50x107% 32x1072+17x107% 14x103+12x10~*

&1 elastic neutron scattering experiments. This assumption has been proven by the measurements shown
o2 here.

o3 However, there is more to these measurements than just the test of an assumption, since these
e« Mmeasurements also present an independent proof in terms of method for the phenomenon observed in
es our previous manuscript.[1]. In addition to that independent proof this also delivers a faster scanning
es method through other parameters, such as temperature or concentration for the existence of these
ez wave modes, which then in turn can be used to prepare a GINSES measurement. Those measurements
es can then be used to extract additional data from phospholipid membrane systems, that have been
es hardly accessible up to now.

70 The length scale of the wave packages identified here is on the order of 27/ Q= 700A. Compared
7 to most dynamic or quasi-elastic measurements this is quite large.[6] However, considering the usually
72 overdamped nature of modes soft-matter systems it is not surprising that in membrane systems stable
»s modes, if they occur have to occur at a long length scale. This could also have implications on protein
7a function and macroscopic membrane behavior since those modes link areas together that are far apart
7z if measured in units of phospholipids (several hundreds, depending on external parameters such as
76 surface pressure).

77 The disappearance and reappearance of the data also preclude any instrumental bias or artifact.
78 Considering the possibilities for further evaluation of the data there is little point in analyzing
7 amplitudes or peak shape now, since the data is just visible above background. Thus mainly the
s position of the maxima is of interest, to identify the length scales of the wave packages. Here further
e improvement of the signal-to-noise ratio may render more insights into the behavior of the system.
82 Another fact worth mentioning is the apparent annealing effect after cycling the temperature,
es when higher order peaks appear.

sa 4. Materials and Methods

85 A full report on the experiments discussed here was published earlier.[7] Here we describe sample
s preparation and instrument setup, both of which have proven to be crucial to gain reproducible data
s7 in previous experiments.

ee  4.1. Sample

80 The sample consisted of SoyPC (L-a-phosphatidylcholine) prepared on a polished and
oo hydrpholically treated silicon block. The sample was obtained from Avanti Polar Lipids, AL, USA.
o1 In preparation for the coating of the sample on the substrate an RCA- cleaning of the surface was
o2 performed. After that, the silicon block was rinsed with copious amounts of millipor purified water
o3 and then blown dry with nitrogen. The block was placed into a frame to prevent oozing-off of the
s« sample. The sample was then dissolved in isopropanol p.A. at room temperature and shaken for 20
»s minutes. The resulting solution was deposited on the silicon block in the horizontally aligned frame in
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96 an vacuum oven. Drying was performed over night at room temperature and 25 kPa. This ensured a
oz slow drying that allowed to good self-assembly of the phospholipid membranes and was above the
s vapor pressure of the solution in order to prevent bubbling. The resulting fully dried sample (olfactory
9 inspection) was then placed inside a closed aluminum block which was in turn filled with D,O to
1o achieve full hydration.

101 The sample was then temperature controlled by a water thermostat throughout the measurements.

w2 4.2. Instrument Setup

103 In order to be able to resolve features close to the primary beam a sample aperture of 1 x1 mm at
10s  MARIA was chosen. Under those conditions Bragg scattering from the membranes is be negligible,
15 due to the low intensity. However, we expected the features due to the standing wave to appear
106 primarily around the specularly reflected beam in in-plane direction. The other collimation settings
10z were adjusted accordingly to a 1x1mm slit 4.1 m before the sample slit and the detector is positioned
1e 3.6 m behind the sample. This setup should provide an optimum in signal to noise ratio for GISANS at
10 MARIA. A wavelength of 10 A and an incident angle of 0.2° was used for all measurements. Each
10 measurement lasted for 6 h per temperature.

11 5. Conclusions

112 In this manuscript we presented the measurement of a coherent signal from a dynamic mode by
13 means of GISANS. This both independently proved the existence of the surface modes that caused
ue that signal as shown in our previous manuscript [1] as well as allows for a faster scanning for several
us parameters.

116 The surface modes have a structure size of approximately 700 A and may contribute to membrane
ur stability and membrane function, since they allow the dissipation of energy in the membrane and at
us the same time correlate areas of the membrane that are several hundred phospholid units apart. In
1o addition to our previous measurements, also a temperature dependence was discovered, where the
120 dynamic modes decrease at lower temperatures, and eventually vanish below 20°C. Here it should be
122 noted, that the signal might simply be suppressed by background scattering.
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