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A bit of context, and the data at hand g
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Ideal and actual membranes

— Phys Rev. E paper
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Slab-like models for SAXS/SANS analysis t

M.A. Kiselev, D. Lombardo [ Biochimica et Biophysica Acta 1861 (2017) 3700-3717
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Dynamics of membrane bending fluctuations t

VOLUME 77, NUMBER 23 PHYSICAL REVIEW LETTERS 2 DECEMBER 1996

Undulations and Dynamic Structure Factor of Membranes

A.G. Zilman and R. Granek Journal of Physics and Chemistry of Solids 60 (1999) 1375-1377
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Observation of local thickness fluctuations in surfactant membranes using neutron spin echo

PHYSICAL REVIEW E 80, 031606 (2009)

Michihiro Nagao*

NIST Center for Neutron Research, National Institute of Standards and Technology, Gaithersburg, Maryland 20899-6102, USA
and Cyclotron Facility, Indiana University, Bloomington, Indiana 47408-1398, USA
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Two-point correlation functions
For elastic scattering

JOURNAL OF APPLIED PHYSICS VOLUME 28, NUMBER ¢ JUNE, 1957
Scattering by an Inhomogeneous Solid. II. The Correlation Function
and Its Application™®

P. DeBve, H. R. ANDERSON, JR.,f AnD H. BRUMBERGER
Baker Laboratory of Chemistry, Cornell University, Ithaca, New York
(Received January 2, 1957)
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Van-Hove correlation functions
For inelastic scattering

PHYSICAL REVIEW VOLUME 95, NUMBER 1 JULY 1, 1954
Correlations in Space and Time and Born Approximation Scattering in Systems
of Interacting Particles

Lton VAN Hove
Institute for Advanced Study, Princeton, New J ersey

(Received March 16, 1954)
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Elastic & inelastic scattering by multiphase &
structures

p(x,t) = anl'n(x, t) pn = SLD of phase n
| 1 ifxin phasen at time ¢

In(x,t) = { 0 if not

Cole,7) = (ple e+ 1,1 47)  I(q,m) = [V, 7970, (x,7)
= Z Z pnpmcmn(r: T)

SANS/SAXS : I(q,0)
NSE : I(q,7)/I(q,0)



Gaussian fields : a well-defined type of disorder
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The type of mathematics in Gaussian-field models

w2

C(r) = probability for the two ends of a random stick with lengthr  to bein the white phase

sameas “tohaveaW>threshold“



Modelling membranes with Gaussian fields
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The big picture: the surface area




The scattering by Gaussian membranes
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Effect of bending fluctuations on
scattering: [, and [y,




SAXS & SANS fitting
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Time-dependent Gaussian fields «jump » U
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Timely crossing rate (Rice’s formula)
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Intermediate scattering functions

(in)finite slope ? Quadratic
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t=0ns t=500 ns t=1000 ns t=1500 ns t=2000 ns
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NSE data analysis
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Thickness fluctuations
& ZG relaxation rate ?
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Outline

» Adding protein-like inclusions to these (and other) models
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A cookie-cutting approach

T p(x, ) = puTu(x,t) X [1 = Tp(x, 1)]
+ ppZu(x,t) X Ip(x,1)

1 if xin p/p at time ¢
T =1 0. if nt

J. Appl. Cryst. (2025). 58



Carbohydrate chain
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Correlation function & scattering EL

i)

Assuming statistical independence of the membrane and protein
C,(r, 1) = Cf,a)(r, 7) + Cff)(r, ) C,(r, 7)
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A simple particular case )"

Slab membrane model Hard-disk protein model
I(a) = (2m)% |p(g:)I” (=) 5(qy) Ip(q) = (2m)1p(qy)0(q-)
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SANS & SAXS of red blood cells liposomes (25 % proteins) U
slab & hard disk model

Membrane scattering

102
ERTS (@ ©
S C,(r,v) 5 C(r, ) H C(x, 7) Cy(x, T)
= 1072

10

10"
- ap (A) bp Q) [lcA) 1n (A) X*()
J‘é 10_1 Monomer Boolean 214 214 16.3 5.0 0.35
g Diske Hard-disk 214 214 | 166 45 035
e Dime  Boolean 284 284 | 160 56 045
) Hard-disk 284 284 | 166 51 042
=103 " Boolean 205 155 | 164 50 038
= Ellipses onomer  prord-disk 295 155 | 168 45 043
Dimer Boolean 52.5 15.5 16.3 5.1 0.49
1078 Hard-disk 525 155 | 166 51 037




SANS & SAXS of red blood cells liposomes (25 % proteins) U
Gaussian membrane model
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NSE of red blood cells liposomes (25 % proteins) U
Gaussian membrane model

D ~ 1.85A%/ns
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The second protein contribution is negligible in our neutron experiments. -200

We could not probe the protein diffusion within the membrane



Ideas for future work (emulsions)

Discriminating interface fluctuations
from in plane protein diffusion

Protein

Medium 1

time

Bogus layer 1

Bogus layer 2

Medium 2




Conclusions : parcimonious models 1:

- Qualitative aspects : validate data analysis
procedures with an exact model
(Cf compressibility, SAXS & NSE)

- Quantitative: fitting all the data with a
single model

/2D
il

oo

- Very transparent contributions to
scattering (average SLD & constrast)

- Can experiments be designed to
discriminate membrane fluctuations from
protein diffusion?



Leon van Hove (1924-1990)

Solvay conference (1927)

llya Prigogine (1917-2003)

L. de Broglie M. Born

T. De Donder
W. Bragg

P. Debye

I. Langmuir



Thank you
for your attention

and for your questions






A metaphor about models and reality

Fred Astaire & Ginger Rogers Marx Brothers
Swing Time (1936) A Night at the Opera (1935)
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