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Thin film analysis by GISAXS

Reflection
Diffraction and

refraction

GISAXS
from multlayer optics. I colimator
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sample rotation axis.
divergence < 1 mrad (0,057 )
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Lab-GISAXS of phospholipid mesophase
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DOPC on Si chip

Hecus S3-MICROpix, 10005

This structure has highly promising features for
thin-film biotechnology:

« controlled pore size,

« large inner surface

« easy to produce

Can we functionalize it (e.g. cytotoxic) ?

... tests with melittin (bee venom peptide)

Functionalized Peptide — Lipid Film

DOPC/Melittin R = 10-4in vacuo on Si
‘S3-MICROpix 10 min 20 hours later, air, RT

* The original cubic film structure of DOPC is transformed into
lamellar, isotropic multilayers already at molar ratios of 1:10.000
of melittin.

« Two (or more) domains with different lamellar repeats appear
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S3-MICROcaliX

‘

Combining SWAX & Calorimetry*

+ Calorimetry provides only the enthalpy e.g. of phase changes, no structure
« SAXS is essential to identify long-period structures, e.g. in fats
« detection of pre-transitional changes in nanostructure — domains, interfaces

« simultaneous measurement is crucial with unstable materials

“Cooperation started with Michel Ollivon, Greard Keller, Claudie Bourgeau et al in 2000,ontinued with Setaram, Caluire, France

S3-MICROcaliX m

Integrated Laboratory Benchtop
System
Calorimeter unit by Setaram , Caluire France

S3-MICROcaliX m

Calorimeter Specs

. Sample volume: 20pl (open capillary)
. Temperature range: -25 °C- 200°C

(-30°C = 200°C reached when RT~20°C)
ity: 410pV/mwW

. Average sensi

. Isothermal detection limit:1.5pW

. Scanning detection limit: 2.5pW

. Static drift (25 min isotherm at 26°C): 3uW
. Repeatability< 1%

. Maximum heating rate : 5K/min

. Maximum cooling rate

% 5K/min(200°C & 50°C)
% 1K/min (50°C & 0°C)
% 0.5K/min (0°C 9 -30°C)

The microcalorimeter of MICROcaliX matches
the best stand-alone instruments

19.03.2012




Ag-behenate powder:
20°-200°C (1.5°/min)
1D-SAXS: 1 frame/min

2 D-SAXS pattern of Ag-behenate
heating scan: 110°C-200°C (1°C/min)
60 frames (1min each, 1°C/frame).
Animation is not time-synchronous
with 1D (left)

Ag

Ag-behenate polymorphism
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Silver Behenate SAXS-DSC
with Bruker MicroCaliX
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COCOA BUTTER péflsanBiiitii SHS-sBWANXSBSEonal nanodomain e"é{@)(’j

with Bruker MICROcaliX

simultaneous SAXS and WAXS
+*scan 1°C/min

6amm
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SAXS zoom ~ Onsetof wansition

already at much

than indicated by
calorimetry and by
XS

- signal strength sufficient to measure SWAXS with time resolution of ~ 20's, Le. faster scanning is technically possible.

Liposome Therm&PP8IYhsdrphrgRetropic phase transitions L%{ﬁb{‘)

with Bruker MICROcaliX
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DPPC
23°-48°C

DSC: 0.5°/min

2 D-SAXS pattern of DPPC-
heating scan:

70 frames (1min exposures).
Animation is not time-
synchronous with 1D from

. H above.
SAXS: 1 frame/min
(_‘\/7
MICROcaliX - Fields of Application ER
Component Application
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Michel Ollivon - The Pioneer

He initiated the development of S
laboratory bench differential mici

< a
allowing both typ
developed in colla
and former Hecus,
performed by Prof. Michel Olliv
Malabry (Paris, France)

SX, following a research work
at the University of Chatenay
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DYNAMICS
Nano-Cinematography

Membrane transitions . Detect ShOft—//VEd
intermediates

- Combination of:
- brilliant source
- fast detectors

0 a0 ze  ww  aw e
March 19, Zignnel Ne. ICTP School Trieste 210312 94

. Most of todays third-generation
= high X-ray synchrotron sources offer suitable
brillance  peam-lines for fast time-resolved

- efficient optics diffraction/scattering

e.g. the Austrian-SAXS beamline at ELETTRA

/ Trieste
e

Flux ~ 10%*2 / s.mm?
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Requirements:

« high X-ray brillance

- efficient optics

« fast position-sensitive detectors

= synchronization/trigger methods

March 19, 2012 ICTP School Trieste 210312 96
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= synchronization/trigger methods

Jump-Relaxation Techniques: e.g. pressure-,temperature-,
stopped-flow (concentration-), magnetic field jumps

Steady-State Techniques: time-upon mixing / continuous-
flow techniques

Non-Equilibrium Dynamics

MILLISECOND TEMPERATURE-JUMP

EXPERIMENT

. i
IR-Laser:
% =154 um
Epax =47 g
T=2ms
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Polymorphism of Lipids —
Mechanisms of Phase Transitions ?
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Martensitic transisiton between two lamellar, affine lattices

Laser-puise

TRANSITION PLANE

LATTICE A

%

WAL LOSS OF ORDER & COMERENCE

[k
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Short-lived intermediates in transitions between nonaffine latices

eg.Lg-Pg

Intensity

i

o o =

—— Angle
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Short-lived intermediates in transitions between
nonaffine latices

e.g. Lg.- Pp.

o TRETRANSTON By
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Intermediate also in lam/hex transition

AT T PRITERN OF g My TRANSTON

103
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Intermediates not
detectable in slow-scan

mode
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Conclusion:

March 19, 2012 ICTP School Trieste 210312
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T-jump within one-phase L, region

L, —— Ly —— L,
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lateral expansion

Relaxation:

~30-40s

Re-diffusion of water

T-jump probes the elastic properties of
liposomes

March 19, 2012 ICTP School Trieste 210312
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Effects of Cholesterol on Bilayer

Response in T-Jumps
ﬂ .\

Softening Hardening
o Neaw
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High-pressure SAXS

2[3
ﬂ)[\
Heinz Amenitsch (IBR)

Monica Vidal (IBR)
Cilaine Teixera (IBR) Sigrid Bernstorff (Sincrotrone Trieste)
Manfred Kriechbaum (IBR)

Milos Steinhart
(IMC Prague)
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The HP-X-ray Cell

LABVIEW

arallel Pon

Cellbody: Stainless steel (3x 3.5 x 2 om)

Max. pressure: 2-3 kbar (5-90 C)

Windows: Be or diamond C (2r=3mm, d=15 and
0.75 mm, respectively)

Aperture entrance 1.5 mem, exit: 2 men (20); 6
angle cone (covers SAXS and WAXS),

Reference: M.Steinhart, M.Kriechbaum, K Pressl, H.Amenitsch, P.Laggner and S.Berstorff, Rev.Sci.Instrum. 70, 1540-1545 (1999).
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P-scans of POPC/cholesterol (20% in water)

220

1782 bar

time [s]

scattering vector

110 frames, 2s/frame P
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Pressure-Hysteresis
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Hysteresis for POPC 20% and different molar concentrations of cholesterol at 20 C
d-spacing as a function of pressure during a p-scan (red: compression and blue: decompression)
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Pressure scanning of PC / Cholesterol mixtures

dP/dT Rate-dependence of hysteresis

B s wT

,.
—
hysteresisiae

H 4 1) 1 E)
% cholesterol

T : H T 4 13
Y cholesteral

Both, Clausius-Clayperon slopes (dP/dT) and hysteresis/rate show a maximum at
low concentrations of cholesterol (1-5 mol%). This agrees with the notion that low
amounts of cholesterol induce a softening/plastification and higher concentration
cause hardening.
March 19, 2012 ICTP School Trieste 210312 113
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What drives lateral organisation in fluid membranes ?

Is it the tendency to minimize lateral compressibility that
drives the spontaneous redistribution of components?

March 19, 2012 ICTP School Trieste 210312 114
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Membrane Softness:
the Effect of Cholesterol

w3 1 mos cholesterd:
*x N
e e s

T-jumps of 3 C(Tsyem =10 C)

s
o o 1 Result: Low amounts of cholesterol

. soften the bilayer whereas above 5
mol% the membrane gets more and
0 R more rigid.

a0l ko

March 19, 2012 ICTP School Trieste 210312 115

Phospholipid Bilayers: Ordered Intermediate
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p-SCAN AND T-JUMP RESULTS
1 -~
i .
Transition pressure Pressure hysteresis T-jump: change of d-spacing

Pabst G., Rappolt M., Amenitsch H., Bernstorff S., and Laggner P. (2000). Langmuir 16, 8994-9001
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HYPOTHESIS:
Compressibility is the main determinant
Components are pressed into the
arrangement of lowest overall
compressibility
March 19, 2012 ICTP School Trieste 210312 118
165k
rd Example : 4 Mol-% cholesterol
Area =1 0.6 0.4
h compressibility - lLow compressibility
4% 0% 10%
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Membranes with high flexibility and shape differentiation have
low cholesterol contents, e.g. endoplasmic reticulum,
mitochondrial inner membranes, sarcoplasmic reticulum.

Membrane cholesterol increases with age

March 19, 2012 ICTP School Trieste 210312 120
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Advanced Laboratory Instrumentation s aﬁ )
B R
The Bruker-AXS SAXS Platform A

The Bruker SAXS Platform covers the two key typologies:

I.  The versatile NANOSTAR™ series 3
for higest power in physics and material science appli

e.g. nanography, GISAXS, erc =

L=

Il.  The compact MICROPix ™ and MICROCaliX ™ series
for high-flux / high resolution applications in chemistry and biology with micro-
point-focussing optics .

14



r — Synchrotron SAXS
> 1000x
@ )
% _ MICROpiX
= 3x
)
_ Best rot-anode SAXS
JS Pedersen, J. Appl. Cryst. 2004
> 10x
_ Line-focussing SAXS

Bruker Micro SAXS Platform — X-ray an
Source (>0

* 50 W, air cooled, IpS « Choice of focusing, parallel
(Incoatec micro-focus X-ray beam 2D or 1D Montel or
source) Gobel Mirrors for various

« 3 years of warranty wavelengths

The MICRO — Primary Beam BRUKER

[ )
7~ ‘.=-‘,...\u . \ A emsewemmasme N\

\ - J

+ 107 counts/s within 0.2 mm?2

« flux density: > 108/ mm?2

* FWHM: ~ 0.2 x 0.43 mm2 (z/y)
+ Imax= ~ 3 x 10° counts/s

(recorded with Pilatus 100k, 172 micron pixel size)

19.03.2012
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The MICRO SAXS Platform

Primary beam i
Detectorgcattered beam ' T microfocus

Xray

source

I

Sample
SAXS signal Vacuum chamber

(&

T
Collimator

Focusing Montel
mirror

J/

The beam path of Kratky MICRO Platform
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