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 Sphingosine, sphingomyelin and ceramide
monolayers

 Cholesterol and cholesterol/lipid mixtures in
oriented bilayer systems
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Reflectivity

What is measured?

Q, =2k Sincxko =2\ Reflected beam versus
ﬂ momentum transfer
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First X-ray reflectivity from water (or any liquid) was
measured by Pershan’s group at Harvard Phys Rev.
Lett. 54, 114 (1985).
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Master Formula

 Exact solution —matrix method
 Born- Approximation
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Electron Density Across the Interface

From the reflectivity, the scattering length
density (Neutron) or electron density (X-rays)
can be determined and correlated with the
structure at the interface.
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The reflectivity results are
best represented as the
normalized reflectivity,
that is, measured
reflectivity, R divided by the
calculated reflectivity from
the ideally flat surface R..
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Inplane Structure — Crystalline or

« Grazing Incidence X-ray Diffraction (GIXD) - 2d crystallography
 Diffuse Scattering
 Liquid structure factor

A

k Top view of an ordered
[ monolayer

Incident beam, k. is kept below the critical angle

creating an evanescent wave with finite
penetration depth into the bulk (approximately
100A) enhancing signals from the surface.

An ordered 2D system givesrise to rod like Bragg reflections that contain
information on the electron density along the z- axis of the ordered
objects. The total cross section for scattering from a 2D system is in

general very small and X-ray flux from synchrotron sources is requirgd.
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Rod- Scans at 2D Bragg Reflections

Multiple scattering DWBA

29D Structure Factor \
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Objective: Determine the
shape of the diffracting
entities

20 rod

Infensity

The peak due to the Fresnel transmission function

indicates the top most layer is being probed.
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Liguid Surfaces Diffractometer
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The Ames Lab — Liquid Surfaces Diffractometer
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wWww.aps.anl.gov

Advanced Photon Source
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Sphingolipids

Function L - -
. Sphingosine (l n animal S)
Regulating Cell proliferation m\/\(\/\/\/\/V\/\/w'
OH
, C18-Ceramide
A O VS e T
0 d death, SPEN H
Ce programme | ea HOV\(OH\/\/\/\/\/\/\/ Skin, hair , etc.
apoptosis, cell aging and I g de level
. . ncreased ceramide levels are
differentiation ClS-Sphmgomye]m associated with cell
ﬂ 2 o, programmed death
/ CH.\ o [~ VY e e
— NN fo\/\(\/\/\/\/\/\/\/cﬂ'
cv./ 6 oH
. . . . Myelin sheath — nerves,
DiPalmitoyl-phospatidyl-choline (DPPC) g frai
Metabolism — Q T
, ' Ct HE-0-C _~ A S
sphingomyelin cycle RN~ F/O\q(ﬁ O VS S Ve Protein rafts

Hannun, Y.A. Science 274, 1855 (1996).
Smon & Ikonen, Nature 387, 569 (1997)
Spiegel, and A. H. Merrill, FASEB J 10, 1388 (1996).
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R A Isotherm

A R
C18 sphingosine is natural - does

not form a regular monolayer

C20 sphingosine is synthetic -
forms a monolayer.
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C18- SP Residues Show in Reflectivity
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Vaknin, J. Am. Chem. Soc. (2002).

Short chain alcohols spread in excess —
producing a meta- stable monolayer

Berge et al, Phys. Rev. Lett. 73, 1652 (1994).
Short chain alcohols

Electron Density (a.uS;

Benasque, Spain July/31- AMES LABORATORY



2D Diffraction (GIXD) - C18- SP and C20- SP

Inetnsity (a.u)
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« C18-SP-forms a 2D liquid- like Q C
structure at the interface A .
e C20-SPforms a 2D rectangular lattice i 1
with tilted molecules. The rod scans 9 0 >
Indicate that only a portion of the tails is xy

ordered — consistent with the

corrugation (digitation) of chains (seen
In reflectivity).
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Relation to Function

Experimental Findings Sphingosine clusters at low
. densities — strong hydrogen
. C18- SPsolubility bonding at the head group
«  Clustering 0.035
«  Corrugated (digitated)
surfaces 0.030
« strong hydrogen bonding in the
head- group region 0.025
e strong affinity to water El
& 0.020
ey
Z
L 5 0.015 ~
Implications 2 :
L N
e C18-SPis a secondary messenger — 0.010 B
marginal marginal solubility — ' .

 Protein rafts - Clustering due to strong 0.005
binding at the head group. Corrugation at '
the tails - stronger binding with

hydrophobic parts of the proteins. RN
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C18- Ceramide

CaoHyo (160)
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D. Vaknin, and M. Kelley, Biophys. J 79, 2616

(20000

20

B
T L "‘1=| [ rrrrprrrrprrTa
IIIIIIIIIIIIIII: O'O_IIIIIIIIIIIIIIII
0.2 0.4 0.6 0.8 -10 0 10
QA d®)
C
C,Hys (58)

Just like for sphingosine -
3 slabs are necessary to
reconstruct the electron
density. In general our
studies as well as those of
others on numerous kinds
of lipids show that 2 slabs
are sufficient.
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Sphingomyelin Natural and

Natural-5phmgomyeln Natural Sphingomyelin

1000 ' | | | N (extracted from bovine
100] o Al AT brain) consists of a
T 1.25

distribution of chain lengths
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C
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Corrugated Monolayers

C18-Sphingomyelin

Air

........................ R .:'5‘.5". = !
1
j
gg i 74 (82)
At - —
160 (144)
e
156 (156)

Hypothesis: The digitation in the chains is simply a conformation to the staggering at
the head group region, which is driven by the multiple sites that form hydrogen
bonding.

Relation to Function: Ceramides are abundant in skin (dealing with harsh
environmental conditions), myelin is an insulator in nerve cells (80%lipid in
membrane). As a bilayer (areal membrane) one expects interdigitation of chﬁ
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Sphingomyelin — Short- range- inplane- order
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e Chain length distribution does not play an important role in the organization of the

film, the interaction at the head group region are more important.

* Molecules with double- bond chains (kink) phase separate from saturated chains./\
Q
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Simple membrane protein

Linear gramicidin is a hydrophobic antibiotic polypeptide
composed of 15 hydrophobic amino acids in D- and L- alternate
conformers with the following sequence: formyl- L- X- gly- L- ala- D-
leu- L- ala- D- val- L- val- D- val- L- trp- D- leu- L-trp- D- leu- L- trp- D-
leu- L-trp- ethanolamine where X represents either valine or
isoleucine
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Gramicidin on Water

Dimer 26-30 A
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DPPC- Gramicidin on water 2D Diffraction from

0.008

0.006

Intensity

0.002

Peak | Progression

LO

C0lo,

a
looo_ o0

09y

600

vloano Coapo090g0

Q

o o0
00 e} a o 0 D
Q a 8] a o 0 q ¢

ol
DOOOOG <

OODQUQ

o}

nyL

nr

6661 77 91 62 1

Broadening of peak and its
disappearance with increase in G
concentration indicate complete
miscibility of DPPC/ Gramicidin; no phase

separation

DPPC/ Gramicidin

0%
10%
25%

50%
75%

90%
100%

251Q. = 04 A- 1
1
20} |

Two Pecks (dppc2e. gx dppced. gx)
T T T T T T

| L | s | n | L |
1.2 1.3 1.4 15 1.6
o @h

[OWA STATE

22
UNIVERSITY ////:::\\\\

Benasque, Spain July/31-

AMES LABORATORY



Oriented Bilayers — Cholesterol/ Lipid Mixtures
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Oriented Bilayers of pure
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Intensity

Crystalline Cholesterol

Cholesterol GID
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Oriented- Bilayers of
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Oriented- Bilayers of SPM/ Chol and
— R e e ———

SPM/Chol. Phase Separation
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Oriented- Bilayers of SPM/ Chol and
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Conclusions and Future Directions

« Surface properties of membrane constituents can (might)
shed light on their functions.

* Interfacial phenomena can be monitored and characterized
on the molecular length scale - Mimic the immune system,
biomineralization processes, ion- concentrations.

e Future work —

« Mixed monolayers — different lipids, cholesterol, and
proteins — constructing a leaflet of a membrane.

« Transferring those half membranes to solid support to build
membranes.

 Varying conditions of subphase — Temperature, pH, ionic
concentrations etc.
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Intensity (a.u.)
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Ceramide forms spontaneously 2D crystals that Bragg reflection is due

binding energies between molecules.

to the ordering of

At low pairs of chains are
coupled to single head
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Langmuir Monolayer

Langmuir monolayer - a monomolecular (amphiphilic) film at the air/ water interface
Typical molecules - fatty- acids, - alcohols, lipids, and others

Spreading and Compressing

Spreading

T

solvent
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/ Hydrogen
©0xygen

Film Compression

Head Group

2D Physics

Structure and phase transitions in Langmuir monolayers
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Structural Competing Techniques

Techniques:

Hlipsometry

Fluorescence microscopy
Brewster Angle Microscope
IR spectroscopy

AFM

others

Structure on molecular-length-
scale

e X-ray scattering

Neutron scattering
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