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Background

1972: Fluid Mosaic Model

“Lipid raft”: enriched in cholesterol and sphingolipids
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Postulation of Complex Formation

* McConnell postulates the existence of lipid-cholesterol
complexes in model membranes

o Alpha region: region of low cholesterol concentration; complex +
lipid (X + P)
Beta region: region of high cholesterol concentration; complex +
cholesterol (X + C)

Cusp: stoichiometric complex between phospholipid &
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Active (Free) Cholesterol Monomers

Uptake of cholesterol by beta-cyclodextrin (BCD)
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Cholesterol Traffic
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85% Cell Cholesterol
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Lange ef al.: n-octanol can increase cholesterol transfer and ER pool size

Hypothesis: displacement cholesterol from plasma membrane by n-octanol
from the complex, thus freeing up cholesterol monomers

Understand the J-curve response observed in biological systems
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Objectives

Hypothests:
O  cholesterol forms complexes with phospholipids

Implications:
O Cholesterol can exist in two different states:
bound cholesterol (low activity)
free cholesterol (high activity)
O Other molecules that can form tighter complexes with phospholipids

can be displacing agents, freeing cholesterol from its bound state

Mechanistic Model
O  cholesterol activity modulation by specific displacing agents.
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Four Different Approaches

= Phase diagrams

®  Cholesterol desorption by beta-cyclodextrin (CD)
»  X-ray diffraction and x-ray reflectivity

m  Effect of "inhibiting" and "promoting” sterols on
cholesterol activity in RBC



Four Ditferent Approaches

» Phase diagrams

m  Cholesterol desorption by cyclodextrin (CD)

m  X-ray diffraction and x-ray reflectivity

m Effect of "inhibiting" and "promoting” sterols on
cholesterol activity in RBC
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Phase Diagram: Point Shifting
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Conclusions from Phase Diagram Study

= Phase diagrams in the presence of displacing agent is equivalent to
ones with just pure cholesterol, even at low cholesterol content

= Displacement of cholesterol from its association with phospholipid by
alcohol

= The displacement seems to be 1 C16:1 DChol, since we observe
identical phase diagrams

= Does displacement results in the release of free cholesterol?



Four Ditferent Approaches

m Phase diagrams

® Cholesterol desorption by cyclodextrin (CD)

m  X-ray diffraction and x-ray reflectivity

m Effect of "inhibiting" and "promoting” sterols on
cholesterol activity in RBC



Cholesterol Transfer to CD
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Cholesterol Transfer to CD
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Selectivity of Cyclodextrin

n Lipid
Beta-CD
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= [B-CD removes sterols from
monolayers

= Desorption rate of cholesterol
to CD 1s much greater than
the rates for DMPC or
hexadecanol (C106)
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Cyclodextrin on System 2
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Cholesterol removal by Cyclodextrin in
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Ternary mixtures displays similar
behavior to fCD as binary
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Even with equally low cholesterol
content we see changes in
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Conclusions from CD Desorption Study

= Cholesterol can exist in two states of low and high
chemical potential /activity/ fugacity

= In the presence of displacing agent cholesterol activity
is increased



Four Different Approaches

m Phase diagrams

m  Cholesterol desorption by cyclodextrin (CD)
»  X-ray diffraction and x-ray reflectivity

m Effect of "inhibiting" and "promoting” sterols on
cholesterol activity in RBC
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(A) Lengths (A) Intensity
L11,L1001
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coherence length ~ 22 zgfxy *)

d-spacing # f (surface pressure)

coherence length # f (surface pressure)

amt of scattering entities # f (surface pressure)

* DChol = DHC

CE, MKR, JM, KK, KYCL, BJ 91 (2006) LO1-L03
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coherence integrated

IT d spacing length intensity
25 4.79 22.37 1.1
30 4.79 22.61 1.2
35 4.75 21.46 1.2
40 4.73 21.01 1.4

1:1 SM:DChol

coherence integrated

Pressure | d spacing length intesnity
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30 4.85 23.61 1.0
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25 4.70 22.94 1.0
35 4.60 21.85 1.0
40 4.62 23.03 1.0
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Vegard’s Law
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Proposed Model

é) Uncomplexed phospholipid

: Phospholipid in complex .
Dynamic Structure

(O Uncomplexed cholesterol
@ Cholesterol in complex
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Integrated

P . Coh . .
DPPC:HD:DChol (;is/u;; d-spacing  (A) ez g;rler(lg I(th)mlty
100:0:0 15 - - -
40 431, 457 150, 50 ?
15 4.19 850 ?
0:100:0 40 4.17 620 ?
N 25 571 63.1 1.7
0:0:100 35 5.72 75.5 1.5
15 4.65 27.0 0.9

70:10:20 25 437,488  35.4, 433 1.6, 0.3
40 4.30 33.3 35

- 427.446. 3116, 7.1, 01,04,
4.80 35.4 0.4
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425, 430, 1042.2, 0.3, 2.0,
50:40:10 25 4.62 114.7, 51.6 0.4

40 419, 422 10422, 63.1 0.6, 3.0




Conclusions from X-ray Scattering Study

» Intermediate d-spacing provides evidence for
cholesterol:phospholipid intermediate structures

» Reduced coherence lengths
=> nanoscale domains

=> dynamic structures

= Signatures of PC/HD and PC/DChol complexes

observed 1n ternary mixtures



Four Ditfferent Approaches

m Phase diagrams

m Cholesterol desorption by cyclodextrin (CD)
m X-ray diffraction and x-ray reflectivity

m  Effect of "inhibiting" and "promoting” sterols on
cholesterol activity in RBC



Probing Free Cholesterol in RBC

® Cholesterol oxidase can oxidize cholesterol
—> causes the production of cholestenone only 1f
there is excess (free) cholesterol available

O Cholesterol oxidase depends on chemical activity of
cholesterol

® 'The amount of cholestenone can be quantified by

GC-FID



“Inhibiting”” and “Promoting” Sterols

Liquid-liquid /.~
coexdstence
region at
30°C

m  dChol:DMPC

DOPC DPPC

Observed phase diagram of micron-
scale liquid immiscibility region in

GUVs at 30°C.
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: : : : : : : : : : Mixtures of Phospholipids and Cholesterol
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“Inhibiting”” and “Promoting” Sterols

PROMOTERS INHIBITORS
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How does immiscibility correlates
with active cholesterol?

= Hypotheses:

o Domains imply/require complex

o Displacement of cholesterol by intercalators
signifies complexation of intercalator with
phospholipids, giving rise to free cholesterol
intercalators <==> cholesterol mimics
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Temperature Dependence

T =30 °C

s 12°C
—— fit for 12°C
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“Inhibiting”” and “Promoting” Sterols

® If our hypotheses are correct:

O

O

should always observe active cholesterol with promoter
sterols

could still observe active cholesterol even with inhibitor
sterols

»  What would disprove our hypotheses?

O

O

1f we observe no active cholesterol in case of promoter
sterols

This would mean that domains do not imply/depend
upon complex formation



Testing for Cholestenone
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Displacement Observed
for “Promoting”’and “Inhibiting” Sterols
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“Inhibiting”” and “Promoting” Sterols

Promoting Cell Lysis

Dihydrocholesterol (P)

Effect of dChol on RBC lysis by Chol Ox
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Conclusions from RBC Study

m Tested all “promoting” sterols

o All promoted cholestenone production and cell
lysis by cholesterol oxidase

= All displace cholesterol: produced free cholesterol
available for cholesterol oxidase

m Cholesterol can exist in two states: bound to

phospholipids and free



2 different states of cholesterol when present in lipid mixtures:
O inactive (bound to lipid)

O active (free)

Production of active (free) cholesterol 1s possible even when actual
cholesterol content is low but with alcohol present

Alcohol displaces cholesterol from complexes and makes 1t available for
cyclodextrin even with cholesterol content in the a/pha region

No cholesterol: quasi-long range order

With cholesterol: very short-range order (coherence length ~ 22 A); no
pressure dependence

Packing of phospholipid/cholesterol “complexes” depends on

cholesterol content

“Inhibiting” and “Promoting” sterols both can displace cholesterol



Acknowledgments
Canay Maria + Chris (in UK)

Ted Steck (U of Chicago) and
Yvonne Lange (Rush)

Jarek Majewski (LANL)
Kristian Kjaer (Niels Bohr Inst.)

MKR: Burroughs Wellcome
Fellowship (MKR),
YTCK:Trinity College,
Cambridge, the Oxbridge
Society of Hong Kong, and the
Jardines Scholarship
NSF-MCB

Packard Foundation
NSF-CRIF

BW1 beamline at Hasylab,
DESY, Germany




DPPC:DChol 4o
| DPPC:dChol 35mN/m
% DChol
530000— o 70%
= (]
£20000 -
HE i}
%0000—
E
04
-10m0 T T T T T T 1
0.8 1.0 12 14 16 1.8
Q&
1410°% L
1210 8 40 mN/m, 30°C
110 ° |
810 4 L
610 4 L
410 4 [ 1:2DPPC:HD
11 DPPCHD
210 4 [ 311 DPPC:HD —
- DPPC
0 | | | |
1.20 1.30 140 150 160 1.70

g1
Q, A"]

DPPC:HD:DChol

120000 4

—400000 4
5

70:20:10

a —m—15mN/m
. g —m—25mN/n
u
b J
160000
C -
$40000
< ]
20000 - ol
04
-20000 I T I T I T I T I T I T I
10 11 12 13 14 15 16 17 18

70000

] Q. [A: —m— 15mN/
600007 ppPC:HD:DChOl :4'1. e 23mNm
2P00007 70:10:20 [ = 40 mN/m

=40000 ] "

> ]
“$30000
cC 4
20000
E 4
10000 -
o

-10000

T T T~ T T T T T T T T
10 11 12 13 14 15 16 17 18

Q, [A"]



Integrated

P . Coh . .
DPPC:HD:DChol (;is/u;; d-spacing  (A) ez g;rler(lg I(th)mlty
100:0:0 15 - - -
40 431, 457 150, 50 ?
15 4.19 850 ?
0:100:0 40 4.17 620 ?
N 25 571 63.1 1.7
0:0:100 35 5.72 75.5 1.5
15 4.65 27.0 0.9

70:10:20 25 437,488  35.4, 433 1.6, 0.3
40 4.30 33.3 35

- 427.446. 3116, 7.1, 01,04,
4.80 35.4 0.4

70:20:10 . 425,436,  311.6.81.4, 02,04,
4.76 30.0 0.6

40 425,442 711, 568 28, 0.3

- 426, 4.42. 569. 78.4, 0.1.0.5,
4.76 39.1 0.4

50:30:20 o 427, 4.49, 68.6, 56.7, 0.9, 0.4,
4.77 33.0 0.5

40 425,452 567, 333 1.7, 0.9

15 425. 439 5049, 1309 05, 1.0

425, 430, 1042.2, 0.3, 2.0,
50:40:10 25 4.62 114.7, 51.6 0.4

40 419, 422 10422, 63.1 0.6, 3.0




