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Lipid assemblies reflect balance between
interactions:

» at the headgroup-water interface
* In the hydrophobic interior
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Bilayers are anisotropic

Response to hydrostatic
pressure reflects competition
between:
 |lateral compression

— chain ordering

* perpendicular compression
— bilayer thinning
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Pressure-induced interdigitation

Observed with neutrons

]
DPPC T.B48°C

« Braganza and Worcester (1986)
Biochemistry 25, 2591

«  Winter and Pilgrim (1989) Ber. Bunsenges.
Phys. Chem. 93, 708
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Pressure-induced interdigitation

Observed by vibrational spectroscopy
«  Wong, Siminovitch, and Mantsch (1988) Biochim. Biophys. Acta 947, 139

Observed by 2H NMR

«  Driscoll, Jonas, and Jonas (1991) Chem. Phys. Lipids 58, 97
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Pressure-induced interdigitation

Temperature / °C

Observed by light transmission

Maruyama, Hata, Matsuki, and

Kaneshina (1997) Biochim. Biophys.
Acta 1325, 272
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’H-NMR on chain-deuterated lipid =l

Orientation-dependent quadrupole interaction . A/J

+ gquadrupole
Seeman . q . P
interaction

Orientational order parameter : SCD = <300$2 6’—1>/2

Doublet splitting: Av ~125kHzx (3c0s* 8 —1) x S,

Effect of chain motion:

» larger amplitude — smaller splitting

» more constrained — larger splitting

Frequency (kHz)
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DPPC'd62 and DPPG'd62
spectra at 85 MPa

DF’PC-dé2 Singh et al. (2008) Eur. Biophys. J. 37, 783
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Ordered phases just below “main” transition are different




Pressure-induced interdigitation

Singh et al. (2008) Eur. Biophys. J. 37, 783

20 ———7———T7T—+—T7T 1T 7T T

200 A A A AAOOO

. 180 - O
Phase diagrams

140~
120+

100
go] A 4 A 4 4 aaun

* Anionic headgroup lowers
minimum interdigitation pressure

Pressure (MPQ)

60

404 62
20 -

04 A4 4 A 4o a

{§0o0o00efocee >

T emperature (°C)
220 1 T T T T T 1 T T

200

.) La 180
°) gel ot
.) LBI 120
A)Lc

A A A A A 4 spoopoogooeoooOeRee

100
80
60
40
20

0]

P N N P~

Pressure (MPq)

T emperature (°C)



Mixtures of short-chain & long chain lipids
(Bicellar mixtures)

Example: DMPC/DHPC (di-14:0-PC/di-6:0-PC)

Low T (<~23°C): Y 4
Bicelles: short chain lipids on edge Q
*Rapid isotropic reorientation -

Does high
bperﬁz\fiuorfr Intermediate T (~24-35°C):
reflect *Nematic wormlike micelle phase
“edges” and *Short chain lipids on edges
chain-length ‘Magnetically orientable, viscous
mismatch?

High T (>~36°):
*Multilamellar bilayer vesicle phase
*Short chain lipids on pore rims?




Characteristic Spectra
DMPC-d,,/DHPC (4.4:1) DMPC/DHPC-d,,, (4.4:1)
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How does anionic lipid change mixture behaviour?

DMPC-d;,/DMPG/DHPC (3:1:1)

ambient pressure - warming

ambient pressure - cooling

At ambient pressure:

« DMPG modifies “orientable
phase” temperature range

* QOriented-to-lamellar
transition more distinct
 Lamellar more MLV-like

« Orientable phase
suppressed on cooling

Rahmani et al. (2013) Langmuir 29, 13481
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How does anionic lipid change mixture behaviour?

DMPC-d;,/DMPG/DHPC (3:1:1)

Rahmani et al. (2013) Langmuir 29, 13481

41 MPa - warming

41 MPa - cooling

83 MPa - warming (1% cycle)

83 MPa - cooling (151 cycle)

a b
I‘\
__._.__.J}' MWL'—_M__._.__“_G_D..Q
) km 42°C 0
e - [x0.2 w 8°CH
400
N il 0
RO Jr'”l’ L aeg [
R { \ll
I\ /H' - i
| Luf'" \ 38°C / “\mw\w_B_ZOC
N N ]
Pl | 37°C
T | LA . | ... i
\\ ' 0 jroeenielt / L“" 3400
N ;%} = 86°C ‘
| 34% |
|32 s | St 36°C]
30
/ o il
st o \’""%mmgﬂgp,g N,JJ N 40‘30
02 A oeq] [ | T
0.2 A 20°C /
x0.2 I 8°C A__/"”j k&‘”’MWMOC
|III|III|III|1]J| |[[[|III|IIIIIII|
40 20 O 20 40 -40 -20 O 20 40
Frequency(kHz) Frequency(kHz)

a b
\ :
R 56°Q)
il
/1 0
M»/J ‘\*-mv 50 ¢
o | S 48°g)
M .| x02 ye 28°G
Wﬂg I g , 46°C
I
\ 0
ww»/kwm.ﬂim@ x0.2 ! 36°Q
1\
oand aa N 42°C
f' \l [4]
ot | a0°c| [¥0:2 ) 44°GC
'“\ i
0 i
M.,.M—*“/ 36.C AN 46°g
x0.2 Y/ 28°C i
| . -, 48°g
x0.2 .Y 20¢| [~
n o ;\ 0
02 I 8°g e N 50°G
|1II|III|II1IIII| |III|III|III|III|
40 20 0 20 40 -40 -20 0 20 40
Frequency(kHz) Frequency(kHz)

 Aside from shift, behaviour at 41 MPa similar to ambient.

* No orientation seen on heating at 83 MPa.




How does anionic lipid change mixture behaviour?

Rahmani et al. (2013) Langmuir 29, 13481

DMPC-d;,/DMPG/DHPC (3:1:1)

83 MPa - warming 83 MPa - cooling
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DMPC/DMPG-ds,/DHPC (3:1:1)

For 2"d cycle at 83 MPa,
see intensity at ~+28 kHz.
* Interdigitation.

ambient - warming 83 MPa - warming 83 MPa - cooling
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Same behaviour when DMPG
deuterated.
» Not a demixing effect




’H NMR Spectrum - Interdigitated gel
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* high, uniform chain order
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Isothermal Pressurization and Depressurzation
DMPC-d,/DMPG/DHPC (3:1:1)

Isothermal pressurization
and depressurization at
37°C (to 110 MPa) and
46°C (to 125 MPa)

* No interdigitation

Interdigitation is not an
equilibrium transition under
these conditions!
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Kinetic trapping?

DHPC lines pores in lamellar phase

Raising T increases DHPC mixing
with longer chain lipids

On cooling at high P, longer chains Cool
order. High P
— likely inhibits DHPC lateral diffusion and
reaggregation
— non-equilibrium distribution of the short
chain lipid
Trapped DHPC perturbs long chain Wa.rm
packing Raise P

— promotes interdigitation

Interdigitation likely precludes
DHPC reaggregation




Equilibrium interdigitation in
DMPC-d;,/DMPG/DHPC (3:1:1)?

|sobaric warming Return to lamellar on cooling
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Equilibrium interdigitation in

DMPC-d;,/DMPG/DHPC (3:1:1)?

Pressurize and Depressurize at 56°C
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Reversible interdigitation at 56°and 125-130 MPa




Phase diagram

(Based on morphologies seen while warming or raising pressure)

interdigitated gel
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 No magnetic orientation seen above ~100 MPa

» Persistent interdigitation still seen when cooling from
“equilibrium” interdigitation region (pink stars) of phase diagram




Summary

* Anionic lipid lowers minimum interdigitation pressure
— cf. 400 MPa for DMPC/DHPC by Winter group

» Magnetic orientation not seen above 100 Mpa

— How does anionic lipid affect dP/dT for orientable-to-
extended lamellar transition?

« Cooling at high pressure promotes “non-equilibrium”
interdigitation
— can persist to low pressure and low temperature

— Possibly “kinetic trapping” of a non-equilibrium lateral
distribution of short chain lipid
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