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Phospholipids

bio membrane

cell
phospholipid

T. Yamada, HS et al., J. Phys. Chem. B, 2017



Number of hydration water? ‘
(THz spectroscopy)

M. Hishida and K. Tanaka, Phys. Rev. Lett., 106 (2011) 158102




Deuterated samples were used

d.,DMPC-37H,0

Coherent scatt. Incoherent scatt.
dg,DMPC 631.4 barn (8.5%) 631.4 barn (7.3%)
37H,0 286.6 barn (3.9%) 5939.2 barn (80.3%)
DMPC-35D,0
Coherent scatt. Incoherent scatt.
DMPC 374.5 barn (5.5%) 5779.3 barn (84.5%)
35D,0 535.6 barn (7.9%) 143.5 barn (2.1%)
Sample can @ 14mm-¢ / 40mm-h / 0.5mm-t (double cylinder)




QENS data of d..DMPC-37H,0

dynamics of water molecules

Quasi-Elastic Neutron Scattering was observed and its width increased with increasing temperature.

36



Model Analysis

free water &
Q.
<
-
Q
3
8

tightly bound water
n
)
=

3 modes are assumed to analyze the observed QENS data
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Liquid Crystalline Phase
(T =316, 305, 295)

S (Q’ L ) = [ATightLTight(E ) + ALooseLLoose(FLoose’ L ) + AF reeLF ree(FF ree’ L )] ® R(Q’ L ) +BG
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Ripple Gel Phase & Gel Phase
(T =285, 275 K)

Tightly bound water is too
fast to observe (the width is
less than the resolution
function).

N

S(Q’ E) = [ATightéTight(E) + ALooseLLoose(FLoose’ E) + AFreeLFree(FFree’ ) ® R(Q’ E)+BG
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Q2 dependence of HWHM

Tightly bound water

Simple diffusion model (Fick’s law)

[ ignt = DQ2

Free water
Jump-diffusion model

__ b’
1+ DQ21,
T o: mean residence time

r

D: diffusion constant (D = ﬁ)

6T0
< /> :jump distance

A

L
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QENS data of DMPC-35D,0

Dynamics of lipid molecules

S(Q,E) = [ArsLyy (U E) + Apy Ly (U + T E)] @ R(Q, E) + BG

A model assuming lateral diffusion of lipid molecules within bilayer and internal mode of a lipidx

*V. Sharma, et. al, J. Chem. Phys. B, 119 (2015), 4460. a1



Diffusion Constant

Activation energy

[ kimol1]
Free water 105+ 1.2
Bulk water 18.6 £ 0.3

Activation energy of “Free water” is less than that of
bulk water

Free water: diffusion constant is the same order as that of bulk water
- 1 order less diffusion constant than that of free water
Tightly bound water: the same diffusion constant as that of DMPC

42



Mean Residence Time

Activation Energy

[ kimol-1]

Free water 19.0+ 2.5

Bulk water 289%+1.0
Loosely bound

water 27.5+x3.2

Free water: mean residence time is the same as that of bulk water
Loosely bound water: 1 order of magnitude more than that of bulk water
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Jump Distance

_
B 67,

Jump distance of the loosely bound water is longer than that of bulk water
—hydrogen bonding distorts from the normal water structure

44



Coefficients of 3 components '

2
A= Aoexp(— <”>3Q2>

A,’s are proportional to the number of atoms.
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Number of water molecules

Ao R

NTi — 0Tight _ f %

ght DMPC

[ AOTight + AOLoose + AOFree 1- fDMPC

NL — AOLoose x R

oose

AOTight + AOLoose + AOFree 1- fDMPC

NF — AOFree x R

ree

AOTight + AOLoose + AOFree 1- f DMPC

R = 37 (water molecules/lipid molecule)

fompe = 0.083
(Incoherent scatt. fraction of DMPC)

Free water: almost constant
Loosely bound water: increase with increasing temperature

Tightly bound water: decrease with increasing temperature

46



Summary

free water
24 molecules: no T dependence

nearly bulk water, but confinement effect

h}

8-12 molecules: increase with T
Wynamics: 1/10 of free water

tightly bound water

7-2 molecules: decrease with T
move with lipid molecules

47
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Inverted Micelles
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packing parameter (C K179 5

micelle cylinder lamellar

(oil-in-water)
, reversed micelle

(water-in-oil)




Packing parameter

g0,
9
IR ¢ head-water
head-head
tail-tail
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Pressure dependence

3

) .

M. Nagao, HS, et al. 1999-2007




AOT + D,O + n-decane

2-phase

oil

ellar

AOT molecule |-phase (w/o drople

\ﬂ
water q)

—e

spontaneous curvature > 0

water-in-oil droplet |-phase

¢

O lamellar

2-phase



Pressure dependence of SAXS

¢s = 0.230, T =33°C
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Structure change with P

The same as increasing T

tail-tail attractive force
increases




Why T-effect and P-effect seems to
be the same?

ARAARRARARARRA

T Temperature

Ao | S
DS

i Pressure

tail-tail interaction
&

TRTETRRTRRNETY



STELEMERIRR DB (558 1%

W. Helfrich, Z. Naturforsch. C28 (1973) 693 R
2
11 1
mean curvature H=— —+—
2\R, R,
- 1 1
Gaussian curvature K=___
R R,
bending modulus saddle-splay modulus

Epog= | llc(H— Ri)2 + %K s

- S —_

AN

spontaneous curvature




fR7C 1T =285

deuterated water

deuterated oil

[~
A film contrast

protonated surfactant

protonated oil

bulk contrast




H AR 7K s & 0D 1H 77 it

AOT / D20 / d-decane (film contrast)
$4=0.37 (AOT volume fraction)

AOT A

n-decane water

Kawabata et al., Phys. Rev. Lett. 92 (2004) 056103.
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Room temperature/pressure

=0.1MPa

T=43°C/P

25°C/P=20MPa
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[olelolelol b ot o
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ERRR DN 5 DBLEL

Huang et al. PRL 59 (1987) 2600.
Expansion of the shape fluctuation into spherical harmonics Farago et al. PRL 65 (1990) 3348.

RO P)= RO{1+ zanm(t)Ynm(Q )}

damping frequency of the 2nd mode deformation

up to n=2 mode gives
mean-square displacement of the

1Q.1)/1(Q 0)= expl-D, 40
2nd mode deformation

2 N 2
0 [470‘0(QR0)+5f2(QRo)<IazI )1

n=0 mode n=2 mode

translational diffusion  shape deformation

where

£o(ORy) = Ljo(ORy)T*
5H(ORg) = 5[4 j>(ORy)— (QRy) j3(OR)I?
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