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Researches on phospholipid bilayers have importance on various scientific fields such as biophysics, colloidal
chemistry and soft matter physics. Investigations on physico-chemical properties of the phospholipid bilayers, e.g.,
bilayer structure, phase behavior and molecular dynamics, are always essential for these researches. Here, I introduce
remaining issues concerning the physico-chemical properties, and our recent approaches to them. In section 1, I simply
introduce the phospholipid bilayers and our researches toward the systematic understanding of effects of additives on
the bilayers, which has been published in this journal recently. Correlations between hydration states and the phase
transitions of the lipids, and the interaction between ions and neutrally charged bilayers are described in section 2 and 3,
respectively. Novel working mechanism of the electrostatic double-layer force found from the equilibrium lamellar

repeat distance of the bilayers is described in section 4.
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Fig.1 (a) DPPC molecule. (b) Phases of PC lipids. Left:
lamellar gel phase (Lg’), Middle: Ripple gel phase (Pg’), Right:
Liquid-crystalline phase (L,,).

AW CEECE, BEESESX S EEEREE (T2
TS 2T A Z ENE, ZOGERT I TS~
XXM OMEL /0D, L, RB2#ER 7ot 2 TH
LUTZEAER, A DY VB &2 W T B A IR
REEETHBRE 7 VEERT 258 b5 5, IS bk
DG, BBV 7 VITERERVIETHD LB DN
W5, 2

© 2018 The Japan Society of Calorimetry and Thermal Analysis



2017 #EE [ ABRNE P 252D

Fio, VURE EREIIHEEST L 2 EBM LT
%, D RENIHT D &, RIRTIIBEN T S8R ERT
SEo TR L2 7 AR (L) %2, il TIE T S /L8N
il L CRRE RN AL A (LH) 2 &5, 72720, b o
&b L SHFE ST BBk E 3 phosphocholine D U U JF
B (PC UV URE) TiX, FIHOTFIC BB/ X 7eH
WESFEL, KIRTIXT A 77U (L), @RI
Uy TN (Pgt) &%, Uy AT AT v
FHOBEA BRI IT o 72 X 5 B P 7Y K& 2 TR
% (Fig.l), T 5 OFEZRENIIEN O s+ RH A ERIC X
STHREZITTHY, TINEENE( LB DO ZEE)
DI EREANCHIIE SN T&E T\ 5 )

U UIEE OO EEIIZ ST E N> TS,
AR B0, U UIRE —ERIIAEREO EAEETH D
729, AREO WM 2 BEFE 5 7= DI 4 O 72 S 1
TW5, &I, MY A DRy 7 v 2ER L, gtk
B FEBALEZD, O I RS TFE2HOAATEY 7
LCATHIRET VEEDMEDEALTH D, T2, VY
BRIV TN E LT, KT 7T IR —%
T8I EVIE D BEATH D, T 9V oEA R
FDO—FHT, V UIRE HEHETRON DB L AYMITAE
AR AR CTE D00, F ZIIERERREZVNRHHDT
RNV EWVWIBREDL B D, KEREW & LTINS
REIWCE L OO DT TRV V> THWD D Z2ich b,
EARIE 2SR 5 ) VIR E OREN SIS D= 57210 T
<, ZORIEEND NS T OFEE S KEITZ W,
NS OE/NY IR HMEE RIS 2 & TAARSP
DEEEHSTNDEEILNTWNDEN, TOEITa L
AT BR—=IRE, =D+ TLOHSICH LN -> T
Wi\, BN T OREMD Z LI, T b 04k
R TOEEEZMD ETREICEETHLIN, nTHEO%
ENG, BETICBWTa L ATar— LD X HITELS RS
CLIIREEE XD, T TR, BRI TOBRE
RRWNCHEAR T 5 720 OFEIE % R4 2 & % HIZIZHF5E
BIT-TC&Tz, Tk 20 RoxF i D g i s
F nCB™ 72 E DN Y EE RO R 25T
I L TEDL D REEBEFFOONERITE, ENH
D BARBY 2B ZEfE A DWW T, RGBS TlBfi s h T
W5 W, 2 TIRET 0, NSO TR
WL TR EZ KB TE D Z ERbhro TET, EE
Wa RO ERERL L 7LV LV TIIMEK T AN R &
b, 5FNICZh S Z0FERSBAICIE, TR 508 HE
MNRT 2T B & TRIEDOIRMBEN I F 5 Z &3
BNI R o T2, BVAIEIC X » THTFOMMEIZE bbb =
ERL ROIRIEEE KB E B 2D Z &N, 2Bk
7157 T 2 IR - RSB EOIC RS D 2 L IR o 1
FlEE25,

A RIS T L, MR LRI R W
TH YU VIBEBRITIEETHS, WHIETHRL, VIRE
IEREIEMERICTH D720, REBEOHIEFHELZ £ Z O
ZEEVEICBT A2 &, 3 n A FRE(LZICRIT A5
LEATH Y, ALREROWEA], Bk, r ¥ U —%DT
ERLLB RN OB E LB LTS, AFO 2
Hi-3FTIX, VUVIBESD T K- A4 VO 7 v
HAEA L RO MR B/EA & OBRIZ OV TR
fi R 7 R RE % 4 o 7= i L 00 2 B 721 % o 5,

F72V T b= =RV T, U R A
L & 5%, oW D 2T 50 L lbn 5,
T TIRMEA O TORMEEEZ D X0, T L ABRIL
L HRAEHRD - HOBELE LB 252 b5, ThiC
F o T BIZIERT T VDIRE TEVERLE &\ o T2
Blg SO NEsHE L TWA, £, 3uA FEOMAEME

80

AZEFET DB, FARITEFEICH T WD, U
NG 5 oD A8 FLAE R FRAT 0 & #-FEAR AR O RRGEC E &
fbb E<1Tbns, 7 4 #iTix, U NgEBE AW E
BOPCTRRLLE, 2uA FRMEAEEHOFHIER A 1=
R BZDWTHRRITT 5,

ZERTR BT 5 Y VIRERIIE TH DB, THIC
HIES D DON, B - RFSIF ORI BIEO Y B F 1 e
MEEI/Z7ua~~<7allblco CHET L2 EoEEM
Th D, BEOHEECKFLRIENBEOFIZEENIZEBR L, T
WEETOMAE L EOOWNTWAHIR%L VY, BLTF T,
Fox OEAT OIS, U ISE ZEEI T 58 E
FHIEIC & > THEMFESMEFZOMBE~T 7u—F LT
X HERIZ OV TR A= 0,

2. V) UEEBEEDKFIREE &R AL & DR

EZDH DDA T, UV UNEE —EREFED © 2
TENTERLRWDON, KTHDH, WHIETHRLS, U
VIRE CEIENTER S D OIFBUKPER BRI X 5, K
DR S N7 B3 OFKEE DS KT S, AKFIE D
&N D, KFURREEO M L &0 X o 2R A F o
DTHHA D ZHUTY VIREBIZR - 7236 CTldZe v, £
KDY 7 h=E—3KTICTHDHEBLEE 2B T 5
2, F OB HAKMEDRIE AR SN A KTE LA SRk
(LRSS O BEERICREAKR L T D TH A
S, FNE B KIZTETEOWE RNy 7 IF5 T RELT
FET B0 T, KFE R EORE— D EEL bR
DTHA D,

U URRENEOKFRIEIZBE T 2 281X 2 v E T, NMR
RPETEEL, BUIEIC K v ITbh T & i, 120 BGHE
PSSO — oD FIETIIKRD T OXAFTI 7 AZFEB L, K
FSNTHA T I I ANREL RoTKBRBHI SN TE T,
KT R — )R EM 7S ([RliEeNF i) A3
FETDHN, ZROOTETEENRLY B 2~3 HREWEF
B OBRR 2SN T& 7z, D 4+hbb, ZAbLDOF
ETIHR KT ENTZAK (2 Z TIHREAK L IES) 2T~
OBNTEZE VR D, TORE, BEKIERBIC 1 BIFEE
THRETHD ZERHELMNTR > TV, — 5 TEVIE
T, RHUKE AP 5 2 LS KRFREEDPRE N 72 S
Tx7z, O 208, KOFXAF I 7 2AREOFRER L
TR, Tl 2~3 BIZhm > TREKMBIFEET D Z &
ZRLTWe, 2O OMEDRKIFMH SR NWEET
bHotz, UL, U UIEEBOMMIIZ LY 7 h~ % —)
BEEEAFEI BV T, A DOREEN LK IRE 72729, K
FkiZZm 1 B Lo/ <, H OB EHEE OB A H
= X LOREE R E AR FRBITIE & A SRS L
RWEEBEZONTER, (V7 h~Z—PHZICB W T,
IKFNE 72 & DK DAL — M E I AR L, KR E B —72
BELTHEBI ETDHIENZVN, ZHIEZ YW\ o =8
Mzt %)

Bz L, EOKD LT A F I 7 ZAWFFEITIS T 2 BRI
FEIK & NI KD F A F I 7 ZAD R R R A — L
DEWTHER Uiz, SV 7 KD E A F 2 7 A & R 7 iR
R — VT EIT Z20E, T4 AT 7 A0E%E
BUAICTE, FEAKET TRIBIAMENTZAKETEDT
KFNRBEARETE D Z &I END, 22T, vap
DRI A 77— T VIREKIBRF OKG T HAF 7
ADBREHED TETCWDE, TNET, EaPiElcoxk
DAFEAT I AOBIELT O BWERTFIEN 2oz
N, THEREL TX T T~V EE A OUEENHR
ARE L 725, ATFHETIEL THz = 102 Hz FEIR COWE O
BREENBI SN D, Y

Netsu Sokutei 45 (2) 2018



U UHEE " EREOWIEIC B 2 R & B - BEEH) TR

(a)
6
5
[water]/[lipid]==2
4 (pure water)

Imaginary part of dielectric constant

0 1 L1 11 L1 1 |
0.5 1.0 1.5 2.0 2.5
Frequency / THz

—
o
~

hydration number per a lipid
S
T
1

1] mg | 1 ) | ) | N 1 . +]
0 40 80 120 160 200
[water] / [lipid]

Fig.2 (a) THz spectra of the lipid/water systems with
different concentrations. (b) Hydration number per a PC lipid at
each concentration. Dashed line is the averaged number for a
full hydration condition ([water]/[lipid] > 35). 2
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Fig.3 Grazing-incidence small-angle X-ray scattering pattern
for PC and PE lipids at the transition humidity between the
liquid-crystalline phase and the inverted hexagonal phase.
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Fig.4 Lamellar repeat distances of PC and PE lipids with
monovalent salts. >
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saline solution with different co-ion valence. Lines indicate our
theoretical predictions. *”
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