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LIPID MESOPHASE ORGANIZATION AND SINGLE IONIC
CHANNEL PHENOMENON

AIBINA E.SOKOLOVA,A.E,GRINFELDT,A.A.LEV
Institute of Cytology, Academy of Sciences of the
USSR, Leningrad, USSR

Yu Mo L*VOV
Institute of Crystallography, Academy of Sciences
of the USSR, Moscow, USSR

Abstract A correlation between organization of 1li-
pid mesophases and single channel phenomenon was
investigated by a comparison of small angle X-ray
diffraction data and recording of current fluctua-
tions in the bilayers formed from correspondent
lipid systems. Transition from lamellar (L&) to
hexagonal (H,-) phase in the presence of classical
channel formlﬁg compound -~ gramicidin A had been
roved. It was found that egg phosphatidylcholine

egg PC) with brominated fatty acid chains (BR-egg
PC% exhibited both H-- phase in Z-ray scattering
and single channels &dnductance flucbuations in
the 1lipid bilayers withouvt addition of any channel
forming subsbtance.

INTRODUCTION

A relationship between gramicidin (Gr A) induced hexa-
gonal (HII) phase formation in the human erythrocyte
membranes and the membranes ionic leakage had been re-
cently shown.1 It was of interest to compare the abili-
ty of Gr A and its tryptophan-N-formylated analog
(INF-Gr A) to induce lamellar (Lg) to hexagonal (HII)
phase transition in multilayer liposcomes and appearance
of single channel fluctuations in bilayers prepared
from the same lipids and treated by these two peptides,

SMALL ANGLE X-RAY DIFFRACTION STUDIES

Studies of water dispersions of egg PC and dioleoyl
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phosphatidylcholine (DOPC) by small angle X-ray scatte-—
ring showed that egg PC and DOPC liposomes gave rise

to reflections with repeat distances which relate as
121/231/3. 4., consistent with multilamellar (L) orga-
nization.2 Addition of Gr A at a 1:10 and a 135 molar
ratio to these PCs resulted in appearance hexagonal
(Hyy) phase specific system of reflections 1:1//3381/2
1//7 (Figure 1, Table I), No hexagonal (HII) phase for-
mation was reglistered in DOPC multilayer liposomes in
the presence of TNF-Gr A, At a 1:10 molar ratio of that
substance to DOPC the reflections appeared to be chara-
cteristic for L« lamellar structure (Figure 14),

I I

1 i 1
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FIGURE 1 Small angle X-ray diffraction patterns
of agﬁaous lipid dispersions. A - egg PC without
peptide (80l1id line) and DOPC with TNF-Gr A (dot-
ted line), lamellar (L«) phase., B = egg PC with
Gr A, hexagonal (HII) phase. 1:10 peptide to 1li-
pid molar ratio.
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X-ray studies on BR—~egg PC showed HII phase without
addition of apy modifier when in the case of bromina-
ted DOPC (BR-DOPC) L« phase was found (Table X).

TABLE 1 Small angle X—ray diffraction charac-
teristics of phosphatidylcholine (PC) mesophases.

PC sample Reflection Repeat

and molar ratio and distance

PC/peptide structure of (nm)

ratio mesophase

egg PC 12172 (Lyg) 6.3
+ Gr A (10/1)  131//3:1/2:1//7 643
+ Gr A (5/1) 1:1//% (HII) 7.2

DOPC 1:1/231/331 /4% (L) 53
+ Gr A (10/1) 1:1//3 (HII) 7.0
+ Gr A (5/1) 1:1//3 (HII) 74
+ TNEF-Gr A 1:1/2 (LX) 6.1

(10/1)

BR-egg PC 131//3 (HII) 6.3

BR-DOPC 131/2 (L) 6.1

SINGLE IONIC CHANNKIL, STUDIES

Montal-Mueller bilayer lipid membranes were studied by
voltage—-clamp method. Bilayers formed of DOPC and egg
PC in the presence of a minute amount of Gr A exhibited
single channels with the conductance of 13.8 and 6.2

pS consequently. When Gr A was substituted by its Trp-
N~formylated analog single channel conductance drasti-
cally decreased (1.9 pS) (Table II, Figure 2). Studies
of bilayer membranes from BR-egg PC showed well pronou-
nced cation specific single channels with the conduc—
tance of 9.4 pS. When bilayers were formed of BR-DOPC
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single channels appeared to be not well pronounced and
their conductence was much smaller (3.1 pS) (Table II,
Figure 2).
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FIGURE 2 Distribution of singile ionic channels
conductances (g) for PC bilayers and records of
single channels. A,E - DOPC+Gr A; B,F -~ DOPC+
TNF-Gr A; C,G - BR-DOPG; D,H - BR-egg PC;

0.1 M RbCL, t° 22°.
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TABLE II  Single ionic channels conductance
for diacylphosphatidylcholine bilayers.

Lipid Peptide and its Channel
concentration conductance,
in membrane pS, Q1 M
bathing solubion RbLCL
()

egg PC no peptide no channels
Gr A, 1-10712 6.2 £ 0,2

DOPC no peptide no channels
Gr 4, 1-10~12 13,8 % 042
TNF-Gr 4, 2°107'7 1.9 % 0.1

BR-egg PC no peptide G4 ¥ 0,2

BR-DOPC no peptide %e1 £ 0.04

CONCLUSION

In three cases presented (egg PC+Gr A, DOPC+Gr A and
BR~egg PC) where a formation of hexagonal (HII) phase
was found by X-ray scattering the studies on bilayers
including the same components revealed well pronounced
single channel phenomena, Contrary to that systems
possessing no HII phase formation showed either no or
very low conductivity single channels. Thus some cor—
relation between the ability of lamellar (LX ) to he-
Xagonal (HII) phase transition and single channel phe-
nomena was found irrespective of the cause of changes
in the lipids.
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