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PARTICIPATION OF NONLAMELLAR PHASE IN FUSION OF BILAYER
MEMBRANES FORMED WITH SYNTHETIC PEPTIDE LIPIDS

Yukito MURAKAMI,* Jun-ichi KIKUCHI, and Toshihiko TAKAKI
Department of Organic Synthesis, Faculty of Engineering,

Kyushu University, Hakozaki, Higashi-ku, Fukuoka 812

Participation of the nonlamellar phase in the fusion process
of bilayer membranes was examined with an equimolar mixture of
sodium N,N—dihexadecyl—Na—(6—su1f0hexanoy1)—L—alaninamide and N,N-
dihexadecyl—Na-[6—(dimethy1amino)hexanoyl]—L-alaninamide in aque-
ous media by means of electron microscopy, differential scanning

calorimetry, and turbidity measurements.

The membrane fusion is an extremely important morphological process in bio-
logical systems. It has been postulated recently that nonbilayer structures hav-
ing molecular packing modes of inverted micelles or lipidic particles are directly
involved in the fusion process.l) Although nonbilayer structures such as inverted
hexagonal and cubic ones often appear as stable phases in natural lipid systems,z)
such morphological states are difficult to be trapped during fusion even by adopt-

3)

of stable nonbilayer aggregates appeared in an intermediate state of the membrane

ing quick-freezing techniques. In this communication, we show the first example
fusion by employing a combination of two kinds of synthetic peptide lipids; sodium
N,N—dihexadecyl—Na—(6—sulfohexanoy1)-L—alaninamide [(SOB_)CSA1a2016]4) and N,N-
dihexadecyl—Na—[6—(dimethylamino)hexanoyl]—L—alaninamide [NC5A1a2016].5)

We have clarified previously that globular aggregates having highly ordered
and three-dimensional arrangement of small internal aqueous compartments are form-
ed with an equimolar mixture of cationic and anionic peptide lipids in the aqueous
dispersion state.6) A similar nonlamellar assembly has also been observed in the
aqueous dispersion of a nonionic peptide lipid having the quinoyl moiety as its
head group.7) Strong associative interactions, such as electrostatic and hydrogen
bonding ones, among head moieties of such lipids seem to control the dynamic pack-
ing mode of lipid molecules and to be responsible for stabilization of the non-
lamellar phase. This aggregate morphology is structurally related to lipidic
particles observed for natural lipid systems. Since NC5A1a2C16 employed here acts
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as either a cationic lipid or a nonionic one as controlled by pH, the mixed lipid
system composed of (803_)C5A1a2016 and N05A1a2C16 may provide bilayer and non-
bilayer aggregates alternatively by changing the medium pH.

When an equimolar mixture of (SO3_)C5A1a2C16 and NC5A1a2C16 was dispersed in
water, multiwalled bilayer aggregates were observed exclusively at pH 12.0 where
the NC5A1a2C16
dispersion of the mixed lipids is shown in Fig. 1 (point A). The phase transition
of the aggregate between gel and liquid-crystalline states occurred at 22.9 °C
(Tm) with an enthalpy change (AH) of 29 kJ mol_1 as confirmed by differential scan-
ning calorimetry (DSC) (line A in Fig. 2). These parameters are in good agreement
with those evaluated for multiwalled bilayer membranes composed of the individual
ionic peptide lipids: T = 25.0 °C, AH = 30 kJ mol_-1 for (803—)C5A1a2C16;4) Tm =
24.8 °C, AH = 28 kJ mol~! for the cationic form of NC5A1a2C16.8) Upon sonication
of this aqueous dispersion with a probe-type sonicator for 10 min at 50 W, the
turbidity decreased to an extent that gives a clear solution (point B in Fig. 1).

The corresponding DSC thermogram (line B in Fig. 2) shows a broader phase transi-

molecule is present in the nonionic form. Turbidity of an aqueous
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Fig. 1. Correlations of turbidity with pH

for an equimolar mixture (0.5 mmol dm_3 each)

of (SO3_)C5A1a2C16 and NC;Ala2C,.: A, dis- . . . ‘
persed in water at pH 12.0 and 40 °C; B, 0 10 20 30
after sonication of A; C, pH of B being ad- Temperature / *°C

justed to 3.0; C', temperature of C being

lowered to 20 °C; C", temperature of C' being Fig. 2. DSC thermograms for
raised to 40 °C; D, pH of C" being adjusted an equimolar mixture (2.5 mmol
to 12; temperature for measurements, 40 °C dm—3 each) of (SOB_)CsAla2C16
except for C'. and NC5A1a2C16: refer to the

respective symbols (A, B, C,
and D) in Fig. 1 for prepara-

tive conditions of samples.
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tion peak along with a shift to the lower temperature range (20 * 5 °C). This
thermodynamic behavior is identical with that observed for N,N—dihexadecyl—Na—[6—
(trimethylammonio)hexanoyl]-L-alaninamide bromide [N+05Ala2cl6],5) indicating the
formation of single-walled bilayer vesicles having large vesicular curvatures.
This aggregate morphology remained the same for several days at the same pH as
confirmed by DSC and turbidity measurements.

Turbidity of the aqueous solution containing single-walled vesicles gradually
increased as the pH of medium was lowered at 40.0 °C (above Tm)’ reflecting a mor-
phological change induced by protonation of NC5A1a2C16 at the tertiary amino group
(Fig. 1, B — C). When the protonation of NC5A1a2C16 was completed at pH 3.0,
formation of the nonlamellar phase, having internal aqueous compartments with a
repeating distance of 120 3, was confirmed by the negative staining electron micro-
scopy for a sample prepared at 50 °C (Fig. 3). We have already clarified that such

a nonlamellar phase formed with a mixture of cationic and anionic peptide lipids

Fig. 3. Electron micrograph for an equimolar
mixture (2.5 mmol dm_3 each) of (SOB—)CSAlaZC16
and NC5A1a2C16 in the dispersion state at pH 3.0;
negatively stained with uranyl acetate at 50 °C,

taken on a JEOL JEM-200B electron microscope.
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Fig. 4. Schematic representation of morphological changes for an equimolar
mixture of (SOS_)C5A1a2C16 (o~—=) and NCSAlaZC16 (mC— and e—C— for nonionic
and cationic forms, respectively); fusion of single-walled bilayer vesicles to

afford multiwalled ones via an intermediate nonlamellar phase.
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appears under the conditions that an overall charge on the aggregate surface is
completely neutralized in a temperature range above Tm.6’8 The nonlamellar phase
was spontaneously converted into the multiwalled bilayer below Tm (point C' in Fig.
1).8) The Tm value for the aggregate at pH 3.0 (27.0 °C) is somewhat higher than
that observed at pH 12. This effect presumably originates from the compact mole-
cular packing of the head moieties in the former aggregate through the formation
of tight ion-pairs (line C in Fig. 2). Transformation of the nonlamellar assembly
into the multiwalled bilayer also took place as the pH of medium was raised in the
temperature range above Tm; reflected on a turbidity change (Fig. 1, C" — D) and
a DSC thermogram (Tm = 23.2 °C, AH = 30 kJ mol_l; line D in Fig. 2).

In conclusion, it became apparent that the fusion of bilayer vesicles takes
place via formation of the intermediate nonlamellar phase as induced by changing
medium conditions, pH and/or temperature (Fig. 4). At first, single-walled bi-
layer vesicles with the negative surface charge are formed with an equimolar mix-
ture of (SO _)CsAlaZC and NC_Ala2C

3 16 5 16
gate upon neutralization of the surface charge performed by protonation of the

and converted into the nonlamellar aggre-

latter nonionic lipid at the tertiary amino group in the temperature range above
Tm. Secondly, the nonlamellar phase is transformed into the multiwalled bilayer
either by deprotonation of the cationic NC5A1a2C16 or by lowering temperature be-
low the phase transition. The morphological changes observed for the present
mixed lipid system suggest possible participation of the nonlamellar phase during
the fusion process of biomembranes. In contrast, single-walled vesicles composed
of a single species of cationic peptide lipids, such as N+C5A1a2016, do not under-
go fusion to any detectable extent.5 Accordingly, any physicochemical pertur-
bations on the vesicular surface may induce vesicular fusion via formation of the
intermediate nonlamellar phase. Our further studies are in progress along this

line.
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