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Controlled lipid traffic in biological mem-
branes is important for cell growth, de-
velopment and survival [1]. For example,
phospholipids that are produced in the cy-
tosolic leaflet of the endoplasmic reticu-
lum (ER) membrane can flip to the other
side, which is required to ensure balanced
growth of the bilayer. Although this trans-
bilayer movement of lipids is considered
protein-mediated, it is unclear whether it
involves a dedicated flippase or the mere
presence of proteins in the ER bilayer.
Kol et al. have observed that peptides
that mimic the alpha-helices of transmem-
brane proteins can stimulate flip-flop of
fluorescence-labeled phospholipids in lipo-
somes [2], which indicates that the ability
to catalyse flip-flop in the ER is not neces-
sarily restricted to one specific protein.

We recently succeeded in determining
the rates of interbilayer exchange and flip-
flop of dimyristoylphosphatidylcholine
(DMPC) in large unilamellar vesicles
(LUVs) by small-angle neutron scatter-
ing (SANS) technique [3]. In this study,
similar experiments were carried out with
longer acyl chain lipid, 1-palmitoyl-2-
oleoylphosphatidylcholine (POPC) and its
analogue with smaller polar headgroup,
1-palmitoyl-2-oleoylphosphatidic acid
(POPA), and the effect of the transmem-
brane peptide on the transbilayer transfers
of lipids was investigated.

POPC, POPA, d31-POPC, and d31-
POPA were obtained from Avanti Po-
lar Lipids Inc. (Alabaster, AL). Trans-
membrane peptide, KALP23, was ob-
tained from Hayashi Kasei Co. (Osaka).
Methyl-beta-cyclodextrin (MCD) was from
Aldrich (Milwaukee, WI). LUVs consisting
of deuterated (D-LUV) or hydrogenated
lipids (H-LUV) with a diameter of ca. 100
nm were prepared by extrusion method

using Tris-buffered saline (10mM Tris-Hcl,
150 mM NaCl, pH 7.4) prepared from mix-
tures of D2O and H2O. LUVs consisting
of 1:1 mixture of deuterated and hydro-
genated lipids (D/H-LUV) were also pre-
pared. Transmembrane peptide (if neces-
sary) was mixed (0.5 mol%) with lipids be-
fore hydration. Volume fraction of D2O
in the Tris-buffer was 0.3, which corre-
sponds to the contrast-matching condition
between D/H-LUV and solvent. Phos-
pholipid concentration of each LUV prepa-
ration was set to 30 mM. SANS mea-
surements were performed at 37°C using
SANS-U with 7 angstrom of incident neu-
tron beam. Sample-to-detector distance
was set to 4 m.

TR-SANS measurement was started im-
mediately after mixing equivalent volume
of D-LUV and H-LUV. Time-course of the
normalized contrast was calculated from
the scattering intensity and plotted in Fig-
ure 1. POPC showed extremely slow in-
terbilayer exchange with the half-life of
exchange of more than 90 h. Moreover,
POPA, which has smaller polar headgroup
than POPC, showed no exchange. Ad-
dition of MCD, which is known to cat-
alyze the interbilayer lipid migration, in-
deed enhanced the rate of exchange. In the
presence of MCD, the normalized contrast
for POPC LUVs reached to 0.56 and be-
came constant, which suggests that POPC
does not flip-flop at all. Deviation of the
constant value (0.56) from 0.5 is presum-
ably due to the existence of multilamellar
species in LUV preparation. On the other
hand, the contrast decay of POPA LUVs
reached well below 0.5, suggesting an in-
volvement of flip-flop.

We performed the TR-SANS experiments
on LUVs with peptide, KALP23. However,
no stimulating effect of the peptide on the
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flip-flop of POPC and POPA was observed.
This result suggests that a mere insertion
of transmembrane helices into bilayer does
not mediate the lipid flip-flop.
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Fig. 1. Contrast decays of POPC (squares) and
POPA (circles) LUVs after mixing D- and H-LUV at
37°C in the absence (open symbols) and presence
(closed symbols) of 1mM MCD.


