December, 1992] © 1992 The Chemical Society of Japan

Bull. Chem. Soc. Jpn., 65, 3331—3334 (1992) 3331

Effect of Artificial Boundary Lipid on the Membrane Dynamics
of Human Glycophorin-Containing Liposome
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Membrane dynamics of egg yolk phosphatidylcholine (egg PC) lipid bilayer which contains human glycophorin
with an artificial boundary lipid, 1,2-dimyristoylamido-1,2-deoxyphosphatidylcholine (DDPC), were investigated

by ESR spin probe technique.

2-Tridecyl-2-(4-hydroxy-4-oxoundecyl)-4,4-dimethyl-3-oxazolidinyloxy (5-NS),

2-octyl-2-(7-ethoxy-7-oxoheptyl)-4,4-dimethyl-3-oxazolidinyloxy (8-ENP), and 2-hexyl-2-(11-methoxy-11-o0xo0-
undecyl)-4,4-dimethyl-3-oxazolidinyloxy (12-MNS) were used as the spin probe to measure the fluidity in different

regions and depths of the lipid bilayer membrane.

Studies on lipid bilayer containing 5-NS revealed that the

reconstitution of glycophorin to egg PC bilayer slightly decreased the membrane fluidity in the vicinity of membrane

surface.

Further addition of DDPC to this liposome brought about further decrease in the fluidity of this region.

Liposomes containing 12-MNS revealed, however, that the addition of glycophorin had an opposite effect on the
deep hydrophobic domain of the membrane by increasing the fluidity and the addition of DDPC to the liposome
makes this domain less fluid. Corresponding changes were observed in the energy of activation for the rotation of

12-MNS during each case.

The interaction between lipids and proteins in mem-
brane has been extensively investigated since Jost et al.V
first proposed the existence of boundary lipid around
membranous cytochrome oxidase using ESR spin probe
technique. It also has been reported? that most of
membrane-bound enzymes loose their activity if the
boundary lipid such as sphingomyelin® was lost from
the membrane. In this sense, the boundary lipid is
considered essential for localization, stability, and the
function of membrane proteins and enzymes.

As glycophorin is a major intrinsic glycoprotein of
erythrocyte membranes of animals,*~8 many investiga-
tions of the interaction between glycophorin and lipids
have been made by various techniques such as DSC,?
Raman spectroscopy,!® BCNMR,1112 1HNMR,13
2H NMR,4 31PNMR,1516 FT-IR,' and ESR,® to
understand the behavior of the boundary lipid. We
also study the incorporation of glycophorin into the
liposomes containing artificial boundary lipid.

We have recently synthesized an artificial boundary
lipid, 1,2-dimyristoylamido-1,2-deoxyphosphatidylcho-
line (DDPC),!? to make a regular lecithin liposome
physicochemically!® and biochemically?®) more stable.
The physicochemical properties of liposome containing
DDPC were well characterized using fluorescence depo-
larization, DSC,19 FT-IR,2022 and 2H NMR.1¥ As
expected, the incorporation or the reconstitution effi-
ciency of glycophorin into DDPC-containing egg
PC liposome was much higher than that into
sphingomyelin-containing egg PC liposome.?3 This
improved reconstitution efficiency was attributable to
the formation of a stable hydrogen-belt in the lipid
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bilayer421.22) between the amide groups of DDPC and
glycophorin.

In this study, ESR spin probe technique was
employed in order to determine the effect of DDPC
on the membrane dynamics of human glycophorin-
containing egg PC liposomes. For this purpose, three
different spin probes, 5-(4,4-dimethyloxazolidine-N-
oxyl)stearic acid (5-NS), ethyl 8-(4,4-dimethyloxazo-
lidine- N-oxyl)palmitate (8-ENP), and methyl 12-(4,4-
dimethyloxazolidine-N-oxyl)stearate (12-MNS) were
employed as the spin probe to measure the fluidity in
different regions (or depths) of the lipid bilayer
membrane.

Materials and Methods

Materials. Egg phosphatidylcholine (egg PC) was iso-
lated from fresh egg yolk and purified according to the method
already established.?® 1,2-Dimyristoylamido-1,2-deoxyphos-
phatidylcholine (DDPC) was the same that synthesized and
used in previous works.1420-28)  (DDPC is now commercially
available from Dojindo Chemicals, Kumamoto). 2-Tridecyl-
2-(4-hydroxy-4-oxoundecyl)-4,4-dimethyl-3-oxazolidinyloxy
(5-NS), 2-octyl-2-(7-ethoxy-7-oxoheptyl)-4,4-dimethyl-3-oxa-
zolidinyloxy (8-ENP), and 2-hexyl-2-(11-methoxy-11-0xo0-
undecyl)-4,4-dimethyl-3-oxazolidinyloxy (12-MNS) were pur-
chased from Sigma and used without further purification.
Human glycophorin was exactly the same as that used in
previous works.1420,23)

Liposome Preparation. Egg PC (14.0 mg) or a mixture of
egg PC (11.0 mg) and DDPC (2.5 mg, equivalent to 20 mol%)
was dissolved in 4.0 ml of chloroform-methanol (3: 1, by vol)
in the presence of a spin probe (0.07 mg) and then 0.4 ml of
water or the same volume of an aqueous glycophorin solution
was added in a round-bottom flask. The resulting mixture
was evaporated in vacuo to obtain a lipid thin film at the
bottom of the flask. The glycophorin concentration was kept
constant at 0.01 or 0.03 mol% of the total lipids. The lipid
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thin film so obtained was dispersed in 2.0 ml of an aqueous
buffered solution (20 mM Tris-HCI containing 200 mM NaCl)
on a Vortex mixer for 20 min to give multilamellar vesicles
(MLVs) and then sonicated at 4.0°C and 40 W for 10 min
under nitrogen atmosphere using a probe-type sonifier (Tomy,
UR-200).

ESR Measurements. Electron spin resonance (ESR) mea-
surements were made on a JEOL JES-FX1XG equipped with
a thermo-control unit, JEOL ES-DVT using a flat cell of 1.0
mm thickness (JEOL ES-LC11): modulating frequency, 9.236
Hz; magnetic field strength, 3300100 G; modulation, 100 Hz
(2 G); and sensitivity, 0.3.

For a spin probe that hardly undergoes isotropic rotation
but anisotropically rotates only around z-axis (for example,
spin probe 5-NS) (see Fig. 1-a), we are able to calculate the
order parameter (S) using Eq. 1:

S=1/2(3cos 2y—1)=(Ay—AL)/[Az—1]2(AxxtA4)))] M

A-Tensors (Ay and A1) and hyperfine coupling constant (ay-)
are obtainable directly from spectrum and Eq. 2:

an=1/3(A+AL) )

Because the value of isotropic hyperfine coupling constant
(hfc) of the radical (aw) is affected by being placed in the lipid
bilayer membrane, however, if the physicochemical property
of the membrane changes, A-tensors also change. Therefore,
the corrected order parameter of the spin probe (§") is
obtained by Eqgs. 2—4:

an=1/3(Axt A+ Az:) 3

g=—ArAL  an

T A1 [2(Axx+4yy) an @)

where the intrinsic A-tensors for spin labelled fatty acids are
the following; A.,=33.6, Ax,—6.3, and A,,=5.8.29)

On the other hand, for a spin probe in which takes place
relatively rapidly with less anisotropic rotation and gives a
sharper triplet in a lipid bilayer compared with the probe
described above (see Figs. 1-b and -c), the following relation-
ship is valid for calculating the rotational correlation time
(z{™):

R(—|)+R(+1)—2

=4[ R R Loy, ©)

12-MNS

5-NS 8-ENP

Fig. 1. Expected location of three different spin
probes and their spectra simulated.
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This is the case for 8-ENP and 12-MNS. If 4-tensor of di-z-
butylnitroxide radical®® was employed, data obtained can be
analyzed by following equations:3)

‘L'émz)': 7.1X10-10 § Higy { R—1y+ R+ 1y—2} (6)
Rimy= 8 Hmy[ 6 Hoy = {L0)/ I(m)}*/? Q)
m=+1,0,—1

(nuclear spin quantum number of nitrogen atom)

where 8 Hymy and I(,n) stand for line widths and intensities of the
triplet absorption of the nitroxide radical at the lowest
(m=+1), the central (m=0), and the highest magnetic fields
(m=—1), respectivly.

Results and Discussion

McConnell and his co-workers3? have first and
Nakamura and Ohnishi3® have then proposed the ESR
spin probe method for investigation of dynamics of lipid
membranes. When membrane protein is reconstituted
into spin-labelled liposome, the ESR spectrum may be
affected due to changes in the mobility of lipids around
the spin probe. Using this principle, for example, Jost
et al. found two kinds of lipid with different mobilities in
vesicles and proposed the existence of boundary lipid.!
Watts and co-worker also investigated the interaction
between rhodopsin and membrane lipids in bovine rod
outer segment disc membranes.3¥ Based on detailed
analysis of their data, they also observed two different
kinds of lipids; namely, the relatively mobile lipids and
the less mobile lipids in direct interaction with rhodop-
sin.39  Using the same technique, Utsumi studied the
effect of glycophorins of various animals in egg PC
liposomal membrane.!8)

If DDPC provides a hydrogen-bonding bridge
between matrix lipids and glycophorin reconstituted in
the lipid bilayer membrane, the membrane fluidity will
be somewhat affected.!%18) For DDPC-containing
DMPC liposomal membranes, we have already reported
the increased p-value in fluorescence polarization!® and
increased quadrupole splitting in 2H NMR14 upon the
reconstitution of human glycophorin. In all the pre-
vious studies, DDPC was found to always cause a
decrease in the fluidity at, especially, the region close to
the membrane surface both below and above the phase
transition temperature of the membrane. In addition,
after the reconstitution of glycophorin into the DMPC
liposome, the fluidity of both the membrane surface and
the hydrophobic domain rather increased at the temper-
ature below and above the phase transition irrespective
of the absence or presence of DDPC.1419

In this work, we employed naturally occurring lipid,
egg PC, instead of totally synthesized lipid such as
DMPC used in our previous works,419 because the
naturally occurring lipid should be more relevant for
glycophorin to interact with. In the present work, in
addition, three different spin probes, 5-NS, 8-ENP, and
12-MNS, were employed in order to obtain information
about different regions and depths of the lipid bilayer
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Table 1. ESR Parameters of Glycophorin-Reconstituted Egg PC Liposomes
with or without DDPC at 25.0°C
. Li a)
Probe Reglon Parameter ‘posome
monitored I I 111 v
Close , 0.614 0.622 0.623 0.640
5-NS to surface § 0.613” 0.619”
Midpoint
8-ENP between 5-NS 29/ ms 3.19 3.29 3.29 3.37
and 12-MNS
Deep
12-MNS hydrophobic 2/ ms 1.96 1.83 2.07 2.13
domain

a) Molar ratio of DDPC to egg PC was 20 mol% in all the runs. [Total lipids]=9.2X10-3 M,
[Glycophorin]=2.8X10—5 M (0.3 mol% equivalent to the total lipids), and [Spin probe]
=9.2X105 M (1 M=1 moldm™3). Liposome I, egg PC; II, egg PC+glycophorin; 1II, egg
PC+DDPC; and 1V, egg PC+DDPC+Glycophorin.
lipids was reconstituted.

8.3 1 L 1

3.45 3.55 3.65 3.75

1T x 10° / K*?

Fig. 2. Temperature dependence of rotational correla-
tion time of 12-MNS in membranes of Liposomes I
(A), I1 (O), 111 (@), and IV (W).

membrane: Namely, 5-NS gives information about less
hydrophobic region close to the surface, 12-MNS gives
information about relatively deep hydrophobic domain,
and 8-ENP can monitor the midpoint between the
regions as informed by 5-NS and 12-MNS. When 5-
NS is employed, the order parameter is calculated from
the ESR spectrum,353) while the rotational correlation
time is obtained for 8-ENP and 12-MNS. Figure 1
shows the location of each probes in a lipid bilayer and
their spectra simulated. The order parameter and the
rotational correlation time are related to the mobility of
the probe and to the relative membrane fluidity. The
larger S and the longer /7 indicate less membrane
fluidity.

In the region close to the membrane surface as moni-
tored by 5-NS, the reconstitution of human glycophorin
(0.3 mol%) to egg PC liposomal membrane caused a

b) Glycophorin of 0.1 mol% of the total

Table 2. Energy of Activation of Isotropic Rotation
of 12-MNS in Liposomal Membranes

Liposome® I I III v

AE/kcalmol-1® 3.7 3.2 4.2 4.1

a) Liposomes I—IV are exactly the same as those given
in Table 1. b) Energy of activation was calculated from
data determined between —4.0 and +20.0 °C in all the
runs.

slight increase in the order parameter (S”) from 0.614 of
Liposome I to 0.622 of Liposome II (Table I), indicating
a decrease in the mobility of lipids in this region.
When less amount of glycophorin (0.1 mol%) were
reconstituted to the same membrane, however, the
mobility of lipids and the membrane fluidity increased
rather than decreased. This means that DDPC is more
predominant for control of the membrane fluidity. In
all the cases, the addition of DDPC more decreased the
membrane fluidity at the less hydrophobic region closer
to the surface. These findings were in good agreement
with those obtained in the fluorescence polarization!?)
and 2H NMR studies. Of course, DDPC affects even
at the midpoint of the half leaflet of lipid bilayer mem-
brane. Figure 2 shows Arrhenius plots of the rota-
tional correlation time obtained with 12-MNS for Lipo-
somes I—IV, and Table 2 gives their energy of
activation calculated from Fig. 2. Clearly, the sequence
of the actual fluidity of the deep hydrophobic region
certainly decreases in the sequence of eggPCH+
glycophorin (Liposome II)>eggPC (Liposome I)>
egg PC+DDPC (Liposome III)>egg PC+DDPC+
glycophorin (Liposome IV) over the temperature range
studied. This was more obvious at the lower tempera-
ture. However, the order of the energy of activation
calculated over the same temperature range was a little
bit different from the above sequence; namely, Lipo-
some I <Liposome I Liposome IV = Liposome III.
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Utsumi have investigated!® the effect of reconstitu-
tion of glycophorins of various animals (0.2 or 0.4
mol%) into egg PC liposomal membrane using exactly
the same spin probe, 5-NS, as that employed in this
work. He observed that though the reconstitution of
glycophorin into the egg PC liposome increases the
membrane fluidity,'® however the phenomena is incon-
sistent with that of 3C NMR studies.!?) Regarding the
phenomena at the deep hydrophobic domain of the
membrane, our present results were consistent with his
ESR studies.!® On the other hand, regarding the
region close to the membrane surface, however, our
results agreed with those of 13C NMR studies.!? In any
event, these investigations give us a warning that, when-
ever the probe method is utilized in the study of mem-
brane dynamics, the sort of probe used, the information
available, and the location of the probe in the lipid
membrane as well as the limitation of the time scale of
the observation, must be carefully considered.

Judging from the results of all the previous and
present works such as fluorescence depolarization,!?
DSC,® FT-IR,2V 2H NMR,* surface pressure of the
lipid monolayer,?? and the present ESR, we could con-
clude that our artificial boundary lipid, DDPC, cer-
tainly plays an important role for making lecithin
bilayer membrane more stable by noncovalent interac-
tion.
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