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ABSTRACT. The phase changes of 1-palmitoyl-ds;-2-oleoyl-sn-glycero-3-phosphatidylcholine (POPC_dj,) bilayers distorted
by an antimicrobial peptide, a magainin 2 or an aurein 3.3 were investigated by using “H solid-state NMR (SSNMR) spectroscopy.
From the theoretical simulation of the experimental “H solid-state NMR spectra the geometric structure constants and the lateral
diffusion coefficients were obtained in the peptide-lipid mixture phases. Within five days of the peptide action on the lipid
bilayers only the distorted alignment of the bilayers were measured but after 100 days an elliptic toroidal pore structure and an
inverted hexagonal phase were formed in the presence of magainin 2 and aurein 3.3, respectively. In order to investigate the
effect of an anionic lipid molecule on the actions of two peptides on the lipid bilayer, the same experiments were performed on
the POPC_ds,/1-palmitoyl-2-oleoyl-sn-glycero-3-phosphatidylglycerol (POPG) bilayer and the significant differences in the
actions of two peptides on two bilayers of POPC _d5, and POPC_d51/POPG were measured.
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Fig. 1. Simulated “H SSNMR spectra of POPC_d5, (a-¢) in the
angular mosaic distributions of bilayers and (f-j) in the isotropic
phases. For the mosaic distributions, the standard deviations (o)
of Gaussian distribution functions for the orientational angle of
the bilayer normal are (a) 0°, (b) 10°, (¢) 30°, (d) 50°, and (e) 70°.
The rotational diffusion coefficients, Dis,, of the lipid micelle with
a diameter of 40 A are (f) 0, (g) 1.0 x 107*, (h) 1.0x10"™, (i) 1.0
107", and (j) 1.0 x 107" m?/s.
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Fig. 2. Simulated “"H SSNMR spectra of POPC_dj (a-¢) in the
elliptic toroidal pores and (f-j) in the hexagonal phases. The ratios,
d/b, between the thickness of a lipid monolayer, b, and the length
of the horizontal major axis, d, in the elliptic toroidal pore shown
in the previous paper®' are (a) 0.6, (b) 0.8, (¢) 1.0, (d) 1.2, and (e)
1.4. The lateral diffusion coefficients, Di4, on the cylindrical surface
of the hexagonal phases with a diameter of 40 A are () 0, (g) 1.0 x
107, (h) 1.0 x 107 (i) 1.0 x 10°*, and (j) 1.0 x 107" m’/s.
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Fig. 3. Experimental "H SSNMR spectra of (a-c) the POPC_d5,
membrane and (d-f) the POPC_d3; /POPG membrane distorted
by a magainin 2 with the P/L ratios of (a, d) 1/80, (b, e) 1/50, and
(c, ) 1/20. The spectra in the first and the third rows were mea-
sured within 5 days after sampling and those in the second and the
fourth rows were measured 100 days later after sampling.
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Fig. 4. Experimental and simulated H SSNMR spectra of (a-d) POPC_d3; membrane and (e-h) the POPC_d3; /POPG membrane dis-
torted by a magainin 2 with the P/L ratio of 1/20. The spectra in (a) and (e) were measured within 5 days after sampling, those in (b) and
(f) were measured 100 days later after sampling, and those in (¢, d) and (g, h) were measured 200 days later after sampling. The spectra
in (a-c) and (e-g) were measured with the glass plate normal parallel to the external magnetic field and those in (d) and (h) were measured
with the glass plate normal perpendicular to the external magnetic field. The first and the third columns are the experimental spectra and
the second and the fourth columns are the simulated spectra. The simulation parameters for each spectrum are given in the Table 1.

Table 1. Phase percentages of POPC or POPC/POPG bilayers distorted by a magainin 2

Storage times

Membranes Phases

<5 days ~ 100 days ~200 days
Isotropic ~0% 30% (< 1.0 x 10 40% (~2.0 x 10°7)
POPC Bilayer 100% (40°)° 70% (10°) ~ 0%
Pore ~0% ~0% 60% (1.5)°
Isotropic ~0% ~0% 10% (~2.0 x 10°)
POPC/POPG Bilayer 100% (40°) 100% (~0°) 10% (~0°)
Pore ~0% ~0% 80% (1.3)

“The lateral diffusion coefficient, Dia (mz/ s), of an isotropic phase with a diameter of 40 A. "The standard deviation of a Gaussian function for the
angular distribution of lipid bilayers. “The ratio, d/b, between the elliptic semimajor axis, d, and the monolayer thickness of lipid bilayer, b, in an
elliptic toroidal pore.
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Fig. 5. Experimental "H SSNMR spectra of (a-c) the POPC_ds,
membrane and (d-f) the POPC_d3; /POPG membrane distorted
by an aurein 3.3 with the P/L ratios of (a, d) 1/80, (b, e) 1/50, and
(c, ) 1/20. The spectra in the first and the third rows were mea-
sured within 5 days after sampling and those in the second and the
fourth rows were measured 100 days later after sampling.
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Fig. 6. Experimental and simulated H SSNMR spectra of (a-d) POPC_d3; membrane and (e-h) the POPC_d3; /POPG membrane dis-
torted by an aurein 3.3 with the P/L ratio of 1/20. The spectra in (a) and (¢) were measured within 5 days after sampling, those in (b) and
(f) were measured 100 days later after sampling, and those in (c, d) and (g, h) were measured 200 days later after sampling. The spectra
in (a-c) and (e-g) were measured with the glass plate normal parallel to the external magnetic field and those in (d) and (h) were measured
with the glass plate normal perpendicular to the external magnetic field. The first and the third columns are the experimental spectra and
the second and the fourth columns are the simulated spectra. The simulation parameters for each spectrum are given in the Table 2.
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Table 2. Phase percentages of POPC or POPC/POPG bilayers distorted by an aurein 3.3

Storage times

Membranes Phases
<5 days ~ 100 days ~200 days
Isotropic 55% (< 1.0 x 10'%? 50% (< 1.0 x 10 ~0%
POPC Bilayer 45% (10°)° 50% (~0°) 100% (~0°)
Hexagonal ~ 0% ~ 0% ~ 0%
Isotropic 45% (< 1.0 x 10 40% (~1.0 x 10 30% (~1.0 x 10'%)
POPC/POPG Bilayer 55% (~0°) ~0% ~ 0%
Hexagonal ~0% 60% (~1.0 x 10 %)° 70% (~1.0 x 10°)

*The lateral diffusion coefficient, Dig (mz/ s), of an isotropic phase with a diameter of 40 A. "The standard deviation (0) of a Gaussian function for
the angular distribution of lipid bilayers. “The lateral diffusion coefficient, Diq (m/s), of a hexagonal phase with a diameter of 40 A.
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