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Abstract: The activity of an antimicrobial peptide, magainin 2, on lipid membranes was investigated using
solid-state NMR and a new sampling method that employed mechanically aligned bilayers between thin glass
plates. The experiments were performed at two hydration levels. At 95% hydration about 15% of the lipid
bilayers were disrupted and at full hydration 20% were disrupted. From the comparison of two equilibrium
states established by two sampling methods the importance of peptide binding to the lipid bilayer for whole

membrane disruption was demonstrated.
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A& 1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphotidylcho-
line (POPC)= Avanti Polar Lipids Inc.(Alabaster, AL,
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= GL Biochem (Shanghi, China)> 255
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& Axst7] 915t 7hEef A2 dolrt k2t 10
8FS 2] 9S8 Marienfeld Laboratory Glassware
(Bad Mergentheim, Germany)Z %8 T 3le] Al&
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Z+ AEE 22 o)Futo] A sElo] =0 o)
A B HE A4S T4 NMRE 24 3817] S8 A,
SFS el POPC A& o5 urS FAA AT o]
£ 93 WA 4.8 mg POPC A& TFE/chloroform

(2:1, viv) Lol =9 I o] gAME gko gyt
Hojred thg, Z7] FoA FA AXRAZ B9

= FuF /718 E &3] AAs] s
o JF Feolx A AxAZioh 2 AxE AR
°F 2 uLe &5 AF HAuiste F3A7 vE,
sodium phosphate dibasic® 2 X 3}% 8do] Eoig)
= Ax7loA oF 2o F<F WA FETEY o] Ao
uhEl feld A A= AEE] F 95%°] dF



462 2

T2 Foigoay, & FEE 20000 ool ol
=< FAsH Ent
Aol POPC A& 2] 1/209] 3| F3l+= magainin 2

—

FE/chloroform (2:1) & & & N2 L F
9 015?1 o, AZES AT = BaH 2
S Fotd AEE AXTT o] A& A
xH Z]X]U]'OE TxFH Fa3yg Heloleg
Exd -?rﬂ S HAAAM Hetol =7t A A o] Tt
Z-gsA & v, AxE fEld AR 10 BEE
¥fo] &t} /MR 58] TS Parafilm S 2 M,
polyethylene© 2 0 %5-3}o], NMR S8 EHS =743}
= &t A E7F rkEA] GEE grh C'P 3LA] NMR
& A&t S EYo0] O o) WakA] & =

=
=
A&, NEE AN F, TR Fo 5 A5
z
il

m

2

=
i

m 2 rlo
E

bttt Eol A7bE AN RE Egrle B 3P
A NMR 29 E3 S thA] 43190

23. 11X s&ixfy| 3H 22H

SIp ZAINMR 22#) E & & Bruker MSI-300 +337]
£ o]&3le] A5\ ) e A~ EH] 38} o] =7k
(chemical shlft)«] 7152 85% H;PO, 8-H o2 HE
Ues A3E 0 ppmeZ A 3P 900 H
Zjlo]_ 5 uso]_—,r_ _]__/J\_anq_o] )J—:_sz]-ﬂ.il g}oﬂﬂ _Or]fs}]
AE-3E A o] of A47179] A7) 45 kHzol AT
2HEHS L& 17 86 kHzol AL, 200091 9] HHE-=
g Fajo] 2EAS ATk T4 NMR 29 EH
o] 2T = 25 oco]oh;].

3. O n&

A NMR 23 Ef2 AX NMR = EH} &
2 g Ak o F A7l ek s AeTY, &
Zpe] wjepel] wetl Fubg 2polE HolErh a3
EAFe] ol weh 7k s ayo] Ay she o FA]
&) A717F @b 7] W&o, ol A F9]9
AARZEZF FEAHAES 7L A 7] w2l o
Efub= dZdelth POPC A A ] 44 *'PE et
A, A ZATE 25271l thate] ofw gt uy
FA BEE Uehli=vol w24 NMR 2FEH

o] mFo] gt A Hr) frE|de) g wEgow
AEE A9 A5 30 ppm ZA AN T st
Ao g Bo|Xwh, X dEAe] HHo| 7iA theFgt wy
kS 7HAAl HH 30 ppmol| A -15 ppm Alo]o] W&

S7F AEdnh web Fad detol=d s A

>,

&

A AA olFure] Tt 7adl o8] o 7HA]
&l A NMR &FEgo] #3d £ gt &
Tl FErel = o3 wrEefxl AR o] Fet
Zol thet e 24 glo], AR o] 9]
E=ghs vhebsle Ao A AEtol =9 282
3ol thel] hohr izl gt

m\,‘i o -p r& fa

4. 3 ¥ nE

41, SRYSHH BEE AROM N HE
ol=0l oj#t XA olFYel |
Ga4 Aeol=sl ALARAE ALTE FYH
ek 7129 AR Ax sk 9, A4 93
ws Petol 28w Fels M Zzte] frelde] =
W F, T RAWS GAN B9 e Yol
A Az el k33 e AR Fig 1914
BT vhol gol, e felHe] & 3¥W A
NF5} FEL Azbe] Aol Tt Aol ol o3}
of 313)57] Aageh. AAA AF o F o] 2-g3
Aetol ol ofa] A4 olFute] w353, Hefol=s
S8 A4 ol Fuhe Fhsle] the A4 ol FY E
wol ol7 dk. Wetol =9 Fwst A4 ol Fuhe
S8 9 BN YAsE] o2 =, ¥
WAl A4 ol Zuhw sg Folt. olejst shlo] o
3l Aetel=AW Eg4e] FH F7HeA H, olo]
1&— A4 olFuhg sk BT 4 Ak Af
& ek =] ¥k gasl Ak Ad o) Fu}
M%ﬂ ol Aol el st ABIA YA 5
w8 WA Zake A4 olFue] Bt WE Aoltk.
FHoz =99 Y Jud Jouvy oAt
23 IR 1 e S8 A4 ol

o] kS Febe 4 Qlh o] W A7kl mE X
A ol FEo] A 7}— H4L woted f
o= gAol 5

4.2. Magainin 20i 2|8t POPC o|&ate| iy

Fig. 2= 95% 73t FEolA sk A A o]Fd
i 3te] magainin 27} 283t A9, A A o] F 9
3] #4S Uehle 3P 34 NMR A EHo|th
Fig. 2014 & &= 3150l AA o|F2e] 33 10%
olate] g Al7tel| o] FoAA M 1 o]Fol= & W3}
7F A9tk g A A olFuhs F@slslr] s Al

Analytical Science & Technology



a7 WEFo] =41 magainin 29] B0l tht 34 H27] 318 3 A+ 463

©

Fig. 1. The reaction procedure. (A) Initial, (B) intermediate, and (C) final stages after placing a peptide-containing glass plate
on a lipid-containing glass plate. Black rods and gray hairpin-like objects represent the lipids and the antimicrobial

peptides, respectively.
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Fig. 2. (A) Experimental and (B) simulated 'P solid-state
NMR spectra of POPC multi-bilayers distorted by
magainin 2. The samples were hydrated at 95%
relative humidity.
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Fig. 3. (A) Experimental and (B) simulated 3'P solid-state
NMR spectra of POPC multi-bilayers distorted by
magainin 2. The samples were fully hydrated.
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Table 1. Percentages of POPC phases distorted by a magainin 2

Hydration Phases 10 min 30 min 1 hour 4 hours 27 hours
95% humidi Bilayer 75 80 85 85 85
o humidity Distorted 25 20 15 15 15

Hydration Phases 10 minutes 30 minutes 1 hour 2 hours 10 hours
Full hydrati Bilayer 90 80 80 80 80
ull hydration Distorted 10 20 20 20 20
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Fig. 4. Comparison of 3'P solid-state NMR spectra of POPC
multi-bilayers distorted by magainin 2. (A) The hete-
rogeneously mixed sample and (B) the homogeneously
mixed sample.
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