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The structure and function of phospholipids are modified in the presence of reactive oxygen species (ROS)
such as hydrogen peroxide. An excess amount of the ROS is known to be decomposed enzymatically with catalase.
To our knowledge, little is known on the role of phospholipid molecules in decomposing the ROS in the absence
of the enzyme. In the present work, the decomposition of hydrogen peroxide at the initial concentration of 1.0 mM
was examined at pH 7.4 in the presence of the various molecular assemblies of phospholipids. Phospholipids used
were various phosphatidylcholines (PC) which were different in the number of carbon atoms in the acyl chains n as
well as the degree of unsaturation. The saturated PCs (z < 10) forming monomers and micelles slightly enhanced
the decomposition of hydrogen peroxide. In marked contrast, the PCs forming liposomes (10 < #) significantly
enhanced the decomposition reaction with neither lipid peroxidation nor change in the size of liposomes. Therefore,
the liposomes were suggested to undergo negligible physicochemical modifications in the presence of hydrogen
peroxide. The steady-state fluorescence polarization of the probes incorporated in the liposome membranes was
measured to clarify an effect of hydrogen peroxide on the fluidity of liposome membranes. The fluidity of the
lipid-water interface in the liposomes was decreased by the presence of hydrogen peroxide. On the other hand,
practically no effect of hydrogen peroxide was seen on the fluidity of the hydrophobic region in the membrane.
These results obtained indicated that the liposome-mediated decomposition of hydrogen peroxide proceeded at the
lipid-water interface of liposomes. In conclusion, it was revealed that the phospholipid bilayer membranes forming

liposomes functioned as a novel antioxidant system which effectively decomposed hydrogen peroxide.
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POPC [ ] 250C
diC1 4PC Liposomes
100
diC,,PC (100nm)
diC,,PC
diCPC |
r Micelles
diC,PC
diC,PC \
) [ Monomers
diC,PC |
Tris buffer \
(no lipid) . , . ,
0 20 40 60 80 100
Remaining hydrogen peroxide [%]
Fig. 2 1.0 MM BE{EKZEDHBRICRIZTIEZDIEESTFOEE

REDOFE ([lipid] =10 mM, 25°C, pH 7.4)



RRES FESHOEERIEENEREDCERICLIHRLMBIERDIBE

3.4 VUKRY—-LOBERIEKRAHEMICRITTEE
BEMEREOZE

Fig. 312 diC,PC 2 S & 1L % F3kE 1-#% 100 nm O
)RV — L% 15-35 C THIEE 1L.0mM #\B{bK®K & 120
hEfF S 872 8 & OB BMBILKERZRT, diC,PC I
BTNV BN 20 Th X 23TCTHIETH
5o VARV = LIIFER TR, FiREICBW TBREEILKE
WBRETH D, VAV —2IERTIE, ETOREICBW
TBRBALKED TR RAE SN TV BH, 15CTIRY RY
— A DIAFRREPRL RN EL R BEMDRDOONL, Th
L. WRHOIRREICH B ) R Y — 2B IR R LK E
DHIRIREIZERTH B Z LARBEN D,

3.5 UZXRY—LIZE 2 BE(EKFRSERE

YR — A LBBALKEROMEIEN 235 X Rty
L2012, HicDYRY—24 (lipid] =05mM) % Wik
10mM O#ER{LAKFE & 5h #Efil &, H,0,/lipid € VIS
FWVGE T CRRET BN 2 e L ze Fig 4 SR % L0 71%
DPOPCYRY—2Z ML ZICEONHEEZRT,
WERD ) RV — 4T BKERAL OGBS KA
RTEL BBERRITTIREEEEZZIT TRV, —T,
B OTEIEL. W NOLE D BEELKE DI
IDEPITHA LTS, ORI, BEELKES T
PR D BRI () Ry — 2R 1SREA Lok
M2 35 EZ2RBELTWAS,

4. £ &

POPC V) RV — 2 & @Atk & A7 S & 7- 12 MR
BEHOERB LY RV — 2 BOEENEO LN o7
(Table 1)o L7245 Ty UARY =LK % EEEILKES
RSB TIX, )R Y — A BRI LFEICELT 2 L

Bl UARY = ADMEEIAEH L Twa 2 e R Eh
%o Fig. 1 THWZ 1.0 mM O#BILKEIRE S ¥ 5 —
YaRMBEE 52 L B2 INE I s, JRY —
LDFEBLT B ALK TGRS TH D . KR D
WL 2 IREEO H R 2 s LT A
52 ENTE D WEDT258BILKE D5 B % %
ILRET 201, IRES TR RY -2 BRTAHEE
TH5 (Fig. 2)o VRV —AORE 5T B0 5
AT ORRE S T ESEE P ORFINES L TERT %
REBRKERTH LD L, IBEI LV LIV
BT OMBPRI BB CARERRERTH D, Thb
5, RESTEAERNIZB T T ORI & BEIE W
C L ANEBALKF GO RBUCH G T5 L E X b b,
¥ 72, Fig. 3D#ERIZ. dC PCHhHEHEINLY KRy —
AN VIRIBIC AR TR IRTEBIZ B 2 54 ISRVl bk
FRAEERREE R T 2 B R LTV D, HIEBIENE
BAAETH B diC,PC Y K Y — & O BEEALAK R I
DWTIEE SIS LETH 5o,

HERALKFE D ILAFIT X B IRRIEBUK AL D i B DAL
(Fig. 4) £ 0. BELKED T2 Y IREBAKTAL L 8
SREEE LT, IRESFOREEHZHELTVWEH 0
LRI NG, Thbh, BEBILKEDOHRIT) KV — A
RIS AR R O R Y — A - ) R — AR DK
RECHEITT A EHEE SN D,

VRV — AEDFEBT 2 @B ALK R AR 7 R RS
LI ENTENL, VEY — A ERERTRILETE
LTCIHHTEREEZZOND, BIZIEX, VRY—LEDS
5 — BB LB KRE M RET . S NA F
V7278 —DOFEHTFIZBWT, BLEEKS CRIAT %8
BRALKFE 2R3 & S RB SRR LT A2 3Bl 5 2
EEWLPIILTNE,

100 u Liquid-crystal state
|
Gel state . 4
< 807 —_ | (a) Hydrophobic (a) Hydrophilic
= Ty, = 24°C | 10| . ;
S \ — region region
T 60 B . S 3.5*{_ I I { { T
%0 - _ ~ 8t ==
£ [H202iitia = 1.0mM = _ _F _{ a
% 40+ di;,PC liposome 5 ESE= :E{ =] £a i ]]E {
5 it [Lipid] = 10mM 2 6} 3
o Reaction time: 120h [0)
20 %
S 4 251
| o f =5 G
0 L L
10 20 30 40 = ) )
Temperature [C] 30 50 80 100 200 400 30 50 80 100 200 400

Diameter of POPC liposomes [nm]

Fig. 4 POPCURY—L®D (a) BRKIEE (b) BKBOERENEDE(L (B
BibkzAmna (@ |

Fig. 3 DMPC Y RY — LDBELKEH rFkk
BEICRIZTRENHE (M BEEXET. !
BEE#7ET. [lipid] =10 mM, pH 7.4)

Diameter of POPC liposomes [nm]

A () )



A X hAY-MERE®E Vol.15, 2007

(BE )

1) Schallreuter, K. U., Elwary, S. M., Gibbons, N. C.,
Rokos, H. and Wood, J. M., Activation/deactivation
of acetylcholinesterase by H202: more evidence for
oxidative stress in vitiligo. Biochim. Biophys. Res.
Commun., 315, 502-508 (2004)

2) Emerit, ], Edeas, M. and Bricaire, F, Neurodegenerative
diseases and oxidative stress. Biomed. Pharmacotherapy,
58, 39-46 (2004)

3) Yoshimoto, M., Miyazaki, Y., Sato, M., Fukunaga, K.,
Kuboi, R. and Nakao, K., Mechanism for high stability
of liposomal glucose oxidase to inhibitor hydrogen
peroxide produced in prolonged glucose oxidation.
Bioconjugate Chem., 15, 1055-1061 (2004)

4) Yoshimoto, M., Wang, S., Fukunaga, K., Fournier, D.,
Walde, P., Kuboi, R. and Nakao, K. Novel immobilized
liposomal glucose oxidase system using the channel
protein OmpF and catalase. Biotechnol. Bioeng., 90,

231-238 (2005)

5) Yoshimoto, M., Miyazaki, Y. Kudo, Y., Fukunaga, K.,
Nakao, K. Glucose oxidation catalyzed by liposomal
glucose oxidase in the presence of catalase-containing
liposomes. Biotechnol. Prog., 22, (2006)

6) Paleos, C. M. and Tsiourvas, D., Molecular
recognition and hydrogen-bonded amphiphiles. Top.
Curr. Chem., 227, 1-29 (2003)

7) Kuboi, R., Yoshimoto, M., Walde, P. and Luisi,
P. L., Refolding of carbonic anhydrase assisted by
1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine
liposomes. Biotechnol. Prog., 13, 828 (1997)

8) Genot, C., Metro, B., Viau, M. and Bouchet, B,
Characterisation and stability during storage of
liposomes made of muscle phospholipids. Lebensm.-
Wiss. u.-Technol., 32, 167-174 (1999)

9) Hauser. H., Short-chain phospholipids as detergents.
Biochim. Biophys. Acta, 1508, 164-181 (2000)



