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Antioxidative stress-response functions of the biological cells can be induced and utilized for
survival when the cells were exposed to oxidative stress condition. From the conventional viewpoint of
molecular biology, the specific genes, such as sod or cat, are expressed under the oxidative stress
condition to protect the cell from the reactive oxygen species (ROS) through the expression of
antioxidative enzymes eliminating ROS, such as superoxide dismutase (SOD) and catalase (CAT).
However, there are some biological cells, which defect the gene for the antioxidative enzymes, though
they still survive under the oxidative stress condition. Such a contradictional mismatch between genotype
and phenotype in the biological system could sometimes be caused by the potential functions of the
biological membrane induced under the oxidative stress condition. In this study, the potential functions of
phospholipid bilayer membrane (liposome) were systematically studied, focusing on the membrane
recruited activity on its surface via the use of the minimal elements i.e. liposomes, metal ions, and the
fragments of SOD.

In chapter I, the roles of membrane in reactivation of oxidatively-damaged enzyme were
demonstrated to clarify the membrane function in biological systems. Under oxidative stress, SOD was
observed to be fragmented, leading to enzymatic inactivation, and the loss of an a-helix neighboring its
active center. The H,0,-treated SOD, which lost their activity depending on stressed condition, was
reactivated on the added POPC (1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine) liposomes, resulting
in the increase of enzymatic activity. When strong stress induced fragmentation of SOD, produced specific
peptide fragments could interact with POPC liposomes. Liposome membrane was found to assist the
conformational change of oxidized and fragmented superoxide dismutase (Fr.-SOD) and accelerate the
adsorption of metal ions on the fragment to give the original SOD-like activity. The mixture of all of these
elements (fragmented SOD and POPC liposomes with Cu>* and Zn®") gave not only the increase of the
a-helix and B-sheet contents but also the induction of the high SOD-like activity. In this case, the POPC
liposomes could act like molecular and metal chaperones for the stress-damaged peptides, resulting in the
creation of a new SOD-like active center, i.e. the antioxidative LIPOzyme that continues to express the
SOD-like enzymatic activity under the oxidative conditions.

In chapter II, characterization of the liposome recruited activity, LIPOzyme activity, was made
by studying the effect of lipid composition of liposome and by analyzing the possible elemental steps of
the formation of LIPOzyme. The specific peptide fragment, originated from SOD, was first analyzed, and
its sequence was identified. The oxidized SOD fragment was found to be displayed on the liposome
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surface through the following three steps: (1) binding (recognition), (2) refolding, and (3) reactivation on
the membrane. Such interaction was considered to be related with the characteristics of the both fragments
and liposomes caused by the combination of electrostatic, hydrophobic interactions, and hydrogen bonding
between the peptide and liposome membrane. A strategy to elucidate the liposome-induced antioxidative
activity by recruiting the minimal elements has finally been established, focusing on the “state of stressed
membrane” (the membrane activity and toxicity).

In chapter III, conversion and regulation of the antioxidative function of the liposome were
attempted as a case study of the strategy described in chapter II. Surprisingly, the CAT-like activity, which
decomposes H,0,, could be induced on the liposome surface which displays the SOD-fragments-metal
ions (Cu/Zn) complex. Actually, after the fragment-metal complex was recovered by liposome membrane,
under continuous oxidative stress of hydrogen peroxide, membrane could regulate both enzyme-like
activities. The LIPOzyme or the membrane-recruited SOD fragment possessed not only SOD-like
enzymatic activity but also CAT-like activity, resulting in the decomposition of all the ROS in the
biological system. The SOD-like activity and CAT-like activity were found to be modulated depending on
the state of the membrane. Unexpected response of living cell (algal cell) such as survival under the strong
oxidative stress could be related to such membrane-recruited antioxidative activities of the LIPOzyme.

The obtained results demonstrated the potential roles of membrane in recognition, recruitment,
modification, and regulation of active sites of the LIPOzyme. The present results are applicable in
modulation of artificial enzyme to control the oxidative agents and in the deeper understanding of the
cellular response against oxidative stress.
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B LA kL X (Reactive Oxygen Species; ROS)I, IR ETHZLRORAMAA L ATHS. LE, TIVINAT
—EOWEL EDOBETHEIE EBAEA N L A& OBEEIER I N TS, AEMIIRIZIE, ROSEPERMICHAYDHF
B ET 2. 5517, ROSZ il S 12 & 0 15259 % Hil {LBE 3 (Superoxide Dismutase (SOD)7% 5 TX IZ Catalase (CAT))
AEHESNTVEY, MEKRICE D ERT HROSHEEMLUAZBE, BHICKETDE VS MMMANH 7.

AFALH XTI, ROSIZL 0 44E L 7-SOD/CATHIBEALEER & AT 675, A b L AAR(ET V) RO RS
FEIRE, WK, WHPOBBIENICK0, BE, AROBEEZEBFTLEVIBRII DOV THRMICREF L.
51213, LR OREREE I DUV THIELLIPOZyme(SOD/CAT LIPOzyme) % iR HE L 7. 1 ¥ TId, SOD LIPOzyme®
MWAHEIZDWTHRE L. SODERM Td % @MLK EAEIREE THRAFT DKM TSODDKAE - 757 A ML
KA L=, SODAST 55 A MEENZIZ6MH 5T, URY —A() VIEE - EBD S L5 SN ZFINT 2
DHAT, ARDSODIEN % 5 T & 2 HE %R L 72(SOD LIPOzymelfi). 2 FETIE, SOD LIPOzymeb&HE O i W %
ML -, BEWHREEMORLZ )RV — LAREFIZBT 2R T F RRMEFES S TN SODIE M % REMNIZ AT L 72 5
B, L OSOD LIPOzymel& I #HI, () 7T AL MELIEARTF FEP S OFENXTF R OB, (i) Wiwm,
(il) @B, (VIEEF BRIV BRI NTWSHEERLE. LROMRRSRIIARTF ROBFI#ERIZEDE,
TEHFEEOE 1 $UE R ERTF ROBFITBELTIE, VRV —LERTF REOBENHEIER, BKEHE
TR, 725N KEREVEAMICES L TWABIURE N, L EOMITRERIT, LIPOzymefAR DD D AF — L
ELTREINTWS, 3T, TOFV—AAF T4 ELT, AL ZAATHENKIZ L% SOD/CATHI B {ELIPOzyme
DPIZ DOVTHRIF L 7. SOD LIPOzymeNDEEAL A b L ZAMIZL D, VRY — LB ETORTF RORERESS
RFEE L EHBE L, SOD& CATIE M % RMIZ B9 5 SOD/CAT LIPOzyme %2 MM T X 2 W& O TR L.

PAEOKIZ, FFMHLTE, HALLIPOZyme DR & FHEFTIC D W THRIMICMRES 2D 2 L s IC, Uy
—LZEITHEE L ATBHEMBEO2H LLARAEDREINTVS. LT, Bt (I%) OFMHXELT
D %D EBD%.





