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WFFER RO (330) : It is demonstrated that the function of LIPOzyme (Liposome +
Enzyme) could be induced by the construction of catalytic sites on the liposome membrane
as a model biomembrane. The LIPOzyme function could be classified by three categories: (i)
electron transfer; (ii) proton transfer; (iii) nucleophilic / electrophilic reaction. The
LIPOzyme function could be, herewith, controlled by the tuning of junk peptides, ligands or
their metal complexes to achieve the desired function. Furthermore, the immobilization of
LIPOzyme into the module was presented to develop the novel membrane module. This
technique is a promising method to develop the reactor / separator based on the LIPOzyme
function. Besides, the mapping of the physicochemical properties of junk peptides and the
lipid composition could be performed to clarify the optimal condition for the desired
functions of LIPOzyme, resulting in developing their database.

AR TERR
(BHEHAL - 1)
[ERS T Rt & i

2008 4EJE 8, 400, 000 2, 520, 000 10, 920, 000
2009 4EJ&E 3, 000, 000 900, 000 3, 900, 000
2010 4EJ&E 3, 000, 000 900, 000 3, 900, 000

HRRE

R
o Et 14, 400, 000 4, 320, 000 18, 720, 000

i Ta s R A= e b7 Sl I=

BHFE SR - B AL TP - BEhEE « HATERE

F—U—R: ATV« ANVARSFT 7 JrY—, LIPOzyme, KK, A4V T7 7
H—, NTEER, XTTFK, VIZr—nNT 47, ARLVRIGE



1. WFIERAR S D1 5

X1 >o~A 7 ufbZTHETH 5,
77 DEREEE R E S KBRS - FlER &
BT, ZUoNIE - BERERD LT H5H
OREBEME TN EFE ST, 52 b7 8RIE
ZMETHEGFET DD ORTEMERE 2 E
%, ATAE, FOD A b L A SEHEEN A A
STV, MIIEM S iz A b L 2R
THEGETDHEDIL, gy Xarziqd
ETDEMEDH R EEEPEL TURE
TAHENMLIL TS, Genome/Proteome
DAK AT, MlaoeToREE, T
OIBE T &V D EREHRIC i T W8 5
BllzoiEizcioviibhTtnd n)
HLDOTHD, L, ARYBIZENZIT TR
HTEX2DTHAIMN?

BT, TORGENHE SN TWD, filx

X, U UIRE ZEENOD U AR Y — A,

B R EPRFET DA FEOEE & 75
THENREINTWD, () #o37E
OEMEPFREEZRBEAEEAEEH)L T,
NativeZc & (B K, (i) MEAEMEZEEY
B (AcyMb AR~ ¢ V>, Acyl{bHis, Acyl
fEx L — MHOELSHEEZHIE LT, &
FE 7205 T-i0GRAE - BERRRISIE A HE T D,
(iii) Bz FRES 0t 20EZEWE LM
AEHLTCZORIEZFH L TV D,
(iv) WAk - K95 L7727 F Rl
S, B, RIARBEESE &R L~ L OfE %
FETHRETHD. —WEARIRT,
P LEERZE DO —>THDHSOD & W )
1T H HAEET DH,0,0E/E L7256, s
DR S, O TUE, AL T LE 9,
LN LU R —LEBRMLZSE, FED
T T A NOREBEL, HiEEKT D
FIZX Y, 5TOSOD &R L~V DIEM %3
HELD0THD,

ERROMAE, MDA L AREDOAR
X, Genome/ProteomelFii, 725 NI,
T aR_—2 L Lz 4 f-omefs 8 Tl
BACE2WEHEEZREBLTWS, BiBh, A b
L A BEE CMembraneZ D b DR A F 2
v 70 EEE T D e O F R R
MembranomelE A EHE 2D TH D, T D
£k72, LIPOzymetkrEZ =2 712 L7 FH 74k
MoAIKIZ LY, ZhvETEL L T4
RO A A L, RIS, (A1K)
BRETICERAD L 72 ik A E 7 & R AR D
RERAEE L 22 B,

2. WMIEDOHK
BEE, T¥ESuvX - ARTor 2T

RETDHOXY I RXTF REERE LT,
LIPOzymetie % o 7 Hiffi & L7=, #Hii7e
A VRISERANA AV T I B — % E
BRI oZLThoD,

3. WrgED ik

AWFFEDOZRITDT=121%, (1)LIPOzyme HEHE
DIEFZAL, (2)E%E LIPOzyme [EE (LA D
BHZE, Q) EROMAICIKS THEM - BT
B —AAZT 4 OFRD, 3 ODHEBIZD
WA TAVENRND D, F4IHYTS 3
SO THIEAHED, EENSISHETOR
& ERT %, FD®H, LT 3 BFTHI%E
BT LI,

LIPOzyme #8E 4 KR (LT D7D, A ML A
BAICEZ OB E L7 XTF RO Y R— A
3% g ~ DRI OV TRE L7=(A 81,
Wi, AT VLo F oIt VRV
— ARBIIRTA SN D DT F N OFE
PEAEAT 21T - 72(B 3D,

IBIT, VI RTFRIAT T —DFE
fifi %17 - 72(C ),
INODOMBIOBEELZERY NS,
LIPOzyme #§HEZ 45 L, Z OMHELICE S
HHHREEY 2 — LV OFRBIEEZRET 5,
B 1%(2, LIPOzyme F¥RED T — % N— R & 4K
i35,

4. FFgeEkR
FHTHLNTZMmRICHKSE, LT O
RREE G, TOMEERT,
(DLIPOzymet# 62 O 1 5

MR/ NROXTF Rt fy, &gA 4,
alLATua—/, VH Rl eME595F
IR0, BEE L RS OREE(LIPOZyme HHE
NFEARETH D, ZDEEZ LIPOzyme X3
® 7=z, (i) Build-Up %72 5 OV (ii)
Break-Down T 2 S0 Ji kw1 & 5 (Fig.1),
FRICHRFEIL, BERIZHROA b LA 2 A
L CHEE Ak - Wik L, BERDZ OIS
WS R 6D T IS TERRRE 2 U 7R Y — AR g
IR THHLWFETH D, flziE, 2mM
H,O, ZLBEZ ). W SOD (Superoxide Dismutase)
LW ) BERITIE AT %28, POPC URY —
LI LB () BED SOD Wl 0%k, ()G
Ak, (i)iEME(ED 3 > F uv 2 &2/ T,
SOD £kiE 72 5 TNC Catalase (CAT)ERIEMEA
T D EINRE N, BRI, REMNRA B
VAR LY R Y — 20, ()BUKMERAEAE
R, (ii)FERIM A AEH(SOD : A, YR
Y o— I AEFEA), ()RS T OKER G DL
b7 L, HAEWZRMBAEERIZL Y, SOD




FEFEHFHL TCWDIENDNSTZ, URY—A
JEDIREZ YN T A 9 5FITLD,
SOD/CAT D #EEOIEMEN KGR I LTz
One-Pot it DFEEHBAZE L A[RETH - 7=,

Molecular
Recognition Site

Break-Down Type

Bulld-Up Type
Approach

Approach

Muiti Funailu;\.lml LIPOzyme
Fig.1 LIPOzyme O &% & ik I

RO EZ T2, BERMERE D K5
WZHEVy, BE# @ LIPOzyme O 43¥H % ik
Hiz, FiZ, OBFBEHXIE, @71 b
VEBENKS, @ORELREFEBRKIS, O
SIHHTCTEH T2 RSN oT2, &
O ORI EFZBT 5512, Uy
VIRTFRRLU TR, L5 NIZEN
5DO&E&BKREZ VR Y — A EICE AL
S, BRFMEZFEIT NI VEEZ A
HL7=,

(2)LIPOzymelfEE€ ¥ = — /L DB 3
LIPOzyme [& &b FiE A BEHL, &
EY 2 — b ~OKREEOBEEAITEKD)
L7,

VRY—b&E~ U v AFLTH
HEEsZEEBLEL(Fig2a), KK
MOESFICEDF VIO TH
Sl EHE~ N v 7 AT LVORENEE
fiEfr L7-f R, KRZKXEoDF+Thd
Xanthan Gum XGQ) &2 H W5 Z Lz kv,
FEFICEWEKRED SV EERT S
ENARETHIENDN-TZ. XG &
Polyethyleneimine (PEI) & ZL4& &l % H
WTEBEE AL ThILITEEREER
28 50 1% (G /K=:R 98%) FEE O & & KR
IEMAEETHD I EnbhoT-. £7-,
COFNVTYRY — AEFEEEOZER
WCNETE 25 Z & bR L7E(Fig.20).
5T, NLBEAFZEREE Y 2 — b
WESICHE Ebd D52 ElcbkBhL, =
DEYVa—MiZHNABEELLEINTZY R
Vo— NE RN R 2 W R, 2 E AT
THZ L EMWR L. i) 77 ¥ —
B —AAAT 4 LT, LRV KRY—
AEEBEE Y 2 — L% FAWT, BEE
P T7F R ESBEERFE L, R

LIPOzyme {EMHZFETEHFE2 1~ L
7.
(@)

Hollow Fiber
Module

Hollow Fiber

Membrane
Surface

Liposome
Membrane

(b)

B7E . "
Module - N
e g
i3 j — PESE——
Module = !'
YRy — LR - RBICE AT —H— (AL D) EEMHLTND
Fig.2 (a) VR Y — L BEMBEEY 2 — 1D
BERBLOMARLZEY 22—

2Ry R BRI E N LR
£, DENITIK S FEXTTF FOSHEC
KEI L, 5% OIS c BT Y 2 — L &
LTCORBMLEBORD ZE5FENRN
T&7,

(B)LIPOzymeffEICRI T2 74 7 TV

— D # i

VAR — LB EENEESIAFNEH
B, KRS FER 228 bE T
e AT Vo F oy TN &
ELlLiz, TOFREEWMELT, Px o7
RTF ROBKME, BREE, KZFES
7w EM DO~ v T D,
LIPOzyme it D72 DT — X X — X
EEM LT, ZOME, KIZHKEORE
ER_XT7TF FHEENEERICE TSN
d <, BT o A i T sk 2N FTRE
ThHhdHI BRI, 2L, Fig.l
WRLIZETa AR RYTTHD I LD
RIELTW5b,

— 05, AU TV F oy TN AN &2 A
WT, RFIF REERTDIER—20D



ZHELHLMNMI LT, HESCIEEORA
Bl X » T —FWICH F D4R &
HARNIE L TOROEEMNEMEIC
WEHRE ST LA THY, £ DOHELR
ERE(E—I NV I=~2)EHALTWND,
UARY =LK BRI END, 5t
BB RO LEEIC LY, WL EIRREIT
—RRHICRZEMHRE(Z e —" L=<
LD)ERT N, TICHEREIREICEAT
L, Bl a—nRLI =< ATt
Ho DFV, URY —ARITEH A HELR
EREOEENDLRD RT Vv v Vi
EAEAET S, 2T active 72 F R I AR
LI HRRFIRENIEE R E TR S 1,
B LW BR IR RE (B 213 TE MRS BB AT
J 5 A2 £ L T w35 (Fig.3),
LIPOzyme #&HE DRI 1T 5 %P4 4
F OB - SEE e 2ARN T T TH

DX, VRY —L(CETFTVAEERB) DA
THENRIFERE R BIE 2 AR L

TN THA D,

New Separation to Create New Order

] X
o
Top T
View ; d
Seuselat
—"1
Side Ly o ©oog
View ') HMew Order,
4 ———
ag . s8]
sReisssliala POO00000d h:][K poco

Fig.3 IREMEE LIRS DT T FORRTHEIE
TEROEFE DR

PLED R %2 #$E L, LIPOzyme @ B
B EZMESL L, BEEE Y 2 — 1%
BT 5 2 LT E Lo, RENIT,
LIPOzyme ®EBEICSLN T 2 Hifl 72 N A
FEFE ST o e 20 ERBICEBNT D
bOELHFFIND,

5. E7pdEIam L
(WFFEFAE . WFZEo 8 M ONEHEIT 784 |12
(=)

(MeREamSC) (FF2 6 11)

1) H. Umakoshi, T. Tanabe, K. Suga, T.
Shimanouchi, R. Kuboi, Oxidative Stress can
Affect the Gene Silencing Effect of DOTAP
liposome in an in vitro Translation System,
Int1. J. Biolog. Sci., 2011

2) H.T. Bui, H. Umakoshi, K. Suga, T. Tanabe,
K. X. Ngo, T. Shimanouchi, R. Kuboi,
Cationic DOTAP Liposome can Interfere
mMRNA Translation of GFP in an E. coli
Cell-Free Translation System, Biochem. Eng.

J., 52, 38-43 (2010)

3) K. Suga, H. Umakoshi, H. Tomita, T.
Tanabe, T. Shimanouchi, R. Kuboi,
Liposomes destabilize tRNA during heat
stress, Biotechnol. J.,5, 526-529 (2010)

4) H.Umakoshi, K.Morimoto, N.Yasuda,
Y.Ohama, T.Shimanouchi, R.Kuboi,
Development of Liposome-Based Mimics of
Superoxide Dismutase and Peroxidase Based
on "LIPOzyme" Concept, J.Biotech., 117,
59-63 (2010)

5) K.X.Ngo, H.Umakoshi, T.Shimanouchi,
H.Sugaya, R.Kuboi, Chitosanase Displayed
on Liposome Can Increase Its Activity and
Stability, J.Biotech., 146, 105-113 (2010)

6) H.gaya, H. Umakoshi, K.B.M.A Fadzil, L.Q.
Tuan, T. Shimanouchi, R. Kuboi, Preparation
of superoxide dismutase LIPOzyme in hollow
fiber membrane, Desalination and Water
Treatment, 17, 281-287 (2010)

7) Le Quoc Tuan, Hiroshi Umakoshi, Toshinori
Shimanouchi, Ryoichi Kuboi, Liposome Can
Act as Molecular and Metal Chaperone for
Oxidized and Fragmented Superoxide
Dismutase, Enzyme Microb. Tech., 44(2),
101-106 (2009)

8) B Mz, mK iR, BB K AR
se—, T BT, EH SETRE, i —
HI, XA A A H—Tx—ZADERIEH,
FHFLF, 30(4), .236-247 (2009)

9) Huong Thi Bui, Hiroshi Umakoshi, Keishi
Suga, Tomoyuki Tanabe, Toshinori
Shimanouchi, Ryoichi Kuboi, Cationic
Liposome Inhibits Gene Expression in E.coli
Cell-Free Translation System, Membrane,
34(3), 146-151 (2009)

10) Hiroyuki Sugaya, Hiroshi Umakoshi, Yuji
Tohtake, Toshinori Shimanouchi, Ryoichi
Kuboi,  Characterization of  Polymer
Hydrophobicity and Immobilized Liposome
Membrane in Hollow Fiber Module, Solv.
Extr. Res. Dev. Japan, 16, 98-104 (2009)

11) Hiroshi Umakoshi, Masato Nishida, Keishi
Suga, Haruyuki Ishii, Huong  Thi
Bui, Toshinori Shimanouchi, Ryoichi Kuboi,
Characterization of Green Fluorescent Protein
Using Aqueous Two-Phase System, Solv. Extr.
Res. Dev. Japan, 16, 136-141 (2009)

12) Huong Thi Bui, Hiroshi Umakoshi, Keishi

Suga, Masato Nishida, Toshinori
Shimanouchi, Ryoichi Kuboi,
Negatively-Charged Liposome is Potent
Inhibitor of Protein Folding in

Post-Translation Process of in vitro Gene
Expression, Biochem. Eng. J., 46(2), 154-160

(2009)

13) Toshinori Shimanouchi, Haruyuki Ishii,
Noriko Yoshimoto, Hiroshi
Umakoshi, Ryoichi Kuboi, Calcein




Permeation  across  Phosphatidylcholine
Bilayer Membrane: Membrane Fluidity,
Liposome Size and Immobilization, Colloid
Surface B, 73(1), 156-160 (2009)

14) Hiroshi Umakoshi, Le Quoc Tuan, Toshinori
Shimanouchi, Ryoichi Kuboi, Role of
Liposome on Recognition and Folding of
Oxidized and Fragmented Superoxide
Dismutase for Its Re-activation, Biochem.
Eng. J., 46(3), 313-319 (2009)

15) Hiroyuki Sugaya, Hiroshi Umakoshi, Yuji
Tohtake, Ena Oyama, Toshinori
Shimanouchi, Ryoichi Kuboi, Preparation of

Hollow Fiber Immobilized Liposome
Membrane, Membrane, 34(5), 272-280
(2009)

16) Hiroshi Umakoshi, Keishi Suga, Huong Thi
Bui, Masato Nishida, Toshinori
Shimanouchi, Ryoichi Kuboi, Charged
Liposome Controls the Translation and
Folding Steps in in vitro Expression of Green
Fluorescent Protein, J. Biosci. Bioeng.,
108(5), 450-454 (2009)

17) Minoru Noda, ToshinoriShimanouchi,
Masanori Okuyama, Ryoichi Kuboi: "A
Bio-Thermochemical Microbolometer with
Immobilized IntactLiposome on Sensor Solid
Surface" Sense 135(1). 40-45 (2008)

18) Kien Xuan Ngo, H. Umakoshi, T.
Shimanouchi, R. Kuboi: "Enhanced Release
of Chitosanase from Streptomyces griseus
through Directinteraction of Liposome with
Cell Membrane under Heat Stress" J. Biosci.
Bioene. 106(6). 602-605 (2008)

19) H. T. Bui, H. Umakoshi, M. Nishida, T.
Shimanouchi, R.  Kuboi:  "Liposome
Membrane Itself can Regulate Gene
Expression in Cell FreeTranslation System"
Langmuir 24(19). 10537-10542 (2008)

20) Tuan, L. Q., T. T. T. Huong, T. A. Hong, T.
Kawakami, T. Shimanouchi, H. Umakoshi, R.
Kuboi: "Arsenic (V) Induces a Fluidization of
Algal Cell an d Liposome Membranes"
Toxicol. in Vitro 22. 1632-1638 (2008)

21) H. Umakoshi, L. Q. Tuan, K. Morimoto, Y.
Ohama, T. Shimamouchi, R. Kuboi:
"Superoxide Dismutase-like Activity of
Dodecanoyl-His ModifiedLiposome™ Maku
(Membrane) 33(4). 180-187 (2008)

22) L. Q. Tuan, H. Umakoshi, T. Shimanouchi, R.
Kuboi: "Characterization of Oxidized and
Fragmented Superoxide DismutaseRecruited
on Liposome Surface" Maku (Membrane)
33(4). 173-179 (2008)

23) H. Umakoshi, L. Q. Tuan, K. Morimoto, Y.
Ohama, T. Shimanouchi, R. Kuboi:
"Superoxide Dismutase-like Activity of
Dodecanoyl-His Modified Liposome” Maku
(Membrane) 33(4). 180-187 (2008)

24) H Yoshimoto, M.

. __Umakoshi, N.

Yoshimoto, T. Shimanouchi, R. Kuboi:
"Characterization of Surface Properties of
MicrobialTransglutaminase Using Aqueous
Two-Phase Partitioning Method" Solv. Extr.
Res. Dev. Japan 15. 111-115 (2008)

25) H. Umakoshi, K. Morimoto, Y. Ohama, H.
Nagami, T. Shimanouchi, R. Kuboi:
"Liposome Modified with Mn-Porphyrin
Complex can SimultaneouslyInduce
Antioxidative Enzymes-like Activity of Both
SuperoxideDismutase ~ and  Peroxidase"
Langmuir 24. 4451-4455 (2008)

26) K. X. Ngo, H. Umakoshi, T. Shimanouchi, R.
Kuboi: "Variation of Surface Properties of
Streptomyces  griseus  Cells  afterHeat
Treatment with Liposome" Solv. Extr. Res.
Dev. Japan 15. 133-137 (2008)

Pz GH8fh)

FRFPERREINIEE LT,

1) H. Umakoshi, K.X. Ngo, T.
Shimanouchi, R. Kuboi, Preparation
and characterization of
chitosanse-LIPOzyme based on
“membranome” strategy, PACIFICHEM
2010, Dec.15-20 (2010) Hawaii, USA

2) H. Umakoshi, L.Q. Tuan, T.
Shimanouchi, R. Kuboi, Design and
development of LIPOzyme based on
membranome, PACIFICHEM 2010,

Dec.15-20 (2010) Hawaii, USA

3) (FHAFeEET) BEUK, AT vt 21k
F ORI AT C~LIPOzymeZ 91 v [
S AEF TR FRE 2010 4 9 H
6 H, #U#, [&EAEX

4) (=% B # ) E# K, LIPOzyme
Process Chemistry® Al ICBHJ 5
LR TR gE, BRI, 2009
45 H 21-22 H, HE(H AR 20
FE 0 Jih E)

5) (#A1F##% ) L.Q. Tuan, H. Umakoshi, T.
Shimanouchi, R. Kuboi, LIPOzyme Design
Based on Molecular Recognition Function of
Liposome, The 10th General Seminar of
JSPS-VAST Core University Program, Nov.
26-28 (2008), Osaka

6) H.Umakoshi, T.Shimanouchi, R.Kuboi LIPO
zyme: Basic and Its Possible Application,
GCOE Int’l Symp on “Frontiers of
Environmental and Industrial
Biotechnology”, Nov. 2-5 (2008) Osaka

7) H.Umakoshi, L.Q.Tuan,
K.Morimoto,  T.Shimanouchi, = R.Kuboi,
LIPOzyme Design Based on Molecular

Recognition ~ Function  of  Liposome
-Biomembrane Process Chemistry and
Separation Technology-International

Conference on Separation Science and



Technology 08, Nov. 2-5 (2008) Yamanashi,
Japan
8) (FAFFil i) K, Le Quoc Tuan, #HA
fE, BN, AR — "RV —
D5y FRdikaE Z FIH 3 5 LIPOzyme D%
itE OIS " TERE 5T BES
TRfEmas. 2008 429 A 25—26 H, KB,
INTIPN

(XFE] GH11F)
1) H. Umakoshi, T. Shimanouchi, R. Kuboi,
Pharmaceutical Process Chemistry (Wiley-VCH)
421-442 (2010)

6. WFIERHAK

(1) WFzefRsE

B K (UMAKOSHI HIROSHI)
KBRS« KFPeHafs T2 50 R - uEHdz
g% 5 20311772

Q) BT oy

IEHEZ— (KUBOT RYOICHI)
INTNERI s €
WF7e& %5 40029567

BNl (SHIMANOUCHT TOSHINORT)
KR « KRBT A T2 2R - Bh#
WFgeE 5 - 10335383

Y%L —H5 (SHTOMORT KOTICHIRO)
BIGKT: « TFEHFER - R
FgeE 25 1 80235506

ity F52E (NAKAMURA HIDEMI)

BB THEREEMER - BT FF -
iz

FgeE &5 1 70198232

M #— (MORITA SEIICHI)

okl TEESEHEM TR - WE TR - U
iz

W& FE5 « 70332054

(3) LT FEA



