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Reversed micelles and water-in-oil microemulsions can disperse nano-size water droplets in a polar solvents. The nano
water droplets stably solubilize biomolecules such as proteins, peptides and DNA, and the size is controllable by adjusting
water contents. On the other hand, the sol-gel method is a low temperature process widely used to produce optically
transparent, microporous glasses by the polycondensation of liquid phase alkoxide precursors. Reversed micellar solution
facilitates forming nano-size glasses in the hydrophilic core containing bioactive molecules. The hydrophilic nano sphere
is favorable for solubilizing biomolecules and for hydrolysis of the alkoxide precursors. To create a novel nano carrier for
bioactive materials, therefore, my strategy is based on the sol-gel encapsulation of the nano-size water droplets solubilizing
biomolecules. Transmission electron microscope (TEM) observation shows that nano particles can be produced by the
AOT and NP-5 reversed micellar droplets. The monodispersed particles with 10 - 20 nm diameter were obtained. However,
in fact, almost all the immobilized protein preparations we obtained are a micro-size aggregate of the nano particles. In
addition, the protein encapsulation profiles indicate that proteins solubilized in reversed micelles are completely incorpolated
into them with the growth of silica particles. The efficiency of protein encapsulation into the nano silica particles depends
on the water droplet pH, Wo value (= [water]/[surfactant]), and the composition of alkoxide precursors. It seems that
these factors affected not only the surface condition of cytochrome ¢ but also the sol-gel processing. The encapsulated
cytochrome ¢ and subutilisin Carlsberg in nano silica particles retain their catalytic activities. Subtilisin Carlsherg entrapped
in nano silica particles shows 40-fold greater transesterification activity than any other immobilized subtilisin Carlsberg.
Protein encapsulation in silica gel prevents from denaturing protein by organic solvent. Molecular isolation of proteins in
nano silica particles enhances the effective enzyme quantity and the surface area to contact with bulk substrate solution.
These effects facilitate the high performance of subtilisin Carlsbherg entrapped in nano silica particles for transesterification
reaction in organic media. Hereafter we will develop new nanocapsules including biomolecules with high dispersibility

and good reactivity.

1. #

A E) & ] B R CHIRIE T LNV ORI T T
O, IR ER. L &S5BS TR < h
TWb, ZOH. Thb DD TR 2 BEEE b4 &
BARNLTE 2 DR ITHIG X 2 5 20 DO Fikid, S5%E
PRz n s LM h b, BFE [F/727 /09—
EWHEN S AR THEH SN b L5 12k >Tw
MY KRS F ) A —NOINA F T E R K L
WIBTEODTHA Y EVWSHT, JAFKDF /572 /0
V—LEABTHAI,

PEROA PG YR AR I N W D TE v 4 s 0
27— (10" °m A —#—) OHEEKETHY, AL - FFIHIME
IR TIN5 3 00D TEAli /34 A 5512 E & <
AT 2 Z &3 k< ERAOmELHP & IRE X
NTLEH, ZHIZHLT, /T ENIEZDH A ZXp
EAEEMRANGIRETEBIEETH D, WEIZUKL 72

I

Development of nano particles
encapsulating bioactive molecules by using
microstructure of revesed micelles

Tsutomu Ono

Department of Chemical Engineering,
Faculty of Engineering, Kyushu University

FSwrFx)TELT, £2F 7/ BT RILEEAD KX —
TT o4 v IEREOMN ST 5 Z 2k, HIMEAN R
M BE AR A L 4 YIRS TE 52,

ZD&S5%F 7 %) T ERET H72012, EHITHE
VAT CRRRR 2 A R MR Y H CARRAGIC & > TERT B
W RILDF )k — & —DOWUNKERIZER L. 205
KIS F 5T 2R L 26~ b Y o 2
IR & 25 > ) A iRk &AL, @b T84 44
TG L 72F ) T VBB A RE L T 5, BRED
MEIZBWT, MIXILATEETLIF Y FEEDYIL
—TFURIBEITS 282X > T, SRtz 452
HRE T3 Y RN DISH & HiE L =& Bt o
F 7 WORIT-FELS O BBNIHA BT 2 ) A ok T
Oy LTHH IR TWS, 0, K
b — 7 U RO FE AN 7 S fF AR % dE I b T % %
FELTHIGhTWS M2 2R, By T O
{LRE B30 3 R L DTN ¥ & VL — 7 LIRS
THTENMET B Z LIk > T, WD TR & E K ST
AfEEE B Z LW E NS,

AWFZE T, W3 wILISHVRE L 72 & VR0 B T
MIUTHIREL F /2 h T eIaiGEnsdh %, AOT i
I YILDOWUNEMIZET B Y b o a s e OFFRETIZOWN
THRF L7z, G Inz2 0828 (%) Ofiis
MBI LT, NP5 L2 HOWCHEL-=F V)

_2_



WX I OWMMEE EFIA L EREEMERIE S/ H T IV ORIR

71814 subtilisin Carlsberg & F\ YT Wo HD D
e LEER & DL & 17 > 72,

2. ¥ B&

2—1. #E

AFEEEDETFIL L 82/EE LT Horse heart cyto-
chrome ¢ (375 12384, Sigma #1850, F / fck 7 el G 1L
EEDEEDETIEEZ L LT Bacillus licheniformis i
KD subtilisin Carlsberg ZfiHlZ 4224 2D F F HW
Tzo VU ATOLHEIMA L U Cid, BEbR TR 7 b
FANEYY TV (TMOS), AFNL DX FT T TV
(MTrMOS), Y XFLV A FF> 5 (DMDMOS).
T7I/TaEL YA MRV YT Y (APTrMOS) %
Too F oo I VLR Th BRI EANCIE, Y
2-ITFAAFIUILZNLKANZEF Y w4 (AOT) &
A F RIS EAITHE SR 2FL YY) a - LTS
4- =N T z= LI —F)L (NP-5) #HHW7=, BEE
PRI OB, TR bs T34 (2,2'-Azinodi
(2-Ethyl Benzthiazoline Sulfonic Acid)) Diammonium Salt
(ABTS). Bt =)L, XV YLTLI—=)L%EHN,

2—-2. ANV EEF;/ BHNTFOHRER

2 V82T Tris-HCl $% % & 250mM AOT/ 4 ¥V +F
78 VKD VNI NP5/ ¥ a~FH VIERERNL.,
FrEdD Wo (=[H20]/[Surfactant]) &2 % v/ S2EE&
AW I XVIEREFEL 72, ¥ P o a b c DRSNS
WEIRIE L 0.2 mg / mé1Z78 % K 512, subtilisin Carlsberg 1%
10mg/meemdXIITRELR, ThbDw I LILER
AN 150mM &5 K512 ) A ATERA & AR X 2, fElE
HiREe (25°C) CTHIEOKILHMA v FaX—-v 3 v F
5T LICEoTUN - FRE & AT ST ) AR 1D
BEEIEL 72, FrEiEft4. 3,500rpm, 10min D357k
IZ& > THBEI N2 I3k & B2 5 B L 7=,
Vhras e OEfERIE, ZOLEOEEAKRDOY MO L
cIREL V) AR ARTOW I LILIBRHP DO Mo a s ¢
IREE IR LU TEA Lz, Y hrud c REOHEIZ. 5t
HEEF (Shimadzu UV-2500PC) 124k 1 408nm DOWGE
KORD 7z, HEOFHH K > TR S =T 7 ) Ak
F04% subtilisin Carlsberg (&, 24 FppifGHE X &, 5
5 N7 BLE % BRI avw= 0.44 263 % HIH KCOs /&
T 24 WEBIKFILER U T RSFEERRIC V72,

2—3. @Ay by 0L c OESEEMRE

EOTEHZ K> TN L 725/ A 7R ARGy by a s
cld. 24 FERBRAS I X 2. 35 N2 K5 A BT EIRIE O
ABTS KIBEWHEA~HE X T, @K ERMNBZIZB T
% ABTS OWBNEDORERZAL 2 6. F /7 5 7 LAl

b a L e OFERIEZIE L 72,

2 — 5. ‘GiF subtilisin Carlsberg DEEFREMEIE

I 2 7RIS FER L, 0.2M fiEfgE Y =)L & 0.02M X
VUALTALA—LEEGDY saNFY VIERB AL
727 7 51 7 & LA subtilisin Carlsberg fEi & 43 & 4,
SR 35C CHEEIRES CIRE ¥ LN 6T > 720 AT
W RIS % OB h O IRE A H 2 s a~ 5T
4 — (Shimadzu GC-14B) 12 &k - Tl U CTHIH e
B XUORIBEEZRD 72,

2—4. ZABMEFEME (TEM) (CX38%R

VLIV A BARG U T 24 BRI OBTRY Y TV B~
A ouaz)y FLEOES L, +oigle2%12, HASE
T HIEE T IS (JEM-200CX, HI#EEE 200k V)
EHOCTERET - 72,

3. # R

3—1. Y v70LcDF/ HTRIVBAADTIE

Vb BEREEZ I LLNMEO pH % 4, 8,
12 L7220y 7 uabcOuliZdE)% Figure 11301
L7z, E72, ZhFThO pH THBEXW Y M oual e
7)) AWRIT D TEM HE% Figure 2 1278 L 72,

Figl &0, pH2RELK B 3I1FEY by a s c OEfFEL
K BBZENPHLNTH D, 72, FABKEEO pH 23E< &
2100 T, Aoy ) Ak roRREE k&< k5T
&5 TEM BIEROFERM S 2 & & 572, (Figure 2). Lit
pHAETIX, ¥ b a s c DFEAIRER KX AL T
o228 A T2 3 2 REMEAITH 5 AOT & DMHHEAEH
IS RELwBELEZ5LELZ0N15, L2LADRL, W

100 = .‘rr / —x
80 C 12 .
X /
‘s 60
0
E pH8
2
o 40 [ 11 T
©
e
0 pH 4
20
° o ®
i '
0
0 10 20 30 40 50 60

Time [h]
Figure 1. Effect of pH on the cytochrome ¢ encapsulation in
nano-silica particles prepared by AOT reversed micelles.
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Figure 2. TEM images of nano silica particles prepared by
AOT reversed micelles: (A) pH 4, (B) pH 8, (C) pH12.
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Figure 3. Effect of Wo value, the molar ratio of water to sur-
factant in reversed micellar solution, on the cytochrome
¢ encapsulation in nano-silica particles prepared by AOT
reversed micelles.
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Figure 4. Transesterification activity of sublitilin Carlsberg im-
mobilized by various method. Modes of immobilization of sub-
litisin Carlsberg: a, without immobilization (powder enzyme);
b, lyophilized from aqueous buffer; ¢, solubilized into reversed
micelles; d, attached onto Celite 545; e, attached onto nano
silica particles; f, encapsulated in nano silica particles. Inset,
the time course of the product concentration from transesteri-
fication by subtilisin Carlsberg encapsulated in nano silica
particles are shown. Initial concentration of vinyl acetate and
benzyl alcohol are 0.2 M and 0.02 M, respectively.
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Figure 5. TEM images of the aggregate of nano silica par-
ticles prepared by NP-5 reversed micelles.
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Figure 6. Effect of water content, Wo, on the transesterifica-

tion activity of sublitilin Carlsberg encapsulated in nano
silica particles.

e ZDMARDBIZE>THEC Y T — L ILBOEEA X
M2 & >TERILT VAV M) w2 2R Eh, ZDIH B,
EFARIBIETL AV BOWTREXN B Z e 6T
W3, fE-5T SHELNEBEHEREED, Y hrascD
BRI ) I L DI & EEZBERL TN Z EAUR
XNz, WILILKREAD pH BELBBI2ONT, VUL
— PV RBOHET BRI, ZHIZXSTE I AR T DR
EMEtrE LI, W3 I ORISR R 52 ) ki
FOH—ERAILEDLZEN Fig. 2 KDHEL»TH S, V)
AWRTFEILDE—IZ&k->T, WihIcY 25Tt
FI VAR T-E UTIATAEN L kB0, 2230 8%
G L7220 Ak ER (Fig. 5) 1397 ) Aok 1D
PEAKL TS0, [EELINiERIZ K2 R FED

_5_



Bizixz O bIREN KX M h 72 R L 72 (Fig.
4) T/ ) A ARG, B AR R RS T LB SR
ERBRICAE IR TR —RERL TS, LA LEWNS,
FIAR B RRPB A R R S O R T DEEHEAA T
HOMHRLTEH1D AN R BT ERVEERD
HABMBD TELNEBEZONDEH, T/ ¥ HEAEEED
B3 80 3 L VI ISR 1 & i L CEEfL S h
THD. 5N EERIZAEOMD TR E AR E
BHLEBEEMEREE Z > TS T, 7/ A7 — LTk
U CHRABIZ B T 5,

2 W I LOIRICKRE S HEE 52 5K 0HE (Wo
fill) 3. WFEEHICEOTREELEVER LS, A
§5 &7~ subtilisin Carlsberg DEELEEMEICIZ ZNITF E K
ERWEEGZBI RN oT, 12720, Fig 36&T
Fig. 5 DR 6 A% &, Wo=5 (I Calff¥E), BERG
P BIZRIF BRI O TS, Iz, YL—7
BB AR R AR CRlEdT 2 & H5 AL 6Tk, &4 V%
BRI B W TY =T L RILo T 5 2 & A 0EE
W3R ILED/NX & Wo=5 DR Tl & A G2 17
HONTWB DRI NE 2, BIED L Z A% DFE
IZDWTIEATH %,

ZRhREDEARFEDOM I YILEFET UL — SRS %
Tro8laicid, ) A roRkRidhe <, BEKRE
KT 2I2E3A T ThHo7mELENS, Wo<h Dfi 3
VT BOTE, WHETOKGFI3IF & A L 2 RirEEA
XM > TR TH D, BHEOKITL
BEHZWHEALTWAEEDLRTED, YIL—=rILKIG
OHEFIZEMEPDOHEEKITLTWDEEELLND,

5. # #&

REEOMERR LD, I LLDF ) 27 =)L O
MEERHT5ZEI&k->T ARG TFTHEH V0
BF V) AWRANICARET A ZEDRETH S T &N
HEME o7z XBHIZF V) A AT ELNIZARFEES R
72 2 VS BIRAKROMBERE A RFFL TR, YL —7
VRIS & 3FCTREIZ Y ) AR FIcasEEEftEh s Z
ERME ML R STz, L LEDSS, EEIZHELNTNS
B VISTERIFELY ) AT, ZREDF ) BT RILD
BHEMITH O, EIRPIZH 2T E 21 E Ol Y
A2 TiE AW EHIFICH S 2k 572 (Fig. 5). 72
7. ZHMEOBEIERER E LT3 THERITH B Z L
subtilisin Carlsberg DR EN SR E N7z, SHITT
B TR ISEB O FR T B ORHE 2 I A IZHIfg 5 Z &
PVETHD, HIZBETF /AT EILDELT F 0P —
ERETT AL MO THEHETH L I LRE I/ -T L
LB, RN E N 2 v ) A T e Lok
SEHINC K o TEE ORI A1) AN O EED M

EEERTEIL, W—RTH D ERLFRS T 13k
5 RIEFFEZA LRy TIER A2 e & %, [EE(i
RIZAE S RERREMED L 5 LA 5452 10k
T YA P A VIERIRERRE A L 7R e & ORI T RE
L5,

5B ARFRAER D S . ARYEOUEFEE T 503 &
LOMWEZ T TEL, V) A7 VERE K ORERT) & 3%
SBEEL TR Z AR ENTEHD ., SR &L RS
OEFEHFEICEL TR E 6 53l e A B ETH 5
Do

PR EE N AR S 0 TR, FDH A Ih 61k
JEHR OB IS L TR L IZET DI EAAHETH
D, ZZTWET 2RI WEOMRE RIS ¢ 5 L
BT 2 Y, 2hoa, A AR L CEREetE R
JEiRZEF v ) T ORRBERERNOERNE F T v 74—
TAVTEITIT 7 F 1) T ORKENEWEERERL 20
EEZ TN,

(ZEXH)

1) NIEm— Efs : W >/ 72 /0y —-0FRT, T
e

2) Lawrence MJ, Rees GD : Microemulsion-based media
as novel drug derivery systems, Adv. Drug Derivery
Rev., 45, 89-121, 2000.

3) Blum J, Avnir D, Schumann H : Sol-gel encapsulated
transition-metal catalysts, 1999, 32-38, 1999.

4) Kishida M, Hanaoka T, Kim WY, Nagata H,
Wakabayashi K : Size control of rhodium particles
of silica supported catalysts using water-in-oil
microemulsion, Appl. Surf. Seci., 121/122, 347-350,
1997.

5) Kawai T, Usui Y, Kon-no K : Synthesis and growth
mechanism of GeOz2 particles in AOT reversed micelles,
Colloids Surf. A, 149, 39-47, 1999.

6) Pileni MP, Tanori J, Filankembo A : Biomimetic
strategies for the control of size, shape and self-
organization of nanoparticles, 123/124, 561-573, 1997.

7) Arriagada FJ, Osseo-Asare K : Phase and dispersion
stability effects in the synthesis of silica nanoparticles
in a non-ionic reverse microemulsion, Colloids Surf., 69,
105-115, 1992.

8) Arriagada FJ, Osseo-Asare K : Synthesis of nanosize
silica in Aerosol OT reverse microemulsions, J. Colloid
Interf. Sci., 170, 8-17, 1995

9) Osseo-Asare K, Arriagada FJ : Growth kinetics of
nanosize silica in a nonionic water-in-oil microemulsion:

A reverse micellar pseudophase reaction model, J.

_6_



WX I OWMMEE EFIA L EREEMERIE S/ H T IV ORIR

Colloind Interf. Sci., 218, 68-76, 1999

10) Arriagada FJ, Osseo-Asare K : Synthesis of nanosize
silica in a nonionic water-in-oil microemulsion: Effects
of the water/surfactant molar ratio and ammonia
concentration, J. Colloid Interf. Seci., 211, 210-220,
1999.

11) Furukawa S, Ono T, Ijima H, Kawakami K :
Enhancement of activity of sol-gel immobilized lipase in
organic media by pretreatment with substrate analogues,
J. Mol. Catal. B., 15, 65-70, 2001.

12) Edmiston PL, Wambolt CL, Smith MK, Saavedra
SS : Spectroscopic Characterization of albumin and
myoglobin entrapped in bulk sol-gel glasses, J. Colloid
Interf. Sci., 395-406, 1994.

13) Ono T, Kawakami K, Goto M, Furusaki S : Catalytic
oxidation of o-phenylenediamine by cytochrome c
encapsulated in reversed micelles, J. Mol. Catal. B., 11,
955-959, 2001.

14) Pileni MP, Zemb T, Petit C : Solubilization by
reverse micelles: Solute localization and structure
perturbation, Chem. Phys. Lett., 118, 414-420, 1985.

15) Klibanov AM : Enzymatic catalysis in anhydrous
organic solvents, Trends Biochem. Sci., 14, 141-144,
1989.

16) Ke T, Klibanov AM : On Enzymatic activity in organic

solvents as a function of enzyme history, Biotechnol.

Bioeng., 57, 746-750, 1998.



