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1. 1 HEOER - B

BRI EBHREANOBE LY ORGEET 22 R7ETHY . AE, KEK
FCHRET 572D, RVWH., BRIIAEBEEOFET CIIEE, RELTLE
SbDLEZLN, FBEETTIIERIN Mo, LL, 1966 FITFH
BAERCMEBE ST E N U URBEREREZE TS Z & Dastoli H ¥
WEoTHESIh, £OBLE 20 £HIZ, KlibanovV B3 EEDOBERIZOVWTHE
WP COBRBHERELZERTIICBIAT, —RHREE L LTHAR
AR COBRERIGVEAMITDbND L HiTkoT,

FRBAET CERRISSITI2L5ICR2b L, BAEOERIZH L THLEE
ETRIETED L OIZRY | MKGREER T YRICDEREE (R AT VAR,
RTF FERRRE) oftt: LTRHIATE, ATEELED-EEORIROIE
PRESIENRD, £l KOBEETHEIRGAEZ VT2, AP TR
FRER RGN EIT T2 RSN H D, I BIC, KRICHRXTHEBRBEN»L DAL
Y OEIRIIES T, MEDBEROFREED D2V, Lol X 5 FRLER,
BERCARDOREIZEIZMPDY, V-8, =RXFF—E ¥ —F,
TaT 7 —EREOBREER L EROEREEPOEBRERICH N E TR
BENRTWB?Y,

Z O, FRBEET CERRGETIENRL LT, ()VBREBER2ELICE
RIET-FRER WEOKZZEDL) KEEBRBIETHV IHEKRERE
¥QQARTERFEELL TRV CEBAE S CRIEE2ITH BELBEEE
PO EERECHERELERFE0AEE RE TG S 3 FBEE - K
THRRGE Y., @EIBAD KF—A” PIIERPERIYE, FEMESR
DEELREIEIHIEALE ", BEEINLTWS, L2L, Zhbnk
ETHERIT2ICIFERAEREICEREY T AEHIZRIARY—KIETH D DT,
RGHEEITZE L DSVWRER DS,

—%. 1980 ERBFICEBEINTE, O)BEREBEAES L CEEAEEICT
BT 2ERENE (FRAEALE) "IEBER L EEN LY —IIE



L FBEET CERERICOPEIT 5720, ABBRET THLIREIIKREARR
SEENRBLNLIENEFETHD,

BERDOEBBEETAIEL LT, 24 EX0-A FF3v R zFL LS o—
WY6-7unu-S- YTV EKBERFT CEEREREOCT I ) ELEFEREEGEET
BT DILFEERME ¥ (R¥x—24 11) &, AR TEAEOREEER (08
H) TEEREZHEBL CEKET29B0EME EEHREBE) *° (2%
=4 12) BENEI 1984 F£L 1988 E£ZHR N TAER SR, FRLFhKO X
IRREFEEF LT3,

O-'(CH2CH20)n—CH3 O"(CHchzO)n "CH3
N—( Protein-NH, N—(
Cl ——</ N —» Protein-NH— N
N=( N=(
0O—(CH,CH,O)n-CHj O~(CH,CH,O)n—CH;,

2,4-bis(O-methoxypolyethylene
lycol)-8-chloro-S-triazine
?Activated PEG2)

Scheme 1.1 Chemical modification of protein
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Scheme 1.2 Lipid-coated method



MBIER RIS T—F, N FF ¥ —F, S I T/ —=Fr
N—BREIGAEN, RUEUVPERERRIWKEBE R COBRRIGH{TD
T3, FURV/BERECHFEETATIVE WHKETIVERPIVUE
EDe-7TI/F) THEBEEEORYV =F Lo 7Y a—AEHERERETHO
T, GV RTEHZFFOTRTOT I EHEHTHE, FREE~DOEREE
HERDE, BEREEIEAT 50T, FIRE, 45— TRT I E0E
#iFE 2%, U SA—ETIE S0%CHET OLERD Y, BRI FHROET
) BEEERE L TR LERRUORISEOEHAOREDLESER L, RN
BTN NDERENRDHY, "M FVT 7 5L LTOEHBERL LTE
D, RIZF LT a— ) EHE L 7 BRRREE2EEIEIDREND
D, BEEL LTOERAOEFRRETITEAICZ->TNE,

—F, BEIHBEIHEETHED, FLALY =BT LTAVDR,
T =4 HBKEREEER TIHENRB OO, BR/EETET. #HiC
B F A HEBKEREIEER TIIBENSI O OHBEBRIIR VD, HEBR
TEZOTEBFER R, PEBKEREEESZHOTOR, FHELET
TEEEOIREEBEEZENEONIZ EBHLMIEh TS,

FIT, BARD IIHEOARTHEREINTELERSEELIND Z LT,
IHIZEOFAMESED DN LD, 5) OFMEKALERE (B
BER) LEBBETCEERL TEBEHETTANS Z BN TERIE, b6
FIRBE SO OND EOBEDS &, IEEHRBEIE T Pseudomonas  cepacia
ROV R_R—E (V=¥ P) ZBAKLEMHL., B R CHKERELES
VAR Y -=—ENTP # AW CEEBEL L. FREET CESELERK 9550
ERUy MR OBEEEREETEL ) AP ORBUIKRTI LT,

INDLORRIT. FREETECERLEROKRTOBERDO L HIC, BH
BEP CERERCOMBE L LTHATESZLERLIZbOT, HICER
RAEBREZELTRY, »OTOVY FvA FEGFOEI EFEDETFED
BELICHE D ik R EEHLAY (X TLEY) OFBEEMILID., X7
MEEH OSBERRCRBAEENIIKRERHF/FEINT LN TV BERE, FF
BREAFESEIOWMAICA A RREELEREEFBBER I DX IV
LEYDORELEERENIE LTHLETH D,



BEECEBEEREL Y S—EOERIIEEAMOFEBIEE ALY —F
DOHEREEZ ISRBLTWeD T, KV ENEECHESEETELERDAIEL
WXLV EN-FREEFE(CBEROFAURTARTH S L OBANP L. A5
FETIEXERAMOBWVIEEHRBIEIC L 5BZOREEBEEREL. $72bb, Bk
HEREEER L BROES(LIT OV TOEREMN. P OEEBNRBREITH>Z &
oLz,

BER L LTI, EKRBEP COERRGE R HEL . £, S THKIL
EfiRRLZITONTND U R—EBEFEEREAT,
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(#2E] BRREFEECIIREERR-J A A—EEFHROERL

2. 1 %

(]

AEE#@YE (lipid-coated method) 1 1988 FEIZFMEDL "ICX » TR I
B OHEBEETBLEDC—DT, BROKEIR L BUKEREEER OKIE
Bz 4 CTREL., REFMOBRE, THLLEREZELDEBETED, HEK
BLTHERROREEER —BREERLEIMERFIETHD %,

SET, TOREHEBEICL > THBBRETEEIN TV HEER L BKMER
EIEMERI & DRABIDEIX. Rizopus delemer Y )X—¥ - KF AT ain
L-Z V¥ A—1 (2CuGE) ¥, Fha—RxFvF—¥ -7t —Na,a-
UANTETFT N —F ) P Pseudomonas fragi22 Y /3X—¥ — 2CuGE",
Pseudomonas cepacia V) N—E —TF LA NT N2 L-TNVE X — K (2Cs
A °GE) **. Mucor javanicus V 73—¥ — 2Cu A °GE’. Candida rugosa V 73—¥
— 2Cs A °GE®. BLXUB-D-HTF7 b ¥ —¥— 2CuGE" T, EEAEHR T R
—ETh5b,

FAE S PIXBRREORKMET I ) BERE L BUKIEREEER OB D
KEBEELPKFBESICL-THE L TEERTLE . BUKSEIMU~EW
BEEZ LD (AFX—512), BEIEBRBECERET IV OBELEN
LTW%, b LZIThE, BERIT—RITKER TIREKEZ NIz, FBoK
HEMUZ L TER L TWVWDHDT, TRTOEBENES ICARAEEEHAILEEL
THBRBRETBRLIND Z LiZ25, LMALREZE, V-0 L 5 2BK
HEEORICZHET BRI LTOSR, ZOBREEBENPAVDRTNS
EO5T, £, UN—ETHERRE, Lo T, BREICL--THEEBEZNZY,

Lol 4520t 7 BROBEREERBICONTO XY FEMRME
BRELEZDND,

—F., FEEER -V A—EEAEORBEHFICE L UM "BLU%
BED OBZENZEN Rhizopus delemer V) /3—¥ — 2CuGE & Pseudomonas cepacia
Js3—¥— 2Cs A °GE DRIZTHOVT, FEEEAIY N—EBREHLOELNT
REFER -V AP EHEEOBRRERICHT2RENL, MELLEENLL



P 1DREEBPINVELTNWDZ L, AE L LFEEEAI- U —EESHE
CHBEREBERETAHAOLNS [pH BERS) "BRO LN, BEOKBRTOE
B pH TIREHB T OIOR IV EERALNTLTNBLS, BRI,
Z 2T, BUKMEREEMESRE LT 2Cs A °GE 2RV, EEHEEICLIR
SR — Y R—E B A EOFROERMERE Lz, ElLBOD, FEE
RIVRIBOFEMBETNVTIVBEIOALEy-7 07 VORBEHELT

ST,

?H

ol
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Scheme 2.1 Molecular structure of the synthetic detergents, didodecyiglucosyl
L-glutamate, dioleylglucosyl L-glutamate



2. 2 ZER

2. 2. 1 EBEEBIVEERZIE
ERIFER LU AX—PEROEEER Y NI EOBRH, BEERVSFEE

#21IZE L DT,

U _—BE IR Y S—¥ (PPL) 1T SIGMA #t® typell DB ZFERH L
TUSMIT R TRERE () »roRftIn=boxER L, FMEBETLT
IV (BSA) IZFENL (BR) HBEEREL, v-/uT7Jr (v-G) KX
YHMETE ) £EFRELEALL.

Table 2.1 Abbreviations and molecular weights of proteins studied

Protein Origin Abbreviation Molecular
weight
Lipase Pseudomonas cepacia Lipase P 31,000
Lipase Candida rugosa Lipase C 64,600
Lipase Aspergillus niger Lipase A 35,000
Lipase Rhizopus sp. Lipase R» 39,000
Lipase Rhizopus sp. Lipase Ra 40,000
Lipase Porcine pancreas PPL 49,000
Bovine serum albumin Bovin plasma BSA 67,000
v -Globulin Human serum v -G 150,000

a) The molecular weights of co-lipase is not taken into account.”



2. 2. 2 BUKMERBEEEA
CEVANITATUN LT AF A= (2Cs A °GE) 1ZEBEOIR i Lz
BoT, DI IIZAER L,

(1) L-ZNAEIVEBSEH VAN IFVUVERBEDOSR

L-7 % I VB 15g (102mmol) . A VA NT Va—L (FIAHMETE ()
b ARE) 7Iml (223mmol) . 4% p- F AT Z LR B 30g (158mmol) %
500ml F AE 7 Z 2 2z A, BiK b= 300ml 0% % Dean-Stark b5 v
TERALETV Ao NEHERRY M, RIEOETE & HICERT DA EE
BREL2ZB L, 6 BRRMEBAER L., I, F7 v FICHEH I WIERE
KIZAFBL TR LoD vy (8 50mD) ZEBML. SHIT 4 ~ 5 K
MBEBER L7, RIGKREZBIRE THE L&, MU EBEEEL, BES
VZFAT—TFT N 250ml IZBEELTHEe— MIB L, RET MY T A 10g
(94.3mmol) %7K 200ml IZ¥EFE L= TRE 5 L, KEERELEE, =
—T VIR E BT N D ATHRE LB =T LOKBYEEEEEL,
EHIREBELE, BEL7T & b 250ml 2 L, JBHEE 10ml (120mmol)
EZOLTORMLT, GRET—BAEH L, LBREZEREL, HERITE R
¥ Soml ZMATHWITEL, MBEHEL, BORERETHRA L, ZOTH
VT—varvE3EBYERLEE, L-IVF I VBT VA AT AT OVERE
DEBEEEZREIASBEL T, HBONELEEROEERZRE L (ZOEEY Ag
£E33),

(2) L-FAEZIVBYF VA NI AT ILOER

ZO¥XEE (A EHEo— MR TYZFLz—F)0 (Eml) ZHEBSE.
REET R U 7L (Sg) 27K (Wml) ICEEL7BREETE 5 L, ZZTE.S\W
DEIFADEIZL>TERLEN, K21, K22, K23 0bRDT,

E(ml) = S(g) x 20 2.1)

-10 -



A(g)
S(g) = x 106 x 1.2 22
(9) 5535 (2.2)

W(ml) = S(g) x 16 (2.3)

T—TNMRE LY BRI RV LATHAL, T—FAE2EEROE
EBELTERET IV 0OEREZRL, RAKZTREICTHOEKRTSF ) —L
(60ml) ZMA Tk, =&/ —NVEBEEET DREZ 2EBEVRLE,

(3) VFVLANT NIV )V L-TNE A—FDERK

L-ONVE I VBB F VAN AT NET V2 )-6-F27 b (Gg) &K=
% /7 —/v (Etml) FT, 3 BEEMEER L7, G RO EtiZEnENR 24, K25
26RO T,

0.15 178.14
G(g)= — xAx = 0.355A (2.4)
0.11 685.3
A 700
Et(ml) = X = 9.31A (2.5)
685.3 0.11

REHGDTH ) — VA2 EERBLE-E, BREBELEEER2 TR M
(200ml) 7»5HE/ZES LA, BiEE 200ml AR T S X3z A, EERET
100ml IZBMEL TEAB LT, BREXKAL, ZRETELTLOHHLER
mEABMLE, ZOREEZ7E My (40ml) THESLEZ, K%L 20ml 2%
TRELEE. ®ENCZVHLEEEEZ AR L, RBIZTE o bLBER
fa L7z, FBRAITINE 2.0g (UXZE 2.4%), m.p.76-78 °C (SCHME 76-78 °C) T
Hole, EFRHOREIITESH. IR OB LU NMR DI L VITo 7,

ITNODFRZR22BLVR 23T LD,

-11 -



Table 2.2 Elementary Analysis of Dioleyl glucosyl L-glutamate

Formula Found(Calcd)
[%] C H N
CaHa?NO1o Found 10.04 67.97 1.71
Caled 10.61 68.33 1.70

Table 2.3 Spectral Data of Dioleyl glucosyl L-glutamate

IR(KB)[cm™']: 3350(-OH), 1720(-C=0), 1650(-CONH-), 1080, 1040(-O-).
'H-NMR(CDCL, TMS)[ppm], J[Hz]: 0.85(6H, t, J=6.10, 2xCH-),
1.30(44H, d, 2XxCHs(CH2)sCH:CH:CH2CH=CHCH2(CHz)eCHz),

1.65(4H, m, 2xCHs(CH2)sCHz-), 2.02(4H, d, J=5.94, -CH.CH=CHCH>"),
2.15-2.46(4H, m, -NHCHCH:CH:-), 4.04(4H, sextet, J=6.85, 2x-CH.OCO-),
4.56(1H, dd, J=5.28, -NHCH-), 5.33(4H, t, J=9.57,2x-CH=CH-),
7.63(1H, t, -NH-).

*C-NMR(CDCk, TMS)[ppm}: 14.12(2xCHs-), 22.70-32.63
(2%CHs(CHz):CH=CH(CHz)r-, -NHCHCH:CH>-), 51.73(-NHCH-), 65.12,
66.25(2x-CH.0CO-), 129.76, 129.85, 129.92, 129.97(2x-CH=CH-),
172.18, 172.92(2xCH.0CO-), 170.03(-NHCO-).

-12 -



2. 2. 3 ZOMORE

Commassie Brillant Blue G-250 (CBB G-250). (&)6-A FN-5-~TFF 24
=N ((£)ANH b=N) BIUFBEA V7 o R= Vi ZNE i Fluka Chemie
AG (Buchs, Switzerland) . Sigma-Aldrich Japan K X. (Tokyo) ., FE/LR ¥ (#)

DREZL H iz, ZOMOFHRAEL LUESRRISHEOTRAE L 2D
EEER L,

-13 -



2. 2. 4 VU —PHE BSABIWy-COIEEHEERE

AR R IR E R BRIEL UUTITRT,

FUNRTEREN 1.625g112723 X512, ZUo0 &% UEEEEE (0.1IM,
pH 7.0) IZEFELTZ, ZD 10ml OBREZ LV, IVRT 7447 — (FLEFE 045
pl) TAHBLE (SVRTTZAANEZ—DORIIHMEIZL T, ZFU30HR
EHEOLORDY BFZIE. RIVBLE=AEOIVRT (B # BDWP 7%
), it n—REMOFMA45 (BELEE7 VL (BF) &) 2AVWE), 5
O 8ml #HEKERF A AN 10ml ORMEBREIZAN, Y © 2ml © A
77y F7+—FERZIDREDZ R EREREICH L,

RREFOF NI BY VEBEEREBKRICFTIERD 2Cs A °GE 2%, =
E (20 CIEE=) T lhBEI#E#HL, €L T, Smin BFHKE (20kHz) BHL.
BEE (4 °C) T3 #HEL, 10,000 XgT 5Smin IEODBEL-HED EEDH
VRIBREYBOT Sy N7+ — NETER LT,

BB, TOBRETEOND 2Cs A °GE — ¥ U I/ EEESBOBGICET L
BErRELC, EECRZ2ECTREEZBLZOLEEL, KGITHELE,

-14 -



2. 2. 5 ZURAUEBEORE
2Ry EREILT Ty R 7 +— ik (Bradford method) IZ LV EE L=,

(1) CBB B DOFR

CBB G-250 100mg % 95%= % / —/L 50ml (ZIAfE L. 85% (wiv) U B 100ml
Mz, BREAXKT NIZLE, ZOBEEIVERT 7402 —TABLTAW
77

(2) FUv "I HBEOHE

CBB % 3ml IZERTH NIV VBEFEBOKEREFIER (20 ~ 800
p 1) MZ. 2min BICEESHEAEE UV-1200 AV, 595nm THXIEE
Bl 2B, BERBIIRERIAWEZI VU AAIEZODOTER L-RE
BERWT,

-15 -



2. 2. 6 FZUNIEOIEEHER (coverage) DHIE

R BEORRERHBEE (coverage) IIFAEIEER (BE) LEALL. B
KILENAKRBHIL R o F NV BOEE VRV EBICHT D EER L.
solution depletion ¥, TR0 5H, BELESILIEIMEDF LRI EHERD
BEZ)»LRDE,

FURNZRD  (Z AT RRERE) - (BRES L BRE) 26)
IEEEE (B 20 B R FE) ’

72, 2Cs A °GE — U 3—F¥ P BEEBO—2DREHZI DWW TIETHE oM IE
((B) HIARRUERT MT-5 TROHEH) KLV Z0MBREEE L,

- 16 -



2. 2. 7 BEFEEEOHE

2Cs A’GE — U R—E PHEAADOERLEER2 /Y etz —F L,
30 CTOITEIARNVG h—NELERBRA Y 7a XD b T VAT AT VALK
SOTEEZBIE L TRD?,

FEIZANANH b= 304 1 1 2mmol) & FEEEA Y 7 u_=,1217 u 1 (2mmol)
VAV TN =T/ 4ml IS, FTEED 2Cs A °GE — Y X—E P
Bekzim L TREEZIEL., BREKERTIZ, 30 CTH—Ru:21T-o7,
RIGOEITIIFAEREEICIRIGEEZ 01 ~02 p 1 F 7V 7L, BEEFR
7ae NS STRMTHILICEVEBH LTz, TR u~= 7 70 HT
F24ITFE L DT,

Table 2.4 Analytical conditions for GC

Chiral capillary column SUPELCO B-DEX120, 60m
Detector FID

Carrier gas N:

Inj. temperature 150 C

Col. temperature 100 C

BIERITR)-()EIZDWTRD, 1h, 1g D 2Cs A °GE — U X—E PHEEHK
HEEVERLER)-(-TE FFRAAH b= 0 mmol FHTEEEHIEM LR
L7,

iz, R -ZRATNIRT BT FA~—1BFIE eer IIHF AT~ b7
Z AP BER(LE 0% TETOALS P—ABLOTE FFTANLH F—1LOD
T UF A —HE (ep) TRIELTCER L,
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2. 3 EBRERBIUEEZE

2. 3. 1 BREFR

AIEEHEBIIEE L ERLEOMOKRERELN LEEELTHEECET S
TIZiX, BREMEZETLIHOLEZLON TV, Lo T, BMELITEEL
RBEBORREMEZ 24h"B LV 200", T LT, BELDH 240 LT3,
£, U R—FEPIZOWTRERFEOEBEBRICB LT TRELHEA I,

U R_—F P EERER (1.625g/1) 8ml IZ 2Cis A °GE % 20mg ¥R L. 1h %
B, BREMEZNTH 0, 3, 6, 12, 24h L L EOIEEHBERLZRE
L7,

EREREZR25ITFE DT,

Table 2.5 Effect of aging time on complexation between 2C+s A °GE and
lipase P

Aging time [h] 0 3 6 12 24
Coverage [%] 53.9 52.3 53.3 52.4 52.4
a) Coating conditions: 2C+s A °GE, 20 mg; lipase P, 13 mg; aqueous
phosphate buffer solution (pH 7.0), 8 ml.

ZOREER. E81LiIT 1h ORAEBPICLET T3 ERELRLOTHD Z
BB oTN, REFFETOEEOREERITIEDT-Y, 3h 2T LiZL
77
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2. 3. 2 WEBREE

PERDIEEHBREDL, BEECLIBRORFELZRLTI4TCTTITDRATY
B P HEBROBEEREEIZOVWTORRIIRVOT, BxDEEDY

—¥ P EEIREIE (1.625g/1) 8mliZ 2Cis A °GE 20mg Z#HM L. 3h OBRE
DWBEREPPEL THBR~OWEREOEE LR,
EREREPR26IZT LD,

Table 2.6 Effect of temperature on complexation between 2Cs A °GE and

lipase P®
Temperature [C]° 2 5 10 15 18 20 30
Coverage [%] 53.1 522 573 528 543 523 386

a) Coating conditions: 2Cs A °GE, 20 mg; lipase P, 13 mg; aqueous
phosphate buffer solution (pH 7.0), 8 ml.
b) All operations of the mixing procedure prior to aging were performed at

this temperature.
ZDORDOERNS, 10 CEBZXD LEBEORTHIRLIZHLN, 30 CT

TELWVWMA, 20 CETREBRIIKREBZAOLNRZVOT, EAEEZZREL T
BEBREII20 CTUBOERSITHIZLITLE,

-19 -



2. 3. 3 FBaDF NI ED20s AGE I L DWEES

INETOFRWERTRENMLCEBERET T, BBOF R/ EEEL
DIREGTE/NHT 2Cs A 'GE THEBL., TLOLDOEEHRBELZREL T, 8
EFE LB LT,

ERFEREXX2.1ITRLE,

X 2.1 OFERNL, FUNRITEZIoTHBRINRVERNDHY, £,
FURTEIIKH LU TIREEREMEIE TV & ZHICHEI L CTHERITEMN

TN, RAFERDH DT BTl
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Figure 2.1 Profile of percentage of protein coated with lipid as a function of the
amount of 2C A °GE applied to the system and of the total amount of protein
added to the system (13 mg). Plots indicate expermental data for lipase P (@),
lipase C (O), lipase A (A), lipase R. (A), lipase R» (l), PPL ((J), v-G (@)
and BSA (O).
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2. 3. 4 HBELZER
2Cis A *GE I3/KARBEH T, IBEEZRER. F oI/ BEERBEE LA LT,
SDIEEHBEERDT —F % Langmuir B OREEER 2.7 TEHE L,

[Prols nK[Pro}
= = (2.7)
[L} 1 + K[Pro}
1 1 1

+
o} nK[Pro): n

q

I

(2.8)

ZIZT, q BBE—SFHVOREZXVXIEOEN (-] 00 FUN7E
—SFHOFEEYA bOEK[-], K H#ELEEIM, Umoll, [Prolw IEE L#
BLEF N IEOBREIM, molll, [Prols FEEEHEA L TWL\RWIEEES v /8
JEOREIM; mol/1], [L]: EBEEBEIM molll, ThH3,

K27 %K 28 DBRBRICER L., EOWEBEROT—F» b, q'vs. [Prold
70y PLTERERLEZE ZA, HEBFRE R TRT LS CTERHIIRE
TholDT, £35 A —FEBIOHMEER, BEATZKESELRERD
B EBNTET,

FNOLDEEZR2TICE L DT,

Flo, H22 2 BT 2 BEAERAER L,
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Table 2.7 The constants of Langmuir equation, maximum coverage,
saturating number of the lipid molecules, and multiple correlation coefficients

(R) derived from a linear regression analysis

Protein n K Maximim  Saturaing number of R

coverage 2Cw A °GE molecules
[x10°] [M™x10°] [%]

Lipase P  38.4 8.95 71.1 240 0.965
Lipase C 229 4.26 32.6 730 0.998
Lipase A  8.58 5.31 10.4 940 0.993
Lipase R. 4.26 34.1 10.6 1030 0.984
PPL 3.80 215 10.3 2220 0.982
Lipase R» 228 37.3 9.6 1170 0.971
y -G 0.784 8.34 12.9 5420 0.972
BSA 0 - 0 0 -

The constants were derived from linear regression fits of Eq.(2.8) to the

lipid-coating data in Fig. 2.2.

L7cidoT, 27 &K 27 OFNTFA—F—EEBNT, #EEEIIHIG
LTHEGND 2Cs A’GE —Z U N7 BEREAEONER UM AB TR TE 5,

NI F VT E—SFHD 20 APGEIZHTHREY A LT, K& nfE
EETBHEURIBEEIERERIRTAEMENKEL, LEER-T, HERE
5T, BAHEELRELRD,

UR_—EH (n=228 ~ 384) 13¥ U T, BSA (n=0) ®y-G (n=0.784) O Xk
DIRBKMF R VNI ELVDE LS KRERnEEZE L, BUAMYELE
HETHBEROBEN D PR ZB,

KE D VBRI EERT (VAT e—A#EET VT CHP) DF /%
B L DEASIZONTHEL, A2V, Y hZOA C. a-FERY
T ARy I TN RT—F, BEIHEA—FF I F B LW
BSA OFEEHTA MY (n) L#EEEHKIMIZ2EEL TS, KFETELN
7Zn & K OER, WThbKELDEDIFIT 10° ZilizoTWn5d, Zhbm
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ZB|ICHP L ¥ VRV BEDBEEREAITIRAF—L 22 1T 7T LI, CHP t
Fa S LREORE T, ¥ U7 EOEREAIEE L TWHDIIE L, AR
TODE 77 ED 2Cs A °GE L DEEEBHITY VN7 EREDO IS —HL
PEELTWARWI EEERTHELEETE D,

Cholesteryl
groups Self-
: assembly
n———
Pullulan
Protein

Scheme 2.2 Schematic representation of complex of protein with

self-assembled hydrogel nanoparticle of cholestery-bearing pullulan (CHP).
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Figure 2.2 Complexation isotherms of protein to 2C:w A °GE. Lipid-coating
conditions: 2C+ A °GE, 30 mg; protein, 3.3 - 50 mg; aqueous phophate buffer
solution (0.1 M, pH 7.0), 8 ml. (a) lipase P (@) (3.3 - 30 mg); lipase C (O) (5.1
- 45 mg); lipase A (A) (10 - 50 mg); lipase Ra (4A) (5.0 - 50 mg); lipase R» (W)
(5.0 - 50 mg); PPL (0OJ) (5.0 - 50 mg). (b) v-G (#) (3.3 - 50 mg); BSA ()
(5.0 - 50 mg). The solid curves are calculated on the basis of Eq.(2.7) using

the parameters in Table 2.4.
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2. 3. 5 IREHBOBIVIIRL

R TELESLFRER L —RORESRBOELIEL ERMICHERT S
72, U= PIZ2WVT 2Cke A GE IC X A BHREL S DI 3EEVIRL
THF-> T, n=384 X 10°, K=895 X 10° DT A—F —EHENRA LK 2.7 T
EONWT, EHBEREEOHERLEL L. ERELHBR L.

1.625g/1 Y /3—+ P $EERIANE 8ml IZ 2Cis A °GE  30mg &1 2 TR A DHEE
BiTol-t%, 2Cs A °GE — U —E P EABLEREL-, BEV A —E¥PE
ERYAIRIZ, #7212 2Cs A °GE % 30mg #1%2., BOHEBETo72, 20X

REBEERBRYERLT,

EBRFERBIUHRBROBERHERRER 28 ITEL DT,

Table 2.8 Repetition of a lipid-coating of lipase P?

Number of complexations 1 2 3 4

Coverage [%] 59.1 247 8.62 0
(21.6)” (7.49)° (o)

Integrated coverage [%] 59.1 69.2 71.8 71.8

(67.9” (70.4)° (70.4)°

a) Coating conditions, 1st run: 2C«s A °GE, 30 mg; lipase P, 13 mg: aqueous

phosphate buffer solution (pH 7.0), 8 ml. After measurement of the

remaining lipase P content , 30 mg of 2C+ A °GE was added to the

supernatant from the 1st run and these operations were repeated.

b) The values in parentheses were calculated from Eq.(2.7) based on the

constants for lipase P in Table 2.7.

2EHE. 3 BEOHRBRIIIERELOLEDKREVE, BE 3 HOBEHR
BRI 71.8% T, ZOEBMEIT 704% TIZIE—KL T35, 4 EEOHEBERME
TIEHIFPY X—EiF2Cs A °GE L AL Lok,

I TORERIL, K27 OBESEERXORYUMEERL, BELFVIE
DEEL. TRDLF R EOIREHBIIES TREFN TR XD Z 8D

Mo Tz,
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2. 3. 6 SFEEHH-BREESEPOERRTELERER
SFETOEREBERID. BEHBEE THER I LTREEE M EENIT
HBRIIENL., BOhIEEBRDOBL L RD T ENah o7y, EAMIC
ITAWAREOENKR bR, BRUEEEL RESTHFUELELRET D
VERD DS,

¥£79.2Cs A 'GE — U R—FE PHEAKIZ OV T Fx DEFEZED 2Cs A °GE
—URN—F P EABKERE LT, ZOEBRBEP COLBREFEEZBELT
BEROBREE~RIETEEEZHAN, AVERIERECA VY etz —
TN 30 CTOTEIANVD P—NVEEFRRS Y TuaR=LVED T U R
2T METH B,

ERERELX 23R LT,
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Figure 2.3 Comparison of activitise and enantioselectivities of the 2Cis A
*GE-coated enzyme of different lipase contents. Reaction conditions: the
lipid-coated lipase P, 20 mg; racemic sulcatol, 2 mmol; isopropenyl acetate. 2
mmol; diisopropyl ether, 4 mi; temperature, 30 °C; strring speed, 300 rpm: The
enantioselectivity was expressed as the enantiomeric excess of the
(R)-(-)-product (e.e.r).
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REEEF—V —¥ P EEEEREOBRREERIIESETOEREEREI
HHIL, = F o FAERESL, COBEBROY NN—E P THL—ETHo72D
T, BEHBROBEREES L UBRORETEBRE~OEEIIRD b2
770

L7z > T HREHBIIBIT 2B LBEORERE IIHERR/HE LT,
RERBEREBEOEASELERTIERKTH Y, £V —BIZonTK 24
~K 291/ LT,

BE vs. 2Cs A'GE/Y R—BOEEL#K L J X—EEE vs. 2Cs A °GE/
UNR—POERBILHBOREDRALTHE LRETE S,

Z OERBIRBSHIZOWTIIRER, MM D5 D 2C2GE — Pseudomonas fragi U /%
—ERPBLCEELD 2Cs AGE — U X—F PR’ @WRIZBWVWTELIE
REEER -V —PEEEOBBERICESCEERL 1 BBEINATVS
B, ZHHLDENEL, 2Cs A °GE — U X—E P R TIRAME TILEEL 0.8 £
W, VAN—¥ C TIIEEK 09, V —F¥ A CIIEERL 04, TLTPPL T
EEL 1I2MENRETHLIZ EBmhot,

7B, REEER -ERESEPOBRSBIIERITIRICTEITH LR
DHNTNDDOT ™ KAFFETHUV TV D solution  depletion #E1Z X 5 AL S
WORER2#51-%0D, —20 2Cs A °GE — U /3—PEEEDOEREZ THEON
HR®, B L TR,

10mg/8ml @ U /3—¥ P IWIKRIZ 13mg D 2Cis A °GE Z¥HRM L TH/- 14.9mg O
2Ci A °GE — U "—¥ P BEEDOHRBERIL 373% T, EE%IT 32W% ThH -
e —7. TOBEEEFOTRSWE (C: 57.39%, H: 8.80%, N: 2.45%) & 2Cis
A °GE OFTLELHE (C: 68.36%, H: 10.50%, N: 1.70%) BE, U X—F¥PD
TR SHTE (C: 35.12%, H: 5.36%, N: 3.96%) 2>5Hix, U /3—+¥ P &&I% 33.0m%
CEFE IR, MEFIXEE-H LA, LOHL—RIZ, TELOTOBRE|IIREL

(0.30%) ., BHITEBERSEBOREEES -V —EEESBOMMAITICKE
BRREZELDLDOLEZ O, RBPFAE THVZ solution depletion 1 TIX/AEE
EOREEESY N—FBRELTELN I REEES -V —EBESEDOHE
REBERLS, LOORFECHETEIHARDHD Z LB3phoT,
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Figure 2.4 Effect of the gravimetric mixing ratio of 2C«» A °GE to lipase P on

the coverage of lipase P (@) and lipase P content (O) in the isolated

lipid-coated lipase P. The expermental details are in the text.
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Figure 2.5 Effect of the gravimetric mixing ratio of 2Cs A °GE to lipase C on
the coverage of lipase C (@) and lipase C content (O) in the isolated

lipid-coated lipase C. The expermental details are in the text.
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Figure 2.6 Effect of the gravimetric mixing ratio of 2C«s A °GE to lipase A on

the coverage of lipase A (@) and lipase A content (O) in the isolated
lipid-coated lipase A. The expermental details are in the text.
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Figure 2.7 Effect of the gravimetric mixing ratio of 2C» A °GE to lipase R. on
the coverage of lipase R. (@) and lipase R. content (O) in the isolated

lipid-coated lipase R.. The expermental details are in the text.
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Figure 2.8 Effect of the gravimetric mixing ratio of 2C+s A °GE to lipase R» on
the coverage of lipase Rs (@) and lipase Rs content (O) in the isolated
lipid-coated lipase Re. The expermental details are in the text.
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Figure 2.9 Effect of the gravimetric mixing ratio of 2C A “GE to PPL on the
coverage of PPL (@) and PPL content (O) in the isolated lipid-coated PPL.
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2. 3. 7 EEWB~DOF I EKERD pH DEE

JE B BRROBRKBR O pH 2 ELEE T, UR—E P IOV TOHES
TV, TRENOHBRZLE L, ZZ T pH3.0 ~ 8.0 (7.0 IEB&<) X
Mcllvaine (02M U VBKEZF b U A — 0.1M 7 = 8), pH7.0130.1IM U
VERIEEIAR. pH9.0. 10.0 iX Menzel OREEWR (0.05M KEEFT FY v A— 0.1IM
REEKFZ T Y U AERWE,

E72, & pH OARBEENSE DN 2Cs A °GE — U X—E PEAKOFEE
R TOBRLERZAEIEL. V—E P OKTEHOMNKSERGDOBERERE
PED pH R L & biZ, M2102F &,

INODORRNDL, #HEBEA~D pH EOREITL20VH., FEEEFTO
U _—8 P IEEIIIKER P COBERENED pH IREERH D Z LRG0,
FEEHBIIBN TS, BRSRBICEM L KERORESREEL T35 pH
BRE) R OBEFET D,

Lo T, BEEOREESRR —BRESKLELIITII. ZOBROEH
pH ORBR THRBBRERITOLELH D,
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Figure 2.10 Effect of aqueous pH on the coverage (1) and enzymatic activity
(@) in the lipid-coating of lipase P with 2C+s A °GE. Coating conditions: lipase
P (13 mg) and 2C«s A °GE (20 mg) in aqueous bufer solution at a given pH (8
mi). Enzymatic activities of native lipase P in aqueous phophate buffer solution
were measured for the hydrolysis of soybean oil at 37 °C and expressed as

relative activities (O). The isoelectric point of lipase P used was pH 4.46.
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2. 4 FEE

U EDEBREENS, BER (Y —EHE) ® 2Cs A °GE IC X AEEHEIC
DWNTDORDE I AR EEBEDLZENTET,

(1) BEAKMED K & WIEHE TI solution  depletion & CEBER OIS EHEERE » E
(ZERIT T & B,

QEE LEROEEL (BEOEEEE) 1I8%E T, REMBR LR TS 1h
PIZFERET D, WEBEEIIIRD~L 10 CUTOEBREZT LWVWA, 20 C
TH LV,

BR)F U RIEDRBEITI > T, Lizd-T, U= TIREORIFIZL - T,
FEEEBRIIZENRDD ., BSA HE&<{BEHEBETE LW R3S ol,

(4) Langmuir HORFEBRCEL L -EE{LEIRBN 2.7 CTREEBEZ EEL
TAHRZERNTER, BEV A M n ODREVWZURIEIZY, BEIZRL
TERAEIKELS, VA—BETIE, VX—EP>UR—EC>U—F
A, U %—¥R, PPL, U X—E R DIBEIZIEEHBINCT VI LB
oo BFVNRIBEIIHRTENRNTGA—F— FUNRIE—-RFFOEEYA
P BIOBESLERK 2R 27 ICRATEZ LTk, 20K
® 2Cs A °GE IZ X2 IEEHBIIB T 28af B R, FEOMIESELEK
ERETDHIENTER, N27 2RAVWD L, BELEF VNV EDRE
RIS L TEONDIEEWEY v 7 BEOMBRIHRITE 3,

G IEEHEBIEICBV T, REEES— U X—BEEEKIT pH X2V —%F
LTRY, BEHBIIESE pH OKBKTITO &, RUEBETLEER
OREENER -EREAENELND Z R3S h o7z,
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[ 3FE] KEZHPEEIILD U AA—BEOREHKEDRE

(Vs]
—
s

RIECTH VNI ERBERBTDHE. FU VB> THBSROT S
WERRY, POBERIIHLTHLEERBEITIBERATE SO TIIRWI 23R
BIhiz, £ZITERETIE, REFKEOREWERS V7 EIZEREICL
STHEBINST VDO TERWEDEEZ S L2, ARFL T "OBELE
KEZMHDEILLDZ N7 EOREB L VRAFTBKEDEIEEZ AVT, 8l
ECHERALEY N—BEE EBODOEERESY I EDBSABLULY-G
DFREBE/KME (HFS: Hydrophobic factor of solutes; Surface net hydrophobicity) 33
L OVERTB/kME (LH: Local hydrophobicity) #BIEL T, ¥ /37 BEOREER
KEZFHE L T, FIEORERBERER L OBERZKRETT 5.
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3. 2 EB
3. 2.1 ReFr I8
FETHWEZLOLEL Y X—PERBL O EEFESY X7 ED BSA, v-G

ERWL, NI ROBIREEBERERILICE LD,

Table 3.1 Abbreviations and isoelectric points of proteins studied

Protein Abbreviation Isoelectric point
Lipase Lipase P 4.46
Lipase Lipase C 430
Lipase Lipase A 4.10
Lipase Lipase Ra. 7.10
Lipase Lipase R» 7.20
Lipase PPL 5.00
Bovine serum albumin BSA 4.90
v -Globulin y -G 6.00
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3. 2. 2 REHE
KEZFHREERTIKEER) v—L LTHW R ZF L7 Y a—
(PEG) XZhTHh PEGI540, 4000, 6000 TH YV, EHHFE (Da) ITh

Z#L 1500, 3000, 7500 THFMETE (%) H—BERAETHD, bH>—20D

KEMRY = —IFF X FTF 2 (Dex) THFELA 100k-200kDa THaYeffiZk

T¥ (BF) HThd., BEBKEORIEIZAVDIEA £ AEREEMES] Triton

X-405 (9 40 D= F LV o F XV NEVIR LEAMEZHF T 5 polyoxyethylene

isoctylphenyl ether) % Sigma-Aldrich Japan KK.8, ¥V R/ BBREREIZHA W

% Commassie Brilliant Blue G-250 (CBB G-250) BX U= A/ /a2 TPT A U =

— (Pedo—nlby FEIZESKFZFURIBEREEEX Y M) BZhZEh

Fluka Chemie AG 3 XLOMIEMETE (Bk) REAWVW, ZOMOFHREL

FJUEBBREIBMEOTREEEDOEEFER L,
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3. 2. 3 AHEZHSERELLDZZ VI EOBAEDRE

(1) BlIERE

KEZHRTOZ VNI BEOEBRIIBT 2 0EMAHE K EHEDHES
BRTHILENTE, ZHSERDBAMEEL Z 7 EOREBKEDEL L
THRATHEEINS ",

InNKw = HFS x HF (3.1)

ZZT. K DERER. HFS: # U7 EORMEBKME (Hydrophobic factor of
solutes) . HF: Z#B53ECR DOB/KME (Hydrophobic factor), Th b, L7 T,
SELRO HF DBEEHMOD MR (I Z Tk PEGDex R) ZF U7 BB S
., Z0 Ko OFALERARDZLILE o TE U EOREB/KME (HFS) %
T D ENTES,

Fo. ZURIBEORFEKE (LH) 13 PEG/Dex %I Triton  X-405 % #xA0
¥ 5% &, Triton X-405 1% PEG fBIZfR-> THEL SN A DT, Triton & BKEET
BE R YEiL PEG IR THEEND L5tk d ©, Lizh-> T, Triton
BEIXNT DIV RIED Ke OBLORE IS, KA LN ->TLH %
FET D LB TED (Triton FMME) 2,

A |nKpr,Triton = In (Kpr,Triton/ Kpr.o) (32)

Z Z T, Kumien Triton X-405 DEET TOZ R B DHEREL. Ko Triton
X-405 DRETFTTOF 7 EAONEFRE. Th 5,

(2) #oRrEOERTBAYE (HFS) ORE

30 % PEG ¥R & 30 % Dex W ZFAB L., Th oD pH ZKBLT MY U A
KEED D WVEIEBORMICL > TEERICHE L, BRBREICT T 1.5¢
TOMZItH%, 8T 5g [XRBEITFZ VT EREXKEKREKEMZT,
BNT v 7 AIFY—T 5Smin BE#. 5000rpm T 20min =008 (ARBER
YERT (BR) A o3 =& —< 4 7 o@D 1130 8) L, 2ol LT, £ (PEG)
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FEET (Dex) MOBEETBER. THOFZF NI EBEY 50 ~60 p 1 OV
VTR T, V= P IZoVWTIET Ty F74— FiE, Z0/hoY
NR—PERBIORZ U RIFIZonTEYele—1rby REIZEIVEIZEL, £
oY R—FEEIHENZIORD, K FRXDOEH LT,

(BB Y R—FEE)
Ker = - 3.3)
(FHYU R—VPEBE)

PEG/Dex ZH8%® HF EIIAKBERY v~ —DMAE LR TELESE, kD3
DOBKEDRLR D ZHRE AW, BAKEZHEFZD HF EIZFERBEKELEE
MOTI/)B, ZZTE7I v L-hrd=r  L-AFF =, L-NY | L-
Foiy, L-7z=AT53=20BIORL-MI T o7y, OSEBREEERAIE
TAHZEIZEYVRELEY,

PEG1540 (10.8%) /Dex100k-200k (9%) : 0.0070mol/kJ; PEG4000 (9%) /Dex100k-200k
(9%) : 0.0126mol/kJ; PEG6000 (9%) /Dex100k-200k (9%) ; 0.0201mol/kJ.

&% N7 BOHFS EIZR 31 IZESWT, HE vs. Ke DEBOEBROMEX

NHRDT,

(3) #r U EOFFBAME LH) ORIFE (Triton FAE)

PEG4000/Dex —#8%(Z Triton X-405 % 0 ~ 10mmolkg DIBE THEM L. Th
ZFNUNOZHRRIZZ VAT EEHBEEET, Ke 25D HFS OREIEDHE & Mk
WHEIEL., X325 LHOEEZRD T,

(4) BRI BEBREDOSHT

ERDEZ NI EOLHEER (2), (3) TETHOZUONIJERERZY
nHa— by RiEIICEVEELEZS, U A—E P OBEITHOVTIE, K
MRENZODTHEOEZ R BERENNELST, 2ED PEO KHEEIND
X oledh, BERBTHOWTER»-7272%, Kula HOICER OIcE
DT, ROE S PEO DREZIT-THL, 77y RT3+ —RE "ITLY
FURTEREZEERLI,
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T 1ml ZRORBREFICB L, ThiZ 12-V7enxy > (FIrMEITE
(BR) B%REK) 2 3ml MMz, RLT v 27 X{BE % Smin 7o 72, 5000rpm T Smin
ELSEEL, Dex L 12-V7unx ¥ U FEEDBE L%, Dex FAZERVH L
THMFITHE L T2,
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3. 3 EBREREBIUEE

3. 3. 1 ZUuRr7EOETEANE

BexDURR—F, BSA BIXUVvy-G D Kn & 3 DOZ_F%R (1. PEGI1540
(10.8Wt%) /Dex100k-200k (9wt%) ; 2: PEG4000 (9wt%) /Dex100k-200k (9wt%); 3:
PEG6000 (9wt%) /Dex100k-200k (9wt%) ) (2R W THIE L7z,

EREREMIICE LD,

K31 IZESWT, FEBROBEEXNOEF VI ED HFS ER2KD, £ 3.2

X & T,

Table 3.2 Surface net hydrophobicities (HFS values) of lipases, BSA, y -G

Protein HFS pH HFS as determined by Kuboi et al. (pl)
[kd/mol]  [-] [kd/mol]

Lipase P +31.6 4.46 —

Lipase R.  -21.1 7.10 —

Lipase A -24.7 410 -

Lipase R  -28.1 7.20 —

PPL -82.4 500  -67.3(5.0)”

Lipase C -124 4.30 -

v -G -184 6.00 —

BSA -205 490  -231(4.9)°

a) HFS values were derived from linear regression fits of Eq.(3.1) to the K«

data in Figure 3.1.

b) Taken from Reference 3.

¢) Taken from Reference 1.

R I2ITTRENTVD LI, U —VEREFEERKEES 7 BiIhR
W ERDREBREEZE LTS, —RIZ, Z 2 37 BITAKER S TIlaEAKE
DT I/ BEREZREIZ. TLTEAEDZTNOERNIICMAESES Z LITL
SDTEEICTFELTRY, LEhBoT, RERDFEDOIBMRIKS VI H
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DIZL A EREREDEEEHF L TCWT, HF ELHIXIE, v-G. B-FF7 b
VE—EP BAESuEY POL YT, ERER, 184, -453, -208ki/mol D
EORBOREREEET D, LinL, U 8—BEHIIMH—ARE THAMEDOE
HIEBT2HBHRERT Y, BEDFUAAIELERY RELRBKEEE
LTWd, BAMEZEDRERIZE>TRECERY, ZITHAT6EEDY
NR—PTiL, V=P >UNR—FR, VX—F A, U/ X—F Ry >PPL > U
— C DIEICBHAEDORNRELETDZ LBghoTs,

Pseudomonas cepacia FLJED UV X—+¥ P IIBKEN RO RERREGEET S
. Kula & 2% U 3—F P, Chromobacterium viscosum FJED Y _X—¥_ 1V
F— . Bacillus licheniformis BIEROTNH Y FuFT7—E, CALEVBT A
NRXVT—ED S ODF U RIBEORTHROLENDZ 7 EHHAE (log a
effective protein hydrophobicity) BKEWNWZ LEZHREL TN 3B,
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10.00

1.00
!Q-
0.10} R -
1 2 3
ooll— Y. ¥V ¥
0 10 20

HF [mmol/kJ]

Figure 3.1 Dependence of the partitioning coefficient of proteins (Kw) on the
hydrophobic factor (HF) at their pl.

Composition of aqueous two-phase systems: 1, PEG1540 (10.8 wt%) / Dex
100k - 200k (9 wi%), 2, PEG4000 (9 wi%) / Dex 100k - 200k (S wi%); 3,
PEG6000 (9 wt%) / Dex 100k - 200k (9 wt%).

Plots indicate experimental data for lipase P (@, pH = 4.46), lipase C (O, pH
= 4.30), lipase A (A, pH = 4.10), lipase R. (A, pH = 7.10), lipase R. (l, pH =
7.20), PPL (O3, pH = 5.00), v -G(®, pH = 6.00) and BSA (O, pH = 4.90).
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3. 3. 2 FUAUEORFBAME (LH)

fEax DY —¥, BSA % LTy-G ® Triton FINE 22 B1T 5 Kee DE{LDH
ERBEEZX32ICE LD,

IHNHDORERNL, 32 TEHESIND LHE [W/mollix Y /3—+¥ C T 0.50,
y-G TO040, £ LTBSA T176 T, TNLUHNDEZ L RIETIE0 ThoT,

ZORERIIAFRTHNWZEAKEDKEWE R 7 BIZITBRAKERS BT
SHELTVWBIEERLTNE,

72%. BSA @ LH iZIARFELDOBEMRE 1.75 (A InKssa = InKssa, wit, imM Trion x-405 -
InKssa, withou Toten xa05) , PEG4000 (9wt%) /Dex100k-200k (Owt%) —48% (pHS.0, 10mM
TM-BER)) & EI<—HLTW3, LH fEIZ BSA BEKRKTHSHHE, Oz
X BSA % Triton (I L THRWERMELZFETLHHEETA FNEBTHZ L 2ER
L. B3, Makino b "% BSA 23 Triton X-100 ({ZxT3BWEESY A & 4
ALTWDHZEEHELTND,
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0.1 '
0 5 10

Triton X-405[mmol/kg]

Figure 3.2 Effect of addition of Triton X-405 on the partition coefficient of
proteins at their pl in PEG4000 (9 wt%) / Dex 100k - 200k (9 wt%) two-phase
systems. Symbols: lipase P (@, pH = 4.46), lipase C (O, pH = 4.30), lipase A
(A, pH = 4.10), lipase R. (A, pH = 7.10), lipase R. (H, pH = 7.20), PPL (OJ,
pH = 5.00), v -G(#, pH = 6.00) and BSA (<, pH = 4.90).
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3. 3. 3 FUNJEORPFEBKED pHIZXDEL

UR—PEETIEY X—F CIZDOH, LH BHEE LT, FEHBETRIEER
@ pH Tit72< . £HE pH OKBERTIT S DT, BETBEAED pH Z{LiZoW
THONCLTBLERDHY, Y S—E, BSA, £LTy-G 2T
LEREXZI R~ O pH @ PEG4000/Dex100k-200k —F8% T Triton FANEIC
XV, LHZBELE,

SEREROERERIIITE LD,

THHLDFERND. N 32IZEDSNWTILH (A InKy) 23R® . K 3.4 (2% pH
KFEEEE L DT,

ZOREE, UR—E CIE pH A THT AT LH @ pH EKFEERH LN 508,
£ pH fHETIIERTEX21IETHY ., ) A—FRIZOVWTIHEEHRE~B
FIFT pH OFBIT VW EZ XTIV, ZHIZRIETO Y X—F P OFBERN
KEED pH IEF Lo/ b E—K LT3, V=¥ CixbTMhRE
FBRAKEEE L TWAR, I DRETE/KMEIL Triton D X 5 28R OBAKE & 1%
FEERTE 55, 2Cs A 'GE OFEROKR & RBEKE L ITHEERTE 2L
HMNIEZRROBD L FRIESND, v-G ® LH ZZDEESR (pl=6.00) THK
REZELY, —F, BSA ® LH IHEEL (pI=4.90) 2B 2L KE<BAHL
TWBD, ZOEED pH EFEMX Kitano b "HAHE L TWAERLLT LT
F—t FeXx/ U8 (FA-HQ #fE) ~OWEBICRBITEAHDLE I<—HLT
W, BUKMEERICIIBERTRENS,
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10.0 T 10.0 T

KPr[ ]
2

o

»

°
Kpr[']
5\1

1

1 1
0% 5 10 %% 5 10
Triton X-405[mmol/kg] Triton X-405[mmol/kg]
10.0 -
(d)
xﬂ- .
(e)
i
0'10 5 10

Triton X-405[mmol/kg]
Figure 3.3 Effect of addition of Triton X-405 on the partition coefficient of

proteins at various pH values in PEG4000 (9 wt%) / Dex 100k - 200k (9 wt%)
two-phase systems. (a) lipase P (pH 4.10 (O), pl 4.46 (4), pH 7.60(00)), (b)
lipase C (pH 4.00 (O), pl 4.30 (A), pH 8.00 ((J)), (c) lipase A (pl 4.10 (@),
pH 6.30 (A), pH 7.80 (H)), (d) BSA (pH 4.30 (O), pl 4.90 (A), pH 7.60 (1)), -
(e) v-G (pH 5.30 (@), pl 6.00 (A), pH 7.60 (H)).

- 53 -



Aln Kpl-]

Figure 3.4 Effect of pH on the local hydrophobicity (A In Kx) of proteins. (a)
lipase P (@), (b) lipase C (O), (c) lipase A (A), (d) v-G(®) and (e) BSA
().
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3. 3. 4 VA—BOBUKMELREBEERIC LS HE

RFRTE LN Y N—EOREH/KE (HFS) & RAEEHER (2Cs A °GE)
L AHBLEOEEEEZRDIT-D.E2EOER THEON =R EHEE vs.
U—FHE, BSABLUy-GOHFS ®7ay h&fTo7z (K3.5),

H3sizrEhdiiic, J—E A, JX—ER, U/X—FR. PPL 2[R
WTRBFRIFIBEFREADN, REBRKEORENT RV B CEEHRES
NRTWIENEEBNICHELMNITE T, BB, ZOFBRIEZT RIED
2Cis A SGE IZRT AEMEY A ML (n) vs.ZF U RXI7EDOHFSEO vy FTH
Hohlc, ZOFRIZ. FURIVEORERBOERTFHRZ VNV ELIEREL
DEDBKEMEERTH D Z L 2EBMFIT TS, HFS ERRE WEIZITE
REBENP/NINY R—BEIL, 21X, Rhizopus arihizus BIED J 73—E X
—BFHTV 3~V EALDTL ) —RE2ELDAFY—RAT I VGl
BURFETHY P, LB oT, V—F R, U RX—F R ITHEEEBDOHE
WZBNWE RN TET, 7= Kula b 7% Aspergillus niger EIRD U X—E (U R
—F A) BEUPPL LLBEEIELINTVWIBRFI I ETHDHILE
EHLTRY, BEHOBEENEE LYV XVHELEOREEHT T2 b0 LS
bbb, £, BSA IV REVBEKEZFTDH V7 RITT~T 2Cs A
‘GE LEELTWADT, REHBINDITIEF I EOBKKMEIL HFS &
-205k)/mol LA LITHBETHD LHEIND,
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100 | ) ! I

HFS[kJ/mol]

-300 | | | |
0 20 40 60 80 100

Maximum coverage[%]

Figure 3.5 Correlation between maximum coverage for the lipid-coating of
protein with 2Cw A °GE, cited from the previous work,'® and HFS. The
experimental conditions of HFS are the same as those of Figure 3.1 or Table
3.1, and the complexation between protein and 2C A *GE was carried out at
the pH 7.0 (150 mM aqueous phosphate buffer solution ). Plots indicate
experimental data for lipase P (@), lipase C (O), lipase A (A), lipase Ra (A),
lipase Ry (W), PPL (0O), v -G(#) and BSA ().
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3. 3. 5 UR—EEOBKE L EEALT OBRES

Klibanov 131F & A EOBEEMEMT A LR FDEE T, FHAKE P TE
MEETDLEBENTVD (BEHRE) 7. LEL—RIZ, BHREZFORGIE
B F NILEIRPTOCASIEEBIRMOEED - HE LBV, REBRKEOERIZ
EEBBEREHKEOEBIZR LT, @WBEMEZFE L, LErd-> T, FHE
o THEETHDH LEZ OGN, BEFED HFS B & FEBET TORRERE
P& DBEER RF R TRADEAMED Y X—€ P (HFS f: +31.6kJ/mol) & &
INDBRIKIED Y 73—+ C (HFS f#: -124kJ/mol) \ZOWTHE LT,

AFHFUHFD 3J-AFN2- T AT U-A— NV EEEBEA Y T aX= e
N UVRZZATUALRIE P, vz O RS)-(£)22-VAFN-13-VFF
VTG Ab-RAE ) — )L EEEEA Y T u NV D NS R AT MBS .
BLUOANFH U FRDORS)-(2)- haRxT7— )VOEEEIZ L5 AT VL RIG
TOIZBVWTHRY ASN—EPDOIPHERINA—EC LY LEEETHD Z LN
HwEZINTWND,

. BEREBE LU ZBROBROREBEKEIZIEE LA L TBKEL-BE
PIEBERL TS 20T, POBETHLREFRNEEZILND, LER-> T, 2Cs
A °GE — U /3—¥ C BEEK (UA—F¥EE 28.0wt%) DA VA7 Z o8, 35
CTDUR2SSR)-(—)- AV b= EFT I VBEOZ AT VERRE PBIO
2Cs A’GE — U N—EPHEEE (VU —EEE288w%) OVA Y Fut i<
—7H 30 CTTOR)-(—=)-6-2 FI-5-~TF 2 F— L LEEEA Y T~
ZNEDFTURZ AT MRS P TORE®RIZZFNFN 63 ¢ mol h
(g-lipase C)" 3B L TN27.2 1 mol h? (g-lipase P) "' T, FHFN. HFY —F D
HEHED 19 BB LT 98 FHER LTS H (0.08 u mol h' (g-lipase C)"' I &
(V2.79 u mol h' (g-lipase P)) ., IBEHBER O, Thbb, BHEI —FDE
PEII D —=F P ODFRRENDT, IBEHEBESR OEMEOEINRITBKMEED
BIMRIIRBRL, V=B COARREL BR272bDEEZBNS,

X 3.5 IZRBT DU IIIRERBEY BA TE ABHRIT-205k0/mol & K&\
BAMZETOLERDDZ EERELTRY . ZORREIZF DEEENEIK
LEMT5Z &<, AREERTERTHINE I DDOIBEICLRBHD &
EXbND, BlZE. VU R—ELUNADDIA ) BAKRED A (HFS &:
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+43.7kJ/mol) ", VU Y F—L1 (HFSTE: -393kJ/mol) . FLTa-FE L) T
> (HFS f8: -85kJ/mol) "7z CIXIBEMBIEIZ LD . BKLEM LT VEESR

ThHY. £, TOFEMRRETEREEFT TLHIRE, BEEzRATE
LERTHDETFETED,
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w
N
ik
e

AETHELNIZARIIROL S TENEND,

(1) Y R—FHE, v-G BLV BSA OREBEAKMEE KIEZBLEEC L > TH
EL., REBUKYE (HFS fE: kl/mol) 3RO X HREL -7,

Y X—EP: 4316, VX—FR: 211, U =¥ A: 247, J,—F Ry
-28.1, PPL: -82.4, U /X—¥ C: -124, v -G: -184, BSA: -205

(2) Triton FIMEIC LY, UV —EHEH, v-G BXU BSA OBETERAME (LH:
kl/mol) ZEIEL, KDL 5> REEET,

Y/X—EP: 0, U 3—F¥R.: 0, U X—F A; 0, U/3—E Rs: 0, PPL: 0, V /X
—¥ C: 0.50, vy -G: -0.40, BSA: 1.76

(3) BETBAMED pH EEIZOWVWTIX, £EEXRT LH E2xFTHIF I E
CDHFEL, v-G O LH ZEERTHRKXELZFE TS, £72. BSA © LH
BEERAZBIALRBIOTEIHERE LY, —F., J/—¥ C X BSA O
FATHENWAIE & A & pH EKTEEIZ 2 030 72,

DE2EDZ U RIBORRIEEHFBERL X /7 ED HFS BITIXRGRHE
BEMERALR, VR EEREOKAIXBAMEEERICLIZ LT,
FEBKMEDOBERIIVIEEHBECLY ., BAMLEHISNROTVI LR
mEhic, U N—E Ri U2X—E Re, J/3—F A BLUPPL IZ-DVVTIL HFS
ERREVENTIIHEBERREN/PIVR, Zhd0 Y X—F TRIEHOEFEENR

EE L OREZHTT WAL DEELZLND,

(5)BER D HFS fE L M RBER O BAE T COBRIEMEIC O EEEN L b,
REBKEDOREVWERIEIL, FREEFTTLEREETHDI Z LBTFES
ni-,
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[F4FE] KHEBEHEBEIZID Y R—EEOBKLE

4. 1 #&

[l

BIE ¥ CHREHBIEIC L SBEREOEKLEMHIFEZ OV THEMICRIT LT
A, ZOFRBUED R RITKREEDOBUKEREEEROF & AKHERICEBLT
WABRLTFLOEBRNREBILE TV A —HOBERZRVT, BRD
E RS —RRENTIENZ & TH B,

Do, EHES PIIBBEEL LT b kurJ Yy (THF) 2H8VWA 57
EEHAEEE (BO—RIEEREE) 2BE L, T4bb, KEIERZE
BERTRE, THF TP RFFIAINaIN L-FAFZ A —F (QCuGE) 2%
fRIE, ML 4 CTRE%. 4h HEL THEELEREIE, BonREE
HR -BEFEEEEKTEEREL T, REMHOERLRETIFETHE, Z0
FETIE, WHETRAEEER CBRSF L PEMT S0, BEEORNEDNK
BRmEPSTBEHLNTE,

— 77, Blinkovsky b YI1ZBR/K{LE 53 FHED palmitoyl poly (sucrose acrylate) %
VAFNABENLT I K (DMF) KE#BL., XT7F ) v 2 BERKERIZE
BLTREE., RRRRCIVEMBERLZIIVHL, BRESHEIFHREETD
TEEETHDILEEZRELTWVWS, ZOREBETIIBENLERRTELD
T, TENFREL LTHFELEEX DN,

FTBED VI VA7 BTV FVANT ATV L-TAT A~ (2Cs
A °GE) 2B EE. KHEFOBRLBEIETELZ WO v/ 7azviy
Db YT ERE, BRERL T, BRIZBOBERIENRTE S
FETREEER -BREEHEE TV 2,

I DR RIEERBE CIIAEREES —BRESEONENEENTH S
FMEBDHIB, VTR LRECKREDEBRBREOERBRARTHS, T T,
BFREEEZRAVRVEROBRKILESH 21T FELREL. BEORREHS
REFEERO T A NVEEREECEMORKEEL S ) —FEOLEEOY
= I =HREEERPAKEEICRDZLIZEEB LT, KEETTY X—BE%
BRKILER§ 2 FiERZ R L,
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4. 2 ZEB

4. 2. 1 BREHAY=I=RREEEHOEMR

By o X7 EFEBEIE E L THEm LN TW3 BIGCHAP ( NN-bis
(3-D-gluconamidopropyl) cholamide) D&KL *#BBIZL T, AFx—A 41 O
EOCTTARNL N-G-AALRFT ) A N)L-FVF A—k (2CCA)
EAI /) ERIT A2 ) TINEREEBREKYETHES S E T, NN-bis
(3-D-gluconamidopropyl) -3- (dialkyl-L-glutamatecarbonyl) propamides (BIG2C.CA:
n=10, 12, 14, 16, 18) & &HLL 7=,

BIG2CuCA DERIEEZARF L L TERT D,

Didodecyl N- (3-carboxypropanoyl) -L-glutamate " 10mmol % fii/K DMF80ml {Z
BWhi, PVZF AT I 140ml (10mmol) MMz, I HIZ7 oo XEEA Y
TFN GRRERIE ) HFE) 096ml (10mmol) %Mz, 30 HFEERRL
Teo WIREWMBERIC2HMBEEBLTHALE, TELEZNI=FAT IV
BEBEZ A LTz, —F T, H£IZE MK L7 NN-[Iminobis (trimethylene) ] -bis
(D-gluconamide) ® 4.87g (10mmol) % B7K DMF80ml (Z¥h> L., {EESBEXKY
DREEZMA, 50 CT 2 BRAER LGS, RIS®R, BEZEZER VT
FROWTHBESREL, BE%L 2-7 0,8 —)L 100ml 75 2 EFRZEL T, B
EMRERERT

£ 41 BIORK 42 ZER LV = I=BAEEERIOMA,. TEITB L
VAR MG OREREE L DT,
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Table 4.1 Analytical data of BIG2C.CA

Found (Calcd) [%]

Detergent Formula m.p. [C] C H N
BIG2C+CA CaHsN4O1s 170-172 56.48 8.92 5.58
(56.61)  (8.89)  (5.62)
BIG2C+.CA CstHeN4Ore 170-172 57.80 9.37 5.32
(58.15)  (9.19)  (5.32)
BIG2C+.CA CssH104N<O1s 174-176 59.49 9.89 5.03

(59.54)  (9.45)  (5.05)
BIG2CCA  CsHiwNOw  174-176 61.08 1019  4.60
(60.80)  (9.69)  (4.81)

BIG2CsCA  CwHumN:Ow  176-178 6260 1040  4.19
(61.94)  (9.90)  (4.59)

-64 -



Table 4.2 Spectral data of N,N-bis(3-D-gluconamidopropy!)-3-(dialkyl-L-
glutamatecarbonyl)propamide (BIG2C.CA)

BIG2CCA: IR(KBr)[cm™]: 3350(-OH), 1720(-C=0), 1640(-CONH-).
'H-NMR(DMSO, TMS)[ppm], J[Hz]:

®C-NMR(DMSO, TMS)[ppm]: 13.32(CHx2), 21.56-30.82(CHs(CH:)sx2,
NCH:CH>CH:Nx2, COCH-CH-CO, CHCH:CH:CO), 46.37-51.06
(NCH:CH:CHzNx2, NHCH), 63.10, 70.12, 71.39, 72.22, 73.19

(carbon of glucose), 63.54, 64.02(RCH:0%2), 170.71-172.02(ROCOx%2,
NHCO-glucosex2, COCH-CH:CO).

BIG2C«CA: IR(KBr)[cm™}: 3350(-OH), 1720(-C=0), 1640(-CONH-).
'H-NMR(DMSO, TMS)[ppm], J[Hz]: 0.84(6H, t, J=6.7, CHsx2), 1.24-1.28
(36H, m, CHs(CHg)sx2), 1.52-1.60(8H, m, R-CH:CH>x2, NCH:CH-CH2Nx2),
2.32-2.59(8H, m, COCH-CH.CO, CHCH-CH-CO),

3.03-4.22(34H, m, hydrogen of glucose, NCH.CHCH.Nx2, RCH.0x2),
5.42(1H, m, NHCHCH-CH:CO), 7.77-8.23(3, m, NHCOx3).
C-NMR(DMSO, TMS)[ppm]: 13.81(CHsx2), 22.14-31.41(CHs(CHz)0x2,
NCH:CH.CH:Nx2, COCH.CH.CO, CHCH:CH:CO), 46.37-51.67
(NCH:CH:CH-Nx2, NHCH), 63.54, 70.75, 71.97, 72.75, 73.73

(carbon of glucose), 64.32, 64.81(RCH-0x2),

171.92-172.70(ROCOx2, NHCO-glucosex2, COCH.CH-CO).
BIG2C1CA: IR(KBr)[cm™]: 3350(-OH), 1720(-C=0), 1640(-CONH-).
"H-NMR(DMSO, TMS)[ppm], J[Hz]: 0.84(6H, t, J=6.7, CHsx2), 1.23-1.26
(44H, m, CHs(CHz)nx2), 1.53-1.58(8H, m, R-CH:CH:x2, NCH.CH:CH:Nx2),
2.31-2.55(8H, m, COCH:CH:CO, CHCH:CH-CO), 3.01-4.56

(34H, m, hydrogen of glucose, NCH.CH.CH:Nx2, RCH.0x2),

5.42(1H, m, NHCHCH:CH-CO), 7.78-8.25(3, m, NHCOx3).
®C-NMR(DMSO, TMS)[ppm]: 13.66(CHsx2), 22.19-31.55(CHa(CH2)2x2,
NCH:CH:.CH:Nx2, COCH.CH-CO, CHCH.CH-CO), 46.37-51.79
(NCH:2CH:CHzNx2, NHCH), 63.59, 70.80, 72.02, 72.80, 73.73

(carbon of glucose), 64.02, 64.61(RCH-0x2), 171.97-173.19
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(ROCOx%2, NHCO-glucosex2, COCH.CH:CO).

BIG2C+CA: IR(KBr)[cm]: 3350(-OH), 1720(-C=0), 1640(-CONH-).
'H-NMR(DMSO, TMS)[ppm], J[Hz]: 0.82(6H, t, J=6.7, CHsx2), 1.03-1.23
(52H, m, CHs(CHz2)1x2), 1.54-1.93(8H, m, R-CH.CH.x2, NCH:CH:CH:Nx2),
2.35-2.56(8H, m, COCH:CH-CO, CHCH-CH-CO), 3.01-4.56

(34H, m, hydrogen of glucose, NCH.CH.CH:Nx2, RCH.0x2), 5.42

(1H, m, NHCHCH:CH-CO), 7.78-8.25(3, m, NHCOx3).
®C-NMR(DMSO, TMS)[ppm]: 13.32(CH:x2), 22.56-30.82(CHs(CHz)1x2,
NCH:CH.CH:Nx2, COCH.CH:CO, CHCH:CH:CO), 46.37-51.01
(NCH:CH:CH:Nx2, NHCH), 63.15, 70.12, 71.44, 72.22, 73.19

(carbon of glucose), 63.54, 64.04(RCH:0x2), 172.07

(ROCOx2, NHCO-glucosex2, COCH:CH:CO).

BIG2CsCA: IR(KBr)[cm™]: 3350(-OH), 1720(-C=0), 1640(-CONH-).
'H-NMR(DMSO, TMS)[ppm], J[Hz]: 0.84(6H, t, J=6.7, CHsx2), 1.03-1.23
(60H, m, CHs(CHz)1sx2), 1.54-1.92(8H, m, R-CHzCH2x2, NCH2CH:CH:Nx2),
2.29-2.58(8H, m, COCH:CH.CO, CHCH:CH-CO), 3.02-4.55

(34H, m, hydrogen of glucose, NCH.CH:CH:Nx2, RCH.0x2), 5.41

(1H, m, NHCHCH:CH:CO), 7.78-8.24(3, m, NHCOx3).
“C-NMR(DMSO, TMS)[ppm]: 13.32(CHsx2), 21.56-30.82(CHs(CHz)ex2,
NCH:CH:CH:Nx2, COCH.CH.CO, CHCH.CH-CO), 46.37-51.01
(NCH2CH.CH:Nx2, NHCH), 63.15, 70.12, 71.44, 72.22, 73.19

(carbon of glucose), 63.54, 64.04(RCH-0x2), 171.14-171.97

(ROCOx%2, NHCO-glucosex2, COCH.CH.CO).
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0 CH3(CHy),.+OH 0

HO-C-CHNH, CHg(CHg)n.1O-C-CHNH,
CH, > CH,
HO-C CH, CH3(CH,)n.rO-C-CH,
0 HSC@SO:,H &
(o}
e
CH,OH
0
OH 0 9 HO 0
CH3(CHy)p.+0-C-CH-N-CCH,CH,COH
OH CH,
HO CH3(CHy)n.+O-C CH,
o)
. (CHZ)3NH;
~(CH)sNH, o
Cl-GOCH,CH(CHj),
O OH OH
n t H 1 H
(CHy)yHN-C-CH-C~CH-C-CH,0H
OH  oH O Ho o0
HN CH3(CHy)n-+0-C-CH-N-C-CH,CH,-C-O-COCH,CH(CHa),
ooH, PH, CH,
(CHz)a-HN-C-C—Q—CH-C':-CHon CH3(CHp)n-10-C-CH;
H O5H  OH 0
o OH,, oMy
(CHa)y HN-C-CH-C-CH-C-CH,0H
Q n9 Q OH OH
CH3(CHy)n.10-C-CHN-C-CH,CHoC-N
CH4(CH,),. 1O cg:2 o PHy oM,
A (CHz)s'HN-b-ﬁ—?-CH-?-CH20H
OH OH

BIG2CCA(n=10), BIG2C»CA(n=12), BIG2CCA(n=14),
BIG2C+CA(n=186), BIG2C:CA(n=18).

Scheme 4.1 Synthesis of BIG2C.CA
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4. 2. 2 EBREHAY-I=HEEREEHEFOEK

BKERDO#EED BIG2CCA L RILTEN LV B AKEDEZ VWD = I =BRE
TEMEH] & LT N,N-bis (3-D-lactonamidopropyl) - [ 3- (dialkyl-L-glutamatecarbonyl) ]
propamides (BIL2C.CA: n=16, 18) &K L7, ZDOEMIIAF—L421TRL
7o £ 91T, BIG2C:CA DERRIIBIT DTN/, F7 hrDROVITT I R/ T
7 rEROVDIETRERBITITI LR TET,

BIL2CikCA DEREZNRES & LTRET 5.

Dihexadecyl N- (3-carboxypropanoyl) -L-glutamate” 3.77g ( 5.42mmol) %
ik DMF #9 80ml (Z¥E2> L. b U=F AT I 0.76ml (5.42mmol) . X HIT
o uXEA YT FI 052ml (5.42mmol) EHMZ, 30 HEHEE L, frELL
PV ZFATIVERBEZANL, TOABRICHODLOMPLEUHERLE
N,N'-Iminobis (trimethylene) -bis (lactonamido) 4.39g (5.42mmol) % fi7K DMF (Z
B LT EM%, 65CT2 BMERTIIRIC S ¥, BHEEZBEZEL.
BEEZAZ 7 —N200ml 5 2 EHEFERE LT, BEHKEREZR,

BIL2CsCA: m.p. 136-138 °C(MeOH), IR(KBr; cm™ 3300(0H), 1720(C=0),
1520, 1420(CONH);

®C-NMR(90MHz, DMSO-ds, TMS, ppm) & 171.4, 104.3, 82.3, 75.5, 71.1,
68.2, 63.6, 62.2, 60.5, 51.2, 30.9, 29.8, 28.6, 28.3, 27.8, 25.0, 21.7, 13.4.
BIL2CsCA: m.p. 135-139 °C(MeOH), IR(KBr; cm™) 3300(OH), 1720(C=0),
1520, 1420(CONH);

“C-NMR(90MHz, DMSO-ds, TMS, ppm) § 172.0, 104.1, 82.3, 78.8, 75.4,
73.2, 71.8, 71.3, 70.9, 70.4, 63.5, 62.2, 60.4, 51.1, 30.8, 29.7, 29.5, 28.5, 28.2,
27.6, 26.1, 24.9, 21.6, 13.3.
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H g OH
HOCH,-C—G-CH-CHCOOH

S ' ] 9 CH3(CHz)n.+OH - 0
Ho- OH | OH HO-C-CHNH, CHa(CHg)p7O-C- CHNH,
on| O CH, > CH,
on° HO-C CHy CHy(CHy)y, 1O-C-CHy
6 HsC SO3H S
OH
o)
o) o
o l T
HO
OH) o 7O O o 0
2 kon o@o - CH3(CHp)p.10- C-CH-N-CCH,CH,COH
CH,
OH OH CH(CHa)orO-C CHa
| o
. (CH2)3NH, y
~(CHy)3NH, Q

Cl-COCH,CH(CHy),
CH,0OH OH
O OH_ CHOH o

OH
(CH2)3 HN-C-CH- C .CH-0—OH
OH OH Q K9 R
HN CH,OH oH  CHa(CH2)n.rO-C-CH-N-C-CH,CH,-C-0-COCH,CH(CHa),
0 OH, ¢HoH o[ oH CH,
(CHa)HN-E-CH-G-CH-0<OH CH3(CHnrO-C Ch
OH OH O
CH,0OH OH
O OH, CHOH o_|oH
(CH,)3 HN- ¢-CH- -C .CH-0—OH
Q KO Q OH |
CHa(CHy)n.10-C-CH-N-C-CH,CHy C-N CH,OH OH
CH, 0 oH CHOH
0—\OH
CHa(CHa)nrO gCH2 (CH,)3HN-C-CH- 5 CH-0<OH
OH OH

BIL2C+CA(n=16), and BIL2CCA(n=18)

Scheme 4.2 Synthesis of BIL2C.CA
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4. 2. 3 UARA—PEBIUREH
UN—PEIE2EBIVEIETHNVEZELOLE—D Y NX—F A U -
T C, UX—F P, PPL, BLOU RR—F R 2N, (£)6-XFN5-~TF
v2-F = ((B)ZAH =) RS)-(£)22-FPAFN-13-PFF Y T /4
AE =N ((X)INTE—N), Bl Y TaX=, BLUEBEBE =X
Z N Z 4L Sigma-Aldrich Japan K K. (Tokyo). HEALREKTHE (B). ER{LERT
£ (BR). BIVERYLETE (38) o®RE2HA W, ZOMOFBRER L
CERREISMEDOTIRREL EOEEEA LT,
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4. 2. 4 V=I=BREEHER-) AA—-EEEGEOTER

UR—PEEN 1.0g1 2725 X512V X—EEH% 10ml Y U BEERICE
L7z, BERIIESELHEIVEI NI D 10mM BEL L, V/—F A
BXOY X—¥ R TiXpHS6, V/3—F¥ C, U,—F P, £ L TPPL Tid pH7.0
OEE pH (ZRE L=, FTEE (100 ~ 300 €5 DOREEEARIZEMLE
%, FEVFAY— (ZENER () ® LD-X10 &) T 2min, FEIFA
R L7z (12,000rpm) , BER ZREZERCHERE L. BREEE (F1T7v 7 (B)
& VD-16 &) 12XV 20h HHEERE L CREEEA -V —EEEKEET-,
FRIETR ) N—BDOERFIIEEN T, BONTREENER— U S—BEEE
IZIXERIZER LY X—EDLEREETNL TV A,
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4. 2. 5 FHEEPTOREEER—) A—BEEEOBERLEEORE

UNR—BIIEEIC L > THETEARGRBER DD, AF—5 43 IR
T2ODOREET> THEBEHEP COBRRLEERLRIE L2,

YR—F PIZHLTIETEIRANG h— VL EEEEA Y 7O R= D h T
AT EFMERG, —FH. V=% A, UV —F¥ C, J 3—F¥ R. BIUV PPL
KX LTIRTEI ATV EBEBRE=LVO N VAT F U ARIGT °,
INBDORBTIRT UMEBIRT ) =V AT VR0 T, R CESET 57
I BELIZT AT E RERRY PR L. RESRETEMICETT
ZOTY, BEMENEL, R/ u~ N F75WBHEEET, £, =F U F
FRBRORIETHH D DT, FEBIRED L DERONEEEICETIHNAD
BB EMWTE B,

i/\)\l\i/iﬁvk B SN

lipase / Org.Solv.
R,S (%) , S (+)

%—(@"\OH \ / /\/ﬁ\o/ 3——-/) ({—ﬁ\on

H lipase / Org. Solv

R,S (%) S (+)

Scheme 4.3 Lipase-catalyzed reaction systems

(1) ZEBIANLVG b—NLOFEEEA V7 aR=ZE D TV AT EF AR
&

B 10ml OFGEMITEIRANLD b= 304 1 1 Qmmol) & EiERS V7
2= 217 1 Qmmol) ZRIGHBEE 4ml ITEAES ¥, 30 CTHRAE
BTICREEES -V "—EEERLRM L CRIGE BB LT,
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RISOETRIFAERMECRIGEREN 02 p L1 F TV 7LT, FI4%
¥ 7 U —2% T2 (Supelco B-DEX120, 60m) ZHW-HR7u< 7574
B (B2 FID, ¥ ¥ U V¥ —HR: Ny, 7T AEE: 100C) 21T-oT. KGO
SERBIO=F o F A <—fE (ep) ZREL, BB, BEREZALY
F—®D RIEL SEOHFIZOWTHDETER L., BERFEMHIIRILER 20%F
TOMEENSHRD, mmol h' (g-lipase)” THFEW TR LE, £, = F
F<—BFFE (ZZTIEREITONT) eer lTEALZE 20% L TD ep.2>H3R
D7,

(2) FEIINAFZ—NOBEREY=NMIED NTF VAT F Y ALERS

B 10ml ORIGENMITEI Y AT F—)v 247 1 1 Qmmol) LEEEEY =V
253 1 1 Qmmol) % RISHBAE 4ml ([TVAMRSET, 30 CTHREEATICR
EEER— U —EEESRE RN TS E B LTz,

FBICOEITIX (1) ¢RI HTR 7 u~< NS TSHICX VEM L (7277
L. 7 AEBEIX 120 C), £, =FvrFAF~—BFE LY X—¥ C, U
—F R EBIVPPL T SEIZHOWT, U X—F A TR REZONTRDT,
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4. 3 EBERBIUVEE

4. 3. 1 KAEFEEHEBETHRLEY I =BREEER -V —FES
BOBERTENE

HFEEEHRT TREEER L UV A—P2RAEMBL. BREZRIZI - TERY
LU OREEER — U S—BE N T HRE R CEREEELRHATD
NE I, F9. BIG2CuCA DY N—FEPBIOY R—F¥ CEESEKIZONT,
FNENEBBE T COBRRGEIT» TR,

B 4.1 12 BIG2CuCA — U »3—¥ P (E/LH 100) BEEIZOWTOERER
DHERTH, MESEIIFR URSEHZRLT,

iR CED Y /X—¥ P # A= BIG2CuCA & DEAE, BHEKY /S—F P
BIUORERIIHEZRS L L EORIGOETRIAERLTRY, FARY X
—PEESENFEREICEEFET, £z, KBERP CHREEEA LEBER L OHEEE
AEEBTHIENEBREEERBRIINETHDII LRGN,

—7%. BRY R—F P IZRKHEF T BIG2C2CA # M LT HRIMEERE
BRODNDD, ZHNTEHBREFTH YV R—BLEREOHEERARDTH
RBBEIS>TNAILETREBL, BEED 2Cs A °GE RETIRIND KO
MBRETIROONT, V= I=BREMEEROEBHIERNIOREZ EIBNI DB L
D, 72¥B. T D BIG2CuCA DFEMIZ L D MEEDRIZY N—E CIIT 5
FRKRE o7,
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Figure 4.1 Time courses of transesterification between racemic sulcatol (0.5 M)
and isopropenyl acetate (0.5 M) in diisopropyl ether (4 ml) using (@)
BIG2C+:CA (30 mg)- lipase P (10 mg) complex, (A) BIG2C.CA (30 mg) and
native lipase P (10mg) independently, (ll) native lipase P (10 mg).
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4. 3. 2 FEAxOYR—FEOVxI=BREEEFNC X BBKILEN
BIG2CuCA Z AW AKBISEHBEIZ I VHEE L - RAEEES -V S—BHE
EREPEHAET CEBEREEEERRALZOT, FHRIZER L2V I=FR
EIEMER BIG2C.CA B X U BIL2C.CA #AWVWT, &2 DU N—B 2 KMEEEHE
BLCREAEEER -V A —EEAEOEBEBEP COLEBEREELZREL
770
INOLDRERSE Y R—FITONT, K43 ~F4TICE LD,

Table 4.3 Effect of different detergents on enzymatic activity and

enantioselectivity of the detergent-lipase P complexes

Detergent Enzymatic activity” e.er
[mmol/h g-lipase] [%]
BIG2C+CA 53 87
BIG2C»CA 62 88
BIG2C++CA 58 88
BIG2C+CA 38 86
BIG2C+CA 19 89
BIL2CCA 25 93
BIL2C+CA 32 94
Nonge” 1.0 86

a) Transesterification between racemic sulcatol (0.5 M) and isopropenyl
acetate (0.5 M) in diisopropyl ether (4 ml) using detergent-enzyme complex
at 30 °C and (Detergent/lipase P) molar ratio was 100.

b) Native lipase P.
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Table 4.4 Effect of different detergents on enzymatic activity and

enantioselectivity of the detergent-lipase C complexes

Detergent Enzymatic activity” ees
[mmol/h g-lipase] [%]
BIG2C«CA 84 38
BIG2C+.CA 80 40
BIG2C«CA 80 40
BIG2C+CA 80 40
BIG2C+CA 64 39
BIL2C+CA 59 65
BIL2C+CA 32 66
None” 1.0 31

a) Transesterification between racemic solketal (0.5 M) and vinyl butyrate
(0.5 M) in cyclohexane (4 ml) using detergent-enzyme complex at 30 °C and
(Detergant/lipase C) molar ratio was 200.

b) Native lipase C.
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Table 4.5 Effect of different detergents on enzymatic activity and

enantioselectivity of the detergent-PPL complexes

Detergent Enzymatic activity” e.es
[mmol/h g-lipase] [%]
BIG2C«CA 19 47
BIG2C+.CA 18 49
BIG2C+CA 18 47
BIG2CCA 6.8 49
BIG2C+:CA 3.8 49
BIL2C«CA 18 44
BIL2C1sCA 15 47
None” 0.2 36

a) Transesterification between racemic solketal (0.5 M) and vinyl butyrate
(0.5 M) in diisopropy! ether (4 ml) using detergent-enzyme complex at 30 C
and (Detergent/PPL) molar ratio was 150.

b) Native PPL.
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Table 4.6 Effect of different detergents on enzymatic activity and

enantioselectivity of the detergent-lipase A complexes

Detergent Enzymatic activity” e.er
[mmol/h g-lipase] [%]
BIG2C+CA 30 6
BIG2C».CA | 32 6
BIG2C+.CA 26 7
BIG2C+CA 11 7
BIG2C+CA 7.0 3
BIL2C+CA 20 66
BIL2C1+CA 31 67
None” 0.1 12

a) Transesterification between racemic solketal (0.5 M) and vinyl butyrate
(0.5 M) in diisopropy! ether (4 ml) using detergent-enzyme complex at 30 C
and (Detergant/lipase A) molar ratio was 100.

b) Native lipase A.

Table 4.7 Effect of different detergents on enzymatic activity and

enantioselectivity of the detergent-lipase R. complexes

Detergent Enzymatic activity” e.es
[mmol/h g-lipase] [%]
BIG2CCA” 41 71
BIG2C+CA” 46 70
None? 0.2 60

a) Transesterification between racemic solketal (0.5 M) and vinyl butyrate

(0.5 M) in diisopropy! ether (4 ml) using detergent-enzyme complex at 30 C
and (Detergant/lipase R.) molar ratio was 114” or 108°.

d) Native lipase R..
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72, EEONBEREERARGELES 2CoGE 8L 2Cs A °GE b U /3—
POXKMBIEEHRBIZAVTHRICER L REEERI O L B L ThT,
IOEITIR AR ICE L DT,

EDY R—EBRIZBNTSH, KIEEEHBIETIE 2CoGE °° 2Cs A °GE &Y
b, V= I=BREEEROEHEHO LD (=10 ~ 12) BENEHDRET
T EBGhoT,

Table 4.8 Enzymatic activities of the detergent-lipase complexs

Detergent/Lipase Activity® %e.e.
(Molar ratio) [mmol h' (g-lipase)’]  (Config.)
BIG2C+.CA/Lipase P(100) 62 88(R)
BIG2C+CA/Lipase P(100) 58 88(R)
2C.GE/Lipase P(100) 20 89(R)
2C:s A °GE/Lipase P(100) 24 89(R)
BIG2C«CA/Lipase C(200) 88 38(9)
BIG2C=CA/Lipase C(200) 84 40(S)
2C+.GE/Lipase C(200) 8.8 36(S)
2Cs A °GE/Lipase C(200) 18 37(S)
BIG2C+CA/PPL(150) 19 47(S)
BIG2C=CA/PPL(150) 18 49(S)
2C+.GE/PPL(150) 46 47(S)
2Cis A *GE/PPL(150) 46 48(S)
BIG2CCA/Lipase A(100) 30 6(R)
BIG2C+.CA/Lipase A(100) 32 6(R)
2C.GE/Lipase A(100) 2.0 3(R)
2C+ A “GE/Lipase A(100) 3.6 4(R)

a) Lipase P: transesterification between racemic sulcatol and isopropenyl
acetate in disopropy! ether at 30 °C; Lipase C, PPL, and Lipase A:
transesterification between racemic solketal and vinyl butyrate in

cyclohexane, diisopropy! ether, or diisopropyl ether, respectively.
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4. 3. 3 REEEH-IA—VELLOBEREE~DEE

REEMER & LT BIG2CeCA #FWVWT 4 BEO U —FiZxrd % REEEC
BIT3 (REEER/ S—) TL0Bon2 REEES -V —BHES
BOBEREE~DEELT N,

EBRERLM42ICF LD,

BUZRENTWB X DT, TRTHO Y NX—BTEENL LM TIE, BIG2C:CA
DOEFEMEIZLF L TERFERITEMNT 53, —EOELVLEZBZIDEHEVE
HEIZER LS, EOELEBEERELLEEZON, TR, U /3=
¥ PT9%, UsX—F A T106, V,%—+¥ C T213, PPL T240 LAk, THo
72o PPLITERE ERLTWNEN, ZORBRATRGKRIZT TIZBERXZ Y —K
T, TR EDEAN K TORGOETIIER L EZ, ERIIITOR»2T,

AERIIBIAIRBENIEE 2 ETORKOBREBER COREHBIEIIRBT
HEEFIELE (U /%—E P T 240, U X—¥ A T940, U ,—+¥ C T730, PPL
T2220) BT DL, UNR—FEA LU NN—E CIZIEBFOHEENH LD B,
ISHIELTRY ., AKEEEHBECBOTHLRAEELER LBZEORESICE
SERDBEABPEFREHET COBRFEEEROER THL LEIDND,
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Figure 4.2 Enzymatic activities of the BIG2C+.CA-lipase complexes obtained

with different molar ratios (detergentflipase): (O) lipase P: (@) lipase C; (A)
PPL; () lipase A.
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4. 3. 4 VxI=RREENER-U AS—PEEEMESISICRT S HRE

o R

Ux I =B REEEFIEEASSEERED 2CGE R 2Cs A’GE £V b 2 5%
VW, L7Zi->T, FNbOBEZEESEROERBEEICTTIBREELED> T
52 EAFEEN, BIG2CuCA — J S—+¥ P HEAKE L BIG2CuCA — U /3
— ¥ CEEEIZ OV TOBRESREZFA,

EBRERERIIBLUVRAIOICE DT,

Table 4.9 Enzymatic activity and enantioselectivity for the transesterification

between racemic sulcatol and isopropenyl acetate using BIG2C.CA-lipase P

complex (molar ratio 100) in different organic solvents

Solvent logP?  Enzymatic activity e.er Solubility”
[mmol/h g-lipase] [%]
Isooctane 4.5 53 87 X
Hexane 3.5 50 93 X
Cyclohexane 3.2 59 81 X
Toluene 25 38 92 O
Benzene 2.0 23 93 O
Diisopropy! ether 1.9 62 87 X
Diethyl ether 0.85 56 84 X
Tetrahydrofuran 0.49 16 90 X
Acetone -0.23 16 94 X
Dimethyl sulfoxide -1.3 3.1 90 O

a) The values were taken from Ref. 10.

b) Solubility of lipase complex to pure organic solvent: O; soluble, X;

insoluble.
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Table 4.10 Enzymatic activity and enantioselectivity for the transesterification
between racemic solketal and vinyl butylate using BIG2C+.CA-lipase C

complex (molar ratio 200) in different organic solvents

Solvent logP? Enzymatic activity e.es Solubility”

[mmol/h g-lipase] [%]

Isooctane 4.5 58 35 X
Hexane 3.5 48 36 X
Cyciohexane 3.2 80 40 X
Toluene 25 74 49 O
Benzene 2.0 63 49 O
Diisopropyl ether 1.9 42 36 X
Diethyl ether 0.85 28 38 X
Tetrahydrofuran 0.49 10 41 X
Acetone -0.23 0 - X
Dimethyl sulfoxide -1.3 0 — O

a) The values were taken from Ref. 10.
b) Solubility of lipase complex to pure organic solvent. O; soluble, X;

insoluble.

Yz I =RREEEA - U S—BEEEIIBEED 2CuGE ®° 2Cs A °GE — U
NR—PEEBLY VEBRBECEELIZLL, My RUBY, PAFL
ANEF YR (DMSO) LS DOEBBEIIIRE Th o7, REBEEDOHFBE
TS ISR D2 O REV, Zh b OBEERR O ERE RITBEKELIMNS
bERLE Vo IBEHNER L OBAEROZIBELE TR L TEY . FE,
B 4.3 @ BIG2CuCA — U "—E CHEEHED SEM EETREIND L ) ITERS
FICREFERIBZB L TV EFESHEORE "AREIh 5,
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Figure 4.3 Typical SEM micrograph of lipase: (a) Native lipase C,
(b) BIG2C+.CA-lipase C complex
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4. 3. 5 FEFEEAROHLBHEE Y A A—EHOBKILEMHHR

ED X D 72 REEERIN Y N—BOEHA L LTROVONEELT ST,
Griffin” iz & > TE A &7z HLB (Hydrophile lipophile balance: BBk t) fE
PHREILRAVWTEZE L ThE, RERTHAVWSERFEIEER O HLB EIiXE
EORBEMFILERY, ERPRETHZ0T, EFHAOELEOMRRH»S
RO MORKAVICESHTHELEZ Y,

HLB= 2 Jw+ X Jo+7

(4.1)

ZIT Iw BAKREOEE, Joo BAKEDOER. Thb, ARMLEAKE, B

AEAEFL411ITRLE,

Table 4.11 Group number

atomic group group number

atomic group

group number

-OSOsNa 38.7
-COOK 21.1
-COONa 19.1
-SO:M 11

sorbitan 6.8
ester 2.4
-COOH 2.1

-OH

-O-

-OH(sorbitan ring)
-(CH2CH:0)-
-CHz-, -CHs, =CH-
-(CH2-CH2-CH=-0)-

1.9
1.3
0.5
0.33
-0.475
-0.15

AERTRVEREEREROHEELR 412 ITEL D, 3E0D, B

FED2CGE B LU 2Cs A GEIZOWTHEEEEL R LY,

Tz, BB TOREIENER 30mg O/K 10ml [THTAEMELERL, ®F

IZEeE L7z,
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Table 4.12 The calculated values of HLB and water solubilitives of the

detergents used

Detergent M.W. HLB Solubility in water”
BIG2CCA 997 11.3 o»

BIG2C.CA 1053 9.4 O

BIG2C+CA 1109 7.5 AN

BIG2CCA 1166 56 X

BIG2CCA 1222 3.7 X

BIL2C+CA 1517 19.4 @)

BIL2C1CA 1645 17.5 O

2CGE 661 6.1 X

2Cws A °GE 825 0.4 X

a) Detergent (30 mg) in water (10ml) at 25 °C.
b) O: Easily soluble, A: Slightly soluble, X: Insoluble.

FEEEFO HLB B2 9 XV REWVEABHET, 7 X1V b/AEWNEAR
BETHLZ EBGoT,

EfICRAVW-Y = I =R EEER O HLB HEIZT 2 FEREEF TORE
EHER -V R—PESEOFHRBEEPT COBRLFEROEREEZR 41 ~&
44 DEBFERICESHNTIY AN—EP (E/LH100), U X—E A (E/E 100),
PPL (E/VH150), £ LTI —F C (F/VH 200) IZDOWTHEAE,

TORREH44BIOEA5IcE LD,
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Figure 4.4 The denpendencies of the enzymatic activity of the detergent-lipase
P (molar ratio 100) (O) and -lipase A (molar ratio 100) (@) complexes on the
HLB value of detergent in the transacetylation between racemic sulcatol and
isopropenyl acetate and in the transbutyrylation between racemic solketal and

vinyl butyrate in diisopropy! ether, respectively.
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Figure 4.5 The denpendencies of the enzymatic activity of the detergent-PPL
(molar ratio 150) (O) and -lipase C (molar ratio 200) (@) complexes on the
HLB value of detergent in the transbutyrylation between racemic solketal and

vinyl butyrate, in diisopropyl ether and in cyclohexane, respectively.
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44 DY R—F PR LY —F A TiT HLB 28 9.4 ® BIG2CxCA T, &
72, X 45®PPL BL VY /3—+F C TILHLB 28 11.3 @ BIG2CuCA TEERIEME
BEKIZRST, 3BT, U= P BIWI—F A OREBKMEIZK
Z<, PPL BEWY R—F C OREEHAKMEIZT DS VWZ EBHLNI 2T,
Y R—BHFOREIIBKER L BKERD ENOEBRINLTNT, —ED
RN EM L 72T Z N TE, HLB ETWI &, U X—E P BLWY
SR—F¥ AI/NE72 HLB fE%. —F. PPL 8L WY X—F CIIKE7Z HLB %
BELTWA, LEB-T, U ARA—EOBAEIZEY HLB E2ET 5V =I=
BIREERERIZE Y R—PIZEAER S Y, BEEOEAEEYEXZ2HDLE
xbivd, 2R, BAREDY R—E TIIHERE D BIL2CWCA R BIL2CsCA b
22 D ENTEMHFITHD Y,

Fo, EfICAVWEY = I =RREEEAO HLB EIIxt3 5 FmiEtEs —
U R—BEEEDOREFBIREOKREE S FARICTE T,

ZFORREK 46 IZFE L DT,

PPL Tl/d& HLB O ¥ = I =HREEHAITEA(LT 5 L REBRREITOT
NETT 258, o) S—8TiEmEL, BV X—E C LIUAN—E AT
I3 HLB @ BIL2CCA & BIL2CsCA TKRIBRARZFRIREDEMAS A b7z,
IHNIIEROFEENS Y =PRIl Lo TR RERBRESFOFREOE/LES &
FHZLTWAED LH#ERIENS Y,
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Figure 4.6 The denpendencies of the enantioselectivity of the detergent-lipase
complexes on the HLB value of detergent in the transacetylation between
rac-sulcatol or racemic solketal with vinyl or isopropenyl carboxylate in organic
solvent: (O) Lipase A, racemic solketal; vinyl butyrate, diisopropy! ether; (@)
Lipase C, racemic solketal, vinyl butyrate, cyclohexane;, (A) Lipase P,
racemicsulcatol, isopropenyl acetate, diisopropenyl ether; (A) PPL, racemic
solketal, vinyl butyrate, diisopropyl ether. The data for the results of a control
experiment, which was conducted with same enzyme content of the native
powder lipase, were plotted on the ordinate.
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[l

FETELNLHRIROLSIICEHEND,

(DEEFOBEREMHARKEREEERORKELZFENIELEO Yz I =8
REEMER BIG2C.CA B X U BIL2G.CA Z#HHAIZAML L. £ 5% HLB i
E{EER OKBEEEZRA LI-@E e ) R—YEOKEBKLESRE (Ki\
FEE B 2HBE L, ZORMBETIIEBRIEENICER TX 3,

Q) ABEEHBETHE LV s I=BREESER -V —PEAKIIEL
T, BEEOBU/KEREFEER O 2CuGE 5T 2Cs A *GE TKRIBIEEH
BLTRELELZI —EHEEEL ) LERBEEF TEERETH o2,

(3) Z DK EHBIETHIEE vs. U X—EDRE TN, Boh 3 REE
HFI— ) R—BHEEEROBERFERIIRESEEL, V=¥ P BLIUU R
—F¥ A TIZE/NE 100, U 8—F CRBLIWUPPL TEE 200 BEY TH S
TeWmghole, TRNODEIRAKEFTOY R—F LV I =RREEHE
AL OBKMEERPNERICET2ESHRMEREZRLTRY ., BREBERIEE
BEIE & OBBOMERMEN R ST,

(4) FETEMERI O HLB fE 9.4 0 BIG2CaCA 73 J A—F P B L RY »5—+¥ A I2,
¥ 72, HLB & 11.3 @ BIG2CuwCA B PPL BL VY RX—F C iz L THET
HDHZEDBHDY | BEROREHAMEIOEOBKELE T5 REEERHS
BAMERBWI AT SR,

-92 .



4. 5 BEXR

1)W. Tsuzuki, Y. Okahata, O. Katayama and T. Suzuki, "Preparation of
organic-solvent-soluble enzyme (lipase B) and characterization by gel permeation
chromatography”, J. Chem. Soc. Perkin Trans. 1, 1245-1247 (1991).

2)W. Tsuzuki, H. Kasumimoto and S. Kobayashi, "Use of a synthetic detergent to
partition protein mixtures", Analyst, 118, 131-135 (1993).

3) AM. Blinkovsky, Y.L. Khmelnitsky and J.S. Dordick, "Organosoble
enzyme-polymer complexes: A novel type of biocatalyst for nonaqueous media",
Biotechnol. Tech., 8, 33-38 (1994).

4)S. Okazaki, N. Kamiya, K. Abe, M. Goto and F. Nakashio, "Novel preparation
method for surfactant-lipase complexes utilizing water in o1l emulsions", Biotech.
Bioeng., 55, 455-460 (1997).

5)K. Abe, M. Goto and F. Nakashio, "Surfactant-chymotrypsin complex as a novel
biocatalyst in organic media", J. Ferment. Bioeng., 83, 555-560 (1997).

6)L.M. Hjelmeland, W.A. Klee and J.C. Osborne, "A new class of nonionic
detergents with a gluconamide polar group", Anal. Biochem., 130, 485-490 (1983).

7)Z. Zhang, K. Fukunaga. Y. Sugimura, K. Nakao and T. Shimizu, "Synthesis of
glycolipids: dialkyl N-[ N-( 4-lactonamidobutyl) succinamoyl] -L-glutamates",
Carbohydr. Res., 290, 225-232 (1996).

8)K. Fukunaga, Y. Sugimura, R. Taniyama and K. Nakao, "Studies on lipid-coating
of lipases with galactolipids", Book of Abstracts of 8th European Congress on
Biotechnology, p.386 (1997).

9)T.-F. Wang, J.J. Lalonde, M. Momongan, D.E. Bergbreiter and C.-H. Wang,
"Lipase-catalyzed irreversible transesterifications using enol ester as acylating
reagents; Preparative enantio- and regioselective synthesis of alcohols, glycerol
derivatives, sugar, and organometallics", J. Am. Chem. Soc., 110, 7200-7205
(1988).

10)C. Laane, S. Boeren, K. Vos and C. Veager, "Rules for optimization of

biocatalysis in organic solvents", Biotechnol. Bioeng., 30, 81-87 (1987).

-93.



11)H. Michel, "Crystallization of membrane proteins", Trend. Biochem., Sci., 8,
56-59 (1983). |

12) W.G. Griffin, "Classification of surface-active agents by "HLB"", J. Soc. Cosmet.
Chem,, 1, 311-326 (1949).

13)J.T. Davies, in: Interfacial Phenomena, Academic Press., p.374 (1961).

14)D.B. Volkin and A.M. Klibanov, "Mechanism of themoactivation of immobilized
glucose isomerase”, Biotechnol. Bioeng., 33, 1104-1111 (1989).

-94 .



[(E5E] Kk

BEOEBBETNEIED I L, EAROBEWVWIEEHREIE (lipid-coating
method) . T 72 L HLBKEFREIEMER L EROBEE(LIT L 2BREDBRAKMEESH
BIZOWTSBEOY R—E2RBERL LTRAVWTHELZT o7,

9, BELIEEWEETIT Langmuir HORESBERICELLZEELE
BHRT 2Cs A 'GE ZRAVEY X—PEHOBEAEBLEEBLTHI LN TE,
BV NR—BIIHTIREET A M (). BEEEER K) ORTFA-F—fEZ
ki, ELT, BoNEBEAEERRX1OE Y R—BIItT 2 afils E%E
£, 2Cs A °GE OEFESENEERDZZLRTE, JR—BTHLZDEIR
WIS THEEHBOBREIIKRERERRDILEHLNI L, . BE
LEBEXNLIEEHBRGFICHIEL TR LN FEEER -V —EBEE&HKD
BLHEBE LzBoT, MEBFRITE, FET IBERESEOREEHEH—
U R—BEEEROFHUEHLRET DT LBFARICR T,

iZ, ZOBREBRIBEHBE K TESROB/KEREEEAISF L. KT
BB LTV IERY VAV EST L OBKEREERICL 2 BEHUREEIC
EFoTnaid, VA—BOREHHEIZL YV ZOIEEHEZSBNELEINDD
TIERVHEDOEEDDS LIZ, KEZHSEEIZLZ V) R—BEOREEHKE
(HFS) BX OBFBKEDOREZITo7-, BIELZ Y X—EETIIY R—EP
(HFS: +31.6kJ/mol) A& bBUKET, U —E R (HFS: -21.1kJ/mol), U R
—¥ A (HFS: -24.7kJ/mol) BX V'Y »X—+E Re (HFS: -28.1kJ/mol) %53\ Bk
M. PPL (HFS: -82.4kl/mol) B LU /—+¥ C (HFS: -124kJ/mol) 13 AT
BT LBHnoTe, o, BEBEAE LH) XV —EEOoH T, U
—€ C (LH: 0.50k}/mol) DHIZFEEL, MDY X—¥iF 0 THhote, U/—
THOREE AN (HFS) BB RIFEWEBECRITOEREEREMEELT
REHKEORSVERIEEERBIIAOT VNI L, BERPBEEREBESNLD
(21 BSA @ HFS D-205k¥/mol £V RKEWKREHXKELHTHILEERH D Z
&L E, —RICEROEEBUKYE L native BREOFBALE P COBEREMIZ
BT A Z L EBALNILE,

Z LT, BROERBRMEVEBEREERBEORDVIZ, KEHEOY = I
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=F FREIEMEHR, BIG2C.CA (n=10, 12, 14, 16, 18) 3 X ' BIL2C.CA (n=16, 18) .
FRAVWAEZEOKMEEEHREELHAR L, ZOFETIIKE THREEER &
BEELIRAEREE BB TAREER —BRESEZIY BT 7ZT 20T,
BERLEEORFBIXIEENT, L1rdb, BEORBRIEERBEEDURIEL
B0, FREERTATHD, ZOKEREEHRBIETCHAM L REEEA -
U NR—PEESEITEREED TEEE T, & U S—Blixf L THREREEER
JNR—PEREENVEDIEELE, V=I=BRAEEHSESO HLB E 94 ©
BIG2CuCA Y NRX—F P B I S—F¥ A2, £7-. HLB f& 11.3 ® BIG2CwCA
2 PPL BL WY R—F CIZH L THRE T, BREOREERAKMEICRIIS LIZBRK
HOREEEFNEFENKE L, ZOKEIBEHEE CIIREEES DOKE
PEIX HLB OKREWER L, 2. BoN2EEEOFHRAE TR TORERERE
T REEMERIO HLB NV NEWFR I WEEZONEZDT, AEDITELEZ9
~ 12 ® HLB EZEF T 5 V= I=BAEEEFIPIBL TN HDEEZX 60
Do

LlE, REFRICBITDORRIIEERBEC L > TERBOBERNOR DR
DEREHETECERLZRAE T 2EOREH L, IRy —HOFEEEL
boLEbh., SROERLIERVHFEND,
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