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Development of sensitive and accurate analytical systems for analysis of biomaterials utilizing the

specificity of enzymes and antibodies

Masao Kawakita (Department of Applied Chemistry, Faculty of Engineering, Kogakuin University)
Yasutada Imamura (Department of Applied Chemistry, Faculty of Engineering, Kogakuin University)
Kyoko Hiramatsu (Tumor Therapy Project, Tokyo Metropolitan Institute of Medical Sciences)
Kei-ichi Takahashi (Department of Surgery, Tokyo Metropolitan Komagome Hospital)

N'N"-Diacetylspermine (DiAcSpm), a minor component of urinary polyamines, was found to be
elevated frequently in patients with various types of cancers. We developed an ELISA procedure using
highly specific antibodies against DiAcSpm for more convenient measurement of DiAcSpm, and showed
that it is highly sensitive in detecting early stage colorectal cancer. To establish urinary DiAcSpm test as
an item for clinical diagnostic test a reagent kit for urinary DiAcSpm determination utilizing aggregation
of colloidal gold nanoparticles coated by anti-DiAcSpm antibody was developed. We also began an

attempt to construct an immunochromatography strip to detect urinary DiAcSpm for personal monitoring

purpose.
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Fig. 2. Measurement of DiAcSpm utilizing aggregation of colloidal
gold nanoparticles coated with anti-DiAcSpm antibody
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Poly unsaturated fatty acids production by marine microalgae
SRR (TSR
Morio Hirano ( Department of Applied Chemistry, Faculty of

Engineering Kogakuin University)

Marine microalgae has been recognized as one of the most promising eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) producers.  We have already found that marine microalga
KUNK9431 produced both EPA and DHA.  In the present study, optimal culture conditions were
investigated for production of EPA and DHA by marine microalga KUNK9431.  Concentration of
nitrogen and phosphorus in medium had significant effects in culture of KUNK9431. Their optimal
values were determined 2.0 mM KNO; and 0.5 mM K,HPO,. A highest contents of EPA and
DHA in KUNK9431 were 20.0 mg / g d.w.c. and 10.1 mg / g d.w.c., respectively.

1. 1ILU®HIZ

AR O YA RSREOFIAME 2 ED 5 LT, BmOAARESE, AR THAMEDS
WIHEBRE OBRR. BRIIAFRTH S, AFRIZ. EFE. BFE HDOIWIIXRBRESFIC
B AFA., ISAMEOCBRVEHMBEEOER, BIUZOKEEEFHORILEDI LT
To72bDTH B,

A aPRyZBEPA-C20:5), Fay~x¥ = U EE(DHA-C22:6)7 & D E R
FEER DS 1, Bix RENABEREETIZ LR IN, BELHRAEE
MR L ERERENTVWS, ZhOOFPIZIE, TTREEMBIUCRERM L L TRAL
EhTW3b0H2V, EPA BXUDHA OABEREICITIERANEL . T OAEBEEMIZ
BT AREBHME L L CHLRSE, MBRELIER. mIRMEREDR. LILERKE
FREZIE. T VAX—1EA. BABREREDR. UBEERLRIENRIT LS,

¥ ZAT.4 ADEPA BX U DHA OfRIRITEICARM TH 505, AMIC K DHAEII,
HHEOBV, KICEAHAEATORE., BREBRICED REORT., EVBIELZESE,
ETIINCAE D HHRERE R Y OREANEZ., b ORBEDMRREKEL LT, EPA 5
W DHA #8487 2 T HMMEEOR R, BT DO AT KEHEFMHICET HHREIR
¥BThd,

AFFRIZIBV T, EPA 8 XO'DHA Oz 2ttt e LT, EPA, DHA OlE%&H
T BB KUNK9431 (2 & 3 mEAR SR EE & R D 7= D N LEREMIT D
WTREZ1To T,



2. EBR

AFEICRBNTIE. BERBEMESIENOHER L7 T ¥/ % KUNK431 2V iz,
KUNK9431 D}z, EARM & U CRBRIMATHEKEEHIZ Soil Extract Z¥IN L7
Ese £5#h% V>, $5#0 pH 12 0.1M HC1 B X (HBWiT) 0.1M NaOH ZHVWTH
W7, F, KEEBCIT 100m L OKBHRBRE ZAWT, BRERELITo k. HRICIXBE
BT & B2, B OB BT YRR 2 AV, 750nm OREE XV EH L,
AP OSBRI, JEIEE% 5% HC1 —MeOH I L > TAF AT AT AL LTAR,
HAZ v N T 74— > TEEBDIT Lz, NEMEHEDEL LTA~TEIT IV BZH
Wiz,

3. BHEBIUOBE

KUNK9431 @ EPA 3 XU DHA A Eobic, BEEROEELHHEFTH
BT OEREL LY VIREEOHIE E1T - 72BE 0, KUNK9431 DAEF I L UL
EFE~NDEBIZOWTRHZITo 72, ZRFHZAWEERFERB LV VEICIE, KNOsk &
U K,HPOs & AV, Zh b D¥EEEIX KNOs % 0.25~2.5mM. K,HPOs % 0.025~0.35mM
Y17, FOfERE. KUNK9431 0532\ T, KNOs # 1.0 mM, K,HPOs4 % 0.25 m
M & iess s AV =354, 2D EPA 3 X O DHA AEMHIIBRbEVVEEZ R L. £hEh 1.7
B L1086 mg/L-day Thotr, FZ T, I HIZEEA KNOs 8 LUK, HPO4 R E %K
HBHZEEERNE LT, PO KNOsBX UK, HPOsBEDENLLLEZ 4 : 12 LT, £
725 KNOs 3 L O K,HPOL I B D15 2 AV THEE 21T > 2B D, KUNK9431 DAEFR
L OUE BB AR I DWW TR BT o 72, T ORER. KUNK9431 D% KNOs % 2.0 m
M.
K,HPOs« % 0.5 mM &tetisttiz A\ 7254, KUNK9431 OFRAFTRITRLEVEZ T
L. 033gcell /L Thotz, i, BAHEFEEEIL0.085 g/ L-day (2L, KUNK9431
X, MIOMEENBIEEICHE L CTRWERE 2 FUEMICH 5 Z L B30 o7, i,
EPA &4 &iX. KUNK9431 D#%3#% % KNOs # 2.0 mM, K,HPOs % 0.5 mM & el &
ANWEEAICEVVEE R L, ZOMEIZ200mg/gdwe. 729, DHAEF&iX10.1mg/g
dwe. Thote, L2 AT, ZDOBREDEAET D EPA 3LV DHA EFEIX, WThOKkE
BBV THRERZERIIMRB SN T, EPA 5L U DHA 2HBOHEEIZ. RE&IEN
BB OHERICIKTE LTV, 202 &b, KUNKI431 IZRW T BB @ R IR B DO
KFIZBWT, BRIEERARBEROEHEMEEIND bDEEZX bR, £z, EPA
B L O DHA OAFEMIZIW TS, KNOs # 2.0 mM, K,HPOs % 0.5 mM &5t & A
WiEEES, BLEVEEZRL, FhFh, 1.78X000.86 mg/L-day L7220, ThbDiE
21y KUNK9431 I2 &5 EPA 3L T DHA OABEIZIE, BRIEBI WY VIREEDH
BETV, FRFh, 20, 0.50mM i _ETHD L ORERITELE,



L Z AT, FENONEF~DEREBERICMH, KUNKI431 ® EPA XU DHA &
FREEMKIET D L W) THROLEENREA LZ, 22T, TOREERROZDDRE 21T
ofr, FORERICOWVWT, BxRAEND PR LIER. H— MERZICEIT DH#
IR BREOEVEBHRICR T, —ROICIE., BEOHFRHEREIIIBE I EERSL
RO, S, #HEERREOHEERATHIBEERLUAREICERZE T, ThHORE
FIZET A M RN BT o, 7725, EPA XU DHA BRe<REhi 2ok
KUNK9431 DR %, IBE% 30+3C (FEREFERBWCELCRE) L LT X,
FAEEIT 27~107 pE / m2 - s DEFHIZI\W T, EPA B X ' DHA OARAEREHLEZ RS
7o TORER. HRE %S 27 pE /m2-s & L THHRIFERZEVIRY Z LI2 X - T.KUNK9431
® EPA 3 L O'DHA &4 B3R ECHM L RIEE L 5 BT o 7% » KUNK9431 ® EPA
BIXUODHASHEIZZThFN 136mg/gdweBLT 1.7mg/gdwe. &2V EPARBX
U'DHA OAREEIZZNEN TT %B L V25 %ICETEELEZ, TORRIY., ZThET
£ 5ITE 2 b Tx 7= KUNK9I431 DOHERFRERAMICRV T BE R R KL UVEHER
ERENDZ ERThoT.

L= AT, ARFEED TV BRICEW T, BAEDf L EPA 35X ' DHA OEKEED
RICEENH S = e RAD O, T2bb, EPA XU DHA AREL R OBEIIEHK
A ko BIKICHRT, AOMCEANEN o, 5%, TOHRABARRORAELEDD
VERHDBEEZTND,

4. BbHIZ

EESEEL o TWB AXRY v 7GR (NRBIEIEER) 1XhFiEEICRT 5 FiH
JEff. 2 VAT a—ILOEINC L > TEZ %, EPA X DHA iZ#ilaDZR V&7 Z —2H
W B LickoT, ANICKIT ABROFHIEHLI VAT a— L 2RI EHTH0
BAERL. TRLONMERELHETSE, SOIFBENRHMRICEI-T, AFRY v
U FEMEREE D A\ T BREMERFIZ n3 REEREBOBRAARAIRTHD Z L HH
Lz EnEY,

7 r CEE D IIMEEEIC L A EERAfIEBOAEEY BRI LT, n-3 Rl KR
el Td 5 EPA & 5\ ik DHA Z0&ERAMIEEE &H T 2MEEEE. BAIE
PR L MMEED A 7 U —= 7 k> THE L, EPA. DHA 2 L bICaH T 51
PEMEMGR S KUNK9431 2% R L7, 2L T, ZhOANTHEREGOBLEITV,
KUNK9431 {2 & % EPA 33 X ' DHA OAREITIZ, SRS &Mt L L THREREOHKN
BLTWAZ L, £/, KUNK9431 OHERFERICITE RIRER K UULREOEEILE
ThHILERALNILE,

5| ATk
1) Sutsmal, et al.,Appl Microbiol Biotechnol., 64, 146-153 (2004)
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Design of Novel Polymers Bearing Saccharic Moieties and Their Function
on the Enzymatic Surface

Kazuhiko Hashimoto and Haruki Okawa
(Department of Materials Sciences & Technology, Faculty of Engineering, Kogakuin University)

Abstract: New styryl-type glycopolymers having D,L-xylaric, L-tartaric, and D-manaric pendants
were synthesized by the copolymerization of the glycomonomers with acrylamide. The resulting
glycopolymers were found to inhibit the B-glucuronidase activity much more effectively than not
only the corresponding saccharic acids but also the glycomonomers. Therefore they can be
candidates of polymeric devices for effective excretion of xenobiotics. The inhibition mechanism
of the glycopolymers was found to depend upon the structure of their saccharic units. On the
other hand, the chitosan derivatives bearing D-glucaric pendants and polystyrene-type
microspheres with saccharic units on the surface were also prepared and their inhibition was
estimated by the hydrolysis .
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Fig. 2. Inhibition of B-glucuronidase activity
by different glycopolymers at 37°C .
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Fig. 5 Lineweaver-Burk plot for kinetic data on the hydrolysis of p-nitrophenyl
B-D-glucuronide in the presence of different glycopolymers at 37°C.
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1. 4 HENEEERAZHVWSTFEBRE NS T ABEhOBER
Development of bio-solar fuel cell using layer-by-layer deposited

multilayer films containing enzymes

TARSAEER FIER seth, /N 50
Katsuya Abe and Hirokuni Ono, Department of Applied Chemistry, Faculty of Engineering

Abstract: We are promising both dye-sensitized photoelectfochemical solar cells and biofuel cells such as
candidates for production of renewable energy. In this study, the photoanode consists of an ITO electrode
coated with organic sensitizer dye and enzymes was fabricated by means of alternate electrostatic
layer-by-layer assembly. Key to the operation of the cell is the coupling of the oxidation of biological
fuels such as alcohols by NADH/ NAD" and FADH,/FAD" carriers in the enzyme multilayer films. The
hybrid cell has several potential advantages over either the photoelectrochemical cell or the biofuel cell

operating individually.

(1] ARER
B, bR EFEBEHIC X 2 KRR LSIEGEIROME L WO REMREICER LT\ %, Zh
SOMERMRT 2 HEL LTEHZEDTWEZOHN D ) — U D ERBRBEAERT R NVF
—CTHH. BEHRAZOHEHEZ RHIRICHIR T2 20RO —D2 & UTABAEEBEDEA
BEOWABPETONTNWS, LEDP>T, (LAEBRANDKEEZD LTERMSETEHO—AT, X
BREMADHIRFIPIEREICEE >THED., KRLARIA TORBEMIPEHEBINTNS, 5T, B
R ) AMEDRNOHFT, BEDPHHECEEIX MHPMEL TE, BT L DR
2 OERZABEMIH/FIN TS, —FH. Lk LERERSCEFERBROERICAIT T,
H—=RYZa— bWV REERFOEMER NAFTYR) AOBLIPREETEITRES
TETQW%, FIZIE. ZEEHERNA TR ECT7INVI—VERY) 2EERMATESN
4 FEME. FHERERE LCEEZED SR TR, BRERNEORREAD—DDT7 70—
FeR3HFEINTNDE, N FEME. ERISENA TT A X I, Bt LT
BEDMEMERAWS EDICEBBAESEREC TNV I—VERERZRE L TH LD TES, £
7=y FERICBMARHETCEHTE, REARIEENDR I ZEMEIFV LV REE S -
TWb, CORRNA ZTEME, BW - EFAT 4 T—F - BRI NV EDPOSERINEZY
TVREMTH I, CNOYWERDO R L—IXREFBEOBERY V7 BEOREFEDOMERE
WAL RMTZREER>TWS. ZOEDIZIZER EICHNSF2 EFIThroRONICES
IVBLHPEETDH S,

RS TR EER BICERE UCEELT 2ARMRFHRIC, Langmuir-Blodgett R3E. HE
LA TR, FE-AFRECKRARBBIEEREDPH D, TNHD S bRAKBIKEKI,
BEDNEEICHETH DI LBAEAO—D L LTETLNE P, ZOARKIT. HENHEERAE
FALTAF BZE, BEY VNV EPERER) OFEEMELILHFAETHD., Bo5NIHE
BIAFRATIELCREIND DAL —IXREFBIVR/ONZIBDLEION, NMZTT
NA ZDOEBARZTD L TEHRFETHILEL S,

KFECIZ. ERSFOHENHEERZAVWBIHHENA T TNA ZOBEFEO—RE LT, 7
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D=V RBRRBZRANVF—ENAFTIZAPSDTRINY—EEFATIRESFOBFEEZRB L
CoFREHENA TN ZOBFEZENE LTW5,

EREDINA Z T34 2. KBEMBAICEREROLTFEER, N1 TEMWE SRS
NIEOAFREEMAEGDEIZDOPOSBHEEI NS, Figl TOFRBRENA T ABREDOERX
ZRT. COBMOKBL LT, OBLXDEERY VB SRIBENE (GEZOBEELLS
B) OBEBFEETAZNVICLE7NVIa—)\VD 2 BREBIEKIG. ORBEOETY A 2 NVEN L
AL—XRETHE. QFKEED ORIV TRBEOAFHRKIGHET SN,

Organic sensitizer dye

DA: Diaphorase.

FADH: Formaldehyde dehydrogenase.
ADH: Alcohol dehydrogenase.

Mediator: Ferrocene-modified PEI (Fc-PEI).

Site of solar cell Site of biofuel cell

Fig. 1 Schematic diagram of bio-solar fuel cell using layer-by-layer deposited
multilayer films containing enzymes.

[2] Hoems

A ES FRIBIEOERE L URERIE : S TRUBIIE, AR CEBHZ D7 = 0t VM
RYVTFV A IV (Fc-PENE BEBRZ & DERERD 2 VWIXHERY XNV EZ AV, BENHE
fERINC & > TR SIRBIT O Au Bifid 5\ ITO B GEBIH S 2 EHE) HIT/ESY Ui, B, =
NSOBMETMIAE N % 6o EREICH S, SE.

ARERIZEET DY 7=y (Cibe, Ama=6120m) o
a2 d—L vk (CR, Amx=510nm) 2Rz, f
Fig2 I2 KBS O CuPe 33 L O CR & EZRUEID N
TESURER %R T, (CuPc/Fo-PEI), 3 & U(CR/ Fe-PEI), B §
i (=RUEEN) W pH 1S ICHRE L QP KA B
L dkED CR A% E FIWTZh 2N ESR L, BERGE %
BIXQCM JIEBICK D EMR L. CORR, CuPc i1 &

EORET 1000~2000 Hz OIEEHE(LHERI N,

0 1 2 3 4 5
1EH 7= EE 25 nmfEEOEED Au Bk LT L Adsorption cycle

e aholze BB, BWD pH IX CuPc 73 FDFH  Fig. 2 Frequency shift in alternate adsorption of
REEADOEREBICH UTHRIEETZI NP> T (CuPc/Fe-PENn (@) and (CR/Fc-PENn (A) (n =

WA, BEDE ZAZDFERIZL KA 2 TVARVY,  number of bilayer) on Au electrode.
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E/z . CRIZDWVWTIE 1 MOFEE T 100~200 Hz OIREY
BEEDBIREN., 1EH7= 0 EX 2.50m FRE DR
D Au B ISR LES EBaD o7, —H. EiR
% ITO EMBICE Z /= & ED(CuPc/ Fc-PEDsB & TN (CR/
Fc-PEDs @R D a] FURINZ X2 MV ORIEZIT> =0
ZDFER% Fig3 IZ/RT.CR I& CuPc @ 1/7 L F ORAE
THOTZD Amx OEHKED CuPc DFNL DK 215
BN EHRINE, 2O L. BREBEHSTFOEN
M HEFREL (CuPc:e = 7000, CR:e=45000) DER|zHD
KD EEZSNDD., TNUNCER LOSFOR
MESEIRLTWB L HREINS,

RIZ, ITO EMEICHER LRSI TFEEED
Fc-PEID7 z 0+t (F & Fe**) OBMLBTEER Y
AT VY IFNVE A F)—(CV %) &> I LTz,
Fig4 IZ@&RA FORBRBICH T % Fe* ORRLRIBIC
HOBERMEEZT T, COFBR. MAOBRIIBNTHE
JERIE AT LD > CERERMEITHEM L. BEEA
DA TV DBALBTTRRE TR T I Lo oz 2O
C LI Fe-PEI D IRATCEFZZOREI 2 IRz L
TWAZeEREKRLTWDH, BERE 7 BH i3t
WCERBEOBDHPEEINZ. ZORZIIBZS
ERICL28DLBbhsh, KGEMBI,Z2ERNT
ZRICEBRBIIEER Y 7 V¥ —TCHDHT L ERL
TN, LEd> T BESFRBEBIZSETL Lk,

KRR TIE, HENHLEATER LR CiPc $5
Wi CR 2572 2 EEREEM ((CuPc/PEDSITO B KT
(CR/PEI)s/ITO &) B8 2 KEHFEEDOKE 21T
o BRI 3 BEMAREZHN, Ur—F—=Y¥ T v
T EBLRILELNVATITo . Tz HFZEIN DT
v 27150 WyERAW=, Figs ICRENREES T
BEEO N ERAERHRE T T .CR OEEREFIREM
IR UCEEBE L= & &, D ON-OFF IZf 5 HER
FEENLVHECBEIN, COBERSTFRERENK
REMLE LTOBEZFF> TR EBaI o,
(CuPc/PED)S/ITO EMIZ DWW TiZ, EiR L4 FDELA
MR EDPERLEEDICEVWABRBEDR S NRD
ShktBbhd, ULOER»S, KK TEIIFE
JBERINA ARG EMDO KGFEMBSIC CR P5R5E
FEEEEFEATS I L
AFREBNA A RKBEMOER : F3| Figl IR
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(CR/Fc-PEI),

Absorbance

(CuPc/Fc-PEl),

A L L
400 500 600 700 800
Wavelength (nm)

Fig. 3 Absorption spectra for (CuPc/Fc-PEl)5 and

(CR/Fc-PEI)5 films deposited on ITO electrodes.

0.4

Current (mA)

0 1 2 3 4 5 6 7
Adsorption cycle
Fig. 4 Relationship between current and number of
bilayers in (CuPc/Fc-PEl)n (@) and (CR/Fc-PEl)n

(A) films deposited on ITO electrodes.

Fig. § Current responses to illumination of (CuPc/

Fc-PEN5 and (CR/Fc-PEI)5/ITO electrodes.

+0.2

Current (mA)

0 +0.1 +0.3 +0.5 +0.7
Potential (V vs. Ag/AgCl)
Fig.6 Cyclic voltammograms of (CR/FC-PEl)n/

(DA/Fc-PEl)m/(FADH/Fc-PEI)I/(ADH/Fe-PENK/ITO

electrodes.



CR BRAFHBIE EAD#EES )37 E (DA, FADH, 3 XU ADH) OBBIEOERIZOWTHR
& Ulze BAY VNV EDSRBBBHOERIZ CV EIC X b 3T L= (Fig6)o = DREE. RE
B $IZ Uiz bi> CEBRMEIIMMG 5 Z & 5. (CR/Fc-PEDs BEIE & & > 7 HIZ BT
AT 4 T—5 53 F(Fe-PED) L MBS R ERE T 5 T L B35 > J=0 S, ITO Eifi_L I (CR/PEI)
n(DA/Fc-PEl),, (FADH/ Fc-PED(ADH/PED); (=5, m, /, and k=2) OREEEEE L. ZOHTEE
REmENA T REEDE Uiz,

RIT, R LT NS 2 KBGEARIC N U TS Lk & X, BEEAOE T EEY 1 27 )V OERE)
(Fig)IZKBRT ) =)\ oFBMETO 2 BREBLRIGZ EMHICRE L. 51 BREEORIGIX
ADH ¢ FADH QiR ZFAT 2R NV ATNVTE RECOBLKIGTH D, & 2 BFEHIZ FADH
KEEFMETCOMEKRIGTH D, ZORE, 60 FRDKBHICHBNT, A¥ ) —)VIRIEICH
BROEM - WD DRI N, FEBO LD HPLC SH71C & D BKMICHEZ S N =, BIERIC DA,
FADH, B4V ADH ZBM ¥ CHBRERZTo EBACTRFBOERIRONED ok, B
ZOKEBMECELYOBRY VNV ESFRLEFLARBEIN-Z L CETFRBDIERICITL 25
WHREINRR, BFEEVA INVDPHRBHLEDDLEZ SN, 5%, PVI—VOWHER.
FROLME, BLURETIAEBERZERNICHET 2 LICL>TIF ) PIVNS Y 22 I
EU, NAZ BB L TEHHNA T 751 ZOBERIPHIF SN2,
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1. 5 HEEX VA7 ERBLUBEEOBEUE LB RAYWEEE~DER
BREE ROBE
(LFHE JSRFERD
Structural Modification of Functional Protein and Sugar, and its Application to Production of
Useful Materials
Yasusato Sugahara and Masayoshi Sakaguchi
Department of Applied Chemistry, Kogakuin University

Economical hydrolysis of chitin was studied to obtain chitin oligosaccharides. Chitin was hydrolyzed
with concentrated hydrochloric acid at 40°C for 40 min. The degraded chitin was precipitated in large
amount of acetone and washed with acetone until acid free. The precipitate was extracted by acetone water
solution changing their ratios. Chitin oligosaccharides were fractionated effectively by solution
composition. The increase of water recovered the longer chained oligosaccharides. The mixture of chitin
oligosaccharides can be separated by fractional dissolution.
~ In case of study of glucoamylase with comparing the characteristics of glucodextranase, conserved

region 4 comprising their active site may discriminate substrates.

1. 8

XF oA IFECEL OEBEFEESRH S, BELFAMECELA BTN D, —KIZ,
IHAY IHEERBLIIE. XTFUERBEBCIKSEL, PRGNSR E SRS 7 MR
¥, =F )=V THEH. HD0IE, KSR, TRERD O DEBEDREL A 4 o HEE
KBIEB TITR>o TS, DX D RIEMARERER, ¥F 4 TEOEHEEEHD TND, £
7= BIMMASRIIFF o aFOINaY RERET VX LT 5720 A XORRLXF
VY TERBELTEIRS L, B—DOHP A AT LB LIZKWELFRRO—2IZHIT o b,
AR T, ¥F4 Y TEEREENOMBEICYH A XL IZHET 5 HkE LT, SREMAREE
FRWT, BICABREEOBWESbNS, XTF U 6 BEEDSEIZ OV TRE LT,

Fio. BWEHAMREBERICBV T, IR EFEER LSV —RESFREZ RIS 000
53, FONRTAEENRRIBENHMON, TOEERRMECEET ST I/ BR~BIRDF
FRTWE, 20HT, AFECIMERRDO I LaT I5—B(CCA)PL I raFx A T
—¥(GDase) iV Eif, —HoDBERZMAGDREIX A THEREME L. TORERRIEICE
EF37 I )BERIIT I BEOREEZRART,

2. EBR

2.1 ¥F U OMKSIRE L O HIEE

WELR TE¥R S F % 74 U — I )L T 60mesh [ZIFE L 7= ¥ F (5 F#:320,000, i7" &F/v
{LEE3.2%) 0.2 g \[CHEHERE 8mL AN %, 40°C CRTERHMA D RELIT o7, RISK, MAKRDEEY
X7 hY 200m L HFUZERA LT, 4°C T 24 RREIFRE Lo, UBMITTE LIEMERET 5720
. B, T R Ut EE IR LGB B, MK OBREIT, BE, RIEROSM T
SSREAT- T, AV IR UGB BB, S b, MAKRSMER, 78 b &ETV. 7T
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ko -H,O Y5%E 5ml % BREHI I 2 S RIEIR B AR Tz, ~ T X F v 7 R F —F —THRHF LRV 5 20°C
T 1 BB L7k, SO BEC & o T hig L IR 7o, TEBIET & b -H0 OFIEZRLS
. DUAREEVIRLE, WThb, Bbhio A Y DL GPC U 7 A(GS220HQ. Shodex) Tor
L., EELT,
22 F A TR DR

CGA DIEMEA 2R+ DR FHEIR 2 GDase (2 B\ THn T 2 (RF R ~B A F LRI L #
LA SEERERBEL, KBENCRESE, BRETV. 2OBREEEZ AW T OREE
ATz,

3. RRLBZE

3.1 XF L OMKS R

311 BH—BPEAKSME XTF AR CRISEMEE X, MASRETV, MKDHEERDOT
R UEBRE L T b B A AR L7 % ORE RIS JIE TR ORI OV TR
51T o T, MIASHERER 30 2% Cid. BEUNERIEE 100% Th o723, 30 D&kl d 5L, E
BT LTz, KB OBREEL 7 & P hBRE L RRIC0 02BET 2 LB LI, T
TR E L BREROZECKHE)IT

. N . 30
FU THEELEZONDD, KIGFRRE
:\; @ GlcNAcs
LT, IFE—EThoT, 5 251 Dg:chcs
° O GIecN
Fig1 135 —BBMASMOAHIS £ 20 O GIcNAGs
N 4 - — 1 3 8 @ GlcNAc2
oA Y THESF/BERICOVWTRLE § 15 & GlcNACc1
LOThH B, MANREENEL 25 8 -
L olumn:
I U iio T, A Y THRERMLC & 38220HQ (GPC)
(@) Detector: UV 210nm
WA, 75 51275 &00mAd LTn 51 Eluent: Hz0
%, ZhiE, BRI oMK SRz LY, 0

- - N 5 15 30 45 60 75
RIS ET LT E D EEx b5, Hydrolysis (mim.)
AR DEITIZES T, 4~6 BIED

HERENEL 2o TWBENRTND,

3.1.2 BB iR 30

Fig.1 Oligosaccharides obtained in 1st step hydrolysis.

CBEECOMASRE FEOERER S |

MRS, £, 8 BREMNASL ST
fROT & b ILBREITETOREHT ‘

Column:

GS220-HQ (GPC)
Detector: UV 210nm
Eluent: H20

40°CC 15, 30, 45, 60 537K 5fiE g 25 | 2 GioNAe
Uicte, Akt L — Bk £ 0 | 0 GloNAce
WA P, 40°CT 1S SMASRE § | 0 GleNAcs
L. BOAY 382Kk L=, B g B GlcNAc1

=]

=]

(o]

iIststep 45 30 45 60

BWTHEA LR, EORADEIiZ/  hydolysis
2nd st
fi 7530 f:o %#&%bum%ﬁiﬁffg‘ 6 h;dl’:l:gis 15 15 15 15

. Span] ) - Z -
NICRRHT IR SR S AU Ol Fig.2 Oligosaccharides obtained in 2nd step hydrolysis.
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3.2 SRR

321 Tk bMUBREORE
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hry 1 BOSMNEBMROBIETSDH O (GlcNAc)d ® (GIcNAc)S 8 (GleNAc)6
(GleNA©)1~5  Z+HRITHHTE QWD ERS o7, Lol 1| HOSHEMRERIEOE S TIX, X
FEEL B bOD, 2 ENNBELZToBED I/ u~ b7 T L LHET D L, RMDKST
BEENTWDLED THD, HHEMBCACIBRELELT LY, PBOEKR ThiltERE 1
RUFIE D BFIEE DEV(GIENAC) BN EDILD Z &M ahoTe,
3.3 XA TEER ORI

CGA. CGA DIRTEfEIR 1 % GDase DIRFHEIK 1 ~EH L7-X 2 FBHR (R1). £ L TEERICHR
TFHEE 4 2T ULEF A SEEERODEHEREE THHV NV M NI A —RBIUNN ) —RIZHTD
WiEMES Figd BL OS5 IR L, CGAlXo-14 Zvay FEEERFO <V b A— R
BIEMERE S, GDase 1XIF & A ETEMEN 2V, F A FHILR] £ LT R4 DIRICTEHENMELS 722
7eo —F. IEBTLEEBMIC 0-1,6 L3y FEEEERFD/3 — A% LT R4 X GDase D#9 10 1%
DEME R L, ZHbOREERIX R4 28 GDase |OEWEHEZFFOZ L. F72. GDase 2SIMAKS 7
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40
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Fig.3 Effect of acetone conc. on yield of oligosaccharides.
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EARF~DISH DT OEE K & I B8 2 4F%
Organic Thin-Film Deposition Method using Supercritical Fluids and
Its Application to Light Emitting Electronic Devices

TEREKE TFEH EXRVATLALFER WA TR
HWREKYE BEREWIEE ¥ —, LEEFRWER RBEiR ERI
Dept of Electrical Eng., Faculty of Eng., Kogakuin University Tetsuo Sakamoto

Env. Sci. Center and Institute of Industrial Sci., the University of Tokyo Masanori Owari

Abstract

This study aims at the development of new methods for organic thin film deposition
utilizing supercritical fluids. Supercritical fluids have unique properties such as
high solvating power like a liquid and high diffusion coefficient like a gas. Two
kinds of thin film deposition using supercritical fluid have been devised;
supercritical fluid deposition (SFD) and rapid expansion of supercritical fluid
solutions (RESS). Instruments for each technique have been made and
fundamental properties of thin film deposition were investigated.
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particles using a strait nozzle 5 nozzle-substrate distance=1 mm, lower: 2 cm) at fluid
pmid), and a conical nozzle (25  condition 30 MPa, 120°C.
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Multi-Functionalization of Biodegradable Resin by Formation of
Nano Thin Film Consisting of Amorphous Carbon with Ton Beam

by

Takayoshi Yagasaki*, Ichiro Takano** and Toshio Sato***

ABSTRACT: For a product made in environmental burden reduction material, authors tried to
give amorphous carbon nano thin film to surfaces of various biodegradability plastic by film
forming method used ion beam. In this study, we performed amorphous carbon nano film
formation by film forming methods, the formation of the sedimentary film by the ion beam assist
method. Through functional tests of the various biodegradability plastic plate which stuck in
amorphous carbon nano film, it became clear thin film formation by the ion beam assist method
was possible, and to have effective electric resistance value. Furthermore, it became clear that
optimum conditions of amorphous carbon nano film formation were different by number of carbon
of hydrocarbon gases.
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(a)PLLA:Poly-L-lactic acid (b)PBS:Poly-butylene succinate

Fig. 1 Molecule chain of biodegradable resins.
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Fig.2  Structures of source gas.
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Fig2 General idea of ion beam assist method.
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Table 1 Formed conditions of amorphous carbon nano films.

Toluene Naphthalene Dodecane
Source gas C,Hg %mﬂs CioHy
Ion species He' He' He*
Base pressure (Torr.) 6.0X10° 6.0X10° 6.0X107°
Gas pressure (Torr) 2.0X10™* 2.0X10™ 2.0X10™
Accelerative voltage (keV) 1 1 1
Current density (1 A/cm?) 40 40 40
Deposition time (s) 3600 3600 3600
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Fig.3 Raman spectrum of amorphous carbon thin film formed in different conditions.
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Fig. 4 Surface resistance value of amorphous carbon thin film formed in different conditions.
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Formation of Surface Nano-morphology Controlled by Ion Beam Irradiation

JEH—B (IFBEKY BRI ATLIHFER)
Ichiro TAKANO (Department of Electrical Engineering, Kogakuin University)
fea AEF  (BEAERTSERT)
Michiko SASAKI (RIKEN)

Abstract

Recently the material control at nano-level leads to developments of new material or mechanism. The surface
properties can be changed by controlling with nano-level even the surface on the material consisting of the same
element. For example the leaves of some kinds have the roughness of nano-level. The roughness plays the role of
repelling water. It's possible to produce the excellent properties such as the water repellant to the materials surface.
In this study, the other PTFE (3M-PTFE) surface was irradiated by ion beams of He, N, or Ar gas. The
morphology of PTFE was changed by the effects of sputtering and heating of ion beam. The surface morphology
changed by the ion beams produced the high water repellency and the hydrophile property to the PTFE
surface. ’
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Fabrication of novel nano-devices based on thin solid films with porous structure

MEERRN2ESBRMEOM 5 LBAT vy F U 7 X5 EEREO
RAruT7y TV r—var

Micro-fabrication of semiconductors by site-selective noble metal deposition
and subsequent chemical etching

INEPSEF*, [IFRZEEEX, RIFF**
Sachiko ONO¥*, Hidetaka ASOH* and Yukiko YASUKAWA **

*TEEICRLZER, AR e B e
*Faculty of Engineering, Dept. of App. Chem., ***Res. Inst. Sci. Tchnol.

Abstract: Hole arrays of Si as well as the other semiconductors with ordered periodicities were fabricated
by the site-selective chemical etching of a Si substrate using patterned noble metals as etching catalyst
through self-assembled micro/nano-spheres as a mask. By using shape-controlled circular metal thin films,
silicon micro holes containing metal thin films at bottom of each hole could be obtained easily. Micro
pattering of GaAs in the same manner was also performed. The process presented is also suitable for the
large-scale production of ordered metal honeycomb and isolated metal patterns on a Si substrate that are not
achievable by conventional lithographic techniques.
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B (auAg FER) 2<2 27 LTHIAL, b2y Fr 707 7 — FBLIZ X 5 Si RO
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B3, BEE0Y Y S5 7 4 —Hifichs, TROMA S, K2R b, KEMINLREOREE
B, hyFHTUFRICE S RVEHII TN & L THx 20B CTORAREFEIND, A5
Zecix, auA FELPHA L-EEEER L &R v F L V2R abYE, T/ A=V
nowA 7 8a 2 — MOEMEFEORELEERDOF—NLT LA DERERE LT,
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N. Niwa, F. Hiroki, A. Yumoto: Dept. of Mecanical Systems Eng., Kogakuin University
I. Shiota, H. Kohri: Dept. of Materials Science and technology, Kogakuin University
H. Fujie: Dept. of Mechanical Eng., Kogakuin University

T. Yamamoto: Dept. of Advanced Materials Science, University of Tokyo

T. Suzuki: NASIC

I. Ohsugi, M. Kato: Salesian Polytecnic

ABSTRACT: The aim of our present work is to produce Al films on a metal substrate with Supersonic
Free-Jet PVD (SFJ-PVD) and to investigate the relationships between the microstructure and the tensile
properties of it. With SFJ-PVD, We produce a film that has smooth, compact and defect-free microstructure
both in the film and at the interface between the substrate and the film and excellent adhesive strength to
the substrate.

1. #

THAI= 5 (AD) IZEENOBENIHEN - LWFHEEEZE T, B oke 2EH
WX AREGRERE L LTERH IR TV, SEE T, EhEROMENERIhTHEZ L
PLEMD - XFRONREF L LTAl Do ZHFRBRFTEIND L, SR ETETTERKIIHT
5AEOBEERENEE > T A ERFHINTVS.

YIN—T1F, BORBEEE CRELRBEEREATRL TIH LI —T 1 o IEilF e LTEE
W7 U —Y=y b PVD (BLF SFJ-PVD LBSiE) %RE - FHEL T\5. SFJ-PVD iX, FiEHE
HABBK P CERSET /) I A A0ORF (F/78F) %, BEFENARIZ LY @mEITIES
HEMCEBIRIZ LK VERRTIENRTHS.

AL, Al BERENTE L CAEBEZHM SEHZ L2 HEL, ALEHRRICEEL RITT#E
FEEMBNTHZEZEHETE. REICXARERT L LTCIER, BEFENARELEAH
FRBEE ) AV, HARECEBRITT ) AVBE, RBESEEZRET HRENBEH 2 LR
H5R, BRLEELREAFIRIVARBERICMEIRES ) AVOREHTHDH. BEFE ANV,
EREMERAENZOBRICESE, — KRS brbt@RhOZEXZE Lz—Ru/ XV, Ftk
HAREZ AW B R ) V72 PV O DORFFFESREI N TV D02, KR T, £,
—RIT, KetEg ) AV EREEWEL, & AAVHONLOERE AT S Z L TREES X

i
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ROERBEELAET D, DI, &/ ANVEANWTAIRZRIE S Z & THEIRZAR & R
ORBIBIRZRE L, BEE/ ANVORFOERPRIET AlBER~OXBEZHOPITT S,

2. BE®E7YV—Y=x v PVD (Supersonic Free-Jet PVD; SFJ-PVD)
SFJ-PVD EBoO#RK K 1 1277, RXEBIXT /KT
BERT DT I RITAERE, BMPREL TH RERRE —
75 BHRE, BLOEERERTHRENTOS. TR Y ki mden
FARE & REERZEIIMEF LV EREIh TS, TX
PERORBEZANWC, REETAFERE LT 24
FREPICRBWV TGS DIE EICRE Shic Al BEREE2 7
— MBI X VERIET /R FEAERIESH. EZEHERS ‘
NTVBBIREL, R A REROT / T ERED Foms
EELC > TELDIHRADOHENITLY, WBEELZ@-TH )
BFBBEREBICHESND. HEEORRIIBETE ) X Saae
ABRBEENTEY, / AVNEZERT DT RIIBEEGK L
20, BEEFAFRIZE > TEEICHE S NIRLFiX, BB Fig. 1. Schematic diagram of
EXYRT—VECRBESNERA~KREMFITOND. SFJ-PVD apparatus.

3. BEHE/ ANORE
3.1 #EHE/ ANVEE

BE, ZEREICIVAEINDITRRERIE, F&# (vyn ¥ M=1) ETHRATHS. LirL, &
FH ) ANVIEE ORFBRBNTBEICL Y TRAOBNEBEE (wy g M>1) ChEIE5Z
ENTED. BEE ANVIE, ZOBRSDIEMKIR / X (convergent- divergent nozzle), &
BT 1884 FIEHNCZ D) ANERE LT 7V(C.G.P. de LavaD DA D5 F 730 ) A
(Laval nozzle) & HFEIZL 5O,
[EMEATE S OEBERICBN T, BEFEVAKIT LM E TRAOEAKIZEY, FIED~
INERRETD. v oNEOWREIZLY, /) AVHNOTNICEL REREEATHZ L THx
DOFARDOBER ) ANV ERHTHZ LN TES.
32 —W\m/ AW

—KRIT /) ANV, Au— b EREND 7 AVE/NTEREE (X o— MNTE#EAY) 2RETD
TR Lo TREND Y v EWM) L WHERA) OBROLTERBREDS ) AVTHS.
—RIL /) ANVDOBEZTIE, / AVRE (FRAOFNAER) EWEBRIIERICRET DR T
5. T AN, BES) AVNENGLHRE~DOROBZOENE T Fu OB %
ERZLTBY, /ANVADOTNOES, EESLEHREORAEICH L TIXBRICATL TV,

il
A _L[(r—l)M ’ +2]2("‘)

A M }’+1 (1)

3.3 FRFtkdAR A
FefEdiRR  AiE, NG ZERHRE LTRITS /AN THD. REHFEIX Avzia—|
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B XVHOE TOHRNDOEZFEMHBECLVHET SO, ZoFETIE, M20k5%k
AN % YEEE & EEXY P THEE R T 7HEICHT TRiEdBREZEEL TV, X 2
DEFR 1-11~1-5 Z2BEme 35 L, K2 »oEEOEE dy/dx iX, BEOHTAKOEE(6)&
< I NA () DRI DK 4 OYBEICIIT HRM 2-1~2-4 BPIRET 5.

(%)m =tan(0 F )

(2
KIZHB) 726 F K75 7HED dvidu DE X 2 x HFRIDHEERZ b(u), x FRIOEERY kL
W), FHE@IZL > THRET DI ENTES.

(_dl) =uv$a\/u2 +v’-a®  ou’v .l(ﬂ]
du )y 2oy? du )y (3)

a*-v a’-v* y

RethahiR /) Vi, FRPEBREEZBREE T 5 Z L IZ X > TREEICHEDEHR , Arvofinics
WTHET B~ v N BO— KR EHMEE 2 F OB BT E ANVERET DI LN TES.

3-5
Physical plane
-4

dy/dx 11 (1-1)

Fig. 2. Design of Characteristic-curve nozzle.

4. EBRGE - EREMH

4.1 MERETMLERSE - S

AHMLERIL, SFI-PVD BN ) VHOBOEREZ KK T CHEEL, &/ X1 b O
BUal— LU loTHE L. ERTEIEEROFHEELR 1ITRT.

FERICIIBR I R 2 KK TSN 57%®,  Table 1. Visualization condition of free-jet flow.

KRRE DEEEDVRVWERZH W, —

— . . fERSE N,
W) ZANVDE S XFEMR AVER T " e
N .
BXrL, —RIT/ AN, R v
i 8.
H#Hiz ) AAVHAORICHET B AV AVEI RN E’; %?%E:ﬁ 8 (MPa)
0. 1.2, 6.9 0 3EEDSLAESD ) A |2 MR 0. 1 (MPa)
RV RETHIE —R It R ph R
4.9 mé%&%# N RS 0 [1.2]6.9f{ 0 [1.2]6.9

FRIEEERD ) ZiX, < v 8k 4.2 © He Bl AV CHERATRILER E FRICSVVR S OR
2% STEEO—KIT, KrER ) A iAW, KB, sE%EiEZ SEM B2 LaHh L.
5. EBRER
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5.1 M AIRILERER
EROAEMBEERERSIITRT. K30
FERDPONUVNVELDBRE,—KRIT S AN/
ZIVH O D> HHEFEDS LD B 43, FetE AR ) A
X AVvHAONSEEBES S TE-E S
T L BBEINTEAVAERITZES ANV
VAR LIZHAR—KRTT ) VTR 5%MER DR

RN TN j(v LG 39 71> 1-D 1 [ 1
RIBRRD L, BHRMR ) XTI SBBD | TURS wmes w0 s wneeo
L7z. Fig. 3. Visualization of free-jet flow.

5.2 RRIEEBRRR
NUNVREEDRRD—RTT ) ANV R ORHER#R /) AN X0 BIREE72 Al RO 2
BELERER, / ANIA 7LV BEEARICEZRYE DD Z L PRI,

6. % =

ABFRTIE, —KIT - kiR VEBREHERUEL, &/ AHO» D OBEEN X RO
L ARIBE L. &5, &/ AVEZHAVTAIEZERIE, EiPE L BEEROHEERE
BREREL, UTORREEE.
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Visible-light-responsive rutile thin film with high UV-light sensitivity
by molecular precursor method

s T - KHBE® - EATH - FULH® - EHF—RC
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YHEIRAE, MRS AYEY, CBER TR
? Department of General Education, Faculty of Engineering, Kogakuin University
b Department of Applied Chemistry, Graduate School, Kogakuin University
¢ Department of Electrical Engineering, Faculty of Engineering, Kogakuin University

Abstract
Rutile is the most stable crystal form of naturally abundant Titania. Rutile sensitive to visible light has not
as yet found. Because the photoreactivity of anatase is always higher than that of rutile under UV

irradiation, formation of the visible light responsive anatase has been much attention for the effective use of

- the wide range of solar light in the last decade. Here we report the fabrication of novel rutile thin film

responsive to visible light and having high photoreactivity under UV light irradiation. This epoch-making

rutile thin film was attained by forming the O-deficient Titania by molecular precursor method.

1. Fri

ZEMLTF A DB EL DT T —EBRN TN, FE DB (FE=T) ThD, THE—EIL,
SN Lo TR T % n BEEATHB (1], 74—, ZORBRICE > TREIAHLE
BRI SRR TTRE 7B KR AR L CA R ThY, BB B OB AER B L Ch %4 Th
302, 31, T, KFRICLBT T —CREOBEALSRESN, T7FF—LORBYLLREANIE
SNTWBI4L, UL, BlRoLisn7 F7—EORMEICEEAREEL, BN TIHELALFIAR
T, BACHLABIEICE T TR % DEMRO B BSE R ThHD, 2010, KRB HFLD
BAND, THE— P BB BAT L LERAALRE BN —7 L TR RIS The L 3 HHF 5N
ERIATBNTOB5-7], ZHOREROBIZE CRON FTRNISER T 74— 213, AR —71
Lo TNV RER T AR —lIcs 7 MY, AR RRRE TEASICBBSE CERSNE, L
L, WO AR AR T 55 —2h, F—/ U MC ko CRMMER AT 57010, SRS
FCORFRTEHEFL, A%RD B THDT 45— L ONF B FLERSL TR,

T I 5 —P L0 AR AR B F L, B E St LR S B AR L
THBNTEY, Ak, B, R Y ~OTRNFI L L TR AR E RS TS,
— %, TFA—BEAF LA RS T Ol RS TE N Ch D LA TADA M E L TR, VT
NDRRRTEIET T2 —2 LR EBLELON T (8], LF A DIEVHRSEHEDOREE, 2
Dfs R E I TER LD EE ZHNTVWAL, 101,

BFFUH—P I, KHOR & BERLYE R IR CE B EMRRIE CHD[11-15],
WA ECOMET, HF7LA—F— R AL ORI 2P CBEL TR TS5 —
P, WENEIC S BOBE KBE STl Nbh T, ZOWENTICS BOBEXBE ST
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THE—PIL, BERBEEFRNWT F Bl FLOERISEEREW[14], L7223 >T, NER
WKBRRREBEZETLLVTVERD, (e ESN TEERMPZ RN —7 528101, AR TRV
FIGEEESDLE DD, T THAIL, D F 7V = — B2 RO TRE RN T VEROE
e AT, ERIEED @ ER R E RN F NV ERZ TR LD THRET515],

2. ER
2.1 WIRE AL HEBETE AR

EDTA ZBT 74345 Tit S5 EE 23 0.4 mmol g DA F 7L I —H—IEHE (Smp) ZAFEL, Bh45HY
OIS BRENI=F 2 /%4 RY = —% & Ee Ti P EEA 0.5 mmol g DY L —FVEEHE (Sse) BFAMIL
72[12-15], Smp ZFIAL TAREMR LA a—MNETRAL, #RSBFIZBWT 70°CT 10 57
LE—ME, FHE (40 mm ¢) BIRIFIZ 0.1 Lmin™ @ Ar Z@KRLARAS, FiR) 6 700°CETHIEL,
B 30 SEEVLEL GEHEE R 21872, —F, Ssc 2FIAL, A& CEAEE A 2R kL, #
EDIREIX, VW3 4h 100 nm TH-o77,
22 JIE |

FEEIY, REMSE CHIELZ, XRD IZLo TR diEE %, XPS ICXVIEDMRE T, REFHE
% FE-SEM TEZL, BEME 277y F RB (FFE 0.50 kg, FUNEEEE 10.5 N m™) TEHEL 72, D%
AR MVBRIERE RN D, Tauc DRE AV THFERIN UV R RNAXF—%2 KD T,
2.3 NI E YRR

INHOBEDNISEME, KFRICLDF =T REDOB KRB TR, BIEFET TOAFL
VT N—KER DB EE LI E LTz,

3. ERLEE
3.1 KRR

B/oNT-HED XRD /3% — % Fig. 1 /TR, HFFLh v rutile
— P —IE TR L/ HIR R 1, BBERLF ORI/ Z—
VERU, £, YV —FIVIE TR LIZEIR A 13, 7%
—BTHHIEN G o1, ZOREREEDBINZRERKIL,
20DTVH—Y—[RPD Ti /4 DREVIZHHEETR EDE
BRBLIZEE 2 DD, T70bh, R BEFRO Ti [ZEAILTH
DEBERDBARLTNDTIDIZ, YHAELRET T4 —EBikdamieEs LT
BLOTKARY, JVLRERKEEEDN T VKR TEBL 10020 30 40 50 60 70 8
REREEZOND, T Cadree

EJED O 15 & Ti 2pap ITIRIB TEB XPSE— 213, % 4529.8
eV & 458.8 eV IZBLHIENT-, XPS DF FAT BT 7 ANH K
BT O/Ti B —7OFXTEIL, R 23 1.78 T, A 28 1.93 Thote, A DFE, FLI/XH U R)<—HDEE
FEY, LFERORTIOREHR T IEDICETRRETIHOD, +0EE 2605, —F, RiL, BYl
BICE->TENLFHD C RN, H oD, BERE(LFREG LM DI D DERA M, £ BEOBEEH X
BL-LEZOND,

— Intensity/a.u. —

Fig. 1 XRD patterns of R and A
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3.2 REEBLEEM :
FE-SEM THIE L 7-#EDO R EIREES Fig. 2 \TRLT2, R OFEEBLITIREL TRY, AICH~<ThE
FH A XIIALINIKED T,

Fig. 2 Surface appearance of R and A observed by using a field emission scanning electron microscope.

259 FRBRIZELD R & A DEEIERA~DBEML, % %1.75 GPa t 0.69 GPa Th-o7z, R DAEHE
HEAR~OEEMEL, A D265 ETHD, RIE, A ITHNTRERERSNIDD, ERLOREIZH
ARHID TIiAZVD, AEITAERER LIZHEEHOBERFLMEE LR REE NS,

33 ERE

ORI A~ MLE Fig, 3 10T T, BESERR ¥ kLD !
RUTRDTZRE A DHZERINV IR RNVF—IT, £ 43.10 eV 08}
£3.63 eV Thoofe, —HRINC, TIOKER AHIL, RS Lol
BEOOFHIZEVILET B, FE-SEM RICBESNHI9IC, R § .1
DREBALIL A ICHATELCRED, Ui, RRORE | .
BRIZBWT, REEREDOOT HBEMSI, R DN RigT ' A
IR, BRERIGEVVEEZRLEZEEZBND, 20 R 13, B0 G0 300 100
410 nm LA F O RES - SRAKITISE T D2 BT ND, Fig. 3 Absorption spectra of R and A
3.4 JIREHE

R & A OYESZEMENT, AT under visible-light irradiation under UV-light irradiation
FOSARBRICLAMERED g R

PR CRMAL[4], Thb
DOFER% Fig. 4 (TR T, A~
DISEIZ LB AEHABRIL, #0t
fTZYEIREL T 400 nm A F O &
EEEICRWTERLZ (0.8 mW
em™2, 0.0 mW cm ™ at 365 nm), &
RERIOR & A REIKTT KD
BEfRA X, 66°72 572, LDAL,

13(1)°

AR R RE L BA 65(1)° 113)°
MR RUIER, A T2 BN T - Fig.4 Comparison of the contact angles of

a 1.0-uL water droplet on R and A.
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tpdvote, T, BN T (1.2 mW em™ at 365 nm) Tb, R £, BE AR L,
AF LT N KR ISR A 5 AR B L, BB L AR IR R R L7 &
2%, BEEEITEALES L BT AR REMELN,

4. #E

AR THLNINV T LVERRIL, BENEICEEXRBEZEICEA TV, ZO/RE, RFHETT
R LT=T 2 — Bl RN A~DIREEL, FHEERH TICBTom RS E L R, L
T80T, RERAEIAGIC VDI TR RS R K — T+ B, T7ebb R 2 B %
LK AN EF X =T BIREO R EZK LT, VTNV NTIZLEOBRERBEERIET, NV
R R — 2 ST AR E R CIRTEN R W RIS ERR A OB EBLL -, Z2°C, RNEBIC
B R RBETRR LIV T AP HIEE MR BT Z R %, Inner Part Electron Trap (IPET) £ L 52
LERETD, HF VAP —IEX, ZOMRERBASEDLIENFIRERBEM —DFETHD, 55
NI VFLVEERIL, P63k T 14 —B CEETEHEINTKGEMM B, K08 ITIZLATE
REEME ORRE, BHEMERE ~DIRW S ABEIFINS,

BE W

[1]C. F. Doodeve, J. A. Kitchener, Trans. Faraday Soc., 34, 902-908 (1938). [2] A. Fujishima, X. Zhang, D. A. Tryk, Surf.
Sci. Rep., 63, 515-582 (2008). [3] B. O'Regan, M. Gritzel, Nature, 353, 737-739 (1991). [4] R. Wang, K. Hashimoto, A.
Fujishima, M. Chikuni, E. Kojima, A. Kitamura, M. Shimohigoshi, T. Watanabe, Nature, 388, 431-432 (1997). [5IM. Anpo,
Bull. Chem. Soc. Jpn., 77, 1427-1442 (2004). [6] R. Asahi, T. MOrikawa, T. Ohwaki, K. Aoki, Y. Taga, Science, 293,
269-271(2001). [7] S. Sakthivel, H. Kisch, Angew. Chem. Int. Ed., 42, 4908-4911 (2003). [8] S. Nishimoto, B. Ohtani, H.
Kajiwara, T. Kagiya, J. Chem. Soc., Faraday Trans, 81, 61-68 (1985). [9]F. D. Ollis, E. Pelizzetti, N. Serpone, Environ. Sci.
Technol., 25, 1523-1529 (1991). [10]M. A. Fox, M. T. Dulay, Chem. Rev, 93, 341-357 (1993). [11]T. Nishide, M. Sato, H.
Hara, J. Mater. Sci., 35, 465-469 (2000). [12]T. Nishide, M. Sato, H. Hara, Y. Sawada, J. Mater. Chem., 6, 1767-1770
(1996). [13]H. Nagai, C. Mochizuki, H. Hara, 1. Takano, M. Sato, Sol. Energy Mater. Sol. Cells, 92, 1136-1144 (2008).
[14]H. Nagai, M. Hasegawa, H. Hara, C. Mochizuki, I. Takano, M. Sato, J. Mater. Sci., 43, 6902-6911 (2008). [15]H.
Nagai, S. Aoyama, H. Hara, C. Mochizuki; 1. Takano, N. Baba, M. Sato, J. Mater. Sci., 44, 861-868 (2009).

L5183

[FEAERRX]

[1]H. Nagai, C. Mochizuki, H. Hara, 1. Takano, M. Sato, Sol. Energy Mater. Sol. Cells, 92, 1136-1144 (2008). [2]H. Nagai,
M. Hasegawa, H. Hara, C. Mochizuki, 1. Takano, M. Sato, J. Mater. Sci., 43, 6902-6911 (2008). [3]H. Nagai, S. Aoyama, H.
Hara, C. Mochizuki, I. Takano, N. Baba, M. Sato, J. Mater. Sci., 44, 861-868 (2009).

[EpsaRE] |

[1]H. Nagai, S. Aoyama, H. Hara, C. Mochizuki, I. Takano, N. Baba, M. Sato, 7" International Symposium on Advanced
Technology, Beijing University of Chemical Technology, Oral, October 21, 2008. [2]H. Nagai, S. Aoyama, H. Hara, C.
Mochizuki, Y. Mashiyama, T. Honda, 1. Takano, N. Baba, M. Sato, 7" International Symposium on Advanced Technology,
Beijing University of Chemical Technology, Poster, October 21, 2008. [3]H. Nagai, M. Hasegawa, C. Mochizuki, M. Sato,
Sintering2008, Poster, San Diego, November 17, 2008. [4]S. Adachi, H. Nagai, C. Mochizuki, M. Sato, Sintering2008,
Poster, San Diego, November 17, 2008. [5]H. Nagai, S. Aoyama, H. Hara, C. Mochizuki, M. Sato, 15™ International
SPACC-CSJ Symposium, Oral, Osaka, November 20, 2008. [6]S. Adachi, H. Nagai, C. Mochizuki, M. Sato, 15" The
Society of Pure and Applied Coordination Chemistry-CSJ Symposium, Poster, Osaka, November 20, 2008.

44



3. /%M - R+






3.1.1. F/HREREZE T 2AMARE Ry b OBRENL

Development of Biomimetic Robots with Nano-Functional Surfaces

gRtEw], EE3EH, =HEX
Kenji Suzuki, Hideaki Takanobu and Hirofumi Miura

TEpERFE T¥EH X7 2TEFR
Department of Mechanical Systems Engineering, Kogakuin University

This paper presents the insect-inspired robots with micro- and nano- functional surfaces. Two kinds of
robots have been developed. One is the water strider robot that is able to stand and move on the surface of
water using surface tension force. Various kinds of supporting legs with hydrophobic microstructures were
developed utilizing MEMS techniques. The lift and pull-off forces of these legs were investigated
experimentally. Then, a water strider robot with twelve microfabricated legs driven by a vibration motor
was developed. The robot successfully moved on a water surface and also made left/right turns by utilizing
differences in the resonant frequencies of the legs. The other robot is a wall-climbing robot based on
adhesive mechanism of ants. Adhesive pads made of glass and PDMS were fabricated using MEMS
processes and adhesive properties were measured. Then, a hexapod robot with glass and PDMS pads was
developed. The robot successfully walked on vertical and inverted glass surfaces.

1. ¥#5

AFEIE, EMOETORBE L EELHEL LT, REOMEEEE T/ - v 7 nLEMN
EVEBRTAILICEY, £HERAEOBELZE Ry hORREEENL TS, BRRED
BN EMTIE, AT—AOPRICLY, EARLICHRTREHOMEIERORENTEICH
N2, REOKEFEBICHA L TITBILTWA. 20 & 5 eRmfiEr THANTHEAL,
INElm Ry MUSETBZ LIk oT, HERICEARVH LV ERy hORFHEHIEOND LB
2 bN5. AFETIE, BERERTHET AVROKEABENE, TV OBEAITICER L.
FRAURIE, WEDSHKOEL, BAMOHEDOHUNC XY RERAEZFIM L TKROLIZLLH
BB LRTESB V. i, TV, HoXBICHIRKEMAE Y FE, Z2Ihbaish
AHEAFIE L CEERPRABCAEZEL TVE EEX LTV 29, Zhbi3uMe B RICHR
HOBEHTHY, Ar—LOHEREN LEBBHETHD EEXLND. ThbOBiEZ /N
oy MIRETRZ LIk, vfy FOEEERATER S GO FTREMANAD 5 721 TiE
72, BROEFESEAED A =X LADFERIZ LN Z EAHFEND.

2. REEHEFA L KEBEI A Y PO

2.1. FREIZMMERF ORI ORE

BAMEOWE L, REICMMEELRITDZ LICKVBAERRDOND Z LBMONTNS.
FRAUROHOERS, FEROETEOLN TSI L TEAMNRBILENA TS V. TIT,
MEMS 4% BT, FEICMMEE 27 o SEEOBKMEOFNZ A L.

OB EDE X ST IZ X 2EOMT [Fig.1(a) ]

SYaryIabicEE7+ hLUYUR L SU-8 THRIZ/ER L, PDMS(Polydimethylsiloxane)
2 LABMR OBIS 2 8ET 5. % ¢ 0.56mm OBESTRITE &4 T8KA FS-1010 284
FBHILT, TAVADEDL S REENRBLND.

(a) PDMS (b) SU-8 (c) Aluminum (d) Brass
Fig.1 Supporting legs with microfabricated structures.
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@SU-8 2/ LI-HfEm~oMimT [Fig.1(b) ]

SU-8 #EHEIZ LY ¢ 1.0mm OEFRCBAL, MEEEZ 5 BT TEXL, HBTs2LT
MMEE2EWET D, < A7 3F — 1 3ER 100 pm QP T, ML 50 pm Th 5.
O&BIVAYDyF L 2L AMMMI [Fig.1() (@]

WM T+ FLPZ RO OFPR 2BEICEVERVA YIZBA L, HEiEm% b5 BT TRZ—
VEBNL, BgETS. F0%, EBRUVAYOUy by FUICEIVMEREETS. &R
MEHT, 7 LEREAWEL. v 27 % — U TERE 100 pm DA T, FREiZ 80 pum TH 5.
2.2. XFRHORIE

B CEYELEXEREZ AW, KELLOES (RE) LXFHOBFREZHEELE. XFEH
I35 & 30mm T, SE8E EME 60 BT tiFf = bo& Az, XEE AT EARIZ RO S
WWAKEE FTICARDEDICEEL, ZBWAT—JTKEDEH S ZELERD. KE: XEFM s
T AR E B IO AL LT, XFHNELICKETSETKEEZ L XY, KL FEH
DX E S L XBHEZETERIFRE V—F—E 2RV THEIE L. E7223K% LRE
NHKEEB T SEZBRICHIC»»E ) BIEBEELA) bRIELE. SXHOERE, #if%
Table 112, XFEHLAKEPLOBEIDHERER% Fig. 2 17 7. EROREWVWHOSFRKE 2
TEANBOLNAZLNEREN:. EELINREBAOEILZLOTHY, HOBEEZEL
BlWhXEBEHIZEORLRBEL 2D, —F, 5IEBELNTEMARREIVIZENSKRS.
2.3. LWHFH LI-/KkmBEIe Ry b

FEICMMIN T2 LBk El 2 AVWT, RERDTKEICEE, HOLEZFIAL
TBET Ry F28ELEZ. v Ry NOABLBOERE%. Fig.3 (277, XFNT, RENC
L AREEEDHBELZF <2, ER 0.5 mm OEFRREZT v F 7 LELOEZAW, 12 KD
FROTRICEB L. 727 Fax—F IROVERZ R OEEE— %AV, PWM (Pulse Width
Modulation) HI#1Z X v IREFRZHIE L7z, RN 2 RE— FOHEIRIC X 0 H8LE Z#\V TR
L, KEZBZLiICLkoTuRy b #ETS. E/z, Table2 IZART LD ICEHOR I
BhoTY, REBKIC X - THIRT2HMMBE/ L, 109Hz TEHE, 115Hz THIER], 132Hz T
ERENTEETHZ. VFULRY v—EME =—F, HlIEHEKZEH L, EEiX7.8g TH5.
—%, HWOESOAEHI 1Im THY, mK 16gf OXBEHRELND L HICHRFEATWS. B
N TKEBEERZITY, BYMICIREEZE(LSE, KELTEE, HiEl, LREEZIERIT
DbEBZLIZEII L. AR EOAERH - THitteZ Lidid o7z, BEEEIXEES 70mm/s,
BEEDS 50mm/s ThH Y, FEEREZRITADN 800mm, £ 700mm Thotz. T bOFMEIZEN
HBHDIZ, HIRTIHORI LEABOBEWVICLDbDLEEZDND.

Table 1 Supporting legs Table 2 Role and specifications of the legs

Liftforce [mN]

Material Diameter Contact Leg No. Role Length Resonant | Duty
angle frequency | factor
PDMS 2.5mm 117° 1.-1,6, R-1,6| Support 85mm — —
SU8 1.lmm 128° L-3,4, R-3,4| Straight 90mm 109Hz 32%
Aluminum 1.4mm 123° L-2,5 Right turn | 80mm 115Hz 34%
Brass 1.0mm 123° R-2,5 Left turn 70mm 132Hz 39%

-8 -6

4

-2 0
Height [mm]

Fig.2 Lift and pull-off forces

Fig.3 Water strider robot with microfabricated legs
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3. EEFALZEESfTe Ry b
3.1 MEMSHFZFIALEMAE Y FOBRYE

TYDRENRY FE2BIZLT, vy FORKICESETHMH4E/\y K& MEMS ##izHwv
THRUWELZ. HEROMEIE LT, BhMRBEL A=A AOFANYETEIHTTIRL,
FHCEmE DEEMREL, RERBEENVHFTES PDMS 0 2BELEYELE. Ry Fh
LikiEZ RS LI, Ny FREICHEE 2%, HE@ICER 0.15mm D 6 BOREZRITT-.
MEHDOTEX, T A%y KA 8X8mm, PDMS /Sy F43 8XTmm ThH 3.

3.2 [EHOHE
BELEZ 2EEOMNE Y FEAWVWT, I7RAV—"KRETOEREFR, ERFROMNES
FHELE. HTRIZRDOEBRIITTZIA T 2—~E2EEL, Vxz—AREICHEY FEEEHIZ
LD TEIXEET L XDRIZTROEMNZ L—YF—EMNHTHEL, hERdl. Ry Fiv=
—NARENSENIRMONEEESFMOMENE L. £, ERY FEHTRAY =T
BULATER S MIZE 2B D XD ERENROEM I VKRD, Xy FRBVELEZRMAO %L
BERFMOMENL L.
PDMS /%y ROAENZL, BEOHETIZLALENR LN o272, BiEEFELTICF
S A DRETREEZIT-7-. Fig.3 KEEFMOM LT EMEHOBEREZTRT. #BLATSH
DML L HIZR/BHOEMBR SN, ZhiE Ny FOERIZ L » EftmEREmL-2H L
Zxbh3. ¥, #BFEICE, BLMATH 20mN 0 L & I0mN OFFEABF/ L.
H5 Ay ROFZEHORIFETIE, WAL LTHiAZAY, Xy FEAWVWTHERL DY =—
NEEICHIE L TERY 1T, Fig. 4 1%, 7 Ay FOBREFW, #ERIAOMEN LG
LI=AKOEDOBGEER LI LD THD. EEHFMOFMENL, ABENE EITIHTE A LENT,
DS 0.3l DL FIZHEAME 450mN OARELN. ZHIXERLA=ZADANCEIDZbDLEEL
bhb. —F, KEFEOMENTS0mMN UTO/AENWALIELNehoT.
3.4. BEEAITR ARy FORYE

ORI LV ELNE 2BEDOMHE Ny FOESEEZAN LT, ERBIUOXRAEESHITTS
6 BT Ry FEBUWELE. EEBRFAONEDZDICEMOSIIZ PDMS Xy F¥EEL, E
EHHOMNEDOEDIZEEICT T Ay FE 1IKER L. F7 A4y RIZiZ 0.3ul OKEIER
NHHBL, EBRAINNISWZ LEFALTHTHRERLEZTROED L 5L, HOKE
it Fig6 nE 52 Y v 7 BEZAVTEAZABIGEVBEEZH X5 ICL, HADIERDOH
A EFARESHSITEITORES L O ICERE L. HE2EA=ZARORRLIZR > THRDIC
FFazlicky, HWOB|IXBELICHKERNZ/NEL$THILENTES. vy FOEEIL, 3
AD PDMS /Xy FOERFROBEBEHTRXRETEH LI, T—F%2EFHTI5gL L. EE
ECIE, BEARIVENOBNLS L T3RHEDYDE—RA L MERBEHTIHHHETLELRD
B, HIAy FERTHFICERBLE. —F, XEREZHTTIHRICL, BEHEHENZHY
BbEdED, HIARy FOMNBEEEF DEIMIBIZERE L.
3.5. BITER

H5 2,8y Rizh b Ubiliks 0.3ul 17, vRy 207 AMEICHE S ERENHEER
W, KRB COBITERE T, FORKE, PHLLOEICBVTHLRAEZMIC L 5 H1TICHE)
L7=. HITO¥F % Fig.7 ITRT.

%‘ 500 z 500 * . @ : Normal force
= 400 L % 400 . ® | W : Tangential force
2 300 —F %’ 300 *
Q [ | «
s %88 i £ 200 .~y
2 ——n ] *
I R e 1'
g < 0 [ | , |, 1 L

0 20 40 60 8 100 120 0 02 04 06 08 1

Preload [mN] Amount of water [ul]
Fig.4 Normal adhesive force of PDMS pad Fig.5 Adhesive force of glass pad
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Orbit of the pad PDMS pad
':dhesive pad Fig.7 Photographs of hexapod robot walking

Fig. 6 Mechanism of leg and robot on vertical and inverted glass surfaces

4. ¥8
AFETIE, T AU ROKEBE), 7V OBEEHITLHOREMEDEFREZF, MEMS &4
Ik ERE AFERERELFOREEEZEUEL, MEfMEE2ITo7, £, IhborEMR
mZoRy hOBICAWAZ LIZEY, KEBEnARy b, EEBEaRy NOREEZITo-.
KEBEa Ry ML TUTORER G L.
1) MEMS i & ERBOREICMIMIN L% i L7z 3 FEE OB KR 2% L.
2) BERLZHOKEIZRIT2XFALEIEBLAZHAIEL, XHFHIHOERIZEFL, 5%
BELUDITEAMAIKFETDHIZ L 2R L.
3) BEEL-ZEME AW /KESEH Ry FEREL, HoXRZFIH L OKkE ETOERE,
FERIBENIRI L.
BEmAToRy ML TUTORERE LN,
1) TVDRENAY FEHE&HL LT, A7 2L PDMS Oy K% MEMS S#ffic X &8EL.
2 [FERy RONBEHZRIEL, 7 Ay RIZEEHINRKE L, PDMS 38R AIBKENT &
PR L.
3) 2EEHDO Ny FOFMEZAEN LRy NEREL, Bm, KHE TOSHITICHRII L.
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1) Davld L. Hu, et al., “The hydrodynamics Water Strider locomotion” Nature, Vol.424, 2003, pp. 663-666.

2) Kellar Autumn, et al.: Adhesive force of a single gecko foot-hair, NATURE, VOL 405, 2002, pp.681-685.

3) Walter Federle, et al.: Biomechanics of ant adhesive pads: frictional forces are rate- and temperature-
dependent, Journal of Experimental Biology, 207, 2004, pp.67-74.
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1) $A &7, /Mt Bz, &fE KW, =@ B KEERHEZFIALOKEBEIa Ry OB, BRFSm
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(1) Kenji Suzuki, Hideaki Takanobu, Kota Noya, Hiroyuki Koike, and Hirofumi Miura, “Water Strider Robots with
Microfabricated Hydrophobic Legs,” Proceedings of the 2007 IEEE/RSJ International Conference on Intelligent Robots
and Systems (IROS07), San Diego, CA, USA, Oct 29 - Nov 2, 2007, pp.590-595.
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3. 1. 2 FEBREERLZEEL-AGRILOERHEELD
B - EREMHEAREAEEEOHE

Development of SOFCs Working at Lower Temperatures
by Controlling Interfacial Nano-Structures

FARHY: - KA ER
T Bk T H AT TR
HRARERZBHERARF LIRS 2 7 L2 HH

Nagamoto Hidetoshi and Junichiro Otomo’
Department of Environmental Chemical Engineering, Kogakuin University
*Department of Environment Systems, The University of Tokyo

The development of new electrolyte and electrode materials makes it possible to advance fuel cell
systems that can satisfy the requirements of higher efficiency and reliability. Lowering operation
temperature is an attractive solution for constructing reliable Solid Oxide Fuel Cell (SOFC) systems,
whereas it increases overpotentials resulting from ohmic loss in electrolyte as well as charge transfer
reactions on electrodes. Considering the above, the enhancements of ionic conductivity and electrode
reactions are of significant importance. In this report, we investigate new approaches to enhancing ionic
conductivity and electrode reactions in terms of controlling the interfacial microstructures of electrolyte and

electrode materials.

1. S  KHEROREEBH L LTI/ SN QW2 BEERLREIER (SOFC) 3. MR
B RRE T AR OHEBRIREIC > TR Y, Z0EEEOM B3O TEERMETH S,
SOFC DOEENRELIKIE/LIT. ZFOMERFEE LTEHTH D0, KRIEBOEBRITIINERIE
I b BENA A U EEREE T D EREMECRGREEDEWEBRMEIORESLETH D,
AR CIE, BEERLOEROBMEEHEMICER L. HFICREOBEHEIC L 21/ 4 1nER
DHEBIVOEBRORCBEEDKEEL BRL Lz, EEZ T (FR 19EELED 1%, FiP
B35(150-300 °C) TEBNT 2 iR E A EMREREERORRE L B L L, EREOMBERIHE
LU e F o EEEBERE (VB IAREY U A (CsHPO,) %) OFHE%1To C& kLM,
CsH,PO./Si0, A KDY ER L HEHEBEEBOBEZE LT, AYVMAEZETL VY VRFO
I L 0. BIEBRIZEWT CHPO, OEEEM (LH&E) BERARE LV EVIEE S TRE
INBZEREALML o, T, BRIShEHRSI, A VEILEY Y b & CsHPO, DREICE
J 2 REFSHIC X o T CsHPO, DSBS DBARIRR A Ulc kb L w317 2P,

AR (ERR 20 £E) 1X. SOFC DEBHREDIKBIL DI DO BB E1T o7, LROME
BREICIR LT, F/ A — L ORETIIA A VBERBICBEO I HEREAZPIF SN D, SOFC
DEMREMEFCEBMEHI BV TS, REIIBIT 2BROFHANECBRELBREOEIIZLD
A A EER~OEBRTFHEENS, UEEZEEL T, ARFHTIX SOFC O FRFEIAOEMRE
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MEHERITH D Y F—F Ce0,(YDC) DIEFALIZE DA A BERIZHTHHEBIZ OV TRETZ T
720 WIT, ZEKHBAEL OIS SN & 2 X SIBEE OERIZET 2 Bat 21T o %2, 20Dk
Tit. RR GERAESRAE) BHEOFAIC X 2 Ecmtienm EICE B L, BEBEREEROMKE
EEHIET S Z LICE o T, ERBAEBORLITESS & V7 WES BABEREZTRICDORBREICE
ZBEBIIOWTRIELE, Thbb, BEESEMEL L L TR SN TV S LaxSrCo0s35 B &
T LaySr,MnO; s DIFEEBEORREIEE1T > (RROBHESRLEIED) Z L TEREBD
ERILOBREZITV, SOFC OE 2 ZEBRIICAT =it 2/ 2 Z L2 BE LT,

2. EBRF:
2.1. EV7 (CeO,;) RMEREME

BABESIZ RF =7 X br ARy Y o JEBEZFER LE, #—5 v MEHI YDC (10%
Y F—7 Ce0,) ¥y KE AV, BRENFTAF L — M EZEHRET VAR LA EZ—F > b
ELTAWE BB Ar b L< i Ar0=9:1 (EVEL) OFRER TIT o 2. RFEH & 2.3~4.7 Wiem®,
EiRL #—45 v FNOEBEA 50 mm, FRERFR%Z 025 h~5h, Ar/E£/1% 10~60 mTorr & LS,
FHEER, UV arvER IR ERECREEZIT o2, 5L SEM. FE-SEM, XRD ¥
IO TEM IC L 0 FToTe, SEBRIRMA L E—F U RiE QEBFIE) CXVFHELZ,
2.2. BEHBKEZESME (La;.SryCo0;s5, La; ,Sr;Mn0O;.5)

EBME L LTHEFIRBEBZTT VAL TER L2 CepgGdy 1025 (GDO)ZEMR (FEXIEEEE 93~95 %.
EX 10~12 mm, EE 9 mm)% AWz, Z5EHE & L TiX LayeSryCo035(LSC) By K &
Lao 7S10:Mn0s.5 (LSM)EY K% AV, Bt ARV Y — LV EICREL, REV IR b Ay ¥
$EE % FVCRF H77 100W, Ar [£77 35 mTorr, ZEARIREE 400 CTENEh 3h ARAE L, U
FERLE, RE#. 2255 T600°CH L < Ii% 1000 COBSBC L DHRFIEEITO Z & T, B
RO EEZELS T, FE-SEM % AW THEEOKER OREMELBE L. XRD ZHAWVT
MO EIT o7z, BEMERUVRIRA v E—F L AEZFAVT 400 CT~600 COFEIRT=
BB LY BERILFRIEZIT o7z, EABRICIZZESBHEBE L RE L7232 Az, 7B
IZIXPt—R b EAWE, BBRBRICITEMREIC PtREEE O TER Lz, ZXBEBEONEE
BERIROLVEHLE,

1
‘7=§ ===(1) (: REBEEE [Som?]., S: ZRBEME [cm?. ~ BHEER [QD

3. ERERARIUER
3.1. YDC #BEEME DAL EERFM
3.1. 1. YDC BitHEED R

JE5 (15~35 mTorr) . ZEAR(Z Y AT T R, #
& Si), EBRBEDOENRTA—F—2BEE
THREEZ RS2, XRD JIEDFKER»H, W
NORBEHEICBWTHLEAMETHS YDC
DHERPHER STz, Fig. 112 Si EAR I pE
L 7= YDC B2 BED SEM WrE BB % 5~1, Fig. 1(a) I EAREMBECRE L 72388 TH v | Fig. 1(b)
X EARINZ(600 ‘C) TR L7236 T 5, Fig. 1(a) DBfm & LBk LT, Fig. 1(b) O¥FEIZ L VY
—CERREOHELHRTE, ., BWEEMZ 22 LT, N)EFILICER L &M

, 600 nm %
(Q)EAREENEA (b)Z=ARINZL(600°C)
Fig. 1 YDC #iXD SEM Wi 5K
(Ar 35 mTorr, /7 4.7 Wem™)
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DRI ERETER L1z, LA~ T, YDC Biff 10" =
HEOFMIESEROURI S T LAY & | 3 =
AEETHDZ EBbhrol, % -y * s 600°C
g * * ¢
3.1.2. YDC DA HEH R i
EARIREE 600 °C. RUERRFR 30 min, 1 h, 3 h TR g 107 s .
LA AE L, BEXZNEN T00m, 150 nm,
300 nm, 500 nm T %, FAKHZ 800 CTHRUILE L7k, L TR MR e rae.r

WERAERITo =, Fig 2 ICEEBROBEEKRGEMEY Thickness [am]

Y, ZORRED, BENES RDITE-TE Fie. 2 YDC Ml 51 2 BB OBt
EES LT B BENEH S, = OBAR 100 n BLF B CRR B E 100 ma A
BT 5 EER FROBEIIARTIIZV, — DO L LT, EARE YDC #EEORE
IZBT B YDC EREBEDRHEANLIC & > T b b SNEBLiA A L REs O R Eic & 558
ThBILRMBEIND, BHBEEOHEICE > TEERO EANRE LS L b, SOFC KR ES)
DHFED—DE L THEDRFERTHDILEERTH S,

3.2. LagsSresMn0;.5(LSM)IS X T Lag oSty 1 Co0; 5(LSC)EE M2 KR D& Ak & HER A
3.2.1. LSM 3 X T LSC s B D plE

XRD BIERR LY. GDC EiR LiZHIT 5 LSM B LT LSC DARBHER SN, 600CK LT
1000°C DBILFE 24T 5 Z (2 XK Y XRD B/ — 2 OEHEER B L, BEOERESI R LT 5
TLDHERENT, £7-. SEMBELY . LSM BL U LSC OBHEEERER SN TNEZ L %
BRLE, =T —DRE SEM EH SRR ORI Z P L2 #E R, 600°CI LT 1000°CDE
WMIBIZ L o> TRIBROEIHNTRETH Y (LSM. LSC 3£z 1 600°C : KR 10 nm~20 nm DHKLTF ;
1000°C : B4 500 nm). Zh b OREEAVWTRIR (KIHR) BERBEGIZRIETEEIZON
THREt L7,

3.2.2. EXILFRIE

CEWE> Fig 3 CEMEEAVCCHELLERMO [
EXBHBBRETT. Fig 3 10 LSCRBUCINTH e | .
HFLic £ 5 REMTRORE R EREREL, HF0  § | .
HEICLEPRTHITRIERTRE R, —F, LM~ | . N
BB TIRERRE VR A RESERS LR T ol & %%
DEEENEB LN, o T, RIC LSC EEICH W T 0 01 02 03 04 05
BEOBEIC X VRROBESRISICEEREEE 5 € V]

N Fig. 3. ZZXMBOIRHAR (RIERE : 600°C)
- 7 < Co
e : LSC (600 ‘CRULIE(%)

]

<BA v E—F U RE> Fig 4 ICRHA v E—F 2 A LSC (1000 CHULEE)
. R _ . @ : LSM (600 “CHALEf)

ZBED BB STz Cole-Cole 711 hDHIZRT, Fig. X : LSM (1000 ‘CELEET)

41IZFRT L3290 L2 o0¥EARBRI Sz,

FRZhOXAOREE % Re. Rvs RU(FETZIX Ry, R)E LT, AEEER oy, om. au(E72iX
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ou. o)ER()LVEH LK, RERDS X OEMEFED
5. LSM & LSC #£iZ o RERNBERIST RO LBRET
RIS E#ES T O REEERTHHERE L, -,
RS ERIEEDOERFE RN D, LSM EEOHE. o i
BESED 026 R(=1/4 RIKETIRENE O, BE
BREDOEBBREILRICHET S LB 2z, —J5. LSC #iK
CBWTOBRESERFEEZRA L 25, o IZADKTE
METRT L PR IN, Fig 5 ICREEZELIE-5

(a)

(b)

A LSC & LSM DSIZEE D 2 R EmEEFR (o) DIREK %9 5 [éoo 2 400
cm
7~7, Fig. . Fig. Eil= I J i

T?'ﬁ’i’“f?‘ Fig. 5 &Y Fl% 3=<‘: RIERIZ LSC #EREIZ 1T Fig. 4. Colo-Cole 711 &

5 ﬁ‘ﬁg'%%@ﬁ%fi _tﬁﬁ)ﬁﬁ‘g é *Lf:o (a):LSM 1000 OCQQME& 600 °C§R|IE
(b):LSC 1000 °Ca4LE#: 600 °CHITE

3.2.3. BIAPBRELLISICRITTERIZOWT T [°c]

PIERFHHSRAEEERICEELRIELEERLE LT, 0 600 550 500 450 400

LSC & LSM ORGSR 2 fE@ROE N AFE2 602, |

RISBRIE, ©: SECORESTONM, ©: BEEE ., | " =

TOBERTOMBERE, O BEMKOBBREILE. B | % . "

L O | BRBARTFOBE s H ol ns  Sq [ * 8 4 )

BLXOANLY W%%{\ @ : %’;‘Tu*ﬁ#%%ﬁ@gﬂﬂ)ﬁm%/f \510 L 4

FrOBE, O 4O0BRIZHT b D, LSC EEIZI 2 T 14 15

TIXQ DBEROBERTE IR F (0.0 ERFZEIL(Vo)ITIRY 1000/ 7 [K™']
RENDIBRBLEGED VI RIEBBEELZZON5, Fig. 5. Z25ABMEiER HIEIREE 600°C
Vo' IZEERIRE OB ITHEY \tﬁﬂnff 5 ENFRESK, : ; Iigg gggo @?ﬁ?ﬂ%@ )

Vo' REPRE 0w DMV AHLUSEE I EEHA 5L @ : LSM (600 CHMES)

%2 bN5, SO Lk, RO LSC 0 o piEdsE ¢ HSM (1000 CRUGEE)

ML TRDEREMEZRTZLITFELRY, o T, KAFTD Vo BEBASVIDOENRLY bE
WZtILL o TRIEBMBESN=EE 265, —F. LSM #EBIZIWTIL, BERIREKRFED
HEENPOQOEREBRREOREILBMPEETH Y. MROFENFEE TIo LB LN,

4. F¢®
SOFC DEMER X CEBMEHIIIT ZMAEERIE CREEERE) 231 3 a8k LUER
RISCRIETHREIZOWTRET L. & SOFC DIRRIEBMLIZADIRFRTHDH Z ¢ %
ERAICEIEL 72,
51 FICER
[1] I_Otomo, S. Wang, H.Takahashi and H. Nagamoto, J. Membr Sci, 279(1-2), 256-265 (2006).
[2] J.Otomo, R. Kurokawa, H. Takahashi and H. Nagamoto, Vacuum, 81(8), 1003-1011, (2007).
WY IEER
[1] Junichiro Otomo, Takashi Ishigooka, Tomoyuki Kitano, Hiroshi Takahashi and Hidetoshi Nagamoto “Phase transition

and proton transport characteristics in CsH,PO,/SiO, composites” Electrochimica Acta 53(28), 8186-8195 (2008).
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3. 1. 3 F/arviyy FORERCEEN KT T FIEM OB O\ T
— =T ) T AN—FHE T ) R Ty FOEE L Ptk —
Influence of Filler on Crystallization Behavior of Nanocomposites

—Structure and Physical Properties of Carbon Nano Fiber filled Nanocomposites—
a9, o Ak
Yosuke Nishitani, Sadao Sato
Tobhy TS MR

Department of Mechanical Engineering, Faculty of Engineering, Kogakuin University

The internal structure and mechanical properties were investigated for two kind of carbon
nanofiber (CNF) filled nanocomposites (VGCF/PBT, VGCF-S/PBT) and the ternary nanocomposites
(VGCF/PBT/TPE), which are PBT filled with CNF and various functionalized TPE. Influence of fiber
diameter of CNF and addition of TPE on internal structure, mechanical and tribological properties of
these composites differed for each property. Izod impact properties and wear resistance were
remarkably improved with the addition of various functionalized TPE It follows from results
properties that the new tribomaterials with sufficient balances of mechanical and tribological
properties for micro devices may be able to be developed.

1. #3

WEE, F YA RDT 4 F—HFHELIZT ) aLr Ry M, 1ERDOED TREAMEIEITRRY, T
)Y A Rk Ba=— PEREORE S RBLEN D DT, AR IEA TN V. —F, &1
MBS L OES FREAMEIONREL, MEIONEEEIC LV EASND Z L bAbI TS 2. I
SEMESTHEE VRS, s s o RITT AR, STl D4R D
B, L Lenbd, EtEEs FMERCT ) 74 57— FH LTzR Y ~—F% )/ avRYy MORRE
B RSE DR SRR LIZABRINE L A LR, TP RRLTCWDORBIRTHD. £Z
T, EELIITNETICF ) aVRY y hOREREEBRET 572010, e BBRtE ToT& . &
—I7, RESMUEE R ENICEIET BT DDFEL LT, 38kD DSC AV VEFREL IRV, CCD I A
SERAWTY TAEA MR T RERR Lz 9. I, Z0OBR% Lo s
SEXANT, FrEY R A M AWEFTHELEZRY Fuery (PP) X/ avRPy b, &bi
TRV EER (PLA) 0K Y 7FLoH7F— b (PBA) (27 7 4 7— 2 LA ftEsiie T/
aLRY y M EORERACEEIR, T b OMSBEEEIC RIE T SR OB OV TRET L TE T2 9.

LMEREY, F ) a Ry FORB N RIET RIEM OREICOWT, BICHLNIT DD, ©
VT I EOMMDRERMEESFROT ) I— R BT O, 38X O OIGABIE U CTESEEERT~
OEEZHRI L. BRI —RF ) 7743~ (CNF) FET/arR®Ty b, @RIV 73
K (PA) FF/ avBUy b, QENMERISE T 2By bD 3 K THD. AETE, (DCNF
FEF ) 2Ry hOREFIL LT, B~ 7 iR TR O <o 5 CNF FTERY 75
Ly FL7ZL—bk (PBT) %/ 3B Py MIOWT, BHERNERD 2 FHD CNF FES TPE
DTN, PREE-EN D O - RIFT B L PR LTRERERET 2.

2. B
2. 1 #8

ABIFR RN, 2 FEiE D CNF 78 PBT #A#14H (VGCF/PBT 3 L U'VGCF-S/PBT) TH%.
X 517 ONF D458REER L OMSREEE Dl _ED7-, VGCF/PBT (AT L R RIBET T X hv—
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(TPE) 28N L7z 3 By a# £t VGCF/PBT/TPE) Th 5. < + V) v 7 Z#igiEEk® PBT (PBT,
WY BP0 B, hLr=1100P), FeHbfL UCEMEROR22 27 8H0 CNF BBFET 30 &, K
TERRREHE, VGCF B X U'VGCF-S) # AV /=, Tablel iZ 2 %D CNF O¥tt%~%. VGCF 1
X O'VGCF-S OFeEEIT 1,2,5,10v0L.% TH B. £, TPE IFETAF LR THY, =R 7 Lo K AT501

(SBS'EP, #A/MLFTHE #)), 7 b HG252 (SEEPS-OH, (%) 7T V), #7527 Py
Y —AMP10 (SBBS-NHe, fB{tAks I WX (#K) ZH =, %7z, SBS-EP |3—iR* 3, SEEPS-OH
I3UKEREL, SBBS-NH2 37 X VE% 5 FBEICET 2 L 5 1B 2T 727 L— R Th Y, FnE
32T 20wt %I CEE Lz, 3 B REatitl (VGCF/PBT/TPE) ObtEHELA % Table 2 (271
Table 1 Physical property of VGCF & VGCF-S  Table 2 Composition of ternary composites (vol.%)

Diameter | Length | Powder density | Aspect ratio Code PPl PS5 EEI ES OOl O5 N NINS
3 PBT 100 80 80 80 80 80 80 80 80 80 80 80
nm um g/lem: — —
VGCF 150 10 0.04 67 YOCE —
- SBS-EP
VGCF-S 100 10 0.02 100 SEEPS-OH
SBBS-NH» - 20 20 20
2. 2 BE

VGCF/PBT XU VGCF/PBT/TPE DOpiY, Tl (130°Cx4h) X8/-£fke RKS147 L
¥ R U7, —ElfHis GREEREEUET B0, SR 7T R F I~<A 7 1 2D15W) &V CiESE (250°C,
T0rpm) L7z, D%, BETREEREITY, AR (BREBHIE (0, NS20-2A) %A\,
FHEARA 2R LTz, BOREDL AV, RIS, " SUMSEOIEZ, 250, 260, 250 BLOt
240C, @BNREIX80CTHS. HHBIFIZ X W IE UI-BRBRR OB 2 8 HEoRE E L=,

2. 3 FEBR
TR, FEAREEOPRIEE R L OB, RN OB L U EERIME 7 A S L 7.
fEREEIX DSC (R EEEEYERT, DSC-50) V>, B LEZRIE L-. KREEAHEH D VGCF
DSFRCREESHNIA Tdh D TPE OFREBIER 21T 5 120, EARIETFIEE (AAETF (), JSSM-6360LA,
SEM) %#Rv =. SEM BZICHWERERT, 74 Yy MR OREBRA % Mz 24 BFEE L,
KR TPE 2 S 8/- b 0%, £RE L DO THS. & SITEAMEI R ORBEL IR+ 7=, SEM
TR L= % VT, TPE BHBORRZ ERBANCEHI L7~ 90, RO-ET, BECER do, G

EHE dw, BRETEIE dv B L ORI . Th 5.

BEBAMEE L L TIY, SERVEHER X OT A 'y MEEEE 2, & O A S L 7. R
PERERAEIY, JISK 7218A MRICHEILL, HEBRA BRI UMEFM (S45C) DEEEH800 HHEKCH LT, U
YT F T 4 A BRI EWE (ORIENTEC (BF) &, EFM-II-E) %AV CHIE L7z BRI,
Y HEZ 0.3m/s, EEFTEZ 50, 10035 LUV 150N, g —_
PESSEERES 1500m & L7c. 72, SRBRBAAAD S T00m (88
ARG DEEESRE) D BB A B LT, 72, B
BRI DERET— F BUS XU, MBS
RLFDOEEAET D112, TSRS+ H

o . oA ’
S i . / -
86 Trm . =1 126U X o 13 38 SEIL

VN RIRERDOBIHIREHE HRIE L7223, MREOHES ; JaSebert) e :
£ ZITCEEEY . Fig. 1 SEM of VGCF/PBT and VGCF-S/PBT
3. FBRRLER ?

VGCF/PBT

3. 1 CNF/PBT O RIE T HEHER O

Fig.1 IZ VGCF & VGCF-S #2341 Ivol %7t L7-34
B DT AV v MEERES OBWIE O SEM BEEZR1
VGCF & VGCF-S OFHERTHIRT 5 &, W& OMERD
BETTRL, BE L bABRENRIF CTH D Z Libh

Specific wear rate,

LogV( % 10-°mm?*Nm)
A

5. Fig.2 \CHRBHERASHEO{ 007265 & LC VGCF/PBT potson VOSSR ]

BEU VGCF-SIPBT OHEEEE Ve & Slhst OB coms
(150N) #7~d. HERREE V. D VHRIFEMES, #EEROEN ? o 2 4 s 8 10

WZEITHD DD, EAINIIT Ve OB, VaIHETF Volme fraction of fiber, V,(vol.%)

T5. ZHUXVGCF OFEIZ LY, EasEns kL= & Fig2 Vsvs. Viof VGCF/PBT & VGCF-S/PBT
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SOFPEREOBIBENEE AL UTe Z LIC K DN BN e L B2 bivd. Fig.3 i< VGCF/PBT
B LU VGCF-S/PBT DIExifai(bES ViDBHREZ Y. VeI RS LB R L35, 72k,
ANR—ADOEG EEET 255513 Y R B b VORI EF$5 2 L 2##ER L TRY, CNF Fii
XSS L, ZHUC K R OB RSB S D T E AR LTV,

60

TXGCFS/

S
é VGCF-S/PBT
i /

=

g

& 50

|8}

45

0 1 2 3 4 5
Volume fraction of fiber, V¢ (vol.%)

Fig. 3 Defgree of erystallinity vs. Vs of
VGCF/PBT & VGCF-S/PBT

— Spm 5 um
Fig. 4 SEM of the ternary nanocomposites

3. 2 CNF/PBT ZXiE9 TPE B
3 H%F/ arrRYy b (VGCF/PBT/TPE) OPREER2 BT 72012, T4 Y v MigsAEitk
OkTE % MKV =y F o 70EE L, SEM 882 L7fER0—H6l% Fig4 (o~7. VGCF 23
B—IZHB L TR, 2> TPE ML Li-5#daE R LT\ 5. £z, SBS'EP IR TS TPE 55k
HORIEINENZ b5, 0D TPE SEFEORRE X 0 3R 572912, SEM Efg>HiH
BFR U CROTBECESHE dn, ERCER dw, AR dv B K ORISRk % Table3 (TR
TPE SEFAORERE L ORI FRIEEIY, =R¥2 3 (SBS-EP) </Kig¥ (SEEPS-OH) <7 I v #
(SBBS'NH2) DIEIZKEL 7Y, =R%IEEEFT S SBS'EP 235 b PBT Ikt L TG Bl L\
5ZLAbhD. BT, w2 H#kT 5 & VGCF &% Tix SBS-EP #IE (No.E) 1ZH~ SEEPS-OH
W% (No.O) 78 1.3 R ARE <, SBBS-NH%IR (No.N) 78 3fFHREERZ . Z UL SBS-EP
IZEENATRF EAMMOERERIC A, PBT FOT T /VE L ORISR EE 2 bivs. OF
¥, SBS-EP i PBT & DIREHENRIFTH D28, BERR L ORI TR NS 25 T L 2R LT
WA, KIZ, Figh o7 A Y v MEFEE an LRI FIEEE ORRE RS, anid SBS'EP #I%R (No.E)
12k~ SEEPS-OH #¥9I% (No.O) 7% 0.4 f5F2EE/h &<, SBBS-NH:%9I5% (No.N) % 0.2 2R/ &
V. OFY, BRI VNI RBIEE an ABAEW I LN hbs. oA, Wulilk b PAGEPR
DEETHRDONEHDTHY, EREEZFTE L7 TPE BN LY TPE 2#GE MBS BIET 2D T,
TPE &~ bV v 7 ABHSEIO FREESR IR TN L, ZORERE U TEANTRRRERIC X HBdE L
F—HRINT 5 = L SERER B2 L E X OD. Bikis, FEEEERREREL LT, HEERER Vs & dv DB
%% Fig6 \T=T. dv DB HEERER VT ER L, TEEFEMME T2 2 LB 00d. ZhbDfs
B, TPE HEfaz/N& < 35 LEEREIm 452, SRRV NS &5 LR T 5
DT, FEHESNDIPIAZL VAT U RAEE X TMBECEIRETDER Z L 305,

. . =15
Table 3 Particle size of 20 7 Noueamme | E T pParp.
. ~ m YOS Z ! EPS L=1500m
ternary nanocomposites % ~, EP & l v=03ms
= £ \
215} \ 4 !
Code & & 4 d/d, 4l 7 = N 2 10 \
pm__ pm pm . m S J/ J \ on
NH, 113 177 313 156 276 047 é “ N |
NH3l 145 202 297 139 205 055 § 10 ¢ OH\‘ o OH1 g \\ /
NH,5 095 109 141 115 149 032 g N \A NHa % 5 .
- \,
OH 071 079 098 LI2 139 020 g. s A T e \ g /'1\\\ NH,S oy N
OHI 137 172 22 125 162 04 5 Nz /‘ i - EPLEP \1Z\ \54/
OH5 119 157 223 133 189 043 S O \m, §_ ______________
2] OHS5 -7
EP 051 057 071 LIl 139 016 0 . ) 0 ) . )
EP1 045 050 058 11 131 0.14 0 02 04 0.6 0 1 2 3 4
EPs 049 054 064 108 129 016 Interparticle distance, z(um) Volume average particle size, d, (um)

Fig.5 ainvs. 1. of VGCF/PBT/TPE  Fig.6 Vs vs. dv of VGCF/PBT/TPE
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4. ®&35
T VRV y PO CEEEN KIE T FEM OB E T 79I, CNF FBERY 7F LT

Z7Hb—b (PBT) %7/ arARTy MIOWT, #HEEN’ RS 2 FB D CNF FHEB KLU TPE O

HNA3, PHIRRERS T b DM RIT S REE S PO LR, MiERRD R 5 CNF OFES° TPE

WMZX Y, NEEEIELT22 L, BIUOENOOYENRKE S EBEZTH I L#HALNILE.

HiRE

ABFFE T2 VGCF BELUVGCF-S IHBFIEL BB, AR 7Ly FidF A B MEFETE B, 7 bt B

IV, BTT IR IANA BR) BOENEIWMEE ST b0 THY, FEREOTIRBIUESHR LT
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3. 1. 4 aR)v—T7 VAW /S BEEIED AR
Creation of thin films with nano-structure by intermolecular phase-separation of copolymer brush.
NIFEE . SFRTE 3., GHEkrE=
Tadatomo KAWALI, Shinya TERAMACHI, Yuzo ITOH
<7V T7 AR

Department of Materials Science and Technology

Abstract: Hetero-arm cylindrical copolymer brushes were synthesized by free radical copolymerization
of two kinds of macromonomers. Utilized macromonomers were polydimethylsiloxane, polystyrene,
poly(methyl methacrylate) and poly(ethylene oxide) macromonomer. These macromonomers were
copolymerized in the benzene solution. In the much combination system, there was the phase separation.
The copolymer brushes were analyzed by dual detection size-exclusion chromatography, eluent gradient
HPLC and FT-IR.

1. BT

RY=r70E/w—i%, KIS EEZRFOBS F (7/ae/ v )2 EST2ZLICXvELNET
FURESF T, REEOHERAETEDRICLVER D FLL TEHIENVR A Z R TILAEbh TN
B, ZOBEOKEIZ, v /aE /v —DHFEIZEY nm~%K 10nm A —F —IIRETEXS, —FH T, 7ay
r7aR)w—rS57haR)w—it, FNEFhORL Ty 7@#NES L. I/l BIEE 2 EAZ ML
&b TWS, ThHOMEZFIATHIE, BE~v/ot / ~—DHXERICIVERLET FIROaR
Y=ruE/v—, TixbbaR<w—77U, S FRELBEICEY B CAEBMLEEZREL, BBl
IR — VDR CEDRRBEORTEE 15, T /OB EERZAIR T LA T
%, MRV wraE/ v—0OE, THBIUOEOSTE, REERE THILIIY, DIHLEEERSF
ZXBF IR — LV ORBRBIEDEBRITFIRELEZ 2 5ND,

ARFETIE, Hx D<I/aE /v —DHATICIZEERZITN AR v—T IV E2ERL. EDHFTF
BIEOMIT 1T, TNOHDIAR)v—T TV NoERETARL . T/ BHEEERED, o FELE
BEMEDBIREBALMNICTHILE BRIEL TVD,

BIEE T, RYDAF L axH 2 (PDMS). RUZRF L (PS), RYAZ ZULFEAF L (PMMA), RY T
FL AR IR (PEO)D<7uE /< —RIOFMAEDORIZ OV TEEEGZITV., £EESMHIZOWTR
HLTEAKRELSOMARDEIT, RERY<—. LEH
IR\ DIR-IRFRSYBER R, & 2 DM TIESN { % o Chs

O-8i—+CsHeO— C~ =CHs

REZ BT ENHALME T, ABE T, TOFERREIR
CH3 "

NHIELT D, Polydimethylsiloxane macromonomer
HaCeaCH2CH—CHzCH20 (‘3? (CEZH:JH
102 2 I3 20—(~-L= 3
2. EBR
2.1 RAB : Polystyrene macromonomer

AR TR, RVIVAFLVaxYr-wInE® /v — CH, o cH,
(PDMS-m, MW 5,000, F>YV#ti#ft), RURFL-=78F 6 con,ts<cn, %:G-0-CH,~GH-0- ~&-C=CH,
J<=—(PS-m, MW 6,000, BEEARALIREL), RYAZ IV ER tgco o on
AF V=0 /~—(PMMA-m, MW 5,000, j L i Poly(methyl methacrylate) macromonomer
#6), RV =FLoAFR-~7aT /v —(PEO-m, MW 2,080 ¢\ 10 oy, CHz)—O—g—g:‘éHs
E MW 1,100, 7 =T7I/VRY y?‘*ﬂ:@)’i’ BER LT, RS Poly(e‘:hylene oxide) macromonomer
Eix. Wb AZIZINETHD, RBRLIED FRIIVS Fig.-1

. Sample of macromonomers
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a7 fETHD,
22 EEAFRTORRBOKER

< rut/v—1)/~vIuE/v—2)/ XEROBIREE . RIGBELFU 60°C THRERL,
2.3 ¥HEE

4 D< 0 /~—DHAZFRRIZIBN T, BT~ B, BBAANZ AIBN Z AV, 60°CIZTFY
INEBEEEIToT, LEEER. ERNIC 2 HOBERENSTEOONIZRIT. TN TN OFEELS LAY
~—Ro%EIR LT,
23 o FIEERT

IRY = — DA RHERIZIZ, SEC ZAV V-, EHMERKIZ. 'TH NMR 2Lk 7=, Tz, BEEKRS 7V~
N HPLC \Z&VAER DA Dfi##T . FT-IR IV EKREEDRTE . TN ENERAT,

3. BRLEE
3.1 Macromonomer 1,”Macromonomer 2,/ Benzene R DFRIRAE

FRIEDOREFRIL, Fig-1 IRz~ /~—%2 A A bEITok, BB EbEOE=/RK

> RHE% Fig.-2 IR~ 7,

Fig.-2(a)iZiZ. PDMS-m /' PS-mBenzene 52 DFERIZ 7R L7z, TEBLAI 80% T IZAE 5 B Bh AR5 DD
L, EVAE R SR B TR BE T AL 3oz, SDIMIABRKRRIZ, D LT ERMICHESBELZ RS
L. O BEL 7= En TN DOHEDMEAIER ITRY . EHIZTHRICHERFLAF L ERMMENT,
FIRDOFER X, PDMS-m, PMMA-m,”Benzene k. PDMS-m,/PEO-m,/Benzene &, ThEHT,

Fig.-2(b)iZiX, PS-m /PMMA-m, Benzene R DFRIZ R LTz, IBEH 50%fHTITHE 0 BRI
b, HETBBRINHILODOERIALBEZRILT-, £/~ PS-m/PEO-m,Benzene RIiZHB V" ThH
IR 50%MHE I BEsiAR SFROL A, 2R TiE, ERNELBHIEES T RN HEBL
TS BERE TH o7,

Fig.-2(c) IZiX, PEO-m,/PMMA-mBenzene RDFARZRLIZ, ZDFR TiX. 60°CIZIVNTAVHE
BREEF T —HHLepZ R RSN,

1 phase o

PQV—CS"H = = - o ; PS-m PS :\ = o = > F‘l’.lMA m FE&; m “ N o o p"-“vi&f!\
(a) PDMS-m,/PS-m,/Benzene (b) PS-m/PMMA-m,Benzene (c) PEO-m,/PMMA-m,Benzene

Fig-2 Cloud points curves of Macromonomer 1,”Macromonomer 2,/ Benzene at 60°C

32 aRYw—T VOB LN

aRYw—FFTDERIL, Fig-1 (TRLIEZ~7u® /) ~v—D/AAEDLE TITo%, €055 PS-m./
PMMA-m. PS-m/PEO-m (ZDVVTRT,
3.2.1 PS-m,/PMMA-m,/Benzene %

PS-m,/PMMA-mBenzene & Cid, H— R DBER CHEAZToT

ETHERITELD., BE50% TORRISDOHFEZ B LEDMEEERE LTz, FFHOERRITRIH
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Table 1. Preparation of Poly(PS-co-PMMA )by radical copolymerization in benzene at 60°Cfor 48h.

S Feed (g) Styrene Content ( wt.% ) "
ample Composition in the Fractionated
Code PS-m PMMA-m Benzene AIBN phase POst actonater,
respective phase Copolymer
PSPMMA731 A 1.0507 0.4520 2.8198 0.0067 o 57.0
PSPMMAS551  0.7750 0.7506 2.8100 0.0066 413
PSPMMA371 0.4497 1.0501 2.8306 0.0066 - 21.7
' » "~ Upper 702 658
PSPMMA732 , 1.0575 0.4610 1.5252  0.0045  Lower 449 40
PSPMMASS2 07540 07590 15179 00045  UPPer 336 459
v i ] ~ Lower 31.8 216
Upper 24.1 289
PSPMMA372 0.4532 1.0640 1.5096 0.0047 Lower 237 216

1) Determined by '"H NMR; JEOL ECX400, CDCl,
2) Fractionated by SEC

HY. ERIITHRIZERAF LSRR EIN T,

FEAIX, Hx OvraE/~v— AR T, B 65% 0¥ —REVEHE 50% D BERE T, BLEH
{Z AIBN Z FiV) 60°C T 48 BFfITolz, H— R TIXEAK T ETH— | ATEITL, HiLESEDOE
IRITIZIE 100% ThoTo, —F . FBDBER Tid, EE DETITHEWEIROMMES EF L, EE%I
BEXIIHALODOERN 2 MOBERETH -0, ThENDOHESBLRY~—E %2 EIRL
720 LUK L BRI B EE 2572728, EIRERIT 85%03D 95% Th-o7z, ENRLIZ& 3B
Bix. EFIZAFLUERRELSTHIZRAF LG RNEL . IR RIGSRDOE OISR L T
77 ZhiZ. EABRIIBWTHLBELZE £« DT /et /v —ITOMOMBR L TRIGL, S
DETIZHIFZFROM TOMEBINIH EVEILBRNENZ D,

SEC IZBW T, REEv70E /~—JVES FEAIIZaR)v—LE 2 oha— 70358 bhiiz®,
SEC zXvaRy<—&43IL UV—RI ZERH SEC iZXY AT 0o FEICK TR E R, i
Bz, aRY)v—ERDAF L ERPRRIGDFFHITHISL Tz, FSBERTIX. ENENDOFET
FEANEIY . AL R LT BRI OaRY v —BAERTHIENALNLRST,

SEC B L7==2RY<—% A\, HPLC IZLB RO MR OMBTE R T2, LA L., WO D5 BERH
TRELEN, MRIZIEU BB LIZRRZBEHO7a<w N LR BLN, £z, BT L~DOREE
EREZY ., EEMHEBRSFEZALIHITTII LI TE R o7z, IRV — DI T L~DIENEREIL.
IR —T T EV AR S TAEIEIC R TR LA RS,

ZhbaRYw—T FUIONTEREEDHENT %, FI-IR (T TRAZ, HEEGEDHE . DAAE
RIS BV BRROY T FADY T EBE BB DT NIRO LN, 7272L. PMMA H3k
DT FMTIFBARRBD NIRRT, —F . 58K SEC A RISV E/aR)~—T7 713, HitE
BEDBALERY  BFBEDONE o, ZRHIZONT, TR I TV BRI EDR
HERRETT 2.

2L EXY. PS-m,/PMMA-m,/ Benzene & Tit. REISOMBR L ESE OB LU BlaR) <
raE )2 —OMEBHEVEILL TORNWIEND, BDBEL-& 4« DM TOESRINIL, BEE OHET
TS ZFE DRI TOMEBBNIH EVR ORI, IBIZ, <70t/ v —OXREGEENRFCAZ 70
ANETHBZEDD, ALFE SR THIIETFRINDIOITHE OF /v — RIS 1HIZian
ETHBILERY T, RE—RICBO TUMDABRER T THZLIZ IV DR EE B DR D=
R)w—T 5L BRTHILIITRETHHEB 2 bND,

3.2.2 PS-m/PEO-m,/Benzene %
PS-m_/PEO-m_ Benzene & TiZ. PS-m & PEO-m OALAKRRRIZ, 317, 5:5.7:3 &L, BB 65%DFRE
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YR 55% CEA DETITLEW RS BE

Table 2. Preparation of Poly(PS-co-PEO)by radical copolymerization,”

Styrene Content

'3'531'%‘&@5)5%&’5\ Eﬁﬁé%ﬂ‘: Samp]c Feed(g) (wt‘%)z)
AIBN Zf\V)60°CT 24 B¥RAT 72, 8 €% psm PEO-m Bemzene AIBN C;gg;ggg;;}g the
HEFMERIZ, B —FTho7/2ME PSPEO(2)731 1401 0.600 3710 0.014 71.0
O L o NS T S S PSPEO(2)551 1.001 1.006 _ 3.720 0.014 493
B OETICHVIRIRORMEDS LR L. $55r00371 0600 1400 3727 0.014 275
TRTORETCHBNEDON2S, PSPEO(2)732 1400 0600 2452  0.007 693

_ PSPEO(2)552 1352 1350 3.308  0.008 50.7
< 7uRFRS BRI HRd o7, £, PSPEO(2)372 0600 1399 2462 0.007 30.0

B 55%ELI=RB O LTS VS
ZHEUE, £30ENT, SREEEIZIYE
U7,

1) PEO macromonomer molecular weight: 2080, Solvent: benzene,
Temp.: 60°C Reaction Time; 24h.
2) Determined by '"H NMR; JEOL ECX400, CDCl3

Table 3. Preparation of Poly(PS-co-PEO)by radical copolymerization.”

EUR L= EAEOMRIX. 'H Feed (g) Styrene Conzt)ent

. " R Sample wt.%
NMR (ZXYRD7=H, NI, Sk Cogc Com( ositi:)r)l in the
i N PS-m PEO-m Benzene AIBN post

DEEVTTIREETHIE L, respective phase
R PSPEO(1)731 0.702 0.303 1.860 0.007 —
ZOFRTIX RRIE¥78E/~—¢ PspEO(1)551 0501 0.501  1.860 _ 0.007 313
2Ry —J%. SEC HIz43BEA R4 PSPEO(371 0303 0700 1859 0.007 30.5
’ . B@ ﬁﬁﬁ RL= PSPEO(1)732 0.701 0.299 1237 0.004 73.1
Tholel®, BITELVRK I PSPEO(1)552 0497 0500 1242 0.003 66.4
PSPEO(1)372 0.302  0.703 1227 0.003 71.5

PEO-m Z#AEMHEIZEIVRKIE
PS-m DBREERAT-, R~ 70F
J—DRERESRIX, SEC &, #iataR

1) PEO macromonomer molecular weight: 1100, Solvent: benzene,
Temp.: 60°C Reaction Time; 24h.
2) Determined by '"H NMR; JEOL ECX400, CDCl3

V~>—DRARRS BNZE ZTHD HPLC & AV RAAZ Tz, LivL, SEIOREHT, TV DFEIZXVED
AT N CEIRD 072, 7238 PEO-m DEMEALITV., FIVOAERERERLIZZEND, PEO-m FIZ°F
BEMETE / ~— NIRTELEB S NV B AR LIZTREMEA DY, 'H NMR (ZXBHERRAEAT 250 AT REME SRR
Ehiz,

INHIARY2—T FUIZONTERBEDHENT %, FI-IR ([ZTRA, HERESELETEZDOIRY
v —T7 3% T HE, PEO $K-CH,-BBRDOIV T FNDT 7 NSEE BB RDOONT, FHEEL
725 PMMA Hi3E C=0 > 7 F/ZIIELBRBOONRNI LMD, KRS PEO-M BREThHZLITX
VIR =—TF S DRISEHEENEILL., #ERLL TPEO 8RO 7 FVELRRBOLN-EBDbNhS,
INBDOEALN, EDIHREREEERL TWEDNIE, S BRELRBENTRLETHD,

324 ZOMOFR

PS-m,/PDMS-m, Benzene . PDMS-m,/PEO-m,/Benzene 2 & PDMS-m,/PMMA-m, Benzene %
X B—RTIE~r/ae/~—RBEBNMRWZO  MOBERCTIVINVEREEZIT o, ZhHDRITH—
MAREDLD T, ZODBIRIRoT-aR) v —T 7 NE &7z, PMMA-m,/PEO-m,Benzene
Rt VKRG T — Lot Ex D IuE /v —BEICBITAEESERI L. &
£. ® PEO-m M RZIZI WV TH /LB IV L BBt PEO-m DIRFELE DNz, ZORTH, FI-IRIZK
DEREERNTER DT, BEZ OBEEFNT P Th5,

4. Ft®

UEXY, Bvrut/~—REER T, ROSERREESBIRIRN 72O 'S BRIV,
HAPREIZEDII. KRERELY LT3, Thbbvrut/ ~v—REZ LITALERDHD, 207
b, /0T /v — DA EDOBIZL o THOBELIZRERDN, BH—EREhD TROWAESEER TRIT
i, HEBREIZaRN)~v—T 7V DR EEEICRAE THILENFRETHHI LA, PS-m/ PMMA-m
/ Benzene RIZEVBAL) L2077,
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3. 2. 1 WKL OEEAR IO SRS AR Ol

Control of Nucleation and Size Distribution of Crystals from Solution

BRELFETFER ME AR
REAFTFR HH %
BREXE ¥R R
Department of Environmental Chemical Engineering Naotake Katoh
Department of Environmental Chemical Engineering Tsutomu Nakata
Waseda University Izumi Hirasawa

(Abstract) In order to generate nano-size crystals, we attempted to irradiate ultrasonic
wave into a batch cooling crystallizer. In case of usual batch cooling operation,
nucleation did not occurred at saturation concentration and occurred at supersaturation
condition. Conversely, in case of batch cooling operation with ultrasonic wave, nucleation
occurred at undersaturation concentration. Experimental results showed that KNO, crystal
size of order 1 micrometer was obtained at undersaturation concentration by use of
ultrasonic wave. Furthermore,we attempted to irradiate ultrasonic wave into a batch
reactive crystallizer. Experimental results showed that by use of ultrasonic wave reaction
and nucleation process were strongly influenced whereas crystal growth process was not
influenced and CaCO, crystal size of order of 3 micrometer was obtained.

s

1.5

BoFEH S TWABIRCT / LUV COBBK T ORER B 5, BHMKIFITEF OREE TIER bh7su,
BFY A AR, TSR, LEHAYE. KEDRREDEZL OWEEZFLTREY, TOMRITERRSC
e bR, BRSOl PSR bs o T STV D,

ARG, 9. BATEEOT TR L EANARGBHESETE L Y B ZiE CORBIIERIEN
2 RBEHBE LD B BE. SHICTRDLEA Y T A RIESRRIEREEFBRMIC L > T LT,
72 O RBE R A BATES OB, X bICHERGOPERITE L, BREMICBIR iR D4R
BT EEEBNE L

EEIREE S VU v A (KNOs) OBAIES & VT,

KIC. RISEMICR LT, BEHHEHENED L S REBREX5h, & IS L AR ~DOBERD
B 7 | ORI A ORE IR R L O O~ DB R LT,
%ﬁm\ﬁkﬂwv?Adekﬁﬁ%bU7Ammaw#Bﬁ@ﬁ»vﬁb(wxw®%%%$ﬁ¢é
BOS et 2 vz,

25850

e oS B T 2 70 I IR AT D RE S F OB Z R Z L, #&ROREIHKE - BET D4
FTRH5D , bbb, REICEET BN T LT T, WHL THRE L2t Iz b2, —7,
$m%u\%%ﬁ%%m;Dé&?éi@ﬁﬁhé&%KEEﬁ#ﬁK%EK&D\:@Eﬁ%%%ﬁﬁk
LC—KE LRI, Z L TRENERTD L LTS,

SO D, BRE. ERERE~OBEHEOEEISOVWTHENNDH I, ERIICHAREI SN TS0
TRy,

3.EBRIEER L UL

3.1 EREE

FEEIEE OIS % Fig. 11277,

:
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AEBROBERIL. QDAY T4 ARESTREER CKEL—Er7 v 7#H8) AW TRIMEN ORI
EROH % DT A BERTE B2 L ThD, ZOEBOFEIT, L—— b — R 244 HRH LAt
BENBEBITDHEND Z2ITH EDL,

e
— - @ @ @ Online Crystal Size Analyzer
@ ® Crystallizer
@ — ] D- o ® Ultrasonic Homogenizer
o O
@ Trembler
«— (® Thermostat Bath with Controller

Fig.1 Schematic diagram of experimental apparatus

3.2 EBHE
3.2.1 B AIEAT

ERFIEOENF Fig.2 IR T, #ik 200 [mL1% %% 500 [mLID Y+ 7 v MISHTEOIAN, mHIK
POy Mo L, WikE 35 [CIREICT 2, WRICHEEED U 7 A(KNO3)% 75.68[glfikIZIRA L, 5E&
ST, =0 75.68 [glix. #ik 25 [Cl. 200 [mLICORSEED U ¥ LD D, 1R 2 HIERH
saEFE 28 [ClE T FiF. FBRMOIZ L AERAR LORAREPHIELZBKBL, 70T L \ROERHE
B84 PCC-7000)1Z & - T 40 [minl 233 T 20[°C1E THHAI L=, BEEFAEBO(= A= 57— UH-50)
AW 20 [kHzl, HF 50 [WICHIEREL & bICRE L, BIERT ECRE LB 7=, ARRLZL DI
AEBROBERIL. BSARSEICRT 2EREEDETS FBRMOWK LY, A7 TRIETEDZ &,
L7=MNo T, BEROBRE, BERE~DFELA MDD LN TEDILTHD, £z, FBRM T 05
pwmH6 1000y mE TOREREZRETHZENTE D,

BERIC L) BTRRNICRARRET B D LiIdHaE L b5, I T, MEOFE, ML FHEME

(FV 8zl BX51) ICLoTHHMELE, “DEXx, YU FPAORELZEMFFRCICRDL I
LCH v IR D ERRCEIRZ B CT-0Iz, BE#FAZ 20°0C0 6 28°CL LT,

Adjustment of KNO 5 solution ===+ 35[C]

v .
— KNO ; undersaturated solution === 28[C]

v

KNO ; saturated solution ===+ 25[C]

Ultrasonic
wave

L
KNO ; supersaturated solution ===+ 20 [(C]

v
KNO ;3 crystal

Fig.2 Experimental scheme

3.2.2 Fiaem
EBEE I TITIE Fig.l LA TH S, 300mL ORI LA L2 T AKEER 100mL Z&A, KITK
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B Y U AKEER R —SICHES T % L RAFC FBRM I X ARRAB I URRREDBILE, 1AL A—F
—IZ X% Car A AV BREDORIERITR T,
4 RERROELER
4.1 AHIGHT
BERBROL., EREEB I ORITRENEE~DOEELR LT,

BT ERRN OBRE DEBRER L Fig.3 \URT, HEON 7 v M IV —Y—RBR 24720, 20
ﬁ%ﬁ%%ﬁbt%@f;ﬁm@&_ﬁmféFk3®L%@@ A HEAT T, EPIREE S faFEEE 25°C
WICFR-ThH, RIS, SEEENT, £ 233 CTREBDERIPRD BN D, £ L TRITE
ik 24 &&ﬂﬁ#ﬁ?ﬁ#—mh&ofwé EBROBND, EBRBRIAIHH 27 4 E TIiX FBRM @
AT MRITP e TH Y, HFFEMSEIC L ABETHRBITGED bR o7, EBRKETRL=40 2T
BRI SA (CSD) ZRHFHMSETHE LFERY Figl3 177 d, DL FBRMICXD 4 v MED

FERZ BT 5 L mE ORERRIIRE—BE LTV D,

(KNO, 75.869)

—ee0-10( 4 m ] s 1 0 =30 [t m ] e 30 = 50 [0t m ]

—50-70[4 m] ——70-100[y m] —— — -Temperature[T ]
100

T 29
8o —=__ CHRpERmME-EE | 28
80 = P 27.1-299[min] T 27 _
- 10 m=—— 23.3(°C} ; t 26 P
z 60 = : - 25 £
g 50 ppgn Ve ! 24 ;
s 4o — BnER Y 23 &
30 K = 22 o
20 1 21
10 20
L] 18

Timelmin]

Flg\3 CSD and Temperature trans1ents(w1thout 1rrad1at10n)

20W-40min(KNO, 75.869)

—ee @ =10 [y m] .._.—.‘0-30[‘1 m] —-—30-50[“ m]
s 50 =70 gt m 1 e 701000 ¢ m ] w—e—eTemperature[C ]
100 29

so 1 BRI RE | 20
so \\ 2763—2942[I:m] JE 27
70 ~=_\. 2382[’0]’ . 26

1
Temperature[T}

Counts{-]
WEYAL

Fig.4 CSD and temperature transients(with irradiation)

Fig.4 1%, HPIEEN 28CIchRo7c & ZICBEREBHR L7 L EORRTH D, BHFEORNL FITHA~
TAHNC L AFRAEDREN 23.8°CL Fig.3 DEBA L) LREmWIREILR > TV D BEIUTI EDEITRV,
FRZE \DIL, EEREAMED OB AN X 2 AT 2 5 F T, B 0~10 » m¥B J T 10~30 1 m DK
WREROH Y MNERT I LEORML T\ Z & THD, TN Ty MUIBEERIC X 2KIBDFEEDE
WA F NSRS HDOT, BATENOEREZK 0.1mL F 7Y 7 L, TR0 OFHHE TH
827, FOfEEY Figd \ORY, t=bmin OHAIIAFIRE 25CLL EORBIERTHY , TN TH 1
~5 u mOFEBEDKRMER L TVWDARER SRS, BFHCLY., RFMNCGERMERSER I
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b LHERISND,

4.2 RS AT
BER 2R LRWGEO/RR%E Figs 12, B LIZHEO/RR% Fig6 [T,

wmee (DO~10[pum]  ~==@10~30[pm] ===@36~50[un]
e (D0~ 10[pum] cenne@10~30[pm] =@ 30~50[pm]

_ _ =] —@350~70hm] —~@®Ca 17+ ‘fb
e @50~ 70[m] B O[S W Ep 16000 2000 ‘E
16000 ¢ 2000 g 13000 [\ 1800
14000 % - 1800 gy ™ 12000 - lbUO%

—19000 TN ~ 1600 N _l. - - 1400
e ( 3 Q 1400 Jg & 10000 U 1900 R
ﬂ 10000 % f 3 1200 ~ -!\- 8000 : R S = @ - 1000 :

L 8000 : - 1000 4 . N . 800
N 000 \"’\ @ _ 800 N\ N 0000 fro 600 *:?
g 4000 ‘%(‘M(,_-b (123 i R 4000 i - // B . 100 é
2000 | T ;400 A 2000 Z . :
000 @~ s 900 R o e 200 R

0 4. e () 0 (4]
0 5 10 15 20 25 30 0 5 10 15 20 25 30
B il [min] B [l [min]

Fig.5 Experimental results(without irradiation) Fig.6 Experimental results(with irradiation)

Fig.5 TIIERBIAHRR 7 5 CODOHRI TR M EEL (7J vy M) B L. @0 10~30 p m DK E 725
mEEN EEbo T3, CaZA U BEIX 30 HE%ITITIZIE 90% 3 HE SN TV 5, BRI BRI D
a2 RLT\5, Fig Tix, QL QDEKDOFEE S i’@ 59, CaztA AR 30 5% TH 50% L
75#%?5&(‘«‘7211‘0 ZIUIBERBHICE o T, OOMMERLEARTIRZPEE TNDHLEZD T

WK VBATE D,

F1g 5,Fig.6 2% U CAER LT-RROBEMEEE > ZhEh Fig.7,Fig8 ;/TT HEREZ RN L2V
Fig.7 Tix. CaCOs#EEDIEIRIRIIM 15 um, FEFBREOBRITAVETHD Z L3bhd, BEEEZR
5 L7~ Fig.8 Tl #EROEHWRZRIIN S um 72> THEY, BEEIRIZI Y ERFEEIBHMEL TS
b0, HEFRITEIZR>TBY INLBEENRICEIZ2bDLEEZOND, Thbb, BEED
RICE Y., S - BRERRORE, FBREREROMHIPEE THWD ZE1XPD5,

5. f&s
i KNOs z AV i=Eo G HEITERIEICE
ERHERETAERZITVIROAMAEZE
77
(1) REEFFERT1~4 um OFKH
mmAERLTWAEZ L %
FBRM, St BEMMEE TReERE L7,
(2) BERIIHHCLSEEKEIC
TIFEALTEELRNZ DD
Nl

Fig.7 Crystal picture(t=30min)  Fig.8 Crystal picture(t=30min)
(without irradiation) (with irradiation)

CaClz & NaCOs 2> CaCOs AT 5 ST EICBE R 2 BT 2 EREZITVROA R Z/HT,

(3) it - ZREBE CIIERAEZRET 08, BRRICE Y RISZIEIT 2217 2R L,

(4) FERERERE CIIBEFESDIRIIRD RS,

SIFASCER 1) e B AR D ORESRE,pIS. HHAR (2002) 2) /R, B, TR LEIHERE 39 B
FXRE (2007)

BRER 1. BRAW . mE MR, BROR EFTEEE 12EES. B (2007) . REE fE—. NEE R,
TR R ALETEEE 40 EFEAR(Q007) 3. BALE 1 THPRARHELHRI (2007) 4. %iE - TEREK
eI (2008) 5. ffHE F: TEREAFELR(2009)
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3. 2. 2 F/REHENCED AEBEAREED B &R HEOERRBE I
Reduction in platinum use or substitution of platinum
by nano surface control for platinum-based catalyst
TR ., R
Akira IGARASHI, Hajime IIDA
TP R TEER R L TR
Department of Environmental Chemical Engineering,
Faculty of Engineering, Kogakuin University

Abstract

In order to reduce in the Pt use for the Pt-Re/Ti0(R: Rautile) catalyst for water gas shift reaction at
low-temperature, the effect of the drying conditions in the catalyst preparation on the catalytic properties
and activities of Pt-Re/TiO,(R) catalysts was examined. As the results, the SubCD (Sub-Critical Drying)
was an effective preparation method for the enhancement in the Pt dispersion. The SubCD catalyst prepared
with Pt(CsH;0,), exhibited superior catalytic activity for LT-WGS at 250 °C compared with a commercial
Cu/Zn catalyst.

1. #&&

FAAET . AL LR ICBIEE 7V OREAL 74 DOkFEHDLL T, HBIE
DN ZEALRL BRI LA HVOC) DL | SEE FRMBESUNICERASNTVS, #H . H
&y kLTINS E R EELD OFE RSO EERI L ORE EIZeBESES
- A BAMEL L CHEASND, A&KIT. BREOHKNHVEME THHITbINbHT | &L T
TR L U COR ANAREL TRY., ZNHOfIED A& RS A &0 KEGH W E AR
g D BRI EIN TS,

&, BEES TR ENEM(PEFC) D72 D RALK R D KR RBEICLOKRHET v AT,
PEFC DOMEHB% T2 CO DIRIMDTZOIZ, BE TRRIZHE Y TERIEAMEY 227 MLT-WGS) i
RIFbG, BE . LI-WGS FUSIZAWSS Cu-Zn RAREHIER TH<CNFE LR Tb00, R
I BES T COMAMICEERD DI LD, ASEMELEA TR NS5, Lol Bk
1 Cu-Zn JffE e b R CIRIRIEMAMENZ &5, il SRS/ ML KOV E &6 B O BRI
72Dz, TN AREE A R R R A AR AME DO B S LE LS TWD,

77 CEMEICBWTIE., BAROHTH LI-WGS SUGIZ T <o AE 2 <3 H EF Pt RO
) 35108 PHE A BRI O, FAEDRESE, Re M, X0 Pt AL Pt 4 B0 fil
BEME 5 2 AEBIZ OWTREENZ LA, RIFEEETIIERT ¥ F AT M b EEZ AV TR
BIL7- Pt-Re/TiO,(R)N T < S iF M2 R § 2 0% R E LT, AEEIT, 8 E~D Pt ORI
HER DT85 12 FREETIRIEIZ DV TRER N Z ., P-Re/TIO,R)D—BD @ EE L2 X -7z,

2. RIEEFTOMRFRAR

fREE D IR | AR OMERERER-CHMERI R, BER D ATRUEY ThD, T, HIEOTEES

RRIELTE MR Pt 43 BUE 12 5 2 B BIZ O W TR EIE A T2, Table 1 (ZHEFF Pt ARIEOABIE LWL
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Table 1  Effect of support on the catalytic activity and properties

n BET surface Pt particle Pt 2 CcO Catal)'/tlc activity per
Catalyst area (mz/ ) size 2 (nm) dispersion conversion”) unit mass of Pt
g (%) (mol-co/(h g-pt))
Pt/ALOs 180 2.24 50.5 1.7 0.30
Pt/ZrOz 75 238 476 16.9 1.76
Pt/TiO2(R) 4 294 38.6 52.3 6.05
1) Pt 3wt%, Pt precursor: H2PtCls 6H20
2) After LT-WGS

3) Feed gas: CO(99.95%), Reaction temperature: 250°C, H20/CO = 1.5, S.V. (on the basis of C0)=9,500h™"
SR L7223, PUTIO, (R:Rutile) | % Pt/ALO; <2 Pt/Zr0, &t~ C BET R EFEL Pt 0 HUE BMEWITH D305
T, CORBMLENFNIEN DD, ZOT LI, Pt OFERREL DS Pt LIEEOFE EAEMIZRDIEMERD
BRI EE M KRR BB B X TWDHILERBL CND, Pt 1g Y720 OfiE 4 k4
B, PYTIOL(R)DZHUZE PYALO; DF 20 ££THY, TiIO(R)D A S KB/ AbiiyEMED R L& Pt £/
EOEBIZHREBHDHENRENT, '
SE|Z, Re DEINUZ DWW THEIZINZ -, Table 2 {Z PUTiO; (R)& Pt-Re/TiO, (R)?D TEM &15455

Table 2 Catalytic activities and properties of Pt(3wt%) and Pt-Re(3wt%-2wt%)
catalysts (Pt precursor: H,PtCls 6H,0)

Pt particle (60 . TOR 102 Catalytic activity per
Catalyst ) conversion” 1 unit mass of Pt
size ” (nm) (%) (CY) ~ (mol-co/(h g-pt))
Pt/TiO2 (R) 32 330 16.9 111
Pt-Re/TiO2 (R) 2.1 65.0 21.6 2.18

1) Pt particle size was estimated from TEM images.
2) Feed gas: Mixed gas (CO(10%)-CO2(15%)-H2(75%)), Reaction temperature: 225 °C,

H0/CO =50, S.V(Total) =40,000n".
3) TOF was calculated fromthe Pt particle size on TEM micrograph.

N7z PLRIFOEHRAT T R)E COERMLE, ZNODE I L72 TOF, Pt 1g H7z OflfETEMZRL
2o 225 PYTIO, (R)~D Re TRANAS PLRI T O LA 7251 . E D M EIZFHF 5L T
BIEWDMBD, Fi2. Pt 1g B0 DAEEIEMEIT, Re DEINZESTH 2 FFIZHEANL . Re DEANAS Pt fif
HABOEREEZL-LT I RSN,

E5IZ, FE 4 O Pt HFEFEH VT Pt-Re/Ti0, (R)fREEZ FRRL | AR MEIZ 52 2T OV TR
&M Z 72, Table 3 (ZfE~x D Pt HEEFERDLIRBL7Z Pt-Re/TiO, (R)FMEED b ETEME LY F LD

Table 3 Catalytic activities and properties of Pt-Re (1.0wt%-0.67wt%)/T10, (R) catalysts
prepared from various Pt precursors

co 5  Catalytic activity per 2)

Precursor conversion” Pt dispersion ) unit mass of Pt Pt dispersion
(%) o) (mol.co/(h g-»t) ) )
Pt(CsH702)2 80.5 52.5 28.9 52.5
H2PtCls - 6H20 69.6 385 2.8 385
[PtNH31]Cl 65.5 276 2.1 276
[Pt(NH3 1 J(NO3)2 52.3 245 18.4 24.5
cis-[Pt(NO2)2(NHs )2} 381 11.0 13.7 11.0

Commercial Cu/ZnO 71.6 - - -
1) Feed gas: CO(99.95%), Reaction temperature: 250 °C,
H,0/CO = 1.5, S.V.(on the basis of CO) =9,500n™".
2) Pt dispersion was calculated from the amount of CO chemisorbed on the catalyst
after reaction (CO/Pt = 1).
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To, Fipb, ERTEF AT E N MNEAEPYCH0,),)0 DR L 7-AblEIT Pt B L COBREEN oL
HEWNI LD, Pt 1g Y- OAEETENEI ., /e DE B &FESKFINORBIL -t oz o
9125 ThD, E5IZ, RO BTEMIT ., RIGIRE 250 °C THiR?D Cu-ZnO A B X TWHTL
25 ERTEFATENFEEDOEAICEST Pt FAEZE 1.0 wt%lLl TR CEAI LRI
77
3. AEEOMEHRE
3.1 ILBIZ

WHZEE T, BIRBEALERE (HTSCD) NEHEE RO m 4 ki Lo & B Ao s RE L
A THEILE RN LTS Y2036, HTSCD H 5\ NI ERVER OB E LT O Troff
SH-2 0 e R (SubCD) (Z KV B2 FARIL | TSGR 2S Pt 4 BUEE O BLEMRIC B DR D
WTRETZ A 72,
3.2 EBR

AR A F O FINE TR, 3, HEA(G00 °C, 1 h FiE, 1 h#RE, ZRRFRF)LZ TO, A
(Rt 222 FRARE JRC-TIO-6, MTLAE 0.5 ml/g)iZ, BL =V LT L E=0 LTS ) — VI Re
HABE 0.67 wt%k72555 2 & B L. RS THEML T Re/TiIO,R)EFB, DTIZ, EAT®FATE
R E4E MUY PARE | wi%ERDINTE B RE/MILAREL =23, iR 24 h KE)
L n~i 2y (BFIRE: 196.8 °C, ERFUES: 3.32 MPayx #F L T SubCD(150 °C, 3.0,
15.0, 20.0 MPa, 0.5h). $7-i2 HTSCD(300 °C, 20.0 MPa, 0.5h)&47720 >, [FIZAF THERL T SubCD filfi |
L HTSCD bt %87, £7- . Bt (TD) ffitiE, TD(100 °C, 0.1 MPa, 12h)& il TRRABLL 7z, fEME
BESABR . AREELAME R EIZBER D ORI CTHD,
3.3 WRLBE

Table 4 |7 ¥ 487 1EA PtiEF B L Pt HHUE T2 5B R LU, £, EAT®F AT BN MEE

Table4  Effect of drying method on catalytic properties

Drying Amount of CO Pt
Drying " at Pt content . 2) . . 2
ethod Pt precursor emperature chemisorbed dispersion
(°C) (%) (cm3.sn>/g4a4) (%)
b PY(CsH702)2 100 1.0 0.51 46.8
T
H2PtCls 6H20 100 1.0 0.46 38.1
350 0.8 0.37 425
Pt(CsH702)2
HT scp” 300 0.8 0.43 46.3
H2PtCls 6H20 0.8 0.07 7.8
200 1.0 0.48 40.6
Pt(CsH702)2
SubCDl) ........................................... 150 lAO 0'56 49‘1
HPtCls 6H2O 0.7 0/09 10.9

1) 20 MPa, S/P ratio =2.3

2) After reduction at 500 °C
25 THEY L7 LT S\ Tik, HTSCD fifiod Pt BT 0.8wt% THHDITH L T, SubCD fitffte TD
B DZ T ADABRETHD IW% THDIENDND, ZOTEN D, HTSCD TIHEEBRIZIID
Pt DL N L2 B LSS L e o7, 2. SubCD o> Pt 2y #E I, TD fldi> HTSCD filf
OFNIVLE, —F . ik EEESAKRHPICl 6H0)0DFAB LA OV T, SubCD fif
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B3 TD At 0E PtEEEE . Pt OB LBITIRNZ IR DD, ZOZEMD, BT FA TN MR
4% FAUNE SubCD 78 Pt 387257 72, il B2 BB RS E D FIELL TEA THHI L ALY
Lirote, OFIT, Fig 11 ERTEFAT RN FEEE AW TEA ORRIEIZ LR LI AREO Pt
4y B LA LIE M O Bk A R LT,

#HEAFE TO PtOFRENTED LN ¥ o: SubCD
7= HTSCD i BT, Pt 40K ® SCD
L CO ER{LEDORITIZERDA 60
BIAERS DI, THUE, BRI S
L5 P BN GEHY A THSD Pt § ol
DEHEEREDIZYOIEME) 25— g -
ETHY, BTSN Pt SBUEIC S S
RELTNDILERL TS, R 2
BT RO T, 0 Pt Y
EE%%-> SubCD fiflix, TD filfh
< HTSCD A R F< Al ° | | |
0.0 0.2 0.4 0.6 08
EHERLTWS, LEDZEND, Amount of CO chemisorbed
EATEFAT RN FEEE A (e el ca)
- SICD 1% RASTOMOTE:
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IR, Re 1. BLT Pt HREFROBESLAER BRI OV TRAEZMA LIS, BEATE
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fit A 2 DARBEE AR R T ILE RVELIS,
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Synthesis of Novel Transition-Metal Nano-Clusters and Their Application to Organic Synthesis
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'Department of Applied Chemistry, Faculty of Engineering, Kogakuin University

Abstract: A dihydridoruthenium complex RuH,(CO)(PPhs); is a good starting compound
for generating a zerovalent ruthenium atom.  The zerovalent ruthenium atom combines with

each other to form a novel ruthenium-metal particle with diameters less than 1000 nm. On

the other hand, the active zerovalent ruthenium atom reacts with another metal complex to

form RwRh-, Ru/Pt-, Ru/Pd-mixed metal nano-sized particles.

The Ru/Rh-mixed metal

nano-sized particle shows a moderate activity in catalytic hydrogenation and oxidation

depending on the particle size.

Index Terms:

Inorganic and Organometallic Chemistry, Ruthenium Complexes,

Nano-Sized Metal-Containing Particles, Chemical Process for Nano-Particles.

&

]

1. €BFH/HFOILFHERE

BT I RFEE. FOEENT ) A—N(nm, 10° m%mﬁ%x@ﬁ@ﬁﬁ%f%@ Btms
THEEEOSBEFNOERINTNS, ZOKEIDEBEMA TSV LRERRCE T
THENEIND Z & ARROMEEEE DT TIGREATE S Z LR ENS. RIFT /AT
BEF YA T AHEWITF /T2 /00 —ORFICBI2BEERFEMEL THEHINTVS,

TNET. &EF VRFRNINIEEERHRT D YR BRAETHE SN TE R (Scheme 1),

UL, Bl ®BAF 2% HE#Eh)

IETLL TEMZ bR WEROSBRT2RESE 288

F BT EREDRE IR S N TS, (LFEMEET /R T aRIE T, FES N7z TR
£5I MO TBHIETE, 7/ A= MM XOLBHRTEZRBIGD I ENTES,

=

ETEW?

Lump of metal

Precursor Zerovalent Cluster
metal complex metal atoms complexes

) % L

it = e 88
L II_ L Reduction

Crushing into small pieces

The conventional "physical” process

@%q;ggggg

@l‘:‘ﬁﬁ’@ﬁl
@‘®®®
@.@QQ -

) o @ Metal-containing
Cohesion @. )o nano particles
Sg® 029

@ @
4 3
Sg®
® &

The novel "chemical" process

Scheme 1. The "physical" process vs. the "chemical" process for the metal-containing nano particles.
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LSBT RIS RIEDHFEYE & U TREEHENE <HA NS, RICROERET
BBA T VRARE T L OHERIIEBICRLS NI DEEEL 720 UTHMTIIFET RN,
B F LSRR B 5 2 & TRES N, —EoeEH LR DK T L5, —T7. &8 /K
Tb. BEIIRER E LENZHFTH 7 RTFOEBEZMO Z & TREZHE, KELINTNS,
LDo T &EHAD FITE > TORNLF LB T /R TIT & o TOREAIDIERIZILETH D,
ZDZ ENSSEEAORN T2 —HIRORE, HHEIL 50T THRES BIUIRRET /KT HVER
THETFHRTES, ZOZEANEMIGREDEKTH S,

2. EREEHEERET /ITUTILOBR

EBTEEPLSEETHEBRSEIEAORMIL. ERORM T, EBE&EETOREMICSHA
BIOBEEN B DO BEIITHEEL TWB I L&, FNSENFORBELEFINFHEIND ZET
HFLSBDORINMENSHRIIEIT DI ETH D, BRESEIBENE T2 N5 0ORHIT. @Sz
FIATSF /)T TIAOISH EBRBICBEEL TV,

AFEREOR RO EBDINT T ASHEADEE. VT =7 LAOBALIREIZ2 N S+8 £TOH
SWSIREEZES ZEMTE, FRUTHAL TWAENTFED4NS TETENTITAITEATN
DT, BABBEDI T MEENERIND, £z, WTZULARTFHETHEEL. VT2 U A
FLEERE T 288K E LIEUIEER T D 2 EB/HBO—DTHD., ZOZEIINTZULEF
WEELIIVT U AEE T R FNEBICERT B ZRL T,

¥, L¥ENESE T R TERETIE. RESEZ DO JRTHFIIEURAG®ET /hTEE
RTEDZENMFETHD. T /R TFEROBRICEBOSEHARZFIED LT, RGBT/
B 7% LIS 2 Z &N TED, 22 TIREESAEOBCHMLZRIAL THWaDT, #Hk
DHEENRLHi-BEEEB T R TNERT %, MEKENDOREHEEZEZ 556, COXIRIRE
SRBF IR TIE. RESEINTND R SHEER BT 2D I T K ORIRAYRAREE & 72 5 ]EE
HNH B, FlIZE —HOLBIIEE L TEES FOMIEICES L. 55— H0eBNEE DL %
AUTEE NS ENEZEND, LENS T, BEEET /L TO b DR SIS TEDOEIL.
BEIC TEMICHIA SN TVWA S TR — R OMFEET I E L TEETH S LERIC. BESRE
ZEUEERNR LU HRGOBRRIC DRNEHDTH 5,

BHZERR
1. LT LSEEMENS LT =D LERBT/HIF~ DR
VT = 0SB 2 WS FEER C-H BEDA L 7 4 AOMIBUE[L, 2113, @EEE LS
NIZKWEBEAYO CH A CC a2 T2 LOSEATHEEEML - U5 Z 28K

2N Ph—2""
RUHACOIPPIS g ‘/?
oC< 'u/ \‘u-—CO . OC‘R'u/—R'u"CO With a reactive substrate:
Ay PhsPY \P/ VPPh, PhsP” \P/ VYPPh, Fast reaction to the dinuclear complex
Ph, Ph,
vy
. N
active "Ru(0)" [ 3 O
SpeCies \ @\ ?
' . Ru )\ Ru . .
Ri—F—@ / \ _»Ruél,i}(@  Ruthenium-containing
Q \§\7l—-‘R - particles
Ru, @ u u,
RI——Ru Q R/
U
é
PPhg
Q : ligands With a less reactive substrate:

Slow reaction leading to cohesion

PPh,
: Rl - With no substrat
u ith no substrate:
v | ~co

Ph,P Self-reaction (intramolecular)
PPhg

Scheme 2. A possible route to the nano-sized ruthenium-containing particles.
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INELTHD., REFMILT =0 LASEEPNEE S 2 RIE L TE S 2 L 2L,

ZDRFIZBNT, HBLIZTVE RY RILFZ 7 A>MEE. [RuHy(CO)PPhy )k EF L 7 4 > EDRIE
TRIGERFITRE T DIEE)L T = A(O)SEAFEERE A THERIZ[Ru(CO)(PPhs),] (n = 2 or 3)EHEE
SNTVWEN. FERLEDCHEAPAFINED CHERZEM L TES ZEEHOMIZLTEE,
F VT A(OSHARBNER L, BB ICRIET 8L AW EBICEE LRSS,
HOBEIHEAE L PP ENTO CHESETUMLTLED ZEMHLMERSZ[3).

IO LR FEE CHEEZETHLEMI D BIEMHILT = AR E DRGSRV EEY %
FATIUL. 2 FHNTO PPhy BT C-H ST EIIZ DD, LT = LSEKRS TR DREE 2 Hil4H
TEDAREMEZERL TV 5 (Scheme 2). AFEHRELFETIOBMD A TS, FA Tz 2EEN T
LOBEEERISSIVZEEIC. FAT7 22 1 BT UIVT =0 LR 2 50 FROH U 7= RS8N
‘o4,

F T BT LOBERIZ. KORIGLIZKWFYY =)V XL 25, THREVE
Kb DWW T MEEREOARIIHERTE T, T2 L08E ThbbENTFEEE
STEIVTF T NETOEENER S50 5 A5 —%F T 1000 3/ A— MUREDORBZEDOHDEED
WF 0 A BRI TINER L7z, [FRROMEITFIE. VT LAOBHEERT T EORIETH
HER Uz, TS ORI T ORI E 572 5B F PPh; ORI THIFERIRETH O . B+ PPhy 23
B FREDIN T LR TFITEA U TEEIC L DRBROEREWNZ TNWD Z LD o7z,

2. LT LEERESBRBHTFDERK

VT AOBEEDEEEHHTE I LTV T U LSBHAI FEGRTE S I ENHLNITR
SDT, ESITREBEBMATOERICZOFEEBALL, FELUT, T UL(0FEEOY
2 LDSEEE DMASHEERET LN VT 20 A0S K EBRILIREED R2 %))V 720 A(IDEEES
KOS I A(IDSERD 5 WIIHEADFEER &2 L F S B TORASBMA TSR bIAA T,

VT = LOSERICE L WEED O DU LADSEARRICIPPh)]. —EDILT =7 AI)SHE,
[RuCly(1,5-cyclooctadiene)],. [RuCl(PPhs)s]. /X T 27 A (I)$E A [PACL(PPhs)]. B K UH & ADFHE
[PICL(PPhy),| & RIS S W2 E T A, WINOHFITHINT U LOORTERBREAA 0 1:1 TR
IS U7 MR DD EERE R B 5Nz, AR EHEEICHEAMSETREZRELZEZA, B
10 72 L3100 7/ A— MV ORI E S DIRGRBEMAL T TH 2 T Loz, T TIVTZT L(0)
SRR & ORISR W= SBEAITIE. WTRUTHEI T T 2 (COHNEMFE L TEENTND, £k
U7k FI2id, I RTHEIIA A o NEEN TV, Thbb. IS ORI FISENMR S Bk
F T3 SBEIN SR DALEYMAI T TH 2 I ENHSNI o7z, BABIEZINS DN
B OREREIHREYE AW BB SESEAROEEICL D R > TV, —RICEELST
BT F PPh, ZIRINL THMAI T OREZTRICHIET 5 Z LT TERN -7,

VT A0EEAE O ADEEERDIRGILEZEZ. OPU LANERORG TRISZEAD L. #
FMTAIN T ZEO O ATESHARLCLPPh) )Y AL > PEOILE & U TRINARPIZAERL
7. RISEIEN 555N RURhIEASEMAIFOMRIL. VT AE0IT AOREHBITN
H 5T, 1FF RhRuCI(PPhy) s THo7ze ZDIEMNS, T U LEODT LNESSEMIT 24
REDBIZIE. 1. LTI AOEEERE OP T ADSEARE DRIT, RwWRh ZESHAENERL. 2D
BHADE MR T 2 Z & T RwRh IBEE SR FNERL TWD EE X 5315 (Scheme 3),

active "Ru(0)"  Rh(l) complex

species - oc
RhZ_ g @ ~
Cl oc—R , OC Ru—Cl )

?/ OC\RU_Rh — u\,CI EQUC/R,K » Ru/Rh-mixed metal

Ri~co o /\/ \Q RNQ C'\\ﬁh-l—iRu’co* particles
l Q < oc—RU~ Rh ’¥

~Cl

@ Cl &
: ligands

Scheme 3. Formation of the Ru/Rh(1:1)-mixed metal particles.
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3. Ru/Rh BE&&BHMAIF ORISR DR it

Z I THRSZ RuRh G BEMAITIE. B o Catalyst
BIED 5E DA XD3100 I/ A— NVERELT cHO
THo 7. WRTOFMREEIIREAATHS
M. TOREZIDEBRTITIIE VN ELREHEOR) °
BERUBTFYA XERMFEINSDT, RuRh R ° o o
BRET BT OEBLEMITN S 2 ROREIZIE oH CHO oH COM
BRNSH=ND, T T 2T LS Z il
L% LA 1 O TRABRLRINS, 62E 3 4 5 6
TIIZ, IS ORE 21T > 7=(Table 1),

RWRh IBE&&ET /R FEMEICRAWEE T A, YMYREE L0 FREBRILERY 2 13ERET. B
B ORI LB TSI TS 2 Z EMH LM 5 72, £, RuRh IBEEET /R FREMOEAIC
1. 7IVTE ROBITAR3 & TV R=IVRINERY 4 WERL T, €I TRIGZRES TS0,
KEGHRFTIToET A, “EHADETLINSDERT 5T E0WER I Nz, E/2BfIFD PPhs
EHRMUEEZATIINTE ROBEASEZ D BEOBEITHND ST HIVAR B 6 AR L 7. PPhy
DEIMT. F /B TFOHA X UEEREZ ST 2 LEZ25N5D T, RuRh RGBT /KT
W RiTFYA R &> TRRBDRIGEMIET 5, IEEICRRMEAZRT ZENHSMITE .

Table 1. Catalytic activity of the Ru/Rh-mixed metal nano particle.

Y

CH,Cl,

Entry Catalyst Solvent  Additive Gas Time Product
1 RhCI(PPh3); CH.Cl, - Ar 20h 2 (quant.)
2 RuH,(CO)(PPhs); CH.Cl, - Ar 6 days 3 (22%)
3 RuH,(CO)(PPhz); CH.Cl, - H, 10 days 3 (47%)
4 RwRh F/ ki ¥ CH.Cl, - Ar 38 days 3(3%), 4 (6%)
5 RwRh F /K CH.Cl, - H, 8 days 5 (39%)
6 RuRh 7/ ki F CH.Cl, PPh; Ar 5 days 6 (26%)
7 RwRh F /R CH.Cl, PPhs 0, 11 days 6 (29%)
i

P EICiR =L D12, VT AOBEAER )L T = LMRTFOMEFRIERE T 2(b#MEE T/ RF5 R
ET, VT ASRET R TBINREAEBILAYMA FEERTES I L L, RESEBMAITN
T DN S M E o7z, £ BRAESBMAITIE. N5 ODRAEBAFF /2R R ol
VERZRTZEBHELMNTES T, TORREIT. HEEMEEER S M IMEEEZE 75T /R FODR
EHEBRERIREICTADHDTHDENZ S,
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Development and Characterization of
Nano-porous Ceramics and High-dispersive Ceramic Nano-particles

RE FfR, MR B2 (TFERRFLER<T U 7ARER)
Toshinori Okura and Hideki Monma  (Faculty of Engineering, Kogakuin University)
JNEl &5 ONRlZ v T4 777 7 no—HAEtt)
Hiroshi Kawazoe (Kawazoe Frontier Technology Co. Ltd.)

Firstly, a low crystalline silicoaluminophosphate with the chabazite-type nano-pore-containing structure was
clarified to be easily subject to change from crystalline into amorphous by evacuation at 200°C. Such a structural
change seemed to correspond to the loss of structural OH and H,O. A similar change was observed around
1055°C on furnace heating, and also by mechanical grinding. Secondly, magnesium phosphate (MP) glasses with
a nano-order network structure were demonstrated to be superior for the immobilization of Simulated High Level
Nuclear Wastes (SHLW), compared to currently used borosilicate (BS) glasses. The introducible amount of
SHLW was much more in MP glasses than in BS glasses. The water-leaching rate of a MP glass with 50 mass%
SHLW was in the order of 10°® g/em*day at 90°C, which is lower than that of BS glasses. These properties could
be discussed from the standpoint of isolated ions such as dimeric (P,07)"" and monomeric (PO;)"". Thirdly,

 NasYSisOp-type glass-ceramic Na'-superionic conductors (NasYXSi) were prepared by crystallization of

glasses. Polycrystalline NasYXSi glass-ceramics have been obtained with X = B, Al, Ti, Te, Ge, P, V and Mo.
The effects of X elements on the crystallization of the phase and the microstructural effects on the conduction
properties of the glass-ceramics were discussed, and the crystallization kinetics of the glasses was examined by
DTA analysis. The conductivity of the glass-ceramic NasYBSi with the Naz7Y(gBo.1Si2909 composition was
4.31 x 1072 S/em at 300°C, and the activation energy of the specimen was 17.0 kJ/mol.

1. XL®DIZ

BHSRAB L O, ARFEM & LTCORREY L BHNV DL (ACP) arA FRIF, BLUR
B« TR LX—BEOEBEM L LTOTAITHRT/RATET Iy A (NPC) #iEER, ThTh
ORIBL L HRL - 1Y - BT 3 1 P—Hl%EIB3ET 5, $6nm O—RKFEE SO ACP (2B LTI
TR EFR CITEHERI T & LTI L T L EV, AR ELBIIIE/SER TE TRy, T/
% NPC BB EIC OV TIL, 7 BE, U VB, FEATETROMRR CEERFtoB#EE 2. 17
ZLEB L O T AfES(LER A LT, 81 U EEOT ) BT HEiEEE 0 et 2\ o5
WUt BfE. T/ BT oA A8 R L LIZBERERE, ./ 4—¥—%y PV —7HBEEFIA
LT LUV BRBEEMEE (LY T 2 L\ o IS B~ OB Z B > T 5, 2 b DAFZERCR
IIATEHE SRR, BIE - Bl - m XX RSB ORBIIRELSFETLIHDOTHD, AT, i
SRR OE @G T 5,

2. Chabazite FlF /) F—5 X SAPO D& L TENT 7 AYBi%
(Synthesis of Chabazite-type Nano-porous SAPO and its Change from Crystalline into Amorphous)

SAPO (Silicoaluminophosphate) 1%, Si. Al BX ' P DREE(MR Y NV —IBEEZRL, 0
5OMRIC L 0 F ) A—F—OMILE L Bk LI RET 5 BREM & HIH TE 5, Chabazite &
SAPO (SAPO-CHA) iX. B EOERIER 2 Ml 5 7 DICHIALPIIR A AV pEf S, FIRE
B EBEAEAE L L CORAREE SIS, AR TIX, SAPO-CHA ORBEFRARFERIZRE
PLEFES. Tbb, F— N, EEETO N, RERS [RERR>BERR] L7250 —Br72E
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1% & W ARRICEL T, ZOREZEFR L,

SAPO-CHA DOERITLATD XL 31247 o 72, E/VEET, 0.60 (SiOy) : 1.0 (ALOs) : 0.80 (P,0s) : 1.70
(CHuNH) : 1.0 (HF) : 80 (H,0). DX > ICEA LRz - BA L. A—F 27 L—7H180C
T 192 BHEIEHE L CARME A1l - 1%, 560°C T 24 BEEMREE L. SAPO-CHA # 187, Z DAY
IZOWT, B RAAAEE, BULERE L OEERMABC X A EElL (TEAVT 7 2b) ZRET LT

SAPO-CHA DEZRBERTIZBNT, FIEBETHAPAT ADREEZ R T5 L & HIZXRD /7 —
NITm— R0, TELT 7 AMEBET LT, T2bb, Z OB AMBOR R CHIEEL L T
WA Z bt WRESIRGOWER I 2B OIS IZ L A EEEOBD & R L7
Dk EER U, Bl AR OB X Y 3400 cm IR0 O-H f#EHESE & 1650 cm™ £HLD H,0 @
EARESORBOBEE SN, TENLT 7 2{kit SAPO-CHA BERD H0 OB - T, #
RMETIE, 900°CHHEDN S T E/LT 7 ZEEFD XRD N —08i4, 1055CHHTTT A7 7 AT
D . 1070°CHHE B EORRIL L. SAPO-CHA L3RRS E 2o, H0 SICBLTiL, Mk
1055°CHHEH 6 O-H fhfEREA B L2 Z L2925, SAPO-CHA i 1000°CIZiV T HAEENIZ HO0 &
FRETCEZABOTEERTA 2 b ol Llbholz, ZTOX I RTENT 7 AMUITERAEIC X
STHRBRIZELD Z L bbhoTz,

3. U VR T A X MR L-OVEGTEREEEY) (SHLW) OEE(L
(Immobilization of Simulated High Level Nuclear Wastes with Phosphate Glasses)

FFNFEFH»DORAET AERFERE OB TR T L-UUESHTEERR (HLW) 25BES 5,
OB LIVBEERRIL, T A LRBETENL, [Fry=2F—] LT ATV VARIDEZ
WCHEA LD E, L TEDD (FT7RAEE), BAE, BUET T RIZI3HR 07 A BIRA 5 AHMER
XN TRV, HLW SERITHEKR T 25mass% 72> Tb, LvL, ZOH T AL P0s DIREENIEM
FTAHEHHLTLE D ZEBRHEESNTWD HLW O ISHEER 2 — B K T5 X 572 Y
TF R EOTERBEET D, AR TIE, HLW BUEH 7 ADR—XH T 2 L LT, @RBMES, X
DL KL REBEOTER LMV AD DL ROV VBB T AIZER Lic, < DY VBRI T A
IERIEEEZET A EDHONTNER, LIV VB~ TR T AT T AFHRIZ LY Z20 %
A TORER ST EEL DI, —DIEMgOP0s<1 DEETT T AZ Y VBBEEZETLO, B
—DlIMgOP,0s>1 D EETE R Y VEBMEE RS bDOTH D, AMETIL, V VB~ IRV T LA
F 2 & FAVT, SHLW 5t (Na, Sr, La, Mo, Mn, Fe, Te) ZE{b X874 7 AEUEARIZ OWT, BWIZ2
EHECTAMEDF S, IREIARS ML EHWEBER(LORETEITV. SOy REBFIELL X
DEBIZHONTHBR LT,

BHAH S A & Lz MgO-P,0s BT A (M-P T R) BL CaO-P,0s ZH T A (C-P HTFR) 1L
MgO:P,05=40:60, 47:53, 50:50, 55:45 3 X U} CaO:P,05=40:60, 50:50, 55:45 i&&¥ (/) % 600°CT
3 EERNEVE, X512 1250°CT 1 IEfmEARL L. 2% L7, SHLW BYbT T X1, M-P T A
HBHWLCP T AZHREL, T SHLW S8 FN 25 18 KL UV45 mass%lZ 72D X 5 ICENENIRS
L. 1250°C T2 B5ROARE., B LB, BonET T Ao T, BERIE. DTAILKD 77
REERE (Tg) — R EBRIAIRE (To) | ZHEL LT ALEHE. 500°C T 2 BefmEL L 7=kt
HEEALOFE, SHLW SHEOHMZ L A4 5 A0 FT-IR 38 L T Laser-Raman 7> B 7-H1E2 b, ¥
Rtk H 90°C T 20 B REHERFR OE BRI RN O AT-AKPREE (MCC 15), Z3HEi L7, M
Z T, T AELEBBEEHBRE FICERN SILDIREELEZ 2, y# (Co-60, 2ME 10 uR) ZRH L
HF ZEEIZ W T OIS - Bt bR LTz,

M-P 4 J A3 SHLW SHEZEML THHE—72 i 7 ARB AR TE 7., CP H T ATILSHLW %
G EED LT RTOMBBRICBWTRESRIL Uiz, T 7 AOREMEIX SHLW A&/ EMT 2 BT L
773, MgO:P,0s=40:60 LIS M-P 55 A & CaO:P,05=50:50 D C-P HT7 R, SHLW FHRICHE
DEBEZT RN ERDIoTE, MP AT RAZBWTE, vl VBEEEZ S SUHERDOIRIE
EMIIEL DD TRV EEZDND, THAEIMP BLRCP HTADELLHENL BEIT
H\ )3, SHLW &R B3I 512 o1 TR < 22 2RI L7, M-P U 7 RIZ8V Tk MgO:P,0s
=47:53 T SHLW &4 & 45mass%DELA 5 Z DARHERIT 10 gem? - day A— & — L 720 | BIEHH
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ENTWARTT A BT T ABE (HLW &858 25 mass%) DR 2.5x10 g/em’ day & T
MRVIRVMEL 720, ZOMBRBEILT I AL LTELTWD EEX LD, CP HT ATV
Ca0:P,05=50:50 C SHLW &7 & 45mass%DEHLA T 2 DE R HERAHEL Vi 6.85x10g/cm’- day
ERLUIED, RO ABRE T T ABUEE X 0 IXEVME & 72 o 77, FT-IR 3 X Ot Laser Raman AX7 kL
NHMPBIVCCP HTADELLIZBW TS, BIRSCEROREES SHLW TR L - TS
B2, PO RPOS R SIHENMET, T X ) EENINT S E AT ARy hU—7 D 0
R YU —UOBEEMEML, TAkEEZAESEEZLOEEZLND, v REBHTDIZ LiIZE-
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Fatigue Properties of Aluminum Bonding Wire
Yoshiki GOTOH, Masayoshi TATENO, Kunio KOKUBO

Abstract: The evaluation of mechanical properties including static and fatigue behavior is
essential issue for developing a reliable micro-sized machine in service operation. But there has been
an absence of the standard test procedure for micro-sized materials. Therefore, the evaluation of
mechanical properties including reliability and durability has not been performed.

In the present study, fatigue tests have been performed for Aluminum bonding wire specimen
with 25um diameter, and the S-N curves have been obtained. It was investigated that the fatigue
limit of specimen using PI tab increased rather than PP tab, and the ratio of fatigue limit to tensile
strength was 0.88 and necking was observed at the final stage of fatigué life.

Key words: Aluminum bonding wire, Fatigue Properties, S-N curves, Polyimide tub
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Abstract

TR R

BEXR - BEFIFEEH

Importance of crystal quality control of the AIN and AlGaN epitaxial layers has been acknowledged for
deep-UV LEDs and LDs device applications. We have demonstrated epitaxial growth of high quality AlGaN
layer and AIN template on the SiC or A1203 substrate by both using (AIN/GaN) multi-buffer layer structure
(MBLS for short) and Alternate Source-Feeding Low Pressure MO-VPE (ASF LP-MO-VPE for short) technique.
However, the FWHM of (1-102) ¢-scan was as wide as 900-1400 [arcsec] for the AIN template grown on the
SiC. This means that high dense edge-type dislocation was included in the epitaxial layer with residual tensile

strain along a-axis.

The purpose of this paper is to report our recent drastic improvement on FWHM of (10-12) ¢ -scan for the

AlGaN and AIN template grown on SiC and AI203 substrate down to 35-50 [arcsec].

This means that the

edge-type dislocation density can be decreased drastically in the AIN and AlGaN template grown on the
substrates by our newly improved ASF LP-MO-VPE growth technique.
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AlGaN Epitaxial Layer

AIN template

——AINIGaNYVIBL Structure ————

(0001) c-plane SiC
Substrate
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®

AIN Template
Grown by ASF
LP-NO-VPE

Fig. 1 (a) and (b): Layer structure and cross sectional SEM image of quality controlled AIN template grown on SiC
substrate by ASF LP-MO-VPE with (AIN/GaN) MBL Structure. Residual strain in the AIN template can control by
changing layer thicknesses of AIN and GaN of the (AIN/GaN) MBL structure in atomic scale.

100000 10000
4H-SIC(0002)
10000 —=1000}
8 g
2 £ 100
S o
£ £
= 10
1

35 35.5 36 36.5 37

Fig.2: X-ray analysis of AIN template grown on SiC substrate.
%scan of AIN template (1.5pm thick) grown o

3  —scan of AIN template grown by convention

10 IN} ¢ —scan of AIN template grown by conventional and ASF LP-MO-VPE. The narrowest

was 36 [arcsec] as shown 1n this figure (c).
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Fig. 3: Cross sectional TEM image of AIN template grown by
conventional simultaneous LP-MO-VPE (for (-1-120) Spot). FWHM for
(10-12) plane ¢ -scan was around 845 [arcsec].
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Fig. 4: Cross sectional TEM and high-resolution SEM images of AIN template grown by ASF LP-MO-VPE
(for (-1-120) Spot). FWHM for (10-12) plane ¢ -scan was around 50 [arcsec].
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Formation of Bistable Alignment Layer on Substrate Surface for LC Molecules
and Its Applicalion to LCDs

----- Bistable Alignment Resulted from Rubbed Groove Structure Formed on Substrate Surface
Using UV Curable Resin----

Susumu SAITO and Taiju TAKAHASHI
Department of Information and Communications Engineering, Faculty of Engineering, Kogakuin Univ.

Periodical groove structure was formed on the substrate surface by copying the structure on the grating
film on the market to the photo curable resin coated on the substrate surface. And then, the substrate surface
with groove structure was rubbed along the direction perpendicular to the groove. Alignment of LC on such
substrate surface was experimentally investigated. In a cell constructed using such substrate and the
substrate treated by a vertical alignment material, distinctive domains with different orientation direction
were observed. This suggests us that the bistable alignment property can be adapted on the substrate
surfaces by this method.
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Abstract

Background. Serum carcinoembryonic antigen (highly specific) and carbohydrate antigen 19-9 (highly sensitive) have been used as tumour
markers for pancreatobiliary caners. A novel urine tumour marker, diacetylspermine, was compared with the two conventional serum tumour
markers in 125 patients with pancreatobiliary diseases.

Results. When the diagnosis of benign or malignant condition was examined, the sensitivity of urine diacetylspermine (75%) was higher
than that of serum carcinoembryonic antigen (44%; P =0.048) and the same as that of serum carbohydrate antigen 19-9 (75%). The specificity
of urine diacetylspermine (81%) was lower than that of serum CEA (92%) and as high as that of serum carbohydrate antigen 19-9 (80%).
The efficiency of urine diacetylspermine (79%) was higher than that of serum carcinoembryonic antigen (74%) and the same as that of serum
carbohydrate antigen 19-9 (79%).

Conclusion. These results suggest that urine diacetylspermine is a marker for pancreatobiliary carcinoma, which is as highly sensitive and

specific as serum carbohydrate antigen 19-9.

© 2004 Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l.

Keywords: Carbohydrate am.igen 19-9; Carcinoembryonic antigen; Diacetylspermine

1. Introduction

Polyamines are ubiquitous organic polycations that are
synthesised in substantial amounts by rapidly growing and di-
viding cells, including cancer cells [1]. Polyamines excreted
in the urine are mainly in the monoacetylated form. Among
them, acetylputrescine is most abundant followed by acetyl-
cadaverine, N'-acetylspemidine and N8-acetylspermine. Di-
acetylated forms are minor components and the average
amounts of diacetylspermidine and diacetylspermine are
only 1.4 and 0.46%, respectively [2]. These diacetylated
polyamine species have not been identified because they are

* Corresponding author. Tel.: +81 92 642 5441; fax: +81 92 642 5458.
E-mail address: yamaguchi @surgl.med.kyushu-u.ac.jp
(K. Yamaguchi).

of limited quantity in the urine and are undetectable by con-
ventional methods due to a lack of the primary amino groups.

Russell [3] first reported increased excretion of
polyamines in the urine in cancer patients, which evoked a
surge of studies on polyamine analysis in the urine in 1970s
[1]. However, the following results were disappointing be-
cause there were too many false negative and false positive
results as far as total polyamine levels and its monoacetyl
compounds were examined [4], although their average uri-
nary levels were certainly higher in patients with cancer than
in healthy persons [4,5]. Therefore, diagnostic utility of urine
polyamines has been abandoned for a long time.

Recently, Hiramatsu et al. [2,6,7] reported that diacetyl-
spermine, one of spermine derivatives, is more frequently
expressed in the urine of patients with malignant conditions
compared to benign diseases using high-performance liquid

1590-8658/$30 © 2004 Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.1.
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chromatography (HPLC) procedure. However, HPLC is diffi-
cult, not so popular and cannot be used as a clinical laboratory
test. Thereafter, Hiramatsu et al. [8] developed a sensitive and
accurate enzyme-linked immunosorbent assay (ELISA) sys-
tem with the use of an affinity-purified polyclonal antibody
against diacetylspermine. ELISA is easy to use, and there-
fore, appropriate to be used in the clinical laboratory.

Serum carcinoembryonic antigen (CEA) [9,10] and car-
bohydrate antigen (CA) 19-9 [11] have been used as tumour
markers for pancreatobiliary caners. Serum CEA is highly
specific for pancreatobiliary cancers and serum CA19-9 is
highly sensitive. Their positivity increases with the progres-
sion of the diseases. They are not useful in detecting early
cancers but are used as a marker of the recurrence of the
tumour after surgical resection.

There are few reports of urine diacetylspermine levels in
patients with pancreatobiliary diseases. In this series, clinical
implications of this novel urine tumour marker, diacetylsper-
mine, were examined by comparing with two conventional
tumour markers, serum CEA and CA19-9, in 125 patients
with pancreatobiliary diseases.

2. Matgrials and methods

This series consisted of 125 patients with pancreatobil-
iary diseases who were treated in the Department of Surgery
_ I, Kyushu University Hospital, Fukuoka, Japan from Novem-
ber 2002 to January 2003. The 125 patients were 70 men and
55 women and their age ranged from 28 to 86 years with
a mean of 63.5+ 12.2 years. The 125 patients included 52
patients in the preoperative or postoperative state of benign
diseases (control group), 22 patients in the preoperative state
of malignant diseases, and the other 51 patients in the postop-
erative state (more than 3 months) of malignant conditions.
Of the 51 postoperative patients, 10 had unequivocal signs of
recurrence as judged by the clinical findings including imag-
ing and the others had no definite evidence of recurrence as
proven by subsequent clinical follow-up as well. Therefore,
a total of 32 patients were considered to have malignant pan-
creatobiliary tumours. The 52 patients in the control group
consisted of 28 with benign inflammatory diseases [15 in the
preoperative state (9 chronic pancreatitis, 3 hepatolithiasis,
1 cholecystolithiasis, 2 adenomyomatosis of the gallbladder)
and 13 in the postoperative state (10 chronic pancreatitis, 1
cholecystolithiasis, 1 choledocholithiasis and 1 choledochal
cyst)] and 24 with adenoma (8 in the preoperative state of
intraductal papillary-mucinous adenoma of the pancreas, 15
in the postoperative state of the same disease, 1 in the post-
operative state of adenoma of the papilla of Vater). Urine
diacetylspermine is known to be elevated in acute inflamma-
tory conditions including acute pancreatitis, acute cholecys-
titis and the early postoperative state due to the rapid turnover
of cells (personal communication with Dr. M. Kawakita). All
patients who suffered from acute inflammatory diseases and
were within 3 months after the operation were excluded from
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Fig. 1. Receiver operating characteristic curve indicating test performance
for pancreatobiliary carcinoma for the following threshold values: 175, 225,
275, 325, 375, 425 and 475 nmol/g Creatinine. (@-@®) Performance in dis-
tinguishing malignant from benign pancreatobiliary diseases.

the present series. The patients with pancreatic endocrine tu-
mours and hepatocellular carcinomas were also excluded be-
cause we intended to compare urine diacetylspermine and
serum CEA and CA19-9. Urine diacetylspermine and serum
CEA and CA19-9 were examined in all these 125 patients.

Urine and peripheral blood were obtained in the morn-
ing. Diacetylspermine was measured by using ELISA system,
which was created by Transgenic Co. Ltd, Kumamoto, Japan
according to the Hiramatsu’s method [8] in CRC Co. Lid.,
Fukuoka, Japan. The cut-off level was set at 325 nmol/g Cre-
atinine by constructing a receiver operating characteristics
curve (Fig. 1). The serum levels of CEA and CA19-9 were
measured in the Clinical Laboratory of Kyushu University
Hospital. Their cut-off levels were 2.5 ng/ml and 37.4 IU/ml,
respectively. '

The clinical stage of malignant pancreatobiliary diseases
was determined according to TNM Classification of Malig-
nant Tumours issued by the UICC [12]. The 32 patients with
primary or metastatic pancreatobiliary adenocarcinoma con-
sisted of six in Stage IIb, two in Stage III and 24 in Stage
Iv.

Informed consent was obtained from each patient. The
protocol was submitted to and preapproved by the Senior
Staff Committee of the Department.

Values were expressed as mean = standard deviation.
Mean values were compared by Student’s ¢ test and the dis-
tribution of patients was measured by the chi-square test.
The sensitivity, specificity, positive predictive value, nega-
tive predictive value and efficiency were measured. P <0.05
was considered as statistically significant.

3. Results
3.1. Measurements of urine diacetylspermine

Urine diacetylspermine levels of the 52 patients in the
control group and 32 with pancreatobiliary adenocarcinoma
were 267.2+ 143.0 and 621.5+584.0nmol/g Creatinine,
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Table 1
Malignant and benign diagnosis by urinary diacetylspermine, serum CEA and CA19-9

Diacetylspermine CEA CA19-9

Positive Negative Positive Negative Positive Negative
Malignant 22 10 14 18 21 11
Benign 8 44 4 48 7 45
Sensitivity (%) 752 442 75
Specificity (%) ‘ 81 92 80
Positive predictive value (%) U\ 78 86
Negative predictive value (%) 84 73 87
Efficiency (%) 79 74 79

3 P=0.044.

respectively (P<0.001). The serum CEA and CA19-9 val- Table 3
ues of the two groups were 1.2+0.8 and 39.2 + 158.5 ng/ml Tumour stage and urine diacetylspermine, serum CEA and CA19-9

in the controls and 16.8 +21.3 and 7,825.2 £23,996.8 U/ml
in the malignant group (P=0.0209), respectively. The val-
ues of eight patients with intraductal papillary-mucinous ade-
noma were 243.2 £ 96.1 nmol/g Creatinine, 1.4 £ 1.2 ng/ml
and 9.0+ 5.0U/ml, which were similar to those of the
control group and were lower than those in patients with
adenocarcinoma, but the differences were not statistically
significant.

3.2. Diagnosis of benign and malignant conditions

Data concerning benign and malignant conditions are
shown in Table 1. The sensitivity of urine diacetylspermine
for malignant conditions was 75%, which was higher than
44% (P =0.044) of serum CEA and as high as 75% of serum
CA19-9. The specificity of urine diacetylspermine was 81%,
which was lower than 92% of serum CEA and as high as 82%
of serum CA19-9. Efficiency of urine diacetylspermine was
79%, which was similar to 74% of serum CEA and 79% of
serum CA19-9. '

3.3. Detection of recurrence of pancreatobiliary
carcinoma

Data are present in Table 2. The sensitivity of urine di-
acetylspermine for the presence of recurrence of malignant
pancreatobiliary diseases was 80%, which was higher than
70% of serum CEA and 70% of serum CA19-9. The speci-

Stage Diacetylspermine CEA CA19-9

Positive Negative  Positive Negative Positive Negative

b 3 3 0 6 4 2
III 2 0 1 1 1 1
v 19 B 11 13 16 8

ficity of urine diacetylspermine was 66%, which was lower
than 78% of CEA and 83% of CA19-9.

3.4. Tumour stage and three markers

The mean values of urine diacetylspermine of patients
with Stages IIb, III and IV carcinoma were 347.8 £139.7,
605.1+375.9, 691.3+651.7nmol/g Creatinine, serum
CEA 09+0.1, 15.6+20.9 and 50.8+182.4ng/ml and
serum  CA19-9 134241546, 1726.1+£2438.2 and
10,256.3 +27,405.1 U/ml, respectively. The positivity of
the three markers increased with the progression of tumours
(Table 3). Three of the six patients with Stage IIb carcinoma
showed a positive urine diacetylspermine result. None of
them showed elevation of serum CEA, but four of them did
show elevation of serum CA19-9.

3.5. Predictivity for unresectability of carcinoma by
three markers

The sensitivity for prediction of unresectability of urine
diacetylspermine (81%) was higher than that of serum CEA

Table 2
Recurrence and urinary diacetylspermine, serum CEA and CA19-9
Diacetylspermine CEA CA19-9
Positive Negative Positive Negative Positive Negative
Recurrence
Yes 8 2 7 3 7 3
No 14 27 9 32 7 34
Sensitivity (%) 80 70 70
Specificity (%) 66 78 83
Positive predictive value (%) 36 44 50
Negative predictive value (%) 93 91 92
Efficiency (%) 69 76 80
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Table 4
Unresectability and three markers
Diacetylspermine CEA ’ CA19-9
Positive Negative Positive Negative Positive Negative
Unresectability
Yes 21 5 14 12 17 9
No’ 3 3 0 6 4 2
Sensitivity (%) 812 54* 65
Specificity (%) 50 100 33
Positive predictive value (%) 88 100 81
Negative predictive value (%) 38 33 18
Efficiency (%) ’ 75 63 59
2 P=0.039.

(54%, P=0.039) and serum CA19-9 (65%) (Table 4). The
specificity of serum CEA was highest of the three markers.
The efficiency of urine diacetylspermine (75%) was higher
than that of serum CEA (63%) and serum CA19-9 (59%), but
the differences were not significant.

4. Discussion

Serum levels of CA19-9 (highly sensitive) and CEA
(highly specific) have been used as tumour markers for pan-
creatobiliary diseases. Usefulness of urine diacetylspermine
as a tumour marker was studied in 125 patients with pancre-
atobiliary diseases. The sensitivity of urine diacetylspermine
was higher than that of serum CEA and as high as that of
CA19-9 and the specificity of urine diacetylspermine was also
as high as those of serum CEA and CA19-9. A half of the pa-
tients with Stage IIb pancreatobiliary carcinoma gave a posi-
tive result for urine diacetylspermine. Urine diacetylspermine
is a novel tumour marker for pancreatobiliary carcinoma, be-
ing as highly sensitive and specific as serum CA19-9.

It is true that ideal tumour markers should have high
specificity and sensitivity for target malignant conditions.
This urine diacetylspermine showed sensitivity and speci-
ficity similar to serum CA19-9 and CEA, respectively. Be-
cause the urine sample is easy to obtain and the measurement
could be done by the ELISA kit, urine diacetylspermine is a
novel convenient tumour marker for pancreatobiliary carci-
nomas.

The clinical outcome of patients with pancreatobiliary car-
cinoma remains dismal despite the recent progress of diag-
nostic and therapeutic modalities. Therefore, early diagnosis
of pancreatobiliary carcinoma is mandatory. Conventional
tumour markers such as serum CA19-9 and CEA have been
reported to be not useful in detecting early pancreatic carci-
noma. Urine diacetylspermine was positive in a half of pa-
tients with Stage IIb pancreatobiliary carcinoma, although
the total number of patients examined was small. Therefore,
this marker may be of value to detect early pancreatobiliary
cancer.

Clinical differentiation between benign inflammatory dis-
eases and malignant diseases is important as well as that of

benign and malignant neoplasms. The urine diacetylspermine
level is increased in the conditions where cell turnover is
accelerated. Thus, patients in the phase of acute inflamma-
tion and in the early postoperative state were excluded from
the present series. Urine diacetylspermine in patients with
benign pancreatobiliary neoplasms were as low as that in
those with chronic inflammatory pancreatobiliary diseases,
and both the levels were lower than that of pancreatobil-
iary carcinoma. Therefore, urine diacetylspermine seems to
be useful to distinguish malignant pancreatobiliary diseases
from benign ones.

It is true that the surgical decision is made by imag-
ing and/or macroscopic findings, but the prediction of re-
sectability by serum tumour markers, if possible, is of great
value for surgeons. The positivity and values of urine di-
acetylspermine increased with the progression of the malig-
nant diseases. Therefore, the urine diacetylspermine level
may be of some value to predict the choice of the treat-
ment.

One of the other purposes of tumour marker determina-
tion is to predict the clinical outcome of patients with pan-
creatobiliary carcinoma. This series is a preliminary report
on urine diacetylspermine in patients with pancreatobiliary
diseases and there is no long-term information. Therefore,
further examination is mandatory to identify the usefulness
of this novel maker as a prognostic indicator.

Theoretically, urine diacetylspermine is considered to be
not specific for a special type of malignancy but for all ma-
lignant conditions of any organs. Sugimoto et al. [6] reported
that urine diacetylpolyamine was markedly increased in pa-
tients with urogenital malignancies and van den Berg et al.
[13] reported a high concentration of diacetylspermine in the
urine of patients with non-Hodgkin’s lymphoma by capil-
lary gas chromatography. In this series, a high concentration
of urine diacetylspermine was proved in patients with pan-
creatobiliary carcinoma. Concerning pancreatic cancer, we
previously reported a high incidence of pancreatic cancer in
selected patients with diabetes mellitus [14] and intraduc-
tal papillary-mucinous neoplasm of the pancreas [15]. This
novel marker may be of great value in mass screening and
follow-up of patients at high risks of the development of ma-
lignancy such as familial adenomatosis coli, ulcerative coli-
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tis, pancreatobiliary malunion, congenital choledochal cyst,
diabetes mellitus, intraductal papillary-mucinous tumour of
the pancreas [16], Barret’s oesophagus and so on.

Although this is a preliminary report on urine diacetylsper-
mine in patients with pancreatobiliary diseases, this novel uri-
nary marker is as sensitive and specific for pancreatobiliary
carcinomas as serum CA19-9. Urine diacetylspermine may
be a universal tumour marker for malignant conditions and
useful in mass screening and follow-up of high-risk groups.
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presence of the terminal galactose residue that is g-linked to the adjacent saccharide or
aglycon unit is essential for sialylation by cellular enzymes to occur.

Keywords Sialylation, Glycoside primer, Oligosaccharide, Ganglioside, a,8 Anomer

INTRODUCTION

Sialic acid, located at the nonreducing end of carbohydrate chains of glycocon-
jugates, plays an important role in a number of biochemical and immunochemi-
cal events.!* 3! Sialylated oligosaccharides have useful applications to study
protein and carbohydrate interactions, for drug delivery, and as potential
inhibitors.*® Sialic acid-containing gangliosides are located at the outer cell
surface of plasma membranes and serve as binding sites for enzymes,
hormones, toxins, lectins, and viruses.®

Considering the roles played by sialic acid-containing glycoconjugates in
biochemical and cellular processes, development of methods for the rapid and
efficient synthesis of sialylated oligosaccharides is necessary to clarify their
vital functions.[” Several strategies involve a chemical or an enzymatic syn-
thetic approach.® However, the stereoselective glycosylation of sialic acid by
the creation of a-glycosidic linkage is a daunting task.®®!? Aside from poor
stereoselectivity, low yield is also one among the many shortcomings.!™™ The
carboxyl group attached to the anomeric position reduces reactivity in glycosy-
lation. Although organic synthesis yields a reasonable amount of sialylated
oligosaccharide with high purity, the approach requires a multistep operation
involving tedious protection and deprotection schemes.

New methods of glycosylation are undertaken to afford sialylated oligosac-
charides with high stereoselectivity and yield.!*? Recently, a biocombinatorial
method of preparing GM3-type oligosaccharides (sialylated lactosides) has
been reported.'>¥ This approach involves the use of saccharide primers
(simple amphiphilic building blocks) and cells. Elongation of the saccharide
primers is cellular enzyme-mediated. Depending on the type of cell used, a
single building block could yield a number of oligosaccharides that are
released to the culture medium.® As part of our continued interest in the syn-
thesis of oligosaccharides using this strategy, we embarked on the fast and easy
preparation of sialylated oligosaccharides by introducing chemically syn-
thesized lactoside, galactoside, and glucoside primers into B16 melanoma
cells. To establish the significance of the glycosidic linkage in priming oligosac-
charide synthesis, primers with a- and B-linked aglycon units were used. The
efficiency of glycosylation is dependent not only on the saccharide unit but also
on the aglycon structure. The alkyl chain length of the aglycon plays an impor-
tant role to allow the incorporation of primers into the cell and the subsequent
release of the elongated products to the culture medium. The alkyl chain length
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of dodecyl has been reported to be the most appropriate and thus, dodecyl was
used as aglycon for all the primers in this research. 15

RESULTS AND DISCUSSION

Chemical Synthesis of Saccharide Primers

The preparation of the saccharide primers is shown in Scheme 1. Generally,
the saccharide primers were prepared in two steps: glycosylation followed by
deacylation. Glycosylation of lactose peracetate (1) with dodecanol in the
presence of a Lewis acid afforded «,8 mixture of the dodecyl lactoside deriva-
tives that was separated by column chromatography. Usual O-deacylation
with NaOMe-MeOH gave the a- and B-linked dodecyl D-lactoside primers.
The structures of the desired compounds were confirmed by both 'H NMR
and 3C NMR results. The anomeric configuration of the a- and p-lactoside
was confirmed by the chemical shift for H-1 and the JJ; » coupling constant. Res-
onances at 4.60 (J = 3.84 Hz) and at 4.15 (J = 7.68 Hz) in the 'H NMR spectra
confirmed the formed a- and B-anomeric linkage, respectively.

The reaction of 2,3,4,6-tetra-O-benzylgalactosyl chloride (8) with dodecanol
in the presence of AgOTf gave a mixture of a- and B-glycosylation products that
were separated by column chromatography. Subsequent deprotection with
Pd/C afforded n-dodecyl a-D-galactopyranoside and n-dodecyl B-D-galactopyr-
anoside. Resonances at 4.58 (J = 3.84Hz) and 4.22 (J = 7.83Hz) in the 'H
NMR spectra confirmed the a- and B-anomeric linkage, respectively.

Reaction of 2,3,4,6-tetra-O-benzylglucosyl imidate (5) with dodecanol in
the presence of TBDMSOTf gave a mixture of a- and pB-glycosylation
products. Separation of glycosylation products by column chromatography
followed by deprotection with Pd/C afforded n-dodecyl a-D-glucopyranoside
and n-dodecyl B-D-glucopyranoside. Resonances at 4.59 (J = 3.84 Hz) and at
4.08 (J = 7.74Hz) in the 'H NMR spectra confirmed the - and B-anomeric
linkage, respectively.

Effect of Saccharide Primer on Cell Growth and Cellular
Glycosylation of the Saccharide Primers

Fifty uM of each of the saccharide primers were administered to mouse B16
melanoma cells for their feasibility as substrate for GM3 oligosaccharide bio-
synthesis. B-glucoside primer exhibited cytotoxicity. The a-glucoside primer
and a-galactoside primer significantly reduced the number of cells by 50%
and 70%, respectively, relative to control. The rest of the primers did not
exhibit adverse effects to cell morphology and viability as shown in Table 1.

After incubation for 48 hr, lipids from the culture media were collected by
using SepPak C18 column, while lipids from the cell homogenates were
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Scheme 1: Chemical synthesis of glycoside primers and subsequent uptake by B16 cells to
prime oligosaccharide synthesis. Reagents and conditions: i. CHa(CH2)11OH, BF3 - OEt,, CICH,,
CH,CI, 20hr, 50°C; ii. NaOMe, MeOH, 12hr, rt iii. CH3(CH2)1,OH, AQOTf, toluene, 12hr-15°C; iv.
5% Pd/C, EtOH, 3 days, rt; v. CH3(CH2)1:0H, diethyl ether, TBDMSOTT, 6 hr, rt; vi. 5% Pd/C, EfOH,
6 days, rt.
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Table 1: Cell number after 48-hr incubation of cells with the
saccharide primer.

Saccharide Primer Cell Number®
OH OH 9.1 x 10°
N e

[o) o‘\/\MM
HO on on© \
HO on OH O NAAAA 7.6 x 10
0 HO

HO o o)

OH OH o
OH OH 6.4 x 10
O~~~
HO OH .
OH oy 35x10
L S
HO
OHgq

O Cells died
o
Homow
OH 51 x 10°
59 =
HO

OH o
NSNANAANANANAN

9Control: 10.8 x 10°.

collected by extraction with chloroform:methanol and then with chloroform:2-
propanol:water. HPTLC results of the lipid extracts from the culture media
showed new bands corresponding to glycosylated products from the a-lactoside
primer, the B-lactoside primer, and the B-galactoside primer. The HPTLC
results of the lipid extracts from the cell fraction show the presence of the
band corresponding to the a-galactoside primer and the a-glucoside primer,
indicating that both primers were taken up by cells. However, neither the
a-galactoside primer nor the a-glucoside primer gave any glycosylation
product.

Identification of the Glycosylated Lactoside

To elucidate the glycan structure modified in the cells, the glycosylated
products were scraped from the HPTLC plate, extracted with methanol, and
dried. Since the glycosylated products were obtained in minute amounts,
analysis by NMR was not possible and thus, identification was carried out by
mass spectral analysis and the use of appropriate enzymes to confirm the struc-
ture. MALDI TOF mass spectral results obtained for each of the glycosylated
primers revealed peaks at m/z 823.84, at m/z 823.62, and at m/z 662.22 that
correspond to a monosialylated a-lactoside, a monosialylated B-lactoside, and
a monosialylated B-galactoside, respectively. Treatment of glycosylated
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products with a-2,3-sialidase confirmed that the glycosylation products are
GM3-type oligosaccharides (sialylated dodecyl a-lactoside and sialylated
dodecyl B-lactoside) and sialylated dodecyl B-galactoside. Thus, uptake of
either the a- or the B-lactoside primers by B16 cells resulted in the sialylation
of the galactose residue to give a glycosylated product having the same glycan
structure as ganglioside GM3. Similarly, uptake of the B-galactoside primer
resulted in sialylation of the galactose residue.

Sialyltransferases reside in the Golgi compartment and transfer a sialic
acid residue from CMP-sialic acid to the C-6 or C-3 hydroxyl groups at the
nonreducing Gal-, Gal NAc-, or GlcNAc residue. For glycosylation by cells to
occur, the primers must diffuse through the plasma membrane and enter the
Golgi. Results revealed that cells are not selective to the type of anomeric
linkage of the primers they take in. Both the a- and B-lactoside primers
could pass through the plasma membrane and function as acceptors for GM3
synthase, a2-3 sialyl transferase. It is noteworthy that sialyltranferases used
the a-lactoside primer as substrate even if the anomeric linkage to the
aglycon is different from lactosyl ceramide, the common natural intermediate
in glycosphingolipid biosynthesis. Although the a-galactoside and the a-
glucoside primers were not glycosylated, HPTLC results showing the
presence of these primers in the cell fraction confirmed that these primers
have been taken up by the cell. Thus, the anomeric linkage of the aglycon
unit seems irrelevant for primer incorporation into cells and elongation.
However, the anomeric linkage of the terminal galactoside residue that is the
site for sialylation of the primers plays a significant role.

Cells take up saccharide primers that act as substrates to give sialylated
oligosaccharides. In the biosynthetic pathway, cellular enzymes recognize
and sialylate the terminal galactose residue of lactosyl ceramide. Results
showed that sialylation occurred only with the a- and B-lactoside primers
and with the B-galactoside primer. These primers have a terminal galactose
residue that is B-linked. On the other hand, the a-galactoside primer and the
a- and B-glucoside primers that do not have a terminal B-linked galactose
moiety were not recognized as acceptors by a-(2 — 3)-sialyl transferase and
were not sialylated. Thus, a terminal galactose moiety that is B-linked to the
adjacent saccharide or aglycon unit is essential for the efficient saccharide sia-
lylation by cellular enzymes.

EXPERIMENTAL

General Methods

Specific rotations were determined with a JASCO DIP 1000N digital
polarimeter at 28.5°C, and "H NMR spectra were recorded at a 600 MHz
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JEOL spectrometer in Me,SO-dg, MeOH-d3, or CDCl; using Me,Si as internal
reference. All reactions were monitored by thin layer chromatography (TLC) on
Silica Gel 60 F-254 (E. Merck), with detection by UV light or by visualizing by
spraying with anisaldehyde-H,SO,4 and heating. Column chromatography was
performed on Silica Gel 60 (70—230 mesh, E. Merck, Darmstadt). The MALDI
TOF mass spectrum was recorded on a Bruker MALDI TOF mass spectrometer
with a 2,5-dihydrobenzoic acid (DHB) matrix.

Chemical Synthesis of Glycoside Primers

n-Dodecyl a-D-lactoside and n-dodecyl B-D-lactoside (2a and 2b). To a
suspension of molecular sieves in 100mL 1,2-dichloroethane was added
20.0g (29.5 mmol) of peracetyllactose (1) and dodecanol (27.5g, 147 mmol)
and stirred at 50°C for 2hr under a stream of nitrogen. BF;3-Et;0 (18.5ml,
147 mmol) was added and the mixture was stirred at 50°C for 20hr. The
reaction was stopped by the addition of saturated sodium bicarbonate and
filtered through a bed of celite. Chloroform was added and the organic layer
was washed successively with water and with satd. sodium chloride. The
organic layer was dried over anhydrous sodium sulfate, filtered, and evapor-
ated to dryness to afford the «:B mixture of glycosylation product (7.48g,
31.4%), which was separated by silica gel column chromatography (ethyl
acetate:hexane, 1:2). When a sufficient amount of products necessary for
cellular experiments was obtained in pure form (i.e., a-glycosylation product
and B-glycosylation product), separation of the rest of the glycosylation
product was stopped and thus, the rest of the glycosylation product remained
as mixture. Deacylation was carried out by dissolving the a-glycosylation
product (1.94g, 2.41mmol) in methanol (24.5mL) and to the solution was
added a catalytic amount of sodium methoxide. The mixture was stirred for
12hr at rt. Deacylation of the B-glycosylation product (330 mg, 0.410 mmol)
in methanol (4mL) was likewise carried out. After completion of the
reaction, the respective mixture was neutralized with cation-exchange resin
(DIAION SK1B H* form), filtered, and evaporated to afford n-dodecyl a-D-
lactoside (2a) and n-dodecyl B-D-lactoside (2b), both as an amorphous mass
in 86% and 49% yield, respectively.

n-Dodecyl 4-0-(2',3',4,'6'-tetra-O-acetyl-B-D-galactopyranosyl)-(1 — 4)-
2,3,6-tri-O-acetyl-a-D-glucopyranoside: [alp +2.2° (¢ 1.0, MeOH); 'H NMR
(CDCly): 6 5.47 (t, 1H, J = 9.36 Hz, H-3), 5.35 (s, 1H, H-4'), 5.12 (t, 1H, H-2'),
497 (s, 1H, H-1), 4.96 (s, 1H, H-3), 4.77 (dd, 1H, H-2), 450 (d, 1H,
J =8.22Hz, H-1'), 4.43 (d, 1H, H-6), 4.15-4.09 (m, 3H, H-6’a,b, H-6), 3.73
(t, 1H, J = 9.90 Hz, H-4), 3.66, 3.38 (q, 2H, OCHy), 2.150-1.96 (s, 21H, OAc),
1.58 (m, 2H, OCH,CH,), 1.36-1.26 (m, 18H, CH,) 0.88 (t, 3H, CHj). Anal.
caled for C3gHg015 (804.9): C, 56.71%; H, 7.51%; found: C, 56.58%; H, 7.85%.
n-dodecyl a-D-lactoside (2a): 'H NMR (MeoSO-dg): 6 4.16 (d, 1H, J = 7.2Hz,

711



712 M. C.Z Kasuya et al.

H-1), 4.60 (d, 1H, J = 3.84Hz, H-1), 1.51 (m, 2H, OCH,CHy), 1.23 (m, 18H,
CHy), 0.85 (t, 3H, CH3). MALDI TOF MS: caled for Co4HygO13 (M + Na)™,
533.3; found: (M + Na)*, 532.98.

n-dodecyl 4-0-(2,3 ,4,/6'-tetra-0O-acetyl-B-D-galactopyranosyl)-(1 — 4)-
2,3,6-tri-O-acetyl-B-D-glucopyranoside: [a]lp —0.93° (¢ 1.0, MeOH); 'H NMR
(CDCls): 6 5.26 (s, 1H, H-4), 5.11 (t, 1H, J =9.36Hz H-3), 5.02 (t, 1H,
J = 8.22Hz, H-2'), 4.87 (dd, 1H, J = 10.44Hz, H-3'), 4.79 (t, 1H, J = 8.22 Hz,
H-2), 4.44 (d, 1H, J =8.28 Hz, H-1'), 4.37 (d, 1H, J = 8.28 Hz, H-1), 4.05—
4.01 (m, 3H, H-6, 6'a,b), 3.80 (t, 1H, J = 7.14Hz, H-5'), 3.57-3.69 (m, 2H,
H-4, OCH,), 3.52 (m, 1H, H-5), 3.36 (q, 1H, OCH,), 2.04-1.94 (s, 21H, OAc),
1.45 (m, 2H, OCH,CH,), 1.71-1.64 (m, 18H, CHy), 0.79 (t, 3 H, CH3). Anal.
caled for C3sHego015 (804.9): C, 56.71%; H, 7.51%; found: C, 56.45%; H, 7.43%.
n-dodecyl B-D-lactoside (2b): 'H NMR (Me,SO-dg): 6 4.18 (d, 1H, JJ = 6.6 Hz,
H-1), 4.15 (d, 1H, J = 7.68Hz, H-1), 2.98 (t, 2H, OCH,CH,), 1.50 (m, 2H,
OCH,CHo,), 1.23 (m, 18H, CHy), 0.85 (t, 3H, CHj3). MALDI TOF MS: calcd for
Cs4H460711 (M + Na)*, 533.3; found: (M + Na)™, 532.98.

n-Dodecyl a-D-galactopyranoside and n-dodecyl B-D-galactopyranoside 4a
and 4b). 2,3,4,6-Tetra-O-benzylgalactosyl chloride (0.80 g, 1.43 mmol) (3) and
dodecanol (1.33 g, 7.15 mmol) were added to a suspension of molecular sieves
and 15.0 mL toluene, and the resulting mixture was stirred at —15°C under a
stream of nitrogen. Silver triflate (1.10g, 4.29 mmol) was added and the
mixture was stirred for 12 hr. The reaction was stopped by the addition of satu-
rated sodium bicarbonate and filtered. Chloroform was added to the filtrate and
washed with sodium bicarbonate, water, and saturated sodium chloride, dried
with anhydrous sodium sulfate, filtered, and evaporated to dryness. The a: 8
mixture of the glycosylation product was separated by silica gel column chrom-
atography (ethyl acetate:hexane, 1:4) to afford 217mg (21.4%) of dodecyl
2,3,4,6-tetra-O-benzyl-a-D-galactopyranoside the a-glycosylation product and
290mg (29%) of the B-glycosylation product. The a-glycosylation product
(200 mg, 0.282mmol) in ethanol (30mL) and the B-glycosylation product
(250 mg, 0.353 mmol) in ethanol (30 mL) were hydrogenolyzed respectively
over 5% Pd/C for 3 days at rt. After completion of the reaction, the mixture
was filtered through a bed of celite and concentrated to afford the syrupy
n-dodecyl a-D-galactopyranoside (4a) and n-dodecyl B-D-galactopyranoside
(4b) primers in 78% and 70% yield, respectively.

n-dodecyl  2,3,4,6-tetra-O-benzyl-a-D-galactopyranoside: 'H NMR
(CDCly):6 7.28—7.24 (m, 20H, 4Bn), 4.82 (s, 1H, H-1), 3.59 (q, 1H, OCHy),
3.40 (q, 1H, OCH,), 1.59 (m, 2H, OCH,CH,), 1.35-1.20 (m, 18H, CHy), 0.85
(t, 3H, CHg3). Anal. caled for C4Hgo06 (708.97): C, 77.93%; H, 8.53%; found:
C, 77.98%; H, 8.32%. n-dodecyl a-D-galactopyranoside (4a): 'H NMR
(MesSO-dg) 6 4.58 (d, 1H, J = 3.84Hz, H-1), 1.45 (m, 2H, OCH;CHy), 1.30—
1.10 (m, 18H, CH,), 0.80 (t, 3H, CH;CHjz). MALDI TOF MS: caled for
C1sH3606 (M + Na)*, 371.25; found: (M + Na)*, 371.19.
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n-dodecyl 2,3,4,6-tetra-O-benzyl-B-D-galactopyranoside: "H NMR (CDCly):
87.32-7.26 (m, 20H, 4Bn), 4.33 (d, 1H, J = 7.74Hz, H-1), 3.92 (q, 1H, Hz,
OCH,), 3.88 (s, 1H, H-2), 3.808 (t, 1H, J =8.76Hz, H-6), 3.5 (d, 1H,
J =6.0Hz, H-3), 1.62—-1.58 (m, 2H, OCH,CH,), 1.26-1.24 (m, 18H, CH,),
0.88 (t, 3H, CHj3). Anal. caled for C46Hgo0s (708.97): C, 77.93%; H, 8.53%;
found: C, 77.88%; H, 8.62%. n-dodecyl p-D-galactopyranoside (4b): '"H NMR
(MexSO-dg) 6 4.22 (d, 1H, J = 7.83 Hz, H-1), 1.59 (m, 2H, OCH,CH,), 1.21-
1.28 (m, 18H, CHy), 0.80 (t, 3H, CH;CHj3). MALDI TOF MS: caled for
C18H3606 M + Na)+, 371.25; found: M+ Na)+, 371.11.

n-Dodecyl a-D-glucopyranoside and n-dodecyl B-D-glucopyranoside (6a
and 6b). 2,3,4,6-Tetra-O-benzylglucosyl imidate (1.50g, 2.19 mmol) (5) and
dodecanol (1.63mL, 8.75mmol) were added to a suspension of molecular
sieves and 40.0mL diethyl ether and stirred under a stream of nitrogen.
TBDMSOTY (0.80 mL, 1.00 mmol) was added and the mixture was stirred at
rt for 5hr. The reaction was stopped by the addition of sodium bicarbonate
and ether was added. The organic layer was washed successively with
saturated sodium bicarbonate, water, and saturated sodium chloride, dried
with anhydrous sodium sulfate, filtered, and evaporated to dryness. The a:8
mixture of glycosylation product was separated by silica gel column
chromatography (ethyl acetate:hexane, 1:9) to afford 420 mg (27%) of the
a-glycosylation product and 450mg (29%) of the pB-glycosylation product.
The a-glycosylation product (302 mg, 0.427 mmol) in ethanol (50 mL) and the
B-glycosylation product (226 mg, 0.319 mmol) in ethanol (30 mL) were hydro-
genolyzed respectively over 5% Pd/C for 6 days at rt. After completion of the
reaction, the mixtures were filtered through a bed of celite and concentrated
to afford the syrupy n-dodecyl a-D-glucopyranoside (6a) and n-dodecyl B-D-
glucopyranoside primers (6b) in 77% and 68% yield, respectively.

n-dodecyl 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside: [a]lp +0.94° (¢ 1.0,
MeOH); 'H NMR (CDCly): 6 7.35-7.26 (m, 20H, 4Bn), 4.78 (s, 1H, H-1), 3.77
(d, 1H, J =9.9Hz, H-6), 3.56 (d, 1H, J = 9.9Hz, H-6), 3.41 (q, 1H, OCH),
1.62 (m, 2H, OCH;CHy), 1.35-1.25 (m, 18H, CH,), 0.88 (t, 3 H, CHj3). Anal.
caled for C4¢Hgo0¢ (708.97): C, 77.93%; H, 8.53%; found: C, 77.83%; H, 8.52%.
n-Dodecyl a-D-glucopyranoside primers (6a): 'H NMR (MeOH-ds) & 4.59
(d, 1H, J = 3.84Hz, H-1), 3.57 (m, 2H, OCH,, H-5), 3.48-3.38 (m, 2H, H-2,
H-4), 3.34-3.26 (m, 2H, H-3, OCHy), 3.16 (dd, 1H, J =9.36 Hz, H-6), 3.04
(t, 1H, J = 9.36 Hz, H-6), 1.501 (m, 2H, OCH,;CH>), 1.30-1.23 (m, 18H, CH.,),
0.85 (t, 3H, CHZCE3) MALDI TOF MS: caled for ClgH3606 (M+Na)+,
371.25; found: (M + Na)*, 371.31.

n-Dodecyl 2,3,4,6-tetra-O-benzyl-B-D-glucopyranoside: [a]lp — 0.32° (¢ 1.0,
MeOH); 'H NMR (CDCls): & 7.34-7.26 (m, 20H, 4Bn), 4.39 (d, 1H,
J =17.68Hz, H-1), 3.97 (q, 1H, OCHy), 3.65 (t, 1H, J = 9.36 Hz, H-6), 3.58
(t, 1H, J = 9.36 Hz, H-6), 3.52 (q, 1H, OCH,), 1.66 (m, 2H, OCH,CH,), 1.41—
1.25 (m, 18H, CH,), 0.89 (t, 3 H, CHj3). Anal. caled for C,sHgo0g (708.97): C,
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77.93%; H, 8.53%; found: C, 77.91%; H, 8.64%. n-Dodecyl B-D-glucopyranoside
primers (6b): 'H NMR (MeOH-d;) 64.08 (d, 1H, J = 7.74Hz, H-1), 3.73 (q, 1H,
OCH,), 3.63 (d, 1H, J = 10.98 Hz H-5), 3.44-3.41 (m, 2H, H-4, OCHy,), 3.12
(t, 1H, J = 8.28 Hz, H-6), 3.03 (s, 2H, H-2, H-3), 291 (t, 1H, J = 8.22Hz,
H-6), 1.49 (m, 2H, OCH,CH,), 1.32-1.18 (m, 18H, CH,), 0.84 (t, 3H,
CH,CH3). MALDI TOF MS: caled for CigH3¢0¢ (M +Na)*, 371.25; found:
(M + Na)*, 371.40.

Cellular Uptake of Glycoside Primers

Cell culture and incubation of cells with lactoside primer were carried out
according to the literature.™®

Identification of Glycosylated Product

The glycosylated products were extracted according to the literature and
the MALDI TOF mass spectra were taken. Treatment of the glycosylated
products with a2,3-sialidase (cloned from Salmonella typhimurium LT2 and
expressed in Escherichia coli) was carried out to confirm their structure.™®
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The Synthesis of the Glycopolymers Containing Pendant
D,L-Xylaric and L-Tartaric Moieties and Their Inhibition
Behavior on the g-Glucuronidase Activity

By Asei William KAWAGUCHI, Takafumi KAIDA, Haruki OKAWA, and Kazuhiko HASHIMOTO*

New styrene denvatlves having D,L-xylaric and L-tartaric moxetles, N-p- vmylbenzyl-D L—xylararmc and N- p-vmylbenzyl—

' tartaramic acids (VB-D ,L-XylarH 10 and VB-L-TartaH 11), were synthesized by the rmg-openmg reactlon off2 3, 4-tr1-0-
- acetyl-meso-xylaric anhydride and 2, 3—d1—0—acetyl—L—tartanc anhydride with p—wnylbenzylarmne, respecu ely, a
subsequent hydrolys:|s under basic condition. The glycomonomers were copoiymenzed with acrylannde (AAm) to glve novel’ =

- polymers having xylaric and tartaric moieties in the pendants (P(VB D L-XylarH—co—AAm) 12 and P(VB-L—TaItaH-co~AAm)“
- 13) respectively. The 1nh1b1uon abilities of the resultmg glycopolymers on the B-glucuronidase activity were found to be
- much higher than not only that of the corresponding saccharic acids but also that of the glycomonomers, especm]ly at the

- lower concentration of sacchanc unit by the spectrophotometry However, the inhibition values were lower than those of the
B glycopolymers bearing D-glucanc pendant, P(VB -6-D-GlucaH-co-AAm) (5) and P(VB-1-D-GlucaH-co-AAm) (6), reported i in -
our previous work. The Lmeweaver—Burk plot suggested that the glycopolymer 13 and the corresponding monomer 11 inhibit

944

_the B-glucuronidase activity noncompetmvely, whereas the inhibition behavior of glycopolymer 12 and monomer 10 1s more
complicated,’ probably a mix- type -of uncompetitive and noncompetltlve ones These are m contra '
* inhibition in the presence of the glycopolymer 5 and its monomer 1 e e -
: KEY WORDS Glycopolymer / Xylanc Acid / Tartanc Acid / ﬂ Glucuromdase / Inhlbltor / Xenoblotlcs /

When xenobiotics such as toxic and medical substances are CH~CH
absorbed into the human body, they are sent to the liver and
oxidized to B-glucuronide conjugates.! This reaction is a kind
of detoxication metabolism. If the molecular weight of the CH
conjugates is more than 400, they should be exhausted via the o NH
small intestines. However, most of them are hydrolyzed by the ~c’
B-glucuronidase in the small intestine. The free xenobiotics are HO/&H 0
absorbed and returned to the liver to be metabolized again.! If HO HO ct “OH

the xenobiotics are toxic, this cycle may be serious for health.
Therefore the inhibition of the S-glucuronidase activity would
be effective for exhausting of the xenobiotics from the body.?”’

VB-6-D-GlucaH, 1

D-Glucaric acid and their lactone derivatives are known to Scheme 1.
be efficient inhibitors for S-glucuronidase.'¢ However, even if CH=CH
these saccharic derivatives were administered orally, they z
would be absorbed before reaching the small intestine.

In our previous work,>” four styryl-type monomers having O._OH
D-glucaric, L-gulonic, and D-gluconic moieties, N-p-vinylben- G oH GH2
zyl-6-D-glucaramic acid (VB-6-D-GlucaH, 1), N-p-vinylben- Hﬂ&c/\pm
zyl-1-D-glucaramic acid (VB-1-D-GlucaH, 2), N-p-vinylben- HO °

zyl-6-L-gulonamide (VB-6-D-Glco, 3), and N-p-vinylbenzyl-6-
D-gluconamide (VB-6-D-Glco, 4), were synthesized through
the ring-opening reaction of D-glucaro-6,3-lactone, D-glucaro-
1,4-lactone, L-gulono-1,4-lactone and D-glucono-1,5-lactone,
respectively, with p-vinylbenzylamine. Although these lactones
are commercially available, D-glucarolactones are relatively
expensive and prepared from D-glucose.

The water soluble random copolymers of 1 and 2 with
acrylamide, poly(N-p-vinylbenzyl-6-D-glucaramic  acid-co-

VB-1-D-GlucaH, 2
Scheme 2.
acrylamide) (P(VB-6-D-GlucaH-co-AAm), 5), poly(N-p-vinyl-

benzyl-1-D-glucaramic  acid-co-acrylamide)  (P(VB-1-D-
GlucaH-co-AAm), 6), respectively, were found to suppress
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the hydrolysis of a model compound for the xenobiotics-B-D-
glucuronide conjugates, p-nitrophenyl B-D-glucuronide (9).
However, the copolymers, poly(N-p-vinylbenzyl-6-L-gulona-
mide-co-acrylamide) (P(VB-6-D-Glco-co-AAm), 7), and poly-
(N-p-vinylbenzyl-1-D-gluconamide-co-acrylamide) (P(VB-1-
D-Glco-co-AAm), 8), respectively, scarcely inhibited the
hydrolysis (Scheme 9).5 Therefore the absence of the carboxy
group in the glycopolymers 7 and 8 should be a main reason for
their poor inhibition ability. Moreover, the kinetic analysis of
the hydrolysis using Lineweaver-Burk plot!”!® suggested that
glycopolymer 5 inhibits the enzyme competitively but the
glycopolymer 6 does uncompetitively.>’

The inhibition behavior is roughly classified into three kinds
that are competitive, noncompetitive and uncompetitive.
Competitive inhibition is that the inhibitor binds to the active
site of the enzyme to form the enzyme-inhibitor complex (EI)
and prevent the substrate binding the same site of the enzyme.
Noncompetitive inhibition takes place when the inhibitor binds

VB-1-0-Gico, 4

Scheme 4.

------ —CHy~GH—+—CHg=GH—
L.
0 NH,
O,,..OH

C
HO&H GH2
HO C/NH

HOb
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Scheme 6.
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Scheme 8.
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Scheme 9.

to both the enzyme and the enzyme-substrate complex (ES)
and becoming EI and the enzyme-substrate-inhibitor complex
(ESI). Uncompetitive inhibition occurs when the inhibitor
binds to only the enzyme-substrate complex (ES) to form ESI.
EI and ESI are inactive, respectively.

In order to examine the inhibition of the glycopolymers
containing five- and four-carbon saccharic pendants, two new
glycomonomers, N-p-vinylbenzyl-D,L-xylaramic acid (VB-D,L-
XylarH, 10) and N-p-vinylbenzyl-L-tartaramic acid (VB-L-
TartaH, 11), respectively, were synthesized in this article. The
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inhibition behavior of their random copolymers with acryl-
amide, Poly(N-p-vinylbenzyl-D,L-xylaramic acid-co-acryl-
amide) and Poly(N-p-vinylbenzyl-L-tartaramic acid-co-acryl-
amide) (P(VB-D,L-XylarH-co-AAm), 12 and P(VB-L-TartaH-
co-AAm), 13), was also investigated kinetically and compared
with that of the corresponding glycomonomers and saccharic
acids.

EXPERIMENTAL

Materials

2,3,4-Tri-O-acetyl-meso-xylaric anhydride was synthesized
from acetic anhydride and xylaric acid which was previously
prepared through the oxidation of D-xylose with nitric acid.’?
p-Vinylbenzylamine was obtained through the azidation of p-
vinylbenzyl chloride and the following reduction with lithium
aluminum hydride.”® p-Vinylbenzyl chloride was kindly sup-
plied by Seimi Chemical Co. Ltd. (Chigasaki, Kanagawa,
Japan). meso-Xylose and 2,3-diacetyl-L-tartaric anhydride
were purchased from Tokyo Kasei Co. Ltd. 28%-Ammonia
aqueous solution was obtained from Taisei Kagaku Co. Ltd. -
Glucuronidase (bovine liver) and p-nitrophenyl S-glucuronide
were purchased from Sigma and used as received. DMSO
was dried over calcium hydride and distilled under reduced
pressure.

Instruments

'H NMR spectra were taken with a JEOL JNM-EX-270
Fourier transform high-resolution spectrometer. Size-exclusion
liquid chromatography was measured with a TOSOH model
HLC-8120 high-performance liquid chromatogram apparatus

using TOSOH TSK-gel a-M, ¢7.8 x 600 mm in acetic buffer
solution (0.8 mL/min.). Molecular devise SPECTRSApMax™
250 microplate spectrophotometer was used for determination
of p-nitrophenol generating during the hydrolysis test. Optical
rotation was determined with a P1010 (JASCO) polarimeter.

Monomer Synthesis

VB-D,L-XylarH (10) was prepared as follows: 4.8g (17
mmol) of 2,3,4-tri-O-acetylxylaric anhydride and 4.5g (3.4
mmol) of p-vinylbenzylamine were stirred in 53 mL of ethyl
acetate at 40 °C for 1d, and the solvent was distilled out under
reduced pressure. Then, 50 mL of chloroform and 5mL of
acetic anhydride were added to the residue, and the mixture
was stirred for 2 h and concentrated under reduced pressure. In
order to remove the acetyl group in the glycomonomer, the
mixture was stirred with 100 mL of ammonia-methanol solu-
tion (1:1) at room temperature for 2d. After the removal of
excess ammonia-methanol solution under reduced pressure, the
co-products such as N-p-vinylbenzyl acetamide were extracted
with chloroform from the residue, and then the ethanol soluble
part was collected and concentrated again. The residual, the
xylaric type monomer (10), was collected on the glassfilter and
purified by the reprecipitation from ethanol-n-hexane system;
Yield, 2.8 g (56%), m.p., 141-142°C. 'H NMR (7.5%, DMSO-
ds, 25°C) 8, ppm; 8.2 (t, 1H, amide NH), 7.4 (d, 2H, 2,6-
position of phenyl CH), 7.3 (d, 2H, 3,5-position of phenyl CH),
6.7 (dd, 1H, CH=CH,), 5.8 (d, 1H, CH=CH,(cis)), 5.2 (d, 1H,
CH=CH,(trans)), 4.3 (d, 2H, benzyl CH>), 4.1 (d, 1H, 2 *CH-
CONH), 4.0 (t, 1H, * °* 2CH-COOH), 3.9 (d, 1H, *CH), 3.04.2
(bs, 4H, OH), 3C NMR (7.5%, DMSO-dg, 25°C) §, ppm;
175.6 (NH-C 0), 173.1 (C OOH), 139.4 (NH-CH,-C (phenyl)),
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136.2 (CH,=C H), 135.3 (CH,=CH-C (phenyl)), 127.2 (3,5-
position of phenyl C), 125.8 (2,6-position of phenyl C), 113.4
(C Hp=CH), 72.7 2 °*(0), 72.0 C0), 70.7 *°*C), and 41.4
(benzyl C Hy). IR (KBr disk): 3486, 3436, 3390, 3324, 3253
cm™! (vog and vng), 1724 ecm™! (ve—o, carboxyl), 1610 cm™!
(Ve—o, amide), 1537 cm™! (vnp). [@]®p = 4+0,3° (DMSO, C
1.0).

Tartaric type monomer (11) was also prepared in a similar
method to that for 10; Yield, 56%. m.p., 186-187 °C. 'H NMR:
(7.5%, DMSO-dg, 25°C) §, ppm; 8.1 (t, 1H, amide NH), 7.4
(d, 2H, 2,6-position of phenyl CH), 7.3 (d, 2H, 3,5-position
of phenyl CH), 6.7 (dd, 1H, CH=CH;), 5.8 (d, 1H,
CH=CHj(cis)), 5.2 (d, 1H, CH=CH,(trans)), 4.3 (d, 1H,
2CH), 4.2 (d, 2H, benzyl CH,), 4.0 (d, 1H, 3CH), 5.5-6.8 (bs,
2H, OH), 3C NMR (7.5%, DMSO-dg, 25°C) 6, ppm; 173.9
(NH-C 0), 171.6 (C OOH), 139.3 (NH-CH-C (phenyl)), 136.5
(CH,=C H), 135.6 (CH,=CH-C (phenyl)), 127.4 (3,5-position
of phenyl C), 126.0 (2,6-position of phenyl C), 113.8 (C
H,=CH), 73.2 (NH-CO-C), 71.8 (C -COOH), and 40.8 (benzyl
C Hy). IR (KBr disk): 3507, 3382, 3282cm™! (vo.y and vnn),
1733cm™! (ve—o, carboxyl), 1633cm™" (ve—o, amide), 1537
cm™! (van). [0]Pp = +57,7° (DMSO, C 1.0).

Copolymerization of Glycomonomers with Acrylamide
(AAm)

VB-D,L-XylarH (10) or VB-L-TartaH (11), acrylamide
(AAm) and azobisisobutyronitrile were dissolved in dimethyl
sulfoxide in testing tubes. After degassing three times in a
cooling bath, the tubes were sealed and heated in a bath
controlled at 60 °C for 24 h. Then, the tubes were cooled down
at —20°C for quenching. After the seal was broken, the
solution was poured to a large amount of chloroform and the
resulting polymers were collected on a glassfilter. The
polymers were purified by dialysis (cut off 3500) with water
and the lyophilization. The copolymer composition was
estimated from the intensity ratio of the signals in the
'H NMR.

Estimation of Inhibition Value of Different Glycopolymers
and Monomers for B-Glucuronidase Activity

A model compound, for the B-D-glucuronide conjugates p-
nitrophenyl B-D-glucuronide (9) (7 mmol/L), was hydrolyzed
with 14IU/L of B-glucuronidase in an acetic buffer solution
(pH =4.7) at 37°C in presence or absence of 0.002-6.67
mmol/L of the glyco unit in the glycopolymers or glycomo-
nomers. The same lot No. of the B-glucuronidase was used
for the hydrolytic test in the absence and presence of each
inhibitor. The hydrolytic rate was estimated from the time
dependence of the absorbance of the freed p-nitrophenol at
400nm. The inhibition value of the glycopolymers (%) was
calculated from the hydrolytic rate in the presence or absence
of 0.002-6.67 mmol/L of the glyco unit in the glycopolymers.

The Lineweaver-Burk plot was attempted by using the data
determined in 0.4-1.4 mM of p-nitrophenyl S-D-glucuronide in
the presence of different amounts of the glycomonomers and
glycopolymers.

RESULTS AND DISCUSSION

Monomer Synthesis

A styrene monomer, N-p-vinylbenzyl-D,L-xylaramic acid
(VB-D,L-XylarH, 10), was newly synthesized as shown in
Scheme 12. Two equivalents of p-vinylbenzylamine were
added to 2,3,4-tri-O-acetyl-meso-xylaric anhydride in ethyl
acetate and the mixture was stirred at 40°C for 1d. The
resulting crude salt (14) was acetylated with acetic anhydride in
chloroform for 2h. Then acetyl groups in the glycomonomer
were selectively hydrolyzed in ammonia-methanol solution
at room temperature for 2d. The co-products such as N-p-
vinylbenzyl acetamide were removed as a chloroform soluble
part from the residue and subsequently the glycomonomer (10)
was obtained as an ethanol soluble part at 40°C. Total yield
was about 56%; m.p. 141-142°C.

Another monomer, N-p-vinylbenzyl-L-tartaramic acid (VB-
L-TartaH, 11), was also prepared using L-tartaric anhydride as a
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Table I. The radical copolymerization of the glycomonomers (10 and 11) with acrylamide?®
Glycomonomer Polymer
Run AAm Mole fraction [Mlo AIBN Time - - - Mp© c
No. M, mg mmol  of My infeed  mol/L  mol% h Resulting  Yield  Mole fractionof 404 Mu/Mh
(mmol) polymer mg 10 or 11°

1 10 177(0.6) 2.4 0.20 3.0 1.00 24 12 217 0.25 1.56 1.90
2 10 177(0.6) 2.4 0.20 3.0 0.25 24 12 177 0.35 2.96 1.72
3 10 177(0.6) 2.4 0.20 3.0 0.05 36 12 124 0.42 4.14 1.98
4 10 170(0.6) 24 0.20 1.5 1.00 24 12 210 0.22 0.84 1.53
5 10 295(1.0) 4.0 0.20 1.0 0.30 24 12 336 0.41 1.32 1.57
6 1 316(1.2) 4.8 0.20 6.0 0.13 12 13 318 0.30 8.80 2.62
7 n 158(0.6) 2.4 0.20 1.5 1.00 12 13 110 0.23 0.88 2.95
8 1 474(1.8) 4.2 0.30 6.0 0.13 12 13 408 0.41 11.3 2.70
9 1 239(0.9) 2.1 0.30 3.0 0.25 12 13 72 0.50 4.7 1.91

aSolvent, DMSO; temp., 60°C. ®By 'H NMR in D,O. °By SEC in acetic buffer (standard, PEG).

starting material in a similar method (Scheme 13); yield, 68%;
m.p. 186-187°C.

Both two new monomers 10 and 11 are soluble in water,
DMF, and DMSO at room temperature and in ethanol and
methanol at 60°C, but insoluble in chloroform, diethyl ether,
benzene and acetone.

Copolymerization of the Glycomonomers (10 and 11) with
Acrylamide (AAm)

The radical copolymerization of the glycomonomers con-
taining D,L-xylaric and L-tartaric pendants (10 and 11) with
acrylamide (AAm), on which the mole fraction of the glyco-
monomers in feed was 0.2 or 0.3, proceeded in DMSO in a
homogeneous phase at 60°C. The resulting copolymers were
precipitated in chloroform, purified by dialysis (cut off 3500) in
water and isolated by the subsequent lyophilization (Table I).

The resulting copolymers, P(VB-D,L-XylarH-co-AAm) (12)
and P(VB-L-TartaH-co-AAm) (13), were dissolved in water,
methanol and DMSO, at room temperature, but were insoluble
in chloroform, benzene, diethyl ether and ethyl acetate. The
number average molecular weight estimated by size-exclusion
chromatography in acetic buffer (pH = 4.7) was found to be
controlled by the initial monomer concentration and the
initiator concentration in the range from 8.8 x 10° to 11 x
10*. The copolymer composition was determined from the
signal intensity in their 'H NMR spectrum as shown in Table I.
The copolymers obtained in the present work are speculated to
be the random copolymers, because the copolymer composition
of a similar glycopolymer, P(VB-6-D-GlucaH-co-AAm) §,
depended upon the mole fraction of glycomonomer in feed on

the radical copolymerization as reported in our previous
article.®

Inhibition of B-Glucuronidase Activity by Different Glyco-
polymers and Glycomonomers

A model compound for the B-D-glucuronide conjugates of
xenobiotics, p-nitrophenyl B-D-glucuronide (9), was hydro-
lyzed with B-glucuronidase in the absence or presence of the
resulting glycopolymers (12 and 13), the corresponding
monomers (10 and 11) or saccharic acids. The inhibition value
(%) was calculated from the hydrolytic rates of the substrate
in the absence and presence of the copolymers, monomers or
saccharic acids (vg and v, respectively) as shown in eq 1.

Inhibition value (%) = {(vo — v)/vo} x 100 (1)

As shown in Figure 1, inhibition value of the glycopolymer
bearing D,L-xylaric moiety, P(VB-D,L-XylarH-co-AAm) (12),
was found to be 50% even at the lower range of the
concentration of the saccharic unit such as 0.05 mmol/L, and
increased with the concentration of up to 70% at 6.67 mmol/L.
On the other hand, the corresponding glycomonomer, VB-D,L-
XylarH (10), and meso-xylaric acid inhibited insignificantly at
a lower concentration (<0.1 mmol/L), although their inhibition
values rose at higher concentration, except L-tartaric acid.

As summarized in Figure 2, the glycopolymer bearing L-
tartaric moiety, P(VB-L-TartaH-co-AAm) (13), inhibited the
enzyme effectively at the lower concentration range of the
saccharic unit, and the inhibition value deteriorated similarly in
the order of the copolymer (13), monomer (11), and L-tartaric
acid.
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Figure 1. Inhibition of the B-glucuronidase activity by the xylaric series
inhibitors at 37°C (p-nitrophenyl B-D-glucuronide (8), 7 mmol/L;
B-glucuronidase, 141U/L). @; P(VB-D,L-XylarH-co-AAm) (12),
glycomonomer unit, 22%, M, = 0.84 x 10*: l; VB-meso-XyiarH
(10): @; p-Xylaric acid.
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Figure 2. Inhibition of the g-glucuronidase activity by the tartaric series

inhibitors at 37°C (p-nitrophenyl g-D-glucuronide (9), 7 mmol/L;
B-glucuronidase, 141U/L). @; P(VB-L-TartaH-co-AAm) (13), gly-
comonomer unit, 23%, M, = 0.88 x 10*: l; VB-L-TartaH (11): ¢;
L-Tartaric acid.

Another noteworthy point is in the fact that glycomonomers
10 and 11 having p-vinylbenzyl group inhibited more strongly
than the corresponding saccharic acids at a higher concen-
tration. The hydrophobicity of p-vinylbenzyl group may also
participate in the inhibition behavior. The effect of the
hydrophobic group is now being investigated from the view
point of the interaction with a hydrophobic part in the enzyme,
and will be reported in the near future.

These effective inhibitions of the glycopolymers (12 and 13)
should be caused by the linkage of the glycomonomer unit
along the polymer chain. Therefore the glycomonomer units
are inferred to exist as a cluster even in the lower concentration
and the glycopolymers show a positive cluster effect on the
inhibition.

Figure 3 shows that the inhibition values of copolymer 12
(P(VB-D,L-XylarH-co-AAm)) and copolymer 13 (P(VB-L-
TartaH-co-AAm)) were lower than that in the case of
glycopolymer § (P(VB-6-D-GlucaH-co-AAm)) reported in
our previous work.%” The glucaric moiety in copolymer 5 has
potentially similar conformation to the glucuronic moiety in

100

[=]
o

[2]
o

40

Inhibition value, %

20

o ¢ 1 1 —
0.01 0.1 1 10
Concentration of saccharic unit, mmol/L

Figure 3. Inhibition of the B-glucuronidase activity by the different glycopol-

ymers at 37°C (p-nitrophenyl g-D-glucuronide (9), 7 mmol/L;
B-glucuronidase, 141U/L). @; P(VB-6-D-GlucaH-co-AAm) (5),
glycomonomer unit, 27%, M, = 0.73 x 10*: B; P(VB-D,L-XylarH-
co-AAm) (12), glycomonomer unit, 22%, M, = 0.84 x 10*: @;
P(VB-L-TartaH-co-AAm) (13), glycomonomer unit, 23%, M, =
0.88 x 10%.

the B-D-glucuronide conjugates. In contrast, the chain length of
xylaric and tartaric moieties in glycopolymer 12 and 13 are
shorter than that of D-glucaric acid. Therefore, the similarity of
the molecular structure, especially, the chain length may also
be one important factor for the inhibition.

Although the tartaric-type inhibitor (13) was less effective to
the B-glucuronidase activity than the glucaric- and xylaric-type
inhibitors (5§ and 12), it is still useful, because L-tartaric
anhydride, which is a key starting material for the correspond-
ing glycopolymer (13), is commercially available and less
expensive. On the other hand, D-glucaro-6,3-lactone and
xylaric anhydride for the synthesis of the glycomonomers
(1 and 10), respectively, are expensive and/or necessary to be
prepared in the laboratory before use.

Lineweaver-Burk Plot

The inhibition behavior can be distinguished by judging
from the each extrapolating line on Lineweaver-Burk plot!7!8
and typical examples of Lineweaver-Burk plot were shown in
Figure 4.

In the case of competitive inhibition, each line crosses on
the vertical axis (Figure 4A), whereas in the case of non-
competitive inhibition, each line crosses on the horizontal axis
(Figure 4B). In the case of uncompetitive inhibition, each line
becomes parallel (Figure 4C). On the other hand, each line
intersects in the second quadrant in the case of the mix-type
of competitive and noncompetitive inhibition (Figure 4D)
and cross in third quadrant in the case of the mix-type
of noncompetitive and uncompetitive inhibition (Figure 4E),
respectively.

The hydrolytic rate (v) in different concentration of S-
glucuronide 9 with B-glucuronidase was determined in the
presence of the glycopolymers having tartaric and xylaric
pendants (13 and 12) (Figures 5 and 6). V., Ky and (K, /
Vmax) for the line in the absence of the inhibitor and the
apparent values of Vpa!, Kin! and (Kiy/Vinax)! for the line in
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Figure 4. The typical examples of Lineweaver-Burk plot. (A) competitive
inhibition, (B) noncompetitive inhibition, (C) uncompetitive inhib-
ition, (D) mix-type of competitive and noncompetitive inhibition and
(E) mix-type of noncompetitive and uncompetitive inhibition.

the presence of the inhibitors were estimated from the slope
and intercepts of each line and summarized in Table IL

In the case of hydrolytic test using glycopolymer 13 as a
macromolecular inhibitor (Figure 5), the intercept of the
horizontal axis was found to be constant and not to depend
on the concentration of the macromolecular inhibitor (13), but
the intercept of the vertical axis to be dependent upon the
concentration. In other words, K, and Kp,! were constant and
independent upon the concentration of the inhibitor, and Vax
and V., were dependent upon the concentration of the
inhibitor as shown in Table II. Thus, the tartaric-type glyco-
polymer is presumed to inhibit the enzyme noncompetitively.
The tartaric-type glycopolymer binds probably not only the
enzyme (E) but also the enzyme-substrate complex (ES). This
fact is remarkably different from the competitive inhibition by
glucaric-type copolymer 5 reported in our previous article.® In
the Lineweaver-Burk plot for the copolymer 5, the intercept of
the vertical axis, that corresponds to 1/Vpax and 1 /Vinax', wWas
constant and independent on the concentration of the copoly-
mer 5, but that of the horizontal axis, that corresponds to
~1/Kg and —1/Ky!, depend upon the concentration. The
glucaric-type glycopolymer should bind to the active site of the
enzyme and prevent the binding of the substrate.

The Lineweaver-Burk plot for the xylaric-type glycopoly-
mer 12 was more complicated (Figure 6). Both intercepts of
horizontal and vertical axes were dependent upon the concen-

104mg/L
52mg/L
26mg/L

Omg/L

1iv (x10% min/M)

-0.2-

1/[S] (mM™)

Figure 5. Lineweaver-Burk plot for the kinetic data on the hydrolysis of p-

nitrophenyl B-D-glucuronide (9) by B-glucuronidase in the pres-
ence of P(VB-L-TartaH-co-AAm) (13). glycomonomer unit, 23%,
M, = 0.80 x 10*.

104mg/L
52mg/L
26mg/L

Omg/L

1/v (x10° min/M)

-0.1

-0.2 J-

1/[S] (mM")
Figure 6. Lineweaver-Burk plot for the kinetic data on the hydrolysis of p-
nitropheny! B-D-glucuronide (9) by g-glucuronidase in the pres-
ence of P(VB-D,L-XylarH-co-AAm) (12). glycomonomer unit, 41%,
M, =1.32 x 10%.

Table ll. The kinetic data on the hydrolysis of p-Nitrophenyl g-glucuronide
with g-glucuronidase in the presence of macromolecular inhibitors at 37°C

Macromolecular Vmax OF Vinax! Km of Km'  (Km/Vmax) OF (Km/Vmax)'
Inhibitor (mg/L)  x10-3 (M/min) (miM) x10~" (min)
13
0 19.1 0.4 0.2
26 13.7 0.4 0.3
52 12.2 0.4 0.3
104 114 0.4 0.4
12
0 221 0.6 0.3
26 10.9 0.4 0.3
52 9.9 0.3 0.3
104 8.7 0.3 0.4
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Figure 7. Lineweaver-Burk plot for the kinetic data on the hydrolysis of p-
nitrophenyl B-D-glucuronide (9) by g-glucuronidase in the pres-
ence of VB-L-TartaH (11).
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Figure 8. Lineweaver-Burk plot for the kinetic data on the hydrolysis of p-
nitrophenyl B-D-glucuronide (9) by B-glucuronidase in the pres-
ence of VB-D,L-XylarH (10).

tration. In addition, the extrapolating lines on the all glyco-
polymer concentration and the line in the absence of the
glycopolymer were found to cross over in the third quadrant.
Judging from the intersection position the behavior of
glycopolymer 12 is supposed to be a mix-type of noncompe-
titive and uncompetitive inhibition. Such a inhibition behavior
may reflect the fact that the glycopolymer 12 contains both D-
and L-xylaric moieties.

Lineweaver-Burk plot was also applied to the kinetic data on
the hydrolysis in the presence of the corresponding glycomo-
nomers (11 and 10) (Figures 7 and 8) and Vp,y, Ky and K,/
Vimax in the absence of the inhibitor and the apparent values of
Vmaxl, K and (Ki/Vimax)! in the presence of glycomonomers
were shown in Table III.

As shown in Figures 7 and 8, both Lineweaver-Burk plots
of the glycomonomers were quite similar to those of the

Table lll. The kinetic data on the hydrolysis of p-Nitropheny! g-glucuronide
with B-glucuronidase in the presence of monomeric inhibitors at 37°C

Macromolecular Vimax OF Vimax! Km or Km' (Km/Vmax) or (Km/Vimax)'
Inhibitor (mg/L)  x10-3 (M/min) (mM) %10~ (min)
11
0 18.1 0.5 0.3
170 6.2 0.3 04
340 3.0 0.3 0.9
680 1.8 0.3 15
10
0 16.8 0.4 0.3
184 15.8 0.3 05
370 2.7 0.2 0.9
740 1.3 0.2 1.8

corresponding glycopolymers, respectively. Taking into con-
sideration of the low inhibition ability of polyacrylamide as
reported previously,® the mechanism of the glycopolymer can
be mainly caused by their corresponding glycomonomer. Thus,
the inhibition with glycomonomer 11 should be noncompeti-
tive, whereas that with the glycomonomer 10 may be a mix-
type of noncompetitive and uncompetitive inhibition.

Although the figure is not presented here, the inhibition with
glycomonomer 1 is competitive, and similar to that of
glycopolymer 5, which will be reported in a separated paper
in the near future.

As above-mentioned, the competitive inhibition by the
glucaric-type copolymer, 5, may reflect the similarity of its
molecular structure to that of the B-glucuronide unit in the
substrate (9). In other words, the noncompetitive inhibition by
the tartaric-type copolymer 13 and a mixed-type inhibition by
the xylaric copolymer 12 might reflect the unsimilarity of their
molecular structure to that of the B-glucuronide unit. The
length of the carbon chains and the configuration of the
saccharic units in the glycopolymers 12 and 13 are significantly
different from those of the B-glucuronide unit in the substrate
9 as shown in Figure 9. Nevertheless, the glycopolymers 12
and 13 should be useful because of their inhibition ability.

In summary xylaric and tartaric copolymers 12 and 13
synthesized in the present work were found to inhibit the
activity of B-glucuronidase and to show “cluster effect” as well
as the glucaric copolymer S reported in our previous work. The
inhibition tendency became lower with the shortening of the

CH#=CH CHzCH CH#CH CHzFCH
CH, CH, CH, CH,
NH NH NH NH
6l 1 51 1l
0=C 0=C =C 0=C
HO-4— —2-OH HO4— —4—0H
—4-OH HO-— —2-OH HO-S—
HO-3— —~FOH  HO4— L.
HO-Z— ey £ 0 OH
< 0 OH 0 OH
O ©OH
VB-6-D-GlucaH, 1 VB-p,.L-XylarH, 10 VB-L-TartaH, 11

Figure 9. Fisher projections of VB-6-GlucaH (1), VB-D,L-XylarH (10), and
VB-L-TartaH (11).
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carbon chain in the saccharic moieties. However, the inhibition
behavior of the copolymers 12 and 13 is different from that of
glucaric-type copolymer 5, which inhibits the enzyme com-
petitively.
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Inhibitors on the p-Glucuronidase Activity: The Inhibition
Mechanisms of Mannaric- and Glucaric-Compounds

ASE! WILLIAM KAWAGUCHI, HARUKI OKAWA, KAZUHIKO HASHIMOTO

Department of Materials Science and Technology, Faculty of Engineering, Kogakuin University, Nakano-Cho, Hachiaji,
Tokyo 192-0015, Japan

Received 25 September 2008; accepted 18 January 2009
DOI: 10.1002 [ pola.23308
Published online 00 Month 2008 in Wiley InterScience (www.interscience. wiley.com).

¥ -

ABSTRACT: A new styrene derivative having D-mannaric moiety, N-p-vinylbenzyl-p-
mannaramic acid (VB-p-ManaH, 8) was synthesized though the ring-opening reaction
of p-mannaro-1,4:6,3-dilactone (o-MDL) with p-vinylbenzylamine. VB-p-ManaH was
copolymerized with acrylamide {AAm) to give novel polymers having p-mannaric moi-
ety in the pendants, P(VB-p-ManaH-co-AAm), 18. The resulting glycomonomer and
polymer (8 and 18) bearing p-mannaric pendants were found te inhibit the f-glucuron-
idase activity, although the inhibition ability of the corresponding saccharodilactone
(p-MDL) was known to be low. Additionally, the inhibition ability of P(VB-p-ManaH-
co-AAm;}, 10, was almost the same as that of the glycopelymer having p-glucaric pen-
dants, P(VB-6-p-GlcaH-co-AAm), 1, which was one of the most effective inhibitors for
B-glucuronidase, reported in our previcus work. Thus, 16 and 8 may be the first p-
mannaric strong inhibitors to the f-glucuronidase activity. The Lineweaver-Burk plot
suggested that the inhibition mechanisms of 18 and 8 were more complicated than in
the case of the competitive and uncompetitive inhibition of N-p-(vinylbenzyl}-6-p-gha-
caramic (11) and N-p-(vinylbenzyl)-1-p-glucaramic acids (12), respectively. ©2008 Wilay
Periodicals, Inc. J Polym Sci Part A: Polym Chem 47: 2032-2042, 2008

Keywords: glycopolymer; inhibitor; molecular recognition; polystyrene; proteins

INTRODUCTION

Recently, many kinds of glycopolymers have been
studied vigorously since they can be used for the
many potential applications. For examples, they
were used as a mimic for the glycosaminoglyean
heparin by Ayres et al.! and as a macroinitiator
by Haider and Williams.” This article is concerned

Correspondence to: A. W. Kawaguchi {E-mail: bd08001@
ns.kogakuin.ac jp) or K Hashimots (B-mail: hashimot@cs.
kogakuin.ac.jp)
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with a new potential application of the glycopoly-
mer to an inhibitor for f-ghacuronidase activity.
p-Glucuronidase exists in almost all parts of
mammalian, especially in liver, spleen, kidney,
and intestine.® This enzyme of humans consists of
four same subunits containing 651 amino acid
units.* The catalytic residues are known to be
Glu-451 and Glu-540,% and to hydrolyze glacuro-
nide conjugates to the free xenobiotics such as
drugs and medical substances and p-glucurenic
acid in the intestine.® The free xencbiotics are
absorbed through the intestinal mucosa and
returned to the liver. Consequently, the
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NO i ;
Y z B-Glucuronidase OH NO,
OH [ j inhibitor O=¢ P
°¢ o Y7 nBuffer pH 47 HO\"Z Q7 o
HON =2 o 2t 37°C HO—" %= OH T
HO X HO OH
HO
p-Nitrophenyi 3-D-
Glucuronide, 5 UV 400nm
Scheme 1. Method of inhibition test for f-glucuronidase activity by synthetic glyco-
polymer.
xenobioties are hardly excreted. If the xenobiotics 1i—CHg—=CH— " —CHp~CH—
are toxic, such an enterchepatic circulation may SN, £
be serious for the human body. Therefore, the in- L G NH,
hibition of the f-glucuronidase activity would be Q»;C,OH CH
an effective way to excrete the xenocbiotics from e\ __OH 2
HO e NH
the body. HO e
Several types of inhibitors such as amino acids,’ HO ¢

1L
\

metal ions,® and saccharic acids®™® have been
P{(VB-1-p-GicaM-co-AAm}, 2

investigated for f-glucuronidase. Among them, p-
glucaric derivatives are the most effective inhibi-
tor for p-glucuronidase.”™® However, even if the

saccharic derivatives were administered orally, v —CHp—CH— 1 —CHy~CH—
most of them would not be carried to the intestine N /(':\
because of their low-molecular weight. Therefore, i O NH,

~ P
'

the exclusive transport of the inhibitors into the

intestine is important for clinical research on their i

activity in the human ?:xody.m'"16 O JNH
In our previous work,* ¢ novel water-soluble

glycopolymers containing aldaric [P(VB-6-n-

GleaH-co-AAm), 1, and P(VB-1--GleaH-co-AAm), HO A CH,OH

2] and aldonic [P(VB-6-p-Glco-co-AAm), 3, and P(VB-8-D-Gico-co-AAm), 3

P(VB-1-p-Glco-co-AAm), 4] moieties were synthe-

sized by the radical copolymerization of the corre-

sponding glycomonomers with acrylamide (AAm),

respectively. Among them, 1 and 2 inhibited the o= CHp=CH— e —CHy—CH—»
hydrolysis of a model compound for xenobiotics-f- P \‘ o NH
p-ghucuronide conjugates, p-nitrophenyl f-p-glu- ~ 2
S1 curonide (8) (Scheme 1). CH,0H (,‘;H2
HQ"Xﬁ:‘:ﬁH NH
0= CHy—CH— 1 —CHy~CH-— HO- Y7
@ o nm "o
~ 2 P{VB-1-D-Glco-co-AAm), 4
CH,
o, NH
HO—v—\_~OH However, 3 and 4 hardly suppressed the hydro-
HO&./\\ c© tysis. Therefore, the absence of the carboxy group
HO “on in P(VB-6-p-Glco-co-AAm) (3) and P(VB-1-p-Glco-
P(VB-6-D-GicaH-co-AAm), 1 co-AAm) (4) should be a major occasion for their

Journal of Polymer Secience: Part A: Polymer Chemistry
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low inhibition ability. Moreover, in our another
previous work,'? the inhibition ability of the gly-
copolymers was found to be lower in the order of
1, P(VB-p,L-XylaH-co-AAm) (), and P(VB-L-
TartH-co-AAm) (7).

ull——CHza--cH ~~~~~~ |:|:~--—-CH2—£[:H———H::
® .
L O NH,

LN

CH,

7

HN

HO - c”

P(VB-p,L-XylaH-co-AAm]), 6

1 —CHy=CH— 1 —CHp~CH—»

]/)\E //C\
is\/ 0" 'NH,

/CHz
HN
\C“O
HO~" ©
~ ¢
Hd OH
P(VB-L-TartH-co-AAm), 7

In the present work, the new glycomonomer
and glycopolymer having p-mannaric pendants, of
which the configuration was different from those
of p-glucaric pendants, were synthesized and their
inhibition mechanism was investigated, although
Levvy had reported that among the 6-carbon sac-
charic acids, p-mannaric dilactone was not effec-
tive for the inhibition of f-glucuronidase activity,
which was different from p-glucaric and n-galacta-
ric eompounds.’” Thus, N-p-vinylbenzyl-p-man-
naramic acid (VB-p-ManaH, 8), was synthesized
from p-mannaro-1,4:6,3-dilactone (6-MDL, 9) and
p-vinylbenzylamine and copolymerized with AAm
o give a new water soluble glycopolymer, P(VB-p-

S2, 83 ManaH-co-AAm), 18, (Schemes 2 and 3).

The inhibition abilities of 16, 8, and 8 for f-glu-
curcnidase activity were compared with those of
1, 2 and the corresponding glucarie-type mono-
mers, N-(p-vinylbenzyl)-6-p-glucaramic and N-(p-

iD: kumarpr | Black Lining JON] | Time: 12:08 | path #xinchnasjn/01Journals/Wiley/3b2/POLANI04708/09005 2 APPFile/C2POLADS0ES52
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vinylbenzyl}-1-p-ghicaramic acids (VB-6-p-GleaH,
11, and VB-1-p-GleaH, 12, respectively), from the
view of their configuration.

-
PN

o
o, NH
HO T\ —OH
HO&/\\ -0

¥B-8-n-Glecah, 11

CH,=CH

2
Xy

~o 5
g

YB-1-D-Glcal, 12

EXPERIMENTAL

Materials

p-Vinylbenzylamine was prepared as reported in
the literature.'® p-Vinylbenzyl chloride was kindly
supplied by Seimi Chemical Co. Ltd. (Chigasaki,
Kanagawa, Japan). f-Glucuronidase (bovine liver)
and p-nitrophenyl f-p-glucuronide were pur-
chased from Sigma and used as-received. DMSO
was dried over calcium hydride and distilled
under reduced pressure, Azobisischutyronitrile
(AIBN) was purchased from Tokvo Chemical
Industry Co. Ltd. (Tokyo, Japan) and recrystal-
lized with methanol before use. o-MDL was syn-
thesized by the oxidation of p-mannitol and subse-
quent dehydration.” p-MDL hydrolysate was pre-
pared as its acetic buffer solution (pH 4.7) by the
hydrolysis of p-MDL with petassivm hydroxide
aguecus solution and subsequent pH control with
acstic acid. p-Mannitol was purchased from Kanto

Journal of Polvmer Science: Part A: Polymer Chemistry
DOT 16.1002/pola
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CH,=CH CH,=CH CH=CH
A E/\ q '\j
Q/] 7 e
HO CH, CH, 1) 1M-KOH CHa
OQC \c//o &Hz O\\ /&H 2) GM-HCI 0\\ /NH
S - " OH S ¢ OH
o.\,,—( MeOH 4o '\:‘;:EH
OH HO C/:,O ©
'O-CH,4 \
D-MDL, 8 Methyl M4{p-Vinyibenzyl}- VB-p-Manak, 8

D-mannaramate
Scheme 2. Synthesis of VB-D-ManaH (8).

Kagaku Co. VB-6-p-GlcaH (11) and VB-1-p-GleaH
(12) were synthesized as reported in the previcus
literature. 1418

instruments

'H NMR and **C NMR spectra were taken with a
JEOL JNM-ECX-400 Fourier transform high-re-
solution spectrometer. FTIR spectra were recorded
on a JEOL JIR-WINSPEC50 FTIR spectrophotom-
eter. Size-exclusion liguid chromatography was
carried out with a TOSOH model HLC-8120 high-
performance liquid chromatogram apparatus
using TOSOH TSK-gel -M, ¢ 7.8 x 600 mm in
acetic buffer solution (0.6 mld/min.). Molecular
devices SPECTRAIM, 190 microplate spectropho-
tometer was used for the determination of p-nitro-
phenol generating during the hydrolysis test. Op-
tical rotation was determined with a JASCO
P1010 polarimeter. Elemental analysis was car-
ried out with CHN/O Analyzer 240011 (Perkin-
Elmer). The amino acid sequence of g-glucuroni-
dase was obtained from Protein Data Base, Japan.

Synthesis of VB-p-ManaH (8)

p-MDL (9 (0.87 g, 5.0 mmol} was dissclved in
methanol (80 mL) and p-vinylbenzylamine (0.73
g, 5.5 mmol) was slowly dropped to the solution,
which was stirred at 35 °C for 3 days. The white
powdered by-product, N, N'-bis(p-vinylbenzyl}-p-
mannarodiamide, was filtered off and the filtrate
was concentrated under reduced pressure. Then
chloroform (150 mL) was added to the filtrate to
enhance the crystallization of the product, methyl
N-(p-vinylbenzyl)}-p-mannaramate. Yield: 38%
(.54 ¢).

1 NMR(400 MHz, DMSO-dg, 25 “C) 6, ppm;
8.4 {t, 1H, amide NH), 7.4 {d, 2H, 3,5-position of
phenyl CH), 7.3 (d, 2H, 2,6-position of phenyl CH),

4.3 (4, 2H, benzyl CH,), 3.9 (dd, 2H, *CH, and
ACHD, 3.7 &, 2H, *CH, and "CH), and 3.6, (s, 3H,
—QC0—CH,. ¥C NMR (100 MHz, DMSO-dg,
25 °C) §, ppm; 1756 and 173.1 (NH—CO and
COOCHs), 1394 [NH—CHy—C (phenyll, 136.2

CH,=CH * CHy=CH  — = —CHy=CH——CHymCH—
| 0" 'NH, L( 0" NH,
7 DMSO i
ot c
NH hH

O . w

¢ OH Os¢’ oH
: o //0

HO c° HO c’

OH OH

¥B-p-ManaH, 8 P{VB-p-ManaH-co-AAm)}, 10

Scheme 3. Copolymerization

of VB-o-ManaH (8) with acrylamide.

Journal of Polymer Science: Part A: Polymer Chemistry

DOI 10.1002/pola

i0: kumarpr | Black Lining' JON] | Time: 12:05 | Path: /ixinchnasin/@1Journals/\Wiley/3b2/POLAN 0104 708/030052/APPFile/C2POLADS00S2



J_1D: Z8G Customer A_1D: 23308 Cadmus Art: POLA 23308 Ed. Ref: 08-1001.R1 Dale: 27-February-09

2036 KAWAGUCHI, OKAWA, AND HASHIMOTO

(CHz=CH), 135.3 [CH;=CH—C (phenyl)], 127.2
(3,5-position of phenyl C), 125.8 (2,6-position of
phenyl €), 113.4 (CHy,==CH), 71.8 and 71.0 (*C and
®C), 70.7 and 70.2 (°C and *C), 50.6 (—OCO—CHa)
and 41.4 (henzyl CHo).

The precursor (0.54 g, 1.6 mmol) was hydro-
lyzed with 1 M petassivm hydroxide agueous so-
lution, and subsequently neutralized with 6 M hy-
drochloric acid to obtain VB-p-ManaH, immedi-
ately. The crystal was collected on a glass-filter
and further washed with a small amount of water.
Yield of 8: 57% (0.30 g).

M.p.: 167168 °C. *H NMR(400 MHz, DMSO-ds,
25 °C) 9, ppm; 12.2 (bs, COOH), 8.4 (t, 1H, amide
NH), 7.4 (d, 2H, 3,5-position of phenyl CH), 7.3 (4,
2H, 2,6-position of phenyl CH), 6.7 (dd, 1H,
CH=CHy), 5.8 [d, 1H, CH==CH.cis}], 5.6 (d,
1H, OH), 54 (d, 1H, OH, 52 [d, 1H,
CH=CH,(trans)], 4.7 (d, 1H, OH), 4.5 {d, 1H, OH),
4.2 (d, 2H, benzy! CH,), 4.1 (dd, 2H, °CH and “CH),
4.0 (t, 2H, 2CH and °CH). ¥C NMR (100 MHz,
DMSO-dg, 25 °C) 8, ppm; 175.8 and 174.2 (NH—CO
and COOH), 139.7 [NH—CHy—C (phenyl)], 136.9
(CHy=CH), 136.1 [CHo=CH—C {(phenyl}], 127.9
(3,5-position of phenyl C), 126.5 (2,6-position of phe-
nyl €}, 114.3 (CHy==CH), 72.0 and 71.7 (*C and °C),
71.3 and 71.0 (°C and *C), and 41.4 {benzyl CH,).
IR (KBr disk, cm™*): 3486, 3436, 3390, 3324, 3253
(V()...H and VN---H)s 1720 (‘»’C::;,Q, carboxyl), 1610 (‘:/{;:::g’
amide}, 1537 (vy—z). [2}%: ~25.6 (¢ = 1.00, DMSO).
Anal. caled. for CsHoNOy: C, 55.38; H, 5.89; N,
4.31. Found: C, 55.53; H, 5.96; N, 4.43.

Copolymerization of VB-p-ManaH (8) with AAm

VB-p-ManaH, AAm and AIBN were put in a test
tube and dissolved in dimethyl sulfoxide. After
degassing three times in a cooling bath, the tube
was sealed and heated in a bath controlled at
60 °C for 24 h. Then, the tube was cooled down at
—20 °C for quenching. After the seal was broken,
the solution was poured to a large amount of chlo-
roform and the resulting polymer was collected on
a glassfilter. The polymer was purified by the dial-
ysis (cut off 3500) in water and isoclated by the
subsequent lyophilizatien. The copolymer compo-
sition was estimated from intensity ratic of the
signals in the "H NMR.

Inhibition Test of the Glycopolymer

for g-Glucuronidase Activity

A model compound for the S-p-glucuronide conju-
gates of xenobiotics, p-nitrophenyl f-p-glucuro-

Stage: Page: 2038

nide, was hydrolyzed with j-glocuronidase in the
absence or presence of the resulting glycopolymer.
The amount of p-nitrophenel liberated from the
glucuronide was determined by spectroscopy. The
inhibition wvalue (%) was calculated from the
hydrolytic rates of the substrate in the absence
and presence of the copolymer. The inhibition val-
ues of VB-ManaH or n-MDL were also determined
in a similar method. The Linewsaver-Burk plot
was tried by using the data determined in 0.4-1.4
mM of p-nitrophenyl f-glucuronide in the pres-
ence of different amount of the glycomonomers
and glycopolymers.

RESULTS AND DISCUSSION

Monomer Synthesis

To synthesize the new glycomonomer having bp-
mannaric moiety, N-{p-vinylbenzyl}-p-mannar-
amic acid {VB-p-ManaH) (8), methy! N-(p-vinyl-
benzyl-p-mannaramate was firstly synthesized
by the ring-opening addition reaction of p-MDL
with p-vinylbenzylamine in methanol. Although
N, N -bis(p-vinylbenzyl)-D-mannarodiamide  was
obtained as the by-product, that was one reason
for low yield of methyl N-(p-vinylbenzyl)-o-man-
naramate, we used the excess amine to convert all
p-MDL {0 mono- and diamide and to simplify the
isolation of the precursor monomer. The long reac-
tion time for producing the precursor was for the
ring-opening esterification of the remaining lac-
tone after the amidation reaction. The hydrolysis
of the precursor monomer and subsequent neu-
tralization with hydrochloric acid precipitated
VB-o-ManaH (8), immediately. The resulting
mMonomer was very pure and therefore its subse-
quent purification was not necessary. VB-D-
ManaH (8) was dissclved in water and DMSO at
room temperature, but inscluble in chloroform,
benzene, diethyl ether, and ethyl acetate.

Copolymerization of VB-p-ManaH (8) with AAm

The radical copolymerization of 8 with AAm, on
which the mole fraction of the glveomonomer in
feed was 0.15 or 0.2, proceeded in DMSO in a ho-
mogeneous phase at 60 °C. The resulting copoly-
mers were precipitated in chloroform, purified by
dialysis (cut off 3500) in water and isolated by the
subsequent lyophilization {Table 1).

The obtained copolymer, P(VB-p-ManaH-co-
AAm) 10, was dissclved in water, methanol and
DMSO at room temperature, but insoluble in

Journal of Polvmer Science: Part A: Polymer Chemistry
DOT 10.1002/pela
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Table 1. The Radical Copolymerization of VB-p-MansH (8} with Acrylamide (AAm)®

Resulting Polymer

shown in eq 1. 100 o
Inhibition value (%) = {{vo — v}/vs} x 100 (1) g
. ]
F1  Asshown in Figure 1, P(VB-p-ManaH-co-AAm) -
(10) inhibited the S-glucuronidase activity more £
efficiently than VB-p-ManaH (8) and p-MDL (8), £
especially at the range from 0.05 to 1.33 mM. £

1D: kumarpr | Black Lining JONJ | Time: 12:05 | Path fixinchnasjn/D1Journals/Wiley/3b2/POLANVo104708/6300SZAPPFile/C2POLABS0E52

AAm Mole
Run 8 (mg) (mg) Fraction of [Mi, AIBN Time Yield Mole Fraction
No. (mmol) (mmol) 8inFeed {(moVL) (mol%) &) (mg) of 8° M, x 107%° M /M°
1 195 (0.6) 170 (2.4 0.20 1.50 1.00 24 184 .34 1.4 1.9
2 19508 17024 0.20 3.00 0.25 24 168 0.34 3.1 35
3 292 (0.8) 362 (3.1) 6.15 3.00 0.05 36 208 6.30 6.4 2.0

& Solvent, DMSQ; temp., 60 °C.
"By 'H NMR in D,0.
°By SEC in acetic buffer {standard, PEG).

chloroform, benzene, diethy! ether and ethyl ace-
tate. The number average molecular weight esti-
mated by size-exclusion chromatography in acetic
buffer (pH 4.7) was found to be controlled by the
initial monomer concentration and the initiator
concentration in the range from 1.4 » 10% to 6.4
x 10 The copolymer composition was deter-
mined from the signal intensity in their 'H NMR
spectrum as shown in Table 1.

inhibition of g-Glucuronidase Activity by
Mannaric-Type Glycopolymer and Glycomonomer

A model compound for the g-p-glucuronide conju-
gates of xenocbiotics, p-nitrophenyl f-p-glucure-
nide, was hydrolyzed with f-glucuronidase in the
absence or presence of P(VB-p-ManaH-co-AAm)
(10), VB-p-ManaH (8), p-MDL (8), or p-MDL hy-
drolysate, that was kinetically traced by spectros-
copy. The inhibition value (%) was calculated from
the hydrolytic rates of the substrate in the ab-
sence and presence of the copolymers, monomers
or saccharic acids (v and v, respectively), as

This fact may be due to show the broadly-
defined cluster effect,?°?! which is similar to those
in the cases of other polymeric inhibitors reported
in our previous articles®'*** Since saccharic
units are linked to the amino groups along the
polymer chain, the saccharic concentration may
become higher locally, even at the lower concen-
tration. Consequently, polymeric inhibitor could
inhibit the enzyme effectively.

Journal of Polymer Science: Part A: Polymer Chemistry
DOI 10.1002/pola

Another noteworthy point is in the fact that
VB-p-ManaH (8) inhibited the S-glucuronidase ac-
tivity much more efficient than p-MDL at 6.67
mM of saccharic concentration. A main structural
difference of VB-p-ManaH (8) from p-MDL (8) is
the existence of the hydrophobic part due to a p-
vinylbenzyl group. Hence, this part should partic-
ipate in the inhibition, which will be reported in
the near future.

As mentioned earlier, Levvy reported that p-
MDL did not inhibit the S-glucoronidase activ-
ity:'® that was confirmed also in our present work
as shown in Figure 1. This fact should be noted
because of the high inhibition abilities of p-glu-
caric analogues, p-glucaro-1,4-lactone, p-glucare-
6,3-lactone, and p-glucarc-1,4:6,3-dilactone. Since
p-gluearo-1,4:6,3-dilactone is known to be hydre-
lvzed easily in the agueous solution, all of them
have free carboxy group in the agueous solution.?
Therefore, p-MDL hydrolysate was also investi-
gated, but the inhibition ability of the hydrolysate

8.01 6.1 4 10

Concentration of Saccharic Unit, mmoliL

Figure 1. Inhibition of the f-glucuronidase activity
by the maennaric series inhibitors at 37°C (p-pitro-
phenyl §-p-glucurenide (8), 8.67 mM; f-glucuronidase,
14IU/L). € P(VB-p-ManaH-co-AAm) 16, glycomone-

p-MDL (8} & the hydrolysate of p-MDL.
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Figure 2. Inhibition of the f-glucuronidase activity
by the different glycopolymers at 37°C (p-nitrophenyl
f-p-glucuronide (5), 6.67 mM; B-glucuronidase, 14 IU/

L) & P(VB-p-ManaH-co-AAm) (10}, glycomonomer

unit, 34%, M, = 1.4 x 10% B P(VB-8-p-Gleal-co-
AAm) (1), glycomonomer unit, 27%, M, = 0.73 x 10%
4 P(VB-1-p-GleaH-co-AAm) (2), glycomeonomer unit,
22%, M, = 0.65 x 10%

was still low (Fig. 1). Thus, mannaric acid itself
may not have the ability for the inhibition of the
f-glucuronidase activity.

In Figure 2, the inhibition ability of P(VB-p-
ManaH-co-AAm} (18) was comparable with those
of P(VB-1-p-GlcaH-co-AAm) (2) and P(VB-6-p-
GlcaH-co-AAm) (1), which were reported to be
effective inhibitors. 148

At a lower saccharic concentration, however,
the inhibition ability of the mannaric-type poly-
meric inhibitor, P(VB-p-Manal-co-4Am) (18),
was lower than that of P(VB-1-p-GlcaH-co-AAm)
(2). On the other hand, it was almost the same as
that of P(VB-6-p-Glcat-co-AAm) (1) at any range
of the concentration. Thus P(VB-p-ManaH-co-
AAm) (10) may be one of the efficient inhihitors
for f-glucuronidase.

inhibition Mechanism

Thers are three-type inhibition mechanisms,
which are competitive, uncompetitive and non-
competitive inhibition. In the case of competitive
inhibition, the inhibitor combines with the
enzyme active site to form the enzyme-inhibitor
(EI) complex and prevent the binding of the sub-
strate at the same site of the enzyme. The uncom-
petitive inhibition takes place through the bind-
ing of the inhibitor fo only the enzyme-substrate
(ES) complex to form the corresponding enzyme-
substrate-inhibitor (ESI) complex. In the case of
noncompetitive inhibition, the inhibitor binds to
both the enzyme and the ES complex to form EI
and ESI complexes at the same rate. These inhihi-

Stage: Page: 20338

tion mechanisms can be distinguished from the
each extrapolating line on the Lineweaver-Burk
plot (eq 2).%%%4

v =1+ [L/KH{EKn/Vaa {1/15])

+ (1 D/ED Vs (2)
where 8, I, K, K;, K';, and V., are the substrate,
inhibitor, equilibrium coefficient for the enzyme-
substrate complex, coefficient for the enzyme-
inhibitor complex (inactive), coefficient for the
enzyme-substrate-inhibitor complex  (inactive)
and maximum value of v, respectively. Addition-
ally, Ve, Ko, and (K/V,,..) can be estimated
from the plot easily as the reciprocal of the verti-
cal intercept, the reciprocal of the horizontal
intercept multiplied by —1 and the slope of the
line, respectively (Fig. 8).%%%

The hydrolytic rate (¢} in different concentra-
tion of p-nitrophenyl f-p-glucuronide with j-Glu-
curonidase was determined in the presence of
P(VB-p-ManaH-co-AAm} (16} and VB-p-ManaH
{&) as shown in Figures 4 and 5, respectively. The
results of Vi, K and (K Ve for the line in
the absence of the inhibitors and the apparent
values of mex, Kfn and (Ko Ve for the lines in
the presence of the inhibitors were estimated
from the slopes and intercepis of each line and
summarized in Table 2.

' 1/[8]
§
AIK,,

Figure 3. The typical Lineweaver-Burk plot.
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Figure 4. Lineweaver-Burk plot for the kinetic
data on the hydrolysis of p-nitrophenyl f-p-glucuro-
nide (8) by f-glucuronidase in the presence of P(VB-p-
ManaH-co-AAm) (16). Glycomonomer unit, 34%, M,
= 1.4 x 104,

In the case of the hydrolytic test with P(VB-p-
ManaH-co-AAm) (18), the vertical intercepts were
found to depend on the concentration of the inhib-
itor (Fig. 4). Additionally, the extrapolating lines
in the presence of the polymeric inhibitor of 28,
52, and 104 mg/L became parallel. Thus, at a
glance, the inhibition mechanism of P(VB-n-
ManaH-co-AAm) (10) seemed to be uncompetitive.
However, in the case of the typical uncompetitive
inhibition, not only each line becomes parallel but
also the horizontal intercept becomes smaller
than that of line in the absence of the inhibitor
0 mg/L. In other words, the apparent affinity
between the enzyme and the substrate becomes
lower when the inhibitors are added. In contrast,
in the case of the typical competitive inhibition,
the intercepts of the lines become bhigger than
that of the blank line. In this case, the intercepts
of the line of 26 and 52 mg/l. were bigger than
that of 0 mg/L. Hence the inhibition mechanism
of P(VB-p-ManaH-co-AAm) (10) was not just com-
petitive and uncompetitive.

In the case of VB-p-ManaH (8}, the horizontal
intercepts became bigger until the line of 52 mg/
L. as the inhibilor concentration was increased
and then it became smaller at the line of 104 mg/
L (Fig. 5). The vertical intercepts of the line of 0,
26, and 52 mg/L were close to each other but the
intercept of the line of 104 mg/L. was far from
them. Thus, the inhibition mechanism of VB-p-

Journal of Polymer Science: Part A: Polymer Chemistry
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ManaH (8) seemed to be mainly the competitive
inhibition at 26 and 52 mg/L. Then, the element
of the uncompetitive inhibition might appear at
the line of 104 mg/L. Hence, the inhibition mecha-
nism of VB-p-ManaH (8) was not so simple and
depended on the inhibitor concentration (although
the actual inhibition mechanism might be non-
competitive instead of uncompstitive, the word
“uncompetitive” was used since the definition of
noncompetitive inhibition contained both competi-
tive and uncompetitive inhibition).

To consider the inhibition mechanism of VB-p-
ManaH (8) in detail, inhibition mechanisms of
VB-6-p-Gleald (11); and VB-1-p-Gleal (12), of
which configurations differed from that of VB-p-
ManaH (8) were also determined (Figs. 6 and 7,
respectively) because their glycopolymers, P(VB-
6-0-GleaH-co-AAm) (1) and P(VB-1-p-GleaH-co-
AAm) (2), were reporied to inhibit the enzyme
competitively and uncompetitively, respectively,
in our previcus articles.’™’® Table 3 shows the
values of Viaao Bom and Ko/ Ve for the line in
the absence of the inhibitors and the apparent
values of VI Kl and (K,/Viay) for the line in
the presence of the inhibitors were estimated
froin the slope and intercepts of each line.

In the case of VB-6-p-GleaH (11) shown in Fig-
ure 8, the horizontal intercepts were found to
depend on the inhibitor concentration, but the
vertical intercepts were independent of the

0.6 -

. 104 mgl/l

= / g

£

E

2

3 0.4~

2

- 52mail.
0.2- 26mglL

Omgl/l

1[S] (mM™")

Figure 5. Lineweaver—Burk plot for the kinetie
data on the hydrolysis of p-nitrophenyl S-p-glucure-
nide (8) by fS-glucuronidase in the presence of VB-p-
ManaH (8)

¥6, F7

1D: kumarpr | Black Lining [ON} | Time: 12:05 | Path: #xinchnasjn/01Journals/Wiley/3b2/POLANVoI04708/090052/APPFile/C2POLADSE052



J_ID: Z8G Customer A_ID: 23308 Cadmus Art: POLA 23308 Ed. Ref: 88-1001.R1 Date: 27-February-09 Stage:

2040 KAWAGUCHI, OKAWA, AND HASHIMOTO

Page: 2040

Table 2. The Kinetic Data on the Hydrolysis of p-Nitrophenyl f-Glucuronide with
f-Glacuronidase in the Presence of P(VB-p-ManaH-co-AAm) (18) and VB-p-Mana¥

{8) at 37°C

(KL/V i) OF
Mannaric Venae or V1 X K, or K KLV e %
Inhibitor (mg/L) 107% (M/min) (mM) 157 {min)
10 0 22.3 0.5 0.2
26 6.1 0.8 1.3
52 5.3 0.8 1.5
104 3.9 0.5 1.3
8 0 23.0 061 0.2
26 17.8 0.8 0.4
52 17.0 1.4 0.8
104 7. 1.0 1.5

concentration. In other words, K, inereased with
the inhibitor concentration, but V,,.. was con-
stant. These results suggest that VB-6-p-GleaH
{(11) inhibited the enzyme competitively, as well as
P(VB-6-0-GlcaH-co-AAm) (1) in our previous arti-
cle.'® In the case of VB-6-p-GlcaH type inhibitor, a
point of difference was the value of 1/V . 1VVias
of P(VB-8-p-GlcaH-co-AAm) (1) was much higher
than that of VB-6-D-GlcaH (11) on the same sac-
charic concentration, which meant that glycopoly-
mer inhibited the enzyme more effectively than its
monomer did, that caused by the polymeric cluster
effect. Since the glycopolymer should move

s
£
E
o
% 06+
2

52mgfl

- 26mg/L

Omg/L

5

3 2 4 6 1 2z 3
H{S] (mM™}

dynamically in the solution, its average concentra-
tion can be used to estimate the inhibition mecha-
nism with Lineweaver-Burk plot, even though the
concentration of the saccharic units fuctuated.

I contrast, both horizontal and vertical inter-
cepts in Figure 7 were found to depend on the in-
hibitor concentration in the case of VB-1-p-GleaH
(12). Additionally, all the lines became almost par-
allel. These results are consistent with the typical
uncompetitive inhibition mechanism. Therefore,
the inhibition mechanisms of VB-6-p-GleaH (11)
and VB-1-p-GleaH (12) seem to be reflected on
those of the corresponding glycopslymer. The

0.6+
=)
i ~416mgil
=
504
bl
1;‘/ 208mgiL.

104mgil
OmgiL

8.2 -

3 -2 40 1 2 3
11{S] (mM™)

Figure 8. Linewecaver—-Burk plot for the kinetie
data on the hydrolysis of p-nifrophenyl S-p-glucurc-
nide (8) by f-glucuronidase in the presence of VB-8-p-
GleaH (1.

Figure 7. Lineweaver—Burk plot for the kinetic
data on the hydrolysis of p-nitrophenyl g-p-glucure-
nide (8) by S-glucuronidase in the presence of VB-1-p-
Glealt (12).
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Table 8. The Kinstic Data on the Hydrolysis of p-Nitrophenyl 8-Glucuronide
with f-Glucuronidase in the Presence of VB-8-p-GleaH (11)

and VB-1-p-GleaH (12) at 37 °C

Glucaric (K /Vimax) OF
Type Inhibitor Vinae 07 Vi X Eor KL (B Vi
(mg/L) 101® (M/min) (mM) 1% (min)
11 0 9.4 0.4 0.4
26 8.9 0.7 8.8
52 3.5 1.2 1.3
104 8.3 2.5 2.9
12 4] 16.9 0.4 4.3
104 15.90 8.7 .4
208 5.6 4.3 0.5
416 2.9 0.1 0.4
similar cluster effect was observed between P(VB- uncompetitive inhibition wmight appear with
1-p-GlecaH-co-AAm) (2) and VB-1-0-Gleal (12). increasing the inhibitor concentration.
Thus, these results suggested that the inhibition Figure 8 shows that the configurations

mechanisms of ene glycomonomer and its glyco-
polymer should be considered not separately, but
continuously. They also suggested that the inhibi-
tion mechanisms of the glycopolymer and its gly-
comonomer indicate the mechanism at the higher
and lower inhibitor concentration parts, respec-
tively. Taking these results into consideration, the
inhibition mechanism of the mannarie type inhib-
itors may be competitive inhibition at the lower
inhibitor concentration and the element of the

s e
‘\\\// ,\T///
CH, CH CHy
NH NH NH
3 | g
0=C 0=C O;C
HOZC-H | [ HO-C-H |  H-C-OH
HOZC-H | |/HO-C-H | /HO-C-H |
H-C-OH | || H-C-OH| ! | ch;—cﬁ ;
HO-C-H . H-C-OH ! H-C-OH
4! [ Pl o N 3
«'/’C~ /xC\ 7N
0 OH 0" OH O OH
¥B-6-p-GicaH VB-p-ManaH VB-1-p-GicaH
Competitive
Competitive & Unc it
mp ‘ Uncomaetitive neompetitive

Figure 8. Fischer projections of VB-p-ManaH (8),
VB-6-p-GlcaH (11), and VB-1-p-GleaH (12).
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enclosed with a continuous line and a dash line of
VB-ManaH (8) are similar {o those of VB-6-p-
GlcaH (11) and VB-1-p-GlcaH (12), respectively.
Thus, the elements of the competitive and uncom-
petitive inhibition for VB-p-ManaH (8) might be
caused by the configurations enclosed with a con-
tinuous and a dash line, respectively.

CONCLUSIONS

The glycopolymer, P(VB-p-ManaH-co-AAm) (10),
was synthesized from VB-p-ManaH (8) and AAm
was found to inhibit the §-glucuronidase activity
more sfficiently then the corresponding monomer,
8, and p-MDL (9), especially at the lower sac-
charic unit concentration. This result is caused by
the cluster effect which is the same as those in
the cases of other glycopolymers shown in our pre-
vious articles.'®*¢ Additionally, the inhibition
ability of P(VB-p-ManaH-co-AAm) (10} was
almost as same as that of P(VB-8-p-GlealH-co-
AAm) (1) that was one of effective inhibitors.

Lineweaver—Burk plot suggested that the inhi-
bition mechanism of mannaric-type inhibitor was
a mix-type of competitive and uncompetitive (non-
competitive)} inhibition that was probably caused
by the configuration of the VB-p-ManaH (8) which
was partly similar to both VB-6-p-GleaH (11) and
VB-1-p-GlcaH (12).
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A novel glycopolymer, P(VB-p-ManaH-co-AAm), was pre-
pared by the copolymerization of a new glycomonomer having
D-mannaric moieties, VB-p-ManaH, with acrylamide. The
resulting glycopolymer and VB-p-ManaH were found to in-
hibit the pg-glucuronidase activity, although bp-mannaro-
1,4:6,3-dilactone (p-MDL) was known not to do. Additionally,
the inhibition ability of P(VB-p-ManaH-co-AAm) was much
higher than that of VB-p-ManaH, which was caused by the
polymeric cluster effect. Thus, P(VB-p-ManaH-co-AAm) and
VB-p-ManaH may be the first p-mannaric strong inhibitors
to the f-glucuronidase activity. Lineweaver—Burk plot sug-
gests that the inhibition mechanism of P(VB-p-ManaH-co-
AAm) and VB-p-ManaH were not so simple.
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Abstract Biofilms formed by the green alga Trentepohlia
aurea could be a useful tool in the removal of nitrate and
phosphate - from water. When a prepared biofilter was
dampened with medium and incubated under low light
intensity (10 umol photons m™2 s™) between 5 and 50 pmol
photons m™2 s, the efficiency of removal of inorganic
compounds from water was higher without the decompo-
sition of chlorophylls in the cells. Algal cells immobilized
on a glass fiber filter could be kept for 12 weeks under dark
conditions at 4°C in the refrigerator. We tried to construct a
laboratory-scale photobioreactor for the removal of inor-
ganic nitrogen and phosphate from water by the biofilm. In
this study, the synthetic wastewater was prepared by
diluting 18-fold Bold’s basal medium with deionized water.
The photobioreactor could efficiently remove nitrate and
phosphate from the synthetic wastewater under continuous
illumination. The removal ability of nitrate and phosphate
per sheet of the biofilter in the photobioreactor exhibited
about an 8- and 16-fold increase, respectively, in 3 days,
compared with the bath experimental results. This study
showed that the cycling of wastewater in the reactor by the
pump led to a significant improvement in the efficiency of
the inorganic ion uptake from water.

Keywords Trentepohlia aurea - Aerial microalga -
Biofilter - Bioreactor - Eutrophication - Water treatment
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Introduction

The great potential of algae in wastewater treatment has
frequently been noted and utilized in the form of using
suspended algae to remove inorganic nutrients and organic
matter (Grossi et al. 2001; Lee and Lee 2001; Mallick
2002; Todd et al. 2002; Lima et al. 2003; da Costa and
Franga 2003; Lebeau and Robert 2006). Hammouda et al.
(1995) reported on the performance of an algal aquacul-
ture wastewater treatment system using the green algae
Scenedesmus spp. and Chlorella vulgaris. The cyanobacte-
rium Spirulina platensis has also been used to evaluate the
possibility of employing microalgal biomass to remove
nitrate and phosphate from wastewater (Lodi et al. 2003).
When some microalgae are used as biological agents for
wastewater treatment, they produce fine chemicals such as
pigments, polysaccharides, polyunsaturated fatty acids and
so on. Microalgae, immobilized in alginate beads, chitosan,
synthetic polymer, porous glass, etc., have also been used
because of the high physiological stability of the cells and
ease of separating treated water and organisms (e.g., de la
Noiie and Proulx 1988; McLean et al. 2000; Schumacher
and Sekoulov 2002; Delahaye et al. 2005; Hernandez et al.
2006). Immobilization improves the ability to handle
microorganisms and to control the process. For example,
Gaffney et al. (2001) constructed a laboratory-scale photo-
bioreactor for the removal of inorganic phosphate from
water by the cyanobacterium Anabaena variabilis where
the cyanobacteria were immobilized by adsorption onto
polyurethane foam. The efficiency of phosphorus uptake by
the immobilized cells was higher than that by free-living
cells and an uptake efficiency of about 90% could be
achieved with this photobioreactor. In addition, when the
performance of “microalgal biofilms” systems (which are
different from the process using immobilized cells) was
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compared with suspended algae systems (Lin et al. 2003),
the use of microalgal biofilm systems (in flat plate photo-
bioreactors) was shown to be especially suitable for nutrient
removal. In one study, an algal biofilm was formed by
different species of algae, mainly by the green algae
Ulothrix, Stigeoclonium and Chlamydomonas and the
blue-green alga Oscillatoria (Schumacher and Sekoulov
2002). In another study, it was shown that small wastewater
treatment plants for nutrient removal and bacteria reduction
could be developed with the aid of microalgal biofilms. The
authors have also examined the capability of the aerial
microalga Trentepohlia aurea, grown on the surface of a
substrate such as cellulose filter paper, in removing
inorganic nitrogen from water (Abe et al. 2003). It was
reported that growth inhibition of the cyanobacterium
Spirulina platensis was noticeable in SOT medium treated
with the algal biofilm. In general, because aerial microalgae
can also grow on surfaces of rocks, concrete and tree bark
exposed to full sunlight, they are believed to have a high
level of tolerance and adaptability to severe conditions such
as desiccation. In another study, the aerial microalga
Coelastrella striolata var. multistriata was shown to have
a unique ability to exhibit a reddish-orange (indicative of
carotenoid formation) to green color (chlorophyll forma-
tion) depending on the nitrogen source concentration in the
medium. By analyzing the rate of chlorophyll formation, it
was possible to estimate spectrophotometrically the total
nitrogen content in water collected from aquatic systems
(Abe et al. 2004). Additionally, even if the culture was kept
in the dark at 4°C, the alga was physiologically stable for at
least 90 days.

The aim of this work is to characterize the removal of
inorganic nitrogen and phosphorus compounds from nutrient-
rich water by a biofilter using the aerial microalga T. aurea
under various conditions of light intensity, pH and other
conditions, and to develop a photobioreactor with the biofilter
for water purificaion.

Materials and methods

The aerial microalga Trentepohlia aurea was collected in
Shizuoka, Japan (Abe et al. 1998). The algal cells were
cultured and maintained in modified Bold’s basal medium
(using NH,C]! instead of NaNOs as N source) as reported
previously (Abe et al. 1999). Cultures were bubbled with
air in 500 mL Erlenmeyer flasks. The modified BB medium
contained 1,000 mg NH,CL, 175 mg KH,PO,, 75 mg
K,HPO,, 25 mg MgS0,4-7H,0, 25 mg NaCl, 50 mg EDTA,
30 mg KOH, 5 mg FeSO4-7H,0 and 11 mg H3BO;in 1 1of
deionized water. The pH was adjusted to 8.0 with NaOH
prior to autoclaving.

@ Springer

Preparation of algal biofilms

Under sterile conditions, algal cells suspension were
applied dropwise onto a glass fiber filter (ADVANTEC,
Filter paper GA-53, size: 20x 100 mm) by Pasteur pipette.
The algal cells on the filter were about 4 mg dry weight.
Chlorophyll concentration was 20 mg g™ dry wt. The filter
papers were placed in a flat-bottomed test tube (25®x
125 mm) with 10 mL of BB medium (containing 250 mg
NaNO; L! as N source). After covering the test tube
mouth with a plastic cup, the biofilm was dampened with
medium and incubated under continuous illumination with
cool-white fluorescent lamps (10 umol photons m ™= s™*) at
25°C. Such a system is called “bath system” in this study.

Observation of biofilms

Algal biofilms of T. aurea were observed using a digital
camera (Sony, DSK-F505K) and light microscopy (Nikon,
E-800).

Algal growth was measured by carefully washing the
immobilized cells on the glass fiber filters with a filter
funnel and distilled water, and then drying under reduced
pressure before weighing. Growth was estimated by
measuring the quantity of biomass expressed as dry weight.

Photobioreactor Design

A laboratory-scale photobioreactor was constructed for the
removal of inorganic nitrogen and phosphorus from water
by I. aurea cells. As shown in Fig. 1, the photobioreactor
glass column (50 cm in lengthx 4.5 cm diameter) was filled
with funnels with algal biofilter attached. The column was
maintained at 25°C and illuminated with a cool-white
fluorescent lamp (10 umol photons m > s™') and a light re-

flector (e.g., aluminum foil). The flow rate was 12 mL min .

Fluorescent lamp

Funnel

Biofilter

Fig. 1 The laboratory-scale photobioreactor filled with the biofilters
using T. aurea for removal of nitrate and phosphate from water
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Analyses

Total chlorophyll was estimated according to Mackinney
(1941). Nitrate and phosphate were measured by non-
suppressed ion chromatography (TOA DKK, IA-200) using
an anion-exchange column (TOA DKK, PCI-211) at
1.1 mL min"! and 40°C and equipped with a three-
electrode detector. The mobile phase consisted of phthalic
acid (2.3 mM), 6-aminohezanoic acid (2.8 mM), and boric
acid (200 mM).

Removal ratios (R) of nitrate and phosphate were defined
as: R=[(I-F)/I] x 100%, in which I and F are the initial and
final concentrations of the inorganic ions, respectively. For
example, a removal ratio of 100% was obtained when no
nitrate was detected in the water (i.e., F=0).

Results and discussion

In this study, cells suspensions of Trentepohlia aurea were
applied dropwise onto a glass fiber filter. The prepared
biofilm was incubated in damp medium under continuous
illumination. Observation by light microscopy' showed that
the filaments of 7. aurea twined around the gless fibers in
the filter, in a manner similar to the immobilized cells on
the cellulose paper in the previous study (Abe et al. 2003).

Fig. 2 Time course of the 20

We selected the glass fiber filter for cell immobilization
because this study found that glass fiber filter had more
durability in water (for example, it did not become soggy
for an extended period of time) than cellulose paper.

Effect of light intensity and pH on removal of nitrate
and phosphate

The cells dropped on the glass fiber filter were about 4 mg
(initial biomass) dry weight and the culture medium was
adjusted to pH 8.0 (initial value). Fig. 2 shows the effect of
light intensity on biomass and removal of nitrate and
phosphate. As a result, the removal ratios (and specific nitrate
removal: removal NO; mg dry weight mg™' L™ day™) of
nitrate by the algal biofilter attained were 12 (0.94), 15
(1.10), 13 (1.02), and 11% (0.80) when treated with 5, 10,
20, and 50 pmol photons m 2 s~ for 4 days, respectively.
On the other hand, the removal ratios (and specific
phosphate removal: removal PO, mg dry weight mg ' L™
day™") of phosphate by the biofilter were, respectively, 0.6
(0.04), 3 (0.20), 5 (0.35), and 6% (0.40) under these light
conditions at 4 days. In the past, inorganic ions removal
from water by Dunaliella salina immobilized in alginate
beads was investigated (Thakur and Kumar [999). The
removal ratio of nitrogen and phosphate by the immobilized
cells in beads attained 14 and 64% after 1.5 days. The alga

removal ratio of nitrate (black a 8 20
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bars) by the algal biofilm and @ 15k 46 3 ’\; 15 3
biomass (A ) of 7. aurea on < 3 < z
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cells contained chlorophylls between 15 and 22 mg g! dry
weight during the 4 days, although there was a tendency for
the chlorophyll content of T. aurea on glass fiber filter to
decrease with increasing light intensities (Fig. 3). In
particular, the decomposition of the chlorophylls was
observed in the alga cells cultured for over 1 week with a
light intensity above 20 umol photons m 2 s, Trentepohlia
aurea could grow to a small degree on the surface of a glass
fiber filter moistened with the medium for 4 days with the
indicated light intensities. It was found that the biofilter with
the alga was affected by the light intensity in the removal of
nitrate and phosphate from water, as well as the biomass on
the glass fiber filter. Consequently, when the prepared
biofilter was dampened with medium and incubated under
a lower light intensity (10 pmol photons m™ s7"), the
efficiency of removal of the inorganic compounds from
water is higher without the problem of decomposition of
chlorophylls in the cells. The ability of the biofilter to
remove inorganic compounds remained constant throughout
the experimental period even after the biofilter was re-used
more than 5 times.

‘We tried to examine the effect of medium pH on the
removal of nitrate and phosphate by the algal biofilter,
when the illumination was held constant at 10 pmol
photons m > 5. It was found that the values of the initial
medium pH changed from pH 4.0, 5.0 6.0, 7.0, and 8.0 to
pH 6.0, 6.1, 6.7, 7.4, and 8.2, respectively, in the bath
system for 4 days. As shown in Fig. 4, the removal ratios of
nitrate by the algal biofilter reached around 14% at pH 6 to
8 (initial medium pH) in 4 days. There would be

30

25 P

20

Chlorophyll content
(mg/g dry weight)

15 P \

10

Time (day)
Fig. 3 Time course of the chlorophyll content of I. aurea on glass fiber
filter under 5 (e), 10 (o), 20 (A), and 50 pmol photons m 2 s (A).
The culture medium was adjusted to pH 8.0 (initial value) at 25°C.
Values are means (n=3)
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Fig. 4 Effect of medium pH on removal ratio of nitrate () and
phosphate (o) of the algal biofilm. The algal biofilter was incubated
damping with medium for 4 days at 10 umol photons m 2 s and 25°C.
Values are average values (n=3)

physiological or metabolic damage to the algal cells of T
aurea under the condition of the lower initial medium pH.
The removal ability of inorganic phosphorus compounds
(containing HPO;~ and H,PO;) from water was un-
changed between pH 4 to 8. It was observed that the
chlorophyll content of the alga decreased by 16 mg g ' dry
weight when cultured for 4 days at pH 4.0. The decrease of
the removal ratio of inorganic nitrogen compounds from
water under pH would result in decrease in the chlorophyll
content of the alga (e.g., removal ratio and specific nitrate
removal at pH 3: 3% and 0.23 mg dry weight mg™' day ™).

It was found that the biofilter using 7. aurea was
physiologically stable and could ingest nitrogen and phos-
phate sources when the algal filter was kept for 12 weeks
under dark conditions at 4°C. After 12 weeks under these
conditions, the removal ratios of nitrate and phosphate by
the biofilter were 9% and 2% when placed in the BB
medium at pH 8, 10 umol photons m™2 s™! and 25°C for 4
days, respectively. Since the alga could continue to survive
on the glass fiber filter in the refrigerator for a long time, a
large quantity of the biofilter could be prepared in advance.

Effect of biomass on removal of nitrate and phosphate

This study examined the removal of nitrate and phosphate
by means of different kinds of algal biofilters, namely, two
sheets of the glass fiber filters partially placed dropping algal
cells suspension of ca. 4 mg by dry weight (called 2 sheets-
biofilter), one sheet of the filter using algal cells suspension
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of ca. 8 mg as dry weight of cells (2 times-biomass), and one
sheet of filter using algal cells suspension of ca. 4 mg as dry
weight of cells (control). These biofilms in the bath culture
were dampened with medium and incubated for 4 days at
10 pmol photons m™2 s, pH 8.0, and 25°C. As shown in
Fig. 5, the removal ratios of nitrate and phosphate from
water by the 2 sheets-biofilter and 2 times-biomass algal
biofilters were about twice that of conmtrol in the bath
system.

Removal of nitrate and phosphate by photobioreactor

We tried to construct a laboratory-scale photobioreactor for
the removal of nitrate and phosphate from water. Twelve
sheets of the biofilm composed of 7. aurea cells (chloro-
phyll concentration: 20 mg g~' dry weight cells) were used,
as shown Fig. 1. In this study, the synthetic wastewater was
prepared by diluting 18-fold the BB medium with deion-
ized water. The initial concentrations of nitrate and
phosphate in the prepared wastewater were 10 and 9 mg
L™", respectively. These concentrations in the synthetic
wastewater made reference to water of a lake in Japan.
Experiments showed that the photobioreactor filled with the
T. aurea biofilters removed nitrate and phosphate from the
water when light was illuminated at 10 umol photonsm™> ™'
(Fig. 6). In particular, complete removal of nitrate was
achieved within 72 h by the bioreactor under continuous
illumination. The photobioreactor could ingest 40% of the
phosphate in the wastewater in 3 days. The past study showed
a possibility of polishing secondary effluent by a small

30
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Removal ratio (%)
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biofilter biomass

Fig. 5 Effect of biomass on removal ratio of nitrate and phosphate of

the algal biofilm. The algal biofilter was incubated damping with

medium for 4 days at 10 umol photons m > s~ and 25°C. Values are

means (n=3)
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Removal content (ng)

0 N N L
0 0.5 1.0 1.5 2.0 2.5 3.0
Time (day)
Fig. 6 Time course of removal of nitrate () and phosphate (o) by the
photobioreactor filled with the biofilters using 7. aurea at 10 pmol
photons m™2 57" at 25°C

wastewater treatment plant (the surface size ofa plant: 1.65m
width and 2 m length) using an algal biofilm composed of
different green and bluegreen algae (Schumacher and
Sekoulov 2002). In this case, the plant using algal biofilm
could ingest about 90% of total phosphorus and total
inorganic nitrogen for 6 h. A laboratory-scale photobio-
reactor was previously constructed for removal of inorganic
phosphorus from water by polyurethane foam-immobilized
Anabaena variabilis cells (Gaffney et al. 2001). It was
reported that the photobioreactor could remove almost all
orthophosphate from water in the period of 26 days. In this
study, the synthetic wastewater was continuously returned to
a water reservoir in a closed system. This system was
possible to measure the uptake of the inorganic ions in the
water. The removal efficiency of nitrate and phosphate per
sheet of the biofilter composed of T aurea cells in the
photobioreactor (cycling system) exhibited about an 8- and
16-fold increase, respectively, in 3 days, compared with the
bath system using a sheet of the biofilm in the wastewater
under the same conditions. The study showed that the
cycling of wastewater in the reactor by the pump (flow rate:
12 mL min™") provided significant improvement in the
efficiency of the inorganic ion uptake from water.

Conclusions

In this study, the biofilms of T aurea could represent a
useful tool for removing nitrate and phosphate from water.
Observation by light microscopy showed that the filaments
of T. aurea twined around the glass fiber in the filter. T
aurea could grow to a small degree on the surface of a glass
fiber filter moistened with the medium. It was found that
the algal filter could be kept for 12 weeks under dark
conditions at 4°C in the refrigerator. We made a laboratory-
scale photobioreactor for the removal of nitrate and
phosphate from water by the biofilm. The photobioreactor
could efficiently remove nitrate and phosphate from the

4) springer
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synthetic wastewater under continuous illumination. This
study showed that the cycling of wastewater in the reactor
by the pump led to a significant improvement in the
efficiency of the inorganic ion uptake from water. The
logical next step would be to optimize the removal of
nitrogen and phosphorus source uptake from water by the
photobioreactor.
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Abstract

The growth and nitrate uptake of the aerial microalga Coelastrella striolata var. multistriata, which was isolated from the surface of
rocks, were characterized under a variety of conditions in this study. The maximum specific growth rate of the alga, having prominent
inorganic nitrogen uptake in the fresh medium, was 0.30 d~', as calculated in the growth logarithmic phase. It was also shown that the
alga had abilities to be reddish orange to green colour (depending on the nitrogen source concentration in the medium) and to synthesize
very high amounts of a complex mixture of carotenoids, such as canthaxanthin, astaxanthin and B-carotene. The reddish orange cells of
the alga could accumulate 56.0 mg of major secondary carotenoids per g biomass. In the content of carotenoids, canthaxanthin,
astaxanthin and B-carotene in the cells were 47.5, 1.5, and 7.0 mg/g dwc, respectively. Additionally, it was shown that the algal extract
containing those carotenoids had an antioxidant potential in lipid foods. In the near future, the aerial microalga C. striolata var.
multistriata will be used as a functional material in a variety of commercial applications, such as feed supplements, natural antioxidants

and food dyes.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Reactive oxygen species (single oxygen and peroxyl rad-
icals) may react with biologically important components,
such as DNA, proteins, or lipids, impairing their physio-
logical functions (Halliwell, 1996; Sies, 1985). Such pro-
cesses are considered as initial events in the pathogenesis
of several diseases, ‘including cancer, cardiovascular dis-
eases, or age-related macular degeneration. Several classes
of biological molecules are susceptible to attack by these
free radicals, including certain amino acids, which react
with radicals at quite rapid rates. In the lipids, polyunsatu-
rated fatty acids also react at much slower rates, increasing
with the number of double bonds in the molecule, to form
lipid hydroperoxides (Kiritsakis & Dugan, 1985; Terao,
Hirota, Kawakatsu, & Matsushita, 1981; Terao & Mats-
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ushita, 1977). Such lipid oxidation, not only results in an
undesirable off-flavour, but also decreases the nutritional
quality of lipid foods due to the loss of essential fatty acids.
It was reported, 35 years ago, that singlet oxygen partici-
pates in the initiation step of oil oxidation, and the reaction
rate of singlet oxygen with linoleic acid is about 1450 times
greater than that of triplet oxygen (Rawls & Van Santen,
1970).

Carotenoids play major roles in oxygenic photosynthe-
sis, where they function in light harvesting and protect
the photosynthetic apparatus from excess light by energy
dissipation. Most carotenoids are efficient antioxidants,
quenching singlet oxygen, and trapping peroxyl radicals
(Jyonouchi, Sun, & Gross, 1995; Krinsky, 1992, 1993;
Miki, 1991; Surai et al.,, 2003). The effects of naturally
occurring and food-approved carotenoids (for example,
B-carotene and canthaxanthin) on the singlet oxygen oxi-
dation of vegetables oils have previously been examined
(Goulson & Warthesen, 1999; Jung & Min, 1991; Pdnek,
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Fantovd, Trojakovd, Réblovd, & Pokorny, 2001; Psomia-
dou & Tsimidou, 2002; Rahmani & Csallany, 1998). The
singlet-oxygen quenching rates of the food-approved
carotenoids increased as the number of conjugated double
bonds of the carotenoids increased (Jung & Min, 1991). It
has been shown in vitro that canthaxanthin also has anti-
oxidant capabilities. The antioxidant activity of canthaxan-
thin has been recorded in membrane model systems,
liposomes, and cell models (Clark, Faustman, Chan, Furr,
& Riesen, 1999; Palozza et al., 1996; Rengel et al., 2000).

Among the ketocarotenoids found in higher plants,
algae, fungi, or bacteria, astaxanthin (3,3'-dihydroxy-B,B-
carotene-4,4'-dione) and canthaxanthin (p,B-carotene-
4 4'-dione) are the most important from the biotechnological
viewpoint. Thus, there is growing commercial interest in
the biotechnological production of such secondary carote-
noids (Baker, 2002). The secondary carotenoids are func-
tionally defined as carotenoids that are not essential for
photosynthesis and are not localized in the thylakoid mem-
branes of the chloroplast. The ketocarotenoid astaxanthin
is commonly used as a feed supplement in aquaculture for
the production of salmon, trout and shrimp (Lorenz &
Cysewski, 2000), while canthaxanthin is mainly used as a
food dye for colouring egg yolks and chicken skin (Surai
et al., 2003). In the past, astaxanthin has been found and
identified in many species of algae, such as Haematococcus
pluvialis (Griinewald, Hirschberg, & Hagen, 2001), Chloro-
coccum sp. (Zhang & Lee, 2001), Chlorella zofingiensis,
Neochloris wimmeri, Scenedesmus vacuolatus, Scotiellopsis
oocystiformis and Protosiphon botryoides (Orosa, Torres,
Fidalgo, & Abalde, 2000). On the other hand, canthaxan-
thin production has been reported only in a few algal spe-
cies {C. zofingiensis (Pelah, Sintov, & Cohen, 2004),
Chlorococcum sp., and Tetracystis intermedium (Campo
et al., 2000)}. The fresh water microalga C. zofingiensis
could accumulate 8.79 mg/g biomass of total secondary
carotenoids (containing about 97% canthaxanthin), when
the alga was grown for 9 days under conditions of salt
stress and low light.

We previously reported the growth and ammonium
uptake of the aerial microalga, C. striolata var. multistri-
ata, which was isolated from the surface of rocks at Shi-
zuoka (Japan) (Abe, Takizawa, Kimura, & Hirano, 2004).
It was shown that the alga had a unique ability to be a
reddish-orange to green colour depending on the nitrogen
source concentration in the medium. Using the chloro-
phyll formation of the alga, it was possible to estimate,
spectrophotometrically, the total nitrogen content in
water collected from the aquatic system. In addition,
the reddish-orange cells of the alga were able to accumu-
late significant quantities of carotenoids (mainly as can-
thaxanthin, astaxanthin, and B-carotene). The aim of
the present work is to study secondary carotenoid accu-
mulation during culture of the aerial microalga, C. strio-
lata var. multistriata under the stress condition of
nitrogen deficiency and to examine activities of natural
antioxidants in oil.

2. Materials and methods
2.1. Regents

All solvents and reagents were of analytical or labora-
tory grade. Deionized water was used throughout.

2.2. Algal material and culture conditions

Colonies of the microalga, C. striolata var. multistriata,
were isolated from the surface of rocks at Shizuoka, Japan.
The microalga was cultured and maintained in Bold’s basal
(BB) medium at 25 °C under continuous illumination by
cool-white fluorescent lamps (40 pmol photons/m?/s).
Batch cultures were bubbled with air in flat glass bottles.
The BB medium contained 250 mg of NaNOs, 175 mg of
KH,PO,, 75 mg of K,HPO,, 25mg of MgSO, - 7TH,0,
25 mg of NaCl, 50 mg of EDTA, 30 mg of KOH, 5 mg of
FeSO, - 7H,0 and 11 mg of H3BO; in 11 of deionized
water. The pH was adjusted to 8.0 with NaOH prior. to
autoclaving.

2.3. Measurement of algal growth

The growth of algal cells was determined by turbidity at
750 nm. For the dry weight measurement, cells were col-
lected using a 10 pm membrane filter (Nihon Millipore,
Tokyo), washed with distilled water, and then dried under
reduced pressure before weighing.

2.4. Pigment analysis

Chlorophylls were extracted using methanol. Total
amounts of chlorophyll were estimated using a spectrome-
ter (UV-2450; Shimadzu, Kyoto) according to the method
of Mackinney (1941). Monitoring of the free carotenoids
and carotenoid esters in the pigment extract was carried
out according to an HPLC method, as described previously
(Abe et al., 2004). The HPLC analysis was performed with
a reversed phase column (250 x 4.6 mm i.d., ODS-P Inert-
sil; GL Sciences, Tokyo), and a pump (PU-980; Jasco,
Tokyo) equipped with a UV/Vis detector (UV-970; Jasco).
Aliquots of 10 ul were used for HPLC analysis. The mobile
phase consisted of eluents A (dichloromethane:metha-
nol:acetonitrile:water, 5.0:85.0:5.5:4.5 v/v) and B (dichloro-
methane:methanol:acetonitrile:water, 25.0:28.0:42.5:4.5 v/v).
For separation of carotenoids, the following gradient pro-
cedure was used (0% of B for 8 min; a linear gradient from
0% to 100% of B for 6 min; 100% of B for 40 min, at a flow
rate of 1.0 ml/min and 25°C). The absorbance detector
was set at 480 nm. Pigments were extracted with 1 ml of
dichloromethane and methanol (25:75, v/v). Saponification
of carotenoid esters was performed as follows: NaOH
(0.016 M) dissolved in methanol (0.25 ml), which was
freshly prepared, was added to the pigment extract solution
under a nitrogen atmosphere. The mixture was kept at 5 °C
in darkness under nitrogen for 24 h for complete hydrolysis
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of carotenoid esters. The saponified pigment extract solu-
tion was directly analyzed by HPLC. Pure standards of
astaxanthin, lutein, and B-carotene were purchased from
Sigma Chemical (St. Louis, MO, USA), and canthaxanthin
and neoxanthine were from Wako.

2.5. Fatty acid analysis

After 1 ml of 5%HCl-methanol (Kokusan Chemical,
Tokyo) was added to 10 mg of freezed-dried cells, the mix-
ture was refluxed by heating at 100 °C for 3 h. After cool-
ing to room temperature, fatty acid methyl esters were
extracted into 1 ml of hexane. The obtained hexane layer
was dehydrated, and then 1.5 pl of the hexane layer was
withdrawn with a microsyringe and its fatty acid methyl
ester content was determined by a gas chromatography sys-
tem (GC-14B; Shimadzu, Kyoto) equipped with a capillary
column (30 m x 0.25 mm internal diameter; J&W Scientific,
CA, USA) and a hydrogen flame ionization detector. In
this case, heptadecanoic acid was used as the internal stan-
dard for quantitative analysis.

2.6. Nitrate analysis

Ammonium was analyzed using an ammonium elec-
trode (5002A-10C; Horiba, Kyoto). Nitrate ion was mea-
sured spectrophotometrically using the methods of the
Japanese industrial standard for industrial wastewater
(Japanese Industrial Standard, 1998). Nitrate was deter-
mined at 410 nm with 4-aminobenzenesulfonamide (Wako)
and brucine (Tokyo Kasei Kogyo, Tokyo).

2.7. Photooxidation of methyl linoleate

Methyl linoleate (600 mg, Wako), containing oily pig-
ment extract, was placed in test tube and subjected to oxi-
dation under a fluorescent lamp for 4 h. The light intensity
and temperature were 65 pE/m?*/s and 20 °C. The oxidation
of methyl linoleate was determined by measuring peroxide
values according to the JOCS method (Endo, Usuki, &
Kaneda, 1984).

3. Results and discussion
3.1. Effects of nitrogen, light, and vessel on algal growth

In order to examine the effect of nitrogen concentration
on growth, cells of the aerial microalga C. striolata var. mul-
tistriata were cultured using a flat glass bottle (700 ml) for
30 days in BB medium under various concentrations of
nitrate (0, 250, 500 and 1000 mg/l NaNOjs as the nitrogen
source) at 40 pmol photons/m?/s and 25 °C. The batch cul-
tures were bubbled with air in flat glass bottles. Although
the culture in the nitrogen-free medium inhibited cell divi-
sion, higher biomass was obtained when the alga was cul-
tured in BB medium containing more than 500 mg/l
NaNOs, as shown in Fig. 1(a). The alga entered the station-
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Fig. 1. Time course of the growth (a) and nitrate-N concentration of the
medium (b) in a culture of C. striolata var. multistriata. The alga was
cultured using a flat glass bottle for 30 days in BB medium under various
concentrations of 0 (OJ), 250 (A), 500 (®), and 1000 (O) mg/l NaNO; as
the nitrogen source at 40 umol photons/m?/s and 25 °C.

ary phase of growth after 20 days with the higher rate of
nitrate depletion. It was found that the maximum uptake
rates of nitrate of the alga were almost the same under var-
ious concentrations of the nitrate-N (Fig. 1(b)). Because
nitrogen deficiency will be a potential inducer, of secondary
carotenoid formation in the microalga, the algal cells were
grown in the medium containing 500 mg/l NaNOj (initial
concentration), to promote production and accumulation
of large amounts of secondary carotenoids in this study.
To examine the effect of light intensity on growth, the algal
cells were cultured for 30 days in BB medium containing
500 mg/l NaNOj at various light intensities (0, 7, 40, 65,
105, and 130 pmol photons/m?/s) and 25 °C. As a result,
the higher specific growth rate of 0.22 d~! attained when
the alga was cultured over 65 umol photons/m?*/s (Fig. 2).
Moreover, we tried to develop a culture method for the
growth of C. striolata var. multistriata using two kinds of
vessel. The alga was grown using a flat glass bottle
(700 ml) and/or a slender test tube (400 mm X & 30 mm)
for 30 days in BB medium containing 500 mg/l NaNO; at
65 pmol photons/m?/s and 25 °C. The maximum specific
growth rate of 0.30 d~' was obtained if the algal cells were
cultured in the test tube. The alga entered the stationary
phase of growth after 20 days with the highest rate of nitrate
depletion in Fig. 3. The nitrate uptake rate reached 0.4 mg/
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Fig. 2. Effect of light intensity on the specific growth rate in a culture of C.
striolata var. multistriata. The alga was cultured using a flat glass bottle for
30 days in BB medium with 500 mg/l NaNO; added as the nitrogen source
at 25 °C.

3.0 120
2.5 S
E
-~ 20 180 £
1.5 &
g g
E g
L 1.0 140 2
-] ]
Z
0.5 Tt
‘ S

0 i I Vo W ' 0
0 5 10 15 20 25 30
Time (day)

Fig. 3. Time course of growth (@) and nitrate-N concentration (O) of the
medium in a culture of C. striolata var. multistriata. The alga was cultured
using a slender test tube for 30 days in BB medium under various
concentrations of 500 mg/l NaNO; as the nitrogen source at 65 pmol
photons/m?/s and 25 °C.

1/h, which was the same as that by C. striolata var. multistri-
ata cultured in the medium with added NH4Cl instead of
NaNO; as the nitrogen source. This uptake rate was twice
that obtained by other microalgae, such as C. pyrenoidosa
and Scenedesmus sp. (Tam & Wong, 1989). The aerial
microalga, C. striolata var. multistriata shows prominent
ammonium and nitrate-N uptake in the fresh medium.
When the alga was cultured in nitrogen-deficient medium
under the same conditions, the cells were observed, in the
slender test tube, to change from green to reddish-orange
more rapidly than in the flat glass bottle (Fig. 4). Accord-
ingly, the optimal growth of C. striolata var. multistriata
was obtained at a combination of 500 mg/l NaNO; and a
light irradiance of 65 pmol photons/m?/s in the slender test
tube to induce carotenoid synthesis. :

3.2. Analyses of pigments and fatty acids of algal cells
The contents of carotenoids and chlorophylls in the

extract solutions from the aerial microalga C. striolata
var. multistriata cells were analyzed by HPLC and GC.
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Fig. 4. Effect of culture vessel on chlorophyll content in a culture of C.
striolata var. multistriata. The alga was cultured using a flat glass bottle
(O) and a slender test tube (@) for 30 days in BB medium under various
concentrations of 500 mg/l NaNOs as the nitrogen source at 65 pmol
photons/m?/s and 25 °C.

Analytical data of the pigment extracts from the green
and reddish-orange cells of the alga are shown in Table 1.
As a result, the reddish orange cells of the alga grown for
50 days under above-mentioned conditions could accumu-
late 56.0 mg of major secondary carotenoids per g dry
weight cells (dwc) after the saponification treatment. This
result is particularly surprising in view of the fact that the
content of canthaxanthin in the cells was 47.5 mg/g dwc.
While astaxanthin is a high-value carotenoid and identified
in many kinds of microorganisms, canthaxanthin has also
been characterized by comparatively high antioxidant
activities in some in vitro systems. Natural canthaxanthin
production has been investigated only in a few algal spe-
cies. It was previously reported that the fresh water green
microalga, C. zofingiensis, growing under conditions of salt
stress and low light, accumulated high amounts of cantha-
xanthin (8.5 mg/g dwc) (Pelah et al., 2004). This study
shows that the aerial microalga, C. striolata var. multistri-
ata, has the ability to synthesize very high amounts of a
complex mixture of carotenoids, such as canthaxanthin,
astaxanthin, and PB-carotene. These ketocarotenoids are
commonly used as a feed supplement in aquaculture for
the production of salmon, trout and shrimp. The biosyn-
thesis of the ketocarotenoids in the algal cells will be

Table 1

Carotenoid content (mg/g dry weight cells) in the pigment extracts from
the green and reddish orange cells of the aerial microalga, C. striolata var.
multistriata, growing using a slender test tube in BB medium containing
500 mg/l NaNO5 at 65 pmol photons/m*/s and 25 °C

Pigment Green cells Reddish-orange cells®
Chlorophyll a 18.3 0.3
Chlorophyll b 6.0 0.3
B-Carotene 5.2 7.0
Canthaxanthin 32 47.5
Astaxanthin n.d® 1.5

2 After saponification treatment.
® n.d., not detected.
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up-regulated under stress conditions, such as high light
irradiance, salt addition and desiccative treatment.

In the fatty acid analysis, it is apparent that the alga
contained fatty acids having 16 and 18 carbon atoms. Both
saturated and unsaturated acids were present in the green
and reddish orange cells of the alga (Table 2). The predom-
inant saturated was palmitic acid (16:0) in both green and
reddish-orange cells. On the other hand, it was found that
the predominant unsaturated fatty acids in the green and
reddish-orange cells were linoleic acid (18:2) and oleic acid
(18:1), respectively. The reddish-orange cells of the alga
could produce large amounts of fatty acids (total fatty acid
content: 319 mg/g dwc), especially, 113.4 mg of oleic acid
per g dwc.

3.3. Effect of algal extracts on photooxidation of oil

Effect of the algal extract (from C. striolata var. multi-
striata cells) on the peroxide value of methyl linoleate
(ML) at 65 pmol photons/mz/s and 20°C is shown in
Fig. 5. Using 20 mg of dried samples of the green and red-

Table 2

Fatty acid content (mg/g dry weight cells) of the aerial microalga, C.
striolata var. multistriata, growing using a slender test tube in BB medium
containing 500 mg/l NaNO; at 65 pmol photons/m?/s and 25 °C

Fatty acid Green cells Reddish-orange cells
C16:0 17.9 ) 60.3

Clé6:lcis 1.0 19.9

Clé6:1trans 43 7.6

C18: 1.3 119

Cl18:1cis 13.1 113

Cl18:1trans 22 3.8

C18:2 22.7 54.1

C18:3a 28.3 483

Total fatty acid 90.8 319

Peroxide value (meq/kg)

0 . A L
0 1 2 3 4
Oxidation time (h)

Fig. 5. Effect of the algal extracts of C. striolata var. multistriata on
photooxidation of methyl linoleate. The photooxidation of methyl
linoleate was carried out at 65 pmol photons/m?/s and 20 °C. Symbols:
0O, control; A, the algal extract from the green cells; O, authentic
carotenoids mixture (containing 0.95 mg canthaxanthin, 0.14 mg B-caro-
tene, and 0.03 mg astaxanthin); @, the algal extract from the reddish
orange cells (after the saponification).

dish-orange cells, the algal extract was prepared with
dichloromethane and methanol, followed by saponification
of carotenoid esters and fatty acids. As a result, the perox-
ide values of ML containing the algal extract from the
orange cells were lower than that of the oil containing
authentic carotenoid mixture, which was the same compo-
sition as carotenoids contained in the algal extract (0.95 mg
canthaxanthin, 0.14 mg B-carotene and 0.03 mg astaxan-
thin). It was found that the algal extract sufficiently acted
as antioxidants in ML, because it contained other natural
antioxidants, such as tocopherols. On the other hand, the
peroxide values of ML mixed with the algal extract from
the green cells were higher, than that of the oil without
the extract. This result was due to the chlorophyll-photo-
sensitized singlet-oxygen oxidation of the oil. Conse-
quently, the peroxide result suggests that canthaxanthin,
with long-conjugated double bonds, has considerably
greater antioxidant activity (same as astaxanthin). The
algal extract from the cells of the aerial microalga C. strio-
lata var. multistriata was demonstrated to have an antiox-
idant potential in lipid foods in this study. We will try to
determine oxidation of oils by measuring peroxide forma-
tion and studying quenching mechanisms and quenching
rate constants of the algal extract by using steady-state

kinetic equations.

In summary, the growth and nitrate uptake of the aerial
microalga C. striolata var. multistriata, which was isolated
from the surface of rocks, were characterized in the present
study. The maximum specific growth rate of the alga,
showing prominent inorganic nitrogen uptake in the fresh
medium, was 0.30 d7}, as calculated in the growth logarith-
mic phase. It was also shown that the alga had the ability to
synthesize very high amounts of a complex mixture of
carotenoids, such as canthaxanthin, astaxanthin and B-car-
otene. The algal extract containing these carotenoids had
an antioxidant potential in lipid foods. In the near future,
the aerial microalga, C. striolata var. multistriata, will be
used as a functional material in a variety of commercial
applications, such as feed supplements, natural antioxi-
dants and food dyes.
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1. Introduction

A novel process to make organic thin films was
developed. Supercritical fluid, which is a state
above critical point defined with pressure and
temperature, was used as a solvent to deliver
materials to substrate surfaces. In this paper,
instrumentation and initial results of thin film
fabrication will be reported.

2. Apparatus

An instrument for the purpose was constructed in
laboratory. Figurel shows a schematic illustration
of the apparatus. It consists of a pump for
pressurize liquefied CO,, a heater and a
backpressure regulator. Supercritical CO, was
obtained by adjusting its pressure and temperature
above the critical point.

Organic material is located in the first cell-1.
Dissolved material is transferred through the
stainless tubing into cell-2, where the organic
material is deposited onto a substrate.

3. Experimental

Typical organic materials (anthracene and Algs)
were used to examine the deposition. Each of the
materials was fed into cell-1, then supercritical CO,
was supplied. An ITO glass substrate was located in

cell-2. Deposited materials were observed with an
optical microscope.

4. Results and Discussion

Figure2 shows optical microscope images of
deposited anthracene. The morphology depends on

Pressure Gauge

Safety Valve

)

both supercritical pressure and temperature. When
the cell-1 temperature was gradually decreased,
microcrystallines of anthracene were obtained as
shown in Fig.2a. The other side, the temperature
was kept constant, thin film deposition was
observed.

The other material, Alq; exhibits different
behavior. It preferred rather high temperature

(100°C) and pressure (20 MPa) for thin film
deposition. '

5. Conclusion N\

It was found that both anthracene and Algs can be
dissolved in supercritical CO,, and they are
deposited onto substrates in supercritical CO, with

Fig.2 Optical

microscope
anthracene crystals at 12.5 MPa, 70°C, and b)
thin films deposited on ITO glass plate in
supercritical CO, at 12.5 MPa, 30°C.

different temperature.

images

of - a)

Pressure Gauge

| [\

Pump

(i

000000000

Cell2

>

Backpressure l
Regulator

Fig.1 Supercritical fluid deposition apparatus.
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Organic  electroluminescence device
have been developed by many researchers
because of its features compared with
conventional inorganic devices. There are
two kinds of organic materials used for
organic EL: low molecular weight and
polymer materials. In the latter cases, wet
-process such as spin-coating or printing
methods is employed. However, it is very
difficult to make multilayer films
consisting of different materials.

In the present study, -electro-spray
method is applied to thin film fabrication
from organic solutions. This method is
aiming at a dry-process while it uses a
solution as a material.

The advantages of the electro-spray
method are the following three points: i)
since it is a dry-process, multilayer thin
films can be obtained, ii) there is less
thermal damage polymer material in
fabrication, iii) patterning can be
performed with a shadow-mask like
vacuum deposition.

Figure 1 shows a schematic diagram of
the apparatus. It consists of a
stainless-steel tube with a sharpened tip, a
counter electrode where a substrate is
fixed. Distance between the tip and the
counter electrode can be changed using a
rail. The spray current can be monitored
with an digital electrometer connected to
the counter electrode. A high-voltage
(5 kVmax) is applied to the stainless-steel.
Solution containing materials is fed
through a PTFE tube from a syringe pump.
The flow rate of the syringe pump is

adjusted around 0.1mL/h steps.

Figure 2 shows an optical micrograph of
the deposit with this method. In this
experiment Alq; was used as a material. It
was dissolved in acetone at 0.40 wt.%. The
distance between the tip and the counter
electrode was 30 mm, while the tip voltage
was 4.00 kV. It was seen that organic EL
material can be sprayed and deposit by the
electro-spray method.
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Fig.1 schematic diagram of the experiment
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Macroporous silicon with ordered pore intervals was fabricated by the site-selective chemical etching of
a Si substrate using patterned noble-metal thin films as a catalyst. The morphology of the etched silicon
surface and the etching rate was affected by the shape of deposits and metal catalyst species such as Pt-Pd,
Auy, and Pt. The etching rat@ncreased in the following order: Au <Pt < Pt-Pd. The pores of macropdrous
silicon prepared by using Pt-Pd catalyst were conical in shape becﬁlse of the chemical dissolution of
the surface of the macropo(}s. On the other hand, by using Au catalyst, relatively straight pores with
uniform diameter were formed in the direction of pore depth. The morphology of macroporous silicon
was assumed to be affected by the difference in the shape of metal catalysts and the diffusion behaviour
of injected positive holes at the silicon/metal interface.
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1. Introduction

Three-dimensional silicon microstructures such as pillars, tubes,
and macropores are fabricated by electrochemical etching in
hydrofluoric acid (HF). This is a promising technique for the
micromachining of silicon [1-3]. Among three-dimensional sili-
con microstructures, silicon with a regular porous st<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>