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WMEMO 7 v RmZABBLFEFBLUET v EFTRRIERLOKRE
Studies of microbial fluorine-assimilation genes for the hioremediation of

fluorine-contaminated environment
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MLTWD, ZvHREAE, EMCRBMENICK DWTRESNTELY, BEYICEI=Z—2LT7v %
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BIEFEEATHILEENE L THRERGFOBMRRN S ¥ —EF L. £, HEE S
cattleya D7 o ZRBRORBAOHS EBETF VNN TRATZ/EHO NS AR BARS S
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FESBARERENSETL2TELT, BRITREFZMNBBORENAFEMOR NS < B
ENTWS, —MINICE>T 7 vyHR(EHE] DIFLAERES TREMESE < TRIGHEH
DELUWVEINBERNEZD, FHRAILKIDBFTRPOESAT7A AGBEEZRWSREBETORE
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FIABGBFOY 70— 0 bR TREMELS, 355-CalWV At v MC F/AEBETF
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TEOICLERDPRENE TA VD —Z IR G —ICSA4T5 =2 a2 LTHhDT27,
e, BT T7-2a e 0HlT 50 CRNF o4O, O
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& AEETREIC LY 7 v R HROBAERIT A ECLE, FIURAYILEE
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VA L UTHEBIRTF aor ERF DO TEEONEMETEIRTE S, £z, BEBRZM or/
HiFh, 2°CT2-3 ABBTLLACEMNTETICHEEHRLSERT S, C0LDH, F
ARV Pt EERD, TSR UTAMERBUAKRERRZ ST, REEDNA K
FS RNV O DBEBLUERBEBRHISHERTETH S,

JICRTRE ALK > TEGFHBMARRET > ABR, 77771 UMittOEE
ERENESNAEDT, TSR I RaEETOBIREESE #indl 1), FcR, BaH| THELLT,
BRABCE > TEDOUIMMKXN R L=, EOER, Aindl || TOMEEIZEWNTI 0 kb &
6.2 kb DN RIS, Batl TOHEEIZEWNTO0.8 kb & 8.4 kb DN EN/RSNAEZDT, H



HOBDEBONST/SRAI KPR TEL. COFSFRI F#pCZA168 &L= (K3).

4-2. HEEMEETSAXZ K pCZA168mob DB

LROTFSRZ K pCZA168 ZAVWTHIBEIC S VARV S ERETDICNE, OS5
APEREICKY DTSRI REY—Fy FEBRIMEDICRERERTIVEND S,
S cattleyaTIIZO M TSR MNAILKBRHEGRONENED > /=0T, nCIA168 [CLBD T
v ERBEGFORINIRBTH o /e, TITEHAMEICLIEEGREAEEICTS720(C,
EEGERTF R6Kmob iBEFES % nCZA168 ([CIEAT B LI, R6Kmob BIEF&H DT
SRI R pBSL180 =&HBIE LT, Mool YA FEDIFETSAT—TKIDRY AS—FEBL
T PCR 277> 7=, pCIA168 % Pscl & Scal T, PCREEWNZE Neol THEAEL7=%, Z'ELT
BIRUZBR DS A5 =2 3T\, Ecoli MO pin ICHEEERRLE, §5NR
HEREDLs 75X Rt U, pCZA168 & pCZA168mob & LEBILAASS HindI 11, Pscl IC
LHHERHLETo = (B 4). HIRREESE Psc | (X, pCZA168 % —HEETTHIRIS %45 pCZA168mob
YT 5 LIRHRIE, F Hind | IR BEL GO TIOXKBEROERLYBENT
SRIRB/oNLI LB ND, COTSRAIREBRAGECAVSLEHDKEE E coli
SIT-1 (AN (CHREER U BERGEREICES S catt/eva DB FRIFEEH TS,

FLH

NAXTL /AT —DBIBIZELY, EMBRFIOBERORECHRITEDENDOEMICENE
TEDHLDICo7, SHTEAIORMEMIBR, ER ER HSG¥ELEHSWINET
CERLUAY, BREHZICENVTHOEMBAMBICHTIMEADLROFIZETEILPEEN
b, EMETIE, BIRE S catt/eya L WHDBHTHELGWMENDHD 17 v ERXHEH &
KUTHHICERITL, SOCEZHATHENMCB T ZLEBMEL TS, EHTHAIL, |
RUTERLAEZ vEABEYE, XFBUYRCZFEFRNRTHZEMNIETHY, KiCkY
HARBEXAEWSRELEIRINF-EHALTET7 v RERLEEMEENDI AV Y FERET
&5, 16, 7VvERCIIRAFRERELBNTEANSYDDOHZDTT vEHLAROL
BRST v REBRRTEDENELT I LEFEATHSEEBDNS,

O

FRRDOUREEZTRZ L LN SREHPREMBAICE@LBL LIFET. BILX
FARERAAEEAAH BRFR) —HBER WiR, SEML BHHURICIE, EHRBISRZ
FCOWTEREGIFRIEHET RAA XZTEEEL L,
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Syoh o LMV PL T ELAPLIpDFASLOTLIESHPORS D-QGUOQGRQIDAIDR
Syc? G LNESWVPLTELHPLODEPAS TLIESHPQRSD-QGHQGQIQAIDER
Cyhk G HANGIPLAELADPLDVAEL T RWEWPEPOMET-HGCRGLVQAIDH
Tfu ke AGHLPLS 2R PAVLNRLS M RDVSG-CVARGEVHAIDR
Ry G AARLEMG ERIPADSLARLES EDEWESDGEIAARVIDVDR
Tma G DMELPLERFRDRLLESYENLEMREPNVENEK - ~-VIGEVAIVDT
ADa S LREHDDWT PE FSOLMRLNVPRATVADSELAGEIIGIDVE
Sca_fla s ARAEFPLS RPLEDHE[RRFNAPRVEQDGEALVEVVSATORE
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Sych TP~~~ — === ARELCOTAAGLIWGD-RWLPLARTYSEVAI LVLAG| e
Syc? TP~ ===~ ————— ARELGQTAAGLIWGD~-RWLPLARTYSEVAI LVLALGH &
Cybk TP~~~ ——— GAWVECRSWSAWIKGIPVRERSVATFAEGEWY LALV[G| che]
Ttu L PEDLESVVAAPGLPDAVAVRLPDESHTVAVAATFGAVEPLEEPVLLTD v
Rxy L PEGCG-===—- LSYGDELRLDTGDEDMAIRYVETFGRAKPR ILVED| I
Tma T FDLFLELE--VDFDDYVEVRVGREEFKAAVARAIGDVDT LAYHE DS A
aAba T RDDWARLG--YQWGDTVEVTLGATEMEIFPIVETFSDVEI PLLF I L
Sca_flA T R TDLEXKAGIGYGARLALTLDGVLFFEAPLTEFTY ADAGEL ﬁlIL»! LR

ot il o t @

278 A
Sych GEROQTLAANMGAVVRLNCGRAR - —-~ Sye_Synechococcus sp. FCOC63101
Syc? CEROQTLAANMCAVVRLNCORAR - - - ~ Syo Synechocaocous sp. FCC_ 7942
Cybk GHASHALGFEVGDEVEPEWSEG= === Cybh Cyanobacteria ¥ellowstone
TEu IGERAQRFGLOVGAPVVLERTSSEPMRE Tfu_Thermobifida_ fusca
Rxy GHRAQALGLRLGSRVRLRR-—~— ===~ Rxy_ Rubrobacter_xylanophilus
Tma GRS OVLEVEESGDEIELNR-— == ===~ Tma_Thermotogn_maritima
Aba OB AR T Y NI KPPASFTEFAE R~ - o=~ Aba_A,bacterium__ 204669
Sca_frla AELAYPYHLEEGMSARMERAR—--c-ex Sca_tluorinase

v

1 Scattleya@®Z VAN F—ELHAREREDTILF INT SA A2+

TFNAVF—ED7 I /BEEFNE Blast RRZET> THREBEZZEY, 734 A+
ZRof, RESNCT I/ BEEEZHETHED SFOBBEORKRTRLE. 74 Y
F—EOI v o ABEREERTOERD S SMORBEICEAHD7 = /BEESHESNT
W3, TNHERWVAKR—R), MAZFZ), ATZTF=VR) TRUE,



355-CaMV casselte

&77 bp

EcaR V1 1)

358 pramedes

[ indll <110
xhal 1417)
[j-gemt 1423
Smal (421)
1455

Hindlll EcoRl
flA
(PCR product) %
Hindll ¥ EcoRl
A
i 35¢ prormolber 5 CaMV polyA
Eco RV | Eco RV
n
s
&S &
~B58a55RE52a8eRs
P 982: SO S oo o e
By Ieer =
5'5".::3. SIFSHOE | [CE G ARES S
:t% L_..L L .. J.J ?&lj
2L e
& e
e lacZ {4
B ™,
\
pGreen-flA
6,179b
( p) Npt |
pSa oty q
l,/ ::2;-{‘- Pyl
Bofi(4020) = (2733)

2 pGreen—fl1A DHEE

ZNAF—YHEEF fIAZ CalV 7OTE—-4—h+v MIEBAL, EcoRV BT 5% pGreen0029
D EcoRV U A MMZZA5 =230, A ZMAY F—FoEREER. —84%ER

THRENENOY Ty MIEE SMBHEELTN S,



36 b T e

R
LT ——

: 1 kb ladder
: SRiHE

: HindTIT

: EcoR]

1 BarmHI

3 pCZA168 DIBSE

M1 kb ladder
1 FMIE (pCZA1GE)
T EBIE (pCIAlGEmOD)
5 Hidill (pCTA1GE)
1 HindIIT {pC284168mot)
5 1 Ped [pCZALGE)
i Ped [pCZA1&8mab}

4 pCZA168mob DIBE



A D B i DA (R B B i B 5 A T
[ LR IRA A 20T EET B B ]

1. LB

BB ICI3% < OB ORISR STEET 5, h b OWEITIERIN I AR S
ERIFLTWADEEZLNRD, UL LaRh, BENOLESEOFEERE 2 @313
L. &OREE TS OERICEFETCRECH S, 22 C, HREOREIZHE
LT Z AEENOENFNRIEE A dv—Ji— & UTREFM AT FENEE S
T3,

b—hig vy N EHSPREFIIHAESR B e MOESLREZAMREICRBWT
BECEEEINTVLZENS, Af Fo—h—2 LTOEGERFBL I TE -, HSP
BEFIIEEEFOERMEE ¥ L RV B FRBICE- S | hspll0, hspl00, hsp90, hsp70.
hsp60. hsp40. hsp20 D J 52 FE X TV 5(Gething, 1998; Nover and Scharf, 1997), Z#L
HOHTHSPN 77 I U —ik, A MUVRISE UTHRBRT 28EF(hsp) & EFEICRET
HBEF(hs)ZHBEEND, —MIT hsp 1TFERA P VARBF FTIHIT LA EREB L Tz
A, AP VRIZEE LU TESPICRBEDFEINDS, —FH. hsc ODBEHERIZBITE3HE L
AUVEFERENCE S AR L AICE 2 TREA BT A Z L2,

AT TIL, oI buH LV oBEOREEDLY HSPRETE /o —= 7
L, BESESRIBRICNTE A FIw—h—L LTOHFRABIC DO TR ETT- .

2. EBRFE
2.1. Ml LR R

3 b 7 I Mamestra brassicae DIERGE R O SFEMINE 2 R 2 vz, BRI 3% 0
FBS % Bl %2 7z MM(Mitsuhashi and Maramorosch)bs i CEf U 72, =234 Plutella xylostella 1.
EHRBHEFIGRO—ETHH 7 a7 VT Xu v Tk Shi- s s fviz, s
A OFH LA SR, 16L8D O BE&MET TRE L,

22.HSP BlaFD Y n—=0 7B L OB LR E

3 by AREEMEG L Ra 0 4 B LD H U total RNA 288 & LT cDNA %
&R L. PCRZ XD HSP BEFOBIEIZ AV -, PCR OFF 4 = — iR OEFIE b &
[ 5 O

58 L TOV3RACE 21T\, 2% 5 " —T 5B ETH 252, BohiBETIAR
Ry H—Zrun—=r U, BEREFIREEIToT,

23. 7 AREHETABIGF 2 —BoOHETE
) APZIETET A HSPBEGTFO 2 & —BOHEFII o T ay MERIZ L - TiFo 7,



24, BERBLUVESBEICHT 2 HSP BEFOFIE

BIEL L CH—SA—FFI(A Y IA). RFARRFVIRFAT 2 T L), B A
(FrFAT 5 R), FRELVARAL RFHIEAA R T V), IGR(Z 2L 7 AT Za )R L
TYR YT T (I BAT = F A E BT, TR E LTS F T ACdCk), #(CuS0s),
FR((Ch3COORPh) % vz, FIENDBIESD LV ITEER D HSP BinFORB KT
BB — T oy MBI & > TR,

3. R
L. 3 PUTERERD O O HSP Bis 0 7 0 —= 7B LU EELSI R E

hsp90 O FEFEIF 4 YLIE L 7 (GenBank/EMBL/DDB)J accession no. AB251894), hsp90 i<
X 2,151 bp @ ORF 2’ FIEL. 82.5kDa D ¥ /37 BRa— FER T, 207 3 7 BE
F)iZY vy %3 v Spodoptera frugiperda 7 hsp90 & Bt iV EIE(98.6%) % = LT,
hsp70(accession no. AB251895)33 & T hsc70(accession no. AB251896)D 41 FEli 3 % e & L
7o hsp70 1243 1,914 bp @ ORF BfEE L. 699 kDa D F W7 B a— FER TV, 1,962
bp @ ORF % 5D hse70 1213 71.6 kDa D ¥ X7 H P 21— R ER Tz, hsp70 1 hse70 &
BWERFNB LT I VBB WTENEN 69. 9%, 74, 2%OHEMEEZR LT,
hsp20. 7(accession no. AB251897)35 J. U hsp19. 7(accession no. AB251898) D 4= F-Al 51| % IR i
U717 hsp20.7 (20X 540 bp, hspl9.7 [Z4% 465 bp @ ORF B3ETE L, £ Fh, 20.7 kDa, 19.7 kDa
DELINTEE2— FUTW T, hsp20.7 & hspl9.7 OFNIIEER NS LU I /8L~
WAZEBUVT 61.3%, 61.7%DHRIMEAFED B,

3.2. A b HSP BIEFOY J AIIRT D a v —FoHE

YTy MEFEIT o7l 25, hsp70, hse70, hsp20.7 D7 vt b CrEFpRR
Fizmz T, EHOMSGe Ay KERBHERZ@E D, 202 &, Zh b o HSP #EF
MR B3 ARICTFEL TV D Z L ERB L TWA, —H ., hsp90 33 X N hspl9.
7AW, BBRA S Rz €, W o0 TIEI 230 R S =28,
AL OWTEHHAMAAZR—HETCHEIDNE I N DWW TOMEL D Z L2 TER
ol (B 1),

33, RIEzHT 5 HSP BEEF O

B MiRac SRR A IR U B8 D, hsp90. hsp70. hsp20.7, hspl9.7 DRBAE / —F
vy MEFCEANT, FORR, DA REL T A AU, BB H
BERE VAT A FH, IGR I HSP BEFORRIIIEBRL LT ERNT EPHLN LR -
Voo T A7 T7—ThHB 2 a7 =F i HSP B FORBIZHE L T LN, £
DERITBETFICE > TRR T, hsp70, hsp20.7, hspl9.7 137 a7 = FENIC K



STHRBERE T -5 hsp0 1B THE Sh i,

34. HERICXT 5 HSP &5
F DG
R 2 IR EE D T
R 6, 804 LB L hsp90.
hsp70. hsp20.7. hspl9.7 DFEH,
CRITTREBER T, 20
FEE. HSP BT OB D
RITAick-CHEEID
TEBHALNE - TZ(A 2),
BB BB S hsp90,
hsp70. hsp20.7 T, 2.0 uM,
hspl9.7 T35.0 uM T 7-(X
2), $AIX100 u MU EDORE
BT hsp70 & hsp20.7 D3
BAFEE LR, hp0 BLO
hsp19.7 DFEBFHHEITRD 5h
Rhol, k> THSP &
CFORBNFEEENDZ &
B /Y

()

212 =
4.3 -

2.0~
1.4~

0.6 ~

(1)

HL 2+ 7 HOHSEREFO VY Ty iRl

35. aFANHO HSP Bin F0 7 v—=1 73 L O ER I E

2 H D hsp90 O-EIRIEEF| Z P FE LT (accession no. AB214972) (Sonoda et al., 2006),
hsp90 1211 2,151 bp @ ORF TEE L., 824 kDa D& V27 BB a— FER WV, FOT
T/ BESNIEBER OO R RO hspo0 & &\ O HEE(84%) 2 R Uiz, B &\ R
(96.0%)1 Y =1 74 a M L OETRD vk,

hsc70 DL FREIT A P TE U= (accession no. AB214973) (Sonoda et al., 2006), hsc70 12 1£.69.3
kDa D F /37 B A 2 — 45 1,878 bp @ ORF BFEFE LTz, hsc?0 DT I ) BERHIL. BE
MOBHE BB hse70 DT 2 7 BEEH & ORI T 97.4-98.0%, ZOMOBEHREL ORT
88.5%-92.7% & D EIVVHERE A R LTz,

hspl19.5 BRTF OEEEF % R E L /= (accession no. AB214974) (Sonoda et al., 2006), hspl9.5
Wi 522 bp @ ORF Z3EFE L, 19.5kDa D& 37 B a— FER T, hspl9 123 H
BB small HSP &7 2 /B UL T 54.1%-66.5%DH B2 R Ui,

4, EBE



AFRTIIBEERTH
A3 b0 5 fEE(hsp90.
hsp70., hse70, hsp20.7  hspl9.7),
ALY 3 EE(hsp90.
hse70, hspl9.5)0 HSP =
FERIru—=271L, 2
EESN B RE LT,

small HSP 7 7 2 V) —#8&{&
Fixfho> HSP 7 7 2 ) —i#
AT TR R A R
ZERHENATNDS
(Denlinger, 2001), =7+ H L&
Dra—=v i n
hspl9.5 & o BB small
HSP #{n+ & OB TR S
RS T I B
B, 31 1 Y HOHSPRETD I F 3 Yhick 358 /T 43.3%-66.5% & ARAHOIC

= L IHOEEEEED. 1, 2, 5, 10 )NMOB F S YATRELE, . L
RNARRUSHIB)L ISR L 7o Bhot, g b2 ihty

n—= s NI hsp20.7 &

hspl9.7 OFB[RIME b AL
LV T 613%, 72 /LT 61 TI%E RN T, —F, 2T D hsp0 & hsc70 DT
2/ BERSIERERIZ BV T S REILRE STV (hsp90, 84.8%-96.0%:; hsc70, 88.5%-
98.0%), [RIERIZ A b7 D hsp90, hsp70. hsc70 b @BEICRF I T,

XA 12irg 7Y g UL Drosophila melanogaster T L b 6 TEHD hsp70 7 7 2
U—BEaF, STEO Asc70 77 2V —BEFBSHFELTEY, small HSP #7507 <
L ATEEFET S, 3 hUHICEW TS hspl0, hse70, hsp20.7 \Z8%Y 7 AR 7ol
BFPMFELTWE ZEBRALPE o, En, 3T D hse70 12 FHRESOFES
R E T,

g b TR ¢ MEOERBBORLLOBESLE L T, HSP BETORBICK
ETEEBARA, TORE, 7007 o AT E > hsp?0, hsp20.7, hspl9.7 DB
IEEE SRS D, hsp90 ORBITPHIEND Z EPPELNE 2o, FOMOBEIRKIL HSP
BETORRAZFEETLIZEMEIT I L bhoiz, ZrA 72 EAET 0 - R5
o 7SR S, REIEEN Y BRI & AR ORILREREZ R TERBITH D,
—H. BREVARA FEIEF DY O LF v 7 AMEEN<ELL, —A— MR B
DBl #FAA M ANETEF ALY CRE, IGR THDLZ 2707 Aotk
FrERERET L, b 0BEITERMICHBREREL b2, Zh b ORI,



hsp70, hsp20.7, hspl9.7 (YHIREENAZ L O BEO NS A~ —h— L LTHRIAMETHL Z
ERFELTWVD,

HRITLEBEEEEBL TS A AR EHAERL, B8 LIEH® LS N
7EEEORYT, BREY A7 EOHBRILIHSP BEFORBEBEDO 7l LTEHETS
FL% (Nover, 1991; Parsell and Lindquist, 1994), AHF CIITEFBEON FI T hlc Lo
hsp90. hsp70. hsp20.7. hspi9.7 DRBDPFHEEINT, TOZ LI T H O HSP BRFiT
BRITLZEDLMEA PV ARBEEOREL RIS A~ — Al 0V HEDL T & 2R
LTWD, hsp70 3B XN hsp20.7 13100 M ELEOSIC L - THRBAFEE I NS, IO
BETRICIIZ OMRSERELSDERREELZ T TBY, M4 ~v—Ah—-Lt L
TORAHELNEEL BN D,

O L DIT, FRFRICEBNT, W20 HSP BT, REORESESGRICLLE
BATMT D120 Fw—Hy— & UTHATE 5 WREMEAS, 8 L~ A DER T
FMREh, $h, AR TR FTE0, 3EEOHSP B T4/ n—o 7952 8
WREEY LT, 5% I8 L~ T HSP R+ 0/ 3 A~ — D — & L TOFI A TaEME 2 5
LTV BERH B,

HEE
AR EAT D) TXEEB Y £ LMHBRANERER FREM IR EHV
LEd,

BECHR

Denlinger, D.L., Rinehart, I.P., Yocum, G.D., 2001. Stress Proteins: a Role in Insect Diapause? In:
Denlinger, D.L., Giebultowicz, J., Saunders, D.8. (Eds.), Insect Timing: Circadian Rhythmicity to
Seasonality. Elsevier, Amsterdam, pp. 155-171.

Gething, M., 1998. Guidebook to Molecular Chaperones and Protein Folding Catalysts. Oxford
University Press, Oxford, 582 p.

Nover, L., 1991. Heat Shock Response. CRC Press, Boca Raton, FL, pp. 1-499.

Nover, L., Scharf, K.I)., 1997. Heat stress proteins and transcription factors. Cell. Mol. Life Sci 53,

Parsell, D.A., Lindquist, S., 1994. Heat shock proteins and stress tolerance. In: Morimoto, R.L,
Tissieres, A., Georgopoulos, C. (Eds.), The Biology of Heat Shock Proteins and Molecular
Chaperones. CSHL Press, New York, pp. 57-494.

Sonoda, S., Ashfag, M., Tsumuki, H. 2006. Cloning and nucleotide sequencing of three heat shock
protein genes (hsp90, hsc70, and hsp20.7) from the diamondback moth, Plurella xylostella (L.)
and their expression in relation to developmental stage and temperature. Arch. Insect Biochem.

Physiol. (in press).



THEEBILILVIOAFITIEORELERZICHET 2 8B

An epidemiological study of Legionella species from several kinds of soils
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Abstract

The tetrathionate hydrolase (4THase) activity of Acidithiobacillus
Jerrooxidans ATCC 23270 was detected in tetrathionate grown cells but not in iron
grown cells. The 4THase was purified from tetrathionate grown cells. The purified
4THase had a dimeric structure of an identical 50 kDa polypeptides. An open
reading frame (ORF) involving the N-terminal amino acid sequence of the 4THase
was identified by a BLAST search using the whole genome database for A.
ferrooxidans ATCC 23270. The gene was cloned and expressed in Escherichia coli.
Although the recombinant protein was synthesized in an insoluble form, Western

blotting analysis using the antibodies against the recombinant protein indicated

the ORF encoded 4THase.

Acidithiobacillus ~ ferrooxidans is an
acidophilic, mesophilic, and obligate chemolitho-
autotrophic bacterium that is able to derive
energy from the oxidation of ferrous iron as well
as reduced sulfur compounds. Because of the
iron- and sulfur- oxidation abilities, this
bacterium is thought to be one of the most
important organisms for the industrial application
of biominig operations (17-19). The dissimilatory
oxidation of ferrous iron has been studied in
detail (1, 2, 8, 26, 27, 28). The electron transport
pathway from ferrous iron to oxygen has been
proposed to consist of the following components:

Cyc2 — rusticyanin — Cycl(css,) —
cytochrome aa, oxidase.

In contrast to the ferrous iron oxidation,
some pathways for the oxidation of reduced
sulfur compounds have been suggested (3, 9, 11,
20, 21, 23). Since reduced sulfur compounds are
chemically reactive and some reactions can be
occurred nonenzymatically, the mechanism of the
biological sulfur oxidation in this bacterium is
still unclear. As a rhodanase-like protein, a
sulfide:quinone oxidoreductase and other proteins
have been highly expressed when the bacterium
is grown on sulfur and metal sulfide, but not on
ferrous iron, these components were suggested to

be involved in-sulfur oxidation (5, 15, 16, 25).

In contrast to elemental sulfur (5°),
sulfide (%), sulfite (SO,%), or thiosulfate (S,0,%),
tetrathionate (S,0,>) is soluble in water and
relatively stable under aerobic or acidic condition.
It occurs as a metabolic intermediate during the
biological oxidation of sulfur compounds and can
be utilized in some bacteria including A.
Jerrooxidans as a sole energy source. Therefore,
tetrathionate is one of the most suitable energy
sources of sulfur compounds for the cultivation of
sulfur-oxidizing bacteria. Tetrathionate hydrolase
(4THase) should catalyze the initial step in the
oxidative dissimilation of tetrathionate when the
bacteria were grown on tetrathionate. The
enzyme has been purified and characterized from
some acidophilic chemolithoautotrophic bacteria
belonging to genera Acidithiobacillus (4, 6, 7, 24).
Although we have already reported purification
and some properties of 4THase from
iron-oxidizing bacterium A. ferrooxidans Funis
2-1 (22), the gene encoding 4THase has not been
identified. Furthermore, no genetic information of
4THase from sulfur-oxidizing bacteria has been
reported to date.

Here, we report the purification of
4THase from A. ferrooxidans ATCC 23270 and



also revealed the gene encoding the enzyme of
this bacterium. The gene has previously been
reported to encode an outer membrane protein
highly expressed in cells grown on sulfur but not
on ferrous iron and whose function was unknown
(5). This is the first genetic information of
tetrathionate hydrolase from A. ferrooxidans
ATCC 23270. The gene expression was also
investigated by a Western boltting analysis using
antibodies prepared against the recombinant
protein.

Purification and Characterization of
4THase from A. ferrooxidans. A. ferrooxidans
ATCC 23270 cells were grown on 9K-medium
(pH 2.5) containing tetrathionate (5 mM). After
cultivation for 8 days, tetrathionate (up to 3 mM)
was added into the culture as a feeding. Cells
were harvested after cultivation for 15 days by
centrifugation at 6,000 x g. Approximately 1.5 g
wet cells were obtained per 10-liter culture. The
enzyme activity was measured by determining
tetrathionate concentration by cyanolysis (10).
One unit (U) of the activity was defined as the
amount of enzyme required for the hydrolysis of
1 umol tetrathionate min™. In contrast to the cells
grown on tetrathionate, no 4THase activity could
be detected in the iron grown cells. Cells grown
on tetrathionate were suspended with 0.1 M
potassium phosphate buffer (KPB) (pH6.2) and
disrupted by sonication. The enzyme activity
{0.14 U/mg) was detected in the cell-free extracts.
Total membrane (insoluble) and cytosolic/
periprasmic (soluble) fractions were separated
from the cell-free extract by ultracentrifugation at
110,000 x g for 60 min. Although the 4THase
activity was detected in both fractions, most of
the activity was observed in the membrane
fraction (0.035 U/mg in soluble fraction and 0.26
U/mg in the membrane fraction). It seemed. that
the 4THase of this bacterium is probably a
membrane-bound protein. The enzyme was
solubilized from the membrane fraction
according to the method previously described
(22). The solubilized enzyme was purified to
apparent homogeneity by column chromato-
graphies (Table 1, Fig. 1). Apparent molecular

masses of the purified 4THase were determined
by SDS-PAGE and TSKgel G3000SWy,
gel-filtration chromatography to be 50 kDa and
93 kDa, respectively, indicating the homodimeric
structure. The enzyme showed the maximum
activity at pH 3.0 and 60 °C, as shown in Table 2.
A faint activity (0.4 U/mg) was detected in the
absence of sulfate. However, additions of ammo-
nium sulfate significantly enhanced enzyme
activity up to the concentration of 400 mM (17.5
U/mg). These biochemical properties were
similar to those of 4THases from A. ferrcoxidans
ATCC 19859 (7) and Funis 2-1 (22).

Identification of the gene encoding
4THase of A. ferrooxidans. The N-terminal
amino acids sequence of the purified 4THase (50
kDa  protein) were determined to be
AVAVPMDSTGPYR. BLAST searches using
the whole genome database for A. ferrcoxidans
ATCC 23270 (http://tigrblast.tigr.org/ufmg/index.
cgi?database=a_ferrooxidanslseq) revealed an
open reading frame (ORF) involving the 13
amino acid sequence. The ORF (1,500 bp)
encoded a protein of 499 amino acids with a
putative signal peptide (32 amino acids from
N-terminal). Therefore, the mature protein of the
4THase without the signal peptide was composed
of 467 amino acids with a molecular mass of
49,712 Da. The molecular mass was consistent
with that of the 4THase purified from A.
ferrooxidans ATCC 23270 (50 kDa). The
identified ORF has already been registered as a
sulfur-regulated outer membrane protein from A.
ferrooxidans in the database (locus name;
AF005208, accession number; AAB93983).
Although the gene encoding the outer membrane
protein has been determined, the function has not
been assigned. In order to determine whether the
ORF encodes the 4THase, we attempted to
express the gene in E. coli. As the N-terminal
region was considered a signal peptide, we
constructed a truncated gene corresponding to a
protein without the signal peptide. One primer
(5-TGGCGGCTAGCGCTGTTGCTGTTCCAA
TGG-3") with Nhel restriction enzyme site
(underlined) was designed from the amino acid



sequence, LASAAVAVPMD. The other primer
with additional EcoRI restriction enzyme site
(underlined) (5’-GTTGGAATTCCTAACTGCC
ATGGCTTATCG-3") was a complementary
sequence corresponding to C-terminal region of
the ORF. PCR with the two primers and genomic
DNA of A. ferrooxidans ATCC 23270 as a
template resulted in the specific amplification of
a DNA fragment with the expected length of 1.4
kbp. After confirming the nucleotide sequence,
the 1.4 kbp DNA fragment was inserted into the
corresponding cloning site in the expression
vector pET21a (Novagen, Madison, WI). The
constructed vector, pET4TH, was introduced into
E. coli BL21 Star™ (DE3) (Invitrogen, Carlsbad,
CA). When E. coli BL21 Star™ (DE3) cells
harboring pET4TH were grown on Luria-Bertani
(LB) medium containing 50 pg/ml ampicillin at
room temperature and induced with 1 mM IPTG
for 48 hours, the gene product with the molecular
mass of 50 kDa was detected by SDS-PAGE
analysis. The recombinant protein  was
synthesized in inclusion bodies and no 4THase
activity could be detected in the cell-free extract
of the transformant cells. The polyclonal
antibodies against the recombinant protein
purified from the inclusion bodies were prepared
by immunizing a BALLB/c mouse. The antibodies
against the recombinant protein  clearly
recognized the purified 4THase from A.
Jerrooxidans by Western blotting analysis (Fig. 2,
lanecs P), indicating that the gene encoding
4THase in this bacterium was immunologically
identified. Thus, we named the gene ithy
(accession no. AB259312). To investigate the
gene expression, A. ferrooxidans ATCC 23270
cells were grown on ferrous iron, elemental sulfur,
or tetrathionate. The whole cell proteins which
were prepared from cells grown on each energy
source were separated by SDS-PAGE, followed
by a Western blotting analysis with anti-Tth,,
antibody. A clear signal was detected in the
whole cell proteins from the cells grown on
tetrathionate (Fig. 2, lanes S,) and a faint signal
was observed in proteins from the cells grown on
elemental sulfur (Fig. 2, lanes S°). In contrast,
any positive signals could not be detected with

the proteins from the cells grown on ferrous iron
(Fig. 2, lanes Fe). These results indicated that the
synthesis of Tthy,; was regulated depending on the
energy source. In addition, the expression levels
of 1th,, were comparable to the 4THase activity in
the intact cells grown on ferrous iron or
tetrathionate (data not shown).

Comparison with other 4THases and
physiological role of Tth,. Properties of
4THases have been purified so far were
summarized in Table 2. Except for 4THase from
A. ferrooxidans Funis 2-1, all other 4THases have
been reported to be periplasmic and homodimeric
proteins with a similar molecular mass (Table 2).
Tth,, was also determined to be a homodimeric
structure of a polypeptide with the molecular
mass of 50 kDa. However, distinct from the other
counterparts, the enzyme was localized in the
membrane fraction. Although Tth,, has already
been identified as an outer membrane protein in
the previous report (5), further investigations
such as an immunocytochemical experiment are
required to obtain conclusive evidences for the
localization of Tth,. Since 4THase from A.
ferrooxidans ATCC 19859 was purified from the
soluble fraction in the presence of 1 M
ammonium sulfate, the enzyme was suggested to
be a periplasmic protein (7). However, since Tthy;,
could be solubilized from the membrane fraction
with high concentrations of ammonium sulfate,
4THase from A. ferrooxidans ATCC 19859 might
be also solubilized from membrane fraction with
1 M ammonium sulfate. The 4THase from A.
caldus has been purified and reported to be
localized in the periplasmic space (4). The
4THase from A. caldus seemed to be different
from Tth,, in their properties, such as localization,
solubility under low ionic strength condition,
stimulation by sulfate ion, and reaction products.
Since a BLAST search analysis using the
N-terminal amino acid sequence of the 4THase
from A. caldus did not show any homologous
proteins in the databases, the 4THase from A.
caldus seemed to be phylogenetically distinct
from that from A. ferrooxidans. Identifications of
4THase genes of other Acidithiobacillus species



and a comparison of their primary structures of
4THases with that of Tth,, would bring about
valuable information for the enzyme catalyzing a
unique reaction.

Thiosulfate and S° were detected as
reaction products of Tth,. These reaction
products were also detected with 4THase from
ATCC 19859 (7), supporting that the reaction
mechanism of Tth,, was the same as that
suggested by Meulenberg et al (12). The equation

of the reaction was as follows: $,0,” + H,0 —
$,0,7 +8° + S0, +2H"
One molecule of sulfur in tetrathionate is
oxidized to sulfate. Thiosulfate and S$° are
simultaneously generated by Tth,, reaction. In the
process of sulfur oxidation in A. ferrooxidans
cells grown on sulfur, thiosulfate is generated by
chemical reactions or enzymatic reaction
catalyzed by a sulfur dioxygenase. Two
molecules of thiosulfate thus produced may be
further oxidized to tetrathionate by thiosulfate:
quinone oxidoreductase (TQO) detected in A.
ferrooxidans ATCC19859 cells (3). A novel TQO
composed of DoxD and DoxA proteins has
already been purified from the thermoacidophilic
archaeon Acidianus ambivalens and catalyzes the
oxidation of thiosulfate to tetrathionate with the
reduction of caldariella quinone (13). The
ortholog of the DoxDA has also been detected in
the whole genome sequence of A. ferrooxidans
ATCC 23270. Although further studies are
required to elucidate the oxidation mechanism of
thiosufate to tetrathionate, tetrathionate produced
by the oxidation of thiosulfate is oxidized by
Tth,, to thiosulfate, sulfur, and sulfate. In fact, the
synthesis of Tth,, was induced in both cells
grown on sulfur and tetrathionate (Fig. 2). The
synthesis of a sulfur-regulated outer membrane
protein previously reported and identified as
4THase in this study has also been induced in the
different extent in cells adapted to grow on sulfur,
thiosulfate or pyrite as the sole energy source (5).
These results suggested that thiosulfate and
teterathionate was involved as the intermediates
in S° or pyrite oxidations in A. ferrooxidans cells
adapted to grow on sulfur compounds.

We found four ORFs in the upstream

region of 7th,. The first ORF (ORF-upl) in the
422 bp upstream region from ith,, shows high
similarity with sigma-54 dependent DNA-binding
response regulator protein. The ORF-up2,
positioned immediate upstream region of
ORF-upl, shows high similarity with sensor
histidine kinase. In further upstream region,
ORF-up3 and 4 encode the proteins with high
similarity to the two components transcriptional
regulator, NtrX and NtrY (14), respectively.
These ORFs may be concerned with the strictly
regulated expression of tth,, in cells grown on
reduced sulfur compounds.

Detail regulatory mechanism for the
transcription of #th,, will be an attractive subject
for further understanding on dissimilatory sulfur
metabolism in A. ferrooxidans.
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Fig. 1. SDS-PAGE of 4THase from A. ferrooxidans ATCC 23270. The active fractions of each
purification step were applied. Lane 1, cell-free extract; lane 2, total membrane fraction; lane 3,
membrane extract; lane 4, butyl- TOYOPEARL; lane 5, TSKgel G3000SW gel-filtration
chromatography; lane M, molecular markers, The molecular masses are indicated on the left side.

(A) CBB stained (B) Western blot
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Fig. 2. Expression of Tth,, in various growth conditions. Lane M, molecular markers; lane R,
recombinant Tth,.; lane P, purified 4THase from ATCC 23270; lane Fe, whole cells grown on
iron; lane S°, whole cells grown on sulfur; lane S,, whole cells grown on tetrathionate. In lanes R
and P, 10 ug proteins were applied in each lane. In lanes Fe, S° and S,, 50 ug proteins were
applied in each lane. (A) SDS-PAGE gel stained by CBB. (B) Western blotting analysis by using
polyclonal antibodies against recombinant Tth,. The membrane was transferred from duplicate
gels of (A). The molecular masses are indicated on the left side of each figure.



Table 1. Purification of tetrathionate hydrolase from tetrationate-grown cells

Step Total protein Total activity Sp. activity  Yield Purification
(mg) (U) (U/mg) (%) (-fold)
Cell-free extract 328 46.3 0.14 100 1
Total membrane 140 36.1 0.26 78 1.8
Membrane extract 28 25.4 0.91 55 6.5
Butyl-TOY OPERAL 4.4 19.2 4.36 42 31
TSKgel G3000SW 1.6 22.6 14.1 49 100

Table 2. Properties of 4THases from various Acidithiobacillus species.

Molecular mass of  Optimum  Optimum

Species subunit pH temperature Localization pl  Reference
(kDa) (°C)
A. caldus KU (ATCC 531756) 52x2 3.0 40 periplasm 9.8 4
A. thivoxidans ON 107 58x2 30~35 40 periplasm 9.68 24
A. acidophilus DSM 700 48 x 2 25 65 periplasm ND 6
A. ferrooxidans ATCC 19859 52x2 4.0 56 periplasm ND 7
A. ferrooxidans Funis 2-1 30x1 35 50 membrane ND 22
A. ferrooxidans ATCC 23270 50x2 3.0% 60 **  membrane 9.25 This study

* pH stability; More than 90% activity was remained cven it was exposed to strong acidic buffer (0.1 M Glycine-HCI
buffer pH1.0) for 1 hour on ice.
## Thermo stability; The enzyme displayed a half-life of 75 min at 60 °C in presence of 400 mM ammonium sulfate.
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HgME - Hik

M HRICHAET 2SO S B, 2EK RDB & MILEAR RDB IZEE# I N TH
HNES. EEELRICEET A RER. RBEOLy BT -4 7w 7 ICi#Ex
NTHHSEMIIDONWTREKOBIREZB ko7,

ROKOBIZEE, B THRELEEYORESCZEH, H25WIEENTRILL
R FEREDAENAMICAEINTWIETEEBIE D0
W, Bimld, Bithd 50 ITHRBENT0.002M8—FFF 71U 2T 16C
SHEFHEL. HDWITER 1 KEL 4C15 REORiEE L, —20CORER 7 )L 01—
WV OKEEEE © 99.5% TF IV 7 IV a—)b=1:3) TEEL 2, BIE LRI A
MTHLEEY. BEPKSBEWESGIE. KL, 60°Co 1 HELEREIZ 10 43
BL., Yy I7ORKTIRM 72 INT D REZB IR0k, TOBRBERES
W Qe o—1. 2% FF—E)T20 sHfEEL . REAKTKELEZ, F
fo. MEHNEAEY TH HHEGC, RBihifl < COLMAWESE, BRO 1H
EHEE T 30 2. 60°C O 1 BIEEEEIC 10 0. HRO 1 HEERIZ 15 oFE
L., Y I70RETC1IBEAY TNV T 28 eB8 ol A4 RTIA L
WHRESEROHLU, 2977 70 A B IEA H50WIdERE ) &)
> (As%EERE. UtV HTHAL, MUORLVETEHEZT 7.

BRBLUER

R LT AT S RS AR 18 B30 18 34 ERRIC DO W T, BAKREORE
EEBIR-S (R, BIEEBIRSEAEROS L. 28 FEBHOREMKK
IZOWTIE, INFETO®RE E—B L% (Fedorov A. A. 1969, Goldblatt 1984, 1985,
1988, Goldblatt and Johnson 1991, 1994, 1998, 2003). =7z, 3 HHEEII DWW TIL,
HOAREROBERSHBYO TOHRETH - . RO O3 HEECDOWTI.
SHEFINZRERERIT. INFTOHREERLZ-> T I ENbhho /.
SEPMOHTHROAERNEEEN-0ERE., CWETOHEERL> TS
BEHICOWTHHT 5,

(1) SEYD TOME & /52 7 HEE
A/ < YF  Plumbaginaceae
N Y Limonium tetragonum (Thunb.) A. A. Bullock  2n=16 (X 1A)

NTH D AN SN, FIEREE R ERILIC AR T O BERET, i
ROBHIZATYT 5, NIUTPORBERBOHS TR, SR T DR
ThHo, 1 VEORAEEIL, 2N ET =12, 14, 16, 18, 25, 27, 32, 33, 34, 35,
36, 64 MHRE XN TS (Fedorov 1969).



T 1B  Oleaceae
Y~Y RV >Fa™  Forsythia japonica Makino  2n=28 (X 1B)

T bbb rFagld, bEMEOEREMBIZEET Z%EEORART. <
NETRERLOBRHFD <. FRPPNDTORETH D, LoFav@Eog
GAREIL, ZFE T 20=26, 28 MWE I N TS (Fedorov 1969).

~F 2 F Loganiaceae
F BN AT Gardneria multiflora Makino  2n=44 (4 1C)

FhEAX T HETEHERRES LOHRE-—GICOMT D EREOEAT,
2k RDB. BILEAR RDB IR E S N T, REEAM RDB Tid C 5
7 JKBER RDB Tl EH 1 8Ic I > 7icanTwWayth 5. h
ETRERBOHRERF R, FRPYWDTORETH S, R ITAHZXTED
ZEREIE. INFETHREINTHAN,

Q) FEEENINE TOWRE & Bz 5 niEt
b & A 7Y% Euphorbiaceae
A 7545 %  Euphorbia jolkinii Boiss.  2n=26 (X 1D)

TIIATHE, BEOEMICEETS2LEET, TETREEODLDT
2n=28 WEIE SN TS (Chungetal. 2003). LA L ., SEOEZE T 2n=26 T
HU, INETOHREEHZ> T,

7 TR Verbenaceae
INR YT Vitex rotundifolia L. £, 2n=34 (K 1E)

NI, ROMIICAET T HHEEOBANT, TN E TROKRIL,
A E R T 2n=32, W 3 HBAR T 0=17 PG SN TS (Fedorov 1969,
Goldblatt and Johnson 1991). AHIMEHAMAEIT. S RDOEEH R E Rz T,

O~/ NT SR Schrophulariaceac
A% 7% Limnophila indica (L.) Druce subsp. triphylla (Kom.) T. Yamaz.
2n=68 (X 1F)

OF7EE, KPTEZLEFET, ENBETHAHENSFIE L
sessiliflora Blume &Kl S NS, BOKZOHMENL, L indica (L) Druce T 2n=34
BHE SN TS (Goldblatt 1984), ZOHEIL, HET7 7 M6 77U HicsH
WG DEARFD L. indica subsp. indica T 5 EEZ S, L. indica 23RS
M HEEZONS,



Tz, MUBRBICAEFTLTWE 77 D2V YBENMICOWTIE, INETT Y
¥ a2)"J Adonis ramosa Franch. & 31TV, BEEEITL 2n=16 HEE I N
2 (J@1F). 7722V OREHREIL 20=32 TH VD (Nishikawa 1989). Hefifk
BRRTs->TWo, NEEREZRANZEZA, ERMINRSH LB EMTES
EERFETHLIENS, SHFEEL LTIV IEHEWME, ISF /77
2722/ (A multiflora Nishikawa et Ko. Ito) T#H % &% X 54172, Kaneko et al.
(005, JIAERFEIRILPED 7 27 2 2 I BEWIZ DWT, NEFENS 25/
D772 7ELTWS, FROEEMIIASEREICGES, MURIIET S

(02290 SF /770027 00ukelRE N,

T

AHHREFT 1B 0. ML AR AR LR A RS 2 F A FF 0
W RHGE, B SR, AR KA O T E RO EE L
o Eio, BRHEAREHEORUBER. MEBFRICE. EFBICEL
THREREL TWERE £ UL, BRIERICIE. FHIUER JHh 0z
EELI, Ffo. MILKFEEREMRLTET OB AR EI%. BHIE TR
MRS OB T 240 L T2 & 2 Ui, AR, BFI: A SR
FEMHHOMRZBTHEOE L, BLTHEEELET.
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F1. ZOAROBRES AN, FEAY CNETOLBENOERE, 2ERSLUEILERRDBD 52

; . . REKH hETO =
REACRREL Lo LANR i (2n) ﬁ%‘j (on) RDéBEi’iEO Rﬁlﬂ)f;}}i@
F7a8 Caryophyllaceae
CAT 7250 Silene aprica Turcz, 48 48 gz
FRY 5Bl Ranunculaceae
IF/OTH93U  Adonis muliflora Nishikawa et Ko. Tto 16 16 VU BB
YaU %N Caltha palusiris L. var. nipponica H. Hara » & 2;;6 2?) 48, HE
O TG INSF Dichocarpum trackyspermum  (Maxim.) W.T.Wang et Hsiso 36 36 R2E
aF /%8 Saxifragaceae
WILRAL AT Chrysosplenium flagelliferum  Fr.Schm. 24 24 HIE
7$58 Rosaceae
LANEAFT Poientilla centigrana Maxim. 14 14 wRTEE
AT SH A Poentilla chinensis  Ser. 14 14 HEE2E
IVENYY  Potentilla cryptotacnize  Maxim. 14 14 ERERE
FUNFL/INAL Potentilla riparia  Murata 14 14 E Jon-k:
FEFTLO40FT Rubus yoshinoi  Koidz. 14 14, 21 BEE
Zo0Y9 8 Geraniaceae
EwFaT 7V 0 Geranium yoshinoi Makino 28 28 HERE
MY &1L Euphorbiaceae
¥ AT HASE  Fuphorbia jolkinii  Boiss. 26 28 RS
GAND F A Euphorbia pekinensis  Rupr. var. pekinensis 52 52 (56) ER2E
FEOE Vitaceae
ZHTRD  Vitis amurensis  Rupr. var. shiragai (Makino) Chwi 38 38 VU el
YHSYIHE Primulaceae
B 25973 Primuia sicboldii  E.Morr. 24 24,36, 48 VU BEEiaE
AYIYE Plumbaginaceae
¥NIYY Limonium tetragonum  (Thunb.) A.A.Bullock 16 VU b prof= ¥
EIEAH Oleaceae
¥kl ¥3Y  Forsyihia japonica Makino 28 NT TRl
TFE Loganiaceae
*FhhRZ Gardneria multifiora Makino 44
2TYYSHE  Verbenaceae
BANTTAD Vitex rondifolia LA, 34 32, (n=17) #ER2E
= /NTHH Scrophulariaceae
#I¥ 2% Limnophila indica (L) Druce subsp. trichophylla (Kom.) T.Yamaz. 68 34 VU EERE
RV Fiv Veronica undulata  Wall. 54 54
FF /A8 Plantaginaceae
b A A3 Planiago major L. var. juponica (Franch, et Sav.) Miyabe 12 12 #RRE
IVALLYIE Dipsacaceae
RULIT Scabiosa japonica  Miq. var, japonica 16 16 #fERE
F 8 Asteraceae
48 Artemisia fukudo  Makino 16 16 pied- ¥
DSF G Aster tripolium L. 18 18 vu #mRE
FTENI T Crepidiastrum keiskeanum  (Maxim.) Nakai 10 10 wEEiEE
L INAT Eupatorium japonicum  Thunb. 40 30, 31, 40, 50 vu EEAE
GHY I UD  Ixeris chinensis (Thunb.) Nakai subsp. strigosa (H. Lével. et Vaniot) Kitam, 32 24,32 vuU ERERE
FHINY YD Paraixeris yoshinoi  (Makino) Nakai 10 10 BEHE
T A8 Iridaceae
TEAF YA Iris rossii Baker 32 32 EN e iR E
YASYE Commelinaceae
FAANXZ Swreptolivion volubile  Edgew. 10 10’(::,))12’ fEsiE
HhAER Araceae
TNV T33V  Arisaema nambac Kitam, 28 28 CR EREE
S8 Orchidaceae
AF T Bulbophylium inconspicuum  Maxim., 38 38 VU Rl
TE % Calanthe discolor Lindl. 40 40 VU B2k

L REAHSMOTERSEShEE
o RERBBINETORELRLLHE

2EMRRDBO AT —DEESIL, CR: #EEBIAL, EN: #AE1EI1BE, vU: R BI1EIEE, NT: B S EEEERT

— 65



E1. A S b2 a k& A \TYD (20=16), B: ¥TFL2F37(20=28), C: Fhz
H XS5 (2n=44), D: 172445 % (20=26), E: /7xTT "7 (2n=34), F: AFJFE (2n=68), G:
SF/929229% (2n=16), R7—IL[E10um.
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R LBFOONTHRER S ORI HELEEES>TVD, 2 LEFEROLHET,
MR e # 00 B ARG & R & U7 gith - il & v o 7 BRRE IR o0 i) ) 1 s L OV
PRITRE AN ZAUE CIC HEASN CE A TR TE . (MFRAT LSO E LHE
Meoofk i TRz L A AARE TR LRI E, BLOLEEROGRTHDLEREDHD
FLAFCE (ot X)) ER) T AOBEL &GOS 2 L, BICRERECEER
BTGSeI, BIRHEREOM L, FBR AR U e UL £ kFEIZ L
STHHEER L ETHD.

OMENT BT SAEFEHNS R SCE kAR e K BREEE Ok 2 i RED
FED 4, eSS HNE U S E X FRE0R (778 2 il B ros: e e
Py mEMENOOHS. L LR s, iLWHEFEO DTN OBCRORMlIEE
WOHZAIT b b, [ORERSA S TE LTS 0D 7o, B, il G
PERTATT, ZALOHELAEOL D e ERNMHY, TOREASEO L G D
PATDUNT AT % T 5 2 213, HbERE O B30, HREOMRE - JEMICE 5
R ONEIZE > THRERERENSHD.

— 7, Bt O ELAE G b, HEROPE T TS E D B ST BN
FE OB THICEER LD THDH I LB &R 00bh D, (Fo b ZINNRS
FHEBH I8 BB OLBRER S EROEEREIC S 2 550, W SET LT
EEREICE T AR IEHENECE OB LR E LRI 5D B EChH D) TBIRN
TE R LD H NS SO0, TEOIEN S RO EEREICIEEOF B
I EERAWERMEO TV A D ARSI,

UL L 5 e B, B o' KNI T O AT o T X T,
A, FOFGED e LT, sHRT RS S R ATED (IH B EETRY) O s
G, EHBEA LT Ly — MEEICL AT 2RSS b, (BRI K DR AT 2 AL (Al
DEAMERR Y PR o S e R S A R T D T OERE e fr o 7.

ARRE T L, SRR B A 0 B ER B0V E IR O PR Ao ERF R B LT O BRI EE D
Mg A, SEXEAEAIBESCHICRIET A LIIRENH D, T AT D0
(2T, TALE THES T O RITE AN BRI A R B & 7 LT & oL A2 T Ostrom (1990)



WKHBWT, ERHAKCEREOLREROSHAMRI L DS 3Nk Tatr XoEIlE
MR, ZTOBROOT Y ANRIINERFEL G2, ERICKXATREROFRNE
BOAREIEZHSPICLZENA LD, BNESNTHOASHBZII D E LAk E
2 APIKFETT & RO E < ORI SN, (EROGHEN G-Iz i< 0
X, WA BOTHRERESERERZUET TWDZEDWE MDD 0H 5.
AWFFECHE, BEAOH HULRFEE MG 2 o0& Lo, MR B o8 b #AA A7
MR O RE BT, BRI, (L PO C 2 0TE 2 TIF R THINEED
BLE REWRKOREFNEEE L TELANETND AL EEBIZ, WML
(Contingent Valuation Method, LA I, CVM) bt irgr (BGE LR 7)) >4
Structural Equation Modeling, FA T, SEM) Z W= HHLO A2, BEOTFEMN LM
WHRGET & Z & &ilATe. ZHD 2EHGNICHWS ZET, BEIFEOZEOZ2H, Ht
[HIZHV S5O MBBIRO /M Z RS Z S Lz .

1. EFHEEEOBE B 1 R T

IHSCERICFRR AR H TV, BRI 30 4E 1o # ey
TOMARK, TEA, SRR O 3 7 M086 N
FLTREL 72, 235 3 # M0, RIEN (B A
D KRFBRO IR VZET RS THE S, VK
18 E 1)1 1 H&E BT, |6 U SRR i
T B AN, [l SEIT g5 L OV b S H A S Tl &y
LT, BARBEMATO GiElto TS,

BV, sCEBRPR O PR iz s 0, KOk

2 P A e, F O RN BN L )

FELTWD, £z, WAIZERER AN ES >
RUENIKF E B ARENNZE <HEIAKROIK £ Hi KenMap ver8.1 12 T flgE
WEAL TS, WA 1235km” TREPHIE 2o ZI0 4 BT OHTH 2 froIn S &85, A
LNE 6 i 2 FATHS. LARTINRNEEME QI SN, AR EERIEREH 13 8 & iy
HHTHS.

BIEOENNG LB eI E B LM E L WO RIS S OBMTH S, —F
T, O SO WA S EESEE L TR EBH LM - T
HBY (AR, 2002), TLIACEARE, BRem-CMaEY), Ktz EORES R E ORI T
HEAAZTTD, FETZMBRZESEHAMEL T2 &b B0, W<hs ADZHRITE
BT, RN HFEBRBKOLEDLFGIEFNIEELIT W T SAEIN L D,
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BT L7214, 8000 g, 15 /3R LMyBis L 0 AIIRRIE 4, HO8 M LY Fv
L EETe 50 mM FHESEEENTE (pH 5.2) 1ICHE L —7 B U721, w04 L v inlarsiE 4
Bz, MBFRIENL 90 % (W) =& ) — /LGB IRIEEL CW A E EAE 2Rk 5
iz a-7 27— & 7uTr 7—E 2 {EH S ¥(Konno et al. 1987), FEAK, =& /—)L T
B b CIER GG EGL U, MIREEZES & L,

3.2 YRYYIRBEARIFUEAZIEILO—R)DILEAEEL

FRBED D DY F L b~ — AOIEHNT X D FTEEIE Redgwell & Selvendran
(1986) D FiEA b LITIT o T, MlREES 50 mM 1,2-3 7 a4 U7 2 o NUEE: (CDTA.
pH 6.5) T 20°C, 8 HEfE: UAlAtHEE 72 B /o%, Mg 2 28K © 1 < Beifik,
BU50 mM REEF B Y AT IC, 20 R L, FIEEES 2807, f4 OfEG%
A BN, ~0FUESE Uiz, MBS Te%, 31%E. 1M BLU4M A
BRfb U 7 AT, 200C, 205/, EHR U AT Tl Lrsthmia 287, &% Oy % pH
6.0 ICHTEG., K CHBIT L, ~Ilu—A@EDE Lz,

3.3 RNIEEMAOHERED L EE S RO RN

SEBLT-R e VS =7 Y ORMEE Y o B2 FUTE Y T —E(EC 4.2.22;
Aspergillus japonicus F3¥E Pectolyase Y23)& 0.5 mM (b7 7 A%EEr 100mM + U A~
HEERAEETR (o 8.6) £/oit= 2 F-R Y X5 & Yt —B(EC 3.2.1.15; Rhizopus sp.FAR
Pectinase P-2401)% &1 100 mM EESEENR(EH 4.0 8 L, & 4 30°C T 48 FFHEHE L 7=,
B, 12000 g, 20 53O LB K0 . BUSAERN) & RIEERREE 0 L. UG AR
I3 pH 5.0 ([ZFE L, MIRRBERRASI IV UREL LT, USRI TERER. Bio-Gel A-bm @
FIVIBRAITV, i OESYOBE & Sis B4 EE L,

3.4 ok

HifREE L < b U w7 REFERO Y o - PO T E, BioGel A-5m SVIREE s K
PRI L > TFT->7- (Konno et al. 1987, 2002), El(HEME & MIREE) TSRS EILG
HESRER L R DIRETR TEG L., R RERIC TER LTS,

4. BEREFUER

4.1 HWEOEIRIRSh-FESES S UHREER L A—X 2 HEOERIEER

0.2 mM FEMRAOTEET C2 » AR LImR T VI3 BAFECIT RT3y
LI & H = 7 YRIZERQL T =7 & RN ERE SN, e OB 1 g 40
8.66 1 mole( 3 [HDYEH) & 9.73 u mole Td> V) | ELIEHIFTEE 1 g 247 1) T1L9.06 ¢ mole & 8.12
pmole CTh-olzn, H-T, BMVIAENIITE A EOFPHIREECFEL TS EEZ B
Yralt



RE Ll b =7 ORI CREE U B RGRALEMAR & di&F i Thes
L 7= W A GRAERAIRR) 7> & 8L L /- ipaeEdE v o — AR A HIE L2(FR 1, Rt
L A HANARE ORE A ISR X o T T3%ITHE Lizs, =7 B CiiE b A S bR
Petols, HEEECIOTI, SFRIZ LY, R PAY L H =Y OT I ) — A
B2 60%lo., A2 b—2Z0 0% Uic, 778/ —REHF 7 b—R IR F O
iﬁ'%‘f&%é SKh)HGF2YnF 1 DEBEARHTH BT 7 R8T 7 7 o OFEHER
$ECdH 5 (Ermel et al. 2000), fif->T, $AEE F CAE LMz, MllRBE~S 51
D ZEHRIHO A S RRIRECETE SRESE X TV D Z L AVRIE S,

4.2 HMREEMNASDT M) VI ABHEOEZEMNEAE

SR LU Ted e Dy L =0 Y OREEE) G CDTA LREET R Y 7 AT F
FAVMEL. BIXEX 1M &AM ABMER Y v AT~I b —R AR LE, Rt
A DA & SRS O FIEED s & Oy T BT, RN E Y ) T 4.3 %
& 1.9 %, b =7 Yoo L SRR OMRREED b D7 F LB 108% £565% T

b, W BEEIZ Lo C 12 B Uiz, —F, Rrerydrei=r3$o~Ik
Noa— AR, SRR Y o THENCED LT =488, RIC, Rt rvdrbi=
T b v 2 ASHOMBEHAR T R Uiz, SRR Lokt 0 37 OREET
U AT DTS ) A HT 7 bR ERE 1 M KBRS U U LRy
OB, RAOTRMIAORK 2 FITEm L TnWEGEE2), —FF, =2 BT, M
MFR S v, CDTA RIS OH T 7 b—AEENR V2 1T L72d3, 1 MIKEMES U
v LSO 0 R S (TN L O G —HIR), R VA b A =7 g
AAOMRIEBER O EEAS, SRAERME OAINNEE L IZIERIBECHA L EEBETH EGE
1) T T v BRSBTS F S ¢®T%ﬁ77/0+/$7A/ﬁ7&/nT/®w
Ay LAES L. FOREER, Ehii~Iiu—AES RS LTSI, 1k
D~y F L ANETE CHANEL ST, L 0 I8 A L IREA & o IR M KEMESD U o
PN LT, FECTFIR LSz 8Bz s,

4.3 fEREEH-HITHEDRE

(LB L ERTEOTIO~ b ) w7 ASHEESIC S, #idiE s A SRS 2o
Fo UL, = b Y v 7 ASHEL FTEME L 7=t ORIFDEERRE P O8RS B3 70~80%I28) L
T2o o T, = FY v AEEAHIEEN SR T 21T, MIEEIZ /TR L T gas
FHESh T UE - L Bbha, £/, MIREEREICIRET DeRE. J5IChit S o
T fEID~ B Y w7 ALHERIS EREE LTV L D0 LILRY,

ZhIEC, MREE»LBECEMNEAN-o Y FRYFTZ 7Y af—ER0m s B
F LB T, YA HET BT (Acer pseudoplatanusyE == = 4 (Marchantia polymorpha)
ORRIBED BT F A (GREH T 7Y a7 ) BERCE L, COBEENIEHTH
A LAEE STV A (Konnoetal. 1987, O’Neill etal. 1990, Talmadge etal. 1973), & 2T,
Ty R FS Y nF—Blmr B F oY TR, @B LRSS
b F = o Y ooREREE C B ER S, RISER & RBETREIC S Eh ot R T L
(#3), =¥ P2 F B 7T—BRHEIC Lo T, R By D=7 &b =7 Y OMlagEN O
T LS D ROGA R IE, FlakEd O 45~66%: J‘B‘:ﬁﬁ‘éﬁﬂbﬁﬁﬂj i, ABESRIIA
JABE~ Y F LB R OREH T 2V v o AR 0T, S IosidR T
S vaFr LEELTWAZENRH LN T, £, BERFUNMCER L7z b Y ARRE
i(pH 8.6) DA T b AARET > 12~21% DN S Lo, 7 FUBRTORTN T 7Y
ok, T UM pH TINE SIS & §-BBESARE D Z EBRRESNTNEDT



(Brett and Waldron 1996), b U AREEHEDITOSRADWEHEIIAT H F 27 > v F L OALFRIE
WERL WL EEZ NS, —F, =2 BRI F U8 7—BE g OR A Pa L
T = 7 ORI & F A BB A R 2 & . BEREERTOMIaEER O o L
B EDRL LTW(R 1), £, MIREREICITIT &) — A LREOY o VEEABHE
N7=0OT, MIREREICHBELTWAIIIZ A TS 7 Yatr IO U BRRELES L
TWDDE Ly, —F, i KR HZ 7 vat— R k- T, h=73HilE
BEMG 35% DN BEE S NIz, KTy A SRR IRaRE N D B2 F LR Y T —
B & » Tl S FURAERN Bio-Gel A-bm ZAJEEIZ T, NEDDOHEOE—27 & L
TEEH S, MREEED HIEH S /=80 94%IZFE Y 248003 Z OofE ST S h - 1),

4.4 HEEBREICETLHEMEA~DIROELY AHDREFEL

A=Y REEEME 0.2 mM 35 000.4 mM FiERSRE AHL#C 90 HiElEES L, AEaE
¢ IREBR ORI E MRS LTRER, SRTFEET Gk, MRS EN 12 1o L, £
7. FHLOSBECHATIITIER U Cholzh, H=7 Y IiTEREAN I8 2 MR R Ry
L. 0.4 mM $FEET T3 0.2 mM OBE O 3EEDSEZEE L, —0h=rYVOENR
TEREMERE Y., BABIERIEOHLIZER ThA L& L LT,

4.5 HhYic

SEIF—5 L LTRLUTVDRNVA, RUEL VI 7B LU =7 95 bl & hvi- v as
BHEECY. ZSROFEENASREER (7 ) a2 —8 L 7 —B)EES B Sh,
FI O OBEREMRIIIINT Lo TE LBk LT, 85T, $BAPRIC L HHIIREEOREIEAS
{bid, FEENTOMREERB O EIZER LT b, SHIZRFTTHD,

5. Hitf

R ERT DICdh=0 ., TXEEZBY £ LD\ EERER SRR 2 < BEH
7= LET,
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£ 1 RV LA 3 OFE UTCABIREER X USRS ReEED T BT F
BR Y 7 —PHLER R OMILBE R ORERIAE LAY,

By b
Rha Ara Xyl Man Gal Gle UA Total
RS
RN Vet I/
FALTR 4, 47 7.03 3.66 3.8 2.4 6.33 6.08 52.9
Eep bl 3.83 433 2,02 3,28 142 519 579 38.6
=
AeqLH 3.58 4,04 2.65  1.58 7.02 16,9  10.2  46.0
E:Tpab 2.58 2.45 197 117 5,46 20.2 111 44.9
S REEF R
7 N S 5.10 6.05 3.15 435 19.9 6.81 478 50.1
B =0 2,11 3.46 2,99  1.50 6.21 25.1 3.42  44.8

FEAERRI A EHRERE 100 mg 7= OFF G B mg T, 3T 3 EIOFERF R OFSHIE TR LT, Rha;
Sh)—A AraiTIFE /) —A, WyLixdma—2R, Man; v/ —A, Gali H 77 h—2R, Gle; 7
Jpa—A UA; T e T8,

F 2 BTV ORI LIFICTE LS oS Frr e EA R —AD

RERHERLAR
5y b
Rha Ara Xyl Man Gal Glc UA
AL
CDTA-W]IEME 8.65 10.6 1. 39 2.23 28. 6 5.03 43.7
Na,CO;~ AlaTE 6. 45 5. 55 0. 86 2.64 17.6 7.36  59.5

1 M KOH-HJ¥544: 6.06 7.52 13.4 5,99 289  23.9 14.53
4 M KOH-w]isH: 4,26 595 1.3 9,25  29.2  24.3 5.8
s

CDTA-VIFME 8.50 11.3 .49  2.29  23.7 5.99  46.7
Na,COy—FT A 872 1L.3 2.30  3.02 26,5 7.40  40.7
1 M KOH-wI¥sE 539 7.49 826 4.6l 241 167  33.5
4 M KOH-w] ¥k 3.71 6.35 15.9 858 281 2.9 154

PSR S ER % T, T 3EIOERBROIHE TR LI,



# 3 BBy L = ORI &1 S A SRS B

yuihiiil FRAE (umole)
PANVE S e I o B =

BUSAERSY g aE RISERY  EmE et
PS5 —~ - 8. 66 - - 812
Y F LAY T—F 4,02 4,93 8.95 5, 20 2.69 7.89
RIYHZr>af—p - - - 2,50 4.70 7.20
b U REEETHE (o 8. 6) 1.18 8. 40 9, 58 1.84 6. 89 8.73
BERSRRERR (ol 4. 0) - - - - 0.27 8. 65 8.92

WERRAIEEE | ¢ D> DA NI B 4 OREHIE TN AMS B (Lmole) T, Kl 3 El DM TR
L7,

#E (mg/ml)
- = N N it @ i
o w o w o o o

©
n

o
o

0 20 4 60 80 100 120
7 E

1 TUR-ROFUBRIT7—EIT& SR T DI r RN EEREN D
RIGE K DBio-Gel A-5m A5 LA RST4—



EBEBTPCBZ9BI HANFIARHEDBEGFREITEBRICEHT SHR
AE # (FILFERLKZE T SR EERTEAT)

L. HARBEM
PCB 134 OB - EERMEIC L 0, Mk, BV, U — AR UREICEH ST ko b
WENTALFMETCHDH, L L, VAR MEFHLCE RO RBIREGENEE L, 2ot - 44
AP S TWD, F7n, BIETE PCB O LEHYE / AE~ORENRE ShZ OLS EER
MBH L 70~ TUNA, PCB O LRSI EIRICTHZ O DR A LB E U, 7 A A% 2 N U
B E L CHEUAT- O OMBELE-> TWA, —JFF, A Clis A A4S oidAdmk S n
RN OO REEERBNE DD K ER > TV D,

4o O BE LT GBIV PCB MR L% DAY ERD 60°C &V 9 @i CHMMLEN T L), HiES
BERLTWDPCB RTMEE SN T 5 PCB 2 FIREHSEOBEM L 0 & @l /3 R0 D 353wl HE
T b, FLATEE LY EE LT Bacillus sp. JF8 KRIX A HEFEEHAD PCB * TR alsEThH =
MR TR Y EEISIIER RIS O1% ORIEFE R PCB & Sl Ty fTRE R E N
nCwng )

ARG SN TIL, Bacillus sp. JF8FED T T A I NIZFEET H Z LB LT -> T % PCB
S LA O SRR B E LT U, RIS SBER BB EEENLOWEEZTHLLD
BROBVSMEABETAEALBR L Uiz, $£72. PCB DBEER 3B ERE TH D MBI 38
Hy s ot —UWETARCLY, DR KERASEL2 2 EICL->T, LV&EWV P2
FREEH 2 b OEROMERA TR L R D CTh A5, S BICIHHERSN LT SNOFEEOT </
BERCHID 5 2 v Vo — A — 0 LD VI REERT S AT\, SR OWE/WRIZL Y S60E
RICASRERE ) @ AFENRAHEE /2 5 L Ebiv s,

wE, BB0 LHm

B1. RKROBEEHIBCUTz/A—0¥B LY B L1534 PCB HA2E
Bacillus sp. JFS kD EAEFHEMBTE

Bacillus stearothermophillus & 3BfxOD N7 7 1 7 ThHHN 168
U AR 2 RNA DERFISBH 5N > TN D,



2. EERMHLEAE

2.1 FEBRICMHEH L-ThEd bk ik
AT B PCB 5% & U C Bacillus sp. JF8 &M L7 V., BRI, & 32 B3
BUEANFIZIL, £ coli M09 B LN E coli DHS o M U7, Bacillus sp. JF8 ¥EDFHEEIL
60°CCIT7Za\ ), SEFEEH L L C LB K h, MRS - Ui, THMA iz, £ coli IM109
ROVE coli DHS o DFEFEIL 37CTITRWy, LBEEHIAZ W7 T 2 3 FEEBTAEESIL. £h
FROFAEWE 2Nz, 2o 7 BOEEEICIE, E ocoli M09 ZHWv 1 mM IPTG fE7EF
TR#E T2,

2. 2 DNA @ECH|HRERIL, ABLIDNA or— 7 o h—%& H\ o, MY 7 N ik DNASIS & Hviz, #fs+
NOTRENTZ LRV EOMENER T HBERZ 30 BOMRE & P
BLAST (http://www. ncbi. nlm. nih. gov:80/BLAST/) & FH\ /-,

3. BRLEER

3.1 BEEF RN

Bacillius sp. JF8 ¥k PCB /R D ERPARUI B ABET (bphC) 1, BRI o—= 0 7 I EE
FOFI B IE LT D 2, 0T bphC LERICH D BIR - 7 v— = 7 L LA O A 1T e
77, HIEEIFE 21TV B R TR ORE R O . LA S bphR, bphD, bphAl, bphA2, bphB,
OFENRR LD EInodz, ZhEr, HIH#ER 7. A7 RZEIK SRR, U7 = =)V 2%
Wi R 7o=y b AP 7a=y b, Vb Fa P4 VKERRY O — N LTS ENH
LNk irol,

ALY 7 2 =1 JF8 #RIC L BRI AR 2 1R/ L, £ ORBHCBh 286 2K 3 12K,

Cln Cin
Cilz COOH
L -TCA
\0 Ol
COOI1 COOH
OH OH

B 2. Bacillus sp. JF8 #%® PCB XHHFIR
B s b VAR U (BphA) (LD PR Ra U MR SIS, IRICHEACERE SR
(BphB) 12X W T = NAK(6-7 = =/ T =) IR0 2ERFETSIEEZE (BphC) 12 L - TA
S HEMBEICEBRIND, S BICIMKSREEESR (BphD) K> CERERE 2- Fub v
2,4- T BRIZIR Y | BphEGF IZ X » T TCA ¥ A Z b~ bt E D,

Ak TOEILE O PCB 4B ST RELY bphA3, 4 DMEE L CUWAD ., S EIRIT L7 HEGE o

Bacillus sp. JF8 HEDBIRFRECIZI Z N DA ETREN L 5 ORISR ST D a3 i (2 Bk
RNEZATHD,



0 1.0 20 3.0 4.0 50 (kb)

3. Baci/lus sp. JF8 ¥ PCB X BhE=F5E

R CIEL ATP OV ICADP AR SN D Z & b D 60°C & I BIEIZHEIS LT D o b
iR, F7o. bphD ik, FRE B WL CHICEDIARFIC A TEVN T 2:73 %b\ LarL, ARlo3
SRR OE S FRT boh A0 v ORINCGFHEL T LOEREEZBR LA 525, &
BrhoHEpREsnNdY X707 I BEMNOELUME L~/ L T 5 BphR (L. Bacillus
subtilis @ GntR & 24% ORI U . BphD i3 Pseudomonas sp. CA10 @ CarC & 40%, BphAl
13 Pseudomonas sp. LB400 ¢ BphAl & 31%. BphA2 1Y LB400 @& &= 419%. BphB (X LB400 & %,
EA%OMRMETH -7, Zhid, RIS BphC 03 PCB 73 fifBESOR S T IR G K7l
oW LT, ARAEAERD S & E A5, HIRE O HEER 2 HOIC 60%IRE OFFTES &
DB ZAE 0 IFEEEHEERR O E R,

2 ofEBEER (BphD) DFR L TOMEHE

fRBAAIRE SR BphC (DWW T, @REEN AT RV OmMBEE L2 WE LD, S EVEIKS
gl 3% (BphD) ORBBE O O - F O E 250,

KB CoFEmi) pUCLLIO {TARLAIAA T bphD BART % 1 mM  IPTG 7A7E T T3 L CEE 41778
o, WEEECEE (10000gX1043) L, BE, Eifr0k, 7 L o7 7 L ACHERO%, B
(100, 000g X 60 43) &7/, MEER AR U, BEREORBRIIY 7 L~ T# BioPilot &L
Too P& A Z8Ha T 5 D DEAE-Tovopearl, BEZKPEH 7 A Phenyl-Sheparose, & SIZ[E1A A
ZZWE A 7 I MonoQ 12 & o CorBfxATIR -7z (T3, T OFI4 L SDS-PAGE TIRIFEL— TR S Hu
Tz (K4),

Purification of BphD from Bacillus sp. JF8

Purification step Total protein Total activity @ Specific activity Yield
(mg) (V) U/ mg) (%)
Crude extract 420 13.4 0.032 100
DEAE-Toyopearl 423 110 0.26 82
Phenyl-Sepharose 8.6 95 1.11 71
Mone Q 5.4 7.2 1.34 54
20ne unit is defined as the amount of protein that converts 1 pmole of 6-phenyl  HODA /min at 60 °C



4. HBREXZO SDS-PAGE

| MonoQ iM% SDS-PAGE (12.5%) THirL/=&I A, 1F
— CHEENTO ., EPSTRY—=1—T, k7o
94 kDa. 67 kDa. 43 kda. 30 kda. 20.1 kda. 14.4 kDa.
LR E LR RT, COREZANTROEE 2K
L7z,

SDS-PAGE D% 6 BphD D4 F2id 32 Kha S5 &S, 7 2 /BEA W S#HBE I NS5
31, 602Da &iFIE ELTWim, £/2. Rig7 2 /%ﬁﬂﬁ' | 20 BRFEERG L2 ET A, Bacillus sp.
JE8 #kn & BB U 72 A5 SR OO BphD OO N-Kdiit 7 2 BERCA. S 5AT hphD) OHLTERS S0 & HER
ST BRI ERERII L T, TOFREZIO—Z0 7 L bphD) A5 4
T THLHEEZRT, BRI EZRHUEEER. - AF V72—, 4-AF) 75—,
AT A=NVIBEEAERKET 6 -7 2L AT aA—=IITOAN L, AP R LS W EEE T
BHDLEPHS NI 5Tz, UL Rhodococcus sp. RHAT @ BphD 267236 ~7 = =)V h 7 3 — )12k
R THLEE-HL Tz,

Bacillus sp. TJF8 ki3, TOCHRELXTRMITEETLENS, HiRNBEEDHIIH L TREE
2 H0NLN WE U7z BphD R O% etk i~z SE T 30 2R O bl U2 I i MRG0 2
L7z&EZA, WOITRENDHEDITHTTIFEAELENRR ST, 10CT4H%, 80CT 10%iE
TEARFz TNz, W TH S Rhodococcus sp. RHAI H\U)*““H%;,%U);ttl“r}ilxl IR E4L5 K

DI A S BN KD FEFEETH S BphD 3K VEDD & HIZ55-60CTIHEAERIEL THD 20T
J*;*‘O)ifiﬁi‘l‘*lf@i’:ibm‘ﬁ B3z, TOBNG ., GEBWE Bacillus sp. IF8 £ BphD V3 BphC & nlkkiz

AU THIZZETH O, BEBIGHEIGL TOWAHEETHLBNHAL A ETs o7z, 2 B FRIRIEE
F BphC W T ORI LS Fe OACH DIZ My MF(ET 2 BN R E L BN TH L E) -
TS, WK IR BohD 137 = /BRI, VIARE s Elo oo TR K LTtk 258~ 0
THEHZBWAETHEINTWS,

100
—— JF8 BphD
8o —A—RHA1 -EtbD
—O—RHA 1 -BphD
60
a0 F Bl 5. BphD OB IC¥ T HRE M
Conap Racillus sp. JF8 BRI 0D BphD & ik i
20 r Rhodococcus sp. RHA1 #1320 BphD o) %
0 . TR S ke
30 40 50 60 70 80

Temperature (°C)



KRS, Z OB LTEE: BphD OGP b= xR —E R Todz, b o s i,
EriE e ot A flh i U CHRIEEA DA HEME Y v S LT, TOREEK 6 IR LT,

12 |- 29 Kcal /mol
E 10|
ps 7.5 Kcal /mol 6. BphD FEICXT HRED
S o8} 47°C e
> HSeHRLHE DR L TEPE DR A
_‘g.b 06 - 2w L7, BEEALEHLNU
HREBREICRE L T, &
04 | M B CI A A LT
60°C 45°C 30°C
0.2 i L E .
2.8 3.0 3.2 34
T

X6 Z s Uiz & 2 A 20-46°C & 50-70°CTLIENBEMBREN R HN/ZD T, WiE DI = x
IX—EEE LT, OB, BBREOBOIT 2.9 Keal mol™? (12.1k] mol™) TH D . KIEHO
MDIE 7.5 Keal mol ' (31.4 kJ mol ') T o7z, IHHELm g/ F —IBFREOMRERLROTEFRTED
D5, ATCUA BT LRI T LSRN & ORI TR RE 4 AT IR L T bh & 2
%, Bacillus sp. JFS #ED BAF/RAHREILS50-70°CTHY . 40CLLFTIIEE A Y AEF LW
& EHEPILTEY BphD IEMIRICES LR THDL Z AN E ol
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Figure 1. Schematic flow of the slag recycling process
developed in the present study.
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(a) 600 °C-2 hr, surface (b) 600 °C-3 hr, srfac¢

(c) 600 °C—8 hr, surface
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Figure 2: SEM photographs of the slag glasses containing 30 mol% B,0; (Ty =570 °C)
after the various heat treatments.



(a) 600 °C-3 hr, surface ’ (b) §00 °C—8 hr, surface
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Figure 3 SEM photographs of the slag gldsses contammg 20 mol% B,0; (T, = 585 °C)
after the various heat treatments.

(a) 600 °C—8 hr, surface (b) 600 °C 10 hr surface

Flgure 4: SEM photographb of the slag glasses contammg 10 mol% BgOg (T, = 600 °C)
after the various heat treatments.
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Figure 5: Analytical composition of the slag glasses containing 30 mol% B,Os.
(a) beforc the heat treatment, (b) after heat treatment at 630 °C—3 hr and acid treatment.
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Figure 6: Optical absorption spectra of (a) the slag glasses containing x mol% B,0;
before phase separation and (b) the insoluble end products obtained from the slag glass
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containing 20 mol% B,Osafter the heat treatment and the subsequent acid treatment.
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3-1. EEEEERAW = L buchneri DIEEEE

HHF v T 4 BEROEMEIL 10%LL T Th
ST, WD T5% D BULEEE (A n—A k=
=Ry Thoiz, FLERFEIL 107 cfug L-UL
TR S, B, RATFAZBIOKRIBEBEL 7
NN 10Y, 1008 L8107 cfu/g UL TR S
U7, FLEE FACBHEE MR D 13 25% L T H Y |
T D 9I%NBLEE T h o 7r, JLERE. REEE.
FAAE L OKRBEEEL, Fuh 107 cfu/g LL
TFTTHot,

WIEEE 108 cfuml TiE, 7oL 7 a—
DR RN 0.02 g0 METhH o, Th6E
DT OBERRE RIS LRETHD K
BLUHRE WO BRSO EREI )
7o PESEEAE 100 cfuml iCT B e Ly
U oI O L2, Tl vy 7 B
WARIEEEM L Lo b 51102 /0, ABE e BE
WAz E & 05 gl FoAREiIEoE Y
LETHI,

3-2. L buchner XS BB FERF RV RELF D H
MEER

xR SR EE A EH T LB R O BT 2 AT i &
L, pH W TFnopEEkRE st 4.0
BESTETLE (#2), BELILEEOWN 3 4
D1 T 7= HH0.15% &<, KT REE

# 2. L rhamnosus (LR} &2 L buchneri (LB) i%ﬁg@ﬂ%l‘f&’&%ﬂu Ll RS mE T okl

R & A
THX ¥ T 1 BEE SE FLIEE B AR R SE
ES Tl LR LB *f Bel LR LB
pH 4024  3.80b  400a 00l 403x 377y  403x  0.0]
L (%) 187b 2952  18b 007 203y 304x 1472 0.04
Fifg (%) 062b  017¢  150a 007 071y 016z  143x  0.06
EtOH {%) 013b 0432 037a  0.04 015y  044x  029xy 005
PG (%) 0.06b  000b  06la  0.02 0.08y 001z  06lx 002
BEEEHPG (%) 068b  017¢  21la 008 079y 017z 204x  0.07
SLEEE (ogefu/g) 8.58¢  933a  9.00b 007 837z  94lx 906y 007
BEEE (logcfu/m) 410 5.46 <2.00 408 5.62 <2.00

Te—f: Ry Fooay YR B UL B TN N T R A= T A

HAZXH=50:10:10:10:8:5:5:2,

3L CRM L AR D Y, RSS2 L EORIZHEENH D (P<0.05),
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B NEBER LI R AR, ey
Y a—h BRI S, BREE Toe LS
U a—nk &b E—HoENRRMES
B3 0.7~08%CHh -7,

L. buchneri BEFRERE 2 I & gD 2
Bl Rtk >/ a7 a—Nt 0.6%EL
FAERK LS, U F Y 7 s B CE®E L L
buchneri % ¥SIN$ 5 L FRAHTEL & [RIFRE O ALk
BRERSTN, BRHSEER CRHELTLLD
ZEINT 5 LB E R T Ui, stfak & b
AL LLENTEDEE BRI IFEED W
TNOBREFERAREREM & LESES 0.6%00 1
Lo,

L. rhamnosus FEEBERRR A IRM$ 5 &, JLEEE
ESHEML (R Lo Ly 7Y a—
NWEBMET Ui, (b2 E & i Th
OEEFER A WS G L 02% T ERD, L
buchneir ¥$FEBERER & - BEEATEN L~ D
GO IETERST,

BREI RO FLEE SOk, S RATEEL 0 % L
buchneri YFRBERBZEINLI-Z O TEL, L
rhamnosus TR 2 MWD & S 51L& o
7o — 4. L. buchneri 555 BERE TR 2 BN U 72 28 8%
AR CIEBEREA R Y S huie < Ag o 7, R EHS
H10* cfu/g it OFBEREDSEHI S840, L rhamnosus
FE R BRI A BT B & BB R OBERRE 10°
cfu/g LA E X727,

sy S mb i L ME 0 — T &
PCR-DGGE T/ & = A, L buchneri 35 LT
L. rhamnosus |3 T OFEGE»EREH 2 LT
WL 7ema s RER AR AR LTS 2
MarEdhi (®1),

¥ LRLB %88 LRLB

BAF YT FLEEE AN

[ 1. 7. rhamnosus (LR) &5 Mt L.
buchneri (LB} OREEES BB 30T

3-3. L. buchneri ZHRMLTHBL-FOEL LT
OA—ILEEH—TRE—E—DES £

L. buchneri % WM U C3SEERTIRE L 7=FE L, 1 —
T AH = B — A ERERAS 1 5% B LN e Ly
ZY I 0.5%FERE L, (LSRR e T

3. L buchneri ININEEREN — 7 A ¥ — ¥ —Dif Bz

LAHFHFE-FOEL

%R L. buchneri
e (ke/d) 0.95 0.72
AR (kg/d) 0.81 0.57
MER (mm) 24%+03 - 3.8+04
B (mm) 2.1+03 19+05
W—EEEOE X (mm) 24%03 23%0.1

RILAT A PHESSE (n=1) 105 #E.

WER S HSBHEE 20 » B L OBEOE LS 8T

ML,
2.0% (#887-1D 3.8%) rigol, FAALA
UHERS4 1 BT OGS L THEEREA
B3, AT B 22 & L buchneri TN} OEE
REEWH O MRS, ERAM D OMESES 7
HRETH-T- (& 3), —FH., E—HHEORE
FEYIRIL L. buchneri FWINEE &5 L- i B
HTehh HECES LHBEETIZFTIFELOLO
O, MEET 0% EELS - Tni (12),

Fafiel L. buchneri F5MN

2. L. buchneri WeHNBEEH — 7 A H —H —
A LIRS T 0E - HiRE.

4 EE

7 b AP R R R ST, A<
L 100g LD B LA o A R
W T HLENRS D, L buchneri VIR (G
LTTab by 7Y a—nrmAlT 2507C, Bk
R OBLEEAEE oL P Y a—ic
EHENAPRITTIEAWD 8 v o7 o« Bl
Th 70 gl LOB/LRERE S0 T, bk
4 10 /ORI DR Z MR LT 10 0D EEREIk
FHLEICR ST HER M LT\, UL,
PIREBB L UEREFEEELTL T E L
7 a— A OERER 1 g0k LS T Eidk <
100 058 % HEEREMW A LA ST o0
N bH LR SN, KE 600 kg LLEDILET
bR AR S iR P REICERT A LEE
Z BRI, L buchneri YW BER 0%
F R & A RATFERO GBSV E LT
Wi L7z,

L. buchneri W2 L HHEREMEBHR L LT, 9D &
DEZLNEONE B ORBEEENTH L,
Z OER L WRRER R O 48 5T el iRIE MKW A3,
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L. buchnerif&%%ﬁ%#%ﬁﬁ%&%ﬁbnI,'f§ﬁﬁ$ﬁﬁ*¥ﬁPcc
LRI E & £ U SEh i, #kes 5-1
THE—HOREL{OETE 5_1'55’@#25)5(, ZZ
Tk, RO IBE OEREM 00 5 5500
EgEAES LD ESRITH L buchneri LIS}
OFLEEE & LT L rhamnosus b INZ T~/ L
rhamnosus Y REEEERAOENA E LTIRA SR
TWARERMBRILIEE Chh 5, R H R
DML ~bk, FLBEREA & LT —Mioriz 10°
cfu/g & L7z,

FLAE R ORI B R OR A4 ER
T 5 EHINE TIEER R ThH DA, HREI I E—
HAES T OHBE Tilihwn, ©¥ /—t
HAER % b > Tds &9, @4 OREER L CRifE
BE7 U AT & LCTIER L 9 5, L. buchneri
R ARH L CRfEE VL Y a—b
BARCT D 0T, IR E S 2 FEO R
HREULD D Ll d, B—HOBEAEIEH T
HAIVERIRE L U LY a— ISl
b, FOH, KEGCHEg+ 7oL 7Y
a— L w b FR R E OKRE L Lo, L
buchneri FEAERERETRIZ, HILX v o7 < BRI &
O FLEEE B BRI DWW & B Lk & L7345
A HAEFEA I E & A 2% E (im0
3.8%LL B) IS 70, L rhamnosus FEIEBERE
L FLERE EONFI & L CHRIERICH R Th -
T B3, TR BB RS A (TAE L CEE A AL A
MT 5 5 A 7o T ALERRIEE S |13
BRI ORI 4 230 1 EClb LT, AR B
MF & L ToHME PCR-DGGE (2 & 5 A5
ARG LFINTEY W ThOBERE A 5
THME LSS D L buchneri B XT8N L
rhamnosus VIAEBRE OO L 2 b LT HEeRR
ol sz, $2. AEEORNFICE SRR T S
DT DS, L buchneri 55 BEREIR & B4
LRI ENR L o TR Y L buchneri
O CHRE I B REREER C O S,

F—HOBEREERHFERBTFFREHTHE
AL EFPEEICRE 2D 20 JIfFLL
OWREN mENTZL OO HE LI RWRELE L
THEHM P o AR Lk EMET Lin, AE
B CIAmiRO I —7 A ¥ — ¥ —{Z L. buchneri %
) [t = e b N S B R Y e N
5 EEE A SR, TDT720 BB %
BT D - e EHE R 2 2 2 Cos R AR 2 AR R
THRY FREREAR ESWARYMAET 5
ERH D, HREOK T HHEROETIZLS b
D EE X B DI, L buchneri YR OIS b
En EEws bR TERE F— 8 oREl
EER 2 b DB EME B A2 Fi/lo iR TE 5 af
et d 5, S OB TIE 4% 1T R
L7720 T 0 a8 L O a8 < 488
BHAHIN BEEEMET LIERHTHLE - 0R

RIS TR 0 | 5% b B & ik
THMELHD EFEZLTND,
5. #E

AT O —HE () N EIREEE 2RI O
W& 2T CTHEMLE U, = 21 LS H
LdbifET,

6. BFE 30k

Driehuis, F., Oude Elferink, S.J.W.H. and Spoelstra,
S.F. (1999) Anaerobic lactic acid degradation
during ensilage of whole crop maize inoculated
with  Lactobacillus  buchneri inhibits yeast
growth and improves aerobic stability. .. Appl.
Microbiol. 87: 583-594,

Nishino, N., Miyase, K., Ohshima, M. and Yokota, H.
(1997) Effects of extraction and reconstitution of
ryegrass juice on fermentation, digestion and in
situ degradation of pressed cake silage. J Sci.
Food Agric. 75:161-166.

Nishino, N., Harada, H. and Sakaguchi, E. (2001)
Silage making and utilization of high moisture
by-products. 3. Ensiling characteristics of
brewers grains. left after the production of beer
and low malt beer. Grass/. Sci. 47: 318-322.

Nishino, N., Harada, H. and Sakaguchi, E. (2003)
Evaluation of fermentation and aerobic stability
of wet brewers grains ensiled alone or in
combination with various feeds as a total mixed
ration. .J. Sci. Food Agric. 83: 557-563.

Nishino, N., Yoshida, M., Shiota, H. and Sakaguchi,
E. (2003) Accumulation of [,2-propanediol and
enhancement of aerobic stability in whole crop
maize silage inoculated with Lactobacillus
buchneri. J. Appl. Microbiol. 94: 1-8.

Nishino, N., Wada, H., Yoshida, M. and Shiota, H.
(2004) Microbial counts, fermentation products,
and aerobic stability of whole crop corn and a
total mixed ration ensiled with and without
inoculation  of  Lactobacillus  casei  or

Lactobaciilus  buchneri. J.  Dairy Sci. 87:
2563-2570.
Nishino, N. and Touno, E. (2005) Ensiling

characteristics and aerobic stability of direct-cut
and wilted grass silages inoculated with
Lactobacillus casei or Lactobacillus buchneri. J.
Sci. Food Agric. 85: 1882-1888.
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V7N EERELBAFEAWVWERREICPS U Wi R
FILARARRREFHARE T TH-

1. [FL eIz

Baad LA E R Lo R, ERMEORECRERSEOE SN, HERRETH
5F25. BRI, BREHTORELBRIZIIE A v FREIEHOFEHEEZ 2 550, TOHRE,
REORR LTEREEBICEE UAMESABETAEVEETCHD L Ebhd. &2, AFHE
BEOMT, 0%, B - RSO SUEBEORTFRLEELR SCHE, L3 LbEMEIINER, B
HREBICHEHML, FUOSERICHLZ %, PR TAHRICRIBEICRSS LB OB AN EE
L.

AR TIE, BEREICSPSLWHERBRFEORNZBEMNE LT, AR THEIEFE LR, i L
EllZ, Bl dhicEakelcny GEH) 2RINLT, @EOKEZNL TEYREYE, HSAE
RETINEEDLHFETHS. MEEOBNHIE, &+t (fxt, mEt) LEEZhTns.
feimx L, A Y PRENFNC LA EATE IS TEBREITED S, EO LR, IR
REDNHED HIEEMIcER I T VY, rd THEFHAT RO EERIFE LT, 1
REOFEMBEDTERAINTWELS THHN, 7ol & +OE R ST AT STy
OBRHERTH D, AL TCIE, o7& oM TENEECET 2 EBER B BN E LT,
TEBEORAD LA M E L THW T2 L2 ER L, ENEERREEE LU EEZHRES D,

2. ERAMHBEOYERE

00

FotoE ROBAE LT, (I - RIS Y ~O-Decomposed granie || | | 1 /
DEL LT 2%, BUE L BRI DR E -7 1 E o Clay i
DLFHR SR TE LS ThB Y . 220, & 9|00 Aﬂfﬁ
BT, ML LTCESE, Lo R0 5 sl

EEBEELL FSLEREREEEORILLTH
v, irds, PE, WEMGCEI gAML, Bt
BEeLThEAINATHD, SEE, FLUERAT
BEREN, BEMEE L OHRShTnaEE L

gl

[

ﬁgg | [

Nl

Y
=4

/

Pereent finer by weight (%)

B U, filEt e UCREWRmIc BT 8 2 1 9 /
HEHAKAROBEAPICAET D EEHRIL gﬁ HM uf

le. O LBEREMWER ECRCE (RHRMEES) (CH) Y A
ICOEHEND. Fiz, EBEICHW A BB OR Grain size (mm)

FNEER S B-1 2R, ek, 8RS ED o

SHARIC 5 2 FLIERR 2 Tl L . KT AR ORI

Jofz & TEERICEW T, 8%, B X O
LAREH E L CHARRB LS ) B A &S

TWD, W) ERE~ 7 RZ T ADKBIHTH Y, — IR D SEFEDBRICCE DRk
IRIFNNEESFHWEL LTHLNLTWD. Bk~ 73 20 L33 MgCly - 6H,0 O H A dh
HC, BEIX6AKTE LTHEET S Y. ZOREREKYT2325, £, 6/KMPBTIL1.569 Th
L. Bk~ 73Ry AR H Y, KIEBDTETROTVWHEEZA LTS, TO—EIZR LR
LT, EEOMEIIRBWTELLED 2RER, BESofdis, WEEMIEA, BERORE 2L
Thd. ABPHTH, 2080 & LTHEOEE 7220 ARKIYOBEHAREL v, £k,
HAKIEMLRF AT CEEIN-bDZ HWE.

3. ITAYIZRSLDYERRHE

AT OBEEIHBAN 2 NEZHELTWALEELZLNLN, FOMBE TFHLYEICD
WTIBBRE T evy, F 20, WA 2z 32 k3t BEdRE2EET 5012, on
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DO &2 D HICIRINLC, FEE AR,
YRR A - BRI RIR A2 1T 72, 2830 o
WEELTHE, e (MERERETEMO0 -
5 %) OEfb~ R b6 KT E G R
A8 R EOKIC R X, FOKBRE A
R LR ICN A TR L.

(230 BRI DA A AR DRI,
BB BEITE ORI RS L SIS AN E
BHAH.Z T He AT A6 KF¥IE lmol
B0, B L BRI (MgCl, : 95.21g/mol, :
6H,0 : 108.096g/mol) TH B 1o, KICEMRSH 1.7 Lo -
AL, ZOKMMIEA AL L, AL LT oo oM e s 20
HETBEELLNS. 22T, REOAKE Water content(%)

BINCE L TREL 727 A6 KD 6K -2 220 ENICL 2HEDHEOEL (£2 1)
sy (6H0) I, KOBIHSTHLEELTA
ARG DR R FE L Pg, AT
SRTRIZEE T, 20 LTHWEE R 2R

2.0 : :

—C=0%
2%

o

—_
o0

Dry density(g/cm®)

#*-2 #EDEEE RhHilED

7 L6 KFNE A MgCly + 6H,0 ERFLTH. P i
Case &

3.1 WEHREN s | 2@ | 38 | 4 | # | &)
TS LRRE M, © AL PRELIC S B% L[ s Jwo]to]2]4#] e
ERRLORBRFE (A FHEASEERR L 2 | 3 | 5 | 5 |10} 23| 337
JCAS 1-01-1990) ¥ (m S5, ZEE DI & A KEE 3 [ 2 ) 3] 3 |7 }15] 25

WRER (Iskg 7o, LEA 10E, 2@HE |
U3EH% 20 [, 4J8H 40 B, Wik, SR R RS R Sammal
L) BT or, BbhRES b E- 210 - o Cates |
AT ZhIERE, IEB ) ORMEICEELT 13 —LCase3 |-
B RBRIEIE LN U, BB E KIS 72 B4 T

AED LS. _ .

7, HERBEERCT, FRoORESRBRO ]
8

N

HEOMEETR-20 L S B b, B 5HE

OHEFERICL > THFEORBRELITY, S0

MO ER-3~F-5 1279, 28, HMEOLE ]

BERARKICE-THEHBE LA, 20 33 30 35 40
Water content(%)

Dry density(g/cm 3)
-

Wr+H * NL*NB E-3 MtENORESHE G220 0%)

Ec v H

1.6 T
ITI, Wi IOV —DERIN),H: 57— T Casel
D FEE (), Vot JBE Na: 1S D OREDE s

%OV E—)L ROARMm) THA. I\%\
Ry

3
in

iR, BEDLEEORIMIC XY kRIS
MR, BolEESKEDETTAHE B
NTWLHR, AV ERMLEES, B4 BX
B8 i S E oL FE % Casel DR 172 & T E—T 35 20
L7z Case2 Tid, & OHGEOMBDOFNIL Casel Water content(%)

fi - A s R
Lo THEDHBERR L L, HEDEFENZD,

e
L)

Dry density(g/cm”~)
=

—
MN
&S
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PRV T, MEOGRBEFCE D LD LA
LD,

J2BMBRS L UEHRER
Bi L UTH L% B, SRR L O RER
HER (JIS A 1205) &4T-7-. AU OFRNEIC L

HWAEIR F L UEMERA OB Z -6 1R LTz,

BRI & PEME IR LIz 23 0 ORI EIIKAF L T
ELITHEMT MDD, O EnL, IZHY

RN IE, BUB OERER T 5 B hhs.

PLEORR LY, W elmisiticky,
Tote & L ofES R L, 2 & Lo
BEINTAHESG NS EBDIS. 2 LT
WA DO L BEBRIEHOBEICL S Lo LR
hb.

4. f-r-E2XOHFEAFY

4.1 —BEAEHEE S
M A EOERRFE

PR X SR EEOHARERE L
T2tk AR O L S WWRREUK CHEM S FERED
MgCl, = 6H,O ik & & A Bt O i & /K iz /Y
TRELETMNL, BEII S —ZHT 5 5REK
DIRE, TcleE T OMBIZER L, Tho 2 ERE
Scm, @& 10cm DT —/ FiZ AR, 1.5kg ¥ v —
Z20em HHE FEET, 1JBHGE, 2B LW
3 E 105, 45 H 20 [EOE 45 B0 &E) i) #5(E
D F BT —oERERE T O R B2 ER L.
PR OBAIERM (BE 20°C, B 80%) 12T
1177,

OBHrEZLIDES

MEREDOELA Rt FR-3 1o, SR EOY)
WS KRLEEPBMHOE X EORES K 16%E Lz,
AWM 7 B OMREIT TR &S R — b E iR
SEFE-T IRT. IS oRMESINT IR
VY, —HERERESMET T 2REN S LN TERY,
ZOWMED 5 %L LA T — e &
WRKERETHE OGNS, ok, #E4E B1—G1
RS pH ORIER R RS BRETHY, HER
ERIIRO LT, ERKOBENCER T 287 L
JrUREER R LT,

Q) EHLELOES

16 .
=O—=Casel
Ea g%“ oy, ——Case2
. = FCase3 [
R %
=1}
S’
214 d‘j ﬁu\\l
ko2l
& ™
g
213
[
120 - i ]
20 25 30 35 40

Water content(%)

BI-5 Fh T B OFEE D AR (TAY0 5%)

70
5 T 2
UL GO Ly
~ 60 <
E:\/ «{>Liquid Limit
g 50 ik
|5 =2=Plastic Limit
3
}_.H) 40
SN I T U B A
30 U — -
20LF
1 2 3 y ;

MgCl_ - 6H,0 (%)

B-6 (ZAYD BT &K DINE - BRI D2

-3 FEhEHWGAROESER

Deconposed | Slaked | MgCl,
Case granite lime | 6H,O
(%) (%) (%)
Al 100 0 0
BI1 95 0
Cl 94.5 0.5
D1 94 5 1
El 93 2
Fl 90 S
Gl 85 10

(FMBORIE R R L)

HEAE DAL S 5 2 F-4 12T RO BRI K I B oS Iz B A REE A 28% & L.
FAHN 7 B OMSRAIC T SN B EREB X 2 E-8 1R, B & RS LR,
D50 OEIESEMT B8, —EREE S AME T T ARG B, IR 5 %oMtiE il
—HEEBRENKESETLTOWS, UEB2-F2 BT 5 pH 0RIER RIT 126 BETHY, TE
RERIVD AT, EARORIMIERT R 7L Y kEZ R L.
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4.2 FwKH

F & LEFRE LC, — RGOtk
FEROBAEFESIUOHED HIEC LV ER
Sem, /& & Sem OEREEER L, EAEER
B D BE IR B2 VY 1. 74g/om’, FIBRELIX 051 Th 5.
IS ORI EIRA (B 20°C, W 80%)
IBWTERAL, BEMB7ABIO 4 Hicks
WWTEARNMIBARROIS A R21)EEM L. &
AR R I, R IR OBMEE B 5720
R RE 9% Bz,

HIAE O S &E & JE SR EmE KR
#R-DIOTT. BRERT2%OIINY 2
MUHEAEICE, B OBARROR 1/2 ITIETF
L, 5%DIZRY EZENUESETH, BtToE
REFEE O L1 A=~ FTA2ENES
U7, ZAUE, WA oA T ABRERICE Db
DTHDHEEZLND BAEYHOR@IZL VY
FIRZFIN LT Z LIz & B E RSS2, [RER
bR K T AR % RHET 5 & TIN5 23,
SR ERENE NS, BEAHICL 25K
FREOBIIEE LR BN,

4.3 Rk

— i EAEREBR R O SR EERIH LT, %A 7
A#OEKEEZNTLERELZRE-9 0T, W
THORMEHOBEEICH, 280 OFRmETC
TERLEOE TIEIMH S h 2EMBED 55,
LT, ez kBun T, 2230 oiRinik
Tl & toRKMEEm L&Y, HAKIC LS -
FEH e FEEELABEETCH LR Y 5 bk
DS EALROG 7 PR SR B i, =k
E Lof- RV MERRICERTH D & Wi
Eha. ‘

5. F¥&H

AP CHE, fofc & o Ml T4t B4
DIEMEME[LIEEZAME LT, 34, K
+, B O SBEOSME E M NTlele & -
ZERL, ENLERBZERLZ. Sohicm
RISUTOL It wbid.

1) Il TECBWT, Aoz,
Toto & L OFEE 8 Rt O T R M R R, ¥ TERR
RO EFIZE 5O EGEEOM EXEIfFTE 5.
TR OLOBREEREOBEBIIY AL
EHEHI IS,

2) ¥&L, MLovwFihicksun Ty, B L
oo 2 Lo —iEREE &S, 1B D ORI
CTIETI2HmicH 5. SEIOERTIE, &6

Uncenfined compressive

— 106 —

600

T
4 500 a
% B
279 400 Lo
28
3= 300 B ®
e a-TH
IS 8
j=3-5}
g 5
=7 200
g O
= i
=) 100 Lo ; .
i) i i
Al Bl ClI DI El FI Gt

B-7 —HhERETR S DREE (B E& )

F-4 HtEROEIEOREGE

Slaked | MgCl,-
Clay | |
Case lime | 6H,0
o) | ) | (%)
A2 100 0 0
B2 95 0
2 94.5 0.5
D2 94 5 1
E2 93 2
F2 90 5

(BA B OB GRITHRERT)

2000 :
8
1500 ‘
= :
e} 9 o ¢ 9
]
%1000 e :
500 Q
0 i g
A2 B2 C2 D2 E2 R

-8 —BHEMHM S OB (B 51D

-4 BARBREOLE (BM k& +)

Decomposed|Slaked| MgCl, Saturated hydraylic
granite lime | - 61,0 conductivity (cm/s)
(%) G | (%) | 7days | 1ddays
100 3.5x10°
95 1.6 x10°] 3.5 x10”
93 s 2 |16x0°| 1.4x0°
90 5 | 15x0° 2.7 x10°
85 10 |52x107] 3,907

(FEHMEoRE LT ERERL)




AT DTN OFRMNESRERILT, &4

BLUB T LT 2%k 0 &< renid, BEERm 30

BT AER ST, 1TA 0 OFME & H00 S 7z

WA AN — R S DR T A REE, b @ﬁS . —
Ny AL F L RBRIGIC LD HRI T OBENE T —
EORRERS SRR 0, WEROLECES  § | /7

EMET D THD EBbhS. g 1) S ——
3) BMCE S FERVEEEE LOEAMEL, I 5 10| O]
BOOIFENMECISCTE TS, MBREELT2% § /fL ~O=Decomposed granite
DAY EFRIN LB, B OFERREOR ° A= Clay I
1/2 IZIE T L, B%DIZA N ZEN LI-HE T, 0 i :

B OBAEI L D b 1A — 2 — (S FT 5L N T U

MgCl_ - 6H_O content (%
BT, Eiz, BEREICEBEARKOL g1, 7 OHL,O content (%)

i, 2ERRAOEEEASTE, FEAVRLR -9 A0 EN XS5 AROZEEET B%)
Lo

Y IRV OIS LT, & oK ER

mbEd sz, EAKIZLAE - BN LEREVESUCTH DR Y T G R B L 08
Rt &, 7wl tod - RUMZmERIAEGT IS,

Sk, b BMBAR O LoMERSER L OE R YIConT, it ARERE L &
Ez bbb,

B
HEFREBROEmICE L TE, MUREFERRK ) BHIEMK, RHBK, FHEKOoBH%E2EE
L7z, ZZk@ELTHELRLE4.

SE Wk

D RKEAHE ANEA (&) THEFOERE, WHELOERE ASEAORERREE, PEESEEN
JEE D B, aioC - PAEEY, 1998

2) HUR—HE, AARDERERE-EXELPINE, ENRKFHRES, pp. 130-154, 1986.

3) BEHEE=, RO Lo bEEE B S AR, LIME - FGIK, B A [BS, pp. 33-38, 2006.

4) B LHEH Wik, 13700 ALFRG &, 6 3 HEMHM, pp. 166, 2003,

5 () EAVIES AV FREMIC L 2 MBRBR~=2T7 0 (BETHR), AV MR,
pp. 381-395, 1999,

6) HuAE T2l - LEEBRO B LM (B—RETHD), bp. 256, 2000.

T BAFKBE  AIKLELE LE &t - B LoF51&, pp. 18-21, 2005.

8) ENB6), p. 336

— 107 —



BRERLMEEER L= TS5 XF v IO BCIEEHEEORMSR
R ER AR AIIERE AR

1. s

RYF L, R Tur’Ly, RY AT, 2 ARE SRS 7T AF » 757ENT, B
IR A 2 BRI W Ch D, TAE, 77 AT w7 OERBEOHKIZE 72 BEEER
PRI L, Z OPFERBLS KX ERIERIRE E 72> T D, BIRIERESESEEIC- DI, IR
TG AF w2 EFART L EBEENCOND, DA 2SS T DTV T, Il
YA TN, IRONT—< L U 2T HND, FCHT U T U 7 AAEREETH
A, LinL, T IAF v ZHMBRTROGTIE, Z0~T5 U TAU Yo Z OB THAFEY 1 7 ik
BHZ AR B HERTCE LB, ZOFERO—DIE, 77 AT w7 PMERPIcS A s 12237
HTHDH,

F TAIGE Y, EIREERRAEI AR L, R m RIS v i OGRS TRE S TR
JBUC, BERROFIRE DI FAHERA L QD B OB E Sl 7 AT v 715957 L% B
AL, #EREEREZ A U s B e BAasdily GREE 1) S EiEr 77 L— M e LIl
FECOBRAEEZ FUNEFIR Uz ACEERN GRE 1) OfseA 32 L7,

2. HERR
2—1. FHRCHREEFA LS EMTERRIG GRE 1)
(1) &=

FEEE- [l ST 7T AF o 713, ARRHBOFZE LD 1T SV FEIME T 5729,
SEEEOMEMEERTL CO IO T AL Z 5, Ko T, K DHEREOR AR ~D U A 7 V3
LA, T RF 7 OB AR U2 U A TR > TN D, T, ZOMEE
fRRA D HEE LT, O TEOIKT LB 7 AT » 7 \CHIERAIE IR T rEASn 270 X |
T L= FEE BT T2 EHE S B 288 RUS 72 SIVTOD, T OSBLERFUS TR
REEE DT TRICHT TON L 720, B THARSEOIREAMER  SRERSUSOZIRIME
LT, FRICHGFEMERET, VNS U T RIRERE S LR S DB L 2D,

AT T, BT 7 AT 7 & LT polybutylene terephthalate(PBT) % 58T, $HIEEAIE LT
p-phenylenebis(-butylcarbodiimide) (PPBC) Z FiV>, bl VAEENGHE RIS 5.2 H38% Et
L7z

. (2) FBZH

[EYLA Y 2 AT IR BEE CH T BMET T 57280, FRRMEIIKEEE(-OH) & LA 3
(-COOH)TH D, % T PPBC DANARIA I FELMINBUST 2 Z LIk~ T, Fighl DX 5125
FRABRSEAHIEEIGIM TR TS, LhL, RO Z b m s TiXT v X oA
JVIRREIZE 1 | ARERIRFEDMIEY Vo bl A b SHE A A 2R L SR S8 TRA RN A5 =
ENEELY, ARREA TR T S 2 s TER Y, RO BRI S DI ST
REISOBPEPENT S &2 T, £2C, Bo Rl CRBAAE T D R WAL R 2 5k s
U T b 2RI Ule, — RS TORSSERIT Y 727 880 DR D RS & FERES R Dl D
T EBELITNT, AR EEOS SREA TR D 2 & TR AR b kiR T~ & R
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END, FEERTENAIREEA TR L 7R CHBERPUGE Y Z & S CEAUIRRY 2o B OlIE
IREAETH D,

( CHs CH, \
2 HO(‘ -@—00(0142)40)[ 4 H3c—|—N c= N-@—N c= N—I——CHa
0 PBT PPBC CHa
CH3 H CH3
H3C+N—C N—@N c— N*{—CHa
CH, ' | CH,
0 0 0 y

Fig. I-1  Chain extension reaction with PPBC

LIRS ©
SINE)
I

AL, ;‘4
ek

e

4
—

Fig.I-22  Polymer chains in (a) melt-state and (b) crystallized state

(3) 8%
PPBC MR : p-phenylenediisothiocyanate |7 t-butylamine % 2 f5€/Lmh0Z, 7% b oo 3 BRERAE L
“C p-phenylenebis(t-butylthiourea) & &1 L7z, &I, NaClOaq.& NaOH #/0%, ble /i 70°C C2 K
EHE LT, M @aeomiLi-%, ACLY BEWr ©Hh 5 PPRC #5HE LT,
IKEEEAIHES F- 5 PBT OF88 : PBT F» VR, Mw=35,20022g & 100mt 0> 1,2-2° 7 -
A W CHIENASR 67, Z OOFRIRLC 1 4-butanediol 20 %, FTERAERER L COKBERASRIL D T8 PBT

ZERE U, RHERINE & BARIE OREERYE, AT B L AR KRR AR LT,
EAASRC > 78 PBT OFFRY : /KEAEARRHE -8 PBT LKV BEh = N~ B TR L,
Y % SUERML T 150°C T 24 BEIIA L 7o, S BERRIE > -8 PBT O4F-& & B
FEREY, FRERIUAETCEIE L.
S FE PBT Offid KA DSC - C250°C
CRIAR W71 10 3R L. BUELIT O 160°C

5 190°CORIOBTEREE T 100C/min A% 63
U1 BRI T LT, 200k X oL 60
(A D BRAE (AH) ZE L, FEebE R S
U7-. PBT #h®AH & UCBRECHS 1450g & g

Fav il % 50
SHEERR SRFESPCIES TRPBT 05T O 4

JLED PPBC %12, 1EHERE 300mpm, FTEEE
T2 BRI L 72,

.
=

150

160
Temperature (°C)

170 180 190

(4) IEREER
FRES bR  ABESRIME r TE PBT 2 H

Fig. -3 Plot of crystallinity as a function of isothermal
crystallization temperature
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U, FERAEIZEE D AH 23R, FEAMEEEA B Ui, &R% Fig 13 1ORT, SRS AT 51
IR LEEDMERT 575, 160°C ZBECREEALEE I U e, SRS LRSS 161°C DI
IR LI 61% TR TR LT, Lo, SR EARIREZ 161°C IZIRE L=,
SRERRUS : 9, AKBSECRRIE 75 PBT (4F& 6,300, FhwKEEEIREE 96%) & HV CHRiER
FIGERRET U7, SR Table I {259, AL B 250°C OFERREE TRIG 2 T > T2/ R, &
125,000 2 F0 4 fERERR L, ZHICKTLT, 161°C TRk AW L7 PBT 2V, fMifdi2e
VR 7RV VRES & RS ENRAET DIRIE CH D 210°C CRUGAEAT 9 & 4181 32,800 FCHEXL,
FOEINERIL 52 5 Tho T, FbERO BRI FEE I DAL, 190°C O TR LR L7
PBT % v ClREEZ 210°C ChUGE LIEFER, ST R 275 LK L7, BLEEY, i
KEEHL COSBERRIGITIY, s bR 161°C, BUSREEIL 210°C 258 L T4 2 Lo
1.

RIZ, BAAHE S TR PBT (57 14,800, RURBEIERE 97%) LAV, 161°C I Thbam a1
STk, 210°C CHEERUS A T>7, BN PBT 1238\ T bhisSa A2 H L 210°C CREG S
T IERRAE CRUG ST A L 0 LA T RS R Uz,

Table I-1 Resuits of chain extension reaction of various heat-treated PBT
Run No Crystallization Crystallinity  Reactiontemp. Molecular weight

temp. (C) %) (0) (Mw)
Hydroxyl terminated PBT (Mw=06,300) '
1 - - 250 25,000
2 161 61 210 32,800
3 190 30 210 17,100
Carboxy! terminated PBT (Mw=14,800)
4 - - 250 22,800
5 161 61 210 46,800

(5) #5m
{5 7B PBT \THEE VAN AT O Z & CHRERFOSAS X D L T4 Z 2oz,

2—2. BREEET VT L— b L-HERAOHEAS ARG ERA L-AcBEsiiomi &
=11
(1) &=

EER— A S L, — BT TR AZ) S L RIREEEIBIE ST LRV, FofEiE IR
ThbH, HUuRL, TERXZEOLEAMERREEFO DNA R AEKE G, BEoEER T T
BAEREIMRI T Y, WIRIEERT - — b & U CEFRIHEMO fHfEUE5 360 yCRIRE
FE 20 A, B8 - ERSREN TN D, TOBRXEEES FHRNERTL L, midEE
w7 T B & UTARROMBE 2 BB AT 58 LV B CEENR 2 P RIBIR DRI LD,

%G, poly(p-oxybenzoyl-co-p-mercaptobenzoyl) (POB-co-PMB)DE#HRHEER % p-acetoxybenzoic acid
(ABA)7: 5 TNZ S-acetyl-4-mercaptobenzoic acid (AMBA) 2 77 X U7 CHEA L, Fhdafmi s &
RABIGEODZA 2 ~T =,

(2) XA
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Fig. -1 \R3X 512, T80 8lE05 Lz FaEd  (whisker) (Z/ROILESHIDZE
WCOBHIFE, b~ OFREENLRESABIIANTET L 10D, ZOMRE NG ERDE/
= —HFE U ESC AR, 2SSO 2 AR RET D, T OIEESR DT &3
WA, BREPOE ) v — L E AR T OB RN L D BE D) BRimEE R EET
homopolymer DHFESESTE L EEZ T,

Copolymer Crystal Homopolymer Crystal

1_0

Exchange reaction

O

®
®
®
O

Fig. II-1  Schematic drawing of self-repairing system

(3) =Bz

“UR Y —OFR . ABA & AMBA ZES o o o o
FIZA, Therm S-1000 (T2 20 fobens CHﬁ—o—@f'c"—on Y on CH;E‘O‘@&~OH
RS, Fr B LR, e SRR T A

A
TR 1.0%, 280°CT 6 RHHIEA L72(Scheme - 0 0
), BAKTH. ROREBIC L e %)@'é}{s@&)—}
B L7, AR ner o & T BT POB e "
g LT,

BHYUR - RIS ol ) w—4 ABA H L
<V pAMBA ZESEIZAN, Therm S-800 (b U = F B == VREY). HTBEMLZFH) (TS8)H,
FRIETREE CHIZA L, FEEOFTE TA R 2[RI L 7-(Scheme H-2), 15517 AR OTREBRE S L Yk
SEREESHTIE SEM 36 L UNFTHIR (2 oo Cf Fo e, Mk, sl & vk 5% L HPLC 5 L U8 'H-NMR
L DHE LT,

AMBA

Scheme li-1 Copolymerization of ABA with AMBA.

i 9 G G 9 i
o—@c s@c + m CH3C~SOC—OH or N c&m—o—@—c—%
m n
POB-co-PMB AMBA ABA
@ e
O‘QC + S—@—C + AMBA + ABA
mn m+n
POB PMB

Scheme [1-2 Heat-treatment of POB-co-PMB
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Table 11-1 Results of heat-treatments *

Polymerization condition
Content of OB
Run Content of OB unit Conc. of Recovery unit in
No. Temp. in crvsal co~existed Time vyield heal-
(0 i compound  (day) (%) eated,
(mol%o) (Wilvol?%) crystals (mol%6)
1 280 7 0.7(p-AMBA) 11 <10 -
2 280 89 0.07 (-ABA) 6 84 92
3 280 64 0.07 (-ABA) 6 72 72
4 330 64 02 (p-ABA) 11 89 86

a: Heat-treatments were carried out in TS8 with copolymer of 50 mg.
b: OB unit stands for p-oxybenzoy! unit.
¢: Recovery yield was based on the copolymer weight.

Fig 112 SEM images of (a) crystals in feed and (b) heat-treated crystals for Run No. 1.

(4) FEREBE

FT, mAT ARG E Tmol% & Te 2 U = —flgaZ IV, p-AMBA 5T, BGLELA1T - 7(Tablell-
1(Run No. 1)), fdibEE & 20-25um. 18 0.5umBEOSHATH A (Fig 1-2(a), MENLG 6 H B b EE
W AMEE Y 11 B BIEN Uiz & 24, FEAROENERL 10%EL T T 7, FRIR SHroRER, Ak
AFRRGORESRN I RS 1670cm (FHICC R B LD T2 AT VA VIR = L O IREN SRR 45 &
— 7 055U, 1735em™ FRTIC RSN D AT /1 ViR = VO REIREN THERN~ A B2 OZ) e
T& P (Fig I1:3), ZOMERL 0 HEERI CH DT AT UK E L THERE D0 TiEe<,
VA DFREMEAS K & I T A AT VG DN L, = AT VR DFHS POB fidet TS0
- EL D, BAATERITEHRTHL O L, 11 BEORERITROE O X 5 2o fREHER
FEAN e YRR A A L, BRI L3RR
IR HIAECH - T(Fig 1-2(b)), ZhUL, =AF/L
B OBARA BT R S 1 IE S, T
TR & HHRROMARE % & [FRE RS
DL LT B HEER T D, %T

RIZ, TAT R % 9molYed s AR <—
T Aa V. ABA IEFF T, BMUEEAT - 7 (Table
II-1(Run No. 2)), FEARIR S 10-15um, 18 Iumfz 0 o 1wt
OFHR T D, FOFREE, 84%DEERTHEd4 4000 3000 2000 1000 500

. . Wavenumber[cm-1]

e, FTHIR ST OFER. FA = XTI RGT O

BB B bt o, HPLC IR0 T b Fig. I3 FT-IR spectra of (a) crystals in feed and
(b) heat-treated crystals for Run No. 1.

thioester
carbonyl

(b) ester /_
carbonyl

— 112 —



Fig. [1-<4 SEM images of (a) crystals in feed and (b) heat-treated crystals for Run No. 2.
AT IVRRGTE 92mol%% T V) 3mol% RO AT VARG O L REBHER TEI-H 00, B LR
ZITR.GN20 T, UL, RO TF A= R T sV FERPRETICE D A F LTS
7O Ui ot- b EZ b,

% 2 C, EASMRE R 2 AT RS % 6Amol% e R U ~o—FEia A VO p-ABA HE5E T
EUPEA1T 5 fo(Table II-1(Run No. 3)), F&ibldE £ 20um, 18 IlumBOHRTH D, FORER, 2%D
B EECERE RS, FER SATORER, 7427 VORI R Hiviehs-7-, HPLC HIFEIC
BOTh, ZATAERDTE 2mol% TH O RN F 4= 27 ST B S8 5 2 L sk
oTe,

NENREE A E5 & SRESROBIIENEEN A T AN & BB L > COtRmE N HEE LR
PREAME T 5 2 & AT 5720, mATUURGTE 64mol% Z e iR ) = —% ABA(0.2%) & T TS
8 . 330°C TR AT~ -(Table I-1(Run No. 4)), Z iR, £ & 1Sum. 182 um OREROE
ReA-HERF UTs & EES P O A7 k7)) 86mol%l ZHENTT HRER & 722~ 7-(Fig, 14), Z OSSR G,
LV ERTMENT S Z I L WSRO AL MBI SID = E35do T,

(5) #5h
AT IEGTE Tmol% e =178 ) < —#Edh % AV T, AMBA 35 T iR 5 Z & T POB
TR Y =2 (G0 T ENTE L, AR RE CEELTWD Z &G, R 2 BOSE L Ve
BOENEL LI EBR LD, £z, HEEEHEROSFHIY Ch BRI REE I RIZB
T, SREEEL T 7 L— b & LT 2 05 795 Z LAV ST,

3. #4E

BRI TR L, PBT 2315400, BARROXRAS D FAEE L5 B EE#ES &
T ATy JAT T H LA BRE L, MR T Ui m R R REUSEA GRED &
ERAEE S 7T b & LIRS G O 2 SOSE TR L B QIEERN GEE 1D ob%%:
Fha L/, FORE, FETICEAL T, A L CRREL SR PO RE L7
%, AEARIREEA SR 7 AR AR CBEERPUSEAT 9 &R T RO KT 5 Z L0830 o7,
F7-, TRE 11 ICEAL T, RESHA R Ch S8 REEISRE RIS O TR, SiiEE
77— b e LT SR NET L, FTLOWE—ERIR AN L D BEBENRTE A 2
&SRR,

B

HIRE - ABTTC B LB E TR & £ L7 \ERERAMEI RO & D SR L R,
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BILBHAZAEE LAHERRTH

BINL|wA  XVII International Botanical Congress (5517 [ EHEMEISEEEH)
TEAGE EESTEYFES. EEEMSEES. 7T AU EYES
el TRITE7TAI1TA ~ FHITETH23H

B o D= (F—RMU7)

= = Chromosomal evolution of the genus Eleocharis (Cyperaceae), based on
molecular phylogeny and karyomorphological observations (O 1-%#H
SO GHICE D WAy U RN 1 B Otk L)

<HAE>

AFETIER, REHREEZEO. A v VU FHRANY BB IZHE W
T. BEDNA @ ITS, ETS 1T B L ERIEDNAD tral £ > b0 B O M
REAMZHESNCLE., S5 P72 25EI 0T, NUTREBEHOD
REfElLEFEEL L,

SDTEEBMEBM LS /0T DA HONNTEBERZREEO TN E
OREERZ > THELEZERHAGNICE ., —FH., FyrRA1EHEN
DAHiORERIT =0 THD., REAOHEELICLOSLLEZZ ERHL N
o, £ HBRLEEH IBEHOIAIAM 250707 01MHMIBELEAY
ThHhdEMbbhoz MELHE IBEHO>OI I NYAE., TEHOF v R
EBHTHBEZZONTVWAEDN, AMBRICLIVERVICEHEN TS I &N
oMoz, B, ZNHOMBRAERMEORKBMBEZOE®ILIAEZ
BHesMiZclL 7z,
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FoHE Z
BUTXSEHALE BRBFIEH

ZhEE4 15th International Photovoltaic Science & Engineering Conference
(3B 15 AABEREERE)

FEEAES China Solar Energy Society (FEXRKBIRIF—FE)

BRI ERITEIWOAI0OA~FRITEI0AR15H

Bl #E ith mEARENE LEm

= ] Morphology Improvement of Electrodeposited CulnSe; Thin Films
(BHFEITED CulnSe2 iHOE Y 2 020 L)

< NHE>

INETOHRIZL > T, KBEMIIEHT 2772800 CulnSe, OB A EHIC L 2ERIC
BWTEBEMNICL o THROBIHNTEZD 2 & 3R L, ERFEECREL., B
FATE-0.0V &-0. 8V THER LU 2D XPS IC X S HA O ENS, EENMS5H0.3
unETIE Y wFHETEIRIDEL 3L v FITiaoTWBI Eyhoalz, &
DEIDICEFFICEMBVEZENMIED I EICE > THRO RS EE R DB EE L ITE
JRTELS &Mooz, LA LIMRICHEERE S TWa Cu U v FREIE Tl DRI HER
LTWaMN, ZOLO In Uy FRIGBEEFRFHL L <BWZEMMBEL</Z>TL
T, HZALOBREBMEIZ In D »v FRLERICHEFBTLZENTETNDLOT, & LT
DOEDOMMATE L WO ORMERPRE TlEa <, THOMMAML WS THDHEEX
5Nb, THICHFMOBIRPESERADE -TRNWILEBEROVEDEFZZLNS,
ZITO>EMOERE LRUARZERE, CuyFBE,. hyFRELIEHTEH -RES

DT EINTER,
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B X B @
BILETEEM 5 — HHEERWER

ZNEE4 The 2005 International Chemical Congress of Pacific Basin Societies
(PACIFICHEM 2005) 2005 IRAF¥EMER{L¥EE

EEAKE BAEEREE TAUHEER - hFFEREE - - UTLER -
Za—=T—=5r FMeES - BELES

A & 2 & ERRITEFEI12ATSA ~ FERRITHFEI12A208

M TAUA, K, NTA

= -] Formation and oxidation resistance of Mo(Si, Al), coating on surface
ol Mo by dip-coating technique using Al-Si liquid
(F 4w T A—=F 4 2 FHEICESD Mo R EAD Mo (Si, AD , RIEOfER &
A E)

<HHE>

AR, KARERY —E R ESBMEICENWT, SXRIF— BiRKEIHO
HIR D7z, SEORWEDEETOIMEIZHA D 2 &IEMEIOBRFEIRD 5N Tnh D,
RO NI A S L O ENZAREMEE LT NP Mo OF20FHNREZ ENDH, h
5DESESIRTOMBIENIERICZLWREEGT S, LE-T, SiRKEHTO
FACH U TR D 2—F ¢ > TG EAR[RTHS, £HILTIE. Mo 88~D
AL IR D I —F ¢ > 7 OEEERKE LT, 12~25nasskSi-Al gkzEHWiTF 1w/
d—F 4 27+ NaOH BT L0 Mo (S, AL, #558 L7 Mo sl ERLZRRII L 7=, Zhic
K OMECE DN A& 720, Al-25mass¥Si AT 4 v S a—F 1 >+ NaOH
ER I O ERIL 7= Mo (Si, AL, #38 Mo ilEHI DWW T, Mk ziro/z, TORKE,
KL 1200CT 100h OEEIEEET 22 Ebivo 7. MAT, BIzdD Mo(Si, AL,
B DM, ML, MO E I DWW TEHMIZHA Tz, SRE LIS W THEE S SR
ERECTHEHMEBLEDZ L MoSi; HORENRD S, £ OlRkEEEN S gD
FMOTHIL, ERRR L,
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RILIRIIRS IS AT EPERitEt 45—

EMeEd 2005 International Chemical Congress of Pacific Basin Societies
(2005 IRAFFERLFERH)

FEEKR 7 AU nkEs. ARLEES. fh

Pl TERITEI1IZAA ~ FERITEI12A0H

B O th R/ NDA T AUHERE

E S ] Earthworm Serine Proleases: Characierizalion, Molecular Cloning, and
Application of the Catalytic Functions (23 X/ O57—+ . B#ilk
R, 7 a— oAb, BN E OB EED IR

N>

HYEREEAERC R E LU THWe N, 87 ELTHEBREA I I X (Barthworm)
i, M TLRETHEAREY > 7057 —EE2AELTVS,

ARFEFEOMLEEEE & LT memfiEASHE s, S8z, [ 2RI HNT1FY
A1 R TTZAFIIVHE Iz EONKDRIER RO ENTZD T, AFEADERD 74 VY
A L) BFNFENEE - BHL. 2ho0 TRETOZN— L& SRR 2175 &3t
2, & N R & IR RE & BRI L

I 5T, AHEARICBIET, HRICBWTIE THEWHIE kB RE2EDRN
“TIATOFT UG BRI LU THEAR - B )bH ] E iR &
FERL,
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BILKFERER RIEFHFAH

B R E RVI—FUEUKRE TR - RKYLHEF

BNEEA RIFESOFE - EZF U5 - 3K - FHAICEHATIERS A RPDA

FHEGE  HETER

MEBE FERUFEIASB~FRITEIA2IE

B o o Bl

E ] Sub and super seismic train induced ground vibrations—theoretical
consideration and test results

<HE>

A —F EEO R EHE X-2000 2 HRIT, wggHE Lo BT TIRAEEZBAZ S &
EORERMBEEZZLZ LI ECROELZ N T TS, HRHITERONTA—F -
AZTAMDE 74— REIDOHHEE L T,

B R BN TR, BRSBTS Pekeris MEEEAME LT, AmETICED —
O FEFANC KT DR EE RO T WD, 4. Vikler NF EOWE O ETFILEL
T, g rL TS,

fRNTIE SR E Dbz L, TR IEORNE L TWa,
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Bh kot B & o E Y2 K=
prm gen | PLATFRZ SHRBO T - EZS VT |,
= AT el W AERIC T A ER Y R T A

KW MIE | sERRY A | B 130 BAREREER P iiARs | 123
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2 & M
BILAZKZR RIZPMFEH

MRAESEH RERDOFPH- - TSV T - 0K - FMICEHTIER VRIVA

F B E B HBETES '

HeEE - REEEF  IAER AFRREZS. AFRSHEIZS. BRI TES (PED.
RIS

M o R H  FRITFIRA2WBE~FRITFIA2ZA

e i3 o R

<HNBE>

FIE - EIRACHE, TIBORE), $R THE2 SO A TRGEICHRET 2 RERTBEI AL
LTnd, BEEOHEIIBNWTLEROREZRASOIZNIHOBETH 5, FITHBRET
LTEIFT 2 2N 5 DEBFED 5 OBREAOREE T, REF O, Hilg N OIREMEF R,
MBEEDOHERES T OEMR SO BEE K E <215, IREO-T RG> R B R R
ORRFHZ, /EADOFEBRD « HatAa TR TR EE - 2409 5T OREIRE) O B % e
THITEHRAL DD, HBEOUEDHEREICHEE LT, HRNORIFRELE - RIEADZ XL
OfRIAZ B E 2 7= FIROMSE., SRABEYORBHBOZE. & 5ITREOHEDEIT(
MESHEENTNS, INSOHRWTENBETHEBERE Lo TS,

SED Y RTY AT, BEHRDZIRE - 1 - BB L ORBE RO RO EEHR
ELTHA., BEBENMFEPIEa—% - I al—ra YICLB R TFHRMERE.
FNAB R B U 7 G IR RN TR TR % 7 — <, R DI IT-& S H i B TR O
Wolhh, HamDBET B,
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JINSER KXY EEF
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