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F1E®E FE

1. 1 RNAFTunvwRA0EENAH

DM AW L AR AT BN ICEREEXICIEHT IS4 1
TRF, BEFOLD S VITIEIMERARERSTWND, XA AT vt L, B
FOMB R ERET2EMBROKIEEH WD %, D% BRI O KR KIS %
W2, 20k, AETEREIK-Dx ALY —HE., KBEAW., £2%0 O &
REDENRICHEINT HZ ENTE D,

NAF TR T AV TFZOERBIHEWVICHT DEENILE > TWDH, BEE
EORMEESCREMMUEECIES AOHAVONR TS, - BEHDO B,
KRECHYMBERORAYWEAEREOSHICB O THIGH SN TV S, 4 Tk
B AR T L oAl ks 28 o A4 IR O BAERSBRSICETHYLN,
NAF T 2 IRMROEELZH S ATREELIEI REEEIIRS>TWVD,

NAFTav 20 FEERKDZDI1C1E,. BO RIS Z1T 5 @R 722 8 K fil
BeA w2 FIETHWD ZERRD N D, AEMERIZE D & Bl O pHTic
EOSWEEHEND, 1g DO LEO 21X 13,000 FEEO 10 B2 b K SR 25O
MENGFEEBET L2 THA I bl TW % (Gans et al.,2005), EERE 2R AR
fi X R M AEYM O R 7 ) —= 70 BT A REEIE S D, F
EHABBR R R D2ERKOERRSLELEF LTI bEAL TN S,

FRCHEROLBFAMNRSZNBEY O NSAL A7 2ix, BRESLEAGADEE
FEIZKRBITE D, BEFLOLE, ARRTHMEL L TEBRONT V2% W
STWVWELHMAYOMIEZZOEZIEHL TV DEHINE S PEKLER X & 2 5B,
ROHREER NS5, AHMEEEOSL G, Tha—L, JZUVBREDEH
BRI NV I VBREDT I VB AR =v Y R EOHE L LW o T MAY
DR#REIEH LR ICEZ OLEENEHR L Z LICIEHEALTWD, 2 ZHF
X, AR ECm T AN A AFIER B & LR OAEES, N A 4
BREF NA T~ ZAHKRDT T AF v 7 FEORBEEHNZL L A HiLDH (Elliott 2004,
Watanabe et al 2009),

BB 7 & O AR RSB PICIFEET D720, ROt
KONAFT o AL EEBKERE L CHEETARKISICHVWOEND Z NS

WO KEHBRT 2RISR TOREFEMLPITONTE L, BKROFEEE S TO
1



BER PO IE AR ARROSICET 2 F 0 E MO aR< LI1Z &AL LDy A
ELTARBEREZMND

— RO T, BERIIFEDICMEBR KD DEMET L, BEREEZRD Z
ERLS IS MBETE L5 2 LN R-> CE e, ERICEEMN HEPA 7 4 L F 0%
KRAF M ICBAIE LIcBE 8 7 o Vv 2 & B FE EAb 515 2 W 7R A8 B . 1%
KADOKIEHRNERILSNL>>oH 5 (Isomae, 2004, Takakura et al., 2004),
RETICHERIRE CHAMET DEREBEOHRR AL F 8 ) — )VEFEDERIC
RIGHBICKEBROVBS L EDOH D70 XA TIEEL OKEA NS Z LT EL
KRRV, ZORBRGAKMET OMMEDKZBERIITHEICED TSI EDHHLEN
5o Bl 20X, BEAHEBICWAKREZFF T AEEENZ VWBUKRER %
HAWic 322 L CRHEEEHFGICEE L KPEEVREMINLD (Figure 1-1), 5
PEDREBEDOHE KMAPICHFIET 2 EREN N RIC R D, BEENRIE L 2 VWREREIC
FCRAKSELRTCEMRENISZ BT T AL A7 1t 200 &P I RIE IS
INETULICIEND Z LIZRD,

1. 2 SENBREME~O L RAREEFH

BN, BN, FROALEEY R COFELEBICHEET L2 HE O B8R
JRR Tl Z 2 HEEHKEILY v 7 0 RERRE (SHS : Sick House Syndrome)\
vy 7 B —JEWERE (Sick Car Syndrome), ¥ > 7 X7 — VIEMERE (Sick School
Syndrome) & L THEERE E 72> T, SHS &9 SHEIL 1970 FRICT AV
AP LIEY vy 7 EOVIEGRBEN ALFEWEBBUE LM E > Tl L
EEDNLOHBAH LWREMNETH D, vy 7 W — BB v 7 A7 — VIE
EREE D L& bICRiEDOMBEICR D,

SHS OJR K%, EEOME, EiEHRAOMBE, KOKRKBELEOMBER ENH
LEEPNTWVD, FEOMBIT, GREALEBBVESHEM LSO 2 Ak
RERM R EICEENDILEMER S D, iz, EEKXOMBEICIX, HEFE R
H oW R &2 R BB O R ALBE S OB Al £ O A T L —Flle & ofl
FUWEEENIIHLADLZ LR D D,

SHS 5l EZ T WML /bW HEIZ., E& L THEEMEAKLEY

(VOC) b aind, BAEBHEIXZ., SHSICH T oMt 2zREL., (EEND
2



EREREEZ IS, WEOANRICH T 28 EE2EZE LT 13 FEHO R A #L
A RiERMEARILAEY (TVOC) SIcMT 2, RERHMEEZRLTND
(Table 1-1), ZAICHER T 2IE T, HEE LEDN O ENZEM O fFEHE. SCH
BHE TN TOERMEIAH S TWD, 7. 2003 FICEELAEEL N L
ESN22ERAERCHT 2 EEMRIRBImMOL TS,

VOC OHFTHRNLT T B R, BREZRE ORBERIEAMEZ2 & AR~ 5%
DS L, WELERANTOEREHROR S5 ENST SHS xR O i b B
mRtGgE I TE T,

RALT AT E RiZ, FESLEMOBEEA . B R KA LHETHNS
. EEEERNICRELIAEN TS, EEAORKIEW R D>V &t L, IR
ZEHEE S 1.075 EEWIZ ENLZERATHHE LL T MO EE 72
Do PN ENPOBHBEICHBLELRWVWEDIZ, BIfETH, FALAT LT b
RONJRR CHiATH O FRBEERZEZN T SICHEATE RV E WS ZMENE
ETW5,

RVLT T B R, BELEE, JISK JASICL28EH., BESE
M OBAERER ERERZMAL2 DO . FHEX v v F v —HMBEBICLL2WEIC
260, FOKHEMBESICID2NMICLD2b0ORH D, ZRNOEZEYMNE
WARLAT AT e ROERIT, WEBBRBOBENGMRENEE L, KRx 2RBH
BNITON TS, FFOFNLVAT VT & RO ELT, BRSO 2L ¥ —
ANBEL L OMEGLHESRAAVWEDAEYE 2R84 L REREH &
FTIEBRBEINTWD, —FH . AERMEIOSICERLHEDO T XX — 2 M3
T SRBEOBRE LR, ZTALOHBENSE XA F T rE R E iz
JEAEZE R O e REERERSORB RSN, AV LAT VT B FIRERE
AT DY ORI EE A BB Z AW EREREC~ A7 OFHICE T
LHFEMTONT NS,

1. 3 HEMEANA A~ 2R~ K ik g R
TRILF—HMEERD VDO RETIEZ, KB Rx v —%HWTHEY
AR TEDIHEMENRA T~ ZADOFTERIZARAIR ERS> TWD EWEANA T~

ZAE BRI K0 ZER T o DRGSR 2 B EAL T D 7o BiAL A E IR HER TR
3



RAEKI R DL END DA =R =a— TV RFEMELTHLERBEIR TV,

ARRLER EOEYHENRA T~ ADER D ITEALARE—ZATH D, Er— XX
HARTHROLENZVAED THY  ZOBREYEETHD I La—2n5T
ETCVD, ik, Bro—2anbrla—25255 70k 2 2id, ik & Ok
BAHWLNTELED, REGRESLHMICET 22X LX—0MENL, BER %
FANWBHBNRALF T av A~ODEBRITOATWVD

TN a—ZAOFMBIZEANASA T ARRAARTHY, FLL TS A X
=R EEIN L= RZAF—FARERBIITOATWD, £/, T M -
TH )= NREEICEDITRNF— T UTAMMAOREL H <L TY
5o KIETIE, RV ZFLURR) TR Ly ~OEWl, N, FELVT 477
2y 7 OEERERAMCICED T U T ARBRRRICELT TIThA TS

rwm—2HRDO 7NV a—XEEENMT 50203, 22722 A bk 5
LHiATEL O RBEMAKANEENT VD, WAL REICE T S T2 B, &
SALER /e EPORTAE TR, Erae—2nhb 7 v a— 22/ 55 TR, K7L
A=A Z )= VR EORNIZINLTT 5 TRICKINT S & FLEIZBNTA
A AT ot AREET 5, =X ) —VAEEEZFICL TERELEZH VD54,
MBI TREAERLPOMEM T IR R AL —a X PSRN KE N E X
NLTWwWb (Sagaetal,2009), Ko &ZWO LTAEEMREEZ®HDDL N a A
FHITE O 72 DI IIMmO CTEETHY . Lo — 202 B KR TEITTH L
T.BREDOHEKREZEL LN TELWRKRINAT T ZAORBIIRETRE
N 5D,

1. 4 KX Ok

ARHFZEIL. KARBIE & 2 WIXHAK RIS THER SN D NA AT a2z v,
BREHAL EEMENAL = 2R HICOWTOISHBEEEZR A, TOHF A2 R+
ZEERHEME LT,

R LIXTENORY I EBEIFEL L TASME T 2| R &R &2 M
L7z, 2EMND 4B TIE, FRICHRR LEWMAEM L LEG LR 2 v, BE
IbBEFE 2 > m R M RIETARAL LT VT B REREICHE T 5 KA & =N

FAbMBEENBERE 7 V2O EZ R LT, £ LT, 5, 6 ETIXMEYMENA
4



T~ AHEKOELE —ZANLHAKRARIETHHERRELS I Va—R &G54 47
nt2AOFHAMER LT, BRBICTELE L TEERKEZBEL -,



Liquid phase reaction (Conventional method)

Substrate

L]
A Product

A ©

Carrier matrices for
enzyme immobilisation

Aqueous-phase |

Catalytic reaction is carried out with
immobilized enzymes invested into an aqueous
solution (aqueous-phase).

* Low enzyme concentration

* Low substrate and production concentration

Gas-phase reaction and water-reducing reaction

Gas-phase

Catalytic reaction is carried out with

immobilized enzymes invested into an water-

reducing system or gas-phase.

* High enzyme concentration

* Low substrate and production concentration

« Evaporation of the aqueous solution is easy
(Purification of the product is low-cost)

* Easy use of the volatile substrate

Figure 1-1 Benefits of gas-phase reaction and water-reducing reaction



Table 1-1 Materials that had been formulated a guideline value
(http://www.nihs.go.jp/mhlw/chemical/situnai/hyou.html)

Materials guideline values for indoor air Indicators of toxicity Enactment
[ng/m’] -
Formaldehyde 100 (0.08ppm) Irritation to the nasopharyngeal nucosa in human inhalation exposure test 1997.6.13
Acetaldehyde 48 (0.03ppm) Effect on the nasal offactory epithelium in the respiratory tract after exposure test of rat 2002.1.22
Toluene 260 (0.07ppm) Effects on reproductive development and neurobehavioral function in human inhalation exposure test 2000.6.26
Xylene 870 (0.20ppm) Effects on the central nervous system development of children born in a pregnant rat inhalation exposure test ~ 2000.6.26
Ethylbenzene 3800 (0.88ppm) Effects on the kidney and liver in inhalation exposure tests in rats and mice 2000.12.15
Styrene 220 (0.05ppm) Effects on the liver and brain in inhalation exposure test in rats 2000.12.15
Paradichlorobenzene 240 (0.04ppm) Effects on the kidney and liver in oral exposure test of beagle dogs 2000.6.26
Tetradecane 330 (0.04ppm) Effects on the liver in rats oral exposure test of C8-C16 mixture 200175
Chlorpyrifos 1(0.07ppb) Morphological effects on the newborn brain and nerve development of the newborn by the mother rat oral 2000.12.15
0.1 (0.007ppb) for infant exposure test
Fenobucarb 33 (3.8ppb) Effect on cholinesterase activity by oral exposure test in rats 2002.1.22
Diazinon 0.29 (0.02ppb) Effects on red blood cells and plasma cholinesterase activity by rat inhalation exposure test 200175
Di-n-butyl phthalate 220 (0.02ppm) Effect on structural abnormalities of the genital tract of the newbormn due to oral exposure test of mother rats ~ 2000.12.15
Di-2-ethylhexyl phthalate 120 (7.6ppb) Histopathological effects on the testes by the oral exposure test in rats 2001.7.5

1 In the case of 25 C
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F2® RN ATIVTE ROMRI EOREE L HREFM
2. 1 I

RV LT IT e T R ICZMRAREMEE L TEZSoEETHVLEAT
WD, Bl AT, IRFEBNELA T I VMBIEREL LTER. M., =T 4 7L
R— FHOBEEROM, BEMRABOBEAI L L THAESEMRENH L, SHIC
X AEE R OIRE-CHAME DO, LI IR EICbMHEIh TS

RNVLT T e RiE, 2LICEERIBATHERELLT W DI, BHFITKER S
LTHROVHFEbND, MR KEEOKRETH, ¥ o7 Bz A&k &
LI HRBEEL DD, FL B LIEZALLAT AT B RITHSERAG R E
DR Z RS 2, AL T AT e Fid, Z ORIk 3 2 R MM, 2R
MLTHEREDMAEMZIRSELHEFEAIE LTHOWOEND — 7T BRETH Y
WE L LTHEE > T D,

RV LT VT B RORICHENICKFAZ 1 oG CLILAEWEME—DRAR &
LCHAT2MEME AF 1 b a7 (methylotrophic microorganism) & 5 9., #%
FOATFr b 7OHRTHRALLT VT RE0fT %, 8 (Sakaguchi et al.,
1975; Zhang et al., 1999), £+ (Nakagawa, 2011; Yurimoto et al., 2011) &K Y, X7
7 U 7 (Goldberg et al., 1976; Hirt et al., 1978; Marx et al., 2003; Mirdamadi et al.,
2003) ODWREBINH D, Flo. RV LT AT B R Z G TeHE KL BRI M5 e 4L B
W AEMEICH L-®ED RS2 (Kato et al., 1982; Zhang et al., 1999; Glancer
-Soljan, et al., 2001; Yamazaki et al., 2001), WAH = H 7= H LV AT VT & Ko fE
FHEFICAHN R TFELEENDID . AVAT LT RICEBEEERNFT LD ED
B AR PR AR 1% 0.025%-0.1% & 41T & 7=,

ZZTAMIETIE, BBEOKRNLVLAT VT RENMRTE 50 E % FHHICEH
BL, TNOLDORNLVLAT VT & ROMBEETEIC DWW TR,



2. 2 ZFEBRKGIE
2. 2. 1 @

RIVAT VT B RIZARTARNLVAT VT B REH W T L 7- (Kato et al. 1982),
bbb, XTHENLLATIVTEER (059) Z25mLDO A A AZ#HKEHITHEMRAL 2
TYTIE T EA L 110C TL2-24 hINBA L CTHWME L 72, R —F F v ¥ — B X,
VI=T NV Ry F YN L VEA L, XTANLLAT VT E R, =aF v
7IRYXZLAF K (NAD), F L& F 4 (GSH), K7 =F Vv 2 h# v
7 x— bk (PMS) ITFME TR EZHA WA, 26-V 7072/ — AR
Z7x /=N MU TULHE (DCIP) X, 7747 A7 40 ERH WL, 20T
ORIEIT, TIRSTAIRBZRIRY REMEOWE H iz,

2. 2. 2 HEOHBERE &S

BT IAT B RMPED B, 0.1%D KRV AT VT & KE2 gt AR HIC X
HERFPRERICE DB L 7-, EAREMIT, 1.097 v 22— 2 0.2gNaNO3, 0.1 g
K2HPO4. 0.05 gMgS04-7H20, 0.05 gKCI, 0.001 gFeSO4-7H20% X 110.01 gf# i —
X RAZ100MLD A F o RHKICERE L, pHE.OIZ L THE L2, ik, AL LA7T
NT e RIEBICL2BREEEZRT DD, MEAKRE Lo EAREMAE WAL
eI ALT,

TEBIOHEKOY T E DS BICH W, L8 T, 4019
ZLOMLOPWEE KIZEA L, 1mLO LAY EE KD LTS T %
HKxr Ty —LOBEERERE] (BXR15% %) RIZEALLZ, BREDOY 7
NEary T —UBTHRYIET %, 30 CTLAMEE L, BE%, BFRELE
Hrloan=—N0blAEMNT OBKREAREMICHERFE L., BERBICEELL,
aR=— OB EERAKBRVIRLEEG, DS R ERIL L 18S
rDNAIZ L v [ E L7z,

FELEZMRDOFR VLT VT e Rt D €% 4% %0.1-05%D K /LVAT LT B R
EEDREDOERFHICERAL, FAVLT VT v RRIEHEIZOWTIHAT, &
TOHEZ02%D RN LT IVT b &G e [E AR AL THiEE & U 72 % IR
L, BB L2 E 2B R18 mmORBRE f o AL #15 mL (0.1-0.5%78
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NAET AT E R) ICKEALTAERFRAL THEE L, BEIZ30C, 180 rpmd &4
TAiTo7=, 2B, "V LT IVT b FEE IINashiE (Nash 1953) 12 X W HlE L 7=,

WRIRDOREREMPICBIT D2 D EOREKEEMREGED -2, T ERERICB T
2200mML=A 7 72 afomBEAEELHE LT, BEREREM CRIEEZE L
T E&E200mML=fA 7 7 A OEAREEMIO0 mLICE 2~ 1HASRFHE AL THEE
L, ZfA7 7 Aadhoh e, 30C, 180 rpmDO S TIRE S BE L, K4
DY TV TRIZEBWT =M 77 XA a0 E %14,000x gT15minfi# = 0 4
BELFEIN LTo, A A o RHKPeE &l oy B2 3FI1T - 72 1%, 105°C TlEH & £ Tz
Bl B OHEEZGZBEERERE L,

2. 2. 3 IR H

RAVLT VT e RS 2200 ML=/ 7 7 X 2|2 A7z EARE; #1100 mLT
B Uiz, B LM A230C, 180rpme LT, "IN K T L E ZATHIKE
BEEBEIR L, BN LZEHEE2-30CTHE L, oy X —I L (KR7 v
R T — A I )T L7, L E R 2B EEAREEDLIVEOEED
0.2MYU Y T AEER(PHT.0)ICRE Lo, RIERT OEKOI R % 4C
D EM FIZHB W T14,000% g TL5 minfi i DB A2 T W IRE S E 70, B 6@ D
R A E A R & L TR L e, e L BRI O Z X7 B R E
By 7 VT 2 A EEICH W LowryiE (Lowry et al. 1951) I kW E&E L T2,
T B fl (R XL N o BE R RIS H W,

2. 2. 4 BHEHAR

B O R FEIR S AV AT VT v R B IRIOL7 A 86 e fh H ik o B F# 15
PICRIETHBELEFT T, BEEEOWEIZIIUL TOFEELTH W,

NADY > 7 BV AT V7 b Rk FEBEEFRTIEM (NAD-linked FADH) X T"\NAD
U v o TSR Bk FEEEIEME (NAD-linked FDH) 1. 30°CiC2 8 TNADH (£ /v
W FR 2L 6= 6220 Mlem™t) BNAER T D2 HE A 2 340nmTHIE L 7=, JEICH WK
JEHRIE . 250 umol Y » Bg 1 v > LR TE R (pH8.0), 5 umoINAD, 5 mmol &L
LATNTE R (b L<IE100 mmold§fig), K& UN20 pL o> 5 o ff 1K 2 & &3 mLD

W e e,
11



GSH& 77! (GSH-dependent) @ NAD-linked FADHE % %l € 9 % B 121X, 10 mM
DGSHZ LRl ISIRICIIM L7z, 1==v MU)OEEFZIEMIZ, 1 minlZ1 pmol @
NADH % 7 il 3 2 il TGP & B 3% L 7=,

BFRIEKGFLOR NV LT VT v RKFZERESE (Dye-linked FADH) {H#:1X. 30C
T DCIP (BN Hf%2 % & =22,000 M tem™) D %600 nmTHIEL TRz, H
EANZH W ISR IE, 250 umol Y > B 1 v > v A FRE K (pH8.0), 0.149 pmol
DCIP, 1 umolPMS, 5 mmol F/LV AT /LT b R, K20 pLoo B fh 1R &2 & T
IMLOER ZH Wiz, 1= = MU)DOEERIEMEIX, 1 miniZ1 pmol @ DCIP S &4
T HRUETEME & EER LT,

RVLT VT b NEBLEESR (FAOX) K NI (LEEE (FOX) O AR 72 H
ElE, 77—/ &My P I ABELER)ZEH T, 30CTHMAREZNE L T
Tolc, WMEIZHWERIGKIZ, VB LY Y A S5mmol RALT VTR
t L < 1X100 mmol B . K OV Y & o> M6 i Bl fih R A2 & T2 1.5 mLD IE K 2 H W
7o 1 =v b (U) OBFRIFEMIZ. 1 minlZ1 umol O ERFE (02) MNED T 5 fil it
EHEEER L,

72 % . GSH-dependent, NAD-linked FADH{E M O pHIKFEMEZ T R D 72D iz, LA
T O %R 2 83 mM (250 pmol in 3 mL) U B b Vv U AEETE R (pHS8.0) Db
DICH W=, Mcllvaine #&#% (pH 4.0-6.0). 100 mM VU » g kU 7 A 5% ik
(pH 6.0-8.0), 100 mM Tris—HCI#% &% (pH 8.0-9.0) and 100 mM 7 7 f%-NaOH #%
i (pH 9.0-10.0),

2. 2. 5 WKRIEMBEIZEDZFELVAT VT B R HE

0.1% KNV AT VT & Ra &R IRIEARREH T EZ OB B O H K % 8T I8 i
L CEN L7, B L7218 EMR0.59% & 4 0.05%75K /v A7 L7 & KA A - 72100
mL O #% f& #Z [Mcllvaine buffer (pH3.0-5.0), 100 mM sodium phosphate buffer (pH
6.0-8.0) and 100 mM boric-NaOH buffer (pH9.0-10.0) it A L. —EiEE Tz W
T180rpmTHE & 9 L7z, PFrERFMHIZ OREIK P O KRN LT VT B NEE % Nash
ETHELTC, RIEEERICEDARAVLT VT B ROoMIEEEZRH T, 2, X
(21X, 121°C T15 minfn &AL B L 72 B {K0.5 g& W 72,

12



2. 3 ZFEBRHERKOBE
2. 3. 1 HEOHBERE & EEE

FEMBEANTHERLZ1700 B8 LKk S 7 icx L, BEIO# D K LXK
WEER 21TV, RO ANV LT VT v NilitE 7 © % 558 L 72 (IRI00LFK., IR1004
k. IRIO0O7F#K. IRIO08FK, IRI0O09#K. IRI013%k. IRI0164#%. IRIOL7#E. M OVIR1020
K)o R EI2H T 2B ECH FBMBEBIZ O L. IRIO0LEK, IR1004
. IRI007#E. IRI0013#k, K UNIRI020#% 1L Aspergillus sp.. IR1008%k & OVIR1009
¥ 1Z Botrytis sp.. & L TIRIO16%k & OVIRI0O174E (% Paecilomyces sp. & [ & L 7=,

ETOHENR, Zhva—RArxGle iR F CT0.3-05%DKNLVAT VT E K%
IFIF I L CHEAE L7z (Table 2-1), 1 T%H. IRIOL7TFEI1X0.5% D H LV AT
LT RREGEENDEEHP CHIET 22 LN TE 2, MEDS (1982) O#ME T,
SEELTBERNRERE LTI a— 2 &G ekt T0.15-0.55% D A&~ /L A T
NT e REFIERERICOMLUCTHEB L, ZOREOBETR ANV SEHLEZDE
FIEERBEORALVLAT VT B NIBE CTOMAEE )% A Lo, IRIOL7THE % 18S
rDNAIZ X % fi# 4T 217>, Paecilomyces variotii. & [fl & L 7= (Figure 2-1),

Figure 2-21ZP. variotii IRIOI7T#R D G HE Z /R L 7o, IRIOL7TERIZEFHIF O AL LT
NTE RBEPMELEWRW T LEZZ E0D HaxRALAT VT e NRE
DIEARLEMEME T COMMBEE AR Z T <7, Figure2-3lIZ/r L7 B0 | Kl
TORNVLT VT & RREOEIIENTE TR < o 7o, b BT 5 o oo
RIVAT VT B RBEN0IWL FIZR>EHN G L7z, Figure 2-312/77 &
BV, 100hzB27-E 2 ATEETRTORBRRKIZBEVWTHRLVAT LT E R
TR LT, 2B, IRIOITHRRIZEH P IR L LT VT ROBLEZRFRE L
TR TIIHME L hoTe (FT—F2RET), ZTORRIT. ML (1982)D H v
LT T e Rt EEEREOHE LRI, IRIOITHRIZFA VAT VT & RO ®EHL %
LTWAHIZERREBINT,

13



Table 2-1. Effect of formaldehyde concentration on growth of fungus

Strains Species Formaldehyde®? (%)
IR1001 Aspergills 0.35
IR1004 Aspergills 0.30
IR1007 Aspergills 0.45
IR1008 Botrytis 0.35
IRI1009 Botrytis 0.40
IR1013 Aspergills 0.45
IR1016 Paecilomyces 0.40
IR1017 Paecilomyces 0.50
IR1020 Aspergills 0.45

1 Cultures were incubated at 30°C in basal medium.
2 Maximum concentration of formaldehyde in which fungi can grow.
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AAAGATTAAG CCATGCATGT CTAAGTATAA GCAATCTATA CGGTGAAACT GCGAATGGCT
CATTAAATCA GTTATCGTTT ATTTGATAGT ACCTTGCTAC ATGGATACCT GTGGTAATTC
TAGAGCTAAT ACATGCTGAA AACCCCGACT TCGGAAGGGG TGTATTTATT AGATAAAAAA
CCAATGCCCT TCGGGGCTCC TTGGTGATTC ATAATAACTT CACGAATCGC ATGGCCTTGC
GCCGGCGATG GTTCATTCAA ATTTCTGCCC TATCAACTTT CGATGGTAGG ATAGTGGCCT
ACCATGGTGG CAACGGGTAA CGGGGAATTA GGGTTCGATT CCGGAGAGGG AGCCTGAGAA
ACGGCTACCA CATCCAAGGA AGGCAGCAGG CGCGCAAATT ACCCAATCCC GACACGGGGA
GGTAGTGACA ATAAATACTG ATACAGGGCT CTTTTGGGTC TTGTAATCGG AATGAGTACA
ATCTAAATCC CTTAACGAGG AACAATTGGA GGGCAAGTCT GGTGCCAGCA GCCGCGGTAA
TTCCAGCTCC AATAGCGTAT ATTAAAGTTG TTGCAGTTAA AAAGCTCGTA GTTGAACCTT
GGGTCTGGCT GGCCGGTCCG CCTCACCGCG AGTACTGGTC CGGCTGGACC TTTCCTTCTG
GGGAACCCCA TGGCCTTCAC TGGCCGTGGC GGGGAACCAG GACTTTTACT GTGAAAAAAT
TAGAGTGTTC AAAGCAGGCC TTTGCTCGAA TACATTAGCA TGGAATAATA GAATAGGACG
TGTGGTTCTA TTTTGTTGGT TTCTAGGACC GCCGTAATGA TTAATAGGGA TAGTCGGGGG
CGTCAGTATT CAGCTGTCAG AGGTGAAATT CTTGGATTTG CTGAAGACTA ACTACTGCGA
AAGCATTCGC CAAGGATGTT TTCATTAATC AGGGAACGAA AGTTAGGGGA TCGAAGACGA
TCAGATACCG TCGTAGTCTT AACCATAAAC TATGCCGACT AGGGATCGGA CGGTGTTTCT
ATTATGACCC GTTCGGCACC TTACGAGAAA TCAAAGTTTT TGGGTTCTGG GGGGAGTATG
GTCGCAAGGC TGAAACTTAA AGAAATTGAC GGAAGGGCAC CACAAGGCGT GGAGCCTGCG
GCTTAATTTG ACTCAACACG GGGAAACTCA CCAGGTCCAG ACAAAATAAG GATTGACAGA
TTGAGAGCTC TTTCTTGATC TTTTGGATGG TGGTGCATGG CCGTTCTTAG TTGGTGGAGT
GATTTGTCTG CTTAATTGCG ATAACGAACG AGACCTCGGC CCTTAAATAG CCCGGTCCGC
GTTTGCGGGC CGCTGGCTTC TTAGGGGGAC TATCGGCTCA AGCCGATGGA AGTGCGCGGC
AATAACAGGT CTGTGATGCC CTTAGATGTT CTGGGCCGCA CGCGCGCTAC ACTGACAGGG
CCAGCGAGTA CATCACCTTG ACCGAGAGGT CTGGGTAATC TTGTTAAACC CTGTCGTGCT
GGGGATAGAG CATTGCAATT ATTGCTCTTC AACGAGGAAT GCCTAGTAGG CACGAGTCAT
CAGCTCGTGC CGATTACGTC CCTGCCCTTT GTACACACCG CCCGTCGCTA CTACCGATTG
AATGGCTCAG TGAGGCCTTC GGACTGGCTC AGGGGGGTTG GCAACGACCG CCCAGAGCCG
GAAAGTTGGT CAAACTTGGT CATTTAGAGG AAGTAAAAGT CGTAACAAGG TT

Figure 2-1 18S rDNA sequences of strain IRI017
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Figure 2-2 Culture plate of Paecilomyces variotii strain IRI017 grown on basal medium
containing 0.2% formaldehyde and 1.0% glucose at 30°C for 4d (a) and
microphotograph of P. variotii strain IRI017 grown on basal medium containing 0.2%
formaldehyde and 1.0% glucose at 30°C for 5 d (b).
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Figure 2-3 Time course of dry cell weight per unit volume (DCW) (a)
and formaldehyde concentration (b) in culture of IRIO17.
Strain IR1017 was cultured on medium containing various
concentrations of formaldehyde, after being cultured on
basal medium containing 15% agar and 0.2%
formaldehyde. The initial concentration of formaldehyde
[%] was; 0 () ,0.1 (H) ,03 (A) ,0.35 (A) ,0.40
(@) ,045 (O) ,050 (&) .
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2. 3. 2 TIRIO1T7 BRH ke o> Ml e 1l HH 9 o0 1% 38 T

B e oD B 3 TR 2N A A i R O BE SR TE MR T T e B A T N, Table 2-2
R E B Y AT o LR R IC 3BV T GSH- dependent NAD-linked FADHE
PEDE 1T OBEFRIEME L Y KRE 2272, IRI0ITEE 3 1.0% 27 /L 22— A L 0.1% 7R /L A
TAT e REREMRERE L TELS G &b W FADHIEEN G 5 7z, IRI017
RO B fh R I B W T O BiK R EERIEME S RILEEREE RN D E W m <2
W2 DB EMPORLAT LT E ROIEE A EHGSH- dependent NAD-linked
FADHIZ Lo Tk TWbd &# 2 bi7-, GSH-dependent NAD-linked FADH
& VEIZpHT.0-9.0 D #iJH T & Wik 2 2=k L 7= (Figure 2-4),

2. 3. 3 IRIOL7TBRIKIEEIKIC K DRV AT VT & RO
WIEFEEDO RNV LT VT & RRIEEEZH D720, 0.05% DRV LT VT
b FZ & EERFT (pH3-10) IZIRIOLTHE O E KR Z A Lz, W A% LT hik
(2. pH3-6 D HiPH 12 3 THIL0-55% D RV A7 05 & R3JEA L7 (Figure 2-5),
PpH7LL EDOBRIX TIiE, AV LT AT b FEAENMET L, ok, tRIZHW
7o AL B R X pHTIZ B W THRIO0S% DR L AT VT b KaEid Uiz, 2VILE HE R
FEERERDRELTWVWDLZ b, WEICELDIBDEZ X BT,

pHED U » g b U 7 AR P I\ T, IRI0L7EE O 4K 1k B 14K 13 25°C D I 1T
BbEWARLLAT VT B A HE %R L7z (Figure 2-6), 20°C 2 T830°C Tik, 1K
WEEERIZE DR VLT VT B R RN 25CORFDE50% LL FIZE T L7,
EBROBARBHEKEBEST 2L, KRILEKIZ01%UL LOREO KL LT LT
bt RE2EGOREERY CHEHIND, 25°C, pH6D S F TIZIRIOL7EE O 4K 1k H 1K
2k o T, WIMIEE0L10-0.42% D AL AT LT B R4 L7 (Figure 2-7), B
£ Z100 hWZ IRI0O17EE DR IE EK130.21% D ARV AT VT & R ZIFZIE R
L7= (A. Figure2-7), £72. B L Z150 h#IC120.26%LL FORAL LT AT E R
ZIFIE eI L= (O. Figure 2-7),
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Table 2-2. Effect of carbon source on enzyme production in cell-free extracts of IR1017.

Specific activity [pmol / [min* mg-protain]]

carbon source GSH dependent ' GSH independent '  Dye-linked FADH ' FAOX' NAD-linked FDH ?  FOX?
NAD-linked FADH NAD-linked FADH
0.1% Formaldehyde + 1.0% Glc. 1.68 0.06 0.00 0.01 0.11 0.01
1.0% Methanol + 1.0% Glc. 0.90 0.05 0.00 0.00 0.05 0.00
1.0% Methanol 0.28 0.03 0.00 0.04 0.27 0.03
1.0% Glc. 0.06 0.01 0.00 0.00 0.02 0.00

! The enzyme activity was measured at 5 mM substrate at 30°C, pH8.0.
2 The enzyme activity was measured at 100 mM substrate at 30°C, pH8.0.
3 The enzyme activity was measured at 100 mM substrate at 30°C, pH4.5.
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Figure 2-4 Effect of pH on activity of GSH dependent NAD-linked
FADH. Enzyme activities were measured in various buffer
solutions as follows: Mcllvaine buffer (pH 4.0—6.0) (),
100 mM sodium phosphate buffer pH 6.0 —8.0 (A),
100mM Tris-HCI buffer (pH 8.0—9.0) (@) and 100 mM
boric acid-NaOH buffer (pH 9.0—10.0) (H).
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Figure 2-5 Effect of pH on formaldehyde degradation by resting cells of strain
IRI017. A formaldehyde degradation test was carried out for 17 h at
30°C. Strain IRI017 cells were added to the buffers with various
pHs: Mcllvaine buffer (pH 3.0 —5.0) (), 100 mM sodium
phosphate buffer (pH 6.0—8.0) (A), and 100 mM boric acid-NaOH
buffer (pH 9.0—10.0) (). The formaldehyde degradation ratio was
defined as the ratio of final formaldehyde concentration to initial
formaldehyde concentration (0.05%) at Oh.
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Figure 2-6 Effect of temperature on formaldehyde degradation by resting
cells of strain IR1017. The formaldehyde degradation test was
carried out for 36 h. Strain IRI0O17 cells were added to 100
mM sodium phosphate buffer (pH6.0) containing at initial
0.05% formaldehyde and incubated at various temperatures.
Heat-treated cells (121°C, 15 minutes) were used as the
control at 50°C. The activity of formaldehyde degradation at
25°C was defined as 100%
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Figure 2-7 Time course of formaldehyde at various initial concentrations
of formaldehyde. The formaldehyde degradation test was
carried out at 25°C. Strain IR1017 cells were added to 100 mM
sodium phosphate buffer (pH6.0) containing 0.10 (O), 0.21
(A), 0.26 (<), 0.32 (W), 042 (#), and 0.51% (A)
formaldehyde. The control (@) was sodium phosphate buffer
containing 0.53% formaldehyde (no cells).
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2. 4 f&

RVLT VT v REHPERAEY O 5 BEZ 17V IR1001-020 £ T O 9 #k o #H Hl 72
AEERG L, 20b IO D X, BthicadEhn s 0.3-0.5% & W 9 FEH
CEREDOFRNAV LT VT & K&/ LTI L7, IRIOL7T BRIZ 9O TR b
BRED05%KR VAT VT e REIFIZEEITHM LT, 18S IDNA FENT 2 1T,
IR1017 £k % P. variotii & [F @& L 7=,

IR1017 Bk o> 4 40 i 4h H i 1 . % W NAD-linked GSH-dependent FADH 7% 4 %

R LTz, BAKFERERIT, BHPORBFROEEL KX 2T enD, FE
B3 L % 2 57z, NAD-linked GSH-dependent FADH % ¥£ 1% pH7-9 T & W i
%z~ L 72 (Figure 2-4),

IRIOL7TRR DARIEFE AR IZ, pHED U U E2 S b U 7 AR IZ & F 4L 2 F)H1 R
0.26% DARNLTIIVT & RE25COEKM T TREIZ M LT (Figure 2-5), K1k
B A O I MR 1 4 0 i il % O NAD-linked GSH-dependent FADHIE 4 & % 72 % pH
TEWE%Z 7k L7, NAD-linked GSH-dependent FADHIZE KN E TH VD . K1k
AN OpHZ FHEA T IR T 50 ERNH 5 b 0 & BE I N,

IRT1017 K o> il e filt R I 1T MR i K FEERTE DN H o7, RV LT LT B R
T.INOOMEICLVIEREZR T BIRFBICETBRILIND Z ERHESN
%, 18T MMODE LV AT VT B K00 mL EEK T O 0.26% HmL AT ILT ER)
X, 0.5 gDRIEEER TIEIEFZER/ICHOMEIND, T Hid, IRIOL7TER DK I E IR X E
BEOYSULOBERELWVWIHEFEICELS DRV LT AT RESRETHZ 1T
725,

EEOMM LTSNS ENDI R AL LT AT RIEEIZ1000mg/LE B2 5,
TR RE (WHO) X, KD KA AT AT b FEEDOFF A 4%0.9 mg/LUL T
EWDT-, KR TIL, DBEBEORAL LT AT R FRIETH 50.1 mg/L
UTICETHEA L, 2OZ &%, KFFEROAEZIREY X T L8 FEERDOPKLBIC
WLTCREEFCHMTELILERLTWVD,

Bz 72 % LB AR Y ~— (Siddigue et al., 2009) °. &K ¥ 4 7 (Zhang et al.,
1999) OB EAL T EEZ A WKL R ITONL TS, Zb FiEZH W
IRIOI7TERIKIE E R IC X DR v A7 5 & REEKMEIL, FEFICADITH D & B 2
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bivsd, Figure2-7i2_r L7 B0, MEZOSgOIKIEEEERELZERILLAT LT ER
NN 2 72100mL D #EE R IZ & A S 7z % & . 0.03 g-formaldehyde/L/h (0.03 g-for
maldehyde/5 g-cell/h) (A and <>. Figure 2-7) O fEERENE LN D, T2,
IRIOI7ER O HFE IR 2 W23 6. #1323 £90.3%I1T 35\ T0.08 g-formalde
hyde/L-broth/h (A . Figure 2-3) O AR/ LT VT & RAMEEE N, 5#16-40 hic B
WTCERSND, oB, ELOHEICIT Py BEE#EKER (1.5 g-dry cell/L-broth)
Z Tz,

bk MNICHETEIRIOITHRIRIEFE A1 Kg 2 &% E L7210 Lo 58 12
0.26% (2.6 g/lL) ODFENLV LT LT T RERALELGAZEEST S L, BL %2
L/'h OPRPNEENMTE 2FICRD, fFFRFTA I, RAVLT LT v FOKY ;R
B AT > T, FEIELTZW,
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Yaviaw

FBI3E ANV ALTINTE RN Y Paecilomyces variotii H¥ D 7
b a— VRV SR O FE BL & P RE AT AT
3.1 [FL®iz

T a— VEg{bEESR (AOX)E., A Fa b 7MAEMN A X ) — L E2&lT 5D
BRICHWD WD DOBERTHD AFY ) — L aM—0RFR E LEBICHEEIND,
Z OB 1L, Polyporus, Radulum, Poria, Candida, Hansenula X% O° Pichia & \»
STV 7= TEESCAT e ba TERHIC(FEET S (Kerwin and Ruelius
1969; Fujii and Tonomura 1972; Tani et al. 1972a; Janssen et al. 1975; Kato et al.
1976; Bringer et al.1979; Couderc and Baratti 1980; Patel et al. 1981) , Z L 5 AOX
IZDOWTIE, BEMNICEL, BEMIZIALS O N7 ST X 7= (Fujii and
Tonomura 1972; Tani et al. 1972b; Kato et al.1976; van Dijken et al. 1976; Couderc
and Baratti 1980;Patel et al. 1981; Ledeboer et al. 1985; Koutz et al. 1989;Sakai and
Tani 1992; and for a review, see Ozimek et al. 2005), % < ® AOX |X. 74-83 kDa &
WO IRIEFRIEEOY 7 2=y PO IND 8EAEZHK L TNDL, KA1 DT
2=y MIMKER &L THEFRDO FADEZH L TWNDH, AOX T A X / — L LA
FRICIK A+ 1k 7 va—na@ibd %5, AOX ®% < (X pH8-9 D HilH T/ W\ iF
PEA A L. pH6-10 & W\ 5 JRWEiH Tl 2 E M 2~ 7,

AOX ¥ Cladosporium fulvum ., Helminthosporium victoriae . Penicillium
chrysogenum &\ o 72 T EEHEFICH RO S 4L (Segers et al. 2001, Soldevila
and Ghabrial 2001, Holzmann et al.2002), A v b v 7RO AOX & &HWiELH
RFEFEME RS, —F T, AOX OREE XA ICIE —Z Lw, il 21X, C. fulvum
DM BRI IT AOX TEMEZ AL, TORBITATF e b 7B E REHEB L TWY
% (Segers et al. 2001) ., L 2> L7223 &, Thermoascus aurantiacus (Ko et al. 2005)
ZRWT, FEEBEBEROER AOX IZHE T2 WM& ITES | £ R REEE O G
TATF e b 7EZEHERDO D EITES BRIRD,

AOX D HE Fy Btk JRFaPH O B pH FORMEITEZENHAIZE W TETHLAE
BRFMERD P ZIEAOX Z WAL — 3B O RE,
BRI E N VERZK /2 TS & Tw b (Belghith et al. 1987; Barzana et al.
1989; Chen and Matsumoto 1995; Liden et al. 1998; for a review, see Azevedo et al.

2005), S BT, RNV LAT AT RERLE LT 5 AOX ITHEKWEL 72 U ~D IS H b
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HAEESNTWD (Sahm 1975), AL AT LT b RiE, TLHSLEREREKICEEND
il NEMOCFERZREICHWORL Y Yy 2 D ZAEFEFHORKME & L TaEE S
T3,

BRTAAX—RFERMBEEZA VD Z &R AAF T a2 E2HM L TR
BHRORLVLAT VT E FERSEMTILE TLEER S D, AL, MR L5
RPN BHPICEEND 045N REDRNVAT VT E RERMRT 50 E
Aspergillus nomius IRI013 ¥k % 7y B L . $REEER(LBESE 2 Huf3 L 7= (Kondo et al.
2002).

ARAFZETIE, A LERLVAT LT E ROV EDOF T 0.5%E VI K EE
JEDORNALTIVT v K& 45T % Paecilomyces variotii IRI017 #8285 F 4 %5 AOX
EHEEERLZOEEEH -,

3. 2 ZFEBREIE

3. 2. 1 &M

AH )= X )=V RORTENVAT AT & RIS T 34542 v
oo MIVALT VT B RIBIRIZANTENLVLAT VT e RERMBELCHEBELE, BED
EOHEDNRN—FF v F—F¥ (grade ) FHEEHEREZH N, I X T7—E K
M yE7 V7 I e e TE R EH W, Q771 —RFF, SP &
77— AFFERRNT7 2= BT 70 —RAHP X7 7 v~V T XA FT v 7 H
EHVZ, T OMBEIETETHBRGOREMED SO Z AV,

3. 2. 2 MMAWKROEELMNE

IR1017 KRIZFAM S5 K 2 L REBLEE (Udagawa 1978) 5 L O 18SrDNA (2 & % fi#
FiZEVRIE Lz, BaFMTIET 2 2 AV T 7 R4ICEFL L, IRIOLT KR
0.1%DAKNVLET VT E REELY 77Xy 7 Ry 7 RAEREMO X T > FTRAF
L7ice REFEHOAT 6 1EERFELZ 100MLAED =A7 7 A afo 7 )La
— AEEHL 30mML ICHE R L7z, Z v a— AT, 1% 27 v 32— A 0.2% NaNOs,
0.1%K,HPO4, 0.05% MgSO4-7H20, 0.05%E k7 VU 7 2, 0.001% FeSO4-7H,0,
M TN 0.01%E% R — % R 2 I fiE 412 pH %2 6.0 (T LIERL L 7=,

T3 — A TE RS, B 30mL T 500mLAD = AT T AafDRAH
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J o= JVEEHL 270 mLICHEEE Lo, A%/ — EMHIIE 7 L3 — AN 1% A % ) — )b
CEEHBD LS MO SREITESFE—& Lz,

30°C, 180rpm O TR & HHFE Lz, 7 B OREESL .. B IR 2 JE IR F
WL, MBRict4 2 £ T-60CTmEMkF LI, A%/ — /L& Candida
boidinii (NBRC10240) & [AIEEIC A &Z / — /L E:#I T 3 HES3 L 7=,

3. 2. 3 EIRIEHEHE

AOX JEMED AR 2R EIL, 77— 7 BMBEFREM(E > 7 VR FE8)%2 H
W, 30C OIS 1.5mL o fe R 2 5l L T1T - 72, ORI, 0.625 mL
DO0LMUEEAY U AEER (PH8.0), 30 uL D 1L.OM A X ) — v A F UK
Bk OIS EOBEZZBIML TLE5mLICH#HELEZ, 2B AOXIEE 1 U X, 1
umol DEFEZ 1min H7-VITHEHE LI-BOBMEE L ER LT,

% 32 PO BE 9 e Ak Kk 38 4 Rk & 251 AOX 7E M (Kondo et al. 2002) % | & 9
Db BERE IR CH W BERIE N E A O KSR 1.5 mL H1121%.0.625
mL®of0.2M VU D YU ¥ LAEHIK (pH8.0).30 uL ® 1.0M % % 7 — /L 0.2 mL
D 375mM4A-T )T FET Y, 02mL D 15mM 7 =/ —/L 15U O F#HED
SVHKDON—=FF v X =B ROBRBEREBESG ST, LT 30°CTITV,
505 nm O WL YEE O MIZ L W IEEZRE LT,

NAD VU v 7 M Ok #E (FDH) G S LAt O @i & A ik D ik TIiT -
7= (Kondo et al. 2002), Z V& F 4 U KGFH O KNV LT VT v KK EBESE
(FADH) {EMIX10mMM O 7 Vv 2 F 4 E5mM ORIV AT VT B REBEEORD
DICTHWTHIE L 7=,

3. 2. 4 AOX OfEH

FRIZIB R WERY . 2 TOEEIXZACTITo72, 306 L OEHINABH 113 g D
1T BB O WS AR BN S 7z, SRS B IR 2 fekh Tl b & LI HL B TR L
WL, % OEKAZ 113 mL ® 10mM U VBB L3 v AKEE K (pH8.0 #E
i A) 12 L CHH L7=, fili i 2 10,000 Xg T 15 min & 047 BE L. B K O ik
W a kB, BrE Lz, B Lm0 R A MBERIKRE Lo, HBERK A mE T

YEZULTHE LT, BT F =7 L 60-90%0 43 (35 1 D a4y Bt o T B
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Ze Bl L7,

BN U 72 b, R A ISR LR > 7O TREKR A Z W TE 217
ST BWE Q77 u—ZXFFH T4 (I5mmxHE25mm)E SPE 7 70—
A FF 717 A (75 mmxN£E 256 mm) Tl S iz 7 e~ v AT AIZERA L,
A7 LW AE D AOX IEMEM /2B L, Wil 7 =7 A TR L7, Rk
DEEFRE 7 2=t 7780 —AHP AT 2 (160 mmxNZ 15mm)D 7 o~ | &
AT BDIZEANL, 30-0%DHET =0 A% G LEER A CHEMLER L7,
B 7 kG O 2 RAMERE L. /5562 AOX 6.5 mL z-60C T
fEtRAE LT,

3. 2. 5 EXRUkE

REMWSZ NI BEORY T 7 I AVT I RT)VEXIKE) (native-PAGE)Z 7% D
RYVT 7 INTIRTFVEBEBMEO NY ZA-7 Y 2 8K (pH8.3) Z AW\ THAT
ST, BRIKER, o X8R~ —7 VYT k7 V—R-250 (CBB) TH
L/, FAPTHIRICARSTZZ VX7 EDO AOX {EMERIE XA L TIT- 72,
Yefi 2, 0.4M U U ERFETE IR (pH8.0). 1mg/mL ® 0-¥ 7 =3 ¥ 5mM X ¥4
=L RO UMLDOFEED EVOHKRONRR—FF X —B a2 &SR E v
7=

SDS-AR U7 7 VN7 I KT IVEXIKE) (SDS-PAGE) % 10%D KRV 7 27 U LT
2 RZ & W Laemmli (1970) & D FiEIC KV iT7- 7=,

3. 2. 6 ZFER

MEOMX Sy +EEZE 7782 —2 6 HR10/130 T &L (Z 7 Vv~ T NA 4T
v 74 AW VEBRICI YD EE L, BEIMEICIE 0.15 M oS Y
VAhzEte50mM Y RS R Y U AEREHK (pHT7.0) & W E#E & 0.4 mL/min &
L7, o F&E&~—H—I2i%. C.boidinii H3k» AOX (600 kDa), HBHKD 7 = U
F 2 (450 kDa), VX HKDOT NV KT —F (158 kDa)k N4 1MiE 7T V7 2 > (67
kDa) &= H 7o,

3. 2. 7 NIRRT I BN
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SDS-PAGE # D AOX 2R Y 7 vkt = U F U OEICEE Lz, € ORI
SN O Ponceau S ICK OV PFED XU NRTBHEONY FEGIMTE 5,
GIr SNt 0o Z R BED N R 7 X/ MRZ A A 1 DU EITKE LT
Briie,

3. 2. 8 MMM

MR DN AR AT MV Z 53R (V-550 ¥ v X 4R 8d)I2 L v
E LT, b2, TOREFEZ 3min Az I2EOOBEL 72 EEKZ R/ IERE (cut
off, 10,000) L 7= XMEIT LTz, AlROERE 7 v~ s/ 7 7 4 — (TLC) & v
U7 (60F254 7 L— k, A7 48) 2 WTiTo72, BEMIZIE -7 4
Jo—Jv o WERE - k=3:1:11 W7o, FAD, FMN KN AR 7 7 v UK %S R
HWwie, 7788/ ARy 2 UV BRIFIC K 2888 A1 L0 iR,

3. 2. 9 oKL

AN BRERFME T VT I EEREICH W Lowry 35 (1951) I
wﬁbko1VMA7thTWQLiN%h&iﬂ%@ TRV kO, HEEEEIT
Shim-pak SCR-102H 7 7 A (@ Eprthid) L ERIEERHES (HEUER
% CDD-6A) Z 7= HPLCIC X v #HlE L 7=,

3. 3 ZEBMRKIOELR
3. 3. 1 AOXDE%#E
2EICFEHDO LB EBEMENO LEEB MO FHHA LA L LT VT & Ntk
71 B IRIOL7 #E & HufS L 7=, IRI017 BRIX 1% 7 v a2 — R 2 S #if T 0.5% D 7~
NATNVT e FEZRRERERICHM LT, Z2OMHEIZ, 2hETZRbEWVWE I
72 055%D KRNV AT AT e NIREERE FTHMT 52 AF e b TEER L IZIEH
ZTh o 7= (Katoetal. 1982), IRIOL7 #RILBAMSEIC L 2 W RESLZE (Udagawa 1978)
S T8 18S IDNA 2 X % fEHT O #5 F P. variotii & [FlE S vz,
IRIOL7 ¥R iZ., P D RFEIRZ 0.1% KL AT AT E R LT 1.0%A % ) —
NDORIE LI E, ZEAEWMM LR N>, LL, IRI0L7 fE 7 va—2R

BREHMTERB LIEBIC AY ) — VEHICB LB TEET 5 2 & T8k
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HR I 1T AOX NaFiE S iz,

Table3-1 1273 &80 | IRIOL7T BRIZ A ¥ /7 — LV ERBEHMICBE L2722 B#
[CHFE L 4 HZIZIE AOX TEMENFEH Sz, £ LT, AOX IEMEIE 7-10 A%
KM%~ L7, P.ovariotii IRIOL7 #RIZA ¥/ — LV OBFEICEDLLT 7L a— X
R BT A ISR L 7oy BER B B R R > AOX TEMEIE 7L 3 — X D AEAE
IV T UL, /. A% —afAEtithicya—rn—27 ) o —
DRI DR FBIRBFAET D52 LIX R AOX FHDOBIMN &L o, — T T,
FADH, FDH {EMEIZ ALV AT LT B R LS IEA Y /) — LV EE-IICEAT S Z &
T, ZNVa—2A0FECELL T EWELZ R LI (T — 2 I3KRET),
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Table 3-1. Time course of AOX production in P. variotii IRI017 grown on methanol.

Incubation  Specific activity  Total activity™ Total protein’
time [days] [U / mg] [U] [mg]
0 0.00 0.00 0.53
2 0.00 0.00 4.54
4 0.06 0.28 4.67
7 0.11 0.42 3.91
10 0.11 0.47 4.52

Enzyme activity was measured by determination of hydrogen peroxide as described in Materials and methods.
1 Data are expressed as values in the mycelium of P. variotii IRI017 obtained per 100 ml of culture broth.
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3. 3. 2 AOX DfFHl
IRIO17 BRI K D AOX 1Z. QB 7 7 74— AT pHB.OIZBWTHH Lo T,

IHIE, ATF e b TERO AOX B4 A4 U REMBIEICRAET D & W BEFD
WAL IT R DR L 72 - 7= (Tani et al. 1972a; Couderc and Baratti 1980), AOX
R OME % Table 3-2 12 Lz, A ¥ J — )V EA M CTH# L7z IRI017 £ 3k
O AOX 1T, ML IR LI R 44% C 20 fFIC R &z, R L 72 AOX
DIEFEMEIT, 30CT 1.4 UmL L2 o7z, 72k, . AOX IE native-PAGE K F
SDS-PAGE L CTH— > R & 7257 (Figure 3-1),

3. 3. 3 AXODHoTEAVOCYTa=y M

M I HE 72 AOX @ SDS-PAGE L TOFXf4r F &L 73 kDa Td - 7= (Figure
3-1), — KT, ZFEmIZE T DM F &1L 450 kDa & 72 - 7= (Figure 3-2),
ZORRIT. AOX DIZIERDFEZHTDH 6 2O 72=y P THEIND Z
EERRBEL TS, AOX @ N K7 < / BT O fE R 1T TIPDEVDIN & 720 |
P. chrysogenum (Holzmann et al. 2002), C. fulvum (Segers et al. 2001), H.victoriae
(Soldevila and Ghabrial 2001), C. boidinii (Sakaiand Tani 1992) ¥ X T' P. pastoris
(Koutz et al. 1989) Hikd AOX L IEFITEm WHHFEIMHENRB O bvic, L LR B,
native-PAGE L TO{EMEY A 21T > 7= & Z A, C. boidinii 3k ® AOX (2t <X T IRI
017 Bk H 3k D AOX DB I3/ & o Tz,
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Table 3-2. Purification of AOX from P. variotii IRI0O17.

Step Total Total Specific activity  Yield Purification
protein [mg] activity [U] [U / mg] [%] [fold]
Cell extract 234.3 16.4 0.07 100 1
Ammonium sulfate 71.1 10.9 0.15 67 2
Q-Sepharose FF
+ SPSepharose FF 14.6 12.0 0.83 73 12
Phenyl-Sepharose HP 51 7.2 1.42 44 20

Enzyme activity was measured by determination of hydrogen peroxide.
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a b
(1) (2) (1) (2) (3) (4

97.4kDa

66.2kDa

45kDa

61kDa

Figure 3-1. SDS-PAGE(a) and native-PAGE of purified AOX(Db).

a Lane (1),molecular mass markers containing rabbit muscle phosphorylase (97.4 kDa), bovine serum albumin (66.2 kDa),
egg white ovalbumin (45.0 kDa) and bovine carbonic anhydrase (31.0 kDa);
lane (2), purified enzyme. The protein band was stained with CBB.

b Lanes (1)and (3):purified AOX; lanes (2) and (4): crude extract of C. boidinii NBRC10240 grown on methanol.
In lanes (1) and( 2), the gel was stained with CBB. In lanes (3) and( 4), AOX bands were visualized by active staining.

37



700

100 |

Molecular mass [kDa]

50 ] | ] ]
33 35 37 39 41

Retention time [min]

Figure 3-2 Molecular mass of AOX by gel filtration.

The position of purified AOX is shown by open circle.

Marker proteins (filled circles) are

a ; C. boidinii AOX (600 kDa), b: horse ferritin (450 kDa),

c: rabbit aldolase (158 kDa) and d: bovine serum albumin (67 kDa)
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3. 3. 4 AOX OHfiK 1T

ARk AOX XA TH o 7=, REM AOX ik O W ¢ & Hl & %217 - 7= (Figure
3-3)0 WH AT FT AiE, EERWILE — 27 H 278, 370, KT 400 nm 3T 12
VanlF—EHTDH A9 ICBDONL I ENL FAD B AWE LHEE SN
(Tani et al. 1972b) ., AOX IZ 7 Z E VMR T+ ET H 2 ik, HA LT X X

I E RN T ORI AEEEOWNJE AT N T A6 bR S L7z (Figure
3-3 inset),

W L7277 027 78 OEEREEIHIC TLC It L7z, EEELZ 7 Z
B O RFIEIX 007 THoZN, URT T E L FMN KT FAD Ol 134 4 0.56,
031, XU 018 Z/r L7z, 77 B DEHEREZ AOX & Rl — K TEIM L 7=,
AbE OEEREHL, TLC TAXR Y PR TERnolc, ZTD I LiE, AOX
THEEAEFKED 7T E L ZHAL, FAD, FMN, RV R 7T 2 F SR\ &
oRmE L7,

3. 3. 5 AOXIEME~D pH &R JE O 52 %E

AOX |Z pH6-10 IZFB W TEWIETE 27~ L 7= (Figure 3-4(a)). £ 7=, AOX {& M1
30°C. 60 min DRFF M IZ VT pH5-10 THER WL EM Z 7~ L7z (Figure 3-4(b)),
AOX D it ZNEFER Tl 50°C T 30 min Z & Toh - 7=, AOX DIEMIX, 50C% =
25 ERAMICIETL, 60CTIRIFIERRICTHEMENEL 2o 2,

3. 3. 6 AOXODOEHFRMLEHENT XA —F

Table3-3 127" T LBV, AF ) — LB EHLBEREWVWAOXDOEETH-T=, =&/
—VHHBFICBEWEE ThH o7, A ¥/ — % 100%& Licia, 7Tusx /) —u
LORBENELET VT B Rid, &% %33%, 28000 1EMEMEE /-7, — KT, 7 T
NT e R T a A7 AT e RIZXHLTIEAY 2 —v%E 100%E LA
10%LL F OAR W IEMAE & 72 - 7=, Lineweaver-Burk 7o v h XY A X% ) —)L =
2 )= VK OARNVET AT E RO KmEIZ, %419 mM, 3.8 mM & T 4.9 mM
Llp o,
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Figure 3-3 Absorption spectrum of purified AOX.

The concentration of the enzyme protein was 0.78 mg / ml in 0.1M sodium phosphate
buffer (pH 8.0). The same buffer was used as a blank. The absorption spectrum was
measured at room temperature. Inset is spectrum of flavin obtained after boiling the
protein solution, centrifugation and ultra-filtration.
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Figure 3-4 Effects of pH on activity and stability of AOX.

(a): The enzyme activity was measured under standard assay conditions in 0.1 M
GTA buffer at various pH values. Relative activity is expressed as percentage
of the maximum activity.

(b): The enzyme was preincubated at 30°C for 60 min in the following buffer:
Mcllvaine buffer (filled circle, pH 4-6), sodium phosphate buffer (filled
triangle, pH 6-8) and boric acid—NaOH buffer (filled square, pH 8-10). The
remaining activity was measured under standard assay conditions. Relative
activity is expressed as percentage of the maximum activity
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Table 3-3 Substrate specificity of AOX.

Compounds Relative activity

[%]

M ethanol 100

Ethanol 106
n-Propanol 33
Formaldehyde 23
Acetaldehyde 4
Propionaldehyde 8

The compound tested was added to the assay mixture at a concentration of 20 mM.
Enzyme activity was assayed under standard conditions.
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3. 3. 7 AOXIEMICHELEMITTHRLLME

Table 3-4 23 B0, Z7uw ANy URZEEFRKOCEMAKE (1) 1L AOX
EMEEHELE, o2 i, A7 0 RYU LV (-SH) 2873 285 2 il il X
IR REIRoTWVWDH I EERT -7 =F b KR F L VT I
UFERR O 72 % L — MEAWIT AOX OIEMRFZ IR Z o, I D
WY KRR RTIVVyOfkZe B Fax v T 2 U O VR = Vil SITBE R TE
PEIZEE L o T,

3. 3. 8 AOXIZXKAARNVAT VT E RyfiE

Table3-5 I RT LBV, AOXIZARNL AT AT REEBRICBik L7, &6
NHT—BERMLU TEEBILKRKEELZRS LT, AOX IRV AT LT E RE I
bzt Lz, 20 Z &, MBIAEBERRISIZ K-> TAERT 2 EBRIELKZEN, XA F
2 e T EERO®RE & RERIC IRIOLT B RO AOXTEM 2 BiSN§5 2 & 2R LT
(Kato et al. 1976; Couderc and Baratti 1980),
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Table 3-4 Effects of various compounds on AOX activity.

Compound Concentration Remaining activity
[mM] [%]
p-Choloromercuribenzoate 0.1 69
HgCl, 1.0 56
lodoacetamide 1.0 129
Monoiodoacetate 1.0 93
Semicarbazide 1.0 102
Hydroxylamine 1.0 51
Hydrazine 1.0 104
EDTA 1.0 96
NaN; 1.0 89
0-Phenanthroline 1.0 125
CuSO, 1.0 100

The enzyme (7.8 ug) was preincubated with each inhibitor for 10 min at 30°C and then assayed under
standard conditions.
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Table 3-5 Enzymatic degradation of formaldehyde by AOX
Enzymes Formaldehyde [mM] Formic acid [mM]

Initial 2.0 0.0
AOX+catalase 1.2 1.0
AOX only 2.1 0.1
Catalase only 2.1 0.0
Enzyme free 2.2 0.0

AOX (4.5 pg) and/or catalase (1140 U, 0.1 mg) were added to a solution containing 2.0 mM
formaldehyde at pH 8.0 and incubated for 48 h at 30°C.
Formaldehyde and formic acid in the solution were then measured.
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il

3. 4 fk

NRITVTRRAFar v 7EEZEHEO AOX IZHE T 245 HME1TH 58, T
aurantiacus (Ko et al. 2005) % R\ T FE A 2k O AOX TR 3 5 #45 6l IX vy,
AKWFFETiL. P.variotii IRI017 ¥kH 3K D AOX D K58 A 4T W EMEEIZ S W\ TR~
IZo WA L7 AOX 1T A X /=2 XV FE S, FADH & FDH 32 A % 7 —
NEFRNVATATE RIZEVFEINTE, 202 LiF, AFv b 7EREF
FRIZ AOX = R b F—AFERIZE VT FADH X° FDH &L 32 2 % 7 — Lo
MIMEBEEICEb T L0 LB bz,

AOX 1%, FEHRLIZ L 0 MM il R 2> B 20 (5 IR M S 4L 44% D TEME 2 R FF L
oo 2B, HBREZOLIEMIZ 1.4U/mg THo72, KB AOX O N KW I/
MR FN 2RI 2 A, BEOY T a=y hOyFEY A XE AT ho 7
(Kato et al. 1976; Couderc and Baratti 1980; Koutz et al. 1989; Sakai and Tani
1992) LML L TWed, Z U RN EBEITIE R >TWE, ¥ 5, IRI017
BB KD AOX 1L 450kDa D 6 2DV T 2=y hnLERIN TR, A TR
e 7EEREEDO AOX X L% 600kDa D% 7 2=y h bR S Lbd 8 &Ik
MEINTND, EHIT, W AOX IEA A v RHMHIE ~DWH I IE VDR
Dbz,

i AOX B V2 O &AL EFh W 2 o5 2 L2 L0 (JELARE O
TI7EUNAOXIZEEND ZENRBE N, SHIZTLC 2TV, £D 7 F
EVIXFMN, FAD KNV R T T TR RN aholc, DT T8V
X, AF v b TERBRO AOX LRI FAD DA IV AR T 2D L
b7z (Bystrykh et al. 1991),

IRI017 ¥k 2k D AOX 1Z, A F v b u 7 EEREH kR OB FR & B H Fr %M & OY pH
ZEMEOMEMNELL L Wiz, 72, KmfE (1.9mM) IZB L THREERICEBI L T
W5 EE#E N B o 7= C. boidinii (Tani et al. 1972b; Sahm 1975). P. pastoris (Couderc
and Baratti 1980). and H. polymorpha (van Dijken et al. 1976), — 5 T, #\Z &4
(50°C, 30 mMiN)IZ2o2NTIFE AT b 7EBHKROBRIZHEXFEHWVEE -7
(Kato et al. 1976, Segers et al. 2001, Ko et al. 2005 ),

P. variotii IRI017 kI 2k D AOX DR #IL, TN ETHRE SN b DI T

JNVNEE pH (6-10) E AL EMENHER SN, 25 OMEIX, BE T ORI A
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TIT b RpfilrEe L, EFEHR~OICHICAEERR LD TH D, Table 3-5
R LizeERBYD, RAVAT AT E RBBILIZIE D X T —BOHIENRMEL 25,
FEXF A IZEM 2B AOX Tl Zii7e R REEEZHWD Z EREE L
AN
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wawm HEMBEEEZAWNERLATALTE RBRERAALF 7 41
2 D BA 3¢
4. 1 ZL®IZ

#HH, ZFEFIIHOWOLR L BELEEA MO RSN S VOC (IR
IbE&®) Z vy 7 U RAEFEORKRYE & S TW5b (Hatano et al., 2001,
Matsumura et al., 2011), T TH AR/ LT ATFT & Fid, FEE 250 < 85 7% 5 4 [
MEWZ ENDL, WHO REAFHAEICEI YV ENREHRHEIRTLNATEY,
ENERENPODORENEENTWEIYWED—>THDH (WHO, 1987),

FENREFTORNLLT VT E FEBREMKE L TIE RIEBEDORILLT VT b
R A2 - D HIER 72 E oIS 2 W TALV AT VT v N4y
R ET D HIENM LA TWD (Nakajima et al., 2005), L2 L., WEHZ H W5
FEFWMEINTZRALVLT VT e RBHFHRET 2NN H 5 (Tsuitsuimi et al.,
2005), 7o, M EZ AW D HEIR, AREOMESZREL T, B2k
LT-MENEELERDAEERD D, 207D, BEDO DRI EIRET 5, #
FOMWEW e EO AR A WD FIERBRFI S LTV 5 (Estévez et al., 2005,
Jang et al., 2005, Kimura et al., 2001, Ohta , 1999, Okamoto et al., 1999, Shinagawa et
al., 2006),

VOC R RWEFDOXKM D Z2 0T 2Ol ARz HWa 56, A
il S 2 gt g O kAL W 72 E o AR E EAL L CTH W D (Yamashita et al., 1999), {2
RICHEET 2 Z LK KR EIZERET D720 Y Tz < WA KRS 2
RERBIROHELLE LTESHICMOBZ DL D, o, HEORIRITLY
AARRBE O M AECTEMEZEOME-E R ENKND Z X5 TWwb (Nagayama
etal., 2013), S 62, EARKOKRLREKRBREOEE LM T 256, HEORA
PEREIC LD HIENES COREE 2 a2 DR fF S 5, K3 EE T
NEER K ERHAENT CRMEINDZ EICKY HENTSORELETHMEL L2
HEEZ 55 (Kimuraetal., 2001) .

FZTARMRETIE, RV LAT LT e RaMREERET D57 Vv a— LR
(AOX)Z FHWTe RNV AT VT & REREAN O 21T > 72, EH L7z AOX L5 2 |
SETHRARZHA AN LT VT v Koy fi#i% 4 Y Paecillomyces variotii IR1017 &k

(Morikawa et al., 2013) DAEETHIHETHY . ZXHPOBELZE FZ/FE LT
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LIoOMBER 2 E SR OME Z LD TIHRMT DMER RV, 72, KEER I
Toa— BETEEE AT DH AOX L L TR I TWDL R, BEFHFERICX
DARNVLT VT B RIBALTEE S FFORFR 2R L L CRE I TS (Kondo et
al., 2008),

B, AOX Z [EHEALT DM, MAEHEECRmEM A ETHDL TV
BTNV, YU L OMAILERLERE T I/ KBS AOX O FHEAIC KIFT
DIRERF LI, S, AEMBELHWEZZREERHO 7 o V2 23 EL
PERERFA 24TV, RV LT AT e REBREHANA T 7 4V Z ~D AR Z T T2,
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4. 2 HBREEKOERGIE
4. 2. 1 Paecillomyces variotii IRI017 £ ® £ 3% 35 X OVE% 3 0 ML 8k o 3 Bl

ABRICH WD EERIT, AV AT VT & NofREEZ A9 5 P.variotii IRI017 #k %
Bs# L C15 7= (Morikawa et al., 2013), P.variotii IRIOL7 £/ 5, ALV AT LT b
FEeE LT 2570 a— bR 2 BE# (Kondo et al., 2008) (27 U THEIL L
2o Thbb, A5 7 =V 1% EWRMUTZEM CE R L ERE SR, R %
Lz, B L7-EREZREEDO 10mM U BB U v AFEREIR (pH8.0) 2%
WL, TR TS L, MR S L, MR BT =T AT
WA L%, B LB E L CTEIR L7z, Z2d. HRE K o IE % E (3 BE R
(Morikawa et al., 2013) ([Z¥#E U, & / AR 5 505 nm O WG FE o B8N % J| &
L. WAL & 72 0 ORI M 5P 2 R 7,

K54 L 7= P.variotii IR1017 #£7> 5 15 & v 72 fl B il #4498 1% . 0.01 U/ mg-protein @
AOX HiE EAE Z 77 U 7o MR A W iR 2 AL 22 SR AT #2 3 Hr L C BRI L 72 MRS B9 1
HFE A 2 % L TR 8 1% @ 0.08 U/mg-protein AOX it 2 R L=, LLF.
R 2ok ~ 72 WER 0 ORLRE Sk & AR ik L 7z,

4. 2. 2 EEoOEEL

EEACH OHEEICIZS U DAL (B U T bRk S48 CARIACT Q)
Z A\ 7= (Asano et al., 2004), > U B 7 (SG) 1%, FHHMAILE L 10 nm-50 nm
ORIz, & U 7RSIV T 80 nm & T 100 nm % il £L
BN ImL/g &85 X5l & RERD FETHRELE (Table 4-1),

723, Figure 4-1 O#EEA A — VI T B0V, 1.70 mm-4.00 mm ® SG &
Bi7- (Secondary particles) 1. E£% nm O F KK 1 (primary particles) 23 ¥ i
T 5 3 WGk TH D ,SG Dk +£5 (average size of primary particles) 1.
BRAEF-OBRBRERTH Y WEITITEAKEEE AL (Yokoyama et al., 1987) = 7=,

T EEIATVEmRICHTLSA, 100 gD U AT vE FLx s 150
MLPCT3-7I /) 7abA NI by Ty (FHITAT A7 RS 25
mL &2 80CTL1IhMEL TRINZAT 272 RS U 7 7 vz iRl L,
1M0CT12hEREE L, b, RKENL VT /) —VEOEEDOL O & RAH

(SG), RAEIIZI-T I /) 7NV NI vH v T 0%y 7V U 7L
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b Z27 I 7B (AminoSG) & L7z,

MU RE 4mLIcX L, YUA XV 1ga& AL, 4CTS5h{RFELEZ, HER
R ER LY S v 2EEBER L, EE4HE L, S 612, 50CTEEIC
ebhFETCHEBEL CEEEBREEZES Y L (AOX-SG, AOX-aminoSG) % 7=,
SGIZfAH LB PO X X7 EEIT Lowry IETCHIE L, BMEREEDRE
D
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Table 4-1 Physical value properties of silica gels

No.  average pore size [nm]

pore volume [mL/g]  specific surface [m?/g]

particle size [mm]

Q10 10
Q15 15
Q30 30
Q50 50
Q80 80

Q100 100

1

e

300
200
100
80
40
30

1.70 - 4.00
1.70 - 4.00
1.70 - 4.00
1.70 - 4.00
1.70 - 4.00
1.70 - 4.00
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Figure 4-1 Image of silica gel structure

a; secondary particle constituted by primary particles
b; fine pores formed by primary particles
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4. 2. 3 BERFTOFRNVAT LT b REEL L O R BR

2l EN L TWZRWnwy U B 7L (SG, AminoSG) 4 19 & . 45.4 mg/L @
RAVLT VT E REKR3ImML EIEML, 30CT3higEE L, BIZED F L
ERELEZOBEETOEFHRNLVLAT VT & REE % Nash 3£ (Nash, 1953) T
WEL WEAMORVLT VT E RRELDENLTNVOREELZ RO, 0B,
MRIZ Y BTNV EEALRWERLVAT LT B RIEROHZE LT RABRFICH L
LT NVT e RIRIBE (45.4 mg/L) OEALN W & 2R L 72,

I, YIBTNVOWEELY +2I2% 0 230 mg/lL RV AT VT B RIEHR
3mL DA 7RKERIZ, B EEFR S U 7L (AOX-SG, AOX-aminoSG) # 4 1g
AL, 30CT3hREES LEKRIC, WKTORNVLT VT B FREZMEL
o, EREBELL TRV YA FVERA W, RV AT LT B REDEDZED
HTHR (1) KWEWHRLVAT VT v ROMIEHEEZRH Lz, 238, Imin i 1 pg @
RNVAT VT RENMTHIEE LU LEERLE, AAVAT VT b RIERD S
FriX A ER 12 Nash 35 %2 v iz,

Formaldehyde degradation activity (U/g-silica gel) = ((Amount of Formardehyde

removal (AOX-SG, AOX-aminoSG) (ug) - Amount of Formardehyde removal

(SG, AminoSG) (ng)) / (weight of silica-gel (g) x Reaction time (min))

(1)

4. 2. 4 HEMERICEIDZTATORVLT VT v FERERR

Figure 4-2 IZKR /L AT LT & RolBREE OMKEXEZ R Lz, &% (Figure
4-2 d) IZHEALTEFRNLVLAT VT B RERIZHK 0.4 mg/L O 22K & dfms LT,
HIREDHRNLV LT VT RTAZRESEL, 2B AVLAT VT B FERIKRIZ
N?ﬁw&T»?tF(ﬁ%%%I%%ﬁ%ﬁ%)%m%%%LTW%LEO%
BLTERNVLAT AT e RHAZGBREREREG L TREMEZ L, R %
@$WA7»?EPﬁX%ﬁ?X%ﬁ?A(me42ﬂ?%§wnm\ﬁé50
mm) [ZHEKR L7, T AWD T AZEREE/T U BTV 5.09 (H S FEAK 0.40
glem®) & A, BT LAFEARIE D T LEiE % ORMEEEF LT (Figure 4-2 @ g)
CBTLARNVLEAT AT RIREZHE L, "AVLATALTE RELDEDOEND

B EEELE DRV AT VT B RoMiEEE 1) XV EH L,
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F72. XK (2) 12L&V 90 HMOFBRNAVALAT VT b RIREREZHEH L. SMBEMERE
O i A & B AR L 72

Formaldehyde removal ratio (%) = (1 - Formaldehyde gas concentration after silica

gel column aeration (ppm)/Formaldehyde gas concentration before silica gel column

aeration (ppm) X 100 (2)

B, BNVLT T B FEREROMAMERAMIZ X, TRD U U7 Lo T
LHARERRKEZ W (50nm) bOEH W, FALAT AT e RTRARBED I,
[ FE ffi 52 %% Sep-Pack DNPH-silica (H A 7 #+ — % — XS 8) (24 L7z &R
VAT VT e RET b= L THEBL TR Z/ERKL, HPLC THRIE L 72,
2%, HPLC OMpIL, BiX= =y b : DGU-14A, (Bt Bl REFTR), &*
AR 7 . LC-10ADvp (Rt BERAET ), M4 : SPD-M10Avp (Fk =
B ERERT L), S BEE S T A LUNAS5uC18(2) (5um, 4.6 mmID X 3cm + 4.6
mmID X 25 cm Phenomenex ) B#Ei4H : 7 h=h VU L : Kk=5545¢ L7, &
o ORI, BEIMHIRE - 1.0 mL/min, WOCEREK K  360nm, U T AR
J£ 40°C C1T o 7=,

Iy
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Figure 4-2 Schematic view of apparatus for formaldehyde degradation test

Qe 0 o

air pomp,

mass flow controller,

dehumidifier,

reservoir tank for formaldehyde fluid,

humidity instrumentation,

column,

solid phase extraction (only at the time of measurement),
flow voltmeter
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4. 2.5 HBIVATNANTE N7 4V ZORIELRINVLT VT B FEREMEGE

Figure 4-3 12, BIELTEARNVAT AT E K7 4NV 2O FEEBMEXZ R L
lzo 74NV ZORERZ, Z5F T ARSI W Tl BGEGIEICHE T TT -
fzo X=X — =7 57 300 mm X 160 mm X 20 mm (960 cm?®) |24y 220 g O R
KIEE (SG, AminoSG) & 5 W IiFEEFEE EIL > U 1 7L (AOX-SG, AOX-aminoSG)
AL, 2FZ2R) 7oL o /OARHEMATYH > FLTIERLE, ok, R
(CETEMER LA —TBRORX—=— == baTic X odilR 7 4 v 2z iz,

RIEZ 4L ZO—F (B1I0mmoOAN=hLD 1R, U BFLK 46 9) &
YIT L Figure 4-2 ICE DO AL AT L F v ROMERBERICES L7, 1-3 L/ min
DRETHENLVLT VT E RTAZEBR LEEORERERZ T @) Ik ELL
7

Formaldehyde gas concentration after filter aeration (ppm) / Formaldehyde gas

concentration before filter aeration (ppm)) <100 (3)

SHIIZ, RIE7 4V Z 2 22KEEKE (Va—xo b Xy 7 2KA&EH- AIR
MATE ADO061K) (%555 L T, JEM1467 & FH 22 &0 1 1% 5 B o ) 31 i B2 1 AE 3k
BRICHECT2AR NV AT VT 8 ROYMOWEREMEBEIMEZIT>72, 1 m37 7Y
NTF v v N—NICEREERFEREEZRE LEMALEE, AVAT VT E RT X (2
ppm L E) AL, T0OH%, EXHEEKR BB ST, F v o N —HNEORE
Zi Al % it E RE A E L 72, BIE X R & L B AH i SE %% Sep-Pack DNPH-silica
R LAV LT AT E RE7 8 b= MU L THEMH L THEEZ/ERK L. HPLC
THIE L,
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a b Paperhoneycomb core Nonwoven fabric

Silica gel packed bed

«

*=— Zsection

Nonwoven Silica gel Paperhoneycomb
fabric packedbed  core

Figure 4-3 Photograph and Schematic view of formaldehyde decomposition filter

a: photograph of formaldehyde decomposition filter
b: schematic view of Z section
c: schematic view of top view
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4. 3 ERERKROER
4. 3. 1 BEFOREE
RUWBEE R 3=T I/ 7tV NI hFxv v T2y 7 )7 LEFEY
HFLAE 10 nm-100 nm > U & 7L (SG, aminoSG) 4 1 g ICHIE KR 22 H & L,
PR L2 ZA FIEImLOMEEREASRINENERIT2g9 o7, EHIT,
w%fﬁﬁbfﬁi%&%EELKVUﬁﬁwumxxammamm%)%%
oo WKFH OB R BRBRESH LIZEZ A, U B F VO OB
e, X oo W E RN L 7= (Figure 4-4) , F¥HALEE 10nm LLF o U
TN TIEFEDOZ RN ERENEF L (MARET) 2806, BEEY A XX
DVHLIBREORZTIOMAERNPLETHL LD EEZ X BT, AOX-aminoSG T
TERIEDIZD 2 X7 BlEEREN DR holob D Bbh %,

4. 3. 2 WERFTOKRNVLAT AT E REER X O HERR

Table 4-2 (2, W& I2B T 5 U 7L (SG, AmMinoSG) ORI/ AT VT B Rk
ERrBAERE R L, MEOBEN L FAKRICREESERLLEIA AVLAT VT
ERBEERALImMLALgOT U ATF VRIS T, BBIEOFRLVAT VT E R
WEIX, SG TIEx¥ U I F v AR & Z{k72 < (45 mg/L). AminoSG Tl K & <
WAL B7mgll) , UAFNLLIgHUTZVDORALLT LT RIRERITT
J IO ALY 45 ug/g 225 130 uglg LM L =0k, REEM A EIL LT
DThHEZEZLNT,

wWic, BEE2rERIETCHLEBELEZEEBEL YU I F L (AOX-SG,
AOX-aminoSG) TO KRNV AT VT b RofiE % fF L7z, Figure 4-5 IZEKRTICEH
AV AT VO E RV AT VT Ry iR O MG E RT,

Figure 4-4 L [FIERIZ > U B v O SESAL B O MLV, AL LT LT B R
SFRIEPER M L=, AOX ICEBAFRNL AT LT ROMBPNBEWNES. U A
DOFMFLEDN /NS WRBRIX Tid Table 4-1 (/R L7t BV REFEHBENRKELS2D
U NVEANEELTZVDORLVLATATE RV ERNEZL b B2 LN,
L72vL. Figure 4-5 2R FT RNV LT VT & RBDRITHBERITO X X7 Bl &

LG EROVD T T 7o, RALT VT b ROET, MR RE P

D AOX 2T 95 Z &b  Figure 4-4 & X 7 O W A5 £ 1% HLFS LK B o AOX
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DREEZHDERERL TND I ENRERTE T,

—J5°C. Figure 4-4 L X% 72 ) AOX-aminoSG 78 AOX-SG IZ b | W E %= 7~ L
7=, SEYHIFLEE 100 nm @ AOX-aminoSG (28T, A Kfi 0.2 U/g-silica gel @ 4y
fRIGYE RN F BT,

Z AUiX. Table 4-2 (277 L 72 AOX-aminoSG O m WA /L AT V7 B R EFEMERRIC
O VBTNV HNOBEBMEICHFET DRV LT AT FREREGS o722
ENR—REE BN,
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Figure 4-4 Relation between the amount of protein adsorption and the pore
size of silica gels

® :SG A : AminoSG
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Table 4-2 Result of formaldehyde adsorption to silica gel.

Silica gel Formaldehyde " Formaldehyde
in solution out of SG in inner SG
[mg /L] [ug-HCHO / g-silica gel]
Control (no silica gel) 45.4 —
CARIACT Q50 (unprocessed) 45.4 45.4
CARIACT Q50 (coupling processed)* 3.7 128.8

a 3-aminopropyltriethoxysilane was used for the coupling agent.

b The 1 g of silica gel was dipped into 3 mL formaldehyde (45.4 mg/mL) fluid for3 h.
After dipping, formaldehyde concentration was determind by Nash method.

67
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Figure 4-5 Relation between the AOX activity of immobilized enzyme
from IRI017 and the pore size of silica gels

@® AOX-SG A : AOX-aminoSG
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4. 3. 3 FHIIATIIVT v KU R RAER

SRR NV LT T RAHACT D LT, AEABEORTIZRIT S
T IRIEME 2 R L 7= (Figure 4-6), #k 4 72 EHMALE O RWLE D > U B 7 )V % fif
S THER L7 AOX-SC %2 7 7 JZEEALK 10 ppm O FHBEE ORIV LT LT B R
H A %@ Uiz, AOX-aminoSG IRV AT VT B ROSMIEENRET 620K
KB CIEHW RN T2,

R OBERZEZEELL TR U B P VRWRERTIZ:>72% (8 50 h
®) ICHEZMB LI & 2 A P OIS (Figure 4-5) & [RIAR IS FLEE O B 0IZ
XPUABRVLAT VT e RGMBELHML TWe, —F5 T, SEEITHN 10 £ & 72
Sl AR LT OWE DOIEBORE DEWL | K ROSR O EREE R E
ex RBERNPEELIZLDEEZ LN,

0.4—0.5ppm DKL AT VT & RAT A% 0T ATHEKE Tl LT, BE(EESR
U TN O AT ER 2 1T - 7= (Figure 4-7), 728, AV AT VT b RA
AR, H T LA ORMEFEELFT (Figure 4-2 ® g) (BT D ENL LT L
TERRBEOHEME CHY ., 0.4-05 ppm 725 L HWCHNVLT AT b RoyfEik
BRitE O R g (Figure 4-2 O d) ICEHEENDHHRNLVLAT AT E NBEEZEHL -,
MAMEIE RV LAT VT e RGMBENREDL O WFHET 203 TRl Liz, H# AHF D
R LT T B RO RFEA (2) TR L7,

BeZ A2 EEN L TWARWS U B # L (SG, AminoSG) &, & E 90% LL Lo kv
AT VT e R RAZHEGEA L& Z A (Figure 4-7 A, A) RREBRBAKS H %
DAL LT VT B FERERTIRESSBEA L, SGIF 10 H, AminoSG I 20
HUANT, BABELVEWRLVAT LT RAARKBRIBESREZ, 2hixv U b
TN E LRV LAT VT RBRBFBHRBELEZEZDEEZ LN D,

—ﬁ\ﬁ%@ﬁ»A?»?tPﬁx%%ﬁﬂimvvﬁEw(NMSQ
AOX-aminoSG)IZHEA L7= & Z A (Figure 4-7 O, @), HS/L AT IIVT b RERER
1% 80% LA EDE W E CTHERFAZ L7, 1 CH AOX-aminoSG % 722 Tix, £ 3
7H (92 H) M91% L EDORNV LT B FERERZHMER LT 72, 22, AOX-SG,
T70 R ZBATRICENVLT VT E FERERPMMETL.92 ARICIT 4% L 72 -
2o & 51T, AOX-aminoSG (Zxf L, M 20% A FDO RNV LT LT & RH R %

mA Li=E 2 A (Figure 4-7 W), 12 90% UL E o B 7 L IZIEREEEICHK 3 7
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H (90 H) B 90% UL ED AL LT v RIRERE MR LT 7=,

AOX-SG, 7 AOX-aminoSG IZ R THAL AT AT & RRERNE T LB HIC
X ARV AT VT B ROMIEMENMEW T2 912 (Figure 4-5) > U B 7 /LN D 7R L A
THATE RREENEED ., AOX RILFT 2R EEEELEEE (Morikawa et al., 2013)
MWRIE LT &, Flo, BBERIEICLIVIERPEZEL, YU BTV pH BN K
Tl thERBLLNT,

INHLDORREY, ZHEDOT Y DT NVICRESNTZARLLT VT B R,
U TNVICEERS T AOX IC KV BRIE DML, mWERERZHMFLZLE
2N, £ dERK SN RLLAT LT E RIS U DA VILN TH AL
BL,MANICRFIN TV DOMEOKIZHE TIATL Z L THERKIGLTED, &
NICEY, RBERE CLEE(LBEORHANTE L LB LN,
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Figure 4-6 Relation between the AOX activity of immobilized enzyme
from IR1017 and the pore size of AOX-SG (in gas phase)
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Figure 4-7 Change of the formaldehyde removal ratio by continuation gas aeration

AOX-SG (90% or more of humidity),
AOX-aminoSG (90% or more of humidity),
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SG (90% or more of humidity),
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4. 3. 4 RMERNLVLT AT E RoME7 4 V5 O EMEEE

FEM LA 50 nm OFEREEM VATV EHNTREIELZ T 4 v Z DAL
LT NT e FERE (RR) MM a7 -7,

AOX-aminoSG # HW 7= 1E7 4 v X 1%, EE 1-3 L/min (ZXRIGEETH
0.1-0.6 L/min) IZBWTHNLV LT VT & KA A (0.2 ppm) % 88%LL EBrZE L.
FIE TR OIEMR 7 0 V& L RIZEOMERE % 8 L7z (Figure 4-8), — 7. AOX-SG
R WIZRIET7 4 V2R BRI 22 W ERERN D LT,

S 5T, JEM1467 F & A 22 5H 1 A e B o0 4] 4] L B PR HE R BR IS Y U 72 A L A
TNATE RO OREREREFMZEZITo7Z.1m* D07 7 ULF ¥ " —HNOD
RAVLT VT e KA ARELZ 2ppm LA EIZERE L. 1.5 L/min ®J&E £ T 3h Z2Xi5
HEEBEB L RLEO ) DAV ER W7 0 02 13 R R 2.7 ppm
DHENVLT T v Rl BREB®ZRR A2 I L7, 3 h#% K 1.8 ppm D 7R /L L
THAT e FBREMFA LT, 2ORETIE, RLHEOBZE /TR D75z M
W7 4 v 2 TIRRAETEE OENEEREHME 0.08 ppm L N ICD &2 2 &
MTERpole, =K. 7TI A LEBEEHRE LY DT AVERH W7 4V H
X, BEHE AOX OFEIZ LS5 3.0 ppm L EDOR VAT AT v K&, HIROHUE
® 20 min B TIEIE 0.0 ppm 1234 Lo, el sd BOZ F D 72 77 R & O 36 M R 7
S VEIE, 2ppm OB AT VT B K& 20 min #2102 0.2 ppm (29 =&, 3 h %
2134 0.08 ppm KW Dol b 7o, KM THIELZT I 2 BREMT U D
Tk, TR OTEER 7 4 LV Z I AREBV AT VT B ROPIHIRERED 1.7
UL ERENWT EDNMER I NI,
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Figure 4-8 Formaldehyde extraction ratio of the filter in the various amounts of winds

O :AOX-SG, @ : AOX-aminoSG A : activated carbon (commercial item)
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4. 4 %k

AR TIE. Yy I NT REGERER Y v 7 ) —fEERE 72 BN BRBEV5 Y 0 i A
MBLEINDARNVLT VT e FEBREMOBEREEEE S Y I 7 VK % B3
L7c, ARIE, AV LT VT v R P.ovariotii IRI017 B2 5 fli i U 72 #
R 8% % 10 nm-100 nm O ML N B U F V@ EL LR L, U h
VORI DENIZ L D BEREECHEAKDO AOX M~ BIIRKEL, 4
EHIHR SO TR OLMARARKZIWNE0Mm ZEIR L, 512, v BT
3-7I /7NN ZNX U UT RNy TV TTHI LT, LAEMNKT
bV AT NNA~DODRNLLT VT B FRRERLTM L, AOX M K& o
7o BASE L7-EEEEE R ) B F L HEIK(AOX-aminoSG) & AW T, Z¢50H
D7 AN ZERELTLE A HRGOIEER EFREDORLLT VT B FK
EMREEZAL,0.4-05ppm AR/ AT LT B KA R &2 #EE T ALLEEESRICLY
SRR U T, S MRTERRIZIREE 20% L FoOREBTHLRERERTHY . ERD
MERRECHoICHET 22 &M I, IRIOL7 HROMEERIZEL DAL
AT NVTE ROMEIITRBAmE S s, — 5T, IRIO17 Bk DMK KR $ 1
IR EBALEERIEEN S D b RV AT LT B RERILIZ LY BAT D EEE
DFFIZONVWTHERFTL2LEND D,

il
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W5E M LEEMNELEEAT —RRAAL I A OB
5.1 1IL®IC

R O WAl K F i E OEINI#EREREAOFK & STV D il h ko
TAr—=ZARANA T ZAER (LT, AT~ ZEFP) 1L, RRT O B K R
BEZENEERN, Wbpbd I —ARr=a— 7 LVREERTHDL, ZDOD,
RAF DO BRALK A RE DIPTSR & L TAA A~ 2GR 205 3 2 Hdlr
B DEAIZITT DL TWD

NAF < ZEPRITER A RN RDIBEHTHY  KIFFTEICE L =R L
LCHET D, — I, 2o re—22EHAT57-0100%., b L CF
HHEZRES L, MMV ODEEE ARSI 5 LT ARG (BE58) & ot
BEBMOTHLERNLL M X AMPLELE —XEERE LIEHT 5720121,
WRE I VR v #— I VOB #2317 4L % (Fujimoto et al., 2008, Hideno A.
et al., 2009, Kobayashi et al., 2008, Sato et al., 2004), X 52, XA F~AHF D%
Jbm — A VLR E AR R A S A A T D O T BER IR R 7 E O BEAL B I ik
THEDITIE, MrEEOA— N7 L — T HOEEIC X 5 INEBKLE (Kumagai
et al., 2008) . & FL /K ZL2E (Matsunaga and Matsui, 2004, Nakata et al., 2006, Saka
and Ueno, 1999), 7R EDM#E - mELHEZITVELE — XD RZMHE L2V
L7235, L2rL, 2NHDHETAA I~ AGREZLET 55613,
NAFTS A 2 TREMB - mELHET L TREEZHZAHMNIRT L, WD
DHNy FRLHENHNONTEY XX = RPENTDIC A, A Z )
— NI EAEEMO A MEERNTWD,

ZIZTAMRETIZ. B e — ARSI~ 2GR EZ MBS T o432 )
— N EDRGEOE A MEAEBRWIZ, N A~ ZAGFFEOME - SELE S L O
By W A i TAT O 28 E OB R 2 3l ILEL 1% D N A A~ A G IR O BE R BE )R E
DG 2 B )T
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5. 2 FEEBRIEEROERYIE
5. 2. 1 JEME K ORE

e —ZARZ AL A~ AT AEE L e 208 AT ATG  (JEBILK
W) BLOEEOAXTZHWE, AXTESHe y FIVHhEo®., &vaogls
L. 500um O ffi H FORE 2 H Wz,

o — AW LHBERICE, AV T—B AT~/ 13, BEAT—FT [T~
J1ABIUONI LT —F [T<= /] 90 (&C, RFx P4 248 2H0
7=

5. 2. 2 MWEEKOKAEME

NA T~ ZADOEGELHEEZAT O B0, mERNHAERTEREXNY =y I v
(NV-200-D 7 H BEAk B M) o M s 2 72, Figure 5-1 123 27 L Ok
W& X % Figure 5-2 (21X, A O MRS X 2 R L 72,

Figure 5-1 35 L O} Figure 5-2a @ & 30 Bl IS #ke L 72 By 350 o M 4 &
THENERT S, HAETIE, ATV LV ABLIOEKFY A VYEL FTHR IR
22BDOT 4 A2 26bETHRTNWD, £4DOT 4 A27ITF 2oDRE, £
DRETES 1 DOERHY ., 2 MOT 4 A7 DEEEATSELIRICAEDLED
(Figure 5-2 b, 5-2 ¢c), Wil Z i - 72 5UBHE, BRE L O AT X 5 8T )10l 2

RCHREBRE OB RICIIEBEHIZCIOVWMILISNDGLEDOTHY, ERHADR
> D E e T R B~ RB O EESIE N AR TH B,

Kﬁ%?ﬁ\:@ﬁﬁyzybiw@%%(%@%E%)@*%KM%%%%
%, IR 5 453K (180°C) D INEAS{E T T, INEL - N - By koo TR A3 e
T ZLNTEL L CELBRMEM L, vk, WBEEE 2 150 MPa
ERDEHIT, RUy7T OB XY EEEZHREL -,
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(after processing)
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Figure 5-1 Schematic diagram of consecutive heating and hot high-pressure fluid mill system
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Piping
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Inflow .
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Samples before processing
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Figure 5- 2 Schematic diagram of the sample decomposing part
(a): sample flow in milling part and piping, (b): diagram of two disks,

(c): cross-section view of milling part
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5. 2. 3 MHFEHL

Ut Na & (pH5.0) D A7 =A 7 7 X a T2 & A L., 394K
(121°C) T 15 min MAZABEHWE L=, BHAE%. A7 7 A ICHEELEHNIZE
A L. 323K (50°C) OEE FIZHBWT 180rpm TR EIHI XIS H T, B, BE
wIXRE1gH7ZVH20mg & LT,
5. 2. 4 T

Ak, W E% 378K (105°C) OBREICHEREIZAR 2 EFTHEL, B LI-EE
OEIGMHOHEM LTz, KX, k% 823K (550°C)DEELICTHEIC /2 D £ Tl
BEL, BAOLELEROHALPOEM L, AHEEML X, =%/ —1 0 X
vEV=1 1 EECHB I SRR oEEND RN L,

et —XA(Ia—2AD0HEBERRT THLELR—RA L T )La—R
LA OB bR RS IC G e~ Bl m — A DRER) 04 BT 3B & BN
THEFBEALTCHEONLEESOEE TR, V7= Ea8&IL, 7 X
T4 F TIRBEIN LIRS OR GNP ORDTE, a-EBLr—ADE
ElIAetro —RE2 kBT PV DLATT A IVRBEL, TTAT 4 )VLFT
RN LB OEETRDLZ, JVva—20E&EpX. Z7va—xC
07 A RNTa— (Fikpidk TELEZHNTITo 2, @O0 7 = /7 —
Mgk z Wi, £, SR FRITRE /MR LS 13320 (v 7 ~w v « I —
LA — 8 A W THIE L -,

Ean— 20 EAEIX X HETEE (EFHEEKT RINT2200/PC) @ JlE
R A HLICHE M L2 (Granjaet al., 2001) #1223 B 32 ®AE AT £ 8L S-3000N % F W
TiT > 7,
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5. 3 FEERMERMOHB L
5. 3. 1 EMEORS SN &K OEFBHMESE

Table5-1 IC® AT XA TG XA XMW OENME % | Table 5-2 21T X XD
o AT RE R AR L7z, Figure5-3 IZZNOLOEFHMEEEL2 R LT, B4 7
Z TG, AFFHICHROBRNPBE I LT,

5. 3. 2 MR

SR 3 L OY 453K (180°C) MEASIE T T, Wfk - INEh - &R W BE % 4T o 7o ik}
DY £ % Table5-3 12/ x L1z, £z, RAKOLEZE L= B F oL m
— 2 DfEALE % Table 5-4 (2R L7, Zeds S 1F (0 7 XOVIEARR) %
Mz, AFEEHITOREIRT Tt - &ELE L TEH K14 % 386 pum
225 35.7 um IZ/h &< LTHRERICHEE L 72,

MBOEFEIHED LT, 1 EOKBBLIICE Y AT A TG ORI +££1% 74.4
um 225 13-14 pum BECE A Lz, AFICB W TH, 1 B OHBLEIC LY F
ki FEN NS K leode, =, Bam — 2O AL E ITLBL AT TR & LMk
TR bR o Tz,

mRElE b, ROUWEOE ST, 4 A REKICKT 2 08 ENES JBIFZ
Wk Lz, — HAB# T, EiRB L V453K (180°C) DALHEIEFE TR & 4%
PEA A E LI Lo < < 72 o 7=, Figure 5-4 & A F v &Z#KIZ 1 wthdE & TR
A LT RAHES X O 453K (180°C) ML O R EHEBWIK O B H &2 /R L 1=,

X 5T, FIRAHE L O 453K (180°C) W HE Ot A4 T AT G O HAE B %
TR EE CHLE L= (Figure 5-5), FIRALHZ OREHI, BRIRTH o 7= D% L.
453K (180°C) P4 DR EHIBAMER OB R b BE STz, RLHDOEA T X TG
X7 a7k THoeZ &b (Figure 5-3a) . RALEL, SIEALEE X 523 EL
MEONFICREOREENBRKEL R TWVDH I ERNRBEINT, B, AXDO=E
IR AL EE R F LY 453K (180°C) LB EI TH AT AT G LR DOEA
NELE X iz (Figure 5-6)

AXNZEBWTHERLHEOREI 7T ey 7R THo7-Z &5 (Figure 5-3 b),
AT A TG & RARICAKRLE | EIRALBE S 5T ITMEVLEE O NE I B0 0 2 i FF 23
REL o TWVWA I ERRBEEINTT, ZNIEEERSET CTHIHALAETHZ T

7= EORREMER S A S BHER OB RICAR LTS hokkzd S
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25 (Ando et al., 2000), 2. HAX LKA S4E ., BELSORP-mini = A4
WTHi Y7o BET Lk REEBOWEZRAT=Z0N., ZHMME TR W=D (EHE
TEXHMHEEEDICITEL o T2,
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Table 5-1 Characteristics of CEORUS-TG and sugi.

Average  Christallinity Resolvable specific gravity’
sample particle
[um] [%0] [water,oil] [g/cc]
CEORUS-TG 74.4 84.7 non-dissolution 0.3
sugi 386 50.5 — —

1 The Asahi Chemical Industry Co., Ltd. implementation result
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Table 5-2 Chemical componentIof sugi (wet base)

Moisture Ash Organic solvent Lignin Holocellulose a-cellulose
extractable matter*
[%] [%] [%] [%] [%] [%]
8.4 2.1 2.6 22.3 60.7 31.9

1 Ethanol : benzene = 1:2 for the organic solvent
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Figure 5-3 SEM micrographs of hydrothermal treated samples
(a): CEORUS-TG, (b): Sugi
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Table 5-3 Average particle diameter of samples before and after
pressurization hydrothermal processing by the fluid-energy-mill.

Average particle diameter [um]

sample _ . .
before processing  processed at room temp* processed at 180°C
CEORUS-TG /4.4 14.1 13.2
sugi 35.7 31.0 30.4

1 processing pressure was 150MPa.
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Table 5-4 Christallinity of cellulose in samples before and after
pressurization hydrothermal processing by the fluid-energy-mill.

Christallinity [um]

sample

before processing processed at room temp* processed at 180°C*
CEORUS-TG 84.7 83.5 83.9
sugi 52.2 52.3 52.8

1 processing pressure was 150MPa.
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Figure 5-4 Micrographs of 1wt% samples (after 30 min of settling time)
(a): untreated CEORUS-TG,
(b): CEORUS-TG treated at 453K (180°C), 150MPa,
(c): untreated Sugi,
(d): Sugi treated at 453K(180°C), 150MPa
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Figure 5-5 SEM micrographs of hydrothermal treated CEORUS-TG
(a): room temp.,150MPa, (b): 453K (180°C), 150MPa
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Figure 5-6 SEM micrographs of hydrothermal treated Sugi
(a): room temp.,150MPa, (b): 453K (180°C), 150MPa
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5. 3. 3 MHFEHL

BRIRER 10 h 22 B K 82h 1B W T, ZNZ A RME & 453K (180°C) £ TOD
INBG A 2 2 T - B - BIELEZTo/-v 4T A TG ZEEHEFL L -
(Figure5-7) . WITNDIRETH oMRITIRELS 20, 70, LWHBEERN SR
DO, WRENE ET D2 ENboodc, W UBERLHEREM CHEML TV D
DT REEGHFA Cheb HERMERDMBLOSEHENM EL TS Z L2 EKT
D, TTH, 423K (150°C) UL BT OB wL B 2 1T - 72 3B O BE L 2 R K & <
729 . 453K (180°C) TH 80h ALHE L 7=H A X, RULHOFKE OK 10%IZ b~
49.7% EHKIBEDRFE L 2o, ZHNITREGELIEICEY , REHOKE W
WAHER MM R IZ 20 (Do BEOE W KR RICRVEBERO S22 T T
Kol E2bN5, 20X RBMEROBHIL, BT 4 227 IOk
72 ST ) < B eI BV TELZE S 4L TS (Hideno et al., 2009) .

BB, AFIZBWTHEAT X TG LABEIC, REIEE NS RDITON, &
fig 3 m kL7, Figure 5-8 (2 ALBE 3 L Y 453K (180°C) LB A 4T - 7= A ¥
FEEZHARRLAZABOIOMNWEOD AL — 2B L WVa-k/ba — D5y ER
ZorLT-, A"ukilo— AR T, 453K (180°C) ALHIC X VK 2 52, a-t
Na— ANMET IMHUEICHENMLEZ, "ekra—A00MREZOLE DX -
Tt —ZADOSMREIYVENST-, a-EBlue—XFFaetrae—XETLh Y
RMELL T2 & EDOAREMER D THY | FMimMEREm W, fdhkEre—2E LTHEML
AT AT a-EAra— 2B THIMICMES L CHERLEZLOTHE, L
ERoT, Al a—2ADONREZTOLOREOIL, KT E < 5 f7 K
Ma-Ea— AR THEBEDERNAIELE—ARFTEALTNDLEDO TH
HEEBEZONTZ, MBRBEIZEZ0MEON LiZa-Err—2DFEN 3 fF&K
L MBLE T ~I B — X X0 EEH D o - e — XD LRICEE
RIE LT,

LFLOER e 453K (180°C) Dy - NEN - MMELBIZ L 54T X TG B LW
A X OEEFFE RO M LT AR OB RIC X D REAEEIN & K~ 5Bt m k
(Figure 5-4) IC L 2B L OFEMAROE MR ERFERE EZE 2 b, 4HRR
[ WTZ 2B, N A F~ ZEPRO Ry e - INER - & R ALEE 3 E@ e 2y D L — 7 TR

TTCEANRDODLVEBTHY AL L~ AFER~OSANTETH 5,
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Figure 5-7 Enzymatic hydrolysis of CEORUS-TG treated at 150MPa and
various heating conditions

Degradation ratio (%) = Glucoses content in liquid (kg) / Initiation
CEORUS-TG amount (kg) X 100
@ untreated, A: room temp., O: 363K (90°C), A: 423K (150°C),

@ 453K (180°C)
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Figure 5-8 Enzymatic hydrolysis of Sugi treated in room temperature
() and 453K(180°C) (L) (after 110h enzymatic hydrolysis )
Holocellulose degradation ratio (%) = {Total sugar content in liquid (kg) /
Initiation holocellulose content (kg)} X 100
« -cellulose degradation ratio (%) = {Glucoses content in liquid (kg) / Initiation

« -cellulose amount (kg)} X 100
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5. 4 fk
KR TIHE AXFRLEDE L0 = AR, A~ ZAFRN O LR ZRH LT
NAFZH ) —NVENREILSAEET LD ORI GIE (B, ZAKQLE) 2K
A L7z, kBB —ARNA A~ ZEPFROFTLE L, MBUKFKKLH B L O
Wz 5 2 N FAHETIT ) ZDIC T R X =2 RRN K, & 2T, B - & E L
HEBXOWHZERP»DS, H—O LR TITOEBOME A AT,

AR EER DN ATRERZERX Y = v b IV OFELE O — 3512002 %
ERT. AT ZAOKRWE - NE - SEOERAFN TR L 2D LI ICHB LE
EEARELZ, IELEELZ AW T, 150 MPa O & CULBE 2T o7k v 1

BNA A~ ZAEPIX, M EAT 5 2 & THBMEN M E Lz, AHEEEONEGE
ERFmL 25138 BREDFITEL 2D 180°CHMERE T RME D 2-4 1512
m B L7,

By et OB INBIC L Y 10-20nm DKED 7 7 A RXR—BRICR>TWVWDH Z
&% SEM B LN AFM OB TR Lz, 7 7 4 N—1fbik. KIFE T TOME
XV ke =27 0T 4 TV IVROKIZR-EDES. SHIZ, Y=y FIL
DIFFIZRERBPICHEICLY BREEOBEBETAM NN REL RV ELYE— 2 %
HEIBRDRERITLIZ LD EBE LTI,

RBEBERECIROM EOBERIT. EosBMEOMEE T s A4 N—fLIT XL DK
KEEOM ENREWVWEEZEZX DN, LI XY MBI =y FI D s X
WEDH LR BT XV F—=PHIRTE D, S 610, BiEOREIZIRICEY
FEFEEROR ENER I LT,

B, ARRELEEBEIAREE CLERATE 2, 774N —B R~ L
TEL e —ZARZNAF v AGREZRKSELREDOKETHRETHDL, ZNHOD
SEIOFERIT, WE (5 6 7)) OFBEET ToR b & oI IcE» 2w
REMEZ RIELTERY, 5% —BoRIICHTIHEEIFTE S,
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FBOE Tar—RARNA G~ AHEKDEIREEEEO TS
6. 1 ZL®IZ

Fabb., A, BEZREMR Lo —2 285 0AEMER (Bve — AR NS
T~ ZAEW) T, HAMEAESOoMEICERT2FZ ML L THRFILTVD,
A —ARZANA I ZEPRIL, [P0 ZBILRFELLAGRICEIVEET S, W
PPLA—Ry=a— b TIIVRFME S EF OB MBI XS fTRE 22 MR &
LTHIARENEEN TV D,

A= ARZANA T ZERILI NAA T T e ADIEHITIO AN F 2 Z ) —
NIREDRE OB LT ANAF VLT 47Ty 7 LT~T U7 VHMAA~
OMEF L KX (Elliott 2004, Watanabe et al. 2009), ik, EBANDO /Lo — 2%
NAF v ZAERITDBBEEE L0, WEICETLaANEHET L, &6
2, WEASIMLETA2BICEST 22X MNIOLHERHY , THE RO KRS EEL
o TW5D,

FlzIX. B — AR T RAERNP O F = ) —VEAEEST D HBT,
TEERMAKD#E (W) 2328568, B —ARNNA A~ 2AERE2EZ DR
X =2 EHL L T L L7, KICHOBESE TRERXISZ1T 9. MRS IC
MREEZHWT TV a— LEELZITW GO T Va— a5 5 Il RNERK
ML CEET 2, 2OARB 3L X -1 IaEkosEEIicET LI ERABEIN
TV % (Sagae.al., 2008, Saga et al., 2009),

AKBIZZLS O RN X —2ETL5HAO - DT BERELLRIIBVNTKRE
DRKEBANT D2 ERHToNL Wbl LE —ZAF AL I~ ZERITR
KBRS ADEORTIE OB LIZS Wiz A< & b3k o 10-20 £ D 7K Z N
A% (RHRE 5-10%fRE) LEXH D, ZOKRICES OKEMA DO, K
S (BEAL) ICX o THONIBEROREITES 25, TO L A FTHREH~
B ) = VAT HE & R DB BERFIC VIR FB D — A RIS RV LT D70
Z. mF ) = VREIIHERED S SICERREICRD(KOEIENEFRITEL D),

SHI REHEDOT L3 — VIZARERKE AN D Z & ITEEE O KRB 2 /v
THEY, SHICAELMEAXFEHWIT DL LR TWVD, ZOLD, KISH
AT LDKRKOEZPEDO L AR AN ROEE = X FE AT 2 s L2 L

éﬂ—(b\éo
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Z 2 CTARMIETIE., BUKMEA IR R OREFE KRS 2 IS Lis (&K
Figure 6-1), BRAKMED FHEEE I T MEOKEZR AT 2 2 & TKREME DB
FRORVICKPEEDL, EE o KICEBEOBRKENEE LEERELZEHD D
EDHHFETE LD, SHIITE MKSBERM THL 7 va— 2 el + 57z
DD BEDKELLN L, GEKRD KR XV & BRE OB KERZ BST 5 HiFico
WTRRRT L 72,

6. 2 FEBFGIE

6. 2. 1 HEEORK

A —ZARZANA G ZAGRORBHTIL, EHEOAX, b~ hOEZX | KO
mtEELre =208 4T 2 TG (BikEk 7 I BV Aty 2 iz, 2B, b~ b
DIEX R PR F L, X EEIE V2T 24TV 45um-90pum O Zy ¥ X%
A, tro—2EbABRICIE. BLvT9—F¥ AT~/ 3, BT —FET
(7T~ 4, RO~NI LT —F [T=/] 90 (&£T, R P14 240
ZHW=, 7 = W, NagHPO4, Mg, 7=/ —/), Z )b a— A n—~FH
RV h, KOYR Vv U ZREME T¥ELE AW, ZoMmREERICH W=
RE T, ATREARRY RS OREMEO L O E AW,

6. 2. 2 AT
Arkrn—2A0ERIT A ZFFRER D CHRERREAD L THLALETE
SOBEBETCRDEZ . RAB Do — Lo —20ERITFLELE — 2% & 5ICKEE
tF MYV T LERWNWTTAI VLB L T AT 402 THREEI L 7ZE 50
HETRDTL,

OB O K E L 105°C O FLERE 2 VN CTiT o 72, 105CCHEZEICZR D £ T
LR oBREEZHV, UTFToRIck v RABOKSEZEH L=,

REDO K (W) = (WEAMOREOERE(Q) — 105CTHELELRAEOER
(9)) / (WzJ&m7 o RO HE & (g)) x100%

A a—ZDERSHIL, Fra—2 COTF A MU a— (FIeHisk T 345
rHWTAT oo, BHEOHOITIET =/ — /Wl lkis Z2 v iz,

B, ABAEBEBHEEOKDODESEAT ) —OKRMIEEIZ. HIE T 30 min &
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L7ztEDAARAY Y X —DREZHUAKER LT, A7 VU —0OREIX 200C DR EE
TCTBAKEH A2 AW THIEL -,

6. 2. 3 EEHRNEL

BREBKMEARBEE O N7 7 ZA-KRITHE KR OEEREREZHFEAL.50COE
BTIZEBWT 180 rpm THR E 9, MAKRGMKIC S Ez, v, BEREITHAR 19
b2V 20mg & Lo, ROSKIZAKZ R AT L25G1E. pH5.0 @ Macllvain #% &
xR\, UGB DO T 7 ARBIIA T U RBAKREBRAL, BREZICEIBIEEL
Ko FoREZKICHE S, ok, IR O HIZ Macllvain £ & K O 7
ERALERTIE, MEHOKEZLD TINZ 2 Z &< BUSKREOREIKZZ O

ST W,

6. 2. 4 FEoahH

BOSH DT T ARG A T ZWREHRAL, Bk 1min g 2 LIEKS
FOREAEKICHE S, i EH LKoo &EIZFEE 05 glzxtL 2 mL &
Lz, 2B, IGKRICKZBRALZR T, fiHHOKEZRDS L, KGR O K
EHHAHOKBZIFETHEE 05glcxtL 2mL &5 K21k — L7,

6. 3 ZFEERMHRKOELR
6. 3. 1 AFX, P~ MEXXT U —DRELE(L & KA

FEHARFZTOAF KO b~ & OFEX OB IZ Macllvain ik & i & 04 Tl A B
W2 AN L7, BE R IZ A X RO b~ b ORI S U E O A A4 &%
ALTebDIZHAEEIEI L7z, AREEIC v FEA F L2 W R

T, R ITREE RS 2MBIEEREL o T,

HaDOREE B ABERTHELEZLE A, BEEREZ A VZRRBRKX TIX
2,400-3,000 cP, h~/x= & W BRI Tl 625-750 cP Tod v | #E K % i H
LAt~ AREEZEH T 2 FIC XV RENK < 22 572, Figure 6-1
AX29ICK LBEHRIMLER ML IMLEZBALESADEERZ R LT,
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(a)Conventional method (b)Development methods

4

Hydrophobic
Slurry of 1 water solvent
rawmaterials b~
e Raw _~
materials

Process (1)
Enzymic saccharification

Sugar solution [ .
(before extraction) [+ - & - water

Process (2)
Addition of extraction water(only method(b))

Hydrophobic solvent
(recycle, reuse) N

Sugar solution
(after extraction)

Difference
of volume

Sugar solution Sugar solution
(low concentration) (high concentration)

Process (3)
Acquisition of sugar solution

Figure 6-1 Image of acquisition of high concentrations
sugar solution
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Figure 6-2 Picture of Sugi Slurry in the Buffer or Toluene
a: Sugi 29 in the buffer 9g
(high viscosity, not move the liquid surface)
b: Sugi 2g in the toluene 99
(low viscosity, move the liquid surface)
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6. 3. 2 HREAKBELT TORFOREBER R R

pH5.0 ® Macllvain &k, FHEfE A F v, n-~FHh v, ZaakrLs, KO E
NT U TAXFEMREPOS S e, £/, AHEL TRE® « AEREE =19
DWW THRIBEORBREZITo7T-, HWIEAXOKSIF121% TH 7=, 3 B
DORERPEAIZ IV AR LD 5 B dlH L 72K b OVR il A B i 4 P 12 7%
ST EDEI G % Table 6-1 (Z/R L7z, BTORICEW T, 90%LL LD HE 23 K (2 il
M7, ONEEEEICREE KR - AREE=19 0RGKZH WL E., KHIiCH
WEhoHEOENELL 2o T,

F7o0 3 HRBISBICHE Lzko 2R E Figure6-2 128 L7z, 7k, A
eI 2 5 & 3" pH 5.0 @ Macllvain 2 i O A O R X 1L, KIGHIZKEN A 5
e RREROBERE 2 JE Lo, RER T ORI AR TR
BOS U TR LZZRBRXIT, ETEWIREOHERAFI S, PTH, K:
AREEE =19 OB P TRISSERZEIEROFEERRE XS W ThoEa b,
Macllvain #% & g O & O 5 X D 3.0 mg/mL {2 kb X% 6 5D 18 mg/mL LL EiZ72 -
7=

Figure 6-3 (2, EfEdBRoBICEN I 7-2b &%/~ L7, Macllvain & & g
TCEEEBEAL L2 A, 30.2mg ORI S v Te, AR TR o AR
=19 DWKPT THRREIT - ETOLARICBNT, BEEILTHEOATLED&E
DML, P TH, BEK : Lo =19 DRBRX TiX, 37.3mg L D&
Wig b % <. Macllvain S i H o 1.1 5 & 72 o 7,

6. 3. 3 HREAEEHEPTO N~ FEXORE(LHBRE R
FRRAXFORBREFEAMKORBRTET, P~ MOEXLMEE( L, BEHL
Th~YFOEXIZHFENDIKZIT 8T TH -7, 3 HEKIGHZIZHT LZKD
EHEIRE 4 Figure 6-4 IR L7, 7ok, AHEE M4 (5 H ¥ 3 pH5.0 @ Macllvain
IR O FH DR XL IS B ICKEMZ D 2 &7 BB OPERE Z [ E L,
AXOHA L RIS, BEIR T OLIC S, AR TR L OS LTk
L2 IZ, 2 TEWEEOEKRA/ BN Iz, B TH, K: AEELE=
1:9 DR TRIG S E 7 BIE OFERRE T &S < n-~F P 7 m kb,

IR HWiz54 . Macllvain £ K O & O 3R X O 3.4 mg/mL |2k~
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615D 20 mg/mL UL B2 72 572,

Figure 6-5 12, LB OBEICEIR S N7z 2 &%~ L7, Macllvain #% ik
TCEEEREL LCE G, 33.8mg ORE R RN S, AR TREE IR - AR
=19 DERT THBREZIT -T2 TOHAICENT, BEELTHLATLEO R
WML, #FTH, n-~FxH oy srophirsh KM Z2HWEEAT
I, Macllvain f2 K O 1.18 5% # 2 % 40 mg L L OFENRHE 5 Tz,
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Table 6-1 Ratio of total sugar in extracted water and unextracted (remain the hydrophobic solvent).

ratio of total suger[%]

methyl acetate n-hexane chloroform tolene methyl acetate n-hexane chloroform tolene

only only only only + buffer' +buffert  + buffer’  + buffer*
in extracted water 94.2 95.4 90.2 92.8 94.5 97.9 95.6 97.7
unextracted? 5.8 4.6 9.8 7.2 5.6 2.1 4.4 2.3

1 Macllvain buffer (pH5.0) : hydrophobic solvent =1:9
2 raio of total suger in hydrophobic solvent
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Figure 6-2 Total sugar concentration of extracted water from Sugi enzymatic

saccharification solution in various hydrophobic solvents
1 Macllvain buffer only, 2 methyl acetate only, 3 n-hexane only, 4 chloroform only,
5 tolunen only, 6 Macllvainbuffer: methyl acetate = 1:9, 7 Macllvainbuffer: n-hexane =
1:9, 8 Macllvain buffer : chloroform =1:9, 9 Macllvainbuffer: toluene = 1:9
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Figure 6-3 Amount of total sugar in extracted water from Sugi enzymatic

saccharification solution in various hydrophobic solvents

1 Macllvain buffer only, 2 methyl acetate only, 3 n-hexane only, 4 chloroform
only, 5 tolunen only, 6 Macllvainbuffer: methyl acetate = 1:9, 7 Macllvainbuffer:
n-hexane = 1:9, 8 Macllvain buffer : chloroform =1:9, 9 Macllvainbuffer: toluene
=19

Amount of total sugar (mg)
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Figure 6-4 Total sugar concentration of extracted water from stem of tomato

enzymatic saccharification solution in various hydrophobic solvents

1 Macllvain buffer only, 2 methyl acetate only, 3 n-hexane only, 4 chloroform only, 5 tolunen
only, 6 Macllvainbuffer: methyl acetate = 1.9, 7 Macllvainbuffer: n-hexane = 1:9, 8 Macllvain
buffer : chloroform =1:9, 9 Macllvainbuffer: toluene = 1:9
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Figure 6-5 Amount of total sugar in extracted water from stem of tomato enzymatic

saccharification solution in various hydrophobic solvents
1 Macllvain buffer only, 2 methyl acetate only, 3 n-hexane only, 4 chloroform only, 5 tolunen
only, 6 Macllvainbuffer: methyl acetate = 1:9, 7 Macllvainbuffer: n-hexane = 1:9, 8 Macllvain

buffer : chloroform =1:9, 9 Macllvainbuffer: toluene = 1:9
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6. 3. 4 FRxZQKSETOMMEELVE —2ORLRBRR R

60CHOERAGT TEA T A TG Z 58 h /L L, KioMEZ 411% & L7z, &
etk D& A7 X TG % Macllvain fE K & b /L@ DR 2 28 % 7otk % 72 K55 &
BOWR T CTREREM L, 3 AMMSEICHIE L Kkdh o 2bERE % Figure
6-6 |2, S fEE % Figure 6-7 /8 L7o, A 2 H v 72 3Bk X o 2R 1,
Macllvain #& E i O 7 OB IX L W & Tr < 72 o 72, FFIZ Macllvain 2 # ik : b v
T =15:85DRABRKX CIIHR KME 301mgaERL7z, £/, M DHDH
A &R E . Macllvain SRR 2 3N L 723 BR XTI, o n k& <\ kL,

SHIZ, A—0RBRICEVWTEEICIEENRL 7V a—R 2OV T &7 -
Tmo IV a— AP % Figure6-8 I/ a— A BEZ TICEH L7z a- BLla—2
IR & Figure 6-9 [Z /R L7z, fitH/AKk D 7 v a— 2R EBEE L@ DTG %
1T o 72 R LAME AT Macllvain SEEH IR O A ORBRX LV @ ol £lo,a- &
N — A fREBIX A KL R o 72 b OO Macllvain fEER © L= =
1.5: 8575 2.5: 7.5 OF|E THEE K 2B M L 723Uk X TIX 2R Macllvain
REE OB DORBRE LD @< Rl ARG FORE KBRS AH 5 2
EPDBEEEO TV a = 2AEFEICBKRTOBENRESEELELLOLEEZ DN,
Fo. KON TFEIBICHL, ZFva—AD5 T8&I1X 180 & 10 fF K&\, 5EHO
R DORICE WD KGR HNIT, BLXLZZOI0FEO 7V a—2ARn/FoNn5 2L
Z72 D ME O HRAA A~ ZAEFIL L0%REDO KD EZRALTNDZ LD,
ISR T 2 KDITHICKNEEL T 52 LR < BEREELEZITY 2 LAk
A3
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Figure 6-6 Total sugar concentration of extracted water from CEORUS-TG enzymatic

saccharification solution in various solvent concentrations

1 Macllvain buffer only, 2 toluene only, 3 Macllvain buffer : toluene = 0.4 : 9.6, 4 Macllvain buffer :
toluene = 0.6 : 9.4, 5 Macllvain buffer : toluene = 0.8: 9.2, 6 Macllvain buffer : toluene =1.0: 9.0, 7
Macllvain buffer : toluene = 1.5 : 8.5, 8 Macllvain buffer : toluene = 2.0 : 8.0, 9 Macllvain buffer :
toluene = 2.2 : 7.8, 10 Macllvain buffer : toluene = 2.5 : 7.5, 11 Macllvain buffer : toluene =3.0: 7.0
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Figure 6-7 Amount of total sugar in extracted water from CEORUS-TG enzymatic

saccharification solution in various solvent concentrations

1 Macllvain buffer only, 2 toluene only, 3 Macllvain buffer : toluene = 0.4 : 9.6, 4 Macllvain
buffer : toluene = 0.6 : 9.4, 5 Macllvain buffer : toluene = 0.8: 9.2, 6 Macllvain buffer : toluene
=1.0: 9.0, 7 Macllvain buffer : toluene = 1.5 : 8.5, 8 Macllvain buffer : toluene = 2.0 : 8.0, 9
Macllvain buffer : toluene = 2.2 : 7.8, 10 Macllvain buffer : toluene = 2.5 : 7.5, 11 Macllvain
buffer : toluene =3.0: 7.0
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Figure 6-8 Glucose concentration of extracted water from CEORUS-TG enzymatic

saccharification solution in various solvent concentrations

1 Macllvain buffer only, 2 toluene only, 3 Macllvain buffer : toluene = 0.4 : 9.6, 4 Macllvain
buffer : toluene = 0.6 : 9.4, 5 Macllvain buffer : toluene = 0.8: 9.2, 6 Macllvain buffer : toluene
= 1.0 : 9.0, 7 Macllvain buffer : toluene = 1.5 : 8.5, 8 Macllvain buffer : toluene = 2.0 : 8.0, 9
Macllvain buffer : toluene = 2.2 : 7.8, 10 Macllvain buffer : toluene = 2.5 : 7.5, 11 Macllvain
buffer : toluene =3.0: 7.0
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Figure 6-9 a-cellulose degradation ratio of CEORUS-TG enzymatic saccharification

solution in various solvent concentrations

1 Macllvain buffer only, 2 toluene only, 3 Macllvain buffer : toluene = 0.4 : 9.6, 4 Macllvain
buffer : toluene = 0.6 : 9.4, 5 Macllvain buffer : toluene = 0.8: 9.2, 6 Macllvain buffer : toluene
= 1.0 : 9.0, 7 Macllvain buffer : toluene = 1.5 : 8.5, 8 Macllvain buffer : toluene = 2.0 : 8.0, 9
Macllvain buffer : toluene = 2.2 : 7.8, 10 Macllvain buffer : toluene = 2.5 : 7.5, 11 Macllvain
buffer : toluene =3.0: 7.0
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6. 4 #E
AT, Erme —2ARZANA I~ 2GR EZBHEELLLCHAOND, 7V a—
AR EOFEEE DR L BT 2 HMBEFICOVWTHRFT Lz, ThE T, BEHEE
ICEOGIE KR Z BB E T 2 KM T TIT LIV D 2O 15 DI 2D FEIKR DR EE 2 I I
TR EEIC 2> T LEIMBELH L2 T, BUKRIAEE 2 B v T B R b RS
ICHWLKOEZ I ARICTHZET. HBoNIBRORBREZR LEE D5 L
T, =X AF—a X FREERELOM /NI RWICERRTE 2 RBIEND 5,
KuaLEMWDEHKROFBEES TCOREFREL (BKROBERIIS) 1T, ¥
M OBEZEENZITORICKEZEATELDT AT U BE VB EMAMBERICELD
B ZIEM O T 285 <720 O ME (Morita et al., 1992) < 20%LL F DK% Tk
b — ZHEAEE o) E A2 R L 72 (Karube et al., 1990) S&EFIN R SN 5, L
DL, RFZEEORRICEIEREE 21 LS, K2R TEOHDOERYE 2 X NI
bE = Il i T e VA
A ETELNEERETIZ. B0 — 2R A F~ 2GR O WK EMED W
MH, M UREEBEA TNV EOFEREREER WD Z LIk Y | BERFE R
RO RE O RZ BN H (K9 1/2) EHER TR AREE oo, ZOZ &L, R
BT W % 28 & FLEHE /D R N RBEEO XLV XF—RTICRESEMRTE 5, &
HIZ, PEOKICEY GIREOHKEINA AR L kol (B X% 1/8),
BONTRIX, BEEICIY AAF X ) —VICEHRTE DS, EFET L KkOEN
IR Tl R AN OB OME /NS BT = X b o K 7 Bl
WCEDRDLDARENRREN, TNETOMETIE, =X AVF—a X EBAAS X
= EDa X NEICRY | BN K AT CE o, RAFIEO UK R BEFE K
JIEDERIT . =XV F—a A NOKB0%E HDDESONDERZITHND =RV
F—2RELIEBILTEDAMEBHEEZAL T A%OELE - ARSI R
EWRATEN LI EEIIRESEMRTE D REERHFFIN D,

il
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TR OKE

AL T, EFEOREEME., Z2% 0BT D 5 EERAEIT AT RN
A X7 ADOFTH, JAH K OBEUKRRISIZE T 2082 >0 Tk~ 7z, — i
CEER . AW EOERM B IS WD AN AT e RE, ZEICKE M
MT DKBIEDER T D, T ERMBEZ H bk x BT TbN
HHL KEIFEAEHENLRWR THEMEMBRIEAENTEH L Z LRI,
LV DEXICHFGTDHAEENIEN > TWNDH,

FTHIBFIFETHY, XM ATt 20FHME L KM &K OBEK RSO
AIREME M VAW FE OB EL . B AJIZ DWW T~ Tz,

F2ENDLBEAEE T, IEOBELBETFZRELELTHNSD Z &3tk
HAXTHX—BIZHEBRB L. BEEZEROZELI L RIEKROFHRERYE & L TofiEbrEn
FENDRNVLT VT B REAEKIEE TS 2R E1T o 7,

ZD D HEETIX EMB D170, FT O B3R OHEKRE L 0 B IS L7z
RVLT VT B RIS EIZOW TN, BG LZORO KR LT VT b R
PEB O FTH | Pvariotii IRIOI7ERITER b m WAL AT VT & RiftE&25R L7z 2
ED OB AMHIROGEMEE EIRIEERIC L DAV AT VT B RPEKLE
FEPEIZ DWW TRz, TORE. IRIITHRIZEREEDO S WAL AT VT B KRB
05% & V) BBETEENIHMP THIBL, FTERE|ICHMTIENI, 2
NETOAETHEHREOE NG WHEREALTWVWDLZ RN oTc, EHIT
IR IE B {£130.03 g-formaldehyde/L/h (0.03 g-formaldehyde/5 g-cell/h) &5 | FEpE
ETHMAAREREOD 2mmMEREZALTND Z & xR LT,

3 cld, IRIOLTHRHI R D 7 L 2 — LR (LEE#E (AOX) DRI 21T VWM
IZOWTERTZ, AOXIZ= X J— )b, A% ) —LPUNICHEHRINVLT VT B R %
[RELELTEBETLIZEE TR LI, £72, AOXE L TEZL OFENRITHOIL T
AFu ho TEREREORES L LT, EEERECONRET I B, KO
KT EICBWTHEERE WS, V7 2=y bR6EAERTHY (AT bnr
TEERRII8ER) AR b DL N ol HTYH, BVLZEME B pHD
IRSIZBWVWTENALTEY, EE~OFHOAEENRENI EEZRLTE,

FAF TIL. IRIOLTER IR D AOXZ 2 U 1 7 VI @ E Ak U 7 8 & Ak B 38 % 1F Rk

L., ZZXEEBEAO 7 oV E 2B L, FHMALES0 nmo Y B4 Lofh T
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L7 X EEM AT b2 RV EEMABERIL, 5V AOXREFR LR A
THAT e RofiEEZ R Lic, 2 OEEEREZ AW IET ¢ 0 2 1338 20%
UTFENWI BARODXADRKRBEZEELLEZKMHEBEE T CHLARALLAT LT LT E R
PG T A I AR LI EROAR VAT VT E REREEZHME L-EE
BEEBR RGN, SR MEELEHNDEIERLLAT AT FRAKZE#EZEICLD DT
oD AKMWEDOHE 7 A VZIXTEFTZARIRICKIFOBBLH DDk =T R
NME D ATREVE S @i vy, F 7o el Ae & o0 il 1T b SR R A Y VR A
MWD 72 DIZBESN OIS KD 2RGHED REMENME S . & BIZIERISICER
TRNAF—ZBEBLRWED, SHROEEFH~HEFINDLI LD Lo T,

WEE N NEE T . A — AR, T~ RAGENONNA, A X ) — L EAE
PETOHONAFT T RAICOWTHF LT, FFIZ, XM =X ) — VAFEORE L
2o TV D HETLRE - BEfb LR &8 LRIZ OV TR ZAT o T,

HEETCIE. MERFLLAFENE Lo — R RNA 4~ 2OEE P TIC
DWNTHE LTz, 1%, 3B OB KL K OB it &2 /8 » T TIT - TUv iz
ATALEE TR Z @i mEOEKRADO Y =y b I VITH 2 D Z & TRILEZE D0
EER -7, &5, B8 10-200mDF ) T 7 A RXR—JBRICETML T 5
Teolz, EEovre—2ARNEo@romtRmEE 0D BEEEIFEIN2-4
fEm B3 52 &L,

O TIX, EKRZOAHEE P CORERERRICEZITV, Err =A% A 4=
AHKDOSBEREAEOBMAGEIToTe, NA A2 H ) —)VEFEDSNZ 55 &
EONLIAMIEBIIEDLAEND KOERBEZ D S 572010 A I CBE
FHEALBITO, MEOKTHHT 2HEMICOVWTRE Lz, Z0fE., AHELE
R THERDKRICHENTHE T EVEERELERRE S L, BT 25 R IE /R KT
UBIZWAT D22 ARz, oI REIT. EEO/NEHEIML LOZKYE =2 X
RO RIEHIBIZ BN D Z & BNRB ST,

L. SESE NN, MATA BT HE T AR T BE B OB S B B Al
L. B EAEMUINN DO NS AT o AORBENERE LS RET
HZENTREND, ARSI, RIEPOHEEEORVHEEHND Z LB —
IXE) T o Lo BAKMED @ WAERME ZH Y 5 A F 7 v & 23K FR RS 2 H 0
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