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1.1. V7 /7 la—ZAF%NAL <X
1.1.1. V) 77 e ra — 2 %A 4 < ZDFH

NAF = 23EMERORZ H o b IBET, THAWREZ A ko AR LA &K
ZRwib D) LINTwE, N A RAEHEARETHD, »OA—FRr=a—F7L1TH?
ZE0s, ZoMMBERMELEOBEICAESTHLEEZ LN TS, BELT F7XFER
TEQATREDNA TR RFERNS, XA ALY ) =V EOGHYEDBEEI N T 503,
Z ORAERICHE > CTREVERE L OBAPEFTROMADME L 2> TE T3, —HT, V7
JENB—ARNA A2 AICE, FRDBDOE L TRENS AR (RLER, §HEER) & BHANA
F2A (R 7 VHAR, fibo, a—VAF—N=7%L) BEEND, KENA T REFAN
A F 2 AR THAZERRY 72 ) OEMAEFERIZD 20, WERRP TR TH D et
DEOAIEDH 2, B2 THIREBHRARE AL A2 213, FAMCNETE, gkl oEER
BEODEET 5N, DO~ EOERBEDLED B 2 EH o, HEREBELIH R LG BERNAEO 72 o

2, —EOTERHIER R I N TWw 3,

1.1.2. V 77 2 va — ZRNA K = 2D FERERLS & R

V772N B—ARNA LR AE, vV —ABLIUONI LU —RAD L) BEHEEE, VT
k%72 k&Y E TR L% (Table 1.1) (Eriksson et al., 1990), Z#5
DY 7Nt —RAFNA T2 ZARER T EREERE L CHIEEICEET 22 LT W
B E L OEANICEE 2 #E 2 d £5 2 6 1T\ % (Himmel et al., 2007),

—fIZY 7 eva — RFRNA F 2 AR, —REEP) & REES)IZTT o, IHICTX
BENZODIZa 6 s &) RE»BBEEDIA C Z 1 A6 11T\ % (Brandstrom, 2002)
(Figure 1.1) , " REEIZJEMEZ L2 2 EDAIOGNT VB, Ll —Z, A3kl o—2R
BIOY V= v OREIZEL 2T ARSI T 5 (Atalla & Agarwal, 1985, Akerholm &
Salmén, 2003, Salmén, 2004) (Figure 1.2) , Afi<Tix, V7 /Ll —2AFZN N[ A< ADFH

ERERRSTHEENLE—ZA, NI LT —ZABIONY V= I2OoO0WTRT,



Table 1.1 Major chemical composition of lignocellulosic biomasses(Pettersen, 1984,
Eriksson et al., 1990)

Lignocellulosic biomass Cellulose [wt%] Hemicellulose [wt%] Lignin [wt%]

Hardwoods 40-55 20-40 15-25
Softwoods 45-50 25-35 25-30
Grasses 25-40 35-50 10-30

Figure 1.1 Model of cell wall layers in a latewood fibre. Wood fibre showing the different cell
wall layers; primary wall (P), S1, S2 and S3 secondary cell wall layers (Brandstrom, 2002).
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Figure 1.2 Proposed ultrastructural model for the arrangement of wood polymers (Larsen et

al., 1995).



1.1.2.1. e —Xx
V77Nt —ARNA A2 ADERS FEEMBKD TH 5L —2 13, MY, EE, BEiHE.

M 72 £ X o TBERN4Ax 10" F U3 X T\ % 2 & 5 6 (Coughlan, 1985), HiBk Rickd

ol

BEICHEET 2 AR 2 AEHRERERCH 2, AR —RAED- 7 VAt s ) —2AHB-1,4
Y ay FiEE LA TLEwThd ., L a—R BRI LIcp-1,47') ay FiEazihe L
TI8O°MERL T3 Z Lo, HiE Lo EHRAIZen €4 — X Th % (Figure 1.3), Fflc7 /=
—RFE2HT 5N 0 — A7 FHORNZETCAS & WX, M3 IRE TR & W S,
ovn— 25 FHAELIRLBINKR T 2 2 &ofiifl L. REiieE Ic 3 v TR mm AL
(Gardner & Blackwell, 1974, Brown & Montezinos, 1976, Hon, 1994, Persson et al., 2004).
HAE2,00080 (Hon, 1994)D 2 717 4 7 V2R L T %, )b a— R H5 S & Ik
IR SHIR 237 AE L (Verlhac et al., 1990, Hon, 1994, O'sullivan, 1997), KR IZHFET B FE60E &
LCeru—RI(I, 8 LU, A 54T 5 (Atalla & VanderHart, 1984, Bayer et al., 1998),
ovu—AITlE, C3KIER(OH-3) &£ 0-5, OH-2 &£ OH-6 DT FWKER DRI NTE
b (Nishiyama et al., 2002), £lua—23I707 4 7V NVRHFEVHEFTSTI S L3 EREEZTE

L. ZODHEYMIEEE D —REES " REEICHFET 572012, HPIZE CYHREE X O#4: 5

ke nd EEIONT VS,
CH,OH OH CH,OH OH
o} HO 0 O HO
HO 0 0 HO o o)
OH CH,OH OH CH,OH
Glucose
Cellobiose

Figure 1.3 Structure of cellulose with cellobiose unit linked through g -1,4-glycosic bond.

1.1.22. ~Ik)lu—2A
Y IEE D EEREBR T D—D>ThH B~ klua—RlF, D-F)Va—A D-HF 7 k—Z,
D-vY /=X, D-FLUE—A, L-TI7E/—A,  D-Z V70 VBEELN4-0-XF)L-D-7Nrna v
f2(Adler, 1977) 7 E ORI T 6% 5 ~TRERY 2 —Th 5, FIAEHO~NI LT -2
4



X, D-FBRET ) —APB-1A4FEG LAY v —2FHE L, ZNU4-0-XF VTV m Vg
Ba-128AL. IoIFT IV EHD2UIE LY H 2 0IF3HLTT v F VEDSH G L 724-0-2
FUTNTT ) XL T PANT kva—RADRKE % 5 & (Figure 1.4a), ficE%D 7'V a< v
v &G AT\ 5 (Timell, 1967, Ebringerova & Heinze, 2000), &#3ERTlx, 4-O-XF 1707
v VBB OMIZ a-1-=3)FE L7 7, —AllfHE O T7T 7€ Fvra ) v 7 v
Sk u—20f1/3% 5o (Figure 1.4b), flic~3I vl u—2Df1/355%2 v a~r Fvnh
& T\ % (Ebringerova, 2005), £7:, FANA A< 20X 7 V13, Fou—AHMO2(1E K
W/ E733cL-7 78 ) — 20z HT 2778/ ¥ 73y eFET b, TOTIE/—R
DO, 7=/ =V (BRI 7 2 VI BB X Up-7 < Vg) BHREELTw5 2 E bt
NTw5, ZTOXIHIC, NIV —REF I FIFLHPMPEE2MBEET L L TEHEL~T R REHET
HH, SN rn vl EOfIEEe A F AL EoBide A LT, Mgk A Yo
ELTWwS, FAIkilu—2F, Lro—RLKEHEICESTEAL, Vv iz —
FIURIATAFEEL T3 EEZ 5N TWw5(Eriksson et al., 1980), ~3I k)il a— R N\NA F
2 ZADHEBIC L > TEHEARP Z DOMBRICEDH 5 Z & 25 (Heredia et al., 1995, Ebringerova,

2005), fEYIMIIEEED = XKouiE 2 e T 2 HE LN TH S L EZ 5N TV 5,
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Figure 1.4 Structures of hemicellulose from lignocellulosic biomass. a: Glucuronoxylan, b:

Arabinoglucomannan, c: Arabinoxylan (Ebringerova, 2005)

1.1.2.3. V /=~

V7= IRV IEEE 2 K T 2 B D—DoTH D | IRERIC B W TR D20~30%
Z . FEBHC BV TIREER D D 25~35%% 15 & T\ % (Pettersen, 1984, Eriksson et al.,
1990), V7=V IEERDORY) 72/ —VThHH, SHEDOD7 = V7 u vy, Thbd
LbaZ 7z )7 a—), PFELTLIA=LEBINp- 72V ILTILa—LOBKEEYH S
7% % (Figure 1.5)(Lin & Dence, 2012), V7' = gk ra—2A 4 EORRRY v —ICH o2 H

HIIE L WiSEED XY = —Tix 7z . N, WENICA—2WETH 2, AT V=27 F



Hiok Y 7= v ofEE TV REI N T 353 Nimz, 1974, Adler, 1977), s i3) 7'=v D
WG E B3N bDTiEE, BREZORMARALEED NG v ARBLL Tw 5 LEfET
LREND L, Flo, VI/IZVIFEIAEIATIE ) —RA, I R—ABLUON T 7 b—24

ALEEREA LT3 EEZ 51T\ 5 (Briksson et al., 1980),

H
v O

R R’
OH

Figure 1.5 (A) Structure model of phenyl propane unit of lignin. (p-coumaryl alcohol: R =

R’=Hj; coniferyl alcohol: R = H, R’= OCH, ; and sinapyl alcohol: R = R’ = OCH,).

1.2. V77 nu—RRNA F v ADEEZER 7 0 & 2

1.2.1. B b2 s 7 0 & 2

V7 eNa—ARNAL F 2 A0S LY ) — B X LIRS O NI EYE % HPES 5 720
Ik, V7 ea —RRNA F 2 2 DRERSEHE = BN OBERNIC 7V a— 28 X0 %>
— A7 EOHBEHICEWT 5 2 LSRRG ITETH B NA A 2 ARERIRST = BEEEIC AT %
9 AT, BRI 7t 2 ORI E SN D EIRE L BENZLE LT, R0 E
ST CERNIC NV a— AL EORE2ZE2 LN TELNEDLDH 5,

V7 enn—RARNAF 2 A0 6 DELFEINEITTIEIC X 528 ) — VAREOREN R 70

£ A% Figure 1.6 IZ/R T, V7 /LB —AZNAL A2 R LR —A, NI LT—ABIN



V7= v in EDREREIT D 6 18 B R IRt OE 2 AT 5, 2Dk, Y7/ era—2%
INA K A0 6 ERBEIC X o TRRIVICHRE 213 2 7- 12, BERBELICEZ> T V7 /%
N —AFNA A2 ZCHTLHE 2 i § Z & CHEDMRIEZ S0 5 2 LA RTH B, A, B
FHAUHTALBIC S > T, U 7 2 — ARNA A2 ADKIE R /NS (T % 72 DI TILEE D
sz, V77 elu—2ARNA T2 2CNT 2N, BEROEE~DT 7 & A 2865
THLEEDBIT, BV —2DHEAEE LORMLEZIE T S® 2 2 LIc k> T, BEEIWIELA
E¥2% LEZ 5T\ 3(Yoshida et al., 2008), ¥eiicid, w20, @, REBUR -1 I
i (Millett et al., 1979, Rivers & Emert, 1987, Sidiras & Koukios, 1989, Alvo & Belkacemi,
1997) 8 X O Ak (Tassinari et al., 1980)503% % 23, B UBRIC & b7 ) =2 )L ¥ —iHE &
DIFF IR ZE Wiz ® 2 (Tassinari et al., 1980), —E DR E TOMDBEEN EEZEZ SN TV,
2%, sk ) 7 el n—2AFZ AL 2 A LT, BB X7 A VI X 2% i
PR Z 59 = & ©. BEESREDE D 515 (Mosier et al., 2005, Hendriks & Zeeman, 2009),
HIALBE AN A A = Z ISR IC L > Tk L, v a—2 G0 HBEICEI I N, BiLic X > TR
SNTHPEZ OO HEM T v AICB WY ) — VIcEInG, ¥y /) — NV EETax

ACHEU ZEFRERE RIS L LTHW 5 2 L TE 5,
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biomass biomass
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A 4
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Figure 1.6 Schematic model of bio-refinery process based on enzymatic saccharification.



1.2.2. TR pE L AL B]

INFEFTOMARICE ST, V77 env—RARNAF 2 RCEMNE S 3 F SRR AT
TEBRESI N TV 223, BIE, MEMATL L L THEEEZEZ 5N T 3 HIEORETIE.
Wb 207 VA Y % A ACE L 2 BT 5 Cbh %, MBI AN 22 AT I B
W, VT BB —ARNAL AR LD 5 0IE T VA ) FEORMAZEAL., MEE XY

HEALFRS 2 2 & T, BESRIEICENBIUEANA < 2 %215 (Figure 1.7)

Pretreatment

additives Gas phase

(Includes additives
and biomass component)

Lignocellulosic Pretreat t Solid phase
biomass retreatmen (Pretreated biomass)
Energy Liquid phase

(Includes additives
and biomass component)

Figure 1.7 Schematic image of pretreatment process.

RIS 2 3TN T3 a =Y A b —=N—IZBWT, GHITHL I ERRINTND
B & 2 OB % Table 1.2 1289, T4 6 ORI 7% 0> C, HMIBATLEE X
OBUKHLIE S, BRI TH 2, $7- Lime, ARP 8 X OWRIL7 v &= PHIALAIZ, 7L
AV EORLETH 2, {LFNRTLEIC B VL TE, I & b 7% > THILREBERGE B X O Lp e
DREIND ZEIE>T, BMRICLZHEANDT 72> ) 74 8 X OMESHBED M LT 25
EEZH6NT0D,

BHIIEDI N A F < ARG 7125 2 5 52 % Table 1.3 12/, BEELATAIRICIE, 70
A—ABREOHFEZ MR T LR, VT el u—RARNA 4 v ADBERSREEZ D

D0, DO FEEE T 0 AT L 7 2 FEEHEWE O LR P 5 b DR E L v, Foa—



VAR == DNAF LY ) = IVEEMRICB T, BILBEIZERE X OEEE L HICa R

FDDWBEARAT Y TD 1 DOTHSL I EPEHINTED (Lynd, 1996), HiLHEICHE R T 2 )L X

—BLV0aX MRRDABRICHDONS ZEDBRETH D, ZDd, BILHICH-ON B, 7

VA ) E X OEREEEEORMANL, Zilid L CIZHEAHTE 2500 L <L /lERY O

HAbE&EDT, 7R AL2ERDaARINNT UV RAZEZ L08R H 5 2 LEHPERMI LT3 (Lynd,

1996),

Table 1.2 Suggested operating conditions of pretreatment methods for corn stover (Partially

modified (Chundawat et al., 2011) and references therein)

Pretreatment Chemical Temp | Reaction Chemical Note

[°C] time [min] | loading [g/g

dry biomass]
Dilute acid Sulfuric 160 20 0.015 | Batch process
acid
Steam None 190 5 - | Batch process
explosion
Hot water None 190 15 Flow-through mode
Lime Calcium 55 Hours to 0.5 | Purged with air
hydroxide weeks
Ammonia Ammonia 170 10 0.5 | Flow-though mode
recycle using 5 mL/min of
percolation ammoniacal solution.,
15% [w/w]

Ammonia Ammonia 90 5 1 | Liquid ammonia added

to biomass before

heating reaction

10




Table 1.3 Effects of thermochemical pretreatments for chemical compositions of corn stover.

(Partially modified (Mosier et al., 2005) (Chundawat et al., 2011) and references therein)

Pretreatment | Cellulose | Hemicellulose | Lignin Acetyl Glucose Xylose
removed | removed removed | group yield yield
[wt.%] [wt.%] [wt.%] removed | [wt.%] [wt.%]
[wt.%]
Dilute acid 5-15 70-95 10-20 50-95 92° 93"
Steam 1-5 40-95 40-50 50-85 87" 78"
explosion
Hot water 1-10 40-55 N.D. 55-75 91° 81°
Lime 1-3 3-35 50-60 90-95 94* 76°
ARP 1-10 30-60 40-85 85-90 90* 88"
Ammonia 0 0 0 80-95 96* 91*

“Enzymatic saccharification was performed with Spezyme CP (Genencor) at 15FPU/g.
"Enzymatic saccharification was performed using Celluclast 1.5 L at 65 FPU/g (Novozyme)
mixture and 17 beta-glucosidase IU/g mixture.

Glucose and xylose yield were calculated to the initial content of corn stover (based on acid
saccharification). N.D.: not determined.

1.2.2.1. 7 &= 7 HALH

I E ORRA RETUETEPHAINTE LD, 206 &k T7 v &= 7 (Holtzapple et
al., 1992)1%, &b HLLRALEGEDID>TH 5, 7 v EZ 7RI Z V72 BEERHL 7 0 & 2
Tk, V77 a—=2ARNA AR AZHULT7 v EZTICRT 2 L TR Z T, 55 i
UFE N A T Z2x L TR L2179 28T sva—R EoHE24% (Figure 1.8) .
BIEICHAL T v E=T7 205 226, WO 7T vEZTIdAMELE LTRETE, B
NAF 2 RIEHIREE TR L 2 ENTE S, 207D, 7V EZ THILIITE T, IR
NDNAF 2 ARG DIERDB 2 ORI KB H 5, £/, 7V EZTHIAEZ v 72 R L 72+

AT, FEAEDTYyEZT7ZBINL T, RO D 7= DIHHT 2 LB TES,

11
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Figure 1.8 Schematic image of ammonia pretreatment process.

T VEZTHILEDY 7 2l u — A RNA T2 ADEEHR KT ICE 2 BRI AL E L
T, en—AfEEEOLERERBEToND, V7 ela—2F% L F < 2D TR T
Hreru—R1 ik, TVYE=ZT, FHWTIv, TFLYPTIVEIORY T I VR ERE
BidsZtceru—R L 2BKT 5 2 EBHSNTED (Barry et al., 1936) (Creely & Wade,
1978, Creely & Wade, 1978) (Wada et al., 2004), Z D+t )l a— A I, ~DZEREIF BUKLEIZ X
STCTIRUCR 2 D¢ M BOHR 7' 1 & A I 0#1TH % (Wada et al., 2009) (Figure 1.9) (Wada
et al., 2009), FFRICHEEEART Y E=T7 2 HOZUHETIE, e —2ADFEEEZETT5 2
E K MMTRNCARET 5 2 &A1 S LT\ 5 (Ishikawat et al., 1998), Tt lu—RA 15
tu—R M ~DOEREIE, BERSEEZ BN BT 2 2 &2 & T\ 3 (Igarashi et al.,
2007), Z#udero—R LI L T, ®iba— 2 1,25 CBH OWE T RE & RIERES K E < .
D) a — 2 F R OEESR E oL X — 2 fiih(Wada et al., 2004)T& % 7= & IR 77 iR
WEDECZ EDEREEZ OGNS, 2O, truo—AfERHEZLSEL LB TELT Y
EZTHILEIE, V7 VR — AR A AOFLELSHUETH L LEZ SN TV

(Igarashi et al., 2009),

12
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Figure 1.9 Inter-conversion scheme among cellulose polymorphs.

FVT N0 —ARNA AR ADT VEZTHILMBICEWTIE, TYyE=TPEFrF Y
VWA Z Vv DERICEES T 5715 TR, PVEZTHEBANA A2 AR T E KIS 5, 2D
72 T YEZTHIABICE W TEL 2RENLIGE LTE, 1) MUKGREOGZ T TldZ <,
2) TVEIVTARIG, BEXU3) A4 7—=FRIGHBEL B Z EPAS TS (Figure 1.10)
(Chundawat et al., 2010), 7Y€/ YT AKIGIFFELTY 7/ rua—ARNA 42 R
T2 TATNAURGERIET 2 EEZA6NTED ., FICHEANA I AICEWVLTIZ, 778/ *
PIVDTRFNIE, VS BIOANI LD —ZADT7 VT, 7 VT, BX N p-7
COVBERIEE L RIG L T7 2 ML ZE 4L %2 2 L2 1T\ 3 (Chundawat et al., 2010,
Vismeh et al., 2013), FRICIAZEBHERARENA A ATHLR 77128V TH, 7Y EZTH]
PRI X 5T, 27 VHIBEHD 72 F VI Brordr s 2 &3S ST 5 (Kumar et al.,
2009), 7, A4 F—FMGEL TR, P7YET7HEHEHENIGTZZ EDBHoNTED,
A=V AP =N=IZBWLTHEED X {4 7 — FRIGEBYIDFEE X 41T % (Chundawat et al.,

2010),

13
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Figure 1.10 Schematic representation of nitrogenous reactions that occur during ammonia
treatment. a; ammonolysis reaction of lignin-carbohydrate ester linkages, b; hydrolysis
reaction of lignin-carbohydrate ester linkages, c; Maillard type reactions. (Chundawat ef al.,

2010)

B L 7o 2L T, 7Y ES THIAERIC X > TEL 254 A= AR 134 7w 2
EHE L Tw b (Lau et al., 2009, Chundawat et al., 2010, Garlock et al., 2012), BijRLH

WX > THL 20087 v L, OB X 2 IPCRIET Z2 /NMRICHIZ 2 2 & 23y
TED, FRAAA VP ADOMELI 7 0 2BV T, BILBIC X > TERT 234 42 257
s, OO MEEHLP T 70 e 2OMEER L 22580855, LrLAB6, TVED
THIIEZEL 722 —Y A b —=N"=8 LT AT 78T 3% T, (Teymouri et al., 2005,
Lau et al., 2009, Chundawat et al., 2010)K¥EifE L ORERMEZ TEH 2 L%, 7VYEZTHI

PRNA A2 AR BERZEGURE L LT, 29K KBS O L A 2T 2 ENTE S 2 LG

14



I T\ 5 (Garlock et al., 2012, Uppugundla et al., 2014, Tang et al., 2015), Z#16 O F| A
o, INEFTICHRICEW TS 7Y EZT7UHEFEANA A< XA TH B LY 7 v ADEEFERE
{LRTLEE L L CH W% ) — VA ED RS & 17z (Kurosawa et al., 2014), 7, 7vE=7
ATLBEZ W 7ca — Y 2 b == 5 DEERBDO LY ) —VAEET Y = 7 P bBREI ST

% (Sarks et al., 2016),

7 VEZTICX BETLIIZ, =Y 7 ¥ Z(Kurosawa et al., 2014), 717 7 )7 7 (Ferrer et
al., 2002). A A v F 27" A (Reshamwala et al., 1995). /N3 2 —%4"%"5 % (Reshamwala et al.,
1995), a—> A b —,N—(Teymouri et al., 2004, Teymouri et al., 2005), V—FAF+ V=75
A (Bradshaw et al., 2007), & X4 4% X(Murnen et al., 2007). 4 + 7 7 (Vlasenko et al., 1997)
o EDQFRNA F < A DREFRHUATAAE & LT, FICAMTH S 2 EDPWESN TS, 2o
DL D 7 v E=THIAHICE W TIX, 7V EZTREROBRE, 7 v E=7/34 42 AL,
VFRIER . RIE B X OV/K4r%: (Chundawat et al., 2007)D /85 X — % —pSFALEL & L T oxhHIC
WEZPIET CEPWEINT LD, ERFEANA A Z2ICHKRL T, 7 ¥ &= 7 HLEIZAEE
BHz B TEFEREDRER TH b (Balan et al., 2009, Garlock et al., 2012), $FEEBHC B W TIZ

3 & A ERIRD R T E D3R ST 5 (McMillan, 1994),

1.2.3. BERAHL 7 0 & 2
1.2.3.1. /N4 7 2 A5y fRBHE SR

V77 ena—ARNA T2 ANIBRRE BEREREE N0, o ZIRIICHHLT 5 7%

TiE, WIS L R IRE L THV S 2 EBAAIRTH 5, N4 4~ A REEEER & LT,

BRI EBTEEER (CAZY) T—F R—ZANICB VT, V7 =P~k T—Eh EDORE
Bk fEmE#% (Glycoside hydrolase, GH) . 72 F 1L ¥ 5V I 255 —¥ i EORE T A
7 7 —% (Carbohydrate Esterases, CE) . #iBhiGMEf#%E (Auxiliary activities, AAs) 7z 25
FINLEEEPH OGN TS

BTHELTI—XIiE, Ve —RARNA A2 ADTELBEESTH B0 — R

fRIZEBWTHLINRREZ B -ITHEETHI I EDRHGNTWVES, LI —XIE, Lla—A%

15



THDB-1,4-7") ay FREEZ KIS 2RORIFE LTHBENTWS, LT -3t
na— 25Dk > T, v FIZL A+ —+ (Endo-glucanase, EG) £tut 4t |
17—+ (Cellobiohydrolase, CBH) IZIEHICHINTE %, EG IZIEREL Lo —22T]
Bl u A ) PR ST 2 KOBERE . 2NS 0 F#EENMD S 7 v ¥ LAYl L CE
AEZRKREET I 225, Rt o — 2~ BEIME -, 24Uk LT, CBH Icp8E X
NHMEIZ, Bluo—RICHEATE S F X4 (Cellulose-binding domain, CBD) & JilZK 43 fi#

KX A v (Catalytic domain, CD) 8 XU ZNn 62204 vy A—IZ k> THRE N5, CBH Ik
fimtbe o — 225§ 2 2 L3 TE, RELAEEME L Tu A -2 252 5,

CBHIZ X 2t vu—RorfRicB\ ik, £9 CBD 28k b v — Af5HOBUKIANICIRE L72db & |
CD e u—25#zHRAZ, B-1,4-7") ay FIEGDIMAKSES 2, CBH BENEL &5
L. O —ZAREEREICE T 2 HEORMFEL S E 227201, CD L& 52 a—2~D
W GDHEZ NS, ZOMHE, CD e ru— 25Tz 2 2 EMNTET, KRS HED
HEXN S, ZNSDBHRS, RN Lo —ASBICEVLTIE, o —2ARHICEIT S
VT —XOFEENEETH D, Lo —2ARMDREDR LT —EIZ X BMKRTEICRE B
595, Rlcrve=7AMzid l L cfEons o —X LI, tre—R TICHXRXTEL
7 —XORRKEERPRE (. FRBESTHRELIEFITH LA 7k o —RICE
JAMEICBLTHEINTYS, lua—2 LIk, tra—Z LIZHRNT, AL F—AfERT
HHIEDPG, VIV A—ARNA F 2 A0S FEAMWERT TH 5L —RDIRIC
BT, v — 2SR OLERBHERE eI €259 A THETH L EEALNTY
%,

~

(1

LI —=lE, V7 el u—RAZANAL L2 ADTEELHRLTTHE NI u—2%
MKGIRT 2BEDRIFTH 2, ~Ikro— AL LBz & ~TFak4icohh, %
LD EZ AT 5701, 2 DRI ORECHEIC X > TRELHINZI T 5, 20
e, NI u—RADGRICIERRA BIEEZHAGDE THY 2 08835 5,

INIEBHRARE AL A2 ADRENAE~NI LT —EELT, ¥ 70D B-1,4-7Y 2> Pk
BENKDRT 2 BD-F> 7 F—ERHMENT VWS, ¥ F7F—XEFT IV E#E IV F LI

KRS 2y FRIOBEZETHH, ZOIFEAERGH 773 —D 10 B0 11 I I
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TWw3,GHIO L 11 D773V —Il@T5FX> 7 Fr—¥2HKELALEE, METIIEL S RE
BRSNS ZEDRFSN TS, ZHUEHF > 7 - — L OMBEERR LN R 2 270 TH 2
EEZONTED, ZOMBEERRIEDOZIZX S 7 v OIS X > 7 F — ¥ OIERLICAS
EWTELDPEV)VEREFICI>THMHING, RICAMEHOETVHTFETH %
Phanerochaete chrysosporium 2% GH10 & GH11 ¥ > 7 F—XIc k> T XX HKkF > 7~
ZorfRL 7 & & Figure 112 1IZBR L 72 3R ERYI DRSNS, FricZ v 7a v gz fliE s LT
Ffo4-0-2F V7 Nvrm /) 2702 HEELEGAICBOT, MFT 7 F—¥WMEHT 2720
11X GH10 T3 2 5%, GHI1 Tl 3EEM Lol 2 i e vk oo — 2 RERBETH 5,
B ZAE, IREERISR ¥ > T Y EOLED RN £ CRAICIIKARI NS TeDicid, ¥ 7 Ul
HOT e FNVEZWEHT 2 AT 77— EOMBIIREEC, 4V THEZ B CORT 5 a-.

B-7Vavy—EbmETHL, b DEHEDL D»DOFRHEZ Table 1.4 1IZ8K§ 5,
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R2=H-, a-Ara-, Ac-
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Figure 1.11 Major xylan degradation enzymes.(Yoshida et al.)
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Figure 1.12 Example of xylan degradation products from GH10 and GH11 xylanases.

(Yoshida et al.)
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Table 1.4 Major biomass degradation enzymes.

Name

Function

Cellobiohydrolyase I (CBH I)

Hydrolysis of cellulose chain from the reducing end

and release cellobiose.

Cellobiohydrolyase II (CBH II)

Hydrolysis of cellulose chain from the

non-reducing end and release cellobiose.

Endo-glucanase (EG)

Hydrolysis of glycosidic bonds randomly inside

cellulose chains.

B -Glucosidase

Hydrolysis of cello-oligosaccharides into glucose

Endo-xylanase

Hydrolysis of glycosidic bonds inside xylan chain

B -Xylosidase

Hydrolysis of xylo-oligosaccharides into xylose

B -Mannanases

Hydrolysis of glycosidic bonds inside mannan chain

B -Mannosidases

Hydrolysis of manno-oligosaccharides into mannose

a -Arabinofuranosidases

Remove arabinose from the xylan main chain

a -D-Glucuronidases

Remove the 4-o0-methyl-D-glucuronic acid side chain

from the xylan

Acetyl xylan esterases

Hydrolysis of acetyl groups from xylan main chain

Ferulic acid esterases

Hydrolysis of the ester bond between the arabinose

and ferulic acid

Lytic polysaccharide

monooxygenase

Help the original GH, PL and CE enzymes gain access

to the carbohydrates comprising the plant cell wall.
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1.2.3.2. TilREER A2 o 72k 77 e 2 2

V7 eln—RARNA F 2 R BRA BEER R LAY E IS D, Tns 2K
ICEEERE LT 2 720 icid, WG L 2R 2 EE L THW S ZEDRTNRTH D, 2D, L
REZ 2 RE L BERD &40 5 IGE & T 3 (Malgas et al., 2017), —f& 2 2 & DFEEH
I, vV 7 =N VT - EORENKG RS, TF VXS T VIRAT T -k

EORE AT 7 —X, MihEEHR L EICTHINIMEPEEN TV S,

Table 1.5 Enzyme activities reported in commercially available enzyme mixtures. (Partially

modified (Malgas et al., 2017) and references therein)

Name Cellulase = Endoglucanase Glucosidase  Xylanase  Xylosidase
Cellulast 95.2¢ 385.1° 0.3" 813.9° 0.4"
60.7° - 65° - -
63.8° - 30° - -
65° - 10¢ - -
Spezyme 58.2° - 128" 2622° 7.3"
55.2° - 15.4¢ - -
59° - - 2622° -
Novozyme 188 8.5° - 665" 123" 16.6"
- - 856 - -
0.1° - 662 - -
- - 665° - -
- - 626.4" - -
Accelerase 1000 299.33° - - - -
67.3° - 84.2¢ - -
Accelease 1500 10.95° 178.37" 33.42° 97.03" 0.2
262.48° - - - -
Cellic CTec 534.24° - - - -
86.5° - 564" - -
126° - 269¢ - -
115.6° - 281¢ - -
Cellic HTec - - - 1090° -
- - - 1090° -
- - - 1654° -

‘@ g/min/mL, "y mol/min/mL, ‘FPU/mL, “FXU/mL, ‘CMC/mL,
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1.3. KD HM

FARNA T2 AT, Bl 7= b7 VEZTUMO X 9 262 0B X > TH
BERRE L 2 IERICRIRINICAT) S LD TEDZ I EDRINT VWS, L L, FRIREANAL 422

3V 7=y DREZMND BB, BEELORILD - DITEARESINTRS, TV E
= T HIBLD & 9 7 (G 2 ATALE 2 N BEBT R ARE AN A A= ZICEHTE 5 2 EEE L s,
7YEZTHLHEOEMENE T AL TEIOR T I LRI T, ZOHA. AN 2RI TS
BERRE LI T, AT E LTRSS (| BHIZRNETH 2 Z LEfMI T3, 2
COARWIZE TR, B 2= VR D RN T VT S 7RI O IR EEB R AR E N A A v A D
FHE~OBEHIERZ HIE L TIFRICID flEe & & b, IAEBHRARE N A 4 v 2 DRERFEL
ICB T BHIFVERNZHEET 2 2 & T BERIHLD & 5 % 2308 L2 &S L 7,

ERUZHNZERT 272010, FTHE RICEWTT v =7 L EHH O#E D H
27ACTEBIORT I 280, BFEOBE LA 6 BIFEO)ILEB HEARE AL 4 < X D
FHALIC G2 2 7 v = THIMB O E 2R, Z OB R 27, RICHE=FITT, A
TR HRARE N A A = ZDFERBE IS B T, Y 7= v ZERE§ UL O il 2K A3 i B
ENBZOEWSDITT 57010 h 8 &)L 0 — A DRERNRNER RN, A mEIc T
TV E ST HTLERATEB R AR E N A A v A DR ISR R 2 R T 572012, AMIE
¥i® Phanerochaete chrysosporium 737 ¥ &= 7 iR Y 7 A N% RFER & L 7R BRI A
TOMREZMRICHER L2, 61, BAREICT, AEBHRKE N A4 v 2 DR L)
RihxHIE L T, BEAOBLE X4V VU X 2 7= v BRI L 0 2h#ELic 5
A2 LR Z IR, D EOHY AT XD IREBHSRARE AN A A~ 2 ORI e BRI LIC B

J51EHZ2E5 2 EHINE L,
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2.1HMY

¥ I v v EEEORL 6B O INEBHERE NS A2 A B L O E LR
NAF2A (ZYTUHR) IZD0WT, 7V ES PRGOS & OB LR 1 5
2 BB BRI GAR, MEME 02, AR OREBICES SR T2 8T, 7V
T = 7 HILI D ATEB SRR AN A 4 v A DBERLIc G5 2 2 EE2Ho»IcT 22 L2 HINE

L7,

2. 29205
2.2.1 kR

INIERBHRARENA A~ ATH B 7 H L7 (Acacia mangium, T 78RS ( 7
J (Fagus crenata, Wikttt zlEA) . > 7 A3 (Betula platyphylla, FFMEREWFFEAT B AL
Frift) . 22— (Eucalyptus camaldulensis, F {8k Ei24t) . K75 (Populus
sieboldii, FMBAVIZAFTHRILERESGIRL) | Y+ ¥ (Salix pet-susu, FRMIRAWIZERTILIEFES
i) B X OEARANL A2 A TH S LY 7% A (Erianthus ravennae, 4ARFIRIEL AN
fit) 274V —=3v (W140, MHY A v T4 74 v 74k, BHuEL HAR) Z2HWTHIRL %
HELBDVITITTEIETIORA Y Y aRADKY 2R, BonlRKhzrEy-28 /) —)

(2:1v/v) WREHAWTY vy 7 AL —#ili$ 5 2 LT, RIABANAL A2 2%/, RO A
A2 A% -13CICRE L R CHAIL 72 AT v LV ABEJIREICEEE L [ ENRR T v E=T
AAZEANTZ LT, Bl Z2HE7 v e 7HIERICRE L, EOIRGBZEMLLD L.
140°C TR IMBVLIE S 2 2 L O VY B TR T o 7o, RUBNA A2 2B LTV EZT
BN A A = 2 DEKRFIL, H2RGERAKITEE (MS-70; RT3, sl HA) 2 v Tl

EL 7,

2.2.2 N4 X< R B ORI K bt
RO E L7 Ve 7B F v A, B, ) Vv B OEEEHEREHS
DT 2 7 ORERAGEI Sy DN % T 5 20 PR SHE R OME L. HEEH(A. Sluiter, 2008) %

—HWZE L ThT > 7 HRPERE AT Tl #9 0.1 g DN A A = ZRHT 72%0E KA 1 mL 2 i1
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Z B AEZH T LS L4256 30°CT 1 ReEABE L 72, PR o &UkRHT 28 mL D Z#&H%
K2 MA (BRI, 4%) | 121°CT 1 IFEAEEL | LA Z AT A 7 4 V¥ —(Whatman)
THML T, oA RITEREKAZ v~ 757 (Prominence > V) — R, EEELERT, 5
. HA) iIck-> T, @lEE 7 na< t 277 7 OB EICIImEL 7 a V)L &

(Corona Veo RS; Thermo Fisher Scientific, MA, USA) %M\, ZbrH A 7 21213 SPO810
#1745 (MMETL, )l HA) 2Hvi, $mdiiikru~ 77 7 4 —I2 X 2 00RO
IR E LT, 72 F= YL/ K 13.0/87.0 (v/v) % 0.5 mL/min THW 7, BEHERASE
KA 7L —FDOL- 778/ —ZA, D-AF7 7 b—A, D-Z)Va—A D-vv/—A (Wi
b ADEMSE T3 A S, Rk, HA) | D-Fu—x CERLER TEMRASH, HR, HA)
R,

et AREYEY 7=~ (Klason lignin) 13 Klason #(Dence, 1992)I1Z6¢ - THIE L 7225, BilgiE
B SRR AT & RS T HEME L 72,

I ravEE X ORFBOERICEWTIE 0.1 g DA A4 < ZFRHT 72%0RIE KA 1 mL
EMZ, A7 ABEZACTHLOSL %235 30°CT 1 AR L 72, B OFAEHZ 10 mL ©
KK ZMZ (RAEREBIREE, 10%) . 121°CT 1 FfEMEE L, EEAREN T A7 4 VT —
(Whatman) TAi# L 7z, 56 07 A3 EdERiE 7 v~ 75 7 (Prominence >V — R, Ejit
BUERT, 5. HA) 2k > Tobr L, @Eiikr o~ 77 7 ofihidicid UV-2075 fRi
(B 2Hw, oA A 7 L1213 KC-811 8 X OV SH-1821 # 7 4 (MAIET) ZzHwi, %
TemBAE s a2 77 7 4 —IC X 20 OBE R E LT, 3mM DOHfiB/KIAER Z i 1.0 mL
/min THW 7, SrEEEO AR IX 10 f54R ST-3RIARIE L) & KE S ¥, 430 nm X B 1) 20
JEZME L 7, ERANDI-ODOEEYE L LT, M7V — FOFBE X7 V7 a v
(FOEAESE T3kt KRB, HA) 2 w7z,

RUBENA A2 AB LT VB TUHANAL F 2 ADOEFRGEHRIZER - MESHrEE
T-2100H(=Z2#¥E7 U 7y 7, =8, AA), ERBRHEND-210EEE7 TV T v 7))k &
OF—rHr—Farvite—7—ABC210(=# 7Y 7y 2) 2 lHOTHIEL 72, N1 A=
AZEHY3 mgZ kA — izt v b L, XA LRS00, HITH#EI00° D ST, 155 mm

T200E. 170 mmT50[H, 190 mmTIORMHRBES ¥ 7z, BBEIC X > TR SNANOT R &
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AV EBKINT 5 ETRELLNABEZMET S ETCEEL2ER L, TEDO DR

MEELT, oM7L —FovYPrEIO vy (ADE) AL,

2.2.3 WA F = ARt oo

B2z % DP-33(Yamato) Z F o CHZME L 7 R E X OV 7 v & = 7B A 4 < Z£9 150
mg % 200 kgf/cm® ¢ 30 BEMERA L, 3 6 nrcfeilz 7 — V) 2 BRI  HSEEEE (FT-IR)
W 3 & O X FREHT (XRD) #1512 vs 72, FT-IR 12 & 7= - Tld 4 )¢Et (Thermo Fisher Scientific,
Inc., Pittsburgh, PA, USA) Z w7z, X #REHTIEE BRI X #RF6E250E RINT2200(Y &7 )%
W, T4 777 AMY—RICK o TT o, I 38 kV, ®ifi 50 mA THAEL, £/ 7 X
— & —THA{LL 72 CuKa #f(E 0.15418 nm)Z M\, EHHIIH 20 % 5°° 5 30°, 27 v 7l

0.1°, HERER 20 WO TRATF Yy PAFX v VIETHIE L 72,

2.2.4 WA F~ ARl O EER LI
RUWEE L7 v ' = 7B 4 2 2 2RO 70 DFH & LTI L 72, SR

Cellic® CTec (Novozymes, Bagsvaerd, Denmark) ¥ X O'Cellic® HTec (Novozymes) % &
BL.EEA 7 TV E LTHAIL 72 (Table 2.1) , RAFE X O7 Y E= TRBAA A< 2 (1.0%
W/ V) IZ2WT, 50mMEEEEF + VU v 4 (pH4.5) h, 37°C. 15rpmic T, /N4 4~ A (E/B)
b1/ 2500 Tl L 2 17 - 7o, BEERE(LL, 2, 4, 8, 24F LK V48RRI SUGHE. 156 N7z RIBE
WRIZEFENDD- 7NV a—ABLUD-Fru—2ADR%Z, 7L a—ACI-7 A + 7 2 —i#E (Wako)
BLUD-¥Fyur—A7v+£A Xy bik3 (Megazyme International Ireland, Ltd., Wicklow,

Ireland) 12Xk > THIEL 72, HHIET—% 13, SEIDOHEDEHEE L TR L 7%,
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Table 2.1 Activities of enzymes examined in this study

Activities Cellic CTec [U/uL] Cellic HTec [U/ L]

Cellulase" 4.0%0.1 0.3+0.1
Xylanase" 4.7+0.6 1.3+0.1
Glucosidase” 2,165+233 1.0+0.1
Xylosidase? 86+2 42+1
Arabinofuranosidase” 23+0.4 6.7+0.2
Glucuronidase” 2.1£0.7 0.7+0.3
Acetylesterase?” 0.4+0.8 0.4+0.1

"To measure activities of cellulase and xylanase, Cellic® CTec or HTec was incubated with
1.0% (w/v) avicel or xylan in 1 mL of 50 mM sodium acetate pH 4.5 at 37°C and 15 rpm at an
initial E/B ratio of 1/50 for 24 h. The yields of monosaccharide with CTec (33.7% and 27.1%
for glucose and xylose, respectively), and HTec (1.8% and 8.0% for glucose and xylose,
respectively). Here, one unit of cellulase and xylanase were defined as the amount of enzyme
required to release 1 nmol reducing sugar per min" under the assay conditions.

®We have used following substrates to measure the activities of enzymes; Glucosidase
acitivity, 4-Nitrophenyl B -D-Glucuronide; Xylosidase, 4-Nitrophenyl S -D-xylopyranoside;
Arabinofuranosidase, 4-Nitrophenyl «-L-arabinofuranoside; Glucuronidase, 4-Nitrophenyl
o -D-Glucopyranosiduronic Acid; Acetylesterase, 4-nitrophenyl acetate. The activities were
estimated from the release of p-nitrophenol.

We also measured the activity of glucuronidase by « -glucuronidase assay kit (Megazyme). In
that case, both the activity of glucuronidase of Ctec and Htec was under 0.1 U/ L.
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2.3%5 R
2.3.1. 7 VY EZTHILEDINA A < A DAL FE TS5 2 5 58
6FEDIAEMHCRARENA A AB IO E LZFEANL A2 2 (Z) 7V HR) 1IZ20T,
RERAG EE Y . A ASE, FSAIREE X CREICE 2 2 7 v e = THIAB O 8 2 F T,
RUBEE L7 VEZ TR L 7230 2L — & (F)L 2 — R UKD & MoK L C &) |
¥ 7 v (Fru—ANED S MKIRE L TR .V 7= v 8 X OEREHROIHTHIA % Table
2008 T, PYEZTHIMEIC X 234 A2 ZAHEBOHAIZ5 wt.% LT TH h | %S 5
2 NA e ARERR ST ERE IS ERAET 5 2 LR S N, T YRS THIMEIC X o, K
ANA A2 ATIREERY) 7= v EAROWD DHER I NI, INEBHRARE AL 4~ ATl
Vv EARICKERELIMERE S AR ok, INEBHSEREAN A~ 2t Eh b0
— ZE&HEFIE33-41 wt.%THH ., AN A2 2D ra—2ZEHFE33 wt.% L b bEhro 7,
INEBHHRARE AL A2 2B LTI, X7 v AARL ) Vv AERICHREE R E hER
DHER I NIz, RUBNAL A2 RICBOWTHK L7 EE, AN XY F I3t LR X
DHEF T I VEER (Z2NZ2N16.4%E L 014.4%) BLEW) F=VvEHR (2t h
21.3% B X 1U23.0) 2T LW otk, THINLT, 7AS 7, 2—=AVEBLIORT 7
TiE, DIAEB L D bEWY V= v &R (22 n30.5% 8 X U27.0%) BX X hEVLF >
7 vERE (ZNFN83%EB X U10.2%) TH-o%k, 7 FiF, EED2o0 7L —7 L KL
THREDY 7=vE LU0 7 v &R (2n2n23.7%E X 113.6%) %m L7, FEOMHEH
37 v = 7 HTAEGUREC S HERE S 11, IREEBTHEEARE AN A A2 Rtk T, Biffiick > TH
CIVBIN) Vv EARICRERERDYD L I EPHERINL, ., TYEZTAHEICE
blhoT/Nra ) A NEOEERDLT R L EZE I N7z, Figure 2.1LICHEREEHR &

¥ 7 v AREDBREZR T, AEHHRRE AN A2 IB 0T, 72 FAEEFRE X

7 VEARIIIBIF MR I 1 zd (Figure 2.1a) . V7 vBEAREXS 7 V&6

Fo (Figure 2.1b) I IEHME LB ZMER I Nk o 72,
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Table 2.2. Analytical data of untreated and ammonia-treated biomasses.

Ara Gal Glc Man Xyl
Name Treatment

[%] [%] (%] [%] (%]
Acacia Untreated 0.2+ 0.2 1.0+0.1 40.8+3.1 1.1+04 8.3=+0.8
Ammonia-treated 0.2 +0.0 0.8+ 0.0 39.7+0.5 1.2+0.1 10.2+0.2
Beech Untreated 0.4 +0.1 1.1 +0.3 36.7+45 1.1 +0.2 13.6+0.4
Ammonia-treated 0.4 +0.0 0.8+0.0 33.3+1.3 1.1 +0.0 16.1 £0.2
Birch Untreated 0.4 +0.1 1.6+0.6 33.1+x1.2 14+04 164+ 1.0
Ammonia-treated 0.5+ 0.0 1.4+0.1 35.0+0.9 1.56+0.0 19.3+0.3
Eucalyptus Untreated 0.3 £0.2 1.6 04 37.6=+2.8 0.7+0.2 10.2+0.5
Ammonia-treated 0.4+ 0.0 1.6 +0.1 38.7+0.2 0.7+0.1 11.1 £0.1
Poplar Untreated 0.5+0.1 1.0+0.2 39.3+1.3 1.0+04 14.1 =1.1
Ammonia-treated 0.5+ 0.0 0.7+0.0 40.1 +0.8 1.1 £0.1 14.7 0.1
Willow Untreated 0.3 +0.2 0.8+0.2 38.0+43 1.8+0.3 14.4+0.3
Ammonia-treated 0.3 0.0 0.8+ 0.0 38.8+0.6 1.8+0.0 15.0=+0.1
Erianthus Untreated 3.2+ 0.3 0.9+04 334+24 0.0+0.0 16.0+1.4
Ammonia-treated 3.3 0.0 1.1 £0.0 33.3+0.3 0.0+0.0 18.0=0.1

HPLC was used to measure the contents of arabinose (Ara), galactose (Gal), glucose (Glc),
mannose (Man), and xylose (Xyl) in untreated and ammonia-treated biomasse Neutral sugars
are presented as the weight percentages contained in the biomass sample (%). Each value is
the mean of three measurements with the standard deviation
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Table 2.2. Analytical data of untreated and ammonia-treated biomasses. (Continued)

KL GlcA AcOH Nitrogen Recovery of
Name Treatment

[wt.%] [%] [%] [wt.%] weight [%]

Acacia Untreated 30.5+0.3 1.5+0.2 3.6 +£0.0 0.1 £0.0 -
Ammonia-treated 29.7 £ 0.3 1.3+0.1 24 +0.1 0.7 0.1 95

Beech Untreated 23.7+ 1.2 1.9+0.1 82+0.0 0.1 £0.0 -
Ammonia-treated 21.6 £+ 0.4 1.7=0.1 5.9+ 0.0 0.6 £ 0.0 98

Birch Untreated 21.3+1.3 2.0+0.0 7.0+0.1 0.1 £0.0 -
Ammonia-treated 20.8 £ 0.2 1.9+0.1 5.1 0.1 0.6 £ 0.0 99

Eucalyptus Untreated 27.0 £ 2.7 25 +0.0 4.9+0.2 0.2+0.0 -
Ammonia-treated 28.1 £ 0.9 2.0+0.0 3.4 +0.0 0.7 +0.0 96

Poplar Untreated 24.4+1.9 1.8+0.1 5.9+0.0 0.1 +£0.0 -
Ammonia-treated 25.3 £0.6 1.9=0.1 2.8+0.1 0.5+0.0 99

Willow Untreated 23.0+ 1.2 25+0.0 6.6 +£0.1 0.2+0.0 -
Ammonia-treated 21.6 £ 0.2 2.0=0.1 5.3+0.0 0.7 0.0 97

Erianthus Untreated 20.1 £ 1.6 1.5+0.2 3.7+0.1 0.4 +0.0 -
Ammonia-treated 13.1 £ 0.3 1.3 0.1 2.2+0.0 0.9 +0.1 98

HPLC was used to measure the contents of glucuronic acid (GlcA) and acetic acid (AcOH)
contents in untreated and ammonia-treated biomasses. Nitrogen content was determined
using a total nitrogen analyser. Klason lignin (KL) was estimated according to the Klason
method. Glucuronic acid, and acetic acid contents are presented as the weight percentages
contained in the biomass sample (%). Each value is the mean of three measurements with the

standard deviation

29



N
o
|

- 10
] < i
S S 8
X - i
= i & T 2 )
€ 6 1 8 6+
8 7 kel 7
s ] . T
B e [0 4
8 4- o 4
i i s i
§ 2 ] § 2 hd ‘1—é—|
] o q7 e -
] o "1 & i
0 I I I 0 T I T T T T I T T T T I
5 10 15 20 5 10 15 20

Xylan content [%] Xylan content [%]

Figure 2.1. The relationship between organic acid content and xylan content. Open circles,
ammonia-treated acacia; open squares, ammonia-treated beech; open triangles,
ammonia-treated birch; closed circles, ammonia-treated eucalyptus; closed squares,
ammonia-treated poplar; closed triangles, ammonia-treated willow.

30



2.3.2. 7 VB ZTHILE DN A & = 2 DLEFEGEB X OGS IC S 2 5 58

RUEE L O7 v E=ZTUHANL F < ZADFTIRARY P L%

Figure 2.21278 9, & TOHREHZ B W T, 1745em ' [fHEDWRIN E — 7 1375 L, 1245cm™ T 1%
TYEZTUHBIEA LT, T —2 1k 7 FOVIEICHRT % (Sun et al., 2005,
Windeisen et al., 2007, He et al., 2008) 2 £ 2> 5, 56 N RIFLAIITORE R E —FK L 7%,
TRCD7 ¥V EZ 7RI EHC B VT, 1650cm ' fHEICHi L wE— 7 %I, Zor—
717 2 FEEOERICHIGT 2 2 L6, 7 V= 7HIAERR O ESITIcB W, EEA
HRPBERL PR L —HL 7%,

KW E X O 7 v = 7HTAHEEIOXRD ZA R 7 kL% Figure 2.31IC78 T, RUWH N A 4 < 2
T3 — 2 TR 14.9°, 16.7°, 22.8°(HEDRHTE — 7 BERI N, 7V EZT
HIALEE N A A 2 2 Cld kv — A ISR 11.7°8 X 020.8° (a0 ©— 7 SR S 1
oo TNS T EDS, TYELTHIMBIZ, WYREICh2D 5T, N4 AR ZHDIRITTRTO

trn—2DfEMEZ L)L — 206 k)l u— R ICHE A Z ERE L 72 2 L BRI L,
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Figure 2.2. FTIR analysis of untreated and ammonia-treated biomasses. UAc, untreated
acacia; UBe, untreated beech; UBIi, untreated birch; UEu, untreated eucalyptus; UPo,
untreated poplar; UW, untreated willow; UEr, untreated Erianthus meal; AAc,
ammonia-treated acacia; ABe, ammonia-treated beech; ABi, ammonia-treated birch; AFEu,
ammonia-treated eucalyptus; APo, ammonia-treated poplar; AWi, ammonia-treated willow;
AEr, ammonia-treated Erianthus meal.
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Figure 2.3. X-ray diffraction profiles of untreated and ammonia-treated biomasses. UAc,
untreated acacia; UBe, untreated beech; UBIi, untreated birch; UEu, untreated eucalyptus;
UPo, untreated poplar; UW, untreated willow; UEr, untreated Erianthus meal; AAc,
ammonia-treated acacia; ABe, ammonia-treated beech; ABi, ammonia-treated birch; AFEu,
ammonia-treated eucalyptus; APo, ammonia-treated poplar; AWi, ammonia-treated willow;
AEr, ammonia-treated Erianthus meal.
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2.3.3. 7 VEZTHILE N A F v 2 DEEERHEIC B T 5 R Z21L

RPN A K= ZADWEFIC BT 2 70 a— 28 L 00F > u — 2 NKOFZ{L % Figure

4IRS, T VEZTUHAL A2 ZDEFHLICE T2 7V a— 28X UF o —2IN
K ORKZ(L% Figure 2.5 128, RUHEANAL AR LB LT/ Va—ABXU0¥>u—24E
JGHEIEIE 7 v B T HANA F v AD S0 T, T T VY ADOBEEHIZE W TE /L a
—Z & X u—2ADFERFICAER L 7228 (Figure 2.5g) . IAEBIHRARE AN A 4 < 2 DRl IC
BTk (Figure 2.5a-f) . ¥ u—AERICTHR TV a— A EENENT, L7d>TRE
BHHERE N A 4~ 2 DEERFELICB VT, e —20BICHIE L TX s 7 v @i

LLEEZALND,
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Figure 2.4. Enzymatic hydrolysis of untreated lignocellulosic biomasses, acacia, beech, birch,

eucalyptus, poplar, willow, and Erianthus. a: acacia; b: beech; c: birch; d: eucalyptus; e:
poplar; f: willow; g: Erianthus; Open circles, glucose yield; closed circles, xylose yield. Equal
amounts of Cellic® CTec and HTec were mixed and used for enzymatic hydrolysis. This
enzyme cocktail was incubated with 1.0% (w/v) untreated or ammonia-treated biomass in 1
mL of 50 mM sodium acetate pH 4.5 at 37°C and 15 rpm at an initial E/B ratio of 1/25.
Glucose and xylose concentrations were determined with glucose and xylose assay Kits.
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Figure 2.5. Enzymatic hydrolysis of ammonia-treated lignocellulosic biomasses, acacia,
beech, birch, eucalyptus, poplar, willow, and Erianthus. a: acacia; b: beech; c: birch; d:
eucalyptus; e: poplar; f: willow; g: Erianthus; Open circles, glucose yield; closed circles,
xylose yield. Equal amounts of Cellic® CTec and HTec were mixed and used for enzymatic
hydrolysis. This enzyme cocktail was incubated with 1.0% (w/v) untreated or
ammonia-treated biomass in 1 mL of 50 mM sodium acetate pH 4.5 at 37°C and 15 rpm at an
initial E/B ratio of 1/25. Glucose and xylose concentrations were determined with glucose

and xylose assay Kits.
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2.3.4. 7 VB ZTHILBL N A F < A DRERBELIGRIC G- 2 % 52

RUBLE L OV 7 v & = 7B A A < 2 DRI 48 IGICE 1T 2 7L 2 — 2GRS LU %
v u—2#H% Table 2.3 123§, 7 v &= 7 HILBIZIALER HSRARE N A 4 < 2 DL %
e L 72A%, BERMHLATALEE L L CORNMICIIBIEIC X > TR ELERIERI N, 7TV ES
7 HTALEE % i U 72 A EER R ARE N A A = R8I 2 RHLIRZ R L7 £ &, Z7va— AR
FERZVIHIZS AN, YFX, 75, A77, 2= AVBIVOTAHL T ThHh-o7, FAKIZFS
0—2PRIIREVIHICY F ¥, > Fh3 7, 2=2Y, R7IBLOT7 AL 7 TH-o 7,
IZY7UHR (N a—ABLTFa -2 ERIZZNZEN108% & 97.9%) & HIKT 5 &K
D, TYEZTOHREIZY 7 ANk L TR TH D, 7L a—ZES3.3% B L UF
= 2ADIEK 64.8% DB H O N, FLTYFFICBEBVLTHEL I L a— ALK 47.6% L X0 —
AUE 82.4% MF SN, AL T, 7AHY7 (FLa—aANK3I1%ELITF>a—2RIYL
22.9%) . =AY (FNa—2AWNE151%E L FF>r—REK40.6%) BLIER7S 7 (7
Wa—=ZNE17.0%E L O0F > r—2ANEK 34.9%) Tk, 7 ¥ E=T7HILHEORINE <
LT OIS OfEH & —3 L T\ 7z (Balan et al., 2009, Garlock et al., 2012),

TV 7RI E L 7 A ER R ARE N A A e 2B B BERRHE 48 R o 2L a—
ZEFxru— 2R E OB OBR % Figure 2.6 128 L 72, JAEBIHSERE N, A< 2B 37
Va—RExru—ANERICE, IEOMHBEDRH 5 2 LE2MERI N, T DOIEDMHBIICE-D < [l
EAE x B (Fom—2CK) BErTIEAR VI s, IAEBHRRE AL 422w
T, VB —ADRFMBINL TOFMINDEF > 7 VDR~ EREFET 5 2 LWRRI N,
FHIREZLIZ, P7VEZTHIMEZL 22— 2 b —=N—8 L OR 75 DR LIz »
THRBEDOMEED D % Z &3 I Tw % (Wyman et al., 2009),

7V E =T IR EBHIRARE N A A 2 A DREREL 48 R[4 (B/B = 1/25 ¥ X U pH4.5)
DIZNA—ABLTFru—RNEL, FEMERTEEEDOFR% Figure 2.7 IT/R$, 7L a
—ABLTF 0 —RPNKLE XL 7 VEARELOMICIZIEOHBEPHER I N, FVa—2B
FOFrn—2R LY Vv e AR L oMICZADHEPEEI N, Sz, H
KEX Y 7 VEAERBLORY Vv EHEETH LY 7 ANB LY F XTIk, AORHLIED

Bonl, 2NN LT, 7HS 7. 2= A ) BIXORT 7% EDILEBHERE A 4 < 2%
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MR > 7 v EARB LI ORY V=V Al TH D BRIE LR Er o7, B 2R
RS HRARE AN A A = 22 o7 e O EREI 2 I EEICAT ) BER D 205, 7 ¥ = 7 HIL
BURINEERHHRARENA A 2D ¥ > 7 v EERPE . U 7 = v EERDOR LT O B

Bb e KIBICSEEL 722 E MR S L,
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Table 2.3. Enzymatic hydrolysis of untreated and ammonia-treated biomasses.

Name

Glucose yield

Xylose yield

Untreated Ammonia Untreated Ammonia
Fold Fold

[%] -treated [%] [%] -treated [%]
Acacia 1.5+ 0.0 3.1 £0.2 2.1 25+0.6 229=+1.0 9.3
Beech 3.56+0.2 284+0.6 8.1 1.7+0.3 51.6+1.9 30
Birch 4.3+0.3 53.3+0.7 12 2.1+0.2 648+1.9 31
Eucalyptus 24+0.1 15.1 £0.8 6.3 1.6 £ 0.1 40.6 1.3 25
Poplar 48 +0.5 17.0+0.7 3.5 24+0.3 349=+0.7 15
Willow 6.4+0.7 47.6 2.1 7.4 20+0.1 824+4.0 41
Erianthus 24.8 + 3.0 108 + 13 4.3 6.8+ 1.0 97.9+1.6 14

Equal amounts of Cellic® CTec and HTec were mixed and used for enzymatic hydrolysis.

This enzyme cocktail was incubated with 1.0% (w/v) untreated or ammonia-treated biomass
in 1 mL of 50 mM sodium acetate pH 4.5 at 37°C and 15 rpm at an initial E/B of 1/25. The
reaction mixtures were sampled at 48 h. Glucose and xylose concentrations were determined

with glucose and xylose assay Kits.
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Figure 2.6. Relationship between glucose and xylose yields of ammonia-treated biomasses.
Open circles, ammonia-treated acacia; open squares, ammonia-treated beech; open triangles,
ammonia-treated birch; closed circles, ammonia-treated eucalyptus; closed squares,
ammonia-treated poplar; closed triangles, ammonia-treated willow. Equal amounts of
Cellic® CTec and HTec were mixed and subjected to enzymatic hydrolysis. The enzyme
cocktail was incubated with 1.0% (w/v) untreated or ammonia-treated biomass in 1 mL 50
mM sodium acetate (pH 4.5) at 37°C agitated at 15 rpm with initial enzyme/biomass (E/B)
ratio of 1/25. The reaction mixture were sampled at 48 h. Glucose and xylose concentrations

were determined using specific assay Kkits.
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Figure 2.7. Relationship between composition and sugar yield for ammonia-treated

biomasses. Open circles, ammonia-treated acacia; open squares, ammonia-treated beech;

open triangles, ammonia-treated birch; closed circles, ammonia-treated eucalyptus; closed

squares, ammonia-treated poplar; closed triangles, ammonia-treated willow. Equal amounts
of Cellic® CTec and HTec were mixed and applied for enzymatic hydrolysis. This enzyme
cocktail was incubated with 1.0% (w/v) untreated or ammonia-treated biomass in 1 mL of 50
mM sodium acetate pH 4.5 at 37 °C and 15 rpm at an initial E/B ratio of 1/25. Glucose and
xylose concentrations were determined with glucose and xylose assay Kkits.
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2.4 EEE

6FEDINHERBHEARENA A AB L ORI E LZZEHARANS AR (Y TP R) 20T,
AL AR 2 R & 25 MBS S TF 2N 4 v AR BRI RET 2 2 L
MERI D, TV EZTUHIC X 2EREHROMKE 7L FVEEGEOWDDHER S N,
FRRUBE X7 VY EZTUHANAL A2 ADFTIRARY PLIZBWTHHERIC, 7Y E= T4
HIck 272 F VERHE — 27 DA L7 2 FHIGREHE Y — 7 o RMER I N, 23—V A b
—N=BLORT72XWRE LEMEICE T, 7Y EZTRTAELANA 4 v A T 27V
HRYIWT 5 2 EDHE I N TE Y (Kumar et al., 2009, Chundawat et al., 2010). AWFZ212E
WTHRARIC T FLEDREE 7 S FLEYPER L EEZ 6N,

%A (CTec+HTec) &M\ 7 v & = 7 B IS ER R KRB N A 4~ 2 OBERFHLICE
W (Figure 2.7) . 7Y EZ7HIAEIZS 9 ANEDXL T /) S vEHER (X/L) ok
EVEBEOBEICERITH 2. TAY TRI—A ) FOX/LHD/NZ WEHEIC T 2 %)
RIBNS O EBHSHITh o7, 2O EDS, INEMHBRRENA A 2ADX> 50 /) 7=
vz, 7y 7RIABICE L 2B OERICE W THHARERTH 2 EEZA 6N D, £,
TYBEZTHIMEIE XS I v EBMiTA TR FAEERET I LD, XU T v OREESRIE
BLUO7 7€y EY T 4 ORI ROERK L LTEZ oS, Ld>T, X/Lko
R EBINEBHEARENA 4 2 AT, BEANA X2 2ADGE LFHRICT VT = 7 W8I RN
LOHWIEE LCHEZITH D, V) 7=y OFFEIC K 2BEIMLOTRIRENTH 2 Z L Z2RL
oo ZD—TT, 7V EZTHILEIIIREB HEARENA 4 v ZA DRI Z RE S WET S
D, VTV EERORE OB TIRETAI L L CORRIVNS L V=i & 3R LD
flfmkEwEEZoN2,

7 YEZTHILEIE, IREBRHSERE AN A 2DV u — A fEE 2 TR 5 BRI E S e
T ML R sE e B L & 72 (Igarashi et al., 2007), L2»L., k) a—25#E x> 7 v o
WCHE L TIRAR L LTGENTE D (Figure 2.4) | ¥ 7 ANB LY F ¥ 258 TR TOJAHER
HEARBEANA A2 AICBWT, A a—A0RE X 7 v orfRidam MBI L T, BT I
%\ 72281 8\ T(Awano et al., 2000), 7 F OffgEEIc kL v — R -F > 7 VEHAIRD L

N, XT 7 U —RDEERSRENT A AHEERH L LB RBINTVS, $
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Busse-Wicher 8 X 0% E IZ. ke —2 37807 4 7V IVOBKERRAD X > 7 v D
GBI 7074 7V NVOREMICET S X 7 VISEEBMOBEEEZEHRL V23

(Busse-Wicher et al., 2016), 26D o, vlu—2ABLONFT 5 v OEIBSHIZ, B
FHLICB W TROEHLIGEZ ER T 2 7O ICHETH ), BEAD X > 7 vzt d 5 C

EDBERERLICB O TEH W IV 2 — AR ZEL T 5 0ICHE L EZA SN 5,

2.5 A

7 VR =7 AR DS6FE O IR EES SRR N A & < A DEERFEIC G 2 2 E RO 02T B
2 ETC, Z MR FAN T, REERA] (CTec+HTec) 2 Ml 7 BERBELIBROKIR, 7 €
ZTHIEIZY T ANEDF T T /) T aaE (X/L) HogeEEoBERELICAERTH
5—Ji. 7hT 72— EOX/LIORGEREICN T 28R IZNS I 2B 6T L7,
L7235 T, X/LIDE IAEB SR ARE N A A <2 A TlE, FANS A2 2086 L HERICT v
T 7 UBIIERERLORAIE L LTHTH D, V7= v ORI X 2 BEERE Lo HF I3 RE

NThHsb I ErERNLI,
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3.1. HW

BoRICBWT, VI =voREZLDLODEVT VESTHIUEIC L >TH, ¥ 7 A RLE
DOX/LIDE T DIATEBTE N A A = A0 6 1%, SEOBEEHEICERBH o NS 2 L 2H oI
Lo LU, 7TAYTEIVOR T 7EDX/LILDORGEEBHIRARE AN A< 2 TiE, V7=
¥V DIFED R OFIFI & 2 D | Bl 7= v Z2 b & WETLBE T IS L5 ETT L 202
P 2T, WY F =y ISNFREBIIERE N A A v AT, BERFHLOHIR R S 17
E)DEMERT 27-01, WiselkIc X 2B V=V Blic k> TR o rnkiln— ADEER

BEALRFE 2 i~ 7,

3.2. Fhx
3.2.1. Rl
WOEICCABLL 72 7 4 > 7 (Acacia mangium) . 7 ) (Fagus crenata) . > 7 712N (Betula
platyphylla) . 2.—% ) (Eucalyptus camaldulensis) . * 77 (Populus sieboldii) . ¥ 7 ¥
(Salix pet-susu) £ X "V 7 » 4 A (Erianthus ravennae) 1K D RN A4 F = 212D T,
Wisei:(Wise et al., 1946)% —MEIE L 72 HiEIC X > T T 2 Z & T, drk)lno— 2 %l
L7, Wiselkic X 2l 7= VLB -ClE, RAEE N A F < 21k LT, 1.0g- M FEEF F VY 7 A
[ ARIFN A F = 2 F K O0N0.2mI-FER/g-F2 i 2 IR L 72236 80°CIT T RS EIALEE T 5
Zrchnein—2%zE5, Boninkilo—20EKKIZ, GREIEAKE (MS-70;

DHR T3, ), HA) Z2HwTCllE L 72,

3.2.2. ¥ v o — ARG E RS A X

Foxnro—20 XHREPTE, B mEFRICHEL 2, Fotro— RO/ A X

Segal #:(Segal et al., 1959)I2 k> T, MU TFTORXX hFEHL 7,

L=0.91/ (Hcos9) (1)
220, LIFPIICEERETA R THH ., A IEXBoOMKE, HIZEHEIE. 01375y SAEs
Y, £, ero—20fERLEIZ. BT dScherrers[29]% FWTHEI L 7,

CI = (It-la) /Itx100 (2)
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ZZT I3 e —RI,0 (200) HIZHKT 222.6° 1B IF 2 E—7iEZ/R L, laldln—

A1, DIEEFIHICHR T 2 18.7°ICBIT 2 E— V2R,

3.2.3. F k)L a— 2 DORERED T

Furelu—RICEHEENL RN, ARBE XN F2 Ik B R EAROIETER L 2,
RIS 3R T 2 & | PR & RIIHiREE (A. Sluiter, 2008)., A AEM: ) 7' = >~ (Klason lignin)
\Z Klason #:(Dence, 1992), AHERRIZBUIIC L >TRONS 7V 70 vk X R Z2 SHdiR

hrzu= 757210k TERBT S ETIro 7,

3.2.4. Fa k)l v — 2 DOEEE{LIEER

Fuakna— 2SR IX, 8% L AREICCellic® CTec (Novozymes, Bagsvaerd,
Denmark) & X UfCellic® HTec (Novozymes) Z#EFEHE L THWTfT>7, Fukilu—2A
(1.0 w/v%) ZIEE & LT, 50mMEEE S + V7 4 (pH4.5) v, 37°C, 15rpmic T, B#E/N
4 4= A (E/B) H1/100, 1/50, 1/25, 1/16.7 X O'1/12.5(C TIERBL 217 - 7o, BERBHLL,
2. 4, 8, 248 L UM4SIFHIIGE., 156 NI NAICE SN 5D- 7V a— 2B L UD-F 1 —
ADE%Z, ZNVaA—ACIH-7 A7 a—ildk (Wako) 8LUD-F>u—A7 v *y Fildk
(Megazyme International Ireland, Ltd., Wicklow, Ireland) 2 & - CTHl%E L 7z,

v —RoafEEE) 2 E BRI TELX Ty (GuRtExe 7y) 2ERTLRO
2, HTeco Az EERA E L THWTHHELL 72, B FITR L7 & 9 IcHTecld, Fic¥> 7 v 97
fEBEE 2 GOHREAITH D, e —AGMEEIRIZEA ERv, FArkila—2 (1.0
w/v%) ZIEE LT, BEFE/ A A~ A (E/B) H1/50, 50mMEE#ES Y 7 4 (pH4.5) i,
37°C. 15rpmiZ CTA8KfHIMi L 21T - 7z, 156 7 KA %2 15,000rpm THofEhE L L, 3601
7o BEBoAEEIN, X 5IC#EE/ N A< A (E/B) H1/508 7% 2% X9 I12CTeczHML. 37°C,
15rpm T & S IC48IRHI G S ¥, 36 N UNERICEENSD- 7V a— A B X UD-Fr—2

Z LEdD TR THIE L 7,
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3.2.5. Fut )b v — R 6 OB L D 53T

FE AL DRI E AR R S LT v 2 H3(Viljamée et al., 1998), F 1 k)L o — 2 DgEkE
fLicBWTiE, 7V a— AERIEHRBEIEE X CBIEEE O (3) | ¥vu—2ERIF 25D
BRI O k> T, DIEMIGERI T2 2 N TE L, LA ->T, drkiln— AR

BEifbic B2 70 a—Z2INEOREZ{E, UTonrpic74 vy 54 v 7 &8,
G(1) = a(l-€") + ct 3)

ZZTC, GE v a—AE (g/kg-tutiiu—2) | tIkEE (h) . a, b, clZEHTH 5,

@B)R& b, Znva—2EFGEE (dG (1) /dt) &, LTO()HXOBWIric k> TRD 7,
dG(1)/dt = abe™ + ¢ 4

FIREIC, Aokl u— 2DEEEICEB T2 X0 — 2ANBORRZ{IZ, DT oEsic7

VT4 v TEE,
X = a(1-€™) + c(1-€") (5)

20 Xk ¥ u— 2R (gkg-hnkin—2) |t 1ZFE (h) . a. b, c. d I3EKT

Hb, O)RXLD, Fruo—2ERHEE (dX (1) /d) ., LTo@)RXoMaic k> Tk 7,

dX(1)/dt = abe™ + cde™ (6)

3.3. fER

3.3.1. h 1 kL1 — 2 DREREST T

INEERHHHRARE AL A ZA DV a — A5G 22 %2 7 V@Rt O BIC O W TN
7o Wise IEIC X Bt ) 7= Vi z 6 JAEERIHSRARE AN A 4 v 28 L ORI E L 72 B0A N A F
2 A(ZY 7YY R)ICEL, o akiln — 2D B X OBEE SRR 2 X7,
FRAOFG KL X VB vkl a — 2 DWEET Fifisz 3 (Table 3.1) . Wise#kIck % 5
I DL Y 7" = AP & > T JAZEBHIRARE N A 4 < A QB EIGEIE 21.9-28.0% (KRB
BHEHE) Jb L7, Wise IR & 20 Y 7' = VILECIE, INEERI R ARE N A A < 2 T BRI
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DI T UPERMIEREEINSHIZ, 5 EOY 7= HIC X > T T IATERS K
KRENAARATY) 7= v EARIZABUTICE TR L%, o V7= v EEEMNERINICET
T 27012, WAL A~ AdRAr 2L — 2D IE, KEasele—2A8 XXy
5 TH ot INEBHEARENL A2 A kAl u— R IcEEFN 0 — 256K (B
B X o TER L7 Va—2& LD EH) X, 7A> 72RCE < (66.3%) . =AY,
R77BIC7THHVEGE (46.7~49.6%) ZRLED, ¥ IANELOY F XFTRHEL-
= (ZNZF1 39.6, 41.0%) . ZHUTH L T, JATEBHRARE AN A AdkFa o — 1
GENLXC I UEAER (BHic ko TERLZF e —RE L DEM) X, ¥ 7Ah 7
BLUERZ7ZICBVTHL (20.1~22.2%) . 7AY T7E L N2 =AY TIHEL (221 15.3%
BXU15.6%) . YHXiRInsomEom (18.9%) Thot, &TOILESHTERE A &
AZBWT, B 7= I X 2 ROHEARHEED 2 Vo — 256K, ¥ 7 v EH
ROWADPHER S D, ZUOTREICIIBFEIC X > TEDPAR SN, AEBERAE AL 4 <
AgkA R LR —ZADORBE AR (BRI X > TER L ZBFBR X D EH) 13 1.3~2.6%
(from 3.6~8.2%) . 77 vBEAE (BIEIC K> TER L7V 7 a v L D B
13 0.4~0.7% (from 1.5~2.5%) £ CTRASL RO /= UHIC X > TRELEF L,
NS DHRITOWTIE, JAEBBRRENA A2 AT TIE R, MHE LAZERANS T2 R
DL 7P ROV THRAMKICHER I N, B V=V Bk 27 78 —2AEHF DK
TEASNRroTl, £, Wise BICk 2Y 7= v, fEYINA 4 < 2D u — A
LEE X OF5EY A A28 2 AR I N, IAEBAL A2 RICBWTE, e —2A
Fm L IX 56~66% 8 X OV A X1 4.3~5.4nm L Z=0H D, 205 DfEIZ 5 REE DB Y
VB X 5T 64~73%E LU 5.1~6.3nm ~E b T L 7 (Table 3.2) ., ®HE &
L7zHANA A2 2D 73 ATlE, wla—2F5EEIX 56% 8 X Oy A4 X1t 4.2
nm TH H ., REEBANAL A2 2 XD BEIFANS L, FRRICHY) 7= VBRI Kk >TIns Offils
61%% LN 4.8 nm N E DT L 7o, NEBHHEEREANA A v AHRF 2L E —2ICH
EFN 2o —2DfEEER X ORI A ZICIIBERTERRD s, 205 DMEIFHY &

ZVMBIZ ko ThT T 72,
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Table 3.1. Analytical data of holocellulose samples.

Treatment

Name Ara [%] Gal [%] Glc [%] Man [%] Xyl [%]

time [-]

Acacia 0.2£0.2 1.0+0.1 40.8+3.1 1.1£0.4 8.3+£0.8
0.1+0.0 0.2+0.2 47.5+£3.9 0.9+£0.2 13.3+1.1
0.0£0.0 0.5£0.1 51.2+4.5 1.3+t0.4 14.2+0.9
0.1£0.0 0.5£0.1 58.6+5.4 1.8+£0.2 15.6x1.5
0.0£0.0 0.4=0.1 56.8+5.1 1.9+£0.2 15.6+1.0
0.0£0.0 0.2£0.1 56.3+3.8 1.8+£0.2 15.3%1.1

Beech 0.4+0.1 1.1+£0.3 36.7+4.5 1.1+£0.2 13.6+0.4
0.7+0.5 0.8+0.0 39.6+2.8 1.1£0.4 17.1£1.3
0.5+0.2 0.8+£0.0 42.9+3.7 1.6+0.1 18.6+0.9
0.2+0.1 0.7+0.1 44.2+3.7 1.5+£0.2 19.5+0.9
0.3£0.2 0.9+0.1 47.3+4.3 1.8+£0.2 20.6+0.9
0.7+0.6 0.7+0.1 46.7+4.4 1.7£0.1 20.2+1.1

Birch 0.4+0.1 1.6+£0.6 33.1+1.2 1.4+0.4 16.4+1.0
0.3£0.2 1.9£0.2 36.8+3.2 1.1£0.2 20.6+1.9
0.4+£0.2 2.1+0.2 36.5+2.0 1.1£0.2 20.1+2.2
0.4+0.3 2.3+0.3 40.8+4.5 1.2+£0.2 22.5+1.8
0.2+0.1 1.7£0.2 36.5+3.6 1.0£0.2 20.6+2.6
0.2+0.1 1.8+0.3 39.6+3.8 1.1£0.2 22.2+2.4

Eucalyptus 0.3+£0.2 1.6+0.4 37.6£2.8 0.7+0.2 10.2+£0.5
0.3£0.2 1.7£0.1 39.5+3.2 0.3£0.0 13.0£1.0
0.3£0.1 1.8+£0.2 41.6+£3.3 0.4+0.1 13.8x1.1
0.2+0.1 1.7£0.2 43.6+3.4 0.4+0.1 14.6+1.2
0.3£0.2 1.9+0.3 45.4+3.1 0.7+0.1 15.2+1.5
0.2£0.1 1.9+0.2 47.3+3.4 0.6+£0.0 15.6+1.2
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Poplar 0 0.5£0.1 1.0+£0.2 39.3+1.3 1.0£0.4 14.0+1.1
1 0.4+0.2 0.3£0.1 40.1+£2.5 1.2+£0.2 16.6+1.5
2 0.4+0.2 0.4=0.1 41.2+£3.6 1.2+0.1 17.0+0.7
3 0.4+0.2 0.4=0.1 45.0£4.5 1.4+0.1 18.4+0.7
4 0.3£0.2 0.4=0.1 47.6+£3.9 1.7+0.1 19.6x1.1
5 0.3+£0.1 0.3+0.1 49.6+3.6 1.5+0.1 20.1+1.3
Willow 0 0.3+0.2  0.8+0.2 38.0+4.3 1.8+0.3 14.4+0.3
1 0.2£0.1 0.4=0.1 39.9+3.5 2.0£0.1 18.3+0.7
2 0.1+0.1 0.4+0.0 41.2+1.4 1.5+£0.0 17.4+0.6
3 0.3+0.2 0.4+0.2 44.3+2.0 2.2+0.1 21.0+1.4
4 0.2+0.2 0.3+£0.1 43.1+4.4 2,0£0.0 20.0+0.5
5 0.1£0.1 0.1+£0.2 41.0+5.1 1.9+0.1 18.9+0.5
Erianthus 0 3.2+0.3 0.9+0.4 33.4+2.4 0.0+0.0 16.0+1.4
1 4.7+0.4 0.8+0.2 37.9+2.3 0.0£0.0 22.6x1.1
2 5.1£0.4 0.9+0.1 39.1+2.0 0.0£0.0 23.3+1.2
3 4.6+1.3 0.8+0.1 43.1+£3.0 0.0£0.0 26.1+0.7
4 4.8+0.2 0.9+0.1 43.6+0.5 0.0£0.0 22.7+0.5
5 5.3£0.5 0.8+0.1 42.4+£3.0 0.1+0.1 23.6+0.8

HPLC was used to measure the contents of arabinose (Ara), galactose (Gal), glucose (Glc),

mannose (Man), and xylose (Xyl) in untreated and ammonia-treated biomasse Neutral sugars

are presented as the weight percentages contained in the biomass sample (%). Each value is

the mean of three measurements with the standard deviation
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Table 3.1 Analytical data of holocellulose samples. (Continued)

Treatment
Name Lignin [wt.%] GIlcA [%] AcOH [%] Recovery [wt.%]
time [-]
Acacia 0 30.5+0.7 1.5£0.2 3.6£0.0 -
1 20.9+0.5 0.3+0.0 1.0£0.0 89.1+£3.3
2 12.2+0.5 0.4+0.0 1.1£0.0 82.1+3.1
3 6.7+0.1 0.4+0.0 1.1£0.0 76.9+2.1
4 4.1+0.4 0.4+0.0 1.1£0.0 73.5+1.9
5 1.8+£0.2 0.5+0.0 1.3£0.1 72.0£2.6
Beech 0 23.7£0.4 1.9+0.1 8.2+£0.0 -
1 16.9+0.6 0.4+0.1 2.7£0.7 90.3+£2.0
2 11.6+0.4 0.4+0.1 2.5+£0.5 87.6+£3.3
3 6.6+0.4 0.5+0.1 2.7£0.7 81.3+1.0
4 5.2+0.7 0.5+0.0 2.7+0.1 76.7+£2.4
5 3.6+0.2 0.5+0.0 2.6x0.1 77.6x1.1
Birch 0 21.3£0.7 2.0£0.0 7.0£0.1 -
1 14.2+0.7 0.4+0.0 2.2+0.1 91.6+3.2
2 8.5+0.8 0.4+0.0 1.8+0.1 87.6+£2.4
3 5.4+0.5 0.4+0.0 1.9+0.1 82.8+1.8
4 3.2+0.1 0.4+0.0 2.0£0.1 77.5£6.8
5 1.9+0.1 0.5+0.0 2.2+0.1 78.2+3.6
Eucalyptus 0 27.0+£3.2 2.5+0.0 4.9+0.2 -
1 20.3+2.2 0.5+0.0 1.3£0.1 92.4+3.1
2 14.0+£1.8 0.5+0.0 1.2+0.1 87.8+1.9
3 7.7£2.0 0.6+0.0 1.4+0.1 81.3+1.3
4 5.0£1.4 0.6+0.0 1.5+0.1 79.3+£2.0
5 3.0£0.5 0.7£0.1 1.8+0.1 75.5+2.1
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Poplar 0 24.4+0.5 1.8+0.1 5.9+0.0 -
1 17.5+0.6 0.4+0.0 1.9+0.1 91.4+0.7
2 10.7+£0.6 0.4+0.0 1.9+£0.2 85.3+1.8
3 6.4+0.6 0.4+0.1 1.8+£0.2 81.4+0.4
4 3.3£0.2 0.4+0.0 1.8+0.4 76.5+1.0
5 1.3+£0.3 0.4+0.0 1.9+£0.3 75.1+0.2
Willow 0 23.0+0.3 2.5+0.0 6.6+0.1 -
1 14.9+0.4 0.5+0.1 2.0£0.5 89.5+2.6
2 9.7+0.3 0.5+0.4 1.5+1.4 85.2+3.8
3 5.8+0.1 0.6+0.1 2.1£0.4 81.4+2.0
4 3.3£0.7 0.6+0.1 2.2+£0.3 79.5+1.0
5 1.5+0.1 0.6+0.1 2.2£0.4 78.1+4.3
Erianthus 0 20.1+1.5 1.5+0.2 3.7£0.1 -
1 9.3+£0.5 0.1£0.0 1.4+0.4 76.2+3.6
2 7.3£0.7 0.1+0.1 0.9+0.9 72.7+2.6
3 5.6+£0.2 0.1+0.0 1.4+£0.6 70.4+0.9
4 5.0+£0.8 0.2+0.0 1.4+£0.3 67.2+0.5
5 4.5+0.1 0.2+0.1 1.5+£0.3 63.1+2.1

HPLC was used to measure the contents of glucuronic acid (GlcA) and acetic acid (AcOH)

contents in untreated and ammonia-treated biomasses. Nitrogen content was determined

using a total nitrogen analyser. Klason lignin (KL) was estimated according to the Klason

method. Glucuronic acid, and acetic acid contents are presented as the weight percentages

contained in the biomass sample (%). Each value is the mean of three measurements with the

standard deviation.
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Table 3.2 Crystallinity index and crystal size analysis of holocellulose samples.

Name Treatment time [-] Crystalinity index [%] Crystal size [nm]
Acacia 0 66 5.4
1 69 5.4

2 70 5.9

3 71 6.0

4 72 6.4

5 73 6.3

Beech 0 63 4.6
1 65 5.1

2 66 5.1

3 67 5.1

4 67 5.1

5 69 5.1

Birch 0 63 5.1
1 66 5.7

2 68 5.6

3 68 6.0

4 69 5.8

5 72 6.0

Eucalyptus 0 56 4.3
1 59 4.6

2 60 4.8

3 61 5.5

4 64 5.3

5 64 5.4

Poplar 0 58 4.5
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61 5.0
61 5.2
63 5.1
65 5.5
67 5.8
Willow 58 4.4
61 4.9
62 4.9
63 4.9
64 4.9
65 5.1
Erianthus 56 4.2
57 4.5
58 4.2
59 4.5
61 4.8
61 4.8
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3.3.2. A1k — 2 DL

HiREEEH (CTec+HTec, E/B = 4%) Z/H W<, dutiro—2z2EELLZEZD )L
I—AB L UF o u—RNEOERZELZ T (Figure 3.2) , R 77 OFERERHEIZE W TIE,
RIE 48 Kiic BT, Mk AREE X u— 28 L0/ a— 2 EERPRL Sk,
Flhe, TASTELIOR I ANICOBY 7= VBB ERTH > 7203, 2—=A VI d 25 7
ZVEOBFIINE | 2 o RICEfERTES AL N, Fh, N2V T —XEF] (HTec)
DH%E O TEEEM{LEZTo72 L 24, CTec LflaGbE THOLEA LKL T, #ons
Fomr—RAEPMETL, 2OLETNVa—RARIFLAERONLR LI E2MER L, —J5. X
ME L) 7 vy A2Tld, Fickln —2ADBEHLOSFELLEETH Y, CTec+HTec %
7z 48 B KT, MERELLL EOBEICEN G o Nz, F 7o, IAHEBHRAE AL A < 2
i L ¢, HTec DA THER L TE 2 X2 0 —RAENL I EBHS 5 72,

Figure 3.2 0y I a2l —vavhs, vrua—A0RetE) 2t nllbtczEsxe sy (B
NlEEx T 5 V) B2k (Table3.3) , JAEBIHERENAA A2 TlE, K750 LI
SfEVEX > T K 46% % i RS D 5 — 7. % OEHETIE 20~40%, =AY IZES
TR 15%IC E EF D 6 JAEBEM TEERICKRE R ADRED 5, £7-,CTec £ LU HTec
ZHOEEER b kD ol X u—ANE, 5, HTec DA ZH VAL EDF > 1 — AU
ReZLGI LT, evn—AgfRefio TNt X 7 (HRRExs 7v) 2Kk
7o & 2 A INEBHERRENA A AOHSEEX S 7 1E 2—A VDX I I 69%EL L %
o BRI H B — T, % DRI TIF 39.8~48.4%% i T\, — i, XEELLZY 7
YH AT, IAEBHRARE AL A v R ICHIE L T, GafdikExs 70 0% < (8955%) | #a
etk x> 7 v 3ot (20.9%) .

ilEE%EA] (CTec+HTec, E/B=1, 2,4, 6,8%) ZH\T, Aokl o—2zEER L (KE
1,2,4,8,24, 48 i) L7z L ED x> u—2B XU/ a—2NEDR % 7§ (Figure 3.3)
WTNOBIFICE LTS, For—2UEKE 7L 3 — 2RV IEOHZ A S 117, R
B2EKT 2T, BonsfERIm EL, E/B=8%, Kt 48 IHICE\WT, R 77 T3
Witz LRI 2PN, 7AS T, 7 ANBIOY XTI L RRE, 7r8L 012

) T DF 7T0~85% D iR G & 7=,
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Figure 3.1

Yield [g/kg]

Effect of reaction time for enzymatic saccharification form holocelluloses.
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Figure 3.2 Time course of monosaccharide production from holocellulose samples. a: acacia;
b: beech; c: birch; d: eucalyptus; e: poplar; f: willow; g: Erianthus. Open circles, glucose
yield (CTec+HTec); closed circles, xylose yield (CTec+HTec), Open triangle, glucose yield
(HTec); closed triangle, xylose yield (HTec), solid line: maximum glucose yield caluculated
from chemical analysis; dashed line: maximum xylose yield caluculated from chemical

analysis.
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Figure 3.3 Relationship between glucose and xylose yields from holocellulose samples.

a: acacia; b: beech; c: birch; d: eucalyptus; e: poplar; f: willow; g: Erianthus. Horizonal
dashed line: the maximum yield of xylose calculated from acid saccharification; vertical
dashed line: the maximum yield of glucose calculated from acid saccharification; Horizonal
line: the content of degradable xylose.
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Table 3.3 Calculated xylose yield from holocellulose samples by enzymatic saccharification.

CTec+HTec HTec Subtraction
Name
lg/kgl lg/kgl [g/kg]”
Acacia 147.6 (78.6) 67.5 (38.8) 80.1 (38.9)
Beech 174.5 (69.9) 49.3 (21.5) 125.2 (48.4)
Birch 216.6 (78.8) 81.1 (32.1) 135.5 (46.7)
Eucalyptus 153.0 (84.4) 28.2 (15.9) 124.8 (68.6)
Poplar 214.8 (94.0) 106.1 (46.4) 108.7 (47.6)
Willow 151.5 (70.6) 65.6 (30.6) 85.9 (40.0)
Erianthus 201.3 (77.5) 151.6 (56.6) 49.8 (20.9)

1) Xylose yield (CTec+HTec) — Xylose yield (HTec)
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3.3.3. Fu kv — R DRI E T 5 B AR AT

BIfEIC X > TRLB X 7 v u— ADEERED, AEBIEARE AN A A< Akt o
L —2ADMELINEO AR~ THLLETEE, COZLIEFFTIvitlu—RDRE
FHRALREDORRIRZLE LTHNSL EEZ NS, 22T, FPu—RAEEREBE IOV a—
2R E DR 2L % Figure 3.2 DY 2 2L —v a v D RO MR T XA =% —
(Table 3.4)Z AT 2 Z £ TR (Figure 3.4) . S 5ITKIG 0, 24. 48 B2 B 1) 2 EZ R L
7z (Table 3.5) , ¥ u—RAEEDOWHEIZ, 2—HVEBLEYFFD LI IEOERE (11.2,15.1
g/h) b5 )i T, THYTEBLORTT7TI3#EL (77.6, 61.5g/h) | JAZERFE CTELBA S
Nz, 7N a—2EFEOYMIZ, 2—2Y TiF 12.9 g/h LBV, % O T 20.1
~29.6g/h TH -7, WTNDLEBFE kAo Lo —2I1cBWTYH, Z)La— R4 EHE R
¥ou— A EFEEEICHE L THICRE VLD, ¥ — R EERED ISR OMETICE b ko
TAMIE T T2 DI IR L T, 7L a— A EPERE IR SE 48 KDL B2 217 T - < h LK
T aEAP RSN,

¥o I vkl — R aoOBRICHEYERCAEBR NI L6, MHEDOHEFEEZ LD
NS DIz, duklu—2ADF T a— A EFERE L 2L o — 2 A o R R iR
Wt %47 - 7= (Figure 3.5, Figure 3.6) , St 48 W58 6 X > 5 v @Dk L TV 52 5 AN,
I=AVEBIOYFF TR, Foo—REEOMHNEEIH A, TAHS T TlRF o — R4
DIAREE DG 48 RN 2217 TIRFNES 2D, ST R 7T 7 v Tl £k
HeIREZ Lo, REBHRRE NS A2 Ak F v 2o — 2Tl OGO IR ] © 5 i
SNTEECHEEMETT2X> 78, Z20%, vru—2A5RIE-> T, —REINIC R
WEDS E3L x> 7y (LERo>TENEEIY) BEET S LW h >, —T, *F
ELZATY 7y RICBLTIE, Fru—RAEHEHE L 7V 3 — 242 R O R R R D> &

RSNz ¥> 7 v oo MR I N2 o 7,
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Table 3.4 The parameters from fitting curves

Glucose yield

Xylose yield

a b C a b C d
Acacia 48.69  0.44 8.24 18.48  3.67 129.10  0.08
Beech 102.19  0.14 6.03 25.48  0.51 149.02  0.06
Birch 121.90 0.13 5.07 19.38  0.90 197.17  0.04
Eucalyptus 77.35  0.11 4.41 16.10  0.56 136.94  0.02
Poplar 318.42  0.06 4.78 23.34  2.10 191.47  0.06
Willow 77.36  0.22 5.40 28.62  0.37 122.84  0.04
Erianthus 570.70  0.09 1.10 82.73 1.02 118.61  0.12
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Figure 3.4 Time course of the rate of xylose and glucose production from holocellulose. a:

acacia; b: beech; c: birch; d: eucalyptus; e: poplar; f: willow; g: Erianthus. Solid line: the rate
of glucose production; dashed line: the rate of xylose production.
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Table 3.5 Glucose and xylose production rate obtained from an approximate expression.

Name Glucose production [g/h] Xylose production [g/h]

0h 24 h 48 h 0h 24 h 48 h
Acacia 29.6 8.2 8.2 77.6 1.6 0.3
Beech 20.1 6.6 6.1 21.3 2.2 0.6
Birch 21.1 5.8 5.1 25.9 3.0 1.1
Eucalyptus 12.9 5.0 4.5 11.2 1.4 1.0
Poplar 22.9 9.4 6.0 61.5 2.6 0.6
Willow 22.4 5.5 5.4 15.1 1.9 0.8
Erianthus 54.8 6.7 1.7 99.1 0.8 0.04
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3.4. H%%

IEERHHRARE N A 4~ 2DERHLIcB TR, V7 =vyEFTiRrEl, ¥ 7 v bl
HEnlEREMINTns, MEHES X, EE, V7= viREZEDR VT V€= 7 HTLE
&> TH, X/LHDE WY 7 AN EO—BDIREEBHRARE N A A < 25 6 EOBEIGE
6N5EEBE LD, FHRHCX/LOEROBT AT 7R 7 71237 v € = 7 AR O # H 53
LI bbb Tl L, 22T, AEBHRAREANA 4 v A OBRHLHNERZ S 612

FHlICTIR B 720 Wise BRIC Kk 25 ) 7= VLB % 6 JATERIHERARE AN A2 ZAB L ORIHE L

p={1118

RN F 2 A (Y 7Y R) WRAKSKHML T, Aukilu—2%2fG7,
WTNOREBHRRE NS A 2AdkFr i —2 B0 TS, ROEGRNC R L T,
B (Kumar et al., 2013) & FIRRICHEE S HRMET T2 L &b, IV rn vBEERMMETT
EV)FI A LRSS, 2O ED6, WiseBICK BB V= Ulick->T, ¥ 70 %
BHid 272 FVIEELO V0, A VEBRESISN I EEZON D, £, INEMTRARE
NAZ < AR F B2V T — 2 TR, ROBGRHERED X o 7 V EFRPIHINT 2 234 6 1
e, ZORRERELT, Zura ) A VERBICE bR X2 T v OBNKS RGO
(Sands & Gary, 1933, Toda, 1960)E X Q'Y V=V icHid I Nz ¥ > 7 v OEH R =
(Matsumoto et al., 1984) (Imai, 1992)»% 2 653, ZNODFER LD, Wiseikic Xk 25 7
SVPETIE, JRTERIHCEAREANA A 2 AFERBRIR T D ) B, ) Sy BEENICREI NS
HbOD, wru— R T LERENRZAMDELTED . FICX S 7 v O—REEEICIFRERE

L ECTws tEI6N 5,

HOEL D KRB 6 INTESIHORARE AN A v A DEEERLICE T B X2 n— ZIKIT 1.6~
2.5%, 7V a—2NHKIZ 1.5~6.4%ThH-o7Z &5, T0~80%Lh LDV F=v %2kET 5 C
ETEOWHICEDE SN S E T 2 (Sudo et al, 1976)E —3T 2 ERBE SN, L Lk
D5 IRERBHSRARE N A 4 2 AHRF B0 — 2B 2 RGNS X OB 12 (2 6HE
KL TRELERND D, ZERTOY Vv 2RV HED 6T, BEER LR OHIF
HRPERIN TV ERHE TR > 7, IREBHRARE NS A2 Ak rn —22E
FNBFLIVE, L —2ANREME) T LR BEERLTE B 0MEX S L, kR
— 2R % S THL S N A BN REX o 5 VIt L 72 & 25, INERBIHRARE NN A 4 < 2 1C
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W BOREX S 7 v HOREX S T VRS EENTVE I LRSI o7, H
DREEXY I i —ANREMEO TOBENE XL S5 TH B I Lo, IEIEBTEARY
WA F2RACE K EGENIHSREXY v —2ASROFKEK E o T3 EEZ 5

ns,

IRERHRARENA A2 ARt r el u—RICBIT XY 7 v oL L a— 2RO
MEBRIE, *ou— R AEERE L 7L a— 2 LT QR & b B S e, Bk
Wl i, ¥ 7 v afRo “HEIRIREBHORRE AN A A < ZHskd a2 )b a — 212D AR
SN, F¥ I v u—XDEEIVEBICINER L FIRNA 4 v A TERVH 5 2 EPRRI N
7oo FHCPOBHIHEBEIC B 2 7V a— 2 EPFEDLE B3 D Ic¥ v v — R EFEICHIR L 7B
HonsZ &ix (Figure 3.6) . 2l a—AREICHEET 2B 0@MEXS 5 00, Wilox Lo
—ABORKERTH LI 2R T EEZONS, £, GARMNEXY 7 v DRI FES
N7 EFEZ 6N OBK 12 RELED 7V a — 2 EFEMMHEEDZE LD icowTh | JA3E
B CENA S N, FRICHDREX S 7 v 24 02— ) Tk, KIGK 12 KR
JOV 2 — A EFEMAEE DOV EoY) BIFFEITERS . SAUIEED R X > T v L m — Ry iR

DOFHIFER L 572D TH B EEZ LT,
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5. &

HIE & D, X/LEORGETFE T Y 7= v DRI OR E BHIRER L %52 2 LR ST,
22T, B V= v SNLIEEBIEARE A A 4 2 TIRBEER LTI SRR S N £ H
ZHERT 27012, Wiselkic k 26 7= v IHIC X > TE S ke d v kb v — 2 DR L
Wz FiNTz, ZORE, TXRTOBRICE VT, Bl 7= B EEFR T e 2 KIRICgeE L7
D3, ZOZRITIIBIHE TR E AN AR oI, RIEICHRILOHIRER DT 2 2 D5
WEBOT, 2T, BREIC OV CRERNENT 2107 L 22, IREBHRARENA 4=
ADFX T 7 VICiFena —AGREHE) LB aRTEL X Ty (BafREXL V) Ltk
nNa—AgfREMEb RV ERBTE XY Ty (HESREXS 7 Y) OTHIREDSHFET 5 2
EDHeER S, 610, ZHREBOHRICOW TR TCRELENDH 2 2 LS

LD TNDREETEUREICO RELAZ LA ENE R LEZ N T,
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4. |REEBHRARE N A A < AR LR OBRR
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4.1HW

R E CORBICK D . REBHCRRNEANA 4~ 28R LIcE»TIE, V7= vic X 5l
RDHEST, el —2ICxT 5% 7 v OFEREIC X 2HlfI0RE LFEEL2L5ZTw5 C
EORENT, 21T, X7 UROMEICHER R 2R T 5 2 L2 HIC, HT R
Phanerochaete chrysosporium?37 v & = 7B 5 A SNHRAREANA 4~ 2 D3 Bz ic o

WS % ISR %2 MR IS0 hT L 72,

4. 29255
4.2.1 N7

3.9% KT b - 7X% A bu—RERPDARHI(HARAE)Z 4 — F 7 L —7C 121°C, 20 7
BRALER L 72, JREE L 785z RCBIEL. 79 A F v 7 3-EE S +» — 1 (90x15 mm)IZ#) 20 mL
FTOSHEL 72, iR THHE LEIL L 2285112 P. chrysosporium K-3 #:(Johnsrud & Eriksson,
1985)DffifE 1% 20 uL 3 >8H L, 26.5°CT 7 HHEHERE L 72, BB O Y v — L ICHRE
L7 0.9% BB AE/KEZK 10 mL A, WK L7z A S—F LV CHAEZEC»ICZTh, T
AR E R BB S EIE L7z 10mL ALV AERy b ClARZBEINL 72, 25 7 ilT
WO—H%z 100 f51I AR L IMEREH B 2 v Tl 8z B A ol R 2 Bl L 7,

f 11 4°C TR L 72,

4.2.2 K5

P. chrysosporium K-3 ¥(Johnsrud & Eriksson, 1985)ix Wood %1 (Kremer & Wood, 1992)
THEE L Wood F5HllZ 1 LbH7ch:22g> X Fvanyig 2.6 g(NH,),HPO, 1.1 g KH,PO,,
0.5 g MgSO, - 7TH,0, 74 mg CaCl, - 2H,0, 10 mg FeSO, - 7H,O0, 5 mg MgSO - 7H,0, 5 mg
ZnSO, + 7H,0, 1 mg CoCl, - 6H,0, 0.6 g Urea, 0.1 mg Thiamine - HCl Z & &, REHE L
T 20 g DARMBEARK & 2\ 137 v €= TR 2 vz, Wood Eiihf sy @ Urea £ L OY
Thiamin + HCl Z & < %y 2 FHE L. A &V SHOKISER L 72, ZOKIERZ ., V) v IBKIER
ZHAWT pHS.0 ICHHSI L, 200mLAD=A7 7 2212 80mL § 20 L%, A—t27L—7

T121°C, 20 FyMNREAEE L . SIS TWEIL 2. &7 7 A 2R L 72 Urea 8 L O
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Thiamin - HCl Zi#II L 7z, B5Hhz B S ¥ L. P. chrysosporium DR % 7 7 A 2dH1=H D
JaT 58 1.0x 10 & 22 2 X 9 ICBEME L 72, 2%z 37°C. [HlEEE 150rpm T 3 HIEHR & 9 B2

L7,

4.2.3 WHRBRNIE R X OFEFIHENE

79 Aa%RRoB, WEERY F2HWTH 1 mL OS2I 72, FRILL 25525
WL 30 HEHE L . BB S 72 D OMBOEE 2 FiER L L, Hv 7 v V3B RGN 2
524 T L IcfTo T,

0.1%(W/V) 7 ER (7 Fa2)B XN 50 mM FERE T + V) 7 MBI (pH5.0) D&M T, 4%(v/v)
WA Z N2, 30°C, [lfE% 15rpm T 240 RIS S ¥, FOGHE, u ik
Centrifuge5415R(eppendorf) % Fv> T E[#EE 15,000rpm ¢ 10 4D L, & o Bz 5%
=D 1M NaOH /KA & IRG L 7z, BIEICE £ 5@ 0k & 13 p-hydroxybenzoic acid hydrazide
Z bz i X o THlGE L 7z (Lever, 1972, Hartmann et al., 1994), KIn# o E#& 100 pL

Z PHBAH ¥## 100 uL 2N A, il L 73T 10 rfEm#s L 7, PHBAH iA# 3 0.1 M
PHBAH, 0.2 MiA#EF RV 7 LA 7 AEXN 0.5 MK M) 7 AZ2E60EKE LT,
MEGER, T HLHITIKAKIZAI 10 FHREI L 72, KIBEK D 405 nm 12 E T 2 WL Z 530608
F£ 5T (Thermo Scientific, Multiskan FC)% Fv»CTHIGE L 7z, D-27)L 3 — R 2D Ciaii %2 HlE
L 71 (243 uM/Abs)z T, it L 7Z2fo 28 L, 1 77 1 umol OFE 2 il S ¥ %
EREEZ 1 2=y FUEELL X,

0.1%(w/v) A NHIZE ¥ > 7 »(SIGMA)E X T8 50 mM EEfE - b U 7 L8R (pH5.0) D &4 T
4% (v/v)ERINER 2 N Z . 30°C, %L 15rpm T 300 KIS & ¥ 72, KIGHK. w0
Centrifuge5415R(eppendorf) % fv> T [A[#E %L 15,000rpm T 10 43fEh&ED L., 56 7z B 500
nL %2 1M NaOH /KW 500 p L EEA L 7, BEICE £ 580k & (3 p-hydroxybenzoic acid
hydrazide % fH\» 7z Fhfaik iz X - CTHIE L 7z (Lever, 1972, Hartmann et al., 1994), KG#E D I
% 500 nL i PHBAH 5% 500 L 2 A0 A, #hlig L 725 < 10 rfElfnzk L 7z, PHBAH &%
' 0.1 M PHBAH, 0.2 M2tV 724 758 LKK0.5 MKEELF YV 7 4% E&TLIEK

E L7, MR, T ALLITKAKIZAN 10 JEGHIL 72, KIGHEE D 405 nm (28 1) 5 KEE
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% 53 YOG EEEE Multiskan FC(Thermo Scientific) 2 F W CTHIE L 72, D-F > 1 — 22O W TR ERR
ZJE L7643 wM/Abs)Z T, HEEE L Z2fioE2 R L, 1 20 1 pmol ORE% bk
XesrEREL 2=y FU)LESL .,

0.0267%(w/v)7 V' 7 )V 7 2 »(SIGMA), 66.7 mM FEfEF bV 7 L FEER (pH5.0)8 X O
20% (v/v)EIRINER D ST, 30°C, [alfiE%L 16rpm C 240 p[ERIG S W72, RIGHK., w0k
Centrifuge5415R(eppendorf) % Fi > T H[EE%L 15,000rpm ¢ 10 Z3fEliE D L 5 5 v/ B 335
nm (28 5 WNEZ 3 HOEERE V-660(HAD ) B L 'Y 7 7 = 7 V-600 for windows(H4

SV HOCTHIELZ, 1 2=y FU)IZ 1412 0.001 OWEELR L aEER EERL -,

4.2.4 BRI S o8 7D " RICESIKENC X 5 77HE & EHRENTIC X 5 7 v o8
EHIE

P. chrysosporium K-3 #(Johnsrud & Eriksson, 1985)% KU 7 hNH L 0IET vV EZT
B 5 ANZRFE LTHEEL 2 L 2106 N WA Z VIVASPIN 20(300 kDa,
Sartorius)z W CEL A L 72, 155 17z A% VIVASPIN 20(5 kDa, Sartorius)z H > TR
fi L7z 100 pug MM DO S v R 7B 2 A ¥ v 7 7 L(Sartorius) TIRAA AL, A 4~
ALK 2 IV T 3 I L 7o WRSL 8 v 8 7 BIEHIC 300 u L D2 Ny 7 7 —(7.5 M urea,
2.0 M thiourea, 4.0%(w/v)CHAPS, 2.0%(w/v)dithiothreitol, 0.5% IPG buffer (GE Healthcare)
£ L0V 0.001% bromophenol blue)Z M A TAML, Znzd v 7VIERE L7z, 3 ¥ 7VIAKR
% Immobiline Drystrips (18 cm, pH4-7. GE Healthcare)lZfit L T, 1 BoEZI0ER L 72, &\
MAESKENIA T O 70 77 Mk > TT> 7, £7. 500V ¢ 1 7B L 724, 3500V T
90 7l I CEEZ 7%, 2D, 3,600V ZEH & LT 6 IREDWkEI 217> 7%, BXIKEIE
T, Ny 7 7 —1(50 mM Tris-HCI pH 6.8, 6 M urea, 2% w/v sodium dodecyl sulfate
(SDS). 30% w/v glycerol, 1% w/v dithiothreitol)} < 20 rffESo iR E H Lz, 2D,
fiifboNy 7 7 — 1 28 TTEE{L Ny 7 7 —11(50 mM Tris-HCI pH 6.8, 6 M urea, 2% w/v SDS,
30% w/v glycerol & X 18 2.5% w/v iodoacetamide)# fill 2. & 512 20 FRIFER IR E 95 L 7=,
VKEIRE I SDS R 727 U L7 2 K7L (ExcelGel™ SDS XL 12-14; GE Healthcare)z -+t v k L.

ZZIzNy 77 —A Y v F(ExcelGel™ SDS Buffer Strip; GE Healthcare)# X OVF#ifho#& 7
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L7ZAMYy ZF%%Xy L, 1,000V, 12mA <60 4., 2T 1,000V, 40 mA T 5 7EE%
KB 2TV, ANY Y TRETAANY R H2B L, 2D, 1,000V, 40 mA T 160 77fH
BRIKEN & T o 7o, ERIKEE T, 7% 12%(v/v) b ) 7 v v FEBKER T 60 RIFEe I
IRED L, PN ZER(B0%(V/V)ZY J —LE X 10%(v/v)EEEE) I L T 30 FiEfEL 0
IR& D L7k, PRz sCHh L C—MFRE L 72, FH. HEPRERZ 5¢H L T 30 7rfElfE e
k&9 L7, 7 ix Coomassie Brilliant Blue (CBB)A#(0.02% CBB, 30% ™% / —)L. 10%Jf
2. 0.01%niled) 2 H v T 3 ISt L 72, Rt Pei < 20 Zr[ic 1 RIKIER 2 53Ha L 7
Bo 1 RERitaz L7, o r V%2 A X ¥ 7 —ES-10000G(EPSON)Z VT A ¥ » L, 1§
5 N7 Wi % EHRENTY 7 b7 = 7 Prodigy 2D ver. 1.0(Nonlinear Dynamics Limited)% >

TN T25Z LT, ARY PO—HEY VU RIVBEOEREITO T,

4.2.5 LC-MS/MS B X U7 & / BRECHIEHTIC L %25 VX7 HAR v b DFE
TN E VRV ERDE H D WIEH—L L THIETEAFEL 5 ARy F2UD L,
500 uLO72 F= P Y ABASTZy Ry Fa =TI AN, == —TI107fkE H L%
%, TP FVULERBRE, EHOEMKE 5305(eppendorf) T 30 R L 72, WS E T
ZOVRDF 22— 712 100 mM DTT/0.1M BERE 7 >~ € =7 4% 50 pL iz, 56°CT 30 77t
EL7ZZ 82D BRe#%,100mM a—F72 73 F/O0IMERB? VE=724% 100 1L
MM Z 37°CT 30 7y WIMEATICHHE L 72, F 2 — 7 OiER 2%, 0.1 MERKIRY Y E=7 A
%2200 pLnz <, 100MiRE) L, BETLZDITELOI—F72 b7 I FZID RV,
Fa2a—T7NOBEERZIET, 7R F=FIYALZMATIOAHIRE 9 Lcsk, MKZEIDFRE, &
DIEAERE 5305(eppendorf) ¢ 30 43 MJRERZIE L 72, 23727 VR 125 ng/uL b 77
~/10 mM Tris-HCI(pH8.8)% 50 LA T, K ETIIRM MY 77> V2 WINS ., R BIBKR
ZHLD Bz, #2212 10mM Tris-HCI(pH8.8)% 50 uL Z¥%M L., 37°CT—Mr LNk & ¥
Too IR ZEH L F 2 —7WCEHINL ., Z VI 5BXHBE XX 70%7 £ = F ) L& &OIAR
Z 50 pLNA, 5 7SR L . 7 VNICERAFAT 2 2B 72, Zo#fEz S 5101
[A]f D3R U 72, [BIX U 72 15408 2 w0 A E% 5305(eppendorf) T 3 WEREIIRIE 28 U FL X ¥ 7=,

ZAUT0.1% Y 7 A alERZ A T 10 B L, S8aiTifd L ik, MS HlER N1 7L
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I L T-20°CTIRE L 72, 2OHRZ R TF FH v 7V e LTHRGITICHE L 7, RT3
Y7k ) A h 7 5 ZORBAX SB-C,, 600 Bar (2.1x100 mm, 1.8 ¢ m) (Agilent Technologies)
ZMHwOlEEEE AR 7 o< 77 7 X-LC(HAZG) TodE L 7o, BEIHICI3VAI AG%(v/v) 7 X
F= VLB KT0.1%((v/v)FE) & IR B(100%(v/v) 7 & b = F VL) & v, BUN O cor it
L7ee £, BB % 4.2%T 1 L 728, K B 2 20 JHTH8%IC L, S 5B B %
4 53T 89.5% I Lz, mHEL 72 X7 F P& A A4 v b 7 v 7RIE B HTEE LTQ Velos (Thermo
Fisher Scientific)icfit L, XR7F FOBEEARZ bV F—F 281, R7F FOEEARZ b L
7 —4% % P. chrysosporiumv. 2.0 O’7 ) L7 —% X— 2

(http://genome.jgi-psf.org/Phchrl.home.html)iZ%f L T MASCOT #%R L . R d % Eis 1B %
FE L7z, £, B0 n78is /%2 NCBI 4 — N 12T BLASTP #RERIC21F. 7 2/ BERLS D

BMED 6 & v 7 HRREDOHEE 21T > 72,

4.3%5H

4.3.1 P. chrysosporium D4R, ¥ v 87 B PEE X QBRI

P. chrysosporium % RIS 5 HNH B 0IET VBT 5 A% RERE T 3 Wood
FsHTREEE L 72, Figure 4.1a ISR $ X I 12, 7V EZ PMBIC X > CARBEOAEF IZBEZF TR L
Too RUHS T ANZRFPEE L TH AL E, WAERIERE 1 HEIC 0.1 mL/mL-B5E8HK & 7%
ofedhE, SHHETEMML d o7, TR LT VESTURY I A NNERER E L TH
We k. WRRIIEERBOFEICHE > THARL, 552 3 HHOREFEIZ 0.7 mL/mL-E5 8K
Elgote, ¥IANIINT 7 VEZTUIIE, KEOETZHEICET 22 LWL R
>708 (P<0.01) | Bk Y o8 2 EEEIZ 7 v ' = 7P X - T T L 7 (Figure 4.1b)
RIS T HNZRBEIRE L7z EOBMENY V7 EHBEIX 1.2x10% gL' 2o 72Dk LT,
TYEBEZTMY S HANBRERELEEIZ0.6x10° gL' TH), TUEZTUBIZ X > TH
RS v 8 7 BIRIE 0.5 f5IC 2 o 72, 858 3 HRORERTHT O ¥ v 8V HIBEOZELIZFE T
X% o h (P=ns.) . 7¥YEZTHIAEIZ P. chrysosporium D5 % K E L 72,
B#E3IHHOWKAHKOE LI —¥, ¥ 7 F—¥E8LO0 T u77—EiEEEZMELE C
% (Figure 4.2) . ¥ 9 F—¥E X0 7ur7—¥iFEER, 7ryEo70ABICE>TZNREN
T8 B XU 22 51T R L7 (P<0.01) , ZHUCK LT, KRB FAhNE T VEZ TN

74



ZANDET, V7 —XIEEICIIEREEZR o7 (P=n.s.) . ZHUd P. chrysosporium IZ

o THWINITEHLY VNIV ERRL T —ETHIDLEEIOND,

Q
—
o

|

[
N
o

l

Fungal volume (mL mL" culture)
Protein concentration (x102 g L)

0 T T N
0 1 2 3

Cultivation time (days) Cultivation time (days)

Figure 4.1. Fungal growth and extracellular protein production of P. chrysosporium.

a) Fungal growth and b) extracellular protein production of P. chrysosporium cultivated for 3
days in synthetic medium containing 2.0% (w/v) UB (white) and 2.0% (w/v) AB (black) as
carbon sources. The mycelium volume per 1 mL of culture filtrate was measured as
described in Materials and Methods. Protein concentration of the culture filtrate was
estimated by the Bradford method. UB, untreated birch wood meal; AB, ammonia-treated
birch wood meal. Each data point represents the mean + standard deviation (SD) of three
replicates. Where the error bars are not visible, they fit within the symbols.
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Figure 4.2. Comparison of cellulase, xylanase, and protease activities in UB and AB cultures
after 3 days. Enzyme activity was measured in sodium acetate (pH 5.0) at 30°C. a) Avicel
(0.1% (w/v)) and b) xylan from birch wood were used as substrates to measure enzyme
activity in the UB and AB cultures. The newly formed reducing ends were estimated using
the PHBAH method (Lever, 1972, Hartmann et al.,, 1994) with some modifications. c)
Azoalbumin (0.3% (w/v)) was used as a substrate. A, of the reaction was measured. Each

data point represents the mean + standard deviation (SD) of three replicates.
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4.3.2 WENG v RIEDX 7 L b — LT

KUY 7 HNBEIOT7 VB TUE Y 7 N\ %RFR E T 55T P. chrysosporium % 3
HEEE L. SO NARERICE TN WIEN Y v 7 B2 Rt SAKENIC & > THOREL 7=
(Figure 4.3) . RS S ANBIOT7 VB TUHEY I ANICOWTNEZRER & LEAEIC
BWTYH, CBBRAOIC k> THREINAY VIV EARY FD% L IZEHEMN 4.5 06 5.5, 71
& 37 705 100kDa DFPHICHEL 72, TNHEDAXRY bro, YRV HBEIUVARY L0
FE S 2 HEHEICEF 65 ARy F2YID L. P YU 7 . LC-MS/MS ICffi L 72, FES 1L
728 VNI EDS% S IHTEMKDREESE 34 ARy b) | HEZ AT 57— (10 AKXy F) |
AAS(B ARy ) 7D CAZymes & L TS 17z (Table 4.1) , £72 4 AR v I % thaumatin
like protein, 1 Z X v k7%aldose 1-epimerase & L TSNz, ¥ v 82 HOMEREMITIC X
2T, BN Y RIEDE DB, eru— 2RI T sknEd e Fn 7 —¥E L0y
FIONAF =X, BoRICXFT 7T —E¥BLOXS 7 VIO SRICBIET 2BETH D . KRF
e n— 2N kibn— AR D 5 SARBER 2 WRIHC I L T s 2 E S eI
7> 7z(Abbas et al., 2005, Wymelenberg et al., 2005, Vanden Wymelenberg et al., 2006,
Sato et al., 2007, Ravalason et al., 2008, Vanden Wymelenberg et al., 2009, Hori et al., 2011),
ZX vk No.5,7,9,10, 11, 12, 19, 22, 24, 30, 35, 48 8 L N 52 1&, RIS FHNNE LN
TYEZTMMY FANRRBERETE T NOREICEBLTORES N, TNSDTEHEANR
vy MiterbEtte e —+ (Cel6A: ARy F 5;Cel7C: AH v b 11,12, 13;8 L ¥ Cel7D :
ARy FTEXUN9) . v FIAAF—+ (CelbA: ARy F 48X CeloB: AKX v |k 2)
BXUxru/vhr—% (Xgh74B: AKX v + 31) THot, AMHEICE W THE I N BEE
DRY N EICHD ZEIEE, RUF Y 7 AN RFERE THHBEICENT49%, 7VEZT
WHES T AN Z RFEPRETHRERICEVWTEI% TH >, Y VNV EDOEFERICGEA LT VE
TR OWE R I L 72 L & 10D Y v VAR Y M 2 5 RICAEERMERL 2D
WAL T (Table4.2) . 6 2D % v 7 EH ARy bt 0.5 f5AKGIC)EA L7 (Table4.3) . GH
773V —=T7TokuAkFud—¥id, WTNOBERIIELTORS ~RINEEEN,S v 3

2ETHD, OTNOEERICEBOLTHRY VR 2EDH 40% % 50T v, ¥ AKX F No.
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19BN 201FFALZ v ) 27E XynlOC IZEI D Y Tohl, INoDHRIIFALCEERZHT
i, TuT T =YLk A NMROWEEL I Ty R EEERESEMLELEEZ
55, GH7 73V —11FX>7F— (AXRy b 22) IZOWTHFEERIC, 7ur7—XIic k-

TofRIck D ash, EoFEOZARy b 23 L LTRSS Nk,
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a kDa pl4 pl7

250 33 34

150 | 32 //11 12 49
100 13 47 40 28 :
50 “8 \v '/20 -
37 36\ 35\;
144 5 46 52 27 41 45 18 21
38/37/ \22 39 / /

25 - 25 6 54 43 RS —
20 . 55 / 29 26 23 30 i

24 17
15 . 55" 0
10

b kDa pl4 pl7

i i

9 1 32 1 12 49
100 \5 13 47 40 28
75 w- 42 44 pe-ed
50 W 20 -

P~
37 \ 50
15 46 52 27 41 45
. \22 39 / /

25° wm \ / 25 43 -
20 : 55 29 26 ™23 30 —/

24 7
15 53 10
10

Figure 4.3. Two-dimensional gel electrophoresis (2DE) of the UB and AB cultures stained
with Coomassie brilliant blue. P. chrysosporium was cultivated in synthetic medium
containing 2.0% (w/v) UB or 2.0% (w/v) AB for 3 days. An aliquot (100 ug) of extracellular
protein from each sample was separated as described in Materials and Methods. Spot

numbers correspond to the proteins in Table 1.
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4.3.3 WEHNG v RIE DX 7 L b — L fET
HFW P. chrysosporium (37 ¥ & = 7Y 7 h NHERARE N A 4 < 2 D53 @RI GH 7 7

SY—1L BT 2% 7T — X2 HEICHRIETHE RS ni, 2 2C, L3
BT E TiEEE Al (CTec+HTec) 12xf LT N. patriciarum HRHEAZ X2 77— dH
%\ % B. pumilusxylanase k¥ n o =X Z2HMT % 2 LT, BEH DX > 7 v itk %
AL L7z & Zic, BEERLICRICE 2 2 58 % X7 (Figure 5.1) , Ffi2 N. patriciarum |2k
ez x> 7 F—EE2HOTHREA DX > 7 v ozl L7z & S IChERIIm AL 2,
TYEZTIY F A NIZOWT, N. patriciarum gERRZ ¥ 27— EHLTXF Y T Uy
fETE 2 Al L 7o IR 2 o T A8 IR L L 72 L &, ¥ o — UK 91.3%, 7L a—
ALK 76.5% MG S 4, T RBEIEEIE Sz, LD > T, By 7 VEARE XKL
V7=V ERRZAET Y 7 ANCECTE, BEED 7 T NVOHEIELIC & > T7 v &= 7RI

DIICEAITE 5 T ERE NI,

80



Table 4.1. Proteins secreted by P. chrysosporium after cultivation with untreated or

ammonia-treated birch wood meal

Sequence
~ Protein Protein Th Th
SpotNo. Score® Function (Gene or domain) CBM* coverage
ID" family Mw’  pI
(%)
1 830 129849 Glucan B -glycosidase (gly3B) GH 3 - 87.1 4.72 36
2 336 4361 Endo-B-1,4-glucanase (cel5B) GH 5 N 49.7 6.21 17
3 308 5115 B-Mannanase (man5C) GH 5 N 41.1 4.27 10
4 845 6458 Endo- B3 -1,4-glucanase (cel5A) GH 5 N 39.9 5.04 49
5 989 133052 Cellobiohydrolase II (cel6A) GH 6 N 49.0 5.04 41
6 343 133052 Cellobiohydrolase II (cel6A) GH 6 N 49.0 5.04 30
7 299 137372 Cellobiohydrolase 58 (cel7D) GH 7 C 59.5 4.96 25
8 416 137372 Cellobiohydrolase 58 (cel7D) GH 7 C 59.5 4.96 34
9 2046 137372 Cellobiohydrolase 58 (cel7D) GH 7 C 59.5 4.96 52
10 224 137372 Cellobiohydrolase 58 (cel7D) GH 7 C 59.5 4.96 19
11 1326 127029 Cellobiohydrolase 62 (cel7C) GH 7 C 56.1 5.03 54
12 2010 127029 Cellobiohydrolase 62 (cel7C) GH 7 C 56.1 5.03 55
13 1448 127029 Cellobiohydrolase 62 (cel7C) GH 7 C 56.1 5.03 50
14 683 127029 Cellobiohydrolase 62 (cel7C) GH 7 C 56.1 5.03 45
Endo- B -1,4-xylanase
15 1173 138345 GH 10 N 44.1 5.21 55
(xynI0A)
Endo- B -1,4-xylanase
16 409 138345 GH 10 N 44.1 5.21 55
(xynI0A)
Endo- B -1,4-xylanase
17 498 7045 GH 10 N° 31.2 6.89 42
(xynl10C)
Endo- B -1,4-xylanase
18 962 7045 GH 10 N° 31.2 6.89 76
(xynl10C)
Endo- B -1,4-xylanase
19 572 7045 GH 10 N° 31.2 6.89 62
(xynl10C)
Endo- B -1,4-xylanase
20 1033 7045 GH 10 N° 31.2 6.89 76
(xynl10C)
Endo- B -1,4-xylanase
21 537 7045 GH 10 N° 31.2 6.89 75
(xynl10C)
Endo- B -1,4-xylanase
22 428 133788 GH 11 C 30.8 5.72 21
(xynl1B)
Endo- B -1,4-xylanase
23 114 133788 GH 11 C 30.8 5.72 17
(xynl1B)
Putative endo-xyloglucanase
24 184 7048 GH 12 - 27.1 4.74 10

(cellZB)
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25

26

27

28

29

30"

31

32

33
34
35
36
37
38

39

40

41

42

43

44

45

46
47

48

49

179

176

277

674

91

595

604

973
1014
123
97
240
143

697

511

772

391

776

275

289

439
554

245

821

8466

8466

29397

29397

4822

28013

138226

134556
134556
3280
3280
5297
5297

126075

126075

126075

126075

126075

129015

129015

132137
130517

3097

11098

Endo- B -1,4-glucanase
(cell2A)

Endo- B -1,4-glucanase
(cell2A)

Putative
rhamnogalacturonase
(rgh28C)

Putative
rhamnogalacturonase
(rgh28C)

Endo-1,5- a -L-arabinanase
Endo- B-1,4-glucanase (cel45)
Glycoside hydrolase family 74
(xgh74B)

Putative xyloglucanase
(8ly74A)

Xyloglucanase (xgh74B)
Xyloglucanase (xgh74B)
Thaumatin-like protein (thn2)
Thaumatin-like protein (thn2)
Thaumatin-like protein (thnl)
Thaumatin-like protein (thnl)
Putative acetyl xylan esterase
(axel)

Putative acetyl xylan esterase
(axel)

Putative acetyl xylan esterase
(axel)

Putative acetyl xylan esterase
(axel)

Putative acetyl xylan esterase
(axel)

Carbohydrate esterase family
1 protein (axel)
Carbohydrate esterase family
1 protein (axel)

Pectin methylesterase
Putative glucuronoyl esterase
Fungal cellulose binding
domain-containing protein

Iron reductase
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GH 12

GH 12

GH 28

GH 28

GH 43
GH 45

GH 74

GH 74

GH 74
GH 74

CE1

CE1

CE1

CE1

CE1

CE1

CE1

CE 8
CE 15

CE 16

AA8-AA3_1

N°

N°

N

N

26.5

26.5

44.8

44.8

33.1

18.2

66.6

77.8

89.9
89.9
27.8
27.8
29.3
29.3

36.0

36.0

36.0

36.0

36.0

30.8

30.8

36.3
49.7

43.2

82.2

4.79

4.79

5.22

5.22

4.82

5.04

4.56

4.72

5.05
5.05
4.74
4.74
4.99
4.99

5.91

5.91

5.91

5.91

5.91

6.20

6.20

5.84
5.55

5.08

5.19

19

51

50

44

36

29

29

29

29

29

21

13

36
28

15

31



domain/Cellobiose
dehydrogenase (cdh)
Lytic polysaccharide

50 313 41563 AA9 C 33.2 5.39 29
monooxygenase
Lytic polysaccharide

51 301 121193 AA9 C 32.6 4.31 25
monooxygenase

52 207 138479 Aldose l-epimerase (alel) - 38.5 4.98 27
Hypothetical protein

53 316 8221 - 15.0 4.69 33
(IPRO10829 Cerato-platanin)

54 453 3085 Hypothetical protein - 40.2 5.02 35

55 117 2416 Hypothetical protein - 17.5 8.44 27

Protein production was determined after 3 days of cultivation in synthetic media containing
2.0% (w/v) untreated birch wood meal (UB) or ammonia-treated birch wood meal (AB).
‘In-house-licensed MASCOT score.

"Protein model number from the P. chrysosporium genome database.

‘Deduced amino acid sequence with and without a carbohydrate binding module (CBM); N,
N-terminal; C, C-terminal.

‘Theoretical molecular mass (Th Mw, kDa) and pl.

‘Manual examination revealed a conserved CBM sequence at the N-terminus of this gene
model.

'MS/MS dataset of spot number 30 searched against genome dataset version 2.0 in Scaffold
6:1798039-1798139 (Igarashi et al., 2008).
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Table 4.2. Increased 2DE spot volumes between ammonia-treated and untreated birch wood

meal cultures

Normalized
Spot  Protein average volume Relative
Function (Gene or domain)
No. family UB AB degree
x10’ x10’
36 thaumatin-like protein 0.13 0.64 5.0
22 GH 11 Endo-B-1,4-xylanase (xynl 1B) 0.60 2.9 4.9
19 GH 10 Putative Endo- 8 -1,4-xylanase (xynl0C) 0.25 1.2 4.7
55 Hypothetical protein 0.07 0.28 4.2
23 GH 11 Endo-B-1,4-xylanase (xynl 1B) 0.12 0.52 4.2
52 Alel Aldose 1-epimerase (alel) 0.24 0.83 3.4
38 thaumatin-like protein 0.09 0.27 3.0

14 GH 7 Cellobiohydrolase 62 (cel7C) (Fragment) 0.30 0.70 2.4
24 GH 12 Putative endoxyloglucanase (cellZB) 0.43 1.0 2.4

13 GH 7 Cellobiohydrolase 62 (cel7C) (Fragment) 1.6 3.6 2.2

Spots showing a normalized average volume increase by 2-fold or more on 2DE gels in
ammonia-treated birch wood meal (AB) vs. untreated birch wood meal (UB) cultures. Spot
numbers correspond to those in Figure 4.3 and Table 4.1, and the intensity was analysed by
Prodigy 2D ver. 1.0. The relative degree calculation equals the normalized average volume
of AB divided by the normalized average volume of UB. 2DE, two-dimensional
electrophoresis.
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Table 4.3. Decreased 2DE gel spot volumes in ammonia-treated versus untreated birch wood

meal cultures

Normalized
Spot Protein average volume Relative
Function (Gene or domain)
No. family UB AB degree
x107 x107
33 GH 74 Xyloglucanase (xgh74B) 0.45 0.04 0.087
Putative Endo- g -1,4-xylanase
20 GH 10 0.92 0.12 0.14
(xynl00C)
34 GH 74 Xyloglucanase (xgh74B) 0.81 0.17 0.21
Putative rhamnogalacturonase
27 GH 28 0.14 0.04 0.30

(rgh28C)

Iron reductase domain/Cellobiose
49 AA8-AA3_1 0.56 0.20 0.36
dehydrogenase (cdh)

Putative acetyl xylan esterase
39 CE 1 0.71 0.32 0.45
(axel)

Spots showing a normalized average volume decrease by 0.5-fold or greater on 2DE gels in
ammonia-treated birch wood meal (AB) vs. untreated birch wood meal (UB) cultures. Spot
numbers correspond to those in Figure 4.3 and Table 4.1, and the intensity was analysed by
Prodigy 2D version 1.0. The relative degree was calculated as the normalized average
volume of AB divided by the normalized average volume of UB. 2DE, 2-dimensional
electrophoresis.
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4.4 E5

B RICEBWT, HANA A ADHIUEEE LTHONE 7y EZ TR, X7 /)
7= HDEOIREBHRARENA A2 AICHBHTEL I L 2R Lk, £7 v E=THILH
. V77 2ru— AR A ZAOPHEREERIZIZ LA EZHML BV, T AT VEE D
X, 7 I MEAVOERE L e e — 2RO 126 T ADZEEZ &b k> T, HE
Wil % BB ARME T 2, P. chrysosporium 137 VB Z TIRY S hNEREF E LI L &, EFET
ZEEIMEZRRIFET L7222, AROARBFL (SN, COFKFELT, 7VyE=TL
BICK o Ty I ANV REINRTWIREBIC R ) | B IR LB OlHHc k> TAH I K 7
A FIFIE L, ERNEZOEERDPWD LI ENEZ o, Lidd>T, 7VE=THI
ERE | JATERI R AN N A A 2 2 DEGRERICEET 5 2 E RSNk,

V27 e n—RARNA 2 ZDEEERIL 70k 2RI B W TRICHEETH L 2 £ 5,
e e B LIER A 7 7 )V DEERICK E 2B 23ZF 8 5 41T\ % (Gao et al,, 2011, Karnaouri et al.,
2016), AWISE T, P. chrysosporium DEFHET 2 WENERICHG 25 7 V=7 ORI O KR %
HOPIZT 272012, v 7 L b —LMBITIC K 2% 1T > 72, P. chrysosporium \Z X %) 7' =47
fRBEZR DAEPEICIE, BRIBEPEEL I A—FTH 5 I LPAISIT %3 (Dass et al., 1995),
143 72 3 % & Kremer and Wood H5Hb(Kremer & Wood, 1992)% F\> 7z 72812 ) 7' = v oy ik
F S ok, TYES TS I ANERFEIRE Lz L &0 RGEKIKRBIEGR T,
7T 7 —EDOWELEL CNIESTRY VAV ENSE L W ont, BERD 70T 7 —XiE
PEIZ, RO I ANZKFIRE LIGALHIRL T, 7y =70 7 A NNZREFRE L7
EE22M5F o7, GH7 73V —10 BT 22X 7 F—RICHIETH2AR Y F No. 19 BL
No.20 &, 7V BT K 55 v k7 BDZEADIKE D> 72D (Table 4.2, Table4.3) . T4
HGH7 73V —10ICBTAXS 77— 7077 -k THRINTLDITHEARY b
DY R ERDPEL 17D THDLIE»E ABBLXUY UBREMICEWVWTGH 7 7 2V —10
¥ 7 —YORBVAHANICFRA LU TH S LEXT,

—HT, TYVESTUES I ANEREZRE L THOEZESE, GH7 73 —11IKET ¥
7 F—XOLEPIF IR L7, HHIREZEWK, GH7 73V -1 KKETLX> 7 —%

\& P. chrysosporium % & TRk~ e AR EMEVBEET 5,
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ARIZEEDLZY F-14-B-F > F7F—X¥23WT 5 LBASNTE D (Horietal., 2011), 22D
xyn BIET oynd BEX X xynC) 13 GH 7 7 2V —10 BT 2 PHE MK REEEZEZ 2 —FL, 12
D xyn WIET (onB) 1ZGH 7 7 SV —11 D ¥ ¥ 3278 % a— F7 % (Decelle et al., 2004, Huy et al.,
2011), XynA 8 XX XynC lE . p-= P B 7 2= )L-BD-k B EAY FELIUNp-= 7 =2 =)L-B-D-
Fruts /v I L TEMZR LD, XynB 13F 2 T v DA Z KSR L 72 (Decelle et al.,
2004), XynA BX O XynC 13, s LTFeoet—28L0F a5 b 54 —2%24ERL
DI L, XynBi3FLrEA—2BIFr oy ¥ —2%24EK L 72 (Decelle et al., 2004), K
FHkEME X > 9 v 2 &8 P. chrysosporium DREEICE WT. GH 7 73 —10 1B T5F%> 7
T —XOMINBFEEPIBEINTLEN, COLEGH 77 IV —11IKETSXY7F—¥D4%
FEERIZZLL el ofzHorietal, 2011), . A A LXFHEFS TV ida-1-7 7/ —2HZ2HT
205, AAAHEFT T VIF 4-0-AF)L-B-p-7 N7 u vz G L, 2 OMSEREICIZENDH
LI ERHLNTVS, AFROKIRIZ, REHKF S 7 v 2O EOKBRICFET 2 L9
IZAZ DD, ZUE P. chrysosporium 137 V& T A ND ¥ 2 5 VIO E IR L .
MIELTGHIO 6 11 IKET2X> 7 Fr—YOAEELZFLLLEELLND,

SHITVEZTUIANL, 2 A2 RFERE L7 & &, P. chrysosporium 1 GH 7 7 SV —74 (T
ET2Xsu s Vhr—¥ GH77 IV —8ICETZRIAT7YuF—¥, B AAS-AA3
KBS 2nEL—AT e PRy F—YOEEREZMD I, HHITREZ L, KEHKRA
BEXS 7 vz o —RICMATARREZEEE L ZUET O TIE, 26 DRERDFEEDIND
THDTIE AL BRI N (Hori et al., 2011), o T35 DFKTRIE, P. chrysosporium D3 EH BELIC
LT, AETIMEEZZML T I 2R T EEZ LN, REDVIEE ICHMECTRIERD X 7
ZALEEHAL TS EEZo NS,

AREETIX, P. chrysosporium % RUILH 5037 VBT 5 A NZRBEIRE L THE L,
50 NIEERICE EN D WIRINERD IR 21T > 7, Bonkkifz stz &
BRRBRO2D FRA, ICRT, 7VEZTUHEY 7 A NZRERE T 28E I, HICHR)
BHETHHGCGH 7 7 SV IKEBT DX 7 —XOEERPEEF AL, ¥GH7 7

SV—4ICETAF u /A F—¥YEBLUOGHB ICETARY NI 7Yl —+¥, CE77 3
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V—1IET 7 FAFLIVIATI—EEBLNuE At —2A 7 Fuy - —X¥OEEIZN
YU, TS DEERIZ P chrysosporium 75, 7V =TI 5 A NZRFERE Lz L BT
L FNMMEINTX T T VB LXOEEEENA A ADSRICE M U 2 BEHLEET 2 2 L 2R
L7, IMZTZns DRIk, P. chrysosporium 37 ¥ E TN A2 2% X2 7B XU

GANAF <AL LR L ., BT 2R EZ G L Co sz R LEZ o5,
L2 L%D36 ., P. chrysosporium D354 7 < ZA Dl s 28 b 2 585k L. SIS L 72 B2 % filiH < 2 4
HMEZBERE IR 72ISAWTH %, P. chrysosporium HERH—EFE 2 H\VC, BB I N 7/ 2L
0 — 2%\ X v Az BEREE LT 2015813, NA A ZAGBROEML X A = AL D K ) B PR
ZELSFEVPY 252, WRNLEED IO DWMEH 7 7 NV OB D3 A F K& AR

MBI EEZ NS,

4.5 &
FERETOMBICEY | LB HRARE AL A v 2R OBERMELIcE VLT, V7= vick 3
FHDAZET, L —RINT 52X 7 VORFEREBICL2HNORELEELLZ TV
CERREINT, T VEZTVMMIEER HORARE AN A A v R 2 BRI RS 5 9 AT
BLICH G 2 BEREF DX > 7 VRGN TH S EEZ NI L6, X7 VRO
EICHM REEEZREERT 5 2 &% HWIZ, 7B Phanerochaete chrysosporium?’7 ¥ & = 7 AL
By I A NHERRE AN A &~ 2 DI RIS S 5 IR 2 MR IS T L 72, 2 ORI, [FE
F7 VBT T A NHRARENA A2 22 RERE LTERT S L &, BEROX> 77
— R BEIC B L, 20O FHICGH7 7 2V —11IZET 2 %> 7 7 — ¥ Oz B I

BRIETWE I EDBHLRICR ST,
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5.1. HIY

MU E COMBIC K D JAEBHRARE AL 4 2 ROBERLIcEVLTIR, V7= vick?
FlHIDOAL ST, Lru—RAIINT 22X 7 v OFEHEREBICX TP RELRFELHZT05
CEWIRENT, FREMNELY . HHFEEP. chrysosporiumly 7 v E = 7 FES 5 A NHEARE
NAF 2 ZADFRIFIZ, GHINCET 2% > 7 F—¥OAELZBHFIH KL T» b LR
N, TNSDFEREZXFARETIEZ, 7V T 7T UHEIEEB SRR AL 4 < 2 DRHLINED
i 2 Hig LT BELSEBUC W T & 2R (CTec+HTec) 1K LT > 7 v rfiflEE 2
BIM$ 2 LT, BEAIDOX S 7 v aiEEoml L7 & EICERIIC S 2 2 B2 TN,
51T, X/LEDEWER 77 HRKEANAL 2 R0 TR, V) 7=y OFEDPEERE Lo R +
Wy 7 ERoOTVHREEZONTZ LS, AV VBT X AR BY) 7= VB, 7

TR TS HERENAL F 2 ADEZH IS 2 28 EL2 TR,

5.2. #EEx
5.2.1. 7V =T F A NHRRENA 42 ADERFELICE 25X 7 —
X DOUMEN TR

TYEZTUIY T A NHRARENA A v 22 EE GO0 DFH E LT L 72, FEO
Cellic® CTec (Novozymes, Bagsvaerd, Denmark) & X O Cellic® HTec (Novozymes) % i
BL, R—AMEHI 7T VEL AL, ZOXN—2[EED 7 7VICHIRE—#E (GH11
&3 % Neocallimastix patriciarum & %> A.niger HzRDfHazZ > F-1,4-B-F > 7 F—%

(Megazyme) . GH10 \ZJ& 7 % T.maritima £ X O C. japonicus HX D Oz = > F-1,4-8
-¥ ¥ 7+ —% (Megazyme) . Orpinomyces. sp.HK7 2 F L ¥ 72277 —%, G.

stearothermophilus kD o -7’V 70 =% —+¥, 8 X O GH43 IZJ& 3 % Bacillus pumilus H1¥

1)

B-¥im¥—+) % E/B I 1/250 IFINT % 2 & T, ¥ 7 v orf@BhEER oz Rz #H~
Too RUBE X7 v EZ TS 7 A SHEREANA A2 2 (1.0%w / V) 1220w T, 50mM
Eelz >~V 7 4 (pH4.5) h, 37°C, 156rpm 2T, &/ /N1 A~ A (E/B) M1/ 25 1c ClEFRE
LZ17-> 7, BRI 48 RS, 536 N SJUNARICEHE EN S D-F L a—AB LU D-F &

u—2AD\%, ZNVa—A Cll-7 & +7a—i{F (Wako) 8L D-Fvuw—A7v&AFXv
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i3 (Megazyme International Ireland, Ltd., Wicklow, Ireland) 2 & > THIE L 72, &HIE

FT—=%1%, SEOHEEDEHHEE LT L7,

5.2.2. A VIR 77 HSRARE N A A = A DR & EEREL

RUBE L7 v E=TREER 75 HRREANA A= 22 LT, AV VU277, AV
YREIL, 1 gD iEERE OK37.5%) ZIRDIEE RS, 3%0,2580,0% (500ml min™)
CHIE L o5 HEMI e 2 2 L Cffo k. B oA Y VAR 7 7 HRRENA £ <
ATX LT, R EFAROSFMAFICTT v EZ T U 2T 7, AV VR OB E E NS
INA—A Fru—ABLINY 7=V ) FZ 3 EARD T TR 7, BRI,
2.2.4%i & FkgIC, FE D Cellic® CTec (Novozymes, Bagsvaerd, Denmark) & X tfCellic® HTec
(Novozymes) ZiEAL, BEEA 7 TV E LT L7z, £7. LELOBEEA 7 7 VITHE MK
EEEE 7 7 2 — (GH) 111287 3 N. patriciarumfi ROz £V F-1,4-B-F> 5 F—+

(Megazyme) #E/BLt1/250iFINL 72 & & DEEERHLER S T 72,

5.3. fEg
5.3.1. 7V =T F A NHRRENA 42 ADERBLICEG 25X 7 —
X DOUSINEh

f% 7 27 5V (Cellic® CTec 8 Lk O HTec) ICKf¥ > J v B dE—E2RNT 5 2 &
T, BEAOX S 7o afiEEEmAL L2 L IS, TR VALY 5 NFRABE AL A e A
DEERFE LRI G 2 250 # 2~ 7 (Figure 5.1) , i N. patriciarum HKARZ %> 7
—XEHEMLBEERAZACC 7 v e 7Y 7 h % AB HER L L2 L &, ¥ n—
ANFH 91.3% ., 70 a— AWK 76.5% 035 5 4, oA iENIME o, L >T, Hoe¥
CIVEARBLIMEVWY FZ Vv ERERZHT LY 7 ANICE VTR, BREA 7 TV OHEIEIC

Lo TT7 v EZTHABES FICETE 5 2 LRI,
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Figure 5.1. Enzymatic hydrolysis of ammonia-treated birchwood biomass with recombinant
enzymes. a: glucose yield; b: xylose yield. Ammonia-treated biomass from birch wood was
used as substrate for assaying the enzymatic hydrolysis to measure the effects of single
enzyme addition. Commercially available recombinant enzymes (GH family 11
endo-1,4- 3 -Xylanase from Neocallimastix patriciarum or pS-xylosidase from Bacillus
pumilus, Megazyme International Ireland) and a 1:1 mixture of Cellic CTec (Novo) and Cellic
HTec (Novo) were used as enzyme cocktails. The reaction cocktail was prepared with
enzyme/biomass (E/B) ratio of 1:25 for Cellic® CTec and HTec enzymes plus recombinant
enzyme at an initial E/B ratio of 1/250. The other conditions were the same as described in
material and methods.
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5.3.2. R 77 HRARENA 4 2 ZDBERIICGEZ 23 VI E L OFX > 5+ —
AN INFIEN

5L Y VI X 5T, R THERARENA A ZABLOT7 Y EZ 7 LR 7 J HEAR
BN F 22D 7= v &K1, 6.4 wt.% (from 24.4wt.%) ¥ £ O 7.5 wt.% (from 25.3wt.%)
FTET LA, 7T THEARENA A AB IO 7 VEZ TR 77 HRRE AL 4 2 2D
FHLICE 224V VY 7= B E X O N. patriciarum H1RFHIR Z ¥ 2 5 F — X O IMNBHER
ZFNRIE A (Figure 5.2) | AV VIRIZ 7L a—AINEBZBAF I KL 22, Fvu—2
INRDOWRIZEZ 2RIZNE o, £le, AV VUEE 7 vEZT7TUHZHAGDE THY
LT, AV VHLVIETVEZTUHOADEELHIEL T, @MW/ Ila—ABLUFonR
—ZANEBE SN, oI, AV VA E T Vv E T UM EAGDE TUE L 72K 77 Dl
FhiicB T, N. patriciarum R Z X > 7 F—HINNC & 3 EER O X > 7 F — Lk
79 2T, VN a—REB XX u— ANEOMRPHER S L, BREHN LI, 7
VST RBERHI N LT Y VR Z AT o e URHT I L T A Y VBRI 7 v ' = T ALEE
ZHEL 7R 77 HERARENA A2 ADJiH, A—BEERLEEICEVLT, KDEVw I Va—2E

L UF o —RYEBR S N,
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Figure 5.2 Enzymatic saccharification of ozone-treated poplar sample.

Untreated: untreated poplar, APo: ammonia-treated poplar, OzPo: ozone-treated poplar,
AOzPo: ozone-treated poplar following ammonia treatment, OzAPo: ammonia-treated
poplar following ozone treatment. Xyn: Commercially available recombinant enzyme (GH
family 11 endo-1,4-8-Xylanase from Neocallimastix patriciarum, Megazyme International
Ireland) was added.Equal amounts of Cellic® CTec and HTec were mixed and used for
enzymatic hydrolysis. This enzyme cocktail was incubated with 1.0% (w/v) untreated or
ammonia-treated biomass in 1 mL of 50 mM sodium acetate pH 4.5 at 37°C and 15 rpm at an
initial E/B of 1/25. The reaction mixtures were sampled at 48 h. Glucose and xylose
concentrations were determined with glucose and xylose assay Kits.
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5.4. £

WVUEE X b HFE P. chrysosporium 137 v & = 7B 5 ANHEARENA F v 2 DI E
RICGH 77 SV =11 BT 2 X2 77— ORWEBHFIHRIE TV Ld 6, FLFEE
ICHW T E i kEEE Al (CTec+HTec) 1o L€, S BEEZRMT 5 2 & CHEERO X >
7 voafRiEE L L 72, ZOfE%. GH 7 7 2V —11 28T % N. patriciarum H1R5H# 2 ¥ >
7F—X¥2WMT 5 LT, BEROX Y I gLl 2 A, TYEZTUHY S
ANDEFERFAICE T BREICERR o NS 2 LRSI 7,

7 VEZTHIABOSREIVNS WETRICE VTR, VU DR LOHEZER & 2o Tw»
LIENEBZONT D, AV ICK B J = DRI G 2 2 B R R,
YV VI X B = BRI R 7T HERAREANA A v A OEEERELICR & B I L
Too L2LBDSS, BRELZ LT, 7Y B 7R 7S HRAREANA £~ 2 ICHEL T, &
VUM R 7 HRARE AL A2 ADF > n— ZNEIFEL . 4V VBB X Y 5 v R
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fLickwTh, 7Y EZTRE Y 7 A NHRKRENA A~ 2AOBZEELOGE LRI, ¥ 5
F =X oiEic X 2 BEEBLINEOM ARSI N, ZhoDZ s, AV VUMK T H
RARENA A~ 2ADOWRBEICB WTH, BEAID X 7 F—Kilflic X 2 ¥ 7 v orfEofeit
DHHTH S Z EDRENT, £, 7TrE 7RBBENCN L TA YV VI % 17 5 22 3T B
LT, A VIRBIC T RS T AL 72 R 7T HRARENA A 2 ADFH, [l
LE&BIcB LT, khEV I La—28X 00Xy —2ANEBNEs N, Jd, 4V VOB
DO T Y EZTUIIC L o T, BEEELOTRNERTH 2 Y V= v DaE3MeEI N5 70T
bhorLtEZONS,

CNEFTIIBY 7= P2 L 729V 772 5k & T 2 EREL 7 0 2 2DBFERS C 3
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ETHMLELICIZIZ E A EHEEN LD T2\ (Balan er al., 2009), L L 2235, 245 Dk
Fix, 2 ebxy 7 0/) 7= v oS HINE WIAEB HRARE AN A A 2 R ICB WL, 7V
EoTHIMEE LB ICF S T U REE R L BEE A 7 TV E WS 2 EIck 5T, BV Y

SV ERITOTITEOEEICRPERTE S L 2R T EEAOND, £, ¥ T /) 7=V HR
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HEE R WIAEB S EARE NN, A2 2BV TH, Py EZ7HIAHIE X > 7 v oaf@tEom ki
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¥HIEICEkS T, IKEBHERENAL I < A DOEERLZ LRI HED 2 2 LT 5 a[gelk

ZRLTWS EEZEZLNS,

i
I TOMBICE Y 7V = 7 UMATERI R ARE A A4 < 22T e 5 BEEH]
DF¥ 27 vty s 2 EDRMERLORICEETH S LEA6N, 22T, TUE
ST I T A NHRARENA A v 2R DBERFHIC B VT, HIREEEA] (CTec+HTec) 12 &fH ¥
o VRBEEE A RN L, MERO X 7 vafiiEtE 2L 72 & 2 A, N. patriciarum
KDOGH 77 IV =11 IKETZ2X> 7 =¥ ko T, BERIMLIEIRECHEINL I LN
Hohrthol, TOIENG, TYEZTLHY I ANHRRENA I < 2 DBEZRLOR)H
fbtotowicid, ¥ 7 F—¥OERNE ZOBILBAENTH S 2 LRSI, S5IT, X/LHA
B 7Y EZ THILBED AL T L S BRI T o %R 77 HEARENA A2 ROk, 7TV E
STERRRICA Y R ) = v 2o T 5 LR LR s, £, Z

B FT 7 F—ELORLIC X o T, &S ICEHEEHE OB RETH 5 2 LRI N,

96



6. feih

97



e

BRI BZALB I LA BERNRBDO0IC, V7 o0 —RARZNA A2 A6, T8 /) =L
LSO E 2 LT3 2 EBMEFEINRTVE, V7 /e ra =A% N4 42 R% /)L a
—AEOYRHICEWT 5 9 2T, BERIMLIZER - SEEZLE LT A4 ORI
DHEDDEVIHREDBH D, LrL, KENA A v RADEEFLICEWTIZY 7= DFEENK
ERHERE L > TR EFEZONTVE, 2D, V7= VvORERZMN) ATAED, R
BN D 7 DITIE AR E INT VS, 7Y EZ T 7= > &b 2 Wil 2 hi
WERTH Y, FANA X2 ZRBIEFICHRTH 2 T LRI NT w5, Lo L. JAZERHRA
BNA LT ANDT7 VEZTHIMBOHERGNE T A > TE X OR 77 21F T, ZO8H, FAN
A F = ZICBIT BEERR IR T, BB E L ToRFIT/NS <, BEHIZNEETH 2 2 L2
MINnTws, 22 TRIIETIE, INEBHEARENA A < 2 QBRI E T 2 IR K 2 5
BT EELIC, B Vv EZ DR T v = 7T O N ER R ARG N A 4 2D
FHEANDFRMEIC OV THRE 21T\, Hie kil 2825 LR TE L, INHITOWLTETIC
WG T %,

T VST DR D IAER R ARE N A A v A DWERMICEH Z 2B ZH S I L, AL
BE L Co@MmtziN, dmiiki#ERA (CTectHTec) 27 BERHLIEBROHR, 7 €=
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L7eh3> T, X/LHDKE BREBHRARE N A < A TlE, HANAL I~ 2086 L FRICT
VEZT MBI BEEMLOMLE L LCTHERITH D, V7= v OFEIC X 2 BRI OB X PR
ENTHZ LML, £, INEBBRREANA A~ 2D L0 —ZAEEIE, ¥ 70D
IIRRIRE L T b ZEPIEI N, BEAIDOX > 7 v iRzl d 3 2 & B3RIL
KBV TEW I LI —RNEZERL T 27 0ICHELEEZ 5N,

FIRICB LT, X/LoBEuERE TR, ) /=y PEEERMLO K S AHIER & %2 2 L2
RENT, 2T, BV 7= v SNTREBHEARENA 4 v 2Tl BEEBELOHIF 2R &
N7 ) D 2MERT 57012, WiselHIZ ka2l V= v Ui k> TR onFuokio—2

DREFFLRE 2 FIAN T, ZDORER, TRTOMBMICK VT, Y 7= v QBRI IEZ R
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IFICSGE L 720, Z ORI B CRE RENA L N, Z 2T, BRI AT
AT A IREBHRARE AL A2 AIiE, v va—A0fREfE) 2 LB aRTED X
vV GatExy V) tevn—AgfRettbhulaRcEhvx e 7y (X
oY) DMHRENGFET 2 ENH L ER o, E5IT, “HURED LRI IZBIRER T K
ERAEDD DI EVRIN, TNDEERERIEICODRELEZLEZI2ERNTH S EHEZ LN,

HitE  COMPIC KD | JAZEBHRARE AN A A4 v 2 DEEERIcB VL TE, V7= X 51l
KDALST, Lru—RICNT5X2 7 VOFEIREBICL 2HIRPRELEELZEZT0b 2
EWRENT, 2T, XL T UNRORMEICHE SRR RR T 2 L2 HINIC, HTHEP.
chrysosporium?37 v € = 7> F A NHEARE N A T < 2 D53 BRI WS 2 835 % Hd 5
P L7z 2 A, FEIZGH? 7 SY —11IKKET 32X 77— Oz HHEICHARIET
WHIZEMRI N,

Z 20, BHEFEBRICH T X 2 Wi REEEH] (CTec+HTec) 1ot L C&EHIR ¥ & 5 o ) fiflEsE
EWINT 2 2 LT, BEAO XY 7 Vs omib 217> %, Z Df5H. Neocallimastix
patriciarumfizZEOGH7 7 2V —11% > 7 F—X2FMNT % L BEMH LIRS gES N
52 EBHOHERD, TYEZTUIY T A NHRKRENA A v A D 5 FHLINEERI80% % L
Lic, 2OIZED6, 7YEZTUMINERBRARENA 4~ 2OBEHELICE T, ¥¥ 5 )
— Y DEN L Z D LRI LORRLICEHETH 5 Z LRI, 61T, X/LHDMES
7 VEZTHILHEANT LA AN TR R 7T HRARENL A2 RI2O0TE, 7VYEZST
ERBE A Y R Z T 2 & TR RS L, Zogab. ¥ 7 —roilfhic &
5T, 6 IR LORRILNEETH 5 2 L2V I 7z (Figure 5.2)

PLED X S ICRFE TR, 7 v e 7R X/L D RE T T A7 8O JREEBHRARE N
A4 2 ZAOBRPMLAI E LT, ANCHWE 2 LD TELZILEWHO2IC L, o, A
BHHRAREANA A~ 2DBRFELICB T, V7= 2 X 20T Z T, ¥ 7 v OFER
BOHIFERMIC S EE2HOIC L, 206 DFFNEFHEANS T2 ATET7 Y E=ZTICL D
{5 72 BAABRIC X > TIEBR§ 2 2 & TE 20, INEEBHHERARE N A 4 < 2Tk, HIfwER o B
BOITIIBEAE TR EREDRD B 2 LIRS N, IREBHRARE AL 4~ 2 DEEERLIZ B

T, V7= k208003 7 == PEIAEES AV VALIC L o TR TE 308, —J7. A%
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THLICHO D Lo X 2 52 28I OWTIE, ¥ 9 F—XDO3EIN & {badZ DRk
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AZXV 774 F ) =70 ANHFEINDL L2 WfFL, RFEL T 5,

6.2. SHRDEH

PYEZTPHIMEE WY B — AR A ADSDIY ) — )VEFEICEIT 2D
Az, HRIZBWTY ™LAy ) — L —EAEFEY AT LT 20805 1[2B W TR
R A AR REM S Nz, A7 02 27 b OREEEECNA A28 ) — VM
e & ESZREEANRGRAREG L ZEmRHEVIZER] 2015) TR, HANAL A= 2 (Z) 7
PR)ICT VEZTHIMEZBEHN L2 AT AICBWT, ¥/ — LA Z b 80 /L 2K L
LI EPREIN TR, TryEZT7HER (HIEK) DEERANA 42 28 L PBRICR CE
BHETHD, DOV ATFLARRICEVT T VEZ 7B D RS RIREBNEN ZAPHERTH
5B bE TSI, TYESTHILEZ VI, A2 2AZ T a e RICE VT, 7
vEZT7HER (BIEK) 2PREZ A MEIRTHZ I L, a—VAP—N=—05DITY /) —
WAERE 7 1 & 2128 0T H FRRDIEiH I 11T 5 (Stoklosa et al., 2017), L7z23>T, 7V E=
THILELZ N4 v 2 M7 0 ZE T 5 2012, BEERL 7 1k 2 ORIl
(VAR A P ORBICE L WERIcko TP vy e 7R AFET 5 2 LD EEAKMHETH B
EEZo6N5,

— T, KEX XV TELTCOTVYESTIEAPEZ > TED, 2017 4 12 HICHE S
NIOKFEIARIEIC B WA 2L X — - KESBIRMIEAE, 2017), 2030 FEICRH
FABBEDKFEY 774 F 2 — v 2ZREE L, FHKI30 T F vy OKFEZET 2 & &b, FERIC
1320 FI/Nm* BEDKEa A PO FEBEEZHFT 2 LS T w3, KEASDOWEICH -
Tk, 7V E=T7 BBREUKEEEIRE L (RILKFED 1.565) 2o, 4 v 7 7%fix LD/
BECLAMICIER T &, KRS AD 5 IR ZAGIc S TE 2 2 L, MEFOREY 794 F 2 —
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D ERMEAY (NOx) DRI, FIRATEBIYIIC AR 5 LA EmEr IcBI T 2 BeafiBAs i A IcfT b
T 5, RFERAREIZ TR, 7= 7 OB ZIEANAHE I TR h  FEERBE L LT 2020
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R NP
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Figure 6.1 Suggested biorefinery process based on ammonia pretreatment.
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