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SUMMARY
(FELFE)

The production of cellulosic ethanol consists of unit processes: (1) pretreatment involving the
removal of lignin and disruption of the crystalline structures of cellulose, (2) saccharification for the
conversion of cellulose and xylose into fermentable sugars, (3) fermentation for combining
fermentable sugars into ethanol. Of the three unit processes, pretreatment is the most costly step in
terms of both the capital and operating costs and thus would have the greatest influence on the
selling price of ethanol. Therefore, We have to evaluate the efficient pretreatment process for
overall bio-ethanol production. Liberation of fermentable sugars from biomass is among the greatest
technical and economical obstacles for cellulosic ethanol production. Here we conduct to develop a
pretreatment process using aqueous ammonia and dilute sulfuric acid in the percolation mode to
improve production of fermentable sugars from cellulosic biomass. Aqueous ammonia is used to
remove lignin selectively, and dilute acid is used to remove most of hemicellulose, partially disrupts
the crystalline structure of cellulose, and thus, enhances digestibility of cellulose in the remaining
solids. Under the optimal pretreatment conditions, the overall sugar conversions of into glucose and
xylose reached high values with low generation of byproducts. The process developed by this
project, could be introduce the characteristics for cellulosic biomass to bio-ethanol production.
Pretreatment process could be not only set the sugar platform up, but open the biorefinery industry

successively.
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1. FFE
O 7l=& a9 Aol 3t &5 =o17] s A= npo]vjz Apds 83 vio]
F A 71E AN wg HF5Ho|th AFAA vio]l oM A2 HE nlo]oghg ALt
A AT V=24 1) A7F] cellulase A4 71, 2) cellulose®] A2 W, 3) &E
A E 7“131-01
O ==, EU, Yt A%, d& 5 AA T8 I71EE 25 5287 g ALt oigh
71e JNEo] o, T3S FPHFA = =
-

71, i o B U= 2R E

=

HHH °ﬂt separate hydr01y51s and fermentation (SHF)Q} simultaneous saccharification and
fermentation (SSF)2] W& AFE3la low 7 @o] ALgH 1 = WH-S SSFY.

O 93}a 4o+ Genencore, logen, Novezyme, Rhoms %2 7|HE°] 45 AME3S T3la
A AF PSS st gew, O A4 VR a4 AL AEY] R oA
< HA3 ste WS ARt Aok S tkgt 2o Ao nAEEREH Aozl
AAE 2T e WO F cellulosomes L3t A= ’ﬂsﬂﬂﬂ A

O &A1 oA x71gelMe AEetolAle BAA =Lt
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To e AFH|E FAsta 943, NovozymesAl, GenencorAl, Veremum/\]- 59 714
AR
O
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AE, s EE 55 HolY S Fote GHste qAFQ AHERE AAEA
& (Biomass R&D Act 2000).

O 3719 dSEEE 20209707 DA shepitdol] Bag A8 20%E Hie| e owy
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FEAAAL 20073 % 7]F F 199 &8 $Fo g3t 9o 19971920079 ot 6%
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- ¥]= Kansas = / ¥ 36%F KL H}o] Qogh-& A4k oA
Abengoa Bioenergy ulo] @ v 2~ 700E/day (5575 tH, DU, switchgrass)
Hugoton, KS - ¥ AA} & : Abengoa Bioenergy R&D, Inc., Abengoa Engineering
(76 WTF 2) and Construction, LLC, Antares Corp. ¥ Taylor Engineering
- Ref : www.biorefineryprojecteis-abengoa.com

. - California®ll 714 / <1 1,9009F A 9] o gh& A+ oA
Blucfire Ethanol | o] o w22 700%/day (R¥T) #17]%, BA] 7% 5)
“ 5(‘)7(1)11% ) - ¥} & : BlueFire Ethanol, Inc. A} &= Waste Management, Inc.;
’ == JGC Corporation; MECS Inc.; NAES2} PetroDiamond

- Towas Emmetsburg / &9 19} 2,500%+ 2719 ofghg A2t

- [e) < A= O I~
Broin Companies Hlol S w2~ - 842/day (S<5=h)

(8.0005F ) - FAAF 1% : E. 1. du Pont de Nemours and Company; Novozymes
e = North  America, Inc.2} DOE’s National Renewable Energy
Laboratory
- IdahoF Shelley A3 / &1 1,800%+ &l 2] Hlo] Q of &h-8-AY A
Togen Biorefinery - Hlol w2~ 7008 /day (U], ST UlE FHFAE)
Partners - ¥} & : logen Energy Corporation; logen Corporation; Goldman

Sachs®} The Royal Dutch/Shell Group
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3E 23 v=re] AEstE AREA dEE Ay

Company Location (fqacp/a;;z) Feedstock
Operating pilot plants:
AE Biofuels Montana 0.15 Corn, corn stover
KL Energy Corp Wyoming 1.5 Wood
Poet S. Dakota 0.02 Corn cobs
Verenium Louisiana 1.4 Bagasse
Commercial scale plants not open yet:
Abengoa Bioenergy Kansas 30 Biomass
BlueFire Mecca Llc Calif 17 Green waste
Colusa Biomass Calif 12.5 Rice hulls
Gulf Coast Energy Florida 25 Woody biomass
Mascoma Corp Michigan 40 Woody biomass
Poet Iowa 25 Corn cobs, stover
Range Fuels Georgia 20 Woody biomass
US Envirofuels LLC Florida 20 Sorghum, sugar cane
Verenium-BP Florida 36 Energy cane, sorghum
Pilot, or pre-commercial plants, not open yet:
Abengoa Nebraska 10 Corn stover
BlueFire Calif 3.2 Green landfill waste
Citrus Energy Llc Florida 4 Citrus waste
Clemson University S. Carolina 10 Wood waste, algae
Coskata Pennsylvania 0.04 Woody biomass, waste
Dupont Danisco Tennessee 0.25 Switchgrass, stover
Ecofin Llc Kentucky 1 Corn cobs
Fulcrum Nevada 10.5 Municipal waste
GulfCoast Energy Alabama 0.4 Wood Waste
Flambeau River Wisconsin 6 Forest, paper waste
ICM Inc Missouri 1.5 Switchgrass, sorghum
KL Energy Corp Colorado 5 Wood pellets
Liberty Industries Florida 7 Forest waste
NewPage Wisconsin 5.5 Woody biomass
Pacific Ethanol Oregon 2.7 Wheat straw, poplar
PureVision Colorado 2 Corn stalks
RSE Pulp & Chem Maine 2.2 Woody biomass
SunOpta Minnesota 10 Corn stover, waste
University of Florida Florida 2 Bagasse
West Biofuels Calif 0.18 Wood chips
O d& npojeds A & b8 SAHLS 7S AGEA=Z U 2 AHelA uto] 2uj
2 SRNRE vloleds A B ALge] o2717X RE VAT f71H 0w o]Fol
AEE Ho] &, olglgt & ‘upo] @A EhE-(Biomass town) o]g}al F2 =T, o] FHA
FA%E e woledRARe $HI Fool §ol Hu EF 7 AGAgel FE 2
Ae st ALEE 5 Ade ARl U=
O <29 vpFuly Zygelds F71Avk 717k Ay FA43AF 243wl A 3 Ak
o
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o et-2 X (BioEthanol

—

apan)< Pl HIEYSALRRE ZleS =9t w24
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AR EZRSSE) AT oS G AaH gom, WF oUAHDOEE 7,
ATE FE ARD SO 47 4599 9y 7R

2ZA FAZFTETAHS HEstd AN, HAAZ 9,000 L FEZ FF3F pilot
plant(H 7 2ADE &4 FAGSLEZ £ 73R Hol glon, tFe oy

6(]:
A3 AAAY F AAHe TEANEEY TS o7 A% WdewA A3k A
P glov, AFEAEE FASY] AT AEAcE 2 14 Y= A7EL S
om C5, Co TA WEE 9T dF /AT e ot RE ARAA Y #FE &
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3@ I Ve 5%
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T7F &3] o] Folx| 1L

O @A oA AitEs 4gA blo]em2g AEgoldls gle 43
AZepobAl = nlol w2 B3} A, 2E protoplast AZX/AT T FE AT HHOE A}
|53 5.

O nHNguAAM=  Saccharromycopsis  fibuligera +2]  beta-glucosidase®}  Clostridium
cellulovorans 12 2] endoglucanseS B E T oA FA] Lddd= AS AFsion, &4
of &) FHAAE ME Wro =z wjEFA7= AHAxE AFste] dae} #Has FAA 23
g T e A" g AEsAs. ol F2A N TFE5 AHESt 50712 EaE
AA AEEE 9.15 gLE AAE & Aoty FEs
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719 3.2-1. NREL H}o]Qmjxo] A AR BA

(1) Carbohydrate analysis

O

e npolenl B o83 HeBA At ol WS FaF Li2H T TPl
258 wolonAg ol gd kT Ad dolN fAT. F BAL JEAon &

AU A] A A AF42] “NREL Lap Procedure 002 - Determination of Carbohydrates”
g 712 B4 NS gy Fd8E (AW 32-2). 24 WEHOE dA§H
Zt wlo]Qufj o] F RS A Hetetds. B EA4dl= High Performance Liquid
Chromatography (Waters, 1525 HPLC Pumps)E ©]-83}% 1, dual y wavelength absorbance
detector (Waters 2487)9} differential refractometer detector (Waters 410) H=7]5 Al&3%
- AEE T AZFS T AFEA F8 AES I48EARS. NREL F #4HE & o
T F2 o g FAste] E4S FIAoH EAHLS ool YEIE.
@ Test tubedll A|EE 0.3+0.0005 g 7} ¥ETh
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@ HaS04 (72%)E 3 ml¥® 74z YEth

@ A B9 HaSOs (712%)2 9L test tubeS 2A]7F F2QF 30 °Coll A WA 71T},

@ WESAIZ] Test tube2] AlFo| FHFE 84 ml 718t Vvialol Y=k & &
Viald] Z2H5F5E 87 mlE 91 FA S Ao

® VialZ 121 °ColA 1At &<t Autoclavedtt}. & 2A17F 308 o]t}

® VialS Lo 2 231 & 87 mlE 73S Vlau FAE At

@ Via194 A EE Test tubeoll 4 ml& FHeNA CaCOE F3A|ZIt) AFo] A7|A &

A WolFal 35S pH paperdl]l o] pH 7~8Z 3},

ISR

flo

N

[e]
%%"—E% s YAEF 7] (155 15,000 rpm)ol] 2ol YA Esith (23))
© AR B FFAS F3 HPLCE ol & F £4& st

(Column: Aminex HPX-87P, ©]&7}: 5 mM H,SO., Flow rate: 0.6 ml/min, Temperature
. 85 °C)

1% 3.2-2. NREL Carbohydrate analysis

_32_



1 1
Ocorr J X VF C’corr J X VF

1000 1
%Sugar = - mg % 100% = OOOng % 100%
asreceived final
W, X ——— X
! T, M T00%
Where:

W, = initial weight of sample, in grams

Vr = volume of filtrate, 87.0 mL

Ceor = concentration of sugar in hydrolyzed sample corrected for loss on hydrolysis, is determined in
previous step, in mg/mL

%Tas received = % total solids content of the original sample (prior to any preparation steps) on a 105

°C dry weight basis, as determined by the LAP-001

%Tpre = % total solids content of the sample as determined during the preparation of the sample for
analysis (by lyophilization, oven-drying, or air drying)

%Trna = % total solids content of the prepared sample used in this carbohydrate analysis, on a 105 °C
dry weight basis, as determined by the LAP-001

Note: If the sample used in the analysis required no preparation (analyzed as received), then %Tprep =

100% and %Tfinal = %Tas received.

(2) Lignin analysis
O &2 93 97 oFy 2 d5g99 A5Rafel glof Jade axg £FS F
o B4 Welsts HRel] wE ~E
4GS T8l AAF ok st= HAEYA.
A4 9] “NREL Lap procedure 003 &
2 24 e B9 FUe. BAL wERos A 2t wolense g

DA

¢

004 - Determination of Lignin" (1996)% 7]+
_]

T oH=E
ad AES gAtste AgsiAl 3etetdlS. 2l 19 Al acid-insoluble lignin(AIL)Z

acid-soluble lignin(ASL)2.2 UFo]X]31, ©]F acid-insoluble lignine procedures &
summative TAHOZ FadE BA35HS. NREL g1d EARHES 2 A7 H3 o 9
A A BAe Fagon, BAMEE oleh Yee.

@D Test tubeol] A|EE 0.3£0.0005 g 7} Y=

@ H,S04 (72%)Z 3 ml¥ 747} Lﬂhu‘r

@ A1E ¢} HaSO4 (72%)2 9 test tubeS 2A17F B¢t 30 °Coll A wH3-A] 71t}

@ WrSA)Zl Test tubel] A& ] ZHTFE 84 ml F7F3ES Viald] ¥=¢ = UE

Vialdl SHFE 87 mlE ¥l TAE Ao

® Vial& 121 °CollA 1At &<t Autoclavedtth. & WEA|7HE 2A]7F 30&0]t}.

® VialS A£0g 2133 & 87 mlE 713 Viale] FAS A

@ Vial®] A|EE Test tubeol] 4 mlS )| A CaCO3i Z3HA 71t
o]

rlo

AZol A7 & WA FolFi FEAL pH paperol Mol pH 7~8% T3} 3
=3

Aeds Al YAEY (155 15,000 rpm)ol] Hol 94 B3t} (23 wbE,

© 728 % o #3t}. (Whatman No. 1)
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Filter paperE XZ 33 oq7ES 105 °C 2+
T e FAE WIS

A W2E 7123}

S7HYE 575425 °C 9] stz Y 3}sit)
sl & FRo® YWz & U Te] FAE A W3R T]FSH

© ©

® ®

W,— W

final
X —t
Wi g0

%acid— insoluble lignin = < 100%

Where:

W= initial sample weight.

W, = weight of crucible, acid-insoluble lignin, and acid-insoluble ash.

W3 = weight of crucible and acid-insoluble ash.

Trna = % total solids content of the prepared sample used in this lignin analysis, on a 105 °C

dry weight basis, as determined by the LAP-001.

(3) Ash analysis

2 9
x
ofs
ol
2
o
dob
ofs
ol
X,
i
12
ol
ol
8
£
o
M
e
1%
rlo
Ho
N
i
o
td
<
=2
ot

O ¥l 7Y EAIS sl 575425 °CollA 2417 Bt 7FEAIZ] 3 oAl 3 A|7E

1o
of
oft
o

@ dlAAClH o go] o2 YZHAA 0.1 mg & 3 HHZE o] &7
Aol 7123t} (o]d =kl FA L] 2217t 0.3 mg o|87hA| WHE-gT))

@ 0.5 or 1.0£0.0005 g o] FHEH AZS 29 =7lYo] ¥ FAE At HMES
g 8719 FA - 719 FA = W)

@ Gdd® 32 <o) WEEFH &7 @il 575425 °ColA HA AT EE BE

A 0.1 mg o LAWHE o] &7 FHE
Ao 71&ch (3 A B BAE =7y FAL] 237F 0.3 mg ol8H7HA

Ash% = —1T>< 100
>< P
100
Where:
Wi

W, = initial weight of sample, and

weight of ash,

T = percent total solids of sample, on a 105 °C oven-dried weight basis
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(7h EEYol A (SAA)

O gEYol AAFZL dEYotE o]&ste] U8 Solid/Liquid ratio (S/L ratio), =%, Al
Zt, RPM< frA|8tH nlo]ewjis ?:L—‘-j—qo}oﬂ e WY o “—‘40] Z71L& SL
ratio 1:10, = Yo} 15 %, 24 hr, 60 °ColA 180 rpm RFSA]7|H ©]
g 22l Ade. gREYol A AL ol9f Ho] W
Aoz AA & F Jve AHES 7HAL Aoy ¥
go] A= 7 Rl AAE WHA

.
13ko] i A&

(th =Yl F=E (ARP)

O d=EYol A& T8 AT vE7] gtoll npo]ujAE YolFi dXEUols 12, 11
%ol oA AT FEHEOE T T 52 2E5oA F2 AEet Fads A9 F
o2 HAE e dHY FHA. HE v f7] e F A4S AFSSEE RS
7] B EE AAFHE Sus AEE AFst FAog2 Qg £AF dWeie. dv-E
°l tw Yol & W-3ZAL S/L ratio 1:10, 150 °C, 40 min®. & HFS-A]7]H wHlo] Qw2
of e} gdetd F U5 olet Zo] IEFAL IAFAA vlE & FAFERAAA F
=™ hemicellulosed] &40 Bohe @S AAT ARREE dEUolo] 37 &olsta
2 HEEAIZE Qo] dEd oz =2 Fad AAES Yehlle S 7HA U= A

A8 Y.

(th 2& AAE &3 (AA)
O o HEF3AL glade] AARY hemicelluloseES AR o2 HEZAIA stz Ao 3l
AXE 49 xS R & F o™ A hemicellulose®] ©]-§-©] 7}5 3ttt
© AHE 7HAL A5 9 gladEs AAStE AHYET cellulose®] T HEH&o] B
e @84S 7HA2 IS pATeE EdEAQl 2w AA e dEYolE o] &3 dd
A #fad AA AAHES AR F A4S o83 hemicellulose®] IE=AHS AXE &7
AAZ L A AAYY FHES FFAZ A B, sHARE &7k dAA Y F A A
A2 E st FA o] HA-3SE pH zoneS A A3 okst= @ o] .
(2) TAE AAY && Hw
O A A5 ukel 2ol gad AAs &4 F3tol] Ao w¢ Fas Ao gad
AAZ A8 5249 &4 AYE pjfi & 4 glon, ol & T3l TS Foe=
As & F Je AHEE fgad AAeS getdts Aol wie FasH ol 1A
T EAs s gt & 9\1% O3 £ 32-12 7} vpolemj29) A 3HES A
X 3 uA AE EAES 3 cellulose, hemicellulose ¥ lignin®] &S F31P L, o2 5
B dlo]ouj o] AAg A WHS &As] BHoks.
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E 321 AAS 20 483 AN F vlolenjae] 4R B4

Untreatment Soaking Ammonia Percolation Ammonia/acid Percolation

g7t | EFB AR #3 | @74 | EFB A #d | 7% | EFB

12
=
E
22

g71% | EFB Al wa

Cellulose

Lo 43.05 20.84 39.80 39.88 39.23 17.96 39.20 39.56 40.90 2246 38.82 39.09 38.90 19.45 38.65 38.90

Hemi-cellulose

%] 24.99 21.96 31.52 23.77 521 14.7 21.23 9.53 497 14.32 10.81 7.54 2.15 9.23 5.04 5.04

Lignin

%] 28.66 3421 2035 12.97 234 16.01 7.40 542 21.64 7.49 3.86 347 19.54 6.45 3.14 3.14
o

Others

L% 330 22.99 8.33 2338 16.26 10.08 272 10.94 12.74 1.18 4.45 11.35 14.86 8.12 0.92 0.92

Total

%] 100 100 100 100 84.1 58.75 70.55 65.45 80.25 45.45 57.94 61.45 75.45 43.25 55.26 48.00
o

7hH €¢EYol A
AT 34 2 71d H AR B4 A5 vgow Mg H 7)Z9 gEAdS A
H B oo gdryol Hx|FAHo ok WA cellulose ZFHEEL 99.2%, hemicellulose ZFHE

&2 32.0%, lignin AAELS 582%= YEISOH O“H—E— cellulose ZHEE©] 98.5%,

hemicellulose FHEE&-2 61.4%, llgmn AAELS 63.6%= F vlo| 2~ BF =2 cellulose
=83 lignin A AEI JEFH AL hemicellulose F+E=82 HZo] ARt Zo] A
S A3 E B3 I A2l

ste AS B F U o|EA At HAEG AR
Jo] 78 & Ao Z Holw EFB= cellulose ZAHE89°] 86.2% ©]™, hemicellulose Z+=8
2 66.94%°]3L lignin A AL 532%5 el A Ao Hl3] cellulose®} lignin
AAE Aol A HoA A TF hemicellulose ZHEEL =& ASZE YEIGS. O] ZA
EFB 3t B, A} tEo] E4ATsE T3 T Ak o] 8 vlolevjz2 A
Z+At}, vlx|go g2 B 7|t= cellulose ZHE=E-9] 91.1%, hemicellulose®] ZHEE-2 20.8%,
lignin A AEL 18.4%E UE o] thZ ulo] Quj 2o Hl&] vHlwZ Fe cellulose FFEE,
hemicellulose ZtE&F lignin A AES YEHAS. ol 28 AIEY BHIAH A7 &
E572 gritte] Bls £H soft & FXE AU U] @& 3] HAE TN dE
Yol JAFA YA lignin A A 83 Aoz B

% 322 714 ¥ SAA & 9 H lignin FEE

SAA
g7t EFB =R R
Cillglos;) 91.12 86.62 98.49 99.19
H%mécglh(lﬂlz)se 20.48 66.93 67.35 40.09
ggirz%) 18.36 53.21 63.64 58.22
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(h ¥=EYyol A=
O Yol A=FAHAA HAY cellulose HEEE 98.0%, hemicellulose ZHESL 31.7%,
lignin A AEL 733%= YEIHOH A= cellulose F+=89°] 97.5%, hemicellulose 2+
£2 343%, Lignin AAEL 81.0%E =2 cellulose IS lignin AAEH Yehda
hemicellulose FHEEL BWol AL, ol HE 2EIAXNE HZFo] & o|FoA =
hemicellulose”} 112 270 FE Yol HE FAA B Wo] A& HAT Yo} 3
= FHoZ HEFHA hemicelluloseE E¥F o7 o8 & F gues GO AL
EFBE cellulose ZF&8°] 100%°]™ hemicellulose ZESES 65.2%0°] L lignin AAEL
78.1%E5 YEWol B Aafel BIE) lignin A A& U] thh Ho=x
A =2 lignin AlAES Holal 9™ hemicellulose 7
FastAA T WA Ao HsiNE FEE0] Eohe B
2] 71th=  cellulose ZH+E8E9] 95.0%, hemicelluloses] &
24.5%% YENY 9 E‘ré Hlol @ w29} Blwa] B i cellulose Z+ES3 lignin A

19.9%, hgmn AAEL

ey

w$e 0 E UeRE. ol #7IHe rigidd 7 WEQ AeE Kol 1
o2

=

AAY FAHATOZE =L lignin AAES 7|HsH7] oH & AL

H 1l
B oyt FAl= B84 AAYE 53 l‘lgldﬁ]‘ TEE=E swelhng/\] 7= 3L =3 )
AsfoF & Ao Z H<. HFH hemicellulose &8 TESF Yol cellulose®} lignin®] 23+

Z R+ hemicellulose®}e] A+ Z7F & ) <2F3F 23S 71A 31 9] hemicellulose”}
lignin Rt} g7 HE HojAl= AL Z HQ EFBY lignin AAEL dEYol HAAFA
of Hls] °F 25% 53 78.1%%= UEIY lignin Al Ao JoAX= GEYol IEF FH9)
g9 AAg HoR A4 AAH AHE V|2 HAH A9 A 3o

=
AE gRUel 3% F40) B9 A PR 42,

3323 71d ¥ dRYol HE: A & F H lignin FEE

Ammonia Percolation
271 EFB ) w2
]ngo(s; ) 95.80 100 97.54 98.02
H;inizlh(‘:/: )S ¢ 19.89 6521 34.30 31.72
F&gjg‘;uz%) 24.49 78.11 18.97 26.75

(th 2& A48 34
O 2 AAg] & od HAY cellulose IFEEE 97.5%, hemicellulose TFEEL 21.2%,
lignin A AEL 75.8%= YEIGO™ A= cellulose FHEE°] 97.1%, hemicellulose F&

£ 16.0%, lignin AAEE 84.6%= F 714 EF =2 cellulose =83 lignin A

A&
o] YE}SEAL hemicellulose FHEES o] #HAaste AS B F s olv 2@ IAHYE
%3t hemicellulose®] 3|47} &ol3ltt= AL YElH dEYol JAE&FAHY G &8
A Este] HHE pHY REUH hemicelluloseS o8 & & Atks FHe] UL

=]
EFBT cellulose ZE89] 933%°]™ hemicellulose ZFHEE2 42.0%°]3L lignin A A&
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81.2%%5 UEeRN] WA Aol I3 cellulose FHEE0] thh HojFE Hola YA+
lignin A A JoJM= HARG 953 AT 4FS o] 838t hemicellulose?] 3570l 3l
AXE ta ol & & Jen, o] EFBY A¥F X wE JFFoE AZ4H. v
oo 7 g7t cellulose ZFHES0] 90.4%, hemwelluloseA FEEL 8.6%, lignin A A&
9%E YEe o] 471A] nlo] QufA~E H|Wl cellulose Z+HEE3} lignin Al A S0 713
% Z\Sli Bl w3k HA a9} o] hemicellulose FEE 0] Eo] AAdte=
Rom, ol oA AF3F A} o] hemicellulose 357} &olstth= F3o
< AHRE Fausas W oy Az el 33 AARteE =9
A WS T A7 dasitta A7, EFBE lignin A A&0] EUo}

4% HAE 53 81.15%%2 YEY lignin A Ao JoX= vf$
YEH AARE B2 cellulose®] &0l Hrhe @S YL 319 E“iiiliﬂr
cellulose FEE lignin AAEY ZHE v|Fo S o 2 dAHg= o

o:
x:

& do i ME rlo
N
B et T

fo it o 1 ¥O qlo

EERCIE

E 324 71A ¥ 29 AXE F F  lignin FEE

Ammonia/Acid Percolation
71 EFB ShY ey
;&C;llgo(s;) 90.36 93.33 97.11 97.54
Hifizlh(ﬂ/j )s ¢ 8.6 42.03 15.98 21.20
ﬂggli%) 68.17 18.85 15.42 242

(3) A =1 HAH 3}

Ho Ghhs o] &3 AAlY AAE HAs)

B A 194 AFFE A A, ARSI AE BF IS V(2 3.244) o] &3t A9 F
< Gk AHEE FREAS. A g vPY 2 dFAASQ] 2= Az g
A Ghte] =5 WEE AASA S, hemicellulose?} 3l o] Ao w N=H xylose
o] FEF5 HPLCE &4sto] A2 ARE U=

a9 324 vlolevlaE AN 9 BN L A5z
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O

Xylose concentration (ppm)

AZE w-g-7)o] HZ ud BlE 12302 (0.3g/7ml) AP AT AAH ZANA HkS
sl o, o AFgA= WHSFLE 100~200 °C, HFSA|ZF 5~15%, A EE 0.5~4%
HAAdA 712 AP 3% AAY -8 § A5dS B4 25 (CaC03)2.&E pH 7 |
$A7HA S3FA1 7121 HPLC (Z ¥ : Shodex sugar SHIOI)E xylosed] =& #4353t 1
AE 29 3.2-59) YERAAS.

The effect of various temperature The effect of reaction times
3000 — 3500
2500 3000 -

£ — £
& & 2500
T:’ 2000 E’

'Ti % 2000 |
S 1500 5
< S 1500
; 1000 ;

< S 1000

x x
500 500 [

0 0
100 120 140 160 180 200 5 10 15 20 25
Temperature ( ) Reaction time (min)
The effect of acid concentrations

3000
2500 ]
2000r — Factors Ranges
1500 Temperature 120-140 C
1000

Acid concentration 0.5~2.0%
500
Eeaction time §5~15 min
0 0.5 1 1.5 4
Sulfuric acid (%)
a9 32-5 A9 F2 4 AT & AEH xylose T
71248 AyE viee=Z Hbg WHEES HAGSHr] sl FAEAWH S Response

surface methodology (RSM) Central composite rotatable design (CCRD)=

3.2-59 code Zkol Wid W
YE A=

# 3.2-5 Central composite rotatable designs 9] 3F

TE9] M9, ¥ 3.2-69] quadratic model 2

5

=

W4

s 9]

?3’3}912% 3E

OAs Ans

Coded values

Symbol -1.682 -1 0 1 1.682
Temperature (°C) X1 69.55 90 120 150 170.43
Sulfuric acid conc. (%) X2 0.16 0.5 1 1.5 1.84
Reaction time (min) X3 1.59 5 10 15 18.41
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¥ 3.2-6 Central composite rotatable design quadratic model A& TIA 13} 23}

Run  Coded X1 Temp. Coded X2 Acid conc. Coded X3 Time Xylose conc. (ppm)
1 -1 90 -1 0.5 -1 5 652
2 1 150 -1 0.5 -1 5 7108
3 -1 90 1 1.5 -1 5 1721
4 1 150 1 1.5 -1 5 2583
5 -1 90 -1 0.5 1 15 716
6 1 150 -1 0.5 1 15 5303
7 -1 90 1 1.5 1 15 2164
8 1 150 1 1.5 1 15 1992
9 -1.68 69.55 0 1 0 10 251
10 1.68 170.45 0 1 0 10 236
11 0 120 -1.68 0.16 0 10 5232
12 0 120 1.68 1.84 0 10 7723
13 0 120 0 1 -1.68 1.59 10971
14 0 120 0 1 1.68 18.41 17032
15 0 120 0 1 0 10 13328
16 0 120 0 1 0 10 12759
17 0 120 0 1 0 10 14854
18 0 120 0 1 0 10 13204
19 0 120 0 1 0 10 15501
20 0 120 0 1 0 10 13200
O 2% 3.2-691 ANOVAE YWl er, Zdo] Pgro] 0.0012, Fgto] 8.5% quadratic model
NEN AFRE FAE VIS, £ 2HAFR-Square)ghe] 0.885% Ee A1)
5 HowH S Ed HEo] 7Hsd

<Equation 1>

Y = 13,928 + 857 X1 - 83 X2 + 608 X3 - 1,294 X1X2 - 363 X1X3 + 199 X2X3

- 5,578 X1 - 3,374 X2* - 714 X3’

3 3.2-7 ¥ A4S 93 analysis of variance (ANOVA)
Source Sum of squares df Mean square F value P value
Model 594,315,628 9 66,035,070 8.52 0.0012
X1 10,034,173 1 10,034,173 1.29 0.2818
X2 93,560 1 93,560 0.01 0.9147
X3 5,047,552 1 5,047,552 0.65 0.4385
X12 13,398,815 1 13,398,815 1.73 0.2180
X13 1,053,409 1 1,053,409 0.14 0.7201
X23 317,582 1 317,582 0.04 0.8437
X172 448,467,764 1 448,467,764 57.84 < 0.0001
X272 164,078,987 1 164,078,987 21.16 0.0010
X372 7,352,699 1 7,352,699 0.95 0.3531
Residual 77,531,142 10 7,753,114
Lack of Fit 71,507,464 5 14,301,493 11.87 0.0084
Pure Error 6,023,678 5 1,204,736
Cor Total 671,846,770 19
Std. Dev. 2,784 R-Squared 0.885
Mean 7,327 Adj R-Squared 0.781
CV. % 38 Pred R-Squared 0.182
Adeq Precision 8.746
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)

LRRLRIAIRIRNy

R i
KBRS
',,‘,;:,:,:.,»

80

3 3.2-8 JAle] H2 4 A2 RSM HAF

Factors Coded Actual
Temperature 0.065 121.95
Acid pretreatment -0.013 0.99
Reaction time 0.407 12.03

O 23S CCRD quadratic modelol] <&]&f &4

= H3le A= 22 ©h&4)<Equation 1>2
2 F8HAS. A v Ao W et Avled AAE 19 326 32k 1
z2 Yehflon, Hgo g ARAAE B F UL FATH BHE 53 A9
F5& gako] AAY HZFH AL 12195 °CY W%, 0.99%9] Ak & T8Il 12.03
o WAzt g =EFEeH, o A AAHE Fd F AANE FARAEN T
(SEM)o. 2 #zs Ayt (17 3.2-7) wWi#Esty gAY EHol F/MAAY Aol A
S QT 5 Y, AA 3 Al ol xHAe = Qs Falago] FHEAS
o A e g @A ¥ o)
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3£ 3.2-9 Coded value (%])9} Experimental design (©}2l)

Coded values

Symbol -1.682 -1 0 1 1.682
Temperature (°C) X1 80.57 110 140 170 100.43
Acid Concentration (%o) X2 0.002 0.05 0.12 0.19 0.23
Reaction time (h) X3 1.59 5 10 15 18.40

Run Coded Real Coded Real Coded Real Predicted value of xylose conc. Observed value of xylose conc.

1 = 110 = 0.05 = 5 2214 30.91
2 + 170 - 0.05 5 22.54 2420
3 - 110 + 0.19 - 5 3551 13.65
4 + 170 + 0.19 - 5 2591 941
5 - 110 - 0.05 + 15 48.53 58.55
6 + 170 - 0.05 + 15 4511 64.50
7 = 110 + 0.19 + 15 28.47 2033
8 + 170 + 0.19 + 15 19.05 381
9 -1.682 8957 0 0.12 0 10 12.01 15.55
10 +1.682 19043 0 0.12 0 10 442 1.03
11 0 140 -1.682 0.002 0 10 3744 13.01
12 0 140 +1.682 0.23 0 10 2340 56.99
13 0 140 0 012  -1.682 1.59 5435 67.83
14 0 140 0 0.12  +1.682 1840 70.76 66.43
I5 0 140 0 0.12 0 10 P 70.79
16 0 140 0 0.12 0 10 72.22 71.56
17 0 140 0 012 0 10 72.22 70.87
18 0 140 0 0.12 0 10 72.22 75.55
10 0 140 0 0.12 0 10 72.22 74.21
20 0 140 0 0.12 0 10 72.22 68.78

O % 3.2-100] A3d A3 ANOVAE YERPSS. CVEES 4197482 A=} =& Ho=Z
UEEIL F, P 3= EA18H3] 7|FoA Bdo] HIwr) o} o] A9E AT F 0o
W, AAASG LI 085 o]0 E =L AFEE HIS. ANOVAIA L5} 2t FEo

= A
controle] SRt MAE] FRAAN Wl FaF RAE Uehdor wMSARE RAY 4
Qe A2 dete.

¥ 32-10 Agindy BA 8 B35 93 ANOVA

Source Sum of squares DF Mean squares F-value P>F
Model 10905.25 9 1211.69 3.50 0.0321
Error 3465.93 10 346.59

Corrected total 14371.19 19

Coefficient of variation (CV) = 41.9748 | Coefficient of determination (R?) = 0.8348

Factor Mean square Fvalue Pvalue
X1 1092289.963 4.20 0.0676
X2 1389515.181 5.34 0.0434
X3 589864.422 2.27 0.1631
X1 5013859.313 16.00 0.0025
X122 1434505.494 8.75 0.0596
X1 1452241.646 5.58 0.0398
X12 4186.125 0.02 0.9016
X13 201930.125 0.78 0.3990
X23 103285.1256 0.40 0.5428
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O 484% @52 D Zde] s 249U, ALNS T3 ol 2% that
<Equation 2>C.2 %O R 5. °] 23 E‘rﬁm o XI1-X2, X2-X3, X1-X30] thsle] #

Sud agza 338, 2=

b =)
T, S A 00] He ol 7 AR HF Ho' F 3.2-119] codedtoE 1}
B o]E9 AA ZF T3 SAEYS. EAEE EAS 53 v oRAAA Y F
2 22 110 °CY &9 1.2%9] 4 w5 283 14.02% 9 vkt e = 24,
Y 328 WS EHO] 339 IHE (1) 59 AEE, (b) AR A7 (¢) X9 A7t
<Equation 2>
F® 32-11 #F] F2 F2F AAX2 RSM HA g
(th &) AS ol &3 FAY A2 HH3)
O 23 329 &Z8 A2F=(NaOH, aqueous ammonia)= ©]|-&3] Z*g]E PR,

A QR EAS & AR 249 wstE JUEhd A9
rpm®] WwHEA e FEA 24 AZEESt AU+
aqueous ammonia®} Hlnsle] HA Fx= H

o] A Hat7]ell An-& Aol &
a9 329 (A)t NaOH A2 &
AFEENS A 65%7F B glucan
HellA Z1xElelHZE o] &HAS. 1™ 3.2-9

J X
TE

ol = ke
SHFS
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A7k d o) WEel #7490l
83 Y slow B,
24 W5E veh

7d-%- ammonia® FE=7}

Axeg wg9 B-F 70 °C, 120
. NaOHE Ao o] &8 3¢
gsta 714

O
AT

F 5~15%<% NaOH7}
Hol o]& Ag=® RSM % EA S RAut
(B)+ aqueous ammonias ©|-&3F HA g F
EET5F glucan?] HlE°| =

skl HAE 3 %, uto]

A 1 AR FA £

b o8



100.00

100.00
mouzn
g 7500 £ 7500 e
= = miigin
2
g = monners
g so00 £ oo
H E
g 8
= 2500 % 25.00
-
& @
0.00 0.00
) Control 1% 5% 10% 15% 20% ®) Control 1% 5% 10% 15% 20%

Sodium hydroxide concentration (3, w/w) Ammonia concentration (%, w/w)

Fundamental experiments for alkaline concentration

(A) sodium hydroxide, (B) ammonia 100.00 B Ammonia B Sodium hydroxide

Conditions
Temp : 70C, Time: 24 h, Shaking speed : 120 rpm

75.00

50.00

The yield of pretreated biomass (YPB)

Mass of pretreated biomass (dried) 200

YPB=  pf[assofinitial dried biomass x 100

Yield of pretreated biomass (35}

1% 5% 10% 15% 20%
Alkaline concentration (%, w/w)

a9 3.2-9. €78 A]9F(NaOH, aqueous ammonia)S ©]-&3F Mg & Fat] HAE =4

® 3.2-12 9 factor=3 coded value 12|31 NaOH A 2] A3 Design

Coded values
Symbol -1.682 -1 0 1 1.682
Temperature (°C) X1 53.18 60 70 30 86.82
Reaction time (h) x2 7.91 12 18 24 28.09
NaOH concentration (%) X3 1.59 = 10 15 18.41
Coded Coded . Coded NaOH Removalof Enzymatic Conversionof

Run "y Teme T Mmoo eme.  YPBOO iinee) | digestivitior (9) | glucose(s)
1 -1 60.00 -1 12.00 -1 5.00 52.60 3333 51.71 §7.08
2 1 $0.00 -1 12.00 -1 5.00 45.00 40.00 53.45 §9.30
3 -1 60.00 1 24.00 -1 5.00 49.80 36.67 54.31 86.37
4 1 30.00 1 24.00 -1 5.00 42.80 33.33 59.38 85.19
5 -1 60.00 -1 12.00 1 15.00 49.40 26.67 53.57 §7.41
6 1 $0.00 -1 12.00 1 15.00 40.20 30.00 60.81 85.03
7 -1 60.00 1 24.00 1 15.00 43.60 16.67 58.54 78.40
8 1 80.00 1 24.00 1 15.00 39.60 20.00 63.45 82.71
9 -1.68 53.18 0 18.00 o 10.00 49.80 23.33 5247 83.59
10 1.68 86.83 0 18.00 0 10.00 40.20 36.67 60.44 86.91
11 ] 70.00 -1.68 7.91 (] 10.00 43.60 33.33 57.08 81.55
12 0 70.00 1.68 28.00 0 10.00 41.20 30.00 60.00 §5.85
13 ] 70.00 0 18.00 -1.68 1.59 51.80 36.67 44.70 88.17
14 0 70.00 0 18.00 1.68 18.41 39.40 26.67 59.34 82.05
15 L] 70.00 ] 18.00 ] 10.00 42.00 33.33 57.88 86.49
16 0 70.00 0 18.00 1} 10.00 41.40 40.00 59.81 §5.00
17 0 70.00 0 18.00 o 10.00 41.80 33.33 57.80 90.57
18 0 70.00 0 18.00 0 10.00 41.60 36.67 58.53 88.26
19 0 70.00 0 18.00 0 10.00 42.40 40.00 57.50 87.65
20 0 70.00 0 18.00 0 10.00 41.80 40.00 58.50 86.44

3 3.2-13 NaOH A A 2] 32| Analysis of variance (ANOVA)

Source Sum of squares DF Mean squares F-value P=F
Model 302.51 9 33.61 10.03 0.0006
Error 33.50 10 335
Corrected total 336.01 19
Coefficient of variation (CV) % =3.21, Coefficient of determination (R?) = 0.9003

ANOVA for response surface quadratic model analysis of variance table

Source Sum of squares DF Mean square F-Value Prob=F
Model 303.767 9 33.752 7.423 0.0021
X, 91.573 1 91.573 20.138 0.0012
X, 23.850 1 23.850 5.247 0.0450
X, 122.020 1 122.020 26.836 0.0004
X 0.500 1 0.500 0.110 0.7470
X 0.684 1 0.684 0.151 0.7062
X5 0.541 1 0.541 0.119 0.7373
X! 0.937 1 0.937 0.206 0.6596
X! 3351 1 3351 0.737 0.4108
X3! 57.632 1 57.632 12.674 0.0052
Residual 45.472 10 4.547

Lack of Fit 42.041 5 §.408 12.252 0.0078
Pure Error 3.431 5 0.686

Cor. Total 349.239 19
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O

UA FRE V2AF AHE uEoE FATE E4S A3 AF dAES AAsAE
(GE 3.2-12). &%, HEEAIZE 18]l NaOH §=E AAE T4 71 JaS vx= |
T2 AASAIL Central composite rotatable design (CCRD) E2of] oA A&-& HA S
I FAY MR SRS HSEHEHRSM)S Y3 HolHEE 549 435S
Adeieta 37 Tol Zdae) Aoy A ‘E‘H(ANOVA)E T3t A=.
SA8HH B4 A3 1 3.2-139] Analysis of varianceE® =Z3}% 5. R°E 90.03%E, CVE
321%5 YEeRA, A 2D F-value= 10.03, P-valuee= 0.0006°.2 uj-$- A2 %7}
=L A939S el 2 AR factor?] ANOVAOIA = 714 93 = factor/} =9}
J o =

NaOH T2 =2 Y83 oH, AE factors 7tol] JFHLS He Ao Z e

dolg el ALY 23 23 gd4S =5 oA a3 2=

Y = 5827 + 2.59X; + 1.32X; + 2.99X; - 0.25X:X> + 0.29X:X; + 0.26X:X; - 0.25X;° - 0.48X,° - 2.00X;’

HE 3.2-14. FA9] NaOH A 2] RSM A3k

Y 3.2-10. ¥FSEHO 3xYd 2=

0328 234 B AEAS dto] 2 32-109 3xY TYPZE =25, F 3.2-149
| AEA Aol Huighs o83 FAY HAAHY HH 2WE EEFE¥e. FAUHE
NaOHZ AAZ3st= F4S FASIHoz B4, HH3sk Ay oF 74 °Co] XA oF
73%< NaOHE ©]&3l <F 17.8 A|ZtE<t szm—a}ga% Be a4 A3 58§ HAUHs

]
Uehd RAew EAHAE.

FAHtHe] aqueous ammoniaEs ©]-&3F M2l HA] NaOH A} #2 WHo 2 FA 5
A HAClS o8 F48Y HAH 1S EEFSAe. F 3.2-159 A2 FAH 9 coded
value?} 2§ designe YERARII, 3E 3.2-169] EAE E29 ANOVAE YHEMSS.
R*%ko] 86.9%, CVgkel 3.05%Z WERAIL 7.37¢] F-value$} 0.00222] P-value #tg 2o
o] R ALl =& ASE UEHS. 4247 otdet 2 2a tEAE AR
A ek 3 ¥ 32-119 33Y 2P ZTE =E A
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# 3.2-15 Aqueous ammonias ©]-83%F A FAHY factor£7 A3 design

Coded values

Symbol -1.682 -1 0 1 1.682
Temperature (°C) X1 5318 60 70 80 36.82
Reaction time (h) X2 7.91 12 18 24 28.09
Ammonia conc. (%) X3 4.89 10 17.5 25 3011
Coded Coded . Coded NH3 Removal of Enzymatic Conversion of
Run "y Temp. X, Time X, conc. YEB (%) lignin(%) | digestibility (%) | glucose (%)
1 1 60.00 1 12.00 1 10.00 77.20 46.67 3702 89.72
2 1 $0.00 1 12.00 1 10.00 71.00 46.67 38.07 $3.96
3 -1 60.00 1 24.00 -1 10.00 75.80 40.00 37.60 75.33
4 1 80.00 1 24.00 -1 10.00 69.60 50.00 39.98 82.01
3 -1 60.00 -1 12.00 1 25.00 76.20 50.00 37.99 66.93
6 1 $0.00 -1 12.00 1 25.00 69.60 50.00 39.07 89.07
7 1 60.00 1 24.00 1 25.00 75.20 43.33 37.48 69.37
8 1 30.00 1 24.00 1 25.00 71.20 56.67 41.29 93.09
9 -1.68 53.18 0 18.00 0 17.50 72.80 40.00 37.09 70.00
10 1.68 86.83 0 18.00 0 17.50 68.00 50.00 39.69 98.54
11 0 70.00 -1.68 7.91 0 17.50 72.80 50.00 35.79 94.42
12 0 70.00 1.68  28.09 0 17.50 69.00 46.67 35.77 90.02
13 0 70.00 0 18.00 -1.68 4.80 73.60 46.67 35.40 80.29
14 0 70.00 0 18.00 1.68 30.11 71.80 60.00 39.56 73.33
15 0 70.00 0 18.00 0 17.50 69.80 50.00 42.61 80.67
16 0 70.00 0 18.00 0 17.50 70.00 56.67 41.36 89.42
17 0 70.00 0 18.00 0 17.50 71.00 56.67 42.66 84.65
18 0 70.00 0 18.00 0 17.50 70.20 50.00 4118 85.27
19 0 70.00 0 18.00 0 17.50 69.80 50.00 41.87 81.92
20 0 70.00 0 18.00 0 17.50 69.20 53.33 42.23 83.80

3 3.2-16 Aqueous ammonia 2] FA 2] Analysis of variance (ANOVA)

Source Sum of squares DF Mean squares F-valie P>F
Model 94.79 9 10.53 7.37 0.0022
Error 14.20 10 1.43
Corrected total 109.08 19
Coefficient of variation (CV) % = 3.03, Coefficient of determination (R%)= 0.8690

ANOVA for response surface quadratic model analysis of variance table

Source Sum of squares DF Mean square F-Value Prob=F
Model 94.788 9 10.532 7.370 0.0022
X 11.773 1 11.773 8.238 0.0167
X, 1.267 1 1.267 0.887 0.3686
X; 7.551 1 7.551 5.284 0.0444
X 2.062 1 2.062 1.443 0.2573
X5 0.269 1 0.269 0.188 0.6734
Xos 0.077 1 0.077 0.054 0.8211
X;? 12.355 1 12.355 8.645 0.0148
X! 49.169 1 40.169 34.405 0.0002
X,? 22.436 1 22.436 15.699 0.0027
Residual 14.201 10 1.420

Lack of Fit 12.320 5 2.466 6.284 0.0325
Pure Error 1.962 5 0.302

Cor. Total 109.079 19

Y = 41.93 + 0.93X; + 0.30X; + 0.74X; + 0.51X.X; + 0.18X.X; - 0.098X:X; - 0.93X,” - 1.85X;" - 1.25X;°

O % 321790 ALY Ase] Hujghe ol sl fAle AA HF 242 el
2 3

[e)
A NE aqueous ammoniaZ A Fst= FH

3 3.2-17 419 aqueous ammonia F 2] RSM & 4t

Factors Coded Real
Temperature 0.517 75.17 °C
Alkali concentration -0.123 16.58% of Ammonia
Reaction time -0.905 12.57h




@h FANF AAEE TG G AN Ay
O &4 ®Wol] wE glucose & lignin A 7&0] AW FTFE VA=A LolrE e
W ol bach WE71E £% HAzAo AANE @ wlolevas 1 BEEA
SRS NS
E 32-18 HEWS7IE AR W] 2@ A HAZH @4 A9
N Temperature Acid Ammonia solid Glucan Lignin
ol (°C) treatment treatment femaining recovely removal (%)
conc. (wt%) fime (min) conc. (wWt%) time (min) (%) yield (%)
1 140 1 20 15 20 39.20 77.13 65.01
2 140 5 20 15 20 43.00 70.69 43.48
3 140 1 20 15 40 43.35 75.69 70.70
4 140 5 20 15 40 40.10 69.47 58.26
5 120 1 20 15 30 44.20 79.04 70.94
6 120 5 20 15 30 42.60 73.52 56.66
7 160 1 20 15 30 36.10 59.79 47.72
8 160 5 20 15 30 32.70 40.01 23.22
9 120 3 20 15 20 43.35 75.79 59.81
10 120 3 20 15 40 43.00 80.57 63.83
11 160 3 20 15 20 41.30 44.43 11.86
12 160 3 20 15 40 36.05 57.71 41.95
13 140 3 20 15 30 38.75 69.54 58.13
14 140 3 20 15 30 41.65 75.49 61.70
15 140 3 20 15 30 39.70 71.76 60.48

a9 32-11. 3 HSF] WE Glucose

& W3t

O 3.2-12. WS WE Lignin Al AE W3}
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¥ 3.2-21 Batch ¥F3-7]1¢} = w¥k$-7|o HA A AAg & T3}

Cs 3§
C6 3&&
AAg &4 33t Total
Batch ¥+$7) 93.04 % 72.88 % 19.39 % 9227 %
A& w37 89.28 % 73.80 % 22.46 % 96.26 %

100

=)
S
1

—=—Barch
—e— Percolator
—a— Untreatment
—v— Whatman

x
f=1
1

wd [/

Glucose conversion (%)

20|

19 32-13. Batch ¥bS-7)9F S whe-7]o) HAzA AAF & FE

o §49sE AAIste AAEld wE glucose W

& UA7lEAdTFdol A AlFrke celluclast 9 B

-glucosidase 2= Novozyme 1882 A3l S 2 2+ 60 FPU/g Cellulose, 120

CBU/g CellobioseE #H7lslgom, 725 EE 5 wt%2 5Y 3 =2 23] incubator
A

Stoll A flaskS ©]-&3] 180 Rpm, 50 °CE 72 A|7Fsot AA|313E.
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h 714

O g7ite] dve AAE A, Y glucose 3|FE0] 4.25%°
20.12%= FHil oF 5¥) AE F7) AT dA P F wg F2
TE 9] Ha 515 gLE wif ¥ T FEE BHAS. E3
2 AREE AAY 7lsd g a97F A9 gle Ae=E YEy:

100 1
PR
" «
c .
§ /‘ s
@ 60 / +231ep
g / —v— Untreatment
8 1
: | —<— Whatman
2 44
g |
2
o i
20 | I
- =
: e VTV V— ¥V — v —vy —%
T T T T T T T T . : : I : | | |
0 10 20 30 20 A . - .
Time (hr)

Y 32-14. P75 AP G433

33222 Yrige] AXYE T e

C5 &8
AAYFF C6 &
A& 33} Total
Untreat 3.87 % - 538 % 538 %
SAA 12.85 % - 20.84 % 20.84 %
2] 7]t} .
Ammonia 16.26 % - 19.88 % 19.88 %
Percolation
Ammonia / acid 18.18 % 68.23 % 8.60 % 76.83 %
Percolation
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(t}) EFB

O EFB 9A] A7 A, & lignin AASE W-$ =0} T Aako] 23 vlo]emj2az2 Azt
= JAAIRE glucose —}F%O] 3578%%2 AR & Aol & o]FoAAA] S & F
AN, glucose I 4.25%00 4 2 A AT %7@ T 35.78%=% Ha <oF gu) A% =7}
= SIAAT =2 lignin A ALl HlF] AL v 3t FFoZ YEHYS. ol =
< lignin A|AE0] wo]wjxo] FAZ FEE ol F = ligning AAst T FHIA
s =9F T‘Z— AWl RuEd gRtEe 23 W 78’—% Sy 11gmn Xﬂﬂ o] ¥

il
’I;Ll

= = ir
% Aol lignin A AT A npo]lomjrel EA
sl & dFe Iy AdE. F 5 9A] oF 1026 g/LE

TE

g7tk Bobe oF 28] AETF AT AREEOZ HAA Y 7]Eo] Eﬂrﬁol Ax e e

2E AZEA &g AAHQ C6 IJFE&S A 3628%F FHI T vHA Eie

AOZ YEIHOH C5 3|FEL Hil 84.96%= 53X I5&S de 4771 sk, EFB

£ o] &3 2¢ HAE FBL €59 Il dolAe wg FEstAT Coo FFEo=
a3z olA] B3 AFRES AJL. o213 EFBe e C6 IS 2 6 3580 Aye

10

lignin A AL =AY EFBY lignin® 2 FFH 3= o1% phenolic compound =+ o0il 9]
FrefEo] A= Qg & ALk Asrt e AR o,

100
F / e
c / —A— ZStep
o}
P 60- / —v— Untrreatment
q>) / 4 Whatman
5 e
8 ]
2 —
O =
24/
| M e
0 T T T T T : I ' | |
0 10 2 A . ; ,
Time (hr)

19 3.2-15. EFBY Axgd &433}

3 3.2-23 EFBY] AAZYE T 3)+&

Az g2 C6 3% C5 &
Coiem A= g 3ol Total
Untreat 1.50 % - 132 % 132 %
SAA 20.53 % - 38.83 % 38.83 %
EFB Ammonia 36.28 % - 50.86 % 50.86 %
Percolation
Ammonia / acid 33.39 % 41.73 % 4323 % 84.96 %
Percolation
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(= A
O A= dx2Yol HA dA Y A% A A, § glucose 3|5& °F 4 v AE=E F7}
st 60.47%°] MEES BPO™ 200 gLy F FEE YHEUWAS. HS F5 & 23
dEYol A& T 2@ AAE FAANA glucose 3]FE0] ¢ 6 ¥l HE F7}etA
ok 81.08%%} 85.23%% &S HAS 9 % OﬂAl 31.34 g/Le} 3325 gLE & I
T2 Yo c6 dFed 5 35S 47 Ha 82.77%S} 87.73%E AFEE o]
SEYol JAEFAH 2v AAE T]=o] wWf ﬁﬂr&lc’

rr

™, ol 4

100 4
. 4
- -+
_ 80 / A . o
o /
S 704 A
8 i ‘/,,
? 0]
gm: —=SM
§ {1/ —o— AMP
o 40 ——2Step
§ 2 —v— Untreatment
3 ] —4— Whatman
O ]
04 g yvyry T v
0 T T T T T T T T T

L — T T 1
0 10 2 30 40 50 60 70 80

X 3224 A9 AAEE o &

Cs 348
AAEFF C6 38
A& 33}l Total
Untreat 13.12 % - 39.74 % 39.74 %
SAA 60.47 % - 38.83 % 38.83 %
O%;\H
Ammonia 81.08 % - 33.03 % 33.03 %
Percolation
Ammonia / acid 82.77 % 67.00 % 20.73 % 87.73 %
Percolation
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@ dAEle FEAT AR A 5L FIEFES €S T

2 2
=l B9 dxe sleoletn ww

308 ro A ode X o pr 0o o ME
o >
)
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©
S
1

g —a—SPA

5 —o— AVP

D g —A—28tep

g ~v Untreatment
§ —4— Whatman
Q40

[7)]

8

2 B A A—
0 v

[N}
=3
1
\
<

a9 32-17. Bl HdAE 5293

#3225 A AAYE T e

C5 &
ARNFH | co B
A& 33}k Total
Untreat 2921 % - 58.61 % 58.61 %
SAA 90.48 % - 37.01 % 37.01 %
Hz A -
mmonia 92.55 % - 30.61 % 30.61 %
Percolation
Ammonia / acid 93.04 % 72.88 % 19.39 % 9227 %
Percolation
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o HAZA £719 JE AAE HHS
O 2 dFoA &4 33k& S7HE A% @HAZA 2719 dAges 2583 I& dAY &
Aol HEAAT HARA 2719 HAE AAE 2dd R HH 21S dSET] 9
3 wloluwjxo] HAZe Uidt TS FFHoZ B4ty d HHE2DE A
o 2o tigk He R FASHY HAHE =<9 vEEEH FAHRSM @ Response

Surface Method)S AF-8-3le] AFS z 33Tt

O 34 W gt 233202 3FEy gad AAES v xs gk ths] Lol gl
H HAYAZAEL o3 ah FIEeL Fsgn HF F2AE d=3r] Y3 "AAgE
: g nlolujaE BE AR

(1) FEYolsol &3 RSM H A g}

O EYolyel o3 A& AA Y A 2Ag dF37] 918 F 32269 2
AN FRAT AP Ay AFolA ZEA vpol ezt FHFAE
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L 64.1%=E
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Oll

VeI 95.6%9)
F3Ee

FA 3IFEH 63.0%9 Fad AASES H
3} 70.9%% Aoz &<

215k,

3f 3.2-26 Independent variables for optimization of flow-through pretreatment by aqueous

ammonia
Independent Levels
Symbol

Variable -1 0 1

Aqueous Ammonia
. X 10 15 20

concentration ( %(w/w) ) '

Temperature ( °C ) X2 130 170 210
Reaction time ( min ) X3 20 30 40

3t 3.2-27 Optimization results of flow-through pretreatment by aqueous ammonia

Solid Glucose Lignin Enzymatic
Noo | Xe e X || T et
(%) (%) max. glucose)

1 0 1 1 56.0 80.3 31.9 90.1

2 1 1 0 56.4 86.3 374 99.9

3 0 0 0 64.4 94.9 38.6 75.1

4 1 0 1 61.6 95.1 49.4 82.8

5 -1 0 -1 67.2 91.2 313 63.5

6 -1 -1 0 76.8 88.6 18.8 53.5

7 0 0 0 65.7 90.1 37.0 75.6

8 -1 1 0 554 81.5 17.5 97.7

9 1 0 -1 63.3 84.9 30.9 77.0

10 0 0 0 65.0 86.2 40.4 78.7

11 0 -1 1 75.2 94.1 20.9 56.6

12 0 1 -1 56.6 88.1 33.0 99.6

13 0 -1 -1 71.2 92.9 15.5 45.5

14 0 0 0 64.1 88.4 39.1 71.4

15 1 -1 0 74.8 852 24.0 62.0

16 -1 0 1 65.7 95.2 40.0 75.0

17 0 0 0 64.8 923 382 72.6
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3t 3.2-28 The analysis of variance (ANOVA) for response surface methodology by

aqueous ammonia (on enzymatic digestibility)

Source Sum of squares df Mean square F value P value
Model 3955.31 9 439.48 43.93 0.0001
Xi-concentration 127.76 1 127.76 12.77 0.0091
X,-temperature 3596.37 1 3596.37 359.46 0.0001
X3-Time 45.17 1 45.17 4.52 0.0712
XX 9.86 1 9.86 0.99 0.3539
XiX3 7.92 1 7.92 0.79 0.4030
XoX3 106.92 1 106.92 10.69 0.0137
X, 16.80 1 16.80 1.68 0.2361
Xy 0.61 1 0.61 0.061 0.8122
X5 46.89 1 46.89 4.69 0.0671
Residual 70.03 7 10.00
Lack of Fit 48.11 3 16.04 2.93 0.1633
Pure Error 21.93 4 5.48
Cor Total 4025.34 16
Std. Dev. 3.16 R-Squared 0.9826
Mean 75.45 Adj R-Squared 0.9602
CV. % 4.19 Pred R-Squared 0.8003
803.96 Adeq Precision 23.790
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2% 3.2-18. The surface response plot of the effects of concentration,
temperature and reaction time on solid remaining of pretreated Helianthus

tuberosus residue by aqueous ammonia
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% 3.2-19. The surface response plot of the effects of concentration,
temperature and reaction time on glucose recovery yield of pretreated Helianthus

tuberosus residue by aqueous ammonia
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2% 3.2-20. The surface response plot of the effects of concentration,
temperature and reaction time on delignification yield of pretreated Helianthus

tuberosus residue by aqueous ammonia
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2% 3.2-21. The surface response plot of the effects of concentration,
temperature and reaction time on enzymatic digestibility of pretreated Helianthus

tuberosus residue by aqueous ammonia
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45 4 —o— Aqueous ammonia pretreatment
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2% 3.2-22. Glucose concentration of pretreated Helianthus tuberosus residue at
163.2 °C for 40 min
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100

{—o— Hot water pretreatment

90 4—o— Aqueous ammonia pretreatment
1—2— Untreatment Helianthus tuberosus
80 {—— Whatman No.1

704
60
50+
40
304
20+
104

o+ ¥+
0O 8 16 24 32 40 48 5 64 72

Time (hr)

Enzymatic digestibility (%)

% 3.2-23. Enzymatic digestibility of pretreated Helianthus tuberosus
residue at 163.2 °C for 40 min

S.R.:60.1%
Pretreatment (60.1 g)

Helianthust. (100g) Enzymatic
Cellulose : 42.4 g Solid phase Saccharification

Cellulose : 40.5 Glucose : 28.7 g (67.7%)
Hemicellulose : 10.8 g Xvlose - 6.3 o (36.8%
ng:mn 7.7¢ ¥ + 6.38(36.8%)

Hemicellulose : 17.1 g
Lignin :219¢g

Liquid phase
Glucose : 1.5 g ( 3.6%)
Xylose : 6.1 g (35.7%)
Lignin : 14.2 g (64.8%
% 3.2-24. Mass balance of pretreated Helianthus tuberosus residue by
20%(w/w) of Aqueous ammonia at 163.2 °C for 40 min

SR.: 66.6% 72 hr

Helianthus t. (100g) Pretreatment (66.6 g) Enzymatic

Cellulose : 424 g Solid phase Saccharification

Cellulose : 40.0 g Glucose - 15.7 g (37.0%)

Hemicellulose : 83 g i o
Lignin - 17.1 g Xylose : 3.1 g(18.1%)

Hemicellulose : 17.1 g
Lignin : 219 g

Liquid phase
Glucose : 2.0 g ( 4.7%)
Xylose : 8.2 g (48.0%)
Lignin : 4.8 g (22.0%)

1% 3.2-25. Mass balance of pretreated Helianthus tuberosus residue by
Hot-water at 163.2 °C for 40 min
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~ 1.5%(w/w) & - A
Z737 22 130 ~ 210 °CY #8259} 20 ~ 40 ming WFSA|ZFO 2 A Aste] A
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3 ANOVAS # 3.2-30% o] Yehfdh o] Pgt3} Fgkol ZH2+ 0.0009%F 14.89=
quadratic model 7]l F &&= FXZ AF A T3 A A A S(R-square)dke] 0.9504
2 %0 NHEE wYozA dEHt Bdd Aol Asadr. d33 Ans oo
o Aoz e & ok

= 3 <,
Sl HRE ste] 243 AR 1FE FEE, 2FALL I8, fad AASL,
a4 B38S et H8sda I AFE ¥ 322990 YT
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A=

Enzymatic digestibility
= 66.16 —1.32X |, +27.6X, — 1.6X
—10.47X,X, — 0.84X X ; — 5.62X,X ; +0.38X [ — 12.12X ;+ 0.099X ;

O =3 38 H4 =719 Ays 19 3226 38 17 3.2-299] YEAT dHEEHEA
Hol| whe} A4 §dof] o AR =7 g A& AAE FFL 0.5 %(ww) T&
o] 3t §HO=Z 169.7 °CY HEEZ oA 2049 wHSAIM A HA WA AHs H
F e 2AYE ST g 1d B4 AFAdA dFE HHAFxAeE HE AA
g T AL ulolemlz~e] AP HAPS FASAT. FAF Ao g vluT
o2 dFE SR dlo] 2L 2R WA 2HoE AAHYE FIsAT A5H
HA 2715 T A& AAY FAHANAN IHE FEEL 549%=Z UESI 89.2%°] =
TR FFET 36.9%°] Tad AAES EQTh W9 4 FIES 48.1%%0 A
o=z 3T

3t 3.2-28 Independent variables for optimization of flow-through pretreatment by sulfuric

acid solution

Independent Levels
Symbol

Variable -1 0 1
Sulfuric acid solution

. X 0.5 1.0 1.5

concentration ( %(w/w) ) !
Temperature ( °C ) X 130 170 210
Reaction time ( min ) X3 20 30 40
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3t 3.2-29 Optimization results of flow-through pretreatment by sulfuric acid solution

Solid Glucose Lignin Enzymatic

o9 (79) (79) max. glucose)
1 -1 0 1 52.0 80.4 27.3 65.3
2 1 1 0 26.8 0.9 1.3 63.9
3 0 1 -1 26.4 3.8 1.0 93.4
4 -1 1 0 26.9 12.2 4.8 98.1
5 0 -1 1 66.5 80.8 18.7 26.1
6 0 0 0 53.8 82.5 225 61.0
7 1 -1 0 66.0 84.2 1.1 31.7
8 1 0 -1 49.6 72.5 24.1 69.6
9 -1 -1 0 74.7 79.5 16.6 24.0
10 -1 0 -1 53.1 85.5 37.8 60.0
11 0 0 0 524 71.0 15.7 65.5
12 1 0 1 48.1 72.8 24.8 71.6
13 0 0 0 51.1 75.0 21.0 67.1
14 0 1 1 27.9 1.4 3.2 72.2
15 0 -1 -1 71.2 90.2 14.0 24.9
16 0 0 0 50.5 72.1 15.9 71.4
17 0 0 0 51.4 75.2 16.1 65.8
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it 3.2-30 The analysis of variance (ANOVA) for response surface methodology by

sulfuric acid solution (on enzymatic digestibility).

Source Sum of squares df Mean square F value P value
Model 7315.23 9 812.80 14.89 0.0009
Xi-concentration 13.97 1 13.97 0.26 0.6285
X,-temperature 6093.53 1 6093.53 111.62 0.0001
X;3-Time 20.54 1 20.54 0.38 0.5590
XX 438.06 1 438.06 8.02 0.0253
X1 X3 2.81 1 2.81 0.051 0.8271
XoX3 126.45 1 126.45 2.32 0.1718
X, 0.61 1 0.61 0.011 0.9185
X5 618.30 1 618.30 11.33 0.0120
X5 0.042 1 0.042 7.636x10™ 0.9787
Residual 382.14 7 54.59
Lack of Fit 326.79 3 108.93 7.87 0.0374
Pure Error 55.34 4 13.84
Cor Total 7697.36 16
Std. Dev. 7.39 R-Squared 0.9504
Mean 60.68 Adj R-Squared 0.8865
CV. % 12.18 Pred R-Squared 0.3095
5315.19 Adeq Precision 13.434
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2% 3.2-26. The surface response plot of the effects of concentration,
temperature and reaction time on solid remaining of pretreated Helianthus

tuberosus residue by sulfuric acid solution
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¥ 3.2-27. The surface response plot of the effects of concentration,
temperature and reaction time on glucose recovery yield of pretreated Helianthus

tuberosus residue by sulfuric acid solution
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2% 3.2-28. The surface response plot of the effects of concentration,
temperature and reaction time on delignification yield of pretreated Helianthus

tuberosus residue by sulfuric acid solution
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2% 3.2-29. The surface response plot of the effects of concentration,
temperature and reaction time on enzymatic digestibility of pretreated Helianthus

tuberosus residue by sulfuric acid solution
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| —0— Hot water pretreatment

—o— Sulfuric acid solution pretreatment
{ —4— Untreatment Helianthus tuberosus
40 -+ —— Whatman No.1

N
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|

Glucose concentration (g/L)
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o

Time (hr)

1% 3.2-30. Glucose concentration of pretreated Helianthus tuberosus residue at 169.7 °C for 20 min
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100

| —0— Hot water pretreatment

90 -{ —o— Sulfuric acid solution pretreatment
{ —2— Untreatment Helianthus fuberosus
—— Whatman No.1

Enzymatic digestibility (%)

Time (hr)

1% 3.2-31. Enzymatic digestibility of pretreated Helianthus tuberosus residue at 169.7 °C for 20 min

72 hr
SR.:54.9%

Helianthust. (100g) Pretreatment (54.9 g) Enzymatic

Cellulose : 42.4 g Solid phase Saccharification

Hemﬁ:ﬂgzz e Glucose : 18.2 g (42.9%
- ook Xylose : 0.8 g ( 4.7%

Lignin: 13.8 g

Liquid phase
Glucose : 4.0 g( 9.5%)
Xylose : 13.9 g (81.3%)
Lignin : 8.1 g (37.0%

Hemicellulose : 17.1 g
Lignin:219¢g

1% 3.2-32. Mass balance of pretreatment by 0.5%(w/w) Sulfuric acid solution at 169.7 °C for 20 min

72 hr
SR.:71.4%

Helianthus t. (100g) Pretreatment (71.4 g) Enzymatic

Cellulose : 42.4 g Solid phase Saccharification

_Cellulose .: 386g Glucose : 12.2 g (28.8%)
Hemicellulose : 11.7 g Xyloso - 3.5 5 (20.5%
Lignin : 16.4 g ylose : 3.52(20.5%

v

Liquid phase
Glucose : 3.5 g( 8.3%)
Xylose : 5.0 g (29.2%)
Lignin : 5.5 g (25.1%)

Hemicellulose : 17.1 g
Lignin : 21.9 g

1% 3.2-33. Mass balance of pretreatment by Hot-water at 169.7 °C for 20 min
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3t 3.2-31 The experimental conditions for two-step pretreatment process
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Condition 1 Condition 2

Condition 3

Aqueous

Solution Hot water | Sulfuric acid | Hot water

Aqueous
ammonia ammonia

Sulfuric acid

Concentration

( %(wiw) ) 20 - 0.5 - 20

0.5

Temperature
(°C)

163.2 163.2 169.7 169.7 163.

2 169.7

Reaction time

. 40 40 20 20 40
( min )

20
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[62]
o

—{— Ag.ammonia - Hot water (2step)
1—O— Hot water - Ag.ammonia (2step)

45 4—/\— Sulfuric acid sol. - Hot water (2step)
J—<7— Hot water - Sulfuric acid sol. (2step)
—}— Ag.ammonia - Sulfuric acid sol. (2step)
~]->- Sulfuric acid sol. - Ag.ammonia (2step
4~ Untreatment O

—(O— Whatman No.1

w B
g O
1

Glucose concentration (g/L)

= =2 NN W
o o0 O o0 O O O
PR N SRS U B S|

72

o
(00]
—
»
N
g
w
N
N
o
N
(0]
(@]
»

Time (hr)

1% 3.2-34. Glucose concentration of pretreated Helianthus tuberosus residue by 2 step methods

100

—{ Ag.ammonia - Hot water (2step)
1—O— Hot water - Ag.ammonia (2step)
90 -/ Sulfuric acid sol. - Hot water (2step)
|-/ Hot water - Sulfuric acid sol. (2step)
80- —<}— Ag.ammonia - Sulfuric acid sol. (2step)
—>— Sulfuric acid sol. - Ag.ammonia (2step)
41—~ Untreatment
—(—Whatman No.1

Enzymatic digestibility (%)

Time (hr)

1% 3.2-35. Enzymatic digestibility of pretreated Helianthus tuberosus residue by 2 step methods
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2-step (NH,OH -LHW)
Pretreatment (59.2 g)

Helianthust. (100g) ‘ Enzymatic
Cellulose : 42.4 g Solid phase Saccharification

Cellulose : 38.8 g Glucose : 28.9 g (68.2%)

Hemicellulose : 9.7 g i o
Lienin - 9.1g Xylose : 6.2 g (36.3%)

SR.:59.2% v 72 hr

Hemicellulose : 17.1 g
Lignin :219¢g

Liquid phase
Glucose : 3.2 g( 7.6%)
Xylose : 7.2 2 (42.1%)
Lignin : 12.8 g (58.4%)

% 3.2-36. Mass balance of pretreatment by 20%(w/w) Aqueous ammonia for 40 min and
Hot-water for 40 min at 163.2 °C

2-step (LHW - NH,OH)

Helianthus t. (100g) Pretreatment (54.3 g) Enzymatic

Cellulose : 42.4 g Solid phase Saccharification

Cellulose : 39.4 g Glucose : 23.6 g (55.7%)

Hemicellulose : 5.0g i )
Lignin : 8.6 Xylose : 2.5 g (14.6%)

SR.:543% v 72 hr

Hemicellulose : 17.1 g
Lignin :219¢g

Liquid phase
Glucose : 2.6 g( 6.2%)
Xylose : 11.7 g (68.4%)
Lignin : 13.3 g (60.7%)
1% 3.2-37. Mass balance of pretreatment by Hot-water for 40 min and 20%(w/w) Aqueous

ammonia for 40 min at 163.2 °C
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2 AANYE $3stuy 2 3.2-399 7o) %é! FAE FotAtt oW = Al
Fe 220 go® AA ulolemjzo] 51.9%% F&& EAt HARA 2715 dFET
AAYE stAS i A4 &AS FUIE AP 22 WA FAHNAME 80% w2
ZFIL2 AL TS YEhT T3 dEYolgele tEA 45 WA A
S A BAS AP vpolemjart FjH o SFIE Aol A AAE B
< BAt

2-step (H,SO, - LHW)

Pretreatment (48.1 g)

Solid phase
Cellulose : 34.2 ¢
Hemicellulose : 09 g

Helianthus t. (100g)

Cellulose : 42.4 g
Hemicellulose : 17.1 g

Enzymatic
Saccharification
Glucose : 19.4 g (45.8%)

Lignin : 219 g Lignin : 12.9 g Xylose : 0.4 g(2.3%)
SR.:48.1% v 72 hr
Liquid phase

Glucose : 7.8 g ( 18.5%)
Xylose : 16.0 g (93.6%)
Lignin : 9.0 g (41.1%)

1% 3.2-38. Mass balance of pretreatment by 0.5%(w/w) Sulfuric acid solution for 20 min and

Hot-water for 20 min at 169.7 °C

2-step (LHW - H,S0O,)

Pretreatment (50.8 g)

Solid phase
Cellulose : 36.2 g
Hemicellulose : 2.3 g

Helianthust. (100g)

Cellulose : 42.4 g
Hemicellulose : 17.1 g

Enzymatic
Saccharification
Glucose : 22.0 g (51.9%)

Lignin : 219 g Lignin : 12.0 2 Xylose : 1.0 g(5.8%)
S.R.:50.8% ¢ 72 hr
Liquid phase

Glucose : 5.8 g (13.7%)
Xylose : 14.6 g (85.4%)
Lignin : 9.9 g (45.2%)

2% 3.2-39. Mass balance of pretreatment by Hot-water for 20 min and 0.5%(w/w) Sulfuric acid

solution for 20 min at 169.7 °C
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2-step (NH,OH - H,SO,)

Pretreatment (58.6 g) Enzymatic

Solid phase Saccharification

Cellulose : 33.5 Glucose : 30.7 g (72.4%)

Hemicellulose : 9.2 g i o
Lignin - 9.1g Xylose : 6.3 g(36.8%)

Helianthus t. (100g)

Cellulose : 42.4 g
Hemicellulose : 17.1 g
Lignin : 219 g

SR.: 58.6% v 72 hr

Liquid phase
Glucose : 3.5 g( 8.3%)
Xylose : 7.7 g (45.0%)
Lignin : 12.8 g (58.4%)
1% 3.2-40. Mass balance of pretreatment by 20%(w/w) Aqueous ammonia for 40 min at 163.2 °C
and 0.5%(w/w) Sulfuric acid solution for 20 min at 169.7 °C

2-step (H,SO, - NH,0H)

Pretreatment (48.1 g) Enzymatic

Solid phase Saccharification
Cellulose : 32.8 Glucose : 20.9 g (49.3%)

Hemicellulose : 1.2 g . o
Lignin : 14.0 g Xylose : 0.3 g (1.8%)

SR.:48.1% ¥ 72 hr

Liquid phase
Glucose : 9.2 g (21.8%)
Xylose : 15.7 g (91.8%)
Lignin : 7.9 g (36.1%)

Helianthust. (100g)

Cellulose : 42.4 g
Hemicellulose : 17.1 g
Lignin :219¢g

1% 3.2-41. Mass balance of pretreatment by 0.5%(w/w) Sulfuric acid solution for 20 min at 169.7
°C and 20%(w/w) Aqueous ammonia for 40 min at 163.2 °C
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3. CTSR (Continuous Twin Screw-driven Reacton)S ©]$3F n}o] Qu 2 A A g
7} CTSR AA %2 A2}
(1) CTSR 24

O CTSRS A F3H7] A AAA2EHS AAsIN o, A== 28 3.2-42, FX9 2 A}
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(c)
1% 3.2-42. Continuous Twin Screw-driven Reactor (CTSR) A A &=
(a) A4, (b) 54, () B4

¥ 3.2-32 CTSRY F8 Ak

A Dimension AT A X TAAL A B 11
4= TEE 380 V, LexA
upEl g o] I'M 2 g/min
T 2q&w i B |30, 50 Vs
2ER < 40 mm S AET
2 ; _ nhel 2 250 °C ABRF YA N
478 (Shaft dia, 20 mm) ZA 7V
sy 10 AR = OVP or OAP 8- AL
Te o A o] -] SRR A7 3
£ &-uf
o 4 - 10 mL o4 4 - 10 mL/min 23F 5, 10 mm
A% FTHEE




(2) CTSR A&

O

Hpol QA0 AL EW/FEE A3 AA Al&H (CTSR)S AlAsieler CTSR AR
< ¥ 32430 YEhdS. A= 2A% HEES HAE FAseH, BAe 72
1300 mm, A2 600 mm, =°] 1600 mm, AEE H2E= 7F2 460 mm, AMZ 390 mm, =
o] 1300 mme] HFHA Fej= Zﬂx‘o}"’iﬁ} A= 2Y, 23, ud, 237, ARF
PEAAZ FAEReH, RE= 3.7 kW, 5 HP9| Ae2 7H As AFstal vlEe sus
3168 o8, F 5 FEoZ Yo Ao nid Uy Fo= twin screwsS F 25
ot vkl 7} Biol= F 6709 heating barE AT spetel] 247 371 At wk-g-
o 22 F JEF Pon, viArttt thermocouples 3 et & FA o] 7hs3t
= 3ok 19 npdol= AR EuiREAS sl 2709 FATE A4 ARFARA
50 mm ¥ AZIRoH, Alg FU A AL F Qe AlRT =
st7] fls) @2t volz 5 s Alget Fui7t FAHe 23/ = A7 20 mm, 2
o] 1300 mm¢l Zol FF= & A== 7 38 mm, Z°] 18 mm, 28 mm, 38 mm, 48
2, 4ol we} pitch sizeZ’t HFE2EEF A2t B WFH o W3 kneading block
91 37HA Bl o2 A%t bt 290l ThsdtEE stk Sl Ry 23 F
o] e Ao HxE A v FUFE FATFoEN v T 3
o] fol3r=E FHuTt A

=
J

r

.
a

s
s
=

=

=

B

24
=S

Z1%) 3.2-43. Continuous Twin Screw-driven Reactor (CTSR)

_84_



. CTSRS o] &3 ZHA T

O

/jl
|E FAHe SrERAe NREL/TP-510-42623°ﬂ et Fastgon 4
AR oS3 2krh At A= (8 - 14 mesh) 0.3 g 72% H,SO0, 3 mLE FY3H
< e F-S- 5,4 84 mLe SFHFE 75t autoclaveol A
121 °C, 1A|ZF WHs AT 1] 3o A8 93 ¥417]7]= HPLC (Breeze
HPLC system Waters Co., USA)E A}-8-3}a 44 H S Aminex HPX-87H (Bio-rad, USA)
&vl= 0.005M H,SO.& AH&3EH 1L, &vlfr42 0.5 mL/min,
247} 65 °C, 50 °CZ %43t th.

l

14 mesh) 2 g& 100 mL FE|A P& Y1 72% st04 30 mLE %?Q
SAZ %, 560 mLe] SRTFE A
ZAFH FE FEI oS, 10543 °ColA 24417 AE & BAES =H 0}04 311‘4 dFS
Ao FAth A= (8 - 14 mesh) 2 g& E7U o] Wil 575 + 25 °C A
Az 33t & FAE SAHcEA I TFEFS 2

%

(th CTSRE o] &3k HA g

O

CTSR= °l&3% HAZE FdHsr] s, 23Fes I 32-449 2o FASA
Chemical effect® ¥ 7}8}7] 913l LHW (Liquid Hot Water), Acid (H2SO4), Alkaline (NaOH)
o]-83t CTSR AAYE FHsAoH, A4z HAg 21 5F 32-339] YeEhHSA
Zo]l WS ol&dte] M W& 3 F, nAS} A HIE (S ratio), HFEZ
4 ZErjFso] mE AAHT & FATAES glucan 2 XMG (Xylan + Mannan +

Galactan) %3} hydrolyzatet] 2] XMG % glucose &3 Y| n3}A T

B N

1% 3.2-44. CTSRY Screw configuration
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¥ 3.2-33 CTSRS ©] &3 AAg =4

S . L Residence time Barrel Temperature Catalyst concentration
. (min) (°C) (H2SO4 or NaOH, w/v, %)
1:1 - 1:4 140 - 180 -
1:3 102 170 05 - 25
1:3 170 025 - 2.0

(BhH £493& (Enzymatic Digestibility) =%

O CTSR 242 2 Folo] ge BAn &nE A5 Ao BLUES SRS
o, o] W Az Aol FAH} a-celluloseS ETOE A& digestibility xo] S H]
W3HTH AFEE E4+ Celluclast 1.5L (Novozyme A/S Bagsvaerd, Denmark)-ﬂ- Novozym
188 (Novozyme A/S Bagsvaerd, Denmark)S AF&3IHTH 1 g9 glucans XE3sI= Al (B
29 fFad Ao FAS 1 g9 vloloux)e FAE A pH 489 0.1 M sodium
citrate buffer 50 mL2} 2% sodium azide 1 mLE ¥ 31 D.I. waterE 30 FPU/g-glucan®l] 3|3
3} cellulase 2 70 pNPGU/g-glucan®l] 3l 33}+= Novozyme-1882 2o 48 A|7Hs<t Hb-g-
AZIEA DA HHo2 AlgE AT AFHTT AIR= 15,000 rpmelA 1027 <
AEY 3 FH ASAS syringe filterZ 35t HPLC (Breeze HPLC system, Waters
Co., USA)ZE EX3A

("D Cellulose®] ZAA3}%= (Crystallinity) =74

O dAg Ao fFAH 2 CTSR AA 2 FAHY Cellulose 2H3EE SA37] 95t
XRD (X-ray Diffraction, MAX - 3500V, Rigaku Co., Japan) E4S $33g4tt. XRD =
A Al Cu- Ka radiatione 40 kV, 40 mAS AF83} % 3L, scanning range 80° (2°per
min in 20)°| 4 =743t}

¢
S
|

(2) A+23%
(b At TR
O FAte SF3E3EFe F 499%=E o] F Cellulosexs 32.9%, XMGE 17.1%3 0.1,
ArabinanS 0.9%=S YEIH AT BEFEEZA] @2 (extractive EIHS 36.8%, 3|ES
8.0%= YEFRTH (GE 3.2-34).

F 3.2-34 FAKe] FAEEE
Glucan Arabinan XMG Lignin Ash Total
(%) (%) (%) (%) (%) (%)
32.86 0.86 17.06 36.80 7.95 95.53
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(4}) CTSRS ©]&3F LHW H =g

(D Particle size distribution
O 2% 3.2-45 (a), (b), (o) W% (130~170 °C)oll Wt LHW AAZE FAthe] particle
size distribution (a)Z} 1.41 mm ©]733} 0.125 mm ©]3}2] particle sizeol| A LW H] (1:1~1:4)
2 kg2 T o] mWE relative amount (b) % W H] 1:3Y wjo] HES2%T o] wE particle
size distribution (c)& 272t YElH A o]t} Particle size”} 1.41 mm ©]7% (14 mesh)¥ 2%
o= %7} =olgd uwel 1 <Fo] A4S, 0.125 mm ©]3} (120 mesh)2] particle size
N 2 %o F43] F7Hete AS & F Ao (I¥ 3.2-45 (a)), 0.125 mm ©]3}
9] particle sizedl A= YH7} F71Ee] wel 3243 S/ 1.41 mmo]d2] particle
sizedl M= AASA Faste S AT & AJT (T ™ 3245 (b). oA} A=
A RH T} F7hEre| wet wlojemjzol  wPAE 1he] whEE QIS severity’} F71e}H7]
o2 FotdEn |, 1AH] 139 o w25 o] WE particle size distribution (1H
3.2-45 (0)S TES A, W% 140 °ColA = HA particle T <F 20%7F 1.41 mmE
o} 2 size?l Ao 2 YEoy HEZL T 170 °CollA = 1.41 mmXET} particle size?] H]
0] °F 5%, 180 °CollX = 2% PIvhS Zh2 Yeh Utk B3, 0.8410914 1.41 mm Ale] €]
particle size 140 °ColA <k 35%, 180 °CollAE 6%2] H&S VeI o, 0.12500 A
0.354 mm A}Fo] 9] particle sizee WFS&E7} Z713to] wlgl Z7131e] (140 °CY W) 5%,
180 °CY W= 52%), WH-&-=%7} particle sizedl T83F F3FS VA= AL & F U
}.
O 29 32-465 1AM (1:1, 1:2, 1:3, 1:4) 2 ¥k
H FAHY cellulose 2 XMG $HEFS veERd A

N

2 5(130~180 °C)oll W} LHW A g
oty A”oA] & 4 dK%o], CTSRS

o] g3t AAHH FANHY cellulose FHFS RE HFS 2o wdH|7} 7HASHol] ule}
Haste A AT 5 Ao, e noudA R E7t Skl whet cellulose
sheke of 7t FUlele AL &€ 4 AUTh

O 29 3.2-47& 1987} 149 wf) ¥F8-L% (150~180 °C)S E8]3te] CTSR AA 7 H #
Ao g49sES yeld Aolth, @498t 6AIZF F, AADEHA &Ze fFAg
CTSR A H FAHY 8ATFegE BF F43] F7Iste AAZ=HA X2 A1

= 16%, 150 °C, 160 °C, 170 °C, 180 °ColA A& H F2MH+= 33%, 34%, 35%, 36%2]
238ES 72 Yeldlof, AA e severity’t VMgl wet 49 sE0] FUtsteE A
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(a) (b)

©

% 3.2-45. CTSRE ©]&3F LHW A2 Fathe] particle size distribution (a) ¥H-5-2%=o] W& size
=i

distribution, (b) Y] L W2 T o wE particle size ¥X %, (c) ¥ WE particle size

19 3.2-47. W% 150, 160, 170, 180 °C
I 32-46. WEE2E Bl alomlo] mE oA LHW dA2l¥ FAthS]  Enzymatic
LHW A 2] fFathe] sugar composition digestibility
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(th CTSR< °l&

3} Chemical =&

@ H,S0, A€

O Inorganic acidE A2 & &= A ad

S
=

solubilizationd} 7] 93+ =

H o
H—
= HIEE&3F o]y hemicelluloseZ5FE XMGZE fractionationst= WHOZ = vl F83HA

Hg5od &

At B AFoMe AA TG thEHOZ o] &&= inorganic acid?]

H,SO;, & ©] &3l FAE AAEA: vhEL% 170 °C, 12¥H] 1:3, H,S0s 5%
0.5~2.5%(w/V)3tR e, A2 X hydrolyzate W] sugar & % Fo 1AE H
sugar S 3 3.2-359 YERHATE  HAA & F A%l AEETF 05-2.5%% W3}
gholl wek XMG F&2 40~75%2 X5 YHEhglen, 71 w2 FE&10 75%< 2.0%
AFEE, 170 °CY WFSe % ZHAA LS F AUT. 2HEE 2.5%9A4 XMG FE9]
60%7FA] 7HA3t 22 pentose sugar (xylose®} arabinose)”} degradation® 7] Wj#o =2
TE o

¥ 3.2-35 HySO4 w50 w2 X2 FAt hydrolyzate?] sugar & % Zr A 9] sugar &3
Pretreated rape - Acid concentration (Yo(w/v), HySOs)
Dependent variables

straw 0.5 1.0 15 20 25
Retained sugar Cellulose content (%) 34.7340.22 37.4740.15 42.87+0.18 48.39+0.14 36.50+0.24

content Hemicellulose content (%) 11.06+0.11 8.47+0.13 7.79+0.09 4.00+0.01 2.76+0.01
Fxtracted sugar Clucose yield (%) 1.0620.03 1.8920.07 2.600.07 42740.13 9.83+0.11

yield xmg yield (%) 40.82+132 527149222 713742.78 74.5943.15 60.06+2.36

@ NaOH # =g
O WFS2% 170 °C, 4] 1:39] 2 A NaOH F=o wzl FAdE x| esto]

hydrolyzate] ¢] sugar &3 FHAIAE] sugar TFS 7T 3.2-369] YEFHUTE 3Eol A
gold 4= 9l59], NaOH F=7} E71stel wel XMGE}F glucose”} fractionation®] = O]
71 o. ™. NaOH 0.25~2.0% &% XA sugar (XMG)S] FE2FEL 2045%=
w$e HE YUEUWAT HF 2 FE9 NaOHE °|&3sld HAAF 3RS wd=
XMG F€°] ZUE olfF= & NaOH FE A% hemicellulose®] 7}Fr-&E317} 2 o] F
AR 2 ¢ktr] wWEoz AEth dde] AA 7} cellulose TFEE swellingsle] 21d
< solubilizationdt3L cellulose®] T2E WIAA & BAAIS A7 Wrioln,
hemicelluloseE fractionation A]7]7]o HA3 Az WHL olygles AHES AT o
XMG F&°] ¥ A2 FAst Aolm 53 & 3.2-360014 YERA 0.5%2 NaOHE ©|

g3t AAHE F AIL FFo] 7%= AT AE 99 W& Fgste dAQd Ao=
iR al=
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¥ 32-36 NaOH T = W& A2 F2] hydrolyzate2] sugar =& L 149 sugar I3

Pretreated rape ) Alkaline concentration (%o(w/v), NaOH)
Dependent variables
straw 025 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Retained sugar Cellulose content (%) 3182112 | 36444171 | 35558093 | 34.04+1.13 | 27.55:0.78 | 18.26£0.55 | 14.55:064 | 12.72+044
content Hemicellulose content (%) 21.03£0.98 | 19.49+0.77 | 17.55+1.03 | 15374045 | 7.55:0.48 2054039 1.55£0.25 0.7120.11
Extracted sugar Clucose yield (%) 1354008 | 2068022 | 255:028 | 296:031 | 755111 | 10.69:098 | 12.55:088 | 15.76+0.14
yield xmg yield (%) 20.59+1.57 27.06+1.33 28.55+1.89 29.49+2.03 35.55+2.11 38.79+3.01 44.5542.56 46.96+2.32

(@ Extraction Mass balance (EMB)

O LHW, 2.0%2] H,SO4 0.5%2] NaOHE ©]&3F faltle] AA 2] ¥ composition WIS i
3.2-379] YERITE o] mA =] HAE wWsles LHW Axg & 62%, H,S0, g
Sol&= 54%, NaOH AA2] Fol+= 77%E 22 et ZATAEY cellulose T3
< H,S0, AAE ’“Sﬁ‘é}‘ii% W= Astae HAAY dFf F Ao]E HolA sk
S}, XMG9} lignin &% A5 & zolE AT = U=, 7FE H.S0s A Al
o= XMG&#2] 3% 179 ] 1 4%=, NaOH A8 Fol= lignin g2l 3% 13%0] A
7%E YeEl= 2S¢ ZF AAT. LHW dx 28 FAHY cellulose FFE 34%E
Bilen, ZoauAZs dniste] A2 Bee 20%R=H, ©l= 37%9 cellulose”}
hydrolyzate2 E o= A v|she= Aol I3 Y hydrolyzate W 2] cellulose &2
4%E YERJ o] (3£ 3.2-37), 26%<] glucose”} decomposition®| ©] sugar loss”7} %}/‘ﬁ??} AE

gos 4 2)\9,4\1:}. o]9} F-Al3E S hemicellulosed] A-FAAME BEEo, = EMBe
cellulose®] 73 74%, hemicellulose®] 7% 72%5 Z}Zz} et &0 & O]%—f)‘}‘ﬂ A

=] 2] gt 71—,—-/] sugar balance= H,SOs A2 A] 92% cellulose, 91% hemi- cellulose,
NaOH Z A 2] A] 89% cellulose®} 99% hemicelluloseE 2}2F YEF AT

# 3.2-37 CTSRE o] &3 Falthe] WA 2] ¥ composition & mass closure

Solid ) Extracted "
Retained sugar content (%) ) Mass balance (%)
Pretreatment remaining sugar yield (%)
(%) Glucan XMG Lignin Glucan XMG Glucan XMG
Untreated 100.0 32.86 17.06 13.09 - - - -
Hot water 33.56 13.85 10.81
Z 61.84 3.57 3.65 74.01 71.57
Hot water” 20.75 8.56 17.48
H>SO4 48.39 4.00 9.22
y 53.92 4.27 12.73 92.39 87.28
H>SO4 26.09 2.16 17.09
NaOH 36.44 19.49 7.46
b) 76.71 2.06 2.07 91.33 99.77
NaOH 27.95 14.95 9.72

The straw was pretreated using continuous twin screw-driven reactor (CTSR): Pretreatment conditions are;
- Hot Water: S/L ratio 1:3, Barrel temp. 170 °C
- H,SO4: S:L = 1:3, Barrel temp. 170 °C, Catalyst conc. 2.0% (w/v)
- NaOH: S:L = 1:3, Barrel temp. 170 °C, Catalyst conc. 0.5% (w/v)

a) Extraction Mass Balance (EMB) = 2(127:2(

; where Ci is the mass of each sugar component as determined though

HPLC chromatography, the subscripts L, S and R refer to the extracted liquid, extracted solids and raw straw

fractions, respe

ctively.

b) Data are based on the oven dry untreated straw
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@ #FAF3HE (Enzymatic digestibility)
O CTSR HAge] glojx aAaFstEe] TS WA= factorES H71s8H7] 98] &4715
B2 A3Pstdrt. 29 3.2-48 LHW, H S04, NaOHE o] &3le] AA 3 FAdY &
233tES Hwgk 4345 Yl Aotk 7MY & §49EE2 HS0, AA e 39
ANA B3 48 A7F T IS 5 AASW (77%, 30FPU), LHWS NaOHE o] 83le] H A
g A5 52%4 60%, AATNA e AFole 25%E YE AT ZuiE AHE-EHA
X LHW HAg WHvtogw oF 2uje] §433s)&o] S3H AL CTSRO| 23 size
reduction &3 WjEo g AlZHC} 3, Crl Ao 93 493189 HIleE 091%E
< =

AAYE FANY Crle BATIE FEFS HX= T8 AR} ofd Ae=
u}, crystallization> %7] EA7FFEEG T G3S v XX T HF sugar = I
S PXAE FEva E33F Chang and Holtzapple (2000)2] AFZAzel dx)ste Ax
2 AT 5 AU B4R GFS AT E OE A4E B FEA
(Enzyme effectiveness, non-cellulosicdt F-i&2] A A ojs)] ZAA = oA, nlo] e uj e}
&3t

cellulose &S 7IRFC R 3t ALtE BATIEZHE ALECZ, HS04S ©
of AAZE stAs Wl 9%, NaOH= ©] 83 Aol 7%= YEbRTh =3t Su7t
BAEsEdd MAe FFS BFst E A, HS040] NaOHE T &433t&0] o &
FFS vA (HS0:8 EF 9%, NaOHY -9 1%), size reduction©] L} de- crystallization,
porosity®]l HSO4©] NaOHE.T} T & &9 & FASS AT 5 Uitk

19 3.2-48. CTSRE o] &3l AAd Fxide] 438

JeFS v X+ factorol] 3t evaluation
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4. g9ad 4 FrdEELE B3§& AL cloning, TH F A, 54 AU

7}, BB S F Phanaerochaete chrysosporium®] c¢DNA library -3

(1) @5 3 gy

2

O cDNAE ¥A3sl7] 38l P. chrysosporiums W)7Fo.2 Aol AR E Aol A

O P. chrysosporium BKM-F-1767 w5 I AHFTAFT DA EFol A& Tien 5]

AEd W o2 vl Escherichia coli Topl0 2 LB3HH v x| A wjgalom I
Qof gt PFAd 50 pg/ml, A 24 50 pg/mlS F7F| AEAT}. Pichia pastoris GS115
T Invitrogeno| Al Frjate] A8 o™ YPD Hj x|l A ul ¥t AT

Aol &2 2 cloning

N

AL
&gt % total mMRNAE |8t o8] F7F9 lignin perox1daseg HE FFE real time
PCRE 53l FAtAth (198 3248). FUE mRNAE HF S 2 cDNAE A X33 g
ad R emAER s EefEad] cloning AEE AHE-SHAH-

O P. pastorisol| 4] F&AA]7]7] $13F M E = pPICZaAE Invitrogen ZALZH-E Fuljdle] A&

Ao Zz+e] WH = wEk2o] 93] A E = AOX promoter’} 13 PICZaA WE o=
W G S A R E BHEE 59 a-secretion factorsS ©]-&3 T

1% 3.2-48. Real time PCR from P. chrysosporium
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. WX S Phanaerochaete chrysosporium®.Z 5-E] lignin peroxidase®] cloning & 23

(1) P. chrysosporiumS-Z5-¥] lignin peroxidase 5 (LG5)9] cloning % &
h 43 U

O FAAe] 22 2 cloning

O

O

=
P. pastorisol| A THA]7]7] $13F W E = pPICZaAE Invitrogen 3|ALZF-E Fufsle] Al&
Aot Zbzhe] W o= wEEd 93 -+ AOX promoter’} 3L PICZaA ¥ H &
ey daE S AXY R E BH|stE X9 a-secretion factorS ©]-&3F T

P. chrysosporium2- 258 LG5 -AAE cloningsl”] ]3] HAYo] FZ3F v A 30
°C, 59 TSt vt AMEZoA HA mRNAE £ 5HS™ Clonetech 3AF2] SMARTer
PCR cDNA synthesis KitE ©]-&3} ¢cDNAE /d3lc.

FdE AA cDNAZFH LG5 3 clonings #8] o534 2& F T7Y Zgto|w
Z Yx}elsldet (forward primer: 5'-GCA TCG ATT GCG ACC TGC TCG AAC GGC
AAG-3'; reverse primer : 5-CGT CTA GAA AAG CAC CAG GAG GAG GAG GG-3").
PCR 271 94 °C 1 min, 94 °C 30 s, 51 °C 30 s, 72 °C 2 min 30 cycles 3813},
o] Zgto|HE Ap&3te] AF71F PCR £33 FY38HA 30 cycles st wEo]
DNA Z7Z-2 pGEM-T vectorol] 243t A H Adas A3 5 A FA|so
pPICZaA°] E2Y 3t pPICZaA/LGSE A &3ttt

ol@A A% AT DNAE DNA 97199 4 Fol B4 22do] o)l A
=XE Folst Pichia AEZNE FAAS A AT Pichia AFHE FAAZ Al7]7] 9
& 10 pgd AE3 DNAE AFa 4 PmelS #8519 linear DNA FE| 2 T&E H Z7]

%4 (electrophoration) W o2 FAHE o 7 FAASE MEE 100 pg/ml 9 Zeocin
o] X3t" YPD ujAlell Z=ate] 30 °CollA 2-39 wi¥E F vdehude FAMASAE A
e,

o] A

Ha 72 d MY FAHNFAZ AL3lY PCRE T3 AFAE H 1% methanolo] E g
2 YP medium 50 mlo] HEdte] AT BHHE §io FTHEE ZH AT wjok
e oy FAHEA e FEYEZE 5 ml YPD iAol HF3t] 30 °C, 200 rppmoE
12717 v st 5 5 ml v FH-S 100 mle] YPD sl X|o] AFHE3 F 30 °C, 150 rpmolA]

247 el SFATh vl Fd-L 2,000 rpm, ST 4Rt I A T SFE Al
¥+ 10 ml YP "]A] (1% yeast extract, 2% peptone)oll A HESFIL HH3] 90 mle] YP
Hl 2| & optical density 7} 1°] HEF A3t FHF 100 mlo] HEF 3tk a49 A
2HE 93k 100% WS 1 mlE 2o AT 1%8 = HA FAska v 24A] ke 7}
2 1 mlo AgES YolFH 157Y St s At 245 EA A st 24
=71 AY =W 2849 wigFAE 3,000 pmoll M 5E F AAEE S Pichia NEE
AAs H 045 pm ZHO| STHAAA FF LFES A ASHL 10 x binding buffer (20
mM sodium phosphate, 0.5 M NaCl, and 20 mM imidazole; pH 7.4)& 412 % AKTA
FPLC A|2=®19] his-tag column (Histrap-GE Healthcare)oll F3A|Zl H elution buffer (20

o2
2
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mM sodium phosphate, 0.5 M NaCl and 500 mM imidazole; pH 7.4)E 53] 244 3
ot B8 d @ A9 FE &= Bradford HS 53 AT

® 529 B4E 273
O LipLG5 &4 %=% ABTS (2, 20-azino-bis [3-ethyl-6-benzothiazolinesulfonate])e] 4+s} H =&
420 nmoll A =43} AASIF Tt (One unit is defined as one millimole of product formed
per minute at 30° C). Uk &3] A4S 1 mM ABTS, 30 mM Sodium citrate buffer

H 45), Z22]3 Lip 84 2 1 mM H0,5 933t
p

@ 'Taof A35te A 54
O LipLG5Y A4S 913 HH2x 9 S 30 °ColA 80 °C 71A] S43A3 HA pHY
AAE ¢34+ Sodium citrate =+ sodium phosphate buffer 5= AF&3le] pH WS¢ 1.5

oA 8.0 72 SH AT

O E=2499 fF3AY 9714<E8 24 A3 LipLG59] c¢cDNAT P. chrysosporium &<
GLG5 (GeneBank accession no: X54256)2} 100% & L3t Aoz Yelygth wabr o] f-3
A= P. pastorisol| A WHAAZFH O kA AF3 AXH AOX promoter®] WHdH A of
g S cerevisiae®] a-factor secretio nsignalS ©]-83t] AL LZ FH|SIE=E HEHE 74
stttk TS Axddwdo FHAPFAE &olstA F F UAEF Z FHA his-tag
sequence’} §HEEE 74 AT

O o5 AMZY WHE Pichia 759 FAASST A4H Zeocin ATA 2 H3HA|
Fo® PCRE skl Ax3 DNAE sttt &ld
UE g viA e HEs 5 ujgd X

Eb-g-o ot fxolell P. pastoris B

gl A3 19 32499Jr 2o AnEs 4

Bh AE7E 50 U 2 dEET oled BEFE MoPHiE Pichiad A T@ A7

g Bt oF 1710 A= AAEe 2S¢

]
&l

O
=2
l‘

J
ol
%0
oo

=
—
=1
=3

120

—
=)
=]

100

@
=]

80 +

60

=
=]

40 4

Relative activity (%)

=] (=)
=) =]
Relative activity (%) O

20 +

=

20 30 40 50 60 70 80
Temperature (°C) pH

% 3.2-49. A, SDS-PAGE analysis (lane 1-2) and western blot analysis of rLiPLGS secreted
from P.pastoris. Lane 1 and 3, Molecular weight marker; lane 2, total secreted proteins. lane
3-6, rLiPLGS. B, Effect of temperature on LipLGS5 activity. C, Effect of pH on LipLGS5 activity
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AzF LIPLGSS A £%5 20 °C oA 80 °C 71A] AA S A=} 50 °ColA 713 &4
A pHE 52 YElET (¥ 3.2-49, B-C).

25 B3 H4x3or QF HE LpLGs 845 FH Foy, o &

= d B8 A=E st HH 20S g4

Pz

A 1
o] A4 i I #dE F7 ATt

=
N
o\
o
>
i
rr
ol
o
Lo
o2
o
O
£ |
A
o
il
»

(2) P. chrysosporiumS-Z 5] lignin peroxidase 6 (LG6)2] cloning % &
oh A8

O

O

fr=te] 28 2 cloning
P. pastoris| Xl F&AA]7]7] $13F W E = pPICZaAE Invitrogen JALZH-E Fuljsle] A&
ok Zzo) wWEd = wWEEdd os - EE AOX promoter’t A3l PICZaA W E o=
e e g ES A 2R 2 BH|StE 59 a-secretion factorE ©|-8-3FH T}
P. chrysosporium2-Z 5] LipLG6-+Z A5 cloningd}l 7] 9] ZAHo] B3 v A 30
°C, 59 Bt wiFS AEolA HA mRNAS #3139 S™ Clonetech 3]A}°] SMARTer
PCR cDNA synthesis KitE ©]-83} ¢cDNAE T3
T8 HA cDNAZFE LipLG6 T4 cloningS $a) thea e T £He =g
ol E Yx}eIEA T} (forward primer: 5°-GCGAATTCGCCACCTGCTCCAACGG-3’; reverse
primer : 5’-CGTCTAGAAAAGCACCCGGAGGAGGCTGG-3’). PCR 71 94 °C 1 min, 94
°C 30 s, 51 °C 30 s, 72 °C 2 minS 30 cycles A33}c} o] Zelo|HE ALE3le] A7)
gt PCR &7 FY3HAl 30 cycles st whE0(xl DNA Z7+& pGEM-T vector?l]
F243st AT F AIFEA EcoRlI ¥ XbalES A3k F thr] AA|sle] pPICZaAol
224 3o pPICZaA/LGSE Al Zal ).

o|#A AZE AZE DNAE DNA F7IAE £4S T3 B34 %i‘éo] °©
=XE Flstal Pichia AIZNE dZAAS AAC. Pichia AENE & ]
1 10 pge] X% DNAE A|g+a A Pmel= *E]8}e] linear DNA FE|E WHE FH F 7|
2 (electrophoration) o2 FAME gt 5 FAHAZE AEZE 100 pg/ml 9 Zeocin
E3E YPD #jR|e] =EEte] 30 °CollA 2-3Y wjget H UElde FAASAE A
FA ot

oo
o

AN

¢

(

e O O{N'

ol

T4 A

Ha 2+ 4 MY FAASAESE Adste] PCRE E3) AF<E 5 1%9 methanolo] X3
H YP medium 50 mlo] HF3 ALz BHlEE G40 FAHEE SASA. WY
e seld FAASA ] FEYES 5 ml YPD wiXdl HFSS 30 °C, 200 rpmOE
12217 w3k 5 5 ml s Fed-S 100 mle] YPD HiA|o] AFHFSE 5 30 °C, 150 rpmol A
207t ARl sholek wF e 2,000 pm, 5 APESA IS S5 A
+ 10 ml YP ¥l A] (1% yeast extract, 2% peptone)oll A HESIL H 3] 90 mle] YP
A& optical density”} 1°] H=% A3 HF 100 mlo] H=F Sk The] Y2
At 100% WEES 1 mle Yol HE 1%AE A A3t v 244 7ket F71= 1
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O

O

(t
m|

9 A S131 B
A =%d 2979 v FHS 3,000 rpmell A 5% FF AR Pichia A E | A
St 5 045 uym ZEHo| FHAA BHF 1 ES AASIL 10 x binding buffer (20 mM
sodium phosphate, 0.5 M NaCl, and 20 mM imidazole; pH 7.4)5 412 5 AKTA FPLC A
2~®) 9] his-tag column (Histrap-GE Healthcare)oll F3}A]7] H elution buffer (20 mM sodium
phosphate, 0.5 M NaCl and 500 mM imidazole; pH 7.4)5 Z3f] & AA 3Gt £ad
ol A o] FE = Bradford WHS 53 &g

e}

LipLG6 & E==ABTS (2, 20-azino-bis [3-ethyl-6-benzothiazolinesulfonate])e] 43} HE=E
420 nmo A =SA3Fd A3 TE (One unit is defined as one millimole of product formed
per minute at 30 °C). ¥H3 Ao ZAH2 1 mM ABTS, 30 mM Sodium citrate buffer
(pH 4.5), 283 Lip 84 2 1 mM H,0,S %34t

_‘-z_yl_/\g :Fcl A= =2z
-

Ir 2

B4 Asistr E£4

LipLG62] &4 93 HAHLm o] 242 30 °ColA 80 °C 7HA FHE A 4 pHY
AAS 934 = sodium citrate =% sodium phosphate buffer 52 AF&3le] pH M9 1.5
A 8.0 7kA A8t

) 23
2299 FHAY @7IME 24 A3 LipLG6S cDNAT P. chrysosporium ME446 -2
9] Lip GLG6 gene (GeneBank accession no: M80213.1)2} 100% L3 Aoz YEIST
webA o] FHAES P. pastoris| A FHAAZ oW, A AFE AXH AOX promoter
o iy x4 oy s cerevisiaeg a-factor secretio nsignalS ©]-& O}OE] MEL)Z BH|s =
= WEE AR Eg AxdawEe EeAAE BolstA & F UEF Z H#
Z A}l his-tag sequence”’} §HHEF T4 AT
ole MxF WHE Pichia TF F2AFst ALHE Zeocin AP FAASAE W
o2 PCRE skl A=F DNAS Felstdch &€
HE W wiAel] HEd & wdde Ydehvde 4SS
ego ot ol P pastoris BEHASA A YEIUE LipLGs5e] AAEE 7H3
gk A7 17 32-509 22 AHE At ol AAE T HS W 2dAd &
A FAE 50 U 2 YElga o]#d SE Y-S MnPHE Pichiadl X Td AR LS o
Hoh oF 1/10 A% AdEHE AS & F Atk
EolE g49 EIAAE 913 His-Tag columnol] A3 &3l & EIdH a4
A& AT (2™ 32-50). EYBA= GA EAE&How JPHU oY SDS-PAGE
A FAPE W odFA =719 50 kDa Bk =A< 70 kDaZ WHEAAAE AS
ATt o]FEA gAY FAVIRY AX = olf= Pichia dFNA YEIUE= glycosylation
To® FE5HEY. =77} AR LIPLGSE #HA3t7] 93l trypsin /18] $ matrix-assisted
laser desorption/ionization mass spectrometry (MALDI-MS)E A& 3lt}. 1 peptide mapping
A7 28 ZA" 54 LiPLGeY X 3= ZoZ YEgth

.-

2
don o o

O
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O A= LIPLG6Y HZF &% 30 °C oA 80 °C 74A] AAZ A3} 55 °ColA 7HF &4
Tt =L Ao 2 Ygyi, HF pHE 4592 UEGTH (29 3.2-50).

1% 3.2-50. A, SDS-PAGE analysis of rLiPLG6 purified from P.pastoris. M, Molecular weight
markers; Lane 1, rLiPLG6; Lane 2, rLiPLG6 treated with PNGaseF. B, Effect of temperature. C,

Effect of pH. D, H,O, concentration on enzyme activity

T4E FH ot LGS ¥
o] & miolewi EajHd
Bk BEE ATE A8}

(3) Pichia pastoris®| ~] lignin peroxidase (Lip)¥] 1E&H-S 9|3+ I = optimizing

(7V) Pichia pastoris, Saccharomyces cerevisia 2 P. crysosporium® Z&= AFERIE ZA}

O P. pastoris | A8 1 W8S F2507] 9344 2 F79) codon usage® EAHH
o YN ME ANY BE FFAAL AEUTI WARFERE] AENE
o7t s ¢ T Itk

3t 3.2-38 Codon frequency per thousand

e

rlo _&

2 do

=13
5

Amino acid Codon S_cerevisiae P._pastoris P_chrysosporfum
Gly GGG 5.8 5.8 18.8
Gly GGA 106 19.1 12.0
Gly GGU 25.0 25.5 8.0
Gly GGC 96 8.1 31.8
Glu GAG 19.4 29.0 333
Glu GAA 471 374 22.7
Asp GAU 38.6 35.7 17.4
Asp GAC 204 259 46.7
Val GUG 10.8 12.3 12.5
Val GUA 11.4 99 5.7
Val GUU 22.6 26.9 7.4
Val GUC 11.8 148 31.8
Ala GCG 6.1 39 41.0
Ala GCA 16.3 151 143
Ala GCU 21.9 28.9 19.4
Ala GCC 131 16.6 39.6
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471 & 3.2-389] AAE nlERIoFE 7|9 LG5 ¢cDNA Q71X LS Pichia pastoris 22
AEUEA Be RECT BF w087 L& AZE F44 971A9E 2E B4
FAAE AZAY. AE FAAE HIS 5 39S 9 LGS 5YS ofn|=4te g
TAo] Ho oy A7INEL GC o] 62%A 46%E ol AEE AZ Aok
olg2A FdE FHA= YA Pichia dFAAM LTHE= FAHS IUE A st =H A
T E vty
&0
&0
120
120
121: GTC T 180
121: 146G 180

TC ]
o 240

300
300

360
360

420
420

450
450

C 540
540

600
600

Gae0
=1 u]

7an
7an

T80
T80

G 540
i 540

S0a
S0a

N
331?&@5&@”%&%&&%&@&&@ e

1020
1020

1047
1047

1% 3.2-51. Codon optimization of Lig5 ligninase for yeast expression
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(th Z= HH3E F3 sLipLG59] 1 ¢
O &% #3532 Yoz IEAHS7} APH FHAZS Pichia HE ] Adste] FUF
Ho g wdS AIE HHF 4GS Western blotting WO Z vl B A3} 10u] o]

=2 1=
zhel7t e AS #F F = A

1% 3.2-52. Comparison of LG5 expression in Pichia pastoris. Lane 1, Size marker; lane 2, negative control

(mock transformant); lane 3. codon optimezed sLipLGS5; lane 4, normal LipLG5

(th) Pichia pastoris protease deficient 7ol A2 T& H]w
O A5 7HA host2 AHE-HAE GSI115, X33 dF5
SMDI1168 #FE AM&3l] LipLG5 2 sLipLG5S & A| 7]

I G A%E By

ALgsk= oAl protease’t A<E&H
A3} opyd FFETH 108

1% 3.2-53. Comparison of LG5 expression in Pichia pastoris SMD1168 strain. Lane 1, Size marker; lane 2,
normal LipLGS; lane 3. codon optimezed sLipLGS5

(4) Intron F71E 53 1 Td F
n

O ARA LAY F22 2

huid
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H

NE FHo] ¥ E3] X WA intrond] AA FAHo] Hd & FIFS vHTE H
7b vk A 2 A7 Bl a&o] vl 22 lignin perox1dase LG6% thAko
2 LG69 A WA intrond] A FEH+= FHo EF2Y introns ANYAA EFE9 3 ol A
splicing &5 £3 AAZQ Hdo| T + A=AE Ao

(7h Intron dependent over-expression of the recombinant lignin peroxidase (LipLG6)

O

a0 A YEYE intron sequences= P. chrysosporium 22 sequence2} zol7} A= A
S E & o weEbA P chrysosporium S+l 2] sequence= & X WOl A splicinge] Z &
oAyl &S 4 oEF FH 9 SAC6 intronS LipLG62] 3 WA intron 91X AFUA]
7 XHZ?EL LipLG6 FAAE §d38tal o5 P. pastoris M EH O F2sla THAAA T
Fe vttt 1 A3 AARE LIPLGeS ol F ¥l Ax SUtete ASE UEHS
U ol FEAE 73310 ZoldME YEtE 7 Ae HEY o] o|mE FIHFQ A

Yeast consensus intron sequence

5'exon:GUAUGU————————————————————— UACUAAC—————— YAG:3'exon

LG6 2»d jintron
GTAAGTGCCTCCGCTTGTTTCGGTCTAGAGCCTACTCACCGCGTCTACAG

Yeast SAC6 intron
GTATGTATGCCTTTCTCGAATTCCCACACTGCTGAGCACAGTGAAAAAGT
TTTTTCTACCTTTTAGGTTGTAATAAACGTTTCATATACTAACAAACTCT
TCTGCGATTAG

5 I -3
1% 3.2-53. Strategy for the intron insertion to LigLG6

(5) P. chrysosporium©-Z5-E] Mn peroxidase (MnPH4)2] cloning ¥ =&
7h A8y

@

A Z2] cloning

O 4% AA cDNAZFE MnP 329 cloningS 93] o3 22 F /Y ZgolH

£ YAIESEY  (forward primer:  5-GCGAATTCGCAGTCTGTCCAGACGGTACC-3’;
reverse primer : 5’-CGTCTAGAAACGCAGGGCCATCGAACTGAACA-3’). PCR X712 94
°C 1 min, 94 °C 30 s, 51 °C 30 s, 72 °C 2 min= 30 cycles NP3} AT o] ZglolHE
AHgEte] 471 PCR 203 FY3A 30 cycles a3t wHEo]xl DNA Z7hS
pGEM-T vector®l] S 23t GAIgE H A|gkas EcoRlI % XbalE A 2et H tA] A
&to] pPICZaAd] E249 319 pPICZaA/MnPE A28}t
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O
i B ol

O

O

A Xﬂ-} A %% DNAE DNA 7MY #4& &3l B3H0 2249 ]
£ &dstal Pichia AFENE FAHAG A ATt Pichia AEHE FEHE A7]7]
10 g-/] AN Z3 DNAE A|staAt PmelS *8]3}A linear DNA HE|Z WE F A7)
electrophoration) '™H o2 FAAS g & JFAHEE MEE 100 pg/ml & Zeocin
EoHE YPD HiAO] TEsted 30 °ColA 2-3Y HiYFE F UEue FEASAE A

PM e
o =

B b
Lo
o
e

ZF 4 7he FAMPEAE AEste] PCRS T3 A&AE FH 1% methanolo] EFF
YP medium 50 mlo| HE3te] MEZLZ EHlEE 849 SAH4EE SH3AH. wY
e A 4-‘%]4 iiq 5 ml YPD HjX|ell HZF3t 30 °C, 200 rppmo =
S 100 ml®] YPD #j Xl AHZF3 FH 30 °C, 150 rpmoi A]
I oF AT HH ‘31% 2,000 rpm, 5&Z7F AR st 3tk dgE A
0 ml YP H]A] (1% yeast extract, 2% peptone)ol] A HAE S 3] 90 mle] YP Hj
optical density”} 10] HEF 3]43tH FF 100 mlo] H=5 stATh AdZA 9
S st 100% HEE 1 mls ¥ HE 1% JAE HA FAS v 24A1 3wttt
—irﬂi 1 mle] WeSs YolFH 1579 et sttt ALdyAl= TL‘E]X—]XHO]'j' 9
dto] A= AY =RY 294 mFAES 3,000 pmelA 5E FAd DA EE S
Pichia AXE AAT H 045 pm ZH SHAIA FH L ES A ASL 10 x binding
buffer (20 mM sodium phosphate, 0.5 M NaCl, and 20 mM imidazole; pH 7.4)& 412 H
AKTA FPLC A]2=%¥]9] his-tag column (Histrap-GE Healthcare)oll S3}A]7] 5 elution buffer
(20 mM sodium phosphate, 0.5 M NaCl and 500 mM imidazole; pH 7.4) %3] &2 A Al
sttt wEld @ de] FE= Bradford WWHE F3 A AT

ok
rE

o
>
™ rlo
—
=
OO
ot
4,
(9]
3
=)
::4

\]
e
~

K

—

(6]

1

T

ox N,

E40 BAE 27

MnP9] &4 X+ ABTS (2, 20-azino-bis [3-ethyl-6-benzothiazolinesulfonate])e] 4Fsl =&
420 nmol A SA3t AA 3T (One unit is defined as one millimole of product formed
per minute at 30 °C). WF3 &N AL 04 mM ABTS, 0.2 mM MnSO; in 50 mM
sodium malonate buffer (pH 4.5), Z2]3 MnP &4 % 0.1 mM H,0,& E33tA .

gaAio Azstd EA]

MnPo] &AE 913 HAHL2EY 42 30 °C oA 80 °C 7HA 543kl 2 pHY
AARS 934 = sodium citrate B== sodium phosphate buffer 5 AFE-3 pH H< 1.5
A 8.0 7HA A ATt

(h 2

O

229 FAA9] A7IME AA A3 MnPe ¢cDNAT P. chrysosporium ME446 -2 ]
MnP isoenzyme H4 gene (GeneBank accession no: J04980.1)2} 100% &L+ ASZ YEG:
o wEgtA Ol FHAES P pastorisdl A TAAFH oW kA AFE AXH A0X
promoter®] W& A ol S cerevisiae2] a-factor secretio nsignalS ©]-&3lo] AM|ELZ
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LHISIEE WEE FASAT 3 Ao de] ZYAHAE &olaA & F UEH
7t A el his-tag sequence’} §HFEHESF F+A4 AT

O ol Axs WEE Pichia 7 FAHSsIL A% Zeocin AFA FAPEAE
o2 PCRE st AxF DNAE Flstdtth gld A AF oF o7l F=
UE #gg v HE & mjFddd veves SAES S-S

O wle-Edd 93 Fxoldl P. pastoris FAASAAA YEFLI= MnPe SAEE 747 &
gt A 19 3.2-54%F 22 AHRE ATk olHd AHE T S W 2¢A ] a4
A7) 500U1-1 2 YERGET o] 8 sk WA e 7|0 Aspergillus nidulanseS F3) WHE
AAES W Boh o 4% A4 AAE= A & F Ao (2" 3.2-55).

O #94d §Z::-°4 ,ra]zq A S 93l His-Tag column (HiTrap, GE healthcare)ol 2% 283}
o TEE 84E g9 & F A} (2™ 3.2-55). EYBAE HA a&FoE Y
59101} SDS-PAGE “Joll A S wf o4 d =719 40 kDa Bt} =LA 2F 50 kDa
2 e e AL AT o]FHA AT AVIET AR = Ol Pichia T Tl A]

UEl= glycosylation Wiz 2 FSHT Z7|7F AZ MnPE AASHZ] 98l trypsin A
2] % matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS)E- A& gt}
71 peptide mapping A3} 2] AAEH 4= MnPH UX 3= Aoz e

O A= MnPo] HZF %5 30 °C 9lA 80 °C 7HA] HAAZ 23} 40 °CollH 7Hd B4 =
7 = Ao E YERGI (2¥ 3.2-56(A)), FF pHE 3.522 UEHT (¥ 3.2-56(B)).
oj9} 22 A= 7IEO| A nigerdl A HHHE EARF AY FARE o2 Yt Aol
ok I ool AFstabgel dad HitsrALd sRRE AAsen FHAHor gTH=
&2 0.1 mMZE YERGT (28 3.2-56(C))

O oldel wde AAE B3| A2Fo2 oF He 529 FRHE Ju gor], o) ¥
B AA vl o2 ]88 2ad FARAY il AEE FARYL, 1 ABES

=7 SCIE & A9 (BBE)d| Fil3}3th.

2% 3.2-54. Time course changes of rMnPH4 activities in the extracellular medium of P. pastoris. Data are
shown as a representative profile based on two separate experiments, each with three samples for each data
point. The closed squares represent rtMnPH4 secreted on the Heme amended (0.5 mg/ml) BMMY medium, and

the closed circles represent tMnPH,4 secreted on normal BMMY medium
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1% 3.2-55. SDS-PAGE analysis of rMnPH, purified from P. pastoris. M, Molecular weight
markers; Lane 1, tMnPHy4;, Lane 2, rMnPH4 treated with PNGaseF

1% 3.2-56. Effect of temperature (A), pH (B) and H,O, concentration (C) on enzyme activity
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. P. chrysosporium® ZRE | u|AEZ X BFHEA9] cloning @ A <

ps)

(1) WAMES T Phanerochaete chrysosporium®.Z5-E] Endo-beta-Xylanase A % C9] cloning
Pichia pastoris©l| 42 &&
O Avagese 489 AZue T4 4439 oAz Agzs 0AdF9} &
A4S B3 ddH J YadAr FRHAFS T3 ddEo] AEZ 2 A &
ES FXE #FAL vk AAAA dH3 viEe rdEREE
F =, AL PH(xylan), Tt (mannan), HEFSFIH(B-glucan), AL 2ZF7F
(xyloglucan)®] BrrF3lEF A EO Jom, Fo RS AT S F D-xylopyranosyl unit
7} B-1,4-glycosidic bondsE F3ll AAH ] Ut} FrAEZAE AFA F HAR F
B3k ggEoln o= AA Thed fFrleAe 139 ddEte Aol E sttt o]
Sk SuAERAE BEsty] Yl ALE FERE JIESSE endo-xylanase (Ec.
32.1.8)7F a3 thRE xylanase= GH families 10 =& 119 £3lH o FFo
H =S s AakEa Aok

b Ag

@O A9 cloning

O 49 HA cDNAZHH XynA FHAY clonings #3l dsd 22 F T/HY Zgto
HE YApst AT (forward primer: 5’-GCGAATTCATGAAGCTCTCTGCCTCCTTCGCG-3
reverse primer: 5’-CGGGGCCCATTGCCGAAGCCAATAGCGATA-3’). PCR =71 94 °C 1
min, 94 °C 30 s, 51 °C 30 s, 72 °C 2 ming 30 cycles 133Gt o] Eaf w50z
DNA Z7Z}& pGEM-T vectorol] S 23}al A& 4 EcoRlI ¥ ApalS A glsle] &2 A
A = Pichia WEIQ PICZAY] tHA] F2YS st 2 AAEE AHA] leader peptide
& X335l pPICZA/ss-XynA A Z3 DNAE LATh &F Scecharomyces cerevisiae] a
-secretion factorE E3$ISl3l Q= Pichia W E| Q] PICZaAo] F=243}7] S v 2
& =ZglolE YAkl 3t} forward primer: 5’-CGAATTCCAGTCGCC TGTTTGGGGCC;
reverse primer: 5°-CGCCGCGGAATTGCCGAAGCCAATAG-3’. ©] Zgo|HE AL&3le] A
718t PCR 27137 FU3tA 30 cycles a5t wH50]%l DNA X718 pGEM-T vector?]]
Z2493%t AAS T ATAEL EcoRlI E SacllS X3+ F thA] A pPICZaAol
224 o] pPICZaA/XynAS A 24T

O XynC 372 clonings #3 oh53 22 F /79 Zto|ME HARIsHAT (forward
primer:  5’-  GCGAATTCATGTTCAAGTTCTCCGCGTCCCT-3*  reverse  primer: 5°-
GCTCTAGACATGCGCTGAAGCCAGCGGC-3’). PCR Z712 94 °C 1 min, 94 °C 30 s, 51
°C 30 s, 72 °C 2 ming 30 cycles 33P0, o] F3 =% DNA 27+ pGEM-T
vectord] F 2493l A|FE A EcoRlI F XbalS AHlste] &2 AAS F Pichia ¥E I
pPICZBo Al F2YE (Y. I AFH}EZ AA|  leader peptides EFH=
pPICZB/ss-XynC A Z3 DNAE AU &5 Scccharomyces cerevisiae®] a-secretion factor
g T8l A= Pichia HE R PICZaAd] F2Y3t7] )M thedt 22 Zeto|ME
gz}l gt} forward primer: 5°-GCGAATTCCAGTCACCAGAGTGGGG CCAA-3’; reverse
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O
i e ol

O

primer: 5°- GCTCTAGACATGCGCTGAAGCCAGCGGC-3’. ©] Zglo|HE Alg3sle] A7]|gh
PCR Z73} FYU3HA 30 cycle2 F3Psle] TH501Z DNA ZZ+S pGEM-T vectordl] 2
d3ta AAS 5 ATAEA EcoRl E XbalE X3 5 thA] A3t pPICZaA] E2
4 3} pPICZaA/XynCE A Z}3 ST
olFA Azt" AME DNAE DNA H71M<E 42 T8l BEAA 2290 °f
E A3} Pichia AMENZE BAAZ ATk Pichia AXNZ FAHZ A
1 10 ug® #A=3 DNAE A|gtE 4 Pmels 743]6]-0[1 linear DNA HE|Z Y&
7 (electrophoration) WHOoZ FAAS 3 5 FAAIH HIEZE 100 ug/ml 2] Zeocin
Z3HE YPD iAo Z=ste] 30 °CollA 2-3¢Y Hﬂokd H Ueve EASAE A

.

A

— AR

.

(

d

1g o o{}l'

ofs
S
32
o

B b
Lo
o
P

Zb 4 e FAABAE Adete] PCRS 53 A FH 1%2] methanolo] E
YP medium 50 mlol] HEFdt MELE BH|EH= §49 SAHRE SHIAY. oY
gld FEHEA ] 2EYE 5 ml YPD HiA|l HFE 30 °C, 200 rppm S E
5 ml HjFA-E 100 ml9] YPD HiA| o] AHES FH 30 °C, 150 rpmoi| A
Bk stk Wi FA-E 2,000 rpm, 5EZF AR S Il S5E Al
0 ml YP BJA] (1% yeast extract, 2% peptone)°ll A HAE S HH3] 90 mle] YP Hj
optical density”} 1°] H =% 3X3lm HF 100 mlo] H=F ATt AL etA <
—% skl 100% WEE 1 mie ¥ HF 1% A= HA FAsL o) 244 3tvin

1 mlo] A&ES Yo 1579 ¢ Wit AduAE EAA S 9
I %]”‘3_‘-:_7} AL =3 2949 wiFdS 3,000rpmel A 5E Tt LAEE s
Pichia MEE AAT F 045 um ZE FHAA FF 1P ES AASFIL 10 x binding
buffer (20 mM sodium phosphate, 0.5 M NaCl, and 20 mM imidazole; pH 7.4)5 412 H
AKTA FPLC A]2~®l9] his-tag column (Histrap-GE Healthcare)oll S 3A]7] 5 elution buffer
(20 mM sodium phosphate, 0.5 M NaCl and 500 mM imidazole; pH 7.4)& F3 &z A Al
Sttt Eed @AY FE & Bradford WHS 53 S

=
S

N — oz
N o=
e o N > o
—_ *ri flo
ﬁs‘é
Oﬁ
o
41

ooz XN K

N
ﬁ—‘

a4 FHE A
AdgAl el &A=+ birchwood xylans 7|22 3l AAE+E reducing-sugar®] &2
3,5-dinitrosalicylic acid (DNSA) A ZF WS 53 SA43A o vl (100 pl) == A A
H &L (1 pes 75 419 200 ul 2 FHE3L sodium citrate buffer (100 mM, pH 4.5)
o 1% (w/v) birchwood xylan©] Zol3le= &<H 200 plE 419 of 1% (w/v) 70 °CelA] 10
B7F wjekst & 200 ple] DNSA &4 H7sE 5 1087F £ 849 4L QA F
540 nmolA] reducing sugar®] U ZAAIJT} SE SAHS A%
D-xyloseE 7]|&d=Z 3l UElY= FFEE reducing sugar® mole TE=Z WHalo] A}
o zolgbAl 1 unite xylose 1 umol/min®] A E=Z A5t}

MLO

e

AN
=4

= 31
2, T4l

oo rlo

@ mao Qs 54

Adeital A 2 Co Ede AT HHLE FHL 30 °C oA 80 °C 7HA FA8HA
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3 FHZ pHY ZA4HS $3lA4E= sodium citrate == sodium phosphate buffer 52 AF8-3}

o] pH W$] 3.0 oA 8.0 744 =H3s ot

hH 23

O 2299 F3x9 E71ME 24 Z3} xynAe] cDNAT P. chrysosporium ME446 &) 2]
xynA gene (GeneBank accession no.AF301903.1)9} 99% & d3t ASZ el o] ¢7]
AellA freE o=t AEE 100% SL3HA JERRTE xynCe ¢DNAE P
chrysosporium ME446 +2]2] xynC gene (GeneBank accession no. EU302794.1)2} 99% &<
g Ao g veuth 4749 A7IMEAA FelE ofr=it ME2 100% LA e
g wEbA o] FHAES P opastorisol A HEAZF oW ShA AFT AAH AOX
promoter®] W F4A ol xyn FHAES] AA signal peptideE ©]-&3H A-5-oF #WEH U

of ¥x&F o] e S cerevisine®] a-factor secretio nsignalS ©]-83F A F X Z A X9
Z EHEES WEHE AT =8 Axdaude] BHPAE oA &+
& Z} Aol his-tag sequence’} §HEFHEF 74 st

O ol AxS W E Pichia d5° FEAASSL ALE Zeocin AFE FEAASAE o
Fo® PCRS Fdste] A3 DNAE sttt &8 FZ2ASAT F o7l 2=
UE wgg v HEg & mjtddd veivdes SRS S35

O Wer2o] 23t F=otel P pastoris FEAASA AA YEIUYE= XynAe] SAHEE 747 &
A A7 o 32-57% S AFH{E AAh o3 AHE B3 S wW XynA AHA

= ksl

signal peptideE ©]83F 7499} a-factor secretion signal peptidesE ©]&3 A EF
xylanase®] AJAF H EHIZE &3] o]FoXa U= S ¢ F AT ot o«
secretion signal peptideE ©]&3F Ao A=V} 27 =4 YElEG. 1940 84 &
AE7F 1,536 UIT 2 1,089 U2 27t YEelga 2d 5
1,946 UI'e 2 247} 8455 ek ol#d 4d =
U AIHS o B o AR =4 AAtE e AS & 5 ok

O XynC9 A% SAHEE 797 Qs 23 17 32-579 22 Z#H(E AUTE XynCo
A5 AHA| signal peptideE ©]-83F 7399} a-factor secretion signal peptidesE ©]-83F 7

R xylanase®] A4F 2 EH7F &3] o]FolAA e S & T AeH F AS

T 2AETF HISEHA dEE T 7P B4 detvde 245E 2949 2,369 Ul and

547 UI' o2 7247t BAEE Jebldh

9] A A S 93] His-Tag column (HiTrap, GE healthcare)ol] Z7 2|83}

a8 2 g AU (2" 32-58). #EAAE GA sE&FHCE XY

o1} SDS-PAGE oA &A3& w o438 e =719 43 kDa Hu} =A <F 50 kDa
AR E AL AT olFA AFHAW ZA7|BY ARE= °o|KE Pichia FFNA
UElY= glycosylation W&o 2 FZHU =77} #Z xylanaseS 74 3}7] ¢80 trypsin
2] % matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS)S 2 3) 3}
). 1 peptide mapping A3 £ FAE E4LE XynAd A= Ao Z YET

O Az AolgtvAlel & 225 30 °C oA 80 °C 7+A] #AZ A} 70 °ColA 713
AT =2 AR UEEI (Z™ 32-59A), HH pHE 5082 YEEG (2H
3.2-59(B)). ©]¢ 2& AF}E 7|EA A nigerol X TEH EAT A FAE gog

@ o

N
cC

d

g

o

b o

M
o>, ot

g
g

U
2

e 1

g i b

u
.

i
N,
o
do
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it 2ol

O &¥¥ Xylanase C E49 2] GAE 2138 His-Tag column (HiTrap, GE healthcare)ol] 2
A A&t & 99 5345 g0 & F ] 29 32-58. A AolgtA 9
HA 2EE 30 °C oA 80 °C 7hA] AT AF 70 °CollA 7Hg BAHET & 3=
YERES (28 3.2-59(A)), H3Z pHE 5022 YEGT (28 3.2-59(B)).

3_
— 2.5
2 5.
™
o
< 1.5
g
= 1
3]
< 05-
0 T T T T T T T 1
0 1 2 3 4 5 6 7 8

Cultivation time (days)

1% 3.2-57. Expression of XynA. The closed triangles represent XynA secreted by the a-factor secretion
signal (pPICZaA/XynA), and the closed diamonds represent XynA secreted by the intrinsic secretion signal
(pPICZA/ss-XynA)

1% 3.2-58. SDS-PAGE of XynA isolated from P. pastoris. Lanel, Molecular weight markers; lane2,
pPICZaA/XynA; lane3, pPICZA/ss-XynA
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120
A 120, g
X 100 £ 100
> >
£ 80 2
s = =
S 60 8 60
(0] [
Z 40 2 40
o ©
(U]
@ 20 & 20
0 0
20 30 40 50 60 70 80 90 2 3 4 5 6 7 8 9
Temperature (°C) pH

1% 3.2-59. Optimum temperature and pH of recombinant XynA. The closed squares represent XynA

secreted by the intrinsic secretion signal (pPICZA/ss-XynA), and the open circles represent XynA secreted

by the a-factor secretion signal (pPICZaA/XynA).

(2) ARSI P chrysosporium - ZH-E] Acetyl xylan esterase (PcAXE)9] cloning % &

O

Acetyl xylan esterase (AXE)© d|v|AEZ 25 FASI3L = xylan chaindl] ZAFHE o]

= acetyl groupS AATE 715 S 7HAI JE Aoz dHF Eiolt) AR AE
Ba5t7] ) E o]# e xylanase B F FES A9 0E side chaing AA &
T = accessory E27F Bastrh mEbA E AFolAM = xylan chaind] ZFE o U=
acetyl groups AA & F Ue AXE E4&E P chryosporiumO.ZHE] FE|st P
pastorisdl| A HEAAA BAHAE L 1 EAFS BT

7h AP

@

O

|

ko] 28 2 cloning

g E AA| cDNAZRE PcAXE A2l cloningg Y8 o3 2& F FH Ja}
olHE tx}lEA T} (forward primer: primer 5 -ATCGATACAAGTGCCCGTTTGGGG-3 '

; reverse primer : 5 -TCTAGATACGCGATGCCGAGGAAC-3 ). PCR Z7L2 94 °C 1
min, 94 °C 30 s, 51 °C 30 s, 72 °C 2 minS 30 cycles X Ps}AT} o] ol E A&}
o A71% PCR 277 5Y3HA 30 cycles 33t wr50]x DNA ZZHS pGEM-T
vectord] 2333l FAE 5 AFTEAL Clal L XbalS A3 F ohA] AAske] pPICZ
aAdl 24 3o pPICZaA/AXE & A Z&Sdtt.

ol#A AAE AMEF DNAE F7IME A4S T3l AEHA 22| o]Fo A=A
S A3 Pichia AZNZ FZAAZ AT Pichia AXZHWZE FAHE A1717] 9430 10
ngel AMZ3F DNAE AgtaA PmelS * 8|3} linear DNA FEjZ THE H AV 54 W
Moz PFAAS sl FEAASTE HMEEZ 100 pg/ml 9 Zeocino] EFH YPD Hj Ao &
Zafo] 30 °Coll A 2-3Y Hi YR FH UEide IEASA S AEsidn

29
HA 4 4 7H9] FAASA S Hutsle] PCRS Ea] A& 5 1% methanolo] Z 3t
l HES] TR BHEE 529 FHEES =439 WS
e Fld FAABA ) F2UE 5 ml YPD WAl HESI 30 °C, 200 pmOE

)
=<
e
=
@
=3
s
=
DN
S
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O

O

o
N

17 oSt H 5 ml v A2 100 mle] YPD iAol zFHF3F FH 30 °C, 150 rpmol A
297 Bl Ak w2 2,000 rpm, 5EFF HAlEE st ATk SgE Al
+ 10 ml YP ®]A] (1% yeast extract, 2% peptone)ll A AE3}3L Hd3] 90 mle] YP HJ
A E optical density”} 10] HE=ZE A3l FHZF 100 mle] HES AT G249 AYiHS
#3t] 100% #EE 1 mlEs %4—01 AT 1% A% HA FASL wf 244 3vte F71E ]
mle] HEeES YolFm 159 T vtk E4F A st E4E7
AL =JE 2dA viFA S 3,000rpmol A 5E FF AR A Pichia AEE A7
St H 045 um ZE| FAAA BHF ZFES AASI 10 x binding buffer (20 mM
sodium phosphate, 0.5 M NaCl, and 20 mM imidazole; pH 7.4)5 41 5 AKTA FPLC A
2~® 9] his-tag column (Histrap-GE Healthcare)ol] F3A]Z] H elution buffer (20 mM sodium
phosphate, 0.5 M NaCl and 500 mM imidazole; pH 7.4)E %3l w2l AA 3t Eeld
ol A o] F% = Bradford RS 53 &A A

T I S
PcAXE &4 9] E*é
sk B
phosphate buffer (pH

+ p-nitrophenyl acetate®] 7}rFE3] FE=E 410 nmollA] =33} 2
dHe] AL 10 mmol p-nitrophenyl acetate in 100 mM sodium
7.0), 12]al AXE A3 Sttt

n‘&*m

Eao) WS 54
PcAXE ¢ E48 93 HH Lz =42 30 °C dlA 80 °C 71A 4393 A pH
o] 2AE 934 = sodium citrate =+ sodium phosphate buffer 5= A&t pH <
1.5 oA 8.0 74A] &3}t

(h 23

O

2239 FARe d7IME 24 23 PcAXE ¢ cDNAT P. chrysosporium ME446 2
AXEl gene® ©F 98%9] similarityS 7AW olu]:=Ail A7 EL 99% A X9 identity
Zt= Ao 2 Yelygal o] fHA+= Genebanko] 553} accession no: JQ031636= -
wokg (2 3.2-60).

A= P opastoriso| A DEAA O, A AF3SH AATH AOX promoterd] WHH =
olell 8. cerevisiae®] a-factor secretio nsignal= ©|-8-3}o] MAELE EH|FE=E WHE
TR =3 Az Aol BYPAE &olstA & & AEF 4 FAA his-tag
sequence’t §HEHES T4 st

ol MEY WEE Pichia 5] A A A ]

o2 PCRE Zdste] AxF DNAE Felstdnt ldE JAddSdAF oF o/le F=
YE HiFE wiAl HE5E 5 o] vdeys 24

weEo o3t fFolel P. pastoris BE DA ANA e}
el zz A9 32614 2o AARE Ak oS
A&7} 980Ul 2 YEhgtt

mﬁ&ﬁm{mﬁ

1*>J
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Mature PcAXEL
—_—

P.chry ARXEl MEKLAVALAS LATLAAAQVEPVWGQCGGIGHSGSTVCARGNVCTEY SAYYSQCIPGTNSAP (1)
A.ficu AYE

A.nige AXEA

A.oryz AYEA

T.emer AXE

A.kawa RAER

P.chry ARXE1l PPPASPPPTTTVSVPTTSSVTGTAPTGLSSIPAST] KNVQ 120
A.ficu AXE --MLSTHLLFLATTLLTSLFHPIAA--HVAKRSGSEECE MNLA 56
A.n --MLSTHLLFLATTLLTSLFHPIAA--HVAKRSGSHEC (VIHN LA 56
A. -MILLSYLLTYLLCALTCSARATIHNGRSLIFRAGS] [TNLA 59
T.emer | ——--MARFSILSTIYLYILF--IGSCLAQVFPQ-GS [MNLA 53
A.kawa_AXEA  ---—-—-] MKFSKVT SLLAAAG-———---——AASAASEC [DOLA 45
P.chry AXEl TACANY TGSKRCIERET 5] NG 180
A.ficu AXE ITCEGHY SNSE YIRITIRSEDY] 3 NG 118
A.nige AXEA (TGPGHY SNSEVRITIRS O 5 NG 1la
A.oryz AXEA ITROANY CGSEYIRARRETH 3| NG 119
T.emer AXE SACANY SGTE YRICIEAED 5 NG 113
A.kawa RXFA [TAQARFCGTO YRINIBAN S| 5 DA 105

bk ke ke

P.chry AXEl S| IAARFALISNWGY 2490
A.ficu RIE SEERNMYTWT LSEYGA 178
A.nige AXFA SIENMYTWT I SEY G/ 176
A.oryz AXEA NSPENMYVTWI TKQYNA 179
T.emer AXE N SERNMYTWT TQOYN 173
A.kawa_RXEA L ISMVRYT IDQYGA 1é5
P.chry AXE1 VPGCPDDSE 300
A.ficu AXE (S DTNQVDG] 238
A.nige AXEA ¥ SDTNQVD: 238
A.oryz RXEA L3TADDPDAR 239
T.emer AXE /S STNQVDAS 233
A.kawa RAXEA GPS———- 221
P.chry RXE1l e SNEL ESYLFRGY 1 FNFQ? 380
A.fien AXE 40V SAPESTEANTPOTNYETTIWEDN LOG 296
A.nige AXEA YSAFESTEANTPQTNYETTIWEDNLOG 286
A.oryz AXEA M YDAPESTESNTPEANWSRTTWEFNLOG 299
T.emer AXE YDSFCOTEENTPEANYQTTIWE PN LOGHY 283
A.kawa_RXEA YA EGS-GTNSSNDPLSGYTRITY[EFPDEES 280
P.chry AXEl LOFLGIA-

A.ficu AXE MEWFGFA-

A.nige AXEA MEWFGFA-

A.oryz RXEA MEKWEGETN

T.emer AXE MEWFGFA-

A.kawa_ AAEA LRFFGLA-

% 32-60. The deduced amino acid sequence alignment of P. chrysosporium acetyl Xylan esterase2
(pcAXE2) and other AXEs from A. ficuum (AF331757), A. niger (XP_001395572), A. oryzae
(XM_001826277), Talaromyces emersonii (HQ185193), and 4. kawachii (GAA86514). The consensus motif
of the active site serine enzyme (Gly-Xaa-Ser-Xaa-Gly) and the Asp 294 and His 351 conserved catalytic

residues are marked with asterisks. The two N-glycosylation sites (Asn - Xaa - Ser/Thr) are boxed

1000 -
= 800
=}
£
Z 600 -
o
o
@
E
= 400 -
=
w
200
4
0 —

1 2 3 4 5 6 7

Cultivation time (days)
% 3.2-61. Time course of recombinant acetyl xylan esterase (rPcAXE) activity in P. pastoris strain
SMD1168 using the a-factor secretion signal. The experiments were replicated three times in 100 ml
induction medium (1% peptone, 2% yeast extract, 100 mM sodium sulfate, 0.5% methanol, pH 6). Activity

is presented as means =+ standard errors
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O #vld 8§49 EIAHAE 93| His-Tag column (HiTrap, GE healthcare)ol] 2% 283}
=5 FYE 545 g9 ¢ £ AT (2¥ 32-62). EAAFAE 44 EeHoE A3
H Ao SDS-PAGE “FollA e of 4D 27|90 50 kDa Bt =LA °F 65 kDa
2 BHEoAe As Ak olFA g3 AVIRY AAE olf= Pichia T4
UEl+= glycosylation W02 F=Ht}

kDa M 1 2 3

70 - »

55 — ==

43 — ==

26 — ™ —P|

10 — .
% 3.2-62. SDS-PAGE analysis of purified recombinant acetyl xylan esterase (rPcAXE). Lane M,
molecular mass markers; Lane 1, purified rPcAXE; Lane 2, peptide-N-glycosidase F-treated rPcAXE2;
Lane 3, endoglycosidase H-treated rPcAXE

O AZxE rPcAXEY] H3Z L5 2 30 °C oA 80 °C 712 AR A} 35 °Col A 713 &4
T7F =& A2 YEa, HA pHe 7022 YEGH (17 3.2-63).

100 | A 100 1 B 100 | ¢
g 80 g 80 - = 80 A
2 > )
z z £
g 50 g 01 Z 60 -
@ «© E
E : g
® 40 A ® B s
% % 40 E 40
r i3 &

20 20 A 20 4

0 T T T T T 0 T T T T T 0 "
0 10 20 30 40 50 0 10 20 30 40 50 4 5 & 7 g 9
Temperature (°C) Temperature (°C) PH

T1%¥ 3.2-63. Biochemical characterization of recombinant acetyl xylan esterase 2 (rPcAXE2) activity. (A)
Effect of temperature. (B) Thermal stability. (C) Effect of pH.

O 5 B A7 3l Aspergillus 212l AXE & A7} peracetic acid (PAA)S A4
o] & peracetic acidoll 93+ Hlo]Quj 9] A 7|&fEe] BHEHP E=Fo] HZ UxH
Qo] B AFoA] Eg AAH rPcAXE &40 93 PAA i ELS AA P
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3E 3.2-39 Biochemical properties comparison of rAXE from P. chrysosporium and A. ficcum

Species
P. chrysosporium A. ficcum
Factor
Optimum pH 7.0 7.0
Optimum temperature 30-35 35-40
Specific activity (Umg™) 39.86 325
Km (pmol) 92.2 94.6
Vinax (umolmin™) 7.4 4.5
PAA biosynthesis (mMpg™) 0.145 0.134
- Enzyme activity was analyzed using p-nitrophnyl acetate as substrate
O o]Ae] BHdH PcAXE B4t 7129 Aspergillus w219 AXE Bt 10% B=2 PAA A
Ahsol FEE Aol YWElA o] o] &3 PAA AAHS Fa upolemjzo] A
$&0l Thssitt

(3) P. chrysosporium®.Z5-E xylosidase/arabinofuranosidase (PcXyl)e] @& 2 54 &<l
(7].) Ag 9 =

@ A=A} cloning ¥ &

O PcXyl®] 33 (putative) cDNAS] FEHQE|= H49e& RP78 Alm dolEHo

R o}:i_
Z ol |

(http://genome.jgi-psf.org/Phchr1/Phchrl . home html)ol A LAt PcXyle] A3 cDNAT
g xgtol (PeXyl-F 5-GAATTCATGCACCGTATTGCGAGGGC-3": Mg T 3) & oxr

g zglolm (PcXyl-R 5'-GGGCCCATAAACGTTCTCTACAGGTT-3: M EW3F 4)E o] &3
SEYY. Fr1¥e 2, EH 2371 gl PcXyla ¢cDNAE AW Zglo]n (PcXyla-F
5'-GAATTCGGTCGTGTCGCTCACTCGAA-3": X €35 5) ¥ Jw3F xzgto]m (PcXyla-R
5'-CCGCGGAATAAACGTTCTCTACAGGT-3: AMdWs 65 Ztzt o]l&aA A,
PcXylaZ 115w &8 (amplicon)s AU

@ FAo A

O 20709 A P pastoris BAXAZA Y st G4 S gglste], H= FHE
FHAAFAE 5 ml YPD A A 30 °C 2 200 pm O 24417t Ft vl 3L, o] o
A 1% 2PAES T A2 YP HlA 50 mlo] &7 30 °C 2 180 rpme] mH+ Hj
F711A HH"JO}‘%‘;E}. 4 fEv Hx AXE # 2% 109 100 mle] YP wiA]e] 7%
Qv 2447k 1% HEEE skl e Fd 1 mlE 2443w 3
ste] 52 3t 15,000 rpmell A @22 AL, o]F Ha BHS SHSIAT

O®aE2 FH=E =4

O AL 2Agobd] &4 Kim 5o s 7148 AANE p-UEZF D-B-D-AL 23 e A
= (pNPBX) (Sigma, St. Louis, MO, USA)ZHF-E] 9] p-HEZHE (pNP)9] WES 543}
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90 ule] FEHLE pH 5.0, 40 °C 100 mM ZF oA EHICJE 100
S oS F2] 50 mM pNPX 10 =S FH7lste] 7HA18FaL, 40
SAAT 1 mle] 1 M &F 7IRUCEE H7lste] v-&& FZ2A]

Aot HJ%% pNPQ Ook% TCC-240A UV £33 %7 (Shimadzu)E ©]83}e] 410 nm 33
oA FAeAtt £+ 4 =

< pNPE 7|22 AH834 AP, F3=v YEF pNPY
22 wath AL Aebd @49 1 $9 ine AW 27 ShelA BT pNP |
=

@ B9 sty 54

O A=Z7F gl 4S5de 2,000 pmol A 58 5 A4dE2e st =531, 045 m ZH
2 A4S 3 10xZ2F HY 20 mM AF EX2HO|E, 05 M NaCl 2 20 mM o]t
pH 7.4)9} &33s% § 4~ Ni2+ His-B]lZ Z 3 (Histrap-GE Healthcare, Picataway, NJ
USA)E o] &3le] AKTA 114 o d A Iz2vleazdy] Alxg]loz AA )

h 23

D Pexyle] 229 2 A 24

O

O

O

FHA MEEA A3} PcXyl2 GH family 439 31, 3 A= 2670 aaZt7]12] leader
HE =S ztE= 5087 oln|xAlS FYElE §AAlo|th. PCR JZE e wa neg
RP789] o= Xyl -ﬁ—zﬂx}gl o d Z719F et A AP o, 1o wel PeXyl2 HH s}

At wEHL q: M E2 PeXyl7b 598709 obr|=4bs AHeke 1,797709] wE#EH 2 H
g ¥gdgesE AL urE}kal:} (28 32-64). B AT PeXyle] HF cDNA FZHL
E|E A ¥ GenBankdl| 5534t (55 HE JX625152).

rPcXyle] &4 B4 4dA7HA] S2 0w Frlste, HY 26,141 U/Lo| =23t A
B PcXyle 1,797 U/mgel Eo]F A4S Yebith rPcXyle] B-AHY ZA]tholA] A 9

Km % Vmax: 12.7 mM 2 2,812 U/mg®| 3L, a-L-o}gtH] =gt ieAltholA] Ao 5
ot 984 wiZlHeEE Km 2 Vmaxoll tfs] 22 12.6 mM 2 492 U/mg?l Aoz
Eltth AAE PcXyld] EA#EH-S SDS-PAGEE ©|-83F =40l 2la oF 83 kDaQl Ao =

UERS T (" 3.2-65). L2{ut, endoH-# 2] rPeXyle] BAFE MDA ol EA3h= ofv]
=kl 2 ES o] 2FQ A 65.6 kDadt A oF 66 kDao 2 UERRTH wet
A, A5 2 Az B Abeld] Aol SRS w2 ALoE Heldh

PeXylell et pH, 2= 2 F wEo] 4T
A PeXyl B4 9% HF pHE 509 Ao YERRa,
A=

W 32-65A, B). ©] B4 FAHL pH B 2%=7F 47 45 9 40 °C Hgk HE 55 H 45
CE 273 v F243] 423tk PcXyld] A0 g thekst 24 o] 93 w3l
ZAVe A PeXyle Cu2+ 2 zZn2+ol] g3 AY A3 A=At
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% 3.2-64. The deduced amino acid sequence alignment of P. chrysosporium xylosidase/
arabinofuranosidase (PcXyl) and other Xyls from G. Stearothermophilus (PDB: 2EXK A), Butyrivibrio
fibrisolvens (AAA63609), Fusarium graminearum (XP_391670) and Selenomonas ruminantium (AAB97967)

using the ClustalW2 tool
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% 3.2-65. SDS-PAGE analysis of purified recombinant xylosidase/arabinofuranosidase (rPcXyl). M,

molecular mass markers;

1, purified recombinant xylosidase/arabinofuranosidase (rPcXyl); 2, rPcXyl treated
with EndoH

7 3.2-66. Effect of pH (A) and temperature (B) on recombinant xylosidase and arabinofuranosidase
activity

@ 712 Eold A

O pNPG, pNPaX, pNPA, AFRHF- ofgpulyt, &2 2|35} ofgtuld, & ofgpuexpd &, A2t
AdH LD YeuhgE g o)t rPchl«] 7hrEs] A4S F 3.2-400] A A ST
rPcXyl2 pNPG R pNPaXE 7hFiaetA] R oy, pNPAdl= 283 Th pNPAS 7|4
Z AEPE W, rPeXyld] Hold &AL 197 Umgo| ATt rPcXyl 3|v|AEZ 2 7]
o el E 3 7R EA4S Yedt o]E FoAE, rPeXylS 028 U/mg 7] 7+
Eolx gAoz I olgH|=AUdTS & FHo7 B}



3 3.2-40 QXY AL Z A TobA|/ot g H gt e Al TrobA]l (rPeXy) ] 71 SolH 24
714 24 (U/mg)
p-UEZHE-3-D-A Y 2 1] E}L:/\] = (pNPBX) 1,797
p-UEZH -a-L-o}gHH] =572 = A = (pNPA) 197
p-HEZ3H d-a-D- x}cﬂiJJa} A= (pNPaX) nd
4-YEZHID-B-D-=FZI A= (pNPG) nd
AAH A& <0.03
YEvhg 2@ <0.1
AR ofEhn| <0.08
g A8} ofgrd <0.18
U olghH| =2t w <0.28

nd: %Q;(] 01-0

® AYz-2ear] P ﬂﬁﬂ 9 AdehtolAstel 4% 48

O rPcXyle] #Hg W2l

AL Z-Zejars 3] EefiH

A]
PcXyl 2 AL ZHEL L 2~ 0] 7h-g S3HEA A FHEE AT
O F7H4ez, Aaus Ada 2 qevhy zAdedel] tigh PeXyl 2 rPeXynCo| &

289 84S H7HEYE PeXyle AU AL =

=

=
£ UstE AYae R
2

AY 2L E o]&3te] EAHAJTE PeXyle ALRZHLAE
AYZQ 2, X}%JEEBL%&% Adz e 9 AIdzu e~z I 2y, olE

gttt 3, AL 2 EeLQ A § Pt Autol

afstA] ZFH O, PeXyl B rPeXynCo ZHES ALZ2: F5E S7HAHT. A7

=
Z= PeXyl 2 rPeXyn® s &0 HF 7HEE 4

s SIS AS YER
™, o] rPeXylo]l AL e GE rdEEes 7ES Eefsted o&d F I

= A5 Yt (29 3.2-67).

a9 32-67. Effect of sugar concentration on the xylosidase activity of

xylosidase/arabinofuranosidase (rPcXyl)
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(4) ARSI Phanerochaete chrysosporium - Z5-E] arabinannase®] =&

E A
=

g &<l

e
_l U

(7].) Mg 2 HEY

O =+

@

O

O

7 PcARAS] WEHLEHE AMEE Wymelenbergd] 23] <|=%¥ DOE Joint Genome
Institute JA}FO]E  (http:/genome.jgi-psf.org/Phchr1/Phchrl.home.html)2] ¥j A HE 7 {2
tlo]E o] oA Atk A7 MBS Zeto|mE 1bstr] fs) AREHAT S JE
T2 ¥3§3l= PcARAS cDNAE AWEF =lo]lw (5-CTCGAGATGTGGACCTCCATC
GTTT-3" AEWH<E 3) ¥ gutsF Zglo]ly (5-TACGTACACGACAATTGGCCACCCA-3": A
dWS 45 ©] &3 PCRE FZHYTh

A Z3 PcARA (rPcARA)S] W& 2 A4t

20709 A P. pastoris BAAEA ] rPcARA EH] 58S gold H, Ho E¥ P
pastoris FAASA= 5 mle] YPD v XA 30 °C & 200 rpm o2 HFA} Hj ¥t} o] of
A, 5 mle] MERES 1% SEMES T3 50 mlY AZF YP v Ao &7 30 °C &
150 rpme] W vl F7]e A whA] wiekstTh ME HlE 2,000 rppmoE 5E Lt YA
Eoste #8893, AE AdS 10 ml YP iAo ThA] dE AJATH o]ojM, &3 &
o] T3 w7lx] AgHE 90 mle] AT YP wjR|o] Ax3] HIIHTH HEZOZ, A
22¢ YP HIAS Hrlsle]l HE R39S 100 mlEZ HEATE rPcARAS F%3H7] Y&, |1
ml9] 100% wWE-Eo] 25 °ColA i 78 B9 HE = 1%7HA v 24A 7wl H7bE
ATH 1 mlo] vigAE vl 24X 7bwek BRI, 15,000 ipm S 2 57 T HAEE g
T, 854 24 .

o

:|:‘4

ol
83

fljo
i o

a4 AA

rPcARAE A7) {8, Wl 24 A Ax7F gl FF5AS 2,000 ppmeZ 58 T
A Eested F8ka, 045 m HE AFRFT HAA 90 mlo] AFHH FFAL

o] 10x2% HY 20 mM AF E2HOIE, 0.5 M NaCl, 2 20 mM ©|v|t}E; pH 7 4)9]-
ERIH. EF=E AKTA 1& @ujd AA A=rtedely JA Al2ds ol&

Ni*" His-8]1 2 (Histrap-GE Healthcare)ol] %-8-3]t}.

® Hx ¥4

O

O

ofgiuldubA] &4 DNSA (3,5-dinitrosalicylic acid)E ©]83te] E®EX g% ot
(Megazyme) 0 2 RE] 9] S o] ALS ST 2N A

@ olguiduiA Ao W pH, &% T F& o] 29 g
6.0

PcARAC] WIg pHSY 32 pH 3.0 A] (50 mM &% OMAMHO|E ©o]&) 9 pH 7.0
H3 o]g)e thd3t pH FellA 50 °CY B4 &0l
-

= 3 pHOIAM 30 ~ 80 °C Wl X A 3T

oA 8.0 (50 mM AF XEXAFOE
g Baoz 2499 34 &

(h 23
@ PcARA®] 224 % AE &4
O PCR =& WA F57 RP78 oS58 ARA F3Ae] o Z7]ek SHstAl LA



Fom webr PcARAE HWHEITH A7) cDNA 2= FEHQEE AHEL 312709 of
v AbS FYst= 939719 wEYULEEE Zhet B b ol PcARAS HA cDNA 7
ZHLEE L2 GenBankoll 7IEE AT (TFH3E JQ838072).

1% 3.2-68. The deduced amino acid sequence alignment of P. chrysosporium endo-arabinanase (PcARA)
and other ARAs from Penicillium chrysogenum (BAD89094), A. niger (AAA32682), A. aculeatus
(AAG27441), and Cellvibrio japonicus (CAA71485) using ClustalW2 tool

@ rPcARAC] W 2 x|
2 FHS AYANA FHo R FHPeH, i 1,660 U/
© AT E2RY AARL, oY AT 54 439 2 AH= PcARAVH
sk openidte] thal 204 U/mgo **leq 245 23, Km 2 Vmax Zuk% 72}
mg/ml 2 400 U/mgS YERATH ©f2 ARASF HlwshH, rPcARAE T & Eo0]
ﬁ;—g— Uehith €& Sof, Auaye ELEVVHE (P, chrysogenum) %W*‘Ei*laé
AVE R ElF 2 (C. saccharobyticus) el e] olgtHldUAIEL 2H7; 18.8 E 12 U/mg9]
o7 AL zteth AAE PcARAY EAHES SDS-PAGEEZ A Fon 1 Axs
kDa #29 @ wi==2 JePIT (28 3.2-69). L A7) PcARA A Eo EA)3E
H=2be] 2 AR o] &4 EAEF 33.9 kDaoll w9 7M.

)
Rl

23T} (PcARAE A E

Hm

ggmmm
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% 3.2-69. SDS-PAGE analysis of purified recombinant arabianase (rPcARA). Lane M, molecular mass
markers; Lane 1, purified rPcARA. The molecular weight of rPcCARA was estimated to be 33 kDa

>

3 U9 AAIE rPcARAES A 7] 7|AE
3}

ox W
o

Ln&‘i
B iu}

28k

248 PcARAZ} 60 °ColA Hu & o=

AL HAFAJT (L9 3.2-70). &4 4L ¥ 2571 60 °CE =4 w) 343 74

a1, 80 °CollA = tFHo &AS AU PcARASY HZ 2%+ rPcARAZF G A
aidgte AS YUETH

9 3.2-70. Effect of temperature (A) and pH (B) on recombinant arabianase activity (rPcARA)

@ rPcARAS] 7|3 EolA T =& Hh2

O rPcARAS] ofghuldupa] B4 DEAsHe ofghuld, AP ofeinid, ojehu=atd s
g 2 zpd ol o] Al E Sl A= PcARAVF 222 3" ofahu] el Ul s
e =22 45 v AR olgiH| g W ofgu| = xld Tl tiEiAE EolF
Fijo] Ya, AFUYR Adge feEssiA ks A2 UEhdt (E 3241,
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¥ 3241 WA BEF G0 AE-]5-q-L-ofgHdA e 71A Eol7F &4

714 5ol &4 (U/myg)
52|55 ofgbuy 204+12
AR o)gu| g 13.7£1.2
olghu]| =2} & 4.44+0.2
AR AL ND
pUEZHY aLoleheFeheAs ND

ND: HAEHA &

oo

O rPcARAS] &3+ B8R x3ld olgtu|te] 7pRe) 4HES TLC Z2%E F3) veldith 2
g 3.2-719] YEbG AAH, rPcARA= of2hH] 2, O}E}H]iﬂlgi 9 olgln| = E )
TS WE3 o]H 3 A= rPcARAV}E O} H] = H] @2 ORI =E s

o

g HF e A de-oletridyAEle As QE}%E}.

2% 3.2-71. Thin layer chromatography (TLC) analysis of reaction product by recombinant arabinanase

(rPcARA)

® AdeptolAste] 42 A8
O B A7oxs 48 olehileAder @ NaOH-HA Y waidel Baol U@ * &
A5 e ZAAT ol AR 3% clgumes @ 6% A=

o] FAX =, oo wa} 2 AFA= rPcARA F rPcXynC Bl&o] 3:5%0 EHFES

olgtul = d o] o] o]&3tt rPcXynC 2 rPcARAS U ofghu|=x}d g Eaf

7} o] &glS uw, rPcXynCE 0.66 mge] T2 =3 YA, rPcARAE AFEE F 1 mg
718N &2 0.01 mgd TS AT 2 3:5 HE Y rPcARA 2 rPcXynCE

A4S 072 mgZtA S7HAIAT (D™ 3.2-724). T BAS XFE oA

g

=3l

o e &S Z7HE UEATh ole F &4V AR BoEe, AaHog Eolz A
< FINATE AS THAT NaOH-HAF B3] #3] a8 13 3.2-72B
ek th PcARAC] 93 &4 ZFEESE 1.023 mgl® UERG ¥HA PeXynColl o3

A= 8.729 mg7t AAAE AT rPcARA E PcXynCo ZFS 9 XS 9.376 mgZtA|
7INZAT BHEHZFe Fafel g X}?J_E‘rb‘ro}ﬂ]«l Ago] FHEUSM, rPcARA
rPcXynCe| 5 282 & AL F&5 /Ao
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1% 3.2-72. Soluble sugar production following hydrolysis by the combination of rPcARA and rPcXynC

on (A) commercial arabinoxylan and (B) NaOH-pretreated barley straw. Control, biomass without enzyme

incubation; 1, biomass incubated with rPcARA; 2, Biomass incubated with rPcXynC; 3, biomass incubated
with rPcARA and rPcXynC mixture

2}. P. chrysosporium®- 258 7]€} &la2d B3I EA 9 cloning E 54 <

(1) P. chrysosporium®-Z5-E] Glyoxal oxidase (GLX1)9] ¥d % 543}

O

O

gad Esjujabel] #os= Gaoe 48 a A A (lignin peroxidase, Mn-peroxidase), I}
2sla A AFSEE A (glucose oxidase, glyoxal oxidase, aryl alcohol oxidase )7} 1Tt
= glad Esfiel #3 #dbs= LiP, MnP 5 9]0l ¥k Ao B3 H0,5 &=l
+ 27F 2ot gk B A Ae b ARl H,0,5 333 glyoxal oxidase
FHAE P. crysosporium -2 F-E] 22|33l Pichia pastoriso)| A THA|A EH A A AR L
o olE Bl HZA Y ¥hE S BT

A }e *Eril 2 cloning

448 HA| cDNAZFE] GLX1 #3129 clonings #3] a3 £ F T7Y Zgo]
HE YAQIEAY (forward primer: 5'-GCGAATTCATGTTGTCGCTGCTAGCCGTAGT-3';
reverse primer : 5-CGTACGTACTCCAGGGTCGGCGGAGGGT-3"). PCR X 94 °C 1
min, 94 °C 30 s, 51 °C 30 s, 72 °C 2 minS 30 cycles J 33}t o] Zgo]lHE AL-&3}
o 7|8 PCR 213 FY3HA 30 cycles F sl wHEo]x DNA ZZS pGEM-T
vectordl] 23t A3 FH AZEAL EcoRI ¥ SnaBIE X33t H A AHASIA
pPICZaAo] F2Y 3o pPICZaA/GLX1E A Z}3FS T

o2 AAH AZXT DNAvE G7|AE BAS B3 AR FZYo] o]Fo HeA
Z 3Q18tal Pichia AIEWE HZAAS A AT Pichia AIEWE FZAS A]7]17] Y3 10
ngel AZ3 DNAE AgEaA Pmels FQE]‘O‘}O% linear DNA ﬁéﬂi HNE I AV|EZA
(electrophoration) W o2 FAH3Z 3 H FZAAIE MEE 100 g/m 9] Zeocin®] 3
g¥ YPD iAo =2ate] 30 °ColA 23 HH‘*'O’L 9 Uyehuye 3243845 e
o,
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O ®

O

O

a0 A4

HA 7 € e FAHSAE Adstd PCRe T3l A&As H 1%9] methanol©] 3 &+
H YP medium 50 mio] FE3dl] AELZ EHHE 49 FANEE =AU wE
e F0d FHAHEA ] FEZYE 5 ml YPD uiAC] HF3t] 30 °C, 200 rppmE
12A)12F B &Fgh 5 5 ml ¥ S 100 ml1®] YPD ®jA|e AHFHFE F 30 °C, 150 rpmol A

27 Jeu e stk vl A2 2,000 rpm, 5EZF ATt I FEAT FE A
¥+ 10 ml YP ¥lA] (1% yeast extract, 2% peptone)®ll A G331 3] 90 mle] YP Hj
| & optical density”} 1°] HE% 3] AstH HF 100 mlo] HEE 3ttt &4 AL
A3ted 100% WEE 1 mS ¥ol HF 1%F=E HA FAS wf 244wtk F712 1
mlo] HEeES YolFm 179 T vt 245 A st E4=7
AY =49 294 M FHS 3,000rpmol A 5% Rt DAL SHA Pichia AEE AA
Sk 5 045 um ZHO EHAA BHF 1IFES AA 10 x binding buffer (20 mM
sodium phosphate, 0.5 M NaCl, and 20 mM imidazole; pH 7.4)E 43& % AKTA FPLC #]
2% 9] his-tag column (Histrap-GE Healthcare)ol] &A1 F elution buffer (20 mM sodium
phosphate, 0.5 M NaCl and 500 mM imidazole; pH 7.4)5 %3] & AA 39t 24
ol A o] FE &= Bradford WHS S S

g A

o
31'4
lil

GLX1 A=+ per0x1dase coupled assay HOZ Z3Pg O™ peroxidase?] substrate™

phenol redZE AMEFTH ¥ A (Iml)e] ZAS 50 mM 2, 2-dimethylsuccinate (pH

6.0), 10 mM methyl glyoxal, 0.01% phenol red =+ malachite green dye, 12]31 10pg <

horse radish peroxidase B=+ Mn PeroxidaseS &338le] A&, wkg2o] &2 50 ul9
T

2 N NaOHE H7}stg o HEER S 610 nm =& 600 nme] T3EE =XHS 3t}

Eao) 3T 54

GLX19] &A4E& A HH 2w 42 30 °C oA 80 °C 7tA 45t A3 pHo
A4S 814 = sodium citrate =% sodium phosphate buffer 55 AF8-3Fe] pH S 1.5
N 8.0 7HA FA s

(h 23

O

O

29 FAA] A7 AA A GLX12] cDNAE P. chrysosporium ME446 -2 2
glyoxal oxidase gene (GeneBank accession no: L47286.1)%} 100% L3+ Ao =2 eIyt
weEbA o] FHAREE P opastorisol| A DA O™ A AFE AA T AOX promoter]
uhe ZA o] S cerevisiae] a-factor secretion signalS ©]-83le] AMAELZE EH|SIEE
HEE FAstAY =3 Axddmde] EBAE &oleA & F AEF A4 FHA
o| his-tag sequence’} §ZHE=F T4 3F3A

ol Az WHE Pichia T ﬁéé‘%ﬂé}é}ﬂ g Zeocin A4 FHAADA
o2 PCRE Adste] A5 DNAS elsiitt. e FAARAZF oF 6
UE w8 wiAel HEg & wjFdo 155 =

Hgtgo] o3 fFxold P pastoris BAABA N YElU= GLX19 FAEE 7Y

% e
SR
-
fr
iic3
O>~
b
i



g A 2dAe] a4 FHEF /M BA dEda 2 g2 200001 2 b

EHlE g49 BEIAHAE 93] His-Tag column (HiTrap, GE healthcare)oll 2% 283}
T 2YE 845 A F F AU (2™ 32-73). 2YBAE gA £&402 1
o} SDS-PAGE “gollA E213lS wf o443 e =7]Q0 50 kDa Rt} ZA F 70 kDa
2 HEAAE AL A ol¥A AW AV|RY AA = o= Pichia wFA]

HHERE glycosylation W2 F55 0] n-glycosylation F-918 AA & F UE PNGase
FE A3 27 oF 60 kDa B3EZE A7)7} Sol=e AL gt

=

9 3.2-73. SDS-PAGE analysis of recombinant glyoxal oxidase (GLX) purified from P. pastoris. M,
Molecular weight markers; Lane 1, recombinant GLX; lane2, recombinant GLX treated with PNGaseF

O AZ3 GLX1Y HZF £5E 30 °C oA 80 °C 7R AR A 35 °CoA 71 &4
T =& Ao 2 UEal, HZF pHE 5008 et (2™ 3.2-74).

1% 3.2-74. The optimal pH (A) and temperature (B) for recombinant glyoxal oxdiase (GLX) and effect

of pH (C) on the decolorization of malachite green with recombinant MnPH4 coupled with recombinant

GLX (4.78 uM H>0O/min)
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o
AE H09 sl Y3 2 xS FA57] 98] MnP9 substrates FHEE
malachite greens AF83}3l rGLX19] substrateZ% methyl glyoxalS AF83le] ZHF9]
coupled reaction =S BASIATY. rGLX19 FEE XA 747 H,0,9 TAHTEE
478, 7.0, 9.55, 12.5 uM/mino. 2 A2+E = Z 7oA MnP9 coupled reactions FAFSH 2
7 7.0 uM/min ©]’39] H,0, FENAE WO R eRA Yol F= 0.1 mMY H0,
o] FTEoA Rt F uj o] RIEEETE WA= AL #F T 7 AT (2H

3.2-75A). E3F rGLX19] 2]%F 9.55 uM H,O./min A Z 7oA 458 o] 150 uM<
malachite greens 3] E3] & = de= Ao =Z YeEt (29 3.2-75B). wElbA g
HE G4 MnP9 H,0, 3849 rGLX12] coupled reactionS F3l 2R3 ZHS
gugon e Y WO, APIAe FAT0R W @ T AN H0E TH
jFoksle= MAZZC] AAUSY BAZF H0, A WAS B3 2o HAHsdE =1
s

60 -

40 1

Decolorization (%)

20 A

0 10 20 30 40 50 60 70 80 9
Incubation time (min)

100 -

80 1

60 -

40 A

Decolorization (%)

20 +

0 T T T T T 1

0 15 30 45 60 75 920
Incubation time (min)

% 3.2-75. Decolorization of malachite green by recombinant MnPH; coupled with recombinant
GLX.rGLX was added into reaction mixture to produce 4.78 (A), 7.00 (H), 9.55(@) or 12.5 M
H,O>/min, respectively and H,O, was added into reaction mixture to reach 100 uM ([J) (A). In the

presence of GLX to produce 9.55 of uM H»O,/min, malachite green was added into reaction mixture to
reach 25 (@), 50 (*), 75 (x), 100 (A), 125 (H), or 150(4) uM, respectively (B)
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5. 42394 A7 2 Bioimaging 7S & AAYAAHY 54 <

7}. Acetyl xylan esterase (AXE)S] 1133} 2 peracetic acid (PAA) AJ At

O old AFoA snASZ o~ Balas & 3lQl acetyl xylan esterase (AXE)S o A
Abst7) 18t Aspergillus ficcum TS A AE Pichia pastoris©l] AFQste] A=)
a3 AME AXE 549 A2 APEHto g A ESH(EAWHE) peracetic acid
(PAA) Aite] A= Ro™, AEshd HdAg] Eao] B A7k WS peracetic
acidE ethyl acetateZH-E A ’\1’5‘]] Y= acetyl xylan esteraseE AAHst= A1E AYP3HS
. PAAE vlo]ewj29] glad ]74'5}"’ fuste E9E UEWH violemj2aE F
z 3 A7l EHE A e o] AXEE "AlCl nAstsle bEAEe FEATIL
BA AAHE] THedtE 0}04 PAAS "@ Ja. AXEE A4Vt P pastoris 9] WE
LR g Ao EAeta Ao, 1 A7
719 A= ;A%Qﬂo]g (1% 3.2-76).

of 14& 37 %611 bufferoﬂ E_%\J} %%a] Tolglojol dt1 1B 9 TS
3L filter= Viva flow 50 10,000
, Olt °F 10 kDa o|F9 ©uldS Al F de 74,

»n
)
»n
=)
i)
aQ
o
ut
B
'
>
r°l‘
(ih)
i
O
120
N
(@)
?
g
md

MWCO PESE % =
T=H 9L 0.1 M2 phosphate buffer pH7.09] 3]23}e] oF 194 pg/mLe] @l d F

1% 3.2-76. Peracetic acid®] AAF wWlAYUZT 43043 FH]
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. @lad 2 dudEss Boas ZdEde] 74 2 AESH AA T

(1) Acetyl xylan esteraseE ©|-& 3} peracetic acid (PAA)S] A4+ &3 k<l
O Acetyl xylan esterase (AXE)© 3| F|AEZAE FA3}a A+ xylan chainol] ZFE o] 3l
[e)

al
= acetyl group2 A A= 71TE A e AR IHZA Fholth o] FAE

=

-~

carboxylic ester bond®l| Z}-83}+= hydrolase £/ ©|™ ©]E esterasez ol ethyl acetateS %
SIA1A peracetic acidE A= A-57F UATh PAAE w5 AFstg o] Hojd Edo|u
ol iAol Ao AFEEE HHS7|7E of il wEpa hFo] g 2 @ o] Q)

¢

m&gﬂ £ 1y

B AFANME dspergillus 219l AXEE ©]&3t PAASY AibsS AR ol &

&3 in situ FEjol A PAAS AAFSHAL ALHE PAAE o] &3f niolewjzo] HAXe &
E £4A

O Aspergillus ficumm® AXEE codingdl= XS pPICZaColl cloningdt™ Pichia pastoris
GS115(his4)oll 7] -FH (electrophoretion) -2 & A X 3LA| (transformant)E QAT o] Z
A 22 FEHASA = PDA HiA oA HF il vidsied BaAsth AXESE 271 9
&, 4 FAASBAE glycerolo] BALOZ H7LE 100 mL BMGY HiA| o] A= HE3s}
3, 30 °ColA A& vt stk v 5 AERY FFE7F 600 nmoll A 6.00] o=

DA pellet 7HS 3431 R L, pelletol] FHESAL Y= glycerol> B STHTE 2
3] M Fsle] AASFAT MHE pellet?t= 0.5% methanol®] F7FE 100 mL BMMY HlJ A]
of dgstal xEgujefste] AXE7F HAHES FESAT 398 E Y ¥, rAXE TS
wels

| A5 B8 Rel ABAAG. U MTIIAE AYTASA WY 35
gHS 3)5=3k %tk Ni? His tag column (Histrap, GE Healthcare)S ©] & ok )
A TAXE THE # }ah By Fo| FH7tE A(salt)®} imidazolee F4S 3] A
Fom, g FEE Bradford YO E =4 o]F HFHo 2]

o

O PAA AT HA: IA 71E3 WHo gz A& rAXES] perhydrolysis 42 sulfoxide A3
4= HPLCE &3l AFste] SAsAT. S WA sl gteketA 71=3H, PAAS A
AA3t7] 93] 100 mM potassium phosphate %8 (pH 7.0)9] 500 mM2] ethyl acetate, 1
M<] hydrogen peroxide 12|31 0.1 mg®] rAXEE F7}ste], db-g-He] HI= 1| mLE 37
°CollA 3027+ ¥hgatdh ¥hg %, whZHoA 0.1 mL ¥ FH3FS] methyl p-tolyl
sulfide (MTS, 20 mM) 0.1 mL Z2] 3l 60% acetonitrile 0.8 mL¥} &3}+3}la] 37 °Coll A 30%
b 9SSt Th 10 mge] MnO,E ®HSHe H7bste] ®ESS AAAI7] FESIL U=
MnO,+= HAEE st A ASIAT. FHESHAL A= MTS & rAXE] & 3E perhydrolysis
HEg- 02 A methyl p-tolyl sulfoxide (MTSO)9} methyl p-tolyl sulfone (MTSON)Z} 2+
S MTS9| AHalEo] & HPLCE o]&3te] A% Ty HA B39k E3 HPLC/
MSZ MTS9] perhydrolysis 232 MTSO2} MTSON7} A FF5 ASSIAT rAXEE
HArs A =251 ethyl acetateS PAAR Z$A]7]= perhydrolysis A4S AU A
& 4 AATY} PerhydrolysisZ A A E = PAAS] &2 MTS 2Hsl2 7HHH oz =4
DAt MTSS] 2H8tE2 HPLCE =AsIF (™ 3.2-79). HPLCE #4431k A3 o] 7
peak= &<l T 4 U= peak A9} peak B= Z+Zt PAAC] 9% MTS 4tstz 3

o 4y o

O_>|:4 ::’4
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MTSO 183l MTSONYS & 4 UATh E3F wFEA|Zke] w2 MTSO9 MTSONS| 3
7 ATE BESAY (2 3.2-80). PPAC] 23 MTS9] Aksle] 3 WA AHEZ MTSO
I APEHASH whgATto] A &H ] wel MTSO7F Azt 4kshE o] MTSO9 42 =
HhH MTSONZF AAE S & & UAJdh 1208 ¢ A& PPAC] 23k MTSe] 4ks}
MTSO¢} MTSONE 0.72 mM#} 031 mMo] Zz AAES & & Aot oy 3 A
+ 10 ug® rAXEel 93l 1.34 mMe] PPA7} A HS vt

R

o

T 2.0
AS 5 \ -8 MTS
LILLLE i, 5 \ o
C.# _ \ -+ MTSO
- = e
;;_,I,m,, E 1.54 -.\ 0= MTSON
. = .
ERLTIE = “
g = Lo T
.E (L] g :E 1..5&"“«\.__\_
-E i E!E E " _———__F_'.——_____ t
< r £ 054 o T
500004 " - o /
7 a5 = - I
o £ : / g
o i |- S o
' 0.00="
0o Zri 50 '.‘I,-'u 100 |:1< L] 30 (1] 90 120
Retention time (min) Reaction time (min)

% 3.2-79. Chromatogram of MTS (peak C) % 3.2-80. Peracetic acid (PAA) production
and its reaction products with PAA with AXE at different time periods

(2) Peracetic acid (PAA)S ©]83F Rl 2 BUFE nlo]oujxo] AXE a3 <2l
O 294 A7 & 2AHY PAAS 8@ Bstagol o8] volevze] Aol Enst 3
2 Aoz Buse] Gy HEe PAAT W@ H3Re d7d FIE St

O 7 45 PAA 100mM o8] SEolH FAZ AE nad Avels oo el
Aol 60% = Fashs o Uehgth old @ Ane PAAS WA wu} WS &
Bolm o)F PAAS) A4S MU} BEHolw AAH wpyoR A AW F

3 7l5Ao] 9 oz AlgEh
Z+2 2 redox mediatorol] 23+ &3}, PAAC]
Hxo| &Aste gdadE oz ookt %3
d
O 9SS gadEsiast 2 PAA, redox mediator®] Z3o]™ MnPe] 7% 30 °CollA] 84
m

Mol A 1247}, xylanase®] 73-%- 55 °ColA 12A]7F A 2]k Aol
t}. redox mediator= 2 mM HOBT, 0.05% Tween 802 A3t}
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3t 3.2-42 Pretreatment of Barley straw by various concentration of PAA

219 = 2= 103
HEHZ|Z= mmst.lrejmlg‘u'H 2 s | BEE o
T2 |HOIZN (=22 L5 BOIH oy =z HIOIZ [ Z2HL| 550 | T oy |RIH | A& [EHEE |aspu|xae 23U
gl | el E20E) o [TEF 2 Gy fel
=== zightlg

1 control | 03001 361 02833 0.067T5 01600 00625 3205%¢ 32104 00024 Q&9 20.7H 0.314 1§ 004 139 2214
2 100mM | 0.3005 344 02902 0.0e22 01455 00533 331207 331233 Q0025 034 1754 0425 1¢ 00e2 1285 1934
3 400mM | 0.3008 318 02912 0.0 01354 0.0448 1?_06321 320674 00 137 14.04f 0,600 1¢ 0087 261 1663
4 800mM | 03026 325 02528 0.0581 01255 00314 34_931.5| 345344 0003 1409 554 0.574 1§ o084 250 1233
5 celluloz= | 03008 3.50 02903 0.092g 0.0544 0.002 34.868# 348604 of 0o 0.6 0204 1¢ 0029 047 154

Cellulose Hemicellulose lignin moisture others total

control 39.90 17.50 22.16 3.61 16.83 100.00

100mM 41.79 17.95 19.36 344 1747 100.00

400mM 4141 18.14 16.62 318 20.65 100.00

200mM 4417 18.83 12.33 3.25 2142 100.00

cellulose 7477 12.64 156 3.50 753 100.00

control 100mM 400mM 800mM
others
17%
moistur moistur oistur
e e pistur
4% 3%
I|g nin Hemice
llulose
120
100

Relative lignin content { %)
2

40
R I I I
[ T T T T T T T T T
1 2 3 4 5 [ 7 8 9 10

Korean mulberry pulp samples

1% 3.2-81. Enzymatic and dilute acidic pretreatment of korean mulberry pulp. 1, Pulp ( washed with
H>O ); 2, Pulp + Malonate Buffer; 3, Pulp + MnP; 4, Pulp + MnP ( with HOBT & Tween 80 ); 5, Pulp
+ PAA; 6, MnP treated pulp + PAA; 7, MnP treated pulp ( with HOBT & Tween 80 ) + PAA; 8, Pulp
+ Xylanase A & C; 9, MnP treated pulp + Xylanase A & C; 10, MnP treated pulp ( with HOBT &
Tween 80 ) + Xylanase A & C
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O oo o8 28-S 53 49E 23S ul MnP &4 AAHo g gad Ealso] 20%
vl glo] 2 ¥k HOBT 2 Tween 80 59 redox mediator® A3 A9 Ao 60%<] = a1d
AAES EAT. ol PAA @5 AHst= 459 Bldt AAES Uellal PAA 2
MnPE A AF dsule Hd 70%F = fad AAES Z2e AL ‘/PE}"L‘:} O]
£ 94X Yol == NaOH S22 AHgste 38y A8 Al yelys
Hl23h FXojm vl&E JAC] AlbEo] HEo] BWo] Agxe A
AA 7L Zte AR AR H ol AAE H waHAHd A3

o ¢

B4 AT AN RED A77h SR Hojop T Qo Az
@) A B2 oG B A 74 2 HAg
vel AAE S AERs PoEsY 23S B AN AERS Pl AY

Xylanase, xylosidase/arabinofuranosidase % arabinanase &4~ Zte|d o] 23}
a4 ZHH Y %3} RSM 24

nen ve A% g

=290
=
wheat arabinoxylanS AF&31S wj(7] 2 1 gram): 100% F3}o] Q3 ah FHS

- Recombinanant xylanase: 21. 85 U

- Recombinanant Arabinanase: 6.025 U

- Recombinanant Xylosidase/arabinofuranosidase: 182 U

- Time: 11.46 hr

dEyol dAgd BHlds AFEEe W (717 1 o) b A A 2% B3t

- Recombinanant xylanase : 25 U

- Recombinanant Arabinanase: 5U

- Recombinanant Xylosidase/arabinofuranosidase: 200 U

- Time: 12 hr

3t 3.2-43 Individual parameters for water soluble wheat arabinoxylan and barley straw

saccharification optimization using RSM (1g substrate)

Independent | Coded Indepen Independent Variable levels Step chan
. dent variables ge value
Variables ) -1 0 1 2
rPeXynC (U) X4 10 15 20 25 30 5
rPcAra (U) X 25 5 7.5 10 12.5 25
rPeXyl (U) X3 50 100 150 200 250 50
Time (h) Xy 3 6 9 12 15 3
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3t 3.2-44 Full factorial central composite design matrix and their observed responses for
saccharification of water-soluble wheat arabinoxylan and barley straw by cocktail of

recombinant enzymes at various time periods

‘Water soluble Barley

Coded values wheat arabinoxylan straw

(WSWAX) (BS)

Expt No R1-Reducing R2 -Reducing
PeXynC(U) | 1PcAra(U) | 1PeXyl(U) | Time(Hr) Sugar sugar
released (%) released (%)

1 -1 -1 -1 -1 6831 31.25
2 1 -1 -1 -1 79.69 32.67
3 -1 1 -1 -1 70.74 2991
4 1 1 -1 -1 82.84 33.34
5 -1 -1 1 -1 73.56 29.69
6 1 -1 1 -1 82.50 32.37
7 -1 1 1 -1 72.40 2991
8 1 1 1 -1 84.49 32.74
9 -1 -1 -1 1 90.39 37.21
10 1 -1 -1 1 9742 39.64
11 -1 1 -1 1 91.83 35.69
12 1 1 -1 1 97.63 41.31
13 -1 -1 1 1 90.62 37.55
14 1 -1 1 1 97.83 41.95
15 -1 1 1 1 92.45 36.47
16 1 1 1 1 99.57 40.46
17 -2 ] 0 0 7041 32.74
18 2 0 0 0 98.58 40.35
19 0 -2 0 0 90.26 35.58
20 0 2 0 0 97.25 37.07
21 0 0 -2 0 75.59 36.40
22 0 ] 2 0 94.43 34.68
23 0 0 0 -2 53.25 26.55
24 0 ] 0 2 9841 40.72
25 0 ] 0 0 98.30 3932
26 0 0 0 0 98.76 39.02
27 0 0 0 0 9891 38.95
28 0 ] 0 0 98.30 39.02
29 0 0 0 0 98.25 3995
30 0 0 0 0 98.92 3935

3t 3.2-45 ANOVA for Response R1 (WSWAX-reducing sugar release (%)) R*: 0.9641;
Adj R*: 0.9306; Pred R*: 0.7939; F-value: 28.79

Sum of S Nean S p-value Pr

Source quares df | quare FValue | ob>F
Model 4270.31 14 305.02 28.79 | <0.0001 significant
P 682.77 Fi 682.77 64.45 | =0.0001
pe) 27.33 F 27.33 2.538 |0.1291

s 113.73 i 113.75 10.74 | 0.0051

P 2272.34 1| 2272.34 214.5 | =0.0001

XX 0.41 1 .41 0.038 | 0.8473

X X 0.056 i 0.056 3. 325E-003 | 0.9428

N Xy 18.81 Fi 18.81 1.78 |0.2025
XX 0.5 F 0.5 0.047 | 0.8308

o Xy 0.089 1 0.089 8. 355E-003 | 0.9284
XXy 4.17 1 417 0.39 |1 0.5397
X2 308.53 i 308.53 2912 | =0.0001
X2 29.6 Fi 29.6 2.79 101153
X2 285.29 i 285.29 26.93 | 0.0001
p o 835.79 i 835.79 78.9 | =0.0001
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(A) ®)

1% 3.2-82. The interaction between the recombinant enzymes (rPcXynC (Xi), tPcAra (X3), rPcXyl X3),)
for maximum saccharification (A) and time (X4) (B) of WSWAX and BS. 3D contour plots are constructed
for all possible combinations of factors, keeping one factor constant at a time. For comparison between

WSWAX and BS the 3D response surface graphs are arranged side by side
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t}. Bioimaging #4& 53 JaAxAEZ2 AA Y #H 54

(1) B3A 9] peracetic acidoll &3+ A *2] &3] Bioimaging &4
O 23zl PAA Aol o3 k9] WHEE FE-SEM= T3 245 stk

O o529 T"A Hxo] PAA HAYE 8HA ¥e 79 4F Fwo] AHL

fiber FENS] TE7F =&FFH] Aot 100 mM E= 800 mM| PAA
A =W ™ol wjEs WA Ze Fo] Eyue AL B 4 Aok o yad
complex 7+ Woll A= o] & cellulose fiber7} B2 o] A A FHHA I EFo]

SHA Hol= As 32 & 5 ok

PAA & Z v & =& I &

control

100 mM

800 mM
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(2) Ammonia >8] % lignin carbohydrate complex (LCC) T+

(3) BYUF nlo] Quf 9] peracetic acidoll 23+ A 2] & 3}2] Bioimaging #2
O Fu7 Adz Axd Fxo] PAA JA 2o 2% FWe] WSS FE-SEMS T £4&
sl AT
O o9 2"”A B0l PAA AAYE oA ¥ HE2TY 7

=

)

©
Blo] Fx7F =&5o]l oY 100 mM PAA FEE AXIYE A
A RE D T AdARA e Fol ca&u}% Ag ¥ F v olE gad
complex 72 Wol &AE o] 9= cellulose fiber7} ]2 o] AA HHA 1 Fefo] F5

S molE AL ¥F ¥+ ok

100 mM PAA

- 134 -



34 o] uj =9 B3 Te N

o
ol
2
o ox
2
flo
o
rok
=
0%

4
o
by
u

AAF Astel NE RAS

81 5199tk Korea University
Culture Collection (KUC)ZHH 7]& H {3} H| 23l A2 FFE 7]
sl o2 Ao ¥ =4, HA, HA, of A& 1 g5 9 mo A
2l €3l vortex¥ ¢ 3] 43}le] TSA (tryptic soy agar, 211825, BD Difco), YPD
(yeast extract 1%, peptone 2%, dextrose 2%) PDA (potato dextrose agar, 213400, BD Difco),
YM (YM agar, 271120, BD Difco) A8} R|(2% agar )l =23t 30, 37 °Coll 2
(A, 464Gt &< Wit A" FEYUE FToA didk Belasx 5 AL o
ZFo] AurS 9)e) Mandel ILA|HHA](Mandels, 1981) plate $]ol WMFo|2 #A= A FH=E
A A= spotting WA O Z HFS S 30 °Coll A 3L 7 v &3 2™, Mandel LA Bl X
(pH 5.2+ NaNOs; 2 g/L, K;HPOs 1 g/L, MgSOs 0.5g /L, KCI 0.5 g/L, carboxymethyl
cellulose(CMC, low-viscosity, Sigma C5678, USA) 2 g/L, peptone 2 g/L, agar 17 g/L¥ =4
o2 AzxstAT

O df4& 23 84 739 AdS 9k 8 #ix24  NaNO; 2 g/L, K:HPOs 1 g/L,
MgSO,4 0.5g /L, KCl 0.5 g/L, CMC 2 g/L, peptone 2 g/L, agar 17 g/L& ¥33} Mandel 1L
A ¥} A (pH 5.2) (Mandels, 1981)E AF-8-3tH T vl & wAMIA] £ 9ol 0.1%2] Congo
redE o] 30%7F 438l 1 M NaCl &40 15837 A5l AdE FPhel =7

i)
Mo
I 4N oC
mr o wo

)
I
S,
_|>i
>
i_tﬁ
ey

£ =4 v} th(Fig. 2) (Ramesh et al., 2008) Mandel A8} A] plate| A F7, 33
¥ AR, B2 ARS SYYORA A TFUS RS ToTE Hastel e
2 Biso] 53 dFES AEIHT

(2) AL FEaY 4 74

O 250 ml¢ flaskol 4] Mandel BJ A9 0.5% CMCE #7133 QA ufA] | F2Y dAE
% 30 °ColA 7UZF 150 pmO = WFSAT, T wFNS 12,000 pm O E 15%7F
—E—E] Fo] de ATAL 045 pym membraned] EHAA S48 SHES 9 a4

=

{t

12 o ofN
o m

Hﬂ

(7h CMCase activity (3-1,4-endoglucanase) &4

O Endo-B3-1,4-glucanase (EG)S $13F CMCase &S =4317] 3l carboxymethyl celluloseS
AFESLE T Ghose (1987)9] WS WHESIY, 25 ul CMCS 25 pL9 sodium citrate
buffer (50 mM, pH 4.8)9} 25 pLe] &4 %o] S0 tubed] ¥ ATE 50 °ColA 30& F
oF ®Fg-3F ¥ 150 uL DNS A|eFS F7bshar 2442t 58 &<t boiling? cooling A4S 2
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AletFet 33 puLe AES Hst 165 pL S/FTG EFS F 540 nmollA FH=E =
AstFh 1 unite 18 5 CMCZHE 1 pmole glucoseE A Ast= 49 4oz 4

o sheie.

() Filter paper activity (FPA) 4]

O Xiao et al. (2004)7} A3+ A} o], dinitrosalicylic actid (DNS) W o2 AT S =
AstFeh. a4 20 uLS 7 mm A 79 filter paper} 40 uLe] sodium citrate buffer (50
mM, pH 4.8)7} E°]0+= tubeol] ¥iL, 50 °CollA 147+ F<F ¥H3 A]71 3 120 uL DNS
AlekS YA 22 55 F9<F boiling?} cooling IS AX AEF 36 uLE FH3Ed 160

L 2829 838 T 540 nmolA] TR T2 =3YTH FPA 1 it 18 E¢F 7|d=
TH 1 umol®] glucoseE A Adst= 49 Fo =z HostH )

(th) B-Glucosidase activity (BGL) 4]

O p-nitrophenyl-B-D-glucopyranosides 7|22 ©]83t] BGL €4S SASIEH 10 mM &
T2 sodium acetate buffer (100 mM, pH 5.0)9] =<1 712 20 pL¥} 20 uL &4 8-S X3
Ste EFAE 50 °CollAq 5% &< HES-3F ¥, 20 pL sodium carbonate (2 M)S AT
£ Fol 405 nmoll X FFE=E S48 BGL 1 wnit 18 &< 7]ZZFE 1 pmol

9] p-nitrophenolS A= G40 oz Aol

(8h) Avicelase activity 4]

O Sodium acetate buffer (0.052 M, pH 5.2)°] %(W/V)Q] avicel (FMC type PH-101, 50 m)<
Q0 WEEAT 0.5 mle] EANS T £ 50 °ColA] 308 B WS F DNS WH o
2 UGS SA3II T Avicelase 1 unit2 18 59 7|2 ZHE 1 umol? glucoseES A
dale BAo o F Aottt

("H) Xylanase activity (XYL) &4

O Bailey et al. (1992)8] WHE WHIPFsl XYL A4S SAH3IH. 1% birchwood xylan<
712X sodium citrate buffer (50 mM, pH 5.3)° Y3 81 pL&s Hste 7 pL &4R7
&3l 50 °Col A 5E Tt HFS-EATh 135 uL DNSE ¥l 53%31 boiling®} cooling
B AR EAE AME 200 pLe 540 nMolA §F 43A Tk XYL 1

unit2 1% 52 7|2 ZFEH 1 ymol®] xyloses AAdst= a4 9

(¥} Pectinase activity =43

O Sodium acetate buffer (50 mM, pH 4.8)°] 1%(w/v)] pectin(Junsei Chemical, Japan)%
NAAT 0.5 me] EAAL Esl] 50 °Col A 308 F<¢H ¥HS & DNS Wyos
FE SAH3AY. Pectinase 1 unit> 1+ 3¢ ZIFAZFH 1 umol¥ glucoses 43

A9 Foz Hont.

&" ot iy
fr e ro

- 136 -



3) #5573

h A &4
O M9l genomic DNAE Accuprep Genomic DNA extraction kit(Bioneer Co. Korea)E ©|-8-3}

o E2 AA AT 16S rRNA A+ PCR(PCR system 2700, GeneAmp co. Singapore)
S ol&3 xF HAIdAHFor  EXeHMTh(Saiki, 1988). PCR  primerZ  27F
(5'-GATTTGGATCCTGG CTCAG-3")¢} 1492R (5“AAGGAGGGGATCCAGCC-3")2 AF&3}3
t}. PCR £ 2 Maxime PCR pre-mix kit (i-StarTaq, Intron, Co, Korea)E A}-&-3}% T PCR
ZZ S 93] template DNAE 2 ), 27F primer 1 uf, 1492R primer 1 wlol SFFE 7}
sl & HIE 20 wZE SFF T PCR 22 94 °ColA 28 &< denaturationr] 7] &, 94
°CollA] 20%3Zt denaturation, 60 °CollA] 20%3Z} annealing, 72 °ColA] 1% 30% &<t
extensionZ} 42 303] WHE-S}H wpx]uto g 72 °Co| A 5EIF extensiondt T}

|

O PCR product= A3}t DNA sequencingst i Th 16S tRNAS] H7]4E-S NCBIZHH %

GAAL FAFE A7IMER wwech

2 AN e g9 d#FE5 FAs7] f18ke] 265 DI/D2 G 18S, ITS F7 MBS
z WA TF2Z5H Kurtzman et al. (1998)2] WHlo] w2} genomic
DNAE FZ3I3on, BEAEFo| AFE3 primere 26S DI/D2 99 FZS 9)5ke] NLI
(5-GCA TAT CAA TAA GCG GAG GAA AAG-3)3% NL4 (5-GGT CCG TGT TTC AAG
ACG G-3") primer(O'Donnell, K., 1993)5 A}&3tHar, 188 99 FFHo= NSI(5-GTA
GTC ATA TGC TTG TCT C-3"3 NS8('5-TCC GCA GGT TCA CCT ACG GA-3") primer
(Thompson, 1994)E AF&3}A AL, ITS I FFo= ITSI (5-TCC GTA GGT GAA CCT
GCG G-3"3 ITS4 (5-TCC TCC GCT TAT TGA TAT GC-3") primer(Innis, 1990)Z A}-&3}
Gt PCR 3 A] annealing ==& 60 °CE AF-&33 .

o] primer setg ©]&3le] &R T2 26S rDNA DI1/D2 % 18S, ITS 92 PCR (MJ
Research PTC 225, Ramsey, Minnesota, USA)Z %3 3 ZZ+FH PCR ArHELS
QIAquick PCR purification Kit (Qiagen, Hilden, Germany)E A}-&3}e] Ao A A
PCR 2HE9] 7|4 €E #4242 ABI Prism BigDye Terminator cycle sequencing ready
reaction kit (Applied Biosystems, Foster City, California, USA)2} ABI 310 DNA sequencer
(Applied Biosystems, Foster City, California, USA)E ©]-&3} #2413} t}. Colony, mycelia,
conidias FEETH EFE H3NA = malt extract agarS 30 °CollA] 647 wj sty &

sttt
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ng‘g. a7 9@ g4 g4 BALS E3lY 1559 u]/@%% =1 R

& 3310 JEIRIT. 0% A B4 e F FFE A
HlG=H, YP 6-7-72 Bacillus tequilensis NRRL B-41771(T)Z 4% E]- YP 3-6-32
268 sequencing 23} Coniochaeta sp.Z, % ITS sequencing A3} Phialophora sp.2 &3
e o 2 A 2L dFE #HHAY. =F Teleomorph(FrAd A Wl) name
Coniochaeta sp.O] Anamorph(—r/‘q H]EH) name-= Phialophora sp. o]t}

3E 3.3-1 Cellulase activities of various cultures isolated from national park

Diameter (mm) Enzyme activity
ngi'n Mandel's agar Nutrient-CMC agar (Unit)

Colony Clear zone" Total  Colony Clear zone" Total CMCase FPase

RW2-4-1 4 6 9 7 11 27 2.56 1.22
YP3-2-2 16 3 22 9 4 24 2.67 1.71
YP3-6-3° 16 4 23 12 4 20 8.54 2.69
YP3-22-5 5 7 18 3 12 23 2.50 1.98
YP4-3-6 4 8 18 3 8 20 3.08 1.59
YP6-7-7° 2 6 8 4 9 22 5.24 1.69
YP6-10-8 18 2 22 8 5 23 4.84 1.88
YP6-11-9 5 6 16 8 11 30 3.55 0.08
YP6-15-10 22 2 24 12 6 24 6.47 2.26
2RWS53 19 1 20 15 1 18 4.37 1.18
2RW271 4 5 14 5 10 24 3.84 1.93
2RW275 7 6 19 7 11 30 1.80 0.58
2RW286 3 5 11 5 7 21 4.02 1.44
2RW288 4 6 17 5 11 31 2.79 0.39
2RW290 7 3 13 5 11 27 4.43 1.57

* Radius of the clear zone minus radius of colony.
® Coniochaeta sp.
¢ Bacillus tequilensis NRRL B-41771(T).
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< YP 3-6-3 > < YP 6-7-7 >

1% 3.3-1. Clear zone formed around colonies producing cellulase. The two isolates were from the

soils of national park. The agar plates were flooded with Congo red to visualize the clear zone

1% 3.3-2. Yeast like fungi < YP 3-6-3 > from national park

O A5 3 24 28 59 Axgozry Bafmits FHsa o|22E vAdE 5009
T5 Egst¥a, Mandel 1A BHjA|| A clear zones FAst= TF 100FE 132
2839, tHA] o]5L Mandel 124 ¥l A9} Mandel HA|uR|NA FHE3}e] v Fstar

clear zone 7] ¥ &4 4 EXS So a4
2/d& Table 3o YA ol dF=52 T4, Mt filament FER S HE| glofo] A
RO} AP TAHA ZUTh olE F 38471 M =2 A4S BYed FHEAY
Streptomyces brasiliensis -2 &7 ¥ 1 t}.
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3% 3.3-2 Cellulase activities of various cultures isolated from sawdust

) Diameter (mm) Enzyme activity
Strain Mandel's agar Nutrient CMC agar (Unit)
1o Colony  Clear zone  Total Colony Clear zone Total CMCase  FPase
1-76 - - - 9 1 12 5.07 1.59
1-77 7 6 17 5 3 12 6.88 1.13
2-33 7 3 13 5 4 12 5.71 1.31
2-36 8 4 15 6 5 15 3.72 1.34
3-84 5 4 11 - - - 11.15 3.05
5-73 5 5 16 5 10 25 4.72 1.20
5-74 5 0 5 3 8 18 6.88 1.78
6-10 9 4 17 6 18 33 1.68 3.17
6-14 8 3 15 7 8 28 3.61 1.37
6-48 8 2 12 - - - 6.36 1.91
6-50 3 2 7 - - - 6.00 1.53
7-52 3 6 14 6 11 30 0.57 0.08
7-53 4 3 10 - - - 5.19 1.62
7-58 5 7 19 - - - 2.67 1.28
8-24 7 3 13 6 3 14 2.10 0.00
8-27 5 3 12 7 11 28 4.66 1.19
8-28 5 2 9 3 3 9 5.19 1.53
8-30 5 2 7 4 3 12 5.13 1.34
9-61 5 5 15 - - - 4.78 1.02
9-62 7 4 15 - - - 3.49 1.34
9-65 5 4 13 - - - 4.02 1.41
12-3 8 5 15 - - - 4.95 2.09
13-19 5 4 18 7 10 28 4.25 1.62

< 3-84 >

=3 - 1 1 -
29 333, Clear zone formed around 1% 3.3-4. Bacterial isolate 3-84 from

colonies producing cellulase. The isolates sawdust

were from of sawdusts. The agar plate was
flooded with Congo red to visualize the clear

zone

- 140 -



() AeAYe] EGozRE mAdE £

O 4009FE ET3st¥al, ©]5<2 Mandel I2A|uf Aol HE3}e] clear zoneS FAs= o
9791 FE Esly Al o]5LS Mandel AR} AA iR ANA HFSh] v LSt
clear zone 7] 2 &4 A 4 531 1159 vAES AWstAT (3 3.3-3).

3E 3.3-3 Cellulase activities of various cultures isolated from around of cold lake (20 °C)
i Diameter(mm) Enzyme activity (Unit)
Strain no.
Colony Clear zone Total CMCae FPase
40-20-5 4 4 10 2.34 1.30
40-20-10 2 6 12 2.72 1.04
40-20-14 3 2 6 1.26 0.54
40-20-16 2 4 11 2.68 0.25
40-20-30 3 4 12 3.44 1.15
40-20-36 2 5 10 1.83 1.01
40-20-37 2 4 10 1.67 0.81
40-30-3 3 5 12 2.46 0.63
44-20-18 3 8 18 6.64 0.47
44-30-17 2 5 13 3.92 0.82
44-30-22 3 5 13 4.77 1.03
(4) FRAT2e] HAR AR PIYE 2

O 59 24 $2A53 27204 1Y, ALelA, ex=aeks 5 Asg 5950
O|ZRH WAE 5004FE 253, Mandel LA HYA] | A] clear zones FAJSt= o
% 9elFE 142 2593 Al 0|52 Mandel TAMA}  AA AN HE
Bl 3L clear zone F7] R E2 B B Fdhe] 379 4B Ak o5
ah %*é% 3 3.3-401] UrE‘rHJ?,iE‘r. olF M 24 T #FE BEATAE e,

(5) A=Al mAE &

O & AW ESS F7381a o|25F AE 700975 £85I, Mandel LA H
]l A clear zoneS A= FF 1679FE 1x2 85911 thA] ©o]5L2 Mandel 11
A vf ]2} Mandel A vl Kol A ] F3Fe] vl Y3}l clear zone 7] & a4 &4 B4 F
stod 4979 HIAES Adsidn o859 B4 A4S £ 33-5°ﬂ et = 31
(45 °O)oll A TFE= s} = ¥ 33-69 JERIYL. olF
7 g = dFE BEATAIASY oF 3-97F Streptomyces thermocoprophilus ©-

= 499

N

=
o
QL
£
fol
B~
o
ox
M
1%
w ﬂJlO
r 1
ruﬁ
_L
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3t 3.3-4 Cellulase activities of various cultures isolated from Livestock Research Institute

Strain Diameter(mm) Enzyme assay

no. Colony Clear zone Total CMCase FPA
1 1-3 4 3 11 2.59 1.52
2 1-8 5 12 29 3.46 1.40
3 1-11 13 2 17 3.49 1.42
4 2-2 5 1 8 2.42 1.28
5 3-1 4 9 22 4.62 1.48
6 3-2 5 7 19 3.04 1.25
7 3-3 8 3 14 2.45 1.13
8 3-4 4 2 8 2.70 1.79
9 3-5 5 1 6 245 1.30
10 3-6 7 2 10 3.83 1.62
11 3-7 6 2 9 2.42 1.18
12 3-8 6 2 11 2.16 1.10
13 3-10 5 1 7 3.09 1.25
14 3-13 12 3 21 10.01 1.91
15 3-15 13 3 20 11.50 1.99
16 3-17 14 2 20 1.57 0
17 4-1 5 9 24 2.84 1.20
18 4-2 5 5 17 2.62 1.26
19 4-5 5 8 22 4.56 1.52
20 4-6 6 8 22 3.86 1.33
21 4-10 5 1 6 2.45 1.37
22 4-13 14 1 16 3.72 1.11
23 5-2 3 8 18 2.76 1.25
24 5-3 5 10 25 2.36 1.52
25 5-4 4 2 7 2.25 1.32
26 5-5 4 2 9 2.33 1.26
27 5-6 5 2 11 2.62 1.26
28 5-7 4 8 21 2.50 0.86
29 5-11 3 5 12 2.30 1.32
30 6-3 4 9 20 3.80 0.89
31 6-14 7 3 12 3.12 1.06
32 7-3 8 4 15 2.11 0.60
33 7-8 8 4 17 2.05 1.06
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3% 3.3-5 Cellulase activities of various cultures isolated from Soils near to Volcano

Diameter(mm) Enzyme activity (Unit)

Numbers Colony Clear zone Total CMCase FPA
1 A 1-1 3 3 10 2.08 1.10
2 2]1-9 4 6 17 2.30 1.15
3 ]1-10 7 5 18 2.11 1.14
4 2]1-16 9 5 20 1.85 0.90
5 ]2-1 8 5 19 2.22 1.05
6 ]2-2 7 4 13 2.28 1.05
7 =]2-3 8 7 22 1.88 1.00
8 Z]2-4 6 6 18 2.28 1.08
9 Z]2-5 4 4 13 2.05 1.05
10 2)2-7 2 3 8 2.11 1.03
11 =]2-8 4 6 17 2.39 1.11
12 ]2-10 3 2 7 2.22 1.17
13 ]2-12 3 5 13 2.56 1.11
14 2]2-13 5 7 19 2.25 1.07
15 2]2-14 4 4 12 2.67 0.97
16 ]2-15 8 7 21 2.76 1.10
17 Z]2-16 2 3 8 1.29 1.04
18 2)2-17 4 6 16 1.91 1.01
19 =]2-18 4 7 17 1.68 1.15
20 2]2-20 4 2 9 2.62 1.08
21 2]2-21 3 4 11 1.88 1.03
22 2]2-23 4 5 14 1.66 1.00
23 2]2-26 7 4 16 1.83 1.03
24 =]2-28 7 5 18 1.63 0.84
25 %]2-29 5 2 11 2.59 1.01
26 =]2-30 4 2 8 1.77 1.11
27 2]2-31 5 5 15 2.14 1.10
28 ]2-32 4 2 8 3.21 1.32
29 o} 1-1 4 3 10 1.74 1.07
30 o} 1-2 2 2 6 2.42 1.15
31 o} 1-3 6 2 9 2.22 1.25
32 o}-11 6 1 8 1.77 1.08
33 o}2-4 8 5 18 3.07 1.48
34 o}2-9 6 4 14 222 1.05
35 o}2-15 8 5 18 2.22 1.14
36 o}3-fl 21 2 25 2.39 1.22
37 o}3-17 8 5 19 2.67 1.14
38 f2-1 1 5 12 1.12 0.59
39 f2-9 4 2 8 2.93 1.52
40 A2 3 1 4 2.22 1.08
41 -3 5 1 8 2.19 1.01
42 A5 3 6 16 0.47 0.24
43 -7 4 6 15 4.11 1.77
44 3-8 5 6 17 1.97 1.07
45 -9 6 3 13 1.91 1.18
46 A-11 5 5 15 2.22 1.17
47 A-12 4 2 9 1.97 0.93
48 A-13 4 4 12 1.80 0.81
49 A-19 6 5 16 1.04 0.52
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3t 3.3-6 Cellulase activity of microbial strains isolated from mountain in high temperature and
cultivated at 45 °C

. Diameter(mm) Enzyme activity (Unit)
Strain No. Colony Clear zone Total CMCase FPase

1 o}1-2 4 2 6 1.11 0.39
2 o}3-5 2 2 4 1.01 0.38
3 o}1-10 2 1 4 1.49 0.11
4 o}1-15 3 1 5 1.71 0.22
5 o}3-2 12 1 14 3.68 0.86
6 °}3-9 1 1 3 13.35 1.12

1% 3.3-5. Bacterial isolate ©}3-9 from high-temperature mountain soil (x400)
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ol A clear zone

193, Mandel ILA|H]A]

o] 5< Mandel LA
2 54 84 24 %
g24S # 3379 JERRAT o]F 7}
+ Bacillus methylotrophicus©-=., B-4-2

T Streptomyces olivochromogenesO-2., B-4-47 T Streptomyces drozdowiczii®- 2 Z}
7}
A

Strain Diameter (mm) Enzyme activity(U/ml)

Colony Clear zone Total CMCase FPA
B-2-5° 6 3 12 3.47 1.83
B-3—2b 3 3 10 2.97 1.04
B-4-2 2 1 4 1.36 0.49
B-4-4° 9 4 17 4.17 1.63
B-10 4 3 11 3.57 1.43
B-1 3 3 9 3.97 1.34
B-2 5 2 8 2.37 1.04
B-6 3 1 5 2.67 1.24
B-7 6 5 15 7.79 1.58
B-8 3 3 7 3.87 1.73
B-9 2 1 4 2.37 1.29

* Bacillus methylotrophicus
b .
Streptomyces olivochromogenes
c o
Streptomyces drozdowiczii
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3£3.3-8 Cellulase activities of various cultures isolated from soils of a botanical garden

Strain Diameter (mm) Enzyme activity(U/ml)
Colony Clear zone Total CMCase FPA

[-2° 8 4 15 6.68 1.63
1-4 7 3 12 3.57 1.14
I-1-6 4 1 5 1.57 0.05
1-2-6 2 1 4 2.47 1.14
I-1-14-s 4 2 8 3.17 1.63
I-1-14-m 9 1 10 2.57 1.24

* Penicillium oxalicum

(8) =3 AFelM e mAE L2

O

23 A2 A EGS T o]ZFH HIAE 6004FE5 5L, Mandel 1A
Hl X A clear zones FAJSt= T 100955 122 #&l5) TA] o] &< Mandel
oA A e AR oA HFsk] v RS clear zone =7 D &4 FA v‘i‘r” &St
o 1659 HAES AEEATh o5 &4 FAHS F 3.3-99 JERAAT o 7)ol A
HT 45 °Col A 35, 55 °CollA] 2 «] AL A AAste 3T FE wEstH =l 45 °C
oA HEelE FFo] TF V-k-1-4-82 Aspergillus fumigatus= &= Q3L, 55 °CAA &
2] ¥ V-k-2-4-2& Streptomyces thermodiastaticus=- &3 = 3L, V-k-3-4-32  Streptomyces
thermoviolaceus= &7 = 1 t}.

3£ 3.3-9 Cellulase activities of various cultures isolated from soils near to hot spring

. Culture Diameter (mm) Enzyme activity(U/ml)

Strain temperature (°C) Colony  Clear zone Total CMCase FPA
V-k-1-3-5 4 4 14 2.17 1.7
V-y-1-4-G 9 1 10 2.41 1.9
V-y-1-4-N 7 2 12 2.77 0.83
V-k-1-4-B 30 8 3 12 2.54 1.66
V-k-1-4-L 8 3 15 1.93 1.5
V-k-3-4-K 6 4 15 2.13 0.67
V-y-3-3-3 15 2 20 2.5 0.57

V-s-4-3 4 2 8 2.02 0.99
V-y-1-4-3 37 10 1 12 32 0.71
V-y-2-4-1 5 5 13 2.06 1.5

V-s-2 15 2 20 3.16 0.71
V-k-1-4-7 6 5 15 4.28 1.27
V-k-1-4-8 45 7 5 14 3.03 1.05
V-y-2-3-3 12 1 14 1.53 0.5
V-k-2-4-2 55 10 7 23 1.96 0.51
V-k-3-4-3 12 7 25 2.06 1.05
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W %A 9 Fue EFozye AR ¥
28 YP3-6-32 ITS 999 &4 A} Lecythophora savoryi 7} YP3-6-3 T2} 93%
g% YA Aoz WANAG 1 Loz 183 GAL BT A% W T}

|
Lecythophora%:3}+  LecythophoraZ:°] 3E¥H  claded] U= AL FASAT. AT+
GenBankell 1= oW FHE XA F5s AR (2 3.3-6). 7]NA
Lecythophora 42 Phialophora®] synonym©|™ Mt Lecythophora®: 2] F-73 Al th o]
o wpxgteo g2 a7 33-794 HoFSo] 265 JdS BT wod= FHHOZ fFA}
st &<l Collophora, phaeomoniellaS  F7Fste]  FA43Fow, YP3-6-3 =
Lecythophora 42 T3 GAES o5 ¢ & A2 7V 7M7hE L& Lecythophora
subcorticalis CBS551.752 GenBankol A 98% A =9] similaritys R Yot wehrs @
T F W BAE similarity’} 25 5381 A Lecythophora sp. 3-6-322 T
SFATH L™ 3.3-8). Lecythophora sp. 3-6-38}il 3}A|] &2 o]fr= 4HAM U, 5 ascocarps
ANM FEHE 3 Aol ofHet EY Fo TFHE E4A Al FEe]l *AH(conidia) &
ANA Feld ZeE AsHAH.

e

1% 3.3-6. Phylogenetic tree for 18S sequences of the strain YP3-6-3
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13 3.3-7. Fungus YP3-6-3 isolated from rotten woods and surrounding soils

A, colony grown on MEA medium; b, conidia; c, conidia formed on hyphal cell; d,

conidiogenous cells on hyphal cells; e, conidia formed on hyphal cells. - scale bar: 10 pm
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- Lecythophora spacies 3-6-3

Coniochaata subcorticalis CBS 551.75 (AF353553)
l Conachaeta pulvaracea 98,959 (AF353582)

w Coniachaets pulvaracesa EW 2201 (AF353591)

N— Caniachaeta pulveraces CABGEI [GO351559)

—1 Coniochaata hopalachasta CES 109872 (GO3IE15E1!

L Coniochaets boothii GBS 381 74 [AJ875225)

Caniochaeta afrizena STE-U 5052 (GO1E4601)

Caniochaeta prunicala STE-U G107 (GO 154602)

Coniochzeta veluting STE-U 5350 [GQ154804)

Coniachaetz lzucoplaca Jonghd (FJIET399)
Lecythophora decumbens CBS 153 42 [AF353597)
Fimetariella rabenharsti PPES [FJ290322)

Collophora africana STE-U 5113 (GO154509)

Coliophera capensis STE-U 6199 (GL154610)

Collophora rubra STE-U 6108 {GQ154508)

Caollephora palida STE-L 8187 (GQ154611%
4{ Coliephora paarla STE-L) 6114 (GQ154613)

e Phaeamoniella prunicola STE-U 61158 {GQ154614)

Phassmoniella dura STE-L 6122 (G011 54617

Phasomoniella effusa STE-U 6121 {GQ154518)

Phasomoniela tardicala STE-U 6123 (GL154615)

Phagomonella zymoldes STE-U 5120 {G0154520)

Saccharomycas canevisae [(J01358)
0.1

1% 3.3-8. Phylogenetic tree for 26S sequences of the strain YP3-6-3
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3t 3.3-10 Cellulase activities of various isolates from national park

Enzyme activity(U/ml)

Strain CMCase FPase B-Glucosidase  Avicelase  Xylanase  Pectinase
Mfs 1 0.98 0.61 0.49 0.79 1.98 0.43
Mfs 4 1.1 0.55 0.49 2.9 3.05 0.52
Mfs 4-1 1.01 0.58 0.4 2.75 0.31 0.34
YS 1-6 1.25 0.76 0.55 1.71 2.04 0.61
YS 8 1.1 0.76 0.61 1.59 1.86 0.52
YS 12 4.27 0.76 6.8 4.24 491 3.75
Yfs 1-2 7.26 1.59 6.59 7.57 2.65 3.51
Yfs 2-2 1.01 0.52 0.37 1.28 1.77 0.34
Pfs 4.09 0.82 3.6 4.33 1.68 3.45
Pfs 1 1.13 0.7 0.46 1.22 1.07 0.52
Pfs 2 1.07 0.52 0.4 2.81 0.98 0.49
Pfs 2-1 1.13 0.79 0.58 1.28 1.25 0.55
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3 3.3-11 Cellulase activities of various isolates from a volcano

Enzyme activity(U/ml)

Strain CMCase FPase B-Glucosidase Avicelase Xylanase Pectinase
TS 1-1 8.97 4.06 15.99 2.44 3.94 1.37
TS 2-3 4.09 0.7 3.42 2.38 0.76 2.59
TS 2-8 2.53 0.73 0.49 1.37 0.15 0.49
TS 3 1.07 0.61 0.64 0.92 3.39 0.61
TS 4 1.19 0.7 0.49 1.04 1.77 0.37
TS 10 7.35 4.67 4.61 9.58 2.23 7.2

S 2.2 0.55 3.48 2.65 0.31 1.53
S1 7.87 1.83 14.4 6.28 1.46 3.14
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3t 3.3-12 Cellulase activities of various isolates from a soils

Enzyme activity(U/ml)

Strain CMCase FPase B-Glucosidase Avicelase  Xylanase Pectinase
SM-1 4.40 2.92 1.19 3.04 7.04 3.95
ML-4 10.79 2.54 5.18 2.85 11.59 6.62
YTF-1 4.50 2.88 5.73 4.67 18.77 6.83
ML-1 6.80 4.34 5.49 2.60 15.70 13.24
YL-1 7.71 4.57 6.04 2.24 20.36 11.79
YL-2(40°C) 6.55 2.01 6.82 4.25 12.49 10.81
YL-2 11.23 7.82 10.81 6.82 28.81 33.28
Rut C-30 12.56 7.71 2.63 5.69 47.19 11.57
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7] KUC collection®] %8 the] #7sh M4, My, Hul, £ S A4 7
T F 1175, 233F, 8149l Uste] HARAEdNash 84S HUeAY (& 3.3-13). 75
o 543 AHETA0) B ke AHARAEAS FARET TBA ARAENEL
B FEE ALSRAT Bo5 FHo] AF BEA WF F A 5xE /FoE A
oA %3 74 BhGN RBAL Kol RFEL At 3AUEA AEE B

sy

Fol= 7%, 8%, 16HLSE  Cladosporium  cladosporioides KUCI1384, Cladosporium
perangustum KUC1462, Daedalea dickinsii KUC8810, Daedalea dickinsii KUC9108, Daedalea
dickinsii  KUC9181, Fusarium proliferatum KUC5195, Gloeophyllum sp. KUC8057,
Gloeophyllum trabeum KUC9211, Penicillium marneffei KUCI1907, Penicillium oxalicum
KUC3083, Phoma sp. KUC5178, Trichoderma harzianum JJ1-1, Trichoderma harzianum
KUC1716, Trichoderma  harzianum KUCS5193, Trichoderma sp. W4-4-2, Unknown

basidiomycete KUC8721 ©o|t}. Are o= Penicillium, Trichoderma %3 o] 188
ARER FFU BARFTOR V2o @ deid FF/h dE W davsas
o g Eaurt fle dF%E EIHUT
3.3-13 Tested fungi and their enzyme activities
Fungal 1D Fungal name Enzyme activity (Ufm) Fungal ID Fungal name Enzyme activity (Uiml)

FPU EG BGL XYL FPU EG BGL| XYL
Aspergillus niger 0.07 0.22 - 29.6 H2 Bjerkandera adusta 0.00 - - -
Aspergillus ochraceus 0.09 0.25 - 384 0701A-20 Bjerkandera adusta 0.00 - - -
Aspergillus versicolor 0.09 0.13 - 86.1 KUC8076 Bjerkandera fumosa 0.00 - - -
Aspergillus wentii 0.10 0.16 - 46.1 KUC8138 Ceriporia lacerata 0.00 - - -
Botryosphaeria_dothidea 0.02 025 - 6.7 KUC8139 Ceriporia lacerata 0.00 - - -
Schizophyllum commune 0.03 0.20 - 7.1 KUC8407 Ceriporia lacerata 0.02 - - -
Trichoderma_asperellum 0.02 023 - 75 KUC8614 Ceriporia lacerata 0.02 - - -
Trichoderma_atroviride 0.03 0.15 - 0.2 KUC8090 Ceriporia lacerata 0.00 - - -
Trichoderma citrinoviride 0.03 0.19 - 43 KUC8606 Ceriporia lacerata 0.00 - - -
Trichoderma gamsii 0.03 0.18 - 38 KUC20100701B-06 Ceriporia lacerata 0.00 - - -
Trichoderma harzianum 0.19 0.18 - 0.8 KUCS8111 Ceriporia lacerata 0.07 - - -
Trichoderma_harzianum-like 0.12 0.24 - 41.4 0701B-06 Ceriporia lacerata 0.00 - - -
Trichoderma koningiopsis 0.06 0.12 - 55 0701B-07-1 Ceriporia lacerata 0.00 - - -
Trichoderma longibrachiatum 0.03 0.16 - 1.8 0701B-25-2 Ceriporia lacerata 0.00 - - -
Trichoderma reesei 0.09 0.22 - 14.1 0707-02 Ceriporia lacerata 0.00 - - -
Trichoderma sp.1 0.03 0.17 - 1.8 0707-11 Ceriporia lacerata 0.00 - - -
Trichoderma viride 0.03 0.20 - 1.3 0707-11-2 Ceriporia lacerata 0.00 - - -
Unknown_basidiomycete 0.10 0.29 - 16.5 0707-20-1 Ceriporia lacerata 0.00 - - -
Myriococcum thermophilum 0.17 - 0.15 24 0707-22 Ceriporia lacerata 0.00 - - -
Penicillium biourgeianum 0.68 - - 8.4 0707-27 Ceriporia lacerata 0.02 - - -
Penicillium_brasilianum 0.44 - - 384 0707-37 Ceriporia lacerata 0.02 - - -
Penicillium brevicompactum 0.31 - - 75 0707-42 Ceriporia lacerata 0.02 - - -
Penicillium_citrinum 0.11 - - 28 0707-44-2 Ceriporia lacerata 0.00 - - -
Penicillium commune 1.24 - - 64.6 0707-48-2 Ceriporia lacerata 0.00 - - -
Penicillium_crustosum 0.66 - - 150.1 0707-52-2 Ceriporia lacerata 0.03 - - -
Penicillium_decaturense 0.89 - - 81.1 0707-60 Ceriporia lacerata 0.00 - - -
Penicill diversum 0.28 - - 75 0707-63 Ceriporia lacerata 0.00 - - -
Penicillium expansum 1.18 - - 6.5 0707-66-1 Ceriporia lacerata 0.00 - - -
Penicillium fellutanum 3.56 - - 11.7 0707-74 Ceriporia lacerata 0.00 - - -
Penicillium funiculosum 1.52 - - 113.4 0707-76 Ceriporia lacerata 0.00 - - -
Penicillium glabrum 1.33 - - 54.5 0911-15 Ceriporia lacerata 0.00 - - -
Penicillium implicatum 1.05 - - 11.4 0707-58 Ceriporia lacerata 0.00 - - -
Penicillium janthinellum 0.29 - - 8.2 KUC20091127-01 Cerrena consors 0.00 - - -
Penicillium kloeckeri 0.84 - - 302.2 KUC8416 Cerrena consors 0.01 - - -
Penicillium meleagrinum 1.60 - - 7116.2 KUC8421 Cerrena consors 0.00 - - -
Penicillium miczynskii 2.10 - - 822 KUC9091 Cerrena_consors 0.00 - - -
Penicillium minioluteum 0.29 - - 10.1 KUC1384 Cladosporium cladosporioides 0.17 - - -
Penicillium multicolor 0.20 - - 6.7 KUC1385 Cladosporium cladosporioides 0.00 - - -
Penicillium_ochrochloron 0.71 - - 187.3 KUC1420 Cladosporium _cladosporioides 0.05 - - -
Penicillium oxalicum 0.66 - - 20.0 KUCI1516 Cladosporium cladosporioides 0.00 - - -
Penicillium_pinophilum 0.81 - - 98.7 KUC1545 Cladosporium _cladosporioides 0.00 - - -
Penicillium purpurascens 0.71 - - 52.7 KUC1580 Cladosporium cladosporioides 0.00 - - -
Penicillium radicum 0.91 - - 15.7 KUC1699 Cladosporium cladosporioides 0.05 - - -
Penicillium raistrickii 1.05 - - 20.6 KUC1701 Cladosporium cladosporioides 0.09 - - -
Penicillium simplicissimum 091 - - 32.0 KUC3006 Cladosporium _cladosporioides 0.00 - - -
Penicillium sp. 1 0.53 - - 13.4 KUC3076 Cladosporium cladosporioides 0.00 - - -
Penicillium sp. 2 0.31 - - 9.5 KUC1462 Cladosporium perangustum 0.16 - - -
Penicillium sp. 3 1.24 - - 36.9 KUC1767 Cladosporium perangustum 0.05 - - -

151 -



Penicillium sp. 4 0.68 - - 171.9 KUC5085 Cladosporium perangustum 0.00 - - -
Penicillium sp. 5 0.44 - - 192.3 KUC1671 Cladosporium_pseudocladosporioides 0.00 - - -
Penicillium sp. 6 3.56 - - 244.7 KUC1700 Cladosporium pseudocladosporioides 0.10 - - -
Penicillium_steckii 1.18 - - 470.6 KUC4095 Cladosporium I ioide 0.00 - - -
Penicillium_sumatrense 0.53 - - 282.8 KUC3027 Cladosporium_ramotenellum 0.00 - - -
Penicillium variabile 0.81 - - 26.0 KUCI1421 Cladosporium rectoides 0.00 - - -
Penicillium verruculosum 0.89 - - 69.7 KUCI515 Cladosporium_rectoides 0.00 - - -
Thermoascus aurantiacus 0.12 - 0.53 1.9 KUC1667 Cladosporium rectoides 0.06 - - -
Thermomyces lanuginosus 0.00 - 0.10 43 KUC5009 Cladosporium_rectoides 0.00 - - -
0707-25 Agaricus sp. 0.02 R - - KUC5188 Cladosporium sp. 0.00 - - -
KUC20100525-01 Agrocybe pediades 0.00 - - - KUC1766 Cladosporium sp. 0.00 - - -
0525-01-1 Agrocybe pediades 0.00 - - - KUC1773 Cladosporium sp. 0.05 - - -
KUC8005 Amphinema byssoides 0.00 - - - KUC1698 Cladosporium 0.00 - - -
KUC20091127-33 Antrodia albida 0.10 - - - KUC1736 Cladosporium tenuissimum 0.00 - - -
KUC8802 Antrodia_albida 0.00 - - - KUC1903 Cladosporium 0.00 - - -
0911-10 Antrodia albida 0.00 - - - KUC3009 Cladosporium-likespecies] 0.00 - - -
MJ33 Antrodia albida 0.02 - - - KUC1419 Cladosporium-likespecies2 0.10 - - -
KUC20090519-11 Antrodia_heteromorpha 0.00 - - - KUC1299 Cladosporium-likespecies3 0.05 - - -
MRI11 Antrodia heteromorpha 0.00 - - - 0701B-32 Clitopilus sp. 0.00 - - -
KUC20100728-31 Antrodia malicola 0.00 - - - KUC5198 Cochliobolus sp. 0.00 - - -
0728-31 Antrodia malicola 0.00 - - - KUC9101 Coniophora arida 0.14 - - -
KUC8002 Antrodia_serialis 0.00 - - - KUC8209 Coprinellus domesticus 0.00 - - -
KUC8202 Antrodia_sinuosa 0.00 - - - KUC8610 Coprinellus domesticus 0.07 - - -
KUC8203 Antrodia sinuosa 0.00 - - - KUC9001 Coprinellus domesticus 0.00 - - -
KUC9031 Antrodiaserialis 0.00 - - - KUC9002 Coprinellus domesticus 0.00 - - -
KUC8864 Antrodiella romellii 0.00 - - - KUC9204 Coprinellus domesticus 0.00 - - -
KUC20091127-22 Athelia epiphylla 0.05 - - - KUC20100707-50 Coprinus domesticus 0.00 - - -
MJ22 Athelia epiphylla 0.00 - - - KUC8809 Crepidotus variabilis 0.00 - - -
KUC8072 Bjerkandera adusta 0.00 - - - KUC8001 Crustoderma_sp. 0.00 - - -
KUC8113 Bjerkandera adusta 0.00 - - - KUC8012 Crustoderma sp. 0.00 - - -
KUC8204 Bjerkandera adusta 0.00 - - - KUC8065 Crustoderma_sp. 0.00 - - -
KUC8213 Bjerkandera adusta 0.00 - - - KUC8611 Crustoderma sp. 0.00 - - -
KUC8808 Bjerkandera adusta 0.00 - - - KUC9003 Crustoderma_sp. 0.00 - - -
KUC8874 Bjerkandera adusta 0.00 - - - KUC9004 Crustoderma sp. 0.00 - - -
KUC9065 Bjerkandera adusta 0.00 - - - KUC5194 Curvularia intermedius 0.00 - - -
KUC9068 Bjerkandera adusta 0.00 - - - KUC20100409-09 Cylindrobasidium laeve 0.12 - - -
KUC9107 Bjerkandera adusta 0.01 - - - KUC8725 Cylindrobasidium laeve 0.00 - - -
GSA28 Bjerkandera adusta 0.00 - - - KUC8048 Cystidiophorus castaneus 0.00 - - -
Enzyme activity (U/ml) Enzyme activity (U/ml)
Fungal 1D Fungal name Fungal ID Fungal name
FPU EG BGL XYL FPU EG BGL XYL
KUC8058 Cystidiophorus castaneus 0.00 - - - KUC8368 Hypholoma subviride 0.00 - - -
KUC8822 Cystidiophorus_castaneus 0.00 - - - KUC8373 Hypholoma_subviride 0.00 - - -
KUC8010 Daedalea_dickinsii 0.00 - - - KUC8433 Hypholoma_subviride 0.00 - - -
KUC9077 Dacdalea_dickinsii 0.00 - - - KUC8408 Hypochnicium_albostramineum 0.07 - - -
KUC9108 Dacdalea dickinsii 0.16 - - - KUC9011 Hypochnicium cremicolor 0.00 - - -
KUC9181 Daedalea_dickinsii 0.20 - - - KUC9012 Hypochnicium cremicolor 0.00 - - -
KUC8810 Dacdalea_dickinsii 0.16 - - - KUC8321 Hypochnicium_cremicolor 0.00 - - -
KUC8811 Daedalea_dickinsii 0.09 - - - KUCB046 Hypochnicium eichleri 0.00 - - -
KUC20100701B-18 Daedalea_dickinsii 0.00 - - - KUC8330 Hypochnicium_eichleri 0.00 - - -
KUC8515 Daedaleopsis sp. 0.00 - - - KUC8362 Hypochnicium_eichleri 0.00 - - -
1027-01 Daedaleopsis sp. 0.00 - - - KUC8343 Hypochnicium_karstenii 0.00 - - -
KUC9116 Dendrocorticium roseocarneum 0.00 - - - KUC8319 Hypochnicium karstenii 0.00 - - -
KUC8846 Dendrocorticium roseocarneum 0.00 - - - KUC8019 Hypochnicium sp. 0.00 - - -
KUC20090711-18 Dentipellis dissita 0.00 - - - KUC8713 Hypochnicium sp. 0.00 - - -
KUC8613 Dentipellis dissita 0.01 - - - KUC20090711-29 Inonotus cuticularis 0.00 - - -
KUC5191 Dothideomycete sp. 0.00 - - - KUC8506 Irpex hacksungii 0.00 - - -
KUC5186 Epicoccum nigrum 0.00 R - - KUC8505 Irpex hacksungii 0.00 - - -
KUC20100707-64 Flavodon flavus 0.14 - - - KUC8503 Irpex hacksungii 0.00 - - -
KUC20090807-01 Fomes fomentarius 0.00 - - - KUC8504 Irpex hacksungii 0.00 - - -
KUC9153 Fomes fomentarius 0.00 - - - KUC8502 Irpex hydnoides 0.01 - - -
KUC9166 Fomes fomentarius 0.00 - - - KUC8501 Irpex hydnoides 0.00 - - -
KUC8509 Fomitopsis_pinicola 0.00 - - - KUC20090519-20 Irpex lacteus 0.00 - - -
KUC5050 Fusarium armeniacum 0.10 - - - KUC8507 Irpex lacteus 0.01 - - -
KUC5051 Fusarium_armeniacum 0.09 - - - KUC8508 Irpex lacteus 0.00 - - -
KUC5052 Fusarium armeniacum 0.10 - - - KUC8075 Irpex lacteus 0.01 - - -
KUC5053 Fusarium armeniacum 0.05 - - - KUC8411 Irpex lacteus 0.01 - - -
KUCI1378 Fusarium concentricum 0.00 - - - KUC8604 Irpex lacteus 0.02 - - -
KUC5048 Fusarium equiseti 0.14 - - - KUC8605 Irpex lacteus 0.02 - - -
MS704 Fusarium equiseti 0.10 - - - KUC8843 Irpex lacteus 0.00 - - -
KUC5185 Fusarium graminearum 0.05 - - - KUC9013 Irpex lacteus 0.02 - - -
KUC5013 Fusarium graminearum 0.00 - - - KUC9014 Irpex lacteus 0.02 - - -
KUC5199 Fusarium_oxysporum 0.00 - - - KUC9104 Irpex lacteus 0.02 - - -
MS103 Fusarium oxysporum 0.15 - - - KUC9122 Irpex lacteus 0.02 - - -
MS309 Fusarium oxysporum 0.15 - - - KUC9124 Irpex lacteus 0.00 - - -
KUC5199 Fusarium_oxysporum 0.07 - - - KUC9126 Irpex lacteus 0.00 - - -
KUC5195 Fusarium proliferatum 0.16 - - - KUCS8813 Irpex lacteus 0.00 - - -
MS308 Fusarium_proliferatum 0.15 - - - KUC8817 Irpex lacteus 0.01 - - -
KUC5195 Fusarium proliferatum 0.00 - - - KUC8842 Irpex lacteus 0.02 - - -
MS504 Fusarium _solani 0.00 - - - KUC8853 Irpex lacteus 0.01 - - -
KUC1379 Fusarium _solani 0.00 - - - KUC20090502-07 Junghuhnia_nitida 0.14 - - -
KUC1464 Fusarium solani 0.00 - - - WG7 nitida 0.00 - - -
KUC3081 Fusarium solani 0.05 - - - KUC5189 Khuskia oryzae 0.06 - - -
KUC1417 Fusarium solani 0.00 - - - KUC20090519-17 Lentinellus sp. 0.00 - - -
KUC1463 Fusarium solani 0.00 - - - MR17 Lentinellus sp. 0.00 - - -
KUC1590 Fusarium _solani 0.00 - - - KUC9081 Lenzites betulina 0.02 - - -
KUC5181 Fusarium sp. 0.05 - - - KUC8819 Lenzites betulina 0.00 - - -
KUC5205 Fusarium sp. 0.11 - - - KUC8886 Lentzites betulina 0.00 - - -
KUC5104 Fusarium_sp. 0.00 - - - 0707-62 Lopharia_cinerascens 0.00 - - -
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KUC5105 Fusarium sp. 0.05 - - - KUC20100816-08 Marasmiellus candidus 0.00 - - -
KUC8840 Fuscoporia formosana 0.00 - - - 0728-16 Marasmius brunneospermus 0.00 - - -
KUC8020 Fuscoporia formosana 0.00 - - - KUC9136 Megalocystidium  luridum 0.00 - - -
KUC5200 Gaeumannomyces graminis 0.00 - - - KUC9148 Megalocystidium luridum 0.00 - - -
KUC20100816-03 Ganoderma_applanatum 0.00 - - - KUC9155 Megalocystidium luridum 0.00 - - -
100816-3 Ganoderma applanatum 0.00 - - - KUC9072 Megalocystidium luridum 0.02 - - -
KUC8053 Gloeophyllum abietinum 0.07 - - - KUC9159 Meruliopsis taxicola 0.00 - - -
KUC8056 Gloeophyllum abietinum 0.00 R - - KUC9063 Microporus vernicipes 0.00 - - -
KUC8052 Gloeophyllum sp. 0.00 - - - KUC9064 Microporus vernicipes 0.00 - - -
KUC8057 Gloeophyllum sp. 0.16 - - - KUC6014 Mucor circinelloides 0.00 - - -
KUC8013 Gloeophyllum trabeum 0.15 - - - KUC8367 Mucronella sp. 0.00 - - -
KUC8067 Gloeophyllum trabeum 0.08 - - - KUC8381 Mucronella sp. 0.00 - - -
KUC8068 Gloeophyllum  trabeum 0.16 - - - KUC8805 Mycoaciella bispora 0.00 - - -
KUC8069 Gloeophyllum trabeum 0.15 - - - KUC20100707-19 Mycoaciella sp. 0.00 - - -
KUC8070 Gloeophyllum trabeum 0.15 - - - KUC8201 Mycoaciellabispora 0.00 - - -
KUC8071 Gloeophyllum trabeum 0.15 - - - KUC8828 Oligoporus caesius 0.00 - - -
KUC8074 Gloeophyllum trabeum 0.15 - - - KUC8829 Oligoporus caesius 0.00 - - -
KUC8078 Gloeophyllum trabeum 0.15 - - - KUC8517 Pachykytospora_papyraceus 0.00 - - -
KUC8080 Gloeophyllum_ trabeum 0.15 - - - KUC8513 Pachykytospora_ tephrope 0.00 - - -
KUC8081 Gloeophyllum trabeum 0.15 - - - KUC20100525-02 Panaeolus subbalteatus 0.00 - - -
KUC8112 Gloeophyllum trabeum 0.14 - - - 100525-2 Panaeolus subbalteatus 0.00 - - -
KUC9208 Gloeophyllum trabeum 0.07 - - - KUC8833 Panellus stipticus 0.00 - - -
KUC9209 Gloeophyllum trabeum 0.14 - - - KUC8834 Panellus stipticus 0.00 - - -
KUC9210 Gloeophyllum trabeum 0.00 - - - KUC1432 Penicillium biourgeianum 0.02 - - -
KUC9211 Gloeophyllum trabeum 0.17 - - - KUC1433 Penicillium brasilianum 0.03 - - -
KUC9213 Gloeophyllum  trabeum 0.00 - - - KUC1628-1 Penicillium brevicompactum 0.03 - - -
KUC20100707-61 Gloeoporus dichrous 0.00 - - - KUC3084 Penicillium citrinum 0.03 - - -
0707-37(2) Gymnopus sp. 0.00 R - - KUC3029 Penicillium commune 0.09 - - -
KUC8320 Heterobasidion annosum 0.00 - - - KUC3019 Penicillium crustosum 0.01 - - -
KUC9009 Heterobasidion annosum 0.00 - - - KUC1522 Penicillium decaturense 0.02 - - -
KUC20100911-23 Hydnochaete olivacea 0.10 - - - KUC1284 Penicillium diversum 0.04 - - -
KUC20100409-18 Hymenochaete corrugata 0.09 - - - KUC1909 Penicillium expansum 0.02 - - -
HHI8 Hymenochaete corrugata 0.00 - - - KUC3020 Penicillium _fellutanum 0.02 - - -
KUC20091127-05 Hymenochaete tabacina 0.05 - - - KUC3055 Penicillium funiculosum 0.03 - - -
WGI10 Hyphoderma rude 0.00 - - - KUCI1553 Penicillium glabrum 0.04 - - -
KUC9212 Hyphodontia_palmae 0.00 - - - KUC1619-2 Penicillium implicatum 0.03 - - -
KUC20100911-18 Hyphodontia paradoxa 0.00 - - - KUC5018 Penicillium janthinellum 0.04 - - -
0911-18 Hyphodontia_paradoxa 0.00 - - - KUC1286 Penicillium kloeckeri 0.04 - - -
Enzyme activity (U/ml) Enzyme activity (U/ml)
Fungal 1D Fungal name Fungal ID Fungal name
FPU EG BGL XYL FPU EG BGL XYL

KUC1678 Penicillium meleagrinum 0.03 - - - KUC8089 Phlebiella sp.1 0.00 - - -
KUCI1551 Penicillium miczynskii 0.03 - - - KUC8093 Phlebiella_sp.1 0.01 - - -
KUC1680 Penicillium minioluteum 0.03 - - - KUC8325 Phlebiella sp.1 0.00 - - -
KUC1626 Penicillium multicolor 0.03 - - - KUC9022 Phlebiella sp.1 0.00 - - -
KUC1348-1 Penicillium ochrochloron 0.06 - - - KUC9207 Phlebiella sp.1 0.00 - - -
KUC5184 Penicillium_oxalicum 0.13 - - - KUC8389 Phlebiella sp.2 0.00 - - -
KUC1674 Penicillium oxalicum 0.13 - - - KUC8312 Phlebiopsis gigantea 0.00 - - -
KUC1758 Penicillium pinophilum 0.09 - - - KUC8322 Phlebiopsis gigantea 0.00 - - -
KUCI1788 Penicillium purpurascens 0.04 R - - KUC8303 Phlebiopsis gigantea 0.00 - - -
KUC1679 Penicillium radicum 0.03 - - - KUC5187 Phoma sorghina 0.05 - - -
KUC1729 Penicillium _raistrickii 0.03 - - - KUC8891 Phyllotopsis nidulans 0.00 - - -
KUC5153 Penicillium simplicissimum 0.12 - - - KUC9023 Platyhloea sp. 0.00 - - -
KUC1434 Penicillium sp.1 0.03 - - - KUC8724 Pleurotus ostreatus 0.00 - - -
KUC1552 Penicillium sp.2 0.03 - - - KUC20100728-41 Plicaturopsis crispa 0.09 - - -
KUC1795-3 Penicillium sp.3 0.03 - - - KUC9061 Polyporales sp. 0.00 - - -
KUC1907 Penicillium sp.4 0.16 - - - KUC9160 Polyporales sp. 0.00 - - -
KUC1754 Penicillium sp.5 0.04 - - - KUC8220 Polyporus_arcularius 0.00 - - -
KUC1651 Penicillium sp.6 0.05 - - - KUC20090519-13 Porodisculus pendulus 0.11 - - -
KUC1681-1 Penicillium steckii 0.03 - - - KUC20090502-20 Porostereum spadiceum 0.00 - - -
KUC1613 Penicillium sumatrense 0.03 - - - KUC8855 Porostereum spadiceum 0.00 - - -
KUC1476 Penicillium variabile 0.05 - - - KUC8602 Porostereum_spadiceum 0.00 - - -
KUC1794 Penicillium verruculosum 0.04 - - - KUC20100918A-12 Postia_stiptica 0.00 - - -
KUC9140 Peniophora cinerea 0.00 - - - KUC20100707-78 Psathyrella candolleana 0.05 - - -
KUC20100701A-16 Peniophora_incarnata 0.05 - - - KUC9089 Pycnoporus cinnabarinus 0.00 - - -
KUCS8015 Peniophora sp. 0.00 R - - KUC9076 Pycnoporus sp. 0.00 - - -
KUC8836 Peniophora sp. 0.00 - - - KUC20100728-10 Pycnoporussanguineus 0.15 - - -
KUC9017 Peniophora sp. 0.00 - - - KUC8826 Radulomyces confluens 0.00 - - -
KUC8031 Peniophorella praetermissa 0.00 - - - KUC8827 Radulomyces confluens 0.00 - - -
KUC20100701A-31 Perenniporia fraxinea 0.00 - - - KUC8382 Rhizochaete radicata 0.00 - - -
KUC8728 Perenniporia fraxinea 0.02 - - - KUC8383 Rhizochaete radicata 0.00 - - -
KUC8516 Perenniporia medulla-panis 0.00 - - - KUC8357 Rhizochaete sp. 0.00 - - -
KUC9032 Phanerochaete aculeata 0.00 - - - KUC8364 Rhizochaete sp. 0.01 - - -
KUC8419 Phanerochaete calotricha 0.00 - - - KUC8371 Rhizochaete sp. 0.00 - - -
KUC8003 Phanerochaete calotricha 0.00 - - - KUC8391 Rhizochaete sp. 0.01 - - -
KUC8040 Phanerochaete calotricha 0.01 - - - KUC8839 Rhizochaete sp. 0.01 - - -
KUC9092 Phanerochaete laxa 0.00 - - - KUC8004 Schizophyllum commune 0.00 - - -
KUC9106 Phanerochaete laxa 0.00 - - - KUC8016 Schizophyllum commune 0.01 - - -
KUC20090519-21 Phanerochaete sordida 0.00 - - - KUC8305 Schizophyllum commune 0.01 - - -
KUC8852 Phanerochaete sordida 0.01 - - - KUC8703 Schizophyllum commune 0.02 - - -
KUC8032 Phanerochaete sordida 0.00 - - - KUC9026 Schizophyllum commune 0.00 - - -
KUC8037 Phanerochaete sordida 0.00 - - - KUC9080 Schizophyllum commune 0.02 - - -
KUC9201 Phanerochaete sordida 0.00 - - - KUC9202 Schizophyllum commune 0.02 - - -
KUC9100 Phanerochaete sordida 0.00 - - - KUC9205 Schizophyllum commune 0.02 - - -
KUC9109 Phanerochaete sordida 0.00 - - - KUC8723 Schizophyllum commune 0.00 - - -
KUC8612 Phanerochaete sordida 0.00 - - - KUC8006 Schizopora flavipora 0.00 - - -
KUC8838 Phanerochaete sordida 0.00 - - - KUC8060 Schizopora flavipora 0.00 - - -
KUC9203 Phanerochaete sordida 0.00 - - - KUC8512 Schizopora flavipora 0.00 - - -
KUC9182 Phanerochaete sordida 0.00 - - - KUC9099 Schizopora flavipora 0.00 - - -
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KUC8615 Phanerochaete sordida 0.00 - - - KUC20100701B-05 Schizopora paradoxa 0.00 - - -
KUC8854 Phanerochaete sordida 0.00 - - - KUC8140 Schizopora paradoxa 0.00 - - -
KUC9118 Phanerochaete sordida 0.00 - - - KUC8851 Schizopora paradoxa 0.00 - - -
KUC8423 Phanerochaete sordida [ 0.00 - - - KUC9090 Schizopora paradoxa 0.00 - - -
KUC8405 Phanerochaete sordida [ 0.00 - - - KUC9121 Schizopora paradoxa 0.00 - - -
KUC8404 Phanerochaete sordida lIl 0.00 - - - KUC9066 Schizopora paradoxa 0.00 - - -
KUC8323 Phanerochaete sp. 0.00 - - - KUC9071 Schizopora_paradoxa 0.00 - - -
KUC8608 Phanerochaete sp. 0.00 - - - KUC20090519-05 Sistotrema brinkmannii 0.14 - - -
KUC9015 Phanerochaete sp. 0.00 - - - KUC8017 Sistotrema_brinkmannii 0.00 - - -
KUC8073 Phanerochaete sp. 0.00 - - - KUC8050 Sistotrema brinkmannii 0.00 - - -
KUC8372 Phanerochaete sp. 0.01 - - - KUC8014 Sistotrema brinkmannii 0.00 - - -
KUC8370 Phanerochaete sp.1 0.00 - - - KUC9029 Sistotrema brinkmannii 0.00 - - -
KUC8361 Phanerochaete sp.2 0.00 - - - KUC8051 Sistotrema brinkmannii 0.00 - - -
KUC20100816-10 Phanerochaete stereoides 0.00 - - - KUC8054 Sistotrema  brinkmannii 0.00 - - -
KUC8727 Phanerochaete velutina 0.00 - - - KUC8055 Sistotrema_brinkmannii 0.00 - - -
KUC8324 Phanerochaete velutina 0.00 - - - KUC8059 Sistotrema  brinkmannii 0.00 - - -
KUC9030 Phanerochaete velutina 0.01 - - - KUCS8116 Sistotrema  brinkmannii 0.00 - - -
KUC8301 Phanerochaete velutina 0.00 - - - KUC8123 Sistotrema_brinkmannii 0.00 - - -
KUC8801 Phanerochaete velutina 0.00 - - - KUC8350 Sistotrema  brinkmannii 0.01 - - -
KUC8815 Phanerochaete velutina 0.00 - - - KUC8353 Sistotrema_brinkmannii 0.00 - - -
KUC8890 Phanerochaete velutina 0.00 - - - KUC8363 Sistotrema brinkmannii 0.00 - - -
KUC8366 Phanerochaete velutina 0.00 - - - KUC8341 Sistotrema_brinkmannii 0.00 - - -
KUC8414 Phanerochaete velutina 0.00 - - - KUC8217 Sistotrema_oblongisporum 0.00 - - -
KUC8430 Phanerochaete velutina 0.00 - - - KUC8087 Sistotrema oblongisporum 0.00 - - -
KUC9033 Phlebia_brevispora 0.02 - - - KUC8218 Sistotrema_sp. 0.00 - - -
KUC8337 Phlebia chrysocreas 0.00 - - - KUCR348 Sistotrema sp. 0.00 - - -
KUC20100701A-09 Phlebia radiata 0.00 - - - KUC8336 Skeletocutis amorpha 0.00 - - -
KUC9067 Phlebia radiata 0.00 - - - KUC8514 Skeletocutis perennis 0.02 - - -
KUC8034 Phlebia radiata 0.01 - - - KUC5202 Stachybotrys sp. 0.00 - - -
KUC8406 Phlebia radiata 0.01 - - - KUC20090502-02 Stereum  hirsutum 0.00 - - -
KUC8437 Phlebia radiata 0.00 - - - KUC8044 Stereum_hirsutum 0.00 - - -
KUC9020 Phlebia radiata 0.00 - - - KUC8219 Stereum  hirsutum 0.00 - - -
KUC8841 Phlebia radiata 0.00 - - - KUC8360 Stereum_hirsutum 0.00 - - -
KUC9035 Phlebia radiata 0.00 - - - KUC9073 Stereum  hirsutum 0.00 - - -
KUC9079 Phlebia subochracea 0.02 - - - KUC9119 Stereum  hirsutum 0.00 - - -
KUC8041 Phlebia subserialis 0.02 - - - KUC20090519-09 Stereum peculiare 0.00 - - -
KUC9114 Phlebia tremellosa 0.02 - - - KUC8018 Tapinella panuoides 0.00 - - -
KUC9161 Phlebia_tremellosa 0.00 - - - KUC9027 Tilletiopsis albescens 0.00 - - -
Enzyme activity (U/ml) Enzyme activity (U/ml)
Fungal 1D Fungal name Fungal ID Fungal name
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KUC20100525-01 Trametes hirsuta 0.00 - - - KUC1457 Trichoderma citrinoviride 0.06 - - -
KUCS518 Trametes pubescens 0.00 - - - KUC1456 Trichoderma_citrinoviride 0.05 - - -
KUC8607 Trametes_trogii 0.00 - - - KUC1408 Trichoderma_citrinoviride 0.05 - - -
KUC20090502-06 Trametes versicolor 0.10 - - - KUC1407 Trichoderma citrinoviride 0.04 - - -
KUC9085 Trametes versicolor 0.01 - - - KUC1406 Trichoderma citrinoviride 0.01 - - -
KUC8119 Trametes versicolor 0.00 - - - KUC1337 Trichoderma citrinoviride 0.08 - - -
KUC8125 Trametes versicolor 0.00 - - - KUC5139 Trichoderma citrinoviride 0.05 - - -
KUC8141 Trametes versicolor 0.00 - - - KUC1863 Trichoderma citrinoviride 0.06 - - -
KUC8318 Trametes versicolor 0.00 - - - KUCI275 Trichoderma citrinoviride 0.07 - - -
KUC8413 Trametes versicolor 0.00 - - - KUC5217 Trichoderma citrinoviride 0.01 - - -
KUC8821 Trametes versicolor 0.00 - - - SY-4-1 Trichoderma_hamatum 0.04 - - -
KUC8860 Trametes versicolor 0.00 - - - W6-4-1 Trichoderma hamatum 0.05 - - -
KUC8865 Trametes versicolor 0.00 - - - W4-4-1 Trichoderma_hamatum 0.02 - - -
KUC8867 Trametes versicolor 0.00 - - - S5-9-1 Trichoderma_hamatum 0.00 - - -
KUC9028 Trametes versicolor 0.00 - - - KUC1272 Trichoderma harzianum 0.08 - - -
KUC8859 Trametes versicolor 0.00 - - - KUCI1273 Trichoderma harzianum 0.07 - - -
KUC8230 Trametes versicolor 0.00 - - - KUC1281 Trichoderma_harzianum 0.04 - - -
KUC9041 Trametes versicolor 0.00 - - - KUC1283 Trichoderma harzianum 0.08 - - -
KUC8214 Trichaptum abietinum 0.00 - - - KUC1334 Trichoderma_harzianum 0.06 - - -
KUC9130 Trichaptum abietinum 0.00 - - - KUC1336 Trichoderma harzianum 0.00 - - -
KUC1501 Trichoderma_atroviride 0.00 - - - KUC1341 Trichoderma_harzianum 0.05 - - -
KUC1502 Trichoderma_atroviride 0.00 - - - KUC1453 Trichoderma_harzianum 0.06 - - -
KUC1503 Trichoderma atroviride 0.00 - - - KUC1454 Trichoderma harzianum 0.03 - - -
KUC1504 Trichoderma_atroviride 0.00 - - - KUC1459 Trichoderma_harzianum 0.05 - - -
KUC1505 Trichoderma atroviride 0.00 - - - KUC1460 Trichoderma harzianum 0.07 - - -
KUC1534 Trichoderma atroviride 0.00 - - - KUC1461 Trichoderma_harzianum 0.08 - - -
KUC1603 Trichoderma atroviride 0.00 - - - KUC1536 Trichoderma harzianum 0.08 - - -
KUCI611 Trichoderma_atroviride 0.00 - - - KUCI1537 Trichoderma h num 0.08 - - -
KUC1612 Trichoderma atroviride 0.00 - - - KUC1538 Trichoderma harzianum 0.10 - - -
KUC1749 Trichoderma atroviride 0.00 - - - KUC1602 Trichoderma harzianum 0.05 - - -
KUC1750 Trichoderma atroviride 0.00 - - - KUC1716 Trichoderma harzianum 0.19 - - -
KUC1778 Trichoderma atroviride 0.00 - - - KUCI1814 Trichoderma harzianum 0.06 - - -
KUC1779 Trichoderma atroviride 0.00 - - - KUCI1856 Trichoderma harzianum 0.00 - - -
KUC1781 Trichoderma atroviride 0.00 - - - KUC1857 Trichoderma harzianum 0.05 - - -
KUCI1810 Trichoderma atroviride 0.00 - - - KUCI1858 Trichoderma harzianum 0.07 - - -
KUCI1811 Trichoderma atroviride 0.00 - - - KUCI1859 Trichoderma harzianum 0.07 - - -
KUC1276 Trichoderma_atroviride 0.00 - - - KUC1860 Trichoderma_harzianum 0.07 - - -
KUC1335 Trichoderma atroviride 0.00 - - - KUC1862 Trichoderma harzianum 0.00 - - -
KUC1401 Trichoderma_atroviride 0.00 - - - KUC3039 Trichoderma_harzianum 0.00 - - -
KUC1402 Trichoderma atroviride 0.00 - - - KUC3089 Trichoderma_harzianum 0.06 - - -
KUC1405 Trichoderma atroviride 0.00 - - - KUC5192 Trichoderma harzianum 0.04 - - -
KUC1451 Trichoderma atroviride 0.00 - - - W6-5-1 Trichoderma harzianum 0.06 - - -
KUC1452 Trichoderma atroviride 0.00 - - - KUC1865 Trichoderma_harzianum 0.08 - - -
KUC1455 Trichoderma atroviride 0.00 - - - KUC5193 Trichoderma harzianum 0.07 - - -
KUC1531 Trichoderma_atroviride 0.00 - - - KUC5220 Trichoderma_harzianum 0.08 - - -
KUC1532 Trichoderma_atroviride 0.00 - - - KUC5182 Trichoderma_harzianum 0.06 - - -
KUC1533 Trichoderma atroviride 0.00 - - - W4-3-1 Trichoderma koningii 0.00 - - -
KUC1601 Trichoderma_atroviride 0.00 - - - S6-2-1 Trichoderma_koningii 0.09 - - -
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KUC1605 Trichoderma atroviride 0.00 - - - KUC5064 Trichoderma koningiopsis 0.11 - - -
KUC1606 Trichoderma_atroviride 0.00 - - - MS511 Trichoderma koningiopsis 0.04 - - -
KUC1642 Trichoderma atroviride 0.00 - - - KUC5100 Trichoderma longibrachiatum 0.04 - - -
KUC1717 Trichoderma_atroviride 0.00 - - - KUC5218 Trichoderma_longibrachiatum 0.03 - - -
KUC1813 Trichoderma_atroviride 0.00 - - - KUC1609 Trichoderma_longibrachiatum 0.05 - - -
KUC1852 Trichoderma atroviride 0.00 - - - KUC5222 Trichoderma longibrachiatum 0.05 - - -
KUC1853 Trichoderma_atroviride 0.00 - - - 11-3 Trichoderma sp. 0.08 - - -
KUC1854 Trichoderma atroviride 0.00 - - - JJ1-2 Trichoderma sp. 0.05 - - -
KUC1855 Trichoderma_atroviride 0.00 - - - J1-1 Trichoderma sp. 0.13 - - -
KUC3090 Trichoderma atroviride 0.00 - - - W6-4-2 Trichoderma sp. 0.05 - - -
KUC5026 Trichoderma atroviride 0.00 - - - MS1-11-1 Trichoderma sp. 0.09 - - -
KUC5138 Trichoderma atroviride 0.00 - - - Trichoderma sp. 0.04 - - -
KUC1280 Trichoderma aureoviride 0.00 - - - Trichoderma sp. 0.06 - - -
KUCI1271 Trichoderma aureoviride 0.00 - - - Trichoderma sp. 0.08 - - -
KUC1278 Trichoderma aureoviride 0.00 - - - Trichoderma sp. 0.00 - - -
KUC1282 Trichoderma aureoviride 0.00 - - - Trichoderma sp. 0.00 - - -
KUC1712 Trichoderma citrinoviride 0.00 - - - Trichoderma sp. 0.00 - - -
KUC5160 Trichoderma citrinoviride 0.00 - - - MS502 Trichoderma viride 0.06 - - -
KUC5158 Trichoderma citrinoviride 0.03 - - - KUC5062 Trichoderma viride 0.07 - - -
KUC5099 Trichoderma_citrinoviride 0.06 - - - KUC5061 Trichodermaasperellum 0.00 - - -
KUC1655 Trichoderma citrinoviride 0.06 - - - KUC8100 Tulasnella pruinosa 0.00 - - -
KUC1338 Trichoderma citrinoviride 0.00 - - - KUC8328 Tulasnella sp. 0.00 - - -
KUC1506 Trichoderma citrinoviride 0.05 - - - KUC8349 Tulasnella sp. 0.00 - - -
KUC1507 Trichoderma citrinoviride 0.04 - - - KUCS8830 Tyromyces chioneus 0.01 - - -
KUC1654 Trichoderma citrinoviride 0.00 - - - KUC8831 Tyromyces chioneus 0.02 - - -
KUC1787 Trichoderma citrinoviride 0.04 - - - KUC8882 Tyromyces chioneus 0.01 - - -
KUC1786 Trichoderma citrinoviride 0.07 - - - KUC9038 Tyromyceschioneus 0.01 - - -
KUC1785 Trichoderma citrinoviride 0.03 - - - KUC8721 Unknown basidiomycete 0.12 - - -
KUC1784 Trichoderma citrinoviride 0.07 - - - CHR4 Unknown basidiomycete 0.00 - - -
KUC1783 Trichoderma citrinoviride 0.07 - - - MS3-12-1 Alternaria alternata 0.01 0.22 0.95 -
KUC1711 Trichoderma_citrinoviride 0.00 - - - MB2-8-2 Aspergillus tubingensis - - 0.06 -
KUC1710 Trichoderma citrinoviride 0.06 - - - MS3-17 Chaetomium globosum - - 0.04 -
KUC1646 Trichoderma citrinoviride 0.02 - - - MBI-3 Cladosprium sp. - - 0.02 -
KUC1645 Trichoderma citrinoviride 0.05 - - - MBI1-9-2 Curvularia intermed - - 0.05 -
KUC1643 Trichoderma citrinoviride 0.00 - - - MB4-15 Leucocoprinus birnbaumii - - 0.04 -
KUC1610 Trichoderma citrinoviride 0.08 - - - MBI-5 Penicillium fellutanum 0.02 023 0.03 -
KUC1541 Trichoderma citrinoviride 0.00 - - - MS5-13 Penicillium sclerotiorum 0.02 0.21 0.09 -
KUC1458 Trichoderma citrinoviride 0.08 - - - MS1-13-2 Phanerochaetesordida - 0.29 0.11 -
Enzyme activity (U/ml) Enzyme activity (U/ml)
Fungal 1D Fungal name Fungal 1D Fungal name
FPU EG BGL XYL FPU EG BGL XYL

MS3-3-2 Phoma sp. - 0.25 0.05 - KUC9076 Pycnoporus sp. 0.00 0.00 0.00 -
MBI-10 Rhizopus microsporus 0.02 0.09 0.12 - KUC20120605-27C Schizophyllum commune 0.14 0.27 0.71 -
MS2-3 Rhizopus oryzae - - 0.08 - KUC20120605-27C Schizophyllum commune - - 2.02 -
MBI-17 Rhizopus oryzae - - 0.04 - KUC20120618-01C Schizophyllum commune - - 251 -
MB3-2 Unknown ascomycete - - 0.02 - KUC20120502-02C Schizophyllum commune - - 0.72 -
KUC20120502-14C Abortiporus biennis 0.00 0.00 0.05 - KUC20120723C-32-1C Schizophyllum commune - - 0.60 -
0707-25 Agaricus sp. 0.00 0.00 0.08 - KUC20120717-14-1C Schizophyllum commune - - 0.79 -
111019A-36 Antrodia_albida 0.00 0.00 0.00 - 110701-21 Schizophyllum commune - - 1.28 -
MJ10 Antrodia heteromorpha 0.00 0.00 0.00 - 0707-52-1 Schizophyllum commune - - 1.10 -
110916-19 Antrodia malicola 0.00 0.00 0.00 - KUC9088 Schizophyllum commune - - 0.00 -
KUC9095 Athelia sp. 0.00 0.07 0.05 - KUC9080 Schizophyllum commune - - 1.29 -
KUC20120618-17C Bjerkandera adusta 0.00 0.00 0.00 - M5 Schizophyllum commune - - 0.85 -
KUC20120723C-29C Ceriporia lacerata 0.00 0.00 0.00 - WGl Schizophyllum commune - - 1.58 -
110628-12 Ceriporia unicolor 0.00 0.16 0.03 - 0707-20-2 Schizophyllum commune - - 1.59 -
KUC9337 Clitocybe sp. 0.00 0.00 0.04 - MIJI11 Schizophyllum commune - - 0.86 -
KUC20120723A-30C Clitopilus sp. 0.00 0.00 0.06 - 0707-05 Schizophyllum commune - - 1.54 -
KUC20120605-24C Coprinellus radians 0.00 0.00 0.04 - KUC20120605-04C Schizophyllum commune - - 0.77 -
0707-50 Coprinus domesticus 0.00 0.00 0.04 - 111019C-47 Schizophyllum commune - - 1.83 -
KUC20120509-03-2C Cystidiophorus castaneus 0.00 0.00 0.06 - KUC20120605-31C Schizophyllum commune - - 0.36 -
KUC20120612-30C Daedalea dickinsii 0.00 0.00 0.03 - 0701B-23 Schizophyllum commune - - 1.23 -
KUC20120605-28C Daedaleopsis confragosa 0.00 0.00 0.05 - KUC20120723A-22C Schizophyllum commune - - 2.62 -
KUC20120723B-07C Dentipellis dissita 0.00 0.25 0.00 - 110928-28 Schizophyllum commune - - 1.46 -
0707-64 Flavodon flavus 0.14 0.08 0.00 - KUC20120712-07C Schizopora paradoxa 0.00 0.00 0.00 -
KUC9166 Fomes fomentarius 0.00 0.00 0.00 - KUC20120627-14C Scytinostroma_caudisporum 0.00 0.00 0.00 -
KUC9342 Fomitopsis palustris 0.14 0.26 0.05 - 111019A-70 Scytinostroma  sp. 0.00 0.00 0.00 -
KUC20120717-41C Ganodermaapplanatum 0.00 0.00 0.04 - KUC20120723B-03C Sistotrema_brinkmannii 0.00 0.07 0.00 -
111019C-07 Gloeoporus dichrous 0.00 0.00 0.00 - KUC9103 Skeletocutis sp. 0.00 0.13 0.06 -
KUC9326 Gymnopus junonius 0.00 0.00 0.00 - 111019B-23 Steccherinum murashkinskyi 0.00 0.00 0.00 -
KUC9310 Gymnopus luxurians 0.00 0.00 0.05 - KUC9377 Steccherinum ochraceum 0.00 0.00 0.00 -
KUC20120712-02-2C Gymnopus sp. 0.00 0.00 0.05 - KUC20120601-09C Stereum_hirsutum 0.00 0.00 0.05 -
KUC9179 Heterobasidion annosum 0.14 0.16 0.05 - KUC9073 Stereum sanguinolentum 0.00 0.17 0.08 -
KUC20120814-27C Hydnochaete tabacina 0.00 0.00 0.00 - KUC20120605-15C Stereum sp. 0.00 0.17 0.10 -
110928-13 Hymenochaete intricata 0.00 0.00 0.02 - 110722-36 Stropharia rugosoannulata 0.00 0.00 0.07 -
KUC20120712-15C Hymenochaete yasudai 0.00 0.00 0.00 - KUC9360 Trametes cervina 0.00 0.17 0.05 -
WG10 Hyphoderma rude 0.00 0.00 0.05 - 0728-15 Trametes elegans 0.00 0.16 0.09 -
KUC20120502-05C Hyphoderma setigerum 0.17 0.11 0.06 - 110908-04 Trametes trogii 0.00 0.00 0.04 -
110814-01 Hyphodermella corrugata 0.00 0.00 0.00 - KUC20120605-22C Trametes versicolor 0.00 0.38 0.20 -
111019A-03-1 Hyphodontia flavipora 0.00 0.00 0.00 - 111019A-59 Trichaptum biforme 0.00 0.00 0.05 -
KUC20120605-36C Hyphodontia_paradoxa 0.00 0.00 0.00 - KUC20120712-04C Tyromyces chioneus 0.00 0.14 0.05 -
KUC20120509-03-1C Hyphodontia radula 0.00 0.00 0.00 - 111019C-54 Vuilleminia_cystidiata 0.00 0.00 0.00 -
110922-21 Hyphodontia tropica 0.00 0.00 0.00 -

KUC20120627-01C Hypochnicium karstenii 0.00 0.00 0.04 -

KUC20120509-11C Irpex lacteus 0.20 0.41 0.09 -

KUC20120601-17C Lenzites betulina 0.21 0.52 0.13 -

0707-62 Lopharia_cinerascens 0.00 0.18 0.09 -

110628-14 Lycoperdon perlatum 0.00 0.00 0.05 -

KUC20120723C-24C Marasmiellus sp. 0.00 0.00 0.04 -

KUC9354 Marasmiellus synodicus 0.00 0.06 0.05 -
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KUC9200 Marasmius tremellosus 0.00 0.24 0.02
110701-20 Microporus vernicipes 0.00 0.20 0.05
0707-19 Mycoaciella sp. 0.00 0.00 0.02
KUC20120612-04C Oligoporus caesius 0.00 0.23 0.00
KUC9160 Oligoporussp. 0.00 0.06 0.07
111019A-53 Oudemansiella canarii 0.13 0.11 0.07
KUC20120814-07C Panellus stypticus 0.00 0.00 0.00
0525-02 Panellus subbalteatus 0.00 0.00 0.04
KUC20120712-22C Peniophora_incarnata 0.00 0.00 0.05
111019B-51 Peniophora nuda 0.00 0.00 0.00
111019C-15 Peniophora sp. 0.00 0.00 0.02
110908-15 Perenniporia corticola 0.00 0.21 0.04
KUC20120731-33C Perenniporia fraxinea 0.08 0.00 0.02
KUC9120 Perenniporia ochroleuca 0.00 0.00 0.00
KUC20120601-19C Perenniporia subacida 0.00 0.00 0.02
KUC9370 Phanerochaete chrysorhiza 0.00 0.00 0.02
KUC20120717-43C Phanerochaete crassa 0.18 0.35 0.04
KUC20120723B-04C Phanerochaete lamprocystidiata 0.00 0.27 0.00
KUC20120618-29C Phanerochaete sordida 0.00 0.22 0.00
KUC20120723C-36C Phanerochaete sp. 0.00 0.07 0.00
KUC20120723B-02C Phanerochaete stereoides 0.19 0.42 0.10
110701-12 Phellinus_gilvus 0.00 0.00 0.00
KUC9339 Phlebia acanthocystis 0.00 0.15 0.06
KUC20120723C-23C Phlebia acerina 0.00 0.09 0.05
110628-74 Phlebia radiata 0.24 0.43 0.29
KUC20120723C-35C Phlebia sp. 0.00 0.00 0.00
KUC9079 Phlebia subochracea 0.00 0.07 0.00
KUC9316 Pholiota adiposa 0.00 0.00 0.02
KUC20120814-16 Pleurotu spulmonarius 0.00 0.00 0.02
0728-41 Plicaturopsis crispa 0.00 0.00 0.02
KUC20120618-16C Polyporalessp. 0.00 0.15 0.09
KUC20120723C-39C Polyporus alveolaris 0.00 0.17 0.05
KUC20120717-04C Porostereum _crassum 0.00 0.07 0.02
KUC20120731-17C Porostereum spadiceum 0.00 0.13 0.00
110908-39 Postia stiptica 0.00 0.00 0.00
KUC20120502-10C Psathyrella sp. 0.00 0.19 0.10
KUC9110 Pseudochaete tabacina 0.00 0.14 0.06
KUC20120717-09-2C Pycnoporus sanguineus 0.20 0.29 0.13
O 339 e7tx] Adtg 732 gdoz 23 ~23849S 23893, 1 A Trichoderma
harzianum KUC1716°] 184 HAFarisiass A9l (Filter paper activity: 1.65

U/ml, endo-glucanase:
TF2 AU A

al,

150015 o] o5

3t S commune 207 S

1.73 U/ml, B-glucosidase: 0.4 U/ml), T3}5
SR T harzianum KUC17162 A& o2
S HZFol7] fs8 4, sAEZE AFolA
Z A Schizophyllum commune®] BGLEAJo] F=&H 1L

B7bE S aadt
e BGLEAS B
184 BGL AtsE Adwssinh

1o we} B

Hj oF&led B-glucosidase A2
KUC9397°] 2.62 UmlZ 7} =& B-glucosidase E42
T. harzianum KUC17163} 374 I3ts H71E ¢35+

ZAVSE A3} Schizophyllum commune
e Aok mebd o 75
caqw BEE AT QUHAL,

FE A4, T=eida, EAd

S 7ZMe HES ol A ﬁx}e Genebank®l] 5 =3}1t}.
Alternaria < 247, Cladosporium <5 28%], Fusarium < 163, Heterobasidion & 7802 F
7574 2] F-AAYS Genebankol] 5 =3 TH
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2. ARARNEL AL 23 AZe FA7 AL

b Af4 B3 B4 g4 71E Edls E4E 93 microplate assay system 7'
(1) Microplate assay system 7}
O A§2s addes 2] 99 ofe ix 2 cockuilE TEE Ao o)
. Trichoderma reeseiv 583+ cellulase A4F 0] A7 cell wall degrading enzymes
ol BN MfrEAS s AANACE FAHA Wk A2 HRk Ba Ex
A FF) HES AN 2 FEOL BEIGE OUR Ahe Bal Bao 2AE B9
shar wE A A e W
Aol A ALEE WS 747 g2 712 =E §o] 96 well plateS ©] 83 DNSSHIFE
: o

1__
AW e AHEE B2

1. 2l¥ TF(fung)E % 5E2] Potato Dextrose Agar(PDA) B X|ol HF3}] 30 °Coll A

2. A (mycelia)7} plateo] 715 Z uf 74x] wjgFstdct (2 3.3-9).

1% 3.3-9. Fungal culture to prepare mycelial plug on Yx PDA plate
3. 4RA Bl 54 24 248 9% sAEZA ATCC cellulose medium 9075 H ¥ 3}
ALE3FA T [0.5 g (NH4)SO4, 0.5 g L-asparagine, 1 g KH,POs, 0.5 g KCI, 041 g MgSOy

7-H,O, 0.1 g CaCly, 0.5 g Yeast extract, 16 g Agar, 5 g cellulose, 1 L H>O]

4. CMC2l9] T2 &40 2 A avicel (FMC type PH-101, 50 m)¥} R &S AL&3H o

712 AF8-3F petri dish Z7]= A|E°] 50 mn °]}t (2L 3.3-10).
Avicel CMC Barley straw

1% 3.3-10. ATCC cellulose media containing different celluloses
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5. Stainless hole cup(XE& 7 mm)E ©]-&3} mycelial plugE THE TS, ©] mycelial plugs
avicel, CMC, barley straw LA ¥ X](10 mf) ¥l SHE==Y (I E 3.3-11).

Avicel CMC Barley straw
1% 3.3-11. Mycelial plug placed on the fungal growth media

6. 30 °CollA] plate 3¥H-S myceliumo] o VS uw] 7bA] v Fsch(eF 29) (28 3.3-12).

Avicel CMC Barley straw

1% 3.3-12. Full mycelial growth on ATCC cellulose media
7. 9% FE F AL nAMAD 22 FdE mycelial plugE AAFAT

8. A} agar MAE ZZ %
buffer(pH 5.5)° ¥ 2417t 30

1% 3.3-13. Enzyme extraction

9. 4,000 pmO 2 94 Be)ate] FEAL ALgHT}.
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10. =3 22 A8 71d(1%)e AfFais a4s9 45 9l ARt
(D Carboxymethyl cellulose(CMC, low-viscosity Sigma C5678)
@ Avicel(Avi, FMC type PH-101, 50/m)
@ Filter paper (FP, 7 mm disk of Whatman #1 filter paper)
@ Cellobiose(CB, Sigma C7252)
(® Barley straw
® Arabinoxylan(XY, from Birchwood, Sigma X0502)
@ Pectin(PT, Junsei Chemical)

—
= —

Sz B E2 71AS 96 well plate(EF ;1 mlwel)ol 50 pl B Y1 FE2E ELE
15 Nes]
o A

S 50 W BAY (2 E 3.3-14).

1% 3.3-14. 96 well plate with a capacity of 1 mé/well

‘10

12. 50 °C water bathol| A 30%-7F W& A F T}

1% 3.3-15. Incubation of 96 well plate at 50 °C for 30 min

13. DNS methodZ A HE 3JFS =AY

1% 3.3-16. Measurement of reducing sugar with DNS method
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14. 96 well plate(-8-%: 300 wl/well)ol TFA] 71 ELISA reader= OD &t
25E T FS A

1% 3.3-17. Measurement of optical density using ELISA

15. 4% & o539 22 23

il

AT} (3 3.3-14).

3t 3.3-14 Hydrolysis of cellulosics by microbial culture extracts

fijo
Ay
o2
of
o
2
K
o

Activity on substrate M reducing sugar released/min

Growth media Species CMC Avi P CB BS XY T
Barley straw 1.18 0.36 0.53 4.66 1.74 2.85 2.98
cMC _KACC40517 3.63 4.15 087 634 169 3.07 1.65
(Trichoderma reesei)
Avicel 3.03 1.35 1.22 4.66 1.30 2.79 3.20
Barley straw 3.54 3.54 0.66 2.08 1.00 5.34 1.48
CMC _ KACC40885 441 471 079 251 178 276 1.78
(Trichoderma harzianum)
Avicel 1.61 3.24 1.48 3.98 1.05 2.26 1.18
Barley straw 2.34 3.67 0.66 342 1.99 3.04 3.37
cMC KACC40126 5.18 807 092 639 247 416 290
(Rhizoctonia solani)
Avicel 2.94 3.50 2.38 5.35 1.26 2.67 2.17
Barley straw 0.87 3.76 0.75 4.10 0.96 3.78 1.13
CMC - KACC40STO 479 652 079 802 268 326 242
) (Trichoderma peseudokoningii)
Avicel 0.70 4.23 1.43 4.88 1.00 2.39 1.00
Barley straw 0.70 3.37 1.22 9.44 1.48 2.57 3.24
cMC KACC41058 0.92 8.76 118 4.88 2.12 2.82 3.63
(Pythium oedochilum)
Avicel 0.83 6.26 1.26 8.71 2.21 1.33 3.11
Barley straw 4.32 4.58 0.75 11.08 1.00 1.95 8.11
CMC KACC40129 066 1233 092 815 212 1238  33.17
) (Rhizoctonia solani)
Avicel 0.49 4.58 1.30 9.79 0.92 2.42 8.11
Barley straw 4.71 3.24 0.87 10.91 0.66 21.87 8.80
CMC Coniochaeta sp 7.51 497 1.52 10.13 1.61 20.44 2.55
Avicel 3.20 4.53 0.70 8.37 0.75 8.31 1.48
Barley straw 0.40 1.69 0.66 8.58 0.92 1.33 0.96
cMC 45 . 096 389 087 888 118 171 247
) (Streptomyces thermocoprophilus)
Avicel 0.66 3.03 0.92 10.13 1.30 1.61 2.17
Barley straw 6.86 1.75 2.94 12.79 1.71 42.01 4.00
cMC 45 (Broth Culture) 095 177 133 1219 166 128 3.8
) (Streptomyces thermocoprophilus)
Avicel 1.38 0.86 0.71 13.38 0.52 0.57 1.62
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o} H

O F2 AFa 8 a4E Adste 775 A s ok

O 7z 714 Eslsol 7HE 3 #5<=

O CMC : 3(Coniochaeta sp), avicel : KACC40129(Rhizoctonia solani), filter paper
KACC40126(Rhizoctonia solani), cellobiose : KACC40129(Rhizoctonia solani), barley straw :
KACC40516(Trichoderma  peseudokoningii), xylan : 3(uncultured fungus), pectin
KACC40129(Rhizoctonia solani) ©)Qt}. 53| Rhizoctonia solani= & WU TOZA

=

A=A AY Al ZE3 Afa BELE oy gE oz .

3E 3.3-15 Result of survey of reference on the isolated and identified strains with high cellulase

activity

Identified scientific
Strain name Reference Content
(Similarity, %)

YP6-6-3
(From national Coniochaeta sp. None None
park)
YP6-7-
6-7 7 Bacillus tequilensis
(From national None None
(100%)
park)
Streptomyces
3-84 o
(From sawdust) brasiliensis None None
(98.649%)
3-15 Yin Li et al. (2007) Xylanse,
(From Pencillium Pallavi Dwivedi et al. (2009) B-glucosidase, T+
Livestock oxalicum Jose Luis copa-patino et al. (1990) =43t
Research (100%) T2 Cellulase
Institute) g4 A sl
78 ArBYS
‘(From Trichosp?ron ‘ ZF 74].%‘- (2007) . CMC ] 2] o] A
Livestock asahii Comparative studies on morphologically =18} o 2 ul
Research (100%) similar Trichosporon species. e ;; =
. = 0o
Institute)
3-9 Xylan 3%
. Streptomyces
F 1 . =4. CMCE
(From solis thermocoprophilus Kim et al. (2000) H}\o o
near to (99.103%) Bz
Volcano) SR A8 23}

Ref. Abstract Search Site : http://www.sciencedirect.com, http://www.ncbi.nlm.nih.gov/pubmed,

http://www.riss4u.net.
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2

3 3.3-159014 Afrd E3llsol 78 689 TdFE2 1 cellulase /0] FA &H A
A e TFEO|Y. Pencillium oxalicum 73-5-% xylanase, B-glucosidase”’} &d1A Jdo
U2 a459 &4 o3 HuH XA Al Trichosporon asahii®] CMCase /32 H il
Houy b2 a4 s UdRae Yk T3S Sweptomyces thermocoprophilus= xylan¥
s 2eA 91 o zABge RuE do go

2 A7EH £3 7150 fle 67Y 184 At as TS HAsL, oY o
& 714 tigk A4S FAsATh

AHE AF T reesei Rut C-309} YP3-6-39] a4 AAHF A
ANARZE AlFF YECS CMC, xylan, avicel, pecting AF&3lAch ztzte] 712 S
0.5%(w/v)S.2 3} 250 ml flaskol| 4] ATCC cellulose medium 907 <§u) =]l 7 S =24
30 °CollA 7€ZF 150 rpm o 2 viFsle] vl A-S 12,000 rppmOE 4]
wEg & ATAE Faqor ARESAT. oAy AokE TI”dA AdHE F o dF9

3}
*J‘E‘% YP3-6-31_—Zr° AHAh Bfas 48 7|80 A AA™e=E & 4823 T
]

o =735 7ﬂaJr(:la 3.3-18) T. reeseie CMCOlA 14.8 U/ml, xylanol|A 7.87 U/md,
avicelo| A1 7.82 U/ml, pectin®] A 848 U/ml o2 YEGEO ™, YP3-6-39] A3 A3} CMCO
A 6.37 U/ml, xylan®l A 3.37 U/ml, aviceloll A 2.48 U/ml, pectin®l] A 1.78 U/m{ .2 E}
goh AE Ay AokF dBEE FEH YP3-6-3 TdF7F T reesei Ktk AF oz AL

AA

Afa PAlEs A4se] AuHoR AAW gol AU WA HH2ARE AL
T OREAN 29 HARES T Ak oS AN 912 2E: 5 Qe Aol
o -}

19 3.3-18. Production of CMCase by T. reesei and isolate YP3-6-3 from different substrates
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>

(1) =
O

Ade] F4d HE FA7Y A

SR FFE /hed A2 BAELT ANY & dE BFS Adar] A B B
AA F2 aRks §3 Jgujeko] o] FojXt. o] HAFqA 7|EY EHEIE AHE
e AR MEe Be gl Aok B 193 718 5ol 2280 B A4e B
as &4s FHs7] g 71Ee] HEL 43 Alzto]l A8xHT SHES g #
o kel Aok 9 mavth @ul AT webd Afd BAEs 44E A NPREe
Z24~3}s}a1, CMCase, XYL, BGL, B-xylosidase (BXL), 28] 3L cellobiohydrolase (CBH)oll t)
4" Z4SA WS AEsdth

A7 B AFQH g F

a2 AT H AGT W3EAR]D Phanerochaete  chrysosporium  KCTC6293<}

Trichoderma  harzianum KUC51822 Z}Zy A&t Y. @A P chrysosporium
KCTC6293= 1709 agar 215, ¥/} AAEE A T harzianum KUC51822]
9ol 10° spores/mLe] FEZ 10 mLY Mandels B X|(Juhasz et al. 2005)°] HE3L
W, et 0 AA2A % 0E WS TR

AstE ARAEdas AL 34

Aaadlas Prs A3 gl A, 71l 250 mLY Z=AE o] &-3he Rhs|
Z24381E w g A= HdE 50 mLe] conical centrifuge tube (SPL, Korea)ES AF8-3}% 1L,
HAYZEHE FHISIAT HAg2EFH e vjgd S 121 °ColA 15%%F s 3w
Hye 3087 Aty B 5, 10 mLe] w3} 0.5 go] W2 HlE conical tube
o g1 dY2EHE JTFE TolFdnh widS 27 3nkEA Pt on, BE tube
52 50709 tubeE S T A+ HHAY conical tube rackol] 719 ©] racks 50° =&
T+ 9= 25 3FATE conical tube racke] FEE AW 3)[2A T 79
100 - 250 rpm . & 3] A& HA] 28 °Coll A 7L 7F XEHjeF kAT,

& F2 ol &HAW 250 mLe] ZgAAEZ o] &3t WA E 50 mLe] Mandels
HAE 23 U BHog #FE5 HEE 28 °C, 150 pmelA 797 AEulg 3H4

of 9% EABAES B AN ATF FasE P vaste] i)
® el ol Jhs4e B

o
o
o
i

i Hell e Bag T49 A%k FE CMCasest XYL 3¢
o= 2099} BGL, BXL, el CBHO tslAle sul Zol=% sl4ch. E& micro PCR
tube9} 96-well microplates AF&3te] o ool MZ S F Ao =4
TFR 3g3 B4 AEse] FastE B284 29 P 712 P viway

.

(7hH CMCase &4 =74

O

Ghose (1987)° 2]3} 7]&o)| A& WS =24313to] DNS WS ueg 998 =3
3R micro PCR tubeol] 25 pL CMC, 25 pL2] sodium citrate buffer (50 mM, pH 4.8
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a3 25 Lo} EaS WATh 50 °ColA 308 <k w3 ¥, 150 uL DNS A okS
el 22t SE S boilingh cooling HAE ANAR, 33 LSl ATE Ao

m ﬂJ m
AN
)
ofs
o
3R
T

(h XYL &4 =4
O Bailey et al. (1992) 7]1&2] WS =43}3le] DNS HH ol we} A3 =AH3Ach

Sodium citrate buffer (50 mM, pH 5.3)°] ¥ 1% birchwood xylan 81 pLe} 7 pL &4
= TF8t 50 °ColM 58 F< t&%—s}gau} 135 uL DNSE ¥
cooling IS AAjste] wAlE MEZ 200 pLS 540 nmoll A FF =S =AU

H
i
)
(o
S,
£
(0)e]
_L

(th BGL, BXL 18il CBH &4 =3
O BGL, BXL, 1831 CBHY &4 =4S $3l p-nitrophenyl-B-D-glucopyranoside (N7006,

O

Sigma),  p-nitrophenyl-3D-xylopyranoside =~ (N2132,  Sigma), 2]  p-nitrophenyl-3
-D-cellobioside (N5759, Sigma)S Z}z} 7|22 Al&-3}9 ot

% 200 pLo EHL 10 mMe 71E 20 pL# &4 A 20 pls T3 o] AL 50 °C
oM ztz+ 5, 10, Z22]al 30237 W& AIAE F 20 ple 2 M NaCOs= £l ¥
oJFAT. SE F, 200 uLe EFHL  96-well microplated®] 2] microplate
spectrophotometer2 405 nmol| A FF =S =431}

4) 282+

O

O

B A AEE dFE dfa Bdass BEuste dez Z 484 e gx
A HGxX L AFT O ZA Phanerochaete  chrysosporium KCTC62933}  Trichoderma
harzianum KUC51829¢] AF&E Ut 84 AAFS 93] Mandels BJ XS AFE35F9 2™ MEA
iAo A 7]8- 24z FgolE HFetal, ©GAUOZA 5% (wiv) HAS F7lste] 28
°C A 7¢7 A& wgstdTh. 4 84 ArrAA oA vl ] small-scale WS 7l
371 93t 10 mLe] HH FAS FF3 50 mLe] conical tubeE A8}l conical tube
racks o83l 50° A=E 7] NgHjds AAlsTh sEAIRE 71E Y Wk rpm o
w3 AE7E EA5HA OLO} HAHx7 % 278et7] #lal 100914 250 rpmZ7kA] 50 rpm F
A0 shakingdstHth 2 A3 19 33-199 o] F dF EF HAIZE 150 rpmol A 7}
x} U}Q arE Hu]g—].}_- 74 oz 14_]:/].1;)\1-1;]_

|£d= 50 mLe] vl YN S 73l 250 mL Erlenmeyer flask & AF8-3Fo] 150 rpmoll A

\l

AWz o2 FAAMLo] o]FojHTh Wk B dAFtolA A S4E widHES V&
9 HHOE‘E‘“:”J% Hlash7] 9ste] Zbzbe] HAZz A F 7] v o] FAlo o] F

Hom, 3.3-1691 A3 nie} o] BE A4V 71E9 flask HiSl A KT} conical
tube ]/\1 o =2 845 Yvedseol EIFHATY. F, ZAE Aee dF9
screening TAAI A= B AFA NS FA4AE wGFHHS AREE7]d A dsitia 3

R e
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1% 3.3-19. Cell culture agitation rate and optimal production of various enzymes secreted
from  Phanerochaete  chrysosporium KCTC6293(-@-) and Trichoderma  harzianum
KUC5182(-[]-). A, CMCase; B, xylanase; C, [Gglucosidase; D, [-xylosidase; and E,

cellobiohydrolase

3t 3.3-16 Enzyme activities (U/mL) and protein concentration (mg/mL) obtained from
flask or conical tube cultivation of fungi at 150 rpm

O o2 49 3428433 WH(micro-assay)s 8317l 98t 71&9 Wi

(macro-assay)ol| A AF&E AloF Bl G449 FE FO|EE AT CMCase & xylanasegl
G=A = 208, B-glucosidase, B-xylosidase 2 cellobiohydrolase®] A=A oA &=

Hl F48 o] A 2§45 AT 3 96-well microtiter plateS AF-8-3}] 96
7Ne] samples EAlol SAsAT FAE WY AGHE FHsH] fste, TS
ZA317] 9% standard curveE YERU O] 71EY W HlwE AT 19 3.3-2000 4
nie} o] T W T AHESHA glucose, xylose 2 p-nitrophenol®] S & &35} A

g F e AeE YEsT

rr

Ay HI

o2l
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% 3.3-20. Standard curves for measuring the release of glucose,

xylose, and p-nitrophenol. A, C and E curves for macro-assay; and B,
D, and F curves for micro-assay

O =3 U3 4gE 842 olfdly 242" 484 =34 Wo] 71&9 Wi} Bl
St FEoE AME 45 HAET F ASS THUIAG (3 33-17). ©, B-xylosidase2}
xylanase®] 2% F WHol BAFHOE FoletA dvte= A= SAHE 10709 sample 3F
o &4 wWol7} whg- k7] wEolet & g low, FA FAGOEE Aol7b AY gl
o182 o]& screening GAANA A FFE FA Fevhal FGEG

3F 3.3-17 Statistical comparison of commercial enzyme activities (U/mL) between
macro- and micro-assays

O o]9} o] B Afo|r 7| L3 micro-assays Be 9 #F= 3 Ho| o}

=S 5 F don
A FY A F 7ES A EFoEA A BHIE =ola EX 4 YA EAS
g8 sto = Az doF @ ug Azt ZA 7| £ ot
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T AFLEESELS F4 71 A
71 MQl Clostridium cellulovorans?7} 843t AE2FLS 7ZF Cellulosomal 9]
9} Scaffolding Pprotienol] 2]3}e] FAdo] H oA Dockerin-Cohesin Interaction®l] 2]
A E FA G Dockerin-Cohesin Interactions ©]-83lo] Hu} st AEZEH &Y
5 4. Z3)A =WRlS E coli TEME(PET22b)o| 7+ $ IPTG Induction
gt a A by, ddE ol 2341 = Q1S His binding columns o] &3k A
F FAE Tt violQ mAE FEHF FHFE ¥ AA IS AEEE
4 &40 =AY TEdY AgS st AEEE YA ZLhEV HdYFo=
(Dockerin-Cohesin Interaction). ME2F 74 849 EAA] 7129 Coomassie Blue 924
HoZ @A Al oF 70F] TiidS FASPAT B AFE Tt /HEE X Cohesin
MarkerS o] &3l FAMA)ol= <F 117] HE9 Cellulosomal Subunityto] BEFAlo] = o=
2D-PAGEES ©]| 43} %:Lﬂﬂom G ELES 45t o] X AEetolA7) ofd
NMZL 842 g5 AR FE-S Spottingdte] Peptide Sequences #49.

:l:‘zto{‘

off

ot FU]O kol
X oot ot by ot by

Uﬂ

717] o2 @429 (Avicel, Xylan, AXP)S o] &3te] Ao AEZES TAZE @9
B2EY FAo 2Etde Rl olF V€Y AEEFE A E4aE dHAA ¥ey &

A gadolA I Hd HAAE Spots Spottlng 3t ESI MS/MSE 53 Amino Ccid
S B4 E4FoF Amino Ccid 4] €S Homology Searchingdt 23} 7]E29] A
EgtotAl o] FAME S YE = A2 6‘41]]77}1] dHA A e AEEo] B4 HAU
<. 479 Amino AcidE Degenerate PCRS 53} PrimerA| 2 & A28 a4 &2

19 3321, Z3]A Hlo]Q wlA o] At

Cohsin-Dockerin Interaction®] Binding Selectivity 2} #&HE 7|4 v]AE2] Cellulosome

6:1/\4 °JE] B}H =3} H-F’r.:_ OH T~ %rgxﬂ/] d‘ﬂ?zﬂ 75?3 t}l ZHE%L% =3} ‘Pr?i

gk 23l 7% ‘ﬁ“ﬁ:o‘}% As Hx= T

Cohesin-dockerin interactioneS ©]-83}o] Hlo]QujAH ME & F3|A upAgA AE
= ©9 549 2y Wk A
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a9 3.3-22. A2 ©§E Z3)|A uAE 0|83 Clostridium cellulovorans® AE52F @9 a4
o] z2utely W3l B

o

1% 3.3-23. Cohesin-Dockerin A} & 2-8-0] 7}X|&= Binding specificity % Dockerin Moule2]
Duplicated Sequece

O Site direct mutations ©]-8-3}] Dockerin Module % Cohesin Module®] Selective binding
motife] 7.

O A=ZF7Hlo]= EngE’} 7FAE Dockerin Module®] ©}m|:=4HS X8 3t9S A9
(SL->AI) 7] Cohesin 6°] Ho]Q Selectivity’} Cohesin 2 2} Cohesin 9 o T =&
Bidning AffinityS 7}A& A< g3
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1% 3.3-24. Cellulosomal enzymes®l] A1 2] dockerin - mutation

1% 3.3-25. CbpA 2] Cohesin module¥} Cellulosomal enzymes2] Mutant DockerinA}©]2] ELIA
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Ay
O M7 d=2s o8 712 AA A72 524 Zdl, A, empty fruit bunch(EFB), ¥ 3,
4 714E 0.5%w/v)Z dte] 250 ml flaskol A
ATCC cellulose medium 907 H/guj=|o] s/l F2Y FAE HFS F 30 °CAAM 7¢
ZF 150 rpmO 2 wjFatal migAS 12,000 ppmo 2 AR F FTAE gadom

sk,

(27
N o
)
(T
=

El

N
i

[l

>
=
oo
_O‘L
4
)

N,
)
Lo

© YT AFAFANAN 7 e REjFg HE S 714

b m A= dFS Z2ARIEY BEFE 0.5%WwWN)oZ 5t

250 m¢ flaskollA] ATCC cellulose medium 907 HAFujA|o] 37 Z2Y HAS HES &

27, 30, 33, 36, 39 °ColA 7¥7F 150 rpm O 2 HjFsle] Hi%FA-S 12,000 rppmeE A E

gt F FTAS Lo F AEsIH o, AikE &4 CMCase, FPA, B-glucosidase,
Aol o}

£ Ex YA W A

==

_
O O
]

o

avicelase, xylanase, pectinase &4 =4S F3 7|12

s,

(th pH7F &4 AAtel A= 9%

O 227k &4 Aol vAs 93 dddden 713 +Fadd 33, 36 °ColAM 27
pH7} &2 A mXe JdFS ok 2EAE 0.5%wWNV)SE 3ol 250 ml flask
ol /] ATCC cellulose medium 907 A uj x| =
4, 5,6, 7, 8 92 XH & | F2Y FAE HETF F 36 °ColA 7¢€3F 150 rppm S
= wjgstant. 2 g s
Rom AiE 5o oY aAEA FHS Tl
IS L o =

l-dj
i
<
Z
o
@)
T
Yo
an)
a
o
o
ofo
ol
£
=
A
e
T
i

(8h) C/N ratio”’} &4 A2bol nmx|= A
O g9 Ao v e AFS golry] 30 celluloseP 2 ZA 0.5% HZS
3 ATCC cellulose medium 907 ¥ X](%7] pH 5)° C/N ratio 3, 5, 7, 9, 118] H]
stof ) E2Y FAE HISIT F 36 °CollM 747 150 rpm o= ujFste] wj <k
< 12,000 rpme 2 AAEET F ATHS BAhAOFZ AR O FAE 49
BAgA S8E T3 ON ratioo] W& g A NS vl 48T o 7]
iz H7FsE N2 0.05% (NH4):SO04, 0.05% asparagine, 0.05% yeast extracte] 37}%]
AES #s Aoz FA33% Ao= ALbstth

it
2 & o mot

RS
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(FhH ¥ %F Azt e 54 AL A

O ATCC cellulose medium 907 Y guj=]o] HZS 7|FAE AFE3}aL 33, 36 °C =%=9} pH
5, C/N ratio 7 BI& 2 3o 37 EF2Y FAS HEI T 1097F 150 rpm O 2 vl A3}
g i FAS AFHSE 12,000 rpmeE PRI F FFHES aLhHo T ARESIA
o AL 340 F4AEA SAHS T WE Al WE oy a4 AAFS Bl

B4

(2) T Lecythophora sp. YP3-6-39] HZA ¢ =1
O ddd 75 YP3-6-39 vl =0& <3}

=12 Y59

Q-
0%,
o
b
Mo
:(g
1:01'
b
o
2
filo
A
e
B
Jzi
=
o2

(h 718e] ma Adbe] WA=

O o8 714 Hd A2 d8=2A4 2, JA, EFB, B4, BadS ALEslen 7zh 7]
Aol AElE Muck 2SS =A% ZAA(2Y 33-26) CMCasedllA He R o]
6.74+0.10 Um o2 7}& =9tom EFBE 5.70+0.13 U/mlC 2 53 Holdth U XA
JNAEL 334 ~ 456 Uml AESY ah TS RAFQTH FPAMIA Rl o]

261026 U/mlo.2 7} =9to ™ EFB7} 2.49+0.14 Umllo 2 533t YA &

—_
{
=

NEAEL 139 ~ 1.60 Unl x99 &b AyAHEHS HoFQth B-Glucosidased] B¢ =
E 718 2,60 ~ 334 Uml A= 84 AAFS HAFA=H), o] 849 FAS 7]
Ao w2 FA FAo] A o] gE AHoZ JEIYT AvicelaseE Kz Z o)
2334029 Umlle.2 718 Fsldoy yHxA g2 7|2E5L H]5:3ATh Xylanase]
A9 BajZFo] 2348+1.18 U/mlY &4 Ao 2 EFBY 11.19+40.86 U/m¢ BT F Hj
A SF3tRen, & 7252 5 Umnl ©|3t2 xylanase| A= 7] &o| W& zto]7}
] -¢- 418} Aok

O vlA| 2O F pectinase2] A% HI]Z o] 3.09+0.29 Uml o2 71 3lH o™ EFBe} H
o] Z+7Zb 2.6540.18 U/ml, 2.34+0.12 U/ml o2 H3Ron ymx g2 748 |1
UnAEZ YEYT

O old wet & A7olXe Afd &8 a4 AYiS S ¢ 71224 Beds A4
SHA A dA7A] & A" A4 718 9 grass, corn cob, bagasse (Liming
and Xueliang, 2004; Sohail et al., 2009)5 2] HA HH4 YE7} fungiol] 23 HF4 &
3 B At AMEEHO] Sted], ol HA AL dEES AAE AL d54d O

Sole 49 diaa I a4E A4 th(Liming and Xueliang, 2004; Sohail et al.,
2009). wEkA] o] H3 HA HAfF4: YE2ZHH dia &3 245 Aiksie AL AR
& B B AANE Zoltd 2 4¥E ¥ Aoz wuun
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1% 3.3-26. Effect of substrate on the production of cellulases, xylanase, and pectinase by isolated YP3-6-3.
A, CMCase; B, FPA; C, B-glucosidase; D, avicelase; E, xylanase; F, pectinase

fu e
K
TR
iR
i)
(L
u
)
(O8]
W
)
~J
9
<
Au)
=
32
£
(@
<
Q
o
é
Lo
ot
o
(98]
(@)
A
oL
o
2
H_
=
~
(@)
S
=8

2 33 °C7} 7.7440.09 U/ml o2 o vz

6 UmB=e &4 AFES Yedidth. FPAS Z-¢ 36 °CellA
Moz ThE LRt 30 AE ¢ slgoen g2 59 ASdE 2 U/
mMAEY a4 AAES JeEl Y. B-Glucosidase®] 745 36 °C7} 4.63+0.08 U/ml o=
g3l o™, B-glucosidased] 7A-F-ole &%o] W& o]zl 1 Uml v|wte g =4 =}
o] 7} A &t} Avicelase= EE XA 2 U AE=E %o wE Zo|7l e}
U] ektth. Xylanase2] 7Z-$-oll= 36 °C7} 65.19+2.55 U/mtol™ I ©f2-22 33 °C7}
44.93£227 UmMICE $F3lgon T2 LLoMes 22 Unl B35 & Aol v
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O
i & rlo rlo T

B XM H 3R
>
ol

2 1
ik

J

Pectinase®] 74-% 36 °C¢} 30 °C7F 3 Umd AE9 &
=

k>

S BYa Ywx
2 Ut o)8te] Ea e mld
5o mE FAAAS Zol7E AL U

A3} pectinase?} avicelase™ =

2w
e Eie BF 36 °CoM 7P e Ea AMES B ofd mel o
S A% 7 HH eEe 36 o2 AAs o

A B

a3 3.3-27.
YP3-6-3

Effect of temperature on the production of cellulases, xylanase, and pectinase by isolated
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(th pH7F &4 Ak vx]+= 43

O HAH7142 Badas 4 g =Q 36 °CE AHEst x7] pHE WH3lsio d 3
AS™ HCIZ NaOH S 2 pHE XAsto] AFstAtt. AFAA(1H 3.3-28)= CMCase
= pH 5914 10.37+0.18 Umlo 2 7FF =& 3 i*ﬁé%k% li%lgtq pH7} Eold o)
2t 84 Aol HA "dojAe AFo] UEWOH pH 4% Ba AikEko] A
Uelytth FPAS ¢ pH 69l A 5.37+0.44 UmlO.E &4 *3&%01 7+ E=%ow pH
55 4.1240.26 Uml S22 3Lt} B-Glucosidase®] 74-% pH 5914 4.08+0.26 U/ml o2
7HE 393 avicelase®] Aol pH 57F 2.35+0.18 Umlo.2 718 $F3d oy
T oa4A AMF EF pHYl wWE & Aole gtk Xylanase®] 7§ pH 594
52.81+3.45 U/ml o2 F8l&lA 71 S48t pHYt =olde ute &4 Aakago] zb
Adle AAE 9o pH 494 7HF &4 Aol He Ao F UEETE. Pectinase
o] 7% pH 6914 439+0.10 U/ml 22 pH 59 4.12+0.31 U/mte} AL =Fol7h gllon
pH 9914 7} &A AjbeFo] A UEhwth olo] met o8 i 3 &4 A
of AwrAo g 7h A wjA e Z7] pHE 5% AR AGEHAT

_4

A B
C D
E F

9 3.3-28. Effect of pH on the production of cellulases, xylanase, and pectinase by isolate YP3-6-3. A,

CMCase; B, FPA; C, B-glucosidase; D, avicelase; E, xylanase; F, pectinase
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(2hH) C/N Hl&o] &4 Aitel vx= 4
O &4t di9 HEo BE g4 AdFS dolR7] 98 Heds d2dO=R 8L
C/NY HI &S 3 (N=0.45%), 5 (0.75%), 7 (1.05%), 9 (1.35%), 11 (1.65%)% &}t R
S H7Fst Wi FSt AT 3.3-29). CMCased 4% C/N HIE 79| 11.3840.69 U/mlS

r
)

>

2 a4 Ao 7 =9ko ™ C/N H]E 39] 8.42+0.70 Uml .2 a4 AikeFo] 7%
AAth. FPAY ZA$ C/N HE 7°] 6.08+0.38 U/mlez 71& =9kth 18y toE /N

H S M= A 743} ] 9%*9}:13]- B-Glucosidase®] 73-%- C/N BH]& 59} 79| 2.7 U/ml &
TE UE 3% ] 18] % AT g2 F=o Hls ZA =X EAT}. Avicelase?
74 EE C/N Hgoﬂﬁ 23 UmCeE C/N HlEo wE Zo)7} YelyA] £ttt}
Xylanase®] 749 C/N H|E& 794 50.03+2.31 Uml o &2 7} 53k 84 AYiES Hol

H 5 ~ 11 25 46 Uml ooz $53A YEFYTE Pectinase® 72 C/N H &
11(1.65%)°1 A 4.06£0.06 U/mlL. 2 7} 953 gon /N v &o] 2718 wa ah
AT Z7 ek Aol YENRAT I A SV A E &t AY A3 CN HE 7

o) 14 B AfA Bx A4S T 4 dE Aoz Yey

A B
C D
E F

19 3.3-29. Effect of C/N ratio on the production of cellulases, xylanase, and pectinase by isolated
YP3-6-3. A, CMCase; B, FPA; C, B-glucosidase; D, avicelase; E, xylanase; F, pectinase
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] et

dael 54 B

0l YEFH AT CMCase -5

92':’“1 1 o]FEE 10¥AE

. FPAS] A% 5~74 A 6.65
A%t 1094 4.68U/ml2
230 Umle =2 713 a4 A

ER7E Aol whel ofzh ZFask it AV1celase«1 3% 6, 7T4A

24 UmeZ 71 539t Xylanase®] 4% 6< A 51.26 Ume 2 713 S|
o 10€A = 4929 UmloZ ai& AikaFo] IA 7HASHA &%l Pectinased] 73
S 69A 4.09 UmeZ 74 S AR 3LURE 1087k &2 ko] =A =}
ojuA &t HPAH EE G4 ANFo] M A AAdHE AV 6-79L
2 yestth
A B
14 7
~ 12 5
5E- 10 ‘g 5
= )
Z s e 4
E 6 £ 3
= o
2 1
0 1 0
o 1z 3 4 5 & 7 & 8 10 0 1 3 4 5 5 7 8 8 10
Incubation time (Days) Incubation time (Days)
C D
5 3
El =
£ =
g 3 1s
2 :
% a5 Z os
= 0 v 0
o 1 2z 3 4 5 & 7 & 9 10 o 1 3 4 5 & 7 8 9 10
Incubation time {Days) Incubation time {Days)
E F
50 45
4
g = g 35
-5;“ 40 -:i 3
g S
5 30 3
4 2 % L5
5 £
Z 10 & as
0 ' 0
o 1 2 3 4 5 & 7 & 8 10 o 1 3 4 5 & 7 88 8 10
Incubation time (Days) Incubation time (Days)
193.3-30. Time course of production of cellulases, xylanase, and pectinase by isolated YP3-6-3. A,

CMCase; B, FPA; C, B-glucosidase; D, avicelase; E, xylanase; F, pectinase
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(Fh B249] HEd =A
O 8495 60 °C water bathol| A 1A]ZF 2] 3}l total cellulase (FPA) &4 =4
ALY 3.3-31), T. reesei= CMCE ®| & 712 3 A5+ FPAZ} 7H431HA]
U Uz 71de A w3t FF9 FPA A3dlEo] & o] 22 ~ 64%O 2
AT A Feloll R 50 °C o] e &A stel A wII7E 107 AEE
Fo] Al Aol wet rtEEdoz "Wojte Ho wel A E4E A&

—_>'4—"4
=
N
2

o

A B2 Lecythophora sp. YP3-6-32] 7 $-ol= CMC, xylan, X & ©
= S

A2 B 80% olAe IE FABAHL BRAT

Eas

ol T. reeseiv Z}7t 4121%, 12.76%, 1.72% &4 45 Jeddo. &

7 Lecythophora sp. YP3-6-32] Zd-%-o A<= 50, 55, 60 °C2] T3} 2T of A
S| Z+7Z; 100%, 100%, 3.93%C.F 55 °C7FA| 9 @3 LToAE &4 Ao

—_

18 3.3-31. The cellulytic enzyme activities of T. reesei Rut-C30 and Lecythophora sp. YP3-6-3

after heat treatment of the enzymes
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F dtte @3 o] At (Chung. 2005) °ol& & & waH| 807 UehuA

AFEBLE S A9ole FPAE 7HA3A 29O ™ avicel, pectin H]<F 7] A o) A

IR sl a4 WEAHS FAE 2 50, 55, 60 °C2] T3} oA 48



(7h 71&0] & A2kl w A
O o2 7kA H4

O

(b pH7E E2= Aol PIXE P

(3) T P. oxalicum KL1°] HZ vk =4
X

" T P. oxalicum KL12] CMCase, FPase, [(B-glucosidase, avicellase, xylanase, 12|
ectinase AAFS 93k HA wjk AL ZASIE U

s M

AFd d5=24 Z2d, 9, empty fruit bunch (EFB), H4, BRI E
il 71AE Abgstgor 7 slde] guste Mek RASe ST ARH
3.3-32) CMCase 73% RE HAV|ZA 10.01 ~ 11.19 UmLE 7] CMC 7]1&

 ar B 3tA YE T FPase 7% EFB7F 11.72 Uml S &
=2 848 UrE‘r‘ﬁiifﬂ HAT 815 Umoz 43 &4 4L Ygdlt. B
-Glucosidase®] 7% HAA 3063 UnMNCE H& A4S Yelyorn HEZo] 17.19
Umlez =2 4L el ywx 712 694 9 u/me 4L Yedoh
Avicelase®] A% E& 7] A 1A 2 UmlY A4S YEMH AT Xylanased] 4%
CMC 7|2 HT 3u] o] o] &Ao] RE 7|HoA Yelgor H 30 Uml o739 =
< &8 YeP Y Pectinase?] H-§ H Ao /\1 4734 UmlOo. 2 =o 4S8 Jedu
=22 o7 w2 @485 veHn oo we & dAFAME
GRS ] E* *3*“’ Az ¢ 71EAEA 1S AAsHA =AU A ol
=) 3

_4

>E
X

B2 ANEE RS ARd B Ak A

of ©
ol
lo,
>
oo
iin

Aol Fa el vl sl A g S5sad WAE /42 5]
pH7} &2 A3ke] mxE o syt A¥ A7 (d 3.3-33)5 CMCase®| 7-%-
pH 5, 6, 7914 12 U/ml o] S & pH 404 87tA] &4 Ao =ZA FFS v|xA &
E Ao ® YEuty. FPase? 751 pH 5014 944 UM Z 7ME =2 34 S48 Y
Bl o pHY} Zold4E a4 AasteE Ao ® Yyttt B-Glucosidased] 7
$-o = pH 594 30.77 Uml o2 7}7% =2 a4 848 e gl pHYF oS E
A a4 Ao ZASIHY. Avicelase®] A% pH 59 6914 2tz 592 U/ml, 5.44 U/
moZ =2 A4S ‘/}E}Wﬂ- Xylanase 2]
2}
o=
}

rr

2

ofk

filo

HJ

4; —|—'
—4 —1—’

_L4
_4

73
73

© pH 5914 7} E=A &4 B4 359
Umo g Yelgom pHYF ol aAars Aol AA 7FAFYTE. Pectinased] 73
S pH 4, 5, 6914 EF 50 Uml o]de2 =2 84S Yeon pHYl Eol-x &
A Aol AA FasA @kt oo wE Y MRLk Bl E4 At MwrHom
74 AR A 27 pHE 59 Ao BRH A
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1% 3.3-32. Effect of substrate on the production of cellulase, xylanase, and pectinase by isolated
P. oxalicum KL1. A, CMCase; B, FPase; C, B-Glucosidase; D, Avicelase; E, Xylanase; F, Pectinase
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1% 3.3-33. Effect of pH on the production of cellulase, xylanase, and pectinase by isolated
P. oxalicum KL1. A, CMCase; B, FPase; C, B-Glucosidase; D, Avicelase; E, Xylanase; F, Pectinas

(th 2571 84 ALk v 9F
O pH7} &4 Aake] n]x]
2% 27,30, 33, 36 °Co.E 2%7} 84
CMCase® 749 33 °CeollAq 12. S
AZ 1211 Uz & a4 A4S
2 EL @S UEHoH & 2LdAE 84 EA4o Ha
A9 30, 33, 36 °ColA EF 30 Uml AEE FJA Ae a4 FAo zo]E Holx
ST Avicelase®] 7% 33 °ColA 591 Umle® 7} =dom 1o
2.

rr
o2
1‘2'1_',

_‘9'.4 &I.?_; O
02‘4

Fo] AAAF/oNAM M A pH 54 o THA]
Ay = ZAFSEATHE 3.3-34).

33 UmSE 7HE & 84 A4S Yedlen 36 °Col
YEFA Y. FPase® 74-% 33 °ColA 934 U/mlS
39T B-Glucosidase 2]

5 Umb A=9 84 A4S YHeE WY Xylanase A%< 33 °CollA 36.26 U/mlS



tq 1/}‘:'1 A 2EA A= I A3 T Pectinase
Z7rsF o, 30, 33, 36 °ColM FoA e
-glucosidase®} pectinase= 30, 33, 36 °Col A
AR B 8hE EF 33 °ColA M B 5x
Fe HAT oo wet o] a4 AAE A M HE =< 33 °CoE A
o

% 3.3-34. Effect of temperature on the production of cellulase, xylanase, and pectinase by isolate P.

oxalicum KL1. A, CMCase; B, FPase; C, [B-Glucosidase; D, Avicelase; E, Xylanase; F, Pectinase
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(4) T B. methylotrophicus B259] &2 w|F =71

h gady Ao A

O Bacillus methylotrophicus B25%] #j#] A& 93] ©Lds ALds FH8AT. &
29 g = 7]€ ATCC cellulose 907 v A9 &A% =
staw, barley straw, reed, flame grass, EFBE AM&-3l T A4 ©Ao & yeast extracts
22 3} peptone, casein, soytone, skin milk, malt extractE A}-83}o] 247 v 3}
Rom wWjF FE ¥ FPases: SRS ¢ ©add AiadsS B 4F4A
(28 3.3-35), E]'_/:\_%% rice strawol A 3.3140.18 U/mle. 2 7]& CMC 3.21+0.02 U/ml X
o 84 4o 5 stdoH tFEY HA 7oA A o] CMCES 7IEE 3
Fe W ®Hrt uis}ﬁittﬂ rice strawoll A= @A A o] =719t ALY BAOA =
soytone2 HAAYPOFZ AFE FAS wl 4.72+0.17 Umlo2 7]F9] yeast extract 3.24+0.15
U/ml Bt} §484 0] F7FetAt

19 3.3-35. Effect of carbon source and nitrogen source on the production of FPase by B.

methylotrophicus B25

(‘h) pHSF 2% A3}

O pHHAF3SLE 93l =7] pHE 4, 5, 6, 7, 8, 922 3l HjA| & A|ZstHon dF HF
T 2U7F wjEte] a4 A4S =% '3}93\"4- ATCC cellulose medium 9079 7% %7]
pH7F 58 =0t 223 pH 404 pH7F Eobglel wet a4 &A4do] F7kstthr pH
§RE AA FAasach HA pHE 6 ~ 7914 e FPase 7b 5.2740.14 Umlo =
23}l o] pH 5olA 4.77+0.43 U/ml Bt} &4 @Ao] Frtstdtt. o|A7A H A3}
H xR Y 25 HASFE AT 25+ 27EHEH 25 (HF o2 FHi 415
7HA oA 21 EAEAT AR AT 275X 257 Lepztel wel 84 &4 o]
F7 sttt 33% o] F o= HIZSAl BAEA o] UEWom 39%oX BAEA O]
5.68+0.31 Umle. 2 7} =2 YELS Y. Bacillus methylotrophicus B25 w52 v X<} uj
Sz HH3} A} 71F FPaseZ} 3.21+0.02 Umlol A H A3 o]F 568+0.31 Umle 2
°F 76% FPase’} 7}ttt AWrE Bacillus methylotrophicus B25 5+ = 45333}
Y FAFAAQAE O 7|EPHE KACCI17430.2 7] AT}

O_l_/
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1% 3.3-36. Effect of pH and temperature on the production of FPase by B. methylotrophicus B25

O

1) BANGE B Hiavaas 4 24
FFoht AfaBdEas FASE 247t doldtng aagte] AUAEDE A5
N7 giste] AwE FFEL TA PE, WIS ALY AgHA AL 7
FAAL ARARZRE plugE 53] @%a Bl ad a2 :

S A

Zlol| wel WA, cellulose, avicel & THA¥ ‘i—! 71dE gdstA ARSI eH,
= 50 m= *‘4*3}*3011*1 XHMME 27 °C, 150 rpmoﬂxi og o7t wjekatgd ).

s

Wild typed] TGLTTE

A=A & ARt

T HiE 7Moo = st dF 5 3

3 A3}, Trichoderma harzianum KUCS51823} Aspergillus versicolor KUC5201—§ 7EL o] HH oo]:

stls A ddumidEY o T% 23
5

At @ 7gT 2 FEel Tuay

F:[_z
Lo

%
faEAEs 48 FARAE B 4 A2
o = 7

| of
43 Trichoderma 455 3 A}y 2 AE3Y T ’é-rri-"'i—’sﬂﬁ.:_ =] A Filter
paper activity”} 7} =& Trichoderma harzianum KUC1716, endo-glucanase &7do] 7}%
=& Trichoderma sp. JJ1-1, B-glucosidase &Ad°] 7V =& Trichoderma sp. W4-4-23}
Trichoderma harzianum KUC5193& FA| vl oy o= AEIASH 1% celluloseE
d3st gdadom aas ARS e, ©d Wit FA s gl ai gAY

Holg =33t
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&
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o
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ota Protein
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A B c D E AB AC AD AE BC BD BE CcD CE DE

1% 3.3-37. Enzyme activities and protein contents by mono-

and co-cultivation of selected fungi

Fungal strains: A,Trichoderma harzianum KUCS5182; B, Aspergillus niger KUC5183; C,
Aspergillus  ochraceus KUC5204; D, Aspergillus versicolor KUC5201 and E, Penicillium
oxalicum KUC5184.

Co-culture: AB, A + B; BC, B + C, etc.

(Wml) FPU {U/ml) EG
0.16 3
2.5
0.1z
2
0.08 15
1
0.04
0.5
0.an 1]
o s A e A s N e ) o o ! o > A : !
& N > o"’ée) \\\: K& -\;\/) o By c}(\\l o ' éﬁxkv N N ﬁ:\q:‘ .y”‘/) .«;,\cb% o
e & o & ¥ & &0 R v, R &> s & ) R & el AT
¥ R AR * RS R -
o v S ~ P E \‘\ o (\\6 & o ps
g‘_b}' . .C'\' o\\ ) N o & 0(_‘\ v N N R
&S R &S MY
(Wml)  CBH (U/md  BGL
01 0.7
0.6
0.0a 0E
0.06 0.4
0.04 0.3
0.2
n.02 0.1
I} 1]
] N ! ih S b i A o A ol ! i ¢
RO AL S A AR Y A RO AR A 4 (D'»"’rb PO
O S PN ES A 9 S © A o N
s & & . \\,&, A L & & & & & a P o £ \;3 +\) +§)
c L R N o oy I X BN
R P \(\ N 7 w A f_}. -:\ TN ~ g
hal A L o ' & L) L W o
o & g &

1% 3.3-38. Comparison of enzyme activities between mono-culture and co-culture
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AuR FEE BANE @ A%, AAAes EANL] 9T me AN E09 Bu
AT (L7 3.3-38). B-glucosidases A 93k BE GAoM T harzianum KUC17162] &
Jo| 7 =9ka1, B-glucosidasex= T. harzianum KUC17163} T. harzianum KUC5193& &
AujEg 2FIA Y B BAL nAth SAT FA NEL B AVT 5o
Fabl 182 T2 Tl ANE A B 20l AUk T Bl 2,
40 A AEA, a4 AR =2A

material S 7| A2 AT 7

Fl

l

5ol JAATE, cellulose2} #©] homogeneous

+ é}—é—ﬁﬂrﬂ FEHAA gethe B wet
heterogeneous material S 7|22 ©] ZAFHE YolRE AFLE 23
AT @3k celluloseE Z3} biomassE BFAYOZ o
S ol U5 g3 8450 eI A7 a4 Asads VIl & F

.

Ir

rﬂ
b
o
o
fu
o
ofo
]
=)
o o
JHI

1% 3.3-39. Protein concentration and cellulolytic enzyme activities produced by selected fungi on the four

biomass
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O th%3t biomasss BAYPSZE o] 83S u, Barley strawoll A AAHoE =2 a4 T4
2

o] #FAHJT (2E 3.3-39). TF7F AN EHIF Gl fe EE biomassol A
& Apol7b glod, &4 Agbel Slo] F=ERl Aozt AT B ARawsaivt
Barley straws ©A9Uo=Z o]&PS uf 7M1 =2 &S U=, o= biomass T
A AE F lignin AJE2] Zolo| o3t Aolgtar HFHY. Trichoderma 47°] ©|-83h=

Aol lignin &0l =0l QS W= Trichoderma £ AFiFalas &40

_L
H
3 "olAttE T4 Oﬂ?ﬁﬂmﬂ H|Fo] = o, lignin &) 7H¢ A FHFH oISl

@ AZ3 4PL FH AR2PEAEL P8 37

=2
O 7VAHEFF Trichoderma harzianum KUC17169] HZ &h AArzAS =2A357] 3|
AWRSGAE H7isted AdAHQA a2 SHEHRE golrytt. 7|Ed AFHAA
A A5 Polyethylene glycol, Tween 80, Sodium hexametaphosphate, Polyacrylic acid,

Polyvinylpyrrolidone, Sodium dodecylbenzene SulfonateS A3t H7} w=o wE a4
A SHAETHRE dotR st

O AHISAZAE g3t %0, 0.1, 0.5, 1.0, 1.5%) =2 H7IHS ®W T harzianum KUC1716-
s FeE AFAT (T 3.3-40).

¥ 3.3-40. Morphology comparison of T. harzianum KUC1716: 50 mL samples transferred from shake flasks
to Petri dishes (upper pannel), samples collected at 7 days with (a) control with no surfactant added, (b) 0.1%
Tween 80, (c) 0.5% Tween 80, (d) 1.0% tween 80, and (e) 1.5% Tween 80

B BosIol Ak e AU 4 Ao, WY A
o TAME B F oy e2 4545 dAL 9
g 4= Qi) ¥ Sodium dodecylbenzene SulfonateS % 713
= R3kal cellulose =2 RFo] HolAddoh o= AX
Folo SHoz 4837 GEolgn AzH o

19 o}A A3 e BuHE ur} gk AlEs

o
N

ol
o
ol
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A T harzianum KUC17169] FE|gs 5H L t=2A7F &
Sto| wel EAHE JALE AASIAT AHEAAAe] TR w=o WE T harzianum

KUC17169] A W} AEFEe Aridsias &4 19 33419 2o
AfFafs]ase] A Polyethylene glycol® Tween 802 Z+Z 0.5%, 1.0% ZH7FlS o)

2zt 142%, 177% 353k (p<0.01), 1.5% F=olAd AAS AHMFAY  Sodium
hexametaphosphate 2} 0.1%F-E Al
Aol ZolEdth AAAA A

=
sRH L AEe Bgols] AFF o mol
o) A% Fee} Aol 9 =

Bt yma dFaES FAIAS o ol
=1 Aol we ARadas Yilo] gepxivkes AS
= 719 dF9= A3 (Aftab Ahamed and Patrick Vermette,
A ol 7123 & AgstA st &4 A A &40 =

(p=0.43). %,

2% 3.3-41. Extracellular cellulase activities obtained from cultures with
different concentrations of six surfactants compared to control (---): PG,
polyethylene glycol; TW, tween 80; SH, sodium hexametaphosphate PA,
polyacrylic acid; PV, polyvinylpyrrolidone and SDS, sodium dodecylbenzene
sulfonate

AHGAGA 7Y FFolo] MELS =&E5HA st A2 W] 847 AlE 5fo= #4435
U ES dthe zlo] B ATdA Bedut oy, o dFox FHE AE
BAho] &L vlg SolA JA B4 ofF¥ JEFS FA X doh F, olvl AF
A ZAHE a2 AUSAAAT AE HAao o]lFS FXg Zo| ofyz, FFold
ARHYE 24t Aarrialags AAEFES 2747 Aoz ®Belth
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g b HlA] H A 8k

T A dF2 AE Schizophyllum commune KUC9397-2 4 <
o HHsts T3 s FhsAT. gad, 24 2 HES iy o
o= HAAsta wr M)E B HiAHHZAS ST SHE
' (central composite design, CCD)= ©]-83}a] HUl9 B-glucosidase = AJAHsl7] 93
cellulose (X1, %), soy peptone (X2, %) 1E]il thiamine HCl (X3, %) 7 &3 Z+7+9]
AT 29s HAslsldth & 239 SHHT] 534 B9 £ 3.3-189 UE
Weleon, 3 3.3-19¢ #Zo] 43S fAlsiAh

(2) RSM 7|"H-& ©] &3
O 3+H B-glucosidase -
3

3t 3.3-18 Experimental ranges and levels of the independent variables

. Factor Ranges and levels
Independent variable
Xi -1.68 -1 0 1 1.68
Cellulose (%, w/v) X1 1.32 2 3 4 4.68
Soy peptone (%, w/v) X2 0.32 1 2 3 3.68
Thiamine HCI (%, w/) X3 0.016 0.05 0.1 0.15 0.184

3t 3.3-19 The CCD of RSM and the mean experimental responses of BGL production from
S. commune KUC9397

Coded value Actual value

Activit
Run No. - - N X, X X (U/ml)y

1 -1 -1 -1 2 1 0.05 17.16
2 1 -1 -1 4 1 0.05 23.98
3 -1 1 -1 2 3 0.05 31.80
4 1 1 -1 4 3 0.05 24.22
5 -1 -1 1 2 1 0.15 15.08
6 1 -1 1 4 1 0.15 27.05
7 -1 1 1 2 3 0.15 41.24
8 1 1 1 4 3 0.15 24.26
9 -1.68 0 0 1.32 2 0.1 17.67
10 1.68 0 0 4.68 2 0.1 31.66
11 0 -1.68 0 3 0.32 0.1 3.42
12 0 1.68 0 3 3.68 0.1 22.86
13 0 0 -1.68 3 2 0.016 36.36
14 0 0 1.68 3 2 0.184 34.23
15 0 0 0 3 2 0.1 40.49
16 0 0 0 3 2 0.1 44.49
17 0 0 0 3 2 0.1 41.62
18 0 0 0 3 2 0.1 39.55
19 0 0 0 3 2 0.1 42.67
20 0 0 0 3 2 0.1 40.12

- 188 -



O R-square 3t 0.9362.2 19 7[7ke g2 YEho] ¥h-gR 3ol 4l
Qo w2 coefficient of variation (CV) #t, 13.11% 3 =2 Ad A
n|sldch ®ak olygt =l Jack of fitS 8.07S UEUIoERE
g+ doh # =

ol

& agzE

d

*ﬂlw slefs} 2 27 ThaH4 (Equation)
ol

<Equation>

1% 3.3-42. Statistical optimization of enzyme production using RSM. a. Three dimensional response
surface plot for the interaction between cellulose and soy peptone. b. Three dimensional response surface
plot for the interaction between cellulose and thiamine HCI. c¢. Three dimensional response surface plot for

the interaction between soy peptone and thiamine HCI

O v o5t AAE 2zt H7FEFS cellulose, soy peptone 123l thiamine
HCI®] 2.96, 2.3 &3l 0.113% (w/v) oA, ol & F 7H5d HHY B-glucosidase &
AL 4222 Umls YeERY. AAZ 8dS 39S w, B-glucosidase &4Jo] 43.51
UmlZ SAHAIL, o= =2 T 74 gholn HZAsslr] duo 728 &4 &
ZE Zlolt, Bk oy} o] i tE oq:rLoﬂjﬂ«] S. communes FIF HZ o wlY=x
Ao AAFE B-glucosidased] Hl&] A3 =& A4S yElA Aotk

O ¢ 975 B3l S commune KUC9397> 2.96% cellulose, 2.30% soy peptone “L&]il
0.11% thiamine HCIS- basal medium®l] % 7}3}H S w| 43.51 U/mle] B-glucosidaseS AJ4H3}
Row, o|AL HAgetA] 2 A A KT 728 & FAYS FRlstAuTt EF 7
E9 g2 AFAAM AAE S commune 22 ﬁ-glucos1dase AR A3 =k
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nZgG A AEolA R v A ESotA EgA AL

bR MFAEREL A4 FF A 2 AF 5L 02
0 4822 234 rHAS 58 Yeak 94
0 A82% 9Y4ELES 245 Astel 254 M90S FA%D 39 B 3] wlol
orAS FEIGOM FEY ¥Y BA =IUe AB2E ¥ 5k =AY =H9
3 2GS o] WERE P4 G2ET AUHoR AT,

% 33-43. 23| A vlAE o] &3 2t AFAEMNaA] X 2 3D spot¥} intensity bars

(1) M2 DY A faw)
¥ A7E Batel AwE =282

B} A
9 G718 o85cl DPAGES] Spors HASIel ol
Peptide A €3} DockerinX] €S EU|E Degenerated PCR ¥ RACE-PCR-S A A3} Novel

CellulaseS ©4).

o =] =] ol o 3 S 2 N 2 =2 BAE 2
O Mfkislase] $ulh we 79 FesHa 13 34L& AH DNAS 243 23 5
AR AE F T I3 = o o= =
AL AP o]y A are deeel, a8, FFo|ZRE fHsi 24 ax
T (e} =] S
o A4S HAF e 270S HESS Y.
Molecular Mascot Score
Protein Waight (kDa) pl (value P=0.05)° Partial peptide sequence Homology"®
NC1 75 4.9 65 SQIDYALGSTGR C. cellulolyticum Cel9G
TTYNSPYVVTLDEL .
C. cellulolyticum H10
- FLGSFVDCPG
NC2 70 a7 Glycoside hydrolase
(BL) SDSFTVVYPSNYT B
family 26
DVALFLVA
NU1 70 4.7 - DESLTSLGL DTVWSASNVC NS
MFKTLEPVQS
NU2 48 5.8 TSNDL NS
: - sCLQTW
LDLPTSNDL
NU3 48 6.0 - MKTSNDLLY NS
SSGLFDYNMTTTLVEL
LFGSETLVT
NU4 45 4.8 - NS
STSLFT
EKLETLYNY
WQEVGELEV
ELDVGELMVL
NUS 65 4.5 - NS
GSSLVGGW
ADLGLN

N

Y 3344, B ATNA ALH AR TF A pHAZ o] §3te] Pojx ofnlwat
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% 3345 N2 AFaidlase g8 213 cDNAFA 2 cloning

@ A 9 AZTH AF A=
O =341 shoAE ol g3tel e ‘%‘ri%
A, ofmwt Ade 58

l"_t_,
_>.:
@
o
o,
=)
o
<
o
s
=
w
L
2
ﬁ,J
(@
o,
C:
2
(@]
iz F
ol
o

2
A

1% 3.3-47. EngZ9] C. cellulovorans| X Z}7+e] Aol Ae] Ef AEgolA|et 3 vl

W01 A2 E Cellulase AETEAADS 59 L H8E A
ol W g o] 53 wEE o] Tl AL Affinity Gel (His-binding
resinge ©]-&3te] ©HAS g FAstH HAE ‘?_}‘91.* 2L Sodium Dodecyl Sulfate

(SDS)-PAGES o] &3] 243}

O & AFoA
Pz
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19 3.3-48. E. coliol X9 A £ A

!

2

O g = o

fvael
_ZTl
el

L (7129 @ut d=FFIholAls W)

3}
Ay

1% 3.3-49. EngZ® #H3Z pH,

]

o

St cellulase ¥ product &

=l

13 3.3-50. TLCE &
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a9 3.3-51. AR A A(processive), DHF(normal) ANE==F7}obAle] B Wy vl

A v E F3te] Engz AFAHR 5A (processivity)= &R13H L, o] ot B
47 2N AEZ 2 U5ty HEgAo] =t RS Rl Fon, EAA o]
emj2d A8 7hed a4A9ds Fg
350
0.05
_300F 002 003 __ -
=
S 250 -
@
S 200}
2
o 150+
£
3 100t
QO
T s50f
() — —— i
0.5h 20h 3.5h

Incubation time
d 3352, Qb dEFFIhdebA (FhHeh At AEFFIhdebA (499 FAT
2 vl mE HARHQ dE=a=F 7oAl (processive endoglucanase) 43

oAl (mannanase)®] &, AA 2 SAEA

ookt g4l ZAANA C cellulovorans®] 2 f
Er
=

= o] ATt ThdolA] vk
S B4 B AFoA gAHoR A2 ghdolAle] 54 W FAS 13}7]

A5
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Tl A 2 Affinity Gel (His-binding resine)

g7

Sulfate

Sodium Dodecyl

TR

(SDS)-PAGES ©] &3l 4]

o
o

X
B

18 3.3-53. ManBY C. cellulovoransl| A

SRE

J)

A7) pH} Lxo] Y

a9 3.3-54. ManBS] HZ pH, &% &<

_‘H_

o

Al Hhe] e 2o o

4
=SR]

o=

™

4 )

[S]

1% 3.3-55. ManB<} EngE2] mini-CbpA2] &34
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O 2% 53AE & oyl 232 S8te] Ao ZgEnhd 23 Jeads 349 2
g E uhto] A ManBQ} EngBe] ZFoA 13E+ 12 HE&Z2 ZH IS AQS o &3 A
saIrt Hoshe.

= =3

E 8

S .

EngE EngﬂE0 T2 1.1 1 0

ManB ManB O 1 1 2 3 1
30 —

; Tﬂﬂ ]

EngE 1 2 1 1 1 0 EngE 1 2 1 1 1 0

ManB O 1 1 2 3 1 ManB O 1 1 2 3 1

1% 3.3-56. ManB2} EngE E-3A] 9] 4 ETHd (galactomannan)ol] t$+ E3] synergic effect

4) AA 9 AR AF d==F7F oA (Endoglucanase G)o] Hd, AA L EAEA

O =3]40 wpo ]Ou]'ﬂi AMEA 2ol A Fal &4 EngGel Characterization A3H-S 3] 3
fATAA FAAE AYJS WEHE FYsta AFRE glAdS wsojdl, 4y 9 AA|
2 A A% Gl d EngGel AEZ Q20 3 B aL: B4 2 HA pHY LEE
23%

1% 3.3-57. Cohesin BiomarkerE ©]-83 Al 2% &4 EngGe ©4] 2 Specific Activity
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1% 3.3-58. Cohesin BiomarkersS ©]-83F M2 &4 EngGel ©4 2 Specific Activity

O =3 As=F9 AXA dudd miniCbpA ko] 2 Ald HIZHAG F&o HE2L
2221 Crystalline Cellulose®] W3l =2 A4S 7FA$=.
O 22 Fd EASt= C cellulovorans®]| )+ Exo-cellulase®l| 3l 3h= Exoglucanase S

(ExgS)sh H@AZA Bafolxe] AUx ass wad. 254 vpol erpAR Ztobd Al
1

+ Aa Ball 2492 EngGollA e A&l Cohesin-dockerin & 28-S A3}

1% 3.3-59. Specific Acivity and Synergy degrees against ASC and Filter Paper 47 23}
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O MEA A3 EA4ZHE Cellulosomes FAsH= T o] g]& A 2% Dockerinf-#-
al

19 3.3-60. SPR 7] S ©]83F Cohesin Module®] Binding 2]

O EngGollAl Z4zke] =3]4le] thste] ME t-E binding affinitys H ol 2
3

0

As Felg 747
ol A9 ELE AAHOE AFAHOEZHN B G499 UE affinitys Hole AL HY
% 3.3-61. EngG9] Cell surface binding assay 23 23}
O EngGell e MEE 7IsHES ol vAES AE W 23 &+ de FEY

S Y&, Sufarce Layer Homology Domain (SLH)¥} Homology”} %)+ functional domain®
A st olo] AlE FW A3} 58 4. o]E F3te] EngGe AlE W 143 5
= ST

¥ 3
= T8 AE £9 3143 Domaino 3t #34 £4= AA .

LN =

S ]

NF FHol e BHEL B 2 %7@

1349 Yeas (RSl 2 AvASAS TP FFE BA 24
gate A wg AFAoRE *d‘%‘! wol o 2RE Fgo| fd YHALE £
P ABEOAE BAYOT WIFORA T FHELEC B WA F 5 dE B
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19 3.3-62. DEAEES 53t T harzianumol A ¥ ¥ 23tat AA

rid
o
9
=
b
[
X
e
Mo
2
o

2] 535t =& A4S 7R U&= fraction?] T
W ARFEENERY ER7 Be 75 @4 Trichodermacll A A s
st "X =2l genomic DNAS} cDNAE ©]-& cellulaseE ZHolv| =4t HE
3 GA SR 2 A2 dwd 1= 72 Y2 GFELE Pichia
sty Az AL WA 7| ARt Ghe A4S =AF guld 53
84 84 54 HXEE AF Exocellulase®l 3|3} Cellobiosehydrolase® 57 H.

B
IS
1)
3
3.
©
M
N
2

1% 3.3-63. DEAE chromatographyS £3lo] @ d-S R AAg
1% 33-64. SDS-PAGEO| A F3la 49 AA 3 #F 2 72+ 72 g 84 &4
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)

Y 33-65. w@o] dFolN FEI a4 &4

P O ax A2 Z7
Q1 Lecythophora sp. YP3632} Penicillium oxalicum KL1E EQWHo] WHo =z

< 3R EdWo]l W= yrayet UV, 18]3 NTGS /\}%0 AomH,
ray HE 75 yray (Co™)E 2.5 KGyo dose® FAlsle] o] #F3E A st
I o= 10 W UV lampE AF&3}] 10 cm =o]dlA UVE XA}8S % NT
Hol= vjFdo] NTG §9L 1 mg/ml =2 Agste 4Rl #FE AsiE.
= =<

LN
AWo] #FE59 FPases St ¢ #F55 HAEF

Q
O oE R o« ol

Lecythophora sp. YP363 2] =9
At FF21 Lecythophora sp. YP363E =<
& 3.3-66). 12} yrayHOoZ EAHo| AFE A2l O™ FPaseE =43 - 1
F=2 AE3AS. 12 AY Ay $FTFF 2006 #F=Z HH GI-21, GI-33, GI-42,
GI-578 AW¥stR o zZ+zh F9] FPase activity (U/ml) 7.24, 834, 8.13, 8.56°0.2 =
7] 6.55 U/ml Bt} 453t o] 32 AZ34T 23 UV Eddo] o3 AR
O F 17 yrayHOo g AHE ZAWHo] o UVE ZASHY F 2009 dF2 F
E1 UV-7, UV-18, UV-2-3, UV-2-16, UV-2-32 #FE Awstgon 2tz #3F 9 FPase
activity (U/ml)-2 8.77, 9.0, 9.21, 9.21, 9.66°2. & 12} y-ray't o2 XA¥HHE EdAHo| #F
B o A53ds. Eddo] oz x7] dFHT FPaseZ@A 0] 44% A= F7HE

BAZAL SFATHT
‘|_

' ﬂllﬂl 2:3
o
ok
L
lo
il
kof
b~

OP

-{o

1% 3.3-66. Cellulase production by mutant strains of Lecythophora sp. YP363
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O dx89 Ba2(10% BAF + 15% FEYol &4 150 °C 1A 7H)F a-celluloseS
Z 3l o 71X §4F%E 5, 10, 15, 20, 30, 40 cellulase unit/gS. & 3}o] A=
T 4Es A A} (I 3.3-67) Trichoderma reesei Rut C-303 AWkt

Lecythophora sp. YP 363 5 &A% 15 unit/golA] Hd 93} 883 yephd.

<pretreated barley straw> <a-cellulose>

N

_—

=2
3l ©
=
o

A

prd

i

Y

1% 3.3-67. Effect of cellualse dosages on the saccharification of pretreated barley straw and

a-cellulose

<Trichoderma reesei Rut C-30> <Lecythophora sp. YP 363>

1% 3.3-68. Effect of temperature on the saccharification of pretreated barley straw

3}

T

O o8 7FA] ¥k &% 50, 55, 60 °Co.2 ¥kgsle] MA e HYFJo=zHE A4
AFFS SAst A Gt 258 S A3d= 19 3.3-68° HEIN IS,

O 223 T reesei Rut C-309] A% HZA FeHlg2E+ 50 °CE =7} S84
gA Gk o] Faste A gAY F Added AL FF< Lecythophora sp. YP

3639] A 50 °C Rt} 55 °ColA ¢

A
=2 388 HYPom 55 °CollA = T reesei
o

=
Rut C-30HTH ¢ =& 84 XS UelY o 60 °CONAE T reesei Rut C-30 HtF &

[e) o [e) = [e]
2 B8 HAEo] AS ASs AU T F AME.
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(2) P. oxalicum KL1 52 =dWHo]
O A #3592 Penicillium oxalicum KL1E WS =2 UV, NTG HZF X7 A|7HES ZARSH
AI (DY 3.3-69) UVE 4 o]F AEEC] 5% vTte =z HZH A A7HE BEHon,
NTGS] ¢ A2 80& olF AEEFE] 5% Moz
o 4~ 58 wEH o= Aelste] 7} 300 EAe] F

<Uv> <NTG>
1% 3.3-69. Survival ratio of P. oxalicum KL1 after UV and NTG treatment

O EAdWO)FZ agar plated] FHFsto] AAHE FEES S5t 7| oF By 53
TFE A (£ 3.3-20). 71E 59 Ug A717F 27 m RO Y #FES 107
4 Ansae

3t 3.3-20 The clear zone diameter of selected mutants

Clear zone diameter(mm)

Z+ KL1 27 mm
U-7 28 N-4 29 G-14 30
U-11 30 N-9 30 G-30 31
U-25 29 N-13 29 G-47 30
U-29 31 N-24 31 G-48 29
U-33 33 N-38 28 G-49 30
U-46 29 N-41 30 G-52 32
U-57 30 N-44 29 G-56 33
U-63 31 N-76 29 G-61 31
U-75 28 N-82 30 G-62 29
U-82 30 N-98 31 G-92 31

O 1A FFES A2 CMCE 7] 223 Mandel Bl A o] HE31] 96(24) well plate

o A wjkdte] FPaseE =43 (F 3.3-21). UVE o]&3 Edwo] FFEAAHE
U-11(7.92 U/mD)S} U-46(7.53 Umh)O2 7|& FFRT} G4 FAo] Z71Ho] A g

S, yrays o] &3 EAWHo] FFNME G-47(7.66 U/ml), G-56(7.79 U/ml), G-61(8.48
UmDo.2 o]F G-61 #F7F 71& 5o vla] a4 Aol 26% 71
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3t 3.3-21 The FPase activities of selected mutants

) FPase Relative ) FPase Relative . FPase Relative

Strain . Strain . Strain .
(U/ml)  activity (%) (U/ml)  activity (%) (U/ml)  activity (%)
=+ KLI1 6.71 U/ml 100%

U-7 7.02 104.6 N-4 6.87 102.4 G-14 6.79 101.3
U-11 7.92 118 N-9 6.46 96.27 G-30 7.05 105.6
U-25 6.96 103.7 N-13 6.6 98.36 G-47 7.66 114.3
U-29 7.02 104.6 N-24 6.98 104 G-48 7.04 105
U-33 7.22 107.6 N-38 7.01 104.5 G-49 5.57 83.13
U-46 7.53 112.2 N-41 6.95 103.6 G-52 6.69 103.8
U-57 7.27 108.4 N-44 7.18 107 G-56 7.79 116.2
U-63 7.33 109.2 N-76 6.98 104 G-61 8.48 126.5
U-75 6.67 99.4 N-82 6.93 103.3 G-62 7.09 105.8
U-82 7.12 106.1 N-98 6.79 101.2 G-92 6.95 103.7

O 2314 #FE A¥sty] Y8 @S 7182 3 ATCC cellulose medium 9078 %] ol &
Z3te] flaskoll Al vl st o v S5 f,i CMCase, FPase, [-glucosidase, avicelase,
xylanase, pectinaseE 21 & 3.3-70) AAHOZ 10 ~ 20% &A& Aol

=2
i= =
S7tE Ao, yrays o83 EAHo] TFEol A xylanase$} pectinase®] &A &4 o]
%ol S7HE.

% 3.3-70. The activties of cellulases, xylanase, pectinase of KL and its mutants
Edo] FFES Yo E wrEHoE UV EE NTGE st Sdwol
< A TFFE0) A FPase”’} 10 Uml7}t @& #F
3-10] 7]& TF2 KL Xt} CMCase’}
33



3% 3.3-22 CMCase and FPase activities of KL and its mutants obtained with different treatments

. Enzyme activity(U/mf) Relative activity(%)
Strain Mutagen

CMCase FPase CMCase FPase

KL - 12.54 9.15 100 100
1-11 uv 13.54 9.65 107.97 105.46
1-46 uv 12.95 9.23 103.26 100.87
2-2 uv—uv 14.00 10.9 111.66 119.12
2-3 UV—NTG 13.91 11.58 110.98 126.56
2-4 Uv—uv 13.71 10.68 109.4 116.8
2-6 uv—Uuv 14.20 11.38 113.26 124.4
3-1 Uuv—UvV—UV 14.64 12.06 116.79 131.84
3-7 Uuv—Uv—UV 14.38 11.78 114.72 128.74

O AW #3520 Lecythophora sp. YP3639] &dwo]l A A a4 Ao 718 43¢
YP363(U-3-20) 5 A&t om 7] #F BHop B4 4] 8 ~ 78% 7 A+
£-3] FPase (43%), B-glucosidase (78%), avicelase (46%)°NA =7] dFHT a4 Aol
wol Z7V9. Penicillium oxalicum® wAWHo] 43 A|Z A3 x7] #FHT}F FPase
(31%), B-glucosidase (38%), xylanase (42%)°NA & FAlo] 9 ~ 42% &7} Yo F
T 25 ZEFQA T reesei Rut C-30 Rt} 84 Aol 5% =4 YEeEd (£ 3.3-23).
T. reesei Rut C-302] 4% B-glucosidase®] &Aool @A Y2 =Hl Penicillium oxalicum®]
79 T reesei Rut C-302.t} 178] =2 B-glucosidase A4S B Y

1% 3.3-71. Comparison of enzyme activities between parental and mutant strains
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3t 3.3-23 Comparison of enzyme activities among 7. reesei Rut C-30 and mutant strains of

Lecythophora sp. and P. oxalicum

Enzyme T. Reesei  Lecythophora sp.  Relative  Penicillium oxalicum  Relative

(U/ml) Rut C-30  YP363 U-3-20 activity(%) KL1 3-7 activity(%)
CMCase 12.56 12.3 13.35 108 12.54 14.64 116
FPase 7.71 6.7 9.63 143 9.15 12.06 131
B-Glucosidase 2.63 4.6 8.22 178 33.82 46.78 138
Avicelase 5.69 2.1 3.08 146 5.34 6.84 128
Xylanase 47.19 65 71.21 109 35.24 50.35 142
Pectinase 11.57 3.2 6.88 115 50.58 55.14 109

U}. Genome shuffling W5 o] o3t #F /N&F

(1) Genome shuffling 5~3§

H
H
O EdAwo] WhHel o) Awtd 4= #59 P. oxalicum KL1 (3-1), P. oxalicum KL1 (3-7)

I A 7 dF2A P ooxalicum KL19l U3 AA (protoplast) S A28l Aa. A=
TFES XAE PDAS 0.5% HF TE 0.5% Y722 X33} agar plated] =231

30 °C oA 11X T vl gsh vl & Alx9S A ASH7] 93l lysing enzyme (L1412,
o

Sigma, USA)S AM8-3}] 34 °CollA] 3AIZESQt WHE-3te] MEH S AASGoH ALeF
T+ 5 mg/mle]al 1.2 M sorbitol, 0.1 M KH,PO,2. 2 ZAE buffero] = A8 wkg-
85 % lysing enzyme= A|A3}7] 98] washing buffer (1.2 M sorbitol, 50 mM CaCl,, 1
M Tris-HCI, pH 7.5)0.2 F ¥ AMHS & FI|HA a1 Jolde= A mycelia)E filter
paper (Whatman No. N2 Z# AAZ dFEAE F 1582 ro] 3 1F2 50 ~
70 °Coll Al 50Xt EA 2 (heat-killed)stH o™ & 3 1FE UVE 5 ~ 1027 * s}

il

f

o &AL A A (UV-killed) (Cheng et al., 2009; Xu et al., 2012).
O AFEA &= A3 + 159 °16Mxﬂa% E3%3la 35% PEG (MW 6,000 i1,
zt

5 ~ 3087 §¥stg e ¥8 F85 ¥ PEGE Al ASH7] 93l washing bufferZ 2 ~ 3

o
3 AlHeta, g4 %@@Zﬂ«] Axe AQAS 98l PDA, %5 PDA (Cheng et al,
2009; Zhou et al., 2008) plateS AM-&3}2
=0 A= PDBE petri dish o250l A 53 &, =AW I 9l 0.8% agar’t
¥3t5o] 9lE PDBE £33 o]2 18 °C ~ 36 °C incubatoroll A Hj %3},

O 9P 2T NETEA heat-killed ¥ & A A 2} UV-killed -%ﬂélﬂu E3HE9] PEGE
A7bstAl @ar, FLsHA
Uzt de glas gl

O 5% PDA platedlA] A5 F2UEY 848488 A3 71%— TR %ﬁ%
g4e Yeille 552 & =
< FR3 A7IA BaAEH] U

genome shufflingS =343}

genome shuffling W R2 o o5 F3

o =S RS A Zslr] 5t 2% agar7b E
H =

A3t A= AMEHAAY PDA T35 platedl A AMAH Z=



2) 9FZ2A FA 8iA
O Edwo] Ak #5
KLl #FZ PDA

P. oxalicum KL1 (3-1, 3-7) @< o & TF< P. oxalicum
plate, ¥7]& T+ HZo] /% Mandel agar plateo] Z=L3}e] 30
°C oA 11A1ZF wieFslal &4 Agste dFEAAE HEASH Zb agar mediumol A

Aol P¥AA =& PDAONA 5 x 107/ml, D7) A 42 x 107/ml, BRA 12

s AL
x 10°/m o2 o5 F wWZol FfE nAuAA AFAA FAHEo] MY =Rk (2
g 3.3-72).

Protoplast yield (10%n)

PDA ‘Wheat bran Rice straw

1% 3.3-72. Protoplast yield of P. oxalicum KL1 grown on different agar media

(3) Wi Ao WE AFAA ] Az QA B

O I3 Z2A MEY 22 (regeneration)= $|3] PDA + 2% agar, 1/4 PDA + 2% agar, 1/10
PDA + 2% agar, PDB + 0.8% agar (&%, monolayer), PDB + 0.8% top agar (%%, two
layer)oll 9&A A &AqS =Tsle] 30 °CollA 1€ vigstAY. vl & AN
(regeneration frequency, %) =743+ A3 PDA + 2% agar= 6.4%, 1/4 PDA + 2% agar

+ 7.56%, 1/10 PDA + 2% agar— 3%, PDA + 0.8% agar (monolayer)= 9.3%, PDB +

0.8% top agar (two layer):= 10.5%= UEE (ZLE 3.3-73). o|F& AEXY A& 713

=2 PDB + 0.8% top agar (two layer)S A3 2 Auj X2 AL-8-3F AT

8 |
4
) .
0 T T T T 1

PDA 1/4 PDA 1/10PDA
+ 2% agar -+ 2% agar -+ 2% agar

Regeneration ratio (%)
a
1

PDB +0.8%agar PDB +0.8% top agar
(monolayer) (twolayer)

1% 3.3-73. Regeneration ratio of cell wall from protoplast of P.
oxalicum KL1 grown on different agar media



(4) 2% E AdFAA Axy QY 57

O Y938 ZAE PDB + 0.8% top agar (two layer) HjA| o] =723 TS o3 2%(18 ~ 36
°Cyol A wiFEt Axp AEW AN EE 18 °ColA 11.89%, 21 °CollA 11.15%, 24 °C
o A 12.13%, 27 °Coll Al 12.24%, 30 °coﬂA1 11.26%, 33 °ColA 10.5%, 36 °ColA 6.3%
O F 27 °C o]} F& oA AEE HANET} =4S (LY 3.3-74).

19 3.3-74. Regeneration ratio of cell wall from protoplast of P. oxalicum KL1

(5) P. oxalicum KL1 7F9] &dHo] % genome shuffling HF 2

O %7] 2499 9 #F P. oxalicum KL1S UV, NTG, yray 59 EdHo|d&
12t AWl fFdFE AZSFASH 2xE genome shuffling WS ©] 831 04?4
EdAHo] #FE fusionstd &4 AJLF9] Ad #F&5 AR %=
KLl #59] FPase= 9.15 UmlE 12 E<d® 0]
F7F 1178 UmZ %7] #FRY HAfa 23 a
(28 3.3-75). ©]% 23} genome shuffling 4 3 fusion®d TFES & F A
o™ P ooxalicum KL1-24 757} 1321 Umle.2 o T5< KL1 BT} FPase’} 44.37%
78 #FE 4SS F UNS. FPase?|o|= KL1-247 5+ KLITFHETE CMCase, B
-glucosidase, avicelase, xylanase, pectinase®|*] Z}Z} 34.29, 54.19, 33.89, 50.82, 25.02% =
7]—ﬂ Cheng 5(2009)2 P. decumbensS genome shuffling Wi S o]&3td &4 A4t

S 648 FPU/ml ©.&2 S7HAZ . &30 e dA7Z234e B dFZ2HE vlFo B

genome shuffling *5 ©] mutation©] &) &] WHOZ Penicillium T+ A4 I
S S7Feke a3A < WRolgta

iy
P
T

L

O
= A2 3 P. oxalicum KL1 (3-7)
gAdo] 28.74% F7tE #FE <

tlo tob

S
5

Y
B 2 ool

M
ol
ol

e
nﬂ

b
1l

19 3.3-75. FPase improvement of P. oxalicum KL1 by UV-mutation and genome shuffling
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Enzvme Km Vmax Kcat Kcat/Km half life
Y (mg/ml) (U/mg) (1/min) (ml/mg.min) (min)
N AT Bk WS SER SE FFEE P G| WD)
wild 8.98 1.24 20.73 231 10.97
mutant 1
(K94R) 4.02 1.03 16.04 3.99 33.46
mutant 2
(S365P) 6.37 1.05 12.38 1.94 44.14
mutant 3
4 . . 17. 22
(K94R/S365P) 5 3.05 95.33 7.67 53
. 18588 AFL&EHEL UF AL AR d A o5 AL
O 849 33 a4 239 3 dads A4
O GenBank & 37+ HolEHo]2et FHA 4 =239 (Vector NTI 5)= ©]-83t
AEZF 7148 A oF oA 2HE AF4Y 233 E&fd Zash 11 849
Afra Elaie] &4 g o5 IAYste ofv|=qt A 4.
O d2d8s A% 7329 dd wEAAg e 75 3 53 & d2de
O 3188 Fasre FHAE A3 o8 PCRE 53 T3 F yeast vectord] T3
Escherichia coli DH5a, subcloning-8- Plasmid vectors 3.
O pESC-TRP Yeast transformation - YEASTMAKER Yeast Transformation Kit2 (Clontech).
1% 3.3-79. Yeast =& ®#EHoo] =
O %5 ogEeAe] 28 2 vlo]e e 42 HHs).
O F2deAe a4 dd ddS FAsty] Hsto] Aol &4 AW (halo) 54,
SDS-PAGE$} ZymogramS A 3)3fe] 3l
| zl

= =
AgE 22 MY iy e FHAMIAE SG A A 2447 A wlF & 4847
Hj oFalod cellobiose”t 71 A= H7FE warf x| A 30 °C, 100rpmol A v &Fsle] IA
B2 wjgAe HHs IR ETRAE AAFoZ A gEgs =

>
ot
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O

(H) Pl EzFe] 594 34

O 7174 Aol = AL
71E9] shhe] Fatase] ot %‘“%E}Qﬂ celluloseJ oy é‘%i%% T3 249
e T e Al I U EFHE 7T F AE

1% 3381 o]Be A FFo|o] MUAERE] TRl

29 3382 MUAEEEY B Budse WA o

et

O A" F+x2HA (mCbpA)T A Z-F cellulases FA HIEZ 410] A4 wjgst &
E3AP A o5 Native polyacrylamide gel electrophoresis (PAGE)= F3ll +43%}.
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1% 3.3-83. Native PAGE 2 £3 U220 23 g4 39

Zymogram of Mini-cellulosome, 1. Assernbly of Minicellulosome, 2. Free Enzyme of cCelE

09954 2 USRS 2347 948 Ga0Ae) oge 44 2 0 dEsE
Aol AYR w3 Fel.

O

O 3384 MUAEZEEFY QS T AR 7N ogE AL S
Substrate : CMC ( 10g/L CMC, OD600=10 ) - [Synergic Effect] : 1.4

Q) "UAEZE] HA Ax 79 143}
O Cell-Anchoring Protein - Scaffoldin Protein(mCbpA) - Cellulosomal Enzyme
Cellulose®] ComplexE B3t HYAEZEF AJHA FOstA 7.
O 22ty Mu4g2Ee F4T Jass AUy 4820ss ansos 23 &

=
2+ endoglucanase®} B-glucosidases ] L&A 45 AH3H

¥ 3.3-85. nYAEZEF fA}Ql

)
!
_l



O 3714 v]AE Clostridium thermocellum & A3 ¥ @&l OlpB 2] Dockerin

Type II - Cohesin Type II Interaction < -&-&.
O rydesss: 534 34 53 AUA

% 33-86. FIUAEEEY] AXE A 1A3E 95 HEY 2A
1% 3.3-87. SDS-PAGE®} Reducing sugar AssayS S+ M¥E 3T 114
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t}. Flexible Biomass-utilizing A 2% FR@ S Y3 Y3 4d #F +=
O dlejoujx~ HRE 7HA 1 e T3 Al&=FH9 HA s =

EE vpo]leujzo] Flexibledt?] thAd & A= AvI& T3} 34 sfdo] a3t olF
Asted mpolQmjx Ao g HAd i 84 BFAE FAhse AY FAl 8@A
2 AFE gdstgtoeZ N Z | 9= Flexible Biomass Utilzing System®] 2F3 g
O 593 nlo] e 25 g 373 ulo]Qujxol o] 8L 3t Pichia TFE /)3 #ul
bzt wed A HH 20 AAE vrol ool S8
9 3388 BE B4 BEA AL AL FAA} AYE Eehavs wAE

RN I R

ie]

off

19 33-89. Pichia TFoNA e theFek Aia &

O Pichia 75914 vector systemS E3lo] T3 A A<l cellulase®t xylanaseS WHA|Z. o] &
S AEZF A" =45t assembly H= RS 82lE

O o] & o] &3l AEZLAE BAYOE 1Y Pichia 7FA 71E9 wild typedt T-Z A

WE20sE waden ALAAS W TR AF B B AR FolT
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OO0

3% 3.3-90. Pichia {5042 o<

2

N
=~

[e]

>
N
o ofl 1o ok
2

o
o

N
O
e &
Fl

ngZ ExgS, EngE%—% o] 83}
e A1 REe ST

@ Afe e Ba 0E 9 24 8
o =) = = =
frd Bl B 0E B B 2Y

_+ﬁ
EngE EngZz

FPU (U/mg)

100 75 50 25
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1% 3.3-93. The FPase produced in different media for SSF by P. oxalicum KL1-24
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3 3.3-25 Effect of inoculum size on various enzymes production in SSF* by P. oxalicum KL1-24

Inoculum size (%)

1 3 5 10
CMCase 122.35+4.38ab 118.47+6.04a 120.72+1.64a 120.53+3.40a
Enzyme FPase 101.16+2.17a 99.22+5.99a 101.15+5.79a 100.25+4.18a
activity B-Glucosidase  554.13+11.80b  569.47+6.19b  603.57+5.28a  605.21+15.61a
Avicelase 16.17+1.63a 15.47+0.76ab 15.724+0.81ab 13.75+0.87b
(U/g) Xylanase 349.56+15.3ab  367.92+11.12a  346.44+6.91ab  344.47+10.01b
Pectinase 411.73+3.58b  432.48+10.08a  416.98£10.94ab  424.87+7.52ab

“The spores(1 x 10*/ml) were inoculated into a plastic bottle containing wheat bran with 50% moisture and initial pH 5 and the bottle
was incubated at 30 °C for 6 days.

"The means in the same column followed by same letters were not significantly different in a pairwide t-test.

N

(3) E‘ﬁ]]ﬂ]—tﬂ(RSM)oﬂ 9]?-5]- 1:1 Z‘Z—Zj JJ “D:]—

3t 3.3-26 CCD experiment for the 4 variables and experimental results

Run Temperature  pH Moisture content Culture time Enzyme activity (U/g)
X1 X2 X3 X4 CMCase FPase B3-Glucosidase
1 25 4 50 5 107.02 88.62 537.93
2 35 4 50 5 111.69 94.10 602.34
3 25 6 50 5 99.84 83.58 539.82
4 35 6 50 5 106.94 89.84 570.59
5 25 4 70 5 97.31 75.12 450.97
6 35 4 70 5 103.73 85.19 517.64
7 25 6 70 5 91.77 77.92 495.80
8 35 6 70 5 101.98 87.15 559.96
9 25 4 50 7 114.31 95.11 587.39
10 35 4 50 7 121.21 98.01 612.00
11 25 6 50 7 124.61 102.01 624.59
12 35 6 50 7 121.51 97.51 639.80
13 25 4 70 7 103.71 84.60 503.16
14 35 4 70 7 105.51 91.60 572.69
15 25 6 70 7 98.61 80.70 549.97
16 35 6 70 7 114.31 95.11 588.50
17 20 5 60 6 98.13 81.50 532.25
18 40 5 60 6 74.71 39.97 238.25
19 30 3 60 6 81.49 54.23 334.27
20 30 7 60 6 106.24 82.20 500.00
21 30 5 40 6 101.06 87.30 571.89
22 30 5 80 6 100.38 84.21 534.34
23 30 5 60 4 98.19 76.33 479.69
24 30 5 60 8 120.61 99.95 638.49
25 30 5 60 6 113.45 102.82 649.94
26 30 5 60 6 119.354  105.408 689.810
27 30 5 60 6 114.012  103.688 678.748
28 30 5 60 6 122.054 101.773 713.148
29 30 5 60 6 118.766  99.044 691.053
30 30 5 60 6 117.648  98.553 663.365




O CMCase®] 2 &Ado] Bk 22k I ALAA LS & 33279 s F==HA+.

Y= 117.548+0.119X , +1.858X ,—3.815X ,+5.348X ,
+0.633X X ,+1.160X | X ,—0.444X | X ,—0.142X , X ,+2.095X , X,

—1.800X ;X ,—6.088X%—4.227.X%—2.514X%—0.344X?

3t 3.3-27 Estimate of the response surface regression for CMCase

Parameter DF Estimate Standard error t Value Pr > |t
Intercept 1 117.547667 4.086744 28.76 <.0001
x1 1 0.119375 2.043372 0.06 0.9542
x2 1 1.857708 2.043372 0.91 0.3777
x3 1 -3.814958 2.043372 -1.87 0.0816
x4 1 5.347708 2.043372 2.62 0.0194
x1*x1 1 -6.088094 1.911400 -3.19 0.0061
x2*x1 1 0.633188 2.502609 0.25 0.8037
x2*x2 1 -4.226719 1.911400 -2.21 0.0430
x3*x1 1 1.160188 2.502609 0.46 0.6496
x3*x2 1 -0.141938 2.502609 -0.06 0.9555
x3*x3 1 -2.513969 1.911400 -1.32 0.2082
x4*x1 1 -0.444313 2.502609 -0.18 0.8615
x4*x2 1 2.095313 2.502609 0.84 0.4156
x4*x3 1 -1.800187 2.502609 -0.72 0.4830
x4*x4 1 -0.343719 1.911400 -0.18 0.8597

O 2% 3.3-94= 23 A et a9 agzoly, 5% /|2 Fox|=d|, (&%, pH),
L5, FEIH), (%, 77, (pH, FEEH), (pH, ¥iEF7IZh, (FEFH, F717
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1% 3.3-94. Response surface plot and the corresponding contour plot for CMCase



3t 3.3-28 Estimate of the response surface regression for FPase

Parameter DF Estimate Standard Error t Value Pr > [t
Intercept 1 101.881500 5.157979 19.75 <.0001
x1 1 -1.342958 2.578989 -0.52 0.6102
x2 1 2.391958 2.578989 0.93 0.3684
x3 1 -3.231375 2.578989 -1.25 0.2294
x4 1 4.598708 2.578989 1.78 0.0948
x1*x1 1 -8.047719 2.412424 -3.34 0.0045
x2*x1 1 -0.004187 3.158604 -0.00 0.9990
x2%x2 1 -6.178594 2.412424 -2.56 0.0217
x3*x1 1 1.909937 3.158604 0.60 0.5544
x3%x2 1 0.453438 3.158604 0.14 0.8878
x3*x3 1 -1.793219 2.412424 -0.74 0.4688
x4*x1 1 -0.702187 3.158604 -0.22 0.8271
x4*x2 1 0.659062 3.158604 0.21 0.8375
x4*x3 1 -0.616062 3.158604 -0.20 0.8480
x4*x4 1 -1.197469 2.412424 -0.50 0.6268

19 3.3-95. Response surface plot and the corresponding contour plot for FPase



O B-Glucosidase2] &2 Ao o3t 22 AW 2L F 3.3-299 3] F=4H.

Y= 681.011 —8.922X , +21.515X ,— 22.953X ,+30.028X ,
—4.785X X ,+6.493X | X ,—4.884X X, +7.164X ,X ,+4.396X , X,

—1.447X ,X ,—60.451.X2 —52.480.X 3 — 18.486 X — 16.992.X %

3t 3.3-29 Estimate of the response surface regression for [3-glucosidase

Parameter DF Estimate Standard Error t Value Pr > |t
Intercept 1 681.010833 32.777474 20.78 <.0001
x1 1 -8.921750 16.388737 -0.54 0.5942
x2 1 21.515417 16.388737 1.31 0.2090
x3 1 -22.953417 16.388737 -1.40 0.1817
x4 1 30.027583 16.388737 1.83 0.0868
x1*x1 1 -60.450917 15.330260 -3.94 0.0013
x2*x1 1 -4.784500 20.072022 -0.24 0.8148
x2%x2 1 -52.480167 15.330260 -3.42 0.0038
x3*x1 1 6.492875 20.072022 0.32 0.7508
x3*x2 1 7.164375 20.072022 0.36 0.7261
x3*x3 1 -18.486292 15.330260 -1.21 0.2465
x4*x1 1 -4.883875 20.072022 -0.24 0.8111
x4*x2 1 4.395625 20.072022 0.22 0.8296
x4*x3 1 -1.447000 20.072022 -0.07 0.9435
x4*x4 1 -16.991792 15.330260 -1.11 0.2852

O 23 33962 23 39 g A azeln, 25 of2 FoixeH, (£,
pH), (2%, T %), (%, &7z, (pH, TEEZ), (pH, W73, (FETZF, ¥l
F717h) 7+e] B-glucosidase A4+ A =S YER AL, l‘j’]oﬂ/ﬂ HE vle} Zo] Z+ 9919

T2 W3l U] 22 a7 2% HFHS FEF F A3, B-Glucosidase
LS HUglelr] gk RESREUHEA 2 2o 9t 'IQrE HAHLE 2% 29.22
°C, pH 520, &3 53.55%, 91F717F 6.96¥ )R o™ ojuf B-glucosidase X<
705.77 Ulg ©.& %‘ﬂg

O g3 dA7EA A 1:01;3 P. oxalicum KL1-249] &4 ALF=FQ) 110.58 FPU/g wet
substrate= TEH 45.1%2] A9 245.73 FPU/g dry substrate(ds)ol]l 3sidH. ©] P.
oxalicum KL1-24¢] Ht) FPase 3¢l 245.73 FPU/gdsE TFE =& nAujeF 2S¢
Hldle B o 4. nigerQ]r T. reesei &3 oFo] 35.80 IU/gds (Dhillon et al., 2011), A.
fumigatus 752 144.60 U/gds (Liu et al., 2011), A. niger NS-29] 17 U/gds (Bansal et al.,
2012)° HlsFe] wl-§ =& FPase AjAtFolgt & 4 Qlow, o]yt A= P. oxalicum
KL1-24 #F9] 4S5 B & ¥ dA5ste A=

nﬁ

o)
.



1% 3.3-96. Response surface plot and the corresponding contour plot for B-glucosidase

(4) &4 A Sg HA A AR HA )

O 24 HHsE 98] NaNO;, (NH4)CI, yeast extract, soy bean meal, urea, CSLS 34| ]
Ao Hrbeted BA AAEFS ST A3 dAdY Aole AA FA YEVA Z
(% 3.3-30).

O vulg A7t @& &35 ot 7] 93] CuSOs MnCl, NaCl, NiCl, ZnSOss 31738l
Al 0.1% A7}ste] &4 ANES =g, 1 A7 (£ 3.3-31) MnCLS H718 o
CMCase, FPase, Avicelase, Xylanase, Pectinase®|A] controlo]t} ThE w|U|Z H7}E o H]

3 ' Al T dE.



3t 3.3-30 Effect of nitrogen source on various enzymes production in

SSF by P. oxalicum KL1

Enzyme activity (U/g)

Nitrogen . - -
CMCase FPase B-glucosidase Avicelase Xylanase Pectinase

Control 118.09+£1.04a 97.5244.91a 658.70+44.13ab 15.11+0.44c 300.13£10.88b 336.98+10.62b
NaNO; 114.024£2.61b  95.98+6.73a  654.80+10.67b  17.18+1.69b 313.74+23.43b 364.37+12.55a
(NH4)Cl 113.09£1.83b 98.02+0.41a  644.05+£16.71b  17.62+1.44b 299.98+3.13b  323.5346.69b
Yeast extract 109.39+0.26bc 92.43+1.71a 691.54+11.92a 16.29+0.81b 317.44+6.06b  368.22+0.83a
Soy bean meal 114.39+1.04b 97.19+7.53a 644.36+£26.78b 17.62+0.64b  326.32+8.16b  377.39+5.02a
Urea 114.76£1.56b  99.92+1.34a 655.12+62.13ab 20.88+1.06a 391.14+27.83a  323.82+1.25b
CS.L 112.5444.70b 95.12+6.27a  631.05£28.05b  17.18+1.23b  303.98+2.09b  359.93+1.67a

-
It

3.3-31 Effect of mineral source on various enzymes production in

SSF by P. oxalicum KL1

Mineral

Enzyme activity (U/g)

CMCase

FPase

B-glucosidase

Avicelase

Xylanase

Pectinase

Control
CuSO0,
MnCl,
NaCl
NiCl,
ZnSO4

110.39+3.27a
107.134£3.94a
112.50+3.33a
99.75+7.89ab
90.33£5.28b

106.74+3.22a

90.76+1.23b
99.19+4.43a
104.49+0.38a
58.88+5.81¢
48.44+2.75¢
98.96+2.64b

669.89+35.07b
648.53£18.51b
653.36+£20.46b
658.48+35.62b
675.06+1.46a
667.48+7.31b

14.20+1.89b
15.54+1.08b
21.47+2.44a
16.71+£0.52b
16.69+1.08b
20.32+0.81a

335.79+8.86a
333.83+8.80a
348.12+14.38a
296.99+14.88b
302.26+31.80b
341.49+34.50a

348.66+18.94a
352.97+10.15a
337.18£9.47a
340.05+20.30a
348.18+18.27a
345.31+£3.38a

O Surfactant d7}ol] W& JFS GolH 7] 3] Tween 80, Triton X100, PEG 60002 14
v 2ol 0.1% F7Fsle] vl A3 CMCaseol| A= control 2T} surfactantE 3 7}st= A
o] &4 AMdFE FUb Egeo]l HAAW ©E AxdA= FAA  AoluA ot
surfactantol] 2]+ a4 ALto] F3Fo] gle Aoz AGH (F 3.3-32).
3t 3.3-32 Effect of surfactant on various enzymes production in SSF by P. oxalicum KL1-24
Enzyme activity (U/g)
Surfactant X ) .
CMCase FPase B-glucosidase Avicelase Xylanase Pectinase
Control 109.71£3.42b  87.75£0.92a  669.99+17.76a 13.94+0.30a  330.84+16.80b  350.21+13.58a
Tween 80 115.8440.68a 79.86+3.86ab  646.26+14.75a  14.26+£2.85a 370.30+13.80ab  346.78+6.74a
Triton X100 114.87+2.05ab 84.90+2.38ab  667.67+27.08a 12.24+0.30a 384.97+18.95a 354.68+15.44a
PEG 6000 115.35+0.46ab 79.22+3.60b  665.49+£16.76a 11.07£2.25a 362.66+10.20ab  332.47+7.42a
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FEAEHOR ALE S 4T 7Y E4AEAH dd FEE SAHSAS.

E«] FE% Bradford®] WWHS ©]&3l9 bovine serum albumin(BSA) (Life
Technologies, Gaithersburg, MD, U.S.A)S X TAIEZ st SO H, E3F T
595nm FHgol A B4 A dHMd w5 AR

O
rxL

A

3 3.3-33 0 A 24 B AESAA Bl g A

WA 24 (g/L) RYMIL RYM2L RYM-tx-1L RYM-tx-2L
Rice straw 10 10 10 10
KH,PO4(mono) 1 1 1 1
Yeast extract 0.5 0.5 0.5 0.5
(NH.),S0, 0.5 0.5 0.5 0.5
KCL 0.5 0.5 0.5 0.5
CaCl, 2H,O 0.5 0.5 0.5 0.5
MgSO.s 7H,O 0.41 0.41 0.41 0.41
Triton X-100 - - 0.5 0.5
Flask 1L 2L 1L 2L
Volume 250ml 750ml 250ml 750ml
pH 5 5 5 5
O APEE 7 BT E9 FPase, Avicellase, CMCase Z12]1l xylanase®] A4S v W3t
. 1% 33972 wgFLAel e 84 A4S YW AoH, Aol AEFE &
L8P FUHE St S B, AR HiGfel deto® a5 HYY AW
AA ade H& Ao F ¥a R, FPase= cellulose® T4 ¥ Filter PaperS ©]-83l¢] &
2o RBl5S S WOl Avicellase= ZA /] cellulose?! Avicel (FE™H)S &
83t aARTE S5 WHY. CMCase?] 7% carboxy methyl cellulase®] <FA}

=2 cellulose?] FE=A2 CMC (carboxy methyl cellulose)?] #3l&5S =43t= WHolal,

= wdd W EAete 589 &4 xylanase®] xylan E—OH%% =
dfra Ealas Aike] AFSE TFY wielA gAde R B A (Rice
straw), 24U O F G (Yeast extract) E T HAAL7E E0J3F vl A (culture medium)S A}

8319, o] BAE RYMe.2 HH g,
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2

de 5357l 98te] Vivaflow 50 (Sartorius, Germany) 10,000 MWCO membrane
ultrafiltration® S A& 3t o™, °F 100 pg/mLe] ‘;}““;‘19] FTEE 3RS AY

5 = &
o] FAW(control)> WEZQ APt a Lol B HAA AN HFHA HEE 4L
& NovozymeAl2] Celluclast 1.5LZ A1 3}5 2. ‘ﬂ"ﬂ—ﬂ@%’ﬁﬂ S 2L FadA FA
W4 Celluclast 1.5Le] o] RYMXHT <F 2uvf ®e S zta AL, WA FPase,
Avicellase, CMCase 12|31 Xylanase2] &4 control?] Celluclast 1.5L8] Zlof| H] 3}

ol
of Ho 80%°l Bste AH#E B A FPUS A5 control Bt} o %2 ZAAE UE

WA=
G g o 2 48 (specific activity)S AlAMSE A3 BE G4ASA SH A
498 FA Celluclast 1.5L Bt =& AFAE YIS, FPUY AS$ 2w) o)A,

Avicellase®] 7 §-o|%= <F 2u)] o]ie] AHE B3 CMCase®} Xylanaseo] 735 F AW

T 100%E 9+ A4S HYS.

5L A4 R IR 7oA B4 AL
ol A= IL FehaAoA Hidkste] Z} a4 A dild FFS A4S
i, ol AFellM e SL AP R LAY 3.3-99) 3WE o] &8skl Azt wE
pH W3}t AdE a4 dA4S A S. 7IE A ERA F L-Asparagine

o
Aagol7] wiEol scale up Al tHAIDRESE o] B AU ML AL T3
HAAYOE Comn Steep Liquor(CSL)E A3 o,

o} Zo] MAstd a5 HIsHAS. 5L
250~300rpm, ¥ 7179 0.7~1 vvm, 8] A]

2% 3.3-99. Penicillium sp. KL1 T5(ZH)et 5L AgA w52 Fa7])($)
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¥ 3.3-34 Cellulase A2FHS 93k v A=A

F1 F2

g/L g/L
Rice straw 15 15
KH,PO,4 1.0 1.0
Yeast extract 0.5 0.5
(NH4)2S04 0.5 0.5
KCL 0.5 0.5
CaCl,2H,O 0.5 0.5
MgSO,47H,0O 0.4 0.4
Corn Steep Liquor - 0.5
L-Asparagine 0.5 -

O 29 3.3-1000] wjFA o] W2 48439 pH HIE YeE . F12 L-Asparagine
o] dAa¢oz HI7IE wjAo]w, F2& L-Asparagine T4l CSLo] FH7Fg i d. F1¢]
A% pHE Ate] Al mek BH F/HSHAOV, P2 pHYE Zuke] WolAT 45 4
2 fAHU9S ME A F oA =Y BT 7Y AFE Al E28HS dehily]
of 79& Jﬂxﬁ“lﬂgi AA3sta o wigAS 3555

F1 F2
0.8 8 0.8 6
BN FPU/mL — . FPU/mL
[ CBU/mL M  m— CSU/mL ~ — .
ool —O—pH ~ _ | o—o " s pl -

v a9 ' i 14— )
g 0.4 D\/ ] ta 3§ ;ﬁl 0.4 4 ts I
0.2 4 F2 0.2 |
o 1 2 3_ 4_ 5_ 7 8 9 ’ °0 1 2 3 4 5_ 7_ 8_ 9 -
Fermantation time (day) Fermantation time (day)

719 3.3-100. Penicillium sp. KL1 @ FZRE Afrislas At

O AHbdA Mz A3 o & a4 Aol Fegi23a ajd By dojyds g%
T AN, o] scale o] ARl wel TIHSA FFE P= WU e Aoz #F
9. pAHoR AN A AP JIA) 24S 24T Bast Yol ohe gl
A HAsE 3 S V=59

(3) AAMA FFA EA%H HH3)

O Penicillium sp. KL1 #FZHH HF4 Blaa S Y3 712 wixl= 1 3.3-359)
Zo] Mandel's mediums 7|20 2 3} 5. BJHIA 9] scale e up Al AHEE 5 e 7HE
o AP wadoRA AU, RIY, WD, $55 B 4 FHE AYSAD o F
ZREH AGARHELAE A T CMCase FAS %—?ﬁ%}fﬁ ¥ 33-101% 2L A
}2 AYE. SFEWE A A B RAY Y 2o BRBHS AUF 5 A0
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o7 HF AA3PS. Mandel's mediume 7182 AEE T 84 ALto] dFH S
4 1 3
=

0.98= AF&sl +=x5 YeElW O ( 3.3-37), urea, =, Ammonium sulfate <=
A 2345 eSS, o] Al AEE9 sEH2

ZARSM)S =YL, F 33380 HFE AW v

Aeof A" AFRs UEHAS. T 2071y AAFH EEHe RAERE FA45H
3_}:

™, ol T w4t £43 A= F 3.3-399] AA

h s

Y
12
>,

Kl
=2
T
Auj
=
30
o

02 v
v

06 T
:
i}
o g4 T
:
[
0z
0a T T T T
Miscanthus stEw Barely staw Rice siraw Cam shouer

Cabons owrce

% 3.3-101. &AL wet AAE Penicillium sp. KL12] CMCase &4

3 3.3-35 Mandel's mediume] A% ¥ 3.3-36 Plackett-Burman design®] W9} ¥ 9

Mandel's medium gL Variables (g/L) Symbol C"'ied factors l';“"
Carbon source 15 Corn stover X, 10 20
Urea 0.6 Urea X, 0.3 0.9
Protose peptone 15 Protose peptone X, 1 2
Yeast extract 0.5 Yeast extract X, 0.25 0.75
(NH4)2804 2.8 If-{‘;;{z;"* 2 lf 3'-58

2 4
KHJP?' 4 CaClL-H,0 X, 0.3 0.9
CaCl»2H:0 0.6 MgS0,-TH,0 X, 0.3 0.9
MgS$0s 7H20 0.6
Trace elements mg/L
Fe504 10
Mn504 TH20 32 < . =IPAME]

¥ 3.3-37 Plackett-Burman design®] A4
ZnS0s TH:0 2.8 BN e
CoCla 6H:0 4
Symbol Coefficient F-value P-value
Model 0.679 18.6 0.0179

X, 0.097 48.5 0.0061

X, 0.108 50.6 0.0045

X, 0.035 6.30 0.0870

X, 0.026 3.5 0.1559

X; 0.066 225 0.0177

X, 0.000 0.00 0.9921

X, 0.013 0.84 0.4274

X, 0.033 5.77 0.0957
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3 3.3-38 RSM9] A3F W<} g, Agdyel mdoy oA 3k

Coded factors levels

Variables Symbol 5 3 0 1 2
Corn stover (g/L) X [ 9 12 15 18
Urea (g/L) X, 0.4 1.2 2 28 3.6
Ammonium sulfate (g/L) X5 3.0 3.8 4.6 5.4 6.2
Run Coded value CMCase activity (Unit/ml)
Corn stover (X1) Urea (X2) Ammonium sulfate (Xs) Experimental Estimated
1 -1 -1 -1 0.917 0.878
2 1 -1 -1 0.5881 0.973
3 -1 1 -1 0.218 0.3383
4 1 1 -1 0.693 0.771
5 -1 -1 1 0.962 0.969
6 1 -1 1 1.045 0.966
7 -1 1 1 0.236 0.229
8 1 1 1 0.304 0.518
9 -2 0 0 0.499 0.478
10 2 0 0 0.926 0.862
11 0 -1 0 0.968 1.020
12 0 2 0 0.215 0.078
13 0 0 2 1.030 0.925
14 0 0 2 0.744 0.764
15 0 0 0 0.818 0.781
16 0 0 0 0.806 0.781
17 (1} 0 (1} 0.854 0.781
13 0 0 0 0.771 0.781
19 (1} 0 (1} 0.744 0.781
20 0 0 0 0.780 0.781
3 3.3-39 RSM9| EAHE4 A3 #3340 =9 WS HA @
Symbol Coefficient F-value P-value Variable Optimal condition
Model 0.781 12.49 0.0002 Cornstover 1239 g/
X 0.096 13.18 0.0046 Urea 0.48 /L
X, -0.236 70.47 =0.0001
X, 0.040 233 0.1580 Ammonium sulfate 6.12g/L
XX, 0.073 3.83 0.0787 o= - - - -
XX -0.025 0.43 0.5246 | Predicted CMCase activity 1.207 Unit/ml !
p. 5. -0.061 2.68 0.1324 i Observed CMCase activity 1.184 Unit/ml E
2 3 5 5 i
A [— e |
X2 0.016 0.56 0.4713 ! Increase rate 1.66 fold |

O RSMY] EAFE2(ANOVA)Z 23 AAASF RHE 09188 AT F=32 Ve
OoM(% 33-39), °o] RHERYH d& & JE 23 A I AxY aYP=ZE 1Y
3.3-10201] Ueila, 3 v s & 3 A wREAS 1239 gLy 2

o, 048 g/L9] urea, 6.12g/L2] Ammonium sulfate®] FE=Z 3}

S u} 1.207 U/mle]
CMCase 84S 7IHE AL, AA o] F=olA wgt & 54 FHS AT 27
1.184 U/ml& VEHE 3.3-40). RAERE £33 o] FXo 98%= ¢ 243
He s AL, o & Aol ARESE FAISHH wiA H A3 W Eo] #d
AT BokE & 7FsAol Ede AS guE. AT 482 SAH wA =4 HH

8 ¥ anel AT Loovl SRS
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an by (ki)

[eer

19 3.3-102. Response surface plot representing the effect (A) Effect of corn stover and

(B) Effect of corn stover and ammonia sulfate; (C) Effect of urea and ammonia sulfate

O 2 dAFdAe 1848 AFaEsas Adaso] a4 AAAFS Susistr] fd& )
Fuj A 20 gFS =AM HASE HAH oMY EaANY FREE HY
5L ECA olFRCH, ol AFA &F HU = FF2E 50 - 100 L 7 bench
2=AD vtE ol @A vt HASE T TaYNFY HIH FT
HoFgoroz AE3E 93 AFs dAdHE aEs, 75, A4, avhdy
e HAstE Bl darRel e &4 AL St gk FrHAd A Fde
L74

6. A SAE vto]ew s Flo] HA| H &3t AFELS) vl HI)
7h AAE AFAENELE o83 F3F X

O d4Eate] wiAHAZ 3 A7) S commune KUC9397 frel &4 B35S Hrtslr] 938t

o F TR aLZAELe FHIT A 2FIS AEFaLEE EFsReH,

Celluclast® 1.5L¥} CellobiaseS E335tH 3L, =% 2= Celluclast® 1.5L3},
Aty S commune KUC9397 3] 45 T39S, & 84 232

AL-&-3le]  Cellobiase2} S.

urea;

CellobiaseS O
Gzl HdA e

St EAMLRFA wlolomlA~ (3R 3.3-41) ZElel commune
KUC9397r&ll &4-9] B35S Hlug
3t 3.3-41 Chemical compositions of pretreated biomass
Total components (%)
Cellulose Hemicelluloses Lignin Other
Raw material 37.88 37.39 14.68 10.05
Barley straw Treated at 30°C 49.75 29.81 14.12 6.32
Treated at 70°C 56.52 28.83 10.43 4.22
) Raw material 31.86 26.30 24.40 17.44
oty Frult - Treated at 30°C 36.77 29.81 22.02 11.40
Treated at 70°C 37.44 29.08 19.22 14.26
Raw material 37.30 29.16 18.63 14.91
Miscanthus Treated at 30°C 43.88 30.64 15.89 9.59
Treated at 70°C 54.71 30.15 9.70 5.44
Raw material 40.64 23.28 10.14 25.94
Rice straw Treated at 30°C 49.59 26.31 8.55 15.55
Treated at 70°C 57.12 25.82 8.99 8.07
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3t 3.3-42 Activities of the enzymes used for enzymatic hydrolysis

fégﬁgﬁ FPU EG CBH BGL XYL BXL
(mg/ (FPU/g (U/g (U/g (CBU/g (U/g (U/g
\mefe biomass) biomass) biomass) biomass) biomass) biomass)
biomass)
Combination 1 8.27 30.23 54.21 5.44 29.59 589.75 9.61
Combination 2 6.81 29.94 53.99 3.42 29.93 758.56 9.47

1% 33-103 The % yield of sugars released during enzymatic hydrolysis over 72 hours as
measured by HPLC. The error bars represent the standard error of triplicate experiments. a. The

yields of released glucose. b. The yields of released xylose. c. The yields of reducing sugars

O ddMe & 33410 AT 4579 5ZHFE volevis § dEYo IXE =
3te] 70 °Coll A xﬁmé g AR E ARESIAS. 1 A%, ¥ 3.3-103¢ vERH uhek
Zol, =3 13 29 F FEH&2 Z7F 340 - 69.7 % S 27.7 - 609 %E BAS. 2
dy Bilds xﬂﬂﬁ}ﬂ = vtolemzo] Wik 29 13 29 FHELS FAHCE

L
7} gl Ao 2 e H. Celluclast® 1.5LF} S. commune KUC9397 3] Z&4A=Z 0]

=z} o] =

Foizxl =% 29 AE, T 9l AGL AL gAET 0]—,—0111 %3 15t H OD%
Z3 29] endo-glucanase % cellobiohydrolase®] &4 ok 23 1R Y g OHo =
Total Z9 13 29 B3&o] TAAHLE A7t gle AL L%"E‘] —7—"‘?‘75‘1‘{] @ﬂa}
3 glom, 3 20 Ao WA ko § commune KUC9397 F-3 &4 2 H|EA] o]
Ete AS gug v o]l A o] EA HES AT F e
W Z YIS 1HIES W, Yo Fe A= S commune KUC9397 #2 a4 9
ALe 7HsAdS g celllulose F3]3g ol 2094 endo-glucanase, cellobiohydrolase 1
231 B-glucosidase> 7Hg F23 Q40olH o5& AUAXEHRE W A4 cellulose

S glucose® F &3 B-glucosidase= endo-glucanase®} cellobiohydrolase®] <3 A A&
22 33E  glucoseZ Afet= ALE 3, PB-glucosidased] B0l vre A,
cellobiose®] =2 % & nlo|eujs AZRES of7|g. watA] S commune KUC9397
fref o] B-glucosidase celluloseZF-F glucoseAtoll lo] FQ 3% A4S 3AS Aolzt
3 AT F Q. S, 23 29 xylanase A4S =F 19 vlE] FFE] =UdA|T
xylan Hg&S =9 13 HwsHS wW FUFEA @kl WA FEEole

o

2=

hemicellulases X.T} cellulasesE 2] G&o] ¢ Z&S Aoz AHE
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ARG 3 4w 83 842 CellobiaseEs WAISt ©F3le] AT 4 50l
A= A S. commune KUC9397 Fr2l BGLO A @3l AlZ=glo) X9 Ab&71sA]

O HFAHO=Z Trichoderma harzianum KUC17163} Schizophyllum commune KUC9397Z5F-E Aj
AE B4 E ol fsle T3 885 HUlsIAE. o A4S A A3 AE &4
ZHH| 4 S o] 839 o™ Filter paper activity= T. harzianum KUC1716914 S 93tal 8
-glucosidase= S. commune KUC9397°|4 ZFI3AS. UHERTFoZE AYE 34
Celluclast® 1.5L¥} Novozyme 1882 AF&3lH oW, A5+ 3 33413 Zo] vHIAE], AA
g A5 127HA & BEF ARgste AESHE @Ea3yS 535 vloldgs Aike] At
29

HFAaE Hrbete AdE T4 1

3t 3.3-43 Activities of the enzymes used for enzymatic hydrolysis

FPA
) Protein content EG CBH BGL
Enzyme perparation . (FPU/g . . .
(mg/g biomass) ) (U/g biomass) (U/g biomass) (U/g biomass)
biomass)
Fungal enzyme cocktail 7.32 15.0 153.6 11.3 15.0
Commercial enzyme
6.48 15.0 166.6 14.8 15.0

cocktail

2% 3.3-104. Saccharification yield (%) of SAA-pretreated lignocellulosic materials. The
hydrolysis were performed by fungal enzyme cocktail (M) and commercial enzyme
cocktail ([1)
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O dA-oz LA AAS vo]lQuj~E F3d uf Fsl&o] =4S (I1¥ 3.3-104)
ol ALY At HRFAE FeFAH AT Tx2 WHEISS grgth %
Hhol Quj 20 FAFEH O] wel FHBA T YEFS S Cellulose®] W& ©3h&S 4o
AABAAS BHOH (F=26.62, p<0.01, and R*=0.72) lignin®] BI&7} F3}&S S A
BAE B (F=7.93, p<0.05, and R’=0.44). ] lignin®] ZEFZ &4 AfLd o
St HAgo] MRS AeE FHE.

O 2 A8FNA 5 Fae &4 ZEde] 4498 84 ZAeEHdEt 52 9388 =2
R, K 3343904 Hole FEUHE i A7 dhuld ko] ozt AL gl Aol
A AEE T3 AL AFAEdEAT A4S 249 v o gs Hojyos
Ae g £ IS ole #F Fd £49 A vdI BRx AifsRaasrt ¥£3
Ho] Q7] WEelgtn #HHH, dFe ISR I5S A nlolvi~E
golg Z7HA] AAES AL BHIEAS Bolal aEg a4E] FFEo AFAaEs
o AUAEHRE HE Aoz F5T 5 5.

Y. Lecythophora sp. YP363 T2 K E A

O Lecythophora sp. YP3633% =dwWo]l #F<21 Lecythophora sp. YP363(U-3-20) 183l T.
reesei Rut C-30 TFE sl wgd S FFste T4z AFES Y 83491
Celluclast 1.5 L, Accellerase 1500, Ctec2+Ntec2= 30 U/g == 3 Aslal o]&ES X
TOoZ ALESIH Y. F3 WSl 712 S sodium citrate buffer (pH 5.0)9} &4} &%

st Hb-gg A A T whE FTHE F T oreesei Rut C-302 44.84 g/LY glucoses
A 2SR O™ Lecythophora sp. YP363¢] 48.16 g/L, Lecythophora sp. YP363(U-3-20)°]
53.18 g/LSZ T. reesei Rut C-30RU T3a&o] 43 AR g 49t v 0o

Celluclast 1.57} 46.36 g/L, Accellerase 51.43 g/L, Ctec2+Ntec2 59.11 g/LS. 2 Lecythophora

sp. YP363(U-3-20)7 =7} Celluclast 1.5 L3} Accellerase 1500X.t} $-5=

a1

2% 3.3-105. Glucose concentrations released from pretreated barley straw by Lecythophora sp.

YP3-6-3 cellulase and commercial cellulases
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. P. oxalicum KLITFZRE i3 §49 388§ HAF
O P. oxalicum KL19} EAHo] T2 P. oxalicum KL1(3-7)S v Fste] vjgA S 5=
of §AN0ZF AMESAS. T8 HH§S Lecythophora sp. YP3633 L3 Z7d0f A
S S}y AFAI P ooxalicum KL1= F3F v £7 F 5315 g/LSE Celluclast
1.5 L Accellerase 1500 Bt} =2 33} 8835 RAFUS. P oxalicum KLI1TFE 7
T EQHOlE oA ¥ TFAAME T dsol W A HEwedH ols
] & d#FEG 108 A= Fol Bdtel ¥ a&3< Ao
dag. Aol #F P oxalieum KLI(3-7)2] AS 5754 glo=z daxn
Ctec2+Ntec2E A2t &4F F 71 93 5a&°] 5395

]_

ol

>

o H o od

9 3.3-106. Glucose concentrations released from pretreated barley straw by P. oxalicum KL1

cellulase and commercial cellulases

2}, vholeul s gajol Agetel AHEAS WT B}
O daaEdiah Aol 7V =& d3F P oxalicum KL1E 83 & sodium
acetate buffer (50mM, pH 4.8)2 3]sl AT F5HqE B4LZ AT 848

A FF3L7] 8te] Vivaflow 50 (Sartorius, Germany) 10,000 MWCO membrane

ultrafiltration® H 2 A8 39 2™, 29 FPU/g & T2 FTFAAS. 2A nlolomx
I3l A8 FAES AME ZAaW)e) "?izﬂ AT APgEasrsR~5sH)Ss =%
33.440] 257 9l ¢ B BAS UG T A8 vholovjaz AT A

YD, ARAE A BE 4 A9 ohF UAE (AAAEA. PELE

121 °C, BAFEE: 1%, WAL 12 min) oA F FRE AL 5 Ao Huz

2 Glucan: 40.4%, Xylan: 28.7%, Lignin: 20.52% & 3Hfratal glom, oAk AAgd
‘?4 A= Glucan: 56.73%, Xylan: 9.7%, Lignin: 16.12% & &3 T3 2382 50 mL 4+
ZAZgpx=0) F BY7t 10 mLo] HEE dta, olu) RE &4 E 6 FPU/g-biomass &
=2 Fostflen, 1243t ot BEE FHS ulolevls FoARL 1.5%, 3.0% F
THE ATS T, F3E AHE F 3.3-45~7° HEHS
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3 3.3-44 Hlo] 2uj 2 Z3lo] A&

et
FO\'
b
o
m (
X
b

No Enzymes FPU/g
1 P. KL1 solid state 29
2 Ctec 2 171
3 Celluclast 1.5L 80
4 Filterase 27
5 Accellerase 61

#.3.3-45 &5 AU T AE (vl w2 FAF 1.5%)
No Enzymes GIUCPSE
Conversion (%)
1 P. KL1 solid state 24.18
2 Ctec 2 15.31
3 Celluclast 1.5L 17.54
4 Filterase 13.50
5  Accellerase 11.02

=5

3.3-46 oFAF AA g E AN e T MBS (mlo] v FA®F 1.5%)

MNo Enzymes Glum_::-se o
Conversion (%o)
1 P.KL1 solid state 77.08
2 Ctec 2 58.11
3 Celluclast1.5L 50.77
4  Filterase 29.13
5  Accellerase 54.83

H.3347 P AHAE i F ATE (ol orh FolF 3.0%)
No Enzymes Glum_::-se
Conversion (36)
1 P. KL1 solid state 64.58
2 Ctec 2 77.74
3 Celluclast 1.5L 58.27
4 Filterase 28.91
5  Accellerase 61.77

=1 e
Al BFolA M = H A+, StAY nlo]Quj s Fofgko] F7lg o
wet AgEo] Holxle AEFES UeEWAEH, olv &A ¥l XPEHHEA product
inhibition 282 W= Ao Z AT, cellobiase®t S A EA TS Eist= 84S
A7 gtd o9} e FAE AT F Us. B JAA HF HIEE AURY FEE
82 Celluclast 1.5L%9] vln @ H7} JEHANA Hx1E 23 @4
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1—‘

44 vrolorh 2ol FHSE 4 BE BPA ¥ A

ft

L AR AAE A4 33 FH3

7t vtol QA2 AR 4E H A AR B4

O AE227 vlo]emiAE 35t ow AT ufjo] 27 3.4-13 Zo] a4vke, mA
E Rae} 22 5 FA ANE dovle EZEC] AAHE AU de E AT
e R H S E Furan A8 T &% 5-HMF, Furaldehyde”} & A 3}5 x| ¢Fe AF 2%
g oA AEHAIL, Acetic acid ¢ 7IEF F714HE EJF HEo] FRAHINE AE
Z2A vlolul e A O Z xylanF cellulose 522 T a1 o]H3 A3
EAEL volemAE FASIA e olEe] FgetFo=m FI # uf, 53] dgH<
el ol dAE A W HEd He isE ¥ 1 S & =2y e T
o7 AAEHE AR dHA Us. B AFodAE oY AjELAE0] EhrEo| o
e FEFES vX=A dE 7E2ATE S JBS A=

a9 34-1. AJAZ dAFHE EZGHSMY oAl =2 170 °C, 18 min, 1.84 %
H>S04°1 A é—H XWFJ % HPLC &4 A HE H< Peak (9]), & A ®HE
el AAeE § HPLC 4 Al HEF = Peak(o})

O A4 swo] ge dqsRaate 24 A8 489498 1

a1, furfuralel] sl ZA ATFS We AR FAE

Na;SOq, CaSO4)9— 5 g/LpA TE HYIAE g4 FAAL 0% AE %11‘3}93%.
0516‘ % =

O AA wlo]ufx Fslof] AAA7) v R = FS AR ®H7] 98t dEYol A
H HAS 7ERE o 15% FA5Ra, 24 A EAS sEEHE HJUME §, AhiA
B3 &4 6 FPU/g celluloseE Fo43t] 124)17F <F B35 =38 09 3437 2ol

L84 =3
AMAOT 1 gL o4 FE WelolM vol oz Faho] AshE wE A A,

F
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80 -

(%)

60

—@—— Furfural
........ O....... Na2304

40
——-v-—— (CaSO4
—-—A-—-  Acetic Acid
20 + >
0 . . . .
0 1 2 3 4 5

I ool & v 2 T (g/L)

O 3.4-2. ZF A A&7 60 FPU 2] &4 (Celluclast) Ao vl x& 9

24 24

22 4 22 4

20 o 20 4

18 18 A

16 16 A

14 14

12 A 12 A

10 - T T T T T 10 - T T T T T

o] 0.1 0.5 1 3 5 0 0.1 0.5 1 3 5
(A) (B)

24 24

22 A 22 o

20 - 20 -

18 4 18

16 16

14 A 14 4

12 4 12 4

10 - T T T T T 10 T T T T T

0 0.1 05 1 3 5 0 0.1 0.5 1 3 5
© D)

a9 343 74 A &4 7tel vAe I FERU A (SAA) HEHS
7147 o] &3t F3AH 1A A HlA Furfural (A), CaSOs (B), Na;SOs (C), Acetic
acid (D)ol Tk 27HEg&EE B4 (yF: T ITE (%), x 5 ANEZD % (gL),

Control: 0 g/L)
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o+

28 BE ARAA AA AT

npo] Quj 9] A AA g & WASHA H = Furfural? Acetic acide €4 FEE |olA]
H F3} Al A E DA T AHE A, o E HAAQ] FAHY R I A-E A
T A3l FFE&S v EAEY AAV 24A Y. AA- P F vlo] L ~E washing 3
WHoE o= Jro AEZo AAHEA A AT S FYPsP . 198 344
PEHA A3 EZ<Q Furfurald} Acetic acid’7} ZH*]g] F wlo]Quj~ (AL, & E3HE)
EAE o 1ge] ve]uj2~E 1Le] DI water2 washingdt+ 23S eSS 24384
7 13] washing® 2 90% BE Af=dEo] AAHJS. AT 3 727 A4
A MH FHo] Aoz xEEo o 3, ojuf WA= HFdd AMEEE A
o] FgFETE 22 HSg FA e dQlo] H.

19 34-4. XA A3 EZ Furfural?} Acetic acid®] A| A

A& o] & furfuralA| A

=4 F furfurald 22 furalAl €S compound= &3 EFAZ
How 7lx Qg EA=z Ay gL wad AR = furfurals A
3l

AR
FEohe PHe

o f
2
ofs
ok,
£
)

19 3.4-5. furfurald A FAHY A=
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O AAe ¥ 94 gool njolovj~2Ry A2d ol 7 FaE s8] ol
A7) Wzo] AHEAY NEHow st Wyl Bag &S ALY A% AT
|4 tigk FuASFE o]&ste 20N Btow 5/ AEU] Y SHSE T &
2 E24o & E olFo] Wol ddHo g AAYE 7led AAY Al AHEEHE &vle
Eol7] furan 112 E & 7= RISAEW FHE VA A=

O v=aA4d8m2 HF AAYE SulZ = ethyl acetate, heptane, hexane “12] 3l isooctane ©|
Ao, & 34-13 ot FAo EujAFE A A8

F 34-1 2 BEEY BiAF

solute
1og Pajune = log( [so utt]ajt_ang_lod)
' [solute] 2"
[solute] ,qanor )
1 o Doct.-"wat =1 L octano -
? : o8 ([solut.r_-]:_?:‘fc‘:“ + [solute]reutre!

O 29 3459 AAAQ ALFES ww e 426 wany WI480s Eden
1023F wyksidar Fo] EHH7|E 73ty & E&87F 94 dx4g &9 S5
samplingst o] 41 3F A5
F 342 7 & YESH AfEL AAS

Refereces

20 g/L 10 g/L
Solvants Xylose Furfural removal
Ethyl acetate 18.901 g/L 1.112 g/L 88.87%
Heptane 19.371 g/L 6.285 g/L 37.14%
Hexane 19.594 g/L 6.915 g/L 30.84%
Isooctane 11.166 g/L 4.386 g/L 56.13%

O

A Ay o8 &u] FT ethyl acetate’} 10 g/Le] 7| furfural F=oA &vf A 3
1.112 g/LE <F 88.87%<] furfural A AE&S X 31, heptaneS 37.14%, hexane 30.84%
18] 3l isooctane> 56.13%9] furfuralS A A
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O FurfuralS A A7) 918 HA 9 vHIF4 &ul= ethyl acetateZ 2 = 5. %UH 21]7%
A8 = ethyl acetateol] -2 furfural ethyl acetate®] FTH/E =
e &M AAYMS Tl AAY & AAY A heEe 2@ FY 45 :r Y E
F3ll oE chemicalZ 9] HZO 2 o] AY T ©HAYPOZ &&o| JhEdiH
H furfural®] 2% ©E chemical2 ¥ o] 7153 FQ building blocko.Z HAA 1L
Rl # erxﬂ]«] sugar platformS F33}7] Y&l vl F23 FHo g F7rEolR.
O 19 34-601 919 AWl &+ NS vetd. AR (F): vlolemi2 e &

A, (F): &Y &} ugt 3 A E, ($): TF F furfural 3| 5

29 3.4-6. Furfural A A ¥4 W=

>3

343 7 gvle] HYE

Solvents Solvent/water ratio of g:ﬁﬁ:l:;cid ofl}lc:r?ﬁl.lsral
051 0.597 0.967
Ethylacetate 11 0618 1.230
151 0756 1480
21 0.766 1.498
Heptane 11 0.598 0.339
Hexane 11 0558 0277
Isooctane 11 0716 0551

O F7} A= ethyl acetate®} sample®] U= Al
k. Sample2 furfural¥} gallic acidE EF3 A|EE A st ew, 1 ZI ethyl
3

[e)
acetate : water H| S| 1.5 : 1 o] A MM A7} =35, (%
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2. 185 E AHE BT FFE
7 AA ] E volemj 2o HI{J FIExd G4
(1) pHS| 9%
O 4Y8 49 Celluclast 1.5L2 AF83le] SAAXAZH HAS G333, pHE 4.5,
48,52, 5622 s W M 7 3 A3V T2 pH MU= 4882 UEHOH, o=
g BA% 9A%E ge B9
(A) (B)
a9 34-7. SAA A E HA 48412 F3lel tidk pH &3 (A), 48412 & 7} pH =7
ANA FITE
100 1]
inmmy
et b
[ 1 an
g0 1
g s SR S S g
g :lll: %
g @ 10
o 14
i
E 5 &
& &
— 8 pHIS
oD PHAB s
— - — pHS2
—eti— pHEE
L " n 40 T T T T
20 30 ko & pHLz pHLE pHa 2 pHS &
Time (hr)
(A) (B)
19 34-8. SAA A E HBHZA 48A1%F F3ho] gk pH &3 (A), 48X & 7 pH =3

oAM e F3ra
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2 7l

U

80

60

shol

o]

(B)

30

20

Faom, 48X 7+ G35} 7

J|

10

]“lll

25
20
15
10
5
0

80

¢

i

1.5%, 84 F%+ 60 FPU/g cellulose
L 718S SAA A E HAH HEAZS AME

u 50 °Col A F 7]

60

A
30 40

o™ 20 g/L ©]

S

A
10

KN
=

L=l
=

O npolevjs B3 FgoM =71 vA

25
20
15
10
5
0

(g/L). 60 FPU°IA 10 g/L¥-E 80 g/l F=2 ¥ 3 (A), 2RZF (B)

o))

(B)

HA), 48]

(A)

% 3.4-10. SAA A HZA 48A7F F3Ho] o

Aol A ] B3¢E (B)

N

M
o}/

F 7

T

N

od

M
o}/

;01_

- 240 -



(A) (B)
I3 34-11. SAA A E BEZ 48A17F @3l o © GTA), 4847 B
Zel A e F3)E(B)

rsﬂ

O Axe e vlolovze) B3 2ag
gL Wlwre] ARG $70IUx, B FUEI A9 AAHE ARHE A2

U wlolovad AR Ease] AN E Y

3 34-4 vpo]Qulzo) A RN A

Glucose Xylose
24
41.34 % 28.46 %
Glucose Xylose
weld
34.13 % 22.89 %
Glucose Xylose
YR ol HA 2] (SAA) HA
56.04 % 24.19 %
Glucose Xylose
dE Yol A (SAA) A
47.88 % 20.74 %
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Enzyme Activity (FPU)

- "
. H
. H
. H
100 - H
. .
. H
= 0 =
H — — .
=0 . > .
= e T N ] H
£ = — :
. H
T o .g il .
3 = :
& sx A0 H
[ L]
o 3 FFU B H
g T T Eheeeeens & FFU = :
E ——-—%—— I5FFU = 4 .
& ——— 20FFU " H
— -®m— GOFFU H a0 .
20 [ —.—O—— G0FPU . .
——#—— 120FPU " H
—¢——  180FFU =g _ _

. 3 ] 15 30 60 a0 120 180 H
.
o H H

.
. H
. H
. .

A

(A) (B)
9 34-12. SAA A" BHF 48A7F Gl g L= g3 (A), 1243t 4 &2 %
Aol e F3FE (B)

100 _ il
50 -
&0 - r _I - _|
~ 2wl _
£ o g -
2 2
H a 30 -
i o r
o E—— 1] w
8 K weomeee Qe fi FRL g
E! ——p—— 15FPU R
@ i ——t—-- IOFPU o
— m— GOFPU
a — —0—— UG0FFU 10 4
——4— 1I0FRU
——— 130 FAU
o v : ' s 0
i 10 0 30 a 50 3 ] 15 @ 0 G0 12 1D

Time Chr) Enzyme Acthvity (FFLUY
(A) (B)
% 3.4-13. SAA A H BEF 4847 F3to] Y e EF (A), 247 2 £
MY F35& (B)

O HZ 4% 60 FPU/g cellulose FE 1 oo 2= 27| WgER 9 HF o 3548
o] Hls=gk Ao Z HQl BHZZFe S 30 FPU/g cellulose B 1 oo 2= %7] vt
&= 4 %JZ F I FEo] ¥ S BAS. 2, B dig dA 24 &
A=+ Z+ZF 60 FPU, 30 FPU H-9 Aoz YEly)

o
O olds 2443 2345 Ed=E "z, B3zl g 4Y8& &AL Celluclast 1.5L
(Cellulase), Novozyme 188 (B-glubosidase)®] Z A H]& B3 3 RSM A A E &
AR e (3 3.4-5).
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F 34-5 2 ma2vEo TASH £4& 9% CCD 2d
RSM A&l <1zt -1.4 -1 0 1 1.414
Cellulcalst 79 70 200 330 402.5
Novozyme 188 1.975 17.5 50 82.5 100.5
¥ 34-6 RSM Ag HAAE 53 ZF 849 coded, real ¥ B3} 1A & F T&
S Celluclast Novozyme 188 WAoo (A7F & | welHe (A7}
TD _
Coded %k AA 7k Coded %kt AA g% T EFE (gL) | F T FE (gL)
1 -1 100 -1 25 2.850 2.649
2 1 300 -1 25 3.102 2.976
3 -1 100 1 75 2.993 2.759
4 1 300 1 75 4.320 4.210
5 -1.4 58.6 0 50 2.790 2.014
6 1.41 341.4 0 50 4363 3.778
7 0 200 -1.414 14.7 2.326 2.254
8 0 200 1.414 85.4 3.396 4.075
9 0 200 0 50 4274 3.996
10 0 200 0 50 4.040 3.814
11 0 200 0 50 3.960 3.021
12 0 200 0 50 4219 3912
13 0 200 0 50 4.177 4.013
¥ 3.4-7 RSM 3| AR A3 w1 A4
] R = 2.329+0.454x;-0.116x,-0.183x11-0.068x,1-0.072x;,
E.‘—}q\é% R = 2.194+0.519x;+0.275x2-0.248x11-0.07 1 x1-0. 14 7x;
¥ 3.4-8 RSM 3| A4 Az}
E i R
Source
Sum of Mean Sum of Mean
DF F % Pr > F DF F % Pr>F
squares square squares square
Model 2.032 5 0.406 31.81 0.0001 2.717 5 0.543 14.38 0.0027
Error 0.089 7 0.012 0.226 6 0.037
Corrected
2.122 12 2.943 11
total

Coefficient variation (CV) = 5.204
Coefficient of determination (R-square) = 0.957
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15 J - f'
15 { 25 15 A
10 2 { 10 25\ 25
05 4 \ \ 05 \ \ J
2 A \ 25 2 \ te \ 257"
1-;5 {o \ 20 7 &Y
S oo \ g 00 \ \
N 05 4 \15\ 2\ . a5 15 50
10 20 1.0
A\ )
10 \ 10 4
. 0s .
05 15 20 1.5 2
15 \ 9 \ 15 & \ ]g\ \ \
A5 10 05 0.0 0s 10 15 a5 10 05 00 05 10 15
Celluclast factor Celluclast factor
(A) (B)
1Y 3.4-13. RS-3|AEA Aol 514 28 =, Celluclast®t B-glucosidase Hl& B4, 244]
F dEYol (SAA) AEE HAF Y RSM 4] (A), SAA 24A7F A gd YR F 9] RSM
24 (B)
¥ 349 HZ T3 93 a4 BE RSM 2
714 ik Cod % A A % HH v&
Celluclast 0.8231 307.003 4.71
EE
Novozyme188 0.4669 95.174 1
Celluclast 0.9523 323.799 4.89
y_g]\;q
Novozyme188 0.4987 66.207 1
O SA%HE 4 Z3} Rsquare o] A% J= FTo2 4 Zh7F 0957, 0.922 .
O FAA £4 23 AA HZ, 5ol i3t S4HE&2 471 B 1, 489 tf 1 &
EbSt .
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28 33T F FHe A sAHS Y
3 3.4-9 ANOVA<Y coded value
Coded values
Symbol -1 0 1
Agitation speed (1pm) X1 100 140 180
Temperature (°C) X2 20 50 80
Enzyme loading (FPU) X3 10 60 110
pH X4 3.8 4.8 5.8
Buffer concentration (M) X5 0.05 0.1 0.15
O B33 dS a4 71239 vkgel. o] whgolx #alo] e vEarsS F 349
of FEl3ta o]5S ANOVA (ANalysis Of VArious) %418 $138] codedt A AL, o4
AH 9 code 0& EFolY 72APL T3 FeIA gEe) TAANZ 140mpm W
%, 50 °C ¥ % 60 FPUS &4 ZA, pH 489 A% 281 0.1 M9 HY %
. & 3.4-100= o]# 3 2459 DOE (design of experiment)”} A F o] Sl=d], ]
designe FFD R do] 23t AoZ Z Q459 IIFHE S Lolrr] 9 2dd. #
3.4-119= A Z2adA 53 237 g3 43 23 ds el
3t 3.4-10 Experimental design
Agitation speed Temperature Enzyme loading pH Buffer conc.
X1 X2 X3 X4 X5
Codded Exp. Codded Exp. Codded Exp. Codded ! Exp. Codded Exp.
1 - 100 - 20 - 10 - 3.8 + 0.15
2 + 180 - 20 - 10 - 3.8 - 0.05
3 - 100 + 80 - 10 - 3.8 - 0.05
4 + 180 + 80 - 10 - 3.8 + 0.15
5 - 100 - 20 + 110 - 3.8 - 0.05
6 + 180 - 20 + 110 - 3.8 + 0.15
T - 100 + 80 + 110 - 3.8 + 0.15
8 + 180 + 80 + 110 - 3.8 - 0.05
9 - 100 - 20 - 10 + 58 - 0.05
10 + 180 - 20 - 10 + 58 + 0.15
11 - 100 + 80 - 10 + 58 + 0.15
12 + 180 + 80 - 10 + 5.8 - 0.05
13 - 100 - 20 + 110 + 5.8 + 0.15
14 + 180 - 20 + 110 + 58 - 0.05
15 - 100 + 80 + 110 + 5.8 - 0.05
16 + 180 + 80 + 110 + 5.8 + 0.15
17 Le] 140 v ] 50 o] 60 Le] 4.8 L+ ] 0.1
18 0 140 L+] 50 Le] 60 0 4.8 L+ ] 0.1
19 0 140 L+] 50 Le] 60 0 4.8 L+ ] 0.1
20 (1] 140 (v ] 50 o 60 (1] 4.8 v ] 0.1
O A3d4dy A3l % £ YER = coefficient of variation (CV)gko] 38.73772 =2 &
= YEHAL PR JJr %kol SATHA Z1EAA AFAGo] A= FEANM 2HEHU=.
ARAF RHE 09592 R oZyy AFAHrt Fe AH=7) wE 2 AL
E YEstor ANOVA #4oMe= 2xd dFste X, &4 AFEFol s 3st= Xa7t
Mad gEdve] B JUg MAE 2o BAHUL. wWH wMsE: 93%
= ool gelME Adel JFL FA LI buferFEe] LT BhIAALE RO
2 YES. ol A3 L2 alpha-celluloseE 71 =Z, Celluclast®} Novozyme 1885 T3 &

- 245 -



42 ol8a}e W Avoln /A B4t vE W v Hodel AW A
A% gHoz A1 933 AHIE T 5 Ae Ao A4H,

# 34-11 ANOVAS 93 43 "Ad(d5a 233 23
Run X1 X2 X3 X4 X5 Predicted value of glucose conc. 2h Observed value of glucose conc. at 2h
1 - - - - - 144 144
2 + - - - - 694 694
2 - + - - - 2300 2300
4 + + - - - 2514 2514
5 - - 4+ - - 2884 2884
6 + - + - + 2436 2436
7 - + + - + 6240 6240
8 + + + - - 2756 2756
9 - - + - 1609 1609
10 + - - + + 1289 1289
11 - + - + == 1010 1010
12 + + - + - 1998 1998
13 - - + + == 1263 1263
14 + - + + - 3832 3832
15 - + + + - 2014 2914
16 + + + + + 1030 1030
17 0 0 0 0 0 8618 7158
18 0 0 0 0 0 6626 7158
19 0 0 0 0 0 7745 7158
20 0 0 0 0 0 6045 7158

3.4-12 AR

i)
X
of
X

o
)

4S5 913 ANOVA

Source Sum of squares DF Mean squares F-value P>F
Model 109785125 16 6861570.3 4.49 0.0604
Error 4583561 3 1527853.7

Corrected total 114368686 19

Coefficient of variation (C'V) = 38.7377, Coefficient of determination (R%)= 0.9599

Factor Mean square Fvalue Pvalue
X1 149189.06 0.10 0.077>
X2 2513017.06 364 0.0289
X3 8304483.06 544 0.0102
X4 1750990.56 115 0.0362
X5 693472.56 045 0.0548
X12 2878960.56 188 0.0263
X13 1530787.56 100 0.0390
X14 1129437.56 0.74 0.0453
X15 94710.06 0.06 0.0819
X23 104167.56 0.07 0.0810
X24 4434183.06 290 0.0187
X25 1551893.06 1.02 0.0387
X34 1729882.56 113 0.0363
X35 15438.06 0.01 0.0926
X45 4193280.06 274 0.0196
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t}. B-glucosidase PSS A3 FHHRS £

O

19 3.4-14. B-glucosidase 113} Wl AU Z1

ZFeFg ol A5 71do] 1A AR F &4 cellulaseE 1SSt S8 S g
<. FEFAY WAYUESES 1EAFEH S celluloseE endo-glucanase”’} F2H9l = H3)5)
o E=Fo] 282 cellobiose® F3l3}™H B-glucosidase”’} 2FAE T A XEFoF
Ealsles BAHS AXA H. o] W cellobiose?] 7% solubled}”] W&ol B-glucosidaseS
143 & & d= xHdo] H. B-glucosidases A7t W 13} HJAx 1 AA A
HAUESS 18 3.4-149) ﬁAlﬂcﬂ Je. AY7he H,0,2 BWNA st OH7I7E 3
¥ 3L 3-aminopropultriethoxysilane(3-APTES)E ©|-&3)] silanization2 3} NH,7|E A

ofs
ol
X,

H. o]% glutaraldehydeE ©]-83) linkerS A3} B-glucosidasex Aol Yo} S
19} linker7} 3F2&<S sl WAUSY.

Z
&
N

% 3.4-15. B-glucosidase A3} W AHYF2
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O NH»7]¢]

RS
Ay

F 34-13 494 R g 457 B

£ ol

3

=]
=

e

o] A&€

08351010]: fé}. %ng}a]—g

P
T

[ X
Y=

3}

Experiment

Immobilization
time(h)

Material
Conc.(M)

LB-glucosidase
pretreatment

Increased
activity (%)

Activity
(U/g matrix)

12

non-pretreated - 55.6 -

0.1 M

cellobiose

pretreated 132.0 137

0.1 M

retreated
P glucose

130.9 135

0.1 M cellobiose
+

0.1 M glucose

pretreated 135.2

143

Actty ofimmob i 2d ggluco sdase (U mami)

) R B B 8 B

O dxg & 84 2
% glucoses ZH2b 1Al FAlo| ARE-SHS
W Ho =S M2] cellobiose®} <

HH o 7

7}
0.1
e

AT .
2%

]

0001

AAE E49
Al 888t .
cellobiose, glucose”} AF-&%
A Az 1Ea

oot oz 005 a1

Concentration of pretraating material (M)

19 3.4-16. TeF

72 Age

°F 130

gAe AAg A Bo} 130%01*&

F=ol e &

cellobiose®} Z23&E
7V 242t AM g S
AL A=A

dcfvity o fimmobilized ggluco sidase (U'g matit)
Actty otmmob i ggluco sidase (U mat )

Pretreated time (min)

Sk B-glucosidase 18} 33 W0

A AR, 25 a8

130 rpmol Al 20% 9

°F 0.02 MY HAAZ =4
e ETLELE

50 °C,

,]
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Relative activity (%)

Immobilization Immobilization

(A) Free:pmasy .pH 5.5 (B) Free: 60 C §f o .65 C

100 . 100

80 -
=
&

€0 = 80+
=
o
L]
g

40 S 40 q
=
@
i

7 x‘ e Fres Fglucosiasss 201 —A— Fres Sglucositass

Z —e— N - —&— Non-pratrezted ImmobMzed Sglucosidass
e Pletleabn Immobllized Sglucoshiase R N traat: By
] . . . T - ] T T T T T
2 4 5 8 T ] 40 50 80 ] &0
pH Temperature (C)

a8 34-17. AA A F9 F3 A A= pH)SF 2=9 &3

B4 143t o]F HAHY Gz g AFE AAEHIAS. &4 L2 50 °Col
21 0.05 M citrate buffer®} 0.05 M phosphate buffers ©]&3] FI=HAS. A= H§ 31
4 | = pH 484 HAY =ds Hepliddsol vhal "2 Fol= pH 55=%

‘6‘
=
Aee F F AANL. £xo 73%0115 245 A 60 “colAl 143 F 65 °C
B e Fejih S40) wal 7

o ¢ ?]éxéo] s7td ARE 4 5 I

M 2
2
1:01[

. Activity
140 1 [ Protein concentration

120 4

100 4

% = £

= £ £

£ E 1

i H

m @ ®

) gl 8

3 H B

: ] I

@ 08 g a0 Non-pretreated f-glucosidase : 55 TU/g matrix

ER 176% - B

g = E Pretreated f-glucosidase : 151 TU/g matrix

k) o E a0

il s Bl 3

=~ E =

3 b= £

£ o §

£ 40 [ 20 A . - "

- 0z =) [] # HMNon-Pretreated immobilized fglucosidase

"E E " ©  Pretreated immebilized FSglucosidase

El ] .

5 g T T T T

o oo © 0 5 10 15 i

Non-pretreated Fglucosidase Pretreated Folucosidase Humber of reuse

a9 3.4-18. AAE A 39 B-glucosidase A E(A)S} T4 AAES (B)

O

13t Ao aagdY AAREO A AR FRHIAS. AAY A, Fo @wAd 1
AFS WUt gle v AAE d, Fo] 248 AAE 38, 13 89 HA
3} o]F ¢F 176%9] A F71Y A2HE HYS. G42FAHE 1 mM9Y para-NPGE 0.05 M
citrate bufferoll A pH 4.8, 50 °C, 150 rpmol| A 20% &<t FYHAS. a4 A& 4+
Ax ¥ B-glucosidaset} =2l ¢+ H B-glucosidaset} 203] AAFE71A] oF 80% ©]X+9]

48488 YRS, A7 b # B-glucosidase®] 7d-$- 55 IU/g matrix®] A4S 100%

Z AAYH B-glucosidase®] 7% 151 IU/g matrix®] EATAHS 100%=2 AFHA &4
B4 e BIRAL
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Glucose yield (%)
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a9 3.4-20. 9 Al7Iek mlo]lemf s B M, Xylan $EFe] G

HHE AHS Edlo] ofak AP E ulo]omja AMZES A, o5 AHE FAH
FASE 0 Pt FFY AVl I (8BS FHE] 1Y 34203 2 ¥F
e =2
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% 351 vlol ol @A wA Fh) Sa)

HeE

N 7|1E ®HE 7L = 2H E 7I1E M 7| =H 2 EY
=¥
Keyword Delignification, pretreatment, Biomass Biomass, Pretreatment, Biomass
E5|H OXYGEN PULPING PROCESS BIOMASS PRETREATMENT
&l
s Bez ol Sasidhar Varanasi etc. [US] (WO 2008/112291
£ TS Sterling Drug Inc [US] (4,182,648) )
- | Inventor A2)
5
ol
=
ZH| =8Y 1980. 01. 08 2008.09.18
=
o
o[ a2 a2k ZAHH A Alkaline solution2] Ionic liquid (EMIM Acetate)& 0| &% HX |
- Oxygen® At&3H E2|aH 28 =U ZHo =Y
Sy SOLUBILIZATION OF LIGNOCELLULOSIC BIOMASS PRETREATMENT
Evw
o < MATERIAL
A The United State of A i ted .
- 2R H € nhl‘ eth :e Ot me;l;a és :::-presen € Susan Marie Hennessey. etc. [US] (US
= | Inventor Y the secretary of Agicufture. 2009/0053770 A1)
3 [US] (4,304,649)
ol
=
ZH| =8¢ 1981.12.08 2009.02.26
=
= Alkaline solution 3! C}st SolutionDt Ammonia solution2 0|&% M 2| SHO|A
Xto| ™ biomass2| &38|z 0f M2 Inhibitor7} Y dEIX] #=
Eglad s2d=A Ammonia concentration2| =71
ENZYMATIC HYDROLYSIS OF BIOMASSES
N DELIGNIFICATION OF NON-WOQOOQODY
E5Y HAVING A HIGH DRY MATTER(DM)
N BIOMASS
=l CONTENT.
A moz g ELSAM ENGINEERING A/S, KOBENHAVNS
= [n’\;nto’: Xylan, Inc, Madison, Wis. [US] (5,023,097) UVIVERSITET [DK]
3| (US 2008/0182323 Al)
E‘Iq‘
2| =4 1991. 06. 11 2008.07.31
&
o
o) Extruder& 0|23t Z+2to| Akali@t Acid Chamber ReactorE& O|&2%t ©X 2| = Enzyme
= M2 8 =d hydrolysis 37&2| =4
= 5o LIQUID AMMONIA EXPLOSION TREATMENT
=N
I OF WOOD FIBERS
0_||-|
Al
= Bez g Kimberly-Clark Worldwide, Inc. [US]
_:; Inventor (US 2003/0172464 Al)
O
ol
x
=4 =4 2003. 09. 18
A
d
AOIE | AmmoniaE 0|83t E4f 2| ZHe =H
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7|E MAE EET| U £

7% -
Keyword Biomass, Pretreatment, Extruder
= 5| PRETREATMENT OF BIOMASS FOR
=0
- -e ETHANOL PRODUCTION
s
)E! EO E. =]
£ [n-\rl:-:-ntoj: David Litzen etc. [US] (US 2006/0141584)
=
ol
=
o =99 2006.06.29
|
d
XHO| & Saw Dust 2 Wood chip&
= Twin Screw Extruder2 A 2|
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Al
: H2ez gl Michigan state university [US]
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ol
=
o =8y 2007.12.13
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o
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E5E BIOMASS TREATMENT METHOD
&l
R
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= [n’\'/rjto’: Julie Friend, etc. [US] (US 2009/0050134 A1)
5
ol
=
o =Ly 2009.02.26
3
d
XHO| & 0§ 2{ Biomass& Cylindrical Chamber Reactor
Ol M SteamIt AmmoniaZ2 © A 2|
= 5| SYSTEM AND METHOD FOR PRETREATING
Es
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SH
Al ..
c |Ef= | The Texas A & M University System [US]
_:I Inventor (US 2009/0114591 Al)
(e}
ol
=
o =99 2009.05.07
=
d
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a

Temperature Transpot Reactor
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HE Z1EHHE Ve 58 X EESE 71E M2 Ve 38 X EESE
7123 =H E5 ZH £
Biomass, Pretreatment, Lignocellulosic, Biomass, Pretreatment, Lignocellulosic,
Keyword . .
Lignocellulose Lignocellulose
= 5o BIOMASS REFINING PROCESS SYSTEM AND PROCESS FOR BIOMASS
=0
o e TREATMENT
s o3 ol J B.D JR [US]
Ba= 5 ames B. Dunson JR. etc.
1=
:; Inventor AFEX CORPORATION [US] (WO 91/13099) (US 2007/0029252 A1)
[«
a]
=
o &Y 1991. 09. 05 2007.02.08
=
Ad 1 1 1 =20 E_"'|-
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Ato|H i - PHEReactor2 L3t Biomass2| Ammonia &
Ammonia Recovery 2854
el 33
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sH
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al
=
o =4y 2003. 04. 29 2008.11.27
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= 5| CELLULOSE PRODUCTION FROM PROCESS FOR PRODUCING SUGARS FROM
- e LIGNOCELLULOSIC BIOMASS CELLULOSIC BIOMASS
sH
M P ision Technol . Richard C. Wi .
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=
7&=d 7|E} E9] 7|E} E8]
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=
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H
g
2Tt Stri =e]E=X-]3 N N
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£0
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H
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£
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£
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2
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Astel AL EolEH 2L BF

D3 o) o9} 22 AYr|EES FEH wke
A A ol Buhel Hfold W A% BAS etk Ao & Aoz A
EA A
19 3.5-4. DONG EnergyArl BH 9 2=
1% 3.5-5. DONG EnergyAl &4
o wpolouis ¥4 2 ¥
()24 A=Y gu
O vholovlz B2 9 F8 442 98 g4 solenzs T4 ARs BAL sk
v]= NREL #X4WHS 7|F2 2 glucose, xylose (hemicellulose), ]2, 3& 2 7]E}
FEEY 24 RS gt 71EY vlolemis (ARAASTERANY B o
&3 GRHE Botal A vpoloslze) 74 4w EAL ANFoH, AT AW
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e A 2 W9 2 B FA Sl Brbssdh 28y o8 @ 2
Ags A B AFdAN Fr&uAsE G AR 2 JE AR AAF BEAo] 7}
T etk 2 A7elA SgE 24 e 4 34 wAEE 2l FAE AZE 5 3
B Fa% g4 JlEelth o] A WWE A& A5, 7] vloledz B WA F
of vpolewjzel T4 AEL FAT Y W ok}, 7 AAY AN FAH=
aydgel T4 RS FAe 5 Y

2% 356 ARAA vlolewze) F2 B gade

L= =S|

b FEA
O % oA A= <
Besic, Age pgon
o B seratgl

o

ojg] Hlo]QujAE HiEZFH o g R3] 7z ulo] o
o},

[e)

A=]
RS

o
-NREL Lap Procedure 002 - Determination of Carbohydrates-

@D Test tubeoll A|EE 0.3 g + 0.0005 7} Qe
@ H2804(72%)E 3 m¥ Z47 Y=

@ A5 HaSOs (72%) 5 22 test tubeE 2A17F T2t 30 °Coll A wWHS-A] 71T},
@ WHEAIZ] Test tube®] A5 F/HTE 84ml H 78t Vialdl Y=t

T OE Vviald FHFE 87 mlE ¥ FAE Ao
® Vialg 121 °CollA 1A]7F 59 Autoclavedt}. & HFS-AIZHS 2A)7F 30%-0] T}
® Vialg g0 2 233 & 87 mlE 73 Vialel FAE At
@ Vial?] A]E§Z Test tubeol] 4 mlS FH3|A CaCO;E F3}A| 71T}

o) O

ot )\]-‘:ou o

Fol A71A 7R ¥ de A=

o]l
2 7](15% 15,000 rpm)ol] %
< F3 LCE ol & T &2

J
= al

=
2 A4

=gt (23).
gtt}. (P-Column).

o)
|44

= [e)
Fe N =
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T49] Lap Procedure 002(1996)2 uwlz} 7|2z o7 AHS <

o) 2]

pH paperol o] pH 7~8% Z3}3iT}.



LC Condition - ©]&%} : 0.005M H,SO;4

Flow rate : 0.6 ml/min , Temperature : 80 °C

1% 3.5-7. HPLC Standard chromatograph

719 3.5-8. NREL 3 44
(th Bad 4
O % oAy Aol
ds FdsAd. 243
Lo Fad A
Acid-Soluble Lignin® 2 U3l ©]F Acid-Insoluble Lignin< Proceduresa Summative
qyoz faue Basgt,

ﬂ.l[O [‘10 [-'0
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e
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fru
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e
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1
ol
ol
£
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o

-NREL Lap Procedure 003 - Summative 238 -

@D Test tubeol] AlEE 0.3 g = 0.0005 7} Y=t}
@ HaS04 (72%)E 3 ml¥ 77t Jeth
@ A B9 HS0s (12%)Z B test tubeS 2A17F &< 30°Co A WHS-A| 7T},
@ W2 Test wbe®] AT FFFE 84 ml H7H3He] Vialol BE
=)

= o2 Vil SFFE 87 mE ¥ FAE A
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® Vialg 121 °CollA 1A]7F 59 Autoclavedtt}. & HFS-A|ZHS 24 7F 30%-o]T}.
® VialS 407 2131 & 87 mlE 713 Viale] FAS A
@ Vial®] A|ZE Test tubedl] 4 mlS FHa A CaCO:Z F3HA| 71T}
AFol A7IA &5 WA BoF F5H S pH paperol]l #o] pH 7~-82 F3}3Htt
Aede FHa AR 715 E 15,000rpm)ol] Fo] dAl Eith (23).
© 7142 ¥ oJ7}gtt}. (Whatman No. 1)
10 Filter paperg XE3F3 AHES 105 °C LEA A 2A1HE
M =79 EAE WISZE 31 =7y ote] AZXES
W2E 7153,
@ Z=7FJE575 £ 25 °C 9] sl2o] ¥a wslsich
B 3} 5 For W & Trlyvke] FAE QA WIE 7|53

BN

g

.
Fel BAE AA

Mo

Mo
N

1% 3.5-9. NREL Summative @ 1d 221

-NREL Lap Procedure 004 - ASL¥-4]Hi-

FE 24 Procedure ®WH7MA T L3}

@ o] _} Sample-o/] A]—E.oﬂ,CL o]X—]E]: _7}4—5-]_@1 OJ/“l"?-E] }\]Z_]q_

@ 35 FH3)| spectrometer cello] Y=t} (Dilution®] Q3 dHHFOZ HASIT})
@ SpectrometerE AF&-314] 205 nmol A FFEE S

(th) Ash &4

O % oAyA AAANAA AF49] Lap Procedure 005(1996)2 ule} 7Bz o7 23S
gstAact. 2F> 71% O =2 LabollA AMEStal e o] HolwjAE
At Zb vpolemj2=9] Ash &S At FotstAth. AshEAlS F7188 &

On
WA E de BAE F A TAE S5 s

2.4:

- NREL Lap Procedure 005 - Standard Method for Ash in Biomass -

O " =7yl BAE 3Fe] 575 £25°Co A 2417 B9t 7FEAIZ1 & gA] SF AIZE
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@

59 7ha Al
HAACIEG] Yo Aeow WANA 0.1 mg o] 23} WA o] §7]9] FLL
Aol 1% (o1d =] FAS 97k 0.3 mg ol FAA WHEIT)

@ 0.5 or 1.0 £ 0.0005 g o] FH]E AMZS 29 TriYo] ¥ FAE A

@ dd= =2 ot YE&ET 9~7]E Y1 575 £25 °ColA] HA A EE B

WES 23S 719 FA - &719 FA = W)
A7t

rln

glojd m7tA 7k g
AlAOIH Ol o] F2o = YWZAAA 0.lmg & LAHARE o] &7]9 FTHFS Ao

(@ A7 B 3AE =7 FASS 237} 03 mg olEAA WA Fe A

(2) /9] YA T wolo|hg Aol AR F8 niojevs A
O A/F2A vpoleviadt FAHcz ASARF, BidF, A=dfd=Rd, &=, dAklF
}\6] 7

O

5)5S 23ste Moz IAAE F7) 1Ee a7 Wi AFAAdH A
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SAY Frx=E ZQl vlo]ujzo Yl e V|EAEE ZAISIA] AEHOIHE A
o] ALttt 53] R gado ko] thE uiolQujxe M3 @AS] vl
xZ o] Aste] HAAHFY7E §olF AL HAY. 53|, 1/ He
A2 H Fu A EZ 27} xyloseZ &3l 5 g A
3 FAMEE wmEA HAFEHo FHHE JsteAde] Borm=z wkgxn HAIE 5
furfuralS HAgsle =go] JQ3ith ¥, I nloleujio] JREHNME He
Hio} o] Cassava £719F 22 g ad Aol =2, vlojemz~e AL, A Al =
ado] EajEo] Ve FAEQ sHEYg9 Aile] WS Aol oET 4 doH

=9 A
oo E2H9l & v Yol Fys|olor Wk o ek

F 3.5-2 NRELZ Aol wg nlo] el AHEEA
Cellulose Hemi-cellulose Lignin Ash
[%] [%] [%] [%]
5E 35.85 11.69 21.13 0.43
7HAkaEE 7] 36.18 24.32 33.78 2.15
T84 37.58 24.74 19.54 4.55
A 37.63 19.53 22.78 4.53
13 38.08 19.48 22.25 5.74
S 39.17 27.51 22.50 3.12
2R 22 39.82 23.48 22.14 2.54
Z2HEZ 39.50 20.74 21.21 2.51
Zo 41.16 17.13 23.48 6.56
A 43.20 19.94 21.25 4.87

Z 109 7}A] npoleuj2E GHStY EAg A AERZX G
=L, HadgEde SHAEE T 338% 2 = Al
O]S’Jﬁi Z Bench Scaled| A 8] Z7AE U7 AF A &3 vlo)lQw 5)
of g A8stF A vlolouls £FL st zRAYRE AnAY, 227
2t ApENE A5,
Ak 271 e ) () Al B)e) S o)
FEo A8e 70l stk £ %lﬂ HRR GAFe 14T E oo} hiy
o AR 27 HAY WHATD 3 ME () o) A 2 °

=
as S ¢ AU
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2. Lab-scale AAIZA AAH AF

7}. Lab-scale(¥}o] w2 1g ©]|3}) FEIAA AXHZA &4

71& wtolem29 A W FolA A& Jledol g wow, Ad ATE

ASE A 2 IZY, dEYol &AL ol &g 34 HA WHH vt
b @719 88hE-uf(NaOH, &4t AR s 5)E AFEste] o vlo]Qujx~
& 44y AAE dFS EHsAeH olHg A A FAHY dFS &
getelr] Yl e 3 24 2e WSFE Syt ol wE a/qge] 4
o] &g Hojo} gt & AFE Hste st &ulE A& Jhed I WA
T=otdh 3&4 vhEA| 28 518t &, 5 g §kg A|Zte] WE A E
EAst] HAY T4 205 AANT F Aor, olFA AXNE T8 =05 9]
G Yol E3) FAH(AFEX Process)= T3 3 TH

Teis
Cantral |

Terg

g 0170 Conirol 2
t
n-nqmgolmmm
=420 % Haing 0 o o Contral Box
A X Maan O Balh® .| . - .|
™ B2 TP ARTL g -
300 X 00

Qﬂ X i)l.‘)

Cm | Ng _l
: / 1!

EN = v

Prahsating — wl L — Main 01 Bath

0il Bath =

il + Slicon ol

1% 3.5-11. Batch Type2] Lab scale (H}o] 2wl 1go]3}) 3]&E2] HH-§-7]

(1) FEYolE o] &3 A=Az
O =27: dEYol F5-15%(v/v), BFo] ul 2 F=-10%(w/v), JH-&-A1ZF: 305

2 L o

T
Ol
-1
2 o Mo oE Bl 4 2 o

oo of [»
o o of

ol
o d

FEUCLE o] §3he] Jabuk 2719 ReP e AXYSAT FEULE o §F WA
E ABR2d JRe FAREA dvht B Hads AA stel nYBY FIS
Folt Jo® 1 BEL AN T & Uk AFAR T wolens BF LEr} =
whg A7to] A4S AAY Gl F/be Ao ushgth #W shEs] B
2R A9k A4 F uYE FFol o e Ao vyt ok o] B
o AAe mgol wow § AL oluAR AAY} stk 2L v



<FMAhaE &7]> <X B Z>

90 -
80 |
70 -
60
50 A
40 4
30
20 -
10 +

[%]

m Solid ratio m Delignification m Cellulose M Solid ratio M Delignification m Cellulose

[% ]

50 B0 110 140 170 200 50 80 110 140 170 200

Temp. [°C ] Temp.[C ]
13 E I 57-83% I8E gF 52~79%
gad AAE: 23~29% a9 A AL 26~67%
AZ22~ Fek 353-~36.8% A28 3k 393-41.2%

a3 3.5-12. dEYoLE o] 83 HAxg

(2) =2 AS o] &3 AA YT E71)
(7h FHEAY S o] &3 dHg HAH =31 &4
O #F& A ol&ste 7k 2715 A sttt S o] &3 dAee= e =
uel A2} qudEEAE AdYdes F23517] dEod e &7 e T8
sk wigvh 2 5 ok A 2 AdelAe 31 A4S o]&ste A HAAE v
Tx2UE A5t Byt AF o) AFEE AZES o= Design-expert 7, Stat-Ease, Inc
= o] &3std e AF fAFQle Central-Composite S AF&3te] HFS %=, Al7F AF T &
2 W5E so] dgos 22E ABEAs AVATE Y FFS dolugth T
THE Fol Poldt B2 FFL Folur) s APnIT o FFYL o
g3t B AFEHE Fohel AF PSS Yolugth 1 A9 WSR2 FYol
A4 w3 AnAERse §a7t AR AAY AL WL, AT, & FET 4
2} 1773 °C, 10%, 0.14ME Uehgeh, GRUol AAelst Muge o Weews} 7
SAR S AEZ29 857t bsstthe Pl e WA A Aee] o] kg
WEAN BA) Y Yol dolg = Utk
© AgA
E 353 EHEAWS A% 3 4
Coded levels of the Xi: Xo: Xt
experimental factors temperature (°C) Time (min) Acid concentration (M)
V2 146.4 1.6 0.07
-1 160.0 5.0 0.10
0 180.0 10.0 0.15
200.0 15.0 0.20
V2 213.6 18.4 0.23
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@ A4 AAYzA

a9 3.5-13. F2 AHS o] &3 A - RSM 4] Graph

Variables Cassava stem
Xi:Temperature( © C) 177.3
X»:Time(min) 10.0
X3:Acid concentration(M) 0.14

(3) NaOHE ©] &3 HAxz (B )

b AFHA

¥ 3.5-5 THEAH 93 NaOHE o] &3 dAg AFF

Run Temp. Time NaOH Conc. Solid ratio Cellulose
| (h) (%) (%) (%)
1 120 3 10 57.58 33.08
2 110 3 15 56.18 29.30
3 120 3 10 58.15 32.84
4 120 5 05 59.01 33.10
5 120 3 10 57.48 33.25
6 130 1 10 55.50 32.72
7 130 3 15 51.84 27.32
8 120 3 10 59.25 32.99
9 120 1 15 56.03 33.53
10 130 5 10 55.98 35.89
11 110 3 05 67.60 35.84
12 130 3 05 06.14 38.74
13 110 5 10 60.39 32.95
14 120 1 05 67.80 35.36
15 120 5 15 52.12 31.08
16 110 1 10 60.15 34.20
17 120 3 10 55.47 32.17
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6) B8 Ay 2AL nigo 3 aAgs 2@ dEAy

2
O NaOHE Ael® H3Qa He FUoE Ae b E79 H3 232 Fajshel
AAYH = G2 AFEAE B FHE A7)0 FEHAS Baste] gL o]

= 49e SRk A9 HYATE Fohel e ;AFY 719 A5 AvA
g2 Bade AAS %A gob AWG AAY WHol oUde Buom
NaOHS} AHAA 2 el A2 7 Qe Agste] 98 2 v AP AT

il

o

Ao AFEE BAE NOVO Aol A AlFH-2 Cellulase ©F B-glucosidaseE A}

= A £7], B3 22 20 FPU/g Cellulose, 40 FPU/g CelluloseE 3
bl e &2 B3ES UEd s A9t

ATt HaAFS AP 2= (FH)Esdes

= Saccharomyces cervisia CHY 1011 &5 5 A} .

g7t @ FHREVIE 755 gLy dEe AAHES B

o
o
32

N
—_

JEAET

oo
QL
oA
T
o 1%
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NaOH=Z A& E‘“JX]«] 3% 13 gLZE A 27120 ¢F 178 =2 AL S B
o 2E BlE E=I ML E7]), BEFo] A7 89.6%SF 93.5%FE UEMHTE o=
NaOHE ©°]&3F Mxjg]e] 3% 2a A &do] Ao TAsHA &&= wd 45 ol &
g HAg e A 2a A=l TSy WEeltt AE7tAe] 4P dTAe v £
791 A ’3}9151“% TE A =2 #ddsH = AF =osta TaE=E A A i
O B2 dFE T3l o5 S5 1,}7}0L & Zolth
F 357 F AA Y EES ARES 7L 271 B BEld e gt 3 da A
Biomass Cassava stem Barley straw
Pretreatment type Dilute acid NaOH
. Temperature [°C] 177.3 129.0
Optimal - -
o Time [min ] 10.0 192
condition -
Concentration 0.14M 12.60%
Biomass loading [%] 5 5
Enzyme Cellulase [FPU/g ] 20 40
Loading (3-glucosidase [CbU/g ] 30 30
Enzymatic digestibility [%] 73 90
Max. ethanol conc.[g/L] 7.55 13
Ethanol yield [%of theoretical] 89.6 93.5
1. Lab-scale(8} o] 2 v & 25g ©]3}) FREANA AA2d &4
(1) Ammonia fiber EXpansion (AFEX) process
O 7 kel HEldg wloleujizm AHEste] dAE st 2 axs 4380
dA 71Ee] U B AFEA velemjiae D] Bl Fo 74 AES B A
A2 drdEEA(xylose)= Bol FHrso]l dom, FAd fJad e A4
02 UES & g UM ol¥d Ade AA P AAAA ¥uA gad AA= He
3t} xylose A2 3ol= Ho Fodord do S Ziet. 23w 3JEH W
= T8t ofAke ol &3 C5, Coo e dEUYots o] &3 #ad AALY &8
A T W A # dEYol %, WHEAIZE, w32 E)E gofstar, Huie C5, C6
Slres FRY F e dHS ==staA AT dEYoksE o83 2 gad
T 150 °Co WhEEAAME 70%C]3e e YEAS™ 140 °Co W F] oA

3} ot 4

Fud 5+ e FHE A
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ow FlApuE 7)o dRYolE o83 & #lad ax T3 180 °CY W2 E o
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1% 3.5-17. Lab-scale(WFo] uj X~ 25 g ©|3}) & A

o}, Scale-wpell 9% AAFA AL D vlol eolgre A

(1) Bench-Scale 3]&2] A il

O dgdHeizxl A5 nteg

o,

-

A%z A
=

CHEMEX= EYo}, AHERE ofyel 78t #7]8WE A2 &
(SUS 316) A2 wrEo] Sufol o3 F42

71 918te] WS 30 kg/em® oA nwto] 7M53EE sl on w3
olEE AA st 200 °C A X ThedtEE AAsdo. ¢

=
stk ALY wolenj2g FHGHE

pe
=
2 AR vl AA 2 AFsd W= (
ot o]&F<S uwz} ChangHae Ethanol Multi EXplosion(CHEMEX)Z

A o) FEE ARHA §4 I

(

N
N
o
)

o
QL
32
o

NE=E 2HAY
Aoy

7] Aol I EHZH
CHEMEX: 2El9
F A==

= I AXe FHAEARE AU A AE

AAE 719 &FS FVHAE ALY  IEF Cyclone B2 et
O d3 A723E5 A&t BEFds 44 dREyol 2 4 AAE st E4& A
ATt whexAS APFoln AFAF}EA WSS EE 150 °C, ¥HEAIZHE 30 mind
2 3t FEYo} 15%F ©]&3td WS HAASIAY. dde & gady &5 £
2 AoE YUERAT AEZ 2] JFEO] 32%EA AAyHoX AF Ho o B
AEZ 20 4ol e AR Yyt ole dRYole 4 &3 wFESl A=
Bosol Atk g A Hgde ¥$e% 130 °C, ¥H3AIZF 20 mine 2 WSS A]A
A% 23 Ag ol A7 Z2HAE Hwstds W €59 IFE2 90%°]7delH C69
Sl& 3 =4 JUSkA 9 HMFSF furfurale] B4 5ol A I wWlgo] dojd Aoz H
At o= F e} wmuke] o JFA Aoz ATH X wehA] 4L ¥V E o] &
3} e 2SS HMF ¢}

¥
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I3 3.5-18. 5L ¥FS-7) A FAHE AR 2 AAE

CHEMEX(AFEX) CHEMEX(Dilute Acid (DA))
Z71: dEYol FE-15%(V/v), Z7: AHEE-1%(V),
HEo] Q Wl & F - 13%(w/v) Hho] Q Wl 2 5 T -9%(w/v)
-3 A1 ZE-308, ¥ 5-150°C HES- A 7E-208, WS %-130°C

9 3.5-19. EE E U2 AAYd 2R3 AREY
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AAE §bg & HaA =2 4

LEAS 224 HMFS furfural®] s+ wpo]eujiol TR/} 7t s gl whebA
HEAw, duHow e o837 nee WA FAL 8T Aol LE B
%, WgATe] 4%, pHIl $e4E 44" GEo] Bdu LA Ak 2L o
g Lo A FAHEL o] & A, HMFY A$ AUFolA H 59 gL, furfural
o] 4% corn stoverol A HT] 11 g/L2 HIFJom Iukdo =z 2 o/l el Yoz

AAEE AoE dEA Aok waxny = HMFS furfurales A A A 28-S
3lH 15 g/Le] HMF9} 6 g/L9 furfuralol & GXEA 0] o] Fo)x x| 4SS Hola §
o™, 1.0 gL HMFo| thalx] &2 A9 lag phaseZ} 4A17F AAE

o

Ho M= 2 g/Le] HMF F+ furfurals X233 A5, A4S Jd 12%, A4

40~80%7F Solxthal & A Utk AFEAE o] &3 e Ao JojA HF o
BE5ES =ol7] e A 3H T TAS= HMFS furfural 59 F4HE @
S H23rt 7153 dAeE 49 =Y Be dAAHE FagAA BaEA A A

D50l st

9 3.5-20. Hie] e 2o ThERsfol] o7 FaA = B WMAYS
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Inhibitican®

5. oomeiise Yewoey® JaeH® Ginowth Dialary kg
Inhibites/ ooncantration (g L™ atrain %) (%) S phass (hh Fef,
HMF 30 Tembec T1 10 &0 D
40 Tembes T1 12 45 =]
20 Y-1628 10 2t =)
410 Y-1628 11 20 R
1.0 ATCC 211230 4 40
38 ATOG 211230 [ 40
75 ATOC 241280 45 40
160 ATOG 211220 100 40
20 CBS B0Es 10 70
40 CBS 8les 40 0
Furfural 08 Tembec T1 20 =]
16 TembecT1 2 &
08 Y-1628 0 =)
15 Y-1625 25 2t
1.0 ATOC 241230 8 40
30 ATOC 211230 24 40
B0 ATOG 211250 100 40
120 ATOG 211230 100 40
4.0 GBS alas =0 03 49
082 Baker's 18 28 21
10 Baker's | 64 21
30 Baksr's 50 3 21
4.0 Baker's [it] 74 21
5D Baksr's a7 100 21
HMF + Furfural 12410 ATCC 211230 24 40
20420 CBS Bles 0 72 7o

A Porcant of mhibition relativa to refarance fammentation inthe absence of inhibitorish
b Yy ethancd viald from total fermentable sugars.

* Qpgcy specic ethanol productivity rate,

13 3.5-21. HMF$} furfuralo] E2A AT oel-2 dgo) vx= o

O $axs] &2 HMFe furfurale LCE
HPX-87 H column®. 2 7 sF& 24 o] 7}53}t}.

2
2

40.004

30.00+

o
&

HMF
20,001 /
] 8 y ¢
~ o
i - N
10,00 0 ~
J ‘(\‘ <
Y AN A —
II\\‘\I\\‘\II\‘\\\\‘\\\\‘\\I\‘\\II‘\\\I‘\\\I‘\\\\‘\\\I‘\\\\
000 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

1% 3.5-22. HPLC Chromatograph
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3) AFE Hlo] Qi 2(~20%) T/ LAXE o] &3 LA
A AA vo] ) 291 lignocellulose= Al T-4ol] 7 FH3 A7 Aol =
Tota wpo]l A W YA AlEo] E HA -

A AERX, oﬂ nAZgExs Fgad %01]}\1 gy HeA )
o=

)
S
Ho
rr
5,

il
L

it
=
32

Ir

X
i
!
[y r
o it
nm m{m
0_1_4
ot
o
k1
_;E

Jo AE =L

fei3
=
cellobiase, xylanases 2]

2 ERAASY GRH9 Zed PP Austel o
Fol EEoslaERs 2WAS YA 4 AolAe Basl I Fol
g olg wFE 982 5 e Eel fasit

=2

\
kY
\
\
kY
\
|
\
\
\
\
A
\
\
\
\
Y
\
\
\
I
i
I
\
\
a)
¥
Ay I
oo
L
\
1
\\.I
S

ir /"“\‘ :
Primary M E /‘\

wall

1
1 P
I 1 'ectin
i
Plasma A ﬁ(/
memhmnc- | Ccllulosc
N/ emicellulose

a9 3523 AS8AA dlo] Quj) A9 :,lz

18 3524, A7 R 3R
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of

1% 3.5-25. vlo] w2~ F3} @ Bench scaled] &L A FA

4) AAZH HAFOZHE nio]oe-& A4 (Bench-Scale)
]

O dAgd RIlAS AMgete] 23 3 28 49S 71dsE 20%2 dtef AAlskdt

=

NAFET Folhol wet Fah A Ado] £RE Frote] EFol F
o
=

gow ol sfdstr] A ==HA W

S
Agatel Q9HoE TS UASAL
JE12
=<

EE R

olE T Lo nFE FIA95.1gL, 89.4%)S ©] &3t Al 8E9lar
44.5¢/L(91%)2] Ethanole ¥= F AT ol= A4 HAE 2t 529 5HJo=A
223 EFS ox 7AFEE A 20%7A AHEE 4 9l Aoz Helt 1
gy g B4 34 F SH AL AAdFddd dEr vlolevis FEE Tt

dMe & 9 82 4

B

¥ 3.5-8 AFEX HF3-7]E o] &3k AA7 HAP F3} & g

Barley straw

Pretreatment type AFEX
Temperature [°C] 150
Pretreatment -
. Time [h] 0.5
condition
Ammonia Conc. [%] 15
Glucose conc. in biomass after pretreatment [%] 56.0
Biomass loading [%] 20
Enzyme Cellulase  [FPU/g] 40
loading 3-glucosidase [CbU/g] 30
Enzymatic digestibility [%] 89.4
Initial glucose conc. [g/L] 95.1
Max. ethanol conc. [g/L] 44.5
91.5

Ethanol yield [% of theoretical]
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A e

tot
T
fot

Untreatment Pretreatment Hydrolysis Fermentation
. C:64.5g G:0
ie: 320, HC: 1519 §:567g X 1430
R L: 16.6g X:14.3g £ 2659 (051)
E 42]? Etc: 6.5g T ’
tc: 42.1g Liquid Total : Liquid Total
1 - [= 3= E=2 [EL— =1 -
Total: 200g | SR:51.35% Soynggt;I o |eEte i 894% 71.0g st 2 91.5% 7100
[ | , |
Liquid ik Solid
C:18.2g 10279 G:78g
HLC :2%6699 T E( ;106_369
1 26.6g - 1o.bg
Etc: 35.6g Etc: 6.5g
Solid Total : Solid Total :
97.3g 31.7g
\ \

a9 3.5-26. ZF @A nlo] w2~ Mass-balance

(5) 5L Scale up RWE-&-7]olA BZ A7)0 wWE nlo]mj X A
O 5L9] CHEMEX Bench planto] A B}o] @ wj==7]o] wE A

¢ =/ FHse] AAYE AAdGom AL v
Bae weHY B4 Fahel AAsgnh

c
24

=
ANES AASYTh HPAA 2 B

Z4 - drRYol FX : 15 wt %, vf

o]emlX FX(S/L) : 1/ 6.6
. 150°C, ¥H-&

AlZF : 10~60min, 2312 (2mm~25mm)

O 2a714 AF $ RSM B4 23 B2l AT 70%2 7]e AT HZF o] B
g1 &9 A 7|7} 25mmo] W WFSAIZFE 34minC E HZ o] = 7)o 3 JFe 18] AXA
X2 AR 45T F Ju. oY A= dEYolo FFET ol EEFHU F
A B galA BElFe V|7 A Aol AA FEFS FAA ge AoeE F
oE
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Desirability Glucose

Lignin Solid remainder
1% 35-28. RSM 45 B8 ®Beld 37] HA 3}

Variables Barley straw
Xi:Size 25mm
X,:Time 34min

(6) 50L Scale up ®¥+3-7] A7
O Bench-scale 775 SL 3#2] HF&7|E o] 83l AAEE 3+ vlo]ujxz HE uHiolQ

A Yustgch AAe WHe T2 FEUol YL ASHFON Hho] 2v)
a7)e] e B dolnugth 4ol APHAWRN thew 2 P 7hA FAH] @
Yot A2 weol oo s TP 2k 4R Fob velon 2nt 2
E @gol BASAT ol e ze] 27k Ao W BAE HA @A who] ovf
a71e AAR 2A FFL v A7 57 Qe 24
o) FeaheE we Ao 2

—_

Al
Aok 2gelA A" F AEE &7 Y w1 FAE FAA AFst YRz
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=T

5L 3%

st
A

9
2o el

}
7} AA o] ev) 29
sl

23 2 3
A7 5ttt nlol 2

=

18ty 27+ 2.0, 1.7 Hj
=

=

]

AR

o

B
P

i

=2 A A

0]

el

% 3.5-29. 50L AAE] HFg7] AA=
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3. Bench-scale X 2]/3d3 & HA 2 AZF

7}.

M
O

)

Bl &4 CHEMEX Z3 AA

CHEMEX 50L A7

Bench-scale 775 5L 3&4 ®H-g7]E o]&ste] AAYES 7 o] mj A2 R E HpolQ
dees At AA2 WHS F2 dRYot FHHE AHEso Hholerfx
a7lel WE B&S YolrRsdth Aol IPHAA theH 2 B JHA EAlF o] &
st dA e w79 mlelevis Fdel 77 UR Fof wiolevjar A
= diel LS. vholemze] ZrvE o ¥ FEA|7E HA AR Hio] 2l 2~
A7 A AA dFE vAY. F wolevjs AVE A sr] A= 4
Al B2 AU AZE 2EH7] WiEelt B W] REE Asstet g2 Azte] 2
ok AgellX AL =F 57 9 wEre FAE FAA AAst HFz
dHALo] &olstA] ol st 2E/HA E=deted Be AlRto] ARFAY. o] K3
B2 duA E4& Agudn olH 3 FAE sfAstHAM F o sl vt &
NE= S0L 324 ws7E AAsAH

CHEMEX_ 50L A=}t
AA Ed& vg o= 50L dA-E w7 E A&stATh. std ARl w87 AR %

A4S RoFa gk ¥hg7] BA 9} Ad-e UFFAdo]l 948 SUS 316L AFS ALE
AT 71 SL RbeTlE 2EAeS S A7) ERe AbSste 44 2=7HA v
ATh ERE Wbe7] AR miojevs FQTTE FopA who] e~
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<S0L HAz] wke7] shek> <50L MA g wkg-7] mykr)>

<50L HA e ¥-g7] AA 2E 1> <50L A ¥rer] Ax 2 2>

<50L HAE ¥g-7] A &5 EaE>

% 3.5-30. 50L AA]g] ¥Hg-7] ARZ
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(3) CHEMEX 50L 7} %
O SLAAZ wk-s-7]oA 50L AA ] ¥g7]2 F2E st AZstAt. 501 A A

=

WSS ol gdtel WEFQ3 kg woledms AANE FARAT. FUel

NaOHE °|§& miolovlz AAels ul$ TgHor APL 59 & & A 2
4 me A8AAS ol enja AR G5 AAE AsAE 200 °C o]4e] 1L
2 ez @tk =d Fe AL o8 AHYNNE 200 °C o] FY IS e
9. 2eg 2ge o839 oL AAY WeAE BALES} 150 °C ot} o) &
Faol A AHga) 2

I e 2 &7 A wEolg. A 200 °C o]/de] %9
=] Q =]
[e)

= 490l 7bs RS wgy] Axrt Basdo 99 AvjA BAYE o] §5tg0
W MEE Bl duiAt £8 ¥ + UES s
<o) B el <HAFA GojA B 2 Pars
<4x Su® oA 3> <4X HEE WY B

19 3.5-31. CHEMEX 50L 7§z AFR
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=1 A

4 AAT BF

O CHEMEX_ 5L ®H8-7]%¥ CHEMEX 50L AA 2 w371 Az, Azt 18y 1wt
719 @77t Zrhetm ddel @ebdel mel AAeH vl en s HEo] Fo|F
A HW wg] Fuol wet ARe) Axe 20 0 AR Ak 1eE wpol
ovjert Yo 2mHI AP/ EF /5 "ok a8s] BEe] o]F el
r 7] fste] Zt ¥rgr] HE e A4 AAYE ST std & 3.5-102 7
WEg7) W AFEE RBRE ol Gate] 15% dEUel §dow HAH ANE nefF
BN

3 3.5-10 74 whg7E ARGF B Axje] A3 v
1A = 2P =
Max. volume [L] 5 50 4/50
Working volume [L] 1~2 10~30 10~30
Spec. Max. temp. [°C] : 200 150 220
Max. pressure [kg/cm”] 30 30 30
Heating source Electricity Steam Heated oil
Reach at max. temp. [min] ~ 120 ~ 45 ~ 55
A2 221 10% vke] @i 2, 15% R oF &
Temp. [°C] 150 150 150
Time [min] 60 60 60
Solid ratio [%] 51.28 56.07 55.03
trezfrfl‘ent Glucose [%] 62.86 60.40 63.21
Xylose [%] 14.71 13.66 14.88
Lignin [%] 16.19 15.21 15.31
Ash [%] 2.84 3.01 3.56

O 23S B 15% dEYot &4 H&S 198 &t ulolwjs FAFS 10
wiv%E 248k 150°CA A 60 &<t AYsidn. 2 23 AAY F /Mg a3 A
2 FFF2 A FE EE WA 60% olFS HAgFoen Az o

o) Aem Ao wisahA etk 0|24 wer] 2715 dee] gt
we 2A94 AAYE A 98 FIS A dehae & F AATh

(5) ¥+ & 2 CHEMEX &3 A7

O Bench-scale 775 5L 3]%24 vFS-7)|BE 50LF oA 2 FEE Z7MA)7]HA &&349
A4 WeAE FEAGG T FHY FRA AAD Yl o] AA
£ 9% Ax Fust Bestoh 2y okHA 9%y FNE 75 e Be
oA wo] Atk A& FH dA WAL FHS FHE A5 FHY e EE
ERds) i E&4d& dobiy] 98 WS4 CHEMEX 345 27 st
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9 3.5-32. ¥kAZ£2] CHEMEX 34 4%

O £ ¥g7]e vlo] Qv EQJFX], vio]Qujs o|FX], nlo]Quj~gE A FAIA A
gate FAZ FAH ATt AEFJFE T3t vlolemiiAe EJAXIARFE Foh
A& 02 o|FHHEA EFHAHQ wHk @ Ao I (Trampling) 2.2 324 2 dwk A3
Froll Hlste] E2 ulo]omjaFre] AA Lt 7Hssith

O ¢Zadxgde A 2 5 visty 71 wgAZbS 82 &17] wio wkgol
283 ¥ F JEF AFEE AASIAT £ FHERE 5t 3 FA=E=
S| A3} FAT Ao|FE2S A £E A

O A2ld npolemlzaes 23F ZH2E 53 1 7 o]Fojdt. 1 & AlF3x=
ojF=ol A &wlE Aol TA LARE Tl FxE o|FHT}. WEASL
*l CHEMEX ¥4< 75371 fsiM = obA sidsiord wAdol wel AAT A &

1}, vho] QWi CHEMEX AAel 2 93} &g 24/ 382538 74 2 22

(1) Hpo] 2 vl 2~ CHEMEX A3 g

O Cassava Stem< 95 X 2 &7 93 AAg a0 ol 23d % o= 59
ofArlo} X Ho A tFEZE WA E = Oil Palm Empty Fruit Bunches (OPEFB)$} R Bl % &
ARt 3ol F2l3 NaOHE o] &3t A2l stal A2 vto]emj2E o] &3}
o Fsl/ts FAHS FdsAT

O 94 CHEMEX 50L ®F3-7]o 9§ Hdxjg ol kA 30ml 7 Lab-Scale ¥H&-7]2 FHE
AME ARESt HA AAE 2dS "HAEAT. AFSE OPEFBE g o] A o)<
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Global Bio-Diesel Sdn. Bhd. AlollA] Fod A2k F dAst= BAHES AHYE 3mm
o]tz E4 3 Aot} FEI AAE NOVOAIA A& AEd o] =(NS-50013)9} H
ZFF A H 0] Z(NS-50010)S ©]-&3 At}

¥ 3.5-11 231& 3 OPEFB A+

Component[%] IR OPEFB
Cellulose 35.55 32.74
Hemicellulose 20.74 21.42
Acid-insoluble lignin 19.54 23.55
Acid-soluble lignin 2.77 3.22
Ash 2.51 3.05
Etc. 18.89 16.02

3 3.5-12 Composition of NaOH-pretreated OPEFB, Recovery of glucose after pretreatment and

enzymatic hydrolysis

Composition of solid fraction Recovery
Pretreatment conditions I ) Total solid
[g 100g" initial dry-biomass] of glucan Enzymatic
[g 100g
NaOH after digestibility
Temp.  Time Glucose  Xylan Lignin initial dry
concentration pretreatment [%]
[°C] [min] [%] [%] [%] biomass]
(M] (%]

72.73 30 2 53.84 16.89 23.66 66.97 98.17 70.79
100 15 1 51.46 20.47 20.95 68.97 96.62 69.15
100 15 3 56.31 15.89 23.15 62.96 96.51 84.17
100 45 1 53.17 20.54 19.12 65.64 95.02 75.71
100 45 3 57.49 14.65 22.36 59.22 92.68 91.32
140 4.77 2 55.58 15.77 21.51 61.45 92.98 85.06
140 30 0.32 48.69 21.91 19.26 70.86 93.92 64.35
140 30 2 65.69 14.66 15.16 50.74 90.74 94.08
140 30 2 63.63 14.39 1591 50.72 87.85 95.88
140 30 2 68.51 13.92 154 50.75 94.65 90.05
140 30 3.68 66.56 13.25 15.97 50.04 90.67 94.64
140 55.23 2 67.45 13.63 13.91 48.75 89.52 95.45
180 15 1 63.19 20.05 8.36 45.95 79.04 97.07
180 15 3 81.43 6.98 6.95 36.34 80.56 94.13
180 45 1 65.98 19.17 9.25 46.49 83.50 90.64
180 45 3 86.69 5.17 6.00 27.25 64.32 96.33

207.3 30 2 77.66 8.16 9.17 25.09 53.04 93.69

- 286 -



O OPEFBE ©]&3led HZA HA/F3t 21S das7] ¢ =5 (100~180 °C),
HE-E- A1 ZH(15~454), NaOH &% (1~3M)Y] Al ®FE o]&3sted W E4S HAAsAth
E FIe HFe] B3I GaaE FUstY Hiolewii FES 1%E &) 50 °CollA

=
A B9 a4 7SR E A AT

O A432% 257F &3 ¥kgAI7te] 23 NaOH FE7F Hold4s 532 4ol F
7beta FEE e Eolxe AFom B4 HAth AT 580 ¥ oz By
Zgloy, AAE & 1FE AEN LS AHRE FEIA Py PIegE b
AES Holal Ut & AF 9 7FSZE(Severity)’t o5 1d % A EE 29
fE#Fo] 71 ¥t ojlyegt AEZ 2 AAE S Bo] SAE S & + Uy

O 2822 AA- & AFE229 &40 HJom @slso] =& X @40 FFHo|g
+ Ido=Z uHloleujA AEZ A AJRo] B3 & o=z HIE = HlEo] FQ St
o] H]&L& Total Glucan Conversion Rate (TGCR)Z X 7|5 A2 =stgorn oly
Ao wzot
=1 R

7]
Lol

solid ratio after pretreatment

glucose concentration after enzymatic hydrolysis
pretreated biomass loading at enzymatic hydrolysis
raw biomass glucose concentration

L -~ ]
=

B

O TGCR HI&=E HA o AAg =% T3 =15 S48t ofdf 27 35332 %1
B4 3 A4 2108 7HAsetr] el vt 2d ol

1% 3.5-33. Response surface plots show the effects of temperature and time
(a); temperature and NaOH concentration ,(b); Time and NaOH concentration.

The value of the variable time was fixed at the optimal point

O 244" HFo AAg 2A& vgoz B2k 248 AAsdd. 7+ 293 QIAE]
B BAE AR pEe 0.04 ©lFE UERY R AFPALS HAFa don
NaOH®| F%E9] p#t2 001622 71 A vy ¥ 5 7HE 583 89S ®

T3 Utk BAME AR e gg 2

Y. =84.72 - 589 X; + 1.89 Xo+ 7.54 X3 - 293 X;Xo - 5.22 XiX3- 1.82 X0X3
5819 X% - 0.17X5% -3.40 X532 - 1.39 XiXoX5 - 2.69 Xi*Xs -5.98 Xi*X5+ 4.08 Xi X5

X1 : temperature, X, : time, X3 : NaOH concentration.
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O gurx oz w2319 2] R*zto] 0.750]4 0] Aggsittay HrEa Yok B AFoA
EREE 09782 w9 =4 veh 42 F BASL 92S ¢ 5 Adth

3t 3.5-13 Central composite design for the optimization of three variables in determining

the total glucose conversion rate (TGCR) after enzymatic hydrolysis

Runs X Xs X3 TGCR [%]
1 -1.68 0.00 0.00 69.49
2 -1.00 -1.00 -1.00 66.81
3 -1.00 -1.00 1.00 81.24
4 -1.00 1.00 -1.00 71.94
5 -1.00 1.00 1.00 84.64
6 0.00 -1.68 0.00 79.09
7 0.00 0.00 -1.68 60.43
8 0.00 0.00 0.00 85.36
9 0.00 0.00 0.00 84.24
10 0.00 0.00 0.00 85.23
11 0.00 0.00 1.68 85.81
12 0.00 1.68 0.00 85.45
13 1.00 -1.00 -1.00 76.73
14 1.00 -1.00 1.00 75.83
15 1.00 1.00 -1.00 75.69
16 1.00 1.00 1.00 61.95
17 1.68 0.00 0.00 49.69

Xi-Reaction temperature, X,-Residual time, X3-NaOH solution concentration

*Values indicate the mean of triplicate observations

O oA g9 HZo AA/gd3 Z=AS 127.64 °C, 22.08% 2.89 M-NaOH Z 7oA
TGCR 3t 89.61%= AR ATE o] AHE nigro =z 33 A4 A9S AAlshe] Ha
TGCR = 8637%E LolHllth o] HAY AAe XA AAHHd npolemi2es &
a2 A AT

() AA=F T3 5& &4

O S&FA"F 2 vlojemz Bdssd wE HA9 F3tss o7 ¢ dadd=
AASAT. WA 4 FYF] 8 I3tEs dotr7] st nlojlemiE FEE 1%
2 3t AEHo]= 5~70 FPU/g-C ellulosesﬂr uﬂE}ﬂEiAltﬂolz(@%a]o]_ Qe
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0 20 40 co o
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1% 3.5-34. Enzymatic digestibility of pretreated OPEFB at 1% (w/v) biomass loading with
cellulase complex and [3-glucosidase enzyme loadings of 5-70 FPU g'1 cellulose and 30% of
cellulase, respectively <@5; O10; ¥20; A30; M40; [150; €60; <70 FPU g'1 cellulose>

O 284y a4FdFo] 40 FPUZLA| F7F 43 F3tEo] 71 92, 50 FPU °o 4

= & a7t HFow FlHoE FIhE2
& FPU/g-Cellulose 2 A3ttt E3+ v}
g8l flal HA e AEd o= HESFAA o
=

olemi T WE FIEs

2Z FHA7Ista vlol Ml FEE 1 ~ 30 wA%E St EAVleRE AA AT
8

(a) 100 )
£ ] ] — B0+ _
i’ g
g ] E-E 60 4 ]
g 4] g
! :
2
8 & 20 4
[1] 3 10 13 20 5 30 [] 3 10 13 il 23 30
Biomass loading [ % (wiv)] Bioma ss loading [ % (wiv)]

1% 3.5-35. Converted glucose concentration (a) and enzymatic digestibility (b) of pretreated
OPEFB at 1~30 % (w/v) biomass loading with cellulase complex and [3-glucosidase enzyme
loadings of 50 FPU g'1 cellulose and 30% of cellulase, respectively

O 1% 3535 (= vfelems w2 wet 38ld 37329 355 Hol Fa 30°
(b= BES HoFa Qo Il & F Ao ulolemx wxvF 7 &5
T sEE S/l BEEe 7ATS & ¢ Utk ole BEUF Ay e F T
7} EolA AAVE AsE W] "ot 5 wol Jao] o] vro}
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(3) 3|2 Jsl/tge] mE e A G

O #HZF AAg 2417 &@ad I3l 218 vy oz nlo]|QujAZHE eSS AYAkst
Ao FEo AEH AR ()P Eol A AAE TF S cerevisiae CHY 10110]T}
FEA| o] mE B RS golR 7] fa BATMFES A17HES 0~48F<F 50 °C,

Atk ol B3 Al B4 AEE el 9] A3
7] WE—Oﬂ @?‘é 33} AIZHS gAEtEA HAY detes Aitslr] et dE

3.5-36 B3F A|7tol] WE deks AYArES el Oy
E‘r D@Wﬂﬂ OAIZHY 75 ollehs AabEES 4854 o/LE 33} 48A1ZFR.TF 2.63g/L 7}
= Jehgon oee A 8 86.62%=E 48A17te] BlE 5% AL A UERstoh

Ethanol concentration [ g L'1]

0 20 40 60 80 100 120

Time (enzymatic hydrolysis + fermentation) [ h ]
1% 3.5-36. Ethanol fermentation as a function of enzymatic hydrolysis time

® 0; M6, @12; A24; V48 h of enzymatic hydrolysis time.
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O Ag7A $99 29g o EFBRREH ol Qdees A2e A% Felshsioh
a9 35378 BAEEGE FAS o83l EFBEEE Hlo] L ELLSS AAE BEAS
A5 YEI ATt EFB 3kglS ZH-E] 41048g o] nlo] o gh&S ALkttt ol& @A
Abeko g e 136.83°] ETh = EFB ltonC ZH-E 170L o] AE -8 ulo] o
2o AN T F 9L guh

3 kg of Raw EFB
Moisture:7%
Cellulose:32.74%
Pretreatment Loss of cellulose: 6.72%
process
842.90 g of glucan
SSF Glucan to glucose ratio: 1.1
Glucosetoethanolratio:0.5111
process SSFyield:86.62%

410.48 g of Ethanol

7Y 3537 SAYLE T2 olote] EFBZRE vl Qo Be e YuE BAFA
. AA Y F o|&MA/BLER P4 L oA
(1) ol% An g4
O A Pl weh D82 A 29, 43S A8she 49 £ 19D o
2 BAG) AgSol e AR e & Utk B ATNE F2 929E o83
A sgon, o 4% Fz NFRWS AFAER ne P 3o e
o ;e BYSE FYOSE AR, MEZAS, 2afrds 33 S| Atk
Exds 2afpmdsd A9 F5EE 240 S8 el dold A% T
A7o] FSTh WEZH 2 AARZHAZ DYES Belste] ¥ B ugEe
A AHER FYHD A T2 olde] 1o Rel F 1S YREE ol
A A,

- 291 -

O ool g o 2 ox

ofs
-



Q) HEZH X

O "WEZH 2o 7hsdE Bs) B27] 98] ARdA (FHaguEZH 2o Az
Hho] QUi ~E o] &3] e AlFs) Hokth AE 40 kg AP & 5 dew HF
TEEEE 80%E A & = AUk st ¥ 3538 WEZHAS o]83st] A
shal gl= Esgolth
<JExH X A7> <27] FYHE dEES> <FEo] AAHE dRES>

<Fiol AAE d5Eg> <A Y ¥ a¥gE> < B F A

% 3.5-38. HEAZ Y2 AR

O 2eid 2559 oehes A7) Aaiie FEFFZ] 75% stz Foster HEX
d2 584 80% ©l3tz FEE - ofElge] AA

(3) 23F =~

O WEZH 2 o]ejo] ~2aRIY 2T o] &3te] & L o|FFXE nejsict. =3 F =
gl (27 3.5-39) B¢ A 50 kg Az & 5 Jom AFALAA o] TestE 3
PG A% FEFHFL 70% olFE 2-o] bsatgch HE WESH2uT 17}o)A
B wET ulolodwe AAS fHHE FREMe) v Fedne safrdss
o] &g g4 9 o]FFAS ATt 2afEyxe] A9 A A Fol lon 3
B ARle HAE 2aF xeze woln
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a8 3539, 2aFzg 20 AA e AR

& #7180 05 33

() FEYeol 39 414

O

AAe) 3Pos GRS ol gdtel Ea AA wtol el AE Aeste Wyl wel A
53 gtk ey 3] dFEsEm A dAAE JRUtE 8% s
F4o] Bastch

o} 34 el SR, D, ol emahi, sty 9o Ao slo
huioke] HE pHl RolAle dels
FeEolAm, 3R gEUele

o
N> op
o
2
H
flo
o
s
o
ofo
£
2
X
12
i
v
S
il
ot
oy
g
o,
o
S

I®H(Air stripping) : NH3-N= 1,000mg/ ¢ ©]73 &3}
A A A S Fosle] PH 120|402 ZH3to] H
oA <=3} & holding pond®] wybol] o&) &7
2 A AASE et
3 H(Ion Exchange) : I Al&2Fo] E(Clinoptilolite) 7} % 9
E7} OOﬂHt AL WA A8l A5E v 2 AW FH AP F AL
z 4 ZAe FANZCHA olLmsto] o
S|

TS

‘?j( reakpoint chlorination) : 2 *|2] 3
&

%E =
g} B & e Aol IAT dHFY dRYol wxo et
al = =] A=1
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O 472 F guvels 7143 dgon EAsA Bk 7don =Astn s P=
< H
— H

2 olgdtel B4 @ F You okAAAE Aol WP ek W
o) ]

o EASE GEUks 47] B4 o] NH4+ol Lo o] £A|3h7] ol
S o]8F FRMO 1

2 3F &741 7F o ol 2™ 2 NaOH ¥ Limes
3wt 60 °C, pH 12 ©]/FolA NHy & NH:E2 7|5 = dEE ol &3ty 347t 7t
sty o] A e gzty Hﬂ H“MJ TARES 7}11 Rom, du] Ajde] uj
- a7pel™ oA EF @o| AR HAA G Fo] FHEolH.

(A)

B)

1% 3.5-40. Influence of pH and Temperature on the distribution of NH; and NH4 in water (A)
Fmiel @7) FRE (B)
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(2) NaOH 3]
O &Z8 dAg 34 F dEYeE o &st=
gatdet. o] &4 EI Fol
Fdoz UF FHa Jo. LutHoZ 1~4% % 54 NaOH 4§ £
E AAY s Ag F HHE ol&st 357t 7hs st NaOHe -8 /ol A
CHHE SRR EAro] wl¢- Ao} MdElFo® Nag9t OHOl=WHe
s 1&24=429 37t 7hestr] WEoldh. st 19 3.5-413 % 3.5-14= NaOHE
Fet7] fal AA AP AR AIelrt. wpo]emjAE A g F NaOHE 3|+
Aot WA 1PES BYstar H4S o]t FHEY st

AN

1

_—

ol

1Y 41. NaOH 3]s ko] A9 #A

O ¥+ AYo3EE(Microfiltration), UF(Ultrafilteration)Z €], RO(Reverse Osmosis)Z E =
o] &3ttt 8 ¥ A4S AL HdHe UFEH e 5338901 ROEHE 533814

star 2= d4do] AT UFZE S ROZH Y F5Ako|7F 7] wiidl EA s
Aoz AGFHAG. 1Elste] UFZE 9 ROZE Aleld = 3719 F3AH(Hollow
Fiber Membrane)< ©]-8-3] RSkt

O 2349 3 3715 B2 10K(0.005 m)@ 150K(0.03 m)S o] g3stgoen, Biw
TEYL UV T3 & A" gade FAE FH8A IJFES dotEst. UVE
o]-83t7] 913 WA E NaOH E&qe] ~HERS LolH It 340 nmollA 718 2
NaE BHow ol Fad AEeE gAEeH, o w F3t & IHdd ad

9 1= FAE dx ¥ 4 stk

.

|>.1.U

[r

a9 3.5-42. TFAES o] &3 IS4 A 1% 3.5-43. NaOH Fg&d9o] ~HEH
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(2) F% T3] 24

O

T vlolu s FEA)T] 7] A= 2-stage WHSVIE FAASEATE 12 HES-T] oA
© AFE Holems FQjog I3 HAE HFo=E IHEE uwd ¢ e ddrt
dastt 7hgsl il o8 AA3E] EalEHo] = Polxl dslde 23 REEU|E
dolzb 4 ARFALEE 23 277 o] Fo X std 19 35445 Fslxo
teFe 2y s e
% 3.5-44. kS A P

g~y ddefe] Fe&er 7MY S5 Ao E yYEygon HEE JAyrt 1 vy
oz 4 At oy dHH w2 Fg §&& ngoz B A= vgA
A2y wR|(E BuAode Yed A F5HE A FEkE 50%0] o2 AIHE
15417t o] 2 ©=3}4th
stek 1% 3.5-45¢ 2@ Bslx AT otk Yol AWEtdRol 1 BdskxoA 13

)] 3 <

I 3.545. 2% F3E A=
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3 At Fstx A Zel Qlo] pH Ao uj
- Faste] 1x ¥h8-7] stdo] pH RIEE FFsth. 2y Hlo]Quj A Ao A
EQ3le] AAANS DoT FA7MERE I o]Ro)A A 1 23 DIz dolrte &
ol HAEALE o5 sA3s7] YA vlo] oA~ St FEYste WHS /\jﬂ,l—o‘}

2 =
of ez FEE F7MALL ok 1Y 35462 29 BExo HAmet HA AzE

% 3546, 2% B3kE AR

OSLFo2 A%E Qazs 14 v
s stginh. wholeml 2t suos

2 BHZE olo] mE o)z
g3tel PR A2 PR otk 4P
Aolv Yo we ATE %a A} 9e

7 shero
EL
sfe] o]

HU
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2Ed 93] ulo)lemArt EQL
B BATFERETE o] Foj AL
CokEl ¥ 3547 B Pz
g3t Az THeAds BRI
o2 AlgdEth

o, —(m °1°
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L& Gtz HdAE> ©u Pz

19 3.5-47. Scale-up 2% F3}E AL
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Enzyme dosege
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Glucose conc. [g/L]
=1

m T T T T T T T
] 20 40 60 20 100 120 140

9 3548 29 FEEE o83 FE Ax A3

27 13 98ize] ZREES pHAA B58 Y= Ae 7 wolens F4S Ag

=2 = =
st Aol AJEE 0AIZFE 23 B3R E dolgt AIZE VIEo R Stk vio] )
22 B 25 wiv% I E HEZ 31 244752t 0.4 kgo] FUHEE AT o]

w2 vl Eo gty Ut Es) E4AE HUbeth 2N-84F 0.5 N-NaOHE ©]-&3t> pH

FdEo] 12} F3txolA FHstA B3t
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4. &2 AAY/IEME ST ZE AA 2 AF
7}. CHEMET (ChangHae Ethanol Multi ExTruder) &3 74 2 $A
(1) CHEMET A2}

(7H Twine Screw Extruder /s Test

O A3 Aol A Bench-scale 77E SL 3]&E4 wkS-7|HE SOLFOE 7TEE Z7HA17]HA]
B AAY HIIE FFEAT. 21Hd 3 AR AR FFStel B
AAXes dE52 AAY FHo] BFZ ot} o] B AFoA = Twine Screw Extruder
(L9 35495 o83t npolem2E A 7HeAS TeststATh

gl FU8 AHPg F= Twin-Screw Barrel
Y 3.5-4

9. Twine Screw Extruder

Twin-Screw Extruder

of Aeow FPHoR AEHY] AAFAOH, 1970

O Twin Screw Extruder(TSE)= 19373
YU AAFHAA A2 BP Loz fEEH AFEHI QY. TSEx 1559

258 2Fstel 98 540 B 2P WS gl Jbsan 2aRE ok
29 35509 2ol old, BH, Jh, BAE %S /KL glow 744 55 gYE

Ao

1% 3.5-50 . Twine Screw Extruder
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O 71& #d% Fre AAYEre 4Z 2a%E JNes AAAL Fon, &1
24 382 Wgrleh fAST BA AF AL B 93 BE2 o LEHAT
AT 1AIE AHES A} AT RE A& e RRL oA 55F B
T, EQE ok ®e} 2ol Y B EF J50 58 54¢ olgem Ve 5
g FalekA 2e 54 7S AL Ao

¥ 3.5-15 . Single / Twine Screw Extruder 54 H]xl
T Single Twin

Dra
Conveying - M :frictignal drag Poiiktive_i:i(i}splljacerzent
- Melt : viscous drag FH=E BU=
= profile Z Ee g S&GH H2AGH)| A=
# = feeding(=14) Full filled Starved feeding
== == orst ZE
=E =5 orst £
Ol= =% EE £ == (intermeshing type)
Screw design Sipelh=1 Modular type (=2 4)
=X 2= HH = P
HFAZER He E2~H2
Wiping 71 = gis Self wiping (intermeshing type)
Compounding/mixing
== /J|= 25 devolatilization, Er= 2 & (2
ol, Jt, =&, graft)

O el ewjg 23F HAE AsiME okl 287 2L 2349 2aF 7 AAE A
atefol @tk 71E ARBET YA AMEEHe 2agoe 2 SlE oldatoka)
7] W&ol Hiol vl B HA Y Gl o]FE AAFE HE 3.5-51 I Zo] AT

Varlable
Centerlee distance A

Pk T

1% 3.5-51 . Twine Screw A A=A}

- 301 -



Degree of Fill

2Rl
&

Length (Screw diameters)

1% 3.5-52 . Screw X35l WE dwkF <l A FE

AAE 21 ¥ 35530 UL ¥R E 80~150 °C, ~3F IHAETE
150~200 rpm o2 38Fglom upo]Qwjs FAFI HAe] §94(0.5 M NaOH) FHZFS 2
Z} 8.2 g/min, 40 ml/min &2 3 APt AFAIHR 3.5-16)5 AHEA HSF2EV F
7V 45 253229 AdA e Sk Ao 2 YERY Twine Screw Extruder®] <A
&2 AA-Y 7bedE RAFAG. 28y B AFelA AFEE Twine Screw Extruder=
Hlo]ewj A Axggoz AZE Aol ollr] wjFd ¥vheer {2 % HAH A3F 3

A&z FA7F o8] Btk AR A8e 3 & 71 1o (F)FdNgLor=
nlo] Quj 2~ M %} 2]-8 Twine Screw ExtruderE &7 A =2}s} A o).

1% 3.5-53. Twine Screw Extruder Test 2}
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¥ 3.5-16. B2 A Test A3} @49 %

T Glucose Xylose Lignin Ash Moisture
1 48.91 21.16 20.34 1.73 3.54
2 54.58 19.98 13.59 2.09 291
3 54.09 19.94 15.75 0.41 2.06
4 53.92 20.40 15.00 0.95 1.75
5 53.37 20.24 14.64 0.95 2.00
6 54.67 19.63 15.13 0.97 3.30
7 58.93 20.46 14.49 0.42 4.58
RawX® & & 38.18 17.50 20.76 2.92 9.90

(\}) CHEMET &3 A7
R
M= A2 FAE WIS At 34 A

H7] #8f 22 dxe 4% d54 A 9E7|(E 3.5-53 (A))

2ol AT,

(A)

ol N

- WA m WeARm

offi on ©E o8

®)

© d; (é | veom
1% 3.5-51. Twine Screw Extruder &% T% (A) Twine Screw ExtruderE
o] &3 HAE T A= (B)
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O CHEMET(Chang Hae Ethanol Multi ExTruder) ¥F-§-7]= H}o] Quj
o] FZXA], vo]l e 2E AFAA AAse FAE FAEHA A
CHEMET ©.% 39t 9859 Ao == nlo]Qujars E_d =
HHom o|FHUAM 2] wuwk, x1‘>17‘(Tramphng) aga Ao g A B d
@d 237 FA Bt & nlo 5

wl

300
et
o
o

[

T
=
o

12
O ofdzde] dAz ¥y A 2 g %El"ﬂ H] o}oﬂ El HP"/\VJ% %&i &t7] wiEol wk
ol 2ad AtE 35T F AEF AREE A B3 FHEHE fste] 5
F AAEE JEAFH LT Ao]EE8S Al X7 ST AFxoA RolEFE At
o= VAE WHZS HAste] AFxY oY H 2= TS FA Fa LT Fol
HEHEs AAst 2 & Agd Hleleviie 23f7 ZHAE T3 a1 22Ut
o F ot I F MHIAAGNA dAlg & H%— Aojar Eagol ] Al adE e &
3k Lab ﬁLE FetxE Ol*‘lo}oi D‘ﬁ‘r 2 EES JYsAn. I8 3.5-54= ()Tl

A% B2 P Aol2e RS

1% 3.5-54. Twine Screw Extruder 91452 Z A2 ¥k-g-7] #2244
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O 2% 3.5-55< (?-)ﬂ'swlﬂiﬂw At AL Axg vhg7)e] &4 Azl HMI A
Flolth. o]F 2AFE ©]&3 CHEMET A& violemz 19 A #Fo] 10 kgo]do=
AR % '19:°ﬂ’\1—r‘51 180 °C7tA] £A7bs3lth w87 EUFAE S =44
Hlo]Qu = WHSV|E FYFHO o|FH, Jo|FH, T, BAE, ?JHH 2 o]
2 olF 2AFE FHIHEA A &dz

N AAE lFEelAT olbHE GEel oo 9Y Al BASR FAE TiE
WHE Bl Mo|FROR WjEHo] 2AF ZeiE oFELh 2AF Ze oAt
nee Bt B F YOl AgEn

Biomass
feeder

Reactor

Solvent Pump

Retention
tank

FOUIE TS anawsn AaMANANEN sac (7] SR
AN EEASE o ausres (wEAw ) [(TemeEa | (UERE A

- 305 -



(2) CHEMETS o]8% 4 dx2zd g4

(b vrolowh B Ea

O AH8-H vloluj2~e S PdATFAE(LholA AT B3PS o] &3t Bl
2 3 mm ©°|3Z EH St 45 °CollA 12412k o] AxstY FRFS A FAS
5 stk EEHAY A2 £ 35170 YERRAT AFEA vlo]emj oA wE A
gdEo T M3 EE‘ G Jde AEZA FudER Y HAEL 747} 35.65%, 16.86%=
Uelhon glade 2236%5 eI 3 olghes ey 918 AeE 23t
A EHAAALY] Cellic® CTec2 ¥ Cellic® HTec2ES AF&3t¥om EAHLS F 3.5-189]
HER 2

E 3.5-17 R AE

Component Cellulose

Hemicellulose

Lignin

[%] 35.65

16.86 22.36

3 3.5-18 Cellic® CTec2 ¥ Cellic® HTec29] £

Product Cellic® CTec2 Cellic® HTec2
Cellulase complex for degradation of
Tech cellulose to fermentable sugars ) ) o
. . -Endoxylanase with high specificity
specifications | A blend of )
descrioti A ) il toward soluble hemicellulose
t - ressive cellulases
escription _gg ) - Cellulase background
- High level of [3-glucosidases
- Hemicellulase
- High conversion yield - Can improve cellulose hydrolysis
- Effective at high solids concentrations when combined with CTec2
- Inhibitor tolerant - Helps in case of mild acid or
Features . ) ) )
- Compatible with multiple feedstocks alkaline pretreatment
and pretreatments - Converts hemicellulose to
- High concentration and stability fermentable sugars
- Up to 50% lower enzyme dosage
- Lower operating and capital costs from |- 20% lower enzyme usage cost
Benefit optimization of process, e.g., higher total |- Enables higher ethanol yields
enefits
solids loading and higher ethanol titer - Provides increased flexibility for
- Enabling low ethanol cost pretreatment technology
- Increased process flexibility
(h EHEAY 247
O npo]uf 22 HE &R JdesS Ailelr] flete] FHEAYS ol &siloen 4
Ae AAFAFEAHES o] &3ttt A¥] 71 Test A7 HH AR 717175 9k ut
olemiA FAFH AAF MK AT, AFWFE SR EX), XY &



X F T ALY BFAZFX)E Atk 449 Hye A9A(+2), sH(-2)
2 8t SsHEHAE Ao AdAEY Wy Hee £ 3.5-199] HERAH. IHFAE
Aol AAIE 23} FE2 Design-Expert®, Version 7.1.3 ZZ 3o 93] E2A %t}

F 3.5-19. JHFTATAR A 3 2 WHs H

AP X B E X, AAE &Y v= | X AHPY &Y FAF
FZ [°C] [M] [ml/min]
-2 50.0 0.0 72
-1 62.5 0.2 84
0 75.0 0.4 96
1 87.5 0.6 108
2 100.0 0.8 120
Th A7 AANED FAL 98 A5 A4 2 A FAGIEE
O 44 Axelzd B8] flelel RUAe B9 12 ¢ $U9T 2359 A SEv
100 rpme.2 143 5 IHAFHAFYH oste] dA2E AAskth =3 /M £&
AR dgs AAES dotrE7] fs AAed npolvjAE FAFILTAEAE AHESIA

9. Adwwe A48 F Ax8 10 g volenas £98n YelELs 30 FPUg
celluloseE #H7Fste] AA F3E 100 ml 7} H =5 Sodium citrate H¥HE 3

R (CHY 101)E AA F39] 7% HE3F 33 °CollA] 150 rppm 2 4847t alyh

O =3 oﬂﬁ:/\] xq;*qa]g,] E XA} u].o]ou]]/\_,] 7<]o]71 Ao 2 9_0].04 u].o]_,_u]]g_\_g]
el 31 o oIl vel s KAAE YAT| Asiel Y (Congo red) T
IS, G2 FAUE ol 2ol AAL AN Aol 13
3E Zbehed ol dEEL FH

= =
= o

ankoﬂ oA AEZa ol WAL o 2= gt I
3]

lm
fl
, A
ot

g
>
o

N miov Ex
— oot ofN ¥ H
o A g BN o (B

)
Wi
E n&
rkﬂ
o

P
¥

AL = =2 T
= (10~1000 ppm)e] AELALS 20 ml H7Fste] 30 °CollA] 150 rpm, 124
o -

=

o

F upelouzo] FHE dme] G2 B AR B g AL 0§
o

=

A

[E]  :The solution concettration of congo red at adsompton
epilibrium in mgsml

1 . 1 N 1 1 [&] : The adsorbed amount of congo red on the cellilose s

AT - A A4 g urface in mg /e (that reached a mazximum valie equivale
[ A ad<max [ ] nt to A, the maximum adsorbed amount)

K.. :The equilibrium constant
o CAvogadre’s constant
| N = 54 .
554 — ma > 34 The surfacearea of a single die moleoule (1,73 nm?)
M
W

: The molecular weight (896 2/mole) of congo red
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O AA8 = A8EA7 294 24 dx= £ 35200 Jebdideh. 2745 dond
$ewsh BT NaOHE) %7} Eobdol ulel fmsel 4re 27 At %
NEEIt EoldsE FFaad PPl /T @ade vigel Pastyich el
49 22a20 FFe AWPRW FESS} Z/MR5E Yol 4 Holm o
% AHe zdo) NEF5E FFRA Ao £4PS % 5 Yok 2= WA
T T2 FEo R HAYY &S =d7le odHo 2HA EEAA HAT
202 gAY AANE A2e AXY 240N vlele 2Ry AHE g
ZFoll wet dxg] a&A4S Bsor stk 2iA E AFoAE ol & Hs uel
22Z8EH A 7153 g HE /MES =Y tHBiomass To Ethanol Ratio;
BTER). BTERY] Z3+= % 3.5-219] YEAT

E 3.5-20. SAFAAHA 3 wHEA Az
ow o Solid Glucose
Temp. NaOH NaOH  Glucose Xylose Lignin . SSA
°C] ] rate (e/min] (%] (%] (%] ratio recovery [ 2 ]
min m
[mUmin]  © ’ ’ A [%] £

50.0 0.4 96 1.54 51.96 22.96 1634  59.74 78.37 147.08

62.5 0.2 84 0.67 48.05 24.84 19.50  73.62 89.31 142.37

62.5 0.2 108 0.86 49.38 24.17 16.98  68.49 85.39 151.38

62.5 0.6 84 2.02 57.17 21.12 1493  54.08 78.06 140.51

62.5 0.6 108 2.59 56.58 20.02 13.55  50.41 72.01 151.54

75.0 0.0 96 0.00 44.77 22.83 20.82  77.78 87.92 72.02

75.0 0.4 72 1.15 53.49 23.06 1438  61.83 83.50 133.04

75.0 0.4 96 1.54 55.51 22.27 13.95 57.85 81.08 143.72

75.0 0.4 120 1.92 55.85 21.19 13.87  54.24 76.47 155.78

75.0 0.8 96 3.07 62.39 17.46 12.81  44.75 70.48 146.73

87.5 0.2 84 0.67 47.44 22.95 16.98  68.15 81.62 142.67

87.5 0.2 108 0.86 46.64 21.81 16.41 67.94 79.99 151.79

87.5 0.6 84 2.02 60.29 20.55 1478  51.58 78.51 140.12

87.5 0.6 108 2.59 59.95 18.99 13.13  48.32 73.13 150.88

100.0 0.4 96 1.54 55.66 21.68 10.63  57.10 80.23 142.91
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S: solid ratio after pretreatment

E: ethanol concentration after fermentation
S[%] > El%]
(%] < Bl%]x K

BTER|%] = = X100  G: glucose concentration before pretreatment
B: pretreated biomass dosage

K: ethanol constant; 0.5111

¥ 3.5-21 AA8] %79 wrE BTER 23}

Temp. NaOH Flow rate NaOH Ethanol BTER
[°C] [M] [mL/min] [g/min] [g/L] [%]
50.0 0.4 96 1.54 19.44 57.37
62.5 0.2 84 0.67 12.10 43.99
62.5 0.2 108 0.86 16.33 55.25
62.5 0.6 84 2.02 22.39 59.82
62.5 0.6 108 2.59 24.24 60.36
75.0 0.0 96 0.00 9.68 37.19
75.0 0.4 72 1.15 23.30 71.17
75.0 0.4 96 1.54 23.94 68.41
75.0 0.4 120 1.92 25.46 68.22
75.0 0.8 96 3.07 29.06 64.23
87.5 0.2 84 0.67 17.91 60.31
87.5 0.2 108 0.86 19.59 65.74
87.5 0.6 84 2.02 27.62 70.38
87.5 0.6 108 2.59 27.99 66.80
100.0 0.4 96 1.54 24.52 69.17

O ¢ 235 ngog FATAHA 93 W EAS A8 AT E443= % 3.5-220

UFER AT

¥ 3.5-22 BTERS] ANOVA Z

Source Sum of df Mean F p-value
Squares Square Value Prob > F
Model 1230.182 9 136.687 6.4581 0.0269
A-Temp. 283.9896 1 283.990 13.4178 0.0145
B-NaOH 463.9789 1 463.979 21.9218 0.0054
C-flow 3.743537 1 3.744 0.1769 0.6915
AB 12.03185 1 12.032 0.5685 0.4848
AC 12.34596 1 12.346 0.5833 0.4795
BC 48.6468 1 48.647 2.2984 0.1899
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A’ 10.80859 1 10.809 0.5107 0.5068

B’ 188.753 1 188.753 8.9181 0.0306
c’ 4.245513 1 4.246 0.2006 0.6730
Residual 105.8259 5 21.165
Cor Total 1336.008 14

R*=0.9208; adj. R*=0.7782; d.f.=degree of freedom.

O &4 A3%E 43R HA Model®] P-value gko] <0.02692 YR} E£40] ZHASS
BoF3 k. 283l BTER ol 7Fg & 93S v HES P-value 3ol 7P @2
NaOH F%(0.005)Z Yelgs 1 HE o]o] wE2%9] Pvalue #k°] 0.01452 & JF
S UL USS & F AT BEAAE g o R HF AU BTERY #He 1:}9_34 z
2 2oz Yed # dok

BTER= 66.02 + 421A + 5.39B + 0.48C - 1.23AB - 1.24AC - 2.47BC - 0.99A° - 4.13B*> + 0.62C’
(A: Temp. ; B: NaOH conc. ; C: flow rate)

O ¢ 2o 9ostey 718 =& BTE ¥Th R-square #k< 0.9208°]1L adj.
R-square ¥t 0.77822 vi-¢- 2 BEAES & F Aok 27 3.5-562 o] A& A|753E}7]
A3 Yebd 1z olo)

O =48 A7 dAx2) 248 vgoz A4S
2% 87.5 °C, NaOH %0 FE 06 M, AA g

A

=
)
o
o ol
1=
ol
o &
[ied

AA+El BTER &0 73.12% Ol A Axk= S
I} BTER 3L& 72.55%= w9 FALSH A= UrEMD} 1” *‘%94 A S
Ay & 4 Qo

a9 3556, A W] el iy 33k e

[kl
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3 3523 FHA AAY =24 2 A¥Y A
H &
Temp. [OC] 87.5
NaOH conc. [M] 0.6
Flow rate [ml/min] 84
BTER [%] (A3} Zh) 73.12
BTER [%] (X3 ) 72.55
(3) CHEMETE ©] &3+ vlo] o ghg A4
O AF7-A BTERE %3te] HH9 Mxe A< FAsdth 18y ®oh a8 o|x 7
AHQ) FAL AN DAL AEEE Hosh o AP nEEe] WAl vlole
g £estel dEes WAE Adstolop UE F SHFRNA Mg Folo}
B o2 A8 B ATNE Ba FAF U vloleuls FEo] mE ogg Ay
2 gaBlngTh Bhs FUSe] GE olHe YL Folns] S WA uhol
LMA FEE 10%E 3l 84 FEE 540 FPU/g cellulose S T3t 52193 2a
g Fol /14 B&AQ Bh FUBL PAGAY £F o8 WRoR n¥Ee due
S 98 Hleleuls FEE 1-30%E st T4 B3 FEE I Aok FAIZE
WEFHE olA] AW WHH FASA AN ST
O 94 8455 & oets AAitde Aa(2d 3.5-57, & 3.5-20) AVEYd a4 F
efol Be4E Wow Hol AVHo] dEg FE T Fr8E Ao vepgeh 1
Pu Ex FAFe] BolAFE dwg Adde 27 T padts Aoz yedd
Z 82 59 30 FPU/g cellulose 74#] ol gk AJakafo] Z7} o} 1 oM+
A9l 27} A BTk EF R ARE 94 FAH FFL wol FUTh ol T
FAaFYF] =5 Agx deE Aide AV oS BAFL Aok & AT A
= 7P &ElAQl Bstas T4 30 FPU/g cellulose =7F 24 FFolet & 4 Utk
35
30
25 — & ° TT
® ® ‘I- f e #5FPU/g glucose
g + ® I t % . A A MW 10FPU/g glucose
g 20 - ! “w . A A 15FPU/g glucose
—E °® @ l e A A 20 FPU/g glucose
515 T " ' A A - L] ¥ 25 FPU/g glucose
] ¢ A m @ 30FPU/g glucose
10 ® )L A A - m L - 35FPU/g glucose
» )l‘ L [ | . ol 40 FPU/g glucose
3 ¢ A m = * * *
d‘xﬁ - o * * > @ *
0 =§ﬂ.0 *
a 10 20 30 40 50 60 70 80 90
Time [h]
a9 3557 Bh FAF fE oeE AAF ®st
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#3524 EaFYF U ke AE 9 58 W
Enzyme dosage Ethanol Ethanol yield
[FPU/g cellulose] [g/1] [%]
5 5.44 11.17
10 14.49 42.76
15 21.50 67.18
20 24.54 77.59
25 26.08 82.70
30 28.05 89.35
35 28.26 89.76
40 28.97 91.95
O o] 2345 ugoz npojeui Fko wel des AFFES dolHptH ™ 3.5-58,
# 3.5-25). "ol FRETF 57 } dr= g AdFe ST 2y Aol
M2 FEs} 20% ol oME Slge BE/ W elA APHAeH FEr} Eobd
2 AP £EE USE A Jegon 26% ol 3REE A BEst AWHA @
UATH E3 CEE &S AHEY vlo]eml 2 1% A= 36.57%Z vl WA UERSTH
o= Holemj Ao FEVF U Yol Bravt AUE JAPHA e Aer AlsdEH. I

U 5% A 20% 7HA= o
[e)] O-hq_

o
3

l

r 3}
71-5\_?:}& o) /\

0
rlr J}AUM

o
e =

U e
o o &

ofs
o,
£

> LN o ne o
=2 e © nﬂ; N

gE &) 80%

ko] Q. 25

20% ZIHFHE

st EA7F 84S

Fal e

A F2 et wat & A9HAeS

Nere YL oje} e
%q<$:wqoﬂ*4ifﬂ§%}%ﬂiﬁﬂﬂ%
BolHzl7] uE

Hho] 9l FEE 20%0

oldl B AANES M= 1EE 2~E Fold 1vx 93l Ax ZAE
AZetRom o] wgrld e s dox AW EE A
E 3525 vlolevls Bl wE olere AN ¥ FE W
Biomass dosage [%] Ethanol [g/l] Ethanol yield [%]

1 3.07 36.57
5 14.32 86.51
10 28.41 92.88
15 40.32 89.87
20 46.00 77.36
23 30.12 42.89
26 13.25 15.03
28 10.95 11.05
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S *
% # 1%Biomass loading
EE >‘< : . 1 554 Biomsss loading
; A
g Y A A 4® A 10%Biomass loading
g5
H x x &% L4 X 15% Biomass loading
F]
in — = ¥ 20% 8iomass loading
.
15 Aty .  23%8Biomass loading
A z { S mmmB m L 26%Biomass loading
nl
2 AWES 28% Biomsss loading
n%e
’ NEe . e .
0 x#n spbee b ¢ 000
5 a3

Time [h]

a3 3.5-58. Hlo|Qul A Ewo wWE ok A

e

O A7 483 He2 BA5AS ol &3] Fsingeh. 1Y 3559 RS o] &
st TAIGSEE FAHOE nlo]| o etES S EF FA ot
17.28 kg of raw barely straw / day
Cellulose:  36.65%
Pretreatment .
process Recovery  of glucose: 76.56%
5.24 kg of glucose
Glucose  to ethanol ratio:
0.5111
Biomass Ethanol
loading yield
0, 0
SSF [o] [%]
process 10 92.87
15 89.87
20 77.36
Max.
converted
Bi Production
1omass amount
loading Ethanol conc. £ ethanol
[%] of ethano
(kel
[g/L of
experimental]
10 28.41 2.49
15 40.32 2.41
20 46.00 2.07
a9 3559 HEFOZRE FAFILE FAHS o &3 degs AL EAFA
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b 454 BN Az 2 ¢

A

N
=2
rid
2

i—

% 3.5-60. Hlol e ALEQ] IR AR A-F AR

27 13 Gkl SR pH AL w58 AEE A 5 el R A
ST ol oA FAL 40 whk LBE MIEET ol AT 25 go] FANES 5
Ft}. vfo] Quj H]%Oﬂ 93 938} &4 30 FPU/g cellulose® 3l 718t IN-84F
< ©]&3t pH 5.02.8 ZdsAtt 43 A= 2¥ 3.5-619 HEHATH

27 1% Gazd e 348 wash doluteh el waele] @ FEsl 80 gL o
FoXe T 5 571 F&27F dASA ZaTE & F dyH ol T w=UF UM
of wel Fslairt 71-de A}E W] WiE] AR AIREY O F ©F FEE AA]
135 gL $7F SR 2 ol A A wHHA T4 AN ATAE 1, 24
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160

-

20

~B=1K 2517 Glucose [g/L]

Glucose[g/L]
8

=—=2K} T3} Glucose[g/L]

40

0

0 10 20 30 40 50 60 70 80
Time [h]

29 3561, 29 FERE o] 83 Fall Az A}

O 2347 7€ Fslxin 1250 52 3 §FS 4 F Ao Fstd Aok 9o
A AIZER 15 ml olA 200 ml oo ® FXFATH ol A F FTH FA AN F
sldle] FErs =9 Bg F e vl ol mE FHYEe] FAHE AL
ket vl &BAA Q] diet & 4 Aok

o #7189 3¢ E Aol&

(1) F71&" 34

O dAg &H4S AAMEsS BALS Folal HFAHHFS Fo A4 A0 348 A8
A A AT FE3AR (EAF 10K (0.0050m) 2k 150K (0.03pm))& ©]-8-3F> NaOH 3|
T 3Pt B dAFdAe B o ot 3719 ZEE ol&ste] HAE #HFolA
NaOHE 3]43to] ®3Ith 1% 3.5-625 NaOH 355 ¢laf A|zgk e FHo|tt

MF & UF ZH g A|2=H NF 8 & A|=H
1% 3.5-62. NaOH 3] &4

O 232 WA MF & UF ZHE A &=goA 12 o3 & 5 NF ZEE A 2=FolA 23t
A= &t AHeE WA HAS 1.5 M NaOH &H 02 A3 o =39 Ao
ot A3 Aites ¥ 3.5-2600 JERA AT
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3 3526 AA 2 JPAo] NaOH w3}t 2 3 E s

A2 &4 NaOH 1.5M NaOHF % [M] A= (%]

A=l 1.28 16.68

ZZH MF 50% =N 1.22 16.81

2z MF of 7ol 1.08 14.43

% UF 50% 539 (0.5 bar) 118 17.57

%9 UF o35 (0.5 bar) 1.05 13.33

2 Z ANF&] 7} 2= 0.98 10.89

2

A A AxE & NaOHY HE+E 1.5 MolA] 128 ME =o] °F 15% A3 AOo=E
2] wnfo

ettt ol HAE w3 12 H*Q‘r NaOH7} AEsle 18 E3 37 A AF
7] Eo 2 Addt w3 FFA7)7F AP @t NaOHY FE%E ZFoj=s Ao =
Uelsth o]} tEo] 1P ES] FFF ¢;} 16.68%°1 4 10.89%% Zol=x Aoz U}E}

718w AAHE

AAY Sh9 AAE THeAdS Lotr7] Aste] A o] &t Hx %“4%2:— AAlskinh
AN o] AT 2HE APATFIM 2L 1.5 M NaOH HAH &, v-g2% 150 °C, ¥
SAIZE 30 mino. 2 STk wpel Qw2 3 kegS FHStaL A2 &H 15LE H7Iele] 3
4oz ﬂﬂﬂle AAs 12 AT F fet ZAAE ol8st n¥ET e
=9 st 27 AAFY &4L 15LE ARSsilou aEe] Fols 10 L7 oAl
o 22k AAE = mhel v 3 kgoll 12 A E] F dojxl 10L xﬁm ‘Q“mj”]' 5L NaOH
SdE Hrlste] HF F=7F 1.5 Mo] HES st 12 AAget Fdd 20004 A
a] A
o)
&
d

_l

01

AAEAT Y WHoE A& AAME st WA &4 AAME 7

S FASIAY AAE & AEEY dge i 3.5-279 UeERY. Ag A [AA g
Aol ALE WIZ7} Folfo wef %—E[—_?’_Z:QI ko ol AUs Ao dkm) gl
OW Hlolemj 222y &9 lad
Ats . 22y 634 74A] AAL
E%% HoAFd o]= NaOHe] A

0 g
1o
off
kil
N
=
ofN
N
=
ol
o
N
M
ro
2
o =

# Glucose [%] Xylose [%] 2129 [%]

1 74.05 11.53 9.49

2 70.63 16.96 9.98

3 64.06 19.09 11.38

4 62.95 20.52 11.87

5 63.76 21.77 12.15

6 62.47 23.93 13.04
Raw <A} 43.53 19.05 22.68
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O g AAP & clea Ads dolrsity 49 2d& ve|ems 25 22%=2 S
o F3ai 50 FPU/g celluloseE 718t TAIZSEE FHOE 33 °CollA] 120 rpm o
2 AN Attt APA7E 1 3.5-28¢ YER AT
3 3.5-28. NaOH A|ALE- 3o @& dets A 55 9 4aH&
NaOH FPU Hjo] @ HIToeHE T gl e
AALE 34 [g/cellulose] FE[%] T [g/L] [%]
1 65.76 78.98
2 59.77 75.26
3 56.42 78.32
4 %0 2200 52.72 74.48
5 48.51 67.67
6 51.15 72.82
O A3d4d7s Z4urd AAe §8 AAE WErt soldss HE deey s+ 7
28le AEE Hola Juh. Yy HEnES AHEY 437K = 75% T &S
Hola gt} ole P&y oee AF v&S 1) B e §83< Axet &
4 Atk & NaOHE o] &3 HAAe FAHAA ALY 7Hsde wl$ =4 Jegta
g 4t gEo] ¢ NaOH 3|4 FHS o] &3te] A& AAE gohd vl 7
AZQl nio] Lo gre ik FAGo] 7hest & 4 AT
2. 48

=

2HE 9E A RE LR TEA 9
A e Iy HE=E Agd o
5 dlo] o et Aste] sl A3
I1FE odeES ALstr] S8 At 23t
LY FIldS A&z A JMEdithe

A=
=

1>

o oX do =

rr
]

=9 upo] o

g
& woFE dne ¥ & Ak U
B S
Rl Z

2 o ox M X 2 X
N
£
o
2
oX,
il
Hir
£

- N
32
o

my H
=
¥
M
o
o i
o
BN
B~
e
ol

I e
oft
oty
_>‘Jd
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5. A BEEE RE =9 R FHETA AHH AeAE T A

< 5% A

7h A REEE 34 AT

(1) AA= 54

O AdaiAFoA A& A2 ¥H-§-7]Q1 CHEMET 10 (ChangHae Ethanol Multi ExTruder)
(19 3.5-63) & ©]&3dto] volw29] HA A =0e& FAsAH. F2 AHEH Bt

ojQujie HEZAT AAjoltt A’ﬂ AAE 21 2 AEHstE i 35290 YERIAS

o AAE A Fo AEWHst= E 3.5-300 YERATH

% 3.5-63. 4524 HA2] 42 CHEMET 10

#3529 BEF A HHY AAxA

W weld ER
Temp.[°C] 87.5 95
NaOH conc.[M] 0.6 0.4
Flow rate [ml/min] 84 120
Screw speed [rpm] 100 (32A) 80
O ®2elge] A AFASFE 3371AZ 3l 23F £EE 100 pmo 2 1] AFL
Sastgon AR vlelenat 12 gming EZ FPHUT @ A 29
HEE AR Fdson Ho|emfs BALSEE 15 g/min oIT BRI e
ool EEET} e AL Ba F wlolenlie] BRY] MFo] ol
3 3530 AAE A Fo JEHS
Component - BRd [%]_ - - > %] -
Ay A Axe & Ay A Axe &
Cellulose 35.65 60.29 43.00 57.70
Hemicellulose 16.86 20.55 14.69 17.69
Lignin 22.36 14.78 24.31 12.99
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@) 954 FYe B9 FAGHDE

=

=
d o] QU AZ 100 ghd] £52 T4 o
ol FE7 FEE 600%E JAY F gE vo]ujAE uiE o] &3t
3% pHE &3] Z7437] #1alA 1.5 Lo S/

7 & TE Tt 1 F uto
eulaE RAHUA BHOME ol g3l pHE 502 ZASGAL. TF FHEL
Cellic® CTec II 9} Cellic® HTec 11 & 4:19] B &= &3+ H 30 FPU/g cellulose 7}
T2 By}l w3 EADIUEE 93 YPDUIAAA AT ERE 150 mlE =98}
o] HFAHOZ nlo|uj29o FE7t 25%7F HEE A3 ol 1Y 35658 A4
A FELE I 555 YERUTH
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O o] ¥ 50AZ7H4 2Fm2E oF 30 gl 74 Z7h3hck 80417 o) % F43) gasts) A
stk 1247004 28 W o

| )
A oHg 7|2 olFanh oW 1 w1 FRIA0 dEge] FEE 2931, 35.64
g/L ottt o]F 2 o2 wiEste] 33] wjo] 1H w¥HE7]|e SFAL9 AfEg FEE
35.93, 33.72 g/L °|ATh. A Fate} Hlasle 25312 s F7F AL AEEY F
T gasd. a8y o] Fdle A9 FdIA FAEHA 23] < 33] wjo] T&A
ol WA Al FRFE 15L YT H AR WE ASE Atm "ot o] 24
FILE FY FH HEAVMY FAGs RS FANC] JAES & F Ao 4
A A A&ol 7teds & F AT

. dadgA AdR2 I F
O des g 3 dgdoe g AAdazxart E50] loja o war) ofd
2 Ed%go AM8rhes CsAlE HaAdgel X}%‘iiﬂ 20 g/L7§_‘-:_ RS °‘E} Els
NG 3,500GA 30#7 AT FE
Oq&]- (Nano Flltratlon) R/O &3} (Revers Osmos1s) z‘%%§7](Evaporatlon)E 0]%0}04
2 53 4949 % 3.5-3200 YERAATH

1™ 3.5-73. 93} AR (UF, NF, o39)
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3 3532 AYE~ 3

49 A

UF NF R/O Evaporation
4 A (gL) 20.378
of A (gL) 21.12 17.55 - -
Y (gl) 21.81 20.01 87.01 100.20
LEAAE BN
O F371#0 negelA gt 2 55 84 AES AT 2o} NREL 2F FAUHo=z
BAE BEAEgon, B3as EATogE e 2 33FA FR tsAS I
sl7] o $EE volevs FE B g4 b FEAY s a4 AES )
NS A AgA wjgd 10LE DHE PO Z 2LE 5H] 5 FFAT 2
TE AT e, nedy ¥4 Z24E EUE =HAYJA CTecll 9 vl TS
A8 gt a4 AZE B ZAyes ¥ 35330 YEUden, 2ady Aye &
3.5-340 YA
#3533 48 24 2%
. . _ HZE
3| Anl& 3]41 9 FPU/mL
FPU/mL
Cellic® CTec 2 200 0.77 153.60
5 2 0.33 0.65
Hlj QF ol (o 2} o) 1 0.29 0.29
O S48 E443% a4977F golx o] 25 E 5%o]stoll A FeddS X1y}
Ko™, 30 FPUNA B3l&2 & 2o]& HolXA| Z3konf, 6.5 FPUHIOl w2~ 5%) ol A
Folge 2 AolE BT olv &4 A PJEo] & FeE AGHY] "o A X
4 EAo] desitta AdE o X
¥ 3.5-34 Hug3 A Ay
Biomass 3%, 30 FPU/g glucose Biomass 5%, 6.5 FPU/g glucose
Glucose Glucose
%E pH 55 F3-&(%) | S pH 5 F3H-5(%)
(g/L) (g/L)
CTec 2 4.84 17.99 95.19 491 25.40 80.63
ATHNE (F5H) 4.93 15.18 87.88 4.85 8.48 29.10
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2. violeolge A4 Au Az B AR

(M

CHEMET 10 #}o] Qufj2 F17]

O A3 AFE 53le] CHEMET(ChangHae Ethanol Multi ExTruder) 10 A|ZFslich 23y

4
Zg3e] wholerlz FAFS ANSAL AAW, BF
=

Hlo] QA EJo] QojA] vHlo]ouj A HB{Eo] Folx FAE Hlo]uwjAE EQ]s|of3t

e @xdol Atk B F4F o vig 2AE 24dw 8 z‘; wo} de TAE
% oro} }\]7]- =9
= nlo) A~ A Ak

48390} oleie 2
23to] £YH ol 2

S22k WAyl o] v 2
Dy 171 ﬁoﬂ 2E5E S e
W29 £AE /A% stk o B

w2 E917] WA A-F9) AR o]u}

2

1% 3.5-74. CHEMET_10 &3 AR (M7 A & A=xE $: 9)
O 7z 3 F47] vfolems BAZ(Z )2 20L00A S0LZE F7FstR o ol Azle] &
agpn] REo] 2= Aol gty ol
A, g, Tu AR i B oolF 237 AX
il Mg ¥-37|(CHEMET_10)E o] &3te] ulo]ov=E &7y
3 v 34 g3 % dR o] &t M E AH ® G5 FFo] Basie AF
= )}

AR AAAD olod LS ST 2afAALE gl 2

34

g5, A, g4, F55 wmE2A 18T = e AFH, @5, 35 FA(CHESAF, Chang
Hae Ethanol Scant reAgent Feeder) 100 7St <1002 CHESAFS] =379 FHu)
47¢ ofe|gn.

CHESAF 100& TLejRa® nx® g5n 33
A e AxelE ol ovjae e A
EEEE QM% Belsel AR olsH. of
R R LR RS BNS
Cas SEe souz adl Aot 2o e, o

e @%aﬂ 6] 3198 2] A
58 vlolenat AHRA AHH

= upo]

r-{n:
o
BN
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e
&
o T
BN
i
Hr
o
il
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ol AHgE o RE FHS HFES dAS xdo] JtedEE stk 19
35752 AAY F g5, AFH, 25, FF AHl (CHESAF_100)9] MEd=et AAEHS
78 3 5 A

Yl T 28 3.5-762 CHESAF 1008 A2 & 2453 AAy &
ALE FAgel HBo] 7hsdtEE dte WF=RIE 9 AAAEY B

- .
TR T T

T P T PP
- . . .

T Al A2 Adn e A

19 3.5-75. CHESAF_100 A'd = (%), 2A = (3

g A F AR

AN A 39 AL

-
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FHAN AR F9 AR

a9 3.5-76. AFFC Au] 2 AN AR

O =3 dXeF g, A3, @, T3 A4l (CHESAF_100)9] AHlE AojFxE o] &3}
o] HMI( Human Machine Interface )& AX|ste Z2& &oletA Aot 29 3.5-77=
Alojdd gl HMI A|=¥ 54 3p ot

% 3.5-77. Alo] dd B HMI
O ¥, CHEMET 10¢] &3] dA ¥ vlo]wi2~F CHESAF 10022 o]&F3t7] 93iA<
ol 2~aF7 Beslth M ® ulo| w27t A CHESAF 1009 ¥ = £95W 7}
ooy ARG olF 2AR[FIE Beste] A8tk CHEMET 103 CHESAF_100
Alolo] o]% 23F AR BHS 1Y 35780 YERAATH
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% 3.5-78. CHEMET 103} CHESAF 100 917 AFA

() At 235 A%

O

71Ee A% HAA 2] WHS-7](CHEMET 10, Twin-screw Extruder)ol]l AF83l= EQJXIF
== R AATSE A3 Jda8=Se Aeadn. BYasTTe we W
[e)

15°, 56mm 30°, 28mm

a9 3.5-79. A5t 237 A AR

Wstshdo]l a5 = Al AHgEe A8A2s3AS AAstA A 2375
AZstE . 9823 = H(steel), T2 (castiron), L] 3L A2 A F(sintered ironmaterial)Z T+
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ol A& EAE Bk ofyegl wpre} B2 ik AP 7]9-7] fste Ab
|5, dE43HE FF5AY O 5 FEAH v e BAPSE st A
o]~ 3}=4(case hardening)¥} ZF ST (chrome plating)s el THE ®WH AT Ao ot
ieto s @ol o]& Hi Ut o]9 olF2ARG S A% AY AHE BT AE
BN 2375 AFA sglon, A%d EQxafe 19 3.5-790] YeERRIT.

(4) vloloets SF3H HAuE ol &3 AMEFHY o] dehE A4t

O 19 35802 HlologhE TFFAHS Al HMI 1 749 EFolth o ZAE
o] g3t A EHFE nio|dugS AietAth 19 3581 AAEHE nio] g
o A A agzolty. 7] 253229 oeE 5 BT 543 SUtste A
< Hola ok T} 30417 o] F A EE AAEETE AAHIL JASS & F Utk o
= A&7} vlo] w2 ol = HAE &l o) AME W] WEQ] AR ALE
Hoh o] & HSIE A AEE "A 4543t o] REH F43] oeEs Aibsta 9l
== ¢ F YT gEo SFILE FEE ThdSte EEs Holi Aok AYEE F
T vpolujx B Fxo A9 BlHEete Frlsit B9 45 $ o ¥ FUbsiot 3
FE olFE EEFS Hola JUth

9 3.5-80. Hlo] ok FeEA AW B HMI 3

80 |
0 ——CGlucose [ — —
—m—-Kvylose
60 Etrarot
r—
-
S
==
[ =] 1
3 ,1.'--—-—--—-
=
=]
(&)
100 150
Time [h]
9 3581 At WE SFAE, ALRE JdEE FE W
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35355 A EFE AME woldes A3E UEAT. A 21 kg(AxE

O =3 % 4
FHNE)0E 655 gL olELS SIL AWAT. o W HF wlo|enjie] FEE
252%A07 e ABEE 85%ATh o AT HIEOT oA | ong ALEEle] o]

B o=

oo@ee A 2000 o] FY Hol QoGS Hito] sbsiith AEHOE B
WHAA doleul AR RE Molodlge Me FAH ASAE UT 21 AT
@ 4 9k
® 3535 A ZHE AYLHE vlo] Lo e
) ) . N FHF
Z A9 A8 ¥ SOl.ld FHE 1}ho] © wj 2
vlo] @ wj 2~ H}o] Q ujj 2~ ratio EtOH .
k k 0 L .
[ke] [kg] [%] [g/L] (%]
23.42 10.70 51.46 65.5 252
O ol vigox uoledes FRFHL 149 35823 Lo ZEH & dqFolw (55
2 g A9]) 52 == o] E 0|83t AT VME F=E At
- =
=
5{' : ' L ==
] = L
| :'.mu_ "’f:ﬁLJ - ke = __
| == L= = e -
Ly
:E‘ 35 82. H}o]Ot)ﬂ e B3ty »wE3 An =
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6. 43 7HE R Htoldes At
7b BAR FEE AT AAY &) AAEH LFE Holdgs AL

(1) AA = &WE QAL HA =

O A AFdA A5 AAE ¥-&7]9] CHEMET 10(ChangHae Ethanol Multi ExTruder)<
o]-gste] utolemj=e] HZA Mg xS BAEUG. EF o]F o]&sle tkd ¥
Aoz HA g =S FASAT. B dAFdAe V&Y HAxAA dAA =
ulo] @ uj () E o] &t AA A mpo]ogE ANS s A &MiE AAE

stk AAE 2AL F 35360 YERHATH

3 3.5-36 Al HZH AAexA

ik Al

Temp.[°C] 95

NaOH conc.[M] 0.72

Flow rate [ml/min] 90
Screw speed [rpm] 80
Biomass feeding rate [g/min] 18

O AAz &wiE AAFE3H7] el A gd vpo]eujzo] ndiRe s 93 FHzd=E
AFESEATE 12 A EE] & oA AlFHSE Hrkste] AP blo] v~ E M A
Al AR E s oA sl EEE o9 NaOHE F713te] Ao AA-&
AT B3 1¥=S 2o A2 HA4 gjlo] vhs w40 AREHAT. 19 35832 A

A2l A2l EE=Eolt.

aw biomass I
I{h ! 10 ]l“il bl .'-\F'ush'l“g
water
W
. L 4 " . Pretreated
Pretreatment H 1% separation 3 2% separation [ .
biomass
A
; ¥
NaOH solution 1* higquor 2" Jiquor
h | |

0\

Add NaOH
9 3.5-83. AT &n) AL

ofo
ot
il
H
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O F 9 7AZAJ] AARE dtistke] 31 3.5-370] A skt vie] vl HdAHE A =
7] 201.6 g2 NaOHE #7}5}4] 0.72 M NaOH H g &9 7LE A x4 F 7087
A2 o2 12 nAEZ] F 049 M NaOHE Y 35LE 3t 1 F AlHY
3.5LE F7hske] wvpo]ulAE AlF 3 O thA] e #88te] 0.17 M NaOHE-9 3.5L
E ST g9 0] RE3 NaOH 109.3 g F718te] thA] 0.72 M NaOH &
4 7LE Axst] A T oA ARSI o8k 22 WMo E F 63 MAYE
TystA

E 3537 aoRe) F AAY gule] wWstel AN 8uje] H4e @ F7b £9W NaOH
Liquid Liquid Recove
after 1”separation after 2"'separation ratiory Added Total
NaOH NaOH NaOH NaOH ¢ NaOH !
solution solution solution solution © solvent volume
NaOH (L]

conc. volume conc. volume vent [%] [g]

[M] [L] [M] 10 I

0 - - - - - 201.60

1 0.49 0.17 45.92 109.03

o 0.48 0.17 45.28 110.32

31 0.47 0.16 43.47 113.96 7.00

. 3.50 3.50

4 0.48 0.16 4417 112.56

50 0.49 0.17 46.11 108.64

6" 0.49 0.17 45.69 109.48

avr. 0.48 - 0.17 - 45.11 110.67 -

O HTA O 2 4511% NaOHE 3] 3o 63] ¢k AY Mg 58 HoFa Qloh

a4y AA- g s AARE st A E&o] RolXIttH AR Y o= Atz
L) AGJAIE & A a8 LolE 7] ¢3l BTER (Biomass To Ethanol Ratio)S =73}
ATH BTERSA WS th3% 2t BTERSAH S 9siA AA st 1dx3 vlojemjx
10 goll &2~ 30 FPU/g celluloseE F7}3te] & H3E 100 mlZ 3t A ZsLEE 2
AR AHEEH FE = Saccharomyces cerevisiae CHY 1011 °o|1 F F39] 7%5 =<
ST 849 pH =4S 93] 0.05 M sodium citrate &5 8&NS AFE5IH 3 32 °CE
FAFEA 120 rpm O 2 wHFS Al F T}

S[%] x E[%]

BTER (%] = i K x i, 00
S: Solid ratio after pretreatment, K;:Glucan-to-glucose constant (0.9)
E: Ethanol concentration after fermentation Bs: Biomass dosage with SSF
Gr: Glucan concentration of the raw biomass K»:Ethanol constant (0.51)
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O % 35382 &wlE AAMEst dA st & A&7 BTERS YEAT. 27| 257 &
T 56.75%°]em &uf 1z} AYPAE F 5531%, 23} AR T 5535%= JEFH AT
I8y I o]F = ALY FYEI AFE Holx . Tl ALd gad, 1FE b

@ H

& =G AY ST AFL BAFD Qo] §u) AAgo] AALe] A FFL A
S-S & S glth viEol BIER ¥3 Ae TUA veht @AY S AAEe &
£ WEHT 9 ¢ 5 A9

¥ 3538 A 3 AEWHE 2 ¥ E HE BTER

Composition of biomass

Solid Biomass
after pretreatment Ethanol BTER
No. — recovery conc.
Glucan Xylan Lignin [%] [%]
[70] [7%0]
[7%o] [70] [70]
1 56.75 14.77 13.69 57.96 9.60 2.52 69.41
2 55.31 15.12 14.02 60.08 9.65 241 68.45
3 55.35 15.84 14.56 60.01 9.63 2.39 67.94
4 54.86 15.75 14.23 59.08 9.55 2.44 68.86
5 55.19 15.60 14.75 60.89 9.60 241 69.73
6 55.59 15.02 14.52 59.42 9.67 2.48 69.521
avr. 55.51 15.35 14.29 59.57 9.62 2.44 69.00
Raw 38.60 14.39 25.32 -

() WEE ol olEe AN AT FAYHEE 3

9 3.5-84. AlFE Hpo]oeRE kS 93 ARSI Y E oA
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+ 30 FPU/g CelluloseE ¢

asr

]

o
=7} °F 25%71 &

LIEVASRG RS
E

o
°©

Hho] &

T

L

FAt. ol

©

AAE vlo]

L —

oAuZb itk Iy AlEE Hho]l L

A=

E
=

A = nte]

=
L

S

SL7b HEs 2dste] wholonj2e) A

80~150 g/h = =4

el 1.0 M
tac. 18a

[e)

5

i
o

S

. )

100

B0

.

g _'_-_;g: . B
I:hﬁ'ﬁl :Ij'“L%:I'—:—%;:-:m::fﬁ........ﬁ...ﬂ.,,ﬂc&;..ﬁﬂ. -

I71/%8] nworpeguaono;y

(A:O-glucose; @—ethanol), (B:A-glucose; @—ethanol), (C:[I-glucose; M-ethanol)

g 3.5-859 YERH AT
O 29 35853 AyHH A9 B

B
2
oju

K

Agut 7|

B

b AZE) A

7}

=
S

of ofsf w=A

A% vholonj 2 Fgje] 7]

L

T
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il

—_
1o

—

3.5-39& njo]

-
st

9
pal

S},

vl

71AA 2 Qdste &0l B

o
ﬂo

i ¢l

Productivity
1.37
1.36
1.05

89.33
89.46
88.03

Ethanol

Final
conc.
68.49
68.59
67.49

conc.
74.40
74.50
73.20

Maximum

Biomass
feeding
ratio
[%0]
1.60
2.00
3.00

Biomass
feeding
time
[h]
40.00
32.00
21.30

Biomass
feeding
rate
[g/h]
80
100
150

3

S

ol ATE 5

7] FEjol #

il

<)
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O olzigt dFdd e w79 -3t

d o] JdFHEY & Ho], AFES
ol Quj 27t Hop A F3-IaE & ¢ vk & AP FEIT] 45%2 vieo] v
25 A 1875 g¥ 8AIZFS FFEAIFHN LW, o]k FA]9l 30 FPU/g cellulosel] &4
FTFaFAtt. 283 sodium citrate bufferS ©]-83le] pH 4.8 X3 = n}ol
o] Fgo] EUYH 7% FEE o|HsfiFAUtt
d 3.5-87¢ wyt7] FEjol W nlo]mj AR RE ALE SFIALX JdEES TR
32 Yt ok 2gelA et o] Ity whky]E AMRSIAS A 66.9 g/LY
25 Ao ojuf o ErE HE-EL 84.8%°|th. Angled type IIE ]85S
, 735 g/L (92.8%)9] ollgh-&S A4S AANE Angled type 13 I+ 71.7 g/L (90.6), 70.3
g/L (88.8%)°] ollgrEs ALksiAnt olHd ZAE EWE WP Y wHH7|ET Angled
type®] WRH7IE ARESIRAS A5, dEE AL 2&o] MMAHASE T F AU
wH71e G 7E S-S H A ulo]|ujAE SRR o] FAIA BAY FEIE uio] v
= o

g
29 Z qhgo] dold & YA EoFE Ad8S FoEH o AFAE s F AU

lo mlm
[»

o M o,

doorm B

a9 35-87. wyky] Feje] e 7R~ 9 JEE T W)
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. vloledgE TH/ETA

(1) S AARES A B

O A2 &l SARS dotR 7] sl 4] «AA2 &S AR A 2 oA A A
sk W FAg o R HAY SFE FUiet A4S At AdEAdE £
3.5-400 “ERA ST
# 3.5-40. AR &4 ARl e FEEs)

A A}-& NaOH F7} Solid Glucose Xylose Lignin
34 Conc. NaOH Ratio [%] [%] [%]

[#] [M] [g] [Y0]

0 0.72 194.30 52.09 63.80 22.47 14.34

1 0.31 110.42 52.48 60.71 25.08 14.25

2 0.31 110.28 5291 59.24 25.75 17.69

3 0.31 110.15 54.00 59.74 25.94 17.05

4 0.32 109.88 55.07 58.04 25.90 17.59

5 0.32 109.61 54.82 59.11 26.09 17.11

6 0.32 109.88 57.02 56.44 25.61 17.79

7 0.32 109.34 56.07 55.11 25.32 17.85

8 0.32 109.08 54.64 57.06 25.63 18.59

9 0.32 109.88 54.66 56.88 25.66 18.82

10 0.32 109.34 55.36 57.86 26.01 18.27

11 0.32 109.88 57.20 56.26 25.73 19.29

2

F 113 §vE ARS8t AA ST & 35408 AVE
63.8% A AAHE STt S7hgel wet JA skl 63 =
FAE V|BsHA fREE Aoz UeEYT. 2RI~ Tt A4 w9
A =3 e AN HEA RS AT S gAee A BAFHLE o]

B LSS g =9y A
AP Aol A TFFAHES 913 CHESAF (Chang Hae Ethanol Scant reAgent Feeder)E A%t
skt 2y &l XSS feiA = CHESAF St g wiEH = ods dH 5k

ARl oRt gttt o] & f3] & AFelM= =9 ZE(ZE 3.5-88)F Azt

- 338 -



(3)

“)

19 3.5-88. =HIE AZ

x%i}g] ;d—;‘q ma Az
o & 04?011*1 CHEMETE o|§3te] a0z Axe 32 sk 33 544
F99] midol A vfrd o] dASIAT ol & dstr] s vigS st Azt

O

6} D} HEdS EEstA HW viRE BEw wA7L sbsstRE %ﬂi?ﬂl w-¢- g0l
A "rk 2" 3.5-89= AAE A E¥ wdY EFolth wE wiES st

|
ol WS FUSHel AL S5 Azsee] S AApEEY SolaE
R R 4=

JFU mﬁ

B AARE-o] e 3t nioj o eE
Hpo] Quj 2 FE PO A FEE upo] eogh-E AA7EA Y FHE FTHEU T CHEMETS %
*405-& AAE wpolmjis o] 2AFE

FdE D@Pﬂ & BAoMe 54 2 FEIL F

HE =43t 29 CHESAF M= 258 9L EFdEHE F8fo 19 &

=" HAl= F5T NaOHE FH7bste] v dAje] vz Abgsta ugE2 o
Al CHESAFZ F93te uto]emx £S5 Hasg Atk 19 3.5-902 &vjAAlE-¢]
7bFedk vpol Qo e At B3 Fgelth

DERRE TSI P E

Mo
o

Bloox m
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% 3.5-89. AAY A wE Az

1% 3.5-90. & AAE-0] P53 Hlo] Qo ke Ak BT

ol

7
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. wtol ool ge SHFPOERE nole e 4

(1) & AHALE

O sds48=

TAE o1& o] 7hsd weldEs THEA

ol&38t AMZRE mpologES Asth dA Wy A2
dollM 7€t A 5 %6‘}74] FPatAdch 7] A 2EHL 072 M NaOH &Y
Azttt AXE AP5HEA CHESAFA A £ NaOH §o] 15L7} H9
NaOH A%< @7}6}@1 Axgol QAR skt 3HH FEAER AR Hio]eujAS
A7) el 28-S o83kl 105 °Coll A 30%3F AA3h pH 242 3 M 4t &
= AHEstler pH 52 dshivh 3 483 pH SAHS fste] 27 2E
4L FHTE H78AY. a4 FY#F2 30 FPU/g celluloseZ ZA3IR L FERE F
I(60L)2] °F 7%<%1 4LE H7F FATE AAH = 24X HES A FHAoH TR
o AAT AIZFS xS F A7 Fo APHJY. FEnEze AL /=
7 FYsHA FAAT FHFTHY SEEE 1Y 3.5919 JERATE ES iE 3.
de= TFTHE o1& A &) A B AAZ F LS YERASIH

FAV AV AV AV AV AV LY AN

o

.ooooooooooo:
»

l’;"' FW.W V. 'F.W.Y.W
= [ BYAYIVAA'I TAITATAAYI

\ r: : LLLCLICIL T . f :
® E @ ; rrrrrrssmrnns :i
: s (@ :
< NaOH '
solvent HE

i\

[

D Oil heater (@ Raw Biomass Feeder @ Twm screw reactor @SSF T/K
® Drum filter ® 1% NaOH Solution T/K (?2™ NaOH Solution T/K CHESAF

a9 3591. 5383 s 5=

- 341 -

W

1 of



3 3.541 THFAHE ol &3 AAE &) AAE E AAE] F FEHS
Reuse of pretreatment solution Composition of biomass after pretreatment
o Solid
NaOH NaOH Volume | Glucan Xylan Lignin
recovery
(M] [g] [L] [%] [%] [%]
[%]
E 0.72 864 30 55.19 13.48 15.15 56.28
12} A& 0.268 271.2 15 51.74 14.80 15.00 55.55

221 AAFE | 0.3065 248.1 15 50.67 14.99 17.32 57.44

3z AALE 0.29 258 15 50.53 15.05 17.21 56.39

42} 2|ALE- 0.275 267 15 53.02 17.16 15.59 55.86

52 AALE 0.275 267 15 52.61 16.79 15.54 55.14

Avr. 52.29 15.38 15.97 56.11
Raw Mischantus 38.6 16.54 25.32 -

O ¥ 3541 A9EE 27 27719 BEE 55.19%0]3 o]F o= rolx ok 50% ZwH)
S HAFa Q. o]l 7|E APZAHYe} A9 FLI AHE HAF Qv A ¥
3.5-923} 3 3.5-428 FAFEHEFAHL ZAAE RAAFT QY I7 35925 AHEWH
z7] deE s== FAsA F7slg 20413 o) Fol= A3 F7kstH oF 50417 o]
T AY FUISHA Utk S FF 29 Hev Ay HutdE YEst Adz s
o] A &RV} AR Eolr] ol a4 Fgol o3| A A3 FUlsit 50417 o]
T o= A SUBHA &= ASZ YEhgh

70
60
=1e]
— 40 # Glucose
;:_s . [efL]
3 =0 _ m -K[g',.;lflse
[ |
m Ethancl
20 = [e/L]
» [ |
[ ]
10 > |
u o
+
o B il JEP SR S
o 20 40 (=10 ] 80
Time [h]
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=
W
e
e
offt
2o
ofd
o2
filo
o
o
r
12

AMZHE Hpo] g2 A4t A3

%7] & [ml] 14,000

Z 2 [ml] 4,000

A Z2[ml] 1,500

AAEF 2 vlo] v~ [g] 38,000

2k (3M H2S04) [ml] 2,500

AAeE F Ax vlo]uf X [g] 13,300

A F3 [ml] 60,000

Hlol o2 5 [%] 22.17

O|RNESEE [gl] (FE L &4 AL) 68

HTAHESFE [gl] 66

N F& [gl] (FE ¥ 54 A9 60

ASE [%] 88
O % 35425 A9Rd T ode $5c 66 gL 2 15Ed deas Adsigint. 2
i} o] Fxole &4 9 FRAX 7QIg oekgo] EFE Fo|BE o]F A st &
g vlolomj A2 RE AFH oSS 60 g/LolH ojujo] ATELS 8%E WS =S &
£S5 BT ok AF7HA] AAHE SuE AAIEEY 5R}IFAS o] &ste] Az
B nlo]Q ok AAsALh e v % LS ARy JE AFHYg 52

(2) vlol2o&te FFFH (F2FA)
O 58392 ol§3te] 2Ry nlo|ledges Yud Aug wegor Bd 54F
skt 11 35-93= =25AY EEEE UEha sloH, ¥ 35439 Ad3E A
2 st
10. Water
1. Raw mmﬁids 1. EI'IZ'{IIIES
2. Waler ) 12. H,50,
3. NaOH 6. Washing water 13. Yeast
5. 9.
CHEMET 10 CHESAF 100 SSF 100 15. Fermented
mash
4. loss 7. Liquid 14.CO,
{converted) 8. Solid

19 3593 EASFRA sEL
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E 3543 BASA (AZRE vl g 4

Cellulose kg 9.01 1.37 7.63 0.28 7.35 0.74

Lignin kg 5091 3.40 2.51 0.18 2.32 2.32

Water kg 2.59 87.80 90.39 43.90 106.00 28.04 14.00 1.76 3.48 47.28

Xylose 2.24 1.83

H2S04 0.74

EtOH kg 3.98

BT

@g%rlfw'ﬂﬂj
N, © N,
HN(@EL'{N'ME
ﬁf”loﬂémlrUA
o= T o

-

Egre

o R ¥

o 7 X
o

:g:&

,mlm

of g

=

&3

Ekgm

D

=

o

o,

o

e

it

flo

e

ol

30

0

] S

1L e - =
AlFEhEE, MR BE F)ol o d7E T2 IPsiIen, FF HEFAE
ANA 159 o Jaste] FAr|7bEel oF Av PP HEV d9sea Addn

(3) AEE Hiololghe A

O X574 JME o]&ste] uioledehes Aatsiditt. a3y o]& 88
71 fiM e e ol 99.5%(viv) olde] Fojok Frh B AFE w
Hlol Lol g5 AAfel A HFstal = 7 R g AHlE ol&std o
GEs At 11 3594 JAEREH HolAsE At H

T AEe Ao Yehlinh B a9 35-95% A=A faeld

T ol gh-& o] AP A Ao,

5
k
= >

~0Hob010 o
=
o
l o\ to rx op
i A 2 i o

_uo.u
ruEzL

=

e
4

=
o
fu
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Enzymatic

is Fermentation

Y. 3594 ARG vlolooge AAte] F3F B HF 4E AR

18 3.5-95. J8E nlo]| QA ErS Al E A A

- 345 -



4) vloloeE FdEA 2rle Scale-up

O CHEMET(A A2 ¥-$7]) @ CHESAF(EEx F4AA)e 2ALYL o) F23 2
AREAQl 2379 2AAY T4 weka HLo] 7ted o= A Ut off &
TY Z2FY 2AFNAN 2AFY olFTrte R ulo]wfx A Fo] HlE s}y
of 2~2aF % WY AAS 2,158 S7HAI7IE 108]9] vlo]uiA~E AT = )

_

O =W E3(ulo]lolgh-g E3HE 3%)FHFS A= F 300,000K12] Hlo] Lo ghg o
23kl °o]F 10%E oW A7 dae] THTHoRE AL Hle|eviAE 1Y 500
Ag & £ de= A 500mme] EQXAF 3717F Q3 E‘?}J—W Aztol] g
TARE (F)FA A AN 7EHAAFAA HANE Tt D AnlA A
77171 SsiMe S 2 aygEY] 23 /E ) Est ii‘% A&EEE

T F71E AT o golt,

o ™
2 e r2 o pEl

0
Wi

Em_

o
AC)
rlr

O 29 3596 39 Extruder A& A ZAK(coperion werner & Pfleiderer)oll A #|2}sk 21
twin screw extruder ABH|E vlo]ujA HA g FE3 ~2a3F 9 FHYHEHE HY &
&8t A Aol 7teAdS B 3 9

18 3.5-96. A83FE Twin-screw extruder
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(5) vlol o ete T A Ay &3 HdAEH
O AF2A vlo]loaE FE&3E fslire F&sAdr o) @A vEZFWHFTe] A
Az g 7hs HolHE EUR AAA B4S Fdgstaof st} HEEFHNES] Hduje= A
HA|ZS 913 9 Ve 2 ESE BAS 7@ A FHAH ok Y, FEE 1Y 108
o]/%Fe] npo]wj~E o] &3] 1Y 2KLO|/ ulo] o ghg Ak AulE A|Fsta HF
ol 9ol Am AR B 9 A4 BAS APstdol Ao w3 F)7bE
ok dH] St HEE 95t 15¢ o d&452d ¢ V7] virx BAo] Hasit
O J&sta Avle ZAAAY SdRE fste dAE 9 S/ A= dAAA-e] drlep o
AeFoldel TAE ALY £ Adve Ay 55 TSt of sith SHFA A # A
das EUE HEZSHEF ARl 77 3 A % 3.5-440] ®7] A0
. 3.544. QI EZHEGF 15 F8 Av 72 9 HgF
. DEMONSTRATION PLANT
No Service Q'ty - - - - Remark
Capacity Main Dimension(mm)
W2,270 * L2,660L *
1 =307 1 1000kg/hr
H3.,200
2 Hlo] S 2~ T 1 30kL W1,300 * L1,150 * H1,150
3 Hlo] Quj A~ FF 7 1 500kg/hr 7500 * 900
4 A v$7) 1 5,000kg/hr @200 * 6,000
5 Fz FTH7I 1 5,000kg/hr F350 * 5,000
6 33tz 1 4,000L 1,500 * 2,300
7 wax 1 10,000L @2,250 * 2,600
8 Az 1 4,000L @1,700 * 1,900
9 | A=z 1 12,500L @2,250 * 3,254
10 HoH 2Zz 1 100,000L @5,000 * 5,000
11 A7) 7] 1 50,000L/hr @2,000 * 4,000
12 SN ] 1 10,000L @2,200 * 2,700
13 A A A A 1 10,000L @2,200 * 2,700
14 |35 1 100,000L @5,000 * 5,007
15 ERik:l 1 1,500L #400 * 19,972
16 « 1 2,000L @318 * 26,493
17 gg 1 1kL @500 * 3,000
O AF2A vto]uj2Rl AAE vl SZ Hio]Qoeh&S At SdFA A &
T Axo] 3FF 24 kgo] nvlo]wAE FAAEste] 3.98 kg Hio| A EES AT
I ASS & F A ol HAFZEA wlo] e Aabo] AA3 7 HAEUSS Ho
T 278 T £ A olE viEeE S/ B4 FAS AXH A8 niolog
So] AitET. A58 vlo] s F8slg AAEHES 1™ 3.5-979 YE AT o]
+ Astel b o drizt Aaer & AT So 2 A ord HA (kY a4
7tA, vrolemi A5 A R ERE AE3E T Test 5)E°] Hol AAT & 7|
ol vlo]ogss FUS Asart 22 S Aoz JuH.
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5434 3w 7% HHd

L AxE A A AuArg

) g 2l # Hdd 2r {3
- TR, FAET, oo, 29 A
*ofo]- Wl WE =l
*Auf A 2l

RIDEER ENE-
. nlelou 2 &5 8ol

3) NaOH &7
g 9= S 3o

.

o)
o

z
F4E A7 100 °C, 30 min
*pH 249 A4 23 M k&)

[£334 HMI 314 ]
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2. A R 2EEE A

1) EY92IR{ FA 52 (TIC-203¥H, 95 °C)

2) W45 4

* A wEHF & 713 A

3) A AA 2437 7HE

* FESLASE HeE Y
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4) vpel Qw2 A8 FY

*E A AAY AARE, S U g

’ =

5) NaOH &¢
HZ(GA-203)E ol §3te] 7 =4

6) °|%& 2=AF 7t

CHEMET # CHESAF <12
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7) CHESAF (GA-401) 7}

+Z7)o)E nol Qv Ao] §A

i

* JEEN AA] > AAY 88 SAHE
* A HF FF (GA-405) > OV-401 A3
*HjE 1EE FE S (FE FE 65

5 A el o8 AEFS

~ 70%)
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ZHIHE A7 JF SOL WEE AF oz 23
I 3% AFHEZ (GA412)E 715
B &m £ > dA2] &) AHAREA] ARE

10) CHESAF ¢} Fsltax d4d 9 dadax d7
Ttz 44 3HF FY (pH "IH s 2 3A)
4 9 pH 24 P AF Il
22} EF (100 °C, 15%), wyl7] 7}
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1) vlo]ul 2~ dFEFY A

2) NaOH & FFZFA

3) EQIEAR e SAEH A F 128
4) @A 7MEFARE] TA F 12E
5) 85X AHF FFFA
6) =HLH 7t A %

g =
7) Ax2]7] PID AA g Aeo=w JH I vjrdsE A3

4. 4%t 7tE A4 8%

@ A=A 2] ulo] L w24 Twin Screw”} = o
(@ CHEMET(Twin Screw reactor) Z1EE WHE 95 °CE A3t}
@ nlol v A~E T H o T3t

@ z9& 7tF Ao

(K

© © ©
[
E
e PN
u
il
_\|[_,
offl
o
Bui
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A # wwd

L H7 AR
L1 732 A4

111, A Avle ARS A HA Ao R RIEA] g<lsteo 7t & S8 E F Ae
Aol selstelol gk,
8 7 (Requirements) Results Remarks

1L AME A AA

-. Vessel 9] W 9jF+= HA37P CYes [J No

-. Main Air & &3 ¢#Ho|] Sbaro]AS FA =71 [IYes [] No

- Steam 37 9E o] 2bar oS FASFE=TF [IYes [ No

- A7) Aoluk Well Mol o] 258 glerh? [OYes [J No

-. Server PC ] HMI S/W & AAAHOoE 35 =712 [JYes [ No

- AHE stE = Aule #-EE A=A B FY Ho =R OYes [0 No

-. Sensor Port o] A}&3l¥ 3l 3= Sensore= EF HFAEo Qe [JYes [J No

- =99 22 " Steam ERS FFHoZ AF FHETR [(IYes [J No

- BH SxAole & o] FoAX 7R OYes [J No

- A AFWEE FF 2ARS W AEY ol ek OYes [ No

2AME 5 AR

- BH SxAole & o] FoAX =7k OYes [J No

- HEE AYE FEsa devk [Yes [J No

- 355 -
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12. A7 A4
1.2.1. Fermenter®] A7]1A7A Aoz wltA] #Qldle] FAH = A7 A" 5

£ Apdel BQlstelof Fth,

£ 7 (Requirements) Checking Results Remarks
Cycle

1. 28 ¥ 247
-. MOTOR 3]A A] A2 =A] gerp £7] 19 Yes [ No
- A7) S Ffre ek AHEA [JYes (] No
- AEN A A age AX e #7113 | OYes [J No
2. SEAL ¥ MAGNETIC DRIVE
-. SEALY 3+ =71 ARE-A [(JYes [] No
- SEAL 3A Al 252 =71 AHg- [IYes (] No
3. 23 %
- 2ARE EEA dReTP AHEA [JYes [] No
L 23R )RRl A YgkETk AR | OYes O No
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6d AFH L2ZEHoE 8T THEAS ZAAAE H7t

L ¥ g8 H8S 5 AA 33

34 A A2 (weak acid), A& ¢FEUol IAW (SAA),
AF o]k M =2] (ammonia-acid pretreatment) ¥ -2 =
et 2ok ol F pilot TE I AHEHL U= dHEZAA A
DuPont®] ¢FEUol O & 2 FAAE A AATH =5
At

% 361 ThFH ol ool AT WY

Technologies and representative reaction conditions for biomass preparation by pretreatment considered in this project

Pretreatment Chemicals used Temperatuer, Pressure, Reaction  Concentrations
technology °C atm absolute times, min of solids, wt.%
Dilite sulfuric 0.5-3.0% sulfuric acid 130 - 200 3 -15 2-30 10 - 40
acid-cocurrent
Flowthrough 0.0-0.1% sulfuric acid 190 -200 20-24  12-24 2.4
pretreatment
pH controlled water 1 tillage 160-190  6-14  10-30 530
pretreatment
0, .
AFEX/FIBEX 100% (1:1) anhydrous 70 - 90 15 - 20 <5 60 - 90
ammonia
ARP 10-15 wt.% ammonia 150 - 170 9-17 10 - 20 15 - 30
Lime 0.05-0.15¢ Ca(OH)/g 70 - 130 1-6 1-6h 5-20
biomass
Lime tair 0.'05—0.15g Ca(OH)./g 25 - 60 1 2 weeks - 10 - 20
biomass 2 months
O M2 AA 34 A A, $A AFS FHES &3l AWtEe 23459
AL QS5 AL F4E S8 ofd Fito] AL e VHET =24 52
AT Fa7t Aok AAAE H7HE s A BARZIY ARgo] IEAHolh FA 9
3

EALe] ARSE = H4F EALZ]Z 5 Aspen Plus® (©]3) oF2<3l) 9} SuperPro Designer®
& wRze)9 2 AmEdosl HEAl okxqle] B 28 B WAl
T2 B EAR A 9]

A4 3 ARAe) AFHet Abgel A Batsha 3
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Z3bsta om dao wet HolHE F71d 4 o] L ARE WHol FF Zhdsirt
53], 32 A EAS RdS ¥ FA3 AFsa o, AE FHES EARIL
BAEE Hrtsted de AREEHI AT B dFedAe 97148 &gt RS &
A o2 o] 83t aA O Z lignin? hemicelluloses A Aste] F3|4&S Zolal oy
2] Hgo] e §F FAS AL wHEZE HAE BAVIE ol & AAE HUE &
gate] 71E el g AAYEES delstua vk 7|E WA BluE fsixe d
A st R AT 3 Ee AHs RA AAY B4l o]Fox FHol B
d2 dgsitt 547 vio]emjAE o] &g ofeh-& ALkl A%, pilot ¥ demonstration
T AEZ AL ARrt glo] FAIA] Auleddled tid vlolHE d77F dE°] F
Ag 4 2 A B4 A8E FRE77E ofdlE Hol Atk o2 o] fF=E pilot R
demonstration TFE FAo] 9& 1 o] Au]/&guH] v} folsy AQEH-E L AA

7h SHA oAy 7HA
THIZZE o] &3 EALE Y=

-

* Numerical simulator

¢ - Easy estimation of mass balance and unit process condition
e - Prediction of possible hazardous situation

» - Easy cost analysis and sensitivity analysis

+ Writing our own codes vs. Commercial software

properties

Writing our own codes Commercial software
JIE=2EE programming language Easy-to-use
=0 Invention of new types of units | Previously established units
Physical & chemical Full information Abundant DB

Mathematical models Full knowledge Support of various model
for unit operations
HEE = =S Cheap and flexible Expensive and inflexible
HID SuperPro Designer Aspen Plus
PRO/II (DYNSIM)

2
i)
N
X
2
2
2
AC)
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O oer2 A2 34 ZALS 9130 plant 7F5 50~60 MGY (Million Gallon per Year)T =S 7]
Fo =2 3o 0033 ‘07'd NREL SOT (State of Technology model), &= % A3do|A &
g AA/FSE ¥ e AL ol A ® Fa FY ghe vholev)x
FA%, &7 2 AA & A, DAALE, B, AAgE, EAAMEE, 84 F
sb& 2 HaE Solth /8 A A E 38 AF T 50 MGYE VIELE
RE 2Hol BHOZ Ag @ g5S P

3362 AAF sAW 2 3 IR
A2 Weak Acid SAA AFEX A-A
Solid 40% 10% 25% 10%
Solvent 1% 4t 15%%+<= 15% %< 15%<F+3%34F
Hhg 2% 190 °C 60 °C 95 °C 130 °C
HE-g- A 71 5% 20 AJZF 204 403
23} SL 20% 20% 20% 20%
C6 T3h& 95% 90% 95% 98%
C5 33t& 80% 80% 85% 78%
Wy SL 20% 20% 20% 20%
Co Ha& 95% 95% 95% 100%
C5 e s 85% 90% 85% 60%
F 3.6-3 FHIZEE o] &g EAM AHEHE ulo]oghE FAs sATE 2 AT
o eh-& A 50-60 MGY
Hio] @ uj 2 7}A (Rice straw) $ 60/ton
A $ S/kg
aAs Hrbsk 1% (w/w cellulose +hemicellulose)
4233 ¥-27] size 1 Mgal
g 7] size 1 Mgal

O ol#g AT g BAle 24 38Y Add Hlart 7t B9 ofye /i &4
T MAaA7r & 48 A¥ol 7Hsd T B2 84l v AT e & B
AXE Z AAe] el W g 2 B3t 3 FFHE, A7, odvE AL
b oulie] FHE FEE 3 4 5
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AM= Ff/AA2/Fst AGNAS TGS g il dod 3T FAH7A.L A
et A 24e AdsiATsoen, old wE 34 sHEE tad 2o
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4. s 2 AAE 34

O & ZA 7|22 AE & 55 MGY o8& plant= "
AFSE = FEE corn stover £ B 59 vlo]QujAE AZF 7 75 - 100 tonS A
g F AT Rt oju EQEHE volemiae HHHFE AXH AHY &H F E
= @7 dABFe Eo] TFHO AA-Y w7l =dEct oluf, ZA ML FH
w2l 10~40 % WHIAE 7HXY. AP ALE @ HRALS A7} cellulose 39.5%,
hemicellulose 24.4%, Bl EA A& 36.1 %5 F<ls)

O dxg] 382 vtoleujzol 4k e A7|E Agste] 12/11% ZulE Fo3 1244
£ ol celluloseE HUISH ZHF Al7]1= TAl HZFo whe} lignin =% hemicelluloseS
j | T, A 2= F §HEAZE

Z71& batch 43 % 0225 L 3= wF
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, 50 °Col| A 484]

o
F

1219 7

F3eE2l 50 °C BTt} =& 65 °CollA] 36417
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ojlty. 7 vtk HItE= wpoluj i) ke olEe
shstr ofel wel A g FH FUSES
7 ek B ARl 23 | 37HA T4 o9l =
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)
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>
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>

o % wol 2 %amm ouje] gl A}
YA wlgo] 718 Ao dZHYoh

# 364 AAE sHE SFERF R AHEF
Ay 54 Rl 3w FAdF (HE 1 ton 71F)
NREL °F4F H A g 0.5-3% 4t 1500 - 9000 L
SAA 15% SEYo} 9000 L
AA 15% FEUYoH3% 4F | 9000 L FEY o} + 9000 L &4k
pH controlled water water 2000 - 19000 L
ARP 10-15% FEYo} 9000 - 18000 L
Lime 10% lime 4000 - 19000 L

Bee 7 Az ade 2w dslE FAsdt. ARE #UZe A8 2AY)
AN AFHE @e ARmoz Agsdor mae me AAPR  AllE
(www.purchasing.com)& Fx35te] HAl 7FES AFESIATE A G Aol wep &ufjeje] 7}
Aol 0E & AT, 2 DA el B A B} AR of gow HED I
A7 APesieh AA IR EANRNA ST WS AN 07

7] 4 3t
71937 842 o] &3 Yzte] Wit e HE AAALEN AME B dHG wAY &

3E 3.6-5 X &l 2 FH7HAY 7HA ¥ 3.6-6 4 AL A9 714
Lo € FHIHA 7} ($/ton)
g2 Lo (99.5 %) 60 dAG d F G2 71F ($/ton)
Cellulase 5000
FASIGEF &9 (32 %) 100 3% F7] (242°0) 20
T g Yo} 350
olwijo} Lol 200 dHt 7] (152°C) 12
23 50
Octane 70 Wzk (25°0) 0.05
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o AR/ 34 2AAH

O 2 Ao WMol ZAA Hlo]Qm|AE o] &3l Axg)el F3eAHL o]&d g A
e Es oﬂL_Q_ /ng/\]—o] Z QoA yg3 Axg/Fdedae A FH = AN
How

;_I\_rqgg_gz o] ?5}01 NREL QFG‘}XJ 18], SAA
A

Rice straw

B P1/5RAM
Shredding

5114 —_— .,
|_ 5123 A
.
—4—<; S17 GP-102

S-164
5102 P-28 7 PM-111 P9/ MH103

Fhid Flow Mixing Waler Q
@ P-29/PM-112
& Fiid Flon

5122
5104

P4/ MM0
Mising

i 5P-103

S0

5110

101MH - 5111
Grain Handling

512023/ PM-104)
5105

Fluid Flow
P-afv-wmswa—»[i:E 2 hydolis /03 5108
P2/5L101
Pretreatment Ammonia Pretieatment Acid @ P7/HA101
Feedstack Storage P/ CSP101 X

D Disch 5115 Heat Exchanging

P17 /C5P-103
D Disch

s112

S pagspvan BP0V STE
Evaparation Enz Hydtalsis

Od 3.6-5. vpo]ujAE o] 8% Aot FEHITAHE

A9 A 7FF 100 tone] H}olLuj2v) A Ho] AP weUE §dH
b A X gt EFAh ojm) o EFFL MY sizes} o
A o

2
ot
2, o}
o

)

| Al "tk NREL 2FAF AAg]e] A9, nlo]Qufx admgo] 40%=2 7}
o} gu] Algo] HA3 B THOE Uehgon SAAS A Byol A Ap
ol vtolujzo Hs] 9uf AENS & F AU %UHQ} E3E nio
o] AAeE AHE=E
JHdEme]l B9 o] xyloseE #frstal leHl, xylosew A 2] N

WE sl54o] AR A BN AN = nA 2T

Ao b o2 2 1
o b
mlo UIO [[;_;{‘_]jl —E‘ Flr Ol:O
o oo o H
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«] /‘ﬂ’d#ﬂ oiol AAE AAES I8t AHEE &
| E7193k 7Iefg Ao B3] glucose Aol =kt o4 4 ok
a2oA ko g A g NREL °fik A g)e] Aibsko] 7 Wttt o]
/aLQYol A kel ZhRE| ZHgol ols] W2 kel hemicellulose”} xyloseZ 3} &
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D715 °l&3 AAF <l SAASE AAS] ANFe] Bes & 5 itk 2AE T8 4
715 o] &3 HATE B & FaolA ofibs o83 MA HlE fHdE &
Aov TEAGANA Bt 52 EE Yito] hsstee «S5H A

# 3.6-7 AA /B3 G 3 C5, Co B

NREL ¢4t SAA AA

Wz =4 (Ton/hr) 100 100 100
Glucose A§4+H=F (Ton/hr) 275 27.8 30.3
Xylose AJ4+aF (Ton/hr) 7.2 13.6 12.0

243t 5 plant gl o FEH= HlE&S vlwd W, FAo] TS NREL °F2F WA

o Adnrulgo] 7 v Ao ® YEkth NREL dxge) 75 o4t

AL AAE S 73 E7F Aa I E ¢ ﬂ &

H]-g-o] ZHAET WHH SAASF AAS] HF AAEEE lignin A AE 213 M HF
st EYol AR T3 L2 kel AulRxel] FrhHlgo] Tgo s

A AAE ] HE AFoR e dulHlgo] RS dHEl g B HFS A

T 78 Augeinlg&S 7etgS W, NREL A9 AA7F W9kom SAAE NREL

b A=A o] vs) Bzt 40% 7 Ee Ao® el

Hlo] 79 Aulgl ¥ ® g REREM FHo] 7hA3 wSA|7to] #S NREL
A e} AA7}F Bl go] v BT SAAE 71F Ao EAHol ¢ %
G FolA utility®] §0] T2 I vl W o g JElgth AAY S W
E7F SAARTH =& 130 °ColH EFFHoE Q13 FH %ﬁ/\égi Q3] ARy

H]g-o] FHH oz Fol FHI7t 2

J

r}o FU o o2 rx ok

2

1 B 491

¢ W, NREL WAL AR ANTA $Gus) ko pAuE wolA 7}
ax7 2 BeEAT. AT NREL oR} dAee) 49 AuEaie} $odugol
Jgol glovt o2 dAeel el s s5gol B o=

gE Ak 53 FYgol aFHE EAE AT & AAgTh

]_

e
[
%

T
A—

ol
-'_'FJ_‘Z

)

WM o to f oo fo 12 o 12 X
f

2 o ™
2 X

¥ 3.6-8 AA/F3TAH F AuHlE ($M)

NREL °F4} SAA AA

2wl Tl ($Mlyr) 16.4 225 16.7

A=) H-E ($Miyr) 13.2 15.9 13.4
Engineering+construction ($M/yr) 36.2 48.3 36.8
Capital cost ($M/yr) 123.9 163.6 127.1
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¥ 3.6-9 AAY/F3ad =HHE ($M)

NREL °Ft SAA AA

Raw materials ($M/yr) 47.5 71.9 57.5
Labor-dependent ($M/yr) 0.5 0.7 0.7
Facility-dependent ($M/yr) 20.7 27.7 21.1
Utilities ($M/yr) 30.4 13.1 37.0
Total ($M/yr) 99.2 113.6 116.4

A}

HAAe/gdst Ao A8 e BHFe A FvES 233 FYH LS $60/tonS 2 4
i

%*8}04 EAbel Abgston Ee HAHE T AbgE= HHe ddst 3 SS
MGY dghE A RS 71ET W 25% g F& 7IF2E 0 vo]euja FYd
$34,291,5827F A8 s & 4 Aow AAH/FE el FAH= ARV 45-55%F AA
= & F Atk velems WA E A FYdEH= Sl QvIdAA Y Ay dEY

ohgz WA F9 kel AHGHETh 53 NREL AA el 4% FdHE 34
Mgl AP FAL 053%2 HAste] AGFo AAY S Yol AHgHE
& AS ¢ 5 AN WA AAS] A%, 20 AXE s G719 &

=
71%‘% 5 2ks bt A AAEE SRR A
Al L&

Ao H71E+= A+ cellulase?} hemicellulase -4 % tH] 2% =2 ZA 51 A]-Q- 314 T}
SAAS]l 7% A7) AH el s Ak EAHIEo] $32,000,0000] AL F o] NREL o4t
Aol vl 150% Bl-&o] Z7FS Bty ol& HiolQujx FYPBIEI} v A
2 AA AEHS 40-50% 7HEFS ZAST SAAS] AF WA E A F GEUYoEA
93 lignino] AAE I B 9 cellulose-hemicellulse %?}Zﬂ 7} ZHFSiH E3A 93E
A B Y 24U ARES & F AT A As8R F2E A E i, NREL
Aot AAZF 0] v &3 FAAME o] v AHES HAYH.
AAT NREL °FibdA el nlaf 3 Aikeo] 20%71d & ASZ el oy &AL
ol Wol *xH&o] NREL ¢F4F dxjgldl vl 20% A= =A AS=HAT. FF, AA
AA27t Bo =& BAEES 7HA7] A= &AM EFS HLoststa GEAtE =
ol T8Nl Bads Mi’i‘ﬂr THIZEE o]&3 vlo] X HAe/ds ¥
rdy
o

op

Q%S &
Aol AAAHEA toolS FHT}
A2, T AL S 4 nlol o=

as, =2 3=

#3517 7hs s

T [}
oeFe dxg 349 BAAY E4e T HE

I FHZEE o]&3ste] AH]
% 011%‘8}1 Xdi%ﬂ A Pl s FPstAnh AA /g3t
3} Adu) 9} &Mn8]E Sl NREL A7l &

4 5
Ao & F AATh AT NREL R+ HAele] 2, e
A
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2. NaOH A &3 A& HAAE (twin extrusion)F 3

7}.

3A Bt

O vl ovj 2 EFB)E ol &8 o9 Ate] AARS B Fele 2aan
1]

*3/‘1 T FUEE velemse) drh, A BlE, FE, TaE 3 /8 A

d

01-4

[e]

2
> oo

ofl o o

I,

HE TFE BHFolA] °J7P*E* AHgste] Bl HESAoF gttt B AT ©
A 9] E% 2 AAAG Huto| 854 8= ZZI3 <2 SuperPro Designer (Intelligen,

Ine)& AHgatel A7 B AFA Pold ABE 50 M gal. FE5 FR ol

. AAg 54
O HFaA vlo] Lul~(EFB)E @Al erE&olA &3 extrusion FAE] FH| LT
A, vlolor2E A% EUrbsEn, 53 A8 NaOHLREAS FIUS A
Hog Hgomw FWl shsdteh EE v I AFAINGS E8sto] dAHH
Hlo] e ~E 4 el £ 8848 YA
/ NREL = oll \
A xiel Uts=2x"C 190 95
E Z0H (wt %) 1.6 1.0
Solid loading: solid/liquor (%) 30 16
Cellulose < glucan (%) 81 90
x| Waste liquor (%) 90 -
Z Hemicellulose - xylan (%) 65 50
Waste liquor Recycle (%) 8.8 80
2 at&U= AlZH(hr) 168 72
ct o} Glucose recovery (%) 895
Xylose recovery (%) 75
Glucose = Ethanol (%) 85 a0
S = Xylose = Ethanol (%) 75
MESP ($/gal) 2.36 2.67

/

a9 3.6-6. A2 & Hlal (NREL; dilute acid) vs (%3l]; NaOH extrusion)
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o. dEs AiE 45
O 1" ZAAA 24 A3 ds st dad BA48 &4 WHEs B3t FF:4o
NerZ HATHE AR NaOHE& W& o] & < ]
ZIFoE A 3 HrietRon, HE oS A 7t A
At o]y o= 7FA2 2011d NRELY ¢3RS 7|02 H7bE § 2.36/gal Hbt
A

N
foN
N
a9
=N
o
u
o
N
)

= S FEoE FRIHY ofget o] Hrt AN qFHE faIAE T 7
¢, AAAOF scale-upT W] BoF 1w AMFS aHZFow = £ AT
i 3.6-10 A /st A ¥§
NREL ¢fAF SAA AA
(corn stover) (EFB) (rice straw)
Raw materials ($M/yr) 47.5 50 71.9
Labor-dependent ($M/yr) 0.5 0.5 0.7
Facility-dependent ($M/yr) 20.7 19.3 33.6
Utilities ($M/yr) 30.4 34.4 37.0
Total ($M/yr) 99.2 104.2 143.2
F 3.6-11 AA /st Al vl
NREL °F3} 2l AA
Aul Tl ($Miyr) 16.4 17.8 16.7
A HE ($M/yr) 13.2 13.0 13.4
Engineering+construction ($M/yr) 36.2 36.9 36.8
Capital cost ($M/yr) 123.9 125.7 127.1
® 3612 T A2 9 olue An)
NREL o4t 2l AA
& FAEF (ton/hr) 100 100 100
Glucose A4 (ton/hr) 27.5 22.1 20.3
Xylose A2+ (ton/hr) 7.2 7.0 7.0
NS L7 ($/gal) 2.44 2.67 2.98
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A 4%

17 &g dF

2¥g

L 1R9E d3/ede 28 2 43 W€ (2009. 04. 10 ~ 2010. 04. 09)

T - =) .
(A Al 372} 2] v Al A5 55 %) AN FHHE
R 0
lo]lomj 2~ Mg AHE 9
)
A AR AR B4 2 AAS 5
ulo] 9 mj vto] e w2 AAE AHE H _ ) .
] 100 18E ey &9
38 93 At A 2 AA _ . _
= 185E g3 gHs A%
> )
e FTAWE B
TR Al=E
- Hpol @.u) 2 FH R EA o | EATA BAEE R dha
e BgAeEy A PAELEY 9T A4 BA
Al 2 AF =
EZ23lA S u] Al E EFAR
H]—O]_,O_UH_/_\_ J——l%}‘é ’}J%iv‘i—ﬁﬂii }g)\ =T =70 TI’EH ]gﬁ =
- AEs F3o a4 o =4
%%‘%-ﬂ?} i"‘?‘ U= AT - A o T 70
_ o 100 |+ AFaRsEsd 2} Be
A A g 2 AL EfEs Fo) A
g Axd | wE gl
7 BANY 4
7N
E12RdE Aol A sidE ozl
o] QAL o] &7 AR
AgetolAlel g
7y A =Zglo 2 AMASIE=
G Apa 7} ggetola s el
13} L 100 ] A E 9] genomic DNAY cDNAE
Baaa iz .
U= g1 3t ©]& cloning
(2009) PFAXATS A FHA 2ud
Alz=d e 5 Bl S5 A E
e AT A
A3 AR SHIPREC (sequence homology
1Y PEas independent protein recombination)=-
NS T B3 A9 FHA AxF Y
ARl FeE 283 Afira T -candidates: clostridium
Nar o 100 .
THEALY NF cellulovorans EngD + Thermobifida
fusca Cel5b clostridium cellulovorans
EngD + Alicyclobacillus
acidocaldarius Celb
AdE o Felaso o
AL 98l F=9] Al " o]e
1Y Afarsase BP B AT AT Sl
s o | ¥E % gsEs 345
- FolNe ¢me BE FE 3
A=)
=

MY AEREC) BA Y4 B4
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13}
L=

(2009)

A 1¥F
A5 A4

30 2 B E ¥ = oA BAsW Aur
Sa s wE At AR4L Belas T 100 TEH AV A
2 N
H]= NREL 7] #4140 S
S vho] o v 0] o} 3 il e £
A23F Jog, 100 7|02 Hlo]|euf o] HE A
=) o P o] mrol ez 44
ulo] @ uj 29 AFS o] 43k BB A 2A Aur
== = /‘\jxqg]_uog_ug:o 78_‘
T 54 99 el evi e aAe w1 olE o] 83 SAA, ARP T
B w M 7Ie A8 3 R 100 .
HA Az 2 ML =
AH e e AR vhol ouj2e] AR AN
C. parasitica T2 FRAA RN L
ligninase f+A A} &<l
C. parasitica 5 Z5-¥ laccase
Ao 1dd 9 2 A
I3t A 24 5L cDNA
library 44 F3l o3t P. chrysosporium TFZ5E
A3dAs gad 2 Fuaszs 100 FrAEZ 2 3-8 endo-xylanase
Hho] 9 uj 2 23 & A9 cloning Fradzke] 2% &<l 3 cloning ¢E
g3ls 9% W EHAlE library®] $d B E4
AEBA 2= g P. chrysosporium® A 4 9
7147t cDNA library 343
cDNA library 34 2 ligninase 8%
cloning &%
Bioimaging +41< &3+ B3] HF 8H AA =4
HaxdE2 24 FFHAAAY 100 24
=2/3k8rd AAE #AHe 54 B3] 3184 AAe AAE
ik 53l 9sl® Lec Fx9 9dE
E35/=8 Els AR 7=
A8 A% 24 100 /=l og quiel A 7=
=4
FQ9 nlojewjx 2 AH 100 K 8l & /cassava stem A7
A4PF
oF3l = 23 B AR
ch Whol Qs AR Al NREL 7]&o] 7128 B4y 43
ulo] 9 mj } 100 YA AL TN S
5 , AAY 20 &§ 4
g&& A A & EA
I EE/AH S } 3 _
A7 534 ARP 75 B 24 100 25g Sclae 32 ARP/AFEX 37
) =7 4% ¢ 9 z=d 44
s34
ity .
he 22} Scale-up &34 ARP 27| 100 250g Scale CHEMEX &4 A4 %
2 T 58 24
1F% g3/ daE g A AAEYF 15% F57] 44 2
o 100 N
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22209 A 5 2 43 U8 (2010. 04. 10 ~ 2011. 04. 09)

?_'H\i‘ =) =] 3T %1‘—/\611;— 3
ey | ARAAT AR ATEE o A7AE A
o Hioleujz HAAE AHE H
L Aoz BA v = E3)
Xﬂlk“‘l‘ . H]—O]_‘}_UH_/_': @ﬂ‘j/] ﬂ'%‘;‘l 1_H\_]'T':—1 x—z'“ﬂe &
H}o] @ uj 2 100 1ad F3ed 2
_ _ A AAF #A B AA ] _ . _
g8e 98 - nEE BAIR dYL 99
AAE = TG B
Fatad Al=H
M . wlolov)a FF 8 SAe o |r EARE pAwde 59 fa
e BgAeEy A BHELEY 9T A BA
A 2 A e
« EZXFA O A EFA
H}o] 9w 2 . TEA AerRdas A S48 fFd vAdE 24
gee o s . AP Fre B BulF A
<X 3]
o w o o e 100 |+ AfraRsiEie] P} ge
EERR SR R IRIE R P L S e
G83A A=H 2z Sl
. #EY FANMY A
7H
o B AdE AgddA g
Hho] QuA S o] &3 AR
AEeolAl s g
e 7} AMEglo =2 AAsl=
C me Asa 2} gl S YAt
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AR 53

il m A= == T SEHS

35 ok D 7| ¢ ITS ACT TEF | Histone
1 Cladosporium cladosporioides KUC1384 GenBank JN033485 INO033512 JN033540
2 Cladosporium cladosporioides KUC1385 GenBank IN033484 JNO033511 JN033539
3 Cladosporium cladosporioides KUC1420 GenBank JN033483 JNO033510 JN033538
4 Cladosporium cladosporioides KUC1516 GenBank JN033479 JN033506 IN033534
5 Cladosporium cladosporioides KUC1545 GenBank JIN033478 JN033505 JN033533
6 Cladosporium cladosporioides KUC1580 GenBank IN033477 IJN033504 JN033532
7 Cladosporium cladosporioides KUC1699 GenBank JN033473 JN033500 JN033528
8 Cladosporium cladosporioides KUC1701 GenBank JN033471 IN033498 JN033526
9 Cladosporium cladosporioides KUC3006 GenBank IN033465 IN033492 JN033520
10 Cladosporium cladosporioides KUC3076 GenBank JN033463 JN033490 JNO033518
11 Cladosporium perangustum KUC1462 GenBank JN033481 JN033508 JN033536
12 Cladosporium perangustum KUC1767 GenBank JIN033468 JN033495 JN033523
13 Cladosporium perangustum KUCS5085 GenBank IN033460 JN033487 JN033515
14 Cladosporium pseudocladosporioides KUC1671 GenBank IN033475 JN033502 JN033530
15 Cladosporium pseudocladosporioides KUC1700 GenBank IN033472 IN033499 IJN033527
16 Cladosporium pseudocladosporioides KUC4095 GenBank IN033462 JN033489 JNO033517
17 Cladosporium ramotenellum KUC3027 GenBank IN033464 IN033491 JNO033519
18 Cladosporium rectoides KUC1421 GenBank JN033482 IJN033509 JN033537
19 Cladosporium rectoides KUCI1515 GenBank JN033480 IN033507 JN033535
20 Cladosporium rectoides KUC1667 GenBank IN033476 JN033503 JN033531
21 Cladosporium rectoides KUC5009 GenBank JN033461 JN033488 IN033516
22 Cladosporium tenuissimum KUC1698 GenBank IN033474 JN033501 JN033529
23 Cladosporium tenuissimum KUC1736 GenBank JN033470 IN033497 JN033525
24 Cladosporium tenuissimum KUC1903 GenBank IN033466 JN033493 JN033521
25 Cladosporium sp.1 KUC1299 GenBank JN033459 - JNO033514
26 | Cladosporium sp.2 KUC1766 GenBank IN033469 IN033496 JN033522
27 | Cladosporium sp.2 KUC1773 GenBank IN033467 IN033494 JN033524
28 Cladosporium sp.3 KUC3009 GenBank JN033458 JN033486 JN033513
29 | Fusarium solani KUC1464 GenBank IX277035
30 | Fusarium solani KUCI1590 GenBank IX277036
31 Fusarium solani KUC1463 GenBank IX277037
32 Fusarium tricinctumspeciescomplex KUC5105 GenBank JX277038
33 Fusarium tricinctumspeciescomplex KUC5104 GenBank JX277039
34 Fusarium commune KUC5199 GenBank J1X277040
35 Fusarium oxysporum KUC5243 GenBank J1X277041
36 Fusarium oxysporum KUCS5245 GenBank J1X277042
37 | Fusarium fujikuroi KUC5195 GenBank JX277043
38 Fusarium concentricum KUC5244 GenBank I1X277044
39 Fusarium asiaticum KUC5013 GenBank IX277047
40 Fusarium asiaticum KUC5185 GenBank JX277048
41 Fusarium armeniacum KUCS5051 GenBank JX277049
42 Fusarium armeniacum KUC5053 GenBank JX277050
43 Fusarium armeniacum KUC5050 GenBank JX277051
44 Fusarium armeniacum KUC5052 GenBank IX277052
45 | Alternaria tenuissima KUCI1369 GenBank KF051224 KF051247
46 | Alternaria tenuissima KUCI1410 GenBank KF051225 KF051248
47 | Alternaria tenuissima KUC1514 GenBank KF051226 KF051249
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48 Alternaria tenuissima KUC1543 GenBank KF051227 KF051250
49 | Alternaria alternatas.l. KUC1572 GenBank KF051228 KF051251
50 Alternaria tenuissima KUC1573 GenBank KF051229 KF051252
51 Alternaria alternatas.l. KUC1574 GenBank KF051230 KF051253
52 | Alternaria tenuissima KUC1576 GenBank KF051231 KF051254
53 Alternaria tenuissima KUC1901 GenBank KF051232 KF051255
54 | Alternaria tenuissima KUC3071 GenBank KF051233 KF051256
55 | Alternaria alternatas.l. KUC3072 GenBank KF051234 KF051257
56 | Alternaria tenuissima KUC4035 GenBank KF051258
57 Alternaria tenuissima KUC4059 GenBank KF051235 KF051259
58 Alternaria tenuissima KUC5001 GenBank KF051236 KF051260
59 Alternaria tenuissima KUC5002 GenBank KF051237 KF051261
60 | Alternaria tenuissima KUC5003 GenBank KF051238 KF051262
61 Alternaria alternatas.). KUC5004 GenBank KF051239 KF051263
62 | Alternaria tenuissima KUC5005 GenBank KF051240 KF051264
63 Alternaria tenuissima KUC5071 GenBank KF051241 KF051265
64 | Alternaria tenuissima KUC5072 GenBank KF051242 KF051266
65 | Alternaria tenuissima KUC5074 GenBank KF051243 KF051267
66 Alternaria tenuissima KUCs5117 GenBank KF051244 KF051268
67 Alternaria tenuissima KUC5143 GenBank KF051245 KF051269
68 Alternaria alternatas.). KUC5206 GenBank KF051246 KF051270
69 | Heterobasidion orientale GenBank KF218828

70 | Heterobasidion ecrustosum GenBank KF218829

71 Heterobasidion ecrustosum GenBank KF218830

72 | Heterobasidion ecrustosum GenBank KF218831

73 Heterobasidion ecrustosum GenBank KF218832

74 Heterobasidion orientale GenBank KF218833

75 Heterobasidion ecrustosum GenBank KF218834
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[¥=<] Fractionation of barley straw
with dilute sulfuric acid for improving
hemi-cellulose recovery
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[+=<] Comparison of bioethanol
production of simultaneous
saccharification & fermentation and
separation hydrolysis & fermentation
with cellulose rich Barley Straw
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[#=E] Chemicals effect on the
enzymatic digestibility of rape straw
over the thermo-mechanical pretreatment
using a continuous twin screw-driven
reactor (CTSR)

[=<] Evaluation the efficacy of
extrusion pretreatment via enzymatic
digestibility and simultaneous
saccharification & fermentation with rape
straw
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[¥=1Z] Heterologous expression of
Endo-1,4-beta-XylanaseC from
Phanerochaete chrysosporium in Pichia
pastoris
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[¥=<] Cloning and characterization of a
novel bifunctional acetyl xylan esterase
containing a carbohydrate binding
module from Phanerochaete
chrysosporium
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[=+Z] Cloning and characterization of a
thermostable endo-arabinanase from
Phanerochaete chrysosporium and its
synergistic action with endo-xylanase
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[¥=1E] Characterization of a recombinant
bifunctional xylosidase/arabino
furanosidase from Phanerochaete
chrysosporium
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[+=<] Manganese Peroxidase H4
Isozyme Mediated Degradation and
Detoxification of Triarylmethane Dye
Malachite Green: Optimization of
Decolorization by Response Surface
Methodology
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[=+%] Phylogenetic analysis of major
molds inhabiting woods and their
discoloration characteristics. Part 1.
Genus Trichoderma

5 FoA 184
# Z Trichoderma species©ll
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[=+%] Phylogenetic analysis of major
molds inhabiting woods and their
discoloration characteristics. Part 2.
Genus Penicillium
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[=+%] Phylogenetic analysis and
discoloration characteristics of major
molds inhabiting woods. Part 3. Genus
Cladosporium
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[¥=+Z] Phylogenetic analysis of major
molds inhabiting woods. Part 4. Genus
Alternaria
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[==+%] Screening for xylanase and
3-xylosidase production from
wood-inhabiting Penicillium strains for
potential use in biotechnological
applications
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[=+] Rice Straw-decomposing fungi
and their cellulolytic and xylanolytic
enzymes
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[=] Diversity of fungi in
creosote-treated crosstie wastes and their
resistance to polycyclic aromatic
hydrocarbons
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[=+] Improvement of fungal cellulase
production by mutation and optimization
of solid state fermentation
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[=Z] Improvement of cellulase activity
using error-prone rolling circle
amplification and site-directed
mutagenesis
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=] Cellulosic alcoholic fermentation
using recombinant Saccharomyces
cerevisiae engineered for the production
of Clostridium cellulovorans
endoglucanase and Saccharomycopsis
fibuligera 3-glucosidase
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[¥=<] Enhancement of the
thermostability and activity of
mesophilic Clostridium cellulovorans
EngD by in vitro DNA recombination
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[=%] A celluloytic complex from
Clostridium cellulovorans consisting of
mannanase B and endoglucanase E has
synergistic effects on galactomannan
degradation
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++] The processive endoglucanase
EngZ is active in crystalline cellulose
degradation as a cellulosomal subunit
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[¥=1E] Analysis of selective, high
protein—protein binding interaction of
cohesin-dockerin complex using
biosensing methods
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[¥=1%] Production of cellulases and
B-glucosidase in Trichoderma reesei
mutated by proton beam irradiation
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[¥=%] Enhancement of immobilized
enzyme activity by pretreatment of beta
glucosidase with cellobiose and glucose
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[=<] High efficiency bioethanol
production from OPEFB using pilot
pretreatment reactor

o e AR WIS A, BT
AR elske] vhol Qolge 4.
o4

oz &
& 2 [P
o " o
2 By o ?E]]
tp[:

to |r

)

o

fru

m

o

to

o

(1

ffo

o

>~

>,

ol

3R

o

[=1Z] Simultaneous saccharification and
continuous fermentation of
sludge-containing mash for bioethanol
production by Saccharomyces cerevisiae
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[¥=<] Pretreatment solution recycling
and high-concentration output for
economical production of bioethanol
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[&=<] Cellulosic ethanol production on
temperature-shift simultaneous
saccharification and fermentation using
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the thermostable yeast Kluyveromyces SSF &85
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274 vio] &g AL 7| 9 plant B I A}

1. Abengoa Bioenergy
O Abengoa Bioenergys ¥lO| QA& o] &3t S48 AR o}} Biochemical 7}l
B3te] A|A A2 AxApo]th. Abengoa Bioenergy= V=, 3, HEldol 14702 nlo] o
Be MBS 288 9om A7k 32 x 106 kIS AWAksta gtk

PILOT FACILITY DEMONSTRATION COMMERCIAL FACILITY
A : York, NE, USA FACILITY # ] : Hugoton, KS, USA
g5 . 23, S5 ¢ ] : Salamanca, Spain 48 : 5 AAE, EF
A AFSE : Bioethanol 45 4937, 1383 A FE&E, Bx
A2 538 ¢ 15.14 kl/year A AFE . Bioethanol A AF3E ¢ Bioethanol,

(4000 GPY) AR 58 4,921 kl/year 20 MW 7]
A 2007 9L (1.3 MGY) AF 58 1 94,635 kl/year
433kl Bioethanol-S N8 200930l £33k (25 MGY)
Y AFS) Bioethanol2- AJ A3t Mne -

- 2011l FARE AlE

- 34 33 Ve A8

- 8}F9] HZ Biomass 1,100
ton ©|&.

- 20139 12¢¥€ 3.

2. American Process
O American Process Inc.= 1994d0] 4t AJ4bE AHHS 74 "SE AR v Atlantaol]
A3 200549 H-E BiomassS A5l Biofuel/Biochemical®] A 2tol Al&&H+= A
AA TS AstE 71€S st 9dth American Process= & A] Green Power+2}
o

AVAP 59 A#2A 5sds 2fsta Atk

7}. Green Power + Technology

O GREEN POWER+:= Biomass Power Plant®} 2 Ziof wX3t= HAF2A 7ot
Hemicellulose= AME1 X o2 FE55 3 GdFFE Gy, G52 HaTAHS AA viole
etz I ETE Green Powert= HemicelluloseE HF7}7FX] 3%  (Bioethanol

Biochemical) &2 &3 4 9= FHolt)
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COMMERCIAL FACILITY

$ =] : Alpena, MI, USA

&3 A& (Hardwood)

AJAFE . Bioethanol, Potassium acetate

A 58 . 7} 2,649 kl/year (700,000 GPY)
N

- 20119 4o FAF A1F

- Decorative Panels International (DPI)

45

hardboard manufacturing facility2} 7+
ol miAH o

- commissioning occurred in June 2012.
- AA e dEel AT

. AVAP
O AVAPE SO,9} EthanolS ©]-8&3}o]

ol ) &

w gl Blo] uj 2% Cellulose, Hemicellulose, Lignin
Cellulose?} Hemicellulose= To2 HA3tE 1
I Biochemical®?} Biofuel= AJ4F=| 3l Lignine

AVAP DEMONSTRATION FACILITY

2] %] : Thomaston, GA, USA

HF : g3k Blo] w2 (10 ton/day ©]4)
A 2FE ¢ Cellulosic sugars, Ethanol, Cellulose
A4+ 594 : Ethanol 1,135 kl/year ©]%
(300,000 GPY)

Me

- 20139 18719 715 o F.

- &= Biofuel/Biochemical/Biomaterial 2 Z 3-&F

Uy
.

P
T

- AVAPCO+ American Process Inc.9} A&
- AVAPCO+ 201139l American Process”}
MRS AVAP 7|&S gdststr] f8 A9

- ()
Ao FHES A

- 411 -




3. Beta Renewables

O Beta Renewables2 Gruppo Mossi & Ghisolfi®} TPGS] Chemtex A ZHEH FAE 3507

g9 FF WA 7ol M&G 1F<

AAHeZ T4 JHET Plant FAstollA &

3l 3]Alo]tl. PROESA™ cellulosic biorefining 7]&< 7§tsl7] 93 2009 &2 o4&

285194,

DEMONSTRATION FACILITY

COMMERCIAL FACILITY

$A] : Rivalta, Italy

Y5 . oS v A=
A2 A Biomass

2§ 2+ © Bioethanol,
Biochemical

it 59 : 1 ton/day

ML : 20099 FE THE F

#A] : Crescentino, Italy

A8 WY, 2, Wk,
%), 29, Arundo
Donax

A AFE - Bioethanol

Ak 58 1 75708 kl/year (20
MGY)

MNe

- 201239 48719 7hs

- A A A HA sk
Bioethanol Plant.

- PROESA 7|%& o] &.

COMMERCIAL FACILITY

$ A : Sampson County, NC,
USA

45 dYyA FE

A AFE ¢ Bioethanol,
Biochemical

A2 58 1 75708 kl/year (20
MGY)

MNe

- Chemtex PROESA 7|&<
©]-8-3F Project Alpha.

- Bioamss Crop Assistance
Program (BCAP)ol| 4] 390%F
g E s

- A wlolwj s ALAE
sl wid 4505k 2 o]/t
F7HAQ Fe] 4.
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4. BluFire Renewables
O BlueFire= 324 nlo] 2. uf

ik

al
3} BlueFire= CelluloseS Biochemicalo]y} tf& A

22 A M5 A7 502 FEF 5 e Arkenol 7
3 A=A} BlueFiree &9 -AH IHFE,

TA 118 9
PN
T

] 7]

-

2 Biochemical 502 ZH3AZ A

1= SucreSourceE 7}&3stal ATt

DEMONSTRATION FACILITY
21 *] : Anaheim, CA, USA
45 UF, AAAE d71E, MSW, H7EA

AE  AREA 2
Ak 52 . 90 kg/day (200 lbs/day)
Na

R 1:]].o]o;q]~L o7 AZE= FTAHE
Maksts siAke] Befshs] 1@ AwAA B
At gk 9d sl HAE 4E.

COMMERCIAL FACILITY

2 %] : Fulton, MS, USA

A A FFRA £H g5 3F
A7 rﬂéﬂ Hl= o YAl A $§ 87.5MM

PN
BREF 9.

45 2 FoE 2 gE AHEA

H 7]

A 2FE ¢ Cellulosic Ethanol, 431, Lignin and
Protein Cream

A 58 0 71,922 kl/year (19 MGY)

MNe

_ 7-]}30]] o) @4 ;7]_}5 1513
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5. Clariant
O =92 Baseldl
22,0007 <]
o vEe

wAbE

) T
s Fi Y+e
le]

Clariant= 80%] ©&]9]
S 2R} dot= 55 g3 54 FAto|tt. Clariant= 1007] 7}

X3 44722l A FAL A2 YT) Clariant Biotech and Renewables

A7 WEAn AAHoR
dE g4

i

Centerv= %Y Munich®} Straubing®l] 7|¥HS T3 glom, 2 A4 YA 7|& /N

I FAdstel s Fa Utk

RESEARCH FACILITY

#A] : Munich, Germany

A8 ggs ArEA
Hio] @ v 2

A AFE . Bioethanol, Cellulosic
Sugars, Biochemicals

A 58 ;2 ton/year

Ma oAy S/ AF2A
A5 o] &3] Sunliquid® 7]1&S
H2E g /s 8] e
&85 Aul.

DEMONSTRATION FACILITY

?A] : Straubing, Germany
45 194 - 59 FFE,
20 - Ay A ZE

A AF3EZ . Bioethanol, Cellulosic

Sugars, Biochemicals

AAF 58 : 1,249 kl/year
(330,000 GPY)
Me.

- 20128 7€ 12¥9
Bioethanol A 4F.
- Sunliquid® ©=
the)
Hho] @ 5 2 2 5]
At

- Qe 54 5 339
A%ed 2 AAA ol Aol ta

ZHE=

Bioethanol-&

STRATEGY

A g v, 74,
244, Ayt ol A HA
443} Sunliquid A4 3%
A DA =

48 . Y IRE

A AFE . Bioethanol, Cellulosic
Sugars, Biochemicals

ALt 5H o A5 met
68,137-227,124 kl/year (18-60
MGY)
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6. Enerkem

A}, Enerkem< <& 3}shA
2 BiochemicalS A AH&k
Al$-3L 2003 el o] 5

DEMONSTRATION FACILITY

COMMERCIAL FACILITY

A : Westbury, QC, Canada

A% : g DAUF, MSW
WAE BT,

Biomethanol (2011), Bioethanol
(2012)

A2 58 ¢ 4,921 kl/year (1.3
MGY)

He

- AACA 'E AAF
(hFst E-o] 4oz
A5 ©]83l BioethanolZ}
BiomthanolS A4 3 ®H A

L

LR A W o s T
20113 9ol = Biomethanol,
20123 9l = Bioethanol= AJ AF.

2]%] : Edmonton, AB, Canada
A4 A48 ;201313 3&7]0
194 &

A8 . MSW
AL AT,

Biomethanol, Acetates,

Bioethanol

AL 59 ;37,854 kl/year (10
MGY)

Me

- LT F fle B4 A

o
BiofuelS A4He 4 3
TS A 715387
Edmonton*] ¢} 25\ 7F A<k
(1%

- EA A HUES

A 9} ALk} 7H9]
AAZHCZ R AA=

o] Fojx FQa3 AFY.

- W =¢] RFSY| g
Biofuel S AJA4HeH o o]
Edmonton< A& ¥ 7] &
A3E 90%=E S7HAZE F

[} X
AT -

USA COMMERCIAL
STRATEGY

17t 37,854 kIS AAHsh
Ne ARE AA 7] Hs)
= 12709 7He e A9 =
gl &
1st PROJECT : Pontotoc, MS,
USA
dE  MSW, UF o E
AAE - JA7E,

Biomethanol, Acetates,

Bioethanol
) gE o F

P
T
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7. Fiberight

O Fiberight2 Virginia, Maryland, Iowa®l| A &z 7}

3 atolth. AAlE MSWeol HAHH B
JE TS HIst= 53 B TS
o| A Bioethanol®] A3} 2= A2k

SAY AL AdE A7)

wol
e S4s HxE sk ok

md ok

Zo] glom, 20073 AP H|FS

A A2 A BiofuelE ¥

REFERENCE COMMERCIAL FACILITY

# A : Lawrenceville, VA, USA

A5 MSW, A4 #H7IE, dyA FE

A 2FE : Bioethanol/biofuels, Cellulosic Sugars,

Biochemical

A 58 ;3,785 kl/year (1 MGY)

VRS

- 200797H4) A Ak B e A

- 2011 d o] MSW-to-Biofuel 43} 3%

Aol dig ARE A7) 93 FR= 3
°

>
o
>
o
o

- 201290 20 °] 3] FYAT 7HE A4,

COMMERCIAL FACILITY
2] : Blairstown, IA, USA
A 4 71E AAS 2013974 A
AFE . MSW, H1AE H7E

A AF3Z : Bioethanol, Biochemical

A2 59 ;22712 kl/year (6 MGY)

Me

- 8kl 1,000 ton ©]’Fe] MSWE F5¢S
T A= 48 kn oy U= 1 W}

S5g dEE TS oL

1> ©
(o3
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8. Fulcrum BioEnergy
O Fulcrum BioEnergy™ California=2] Pleasanton®] EA}S Fi1 lom 2007d] HAHEA
T}, North Carolina®] Durhamol| A &4 7}2~& EthanolZ2 A& & A+ HEF AHE
7}= Z=o]t}. Fulecrume Sierra BioFuels PlantZ}= A3} 775 Biofuel AH]o] #3F FA}
7} olu] AlFEA T o] AHl= MSWE EthanolZ A ¥3l= AH]o]™ NevadaT2] Reno
Al f1A& At

PROCESS DEMONSTRATION FACILITY COMMERCIAL FACILITY

2 %] : Durham, NC, USA ?IA] : McCarran, Storey County, NV, USA

48 g7t~ A g A A F AY ¢5.USDA
A3 4+# : Ethanol 2 B=o] TUA g9 A A& oA,

B 5 e FEe) 3ol A5 MSW

S A A
AREEE A 2AStA FulE & Sz | AAE e dEE
AA A7 #Y WS UIE Jhssta s | ARE 58 37,854 kl/year (10 MGY)
Mea ML
- PDUE JA47I2E dee= [ - NevadaF9] Renod %S =2 o 32 km
- 293 A Aol A Fulecrum®] waste-to-ethanol | B %] Tahoe-Rno Industrial Center®l]
4. I3l QA+ Sierras v A AlYA=
- PDUE 39 670 d &2kl 20,000 AJZF o] | o]H g S/ 3 A ZZAE F
7hE. shufol ot
- A e, A Vs ¢S I8E AR
oF 37,854 kI A4S = UEF AHA o

AaL, EAsHE GRSt AlAHI A FaL

Ha29 s)%o] 3 ZeAE Q.
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9. Inbicon

O Inbicon 1990\t F-who] A4-2{Ql nlo]eujx g 7]
EE AR, Inbicone HZAA A4 (Lignocellulose,

E)E Bioethanol® %+ o}Y 2} Biochemicaldl ©]&%+= A& 7153 a4, 4k

o2 3T InbiconS vl oA ZZA7F 6,0009,

=S A 2", a4,
eg. D&, &FFd, dyA
) & 94

o] 98¢
Z & YA A Dong Energy® A EAFe]tl. DONG Energyw AlAI3H
Inbicon 7]1&S /W&t AF3sty] Y 10,0005 &8 o) FAE 33T

DEMONSTRATION FACILITY

COMMERCIAL FACILITY

# ] : Kalundborg, Denmark
A7 . 24

A AFE + Bioethanol, A 7]
A2+ 58 ¢ 5,678 kl/year (1.5
MGY) Bioethanol, 11,400 ton
glad A8 B, 13,900
ton G2

MNa

- AAF o m THE T

- 29E F71E ol &ste=
AR HHLet T

- 9871 9] FfriolA ESE
EdGste] .

- Danish Aol A A&t
HAEZ gad FY o).
- FE2 vpo] 7t ALk
o] &

?1A] : Maabjerg, Denmark
AR Fs - AA-AA B

A&7 F
4= : 24 (50 ton/h)

A4k : Bioethanol, Biogas,
A7), vg, 14 A7

Ak 59 1 75,708 kl/year
(20 MGY) Bioethanol, 1.7 BCF
Biogas, 25,000 7}-7} A8
T &= Z7], 565,000 ton/year
H] &, 56,000 ton/year 1LA|
Biofuel

ML

- Jutland EAZ:2] 30%9+H
Aol 670 9] Danish 7]|&EES
Lp

- Az 22 400,000 ton, 7}
# 71E 770,000 ton ©]-§-.

USA COMMERCIAL
STRATEGY

$*] : Spiritwood, ND, USA
A4 4 A AR
A7t F

JZ (25 ton/h)

2§ 4+ . Bioethanol, Biogas,
A7), e T

A4F 58 ;37,854 kl/year
(10+ MGY) Bioethanol, 83,000
ton/year Pellet, 94,000 ton/year
e Y

Nne

- Project of Great River Energy
- North Dakota5=9] Spritwood
Staion CHP 37¢ 1l 91|
- 194 : Dry millg ©]-&3k
e %

45

-29HA - ERE o] &%
AFEA ogkE A4F (Inbicon
Biomass Refinery 7]& ©]&)

-. North Dakota Utilization
Commission (APUC)$} Dakota
Industrial commission-Renewable
Energy Council®} 3 ¥,
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10. INEOS Bio
O NEOS Bio= tYW3t BiomassZ5E i1g Biofuel} =S A4+l Bioenergy 3|A}o|t.
A AA AFAREE fa 287 A s dAE 5 e TVlss AFsta Atk

INEOS Bio= INEOSo|A =2W H|=2Y2X F 3ot

RESEARCH AND DEVELOPMENT COMMERCIAL FACILITY

FACILITY 2 %] : Vero Beach, FL, USA

?A] : Fayetteville, AR, USA A2 4% : Commissioning Stage

48 & ANF 0 §A 7h, Ethanol 5. 48 4= 3 A4 dA7=, MSW

A2 59 ;1.5 ton/day A 2HE : Bioethanol, ¥

Me AAE 52 : 30,283 kl/year (8 MGY)

- INEOS Bio9] E3] 7|&S 49, =41, Bioethanol, 6MW # &

HZAsE 93l TdE Hds FHE. Nea

- AEssElr] 93 8% B s - Indian River County 2% 7] ujg x|} Q17
-4t g Q1 Ao sty A - A7NHCE AFER 98 FFo] 7Hs.

)= =
HEE A% 71F.

3
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11. IOGEN
O logen< 1970 $FREFE], 4259 &2 o|dS AF2A A& 7|& /N Fx& 3
ATk ©] F 759 g o] Ottawadl HIEw FHE FXEHIJT FXAE=
Royal/Dutch Shell, Golman Sachs, Petro Canada, Volkswagen &°] 3% o3It} Ottawaol
Z19bS a1 AF7hA 2,081 kl 01749 BioethanolS AAFSIAIL 25070 ©]/te] §&E 7

Az gtk ER, Afa Fa LS BEE AYE Sn ok

Ethanol Cumulative Production Ethanol Cumulative Production
Year Year
Liters Gallons Liters Gallons Liters Gallons Liters Gallons
2005 129,547 34,223 219,418 57,964 2009 581,042 153,495 1,026,394 271,145
2006 16,811 4,441 236,229 62,405 2010 508,781 134,406 1,535,175 405,550
2007 2,598 686 238,827 63,091 2011 371,606 98,168 1,906,781 503,718
2008 206,525 54,558 445,352 117,650 202 219,090 57,877 2,125,871 561,595

*2012d 79 314712 AXE

DEMONSTRATION FACILITY COMMERCIAL FACILITY

2 =] : Ottawa, ON, Canada 2] %] : Piracicaba, Sau Paulo, Brazil

48 FE A, vts, ST, 5X A g 2 AA JY

A 2FE ¢ Bioethanol 48 : vk

Axk 59 ;3,785 kl/year (1 MGY) A AFE ¢ Bioethanol

e A =9 AY F

-EE T8 99 3AHEC] TFE A e

- 20053 ogr&-S AAst7] Az - AAAA 7HE & AR e

- R&DEFH 7|& Ndy TFE 24x7 A Ak2F9] Raizen Groupe B Ehdol| A3}
TR 5023 AH71Z M D ¢ | Bioethanol ZEHEE s uat7] 9)e)A] logen

)
Energyoll 7] FAx& &

- Sau Paulo®] Piracicaba®l] %+ Raizen<]
Costa Pinto AH| ¢} 22 i X514 =
H7F2~E o] &3 ok AYLE AHle] Hg
xRl HEE A 2 AN LY.
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12. KiOR

O KiORE Hlo] w2~ 2YS Biofuel® A 3Hst

2=
T

o] =
AT

4
av
B
s

=
==
ke 2pAY A 7sE A7 3Alelt) KiORe Al-f 2 A Biofuele &= FE9

€ AHgste] 5E F 3lon esd =290 e AsA

Arg-al 7)ol A et
Hata glom, L7t W
SECE ]

DEMONSTRATION FACILITY

COMMERCIAL FACILITY

2] A] : Pasadena, TX, USA
2 H 7=

A AF= . Bioethanol, R&D<%}
A A BAS A
Biodiesel

Ak 59 . 24 kl/day (15
barrel/day)

He

- 3}Fol 2.4 klo]4e]
Biocrude oilS AJ4t,

- 2F 10079 9 (Ph.D.
30%)o] 7ot A4t

2o Aao A3

AE

21X : Columbus, MS, USA
A 2 7k RV

PASI RSN

A5 AR H7E

AJAFSE : Bioethanol, Biodiesel
AAF 59 ;49210 kl/year (13
MGY)

N

- 2137 @7t B4,

- A AL HAS

gl AFA gD & Qe
ART FEI YNT &

o] o

A

2ND COMMERCIAL PROJECT

UNDER DEVELOPMENT
2 A] : Natchez, MS, USA
45 A HUE

A AFE . Bioethanol, Biodiesel

A2k 58 1 151,416 kl/year
(40 MGY)

MNe

- 350%F @7t FAHE.

- A R oSS H8 =R/
SJHEAN QTS FHORS
P ZEZAE.

- 20139 9 FAME AL
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13. LanzaTech

O 200539 A% Lanaz Techv ¢33 5 E A% 7153 Biofuel?} Biochemical & &S
Agsta lom o= AR 7hsdk #HAYS ©]83te] Bioethanol -2 Biofuelo] 4}
2.3-Butanediol & Biochemical S A4Fe 4= It} 2008 o] %o+ w9 Hr7lAE
o] &3l Az 56.78 kIE AT & v FFE /b FolH, T Asloldae Azt
378.54 kl& A = e HEF 3&E 7I's T ©|t. LanzaTecht™ V|3 Chicago©ll
EAE T on wHAE, S, Axd AAE 7HA I AT

DEMONSTRATION FACILITY

DEMONSTRATION FACILITY

COMMERCIAL FACILITY

? X]: Shanghai, China
¥ E : Baosteel Steelol A

2= YikstEa (COo)
) 2+& . Ethanol
it 58 : 378.54 kl/year
(100,000 GPY)
N
- A7 113,562 kI (30 MGY)<
A = Qle st Al
HAeA <.

2] A] : Caofeidian, China

Y& : Capital Steeloll A
o B2 (CO)

: Ethanol

s = : 378.54 kl/year

(100,000 GPY)

Me

- AAHe 2 FEE UESF

AH].

- Capital Steel 43}t

TFE 9] LanzaTechd AH|=

THE oA.

o
A
o

$ ] : Soperton, GA, USA

A A8 N F

A= AY 2 AN
L= Hupol w2

A AFSE: Bioethanol,

Biochemical, 33 A&

AAE 58 : 15,141 kl/year (4

MGY)

He

- 20140 S A

o .
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14. Mascoma

1l o

O 200539 A ¥ Mascomas FH-3 T2

7t2 Hgstr] fg dAlFoln A& =)
Consolidated BioProcessing (CBP) 7]& 53 ZUWES A3, AL @VE Fo
Biofuel©] Y Biochemical®] A 4AFA-& M
NEstdth MEE 7S B7Est
9] Romed| HEF AHE 7}&dtar QAo 3 New Hampshire=2] Lebanon] 4 R&D
TAE 9 Fo]a, MassachusettsT2] Walthamr®} 7§ Ut} Torontod| A AMF-AS 71X

o)
AA

,d
jus)
=
o
to
=2
[
i
o
o
Q
=
o
=
=
o
A
©
o
(@]
=
o
3.
o
=N
fu

N
N
ofr
&)
N
)
lo
=
(2
of
ol
rr
>
2
o
=
£
A
ot
>
=
i

= ol
=
=
"o
Lo
of
o
(1t
olN
tlo
4
08(:19
ol
N
Ho
%
Z
a
<
=<
(@}
=
N

ot

L
atr

A

at

DEMONSTRATION FACILITY COMMERCIAL PROJECT

2% : Rome, NY, USA 2 #] : Kinross, MI, USA

U : hga vo] e A 4% vpAT A A 2 AR G
A AFE : Bioethanol, Biochemical 45 . Bx 9= 9=

A2 538 ¢ 757 kl/year (200,000 GPY) 2§ 4+ Bioethanol

Me Ak 52 : 75708 kl/year (20 MGY)

- 20079 % 1290 7]F2S 7HA. e

- 20089 6ol A LAE AL - CBP 7]& 53|E o]&3sto] 1'do

oft

Al 15989 o] 7Hs = Bioethanol 75,708 k1S A48k &= gl&= A
Hardwood CBP H|A &S ©]&3}4d 1,000 HA AduQl.

AZE FrEA A 95 - 37 241 km ¥HF o]y o] A= Michigan
s T Ae 54 =
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15. POET-DSM
O POET-DSM Advaced Biofuels= Royal DSM¥} POET, LLC Afe]oll 50t 50 &=2F 3)Afo]t).
South Dakodas=2] Sioux Falloll ¢]X]gF 32} 3AleE &4 FFES BioethanolZ 3}

£ 71¢ E3Z o] &3} Project LIBERTYZ A E2]-$-= POET-DSMY] A WA A3t

2 A7F 75708 k19| BioethanolS A4 Aot o] FAS 7|HIow

POET-DSM2 &44 ZF{ES BioethanolZ2 A7 TFEH 7IE AH7AE AAHL

H 3]

DEMONSTRATION FACILITY COMMERCIAL FACILITY

2 A] : Scotland, SD, USA X : Emmetsburg, 1A, USA

45 S5 ARE AR & FAE T

A2 ¢ Bioethanol, Biogas A5 &5 AFE

A2 59 ¢ 757 kl/year (200,000 GPY) A 2HE : Bioethanol, Biogas

M A 58 ;75,708 kl/year (20 MGY), F &
- A3t R LS 9E FAHS 94,635 kl/yearZ 73t oA,

NSt 7]e] F Qg POETY I zl/d= Na

Bioethanol A2 H]. - POET 1At Ethanol &7 1o $1x].

- Project LIBERTYE |3l lowa &7l A - 26,9314 wvlojuj A& a1 XF.
A8 E TS 7712 3 - 20133 4% 7] Bioethanol ¥ & o3

- A% 285,000 tone] Hlo]QmjA S-S
%

iz s AN A% F3
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16. ZeaChem

O 20029 Y% ZeaChem Inc.s= ColoradoF2] Lakewood®l|

HA7E 91x)38) Aok Menlo

Parko] R&D AT74AE +9 FTolal, OregonT Boardmanol| 4] 7t 946 kl2] Bioethanol=

7WEstan e

A th ZeaChem< 113 Biofuel ¥ Biochemical®] /-2

Al Biorefinery &&=
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