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FA HAYgogRE AE @ oI AR o]E xylose, arabinose,
celluloseE A48 th &4 Hxpde Evet 43 A A S5 4
A& AHYgoen, TAFEL xylosed} arabinoset < 15~20%(w/w), cellulose
© 20%w/w)E Yesth AxdSs g8ste MEE IHFAE A E /FEAX
Az 7les 889 nG7te] LA systemS LSt A4E E4E
7t 378 #AN FAstA AAAbol 1 AFAAHY V2 FHIAY A
Z% vAEF xylose, arabinose FA|FAHL AlF E& AAA
xylose AZ¥ 3} xylitol WA Y-S package HENZ 7]& o|lAE &

1. HE
A AARHo *gﬁﬂ% B2 #7122 od 20~309 E o] AET o
FAlotAA MAHE HAAY FAAAAY Fe Gy oF 8T ooz o

60%H =7 WR} %—— non-wood fiber planto]t}. o]#1d AKA FA4H A}
TN EF 7152 ALRE o] &3tn YA, tiF-Eo] FHuly £ 93
ol &H 1 v ARtk wmEA olF AR T HALES HFE AT
= BEAE Ao I8 E oj&ddd AuA Ak anrt & AS
FAE R el AJE & cellulose, hemicellulose & lignino] ™, o} oA cellulose}
hemicellulosedl &= A FE& thAsl 31844 E L bio-energys A4 4 Je= ¢
59! glucose®} 1H7I712]9] {83 7|5AEEAY it 23 YR xylose
9 arabinose &F°| X o] Ao}t A W oz TEHIIIIAY 7|eH EF

& AUT B3 e YL S APAR ANE BAZ EAA7] B
HIo= 80 =1, AL - At A Aate]l 753 HEFEAEQ WS @o)

o] g3l Ut B AFE FHIT AE (F) BFoAHE AA HAZR=E vAdE &
awo) o3 xylosei HE xylitol g 443 752 Al Ao A xylitol
kel B8Rl xylosews Fxold A YD doH, FF4 xyloses S5
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SUWEHY A Jheisiste] Agketar giok o] W
FoE AAEHT 9}204 o3 FAHES
s madeE A7) B4 Agaa v
240 a7=HUT 7“1]75, 7R e BA A HUb v e & AR ASHT
o v E ZEH 23t xylitol Ak H
xylitol2 SA17| 22 A7 xylosed] &% (&
ol 57l il AL-ES xyloses At E = o] Ao
L-Arabinose= %29 7ZInE 2zt 5830 A hemicellulose?] 31 RO Z
EAQ%ct. dAY7LA] L-arabinose= hemicellulose?] & FAAAE< glucosen;
xyloseol ®lalel gHeko] M, 23 9 welFAol theAe] o] AgHolo}
Suz BAdTIl EHADG. B, Tt O Do ws) W) gee] HEA
EEH A7t Hoigth a3y, FZd L-arabinose”} ‘@932 43 AA'Y 75
= Ze ZeE ¢E3 F, dES TAE A 3 ARAFY SA= NEHT
. 4HALE o83t Larabinose AAETA T A% 2L o4

o ZheEs] & A9 o] Be glucosett xyloseZl WA AAGH7] o Fo
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2 74A] ZFo] Ao Ue "3"3%% AA =i, olEg AR AA AN H

A olo] Ak aHEZE A R 2AL A8 St arabinosed] F

= ¥olv A %Olﬁii -arabinosetHS EE|dl= 719 Mol s FHET
2. ¥

Fo) B Yobus] A3 2 RS FRSAT. E
1ol M2} o] 58138 xylose9} arabinose, 18|31 68+F S 2= glucosert o F-<F
=]
L=}

o), =3 A galactoset} mannose’} HEH S durH o F  xylosew=
non-wood fiberoj A} 10~20%2] v} &S BojA gt arabmoseiﬂ BALdE=E 0.2~4.0%
o e wolm Utk ¥ AFelNE F wel kol WnA L WA(ce

straw) 3} S5 2L 23 (corn fiber)E A 3H T
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<% 1 : Sugar composition of acid hydrolysates in various agricultural wastes.>

Carbohydrates in hydrolysate (%)

Substrate (w/w, carbohydrate / substrate)
Glucose  Xylose Arabinose Galactose Mannose
Corn stalk 5.35 4.73 0.70 0.38 8.63
Corn cob 3.82 18.17 4.83 1.5 1.14
Corn fiber 22.78 12.13 8.00 1.86 0.0
Rice bran 10.05 213 3.59 0.78 1.92
Rice staw 11.63 7.28 1.90 1.06 1.08
Rice hulls 17.11 6.36 191 0.74 0.00
Gingko nut 7.83 3.59 0.52 0.70 0.78
Peanut shell 1.46 1.03 3.28 0.85 0.46
Coconut shell 0.15 15.78 0.46 0.27 0.0
Acorn shell 0.26 8.95 3.13 1.6 0.0
Walnut shell 0.73 5.64 113 1.74 - 0.08
Chestnut shell 1.17 5.00 2.04 246 0.0

}. Xylose AL 913 Hemicellulose 3234 &

Xylose AA& ¢35l W@ o Z2HE hemicellulose9} cellulose(’df4:) —’?‘—%%Xé
2 07 22 AES 93l A8S AYP3A T AAM, cellulosed] 371
A2 dojuot gtk 4, 7Fed B-& hemicellulosee] E3j7F dojrtol ot
AR, HAg chemical reagentE A}-83td FAFEH FEITHE /N3
of Ztt}. o]2dt 371A] RAEL 7]|FC 2 3l biomassZ2HE xylang FE3d}3
U 2] cellulose$} lignin residue= insolubledt AElZ 343t &EA& =
ligning A A3} cellulose MAFZEA O] AL8-31 ¥t Hemicellulosed] &A%
EXIZEe]  cross-linkingS A FAHA UREE AAFEEMN debranching
enzyme®] 28 glo]% endoxylanase®} B-xylosidase TFo 2 F3AQl xylan &3
E 7HE F J& A= A dth HAYFTAH L cellulose, xyloseE 413}
7] 1§ flows 2¥ 1 o Yepdih
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Rice straw

-——

Dilute a<lid hydrolysis

Separation by centrifugation

Cellulose/Lignin Hemicellulose syrup

Removal lignin by Neutralization with Ca(OH),

Lignolytic enzyme Separation by centrifugation

Separation/washing

Hemiceliulose
by a centrifuge

l Hydrolysis by endoxylanase

Cellulose .
Xylose, Xylobiose,
xylotriose,Oligoxylose

|

Hydrolysis by B—xylosidase

Xylose

[2¥ 1 : Schematic process flow for cellulose and xylose production from rice straw.]

1) Wy TAA

Axd Wi FAHHES Lotiy) 3 F28FE S48, v AA"d *
Z & National Renewable Energy Laboratory (NREL)®] Chemical analysis and
testing standard procedureso] 2J3] AE-S EA3 ¥ 29 YEAT

o?L Hﬂ:

<3 2 : Chemical composition of rice straw>

Moisture 21%
Cellulose 33%
Hemicellulose 26%
Lignin 7%
Ash 16.5%

2) Rice straw hydrolysis

2 liter hydrolysis reactorE o] &3}a HAZH rice straw 120gS reactoro]| F<

$t ¥ 01% H,SOs solution 1200mS o] 3087 IAAZS JAA7 4 F

b T
150rpme. 2wyt /‘1 120C oA A7+l w}E sugar concentratione] H3}e}

xylan®] FZ&48g FE 39 Yetdlth 30%7F hydrolysisAl| S © 7 =&
&2 Yehhgdth o] Z}E o] &t Im’Y st Eg ws7]S o83t pilot
scale®] hydrolysis® Z3)3}9 1, 50kge] 7] 4E o] &3}o] crude xylan 9.9kg&E
= 7T UATHE 4).

T
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<3 3 : Sugar compositions of rice straw. hydrolysate in 2L hydrolysis reactor
as a time function>

Yield(%

Time | Xylan | Arabinose | Glucose | Galactose | Yield(% /total

(min) | (g/L) (g/L) (g/L) (g/L) /substrate)| carbohydrat
; o

10 6.26 0.27 0.26 0.21 7.3 89.4
20 12.72 0.51 0.54 0.38 14.8 89.9
30 16.27 0.71 0.69 0.61 19.0 89.0

<¥ 4 : Summary of 1m’ pilot scale hydrolysis>

Hydrolysis results

Hydrolysate 617 ¢

Xylan Conc. 16.05g/L

Xylan 9.9kg

Yield(%, w/w substrate). 19.8%

Purity(%, w/w 88.8%
carbohydrate)

t}. xylose A34H-E 3 A4 system 72

1) Endoxylanase®] 44t7]& 3

Endoxylanase®] #Z4&8-& 3] Bacillus H29] 733t constitutive promoter?]
Pju promoterE A}g3}4] dual protein expression system2 FZ3}Jch 534
¥ 2+ B. subtilis DB104(hisH nprR2 nprE18 nprE)7} AF&-%H %12 ™ plasmid pSGx
i+ P promoter 3}l endoxylanase A}A] promoter?] Pg promoter’} Qi =1
3ol dual protein expression-2 98] multicloning sitesMCS)E 7}x 1 3o
°o]F ©o]&3} endoxylanase geneo] 23] whE3la]l Eoi7t plasmid pSGx-XXE
AzsGtH2E 2).

Mg A B4e m wael A4S FAY A% WA Fvieel, o
40717 v Fo endoxylanase®] &7} o 664 unit/mlo] o2 FHTHZY 3).

[e3

ol AFEEGL) WA AL 710 unit/ml B} okzk e Aoz vehdch
FAIZEe] AojF o me} endoxylanase o] GrbE AA 3] FHAadPon, duFH
A BEEE wjFEIl FEHQI sporulation #/do] Lok Tl v
2 Z7)8€ glucoseE ©]&3te] FAlel 717 Lojt 3o maltosesS AR 3HH

A}l Endoxylanase 9] AAo] &7+ S-S vehdoh
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Primer O

Primer A Primer 8 PrimerC  +—
> —
Fndoxylanas Endoxylanas
Pg promoter Terminator,
Nde|/VSD| BamHi Xbal Saf
(ATG)

. SO sequence

[2¥ 1 : The plasmid map of pSGx]

700

F 600

500

- 400

F 300

DCW, Maltose(g/L)

F 200

Endoxylanase(unit/ml)

r 100

(i} 10 20 30 40 50 60
Time(h)
—O— DCW

—— Maltose
—&— Endoxylanase

[2¥ 3 : Time course of Bacillus subtilis DB104/pSGx-XX on endoxylanase production]

2) B-xylosidase®] AJAt7]<dFA)

B-xylosidaseE A4tsl= A ZF E. coli XL1-Blue/pBLC2ZH-E] B-xylosidaseE
encodingslil Y+ [ A2 xylAE B sl sequencingS 4 33FHTE  Site-
directed mutagenesis *'H& &8 3} insertion mutationS A A&t F hexamer
Atolo] TAAATS 57) <A71E 443ste AgE 17bpE dFA]7]13 promoter
strengthol] Bl &3S 52¥4 24 59 wlm BASAT. 1 A3 spacer
region®] Zo|& 17 bp2 W3} AZA-E W promoter strengtho] m|X&= &EaE 12
bpd wof Hla) <F 1.68] A X B-xylosidased] FAlo] 713}t
B-XylosidaseE A4tsl7] 93t H&HEHA EAHL x7] glucoseE AR 3}
B TFELRE FAEC) 4T T B AFNM AZEF endoxylanase YA

o
A2 AHE3te] B-Xylosidaseo] AAS 73T 849 AFAHL glucoseE
y 8

A d
2
RaEA dAs Srksh @ HRAoZ mae Iyt FrhECl wiF AT
3o 9.4 unit/mle] 977t YEbstth B-Xylosidased] 7-$%ol= HAE @27 o
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By U] a3t cytoplasmic enzymeo] o™ Hj %A 10~15% AIE
9lg wasle Aoz BAHJL. Ay Gi9 drle G4V FE EA4FE A
T 97t et

10
20 ls 5
5 £
I | 8
<19 L6 g
] e §
B B
81018 ta %
3 g
5 FZ a
0 0

-0— DCW T ime( h)
—&— Oligoxylose
—b— B -xylosidase

28 4 : Time course of E. coli X4blue/pBLC2/b on B-xylosidase production media]
P

3) #AAREE A4 Lignin o) 52429 AL 2 A=Y 75 AL

Methylotrophic & ®.¢l Pichia pastoris®] 73-%- plasmid loss F#|7} §lv F4A
integrated foreign DNAZE 7}IAx Q3 vfj$ 733 alcohol oxidase 1
promoter(AOX 1)& 7}A|a Ut} o] AOX 1& ul$ B3l ddFo| HA @
WG] 30% o]deln Ay doe o|FE AR Joh £ AFNM=E E
coliZ o) &3l £3) FANTS A %3l LiP gened] 2L TEIHFHOY HH
o] A zx3&ta A= o] P. pastoris AOX 1 promoters Al&3le] FAHF shHTh

¢

0

o

7] glycerol®] ¥%XZ %o|i methanol feeding A FE F7HAA o]
T 2 lignin peroxidase @& ¢/FS LolrR YT F7] glycerol &
£ 40g/LZ 3}3 methanol feeding® methanol uptake rated)] we} AF3) =4
stAt o] 2N A maximum DCW+= 33.5g/LE 2™, maximum LiP activity=
3.16unit/mle] 1t} Maximum specific growth rate’} 1.11g/g - hrZ batch®] ZA 3}
of vl3lA oF 1.778] 2 =k ow LiP9| productivity® 56.4unit/ ¢ - hrZ 21v) &
2 Aoz Yt x7] cell A& 202 A5 methanol® uptake rater™

x7
e

upebq Asste] vl zto] /1E wEWY I vl we dEH et o] A3
2 FHd LiP expressiong 935t 2422l methanol feed‘ing W 27 €649

$EE Folt Ao WS AU Aoz A4HY
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45

40

35

30 o

25 A

20

DCW, Glycerol, Methanol(g/L)

—e— DCW
—O— glycerol
—{3— methanol
-—&— LiP activity

[Z¥ 5 : Fermentation time courses with intermittent fed-batch feeding

T T
0 10 20

30 40 50

Culture time(hrs)

80

r 0.0

LiP activuty(U/ml)

recombinant P. pastoris GS115/pPICSAT-LiP-PT-11-d7}

g 849 133

of

1) Endoxylanase+= silica gel&, B-xylosidase= Chitosang ©]-83}a] 1743}t

2) PFRE& ©]-&3F xylose A4

2 stage continuous system< 7Fg3ta] wWhSo] oA HAL wj(F 24F) A
AET AHEe FAE AL 24 ofg X 59 29ttt Overall conversion yield
xylose/xylan tjH] 82%=% YEFom™ %x7] hemicellulose 7}5=5E3] 7] 2] Z

=
T
3+ glucose$} araban, arabinose

<3# 5 : Composition of product with 2 stage Immobilized endoxylanase and

B-xylosidase in PFRs>

-

L

M Aol Qe Ao Yehu.

5 ZA818(%, w/w)
Xylose 82.1
Glucose 4.0
Oligoxylose 5.4
Arabinose, araban 5.0
Others 3.5
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ul. PFR System-S ©]-8-3F xylose o] A& A4

—

B -xylosidase

DI BEIH

Endox
Substrate lanase
Feed Tank QFS

/1 e— Hot water

Substrate(xylan
hydrolysate) Feeding
Pum

Balance 2n? Substrate Feeding
Tank Pump

o Q| |

[2¥ 6 : System Configuration of Plug Flow Reactor(PFR)]

X

8

Conversion yield(%, w/w)
8 8 8 883 88

-
(=)

o
o

Day(s)

[2®¥ 7 : Conversion yield vs. operation time of immobilized endoxylanase PFR]

2 stage PFR system(719 6)& %3} xylose WA systemo] HAsIA 247
B 20¢7tA = dFHo R 70%2 AP F£&2 AR} AxFHoR 3=
A4S Hol7] AZ T PFR system®] half lifees ©F 5002 velgch (g 7).
ojg)gt AFFE9 FHE MEFHor LolEy] 943 endoxylanase} B
-xylosidase®] shelf lifeE LolH 7] 93l wrS7|2HE TAHZ FAE 4% A
HAstd %7 div] FAEHrtE A ¥ Th. Endoxylanase?] 7-9-o)& half lifer}
°F 60¥ 2 Uelg o, B-xylosidaseo] A% 509 AEE byt
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B}, Cellulose 2] ¥ AA.

Xylose A4S 9l A=A 2]de] hemicelluloseS T g3 zxE 71d=m
3l lignin peroxidaseE ©]&-3}4 ligning A A% AL /st Rd. o3k

[e]
o]F FAAEZHE BuMA B lignin BHIEL AASIL celluloseS

A
de FAE Aok Ligning 7H5E83 Fo lignin EjAES A A7)
913l hot water washing¥} ethanol washingg 43} 3} 31t}

Al. Arabinose A 2 A )

HA 9] corn fiber 7}E3 2712 04% A &902 130ToA 60&3F A
= g 243394 7 3
SR e @9 7ol diste Zze 3
(k. @A B TR FES STHAT7] ¢

M= AHEste 7 RS FE S RAoR o FHAT, v
g3t T FEE £017] Halde L V1E FEE AMESte Aol H /g

Aoz AR,

A9 = 3

N
-

o

o

off

b

TN

2 Ho

ol

<® 6 : Effect of reaction time on sugar composition of corn fiber hydrolysate
with 0.4% sulfuric acid at 130°C for 1hr>

Time Carbohydrates in hydrolysate (%)
(min) (w/w, carbohydrate/substrate)
Xylose Glucose Arabinose Other hydrolysates
0* 3.90 6.28 415 N.D
30 11.08  12.08 5.39 N.D
60 6.56 26.86 7.53 N.D
90 7.82 21.59 5.67 N.D
120 7.79 21.60 5.59 N.D

Corn fibero] 4} 714838 & Ao= xylosed} glucoseE X FT B TFE0]
ASFEZ arabinoseRt-E Eelat7|7t wig- ofHTh whebs, AR7}F Tk L)
FA)3}= arabinose= b2 xyloset= xylitol2 H2A]7]51, glucose

Fshsk Unr] GES BF o] &35 R sh, wado= arabinose®} xylitol

Ir
o
ojo
Ol
4
B
v
ol
l_.

{l
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o] EAetA "ot Xylitol YAFF Candida. spe & xylitol 4=&0] &7}
Hdvk 1 FollA C. tropicalis7} arabinoseZ 013-6}1] 23le ¥k o2 RE o
< 4E3YT xylitol A2 F80] AY e Ao Yty 8). wabA
HFAHOZ C tropicalisE 2} 7V5REY LEE 3 FFZ AHIAT

C. tropicalis®] v gH o2 A3} glucose ¥ TFE T2 AASIY. wlUdER
Al arabinose¥t 80%] g Aol E3}ATHE 7). wEbA, scale-upol] WE F
AHe g Aoz AASYTE ZAs ] Qe == A W 0]2S AAF} Y
-45}04 A ¥} ion exchange columng ©]-83led A3ttt & JFolx 53

& EE -3 d58tE IAEE Y 99 YR

- ——@—— glucose
gﬁ ....... O eene xylose
= ——-9-—— galactose
g —..—&g.—--- arabinose
£ —_——— xylitol
I
i
b
=
[
7]
=]
=
Q
b
By
= —_———— .
& =
v— Tt —
——g
e e e e
40 50 60 70 80
Time(hrs)

[1¥ 8 : Time course of sugar concentration during fermentation of

C. tropicalis in 2.5 L jar fermenter]

<3 7 : Characterization of fermentation broth before and after the treatment of

activated carbon and ion-exchange resin>

Fermented  Activated  Cation Anion Crystallizatio

broth Carbon resin resin n
Volume 9L 83L
pH 441 5.1 1.67 8.92
Color (540 nm) 1.18 0.01
Amount of ‘ «
53.55 49.25 45.78 46.21 22.19
sugar (g/L)
Yield (%) 100 41.43




[2¥ 9 : Schematic diagram for separation and purification of L-arabinose]

A. reactor; B. fermentor; C. seed culture; D. filter; E. acid bottle; F. washing buffer; G. activated carbon;
H. strong cation exchanger; 1. strong anion exchanger; J. weak anion exchanger; K. evaporator; L.
crystallization; M. dryer

1S HA3EE 3t Aske AAHPIE I F dH5FHe
(endoxylanase, B-xylosidase, lignolytic enzyme)2 3} &-& &
2 gt £ AFHA AN S5 AS £4 JgHA FAA 2%
&L &4 systemE 7R3 Ao|th HemicelluloseE ¥3) 8+ key enzyme?l
endoxylanased]] #sjrMe NFE TFE gt LFaY F AL IUkE
710unit/ml F#F2 2 FFA71 RS Yepd 4 Avh. Endoxylanaseo] 2|&to] 7t
FRALGES BxylosidaseE ©] &3t HFAHEQ] xylose® de dA&HE THL,

A AHEY FAF mildd AR g2 Br] ofee EAS AARCR

3.4 &
270 44 AAQCLRE AF D oJokE 24 ASHT, ARANATE
WA+ A LS 71998t A7 A S APt shHAReEzE B
A, FA, &5 BAE 58 ARG, B A7 T &gA 45
T e HFoZHE «xylose, celluloseE, AEAZFAAA H7EZ AtEH=
54 drio)l HA(corn fiber) 2R E] & arabinoseE AAtsl= 43S AP
HE HAY FAA &F Z4T AHEIPE doe HEEE e =Y &
AdEl A7l FABHE 47 =Y AREAe, AHEs 3449 8
HAA +F01% w/w)o.Z2 Al&3sta] Euk-3(side reaction)o.Z WAEE FH A
=45 2 <
o
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o od rZ to
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O
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]
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HHE 4 9E systemE 1HFFoY, G4 544 endoxylanaser: AMESER
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-xylosidase= A|ZWeof]l HAQE7] djFol g T/ PAEANN FA
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Fdsts A2 Ve oEge]l gong, 27b4 mE systems ©]831
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st MFAF 2 549 drie B2 A &S FL AIs=
HE ARG AR vAES HdEd e E4Y7l= 710unit/ml
endoxylanase, 9.1unit/ml B-xylosidaseZ 4] o9 t}2 X9t B-xylosidase ujj ¥d-S
718l 49 dUE ZA3a 1A A7 2 stage systemS SEFOZH A
SAA A 2 N ZALE glo] IPT + AU HFAEQ Xyloses 2 stage
immobilized packed bead reactor& o|-&3lo] WA + YAt

Arabinose?| Z-¢ollE A EAZANAZEH U2 Adste @A 07] HZol
TAHQ AZAFEE dA3t7] o]@A v, diet sugar2 A oJ¢F 2 AFLoFZ 1
8§27} s AHgHod Aot B AT E Foko BER FIRAAR A}

453 Q= ¥3F, corn fiber 53 & FAH A YL xylose, cellulose, arabinose
S¢ WEE 4402 088 5 A Ho), ALY JSES ol VBAA
o2 FAZE MNLFE 5 A= A7 HA
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