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SUMMARY

(9% 2oH)

[. Title
Development of transgenic bicenergy crops improving saccharification and cost-effective

production system of recombinant cellulase

II. The purpose of the research and development
The purpose of this project is to develop the transgenic energy crop for easy
saccharification and mass production of the recombinant enzyme, and thereby pretreatment

and saccharifiction processes could be performed economically.

M. Content and scope of the research and development
1. Transformation system development for non—-food and non-feed bioenegy crops

Domestic non-food bicenergy crops, Miscanthus sinensis, M. sacchariflorus and
Phragmites communis, were collected as for genetic resources, and their characteristics
were analyzed. Efficient plant regeneration systems via callus induction from seed and
were established. Optimal conditions for Agrobacterium-—mediated transformation were
determined and reporter gene was introduced into the genomes and produced the transgenic
plants in M. sinensis and P. communis. Finally the developments of transgenic plants with

cellulase gene were conducted.

2. Development and commercialization of model plants expressing cellulases

Rice plant was used as model plant expressing recombinant cellulase. Firstly,
constitutive and drought stress inducible promoters were selected for driving the
recombinant cellulase genes in plant cell. Also veast or bacteria—derived cellulase genes
were selected and introduced into rice genome and produced transgenic rice plants.
Through physical analysis by electron microscopy, composition analysis after and before
pretreatment of rice straw, chemical analysis of saccharification product, transgenic rice
plants expressing recombinant cellulases were confirmed as useful biomass of bioethanol

production.

3. Cost—effective production technology of biomass saccharification enzymes

One of the major cost for the production of cellulosic bioethanol is the cost for
enzymatic saccharification of cellulosic biomass. To reduce the cost of enzymes and
produce them using domestic technology, recombinant expression of various cellulase genes
from several cellulolytioc fungus was tried using veast recombinant expression technology.
Optimization of fed-batch fermentation of selected recombinant yeast was carried out for

the overproduction of each cellulase. Reconstruction of recombinant cellulase cocktaill was



tried to optimize hydrolysis of various cellulosic substrate including cellulosic biomass.
Consolidated bioprocessing using recombinant yeasts producing different cellulases was also

tried to reduce the overall cost for the production of cellulosic bioethanol.

IV. Results of the research and development
1. Transformation system development for non—-food and non-feed bioenegy crops

Genetic  resources of bioenergy crops, including Miscanthus  sinensis, M.

sacchariflorus,M. x giganteus and Phragmites communis, were collected from native
habitats except M. giganteus provided by Dongbu Farm Hannong Co. Ltd. and totally 20
genotypes of bioenergy crops were maintained in Sangmyung Univ.
Plant regeneration system were developed through the optimization of medium composition
and plant growth regulator concentration using mature seeds of M. sinensis and P
communis. Also highly efficient plant regeneration system using immature inflorescences of
M. sinensis and P. communis were established; 95.8% callus induction rate and 58.3 shoot
induction rate in M. sinensis and 99.9% callus induction rate and 1009 plant regeneration
rate in P. communis were obtained.

Through Agrobacterium-—mediated transformation, 9 transgenic lines in M. sinensis and 8
transgenic lines in P. communis were produced and the stable incorporation of transgene
were identified with PCR and GFP expression analysis.

Then, 40 lines of transgenic plants containing gfp gene under the control of drought stress
inducible rab2l promoter were developed and the stable gene insertion and expression were
confirmed using PCR and GFP fluorescence analysis.

Transgenic plant tissues containing four -cellulose autolysis gene constructs with
cellulase or Dbeta—glucanase gene were obtained through Agrobacterium-mediated
transformation in M. sinensis and P. communis. The transgenic tissues were used for the
production of transgenic plants. After transgenic plant production, the molecular and

physiochemical analysis will be conducted.

2. Development and commercialization of model plants expressing cellulases

Seven drought inducible promoters, 6 tissue-specific promoters and 3 drought inducible
genes were isolated from rice. A total of 36 transgenic rice plants that expressed cel2
(exo—glucanase), cel4 (endo-glucanase), B-glu (B-glucosidase) originated from yeast and
bacteria in a single or multiple and promoter::gfp were constructed. The expression of
cellulases in rice was driven by either the maize Ubiquitine contitutive promoter or drought
inducible promoters, 972 and 996, with the signal peptide for targeting the cellulase to the
apoplastic compartment for storage.

Some transgenic rice plants contitutively expressing cellulase exhibited growth
retardation, however its phenotype was eliminated by use of inducible promoters.
Transgenic plants showed an altered cell wall structure. A saccharification rate of

transgenic rice straw was two fold higher than that of control plant. Solid state



fermentation of transgenic rice straw with fungus resulted in two fold higher in cellulase
production compared with that of control plant. These results indicated that transgenic
plants expressing cellulase could be useful for bioethanol production by reducing the costs

of cellulase as well as pretretment process.

3. Cost—effective production technology of biomass saccharification enzymes

For the production of recombinant cellulase using yeast Saccharomyces cerevisiae,
numerous fungal cellulase genes were cloned from several novel and known fungal species.
Cellulase genes were tried to improve for their activity and stability by using directed
evolution and for different glycosylation patterns by using site directed mutagenesis,
respectively. Improved cellulase genes were tried to overexpressed in yeast using
translation fusion partner (TFP) technology for the hypersecretion of each cellulase. Finally,
several veast strains secreting different cellulases about 1~5 grams per liter were obtained.
Fed batch fermentation of mixed yeasts producing different cellulases could provide
recombinant cellulase cocktail showing hydrolyzing activity for various cellulosic substrate
including alkali—pretreated rice straw. Demonstration of consolidated bioprocessing of
cellulosic biomass to bioethanol using recombinant yeast mix developed in this research

paves the way for low cost process for the production of cellulosic bioethanol.

V. Research utilization plan and performance
1. Transformation system development for non—-food and non-feed bioenegy crops

Plant tissue culture system of M. sinensis and P. communis, established in this study,
could be utilized as basic data on the characterization of Graminaceae crops and other
plants, and the process of new researches. Furthermore the transformation system
developed through the trials for the optimization of transformation in this study could be

applied to the establishment of transformation method for other crops.

2. Development and commercialization of model plants expressing cellulases

Transgenic plants expressing cellulases provide us a low cost of saccharification process
by reducing cellulase uses. And it will be anticipated that transgenic plants will show high
vield of ethanol production because of easy degradation of cell wall. A various vectors we
developed in this project will be utilized for molecular pharming to produce industrial

enzymes and recombinant proteins in plant system.

3. Cost—effective production technology of biomass saccharification enzymes

Recombinant cellulase cocktail developed in this research can substitute the high cost
commercial cellulase after additional fine tuning of each cellulase activity and searching for
more active enzymes. Supplement of recombinant cellulase into the commercial fungal
cellulase improved the function of biomass sacchrification. Thus, this method could apply to

make an optimal cellulase cocktail for the each biomass and reduce the dosage of cellulase



for the complete hydrolysis of equal amount of biomass. Recombinant yeast mixture
producing different cellulases could perform the consolidated bioprocessing (CBP) of
cellulosic biomass to bioethanol without or with much less amount of external cellulase
than that required for usual simultaneous saccharification of fermentation (SSF). Eventually,

CBP could reduce the production cost of cellulosic bioethanol down to 50%96.
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glamAdEgrze] A7pgErt Jhesh she A 9 FEaAs goldA stEe ATt

A7 AF(2008), A32F A AAAAA] M LE o g - B 7|2 A (200972030)
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oAl 2l chdAely C4 AE2A BIFAELI FROSES
o, oUAAA 5%, AHAS 5 B SdelA §
W 1de] 34 lE AR 40 Bha FeE Ao

Aol Fhsste] vaEAe] olsh wholowls Aol oLt ul
9z 227 wolonant e Ao UEh) Sudes 1 2

o AE BEHA S0

v, mekd 5 onpel ey A Fel e o] SEFU AR EEe) e o] HAdx
o] Afel® B3kt npo] oA Fe g inste] AFAoR A9t B
A, 2EY 59 oUALES ALt vk ek FF 50 ool npojedgge Hu
A3 Aol gl wag, MARE BAA Aelevizvt F2 289 oz ogdr =
Wl M= A2 Fd Abelo] mhele oA A&l gk wale] Ha FHHa U= b,
A AT A]E Bate] npeletld Foke] fAE FAoR F A7, 2Elil vel g g
ope]l apwiel FpAbubE FAHOR S RA (REA) owe 2% xEFY §& FHOR
st HAA oleg A A Fel Az vt

olsh o] mpel oA o] Wek H AFES FR A& EE AHRE FBE e o
Fol i glot AFelt Atgete ARor AT M A5 ALE T FAge] o
Han glef, ehom wlAg - uARE ARAA vteled A fEg UEE For A7
7 A Fefel & glolh. AAl FulelA &8 5@ oUXAEL W B A gre
FEIL ofEE HAA Ade|nz FF it npel2euA Ak BF uA 53 94
A FEE gold n g @ WARE UAES Ut Al Hold FEr)Es A

geow Jdd davt gl

LS 28 bse wag 2 MAEg ARAA duA 48 a8

uA g AE F AEEes o] B AES ARHom Adsdrh 1 & F40] §o
S Hug BAGNAE A% 5 93 @y vge] e AES Adsyny. A9y 8 4
94 44, A% 5¢ 2445 4% 3% ol g oluA A2 Adsart

=3} 3
AHE i ZEC] oe V|#HeR BY EiEE T FAHAZo] Gojg Ay {7
2 AR E Aol A EA DA E8&8 AT Mxal g ol FAA test,
Agrobacterium¥}t9] T EW ¥ test 55 T3 FAHSo| AFS FAE BEE 2WES HA53HA
= ZZ]HHOL z7o] Fd9 3 Agrobacterium A RS o]g3lo] 3 PAANE ALY
. Al FAAE E=dske WHE AAZMA el # P AdE e Egle st
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o] ¢F 40% S7FE B-glucosidaseE FH3IGTE ol d ®WHom %% BGL wFe
CellobioseZ -8 £]F- g 49 & glo] nlo] oo atg& Ae 7 Y FAsA & AT
F-9ld WolE ESish

o7l kA wWelAlE  AZskel BA®
hyperglycosylation<-
ojze] #u] A&

=
=
A 7Es EsdT.

Saccharomuces  cerevisiae 2]
Aes FA3AT A7 AE

gotol @A s 3 arE]

¢

9. ARz FalEh AxY A 2L AER2= 18 E a7y /T

oflgts wE A8 v AEQ BX (Saccharomyces cerevisiae)E ©]-&3lo] FnE vl A
A FRAE =Yste] EAE ARHEE ¥FE 23502 A¥EE Ves Jdeh
BERE o]&3le] AETA Fo e AS FujAisiaa & o 7|E Ak EujAL
g whe AFEEEaL oy & dFolAE duld grEd EnAL eSS &85l 2ag o=
W Al A2"E F-Eekal aldH] 7 E AEske ARa s 9 ESs AR AL AlA
Hs TS5kt

10. &4 958 188 UL (

o] AEoA S vhFe ER vectorod] BE& 4 =
throughput cloning Al Z=®-8- MEetPd A EeA FAAE in vivo recombination-g & 3
¥z golatA =esith Ay AsekA FAAESE 2] TFP vectoro]l 27} cloning 3t
of 7+ AZEAol gk F (15 g/L F3)& AEsslr).

2 Felas A HAHE 9 oscale-up
=%

£ olgelel f74 wE WS Bal BulAg R

=
= oEgel fEe] SV AsdAn e 8
[}
=

Al A7 BRAA AR AERF GWAS o] &3l TS =S FHE|E ofHy] W
ol AEHAE FAs= 7R HA &4 exoglucanase (CBHI,2), endoglucanase (EGL)
2 B-glucosidase (BGL)E ©]&3}o th2] Kribb Cellulase Cocktail (KCC)-& A &3} t}. 7+
&2 ZH LS udst 712 (Filter paper, Avicel, EFB, H2)& &&3lo] &4 4S5 vus}
of vlole vl FH Ao BAZHYS S5kt AXT EAVMORE nlo|omjAs TR o
stet7) ol B3R AE3td &4 Hrlbstel a4 EE&E Folil BAMES HiE
T = WHE AAEAY

13. A E AdUA =S 285 AT X FFAETAE s dF

il
A e

A
40% o] ol &



ojy

o}

dal &

Folz

Z

Ro=z 7|,

L
=

ol 7}

al
=
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M2 &

A1 A

U e Zlse HE

Hho] Qv < 7] uk Hho] @ o g ALY %

L AlA wpe] 2o &g ALE A 53

AT A -7 ik 3} 2
o] ul o 2
- 2006 F-AOEHS Aol ud &S Fol7] s
Advanced Energy Initiative W3
- AAANUR Aeibs 22% TN Aol tF-E wje]o | - EAA o
vl = DOE o BH-E W g % 7l Eed 9 (Bull, S. 2006) = AEA 7
- AfFaA vlo]ev Az RE wlo]QoetE AAMA] oR2V|E | & Y F
A At AEYA A%, DEE A% AHYr)E, E
& 9E vAE At A
e - v ARSI FF L cellulose 52 nlo] o mj Az B
EPA- B Feg AAEE ke 918 Integrated Genomic}
A - e F
Integrated |~ niose B TS Fe A4EPH 29ee on
Genomics | gagyzay oA e A
M ADM -u| = Corn belt (Illinois, Towa, Nebraska 5 ) FWol|A <5
’ FE o] gete] nlar AA dere ArrEe] 60% o] e A
VeraSun A
Energy | ye 47 com stover e olBre A& AW %
- iyt Iogen Corp= AA Hz2 sitH7I= w49 | AARZ A
Ao cellulose & 5-H AaYIE %3} Hlo] 9 o E+-& o 47 0?]_15};
TogenAl (EcoEthanol) A4t7]< 71 gflﬂ s
OBCNTT T s wlole elmel MA A FEIF2012 Q=100 | SO C O
o gz zhd Aow AW &
- 19709 edia ol F YA FHYHE 93 o] Qo g T
W (ProAlcohol ZE19) &< - AA FHHY
Behd | -damFRA npo]l o vE S o AE T A5 58 | v Lo E
=31y 3y 2k
20054 1659 EH AAE, 48 AR5 °oF 40% K
- 20023 % 'Biomass Japan’ d#F €
- 2010Q@7}HA] =52 npo]l o ®E 500,000 kI/d Ha & 3iE — —
IR i . o o1e = |- AsET F
- HE5A &g noledEs Arrle Ee 93 sYrE
— )
=Y
- 20054 100WHE A 54& nlo] o gtE& ALk (AA 39=)
v - EI10 F8=2 9/ By, 5 38 539 20%°l s _ nzeo &
° - Yo e G AFAaA vl onfs 38 A senT e
- H 39 7THE vlo] g AL T
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2. A AA wolemis A Vs

7ho =W Ve d 8

oo U 2] 7] &l -9 SEDAP (Steam Explosion after Dilute Acid Percolation) ®F-8-7]
& AbE3te] WZlel SEDAP w4 x4 wE FudEE= AEZ20] &8 vste] W
Zle] SEDAP AAde| HA 218 =319 =3 ARP (Ammonia Recycled Percolation)
W&71E AFGste] U] ARP 4 e wE udERz AEE2e F&§& v
sto] #HAUFe ARP dAjele H4 £0& E&ste A5 FdS

v =8 Ve ds

Arkenol AL Z4HS o] &3] 150 kL/daye] ol eSS AAslar 9l oo Togen Coi= 9F
A AXE S ol&ste] aa 93 TS AR T odEEs Aiee ¥Ho=E 40
ton/day = AfaA vlo]ow 2] A ATt ol sk V=S A& At

T Y=
wol RS suste] A @A Eojil TAoE o] Hrlwla gt}

T g dAALoERY 58 FAAE §Asta Wt AAAY 2aed
A7) vlol .8t AFAlE W ZEEAIF S FAHCRE FaE A Juhd, Ee xa1d A4
qES Ve R 3 FAA A= dHeolH vholdE Fa e A9 AREFH Add A
2 B3 E 4 (cellulase)?] AWE F WA= CELDB (cellulase database) 7% 7|& 97+&
A Fol Atk r]E BAFALS Atdo]l AY &4 FAoR #F 8 24AE g5t =
oFA wkAlo] o] &H ot HE A mAE MEe HAXRHEFAAINZE Aol th
%3k F4 (lyase, hydrolase, oxidase 5)¢ €4& AN ETACE 14 T3 = Y-S 7

27
ol
=)
2
Y

. =9 Ve d8

npo]l o uj A~ FAA I3l Tt AETA S xylanaser HA 5,0000Fo] Ml
(GenBank AM7)==)5e] gloew, olE F  Trichoderma reesei, Trichoderma viride,
Aspergillus niger 3¢ Z.47F Novozymes, Genencor 52 3 AleA Al#F i o). v=r
DOE (Department of Energy)ol A& 2000055 543 ‘cellulosic bioethanol’ A4HS 913 &=
AA wpo] Qo ghE ALY hFEE A= B4 (cellulase) HEEZT A5 AAAS
B4 SHYGAR NovozymeAlel GenencorAtE FA4lo = titf4 oz a3l /M Fof=
= AETA mixture A, AETA Vs, dAges 3 BN, HEE =l
ol Trichoderma reesei®] AETIA 2-D 495 To] X Roy, o3t A& F3A
NS deg 2AH o 30-50 cent® 7] thy] 20-308] o R HEATH
2R 2e e H?'SJ 2494 I AT FH g Ferjed bl wet o
Bl AT} (F). "F  Mascomarli= S, cerevisiae®t  Clostridium
& o]&3% CBP wr7/1¢S 733 thermophilic bacteriaZ 5-¥

3) Appl. Env. Microbiol. 2006, 72:7406; Appl. Env. Microbiol. 2009: 257.
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T %F 6% NEE v& ANE AU, EI S cerevisiae®] AEebA HA-E 3,0000] F7HA
Acha Hx3A vl 5 QterosAt A Al Clostridium phytofermentans S ©] 43+ CBP w77 HEL
I Azl AFE A3 gdrl. TMO RenewablesAtE C5, C6 AdrE 7t ThE
Themophilic VAE 7 F€3ta glon dxdo=z 7|&E 140 nlo]eogs T4 Oﬂ
DDGS HFAlms etz d&sh= dHol 28% oAtk Agrolrb= WEA HrH o}
Bacillus stearothermophilusE 7\&3Fal 91, Colusa Biomass Energy Corp. (7] =)AFe} A
Folo] ZHEE AAE o Ao|t}t. Royal NedalcoAtsE Piromyces fr#9 89 $a3fAx=
mwol =9k €5, C6 BAME #5F Awsta vk
List of cellulases and relevant enzymes whose properties have been changed using directed evolution techniques
Enzyme Altered DMA technique Screening/Selection Ref.
property
Endoghicanase Thermal Family shuffling Facilitated screening-Congo red+CMC agar  Murashima et al., 2002b
stability
Endoglucanase Activity DNA shuffling Facilitated screening-Congo red+CMC agar  Kim et al., 2000
Endoghicanase Alkali pH epPCR Facilitated screening-Congo red+CMC agar  Wang et al,, 2005
Endoglucanase Family shuffling Facilitated screening-Congo red+CMC agar  Caicheside et al., 2003
p-n-glicosidase Cold adoption DNA shuffling Random Screening-chromogenic substrate Lebbink et al., 2000
p-D -glucosidase Thermal epPCR Random Screening-chromogenic substrate (somzalez-Blasco et al., 2000
stability
B-D -glucosidase Thermal epPCR+Family Random Screening-chromogenic substrate Amizubieta and Polaina, 2000
stability shuffling
R-D -glucosidase Activity epPCR Random Screening-coupled to color reaction  MecCarthy et al,, 2004
R-glycosidase Activity Family shuffling Random Screening-chromogenic substrate Kaper et al., 2002
Mutated p-ghicosidase  Activity epPCR Facilitated Screening-fluorogenic substrate Kim et al., 2004
(glveosynthase)
Mutated endoglicanase  Activity cassette mutegenesis  Chemical complementation Lin et al, 2004

(glveosynthase)

1 wbol ol A% olAlsh grelel i Ak

o FN % 8%

Ao ool ag Y Bage] WEHI Qom, 4t TR s 2HB FFA
oA 4B ANE Begel ek eAlsh duls FulE ok Al 2 Aukd BAelA A
W7l bestn 874 48 sl HAstth st e F2 FAU 9F AYAZ WA
SEl, dMAR A H o] WS woh AF x4 E oAldw BEHL Y3 UFALHE
AeAdel Basd (& 2. 44 U A7Tas Fdoz oAe Ao xAWG wEe B
@ A8A A A7 A9 Folh

TE R S FTAHOE npo]eoyAE Ao xAwgF WHE Fo A=A A4
T7F A& Folw, hFE-Fo] A7} Miscanthus sacchariflorus$t Miscanthus sinensis®] A

#E9 Miscanthus giganteus©l| 53] At}

vl

il
o

_21_



2. Mo Zitjol HAIutHo| l2 &8 HlW
M8 RN g
WAl g 5 s ) = Py Eh
HASE LD i gee & 7|2t NS A CH
= = == T
(71 &) (70 =)
M)
=X} golg  Afo| e
. . Ao ol e g oo EOHE Ol
Zx} Zx} 1500-2,000 8 600-1600 ., o (40-80%)
1= I
DAIZH o SMA Ao
AlM 2 7jso dst 23 E7| ActRs Mo 2y m
=P =N S 6 8 6 g I3
DAIEH e} gMMoz £ HAIFE0| WS
A|AE-‘ Ecl 7|§0'” I—-HC’|' —91—?' 274 KH*|7F0'|E4°
27? =2 1-33 8 33-10 =g v =
=< =< ' HAl g 0| Of e
DA} gMMoz £
A—IA E_|-°Jol_|- H._‘lAlog _qc_leHot )\|M igel
ZEE!HHOOt | 1 7 3_4'.1- _‘/?I‘:" =y ie)] Lol —|;o < AEILIi
9—|'7| E_,gxﬂgl- 'IT|_-|—|—§ o = —|——I——'| 7|§ =

Tolay i BAE HE B

2. oAl 9} e EEE
7w 7% A%
Sl A4 olAlsh g wlo]

QouA g =2 fEslr] 95 H]—O]guﬂg\_ﬂ_ EREEE
st A7k A9 Fom, FEAFIANA A Acheid

5L ussc

v =8 Ve i1

A v=IH FH SolA unloleoyAReR ANE @&stal Uvt. 53 Miscanthus
giganteus™ ANEE F&o] W¢ 2 FTOo2 dHA o, dEgxo] FHU, 95, ¢ F
oMM 2EA AEZ=A volovfA (GA]) gk AL A77F X8 Folth

acteria 2] endo-2} exo-type AETA A
st ¥, S5, g@ul o =95k ATt
&

2 RS FES YoE uude B

X}% O}JE“LHW/] e fAASS ol
& Folth, 2Hu; A7 A5 e =

Asl= Al 2~wlolt}. Agrobacterium-e ©]-&3t] HA vl 4§ 9 HAIE R YA ZFER F

A= Miscanthus giganteus® FAAE A7 vt} dH SoA Qe o Al

ML o o

K



A3 E AEAW AEHA A 2 247 =

1. AZgA 2y A=A A
A I s s
Bacteria 12 endoglucanase®} exo—cellobiohydrolase -+dAE CaMV 35S, Mac,

Rubisco small sub-unit (RbcS-3C), globulin-1 promoterE ©|&3Fe] W, S-59 )

Lemnaoll A W& st <A77 28 Folvh, AAE AEoA awde] Axdy Adda

A, AXY, 2¥A, 4¥ 502 endo-14-B-D-glucanase 4-F-+ AXW & 584 d oF

% HA 0.002%5-E FHi 26%0l o]Zi= FEolth, v AUl 2

A7k

Eds §54Y TEREE gl B4 BAE BAAE

d
_1

Arrd 71 Ag7iEe g

- Acidothermus celullolyticus® E1 A&E&Ale (endo-B
-1,4- glucanase)®} Trichoderma reesei®] exocellulas&l
cellobiohydrolase I <-4 globulin-1 promotes ©|-& | 771 @A
3le] HHAI7l & AL cell wall, ER, vacuole thol
A A% (Plant Biotech. J. 2007. 5: 709-719)

- Acidothermus celullolyticus®] E1 cellulase (endo—B
-1,4- glucanase)E CaMV35S promoters ©]-&3}o] W
of S =93, ddd S-S apoplast el F | AN A
A7l (Transgenic Res. 2007. 16: 739-749; Plant
Science 2006. 171: 617-623)

- Thermobifida fusca AE2FA¢l Cel6A2t Cel6BE: ¢ =
A Hdds BHoE @ue JFA AwoE A3 & | A7 9@A
1k (J. Biotechnol. 2007. 15: 362-369)

_ - Acidothermus celullolyticus®] E1 AE2A] (endo-B

North Carolina ~

-14- glucanase)E CaMV35S promoters ©]-&3lo] <

State Univ. ) AT T
A5l Lemna minor 86279 =93 (Bioresource

Arkansa State
Univ. & Texas
A&M Univ.
(] =)

Michigan State
Univ. (7] =)

CEA Systems,
Inc. (V] =)

(M=) .
Technology. 2007. 98: 2866-2872)
_ - Acidothermus celullolyticus®] E1 AE2A] (endo-B
National ) )
R bl -1,4- glucanase) & Mac 3} Rubisco small sub—unit
enewable
(RbcS-3C) promoterE o] &3te] wvfe] =43k I3y | A1 &4
Energy Lab. o
(5 ol A2 cystosol, ER, vacuole, apoplast, chloroplasel]

A8t (Transgenic Res. 2005. 14: 627-643)
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e s

Fungus 2 ®¥re]o}9] xylanase, AE2A FAAE CaMV 35S promoterE o] §3lo] off 7]

Aol Al w&AstE A7 218 ot} xylanase A% G EA9 peroxisomed] A EW A7)
oz FAo FHAAA AXY F 584 @A < F xylanase? A %ol 4.8%° o]Ei=

Fo w2 T3y, wd Trichoderma reesei xylanase$?! XYLIIE CaMV35S promoterE ©]
£3Fo] of7|ANE £ste] PEA 9 peroxisomed] Ao WE FHAdE AF7F A EE AT
(J. Exp. Botany 2006. 57: 161-169).
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, AEAA nvloleH e o]of XpAt] njo] e nfi~
2 FEUy 9 AfAA JdUAFES  cellulose?t

hemicellulose®] 3FzFo] ol o= AZ FLo| =31

M. sinensis P communis

rir

(Moon et al. 2010), CO; A&7} v FHoz 238
A8 v qUAZ FERI Q) ol E AFEHS A
FAA A 2ZE F Fulda] &8 TheAdol =2 v4

4 D uAE S FEZ AN s AR ).
Aok A= FW Aol AA Agstel A AL

= o h?_g’:f{ qog OLEﬂXﬂ o]r,]_ U:{s]_ o],c__q %—X]—

2 H2AEE A olUEl A4S B RAANAT J15E)

i, A A 2= we stol AEisgel ojxe] itk

(Beale et al. 1996, Chris et al. 2010). Zte] 4% 73X
5 o] EAE AA T R W FEEa glo] Fujol A
) % F M 753 ”07“74] oy &= vl AFd Aoz

warE .

a9 1=y A AaAA v A 2w A

thekst Fol FXstal ot AAAoZ s HoldA &
TEo] wig ofge AAolth. A AG Fulde FY
(Miscanthus sinensis), =N (Miscanthus sacchariflorus), 39 A (Miscanthus changii),
Aot (Miscanthus oligostachyus) 4&3 A, A A, AF4A, A=A 5 9719
o] FlHoldal, A= A Adom FAste] A Utk B ATES A9EE
AN 3F, A 3T FAE 44 FH5te, 39 X}E‘ ez Aner] 15, A 1%
I Hets e Aol v&E TAMete] Aot AE gl it

rlo
O
ok
s
)
of\
s
_O|L
lo
3

of b B 12 =

M. sinensis P communis

J&‘l

28 2. Y FAA (Miscanthus sinensis)®t 2] (Phragmites communis)® &
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ok oA el Ao 5

AFAA AdUR 2= 5 FlledA 28§ 7tedo] 2 v
A (Miscanthus sinensis), A (M. sacchariflorus), Giant Miscanthus (M. x giganteus)%}
2 (Phragmites communis)® A A SFETEH Ao AAH FES|

Al

A8 o

WAlE S 4EE 3ol

O, 2= 2)

= 75 A=

> =g
A= FAAM, =

AN el Aol Fo ABAE ARk, A G A ANA WAds 57], 24, FAE F
Aakgih A% B 7~890) FHse Ads fE9 FAARS AT ARD A
o, 2 FA4Y R4 A AW AR AT EF) QAT Anistgon, F4E 9
~1090) #Rste] FAAN WE P AL FEE A ABE G (E 3-D.
#E 3-1. vpol oA & #H W A - A d5
5% A /= A AN 59 A
= 5 - W Az, 7l A=A,
FTAGE QA4 <7, 7] 713 2B %——'X]—
Aot = A7 <7, 7] 719 A=A
A= sheqb 7], A 7l Ay 2z, 719 AEA, T4
N e~ 7] 2l EA
] PIPYRTE 7] Ex 7 A e =) = Al
Miscanthus e 1, T4 718 A=A, EA
sinensis N . 7 M A~ 7 2] =7
oA 2 2 8} 3 317] ] 37]194 ’Q]%qlﬂ 2 24,
AT N 7 M A 7 2 B
]T Joy World ﬁ_7] ]]ﬂ 371194 ,&' ]%qlﬂ =3 ],
= 2ok 3}7] 7)¢] 22 B
w2 & 317] 719 A=A, EA
o+ =7, 317] 719 A EA, EA
. Lol ™ =7, 371 W Az, 719 AEA, T4
Miscanthus HHd wda 4 4
sacchariflorus s -7 718 A EA|, FA}
A= eS| —= - 5
@A e FEHARA 317] N A, A1) A g
e FEE A, FA 719 AEA, F4
Al 5 st g] 317] 719 A=A
Miscanthus =2 A ILs =P =1
x giganteus =, HEA =, A
Phragmit e e A RS
ragmites . N
COMIMuNLS 751}\01—%—}‘ T%Xiv/—,\—X] ﬂ'7] 7].\H 7£1j/11\—
() =} s 8 7] U Az, 7| A EA
Al 5% 317] 719 A=A
A=) F8 AAAAE FAHOE HAdNeE dx £ 8 X, B £ 7 X, Al T4
ol A FRselar, 7ol A A e AEA, 2eal 7]9e] FA e HEA HEHE A
A - @Eskar dok w3 M. giganteusv (F)E 5350 R FE A4S 2ol Yy A
o 71e] AEA HEHE #§A - #efstal Ak



2. A EA A Al oY

7V e BAE ol &d A=A A4

(1) AY~ F =

h A=As 9 FALS

2 A4E FAAA (Miscanthus sinensis) 2 (Phragmites communis)® 35 SAE
AsmZ 3t FA3FATt FAAd ns] A= FA9 A7]7F A (9F 1.8 mm), ©eske] 2
A 18A 7 T Tween-208 1%-&/2 mL H7Fg S FAAAT. TxE A0S ¢
3le] 70% ol EFEo) 40%7F A s T AR 13 A FsaL, Tween-20S 198/20 mL 7}
gk 40% NaOCl & (FEHEEE 4% 48 WA 2023 A o] & daiF

= [}
= 33] o AT, dird oA E FA FW BYE AT 5 APl AREEAT

(th) 7188 A F79k 24-D =2 &3

Aol FAEFH AYs fFredd AT =dEs 7HEEtr] fske 71EuA e FRe
24-D wkell i dds FAA VA9 FF=2 MSHIA (Murashige & Skoog
1962)9F N6#1A] (Chu et al 1975)% W]w3t9 00, 24-D ¥5= 0, 1.0, 20, 30, 40, 50 mg/L
2 3fo] 7] EMA &} 24-D v &9 2 AHEE HAISAT Wi A= pHE 582 A3
om, agar 8 g/LE A7}ste] 121CelA 17@3F 3k F7] e 100%20
mm F% polystyrene petri-dish (SPL) €7]¢] 35 ml® & FTAE &7 9
MR A dske] Mg SukReEvt. T4 A & AE A oA ¢z
o2 Wil own, 4F Fof Wolg AYA FE&, A

Aol fFrujR|el X4sk A Exp= vl 3~TY Abolol wolstr] A|RbeEH AL, 7~ 14Y
Aol A7t AT AR AYAaE F2 FRe] 8] F9dA F
W, FAoll A el gz elvh s "Holgle FEAR S
V)RR = MSHIX| 9 N6WI A& AMg3ta 24-DE FR¥EEZ A3 wjx]oA FA45 8 g3}
Re o FA TolEe A HETE AQdstale ARk o2 90% ool &
o} Newlx|el 24-D 2.0 mg/L7} 78 A FdA= 100% Eol&-& HoFeloh MSH| =] <}
Neuj Aol A =5 24-D F37F A Felas Ayart ds A A &%l 24-D7F 1.0

roSE
xR ok
L
B
f1 g
RUE

T,

[

of H

oX,

4z

o

it
bF
>~

_O|L
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mg/L H7IE0e o 89%9 &&= AearE I Lela NevjA ol A= 2.0 mg/L ©
&e] FrollA 222~289%9 AY Tt FAEH & Sk wE 2 AolE YERA &%k
ot} a2y, MSHIH A= 24-D FE7F Zvhstel] ue} AHAs §Ego] =7t 4.0
mg/L7} A7FE AglgelA 422% = HE JEbd F 50 meg/L A TelA vhAl A
AEE BAFAY (F 3-2).

A A 24-D % Aolo] WE Ay {FEES N6 #j x|l vla] MSHjx] e 24-D
5o - WNASA dgsthE AE 4 AR0oW, o= Holme & (1997)°] prolines #
3t 2 fFRvfH A MS wiA & wiEA A AE FIIAHA S Y N6 A o A= 2o] 7}
gtk ®agk A §ARE Adsvh wekd, EAEFEY 24-DE )&% AYs FRA

| 24-D 4.0 mg/LE ?<47} 3t Aol b EHA Ao R Mok wd A= Ex
g o] &3 AYx FEA UE ZE H|E 24-D 8757 B2 Ao2 fay )

d= Aol wlsf ol j’Jr callus fr=&o] w¥¢on, od TA&o] A vEET AA
A9l callus FEE2 FAA e vz7Ex 2 MS viA] o] 24-D 4 mg/LE #7sk X8 tell A 7}
2 =A JEeRE AR (3 3-3), A X (coleoptile) 7]1H- & wi¥F (scutellum) ++* callus %8
< N6 vl 24-D 2 mg/LE A7k Agl77F 7 Eag ot ZAA e ddie SA4=
FHe Ay FRo A3 24-D wxo AolE WA ol F #E7He] WA hormone
2ol 7]Qlgk Zole}a Azt

¥ 3-2. FAA (Miscanthus sinensis) A4S AZ2 56 Aex F50 1A=
24-D ¥ %9 &}

Medium 2,4-D concentration Seed germination Callus formation
(mg/L) (%) (%)
0 38.9 0.0
1 93.3 8.9
2 100.0 20.0
MS
3 94.4 16.7
4 97.8 42.2
0 100.0 27.8
0 94.4 0.0
1 93.3 8.9
2 100.0 26.7
N6
3 36.7 22.2
4 93.3 22.2
0 97.8 28.9
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¥ 3-3. 4l (Phragmites communis) A5SAZFH Ads f20 1A=
24-D wx9o &}

Medium 2,4-D concentration Seed germination Callus formation
(mg/L) (%) (%)

0 41.7 0.0
1 37.0 25.9
2 33.3 16.7

MS
3 21.8 11.1
4 389 21.8
5 51.9 74
0 22.2 0.0
1 21.8 16.7
2 33.3 22.2

N6 3 48.2 74
4 33.3 0.0
5 47.2 11.1

(th) proline =2 °] &}

oA FARRH] Ays Feo] APgs =4S 7Est] 9ske] proline wXkeol g
AES Fdert. 7|2uxE MS 9759 YEY 24-D 3 mg/L, sucrose 30 g/L, agar 8
g/LE H7}3 wix & A3l oW, prolines ZF 0, 0.7, 1.5, 3.0, 6.0, 12.0 g/L #7334 th
proline- ¥iAE 39b F7] Hwd - o3 st HvbsiFolow Hik &)= 100%20
mm 9 polystyrene petridish& /\}30} It Aamd FAE S99 AAEA A, A
T AN WETE RO T4 A F AP FREE 25£2T e vl A A shelom,
A5 Fof Wolg, AH A Feg, AYs A P& AT
Prolines A2 F&kol #gh A3st4 7]zto] ®HashA WaA I AR, AR @Ay A
o wigAd AYA fFrod 2 e Ao=E &yl vix HIlE F shtolth S A
o= AY2x k= wA el prolines H7bskE Aol wiEA AYE FRE FAESAL
(Armstrong & Green 1985, Suprasanna et al. 1994, Pareddy & Petolino 1990), IAl ¥ 3
Ao A Tk FUHA7E AoZ HAEHAY (Vasil & Vasil 1986, Fitch & Moore
1993).

2ol A o] A9

o

£ proline X -0l A FA Hol= 0% o] e YEFIOH, 972% AW
tf ol v & A

5 Aoz 238 HastA oy proline 12.0 g/LolAE a9 7o)
97.0%% W FEAAE A s FEEL dEToA 528%F IR, A% proline
A2 0.7~3.0 g/LolA=thzTol na tha v 41.7~500%Z Bglo 120 g/L AT
o 5| = 58.3%= wlxT-o vldl =A YETE (3 3-4). ]2} 2] prolines FHAAl Fxbe]
ol & AHA FRS F/A7E Bt dAE AsE AE ke 120 g/L o) 1%

A 7F dasitheE AS A3tk Holme 5 (1997)2 A9 njid s 37| & o] &3 A
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A2 22 3% prolines ¢F 14 g/L H7bsks Aol 7H ZapAolglal Walstgl=d, ol
2 Hol oaje] Al A fRd proline B77F EHAUS & 5 Yo, 9

Aol wet proline?] £T7#e vTHE Aom AzbE )

2= proline 3.0 g/L A2 FolA AE A SFEE 222%E proline @] ol W& ok 7.74)
718 i =2 FUMES EYY. Proline 3.0 g/L HETFE AQstais 5% xﬂoﬂ w2
Aol A bR @gkow | 3% proline X E]¢1 12.0 g/LolME 238 @astdv (&
3-5).

o] A o 2 Ko}l prolined A&} A AL FA A
24-D Q7% vt AE FAA7F Ao vlE v =
o} FAE T g Al &= Advt o 2A ek

rlo 4o

st
=

¥ 3-4. FAAN (Miscanthus sinensis) A4S Z5-E Ae|x F5o 1A=

prolines =2 &3

Medium Proline concentration Seed germination Callus formation
(g/L) (%) (%)
0.0 97.2 52.8
0.7 86.1 41.7
1.5 91.7 444
MS
3.0 97.2 50.0
6.0 83.3 52.8
12.0 97.2 58.3

¥ 3-5. 4Ul (Phragmites communis) d5EAZFH AH 2 f2of 1A=

proline %9 &3}

Medium Proline concentration Seed germination Callus formation
(g/L) (%) (%)
0.0 51.3 29
0.7 33.3 11.1
1.5 41.7 11.1
MS
3.0 38.9 22.2
6.0 34.3 11.4
12.0 33.3 9.1

(£}) Gelling agent &7 =9 &t

WA aG A FRHVF AEA fEol WAE JFS Folniy, A FEE TPy st
of AAEIAT) vlx BP A= agar (Sigma)9t Phytagel (Sigma)s AF&-3%) 2.9, agari= 6, 7,
8 9 g/L, Phytagel 1.75, 2.0, 2.25, 25 g/LE AgsArt FdA&= MS 9k vkl
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24-D 4 mg/LE 7 72w AE Agstslen, 2= N6 |59k vErwlel 24-D 2 mg/L
E HUEE miRE 7B oz ALEE T BE ¥l A= sucrose 30 g/L, MgCls -+ 6H.0 750 mg/L
Z Avtetda dir A pH 5.8 FAsFI o wlg £7)% 100x20 mm 59 polystyrene
petridishE AF&-3ATh Asd T 719 9N 49bE Ao F4 A4 & Ay~
e 2522TQ s FdolA SR AAstlon, 45 Fo wolg AL Fasg, AYx
P4 FHE AT

WX LG A agare} Phytagel s sEH=Z st Fx} Hol =5
o, FA Wol&S agar’l Phytagelel W3] Awrdlo = o AES dHehl o, A
< df & Phytagelo] agarel W& kvt
FAAN e Ag AHE FEES BT HYolA 66.7% ©]/dol L, agardll A& 8.0 g/L A&+
o A 80.6% % 71 Ekow, Phytagelol A& 225 g/L A& 7oA 86.1% = 71 A YES
o wEA ZoA FARFEH AY A2 FRE A= viA LA E Phytagels ARE3aL
TR 2.25 g/LE sk Ao] 7P adAdE & F IdATh

Ao oA et mzvb AR Ay FRES B Ao agardl A= 80 g/L A g
Al 222% % 7H =90 Phytagelol A= 2.25 g/L A& 7oA 83.3%= 74 =4 YE
upekA oAl FAEFHY AY A FRE fsidE A LI A E Phytagels AHESHaL, 5%
= 225 g/LZ 3l Aol 7M1 a3AdE & 4 IdAvk Wangd Chai (2006)= +8 o+
Ao ARFH el FolA agarol H]E] Phytagel®] s Fgo] %o, AY

o

=

ToMe AYa gl Fode]l vEhA @A siEd A s FE&2 Phytagel 3
3T
i

o
B
i,
o
>
do
L
o
o
=
: 5

0

l

gl ol A o A YElythar 3Badk v Qlth o= Mol FoAje} A E 23S @xg] 2
2o (23 Y Ay~ FRAAE v A ZE Phytagel S AL&3tE ZHo] vpgAsivta K

o1zt

¥ 3-6. FHAAMN (Miscanthus sinensis) A&5EA=ZFH Agx FR 1A=
A PG A FFe w29 &3

Miscanthus sinensis

Gelling Concentration : :
agent (g/L) Seed germination Callus formation
(%) (%)
6.0 38.9 75.0
7.0 100.0 66.7
Agar
8.0 100.0 0.6
9.0 94.4 66.7
1.75 94.4 83.3
Phvtagel 2.0 61.1 75.0
yHaee 2.95 97.2 86.1
2.5 94.4 72.2
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¥ 3-7. 4 (Phragmites communis) A5SAZFH AH A f20 1A=

XA ERe sre] mw
, _ Phragmztes COMMUNIS
Gelling Concentration
agent (g/L) Seed germmatlon Callus formation
(%) (%)
6.0 36.1 8.3
7.0 48.1 14.8
Agar
8.0 44.4 22.2
9.0 412 7 16.7
1.75 41.7 22.2
2.0 36.1 25.0
Phytagel
2.25 50.6 33.3
2.5 47.2 22.2

(2) Al F2 2 A EA AR

(7h A 54

B A7es 98 AT ZAA A A5 FAARR sto] AAs JAle] AR
BE 59 AyaE o 45vt MS 959 vERY, 24-D 3.0 mg/L, sucrose 30 g/L, agar
8 g/LE A7ld wAR Adu o, FARTY AYs FE 349 F AEA AL
3 Ju 2 A&

FHEY AHaE T8 AEA A4S s = A7 AYaE Fopdar, 4l

— = X 1

= RS
= Aol Tasty] wWiol, B2 FRek 2EFoA et =454 Aol ogh A
o] FEE 3 At} (Morrish et al. 1987, Armstrong 1994, Luo & Jia 1998, Toyama et
2003, Kim et al. 2010). 2 AAFolAE oxe] FARRY A~ f5 F oF 2/9%E 2
Havl wE&ER T AFsteH, o e A JHA dEe AYiag EshEsvh
Hix| o} "olslis hdAE] FEoE FHe MY 27|7F wa YA HAEA S 5hks

friabled AT 27h WEshga, /e FRoE 5T =79 AT =aNS o= B2 E

R4

oo

o,

.
4

Fefo] Ae A7t Ve o™, 7 9 FelE E7]7F glo] BFPe Ao Ay At skl
o 2 oF A @AY T FEHE 2 Ayse AS dAnAdoez #EAsds W, 7#
o2 BEslE 27 2E5S UEH ﬁﬂﬂ%ﬁé*é A0l Ao s Hehy

AEA ABE gt TAZFEH A5 ¢ F29E AYAE A4 4 mm AV|E 23
T2 FH7F MSHIA] BE= BA 1.0 mg/L F7F MSHlA| o] 21430t A% 5 25£2C< )
G dxAoR Az ABE FEIHAL, Ax7 FAE F gxA0E S WL
o AxE "ol widste] ABFIE 1 em ol AASIES W, MS #jA el sucrose 30
g/L, agar 8 g/L7} A7Fe A7 2 Fmf 2 FA4 FATh Pert AR ow wdstan A4
7L oF 5 em o] A1 S A EAE wjgE A Adle] Bl 2ol wiXE Zﬂﬂd
&, WGE (5F4o], )7 BAX FHe o458t 1

em ol AFHAE W 47 12 eme] o] §74 Ao LA A
oAne] AHARTE AEA AL A2 8
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oy 1-5.



Lo mA s B7E o8 AEA A4
(1) A

Uh WAds SRR Y AYE 75
O AEAE 2 A5
Hool P EHYE oAt AFHE FAN (Miscanthus sinensis)®] WAs 37|12 5=
st Fastdt. mds s17)7F 23HE F A 2715 70% olghEel 4023 WA & duEF
2 13 AlFsAr o]oj A Tween-205 2~3%%/100 mL 7}k 409 NaOCl o—ﬂ (frada
5 4%9 4 OS% FAD 208-7F JAX & &, AaFE 33 AHEAY. a5 AEAEE
i

st71E Felaid & Adste] Ao ARgstaltt.

@ " st7] Aolef B9o mE &
vds shr)e] ZHoloh F-97F A ol vAE S dotry] fste, 317] Hol= 0~
5 cm, 5~10 cm, 10~15 cm, 15~20 cm, 20 cm ©|’F9] 57 A& g9 ow, 37 o= 1
0~15 cm Zol¢ 37 E 3% 5}04 715, F3b, ] 378 A2l E sk wlaskqith 7] E
A= MSO oA S ALgsldth B8 wjA]= pHE 552 XA 53 Qtt] 121 Coﬂ/ﬂ 15
Z7] "irdle] 10020 mm 59 polystyrene petri-dish &7]¢] ¥F3Act &%

7k agt
Y]
71= Agsiel AT nAS B AN E Ans R 25209 Wk wﬂﬁ oA 2
&)

shalon, 45 o AvA fFhadt JAF Aes 55 BASIITL o] & EE AgeA 7]
Lol A A, A e g e W A S 39 FdEAl A EedTh

s B7]e] Aoyt AwAs fEo vAE AgE vl Hg 9 0~5 cm$ 5~10
cm AP TFolAE A FEE0] oF 50% Ul & Ao]lE UEeuA 2tirt 10~15 cm A
ﬂ%%ﬂ*i 7”31*&’4 FEEH FollA 10~15 ecm7ZF 95.8% ¢ 107712 F43%) =718t ey,

= A2 Facshs Aoz dEerdth vAds 719 F9jol wE A s

2] 2
FEE AWAOR F709 A Y FRAA B Ads 5SS deigon, 349
d)

QAR AN HAd S B8 Y, T, B FHUR FESY Aus 28 clusterd A
#2255 uuwd A3 3 F97F 40.3%9 =T 19719 Ay~ F2 I A JE
1)} o 7(:)]

=
o T, Y FR sEtde s et ARk e Aadhe

Fe HAFIATH
Holme3} Petersen (1996)2 w5 8719 Zo] (0.05~65 mm)ol wel fFEd Ao F9
e A@staa, L Ay ZAolrf AojdaE Ay & Fr7kEta Bastel o wig A
Avl e e s 37]oA wWol FAdETHaL sl Th Petersen & (1999)% &2 w]d <
st715 o] &3t 80%c]de] wdd AHAE FRstthar Barskglrl &7]9 ZHolo| glojA
650 mmEY {1 s oA Y AHs frkol ik Havh gljleov 2 A3 olA
95.8%9] 2 AY~s FE&EE AYT A H

olsh ol ojAlel WA 7)ol F-9leh Aolo] wel As FEgo] Hol7l Ui Aow
e geba oAl % B eRE AHAE §5 @ del 10~15 cme) A% 7]
o) 1F, Al R ALgElE Ao] wigrAsltia whke .
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100 - 150

[1] O Callus induction (%)

;§ 80 i B No. of calli L 120
< =
'-g 60 J l 90 &
g | =
T (=)
c o
= 40 r 60 O
v Z
=
O 20 - 30

0 - 0.0

0-5 5-10 10-15 15-20 above 20

Immature inflorescence length (cm)

a8 1-6. AAAN (Miscanthus sinensis)? vAd< 7|2 5E AeA FRo 1R =

5171 2ol ¥

100 — 5.0
OCallus induction (%)
;\3 80 | B No. of calli 40
—
€ =
= 60 | 30 ®
(%)
on | L
- (=]
: -
= .40 20 ©
@ =
S 2 |J—‘ 10
0 i 0.0
Middle Bottom

Parts of immature inflorescence

a9 1-7. AAAN (Miscanthus sinensis)? vAd< 7|2 5E AeA FRo 1R =

87 3919 49

@ 71 WA el w5

s SR RE s fioo] wA= V)2l x ] kel el doprLektt Y] EiA] =
MS itek WER], N6 Aot vEt e 5+ 7AE ARSeRlow, Y]Eux e FRE A9

U A 24 MSO 8 A& FAdsA A&ttt

MSHI A& H7be 4 83.3%9 Y2 =& 879 AH2 F5 vehde] NevjAl & A

7hek AW L2 A2AE YRSl
Holme ‘& (1997)& prolineo] Z3Hd A A FRvix| o] MSHi A& wigA A& F7F

AF o Nesj Aol A= H @3FE mAA Zdvhar Bassvh & Ao A= MSHA| 7} N6

i oF vlaskalg wf A v S| 25 AYAE FESEH B4 ot

=



100 150
OCallus induction (%)

H No. of calli

g & L 120
5 =
= 60 -90 §
S 5
=}
= 4
£ 4 60 O
g =
S 20 30

0 0.0

N6

Basal medium

a9 1-8. #AAAN (Miscanthus sinensis)? vAd< 7|2 5E AeA FRo vx &=
714w e] gt

@ Nﬂ/\gx}zﬂxﬂ ] w}é _§_jl]-

g V| 2RE Ay fFE JojA] AEEA ] vE wE &S doluirh 7
Bl MSO MRS Abgslglon, A EAAxdAE= 24-D O, 1, 3, 5, 7, 10 mg/Le BA 0,
0,1, 1.0 mg/LE %33}o] sty

AAzxAA 24-D 10 mg/Le BA 0.1 mg/L7F H7td wjxolA 86.7% = 714 E& Ay
e 55709 Aelx 5 yEdglal, 24-D 5 mg/Lek BA 0.1 mg/L7F 7k vlA] o A
T 80%9 TS &t 4819 Al FE HAFAT 24-DO ¥t F7HgHel wel A
ds ool A Ay FEEC] T AES HolFdlon, BAA F == 0.1 mg/Lol=
W 24-De] %o FAglo] drkA o R Ao o] Frhekivth.

Holme} Petersen (1996)%= "/d < 317]9) A~ FE&S 24-D 559 F3Fs Ao &
A ekErhar 39l o, Petersen (1997)2 € AAA A BA s5%9 %7}01] el Ay A
7V A va Basvh gy 2 AdAg A= 24-Dol BA 01 mg/Le H7rF A
fricel BaAds o F Al
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100 ~ 10.0

O Callus induction (%)

— W No. of calli

® 8 | L—™° 8.0

i

g =

S 60 | i 60 &

[®)

= L

o (o]

0 g

= 40 | 40 0O

" P

=

S 0| 20
Ogo 0110 0 0110 0 0110 0 0110 0 0110 0 0110 OO
24-D 0 1 3 5 7 10

Combination of 2,4-D and BA (mg/L)

18 1-9. #ZAA (Miscanthus sinensis)®] vA<4 37| 258 AdA fXo A=
A EAA A L] A3k

© wiA LG Al upE =t

WA LA 7 A A §5of nxE= AS Olo}lﬂ_ﬂ $3te] agar 6, 8, 10 g/Le Phytagel
2, 25, 3 g/LE W ER-S v, Phytagel 2 g/LollA] AHx FEEo] 7T78%= 7F4 =kt)
agar®. Uhi= PhytagelS ®lX| A= ALE319S of 2y E=7F &4 ol dtt. Phytagel &
L doldaE A FR7F Aol oy Aol A @t

Deberg (1981)2 ofEZ=9] wjgol = sl @& =
7b fgeirial Harskglnh. o)= 2 AdelA vE wxe] g wjx|e A Ay

bwm Ak A4S Astera uE.

l>

100 10.0

O Callus induction (%)

:\o‘ 80 | ®No. of calli l l N 80
c =
S L1 3
s 60 - - 60 O
5 1 =
- (o]
c
= - o
g 40 4.0 >
S o | ‘ 20

o ! . - 00

6 g 10 2 25 3

Agar Phytagel
Gelling agent (g/L)

29 1-10. #ZFAA (Miscanthus sinensis)® 744 37|25 Ad A Fd v)R &=
Wl A @ Al o] Gt
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S-S dolry] Yate] 0, 13, 32 ymol'm “rs 9] %
A Efoll A 81.3%2 A~ FE&T 46719 A
&

) .

o 4% JErRAT BUE 245% Ans fEes £E 3480 gdastirh oA 6
% S7le9y Aus fRE gEd 24 9Be wom, AU Ads Fxe A 4%
5 Aoz welt)

HEA Bag kel o3ty d5F A (Park et al. 2009)5 AR 2 g AN oFHo] A
2 o] Hlouw olE ALt e A= gHelA AeAE & sFvhal Hars)
At ol 2 A Aot fAlstY, AYAE FEIEU oA dFEHE i YdstE Ao
wohAoleha 1ot}

100 - 10.0
[ M Callus induction (%)
;\-Q- 80 W No. of calli - 80
g =
2 e | - 60 8
= | b
- (o)
£ 20 - 40 ©
) p=d
=
S 20 ¢t - 20
0 - 00
0 13 32
Light intensity (umol-m-2 s1)
o9 1-11. ZFAA (Miscanthus sinensis)®] 1A% 37258 AH 2 f5 02 &=

AT E FHGE AL A AF e ANl (Miscanthus sinensis)®] v7d< 317] F 2
A 25 AEZ sto] FRsTE WAds V|25 FRd Ayis ARANA #2lkd
FTAE 8l 47 Adie g SF=Aa, 207 ok WG AYAE ARZ AFESEAT 78
A= MS WA E ARgEtlon, slAE pHE 552 XA F 121TCoA 1583k 319t <7]
Wardle] 100x40 mm F polystyrene petri-dishel] #F3cth vA s 317 8 Ay A=
|71 AR AFEEATE A & 25+2T A HFHOA 3d T 4 Mg & 32
pmol'm s 9] 16:8A17F 7] w4
2 RAE A Az AdEY AYs
PR B = [ | = B B

=
0, AP e W E A
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@ Az F= Ao uE a3

AAl wAd = 7| 28Y 24-D9F BAS] E&A YA FEH AHAE HFoRE M4
S ek Aus Fro AFEE A= 24-D 0, 1, 3, 5, 7, 10 mg/L$F BA 0,
0,1, 1.0 mg/Le =3k AAMAE BA 1.0 mg/Le NAA 0, 0.1, 1.0 mg/LE %332
sttt 2 A¥ wAS 7258 24-D 10 mg/Le BA 0.1 mg/L7F #71d A# 2 F )
Aol A ¥ Ae{~7F BA 1.0 mg/Let NAA 1.0 mg/L7F A7 ApAufA o] 2 S-S o
ANz ARBEC] 583%=E 7H Edoew 63719 AMxFE HAT Az A 3ol BA 0.1
mg/L7} 7M. Aea fFEaF oA fmd Aesis BA F37F g A4 fmE Ao
vl Az AAe] 'l Aoz ey

Park %5 (2009)< MS ®lA|o] 24-D 1 mg/Le BA 2.0 mg/L7F Z7Fs sjx]o A AEA A
AEC] 446%= 71 =dvhal Haustg, 2 Age A= Park 5 (2009)2] Halel w3l

& oW Az AER AL AxFelA vk 958 FRE AL Aoleta Az

80 100
co | SIM:10mg/LBA + 0 mg/L NAA i L 80

L 60
a0 | I

- 40
20 | i %i ﬁ[ L.
L &l = = = 100
oo | SIM:10mg/L BA + 0.1 mg/L NAA I L g0

No. of shoots

: - 6.0
40 t
- 40
20 | i % ﬁ - 20
i "l = - 100

80
SIM : 1.0 mg/L BA + 1.0 mg/L NAA

i T - 8.0
O shoat regeneration (%)
W No. of shoots - 6.0

40 -
- 40
20 | i ﬁi Ei ;i ﬁ [ - 20
L | L 00
BA(mg/l) 01 0 01 1.0 Q_ 01 10 0 _01 10 0 01 10

24-D(mg/L) 1 3 5 7 10
Callus induction medium

60

Shoot regeneration (%)

g 1-12. FAAN (Miscanthus sinensis)?] 7<% 37] 23 A28 Az A

A AE A FEeA e JE

Al A s 87 G AYAzZ8Y Az QA dolA AFEEA ] wRd uE §&
& dolny] g3t HAAFAT. A A FE Mz 71 ZdHolddd 24-D 7 mg/L
H AHAE ARE

¢} BA 0.1 mg/L, 2,4-D 10 mg/Le} BA 0.1 mg/L X3 HFZ2FH &
0

AbgEliom, ole AHAE BA O, 1, 25, 5, 10 mg/Le NAA 0, 0.1, 1.0 mg/LE =3¢ 3
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24-D 10 mg/L¢ BA 0.1 mg/L7} @7 wix|oA ¥ A# 27} 24-D 7 mg/Let BA
0.1 mg/L 7} miA oA fF=d AyApt % A T&S VedSloh %3 24-D 10
mg/Le BA 0.1 mg/L7}F 2718 #jA]dA 29 A5 BA 1.0 mg/Le NAA 1.0 mg/L7}
A7 Az QAo A3t s W, ABE 40%=2 7 =4 JERT BAY &7 F
7hgrol kel Ao AA H& dFIE Awio] S AevL BAsh aenE o4
Az QA o] ANETIY Fee A FA s Ao| uighAsivkal dedn

80 — 10.0
O Shoot regeneration (%) CIM : 7 mg/L 2,4-D + 0.1 mg/L BA
| mNo. of shoots L 80

60
) - 6.0
s 40
- 28 B
= o]
= =
c 80 - 800 @
83 CIM: 10 mg/L 2,4-D + 0.1 mg/L BA “5
o - 80
= 60 G
§ 60 <

40
=
w1 40

| ﬁ ﬁi H i - 20
- 00
NAA(mg/) 0 01 1.0 0 01 1.0 ¢ 01 10 0 01 1.0 © 01 190
BA(mg/L) 0 1.0 25 5.0 10

BA and NAA on shoot regeneration medium

g 1-13. FAA (Miscanthus sinensis)2] 7<% 37] 23 A28 Az A
1A= A=A 23Age 9% F : 24-D 7 mg/L9 BA 0.1 mg/Lel
=9 AYx /3 0 24-D 10 mg/L9 BA 0.1 mg/Lol A f=9d Azx)

d

>

@ WA 2PA L Frol| wE Fxf

WX G A Q) Phytagel?] F=7F A nAd <S5 87 f8 AHAzZ5EH Az Aol 1
© AEE Gotry] fldte] AASETE Phytagele 2, 25, 3, 4 g/LE A3t on, A
H7Mee 7|2z 9} SAEA AFE3k )

224 AL A R g HHXl FE7) 3 g/LE F71EEA H A& 375%9 A
oy AR Az N2 S718a, T ol ARdAE fads 4EFS e
o] TEE A3 A H o= XH*@g ] oF 18%, Aeixgd A NxF 27] o= A
g7te] ezt AR ¢ Ao Ehyth
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80 10.0

—_ O Shoot regeneration (%)
\O\
) H No. of shoots
- 80
S 60 - -
2 2
g 60 8
2 0 =
?',‘ 40 - e
et £
- 40 ©
'é z
= 20 -
0 00
20 25 3.0 40

Phytagel (g/L)

18 1-14. AN (Miscanthus sinensis)® 1< 3l7] S Ae]2zHEH Az A
" %= Phytagel 559 9

Ao mAd s SrREY AYs dAE AH A=A A4
Arollr e A=A Ay A2 vds 3] 7hR
=

Callus 22| 5! 33| 4!

a8 1-15. AN (Miscanthus sinensis)®) w4 317|228 2] &4
o] & ALEA AA Al zE G AEA A A== o) sk A=A AL
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(2) 2
7h mAd s e

A
v
)
o
>
do
L

O HEAE ¥ 25

B A3 E E2A4YT AAYAA AFHE A (Phragmites communis)] 714 37|15 A
g2 3o Fd3AY. uAls 3717 3k A 2715 70% o'l 40x7F HA| T HAt
T2 13 AF3sA T} o)A Tween-202 2~39-8/100 mL A7Fg 40% NaOCl €9 (&4
AEE 4%9] HAE =2

RiAl
TS Reed & ddsie] AP ALgs)

@ 71 wjRo] u& Fy}
Zie] wjds 37|25 Ays fFER JojA] 7]EuiA] o] S LolH ity 7]EH]R|
MS® ®A & ALg39 =0, WA= pHE 58% FA3H oW, 121 ColA] 1587 t |

al
Hteke] 100x20 mm 57 polystyrene petridish & 70 &3ttt &A59 nAd% 317+ 4
]

iy

ake] &7 12704 ARSI s 7] A - AR s g 26£2TQ vkl
dAe 2 Ao, 45 Fo AHs fEEY YA

M o
>
mal
=2
o)
=
wn
~
(e
=
Y
NE,
2,
BN
ok
;E
o
ok
)
i)
rE
J
;1>
Z %
o

akAl A A 5T

W of 15 of % 5-H Ay A7} wdsty] Azetolal, Al gl dAHom AYAT)
HolE deE Tasidith Ars fEE dAE AYs 5 MS wiATE 889%9 RS
I 8771 A= w5 vEto] N6 wjA o njs| 453 wol Al nAds UREH A
B ol MSHIA7E Bl Aoz vhebyt

100 10
T O Callus induction (%)

g 80 | W No. of calli -
< -
B 60 - 6 ®
= Y
T o
£ 40 | -4 g
5 [ e

S 20 | 5

0 | ﬁ— 0

MS N6

Basal medium

18 1-16. 2 (Phragmites communis)®] vA< 37| 28H Ay A fFRo nx=
7)1 wjR) 9] &
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@ 24-D ¥%o| w2 &3}
nds SRR AYs fRe mAE AEAGEEAY d%s oty §5te, 2
EAAZHA 24-D 0, 1, 2, 3, 4, 5 mg/L A E A3
22 7ol vE 24-D 1 mg/LE #7138
srtekslem, 24-De) s Rvh S SR fAadhe 4e%s UER
5 &

i

2
to 1

7|25 Aes fEo & 24-D 1 mg/LE M3t Aol 2342 Aoz et
A AR A A9 27 AW, A% B8 AR AARAY AT wae] o
29 24-D 1~2 mg/L %5 AH&3ls Aol Aelx fo] Eapdolgtal WaHglon, o=
oA Aaet Ak ey 7o) Baleh vuEgle W, 2 APolAM = AHE =
o= 2 Aozt gldo, 24-D 1 mg/LE X338 wix| oA thre] AeAE A& F 9
ohoold e vlee] wateh & Adel Aol glojAe] Aol Aol AR FAFel e A
olg}a WAt
100 10
O Callus induction (%)
g 80 | B No. of calli L 8
S 5L =
£ 60 -6 @
2 L S
£ 40 -4 9
E pra
S 20 ¢ ﬁ L
; n 0,
0 1 2 3 4 5

2,4-D (mg/L)

2% 1-17. 29 (Phragmites communis)? "A S 37258 Ad 2 f2d v &
=

WX G A 7F A Fol v A= AEgS dolry] 3] agar 6, 8, 10 g/Le} Phytagel
2, 2.5, 3, 4 g/LE W3S wl, Phytagel 4 g/LolA 91.7%9 =& F=&S Yebda, 713
wo F%9l agar 6 g/Lol A= 61.6%= 71wt
Deberg 5 (1981)2 o}E]Z=9] Hjoko] A= 3k
dgsiotar Bkt o= 2 Ao At thE
o M sV ERY Aes Fee glo] A
Aol eta e T}

v}

_43_



100 - 10

g 80 l J l l 8
c o—
) l 1 —
T 60 - r6 S
= 5)
S 1 o
(._=n 2
© L
@ 20 | O Callus induction (%) 2
i B No. of calli
0 8 10 2 25 3 4 -0
Agar Phytagel

Gelling agent (g/L)

18 1-18. 2t (Phragmites communis)®] vAS 37| 28H Ay A fFRo nx=
2] Al o] o &

® BA FXxo w& a3

AEAGEZEAA BAY F7 sEXHYVF AAdS FU|E2FHY Aes R HA= &
otol 7] 993te] 24-D7F 1 mg/L H7H9 712w =] BA 0, 0.01, 0.1, 1.0 mg/LE 23},
24-D @=Aee] vl Ao BAS AUbstale W A#s FREd J49 A 57t
F7tshe Ao Z Yetgon, 10 mg/LE H7hsk M FoAs Ay vt As gt ool
2,4-D 1 mg/L2 BA 0.1 mg/LE #7}39 & o] 583%= 71 &2 F2&S Ve

100 ol
O Callus induction (%)
e\.‘?’ 80 | W No. of calli 4
= 1 S
© o
£ 20 | 2 ©
E Z
©
0 00 001 01 10 0
BA (mg/L)

18 1-19. 2 (Phragmites communis)®] vA3 3712 8H A A fFRo nx=
BA #7}e] &3t
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® Myo-inositol A7} w& &3

Aol mlAds SRR AYAE X3S myo-inositold] X9 E&S dof
o As wE AAA WE 50%e) FEES el 2 nA% sy A
%31 myo-inositole X B 7ho 2polE UENR o= Aoz el

Lauzer & (2000)& 4% 5718 o] §3ko] MS ¥4 24-D 1 mg/Le myo-insitol 100
mg/LE e A zu A w8 Aes 211%E F4893 myo-inositole] H7HA W]
AA FEE AdA7 o e A 5HE X AT wustgnh X AP e Ay
9 ol lo] myo-inositole] FFe glglort A=A AE S5kl myo-inositol 100

mg/L H7hs EaA ol Azbar),

L.

s
30
S

100 | 4
O Callus induction (%)
o B No. of calli
e g0
- 3
i) s
] —
S 60 s
2 2 %
‘_g 40 é;
©
0] 1
20
100 250 500

Myo-inositol (mg/L)

2% 1-20. 29 (Phragmites communis)? "A S 7] 258 Ad2s f2d vA &

myo-inositol®] &3}

@ Fzxd wE &3

A fxo] 9ol FEIF uAE TS Uolr ] 9ste] 0, 13, 32 ymol-m “s o] A
= e FRolA dFsiv

5 Aol wE ol A vehA @gtonh, 3FESQ 32 pmolm Fs el A A
TEEY A Axd 7 7P Bgdth 833%E UM =& &S UEH oY, AHE
b AZpolzt =LA gkt
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100 = 16

éi 80 w 8
g =
— (31
5 60 6 :-,
= °
< 4 4 0O
t_g s
©
o a O Callus induction (%) 2
B No. of calli
O L | T O
0 13 32
Light intensity (umol-m-2-s1)
2% 1-21. 2 (Phragmites communis)? "A S 37258 Ad 2 f2d vA &

=
Fgel fa

(b s 3] e Aamyy AeA 44
O H=A5 2 7|26

2 AG4E FAYEE AAdgeA AFAS Al (Phragmites communis)] w45 317 73
A 25 AEZ sto] FRsTE WAds V|25 FRd Ayis ARANA #2lkd
SAE f8 4F e Al ST, Xéfﬂxﬂ NA AYAE FEeg & 205 &k vk A
BE TAARZ AFLIP0H, V| RuRE M %—Sﬂr HIEFY, sucrose 30 g/L, agar 7 g/L7}
A7kd mj A& ARRsERlaL, ¥ pHE 58% XA & 121C°ﬂ*1 1783 a1gf 57] datst
o] 100x40 mm " polystyrene petri—dish & 7] Oﬂ T3 ond “] d< 817 e A
2= S AR YT A B AEA RS 25:2T9 W% Al 32 ymol'm Cs
o] WA G stol A 168X FFVIE £E FA wiF 2, 4, 657 Fol AHE AEE,
AEA AdE A" A4E AEAY F5 ARSI o ——6r R AgelA 7] EuEiA]
LA, AR gk vk B AR S B8 sdskA AAE T

@ A2AFEAAY FR} FEol uhE Rt
2

el g 5] e A =ZRE AEA AR slold A Fme wE
8-S Yotry] 915te] BASH TAA9] E&A 29k BASH NAAS] S84 v AL 349
ohovAd s )RR Ay R vAE AdxdAe] A 7 vEEE ffEd A
25 ARZ ¥, BA 0, 0.1, 025, 0.5, 1.0 mg/Le}t TAA 0, 0.01, 0.1 mg/L =3 A3+
o}

2 vAdsEy] f8 AYAE WSS HiF 27 SRH e ol A
HFE o gFIt ddste] 2o AEAE FAAA wWF 4 =
A e vl BEEAI, Y 65 F 3~4 cm A7) AAEAR TEEAT)
BA%t TAAS] E&3 o] glejAE= BA 05 mg/Le TAA 0.1 mg/LE Z7Fe A Aujx oA =)
AE 100%, A=A 7 132702 7hd =5ka, w1 o B4x-dAE HUkshA] @2 A fole Al



AE 90%, AEA F 4I1MZ 7P wdvh 283 BAS NAA 84 o4+ BA 0.25 mg/L
9} NAA 0.1 mg/LE A7F3 AR A ABE 100%, A=A & 17412 74 =9kvh. BA
9] FEUl FolASE A e} FobHon, NAAY ¥l HoldL&E A YEo] Fopxh
TLxE @ EE oA gAE 70~100%2 2 AAES e 283 BAd TAAS
E8H = AT NAAE E8319 vjxe Hrtshe Aol 1 & AYES e

100 : - 20
= m
S e
80
c
o) 15 »
] o
% 40 g
1
s
T 20 " >
L) O Plant regeneration (%)
o W No. of plants
IAA{.QQ,:L)' 000101 000101 000101 000101 000101 0
BA(mg/L) 0 0.1 0.25 05 1.0
Combination of BA and IAA (mg/L)
8 1-22. Z (Phragmites communis)®] 7<% &7 EH Ae] ~2HY
A ZA AR A= BASY TAA 2FA 2 ©
100 20
;@ I [ 1 [ I
~ 80
c |
0 15 a
© L
o
2 T
1 ™
Z
T 0 k| >
8 O Plant regeneration (%)
(a8 B No. of plants

NAA(mg/) 0 00101 0 00101 000101 000101 0 00101
BA(mg/L) 0 01 0.25 0.5 1.0

Combination of BA and NAA (mg/L)

19 1-23. 2 (Phragmites communis)® 7)< 347 ‘ITEH e~ 2 5
A EA A 1A= BAS NAA 2329 ¢

001'
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@ 71w A 9] Ftel wE B
Adje] vAds ] F AH TEi A Al Al hoiA Z)EulA] e

No. of plants

B Z1EEAE MS 959 wEE, N6 159 WE T A Agee 4
g 5 95~100V-“4 =2 XH‘@@E tebol A el -3k Zpol b A @ty 1
T AR AEAFE N6 X 7F MS #j Ao v]al 13871 = °f 3u] A= =Urh
100 - 20
. 1
(=]
e g0
e 15
.0
® 60
]
o 40
[}
-
= °2
L) 20 OPlant regeneration (%)
o W No. of plants
0 [ [ L 0

MS NG
Basal medium

2% 1-24. 2 (Phragmites communis)d W< 37 8 AsAzE
EA Aol wA = 7]Eu)A o] A&

1000 | 1 4
O Plant regeneration (%)
20.0 i M No. of shoots
- 3
600
4 2
400 |
20.0 |
0.0 ’—H | o
6 7 8

Agar (g/L)
19 1-25. 2] (Phragmites communis)2] v]X

32
AgA Aol AR MALGA FEe) 5

No. of shoots

Plant regeneration (%)
'_\
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Agar 6, 7, 8,9, 10 g/LE Aelshgon, el A7HES 7| 2o g S5 Apel
o agardl FEO] WE AEA AL T FoIE UehhA 2o, 44E 4
agar 6 g/L AUTIN 56712 3 =Rh FEoF SRl W 94 ghse A
wolFgleh. Aeje) Az RU e 4% APl YoM HATIA agaris #

= 4B 249 FE OFF D SR TR BAAA Mad e 57 addolgi 2
& % qart

olsh ol B ATE Edto] Zule] wA% 78 Anz sol WYY ANiE Fm3
o Waleith 2 Aol A AEE A=A K A

4 rlo ﬁ

Moo

7N

o 4%k A9 AEAE AT F AT FAH
o % ¥ I
o -

22 N @

fo i
fo
oL
o)
o
f
K3
o
i
rf
iy
x
lo
)
N
(ld

Callus ¥3a] g 3g| =4

o1y 1-26. 2 (Phragmites communis)® 743 <% 317 258 A A Ew

IR X
A=A AR (F: Vs 57 ol§ Al A AAE FH, 5 styE AEA
A Alagle ARgEe W dS5Es vAs ] DiERRE 35d ¢ e 4

=4 7+ 2 28713
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3. Agrobacterium 7] BAALE T L Az s
7h dAAg Ay Ads o 44 A v = 1A
(1) Hygromycin A% % A4
ey et A o] Agrobacterium "7 FAHMEES g FAAA A RE FolH YT}

EAEE oA Ao wAds 3] i AYAE AMEE oY, V2 A= A9

$ MS@, el 3¢ MS@uAE A&ttt L& wiAE 121°ColA 1683 38k 57

e & FAAE H7Eske] 10020 mm 57 polystyrene petri-dish & 7] #5739t

Hygromycin X% 0, 10, 25, 50, 100, 250, 500 mg/L= A 3t¥ o™, Held 474 4~5 mm

2718 AH=E N At e A4 § 25:2TS wjFAol A A= vkt

oW, 4F Fo A AL T4 ARE AT
Feiqet Ao Ae s FA TN A T o, F A& 55 hygromycin

25 mg/L AgTolMFE T4 A&rt st Azskadvt. 2= 100 mg/L A 2 -l A 78

ehds] F2Ao] Ao AW Aol yehr] AEERT FejAlE Aol v

hygromycinell w3k vj/do] tha ¢ 7c}3ﬂ A AH 2= 100 mg/L A olA e oFzhe] F2] o]

o Folxltt. wekA FAMel Ao FHHAE A hygromycing ATAR AMES A-F

AdsEe FAe 4 100~250 mg/L, 2] 7% 100 mg/LE AH&3ste Ao =& AL

Z AR 9T ¥ e A-$ hygromycing ©]&3F AdEErt 52 30~50 mg/L]l Al b3

(Hiei et al. 1997) FoA ¢ 2= hygromycine] 3k w9 73 JAS vehes A4S &

/\ )\}\ }/\T;]—

(e ox Jz

Hygromycin (mg/L)

a9 1-27. A9 Aol A AdEA AS 93 hygromycin 5% 3¢

(2) PPT A &= H4

Aok Ziel Agrobacterium W7l @RS E Zolu gt A&
XHES&} 712 = 7] hygromycin A % A4 A@ 3 sd3HA A& ﬁtt] PPT &
]

= 0, 0.1, 25, 5, 10, 25, 50, 100 mg/LZ A 2| 3}5it}.
el

o
ot
g

g

;%

0 Fi
i
off

iy

il

=%
= 47%‘ A8 & 25+2°C ¢ wEAo Al 16827 BFE7| 2 v g on, 457 Fo] Ay
AELIT T2 ARE ZAEA
FAAA et Adle] AHAE PPT v% S7kel wel Ao Aol @gastdny. Al
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5+ 25 mg/L A
F Ao A Ao
] <

“
AA 2 AL

1

T AFE =2 ATt s 0}11]—7]- 25 mg/L z%ﬂ%ldw
1y g Alo] A 2
s

29 1-28 FeAek Ao dEAEA s A PPT % €

LovAd s 847) o
(D A48 2 7
2 AT AFE Joy World, 22be, AXTTH, AFvhd A Gelx] Aol A =5
Aol ws B2 Juz A3t 3 g AEAE sty 9s)
of FdAY. Hedses BYx FEE dg ez FHskgl

o, 72 #jA= MS@ wjAE ARl

(2) Agrobacterium % 2 &2 A3 WY

Ao wAs 3179 dAAZ = Agrobacterium tumefaciens strain EHA105E AF&3}
o1, vectory pCAMBIA13013 pCAMBIA1302 5 7FA & AF£3F9 Y. 5 vector:s B5% A
WolA 2 hygromycin phosphotransferase (Apt) 4 A7 A5 o] oy, HafHAxe 4+
pCAMBIA13012 catalase intron< 7F GUS #H AL, pCAMBIA1302E mGFPE 7143l 3l
t} (CAMBIA, Australia).

A. tumefaciensi= glycerol stocke] A= o] A= celle FH3FYd rifampicin 100 mg/L<}
kanamycin 100 mg/LE H7}3F 114 YEP #] %o streaking 3] 28C, & Ao & 29 Fot
wjeretslet. ded Ut E G A st de el colonyE w ol 100 ml 4 =
ghaa £ FAJAE A YME]R| 50 mLoll FojF0] 28C ¢x 72 shaking incubatorel]
A 24X7F Fot 250 rpml.E A | okS dFivl. YMu| X oA vl kd Agrobacterium & EFSY
S 12,000 rpme. 2 108 &oF 94 E 3 3 acetosyringone 300 uMo| H7be A MSH] A
of ZAAE 3] ODgonm 1.0S.= AT T 2A12F &< 28°C shaker incubatorol A ol &k 3}
Atk

KA MS iAol A 24 B kg 3
Afe] AA 2083 HE3Ah JEe A

pt

=

87

q= 1&
Ak B 22T ],

N
!
al
8
8
N
o
hu
i
FoR
ok
2

HSL n&



ol
B

Fu) A= A~ F2E) R o] acetosyringone 300 pM-2

&

v ko] vk HMAAE HdFE 33 AHIT 5 Agrobacterium AAE FAAATE £
a2 resting wj =)ol %743ttt Resting Wl R| = ZAe] A 52 v Ao cefotaxime 500 mg/L7}
7 wiAE ARESES o, 2542C, A 7Y S wigE A TE Resting 7Y 5, Ael A~
Z21 ¥ %] o] hygromycin 50 mg/L%} cefotaxime 500 mg/L7} F7F8 Adteix] (TCIMDE &%
AT e 25£27TC, xdolA 45 Eob widsialth AgeiA] w45 5, nAd s RS
B QY AH2E F8 o] hygromycin 100 mg/Le} cefotaxime 500 mg/L7F H71d A ukwj
A (TCIM2)Z sAFReH, v 45 vity 4 siA = AhejdF asfFodvt Aduf] A4 5
v 8Fvicl FHAZ Al re] AEEY FTAES AT g3 AguR| A F2) o] o
Fojzl Ay asE AP MEFE A (TSIMEZE A5 25+¢2TC, 16:8413F #
2 Hj ksl

YM media / 1 days / 28x1 °C / 250 rpm
J Dark condition

Plant material preparation
Bottom part of immature inflorescences (8~10 cm
in length} / surface sterilized in 40% commercial
bleach (4% sodium hypochlorite) for 20 min /

{ Agrobactenhm virulence induction ‘ rinsed five times with sterile water / Cut into 5

=

Agrobacterium culture ‘

Call down(12,000rpm / 10min) L

Liquid MS media + 100uM AS / 2h / 2841 °C mm sections / soak in liguid MS media
/ 250 rpm / Dark condition

L

¥
[ Inoculation

Soaking : Agro. suspension (ODgna @ 1.0) / 20 min

.

Co-culture
CIM + 300uM AS /7 days f 22 °C / Dark condition

Washing
SDW / 3 times

!

Resting
MSE + 500mg/L Cx / 7 days / 2542 °C / dark condition

Selection
CIM + 50mg/L Hg, 500mg/L Cx / 25+2 °C / Dark condition
/\
=
3

Every 8 weeks, transfer to new TCIM

1 CIM + 50mag/L Hg, 500mg/L Cx
2md ~ gt CIM + 100mg/L Hg, 500mg/L Cx
7t~ gt CIM + 150mg/L Hg, 500mag/L Cx

v

[ Plant regeneration

TSIM + 50mg/L Hg

¥

Rooting
TRIM + 50mg/L Hg

]
{ PCR & Reporter gene assay

18l 1-29. FAAN (Miscanthus sinensis)® 7|24
Agrobacterium "7 HZE g 7]

b7 & ol &%

HAAZ Az F5 wH = Az QA hygromycin 50 mg/L7} A7FE wjAE ALE
5 i}

b Az A oA 853 mge &, Ay AL, Ax A4S, a8

=
2o oA AAASS 93 Agrobacterium VY|, FAASH Auk 9L o]

= le]

o

kel
T

)
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Q) AR e A= FAdG s2F e IF
g mAds B Ag ) N ol

robacterium "7 BAQZ] dolx FAHM FTxw
Pdds B0 HAE FFE AASEH. AFE BA &
Agrobacterium J& & 49 FF FxuSEE AAEIY oM, Joy Worldel 24Hs #4
= s iAol AgNOs3 5 mg/LE A7Fs wix| e} H7bshA] 8 F 7Y mMAE
%EHHO]: 71Zbe A4 T9E A7 A ste] vluskgivh w3 AlFrd A 99
T+ AgNO; 5 mg/LE H7Fsh X wiA oA 79 &<k wjdataitt.

FZu%F T resting A oA 2,
AT Hygromycin 50 mg/L7F H7bg A= djek 37458 dAAe] dawry mHo
A A A7 FRE7] AFER e, sk 8F A frE A AE B89 hygromycin 100
mg/L7F A7 A2 A= &AFAv 2349k 3 g Ay FHrt
Z ”ﬂﬂtq HL"LO}X] Sglal SX} Aol A AES A ~F hygromycin 1

s S T A Zo)dE AgA %5%01 43.7~49.4% = F
Zﬂﬁéoﬂ = Z i}o]% %i?iotq, X F 79 A TolA = v Aol vle) AEs =

iy

O o 12
= oo 12 = o
=

Ol
L

B
2

iy

mﬁr

i

me/L7t A7ta 2

AuE 5 ddbe) x| oA o] AH A AEES V|FEoR PHZ 49} g

AT Ao FAATL Agrobacterium "7 BHE A 3!

o, T WA AgNOsE H7lshA &2 g7} AgNOg 5 mg/LE H7
]

AL & F AT md FEuG 7|t dE FAHAE 282 AgNO:E H
7}8}A] %% iAol A Fxufde 49 S AAs e W FHE Ay s AEE0] 04% = 7

AT (1% 1-30).

"%é"ﬁ% AlZL A 7Fed 63Fe] AldrufA| oA o] vikE AH A 3ATE AL
o, O]% AH ~E hygromycin 50 mg/L7} #7149 A% F5 vjx|o|A] wjstHA o2 ds3k
Nzs FEHAT. pCAMBIAIIZL S0l EHALS #52 FAA83 5 4% g2
FPA A FolA ke Aes 2AFA A A7 AAEAT FHAE Az 5 8 A oA
Hi k& AJERRE 25 FRE =49 spote] WERLYEY] AZFSEA AL 4F S0l AlxE dEeilt
(29 1-31). o]F, Az ZAol7t 05 cm °] AA3EE o AxE FEste] &4 A
Ahe ek s FAvh AT Az FREA A AQAAE FAAS Axs A S 59
T S AN F A4 2y 2w AAS AAE dA- v
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3 months after selection 6 months after selection

& 25 6 25
oCallus survival 5e)
i [ M 4 20 el EMo. of survived calli |9 20
4 4 F
=t 4 15 4 15
3 r 3 F
4 10 41 10
2 r il
T i 12 1 L H Hi Hi H = 5
o i} ] i [ ]
A B C D E F A B iz D E F
& 25 6 25
o * —
) 5 F 4 20 R 4 20 E
= o
= k7 st T
2 4 15 4 13 é
- 3 F
2 =
P 4 10 110 @
é 2t 2 r "5
™
i 1 (=]
T U H H F
1} i} 1] 0
A E A E
& 25 6 25
5T 12 ® 7T 4 20
4 r 4 -
1 15 - 5
3 r 3 r
1 10 4 10
2 r 2 r
| m | I )
. ml | L o o - .
D G D G
Transformation method
8 1-30. AN (Miscanthus sinensis)®] "X <5 375 o83t Agrobacterium ™71 32

J- o
g @8 vHA= FAHN Agrobacterium strain & vector, &8¢ 7|7F &
2 FA AgNO; H7Fel &3t (4 Joy World, & @ A4&sd, 3 AFtd
EHA105/pCAMBIA1301, ¥-ZH8]% 4, B: EHA105/pCAMBIA1301, 3 Z<H] < 4
Ad+AgNOs 5 mg/L, C: EHA105/DCAMBIA1301, TxuE 7Y, D
EHA105/pCAMBIA1301, X HH % 7Y +AgNOs3 ) mg/L, E:
EHA105/pCAMBIA1302, &-Z=1)] % , F: EHA105/ pCAMBIA1302 TEAE 7, G
EHA105/pCAMBIA1302, &Zwd 7Y +AgN03 5 mg/L, *: FAHF Mz A4
e )

OH rzi Y
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op

ok ot ol

A e mAd s F7]E o
%2 31717} Agrobacterium 71

AaEA Ade Veoer AYY

N1

)

£ o
=

lo

=

oflt
i,
2

=
2 oo e ox

)
=

AME ARZ 3t Agrobacterium strai
=
€]

o T AL W B

EHA1058 AR&3tal, AgNOsE FH7Fsh| &+ wjA oA 4
2 & d
A
[e]

&) 05%= 74 =9kt). mlA
Frd AgaE Byde] hygromycin 100 mg/L7F Z7FE wiA 2 SAFAES ], Az
A

i3

4%

A

-
L]

-k v -
% . 2w~ & M

a9 1-31. ZFYA (Miscanthus sinensis)®] vldss 3}7] o|& Agrobacterium w71 A%
< B Az A (A HEAR, B AEA81 A9 & Agrobacterium &, C:
acetosyringone 100 uM 7} #j Aol Al FZu]%F 3 cefotaxime 500 mg/L7F F 7}

A A FEEA A resting, D: hygromycin 50 mg/L7F 2715 A dku) A of A

AAg A~ F%, E hygromycin 50 mg/L7F A7Fa A Awf R oA &4 A5

2 7l P~ Aol A Add JA-d8 Az 7AE.

v B Aes o)lg FAEAS
(1) #FAAN (Miscanthus sinensis)
Oh AEARE 2 7] EHA]

AFE AR A FA g% ] F AULE AEsl AR ALUS #
gata shaldh WA AURTE fEG Aual 4F 5 2Ys] FAF AR §AF

= 3
Ao, olg AHE S0k WHEssivt of &, W 4FvieE MS@ wj Aol AthejF shglom,
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% Zgo| we) S1, S2 ToE FAISYTE A AT 2642T, X oE Hjgs R o,
T AH2E 3~4 mm=E -m’/] 3ol Agrobacterium "7 F A A AE 2 AFE3S T

(W) Agrobacterium v 2 2 A3 Wy

A e A AE = Agrobacterium tumefaciens strain GV3101-8 A-231%1 2., vector
= pCAMBIA13029] mGFP +3dAFe] E¥ = CaMV3hS promoterE 292 ubiquitin
promoter= ™2 A7l pCAMBIA1302:mUbi:mGFPE 7]HE o2 A&t} 7|24 d& A3t
WS A7) v s 517] o8 AR W SHdsA s o, desiccation A EE G
3} AL resting AL AEFEACF (g 1-32).

Plant material culture

¥YM media / 1 days / 2811 °C / 250 rpm Callus derived from immature inflorescence

Agrobacterium culture
J Dark condition

Cell down({12,000cpm / 10min} l, l

Liquid MS media + 100pM AS / 2h / 28+1 °C
/250 rpm / Dark condition

U

Agrobacterium virulence induction
Desiccation 10min on filter paper

Pre-treatment

¥

Inoculation
Soaking : Agro. suspension (ODggo : 1.0} / 20 min

|

Co-culture
CIM + 300uM AS / 7 days / 22 °C / Dark condition

!
Washing
SDW / 3 times

!

Selection
CIM + 100mg/L Hg, 500mg/L Cx / 25+2 °C / Dark condition

Every 4 weeks, transfer to new TCIM
1% : CIM + 100mg/L Hg, 500mg/L Cx
20w CIM + 150mg/L Hg, 500mg/L Cx

'

Plant regeneration
TSIM + 50mg/L Hg

!

Rooting
TRIM + 50mg/L Hg

.

[ PCR & Reporter gene assay

i
°
op
o

8 1-32. FAA (Miscanthus sinensis)® v 317 8 AHAE
Agrobacterium "|7) @A A3 7] E Wb

F T oAdre A s Fu]x| o] hygromycin 100 mg/L¢ cefotaxime 500 mg/L7}
A7tE A x] (TCIMDE AFE3FS ). Ad 3~8F Alolo AHA A M2 AAE Aex
= st T wiAd Adels TR Ao A7|7F 7 mm ol EeEstee o,
hygromycin 150 mg/L7} 71 TCIM2 ®jx|= 7 w3t »f 8Fvv} A Eiifﬁ B E
&5 ARSI oH, 1A A & AAAY AR ABE Al

7 2~
Eh TE
AEES 2AAT ook B EAG A3t BA MRS RE I
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o 5 KeN
oA v s 28 Y AYAE e 5, FEd Ayae 4 (Hded e Y
4 FAE FRre AFE AE, Joy World, 3438, AFthd
R Ao A AFHE FAA 4FE AFEFIE oW, GV31013 EHAL052] 5 7}A| Agrobacterium
straine X g3ske] A g3l
4F9 4% F, GV3101¥% EHA1058] -+ 7FA] strain 25 24bHg A9 Z<
AEE A7 1.2%9 1.6%% 7 =9ko v, GV3I01E Y= EHAL0SYE #eiAle] 3
S Aoz YT Aibe A9 FAAlE A 27 AYA FEES URAY
T e AYae FrF wodrh 63 A Fok 6~8719 A~ AFo] LA oM,

EHAIOS straing ©]-§3F 42bg A o) A 1AM ddde Az AE v

| 3 months after selection | | 6 months after selection |

100 70 2 15
o Callus survival 2g)

80 B Mo. of survived calli

4 s0
80 r 1 2

4 30

o
=]

4 20

(]
(=]

4 10

C

0 0 ]
702 15

-
[=]
(=]

4 60
80 —

1 50

Callus survival (%)
No. of survived calli

1 10

O | 1 a0

w 1 =2

4 20
20 r

0 1 E 00

Mt loy Jung Jeju M. Joy Jung Jeju
Siksan World seck Dawon Siksan Waorld seok Dawon

N

Genotype

¥ 1-33. FAASA (Miscanthus  sinensis)?] wAd< 7] f#d AH2E o83
Agrobacterium "7 FAAZ &8 vAE FAE XY)o a (A
GV3101/pCAMBIA1302::mUbi::mGFP, 3 EHA105/pCAMBIA1302::mUbi::
mGFP, *: @24 Az A48 A

AAA ANZxE dA4 S 25 99om, 5 em o) AFFHAS W, fAA =9 2
HAHAA S AAE oA Aot} 7] Aubo] glojA] Ay A AELES YW EA Joy World |9
HAANZE 2AbE A Ao vl AEEo] FAANE, 62 ATo|A= A5 X9 F A



W AEsY. olAe R Heol Joy World A9l FAAIE AAbE A el wlE|
hygromycinell gt o] o ZstH, olw ¢ Aol Tyl HHe] veld & e Ao
2 oItk A Ao A o] BEELS 4%} A o] Fol FAT] Faste] Mo mA s 517
el Aelas FAA ek wkgo] AT vYEtYE S & F dded, dEds A A
ol = F &gk A9 AdeA] Althey ko] Hestrta ddkd

(&) dAAS &gl v A= Agrobacterium straind} vectore] &3

Aqbe Al FAdA e wAds 7] Y AYAE ARE JAAE 5Ed A=
Agrobacterium straind vector® TGS %O}EOLE} Agrobacterium strain?t WX E 93}
pCAMBIA1302::mUbi::mGFP vector7} =% o] 9l& LBA4404, EHA1059 GV3101-& AF&3}

Qo EA] vector M| E 3] pCAMBIAlSOlJ/]- pCAMBIAI302E =3k GV3101 =+
& Ab&ste] A3 ettt

Agrobacterium straine EHA1057} 7] A= A4S A2 5 AAAR, 63
o] %ol AEEL 15%E 7l Fsdth olv FAAS o] oy AEE EREHA W A
ol FAAZ = HAAo] = EHALI01Y pIGI21HmE] super binary vector] ARg9 7]
W A {FARSE ZAdo|tt (Hiei 1994). 38 vectorgt H] oAl &= pCAMBIA1302::mUbi:
mGFP vector’} pCAMBIA1301¢F pCAMBIA13020] ®l&l] A ¥ AELS Yelgdn. &
A, EHAL05/pCAMBIAL302::mUbimGFP 2 2] 7~ 4 47%, GV3101/pCAMBIA1301 A & -l
A 2413 GV3101/pCAMBIAL302 A2 7oA 4459 AefAE Adstgon, JAd3 4l
2 A AR &4 FAAE AxE Feskal gk

r° OH s
S )

| 3 months after selection ‘ | 6 months after selection ‘

70 200 20 10
| oCallus survival (32) mMo. of survived calli
60 =

by W 1 e ol o ]
50

40 r

4 10010 r
30

= 4 s0 o5

d 2
lo _ H u
0 0 00 ﬂ 0

A B C D E A B G D E

Callus survival (%)
No. of survived calli

Agrobacterium strain

oy 1-34. BN (Miscanthus  sinensis)®]  vA <% 37 fF#3 AHAE o]&3
Agrobacterium "7 HAAZ F&o| v A= Agrobacterium strain®] A3 (A:
LBA4404, B: EHAL05, C: GV3101, D: pCAMBIA1301, E: pCAMBIA1302)
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[e}
AE2 Agrobacterium JE A AE A
2 o WA= E3E AASAT dA Y
+© desiccation 10%, 3L 2 2] 30+, heat (43T, 30%) & centrifugation (2,000 g,
10—r) 0.05 M MgCl, &9 %= 1582 4712 HE AHE3Arh. JeHHe AHAE M
gErolo] H A 3= soaking, AHAE Agrobacterium HAEF] A3 & Wt E spatula®
A E2 o705 F mashing, Tween 202 #H7F (19-2/50 mD3F Alxt &A= soaking
sk 3714 A& ARESRh vl WS 7)1ES] 1A AS wj Ao A Aek=
it filter paperel] 1A & HH & HHX]E 2.2 ml 5% ? Ak S ARSI TR
47HA AR E DA g "
WA Hd HE: W e 75‘% /H.UXHEE Tween 205 F7+ek Agrobacterium e 4
Ak Al olA AAFY Ayt AT AYAE FWol aEA gol HF
Agrobacterium @E Ao == A7 2, Tween BOO] e ~0 E‘?ﬂ%}@;‘. Z4
T g HEHe 7R 3
Agrobacterium "7) @A Al HE wjA o AWLSEAE H7std T-DN
ARy AE A9 I&d= FA84e a9t dvia Haskth fFeAfe
g wp= A o] MExA e 3]s
zxA 2] gEo] & o]Foly Aoz MU} X]j%— = co—culturef\] Hl
g

o
o of
o,
2
jud)
_
2

oy
IS
> 5=
N E i
S S =)

oy my *
T,
|

T oy oy

q om oo K2 1 N oo

o
=)

ofN Ay 2 X

2

offt oy b
ol

[>
rf
ot [
S
N
o9
P
2
o
=
N
f
go
X
oflt
S
2
;
o9
P
mlm
do
g
ﬁod
i

‘ 3 months after selection ‘ ‘ 6 months after selection ‘

25 100 10 5

oCallus survival (5)

20 41 80 08 | EMo. of survived calli

1
S

I 4 60 06 [ = 3

w0 140 o4 42

ST [0 Callus survival () 120 02 | 41
@ Mo. of survived calli u
0 L 0 00 0
D E

A B c D E A B C

Callus survival (%)
No. of survived calli

Method of pre-treatments, inoculation and co-cultivation
oy 1-35. ZAAA (Miscanthus — sinensis)?]  "A% 37§ AHAE 9]
Agrobacterium 7] A A3 F gl v A= AAY, HE, co—culture ¥ FH

943 (A: soaking, B: mashing in Agrobacterium suspension, C: soaking with

% ol

fo o

Tween20, D: place on AS media, F: place on filter paper with 2.2 ml liquid

media)
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 A2E An2 FEAR B A T
F 1,24, 7, 1049 57H4 A=E AAskad. &
FE TG A A el Agrobacterium 7] %7}6}9}2@, 793 10

Ag 9 ARR AA3AT. Agrobacterium A7
o, dwo] AYH AvAaE AMEZL AV FRF=H 285HE A

= o2

o
AN
—~

o|\
)
Lol
-
T
i,
i)

o
2
1

T D 4
a2
(=N I RN

of 2 Apo]7} A ok

7%, AESE A

. T s PR A TR 7

o] Zoj Ao ule} Agrobacterium A7l o3k AR A o] £4fo] wo] dojyi=d], o] 3
3t =5

ol A Feel Fe VA= Aoz Hel

Y

‘ 3 months after selection ‘ ‘ 6 months after selection |

40 250 25 12
o oCallus survival (%%)

=] 4 200 20 | mNo. of sunvived calli || 10

30 ] ]

A CER0GES [ s
20 1 6
4 100 10 [

10
{150 o5 | Hﬂ Hﬂ {3
0 0 00 0

1 2 4 T 10 5] 2 4 F 10

Callus survival (%)
No. of survived calli

Co-culture period (days)

op
o

a9 1-36. FA (Miscanthus  sinensis)2]  vA<%  37] 3 AexE 9
Agrobacterium w71 @A A3 F&ol| "AE co-culture 7]3Fe] A

»

(A BAAZ g8 v A= FEe% A acetosyringone (AS) %EFA a3}

Aabe A9 A e mAdSs 3] fd AYAE ARE EAS 5E VA= T
% Al acetosyringone (AS) % BHE dolr 7] 93k 0, 100, 300, 500 uM<e] 47} =g
£ AT AcetosyrmgoneL AgrobacterzumJ vir AR AAE A3 dE sg
E F 3= iy B SolA dAHE 588 TUMAIIE Aoem dEA dvt (Klee et al.
1983; Hille et al. 1984)

U}l_‘z 1:/011
oZ:

300 uM X2 & Aelstal, A 279k $7] 5 AP 7 Aol A7 WERuA] @A gle
o, & A Aol ve] Zztel wE Adej oA o] AEs HAAavE HHE o] FoA A
vk Adrd A F 8 mmeol WEd A 12ATe Ax AYMAR &7 NEE

A

AN
T3ty on, AME oA 3~5 mm 2]



3 months after selection ‘ 6 months after selection

100 100 100 100
T w0 | 48 80 [ ﬂ {80 ®
oo | Qo
z 3
= &0 {60 60 [ 160 =
2 2
) =
@ 40 r 4140 40 | 14 @
= L
— Q
o ]
Q 20 r 4 20 20 | OCallus survival (32) 4 20 e
mMo. of survived calli
0 0 0 1}
0 100 300 500 0 100 300 500
Acetosyringone (M)

a8 1-37. #ZFAAN (Miscanthus  sinensis)®] wAdZ 37 4 A 31 A5 o] &3
Agrobacterium "71 HZ A3t &8 7| A= acetosyringone 5= &3 (k1 F

2 Nz A8 A

1= xu ek wlA o] AgNOs 5= &3

= @ﬁl—c A4S A FAAf Y w57 i AYAE AR PAAS BE] vx

ZufdF A e AgNO; &% EHE Fotur] fste] Fdeddvt. sxuld wiA 9
AgNO; 5%+ 0, 5, 10, 15 mg/Le] 471#] A el & A A a9t}
T wiA el AgNO; %71 S71e45 Agrobacterium Aol A A H o] AgNOs7l 24
Wukx o] sk ¥ul Agrobacterium A% AEFES vHE= AcR eyt AgNO; 15
mg/L A& Aestar, A 278 7] B5 dAwrd o g v)sedk Are] As PEES
el o AgNOs als% X@ Pl XA3= Agrobacterium E210] A wo] Aejse] &4
oA A, fFAA =9 A= v ez Helth

2

A

‘ 3 months after selection ‘ | 6 months after selection ‘

70 120 12 20
— 60 — ] =
= — ] [1]
= = b 415 ©
& — 180 8 =
= 4 [ >
[ -
] A4 10
w3 - =
w w
=] 44 a4 &
= 20
o | 15 &
Q OCallus survival (&) =

0+

mEMo. of survived calli
0 [i] 0 0
o 5 10 15 ] 5 10 15
AgNO; (mg/L)

% 1-38. AN (Miscanthus sinensis)?] WA % 347 8 AHAE o] 83t Agrobacterium

7] HAAE gLl A= AgNOs 529 &y
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ol3 A
Ao FAA3 AYze FHAA =Y 2 fFAA HHES 457 Y3k PCR¥}
RT-PCR A4, GUS ¥ &3dn 4 £33 GFP ¥3 wd AAS 3390
@ PCR
Adbefx] wj ok 8FaFel FAAS A 4AES FERYR Ausle] A o] Yol F 4

3l 3 Macherey—NagelAl 9] Nucleospin Plant 1T Kit2 ©]&3le] DNAZS FZ3% ). Primer
= hpt T4 A2 251 bp ends (5'-GAT GTT GGC GAC CTC GTA TT-3', 5'-ATT TCA
TAT GCG CGA TTG CT-3)& ©|&3% 2™, Elpis BiotechAFe] HiPi PCR PreMix Kit*o“ o]
43l PCRE AAISIA Y. DNA S35 95TCAA] 58 &<k %7] denaturation 3+ $ 95T 30
% denaturation, 60C 30% annealing, 72C 30% extensions 35 cycle ®¥H53 5 Azﬁ o7
72T~ 287t extension 3A T 53 F DNAEZ 1% agarose gels ©]-&3}4] 30:‘% U A7
=23y UVE gelsted o)

AAE e AAHE Ay oA AvalALl Aptel 31Wd= 251 bp =719 band”’} YERSE

thoo]Z Mo AT e Awold A A o] ol Foldes & & AT

O

off

@ RT-PCR

PCRel AR&3F wd3s AlFe] AHAE HA| AR Yol #48 +, Qiagenrte] RNeasy
plant mini kit = ©]£3%¢ RNAE F=3+ ¢ Invitrogen A Super Script First-Stand kit-S
o]-§3lo] ¢cDNA S sttt A=A WolA 4 dAsHA Ty FdA e B-Actin
HAAF primer 1470 bp ends (5'-GGT GTC ATG GTA GGG ATG GG -3/, 5'-CCA CAT
CTG TTG GAA AGT GCT-3")%E o] &ste] 7} RNA®] Foi4el Azs sttt hpt 1A 4
9] 251 bp ends (5'-GAT GTT GGC GAC CTC GTA TT-3', 5’-ATT TCA TAT GCG
CGA TTG CT-3)E o]&3 <o, HiPi PCR PreMix Kit (Elpis BiotechAh)& ©]43}4
RT-PCR& AA|8t% T DNA 32 95CelA 57 &<t 27| denaturation gk % 95T 30x
denaturation, 56~60C 30% annealing, 72°C 30% extension=- 30 cycle ¥H&3F & HEH o7
72T oA 287k extension 3R T 3% DNAZ 1% agarose gelS ©]&3lo] 30& &<F 7]
=23y UVE gelsted o)

RT-PCR #4ellA 471F2] g Aezolr 251 bp 2719 bandE #& & =+ U

o ol Edle] FAHS A A RFNA Apt FAAY}E transcription levelol| Al 2HE ¥ oL
5

5} s A% 23 AN A H459 A WS o] &ste] HufA

A gfp =9 IHATES HAAEAT. Agrobacterium  straine  EHA105°]H, vectore
pCAMBIAL302, pBIN mGFP5-ER F 7[A & wlassivt. Ad 85 §, A#s PE&39 o4
& Ao, dAd8A Hze A 2EHs 0}7] 9)eted green fluorescent
protein (GFP) &35 dAnA-& o] &sle] ZAFSIAT. GFP 3% #&-& 93te] 470/40 nmY
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exciter ¥, 495 nm LP dichromatic beam splitter, 525/50 nm barrier BEE &3 24 9
B n A (Stemi SV11, Zeiss, Germany)-S AF-&3F T}

ool A dAHdgEA] &S control®] Aw oAk GFPF A &3 o] w3t
ouf, AAAE Ao A= controld T Vhed A FREdC] YEY A4 =9
gelsr = AdAoen, pCAMBIAL302 vectorel| W3 pBIN mGEFP5-ER vector”’} &=
e @S wolFelv (LE 1-39).

a9 1-39. ZFAA (Miscanthus sinensis)®] Agrobacterium "7 HAGAA gp &= A
gt A ~9 GFP 2d #AA (A: control, B2} C: EHA105/pCAMBIA1302, D9} E:
EHA105/pBIN mGFP5-ER)

@ GUS staining

WA GUSY @3 of & Felshr] flste] GUS 4334 #4445 AAstadth
(Jefferson et al., 1987). GUS #2Xd&= At 854 AHAE F29= Ad3 o] A3
X-Glue (5'bromo-4-chloro-3-indoly-B-D-glucuronic acid), 1.0 M NaPO4 buffer, 0.25 M
EDTA, 0.006 M KFerricyanide, 0.005 M KFerrocyanide, 0.02 M X-Glucuronide, 0.1%¢ Triton
X-100)o F A A7l & 37C incubatorol Al 24x17F %ot ¢z Ao A wh& x| o wh&o] &
WS 70% dEEE gAIZI 3 GUS T s gelsksith
At A A AEmo] Fd Ao dFoA GUS Hde] yetwtow, A A o7&
FAAZE 2 EATE As FAE F AU
2 GFP ¥ %3 GUS staining 2%E Egau® oA nA
= 3] e AYAE ol&d JAHS T AdHAel fFrd AMERE AYisAE §Hd
=9l o] PAA R o] FolH S-S Sl & T e AdE Al IR
Al GFP @3#3 GUS stainingo] WEbd A0 = Kol vk 279 AAAL w28 &8+ A
| dastrtar dodrt

O

o

ole] Axts H FAAAle wAds 7] FH AY 2 ol f Agrobacterium v BAEA
Stoi= 214Hg-, Joy World A9 Al nmAds 37] (07 1-40-A)25YH 23 AHAE
ANHE =

AbgEte] (219 1-40-B), EHA1059 GV3101 straing o] &3lo] FdA4E =9lsts A
2342 RAo=w YelyY. HE A Agrobacterium HEFR = Tween 205 #H7bsla

)
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acetosyringone 100 uM¥} AgNOs;E 5~10 mg/L A7FsE v x| oA 8] % & hygromycin

100 mg/L7F H7ke Akefx|el A wigFsiale o (9 1-40-C, D), ¥l 45 o578 #24
7F =dE Ay zoARt e Ayt FREEAL (1 1-40-E), Add Ao R
il

gAYt (18 1-40-F). =3 45 A4 PCRS &3
e AA Ay oAAsE 2719 band”t vERLY oA %l
ATt (28 1-40-G). Add RE Aeas A2 AQAS F

t}
127} Aol A A des stw Yok (18 1-40-
5
€l

X
ro,
do

st Aol w7 fwE AEAE o8

Control Transformed
callus

8 1-40. FAAAN (Miscanthus  sinensis)® W]
EAR, C HE D E6 E Ad

=9 (PCR) 2 23 (RT-PCR) #A, H~
3 Az A%
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(2) 2 (Phragmites communis)
hH AEAR 2 7]EHH

T AEE P s A vds 3] 5 AYAE AREEte] kA 92

_O|L
W
>
n
o2
_O|L
52
k)

£ v 4Fvbeh Ay s FAu Ao At u] 4Fslo], 252,
H AYAE 6~8 mm A= B3 Agrobacterium v

(W) Agrobacterium v 2 2 A3 Wy

Z el A Aol = Agrobacterium tumefaciens strain EHA105E AM-&3}31 2.1, vectoris
pCAMBIA1301-8 AF&3F99 T pCAMBIAL13012 A9 wlbA &2 hygromycin phosphotransferase
(hpt) FAAQ} B FHAZ catalase introns 7F GUS 427 AdEe] vt
(CAMBIA, Australia).

A. tumefaciensi= glycerol stocke] A= o] A= celle FH3FYd rifampicin 100 mg/L<}
kanamycin 100 mg/LE H7}3F 114 YEP #] %o streaking 3] 28C, & Ao & 29 Fot
HjFsiaih datd Ut E sk A Askal = sty colonyE ol 100 ml AH =
ghaa £ FAJAE A YME]R| 50 mLoll FojF0] 28C ¢x 72 shaking incubatorel]
A 24X7F Fot 250 rpml.E A | okS dFivl. YMu| X oA vl kd Agrobacterium & EFSY
S 12,000 rpme. 2 10% &<t %/‘]{'m’/] Sk & acetosyringone 300 pMo] FH7}E A MSH]X|

of AMAE3F] ODgoonm 1.02.2 A3 Th5 243F &<F 28C shaker incubatorol Al bul %k s}
Atk

AA MS v Aol A 2A1ZF v kst Mlwt dE R A 7] 3
A 2083F HEs AT JES A AE FxvjFufR o] Xge e %
Wkt oy, TR E Aex S u A9 acetosyringone 300 uM-S H7FgF 8w X & A}

&3t

x| ko] ¥ AYAE AdFE 33 AFE & AYs F2 iAo hygromycin 100
mg/LSﬂr cefotaxime 500 mg/L7} H7Fe A2 AT vha 2522°C, Fx7o A 457 &9t

274 % @ﬁi% i 45wt Fd HiA 2 Aok S
TM‘jr “HLHHX] s :‘-?: il 85wttt A A Ay AEEd FHES AT 1Y
aL A A| e A F A o] o] Foj Rl Aeaes AEA A ¥iA (hygromycin 50 mg/L7F 3 7H4
hormone free MS ¥l 2 & F0] 2542, 16:8A1ZF #7] 2702 v &3} h

E
R

T dre a5k A9 FAAY nds 37w AYAE AER Agrobacterium | F
A AH e AA2r) A g vA= BaE A4S Hske] 3 E

A2 = desiccation 10%-, sonication 60%, heat (43°C, 30%)%} centrifugation (2,000 g, 10%)
3714 Al & AFgstg . AR = A A A] e hygromycin 50 mg/L7F #71E wj A
(TCIM)E AR&3ion, A 8FA el dAAS A=A F&= WA (TSIME At sk
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26:2C, 168713 FF7] o= njatainh
o] hygromycin 50 mg/L7} H7ld WA & A&
AEES TAsEe] A2zt B3E vl skl
37} 7<4i%’/]e A AE Ay HE A Ay 2o 108 59t desiccation X k= Ao
A~ AEE 100%= 7HY EgoH, 42 At & FJAAS AEA A8 AR &4 dA
Ag ANzxE A5 oAtk (L 1-41).
o] Lo & Agrobacterium strain, &
AgNOs9 ¥%, HEWHA & A&
t}.

B
jur)
_—=
oo
X
o

, Ak wjA] 9] acetosyringone &%,
7tz 23kel AA FdG e, AL A 9

Callus survival (%)
g

60 Non- Heat &
treatment Centrifugation Sonication Desiccation

50—

A B c D
Pre-treatments

¥ 1-41. 2 (Phragmites communis)d VA% §}7] el AHRE o] &3
Agrobacterium "7 FAHME F&o v A= AXE W Fa (A AR o
A AEA AEE, 3, AduAdAY AeA A ¥, B! heat &

centrifugation, C: sonication, D: desiccation)

) HaFAR =9 FAdg
Aukuf x| oAl 3 mm oA Z=2] 3% 3
A At °E3}7ﬂ"}‘3} 7 e 1i A F-of| A H a2 ¢ ol

I obto] o] Foj Al dule A EAE PCRE B3 FAA =Ye el 7§?Jr xgxow
o FYsA AEAQ Aprol &= bands ERE O MR AR gusel &F 3
band= WEFLA] @k (1a 1-42-19] A-1, A-2).

e Agrobacterium "7 @A A3Ze] AzmE ALY Y mAdE 7] (28 1-42-A)=
B AY2sE Frd F S48 (28 1-42-B). S5 Ay Ao AP desiceation
AH&-SFA AL, Agrobacterzum 6:15“’”01] A A 3e] mashing WHoR HE T (27
1-42-C) AdajAlol A gads As Ad 2 A A fEshsitt (29 1-42-E, T).
Hygromycin 100 mg/L7F 7k wjxlel A Mg Aefxe] GUS staining 23, Ad29 o
Fol A gus FAARe] W] kA dEhbE e ST (LE 1-42-G). A" FAA

feomm > W9

T

o
ot
mlo



3 A EA 8482 hygromycin 50 mg/L7F A7 AlFw Ao A AZAQ 7y gy dd
| ol FoA AT (28 1-42-H). A o] o] Fofxl AEA = s3adAHE A A At
o, PCRE &3l fdA =] A=A (L7 1-42-1).

o

M| ~E o83+ Agrobacterium "7 HAAZ Al A

&

o]
T

ols} 7ol Zdle] WAL 7

s Sysdt. Aue mds FgrjeA  dojxl AYHAE AE O ARE AMESY
pCAMBIA1301 vector’} =1%o Sl Agrobacterium EHAL0SE o] &3lo] dAASS A7)
S Aes A 2 AEA S22 S Fole] EAE AEAE At olEEY FHA
=9 AgEE g & i

{-)control Transgenic plant§ H

52 53 54 &1 71 1 24 Al A2 M P WT 11 1§ 22 33 41 42 51 5Z 53 54 &1 71 =1 B4 Al AT
- .

S U ——T 1

a9 1-42. ZAW (Phragmites communis)® 73S ﬂﬂ e AEAE o] &3
Agrobacterium 7] BAA3 34 (A, B 1A s
HH *3 2 EA =, C: Agrobacterium @E o] A & mashing WHl 23
D: x|, E P A8 2 A8 A=A A48, G mafAA gus BH A4,
I hygromycin 25 mg/L A7} sjxol Aol A% 2 &4 4174 I genomic PCR
& T8 A =9 AA)

_67_



4. = 22 RE s 93 Agrobacterium 7N E A A3k

2 A FHE HAEQ cellulose A7FEE AR =9 FAAIAE JEetr] siAeE
2HE o] AFAA 7o HHY X ol HAAAQ Ao o]FofH I EAH AT 2 AEHA
of oFAT FHAV HHE & URFH T A ZTZEH ALgo] AgHolr), o],
FH7)do] Ho A WA V) es B X AEHA FE2A ‘rab2l’3 996, 972 T2 W
HE o83 HufARe] A 4 dAAss B3 22 ko] ZolE A A

7t ZH A
(1 AR, 71284 2 43 I
AFe mud 2§ A9 FAAe vds 317 f3 AYH2E
AEAR, 7R x] 24 2 FAEE He A 3248
= Agrobacterium<- TR RO ZHY B oFuke- EHA105/pHC10::p996,
EHA105/pHC10:p9729F EHA105/pHC10::prab21-2 AF&-3F3
phosphotransferase (hpt) F+A*2 mGFP A 71 45
rab21 promoter’} 22t =4 5o A} (18 1-43).

o} 7]& vectorell = hygromycin
o] Qo MCS F e 996, 972,

MNhe 15ph |

— 1y4dg
— | IN
— 1190
— 14833

| JES

%

o [e]
B9 AT A AU WG 3FATE Aeiavh el AR A
W, 45 Ai= vAg dwo] yehd A AskA] EFv v 45t A oR S
= & BY WAZ &7 AwsleTh @A), 63 A DAt
e}

o, Adtd AYAE A7 8 mm oY LEAzl & FAHS
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3 months after selection 6 months after selection

70 60 4 4
- 60 I I T E
& (] ©
= wg L {4 3 1: &
= h=]
= Tl Q@
E 40 i ;
= 130 2 | e 5 =
w30 - 5
@ 7]
= [
OB = (=]
© = 1151 ¢ 11 g
© 10 | O Callus survival (%) =

E Mo. of survived calli
0 0o 0 o

35 mubi rab21 972 35 mubi rab21 972

iy
>
(ld
ed
ofo
&
A,

a9 1-44. FS H (Mlscanthus sinensis ) V 5 ﬂﬂ T
L=0Y %

Adkel ] v E 8F F F2le] glE HFAS AHxY 7T AETS AR ALty
genomic PCRE& &3 A~ HHY FdA £9 AFE 13 A T Genomic PCR #AA 2
I}, 996 promoter®} rab2l promoter construct® F A A3t Autdl AAASE AHA A%
T 4FE ]ﬂﬁ}ﬂ AvkA o w WA AARl gpel At AFHAT 573 bp 27|19 band<t

AWekAR) peel A% 454 bp 2719 band7b HRAG (217 1-45). o] 2 Mo} FolAl A
o RAABE B FA4 0l HTACE o|RINEE AW T 4 AR el

gfp PCR oA oldsld =7]¢] band o]¢fel F7}24<]l band7} ## = o] ofo] el F=% &

996 promoter rab21 promoter

E/ﬂ _LEUE1 501 83%21;(4%}

—_

(M: 1 kb DNA marker, P:

18l 1-45. #ZAAA (Miscanthus sinensis)®] AZXAE# A
Ay~ PCR #4448 B3 {44 =9 29

T

s
R
|

plasmid pHC10, C: non-transgenic control)
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Control EHA105/pHC10::p996 EHA105/pHC10::prab21

18l 1-46. #ZAAA (Miscanthus sinensis)®] AZXAE# 2~
)

Aol 4N A% A F FPAAL F

oflt

rabh?2]l X =

4d o] A

oAt daTe P 48 GFP Bae dehie) 414 59 2 wHel selugv
(717 1-46). o] 53 Aotz wFo] & o FAAel A= cellulose A7Fel] #FdA =HA 996
E2RHE A do] aREY AoE wed

. A

(D) AeAs, 713 2 gdds U

2 AYe AN S5 A9 g vAds 3] f3 AHLE FAARE AR
At AEAZ V)RR 24 2 FAAS e Ay FAAS 27 g 2A87 55U

o o

FPstd e,  Agrobacterium-- TR RO ZHY B2 EHA105/pHC10::p996 3}
EHA105/pHC10:: prab21-& AF&3LA ). 718 vectord] & hygromycin phosphotransferase (hpt)
A% mGFP 747 i o glow, MCS F-9lo 996, rab2l promoter’} =A% 9l

o gAdg 5, A 2 % Rd AL 7] Aot sdsl 3skit

E— vl H
Efa R ZRYH7E 2948 F324dE A8 A= hygromycin 50 mg/Le}
cefotaxime 500 mg/L7F H7Hd Axdulx| oAl v Fste], fdA7F =9d A Avhs Adslod

[¢] ’
oh ieF 2R A ATE g Sy AlgrEsle, JdF AYs

A AR EAT WG 4FA6] Adder FAEE AUAE A2e 5D AR $AF
3 A4 =9 2 23 %A 99

- —
Aow, T2 7THES Adsle] A
o] genomic PCR¥} ##dn A4S &

arf A Az PCRE 5 A4 =9 o528 Sdsusts w, AevtAd hpt



R =4
=3k GFP @de AAG}AS o,

G 573bp

Hg
454bp

T ZERY =9 dAds

a9 1-47. 2 (Phragmites communis)® AZA~ET
(M: 1 kb DNA marker, P:

Aelze] PCR 4+ ¢ 44 =9

plasmid pHC10, C: non-transgenic control)

[
_{\_ NIB
kel O]

T

EHA105/pHC10:0996 EHA105/pHC10:prab21

18] 1-48. 2 (Phragmites communis)

o AxrEds R4 ZERE 5y 3449
Aol AN A% A F ARARE B A3

Al wioks Fal AdE A HE Aeas
mg/L7F A7t8 A EA QAN AR $AF0] 25+2C, 100 pmol-m s WA
Fdzx stelA A AEA YEE F b

A A o] A B F 2
(¥ 1-49-D), 45 ol % A=
sttt (9 1-49-K). Fddsgk 2 EA49 ZAo|7}
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F2)3le] hygromycin 25 mg/L7F H7lE AuIR R &7 F0 2
1-49-F, G). & 407182 4248 At Aoz Adsslon 79 ¢aatds 1A

A AuleA Tt (1 1-49-1).

a9 1-49. 21 (Phragmites communis)?] ZAZX2E#H 2 24 Z29H =9 A d3 34
A (A A EAE, B JF, C 384 wiA oA dAAg Ay A, D, E 34
A3 AHAZRE AEA B3 F G d24% A=4 A 2w o 7)e &

% S} .9_/\1 ;(H HH)

.
o

FAAE AEAT 20 cm o] AYAoR AAHAE o, FAA 2GS &3] 25
genomic PCR 7 A& 22319t}
A GAAS HEAE WEoE A4 =Y oAFE Flstr] 918 PCR #4
o, F 40A1%F 9 FEAFAANA AEvFAR hptet B
573 bp =719 band’} HEY, EE AlEolA HAA {AdA =Q)e] o] F
F AU (2™ 1-50).

i

7 8 9 10 11 12 14 15 16 13 19 20 2

gfp .8 L T Ly —— - il —> 573Lp

8 9 10 11 12 14 15 16 13 19 20 21 22 23 24 25 26 27 23 2 32 34 35 36 37 33 39 40 41 42 43 44
————————————————————— 454bp

a9 1-50. A (Phragmites communis)®] AZXAEHA f54 rab2l Z=25E &9 44
g AEAY PCR 45 3 44 =9 &2 (M: 1 kb DNA marker, P

plasmid pHC10, C: non-transgenic control)

A2 £9do] FE A FAAZ AEAE Ax AEHA A ©E Zaz P 0y A
TE golny] f3te] ZF AlEoA s AAE e oS 1] Auste] 12417 ok A
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o] 7}

-
1.

ey, 1243

e s

B

SESRI

=
=

Az A

=
=

Il

=]
=

H|

=]
=

]

A
A

cES

&

%
L

.]

3

=

[}

otk AxA e 72413 Fol= v

5

7}

[s)

=

]

5

8AI7HA] GEFP @ wko] A4

jmy
2

Z25EH rab210] ZrfelA

H|

R

+

0

Br

-

o
o

Le]
o
0
e
Gl
=K

72H

8H
Z52H rab2l

A

2H 4H 6H

OH

°©

Light

19 1-51. 2 (Phragmites communis)® AZXAEHA F 524

Br
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Held

Control

14 15 16 18 19 20 24
2l
26 27 28 29 30 31 32 a5 36
2l
EL:] 39 40 41 42 43
2l

oy 1-52. 4 (Phragmites communis)) ZﬂiiEi’ﬂi FEA ZRZEH rab213% mGFP
A =9 FAAS AEA 40745 dx A 1242 Ax A 5 ogp A
AA ey =2l

R

ot

fob U

Job

Jat
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5. AEHA FH1A =4 Agrobacterium "7 3 A A&
7h AEAR E 7]EH]H

H AAL Joy World A9 FAleh &<

i

=AY e mAds 7] w2 AYAE A
Auz ARGl A=As, 7|2uA 24 2 ddde e A dAd8 21 59 4

At sdatA FAsA o, Agrobacteriume FR7|FHOERY HEFELE cellulose AH7HEE]
# A4S A& GV3101/pCAMBIAIZ02:p9720] AE 22 A7FE3 fAa7420 celd opt
AP, celd opt ER, B-glu AP, B-glu ER 47} 599 4719 construct® A-§841 0w, 1)
T2 GV3101/pCAMBIA1302:p972:mGFPE AH-81 %1t} Vectorel = hygromycin phospho-
transferase (hpt) A7k mGFP 447} As]o] 9100, MCS H910] A2z = <7
FAA7F =950l gl (1E 1-53).

I Bws

— 103N
Tudy|
125
104x

2

5 Z
a El
= =

1yds

ﬁ 1ads

Toyx

mG| OCSter ‘\ p3as5s Hygromycin
pl302
/ \

™

i cel4 opt AP |

AP target Cellulase

l B-glu AP |
y
~

ER target Cellulase

'S
2
E
o
3
=

i
i)
T
()]
w

,
il
Ac)
2,
do
o
>
N
N
b
iRy
i)
ot
S
o
r |
o
)
o

righ
N

v ZIA) 9] cellulose A7 A2 =9 d4dA

Gl 1 | A4k
Agzz= ArteEs] A7 =98 d2A% AelAE  hygromycin 100 mg/L <}
cefotaxime 500 mg/L7} F7hd Adujx| oA wjkste], 27 29jd Ay Avhs Adetsl
b Al R XA & AEA Y] Aol HilAom AE i, wY 3F F5YH AR A

£7F Begsly] ATk Ad A7 2 mm o] WeEsteS dw, #3235t hygromycin 150

mg/L2} cefotaxime 500 mg/L7F A7 wix=2 AFRQoH, v 45uit} AAlx oz F2 5

= AHANS FEste] AZE vd AR A AEsich dA, 62 AR st o
o,

(o

W 2AE e ATt Adei Al FdAQ] A4S el (2" 1-64). AdE Ay Aas

L4 =
27] 8 mm ©]F LS W, FEAE AxE FE3H7] A% AEE AMEF o Aot}
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3 months after selection 6 months after selection

50 60 4 4
=L ;i o Callus survival &) e
n:?_ 40 ENo. of survived calli ﬁ
= 4453 132 @
© T
E @ | 2
5 {302 R
w =
w 20 f n
E 5
g ia L H 4 151 HH 11 2
o o 0 o
mubi celd celd B-glu B-glu mubi celd celd (3 glu B-glu
SMGFE opt AP optER AP ER SMGFE opt AP optER ER
a9 1-54. FZAAN (Miscanthus sinensis)2] vA<S &7 f2 AHAE o] &3 AEZ= 27}
ol a2 =9 Agrobacterium W7 BHAE 2 AW AR AT
o Ao AEgRz AVREE A B9 A At
el Aol 47 Ruadd =9 FRAB% AT PWoR AL FAstEon,
AZg=z2 A7LEE F4A7F =98 2418 Ae)2E hygromycin 100 mg/LeF cefotaxime

500 mg/L7F H7ba Adwixol A wjekste], FAArE Zd® Aanhs AEEITh
Mashing A& % Wl 25258 Aejzol ZAWo] veuhry] Alatelql oy, AdufA] vjek 85
Z AurA oz ZAwo] war I8 AueAvt AAE7] A EAEATE 2 mm oA AEE A A=
gt FdI HRZ HFAFTISH, p972:mGFP 17748, pmUbiiceld opt AP 367§,
p972:celd opt AP 11418, p972:B-glu AP 2415 S& Asle], JAAg &4 QS F=3)
AL At

972::celd AP

P972:mGFP

pmubi::celd AP

1% 1-55. 2t (Phragmites communis)® VA< 37 f3 A

o] -8
B3] f-d2 =9 Agrobacterium "7 A AS A~ Ak
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A2 " AERzx Bisol RYE uloleoux] RHXE s 9

SRS

Ag7tA A Aol el Azt AEekA] A S FALEHE ZZEH (constitutive
promoter) & T2 AF&3th wetA] 2ZEo] sk 7I3E FoF AA =
ao 93] A& Age] AsE Byl ofye} A XUl EA = proteaseol] &JE AxF AE
HAl B A o] HAAaslv wEA AEAWe AxF AEA @A
AAAS Fol7] HAF EA A= &2 AEH 2 A fA4 dHS
LA ZEEHE o8 oA Ak & dAqdA e @A R
2 FEA FRAE BEEte] o ZRREE AESA AR o] &3tarat gl

RIKEN®] Yamaguchi-Shinozaki BFAF2] DNA microarray 17 (Rabbani et al., 2003) 23}
o o& ¢HR 62719 AxAEHA FEA F449 dbEST IDE NCBI DBolA A}
WA i AVIALE FEsidt. Fugk FEQVIAEE Edl® NCBI Basic Local
Alignment Search Toolg %3] Oryza sativa genome databaseZ5-H 1759 AZXFEA +4
Aol AN A7IM DI of 2kbHole] 2RRE AVIME AEE FHT A dx2EF
2 FEA 149 3UTR 595 $E3 55 gene-specific primer (GSP)E Y A213}% 3, 3
FH rice seedling®l 0AZF, 2447 AZAEHAE 713 § total RNAYE #2319 reverse
transcriptase2 cDNAZ 4313l GSPE PCRSES dlo] wd S-S AAFse] ddsE
o] & FHAAES X AWHsialtt (29 2-1).

37 @ Y (Oryza sativa L)9 48 AF&3ted 1122 (0 hr, 6 hr, 12 hr, 24 hr) &
TRI reagentE AF-&3}9] total RNAE &3 & 1st cDNAE 3433 RT-PCRZ 7153814,
12 AdE FAAES 23 AAFEY] HAF 759 AxAEdA 24 A4S =230

(L9 2-2, 3).

Uowrg 9 A Eo|A M RE
ARG YIS d % FA4E ¥FY 24504 FA4E Gushs] 918 Gramene
DB (www.gramene.org)ol Al AAEH 84 3F, #5014

=
elongation stage ©d #AAF 11F, tillering stage 2d F4AF 3F& AW3s}
[e]

A Eol4d gld fHA F wlfolA P E 659 FHAe} HAaleA ddAs= 3FY
AApe] oF 2kbe] ZEREE FE {1 Ho] ZEto]r ANEE AMESY genomic DNAE F
Por FFEL AMWE (PCR)O 93l FF3to] pGEM T-easy vector®Z ZZ4 3] 7]
Mas B4t d7IME &9l £4 % pHCL0S.= AMHI2Y3te] ofazdre e w-v7]d
2 A&l wel 21 (Oryza sativa L) AxeZ =98 o4elth (F 2-1).
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No Accession locus

1 BP432343

2 BP432947

3 EBP432984

4 EBP432946

5 (26345

6 BP432570

7 BP4325T

8 BP43Z9TE

9 BP432956

10 AUOSTEST

11 BP433000

0=0630698300

0=1290268400

0=1130454000

0=0290181300

0=0130153300

0=0730667900

0=05g0209500

0=0430653300

0=0130769000

00130717000

0=0130348900

description
185 small subunit
ribosomal R

185 small subunit
ribosomal R

Protein
phosphatase 20
family protein

Copine domain
containing protein

Dehydrin family
protein

YRKY transcription
factor (wrky38)
gene

Zn—tinger, RING
domain containing
protein

Y5176 protein
induced by water
stress

Lirolvtic enzvme,
G-D-3-L family
protein

DUF2G-1ike protein

Conserved
hypothetical
protein

GuCK1p (EC
2.7.1,32) (choline
kinase)

dark-induced leaf
SENBSCENCE—
associated gene

Dihydroorotate

12 040133 050290736400  dehydrogenase
family protein
Conserved
13 BPA32872  0s0890205800 hveothetical
protein
oy 2-1. 2

z 2Eds AN AW FA%

gene specific primer
rice 183-F: GhiAGTTGGGEGGECTCGAAGA
rice 185-A: ACAAAGGGCAGGGACGTAGT

rice 183-F163: CACTGATGTATCCAACGAG
rice 183-R: ACAAAGGGCAGGGACGTAGT

943 GSP-F: CTGGTGGTTTTGTGATGTGGGEE
943 BSP-R: TCTCTCTGGCAGGTGATTCTCD

947 GEP-F:
947 BSP-R:

TGETTGGEAGT TREAGATGRTC
GhAGGCATACTGCGGAAGCTA

934 GSP-F: CCGGGETCGTCACCARATATG
984 BSP-R: AACACAAGCACAAAGTCACAC
(0s1190454200, 051120454300
051190453900 E7ONFA] ZAISE2=2
stopChSHI A CIRFZIED

946 GSP-F: GCTCATTTGCTCCCGCCTGED
945 BSP-R: CHRAGAGGGCGETGACGAGCG

C345 GSP-F: AGAAGCACAAGACCCCCACAG
C345 GIP-R: GTCGGTGTGGAAGTCGTGATTG

970 GSP-F:
970 BSP-R:

TACAAGGAGGAGGAGGACAAD
CAGACTTTGGGTGTTCCCTCG

971 GSP-F:
971 BSP-R:

GAGGACGTACCCACATGECA
GGEETCACATCTCATCTCICTG

975 GSP-F:
975 BSP-R:

TCTACAACGAGTGCTACGCE
CTACTCACGCAGCACCACCA

996 GSP-F: GGRCCTTCCTGTCTGTCGTT
996 GSP-R: CGCACAAGGCTALAAGCCGA
homo | ogous to 0s0230517300 3° UTRHI A

CIAFE

B57 GSP-F: CCAGTTGLGTATGACATCGCT
BE7 GSP-R: TCTTTCTTCTTTTCACAGGGAG

3000 GSP-F: CACCCAAGAAGCTGTTAGGD
3000 GSP-R: GTCTTGCAGTGRAATGCTGA

139 GIP-F:
139 G3P-R:

TATGTACGGGCGTAATGATG
GTTTCTGCTGTTTTGGGETG

972 GSP-F:
972 GSP-R:

ACTCCTCCTCCTGCTGECAC
GhAGCACATGTCGAGGAGGE

— '7S9 —

G3P size cycle

B55 bp

163bp

335bp

325bp

212bp

360bp

310bp

a30Tbp

350bp

440bp

30%p

43 7p

2959hp

350bp

262bp

RT-PCR 23}

20 cvcle

23 cvele

not induced
by drought
(24n)

27 cycle

not working

20 cycle

not working

25 cycle

not much

induced by

24h DR

23 cvcle

20 cycle

20 cycle

20 cycle

20 cycle

ul-3] ok A}

= [ele}

S

14 RT-PCR

el



BP432943

C26345

BP432996

AUO57557

BP432972

BP432984

BP433000

Accesion No.

0

=}
[
[N ]
L8]
S
Fa
=

Protein Phosphatase 2C Family protein (338bp)
Zinc-finger, RING Domain containing protein (310bp)
Conserved hypothethical protein

(309bp)

GmCKI1P (EC2.7.1.32) (choline kinase) (437bp)
Conserved hypothethical protein (262bp)
Dehydrin family Protein (212bp)

Dark-induced leaf Senecence —associated gene (299bp)

18S small subunit ribosomal RNA (163bp)

(A)pHC10::rab21pro

8 9 PC 2 % & 8 9 PG 3 4 5 B

10 PC

(C)pHC10::996pro

(B)pHC10::972pro

9 2-3. AE 2EAE A A e dE g 22 RT-PCR &4

Search the GRAMENE Ontologies DB

constitutive SR GE14G, putative GRE4-B

oo E #20 ks glotilin, CM sterol MT, endosperm ypecific
e p-mm-i_z.m-eh Family, laqgiedin dormain containing
e | ki peortin, Fapcichn-lilo progein, prolamin famiy,

L A prtithee SO 3-fadciclin

+Deooping losd, F-box LAR repeat, GAZD cuidaseZ,
s, OASYL DEBLER CRCKA2 PESHTISRL D450
stage Froncnnygense, PARL, putative heme copgenasel

Stemn elongation

«MOMOCULML OsWARF, Fi-ta prodein
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C24 sterol methyltransferase Endosperm_specific
26 kDa globulin (globulin Endosperm_specific
AK121828 (Fasciclinl) Endosperm_specific
AK108772 (Fasciclin2) Endosperm_specific
AK061377 (Fasciclin3) Endosperm_specific
0J1015F07 (Fascicling) Endosperm_specific
GF14b All tissue expression
GF14C All tissue expression
GF14G All tissue expression

F2-1 ZREEFV R 2HEolA A L2 RH

AL y53 2y PCR ¥He E£38&ES DNA 200ng,
200 mM dNTPs, 5XBandDoctor, 10 pmole®] Z} 3 &}o]

TEuHE 22y
10X ExTaq &84 <59 (pHR.O
M % 5U Extaq (Takararl) $HEAE AT W& 45 9A &2 A Az,
vs 27 wg FFHh S-md ez 58 ek 95T 14 elFE 12 9t 95T, 1 F
64T, 2% &<t 72C¢e] 35AFo]Z; Applied Biosystem GeneAmp PCR system9700 57| 9|

S-A% (extension) &= 108 &<F 72T 9] 1Ato|&. PCRYLGoZHY FTZd F£8 AAAE
Gel Purification Kit (Bioneer, Korea)E AF&38le] A-AA 3, x40 2 pGEM-T 9]
(easy) ¥1H (Promega, USA)Z F 2433 A7|A<4E &<l pHCI0 WMHZ AHF2Y 3]
A A Wy 2 AFEE o

9l

BN

PCR
),

; OW <) r,:

rlo R

)

i

oh 2R RE 24 712 WY JHAE A E
AZHA FAALE 2248 HAZzE $FS 93te]  13-mGFP4EFE  E s
¥39 pCAMBIAI300 MCSZ AR I =
%

S Al

mGEFP49} Nos terminatorE Hygromycin A ¥vl# 7

]_
Jatel W ggd et nhoju e (binary) #¥ pHCIO gt (2% 2-5).

a1 EcoR Il
Hygromycin + 355 Tnos

Cellulase §HX & x=HE XDz QE 242 L vector

a9 2-5 AEHA AT 248 pHCI0 HE
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H|

H|

pHC10 vector® GFP

298

°F 2kbo] ZZ WY

A

)

)

~

o
w

s

A7
7 9

tol 7E 9 =

X33

ZRH)E

H|

i rab2lpro (thx7

3|

of

of L2 HbH| 2] =i 7|

Eh=,

-
1.

st (g 2-6, 7).

sativa L)Z =Y

Faok (2Ld 2-8, 9).

3

==
&

A

H =2
T=

Xhol

EcoRI

NhelSphI

£5

CMV3

Tnos

£
=9
L
)
£
m

A

Fdeh (29 2-7).

0§

AA8d olanute e EA4RREH §714

[}

9 W)

A
A}

genomic PCR, o}z g ]

-
1.

A

HE Ay

3}
ol

E4 5

5 &9l, RT-PCR%

O
™
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A, pHC10:557 pro

2

B. pHC10:934pro

2 2 4 &5

D. pHC10:3000pro

87 =9d dAASA 2 Genomic PCR #%5(1)
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1. pHC10::996pro

M WT 1 2 3 4

8

9 10 PC

5. pHC10::345pro

1 2

M wT 3
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U A3AA8 W] AxsEdAs 22
557, 984, 345, 3000 22 REE 7} =9 FAASAE HAa 1 - 1084209 SHMAE
o, Fr3 FAEA9 GFP ELISA #4& Fagtoan LTRWE9 75S

J&%
. po, il
)
2o
nal

GFP ELISA #4& 9 dA-dSA S Ohr, 6hr AXAEHAE 713 & GFP ¥d F#5%
Ax~EHAE HYshA S W FZdSA L} v astart. 6AF AxAEG A 278104
72 rab2]l AN AXAEGA F24 TR EH ve] 557, 996, 972, 984 AXAE |
2 A ZERRE BF oF 28] o)A &4S HolE RS & & AT (19 2-10). whe}
AR ATE T SR dx2iEdas Z2RHE B AFHA A RYE REAE
I wpe] oA ZERl Ao A E AAtshed &85

rab21promoter :::: 984pro:dehydrin family protein ::—:

GFP Conclug)total proteinimg)
2

GFP Conciug)/total protein(mg)
o B HEBLSEEE S

]
40
20
Qo
1 2 3 4 &= & T 8 9% WO 1 2 3 4 5 & 7 ® 9 10

557pro:GmCK1P{choline kinase) ™ DR Ohr
= pR_6hr B OR_Ghr

2 31 4 5 €& T 8 92 W0 i 2 3 4 5 & 7 8 §5 10

|
|
§

GFP Cont(ug)ftotal proteinimg)
s ¥ 8888 K B
GFP Conclughfotal protelnimg)
T EEREEREE

972pro:Conserved hypothethical protein ™ DRLOhr
160 :
2
g 120
o 100
% w
B
£ o
B
(-3
[
z 5 6 7 8
a9 2-10. Ax2EdA FEA Z2RE 299 d2A84 GFP 24



3. Y 24 2 Ay Eolz ZTRTHI =Yd dAAs W A%
o zARd W AN ey =9 A4 8 #2444 =Y A%
x4 EBold xgHEE (C24 sterol methyltransferase, 26 kDa globulin, AKI121828,

AK108772, AKO061377, OJ1015F07 6%< AW3gow, AUy Z2=REEZE  GF4B,
GF14C, GFIAGE A¥ataarh Add 9% 22 wE & GFPEd pHCI00) 4Fsiste] Adds
HHY & ALY (O™ 2-11). 72 Z2REH7 =948 A A3 99 E Agrobacteriumol| 3
AHdgste] ¥ APAHARE HA A oW, Frd FHAHEA ] Genomic PCRAFTOE
GF14G. Fasciclinl, Fasciclind 339 A2 2 7oA 27 10, 6, 14 ¢S FAEASE &
watlv (29 2-12).

f—il i1 %1
Xho I EcoR I Sacl §"§ s %—*ﬂ sph I Nhel
Hygromycin 355l Tnos _ |”“
pHC10

Z%| (Endosperm) £0|% sl M g
1. C24 sterol methyltransferase 1. GF14b
2. 26 kDa globulin (globulin) 2. GF14C
3. AK121828 (Fasciclinl) 3. GFl14G
4. AK108772 (Fasciclin2)

5. AK061377 (Fasciclin3)

6. OJ1015F07 (Fasciclin4)

T 2-11 Wold FEE A @ ulgSeld ZRrey gAMS Sug NEe mAE
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A

pHC10::FAS1

MWT 1 2 3 4

AN

g
=

MWT1 2 3 45 6 78 9 10111213 14PC

=

AxEd T2 FHQ GF14b, GFle, GFl4gE 4 g}

WA GFl4g FAASDA =
3t o1 genomic DNA PCRE 34 =98 &<ls) 2 10819 FAEAVT &
GFl4g g2z wH ] 7oa A 98] GFP A E o &3 ELISA 45 =
At Genomic PCRZ Add JAHSA & -9 vwsd-& o doale] GFP A
Es Fod £ AT (2 2-13). T3 wjf EolF oE #
NE FAAS ¥ 1080 Sl ol TRREI AARE 24 (W) EojFow
= oARZE 37|98 Fasciclin (FAS) 4 d2AASY JozwiE dwzas
elsk%

T

=
G
o
>
o
i
o
f
)
T
av)
iz
ol
o
o
i
ok
v
i)
£
2,
o)
rir
iz
ol
_0|L
Y
&%
rir
v
rir
pous
o

3 2-13).
B AFdas AxiEYs X2
ZERHE FF TIAWE G § 2E29 x4

ol
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GF14g promoter FAS4 promaoter

= 120 = 120

g £ 100 |

£ 80 £ 50|

2 40 £ 60

R E

5 ]

g 0 E w0t

E o = 0

L = R R T L L

i

71§ 2-13. FASA ¥ GFl4g @2 A8 9lo] GFP &4

4. AZTHA FAAVE =99 2zt 8 A%
7h AETA A =9 E AR
Al Fs7]Fo28YH Polyporus arcularius AETIA 4% 2L F 59 B-glucosidase A A+

(£ 2-2)8 ol ¥ IdAFHE =gdste] A7tdeErt ol dAdSAE A xstarx st

Atk WA HeA dIMAE FH AEgA FAAY IHS HASSH] fsiA e

translational machineryel] ¢9EE I=g FHAF a7t Qv Graphical codon usage

analyser program3} http:/www. kazusa.or.jp/codon®] database®E #8839 Polyporus
arcularius AETJA FAA F cel29 celdd FES W FEo| wA wEAY (4 GC

content: 55.26%, 1st letter GC 58.19%, 2nd letter GC 45.97%6, 3rd letter GC 61.61%%).

H 2] codonl. = HAslE cel29 celd 7 ARAE Hd3t7] 8] oF 30 bp Ao]2 Zelo]|HE
23kl successive-PCR7IM &2 A4 F3A2 &3] 2249 HH= 4glste] 4714 <d
= Flselv (29 2-14).

el FEo g HAIH cel29 celd FAAE A& AXWe A¥ A9 apoplastol] A @& &
S YAlaglon A B 22REEE WA 9AS] AeolA Ad @4S 7HA AL 9l
= maize ubiquitin promoterE AFEFAT. AAA G7)A Do WEE oF 30 hp Zo]l® ET}
o|ME A3t successive-PCR7IW o2 A #FdAE HAsAT d7IAdS &g &

Al&pstaL of L2 ubE] 2] 5 -

At (z19 2-15).

LA

=

maize ubiquitin promoter®] 3° F-¢o| =3}
M g HAaHe w2t 510 (Oryza sativa

S
oflt
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Gene source | Cellulase type Promoter Cellulase gene Targeting

organelle
cel2 Apoplast
cel2-codon opt Apoplast
Cellobiohydrolasell Maize ubiquitin |2 Endoplasmic
(exoglucanase) e e
cel2-codon opt Endoplasmic
reticulum
celd Apoplast
celd-codon opt Apoplast
Endoglucanase Maize ubiquitin ek E:t?gﬁll.a:‘mlc
celd-codon opt Endoplasmic
reticulum
B glu Apoplast
B-glucosidase Maize ubiquitin B glu Endoplasmic
reticulum

-
it

2-2. =93 Polyporus arculariu 2 Yeast A ET}A|

PCR-based two-step DNA synthesis method for long gene sequences
F5 F15
—> R6 R16
B e «— r7 Flds &— RI17
pes — «— R8 F13 > — RIE .
Fl— l €—— R10 F11 Flz, l <€—— R20
<«
blockl:~370bp block2: 358~670bp
. F25 R26 s F35 R36
R27 R37
F23_)4_) ‘_(_ R28 F33: e <_<— R38
25 <«— R20 2. =¥ <«— R39
E2L l <€—— R30  F31 l <€—— Ra0
block3: 658~970bp block4: 958~1365bp
L block4
block2 AT E—
blockl
e oc 1 block3 \L
1365bp Endoglucanase celd gene

18 2-14. Successive PCR method for gene synthesis
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;' o =
g g7 2 ER . :
= 22 2 === 2 3
_l- Ml EEE [ 1 l OCSter %355 l Hygromycin
: p1302
codon optimized Non codon opt
B Cellobiohydrolase I B Cellobiohydrolase 1
l En&oglucanase celd | AP I Endoglucanase cel4
l Beta-gll.loosdase l Beta-glucosidase
l Cellobiohydrolase I ![ . Cellobiohydrolase I l
HDEL | HDEL
l Endoglucanase celd l ER l Endoglucanase cel4 l
k : HDEL
B eta-ghucosidase |} | ] Beta-glucosidase
HLUEL]
a9 2-15. AEHA A7 =gE dAds 4 e wy
U §dA =2 3EAS e AESE 5 4
(1) Ax2Ed2dA LY E FAAY =99 2448 9 pgt
AZXEHA 4 X} BP432943-8- mUbi promoterdlell A @A A7l A A W&
Saith BP4329439] A EAE gEstal =9 FdAY %5 genomic PCRE #2135 2
W @A FAEAE AEHA Gusta vt (27 2-16). PCR ¥H& E3E2 DNA 200 ng,

10X premleaq (Gendocs), 10 pmole®] 7} Z#lolW & ¥ &alg}. & A e ZZy
Ao - o w 5E Fol 95T 9 1AelE; 30x &< 95T, 30x% &< 55T, 1& &<k 72T
72

9] 30AF0)E; T-AH (extension) o2 58 EoF 72C 9 1A}¢] & PCRE 834t}

p1302mUbi::943

MPC 1 2 3 4 5 6 7 8

= A7 2999 A H3A 9 Genomic PCR A%
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AZepA FAEE FAHHE A7) HOH/H Adrol Azkg MY E o]&sto] W P AASE
Akt B Al FE7|do 2Ry EEe 4F9 Polyporus arcularius A=A 1°T A 5
cel29t celd®] F=& wlel sl uHA FHAsel oW, T F AE AxUe A¥A (E
¢} apoplast® ©]&dt=E YAl dth. ZF A A= maize ubiquitin ZEEEH S AIAA F
238 MY E AFeta ofzdtd -7l Aol wel $XW (Oryza sativa L)= TX}
Aoz E=YSATE (F 2-2). e HASe 748 B¢ ‘opt’, HAS A 2 FAdA
A5 o' WIS, V@ BAL A¥A A4S ER’, Apoplaste] B AP'E ®7]3
9 th. B3 maize ubiquitin ZREEol| 98] A% 3= B-glucosidase FAAE =913 WEHE

o]§3lo] HHAAIHE A3t ATt

G AEA AR FAAI = F 10550, A A A= genomic PCR,
Agrobacterium 2.9 915 A FAAS =S B33, RT-PCRS T34 A2
e E2l3t9ut. PCR =72 vt Ztl Total RNAYE plant total RNA mini kit
(Gendocs)g‘ Abg3lo] &3 on, %3 RNA 1 ugs cDNA synthesis kit (TaKaRa)®
5 59 95T 9] 1A}el&E; 30% &9F 95T, 30% =9 60T, 30% &ot
72c4 30/\} 15, -4 (extension)2 2 5% & 72C9 1Ae]& &9 RT-PCRE F33}
S (2g 2-17, 18, 19).

Cel2 AP ori

Gene

gPCR  HPT

Agro Cont.

Gene
RT-PCR

Actin

Gene

gPCR HPT
Agro Cont.
Gene

RT-PCR
Actin
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Cel4 APori Cel4 APopt || Cel4 ER opt

Gene
gPCR HPT
Agro Cont.
Gene
RT-PCR
Actin

Gene
gPCR HPT
Agro Cont.
Gene
RT-PCR
Actin

—_

(3) &3 AEdA IAE3 |
23 AETA 2 JAAS HE A 98 2y AR e AsdA A =
g WMEHE AEEAT. cel2, celd F FFH FAA} B- glu0031dase AA7E FAe] e
=S OAQIEAT (F 2-3, 19 2-20). Z2RHIZE FAIEHEE= CMV  (cauliflower
mosaic virus), mUbi (maize ubiquitin)S AF&3}5 3L, 5}7}17]% Apoplast® Zd3}g ). of
aRMH YRS R 8”337%73339“ Aeste] AEgpAlFAA7E Bdor =9 dAdAd

e

'6§7<]

3l iy
|

N
>

A E AL AL, 248 EEll A A 2YE gkt (29" 2-21).
T3 AAE FaAA grE AEYA FAAVE 299 JRdA F celd (endo-glucanase)
F AR, 7= HA3E3 FA1A, ApoprastE EFA (cel?, celd) o2 3k AMA I 3 2 AS A

oA aAE = AEE BT 53] celd FAAYF mE dEARA ] B 3 27 @
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A Fato] AF ol A Aolar
% oy 2-22, 23). o] 3t o]f &= AEA} Apoplast
do] Huz AN F3e F Aoz FAT. ueha] oleldt A4S oA
A AT Tl HEE 2 AgolA Add 7

Promoter | Cellulase gene Targeting Promoter | Cellulase gene Targeting
organelle organelle

Maize cel2 Apoplast B glu Apoplast
ubiquitin

cel2-codonopt  Apoplast 358 B glu Apoplast
Maize celd Apoplast 358 B glu Apoplast
ubiquitin

Celd-codonopt  Apoplast 358 B glu Apoplast

B

2-3. 5% ATk WA A4S FUAAE

HindI BamHL Swal Ascl, Kpnl

B

p1302mUbi me

\ B-glu AP CaMpro

mUbipro Cel2 pT ap  OCSter CaMpro Hyg
Celd OPT AP

1% 2-20. E%l— /H]E{—q_;(ﬂ 6]—}\] 1—§:]_ 1]51
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Cel4 AP ori — glu AP

Gene

¢gPCR HPT
Agro Cont.
Gene

RT-PCR
Actin

Gene

gPCR HPT
Agro Cont.
Gene

RT-PCR
Actin

Promoter -glucosidase cel2 exo-g ucanase) celd (endo-glucanase)

1y 2-23 AEEHA FAAE Bl dAdeAe] wd Y
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(4) Ax Fr4d Z2EEH o3 vl 2 853 AEA O FAAS o e

U AxHEA 2R o8 xAEE /2 A wE A &)

Azxfeyd Z2RH 98 Ay dd/5F AETA SAdHHE A zsr] 3]
%E*é ZRREQ 972 ZTRFE Y 996 TRREE Musigrh. WA AN Z2

SR
s 3lol mubi ZZWE K-
Hindlll¢} BamHl S48 A2 § 972 L2 9 HE 24 gd AEA
B E s, ol?ﬂﬂ] S 9 AsoA B HEES o] &3ke] CaM proiB-glu AP
BES AfMZ A2 F KlenowE X239 blunt® WHEo Hindlll= A=231, 4F9E 996pro:
B-glu AP & Sallo.2 AE & KlenowE A |3} blunt® &3l HindlllE AHelshe] %
2 Hindlll= & &L hlunt= ALt 53 AEdtA 48 HEHE A3 (3 2-4,

18 2-24).

Promoter | Cellulase gene Targeting Promoter | Cellulase gene Targeting
organelle organelle

Rice 972 cel2-codonopt  Apoplast

oM oA
& odo 9 N

18
Az
%

Rice 972 cel2-codonopt  Apoplast Rice 996 B glu Apoplast

Rice 972 celd-codonopt  Apoplast

Rice 972 celd-codonopt  Apoplast Rice 996 Bglu Apoplast
Rice 972 B glu Apoplast

i 24 AxFEY TEREE 2AYE Gd/5T AEGA A4 =9 W

HindII BamHI, Swal Ascl Kpnl

RB LB
p1302mUbi :
B-glu AP CaMpro mUbipro Cel2 OPT Ap  OCSter CaMpro Hyg
Cel4 OPT AP
996pro 972pro

a8 2-24, AXFEAR Z2EH B3toz dZFd AETA UHd 9y

(W) AxFEd Z2EH 9 dd/53 ASeA ¥d 248 ¥ A4
AxFEA Z2EYHe A4 FdA7F 299 9HE ¥ J2d8 Wes Sl A EA
% Z to] gnomic PCR

= T
1218k Axt FAx7E b o S @ Aol &l
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AZQEY TEDE : B MEAH EY

972::cel2AP (opt)

972:..cel4AP (opt)

996::p-gluAP

o ——
1% .

AzZQEy Dol BE LS £ |

972::cel2AP::996::p-gluAP

972::cel2AP::996::B-gluAP
Cel4
B-glu

o8 2-26. AXHEA TERE 23 dAdA84 H4

5 AEdgA AR o9 dAAS} Ho xR BEA BA

7h AEEA FAATE B AEA A%

AFAAEE Fal Qe AR F947) 299 FAAANE oD
FAHE G AEARAG (27 2 & ) Y |
25 (cel 2, cel 4, B-glucosidase), ZTEFE F7F AL, AxAEdA F54)9 w}a} =
7 Y (R 2-5)

[kl
=2
o
ol

W
)



a9 2-27. AEHA AV =YE A 9 S

ZERHER o AL
GFP (control)

cel2 AP ori

cel2 ER ori

cel2 AP opt

cel2 ER opt

celd AP ori

celd ER ori

celd AP opt

celd ER opt

beta-glu- ER

beta-glu- AP

cel2(AP) ori- glu(AP)
cel2(AP) opt - glu(AP)
cel4(AP) ori - glu(AP)
celd(AP) opt - glu(AP)
97 2::cel2(AP) opt

97 2::celd(AP) opt
HEQ T = aF 972::beta - glu(AP)

97 2::cel2(AP) opt : 996::glu(AP)
97 2::celd(AP) opt - 996:glu(AP)

mubi

(ZAgd)

& 25 AEEA A =eie A H

o AESA A 29 AeAle 2y 54 24
A SR AEehA fAA B9 dEASH Y SAAS £457] A dAdn
L.
=

Al BHe Amstvh. SEM #4



Fom TEM 48 faAe ASET 9 48 A 1 mm A7|=2 dosle] A (25%

gluta aldehyde)oll =+ 5 A 2fste] @i}

(1) SEM &4
wel/=et AsHAFAAT 299 FAAS W o e FxF

Al AxE W7 (SEM)stell A #2stsich

(7} Exoglucanase (cel2) =%} ¥
AU T2 R E o] oA =A
A#AS Ayp= o) 1@ 2-287 2l AEA FAAE

F A7 e As FAE ¢ AT 4 xwe] Al¥

g ehiA e s,

=

=

5= exoglucanase T4 A7F =99 W (T0)9] <
Wol| ghA] gene optimization %
TZ 2 ad-e wild typest 2 A

K

Wt (STH)

cel2AP(ori)

cel2AP(opt)

cel2ER(opt)

A ddd 3% (B-glu ER) 90
FABHE AEe =Y wjde] o)A

3
B-glucosidase A7 =8 A o o THES TS Ay duido] AF A4
AAZE EAAS AE FAdstAr (29 2-29). 1 ¢ d&

5

_98_



Wt (521H)

mubi: GFP
(control)

B-gluAP

B-gluER

g 2-29. B-glucosidase AR =d ¥ FAASA SEM 4

(t}h) Exoglucanase®} Endoglucanase =% dZ A A vjw &4
G AEGA =Y FAASA F

% exoglucanase ¢} endoglucanaseﬂ =9d FAd3kA g

T24 2ol & vttt 147 endoglucanase (celd) FAA7F A A (ER)AA EdE H
F BWol wmmga AAZE TASA &S AE FAdT ¢ AT (2 2-30). HEdH
endoglucanase’} W& H A ZAoAs FW E7]9 A7|7F 23 DAL HAH0] F2& AS

#23v}

Wt (S &H)

cel2ER(opt)

celdER(opt)

13 2-30. Exo, Endo-glucanase (cel2, celd) fAX7F =d9d ¥ dA A SEM 4

_99_



T
R
0

T
o

H

ToR

A =719 277 2kekor

3|

dholt} (2@ 2-31). Wild typee] 1l

Abole] A& Folx AT}, endoglucanase

7E

=
=

Wt (ST H)

972::celd(AP)

972::celd AP

o
<
3
>
Q.
i
)]
9

Endoglucanase (celd) 7 A7}

A=

B

3

ZZRE ¢

A E A

3} A

)=]
NS

(2) TEM
A E A

19 2-329F 2ok "ol A e o] AEekA

S [e)
R e

Al

34

g A=At

H
L

/

obeh s} 72},
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. lo,

I~

R

b

=

Y
N

o TN R R
/ / Cell'contents —, |
& ,

- protein \ @ ® 40~80 %
| - sugars \ W
- fats ) =
— starch it H 23 HZ=
- pecting (secondary wall)

Ry
N /¥ = older, mature plant
! i # thicker
| R — Y  * tensile strangth
2 e

Cell
(U UL | S

a9 2-32. AE AEY gx

Hemicellulose

I Lignin }NDF
ADF

(7}) Exoglucanase (cel2) =% 2 d3kA] &4

Az =0 9F o HE #3]3= expglucanase (cel2) FAA7F =dd HAAZ 2 &EA
TZ24 2ol ¥ 2-333% vl Wild thped] A-$¢ A¥¥eol fx7 gdstal T3S #
e 4 Jd W AEHA FEAVF EYgE FAASRA ] AeolE Fhe #Eo] ofH
Axd o] xAe] APeA] 58 FAd 4 AArh Hel A codon optimizationg A
FARE At A EARQD cel2AP(OPT) 2] A-¢ MxE¥eo] dAAo= ghal Fgo] st
e AL FElskA Eld & T ol9pge A wulA Iy U@ wE Ao
| ekt
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)
7l
o
=

cel2AP(ori)

cel2AP(opt)

cel2ER(opt)

18] 2-33. Exoglucanase (cel2)

(4}) B-glucosidase (B-glu) =<

B-glucosidase

=1
=

A3} Wild type

ATt (29 2-34).

Apoplast B 2 =AY -5

ojn

Wild type}

st

Aoz v

oro
o -

ZO

-
1.

Z

At ER (&2XA) Xt}

2]

e 14

glucosidas

B_

43t

o}
M

o
Bl
™

o

%

s

o
= =

u} 2

Apoplastel] ©&
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wt (F1

B =
G
&
=25
¥
m;l\

B-gluAP

B-gluER

34. B-glucosidase

g 2

S

(t}) Exoglucanase2} Endoglucanas

cel2 AR} celd

$ =9kvd (28 2-35). celd -4

gl

]

(e}

oF

ﬁo

%

2

=1
=

1A o8 line

3|

U
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Wt (ST1H)

mubi::GFP

(control)

cel2ER(opt)

cel4ER(opt)

F A%e AT ol B2R Nesh ARATA & do)y] Wi FA4e) ddol
FRoR dojubA] @okA 9 Ao A7HAY 2F ATE BN ARAEH2E A
g A Ee} 18R e AEe TEM #2& 53 4sha #40] Aasr}
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972::cel4(AP)

o 1o

Yo odfe oo o

iy oo
HE S
o &

=

il

Carhohydrate 3} lignin
Carbohydrate® 3-8 ¢3l] 4]
tubeol ¥ i 72%34F 3 mLE

.L4

=

shaking incubator oA ®WF-A|F T} 2417 &
L= 3 autoclave oA 1217TC, 605

].l-::E

O =

230 7}atol

2 AshFA L

4962 ot

Lignin AE 2 g%

ot S

B I P

A s 7 Frol qE %

Gl AHgshar,
ﬂﬂﬂ»(%ﬂ,ﬁm)

o=z A

—|—’

>
—
Do
>
\l
~
s

Carbohydrate
= A% FHsto 2

o2 AolFHA 27k 5& 30°C-‘~’4

et A4 &% 100 mle] A=)

2k WAl Z T

100 ml Frel A& el ¥ar 72% gk 30 mlE

5]

o}
84 ml9]

=
74

3ol

- 105 -



i

| L Zehaze 560 ml o EReE A7)
L 105CAA 1247 Ax & A

A% ek A E 575 C

o

i
L or
it
ot
o
v
o
ol
ol
2
=
> T
5
o T
ot
flo
.
mQ
=
-
o,
M o
ML
X,

Kl =
28-S AP Ay} npo] oA FAA Lignin’gd #-3} Ash’d&°] #astalrh. A A
7 23 dA-e " 100 grtel el Al AA e & of 35 go] HFo R gEfE AT} Lignin’d
F 25%% oF 16%9] lignin®] #4393 Ash 4% AA 1.7%%F 157%<2 Ash7l A2
Aol Axeg A AAE A 100 g vlolemiavt AA e - oF 43 go] oz &I
t}. Lignin/d ¥ 32.6%% °F 20%¢] Lignin®] #F43F%la Ash A% AA 7.4%% °F 5% Ash
7} A& vr (F 2-6).

: Soild(g) Total
gl.l AH Ve Glucan Xylan Lignin Ash Total weight(g)
Untreated 100 38.1 17.42 24.8 1.7 82.02 82.02
After treated 66.46 36.28 14.88 10.76 0.13 62.05 62.05
Treated (%) 100% 54.60% 22.39% 16.20% 0.20% 93.39%
o : Soild(g) Total
- EH Ve Glucan Xylan Lignin Ash Total weight(g)
Untreated 100 31.82 14.3 32.6 7.4 86.12 86.12
After treated 57.16 27.49 10.31 12.57 2.36 32.73 52.73
Treated (%) 100% 48.10% 18.04% 22.00% 4.13% 92.27%

3E2-6. Aok Ao AAY A, §o] FAE 24}

AR AF AZE29 FAE3 Test® Y8l Celluclastl.5L 3 B-glucosidase S 27t
Novozymeol| A -9} & AR&stivt. dAe d = 7 7129 42 Glucan base 1 g o0& 7
2bske] 913915l Buffers Citric acid buffer S AF&-3le] pH4.82 ZZ3le] 39fu] 1:100L
2 "o s 23y, a4 93 2%+ 50CE 248313 Shaking RPM2 15002 A A3}

=
Ak T T A ZE nlo] o= 1217TC, 1barol A 1hr autoclave A7 F 28-S 218331

ol
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o] Alkali (NaOH) AXgd 2, d A= 7227 A AEHEFH oz ED (Enzymatic
Digestibility)#t ¢l <7F& WelbWAAINE A glstA] & 2, A A& 4§ EDgto] @A 3
wiokrh. Alkali (NaOH) dAe] o= d AHed 2o, oA dSo] d A A & 4
t, 94 AErn 4uirlEF E=2 ED#e dEbdvh ol#d aadsidde] A= Alkali
(NaOH) A gl& B3t 2, oA AZ9] Lignine] ¥ al o]& &3 vlo] s o a4

. - = - o
Fabo] Jbsd Agos Fude] /LS MolELL,
100
_;_‘c_,: 80
2
-."E 60 —e— Na0H Pretreatment ZCH
7] v Onginal ZH
@
2
(]
Q
I‘E 40 ¢
% ird
: e
w 20 g R
0% : w .
0 20 40 60 80
Time(h)

a9 2-37. Al HAAP H, & a4AEs 24}

100

80

—a— NaOH Pretreatment = A
- Original 2 M

60

40 +

Enzymatic Digestibility (%)

20 H

0 20 40 60 80
Time(h)

LY 2-38. Al dAe A, § BAYE 24

- 107 -



|, A, Adle] HA dAE 21 gAY

AXe A5 MEE9 T42F3 TestE Y3l Celluclast 1.5 L 3 B-glucosidaseE Z+7}
Novozymeol| A -9} & AR&stivt. dAe d = 7 7129 42 Glucan base 1 g o0& 7
2bske] 913915l Buffers Citric acid buffer S AF&-3le] pH4.82 ZZ3le] 39fu] 1:100L
Btk &4 B3 S S0CE 2483 Shaking RPM- 15002 A A&}

= o
Ak T T A ZE nlo] o= 1217TC, 1barol A 1hr autoclave A7 F 28-S 218331

f
ot
ot
>,
il
o
N,
o
ol

1) &< $4HE o838k dA e
Acid] &= =e83ted AA e W-e F3l Lignicellulose# who] Qufj 2 4424

i=
58trel Xylose® fractionation A]7]+=d] &

i

30%Z A 3l= Hemicellulose A+-% 2 H4Q F
] ehs stk i HEoE AcidAl &v F HeSOE ol &3te] HA o &84 #2 it
AR 201& a7 g A, oA wlo]emjre) et AW dAe A3 s
gkt

o SHbE ol &gk A, oA, B A5 dA A whEr]e SUS3I6A H o] ZHol 18
cm W4 1 cm® bomb tube ¥H&7]E ARRSHaL, AlE= 05001 g& SdstaL =& $4F &

7.0+0.1 ml& 7habe] A A ofu] 1:159] HFEE dxe wgs @Ak vg Sl &

n

ol

- R =
o, oAl B AR dAAHY Tt EZFH U AAE FFaElA Xylose 5%
= °

(=]
Xylose &1 ¢ 2, oA, B4 Xylose a3t Hlwato] Xyloser&a A4 stk A
1L & C
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Rice straw 130T Base Rxn.

Rice straw 150C Base Rxn.

Acid concentration

100 100
—e— Pon.ame St
—o— Fonl tme 1omin
¥ Fon.ume 2omin oy
80 —&— Ren. ame 30min
=
£ z
60
60 3
=
g 40 § 40
—e— Fontme s
—o— Fon#me 1Dmin
20 20 —w— Fon. time 2omin
—&— P #ime 30min
0 o
05 10 15 20 0.5 1.0 15 20
Acid concentration Acid concentration
Rice straw 170C Base Rxn.
100
—a— Pon.tme Smin
—D— Fen. time 10min
e Fon.tme 2omin
80 —f— Fn. time 30min
<
=
E &0
§ 40
20
o
0s 10 15 20
Acid concentration
2 92— Zl ZAAW 3FA =] Eq 37,]_
a9 2-39. A =20 Sk A 2
Miscanthus 130 C Base Rxn. M scanthus 150T Base Rxn.
100 100
—m Fontme Srn
a0 o e %0
—Z_ ronlume 3omin
x (o
= =
% 60 = 80
- z
§ a0 § 40
—o— Fon. time 1omin
20 f 5 ST
o 0
05 1.0 15 z0 [ 1.0 1.5 20

Acld concentration

Miscanthus 170 T Base Rxn.

60

40

Hlosevidd (%3

20

LEEE]

e
e
=
—

time Smin
tme 10min
time Z0min
time Fomin

05 1.0

Acid concentration (%)

1.5 2.0

=z
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Reed straw 130°C Base Rxn. Reed straw 170C Base Rxn.

100 100
—8— F=n tume smin
—o— FEnctime1omin 20
=0 —w— Fxn.time 20min

—&— P time 30min

60

40

40
20
20 —— Fxn.ume smin

—O— Fxn time 1omin
—w— Fxn time 20min
—fa— Fxn.time 30min

Xylose Vidd °9
Xylose Vidd (3

o5 1.0 15 20 o5 1.0 1.5 20
Acid concentration (%) Acid concentration (%)

Reed straw 150 C Base Rxn.

Hiose Yidd @9

n. time 20min
n. time 30min

05 10 15 20

Acid concentration (%)

¢ Ao A Hol5o] Hke ZHAWRE Xylose2] F&0] AoV} Y= AL & 5 A
A A& volovjad HAe A Xylose? &2 % 2-79] YeRAT

ol /] Xylose F&°]

Ee
& Furfural, 5-HMF, f7]4F 59 #esl&E2 dskd Ao Andc

juit)
N
©
.
<
.
=
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°F 30%E A3l Lignin & AAS=dH &34 Eudes v 2 Agd=

|1 F NaOHE o] &3l 549 Esstd NaOHAAZ =718 g3t Wi, 4,
AN wpolQwfxo] E3etd A HdAY A4PE A5t NaOHE o] &3 4,

izl Alge] A ea] w&7]= SUS316A1 2] o] 18 cm W74 1 cm®] bomb tube ¥F-S-7]
2 A4el 3, ARE 05:001 g& 483 NaOHE® 7.0£01 mle 7kske] A4 moju] 1

115
of HHZ HAel ¥g-s At vk Fof| A, oA, wHH AR HAIEFNS FIlA
AAE & doldi= Cellulosed] &#F3} ZolE Lignine &S wuwste] HHx74S ZAAS)
Gk AAY wreEERAL 2% 130T, 150C, 170C AlZF 5 min, 10 min, 20 min, 30 min

gt
NaOH¥ %= 0.5%, 1.0%, 1.5%, 2.0%2.2 A& X1 stoivh

Rice straw 130°C reaction Rice straw 150C reaction
a0 20
—a— Fon. time 10min
—— Fsn.time Zomin
70 s Fontime 30min -
g >
T 60 T &0
T T
E z
5 50 § 50
o
10 40
30 . . 30
0.5 10 1.5 20 05 1.0 15 2.0
MNaOH Conc. (%) MNaCH Conc. (%)

Rice straw 170 7C reaction
80

70

B0

50

Gueanddd (&

40

30

0.3 1.0 1.9 20
MaOH Conc. (%)

a9 2-42. HEd =31 NaOH =] 23
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Gucanidd (%3

Miscanthus 130°C reaction

Miscanthus 1507 reaction

0
—— Fan.time 1omin —a— Fxnotime 10min
—o— FEan.time Zomin —— Fxn. time Z0min
—w— Fantime 30min 70 —w— Fxn.time 30min
£ g
] T &0
T T
E E
50
| =
o] ]
40
20
0.5 1.0 1.5 2.0 05 1.0 15 20
MNaOH Conc. (%) MNaOH Conc. (%)
Miscanthus 170 C reaction
80
—#— Pon.time 10min
—Z— Fon.time Z0min
—— Fon.timz 30min
70
g
=)
T
E 60 [
o)
u]
50 |
40 | .
0.5 10 20
MNaOH Cone. (%)
— =z ] % kU
9 2-43. oA =7 NaOH A2 24
Reed stravw 130 C reaction Reed straw 150 reaction
20 20
—m— Fxn.tme 10min AN tmesamin,
—2— Rxn.time 20min —O— Fxn, time 20min
— Fan time 30min -~ —mp— Fxntme 30min
)
60 T &0
T
=
§
50 2 s0
o}
a0 40
30 =20

o5 1.0 18

MNaOH Cone. (%)

10 15

MNaOH Cone. (%

20

Reed straw 170 reaction

80
T
70
)
]
T
Z &0
g
]
so
10
0s

—m— Pon time 10min
—o— Pen.time 20min
Fen. time Z0min

1.0

1.5
NaOH Conc. (%)

20
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272 Glucose?] F&9] zfol7} U=

o,
Z7 A2 Glucosee] &r=F3t Lignine A=

2-44. 2] 7AW NaOH Axg 23



Optimize Conditions Glucan yield Lignin yield
Biomass

Before After Before After

s G fmemeresiio¥ Soms ) pretreated(%) | pretreated(%) | pretreated(%) | pretreated(%)

ZHl 1700 30 2.0 31.8 66.78 32.6 2.8

E 2-8. vlolowmj Al H Ao XAA S Glucose®d FHE¥ Lignin® A #

AR e AA Rangeﬂ ZAgE o]l A P =2 A M 8 A
g 235 47 HAh HAL &5 170C, AlZF 30min, NaOHE X 2.0%1A Axe & nlo]
Q2o A Glucan yield7} ¢F 69%% YEFH 2™ Lignine °F 36%7F Z4stsich. 24, oA
o]l O uj = Wy e A A Z}Z} Glucan yield® oF 67%, 70%E 24 3}%3 3l Lignints
Zy7y 30%, 24%2 HAIEES ¢ T UG

(3) B4 7FFE] Test
o S NaOHE o83 2 dAe] oA dAed ddiel oA vio]emjis o
&35 AE ol&d BA UMFRE HAEE Gt T2 dA A &S ok4
o oA, Al AES ol st Ea T EE BlAE vastnh dAE #AHS v vhol
2 AANE DI waterE ©]-&3F washing¥ 45 A% 3 pHE SHZE 9 Dr

] 45C overnight Ax F-o A 7FFE& ol AMESSIvh BavbsRee] =4 1§
2-459 Yer ATt

<

o g

[ Experiment Conditions ]

~

-1g Glucan Base

-Liquid : Citric acid Buffer solution (pH 4.8)
-Rxn Temp : 50°C

-Rxn Time : 72hr

-Rxn Rpm : 150rpm

-S/L: 1/100

-Enzyme : Celluclast 1.5L , B-glucosidase

-

>/

a9 2-45, 24 Ve =27

A3 &4 F NovozymeAbol Al &of F< A8 &84 Celluclast 1.5 L (AEEHA) 3 A-188

(B-glucosidase)& o] &3l &4 7lid Ags AP aihrteis & AE A
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%S st HPLC (Simazu Co., Japan)& AF&3te] A= £4& APt &4 2HE L
(Aminex HPX-87H, Bio-rad Co., USA)E A}&3}5it}.

FU

100 100

80 80

—— = M Criginal
—0— 2 M NalH & FyLl
—— HMHZEO04HE HEI

60 G0

CH Original

—»—
—o—
10 —y— 2K HZ504 & REI 10l

Gucose Yleld (%)
Glucose Yleld (%)

20 20

. . . . . . . . . . . . . .
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Time (hr) Time (hr)

19 2-46. 2, AN BAaTbEE A

o W ¥4 §uli= 0005 M H:S0:F AH43H9 3, S &8 5= 05 mV/min 02 235}
ot ¥4 Al A8 RI #%7] (Refractive index detecter , Simazu Co., Japan)® &%+ 77}
65T, 50C= 77 =435t} heials 2532 D-2F322, D-AY2=, L-otg|

(Sigma-Aldrich Co., USA) & Ab&sk3ivh 847FFE 8 Time Curved 38 A]3ko] e«
e]

J

2 |r

e} nlo] w2 U Cellulose’t Glucose 3Bl 2 B3 = S B 4 3tk Zdl nfe] 2]
2 9] EAaVHEEE A NaOH A e vpo] w2tz oF 98%, & 34t dX el nlo]owjx
= o 80% FEtee BT A ofdd AEe] DT of 5~7H] Eobdl Asfoltt

£ 23 NaOH dAAe] npe]emjxsz Zof npo] 2wl
°F 979%9 FEe&S WA, N9 HE ik A wlel
& BTk 2] nolevaeh vhEA oA wlo] Sl Ae] F
& OoRAF whol vzt = zbol7t glo] uEryiTh NaOHSF &

o o

HA AxE z2AAL 3oldd 4 gt AN nlo] Q|

E_ ~ = 1l
e BAL o] gd dAY AL FrAQ e Ao o ow A (2

ot
>,
o
o
ofo
_?E
o
i)
L&)
gi';
3
ra
W
m ©
il
1o
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B
)
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offt
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X
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e
A
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ﬂ‘ 2 ogh
A
o
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s
-1
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o,
4

i)
oX. ol

Aol os e Ao WM} QA tolrs] 93
2 Agalod 9

wild type & controlZ AF&3}9 T ¥ AA Al7kol A

Y

=
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APel= wild type W, cel2 A FEAIF W, Bglu TH FAAF M cel2 +
B-glucosidase ¢33 A A ¥ & A&319 0 NaOH dAAe]& SUS316A 29 Ze] 18 cm,
W74 1 cm? bomb tube WH&7]olA a3 aL, A1EE 05 g& T A3F3L NaOHE S 95 ml
& 7hatel Al arefn] 1:209] ez wkEE AT dA e 10T 1583 F3
F AAR ol vl AE SRR AF dfal 45T dzxsalth. dxe] & dobsl
CoAgRs 2 A4Aee FHe AN A% vlasrl9s ARTAe SRk E 2-99
A 2t gl AgRzet Add dEe] MEgs HoFal vk

e = (%) A (%)
Sample N N N N

ana [aga [ e | agd [ A48 [oqe

| Wi Tvoe 2958 | 6495 | 11957 19.28 1700 | -11.83

2 Cob av 1593 | 4000 | 15110 13.73 1420 | 342

3| DEm A 2627 | 67171 | 15775 1788 1725 | -352

g G AP B AT 1573 | 4218 | 168.15 13.36 1331 | -0.37
D S&= (AA7] & F-dxe d )/ A= A &

FE 279 ATl &4 T TO gade ¥ NaOH dAz] A5 A &4 dat

AAE Ao A= geks vl Cel2 2 Cel2+B-glu &d A A3A19 4-$ wild type
3 B-glu FEASEA ] vl FF3] AL As & F AT F ol= Cel2g] o] A
o] F2 Auel Aezzd RMEE FATE e AAeE Aot B3 Adwe] dar md
Had e & 5 vk AHY Fols Ee AEddA AERz=9 dafe] S8k o= A
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ALz A Pade) gael 9% Aoz FAY & Yrh ALY AL FFo] o8Y 7
a3 A9 WE 9 ol A
B oAYe TO Y] AATNE AL
.

S AR HAS SHFFE MFHS § 2EA 45T E overnight A% —?Oﬂ o 7h—-f6H°ﬂ /\}
L3k BAaeEE 208 ® 2-109 YER Sl

T Buffer weew | wlexzt | AAEE | /9 H S
e S;ﬁﬁgoiCI?pguije; 20T 72hr 150rpm 1/100

ARE&8E 4= NovozymesAbol Al ol 591 A8& 4 Celluclast 1.5 L (AZA) ¥
A-188% o]&3le] A Zleds] AS st (19 2-48). 7tedaE & Yo 4L
HPLC (Simazu Co., Japan)® <33} AwL Aminex HPX-87H, Bio-rad Co. USA
(0.005 M H:SOs4 0.5 mL/min)E& AFE3IATH 7Fridles ET9 o= D-8F3%, D-AYEA,
L-o}&}8] =~ (Sigma-Aldrich Co., USA) & AFg3}91t}.

o

LY 2-49% Aol whE FAUbeEE A
3182 wild type W& o] 69.20%, Cel2 23
+ B-glucosidase W& ®H o] 85.11%= Cel27} A ¥
Xylosed 93l&% wild type Aol 9291%, Cel2

E HoFa Ju}. B4R 23 Glucose 3
Z o] 64.73%, Cel2
A5 3 Aoz ety
d Wo] 7457%, B-glu ¢d W0

F_BL ki

v M

2
o

ﬂ

O

3

<O

X

P

0w

o

=3

et
flo &
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93.85%, cel2 + B-glucosidase & WA o] 7641% = Cel2 wd H

Cel27} HdE A5

Ak

i3

Ak (1 2-49). <]

AV,

ojy
™

3

e

Nd

(Xylose)

(Glucose)
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ZE352
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At} Aehal tjﬂg?g% A A A A=A 77 93] Dry oven 45Tl A ovemight%i % °F 10 mm
olglz= 4 3lo] B AE3F Testol] AFE3FA T 250 ml A& 2= £ 539 100 ml 7|=2
2 31/ 1/100 Az 43¢ #2710 g + 5 mM Sodium citrate buffer (pH4 8) 90 ml=
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Exoglucanase”’} =€ FAA3E vl LA d AETA s He Mizvel w37}
A=A dolr ] & FAAE o AR #4S W5t Holl 74 V&S HERAT
29 wild type, Cel2 AP(ori), Cel2 ER(ori), Cel2 AP(opt), Cel2 ER(opt) & &2 A% W
S ALY AR d3 Glucan HES B Cel2 AP ¥ Cel2 ER Hd #2434 9]

A% Wild typeel vl3l] ZH3] 42 AS B F AT 5 o]= Cel29] wdo| AxHe] F£9

AEQ AEgZo HMalsE FQAUE AS AAFSFE Aot} Glucand £ Wild type©] 29.58%

2 7P =%k, Cel2 ER(or)7)F 20.38% 0.2 71 WA yebdtr (3 2-11). o] ¢ whaf &A%

3} Ay 28 2-5lollA B 4 9l%o] Cel2 ER(ori)oll Al Glucose 40.77%, Xylose 26.28%,
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Sugar Composition (%) Saccharification Yield (%)
Sample
Glucan Xylan Glucose Xylose
Wild type 29.58 19.28 17.23 5.76
Cel2 AP(ori) 22.68 12.30 40.68 25.02
Cel2 ER(ori) 20.38 11.23 40.77 26.28
Cel2 AP(opt) 24.19 13.22 39.76 26.18
Cel2 ER(opt) 22.96 12.00 39.07 21.94
E 2-11 Cel2 A =9 A=A & &4
(A) (B)
50 30

Saccharification yield (%)
Saccharification yield (%)
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a7 2-51. Cel2 F4A =9 A EA9 93 & glucose 3HF (A) & xylose 3 (B)

@ Endoglucanase 344 =¢ A=A &4

Endoglucanase”’} =94% F @ A3d wox S AZTtA ] & He AxHe] wWslr}
A=A Lolry] Yo AR BE4S Jagste] Hol A AEW LS el A= wild
type, Celd AP(ori), Cel4 ER(ori), Celd AP(opt), Celd ER(opt) & A A3t 9 E ALg39c}

AEEA A3 Glucan 32 B Celd AP(ori) ¢ Celd4 ER(or) @& A A$A v} Celd
AP(opt), Cel4 ER(opt) &d & A3 WA Glucan $HFo]l ol =A el (£ 2-12).
Glucan’d -2 Wild type®] 29.58% = 7} #=9kal, Celd AP(ori)7} 17.15% 2.2 714 A YE
Wk 249sr Ay 29 2-5244 B 4 9150l Celd ER(orD)el Al Glucose 45.87%, Xylose
27.33%°0.2 717 =7 YEbg e, Wild type W& &49sE Hd Celd A4 ¢ d4dA
st A& 49 Glucose33&2 oF 2.7, Xylose@3&S oF 478 & F382 ey (2
2 2-52).
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Sugar Composition(%) Saccharification Yield(%)
Sample
Glucan Xylan Glucose Xylose
Wild type 29.58 19.28 17.23 5.76
Celd AP(ori) 17.15 Q.77 45.44 26.39
Cel4 ER(ori) 19.90 10.51 45.87 27.33
Cel4 AP(opt) 21.46 11.29 44.56 27.09
Cel4 ER(opt) 22.14 11.93 38.70 25.81
I 2-12. Celd §A4A £ AEAY & BA
(A) (B)
50 35

Saccharnfication yield (%)
Sacchanfication yield (%)
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28 2-52. Celd AR =< A EA4¢2 T3 3 glucose g (A) ¥ xylose = (B)

£

@ B-glucosidase FAAF =% &4 &4

B-glucosidase FAAE A A3 3 W Wild type HZ ] AREEA vlw Ao
Efl%o] B-glu ER Glucan $HaFo] 24.55% % 23.38% 91 B-glu AP Glucan $H#F M.t} oF
15% %A dEbEth (G2 2-13). AR mAadst AifelA= B-glu APS Glucose EA B3
£o] °F 4% T H& 3957%% el (218 2-53). B-glu AP I8 A3A7 WHol
type W& 3 B-glu ER FAA3} HART Hd o2 GlucanFtFol 2& olf+ P4
w2 ggo| Cellulose @A Aa&FS v velhgis @oln, o w3 4933 A &
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Sugar Composition(%) Saccharification Yield(%)
Sample
Glucan Xylan Glucose Xylose
Wild type 29.58 19.28 17.23 576
B-glu ER 24.55 13.31 36.39 19.04
B-glu AP 23.38 12.64 39.57 18.95
i 2-13. Bglu F84 =9 AEAY 7 24
(A) (B)
- i
3 —— B-QUER
B Bgu AP

Saccharification yield (%)
Saccharfication yield (%)

12 ) 3 w0 ) &0 Ta

Time (h) Time (h)

a9 2-53. Bglu A& = A=A F3F & glucose T (A) 2 xylose 3 (B)

—_

() GAdd ZrEH| o8 xdss 5 AEEA fdA meld A 8A

D Exoglucanase:: B-glucosidased A =9 21 &4 £A4

Exoglucanase®t B-glucosidase F 719 AEA7F =499 FAHg B9 Sugar
composition oA & 4 o] & Testd oA 71 H2 Glucan &S Ve A A3
WAL Cel2 AP(opt) 9] 24.19%%= 714 =& s el (G 2-14). AR 1§l 2-549]
A el el a9t A3 Glucose F€°] 7HE A verd F3F dg WgLe Cel2

AP(opt)-B-glu AP ©] 44.06% 2 % wild typethyv] ¢F 26w & +£&& Yehidur (g
2-54).
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Sugar Composition(%) Saccharification Yield(%)
Sample
Glucan Xylan Glucose Xylose
Wild type 29.58 19.28 17.23 5.76
Cel2 AP(ori) 22.68 12.30 40.68 25.02
Cel2 AP(opt) 24.19 13.22 39.76 26.18
Cel2 AP(ori)-B-glu AP 23.63 12.71 38.45 19.34
Cel2 AP(opt)-B-glu AP 22.16 11.20 44.06 22.48
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Endoglucanase®}t B-glucosidase”’} H42 =dd A A3l
Aol A 714 HS Glucan =S el FH A gS

2515%% 71 ¥ Glucan & WeWT (F 2-15). sHA R
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AP(opt)7} 27t Glucose B34 45.55% 45.87%% Celd AP(ori)-

—glu AP ZA9st23 W oF 13% A UEtey (19 2-55).
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Sugar Composition(%) Saccharification Yield(%)
Sample
Glucan Xylan Glucose Xylose
Wild type 29.58 19.28 17.23 5.76
Celd AP(ori) 17.15 8.77 45.44 26.39
Cel4 AP(opt) 19.90 10.51 45.87 27.33
Celd AP(ori)-B-glu AP 21.02 11.11 32.03 15.13
Cel4 AP(opt)-B-glu AP 25.15 13.38 33.76 16.45
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Sugar Composition(%) Saccharification Yield(%)
Sample
Glucan Xylan Glucose Xylose

Wild type 29.58 19.28 17.23 5.76
cel2 AP (opt) 24.19 13.22 39.76 26.18
cel4d AP (opt) 21.46 11.29 44.56 27.09
B-glu AP 23.38 12.64 39.57 18.95
972::cel2 AP (opt) 19.59 10.23 45.76 23.09
972::celd AP (opt) 20.88 11.60 35.79 17.29
972::B-glu AP 24.73 13.58 47.40 20.39
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st (B)

(W) AxsEds 524
Fik& T4
O Testi= 7% frid T2y o iy 53 fdA 2ds 23 Ha o A
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o Saccharification
Sugar Composition(%) .
Sample Yield(%)
Glucan Xylan Glucose Xylose
Wild type 29.58 19.28 17.23 5.76
Cel2 AP(opt)-B-glu AP 21.02 11.11 32.03 15.13
Cel4d AP(opt)-B-glu AP 25.15 13.38 33.76 16.45
972::cel2 AP(opt)-996::B-glu AP 20.09 10.45 35.94 15.12
972::cel4 AP(opt)-996::B-glu AP 22.80 12.17 39.19 17.30
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A 59 g 24

50 30
—a— Widtipe
= —g— Ceil AP{opt-8-gu AP
wl =T | - Celd AP -E LAF
— - == 9T el A,—czﬂ}__..,_h—
o £ —i— 97 oM AP ROT-EEE EQUAPR
) )
Iﬂ Iﬂ
= | =
c =
= o
= =
-] L1
(=] L]
E = £
= B
[*] [
= =
—— W pe
- 10 —Tr— Cef AP ppi-S-gu AR o
—— el AP pp-E-g AR
—o— 8721702 T AR Dpl-ER6 S-gl AR
—— 97272l AP pO-SRES-gU AR
10 20 30 40 50 60 70 a 10 0 30 &0 50 B0
Tirme (h) Time (h)
9 257 AxaEds fR4 2R o 28 B3 444 =9 AgAe 93
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Hpo]l o mj o ¥8hH A f-4A (lignocellulose)E &Aooz 3317 91314 & exocellulase,
endocellulase, B-glucosidase, xylanase, B-xlylosidase &2 st &47F H Q3 o|Eo]
FHoz ZEate] HEFTHoZ dHF<el glucose ¥ xylosezZ 39 HAQ7MA] dof F 9
Ara Balas FAA7F He A lon iR EFEA HIYal 9l ng 2 drddAs
o] At AZeAl FAAE Fustal Afa Fstel] &&sfax b AlfA B s

T AAE cloningsh= W2 o8 7Hx7F & & Aoy @ e FAAE cloningdlr] 93l
A e wEHI NS 8t on® g AfA FHUAE cloningslr] $EAE vl
A gk cloning ®WHo]l S9ETE wepa] 2 AFdAlE dEY Aaa 23 FHAE
library 258 £0°]3}4 cloningsls WHoz AifA

cerevisiaeE ©]&3lo] &4 cloning ¥ 31&8H &4 23

:m N
=

5o ¥ &EX  Saccharomyces
R o] i ST T A=

o e

o o Ko X, T
» Exoglucanase, endoglucanase o ,l,l—i};'w ) i 4
A3 S EAcloning & 24 JH 2f (o« XYL,
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- Fungal cDNA expression library JR— ’-i'ié’)’kli% b L
- CBH, EGL PCR evolution =

= B-glucosidase . Jjj:"‘ o RN BT/
H

A7 S FAcloning & 24 N 2F otz
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-BGL PCR evolution , @) oetles
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o] 1744 0 & cellobiose® A ©]& E&|ste] glucoseE Fmstol AX7 4787 AsiAe
# &3k 371K &4, exoglucanase (CBH), endoglucanase (EGL) % B-glucosidase (BGL)7} 2
23tk olH g AFAaEd a4 Aado] glv EEE AF4AE ddELdoR FH3E A
Aol A A3 F gloenz 9F A2 @ librarys TE3F AAA wiR A A=

Oz
Tl
TAE Adste] A F8fo] 283 aARHAE 44 S5 5 e 28-S 753k
o] ™ AL %
Q

==

j
A siek. el @ Az hpE FAAL O RN FolsH] A favd &

:F_
AHE dFer Fud 4 g

o] % 93l dRHow M4 s wiR|oA V& X S cerevisized A ARE
A37] 913ke] glucose, cellobiose ® carboxymethyl cellulose (CMC)E &8k z}7e] W=
R 2805 wFE wWlget A glucoserl Aol A ARE ofyXA|RE R AA 7L o
cellobiose H3= CMCOIA of= A& AAshi= Aol AN webA] 2805 #5511

AAAG SFAXE AHESE dE BA Ao

M 2 2

BHRAAE o= AR glucosidase?] g0 = Aoz ¢HA oyt vFF 1,3-B
—glucosidase?l ] °o]E9] &Aooz 13k mnud FHFAd Hoz AdHy HAF4A HIF A
colony’7}p EAE AR &4 oz yrwth was SFAEE Iz AFESH| = o g w0l
A7 Wl o5 A E AAG] A 17 3-3olA et o] AMA SRt 278
2] 1,3-B-glucosidase A2kl EXGl, EXG2 #FAAE targeted gene disruption WH o2 A
AstA Tt WA promoter 2 terminatorE X3 EXGlL ¥ EXG2 F4dAE &X genomic
DNAZEF¥E PCRE °]&3}9 cloningdlal Zz} ORFE A A3 & 4 pop-oute] 7} 3 URA3
FAAE Aot ERE FAAS st dAHSAE URA3 dropoutdf Aol A A s &
Al g #FE PCRE AME3te] F3449] disruptions PCR i o2 Flativt,

EXG1 disruption #5Z tA] 5-FOA®| A o] A A 3Fe] URA3 FAAE pop-outdtil UTHA]
EXG2fdzsE 43 WwHoz disruptionstitt. Z¥doz gyd EXGL % EXG2
disruptionit 55 thA] 2§ 3-204 9} 22 oz MFa wjxoA] v 3t Ay} wt 1T

e Al =y A 2 2o]E HolA] gkgtt},
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Sense pruner

X o

[ O )

a9 3-30 ER 2805 59 EXGl % EXG2 #3429 disruption ¥4

BE 2805 (Aexgl, Aexg2) w77F o8] Afa wiAdA AEste AL AA rlEEZ=d
o} 758 3 EHTeA ZHH gluconeogenesis’t €oid 7heAido] lerng nEFZ= g ol
715S AGATE FAAQ Antimycin A9l &3S 25kt Antimycin AYE UEFEZg o}
AAA G A o Al ubiquinol oxidations 2Fetsle] ATP dA-S T ?f“ﬂx] t}. Antimycin %
Lo uwie} Alxe] AAE vlmst da 1 ug/mloﬂ/ﬂ glucosetl] Aol A= A gFo] glov} M4
iAo A= wt w79 Aol JAHE As FSlsslvh
wbEp Al v X o] 1 ug/mle] Antimycine XA 7l & &% Saccharomycopsis fibuligera <]
B-glucosidase FAAZ cloning3lsith. 28 3-49]A4 Hi= B¢} 7o) Antimycine] &3 Hj
Ao Al 2805 w9 AL AT oy BGL transformanti= WS Al A AehS 3213}
3L Antimycin®] §l& wi A oA = 280501] H) HH}E s ﬂoi/ﬂ /‘g}%}—o« =g
—-glucosidase?] Aol o3 H* ]
o] esculin plate ¥4 43 P23

O

09; o

L) m

YP-CB, antimycin

BGL transformant s BGL transformant s

% 3-4. &R E o]&3F B-glucosidase A &4l cloning ¥ B-glucosidase &4

a9 3-4 oA By npel o] B-glucosidase A7 E=YEA Fe R
cellobiose #]R|ell A Axe 4 §li= ¥ B-glucosidase’t =YPH T g o=w A4dd
T S Fosdy. o= =99 B-glucosidase] 4o 23] cellobiose 7} #31% 3L o] =
FH  FHu" glucos o] g3tel ERAME7F AT AR @udvh dxdEFe B

eE
—glucosidase’} =19 79 B-glucosidase &4  =folE  uvlwd 7] 93l esculin

"

- 132 -



(6-(heta—D-glucopyranosyloxy)-7-hydroxy-2H-1-Benzopyran-2-one,esculin monohydrate) &
Ab&3ke] plated] Al 24 Blagh A3t B-glucosidase =HwFFolA] A e B-glucosidase
S B TAFEAA M= $HoEE &8o] 75T Aoz AdEAr.

B-glucosidase FAA7F =4dH #:2 Y2R05-BGL w5 o]&3le F714<0 HAH4
fEL FAA AEE 9] thekdl exoglucanase (CBHI, ID$} endoglucanase (EGL)E
3t carboxymethyl cellulose (CMC), hydroxyethyl cellulose 52 ©Aagoz FH3 u)
A A ATE ASHoR st o AFHEFE FGHstEd oy gl AT Aaa
dlso] Holyd FFo] AJaE oA %H]QT‘E Eao ¥ ¥EL&S HEW  exoglucanase

Pr(

)
Mo 2 o HE

endoglucanase : B-glucosidase”} ¢F 85 : : 59 W& = exoglucanase® W]&°] B &4 H
U} grdon we Aow oyx O‘E‘r ]t AF42E Edo| A FH cellobiosed FEZ &
2 QL Hall7h Bt ow dojuA| fow FES cellobioseE FHuEr|] &L T B
—glucosidase °l 2]3F glucose?] &KW % Oieéﬂjrt g ou| sy,
welA] R} celluloseE @Y ©Aadom QAT flalA= e exocellulase ] -4
7 Bty A o] F-Eo] EFHE 3 Aow dAdHrt ARE o] &3 MFiA B s B
Ak Az el e w3o] 7o w A3 Hal (Lynd et al, 2005)°] oJstd &= A
G ol 10% ol s wulE F Slojob AEAAC] Ted AoeE HIuHEAY (¥ 3-5). ®
g BEOA EuAE AFAEs] Bal HAHEVE 45-50TS) ¥ AR AELEs 3
0T Welelnz Fujd ik £33 HAEH2 FHhskA ¥ate BAD e Aoz dudy
uebA BERZRE A AEGA FA FEY Vlss Adshr] AsiAde wed gy v
=3 HA 2 AolgE 5T F e V' Mol daEelol & AR ARdEAT
| sl
P
;"iH"”H - ".—"—nQ - Over 10% of total protein
Er;f;f IR é Pk 10000 ‘ Trfchoa’ermareesef|
2 ol - ol ¥
Sufficiency = a/q,., : Ay :
G- ‘3’”‘“@,@\@7’“’5} -
8 S i Gucoso $0 Calosioss :

Vi 0.10%
N, Cotnigpaseenanant
Supply: Secretion of cellulase with a [ ;

| 8 . néoghcaee [
cell-specific activity: G;}- o )
a = grams of usable sugar produced/ 8 i @‘h{.}nﬂ:«.;:;!u
gram cell/hour

.)2" Spacific Activity of Cellulase {micromoles GE/mg/min)
i

[:X:} -1 1 10 169

Lynd et al,, Curr. Opin. in Biotechnol(2005)

a9 35 AFAE 28% A AxAdEe A% AL AR as 2V oS
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2. A as Mgt PAE 2 2 w4
At AETA FHAA FEE AEA AEgA 24E& A= Sl A8 At w3 o
e E fl& ohdet Abe Eds tid oA FHske] w#F FEdo® A
kit H3Fo] wF B E 93 7| E HiX]= potato dextrose agar (PDA, Difco)E AM&3}
dom FHdol By AF A fast-growing fungi® S A7) 98] Triton X-1003}
L-sorhboseE 217 01%% 04% % A7rergar, At S-S JAE] YEl
chloramphenicol& 0.01% ¥X= H7}3lo] ALEsITh AEebA &4 fdAo A7 a4
& ZAAsT] Sl gad 2 dAadY FFE udEd siA = (1) phyto-peptone, (2)
bacto—peptone, (3) tryptone, (4) soytone, (5) yeast extract, (6) beef extract, (7) yeast N
base, (8) malt extract, (9) proteose peptone, (10) casamino acids 7} 1% &% + 0.5% CMC
+ 0.01% chloramphenicol ¥ F3&°] ®jke] AF&-5 = 7]24<2 wjx& (11) CMA(BBL), (12)
DRBC, (13) MA, (14) NA, (15) PAD, (16) PCA, (17) R2A, (18) TSA, (19) YM + 0.5%
CMC + 0.01% chloramphenicol) & &&3te] Eeld #do] #7529 AsehA 24 AA F&
3l v E MEE

AzeA &4 AS5S CMC7F g4 ‘jrooh? X ol| A H2ES FFo] #FE HE3
5o A 7AZE wjokdk & FFo)v) wjokE plateE 0.19% congo red £ 0w AL UhHA|

5 =
1M NaCl o= g3 & Asagq gdAs "}E}‘ﬂb clear zone /‘3/‘3 85
71 vlasteE o=z A S
T @Ao] A3 8F2 HHolE 4

Z} 3+59] ribosomal RNA®S] ITS (Internal Transcribed Spacer) ¥4 A3} == Penicillium

AL FFZolew Cordyceps, Cladosporium® uncultured fungus® m;qg ATE A
AR5 ZAAS] YelAe F o BE GAAE gHEte] vad et o ols HF=E
FY vaud AZZA7F 48 glornz it AEgAE Fud = S Zigi o 2} =] 9 o}

=2 YEHE clear zoned =7 CMC7F &%
51 2] Dok A clear zoneo| EAE IE7bx|e] Ao (mm)i
UERI o grALe] Alxbo] whe} vt & 7do] AHislr] do wx] AAE Qo= o F
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o] AT AZTA 4 4 2P g 3 Fo| HAAFHT b wFo] wFoA zALE
clear zone2] =A7]1E v ¥4 A clear zoned =7 ¥3Fo] 7ol Wl 0 - 12 mm
A vpEst A vEtst e, olE 5 05% CMC7F sH+d YMA wj A e 4255, 743k 5
A Az g4 AA Aol 8 - 12 mm 2719 clear zones HA 0}04 AgZetA &
Aol =4 YEld ofd 7575 AZETA F14 GHE Y8 AFgFE AEe ¢ Al Ci4
T2 ITS 99 (Internal Transcribed Spacer region) @744 48 3 < 548 bp Z 9]
o] ITS 99 A7|Ado] B35 %o Blast A 23} Penicillium decaturense NRRL 28152,
Penicillium waksmanii strain NRRL 777, Penicillium canescens NRRL 2147, Penicillium
rivolii NRRL 906, Penicillium miczynskii NRRL 10773} Penicillium manginii NRRL 2134 ¥t
FE3 9% Fo FAEE YEY M#Et] Penicilium <7l €38 Yy d #5353 ITS 9
el driMde] 92-99% FEe FAFEE YElo] Penicillium sp. cfd w52 FA 3 TH

E 31 BARS 24 BBl
Sample Strain AZgA &4
Cf2 Penicillium sp. e+t
Ct4 Penicillium sp. Ftt
Cf12 Cordyceps sp. bt
Cf14 Uncultured fungus Ftt
A7 Penicillium dipodomyicolaisolate +EHt
Cf9-2 Cladosporium cf. subtilissimum At
D2 Penicillium sp. +EHt
G4 Penicillium sp. e+t
3 AFAE BAELS FAA g
7}, Data base #41& $3 Aia EaEs dx A
A wlo]eoyx AAE EAE AAAZSZ NovozymesAtet Danisco (Genencor)A}7}
FE FZOA LGS o]t tFAANE BAE FHTFSIAL Yo Tl npo] .
A 75 3He AsliMe 5240 AL Alade] side]l dasit. B dyoAE BR
Saccharomyces cerevisiaes ©|-§3to] AEHAE zF Aikst7] 93 A& A zFolr).
2 diets Za o] HojuAR Awd el gl dilel lernz FAE uE A 3}
T BRI g=FoR nlolevfie] FEe des TERE FAd EZ‘L T A= A
H g Afra Aol 2o gehe At ShaAe] sido] Jhea ok v dukbEom R R A
A el ae] Eu|AA o] ol Fihvts il ojH o] oy B A= AR
ZHE Axdaudes 18582 AT F o= 53171% (TFP technology)$ 483}
na) FUAME B0 FuAsad st
A BalEae BuAad SUEE QuAE Buds wage] wHold AzdA §
AAE Fushs Aol Aerdolr), weba JE LA AR G ALA FAAE U
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Strdlo] F R WPA A" Tl gfsta FEAoZ At vAE fFHe A AESA
e

AAE = Sustaa spalvk. WA vt gol fHe ARiRalEA FAAS= Bacillus
subtilus, Paenibacillus polymyxa, Clostridium thermocellum, Thermus caldophilus &2 7| A
=8 8393 FHol FHllY Huh BB L FARS= Trichoderma reesei, Aspergillus
ficuum, Fomitopsis palustris, Saccharomycopsis fibuligera 39 FHAXE FH3F o &=
gt ARl WAl FHe ARa EelEaa AAE FHEY] $18ted Polyporus arcularius,
gt T FHes 7 v AEY A EE cDNARS-H

Lentinula edodes 5% 3

A3 PCR cloning3tl o™ A5 A4 wrvje] A7A=Z5E fAdxE Sdwel AHE3al

o

B oAFE B drd HAifA BIAAaAAE ¥ 3-20A4 HE vkt o] exoglucanase,

endoglucanase % B-glucosidaseE ¥ &38= AETZA A 2453 xylanase, B-xylosidase

=8 Z33E hemicellulase 442 728 33519

¢
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¥ 32 BuE AgHA F44 2 EA

Source Strains Cellulase gene cellulase type MW(Kd)

Cbh1 exoglucanase 54.1
Cbh2 exoglucanase 49.7
Egl1 endoglucanase 48.2
Egl2 endoglucanase 44.2
Egle endoglucanase 444

Trichoderma reesei
Bgl1 B-glucosidase 78.4
Bgl2 B-glucosidase 52.2
Xyl B-xylosidase 87.2
Abf arabinofuranosidase 51.1
Axe acetyl xylan esterase 30.8
Cell exoglucanase 48.9
Cel2 exoglucanase 474

Polyporus arcularius
Cel3A endoglucanase 26.0
Cel4 endoglucanase 44.0
CMcase endoglucanase 753

Bacillus substilus
Xyl xylanase 234
Clostridium thermocellum CelA endoglucanase 52.5
CelA endoglucanase 44.0

Trichoderma harzianum

XyIN xylanase 23.0
TcBgl B-glucosidase 48.7

Thermus caldophilus
TcCel endoglucanase 46.0
PpExol exoglucanase 76.7
PpExo2 exoglucanase 108.5
PpExo3 exoglucanase 258
Paenibacillus polymyxa PpEndol endoglucanase 44.5
Cel5A endoglucanase 58.6
Cel5B endoglucanase 63.3
Al arabinose isomerase 53.2
Aspergillus ficuum Axe actyl xylan esterase 483
Fomitopsis palustris FpBgl B-glucosidase 138.0
Saccharomycopsis fibuligera SfBGL1 B-glucosidase 96.4
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=g 71E 2eA FFol

oz I exo-cellulase 5F &

grisea, Talaromyces emersonii,

&9 exo-cellulase SAA &= & F A
oA WHsG T NCBIZEE zt7ke] %ol Humicola

Neosartorya

TEEo] Hojt A

fischeri, Chaetomium  thermophilum,

Chrysosporium lucknowense 39 HgCBHI, TeCBHI1, NfCBHI1, CtCBHI, CICBH22] A

AP E FHaL, &

BR9 traslational machineryol] 23t 5% H A3 (codon optimization)

F R4 S B 229 fA4E Fustan,
¥ 3-3. &3 559 exo-cellulase AR 2 EA
. GenBank
Name Species Feature
Acc.Num.
GH7 family, CBM1 (C-Term), 18
) ) aa signal seq.b3.9 kDa,
HgCBH1 | Humicola grisea CAA35159 ] ) )
glycosylation site: 1, non-reducing
end activity
No CBM, 18 aa signal seq. 47kDa,
Talaromyces . .
TeCBH1 - AALB89553 glycosylation site: 2
eversonii .
Hyper—glycosylation
GH7 family, CBM1 (C-Term),
Neosartorya non-reducing end activity, 26 aa
NICBH]1 ) ) XP_001258178 ) .
fischeri signal seq. 53.3 kDa, glycosylation
site: 1, Hyper—glycosylation
] No CBM, 18 aa signal seq. 54.6
Chaetomium ) .
CtCBH1 o CAM98448.1 kDa, glycosylation site: 3,
thermophilium ]
Hyper—glycosylation
CICBHY Chrysosporium EMBL-Bank: 49.4 kDa, glycosylation site: 1,
Iucknowense HH793136.1 High level expression (~2 g/L)

database= 58 A
9] degenerate primerg Al 7‘—}3} A

]}\]—1:11—4 r/]_o]:zs]_ PCR HH -

]—L aﬂ]' = 49
non-specific
H3}7] 01 & %i ‘jr
A A A
= /}i%‘_ﬂrxé% A Zi‘jr. a4

sAHNeH oss I

Penicillium oxalicum 32 exo-cellobiohydrolase I (Genbank:ACE60553.1)¢} 84

- 138 -

353517
AA+e] conserved domain-g 2913}l
7} o] AMA = cDNAE o]
Ak (717 3-7). PCR =4& &
A R =
%%Oﬂ -“4?'51} ‘jr% FAA7E 5o }/\-—‘U:] 7] o

AF&-3Fo] Southern hybridization &

913le] glycosyl hydrolase 7 A}
olE o] &3t 11F
&3} PCR3 Azt
ato] A jE e
3lgete] fAdA Ad £ A
F AR PHEA FA4E T
TAAE G 918ke] 7]E9]

R

=

d

ok

rl
i

mo
ﬂ

3-7TolA HE kel o] MAd FHAHE e Meso] vt
3to] T-vectore]l cloningdla dA7|Ad BA314c. Agdo=z
% A



S Holy AEgA FE FAAS  Penicillium  decumbens  exo—cellobiohydrolase
(GenBank:ABN68954.1) 2} 82% A& Mol AEeAl F& FAAE AT & Aok

A0/ =Z genomic DNA PCR product

"

Cl1234567891011M C123 4567 891011

PCR

9

Cl 2 3 4 5 6 7 8 9 10.11 JM|IINCEISIESE4ace 627 80108 1T ¥

0% 40 %
S £ =
= =
- ; = - . =
- ..: - ' ® -' - .

9

NT membrane 1 .73 3 A
transfer

A & T &9 181

Southern @_. @
hybridization

s AsoA 489S ol &ste] AAl FdAE genomic DNAZFH 3|F38t7] 9]ste] 7
¢ 3 non-specific DNA FZ o2 <l oH 3= SAR e 3

7F Wl ojEq ok wElA] B AF4E Fa s DNAYEO] S35 E genomic DNA§
xglsle] & 3hHe] PCRZE A=A fFdxke Q43 HAE g9 0}74] cloning3dl&= M
template-blocking PCR ®¥-& 739t (17 3-8) (53]& 9, Biotechniques Newsoﬂ ]
== 2704, http//www.biotechniques.com/news/Template blocking PCR for genome
walking/biotechniques—-217395.html).

ol#| g WM& Tt v At AEGA FAAE Kol FEHEE F dsdvh 1™
3-9, 10 MEEY 489 Penicillium sp. Cf4 239 2714 exo-cellobiohydrolase, PeCBH1
2 PeCBH2 ¢ As/dol 7 w2 7€ AEehA oo e £43 Aot Ci4 -2l
PeCBHIS JIEZo] §li= 1641 bpel 7|2 FAEH Qo F39 ofv|wit Ad-E 26719
oAl adst AE22 A% ZF (cellulose binding module, CBM)-& ¥383}3= 54771¢] o}

l

2l EE J1m o
A )

N
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watom FAE e Penicillium oxalicum s #¢) CBH13 74.3% ofv At §A-4-S HA
v 29 3-112 AEdEY A5 9 Penicillium sp. Cf4 32 exo-cellobiohydrolase ¢ 7]<&2]
dH AEHA 9 Fed 243 Aok Cf4 e CBHILS E8]A 12d 3 c-termd]
cellulose binding motifE 7172 Ad 24 <l exo-cellulased &1 CBM3} A2 X991 linker H-+
ol BRE ZolE Ko linker M| E F3+ 47|59 A /ige] 7ted AoE HesAL

()
i
31.7kb
B
Belll PeCBH?2
: CBH2E,
—
.‘_

CEHIE

o
- L

1.5kb

4.0 kb

a3 3-8 AEFZA FHA one-step PCR cloning
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P=CBH1 = ( ) i CYTGNTWD ) 99
P.oxalicum : Tt i FNCYTSNTHD 10 : 98

PeCBH1 149
P.oxalicum 148
PeCBH1 199
FP.oxalicum 138
P=CBH1 249
P.oxalicum 248
FeCBH1 259
P.oxalicum 298
FeCBH1 349
P.oxalicum 348
PeCBH1 399
P.oxalicum 398
P=CBH1 HEDHNSNMLWLDSTYPTTZ ] AR ( T ADANS : 449
P.oxalicum : |EEEIESNCERYAREEE=li: ] T i - 448
FeCBH1 459
q}q§P.oxallcum 458
* 520 * 540
PeCBH1 N T T ( i 546
P.oxalicum : [gliRA 545

19 3-9. Alargk Cf4 AEA 9] ofr| =it g B4
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P=CBHZ
P.decumben

PeCBHZ
P.decumben

PeCBHZ
P.decumben

P=CBHZ
P.decumben

PeCBHZ
P.decumben

P=CBHZ
P.decumben

PeCBHZ
P.decumben

P=CBHZ
P.decumben

PeCBHZ
P.decumben

PeCBHZ
P.decumben

¥ 3-10. Alargk Cf4 AEekA o] ofv it T

- 142 -

LMELIE]

: I

¥ LMEj

BRI EE

240 ¥

280 * 300

JFNEYEMGCNESFYGPEG

FNEPFEMGCNESFYGPGRE

400

)T Hp MM T L I
YD Hgs NM LI T I{ets

rz
4

S0
50

100
100

150
150

200
200

250
250

300
300

350
350

400
400

445
450



CF4-CBHL
P.oxalicum :
A.fumigatu :
N.fischeri :

99
98
: 100
: 100

CF4-CBHL
P.oxalicum :
A.fumigatu :
N.fischeri :

: 199
198
200
: 200

CF4-CBHL : 299
P.oxalicum : 298
A.fumigatu ) EGWQP NIBAN GNHG MDIW ) GGTY 3 )PD \ N : 300
N.fischeri : .DLK G EGWQP \ GNHG MDIW ) GGTY R Y[€]G \ ) : 300
CF4-CBHL : 399

P.oxalicum :
A.fumigatu :
N.fischeri :

: 398
: 400
: 400

CF4-CBHL

P.oxalicum :
A.fumigatu :
N.fischeri :

e : 499
: 498
: 485
: 483

CF4-CBHL

P.oxalicum :
A.fumigatu :
N.fischeri :

: 546
: 545
: 532
: 530

1§ 3-11 Aarek Cf4 AEekAl 9] ofregt 24 #4

Penicillium sp. CF4 G819 F Ax AZ2d4 A (PeCBHZ)T‘E SIEES 27 ¥l
1] A

9= 1,359 bpel V1= 7Ase] lew fFE opnmdt Mde 17749 WA e 29
e 45271 ¢] olrjiAibo 2 A E exoglucanase 91 0.™ Penicillium decumbens 2 ¢] CBH
o 784% ofv| il AR & UrEM Atk (29 3-10). PeCBH1%H= 22 PeCBH2 CBM< &
oAl @A ot oA 71.1%0 FAMEE WERIITE (19 3-12). A3 WRE A

&3le]  F2ZYE  Penicillium dipodomyicolaisolate H7 212  exo-cellobiohydrolase,
EEo] gl 1,614 bpd A7IE 4= o 59 oiv| il Ade 2570
o] EuAady MEZ= A3 ©F (cellulose binding module, CBM)-S ¥ §3}= 538712 o}
% S B3t ] At AESA FHAE &olskA 2=
of| = A4t cellobihydrolase ¥ endoglucanase A& tf
W (1028 o)A FH)dle] EARY W R E o] gdlo] QX B ATE 2333t
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P=CEBHL 50
PeCBHZ 41
P=CBH1 100
PeCBHZ 91
g 120
PeCBH1 : M T TRASQ 150
P=CBHZ : B ER GCE—— 138
PeCBH1 : 7 S MDADGE & FTETEYCDS i ]
P=CBHZ : 4 JADGC GTGYC } : 188
PeCBH1 : [ LK B CWEPRSDND H AEMDV 2 = 250
PeCBHZ ) ) eHCSCCAEMD 2] » 238
260
PeCBHL1 : pu=zi=laDTE T 300
P=eCBHZ : =il EA B 288
PeCBH1 : GFER D S SGCTLSEIRRBEYVQD! : 350
PeCRBHZ : SEMVITSSE ATCTLEETIREMY = /338
PeCBH1 400
P=CBHZ2 388
P=CBH1 450
PeCBHZ 438
* 480 * 500
PeCBH1 if GGSSGGSSSSTTTSRTSTTSRTSTTSETSTTTETSS @ 500
PeCBHZ : e maie o — — —— ——— ——— — = — —— e e = 452
. 520 i 540
PeCBH1L : TrTSSTGSSTTGAAHYAQCGGISWTGATTCASEYTCTEQNDYYSQCL— @ 546
PeCBHZ : ————————————————————————— e ——————— 2 =

Tt S
g% wld ured Bl AAely 7]+l TEP (traslational fusion partner)
o]-§slo] dE¥ PeCBHI % PeCBH2 #dA& Wdste] 72 345 v Aibets

~ 144 -
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12 skt (g 3-13). 4 24E aEvehs #HE =2 STFP-229 STFP13S ¥3shs
HHE g 3-149 2ol HEsd 7]? S vhE BRAsds Zolrt Sl 9]
913kl A PeCBHI % 2 1f9 EHA S GRAA F2 @o] Abgsh= BujA1ddl
mating factor alpha (MFa)< *}3%}04 whls e Waskgih (1" 3-15). Zh7be) EEWEE
FHohs ARTFE WGt LS NS SDS-PAGE 48 A3 TFP22-PeCBHL ¥
ol A 73k Mi=So] #AYQ (18 3-15-A), pNPC 7]2A-& o] &3}o] exoglucanase A4S
A% Ay AA Azd wu oF 33%, MFa Wt of 31% © %2 &8 13 (&

3-4 (a)). PeCBH29] 7-%-o|% TFP13-PeCBH2 wFolA 73 W=7} #@AHJow (2
3-15-B) AA| EvA 2B} oF 219, MFa WA 1d B} ofF 24% t] &2 &4& &3
At GE 34 (b)), wEkA aERERs 99 HEwF=EA pTFP22-PeCBHI,
pTFP13-PeCBH2E 38t #F& A5ttt

(kDa)y M 1 2 3 4 5 6 7 8 9 10 11 12 13 M 14 1516 17 18 19 20 21 22 23 24

PeCBH2

Da) M 1 2 3 4 5 6 7 8 9 1011 12 13 M 14 15 16 17 18 19 20 21 22 23 24

19 3-13. PeCBH13} PeCBH2¢] &1 Qb w75 A4
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A pecBHI ®)  pecBH2

GAL1D pro

Amp
¥Ga5T13-PeCBHZ

5-TFP12

7948 bp

™~ :
GALT terminator

Amieron &
e URA3

1% 3-14. PeCBH1% PeCBH2 & s g

(A pecBHI ®)  pecBH2
TFPZZ  RMAIOE  MFa TFP13 M AIdE MFa

(Da) M 1 2 3 1 2 3 1 2 3 e} 10 M 2 3 A4:2 3 1 2 3
148 v Y

1]

(=53

50

36

B

19 3-15. PeCBH1 % 2¢] E1]S 93 Eujxde] v

¥ 3-4. PeCBH13} PeCBH2 oA A3l #5529 diradFI A &4
(a) PeCBHI1

exo—cellobiohydrolase activity (u/ml)

TEP22 0.974

A BHjA 29 0.649

MFa #H[A]21d 0.675

(b) PeCBH2

exo—cellobiohydrolase activity (u/ml)

TFP13 0.623

ZA| HEulA g 0.491

MFa #H|A|1d 0.473
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2718k Y2805/ST22-PeCBHI, Y2805/ST13-PeCBH2 At FE ol &dte] AEDAE %
AAket7] §18te] L wEZxol A f7FA ks Fdsalth 2 widkel] Eo7Fr] el 50 me
YNB (O67V obv]igbo] Aol BRI|A 0.5% FHA| ol A=, 2% S F 2R ol 7] Y
3t F vhAl 200 mee) YEPD o A uj %] W Hjkate] & shatal & wiFel HEste] 30T
oAl 48417k Fob wjekElATh. wl A o] ¥H]H PeCBHI £ #<1317] 93dlo] A7 wdats o
& SDS-PAGE #43}31 3L 48A17b&<k WE vk + °F 16 unit/mee] 24S skt (2
g 3-16). PeCBH2 &= A7]¢f wdg wo= Wg A4k Hij ] of] 1]
sle] A7HE WS HE SDS-PAGE 243193 48413F &< L& ik & oF 13.6 unit/
me] &d-& FRlstdh (L9 3-17).

r
*

o

Ol

PeCEHI
(A) B)
g 12 16 20 24 28 32 36 40 44 48 M (kDa)
S 180 - 24
e e .q 6
— |92 160 -
. I il
140 -
50 g =
- 8 120 16 E
8 =
= 100 - T
L E z w3
£ 0 s
5 8
= &0 8 Z
8 -3
22 40
4
16 20 + —a— Call growth
S =0 Activity (Umi)
0 — ]

o & 12 18 24 30 368 42 48 54
Culture time (h)

MR D)

do

“1¥8] 3-16. PeCBH1 A4+S 918 Wadare 93
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PeCBH2

(A) (B)
8 12 16 20 24 28 32 36 40 44 a4z m (kDa)
— 142 E 200 = 20
1 H t:‘ w | 28 180 x i:?.?‘:':. L 18

B4

" €

8 8 BB E
Activity (u/mi)

L=
o

Optical Density (600nm)

20

=

&
=
=1

0 6 12 18 24 30 36 42 48 &4
Cuilture Time(h)

R DIES D

H

i)
@
—
=~
-
¢)

O
o
T
o
0%,
2
fiio
)
%
2
ko
0%,
>
o
)
re
do

7 gude EARAS gste] 7 wude P4 ATE Fusdr UE ALe
PeCBH1 @9 &2 50mM Tris &84 (pHRO)S.ZE dhe]oj 3 (A5 30 kDa cut-off)E ©]
] O

& W mzvteEadgy PHoz AASY) 9189 50 mM Tris $5&
of (pHR.O)C. &2 &EA%¥E9S HiTrap DEAE ZA#o] F&AIZl H 0olA 1 M7Z7FA ¢ NaCl
(PHBO) F% & 772 E45 &EAAY (27 3-18). AEHA d4S& /e 288
ol 50 mM Tris €589 (pHS.O)S.= F43 5 2% o2 W ARvwiELfy] WHOoR
HiTrap Qff Z¥-& He3} A FANE FF3A7] 04 1 M7FA 9]
NaCl (pH8.0) 3% 5% T

= 3.
2 E0E §EMNA =L exoglucanase FAS JHAE EE S
Zorch wE ALkE PeCBH2 @A 7] PeCBH1¥% SL3kA 50 mM Tris 358

(pHB.0)S. 2 gt (A% 30 kDa cut-off)& ©]&3ste] 53t aL, o] w3 A=vE
By wWHoez Ay 9ol 50 mM Tris $5& (PHROORE EA¥FHANE HilTrap
DEAE Z#eol FFA70 5 0014 1 M7FA12] NaCl (pHS.0) A% ¥ &% 7 S$7|2 845 §%
AlA %=& exoglucanase &4 S 7HA & F9& EUh (28 3-19). &4 A %S Bradford %
H-& AF8319 3 bovine serum albuming ¥ 3-TEAZ o83 ow AHAA Ao wE 4

H & 35 Aelshsin.
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&) B)

Lo 11 32 33 34 Ino16 14 18 39 20:2)

COMICICICICH = T L T P P EEEE R p——— = < i
¥
1
3
}
:
1
3
1 ;
-in
13
— i
- = -l
L sty Dt Base Max  Unim
e B2 AR NBuwd

19 3-18. PeCBH1 AAE ¢33 ion-exchange A ZvE 123

(&) ®)

L U 33 34 35 3637 38 39 40

we R  ARSRRAPRERILILILARER ..

LA L —

W : r /IIJI/ G — \
., B LU
Eos
19 3-19. PeCBH2 AAE ¢13% ion-exchange A ZvE 123
# 3-5. PeCBH13 PeCBH2 ] A A4
(a) PeCBHI
Total Total Specific .
Procedure . o o Yield Fold
protein (mg) | activity (U) | activity (U/mg)
Ultrafiltration 58.60 1434.10 24.47 1.00 1.00
DEAE
ion exchange 13.52 527.12 38.99 0.63 1.59
chromatography
Qff ion exchange
1.90 84.49 44.47 0.88 1.82
chromatography
(h) PeCBH?2
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Total Total Specific )
Procedure . o o Yield Fold
protein (mg) | activity (U) | activity (U/mg)
Ultrafiltration 1232.55 1112.40 0.90 1.00 1.00
DEAE
ion exchange 69.78 337.53 4.84 0.19 5.36
chromatography

AAG 7F Fhe EAEANS 9o PeCBHI 2 2 2 tiaoz Z7e] HZ pHe 3
2528 XA Y. 249 HA pHE £43817] 915+ sodium citrate (pH3.0 ~ 4.5), sodium
acetate (pH 4.5 ~ 55), phosphate (pH55 ~ 80) ¢&F&A S AL H 3, HE 225 43}
7] 93k 30T A 70C7HA AH&3F9] exoglucanase?] A4S E4319t). o] #3t AxtzHH
PeCBH1S pH 5 ¢ 50 T oA Hd gA4-S ez (¥ 3-20), PeCBH2E pH 5 ¢ 5
5C oA A &4de Yeulsdd (28 3-21).

PeCEHI1
A) ®)
120
100 - X
— pH30MW04S
- 451055 o 100
g 0 4 =~ pHE5W0E0 f i
g g
g o0 E w
2 2
40 1 ® 4
E =
3 i
20 - 20
- 0 . . . . .
3 1 : E E & 20 30 40 50 60 70 80
pH Temperature (C)

1% 3-20. PeCBH12] 2 pH #® A5
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PeCBH2

(A) ®

=3

[

=
=y
=]

—h— pHID 45
—— pH45 D55
—0— pHES BED

=
=
=]
1
=y
8
h

3

B

Relative activity (%)
& 2

Relative acthvity (%)
3

=]

=

20 30 40 50 60 70 80
Temperature (C)

¥ 3-21. PeCBH29 ¥4 pH ¥ HA2T

AA 3 PeCBH13 PeCBH2 &EA7F A&dE A4 714 B9lo] A4 chain® reducing
end 1A non-reducing end 1A & Lolr 7] 93 TLC AE-S 3A 0.1 mle] AAS &4
L9809 mlel 71489 (50 mM Sodium acetate buffer (pH 5.0), 1 mg/ml9
p-Nitrophenyl-beta-D-cellotetraoside) ¥ 50C oA 0&oll A 158 %<t 58 71402 wk&3l &

M
:C?L_',
2
(C
mlo
;%
oy
@)

g oy FEFe] 2% BAMVERS HUbE vhgs WE 4 AE T

& wrel A 9ol HE #Ho] dxsh=d], o] W AREE B -FEHES 2732 (G, A
Znfo] 9.2 (G2), AzEZ QA (G3), AZHETQ Aol = (G4) 2}
pNP-beta-D-glucopyranoside (pNPGL), pNP-beta-D-cellobioside (pNPG2),

pNP-beta-D-cellotrioside (pNPG3), pNP-beta-D-cellotetraoside (pNPG4)2] o F7= A7t
o 5ad faitES HolFs AR 3-= AREEY (Ld 3-22-A).

E 32 Fgnd A4 FdA 2 SR 3-FEHI A 54 MR FE H4oe=
AFE3E §2] e acetonitriled} FFF2 Ul &o] 80:20 (v/v)ol HEE 91, X T HS ¥

Z18k7] Y8ke] 100 ml stock €< (100 ml acetone, 1 ml aniline, 1 g diphenylamine)e| 10 m{
phosphoric acideE 41 £ H4& A 7tdd YA DX 120TolA F& Hel7r4ae

Fol wAlE wj7bx] w3k elar o] =B AF49 non-reducing Ewol AETiAl €4S 2z
T Aoz 4HA A= T. reesei CBH2:= pNP-beta-D-cellotetraoside 7] & -& Al7ke] A&
E Az nlo] @ 29} pNP-beta-D-cellobioside® A23i= WHH PeCBH13 PeCBH2+= AF&3F 7]
A ARZEY QA9 pNP-beta-D-glucopyranoside® A 23= reducing B¢ AE¢A] A4S
A= A IS Y (2™ 3-22-B).
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a)
Gl G2 G3 G4 pPNPG1 pNPG2 pNPG3 pNPG4

B)
TICBH2 PeCBH1 PeCBH2
0 5 10 15 8182 0O 5 10 15 8182 0 5 1015 81 S2(min)
-Gl - -e1 -Gl
Yo o @ WG 0 * 00
pG3 pG3 wrG3
® oG4
# pG4 ' - 1 &64 ' ' ' '
oY | fc1 &
o 0 . GZ. &2 ‘2
ks
G3 L ] [+] 3 [ ] [+] .
: o ¥ 4
e ° & o o o o o . e e

13 3-22. PeCBHI ¥ PeCBH29 A &4 714 g4l
AARS 93 TLC A3

ANtaEgdo]ZEE Eald H6-CBHI SAAd talds &% S cerevisiae o)A A=
b Ele] e EAS 489U H6-CBHI FAAE @dsly] 935te] EnAadS A

A (TFP, Translational Fusion Partner)E 3H-3F ¥WlE e} g4 a5 AAAISIL in vivo
recombinations 3 WHAHH 7L FHEHEE S FAASE #A 24 FRE FASNH L
2 Aeste] YPDG wjA] ol A wjkstal 5SR-S SDS-PAGE ZgellA #2435ttt

Wl e de] SRS B3 SDS-PAGEAC veld W=} ndAd e wole w38 77
AEsEivh H6-CBHIS 7Hd & &4 Aibsks TFPZ= 1398 AEsigla dvz

b W& 1Y 3-243 2T
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v

M 1 7 84 59 110 17112 13 M 14 15 16 17 18 19 0 A X2 B M
lu b LR
e
i ] *'I el _1 e o pl
o= 5 B .. . - _-‘ - .

0 - @ -—mn De
e — — -—
(2]
EC |
e —— alk La8

2% 3-23. H6-CBHL19] aLi#v] BAF o+

o

=z ]
=

YEaST13-HBCEH
(8.17kb)

'&
G;‘ s
\ — \B"((\

URAZ

%) 3-24. H6-CBH1¢] @& wg 73

718 Y2805/ST13-H6-CBHL A4t #55 o] &3te] AEZTHAE oz atsly] 9135ke] 5L
GEES olgsted #7b stk 2 el Solvbrl el 50 mle] Ha oAl A
_‘ttol AoE BRVIFH, 05% AR el A=, 296 Xl 19A] 27 %e

19] YEPD A=A (1% 2EFFE, 2% &, 2% ZTE)oNA] v &3l
HEsto] 30ToAA 484

_ —

(0.67% o}nm
& F U 2

A0 2 FI7F HA (5% EEFEE, 0% LEHE H7E) .

AF e wiA 10 ulE SDS-PAGE 243k 2t AEepAle] Sl eFs sdlsqla (2

gl 3-25), 4817 ot WA HieF & oF 11 unit/mee] &4 S HATH
F=%  exoglucanase BAE o83t AAE F3h

DEAE-Sepharose #A#-S o] &3] olewd AZvEIHIAEZ FPFePx, 10 mM

ammonium acetate buffer (pH 7.0)% i’ﬂ%l** w3 FYdsrzl

o 0.2 m/i8 FHS=Z 004 IM NaCl s=78E FHA Swds &FAZY. 7F #359

4ds FA3lo &l YEYE 5, 6, TH -E'r_ ”J% 3] <73Fo] amicon ultra—4 (

NMWL dnrle]2)E o] &3t F=3kivt (19 3-26).
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8 12 16 20 24 28 32 3640 44 48 M(hr) 200 2 r 110
—— C=llgrowin

Optical Density (B00nm)
=
Activity (ufml]
2
Concentration (ufml)

=
g

12 18 24 30 36 42 48 M
Culture Time{h}

1Y 3-25. H6-CBH1 AAHS 3 d 3 Adabe 93k F712 sjF 225

3
&

12% Tris-Glycine

M e 1 Y M i 1590 SR

Fraction
= No5-7

- “y

T
o Callumn : Hitrap DEAE FR{SmH % &)
Buffer &: 20mkd Tri=—CEpH7 5}
Buffer B: &+ 1k NaCl{pH7,5)
T~ Gradient: 0- 1M Nacl{100mI}

— L S

] = ]

21 3-26. Ton exchange chromatographyZ %3t H6-CBH1 @d whjzle] g

AAH exoglucanase®] 4 FAMSHY] 918 AAE 2ELHE AMESt] B4 @44 7
A= pHet %9 s AT &x9 ¢S 545}7] 23kl 307 70T W ol A
5 zbzbe] @A S =R T B o] 1 mo & 1202 ato] Aol &

veb AT 7 A3 a9 3-273 Zo] HA w2 E7F 55T ¢ds ¢ 4 STk ®Edlh
of 3 3l sodium citrate (pH3.0 ~ 4.5), sodium
A H NS AFE3te] 50T A ®EE A7 &

=

— A=

b

a4 Bde 574 } 4 Zt pHell A] ”W OJ A4S 2AE A3} pH 450 oA Ho 24%
Uehisled, pH 4.0 ~ 502 AHd pHoll A w4 okAs Ao = ¥ Aqu} (g 3-27).

—h— oHI0WmAE
8 pH4505ES
O pHS5:mED

g
:

Relative activity (%)
B & 8 8
Relative activity (%)
]

=]

20 30 40 50 &0 70 80 z : K B s : N s
Temperature () pH

¥ 3-27. E¥ ¥ H6-CBH19 #32 &% pH
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AAS H6-CBH1 &47F A&3teE A4 714 BFYdo] A4 chaing reducing end 17|
non-reducing end ¢I1A|E Lolnr] 9 TLC &S 3dtvk 0.1mle] AAS Tia £948
09mle] 71d&8 (B0 mM Sodium acetate buffer (pH 5.0), mg/ml¢]
p-Nitrophenyl-beta-D-cellotetraoside) ¥ 50T ol 4] 0F-ol| 4] 158 &<t 55

7

g oy FEFel 2% SV ERS HUbs vhES WFa A Az

& wrel A 9ol HE #Ho] dxsh=d], o] W AREE B -FEHES 2732 (G, A
Znpo]l A (G2), AZEZ QA (G3), Az ET QAP = (G4 =+
pNP-beta-D-glucopyranoside (pNPGL), pNP-beta-D-cellobioside (pNPG2),

pNP-beta-D-cellotrioside (pNPG3), pNP-beta-D-cellotetraoside (pNPG4)2] o F7= A7t
H 7 g4 BERMES HAFE AR 3-2 AFEIY TR 3-28). ® 3-TEA I A7
2 bR B BFHow ALg3d &8 A acetronitriled}t FF5 B €] 80:20 (v/v)o] F
Z 3, Ax T FES B3A/3F}r] Yol 100md stock €94 (100 mé acetone, 1 ml aniline,
1 g diphenylamine)®] 10 m¢ phosphoric acideZ 472 €2 A7t Hyar] HE3S ).
120Col A 2] derbde] o] g wj7hx] whg-3k¢lal o] 258 H6CBHIZ AFg3 714
S AR EF QA9 pNP-beta-D-glucopyranoside® A 23 reducing @@ AEA &8 7}

o 5 =) A~
A= As G99 5 dSdv (Ld 3-28).
HECEH
E1 G2 55 i34 pHPGT pNPGE pNPGS pNPGY 0 & 10 15 20¢min)
Reducing type - 1 -rG
) & pGZ e @
Pmm ,:N'.':- - .DGZ % .
F pG3
=4 i
P
- &1 -
: &P
i u i ] '
Mon-reducing type ﬁ £ G2 §
B " k. ol e e

_G-‘l " v & s w

18] 3-28. 2 ¥l H6-CBH19 cellulose &¥te] A4 type 2 A

S
=
1:011
fito

AZefA A AL

=
7}. Directed evolution”] & &8 B-glucosidase 244 7] &

G A 8] eE o] &ste] & AEHAY 24 MEFS fste A AEGA Ais 9
3 AMAAF oz AVEEHE FFolQ Trichoderma reesei o~ &4 bottleneck®] il )
T 849 B-glucosidaseE oz HAE3IYth B-glucosidase Ao /#Ee ¢ A4
519 B3] Ad n@dAd 7FE AW £ Y= vXE A (29 3-29)8}3 error-prone PCR
S B3 Y Wolrl =dd F4A librarys fRo] EAS 3 & Awax| oA A E)
= 38 WA (19 3-30
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YP-CB 2 day culture YP-CB-Antimycin 6 day

——

Y280 ¥
ST19-SBGEL
-{ ¥/ - o
[| ¥2305Agalsty % yagpen gals
ST1SSfBGLL ' ST21.SMCLL

K. marxianus 4 Y2305Agal80/
\ YGaSW

YP-CB

BGL transformant s - ] BGL transformant s

19 3-29. B-glucosidase &5 7F 72 AR
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¥ 3-6. B-glucosidase Wo] 52 a4 FAv|w

Cell growth Activity

Number
(0OD600) (Unit/ml)
Control (gall/sfBGL1) 14.0 1378.6
1 15.1 1469.8
2 15.2 1458.4
3 14.5 1402.5
4 14.3 1413.5
5 14.6 1574.2
6 15.0 1545.6
7 15.3 1788.9
8 14.7 1678.2
9 14.0 1477.6
10 15.5 1793.8
11 14.6 1635.2
12 16.3 1994.5
13 15.0 1563.6
14 15.7 1874.1
15 14.4 1423.3
16 14.3 1310.3
17 14.5 1369.8

u}. Exoglucanase 73 71 &

(1) TrCBH19] 3 Al

.ol A A3 Trichoderma reesei | AAE A Lol =
o] ofdk wxlo] Qdlvk. 1 HAlE duE V)5 TS F 7 Idv¥ EEY hyper
N-glycosylation WY Ao = dAestil o]& 7J4d3t7] 918 NetNGlyc v1.0 ZE 23S o]&
3le] TrCBH1 W9 N-glycosylationg o|Z3t¥i 22FH A v 45 270, 384aa)e]
glycosylation B-& Flstairt. @wd xo] J&FE& HA3ekal glycosylation®hs A8 2 o
2 Aolatr] st 7t YA of~wEryl o}nut& 7V 22 ofvitel debd st ot
g3 7P FAEE oluAkel FREMWI o R X834t ofnx4F WolAl= PCR primerE

o] &3}+= site directed mutagenesis WH & o] &3te] AFtste] @S vt (1

3-31).

Glycosylation siteZ A 7138lo] hyperglycosylatione] ¥# %= %3 &% TrCBH1 A

%3t #FE  control®2 w3 EX  TrCBH1I A% HF¢ v wsg-s
hyperglycosylation®] % #] 7] o] SDS-PAGE “goA iz
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510

T

[4‘1

of| A =

o &

e e

T Ao} g FujAikeo] el Folte AS SISt a wiA dA 24
2 AolE HERA skt wEkA BRAA THE A2 Trichoderma reesei -2
¢] TrCBH1¢ &A& J %9 hyper N-glycosylationo] &3] ZAlo| ks wx|vb
glycosylationg Al Ao = Gl A o] gFo] Zo]== FA7E dojA] G4l wo] ofd
Aoz A=)

N45,270,384

C M :1 2 -. il M}
- 1 C M 1

=2 STFP U/ml S Ee STFP u/ml
Wt TrcBHL | 3.023 - . | WtTrCBH1 | 3.107
| | — -

28 o

2 3.140
! 3 3.140
&4 4 . " _— |

- b -y pMPC assay F" ? ! | [ PNPC assay_]
M | STFP U/ml ——— STFP U/ml
H wt TrCBH1 | 3.488 & | wtTrCBH1 | 3.837
- - -y 1 3.372 as - - e 'l 1 4,651
2 4 2 3.488 T ———— 2 4.070
B0 gag Tris-Glycine 9% Tris-Glycine 3 4.070

18] 3-31. deglycosylations %3 x5 &% F2¢ TrCBH1I &49 &4 &4

3ol AETA  cocktall exoglucanase, endoglucanase, B-glucosidase, xylanase, B
—-xylosidase & 20997}X| 9] &4 =2 FAYH & dlldo|n] 15 A exoglucanase= A
Wz o) 70%0]7%-& AAstE 7R MAAQD JaAolth 1@ A A Ed EE fEY AT
AZA cocktail o] &3t AETHA mixel H|3te] A or e @48 Hole Fd
o]+ KRIBB cellulase cocktail (KCC)oll ¥3&t% exoglucanase? w2 &Ailo] 714 & o]+
o] 7] wiitof ©ld FE 7]ES o]&3le] TrCBH19 &4 MEddhs A4S APFsA
Directed evolution 7] adgote Ao EAS MEFst] fEiA e HEAE AlEstal &4
A 1 5 = wWRlol dasith AEHAY A pNPCE 7| AR o] &sto] #steo=

o

¥
O

ddE S48k A %”ﬂr ongo Red& o]&3sto] aAlvjA|ol A &de AT F d= W
MEHJoH B o #AE Ao et WHoZE ARS F gle @3] dv &
A - A o 5] = MUL (4-methylumbelliferyl-B-D-lactoside, MULac, Sigma)& 7] &= AF&3}
of ARl A AEeA &A SAHo] e AE A S

MUL$ endoglucanase®t beta-glucanaseo] 9JsiA = #&Eo] A48 el A o}A 7%
exoglucanaseo| A9t &8 Hol= 7| 2ol EA3 R 7] wfF-ol, exoglucanase® 2tz =
A BAo] 7158 Aojgt wudta o] AE VAR o] &3t ImM MUL (MULac, Sigma)-S
A ] Aol HIbEle] &4 &4 V|HE AFEIAY. FaE a9 3-328 1 mM MUL-S A
vl 2ol H7}e9S Wl endoglucanase®} exoglucanase A XS #FF7F UV Aol d#-S e
9 9deS HoFE v} Endoglucanase (EGL2)E WdslE w59} 7] exoglucanase
PeCBH¥} PeCBH2E LAt w5E AEHAE dds A &b 5 (Y2805)0l vste] ¥
halo® 4TS &9 & & UATE weha] ol g W2 AETA 9] directed evolutione] 2
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S35 ¢ 98 Aow AdYHH TrCBH1I HF4dAE error—prone PCR-S ©]-&3}¢] 1kb 3 2-47]
Sl

Hol & %53}5’— in vivo recombmatlong ] 0}04 34 X%:@‘NJF e A 2S
WO

MUL plate assay

C9-hGH STI6-mcysc ~

¥2805 AgqalB0 PeCBH1 PeCBHZ2 EGL2

<

SfBGL2  Xynll bx1

18 3-32. MULS o]&3F Q=3 &% ¢ ASgA9 34 g4 74

(2) G A g3V |E &8 AETA BEvle Mz 2 ol At

H3ol FHe HAFAaEd 45 SRS ol&3y AxY dFHEY] fEA= BE|
A 2HEelE B84 AA BEulAlde] wt=A] HQEla FHEs SRS YA BN
SEHE &&3= Aol 2849 AUt ok mEkA BE fHe 4] % 99E f-dA
g gH3l7] 93] Z RO secretomes A3t EH|7F 2 HE @wlA 109EE A
t} (E3%9 PCTPCT/ KR2008/007231 (1@ 3-33)

B&WS:WMORF
pGal-ORF fes »
19 3-33. &% secretome ¥4S T @EH aEnjdwA

A Bu)gdelx (SFP, Secretion Fusion partner)s E8]&Ao] & F3o)
endoglucanase, FpCel5¢] #u]E #3213t SFPE AWsta aRdA guast 2y 19
3-34°1 4] K= w9} o] FpCeloe] #H|EA-S 7v] o] /AEAY. 28y SFPeF &34
FpCelo= &5 glycosylationd &8l AA=7] (55 kD) Xt} s & A (100 kD)ol e}k
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S o2 Qs @A EATE =A<l 9k 3719 ZE R 9 (189 A,
223 A 297HA N-X-S/T)2] AspE 47} Glnoz WA Cels (N1RIQ), Cels (N223Q) 2
Celo (N297Q)E Alx3sla &Xo|A &u] dd s Ay (29 3-34) glycosylation?] =7} 7
ashalth N297Qe) 45 &Rl 93 glycosylationo] €8] AlAH Lo Zwjeuld o) ool
Hadte] AA g4 23y @At wEbA FpCelds 4ol &5 glycosylation©]
7o ste el @ JEujgke] Frlste] T 8 24E FAStRE AR AN SkE

o] §e%e B

PITE

ol
ol
R
RURDY

Y1 N189Q N223Q N297Q
250K — 3 4 5 6 7 8 9 10
148K —
98K —— u H ] EGL(glycosylated)
64K —— :I EGL(deglycosylated)
50K —

Cel5 0.40
Y1-Cel5 313
Y1-Cel5N189Q 2.99
Y1-Cel5N223Q 2.79
Y1-Cel5N297Q 255

o

19 3-34 @uEgRTEs ol&T Awawdas St

3
Z7, Y1 BHg el Aet 539 Cels, N189Q: 1894 N

@
o

5. A1 %3 ER o]lg AGA BIEs U= 7S
7. B TEFP 7|& &8 AEFHA AL o570
(1) AESA AL 77 Ad

)
o weEpA] B AR E olgd EAE Aty fste] @A grEd 2| AL El
TFP technology& 71'&dk v} At} (HAESEH). &8 TFP 7|&S EEAFAAM A3+
60001E o]l Eujduld FHARFE EuA2d 2 F4A (fusion partner)®] Zol7} ©h

N

£ $dF9 TFP library® 758 vl 2130 5 5 ohekdh @ S| ddke] 287163 2

=
Z9] ¥ 3-4¢ TFPE ¥#3o] TFP vector® 13313t}
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A e AEDA FAAE YR EF vectord] E&Fo® 9] @ H&d £ Qe
high throughput cloning A~®lo] H Q3o ZF FAAZ WE 9}t in vivo recombination®] 7}
S EE oF Wk wWEt AR Al A8 PCRE o]&3e] =¢& il ligation independent
cloning®] 7}&3t=% PCRe o]l &3te] AZdA A5 /=Fstdrh olgst 7|=s Tl 2
ATENA HAstal e 2489 W v B Wy (ER TEP vector)o 72+ A

= %

ZA4 FH4AE in vivo recombination g ol =YsE T (19 3-35).

A AZA FAXE AFH 2459 TFP vectord]l Z+7Z cloningdte] 7z A EaA
gt aFH] AFE e AREA 71-dS Firel weEk oF 38-50%9  cellulose,

23-32%9] hemicellulose®?} 15-25%9] lignin®. & FA % o] gt} ojeldl 7|28 F&H0E &
2R3 7] YA = exoglucanase, endoglucanase, B-glucosidase, xylanase, B-xylosidase
T %F 109Foldey ®AEAE HE=E st} Cellulosed] Fao] ZF2AQ T4 4F
(exoglucanse I, exoglucanase II, endoglucanase ¥ B-glucosidase)?} hemicellulose® sl & <

3 HFA2l xylanase®t B-xylosidaseE 1 EE& EW|ALEE 55 1402 AQEEAC.

ZA7re] AZEA FHAAE 24€9] X TFP vectore]l A93te] &8 JAASRAE T34
o2 Il test tubeE  ol&dte] dEwjFEvh e WS AE w53
SDS-PAGE #2433 AEetAle] #u|gFo] B #FE5 14 Adsta &4 24 53 HE

52 Adstede) (1" 3-36-1).
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v ¢ ith TEP lit ! ‘ it

Lnk39  Forw
— p
Gallo Gal7 Term D Cellulase
<«
TFP library l Rev GT50R
Amp URA3 Cellulase
Cellulase
X In vivo
recombination
GAL10 Gal7 Term
brary
Amp URA3

fiio
o
ol

19 3-35. &% in vivo recombination

Uhgh M AE 94 exoglucanase 47<}E A% Ay 19 3-369 A4 B nRe} ol

A A BulAarE 9l e Polyporus arcularius

FHel Cell, Cel2te REAAM WAL= As &l Trichoderma reesei ¢
TrCBHIS F#o] Afa Balas 5 7P 37 Zo] & duldoeln dA7tA F3o] o]
ool Wyow Azt LS| F= dEAElld) | Adeaom EHALEd. &
3 Cell®] 4% &% glycosylationd] 23] multi-band® ¥ 8] A4= e CBMeo| §li= &
A2 glso] &Ao] vre EAVF At Cel22] A% 132 SDS-PAGEA oA YA T )
2 Eu HEs wolx ol H Fo] wFE Al 77 @48 B3 Z¥ TFPISW
Tl A bR e ZEAdol et FYd "W o2 endoglucanase, B-glucosidase,

xylanase ¥ B-xylosidaseol| that # 2 o] En|gat TFP v 2 HHAA #F5 A 2350}

4
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HgCBH1 CtCBH1
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L= T 12% Tris-Glycine (s 12% Tris-Glycine
CICBH2 NfCBH1
€M1 23 4 56 7 8 910 111213 14 M1516 1718 19 20 21 2223 24 c |2 o345 57 5 a0 13 14 15 16 17 18 18 20 21 22 23 24
- + - - ot =
d"’llllll "!’ SCT TR LA m'
- .M. s S - - g0t
-hﬂﬁﬂ... !."'-. .n-..—d--i"'“ ffv,-:gig “ = L. T
g ™ . .. e . —-4' - — - = < - - - -
v =yem —
N ' ' EaEEEm 1 .
- S -
(e (e
12% Tris-Glueine i 12% Tr:lenne
TeCBH1
12 34 5 6 7 8 3101 1213 14 15 16 17 18 13 20 21 22 23 24 M 12 345 &7 86101112 13 M 141516 17 15 1520 21 22 2324
—

404

#

L L R

' - -
.
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12% Tris-Glycine

1Y 3-36-2. 2489 TFP ¥WHE &3 A=gA iU AL #F59 A3

3o

3abd e 7] exoglucanase?] 4o ‘5’45 EAE 23] sk F7HE w3
[e]

exoglucanase 658 LEFdto] 5 2 TFPE A3t (17 3-36- 2) 4 3} of
4]
.]

—_

g
%
i)
o
il
j& ok

==

A B npel o] wijg Abs el g 28 23 SDS-PAGE Aol AE)A 9 #Fo
2o #FE 1xF oz AdEth. 28y SDS-PAGE AbollA vehd wisi= A4 =
o] A7) e} A3k zolrt A=, ol @ A IAte] £4)3lE N-glycosylation site?]
AF-7F Yoz FEHAY 1oz AdEs 7

oX
ME
X
mlo

—_

[ﬂ oft i

’x 217k e] 247) BAAEA T o oy
7F & PAABAE desdlar, Adus PdAdSA ] N-glycosylation @& Al AstaLAt
7z} @l Ao endoglycosidase (Endo-H) &4E A3 & thr] SDS-PAGE #4485 33t
(ZL¥ 3-37). 43}, Endo-H A2 & 2z AF4e A7]e] @id F43FE FAT 5 U,
7 Wkl g gl A o] N-glycosylation ¥ o] ¢8-S F¢l&9it}
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TeCBH1 NfCBH1

c 4 s 5 ’ € 1 8 3 13 19
Endo-| H + =

Endo-H - +

' ' !
! ' .|

— B .lslilal

.—- -—
% 36
e - z - = -—
Da) = 12% Tris-Glycine (B3l .mﬁwﬂyﬁne
HgCBH1 CtCBH1 CICBH2
e End e N
1! '
..--“‘..- !-—* -— . —_ -.-
-ilii' - -.E b |
-c—t-
bt -8 . s
-
kD ~ mmes — e — - — -‘--—-.- == B2 12% rnsﬁume
o 12% Tris-Glyeine (kD3) 12% Tris-Clycine

19 3-37. Endo-H A ¥ ZF M3 5% exo-cellulase®] SDS-PAGE +4

Zy7ko]l YA [SA =R EvE dde] S48 2135t Yo & oA artificial
substrate?] pNPC (p-Nitrophenyl-B-D-cellobioside), pNPL (p-Nitrophenyl-B-D-lactobioside)
I w82 7149l Avicels o] &3te] @A4EA S v 01 me &4 848 09 mie 7
A (50 mM Sodium acetate buffer (pH 5.0), 1 mg/mée] pNPCe} 50Tl A 1087F Wk-&-3)

R, §hg G Tl 2% v HEFS HUbE whEs WAl 410 mel A SR EE SF
vt = e 84 deshd 714 pNPL: 7] sde WHows &4 A% A
STFP13-TeCBH1©] pNPC® pNPL Zt7} 24 unit/ml, 42 unit/mé o2 7} & A4S B
o YA exo-cellulases= =57 VHE 245 YEllE AS FQAST olu B4 24
129 1 uMé] YE=RAEs 4T fr A= EaFE 1 FY (unit, U)oz A3k w3
Hl =84 7122l AvicelS o]&3lo] ¥1]9 exo-cellulased A& #4317 98] 500 pL9
T BANS 500 e 71EgN (2% Avicel pH-105 celllulose, 0.04% sodium azide, 0.3

Novozyme-188, 50 mM Sodium acetate buffer (pH5.0))3F 35C, 1000 rpmeoll 4] 484] 7k ot vk
£ F R 2o %8 DNS (35-dinitrosalicylic acid)E o] &3t 540 molA] EFEE =4

3} T}
Avicel EAEM A (F  3-7), 4847k o]F  exo-cellulase 2 (CBH2) EFY
ST13-CICBH27} 7FF =& A4S HAT, exo-cellulase 1 (CBH1) ¥ FolA]=
STI13-HgCBHI°] & #4-5 Xt

2l
-
1.
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¥ 3-7. AE3l ZF 52 exo-cellulase A A2] Avicel 712 &AEA

TFP No. exo—cellulase activity (unit/ml)

4 2.17

5 2.03

TeCBH1 6 2.47
7 2.15

8 2.15

4 1.96

8 1.28

NfCBH1 9 3.60
13 4.36

19 2.35

4 18.75

8 19.60

HgCBH1 9 13.50
13 27.00

19 21.90

4 3.05

7 4.87

8 4.60

CtCBH1 9 443
11 3.09

19 4.73

44.55

8 66.20

CICBHZ2 11 60.50
13 66.30

16 61.95

57FA o] exo-cellulase # A A= 222 A ExjA)1d, ©E MFalpha #4] Alzrd
TFP 7|=& o]&3te Mgt AEahA s ek gz Fv)gka 248 vlaws] Bk
o A EuA)dS o) gste] wEsty] s self signal forward®t reverse ZElolm =
PCRE 3 ¥ in vivo recombinations &3Fo] Y2805 ol =3tk Al u]A 28 ¥
TFP7F e zH2e] #5355 YPDG i x|ol A 40417k ik & A& efste] #AE AA s
I3 v AE N 600 wE 400 wb acetonel. @ HAAIA SDS-PAGEFAS dtt (19
3-38). pNPC, pNPL, Avicel & ©]-&3to] @4 #2443 23, CtCBH1S TFPHETH AA Alz1d
o] g3 A 251 ¥ &S BHAY YA 4F9 exo-cellulasew™ ZF TFP 7|&S ©]

=
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CICEHZ HoCBHI1 TeCEHI NfCEH1 CICEH1
Ehf E]i . S|5:|f E}S_ . Sl?h( .EB Mﬁu : oT1a i?|f ST]Q_
! ! vh 4+ + | LN UEL 4 M _ L 3 gl d +'_En|;I|:-—H

“14s . ' bt
- -~
-
\ .-

. “
. ot

-

-

I - Lad - -
kL 36

kD) Tkl
12% Tris-Glycine

o1y 3-38. AA/MFa #49A)z1d 3 TFP §38 YEUVE o]83F Endo-H X8 d &
SDS-PAGE

# 3-8 AAA LE/MFar| 2 3 FF9 TFP U w59 g4 v

G pNPC activity | pNPL activity | Avicel activity
ene name (unit/me) (unit/mé) (unit/me)
empty vector 4.07 4.46 0.65
self signal 10.27 18.33 2.97
TeCBH1
TFP no.8 24.38 41.28 3.04
MFalpha 3.88 3.76 3.54
NFCBHI TFP no.13 4.57 4.85 4.21
self signal 4.19 3.92 1.67
HeCBHL ™ b no.13 461 5.78 4.67
self signal 5.54 20.00 8.49
CLCBHI TFP no.19 4.15 7.64 3.03
self signal 4.07 4.11 10.16
CICBHZ TFP no.13 3.80 3.57 12.52
@ 714 NEe BH ATAA L BN

B

grtoz® TAFE7 7o w5 Y2805Agal80E o] &3Stk HF A
He 557 AEHA FHAAE Y2805Agal80 (Mat a pep4--HISS gal80::Tcl190, prbl canl
his3-200 ura3-52)7t=F°l in vivo recombinations %£3te] =3, tFAAAAFZ o] &3}
Ak AEE TFFEEY A7 AsSgAE o FAAAEH -143}04 5L ¥axE o]§3to]
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7hA ksl Tt 27] seed Ml FS FHAWIAE T e Seb oA 12417 vk & E e A
(veast extract 3%, peptone 1.596, glucose 2%, pH 55)E ¥kl "y o] HEE 1247
ok o] FEEH feeding media (glucose 349%, veast extract 5%) = A X% S| yrdgo] ¥
wolalth Zhzbe] MR A= 19 3-3900 A4 B wped 2o mjFAPEE A FH S wiA 10 ul
£ SDS-PAGE #43to] 7z AEeiA e Enl7e &8t A&k
ol weba Zpelzh glsloy 1-5 g/l FEo® EHlALEs 33 &
AZHAE 5, @944 AF 49 g484d8 P8ty Yeriste] tgs A
cocktail Al &fel 283}t

‘1
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. &% TFP 7]% &8 Xylan 884 AR 75370

(1) Hemicellulase &3l &4
HemicelluloseE &34 oz F&3l7] Haix= <F o/ o]de &3t &4 (xylanase, B
-xylosidase, arabinofuranosidase, acetyl xylan esterase ¢ U<¢| debranching &4)7] Z &
3ol oled B4 EAALES YEA FFo]l T reesei FH Y XylanaseI(XYN) B
—xy1031dase (BXL), arabinofuranosidase (ABF) % acetyl xylan esterase (AXE) A= &
Sotoivh A7 wwAdS #uALE & e HAe AR TFPE WEstr] fste] 747 24
;€4m§ﬁae THIGLH JERFH 4T FAABAE FuF 0L F F A=
g @l de B39 (29 3-40, 41). Hemicellulase®] #4H]#Fo] e #F5 12 AW
dtal 7t7te] a4AgA s A3 w*c] 2 wFE He A AEd #F= 5L
= At

g oA f7F2 wjekdte] ZF BAE tEAAe A 474 2 o/l FEO

)=]

Tr-xynl
1 2 3 45 6 7 & 9 1011 12 13 14 1§ 1617 18 19 20 21 22 23 24

‘::nln!! ==8 - 'ugl p..l.
L -_- -t W - - - .-

£l

k3

Tr-bxl
1 2 3 4 5 B ¥ 8 91011 12 13 14 15 16 17 1819 20 21 22 23 24

CT T '“llll'lllll.+
- o= sgsssss

- — - - R e B e o -

19 3-40. Hemicellulase 318 w2 AWH-S ¢33 SDS-PAGE &4
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Ill'lll'fl!l-lﬂllll N Td BE 16 BT 18 19 70 30 3T 33 G4

m AXE{S 1)

- e iafrearylated)

I 2 3 4 B & 7 H 9 10RD 12 ER 014 M OIEIE 17 MR WF 3O 30 X2 X N4

38 93l SDS-PAGE #4

8 12 16 20 24 28 32 36 40 4 48 M

—e— Cell growth(OD}
-0 i

Optical Density (600nm)
Activity(U/ml)

0 & 12 18 24 30 36 42 48 54
Culture Time{h)

19 3-42. Xylanase AAF BRI Y2805-Tr-xynl®] f7F2 waejek 2

—a— Cell growth{OD}
180 | —o— Activityluml) ]

E £ 8z g ¢
Activity(U/ml)

Optical Density (600nm)

o 8 & 3
|

o 6 12 18 24 30 3/ 42 48 54
Culture Time(h)

Z1¥) 3-43. B-xylosidase At

)

F Y2805-Tr-bx19] 7} d-& vk

- 172 -



(2) Hemicellulose A7|E3] &% o5 71

ul
=
Endo—xylanase ¢} B-xylosidaseE ZtZ &

_

3=

H S. cerevisiaeE xylan ®1A] (4% veast
extract, 196 peptone, 4% glucose, 1% xylan)oll 3k
H o] U2 xylotriose, xylobiose, xyloseZ <13} . B35
nste] Aol®l ERVIZ, 05% M wel Al =, 296
xylan ®iA|oll FF3ste] 30Tl A 4843F &<t B ksl
3}t Endo—xylanase 242 DNS AHFWHS AFE3193, B-xylosidase #42 pNPX
(p—Nitrophenyl-B-D-xylopyranoside) = A& 31t}

Endo-xylanase®} B-xylosidaset ®1%F 48417+ o] 130 unit/ml¥ 100 unit/mle] &4 &
As Hegom HAF Endo-xylanase 98] xylan® Z 3-8 xylo-oligosaccharideE A4 3dtar A
¥ xylobiose®= ©  o]A  EIHXA ey owl  EIHA  @E xylobiose$t
xylo-oligosaccaride= B-xylosidase®]| 3] xylose® AT 2|2 o] F7A] 4o 9
3] xylane] #3]% o] £ 75 g/L xylose?} 1.8 g/L xylobiose, 0.4 g/L xylotrioses©] B E &
HPLC #4& =3 &<23 E} (19 3-44). 1y AME3E E % S cerevisiae xyloseE &
Lo w AMESHA] FetE wFolnm AAY xyloseE &E3FA] Hkal HlA| o] 2ol gl
o} AEEFTALE xylose EEF7F 7EE o] & w59 Endo-xylanase ¢+ B-xylosidase
B ™ hemicelluloseE F-83}o] xyloseZ A4Felal AAEE XyloseE &8 5 2
TFE FET F d& A0E A5,

~
i

xynl+bxl cell growth

32
28 3
4 f-
- 20 e L
Z 16 e
2] /’ sl Trbrd]
ol
. /4 Trayrl+Trbed
4 +— A
0 F'/ T T T T T
0 6 12 18 24 30 36 42 48
Time(hr)
xynl xynl+ bxl
14 E10
E =
12 =
:E % 8
¥ 10 = /0
8 5
e = 6
=8 E m—peiylose
= i 0y O D05 €] =
z 6 o 4 == yylobiose
B o = wylotriosg = ‘
= a wylotriose
T 2 /,./' % |
5 g
foE—T—8 — 0o Ep——7v" " : :
= 3
0 6 12 18 24 30 36 42 48 0 12 24 3 48 60
Timefhr) Time(hr)

18] 3-44. Xylanase ¥ B-xylosidase AP 759 @dnjor 2 Hlujok

(A) A2l AxarA (B) xylanase A4 siku)x] B4 (C) Egujor v krfx] #-4
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6. AR g A7} AEkAl A

AZeA A4S 7HAEA dAel 8 A sAled & 5 3= e e HESH] 9
of k3t F33ol5-S Agdngkt. AEA A T2 48R Tricoderma reeseis Yl
, AA AEZ=2E HstE A4S ¥l Lentinula edodes, Coriolus versicolor 3+<-

’ =
ARFE DAY AR EE BEY AP glolw velova AAE WA FHE FiL,
o o =

RS TRV et}

TE FJESY ¢ 2R FE & TANTHEAN AAHeE AEAE AAbstal, =
nfol e vf~E Eals 4+ Aut. AAZ  Lentinula edodes, Phellinus linteus, Coriolus

-

versicolor ¥ CMC % CB A7} sHix| oA F35S FAEE Ay =& AZ84 &84S 71X
I Sl A Hdoz FAA FEodA olg AEHAE dojd £ JA|vH AETHA 2
o T

2 ggste] et MAUSS AT dEud o 7

N Aagon avdE & Q= oHel 9
=

nio] Qo gk AAtHA ] Bodh oy FxF A¥e] A, oy £dH VxE 755
UANE, I EE T woly A F A7 B T 7|24 Eo] viEEe] glA &k 2
dARE Havgoz Aty AEgA At 9 BEUt vbesivteE AR uE 9 AE 3A

© o aATEE 9 e £ FA&HF

¢ At FRLAsHA HXEE st Aol #A

ojt}, A} npolemjAE FFEW ZE AEZ o= RIF(AS AWM AEGAZ AH

AN 7N AY B O ASAAE B3 G35 7302 HH=E 2 5 = 7sde]

o} olE A gR1str] fste], AEA &S YolE = filter paper assay % DNS assay
=

= =
25 Agehd B4% 2FR0R FUS dolug

 wd, 7|73

b

g o}
Hpol o @2 27t AE Al B4
)

Tricoderma®} Lentinula edodesl Al W # #=& AZehA] @4 B, AuEz P9
FF AolE = & AAT 2y AdEE 2 2 AR A Sy gt obd
b E5rA 4 s Btk 1 oz A Aol Ay} o] w9 WA
oo Aol B dojxl BFeo] AME T& & g AUSdY ol #d LA E Eetar AEe
A 2 g2 Fo ol nlad FolAlE FAR Mol AuE v & oy AAHd FUHE
aHstd AL RS SRS AEHA0R AEFER st I T2 Ak A AoE T
vk AEsehA &4 SwolA Zvd Arke] AEeiAl AR Ve, AER Q=Ae] Hlo
S Fafol dAel % MR Fa HUF flolk v AAHor FEA The e W ol
=

=l

4
%2,
o

AA wpol v~z Eo A 7] wided AAEEE T3 nAES Hjko]
A &) v Eo] EAA nlo]ujAE AY o] &IEE F17] AT AL E (Solid
state fermentation) A]Z~8] T o] FR3Itt. T EE oA UAALES A4S, H ek o]
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08

glucose (ma)

04 4

02 / 2

0o T T 0
3 T

days
[ Glucose 8
—+— cellulase B &

218 3-46. Tricoderma reesei®] IALE 7|7k wpE A E2 A &4 3 glucose §HaF A}

cellulase activity (FPU)

T3k AzaA dHo) Fae] A
el glelA AA AL A
AL E, 542 MYz D] o
AEgAoR wWtp Aty Aoz & F gl o)A
St a7 E de) nlelevas HPLCE #ef it

Hlol oM AE wli Beste] AAEAS sl pARE A5 o AEA
T UTh )

11 A2l et FataAs sl AdsHA & 4 Uk
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TR #e7l s ook g}
] 91814 WA dad DWe] FHolu} nlo] ol ~E @11 vortexing U}
°] 7S serial dilutiondl®] 10-37k4] & A gtc), dhe 2ol s Hujgto =z AAFF7] 98] ofFst
712k o 2 2g3= A A (Kanamycin, streptomycin, gentamycin, ampicillin)7} ¥3r¥ PDA
WA S A ZEeE of7)e] A FdEAS 100 ul AR B spreadingd FAvF. 30T
incubatordl] °f AFY AE 7]+ TFT FHe] FHolEo] AL dAMFeR AwE #

7 2

Fatel 271 wiizel loop® whAl wol kel Aol &

Y

o e
°
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Ac)
ol
o
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3t citrate buffer

i3

B3t

1 CMC ®jX|ol spotting
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& otilr] 9
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=1
[¢]

1% 3-47. AEHA £

Penicillium oxalicum® Aspergillus

& s

=
=

o
&

human pathogen©] 7]

44 ol gstr] A3l FFol} ol

-
1.

of AL&ditt. ey A. fumigatus

Bk

=
=

fumigatus

o1z ew BE

L)

o HEHo® P oxalicums A

sheiet.

24

< 270mmE

T
)

A
ojy

jan
bz

5 ©]

Ao 2 peptone, yeast extract, tryptone

-
1.

o]
A

AP f4A & F

(19 3-4%).

3L yeast extract 5%9] &

==
&

B

—
o

o}

o}
R

S

Ik 29u

& s

w

oA 71 =L BAEAHS BT (19 3-49).
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P. oxalicum

250

200

g

FPase (Uig)
3
~

18] 3-48. Yeast extract & 5o wE A=

{—q_ ;(ﬂ pj—/\‘]

Aspergillus fumigatus Penicillium oxalicum
010 0.10
—a— 40% —0o— 40%
A 50% —A— 50%
T o
—— 80% - 0%
? 0.06 E 0.06
5 5
=) =]
& oo '\,\‘ & oo}
002 0.02 |
0.00 0.00 Q\,
] ] 10 12 14 [ L] 10 12 14 16
Days Days
% 3-49. 2713Ed gE AEA E4
g} AEgA 24 A
AZA= Bz 34 72 FEE 4 dul A2 o~ EIAlEo Wiy 2=
& exo-glucanase, &1t A delZ A2+ endo-glucanase, L3 3L vpx|Et o 2 o|HAE FF
HeAE A2¥E beta— glucosidaseo|th. o] Al 7FA] B9 AV Fr)FeE LS W
EAA wlo]e v A7} B3ty = Zo]v}. Endo-glucanasey™ CMC (carborxy methylcellulose)E
7NAR Fo FA3LIL, beta-glucosidase™ CB (cellobiose) & ©]§3t] &40 73l 1

L exo-glucanase= ©]§3 7] ] product”} 7] wiel
g =Rt (28 3-50). oL Ay uAwE A

F el 2l filter paperE ©|&
g o] YErREaL,

[e)

L

ArY o 23 yeast extract’} EL A4S 1A
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t}. w3k beta—glucosidase &A% veEpEZ ©3lo] fo]3 &A9

o

& 5 Ak

P.oxalicum P. oxalicum
- 2600
| RELFLCERE PRI L] e =
] 0 i tnea * 3%yt e dlruct J_ E :::: m,, : :E:‘;:';!:Ih::t
2000
‘m
w gl 1§00
L]
1000
L]
600
AN
3 0
a o i a “ ‘e " 1 1l 12 2 14 16 18
ays
P. oxalicum
N
D e ¢ S0 aheetEren
ot e watnaa + 3% puwut wdru e
&
L]l
Ll
N
N
y 2 ] L] E] L]
Days

=

Qo|w FnAMEZO AV} 2AFT o] AL AT FTHo]r] wE-

& 3l endo-xylanase?] &A= =4

& 3-51). AgEA 243 v A R FvAg A
= 2L St e AsdA A8y AR & Aoz eyt

Hub Fehd wpelerag cE® %‘3}7] AENE ERE Mol L osegs

o
L

o
[0
oD
i
4
o
rr
N
Lo
2
1
ki
_l |
9,
_O|L
~

il (

o

b

IN .
o7 #HE o]&3 1 L%‘?J} 7}#& , Penicillium oxalicum©] W& o]&3le] AE
£3] 5% vyeast extractA FEo 50%9 Z27EgFEolA M E&
: drk. o m AgHAE Tdsks LAY WE olgsle TALEE
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P. oxalicum

8000

E cnoo-danase
[ endo-glucansse
G000
2000
0 - j"\ L
0% 1% 3.5 5% 10%

Yeast extract

1§ 351 dvAlERE Fee

Activity (Uig)
£

r

ulh, 3L EE B3 AESA AA Y

I F o= vlo] oA f]o| % N-source’} Ab&o] A} =2 Yoji N-sourcei= yeast
extracte} H7]&o|t}. 1HH o] & WHF C-sourceZ % g3 = vl & nAEE Fof
3ol 7} nlo] oM AE AFEEA| & @A yeast extracttt B 7] ALE3le] AEHAE W
Eold & dvke Aot webA] nlo] e AE ARESE ARIA o] thdk g<lo] HQ3frt. o

A
AtE Zof glucano| Y xylan 2& AERZ oA o] 7Aadt = FFo|rt AeEtHA
EZQAE ARG Zojt) ol AL AEuA o] &5 AEEA AMEFo & A
o2 dAgr} wet AZTA o] v 7 T AolE YR A, Fo A
=

Q2 vl go] Aol v

O

ThEgk npo] e ae] 3T F SRR AAE AT Zdo A Coriolus vesicolor if
% A3} glucan¥} xylan?] H|E&o] oy} o] Ay &3
Aol IutA oz HAA vio] S wj = glucan, xylan,
lignin®] Al 7}x] A¥-o] FZF o]&Ev} glucan, xylan®] Y] &o] Eojytl= AL W& lignin
=, B854 A E F3) ligning A A= Aol ofy

o] #3E Aot

7. Xylose 1%+
7} CBP &
nlo] @ ol ek Aqks {3 & Zeo] F (sugar)S F= glucose (C6)

o} xylose (CH)olH nio] A2 RY by = wlo]loghEo] AANS 7HA7] fsiA= ¥

HA= Fs F ghete 7lwoido] A4on, ole g B4&

i3 =

=
TEE F A AN s AES
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| xylose &&%°] = FF
5 Z2ZF3e] xylose A
2

oA 2 drEdAAM AE Tl &

o Al xylose® & & F3lo] o&t&S A= T §l7] "ol
£ 2q3to] dEg PRBE Tl ug Busel e
5e Relsts F/ wWom Fowwm 9l

Saccharomyces cerevisiaet™ glucose 285

th 53] 27k ©@Aaddo] EE AF xylosew™ A &83HA| Foh= EA7E Aok ol # 3 &
q
le]

.

r
rorlo
=)
o
48
2
<
Y
(2
i
<
o
w2
@)
(ld
ik
op
ol
)
=)
o
12
_0|L

A AS i &R xylose HALZA S 3 FA3e4 Ho] F43 AT o] o=
o] AL o ofx AJesE AT AFoA = 7|E=e] &y S
cerevisiae® WAFEA H WA A EERAFE WFsle] E & Fo] xyloseE FUF &
1
i=]

F3he ww e masg.

(1) Pichia stipitis T2} XR, XDH, XK 342 @& 5 A%
85 S. cerevisiae”’} hemicelluloseZ5-E] A4tHE xyloseE ©4APo =z ALEE7] 93}
xyloseE MEW=Z HAE3 5 xylose reductase (XR)ol ¢]3}e] xylitolz? A S a1 thA] xylitol
dehydrogenase (XDH)ell ¢J3te]  xylulose® A3FH 3 xylulose kinse (XK)oll2]3}o]

xylolose-5-phosphate® A 2¥ 3 pentose phosphate pathwaydE= = = HAY (19 3-52)

NaDPHO — —
b 4 —
XR g XR = Xylose reductase
Y NADP*

1. Co-factor imbalance
xylose | 2. Xylitol accumulation

"’\/[]/rv"' xylitol '

3 NAD' )
XDH 6 XDH = Xylitol dehydrogenas
w 4+ nNaoH

W‘r"\n’wr xylulose '

OH ©

XK l XK = Xylulose kinase

I_Xylulose-S-_phosphate

}
Pentose Phosphate Pathway

¥ 3-52 . Xylose A A=

&Y Pichia stipitis ¥ b8 @8 5Ho = <ty Be A7} AFEH o] xylose hAFEH
A7 FEH A duk. B AP A= xylose-fermenting Pichia stipitis 319 XR (xylose
reductase), XDH (xylitol dehydrogenase) % XK (xylulokinase) FdAE FEY3le] S
cerevisiae @AY A=Y OZ xyloseHg wFFE AZslaA 315k URA3 FAAE
SH-3F YIpbXR-XDIH® neomycine selection markerE 7}A 3L )& SISXK plasmide A&
N2 5Y AlFedrt (17 3-53).
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YIp5SXR-XDH
(9.0kb)

% integration ¥ H

_L/

2% &% integration WIHE 2o w F R FAZsS == design H$loH
WA YIp5-XR-XDHe| 23+ integration target - Aval A 2 Ay sl A4AU
URA3 locus® =4staivt Sud 759 Fdx AYdolF= PCRS o] &38to] F<1sksit. o
7loll A SISXK& AR AR A 2ste] dqAW F479 o] EA8HE delta MEAHE =
Askack 72 A7 =9lE i F2805/XR-XDHEE 2805-XR-XDH-XKE xyloseE &3t
Ao At Rek A s vlaskelth (29 3-54).

> 3o

=

YP+2% xylose YNB+2% xylose YNB+2% xylose

XR¥#% XDH, XK A4 =49+ xylose® ®©adoR 3dto] & zgtow oo ulgl o
Z3tF7% S, cerevisine 28059 D452-2+ 2 AEbA| E3A T fgH S Bl ] A sHsh
A XA vwE 93] 50 ml YP (1% Yeast extract, 2% Bacto—peptone) + 2% xylose broth
ol A 72A1ZF B kST

272 Y28059F D452-2 2] -+ xylose’} H7Fd v X|o| A #H<E cell growth”} 3.0
o]zt A A&A EYPA T 28057 Fo] XRAXDHXKE =943 H-$¢ OD=69 7# 4%3
31, D452-27t H3F XR-XDH =99 93] xylose ¢l&%°] $7l9 ZA-S S3A} (2¥
3-55).
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14

12
10 g
/ —+—2805
a / —&—2805-XR-XDH
6 = 2805-XR-XDH-XK

/ / ——D452-2

—4—D452-2-XR-XDH

0 12 24 36 48 60 72
Time(hr)

18 3-55. XR, XDH, XK %9} 79 xylose &&% v

ol Aoy FHA E Aozt 7] wiiEow dHdu. Hale] wEw XKAFAAE
multicopy= =AU Y 4-F xylose o]&<o] FHHEE XKE AE deltar| d& ol&3te] vz
718 =95 A &3t Delta sequences™ Long Terminal Repeat (LTR)S 748 4F9 )
UE Tyl Ty2 elements® o] Fo]#] Itk Yeast A4 A= Ty elementsEol thF &7
3t =2 homologyE 7143l glo] XK FA4AE -3k SISXK ¥ H 7} multicopy & H
ettt (219 3-56). Multicopy =9 2 400 ug/mle] G418 T oA HAAIAANES AE3}
ATt

a2 xyloseo| e AAATIE w5 weEl xelE Heolmz FFe wE} xylose =4
@]

Multi copy integration

Delta sequence of yeast chromosome

1

—f[-&m . XKST ﬂ—’—& Defta = XKST ﬂ—f/— Eemmmn

7.7kb = = 7.7kb =

18] 3-46. XK 4 A multicopy integration
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doj7 PFAADAELS PCRE XK #4844 ZPdFE FAs3h PCRES %3 14 ¥
B FE2 Southern hybridizations &3l 22 A¥EAAE AT 2 23 3, 4, 5, 9, 13H
TFEA kgt Ao W=so] v xR on, XK FHdA7F multicopy® =9 & o
Aae T2 & F A (27 3-57).

Kpnl

i 2 3 4 5 6 7 & & 10 11 12 13 14

P i
g R
W [ L - N (-
- - e e D e e Y e W -

320% formamide

[e]

T

19 3-57. Southern hybridizations 3+ XK A multicopy =

J&‘l

D452-2/XR-XDH o] XK FAA7F multicopy & =4 o5 Ad 3 AxA% vus
&l 50 ml YP (196 Yeast extract, 296 Bacto—peptone) + 2% xylose brothell A 1304 7F #f <
At XK A7 multicopy® =¥ 7#5F 39 A9 xylose WX oA 714 %o AE A
Fe Bow xylose £REE HI WE AL FAsSivh (1™ 3-58). LY 2 Aol A
M xylose &€& #FE o] &3k vlo] 2o &g A4 WM FAFAAE xyloseE A&
uln gk o gkg ke ¥ (069 Co7l FEdE AT xylose £2E7F AL o] Fo A A
= wAZE A8 A HA Fskt

il

o]

&2 Ho

Cell growth

30 W e 1452 2- 0t
. M il 0452-2- ¥R XDH

= 0452-2- KR ¥ OH-XK1
e 1452 2- KR X DH-X K2
e 452-2- KR XDH-XK3
e 452-2-KR X DH-XK4

QD (E00NnmM)

-

0 50 100 150
TIME (hr)
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Consumed xylose

s DA L7 2t
el (5 2-2- ¥R X0H
g [ 5 7 2 KR XDH- XKL

e [ 5.2 - 2 MR XDH-XK2

s [V L3 2R KDH-XK3

¥ylose (g/L)

s [ 5.2 - 2- MR XDH-- X4

0 50 100 150
TIME (hr)

(2) Kluyveromyces marxianus % ©]83F xylose &8 = 7|

ol Qo etg ALkE 9 @87 Awa weolewi: {9 (suganS FE
glucose (C6)2} xylose (CH)NHY A A8F< B Saccharomyces cerevisiae™ glucose 2
|52 W oAl xyloseE &-&3HA] Zdth 53] 2714 ®Aade] FEE A$ xylose
v Ae &gk Kok EAVE Ak olgdk EAEAE A EE xylose WA S
A3 FAEE 2ol Fa8 HAPHo] oj=AHre] WAL o ofA sk At 9l
o mEbA 2 Ao A S ocerevisiae®] AFESHA AT B ool e} AAAY] EAEhE ER
% xylose &§%o] A= #FE st FUF APk WHE AESAT a2 EEEA
Kluyveromyces marxianusv 4557+ 237o] 7hs3H xylose &-§5°| S cerevisiaeX.t} 5
Fo Aom & A vt

A BR K marxianus 7 YU E KCTC 2 gt QA7 A g A 7% w
xylose?] &858 VAT (2 3-59). thF-#9 +F7F 85 S cerevisiaze H.Ut
Q1 xylose®} arabinosed| A Aol Hold-S st ®ok xyloseZH-H @2 A
Haskr] 918ke] 2% xylosedl A EEE widsiar AHE oo Fg XA A o
o] Afo® xyloseZHFH oleZe] AAHFS v A &ob 1 g/L FEIAY
3-60).

r oo

i N o oft &

~ T o 32
M o

|
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¥P + 2% arabinose

5. Cerevisi.
none

7149 | 7155

TE52
7001

YP + 2% xylose

17631 | 17694

uy
[}

R E@Deod.o ’

=]

20

§E5z23
s HHHI
3 -8
c
8
= o
3 =
z - ]
&R
[=]
(=]
{1/8) ssolAx
mmmmm
F4itd
3
[ e
B
& 8
T £
S vy
! =
m =
z
&

==7001
==7149
==7152
=—=7155

17212
17631

=b=17694

— o o0 I~ e}
S o o o
A~ D QAT
o — <
Pl [e2] n o — m [e2)
o < wn mn N O O
S H H AN N N
1
Q Q Q Q
7] o N o Q
~ ~ — — N o
A~ DA CVUCOU UNQSK

60

40

20

60

40

20

=

4 3-60. Xylose

A

iz

=
(¢}

3

2 og
il

7t &9t vortex

40 ml1Y]
serial dilution

10 g&

1A% A

2

EEEEES

2

35

171 9

S

3

g A

bacteria

2=
a=

sto] o A

= of .o
R A
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w2 YMPS [1 L 3 yeast extract 3 g, malt extract 3 g, peptone 5 g, glucose 10 g,
antibiotics (penicillin, streptomycin 50 mg)] agar Bj#|o] Z=wdlo] 30TCel A 4843 &<t Hj
& 3 H, wBol A FHrL obd AR dHe ERYE AAE *FE Fusio] @Y
E B3 (29 3-61). EoE vAE F2YE YMPS agar #l#|o] thr] HE 3
el 2ol stley, 1 A EdolA 1F, LR ANA TF, FFAE 194 2F,

AHE2OA 4, TEAE HH]ol A 12F ] RREFFEC] £ H A

+

o dy o
S

E & 1 strain

ETE: 7 strains

e R|E
16 strains,
12 yeasts

&K1 : 4 strains FH&2{X[2: 2 strains

a9 3-61. 4l ERETFo

h At MAES] FAE % FHEgd 24
P8 #5590 F 248 3l #FE5S 3 ml YMPS A wjx]o] A 30C, 180 rpmo-
2 ABAIZE o AE w3 $of, AR sl AEYE 353 9 i-genomic BYF DNA

Extaction Mini Kit (iNtRON Biotechnology Inc., Sungnam, Korea)Z AF&3}lo] genomic
DNAE FE3513lth 5% DNACGA MAMAE mAES] 3 AsATed 7H +8&3 4
upA 2 o] ®% L 9 ITSI, 585 rRNA, ITS2, 285 rRNA 9471 ES #4317 Ydte] =%
oA "zl Zgelwel  ITSI  (5-TCCGTAGGTGA  ACCTGCGG-3)#  LR3R
(5'-GGTCCGTGTTTCAAGAC-3)% o]&3 PCR (polymerase chain reaction)¥ & %3}
of AVIMEE SEHSIATE E3 vhH gl o F-E opry] 9ke] ¥H Zlole] 165 rRNA
genes #4817 f3 ol =z 27F (5-AGAGT TTGATCCTGGCTCAG-3) I 1492R
(5-GGTTACCTTGTTACGACTT-3)& AH&-3F91tt.

o] AV EE FE357] Y3 v EALS template DNA 1 w0, 10pmol ITS1 1.5 wf, 10pmol
LR3R 15 i, EX taq buffer (Takara) 5 uf, 25 mM dNTP 4 ul, <55 365 uf, EX tag
DNA polymerase (Takara) 05 gl ©]®, PCR 2742 95C 5% w3 & 95T 30%, 55T 30%,
72°C 18 30%= 30 AtelE whgshaL, 72TColA 1083 F7F wh&sh= wkgxdE ARRSAT
7] PCR ¥h& 5 2 p0o] whgo & of7fz= A oA d7|gEste] #2438 Ay, Bk, 5%
FEAEO A A E vAAEY] A NIAE ZepolwE o] &5 AF-¢olwt 1712 kb =7] 9

o Mz T
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GHEo] FZLQa (18 3-62), o] =X HyH RE Fo] eukaryotesd-S & F ]
g}, FEAE Eujo A Eed vABEY AF, T 16F T 12F% JIAE ZHo|wE ol
e AF 1712 kb 2719 @S] FFHAIL, U A 45 F5E o Eﬂﬂo}e ez
b zEholmo A of 15 kbel wie] SEH U (¥ 3-63). o|=H 1289 dF+= JAIAHL
olal, 4F 9 v wHE P d& & F AUk o]F PCR purification kit & A3} PCR
AbEg AAEST o] &, PCRAMHES AlwdAle] Y& Fato] 79 E 485kt

B4 3 rIAEe i FA4E Y39 National Center for Biotechnology Information (NCBI)
of| 5] A|&3t Basic Local Alignment Search Tool (BLAST) & 1#9& o] &3] A7A<d
S sty 7 A v a8 dFEo EEEHAY (R 3-9). B FE0 OﬂE‘ri Ll
E 3l 29S8 & 5 ddoed, G-1, G2, G-3, 1-2, 2-2%5< 9 Ao} A= IE FoA
Fo] ¢+HsE ARYE & F AT o]E9 ribosomal DNA @7 A Ee] s & H“Cl)‘ S
AbgE FH-H A Fdol F4A v #8E RS g9 & 5 AT (F 3-9). AE
dol HojA &= wFE oln WEAA & AFY FEO] =58 9HdH

12345 6 78 9 10 11 1213

ITS1, LR3R (For Eukaryotes)

a9 3-62. EE EEES ITSI, 58S rRNA, ITS2, 28S rRNA PCR ARzl

1 2 3 4 56 7 8/5M 9 101112 13 1415 16 12 3.4 5 67 8 SM 9101112 13 14 15 16*

el (€ @@

ITS1, LR3R (For Eukaryotes)

18 3-63. F FAbE Fu|oA B H dFE9 ribosomal RNA gene PCR A7
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# 3-9. #2189 A EEYribosomal RNA @7|-dS #7toe=z 3 54

sample gleequnearigg length Closest relative ACCI\eI(s).sion Sirr(li;:;‘ ity

B Y-1 1072 pichia guilliermondii KC119207 98.9

G—1 1134 Hanseniaspora uvarum AM160628 96.9

G—2 1171 Hanseniaspora occidentalis EU642637 98.9

G-3 1215 Candida stellata AY394855 98.0

e | G—4 1299 Wickerhamomyces anomalus FN868149 95.3

G—5 1207 Hanseniaspora occidentalis JQ425357 96.2

G—6 1140 Hanseniaspora uvarum AM160628 96.0

G-=7 1259 Candida stellata AY394855 99.8

Bzl 1-1 1218 Kluyveromyces marxianus HQ396523 99.2

1-2 1164 Pichia norvegensis AB278165 92.1

2-1 1230 Pichia membranifaciens DQ104713 91.3

a294 2 2—2 1186 Pichia kudriavzevii FR774540 99.8

2-3 1197 Pichia sp. AM905031 92.5

2—4 1164 Pichia membranifaciens DQ104713 91.5

1 1111 Candida sp. JQ247717 94.0

2 1124 Cryptococcus laurentii FN428921 97.1

3 1178 Yamadazymamexicana AB365477 97.0

4 1191 Rhodotorulamucilaginosa HE660061 95.0

5 1177 Pichiacaribbica KC111450 94.4

6 1145 Candida sp. JQ247716 91.0

7 1177 Pichiacaribbica KC111450 95.3

B2 ) 8 1158 Pichiacaribbica KC111450 96.0

9 1137 Rhodotorulamucilaginosa KC205168 96.2

10 1381 Sphingobiumyanoikuyae JN700070 99.0

11 1433 Pantoeaagglomerans FJ593002 99.2

12 1387 Ochrobactrumintermedium AM490610 98.5

13 1117 Uncultured Verticillium GU055566 96.2

14 1122 Candida sp. JQ247716 94.1

15 1130 Rhodotorula sp. JX310560 96.7

16 1131 Candida sp. JQ247716 93.4

) 29 wFEe 9 olgs &9l

T TFEY T olETS syl sk, 44 HEE 2689 EEE HYSE 3o
4 vpolemiA2RY fFEH & ¢ e odst gAY sk o] 858 HUlstaA 3 Th
o] e A2 5y FH Ty v JoeRE SEHQl glucose, galactose, mannose & °] A3l
Q. Bl © 2 = arahionose, xylose, ©] 32 2= cellobiose 5°] v}t #]irF2 nio|omj Az B

H gt gadone 48% ddde (euPR £99L BE o885 A o),

cellulosic biomassE F&3te] U2 4 U= @34 Jejo sado el AA-S &2ls%tt

YPD (yeast extract 196, peptone 2%, glucose 2%) broth i X 3mlo| #&d FFEE #
F3Fo] test tubed] 24A17F &<k Hi%F S % O.DE 1°] A 34
o 3 Au]& = YNB (Yeast nitrogen base) agar plateo] ErA<¢

ol

S 3 % serial dilution 3}
b gt Yol wjA o
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(o]u] Yol ©AYULS glucose, galactose, mannose, arabionose, xylose, cellobiose®= 4]
cellulosic biomassE Falde W IAHE F SdFASY AEClth 217 10 e Hoj=d
B30T oA 48217 Hob wikstlvt. 1 AF, ¥ 3-6400 4] B nle} o] EHo|A] B
H GIUGIiFE 28839 xylose®t arabinose® 2 o]& HFEElon 1 9o #FEL o
T2l xylose2} arabinose, €% ¢l glucose, galactose, mannose %+ & o] &3 Aoz 3
& AH
212813 o]l cellobiose® EEoIA BEEH G3, GTHF |99 BE FF7 5 & o4
G = RE R 3

ko] st o] ZA, U5+ HFE°] cellulosic biomassZF-H fF#H 3t &
A3
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Galactose Mannose Xylose

mannose

Galactose

a9 364 BelE BR #REe] Su9 owd o gk

ekl sk A AAHE 24l

2l ﬁﬁ%‘é-“ﬂ EEE ol &3 A ewwds o&dS W, AiHAA = BiES F

I FFE AT dutg o R xyloseE ©]E3
Aibshe Aoz oE A vk 9ol
E&%:% 014‘-‘“?M %L T2 @OJ HolA #F (Y-2, G4, 1-1, 1-2, 2-1, 2-2, 2-3, 2-4, 1,
3, 4,5 6,7 8 9, 14, 15, 16 & 20% )5S YPD (yeast extract 1%, peptone 29,
glucose 29%) broth 1A 3mlel] FE3}e] test tubeol] 24A)17F H¢b wjok 31 5 o]& HEHO
2 o] &3}l YPX (yeast extract 1%, peptone 2%, xylose 2%) brotholl A 30T, 484]7F &<t
Hiksiaith, oL A3 tAF o2 AdEe v Fdod, HF A= gEA Yewr (2

>
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g 3-65).

YPX

xylitol concentration (g/L)
Xylitol concentration (glL)

L NN =

T
Ps PG G4 14 12 21 22 23 24

F

& T T
NP-1 NP2 NP-3 NP-4 NP-5 NP-§ NP-7 NP8 NP-9 NP-14NP-15NP-16

X Data
strains

¥ 3-65. ¥ BN TFEQ xyloseE o233k xylitol®] A

N
i

g 3—6501]/\1 Hi= npel Zo] Zbztel W HFELS xyloseE o] £3o] thE-E o] xylitol
¥oz oerss AisE ¢
tﬂ (1 1, 1-2 ?rT) 2- 1, 2, 14 35 2 A$oli= xyloseE o] &3 AHG Egdor) AL
= AoRE Yo AHAvh EYHoH #FF PG

3l xylitols ol =439t}

(&}) A9t &% Pichia guilliermondii Y-29] XyloseZ ©o]&3F W& ¢} xylitol A4k

Y-2 w5 99 Ayl A A%l xyloseE & o] §3h= BE|H, xyloseE ©] &3}
xylitols A4eL7] wji-of xyloseE ©AYo R o] g3 WEE FgPslo] HUrt Y-2 #FE
YPD 5 mloll HEsle] 244 7F o Svujs 3k H, 500 ml baffle flaskell 100 ml®] xylose
W g wlx] (xylose 2%, yeast extract 0.5%, peptone 0.5%, ammonium sulfate 0.2%,
magnesium sulfate 0.0420)E& F 3l T FA S HES ¥ 30TAA 150 rpmo. = F&ul] <k
3Fo], oF 12A17F 7tA o2 AMEZS A FHE Y] cell growth, xylose®] Zb#k o g 18] 3 xylitol
=As At 1 Ay 29 3-66004 X vpe} o] vk 58A17F & FF 3 xyloseE A
278k olw 9] xyloseE AR oF 30 g/L ©lw, oF 135 g/L9] xylitols A4kt
u] 2] xylose?] xylitol®] A& °F 65.2%°]H, o= i 3-F o= xyloseol A xylitol= 2]
Aggo]l A ¢AA P guilliermondii®t W X ek-S 4-%, 1995 Roberto et al., & ©oF
709 2] ﬁﬂg, 19913 Meyrial et al., °F 75% H3E&=2 7| AAE xylitold] &
=2 oo ZE ¢ 9y AT xylose®: 0]%3}04 =2 xylitol A4S A=

o2 HolA xylitol BAFFEA L &g JleAdo] 2 Fs] )

Eﬁmlo

—_

>_\.L
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Xylose
30

- 25

- 20

Xylitol concentration (g/L)

& Y-20D
—W— Y-2 xylose
0 @ Y-2 xylitol

OD (at 600nm), xylose concentration (g/L)

T
0 10 20 30 40 50 60
Incubation time (hr)

1Y 3-66. Y-29FF 9] xyloseE o] &3k xylitol AAk

(vh) Glucose?} xylose mixtureE ©]-&3F 7+ Y-29 ¥ra

TF Y-2v udy s gado] 747 e oAM=, glucoseE ©]-&3te] o
B WEE 3, xyloseE o]&3l] xylitol RS 3}9113}. a8y BE  lignocellosic
biomassE 33t & A%, glucosedt xylose’} EA o] A= Fefol 22 glucose} xylose”}
ZAH de W A4 vde F ol &ste] e thtolE Al H==A glucosest
xylose mixtureE o]&3te] &= a3t Y-2 #F= YPD 5 mlel HEse] 2447F &
oF FErulkS 3 H, 500 ml baffle flaskel]l 100 mle] glucose 9} xylose”’} A Eoi7F w &
£ ¥]# (glucose 2.5%, xylose 2.5%, yeast extract 0.5%, peptone 0.5%, ammonium sulfate
0.294, magnesium sulfate 0.04%0)& 3l T R-S HES H 30T A 150 rpmo =
Aekjok slo], oF 8A17F WA 12417 Ao R AES A FHFle] cell growth, glucose}
xylose®] ZHaf, ol€&, ¥l xylitols FA 3

o A, a' 3-679A4 B npep o] 2wk A 25 g/L9 glucose®}t xyloseE I H
FANE wl, of 18A1ZF Fol| glucoseE €83 AxIste] oF 10 g/L9] o&&S Al 33l o
o, xylose® glucose®t SHA Zwk 18A17F 74#] AL oAt AWt} glucose”) ¢+ 3]

ARE 18X FolE F43] 427 70417 o] Fol= BF AR dlo] oF 75 g/l xylitol
S AT o] 2 Al o Y-2¢ LuW ) SR 3 WM E o |ES =
T Z o] gslo] 7] ' &3 xylitols A AT F S-S gAY (17 3-67).

J&‘l
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glucose + xylose

r 15

r 10

Xylitol or ethanol (g/L)

80

Cell growth (600nm) or glucose , xylose (g/L)

TIME(hr)

9 3-67. F Y-29] glucose®t xyloseZ3r7] 2 o Aol o &k xylitol A4t

g wholom s HATE A Alxagl s
RN U R E
mea}xﬂ o 293 P8 &L o] o A

e Hol o mjAE Atoln} &z
)=]

ol 2.0 2 A ) Al

2

o
T2 Aok s erx ojth. Al
"EL%E]E Ax e & AR e @2 vpo]lemjel dA g 5 npo] Qv
sto] Fakgo] dviyy xpo] v=Ael A vl Eith. Blo] 2 nf 2 AA = 3L
Hu] 1:10 (S/L), 2% NaOH-g<, 120TC, 60 min®. 2 A4F Az WHS 1% H2S04, 1207C,
30min © 3 aLsk vkE AA sk AA g F Ao AAGA dolde VEE AFH,
3}, Adxsto] A Abgsiivh. AEkAlel o dstxrdoms oy 1120 (S/L), e
1:10 (S/L)2.2 50 mM sodium citrate buffer (pH4.8)& AF-&-3le] % F-3 50ml= 783}t
o] wk&-goo] &3 &9 Celluclast 1.5 L + novozyme Al88 (celluclast 1.5 L EH¢]
1/10)& cellulose g9 20 FPU°] H = H7l3te] 50T, 300 rpmoll Al 72A17F &9t Fsldkg-&
71 8y 3} o ”ﬂ‘%‘l ZF NTEE AZgS AsYste] HPLCE o] &3t AAA glucoses

B

o
& olgsto] At
o P vwg
g

2, ol _Yi rlr

xyloseE A #ata nfo] QA7) 7FA F celluloseE o] &3&to] AAE ddFo AeeS od
ZE zAste] AH4E Astrt. AAAAN e AA = A vE] 2 FEe 9
&S Fu A Ae gl & A AbAA e vlE] dEE] AAEY] &) o
o AE Fel AT (27" 3-69).
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70

60 +

50

40 1

T 10% S| 243 original

el 10% SHR| 2 - preNaOH

Glucose conversion(%)

10%EHA| ZHAHLY - preH2504
0 20 40 60 80

TIME(hr)
1Y 3-68. i mhel e sjA A o] At R dX ] & T3k (10% aLejv])

ol o Aas AAYFo R FHEo] TINAE FhdYonn o]F BUR do] E o
Tl BE 32 sh= npolonlzsel WA, oA, AU ol gt A F Waldl st
W) okel AdolA 4k AX ek wae) AR el w9y @Eel ohi A

Aol e e dA g 5 ulo]ovfre] F3E st vio]wf o] A e aLofn
1:10 (S/L), 2% NaOH-E9, 120TC, 60 min® 3.9t Hkgo 2 g3t ar Axe & F59y
< AAAL Folle 7de AH, T3b, dxste] Ao ARgsisivh A=Al ofd 93t
Ao 2= 39n] 1:110 (S/L)Se.® 50 mM sodium citrate buffer (pH4.8)& AF&3le] = &

S50mlz Z3gsc). o] whggodo 83 T4 Celluclast 1.5 L + novozyme AlS8
(celluclast 1.5 L EE9 1/10)E cellulose g 60FPU°| H %= H7}3le] 50T, 300 rpmel A
2N ZE St FENkES gttt FEnkg F AIRPEE AEHYS st HPLCE ©]&
gkl BAE glucose®t xylosed] ZLEfZE A sto] A& A28l

v} o] 2 mj

¥ o >
o) A~ OO S
e Geres g

AR A e rho] ovl o] s A F
cly ARG (29 3-69, 70, 71).

ogg rn
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12

& pre-Gluose

P
== 7l -pre-xylose

=B T _Gluose

Glucose or xylose (g/L)

= S -xylose

12

e A M -pre-Gluose

== & A -pre-xylose

e A A _Gluose

glucose or xylose (g/L)

i A wylOSE

a0

TIME(hr)

LY 370, A e AA e § FE

12

-
= 10
o
e
[ 8 ==
L[]
2 /”—_
§\ &
A / e Z Ll -pre-Gluose
(=] —
% * == 2t} -pre-xylose
8 2 - == ZH}| -Gluose
= - -
_m § . - - . i ZHCY -xylOSE

0 20 40 60 80

TIME(hr)

Y 371 A dAe § FEh

oMz wEHY W 9 Hu

A F8sd 84E nf
o2 93tgeg o] Hadly olE 9d detergentE A3 &4 7]

60780% =
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HEgol el 7)ol tdt aad] FAE WEATIE FEe des VI ¢ Y ol E &
A7) A dreA TdRe ddE dAE AXAANE AFEste] ke (B

2% 100 ml,
1:10 (S/L ratio), 50 mM sodium citrate buffer (pH4.8), 50C, 200 rpm)S F33} ) o 7]
detergent (tween 80)F 0~5%71#| H7tsle] AT EZR 73 7247k F3hA kgl

b AR AE"ste] HPLCE ©]83te] glucoseE A#stal nio]ewfart 71zl A A
cellulose ¥ glucose=2] Aag&-S A4rsle] 22z yepl Y. =L 23 detergent’} &
Aol S0 A 48 tEwrel BlE] °of 8% Ao FEtEo] AAedte AoE dEuY
(7L 3-72).

woow
a o

Glucose (g/L)

-
o

_=4—con.
1% TW

Glucose conversion (%)
3

ey
1=

=H=3% TW 20 - 15 TW

5% TW 10 ——3%TW

[=JT ]

T T T 5% TW
[} 10 20 30 40 50 60 70 a0

Time (hr) Time (hr)

1% 3-72. Detergent =¥ H7lo] up& nlo] o v~ 3l (glucose g/L)

il @~ BA WAl Wekekgr] e Ao el ofsto] whgojo] I HpHA B
o 7148 whg i 3-WwF o] HWojH F URE FEI UTh o] wkEolA =YAQ 24E
F7kste] whE 3 3-WAS vl Wil aad 714 whgol 33 9 @4 3-w4o] By
MAA717] f18ke] ¥kg Aol glass beadsE H7IgFo =X Fite o2 #3dvh 2 2ol
A8¥ EFBE 1~5 mm% #4419 EFBE 2% NaOH, 150C, 1A]7F 983l 1 M @4tz &
gl AF3sle] Abgsel. AA e vlol el A~E e FEr)el 10% (w/w)eZ ¥ 50 mM
Sodium citrate buffer (pH 4.8)& A}&3le] HE EF 500 mlo] HEE 39T &4+

5FPU/g cellulose®] Celluclast 1.5 Lol celluclast 282 1/102] Al1R8S #H7)ste] A3}

Glassbead= 1 mm, 5 mm A9 + TF& A 0} 3t} Glassbead 7} %2 biomass 7 9+

2 FAE sk 50T 2=ellA 250 rpmo = Ade AL 74 A HE A4S
2 S A83le] HPLCE ©] 4319 glucose 9 xvloseE A &3l )

A2 02 glass beadE H7ME A@ro] glucoseE 25 g/LE A4S ¥A 2 iz
AgTE 23 g/LE AATOZHN 8% AR F3t& S AT X 1 mme glasshead&
AFE3E AEa Bl 5 mme glassbeadE A& e go] okzF o AeHE AL 3
1k = QAT (219 3-73). °o]= glassbead®] A|&2]Ql wiE ol & &to] nlo] o ujr} i
HozM diot 71de] ¥k i 3-U4S \W3l Aoz Atngrh
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8

3

B
8

S
& 38

8

Glucose or Xylose (g/L)
&
Saccharification conversion (%)

104 -.- control-glucose

O contro-xylose 2| -5 cortrolgucose

—A 1Inmmglucose control-xylose

Ammglucose

5 -/ Inmxylose 1014 A Immxylose

-’- Smm-glucose Smmglucose

(A) < smose ‘ ok | (B)
R ©ow o o® s & 0w
TIVE(hn) TIVE(hr)

¥ 3-73. GlassbeadE 713k nfo] enfj~9] w3}
(A) F3ukg-43e] glucose, xylose g/L L 3Z

(B) HF3}ukg-4 12 glucose conversion, xylose conversion g/L L3

L}, Cellulose 7Fr&sl8& HA a4 ZEY Ax

nio] O wj A wsle] ALEE= AFEE EaAE w80 Y FAHVA AESAR 7Y H
Aol A qh mREo|A AAkE AZxI @GS o] &3ty wdI 2SS FHE|E ojH Y] W
ol AEHAE FAs= 7R HA &4 exoglucanase (CBHI,2), endoglucanase (EGL)
2 B-glucosidase (BGL)E ©o]-&3le] Kribb Cellulase Cocktail (KCC)-S A Z st (L9
3-74). T. reesei 2 endoglucanase?2 (EGL2)2} B-glucosidase= Saccharomycopsis
fibuligera ¥ BGLE BEE o|&3dto] Az Artsto] Be KCCol AHE-3kglom KCCo
Z3huE CBH1: CBH2: EGL: BGL=3.5:35:2:12 Z338}3lth

B

Exoglucanase Endoglucanase B-Glucosidase

KCC1 KCC2 KCC3 KCC4

18 3-74. &4 ZHeE| Y Az
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1%e) RA7h LW KCClE 383 Riol vis) gade] sa w9BEY g o
& # 3

L} TYS filter paper units AT A AA4 BEES U= ES KT S A&
stel go]l dael ¥l %S B-glucosidase S Mol W3tadAF Y= FAEES]

cellobioseE glucose® A A& F Adv AHE 7B ZaZEHolr) ol& EUZ 3
adse B 4aE eV fste 83 a49 Cellulclast 1.5 L& Z}7} 0~25 FPU/g
celluosed FTo.2 FH7Ista KCCIEAE 15 FPUY HH=Z #A7ste FAE w F3&e
olg A W3s=% ATt ALgd 7]7410 296 NaOH AXg4a slz27F Fa2 celluloseE
A& Fe Aoz EF 50 ml, 10% (w/w), 50 mM sodium citrate buffer (pH4.8),
50T, 200 rpme] o2 A3 e sl om F 48AFe] T3 ZEQE AR S-S
Heste] HPLCE glucoses Al o olE 7|do] 713 & celluloseE EWZ glucose®
o] Wsa e BT

A¥A3 KCC1E 33 Adro] Cellulclast 1.5 LS @580z A3 A8 (19
3-68-B)ell H]alA Fst&o] wAA Hedshe As g g5 gAY (¥ 3-75-A). 5
FPU/g cellulose © 2379 4% KCC1E ¥4 &2 Ao Fsh&o] 4841kl 37% HiL
KCCE =3atsls W 80% Ae&s Kol 2v] o9 Hdek&s Wt ol o B8 &4E
A7t FAE WE 22 E3E Bo] KCC1Y #H7toll o3k AZgiAel dAg o] F7te
o] & Eal glucosed Aol B Ao ALmHAvh Akl FE3 A AL HEES Folal

o] FATEA

2 A7E T Axd A 7bed KCClIE v 52 YolFozs 138
A~

s 7= Al

54 -8 OFPU

—( 5FPU

10 —&- 10FPU 10 4

—@— 25FPU —w— 25FPU
Py &

0w ' ‘ T i 0 @ *—@ T hod ® T
0

0 10 20 30 40 50 60 10 20 30 40 50 60
TIME(hr) TIME(hr)

@ OFPU
O &FPU
O 10FPU

Glucose conversion {%)
3

Glucose conversion (%)
-

1Y 3-75. Celluclast 1.5L3 KCC®9 &3 % ulo]Qujx9] F3}
(A) Celluclast 1.5L 0~25 FPU/g cellulose + Kribbh Cellulase Cocktail 1.5 FPU
(B) Celluclast 1.5L 0~25 FPU/g cellulose

ANz dAvtow FAE AZA ZHAY E4S FEsd AEdA 9 quJJr H] i
at7] 91t f7h2 LEMGo R AL AEgAE RS —? cocktail AZFE $al
CBHI, CBH2, endo—cellulase, B-glucosidase?] W] &S 35 : 35 : 2 : 1% 3143} éﬂoiﬂ o]
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3, ARE3E endo-cellulase™= Tricoderma reesei @]9 EGL2E TFP 7|2 | &4
51

g
NSt G4 o) B-glucosidase™ Saccharomycopsis fibuligera 3¢ BGLS TFP 7|+ = 7|
F3k A4S AFESAT. Al Z3 AEEA cocktail seriest cellulose 7] A S ©AY o R ALE
st 7+ 719 FEles uuwskdeh. &4 s AMES BE AEHA cocktail> I 4
A mE= vES #HAsE 7] f5te] 40 AMES E4AE2 TE vYs B3 Aikd 4
20 AfFa BasrE HaMANEFY 338t desalting 2 10 =3 & Z47o) aAE

AA A gle]l ¥bE cocktail X730l H7bste] ARESFTH
Insoluble cellulose® A ¥ Avicel¥} filter papers 7| =2 AFE3E &4 =4 WHow 7}
2 A & 714 (filter paper)S

cocktail®] A8 W E9 =, filter paper A=A W
4% "state W Zed Za @S FPUR % 3-dslth (& 3—12). obzfe] i 3-13&
celluloseE #33= 4714 8 E4AEE cocktail s Al Z3FY] filter paperE #3l3h= 45
A ook FPUZ Yeld A3tel Ax8] 8k EFB (empty fruit bunch)E 7] & cocktail®] 4
2l &AS vawgk Zoft),

E
o

HgCBH1¥# CICBH2 (KCC2) H+= CtCBH1¥ CICBH2 (KCC3)& #7Mdle dw 7]+
KCC1 (Polyporus arcularius 3¢l CBH1¥ CBH2)H U} Aol MAHANSS @
Filter paper #4-2 KCCl1 Wj¥] KCC3e¢| 88H|, KCC2 tuju] KCC3e] 2.6541] 7]
NovozymeAl2] cellulclasto] 0.5% Novozyme 183 (BGL) 713k ZH-g-of Hld] o] Hd3
kAR KCC1y vlastd s dd €48 Bk gy EolstAl A A stk nlol
w22l EFBeol thdl &8 KCC3¢] KCClHE.thi= ¢F 2.28) /A& KCC2 Hup= ©f 15HH

=
)
[e]

—_

gl
)

3kA]
=

J
o S

to

AR QA Celluclasto] el A= o8] oF 2.7v] &Aoo =4 v}e} nfo] o mjae] 7 ]t
Tl wel ' 5“301 zkel 7 v AS & 5 AT wEpA] nlo] Qv 2ol mE Aﬁ
2 ZHAe AXE B3 54 vES A0 F JS Ao o).

3} 3-12. AT &4 cocktails o] -3 filter paper 4 W

Total Cellulase Protein (mg/m¢) U/md FPU/g
KCC1 22.72 0.30 13.06
KCC2
21.90 0.95 43.27
(HgCBHI1+CICBH?2)
KCC3
23.01 2.64 114.83
(CtCBH1+CICBH2)
Celluclast
+Novozyme 188 124.36 37.37 300.54
(0/5%)
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¥ 3-13. A% &4 cocktails o] €3 EFB &4 v

Total Cellulase Protein (mg/ml) Glucose (mM)
KCC1 24.6 318.9
KCC?2

24.3 467.9
(HgCBH1+ CICBH2)
K
cC3 22.9 708.7
(CtCBH1+ CICBH2)
Celluclast
123.4 262.2
+ Novozyme 188 (0/5%)

ok w1 2 g o] &3 nlel o eg A/ T/ LA/ TRH A
Axjeld Hdd A E o) E 6}0% 1%% TE H dEE T ATE FAAT g
OWH A= npol s are ). 2 29 NaOHZ 120°Col A 1417 &9+ A2 39
}_

g 2
-

i HCl= 34 3 5 dx 2 %éﬂo}ﬂ AbgEl o, olee LEEAL 10%2 nlo] L
u o) of &8 wjFulA] (Y.E 0.5%, pepton 0.5%, KH2PO4, Ammonia sulfate 0.29, MgSO4-
H20 0.04%, pHS.0)E Z3tsle] WE WA E wEAT &4 93lE 2 dFoa] AdE 3k

9} Novozyme?] ZAE W5 L& 4ojA A&3tes WHS ol &319uh Novozyme C-tec3}
H-tec® v]&& 7 : 302 &3%3t9 30 FPU/g cellulose 7} Q‘:% Yol 3 50T, 200 rpm
07 6~12A17F Fot 7] WEE HaAste] glucoseE S 3 10%9] vlo]Qmj A9l A
ol=EF © H7Fste] F 20%9] wpo]lQwiiE 24X 3F wF Wukstivh of 7)ol YPD A ol A
seed culture ¥ TFF H]&el uA St 2 kel HESST WE O AFES

gal80/CYHT 5 ARE3lo] A7t = AZ-S 2 88te] HPLCE glucose, xylose, Ethanol2]
AR ARE FRlste] 2 ZE Yetlidv. 2 AR HE oes se digdow Wad
A5 64 g/L7F AAEAA, AAE TES AfodE 56 g/L7F AAEHAT (29 3-76). T&E
T LR vol eelg e 17 37744 Mz wpek 22 FRVIE ol &dte] TRl Mo
2 AAE 949%9] ol ¥hE 350 mld A EF-E AL 95%9] oEE 250 mles E& T U
t}.
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140
80 100 120

80
time (h)

time (h)

40

20

—8— Glucose
—¥— Ethanol

—O— Xylose

O
o

120
100 1
20
120
100
0

{716) uonenUasuos (1/B) uonesuasuod

(8)

(A)
2% 3-76. ¥l

<A

of
o

95% "zl o

o

2 A

A

AT
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9. AETAl Id FAdSHY 3a Aite v
3

A FdA7F =9d

B FAAEA (TO)E E&ske] T il s AsaAE A
Ak A Ol 7}%6}4. A e WS o] &dto] nPLRE T AEuA e =
ALaTE WHE FEEE A oryzae (AQO)E AMgEon, Axd WA 05 g8 Wi FFLS
50967} QE% Lot 39 S FE MG § 3F AsuA F4E FASA Total A

Z94 #AS =A3 7] Y8l filter paper assayE AAEYa, AEHA g S

=
endoglucanase®] 48 =4 3F= ¥WH < CMCase assay 2 A, cellbioseE 7|22 AL&3e] B

7 @Y AE9A A =Y dAAs e a4 24
(1) FPase assay

FPase %“3 =4S B AEHA FAA 29d A a4t 2 g S g9
sttt & 8F 9 FAAHSAE Flg A Wild typeol vla] @ F59 @Ado] HEwT
%@ﬁ%ﬂ]'g Zo| = cel2 ER (opt)} celd ER (opt) AASA 7} vwd =& F4hH A4S

eI (1" 3-78).

(2) B-glucosidase assay

Wild typeel H]3ll B-glucosidase /o] =2 FAHAIAE cel2AP (opt), celdAP (opt),
celd ER (opt)5 o2 YEYUl B-glucosidase A4S =3 FAAZA A Aol =4
Uetd Aoz o4 o controlol] HEA we &4 248 YT (29 3-78).

(3) CMCase assay

CMCase assay= Al =3k A3} cel2AP (opt), celd ER (opt), B-glu AP } F=dd 3
HAAgAANA TA o]l =A YERTE B-glu AP9 4-F 2v) o]Ae = ol e T
(19 3-78).
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beta-glucosidase

T T T 1
=3 =4} =] = (o] [=]

B/n) asepisoan|b-e1aq

[=]

FPase

M
(1] - (1] [=1}
- [=]

6/n) asedd

CMCase

(o T B I =

®/n) asedIND

A3 Wild type

i3

—

%O

oo

g controldl W& &A &

32

B!

ojy

x
B

J]

Aoz

o] Tz

R

Fol & ZoE Hol A

3}
i

= gl oy endoglucanase

7ol
o
o

ojy

AL
;OO

A~
hy

0

x
B

b AE A

3
H

3. 8

(1) FPase assay

H

A3} controlel] W]

i3

ZA}

=
=

3+ total A ETHA

of ¥

(1 3-79).

A

r

Q

ojy

(2) B-glucosidase assay

S EhuYl (19 3-79). ey 3ol

oF

HAl = 4

controlo] H| &

B

s}
=

B-glucosidase 2]

- 204 -



(3) CMCase assay
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Treatment 18

= |
g |
E
P cune I o
g
E -
Electricity | | 9.9
P Handling I 0.6
g |
S
2

Feed stock _ 6.1

0 5 10 15 20 25 30 35 40

1% 4-10 Aol e o'ty AT AE F]dn &

B M= BAAD nejeris Axe et Faede NEstaa vl § 4
T FPulEs AETAE AA EH e dAAE B E Aol E AMEE P9 HA
g 2 g3 Ael 23& Fol AT (& 4-1). AAHT & 3k FAY v A 18
obef i (3 4-2, 3)oF T FAdS e Fataso] thxy hy] of 28 ol w2 As A
obato]l T4 Mg A= A AAY FAH A2vE2 AA T4 HE T o 20%, T}
LRTGL 575%E AA st v izt nle]ewfze) iAol Abgduy Fa vE
S 24 o]} S Aotk dEAer A vAVIe= 1 gy Hio]ol®s ALteE W
|2 °F 52009¢ 2.2 VW= NREL 7|9 AAA 7H4<Q 1,200-1,000 /2 el ol wlal 4-5¥] v
gy Bl digkgte] wE w8z (50%), AA B Tl oF HA 30% AR
2 A, T4 T ARE A7IME (100%) e AR Tdel o)Fk Azt wA sfAde] uhE dwt
ARl 28 T Aol ofFo Tt Al nle]l LAz RE nlo] Qo' Atte] HEA
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F 4-1 AA TE A HE

Biomass Pretreatment i pl ificati Distilation
i retr (Simultaneous Saccl?an ication & & Utilities &
Fermentation) Total
Solid |Storage®®
(5)
Feed stock” Handlingm Electricitym Catalystw V;I_::;:v::r:'t Electricitym Enzymem Buffer + etc.”’ recovery(9)
Cost (won) 1200 120 1954 1855 360 3683 7000 500 2160 924 19,756
Cost (%) 6.1 0.6 99 94 18 186 354 25 109 47 100
CHA| Cost (wor 1320 4169 11183 2160 924 19,756
CHA| Cost (%) 6.8 19.8 575 109 47 99.7
NREL (%) 36 26 @b 2112 12 5 100
* Et-OH 6.5% 60L A AtA| 57 (100L Bench scale 37 , 100L M 2| 7|7| 23| 7t5 + 100L HLESIEK| 13| 7+5)
* HA 12kg £ F2= Ethanol(95%) 3.78L(1gallon) 444t THIt: 197568
(1) Feed stock = 31 L FE7+2 500kg/50,000% H & 1kg  1C
(2) Handling = £H| & (Feed stock 10%(Q1Z4H| + 7| 7|Z 7} ZHH])
(3) Pretreatment Eletricity ( Pretreatment sheet &%)
(4) Pretreatment Catalyst ( Pretreatment sheet & =)
(5) Wastwater treatmen : NREL X} 2918
(6) SSF Electricity (SSF sheet £t%)
(7) Enzyme : 2 AM2 9| 50%S AHH|7HL A Z CHA| 50% B HZH 21t (14,0009 7|& 50% &7 7,0009]) (SSF sheet®E =x)
(8) Buffer + etc : SSF A| At Buffer & 73 Seed& HjX| H|&
(9) Distilation & Solid recovery : NREL XtZ 212
(10) Utilities & Storage : NREL At2 Q&
(11) (Pretreatmnet 20% + Boiler/Turbogenerator 4% +Wastwater Treatment 2%)
(12) (Hybrid Hydrolysis & Fermentation 8% + Enzyme 9% + Boiler/ Turbogenerator 4%)
3L = a7
#4-2. AA P FA A HE
100L Pretreatment Equipment Eletrocity Cost
22 E+7f(won) ALAIZHh) |AtEEFkwh)| B 8(%) | AIEE%(won)
1) Agitator motor 0.75 2 15 100 78.8
2) Scrubber motor 0.2 0.5 0.1 100 53
3) Air compressor 6.5 52.5 0.5 3.25 100 1706
4) Silicon heating boiller 20 2 40 80 1680.0
5) Expressive machine 0.75 0.5 0.375 100 19.7
6) Total 1954
Pretreatment Catalyst Cost
2 E7f(won) £r AL AIZHh) |AFE EF(kwh) AFE Z %(won)
800,000 /ton
800 /kg
1) NaOH 1 20 160
08 /9
2) Electrocity 01 525 kwh 0.5 0.05 0.2
3) Water 1 1 L 1 1 1.0
4) Total 108L 1855
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B

4-3. G35} DEFA AN L

100L SSF Equipment Eletrocity Cost

22 EH(won) | ALAIZHN)| ALZEHkwh) | B2(%) | ALEF %U(won)
1) Mix-paddle motor 15 48 72 30 11340
2) Homomixer motor 22 555 8 176 60 554.4
3) Elecronic stim boiller 20 ’ 2 40 80 1680.0
4) Chiller 3 2 6 100 315.0
Total : 3683
Enzyme Cost
22 Etf(won) £ty AIBAIZE |AIEEHmI)| ALgE %(won)
400000 /20L
20000 /L
1) C-tec2 L 1 700 14000
20 /ml
T 702 ZA A2 2E 50%CHH| -7000
Total | | 7000
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A6 AR R e dE

L AF2A duA 2= A=A A8 Al=H

vt ol AAAl mle] Loy A] Aibe BHoz s @A 48 Tled A9
illfiﬁ" M. giganteus (3¥jAl AHAAM), =AM & duxzez &3] AT A8 A
2 N s 2l AFeka ARt AEA A8 ael =4 @

_4

2. 474

| ol x| 2HE9] Agrobacterium "7 A A3 AjAaH
/\ﬂ 1-

¢l A B IAE FASE npo] o yR] e RS 98t Agrobacterium
g A"l g AT JAE A ok A9l Agrobacterium v B AE AR @
3171 27 &9 (PCT/US2009/066241, PCT/US2009/041424) ¥ 1 ov}, =2 Hayd nf

]
N A
PCT
giTh.
“Miscanthus transformation methods” (PCT/US2009/066241) &3]+ M. sinensis & A}, M.
giganteus®} M. sacchariflorus 'Robusta’®] V7<% 5}7], 71 A=A o Alx § vkt
XA g o] g3l AME A AYAE {E3 £ EHALOS / NB4KAN:p326-EGFPZ 32
A3t sy A A FEHA 2.1 mlE A B filter paperol A A EIE 5~TH 3%
ksl & M 23}l paromomycin 100 mg/L7} B7Fd Adwjxo] A Myrsle] HE 20U &
1

GFP ¥do= #fd4 2Hde dAASNNe W ¥4 45& FE&o] 5~15%H oy, TY W 7

.llm ru& 2

# 2~ AA 22 heat shock A#E 38 v 2dAST &L 20~30%2 S 7t vhar waLs)
ATt

“Transformation and engineered trait modification in  Miscanthus  species”
(PCT/US2009/041424) &3l M AsEA wd Adexe vds 3718 A2 44
g3t o ARE3SE  Agrobacterium-e  GV3101/pBI121o]3ict. 5¢ HoF FxujdF 3 &
Geneticin 100 mg/L7} #71d Adx §F5 vfjA] oAl A3l o) GUS staining®. 2 =%
AApe] wae AAFI} Haskedut.

Particle bombardment ®WH-& o]&83% JAHEE 3 1 HIHJAEU(GCB Bioenergy 3.
322-332, 2011), & A el A AA = FAM 187 FHHY A T4 w4 AYAE HE
=] of] A

rO(

<]
a2 AFEE 2™, hygromycin 50 mg/L7F A 715 wj x| oA 35, hygromycin 100 mg/L7}
A7k wjA oA 47 Fek Adste] RT-PCRZ 34 wd& AASATL Wistglh
Z e Ao FEAS o] B 17 =io] HauHoen 53 &9 9 FHo Hag vl

= 9tk 20139 Kim so] 2t As T4 i AHAE HE A5z AHgste] g

|

MEAlE At elizvl, Agrobaterium EHALQS 38 o83 JEAANA s AHEsa
200uM AS X E E3to] 35%9 dAAS E%% AAchar B3kt (GCB Bioenergy

5:73-80, 2013).

olsh ol wpololuiA HEE FHWI g oAe 2ol YolA FAAT ALw Al
U AR ATOE BFsa, AAZA 9 mav) olFeld FuEA NHTud I

o]
A% Alzmd Gyt AAAH R n e Aot}
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= &8 AFALd aa A= AT

=
& Eu)| A (grams per liter) 7]& 72
AP AL

- a4 45y

- Agd Balasr A HAE 2D scale-up

- AZ% & cocktailS o] &3 B 7l& N

- AR R AUAAES FE&F AP B FHA=TA s HS
o AT-d3}
g W AR AGEA AR oluA B A

- =l A ARAskE v E B HALRE AR olv A

2)
%, Miscanthus giganteus, 2 4% 49 =3 2 &

#-41e]
- FelAsh el WA 3] 0% Al FEe A AYS AT HAY A2 AW
- FeME 95.8%¢) Wels FEEH 58.3%9 NE AY A&, TUE 99.9%¢) Aels fu

7 100%2] A=A A8 &5 3n
AN e} Zdiel Agrobacterium "I7)
FAHABAE A4 D PCRY GFP &
ZAEY A FEA TEEEY 98] &
o] rab2l-gfp construct =% HAAE 21EH
e JAgo=m 36AFdA Ak kARl

-glu (B-glucosidase)E @<
AHZA 365 Ak

- HoA AFHA FHAAE LEHEr] Y3 TERHEHEE FALEE =
maize Ubiqutine?} WZFE #ldk 972, 996 AZR2EdH: 54 TZEREHE AMESIY
B E AEHAE Apoplast® FA

- AZGA FHAATE FA] dEHEE W
IRREZ BEAT A= A

sh&o] thixT ] F Hf o] 7.

- FEAS ME golet 3 T a s 3 A5 ASTA Aibgo] tixTtol Hls] 2uf o]
&S BYS g9l wgbA] AESSA FHAAE oA wdEstEEN Fsld AMgEE &4 A}
|FS st sAl AAe] Aol &olgt no]lemjrrA ] &8 Jhsdes AT

« vpol Qw2 Gt g A AT E

- 2t Aol AR B ofye =% &43 data base HME Fote] A2 HAS #T
FTH fFAAE AdE

- Z}7ke] oAl REE cDNA library® 7B AF AE#Ho|= FdAE SHaAY FA85= W
HO=Z exo type wdl &4 FHAF 12 ¥, endo type w3l &4 FHA 11E, dvAFZ=
wall @A A 5%, B-glucosidase XA 5%, 7|EtaA 2%S $HEFY  directed
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	다. 셀룰라제 유전자가 되입된 형질전화체 당화율 분석
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	다. 볏짚 및 억새를 이용한 바이오에탄올 전처리/당화/발효/증류 생산


	9. 셀룰라제 발현 형질전환벼의 효소 생산능 비교
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	(1) FPase assay 
	(2) B-glucosidase assay 
	(3) CMCase assay


	10. 동시당화 및 생물통합 공정 개발
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	나. 재조합 BGL 균주의 바이오매스별 동시당화발효 효과
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