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SUMMARY

I. Title

Development of arabinoxylan production technology and manufactured goods

with rice bran using carbohydrolases complex derived from mushroom

II. Purpose and significance of the study

A.Process development and manufacturing technology of
arabinoxylan by mycelium cultivation of

mushroom

Recently in United States and Japan, arabinoxylan has been well
recognized as a plants—derived source of immunomodulators. It has been
reported that arabinoxylan activates NK(natural killer) cell in the immune
system and reduces side effects of chemical or hormone therapeutics in
cancer treatment. Although arabinoxylan has been well recognized in
overseas, little effort has been made to study the process of arabinoxylan
production in Korea. Thus, it has been necessary to research and develop
the isolation, purification and production technology of arabinoxylan.

This project was carried out to study the process of arabinoxylan
production by liquid cultivation of mycelium from Lentinus edodes specie and

its application to functional products.

B. Process development for isolation and purification of

arabinoxylan



Arabinoxylan is a main component of hemicellulose in cell wall of plants
such as rice bran, barley, and wheat. Arabinoxylan has xXylose as a main
chain and arabinose as a branched unit. Its molecular weight is about
300075000 dalton.

Arabinoxylan is known to be effective for anti-cancer treatment, blood
sugar and blood pressure dropping, enhancement of human immune system
and strengthening digestive tract. As little research has been done on the
arabinoxylan production in domestic, this project attempted to produce
arabinoxylan. Among the plant sources, rice bran has been getting enormous
attention as a immune modulating agent. Thus it was chosen in this study
for the source of arabinoxylan. Besides, an attempt to develop new technology
for isolation and purification was made in order to overcome problems caused

from the existing technology.

C. Estimation of carbohydrolases complex

Endo-1,4-xylanase and a-glucuronidase, among the extracellular enzymes

produced by Lentinus edodes, were purified and investigated with respect to
their individual activities and the synergistic effect between both enzymes on
the efficient hydrolysis of xylans. The purification steps were done on several
characters of both enzyme. On gel filtration using Sephadex G-75 column, the
active fractions of endo—-14-xylanase and a-glucuronidase were separated
respectively. The separated enzyme pools were used to determined their M.W.
and do following reactions. The temperature optima were 40C for
endo-1,4-xylanase and 50C for a-glucuronidase. On endo-1,4-xylanase it
show the stability decreased above 45C in course of time significantly. The

pH optima of the purified endo—1,4-xylanase and a-glucuronidase were pH 4.0



and 6.0, respectively. In addition, endo-1,4-xylanase shows stable between 3.0

~ 6.0 under the condition of 40C, 60min incubation.

III. Contents and scope of the study

A. Process development and manufacturing technology of

arabinoxylan by mycelium cultivation of mushroom

In this project, optimum conditions such as temperature, pH, agitation
speed and amount of liquid media were studied for mycelium growth from
the liquid cultivation of Lentinus edodes. In terms of optimal media
compositions, carbon, nitrogen and mineral sources were examined. Optimal
media compositions for the production of carbohydrolases were also
formulated.

In modified batch-culture, productivity of carbohydrolases was enhanced
by adding glucose as a carbon source. Then by reacting these
carbohydrolases with hemicellulose extracted from rice bran, final
arabinoxylan was produced. Manufacturing technology producing a powder
form of arabinoxylan was developed for the application to various functional

products.

B. Process development for isolation and purification of

arabinoxylan

Hemicellulose A and B without lignin and cellulose in their structure
were obtained from rice bran by adjusting organic solvent and pH level. In

order to study structural characteristics of the hemicellulose and arabinoxylan,



C-NMR Spectrum and FT-IR Spectrum were used. Compositional sugar of
arabinoxylan was examined using HPLC. In order to determine the structures
of main chain in hemicellulose and arabinoxylan, Fungi-Fluor Kit was used.
Changes of compositional sugar of crude arabinoxylan were examined
according to the reaction time (3hrs, 6hrs, 12hrs and 24hrs) of hemicellulose

B with the culture broth of Lentinus edodes .

C. Estimation of carbohydrolases complex

The hydrolysis products of xylan were xylobiose, and xylotriose by

endo-1,4-xylanase. Xylobiose, xylotriose, and
4- O-methyl-glucuronoxylooligomer were produced from
4-0O-methyl-glucuronoxylan by endo-1,4-xylanase. The synergistic effect
between endo-1,4-xylanase and a-glucuronidase was investigated using xylan
or 4-O-methyl-D-glucurono-D-xylan as the substrate. The hydrolyzing
activities of both enzymes in the cleavage of xylooligomers and the liberation
of 4-O-methylglucuronic acid groups from the
4-0O-methyl-D-glucurono-D—-xylanwere approximately 2.0-fold higher than the

oat spelts xylan.

IV. Results and recommendation

A. Process development and manufacturing technology of

arabinoxylan by mycelium cultivation of mushroom

For the production of carbohydrolases, optimum culture temperatrure of

247C, agitation speed of 200rpm, inoculum of 10%, working volume of 100mL

_‘IO_



and initial pH 55 were effective in liquid cultivation of mycelium. Optimal
glucose and yeast extract concentration for the growth of mycelium were
determined as 30g/L and 20g/L, respectively. Maximum cell mass were
about 18g/L at 85" day of the cultivation. As a result of flask culture, the
optimum media composition for the production of carbohydrolases were
determined as cellulose 1%(w/v), yeast extract 1%(w/v) and CaCl..2H-O
0.1%(w/v). At 10th day of cultivation, activities of B-glucosidase, B
-glucuronidase and B-galactosidase were determined as 43.5U/mL, 0.33U/mL
and 0.8U/mL, respectively.

For the modified batch culture, additional 100mL of glucose (5g/L) was
fed to the basal batch culture at 4" and 5™ day. Pulsed feeding strategy was
applied to feed the glucose.. Compared with the results between basal batch
culture and modified batch culture, cell mass of 2.5g/L was increased in
modified batch culture. For the activities of carbohydrolases, 5U/mL of B
—glucosidase, 0.1U/mL of B-glucuronidase and 0.2U/mL B-galactosidase were
increased repectively.

It appeared that powdered arabinoxylan could be utilized as a sources of

the functional or health supplement foods in a form of capsule or tea—bag.

B. Process development for isolation and purification of

arabinoxylan

The highest Yield of hemicellulose B was 385% when volume of
ethanol was increased three times at the reaction temperature 65C. From
the result of this, it was proved that they were the optimum condition.
Structural characteristics of hemicellulose B and arabinoxylan were observed
using C-NMR and FT-IR spectrums.

Component ratio of compositional sugars of arabinoxylan were examined

_‘I‘I_



by HPLC. In the results, hemicellulose B consists of xylose 15.4%, arabinose
13.9%, glucose 67.2% and galactose 3.5%. The ratio of ara/xly was 0.9.
Compositional sugars of enzyme treated hemicellulose B were determined as
xylose 63.5%, arabinose 11.1, glucose 18.9%, galactose 2.7% and glucuronic
acid 3.8%. The ratio of ara/xly in this case was 0.17.

The component ratio of compositional sugars in arabinoxylan was also
examined through the observation of reaction time of hemicellulose B with
the culture broth of Lentinus edodes. The longer the reaction time was, the
lower the component ratio of glucose was. On the other hand, the ratio of
xylose to arabinose tended to increase.

In order to examine the respective binding structures of hemicellulose B
and arabinoxylan, UV fluorescences were measured using Fungi-Flour Kit.
As expected, it was confirmed that the main chain of arabinoxylan was a
-linkage, and hemicellulose B showed more p-linked structure than

arabinoxylan did.

C. Estimation of carbohydrolases complex

The results of synergy reaction indicated that 4-O-methyl glucuronic
acid release by a-glucuronidase depended largely on the hydrolysis of the
xylan backbone by endo-1,4-xylanase. The increasing hydrolysis—degree of
xylan back bone by endo-1,4-xylanase may increase a-glucuronidase activity
on 4-O-methyl glucuronic acid unit linked D—-xylopyranose backbone.

Therefore, to produce an arabinoxylan or its derivatives, the catalytic
property of a-glucuronidase must make to release 4-O-methyl glucuronic acid
unit form D-xylopyranose backbone, after endo-1,4-xylanase cuts <Xxylan

backbone on the condition of optimal temperature and pH of both enzymes.
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oA FrEA ofepul A TE At H A FaHo] wig fste] WA
sl =8 AZdA A, gEdA A B Aol fadled 5444 59

& S5l ArH4)5).

ofgiu] 5 gkl & (Fig. DE AW ALZ 27 a-(1-4)

ozl FEAlel 5EEl ofgn| =Tt FEA o w AgHo] Sl FHIQH, A Y
229 ofgpu| =0 H&of wat A, &k, JAT dFS Fria B
o] ATH6-8). ol# g oA T oAy 7HA] Tss 7HA
A A= W 43t 7)otk B-glucan ©] WHHE FeAA st a7t Q)

= A3 FASHA obebrlm A Ee ARA dHE FUlz FaEe d3dd e
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Crude Hemicellulose model in extract of rice bran

N
o
H OH
Galactose
Glucrenic Acid -
Enzymation by glvcosidasos
from edible mushroom
7 0 o N
H o H
-0z T
H OH
Arabinocse
~ x

Figure 1. Crude hemicellulose model in extract of rice
bran treated enzymatically by glycosidases
from edible mushroom. The structure of

arabinoxylan(3)
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Aaptet mjazgAE didst= MEZE A3 NK(Natural Killer) cellS €4
A F¢ ZHE UeditE Bk k). o2 A NK cell& A7
kS 244 (Biological Response Modifiers)oll = o} &tH] =g
ofel AMA o ZEE A X = @l nhd A (Krestin) (12)9F 3 LW A A
A(LEM)(10), killed streptococcal preparations(OK432)(13), Corynebacterium
parvum(11), 18] 3 bacille Calmette-Guerin(14) S°] vtz B =o] 9t}
1oyl ofgpH] AT Futoly s Bl &), T oY &4(16),
ZUzHE AHEHRG) T o 7HA Te s 7P vk o]y @ ofefn AT
2 & A (source), ara/xyl ratio, ferulic acid &= So wat =2 348kz A A
o] 2z t}(21). Rye water-extractable o}gfu]zAere] A9 HF EAFgo]
275,000 o]t XM 1 FHA1(17), Vinkx 5(7)2 rye water—extractable o}2HH] =
Aeke] 40%7F EAFEFo] oF 160,00000 7M. B uskith. 3 rye ofghu] A

-

o

o
=

@+9] intrinsic viscosity= 5.9 dL/g, water-binding capacity:= 0.47g/golgtal B
2 RAH(19). Wheat oletH| =42 #e] A intrinsic viscosityi= 6.12 dL/g,
ara/xyl ratio= 05, EA#S 65.000 ozt B uEATHE). % barley, rice,
sorghumell A F& o A= ofepu]xd el =efssts 540 Z17] v, o
FEUH(E, g7teDel wepA Gepxivtar Base] Qth2l). ol =23t
2 B wet "7 wksolu o] FHd JEFS Fre Hik

=l
(21). &= water binding capacityE ©]&3F A5 FE AAZA 9 o]&E AT

s

HojAar §vh(2247). olAE wFF Ves THAI = ofehnl A AAs
A= A7 drdese=rt dadd, drdsezs g2 =4

of ¥stylo] Qe AA A F X3 polysaccharides 3hifoln], A& Ao FFu}
o ol a4 2ekxlth23). vdER == xylose’t a-(1-4)ZF o2 o F
o]x  FgA|o] arabinose, glucose, galactose, glucuronic acid, mannose,
rhamnose 5°] ZAlEo ZFHo e +x2& 7Kt dudsz=s 42 &
222 Z2Ye= polysaccharideo] ™, A& A 9] AXHd AEZ= ol g4 oA
Axo]l Qi F2 gFy FEUHA g BEyEolt24). FEHAAAE

fractiono] W} FnAEZ= A FuAZEZ= BE Uyo] A=d udEz=



Bel T2 dntdom dejA o, dudEsz= Af T obA deEA
A e AEoltl Fang S(25)8 wheat strawollA F&HojA & snAdE=R
25 fraction @2 A, B, C& Yetfd=dl, &2 247 7.3, 257, 1.0% °]gtar
Haustoh,  agla FuAdEE= BY 9@ FAH+= xylose(73.5%),
arabinose(12.2%)Z major componentE ©]F 3 minor sugarZ% glucose(7.7%),
galactose(5.7%), rhamnose(1.1%6)2 4% ot sttt $H Anis 5(24)2
ara/xyl ratio’} =&+ water holding capacity”’} ©l Zvta B udttl ol g
S FuAEZZE dEkE Aol xylitol A4 YBREHAZE o] & F XL
ATH26,27).

o] A7l ofgpu]m A Aite] SlojA Al E UE f4v dnAdE
Bzo] AArtEe AgEol d= FA(glucose, galactose, glucuronic acid 5)¢]
AA a3t gsts Tt adolty. B@sts VR ase o vA
ol os AatE =, B AT HAS AREstth WA AEAS #F
T Aol Fop RS FAE R dFer uFAEdRE gy 45L7)

2 f71Eds AAW o2 249 #HEow
Hellate] dF ARorw AFste]l ALY w53 AAA S Ao ol &t VI
Ao o ZHE A8 W oy} o
gom olfHolxlon, JIAoR ofe] A GFdE] £F

=]
ol S E WAl dfEo JdE P-glucano] FUFEo] FHE HoltE=

ox,
ox,
ie]
tlo
ofr
ol
lls
=,
o
Jm

N,
o
E
[\
o0
[\
<L
o
i)
e
R

o] 91+ PBP(Protein-bound Polysaccharide):= < HHZS AAsE 245 A
= XE 7tHA o R A3, macrophage?d 5 F7FAA FUAE
2 7 e o HddS AEATE 985 oo delA v & oold dES
2345 dUehdl= PBPE AHEA A BT Al B @ol 3fEo i o] &
do] utole] g Ao FIA o, ¢F Agd o]&H= JEHIAE

Agsted & 988 @9ttt Bawa Jdrk(34-36). = thE Bl sl
TAMA o ZHE = PSK(Polysaccharide krestin)o] 2t thd | 7F Aabs] o] 2] &=

d ="l ue} polysaccharide®}t protein®] H]&o] 74 da}x A HAruh
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Table 1. Properties of carbohydrolases in

microorganism(52-70)

Strain Optimum pH Optimum .
temperature(C)

L. edodes(52) 3.5 60

A. niger(53) 4.8 60-70
T. reesei(54) 4.0 60
S. commune(55) 5.3 30
V. volvacea(56) 7.0 60

B-glucosidase

X. regalis(57) 5.0 50
T. aurantiacus(58) 5.0 70
S. cerevisiae(59) 6.4-6.8 45
C. guilliermondii(60) 6.8 37
C. peltata(61) 5.0 50
A. niger{(62) 6.5 60
B-glucuronidase B. vulgaris(63) 4.0 37
E. col(64) 7.3 37
A. fonsecaeus(65) 2.6-4.5 50
P. chrysogenum(66) 4.0 30
A. oryzae(67) 5.0 50
B-galactosidase K. marxianus(68) 7.5 50
Thermoanaerobacter(69) 6.0 70
A. caviae(70) 7.0 37
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2 %3 § -75TCAdA ¥s Basi

TARAES e Atgd WSS dujdo A= YMK medium(Table 2)<
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Table 2 Compositions of the YMK medium

Components Concentration (g/L)
Glucose 20.0

Yeast extract 5.0

KH2PO, 2.0
MgS0,47H20 1.0

Table 3. Compositions of the modified medium

Components Concentration (g/L)
Glucose 30.0
Yeast extract 20.0

Table 4. Compositions of the optimum medium

Components Concentration (g/L)
Cellulose 10.0
Yeast extract 10.0
CaCl22H20 1.0
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L B i

1) Eebea wog

#AE PDA oA 6047 442 F, FAZS 1 cm® 2712 F#5}o]
Bz 100 mLe wiR|AdEo £Y3s F homogenizer® A 3}3F thg 24 C, 200
rpmell Al 1097 12 el dS st Enjdol = 250 mL A4 EZ28~3E
St

Olt

ARg3te] 100 mLe] iAol g1 10 %<1 10 mLe] Aujdds HF

AEREE 7ol o] vt 5 L AE887] (Ko Bio Tech Co., KF-5L)°l A

2
jus)
—=
o2
2
ille}
—
(@)
X

02 AEote] MY % 24 C, working volume 3 LZ 3%,
719 FYEEE 1 vvm E WS EE 200 rpm 2] 109 7F mj S A

Attt vl 71bERE pHE XA sHA 8kt

)

A 4L AXxTdALFE ol &3t sttt AT A FS Ax
< filter paper (Whatman #4)& A}&3ste] ozpst & 23] Mg ¢ 60

FFol & u7hA of 24X AEAA FAFS SASA

j=r)
=
o2
2

3
=
R

2) Polysaccharide % %

ke

Polysaccharide 7 &2 M3 vjFd S filter paper (Whatman #4)& A}-8-3}
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of Ao mjFolAs FElgk & vjFo] Aol 2u]H-9] 9] ethanolS 7tste]l 4 Tell
A 2RI WA EA T Gl e HFES filter paper (Whatman #4)E A}
=)

w7kA] ok 24A1%F A FEAIA  crude

polysaccharideE A %3}
3) Glucose #4

Wi Fel o] glucose F%E= AE WS A S filter paper(Whatman #4)5 Al

43te]  FAe wjgdS EEd & A2 wjge]dS  glucose Kkit(Sigma
Chemical Co., 510-A)& AFg3te] SA3ATE FAHLE 025~30 g/LE 14
Hj kol Ao A o] glucose FE7F o] WY EVIEE Ao A& o,

2 552025 g/L olshell A= 24 Aad 34 S Aty W& 37 Tl

1

A 30 B3 gt o, vkgo] Eyd ¥ E3333 % A (Spectronic Co., GENESYS

5%& AH&3dte] 440 nmel A F3=E SAHSATH

OD sample

Glucose (g/L) = x 100
OD standard

G533 E R B3tas e &4 A7) A (Chromogenic substrate) =
olgsl wAHLEES FAst 2A4E FASSH EAVIZEAME PNPG,
ONPG(Sigma)E AH&stith(Fig. 2). ©F3tE 7Feis] 5das 1US 189
25 ®X= 1 umol® p-nitrophenol ¥+ o-nitrophenol®] $o = A 23} c).

F3E Tt BEgdas whgolA p-glucosidase$t B-glucuronidase:= 0.1M
citric acid - NasHPO, (Mcllvaine) buffer (pH 4.0) 1 mLoll F a1 Al njj ko] of
05 mL¥} 0.01 M2 PNPG(p—nitrophenyl-B-D-glucopyranoside/ p—nitrophenyl-
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-D-glucuronide ) 05 mLS #7}3 & water batholA 60 C, 1027+ 98471
T 9 Ao zE 02 MO NaOH 2 mLe FH7F5 #3333 = 74(Spectronic
Co., GENESYS 5/)Z A&3te] 405 nmolA ODz &A%  p-nitrophenol
standard curve(Fig. 3)& °]&3] 4884 S AAeA Y. 183 B-galactosidase
£ citric acid - NasHPO4(Mcllvaine) buffer (pH 3.0) 1 mLol #j%elal 0.5 mL
I} 0.01 M2l ONPG(o-nitrophenyl-B-D-galactopyranoside) 05 mLS 715
water bathollA] 50 T, 1023t ®ESAIHT a8l g AA AR 0.2 MO
NaOH 2 mLS& #H7tgh & 33 =AlE AF&3te] 405 nmelA OD# 4%

o—nitrophenol standard curve(Fig. 4)& ©]&3] 242843 AL
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cH ok

— , H |—-:| o —
0.+ H,0 :L H O o, +H
W : dn A R
H £

PHPG bheta- glucoss p- nirophenol

beta-galacto = o-nitro phanol

Figure 2. Reaction mechanism of enzyme with

PNPG and ONPG as substrate
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y = 0.0015x + 0.0476
R® = 0.9968
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Figure 3. Standard curve of p—nitrophenol
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y = 00016x + 00129
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Figure 4. Standard curve of o—nitrophenol
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7b A FTle A

flaskell A working volume 100 mLZ3}o] YMK medium (Table 2)& o]-&3l

shaking incubator(Vision Scientific Co., VS-8480SR)ol A 24 T, 200 rpmC. =
dAskelaL, 271 pHe Z2AskA @9kth Fig. 5= 7]12wiAle] 24(YMK

medium)oll A A Fe] FAHIE T Aot vjd 2¢71A = lag phase

S Yeidort 3AARE F43 A4S BHlon 6Uo|FREE AGEErt ¢

e, 1294 Hdl T A FS dEri AT 2eid Hd d A ] of 2

T WA A Fake Adelr] wiiel dAle] Al TS F= ad

E7F A E o1

A

2) A4 4= A%
b ewst pHe 3P

Adutr o 7GRl FAM S-S 20~35 T =W YolA Fzsirta
HuEa JUi71-74). o] RiuE EUE 2 35 F3 20~35 T WA A
o] Aol W3 JFS HES A3} 24 CTAA /M = FAZFS ey
(Fig. 6). 3tA %+ 22~28 CAlolol A o] A &S wus] B 79 AFol7l 1A
BE ZoR Hol 2o e dFS 18 A vt FdEH Ak Fig. 7S
pHel o3t &S HES Axfolry, Auka el @xpatFol A FA9 5o Hg

sk HA z7] pHe b WA 402 48 A vt Phellinus linteus®l 785
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Figure 5. Profiles of cell growth in flask culture

DCW (g/L)
= N
- [3,] N (3]

©
o
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Temperature (C)

Figure 6. Effect of Temperature on cell growth in flask

culture
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Figure 7. Effect of pH on cell growth in flask culture
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pH W= 6~74 %W, Coriolus versicolor= =W ¢l 52~56, Tricholoma
matsutake= pH 5~550A TAAdl 71 v Raxo  9lal,
Lentinus edodes™= H]alZ e pH W<l 4

aso] AvH(75-79). ¥ FF= A ol F wee] pHSl 55004 Hd dAFS
LERA AT

Fig. 8& wwWtEm7t A3 mx= FaFs HES Z3oltt. 503 100
rpmel A= A o] e AaE e = o= W2 rpmoll A& A clum
o] AAWA SRR FEFETHol LA Fob Aol AME = Ao
FdEo] Xy, 250 rpmol A& shear stress® <¢la A9 AAd AalE = A
o7 Ay A Ao A= 200 rpmel A oF 3.3 g/LE YERNSITH Fig.
9= 2 EA ATl dA A vAe dFE AET Aot HFF
10% ¥ 7V e dAES YERATE 5~15%Atolddl A= A Y] ®Ekrt
A EbA] G RAIRE 2%l = e W dAlES HEWSlE ol o
A7F A2 ) cell to cell communication©] Y&s}A] K] WA Ayela F=
Hoj Xt Fig. 102 wjA|H o] dAF el mA= d3Fs AES Aielth 5
0~125 mLell A 7o) frAMeE A & b dAw, Hd dA &2 100 mLo
Hj 2 W Fo| A oF 32 g/Lo] A FS VER AT

h

j=|

SRR ESERERREE]

Fig. 112 7] Zux 2l YMK mediume AF&3le] widzAe xF714 A4
E A3E Ed&Z 250 mL flaskoll 4] working volume= 100 mLZ 3d}o] HE%
10%, 24 C, 200 rpm, %7] pH¥ 552 Zd3 F A9 AGS HES Aijo
th. Fig. 6% vl S wf Hof dAFS HA AFxzdstelA oF 1 g/l A= &

S A%E eI, Fig 614% 0 624N TAYF SEob dasl
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Figure 8. Effect of rpm on cell growth in flask culture
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Figure 9. Effect of inoculum size on cell growth in flask

culture
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Figure 10. Effect of working volume on cell growth in

flask culture
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Figure 11. Profile of cell growth in flask culture with

optimal culture conditions
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Figure 12. Effect of carbon sources on cell growth in flask

culture
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Figure 13. Effect of nitrogen sources on cell growth in

flask culture
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Fig. 14elM = A td F7197e 9FS HES dyjolv. &4

we] WMol F2 AAgHAAE F719FA KHPOs, KoHPOs, MgSOs - TH20

A FAFE H7EehA &3S F$(controDol A o =& FAFS YERYATH
05 g/Lol A9k MgSOs - 7TH:0 0.6 g/LolAe= o2 AEE7 nugds

W v E=e 23S YEHAARE control? WM F S 7 o]

A FE YeERNAY] ol wA A dis Fr1dFe] dEe x4 e A

o7 Ay ojH)

Z}) C/N ratio®] <33

a9y AaYe HlE, = C/N ratios= wAQ AFo F23 JFS F
7] W&o Fig. 153 Fig 15-19A4 % glucose =2 10 ~ 100 g/L7tA] W3S
FAI, yeast extract FEE 1 ~ 30 g/L7MA HA3E Fo] AAHEHS HEF

. YMK medium(Table 2)& ©l-§3 wjkoll s A& oF 4 g/LId wls]
glucose 30 g/L¢} yeast extract 20 g/Lol A= 28] o]4F¢l ok 9 g/LE Y
ok wgtbA H A9 v&E& glucose 30 g/L, yeast extract 20 g/l =, C/N ratio
150l A Hdl A Fs e AT

oh) 2 A uf Aol A o A B}

Fig. 169 = 3744 AESARY H2 A4zAn A w)= 240 A

of wAF, pH, #EFE HED Aoty dAlFe A5 Ay w10

A k9 g/LE HY wAZHS B, pHE 585E A &afA 35~4.08 AL
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control

Inorganic salts
S

0 1 2 3 4 5
DCW (g/L)

Figure 14. Effect of inorganic salts on cell growth in flask

culture

( 1: KH2PO4 1 g/L, 2: KHoPO4 0.5 g/L, 31 KoHPO4 1 g/L, 4: KoHPO4 0.3
g/L, 5. MgSO, - TH:O 0.6 g/L, 6: KH.PO4 1 g/L + KoHPO4 0.3 g/L +
MgSO, - THO 0.6 g/L, 7: KH:PO4 1 g/L + KoHPO4 0.3 g/L +
MgSOQO4 - 7TH-O 0.6 g/L, control: none )
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Figure 15. Effect of various glucose and yeast extract
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carbohydrolases activity at 24 C and 200 rpm
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Figure 20. Effect of inorganic nitrogen sources on

carbohydrolases activity in flask culture
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Figure 21. Effect of mineral sources on carbohydrolases

activity in flask culture
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Figure 22. Effect of cellobiose concentration on
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Figure 24, Effect of starch concentration on

carbohydrolases activity in flask culture
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Figure 25. Effect of lactose concentration on
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Figure 26. Effect of cellulose concentration on
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Figure 27. Effect of yeast extract concentration on

carbohydrolases activity in flask culture
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Figure 28. Effect of mineral sources on carbohydrolases
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( 1: KH2PO4 0.05 %, 2: KH2PO4 0.1 %, 3: KHoPO4 0.3 %, 4: KHePO4 0.5
%, 5: MgSOs7H20 0.05 %, 6: MgSOs+7H20 0.1 %, 7@ MgSO4+7H.0 0.3
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CaCls2H20 0.3 %, 12: CaCls2H20 0.5 %, control: none )

_59_



S HESFST o] W @AYoz cellulose 1 %(w/v), EAYOZE yeast
extract 1 %(w/v)o.2 39t 2 A7 7|2 A Fo A2 minerale] 933=
2e] CaCls - 2H.0 0.1 %(w/v)oll A controldll B8] A=} 7t4-Refaie &
A EF 2EY A 235 YEdY wes bR Es ALkE 93 H
T WA ELS BAYoFE cellulose 1 %(w/v), AP ZE yeast extract 1

%(w/v), mineral source®24+= CaCly - 2H:0 0.1 %(w/v)2E AR 33T}

ENEE I B T PSR P IR

Fig. 29% Eet=an el HA viAHES o] &dto] 7teEaiase &
AE AES Adolvh, dAFS vk SYATLA] A8 sl oF 8 g/Lell =
5 G TINA AEHom fHadte FdFe UEHHAT pHE 559014 A A
3l wieF 5 oF pH 3.37kA "olAthrh v FEr]el pH 67bA Fsste 4
S e e, polysaccharide:= k7)1 7H5F A vigtd 747 F5S
e sl aae] @48 ARy BE ek 1094 HAE HERY
A+=d B-glucosidase= 435 U/mL, B-glucuronidase= 033 U/mL, B
—galactosidase= 0.8 U/mLe A4S ZZh el wieF 104 o] Fof B

—glucosidase= &Aool H"oX= AES YEMNASH, B-glucuronidase®t B

i

~galactosidase®] 3% % % FEOI} BYol FANE AFL wol A5
Ams Aol glold Tehszuldel At 109704 Wdat o] AP o
F a9

Fig. 302 wi%F %271 pHell 9|3t |33 HES ZAatoltt pH 491 B



——DCW —&—polysaccharide
—@—pH —{J—glucosidase
—A—glucuronidase*10 —O—galactosidase*10

polysaccharid

Carbohydrolases Activity(l

DCW(g/L),

10 11 12 13 14

Time (day)

Figure 29. Profiles of cell growth, pH, polysaccharide and
carbohydrolases activity at 24 C and 200 rpm
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Figure 31. Effect of culture temperature on carbohydrolases

activity in flask culture

. 120
B —8—glucosidase
@© —O—glucuronidase
o 100 | —&—galactosidase
>
e
o 80 I
»
(] |
P 60
=
o
© 40
>
<
[o]
2 20 |
«©
(@]

0

20 30 40 50 60 70 80 90

Temperature (C)

Figure 32. Optimum temperature of carbohydrolases

_68_



~ 120
2
E 100 F —m—glucosidase
G —O—glucuronidase
[\ —&—galactosidase
(o]
= 80 r
©
2
g 60 |
(7]
(0]
7]
E
o 40 |
o
>
=
(] |
a 20
(]
O

0 .

1 2 3 4 5 6 7 8 9

Figure 33. Optimum pH of carbohydrolases

_64_



Wb o dAd L pH A HE

Fig. 343 Fig. 35= 7Fewaiadel ek & A 9 pH HgAel dsf A=

60 T7HAl o= A% kAol FAHTHF 60 ColdHHe w2435 &4do] 4

o1& = Al p-glucuronidase®} p—galactosidased] A-$ 45 CT7+
T7HA &Ado] o= Ax FAHT7E 2 o] &
Lol F438] Aol st AdE YERWATH Fig. 35904 pH <t A4
S AES7] 98 449 pHAlA 4 CTE overnightr 71 23} o]t} p-glucosidase

o] A9 pH 4~459 F2 dFdAM ddAHES HP, B-glucuronidase] 4%

Ry
rr
=)
Ho
rO
o2l
Q‘L
38
o
2
()

pH 3~459 dgaA] g S YefN e, B-galactosidase?] 4% d4HA
22l pH 2~359 FHolA AAALS YEMAT o] A E2HEH 2 AFoA

3. e
A EIMA FFERE YW AFRA R FHS D o= A

ANA <

® QPR Aolnl, pHE F2 oL

o2
12
ol
ol
v
rr

>
>,
i1t
o
k7
—1>
%2,
32
v

sl el A e Mgz 5 L AEWS 7] (Ko Biotech Co., KF-5L)¢) A
working wolumeg 3 L& 3&to] vlgex 24 €, n¥kE% 200 rpm, £7]1% 1
vvml E dFe] wjoksld o wjxE= optimum medium(Table 5) 02 3Fo] ujok
= AR Fig. 3604 g 844 <F 6.1 g/L2 HU A FS HEtSl
on VR ELe B viYd 108 A B-glucosidase 40.54 U/mL, B

_65_



120
2 —m—glucosidase
> 100 —O—glucuronidase
© —&—galactosidase
©
(o]
> 807
w
(0]
~— 60 -
(7]
(o]
w
o
o 40 |
ko]
>
=
o |
a 20
@
o

0

30 40 50 60 70 80 90

Temperature (C)
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Figure 37. Profiles of cell growth, pH, DO, polysaccharide and
carbohydrolases activity at 24 C and 200 rpm in
bioreactor with optimum medium(adding 100mL
glucose 5 g/L)
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Figure 38. Profiles of cell growth, pH, DO, polysaccharide and
carbohydrolases activity at 24 C and 200 rpm in
bioreactor with optimum medium(adding 100mL

cellulose 5 g/L)
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Figure 1. Structure of hemicellulose B

. /]/ O\“

/ \H
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Figure 2. Structure of arabinoxylan
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Running temperature : 90 C
Flow rate : 0.4 mL/min

Injection volume : 20 uL

4) Glucuronic acid A = (Carbazole assay)

=5

A : Dissolve sodium tetra decahydrate (0.8g) + 10 mL water +

add 90 mL of ice—cold 98% H2504

B : Dissolve 100 mg of carbazole in 100 mL of absolute ethanol
W

1. Preparation of samples, standards, and controls(250x()

2. Add ice- cold reagent A (1.5m¢) with mixing and cooling in the
ice—bath
Heat the mixtures at 100 C for 10 min
Add 50 wl of reagent B and mix well
Re-heat at 100 C for 15 min

S o ke W

Determined the absorbance at 525 nm

Al
ai
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A
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SHTE 7P A washing$ UV tablel A &%
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o} w3 Seto g ey 98te] solution BE 2 e wWojmglu oF 127
AN & Z=FTE 7MEA washing® 33 &, ¥2 A stk

P Solution A : 0.06 % disodium salt of 4-4'-bis[4-anilino-6-bis—(2-hydroxyethel)
amino-striazin-2-ylamino]-2,2’ -stilbenedisulfonic acid in deionized H20
with KOH

P Solution B : counter—stanining solution
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Rice Bran

Delignification with sodium chlorite at 75°C (pH4.2) for 2h
A

Delignified sample

Extraction with 10% KOH at room temp. for 18h

v v

Residue Filtrate
(cellulose)

Neutralization with 8M acetic acid to pH 5.5

Filtrate Pellet

Wash with 95%6 ethanol and air-dried y

Hemicellulose A

Concentration at reduced pressure anfl then precipitation in 3vols ethanol

Filtrate Pellet

Wash with 70% ethanol and air—dried

h 4

Hemicellulose B

Figure 3. Extraction procedure of hemicellulose B from rice

bran
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0.5 | R? = 0.9966

0.2 |
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Figure 4. Standard curve of glucuronic acid
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Figure 5. BC-NMR spectrum of hemicellulose B
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Figure 6. FT-IR spectrum of hemicellulose B
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Table 1. Compositional sugars of hemicellulose B

. Gluc i Ara/Xyl
Sugars Xylose Arabinose Glucose Galactose uw_mmc mannose .
acid ratio
Composition ( .
15.4 13.9 67.2 3.5 0 0 0.9

(%)
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Figure 7. Recovery yields of hemicellulose B from rice

bran
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Table 2. Compositional sugars of arabinoxylan

Gluc i Ara/Xyl
Sugars Xylose Arabinose Glucose Galactose uw_mmc mannose .y
acid ratio

Composition
63.5 11.1 18.9 2.7 0 3.8 0.17

(%)
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Figure 8. FT-IR spectrum of arabinoxylan
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Table 3. Yields in production of arabinoxylan

reaction
. 3 hr 6 hr 12 hr 24 hr 48 hr 72 hr
time

Yield(%) 67 59.2 53.4 51.3 49.7 46.5
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Figure 9. Yields in production of arabinoxylan
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uAdEz= B

Figure 10. HPLC peak diagram of hemicellulose A, B
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HESAIZE 12412 § smAdlE 2= B 74T

- 104 -



rE
olo
>
L

4817 F A AE = B PP

HEEAIZE 2N & SudEr= B AT

Figure 11. HPLC peak diagram according to the reaction

time of hemicellulose B with culture broth
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Oarabinose B glucuronic acid dtotal
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Figure 12. Change of compositional sugars in hemicellulose

B on reaction time (Absolute concentration)
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Figure 13. Change of compositional sugars in hemicellulose

B on reaction time (Relative concentration)
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Figure 14. The tendency of increasing rate and decreasing

rate of the compositional sugar concentration
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Table 4. Reaction rate of each reaction time in compositional

sugar concentrations

1st step 2nd step 3rd step 4th step 5th step 6th step
Glucose -7.83 -0.8 -1.13 -0.325 -0.175 -0.237
Xylose 2.96 0.43 0.2 0.17 0.092 0.096
Galactose 1.9 0.13 0.4 -0.03 0.004 0.054
Arabinose 2.07 0.13 0.38 0.183 0.071 0.075
Glucuroni
) 0.9 0.1 0.15 0.008 0.008 0.012
c acid
Sreaction
0 +0.01 0 +0.006 0 0
rate
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Fig. 15= Fungi-Flour Kit (Polysciences, Inc., USA)S Al-g3te] dnaEg=
A % Be F4 ZIFHE I3t ZAyo|t}l. Fungi-Fluor KitellA AMEH
staining solution AT STHFo &3A1Z1 2FE9 Cellufluorel clearing agent
2 M potassium hydroxideE #H7IAZ §Hoz F2 vAE Fd tdF B-
Aol v 5ol ow vkt A dHee oew dEA gtk olHgk

ol A= weldl dvAER=olE AHEH=A s £ A HudER =0

oo

A AR R ogRel el PHsAE 2o 78 AGFHt o 94 =
LB AAE el FRE AR KA AN Hs5d Aoz pud 7

A8E 10 mg/mLY TEE WA A slidedlE dr|AZEE= A, B slided| = 3
nAEZ=2 B, C slidedl = curdlan, D slidedl = dextran , E slideo]+
arabinoxylan A% % ¥ 1 staining solution AZ @M% & UV tableo| A &=
stith. 1 A3 curdlan (C slide)ol ¢t o] srAdEZ= A (A slide)ol A &
e dvetdo] FE AddEr pEARY S & Ak vl o2 S sk
dextran (D slide)oll A& F3S A LAt =3 FruAE2 = BB slide)?
B T o2, 2AE 27 pATS st e sow dEA Qo A%
= PFs gy grdEr= AdART o] ofghs yEhUSlth whebA
Al Er= B F4 A7 addUdS ¢ F UAAT G Fo] ofgpu|HA
& (E slide)o] 4+ F4 2%l ac2FFeoln ZAs A% pAFd It 4
adg 3Hutok pAg o] dH EAtEE EANES] pA
ghol 9jgt YA L= Wl v ZoF JiEdoen O Ay oddHTRE tha
o 93 dFAeE JgdsS & = dArt. Fig. 16& Fungi-Flour Kit solution B
< 2

SFQlgk A3tolty. UV tableol| A o] Al 22 A3E HER

o B AAETY HAs D A~ G5

D =23 Aed #H43t
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B -

A ! Hemicellulose A, B : Hemicellulose B, C: Curdlan, D : Dextran

E : Arabinoxylan (reaction time 72hr)

Figure 15. Visualization of B-linked polysaccharides by use

of Fungi-Fluor Kit (solution A)
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A : Hemicellulose A, B : Hemicellulose B, C: Curdlan, D : Dextran

E : Arabinoxylan (reaction time 72hr)

Figure 16. Visualization of B-linked polysaccharides by use

of Fungi-Fluor Kit (solution B)
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24 R Z4 2 cellulose 1 %(w/v), yeast extract 1 % (w/v), CaCl
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HH 2F Rice bran

‘ 2l #7140, pH 29

l l AZEE=22dA47A)
AR HH 2F 0 o A, e H7L,

AN
@FrAE2=A, B 79)
30 C, 72 hr v
Hemicellulose B
=4

(cut off size : 1,000)
3d

O
Y
r
P

)
1S

=0
T'__EF

(Arabinoxylan)

Figure 17. Diagram in production of arabinoxylan
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4. 2

ri

Aoz RY FrAERZZ Be FEHAGAA WE2EE 65CA, oE
€ volumed 3M|Z 39S v FuASE= B &9 385 %= HE e

Wdeh o2 dudlER= BY FEAAHANAY HAxAE Sk
PC-NMR ~#lE¢, FT-IR ~9E4S F3 sndsz= Be o]
@] P29 544 HESIY. 28a HPLCE o] &3 s dE 2= Be} o}
guj A o] Aol ZANE HES Ay FnAdEZ = B xylose 1564 %,
arabinose 13.9 %, glucose 67.2 %, galactose 3.5 %% 31, ara/xyl ratio= 90.19]
Atk o] dMAERE= BE aaAste] 42 ofepumAee] AT 2AH =
xylose 635 9, arabinose 11.1 %, glucose 189 9, galactose 2.7 % glucuronic
acid 3.8 %1 ara/xyl ratiox= 1759 A3}E el
, AvAE 2= Beb Fam Al vl Fol o] vk A Zho] wE ofgbH] A
& AT 24HE AES A3 vk Ago] A vztel whet glucose”t 23l ¥ o
glucose®] AN A #Lste= AFS WUepdla, dbdd Adidoz Y
2=8 ofghH| == A= FUkske A4S UEWdY webd ndER
= B9} vl o] Mgz ALe M2 % 30 CollA wb&A7He 24 A 7bo] 713
HAolet= vt
AvlAgz= Bsh olehvxagrel T4 AYFHET HAs] slshol
Fungi-Flour Kit& AH&3te] &-s A5ttt dd = ot 5 o A=
Aol o} A7) Wl Hma YL Yehllel 28 AR
B

R

R B S

=
&

rulo
ol
bees
i)

B
20,
50
ke
o)
=
=
N
IN
oy}
=2
>
rlr
o
©
I
=
I
s
i
S
=
=(l)l=

A W R ZA Q) cellulose 1 %(w/v), yeast extract 1 % (w/v), CaCls -
2H,0 0.1 %(w/v)o 2 3| dS atrhrh vl 49, 544 glucose 5 g/L (100
mL)ZE feedingdlo] ¥l 10U A FALA 9 vldko] ol S Eglslgdct of 7)o w7 e
25H f7]&met pH ™ol 93] dEz=et gadoe] Ad rudss

[N
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& Fos ¥ 30 C, 72 hr &< S AT 1 F cut off size 1,000
membranel. 2 F4314S 3 ZE 53 223z olghu| =

& Aol Bl AsA e HAsE sl
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Hemicelluloset™= A 72oll A cellulose to= FTH3I w4=3lEo|c)
Hemiceillulosei= 21 %& Z# A cellulose$t &4 SA=E = F271 B33 o+
olty, 1% A& AEHS o]FE hemicellulose®] FAE Fo] st}el Xylan
< D-xylopyranose 715 FH=E 71 A ZFAold. Xylangs ol F&
D-xylopyranose t71¢] F3te] v]&2 o we} th2m HAe A9 20 T 25
%E A ZAPG S (softwood)  xylane] AL 70 T 13070 A=
D-xylopyranose #7]1E59] S¢S A H 2 4-O-methyl glucuronoxylan
7} 4-O-methyl glucuronoarabinoxylan®. @ TA% o] o™ arabinose 7|7}
EA3 3L acetyl7]| = EA3A ¥ oW uronic acid 2+717F xylose &7 4 T 9 7l
3 1M vew &A% drt. FP(hardwood) xylang A5 150 ~ 20071 ¢
D-xylopyranosyl #7]E°] T84S dA3H 4-O-methyl glucuronoxylan® @
T2 T30l 3o arabinose F717F EAEHA] kil W2 FiEel acetyl”] 7}
EA3H uronic acid FH7]1&= xylose 7] 5 7 15 71 171& 7FA 2 v} xylan
o FHE Al dE BHY F7ELS D-xylopyranosed F WA ErAub A
HA ghael acetylation® o] theFgh @] JEjE HoAFrh FH e BUHAE 9]
T Bx 7o £ A Fo wet st Hx JIUE FAske dRE
2 glucuronic acid £+ 4-O-methylglucuronic acid 1% ©¢] D-xylopyranose2}
a-1,2 A%S 3lo] glucuronoxylan® S 7}xal  arabinofuranose %+7]9b=
a-1,343%& 3to] arabinoxylans #/dstH B2 9 ferulic ¢ coumaric acid
ofo] AgSs 7 Ut

A=Ae 7¥vtdE 48 xyland] 2ol vhEW A EA W xylan®] F
ol mebAE Ao Wt e FHE AW £ drkFig. 1. BE 1L

T AEE9 xylane B-(1—4) 23S 717 xylopyranose units<S FH =2 71X
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ALGAE:

Nemiales (X°)

Chlorophyta (X*
17— Talophyta ~*— orophyta ( )b .
— Unicellular— Rhodymenales (X", X")
Chaetangiaceae (X*)

Fungid

Sporophyta —
POropy Lichens

- Bryophyta
Mosses

+—— Vascular Pteridophyta

Ferns
Filicineae (AGX®)

Ginkgo (AGX®)

/

Ferns
Softwoods (AGX")

—— Gymnospermae

Spermatophyta —
Grasses (X*, AGX?®, HX")

Monocotyles Cereals (AGX®, AX®, HXY)

___ Angiospermae
s105p Hardwoods (GX°)

Dicotyles Herbs and woody plants
(GX?, AGX?, HX?, HX®)

Figure 1. &AW EA3= xylan¥ 9] Bt dF

¥ B-1,4-D-Xylopyranosyl backbone,

b B-1,3-D-Xylopyranosyl backbone,

© $-1,3 and 1,4-D-Xylopyranosyl backbone,

¥ pentosan EE xyloseE Edsla = IH
X : homoxylan, GX : 4-O-methylglucuronoxylan,
AGX : arabino(glucurono)xylan, AX ! arabinoxylan,

HX : heteroxylan — > D Rshe] ek
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I 9oy <=3 xylopyranose =& AZ o] Fo{ X homoxyland A9 1524 E
= HAHA gor gist vE o U5l AZH heteroxylanse] &
= T AL ATt El3=3 o] & gt heteroxylans ol A
4-O-methyl-glucurono-xylan HElE= 15 2] &Aoo o] X3 J=d 2-
T 4-O-methyl-a—p-glucopyranosyl uronic acid Y9AEL wEo=
D-xylose T3¢} 2= &= FHE 2= Fig. 2-A). Glucuronoxylan®l] A]
4-O-methyl-a-p-glucopyranosyl uronic acid @Y A= F <9 X7} xylose
of thal] 4716 : 124 &A% dvtar st} Arabio(glucurono)xylan HEj:= F
o] D-xylose?] F
acid @1 Ale} Al WAl 4ol A3E a-L-arabinofuranose @9 A7} @5 o2
AR e 2oz olFojx Juk(Fig. 2-B). HA<A arabinoxylan<
xylopyranose & A WA giAy T oA < A AR A o«
-L-arabinofuranose’} Z= o] A Frholel o] zt Fy Hm A=
xylan< heterocellulose 2% © w7} xylopyranose 2ol th3t X877 42
o] xylan EAE FAsHA "o (Fig. 2-0).

TN o2 Hemicellulose?! xyland] 7}&8 AAFHoNA &EH A4

Ha g9 A49 (methyl)-a-p-glucopyranosyl uronic

FYow Kraft BxE EuFoasn Folo Hug xolmd AN 2ol

AL
NH S alsle] 44 2dS 9 5402 cellulased] &
o
 —l

rir
N
i
o,
juttd
B>
e

oA HHowA &8 Thedel vk gt
A& E FA 3= heteroxylan®] ©¥H -2 xylopyranoses T4 = 3to] ok
g BRE X vddiolw Fig.o 39 REA=EA dERd F th(Fig. 3).
Heteroxylan &A1 kg Za) Ao Folstes 7l 23l ZihsE2
endo-14-xylanase (E.C. 32.1.8), B-xylosidase (EC. 32137, «a
-L-arabinofuranosidase (E.C. 3.2.1.55), a-glucuronidase (E.C. 3.2.1.131)9} acelyl
xylan esterase (E.C. 3.1.1.6)°]t}.
tjeksl FFe VMRS 245 Fol endo-1,4-Xylanase (1,4-B-D-xylan
1L he

=

xylanohydrolase, EC 3.2 teroxylan T A& 9 WH- glycosidic 23S
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Figure 2. (A) 4-O-methyl-glucuronoxylan =4} %= (B) Arabino(glucurono)xylan
Al T

22 % (C) water-soluble corn cob xylan 224 % : p-D-xylopyranose

g as

o=z olFox e FHY FHd AZE  arabinofuranose®t

0] =
pi

4-0O-methyl-a-p-glucopyranosyl uronic acid @A = o] Fojx 9

xylan®] 22 %=
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For [p-Lsumj
[

5
ol

Y
a a
Wi 1 ]
- 1< i
El i X
CRELIER R R ERE ERAAIL At R B ER ] J'\lh_l.ll.'-l-]."i,:.l_.l ] == .|\.:.I|.-1-.l'i.:|1|]| - ]\_l.ll.'-l-l"l.:\.l,.ll—
1 1 a
|¢ | === I i
i LY 1
n n

Sldale & SieCiboh

Wy IT ANl [ ) -

oz} Ac, acetyl group; Araf, L-arabino-furanose;
MeGlcA, 4-O-methyl-D-glucuronic acid; Xyl, D-xylose;

Fer, ferulic acid; p—Coum, p-coumaric acid.

; Endo-1,4-p-xylanase (EC 3.2.1.8)
; a-L-arabinofuranosidase (EC 3.2.1.55)
; a-Glucuronidase (EC 3.2.1.131)
; Acetylesterase (EC 3.1.1.6) or acetyl xylan esterase

T T T

; Feruloyl (p—coumaroyl) esterase

; B~Xylosidase (EC 3.2.1.37)

A
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Sh
=
0

st 3% (Degree of Polymerization)& Yth 7k 3ol < 3
717 EEdAY 22l dA @ xylo-oligo @olH 7t

Ao w} o] oligo ¥7F HS &2 xylo-oligo ¥ Fe= W

N
X,
lo
T ol

ofl
o
il
rir
e
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KN
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&y
Mr
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T
o
%

=
n

B—xylosidase (1,4-B-D-xyloside xylohydrolase, E.C.3.2.1.37)= 1|3l A

1

dozRE g xylo-oligo & 7FeEal do] HE AEE xyloseE AAstE
exoglycosidase©| t}. p-xylosidase™ Aoyt SR A F=Z cellz 3] Ho] 9l

= U2 yehdr. &322 Cryptococcus albidus ©49 B-xylosidase:

xylo-oligo & (xylobiose$®} xylotriose)¢] B-xyloside permease transport system

S B3 cell IE E°7F xyloseZ A== #gol| dojdr) it A9 B
-xylosidase® xylan B5&A& E3etx] E3th AT xylan 5 E &2 35}

o xyloseE A3t xylosidased] tet R 17} 7FF JQt}. 1838k exoxylanase
+ heteroxylan®] ZAt& A Ao 93] &Ado] Alst= A F ),

a-L-Arabinofuranosidase (E.C. 3.2.1.55)+ X% Zt7]o| L-arabinose’} &
A &)= arabinoxylan, arabinan, arabinose-substituted xylooligosaccharides,
p-nitrophenyl-a-L-arabinofuranoside® a-L-arabinose Zt7]o] ta] &4 7%
t}. arabinoxylan®] ™3k o] &49 #8007 [-arabinose’} ©olA &t}

a-Glucuronidase (E.C. 3.2.1.13)«= glucuronoxylan®l] A
4-O-methyl-D-glucuronose ~ #+7] Fito] &A& 7FA™  glucuronic acid<t
xylose 79 a-1,22%<& 7} 53 Ela= a-glucuronidase:=
4-O-methyl-glucuronic acid® &% xylo-oligo@ 4 4-O-methyl-glucuronic
acid& AAtel xylose @A+ AF L&A= vty d8A
Glucuronose #3k7] 9o A+ acetyl 52 a-glucuronidase?] Ao s
A Ea AHES Wef A xivkar gk

Acetyl xylan esterase (E.C. 3.1.1.6)% acetylxylan®l A xylose Z+7]12] C-2
o} C-391%]9] O-acetyl 2¥7]E #|A st} p-coumaric acid ¢} ferulic acid ¢
7] REo 42 FAE AT YE esterased EAE B HAT) Acetyld)

¥ o] = glucuronoxylang endoxylanasee] &3] HF3-A|7|H 7}EEE 7 2 A
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ojubx] erom we <o X3H oligomer’t HoldAl ok A3 RS
Q&A= acetyl xylan esteraseo] 23+ & acetyld #-go] FQsdlt} Xylan &
3 &4 Alzdle] AFe] o]&H UIREEY xyland &7tE] FEHS o] &3t
g acetyl3tAll AS g o g sk

HAA9 xylan® ZFE heteroxylan®] F&F ol dtuel arabiroxylans A
e F EBAoR stal AAAlA DolA = xylan 7HE B EAE AREEHO
xylan® ZAFE F 4-O-metyl-a-glucuronic acid®] A A=Z=d B AT %23
S W Y Jhg 23 R &4 S JFA & a-glucuronidased] &4 =73}
AA7Y Aastt) o}2 7] a-Glucuronidase™ arabinoxylan®] Ag4tel] 7b4 f= 3k
B Aolu arabinoxylanel HE AEe 71ds A7 9% WHOEN Lentinus
edodesZ ¥ AAE endo-14-xylanase’} xylan B84 F3 2SS 714 &
st A3 xylooligomer FENS AES A&7 918} endo-1,4-xylanase

o AA % FdFAS TF AT ZLe A dasit oked

r_{

endo-1,4-xylanase® 7} &3 Ab=ol s 4S5 F3l endo-14-xylanase?]
714 B3 = =43t 2} Ela=3 Xylan 7}

4-0O-methyl-D-glucurono-D-xylan®ll o sk endo-1,4-xylanase o}

o

—glucuronidased] 7|¥Z<l SAHTE wustz I AA HAAHES A

)

endo-1,4-xylanase 9} a-glucuronidase”} xylan®} 7} A2

o

4-O-methyl-D-glucurono-D-xylans 7|d 2 39S of sld F §49 A&

@ BAE BA] T aiel GF ol g @ WEL ANFA sk

{1

O
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7}. a-glucuronidase®} endo-1,4-Xylanase®] AAHS 913 & wjkol x4

a-glucuronidase®} endo-14-Xylanase2] AitS 93 #HA JAzAHS §
ato]  theFet wadd FriEe]l HuME A4S wddS A4Skl Lentinus
edodes? TAAES HEste] 2 A9 a-glucuronidase®t endo-1,4-Xylanase?]

AAbgd F ad ALkES v asko
Hjekaele] grAadow HrhsE e wAE wRE 121, 2023 74 datstd o,
FeSOs - TH:0+= 045um FEE o] &sto] "ttt 1 99 v FAdELS
121°C, 203 71 #Edsksdeh wix] 2] pHE 5N NaOHE o] &3le 552 %4
3G tH(Table 1). Wil HZF st WS 2% potato dextrose agar plateol] A
Ak TAFE lemxlemA 7|2 Adete] 2 gl JFa= WA JAET v
1443F wieF & AR 3lgste] HE
120r.m.p rotatory shakeroll A 144zt v &S sttt TAE 353t HE 3 74
4 glucose 25g/LE EtAdo g A3 ujdko(ored 1)9]9o FAME FALZ}
AL A B FAAY = A £ 2 3Avk Glucose 25g/LE EAYO
2 OAREE wf (g DollA 7HE S dAke] S B 2, 3, 4, 59
FAe e A dAF JF el Adaglel wAke] Aol FEHA FUdTh
Avicel (10g/L, ¥ 6)3 xylan(10g/L,¥<} 7) &N A dAl= AFS sk
glucose (25g/L, ¥ 1) &Fola} vlusty 27 AG&E=7F FfAow ads
HES = AU W F wiA el FAL QR R Bl dede] TR EAS F
sl E&AQ FNY AAE st ATk dAE AdEA g FReMs
Mdo]l F3] Agwro] HEHAU HEWA FRer FAZE AET glucose
(25g/L, &4 1), avicel (10g/L, ¥ 6)7 xylan(10g/L, ¥ 7) FHe] 7§ w7
of wmd HEHATE 149 wiFAl xylan(10g/L, %] 7) wlgHeA Hi
&

145.26ug/ml, avicel(10g/L, %< 6) vl Ao A =31 88.79ug/mle] vl o] A

N _&

o
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ol WFe] 24 <BSl* (gL)>

1 glucose 25, yeast extract 8, KH2PO4 1, MgSO4+7H20 0.6, KoHPO4 0.3

2 xylan (from oat spelts) 10, yeast extract 0.2, (NH4)2SO4 5, KHoPOy 1

3 xylan (from oat spelts) 5, peptone 5, NaCl 5, K;HPO,; 1, MgSO,; 2, CaCl 1

glucose 5(1), (xylan 5(2)), (NH4)2SO4 14, urea 3, KHzPOs 20, MgSO.7H:20 3,
4 CaCly 3, trace elements (FeSO47H20 1ppm, ZnCl: 0.8ppm, MnSO4-H20 0.5ppm,
CoCl26H20 0.5ppm)

xylan 5, ammonium chloride 10(1), (sodium nitrate 10(2)), KH2PO4 2,

5
MgSO-7H20 0.3 CaClz 0.3, trace elements

6 avicel 10, NH4NO3 2.0, KH.PO4 0.6, NaH2PO4 0.2, MgS0O,7H20 0.5,
ZnS047H20 0.001, FeSO4+7H20 0.0005, CaCly:2H20 0.06, yeast extract 1.0

- xylan (from oatspelts) 10, NH4NO3 2.0, KHzPO4 0.6, NaH2PO, 0.2, MgSO47H20

0.5, ZnSO4+7H20 0.001, FeSO47H20 0.0005, CaCl22H20 0.06, yeast extract 1.0

Table 1. a-glucuronidase®} endo-1,4-Xylanase?] AAHS ¢33k wj#] | =A
WE( )2 g H7be ga2dSs YERd

* ppm TS AL FH= g/le FEiS ZEet)h
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Helth FAR g BAskA 4008 sEetel wud FPe Fastgu

wad o] A #E BradfordW& o838l BSAE REE2 = o83ttt

o HA g =4(g/L)

Lentinus edodes® wAMAE wjFatr] 918 widFHe] A2 carbon
source® xylan (from oat-spelts, 10g)2 w= 121C, 20%7F 71 "3 o,
FeSO, - 7TH2O (0.0005g)+= 0.45um ZEE o] &3te] dtstdnt. 1 9 thE 8
A& (NHNO; 2.0g, KH:PO4 0.6g, NaH.PO4 0.2g, MgSO, - 7THO 0.5g, ZnSOy -
7H-0 0.001g, CaCls - 2H,O 0.06g, veast extract 1.0g)< 121°C, 20827 7}t H
AT

o HE R RS

Hjklo 29% potato dextrose agar(PDA) plateo]l A 1447t vjd® FALS
lemxlem=7] 2 Adato] I wjAlo] HFFst= WHE ol&aitt Hsd g
oo 30T, 130rmp rotatory shakeroll 4 5, 10, 15, 2094 7Fo &2 Fo] wjdFS &}
A oh.

i

ol

R R R

tal

Lentinus edodes®] TAAAA] Aoz Buj® oA AHeS Bradford®

S o] &3tY o BSAE XFEZRE o] &3t

o
3¢/

v}, endo-1,4-Xylanase &4 &<l

endo-1,4-Xylanase®] 712 & 1% xylan (from oat spelts)@E S o]-& (50

mM  acetate buffer, pH 503ttt 7123 FAR LGS 1083
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pre—incubation*] 71 & 71& 100uldll ® <k 50ulEs E§ste] 9+<S A sk T
Ak R § BE Eoll 583t THEtY BES TAAAT. AHEe A7
< DNSH 93] xylan®] w3lZ AAdE FHHEES SH3AT. xyloseE BT E
A7 ol g3t o}t e FE o <l wrAow ¢lste] DNSH 2|3
Mol E7hs atglth ¥hEAbEe] A4S fIsiA w7 e A AL
870] A71EATt 17 lumol FH = FAF FElE Fulste T4 &4

< 1Unito.2 2] st}

Me

v}, a-Glucuronidase &4 &<l

71482 Reduced aldouronic acids 2mg/dl (50 mM aceate buffer, pH 5.0)&
o] &&tAtt. £
=33tk 712 100ul, crude enzyme 100ulZ incubationA]Zl & 200ulZ 3}
s = FEst &S FAAAH Icedl A REEHES AF copper

solution ImlE H i 2023t &< 5 238]a »x]9 o2 arsenomolybdate 1mlE

MN

E42 glucuronic acidE ©]&3F% 3 Somogyi-Nelson'™ .=

9
(o)]
Me
)
8

Al

Yol mix$ 58 A4 WSS A7t 2™ F 12000rpmoll Al 53 A

2 3lo] 660nmoll Al =43k 1827 lumol® glucuronic acidel] &l @st= 3+

go] AAEE 529 B4 1Unitz Aolal ot

e

clo

- 127 -



AT759 g 2 A%

3.

ﬁo
jzel
W
o
jant

|

;QL
ol

T

2000g= 30
Fol 0.45um o 74

S

o

12

oO]: ol

ato] uj

S

b1 9l

9

=

=

=

E T ERER

7F) wtArek wl

o] § 5t

=
=

g we 4

3

w

il

pitd

—

o

B

—_
o

9o

5

C

[e]
up

o &

gl

°o]-&

5KD cut-off membrane<-

&
T

T

o] 73

el
il
Hlo
<0

ATt

9

Q

[€)

Fol x40 F3=3F 898 crude enzyme solution®. 2 0]

°

J

Z1

23] A

[e)

=

o
o

X
el
i

)

+o]

S

< BradfordH ol ¢

v 4

s

o)

ol
ol

(x40)8F &4 &

=
=

SER IS

B

o

O

X

o] (50

[e)

=

g

3k th Xylose

DNSH ol 9ol&] xylan®] &

=
i

o
[}

3HA]

endo-1,4-xylanase?] 7|22 1% xylan (from oat spelts)3d g <}

2) a-Glucuronidase®} endo-1,4-xylanase®] A=A
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o
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e
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_0|L
rie
fol
B>
o,
(ot
ox,
o

ZAANAY. 187 lumol 3FEHE g3 F8=

1Unite.2 Ao s-4th
1) a-Glucuronidase &4 =4

a-Glucuronidase®] 7]&-& Reduced aldouronic acids 2mg/dl (50 mM
aceate buffer, pH 5.0)Z o] &3Att. EFE2 L glucuronic acidE ©]-83F% 1L
Somogyi-NelsonH o2 =435tk 718 100ul, crude enzyme 100ulZ
incubationA| 71 ¥ 200ulE& #3ale 5%3F #FQt) Iceol Al 23] copper solution
ImlE Y3 2087 #2A % 23| wx 9o 2 agrsenomolybdate 1mlE ¥ o]
mix® 587F ALoA] ueS A7tk 18 F 12000rpmeoll A 5%3F 94 R}

o 660nmoll Al =7 trh. 17 lumol®] glucuronic acidoll 3@ 3t= A Ho] A
AEE ga0 24 1Unit2 AHosttt

™} a-Glucuronidase®} endo-1,4-xylanase®] wj7]3te] W& oJ&%

Lentinus edodes®] ¥|<F7|3kel] whE d@id AikFS 818ty 93ty

2402 TS5l 9l A S A a4 FA F4S AEs gy w
g SAFAOH, S EE 50TolAl ol Fo] My 1 Ay wjgrite] Ao d
TE = dWASde F71E Sty a-Glucuronidase®t endo-1,4-xylanase?] &4

L 109 A 7 =A skt AA9 fol4dE Y= specific activityZ} 7}

F =2 1690 wAbE 2T FAS Fshe Aol 7 &4 olUtk(Fig. 4,
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—@— Xylanase activity
—%— a-Glucuronidase activity
—O— Protein concentration

10

Xylanase activity (Unit/mg)
=)

a-Glucuronidase activity (Unit/ug)
Protein concentration (ug/ml)

0 5 10 15 20

Culture time (day)

Figure 4. Lentinus edodes® W& 7|7kol W&  endo-1,4-xylanase®}t

a-glucuronidase?®] specific activity®} vk of o] chula zrm
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Table 2. w7z wg& oWz ALY endo-1,4-xylanase<t
a-glycoronidase®| specific activity
Hj 7|3 ol A ok endo—1,4-xylanase a-Glycoronidase
(&) (ug/ml) activity (U/mg) activity (U/ug)

5 4.70 4.52 2.23

10 46.00 6.17 5.13

15 88.79 7.59 25.80

20 91.90 1.80 6.89
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i
S crude enzymel & o] &3lo] TAho AAE ST Lol wIFA

enzyme solutiong ZW & Fd 945 fd03 Ao vF2 dlFdS A

3til 0.5 me/min®] F42=2 0 7 1.0 M NaCl 7| &7]2 o] &4 =& xdsle] &

Bradford methodZ o] &3¢ 595mol A T4 =z Aoy ZF B3l &

(e}
s

A

A3l ¥ a-glucuronidase®t endo-1,4-xylanase?] #3& 3213}
thFig. 5). @40l #ld &S Hop 4Tl B#sta thg AA Aol A
3tk ZHze]  a-Glucuronidase®t  endo-1,4-xylanase] g4 Has
Q-sepharoses ©]&3 Sol w3 AZwfE I FYPA] FEHoz HHS

golgd 4 9l
1}) Sephadex G-100< ©]8-3F Gel filtration

Q-sepharoseE ©] &3t So|Lwd AZwE 183 oA a-glucuronidase2;
endo-14-xylanase?] &AJo] Eely = B S ol 10 KDa molecular weight
cut-off membranesS AFE3] T3 tS dAY HAE A o
Alel A= Sephadex G-100(¢ 1.5
mM2] citrate phosphate buffer (pH 5.0)2 °]&3 H33} A2l & AdA 3

5

Aol dolA HH BuAgde nt/min®]

75 cm)S ©] 83 gel filtration®Z 50

ofl,
ol

2L
R
off
o

A3 4FqS 0.
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2 1512 (- 1.5 =L
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Fraction number

—— Xylanase activity
——O——  a-Glucuronidase activity
—@——  Protein concentration
_—— NacCl concentration

Figure 5. Lentinus edodes®l A 2] $ta-Glucuronidase®} endo-1,4-xylanase<]

Q-sepharoseE ©] &3 &0l g AZwE 1
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Lox FHFANL BITHVIE 72 BIS At #89 uid s
Bradford method& ©]-83to 595moll Ao Fd:w®

S =A38e] ¥93slE a-glucuronidase®t endo-1,4-xylanased
tH(Fig. 6). Q-sepharoseE ©| &3 Sol2n3t AZwE I ANA I3 A A
%7} Sephadex G-100& ©°]&3% gel (filtration®lA  a-glucuronidase$}

endo-1,4-xylanase®] ¥3 E&7} AAES & F I} A 2AEY 3

t}) Sephadex G-75% ©]&3F Gel filtration

719l Al Sephadex G-1008 o] &3 A IAZvlEIaYIA a
—glucuronidase®} endo-1,4-xylanase®] 4o HA A wt gL =& A=
9} picke] #Z = 931 Sephadex G-75= ©] &3+ Gel filtrationS T3t
Sephadex G-100& o]&3 A =ARntETggIolA  a-glucuronidase2;
endo-1,4-xylanase?] &Aool #clF = EIWS Tol membranes (10 KDa
molecular weight cut-off)S AF&3] 53t ths GAY HAAE TPt
50 mM9| citrate phosphate buffer (pH 5.0)2 ©] &3] equilibration & H&A <]
HA A Ao s G AL NS Sephadex G-75 AH (P 1 x 100 cm)oll =

slo] &AS =H3do] a-glucuronidase?}t endo-1,4-xylanase® #£&& elsls
t}. 1 A3 a-glucuronidase?} endo-1,4-xylanase®] #&o] PSS
3L o (Fig. 7).

2h) a-Glucuronidase¥ & ] Mono-QZE ©] &3 So] a2 nE 13

Sephadex G-75% o]&3 A =ZEnE1g v A a-Glucuronidase? ZA

o
dot
re
i
rlr
Mo
ot
rﬂ
o
td

o} membranes (10 KDa molecular weight cut-off)<
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Figure 6. Lentinus edodesol~ ] 3%ta-Glucuronidase®} endo-1,4-xylanase]

Sephadex G-100S o] &3+ 2 A=ZvlE 1|5
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0.0 -

a-Glucuronidase

i)

endo-1,4-Xylanase
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S
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Fraction number
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Figure 7. Lentinus edodes®l~ - 3ta—Glucuronidase®} endo-1,4-xylanase]

Sephadex G-75% ©|&3% A A=ZwlE 17T
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ARl skl e @AY AAE Fdsidv ts EA4 BAl= Mono-Q
g ol §3 ol ARmEIYIE 50 mM MES buffer (pH 5.0)& ©]&3)
equilibration & AwAle] FHAA Adojx FHH w28 d(a-Glucuronidase)
543 FFAS Iml/mine FHo2 THFAL BIEHNZ 7
de FFo] gAe 280me] FHEE F3 A
—glucuronidase®] # &5 3H<l3dcH(Fig. Q).

g
—glucuronidase A4S Zt&= BE¥ES& ®ol SDS-PAGE(Sodium Dodecyl

Q

Sulfate PolyAcrylamide Gel Electrophoresis)Z o] &3&] &49 +£x¢ EAFS

ARG Frol EA ZAbo] AFE3FA T
v}) a-Glucuronidase® 2 2] Mono-Q2& o] &3 Lol&aZvlE 18

Sephadex G-75& ©]§3% A A=ZwlE 1T A endo-1,4-xylanased] &
Aol Feoly= B EwkS Rol membranes (10 KDa molecular weight cut-off)<
AHEE §53tal Mono-QE o83 Fole AmmEIHIAE F AT 50
buffer (pH 5.0)& ©]&3] equilibration $ HeAe] ZA oA Ao] A

T2 o g d(endo-14-xylanase)s Yt L3 d4EF=AS Iml/ming
2 o) o1
- =

7]
22 280me]  FEFE=E T Sded 4 239 dds SAH5
endo-14-xylanase?] # &2 #1359 th(Fig. 9). endo-14-xylanase 84 & zt&
S-PAGE (Sodium Dodecyl Sulfate PolyAcrylamide Gel
Electrophoresis) & o] &3 49 ¢xo #AHS AASNNTL &40 EA =4

o AHgshelu.
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Figure 8. Lentinus edodesol* A4¥ a-Glucuronidase &3 52 Mono-Q&

o] g8 Fol& AZntE 1]
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2) AAE a-Glucuronidase®} endo-1,4-xylanase? &2t AA =

purification table

2 AAAAHES 33 a-glucuronidase®} endo-1,4-xylanase
o Bag A4 2 £x9 AFS 9189 Mono-Q &ol& wd AzntE 1Y
2 383 a-glucuronidase®t endo-14-xylanase® &S R& HF sampled
SDS-PAGE (Sodium Dodecyl Sulfate PolyAcrylamide Gel Electrophoresis)&
33ttt SDS-PAGEAS] a-g lucuronidase®} endo-1,4-xylanase®] A}
110 kD¥ 52KDe.2 FA3 4 AAth(Fig. 10). Purification table A& # A

A B AA A 5o G e @ de] =85 YERAtHTable 3).

i

1) AAD a-glucuronidase®} endo-1,4-xylanase?] 3 U 7154 A= o
g4 FHujzg B

=

Lentinus edodesol Al &7 AA AL E3o] Aolz a-glucuronidasest
endo-1,4-xylanase®] &4S H<l 2F Yo, xylan®] 7t &l #Hod 7t
o]l &= glucosidase ¢ galactosidase?] &4 &4 FF& =43} glucose
9} galactose™ xylan T8¢ A7[Ao] @8 A= FH7|ZH xylan B3AQ] F2
of 9&S m AW glucosidase?} galactosidased A o] a-glucuronidase <
endo-1,4-xyalanase®] &4 FAd d&FS vA F &= 75l Ut agE
2 =53 A AAE AEE glucosidase®t galactosidase®E Wl A sloloF &}
glucosidase®}  galactosidase ] g4  =AHS B3  a-glucuronidase$}t
endo-1,4-xylanase®] A7} Svl2A FIHA=A H7S F e AZEZHN
a3t AA A4S Ed o)A a-glucuronidase?} endo-1,4-xylanase? #

o 713 glucosidase®] &4 o] 9+ pNP-Glc (p-nitrophenyl glucose,
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A B C
200 - - 200
150 - - 150
100 - - 100
75 - -7
50 - - 50
37 - - 37
25 - - 25
Figure 10 . Lentinus edodesZ%¥ 23  a-glucuronidase

endo-1,4-xylanase®] SDS-PAGE.
lane A : a-Glucuronidase

lane B : Molecular weight standard

lane C : endo-1,4-xylanase
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Table 3. Lentinus edodesZ5-E 3 a-g lucuronidase2tendo-1,4-xylanase2]

purification table

Endo--1,4-Xylanase U-Glucuronidase
Total
. Specific Specific
Enzyme Yield protein Protein | Total . Protein = Total .
; .. activity . activity
preparation (%) (ugml” conc. | activity it Fold = conc. | activity nit Fold
) | (ugmI) (Unit) p (ug mI'") (Unit) P
mg ) mg)
206.2 0.065
Crude 100 ; 0.0135 5 1.00 0.1581 0.7665 1.00
72.8 150.3 0.090
Q-sepharose 5 , 0.0135 , 1.38 0.3337 2.2201 2.90
Sephadex  32.2 2.344 359
66.56 27.78 0.0651 38.78 0.3566 9.1945 12.00
G-100 1 3
Sephadex | 19.5 4912 75.3 10.416
40.23 4.84 0.0238 35.39 0.3686 13.59
G-75 7 0 4

13.27 203. 24.415
MonoQ 0.01 2.85 0.83 0.0111 7 | 5 2.02 1 0.0492 ; 31.85
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2mM, 0.5ml)¢} galactosidased &/Jo] 9= pNP-Gal(p-nitrophenyl galatose,
2mM, 0.5mDE 22 50 mM aceate buffer (pH 6.0, Iml) =< 3 AA A
&% a-glucuronidase®} endo-1,4-xylanased] & A ojHS 2 F3] 3Asle] 5
0ClA 501 whgs Tttt ¥H8 T3+ 05M sodium carbonate (1ml)

I, 410nmel A A4S A A 183 lumol®] p-nitrophenole] A4 &
T 849 F4& 1Unit2 Aot A7le S vgoz HAA #4948 F
3] AoJA  a-Glucuronidase®t endo-1,4-xylanased 3 oA += glucosidase2}
galactosidase?] &Aool  EAEH  &FUrh  oF2#  a-glucuronidases}t
endo-1,4-xylanase= xylan S 2 uw FHo HAlEo| EA5t=

glucoset} galactosed] &4o] ¢l A2 FHEJAHFig 11, Table 4).
2) endo-1,4-xylanase ¢} a-glucuronidase ¥+& 719 &4 3}
7}) endo-14-xylanase ¢} a-glucuronidase® &xo o3l Z 23}

Lentinus edodeso| 4] 3%+ a-glucuronidase®} endo-1,4-xylanase® = %

W R tE 2AE Adtel dFE LEelA WIS FAs AP P
Moz 7 mad 242 43k

(1) endo-14-xylanase®] 4 Htg 2% 9 2% AAA

endo-14-xylanaseZS 25, 30, 40, 50 Cel A Z}z} 10#3F incubation 3 $ &

oft

2o A xylan ®3 A4S =439 endo-14-xylanase= 40Col A 713
& A48 ®AHFig. 12). endo-1,4-xylanased] &% ¢t S dolr 7] 938}
o] 30, 40, 45, 50Tl A Z+ZF 1027 incubation 3 om ZHzte] oA 108,
30+, 60+, 120 180% 300%7t incubation ®F 40TCo|A xylan &3] A4S
=A35H . 30, 40CA A endo-1,4-xylanase= 90%°]49] EAS X3t o™
30ClA 300 incubation Al 80%7}7F¢ &S A 8 vH(Fig. 13).

e
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pNP (U/mg)

B PNP-Gle(U/mg) [ PNP-Gal(U/mg)

i—_LI.T-r.TT.TT.TT.

Sephadex G-100 Sephadex G-75 Mono Q (xyl) Mono Q (a-glu)

LR Q-sepharose
Figure 11. Z} AAl ZHAHoA Ao]A a-glucuronidase$} endo-1,4-xylanase?)
38 Y glucosidase®} galatosidasee] 4%
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Table 4 Z+ A Ao A Ao]A a-glucuronidase®t endo-1,4-xylanase?] 32

W glucosidase®} galatosidase®] &A%

Glucosidase activity

Galactosidase activity

Purification steps PNP-Glc relative PNP-Gal relative
(U/mg) activity (U/mg) activity
Hj| -l o 4.20 100 1.72 100
Q-sepharose 0.44 10.5 0.083 0.48
Sephadex G-100 0 0 0 0
Sephadex G-75 0 0 0 0
Mono Q (xyl) 0 0 0 0
Mono Q (a-glu) 0 0 0 0
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Relative activity (%)
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Figure 12. endo-1,4-endo-1,4-xylanase ¥F-39] &% 2]
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Figure 13. endo-1,4-xylanase?] &% QA A

-@- : 30C, —A-:140TC, -O-: 45T, -A- : 50T
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(2) a-glucuronidase®] #7# ®bg 2% % &% FgA
a-glucuronidaseZ 25, 35, 45, 50, 60Col A z+zF 10%%F incubation 3 %
g =% =2 aldouronic acid 7FrF 3 &S 43T a-glucuronidase™

50CelA 714 =& &S ¥At(Fig. 14).

}) endo-1,4-xylanase 9} a-glucuronidase® pHeoll o3t & 4 3}

Lentinus edodeso| 4l 3%+ a-glucuronidase®} endo-1,4-xylanase? = %

HbS pHell W@k 2AFS flste] Azhe] andls e 2xolA &g 71d

(1) endo-1,4-xylanase®] #4 ¥k pH % pH ¢AA

Lentinus edodesol A AAF¥ endo-14-xylanase® &% uHk$ pHel o gt
ZALE St g S8 AE ol st W pHHES A dig A4S A6t
Atk pH 3 7 59 WA= 50 mM2] citrate bufferE o] €333 pH 5 ~ 72
H o) A= 50 mM citrate-phosphate bufferE o832, pH 7
ol A& 50mM Tris-HCI bufferE o]&3le] pHEHE A5 4 g5 &qo
2 pH7F 248¥ EA89E 40ToA 1AZHESE incubations & § A4S =
getol ZF pHel gk &4 AAFE &< o (Fig. 15) T

7)
4 2agds 44 gFddoer Axd 7B AqdN wEE AA vEE

o
T
Lo
i
oX
tlo
Jﬁ?l

213}t (Fig. 16). endo-1,4-xylanasex pH 3~6AFo] oA 80%°]
deol &8 FAsEE on pH 4.0004 7 =2 &S Bt
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Figure 14. a-glucuronidase %
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Relative activity (%)
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Figure 15. B #| ¥ endo-1,4-xylanase®] pHel o

pH
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Relative activity (%)
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—— citrate phosphate buffer

4.5 5.0 5.5 6.0
pH

Figure 16. A A9 endo-1,4-Xylanase 939 pH &4
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(2) a—Glucuronidase®] # 2% ¥+ pH

Lentinus edodes9l A & # 3+ a-glucuronidase® 2% Hk-g pHell o3k XA}
£ 9ete] gt 58 As o] &35kl W pHHE M g F4S SAs A
pH 3~59 Wlel A= 50 mMe] citrate bufferg ©] 83313, pH 5~7° H$lel
A= 50 mM citrate-phosphate bufferE o]-&3t9om, pH 7~8¢

lo
oL
do
o
>
rr

50mM Sod. phosphate bufferE °¢]&3lo] pHEHE A3 24 58N
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e %7

xylan¥} 4-O-methyl-glucuronoxylan®] endo-1,4-xylanase®] Z ufjz}-8of
ojate] AAEE =S EAs7] $ste] ke A EwhE 29 (Thin Layer
Chromatography)& 4-33sle] 9o 4GS ZASFY T 50mM citrate buffer
(pH4.0)ell =21 oat spelt xylan (19%)3} 4-O-methyl-glucuronoxylan (1%) & &
A 1mlE 4249 7122 o] %Y buffertid endo-1,4-xylanase 100ul & =
=3l 30Tl Hl 24 A7F FF WEEAIZ] & dojA= T AHES E
A BEARH o] g Hdtt &8]E sampleE-E thin layer chromatography& silica
gel plate 60 Fossoll 5ul 2 A & 3} % in—propanol-ethanol-water (7: 1: 2, v/v/v)
E A& 2 AREstdTh FE3] A0 A2 $ 5% sulfuric acid (in ethanol)&
el ZaF EFske] 110ToA 523t 28 7k 23 AES @<lssih 7

= =42 Xylose, xylobiose, xylotriose, xylotetraose®} xylopentaoseS A}-&3}
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AlZro]l A 45 xylan® 4-O-methyl-glucuronoxylan % xylo-oligo &°| %
23PH A endo-14-xylanased] <3 xylan® 7FrE3s F3H AHES xylobiose,
xylotrioseZ ©]F i (Fig. 18) 4-O-methyl-glucuronoxylan® 7}5E38 F2 AF
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gigo]  FAlel Hasirt
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X3
X4

X5

Figure 18. 30C, 50 mM citrate buffer pH 4.0914 1% oat-spelt
xylan¥} endo-1,4-xylanase?] Zw] ztgo 23t 714 E3

AHE 9] Thin layer chromatography< ©] 83 4]

- BRE AIZE
lane 2 (30%), lane 3 (1A]%}), lane 4 (2A1%1),
lane 5 (3A]%}), lane 6  (5A]7h),
lane 7 (9A]ZH), lane 8 (1524 7h),
lane 9 (20A]%4), lane 10 (24A]%1)
- %+ =4 (lane 1)
X1 : xylose, Xy : xylobiose, X3 © xylotriose,

X4 © Xylotetraose, X5 : xlopentaose
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Figure 19. 30C, 50 mM citrate buffer pH 4.094 1%
4-O-methylglucurono-xylan¥} endo-1,4-xylanase®] = vj
2}-g-of o] gt 7F Rkl EA =) Thin  layer
chromatography< ©]83% #4

- Wkg AIZE
lane 2 (30%), lane 3 (1A]%h), lane 4 (2A]31),
lane 5 (3A]%1), lane 6  (5A1%1),
lane 7 (9A]ZH), lane 8  (15A]7}),
lane 9 (20A1%}), lane 10 (24X 71)
- i+ =4 (lane 1)
X;  Xylose, Xo : Xylobiose, X3 : xylotriose,

X4 ¢ Xylotetraose, Xs : xlopentaose
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A Aoslgd o Ao W o2 endo-14-xylanased AL FAA Lo

AES B3] A3 a-glucuronidase?] 42 Somogyi/Nelson A 2FO 2 free

(1) 7148 FFol w2 a-glucuronidase®} endo-1,4-xylanase &4 9] o|&EA4

Lentinus edodes ZEYE AAtE a-glucuronidase®t endo-1,4-xylanaseZ
oat-spelt xylan¥} 4-O-methyl-D-glucurono-D-xylano| Z}Z} A gst3 S w 7}
T 2 FHo] AAE AEe A vuE st o] 23 a-glucuronidaseE Z+
zZte]  7)1do]  AYsHS W Fg¥HE 4-O-methyl-D-glucuronic  acid#
endo-1,4-xylanases Z}7te] 7| &l AHeletds W 2= xylooligomere] Ak
E9o] %2 4-O-methyl-D-glucurono-D-xylan< 7|22 39S w7} xylang 7]
A= 39s W 1o A AHEe] 2 E FUHE S EAoh(Fig. 20). HZel a
—glucuronidasex xylo-oligo®ol X g =)o) AdAY HA9 xylan EFA ] A7}
A ZH EA8E 4-O-methylglucuronic acid & Ao vk 714 Eo]Ado] goi:=
Ho| F&wm3 gty F29 a-glucuronidase® ATE 4-O-methylglucuronic
acid @9 A wto] X 3xo] glE  xylo-oligo@ol A &ad] o]Fojxa glor}t #H
A9l xylan B&A A9 a-glucunidased] Aol ##3 AFE= o}z uw Fsh}
WA Thermoauascus aurantiacus, Aspergillus niger$} Schizophyllum commune
o 5] AArE a-glucuronidases¥to] xylan &A1 9t xylo-oligo@ol] &A1&
= 4-O-methylglucuronic acid @9 Aol tjst &4 H7LE e F 7|2 o
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2HE ALE a-glucuronidase= + 71Ze] AR AolE HGOoW o=
xylan B3] F+x4 4-O-methylglucuronic acid @A 4

=

1+ °] a-glucuronidase®] #go HolE oy dAFL

(2) a-glucuronidase®} endo-1,4-xylanase £ e g4I E 2 A5 #E

4 3}
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Figure 21. Lentinus edodes®Z4-E] AAFE endo-1,4-xylanase}
a-glucuronidase®] &3-S o] &gk
4-0O-methyl-D-glucurono-D-xylan®] 7}=&3a %4

Ad 27 45T, 50 mM Sodium acetate buffer (pH 5.0)

Symbol : (V) ; Xylooligomers, (@); Methyl glucuronic acids
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Lentinus edodes ZFE AAE a-glucuronidase ¢} endo-1,4-xylanaseE &%

(ot

3}e] 4-O-methyl-D-glucurono-D-xylano] &3S w 7} & 2E9 A
2 v e A 4-O-methylglucuronic acidd #3 AE7F 24zt 425 &
#etAl &l a-glucuronidasewt-& EAaR oz AMEHS w WUk 24 W) b ST
392 endo-1,4-xylanase?] AF=9l xylo-oligod el 7% 38 71 =7lstdtt
(Fig. 21). Endo-14-xylanase°] ¢]sle] oA = 71 E& 2ES 4A

—glucuronidase & #8389 S w] dojx+= 4-O-methylglucuronic acid®] % =3

o

Hl 1= oat-spelt xylane 7]|EZ 3l 4H$ a-glucuronidase®ts a3 7] 2
Egdez Ay sdes W B dig 75w F7F ssln
4-O-methyl-D-glucurono-D-xylans &3 AEZ 3= A9+ 550 S7HE
st tH(Fig.  22). endo-14-xylanase® Az $ doJx&= AES o]&3l9 «
—-glucuronidase®] @ 3tgS w 7l Esfo] 93 4-O-methyl glucuronic acid
9} xylooligomer?] A #4 FT7} Fd3ti= 2] a-glucuronidase g & AojA
= 2HE S o] &3+ endo-14-xylanase?] vl 2ZFgo] 293 AE9 FTIIELS A
A o= w9 Zokrh(Fig. 23).

Siika-aho®] Aol W2 Trichoderma reesei =ZHE A3 «
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4-O-methylglucuronic acidel?+ &Ado] vt B Tl Vresd Ao w

21 xylanased 93¢k xylan® 7} a3 28 G2 xylan Fol #3717}

)
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Methyvl Glucuronic Acid (ug'ml)

Figure
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