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Optimal Production of Xylooligosaccharide by Using Recombinant Endoxylanase from Bacillus
subtilis. Yeon-Hee Kim', Sun-Yeon Heo’, Mi-Jin Kim®, Jae Hyung Lee’, Young-Man Kim* and Soo-Wan
Nam'™. '"Dept. Biotechnology & Bioengineering, Dong-Eui University, Busan 614-714, Korea, *Molecular
Bioprocess Research Center, KRIBB, Jeongup, 580-185, Korea, 3'Dept. Biomaterial Control, Dong-Eui University,
Busan 614-714, Korea, *Dept. Food Science & Nutrition, Dong-Eui University, Busan 614-714, Korea - Xylan
is a major hemicellulose component of the cell walls of monocots and hardwood, representing up to
30% of the dry weight of these plants. To efficiently hydrolyze xylan, the endoxylanase gene from
Bacillus sp. was expressed in B. subtilis DB431 by introducing the plasmid pJHKJ4. The total activity
of the recombinant endoxylanase reached about 857 unit/ml by batch fermentation of B. subtilis
DB431/pJHKJ4 in LB maltose medium. The majority (>92%) of endoxylanase was efficiently secreted
into the culture medium. The recombinant endoxylanase hydrolyzed more the birchwood xylan effi-
ciently than the other xylans. When 4% concentration of xylan was used, the highest production of
xylooligosaccharide was observed, and xylobiose and xylotriose were the major products. Optimal
amount of enzyme and reaction time for producing xylooligosaccharide were found to be 10 unit and
1 hr, respectively. In addition, the temperature of 40°C~50°C gave the highest production of
xylooligosaccharide. Consequently, the optimized conditions for the production of xylooligosaccharide
through the hydrolysis of xylan were determined as follows: 10 unit endoxylanase, 50°C, 4% birch-

wood xylan, 1 hr reaction.
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MEZF, plasmid ¥ YEME

%% endoxylanase &L 93 &ZANIEE Bacillus
subtilis DB431 (trpC apr npr epr bpn)E AL8-81Q.0.1, plas-
mid SFE A% E coli $FHEEE DH5uE ALL59 T
Bacillus sp.%-2}¢] endoxylanase % 2H639 bp) W&o 3&
g 733 Py promoterd} endoxylanase §#z} A4 pro-
moter (Pg)ol] ¢|3] =A== pJHKJ4 plasmid [10,13]2 Al
89131, Contente®} Dubnau[6]& A}8-3tad B. subtilis
DB431d] #4AES A

3|2, S| HiX] Y BHExA

pJHKJ4 plasmid& 3431 B. subtilis DB4319] wjj o2
LB ®}#](0.5% Bacto-yeast extract, 05% NaCl, 1% Bacto-
tryptone)o] 2% maltoseE H7}8 LBM H) 2|2 A}&3-4c).
A ZF Bacillus 759 Aok LB MlA 2 gon SaA
32w R Az g A FE%E 1-5% (v/v)E gtk
Ze23 WA= 500 ml baffled flask {(working vol-
ume: 50 ml)Z 37°C, 170 rpmolA F-ajs}gon, daz
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{KoBiotech Co., Korea) 3]&uoF2 LBM v Ao )& %
Azt A S8 3194tk working volume, 2.0 I; &%, 37°C; =
7] pH, 7.0, ¥¥H& %, 300~800 rpm; B714 %, 2~4 vvm,
A frhgMe LB A2 5~6 AT &G ¥
528 %)(10% Bacto-yeast extract, 20% dextrose)Z 50 ml 4
4 ol FFSAT 27 g Foe 101, U4
= 2 vvm, WHEEE 300~800 rpm (DO 30%), pH 7.0 5
o 2oz 47HYsAT.
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A2 Bacillus 72 LBM 9A 2 A1eahed 21 Bz
of 47 T S Eujokete] vl 45 AE 70% ammo-
nium sulfate® FA3}le] WAL 10,000 rpmol A 1087+
ALt JHAD F 24 HFF 20 mM phos-
phate buffer (pH 6.0)] =o]x 12,000 rpmai] A 1083 Y4
T3t 884 HAAE AAF & 20 mM phosphate
buffer (pH 6.0)2 4°Col| X 24X 7t B tt. EANAL yl-
trafiltration membrane (MW cut-0ff=10,000, Millipore,
Bedford, MA, US.A)S o] &3ta] %2 A AT
= TTH2ZRE xylan &
9] 7140l HE xylang #3798 4A T 5
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Z pH 4571 HE & 2434 o] A 269 oetLS
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TLC % HPLC 24

Endoxylanased]] ]3] 7}4=E3%® xylang thin layer
chromatography (TLC)$} high performance liquid chroma-
tography (HPLO)E o] &3} BA3ttt. A4k AN E
o JPRAE TLCE ol §ote] LA, EAEL 250
ml Z2}2:3¢] 30 ml 2~8% oat spelts xylan, birchwood
xylan, corncob xylan#} 20 mM phosphate buffer (pH 6.0),
enzyme solution (2.5~25 unit/ml)& total 60 mle] H 52
HA71d F 40~70°CoAl A uhg AT AL 587 d3
2] ¥ Ztzte} uhg- & 5 pl¥& TLC plate (Merck KGaA,
Darmstadt, Germany)e] %% % chloroform-acetic
acid-water (6:7:1)2 A L2 33 AAsYct YAEL
ethanol-sulfuric acid (95:5) spray 2 100°Col| A 5%7} w443}
At Xylan 7}=23] $ WA E xylooligosaccharide®] A %
#4& carbohydrate analysis column (Waters)o] %3¢
HPLC (Alliance 2690, Waters, Milford, MA, US.A)E o] &
o] 24319tk 1 mle] &4 w-39S membrane filter
(ADVANTEC MFS, Inc,, Japan)& o] &3}o] ojz}ste] &
3 BAE AAAY E4 vk 100°Col S 5237 744
3to] FA A7l & evaporator (Bioneer, Taejon, Korea)E o]
§35ta] FFAIA pellets 574 100 plol AT o5
B0 2% 75% acetonitrileg A}£3t9]1, columne] &£x =
25°C, fr&& 23 12 mE 3o FFF 10 plg P
Standard 2 = xylose (Sigma, St. Louis, U.S.A.), xylobiose}
xylotriose (Megazyme, Ireland)Z A}-&-3} 4t}
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< HH 208 FopR YTl B2 FEE 05~5%2 §
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&Y< yeast extract®] B¢ $E7 ¥&TF FASHY &
dol A vgor, 1%9) yeast extracts A3t RS W 7}
A & specific activity (29.8 unit/ml/ODg)E H& 5 3
Ach weA SR A 25 2% maltose, 1% yeast
extract® AFE-3}7]2 gth(data not shown).
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Fig. 1. Time profiles of cell growth, maltose and glucose con-
sumption, and endoxylanase expression by batch cul-
ture on LBM medium (A) and intermittent fed-batch
culture (B) of B. subtilis DB431 harboring pJHKJ4. Each
feeding medium (50 ml) was consisted of 10% yeast ex-
tract and 20% glucose. Symbols: (@), cell growth; (M),
residual maltose; ((J]), residual glucose; (A), ex-
tracellular endoxylanase activity; (4), intracellular en-
doxylanase activity

e
»



endoxylanase’} 2& ZAo| A vk A} 1429 maltoseS
Hutgtol] AREA] £ Agjo] 3o B wj[10], B. subtilis
DB4319)) A =% ¥ endoxylanaser AR &EEE A uk 7
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ol5olx 90%0)d A FAL A

ol }e Fetxzas Baz RG] ARz R,
718 $53S o] &3t f7h%E QA sk thFig. 1B).
Z7]d= LBo vty FAE 40| &gl t)4524)7)
BHRE 20% glucoses} 10% yeast extract ¥Z 8] A 50 ml
of 2A1ZF HA 0 2 49 50 mlS th E4)7] EukgtA] 4
TEOAT IET A PN FASHL S| o
e LBMEj A A 9] 35w st vlas) B F4Z4e
EHERT 20 = /e ¢ 4 9Tk endox-
ylanase T&-& SAZHA BB AM 3] dAH 7] A Zato] wjok
122174 Hd) 84 1,000 unit/ml2 Jeptow olue] o
PR G2 846 mg/12 et} 3R g H e 827
TAAFH 0] &3] Yoty 11 o] Foe A FAFE
48 F dden, A FAAE N1AEFE dE 154
DRA AL F07E 1 Feole A9 §ARS ¢ 5 9
At

fb @t o |

SAZETQ 71”0 mE xylooligosaccharide] Afat

FEAF 59 W xylooligosaccharide®] 24 W3le =A}
at7] 4alA 5% € endoxylanase ZFANL 25,5 10 2
25 unitZ 2% birchwood xylan, corncob xylan, oat spelts
xylan -9 50°Coll A} 12A174742] wk-g- A1 AT}, o] ¥l o]
ARES TLCE #43 23S Fig. 2 (birchwood xylan¢]

2.5 umit 5 anit
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Fig. 2. The effect of enzyme amount (2.5-25 units) on birch-
wood xylan hydrolysis by recombinant endoxylanase.
S, standard; C, xylan without enzyme. Reaction time:
lane 1, 10 min; lane 2, 30 min; lane 3, 1 hr; lane 4, 2
hr; lane 5, 4 hr; lane 6, 8 hr; lane 7, 12 hr
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%)l detlii=l, 3713 E/9 xylan7] Ao A ¢ xy-
looligosaccharide A%< HlI&EE & F YUtH(data
not shown). 2, 2.5 unit ¥7} A] ¥-& 30% 3-0) xylotriose
7} AAREQoW ukg 247k B xylobioser} AAES
e 4 YA 10 unit o] 4o AAF HIL A whE 108
#) xylobiose, xylortioseZ #2& & glglon] ¥HS 14714
T 5E uhgo] o o] FolHEE AT & YA 10
unit®] 45 HA7INAE 0 7HE B2 xylooligosaccharide
S 9S F URen I oY EAFE HIMIHAE e
B e 27t wgton A2 ol Ak xyloseT AAEE
9% & A= ol AdE xylooligosaccharide 4%
Aole A F&S Yehdn. £3 99 AgAgE 3
E] B. subtilis endoxylanase®] xylan &5 @& E3Ar T
ZAE & 9J%l=4l, endoxylanase 49 10 unitE 7]F 2.
2 823 Bk w), 37}%] 718 ZFolA xylobiose, xylo-
triose7} F A E0l.2H, o] F birchwood xylandj A 7}
4 & xylobiose, xylotriose7} AHEE & 4 it} wat
A xylooligosaccharide AA+g g HF FihsTv 10
unito] 12, YA ZHE 1A|ZEO. 2 F5-8tH 7| A A& birch-
wood xylano] AH3gHS & 4 U

HIS2T0| ME xylooligosaccharide At

Xylang Bacillus endoxylanase& 7}5%23)] A] #1225 d)
w2} A H xylooligosaccharide?] 24 W3l = zA}E 7| 9
8] HPLCE 33l th(Fig. 3). 53¢ 10 unit xylanaseZ 3
f3t2 3= 2% birchwood xylan £-98- 40°C, 50°C, 60°C,
70°Coll A 1417+ wk-g-Al AT 2+ 2204 xylobiose7} xylo-
triose L.t} ol AJAE = HE L v 53 YA T 60°Col AHo)
™ 9S4 89l xylobiose, xylotriose® 43S ¢ 4
318 o] endoxylanase & &L & 60°ColA|ut o] £%
i @ AR QlE AHE ZA7F Yehde A

Fig. 3. The effect of reaction temperature (40-70°C) on birch-
wood xylan hydrolysis by recombinant endoxylanase.
The amount of 10 units of endoxylanase reacted for 1
hr. S indicates standard.
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OS2 BIE14]. F HYAAHEQ xylobiose, xylotrioses)
xylooligosaccharide& FU A 9 Bifidusi o F4& &
A 9% 5%E /AT YT WA xylooligo-
saccharide &Y4tAoll= endoxylanase 3 w22 60°C7}
obd 2H T W 40°Ce} 50°Col A 33X 71 Aol AHEs)
01 goEt B¢ SRo)M 9389 A2 endoxylanase
o 3% 259 YFE A7 ¥A 9 xylobiose, xylotriose

AAEE A7 v ws)E o(data not shown), Bacillusol A
¥ endoxylanase®] 7§ xylooligosaccharide A4+ A] &
o %S wete AL ¢ 4 AU xylobioses] B4
o] xylotrioseHT} $-A3HS & 4 YAk

X o ¢

Mo (il nZ 3L 1o

JIFSE0 T2 xylooligosaccharide AAt

HAY xylan =& ZA37) 98 birchwood xylan
(2~8%)3} endoxylanse 10 unitE 50°ColA 108 ~12A]7F
HEAIF T o] BHEAAES TLCE BA43 43, 7|ds %
7b wolg ol wet h R He £57) @A AL §
& 4 A A=H), birchwood xylang 4% AL4-514-& uj 6t
Azl v3) 713 %L xylooligosaccharide S A48 1,
A E<Q] xylobioses} xylotriose® HHE 10826 A g
gg 4 U (Fig 4). =& HLA70) 2 g9
(xylose equivalent)q #9] AT 4% xylang A& &
W El&Er g wads AL ¢ 5 Aok 2L 54
FEEAHEAE @, 7149 FEI e 2% xylano] e 3
93 &9 At FEHAD, 25X xylan 6%} 8%)] H
Tl E 7124 FE7t Boldd we J5Es) £xe A3}
7t dojitg Aoz AAHET) E colio) A 2HF Bacillus sp.
endoxylanase?] 7% 2% oat spelts xylan (w/v)< 40°Coj| A
10A17F WHEAIH S o 142 Fo) FHAEQ xylobioser}
A4EE B F ddedll), 8 Q70049 xylan 74553
AZRGNE O £ 7ASEE AF&atd BSAAS 1)
Zleid £201 o mES ¢ 5 AU

oft o N oo o

2 9o

HEA FRHES 3 hemicellulosed] hH-£E 3}
Ak xylane: F4t W718 & ZA) 429 o} 30%E A
Aste T4 ALEZ ) o3 xylang EHFHo T B
33t7] A3 Bacillusol A L&AZ] AZF endoxylanaseE
o]-§3t 7154 4F&AQ xylooligosaccharides] 37 A
4 Z27E ZAEYT B osubtilis A2 FF DB431/
pJHKH4E o] &3 F&Z 3 §u|¢ 23, endoxylanse?] %
24L& 857 unit/mlo] ™, o] AEute s Bujgs o
T 93, BEuEEe 2%z Jelhgot AZF endox-
ylanaseg ©]-§-3}¢] xylan® 2 2€] xylooligosaccharide 434
2 9% A w23 L AEF A, xylooligosaccharide
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Fig. 4. The effect of birchwood xylan concentration (2-8%) on
xylan hydrolysis by recombinant endoxylanase. The
amount of 10 unit of endoxylanase reacted at 50°C. At
each time point reducing sugar (xylose equivalent) re-
lease was quantitated by DNS method, and the values
were plotted against the incubation times. S, standard;
C, xylan without enzymes. Reaction time: lane 1, 10
min; lane 2, 30 min; lane 3, 1 hr; lane 4, 2 hr; lane 5,
4 hr; lane 6, 8 hr; lane 7, 12 hr. X3, X5, X3, Xg X5, and
Xs indicate xylose, xylobiose, xylotriose, xylotetraose,
xylopentaose, and xylohexose, respectively.

e 98 71AE & birchwood xylano] 2 geS & 4=
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Arhekod 147 AL W % Be %) xylooligo-
saccharide g A 4 YY1, B2+ 40~50°Cr) A
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