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Production of Xylooligosaccharides with Thermostable Xylanases from the Streptomyces thermocyaneo-
violaceus. Lee, Oh-Seuk, Chung-Sig Choi, Jun-Ho Choi, Gil-Jae Joo, and In-Koo Rhee*. Department of
Agricultural Chemistry, Kyungpook National University, Daegu 701-702, Korea — Streptomyces thermocyaneovio-
laceus producing the thermostable xylanase was used for the production of xylooligosaccharides from xylan. The
optimal conditions for the xylanase production were investigated in a jar fermentor, which operated at 2 vvm acra-
tion and 400 rpm agitation speed at 50°C for 24 h. The optimal reaction condition for the production of xylooli-
gosaccharides with xylanases which were prepared by the precipitation with ammonium sulfate, were obtained by
the reaction at 60°C for 12 h in the mixture composed of 10% birchwood xylan in 50 mM sodium phosphate buffer
(pH 6.0) and 10 unit/ml of xylanase. In this optimal condition for the xylooligosaccharides production, the mixture
of xylooligosaccharides (58.8 g/l) which were composed of 20.1 g/l of xylobiose, 8.9 g/l of xylotriose, 4.5 g/l of
xylotetraose, 16.2 g/l of xylopentaose, and 9.1 g/l of xylohexaose, and 5.0 g/l of xylose was produced from 100 g/l

of birchwood xylan by the xylanases of S. thermocyaneoviolaceus.
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H;O, 0.005% FeSO, + 7TH,0, 0.05% KH,PO,, 02% K,HPO,
2 1.5% agan)E o|83le] 37°Co| A 1| FY wicksle] %
AZ XA 4°C BAsT vl 1 e A uoFs)
ek, gt Bk XMEEIAAe] EAL gt WiFelE XM
KAl A FBte] 50°CHM 24 AZF wieksisdc). Eet
23 uiekell = ARR2PIM ZARE EA420AK- wiA]e] WB
w2} (0.8% H71-&, 0.06% yeast extract, 0.06% bacto-pep-
tone, 0.05% MgSO, + 7TH;0, 0.005% FeSO, - 7TH,0, 0.05%
KH,PO; ! 0.2% K,HPO,, pH 7.0)ef Eufekd2 2%
&AM 50°CelA 24 A|ZE wieFslgdv}. = jar-fermentor
(KFC 2.51; F=1dE7]) wickllAe WBHA|M H7)g
FEE 20%E FoM Eokazm wiokelMel o] 50°Ce
Al 24 AZE weFsted ARE-3H .

ERAoHe| X

E ARA AMSE BAN-E AJ7]e] Z7e| A wiokE vl
A 11E APl E o8t F YA Hesle] d2 A
AL SARIEFOE S0%7HA] E3AA skt A o
5 WAEEEl FAHES 3esideh A Sachia
& #43ke] 50mM sodium phosphate buffer(pH 6.0
485t ¥ Fd SF5Y o= w) 2 Az} el g w3l
&mA 8 AJZE FAIsted B Adgel 218310

o o

24 JEEe 8

Zb BRg-EAAA HREAIZ xylan®] FEpEEES TLC
3 HPLCE ¥A43lgic}h. TLCE= Z/0-4vlE 1-buthanol:2-
propanol:water:acetic acid:acetonitrile(7:5:4:10:2, v/} A3}
o 5 AZF ARl AAF- T4 TLCHE: methanol
90 mie} 218k &4 10 ml E3F8-Hell orcinol 0.2 g& ¢l &
Hof| 2 27F T F 95°CoNA 5 E7F A shelsied)

HPLC ¥ 9j|A*= Sugar-Pak I column(® 6.5x 300 mm,
Waters Co.)& AF33lglom] o] FAkO 2 Ca-EDTA -£<%(50
mg Ca-EDTA/1 25, pH 105y AHE3let. Column
LEE 85°C, $42 B9 05mliE 2AFHeH A8E
20 urd Foisted BAsledch A 22w aivge] Aake
EFAHEE AMESled SAs o, oldf W XFEA
2 £ Mol oJ3FS- w|X|A] ¢k D-ribose 5

X 10.0 mg/ml2 AMEs}}

Xylanase EAM=E4Y

Xylanase B354 AR FeiM s =,
100 mM sodium phosphate buffer(pH 6.0) 0.2 mlel] &4~
N Ex wioFAAN) 02 mi2b 1.0% birchwood xylan &
&toll (1 g9 birchwood xylanel] 80ml FF+ZE 718ty
121°Col A 15 #7F autoclavedt F A-e7kx] Wzkar o3
100 ml2 2HE) 04 miE E83led 65°Col|l A 20 £7F Wk

AlZl # dinitrosalicylic acid(DNSY&-4[12] 0.8 mi& 7}5}
o EAER-E AAAIFIL HRg-94E boiling water bathel]
A 10 2F ZHdE ¥ FEkE SRS 24 miE Ar)s)
o 546 nmollM FREE SAs . FAa A= 919
F2eIA 1 E3kel| 1 umol®] xyloseol] Abdshes S
YA B ofo g ehfict.

Jar-fermentor {2

XylanasesE &AL $8iA 2.5-1 jar fermentorS
ARl EAAle) X B &S, wHkewe] o33k )
FAIZEe] oEkg TARGIY BVIERE 24N g
WBHA] 115 93 121°CAA 15 27F Ak F S
HE 1%FAA AHESG o EEE 300 rppmE 1Y}
2] FYEE L, 29 3 wme] £x zhrt F9)s)
WA 24 A17E FRE wioFsle] AN A oEke X
Apslolet. Mol ogaks XAl Sl 3] 4
FL 2 vwmeE TAET IHEEE 7h7} 300, 400 2
500 rpml2 A3} 24 A7} Fok wioksle] FAAPAbe]
ol oGS ZARIC £ A U422 vwm)et A
HMRE(400 rpm)el|A 4 AZlulg Al &E AFHsked T
Abel] ®| X wiofAIZEe] o33FS- LBl

Alof

Oat spelt xylan, birchwood xylan ¥ xylose= Sigma
A AEE ARSI, AAYRge el REEAL 9
2] Megazyme*H1,4-B-D-xylobiose(X2), Lot XB120202; 1,
4-B-D-xylotriose(X3), Lot No. XTR40301; 1,4-B-D-xylote-
traose(X4), Lot No. XTE40301; 14-B-D-xylopentaose(X5),
Lot No. LPE40301; 1,4-B-D-xylohexaose(X6), Lot No.
811013] %! U SuntoryAHXylooligo 20P, Lot No. 91012551)
2R Fsle] AR3t o, TLCHS MerckAh] A&
(Silica gel 60Fy50)y& AHE3FATL, 2 2)2] AR5 A2t
55 E dF AES ARSI

@3 % aF

Jar-fermentor HHFZ=Z

S. thermocyaneoviolaceus= bagasseoljr] H&¥ LA
T2ZA 28~60°C oA A5 4 9low, A% HA
25 50°C0| 65°Col M Alfe] Brbsd BAS Ut
23 QleH11]. 3t o] F-2 At 4 FF2 xylanasess:
1H|E, ©]F xylanasess HHEE Y 713 FolAdo gl
ojA] HE3F Ak QAL 7RI 9leH2] 53] o] &
o] A= 4 $9] xylanase:s WHAo] ¥ xylang 7}
FESAIA wljol] AAZE Mol = mononerd] xylose®] 43
AbgFo]l A a1 A 2-gvjarde] o] AAkEE= EAE 714
3 gJeH2]. aEE o] #FE xylantE HE| YRS



PRODUCTION OF XYLOOLIGOSACCHARIDES WITH THERMOSTABLE XYLANASES 223

2|l ZAIE 918k xylanase AF T2 AR ¥l 3]

Jar fermentor® ©]438F xylanase AR 50°CoA
ENEANE 248 A Fig 15 el 2 wwme] FHAH<
Rez zAEgen, WHkEEE 400 pmellA 7Y 22
A2AAES et A1) FA A sk
2 A2ARE 2R A Fig 29k Ze] 24 AJzbe|A)
wjoksl w7t HAolgdut. oW AAtEE AT Wik
mi% 142 unite] 5o}, wioFA 7S 48A1Z7HA] ARl &
281409] Zhae Yoo B3] 2 79 xylanasest= HIA
o ¥7) Wl TAS AAT F A0M dFYFE
950014l BAS A8k

100 100
g 80 E 80
2 2
2 z
5 60 = 60}
[ [

@ o
2 40 Z 40 F
ey «©
& &
20 20
0 0
1 2 3 300 400 500

Aeration (vvm) Agitation speed (rpm)

Fig. 1. Effect of aeration (A) and agitation speed (B) in jar-
fermentor on the production of xylanases by S. thermocyaneo-
violaceus.

One percent of seed culture were inoculated to 11 of WB media in
a 2.5-1 jar fermentor. The bacteria were incubated at S(°C for 24 h
on the indicated rate of aeration and speed of agitation.
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Fig. 2. Effect of culture time on the production of xylanases
by S. thermocyaneoviolaceus.

One percent of seed culture were inoculated to 1 | of WB media in
a 2.5-1 jar fermentor. The bacteria were incubated at SPC for 48 h
on 2 vvm of aeration and 400 rpm of agitation.
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Fig. 3. Thin layer chromatography of the various xylan hydro-
lyzates produced by xylanases of S. thermocyaneoviolaceus.
The reaction mixture was composed of 0.5 ml of xylan and 0.5 ml
xylanase solution which were diluted with 50 mM phosphate
buffer (pH 6.0). The final concentration of enzyme and xylan were
2.5 unit/l and 10 mg/ml, respectively. The reactions were carried
out at 50°C for 4 h and terminated by boiling for 10 min. Sym-
bols: M, standard xylooligosaccharides; B, birchwood xylan with-
out reaction; BE, hydrolysates of birchwood xylan; O, oat spelt
xylan without reaction; OE, hydrolysate of oatspelt xylan; X1,
xylose; X2, xylobiose; X3, xylotriose; X4, xylotetraose; X5, xylo-
pentaose; X6, xylohexaose.
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Fig. 4. Effect of reaction temperature on the production of
xylooligosaccharides.

The reaction mixture was composed of 20 ml of 10% birchwood
xylan and xylanases (10 unit/ml) in 50 mM sodium phosphate
buffer (pH 6.0) and incubated at 60°C for 4 h. The concentration
of xylooligosaccharides was calculated from HPLC data.

QEFS FAle17] 9)s) birchwood xylan 2 gE 20 ml®] z+
F pHel o= M A EAHEFEE 10 unit/
mlpll A7lsle] & EFI F 60°CoA 12 Az vRSAIA
o}, o] W] ARSE} $1F=0l2 50 mM citrate-phosphate buffer
(pH 4.0~5.5), 50 mM sodium phosphate buffer(pH 6~8)
W 50 mM glycine-NaOH buffer(pH 9~10Y% AN-3lgw).
HREHS- 15,000 rpel[ M 10 #2F 1AEe]sled A2 A
N5 HPLCE FA3 Az Table 29} 2o} pH7L B4t
4] #A pHQl pH 50121 7S5 xylang 7}5-%-8li5)
of W TS AARIAARE xylosed] = A Ak
o] Zejaide] gepo] ZAshs ARE vepide o
Azt Felargde] Pakel] - pHE 6.07-2elsd

HESAIZIN (e X282 0% Mt
$12] AolA] A= 2AeM uk-gA|7le ulel AAE
= Ad=2gejagke] AL BAEgY S 10 unit/mi9

Table 1. Effect of enzyme concentration on the production of xylooligesaccharides

Concentration of xylooligosaccharides (g/1)

Enzyme
(unit/ml) X1 X2 X3 X4 X5 X6 X2-X6"
1 0.08 1.95 3.31 4.33 2.92 12.40 24.90
2 0.27 4.75 5.58 5.41 3.12 12.92 31.78
5 1.58 11.83 6.98 4.58 221 11.28 36.87
10 4.30 18.73 6.53 427 1.57 10.80 41.90
20 6.47 16.97 4.29 3.32 ND 10.52 35.10

The reaction mixture was composed of 20 ml of 10% birchwood xylan and xylanases (1 to 20 unit/ml}) in 50 mM sodium phosphate buffe
(pH 6.0) and incubated at 60°C for 12 h. The concentration of xylooligosaccharides was calculated from HPLC data."X2-X6 referred to total
xylooligosaccharides from X2 to X6 in the reaction mixture. ND, not detected.
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Table 2. Effect of pH on the production of xylooligosaccharides

Concentration of xylooligosaccharides (g/1)

Reaction

pH X1 X2 X3 X4 X5 X6 X2-X6"
4 3.78 15.26 497 3.64 ND 13.97 37.85
5 4.41 16.69 5.94 4.55 ND 15.40 42.57
6 3.77 15.18 5.68 4,04 11.90 6.87 43.67
7 2.74 13.64 6.16 4.47 11.71 7.67 43.65
8 1.13 8.92 6.20 498 13.03 7.16 40.30
9 1.27 10.24 5.60 3.65 1.95 ND 21.45
10 0.07 0.54 1.40 2.68 2.36 ND 6.98

The reaction mixture was composed of 20 ml of 10% birchwood xylan solution and 10 unit/m! of xylanases in various pH solution andincu-
bated at 60°C for 12 h. The concentration of xylooligosaccharides was calculated from HPLC data,“X2-X6 referred to total xylooligosaccha-
rides from X2 to X6 in the reaction mixture of the indicated pH. ND, not detected.

Table 3. Effect of reaction time on the production of xylooligosaccharides

Concentration of xylooligosaccharides (g/1)

Reaction

time (h) X1 X2 X3 X4 X5 X6 X2-X6"
1 0.38 8.11 7.76 6.27 16.80 7.98 46.91
2 0.65 9.53 8.84 6.37 16.82 8.40 49.96
4 2.15 14.73 9.11 5.89 16.53 8.95 55.21
8 327 17.16 927 5.07 16.59 8.83 56.91
12 5.00 20.10 8.90 4.50 16.20 9.10 58.80
24 10.69 23.38 6.10 3.36 16.29 9.04 58.17

The reaction mixture consisted of 20 ml of 10% birchwood xylan and 10 unit/ml of xylanases in 50 mM phosphate buffer (pH 6.0) andwas
incubated various reaction time at 60°C The concentration of xylooligosaccharides was calculated from HPLC data. "X2-X6 referred to total
xylooligosaccharides from X2 to X6 in the reaction mixture of the indicated reaction time.

¥ xylanasesE 3t 10% birchwood xylan £-98(50
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45, 162 F 9.1 glelsder, o] v YAkEE= F Y2
2|3 (X2~X6)YS 58.8 g/le] %o},

#Atel &
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