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Abstract

The optimum condition for the production of xylanase from Bacillus agaradhaerens DK-2386 isolated from
Korean soil has been studied. The optimized medium composition for the production of xylanase from B. agarad-
haerens DK-2386 was 1% (w/v) carboxymethyl cellulose, 2% (w/v) polypeptone, 0.1% (w/v) K,HPO,, 0.02% (w/
v) MgSO,, 1% (w/v) Na,CO,, and 1% (w/v) NaCl. The optimum pH of the medium was 9.0. For the production
of xylanase, B. agaradhaerens DK-2386 was cultured under the optimized conditions for 24 h at 40°C with 160

rpm of agitation.
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Hemicellulose:= cellulose®l] ©]o] AFAAIN] F AR = d
g EA5le gdFEA 712 H 22 Dxyland} D-mannan
o8 FAE lon olfor o] BFES thdd 4
S A= ©]E b (hetero-polysaccharide)©] Th(Lee &
Papoutsakis, 1999). Hemicellulose®] F3E<S o] F= xylan
2 xylan A 9] g IAHTFol= 20-45%, ATol=
80-90%, 2, ®e, B, 712] 52| dol= 68-78%E == 4
A9 F/ wet gttt 2 F A s4E 2 A
ZhpFol A F2 HAEE xyland S8 D-xylose7} B-
14 Aoz dA4=o] U= TFAZA D-glucose, L-
arabinose, D-gluconic acid’7} I A= o] glom a7
oA LALE xylan®] 739 D-xylose”’} p-1,3 22
A7 o] dtk(Horikoshi & Akiba, 1982). Xyland 3]l 3}
7] Sl Atelvh k] Aob e skehe Wy o] 9

*Corresponding author: Dong-Hoon Bai, Department of Food Engineering,
Dankook University, Cheonan 330-714, Korea

Tel: +82-41-550-3562; Fax: +82-41-559-7868

E-mail: baidh@dankook.ac.kr

Received October 24, 2014; revised April 11, 2015; accepted April 23,
2015

148

rr
o%
]I. i

[ex
_>,_“_, t_‘o{t EE _lko{v

o mEo] AAE= xylan EEAE o] &3}
= o] F 7] WS HEs
o] SlthDekker, 1983). ©] F Xylanol] th3t 7}
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2 OE 714 SoldS 7H AL Sl

Xylanasex= Al =57FA] w9 ThFst mi Eo] Aiksk= 2
o7 duEA YA 7PE B ATt o] Rl mAES
Bacillus$t Aspergillus®y WA=, §3] MU Bacillus
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(Battan et al.,, 2007, Lu et al., 2008). 53]
Sz 2ANME €A SdE Y=

&2 Al Bacillus agaradhaerensd =
328 THChoi & Bai, 2010). ¥ Ao E Tz
2124 AldQl Bacillus agaradhaerens DK-2386 T+Z5-F
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Xylanase EMEX

Xylanase €2 AR oA el o] DNSH o5t gkl
Qe o A28+ THChoi & Bai, 2010). 1% xylan &4
(oat-spelt xylan in 50 mM sodium phosphate buffer, pH 6.0)
800 pLoll &9 200 uLE E3te] 60°CollA 203E7F ¥k
A1Z1 & wkg-ol 300 uLoll DNS (dinitrosalicylic acid) 824
3mLE 7hete] REg-S BAAZIAL 100°CAA 1023 71
sttt W7k & 33 EAE o835t 540 nmellA S8 =
= =439t A F2 2= Dxylose (Sigma Co., St.
Louse, MO, USA)E AF8-31 3, €4 1 units= £9 1 pmol
9] D—xylose%;:'r S F e g4 o=z Aot
DNS A]2F2- dinitrosalicylic acid (Sigma Co.) 0.5 g3} potas-
sium sodium tartrate tetrahydrate 150 g= 2N NaOH &<
50 mLo} &3He & S/ 250 mLol 34 5ke] ARE-sESATE

4

i

Xylanase A&7

Bacillus agaradhaerens DK-2386 w572 A A|u] ol <]
3t xylanase AJ4HS # A 31el7] st A 4 H g4
Artell GFE F= AR, FE, FSEE, pH, &
29, A4, 77197 2 NaCl 559 92 A
t}. Horikoshi I ¥l #](Horikoshi & Akiba, 1982) 20 mL<]
sk Gl R ol weFste] Bt #A 1 loopE HE3H]
40°Cll A 130 pme] SE2 2447+ e ofale] o2 F
HjFel o & ARGSIATE o] F 7t Aol FujFlE & ol
Fh o 1%((ww) FEE FEste] 8L F vz 5
S AESAY. #A19] S UV-VIS spectrophotometer
(UV-2450, Shimazu, Kyoto, Japan)Z 600 nmol|A] Fsd =
(0.D)E FH 3t A4ttt

Xylanase A&10]| 0|X|=
oist

HHQEA|Z} =

&<t 1P sHAA 3AZF A 02wl oFl
e aa8dS glskitt. 2 A3 Fig.

) 232 vl SF 24473l H e
a4 ‘/‘rE‘rLH‘RJO‘ﬂ o]F M} &Ao] fadte AFS

g Aok FA S TS 24A| Thol| A FH ] AS
YERA A OUJ] 30AI17F o] FE A} Ao fhaste
S ERIE o B AAZFE &ho] AL 7A)
AL Ao Aiste] #HAE growth associate™ J-S
g 7 Stk 2HBRE o]Fo] Ay Slo] Fujd
HEat] 24N7F v & w NS et 7F &
HjFd o 2 RE gAY 4ANSS S A
ig. 29} Zdth. @A 40°ColA HUlE2 AALE

fe Hoalo dob 1o oM mo ot
rg

_nm&

120 20

80

40

Relative activity (%)
3
P
Growth (O.D at 600 nm)

105
20 r

0 3 6 9 12 15 18 21 4
Time (h)

27 30 33 36

Fig. 1. Effect of culture time on enzyme production and growth
of Bacillus agaradhaerens DK-2386. [ : Enzyme activity, 4 :
Growth.
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Fig. 2. Effect of culture temperature on enzyme production and
growth of Bacillus agaradhaerens DK-2386. [1: Enzyme activity,
& Growth.
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Fig. 3. Effect of culture velocity on enzyme production and
growth of Bacillus agaradhaerens DK-2386. [1: Enzyme activity,
@ : Growth.
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Fig. 4. Effect of initial pH of medium on enzyme production
and growth of Bacillus agaradhaerens DK-2386. Sodium
phosphate (pH 5-7): A -growth, Tris-Hcl (pH 7-8): <-growth, € -
growth, Sodium phosphate (pH 9-11): O-growth, @-growth.

sodium carbonateE A A3IATE 50 mM F%=2] 7} buffer
(sodium phosphate pH 5-7, Tris-HCI pH 7-9, sodium
carbonate-NaOH pH 9-11)] WA A &S &afslo] vjx]=
Azt 2t Wi o2 RE 24 44 ASS
=243 A3= Fig. 49} 72yt EAAYARS pH 9.0 2
vk Al U2 AatEom, #AE pH 8.0 o] oA
B Ago] F7kete] pH 10022 wj Al H=E &3}
ATt pH 5-7 WX = #A7F B53HA] &3tal pH 8.0
O] FTH ASshs AoRE Hof YA #FdS I
T Ak 2R RE o]F o] Ay glo] wjx]e] %7]
pHE 9.02 =433t}
ool s Fgla] ¢
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Rom, #A S W5 glucose§ o] &3NS AT HU=

A3ttt 28y sodium  carboxy methyl cellulose
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Carbon sources
Fig. 5. Effect of various carbon sources on enzyme production

and growth of Bacillus agaradhaerens DK-2386. [ : Enzyme
activity, 4: Growth.
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Fig. 6. Effect of CMC concentration on enzyme production and
growth of Bacillus agaradhaerens DK-2386. [1: Enzyme activity,
@ : Growth.

(CMO)E &Aoo 7 o] A] xylan (oat-spelt)d]] H] &}
Mgl 10% AE H3kert CMCeF xylan (oat-
spelt)e] 7122 v]w st A3} CMC7} xylan (oat-spelt)el] H]
sto] 13u) o] 7}Ho] Yo ng CMCE B4agoR olg
st Zlo] Brp &Aoot =3 2434 glucose 55

ol &3lE AS B Ao a4agy %Zé%‘t”ﬂ DNSH ]l
Ao FHde] wgel ok Y3tk | é«] =7o] o
Sug CMCE g&xgoz AASY E} T3t

of g Zae AR A3 wiA el 1% (w/V) T
H7E AL Hdl 2445 HERHATHFig. 6). 1% (whv) ©1°8<]
CMC FEoM = A9 A5S S7ksht aadyde 2
Hsts Holx] oe g AT F Uitk 2ER o
Fo Al glo] wiA|e] @hfo® CMCE 1% (Wh)
TR H7tste] AREshH.

Aagle] 92 FAshr] S5t yeast extract

9} polypeptones A HSFA T} Yeast extract®} polypeptone
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Fig. 7. Effect of various nitrogen sources on enzyme production
and growth of Bacillus agaradhaerens DK-2386. [ : Enzyme
activity, 4: Growth.
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Fig. 8. Effect of polypeptone concentration on enzyme production
and growth of Bacillus agaradhaerens DK-2386. [ : Enzyme
activity, 4: Growth.
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= 2oz FAFAr}. Polypeptone &= WHIlo| 2 7
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Bagde] HAdAdS g0 F AUATKFig. 8). 2H Y
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Table 1. Effect of inorganic salt on enzyme production and
growth of Bacillus agaradhaerens DK-2386

Tnorganic salts Relative activity Cell growth
(%) (O.D. at 600 nm)
None 923 1.7
AlCl, 79.8 1.1
Bi(NO;), 9.1 0.1
CaCl, 90.4 1.7
Cd(NO;), 0.0 0.0
CuSO, 16.2 0.3
FeCl, 8.4 0.1
FeSO, 8.4 0.1
Hg(NO,), 0.0 0.0
HgCl, 0.0 0.0
HgSO, 0.0 0.0
LiCl, 6.8 0.1
MgSO, 100.0 1.8
MnCl, 79.4 1.3
Na,Cr,0, 18.7 0.4
NiSO, 62.2 12
PbCl, 14 0.0
ZnSO, 53.8 0.9

glucose®} yeast extract TJ4l CMC 1% (w/v), polypeptone
2% (wiv)7k 718l Horikoshi 1 Ml2¢] MgSO, 7TH,0 A
Attt MgSO, TH,0E HAlste 7z #7149 7FE wiAl %
=9 0.02% (whv) TE= st} #ix & A z=sksith 7t
o 2 RE gASHY AAYSS =3 AF4=
Table 13} ZE9tth MgSO, TH,0E ©]§ Al aiAdite] 3
Ases], Al B A4 MgS0, O A9
go?ﬂo 5].0] ’6]— _}F 9}1\9}\1;]_ 131]/]_ Hg2+, Li2+, Cu2*,
Cdz*, Bi*, Fe*'e] 7} Al 3aA4ro] A= Ay A4
o] AgllEe AL ST Ak A MgSO, - 7TH,0
o] Wzl mE TAANE AES A3 wx] 9
0.02% (wiv) F=2 H7F A ¢ :iiﬁ“*& H3on
(Fig. 9), 0.02% (w/v) °o]’32] FEAM = F=571l w2}
T B FAA K] & FFel Rle Q?l‘%‘ T A
th aER o|Fe HAo] o] wiAld FIHFE
MgSO, - 7TH,0Z 0.02% (wiv) F=2 H7}ste] A&t
Bacillus agaradhaerens DK-2386 452 548 HES}
= Aol o] £ ??L—r«] NaCl 5= & A=
S1gH A3} NaCl s=0 wet A9 ASo] JaFs 2
e AT 9\191‘:]' wEb 2 #57F Sk
growth associate®] 7A¥S YRR oz A )
A A&l vR]= NaCle] 93-S g1t th. Horikoshi [
HA] ol NaCl& 0-2% (WA)7FA 0.5% (wiv) T2 z+2z+
H7Vslal pHE 9.00.2 Z2-3to] uiA| & A=t Sl
GBS 7} NaCl 3= wjRol 1% F=2 H353slo] 40°C
oA 2447t &< 160 rpme] S vieFsiditt. 7t uieF
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Fig. 9. Effect of MgSO, concentration on enzyme production
and growth of Bacillus agaradhaerens DK-2386. [1: Enzyme
activity, 4: Growth.
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Fig. 10. Effect of NaCl concentration on enzyme production
and growth of Bacillus agaradhaerens DK-2386. []: Enzyme
activity, 4: Growth.

ou Oil‘i—lﬂ _§_/\§1—k]j!,]. -ﬂ—;‘(«]]/\g_g'_g_ %z% “_} g;q._}_; Fig. 10
7-9kth NaClE w0l 1% (wiv) 352 H7F A Ho)
o] A #AANSS I F AAJTh 2HY 1%
o)}e] FEAA = L3]8 BT #A o] ASo] i
kS Feld 4= At wiA o NaClg 1% s=2 7Kg
of we} #A| ] AFo] §53] Tl AR IRIFHS
om Fhe] @A I o 20%AE eIt wEbA

:d

NaCl E=7} xylanase A4t #AA S &S vx=
83 ATIS sk

Z[XHIXI0AM BHUAIZION (2 xylanase A0 2 TER||2] At

o]/Fe] AFAEA xylanase AH4HE 1% A wjA] 2L
1% carboxymethyl cellulose, 2% polypeptone, 0.1% K,HPO,,
0.02% MgSO,-7H,0, 1% Na,CO,, 1% NaCl, pH 9.0°] %!
o 2 z27A0A afgAI 7l w2 xylanase AJAF A
o) A% 2 pH Watel Al WskE Folsisich 048

-l EE
2 10 25 425
1 10 {20 H20
8 2 80 g g
= 158 15 &€
§ % 5
T6 8 o 2
: g lne
4 40 & K
o - {05 o5
oL 0 FRESng . = 00 Jdoo

0 3 6 9 121518 21 24 27 30 33 36 39 42 45 4
Time (h)

Fig. 11. Effect of relative activity, cell growth, pH, and reducing
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