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Abstract: Xylanase have been used to convert the polymet-
ric xylan into fermentable sugars from the production of etha-
nol and xylitol from plant biomass. The aim of this study was
to isolate and identify xylanolytic bacterium from herbivore
feces and was to used the xylanase for enzymatic hydrolysis
of biomass. Xylanolytic strains were isolated from 59 differ-
ent feces of herbivores from Seoul Grand Park located in Gwa-
cheon Gyeonggi-do. The xylanolytic strains were selected by
congo red staining and DNS method. Total 67 strains isolated
from the herbivores feces were tested for xylanase activity.
Among the strains, H10-1, which has the highest xylanase ac-
tivity, was isolated from feces of Ceratotherium simum. The
H10-1 strain was identified as Bacillus pumilus based on its
morphological/biochemical characteristics and partial 16S
rDNA gene sequences. Culture conditions of B. pumilus H10-
1 such as initial medium pH, incubation temperature and incu-
bation time were optimized for maximum xylanase produc-
tion. And also xylanase produced by B. pumilus H10-1 was
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applied for the saccharification of Miscanthus sacchariflorus
cv. ‘Geodae 1°, which was pretreated with 1.5M NaOH. The
optimized culture conditions of B. pumilus H10-1 were pH 9,
30°C incubation temperature, and 7 day incubation time, res-
pectively. This xylanase activity under the optimized condi-
tions was 20.4+3.3 IU. The crude xylanase produced by B.
pumilus H10-1 was used for the saccharification of xylan
derived from pretreated ‘Geodae 1°. The saccharification con-
ditions were 50°C, 200 rpm, and 5 days. Saccharification effi-
ciency of pretreated ‘Geodae 1’ by B. pumilus H10-1 was
8.2%.

Keywords: Xylanase, Bacillus pumilus H10-1, Geodae 1,
Saccahrification

1. INTRODUCTION
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AR Ol % Cy Al R o] o U A 48R AE T gt
[l
ATHER 8 B9 Aol £0 FHLR A

°xg Baflon ool waRael LS Eo A%
A H}Oliuﬂé—J Hro] .o gh2 AL aa A7V
e 97 A2 U ). A ER 02 S0 %
2osol pxAoR N2 sl Atolnz A &
HAELGHNEZOA B g4 35 AEoZ AEZOA
o] g 5 0] FAEITHE A7 Qo ol Age
o Balfid ko2 et Ba o] AT G
Y= ofof oh& AAFRTE [3.4].

AUghe 2 ge] AE 0] 9133 du] 4B 2o A0 £
Q FA Y2 & DxyloseZ} B-1,4 2g3sE 1B Ao}, A d &

AEA & A2TFY 20-35%F AA|staL gloH, n) Ay
o] gakshe Aetiol 2o ofs) JAR oA AURE
o] Alrfeo| &, bl Zubo] @ 4 Btk Aplehy o] =
(endo-1,4-B-D-xylan xylanohydrolase, EC 3.2.1.8)= &= g
gl 2loh, 5gol, WAlat, A1 5o AAtstn, AP A o= 4
=, e tE, B Fol Ahg], Hio] 2 ofghZ AL Soll
8317 AH8-5 3 2l [5-9)

A A= =M (Miscanthus sacchariflorus)®] &0 2,
SEAEA Hhol 2ol v A 2HE Al E ol A 2009 7R k=
3 AFAA H A i A 2HEo o A M= 240l 4m
ol/folal, =&Fo] 20~30 tonha AURE F Aol wlsto] g
of vo] 2 oJehe AAIE 93t Z8 vo| Luj AR ZHun
ATH[10-12]. M= AER A, FudER X, 2o
41.2%,21.2%, 25.1%2 A & o] 1.2, 1000 kg HA}E 0.4
M NaOHE o] §3F AN 2|9} %3 3l A S S 180

g Hlo] @ of eh&-& A AFSH 4= Ik B E QlT}[13].

Aol Aol 8] 358 301 919 g
1S ﬂo]i OPh 2A s Mid =2 Adehol=
BAbhe 6 22l 5 Ho90m, 20l A ARAE 245t

7] $isto] W 9] 7] pH, W}, HabAI 0] S
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2. MATERIALS AND METHOD

2.1. #39 -'?-E] ‘31 Ag
ZPO‘EM] o|= £ A= oo EYE 96l
= EES /\1 EEH 79 (Gyeonggi-do, Korea) ©. =2 —‘T‘—E]
3 (25%), Akt (145), SEat (45), 713t (15), 27
T (1), T (6F), 7“71—1—4 (4%), shvpat (2*) B (1
), AL (1F) 5 T 102 (59F)l Histe] ottt
ofHk o Hj A & | g& B3 9 mLe] 0.85% NaCl %—@1 o &
3k & 3] A51o] 1% xylan (1% xylan, 0.5% bacto-peptone,
0.25% yeast extracty2 $H--5F LA vl & of] =2alo] 37°Co|

%N‘
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A 24X 7 okt ich vioF & vt S 2 Y E thA] 1% xylan
Hj zjof] 37°Cof| A 24 A1 7F Al vl F kT viSF ot 2] A
A 2918 congo red A H o 2] 3) clear zone F-F= 0| F
ojFlon, a4 o] Sl 9= 20% glycerolof #1743}
o] A& Y5 aLof Hsto] ARg-skitt [14].

&4 B 0] BHolE HEL 1% xylan 333 of %] ul 2] o]
v Fat gl om 740 &4 8 GHOSE T. K. [15]¢] A ¥l &
sto] 4 ehelch. ko] B4 24 L e AEele 20
2 A5 0.5 mLE 2% xylan 0.5 mLoj| & 7}38F 2 50°Co| A]
3027 549} 7] HFS A 7Tk 0] Bt % 2] DNS
(Dinitrosalicylic acid) €4 3 mL2 #7}5}aL, 100°Col| 4] 55
ZH S A F SRS 20 mLE H7lstel WZHA 7T 540
el 4 S SASAT B 4L olof o
0.2~2.0 g/mL Y §] o] AoF2A1-S A 51 T
g+A-8 TU (International unit) =2 l/}EHH om,
1 umol?®] xyloseE AWAst= G40 o=

0
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A Adehulo] = fd A 0] T #52] P
32 54, A3etE 54, 47149 B4 55 B9 o2

olonye] B, 54 & Ao} of
ol A} /\gﬁ}iﬂ -41 EX2 3o Mt API 50 CHB kit (bio
Merieux Vitek, France)2 ©]-83}¢] o] F o] % t}. 16S tDNA
71 A4S 98l HA v 2 genomic DNA extrac-
tion kit (DyneBio, Korea)Z genomic DNAE F%73}1l, 16S
rDNA universal primerE ©]-83}¢] PCR—,%1 435}t PCR
product= T-easy vector®]] ligation & & A A gt A 2 ¢

A5} A1 plasmid =& & Hindlll, Bgllli DNA 27| & ﬂol
5t @ufa = A (Daejeon Korea)o]| sequence 5412 2] 2|3}
At BA = 97] 4 <98 NCBI (National Center for Biotech-
nology Information), Genbank& ©]-&3}¢] t}2 strains-1}2]
A=A B3 a1, clustal X software version 1.81-2 £3f &

7IA e g skl

23. BAPAL 4§t vl A R A A3
A= Bacillus pumilus H10-129) &4~ A AF 414 3= 93
HHZ]_,] 27] pH, #9F &=, vl oF A|7F 58 Tha]sto] AAE

&0 B2 SAsIAT v ¢] 7] pHE 1 N NaOHe}
lN HCIE o]-&3}o] wjx] 9] pHE 4~1002 A5} on,
L EE 255 30~50°CE Ee|sto] o] o] f{rt. A4k
#40] 24 GHOSE T.K. [15]2] A3 o] &3to] 24314
ct.

2.4. Bacillus pumilus H10-1 JA 7 2§ o] 43 AA = A
AA 9 Ad 23

Aol Al Al 2 20129 TRkl A Al A 02 Al A
220139 1900 T3] Feh 2313 Aoleh. 52 o)
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A EE3mm=E 1|52 = 1.5 M NaOH &1 ¢} 1:.92 = 3}5}
of A 2|5kl Mg oA 2] &5t F-> NREL (National
Renewable Energy Laboratory)o]| 4] & A]$t NREL LAP (Lab-
oratory Analytical Procedure)?] 2] Z1=/g-3-2 A u}o] @ uj A
o] a A F3} Ao F5ho] o] FoF Tt [16]. AU7H0.1 g
S grostEs e oo RAS Yaksl A, A %
ZAol A uiFet (i A1 9] 271 pH 9, B k= 30°C, 150 rpm,
7Y Hjok) A A5 AA| L 5= 714 Qlo] 5 mL (xylanase acti-
vity 100 TU)YS 713 5, 0.05 M citrate bufferE 1 mL 47}
5 0% TA 10go] HES Wes Pk 9o
AL 50°Co A 200 pm .2 5217+ o] ol ek, A4 H
9F (@A, AU ofgh| )9 BAL FHE 7
Z7] (refractive index detector, RID, Waters, USA)7} A2+
HPLC (high performance liquid chromatography, Waters, USA)
£ o] 831 o, AH-& Aminex HPX-87H column (Bio-Rad,
Hercules, CA, USA), Ad L9} 7&7] %= 40°C, 65°C
ol ith #AZ 918l o]54 S mM H,SO,E 0.5 mL/min <5
o= AASHA FAsH T Xylan T3S A (1)F o83}

of A4ttt

3} xylose ¥ (g) x 0.88

i %100 (1)
Z7] xylan =4 (2)

Xylan -8

0.88 = xylose@} xylan®] £A1eF0] 7fo]of b2 1A A4

3. RESULTS AND DISCUSSION
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Fig. 1. Congo red (a) and Gram stain (b) of isolated H10-1 strain.

), BAFIL (4%), sttt (2%), B4 (18), Z&E&3 (1
)9 F 102} 59 24 5= vl E (YA A&t
A Y EQUTH 134 0 82 529 AEE 98] congo red &
AS 3Pkl clear zonesr B 43t colony= THA] At 5}
SoiTh (Table 1). <=4~ 2] 32 1% xylang: g

(B FZEL), H25-4 (ZehR)7t AR 340 &AL 717}
11.44,14.67,11.92 IUZ =2 &A1& 2 H ). Fig. 1(a)= HI10-
1 #5:9] congored 410 Bhelgt Aelehlo] = B o=
clear zone® 2 7|7} 21 AYsHA B&E Qi 2 AueE &
o) 2 TR 2o] 4 BelRHIO-IS AU BB S5 75
2 3% Auels 359 4L S35tk Fig 1(b)= H
10-19) THGA A OB B R I FHY RS
8151tk 3 colony®] Feji= BipH sl o] HE
2o LA 228 W YT} (Table 2). F e}t EA
B2 ok AL 93l API 50 CHB kitE ©]-835+%1
o, AT H10-14-2 glycerol, L-arabinose, D-ribose, D-
xylose, D-fructose, D-mannose, inositol, D-mannitol, D-sorbi-
tol, arbutin, esculin ferric citrate, salicin, D-cellobiose, D-mal-

Table 1. Xylanase activities of selected strains by intensities of halos on xylan agar and DNS method from feces of herbivores. +++:

strong, ++: middle, +: weak

. Family of Xylanase activity . Family of Xylanase activity
No. Strain herbivore Clear zone DNS (IU) No. Strain herbivore Clear zone DNS (IU)

1 H1-1 Cattle + 5.93 14 H16-1 Camel +++ 7.97
2 HS8-1 Hippopotamus + 1.66 15 H17-2 Camel +++ 7.58
3 H9-1 Rabbit +++ 11.44 16 H17-3 Camel +++ 8.33
4 H9-2 Rabbit +++ 9.71 17 H18-1 Horse +++ 8.19
5 H10-1 Rhinoceros +++ 14.67 19 H18-2 Horse +++ 2.04
6 H10-2 Rhinoceros +++ 9.02 19 H24-2 Deer +++ 2.08
7 H11-1 Cattle ++ 8.29 20 H24-3 Deer +++ 7.65
8 H11-3 Cattle ++ 6.47 21 H25-1 Kangaroo ++ 8.92
9 H12-2 Cattle +++ 6.21 22 H25-2 Kangaroo +H+ 9.70
10 H13-1 Deer +++ 3.79 23 H25-4 Kangaroo +++ 11.92
11 H13-2 Deer +++ 4.85 24 H41-1 Cattle +++ 1.67
12 H13-3 Deer + 1.61 25 H55-1 Cattle +++ 1.75
13 H13-4 Deer -+ 5.16 26 H59-2 Cattle +4+ 1.86
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Table 2. Morphological characteristics of Bacillus pumilus H10-1 colony
Famllly of Morphology of HIO-I [PCA] . ' Gram Stain
herbivore Form Surface Texture Elevation Margin Opacity Color
Rhinoceros Irregular Smooth Moist Crateriform  Undulate Opaque White G(+)
Table 3. Biochemical characteristics of Bacillus pumilus H10-1
Characteristics Result Characteristics Result
Control - Esculin ferric citrate +
Glycerol + Salicin +
Erythritol - D-cellobiose +
D-arabinose - D-maltose +
L-arabinose + D-lactose (bovine origin) -
D-ribose + D-melibiose -
D-xylose + D-saccharose (sucrose) -
L-xylose - D-trehalose +
D-adonitol - Inulin +
Methyl-BD-xylopyranoside - D-Melezitose -
D-galactose - D-Raffinose -
D-glucose + Amidon (starch) -
D-fructose + Glycogen -
D-mannose + Xylitol -
L-sorbose - Gentiobiose -
L-rhamnose - D-turanose -
Dulcitol - D-lyxose -
Inositol + D-tagatose -
D-mannitol + D-fucose -
D-sorbitol + L-fucose -
Methyl-aD-mannopyranoside - D-arabitol -
Methyl-aD-glucopyranoside - L-arabitol -
N-acetylglucosamine - Potassium glucoNaTe -
Amygdalin - Potassium 2-ketogluconate -
Arbutin + Potassium 5-ketogluconate -
+ positive; - negative.
tose, D-trehalose, Inulin 50| A &2 H Gt} (Table 3). H10-  2fd|o] = & of] TSt AFE =351tk
19] 16S rDNA EA A3} Bacillus pumilus straing 2} AH3 B. pumilus +2] AL et o] = AJAtof| T3t b= HIl g
(99%)& ¥ o, 3| strains 3 A5 4] vl sto] phylo- o] 9lo1] [14,17-18], ool 7]&2] & X B. pumilus -1 2
genetic treeS ZHAJ 59 TH (Fig. 2). A7) A&3t Z2at2 vig A2 B8 A2E B pumilus H10-1712] A apd|o] =& &
O HLEL MR ol ylanase 50 FFE SR vasfol RS B punis - FENEH 53
Bacillus pumilus H10-12 BWH3}3 o0, o] & E2AH9 A 3}eHY =G AR YA e 2 HE BEofdoron ujof 2l a4
B4 24 27 5L BE 5D 2 SHH et Fig. 3
; . - & B. pumilus®] 74> B/de YERH T o)t l“é.J off Af
Bacillussp. 3021 1 0.0005 N ' -
&% B. pumilus 5= 3t 550 AL o] = B4 & e
Bocil . 6129 911, o] 7he ] HI0-1752] E484o] che 23] v
WjoF SUA) 1.5-70) o A bt A eleke] ol o Fah
Bacillussp. 6063 Z‘} 0] %E‘—
Bacillus pumilus BPT-18 B. pumilush %—_’:iEﬂ O]—Xﬂ, FA _\T_]—O]—Xﬂ’ }‘é]%a" 0].;_(_, Z}OE]E]'Lﬂ
o] %, q-obehu] e F ekt Al chobA] 50| Tk AAbo] Tk
Bacillus safensis R-43891

Bacillus pumilus SSRO7

Bacillus pumilus H10-1

Fig. 2. Phylogenetic relationship of isolated H10-1 strain with other
Bacillus species based on partial 16S rDNA gene sequences.

7t Ay = o] Ut} [19-21]. T3 B. pumilus7} A AFsE AL
ehlo] 2 AQPg AT pH 442 LhehuiTha Bl of
QlTk [22:24], B Ao A BT B4 v HE R ] Helg B
pumilus H10-1:2 2k 2hf|o] = E4 & Yepflon, & o5
o] o] &4 = SIsh wi A1 9] pH, vl F &%=, vl oF Altoll T
o ALY RS 2ANSE] A4 A S A4S st
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Fig. 3. Comparison of xylanase activities of B. pumilus strains and
B. pumilus H10-1.

W] ©] 2] pH7t 9% ) ArE Aol eho]
714 A ekt 0., pH 5~10 W 91ol 4 T4
S] 25~83‘V = §-X|5} 9t} (Fig. 4(a)). Poorna & Prema [22]+=
AlEeo]= &Aool glo] Adepd|ol= /v 71 B
pumiluss: ©1-§-3F AT E (U7]5)9] wijA] 2|23} Ao A
B4 0] A Abo] pH 90f| A] 71 s Qkthal B 315} ¢] © 1, Nagar
[23] 52 pH 5~11 HJoll A &4 9f AY4to] QHA A ow, pH
1004 2]319] gh2 Yrepthar Harskgiet. o] 23t A=
B. pumilus 35+ 0] &Zre] 2704 B40) Akl ¢ QHg
AAS & 4= A oo v F =0 o Aita o] &
2 Fig. 40)°] reF ek 30°C ok So AT A 2
/d0] 204 TUR 7P A Yebgom, 25~45°C J flofl A =
A B0 20% o= FAIBEIAL, S0°Cofl A= AagA
o] ¥EEA| k3t Nagar [23] 5= A4 Aol =
240 SO°C WOl A= TS HolA] Sporeha A&stol
22 Aaks Ue A eE 37°Col A s et ATt 7MY =
S8 wof B Euhs 1804 2255 ik

Fig. 4(c)= 2 A3} 249 w7 2] 27| pH 9, v %2 = 30°C
204 Wkt A Bl olof ke A4 o] TS o}
el e ol et wjef 22001 4 TR o] BAS A
Ho@ Z7}shelon (y=33721x-3.2477), 72 o] THE L
st gbe 578 woich ol Ak 49 9
e gl 59 A 2 5 5ol A4S B A4
o i AL SIAAE Mok 7122 e e Has)
98-8 AT Fig. 52 W me wxle] 27 pHis
30°C, 9% $t & B. pumilus H10-19] A2 #2st 1) o]
o ekl % A ere] AT R 0Dwel 24 B
&R A THE AH AL wol goket. wheb
Hj oA 7HE 2 A F 22 24 5}o] Aﬂxl—:r_/qg 24519t B,
pumilus H10-1-2 ¥l A S-of A x| 7]of] S 4laL, v 7}

AlZEE 24 50] QlTt.

M= Hio] @ ol ghE A AbS §Igt Hio] e A R AR =
1374 Bho] 2o Y x| 2-=AlE (Jeonnam, Korea)o| A =
2009@213 A7 (20148)744] 15007 9] oA SRR L& S
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Fig. 4. Effect of culture conditions (a; initial pH, b; incubation tem-
perature, c; incubation time) on the production of xylanase by B.
pumilus H10-1.
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Fig. 5. Cell growth by B. pumilus H10-1 (initial medium pH 9,
30°C, 150 rpm).

omf, 4m ol (4t A 2m)e] A “AHIZ E 7Y
‘i“i“%. ol gk {1 vho] QUi A A}l AT12.9] o]-§4
= 8 2 Ao A= 2 A3 2ol A Eefdt aaE
2 At A o] F3tof o] &5ttt At139] A=
1 5 M NaOHE o|&3}g o, A& 271, AFdete]
2 62.6%, 24.4%, T8 FF2 76.54%0] AT}, B. pumilus
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Fig. 6. Xylose production by enzymatic saccharification of pretrea-
ted Miscanthus sacchariflorus cv. ‘Goedae 1’ using xylanase from
Bacillus pumilus H10-1 (a; sample, b; standard).

H10-10] AARE 4= A2 H A E xylose7}A] E-3)j 3t
F 9o, oju AALE xylose %2 9.37 mgo & TF3-&-2

8.2%0°] %t} Fig. 62 A X 2] ¥ M ZE¥ B. pumilus H10-1
o] AJAkSt F A4S o] 838t Fatol 93] AJAHE xylose2] 24
azobEagoltt, ofelg A ARIshE T oo} ML
S o 2 &2 ofy l gk oro 2 uj x| 23k}t A, &
%8 o Boh8S AN B0 Bgo| 1502

2} 7] =l o,

4. CONCLUSION

Z27 vfo] QU AE o] 8-5F uho] L o k& AYARS %H/Hb
MRS FoE A = HRL Elaas 48R
stk Af4e] el sl ER e A0t rﬂ:MA =af ol
o £x1d 4=tk & Aol A= A ERE LA £
T3 B3)51= B. pumilus H10-1S 2 A 5&
ol P84 jdERRE Felotal 2 9 AagAS
=H3}st7] sl viA1 & 271 pH, i F= 5=, viFAIZE 5=
) A s}t B. pumilus H10-1-2 v ¥ 2= 30°C, vl X 9] %
71 pH 9 2704 7Y i3S o At efjo] = a4 &4
0] 20 IUR 7} A Uelgtth 35 o] 27 ol A AJAbe =
a5 1.5 MNaOH= A A 2] gk A 2] g3te o]-8-5}3i .
A E Ao 35 AL AL B pumilus H10-10]
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