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Abstract: Twenty six microorganisms were isolated from soil
and horse manure samples from in lowa, U.S. Microorganisms
were cultivated and screened by using plate count agar (PCA)
at 35°C containing 1% (w/v) oat spelt xylan instead of glucose.
The xylanase activities of bacterial strains were analyzed by
measuring the concentration of reducing sugar by DNS
method. All isolated strains were characterized as the rod
form and gram positive strains. Among the isolated strains,
the HM6 strains gave the highest xylanase activity. This
strain was identified as Bacillus pumilus HM6 by 16S rDNA
sequence, morphological and biochemical analysis. Optimal
culture temperature and initial medium pH for B. pumilus
HMB6 were 30-35°C and pH 6-7, respectively. The maximum
xylanase activity of 6879 IU/mL was obtained after growth
of HM6 with 1% (w/v) oat spelt xylan at 35°C for 6 days.
Studies on enzymatic properties showed that the optimum
conditions for the highest xylanase activity were 60C and
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pH 8.0. In addition, xylanase activity was stable over 2 hours
at 50°C, whereas activity decreased after 30 min at 70°C.
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hemicellulose

1. NE

2 EAM|EH 2] hemicelluloseE T8k= T 74/3%0°
A7 xylan % 4-O-methyl-D-glucuronic acid %! L-
arabinofuranose 3= acetic acid®l] 2|3} X|g¥ Fe|Z =AY
S}, o3t xylans T3l517] Y3l41= endo-B-1,4-xylanase,
B-xylosidase, a-D-glucuronidase, a-L-arabinofuranosidase,
ferulic acid esterase, “12]1! acetyl-xylan esterase 52| ©I2]
7] hemicellulase”} 2351 1 78] endo-p-1,4-xylanase
+ xylan®] #3llel] QloiA] 7 ek aitolr} [1-3]. St
xylanase&] E-g-rof2A 71EANR L] G871, AR o]
4, FLS52 FA, 59 FAE o] T 5= 2@l
o] ar 31O [4,5], Htoll AfaAmlo| miAE o83t
Hlo] @ ofx]e]] tjgt #ilo] AAAIA 0= SR ef| mfe} vl
AR - AAHFo] @i A2] cellulose 2} hemicellulose
o] 5421 IF3}E 23l cellulase £} TlE©] xylanse®l| gk
A77h s AL ol [6,7). 53] iAo e
9] D-xylose & Tt ofghe-S AAkeh= 771 [8] X3
H O ZH D-xylose?] o]87FsAdo] oA H AL, 12
Q1 xylan®] 7F3llel] #o{shk= xylanase 2] HHE ot
A A =St

Ae7HA] At 9 wgolE 3 ikt T7<] xylanase
Ark mAEEo] B9, HH] W 2255 FHFEEY)
i 22 ofe] oY FHE I 3] SelME
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T2 Aspergillus %5 [9] T2} Trichoderma <5 [10] <=7}
o] By glom, vkt Sl Streptomyces <5 =,
18] 31 ARbM|sFNX<= Bacillus [1112} Clostridium <5 [12]
ol oJ8f AAkE = xylanase 2] TheFSH SAdel thet <
T7F R ElTh 53] MitQl BacillusZoll 213l AATE =
xylanase®] 73-%- #°gole] vlal] wjekAlgto] Fal W '

£ 9 AR Ul 92 4 glow] 3, el 5] 934
ol AP TS 97 BT 5 ek 3 K

%
L Qlet [13].

B o o= v]5 0o] 9.9 x|ojo] EoF ul WO g1
E] xylan Eago] 953k Alg-S Halslo] o]= F4ska
welel #5054 2 e 7 Bhlshs 340
S0l thell 2ATER e

2. A= 9y

2.1. Xylanase AJAktS0] B Wl 4

Xylanase JAtF2] 2 213l ole] e} A|olx 3
3 EobA s 9 TEAIR 1 g2 0.85% NaCl £-9ol] SEf
AA A% s F A F22] 3490 100 mLE F5Hd
glucose ! 1%2] oat spelt xylan©] 37k F2]& nli=|Ql
PCA (Plate Count Agar) ¥l %] (yeast extract, 2.5 g;
peptone, 5 g; oat spelt xylan, 10 g, water, 1.0 L)°l] =23t
5 35CollA] 24-48413F F2t wjiRiTt. o] % kA d
of LRt Aol thE Aol EEUE = welakalon,
xylanase rhtT52 AEsl7] S8 Bl el vehd
xylan #8l|3H-S #E5I] 1 A7V 2 HFES AHES
o o] g2 FEiA, Aslehs 549 4 16s tDNA
A7 71D E Abste] skl FEjeta 54
AR Slel 27 A A e, APL 50 CHB kit
(bioMerieux Vitek, France)E ©]-83to] 35Cef|A] 48A17F

wleke 5 YRS 54 sRIskct,

2.2. vk = W pHoJ| w2 A JFF
Aok % 4l pHell e A FIFS Lolrr] £13] PCA
Hix|ofl A 197 35CollAd A wjeksl Fajto] njokals
AEsto] moFstaint. vioke ol i A e AR
7] 98l w S EE 30-50C7k4] 5C o8 243l
207t Fehoksi= 9t vk 270l 2417E, 12417 o] %
ofl= 6AIZE, AR R 36A13F o] Fofli= 12417} wljok
NS FH3k] 600 nmollA S FFEE o]85to] ek
2o e el A 93-S AT B8t pH
o tist A% g Ak S8l mioilA|e] 7] pHE
2-12714] 2% ¥ A wjoke Feldao) wiekas HE
slo] 2U7F A Ehfoksl= Fot 3A|Z ) oS- F 3l
600 nmellA] 5793 S35 olgslo] wiohi|e] 27 pHell
2 )] A Jgs AT

2.3. Xylanase 84 3%

w2lE Tl A AR xylanase 2] 498 S75H] S8l

glucose tHA1 1% oat spelt xylan©] X3 PCA Aa)j#]
oA mieFE FeletTo s s TEATE ARSI o,
xylanase 2] EJ 3= 3,5-dinitrosalicylic acid (DNS) %P [14]
S 283109 oat spelt xylan © ZHE] 2] xylose 3=
SAsto] AT Aol ARRE aAISES 4
Sk ¥ S-S 2349 500 uL2} 1% oat spelt xylan
ol 500 pL= $H E31a10] 50Coll] 3087 WA &)
DNS & 1 mL& 37I5h 5 #2500 Algds 91 <
GAIZIHA 5ELE DA & S/ 10 mLE d7kekaL
540 nmelx] SFEE SR xS 22849 500 L
o} T 500 pLE =ste] AlEg wdaHl st
A4 1 international unit (IU):= 1327+ 1 pmol®] xylose
of Z-&sh= Shlde AWdshs aao] kow Hsith

2.4. Xylanase &/go] thgt 2= Y pHO| F3F

Xylanase®] #4 Eel v 2% 9 pHO| Faks Lot
1] $18l HM6 ol ke =g A8 whgof AR
sl a4 Whe-e] HA 25 ZAksl7] 918H, Britton-
Robinson -84 (pH 7.0)°14 1% oat spelt xylans 7]
2 ARE310] 20-80C7HA] 10T 7HA 0% 243 RkgAIX
7] Aedt a4 SIS Soto] 34 23S 1)
WakTE @42 9 /2 Britton-Robinson $Ha-2-<Y
(pH 7.0)°ll &5 715101 40-70C7H4] 10C HE 0=
ZAE 7 25eof|A 12037 Aefsh ol aae] I e
S8t a40 HA pHE AR S8liME, 2as
NS pH7F 2-127F4] 1.0 7FA =2 ZA ¥ Britton-Robinson
gl W1 50 CellA] 3021t RESAIZIF &/dE vl

sgict.

3. 23 d @
3.1. 959 32| 2 54

ofo] 2.9} ol FH7 EYA R B TEFAEE 1% oat
spelt xylan©] 7} PCA 3l A]of] T £ 35CeA
12471 vljekato] et gl ViR A do] Zi7te] F
Us = welsisinh o] § & e oS 7R
xylanase ‘At TE2 AHsl7] flal A el vt
xylan 7313 ¥H2&1e] Table 1] YR vlel o] 265
2 13 Adelgion], o5 % 1 AP} 2w R A
AL (Fig. 1), AL S Bojo] HEHow 178
Adsiginh. HF e EeliS HM6Z gHshgliaL
w0 wie Felom, 1% 943} morphology ¥
A3t % e Ito® visiRlt). g HMe 2] Astel]
£/3& API 50 CHB kitE ©]-&sto] A A3 glycerol,
L-arabinose, D-ribose, D-xylose, D-galactose, G-glucose,
D-fructose, D-mannose, L-rhamnose, D-mannitol, methyl-a
D-mannopyranoside, N-acetylglucosamine, amygdalin, arbutin,
esculin ferric citrate, salicin, D-cellobiose, D-lactose,
D-melibiose, D-saccharose, D-trehalose, Inulin, D-raffinose,
xylitol, gentiobiose, D-tagatose, D-arabitol=> ©]-8-5}31 S
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(Table 2). 737] Fef] 9l Az S4o] Aafs vpow
el Bacillus <5 <=7 % B. circulans, B. pumilus 2
B. megaterium™} FAMIS Kol 74_E YERES ™| 165
DNA 3148 471 D& 48 5 NCBIS| BLAST
search program= ©]835}] A5/dS v w sk A3}, 99% 9]
AZ| 2 B, pumilus®l| &3k= A 0= Yeltor g Adkst
5 B. pumilus HM6=Z "33} (Fig. 2).

Table 1. The detection results of xylanase activities from isolated
strains in screening media

Strains Source Xyl'fm.a %€ Strains Source Xyl'fln.a 5
activity activity

S-JK1 Soil + HM7  Horse manure +
S-JK2 Soil + HMS8  Horse manure +++
S-JK3-1 Soil +++ HS2  Horse barn soil +
S-JK4 Soil ++ HS3  Horse barn soil +
S-JK5 Soil ++ HS4  Horsebarnsoil  +++
S-JK6 Soil +++ HS5  Horse barn soil +
S-JK7 Soil ++ HS6  Horse barn soil ~ +++
S-JK8 Soil ++ HS7  Horse barn soil +
S-JK9 Soil +++ HS8  Horsebarnsoil — +++
HMI Horse manure + HS9  Horse barn soil +
HM2 Horse manure + HS10  Horse barn soil +
HMS Horse manure + HS12 Horse barnsoil ~ +++
HM6 Horse manure ~ +++

+++ represents excellent clear zone formation on the screening
medium; ++ good; + fair; - negative.

Table 2. Biochemical characteristics of B. pumilus HM6 isolated
from horse manure

Characteristics Result Characteristics Result
Control - Esculin ferric citrate +
Glycerol +  Salicin +
Erythritol - D-cellobiose +
D-arabinose - D-maltose -
L-arabinose +  D-lactose (bovine origin) W
D-ribose +  D-melibiose W
D-xylose +  D-saccharose (sucrose) +
L-xylose - D-trehalose +
D-adonitol - Inulin W
Methyl-BD-xylopyranoside - D-Melezitose -
D-galactose +  D-Raffinose W
D-glucose +  Amidon (starch) -
D-fructose +  Glycogen -
D-mannose +  Xylitol W
L-sorbose - Gentiobiose W
L-rhamnose W D-Turanose -
Dulcitol D-lyxose -
Inositol - D-Tagatose +
D-mannitol +  D-Fucose -
D-sorbitol - L-Fucose -
Methyl-oD-mannopyranoside =~ W D-arabitol W
Methyl-aD-glucopyranoside - L-arabitol -
N-acetylglucosamine W Potassium glucoNaTe -
Amygdalin W Potassium 2-ketogluconate -
Arbutin +  Potassium 5-ketogluconate -

+ represents good utilization; W weak; - negative.
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Fig. 1. Xylanase production of B. pumilus HM6. Xylanase activity
was determined with the culture supernatants.
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Fig. 2. Phylogenetic relationship of isolated strain HM6 with other
Bacillus species based on partial 16s rDNA gene sequences. The
dendrogram shows the results from analysis using CLUSTAL-X
and TREE-VIEW.

3.2. vk 9 pHO|| W& A3 4F

Fig. 3-> vjk&ol] W 23t B. pumilus HM62] AJ7%
FES viErd f/’OlE} et HM6 72 #24 A%
S5 30-35CR YeRkon, 40-50C7HA] A2 7hs3t

A¥E507CE] 1::}—7401]"1 Aol AR5 HojA= Zls &
e = U, 55C o dollM= *321'5]'11 F313iet. oA
2 ‘:;’3“%_—, 1_1 3/‘% B. pumilus®] 73-9- 50 CE 2eh= &

oA A4Aer 4= 9ltt . B 113 Droffner 2}t Yamamoto-J
Aol AX|Eeict [15]. pHell tist A7 F3Fe] A9 2

Aol A F2E HM6+= pH 2-39] AP ellM= 3s
x] FEFEARE, 4714 9ol pH 127}A] Ao 71581
7].;1- AZAFE 7} 953t pH 6- 70] HA A% pH=Z It
%\3]- (Fig. 4). Hill 5°] Ao 2213t B. pumilus 2] 2%
}\(EX]— pHE 6-9910M, pH 118 Z38R= Mol A7
gk = UodTk [16]. WEPA 2 e HM6 o7k &2
/‘é of B A& #FE AlsET
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Fig. 3. Effects of temperature on the growth of B. pumilus HM6 in

the PCA broth.
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Fig. 4. Effects of initial pH on the growth of B. pumilus HM6 in the
PCA broth.

3.3.1j¢F AJ7to]| ul2 xylanase /354

B. pumilus HM67} AIRER] = 1] AYAFH= xylanase 2] RES-
S A7) f18l wiekdlE AalEesto] A2 ek
THE TEANO T ARESISITE Table 3¢ BRI vk} o]
ANEA O 7 At © ZHE] xylanase S AR H AQF=
HoFAl 7R 1201w, FA % T3 1000 TU/mL 250},

jus)

ool ¥all wgolvt WAl e 25 E] ke xylanases= Al
o Bl3l ST} - =AW AR vjoFAITES 2sk
ot 2y AellA] A FelirTEl] AT 27 3Y
7t xylanase 2] /5= ©F 260-640 TU/mL 2 ARFAQ1
Alefrell xylanase 9} B]S28E D735 UERAQIAINE 4 o] %
AT 543] STkl o, 53] HM62] 735 FHaL oF
7000 TU/mL7HA] 57} S7Feltt (Fig. 1). wetA] =71
xylanase 2] €732 AXHARI AMlit-f-2l| xylanase$} H|S=$h
GAE HERIUARE sk zto] Aol 45 aAgdErt
xSkt 3goly HA o2 RE] A4kE xylanase 2]
=9} vsest G EE UERAQITE (Table 3) [17-25].
O|Z& wljerA|to] ool ufet ALl R H]E xylanase
9] ¢o] wolila} gAle] Aojxl vjEAIRE &1t AFE 7]l
Aol AlRE7E B3l =AM Al djol] EAsh= g o]
ekl oll 2= o] xylanase] Aol A Fohk= Fd=
[ AOFE AbmEch 2 A4 ¥ HM6E
golu MA 0 2 RE] ALk xylanase &} E/do] vl
AEl] BYEE HolwA wiekrtte] O Zivhs A o
9] o] 87k SHelA st olF o= wekEnt

3.4. Xylanase &/go]| v|xj:= &%= % pHe| F&F

Fig. 58} 6> 217} xylanase 2] Wh&-=5%} pHE 2ot
xylanase €45 SO0 ZH W28} pH7} xylanase
Ao v A= JEFeS AR 1 A3 i =T}
aAaE ol vA = G A Fig. 5(a)°llA 2]l vie}
o] 60CoM 718 =2 S LFERIgLeH, 50Ce] 45
A7} oF 99% 7 HuBAS 19l 60T} FAKSH
As At = &4 S0 20-80 C7HA] 65%
olfe] HlwA =2 4TS Hlom, 53] 70T
ok 89% o] T TE WITh Ao tist egAde] ¢
Fig. 5(b)ell YeRd nlel 72o] 40Ce} 50T 45 90+ 5
ot FEO] 80% oS fAAIE oM, HE AIFAIRRI
120294 %= 78%2] A =E FX]8kIt). Rbde] 607C 2
A9 305 5 GAEI} 45% 2 32438 Dol o, 605
o] F o= 20%0]3k= @AhE/do] "Wolxlar, 70 T =
303 o] FRE G4FA 0] 20%0]5tE HolFrk. upebA
A tgAde 1HE u FelrTo HAuke s 50T

Table 3. Comparison of xylanase productivity in some of the highest producing strains

Organism Growth substrate Xylgrll;izz)l cld CEIIEZTE;)H P(rl(;ji/l:rcltyﬁt)y Reference
Bacillus pumilus Oat spelt xylan 6879 144 46.38 This paper
Bacillus sp. Hydrolysed xylan 1000 15 66.67 [17]
Thermomyces lanuginosus Xylan 1433 38 37.71 [18]
Thermomyces lanuginosus Corn cobs 7575 216 35.07 [19]
Schizophyllum commune Microcrystalline cellulose 5740 264 21.74 [20]
Trichoderma reesei Xylan 970 50 19.4 [21]
Streptomyces lividans recomb. Xylan 784 48 16.33 [22]
Aureobasidium pullulans mutant ~ Xylan 633 70 9.04 [23]
Bacillus circulans Deacetylated xylan 400 48 8.33 [24]
Yeast sp. Xylan 570 70 8.14 [25]
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Fig. 5. Effect of temperature (a) on the xylanase activity and
temperature stability (b) of xylanase from B. pumilus HM6.
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Fig. 6. Effect of pH on the activity of xylanase from B. pumilus
HMe6.

2 It Fig. 62 pH7F @484 ol nA]&= JaFs 1
ERd Aoltt, 71 =2 E4S pH 8olA] H3lom, 7-94}
o]9] pH YFollM B4 ¥ arY s e
T2} pH 50]8ket pH 10014 olM= a4 57 ¥4
3| Asheo] S/} oF e Jole] pHelA] a4
dol A FAEE & 5 ASITE wEbA 2 Aol &
2| B. pumilus HM6Z5-E] AJAHE xylanase o] 24 RE-

2% 9 pHE 50C8} pH 892 & &= 3U3Ith & 5 [26]
o] B2J3} Bacillus sp. AMX-48} 0] 5 [2]0] E2]3F Bacillus
sp. HY-2025E] AAke xylanase®] 7-¢- #4] wbe- 2% 2
pH+= 212 50°C2l pH 6.0 18]31 55C$} pH 6.5 Kl
v Qi 18R 2 ATrel|A] 2]E HM62] xylanase
ol o] Aikshz T vlsest 52/ xylanase?] WHA
oo ko] o w2 As & STk

4. A&

ul= ofol @ 9l5=0] EoF gl WEORRE] 26719 7}
glucose HIAlef 1% (w/v) oat spelt xylan®] ¥3+¥ PCA
HA)E o]85}e] 35 CollM] w2j=|Qiet. el 11572] xylanase
32 1% (w/v) oat spelt xylans 718 = o]-835lo] DNSH
of &gt S-S SATo =M AU FElE A=
& B O3 el IRte|glom, o] 7heH] WEo 2
¥ HM6 757} 7FE 358 xylanase ZH4-3 Btk A
H HM6 2] 4 9l AsteA 54 AL A9ke) 16s
DNA 212 7| LS v o= e yt=+ Bacillus
pumilus®| &= ZO02 AL, AWet & B
pumilus HM6= -57331AT}. B. pumilus HM62] 224 3%
2 9 %7] pHE 242} 30-35°CE} 6.0-7.00100F. HM62)
7H¢ 32 xylanase &> 1% (w/v) oat spelt xylan®] 3
Sl PCAMIA|E o]8-3ato] 35T elA 6zt vljofslais o
6879 1U/mL2| &40 = 7P £3kth HM6 =78 ik
xylanse®] 2% 4 pHoll thdt 542 60°C2] 259} pH 8.0
oAl 7HE =2 S B, deoll gisk P2 50Cell
A 2ARE 51E 80% olde] =2 EAS FAlslalom, 60C
oPdelr= 303 § o] F43] "ol

Wt

o] s> 2008 - (wEHE]E ) 9] Ao Sy
ShaErlgAte] X ol =3 A4 (9]53Eok KRF-
2008-357-D00085).
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