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Isolation of Bacillus sp. Producing Xylanase and Cellulase and Optimization of Medium Conditions for
Its Production. Jeong, Won-Hyung, Si-Yong Yang', Min-Dong Song!, Jong-Kyu Ha%, and Chang-Won
Kim*, Animal Resources Research Center, Konkuk University, Hawyang-dong, Gwangjin-gu, Seoul 143-701,
Korea, 7Department of Biotechnology, Konkuk University, 322 Danwol-dong, Chungju 380-701, Korea.
Department of Animal Biotechnology, San 56-1, Shillim-dong, Gwanak-gu, Seoul 151-742, Korea — A bacte-
rium producing the extracellular xylanase and CMCase was isolated from soil and has been identified as
Bacillus sp. The isolate, named Bacillus sp. A-7, was shown to be very similar to Bacillus licheniformis on the
basis of its biochemical and physiological properties. The maximum xylanase and CMCase production were
obtained when 2.0% (w/v) glucose and 0.3% (w/v) yeast extract were used as carbon source and nitrogen
source, respectively. The best mineral conditions for xylanase and CMCase production were 0.1%(w/v)
CaCl,. Among the various feedstuffs, 1.0%(w/v) soybean meal was selected for the best xylanase and

CMCase production.
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Xylanase: A& M EBo)] £x)8= hemicellulose®] TS
FA3AEQ xylang 7}HpE-8)8bed xylose = xylooligo-
saccharide® AFAT| = T42AM AR BFA, Fd&
R AA, Awe] IFEAS, A FAE o4 ] H 7}
FAtE2] "}E-E-"E* ML A8l de] o] &=L glo}. 53]
AtgAakdel 9le] »E f2ll xylanase”} ALEA7HE B4
2 de] AR glow B3] |, HiX| et 2 I9lEEe
) AEE £714] 7] hemicellulose?] H32 A317] =
Hel ol 9 AR EE NAEA) e AR deA gl
o1, 2, 10, 14].

Cellulase % 58] CMCase(carboxymethyl cellulase, Endo-
B-1,4-glucanase)= exo-B-1,4-glucanase, B-glucosidases} &
7 cellulased] TFARARA E3] ZEALRS 71 Ao
Ae] o]-3Ad A5 #l8) de] o]8H I v Xylanase®}
CMCaseZ 715 MR 7L AR o] 88 79 A1E8A 2y +
QAR F O HEES ZAFAL 9= cellulose®} xyland &
Alefl Faligt 9= gl 548 AWM 71 Ak S, At
BR8] F9, o] vk e ool AE 79 5
it

o8] FF9] xylanase, cellulase Ak ]y &2 E2| g
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AR ) R Fge] Tl FE
Aspergillus sp.2} Trichoderma sp 7} Wol B il¥]9jy oduk
Aol M= Bacillus sp.2} Clostridium sp., Thermomyces
sp. &°] B1E I oH4-9, 12-14, 16-19]. 53] Bacillus sp.
AMX-4[1818] 7% wiR]el] xylose A7}ol] 23l LBjA]ol| H]
3| xylanase AJAH3 (25 U/ml) W o AA=7} Foldlal s
°m, Bacillus pumilus PJ19[6}2] 73 Ir&5x Sl
ofs) 3L 115 Uml7HA] xylanase AJAHZe] Eebdeta a9l
o}, Cellulase 2 xylanase FAAA S B8 Trichoderma
harzianum FI1[918] 7% £ Aol v} 59 wjok &
cellulase 2 xylanase®] A§ AFA] o] 7-}7% 9.07 U/ml, 12.56
U/ml7bA] A=k slodet. B3] Bacillus sp7t A4Aks}H
252 A e el 2 A-57F el pelleting,
extrusion?t - FAE] 7HEARR dAFFE A8 7Hs
s},

B AT 71EAg HrHE 34 A 2 A (direct-
fed microbials) FF7PLE EHOF xylanase ¥ cellulase
Aol FAlell T A5 Felste] EAaARS 3t vl
ANz2717 B3] 715AIE 982 ol&H: i, 9 F
o] A MiAH RS o)83t vk EA S -] ¢
dlod AA|ER]
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73712 A BEFABES ETE 0.85% NaCl
SNl AGAA HASN F Bacillus sp& EZ8H= AT
2212 $13 nutrient agarell =Tty FFE-E TSI
1222 screening IR ZA] xylanase: 7)1 ZA 1%(w/
v) oat speltS, CMCase:= 7|2 2A] 1%(w/v) carboxymethyl
cellulose(medium viscosity)E- &3t nutrient agars A
3led 30°Cel| A 8AIZF wlloF ¥ clear zone HFAI-FTF-2} =7
£ vlasle] AEsldt. oldl CMCase®] EA2 0.2%(w/
v) congo red £H4 02 JA F 1 M NaClZ A|Hs}] clear
zones FAEACH. AN 9 o] A= ZALE Slg
7} Ew) 2] 2= nutrient brothE ©]-4-3t 37°C, 120 rpm¥)
ZZ1e| A 8AIZE wiokAIZl F- EA sl At A
<= A, AgA, A5 EAS ZAFCEZHA Bergey's
Mannual of Systematic Bacteriology[3]ell whetr A A] 814
o}, A EEY EXZAR= API 50 CHB kit(bioMerieux Vitek,
Inc.yg ]88} 37°CollA 4817k wiok F A3l

g0yt 5%

Xylanase®] = 3 5-dinitrosalicylic acid(DNS) B
[1118 AR8-3}e] oat spelt xylan2ZHE] §-2]%¥ xylose &
e 2qsle] BHIAHS] SFol Hel 1L0%(wH)
xylan 500 pl, 50 mM sodium phosphate buffer(pH 7.0)
250 ple} B G 250 wlS P32 50°CellA] 158 HE-E-A]
Z1 ¥, DNS Al°F 3 mlg #H7}sled ¥be-& AA A7 5%
T B o, #3EM BF F 530 el M FEEE &
A3 D-xyloses EFAIRE ARE3e] FU 27I5]elA
A A AL T v TRy feld Sl
kS AAsAT. T BT 1.0 unite $19] 2AA3}lA
132 59 xylan® 2HE] 1 umol®] xylosedll A-8-3H= 3
3L AAsHe F40] ko2 Aosldth. CMCased] &4
X ZAUP2 xylanase 97} SA3H F 713 E xylan o
Alol] CMCE A3l A EFA|SE glucoses AHE-3}
= ol Slol FAY RS A 2AsG,

Xylanse, CMCase dtkro| 22|, 88 ¥ 5S4

2] FFE FollA xylanase®} CMCaseE 2% el
= 11 75 13} screening 3F1- 2™ (Table 1), ¢]5 strain
A-70] 7P 928 &8 vepliglet A g e 13
A7 morphology #H&AA 13FAy o2 e g}
API 207 A kitE o838 54 AP, Table 29} 2
ol Bacillus % 752 8=, ©|& Bacillus sp. A-
7012} W3ttt API 50 CHB & ¥4 kitS AH-&-3to

Table 1. Enzyme activities of 1st selected microorganisms

) Growth'? at Enzyme activity’
Strain o
37°C Xylanase CMCase
A-7 +++ +++ +++
C-10 +++ + +
C-12 +++ ++ +
C-5 +++ + T+
D-6 +++ + ++
D-27 +++ + +
E-7 +++ ++ +
E-5 +++ ++ +
E-11 +++ + +
F-15 +++ + +
G-6 4+ +++ ++

"The rate of growth was evaluated after 8 hr on nutrient broth.

Z+++ represents excellent growth.

34++ represents excellent clear zone formation on screening
medium,; ++good; +fair.

Table 2. Morphological and biochemical properties of Bacillus

sp. A-7
Characteristics Bacillus sp.A-7
Gram staining +
Mortility +
Cell form Rod
Spore formation +
Catalase +
Voges-Proskauer +
Acid from glucose +
B-Galactosidase +
Arginine dihydrolase +
Lysine decarboxylase -
Ornithine decarboxylase -
Citrate utilization +
H,S production -
Urease -
Tryptophan deaminase -
Indole production -
Nitrate reduction +
Gelatin hydrolysis +

507} 8] el gk s 5A ZAME R} Bacillus
licheniformisoll 431= 202 Jepdtl(Table 3).

Etalof 2 FA4MM0 DiXle Y&

37°C, 150 rpm, 12A17F wioF Z 73 A] yeast extract
0.2%(WvYE 712 AL 02 2%(wh) BEZ o2 71A] &
afel o3 FAYAYS Thefst A Table 49} 2ol
glucose A 7loll & Bacillus licheniformis A-7 3452 73
£ xylanase @ CMCase Aol 713 =2 7oz vepdt
o). Glucose® 73-%- Fig. 19 v vhe} Zo] 2%71A]&=
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Table 3. Biochemical characteristics (carbohydrates) of Bacillus sp. A-7

Characteristics Bacillus sp. A-7 Characteristics Bacillus sp. A-7
Glycerol + Salicine +
Erythritol - Cellobiose +
D-Arabinose - Maltose +
L-Arabinose + Lactose +
Ribose + Melibiose +
D-Xylose + Saccharose +
L-Xylose - Trehalose +
Adonitol - Inuline -
B-Methyl-xyloside - Melezitose -
Galactose + D-Raffinose +
D-Glucose + Amidon +
D-Fructose + Glycogene +
D-Mannose + Xylitol -
L-Sorbose - -Gentiobiose -
Rhamnose + D-Turanose -
Dulcitol - D-Lyxose -
Inositol - D-Tagatose +
Mannitol + D-Fucose +
Sorbitol + L-Fucose -
o-Methyl-D-mannoside +¥ D-Arabitol -
B-Methyl-D-glucoside + L-Arabitol -

N Acetyl glucosamine + Gluconate +
Amygdaline + 2 aceto-gluconate -
Arbutine + 5 aceto-gluconate -
Esculine +

+; positive; +%, weakly positive; -, negative

Table 4. Effects of carbon sources on xylanase and CMCase production1

Carbon Xylanase production Relative CMCase production Relative
sources (2%) (unit/ml, means+std) productivity(%) (unit/ml, meanszstd) productivity (%)
Glucose 66.2+4.9 100 94,1£10.7 100
Oat spelt xylan 11.1£1.8 17 10.3+ 5.6 11
Xylose 55.742.6 85 67.9+ 7.8 72
Wheat bran 41.3%£3.0 62 20.4= 3.9 21
Soluble starch 29.3+0.8 44 333+ 2.8 35
cMC? 50.8+2.7 77 214+ 2.1 22
Maltose 38.2+3.1 58 50.1+ 2.8 53

'Basal nitrogen source: 0.2%(w/v) yeast extract
2Carboxymethyl cellulose (medium viscosity)

% Z7le]| a2}l xylanase W CMCase A o] Folx L

o 5% A7) esle) grashs Aoz depgel

{0 IE EaYLYol lXle g

Glucose 2.0%(w/v)S 7| & et o= st 0.3%(WHV)
FEE o8 7k A4 Hrste] 37°C, 150 rpm 2wl
& F EAAAIE &4 wlasisivh. Table 500 vield vt
9} 7Fo] yeast extract 7ol 2]8ll xylanase & CMCase A

el 7K e Ao vehget

Mineral E7t0fl e S44LM0| ORI Y&

fAhufioF ZANAM 7 & EAKYAIS- glucose 2.0%
(wiv)2} yeast extract 0.3%(w/v)E 7] A& Z+2} 0.1%
(W/v) 522 mineral 7ol 28 EAAAM O] vlA]E=
o385 shatslgivh. Table 60l Vield upel zko] CaCl,o}
NaCl &7l 28] xylanase @ CMCase YA 0] FolA]=
7o Z Vel dubH 22 Bacillus sp. ) B4 79
calcium 7ol oJ] FAe] AT Ay} FeRlvhar &
gA qlom, B Aol -5 viAY calcium 7ol
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Fig. 1. Effects of glucose concentration on the enzyme produc-
tion. Basal nitrogen source was 0.2%(w/v) yeast extract. @: xyla-
nase, O: CMCase.

3] xylanase & CMCase AJAHAd o] F-37}ell vl xylanase
1.9, CMCasél= 3.4 ol A 22 veldt}. NaCl

2] 739 xylanase AJAMIoll = HTLE oS XA d9te
t CMCase AJAME-E 371l wlsl] 3.2 FolAle 7o
vieRstet. 73171l Bl3)] xylanase W CMCase AJAHd o] =
F ¥ohl CaCl% NaClg B57 A7hshe] wiekat A=
xylanase:= 192 unit/ml, CMCaset 438 unitmlZ CaCl,
SRS} Aol S viehA] At

o|Ake] AxE F3le] B o] xylanase W CMCase AN
st A 45 B. licheniformis A-72] A4S $18 |
A AL MR 2AL B AN O glucose 2.0%(wiv), A4
2.2 vyeast extract 0.3%(w/v), Bl Z-E CaCl, 0.1%(w/v)
ol Ao vepittt.

M= E(feedstuffs)E 0|2
Yeast extract 0.3%(w/vyE 7]iﬂﬂ7<li 3] 7EAE R o]
45 SFol(com cob), WF2(soybean meal), =Y
(molasses), 2 AF="18}2 (orchard grass)E FEH=E 27)s}

Table 5. Effects of nitrogen sources on xylanase and CMCase production’

Nitrogen sources (0.3%) Xyl?nase production Relz.iti.ve CMCase production Relgti.ve
(Unit/ml, means=std) productivity (%) (unit/ml, means+std) productivity (%)
Yeast extract 110.1 = 14.8 100 138.1 = 4.8 100
Skim milk 874+ 138 79 106.3 £ 77
Tryptone 55.0 £ 5.1 50 614 £ 8.0 44
Peptone 50.5 &= 2.5 46 1122 + 2.7 81
Soytone 98.1 = 3.3 89 483 £ 4.0 35
Beef extract 752 £ 9.1 68 60.0 = 3.1 43
Yeast, dried 522+ 29 47 704 £ 2.1 51
Casein 954 + 3.1 86 277 £ 28 20
Ammonium sulfate 922+ 2.0 84 80.0 + 3.3 58
Ammonium citrate 71.3 £ 3.7 65 21.1 = 3.0 15
Ammonium chloride 782 = 3.1 71 914 + 1.1 66
Ammonium nitrate 553 £ 125 50 1133 £ 5.7 82
Malt extract 704 = 7.0 64 22.1 £ 2.8 16
Urea 86.3 £ 0.8 78 214 £ 1.6 15
Casamino acid 90.0 = 2.8 82 1053 = 6.6 76
Yeast extract + skim milk 1022 £ 79 93 121.1 = 4.8 88
Yeast extract + casamino acid 720 £ 33 66 1154 £ 55 84
'Basal carbon source: 2.0%(w/v) glucose
Table 6. Effects of additional various minerals on the xylanase and CMCase production’
Mineral (0.1%) Xylgnase production Re}a?ive CMCase production Re.la.tive
(Unit/ml, means+std) productivity (fold) (Unit/ml, means+std) productivity (fold)
None 110.1 = 14.6 1 138.3 £ 5.1 1
CaCl, 2053 = 4.5 1.9 4748 + 12.0 34
NaCl 121.0 = 11.1 1.1 440.0 + 4.6 3.2
KCl 1412 = 3.2 1.3 98.4 + 10.0 0.7
FeSO4 1204 £ 1.1 1.1 513+ 8.5 0.4
MgSO, 82.0 £ 3.1 0.7 713 £ 1.1 0.5
MnCl, 1514 £ 5.0 14 824 = 4.0 0.6
CaCl,+NaCl 220.1 £ 3.1 2.0 382.3 £ 15.1 2.8

'Basal medium: 2.0%(w/v) glucose + 0.3%(w/v) yeast extract



o] xylanase ¥ CMCase®] AJAHdol] n]=| &= oJakS- gle}sh
A7} 9 FHHSBM) 1.0%(w/ivyE 78t A% xylanase 2
CMCase 2JAtAd o] 744 33k vH(Table 7). 53] xylanase®]
Q7l= 213 unitmlEA FH A T4 ARl glucose
2.0%(w/v), yeast extract 0.3%(w/v), CaCl, 0.1%(w/v)<}
FrAkE A S el et ko] 7 1.0%(wiv) A
VR BA A o] FT1sI ot 2.0%(wiv) #7b
g 7% 0.1%(w/v) A1t 799t fAksE A xg Gyl
Ae] 2318 AslEE 7oz eyt o]i= ekl 9]
F AAkell o8k AN Aol e FoE lolElc)
o] 749 0.1%(wv), 0.5%(w/iv) H7FA] FrAksh EA4gAE
g vebd wbE 1.0%(wiv) 37 7 238 34
A o] AslEslEd o) el e F=ke] Rl @
of o3 o3l AT ] AFEHNA7] Aoz Hotd
o 2 0.5%(wiv)k HFEE 0.5%(wiv) A7F R
0.5%(w/v)t ol Fuh& el F AM A2 o 7uh 4o
0.5%(v/v)e] 73-5oll = W73} 1% H7RHoR= B2 G454
A& vieRl sl

A2 AR o] =& T 1%(wiv)eh Ed
0.5%(wW/v)yE 7] 32uiA| & slo] thefst Aigel upd §244)
Aol A ofekS AR A} Table 8ol vlehst uiel
Zro]l i 1%(w/v)e] 73-%- ammonium nitrate 0.3%(w/v)
A7}l 93] yeast extract 0.3%(w/v) B7}el| B35 xylanase
= 400, CMCaset 2.1 Baiabgde] w0+ 4 A4
iR 27 =EH CaCl, 7183} HEE 28 o 71
1%, ammonium nitrate 0.3%% 7| 2w X Z 3}e] CaCl,
01%% A7kt Ast 7] Zuh Aol ¥ &) xylanase: 1.1%H,

Table 7. Effects of various feedstuffs on the xylanase and
CMCase production’

Relative productivity(%6)

Feedstuffs
Xylanase CMCase
0.5% Corn cob 5 15
0.1% SBM? 39 2t
0.5% SBM 78 70
1.0% SBM 100° 100*
2.0% SBM 41 21
0.1% molasses 90 30
0.5% molasses 91 60
1.0% molasses 3 5
0.1% orchard grass 39 30
0.5% orchard grass 48 45
1.0% orchard grass 41 20
0.5% molasses + 0.5% SBM 63 92
0.5% molasses + 0.5% filtered SBM 53 40

'Basal medium: 0.3%(w/v) yeast extract
2Soybean meal

3Xylanase activity: 213 Unit/ml
4CMCase activity: 12 Unit/ml
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Table 8. Effects of additional nitrogen sources on relative xyla-
nase and CMCase productivities (fold)

Nitrogen sources 1.0% SBM 0.5% molasses
(0.3%) Xylanase CMCase Xylanase CMCase

Yeast extract 1.0 1.0 1.0 1.0
Skim milk 0.2 04 0.1 0.3
Tryptone 1.2 1.3 04 0.7
Peptone 1.2 0.9 03 0.8
Soytone 1.2 .1 1.2 0.8
Beef extract 3.0 1.1 1.5 1.1
Yeast, dried 1.5 1.1 0.5 0.6
Casein 0 0.6 0.1 0.3
Ammonium sulfate 0.8 0.3 0.2 0.6
Ammonium citrate 0.6 0.4 0.1 0.4
Ammonium chloride 1.8 0.1 03 0.8
Ammonium nitrate 4.0 2.1 0.1 0.8
Malt extract 0.2 0.5 0.1 0.4
Urea 0.1 03 0.2 1.7
Casamino acid 1.9 0.7 1.8 2.1

CMCasex= 2.18] EAAYARAY 0] =2 710 F vepdel 9
0.5%(w/v)2] 73 % casamino acid 0.3%(w/v) 37}l 9 &)
yeast extract 0.3%(w/v) A 7}ol| Hl8] xylanase:= 1.8l
CMCaset= 2.10] EAMg o] & Ao vepdd. o) 4
o] ANE EYE ABURE o83}t B. licheniformis A-7
T52] xylanase 2 CMCase §AH-2 o F4t [.0%(wiv)E
7]1E-2 2 &}led ammonium nitrate 0.3% ¥ CaCl, 0.1%%S

Hrhske o] MR wAzA e Yepda

[=) =13
i =

7} AFBAH/E BANARS 5H OS2 xylanase
CMCase® FAlol HE0)sl= v £t & 714 AlAt
Aol T wFE Adsiele AEE eSS $Hs A
3} Bacillus spol] £38F= @52 Bacillus sp. A-7= 445}
$om | B licheniformis® 4= et LABARE $13T 3
A ArhuoFE AL Bt AU SR glucose 2.0%(w/iv), AAY
©2 yeast extract 0.3%(w/v), Pl CaCl, 0.1%
(wiv)dl Aoz viehgdel AHat EANARS 913 uix A
< 47] fl3) 7IEARE o] 8H T A7) UBAEE o4
Sl EAAIAMYS Fetak A tfFab 1.0%(w/v)et B3
0.5%(w/vy7F 58] xylanase AAM o] 2 7 o2 vefyict
E3], dF2 1.0%wA)E 7] B Al 2 Sl ammonium
nitrate 0.3%(w/v) ¥ CaCl, 0.1% 37}7} 2 8kgh ) x| 324
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