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Production and Properties of Mannanase and Xylanase by a Bacillus subtilis Isolate

Ki-Hong Yoon*

Food Science & Biotechnology Major, Woosong University, Daejeon 300-718, Republic of Korea

A bacterial strain capable of hydrolyzing xylan and locust bean gum (LBG) was isolated from the Saemangeum tideland of
Korea. Based on the biochemical properties and the 16S rRNA gene sequence, the isolate YB-30 was identified as Bacil-
lus subtilis. Xylanase productivity was increased effectively when B. subtilis YB-30 was grown in the presence of wheat
bran, while mannanase productivity was increased drastically when grown in the presence of konjac or LBG. Particularly,
maximum mannanase and xylanase activities were detected in the culture filtrate of media containing 3.5% konjac and 1%
wheat bran. Both enzyme productivities reached maximum levels in the stationary growth phase. The culture filtrate exhib-
ited the highest activity at 60°C and pH 6.0 for mannanase and at 55°C and pH 5.5 for xylanase, respectively. Both
enzymes were not stable at high temperatures and xylanase was less stable than mannanase. In addition, wheat bran was
hydrolyzed to liberate reducing sugar to a greater extent than rice bran by the culture filtrate because the wheat bran con-
tained more arabinoxylan than the rice bran. Hence, xylanase and mannanase produced by B. subtilis YB-30 have a

potential use as feed additive enzymes.
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o] zjo|7} An] AAE = acetyl-4-O-methylglucuronoxylano|
10-35%9] 1 glucomannan 3-5% $&0 2 ZX|sh= ¥hd
of] H&E oA galactoglucomannan®] 3tsFo] 15-25% H &=
Z @O arabino-4-O-methylglucuronoxylan®] 32
15-25%°|t}. 3 mannan dF+= oY I E T4
of whpet Uit METE AE] A4 ERE ZA5H
A2 2 AMEEE 953 (8%), palm kernel meal (30-35%)
3} copra meal (25-30%)°l= T2 o] FFHo] Ut
.EZH Ei lr_ZT-‘:' 11] lr—/‘\_]_— ]—Eoﬂ i"o“-]'—;]o-] 01.‘:
hemicellulose= &4 th2 0 2 713 ZE3 QA 715 A
Yolu g o]F A3t = Wavl /53 gdRE Asglo g
W AR R Y o]§a &S FolAY TS HRT R
AbE 9] AAte] &-gskal gloh[23]. Xyland} mannan®] £}
A= 98 FFY aL7F #Hst= ol F xylan?] 7|2
=292l B-D-1,4-xylopyranosyl 237 mannan ThgF 9
mannoseZl'—J B-1,4-mannosyl 2% ZH2F FA9jzoz B
Fote] FE=7 AL LG o2 HAEA 7| = xylanase
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[16]¢} mannanase [9]1= THEF9 &3l 71 8% o
Sz Eao|B2 ARIA -840 S71E1T ek, Bl
Mo 2 HE th4 9] xylanase®} mannanase”} &=
23 R og S| FHE G £ o]F 5
Mo AET Qo] Basl B4 A A
9% ATE A4Ho WD et

Bacillus £9] 42 protease, cellulase, amylase, xylanase2}
mannanase S 22 7B G4 Bu| daksis EA
& AT Yon ofe £Re) FFE2VE o|F 44 4
7} A Qlth. MannanaseS AJAMStE #+F2 B. subtilis,
B. licheniformis, B. amyloliquefaciens, B. halodurans, B.
circulans, B. pumiluss E3F3t T2 Bacillus sp.7} B3
51910 5/[19], xylanase AAFFE o5t} o cheFsiol B
subtilis, B. licheniformis, B. halodurans, B. circulans, B.

i)

o rr ¥ o o

pumilus, B. aerophilus, B. mojavensis, B. alcalophilus,
B. cereus, B. amyloliquefaciens, B. trypoxylicola, B. firmus,
B. megaterium, B. agaradhaerens, B. lyticus®} o8 £4
£ 7+ Bacillus sp.7F &2 FtH15]. =3 endoglucanase,
xylanase, pectinase, mannanaseE 4 E3AZ ABAilsl=
B. licheniformis SVD10o] B 1 ¥ v} QIth17]. £ Ao A
= A9t AE 2 2 xylanase?} mannanaseE AJALsH=
Bacillus w75 28]5to] a4 ST 43S AR

=S4 MM 2a| 2 33

Al Aeta AEA R E A FH 5t 5% NaClo] H7H
nutrient B FEfR| o] =TEE & 37°Cof| A] 2447t St v
3 T FAEH FT2YE AE5te 0.5% oat spelt xylan
(xylan)@+ 0.5% locust bean gum (LBG)YE &-7-3t HEHujA|
o 247 13T SRS T F congo redz FAI3}
o] xylanase?} mannanaseE Ao BAtsts 435 A
skich. 292 tryptic soy agaro] HjgFste]l 4 F=Y
£ McFarland standard 0.57} S| =& EH = 0.45% NaCl
fHof FEMSE & BAC card (BiomereuxAl, France)ol| 5]
3} o] Vitek junior 7]7] o] A&Fsto] wjgstEA 6-15
A|ZEe] W 9jo A BEE B3}etA §4]S database®t B|
sttt 229 ¥ 444 DNAE FY22 3t 168
rRNAS] 2273 99 7| EE& ZtE primers 27F
1499R2 S5 FqEL AN (PCR) 2L HA|5hed
16S rRNA g7| X E& A4 s5H3i

84 2 51
Mannanase &4-2 LBGE, xylanase &Al2 oat spelt
xylang 7142 5t 42t 54 ¥hE Fof E TS
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3,5-dinitrosalicylic acid (DNS) #t o 2 t}&1} o] A
ez S5t FF7 AT 1% (wiv) LBG &
N E= xylan €9 0.5 ml®} 200 mM sodium phosphate
Q2o (pH 6.0 X pH 5.5) 0.25 mlE &4 €4 0.25 mle}
Tt AL oA 1587 ¢k ¥HEAIFH T DNS €94 3
mlE 71t BHg-& BAA 7| FE= BolA 58 ¢
A sto] LMAZ] £ 540 nmo|A FFEE FSAS
Mannose E+ xyloseE ZEEZE AHEdto] FURZAA
HAA A ZARE =S vute 2N fojd ST &
& AAEA B4 AT 1.0 units 99 2ANA 18 F
o} LBG E+ xylan® 2 HE 1 umol®] mannose E+= xylose
of AHoehe AT MM Bae Fo Holsidrt.

[

-A{OIAH
(=)=

2849 SDS-PAGES ¥ polyacrylamide gelol Al
SDSE A A3}7] ¢33 25% isopropanolE 3E33F 50 mM
sodium phosphate buffer (pH 6.0)2 A X3 & =0l
o] 15-308-7F 923} t}. Polyacrylamide gel& AUjo] &
A3t 9F=gMof 0.2% oat spelt xylan E= 0.2% LBG2}
1.5% agars 5o Ax2T gel& F30t] HEE YT T
40°Co A 1A7E 304 F<t WAl & 558 gel& congo
red2 gAsto] B 9& Tt

ESAM HEL} HISEY M

E2| B. subtilis YB-302 &4 AJAbo]| A5t ulj x| of| A
oF 18A17F Wi gFE & dAEs 42 FFTAS
ammonium sulfate (30-70%)2 A &dle] A @2 S
10 mM sodium phosphate 5 (pH 6.0)0] TES}L F4]
B F zE2N0 2 ASAYAL. BL YA AL B
259} pHO G3FS ALY Y5t 30-65°CS} pH 4.0-
8.09] W o)A Z+Z} xylanase?} mannanase 84S A3}
Stk @ QP E A fete] ZRANE M ThE
2o A 6027 WA & O AESTS SHSA

SARMZO| T

FARAEQ A71E&(1%) Ev U971€01% T 50 mM
sodium phosphate &4Z N (pH 6.0)5 XZ35t= HES-Ho] &
agE g Hrtste 2F £97t 0.5 mlo] HEE dhaL
45°Co| A HH-g3tH A U A|7hutct ¥h-g- oo EAst= &
dFE AT

X

1]
Iy ay

Mannanase®} xylanaseQ| AAkAo| 22| EM
Aorg A AR2RE 228 43 oA oat spelt
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xylan (0.5%)°| Y LBG (0.5%)7} 718 LB % 2l 2] o] A
xylan¥} LBGE FAlol &35t &3] & #F5 AT
8kal o] 5 YB-3022 sttt 2+ YB-302 1 &
A rF 2 2 32 E o] Bacilluss 438 A on g,
Vitek®] BAC cardE AH&-3to] 297 352 AYalshs E4
S zASHETH 2 23 YB-30: 203 HY #4531 E &
sucrose, glucose, arabinose, xylose, mannitol, salicin,
inulin, ribose, maltose, trehalose, palatinose, sorbitol, N-
acetyl-D-glucosamines ©4AY O 2 0|85} 11, potassium
thiocyanate, mandelic acid, polyamido-hyqrostreptin®}
e dEio] B A% AsAL 7% NaCle] H7H8 wjx
oA E=g-& Ta3E o B. subtilis® FAET} 99% =
eyt 23 2879 16S rRNAZ PCRE £Z3 &
1,516 bp 27|98 H7|A g AR5 o]F vl= NCBI
o] BLAST AN S AHEst AlitE9] 4-8-sh= F714]
gy} v w3t 23} B. subtilis CE1 (Genbank accession No.
JQ435698)2} B. subtilis 168 (CP010052)5 H|E3S o8 &
9] B. subtilis® 1 A go] 4R 3t E+F+ YB-302 B.
subtilisol] £3t= Ao 2 A=t} B. subtilis CE1= &
9 #e ATl FHEAHS Hole 422 FAH
A B = T3]

3t B. subtilis YB-30 @37} AdHo|A B Hglonag
B. subtilis 1687} YHAAE v 23} T} NaCle 5=7} 1-
10% oA 2] H7FE LB B2l 2] o H/dul 2] o A
16A17F v oksto] H A& vlweh Aah A u] ] of A
NaClo] 7% o4} F7He x| olAM &= & #3771 Z5F 3ol
OF7hE A= Ao 10% NaCle H7Fet i = Ad7o] o
ojttt. HEuj Ao A= NaCle] =7t FoldsE E2Y
=717} Aot A 10% NaCl F7Hl A= v A4 ¢l FE
£ BYou F @57kl Zol7t A gl o2 Hol &
gt Ao A B EHJAAT W= B0l flas

2
& % et

BIEAH T2 S4 Mikd

Mannanase?} xyalanaser= HjX|o] 35 g3lE £5
oF ol o3 Ao & FFS ¥, mannano| Y
xylano| -5 vjx|o| A 1 Eajma Jito] F7tEE= A
o2 By ulr} ks, 15]. wabA YB-309] &4 YA
of H| A& ©§IEY YIS A Y LB HA A
£ 7|2 A 2 5t GRS oG RE 1%, LEAS @A
YL 0.5% (wiv)7t HEE ZHz- H7bske] 37°Co A g bf
otgith A LB WA & 7|E 02 3t aa A4t
ol o ol F7IEHA] Pe ALE UEd 164708 2
Aetal A5 A 25t Bh E4S A5

2|5 YB-309] xylanase?] 4t Rt g 9
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Table 1. Effects of additional carbon sources on the man-
nanase and xylanase production of B. subtilis YB-30.

Additional carbon Mannanase Xylanase
sources productivity (U/ml) productivity (U/ml)
None 0.5 0.5
Glucose 0.5 1.1
Mannose 0.5 1.4
Lactose 26 0.5
Maltose 0.6 14
Sucrose 0.6 1.6
Mannitol 0.5 0.4
Fructose 0.5 0.9
Xylose 1.3 1.2
Galactose 1.3 1.3
o-Cellulose 3.1 0.5
Locust bean gum 44.0 1.2
Guar gum 11.3 0.8
Konjac 129.4 1.8
Oat spelt xylan 1.3 1.0
Rice straw 2.7 1.9
Wheat bran 2.9 2.3

2 G3FS x| 9=t 83 mannanase JAHA L Gk
3 whe Ao g Uebdth(Table 1). W7]&o] d7HE uf
Ao A xylanase AJAtAo] 4.6W) HE= F7HA U, oat
spelt xyland]| 2JS|H = 28] A $Z 08 Z7}5to] T2 &
aof Hls| 3A xylanase 4HAd& F7HAI 7] A gFoktth.
Mannanase®] A2 konjac, LBG®} guar gum 53 &
< mannan HFF7F J7HE R oA A Frtekl e,
53] konjacell 93t B4t T7k= 7HE EoF LBGE A7t
St wfEoh 36 =20 Feict. TH dFFU olF
7} xylanase®t mannanase AAHd ol v X &= G2 A7F
9] z}o]E e, glucose, mannose, maltose,
sucroseE 38 iAo A= mannanase AJ4AHY-S W37t
ALY AN xylanase A2 24 o] 78t
lactose”} 7+l vl A| o A &= xylanase At o] ¥ 3}5}7]
0FQk © U} mannanase At o] oF 5ul) A= F7}sS T
Xylose®} galactose H7} WX A= F &40 AALAo] =
T 258 A% 202 FUHE T

Xylanase?} mannanase?] A Z7HA7= 21 &=
< U7 konjace 217t 0.1-5% WY Z 71 vl =] of| A
A BAHYE 2ASETH U712 9] HbEo] Wold &
xylanase®] A4 o] F713to] 4% A= Aol X
EgstGith(Table 2). W71& A& 5 o|® A&l a4 A
AE F7HNZI A Felst7] S8 drlee SRl @

o O



Table 2. Effects of additional amounts of wheat bran or konjac
on mannanase or xylanase production.
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Table 4. Growth and enzyme production of YB-30 according to
incubation time.

Added amount Xylanase Added amount Mannanase

Xylanase Mannanase

(%) of wheat productivity (%) of  productivity C”'t“("he) e rodlictivity. productivity C?gfg;;‘l”)’th

bran (U/ml) konjac (U/ml) (U/mil) (U/ml)

None 0.6 None 0.7 12 15.0 121.46 4.6x10°
0.1 2.3 0.1 44.9 15 18.3 198.9 3.2x10°
0.3 4.0 0.3 80.5 18 215 213.4 5.7 x10°
0.5 5.7 0.5 121.9 21 18.8 220.13 5.6 x 10°
1.0 10.2 1.0 164.5 24 17.3 222.8 5.7 x 10°
15 12.8 15 180.4
2.0 14.1 2.0 183.8

of W7)&9 7S Geldto] AR ujA oA EAAYAE
25 16.2 25 203.5 _ ‘ -

A& 2ARRE A3 97)E A7) 1% o & a4l At
3.0 20.2 3.0 236.9 N _

e 2F HUE Ygit o, 2% oldollAe F 2L A
35 20.5 35 236.0 -

Aol BT ZFAStH T E3| mannanase Aol 3HA 7+
4.0 22.5 4.0 2322 st

__1_0
45 22.5 45 2122
50 092 50 185 1 Konjac (3.5%)3} U712 (1%)S FAlo A7k x| ol A] ul

' ' ' ' Azl what A AYAHY O WSHE 2AFSHYITH v g 27

Table 3. Effects of mixture of konjac and wheat bran on man-
nanase and xylanase production.

Amount of wheat Xylanase Mannanase
bran (%) added productivity productivity
with 3.5% konjac (U/ml) (U/ml)
0 19.4 234.0
1 22.0 291.9
2 18.2 164.1
3 16.5 162.6
4 18.8 156.6
et 5 Q4 Belot B4 BAL 544 EYR B
33 o]g W& 4% 71202 LB w0 22 H7h3k o)
Ao A xylanase B4AHd S X/\}f‘} 21 584 EHol &%
A (4.5 UmDojA Bt £84 245 -R3 w7 oA
4 A0l ERHATT Umb. a% Q3 5 gHoR T
B3l a1 Wy o] AR HA7bE v R o A= xylanase

AP0l 20,9 Ul UeRgid] o]t BE4EAT 8
4 B0| h2 A7kd AoIA 22 A B4 B4
AL} AR Eolglen, ol ARE Hol Wr|EY &
44 AJE0] xylanased] 4L FEdt= T8 982 st=

oz zagn.

3t mannanases A% 9] konjaco| 7} v Ao A=
Ao FASA 7R 0, 3-3.5%E Brlerse
mannanase YA o] o] o]Z2Ft}. Xylanase®} mannanase
o] BiHdE Sl F7HA717] 18iAl 8.56% konjacH} A

o= A7H4 konjacoll &3 M FH Y HE7F UF =o} Hf
ol ARe710] AeA Goren Aol HAg 124
2 Wjore FRE dopelel B BT ATHE AT
th. 71 A7} Table 40 LR vle} Zo] uljofA|zto] 184]
2 olole A7 o o4 F7HsAl sken, xylanase
= 152090 A9 AL B0l olols oA 443
AO U mannanasex 18A|7F o] Fo = AJAHo] oFgt 4=
Oi 7tk 18 BER a4 PAHE BA7] °]Eﬂ

L g WAEIESE & & 91|, B halodurans
PPKS% YB-301} f+ASHA <9 *3%"—‘—} HABE] xylanase
o] Aol F7kskaL A2 7)ol Hdjoll =gst=t] Hl3j[13]
B. amyloliquefaciens®] mannanase= AJ&-0] A X 7] =
9oteS R E AR At BR]7] 713t F AL F
7bote Aoz BauEgith21].

E3 mannanase?} xylanaseS 25 AAKSI= B. halodurans
PPKS02&= S0, A7]%, D785 1% F7He viR| oA
xylanase 4ol F7tstn] 53] 4 E M7 viA|

oA 85 Umle| 7P £ BAHIS B 13], €28 =2
Fo} ofpAerE 7}t vi A o Al = mannanase AAHdo] 2

A F7Fste AL 2 YEU18] YB-309 &9 o] A=

£ 4o 93l aa Aol FHEAY. B. pumiluse=
B. subtilis YB- 30-L]- Zro] W&ol xylano| 9J3) AAHA
o] Z7}8} 1 1[12], Bacillus sp.2+ B. amyloliqufaciens=
xylan©] 7&,47]-% HH Ao A xylanase AJAFAI o] 28 U/mlet
10.5 U/ml2 2+2F R Qoh2, 15]. E& xyloseZ H7}5}
A u= B2 F1 Zo] Bacillus sp.2F Microbacterium
sp.9] xylanase AT Z718l= FAMS HQl vf 9t &

r;r\*o

rl

September 2015 | Vol. 43 | No. 3



208 | Yoon, Ki-Hong

E3PEo| A E2E B. mojavensis= W7]& Hr}h #g7]
oA Aol Eom, 2% o ) BAES HATH1).

Mannanase A2 B. subtilis BS5 799+ konjac
EE HUKe v oA 9A|Zqte] o Ao =EEtH
oF 1,241 U/ml9] BAHIE Ho[6] 22+ YB-30E T A4k
Aol =gton, HA\A B2 E B. amyloliquefaciens YB-
1402= &84 YB-301} §AFSHA LBG 2t} konjacs A7}
gt B A o] | mannanase Aol ¥ A2 dE A
[21].

.1

.I|III

S|4

v FAHS Mol ZA8}= mannanase?} xylanaseES <13}
7| 314 SDSPAGES %92 5 BHLNE ANT 27}
37)7}F oF 26 kDa¢} 33 kDaZ A E+= X9 xylanase2}
mannanase &/4& Hole ©dd WEL 2z BEEH I
(Fig. 1). YB-309] xylanasex= 22-23 kDa<¢l B. firmus [4]
¢} B. halodurans PPKS-2 [18]9] xylanases . Th= 31,
mannanase= HF20] 38 kDa?l Bacillus 522 mannanases

[61°] ®3] 22 B. circulans [11]19] mannanase (31 kDa)
E];].JE =2 Ao IO}, 18 FA dAE Tl o]
Stgof| Aut ER1E Ao 2 Hol B2l YB-302 xylanase
¢} mannanaseE Z}7} 3t 5 AASIE Ao 2 AT
1, mannanase®] /o] mj vjekstA YERE AL SDS-

S X

(kDa)
97.4

66.2

45.0

31.0

215

Fig. 1. SDS-PAGE and enzyme zymograms of the culture
filtrate of B. subtilis YB-30. After SDS-PAGE of the filtrate of B.
subtilis YB-30 cultures grown in LB broth supplemented with kon-
jac (3.5%) and wheat bran (1%} for mannanase and xylanase pro-
duction, proteins exhibiting mannanase (lane M) or xylanase (lane
X) activity were analyzed by activity staining with LBG or oat spelt
xylan as substrates, and indicated by arrows, respectively. Lane P
represents gel stained by Coomassie blue. Molecular size of stan-
dard proteins (lane S) is shown in kilodaltons to the right side of
the gel.

http://dx.doi.org/10.4014/mbl.1507.07001

PAGE % % 4% 7 24 4874
o) B WEoz oA,

Hob‘"‘: -8 ammonium sulfate2 ] 83l A =3 =
291% Ag3l0] B pHEE L7} BAA] 87
fz}% ZAFet A1} mannanases 60°C} pH 6.0, xylanase
£ 55°C&} pH 5.5004 2z Hdf 245 Xt} (Fig. 2). B.
halodurans PPKS-22] mannanase [18]9} xylanase [13]+=
L% pH 113 70°Col A &S Ho| 249 aas

o 249 I5&

A pH

4 5 6 7 8
— 100 -
)
> 80
=
2
560 -
©
S a0
)
s
Q 20
12

(] . , . . .
30 40 50 60 70
Temperature (°C)
H

B Y

4 5 6 7 8
— 100 T
2
> 80
=
2
5 60
©
S 40
)
s
O 20 1
(14

0 , , . .
30 40 50 60

Temperature (°C)

Fig. 2. Effects of reaction temperature and pH on the enzyme
activities. Temperature profiles (triangles) were obtained by mea-
suring the mannanase activity (A) with a fixed pH 6.0 and xylanase
activity (B) with a fixed pH 5.5 at different temperatures. The pH
profiles (circles) were obtained by measuring the enzyme activities
at various pH’s and at a constant temperature of 50°C. Buffers
(50 mM) used were as follows: sodium citrate (pH 3-6; -e-), and
sodium phosphate (pH 6-8; -o-).
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Fig. 3. Thermostability of the crude enzyme. Thermostability

was determined by measuring the residual activities of mannan-

ase (-o-) and xylanase (-e-) after pre-incubation at different tem-
peratures for 1 h.

3A E5o, B. circulans CGMCC 14162] mannanase=
pH 7.62} 58°C [11], B. subtilis WL-32] mannanase [22]=
pH 6.0} 55°ColA 742 HY&AE Ho] YB-309
mannanase®} §A}5StH YB-309) aAHTH= o on
9} & pHoA HH&EAS 2= mannanase= B. subtilis
BS5Z HE| &2l 9ith6]. B. subtilis B109] xylanase (pH
6.0, 50°C) [5]= &2t B0k AR 27 A &4
& Hol= vtHo) B. amyloliquefaciens XR44A2] xylanase
[2]= pH 7-9¢} 70°C, Bacillus sp. xylanase [15]= pH 8.0
I 60°Col A ZZF HEAS 2= AL E dEF

ARG A7 AN ZELE o8l LEAA
1/\]7]' WA g Tof FEEAHS ST AT 40°Co A FA]
%< U= mannanase?] &/4o] FAEHH oY o|HT} &
=& LEﬂl*it T4 AEE AL, xylanase= 30°C ©]5}
A= AR LT 40°Col| A= oF 20% o] A= Aot
(Fig. 3). B. mojavensis AG137 xylanasei‘- 45-55°Co] A
1A17F 32519 o =34 o] 68— 50% [1]22 B
aaET B %o, 65°Col A 1A17F ‘”7‘] stol= Ag
YA %+ Bacillus sp.9] xylanase [15]2} 70°Col| A 3 A|7+
HFZ] Zo| = ¢t A3t B. halodurans PPKS-22] mannanase
9} xylanaseol H]3l] YB-30¢] 2J3f AAtEl= H4= EHS
go] Ittt

Uylgnt Wlge| Elis
U723 8712 7H o] AYstel ARE ol AHEH
T glom[20] YRR Tad, A, Wi 3wl
24 OGRS TS ok v ARY YR g 7
Z

7} 45-50%2} 18-23% = W7ol @o] ZA 3}t xyland}t
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Fig. 4. Amounts of the reducing sugar liberated from rice bran
(A) and wheat bran (B) by crude enzyme of B. subtilis YB-30.
For enzymatic reaction, reaction mixtures consisting of rice bran
(1%) or wheat bran (1%) used as substrate and 50 mM sodium
phosphate buffer (pH 6.0) were supplemented with 10 ul (-e-),
20 pl (-o-) and 40 pl (- A-) of crude enzyme, followed by incubating
at 45°C for 15 min. Amounts of the liberated reducing sugar were
determined by DNS method.
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