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Optimization of -mannanase Production from Bacillus subtilis JS-1. Yim, Jee-Soo, Jin-Woo Jung,
Jong-Soo Lee, Dae-Kyung Kang', and Ha-Kun Kim+. Division of Life Science and BioMed RRC, Pai Chai
University, Daejon 302-735, Korea, 'Fasy Bio System Inc., Chungnam 330-820, Korea — A bacteria strain pro-
ducing extracellular B-mannanase was isolated from soil and was identified as Bacillus subtilis by 16S TRNA
sequence comparison and biochemical determinations. The optimum pH and temperature for the B-mannanase
activity were 5.0 and 55°C, respectively. The zymogram technique revealed a single protein band exhibiting B-man-
nanase activity from the culture supernatant. The molecular mass of the enzyme was estimated at approximately
130 kDa. The addition of 0.5% lactose or 0.5% locust bean gum to the LB medium caused to increase significantly
the B-mannanase productivity from Bacillus subtilis JS-1. The cells grown on LB medium supplemented with lac-
tose produced maximal enzyme activity at the stationary phase. In contrast to this, the -mannanase was induced at
the logarithmic phase from the cells grown on LB medium supplemented with locust bean gum. The discrepancy in
induction times suggests that B-mannanase was induced by different induction mechanisms depending on the car-

bon sources in Bacillus subtilis JS-1.
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T AE ¥ 22 mannanase?] F8&A°] pulp
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extract, 5g; NaCl, 10g; locust bean gum, 5 g; Bacto-agar
15 g per liter, pH 7.0)1] Z=3}e] 37°Col|l A wiFslsict. 3
iRl 37}3E locust bean gums Ealsle] F2] F9
o TS FAe Ads A mat Bl o5
o] wjdEAE ZHEsP] 943 viAlE LB broths 7] wiA]
2 ARSI, 8 A 'S g gaste] sk
. FF2] A8 2333 %4 (Shimadzu, UV-2401PC)2
600 nmell M FFEE A3t ZABIIT.

=2 oo 83

2] #9 $A4L H2] 752 16S rRNA #3212 ¢
719§ ZARRE F o] & 7]x& 3] Bergey's Manual of
Systematic Bacteriologyoll 7]1&% o] 13= Bacillus subtilis
o] Weid, ARt SHES FEshe] Syehei(s]. 2
212l 16S rRNA #F44F <& PCR WHg-2.2 $53}e
3L HlT9] 16S RNA F-371e] BEH 249 J7|Md-S
primer2 ¥4 315 ©H9F, 5-AGA GTT TGA TCC TGG
CTC AG; 926R, 5-CCG TCA ATT CCT TTR AGR TT).
PCR 4hg<l| AH4-3F 3] DNAL F3hx|olN 3 F
2UE o #ANZ sk FAEZ A PCR WL ol
wol AR&-3tdth. PCR ¥H-$-2 10mM Tris(pH 8.3), 50
mM KCI, 1.5 mM MgCl,, 0.2 mM dNTPZ. A ¥-$-&
100 ml¢ll 50 pmol primers®} Taq DNA polymerase SUS
ARE&3le] 94°Cell A 30%, 55°ColA 30%, 72°CelA 28-S
2 o] FolAl HAE 309 HHERFeEH 168 RNAS] -4
A2 S53KA. PCR W55 17195 sle] 55% DNA
whH-& QIAEXII gel extraction kit® 38l o] & 3
22 3] PCR HHg<ll ©|-838t primers3t §7] DNA 7]
A Aol AHgsiie.
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A B93-S DNS ez ZAsigdei[11]. B4 1 unit
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(pH 6.001 A& =7} A-2elA 12]7H5<t A 3] A= 51
o} o] up2A] k=5 ud o]l e 37°CeA 304 ub
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o] e HuhlRo] =dsle] F2u] F¢ol FHIE A
3= AlS s e 2eld Alde] $HE 918l 168
IRNA f412ke] 4¥34-& PCR #he-22 FF3le] DNA 4
7\Md& BABAHFig. 1). ¥l 16S RNA 97144
9] o725 NCBI®] BLAST Za 138 AM-3le] AH5A
S ZA}sle] B A3} Bacillus o4 2 471495 &
L AFAES By} vl 840702 971 F Bacillus
subtilis, Bacillus licheniformis$} 838712 97|71 YUx]s}e]
99.0%2] A4S ¥.glvi(data not shown). ¥ #5F= 1
gofAl o] 9L, catalase, Voges-Proskauer, citrate ©]-& =9,
pH 5.72] Sabouraud dextrose agarellx2] A&} Zolla] okA]
HRg-S Jepido Be] 59| cellulase®} amylase 24] %
< #<l3t7] ¢4 LB HiX]ol 0.5% carboxymethyl cellulose
o} 0.5% starchE H7FsE wix|el|A 22} wlieksle] gl 2
3} 2] 75 starchs ¥-315183.21} carboxymethyl cellulose
Ba3}x] E-3}9ic}. =38 API 50 CHB kitE o] &3}
Ball5S =AY 25 glycerol, L-arabinose, ribose, D-
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1 ctaatacatgcaagtcgagcggacagatgggagecttgetecetgatgttageggeggac 60
61 gggtgagtaacacgtgggtaacctgcctgtaagactgggataactecgggaaacegggge 120
121 taataccggatggttgtttgaaccgcatggttcaaacataaaaggtggcttoggctacca 180
181 cttacagatggacccgeggegeattagctagttggtgaggtaacggetcaccaaggcaac 240
241 gatgegtagecgacetgagagggtgateggecacactgggactgagacacggeccagact 300
301 cctacgggaggcagcagtagggaatcttocgcaatggacgaaagtetgacggagcaacge 360
361 cgcgtgagtgatgaaggtttteggatcgtaaagetctgttgttagggaagaacaagtace 420
421 gttcgaatagggeggtaccttgacggtacctaaccagaaagecacggctaactacgtgee 480
481 agcagccgeggtaatacgtaggtggcaagegttgtecggaattattgggegtaaagggee 540
541 tcgcaggeggtttcttaagtetgatgtgaaageeccoggeteaaccggggagggteattg 600
601 gaaactggggaacttgagtgcagaagaggagagtggaattccacgtgtageggtgaaaty 660
661 cgtagagatgtggaggaacaccagtggcgaaggegactetetggtetgtaactgacgetg 720
721 aggagcgaaagegtggggagegaacaggattagatacectggtagtccacgecgtaaacyg 780
781 atgagtgctaagtgttagggggtttccgeccettagtgetgcagetaacgecattaagcac 840

Fig. 1. Nucleotide sequence of the partially amplified 16S
rRNA gene from Bacillus subtilis JS-1 by PCR.



xylose, D-glucose, D-fructose, D-mannose, inositol, mannitol,
sorbitol, o-methyl-D-glucoside, amygdalin, arbutine, esculine,
salicine, cellobiose, maltose, melibiose, sucrose, trehalose,

inuline, D-raffinose, starch, glycogen, D-turanose S2 o]

28 4= glgle, o] A= Bacillus subtilis®) EA33} v
S fArelar weld Be] T35 Bacillus subtilis? E3

HAHs).

Et2R0| B-mannanase H4H0] D|Xl= Y&

Cellulomonas  fimi®] B-mannanase §AFe] mannose,
galactose, xylan 18] I glycerol 5o &3 #&}= 1[15],
34X Bacillus sp. NN locust bean gumel] &3} &}
o2 &4 FAo] F=54%1-2v} mannose, galactose, J1E]
Il glycerol 59 &A% B-mannanase Akl H)E-87 o]
2= W So] 9JeH19]. WebA Bacillus subtilis JS-10] A
Ashe F9t gh4de] B-mannanase Ao w]X)= o 3}
& ZA1EP] ¢3] LB HAuiAlE 7| )R] 2. sle] galactose,
glucose, mannose, mannitol, lactose, sucrose, maltose,
carboxymethyl cellulose, locust bean gum, starch <
0.5%(w/v) 557} H =& Artste] Bacillus subiilis 1S-1
A NS 1% HFsP] 37°ColM 3043 Zet wekaled
v oFAts-H €] B-mannanase T4 Al &4 819 tH(Table
D). o] o Do} o|Ff wkAUEE LB A wix)e} 2
g3l wrg Wil Hrlslioh Frb A YES
Cellulomonas  fimio| 4] R gnlel= 22 galactose,
glucose, mannose, mannitol, sucrose, maltose 5> Bacillus
subtilis JS-1°] B-mannanase Aol 2 J3FS- n)2)%] o
ket ey ol lactoseS AH7ekol-S Wl wiok AME
Ao &4 A2 gl =Tl Blsl 12.54(30 U/ml) 71319
L, locust bean gumell &A= oF 184](43.2 Uml) E7}
& AT B YA o] lactosed]l A F7HEE &
Aol lac repressorel] 2]t negative control®] ©33Fel] 2] s
olFeld 7leAS Ekish] Hsf wiAlel 1 mMe] isopropyl-

Table 1. Effects of various carbon sources on the f-mannanase
production from Bacillus subtilis JS-1.

Carbon sources Enzyme activity Relative activity

(0.5%) (U/ml) (fold)
none 2.4 1
galactose 2.2 091
glucose 2.1 0.88
mannitol 1.8 0.76
mannose 2.2 0.94
lactose 30 12.5
maltose 2.3 0.97
sucrose 1.6 0.67
carboxymethy! cellulose 43 1.80
locust bean gum 432 18.0

starch 2.5 1
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thio-B-D-galactopyranosideE go] 3027} wiloF 5 &304
S 2% A9 §4 FAL 24 UmlE HETE} 2le|7} ¢
At T API 50 CHB kits |43l & B3] 5
HE ZABIAE W lactoseS 0] 83814 Xoh= o0& 23
o] W-Foll = B3, lactoseZ} Ee]TFellA EgA o2
B-mannanase AJAMEE F7H7)E AL AR 229
o] AgS B Z2RE 2N 59 Fo] ANE A7) o]
Fol ok e 4 glg Aol

7t wad] F EA IS S At
-2 lactose®} locust bean gum®] =5 0.1%%E 2%7}
A} HIAA o)E F = W3lel] W2 Bacillus subtilis JS-
1 2] B-mannanase A& FAFSIATH Table 2). 30X)7}F 6l
% F el a4 B4 3480 9 lactose?}
locust bean gum EF 0.5%ellA] Zd] EAPAMAS W),
oA whRJol] locust bean gume FX7} 1.0% oA ™
locust bean gum®| HE7} FolA A gel AelE Heolyd|,
2.0%2) locust bean gum& 713} wjA| )M = BejFF2)
Aol o] Foi3lel wlel HEr} 7FAslu R HeldE locust
bean gum& EE&Ho2 Hasl= 722 Aoy}

Bacillus subtilis JS-10] #&8h= B-mannanase 49|
s4

M 7o) A AHelE= B-mannanase®] B-A}gkl hofs)e]
Bacillus subtilis[10], Bacillus sp. KKO01[7], Streptomyces
lividans 66[3), Vibrio sp.[18] oA 40 kDa &2 45
o] ¥.ux|o] Q)3L, Bacillus stearothermophilus23-€1= 74
kDa(6], =3+ o] &3} 2] 137 kDa#} 142 kDa®] v]d ¥
Algko]l & BAJ} Enterococcus casseliflavusol|A] B 11E] o]
UTH12]. @etr Bacillus subtilis JS-10] A AbslE B-
mannanase 2] A isozyme EA| F-7-5 Felslr] $
& g AedE 4719953 F zymogram FA o=
B-mannanase EAZA S Holx izl S el
Zymogram 24-& 2]8] LB ®] X gAY 22 lactose,
locust bean gume 27 02% T2 wiA| o & 7}s}ed
37°CAA] Z15E WiOFSIal 3047 F U4l Fejsle] L uf
% AFAS A719% sk "l 59 Aatglol

Table 2, Effects of variation in carbon concentration on the B-
mannanase production from Bacillus subtilis JS-1.

Relative activity (fold)

concentrations
lactose locust bean gum
none 1 1
0.1 9.8 14.4
0.3 10.0 14.1
0.5 12.5 18.6
0.7 11.0 18.0
1.0 10.9 16.6
2.0 9.5 16.7
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zymogram A3 F2iFo] AgHelA FYgt 130kDa 2
719} © B-mannanase T Agke] FHaEQICH(Fig. 2). =
3} 7195l A48t sample loading bufferel] 2 A]<l
dithiothreitol2- A713}dS d = &Ado| 9l B-mannanase
Ale] F7)71 WEslR] o= o2 u|Fe} Rol Bacillus
subtilis 1S-1 Bacillus sp. KKO1[7]olA4] B3 = A3
isozymee] obd T ¥F7°] B-mannanaseE- AJAksPH °] &
4= monomer TEZH locust bean gum 7] &) 3 &
2FAE Vel AR s

Bav) 2Rshed sloiA A EE 2RI
oF AL 40°CHE 65°C2] thE 2x0lM HRAIZE o)
55°Cell A 718 2 848 el el ek (Fig. 3). Bacillus
subtilis JS-10] AAFH= B-mannanase A4~ o) vlx|=
pHS] °33kS- 2ARE] $sl pH 3.001A 8.071%]2] 58
< ol g3te] B4 B SASYHFig 4). TLTIEIA
BacillusZ A &)sla= o) 5-52] Al = B-mannanase &
A T4 FL2 oM 220 Ao AL Bdl]. ¥

Fig. 2. B-Mannanase from Bacillus subtilis JS-1 analyzed by
nonreducing SDS-PAGE using zymogram of culture superna-
tants. The cultures were grown in LB for 30 hrs at 37°C with no
addition (lane 1) or supplemented with 0.5% lactose (lane 2), 0.5%
locust bean gum (lane 3). Symbol (-) denotes the absence and (+)
denotes the presence of 0.1 M dithiothreitol in gel loading buffer.
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Fig. 3. Effects of reaction pH on the mannanase activity. The
reaction was done at 55°C and various pHs for determining the pH
profile.

o 7L Ak EEBAS pH SN THE B
248 ehGlE pHA0IAE He) Ek 249 oF 25%
2 B} FHME 85% ol4e) B& BHE el
e 24 dlFe] AAIE Tl B4 fAskc.

HHQFAZIO] 2 EX|e] ME U §4& ik Hs

Bacillus subtilis JS-1-& 2V & wiF3llS of wiekAlzbd
A A3} olel wiet #4% B-mannanase FAFE TALE
Aok A wdd 1%5 Aol HFshe] 37°CollA ZlEk Wl
oFshaA dA AIZPER wAES FH3kd 600 nmell M) F
Feg FH3] nAEL] S AL, vk A
©] B-mannanase A4S FATI] T4 AAFS AL
st TAlS] RS2 BAadS AISIA] &> LBAA v
2|2} 0.5%2] lactoseT H7FeE YA fA] A Z Xfo]E B
o] AL FARSHA o] FolA wik A=} 21A17F A Fol] A
ODgpp=4.5°1 ©]2%= v FF=F B oKFig. 5A). 18
1} 0.5%2] locust bean gumrg 7181 W]l ME 364] 71|
A& AAe] Al o] Fo]Z A ODgyo= 6.0 °]4-S el
T}(data not shown). ¢]3&= H-&]7F7} locust bean gumS-
A&H oz Fajsle] ooz AR ] Aoz
sl

vjoF AF5oN2] B-mannanase E4EAH-T lactoseS
7¥gt wiAlellA = wlok 35249 B-mannanase EAEAI->
FRAZ)7F B A7) o] 2 AlA- Q] 274 7l A
30 Umlz HAE ePL ol F 3612 AR 84S
Hodch(Fig. 5B). ©]¢}= 28] locust bean gumE 715 vl
2ol A 37| o] 6AZHE] BAAH R o] FoX]7] A
Zste] 30A17F A5 o 45 UmlE HARA S Bolont
A gL wiF A AAE B3 A 84S B
(data not shown). Ww}2}A] B-mannanase &42] 7|Adel
locust bean gum¥} F]dF7} B3R il ol Fial
lactoseol] 2J3] B-mannanase 7} FEEE 7|2 o E AL

o
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Fig. 4. Effects of reaction temperature on the mannanase activ-
ity. The reaction was done at pH 5.0 and different temperatures.



Growth (ODgpp)

T T T T T T T T -

24 27 30 33 38

0 3 6 9 12 15 18 21
Cuiture time (hr)

N w EN 3]
o o ) =
L . . -
—
0
-~

Enzyme activity (U/ml)

-
o
2

0 Lo 0—0—0—0"0—0—0=0)
0 3 6 9 12 15 18 21 24 27 30 33 36

Culture time (hr)

Fig. 5. Growth (A) and mannanase production (B) of Bacillus
subtilis JS-1. Bacillus subtilis JS-1 were grown respectively in LB
broth (- V-), and LB broth supplemented with 0.5% lactose (- O-)
at 37°C with vigorous shaking. The cell growth was determined by
measuring the absorbance of the cell cultures at 600 nm. Mannan-
ase activities were determined with the culture supernatants.

2 FAFT AT F= 712 7 d7E 28R
g

g o

Eeoko 2 HE) B-mannanase BA o] 53t #F5- Hals)
o} ek, AR S-S AR Bacillus subtilis JS-
122 FAstgch Eelde] A= B-mannanase £49]
F % A& 55°Ce} pH 5.001%iet. whatle] o wi=ellA]
wjokal Ha] 4] A S HrjodEdled Aagd S &
st Azl ehaflel| Abdgle] ExleF 130 kDaol| s @dsh=
el ghuate] T4 24 el Bacillus subtilis
JS-1-8- Bl 0 2 lactose?} locust bean gume] Ex& df
B-mannanase A o] 27 F7bele AR vepgon,
lactose2} locust bean gume] Z+zZb 0.5 % &)k o) wj
ArZel o) B-mannanase ZA32 30U/mizF 45U/mlE- &A%]
o] gi= dlzTol nls] F 189 A= A e] Frtslsd
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o}. wjR]of| locust bean gumS H7Felel g o i YA
ol o2} FA2) AAR & Zrlels O Kol
2] 7#32= locust bean gumd Es3le] oLix|Y oz o|g3}
= 7es st}

#Atel 2

B AFE 200245 wAl A9 YEHATAE (Bio-Med
RRC, Pai Chai University) ZH| 2 485910 ofo)] 71}
E3o}
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