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Isolation and Enzyme Production of a Mannanase-producing Strain, Bacillus sp. WL-3. Oh, Young
Phil'?, Jung-Min Lee', Ki Haeng Cho®, and Ki-Hong Yoon"*". "School of Food Science & Biotechnology,
°BARC, Woosong University, 17-2, Jayang-dong, Dong-gu, Daejeon 300-718, 3R&D Center, CTCBIO Inc., Seoul
305-600, Korea — A bacterium producing the extracellular mannanase was isolated from Korean fermented food
and has been identified as a member of the genus Bacillus from the result of the phylogenic analysis based on partial
16S 1RNA sequences. The isolate, named Bacillus sp. WL-3, was shown to be similar to B. subtilis strain on the
basis of its biochemical properties. The mannanase of culture supematant was the most active at 55°C and pH 6.0.
The additional carbohydrates including a-cellulose, avicel, oat spelt xylan, guar gum and locust bean gum (LBG)
increased the mannanase productivity. Especially, the maximum mannanase productivity was reached 65.5 U/ml in
LB medium supplemented with 0.5% (w/v) LBG, which was 131-folds more than that in LB medium. It was sug-
gested that the increase of mannanase production was owing to induction of mannanase biosynthesis by LBG
hydrolysates transported following initial hydrolysis by extracellular mannanase during the cell growth. The molec-

ular weight of WL-3 mannanase was estimated to approximately 38.0 kDa by zymogram on SDS-PAGE.
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MannanaseS HAFH= P E-& F2l8kr] HAslA 0.5%
locust bean gum(LBG)Z *7}8 nutrient 33 Hul) X] (beef
extract, 3 g; bacto-peptone, 5 g; agar, 15 g; water, 1 liter)
2 AH4-31%3.29, mannanase A EA WYY ZALE
A5t 7| 2R 2= LB A A wlA) 9} Spizizen] 3wl =]
(SMM)E AH8-3150EH19]. 16S rRNAS] F3AAE =433P
93t ZekAn)=2 pUCIY, S5T2E E. coli XL1-BlueZ
7kzh ARt
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o] AdakS #Asled LBGS 718t nutrient IR} =
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o] geid #ZS YeiMe 2FAA T EAGN S A
Qx, A3k EA-E A7) $18i41E AP 50 CHB
kit(API 50 CHB, BiomereuxA}, France)& AHE-31tt.
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Fig. 1. Effects of reaction temperature and pH on the man-
nanase activity. Temperature profile (-@-) was obtained by mea-
suring the mannanase activities at pH 6.0 and different
temperatures. The reactions was done at 50°C and various pHs for
determining the pH profile (-O-). The following buffer systems
were used: pH 3.5 to 6.0, 50 mM citrate; pH 6.0 to 8.0, 50 mM
sodium phosphate.
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& ZAF3F A glycerol, L-arabinose, ribose, D-xylose,
glucose, fructose, mannose, inositol, mannitol, sorbitol, o-
methyl-D-glucoside, arbutin, esculin, salicin, cellobiose,
maltose, lactose, saccharose, trehalose:= o]-&3}g] o} of&
e LN R S L NEFERP R
2 Mo} Bald WL-3-2 Bacillus 49 &3 722 B.
subtilis B B. licheniformis$} FrAFE7}F 2 72102 #lH
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amidon, glycogen®| o|-8A3eA] Z2h Akl Aag B}
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Table 1. Effects of additional carbon sources on the mannanase
production

mannanase production  Relative productivit
Carbon (U/Ifﬂ) (E)ld) ¢
None 0.5 1.0
Maltose 14 2.8
Sucrose 1.1 2.2
Lactose 1.6 3.2
Galactose 2.3 4.6
Mannose 1.0 2.0
Glucose 1.1 2.2
Xylose 23 4.6
Fructose 1.0 2.0
Xylan 5.0 10.0
a-cellulose 3.6 7.2
Rice straw 1.8 3.6
‘Wheat bran <24 4.8
Avicel 3.6 7.2
Guar gum 6.4 12.8
LBG 26.4 52.8

s} Fig. 1ol B.Qlnuks}h o) 55°Ce} pH 6.00] 4 2 319
mannanase 23S ¥91.0H pH 4.5~7.5 W<lollx] FhaA
o] oF 70% ool Pt S Rk 53] pH
6.0~7.0014 L Aol A FRI=lel Bacillus sp. WL-39]
A= mannanaseZ} F43 pHellA 8Ade) 93 Hlog
Fl=gdet. =3k vh-&%7} 30~40°C Alojollr] FH &2
oF 65% o] G Hol= 7107 Hol 7159 &% &
3273<] pH 659} 37°CollA whgAde] £& o2 s
22 S QRS T ARE AMShe A9 oFE
ALE A7 B4R APA o] slvkal gdslc)

Etaglo| ER0 E S MY

TR SR FAEan o] 29 galls g
g pel o8] 2 AYe] e Be A9 wen
2 ek o] Bacillus sp. WL-32] mannanase A 7]
A AFE AR TH(Table 1). o] & $13] LB HAu)A]
E 7|RAIR sl H7) wligd o2 747 daEl glucose,
xylose, mannose, galactose, fructose, sucrose, maltose,
lactose, oat spelt xylan, o-cellulose, avicel, CMC, rice
straw, wheat bran, LBG ¥ guar gumZ 1%(wv)y} H=F
22} 27}sjed 37°CIM 24 A2 wefate) wlepdEale) £
A3 mannanase A S TARY A dFFut o|FHE
HAANAE WA DA B5HEL AAHAL
mannanase AJAMI Q] F71A E7F B30 oat spelt xylan, o-
cellulose ¥ avicelZ 713t viR|o| M= F4 o] AYakado] oF
7~10 ¥} F7}E19120, guar gum¥} LBGE A718153L o
T 84 AAkERe] 27 12.8009) 52.8u) AASE|gle] Bl
HAget. o] 2 R0} mannanaseel] o]3) 71pE-al == LBGH
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Table 2. Effects of LBG amounts on the mannanase production

Amount (%) Mannanase production Relative productivity

(U/ml) (fold)
None 0.5 1.0
0.1 22.5 45.0
0.3 28.9 57.8
0.5 35.6 71.2
0.7 35.7 71.4
1.0 26.4 52.8
97.4
66.2
45.0
<= 38.0
31.0
21.5
14.4

Fig. 2. Zymogram of mannanase produced by Bacillus sp. WL-
3. After SDS-PAGE of the culture supernatants of Bacillus sp.
WL-3 grown for 24 h at 37°C in LB medium (lane 1) and LB
medium supplemented with 0.5% LBG (lane 2), respectively, pro-
tein exhibiting mannanase activity was analyzed by activity strain-
ing. An arrow indicates the position at which LBG in the gel was
hydrolyzed by the WL-3 mannanase. Molecular size was indi-
cated to the left side of gel.

guar gume| iAol EAE of F Yabgo] =A Sk

T 2 4 ek

B2 Aol wE S4 ik

A7) Aol M Ba S SR AR 22 s
=3 & oat spelt xylan, o-cellulose, guar gum 2 LBG
o] Arles wh=2A £l A7I_E LB wiAleA wiokst
¥ mannanase®] A S FAFstE 2} LBGHE 1%(w/iv)
A7} 3lodgd Bohx AJakge] sPEA] ot A7k g
3hEe] o8t B4 A Al g AR gEA
}H(data not shown). Web LBG7} &4 AJAMA 3FAtel| o]
A= G| 7MF 9322 LBG H71E @23 LB o
Awh A N A  Bacillus sp. WL-3Z 24Xz wiefst F
mannanase JAHIE FAE Y 2 A3 LBGE 0.5%(w/

V)& 0.7%(w/v) 7181589 9 mannanase AAHA] o] Z+7}
35.69 35.7 Umlell £t 744 =qpon] 43| LBG
0.1% (wv))E 713t 3991 = mannanase A o] F7
3] Z7let 7oz WA vH(Table 2). =3¢ Bacillus 4 FF
2] F2wixel SMM HAX]e| LBGE- 0.5%(w/v) A7}t
o wiokslsis W= oF 40 Umle] AJAHI-E E3ivh(data not
shown).

Bacillus sp. WL-32] mannanase £4~9] =2 #3
82zl LB A wiRle} 0.5%(w/v) LBGE -h&t LB 944
iAol A Q-2 v e o] HEAE o]43le] glucomannan
2l konjacg 7|AZE A3} mannanase®] AL Al
Algtsdel. 1 A3 LBGE T3 wiAY] wioF Aol
Akl oF 380 kDa HAEZ FAEHLE iAo
mannanase B44& 73l Hglovt LB wiA|S) wiF A5
) 41%= mannanase 427} o4 vl Aoz A
oh(Fig. 2). o]3& A= Table 20| Yehd T4 QAIAQ)
Az} AR AYS & ¢ sleh =3 GA4EE WL-3
9] mannanase ¥R B. subtilis SH®] mannanase$} -
A}shei[13], SDS-PAGES|A 2alzke] 73.0 kDadl G.
stearothermophilus®] mannanase2}= 2 =}o|7} 215}[20].

Bacillus sp. WL-32] 8&3} mannanase &t

Mannanase AJAV3E 71 711171 2= BRIl LBG
7} B4 A u|AEe] AR eele] A AAE £
A7) 8 57t shesteg A7 o LB A AjujA]
2} 0.5 %(w/v)2l LBGE A7 LB JAMIA] 200 mks £
38t 1-liter baffled Eekx=2e) u|g] LB AAAR| 4] vk
= Bacillus sp. WL-3 ullo¥l-S 1% ((vivy7} S =5 ZE3]e]
37°CellA] Aetvfeksld dA Alzlabe 2] A} B4
g el BAE ARG 7o AAE AR $siA
= iAo A7k LBGZE B84 AE-S AW 9le] &
FeE 24 A FAY =R wjfd o] dF-E AF3)
of LB Hg Aol 3 =dsle] Jd+F 54359,
mannanase®] AYAHI-E vl NE FRAN 0" Flof A
Aslsio}.

Bacillus sp. WL-32 wl|x]ell LBGE A7} v} 7181
ANE o BT of Sz ) AL Ko g wiE
AAEE Bt AR 76 oA Folle v Zhel] wet
A7t MAE] ke Aoz vebded], LBGE A7t
g iR M o] AHrIEA| ks djRe FHd AHAws)
1 AFFY FAaEZ e Aoz FelFgd.
Galactomannang] LBGY I8A} 20|22 WL-3 #57}
o] Z A gAY o o]4 o= AN vk 5 AYALE
*+= mannanasel] 23] wAlHel] £33} LBGZ} £3)5 <]
A== B4 5 mannoses} 22 FF; o] o] °]
SEo] AT} PE=| FeS F ASE AR

3 o] Aol F7] dig7lell o] 2 wiokA|Zhe] 44
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Fig. 3. Growth and mannanase production of Bacillus sp. WL-
3. Bacillus sp. WL-3 was grown respectively in LB broth
(squares) and LB broth supplemented with 0.5% locust bean gum
(circles) at 37°C with vigorous shaking. The cell growth (open
symbols) was determined by measuring cfu of the cell culture.
Mannanase activities (closed symbols) were determined with the
culture supernatants.

7+ W7k LBGS| A7t FAIgle] mannanase Ak
Aol ztel7t I 1 AT w9 okt o] Aol
el o]2% 5A)7MEE] LBGE AH78l wiA|ellA] &4 A
Abo] F7tsle] Ho Aol oF 15% A EE YA
sl o 53] wjkr|zho] 5~6 Az} Aleo|A] FA AJARA
o] ¢F 50 UmlZ §43] Z7lsle] Hd WA 75% 4
T o] Adol| ol2Fut. wickAIZke] A7) o) F HEj:= B4 A
Aol AFo 2 Zrlsle] 9AlZE wieFslod-& W mannanase
A o] 65.5 UmlE o) AAE ¥ LBGE F7)3}
7 ¢9k& wie} ¥] 3P mannanase AAHdol 1314] o]
o] F7khe ALE ERIFTHFig. 3). Table 19] ZTellA]
X glucosert mannosed AH718E wiA|ollA] B AJARA o
oF 2vl) AE FrleldEd oA o] 5o] et ozR o] 8
o] o] AAle] FIe e A4 Aol FolEl e
2 e, LBGY A5+ o) &3) vlus] B W 54 A4
A Z7)F "W =902 mannanasedl| 23 LBGS] 71
23 AR F 4T 7o) AAE FAAAE o A
T B4 A FUHAEIE 79 Al 71918 AR
LBGS 7}53s ALE ol Bacillus sp. WL-39]
mannanase A FE=3H= B2 9l ZoE s

o7} LBGZE ZEA E- 0| 2R A AlERE 45
A F3kal 7 ARE 59 457F 55 9] mannanase
AL Fr23819S AR ClAdEE o) 5A17F wieFsd
< W WA} mannanase®] EAde] of 10 UmlE =] wi#|
el LBGE A3 7hris] & oot o2 s A
LBG 7Fpisl A2 AlZE f-4[7] Hlo] wieFAlzE 54]
Zrell A 6412 Afelell A 1A Zhekell 35 Umlel 53l
mannanase®] AJARS FrEgE 7l o2 Wo|w o3 FUIHF
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< A B AAREFe] 50%E 333 Ftelwh. Cellulase
1} xylanase AAHTOIAME celluloset} xylan == o]¢l A}
g EAl eSS AUk WA W B AJabA of
Z7VE1= 7397} W2d Bacillus sp. 79-23[241 47]-&2)
ZA st A cellulase AJALA o] FE=E™  Aspergillus
awamori[181$} Streptomyces sp. QG-11-3[4]< xylan®l 2|
3l xylanase AAH o] F-EEE= 703 B yEQt) o] 59
7A9= cellulosett xylane] 27 FAVNZE §5Fo] B4 A
ARS RESE 7o) ohEl o] 59 TRl AlEo] BaAAk
AL fr=st Aoz FAEI QH

gt Strepomyces ipomoea[16] M= W oF F A AHE
mannanase”} BloFA 1 Zbel| e} vlioF AR5 9] proteaseol] <
3 TRslEe] o7 o] ThAlr BalEs AoE v
HEd, ol el wiokA|Zhel ulel WL-39] vl A5
o] &£A)31= mannanaseE TGP E FARE AF} A
E9) zol= Bl o) wjoFA|Zkell A gle] Fig 29] A}
o} 22 g /9] sy I bR RAF ) o] 2 W e}
WL-3 57} AAFsl= mannanase™= Wi <F7]7F F<F
proteasee]] 3] 3 EHA] A =2 EIHNES AT
o Al s @S AAste] EeliEAl g
2lute) ]S W] SAGANA o FA 7k BA glo]
gk S50 A whiAlale] EAjdh= o2 oA,

2 <

AF YR EQ AFENE 2259 22 mannan®] ¥
%50l 58t Bacillus sp. WL-3: 3ej& 54, A3ehH
A3} 168 RNAL] 9719 Fo| Bacillus subtilis?} F-A}
Aol T2 7oz ERIFIY. Felato]l AR mannanase
£ 55°C8} pH 6.091A4 XS 2How FA pHellA
A X7 et wiR W ol o-cellulose, avicel, oat spelt
xylan, guar gum % locust bean gum(LBG)3} -2 2=}
A we3E-S A7HE 79 mannanase AV o] F7HE S
2w, 53] LBGE 0.5% 3 LB wiz]ollA] 9 AIZF wieF
3191 ] wioF Y] EA o] 655 UmlE o
24 AA3E vEh LBGE A7 o2 wijAlellA Bt
B Al 131 ol Ate] FUIsIY. ol Al F
ok AAE LBG 723 Al mannanase®] IS
E3e Alos gdslet S 9NES B3 Bacillus sp.
WL-32} mannanaseS 38t A7} v F Aol = ExleF
o} ¢F 38.0 kDa2E FA == 3 $7F2 mannanaseite] &
Asodet.

#Alel =

2 ATE ARIALY TERAY)EA 1L SR SER
25 olell 7hA} =},
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