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Production and Characterization of Mannanase from a Bacillus sp. YB-1401 Isolated from Fermented Soybean Paste
Ho Jin Joen and Ki-Hong Yoon*
Food Science & Biotechnology Major, Woosong University, Daejeon 300-718, Republic of Korea

A Bacillus strain capable of hydrolyzing locust bean gum was isolated as a producer of extracellular mannanase by way of an
enrichment culture in an acidic medium from homemade soybean pastes. The isolate YB-1401 showed a biochemical identity of
61.1% with Brevibacillus laterosporus, while the nucleotide sequence of its 16S rDNA had the highest similarity with that of
Bacillus amyloliquefaciens. The mannanase productivity of the Bacillus sp. YB-1401 was drastically increased by mannans.
Particularly, maximum mannanase productivity was reached at approximately 265 U/ml in LB medium supplemented with konjac
glucomannan (4.0%). The mannanase was the most active at 55°C and pH 5.5. Mannanase activity was completely maintained
after pre-incubation at pH 3.5 to 11.0 for 1 h. The predominant products resulting from the mannanase hydrolysis were
mannobiose and mannotriose for LBG, guar gum or mannooligosaccharides. A small amount of mannose was also detected in
the hydrolyzates.
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N = mannans mannobiose ©¢| 2 AWs}= exo-mannanase?)
ZA = Bacteroides fragilis2H € R I EJATH7]. 21812

Mannan t'gF= mannose, glucose?} galactose®] 23  mannose®} ZE3ste &2 Z£A3}= galactose= o-

o2 o]RofA e, FASL e BT FF =
mannan, glucomannan, galactomannani} galactogluco-
mannan® 2 FEET 0|59 A4Z AL mannose 1+7]7]
2] == mannose®} glucose Z+7| 7o) B-1,4 Ao =2 o] F
o] galactoser= mannose2] 6 A9} 0-1,6 A 3
of 24z ZAwT
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galactosidase®] 9J3] 23] ¥t} Mannan?] &9 7}& £
83 98 df= mannanase= 5 EI AES HIRE v|A
EoA F5F HAE o Hxo Ax FuFA, vpo]onj
2 AU G354, AY 7HE3 RS HESt] AlAIS} AR
A7HE a4 AgE &84l wh2). 53] FFolet Al
o 5 9 mannanases= 1 EAJo] thFstEZ A A O
2 857 At 44 A= aas dst] s A
4, ¢z, WEAH B YA a7t A FHAYS,
13,19, 26], Ho] AR A 2Eon[22], Ca?* o] L]
Clostridium thermocellum [3], Streptomyces thermolilacinusT}
Thermobifida fusca [9] S-212] mannanases®] WEAHS =
7RIt BaE Qo gZEd a4 AAY 2 AR
AFAOl A, A B AET ALRANIOA I 7HA)7F o
o WEHE FFHLE aFEE= SAo nAEdA A
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4HE] = mannanase= HHE FA & EH =, glycosyl
hydrolase (GH) family 5&} 269] &3ttt GH269+= 2
Nt Bazh i RES AA|skaL, GHbolE 30| #8 E
= Al i Bart T3 Aoz dEA ok H A
W f40]n GH1139) 43} mannanase”} Alicyclobacillus
acidocaldarius25-€] B I1E TH25].

F|Zoll= MOS7L A 93t ndEY 43S XI5t
Ao NeaRE Hols ALE SHAHAL 17, 24]
glucomannan®|4} galactomannan< mannanase® 3|3}
o] MOS E+ glucomannooligosaccharidesE A5} 12}
S A= &3] AYPE L Qri, 3, 17].

Galactomannang 33t 39 HAAEL SUE H|
3 &Y ofAof Z7HE o} of )7} A o A=
AFAZFLR o]&EHI o, o|2HE oy FHY
Bacillus% v]&0] HIAEAY 37 Bass Yikst
t #FE 5L I 549 4o AE 10, 15,
21]. & A= Az A B HandES S5t
o] o] ZE | mannanaseE AJALst= Bacillusd #4535 &
Ztal a4 AT EAS AT
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MannanaseE 2MAlS

7PN Axd € 258& 35t pHE 452 24
g LB Hjz ol HE3ha 37°CollA] 27 A wjFE & 5
azt iAol 3Y 7t o2 33 Ad) WS FrhHez A

A3ttt pH7F 452 ZA % LB ¥ %) A (yeast extract,
5 g; tryptone, 10 g; NaCl, 5 g; agar, 15 g; water, 1 liter)
off Al Wi FH-S =Lste] 37°Col A 2Y7t e & FA
H Z22ZYE 0.5% locust bean gum (LBG)o] A7}=E 4] 9]
LB @2 o HF3skof 329 v oFSkal congo red &Y
(0.2%) 2.2 FA3te] LBG E3)&S WA= vyES
mannanase JArF 0 2 Astgich

=273 33

w27 P RS A e 1HaN T 2AEN S
AAstg o, BigE A FEHS AR X Hof et
API 20E¢} API 50 CHB kits (BioméreuxA}, France)ol] &
ok 37°Coll A st A 191} 29A 247 absto] &
$3E o] 853 A EAS Wity £ 168
rRNA §47F G471 E-& E4317] H8iA B2l & 4
AA| DNAS F3 02 3111, A2 16S rRNA §HA}9] B
£4 299 A7|NEE primersE AMESFY FEFEAL A4
8h3 (PCR)E AAIFC 24 U2 PCR AHES HA|5te] 1
718 2AskTH10].
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Mannanase Z&4AoH XM=
Bacillus% 342 LB iR of| A HujFst &

NS ammonium sulfate (30-75%)Z AT &, 12,000
rpmO] A 30 & AHEHF LN F5HE A A
o). Tz JAHES 10 mM citrate 4S8N (pH 5.5)0 &
goto] FUs 58N o2 EN3 T o]E AHEF S
A

NS HS FH 3 mannanase 2GAMOFE ARSI T

Mannanase 4 X1} HISEH 24

Mannanase A< 0.5% LBG2} 50 mM sodium citrate
AZH (pH 5.5y ZFeE §Eg Ao A4S H7Fsto] 50°C
A15E7 WS AAE = foE #FdES 35-
dinitrosalicylic acid ¥ [14]2.2 &A3}g o, a4 A
T 1.0 units 99 2ANA 12 F¢F LBGE 2H 1 umol
9] mannose] F&3h= FHTE BAtE L Fo =
7 93} ¥ th. Mannanase &4 of u]X]& 9§ =9 pHO
FF= A7) $18t] 30-65°C<} pH 4.0-8.02] 1 9{ofl A
27 a4 S A5 a4 YE AL 30-60°Cofl A
mannanase £ 82 NS 1A 7F FF FR 3 & 2L S
st 2459, pH HEAS £ASH] 9184 = pH
3.0-12.0 H 99 #F5EHS HFF =7 50 mMo| HEE £
AN S35l 4°Co| A 1A 7F B¢ ¥HA]3E & mannanase
FELEE S5 oldf pHE 2E3H7] A citrate
428N pH 3.0-6.0), phosphate &Z8&N(pH 6.0-8.0),
Tris &% 2N (pH 8.0-9.0), KCl-borate $&+%-2 N (pH 9.0-
10.0), carbonate =8N (pH 10.0-11.0)3} phosphate/NaOH
&4ZEH(pH 11.0-12.0)0] Z+ZF AF2-5 % th. Mannanase®]|
O3t 7he3f AMEE BA5H7] s 0.5% Ee] LBG,
guar gum = FFE7F 2-6%1 MOSE 47 7|42 AHE-3}
Fon, o5 7|43} 20 mM citrate &5 (pH 5.5)2 Eg+
3t ukg- o] BFe] EAE HUhste] 45°Col A 5AIZE K-S
A7 F 95°Col| A 587 @A st AAEe o 45
NS AAZF F3F| chloroform, acetic acid?} £F54(4.3 : 5 :
0.7, Wiv)) LN A& o 2 5o silica gel-precoated
thin layer plate (Merck, Kiesegel, No. 5748)0| A] ¥}= 3.
2utEad 9 S Syttt AAE 24 TAA]7]7] 9
3] A]+= ethanol 9 ml, p-anisaldehyde 0.5 ml, sulfuric acid
0.5 ml¢} glacial acetic acid @ &2 Z§3F A4 49
= B9 2, 120°Co| A 1027 BA| s

ey
28498 SDS-PAGESH ¥ polyacrylamide gelof 4]
SDSE A|A3s}7] Y3}e] 25% isopropanols Z 3§t 50 mM

ok



phosphate &4ZH (pH 6.0)2.2 A|&3t & S U= °ﬂ
307:?1’ PSS 1= Polyacrylam1de gel& 77114101 %"

nl_.

oPOfI Hl”i Belstn 50°C°ﬂ A 4A] 7} He A7) &
gel2 congo redZ FM3lo] BEajg HELS st oy
polyacrylamide gel2 Coomassie brilliant blue %0 2

Quste] TR e B

soe

Z=3 HIYES 0|25t mannanase AYAKHO| EbAiNL HalR
1

© 2 2E mannanaseS AJAFSH= WA Bacilluss:
£ £2517] $Jste] pHE 4.562 2435 LB A7 9
A= 299 710N 44 Az 258 B ARE &
ZF JFoto] A g & 2712 33 Ao s FS HAl
atch 1 Azt upx]et A wj gl FollA 2] 179 Al
FAT 72 4 YeRTt o]& LB B A (pH 4.5)
of et 37°Co A 2U 7t viFF O RN 237 E2Y
7F Eel= 9=, 0|2 Kol HAo| EAst= WA Al
FR7H 42 202 AdE oy o2 st HA AR
254 5 iX‘ 18 AR AT 9 44 BAd
Aoz zzgr}t sk Bald oo 2 F YB-14012
et g Jhe] #57 LBGE £3lidte +FE B E | of
mannanase JArF 0 2 AWstgith
2 YB-14019] e EA4S RASE 23 2AE
Aste O3 A 7t o2 F¢lE o] API 50 CHB2} 20E
kitS ARg-3to] Aytety EA-& RALSEH T Table 16 B
ol Hio} -2 YB-1401¢] 31314 EAS Biomériuxd] API

ﬂlIﬂl

Table 1. Characteristics of the isolate YB-1401.

Mannanase of Bacillus sp. YB-1401 101

web (https://apiweb.biomerieux.com/jsp/login.jsp)| A TFE
Z9} v 3t A3}t Brevibacillus laterosporusg} SAE(61.1%)
7} 7V =50, Bacillus subtilis @ B. amyloliquefaciense}
= 26.9%, B. pumilus®+= 11%9] FAIEE 2t

E3F 2l YB-14019) 16S rRNA 4-AAE PCRE $Z
@ F 1496bp 279 971 HLS AAEL GenBank
accession no. KJ57222) o]& u|= NCBI®] BLAST A4
Ho2 16S rDNA database®} Bl®3tHth. 1 A3 B
amyloliquefaciens FZB42 (NR_075005)2} 713 A= 7}
=¢ton vlmE 1,493/ €71F 1) €77} €1 B
subtilis 168 (NR_102783)x}= 47l |7]7} t}& AL 2 &9l
Sj90ch. e Bela Aoty B4 SAEA 1 &
¢td B. laterosporus®] 16S rDNA & 7] A € (AB112720)1}
= 89% 7Y R FAEE etk a2 E A9 4
W2 B #9] Bacillusg o] o= #£9 &3ttt I
o o s 3 @Rl AFF o2 EH B
licheniformis7} B-glucanase [4]9} o-amylase [11]9] AJAF
o2 B E9 o™, mannanases PASt= B. subtilist
w249 v o0, 15], yitst= B
laterosporus = B. amyloliqueaciens= 211X ¢ttt

YB-14012 B4 pH 4.5 2744 Z73% & 2ad
Ao|B g AMJxAA 9 AFE=E A 3 pH7}
4.03} 452 =4 E LB A wjx] o)A 16A17F 5 kA
3 g SHHA W gAY FFE=E AT I A
YB-14012 pH 4.0 ¥R oA = Ad ZA4sHA] H5t93L pH
4.5 WA o A= v gFz7] o0 9] o] vl =R AR v

AlZEo] 10A7F B o o]l 23S Wi g wWE s 2yt
3t Ao A B. subtilisol] £3t= #F7} mannanase A3
At o2 B H vl 91o][10, 15] B. subtilis & AJ A2

mannanases

Sugar utilization Results Characteristics Results
B-Galactosidase -
) ) Arginine dihydrolase -
ribose, D-glucose, D-fructose, D-mannose, mannitol, methyl-a-D-gluco- .
. . . . . Lysin decarboxylase -
side, arbutin, esculin, salicine, cellobiose, trehalose, glycogen, sucrose o
Ornithine decarboxylase -
Citrate utilization -
. . . H,S production -
glycerol, erythritol, D-arabinose, L-arabinose, D-xylose, L-Xylose, adon-
itol, methyl-B-D-xylopyranoside, galactose, sorbose, rhamnose, dulicitol, Urease N
inositol, sorbitol, methyl-o-D-mannopyranoside, N-acetyl-glucosamin, Tryptophane deaminase -
amygdalin, maltose, lactose, melibiose, inulin, melezitose, raffinose, - Tryptophanase -
starch, xylitol, gentiobiose, D-turanose, D-lyxose, D-tagatose, D-fucose, Acetoin production +
L-fucose, D-Arabitol, L-Arabitol, Gluconate, 2-keto-gluconate, 5-keto- Gelatinase n

gluconate

Nitrate reduction
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2 9 AL EHT Qe B subtilis 1685 pH 4.5 H 2] o A]
ujoket A A& 4AstA Koto] Eeldt YB-14013= 2
Zpol & YetTh(A T H|AA)).

BI[EtARl0|| 2 mannanase AiARd

=Fo|¢ Alit 9 mannanase= mannan FRE &
3t 240 s 1 4ol 2A Frkste H7F Bt
B. subtilis BS5 [5], B. subtilis WL-7 [10]%} B. subtilis
WY34 [6]= Z9F, Aspergillus niger BCC4525 [16]<} B.
halodurans PPKS-2 [19]= copra meal®] 2J3] mannanase A}
Aol STkt ACRE HuEQth J8Eg B gad
o] Bacillus sp. YB-14019] mannanase AAHdo] n|2= o
Fo 2] 8l oY FFY g53HE0] 0.6% (wiv)7t
H= g 247 H7HE LB WA o A vjf2 =5 37°CE o]
24X 7F FeF A ok & wjkdsHe EAst=
mannanase E/4-& RAFSIG T 1 A LoFo] H7hE u
Ao A Fa ALYl 7 Eghon, o] o= mannan Th
FRE e LBGS guar gumd]| s I P4Hdol 2
A F7Fskgth. 224 mannan 375 3 FAHRAL
£l palm kernel meal®] &3t &4 PAF] F7H ==
LA ge Aoz Yehyth(Table 2). B3 2ok H7lFe
G5t o I ol 24E 54 YA A F
7¥ske] 4% Lok F7bellS o o BAHS St o]
£ 29%& H7kg LB v Aol A 2eke] gHFo] 0.5%Y
mannanase AJ4Hg o] Fjo]i T o]4+e] S HItsje
mannanase A o] § o|AF Z7}15}A] &L B. subtilis
WL-79]| v]3}| 24 o}2 Holztar & 4 JtH10]. B. subtilis
WY34%E 2% 2o 71 viA| o A} mannanase Ag4Hg o]
7 =& AL 6] A4 ZoFo] A7 LB A

Table 2. Effects of additional carbon sources on the
mannanase production of Bacillus sp. YB-1401.

Additional Mannanase Additional Mannanase
... amount (%) ..
carbon sources  productivity o e productivity
(0.5%) (U/ml) (U/ml)
glucomannan
None 0.2 0.3 11.3
Glucose 0.3 05 12.1
Xylose 0.7 1.0 16.1
a-Cellulose 0.9 1.5 20.1
Locust bean gum 8.4 20 36.9
Guar gum 46 25 414
Konjac glucomannan 12.2 3.0 113.0
Palm kernel meal 1.3 35 128.7
Wheat bran 0.4 4.0 217.8
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€ A=E7 FotA AL E3] 2% ole 7SS W g
Z7]o) AA A7} A= Z o] =2 gFokom, 4% LoF
< A7I3 MiA = agarE H7VSHA| GSIA|NE AL 1P 9| A
gtk U wicke] APEHUA Redo] itste
mannanase®]| 2|eJA ZoFo| EH 22N wjF F7|H
£ A9 HAZTF FA5HA ASHE L 2447t v Fofl=
vjeklof HA=T}F $olct.

v kA 7k W2 mannanase AJAHIE RALSH] 93
oF (4% F7FHAU H718HA] ¢ LB v ol A 36417t &
Qb v F3HH A mannanase AT JHEE ZAFE A3t
ZLoFE HI7LEHA] 2 LB Hj A ol A 9AITE vl GF Fof 9
d7o] Hdjo] o]2Fl ot a4 PAHIL 1 U/ml vjgte 2
o okt Lok AR wij A o Al = v FAIZEo] 9AITE
o] % 9l< 4 mannanase A4 o] 10.2 U/mlo] gl o1,
12417kl A= 155.7 Uml2 F23HA4 Z7HE A3 18417
o] o= oF 265 Uml &9 2o B4HdE HFlom 36
AZE7RA 1 YA o] A = YlTh(Fig. 1). 3 LB iAo
A ST WYY SFETE 1247 o] £ HE = A&
07 st ASE Hop AbE7|9 o] AR HHE S
=, ¢S H7He iAo A= WA Y A=t UE Fo}
W Fz7) o Fol dgstA A ZatdS AL Aekst
A APE7|o 0|2 A7to] LB HjA|of|A Hop o2 A A

rH

300 8
= L7
£ 250 -
2 L6 __
2 e
< 200 - S
& L5
3 o
0 150 - 4E
s 3
: 5
L3
£ 100 - N
g 3
§ L2
E 50_
L1
0+ “hrbhA A A A A AAA |0

0 5 10 15 20 25 30 35 40
Culture time (h)

Fig. 1. Production of mannanase by Bacillus sp. YB-1401 and
its growth. The isolate was grown respectively in LB broth sup-
plemented with or without konjac glucomannan (4%) for mannan-
ase production. Cell growth (closed circles) and mannanase
productivity (closed triangles) were observed in the media without
additional carbon source. Culture medium containing konjac glu-
comannan was used for mannanase production (open circles).
Enzyme activities in the culture filtrates were determined in the
reaction condition of pH 5.5 and 50°C. Each curve represents the
average of three independent experiments.
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Fig. 2. Zymogram (A) and SDS-PAGE (B) of the crude enzyme
produced by Bacillus sp. YB-1402. After SDS-PAGE of the con-
centrated culture filtrate of isolate YB-1401 grown in LB broth con-
taining konjac glucomannan (4%), protein exhibiting mannanase
activity, which was indicated with arrow, was analyzed by activity
staining with LBG as substrates. Molecular size is shown in kilo-
daltons to the right side of the gel.

oz AR

vk A5 H-S ammonium sulfateZ # 2|3}o] A 25 =

Rl /\}%0}04 SDS-PAGEE 33 & S48 4
AlgE A3} Fig. 20] 21 upe} Zro] Eapeko] ¢oF 38.0 kDa &
T2 F4 5= mannanase B4 TuiFo] BEE G on o]
L SDS-PAGE9|A] 38-40 kDa®] Ex52 H2l B. subtilis
WY34 [6], B. subtilis BCC41051 [18]Z+ B. subtilis WL-3

[15]9] mannanases®}t G-AFstcha 3HATH

Mannanase2| HISEM
Z2aANS AR5t} BES pHOF =7 A8/ n]A]

ZAFsL7] Q)8 W2 = 50°CE 145t o
Holl A} mannanase &4-& 243 A3} pH 5.59 4
BAE BHYon pH 5.0-6.5 H A A4 70% o]
1o B34S Ul 9lth(Fig. 3). E3 ¥ 9] pHE 552
8ol Bk 2o 2 a4 0 S-S AR 23} 55°CY
Al &4 o] 7 EA Ue g th(Fig. 4). kA YB-14019
mannanases= HH-2 %= 50-70°C, ¥H-g pH 5.0-7.02] H o
A A4S Bole dREEY Bacillus® #+5
mannanases [10, 15, 18, 2612} GASH AL & & 31‘:]' Ly
Y B. subtilis BS5 [5], B. subtilis G1 [20]2} B. halodurans
PPKS-2 [19]25F §d¥ mannanases= 3 WL w7}
AU gz 2004 o A4S Hol= Aer 47t B
HET

pH 3-129] W QoA mannanase?] ¢FYAS ZARSE At
pH 3.5-1001 A 1A17F ¢t BA 8 G of AEEA e

U s
= 9%

’U

o>~

Mannanase of Bacillus sp. YB-1401 103

100 +

80 -

60 -

40

Relative activity (%)

20 -

Fig. 3. pH Optimum and pH stability of the crude enzyme.
Buffers (50 mM) used were as follows: sodium citrate (pH 3-6),
sodium phosphate (pH 6-8), Tris (pH 8-9), KCl-borate (pH 9-10),
sodium carbonate (pH 10-11), and sodium phosphate/NaOH (pH
11-12). Mannanase activity (closed symbols) was assayed at pH
4-8 using sodium citrate (circles) and sodium phosphate (dia-
monds) buffers with constant temperature of 50°C. pH Stability
(open symbols) was determined by measuring the residual activ-
ities after pre-incubations for 1 h in various pHs at 4°C. Each curve
represents the average of three independent experiments.

100 -

80 1

60 -

40 -

Relative activity (%)

20 -

o T T T T
30 40 50 60 70

Temperature (°C)

Fig. 4. Temperature optimum and thermostability of the crude
enzyme. The enzyme reaction was performed at various tempera-
tures (closed symbols) for 15 min in 50 mM sodium citrate buffer
(pH 5.5). Thermostability (open symbols) was determined by mea-
suring the residual activities after pre-incubation for 1 h at different
temperatures. Each curve represents the average of three inde-
pendent experiments.
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o}, pH 11.001 & 99%2] ZE&AE B Y th(Fig. 3). 0|2
EO]- YA #32 285 YB- 14017]- AJAFEl= mannanase

= ZZ "2 pHE Bacillus®s #F €3] mannanasesS3}
AR A9, pH 4-99] oA At Aoz g
B. subtilis B23 [26]3} B. subtilis G1 [20]9] mannanases
W} A4 B ofujet Qe el pH WSOl E T g A
o] &3 Ao 2 F9lx it I1L; YB-14012] mannanase
+ pH 3.091 A& 1AIZF FA 51 3lS o) FEZA o] 46%
& FA5HY pH 3-109] HelollA ¢+ Aew Hud
Thielavia arenaria XZ7 &89 o] a4t A =
Ao A ¢t Al o] X & Ao 2 el 13]. Mannanase?)
S 2R A 45°C o] stof| A 117 F¢F WA 8t
e o AZEHA g, 50°C o] ol A= AEET] Al
ZFsto] 50°ColA & 52%, 55°CollAl= 15% B =9 4]
2 H Yt o|2 Kol YB-14019) mannanase= B. subtilis
BCC41051 [18], B. subtilis G1 [20]7} B. subtilis WL-3
23] =83t T49 Bacilluss 45 €3 mannanaseso]
lalA] Hofl et Qg Aol Wekow, B. subtilis BS5 [5]4
Sphingomonass #5[27] 29 mannanases ETtH= Foj
QHg st

HISAE

Mannanase®] I3t 7R3 AHES A 8 3%
=7} 2-621 MOS, LBG ¢+ guar gum= 7|22 o] a4 ut
$g AN T M5B AES TLCE 243 23} Fig. 5

M2 M2M3 M3M4M4MSM5 MEMG MO L L G G
HE " TRET A oE +F

Fig. 5. Thin-layer chromatogram of hydrolysis products of f-
1,4-linked mannooligosaccharides (MOS), locust bean gum
(LBG) and guar gum with the crude enzyme. The reaction mix-
tures containing the crude enzyme and mannooligosaccharides,
LBG or guar gum in 20 mM sodium citrate buffer (pH 5.5) were
incubated for 5 h at 45°C. MOS and mannans used as substrates
for hydrolysis reaction were indicated in the lanes with crude
enzyme (E) as follows: M2, mannobiose; M3, mannotriose; M4,
mannotetraose; M5, mannopentaose; M6, mannohexaose, L,
LBG; G, guar gum. Lane MO stands for standard MOS with a
degree of polymerization 1-6.
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o YelH ukel ZHo] mannobiose:= 74
o o|®Hr} FIFE7L E MOSE 7ke&Ee] Hof 5 AER
mannotriose2} mannobiose?} T AYAE T F A9
mannose 2% AAE QT 18)U mannotriose= o] E T}
SYE7 2 MOSo| & 7t A =7t w ket Ao
golEgon oyt A= B subtilis WL-3 [23]3
Bifidobacterium adolescentis [8]%] &A%} FAFSIA T ¢
H B. subtilis WY34 [6]2] mannanase= mannotriose+—
2815} E35l3 mannotetraose °]AHY FHPEE z=
MOSE Eafigtrtar g3t

LBGE mannanaseZ 7}E8319 2 1= mannotriose
¢} mannobioseZ} FH HH2AHE O] mannose= A% YA
HA=H guar gum?| 7hpE AHEEE WS vFY
mannotriose?} mannobioseTt T EH ATt Guar gumI}t
LBG+= galactomannan®] X9t mannose®} =4 ZAgsH
galactose®] 9Fo] z}o|7} 91 0H, guar gumo 4] galactose?
3taFo] o Ao 7 A A 9Jrt. Mannanase’} galactomannan
9] A =242 mannose?t| f-1,4 AFE 7HrEHT o
mannose®] 3 2% galactose?} W3- AsHA = of
galactose &0 =2 guar gum?| 7}E3) AHE0] LBGY
23l AHEC) B3] AA #EE Ao R gokdr). o]g |
A2 g EE 9 mannanase’} LBGo| tfgt &4Jo| guar
gumol| gt SETt oF 4-108) F= E=ohe AMAE &
2= 9JtH12, 23].

SEERETT

2 o

Al AR B AL

A 2] mannanase S A3
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= Bacillus sp. YB-1401E £5
=
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Mol 16S rRNA §AA2] G782 B. amyloliquefaciens
o} SA =7} 7Y =9kt el YB-14012] mannanase A}
442 mannans] 93 FAsHA F71stG L, E3] 2ok
(4%)°] H7He viRo A oF 265 Umlz o} PiHde HRA
t}. 22]#2 mannanase: 55°Ce} pH 5.5 BHEZ oA 2
HE&dE HHeH pH 3.5-11.09 Yol A 1417 B2
< uj) Ago] Aol dojuta] gkt E3F LBGE guar gum
9 mannooligosaccharidesE mannanase® &3} 5 39S
23 " AFE 2 mannobiose?} mannotrioseZ} AAAE R
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References

1. Al-Ghazzewi FH, Tester RF. 2012. Efficacy of cellulase and



10.

1.

12.

13.

14.

mannanase hydrolysates of konjac glucomannan to promote
the growth of lactic acid bacteria. J. Sci. Food Agric. 92: 2394-
2406.

. Dhawan S, Kaur J. 2007. Microbial mannanases: an overview

of production and applications. Crit. Res. Biotechnol. 27: 197-
216.

. Ghosh A, Luis AS, Bras JL, Fontes CM, Goyal A. 2013. Ther-

mostable recombinant p-(1—4)-mannanase from C. thermo-
cellum: biochemical characterization and manno-oligosaccharides
production. J. Agric. Food Chem. 61: 12333-12344.

. Hwang JS, Yoo HJ, Kim SJ, Kim HB. 2008. Characterization

of B-1,4-glucanase activity of Bacillus licheniformis B1 in
chungkookjang. Korean J. Microbiol. 44: 69-73.

. Huang JL, Bao LX, Zou HY, Che SG, Wang GX. 2012. High-

level production of a cold-active f-mannanase from Bacillus
subtilis BS5 and its molecular cloning and expression. Mol.
Gen. Mikrobiol. Virusol. 4: 14-17.

.Jiang Z, Wei Y, Li D, Li L, Chai P, Kusakabe |. 2006. High-level

production, purification and characterization of a thermostable
B-mannanase from the newly isolated Bacillus subtilis WY 34.
Carbohydr. Polym. 66: 68-96.

. Kawaguchi K, Senoura T, Ito S, Taira T, Ito H, Wasaki J, et al.

2014. The mannobiose-forming exo-mannanase involved in a
new mannan catabolic pathway in Bacteroides fragilis. Arch.
Microbiol. 196: 17-23.

. Kulcinskaja E, Rosengren A, Ibrahim R, Kolenova K, Stal-

brand H. 2013. Expression and characterization of a Bifido-
bacterium adolescentis p-mannanase carrying mannan-
binding and cell association motifs. Appl. Environ. Microbiol.
79: 133-140.

. Kumagai Y, Usuki H, Yamamoto Y, Yamasato A, Arima J,

Mukaihara T, et al. 2011. Characterization of calcium ion sen-
sitive region for f-mannanase from Streptomyces thermolilac-
inus. Biochim. Biophys. Acta 1814: 1127-1133.

Kweun MA, Kim HS, Lee MS, Choi JH, Yoon K-H. 2003. Man-
nanase production by a soybean isolate, Bacillus subtilis WL-
7. Korean J. Microbiol. Biotechnol. 31: 277-283.

Lee EJ, Yoon K-H. 2012. Thermostable o-amyalse of Bacillus
licheniformis YB-1234 isolated from fermented soybean of
Korean buddhist temple. Korean J. Microbiol. Biotechnol. 40:
296-302.

LiY, Yang P, Meng K, Wang Y, Luo H, Wu N, et al. 2008. Gene
cloning, expression, and characterization of a novel beta-
mannanase from Bacillus circulans CGMCC 1416. J. Micro-
biol. Biotechnol. 18: 160-166.

Lu H, Zhang H, Shi P, Luo H, Wang Y, Yang P, et al. 2013. A
family 5 B-mannanase from the thermophilic fungus Thielavia
arenaria XZ7 with typical thermophilic enzyme features. Appl.
Microbiol. Biotechnol. 97: 8121-8128.

Miller ML, Blum R, Glennon WE, Burton AL. 1960. Measure-
ment of carboxymethylcellulase activity. Anal. Biochem. 2:
127-132.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Mannanase of Bacillus sp. YB-1401 105

Oh YP, Lee J-M, Cho KH, Yoon K-H. 2002. Isolation and
enzyme production of a mannanase-producing strain, Bacillus
sp. WL-3. Korean J. Microbiol. Biotechnol. 30: 247-252.
Sornlake W, Matetaviparee P, Rattanaphan N, Tanapongpipat
S, Eurwilaichitr L. 2013. 3-Mannanase production by Aspergil-
lus niger BCC4525 and its efficacy on broiler performance. J.
Sci. Food Agric. 93: 3345-3351.

Srivastava PK, Kapoor M. 2014. Cost-effective endo-mannan-
ase from Bacillus sp. CFR1601 and its application in genera-
tion of oligosaccharides from guar gum and as detergent
additive. Prep. Biochem. Biotechnol. 44: 392-417.
Summpunn P, Chaijan S, Isarangkul D, Wiyakrutta S,
Meevootisom V. 2011. Characterization, gene cloning, and
heterologous expression of f-mannanase from a thermophilic
Bacillus subtilis. J. Microbiol. 49: 86-93.

Vijayalaxmi S, Prakash P, Jayalakshmi SK, Mulimani VH,
Sreeramulu K. 2013. Production of extremely alkaliphilic,
halotolerent, detergent, and thermostable mannanase by the
free and immobilized cells of Bacillus halodurans PPKS-2.
Purification and characterization. Appl. Biochem. Biotechnol.
171: 382-395.

Vu TT, Quyen DT, Dao TT, Nguyen Sle T. 2012. Cloning, high-
level expression, purification, and properties of a novel endo-
-1,4-mannanase from Bacillus subtilis G1 in Pichia pastoris.
J. Microbiol. Biotechnol. 22: 331-338.

Wongputtisin P, Khanongnuch C, Khongbantad W, Niamsup
P, Lumyong S. 2012. Screening and selection of Bacillus spp.
for fermented corticate soybean meal production. J. Appl.
Microbiol. 113: 798-806.

Xu M, Zhang R, Liu X, Shi J, Xu Z, Rao Z. 2013. Improving the
acidic stability of a B-mannanase from Bacillus subtilis by site-
directed mutagenesis. Proc. Biochem. 48: 1166-1173.

Yoon K-H, Chung S, Lim B-L. 2008. Characterization of the
Bacillus subtilis WL-3 mannanase from a recombinant Esche-
richia coli. J. Microbiol. 46: 344-349.

Zhang C, Chen J-D, Yang F-Q. 2014. Konjac glucomannan, a
promising polysaccharide for OCDDS. Carbohydr. Polym.
104: 175-181.

Zhang Y, Ju J, Peng H, Gao F, Zhou C, Zeng Y, et al. 2008.
Biochemical and structural characterization of the intracellular
mannanase AaManA of Alicyclobacillus acidocaldarius
reveals a novel glycoside hydrolase family belonging to clan
GH-A. J. Biol. Chem. 283: 31551-31558.

Zhou H, Yang Y, Nie X, Yang W, Wu Y. 2013. Comparison of
expression systems for the extracellular production of man-
nanase Man23 originated from Bacillus subtilis B23. Microb.
Cell Fact. 12: 78.

Zhou J, Zhang R, Gao Y, Li J, Tang X, Mu Y, et al. 2012. Novel
low-temperature-active, salt-tolerant and proteases-resistant
endo-1,4-B-mannanase from a new Sphingomonas strain. J.
Biosci. Bioeng. 113: 568-574.

June 2014 | Vol. 42 | No. 2



