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Purification of Bacillus sp. p-Mannanase and the Growth Activity of Bifidobacterium spp. by Guar
Gum Hydrolysates. Choi, Jun Young and Gwi Gun Park*. Dept. of Food and Bioengineering, Kyungwon
University, Seoungnam 461-701, Korea — Bacillus sp. B-mannanase was purified by DEAE-sephadex ion
exchange column chromatography. The specific activity of the purified enzyme was 21.57 units/ml protein, repre-
senting an 95.33-folds purification of the original crude extract. The final preparation thus obtained showed a single
band on SDS-polyacrylamide gel electrophoresis. The molecular weight was determined to be 38.9 kDa. Guar gum
galactomannan was hydrolyzed by the purified f-mannanase, and then the hydrolysates was separated by activated
carbon column chromatography and Sephadex G-25 gel filtration. The main hydrolysates were composed of D.P.
(Degree of Polymerization) 5 and 7 galactomannooligosaccharides. To investigate the effects of guar gum galacto-
mannooligosaccharides on in vitro growth of Bifidobacterium longum, B. bifidum, B. infantis, B. adolescentis, B.
animalis, and B. breve, Bifidobacterium spp. were cultivated individually on the modified-MRS medium containing
carbon source such as D.P. 5 and D.P. 7 galactomannooligosaccharides, respectively. B. longum and B. bifidum grew
up 10-fold and 9.8-fold more effectively by the treatment of D.P. 5 galactomannooligosaccharides, compared to
those of standard MRS medium. Especially, D.P. 5 was more effective than D.P. 7 galactomannooligosaccharide on
the growth of Bifidobacterium spp.
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Bacillus sp. 72l p-mannanase®| A&t

442 A 2A-2 locust bean gum 2.5%, peptone
1.2%, yeast extract 0.5%, KH,PO4 1.0%, MgSQ, + 7TH,O
0.05%2 -3l AR ulA] 150 mlell Bacillus sp. YA-14
TFFE AFE3bed 35°C, 170 rpm, 244 7F Wi oFsle] 4°C,
11,000 rpm, 15 min 441 £-2}(Beckman, rotor 14) ¥ A3
A Faolo ARRERITH12].
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whil2lek (280 nm)} #4260 nm)e] FFEE UV-E3
53 =4 (Shimadzu Model 1201)o)| 4] 233l 1.5 x A280-
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B-Mannanase®] A2 DNS 293 AF[11] o <
st sl e). &, 0.5mle] 1% locust bean gum, 0.4
ml®] Mcllvaine 2+ (pH 6.0)2} 0.1 mI&] FA7}F A=
W FAE 4oy s0°Cell A 3087 vHSAIR F AR
mannoseS- 3|43} 570 nmellM FHE=E SABG &
F=X2 D-mannoseZ 0.1~1.0 mg/mlE- ARE3I91LL, B4
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DEAE Sephadex->- 0.2 M Macllvaine €% (pH 6.0)2.E
AL o}E column(2.5 x 42 cmpl] FFAAH 0.2 M Macllvaine
95N (pH 6.0)2.2 H3E FAAZ. 7)ol T3 =8
2 30 miZ 0~1 M NaClZ linear gradientdle] $-ZA1Zv}.
oluf 42&5 45 mI/hE 3193, 85N Smi¥ fraction
collectorell B9k, 7t §-&H-& whiials} G40 S &
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SDS W |HsY

AAEAE d=2 HAAAA F EX8RS 10 kDa molecular
weight marker(Life Technologies LTD., U.S.A)E ©]§-3}
o] ARG, Laemmli®] H#PH[7 28] Denaturing(SDS)
discoutinuous gel electrophoresisE =85}ic}.

Guar gum galactomannan 7k-235lf 22|10%e| &2
2 Thin layer chromatography(TLC)

Ist activated carbon column chromatography, B4
300 ml(10 units)ell &l 0.5% guar gumE 50°C, 244 7k
7}4Raste] TLCE 23 FAS 7 E3ZF § activated
carbon column chromatographyZ- ©]-&-3] @& 12} £23}
et

2nd Sephadex G-25 gel filtration; Activated carbon
column chromatographyoll A #2]3+ £-2% phenol-sulfuric
acidell oJsirM F =B3tekS A

TLCE McCleary*3[101] e} ok 22 27130l A
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20x20 cm silica gel 60 F254(Merck, Germany), Develop-
ing Solvent; n-propanol : methanol : water =5 : 2 : 3(v/v),
Spray Reagent; 30% sulfuric acid-ethanol.

FACE(Fluorophore Assisted Carbohydrate Electro-
phoresis)

Fgd 50 plg TAAZIT F 15% acetic acidel
0.15 MZ FA)| 3+ ANTSE 5 5 ul#} Dimethyl sufoxide
(DMSO)ell 1.0 ME ZA|8 Sodium cyanoborohydride
(NaCNBH3)89 5 uts 37 £3giet. of S 37°C
o 15217k WRAIZ] F, YAdE5E 1A 20% glycerol 50
plell 8-31gket. ANTSe) f=2kgt 2] A7]%3-82 Jackson
o] wp 5] wet 4~30%2] polyacrylamide gels AHS-3}
et

=Y 28l |2lnee| Bifidobacterium spp.Oll
st dsE

Bifidobacterium 4 &5(B. longum, B. bifidum, B. infantis,
B. adolescentis, B. animalis, B. breve)?) 3t A8 &
AA%5-& =A317) S8 MRS WiAoA gAa0E Ex2 o
Aol B8] A" 359 galactomannooligosaccharideZ
7} & 2A3l9dv}. £3 5 galactomannooligosaccharide
=2 35sl AT $FARIF 121°C 1582 2d3 F DNS

£ o] &3le] FUS AFFoE AT F modified
MRS iR 2 ZA)E}, 10802 3]A 3 F 71A 2713}l
A} 37°C, 48417 Hul k3t & colonyTE ¥, T
g 2AR A widsle] 590 nmell A FREE S}
ForE Vsl

23 % 2

[

DEAE Sephadex ion exchange chromatographyoil
olgt AN
30% (NH4),SOs5 W73 AollA] EAoel Aefsled 4°C,



THE GROWTH ACTIVITY OF BIFIDOBACTERIUM SPP. BY THE GUM HYDROLYSATES 119

25 1

1.5

Absorbance at 280nm

0.5

4 03
0.2
.’g
0.2 E
<€
015 E
bl
4
[25]
0.1 1M
&
0.05-10.5M 2
&
5]
]
z

0 SYUTS . ITETIIN ITTTRTITINT inien e
0 10 20 30 40 50 60

Fraction Number

Fig. 1. Chromatography of the B-mannanase from Bacillus sp. by DEAE- Sephadex colum.
—M-: Absorbance at 280 nm, —: NaCl gradient, ——<>~~: Enzyme Activity(unit).

1247 W3] F aldeislel 42 S FA7(cellulose
tubing, 16mm, 30cm, Sigma Chemical Co.)¢l| *|2}3}e]
4°C, 24717t A3 FAW 30 ml(100 units)E DEAE-
sephadex ion exchange chromatography(2.5 x 42 cm)ol]
2lsle] 30 ml/h FrE428 tubed SmI¥ &33}ow 0~]
M NaCl linear gradient 357l <3 AAE #3435t
A7} 5 No. 70~77914 AE-3 o] Yephdo}(Fig. 1).

X B-mannanase?| =T

A fE SDS-PAGEe] 2|3 ddi=E vehliglen]
(Fig. 2), B-mannanase®] FA}-& 38.9 kDal® FA = ¢

38.9kDa

A B

Fig. 2. Analysis of the purified B-mannanase by SDS-PAGE.
A: Marker, B: purified f-mannanase

©}. Penicillium purpurogenum No. 618 2] AHA B-
mannanasex™= 57 kDa, Aspergillus nigerel A3 42 kDa,
Tyromyces palustrisol| 3= 61 kDa, Streptomyces sp. No.
179143 43 kDa, Bacillus subtilis| A= 22 kDa®] 2R}
o] X%t Qli(15].

Guar gum 783l galactomannooligosaccharides
=2 ¥ =M

FA4N 300 mioll A&l 0.5% guar gum$ 2447k 7R
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Fig. 3. TLC of guar gum hydrolysates on 1st activated carbon
column chromatography. A: Authentic mannose, mannobiose,
mannotriose, mannotetraose, and mannopentose from top to bot-
tom. From 41 to 71 are fraction numbers on 1st activated carbon
column chromatography.
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Fig. 4. Separation of guar gum hydrolysates by 2nd Sephadex G-25 gel filtration.

~ M- Absorbance at 490 nm, —; Ethanol gradient

a5 TLCE. patterns 7 E3%F ¥ activated carbon column
chromatography2 o8-8 250 mbh 522 wbe™ 50 ml
2 ethanol 0~30% linear gradienttl &2 -8 Falslgdch.
13} activated carbon column chromatographyol] 2} 8] -3
Moz 2eld 4% 02mi2l 5% phenol 02 miZ 7}l
F F H804 1 miE 7heted &8 F 20870 #hAlsled
490 nm®E FHEE SA I, peakd vieplE 7t 28
& TLCE F3lFdg =3 F(Fig 3) 3= galactoman-
nooligosaccharide S 3] 4>8}e] 22} Sephadex G-25(2 x 100
emyE o}-&38} gel filtrationd 381tk 150 mih 52
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%ig. 5. TLC of guar gum hydrolysates on 2nd Sephadex G-25
el filration. A: Authentic mannose, mannobiose, mannotriose,
annotetraose and, mannopentose from top to bottom. From 19 to
" are fraction numbers on 2nd Sephadex G-25 gel filtration.

2 whbew & m¥ ethanol 0-30% linear gradients. g
427 F Fgt vhios F9RE $AF F(Fig ),
peak® viehdle 7} 28& sisigich. RelE W S4ES
gelal7] $18te] TLC(Fig. 5)8F FACE(Fig. 6)E o]-8-3}<]
Rf valueol] 2|8t pattemnS ¥ - E3 43}, 33 No.
32-37904 FEHE(D.P) 59 B8 No. 19-23 oA Fg= 7
2] geargdS g 4 gldw

2 g DR seF 78] AR TAEA 4 A
gloju} B - Alel|A] 83T 9)3= standard galactoman-
nooligosaccharides®ll 28 TLC ¥ FACElA vehle Rf
valuet 2.2 DP 59 3412 mannose’} 4822 main
chainel] ¥} Tt mannoseF-E] 2 Aol 1E=2}9]
galactose”} 3= o] 31+ hetero type2] GalPM,E. <l
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Fig. 6. FACE of guar gum hydrolysates on 2nd Sephadex G-258
gel filtration. A: Authentic mannose, mannobiose, mannotriose,
mannotetraose, and mannopentose from bottom to top. 21 and 37
are fraction numbers on 2nd Sephadex G-25 gel filtration.
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o]x]m(data not shown), D.P. 78] FFA}-2- mannose 554}
2] main chainell ¥]EHIgst} 39S A 98 mannose
A7)el| galactoseit?]17} 282} H&E}3L 3= Hetero type?]
TZA0F Akl glv}. A Methylation method[21]
Aspergillus niger 5-16 -2l B-mannosidase[22]2} Penicillium
purpurogenum 3 o-galactosidase[17]2] sequential action
of ol Aesl 24 FAE T Fol ot

FEI=H galactomannaooligosaccharides® Bifido-
bacterium spp.0l CHEH M=EY

Bifidobacterium?: T3(B. longum, B. bifidum, B.
infantis, B. adolescentis, B. animalis, B. breve)oll o g+ A
SE2A AL A5 93] MRS mediadl| A &F49-8
dextroset Aol ZA|E D.P. 59} 7 galactomannooligosac-
charidesE- A7} F &A% @3"} —Q‘a—T’—"’H’] A7 A o>
MRS brothol] 818 ok58 A 9E2 S Helth B3 B,
longuml| A= D.P 5 galactomannoohgosaccharide%— 4l
22 A 75 BF MRSUIA|9} v]asled 10812, D.P.
75 Algt Aol 7.5 A 2AE Helle] 1 ¢
31 SIS vERIY B, bifidum®] 74-$<M %= D.P.
54 9.8ul, D.P. 7ellA] 77909} 4%t A S-S Vel
glow] olelol| X B. breve, B. animalis, B. infantis?l| 3)o1A]
X DP. 59 7% 29-57909] A BAS ey, B.
infantis*| H& D.P. 79| 7ol £F MRSHIR) 9} v]wzs}
of 0.62002 7rAslin}. it FRE 59 el FjE
78] S|t KA 2 7] Ao el
THTable 1). Guar galactomannan®} konjac glucomannan
788 g2l Bifidobacterium spp.oll W3 A-8-&
A& vl ws}l7] $3}e] guar galactomannan3} konjac glu-
comannan® 2 %€} AWAIE DP. 58} 7(guar galactomanno-
oligosaccharides®] T¢= 52} 7)¢} KG5, KG7(konjac glu-
comannooligosaccharides®] £ = 59 7)2| Bifidobacterium
sppoll Wigh A% A FA3PuAILE] colony®] F-F
w2319l v}, Konjac glucomannan -2 &2 315dol] H] sl
guar galactomannan 2l SE|3%}e] &) A st
©ouw], £3] D.P. 5 galactomannooligosaccharide®] A8-&-2A
o] 7F4 =7 Jgtek(Table 2). ¥ A7olA AM-E Bacillus
sp. A2 galactomannan % mannose$} galactose2]
nl-go] 14:15 EA18R= coconut oFAFdw|e] FAHE<Q] copra
cake®} gumF FollA mannose$}t galactose®} BlEo] 4:1 ¥
2:12 £33+ locust bean gum} g,mar gum ¥ konjac
glucomannanel] ©l&F 7R HFAE-LS FHE 59} 79
Lelades A T5d SAS "}E}W—'— AUt T4
3 F¢ =S 2+ hetero type&-E] 1Lo] Bifidobacterium
spp.l g AFZAFL el FXH FHAM
galactomannooligosaccharides™= galactose”} mannose main
chainell branchingd}1l $J+= F-FFA], mannose®} mannose

Table 1. Comparison of growth activity of Bifidobacterium spp.
by the guar gum hydrolysates.

Bifidobacterium sp. Medium CFU/ml Fold
Standard MRS 1.2x10° 1.0
B. longum MRS +D.P5 1.2 x10'% 10.0
MRS+D.P7 9.1x10° 7.6
Standard MRS 7 x108 1.0
B. bifidum MRS +D.P 5 6.9x10° 9.9
MRS+ D.P7 5.4x10° 7.7
Standard MRS 1.2x10° 1.0
B. breve MRS +D.P5 3.5%x10° 2.9
MRS +D.P7 2.7x10° 2.3
Standard MRS 3 x108 1.0
B. animalis MRS +D.P5 9 %108 3.0
MRS +D.P7 3 x10% 1.0
Standard MRS 4 x10°% 1.0
B. infantis MRS +D.PS5 2.3%x10° 5.8
MRS +D.P7 6 x10% 1.5
Standard MRS 8 x108 1.0
B. adolescentis MRS+DPS 1.0x10° 13
MRS+D.P7 5 x108 0.6

Table 2. Comparison of growth activity of guar gum and konjac
glucomannan hydrolysates against Bifidobacterium spp.

Number of colony

Bifidobacterium guar konjac

sp. Standard galactomannan  glucomannnan

MRS
DP.5 DP7 KGS5 KG7

B. longum 12 120 91 56 64
B. bifidum 7 69 54 92 8
B. breve 12 35 27 29 16
B. animalis 3 9 3 5 3
B. infantis 4 23
B. adolescentis 7 10 5 ND* ND

* ND : not detect

A}ololl glucose”t 91213} konjac glucomannooligosac-
charides®.5} 1] A2 A2-Ae)] od3ke o] n|x= Ao
FE3 U

o []3
A =

DEAE-sephadex ion exchange column chromatography
ol 98l Bacillus sp. 2} B-mannanase®] HA|E 4303}
¥ &4 21.57 units/ml, A& 9533 »}E}Lﬂ‘ﬁﬁ} SDS-
PAGEe] 2|3 S ES #1815, EARRES 389 kDa2
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2 ARHYS AAEA el 28] guar gaum galactomannan
£ 7lEallgled 12} activated carbon column chromatography
2} 22} Sephadex G-25 gel filtratiorel] 23l F7}E-sE-&
£2] 3)53le] TLC ¥ FACEY 93] F8 wrlsisse
2% 59} 72 =AY B longum, B. bifidum, B.
infantis, B. adolescentis, B. animalis, and B. breve®] A5
Ao A3 FI= 59} 79 FFE HES] ke
modified-MRS #i7] Aol gt om FFE 59} 75 A
3le] A-S-3A S w3 A B longumil M= FIE 5
galactomannooligosaccharide - &t o2 A3k 7%
Standard MRS} ¥]sled 10012, F3= 78 A28t A+
oz 7.5ue] A S epe] JPY st ASEAE
veldsich. B bifidum®] 73ME S 5elA 9.8, F
= 7l 77902 g S-S JERSI oA o] 9ol
X B. breve, B. animalis, B. infantis? JoIM= 3= 59
735 29~5.702] A S el e}, B infandisell
8t Z31% 79] 790X+ Standard MRS} v]aws}e] 0.624)
2 zhpsigde). =3 SR 59 Eejage] Y% 79 &

et A58 A 7lodshs ZloR vepdn.
#Ale] =

B Q3= ek 200295 A9 3 -Fa)eka)
APh AT @A E; R05-2002-000-01034-0)2] U3ko
FP=Q 7)ol eolol] FRA=F e
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