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Metabolism Activity of Bifidobacterium spp. by D.Ps of
Konjac Glucomannan Hydrolysates

Jun-Young Choi and Gwi-Gun Park’

Dept. of Food and Bioengineering, Kyungwon University, Seoungnam 461-701, Korea

Abstract

Bacillus sp. B—~mannanase was purified by DEAE-sephadex ion exchange column chromatography. The partially
purified B-mannanase exhibited maximum activity at pH 6.0 and 50°C, and was stable at a pH range of 55
to 7.0, and at temperature between 30 to 50°C. Konjac glucomannan was hydrolyzed by the purified B—mannanase,
and then hydrolysates separated by 1st activated carbon column chromatography and 2nd sephadex G-25 gel
filtration. The main hydrolysates were composed of D.P 5 and 7 glucomannooligosaccharides by TLC and FACE
method. To investigate the effects of guar gum glucomannooligosaccharides on the in vitro growth of B. 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 glucomannooligosaccharides,
respectively. B. longum grew up 4.6-fold and 5.3-fold more effectively by the replacement of D.P 5 and 7
glicomannooligosaccharides as the carbon source in a comparasion of standard MRS. Also, B. breve and B.
animalis slightly grew up by the treatment of D.P 5 glucomannooligosaccharide.
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p-Mannan®] o 5-£-2 5-3hAl, F3hA 24 A, 2=, o}
o223y, §/TAA, 1, FAE AANE AE T2 AF
Aol o}-85 3 9)A] 9t B-mannanaseE AFP A O o] &
3= Al el A= A9 #3A Aol gl 2ol man-
nooligosaccharides7} 2142} A AFA < A Abe) 2 47 3]'——‘
° 2.3 93-% s} Bifidobacterium®) E-2 Vx4

2A 23 Aol F ol 93 A o} (1-3). Bifidobacteria
= oA A florad} 24 FF24 A FAE AE
AelgdA-& A3 o)A ZhE Aot 39 Frlol w
A b4 aAE TS o] BuEex 9lew(45), 2 u
ol L8 delle olE 759 A ¥ F Folv A7)
2ol od & wlEsle] Al de] YaXa gt =
g A EFHERA NEE 2 9l Z+F oligosaccharide”}t
v 224 Wl oluie) B3 A A M AL &2
ARt A o] A A, L o] -84 o] B A FojE AL gl
A, 223t oligosaccharide® A #3519 < A A= AE H
W fd AT 412 A94F velleX o g AR
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Ohtsuka 5(7)= A4 9| v]s:3A F3-& W22 Bifi-
dobacterium®] FXEFZA FA ] AAE Wzt A=A
konjac mannooligosaccharide®} soybean oligosaccharide &
F o} o3& 7% bifidus factorzt i de 2 ]+ lactulose
£ F9% A5l v]st] Bifidobacterium®| S &A1 E 3}
7} #A3) Z718-& & 5 913t} Konjac mannooligosac—
charide ¥ soybean oligosaccharideS- &l A<l 7 F+Fo] A,
¥ F Bacterodidaceae, Clostridium, Enterobacteriaceae,
Staphylococcus 5-2] ¥ 94 2 AR o] Fodst= AlF 2]
7} 74381+ (8,9) B3 konjac mannan©]| 3 A% 3} st
a}-& oA 3bu] A flora®) Bifidobacterium®) %7V} Clos-
tridium, Streptococcus, Staphylococcus, Corynebacterium®]
FE ZF2aAZgz RuEz goh10).

o] 2} 748 14l 2 28] mannooligosaccharide®} Fo3 ¢l 9
3} Bifidobacterium®] &7t} Aol A A FE5-& bl
frel el A &) A3tE 2 FAl ol EL] A A,
H-’:‘-“ 5o AR S B A= AL F83] =8

4 91}, 2 9] oligosaccharide . fructooligosaccharide,

m'$4
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galactooligosaccharideX= Bifidobacterium®] £ X} 2.
43l 2o Y- B 8 FaEAE AN 7= AT
A A 8aL(11,12), He] &) A, AR A F7) 59 &
7} 7] W Eoll AFHNE H AIRAHIEEA HEEH T
©h(13).

£ QA4 & Bacillus sp. %3 B-mannanase®] % A&
4339 konjac glucomannan 7}4%& &-& ¥ 24 3
433 TLC 2 FACE®l &3 814 grieiadfi &) 3
X & AA 3o, Bifidobacterium<+(B. longum, B. bifidum,
B. infantis, B. adolescentis, B. animalis, B. breve)o] ™%}
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Bacillus sp. T2l B-mannanase®| A&t

Bacillus #5+ 4 Tsukubadl g -4 A E334-F o
FAZ e Fofutgton] &4 vl A FA L locust bean
gum 2.5%, peptone 1.2%, yeast extract 0.5%, KH,PO4 1.09,
MgSOq - TH20 0.05%F #-#3t HAwi#] 150 mLell A%
3led 35°C, 170 rpm, 244 7F v ek3led 4°C, 11,000 rpm, 15
min Y4} &2] (Beckman, rotor 14) F A& Y& FLhHo g
ARg-34ich

CIHE 5=

a2l 23280 nm)3} 4260 nm)e] FFEE UV-
spectrophotometer(Shimadzu Model 1201)e14 ZA 3] 15
X Aogp=0.75X Agso®] A1 & 0] &3 A& o Fr 2 214
8l 32, A A stepFell+ Lowry] ¥h (14)-& A1-&-381o] ghuy
A% g sl

B-Mannanase®] AJ4tek-2 DNS 219 A=k (15)4] 2
&le] 33l &, 0.5 mL9) 1% locust bean gum, 0.4 mL
9] Mecllvaine buffer(pH 6.0)$} 0.1 mLe] FA7} AlA = =)
FNE Ao 50°CellA 3047 uk-3-A17] F A H mannose
£ A5 570 nmol A FHEE SAsIGe 282 F4e
D-mannoses 0.1 ~1.0 mg/mLE& A3l 37, £4: 1 unit2
B-mannanasex FY =7 N4 183 PA == D-mannose
o #F3t= 1 mg/mLe] FUVFL WEshe 4] Fo g
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DEAE sephadex ion exchange column chromatography
Hell &3t RAA A= A A Bk i 16)o] wel 43
ahadet.

A p-mannanase2| EASEH ME

FAZAE o83t 4 pH, A &x, pH YA, &
= AL AAE et A pHe A ZALE o4

3led pH 2~8,50°Cell A, A 22 A7) oA A4 5o
AAF o]43te] pH 6, 20~80°Cell A EAa8AS 53
ok pH AL ELdELE pH 2~89 Mcllvaine buffer
solution= ©]-8-3}o] 24 2% dl4 143} preincubation ¥,
2= AL A7) oA AR T R E 2 A pHe| M-
Tlvaine buffer solution& ©]£-3}e] 20~80°Ce] W9 = 1Ak
preincubation 3=, pH 6, 50°Cel A 42 &A 3¢t

Konjac glucomannan 7}=23 Szl1gel £2|

1st activated carbon column chromatography S o]
43 ¥ E4Y 300 mL(10 units)el Hall 0.5% konjac
glucomannan2- 50°C, 244 3t 7} 88]F TLCE pattern
7 &3 & activated carbon column chromatography S ©]
43 & #2135t} & activated carbon powderE 100°C
1A 7k 742§ & column{4 X 90 cm) ol 21X 1, ZF+=
0]-8-3}of 24X 7k P 5 A7) F FE-A & F4)3}a1, 250 mL/
hr f<4 2.2 tube® 50 mL# ethanol 0~30%¢} linear gra-
dient 2.2 -& Felslydr)

2nd sephadex G-25 gel filtrationS o] -&-3F &2} : Ac-
tivated carbon column chromatographyl4 &3 @&
phenol-sulfuric acid®¥ (17)el] &)sjA &Fgeks SAF &
TLC 2 FACEE o] 43l ¢ =& vluslsc. 8 44
€< T2 fractiond T} 34310 sephadex G-25%
o] &-3}e] H-=]3}leich

Thin layer chromatography (TLC)

TLCE McCleary® (17)l] w2t ch-&-3 382 2731l A
F7) F UVEAF 9 spray reagent® £-5-3}o] 140°CellAl 5
7t 7rdste] & 43k

TLC plate; 25 TLé plates 20X 20 cm silica gel 60 Faa
(Merck, Germany), Developing solvent; n-propanol : metha-
nol : water =5:2: 3(v/v),

Spray reagent; 309 sulfuric acid-ethanol.

FACE (fluorophore assisted carbohydrate electro-
phoresis)

ANTSell #2343 22 A7]%4 52 Jackson®] W (18)
of] ule} 30 ~40%2] polyacrylamide gel3- A}&-3hc} & Ac-
rylamide A(acrylamide& 53.33%%} Bis S 1.41% %) 5.625
mL$} Buffer A(1.5 M Tris-HCl buffer, pH 8.8) 1.875 mL&
3319 587 &713) 32, Acrylamide BlacrylamideS 26.67
%<} BisE 0.89% &) 2.8125 mL¢} Buffer A 1.875 mLE
E3tslo] &r)sted 22} 109% APS 18 uL¢} TEMED 6 pL&
A 718} ¥ Pasteur pipette® A}-8-3}¢] separating gelZ A%
e}, o}-2-2- Acrylamide A 0.75 mL 2} Buffer B(0.25 M Tris-
HCI buffer, pH 6.8) 3.75 mL¢} /< 3.0 mL& &334
57 &7] %k} o 7] o 10% APS 20 uL¢} TEMED 7.5 uL&
A7Fsle] Al & well combE- A 23} 3 stacking gel & A 23}
o} G54 o7 Buffer C(1 L 2554l 30.3 g9 Tris



1188 #HE3

o} 144 g9 glycine s 35 100 34 g & ALg-ghet. o
%2 stacking gel&- 100 V, separating gel<- 400 V2] &A=
gtellA FESE F 365 nme] A AdFA oA ALAl-L Bl
sl el

ZF8T ¥ konjac glucomannooligosaccharide} Bif-
idobacterium sp.of| st MM

Bifidobacterium< w3-(B. longum, B. bifidum, B. infan~
tis, B. adolescentis, B. animalis, B. breve)dl t& A8 =
% #4-8 Z2A387] $8l MRS mediad]A ¥4 U9S dex-
trose tAlell ZAY F3 =¥ glucomannooligosaccharide
& 7tz A71g & A 519tk 3 =% glucomannooligo-
saccharide S 3] =3t¢ 213554171 3 121°C, 1583} Auto-
clave¥ DNSH & o] 83l 5d¢ UG Fo 2 24 F
modified MRS media$ ZA|81ed, 1°.2 548 F 7]
2 273}l A 37°C, 48 hr 3 Falj k& F colony<+E P23}
Aot

Zot 3 nE
zAol Hr|

DEAE sephadex ion exchange column chromatography
ol o3 Z A AlE A2t Radt ubg16)el uiel 3
8lo] SDS 7G5l 3 £ F AANELRA A}
239}

Table 1> A A o] o} & ¥ A 2] F7}9} 545 bl
AL.2 713 locust bean gume] g A 4o v B
21.57 units/mg, A A v 82 93.78W &5 el o o] &= 7| &
2] DEAE-sephacel ion exchange chromatography 438 A]
71 Aol 3 8] A <l 17.41 units/mg>} A A vl -§ 84.748 ¢}

& 4~%] Z DEAE-sephadex”} B-mannanase®] A 2} & 4=
A 244 Bt At 7 o 2 vebige). 53] DEAE sephadex
ion exchange chromatography(2.5X42 cm)ell 21§ A A4
2 3339 columndll £4F Halsted 30 mL/hr 522
tube®d 5 mLA £33}9 20 0~1 M NaCl linear gradient
X o o) A S AW AR EA AR LE SDS-
PAGEOI] &) gl =E el gl oo) B-mannanase?]
Bxpeke 389 kDal & A5 gl Penicillium purpuro-
genum No. 618 212} A A B-mannanasex 57 kDa, As-
pergillus nigerdl A= 42 kDa, Tyromyces palustrisol A &

e

61 kDa, Streptomyces sp. No. 1794+ 43 kDa, Bacillus
subtilis| A= 22 kDa®] H-2}=ko} Choi¢} Park(16)el 2} 3)
R»as g rh

HH B-mannanasel EA3ISHN MAl

DNS #d A a3y off o) ste] 9} pHO| < 3F-& x5}
gtk Fig. 1(A)e 2834 vl A= 229 33, Fig. 1(B)
£ 4R vlx &= pHe) 98, Fig. {IC)&= 549 &%
A, Fig. 1(D)E &49) pH A S vhebiglc).

2 22+ 50°C, F4 pHE 6.0017, 2% sry Aol A=
30~50°Coll A& 90%°] 42 Ft23A)-& Vebhli gz, 70~80
°Cell A= 30%0131e] 28X & bl o). pH gER A ol
A& pH 5.5~7.0914 100%9] 2&2A-S ehd vk pH
2.0~4.0014 & 40%°]8t2 7FAa= )

Konjac glucomannan 7}gdll 22|12 2| ¥ §
e EH

F M 300 mLol 3] 0.5% konjac glucomannan-$ 244
7k 7VpE-8sked 250 mL/hr 522 tube™ 50 mL#) eth-
anol 0~30% linear gradient™ 2.2 activated carbon col-
umn chromatography-& 433 3}o] 3% £2]3l¢d ) Activated
carbon column chromatographyel 28 22j% 3-89 0.2
mL2} 5% phenol 0.2 mLE 7}8te] £ & Conc.-H.S0,
1 mLE 7}ste] E3a F 2087 421314 490 nm= F3 =
£ 2343 A3} fraction No. 51, 54, 55, 61, 64, 68, 70114}
peakE Yehy o} (Fig. 2). 2749 fractions TLC pattern
4 7} &3} 754 fraction No. 51014 5571 %) &= 8 7} 58
LS F]E 571 F5L o] F 2 )29 fraction No.
61ell 4 707472 FH= 78] 7t e 74
o} 9lg-°] standard Rf valuert .2 2<l= %t} (Fig. 3). =
21} fraction No. 55914 7074<] 3= 59} 79] 7lE3)
2 ae] EAF} A gle] 3% 59} 7 hetero type gluco-
mannooligosaccharideE- A A ¥} 3}7] €8] sephadex G-
25(2% 100 cm) & ©] 43} gel filtrations 3 sk5d o}, 250 mL/
hr#42 % tube®d 8 mL#¥ ethanol 0~30% linear gradient
24NN F sdG o FAEE S A
fraction No. 20, 22, 25, 26, 28, 29, 30, 32, 34, 359)| 4] peak=
el gk (Fig. 4). £ 25 Fals}r] 98l TLC(Fig. 5)
9} FACE(Fig. 6)% % 33} patterne A% 3 A frac-
tion No. 32~35°14 %3%%= 5%} glucomannooligosaccharide
Z fraction No. 25~26¢4] &3 % 72] glucomannooligosac-

Table 1. Summary of purification of B-mannanase from Bacillus sp.

Ste Total activity Total protein Specific activity Purification Yield

D (units) (mg) (units/mg) fold (%)

Crude enzyme 1173 5183 0.23 1.0 100
3026 (NH4)2504 1012 4124 0.25 1.08 86.27
DEAE sephadex ion exchange 781 36.2 21 57 05.33 66.58

column chromatography
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Fig. 1. Effect of pH and temperature on purified f-mannanase from Bacillus sp.
A: Effect of temperature on B-mannanase, B: Effect of pH on B-mannanase.
C: Effect of temperature on the stability of B-mannanase, D: Effect of pH on the stability of B~mannanase.
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Fig. 2. Separation of konjac gluicomannan hydrolysates by
1st activated carbon column chromatography.

charide”} 2815141 &2 Rf valueAt 2. 2 Halsle] Z8xy
72 ES A3t JH$Y s gash] 9
3o Bio-LCE ©] 43l 24 3-89 4659} 6.659 RT#H &
= Zr7re) peaks #l® 4 2l9ith(data not shown).

Z8z¥ glucomannaooligosaccharides?l Bifido-
bacterium spp.ol| Lt MSEN

Bifidobacterium< d-F(B. longum, B. bifidum, B. in-
fantis, B. adolescentis, B. animalis, B. breve)l| T3t A%
Z21 8458 54 3)7] 28] MRS mediacll A €392 dex-
trose WAl el A H £3% 52} 7 glucomannooligosaccha-
rides§ H71¥ 543 23 B longum®] 3% SAH o=

R 2 -

A 51 54 55 61 64 68 70

Fig. 3. TLC of konjac glucomannan hydrolysates by 1st
activated carbon column chromatography.

A: Authentic mannose, mannobiose, mannotriose, mannotetraose,
and mannopentose from top to bottom. From 51 to 70 are fraction
numbers on lst activated carbon column chromatography.

77k 467, 53300 2] -3 A4S Yehdigltt =3 B,
brevee| WalA = 3= 5 glucomannooligosaccharide &
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Fig. 4. Separation of konjac glucomannan hydrolysates by
2nd sephadex G-25 gel filtration.
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iEig. 5. TLC of konjac glucomannanhydrolysates by 2nd seph-
‘adex G25 gel filtration.

A: Authentic mannose, mannobiose, mannotriose, mannotetraose,
‘and mannopentose from top to bottom. From 20 to 35 are fraction
numbers on 2nd sephadex G-25 gel filtration.

e Al 24200 2] A&2AA-E& Je Ry B infantis} B.
adolescentisdll | A= FHE 59 79 & w4y
22 qAA 238 AEEAo] A3 FHaF e Table
2). A= galactomannanZ}aE3 28] 0] 8314
Bifidobacterium spp.©l| 91 WSk g Aok 82
sk o} B3] B longumell A= 8% 5 galactomanno-
oligosaccharide® ©4-92.2 A% 7§ standard MRS
2} B]E3le] 108]9] FPw 7S Al A5l Tou ] A
&g vefe] 71 8 ASEA4 - el gt B
bifidum®] 75- X = FFE 5ol 4 9.8u), FJE T4 7.7
o] 3 A S el o o]l % B. breve, B.
animalis, B. infantisoll 1A= £33 % 59 3-$-2.9~5.74)
o] A2 Jetuigl o, B. infantisol 3 3= 79
73§ A= standard MRS$} 8] 2sle] 0.62601 2 7F438}19)
t}. Galactomannooligosaccharides®] A% 3% 59 &8

A 32 25

Fig. 6. FACE of konjac glucomannan hydrolysates on 2nd
sephadex G-25 gel filtration.

A: Authentic mannose, mannobiose, mannotriose, mannotetraose,
and mannopentose from bottom to top. 25 and 32 are fraction
numbers on 2nd sephadex G-25 gel filtration.

Table 2. Summary. of growth activity of Bifidobacterium -
spp. by the konjac glucomannan hydrolysates

Relative
activity (96)

1.2x10° 100

Bifidobacterium sp. Medium CFU/mL

Standard MRS

B. longum MRS+DP 5 56x10° 467
MRS+DP 7 64x10° 533

Standard MRS~ 7x10° 100

B. bifidum MRS+DP 5 92x1¢° 131
MRS+D.P 7 8x 10 114

Standard MRS 1.2x10° 100

B. breve MRS+DP 5 29x10° 242
MRS+DP 7  16X10° 133

Standard MRS  3x10° 100

B. animalis MRS+D.P 5 5x10° 167
- MRS+DP 7 3x10° 100

Standard MRS~ 4x 10 100

B. infantis MRS+D.P 5 2x10° 50
MRS+D.P 7 1x10° 25

Standard MRS~ 7x10° 100

B. adolescentis MRS+D.P 5 NDV ND
MRS+DP 7 ND ND

UND: not detected.

o] FE 79 SE|mgrt KA ZA rdE=
zie ® vJeht o} glucomannooligosaccharides®] %+
=Y £ FF Aol & HolA] 93k en galactomanno-
oligosaccharides ¥.v}= Bifidobacterium spp.oll W& A5
A Zof gt dgfo] A2z o2 viwE gt & ATellA
AV-2-3 Bacillus sp.£ 4+ galactomannan % mannose
2} galactose?] B]-8-°] 14 : 12 £A3}E coconut kA2 w2
R AHEQl copra cake®} gumF 5 ¢l 4] mannose$} galactose
9] ujgo) 4:1 % 2:18 £A38l+ locust bean gum™ guar

gum % konjac glucomannan®l| @&k 7183 HEAES



Konjac Glucomannan 7}%3 2|23 £3%% Bifidobacterium spp.o| W& dAl&A

FHEE 59 79 ge|lmg o PAEHE F5H 5SS
Wi ok £U43 FFEE 2+ hetero type 8|9
Bifidobacterium spp.©ll th3F A{A 9] Aolz T2

2 of| 4] galactomannooligosaccharides+ galactose”} man-

o 0 W

3
el
nose main chain®l] branching 3} ¢} + F+ZFZA4], mannose
¢} mannoserlo] o glucose’}t ¢ ] 3+ konjac glucoman-
nooligosaccharides 2.t} #1 8 -& A8 Ad ol 93FS v v 4]
AR 22383 9}t =3 M. vinacea w3l EA T type
& Gal'Mans®] 714l dsle] wiggd g A8ty gle
galactose® §-2] 8l ol A& 7R 2 9181, P. purpuro-
genum 2 A. niger 8 £4L Gal’Man® 725 2L 7
AA njgd ety FHA )28l 3l galactosed
7t Ea st BolAd ] Aol & Mol 312w, M. vinacea
fral 524 U type, 357 2 dnlelr] S22 a8l £ A7)
A 8] FrHA F+2F Ze 71 - ¢ ddiA F53 22 galac-
tosed F2 3 FolAE 2 AUSo] B drhi9).

O ok
p i =

DEAE-sephadex ion exchange column chromatography
ol &3l Bacillus sp. f3 B-mannanase?] A A & 485}
B} &A1 -2 21.57 units/mg, 3 A vl &2 93.78u1 & el i),
A 22X+ 50°C, FH pHE 6000, 2% A A=
30~50°Cel| A& 90%0] 2] AHE8A3-& vrelielx, 70~80
Cell A& 30%°]3te AE8AS Jetiieh. pH A
oA+ pH 55~7.094 100%2] #&&A-& veld Wi
pH 2.0~4.0014 & 40%°] 312 ZHa= oloh. A A F el o) )
konjac glucomannan® 7}~ 8] 8} 13} activated carbon
column chromatography 2} 23} sephadex G-25 gel filtration
of of&l BrleaEE £ 353l TLC % FACE® ¢
8 T2 e B T 59 72 A=A B lon-
gum, B. bifidum, B. infantis, B. adolescentis, B. animalis,
B. breve®] A58 o g F5hx 591 79 43S R3]
71 413t modified-MRS¥W A ol FoU o B F3x 59}
7% At ALBAAE ¥ 27 A B longum®] A5
EAH o2 77k 467, 533802 AHEAAE ehe] S5
g A4S Jellsich = B. brevedl dldlAE 5%
X 5 glucomannooligosaccharide & #} 8] A 242vi 9] 4§42
A& veh gl ey B. infantis®}t B. adolescentisell o} &) 4]
= $¢x 59 79 SEjug e g4 235
A o] AR FaEcH

ZAtel 2
2 A7E FFAAD 2002 Aol 8 S5t}

2] QA TFAL] (A 5 R05-2002-000-01034-0)2] %o
2 aHUd ole) ZA=Gc)
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