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Abstract

B-Mannanase from Bacillus sp. was purified by DEAE sephadex column chromatography. The specific activity of
the purified enzyme was 21.57 units/mg protein, representing an 95.33-fold purification of the original crude extract.
The final enzyme preparation obtained showed a single band on the SDS-PAGE and its molecular weight was esti-
mated to be 38.9 kDa. Galactosyl glucomannan from Picea abies was hydrolyzed using the purified f-mannanase,
and then the hydrolysates were separated by activated carbon column chromatography. The main hydrolysates were
composed of galactosyl glucomannooligosaccharides with a degree of polymerization (DP) of 8 and 10. To investi-
gate the effects of Picea abies galactosyl glucomannanooligosaccharides on the growth of the following: Bifidobac-
terium longum, B. bifidum, B. animalis, B. breve, B. infantis, B. adolescentis, and B. auglutum, each Bifidobacterium
spp. was cultivated into the modified-MRS medium containing galactosyl glucomannooligosaccharides with DP 8 or
10 as a carbon source. The growth of B. animalis increased 19.5-fold and 18.7-fold by the treatment of galactosyl
glucomannooligosaccharides with DP 8 and 10, respectively, compared to that of the standard MRS medium. B. bifi-
dum grew 15.3 and 14.3-fold and B. longum grew 15.2 and 13.9-fold by the treatment of galactosyl glucomannoo-
ligosaccharides with DP 8 and 10, respectively. Especially, galactosyl glucomannooligosaccharides with DP 8 was
more effective than that with DP 10 on the growth of B. animalis, B. bifidum and B. longum.
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A3t floras ¥l QoM o|F Bifidobacterium®]
37 A Ao Fas AAZE Fe-star k. Al
|

microflora®] FAolE & JNQIA7F EA)sh} dukzlo =z
AF sl 2E, 94, =

S, WS E &, 7]15 wt jIzFsHA
W sketet. Bifidobacterium®] 523 FA) A4HE thARE(

AR, f2, HPRARL Sl o8l 44, 1AL
2 0] AFD AT} 2L BAE B oL,

1996).

AT Had 419 " fFololl Al galactooligosaccharide S
ZAEF 100mLT 260mgell sl Fate A FH7lske]
1077 253 & WS 3Fsto
galactooligosaccharide H7}sHA] 942 XA EH=E 254
frofEot Ewe] 271, A, pH7F B G gote] 239
77+ 5 2. W galactooligosaccharide & 7174 F /d Q1 ol Al
1Y 10g AFAANHE 25, NS Bacteroides®] 2171
48} Bifidobacterium 2 Lactobacillus®) 21221 5717}t
R =% 0™ (Heo, 1995), T ZFA8F= Bifidobacterium
o] H]&- A3 23%NA 48%= FSataL, thdAtel
wEtx = 77%7HA F7bete 9% AATHChoi et al,
2004). Tgk AR AWHEES AFAI raolAl
Bifidobacterium®} galactooligosaccharideZ 914202 3}
Fojate] Wb #A Ixke} A R tiARHE S FHIE
ZAFSE A3, AAUEE 59| nitroreductase, tryptophanase,
urease 5] PIAES] G4 AT FIiAHER] QIE, ¢EY
o} &&o] A3s}ste] Bacteroideset Wwoll < A
a7 dAE= AR YEtRT B EATHKIm et
al., 2005).

£ A+ = Bifidobacterium®] A5ZF2183o &3}
€ Hol= gums 2 galactosyl mannooligosaccharide}
konjac -2l glucosyl mannooligosaccharide®] “FHAl A
S8 A3t Hsk vl S rf(Lee & Park, 2008),
galactosyl glucomannan fr2ff 7hrital &2l gk A
75 BAgh vyt S45dd B3] & AFelX = Bacillus
sp. -2 B-mannanase?] A E 535t Picea abies
Z galactosyl glucomannan 7FFESES 2], ZA| 3
33, thin layer chromatography(TLC), fluorophore assisted
carbohydrate electrophoresis(FACE) % Timell’s method®l] 23]
B E PR Ee SR8 A4, Bifidobacterium
%(B. longum, B. bifidum, B. animalis, B. breve, B. infantis, B.
adolescentis, B. auglutum.)® T3+ M 2] LSS 7]
o HaE = &gy €493 vl wstith

e 2
718 =My
1A2E A% 3FA FEAAA 7HEHU(Picea
abies) FHTES FYste] ARESHATH  Galactosyl

N
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glucomannan ZA|& 93] Stilbrand 5(2002)] ¥l
2t 7HEH| U] ZRAME SR 100 mLoll E3HA] 7] 32
0.05% NaOH, 0.05% H,S0, & H7}sle] 1417+ w-3-A12]
T Azxsag. AzxE 59 9.1g2 /S 100mLe] 3
7Vt 1A]7 E5HS 715he] galactosyl glucomannan<
o=

uw}

—

Bacillus sp. 72 B-mannanase2| A§At

Bacillus sp.&= 4¥ Tsukuba th& $-&A3}st A4z
FE Eguol 3ol ARE-ESm Choi®l 1 (2004)00
w2} locust bean gum 2.5%, peptone 1.2%, yeast extract
0.5%, KH,PO, 1.0%, MgSO, 7TH,0 0.05%% & #3h= o
A=A 2 Lol| TR FN-E FE st jar fermentor(KFC,
KF-5L)°1A4] 35°C, 170 rpm, 24A17F &t vl oFslar, 4°Cel)
A1 11,000 rpm &2 1527F A41E2] (Beckman, rotor 14)%h

F FUS GAU 02 A

B-Mannanase?2| &4 =8

&4 84 AL dinitrosalicylic acid(Sigma Chemical
Co.)S AH83l9 3L B-mannanase] AYAHES DNS Ao
A Miller, 19590l ©]sted &ttt =, 0.5mL 1%
locust bean gum, 0.4mL<] Mcllvaine buffer pH 4.5%}
0.1 mLe] A7} A AE wjFhE 4] 55°CllM 3027F
HEe-A171 & A E mannoseE &4 5ke] 570 nmolA &
FrE SAIY. 2FF42 D-mannoseE 0.1-1.0 mg/
mLE A3, B-mannanase €4 1 unitS FUZ2A

D-mannose®l| 3E3= 1 mg/mLe] LTS Al
Tae] Fo= Hsiid

ZFH Miller, 1959)°] J3te] S5 Th,

o
DNS 3 %
= 3

EO{I oL,

Z  mannose 3 7tEESE 0.1 mLet DNSA]oF

1L.OmLE Z§3le] 10827 E5HS sto] YZAIZl 3 3

A3l 570 nmoA 2] SHEE S5 a2
=

D-mannoseS 0.1-1.0 mg/mLE A}8-3}

S48MN % SDS H7|¥SH

DEAE sephadex:= 0.2 M Mcllvaine &%-8(pH 6.0)2
Z MAS 3 column(2.5x42 cm)oll XA AHA 02M
Mcllvaine 989 (pH 6.0)2% HIFS FAAZT 7]
FA% 284 30mLE 0-1 M NaClZ linear gradient
o EEAAL oln £E&5 5= 45SmLhE 9, &
Mo 5mLA fraction collectorE A3l FH3}IA L,
S Tl g Ao SAS S ste] A gL
2 A3 tH(Laemmli, 1970; Jackson, 1996).

AAEALE A2 HAAANT F £A72 10kDa molecular
weight marker(Life Technologies LTD., USA)E ©]-&3}<

e o 2

o ¥
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AA 3L, Laemmli®] W (Laemmli, 1970)°l 2]3l SDS
polyacrrylamide gel electrophoresisE 3] 5}t 719 %
£ 200V Gkl M e, A7FdE 48 F
coomassie blue 43t 2315}

clo] sfmRTs)

TS A719Este] A 8k7] feiA] Jackson®] W
(Timell et al., 1956; Laemmli, 1970; Stilbrand, 2002)l
w2} 8-aminonaphthalene-1,3,6-trisulfonate(ANTS)ol| 2] 3]
FeAsteATh Fgd souLs AR T 15%
acetic acid®l 0.15MZ ZA g ANTS £ 5uLe}
dimethyl sufoxide(DMSO)°l 1.0M=Z ZA|g  sodium
cyanoborohydride(NaCNBH,) &< 5uLE 73t &3
stttk o] S-S 37°C 15A17F WA -, A4lE
=5 34 20% glycerol 50 uLeoll &3ttt ol A7
& ARE o] 10 uLE 71955k

&o| M7= (Fluorophore Assisted Carbohydrate
Electrophoresis, FACE)

ANTSO| eJal] fre=stet Fo] 7195 Jackson®] &
H(Timell et al., 1956; Laemmli, 1970; Stilbrand, 2002)°]
Wl 40-30%2] polyacrylamide gelS AM&3tdth =,
Acrylamide A(acrylamide 53.33%%} bisacrylamideE 1.41%
) 5.625mLe Buffer A(1.5M  Tris-HCl, pH 8.8)
1.875mLE  EFst sE7F @718, Acrylamide
B(acrylamide 26.67%<%} bisacrylamideE 0.89% &)
2.125mL9} Buffer A 1.875mLE £33 F @7)sl] 7t
7} 10% ammonium persulfate 18 pLe} TEMED 6 uLg 3
7}t & Pasteur pipettes A3l separating gelE A %3}
ATt Acrylamide A 0.75 mL$} Buffer B(0.25 M Tris-HCI
buffer, pH 6.8) 3.75 mLe} S/ 3.0mLE g3t 587
2718 o3 10% ammonium persulfate 20 uLe} TEMED
7.5 uLE #71ske] stacking gelE A Z3Att A719 54
dFdogE= Buffr CAL FFF9l 3032 Tris9h
144 g°] glycines )= 108 343 A& ARESHITH
217199 %2 stacking gel> 100V, separating gel 400 V
o] skl FastAaL, F719E TE F 365 nme] A}
9] stoll A ARl g st

Galactosyl glucomannan 724l 22|12te| 22| &
thin layer chromatography(TLC)

Oligosaccharides®] 2] ol = activated carbon powder(Wako.
Co., Tokyo, JapanyS AFE-3FIT}. Bifidobacterium] A3 -5-1] =]
Z MRS broth(Difco, Detroit, MI, USA)E A}-&3}3 o1
7TEMA ok B48 SFAFE AFSSIAT. Bacillus sp. &
22 90 mL(10 units)ol] thal 71 2-E&H 10 mLS 55°C, 24
AlZF 7hEislate] TLCE patterns HESH $ activated

carbon column chromatographyE ©|-&-3l 32 E2|st}
Activated carbon powderE 100°Col|A] 1A]7H&<F 71 gk
T column(4x90 cm)oll A7 3L, EFFE o] &3l 24
A7 B BYEA F FEAL FA3L, 250 mLne]
502 tubed 50 mLA ethanol 0-30%<] linear gradient
2 3= skl

TLCE McCleary(1982)¢] WHiol whe} vh&3t 42 =
AstolM AN F UV 2AF B BFAIRe R Este]
140°Coll A 58&7F 7t st F5 #4153tk TLC plate;
20x20 cm  silicagel 60 F254(Merck, Germany), developing
solvent; n-propanol:methanol:water=5:2:3(v/v), spray reagent;
30% sulfuric acid-ethanol.

Timell 20| E SE=

7FeE8]E galactosyl glucomannooligosaccharide 1 mL
ol 8% H,SO, 1 mLE 100°CAIA 2417k &<t 7h&af §
9% NaOH, #=2geql §945 2 W 7Isto] DNS £
AT APFHOo R F-3HAF(total reducing sugar, TRS)®] ¥
T3t 7HrEslE galactosyl glucomanno oligosaccharidesE
DNS e AFH o= 23] 8kl F(direct reducing sugar,
DRS)®] F& T8l3ith TRSHE DRSFOZ Ui e
7HE-3l ¥ galactosyl glucomannooligosacchrides®] &%=
2 A 39 tH(Timell et al., 1956).
Bt 7 ==oll 22|10k Bifidobacterium spp.Of| CH
TR

Bifidobacterium®s  T-5+(B. animalis ATCC 25527, B.
bifidum ATCC 15696, B. breve ATCC 15701, B. longum
ATCC 29521, B. infantis ATCC 15697, B. adolescentis
KCCM 11206, B. auglutum KCTC 3353)°]] th3t A&=x13
<& 57335H7] 918 MRSHRAlO] ©rhdo® Iww tial
of EgzAEH FTHE=W galactosyl glucomannooligo-
saccharidesdextroseE® =93} FYU3S sdako g Hrlst
T AFES A st =2d v 3714 218t
X 37°Cell A 48417 B &S+ colony TS MWL &AL
(Deya et al., 1982), de A2 NA] 8|3t 590 nmoll
A FBEE A3 FHTE B8 THToba, 1985).

Ol 0.|>|

r

DEAE sephadex chromatographyoi| 2|3t 4 XX
30% (NH,),80,& ¥7873olM aie] Ae]ste] 4oCel
A 12A1ZE S RS & AR st & ATds
2] 9h(cellulose tubing, 16 mmx30cm, Sigma Chemical
Co.)oll A late] 4°CollA 24A17F F28F G498 DEAE
sephadex chromatography(2.5x42 cm)©ll 30 mL/he] F&52
2 FHAA tubed SmL¥ &Esilom AAE YT
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Fig. 1. Chromatography of the f-mannanase from Bacillus sp.
by DEAE Sephadex column chromatography(A) and analysis of
the purified enzyme by SDS-PAGE (B). A, Marker; B, purified 3-
mannanase

Az} B3 No. 70-779014 &AL 28 o] YebytthFig. 1-
A). BAZ4E SDS-PAGEY] oa] ddwi=5 vYehfidle
™ (Fig. 1-B), B-mannanase®] A3 38.9kDal 2 74
H AT}, Penicillium purpurogenum No. 618 2] B-
mannanase= 57 kDa, Aspergillus nigero| A= 42 kDa,
Tyromyces palustris?| 1= 61 kDa, Streptomyces sp. No.
1791 43 kDa, Trichoderma harzianum) A= 52.5 kDa,
Xylogone sphaerospora®| X = 42 kDa2] Ao R E 3L
I TH(Park et al., 1991; Choi & Park, 2004b).

Picea abies 72l galactosyl glucomannan 7 |==53l| =
2|kl 22| ¥ SEE 4%

Bacillus sp. & €249 90mLE °] €3t 10mLe
picea abies 2] galactosyl glucomannang- 24A| 7t 7145
5] TLCZ patternS FESH & activated carbon column
chromatography S ©]&3] 250mL/h F%22  tubed
50 mLA ethanol 0-30% linear gradient® F-2 H2]3lth
(Fig. 2). Activated carbon column chromatography® <] 3%t
g & 02mLe} 5% phenol 0.2mLE 713l £ &
conc.-H,SO, 1 mLE 7}ate] &gk § 2037+ W] &fod
570 nmZ FFEE 543 F peakE YER = 7} fraction
< FACEZ patterns HES & T 837 109 25/
galactosyl glucomannooligosaccharidesS 2] 3|43} 33t}

40 50

Absorbance at 570nm{-4-)
Ethanol gradient(%) (-)

0 10 20 30 40 50 60

Fraction number

Fig. 2. Separation of galactosyl glucomannan hydrolysates by
Bacillus sp. [(-mannanase by activated carbon column
chromatography.

(A) (B)

Fig. 3. FACE(A) and TLC(B) of galactosyl glucomannan
hydrolysates by Bacillus sp. f-mannanase. A, Authentic mannose,
mannobiose, mannotriose and mannotetraose from top to bottom; H,
galactosyl glucomannan hydrolysates

(Fig. 3-A). TLCO| ©]gt 7}3l patterne HESH 23}
fraction No. 3894 F3= 8, fraction No. 45904 =
102] galactosyl glucomannooligosaccharidesE 3] <=3} %1 ¢}
(Fig. 3-B).

3w AL Al TLC patten® 7 Timell 5
(1956)°] Wil oJal A5 A3 Fig. 2014 22 E2&
Fraction No. 38 7F+#3l 223134 TRSE 16.48, DRS
= 19924 TRS/DRS= 8.26%, Fraction No. 45 7[5
3 &89S TRSE 25.09, DRS+= 2.3924] TRS/DRS
£ 10472 YEFTH(Table 1). @]l Fraction No. 38 2]
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Table 1. Determination of D.P value by the Timell's method.

D.P value
GGM hydrolysates by Bacillus sp fraction No. 38 8
GGM hydrolysates by Bacillus sp fraction No. 45 10

(A) (B)

Fig. 4. FACE of galactosyl glucomannan hydrolysates by
Penicillium purpurogenum enzyme. A, Authentic mannose,
mannobiose, mannotriose, and mannotetraose from bottom to top;
DP8, D.P8 galactosyl glucomannooligosaccharide; DP10, D.P10
galactosyl glucomannooligosaccharide; M, Patterns of hydrolysates
by the treatment of Penicillium purpurogenum B-mannanase; G
Patterns of hydrolysates by the treatment of Penicillium
purpurogenum o-galactosidase.

IF2 FYE 8, Fraction No. 45 23132 THE 10
° Hatath TE2FFE S8 B AFAdA Frst
AL = 714 EolAdol ¥ Penicillum purpurogenum -
) o] &3}
enzymatic sequential action®l] 2]3] &%= 82 B-mannanase
]2] %~ mannose, mannobiose, hetero type2] THE SE 7
Ball gom, 21702 HA| o-galactosidaseS *] 2] 3+ 24
¥} mannose, mannobiose, galactose, hetero type®] 3= 4
o] Fo] Ueht= Ao gIsiithFig. 4-A). THE 10
2 B-mannanase *]2]°] 2]3] mannose, mannobiose, hetero
type THE 8= 7hrEEE HAoH, EAH R A o
galactosidaseE- *] 2] 3+ Z 3} mannose, mannobiose, galactose,
hetero type THE 69 STALTORE 7hFEal = o
branching 3}3.30& galactose®] 9% 5& FF7Hs3l9L
U (Fig. 4-B), mannose®} mannoseA}l°]el swichingst3Z )
= glucose®] 912 FF= E7Fsst @A Penicillium
purpurogenum -2 2] G497 EBolAy Aol
Aspergillus niger 5-162 7 #|3}4] enzymatic sequential action
of &g F+xE sfHstaL o, e Fx24 FHS 9

3] Methylation method(Ciucanu & Kerk, 1984)5 3} 3}

A B-mannanase®}  a-galactosidase S

Table 2. Summary of growth activity of Bifidobacterium spp. by
the D.P 8 galactosyl glucomannooligosaccharide from Bacillus sp.

. Relative
Medium CFU/mL activity (%)

3 aomimali Standard MRS 4x107 100

- dmimatts MRS +D.P§ 7.8x10° 1950
. Standard MRS 3x107 100

B. bifidum MRS +D.P8  4.6x10° 1533
B breve Standard MRS 2.1x108 100
: MRS +D.P8 2.5%10° 119
B. infantis Standard MRS 1.3x10% 100
: MRS +D.P8 1.5x10° 115
B loneum Standard MRS 1.2x10° 100

- ongu MRS +D.P8 1.83x10° 1525
B. adolessentis Standard MRS 3x107 100
: MRS +D.P8 9x107 300
B. auclutum Standard MRS 7x107 100
- aug; MRS +D.P8 3.6x10° 514

T dHPoz v

SEIT=Y galactosyl glucomannan 7 [==2all 22|02
Bifidobacterium spp.Oll CHEF ASEA

Bifidobacterium%: 5(B. longum, B. bifidum, B. infantis,
B. animalis, B. breve, B. adolessentis, B. auglutum)oﬂ o) 5t
A5G4S 7935171 918 3T MRS mediumol| 4] &4
2 dextrose thAlel 2] ZAH FI= 8, 10 galactosyl
glucomannooligosaccharidesS % 71s+ & HIhlgS 3l
ST A% SYarge] H7kEA] 32 EF MRS broth
o Hlaf =2 A% 3 &4E5 BTk

B animalis*| <= 3= 8 galactosyl glucomannooligosaccharide
E @AYo R A B¢ EF MRSHIA 9 H| w5
1958, F9H= 10914 187 wRe] 7P -3k 5245 o
EP O™, B. bifidume] X = SHE 89 ¢ 153 1)
o} &= 10914 143 ¥} 28| B. longumd e ST =
8 galactosyl glucomannooligosaccharideE BFAYP o2 TA]
g 749 EF MRSHIA| 9} HlaLste] S8 8ollA 15.2 v,
STHE 10914 139 8] S A% o= YehiL
TH(Table 2, 3).

B Ao+ hemicelluloseAlE 22|29 ©4 2 &
29 iAo g #7te] A5+ MRSH A o] A|EFshe}t AH
Sle] galatomannan % galactosyl glucomannan 7}<5=¥-3
g agel st ATE FPstL A= v}, Bacillus
sp. &l A G40l 23S gumsT 2 galactomannan 7}
e SEade A9 B
galactomannooligosaccharideS ©rA¢ o2 tA gk 75
= MRSHIA| ¢} HlaLste] 10 Wi 9], = 75 A2 e 7
= 754 2 B bifidum® AS-ANME FTFE= 590
9.8 v, THE 70014 7.7 vje] e BSEAE S YER
o™ ol B. breve, B. animalis, B. infantis®l 014

longumN M= TF=

> o
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Table 3. Summary of growth activity of Bifidobacterium spp. by
the D.P 10 galactosyl glucomannooligosaccharide by Bacillus sp.

Medium CFU/mL agfvlitylz’j )

B animalis Standard MRS 4%107 100

MRS +D.P10 7.5x108 1875

. Standard MRS 3x107 100

B. bifidum MRS +DP10  4.3x10° 1433
B. breve Standard MRS 2.1x1 Oz 100
MRS +D.P10 3.4x10 162

B, infantis Standard MRS 1.3x1 OZ 100
MRS +D.P10 1.2x10 92

B. longum Standard MRS 1.2x1 089 100

MRS +D.P10 1.67x10 1392

B. adolessentis Standard MRS 3x107 . 100
MRS +D.P10 1.1x10 367

B. auglutum Standard MRS 7x10’ . 100
MRS +D.P10 4.1x10 586

= FHE 59 A9 2957 0e] HHEA S e,
B. infantis®l et FH= 79 AfoA= ET MRSHIA
oF mlaLsted 0.62 Ml & FHAsiiTh T3 TR 59 &g
Ago] FHE 79 SYAGEG A5 A 7]s=
RO 2 VERHTHChoi & Park, 2004b). Guar galactomannan}
konjac glucomannan 7Hr2all =232 Bifidobacterium
spp.oll ek S-S BlaLst7] 918k guar galactomannan
3} konjac glucomannan® 255 AAAE FH= 59 73
KGS5, KG7(konjac glucomannooligosaccharides®] 3% 5
o} 7)9] Bifidobacterium spp.©l the+ AL A4S HA3kA
HiA 7] colony®] & Mgk A3 Konjac glucomannan
fref =2l ardol sl guar galactomannan e 22| 51d0] A5
o] AU, 53] THE 5 galactomannooligosaccharide
o] We@ro] 744 A LFIkPark et al, 2007). E3
Bacillus sp.= A AR galactomannan % mannose<}
galactose®] H|&©| 14:12 A3k coconut oFAFEm] o]
2FE91 copra cake®} gumF Z°lA] mannose®} galactose2]
vjgo] 41 ¥ 2:12 EA|3}= locust bean gum3} guar
gum 2 konjac glucomannan®| th3l 7113 FHFAHES
FTHE 591 79] P AFO R JtrREEHE v FE 5
e AL o B Aol A S E Picea abies galactosyl
glucomannan| A= 8= 83} 109] S| ALFOE 73
Hol 718 Fxof| wWE 7hEEs] 223139 pattern'=
Aolsrs geoldhs JUTh T3 T FFEE zhe=
hetero type -&2] 30| Bifidobacterium spp.l| T3 AY-&-EkA] 2]
Zhol= x4l ZHollA galactosyl mannooligosaccharidesi=
galactose”} mannose main chain®l] ¥X|3}3 U&= FIEA,
mannose®} mannose A}e]ol| glucose”’t $]XSk=  konjac
glucomannooligosaccharides 2.} WA & A S8/l Y&
O mAe Ao® FAkL Utk

4719 A3E uig o2 FESIAYE, Bifidobacterium
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