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Abstract

Xylogone sp. B-mannanase was purified by DEAE-sephadex ion exchange column chromatography. The
purified f-mannanase exhibited maximum activity at pH 6.0 and 60°C. Copra cake galactomannan was
hydrolyzed by the purified f-mannanase, and then hydrolysates separated by activated carbon column
chromatography. The main hydrolysates were composed of D.P(Degree of Polymerization) 4 and 6
galactomannooligosaccharides by TLC method. For elucidate the structure of D.P 4 and 6 oligosaccha-
rudes, methylation analysis was performed. D.P 4 and 6 were identified as M-M-M-M and M-M-M-M-
M-G(G- and M- represent o-1,6-D-galactosidic and {-1,4-mannosidic linkages). To investigate the effects of
copra cake galactomannooligosaccharides 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 4 and 6 galactomannooligosacchariodes,
respectively. B. longum grew up 7.33-fold more effectively by the replacement of D.P 6 galactoman-
nooligosaccharides as the carbon source in a comparasion of standard MRS. Also, B. bifidum and B.
breve grew up 5.74 and 3.42-fold slightly by the treatment of D.P 6 galactomannooligosaccharide.
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Bifidobacterium?] Z7}} llelA AF5HS fEst
< FEuAEY AskE 2T Al olREe
A, FelER15-0] dAMEAE S EAIRITREA
< o284 9lt). 53] galactooligosaccharide %
fructooligosaccharide’=  Bifidobacterium®] 52 ARFE
2gete] e FEd 2 S AEATI
= A#E A S (Mitsuoka, 1982; Mitsuoka,
1990), ®¥H] 7B, A HSd o aat
Aol AEHTIE F AEFVEEA HEHL
ATHMin er al., 1995).

Ohtsukas-(Ohtsuka er al., 1989y FHH o] H|A3}
A e AR Bifidobacterium®) FAEA
ZHe] AAE dete] =g konjac mannooigo-
saccharides®} soybean oligosaccharideS Fof| 3l
S 7% bifidus factorZ el U lactuloseE F
o8t 7o H|dled Bifidobacterium® FEAE
7t A3 S7HEE & 4 AU konjac manno-
oligosaccharides & soybean oligosaccharideS %1
o A-Fo]Al tHF Bacterodidaceae, Clostridium,
Enterobacteriaceae, Staphylococcuss 9] W94 %
A F-afof] Tt Alere] 7F 7HA8HH (Akino
et al, 1987; Akino et al, 1998) *£8} konjac mannan
ol F Aol Fehdels A3 FUl florad]
Bifidobacterium®) &7}9} Clostridum, Streptococcus,
Staphylococcus, Corynebacterium®| 5 FraAZIth
A BAEA Y tHMarga et al., 1996).

2 AFedM = Xylogone sp. -2} B-mannanaseE
F-2) A ST copra cake galactomannan 7FEE-al &
& F2]3ke] methylationAdol] &Ja) 7228 T4
3oL, S WRrEs Ll Bifidobacterium(B.
longum, B. bifidum, B. infuntis, B. adolescentis,
B. animalis, B. breve)ol] 3t v E-o] -34S
I ETA S o y=

N =R g

Xylogone sp. 72{ B-mannanase®| At
oA Bl A2 locust bean gum 2.5%,
peptone 1.2%, yeast extract 0.5%, KH,PO, 1.0%,
MgSO, * TH,0 0.05%% o-f-at= HAi#] 150 ml
of FFste] Mg 33C ¥ k] £5 150
rpmel A 76417 MU 4°C, 11,000xgoll A, 15%-7F
AR FFHE FAaNo R ARSI
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CHiE =5
344 5 7 (Shimadzu Model 1201)8 AH&-3}
o T2 280 nm, HAHE 260 nmolM FEE
B 248 1.5xA,-0.75xA,2) 21& o]83te] thy
A L2 A, AA @A FoE Lowry 2
H(Kobayashi et al., 1984)2 AFEslY Tids:
E Felsigith
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B-Mannanase®] §AHH-2 DNS 2held-2 A2
Miller, 19591 <]t S48t =, 0.5 mLe] 1%
locust bean gum, 0.4 ml®] Mcllvaine buffer (pH
6.0)k 0.1 mie] A7} AAR viFH-E 4ol 60°C
oAA 3087 WA F AAE mannosed 34
gl 570 nmollA FEEE SF3IATh BEAE
D-mannoseZ 0.1~1.0 mg/miZ ARE3IAUT, &4 |1
unit?] B-mannanase= FAZZINA 18T AAH=
D-mannose®] #F3E 1 mg/mle] PGS Y&
= 84 ooz At
20| BN o EHS 271
g 49 AAl= DEAE sephadex ion exchange
column chromatographyHoll &Jste] Hzp7p B3
W (Choi, 2004a; Choi, 2004b)ol] e} ef3191 o
W, ZA G4 SDSH7|Y e S €8 WA &
A2 10kDa molecular weight marker (Life
Technologies LTD., US.A)E o]&3le] AA39 L,
Laemmli®] *'#(Laemmli, 1970)°] €}l Denaturing
discoutinous gel electrophoresiss T sFHTh A A
849 HA pHE WHE2% 60°ColAl pH 2~8
9, HA £xe pH 6014 W% 20~80°C W<
NN FAFHAEE FH st F3HTH
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0.5% copra cake galactomannans ¥-3-3h= |
o 300miE 7bste] 2447 ZHEEEE] TLC
2 patterns FAEZ F activated carbon column
chromatography2- ©] 88 250 mlhr F52.2 tube
2 50ml¥ ethanol 0~50% linear gradient® 2 2
I Eel3th Activated carbon column chromato-
graphyell 23 G-& 02 mi¢} 5% phenol 0.2 ml
g 73t &% 3 %3 HS0, 1mlE 7tele] &
ek § 2087 UAEted 490 nmE FFES 4
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ate] TLCE HE=g elsielo).

Thin layer chromatography(TLC)

TLCE McCleary¥(Zama et al., 1985)°] wz}
o3 22 28k A uvaEAl 2 ospray
reagent= F-T-310] 140°ColA SEZF 71 Ele] Fo
ANEeE F-A 8k

TLC plate; 20x20cm silica gel 60 F, (Merck,
Germany), 1718vl; n-propanol : methanol:water =
5:2:3(v/v), HAAF; 30% sulfuric acid-ethanol.
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ST B2

= 299 oligosaccharides % 3T oligo-
saccharides& * 3} sugar samples Ciucanu
(Ciucanu et al., 1984)7} R SF methylationiA
o 23] FA=JATE Methylated sugars= 100°C, 2
N7FEQF 10% trifluoro acetic acidel 2]8] 7]
&9, alditol acetate =AMt ¢4 vzt 7o)
Kusakabe method(Kusakabe et al, 1987)° ¢]%F
gas liquid chromatography (GLC)l 2&Jsf) 43159t}

42 : HP6890series GC system (Hewlett
Packard CO.,USA), Column : HP-1 100 mx0.25
mmx0.5 um(Hewlett Packard CO.,USA), Detector :
FID, Column &% :180°C, Injection ¥ H&7] &
52 @ 250°C, Carrier gas : Helium

SEEY Jr2dl 22|12 Bifidobacterium
spp.0fl CHSt ME8ty

Bifidobacterium < 5(B. longum, B. bifidum,
B. infantis, B. adolescentis, B. animalis, B. breve)
o gk A8E A5S 579517] $JE MRS oY
Ao BagE T ule] wd 2" 58
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Table 1& 49 FAo wlE H|gge] Frte}
F&E Ueld Z1og 7123 copra cake galacto-
mannan®l] 3 A EA0] WIEAYL 2039 units/
mg, FAMES 8495018 JERIOH o) 7)Fe]
DEAE-sephacel ion exchange chromatography <=2}
Al 7ol thek WIEdQl 16.11 units/mg®t A Ajul
& 731287 %2 $AZ DEAE-sephadex’} B-
mannanase®] GAE FAZM Hu} Hgsk HAog
LtEbsiT 53] DEAE sephadex ion exchange
chromatography(2.5x42 cm)ol| 2|3 Ay F33}
H column®] EAE #Helsle] 30mLhriEo®
wbed 5 mLA 8&8902™ 0~ M NaCl linear
gradient FE=7HHol ola] HAE Dt AH=
A HAEAE SDS- PAGES] ja] vUwi=g o)
ERSler, B-mannanase?] A 34 kDal®
FA =AY, Penicillium purpurogenum No. 618
2 o] A B-mannanaset 57 kDa, As-pergillus niger
A& 42 kDa, Tyromyces palustris| A& 61 kDa,
Streptomyces sp. No. 179141 43 kDa, Bacillus
subtilis*| A= 22 kDa®l 22+%o] Choil Parks:
(Park er al., 1998)° o3l B % Ut}

DNS el Aol ofsto] 259t pHe 9%
& ALt Fig (A)s Eavkgd n2e &
o] 4%, Fig. 1Bx= &AnHgol v pHO| 9
FE eI flen, H 2= 60°C, #HF pH
= 602 e AT Trichoderma  harzianum &-2)
B-mannanase®] 73-%- A pHS} &%w 747} 45 %
60°C=E, Penicillium spf-2] B-mannanase= Z7Z} 5.5
% 55°CE Ve FEHoE o] 49t 55~
60°Ce] ddoll] HoiEdS HATKKim et al, 2005).

o
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Table 1. Summary of purification of 3-mannanase from Xylogone sp.

Step

Total activity Total protein Specific activity Purification Yield

(units) (mg) (units/mg) fold (%)
Crude enzyme 5055 0.24 1.0 100
20% (NH,),SO, 3955 0.25 1.04 82.41
DEAE sephadex ion exchange column chromatography 38 20.39 84.95 63.99
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Fig. 1. Effect of pH and temperature on -mannanase
from Xylogone sp. A : Optimum pH, (B) Optimum
temperature.

B-mannanase2| /|2 S0|M

0.5% copra cakeS H3le &
°CollA] 2417y 7] HES-S
date] FAEYS B8N AT ol
(Sigma Chemical Co., amberlite IR-120)%} &©]&
| (Sigma Chemical Co., amberlite IRA-400)°|
AR sl Whgde] TS TLCA s #45kd
thFig. 2). & A3} #F mannotetraose®} F-AFSH
Rf & 2= $3% 49 spotdt 3 8% 69
spot©] LENST) Trichoderma harzianum S B-
mannanase®] €13+ gum galactomannan®] 7}'7‘-‘5?5
A GFFE 23 T 49 79 3FRHE &
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Fig. 2. TLC pattern of copra cake hydrolysates by

Xylogone sp. 3-mannanase. A : Authentic mannose, mannobiose,
mannotriose, mannotetraose and mannopentose from top to
bottom. M : Standard galactose. 1, 3. 5, 8, 24 : Reaction
time(hr).
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Fig. 3. Separation of oligosaccharides by
carbon column chromatography.

activated

B-mannanase®] copra cakeol| ¥ 7HEESIER
FHEY 234579 5% &Elado] #eld
ol RIEY ATHKim er al., 2005).
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Figure 39141 409 nm2 F3-E 243 A3
fraction No. 36, 38, 41, 43%|4 peakZ “ERNSITE
7}zl fractions TLC patterns 7 E3H A3} fraction
No. 3604 38712 FQ 7ReRs] 2Ela3e 7
T 47} FE2L o|F4 oW, fraction No. 41904
4374 = -éz;gg 69 LEyFor HEeol
Rf value’t 2.2 29l = A (Fig. 4).
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Fig. 4. TLC of D.P 4 and 6 separated by activated
carbon column chromatography. A : Authentic mannose,
mannobiose, mannotriose, mannotetraose and mannopentaose
from top to bottom. 36, 38, 41 and 43 were fraction number
at Fig. 3.
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Table 2. Methylation analysis of the oligosaccharides and their hydrogenated derivatives isolated from the enzymatic

hydrolysates of copra cake.

Aldito] actate 1,2,3,5,6-Penta-  2,3,4,6-Tetra- 2,3,4,6-Tetra- 2,3,6-Tri- 2,3-Di-
O-Me-D-Mannitol O-Me-D-Man 0-Me-Gal 0O-Me-D-Man 0O-Me-D-Man
Retention time(min) 1.8 55 7 12.7 30.6
Gal'M,, A + + ++ +
B + + + + +
Gal‘MS_l A + + +++ +
reference B + + + ++ +
sample Gal'M,, A + ++ +—+ ++
’ B + + ++ + ++
Gal'M,, A + ++ +++ ++
B + + ++ ++ ++
DP6 A + + +++
B + + + ++

A: original sugar, B: after hydrogenation with NaBH,, +: 1 mol, ++: 2 mol, +++: 3 mol

7 24

Copra cake®| &A% 7MEaiibagiel £2] =
AE SULFE FTE 4= Fg 49 o] Rf
value’'dy 22 B-14-mannotetraoseZ AFSH UL, homo
typeA] hetero typed A& BRIV sl Aspergillus
niger 5-16-F21 2] XA B-mannosidase2} Penicillium
purpurogenum B-mannanase(Park et al., 1992)F ©]
g3t G4F sHEEsiE A3 2407 whEoA
mannoseRFC.E F2]¥E TLCEIZ Hol mannose
tte g % B-1,4-mannotetraose?] © U F ATt
Z3E 62] methylation 414 = Table 29} %+
o] 1,2,3,5,6-Me-Mannitol(1 mol), 2,3,4,6-Me-Man(2
mol), 2,3.4,6-Me-Gal(2 mol), 2,3,6-Me-Man(2 mol)
< JeRf2l e, NaBH AR Follv 1,2,3,5,6-Me-
Mannitol(1 mol), 2,3,4,6-Me-Man(l mol), 2,3.4,6-
Me-Gal(2 mol), 2,3,6-Me-Man(1 mol), 2,3-Me-Man
(2 mo)E Yebth wEhA mannoseZ ol galactose
717} branchingdlxl AT FEEA mannopentaose
9] main chain® LA A mannose
galactose”} o-1,6 AF3I2 A= Gal'Many(6'-mono-
o-D-galacto-pyranosyl-B-mannopentaose)2} TE2E
A}, Trichoderma harzianum -2 B-mannanase
o) 2|3t gum galactomannan®| 7}l A3 @
F2 238 5 49} 79 YnFe FERE B-
1, 4-mannotetraose 2} mannose 571 ¢] mannotentaose
main chain®l] SHUAUTHFE 20 4 ALo]o
galactose”} o-1,6-A%H3I = AoE FAHHUS
1} blanchindty U= BT A= ob4 FEel

HReFe Ao, Penicillium spAE] 5719 23

age] gz e A8 sAE dA ATl

Atk

Zetr ¥ galactomannaooligosaccharides2]
Bifidob-acterium spp.0ll CHEH A&
Bifidobacterium® w5=(B. longum, B. bifidum, B.
in-fantis, B. adolescentis, B. animalis, B. breve)|
gk B85S S48 98] MRS media
oA BAYE dex-trosethA ZAH THE 6
galactomannooligosaccharides® 7}% &4 A}
B. longum®] 7% EAHo7 733w 43 A
AL el T3k B bifidum 2 B. breve
of s+ F3= 6 galactomannooligosaccharide
g AEAl 57480, 34200 ASEAES JERAUS
U FHE 49 HEAdle ASEA & 9%
VXA 2319k B. infantis?t B. adolescentis®l Ul
AN = 49 69 ST BAYOE o
Al 9318 ASEAdo] HAT] ZFAEUTKTable
3). AAE Bacillus sp. & &4 2[F guar
galactomannan’ -3 2213135 MRS mediadl ]
EA9S dextrosetf Aol ZA|R DP. 59 7 galacto-
mannooligosaccharides® #7} $ &A% A3} &
o] H7bElA ¢ MRS brothell HlE] FE g
AEE7 BAS BAY. 53] B. longumolAE D.P
5 galactomannooligosaccharideS B¢ o2 Al gt
739 ®F MRSHIA| e} vlawsted 10uie], DP. 72
H2lgt Aol 7.502 A &8 vEpdo] 7t
A s ASEAS JERIITE B, bifidum®] 73

$oll= DP 5914 9.8, DP. 7904 7.791e] %

)
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Table 3. Summary of growth activity of Bifidobacterium spp. by the copra cake galactomannan hydrolysates.

Bifidobacterium sp. Medium CFU/mL Relative activity(%)
Standard MRS 1.4X10° 100
B. longum MRS+D.P4 2.5%10° 181
MRS+D.P6 1.9x10" 733
Standard MRS 6x10° 100
B. bifidum MRS+D.P4 1.6X10" 264
MRS+D.P6 3.4X10"° 574
Standard MRS 1.3x10° 100
B. breve MRS+D.P4 2.0X10° 155
MRS+D.P6 4.4x10° 342
Standard MRS 2X10° 100
B. animalis MRS+D.P4 2.3x10* 114
MRS+D.P6 3.8X10* 193
Standard MRS 3.5%10° 100
B. infantis MRS+D.P4 1.1x10° 32
MRS+D.P6 2.3%10* 67
Standard MRS X108 100
B. adolescentis MRS+D.P4 7X107 11
MRS+D.P6 1.8X10° 26

T3 ASEAEE e ol B. breve,
B. animalis, B. infantis® Jo3M % DP 52
29~5.7909] FhEdE vERI oW, B. infantisOl
the DP. 79] HSolME 5 MRSHAI} B ws}
o 0.62912 /mor CES T 59 S
o] gy 79 2elyvwRT}t A-SEAlY A 7]
3= Ao g e THChol, 2004a).

konjac glucomannan’hi-all S8 gg o8-8}
o} Bifidobac-terium spp.©l 3t S Eo] 3t
ZI5 23 (Choi, 2004b) 319904} 53] B. longum
]H + S5 5 galactomannooligosaccharide® &

foz AIsE 7-$- standard MRS} Hlw &k 10

HH"] THE 78 4516} Afelm 7509 g
A& dehflo 71 5% AKEAE YERIITH
B. bifidum®] 73 H %= %“%“i 5914 9.8u, &
7004 7.7HH'—] Tk ASEAE S YeERRle
o]2o| % B. breve. B. anim—alzs. B. infantis®l 3
ME SFE 59 A4S 29-57H1¢ gL
BRSO, B. infantiso] sk 3w 79] A S0
A= standard MRS$} Blazsted 0.6281 2 7h2x3819)
T}, galactomannooligosaccharides®] “4-$- F%LES‘D}
2 o] FHE 79 )R S A
A 713 AoZ Yepg o, glucomannoohgo—
saccharides®] 749 THEH & FoF Aolg B
o]2] ¢F3ko ™  galactomannooligo-saccharidestd. Th=
Bifidobacterium spp.©l tigk A-EFAYTo st o
o) Ao Ziow wAFgLt TUS =Fd=E 7}

+ hetero type2€]3F°] Bifidobacterium spp.ll U

3 ASEA ] Apole F2AQ SHAA galacto-
mannooligosaccharides<= galactose”} mannose main
chain] branching3dty. U= FZEA], mannoset
mannoseAlol el glucose”t $1%] 3= konjac gluco-
mannooligosaccharides2.TF P& A5l
& PAE JoE FEI 3

o oF
prd =

DEAE-sephadex ion exchange column chromato-
graphy®ll &3] Xylogone sp. %] B-mannanaseZ
A A3} vEA 2039 units/ml, FAE
84.95% UERHRITE. SDS-PAGE] 9jgh ©uwmicg
Felatla, A% 34 kDao2 A4=AUh 4
A g2 28 guar gaum galactomannans 7R
3l 3}ed activated carbon column chromatography
el BrhrEdes Eu 3ested TLCY o)
Fo S BT A9 FHE 49 62
2 gRlurt. Fele 2o 132412 Methyla-
tionHoll 28 M-M-M-M 2 M-M-M-M-M-G (G-
and M-represent o-1,6-D-galactosidic and [-1.4-
mannosidic linkages)Z A UTE B longum, B.
bifidum, B. infuntis, B. adolescentis, B. animalis
B. breve®] A58 digt FH= 49 69
& ZEsh] Slate] ¥ME MRS wiA] Ao &
o8 Z3% 49 62 WAE ASTALS H);
A3} B. longum| X1 = hetero type?) FFE
galactomannooligosaccharideE B0 2 T

1’) o2 °

E

it
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$- Standard MRS$} Haated 7.33u)e] Ao &4
& Yeiol 71 s ASEA4E JeRT
B. bifidum®] Z9-IM= FEE 6ol|A 5.748), 019
N% B. brevedl] 114 3.42v)9) Ao BAE e
Ui}, homo types! SHE 49 A= A&
Aol 71detA REelom 2318 B. infantis$} B.
adolescentis?l] alA+= EXo] =A 7+A31u)

b
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