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This study was performed to elucidate substrate specificity to the locust bean gum galactomannan
by Trichoderma harzianum B-mannanase. The medium composition for enzyme production were
determined 3% cellulose, 3% corn steep liquor, 1% KH,PO,, 0.2% (NH,),SO,, and incubated for
115 hr at 28°C. The B-mannanase exhibited maximum activity at pH 4.5 and 60°C. Locust bean
gum galactomannan was hydrolyzed by the 3-mannanase, and then hydrolysates separated by acti-
vated carbon column chromatography. The main hydrolysates were composed of D.P 4 and 7
galactosyl mannooligosaccharides by TLC. For the elucidate the structure of D.P 4 and 7 oligosac-
charides, methylation analysis was performed. D.P 4 and 7 were identified as M-M-M-M and M-
M-M-M-M (G- and M-represent o-1,6-D-galactosidic and p-1,4-mannosidic linkages, respectively).

To investigate the effects of locust bean gum galactosyl mannooligosaccharides on the in vitro
growth of B. longum, B. bifidum, B. infantis, and B. breve, Bifidobacterium spp. were cultivated
individually on the modified-MRS medium containing carbon source such as D.P 4 and 7 galacto-
syl mannooligosaccharides, respectively. B. longum grew up 3.4-fold and 4.3-fold more effectively by
the replacement of D.P 4 and 7 galactosyl mannooligosaccharides as the carbon source in a com-
parasion of standard MRS.
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o] A&7 A5+ mannooligosaccharides 2 galactosyl
mannooligosaccharides® ®AHU o2 thA|AlZl modified-MRS
iAo el Aeggs wng Ax, FE= 5ok 79
oligosaccharides”} H7Fel ZA BI2]7F MRS vlix]oll wv]a] 104}
AT w2 AS2EE Jelohy =3 Bacillus sp. 2 p-
mannanase®l 2|3} Gal’Man,(6*-mono-a-D-galacto-pyranosyl-B-
mannotetraose)s ZAISI] Mol ek ASeAde B3l
vl Jth? HESE mannooligosaccharidess= 913 W) ohake] H-&
T Bifidobacterium sp., Lactobacillus sp.2l 2§73yt
ofujet v el fal mAEe] T2 Aol BiE
oMo o)} #este] FhlgaiAlel] thek mannooligosaccharides
o) IaTAS W3 A3, Bacillus sp. S P-mannanase 7
AEAEZ 7IEe)st B7EaE2 glucosyl mannooligosaccharides
R galactosyl mannooligosaccharides”t, o= SHTR= 7
o] ¥ E& TS YERAAE?

B A= Trichoderma harzianum -9 B-mannanase2]
xS AES locust bean gum galactomannandl] T gh
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Trichoderma harzianum 2 B-mannanase 3%, T harzicmm
= AEUNER AR Beligkom g A MEA] cellulose
3%, CSL 3%, KH,PO, 1%, (NH,),S0, 02%% &sh= o
AEA 100 mp] AHEEke] 28°C, 130 rpm, 1204]7F HHOE 3
4°C, 11,000rpm, 15min FAEE & AEde zagidon
ARE-BHA T

HA @A, p-Mannanase®] AA2FERS DNS e Aoy
off o3led FASIATE =, 0.5mi] 1% locust bean gum, 0.4
m/2] Mcllvaine buffer(pH 4.5)2} 0.1 m/&] o3| 7F AlAE %k
AEg Mol 60°ColA 30%7F WAl & ¥ mannoseE 3
A3l 570 mollAM SHEE =4
mannose= 0.1~1.0 mg/m/E A5}
mannanaset™ SYF27ANA 18 AAEE D-mannoseel] s
st 1 mgm/e] LTS WEdhe G40 o= Aok

p-Mannanase®] EASIEY A, 2=
5]%4 KeR = S99 /\éxlo ;p:do} } prs

83l pH 2-9, 60°CollAM, HZ &= 7oA AMESH T
Ei:—z oj&-3le pH 4.5, 20~80°CollM EABAHL ZAIT]

f-Mannanase 7J&ABolA]. a4 smPll 712 locust bean
gums 27t 0.5%2 3lod 60°CollM 24A17F 7RERE] Bhe-2 A
sk, SEZF HEAA o] FX|(Sigma chemical Co.,
amberite IR-120)%} 2©]2 =] (Sigma chemical Co., amberite
IRA-400)°l AA]atHom, wh-gale] gzde TLC 93] &
A3t

Thin layer chromatography(TLC). TLC: MecCleary' 9]
et o2 e 2sA A F UVERAL 9 spray

reagent®. ¥-7310] 140°CollA S2F 71Esie] B A8

TLC plate; 25 TLC plates 20X20cm silica gel 60 F.,
(Merck, Germany), Developing Solvent; r-propanol : methanol
swater=5:2:3(v/v/v), Spray Reagent; 30% sulfuric acid-
ethanol.

Gums 715838 gujxde} B 2 FA). Activated carbon
o] g3 Hal; &4 300mi10
units)oll el 0.5% locust beam gum galactomannang- 60°C,
247 7% 7}eEE] 5 TLCE patterns HES £ activated

column chromatography =

carbon column chromatographys ©]-83l & E2|alsit) &
activated carbon powderE 100°C 2A1ZF 7HEst 5 Wz &
activated powders column(4>< 90 cm)o FAANFL, SFFE

1 gfo] 24A17F SR F GRS YA, 250 mihr
FEow whe'd 20mA ethanol 0~50%%] gradientf o2 W
< Felsiaint
Methylation}4]. S3' =1 F2]¥ oligosaccharides 2 original
oligosaccharidesE E38h= sugar sample Ciucanu'®7} B37
3 methylation ¥4l 28] 54U}, Methylated sugars
100°C, 2A)7F5<Y 10% trifluoro acetic aciddl] i3 7-E-3is}
o], alditol acetaterr %<t $HAl gas liquid chromatography©l
ofsf &8l
Z%xd 2e)ade] Bifidobacterium spp.fll h3 ASEA.
Bifidobacterium®; +5(B. longum, B. bifidum, B. infantis, B.
breveyll Eﬂﬂ AEE7 AL 27487 28] MRS mediacl

A EHA9S dextrosethAlol] FAE S _%E]—n:].g zpzt
AR ¥ Zﬁ SIS % I FFeie A

271 T 120°C, 15%7F autoclave 3 DNSHS O]JC-LO]-C’%
sl gelgefo 2 AT 2 modified MRS medias FA|3
of 1080 343k 7 @r1A 2stellM 37°C, 48417 3

ik 5 colonyE WIS

rﬁ -% o}ﬂ o

T harzignum ¥ P-mannanase®] A&} Trichoderma
harziomume] A32Y8E p-mannanase®] 33 G4t a2
o 30% cellulose, 3.0% CSL, 1% KHPO, 02% (NH,)SO,
2 A= 28°C, 130pm, IBHPROR g AT
s om ™ wiokAlzhE pHHskel @] IAlE Fig 19 2
o} pHE BIAIZE 40417F o1 pH 412004 658 W, &
Aol ghgo oM ZHRE i 2718kt 12047 el A H LR
2 Hyrh 2 Axdelx B8 Bacillus sp. w8 B-
mannanaser= B A ZE 24417F, pH 60llA] HO1EARE VERY
2191, Xylogone sphaerospora fe}'” B-mannanases H| A
7k 767M7Y, pH 72004 Hoi&A & teR{ch

B-Mannanase®] 4818 444, Fig. 2AE TRl ]
Ae 2] 9 Fig 2B)ys G4v-ge] vXe pHe| B
& JeElg. A4 L5E 60°C, HE pHe 4.52 Uy U]’
Bacillus sp. +8)” 4% HA 2% 50°C, 4 pHE 6.0°%,
Xylogone sphaerospora -2'” B-mannanase™= 3]*4 <5 60°C,
HH pHe 6,002 Basjo] B AolM HGSE T harzianum
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Fig. 1. Time course of the production of T. harzianum B-mannanase.
-@®-: B-mannanase activity, <O-: pH.

frell Bao] A pHe oRMY9os vehyton 2rojq
= 50~60°CE FARIATE. 3B Trichoderma harzianum strain
T418) 2 B-mannanase®] HHLTE 65°CEA Ak O
FHApHe= 2,622 7HHdS Yehlio
B-Mannanase 7]@50]A4. 0.5% locust bean gumS 3H-3i
T HANE 60°CoIM 24A7F ZirRE wke-2 Wslal, sE
7F AZAIZL & kol 924 (Sigma Chemical Co., amberlite
IR-120)9} &©°]2 <##|(Sigma Chemical Co., amberlite [RA-
4001 FAste] whgole) PEAE TLCA 2ol #Aiskanh
Fig. 39149} Zko] locust bean gume 7}E3)71 Asis]o]
WRE271FE w771 8 AN ERA UdR, 5%
49 79] gElTHOR TAHe] LS R valuedOz &
?léév\ R}, Bacillus sp. -2 B-mannanase &2 G490 7}
T E patternS SH= 59 79 LR AFO T FAH] =
U 59 P& Gal’Man,(6°-mono-a-D-galacto-pyranosyl-B-
mannotetraose)2. 574 =0 W 73131 0¥ Xylogone sphaerospora
el B-mannanase= copra cake galactomannang 714-52s) 3}
o FF AER T 49 65 BT wEd B A
Aol Zzte] wjAiEo] Ajatshe B-mannanase®] galactomannan
o gk 7]d 509 X}O]ﬂoﬂ uel AtEoRle S,
homo/hetero typedll wh2 T2 ZhijAlgrol] st S
Hlal7] ffste] zhztel 25’45’—‘;}4 TEZE IAHOE 5%
= AL W Fa% AR AlFEEHe] B A B 2
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Fig. 3. Action of I harzianum (-mannanase on locust bean gum.
A: Authenic mannose, mannobiose, mannotriose, mannotetraose, and
mannopentose from top to bottom. 1, 3, 5, 8, 24 are reaction time (h).
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oAt

Gum¥ 7l &2|13e] ¥8 2 FHx 43, g4
300mel] i3l 0.5% locust bean gum 3A7F 7lERa]skd
250 mlhr FE5 S22 tubed 20ml¥  ethanol 0~50% linear
gradient%’i’_i activated carbon column chromatographyE <
sl F-& E2I8I8It}h Activated carbon column chromatography
of o8 e F'A 02mi2t 5% phenol 02 miE 7131
= & Conc-H,S0, 1 miE 7iste] g9 - 2082k |8}
o] 490nmE LS 24T A3 Fl, F2, F3IA peakE 1}
ERAACHFig. 4). Fl, F2, F3 fraction®] E2=E #olslr] £
8ld 2t fractiond H=3led TLC pattem—‘ HES 23 Fi
GSF, P22 8% 4 2 P32 g% 79 sRe 28w
Fog O] 2U&o] standard R, value’doz Felw|Slck
(Fig. 5). Tl A3 e W FZE 3elslr) 95ty
methylation methodol] 9]3te] thgst 7ol Rj&elsiint,

Methylation. Locust bean gum®] TA4% 7l-EiHE 22 E]
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Fig. 2. Effect of pH and temperature on purified B-mannanase activity from 7. harzianum. A: Effect of temperature on B-mannanase activity,

B: Effect of pH on f-mannanase activity.
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Fig. 4. Separation of LBG galactomannan hydrolysates by activated
carbon column chromatography.

B F1 F2 F3

Fig. 5. TLC of LBG galactomannan hydrolysates by activated
carbon column chromatography. S: Enzymatic Hydrolysates, F1~F3:
Fractions separated by activated carbon column chromatograph.

e 249 $HAT F 8% 45 Fig 33 2] R, value
FO2  B-14-mannotetraose 2 ALEH L, homo type?l A
hetero type?l X & E138}7] 48] Aspergillus niger 5-16 +<]
A B-mannosidase®} Penicillium purpurogenum B-mannanase'”
olg-slad ®AA JlReleh Axk 2447 ¥kl mannose
o g fulEe TLC Z3KData not shown)® HO} mannose
o2 AR B-1,4-mannotetraose o) YS=E T

=
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Table 2. Growth activity of Bifidobacterium spp. by the locust bean
gum galactomannan hydrolysates

. . . Relative
Bifidobacterium spp. Medium CFU/m/ activity (%)
standard MRS 1.7x1¢° 100
B. longum MRS +D.P 4 45.8x10° 340
MRS +D.P 7 773X 10° 430
standard MRS 5.5% 108 100
B. bifidum MRS +D.P 4 46.6X 10° 120
MRS +D.P 7 76.05% 108 110
tandard MRS 34X 108 100
B. infantiss MRS +D.P 4 46.3x 10° 185
MRS +D.P 7 747x10% 140
standard MRS 1.4X10° 100
B. breve MRS +D.P 4 43.1x10° 224
MRS +D.P 7 72.6X10° 190
ZBH

23 79] methylation 412 7= Table 13} 70| 234,6-
Me-Man(1 mol), 2,3,4,6-Me-Gal(2 mol), 2,3,6-Me-Man(2 mol),
2,3-Me-Man(2 moly2 WERIS 21, NaBH4x2] $oll= 1,2,3,56-
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)Z WEFITH wheha]
mannose®] A%l galactose 2717} branchingdlal e F2E
M, 3559 galactosyl mannooligosaccharides®] T=22 o3
4 001}, galactose”t FAEHTE 2 HA mannosed] AT
sl Aol Ui 2 dAs dGA 8 Sl vk

Bifidobacterium spp.°| ¥t WEJA. Bifidobacterium® I+
T(B. longum, B. bifidum, B. infantis, B. breve)®l] W3 A&
P38 E4s7] 218 MRS mediaA SRS dextrose THA
of ZAE Fo= 49} 79 LIRS A7F ¥ 24 24 B
longum®| 735 EAH oz 747t 34, 43409 3k A5
& dehfde £ B breved WElME FEHE 49
mannooligosaccharideZ *2] Al 224w A8E/d-g e
o1} B bifidum® B. infantisl tieiMe THEE 49 79 &¥
TFE SAYoR tiA Al W A4S HeERHSITH(Table 2).
AZ= Bacillus sp. 721 p-mannanase®] copra cake 7R3

Table 1. Methylation analysis of the oligosaccharides and their hydrogenated derivatives isolated from the enzymatic hydrolasates of locust

bean gum
Alditol acetate 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 0O-Me-D-Man 0O-Me-D-Gal 0O-Me-D-Man 0-Me-D-Man
Retention time (min) 1.8 5.5 7 12.7 30.6
A + + ++ +
Gal'M,-1
B + + + +
A + + +++ +
Gal'M,-1
Reference B + + + ++ +
sample N + ++ ++ ++
Gal’M-TA
B + + ++ + ++
S A + ++ +++ ++
Gal Mgl B + + ++ ++ +
A + ++ ++ ++
F3
B + + ++ + ++

A, original sugar; B, afier hydrogenation with NaBH,; +, 1 mol; ++, 2 mol; +++, 3 mol.
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7.5 0] HHEAE S WEpdie] 78 ek ASEAE YeR)
Atk B. bifidum] 73NN E I solx 988, T

oAl 7.7ie] - KBS YehhIer ojjon
breve, B. anmimdalis, B. inftis®l] Sl E = 59
2.9-5.7v]2] FiEdE JeR o, B infantiso) tHEk
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%
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9] A= standard MRSS} B]wdle] 062008 7143}
Atk Galactomannooligosaccharides®] 7% £3% 59 227

gol TEE 79 SRRt ASEA A 7oske Ao
2 eGP olnl B Bacillus spe AASE
galactomannan % mannose®} galactose®] Hl&-°] 14: 12 )
Sh= coconut ©FAFERRL] FAHEQ) copra cake®t gum$r Fol A
mannose?} galactose®] Bl&e] 4:1 % 2:18 EA3E= locust
bean gum¥ guar gumoll ek 7RRal] HENES S 59}
79 SE RO R s FEE 54 YeEia Qo) B
AFlMe] Trichoderma harziamum £2) &40 749 FUg 7)
Z<Ql locust bean gumel] tiel] ST 49} 79 Lo
TRERTE AR5 2 AFHM e ZHEY) wAEe] AAEle p-
mannanase®] galactomannan” 53} g2 7g0] Aol 7
Ae S 4H9 - B4He dMsl] fEd 7|k
3 EPjade] FHEE xE TSl SPed - el
WAl A2 A E 79 dAgolr)

]

2
=

Trichoderma harziamm©] AY2¥81= B-mannanase®! & A}
AR 242 2.0% malt extract, 2.0% glucose, 0.1% peptone,
20% agar=, FAAMN WA ZAL 3.0% cellulose, 3.0%
CSL, 1% KH,PO,, 02% (NH,),S0,& ZAZA = o} 28°C, 130
rpm, HGHPFHOE ZE NS YA, B-mannanase®]
A pHeF HA2XE pH 4.5, 60°Coir Aol AtHEAg S el
WATh Locust bean gumell theh @44 7123 patternS
TLCO ofs) AES Axt whg-x7| % vkgarizix] 8 4
Bed &R, T 49 79] gy IIEith
Gl &2 3e 2AE7) Yske] activated carbon column
chromatography®ll 250 m/hrf-%52 % tubed 20 m/  ethanot
0~50%2] gradient] 02 #2] 34597, Held zhze] La
% & FRE4E TLC R, valued & B-1 4-mannotetraose=,
FUE 72 Methylation methodol] €8} M-M-M-M-M 2x2

= st
| !

SAHEAL (G- M- ZH7F o-1,6-D-galactosidic, B-1.4-
mannosidic 23S YERH). Bifidobacterium longumel thah A3
FEYE 719 MRS media®t B29002 S 49} 79| &
B rgo g diAstalem 34u), 430 KA FrekA
A, Bifidobacterium bifidum®] thsiA+ 124, 1.18]¢] e
YIS ERHI.

Key words: B-Mannanase, Trichoderma harzianum, locust

bean gum
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