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Abstract

Beta-mannanase from Trichoderma harzianum was purified by Sephadex G-100 column chromatography. The spe-
cific activity of the purified enzyme was 8.44 units/mL protein, representing an 56.27-fold purification of the original
crude extract. The final preparation thus obtained showed a single band on SDS-polyacrylamide gel electrophoresis.
Its molecular weight was determined to be 52.5 kDa. Picea abies galactosyl glucomannan was hydrolyzed by the
purified B-mannanase, and then the hydrolysates were separated by activated carbon column chromatography. The
main hydrolysates were composed of D.P. (degree of polymerization) 6, 8, and 9 galactosyl glucomannooligosac-
charides. To investigate the effects of Picea abies galactosyl glucomannanooligosaccharides on in the vitro growth
of Bifidobacterium longum, B. bifidum, B. animalis, B. breve, B. infantis, B. adolescentis, and B. auglutum, Bifido-
bacterium spp. were cultivated individually on a modified-MRS medium containing carbon sources such as D.P. 6,
8, and 9 galactosyl glucomannooligosaccharides. B. longum grew up 14.3-fold and 9.4-fold more effectively after
treatment with D.P. 6 and D.P. 8 galactosyl glucomannooligosaccharides compared to those with standard MRS
medium. Especially, D.P. 6 was more effective than D.P 9 galactosyl glumannooligosaccharides with regard to the

growth of Bifidobacterium spp.
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2 AAA 5o o]&% 3 UTHGoh et al, 1982).
e fAIEFES 77 o8 veelA eeid Tt @-145101
skom, ol5 g FAIF Ik Abe AT
Je A7 dvks AFEALEC] o] YEEHHA o] & A
FE59 F&A s Aol JFHATHLee & Shin,
1996).

Zol| A2y 872 Bifidobacteriums <52] G|
of SAANZIH= e 4O 2 Bifidobacterium®] 7}

H GEAF3 Bifidobacterium®] THFE AFE°| U9
2o 2 Z74elA H Y tHLaroia & Martin, 1990). L&}t
Bifidobacterium- k40l 53] Q1781 2HAd ol o) o]
g AFES FEAolM 2 Aot A daskal <
2] Aol BEet= Aol golakA] ot 2 Fadol o
3k o) Fo] FE AT wEkA Bifidobacterium A4 Al
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A ol9lol| AU Bifidobacterium®] 7374 EFA]7]
= AAE HF ke WFoR W o] 7|&oA|3L 3
o 2719 Bifidobacterium *37 3 JAAZE BHeF
of 4] WA N-acethylglucosamines} lactulose 28] o3& &
k2 2 pantotheine©] ¥ L% A THMisra & Kulia, 1991). =
o|Fol & A 2B IAFFE, = fructooligosaccharide,
galactooligosaccharide, maltooligosaccharide 2! inulooligosaccharide
ol thafjA] B2 A7} o] FoJ | 3L A tK(Hidaka et al., 1991).
HemicelluloseZA FR LA SAISIAL U= AS=ZE
mannan, xylan, galactan 5©°] $).2H, °]%°] mannan P-
1,4-mannopyranoside 2 %S main chain® 2 3l thgo]H,
£-3] konjac glucomannan, copra ZHAFQ] white copra meal
galactomannan 2 brown copra meal galactomannan®] T}
hfrstal itk Mannan A9 9] oligosaccharide™ <14 ¢
A FHBEHE FASeH T3 4TS b=
Bifidobacterium®] -2 NUA DO ZA F&3lth= Zlo] ¥
& F tH(Choi & Park, 2004a). Bifidobacteriume 7 7 X#
o g dAret WHE WA E1AL(Calrk & Martin, 1993 )
ot} w=3hA] o] g2 Vel A7) HEE
282, 958l B35 5= HE BES dﬂﬁ]":}
(Mitsuoka, 1982). B3+ Z-42] & T S EHE
9] A5 YEE 5 oy E} Bifidobacterium

42 [Lactobacillus 43 Y& Staphylococcus aureus,
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Salmonella typhimurium, Yersinia enterocolitica %2 Clostridium
perfiingens S3 7+ YA n|AE A A A3taas
3 5h, Z2nko] 0 8 nAES APHE TV = &
THKim et al., 2002).

B AqE M= Bifidobacterium®] A58 a3
£ Hol= gumsf2] galactosyl mannooligosaccharide<}
konjac -2l glucosyl mannooligosaccharide®] “JUj Al A5
Ao A3 HIE 3121k (Lee & Park, 2008) galactosyl
glucomannan el 78] S|l ek AFE B
Sk vl7F glo] B AFoNAM = Trichoderma harzianm 2 B-
733t Picea abies -2 galactosyl
glucomannan 7}l &S 8], A 3]stal, TLC 2
Timell's methodell 213 #2]€ F7IrEal &) TH=E
A8, Bifidobacterium <3(B. longum, B. bifidum, B. anlmalis
B. breve, B. infantis, B. adolescentis, B. auglitum.)*| T 3F 7]
M) A4S 7o) BaE E3wd Sv) e 84
I H|wEe FQ B sy

mannanase®] A E

|:|II:|I--I

Mz R

FU

71& =HY
7N1AZ2= A7 % 35A] FBYAAM Picea abies -
S Y3t AFE-3FA T} Galactosyl glucomannan 224
#3ll Stalbrand et al.(2002)] =l uwel 7RHEHUF

ii

T

(Picea abies)®] Z¥ALE ZF4 100mLol| 23A 7]
NaOH(Duksan Co., Chungnam, ROK) 0.05%, H,SO, (Duksan
Co., Chungnam, ROK) 0.05%% 3 7}3Fed 1 AI7F vESAIZ
> AzxSGY. Az © 59 9.1¢gS 575 100mLel] #
7vetal 1 A7 B8-S 718ke] Galactosyl glucomannans:

ZA AT

Trichoderma harzianum 72l B-mannanase2| A4t

Trichoderma harzianum ATCC 320862 S+=+F<g 3ol
A FYste] Ao AFESIN S Kim & Park(2005)2]
Ho| wE} cellulose(Sigma-Aldrich Co., St. Louis, MO,
USA) 3.0%, corn steep liquor(Sigma-Aldrich Co., St. Louis,
MO, USA) 3.0%, KH,PO,(Duksan Co., Chungnam, ROK)
1.0%, (NH,),SO,(Duksan Co., Chungnam, ROK) 0.2%Z
sk AAMA 2L FERuFH S HF skl 28°C,
130 rpm, 96 A]7F jar fermentor(KFC, KF-5L)Z #l] &3}
4°C, 11,000 rpmol|A] 15%-7F 4413-2](Beckman, rotor 14)
A LR 2 LEME

B-Mannanase®| &4 =%

ai fd—/d zz% o

Dinitrosalicylic acid(Sigma-Aldrich
Co., St. Louis, MO, USA)E A}-&-3l% 3L B-mannanase®]
A A2 DNS $93 A 3FHMiller, 1959)°] 2] st 433
3tET &, 05mL 1% locust bean gum, 0.4 mL9]
Mcllvaine buffer pH 4.5¢F 0.1 mLe] A7} A|AE wlF
NS ado] 55°Co|A 30&7F WFS-A1Zl & AAE mannose
2 94319 570 nmolM FRHEE S CEEFAE
D-mannose & 0.1-1.0 mg/mLE A}F&3 ‘}ij’_, B-mannanase
B4 lunit FERAAA 129 A=

AF3HE 1 mgmLe] TS WEsHE

slsteit.

D-mannose®l|
gio goz A

ShREte| Mt

DNS 3% A = Miller, 1959)0] ¢)&te] S8ttt
Z mannoseE 3t 7HFEEIE 0.0 mLek DNSA|oF
1LO0mLE EFste] 1027 B8-S sto] Yzhazl & 3
At 570nmollY FEEE SH AT BEF341E D-
mannoseE 0.1-1.0 mg/mLE AHE-315 T
SAHH

A4 A A Z= Sephadex G-100(GE-healthcare Co.,
Berkinghamshire, England), DEAE Sephadex(GE-healthcare
Co., Berkinghamshire, England)E A}§-313. Kim & Park
(2005)2] WH o wa} Sephadex G-100= 0.2M Mcllvaine
buffer solution(pH 4.5)2.2 A& s T column(2.5x42 cm)
o ZZIA1AA 0.2M Mcllvaine buffer solution(pH 4.5)°. 2
B FAANHT A7 FA 2545 8T ©]
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i £E45E 20mL/hZE 3193, £E59-2 SmLY fraction
collectorol] RSk, 7+ S chzekyl g4o] A4S
S sto] A aaH o Z ARSI T

SDS &7 |d=Y

AAEALE E2 HAAANZST EAF2 10 kDa molecular
weight marker(Life Technologies LTD., NY, USA)E ©|&
st AA SR, Laemmli(1970)9] 2] Discontinuous
denaturing gel electrophoresisE 433 3} T}.

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

Oligosaccharides®] 2] ol|:= carbon activated, powder
(Wako Co., Osake, Japan)E AH8-3At. Bifidobacterium=}
Lactobacillus2] S| AZ MRS broth(Difco Co., Franklin
Lakes, NJ, USA)S AFS-SFI o Z]EA oF 48 S+
Al oFS AVESIA T}, Trichoderma harzianum EA% 90 mL
(10 units)ol] thal 712EH 10mLS 55°C, 24 A7+ 718
&l 5le] TLCZ patternS 7 E3F 5 activated carbon column
chromatographyS ©]-8&-3ll 3 2|3}t Activated carbon
powderE 100°C 1 A]7F 7FE3F & column(4x90 cm)oll &3
A713L, THRTE ©]838t 24 A ZF Bk WS Al - F
ENE FYstL, 250mLh FHS 2 wbed 50 mLA
ethanol 0-30%9] linear gradientsle] &= #-2]313 T}

TLCE McCleary(1982)] o whe} oh23 2 %
Astl A NS T UV A B BFA|FO R BRG]
140°Coll A 5#7F 7 st F5 #45kdth: TLC plate;
20x20 cm  silicagel 60 F254(Merck, Germany), Developing

Solvent; n-propanol:methanol:water=5:2:3(v/v), Spray Reagent;

B

- 2
30% sulfuric acid-ethanol.

Timell &0 E SE=

7hrE8 ® galactosyl glucomannooligosaccharides 1 mL
o 8% H,S0, I mLE 100°ColA 2 A|ZF 59t 723
¥ 9% NaOH, =22 ¢l &2 242 7ste] DNS
A9 HPFHOZ total reducing sugar(TRS)S] ¥ -3}
3 7FE3 ¥ galactosyl glucomanno oligosaccharides&
DNS 399 HHHOZ direct reducing sugar(DRS)] <F
< Tokth TRS#HS DRSFHOE vie @& 7Hresld
galactosyl glucomannooligosacchrides®] F3 =2 A% 3+
THTimell et al., 1956).

SeTH 7|25l 22|102e| Bifidobacterium spp.Of| CH
ot MeEy

Bifidobacterium?; F(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)°] that A&=%
2d& 43871 28l MRS iAo B2 ¥ o
Alol] B2 z2AE T3 =" galactosyl glucomannooligosaccharides
£ 353t 1 55A1Z = DNSH(Miller, 1959) ©]§
Fo  dextrose(Sigma-Aldrich Co., St. Louis, MO, USA)S} &
A3 FdFFoeR xHI} ¥ 121°C, 1587 BT
modified MRS WX & ZA|sle, 27|45 1002 3435}
o] 9713 zzstelA 37°C, 48 A7+ ¥ ggE - colony
= ¥ (Deya et al, 1982), L3 Aoz A uj
¥t 590 nmell FFE=E S5t FHFE HaLsd
TH(Toba, 1985).
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Fig. 1. Chromatography of the B-mannanase from 7Trichoderma harzianum by Sephadex G-100 column (A) and Analysis of the
purified enzyme by SDS-PAGE (B). A, Marker; B, purified -mannanase.
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4o g
Sephadex G-100 chromatographydi| 28t G| & =%

10% (NH,),SO, 5 7/dellr aafell Ae]ate] 4°Co
A 12 A17F EoF BAE & dAlEEste] de s
A 2 (cellulose tubing, 16 mmx30cm, Sigma Chemical
Coyell A gJste] 4CollX 24 A1ZF FAF aLdS
Sephadex G-100 chromatography(2.5x42 cm)ll ] 2] 3}]
20mL/he] 522 wbe'd S5mLA &E3sIGon HAAE
28 st Azt £8 No. 22-30914 & F-F o] Ve
(Fig. 1-A). A E4E SDS-PAGE®] &J3] ©@dwi=2 1}
ER 12 ™ (Fig. 1-B), B-mannanase®] #AF#-S 52.5 kDa2
2 FAEJY. Penicillium purpurogenum No. 618 F2] <]
57kDa, Aspergillus niger| X =
42kDa, Tyromyces palustris®| A= 61kDa, Streptomyces
sp. No. 179X 43 kDa, Bacillus subtilis*| A= 22 kDa<2]
EA}gko] B V% tH(Choi & Park, 2004b; Park et al.,
1991).

A B-mannanase=

Picea abies 72l galactosyl glucomannan 7 |-==23l 2
g|lugel 22| ¥ SEie 2%

a4 100mLoll W3l 0.5% picea abies galactosyl
glucomannans 24 A7t 7HFEssle] TLCE patterng 7
E3 $ activated carbon column chromatographyS ©] &
& 150mL/he] 522 tubed 20 mL2 ethanol 0-30%
linear gradientt &= FS F2| 5T} Activated carbon
column chromatographyoll °]¥ -8 02mLe 5%
phenol 0.2mLE %34 conc-H,SO, | mLE &35 &
2057 A8l 490nmE FHEE A3 F 7 fraction
< TLCE patterns AESH 27 fraction No. 31914 &
%= 6, fraction No. 419]4] =3F%= 8, fraction No. 48914
ZE 99] galactosyl glucomannooligosaccharidesE |43}
A thFig. 2).

Picea abies 2] galactosyal glucomannooligosaccharides
o] #Ex ¥ FH=E A Bostr] fl@ TLCE
o]-&3le] Rf valuedl 3t FE=E 1T F UNOH
(Fig. 3), 8= ZA S 98 TLC patternz} T Timell
et al.(1956)°] Wil ofaf E4gk A ¥} Fig. 2014 74zt
2% Fraction No. 31 7Fisl 223299 TRS+=
10.02, DRSE 1.5924] TRS/DRS+ 6.31%, Fraction No.
41 7FFEs] 28292 TRSE 17.23, DRSE 2.062A]
TRS/DRSE 8372, Fraction No. 48 7l<r&3sl] 2831239
TRS= 22.93, DRSE 24524 TRS/DRSE 9.35=% el
t}. o]of Fraction No. 31 €8|32292 $% %= 7, Fraction
No. 41 S8]123& £ = 8, Fraction No. 48 22| 1T
THE 9 ST

TEFFE 8 & d7AA grsta e 7148 5o

50 50

Absorbance at 570nm(-¢-)
Ethanol gradient(%) (-)

0 10 20 30 40 50 60

Fraction number

Fig. 2. Separation of galactosyl glucomannan hydrolysates by
Trichoderma harzianum [-mannanase by activated carbon column
chromatography.
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Fig. 3. TLC of galactosyl glucomannan hydrolysates by Trichoderma
harzianum [(-mannanase. A, Authentic mannose, mannobiose,
mannotriose and mannotetraose from top to bottom; H, galactosyl
glucomannan hydrolysates.

ol B E  Penicillum purpurogenum <+ BA p-
mannanase} o-galactosidaseE ©]-8-31% enzymatic sequential
action®] 2|3 T IE= 62 PB-mannanase *Z]F mannose,
hetero type®] THE 42 7FEallE AlE] EAHH o2 A
Al a-galactosidaseS A 2]t 23 THE 4= galactose}
hetero type S ¢= 39 22|13 o g 7R EE pattern
< e er, ¢ = 82 B-mannanase * 2]l ©]3|
mannose, hetero type S 3% 3, hetero type T3 %= 7= 7}
FRg N, £=23H 02 HA| a-galactosidaseS =] 2] 3t
A3} mannose, galactose, hetero type &% 3, hetero type
THE 69 SYIFo R k] HAY FHE 9= B-
mannanase #] 2]l 2|3 mannose, hetero type ST %= 3,
hetero type = 622 7[R E L a-galactosidaseS
22]¢t A3 mannose, galactose, hetero type & U= 4,
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Table 1. Determination of D.P value by the Timell's method.

D.P value
GGM hydrolysates by Trichoderma harzianum 6
fraction No. 31
GGM hydrolysates by Trichoderma harzianum ]
fraction No. 41
GGM hydrolysates by Trichoderma harzianum 9

fraction No. 48

hetero type T = 52 7FR3] o] branching 323 +E
galactose®] 91X & FF 7FsstA (A PA X)),
mannose2} mannoseAte] 9l swichingdl 2 1= glucose®] <
2 e BrFssted @A Penicillium purpurogenum 2}
o] gA&e| 71AE |3} Aol dspergillus niger 5-162 73
A3t enzymatic sequential action®l] &3t +Z& 345l
om, Ao x4 TAHE $38] Methylation method
(Ciucanu & Kerk, 1984)5 Wajste] Fad dg o= Q).

=89 galactosyl glucomannan 7 =28l 22|12
Bifidobacterium spp.0il CHEH AREH

Bifidobacterium% ++(B. longum, B. bifidum, B. infantis,
B. animalis, B. breve, B. adolessentis, B. auglutum)®l] o3k
AEFEEE 54517] 18] MRS mediumol| A €4
S dextrose ™Al ZA|E DP. 6, 8 9 galactosyl
glucomannooligosaccharidess 3718+ & H I FS 3t
2743 A3 &elarge] H7EEA 242 MRS brothol] H]
 AS 3 &S BAY B longumol A= DP. 6
galactosyl glucomannooligosaccharideE B o2 thA| 3k
73F- ®E MRSHiA| 9} ¥lazste] 14.3 1f, D.P. 8914 9.42
v, D.P. 9914 8.0 ¥ie] FEA S vYeblo] 7 S
&S e SH, B breved] 73594 % D.P. 6

Table 2. Growth activity of Bifidobacterium spp. by the D.P 6
galactosyl glucomannooligosaccharide.

. Relative
Medium CFU/mL activity(%)
B. animali Standard MRS 4x107 100
- dmimats MRS+D.P 6 5x107 125
. Standard MRS 3x107 100
B. bifidum MRS+D.P 6 7x107 233
B breve Standard MRS 2.1x10° 100
: MRS+D.P 6 1.58x10° 752
B. infantis Standard MRS 1.3x10°% 100
: MRS+D.P 6 1.5x10° 115
B Standard MRS 1.2x10% 100
- tongum MRS+D.P 6 1.72x10° 1433
B adolessentis  Standard MRS 3x107 100
: MRS+D.P 6 5x10’ 167
B It Standard MRS 3x107 100
- dugtutum MRS+D.P 6 2x107 67

Table 3. Growth activity of Bifidobacterium spp. by the D.P 8
galactosyl glucomannooligosaccharide.

. Relative
Medium CFU/mL activity(%)

B. animalis Standard MRS 4%107 100

’ MRS+D.P 8 6x10’ 150

. Standard MRS 3x107 100

B. bifidum MRS+D.P 8 4107 133

B breve Standard MRS 2.1x10% 100

' MRS+D.P 8 1.72x10° 819

B. infantis Standard MRS 1.3x10% 100
’ MRS+D.P 8 1.1x10% 85

B, loneum Standard MRS 1.2x108 100

- rongi MRS+D.P 8 1.13x10° 942

B. adolessentis Standard MRS 3x10’ 100

) MRS+D.P 8 3x107 100

B. auclutum Standard MRS 3x10’ 100
- aug MRS+D.P 8 2107 67

Table 4. Growth activity of Bifidobacterium spp. by the D.P 9
galactosyl glucomannooligosaccharide.

. Relative
Medium CFU/mL activity(%)

B. animalis Standard MRS 4x107 100
’ MRS+D.P9 9%107 225

. Standard MRS 3x107 100

B. bifidum MRS+D.P9 7107 233

B breve Standard MRS 2.1x108 100

. MRS+D.P9 1.45x10° 690

B. infantis Standard MRS 1.3x108 100
’ MRS+D.P9 1.0x10% 77

B, loneum Standard MRS 1.2x108 100

- ongi MRS+D.P9 9.7x10° 808

B adolessentis Standard MRS 3x107 100

) MRS+D.P9 5%107 167

B. auelutum Standard MRS 3x107 100

- aug MRS+D.P9 3x107 100

A 75240, DP. 8914 8.19 ¥, D.P. 994 6.9 o] &4
<= UeEhA T
E3] B A A= hemicelluloseAlE 28|11 &2
2 e thAlol &g A 71e] Al MRSHRA o A E3}kok
A sto] galatomannan 7HEEE S|l st A
T& F33aL A= vk, Bacillus sp. FE] A& 4ol <
3l 22313 739 B. longum®l A
D.P. 5 galactomannooligosaccharideE Ao 2 A
7% EF MRSHiA| ¢} ¥l ate] 10 wie], D.P. 75 A&
Ael= 7501 B &3S veplo] P e A
S84S JERNATE B bifidum®] 73-3-o1A %= D.P. 5914
9.8 1, D.P. 79141 7.7 vl 9] -3t AFEAHE YERAA S
Eﬂ 1919l = B. breve, B. animalis, B. infantis®| A=
59 A9 29-574¢] FAEAE S JERHIe W, B
mfannsoﬂ ik D.P. 79 $-olA= HF MRSH|A| 9} v

galactomannan 7+

rsh e e )
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J—Jr_g}oq 0.62 HHE 71—)\5],oﬂ1jr T3l %‘6‘1—1: 59,] Qﬂlﬂ—o]
TUE 79 S IFET S A T]Hse AL
2 YEFSTHChoi & Park, 2004b). Guar galactomannan}
konjac glucomannan 7FFE3 22|39 Bifidobacterium
spp.oll tigk ASES vwal7] 918k guar galactomannan
7} konjac glucomannan®-ZF-E] A E DP. 59 73 KGS,
KG7(konjac glucomannooligosaccharides®] 3= 59} 7)¢]
Bifidobacterium spp.ll TH3F A5 S48 HAH x| A2
colony?] & W] A3} Konjac glucomannan -3 &
Lol vl guar galactomannan 2 2ol S
gAdo] EAIUSeH, £3] DP. 5 galactomannooligosaccharide
o Aol 7 =A Urskth(Park et al, 2007). Egk
Bacillus sp.= AA galactomannan % mannose%}
galactose®] H]&°] 14:12 EA|SH= coconut oFAFE R o]
AHE<Ql copra cake?} gumF FollA] mannose®l galactose®]
H]go] 41 H 212 EA 3=
gum 2 konjac glucomannan®l| ™t 7RSS HFAES
TUE 58 79 SYATOE TR EHE T 54S
L]-E]-‘LHJ_ o)\ouﬂ A3t === ZH= hetero type e22]| 3
3ol Bifidobacterium spp.oll gt &L 2| ol T2
2l =Wl A galactomannooligosaccharides= galactose
7} mannose main chain®] EX S Ue FREA,

mannose9} mannoseA}°] ol glucose”t

locust bean gum3} guar

1

<]

$ %] 3F+= konjac
glucomannooligosaccharides 2T} A& A-&-8Adol] 33

< O PXe Ao g FHsa Aok
o ok
e =

Sephadex G-100 column chromatography®ll €13l Trichoderma
harziomm <+ B-mannanase®] A S 3Pl H|EA]
8.44 units/mL A& 56.27 viE YERAITE. SDS-PAGE
of o3l dUM=ZE Fl3l L, EAFE 525kDalE
AR E A A G L0
glucomannan< 73l 3l activated carbon  column
chromatographyl] ©J3l @7Frisl &S &8 343t TLC
2 Timell's methodl ]38l &= 6, 8, 92 A HJLH,
B-mannanase$}  o-

ol3ll  Picea abies Galactosyl

Penicillum  purpurogenum-+3 73 A|
galactosidaseS ©]-8- 3t enzymatic sequential action®] <]
&l 3 7FA] 7t
glucomannooligosaccharides® <1 = T}, B. longum, B.
bifidum, B. infantis, B. animalis, B. breve, B. adolessentis, B.
auglutum®) A5/ gt FHE 6, 8, 99 TS AE
3171 93ked modified-MRS BjA] Aol AP o2 FTe 6,
8, 95 WAlst] ASEYE vwst A3} B. longumol| A=
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