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Gel Promoting Ability of Various Gums and Purification of
Trichoderma reesei a-Galactosidase by the Affinity chromatography

Gwi-Gun Park

Department of Food and Bioengineering, Kyungwon University

Abstract

o-Galactosidase was purified from the culture filtrate of Trichoderma reesei by N-g-aminocaproyl-o-D-
galacto-pyranosylamin-sepharose affinity column chromatography. The galactosidase exhibited maximum
acticity at 5.0 and 60°C, and was stable in the pH and temperature ranges of 3.0 to 6.0 and 20 to 60°C,
respectively. The galactose/mannose ratio of guar gum(1:1.6), guar gum treated with purified o-galac-
tosidase and locust bean gum(1:3.3) were investigated. The galactose /mannose ratio of guar gum was
changed 1:3.2 by the treatment of purified enzyme for 24 hr. Gel-promoting property of enzyme-treated
guar gum was increased when the galactose/mannose ratio was about 1:3.2. An the ratio was appeared
when the guar gum was hydrolyzed by the purified enzyme for 24 hr. It is clear that enzymatic deple-
tion of galactose from guar gum by purified o-galactosidase would lead to a significant increase in gela-
tion ability. And also mixture of xanthan gum and guar gum, and xanthan gum, guar gum and enzyme-

treated copra meal were investigated.
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FHoA oM 8 FAESl copra meal
40~50%2] galactomannan (gal:man=1:10~1:15)°] &
frele] sled olek ol mamnose TEO] FH-
FAlo) = 7F =& mannang] A AAA
8] ZEAN FES o] 8y JEHA e
Aelth, B dpAdors rAETLE
mannan] £-8 o] & #
oligosaccharides®] &4 ZAITHES A6
O W (Suzuki. et al, 1983; Suzuki. et al, 1985;
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Murakami. et al., 1987; Murakami. er al., 1990;
Murakami. et al, 1985), T3t o]9] ZA| A #
At madd AaEE drs APsy ok
(Murakami. et al., 1987, Murakami. et al., 1983;
Suzuki. et al., 1984).

IEE2] mannooligomere] FAE 5h7] S

=i}

A= galactomannooligosaccharides 2 galactomannan

o o-galactosidase= 2F&35}] galactose® HEHsl=
Zo] Ar] B0l galactomannan®] A 7E
ol Bosl=s 3FF 4 = B-mannanase, B-
mannosidase ¥ o-galactosidase®] galactomannooligo-
saccharides 7}5Es)AHE-2] 44 3l 2g7)o]
RS pAzer Zt Gio] it Aol
dsfof & FA R T Ut o-Galactosidase
(o-D-galactoside  galactohydrolase, EC 3.2.1.22)+
AFAA (Wallenfels$} Malhotra., 1961)°] HA F2x|
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o] 3191} Affinity chromatographyel] 218F A=
#Ho| HAES 9lom coffee bean(Petek®t Dong.,
1961), vicia faba(broad bean)(Dey, P. M.} Pridham.,
1969), coconut(Pridham. et al, 1974) FI < o-
galactosidase®] “8A|7|&0] WA B2 A7t
A= Jrh.

Gum#te P 2A A A2 SZ W ofo] A - T 4
FAETIREA ol grbssiy A7 AREE F
FEo] o]2Z3 Ut} locust bean gumS guar gum
off Hlaf 1M =] =2 THALE AHEL Sle
™, locust bean gum7} & olf2AME gE Y

9]_ §_‘6]-d.~ .]_ geltﬂ/ﬂo] o st o .Pri OE]—-,;q
AL glort guar gum o9t A 7T
AR LTHKarr. ef al., 1967; Pridham. ef al, 1974;
Beutler, E.2} Kuhi., 1972; Ciucanu, L9} Kerek.,
1984; Dey, P. M.} Pridham., 1969). T3+ %37
2ol 02 A locust
mannose=1:4%1 ‘1}‘5 guar gum<  galactose:
mannose=1:2%2 T4 A3 hetero 725 R
glom FAaF 7]——?5*0H‘?ﬂ4(Dey, P. M.¢} Pridham.,
1972; Dey, P M$} Wallenfels., 1974; Puglisi. et
al., 1978; Kitahata. er al., 1993; Murakami. et
al., 1990)2.2 galactoseZt719] A A7} 71gste] +
8o g2 BIPHA7F &2 locust bean gum S22
A7t et AEA M de] AREAL 9
v A=A AAAoEAM ] ZHEaFHT EX S
2 ARET U mad B aFldE Ne
aminocaproyl-o-D-galacto-pyranosylamin® 743 ==
Eol¥ S&Ael ¥4 sepharosed) T3 ligand?]
coupling™H ©J| Jd affinity chromatography® <4 5}
o] GAHABRE T3, locust bean gume] 57
Tﬂiﬂx}%ﬂiﬁ ngﬂgi Hzlo} 23t guar gum B
xanthan gum, 2217 HAFE galactomannan®.EA
BCM(brown copra meal)®} WCM(white copra meal)
o 384 o]8He T8 FHOE Il U

il

bean gum<  galactose:

VT
Mz S Al
&4 9 EAhFE71"=2A pNP-Gal(p-nitro-
phenyl-o-D-galacto-pyranoside, Sigma chemical Co)E
AL H Y, GumFEAE Locust bean  gum
(galactomannan  polysaccharide from seeds of
Ceratonia siliqua, Sigma Chemical Co.), Guar

gum(Sigma Chemical Co.), Xanthan gum(produced

by fermentation of dextrose with Xanthomonas
campestris, Sigma Chemicals Co.), brown copra meal
(47.7% total sugar, Fuji oil Co.) ¥ white copra meal

(49.9% total suhar, Blue Bar Inc., Phillippines)E

ARE-EFA T

T ==
UV-E-3434 <A (Shimadzu Model 1201)E AR5}
e 280 nm, AR 260 nmel A FFE
28] 1.5%A,70.75xA,,2 A2 o]&ato] by

OE

FZE AL, AA 9A Fole Lowry
(Kobayashi et al, 1984)& ARE-slod ol 5
Zelaksirt.

i S m1ru £
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a-Galactosidase &4

o-Galactosidase®] @413742 Kaneko™H (Kaneko,
R, 199Dl w2} A3FATE AlE3(1.2x10 cm)l]
PNP-Gal(p-Nitrophenyl ¢-D-Galactopyranoside, Sigma)
2 mM4d 500 2 Mcllvaine buffer solution
(pH 4.0, 0.2 M Na,HPO, ¢} 0.1 M citric acid®] &
gadl) 400ulS Lol IS 65°C, 35-7F water
bath’dol A L3t th. Mcllvaine buffer solution®-
2 A9s] 4% 3ad 100 7iste 9
S8kl 408 nmel FFEE ST 4 o]
u ZAsiE o228 E f2]E ponitrophenol
(PNP)2] %k “‘%ﬁ}%ﬂﬂ;} B-Mannosidase & 74
o] AT W% 65°ColA FUS Wl
o &4y F8& 3103\‘4

pNP &o19] FE9} 408 nmol] %olre] FH=
([A408])e] #HA= pH 40904 [A408]1x0.1143=
pNP(umol2 ml) ¥, [A408]<0.6)%Th 3+ o-
galactosidase”} PNP-GalS 7}pEa)slo] A=+
pNPYZ Wh-EAI bk} AAlE 1087 whgoll A
[A408]7} O.60l8ts HEbd wf G HigE &
AE e

d719 72 ARREE kg $2o] [A408]7F 0.6
olsp7} HEE Tadg Ml &Y FAHL S
HTF. pH 4.0, 65°C(0-galactosidase, B-mannosidase)
oA 1570 1 umol®} pNPE pNP-GalZHE 2]
A7lE 842 1 witE At vk 7k3
&g 4L 93 ARgs a49] ok 100uel=
2§49 D Al 84S S43e AT
ol [A408]=AFAL B}, T FAEE(unitml)E
(IAHB]X[D]x0.1143, ([Bl= &ad Uil S$/FE
AHE-Ele] wESA] [A408])2 vERYSIT
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Affinity chromatography£0il 2|8t 45|

N-g-aminocaproyl-0-D-galacto-pyranosylaminz. 7~
AHE Bold A9 3} sepharosedl]
ligand®] coupling U+ FHFAA AEFFHA
4 FA REg Aol A] Noam Hapraze]
(Noam, H. et al, 1973)9 2l&f <3sHT 2 <A
T ole] GAE T} affinity chromato-
graphyE T35t

R )

jui}

B2 =

Guar gum, xanthan gum, guar gum + xanthan
gum, locust bean gum % copra meal2 90°Ce]
Zol M A42F 0.5%% =% d2olA WEAIA gel
< A3} GAEAE Aol 2% galactomannan
o) gyt 2437 98 0.1M sodium acetate
buffer 5ml®l 1% galactomanans 83 5~ 40units
o] AA o-galactosidaseE 7 7}8F] 40°C -2p%
oAl WESAIFIEA 2, 6, 127718 - samplingS
3t} Samplingdt WHSHS 100°C B2l 5%
7F g2 T oA IAIA geldt SFSATE 53]
copra meal®] 749 gumiFote] Etel] o3t H=w

35 24317 $3l 0.5% gum(xanthan gum, guar

o

gum, xanthan gum + guar gum) SmlE &A%
48717 ¥H8-A17] copra meal Sml®t E3HET 90°C
o) S=Fo| A 1A)7F agitation incubationd 4l-2-of A
Hhele], gele 33 sampled Brookfield Visco-
meter(Model DV-ID°] 213} 23.7°C, spindle CP-52,
10rpme] =734 viscosity(mPa-s)& 574315t
Gum2| e &4

#%4 Z4& Carri-Med Rheometer (CSL’100,
TA Instruments Inc., DE, USA)2| cone and plate
system (angle = 2°, diameter = 4.00x10"m)< A}
£-8to] 10000 ume] gapl.® 25°ColA Adsle
1, AT (shear rate) 0.01~100 s'¢ HL[A]
o ALY (shear stress)OE F-E Power law
w2 25l #-5x<(flow behavior index, n),
HZ% A4 (consistency index, K)E T8}t

Power law 2 : 6 = K- 4

71 v B ARgE(), o AW-3EH(Pa), K
= HZ=AFParseen), n 5 g oty 2K
713 % (apparent viscosity, M, = HHEE 105
Ao = KA 2RE AgEt,

27 9 1E
Affinity chromatography0ll 2|8t o-Galacto-
sidase &K

Trichoderma  reesei 212 ZHANL 30%
(NH,),SO, A& ¥ 10,000 rpm, 102 Y¥4E2]3}
o] AE59E F248l0] Mcllvaine buffer solution(pH
5002 HF3AZ] affinity column(Pharmacia, 1x
10em)] 10mlE A @& [m/ming &2
chromatographyE &390t} Fig. 13 Zo] vz
of &&HA &S WZHA Mcllvaine buffer
solution(pH 5.0)2.2 <Al 3 fraction No. 4594}
5Y ¢F goo] Uig 0.05 M Galactose 10 mlS
column®] A#3led FY ¢35 Fdoz FAS A
S50tk 2484 fraction No. 55-65& o A&
AFgFe] galactoseE A ASF7] 28] Mcllvaine buffer
solution (pH 5.0)= &3} A7) sephadex G-25
column (Pharmacia, 2x20cm)o] X #)5Fe]  void
volumeo| A £&¥E 4% A fraction No. 8-
128 3|rste] FAE SEstitiFg. 2).

Affinity column chromatographyll A1 galactoseT]]
el p-nitrophenyl o-D-galactopyranoside  (pNP-
Gal) & Agsh] 248 F=F = sk 2y
B Aol M= pNP-Gal XUFE galactose?] T4
T 8o HAA] galactoseS A5 LH, coffee
bean 212} affinity chromatographyll 2]3}t o-galacto-
sidase®] “4 A (WNoam et al., 1973)°14+= pNP-Gal
2 2a2F feokdith F¥sto] ARE Mcllvaine
buffer solution(pH 500Xt} pH/} &2 6052
2802 column®] FH(120 ml) SEAF LA

- = o =1 1- 3 =13 =
A peak & sk 4o] Aolskilil, 858
25 E
i 0 4
. 2 =
£ 2 £
(g = 4 i o
@ 1% ,:1; 3 E
o " 2
e & :E.
a1 2 2
pa t
@ &
2 a
= =
T}
0 0
8] 20 40 80

Fraction Mumber(2mml/Aube)

Fig. 1. Purification of o~-galactosidase on a column of N-
e-aminocapropyl-o-galactopyranosylamine-Sepharose
conjugate.
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m(pH 5.0)1A4% pNP-Gal(50 mM)y*|2]A] o et &
A% §EHA ok vhPak, 1997)°] ofs) HAL
H Pichia guilliermondii-3] o-galactosidase®] So]
] At A AAHOZA  mannobiose-sepharose2]
GHE AT FEAA A dis) 2aEgont, &
AFolM= gumFol] EaAz o] & TS H
& W3t 2 SFaHE Hlasy] fEia e S
A7y 42 o] 2R N-g-aminocaproyl-o-D-galacto-
pyranosylamine §-#A|2] A3} sepharosec T
coupling method®l] &3t GAE LB SPA P
ANFZHAT 0NN AFol FEstA =T

XM o-GalactosidaseXZ|A[Zi0f = 7|22 &
s}

TaA o o3 guar gume] FEF7HE S5}
71 #8] 0.IM sodium acetate buffer SmLol 1%
guar gum2 =% & 40units?] o-galactosidaseE
7¥ete] 50°C FeFzolA w-eA7I™A 2, 6, 12,
2477} Bt} samplingsFSith. Samplingdt WHE-o-2
100°C Bewel 582 ' 5 oA WiAA
geks FAlEITh AI7ME samplS Brookfield Visco-
meter(Model DV-IHE o}8-3le 45 A3} REGA]
7ro] 2A7ZF, 6AIZY, 12717F, 24N 708 ZUV T E
230.2mP-s, 400.5mP-s, 505.3mP-s, 907.2mP-sZ 7
T7t F7HEE 45 dslewn 53] 2447 kA
locust bean gum S 2| 88.91%= Q1Y)
(Fig. 3). siuleb7 1Ml BAEALE o83l 34
g Aol o RkgA| ko] 2A17HUduf 865mP-s,
6217kl 1199mP-s, 12417+ 294.9 mPsZ 64]
7F =92 locust bean gum F=E e 853%% ]
el = A th(Park, 1999)

0.05 105
0.04 Joa i
E E
S 0.03 £ {0z £
faN) . T pan}
® o =y
0 0,02 : 1oz =
B : 2
=z Y H =
50011 {o1 €
o 0

0 20 40 80

Fraction Murnber{2mifube)

Fig. 2. Chromatography of the o-galactosidase on a
column of Sephadex G-25.

7|26l BEESAIZHE Mannose/Galactose H|E

84X FA%-Z guar gum B locust bean
gum, §A o-galactosidaseZ. 7Fi-all S guar gum
£ AZFE samplingdled, galactose/mannose H]&-S&
AEG Az 277 A=A 120, 6A7F AZA L
22, 12N 7 AYA 1282 FA Hgo] HEl
dom, 53] 24A17F HEAdlE 1,322 locust bean
gomAR e AR &Sl 13302 A HekH
= 235 JepI Aok (Table 1) ©] A= 24471
7lrEal HESolA Jocust bean gume] ZbE WA
v g2 Aggl o} duwsie Frleke JleE
ALBE T Rtk

L2 gumF2le] gelation abilityd |

Guar gumol] w8k HA|EAS] gelation abilityS
Brookfield Viscometer(Model DV-INE ©]&-3lo] =
X312 guar gum E locust bean gum} WS A
# A a-galactosidase 5 ml(40units)E 7 718+
60°C, 24N 7F E442)8 1.0%(w/v) guar gum Sml
9] H5EAL locust bean gumd} ARG AAE o
ERUl $AH(Fig. 3). Brown copra meal, white copra
meal2] copra cake galactomannan®! 7-%- galactose
9} mannose®| B]E©] 1:10~1:152 EAA ] w2
FHEAHE HESN O gel A 5ol IA &
2 IS YU THFg. 4). L&Y} xanthan gum
7 guar gum#e] mixtureE SYS A AT

v ¥ copra cakeF ol WF A= =¥5A
E YeidtkFig. 5). siuteprisae e BAlaa

g
©
fole

o] 9= white copra meale] T3 &
e AEsdov gl 358 gle

A3, xanthan gums} guar gumS &

Z24% Ay G422 copra caked %
WH = FHaTE e lgo] BaEt
(Park, 1999). wWEhr T2 gumFole] TS 5

2 Zakel A e] 7ol A locust bean gum

i ¥

Table 1. Gal / Man ratios of guar gum, guar gum treated
with a-galactesidase and locust bean gum.

Galactomannan samples Galactose / Mannose ratio

guar gum 1716
enzyme treated guar gum 2.0hr 1/20
enzyme treated guar gum 6.0hr 1/22
enzyme treated guar gum 12.0hr 1/28
enzyme treated guar gum 24.0hr 1/32

locust bean gum 1/33
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Fig. 3. Gel-promoting ability with the lapse of enzyme
treatment. G : guar gum, L : locust bean gum, 2, 6, 12, 24
: time of enzyme treatment to guar gum.
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Fig. 4. Gel-promoting ability by the enzyme and xanthan
gum treatment to brown copra galactomannan. B : brown
copra meal, X : xanthan gum, G : gonar gum, L : locust bean
gum, EB : enzyme treatment to brown copra meal.
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Fig. 5. Gel-promoting ability by the enzyme and xanthan
gun treatment to white copra galactomannan. W : white
copra meal, X : xanthan gum, G : guar gum, L : locust bean
gum, EW : enzyme treatment to white copra meal.
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Fig 6. Gelation change of locust bean gum and guar gum
by purified enzyme. A : Gelation change of locust bean
gum, B : Gelation change of guar gum by the treatment of
purified enzyme.

Fig. 7. Gel promoting ability of locust bean gum,
enzyme-treated guar gum and distilled water.

AL S ZA copra cake®] ZAE & A7}
SA0 2 Atgdrh

Gumzel REH 25
H%4 &4 Cari-Med Rheometer(CSL.2100,
TA Instruments Inc., DE, USA)2| cone and plate
system (angle = 2°, diameter = 4.00x10"m)< A}
4319 1000.0 ume] gapl & 25°CollA] AFsIH e
™, HHEE (shear rate) 0.01~100 s'9] HLjol|A
Ao ATk (shear stress)OE FE| Power law
wdlalo] o]3le] F-FA]<F(flow behavior index, n),
HZE A% (consistency index, K)& 73+ Axe
Fig. o141 YeRfaL glom dAxos §5548
Hlwsl7] gk AR Fig. 79141 AAEFA

o OF
o |

N-g-aminocaproyl-o-D-galactopyranosylamine®| 5
AAE 9H/d3le] sepharose®] coupling®}Si o™ N-
e-aminocaproyl-o-D-galactopyranosylamine-sepharose
£ WAE & affinity chromatographyol] ¢]3j
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Trichoderma reesei-+2) o-galactosidase®] A
E Fasiaith gAlfse] A pHe} 2%+ 5.0,
60°C1 1.2, pH 3~6, 20~60°C'H Aol A pHS} &
E gAS VeI A o-Galactosidase® 7}
Taalel guar gumE AI7HE samplingSle], galactose/
mannose H]&& AES A3} A7 HeA] 1220, 6
AZE AR 122, mm A 1288 FTA
Hlgo] Wsl Holon], 3] 24A17F AAE 132
Z locust bean gumX]'/\]-/] TARER 13308 &
A Wstd= 435 etk Brown copra
meal, white copra meal2] copra cake galactomannan
9 A% galactose?} mannose) H]&o] 1:10~1:152
Faxgd we SHEFAE PESJHUOY gl ¥
4 FYo] A 45s IITF AT 2y
xanthan gum¥ guar gum2] mixtureE =43 4
7 AT E copra cakeF ol HIE| 3wl

o FHEFHE e

o
AT
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