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3 Al YA 3 a-galactosidased] 1174 3}

FIIAF AR #ZEst= ZEE &8 a1 (galactooligosaccharide) 2] A €4 o] 8-&
% % a-galactosidase®] EAH 2 A3}

|
kel HES FF AFARE G2Al AL A5A Y

O FAWABEZHEE A3F a-galactosidase AAF A+ Hg

O wdd #F=2FE AAitE a-galactosidase®] A3t 5417

O A3 a-galactosidases S EATA 54 98 B FEGW o] &7t ﬁéﬂ

O a-Galactosidase 485 &3 Uu5Ats Wl 3% galactooligosaccharide &3l ¢]&& 37}
O a-Galactosidase®} A3} 49 Alm H7MAZA Q] AagA H7}

V. 374 3}

O 5 EYOZRE a-galactosidases At o5 8393, 16S rDNAE o] &3
A

NS 23519 Bacillus sp. LX-12.2 W™t

O Bacillus sp. LX-1 3] a-galactosidase?] A2bujx] A 3l Qo] A, galactose, peptone

83 Mn2' S H7F S u &4 A2ke] Z7F H Yk

O PBacillus sp. LX-1 @] a-galactosidase= pH 7.02} 40 Coﬂfﬂ HA FAHS YEA
Sbg Aol A 0~45C7HA] 88% ol/de] &4 FAIAY. gEo o] a4+ Arylfa*galacto&dlc
714 Az 7]A EolA wlE O R melibiose, raffinose ZLF/]IL stachyose®l] t &}

D-galactoseZS AJ4ratlar, Ay a@wd B &l trypsin® pancreatin . ZH-E A A S
e AT

O Bacillus sp. LX-1 @] a-galactosidasei= Eudragit L-1009] 3243} AFH 3L oF 63]71#] A
Z-8o] 7ttt s E Qg pHoF =%°] Wl gllom, 18Y &b A=A AAA,
A3t BA7F nA S} 5hA S ARt AdA o] et

ol Ast#owHE dFu HIHA A Eh= oF 16 pg/g(HFvH)e D-galactoses
3] %o FAhE 14 pg/g(HFuHe D-galactoseS 8] sttt

%3¢ AR Bacillus sp. LX-1 3 A3} a—galactosidaset Al Eoly Al AF
FIEA A E FE A7 2R ANAEA s 247 2 ==y
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SUMMARY
(FEL )

1. Project title
Immobilization of a-galactosidase from novel Antarctic bacterial isolate for a functional

feed additive production

II. Project objective

1) To characterize a-galactosidase from an Antarctic bacterial isolate, Bacillus sp. LX-1.

2) To prepare the immobilized enzyme and compare the properties between the immobilized
and free one.

3) To potentially improve the nutritional digestibiliy of animals by applying the immobilized

one.

[ll. Research results

An Antarctic Bacillus sp. isolate was found to exhibit extracellular a-galactosidase
activity. On the basis of the results of 16S rRNA sequencing, the strain was named
Bacillus sp. LX-1. In a one—factor-at-a—time experiment, galactose, peptone and Mn’+ were
found to be the medium components that facilitated enzyme production. The new strain
showed optimal a-galactosidase activity at pH 7.0 and temperature of 40C. The enzyme
exclusively hydrolyzed a-D-galactosides such as p—nitrophenyl-a—galactopyranoside,
melibiose, raffinose and stachyose, and showed no effect with proteases such as trypsin,
pancreatin, and pronase. Enzyme activity was almost completely inhibited by the presence
of Ag’, Hg®, Cu®, and sodium dodecylsulfate (SDS) but was unaffected by 8
-mercaptoethanol and ethylene diamine tetra acetic acid (EDTA). The a-galactosidase was
non-covalently immobilized on a reversibly soluble-insoluble polymer, Eudragit L-100, and
an immobilization efficiency of 0.93 was obtained. The optimum pH of the free and
immobilized enzyme was 65-7.0 and 7.0, respectively, while there was no change in
optimum temperature between the free and immobilized a-galactosidase. The immobilized a
- galactosidase was reutilized six times without significant loss in activity. The immobilized
enzyme showed good storage stability at 37°C, retaining about 50% of its initial activity
even after 18 days at this temperature, while the free enzyme was completely inactivated.
Based on in witro digestion analysis, the immobilized enzymes effectively liberated
D-galactose from natural substrates such as soybean meal, lupin and palm kernel meal

containing a—galactooligosaccharide.

IV. Application
The immobilization of a-galactosidase from Bacillus sp. LX-1 on Eudragit L-100 may be

a promising candidate as a biocatalyst for soybean processing in food and feed industries.
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71Ee] nA= 2R 2dd v a - galactosidases= A AFRU R ol
Hol ¢ ddgddAelxz d# A small a-galactooligosaccharide (melibiose, raffinose,
stachyose 5)712-& &Fallste] Qo] Adidoz ol 7|4 ¥yt ofye} v d A /<l
mannan= #3st= F4 &eH(promiscuous) 71 EolAdS e SEATE 2 Ao A
A mAE Fd Eae VIESoAde dod diF Wl v F}r¥E small «a
~galactooligosaccharide® Ed & o2 B3st= DA A sH(strict) 7|2 E0)A, @b

B4 AR, 291 @ EY Ay T4 29 pH oA L3 S4& B
A Ao 71E Aok AAAAAS FAeH, dEe G249 143 e gHs FI ¢
A & L3t Ao ARAdEY &astE&dd WA= A28 85 9
Uk a2gER 2 ATy HFTEAS AR HAVHAIERA, SANAE F
-galactosidase ¥ &4 1A}/ ES AL3o], AAEdE el FIFA At
a-galactooligosaccharide®S A #1& oz EPAA & AN s o]&E &
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SO A e e oR AANE Fa) APAY Aol Erbssittal A7y =
=3k Aol e Zhzhe] ghA e A &sto] AA et mAlEe] FeElHo] K vt

At mAES] Adst Ve S8 4o AEste] ASstes 53 AEY B
g, B& 9 AAA A EFAAY 7S v"eR i lon, =3 nAlE o] &
e AR g4 FeE 5% =9 A A ol&rlss Edskal v ol#d Vs
=2 21471 A7l NdQl 8RS, AAA D3 AN A HE 2 SA A 218k s
of AFAoRE =gy 2147 ZEH VeE gFEIL do =7k A AT AFY
o8 FxE daAo] g Erha ddEn

=3 AEdA FHdte Shv dWrEAe) dE 78 bt Ak AeE
2], &, A2 SolAxE A HEE A (Haki 5., 2003; Feller 5., 1994)3}+= Z o=
Husolx gom Ag7tA] Fuedoz Sk nAE #Agk AT Fadse R =
g HAEo] B S3a Ao AR S8 Aok 53] 2u2A wAdE Eoke
el AT JyEHI FAFHol ol wAEo] AieleE Z4E WEAY ZAE, protease,

amylase, DNA polymerase, DNA modifying enzyme S5°] a7 Aoz de ol gy

AtH(Haki 5., 2003). Zejvk @53 &5 22 g A Aoty SA
T T A R 3] 2I7|HAR B AFAE] o W ®Had wEw AR 7HA|
°F 100001 mAEo] TR 7% AH Turkiewiz 5., 2000; Garsoux ., 2004; Feller
5., 1992). A=A A vAEAA FHE SihE &9 “cold active” FAY
‘cold-adaptive” 3 545 7FAa ojA F=2 A APA S8 JAME A= A
(0-20TC)oll A Aol 7Hd $-stH Fddes 59 &% W AgAed 24 19
(37-45C) A aihgdAdo] mlekstAY A AT Groudieva 5., 2004, Marx 5., 2007). L
Hu v &5 F2] nAEAgA FEHg 4 FAANE deHoR Ay 53 @ U A
A T2 HAAdAME HA o EAgAS Hol AlR HIHAEA o8& EH F dew, 1 4
2 AR HI7MAE &85t 913 phytase® A -F-olA, 7k A A &4 =71
39T A=, Als AFH A 2stdd B Hx 25 YolA A H™(Boyce 5.,
2006), °ol= 20~29C9 574 WedA =& EAE 7= a7 A4 ol &dd B& 3
NS 7HE Aolgl Ra drhHuang 5., 2009). 3 Als HI7MAZA A ol& 7hE
S AAEE FA] mAE F xylanase®t amylasedl = HZA ZA o] F24(25-40C)%
UEl 1tk (Park®} Cho, 2010a; Park®} Cho 2010b). 3HH %7\]“] AEoA fFallE Ta4e
HAAoR S AL8AdA Faso] a4 Wads 2,
At 7R A 9] o] §of Slo] AFRE WA A" e Ty A

o
ol ‘E m{n

e

2 2 AN F Uzl o
golup BuAlEe] Pz EFse] AFelA Felshs PHoz ogATHE LY BA
£ 39Y 4 Qon gE A B Ydde & BavtE tee 49 A4 58
o AYH Fewe LEBPNA ThBA WS ofay] WEe] EAH Utk =

Bacillus®] phytase %0l 484 HAHA2E=E=(T0C)o/A W TE59 Add T2 &
E(20~40C)d M E a4 0] 60~85%2 FA7E dojdty By HAGKIim 5., 1998).

e 5AE Hg BA B2 AT F
B AR A9 B $88 5 U2

) 54 (soybean meal, SBM)& =&

ToREEH 7S 2 v AVle FAEelth SBM2 A AlA ZA 7ba3 b5 AR



Aol o] &= = Al 9@ E A (Ghazi 5., 2003 ; Stein ., 2008) .2 A WA x
= A Kﬂﬂ] ARE o]l 50% ol dS AHA z'?hﬂf(Kohlmeier 1990). &y 7hEEA &
soybean< T 7]EF & WU R} e LY FFolESs Adcte dFFE <

Egeta Qe g FIEE AAES C’éoﬂ =g etaL soybeanol 4l SBM=
Al ¥ = skl AA=E 4 Aok(Liener, 1994). sh*
°F 1%, 6% Jb’L(Grleshop 5., 2003)3FaL Q=4 o] 9k 72 a-galactooligosaccharide
= SBM=9| 7FaAg Folke ofHd3s &4tk (Hartwig 5.,
oligosaccharide= digesta®l HEE F7HA1712 LG olA JEie 2sarE7HY] 4%
LS5 ASAIF O ZA YA A3tE 2 o] A4S A (Smits¥ Annison, 1996)A17] 7] W
v FEY AMTHEHE =Y F dv FIYH JAER FFEH(Anderson?t Wolf,
1995). Raffinose, stachyose % 2| galactooligosaccharide= 437} A &2 e Z 3
of maatA Ha, g W @71 Aol os EaE o] Ny, COp CHss 9 7F=7F A
3to] B2 ukzk(flatulence) o] W<l (Falkoski 5., 2006; Yoon ¥ Hwang, 2008)¢] v, %
el Aol 7k~ AL 94, B8, dALE op7ldttal Bl gtk (Calloway 5., 1966).

a-galactosidase= galactose Zt7]E 3 melibiose, raffinose, stachyose®} #-2

(o]

o &|
2L orlo o

AN

e & S
-‘?i ol ﬂllo

W SBM+= raffinose, stachyoseZ

1997; Rackis, 1981). o] &t

b

galactooligosaccharide 2 galactolipids, galactomannan®] W|&UA dto 2 HBEH o-16-2

glo] D-galactosyl &71E 7hielslE exo—glycosidaseo| ™, 714 EojAo wil family
36 family 27 IOFo® EFHEY. family 36 I 22 pNPGal, melibiose,
oligosaccharide®} #& A E 229 g-galactosidesel] a9t EoJAS 71X & did o

family 27 Z1552> M A3 a-galactosides 5 o}y 2} galactomannand] WA %= 5ol
e At (Wang 5., 2010; Fialho 5., 2008). %3 3242 AAs ] Alg ] F
FA THAE Emole BAY AMYA A B wuld R a4 gk AdAE HEAdS
=Q0d vl T8 7]5o] Av(Liu 5., 2009).




stachyose(6%) ¢ : FE=0) 2ofA|

(Grieshop 5., Galacto

TR AT, 0BT ME . - O Uigl =719 Mol 9|5 Ny

N Tiea AEfcha 5. _ €Oy CHsS Q| 7te EHli= oz

2003 ; Stein 5., 2008} i i mtulenoe_)) (Falkoski ., 2006; Yoon 2}
ang, 2008)

- FUfoM el FEA é’fﬁ“ ol e A
AE fi(calloway 5. 1970)
- Wolf, 1895)

A= Ul
o-galactosidase 7|

<7|EH§;PTI';/

T AR LY
4 | a-galactosidase

ol a- HZEA
galactosidase Tﬂ?g s 2ot
al7get

*Eudrgit L-100: enteric coating copolymer
(methacrylic acid: methyl methacrylate= L:1)

[dF9 o FF9FAA AAAE $3 a-galactosdase X &
A3 gt 4 7 ZH]

AWrH o g w5, AE, HAECd gy SAAIRE nAE FHe] B4V AR &
SAo] = S AIYE S ¥ T FEELS a-galactooligosaccharideo] &
-galactosidic 2%<S 7tialsl=t] 23 a-galactosidase’t ZAolE o] 9l7] wj&ol soy
productE AH|sl=dl QojA] FEA o= AghE o] Qlrh

3t old A AYES uZIEH a-galactosidaseES H7FE AR E A FH 3 7FFoll A
= AEAAFHY, SAY 2 AR 9 nitrogen-corrected apparent metabolizable energy
(AME,)°] =7}3}1 3L Crude protein (CP)¥} neutral detergent fiber (NDF)¢] ##7} 57}
39 THAo 5., 2009). T3 true metabolizable energy (TME)7} Z7}slar A &9
raffinose®} stachyose’} #A% At B 5 AtHGraham &, 2002). =1 #12] 7% raffinose
9} stachyosed] 43t&S T7HAHOZA o] f717ke] £7] &<t gainifeed®] Hl&©] F71H5
k= ®azb Iek(Kim 5., 2003).

dutx o7 AAH Fihe 259 pHe 2% <HEAS Z3sta, 2 pHE 2= ¥
AS /N7, 183 A7) Yo R solid supportell LA 3H(immobilization) o]
2 tHRasiah®} Rehm, 2009 ;Tee$} Kaletung, 2009). 1 4st= &4 #3] Aol st A%
A ANE FH @ 5 dd, oy &4 =Y agal HPHE dosted =S v
(Tee and Kaletung, 2009). A =74, 8 A8 A A3 F Aspergillus niger (Sardar
5., 2000), Melanocarpusalbomyces (Roy %., 2003) Z1¥]3l Trichoderma reesei (Dourado
5., 2002)l A FFo] xylanasesZ= Eudragit L-100°] 124 3A)171 ¥ 127} 2t} Methacrylic
acid?} methyl methacrylates 1:1H] &2 &% ¥ Eudragit L-100> A Aol A A7ke] o

O
1_4

=

_‘IO_



FA " (colonic diseases)®] A FEE 93t kAol 32 gl 5ol&<l delivery system

o7 1 Fyet ¢kdAo] ojn FH ¥ o](Venkatesh 5., 2009), Ao Fafj3k gxpAel &
Y dg 182 EH(enteric coating copolymer) & A L*F/] o] g o] gom(Dourado 5.,

2002; Roy 5., 2003), 53] Eudragit= pH 4 °]sloll A= E8A]olal pH 5 o]l = &3
He 542 7HA=d, o] pHel W& Eudragite] &3id o= <lste] unAdsied 48 &

T e

Hoz A& & 4+ JXu ., 2011). A9 EudragitE ©]-83F a-galactosidase?]

sholl ek il opz 53 AA oI

A

2 4 AT el W

1. 7} AR 8 &4 A 7%

i

7}, SA v A EZHE Al9F a-galactosidase A2F Al &2
(1) FAESCZHE a-galactosidase EAA4E Alyre] &A 2 X%
%)

(2) M ¥ a-galactosidase T bA o] 784

.

v, #EE 23 ALk a-galactosidase?] 484 54919
(1) AEFF2H1E ArE a-galactosidase?] &4 A
(2) a-Galactosidase &2 A Al o ZRE &4 9] partial purification

2. 84 1143} 714 2 microencapsulation/delivery system 7H%7]<4

4 54 79 % FE A0 0§ HsA

5

£
Jm

7} A 3kA 71 a-galactosidaseE E3F B4
7}
(1) Eudragit L-100= ©]&3Fo] 1143} A7l a-galactosidase] 54 2 <

a4 FA S free form a-galactosidase2} H|ul #2

[e]
1) @9 FEO AF Adwe AAGe ARAZY GFU, A 0dn gue
= %9 D-

galactose &+

o&{ m

_11_



A2 & 2l ey dg

14 = 7= 7iE A
A4 #-g 143 Immobilization) 71& /RS Autsty WPHS ol <l ook
T2 AlE Hol gk webA o] ZlEel hEk At okl i o] 8AtElE T o
o°

o] AEAk Qglom, Akg A7l i i

24 =9 7l AT dF

o] a-galactosidaseS A3} A
A% e AR gid dEEd dgae] #I T

o)

£2-1 Solo]  dgd ugs ALE Ahgal
Y AL, ABE, 19
AAAF AES el ole,

=l

¥ 2-1. 9o A A %3+ a-galactosidase?] A3} 7t

IAA Ax =7} =
galactotose—-polymeric beads 2010 Turkey o+ A
tetraethylortosilicate (TEOS) 2010 Bulgaria | 243} A=
cyanogen bromide agarose 2008 Spain o+ A
polyacrylamide gel 2002 India A&E FaF
chitosan bead 1987 Japan A, el e
mycelia 1982 USA QHg A

3 A A7 TlEe =l o AY

143 A EE Eudragit® A3 7148 xylanase (Roy 5., 2003), lipase (Rodrigues .,
2002), amylase (Ertan %., 2006) oA & Al=7F ofe] A do] AR FAkdokol] €&
7] 938t EudragitE ©]&3F a-galactosidase 1A 3E FUYLE EEo B A7t A&
A BFA T

2 AlE(Korea Polar Research Institute,
A

qgol At Ao @A §7%
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1. a-Galactosidase A4F 5 2 B gz

wdBe 7S 0.2% lactose’t ¥E%H Luria Bertani (LB) [1% tryptone, 0.5% yeast
extract, 126 NaCl, pH 7.2] #jx]ol HF3ata 28T Il °k7](shaking incubator) ]l /\1 49 &
oF 220 rpm<] &&= e wjFatodct. @A AR
AFs] 2 g4 FOx10~1x10%F =] BES  02% 1actose9} 32ﬂg/mfz ra)
5-bromo-4-chloro-3-indolyl-a-D-galactopyranoside (X-a-Gal, Sigma)e] #7}¥ LB ¥ 3uj
Ao =gk £ 28T incubatorol A 297 wi&Fete] w@AlS UEWE dFE st
glE ol wEhs 99k 22 LBE Ao streaking W O ® 33 Ald] Wit &5 &
23} tHGoulas 5., 2009).

&

=
74 54

M

= = )

8o 165 rRNA Fx2 d714E B4S &3 d5F5 F4sArh d5 16S rRNA
FAA HFES 98] FastDNA kit (Qbiogene) & Ab-&3to] R FZFE genomic DNA
£ F%3% v polymerase chain reaction (PCR)S F338}o] 16S rRNAF-HAE SZ3519 )
PCR< 93t primere 27F (5-AGAGTTTGATCCTGGCTCAG-3)¢} 1492R  (5-GGTTACC
TTGTTACGACTT-3)& AH&stA vt (William &., 1991). %% @2 ABI PRISM 3730
XL DNA analyzer (Applied Biosystems)& ©]-&3to] @7|AE& AAsAH 24" 9714
-2 NCBI®] GenBank databased] 5&5%¥ HHE Ut o= BLAST Z=2I19& o] &3l 4
T4 AAE AAsdth A BAS CLUSTAL W Z2a#e o &ste HHssitt
(Thompson %-., 1994). Maximum Composite Likelihood method®} GenBank database®| &%
9 Bacillus% 7552 16S rRNA §44 A7 E ARE o] &3te] A7 Ez7te §44 A
2= AAEd i, MEGA 40 2132 AFE3lo] phylogenic treeE 13 tHTamura %,
2004; Tamura 5., 2007).

FEYLEolE 9AY /g s

16S rRNA w&# S Elol= 97|92 HQ660811%E Genbank database°l| 7]€Fst$ith.

n}. a-Galactosidase AJAHEIA] 240 o] H A 3}

Aol HAsE 98 e = AES YAFTORE AL shbe] QAN W
3tA 7 A3¥s+= one factor at a time (OFAT) WS o]&3to(Liu 5. 2007), a
-galactosidase AAtol] & ¥A ol v A ES AHE= AFS

a-galactosidase AAHS 918 Al A& 2H7] fsto], B4 YU(1% galactose, 2% galactose,

_13_



1% wheat bran 13|31l 2% wheat bran), @AY (1% yeast extract, 1% tryptone, 1%
soybean meal, 1% peptone 123l 1% ammonium sulfate), 2] 1] 2 4(1% NaCl,
0.01% CaCl,, 0.01% MgSQy, 0.07% KHoPO4, 0.001% MnSO; 2 0.001% FeSO,) E°] 23
Atk wMAAGEe] HASE Al e EE 8A4AES dATTOE AL e 84
v WM3EA]A A3t one factor at a time (OFAT) Wy o]&3lo(Liu 5. 2007), a
~galactosidase AAto] T2l v A S MEsE S PR o] Holels Har+
J =

EFoAE S e, 159 FoA2 Student’'s ftest

vh. a-Galactosidase A 31 G4 o] B A

0.2% lactose”} Z3¥ 1 L LB x| & A
mL +7F $ autoclave &t 1 v & FElE wEs wjHe] HE F 28T @ v
71014 96 AlZF &<k 220 rpme] £E2 g wjekst & A 2(4T)AA 10,000 x g, 20 #
AiE st WY Adeds AJgh 2™ v WY s el 50% ammonium sulfateE
7bskal 6 A7 =<t magnetic stirrerdl A 94 £ 2 wukek E tha] 9AE2(10,000 x g;
30 min; 4C)3t] HAHES AATh o] Fo] HHES 50 mM Tris-HCI buffer (pH 8.0)e =
ol <Y bufferol 12 A7+ FoF FA3te] @49 (enzyme preparation) S A %3t RE

[€]
AL 4T FAAAT, o BaEe BASAC] Ba Aol g,

EN

%, 278¢] 2 L Erlenmeyer flaskel Z+Z} 500
f

o

S o2

[e3
e

AF. Sodium dodecyl sulfate polyacrylamide gel % 7]%-5(SDS-PAGE) ¥ zymogram 4]
F2AAE 499 SDS-PAGEE Xcell I ¥ NuPAGE Novex 49141 12 % Bis-Tris
gel (Invitogen)& AF&3te] AlxzAbe] Az APasict. o) g e S dEL Simply
Blue Safe Stain (invitrogen) 2.2 QM & gel &0 YERYQJTE T FHOZE o] a4 HNS
6.5% non-denaturing polyacrylamide geldl F3F9]  Modular Mini-Protein  II
Electrophoresis System (Bio-Rad)& ©]-&3to] 4TolA 50 V Aoz 5~6 A+ &<t A71Y
=S AR A7 9E Fol, gelS 4 mg/ml X-a-Galo] E£3H 15% bacto agar plate®l
elar 40ColA 12 AZF wldslgith. a-galactosidased] AL wEAdel wrh Uehde 3
gl gelskith
o}, a-galactosidase &4 54 2 714 5o]A
a-galactosidase®] &4 Z=AA] p-nitrophenyl-a-D-galactopyranoside (pNPG)E 7] 4
o] g3l A3t 1 mM pNPGeF 50 mM Na-phosphate buffer (pH 7.0)S X33F wh
o HF VEFIsE 1 w7t HEE E4F HUbsha 40TelA 15 B1F vhA
Na;COz &< 1 mb= H7beto] whg-5 FTAAZHow, TAANS 405 nmolA FF=E =
Atk @484S poitrophenol (pNP) i3 HoZRE AFE3H . o2 71dd gt a

-galactosidase &84S  ZAFSH7] Y3e]  nitrophenyl-conjugated  glycoside 7] &<l

3
=
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p-nitrophenyl-a-D-galactopyranoside, p-nitrophenyl-B-D-xylopyranoside, p—nitrophenyl-3
-D-cellobioside, p-nitrophenyl-a-D-glucopyranoside, o-nitrophenyl-B8-D-glucopyranoside %
pnitrophenyl-a-L-arabinofuranoside® 27t 1 mMe| =2 H7Fsta #4 pH (7009 2%
(40C) =3 atellA 2t 7]de] digh a4 A4S SASAT. BE 7[E diste], AEFH
TAagA 99 1 US A7 204 vhgATHER)

o-nitrophenols F2lA17] & F49 oz AHolst

1

71425 € 1 ymol® p-nitrophenol %+
tH(Patil %5, 2010).

3k melibiose, raffinose, stachyose, lactose®t 22 natural 712& 1 mM & A 7Vska
HA pH (7009} +%(40TC) =7 3dlolA 3A7F B<k WEEAIZl ¥ galactose test kit
(Boehringer Mannheim GmbH)S A}&-3sle] 7| H25E fF2ld D- galactoseok—% kitol] A€
Wil os) ZAHst E4 FAS AEAT o] wW A
Aol A WHSAIZHE )G 71 HZHE 1 ymol?] galactoseE R A7] = Eﬁ:iﬂ ko 7 Aoy
o},

carboxymethylcellulose (CMC), xylan, mannan, starch %3 %<2 saccharogenic 7]& 2
dinitrosalicylic acid (DNS) Ho 2 HAzx7 slolA &4 S ZAsA HMiller, 1959). 7]
Ao FEE 04% 9oH, 4034 @9 1 UL A7) 240 wsA g 712 25H 1
umole] UGS FEA7]l= 2ho doz2 HYsHdth(Park 2+ Cho, 2010a; Park 2} Cho,
2010Db).

i& ol

Nom

2} a-Galactosidase &4l P A= pHSF =59 3

a-Galactosidase®] &l 7 A+ pHO G3FES FAbst7] Hste], v &% 40TolA pH
3038 pH 85749 W Z a-galactosidased &S =A3Uth pH 3.0 50 mM
glycine-HCI buffer, pH 4.0~552] Hel 4 += 50 mM sodium acetate buffer, pH 6.0~7.0°1 A
= 50 mM sodium phosphate buffer, pH 7.4~85°] 4+ 50 mM Tris—HCl bufferE z+z} A&
sttt ek &Aoo mX= vk R0 FFES XAMSHY] flste] a4 5 opeel 10 mM
PNPG €9 100102+ 50 mM sodium phosphate buffer (pH 7.0) 800 wE Yo &4 WS x
0~70C7HA o] ®IflelA 27 24 S48 S8 & i 2402 Yeiidth

d

P ) s
a-galactosidase®] & ¢tAAS FALe7] Ysle] =& AN 40~T0C7HA Zhzhe] LX) A 30
H

B2 A3 & L2(400)9 p

7}. a-galactosidase EAol "X &= FSo]> L 3tstE2

a-galactosidase &4l v A& F&ol 3 stetE Ao g £AE7] 98t 2 mM Ca”,
Co”, Fe?', Mg*, Mn?, Ba*, Cu®, Zn®, Ni*", Hg?, K', Na', Ag’, B-mercaptoethanol,
ethylenediaminetetraacetic acid (EDTA), sodium dodecyl sulfate (SDS) % phenylmethylsulfo
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nyl fluoride (PMSF)7} ¥3t¥l 50 mM sodium phosphate buffer (pH 7.0)o] Z&A NS A7}
st 25Col A 20 3+ wjekst & FFZ7(pH 7.0, 40C) stollA &84S =AHs

B}, @il AR5 g 2o 3 a-galactosidase] # 343
a-Galactosidase®] Tl A ES| g 4ol th3k HFAHS ZAE7] 8] Cao W (Cao 5., 2010)
S o7t WEEte] Syt @A B gAhE trypsin (Sigma), pronase (Sigma),
pancreatin (Sigma), subtilisin carlsberg (Sigma) % proteinase K (Sigma)E A3ttt =
EAN09 pe) IHARFHEA09 pg)d @A S bradford H(Bradford, 1976) 2.2

=3
F 2 1011 ¥ &2 50 mM sodium phosphate buffer (pH 7.0)oll % 7}ste] 37ColA 30 =3+
oF
[e]

o

mjeFet & EFEZAPH 7.0, 40C) stollM 24284 E SAste] Jdld 4oz Yepgsich

2. 2133} 7|4 2 microencapsulation/delivery system 714 7|4 9230 =

7}. Eudragit L-100
Eudragit L-1002 methacrylic acid®} methylmethacrylate”} 1:1 H]&% &349 copolymer =4
Roham Pharma (Weiterstadt, Germany)ol|A] Atel AS o] &3}

U 284 ﬁ“(free a-glactosidase) 9] Z=A

250 ml AHzF Z2~3 S0l 1% galactoses 73 25 ml Luria—Bertani (LB) ®i#] ZA|5te] a
—galactosidases AAVs= Bacillus sp. LX-12 FE3sle] 28Tl 24 A|ZF &<k 7] vk 31
I % 2 Lo AzE ZEkadel] 22 w1 L 2/E FAlske] Lol ke &< 10 md (1% V/V)
£ 77 FEske] 220 rpm o= wgkePAA) 28°CellA 48 AR &7] vl shith wike] 1 ¥ a
—galactosidase”} SH+-9 woFlS 10,000 x g, 20 # FoF 4TolA YA Bejdte], A5HS =43
Gt I oS w5 Aol ammonium sulfate (75% X3HE #7718t 6 A|7F #<QF magnetic
stirrerol Al 474 £=2 wukek § oAl AR (10,000 x g, 30 min; 4T)8t HAES A
t} o] Fo HAELS 25 mM Tris-HCI buffer (pH 80)o] =o]ir <L buffero] 12 A7t &
FA5l] a3 AN (crude enzyme)s A Z3FATH BE HAHLS 4ToA Fdex, o] 2540
= ZAaEAC #g A AFE-5HA

t}. Eudragit L-100<% ©] 83 a-galactosidase A3} 2 4%
(1) 2% Eugragit L-100 & A%
ol 9E 50 ml tubeol TH9-U dE]e] Eudragit L-100 lg3 =7 40 mS A7)
alo] wwk ATk wwk = 3M NaOH=E pH 117}#] wt3o] 943 gafiA Ak &3 %
3M Acetic acid® pH 77}A] @31 SHFTE 50 ml w574 H7Fske], o] 8 Al7kA] 4

CollA Bas At (Roy 5., 2003).

(2) 143t 34 Ax 2 F&
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2% FEudragit L-100 €< 0.75 m{¥} a-galactosidase Z&ANS 0.1~2.0 md H ol A
3to] 50 mM sodium phosphate buffer (pH 7.002 AA H3E 50 = LAsHA
Aok Ao 1AZF 1wk Al7]aL, 3 M acetic acid® pH 42 95 3 20 3+ A2
ol AR, FAF 12,000xgol A 2087 %“lﬂra o FEde mom AL 10
mM sodium acetate (pH 4.0) 4 M2 &4 Aol ¢ ul 712 oF 33 AH3 Al
HHo wg Fow HYPL 50 mM sodium phosphate buffer (pH 7.0) 5 m¢ H7} 3}
A A 1A E42E ALY Eadd 42 143t &4 AT g AlFHA

A ERdgor &S T IHe A 13 gk

r‘:I r}o{'

[S13
H
=
=

» s} Ed B o
T = = 5 = = = = =
TEARATA-(Izaardradg aray)
et 1A4std 5he] 54
waae] 94 54 P gor 2xse il n4sE TAE oot

Xéﬁ}% a-galactosidase &&=+ 183t HAS o83](5~103]) wHE A Ajsto] uf3]
= A% ALGLAEE HUlstAth o] W 24 F4d 542 50 mM sodium

phosphate (pH 7.00o14 1 mM pNPG%} A4 &4 FHA %9l

MR E FE=59a, 3 M acetic acid 0.2 mE % 7HpH 4)3

LALA2000 * g 20 D3kl Wgah FEAE LSS 223 FE5A 10 niel
& 2

sodium phosphate (pH 70) 50 M= A 7}0}01 &3 AlA T
So= oA AWE WS WEAoE A ste QLE&EE 7t 5HA

*

Aot 2@ 4 dste] pH 3~85 HWHAA 54 EXHE AT oju ALE
2} Ho 2% 50 mMS 7] 2 glycine-HCl (pH 3), sodium acetate (pH
4~55), sodium phosphate (pH 6~7), 28] 31 Tris-HCl (pH 7.4~85)< 30T A o]& 3}

B
it
oX,
o
B\
ol
_0|L
38
kv
R
<
8

<

Aol tfste] 0~80TC WA &

)
70 NEoR G4 HAL 24 stk
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A 178k mae] Q1 Ast] AskE

Boisen 5(1997)¢ 9|3 WS WY AlA FAHAT. Ats AEF(dFd, 8k £3) 05
g2 125 m¢ 47} **a} o ¥ ¥ nAgs aie xaads 77 oF 200
A7F stk 2 % 0.1 M sodium phosphate (pH 6.0) 25 Mg T3 & 0.2 M HCIE ©°]
£3to] pH 5.00.8 w390 th o] wf 1 ml pepsin solution (0.025 g/ml)S A7} dt¢dal 39C
o A 2A17F Fot wiok itk Wik & 0.2 M sodium phosphate (pH 6.8) 10 mS Fo 3}
A3 06 M NaClg o] &3te] pHE oF 70852 57 Al o17]9 1 ml pancreatin (0.1
g/mb)# 0.1 g oxgall (0.3% v/v)= 7} ato] thAl 39TolA 4413 vl 5 A4 &2 s5te
T A& 9= frEl®l D-galactose®] &S galactose test kit (Boehringer Mannheim
GmbH)o.&= FA43te] A3t T4t 2R LN £ 58S A

2 & A NE 8 At

f

1. 71& A58 244 e Ve 59 243

7h 5o e 2 T4
a-Galactosidase €4 (Figure 3-1)& YEW = 88 #F0X-1)E 4% A&4
AE ZAFSHZ] 9l35te], 16S rRNA gene S ZH-E 1446 bpe] A71AES ZAAS A
et o, 1 A= Figure 3-291 WERW Itk NCBI®] BLAST search 23, i
ol LX-12 Bacillus megaterium™ 7V 7W7b9 o0, ol n|Fo] LX-12 Bacillus sp.2] 3t
Fo g HAHEt, MEGA 40 ZT21WS A23Fe] GenBankXol 5% Bacillus sp.] type
strains #9o vwA LX-1& Fa3A7 7V 7WhE Bacillus megaterium DSM 3279}
99.4%°] S HAY. olE HAR & AFdA EEs I T Bacillus sp. LX-12 ¥
B3l om 16S tRNA gene®] 97]14 €2 GenBank database®] Accession No. HQ660811 %
=55

i e

o of 40

-

¢
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(B)

Figure 3-1. SDS-PAGE (A) of partially purified enzyme and
zymogram analysis, (B) showing a-galactosidase activity on a
non—denaturing electrophoretic gel. Lane M, Seeblue plus2
pre-stained standard (Invitrogen); Lane 1, partially purified

enzyme; lane 2, bovine serum albumin (negative control); lane 3,

LX-1 a-galactosidase.

B. koreensis DSM 164677 (AYG6T496)

B fiexus DSM 13207 (ABOZ21185)

100 B. aryabhaital JCM 138397 (EF114313)
99‘ _EB. megaterium DSM 327 (016273)
56 L—B sp. LX-1 (HQB60811)

B. pallidus KCTC 132007 (EU364818)

B. siralisDSM 131407 (AF0O71856)

&3 B. circulans DSM 117 (AY043084)
100 B nealsonii DSM 150777 (EU656111)
P
0.005

Figure 3-2. Phylogenetic tree constructed using 16S rRNA sequences of
Bacillus sp. LX-1 and eight other Bacillus strains. Bootstrap values (based
on 1,000 trials and only values more than 50%) are shown at the nodes. The
GenBank accession numbers are indicated with parentheses. Bar, 5-base

substitutions per 1,000 nucleotide positions.
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L}, a-Galactosidase AJAitell thgh &A1) 9

a-Galactosidase J4boll W x|= BAYe] & Figure 3-3o] YEUSTH BAdo= 2%
galactoseE 7} S W, 71 =S a-galactosidase AAH0.558 + 0.014 U/m)S ## 3}
Ao}t Aspergillus parasiticus MTCC2796S o] &3 o]d AFoA %= galactose’} «a
-galactosidase A4S €3 7FE & 2@249S e At (Shivam 5., 2009). o] LX-1
e B4aYe R wheat brans 712 = AME HAS W A2 a-galactosidase BAte UEF
Wk 28y, Aspergillus fetidus 7ZU-G1 FoME 2 714 HUY «
-galactosidase A4S YEUHATHLiu %, 2007). 2HER wAE #F mith q

b
-galactosidase A4H2 714 EolAd S zteE AS & = AT

o,

0.700 -
0.600 4 a
%‘ 0.500 A
S
z 0.400 A
=
%
® 0300 A
=
£ 0200 - b
0.100 <
N A C C
OU‘OO . I T ¥ __I
BM 1% Galactose 2% Galactose 1% Wheat 2% Wheat
bran bran

Figure 3-3. Effect of carbon sources on a—galactosidase production by
Bacillus sp. LX-1. The basal medium (BM) is composed of 0.5% yeast
extract, 1% tryptone, 1% NaCl, 0.01% CaCl:2H-0O, 0.01%6 MgS0O47H-0O, 0.07%
KHPO4, 0.001% MnSO44H20, and 0.001% FeSO47H.O (initial pH, 7.0;, culture
time, 24 h). N.A: no activity. Data were expressed as mean * standard

errors from three experiments. Values with unlike lower case letter differ (P
< 0.05).

T}, a-Galactosidase AJ4tell gk Ao 3

05% yeast extract®} 1% tryptoneo] EAstE 7| & wjx|o, F718 o2 Z+ZF 1% tryptone,
yeast extract, ammonium sulfate [(NH4)».SO4] %=+ o4 7= a-galactosidase A4S =
ol AY tF=dl(Figure 3-4), ol HFHE 24084 IRES 94 3133, peptones
7} a-galactosidase A4HS oAl S7F AlHTH(Figure 3-4). o] A2 Liu 5(2007)°] H.i1gh
Aspergillus fetidus 7U-G1S ©]-&3}] a-galactosidaseE AAF &3S i, 5k =0 wiat

o
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st Ay g 5= Aol dltt
1.000 - r
0.900 4
__ 0.800 - b
sl
E 0700 - b
—
= 0600 -
£ 0,500 a :
2 0 J
=
7 0400 4
[+H}
E 0300 A
S
g 0.200 -
b d
0.100 -4
0.000 T T T - T T
BM 1% yeast 1% tryptone 1% soybean 1% peptone 1%
extract meal ammonium
sulfate

Figure 3-4. Effect of additional nitrogen sources on a-galactosidase
production by Bacillus sp. LX-1. The basal medium (BM) is composed of
2% galactose, 0.5% yeast extract, 196 tryptone, 196 NaCl, 0.01% CaCl,2H-0,
0.01% MgSO,7H0O, 0.07% KH:PO,; 0.001% MnSO,4H2O, and 0.001%
FeSO47H>O (initial pH, 7.0;, culture time, 24 h). Data were expressed as
mean * standard errors from three experiments. Values with unlike lower
case letter differ (P < 0.05).

2}, a-Galactosidase A32tel thet FE 2o gk
3t e FolE= MnSOZF 714 #Hold a-galactosidase AAHS =71 A7 2w, MgSO,
S o A AFH o y x|l NaCl, CaCl,, KH.PO, E+ FeSO,&= &4 A4k

[e]
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1.000 -
0.900 -
0.800 -
0.700 -
0.600 -

0.500 -

0.400

. ] I I
0.000 - I

0.200
0.100
1% NaCl 001% 001% 0.07% 0.001% 0.001%
CaCl2 MgS0O4 KHZPO4 MnSO4 FeSO4

Enzyme activity (U/mL)

Figure 3-5. Effect of essential elements on a-galactosidase production by
Bacillus sp. LX-1. The basal medium (BM) is composed of 2% galactose,
05% vyeast extract, 1% tryptone, and 1% peptone (initial pH, 7.0; culture
time, 24 h). Data were expressed as mean * standard errors from three

experiments. Values with unlike lower case letter differ (P < 0.05).

v}, a-Galactosidase /3ol W x|= pHe| J3F

Figure 3-6A°] Yeld ZAF, Hd &4 &4 pH 7.004 #& Aok 2812 Ho &
A FA49 50% ol%e] pH 6.0~7.0 Atelell Al vetidth. eyt A o] 23191 pH 3~59 4=
&4 ZAlo] AFE A kgt dubA o g ubg o} g-galactosidasee] I HZ pHE °Fzlo
d7t S UER AR #3330l gR td S4E S YERSITH(Patil 5., 2010). E3F A
A pH 4.0014 A2t 2l Leuconostoc mesenteriodes JKB59} Streptomyces griseoloalbus = a
-galactosidase Ho &49 903 70%2 A4S 27 YJEeEFH AT (YoonZ Hwang, 2008; Anisha
5., 2009). &0, T2 pHE T4 (PH 62~64)- A% pH7F SrolAl™ &l (soy protein)
o] Aol wAstaL Almko] WA B AA o] g-galactosidaser T ZFERsfol & D EhA]
&t} (Patil 5., 2010). wWebA Bacillus sp. LX-1 8] a-galactosidase= pH 7.0914 ZHdje &4

S HolEE T #4358 a-galactooligosaccharide®] 7FrEEafo] glojA A E3ditta Fuw
o sk s2o AU B (pH 6.0~7.00M%E Sd5HE AR Fa AABZHIMAIZA Y 7]F
S & 5 YSs How HY

Hp, 2% W3lo] w2 g-galactosidase T4 2 & <oHAA

2% W3le] wE g-galactosidase &4 ZA3+= Figure 3-6BollA X A3 2t} 40TCoA F
o] &Ad& How, 25~45T WA Hdl €449 50% o3-S Fxaat. 18y 50T o4
3l

of oAM= ool =843} HAY d S AT As 0~70T WA =84
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JESYS SAT 23 H5TolA oF 8% &Aoo FA=AARE, 50T
s A E At (Figure 3-7). T4 PAE I 2Hds B
S

I
=ol wiste] Sk ke £ wEo] B d A2 A
A

A

o]A o]Ho] AHKing %., 2002; patil 5., 2010). 121} FetgAdo] Q= EAa7F A A
gol ox G4 eHaA s Grh(King 5, 2002). o & 5ol Fhol d¢A 29n 44H =
AL 4 A717] f5te], 5 25~45TC YA a-galactosidase A4S YHERH = S 9]

4l
FPHAH(Yoon ¥ Hwang, 2008). =3k AFR A O] o] &%= Ao 7+
TEO AYAQ] &7} 37N OTIAR AARRZA 4 X AR
I AR FEF, A%t 27 dAlE gs wolA A ®d(Boyce®t Walsh,
2006). kA LX-1 a-galactosidase:= 2] &3 AlE AFdol A oiFat g Ao Hdga g47
g Ass HEAT

1o
rlo
=
rir
fz lo
+ fo %
In! 1
<o B
wp Lo T

-
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(A) 100.0 -
S90.0 4
80.0 4
T70.0 4
60.0 4
50.0 4
40.0 4
30.0 A
20.0
10.0 4

0.0 T

Relative activity (%)

®
100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0 T T T T
0 10 20 30 40 50 60 70

Relatve activity (%)

Temperature (C)

Figure 3-6. Optimal pH (A) and temperature (B) activity profiles. (A)
Relative activity at 40°C and various pH levels, where 100% equates to 1.55
+ 0.037 U/m; (B) relative activity at pH 7 and various temperatures, where
100% equates to 1.57 + 0.012 U/ml. The assays were performed at a final
concentration of 1 mM p-NP-a-galactopyranoside. Data were expressed as

mean * standard errors from three experiments.
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120.0 -~

100.0

80.0

60.0

40.0

Residual activity(%)

20.0

O‘O 1 I L] 1 I L] 1 1 L q : ] *
0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Temperature(T)

Figure 3-7. Thermal stability of LX-1 a-galactosidase activity. One
hundred percent of the residual activity equates to 1.544 + 0.053 U/ml. Data

were expressed as mean * standard errors from three experiments.

Al a-Galactosidase Z/do g w&ol2 R stet=do JF

thoFsl F4 o] 23} 3eE Ao thE LX-1 a-galactosidase &4 o] Table 3-10 e ST
o] EAat Ag Hg” Cu* d&d a8 EadAo] vl 23 Asj= et o] AL ojxlo] B
¥ Bacillus megaterium (Patil %., 2010), Aspergillus terreus (Falkoski %., 2006), —1# il
Penicillium griseoroseum (Falkoski 5., 2009) 2] a-galactosidase®] 239} & X]3}3it}.

AW g-galactosidased Al Ag' Hg” ¢} 22 sulfhydryl reactive #40] 52 AR 9o &3
Sk cysteine 4713 Agtste] 71- 3§49 s AEES wWaEletdtH(Wang 5., 2010). ©] &4
St o 7n? 3} NiZ'&A] slol|l Al Zhzt &g o] 48%, 63% ZrAastdtt. whHol fugal Bispora sp.
%o a-galactosidase®] &AL 7Zn®, NiZ' 28] Cu®ol 9ste] okt A5t Wang %,
2010). L&l Ca® Mg® Mn* Fe*, Ba® Mg®, Na' Z12]a K' &4 slolAs aagadel Wit
A9 YyepyA kel =3 LX-1 2 a-galactosidase:= S-o]24 A& Ael SDSo o8] %
A Aoy, ol &4 T TR Eh V)es SHEA FolHEs & F AT
(Falkoski %., 2006). ©]3s} ¥+  B-mercaptoethanol?} chelating agent?! EDTA
(ethylenediaminetetraacetic acid)«= &42gAdd A9 J&&S T4 &= o= Hol LX-1 7 a
-galactosidaset™= & F-9lo o|83} Agto] EAetR] & 4 A FFHol2S Q9= e
=4 8 A (metalloenzyme) 7} obd o2 ATdHTHViana 5., 2006). %2 serine protease
A A2 &7 PMSF (phenylmethylsulfonyl fluoride)oll 23] HF&24 o2 A ¥ = HaFS HIA
H(Hutadilok-Towatana ., 1999).

i

BN
Lo

(i)
ot
tlo
-
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Table 3-1. Effect of metal ions and chemicals on LX-1 a-galactosidase activity

Reagent® Relative activity (%)°
No addition 100.0
Ca™ 92.3+1.8
Co™ 79.2+3.1
Fe?* 81.1+4.3
Mg? 98.4+4.0
Mn* 95.8+4.1
Ba®' 100.00.3
Cu* 3.6+0.6
Zn* 52.1+2.1
Ni** 37.1+1.7
Hg? 0.7£0.7
K’ 103.8+£2.7
Na' 101.0£1.9
Ag’ 0.0
B-mercaptoethanol 98.5+2.1
EDTA 103.5+0.7
SDS 2.9+0.7
PMSF 82.3+0.9

The final concentration of each reagent was 2 mM in the assay buffer.

PThe activity in the absence of all reagents was considered 1002, which
equates to 1.626 = 0.029 U/ml. Data were expressed as mean * standard errors
from three experiments.

oh. 714 HolA

Table 3-20] WeEH AXH, o] &A+E pnitrophenyl-a—-galactopyranoside¢! 4 aryl-a
-galactosidic 7] & dlgte] dAS EoldS YeERAT. 18y maltose, lactose 1831 B
A3} & arabinose$}t glucose &715 7Hx @4 71d 9 22 71H2 A9 sk A skt
3 flolEo A YERNA AW o] FAE CMC, xylan, galactomannan (locust bean
gum) 181l starch®} 2& polysaccharides 7Fiel & 4= ¢120th melibiose, raffinose, —L
2] 3 stachyose®} & galactooligosaccharides <ol A, melibiose’} 7F& -F3HA 315 A
t}. ole} FAYSE s += Penicillium sp. 23 (Varbanets 5., 2001)3} B. stearothermophilus
(Talbot®} Sygusch, 1990) # a-galactosidaseolA] =& Ul dwrd o=z thFRrES q
-galactosidase+= raffinose= W2 A 18|31 stachyosei= =g Al 3 E Sh(Ishiguro 5., 2001).
&0 family 27 Al99 a-galactosidaser <£AEA] &2 galactomannan polymer=4-E
galactosed] F8& & & 4 YAV familly 36 A/ 7] E Eo]A L raffinose®} stachyose #
& 22 oligosaccharidesell Al 3F% o] X th(Wang 5., 2010). webA, LX-1 3 a-galactosidase
family 36 L55o £3t= Ao = HQT}
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Table 3-2. Substrate specificity of LX-1 a-galactosidase

Enzyme activity

Substrates Concentration (U/mb)

pnitrophenyl-a-D-galactopyranoside 1 mM 1.622+0.063
o-nitrophenyl--D-galactopyranoside 1 mM 0.036£0.010
Raffinose 1 mM 1.384+0.073
Melibiose 1 mM 14.563+0.146
Stachyose 1 mM 1.777+0.064

Data were expressed as mean * standard errors from three experiments. No activity
was detected on the substrates such as p-nitrophenyl-a-D-glucopyranoside,
p-nitrophenyl-B-D-xylopyranoside, p—nitrophenyl-B-D-cellobioside, o—nitrophenyl-a-D-g
lucopyranoside, p—nitrophenyl-a-L-arabinofuranoside, lactose, CMC, xylan (birchwood),

galactomannan (locust bean gum), starch and maltose

2k a-Galactosidase &/gol H| X whal A2 &40

LX-1 & a-galactosidase®] T3] ho] tst A& Figure 3-89 145}14]941:} a
28 v 308 Fol proteinase Ko subtilisin carlsbergoll o]8] £+d3] A &f5 At} whH
trypsin, pronase, pancreatin 2 Al A& a7} A9 it o] AL dWA Tt 34
BEEE ARHIE 249 o] oW G40 EEAY v FHE Hoded = & T
A7l T3ty FMA O R, Rhizomucor miehei® RmGal36 9  Rhizopus sp. F78
ACCC307952] Aga-F78 2 a-galactosidaseE2 trypsindl A &Aool Ui AEJHCao

ofk

{o

5., 2009; Katrolia 5., 2012). 3t¥H, Streptomyces sp. S27 & a-galactosidase= 30 ¥ trypsin
el F 50%9 &4 A4S $Ad(Cao 5., 2010).
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Figure 3-8. Effect of proteases on LX-1 a-galactosidase activity. The
activity of protease—untreated control was defined as 10096, which equates
to 1.678 £ 0.008 U/ml. N.A: no activity. Data were expressed as mean =

standard errors from three experiments.

wetA 7k AlRE g4A i Ve 8 23 LX-1 8 a-galactosidase® A FolU AR
Al A tiF A Foll wig- &% FuiAsr 2 Aeolvh 2ed olf = LX-1 #FH «
-galactosidase”’} Aeld o2 A 1egla o] &3tr] ke %9} pHell FHAe a4 A4S
7FAI AL, trypsin?} pancreatin 2 G @A Fa s diete] F2 LS 7HAT] o

ol

i)
4
i
")

2. 4143} 7% 9 microencapsulation/delivery system 712 7]

7F. LX-1 3 a-galactosidase®] 1143} 2 F&

grol AL, FHsgol &o] stH, 8ol @A S v E
Eudragit L-100= ©]&3te] LX-1 &2 a-galactosidase 3
U ZAE FYstdd nASE A= sids w093
(Figure 3-9). Hdl &€& do 34%S S7HA71W 1A4s &
© 2 FEudragit 1WA &Aae #Yo] Y<lo] Fh(Sardar 5. 2000; Roy &
Falkoski 5(2009)¢] X ol 98t Penicillium griseoroseum -3 a-galactosidaseE
glutaldehyde 1725 o] &3k silica geldl A4S A|=dgar, oju H& 143 a8 05
AEo] =3 39t Figure 3-102 1243tdl §49 EA4E& X-a-gal Tl E o] &3t HER

ATt

e}
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Figure 3-9. Immobilization of LX-1 a-galactosidase on FEudragit
L-100. “A” represents the amount of enzyme theoretically bound to
the matrix. This is calculated by subtracting the unbound activity in
the supernatant from initially added enzyme. “B” represents the
expressed activity of the particular immobilized preparation, measured
after incubating the immobilized enzyme with the substrate. Data

were expressed as mean * standard error from three experiments.
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Figure 3-10. Zymogram analysis of a-galactosidase activity in the

immobilized enzyme.
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1A} aae AEEA

133 5@ 2A Eudragit L-1009] %7
AN E8 o R uhylo] A s, ol & ,

glth= HolthRoy 5., 2003 Gaur 5., 2005). £de uhEE WA we
AEA A HA Oﬂ*ﬂ o] & xo] AAAOE vy FastA &8& 2 FAth(Bayraktar 5.,
2011). Figure 3-11°1A4 YelH AAH, A& =S4 Al pH 40714 250 353l B
shar, mAgstd LX-1 f&l a-galactosidase= 1 &9 &4 glo] 63 74 A& 7Me3h
S YE Y. Eudragits ©]83te] 1nAstE 92 45 (Gaur 5., 2005 Silva 5., 2006;
Zhang 5., 2010)¢] & 3] HAA RIHSHA o] &¥= o] A A A LX-1
a-galactosidase &Adol] F-A A GaFS v xR &t} o] AL Eudragit L-1009 Aspergillus
niger 3 xylanase 1133+ pH 4.09} 550 WHzol =& ¥ Fho HHAHE o] &= o
A A Bl A A& F A& Ao (Sardar 5., 2000).

100.0 A
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F4 pHolA S8 ez rhr pH 40 o3
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Figure 3-11. Reusability of the immobilized LX-1 a-galactosidase. Data

were expressed as mean * standard error from three experiments.

o x4 nAst 34 @4 pHIF WA= I

Figure 3-12¢14 YeEd AAFE, LX-1 FHE 549 HA pHE 3549 4dFde
65~7.0013L, nA3I GaroME 7.0 oAUt unAHIE FholA pH W= ofF dubH oAt
(Thippeswamy 2} Mulimani, 2002; Sanjay®t Sugunan, 2005; Bora ., 2005), Eudragit L-100
¥} Eudragit S-100 A5 +843 B84 E& 719402 & 4 9l polymero &49 143}
= #A pH @Al mnlgk 43S mFItHAL T, 2005). 91E E°l, Eudragit L1002.2 317 3}
N7 Aspergillus niger$t Scytalidium thermophilum 59 xylanase:= 2% pH7} W3}7F ¢l
o o7 W3t FHAtH(Sardar 5., 2000; Gaur 5., 2005). TlE9], galactoseE SF-R-3F
polymeric bead®l] 1174 3}¥ EwlE a-galactosidase®t A3} A e F Ao pHeE 4002
& A3 A tHOkutucu 5., 2010).
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Figure 3-12. Effect of pH on LX-1 a-galactosidase activity. Data were
expressed as mean * standard error from three experiments. Immobilized
enzyme (open circle with dotted line); Free enzyme (closed circle with

solid line).

gt 249 A4 g4 A =T7F v A= 9
LX-1 fref &40k uAst i Wigh HA == EF 40CTE dehlAdrh(Figure
3-13). LG sk= o] Ao HA 2o GFS VAA Fkoem, T3 o]# 3 #AF2 Eudragit

S-1009 A3 H@ JHA protease 91 Esperase (Silva 5., 2006), silica gelel 243} A7l
Penicillium griseoroseum 3] a-galactosidase (Falkoski 5., 2009) 18] 31 galactose= S
3l polymeric beadoll A3} A7l EwlE g-galactosidase (Okutucu 5., 2010)o 4 & %A
o}, 28}, Eudragit S-10091 A3} ¥ Streptomyces olivaceoviridis E-86 @l xylanase+
st HA e TAVE HA 2E7F 60CE UERHAARE 1143} Fol= 66CE 2w °F
HATHAIL 5., 2005).
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Figure 3-13. Effect of temperature on LX-1 a-galactosidase activity. Data
were expressed as mean * standard error from three experiments.
Immobhilized enzyme (open circle with dotted line); Free enzyme (closed

circle with solid line).
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stA "tk (Bayraktar 5., 2011). A&A A A A, 55 A5 HI/HE 54& 7H3l
Ao 73 Aol HF7E F83% 7]so] #HthH(Francesch®t Perez-Vendrell, 1997,
Sulabo ., 2011). Figure 3-14° YElt ZAAH, 37CoA A kgddo] nAgstsE S3bo] 3
FE QAo nAgsty g §4E AL A7 S (autolysis) e Wolet A3 A& 4
<= Aotk (Sharma 5., 2003). HE&o], A3} &4 A4 B AAE nAS U AF =
Aol wz} vkl Al A& 2 4 AtH(Onal®}t Telefoncu, 2003; Celem®} Onal, 2009; Okutucu
., 2010).
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Figure 3-14. Storage stability of free and immobilized LX-1 «a
—galactosidase at 37°C. Data were expressed as mean * standard error
from three experiments. Immobilized enzyme (open circle with dotted

line); Free enzyme (closed circle with solid line).
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Substrate Microorganism Enzyme(s) Author(s)/year
) Chromobacterium| . ) =
Eudrgit S-100 ] lipase Rodrigues & (2002)
viscosum
Chlt.osan ) ) Betigeri ¥} Neau
Alginate Candida rugosa lipase
Agarose (2002)
) Candida rugosa . =
Chitosan lipase Hung & (2003)
type VI
carbodiimide Candida rugosa lipase Chang & (2008)
Eudrgit L-100 Aspergillus niger xylanase Sardar 5 (2000)
Eudragit S 100 Trichoderma viride xylanase Gupta & (1994)
) Melanocarpus
Eudragit L 100 xylanase Roy & (2003)
albomyces I1IS 68
) ) ) Hernaiz ¢} Crout
Eupergit C Aspergillus oryzae a-galactosidase
(2000)
) ) ) ) Hernaiz %}t Crout
Eupergit C Bacillus circulans B-galactosidase
(2000)
Silica Kluyveromyces lactis | B-galactosidase | Giacomini & (1998)
agarose T M g °
Eudrgit L-100 Paenibacillus sp. a-galactosidase | Park & (2012)
) Penicillium
Eudragit S 100 ) a-amylase Ertan & (2006)
griseofillvum
Epoxy-Amino . ) -
Aspergillus oryzae B-galactosidase | Torres & (2003)
Sepabeads
calcium alginate | Bacillus circulans GRS
a-amylase Dey & (2003)
beads 313
CNBr-activated | Myceliophthora -
] a-amylase Sahukhan & (1993)
Sepharose thermophila D-14
Silica . . . .
Bacillus lichenitormis a-amylase Dobreva 5 (1996)
agarose
chitosan Bocil] . . Abdel-Naby 5
Amberlite TR-120 acillus mycoides protease (1998)
Silica Bacillus licheniformis | protease Ferreira & (2003)
calcium alginate ) ) ) ) Potumarthi 5
Bacillus licheniformis protease
beads (2008)
Gelatin Aspergillus ficuum phytase Liu & (1999)
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, Dischinger s
Agarose Aspergillus ficuum phytase (1992)
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