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o-Galactosidase galactose ZH7|5 §H-13F melibiose, raffinose,
stachyose®} Z& 28|19, galactolipids, galactomannan (guar
gum, locust bean gum)9] HIZYY EHO 2 RH o-1,643 2]
D-galactosyl 715 71=H3l8l= exo-glycosidase®]TH(3, 12). ©]
23t BAXS A<= o-galactosidase= AFGE EAZ 0|81
A=), Agardol A Fdol| FrE raffinose’t YA FE(6-10
%) ZZEH sucrose?] AR} FA|Fo] HFLE HriHE 9
Qle} H2 g ol o-galactosidased A &|3F] raffinoseE 7}
E3AIZIH EBolAM sucrosed] Fg-&0] Z71E 4 Aok, 17).
Q171 S FEEL 437 #oll o-galactosidase’F B =]
o] Tl &A= raffinose®} stachyoseZ} A3FEA] ka1 off
Aoz ity 7tAE Biste AT Clostridium sp.oF
Bacteroides sp.oll 3l 2l Fo] AdTe] wiE, olitsles, 4
7h7t AE o] 23] 9]le] "Ark(19). 1B EE F& 98
2 AMESRE A9 o-galactosidaseZ A E]3HAE o3 A
At T AEF] FUHRI A ML olF & J2H(6) AL
S 5] JYEES BY F A AEHME AAEE F
|A40] Eoh10). 7o) AL lhFol EAsle Vi £4
Ql o-galactosidase AS] G484 2Y T R o3t 2nz
Hehbs 32de] A4 tiatel 3R] FBeRe AmA=H4
o-galactosidase?} ©)-8-H 1 JTH14). Thermus thermophilus(17)°
2J8)] AY4k=lE o-galactosidases} o] W EAJo] 243t o-galacto-
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sidase™ ARE2] galactomannan®l] S5 galactose & A
A3l mannanase®} FA)9) #2]3PH galactomannan £35S 3
BAE g o] Bz} ARl o]-88taat sl AlETt ol F
o] K31 9] o™ (2), o-galactosidaseS AJAEHR= FAMF S T2 E
of ol-&sliz} k= A= ) A E T k1)

o-Galactosidasew QIZMS EFIsle &, 218, v|AEAgA F
F EAEi, v]AE fele] G40 4kdE S-8Ale] momg
A EZRE] TggE S549] o-galactosidases”} HZATI AT Tl
9] FFol7} AES a-galactosidaseE AAFE AoE LA
o™ Aspergillus niger (4)2F Trichoderma reesei (2yc &3t
2 F5 oA o-galactosidaseS AL B3 Saccharomyces
cerevisiaeS} Hansenula polymorphallX M ES] Br]EAZ XA
QHKR). ATl A= Pseudomonas fluorescens (9), Bifidobacterium
adolescentis (15), Bacillus stearothermophilus (20), Clostridium josui
(12), Lactobacillus plantarum (19), Carnobacterium piscicola (3)
oA B} 1 Frrixte] Eodo] vl

HAE AF Al B0 FZRE o-galactosidased] Ao Z
EelE yB42 5= FEjH 54, Asieha 44 8 o1es
RNA ¥7)4 ¥ (GenBank accession No AY601721)0 wel B.
licheniformisZ  $8H oM (13), FE|TY o-galactosidaser
melibiose, raffinose, stachyoseol A o-1,6 239 o-galactose 2
718 @3] Ziial stohe ARdo] EEATh B dAeae
B. licheniformis YB-427} AYAVSH= a-galactosidase®] 43l o}
£ 7137 75RE 288 vadta e £33 o
galactoside B¢ 7R85 ZALSIE Y
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HAgA L?JEJ B. licheniformis YB-42& o-galactosidase®] AJAF
To2 ARESIYAL, LB YAl R (veast extract, 5 g; tryptone, 10g;
NaCl, 5g; water, 1liter)2- ©]-8-3}] w3153}, o-Galactosidase &4
NOZ = B. licheniformis YB-425 LB Aol HZEsk 37°C0
A 20717F vt & o588 ammonium sulfate (20-70%)
283}, DEAE-Sepharose, Q-Sepharose 28 A ZPIEIIE 4=
gJsle] REZAE o-galactosidase S ARE-SHSITH(13).
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o-Galactosidase®] 842 th3-o] FAol o8] A3t 05
mM  p-nitrophenyl-oa-D-galactopyranoside (pNP-oGal)?} 50 mM
sodium phosphate buffer (pH 6.5y F§3h whg-olof HF vhg-55]
7H400urt HEE GAE F7lste] 45°CA 1087 wHEAIZ) $
whg-olo] 2u) K3]9] | M Na,CO, £48 H71sle] vhe-& F2A
713 405 nmol A F3=E S48 LA FHEE 18 B
1 nol®] pnitrophenoke: FEIA7 1S EAFE 1 unitE A2 0}9\9\‘:}
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Melibiose, raffinose, stachyose® 212t whg-7] @2 3l g4t
S5 Folg Fol whEAE 3% Bk 95°cellA GAES & A
A Balsle] gmlAd AAES AAS ASAe AR Hs)
chloroform, acetic acid®} Z-H9+(4.3:5:0.7, (viv)) EFEAS &
JR-&N O =2 3} silica gel-precoated thin layer plate (Merck Kiesegel,
No. 5748014 ¥} A 2vlE1|0E $3r}. e E48
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S F 1200904 1083 A ek
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A7ste] 45°Col| A 102 52t RREAIHTE DNS AleRe: H7ts)
o §h3-8 7642]}‘]7141— B FoA 58 5 R3] whaAg)
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Fig. 1. Growth and «-galactosidase production of B. licheniformis
YB-42. B. licheniformis YB-42 was grown at 37°C in LB medium.
The cell growth (-O-) was determined by measuring absorbance of the

cell culture at wave length of 600 nm. o-Galactosidase activities ( -@- ) were
determined with the culture fitrate.

S 3'&7415 ZARL7] A8 LB AAul=lol] wjeksl o, o] uf

b AR el QRAN FHT LS 42T
E]z%i 843t 600 nmoll A FFEE 29T, o-galactosidase
o] AH3e o dT el EAgte EAEEE SHFOEN
ARSI}, B. licheniformis YB-42= 37°ColA wi2A) 4735}
o Bl 1047 vholl HAAEE JeRAL, oF kA7l
Tk APLESE BAI0) MRS Ae] AR B BA0] A%
o) 27488 "Wy o vlok 45A|7Hol A a-galactosidase?] A3
Ao} 718 mUmlol ©| 23 THFig. 1). B. licheniformis YB-42
o] A} FA N ZF o-galactosidase EAd0] EA)3E
Atk Aol ofn] Elgnt Ql=dl(13), AFE7] o] Fol w5
dof Ak A0l ALK R FVIRE AL TAZL 9
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AoV AL} B a-galactosidase”} AP 710} 0|22 AHAlE]7] w&-
o2 JHT
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C. josui(12), Streptomyces sp.(14)2} Thermus sp. T2(11)2] &
28k= 2 B. licheniformis YB-429] B SR o2 HE] HE
A = ot—galactosidase‘—.:— a-galactoside 2F0] melibiose, raffinose2¥
stachyoseS ©5 &4 7lRa| sk Aoz SR1HUTHIZ). o
A JA0 7 vhEAE] e gy 7k
& A=E 2A1SH7] 9130 melibiose, raffinose, stachyose® 0.8
umolZ 8} 74z} F AT WhS-AI7HE EEldle] wheElE e w
AAYH RREAIZI0] SRS TR =t ESTh wheAIRE
I g4 g J)1-E7| JeEd E8S TLCE viwgt 2
7} Fig. 2] ViR uke} o] 6047t WH8-EAE ™ melibioser
20 mU, raffinose= 40 mU, stachyoset™= 80 mU2] &AE AlS-3}

S A9 WREY 71-o] el HUAL
40mUZ  60%-7F,

ot-galactoside

WS} melibiose™

raffinose= 40mUZ 90%-7F, stachyose=
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Fig. 2. Hydrolysis patterns of melibiose (A), raffinose (B) and stachyose (C) accroding to amounts of o-galactosidase and reaction time. Enzymatic
hydrolysis of the substrates (20 mM) was performed at 45°C with a reaction volume of 40 pil. Reaction times were indicated at the bottom of TL.C.
Amounts of o-galactosidase used for the reactions were as follows: lane 1, 10 mU; lane 2, 20 mU; lane 3, 40 mU; lane 4, 80 mU; lane 5, 160 mU.
Authentic sugar abbreviations are as follows: M, melibiose; R, raffinose: S, stachyose; Ga, galactose; Ge, glucose; Sc, sucrose.

80mUE 90%zt 242} viA1 7S wf &3] 723) =He A
o2 AAHAAT. THEZ B licheniformis YB-422] a-galactosidase
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o-Galactosidase®] 72T 7128 B&5 Hlawslr] 93] ke
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(Fig. 3A). Raffinose®} stachyose™ FEAFFo] Z7id] wal 2]
H o] AGHcR SRR eH, 1 UY E4E ARSI
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Fig. 3. Amounts of the reducing sugar liberated from melibiose, raffinose, and stachyose by a-galactosidase. For enzymatic reaction, substrate
sugars of 0.5 mM including melibiose (panel A), raffinose (closed circle of panel B) and stachyose (open circle of panel B) were used in a reaction
volume of 0.3 ml, respectively. Reaction was performed for 10 min at 45°C with various amounts of ¢t-galactosidase. Amounts of the liberated

reducing sugar were determined by DNS method.
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Fig. 4. Thin-layer chromatogram of the hydrolysis products of
melibiose with low amount of o-galactosidase. Reactions were done
at 45°C for various times using melibiose (20 mM) as substrate with
a-galactosidase of 10 mU. Reaction times were indicated at the
bottom of TLC. The arrow indicates unknown compound, which was
transiently formed by o-galactosidase. Authentic sugar abbreviations
are as follows: M, melibiose; Ga, galactose; Gc, glucose.
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Ao}, 3] glucose RU= galactose’| =R o 7}=2s)] =]
ET FHESE melibiose®] o] BUTH(Fig. 5A). Raffinose
(Fig. 5B)9} stachyose(Fig. 5C)E HFS-AHEQ1 galactosel} sucrose
7F FHoR EAEA L i sl HAL, i = A
Sel derol 71nrs) B4 e AUz ST A5G
7149 4o 2 B off sucrose KU galactose®] Exjol I3
raffinose$} stachyosei’f] Trrisl A AT ) k7 H9tt).

HFE F&H Eoff
ol raffinose, stachyoses©] A3l o]Eo] tF
o] AFolU AR E AASIE S wl 3Ee] dlo] e 7;3-‘1
2 4 A QW) B. licheniformis YB-422] o-galactosidase”} TY
T35l EA5k= o-galactoside T2 E3s=A 2AEH] 945]]
NFE FE2AE VAR ot FASS T8t T8 &
YA (10%, wiv)e]l FEdE 7|A= ’\}%3}‘:’:] B §4F 3
7}0}01 F59 Aol 7R 37°Col A -2 =%k A} o)
TRl SA13= raffinose®} stachyose’} B5F &3d Aoz ¥
A=A Fig. 6A). HHSAIZFE 1 A7te 2 143 aihsEe
gt RESIAE ) BA o] F/1ERE diTE “‘—ZHO]'
+ raffinose®} stachyose®] o] A5l C™, 80 mUS] &4
A1EAE o ool tRE 723l = ATHFig. 6B). ‘I}E}H
o-galactosidase®] 23+ W1 F9] raffinose} stachyose 7123l &
BE& Tl EAhs BE gl osl SEsA AsiEA &
€ Ao FS5HET 3 S48 B EH‘T‘"" el aHE
FAFE AR A8l 2% T2 FE4E 71EE 519 10
B 71588 whe-g Saslls w Hulkd L%h’] 375 mU
o]’gell A 0.101 umol®] H FPZo] WA= Aoz 3R
S THFig. 6C). WA B. licheniformis YB-422] a-galactosidase
= 5 A5k & 284 99U raffinose®} stachyose -2
A3 REAE - Yo E, T UHEE B4R 4 AR
Aol E87kA17F vk gt
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Fig. 5. Thin-layer chromatogram of the hydrolysis products of melibiose, raffinose and stachyose with the 0-galactosidase in the presence of reaction
products such as glucose, galactose, and sucrose. In the presence of various concentrations of the end products such as galactose, glucose and sucrose,
enzymatic hydrolysis of substrates (20 mM) including melibiose (A), raffinose (B), and stachyose (C) were done for 1h at 45°C, respectively. The end
products were added to be final concentrations of 0 mM (lane 1), 10 mM (lanes 2 and 6), 20 mM (lanes 3 and 7), 100 mM (lanes 4, 5, 8 and 9),
respectively. Lanes 5 and 9 are corresponding to the reaction mixture before enzymatic reaction. Added sugars were indicated at the bottom of TLC.
Authentic sugar abbreviations are as follows: Ge, glucose; Sc, sucrose; Ga, galactose; M, melibiose; R, raffinose. S, stachyose.
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Fig. 6. Hydrolysis of raffinose and stachyose in soybean meal with B. licheniformis o-galactosidase. In panel A, reaction products of the soluble
extract (10%, w/v) of soybean meal were analyzed from reaction mixtures before (lane 1) and after reaction (lane 2) for 1h at 37°C with 120 mU a-
galactosidase. Panel B indicates the hydrolysis patterns of soluble extract (10%, w/v) of soybean meal according to enzyme amounts. Amounts of
enzymes were indicated at the bottom of TLC. In panel C, the soluble extract (2%, w/v) of soybean meal was used as substrate for hydrolysis
reaction by o-galactosidase. The reaction was performed for 10 min at 45°C with various amounts of the enzyme. The reducing sugars liberated
from the soluble extract were quantificated by DNS method. Authentic sugar abbreviations are as follows: Sc, sucrose; Ga, galactose; R, raffinose;

S, stachyose.
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ABSTRACT : Hydrolysis Activity of o-Galactosidase from Bacillus licheniformis
Hyun Suk Kim', Kyung-Seob Lee', Jae Ho So', and Ki-Hong Yoon"** (!School of Applied
Food and Nutritional Science, *Bioresouce and Application Research Center, Woosong Uni-
versity, 17-2, Jayang-dong, Dong-gu, Daejeon 300-718, Korea)

The maximum productivity of o-galactosidase, capable of hydrolyzing completely o-D-1,6-galactopyranosyl
linkages within oligomeric substrates such as melibiose, raffinose and stachyose to liberate galactose residue,
was reached to 718 mU/ml in the culture filtrate of Bacillus licheniformis at death phase. The o-galactosidase
was identified to show different efficiencies for hydrolyzing the a-galactooligosaccharides according to analysis
of reaction products by both TLC and quantification of the liberated reducing sugars. The enzyme was active on
o-galactooligosaccharides in the order of melibiose, raffinose, and stachyose. Though the hydrolyzing activity
of enzyme was faintly inhibited by reaction products such as galactose, glucose and sucrose with amounts of
five folds more than the added substrates (20 mM), the largest inhibition of enzyme activity was caused by
galactose among the end products. Unknown compound, which migrated slower than melibiose on TLC, was
detected during hydrolysis reaction of melibiose, suggesting that the o-galactosidase has a glycosyl transferase
activity. In addition, the enzyme was able to hydrolyze efficiently raffinose and stachyose existed in the soluble
extract of soybean meal.



