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B-Galactosidase(p-D-galactoside ~ galactohydrolase) = -3 3}
& B-D-galactopyranosidesellA4 H]3 Tt B-D-galactose S
7RPESI B AL galactosed] Holnke-2 Znjsle EA41S AY
or, oAt Z719] videl] ulet glycosyl hydrolased]
1, 2, 35, 42 family2 FEAT} Z+ familyW ol &3lE
galactosidases Afolol] 712 BolAdo] fAlEI}F &4 gkor,
d Bold& 71502 BgalactosidaseE FEIE oJH &
Ejo]t}. B-Galactosidase®] 71783l 42 fAlES 438 7t
FEHAst f BHSS Holgal HEE ol ol8H
W, 7 Ho] #9e A7e] Y R-87AE<] bifidobacteria®]
e T ZEELY G Az o]&FH)

2 EAdGel| AME-EE B-galactosidases FE Kluyveromyces
lactis®} Aspergillus nigerolA AAtElE 471 AMEERYE A
Aol Yol A FHAA AT wie AgEE FA4
o] slom, HZde YIS B-galactosidaseS AJA8le S&
3 BRQI Sterigmatomyces elviae CBS8119V7} B3]}, u)
HHEdH ko] B9 oj5o] AJ4lsl= B-galactosidase®]
7hrEE] Aot G Hol B4L MAT A olE AES
Aot RF AFe] Ao olgsl=d 1 F-8488 =Y

al

AUt} w2AM  Bifidobacterium breve, B. bifidum} B.
longum RGNl A Hald® B FH< bifidobacteria® <}

Lactobacillus%:; LactococcusZ:, Streptococcuss:, Pediococcus
& &b Ay kS0l AAFShs B-galactosidase?] 543
o] ¥ralgom ¥ H2o| fAto® BEBH Carnobacterium
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piscicold®= B-galactosidase”} HIE ST}, 8 F7 o] B-
galactosidases 7} FL T FFolA AAEHE A97F Bot
Bifidobacterium infantis HL96V9A] 3%, B. adolescentis®*!
A 2% F, Bacillus stearothermophilus” A~ 3FF<e  P-
galactosidase”} 72} Bslxlom, o]&2 FUT +EolM AL
H gaer e HoNkge] Soldst vhgErd o
7 & AoE ERIFENUG. AFEST G AE 93 2
Aoakge] Eolds} whgEAdo] thE B-galactosidaseol] THEk
ATF= woesei,®  Sulfolobus
Sterigmatomyces elviae,” Thermotoga maritima'® 2] o5
A K= AT

M  galactosidase & YAV StreptomycesE TFE o
galactosidase AJAHF S, erythrus'V el Streptomyces spt? 2
B-galactosidase A4+l Streptomyces sp. Vo] BIFHIIc}. 2
Aol Fool BRI Streptomyces sp. YB-102] FAe}
WRS-E o] ThE B-galactosidaseS Y3l Strepromyces sp.&
Eo8la BAsIeY, B o 2R e ALk 540 g5
AE AT

Pyrococcus solfataricus,”

ol
ES

oY

N=

B-Galactosidase R2Hte] &4, ANAFE AHE3lo] Al
Z8 EUMNE dglg Wy ¥2)8- humic acid vitamin %
Al <] (humic acid 1.0 g/, MgSO, + 7TH,0 0.05 g/, Na,HPO,
0.5g/l, FeSO, - THO 001g/l, CaCO;, 0.02¢g/l, KCI 1.7g/l,
thiamine-HCl 0.5 mg/l, riboflavin 0.5 mg/l, niacin 0.5 mg/l,
inositol 0.5 mg/l, pyridoxin-HC] 0.5 mg/l, Ca-pantothenate 0.5
mg/l, biotin 025mg/, aminobenzoic acid 0.5 mg/l,
cycloheximide 50 mg//, nalidixic acid 50 mg/l, agar 18 g/l, pH
7.2l =EE - 28°CollA 797 HiRsle] WAe ek
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ok BEEiReA FAPE AR e FEYE AT wdE
G.S.S HjA](soluble starch 10g/l, K,HPO, 0.25g/l, soybean
meal 25 g/l, beef extract 1g/l, yeast extract 4 g/l, NaCl 2 g/,
glucose 20 g/l, CaCO, 2 g/, pH 7.2091 BE3lL 28°ClA 5
A7 AY FT T AYRAG e PSe) B
galactosidase B/9-& O ZMN B-galactosidaseS A3k
WAHE s

eldF 3. £4F9 F8L Bergey’s Manual of
Systematic Bacteriology©} International Streptomyces Project
(ISP) HP ol F3lo] A B3I vl B9 ZAKs ISP ¥
Holl whel ISP 3 3 A (Difco, USA) No. 2, 3, 4, 5, 73
glucose asparagine 4] 2 Bennett X HE3 F
28°CollA 7Y, 144, 219 HHO = JgARe] M7, vz
iR, A, 7Hd A AR /T 2 Fed A A
A F5E BEINUY. @Y o84S glucose, arabinose,
xylose, rhamnose, fructose, sucrose, inositol, —mannitol,
raffinose 5% F7F ©AU0E H7H3E Bennett SuIR] oA
g 5 4% AEE vl 2430 EeaFe FH
A B xxe) AP, TuAY, TAENYE 52 3F
< B3 AAsRen IAYYTE oatmeal HIAE o] &
shod 28°CollA] 2147 viget & AL

B-Galactosidase ZHAY AR, EEd-E GS.S iRl g
3l 28°ColA] 5Y B IR Wit F dARelsle wiy
Fedg At WdFEdel 15% (w/v) ammonium sulfate
€ A3 F- 12,000 rpmellA 302 FF AAET S A5A
2 o} ammonium sulfate®] HEFEE 70%7t FEE I}
st 2E FUE 24004 AR § AHES Fs
& 20mM A2+ LA (pH 6.0)°] FHo|I FTY o) £
3] 27 ANE A ZRFFT)

B-Galactosidase ¥4 3. 1mM p-nitrophenyl-3-D-
galactopyranoside(pNP-BGal)9} 50 mM sodium phosphate 3
£ (pH 6.0)8 X3 kg FAE 78l 45°Cox 10
B2 whgA7) § whgRe] v R3] 1M Na,CO, §94&
A7rste] WS FZEAIAL 405 oA FBEE P
g, 8§49 FAEE 18 59 1umole®] para-nitrophenol-S
Ve EA4%E 1 wit2 BEN.

B-Galactosidase &4l wX = 2% pHY I
Galactosidase 430l HlX= Whe- 2xo] IS Al
sl 30~80°C7HA1Y) 2ol A] 7z} B-galactosidase 8L
Aaen, &4 uXe pHY FEFS Dokrr] A
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A, pH 6.0~8.091*]+= phosphate $+5-80-& z}7} AL&-3193T).
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zte] oA JAAZE B T 2N S EA5
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Fig. 1. Scanning electron microscopic photogram (1.19X10%) of the
isolate YB-9 grown on oatmeal agar medium for 21 days.

A BANE-S IR Fof] Hkgale 3E Bt 95°Celd &
A F dAEse] did JAAEES AASE FFAE
HA e Hsl chloroform, acetic acid$®t FF5@.3:5:07, W)
o] TFLAL ANLNOE 3t silica gel-precoated thin
layer plate(Merck Kiesegel, No. 5748)°141 ¥1& AZnlE 12|
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&, 120°ClA 5~1087F WA F #FENH.
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B-Galactosidase 73 E& ¢ FF. Humic acid
vitamin FHIRE olg3e] £ F2lF A4S GSS &
3 AR HES A 28°CellM 597 W udet & pNP-
BGalg 71A= 3l wFF5do] SAlSk=s B-galactosidase]
g4 240 2H B-galactosidaseS AAtsle TS B
3k ©l8 & lactosed] #3l50] 2™ B-galactosidaseS]
Aol & A5 HFTH 0T sl YB-9E YA

AdE YB-99] FelE 54L& A 4F Fg. 194 B
vlgl o] EAle] BAL WP AUNFPolH 2 IV)E
0.5~0.8X 0.8~1.0 um®| T}, EXR= 15~4071 o)de] A=}
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o F2 Mol T2 wjAe F2 243 PG Hole
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L-arabinose, D-mannitol, D-fructoseE Etagdes Z o]&31%
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Table 1. Cultural characteristics of Streptomyces sp. YB-9

Media

Growth Aerial mycelium color Reverside color Soluble pigment
Yeast extract-malt extract agar (ISP No. 2) Good Whitish gray Brownish pink None
Oatmeal agar (ISP No. 3) Good Whitish gray Yellowish brown None
Inorganic salt-starch agar (ISP No. 4) Good Gray Brown None
Glycerol-asparagine agar (ISP No. 5) Good Gray Brown None
Peptone-yeast extract-iron agar (ISP No. 6) Good Whitie Yellowish brown None
Tyrosine agar (ISP No. 7) Good Gray Brown None
Glucose-asparagine agar Good Gray Pale yellow None
Bennett's agar Good Gray Pale yellow None
Table 2. Physiological characteristics of Streptomyces sp. YB-9
Unit character Description Unit character Description
Melanoid pigment - Carbohydrate utilization
Soluble pigment - D-Glucose +
Coagulaﬁon of milk + L-Arabinose +
Peptonization of milk - D-Xylose +
Hydrolysis of starch + Inositol +
D-Mannitol +
Cell chemistry D-Fructose +
Diaminopimelic acid LLtype L-Rhamnose -
Sucrose -
Raffinose +
+, positive; -, negative; *, faint positive
3, D-xylose, inositol#} raffinose®} ]84S $-3k4] £33 Temperature ()
o1 1 thamnose®} sucrosei= ©]€81A) Eole Ao vehd 1202 3 b 50 ® e &0 80
ot WA E@Eld YBIE  B-galactosidase®] A AR
Streptomyces sp. YB-10"3+= sucrose®} mannitol®] ©]-84 = 1007
Rl Fol7t Y Aoz el g
39 Koo Hxee) EZAshs diaminopiemelic acid®] 3 2 % Y
e TLCE Fd BAW® 4%, YBOE L3 E o Y
diaminopiemelic acidE AU o] Streptomyces &0l &3} ; //
Row Wy, g w0 A
B-Galactosidase] Wrg- E4J. Bennett HiX|9} G.S.S HIAIE @ A// g
AgEle] 28°C, 200mpme ZAOEZ  baffled flasko] A “ /
Streptomyces sp. YB-9E Z1& wioFsiiM widedd] EA) 0 * ' ; ; 1
3= B-galactosidase®] 412 =43 Z3} Bennett Ao+ 3 4 5 6 7 8 9

B-galactosidase”t 712] A4k 23kom, G.S.S vix|ol|xd= wl
& 5LRYll A Th Aol A3 o] Hdld o]
e Ao® veldti@a vlAlA. B-Galactosidase™= -
o wiAEANM AW L2 SA3=v Bacillus sp.,'”
Paecilomyces varioti'® Streptomyces sp.? FolA= dAY=E
BHldE Aoz dEA ok L3, Corynebacterium
murisepticum' "= galactose®t lactose®l] 213 B-galactosidase2]
Az do] FEEl= WHHo Lactobacillus crispatus'®e galactose
o o5} &4 Aol FEHAT lactosed) JsiME A H
= Aoz BAHNUY. Streptomyces sp. YB-99] &4 Arke]
HX= eage] FEe FAH R AR S AR
glucoseE -8k G.S.S HiX|olM [-galactosidase”} AYAHE =
RO Hot glucosedl] 2J8) B Aol A Asf A &
< Ao= ot

pH

Fig. 2. Effects of reaction temperature and pH on the B-
galactosidase activity. Temperature profile (-A -) was obtained by
measuring the [-galactosidase activities at pH 6.0 and different
temperatures. The rteactions was done at 60°C and various pHs for
determining the pH profile. The following buffer systems were used:
pH 4.0 to 60 (-@-), 50 mM citrate; pH 6.0 to 8.0 (-O-), 50 mM
sodium phosphate.
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galactosidase®] EA0) MAE FFE AR A7, Fig 29014
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Fig. 3. Thermostability of p-galactosidase. The residual actvity was
measured at various times after incubation at 40°C (-@-), 50°C (-O-)
and 55°C (-'¥ -) with a fixed pH 6.0.
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A kske Wi} FARSE AEZ lactose”} WhEE JHESIEIR
. 2 galactoseE F7Iste] ¥REEIRE W tIFEER
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Fig, 4. Thin-layer chromatograms of hydrolysis products of lactose with the B-galactosidase. In panel A, reactions were done with 200 mM
concentrations of various sugars including galactose (Gal), mannose (Man), xylose (Xyl) and glucose (Glc) or without them (None) for 2 h at 60°C,
respectively. Reaction products were analyzed from reaction mixtures before reaction (C) and after reaction (R). In panel B, reaction was done for
various times at 60°C. In panel B, reactions were done with various concentrations of xylose (lanes 4~12) or no additional sugar (lanes 1~3) for
30 min (lanes 2, 5, 6, 7 and 8) and 60 min (3, 9, 10, 11 and 12) at 60°C, respectively. Concentrations of xylose added to reaction mixture are 50
mM (lanes 5 and 9), 100 mM (lanes 4, 6 and 10), 200 mM (lanes 7 and 11), 400 mM (lanes 8 and 12). Lanes 1 and 4 are corresponding to
reaction mixture supplemented with no additional sugar, and xylose, respectively, before -galactosidase reaction. Authentic sugar abbreviations are
as follows: L, lactose; X, xylose; G, galactose.
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Fig. 5. Effects of sugar on the B-galactosidase activity. The relative
activity was determined by measuring B-galactosidase activity for pNP-
BGal (1 mM) in the presence of various concentrations of sugars
including xylose (-¥ -), glucose (-V-), mannose (-O-), and galactose
(-@-), respectively.
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7HEs) ol vRE YIS lactose®] A} BB 3]
xylose, glucose, mannose®} galactose®] =g EElsle] H71gt
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Characterization of the Extracellular B-Galactosidase Produced from Streptomyces sp. YB-9
Kyung-Seop Lee, Chang-Jin Kim' and Ki-Hong Yoon* (School of Food Science and Biotechnology, Woosong
University, Daejeon 300-718, Korea, 'Korea Research Institute of Bioscience and Biotechnology, Yusong, Daejeon

305-600, Korea)

Abstract: A strain YB-9 was isolated from soil as a producer of the extracellular B-D-galactosidase, which catalyzes
the hydrolysis of lactose. The strain YB-9 was identified as Streptomyces sp. on the basis of its cultural,
morphological and physiological properties. After treating culture supernatant of the isolate with ammonium sulfate
(15~70%), the precipitated protein was used as a crude B-galactosidase for analyzing its reaction properties with
para-nitrophenyl-B-D-galactoside (pNP-BGal) and lactose as substrates. The B-galactosidase showed its maximal
activity at pH 6.0~6.5 and 60°C. The hydrolyzing activity of P-galaciosidase for both pNP-$Gal and lactose was
decreased by galactose. Its hydrolyzing activity for lactose was slightly decreased by glucose, but the activity for
pNP-Gal was increased to 1.3-folds by glucose. Especially, its hydrolyzing activity was not affected for lactose and

was increased to 1.6-folds for pNP-BGal by xylose.
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