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Properties of B-Galactosidase from Bacillus licheniformis Isolated from Cheongkookjang. Yoon, Ki-
Hong*. Department of Food Science & Biotechnology, Woosong University, Daejeon 300-718, Korea — A bac-
terial strain was isolated from homemade Cheongkookjang as a producer of the (-galactosidase, capable of
hydrolyzing lactose to liberate galactose and glucose residues. The isolate YB-1105 has been identified as
Bacillus licheniformis on the basis of its 16S rDNA sequence, morphology and biochemical properties. 3-
Galactosidase activity was detected in both the culture supernatant and the cell extract of B. licheniformis YB-
1105. The enzymes of both fractions demonstrated maximum activity for hydrolysis of para-nitrophenyl-f-D-
galactopyranoside (pNP-BGal) under identical reaction conditions of pH 6.5 and 50°C. However, -galactosi-
dase activity from the culture filtrate was affected more than that from the cell free extract at acidic pHs and
high temperatures. The hydrolyzing activity of both B-galactosidases for pNP-BGal was dramatically
decreased by the addition of low concentrations of galactose, but was only marginally decreased by high con-

centrations of glucose or mannose.
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B-Galactosidase (B-D-galactoside galactohydrolase)=
T3} 22 B-D-galactopyranosidesell A ®] g+ Lt B-p-
galactoseZ 7HFPE331A 1t galactose®] Aeo|uh-8-5 w3}
o, DJYES v)Fekel BATAN B AR 5o
el B SRe FAES FILS Sralsel £
AE RN Feh BES welui1g], B Aol B 4
o $EUES) HE A FHELR I Ax
of] o] 8%H15]. B-Galactosidase’:= L =il w=} 2 715>
B} o Aol EEL MR SN e] Dok A1l B
o M 5o B3 AYS s 919 ofe] TF
o e AT Kluyveromyces lactis2} Aspergillus
niger el2] Ba7h 7P A =A Q.

Bacillus% 7% 7123l 8420 AAM o] $3fe Ak
A48 4 AT OE IR o7} wew]| B-galactosidase
ol NelM= B. megaterium, B. licheniformis, B. circulans,
B. stearothermophilus$t B. coagulans® FAH 22 F A9}
I ARk EAdo] RAEQlY}. B, stearothermophilus[8],
B. circulans[20]1$} B. coagulans[2]= 3% o] A42] B-galac-
tosidase isozymeS AJArsl=dl, A A HEEH B
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coagulans RCS39] isozyme 11 & isozymed= F
TA 2 FH]EH lactose #-3l5e] g Ao E)lH
Aot =3+ B circulans®] 840 & Ho|ukeso| =1
isozymesZtoll= & Aol5ol 2lo]7} = [20], ZA3_E &
A5 o] g3le] o Holukgo] Y= L[7] Daisakaseirl]
84 A Biolacta N59ll&= o] & &4 3% 7oz <&
HHEH10]. B. stearothermophilus®] EA%5 1A 33k 73-¢-
Aol T E AL fFFEslel 8ol ol e B
2= Q4] B. licheniformiss= & o) &g For} f+3
Hallol] H3er T4 YAsl([11], B. megaterium KM T
T oA e} dAR EAls=d oA AT S
Zh= Ao o=t 16).

ASUE AFQ A=A R YEZ protease A 0]
gt FFEel EelHAL[12] o)l A=Y olFHE
DAFIAY Bk AR HAEe9). i A
S B AFERL AT, AEAe] 71eAS RlE]
A3 AT AR Fe 2 L3} o) E
fro} Egsle] H-83P7)% st} o9} o] A=A B8
HE gofa el mel 2 AT A= B-galactosidase T3
< 72 A dadS o83k et st ASA
< AFHE o 4 7FeA el e 7 BWE s W
A&taz} 71 A A xH A=A 2HE] B-galactosidase
o] 3t o5 LBIFk o9 ks A4S A

Esjgie}.
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B-Galactosidase 4iho| ErA

AEAE A A=A Al sk qdaFs st
o] LB ¥ hull %] (yeast extract, 5 g; tryptone, 10 g; NaCl,
5g; agar, 15 g; water, 1 liter)ol] =23t 5 37°Co| A 3}%
v eieFelsict. (Y F2Y FollM ME HE RS B
o]x= ZFE AFH3}e] 1 mM p-nitrophenyl-B-D-galacto-
pyranoside (pNP-fGal)& *3%3 20mM sodium phos-
phate €+z-8-H (pH 7.0)0l] =gt F 37°ColA 147k 54t
HEX)EE & ukgole] A4S Al e 24 B-galactosidase &
A& e E&

=2|lZFe| 3

Felare] e S AsiMe 1A EANS
AA sl o, woFAl AN S API 20E9} API 50
CHB(BiomereuxA}, France) kitsoll A|lZALe] 238 ule} A
F3AL 37°ColA] wioFshaA 193 28R 242t IbEsle] &
T3E o] 853 A3 EAS shdald. Fele] 168
rRNA 314} 971 9E #A37] 8iM 2=1a9] £ 4
A DNAS F3 o= a3, Ald2 16S rRNA 32k
HEA 2)992] 9714 5-AGAGITTGATCCTGGCTCAG-
3'(E. coli 16S rRNA 42} 471449 8~27), 5'-GGTTAC-
CTTGTTACGACTT-3'(E. coli 16S rRNA 3=} 47144
1492~1510)2 primer® ARg-8lo] 3 &4 A#|uk-&-(PCR)
< AN F355 PCR AHES AAISte] ABI PRISM
BigDye terminator cycle sequencing kit?} 373A automatic
DNA sequencer(Perkin Elmer Co., USAYS AH3-3lo] 97]
A& ARSI o] S NCBI database?} B]3}ic}.

B-Galactosidase Z=&AH M=

B2 B. licheniformis YB-11055 LB vj#|el| A 3155t
wjoFal 3 oS 1%(vivy ) HEE ol Ao H ujof
Aol AHZF3}IL 37°Col| A 24-264]7F FF Akl sloic).
v oFl & dAEelEle] A2 w4 E S ammonium
sulfate(20~75%)2 Ae|slal HAg S 10 mM A
SH-8H (pH 6.5 dElsle] Td 8oz FAM3 ¥
FaAH o ARSI =gt vk AlE 10 mM QlAE ¢4
8N (pH 6.5)2F A3l lysozymeS A 7}ske] 37°Cel|
A 3087 WRIgE F 259 gafslal, Al te] A
TA A} TAE a4 07 ARl

B-Galactosidase &M &

1 mM pNP-BGal¢} 50 mM sodium phosphate 2+5-8&-<}
(pH 6.5)y5 Z33H ukg-Aof] BAE H7sle] 50°CA 10
F7b vbeAIZL F ukge] 2nf F-9]9] 1 M Na,CO; £
< A7k WRe-E FAATIAL 405 nmellA RS 34

st 40 FHE | units 1% S¢F 1 umol® para-
nitrophenols A7) E4gko 2 Aolslyic),

B-Galactosidase HISEM 24

B-Galactosidase BAdol] P& Mk £x9} pHO| °JkS-
ZAFE}7] $18ked 30~65°CF pH 5.0~9.02] H $loll A B-
galactosidase 4-& 27 &4 slgoh. o)W pH 5.0~6.0%]
W $]ol| M= citrate 9589, pH 6.0~8.0°| 4] phosphate
A58, pH 8.0~9.09] ]l E Tris 5848 7+t
AMS313I). B-Galactosidaseol] 9]t lactose®] HslibES &
A3l7] $181M= 1.0% lactoses} ko] BAE ¥ 33
A pHE| BEEAS 40°Cell A SAIZE WES-A1Z] F 95°Cel| A
357E A EteF GAEE v AAsds HAF H sl
chloroform, acetic acide} &F5[4.3 : 5 : 0.7, (viv)] €3
LS AMNEN =2 3}o silica gel-precoated thin layer
plate(Merck Kiesegel, No. 5748)l|A] ¥}&= =2 rlE T2 3]
£ e A" =4S HAA]7)7] $18iME 9 mL
ethanol, 0.5 mL p-anisaldehyde, 0.5 mL sulfuric acid<}
glacial acetate 'J &S E3 WA L9945 B F
120°Co A 108-7F W= 5190t

2d b

EI":“_T'_
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B-Galactosidase ‘ditme| £22[2f 88 ¥ §4

7HeM AlzE A=AE 1440 FREk] A des
3|M&lar LB 3P wiA]ell =k - 37°Cel|A #1553t vk
gt A 7 AlE F2Ye] Bofo] v AR Hel:= 7
71 3~84 EE]= v}k Rl 5 B-galactosidase FAIS-
= S B 8 E2YE AHFH S pNP-p-Gal®
FallsS AR A o5 vkt @S Bl I
2 3 w55 do] YB-1105E W3t Hejire] L
AL 48 HalleS AR $l8l 1% skim milk, 0.2%
potato starch, 1% tributyrinZ} 0.5% carboxymethyl cellulose
£ 27 A7let B A]elA &5 wieksle] Rl 3k 3t
Failon] 1 A% BT ol F AL BE Folsjod
protease, amylase, esterase®} cellulase S Rt

e YB-1105% EAE JAshe 2744 Zhtelr
API 50 CHBS} 20E kitE AME-sled A33He 5A4S 24}
3} A3} B. licheniformise} FAFEZ} 99.9%= 714 =4
el & o] 84 F sorbitol ©]-8-5Tte] 2}o|7} 9l9l o
He|-2 o] & o] &31K] X3loiv}. w3k RS arginine
dehydrolase, gelatinase, oxidase2} nitrate Hd S B9
21, lysine decarboxylase, ornithine decarboxylase, urease,
tryptophane deaminase 52| 43} citrate o] 85| ¢l
acetoin, indole?} ZEAE AR Esigiet. =3k He]
2] 16S rRNA 42= PCRZ 5353 ¥ 1,430 bp =27]
2] 997]44 (Genbank accession No. JQ292848) AA3)%]
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om], o] u]= NCBI] BLAST ZAMPHE AResle] 7|&
o] 5% AlEEe] A& A7IMG vt Ad,
2 79l Fol|u} EfrollA Eel® B licheniformis 752
7144 (FI641025, HQ850703)% FUslsiet. by He
T YB-1105%= elA], Aslshs] 54 2 16S rDNA MY ZE
= 9 B. licheniformis® #==d A=3 wa v|lE 5
ol B. licheniformis= 8 &2 ¥ gl v} QloH12].

B. licheniformis?| ZH|LH - 2|2 M&HEl B-galactosidase®]
oSSy

B. licheniformis YB-11055 LB | AHul x| ol % &3}
37°CoA] oF 24X17F ik 3 pNP-BGale- 7142 3lod wjok
Aol gl A s AN el Ea)sl= B-galactosidaseBAd S
ZAFEE A3} wjeke] Hul7|Fo 2 30 mU/mL 450 mU/
mLE 7} Yehl, Ee]io] A= B-galactosidase:= o
o] Aol EAfsl Awke] o] FA|SlellA #F
=it FA Lol FEE F20F Fu)E ZAeA] wioF F
S0 FANA frefE AR A ok Ao,
B. coagulans RCS39] 73% 5709] isozyme 5 3t 7|7} vk
Ao A AE b} glom[2] HiH-Ee] B-galactosidase:=
B. stearothermophilus[5, 8], B. megaterium ATCC 14581
[19], B. subtiis KL8[17]l|A] #AIW EARE HIwo}

Relite] AAbshs TAM Fas BAS] o) W35
& wma)7] Sl wiepEsh FAsES o2 27
A Z3F ZEAN] B-galactosidase FAol] n]H]= HEEe%
¢} Wkg- pHe| JS ZARsIsATh. 1 A3 Fig. 1o E<lqp
o} Zro] FHA] 2EANIA HA HEEpHE 6.5 viebsd
A=k, pH 6.00l1A S48l Aol & Bt dAIT 5
A12] B-galactosidase BAJ-2 pH 6.0014 AREEl S5-8o) 9]
el whel 2 zpel & HeolA] kgkont, wickdsde] &
A2 QA oM e TAl g wls] 1
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o] A & AR el =3t F 2R §
AZPdo] Hxo xpol= AT A W9l FASH A
3l=l= AARS H9d=d| o= B. stearothermophilus <]
EhdHxE BaE v} glo}e6].

RS2 ohE 4SS HAESE W FHHuE 2
EE 50°CE FY3P uhg-2= 30-50°C WHelelAM= wief
ot FAT AT o] FrAleE HREEA S Hol o
55°C o] Aol M= dA| g el vls) wiekdaae] &
23 o] F43] FaslelchFig. 1). o33t Ak 7+ =
Aol ERshs B0 BA Aol 2 A AL, A
g sl o] Al Fv) ol ALoA A e]
A=) o2 Qlgt BAEA o] v A A& oR
A% w7d 4 = Qlok. AA B. stearothermophilus
2l B-galactosidase®] DA o] whi Aol we} =7
e HE o= BAaEguH6]. ol 24 £l YB-1105
el EAYE B licheniformis DSM 13[11]1¢} B. subtilis
[118) B-galactosidase$} 5LdHAl 50°Ce} pH 6.5014 =
A& Holx= Hlog =AY} B coagulans[2]2} B.
stearothermophilus[5]18] 4% Z|ZH4ks- pH7| 6-7 HYE
Beld3} §ARBKL, B megaterium 2-37-4-12] EAE A
pHE 7.5-8°]9[14] HAol S29% B. licheniformis2]
B4 pH 5.73 45°CollM HAZA S 2 Aoz 43
oH21]. 2283 Bl 840 ™ vhE-25= B coagulans
RCS3, B. megaterium 2-37-4-13} B. stearothermophilus
o] Fho| wls| ket

S vlslr] ¢8l pH 6.52 4¥ ZRANS
30-60°C W92 =AM 1A ZF A3t - A= S &
Agt Az} A s A5 A o] EA3FE B-galactosidase=
45°C o]zl A= P Bl AL 50°Cell M= oF 35%7F Alg
=Holeh 2evh vk e] Bae dA|gdsde] &
Zeol] w]El] ek o] whol 45°C o] Aol A FA s A&
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Fig. 1. Effects of reaction temperature and pH on the B-galactosidase activity of cell-free extract (left) and culture supernatant
(right). Temperature profile (open symbols) was obtained by measuring the [3-galactosidase activities at different temperatures and pH 6.5.
The reactions were done at 45°C and various pHs for determining the pH profile (closed symbols). Buffers used were as follows: sodium

citrate (-@-), sodium phosphate (-¥-), Tris (-H-).
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Fig. 2. Thermostability of the -galactosidase in culrue filtrate
and cell-free extract. Thermostability was determined by measur-
ing the residual activities of culture filtrate (-@-) and cell-free
extract (-O-) after pre-incubation for 1 h at the different tempera-
tures.

= o eh(Fig. 2). Wb 22 YB-11057) AAksh= -
galactosidasex= 65°Col| A WF3}7])7} 2A17F4l B. coagulans

RCS3[3]2} 50~|7¥al B. stearothermophilus 2 EA[5]0]]
vl deiAde] vk Alow FElEgH.

B-Galactosidase@| 7|23 &0l O|x|= Zo| &k
B-Galactosidase, B-glucosidase, P-xylosidase2} o-galac-
tosidase 55 E33l= glycosidasex= 71583 ¥H5-A] =L
WA o3l o] A= Aoz oA Q. v
2bA YB-11052] B-galactosidase ZHAdol] n x| ©e] o33k
< 2A3517] 98 1 mM pNP-BGalg 712 23}ed glucose,
galactose, xylose, mannose®] 75 =5 22|35l 243
A& f.“zqﬁl-"ﬂ‘:]-(Flg 3). Glucose2} mannose’} IE5EZ =
A& W= pNP-BGale] 7HEali el A== Aite] F
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T RN A BT FYE ¥ %_
-/]EHH“ A TR A %"-‘14 B2 oAl AslE=T
ulal] wjoFAkEeNe] F48kS 200 mM o]3}e] xyloseZ} &
A A¢ aagA °] ‘”4”5}711 71w 13y} galactose
o oJairl= EagAde] A AsEAET, 4 mM o]ite]
AN HF T 2R eAM B 50% o] 4ke] EAEAde]
A3l = St

Baldeo] Ea4el= 2] B. licheniformis DSM 132] &
A galactose2} glucoseol|] &]3l] =5 ortho-nitrophenyl-f-
D-galactopyranoside “#-3l|RF-g-0] 7 s1A A& == [11], B.
subtilis KL882] AT F to]] o8] BF HEHo=z 34
o] AalF = Aoz R 17]. =3 B. coagulans
RCS3[22]¢} B. stearothermophilus[6]%] T4 galactosed]]
oA Zs B o] AdlEE Hlow dEzer
2] G4 o} fAksE Ao AdE), Streptomyces
sp. YB-10 2] A 9] B-galactosidase’™ F-2|72] wiF
el Bl 7o xylose TA3IIA] pNP-BGal 73]
ol F7khH L AX7F YB-11058] 848 o] 2 A
L2 dEHFTH13].

o1} xyloseol|

ZAR|
S8 wheAEE HLZE_E_D]-E_:LEHJIE ﬂ s} 754 =z
Al B JactoseE 33t glucosedt galactose7]— A
= Ao] FlEgl o}, lactose?] 35S vrol Hajul-e
Foll = whgH ol Agake] lactose”} 1—6}15]7‘] oo Al =
EASE. o= pNP-BGale] ZHpEelE Z=s oAlst
= galactose’} lactose®] F-AHERE YA F T Z Jactose
5ol A Aoz g} =3t whAlE Tl
Zoluk-gol osf] WAE 4 = lactose B} T3t 2
=2 o] FAHA] A3k}, o= B. licheniformis DSM 13 -
Ao Fax AR ge|udS AR T Aouks-5el
-4 vl W el upe} JAshe AR dEITh11]. ¢
}= 2 B circulans®] BAE o A o|ukg-F o] Fol

100
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Fig. 3. Effects of sugar on the -galactosidase activities of the cell-free extract and culture filtrate. The relative activity was deter-
mined by measuring f-galactosidase activity of cell-free extract (open symbols) and culture filtrate (closed symbols) for pNP-fGal (1.0
mM) in the presence of various concentrations of each sugar including glucose (O, @), mannose (Y, V), xylose ([J, W), and galactose

(right panel), respectively.
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Fig. 4. Thin-layer chromatogram of hydrolysis product of lac-
tose. Reactions were done using lactose as a substrate by cell-free
extract (lanes 1 and 2) or culture filtrate (lanes 3 and 4) at 40°C for
5 h, respectively. Reaction products were analyzed from reaction
mixtures before (lanes 2 and 4) and after reaction (lanes 1 and 3).
Authentic sugar abbreviations are as follows: Ga, galactose; Gc,
glucose; Lc, lactose.

lactoseZHE] A, AFdF 5o AAE™M[20], B. stearo-
thermophilus ATCC 8005 a2} & Ho|ukd-5o| =
FES A2 HAEHS].

[= ]
p =

7P A A z2E FFASZHE lactoseS glucose 2}t
galactoseZ 7}5=5-3l51= B-galactosidase®] A& -2
SHsiet. ERlE YB-1105= s 54, A3shs 44 ¢l
16S tRNA A=} 71 Dol ZA3}ed Bacillus licheni-
Sformis2 1=}, B. licheniformis YB-11052] wjFAt5
N3} FA| el A 25 B-galactosidase B o] A=
Lm o] 5 B pH 6.59 50°Ce] WH-gZ2Z A para-
nitrophenyl-B-D-galactopyranoside®] 7}23l o] |4
2 el 2 dA s S H ol vlE] wloF ksl
B-galactosidase B2 AP pHe} L-gof|A] ZA] ofgkS
ket g RO Tkl EA W w0 galac-
toseel] 2J3l= FA3H Asl=%-2}, glucose} mannose=
gl oM oA ASE e AR FEH
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