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Production and Characterization of -galactosidase from Bacillus licheniformis Isolated from Doenjang

Hyun Kyung Jin and Ki-Hong Yoon*

Food Science & Biotechnology Major, Woosong University, Daejeon 300-718, Republic of Korea

A bacterial strain was isolated from homemade doenjang (Korean fermented soybean paste) as a producer of the extracellular
[-galactosidase, capable of hydrolyzing lactose to liberate galactose and glucose residues. The isolate YB-1414 has been
identified as Bacillus licheniformis on the basis of its 16S rDNA sequence, morphology and biochemical properties. The pro-
duction of B-galactosidase by B. licheniformis YB-1414 reached maximum levels of 6.2 U/ml in culture medium containing
wheat bran (1%) and yeast extract (2.5%) as carbon and nitrogen sources, respectively. Particularly, the insoluble fraction was
more effective for f-galactosidase production than the soluble extract of wheat bran. The enzyme exhibited maximum activity
for hydrolysis of para-nitrophenyl-p-D-galactopyranoside (pNP-fGal) under reaction conditions of pH 6.0 and 55-60°C. Its
hydrolyzing activity for pNP-BGal was drastically decreased by the addition of low concentrations of galactose, but only slightly
decreased by glucose, with 85% of maximal activity in the presence of 400 mM glucose.
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B-galactosidase= "B H|Edto] T4 2 FF
A5t lactoseE glucose?} galactose2 3|5t
A EAY O &840l o &, FAES 7%
lactoseE AAFAY 2] AU FEuES] A4S
= 2 E 2T 1Y[26]2 H|Z3 lactulose [6], lactosucrose
[16]9] AAtoll AHEEH EZF tht 29| B-galactosidase
7F ZA-E51A Zoke XY SFAolA B2 ALE o] &
k2]

849 AAF 3o uhEkA B-galactosidasegl lactose 7}
TR T T Ho|a &S HRSH HHgEA t=Es
AFAA o] A3 a4 EA4T P4ES FESH] 98]
yadold AL 435 HZY o8 +F=27F B-
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galactosidase”} AG-E 1TH22]. Bacillus stearothermophilus
[8], B. circulans [26]2} B. coagulans [1]+= 3% ©]A9] -
galactosidase isozymesE AAHet=d]|, A A £2H B.
coagulans RCS39] isozyme III-2 T}E isozymesQ= &
FA 2 E8| =Y lactose B3l 50] 43 Ao 2 FolE]
itk ®3F B. circulans®] 4= isozymesZtol| HHEHZ o
E FY58I lactose w3lle F Aolof ATt AHESTL
g AAtsole Aozt & Aoz HuESIt H B
licheniformis®| PB-galactosidase= % Ho]& &L Yo}
lactose &3fiof] A3t AAE Bkt AoE dFoH12].
Bacillus%: 45 5 B. megaterium [23], B. licheniformis
[12], B. stearothermophilus [5, 8]%} B. coagulans [1]Z 5
E] B-galactosidase 842} GHR 9 EAJo] RuElow,
HIoA & ﬂﬂ Alkalilactibacillus ikkenseZ € A 29
A A o] =L B-galactosidase?d] FAAE S 2Y AT
[22]. B-galactosidase?] E-84E STHAZ17] a4 Td
o F2E 7|Hte= 319 lactose 7HrEdl 5ol FAE HolA
7} = e m 5], @Al LASHE B. stearothermophilus@t
B. circulans S#9] 471 & AolukL 3} lactose E3HHS-
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o AH&-E $ATH3, 7]. B-galactosidase ] AY4iHd & 5744 7]
7] ¢ A= B. stearothermophilus® a4 {ZAXE B
subtilis [9] == B. amyloliquefaciens [10]°] A 2& A]F Tt
E3E B. subtilis [13]2} B. licheniformis [18]2] B-galactosidase
AP A A WA T RS s

Sof 329 71546 B0l Fobq @A AR
ot A2e Ae4e 29 B 9o IHE 449 &
t}fjﬁ]-@] AZFA 0 E o] &= 11 §lt}. B-galactosidase 4 O]
£e 4IRS 949 WA AT A #T BUEL
A3t= aybzt 01]/},"E].E’.i B-galactosidaseS AYAsl= n| Ay
Ex A4 dador &85 Y FSHC2RE B
licheniformis7} B8] v} 9l on[28], & A oAM= HA
O ZHE B-galactosidaseS AYASH= BacillusE 45 5 &
2 A0 St RS Belato] NS EAS A3

== T
k.

CERET
B—galactosidase AAkFO| ErAY

Spizizen Aujz|[25]9] ©HAYYA EEYI} sodium
citrate @ ZAY2l ammonium sulfate tfAlo] HFE (1%)

o] A7td ¥y wjA|(K.HPOy, 7 g; KHoPO,, 1.5 g; MgSO0,-

7TH,0 0.5 g; MnCl-4H,0, 0.04 g; CaCly-2H50, 0.003 g;
FeSO,-7TH,0, 0.0025 g; (NH4)sMo7044-4H50, 0.002 g; water,
1D)o] 7HgolA - @42 HFsto] 37°ColA o 393t
e ujoksta FUg v of 34U THAH L= 33] Af HH
F& AATAT HFHLE A wjddS FET AL

HJJ_

Bl of] =E3 37°Co| A 4L 7F vjokEt 5§ % =)
2Y FoA M2 b8 Bgg Hol= FEYE AFsHAT
olF EE LB WA vjR oA 247k Ft 2% vl gt
S B FASHAS 3439 1 mM para-nitropheny lBD
galactopyranoside (pNP-BGal; Sigma, USA)S 3

20 mM sodium phosphate ¢4ZFH(PH 6.0)°] H7}
450NN 2A07E B AT 5 hSole) ALE B
Z X P-galactosidase BAS 2t & FAEHH T

BL

wh ok ﬂ°"
lo K rS‘-‘

=2l72Fe 83

I NS Fal i FEHE ARG S
o, A dEAS API 20E€} API 50CHB (BiomereuxA},
France) kitso]] A|Z2A] A& wat HFskar 37°Col|A] Hl
St 193} 294 2tz WEste S3E o853 A
steha] E4S BEst gt £ F IMA DNAE #
Fo g 51, A7 16S rRNA $AALe] HEA Yo ¢
7142 5-AGAGTTTGATCCTGGCTCAG-3' (E. coli 16S
rRNA §-4x} F7)14E 8-27), 5-GGTTACCTTGTTACGACTT-
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3' (E. coli 16S rRNA 532+ @714 E 1492-1510) primer=
AHEste] SEEA QYN (PCR) AA & 555 PCR
AFE-S AAISH] BaEl#o] 16S rDNA G714 F9S 2451t

f—galactosidase =AM H|=

B+ B. licheniformis YB-14145 LB v Ao A 16A]7
B UL UYL 1% () A 59 ) 2
olo] HEe 3TCoIA 36412 Bt sk versisich. o
A8kl A& HjoFAEH-E ammonium sulfate (25-75%)
2 A7t 49 S 10 mM sodium phosphate &3
H(pH 6.0)0] AEstY] TY S4FHoz ML F 28
Ho g ARG
B—galactosidase HISEM EM

B-galactosidase EA-E A A 317 YA+ 1 mM pNP-
BGali} 50 mM sodium phosphate &2 (pH 6.0)2 EZ 3t
3t kg of BAE H7Fst 50°Co| A 1087t vhg-A]7] &
Wk 9] 28 23] 9] 1 M NayCO; &2 H7hsto] Hh-g2
FTAANZIL 406 nmol N FFEE ST para-
nitrophenol (pNP)S EZEZ R 3}o] gL AFI AL A

§3to] A w3 93| ’%"“5] pNP& & 2
849 AT 1 unitE= 18 59 1 umol?] pNP
= Basos Bolggt. £ BA vlA=
SF pHS| & ZA] 1310} 30700 pit
Holo A Z+Z; P-galactosidase TS =
galactosidase®] & AAAE RALEHY] H°]’°q
ME T8 20X IRARE FAT ’&f%}*
A}, B-galactosidase®] &8t FF 7t
7] 913 lactose (1%)%} .L}Ek_J Za49
40°COl| Al 5A17E REEAIZ] & BHE-HS FA2|she] T
A AL ASHE 3 chloroform, acetic acid®} FF4
431507, () EFLAES AALNO 2 3he] silica
gel-precoated thin layer plate (Merck, Gemany)o]|A] Hr&
A2utE g9 E +P5tah AME EES L7179
3] A+= 9 ml ethanol, 0.5 ml p-anisaldehyde, 0.5 ml sulfuric
acid®} glacial acetic acid B W& E339H A 295
B T, 120°Co A 10827 HA 8T o] a4 &4
A e S 24517 Yste] 7|42 pNP-fGals ZHgt

3o FFe FE7F G 2A G AR Aol A vk
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subtilis, B. licheniformis ¥ B. amyloliquefaciens?} &%)
= vk gloeH(11, 29], 98 FFY Bacillusg 2 o<} T
o o] W& AR he ZAHe o2 B YCH19),
H4s A 53 B A o] =gt #3E £ A+
Aoy P E #FT MEA AFE = B 2(17]
AU dAY A fFES J7HE HAuAE AL
of Ao} wigy £ FAHS AAIstL Foujz|oA F4E
Z2YY 2] AR tE 4= 225 7MY elA Az
H =% 600 ARERE 4 2 2o @ NIRRT o
1-4719) w5=7F B2 = Atk F 1507 &2 +ts LB A )
Ao vjokste] He wiFdT A B-galactosidase /S £
Abstglom, I Axt 57 e #5F5 AYstaies dFEo]
B-galactosidase 4 o] THEZA FAY kst Aoz 1}
ERiiTh ek & A o] 943t 57 Bt wi T
SdY F4 AL vuste] JEH o2 B-galactosidase T
o] =2 £+ YB-14145 FEE} T

2 YB-1414= ZAE FA = 27 ¢4 HolH,
API 50CHB®} 20E kitE ARg-sho] ARG A3tetd S4S
Biomeriux®] API web (https:/apiweb.biomerieux.com/
jsp/login.jsp)o| A TF2 #5359} 8|t A3} B. licheniformis
o FAETF 99.9%2 7Y EA YE I & o] 4= B.
licheniformis®} 5 Y3}t B8]+ arginine dihydrolase,
gelatinase?} oxidase ¥AS HE I, nitrate TFPST
citrate ©]-8%50| 921 acetoinZ AYASIATE E3F lysine
decarboxylase, ornithine decarboxylase, urease®} tryptophan
deaminase®] AL 911, indoled} 34 E AYASIA] &
stttk #2149 16S rRNA 8 AE PCRE &% &
1,430 bp 2719 F71-ES 243} 21 (Genbank accession
No. KM660627) ©|& u]= NCBI2] BLAST HMHHS AL
Gt Alat=9 4-Sste E71M G v wsket. 1 A
B. licheniformis DSM 13 (NR_118996)3} BCRC 11702
(NR_116025)2] 16S rDNA A G1} 71 45740 #3%em,
2718 @715 A Yste SLstHth ol Fe A, A3}
o2 E4 9 16SrDNA A 89 232 & of &2+ YB-
1414= B. licheniformis¢l Ao 2 wer=Ech B YB-
14149 182 249 Bl 2AH] Y8l 1% skim
milk, 0.2% potato starch, 0.5% xylani} 0.5% carboxymethyl
celluloseE 7}z A7heh Hahul X o A a}2 4t vl st &
S wEstgion 1 Aat feld2 xylan #alloHA] &
sl Umz E4E BF Bjsts Ao Yyt 3
A2A | A= B-galactosidaseE AAMSt= B. licheniformis
7F B9 vh d=di[28], BEld YB-1414& oA £
2] ¥ B-galactosidase AJAtit= & acetoing AJAI 3L,
citrate, rhamnose, sorbitol, melibiose, inuline¥} (-gentiobiose
g Bagos ofgatt Holyg Ky
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B. licheniformis YB—14142| B—galactosidase AR

B-galactosidaser WA EAZ EX)5t= FL7 o
B. stearothermophilus [4, 8], B. ATCC
14581 [23], B. subtilis KL88 [20]°]A] #AUY &4Z B3
g v Q. =3 A2 A A B2 F B. licheniformis YB-
1105% B FAISH Bk #A4| U o B-galactosidase A 0]
2 Aor dEzth28]. dH "EFAolA E2HE B
subtilis [13]2} &- A E2]H Bacillus sp. [21]+ A 2]
2 B-galactosidaseS &H] YA}, B. coagulans RCS39)
3% 57012 B-galactosidase isozymes % & 7|7} Wi S ALS
Aol A 2HE v} QIeh1]. B2t B. licheniformis YB-1414
T ujHEEH A B-galactosidase”} & B2 BT
B2 Fol 437 B4 AT BAS A7) 49 LB
AR ol A K o FetHA] DA Zbabeh v A A
gto] 600 nmo A FF = BiFATHA EAst= B-
galactosidase®] A4S =43t

B. licheniformis YB-1414= vjJoF A|7to] 12A17h=| %S o
o Y=o o]25 1 o|uj ¥ B-galactosidase FA4to] A
ZEo] A 7|5 AU AbE7]o] B3R $71A] Al A
o] A&AH o7 F7tstglen 30A17to] Yl wf 2.8 U/ml
2 Aol o]2F L o|Fo = vjF/FTHo| EAste Ao
8o dashA ¢a Atz FAIH A (Fig. 1). +A ¢ B-
galactosidaseS AJASl= Bacillus sp.2] 3= a4 AJA
o] BA7] o]Fof AEKHOR ST F4S ol 29
w3 FAREEoH, o] HE EAE FAIWA FEE a4
7t FA Q7 gHitE =t = A7 Zfo] &l AeR

megaterium

E

S>3 - 10
- 0
Z 2
2 % @
S (=]
32 6 =
o -
s =
o (@]
2 4 O
7 17 g
]

5 -2
i)

©

O

&0 . 0

0 10 20 30 40

Culture time (h)

Fig. 1. Growth and $-galactosidase production of B. licheni-
formis YB-1414. B. licheniformis YB-1414 was grown at 37°C in
LB medium. The cell growth (-e-) was determined by measuring
absorbance of the cell culture at wavelength of 600 nm. -galac-
tosidase activities (-o-) were determined with the culture filtrate.
The curve for f-galactosidase production represents the average
of three independent experiments within standard errors of 1.5%
between them.
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ZA = vl Arh21]. ESE B. stearothermophilus®] f-
galactosidase FAAE 83t B. subtilis A2 5= o+
AW B-galactosidaseS JAHSIEZE f 4 AAHA o] 9] A
i AAE FEE FA 70 ol WA A&He=w St
sko] Zof AAtde] oF 6.3 Umlz UEFTHI).
B-galactosidase AJAHI-Z iAW A}t A4 ARl
w2t FaS W=ty g A QIO E 2 potassium phosphate
(0.01%)2} magnesium sulfate (0.1%)5 7|2 AL S =Z 311
Sadat A4 U gElsty 28 YB-14149 &4 A4
4E& AT AU O 2 peptone (0.5%) FH1-3t= Hi
Ao A2 o2 A YE 0.5%7F HEE 27 71 Al
A EeldS HFote] 37°Co A 36417t Fet M HjeFet
T FATHY AL EYE ST 2 Table 19 E<Ql
vk} Zro] 47| &5 v £sto] &7] &, locust bean gum E
= guar gums F7FeE iR oA B A4 O] FTHE AL
| glucose®} lactoseE HIZE BFFU o|FF7F H7HE =
Ao Al TadS H7HSHA] §F2 WA Eeh 4 Ao

FasEAY & A3t gle A2 Yerdt o= A
Y ALE] = glucose®t lactose Tt 2|74, W71 B7]&
o] gr5-5 v x| oA B. subtilis®] B-galactosidase AJAHAgo] =
7HAY, SAE A7FE AR A B. licheniformis®] B-
galactosidase YA o] Z71st A4 I} FAFSHA| TH[138, 18],
B. megaterium [23]3} B. stearothermophilus [9] ¥ B.
stearothermophilus®] B-galactosidase 2 Z7F S5 A
2% B. amyloliquefaciens [10]9| Al &4 AJAFO] lactose]]
o3l frHves Aot ERTh B3 WIS HUke o)
Ao A Ba Aabdo] 7HE wgenR W& sEE Y
23t Wiz oA FUZALZ wjketH S W U MUt
o] 1%7} € wi7tA = A4 Aol F7HE e Y 1.5% ©]
49 W7&ol A7HEH S te ma iAol ot Hast
= FAL B tH(Table 1).

gado R Ure HUtES 1%2 135t §714
(0.5%)9] FFE G iAo A aa PAHdE A
£ 1 yeast extract == tryptone®] A7} v X oA

]

fob <k b
b 3

Table 1. Effects of additional carbon sources on the p-galactosidase production from B. licheniformis YB-1414

Additional carbon sources —galactosidase activity

TS ) o wiheet T B-galactosidase activity

(0.5%) (U/ml) (U/ml)
None 0.114 £ 0.004 None 0.201 + 0.005
Glucose 0.143 £ 0.002 0.3 0.692 £ 0.002
Sucrose 0.000 + 0.000 0.5 0.878 £ 0.008
Lactose 0.191 £ 0.003 0.7 1.152 + 0.006
Galactose 0.114 + 0.005 1.0 1.781 £ 0.008
Arabinose 0.000 + 0.000 1.5 1.453 £ 0.009
Melibiose 0.000 + 0.000 20 1.294 + 0.009
Raffinose 0.000 + 0.000 25 1.231 + 0.006
Locust bean gum 0.321 + 0.003 3.0 1.252 + 0.005
Guar gum 0.192 + 0.002
Wheat bran 0.762 + 0.008
Rice bran 0.534 £ 0.008

Table 2. Effects of additional nitrogen sources on the $-galactosidase production from B. licheniformis YB-1414

Additional nitrogen sources [-galactosidase activity

al - —
Amount (%) of yeast extract Y

(0.5%) (U/ml) (U/ml)

None 0.083 £ 0.005 0.0 0.042 + 0.003
Corn steep powder 0.003 + 0.002 0.5 1.485 £ 0.009
Soytone 0.851 £ 0.001 0.8 2.385+0.010
Yeast extract 1.312 + 0.004 1.0 3.092 £0.010
Tryptone 1.153 + 0.009 1.5 4.793 +0.017
Peptone 0.884 £ 0.009 2.0 6.152 £ 0.001
Casein hydrolyzate 0.742 + 0.005 25 6.205+0.014

3.0 5.523+0.011
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Table 3. B-galactosidase production from B. licheniformis YB-1414 according to soluble and insoluble fraction of wheat bran

Additional sources for

Carbon (1%)

[-galactosidase activity (U/ml)

Nitrogen (2.5%)

Total wheat bran

None

Total wheat bran

Soluble extract of wheat bran
Insoluble fraction of wheat bran

None
Yeast extract
Yeast extract
Yeast extract
Yeast extract

0.075 £ 0.006
1.384 £ 0.011
6.223 £0.018
3.205+£0.012
5.447 £ 0.019

AALA o] E=9Fo 1| soytone, peptone = casein 7HE3|
o] A7t iAo = AR AR 39 B4 S
B33 Eo|HA = corn steep powder”} 3H3-H iAo A=
E47} A YA GokeTable 2). £ RS 15
A F7HAA yeast extract®] H7tgFE FEstHs o
yeast extract®] Z7}gFo] Wol A2 B-galactosidase AJA+
ol F7ksto] 2.5%0A ) Y-S HolaL 3.0% A=
OF7t Z+ASHTE. B. subtilis® EE|E YB-14149F S-ASH|
yeast extracts AU 2 AMGSIAE ©f B YAkAo] 7}
A =toy, B4 3= &2 peptone| tryptone R ThH=
a2 S 9 S AL R BAEIoH13].

gt W g B8 240 84 EE F ol A
2 AL F7HA7IEA gl YA e 1%E
ol dereta YR & £ AXEL 84
JSol BH 02 =1 yeast extract (2.5%)2} 7|2 A
2tzy Z7ysto] AlzE wjA] oA B YAHYE Bl ast
. Table 3¢ ¥.¢l vje} Zro] W7|&9 £84 E4o| A
7HE wi A oA EA A2 WYL AR FVFE S
HEoh of7F e Ao ® YeHAIY 84 Ed0] H7tE
Hizlof A Ho} o ok E£3F 97]1&9 84 EHol &
A Ba FAEL W&ol HUbEA g
yeast extract¥t A7} vz o A HT} 2u] o]AF =& Ao
2 YUelyth o]Z Ho} B-galactosidased] AL F7HA]
T 210 o] BEY BUT 484 B0 BF Y
on B84 B4 & © Yol E2Ast= Ao wgd.
T yeast extracts H7FekA il Wrl&the H7HE H)
Ao A= B a0l w9 Wkt ol Aol AY
o] 9] o] Woldl fEe 2 A

A

32 fr 1o ofN
o

L e

B. licheniformis2| p—galactosidase2| HFSEM

B FAFS NS ammonium sulfate (25-75%)2 #]2|5}to] A
aAMS ARGSte] ¥R 270 W2 B-galactosidase
A3t} 1 A3} pH 6.05F 55-60°Coll A g
Wom, pH 5.5-6.5 M9l ol A= Hoh&d o 90%
o] B4 HYth(Fig. 2). Bl B49 A uge
& 50°Col A HY aag/dE Hole B. licheniformis

e 1y

A

o, et [N
O.>,3 mlO ox, it

T

o

o

Temperature (°C)
40 50 60 70

=
o
o

(]
o

Y
o

Relative enzyme activity (%)
N [<2]
o o

o

5 6 7 8
pH

Fig. 2. Effects of reaction temperature and pH on the $-galac-
tosidase activity. Temperature profile (triangles) was obtained by
measuring the -galactosidase activities at different temperatures
and pH 6.0. The reactions were done at 50°C and various pHs for
determining the pH profile (circles). Buffers used were as follows:
sodium citrate (-e-), sodium phosphate (-o-). Each curve rep-
resents the average of three independent experiments within stan-
dard errors of 2% between them.

DSM 13 [12]3} B. licheniformis YB-1105 [28]2] & 4|
v & =%tS ™, B. coagulans L4 [14]9} B. megaterium 2-
37-4-1 [15]9] A 29= FARSHA L, AW =7} 65°C
¢} 70°CE2 B 3% B. coagulans RCS3 [2], B. subtilis [13]
@} B. stearothermophilus [4]%] aARTH= Yottt 31H &
Fo| A E2E A ikkense7} A= AL 4 54
20-30°Col A Hdf A& Hole AL E HuEgIr22].
E3t B. licheniformis DSM 13, B. coagulans [1]19} B.
stearothermophilus [4] 23] 242 F& pHE 6.0-7.0 HY
2 IdHA B9 549 ARG o1, B. megaterium
2-37-4-13} A. ikkense®] &4 U B. stearothermophilus®
HolA| a4[5]= pH 7.5-89] W 9lollA ) A4S Hole
Aog HuEgch

30-60°C Y 2 A 2EANE 3087 60E 52

RS

2l
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[
o
o
?

(2]
o

2]
o

5
o

N
o

Residual enzyme activity (%)

o

10 20 30 40 50 60
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o

Fig. 3. Thermostability of the -galactosidase in culrue filtrate.
Thermostability was determined by measuring the residual activi-
ties of B-galactosidase after pre-incubations for 30 min (-e-) and
1 h (-o-) at the different temperatures. Each curve represents the
average of three independent experiments within standard errors
of 2% between them.

27y A & FEGAYS AL
oF Zro] 40°C of3tol| A= 602 &%
O, 45°C o] 49 EAE= A2 FA A o B-
galactosidases= A A 3] A E7] A|&38H4 2™ 60°Co| A=
30 WA BHES Y= 2ol A9 WAL Y= Ao
2 Ko} 60°C ool A mfj¢ BT Ao wod.
a1 EE 29 B-galactosidase= 55°Col| A ¥H17]7} 94
A|Z¥Ql Bacillus sp.2] EA[21], 65°CAlA 877} 24171
B. coagulans RCS3¢9] &4t wbzt7]7F 50417+l B.
stearothermophilus ATCC 80052] i 4o H|&] GoAAlo]
2o (2, 4], 55°Col A 30& 7t 70%7} AEH B. coagulans
L4 EA9 45°ColA 1A Zbgke] 70%7F A¥dE B
licheniformis YB-11052] #A4|9] &4 Htl= GotHAlo] &=
rTH 14, 28].

pNP-Gal9] 7}4E 35 0] = B-galactosidase o] A]
AlA| lactoseE A BaetA] Role ALE glomE[24]
Ba|Ho] AAeH= B-galactosidase?] lactose 7HpE3] A
= TLCE &Ast¢th 2 23} Fig. 40 2l upe} o]
lactose7} A8 o= A= AT, EAHEE galactose
9} glucose?] O] F =7} SUS HH-SAMRO] A H Aoz B
o} lactoseE E3f5t= AL & 4= th AA) B-galactosidase
= lactose2] £ AHES] galactose T+ glucose®] 23 7}
SR Ao A E W= A2 dHA S, ¥ 4
Eofl FFFY lactose7} 3= A 3 AE|Ql A= Hof
YB-14142] B-galactosidase®™ lactose 7}58-3l Ao A HE
AR g3l A AFE W AR AJAZI
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Fig. 4. Thin-layer chromatogram of hydrolysis product of
lactose. Reactions were done using lactose as a substrate by
culture filtrate (lanes 1 and 2) at 40°C for 5 h . Reaction products
were analyzed from reaction mixtures before (lane 1) and after
reaction (lane 2). Authentic sugar abbreviations are as follows:
Gal, galactose; Glc, glucose.
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galactosidase 5 T &3l= o8] £H9 glycosidase= 7}
TR WA BEEAHES] o3 i B0l AdfEE A
2 g8 A qlth. uhebA YB-14149] B-galactosidase EHA o]
n A= B9 FFS 45171 Y8 1 mM pNP-BGals 7|3
2 3} glucose, galactose, xylose, mannose?] A7Fsr=s
gty 7t 245 S35 1 23 galactoseo]]
o3t 7t R B A=t 7 & AL g Uehgen,
20 mM o/4fo] EAL AL aLBA o] 50% ol A=A
th(Fig. 5). B. coagulans RCS3 [2], B. stearothermophilus
[9], B. licheniformis DSM 13 [12]3} B. licheniformis YB-
1105 [28]2] &A% galactoseo] 23] EAdo] 7= sA A 3|
E W= Aoz 4HA YO, B subtilis KL8SS 4=
galactose”} 20% A& W= 50% ©]AF2] B-galactosidase
24L& At ALer HuErH16].
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st e, 400 mM EA3to A oF 91% o] 4] S B
At B-galactosidaseo] 23t lactose EAHEZ glucose2}t
galactose’} FA]of] A E =Y glucose 2Tt galactoseo] 2
st a4 SPANETF F AL galactosers A9 SAJHEY
of AAA As|A 2 2-&t= WrH glucoser= HIFAA A
A2 ZH-g5t7] W2 Ao dHFTH16]. 1HERE o
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Fig. 5. Effects of sugar on the p-galactosidase activities of the
culture filtrate. The relative activity was determined by measuring
B-galactosidase activity of the culture filtrate for pNP-fGal
(1.0 mM) in the presence of various concentrations of each sugar
including glucose (-o-), mannose (- ¥-), xylose (-V -), and galac-
tose (-e-), respectively. Each curve represents the average of
three independent experiments within standard errors of 2%
between them.
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7bE3 €42 pH 6.01} 55-60°Coll A 7H EokoH, &
< 5E9 galactoseo] A= 2A A5 Lokt 12
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