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Production and Characterization of a-Galactosidases from Two Bacillus licheniformis Isolates
Hyun Kyung Jin and Ki-Hong Yoon*
Food Science & Biotechnology Major, Woosong University, Daejeon 300-718, Republic of Korea

Two bacterial strains, Bacillus licheniformis YB-1413 and YB-1414, producing extracellular c-galactosidase, were obtained
from homemade Doenjang. On the basis of their biochemical properties, 16S rRNA sequences and random amplified poly-
morphic DNA patterns by polymerase chain reaction, they were found to be somewhat different from one another. o-Galac-
tosidase productivities of the two isolates were increased by wheat bran, but drastically decreased by melibiose, raffinose
and sucrose which were used as carbon sources. The enzyme productivities were increased by yeast extract as a nitrogen
source with maximum levels of 1.87 U/ml for YB-1413 and 1.69 U/ml for YB-1414, respectively. The enzymes of both iso-
lates exhibited maximum activity for hydrolysis of para-nitrophenyl-o-D-galactopyranoside (pNP-o.Gal) under reaction con-
ditions of pH 6.0 and 45°C. Their hydrolyzing activities for pNP-a:Gal were drastically decreased by the addition of low
concentrations of ribose and galactose. They were capable of hydrolyzing completely o-1,6 linked galactosyl residue in
melibiose, raffinose and stachyose, which are known to be anti-nutritional factors in products of soybean and legume. In
relation to the latter, the isolates YB-1413 and YB-1414 have potential applicability in improving soybean-fermented foods
and the nutritional value of soybean feed.
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N =2 E3t a-galactosidase= 71 7| Eo|Ao] &} 2272 L&
Hed stute ASE=Y 8oy galactomann -2
o-Galactosidase= galactose Z7|E 3F8-3t melibiose, o] ot dH I 2 AER ] 7| Aot g5t [2], Tk
raffinose ¥ stachyose?} 22 o-ZZEZ 1T (0-GOS)9) E 3= A ER 7] A% ofY e} galactomannan T RS
v ¥4 Zdolut galactomannan (guar gum, locust — 7FpEF|FHE BAdo] Qlth18].
bean gum) TEF A =2 &A= 0-1,6 2§ D- o-Galactosidase= At 2 E-&Alo] o A, A&7}
galactosyl 715 7FpRaE # ot dodiAy g2 F, AHR AEA, 9T Jh Eof ®yk ofyet &of ¢l
9] ZhRalol e HAFh= exo-glycosidaseo|M[13], 7] prebiotic AF Fopol A = Tilo] FHEIL = a0t
=7t =5 de 7 Holvh3k Fujdtth20, 27, 30]. ofv]  HRE BHIERS TS 9Wld, Hojdf, nFIdLaSY
A wjd ol AEAlo] ol a-galactosidase= glycosyl  phytochemicald 53} ¢lo] FoFo| L4310 tiF= Ab
hydrolase (GH) family 4, 27, 32, 36, 57, 97, 1109 &£3h= & thild A E 9] 50% o|AS A5t Ut} 7t} ©h9
Aes dEA Jlom AYNEZ BE Y aae t/l GH  FE52 237|HH) a-galactosidase”t ZHE ol Slof F
27 12|31 YN Z YEY aLe tFE GH 369 3tk o 78 o-GOS7F 2ol A 3kEA] Fatar Ao &)
St plAE] o) A F o] ojitdtha, At W kA
- 7Y ol 1FSS HIRT 48] Y FoE o
Tglo TS?ZZ'.’é‘éB’f'sa?:g,’?Zx; 82-42-636-2676 271E fdde] fng oS BAS7] A3 o-galactosidase
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ZF e Eo Jlol 715 Ay 23E] AEE woli A
B JGE g &Y a3a s g %i*]ﬁ Abg
l% &% AstEn 715 dEY SEIRTE FoF
79 Yo EA7F "t 18 2 & o-galactosidase
L (X.GOS 7285t , 5A)o| mannanase?} §7 24
3} galactomannang 7FEESFO 2N 7120 AlR o]
58 ol AR H7ME 54E §-8A4 0] ErH16). AgA
Ao M & a-galactosidaseS ARESF] AR o] &3
H raffinoseE B 7 raffinoseo] &3t sucrose 2A3}
Al FAS AT F Ao raffinoseZHE MAH
sucrose®™ FAof F3 = 9l Aol T[T T R
Bo] HIX L galactomannan® F-§Fo] 15-20%2 AL
02 AzEedH Had2 B oot AFEo jlenz
mannanase?} o-galactosidase® HHd -4 9] "/\j—‘.ﬂ—lﬂ
galactomannang 7}Easte gl adE AATe=zH A
41 DAL 9T %+ AcHs)

017+9] glAZE Y o-galactosidase AS] 2O 2 QI3
glycosphingolipid7} AW 7] #ol| 2] &]o] 2JAto] 0|24 s}
= AHAY dAEEA JH Bl a4 Agzawd o
galactosidase7} A& %™ [3], B @ N o] HE L A Lo A
a-1,3 239 galactose ;&7]% AAste] 0F L2 HEA7]
= o-galactosidase?] ST B EATH24]. $HH Geobacillus
Bifidobacterium  breve [30]2}
Lactobacillus reuteri [27] §-3] o-galactosidases®] & # 0]
B4E o] &sto] Al ol FAHU

o-Galactosidase®] AQA XAt O 2= Aspergillus niger
7t FE AREY, FE, A A=Y gt AEA &
& 9] o-galactosidase®] Hjg A7} 3] MPEH D Q.
E3] Aspergillus [6, 11], Rhizomucor [13], Neosartorya [26]
£0] 224 T = .24 I30|, Saccharomycest Hansenula
[8] @ Debaryomyces [25] £2] &%, Bifidobacterium [30],
Lactobacillus [1, 22, 27, 29], Bacillus [2, 17, 21, 28],
Geobacillus [9, 10, 19], Paenibacillus [20], Streptom:yces [4]<}
Sphingomonas [31] £9] N4 X33t o8 £7F Y E
9] o-galactosidase®]] T3l &AL GAX] EA L G409
R AZY Skl B @2 AP ok B
B AoHe 98 $E3E Bagn Y2UOE gER

= TS A4 S w7 - o-galactosidase A4HY
o] &3t FFE Rt A4 PidH 5 BHEEAAS
Apegc

stearothermophilus [19],

ERUE

o—Galactosidase AAkO| EfAM ol =X
B-GalactosidaseS &-H] A A3} Bacillus licheniformis

http://dx.doi.org/10.4014/mbl.1505.05006

YB-14145 £ ©j ¢} 5 U3} Spizizen X|2:8j2][23]9]
A9 T sodium citrate I AAYQ ammonium
sulfate thA1o] SHER(1%)0] HrHE W WA A BT
Ha S SH AY £/ Bacilluss 435 223
HTH12]. £2wS LB A wjz|ofl A 2447t Fet 2% ul
ksl & A NS 3|43t 1 mM para-nitrophenyl-o-
D-galactopyranoside (pNP-0/Gal; Sigma, USA)E 3Z 3t
20 mM sodium phosphate €% (pH 6.0)°] 7}t
45°Co)| A 3A|1 7t E-¢F WhA) 8t & Hh-golo] M7 Tasto
ZH o-galactosidase AL ZtE= #2 FASI T EEd
9] A4S 43A= API 20EQ} API 50CHB (BiomereuxA},
France) kits& A}23to] A31st2 9 EAL 2AMSHL, 16S
rRNA §-731212] B2 2)99] Q71X E-& ZH= oligonucleotides
£ primersZ ARE5tY] SEH 3T A AHHH-S-(PCR) A
& AAIStY 16S rRNA g7 22 #4353t

mlo

o—Galactosidase Z5AH HE

B2+ B. licheniformis YB-14133%} YB-14145 &4 A}
Aboll Zghgt wi R A oF 36A17F v ket & ARt o
& A ENS ammonium sulfate (25-75%)2 A 2|3}t

A% 28 10 mM sodium phosphate &% (pH 6.0)

of detste] TY AFNHeE BN T 2aLNOE ALY
atgct.
o—Galactosidase HISEY &M

o-Galactosidase &4 2 AA317] Y& A= 1 mM pNP-
0Gal®} 50 mM sodium phosphate &% (pH 6.0)& Z3
B ok 268 o4l 0o 1083 117
Soho] gl 23] 2] 1 M NayCO; &8 H7}a}o] wos
&73 AA7|3L 405 nmol|A] SL=E =A319th. para-Nitrophenol
ONP)& ZEEAE oto] €2 HAFFAHAE AHESto] A
HE-g-ofl ofsf A€ pNP| %kﬁ 25t on aao &4y
T 1 unitE 18 £9 1 umold) pNPE (A7 a4
o2 Qosiqict. aa Aol wA= W 229 pHY F
F& A7) 918k 30-55°Ce} pH 5.0-8.09] HefollA 2
7} o-galactosidase B4 S5 @ B A}
7] Y5t} 2EAHE A2 GE 2= A 3027} 6027t
W8 & 1 A2 EA S 24319t a-Galactosidase©] 2
e 2F TteEeiaE S A H8l 718 (1% HF
HE 40°Co| A BAIZE F<F HESA|7]
A NS 3 chloroform, acetic
acid %%’#(4.3 15007, (v) TFHLAL AfeHoR
3} silica gel-precoated thin layer plate (Merck, Gemany)
oA vF A2utEdH S ST AME EAS T
A A 7171 Y| A= 9 ml ethanol, 0.5 ml p-anisaldehyde,



0.5 ml sulfuric acid®} glacial acetic acid @ 22 &3}3t
A gHS WY T 120°Co| A 1087 WA & J
7hgol A4 @40 A= FFE BAT] At 7|E=
pNP-0Gal (1 mM)< Z33 vh-gHof o] F7et HArls
=& 23t Ao A a-galactosidase A2 A3}

QIo|=E DNA C}aM(RAPD—PCR)

Bacterial genomic prep kit (Solgent, Korea)E A5}
Eo|3F YB-1413%} YB-14142 5 € £ 34X DNAS &
3}o] 3 DNAZ AE-35H T Primers: 10 nucleotides2
T4 E oligonucleotidesE AH&-stgom, Eed FHA
DNA (50 ng)¢} g 79 primer (50 pmol)E Z g3t ¥H-3-
Mol HulE 50 ul& ZZA3}9 Taqg DNA polymerase=
PCR ¥h-5-& A X84t PCR BH-S2 A2 95°Cof| A 587t
HASE & 95°Co|A] 15%, 30°Col|A] 18, 72°Cof|A] 30z 4t
o] L 353] HHESIYAL, HFH O R 72°Co A 827t
& 435ttt v AR S 1.2% agarose gelo| A A7)
53 433t o]E ethidium bromide2 FAM3}o] 2
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o
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o of
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Za g o

o—Galactosidase MAk#e| 229t EM
7Holl A £3E S TA Y AAYo R FES F
7het HavjA o] HEst S+ vigE & EeE @ L
ad oAl B-galactosidaseE TA & £H] YAHst= B.
licheniformis YB-14147} 225 v} t}[12]. Y3 =4
oA &2 wjgE 2% EdY I THE AHE S
pNP-0GalS E3]5l= o-galactosidase S ZAFSH 21}
RAPD-7

RAPD-9 RAPD-10
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B-galactosidase At Hob= A SAE YA 4B F
Z7} a-galactosidaseS AJAMsl= Ao g2 sl E Qi) o] &
% YB-14133%} YB-1414+ o-galactosidase®] At o] L4
Sl =t), YB-14132 YB-1414%} ZHo] B-galactosidase= %
Ao #A = Zu] BAbstict

Ha|i YB-1414+= o]u] B. licheniformisZ ZQIE o=
& API 50CHBS} 20E kitE Ag3to] 54 22 € YB-
14139 & o] 343} A5peta E4HE RASHAL o] & YB-
14149} H| 23 23 lactose o] A4S A AT 2E 540
A2 Aeg}. T3 YB-14139] 16S rRNAY] H7|A S
(Genbank accession No. KM660626) YB-14149} 533
S YB-1413& YB-14149} Zo] B. licheniformis2} 7}3
FAMde] 2 Aoz SUEIT. 23 F e AEAL
29 Bollv= FYsto] oA, AR Hia 2384
& BT wylang] Eo5S Qe ol% o] F FFE
lactose?] o] §4& A st 1 E4o] &3] FUsHA
ong o FF7h A2 T 22IAS BaAs] A9
RAPD-PCRS 283to] 7 S4719] SAHS v wahsint.

Table 1. Nucleotide sequence of the oligonucleotides used as
primers.

Primers Nucleotide sequence Lengjfh
(nucleotides)
RAPD-7 5'-GAAACGGGTG-3' 10
RAPD-9 5'-CTGAGACGGA-3' 10
RAPD-10 5'-GTTTCGCTCC-3' 10
RAPD-12 5'-TGACGCGCTC-3' 10
RAPD-13 5'-CCCGCCGTTG-3' 10
RAPD-14 5'-TACGATGACG-3' 10
RAPD-12 RAPD-13 RAPD-14

1 2 3 4 M 5 6

7 8 M 9 10 11 12

Fig. 1. Genomic comparison between YB-1413 and YB-1414 according to RAPD-PCR products. Six kinds of oligonucleotides includ-
ing RAPD-7, RAPD-9, RAPD-10, RAPD-12, RAPD-13, and RAPD-14 were used as primers for PAPD-PCR, respectively. Lanes 1, 3, 5,
7, 9 and 11 are corresponding to B. licheniformis YB-1413, and lanes 2, 4, 6, 8, 10 and 12 are to YB-1414.
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37]7} 10 nucleotides2 FAFH 1 7| A Eo] tHE 63
29 oligonucleotides (Table 1) primersZ 2}z ARE3}o]
RAPD-PCRE 33t & PCR AHES agarose gel 7|95
o2 BAM3 A3 0.3-2.5 kb HYol| £5= o7 79
DNA ©@tHo] #&5 9l th(Fig. 1). Primers RAPD-7, 10, 12,
133} 140] 93t FFEAELE F A7t AE PAE e
primer RAPD-99]| &JsjA = 5 YT 37|19 DNA ¢HE9|
FTEZHUAOY, YB-14139 M= SFHHA g2 0.7 kb DNA
ol YB-14140| A FolA o7 WA Gt} etA ol

o.-Galactosidase productivity (U/ml)
(90°q0) ymous 122

Culture time (h)

Fig. 2. Growth and o-galactosidase production of two B.
licheniformis isolates. B. licheniformis YB-1413 (closed sym-
bols) and YB-1414 (open symbols) were grown at 37°C in LB
medium. The cell growths (circles) were determined by measuring
absorbance of the cell culture at wavelength of 600 nm. a-Galac-
tosidase activities (triangles) were determined with the culture fil-
trate. The curve for a-galactosidase production represents the
average of three independent experiments within standard errors
of 1.5% between them.
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B. licheniformis YB—14131} YB—14142| o—galactosidase
Ak

B B. licheniformis YB-14131} YB-14149] A #a}
as BATY] BAE AL 918 LB HA R oA 2
2 st Al QA uf kA S A 8] 600 nmo
B9} LT Hol| A= a-galactosidase?] 4
A3ttt YB-14133} YB-1414%= Hf AZ = o] o]2
v o A 7ko] G-AMSFH o U, YB-14149H= EE] YB-1413
Ao Az o2 F wWEA AFE7|E HolEUth(Fig.
2). o-Galactosidase 2] B4t & F57F B5 Ao A%
olEF S R AZste] Atd7|o] BEE T X &F
o2 275190, YB-1413L 38A17to] E & wf 1.2 U/
ml 2 o] o] F St EAsts aag/do] |
oFstA| Zra gt WhHO| YB-1414+= B FAI7Eo] 424 7k0] &
e o &a Aol 0.99 Umlz o] o]=3ith

UutH o7 740 YA viR] 9] TaHdi} FaHo 9
3 J3FS oz B9 a-galactosidase AJAko] &gt
3 R ES ZARH| Y3l potassium phosphate (0.01%)
2} magnesium sulfate (0.1%)E 7|2 JEOZ 3l &@4 Y
I A42YE geste] Belaty a4 A4S vlaskglo
ALY 2 peptone (0.5%)e Aot HiAlo A2 e &
29F 0.5%7F H=8 Z+2F H7hs AeolA RS AE

AN oy

Table 2. Effects of additional carbon sources on the o-galactosidase production from B. licheniformis YB-1413 and YB-1414.

Additional carbon sources 0-Galactosidase productivity (U/ml)

Amount (%) of  a-Galactosidase productivity (U/ml)

(0.5%) YB-1413 YB-1414 wheat bran YB-1413 YB-1414
None 0.21+0.01 0.17 £0.01 None 0.22 +£0.01 0.19+0.01
Glucose 0.03+0.01 0.17 £ 0.01 0.3 0.31+0.01 0.23+0.01
Sucrose 0.00+0.00 0.00+0.00 0.5 0.26 + 0.01 0.22+0.01
Lactose 0.24+0.01 0.21+0.01 0.7 0.29+0.01 0.23+0.01
Galactose 0.26 +0.01 0.24 +0.01 1.0 0.24+0.01 0.19+0.01
Arabinose 0.01+0.00 0.06 +0.00 1.5 0.31+0.01 0.15+0.01
Melibiose 0.02+0.00 0.12+0.01 2.0 <0.01 £0.00 0.17 £ 0.01
Raffinose 0.01+0.00 <0.01£0.00 25 <0.01£0.00 0.17 £ 0.01
Locust bean gum 0.31£0.01 0.28 £0.01 3.0 <0.01+£0.00 0.15£0.01
Guar gum 0.22 £0.01 0.24 £ 0.01
Wheat bran 0.30+0.01 0.30+£0.01
Rice bran 0.26 £ 0.01 0.23+£0.01
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slo] 37°Col| A 36A17F 5ok X% viFet & v A5 9
A S ST A3 Table 20 H2l vE&}F 2o wheat
brang H| &3} rice bran, locust bean gum (LBG) =
galactose® A71e WA o)A) 2 AALR o] F7hE 9o
sucrose, raffinose, melibiose, arabinoseS Z7}3t vl X o] A]
= BaYE FUbeHA g2 ARG 47t EE A
Aol 2A Fasth B3 glucose7t FH7HE ] of A
+ YB-14149] A$ a4 iAo Wstrt gl e, YB-
14132 84 Aol 2A A8ttt - vl of raffinose
£ A7t RE& W L. reuteri [1], L. plantarum [22], B.
halodurans [2]9] o-galactosidase AL Z7}81H, L.
curvatus [29]19] a-galactosidase= raffinose®® o} 2} melibiose
9} galactosed]] QA= Aito] FE = AoE HIES
th. 3t Bacillus sp. JF29 AW o-galactosidase®™
melibiose®] &A= Aol F7HE 2, sucrosed]| 2
M= Fast e 17 o] e B4 L. curvatuso| A=
ERlE = F B E sucrose F7HHjA| o A= E A7
AJALE] R ¢FRET}. Debaryomyces hansenii [25]% galactose
of o3 i Aol Z7HRCkT BaE gt thebA] Th
9] oA EA a-galactosidase®] AJALA o] raffinose,
melibiose T+ galactose®] &8 F71= itk A1t} v
3 e 22|te] 7% galactosedl QA & iAol T
7Vete AL A 2|3} A g raffinose®} melibioseo] 2] 3] A]
= g4 daEe B3t A4S B

BHAY o2 LBGY wheat branS 713t viA|o A & &
T BF 3a gio] 7M 2A F71stg=dl LBGET
A wheat brang HjA] JELZ o|§dt= Ao FAY &
Aol A fr2lsthal BE o] wheat bran®] F=5 23
Wz oA &A AYAGE RASEE T 1 23 YB-14132
wheat bran®] A7}go] 1.5% ©|3}Y = aib iAo =
7FFR S, 2.0% o) H7FeE Aol de Ba Aol &
Aot Astelo] FAFAolA EagAol 0% vloba
502 FFEQ T YB-1414E= wheat bran FH7FgFo]
0.7k 8 W o AAA0) Hej2 S7kehlon) 1% o4t
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9] wheat bran®] H7IE U gl T AJAHFo| oF 7 THa
St S RAoU YB-1413% = EE 2.0% oo =E
YT #EF FAS T $H YB-14132 wheat bran
Z71Fo] 0.3%2} 1.5%Y W] o-galactosidase A o] Zt)
0|3, YB-1414= 0.3%%} 0.7%Y uf A2 Yelyt=d|, YB-
14139] B-galactosidase AJAHA2 wheat bran 3 7}5F0]
0.3%Yd of ¥} 1.5%d of oF 1.88) o m (AT} ulA A)
YB-14149] B-galactosidase RJAFIE 0.3%Y o] 0.7%Y o
oF 1.668) © =qkTh[12].

o-Galactosidase ¥ oFy 2} B-galactosidase?] AJAto| =
A st =& wheat bran 3 7HFE 1.5% (YB-1413)¢} 0.7%
(YB-1414)E 27} u At §7]1 42 9(0.6%) 75
23 Wiz olA 2 9] ma YIS RABEE 1 yeast
extract7} H7He v R oA B BAH o] 7HE Lestile
o, tryptone, pepton®|l} casein hydrolyzate7} 715 Hj
AQAE & F39 5 iAol w8tk 22y corn
steep powder7} ¥ HiZ| o A= BT} A Y PALE A
e m, soytone F7Hj A ol A= YB-1414%+= €2 YB-
14139 a4 AALA o] A 231 thH(Table 3). Yeast extract
£ A7bet e W 7 &4 Aol UL BE o] F 3%
olstz ] ujA o H7tsto] ujget A yeast extract?
7ol Wold & a-galactosidase A4Hgd o] S7HstH L
o YB-14132 2.5%°| A 1.87 U/ml, YB-1414+= 3.0%9] A]
1.69 U/ml?] uf AAAES HY=d YB-14149) 7S yeast
extract®] H7}o] 3%E 2HSIEE S = BA A
Aol & o 71 ALE 9 SH.

L. reuteri®= AAYOZ yeast extracts AFESIGES W &
A AR 0] 10.55 UmlZ ZF7}sFH 2 H[1], L. curvatus=
raffinoses §Y @AYo 2 ARESIES o 40 U/ml [29], B.
stearothermophilus= Y T+E2 B4 YO Z ALL319 L o
2.0 U/ml [10], B. megaterium2 2] vjFzAqA 1.9 U/
ml [21]9] A& Hole= Ao R 77t HuEglon HF
oA B2E B. licheniformis YB-42= LB v X]o]| 4] 0.7 U/
ml2Z 1% v} QItH15]. B3 A. fumigatus®] &4 AR}

Table 3. Effects of additional nitrogen sources on the o-galactosidase production from B. licheniformis YB-1413 and YB-1414.

Additional nitrogen sources a-Galactosidase productivity (U/ml)  Amount (%) of

o-Galactosidase productivity (U/ml)

(0.5%) YB-1413 YB-1414 yeast extract YB-1413 YB-1414
None <0.01£0.00 0.01+0.00 0.5 0.26 £ 0.01 0.33+0.01
Corn steep powder 0.00+0.00 0.00+0.00 0.8 0.28 £ 0.01 0.35+0.01
Soytone 0.14+0.01 0.27 £ 0.01 1.0 0.54 £ 0.02 0.43+£0.01
Yeast extract 0.33£0.01 0.35+0.01 1.5 0.70+0.02 0.72+0.02
Tryptone 0.28+0.01 0.30+0.01 2.0 1.50+0.02 1.23+£0.03
Peptone 0.24 £0.01 0.31+£0.01 25 1.87 +0.03 1.54 +0.03
Casein hydrolyzate 0.23+0.01 0.29+0.01 3.0 1.66 £ 0.02 1.69+0.03
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& A. sojae®| = 3FA Y[11], Neosartorya fischeri [26]2]
a4 §AHXE Pichia pastoriso] =8 A 23 «FH4-2 o]
23} o-galactosidaseS AJAHS}STH

o—Galactosidase?| HI2EM

SIS NS ammonium sulfate (25-75%)2 & 2|5} A=
ZAANS A}E3te] vhe 2 A9 WE o-galactosidase &
& 2X3% A3 YB-14137} YB-14149] HAL BE pH
6.01} 45°Col A &S UElden, pH 5.5-6.5 9]
A HHEAEY 90% ol 22 BF AT (Fig.
3). AATE &&= FYsHAIT 50°Col A= YB-14140] H]
3] YB-14139] 484 o] =9t} B. stearothermophilus
NCIM 51469 &4+ pH 6.5-7.02} 65°C [9], B. megaterium
9] a4= pH 7.59 55°C [21], Rhizomucor miehei®] E4

ox it

Temperature (°C)

100 1

80

60

40 -

20 1

Relative enzyme activity (%)

(%)
[+)]
N 4
-}

pH

+= pH 4.59} 60°C [13], B. licheniformis YB-429] G4 =
pH 6.5¢} 45°C [14], Paenibacillus sp. LX-209] &4+ pH
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Fig. 3. Effects of reaction temperature and pH on the a-galactosidase activity of YB-1413 (A) and YB-1414 (B). Temperature profile
(triangles) was obtained by measuring the o-galactosidase activities at different temperatures and pH 6.0. The reactions were done at
45°C and various pHs for determining the pH profile (circles). Buffers used were as follows: sodium citrate (-e-), sodium phosphate (-o-). Each
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by measuring the residual activities of o-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.
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