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Abstract: [Background] Glycoside hydrolase family 13 (GH13), known as the largest a-amylase
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family, does not contain galactosidases. [Objective] To identify a protein BgalPg from the marine
bacterium Photobacterium gaetbulicola. [Methods] The family of BgalPg was identified by
conserved motif analysis and a phylogenetic analysis. The BgalPg gene was cloned and expressed
in Escherichia coli. The enzymatic properties of purified BgalPg were determined. [Results]
BgalPg possessing the conserved motifs of GHI13 family is a new member of the GH13 38
subfamily, although it showed low sequence identity with characterized a-amylase family proteins.
BgalPg demonstrated no catalytic activity against any substrates of the a-amylase family, while it
had the activities towards pPNP-B-D-galactopyranoside [pNP-B-Gal, (2.8+0.4) U/mg] and
ONP-B-D-galactopyranoside [ONP-B-Gal, (1.4+0.3) U/mg]. Moreover, the enzyme hydrolyzed
lactose [(0.40+0.01) U/mg], which represented a typical B-galactosidase activity. BgalPg exhibited
high stability in pH 7.0-8.5 and the half-life time of 1.5 h at 60 °C. [Conclusion] This is the first
time that an enzyme of GH13 family was biochemically defined as a novel B-galactosidase.
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KA A AR & RBUHAEN . ZERZK
t, R OGHFIEE (Photobacterium) it 40 14 5 4 %
R, SR TERAGIA M EE TR E . AT
o B b i e & AT TR (P gaetbulicola) 43 A
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T DOM HYA R FE AR SR AR R

B-2F FL W i (B-galactosidase, EC 3.2.1.23)
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B-1- L T it 1) 32 2L T B SR /K S LM 5 GH35 1)
B-FFLME H R ZORIR THEY), 5 GH42 (1 B-F
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RI—A o-TER KRB 1 BgalPg, HEM
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H 2 BgalPg M4 TR S e B 25501, Ry B
fift 16 DOM R B e &R

1 M5

1.1 ##
111 Efk. HiEfESsE

TIER SEATF IR Gungd7 TEARIE B 5 [ P
£458% .0 (Korean Collection for Type Cultures,
KCTC, %45 22804)., KHHFE BL21(DE3)EK
SN A R ALY TR CEE) RO AR
lo Bk pET-32a(H) AR ERAE . KT
P LB B i1 55
112 EERLFFLE

20 T Ak PR 2 i 42 3050) & F0 PCR 7 ) 4l Akt
Mg, ETAY TR BOA RS
PrimeSTAR HS DNA &M . PR N U)
I T4 DNA #iH, 5 HEAYEAGLE)
B RS 5 %G BRI £ (Glucose Kit),
BBI A )5 Xl 35 -B-D-2F FLBE T (p-NP-B-D-
galactopyranoside, pNPG). 2[fiJE 4 -B-D-2-FL
B (0-NP-B-D-galactopyranoside, ONPG)Z5HH
KRB B EigRTRn T A AR R A IR A
A5 R AR SR 2 FL M (galactooligosaccharides,
GOS), Friesland 23 #] . B F{0i%{%, Dionex 2
F]; CarboPac PA1 Mt %4, Thermo 2],
1.2 7%
1.2.1  F3I 5t g2

I FH NCBI 54f )% i) BLASTp /5% BgalPg
AP AT R R R . SRIIE &t e =
AELE R A GHI3 KGO o-VER) I AmyP
VER BRSS!, X ERSF M S SE R EA T8 5 AR

Janecek fli iR ) GH13 Z %+ GH13_1.GH13_2,
GH13_19, GHI13 22, GH13 26, GHI13 37,

GHI13 38, GHI13 41 il GH13_42 iV 5 ik i) . 74Y
R, —FLRECT 18 & A . M NCBI ¥
JFEF S0 e A AR T Y . R GHI3 K
T 43 2 S0, 3 BB 55 B/ on)s AFBR A A0 45 B
W B1 2 B8 L IX 382 300 AR IEBR) HEAT Y4
Eo X 100 A e X B 8 f4 A Clustal Omega
(https://www.ebi.ac.uk/Tools/msa/clustalo/)F Color

Align Properties (http://www.bioinformatics.org/
sms2/color_align prop.html), >KH MEGA 5 &

PRI R IX 18 458 1P 51 Fll BgalPg 144
RGEREW .
1.2.2 BgalPg I fE. FixFf4k

240 A7 s R 2 A B 30 G B0 Y R AT
# Gungd7 IJEZH DNA, Hi4E NCBI $di 4
N Gungd7 BRI R 4 P 9 Bgal Pg SE K7
SIS IER 54 P1 (5'-CGCGGATCCATGACA
GATTTTACGCATTC-3") (R &£k4t >}y BamH Ififf
YINL ) FI 1854 P2 (5'-CCGCTCGAGGTTA
GCTAGTGAGAAAGCA-3") (FRIZAbN Xho 1
MEUIAL ) e LAIME A CHF B Gungd7 RYZEPIZH
DNA Wiz 41 BgalPg F:[H . PCR [ WA %
5xPrimeSTAR Buffer (Mg*") 10 pL, dNTP Mix
(2.5 mmol/L) 4 uL, 5|4 P1 8¢ P2 (10 umol/L)
& 1.5 pL, FER AR 1 uL, PrimeSTAR HS DNA
B4 WF(2.5 U/pL) 0.5 uL, ddH,0 %2 50 uL,
PCR JZ W %1 98 °C 3 min; 98°C 10s, 51°C
155,72 °C 1 min 52 s, 30 MEH; 72 °C 10 min;
12 °C 10 min, JH BamH IH1 Xho T il fili 23 51 %F
BgalPg J&[H Fil pET-32a(+) &k A WEFI, #R)5 1%
#3144k, Escherichia coli BL21(DE3), T4+
7 563E . 7 45 Bgal Pg i H 2H B Fk A 1 mmol/L
IPTG 5% 12 h JRISERIA, LA IRE3S0 W,
TAE3s, A& 2s, 330 min), 4°C. 12 000xg
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250 10 min fHHIBE o LB 2800 Ni-NTA 2%
FMZMraifbs ) =4 BgalPg 4k, H
SDS-PAGE #2263 . 4lifk. i) BgalPg £ 1%
FF1E 50 mmol/L TR ENER 22 M (pH 7.0)H .
1.2.3 EBEARINE

B-2F- U T T A T MR . — AR RN
R FALE 40 uL & AR 2EEE M . 10 mmol/L
PNPG, BEFREAHIZE MR (pH 7.0)%M & 500 pL.
40 °CKN 10 min J5 37 BIAIIASEAFRE 1 mol/L
Na,CO; Kb o 2 T 420 nm b I &% 5
BT EGTE . — AR HER IS 1 5L (U)E L
s AR RREES W E Tk, BB pNPG
ARG 1 wmol X -fif B2 83 (p-nitrophenol, pNP)
T, B (R A Bradford w0,

T R TR A LA S, R TE
X SRS 70 E 0 SRR SOWTRLEE 30-60 °C,
IR 5 °Ci B — NI ;. R pH 4.0-9.0,
BEAIRE 1.0 BB — A s A TR0 R
A 1 h, RARJEYIA SOSLNERISY 2 hy g
oA 15-20 mg/mL. A T HERR BgalPg 248 &1
MR T REE , A2 RNV 43 BIE I 5 mmol/L
VE Y il 5% % AR 1R DLW i TE AR HE R CaCl, 1
MgClyo 25 JE I 1 ME & AT ORI, A T
HERR BgalPg & ER ARG A AT BEME: , 76 SN b
A HNEIN 0.5%—4.0%H) NaCl 1 KCl.

N T IR G . Jriklal p-2F3L
B T TG 0 R o N TR IR 248 LAAS TR
W R 22 T 0T i 3 K 3 A (pNP-) B 48 X fird 2
AL T (ONP-) I R AW o G R Bl K A 1 4
WO T B, BRI pNP B - i I R 1
(o-nitrophenol, ONP) 2> 8% 1R 7 fic il 2] .

FRAR BB 3G I« ATV PETE D
BRGS0 TR RS W 3,5- A
KA R (3,5-dinitrosalicylic acid, DNS)¥: il 5 i
K SR T ELAT I T ) S BpUp T — st

ANBE] DNS SAa I A ZERE R, BansLps . e
Wi PR S SRS, DI K S R
AT, BT AR P A 2 A U300 G R A T I 2
S5 TR N ) K o A A N g B AR 2R 2 5 7
235 nm Aby= AW EAE! S F8 A B GBI I B
WOGAEAS A IS, 9 4n B A1 2 4 (laminaran)
N7 B (panose) 5 W] R H 3 J2 2 #7 15 (thin-layer
chromatography, TLC)FRAGAL 75" A T80
1.2.4 TLC MK R~

JEEFIEFR A 5:3:2 BYIE T lE: 2K
BAKIH 95%Z B S%UBR RS . FESLTE
TEAEIREC AR ik, B TEIFRIZ 2 )5,
M 3 BT 90 °CHRA2 15 min, MHFUHK
PRI, FUBRARRE Jy 180 g/L, IR 5 mg/mL,
50 °C, pH 7.0, JZWW 2 ho FEASAY S =905
0.22 um JEEE 4T TLC JZHT.
1.2.5 BEMIAEFRkEE-bhRERNE
(HPAEC-PAD)# | FL¥E 7k f# 7= 4

R ik GOS B 4tk i i F e 2 10 mg/L,
if 0.22 pm PG A H . B AR E Tk
L BRI 2% o (3% FE 2 CarboPac PA1 B {0 %
## (4 mmx250 mm), CarboPac PAl P 3 AL
(4 mmx50 mm), s A A 0.2 mol/L NaOH,
WA B 24 0.1 mol/L NaOH F1 0.5 mol/L 2.
BIETRAW, WK 1.0 mL/min, AR 30 °C.
1.2.6 EEF pH XM EGE AN

IR S W pH A pH B E 7R 40 °CHll 22 o
G2 R 50 mmol/L R R 2% thi (pH 4.0-8.0)
150 mmol/L H 4 i2-NaOH Z& ¥k (pH 8.5-10.0).
pH Fa i MR B AE = T 2 51 B 78 pH 5.0,
6.0. 7.0 Fl 8.5 WLz b, SR B3 PR — g il [i)
BUH, RSl RN A T I i R T . il
S TR K IR RS EETE pH 7.0 40 TFINAE .
T FESE N 30-65 °C. il B2 A P4 170 1) 9t
BIE 45, 50, 55, 60 °C, #RJ5 FF b — 2 B[] e
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TSRS SOV AR I E S B A . RO
BB, AT 8 B R E LR 100%; B E
PR, ORI R BETS € SO 100%.

2 HZRE5OM

2.1 BgalPg BIF 55 #

BgalPg S I T 1M & YGAT I Gungd7 Ik,
HEH 4K 1821 bp, Fifi 606 42 H K (GenBank
5 AJR05387), BgalPg & HE /0 Tk
4 68.7kDa, AT AES A, BLAST 344521
#= W], BgalPg X5 —L & H 8 4l 1) -
WG R A 75%L0 ERE A AN, X
SRR AR AR AR B i o-VE R SR B 1
B REMMSGMR, FF GH13, GH57. GH119
1 GH126 3% 4 D!,

KT GHI3 HKGRMMRARZ, &AM
A4t R R LR ) (B/o)8 MTPIRZE M), AT 4-8 4>
BRSpIp s, Hody p2. B3, B4. pS Ml p7 ME
PR P o 0 B X, e TR S b
A7 A, AR AT RS ST H T X I B2
JE TP B S TR AL B GNGW IR 91(G T
B2, W ohtazig, NAUCRIEEZEER, B
KANE0; B3 P E LS DNJH FHIEFSI(D Ny
KA, H NAHAR); B4 #4475 RND
FRIEJF SR AAEATR); BS B &A% E;
B7 M4 HD L4 4% Ht BgalPg 1Y )7
F15 GH13 19 8 MR IEA )P 5 Lo i)
X e LT Y RN R AR S 51 Y #E BgalPg ik F|
(Bl 1A), It BgalPg J& T GHI13 Kk, MRS
KRERE 1B)AT L, BgalPg 5 %4119 GH13 38
R A T [/ — 2332, At BgalPg J& T
GH13 38 W J%. HHI, GHI3 38 WHEH H
A 2 A o-HEFET R LR % 1Y, BgalPg
53X 2 R S AB LA 43 302 57%F1 41%.
Zi B UL, BgalPg HYJFSIEAHAL, ANEEMNT

G 3 A BRI AR A T RE
2.2 BgalPg H)FEHF AL

¥ BgalPg 11 5L N IHE A OEHF B Gung47
PR B BE DK 20 H PCR Y38 )5, 4 A2k 14K pET-32a
R E AR, $AERIATT R BL21(DE3).
WP s e B R P8 ok . A WAS FRIK .
syesmnsife)s, oA SDS-PAGE fill, R
M2, KAONSEE His B8R HENEA
(BRI 43 F 28 (69.7 kDa)HIAF (K 2).
2.3 BgalPg FeEEBRERI KD

HHT, GHI13_38 V.50 A g = i ik Ry
o1 A M . AR BRI R S o A
ko> ok 3 26 RS T GHI3 KR, fi& ey
SRy TREARE RN 5 7 B - o ] A R (LB X i
7K -0-D-#] Z BT, pNP-o-D-glucopyranoside);
M BgalPg B H— R ¥ I FHIER , BgalPg A&
TR o-F A 0 AT REPE . TR AN )
T GH31 ZJ% , IR Y fie 1 IS W) 2 22 2B A 5
222 M s IR g P o VS ) A T P T R
JEUO Sl 56 5F BgalPg S 75 HA o~ 28 W il
TEPE, FATEZFI R, 84T L S A i)
Hammg e, MK T BgalPg XX 6 FhE Y1) 7K i
ey, G5 A TICIETE . X1 BgalPg AN 2
o A T T

T %E BgalPg mUMEILIIEE, FRATEAA
RPN TR T 7, ds . XIhfs
7R-B-D- 7 2 Wi (ONP-B-D-glucopyranoside) . 2B
FEIK - B-D-1] % B (ONP-B-D-glucopyranoside) . X}
filFE 2K -B-D- ] 2 B R 1 (DNP-B-D-glucuronide) |
Xt i KooK - B-D- AW (ONP-B-D-xylopyranoside) |
X i 32K -0-D- A (ONP-a-D-xylopyranoside) ,
YRS HTR-0-D-27 2P (NP-0-D-maltopyranoside) |
XIBFEAR-B-D- H #2 M (PNP-B-D-mannopyranoside) .
X A HEAE-B-D-£T 4E W H (PNP-B-D-cellobioside) |
KA AR -B-D- 75 B (PN P-B-D-fucopyranoside) £l
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A p2 B3 B4 B5
* * x *
1 AAMY Aspergillus oryzae (CAA31218) 77 GFTAIWITPVT 132 GMYLMVDVVANIMGYD 223 GLRIDTVKH 246 VYCIGEVLD 313 FVENJDNPRFA
2 MGA Geobacillus stearothermophilus (AAA22233) 98_GVTTIWLSPVL 154 GIKVIVDFVPNIISTPF 254 GLRIDAVKH 281_IFLVGEWYG 354_FIDNJIDMSRFL
19 M6H Bacillus halodurans (BAB04132) 106_GINAIWITAPY 168_GIRVVLDVVMNEPGYN 322 _GFRVBTAKH 366_FWMVGEVWG 321 _YLSQ@IDTQLYP
22 AGS Aspergillus fumigatus (AAL28129) 117_GIKGIYLAGTTI 167 _GMYVIFDNTIATMGDL 307 _GFRYDKATQ 340 FFISGEITG 448 FDPREMYGATN
26 MOTS Rhizobium sp. M11 (BAA11186) 32 _GVDWIYLSPIL 81 _GMGVLIDIVPNJIVGVA 233 _GLRIDHPDG 358 _ADATAEITA 478 _TLSTEBTKRSE

37 AAMY uncultured bacterium (ADK21254) 59 _GMNAIWLTPIF 118 _GLYVFFDGVFGEHKDN 174 _GWRLDQAYQ 216 _GYMVAEIWN 292 MLGNIBLVRFG
41 AAMY Micrococcus sp. 207 (CAA39321) 400_GVYNTIWISPVV 461 NMKIMVDVVVNETGYG 557 YFRVDTVKH 585 FKMIGEAWG 651 FLGSHDEES
42 AAMY Streptomyces lividans (CAB06816) 418 GFSAVWITPVV 469 GMKIYQDVVYNESSRW 629 GFR TAVH 667 FFVFGEVAA 785 _YVDSHDYGPNK
38 ND Saccharophagus degradans (ABD79820) 82 GVSHVWYTGVL 155 GLKVVIDIVPNHIVARA 316 GFR Jll'l-- AEM 344 FFLLAEIYN 408 FLENIDEQRIA
38 ND Flavobacterium johnsoniae (ABQ05620) T2_GVTHIWYTGVP 145 GLKLLIDIVPNGUIARK 303 _GFR MAEM 331_AFLLAE
38 ND Photobacterium profundum (CAG22288) 59_GVSHIWYTGVP 132 _GLKVIIDIVPNGWWVARR 293 GFR 'l A AEVYQ 385_FLD! ][I}“.: QRVA
38 BgalPg Photobacterium gaetbulicola (AJR05387)  66_GVTHIWYTGVP 139 _GLKVIIDIVPNEVARR 300_GFR u MAEM BZBfﬁFLMVYQ 392 _FLD| HL!I QRVA

i
:
‘|>
;
I
:
'r
[

B ]ool 1 AAMY Aspergillus oryzae (CAA31218)
100 1 AAMY Saccharomycopsis fibuligera (ADD80242)
| 2 CGT Niallia circulans (CAA55023)
100 2 MGA Geobacillus stearothermophilus (AAA22233)
19 M6H Bacillus halodurans (BAB04132)
19 AAMY Escherichia coli (AAB18548)
41 AAMY Roseburia sp. A2 194 (CAJ20070)
41 AAMY Micrococcus sp. 207 (CAA39321)
— 42 M6H Microbacterium aurum (AOF40721)
100b—————— 42 AAMY Streptomyces lividans (CAB06816)
37 AAMY uncultured bacterium (ADK21254)
38 ND Saccharophagus degradans (ABD79820)
100 38 ND Flavobacterium johnsoniae (ABQ05620)
g_g_: 38 BgalPg Photobacterium gaetbulicola (AJR05387)
100 38 ND Photobacterium profundum (CAG22288)
100| 26 MOTS Sulfolobus acidocaldarius (ALU30387)
26 MOTS Rhizobium sp. M11 (BAA11186)
I 22 AGS Aspergillus fumigatus (AAL28129)
1001 22 AGS Cryptococcus neoformans (AAW44814)

96

0.1

1 BgalPg BIFFISHAFMAZRERB) A: BgalPg M2 EEMRIFHI MK A GHI3 1,
GH13 2. GH13 19, GH13 22, GHI13 26, GH13 37, GH13 38, GH13 41 1 GH13_42 W 5 ji% iy YL 7Y
IRF WM FH 1 P RF SR I RGN g . BHO4S . 18 ERA GenBank %55 ; I
X 1 5 R AL (Bla)s LSRR B3 B4. BS. B7 Al 20711 GHI3 ik L i Th B vk 41
QIR ML= . AR HRE . KOMESHR. B: MAARER N RGE IR, 2k
RF 91285 ClustalX A, JETFABITL AR ; 40 CAMERA R, BRI 0.1 fLF TR B

Figure 1 Sequence analysis (A) and phylogenetic tree (B) of BgalPg. A: Partial alignment of the amino acid
sequences of BgalPg and the representative members from GHI13 1, GH13 2, GHI3 19, GH13 22,

GH13 26, GH13_37, GH13 38, GH13_41 and GH13_42 subfamilies’. Subfamilies, enzyme abbreviations,

bacteria and GenBank accession numbers are indicated; The strands B3, B4, PS5, B7 and B2 of the catalytic
(P/a)g-barrel domain were the aligned regions[5’9'10’15]; The functional histidines, catalytic triad and invariant
residues of GH13 were signified by black, gray and asterisks, respectively. B: Phylogenetic tree of the
representative members. The tree was constructed by the based on the amino acid sequence alignment in ClustalX

The bootstrap values are shown at the nods; The scale bar indicates 0.1 amino acid replacements per site.
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kDa M 1 2 3
116—

— .

66— e

45— S e

35— - —

25— -

2 SDS-PAGE % #ff BgalPg R E AR A FA4h 1k
M: PRUEEF; 1. &4 B0k pET-32a (KT
YHMIREEW; 2. &4 ORL pET-32a-BgalPg MK
WA e A M R s 3. 4lifb i) BgalPg 25

Figure 2 SDS-PAGE analysis of recombinant
BgalPg. M: Size marker proteins; 1: The cell lysates
of Escherichia coli harboring pET-32a; 2: The cell

lysates of E. coli harboring pET-32a-BgalPg; 3: The
purified BgalPg protein.

IR - a-L-F PR (ONP-0-L-arabinofuranoside) .
[FIB R T A RRIEY , 6% b
(melibiose, Galal-6Glc) . H + #¥# (raffinose,
Galal-6Glcal-2Fru, 42 o2 FUMHT i a-galactosidase
BIFR AR PEJE DU 6 B (panose, Glcal-4Gleal-6
Glc). % B (trehalose, Glcal-1Glc), £ > ik
(pullulan, Glcal-4Glcal-4Gle, 2L a-1,6 #E3
B 20 . KRB (xylan, XylB1-4Xyl 28
B 20 R, A R B2
B¥(laminarin, GleB1-3Gle 228 i H: 2 b 4% , ]
fif I B-1,6 FEFE A HADARE)  EEERR B (sodium
alginate, W EEIRAGENER . TR HERR & B-D-H EE 4
WEFR I IESE DL 140 s 42, B Ko+
ZBi) . BgalPg X [ ix $4 i Wy 14 Jo G -
2.4 BgalPg B B-FFLHEF IS

BgalPg X &4 B-2F FUME 1 88 0 IS ) A I
%o L) pNP-p-Gal 1 oNP-p-Gal HJEHH}, 75
i 1% 23 514 [(2.8+0.4) U/mg]FI[(1.4+£0.3) U/mg].

X # P BgalPg fEiRSI B RUA L ZLME T8, 75
B-F: FLWE B B A AL RRAE . B — 20 DLFLBE RIS
Y EAT 10 min B K AR S Ry, A5 G A
[(0.40+0.01) U/mg].

T ESE BgalPg i SERE K i FLIE , 72 1Y
BRI JO N S5 E T K i 180 /L 1IFLIE 2 h, K fit
A AT T TLC Al HPAEC-PAD £
Mo M TLC MZERAT L, FLBEY; BgalPg /K
BT FURE R A, FIRT e R BT AR T
oy F R KRR (R 3A). Vivinal "GOS
SEPRRZF AT ORI B-2F FLWE i i AL IE A
1) GOS, HAAWFoess s, & R AE
JHAM GOS Wi IS IR, 4 BgalPg
HIFUBK P~ 5 Vivinal®GOS He# 44,
DL 1 BgalPg (5B 11 T BE 2 L A iy B-F 2L
WETFT , 7K A 7 A 2 LA 35 R0 2 B 40+
SHRERE, BRERZH R, DR
PRI BE (& 3B). ik, BgalPg S e — AN
FI) B-2F FLAH T
2.5 pH R [E XIEIE A9 22 Mo

WiE 4A 7R, BgalPg 7E pH 6.0-7.0 JLF
HRE A E TG T, 7E pH 5.0-8.5 #AREE T
85%LA G E , X £ B BegalPg HA I K1 pH
& [RIEE, 76 pH 5.0-8.5 AYTLE N, BgalPg
JEH a2 (F 4B), I 72 h JE ORI 73%0A
BETE, PRI 2Rk BgalPg (R E
PE, pH 8.5 5515, 72 h I & LT oS 2

BgalPg [ 51 i AR SR & — AN X Rl
50-55 °C, 60 °CH i B £ 70%19 16 P (& 4C),
[H it BgalPg J&— > . BgalPg 1 #4214
WAEHE 47,50 °CCLA T E 72 hiG tERE R B 80%;
55 °CHl 60 °CHYEZE 43 I8 F 2 7.1 h #1 1.5 he
76 60 °CHEE 7 h, BgalPg A4 2511 (7%)
(K 4D),
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.

E 3 BgalPg KEZEE R0
ARNNEG A FUNE S N W ; 2. INEEIS A9 . B: HPAEC-PAD il

iR AR TR R FLE I TR 5 2512

Figure 3 Analysis of reaction products from lactose by incubation with BgalPg. A: TLC analysis. M:
Glucose, galactose and lactose mixed standard; 1: Reaction without enzyme; 2: Reaction with enzyme. B:
Numbers 2-5 correspond to galacto-oligosaccharides having a degree of

HPAEC-PAD analysis.
polymerization from 2 to 5, according to Vivinal *GOS!*"".
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Figure 4 Effects of pH and temperature on enzyme activity and stability. A: Optimal pH. B: pH stability. C:
Optimal temperature. D: Thermal stability of BgalPg. The highest enzymatic activity in certain temperature

or pH was set as 100%.
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B-FFLBATEG AT R AR £, 4 K 25
YA TE 44 GH % % (GH1 .GH2 .GH35 Fll GH42)
w1455 B SR (1 P A1) R E AL A AR 2 B 9T
BgalPg (19351 A R HA X BHRAE, A 3 4
B ANRIHRGE : Temuujin 2537 18 M S48 (1 TR
A 4N Victivallis vadensis H 315 — > F 81 B-1E
5 B IEMENE GHS0 K Gr) 1 VadG92s, {H
J& VadG925 ANRE/K BB IE WY, HARE/K R FLpER
Y, Wi R BRI, Luis FAEAN
25 % 18 34 4 4 UR SUAF 14 (Bacteroides ovatus)

ORI —AN P E) B2 2L, NEE
J& F AR GH K%, LA 1l &
LIRS R (1 BT GH147 K PY, Cheng 4
i M\ A3 7 S PR A SO R i e B 2 B L
BETFBGTE T AB, (EZ PS8R, R 505
2R AT WL, 5 BgalPg 18 B35 AI{UAT
H 1 VadG925.GHI13 Kt — H AR 2 €Ki il
K, BgalPg MR vE T HATKT GH13 ZKik
F1 B2 ZUWH T Bl 9 A1 B PR -

FAHE BgalPg 53R JE FHA GH KiKEW
B-2 FUMHAT Wi 24 MR T LB (58 1) BgalPg R H
BOHF SR pH FRUE PERIIAR E HEA by o (AT

&1 BgalPg 5RETHM GH ke p-+ A EHEAYE LAFIELLE
Table 1 Comparative biochemical parameters of B-galactosidases from different GH families
Yrh YRR IR GHZEM  Ii&kE AEveE @i pH pHAEREME  WIE  ZH0K
Source Origin GH family Optimum  Thermostability Optimum pH stability =~ Specific References
temperature pH activity
&Y (U/mg)
Photobacterium Marine GHI13 38  50-55 Half-life time  6.0-7.0  72h 2.8 This study
gaetbulicola >72 h (50 °C) incubation at
7.1 h (55 °C) 7.0-8.5
1.5 h (60 °C)
Halomonas sp. S62 Marine GH1 45 Inactivity 7.0 lh 118.4 [26]
5 min (60 °C) incubation at
6.0-8.5
Alteromonas sp. Antarctic GH2 50 Half-life time 7.0 12h 237.6 [27]
ANT48 seawater 1.2 h (50 °C) incubation at
0.5 h (60 °C) 6.6-7.0
Paenibacillus Marine GH2 45 Inactivity 7.5 0.5h 45 [28]
barengoltzi 0.5 h (60 °C) incubation at
6.0-8.0
Hymenaea Plant GH35 45 nd 4.0 nd 0.97 [29]
courbaril L.
PrunusaviumL. Plant GH35 30 nd 4.0 nd 50 [30]
Uncultivated Soil metage ~ GH42 38 Inactivity 7.0 lh 109 [31]
bacterium nomic library 1.0h (50 °C) incubation at
6.0-8.0
Victivallisvadenss Human fecal GHS50 40 Half-life time 7.0 nd 1.02 [23]
1.0 h (56 °C)

nd: No data.
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HREME, B-FILB T IR — 2RI i 2
HIRE, AS/DEETE 60 °CLLT AU AR # o 2
#aﬁ*60%h*@MMTﬁﬁoww,%
J5 Halomonas sp. S62 [ B-1 ZL b 1 il 7£ 60 °C
PRIEAL 5 min 523 ) 3 R WA P05 ok R
Paenibacillus barengoltzii A9 B-} LB 1 il 75
60 °CLRIEL 30 min WG 7RG, HIE,
BgalPg 7E 60 °CHJFFEMIRELF] 1.5 h, HfaE
PILE . B, BgalPg (— AT LEME 2 M
58 B-2F FUBE B ) SRR PR L T — MY
kL

F15, BgalPg A U BTG BAIG, 71 &
FER A A BT AR N I . FRAT T R )
MY kIR B-2EFL BT BB 7E pNP-B-Gal X
ONP-B-Gal Bl ZLBH A7 IS 4 o) il 17 o, L A1 o AL
THIZ i 1Y) T2 5 D) BB A o ) B A 27 4 3R L
1T (LR TR A, 25 AR A AR
% 8BRS I ) S DOM. 1Y FE24R
HEJE, [tk BgalPg (1A= 3 D) Be 1T 5 AP U6 1Y
B-2F FLIHH B A — E AR U

B 5T LR T A o3 A, R BRI 2
PR R AT R — ST Ry o A9 Tl 3 2
[7 BgalPg /& T GH13 38 WA K., ¥iZ&EN
wHRKMAME, LSBT E, BgalPg
PRI O S e O BB FLE G . LU
ik, 1H2 pH RUE G e R AR R I R .
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