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Abstract: [Background] p-galactosidase has important application value in many fields such as food
processing, clinical medicine, and genetic engineering. Thus, the development of B-galactosidase with
high activity and strong thermal stability has become a research focus. [Objective] This paper aims to
screen novel B-galactosidases from the fecal microbial metagenome of Nomascus concolor and study its
enzymatic properties. [Methods| B-galactosidase gene GalNCI-8 was cloned by PCR with the fecal
microbial metagenomic DNA of N. concolor as template. Then, the recombinant plasmid
pEASY-E2/GalNCI1-8 was constructed and transformed into FEscherichia coli BL21(DE3) for
expression, and the enzymatic properties of recombinase GalNC1-8 was tested. [Results] The basic
B-galactosidase GalNC1-8, belonging to GH35 family, had the molecular weight of 28.18 kDa. The
optimal conditions for GaINC1-8 were pH 8.0 and 50 °C. After incubation at 30, 37, 40, and 50 °C for
1 h, the relative enzyme activity was still above 80%. After 1 h treatment at pH 7.0-9.0, the enzyme kept
more than 54% of the activity. The activity of GalNC1-8 was hardly influenced by the reaction system
containing ethanol. B-mercaptoethanol, glycerol, methanol, Na", K', and Li" enhanced the enzyme
activity. It retained above 50% activity after being treated with 0.5-3.5 mol/L NaCl at 50 °C for 1 h.
[Conclusion] A novel B-galactosidase gene GalNCI-8 was screened from the N. concolor fecal
microbial metagenome, which expressed in E. coli BL21(DE3). GalNC1-8 has the lowest molecular
weight among the known metagenome-derived -galactosidases. With adaptability to a wide pH range,

thermal stability, and salt tolerance, it has good application prospects.

Keywords: p-galactosidase; fecal microorganism; metagenome; enzymatic properties
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PR E R RAEM M A RN A
DNA. pEASY-E2 ki, ARLIERAF; 16 F
W Escherichia coli BL21(DE3), JtaU% R8Ik
AP HARAT IR A
1.2 FERFI LR

DNA Marker (DL15000)., Protein Marker,
e R I EIE I TR IRA A Boki/hig
Wf & . DNA JEFOAGH &, Omega A+l
A RER R . Ex Tag DNA Polymerase, dNTP
Mix . 10xEx Taq Buffer. BR ¥4 8 N Y i
(Xho 1 | Ndel), FEHEYTRECRE)HRAF;
B, QIAGEN 722 w]; X fiff B 7R Jk-B-D- itk IR
2 2, B 4 (p-nitrophenyl-B-D-galactopyranoside ,
pNPG) . 2B fiff ik 7% JE -B-D- it M > FL W 3
(o-nitrophenyl-B-D-galactopyranoside, oNPG),
AR BRA ]

BIRHL KA . Sk AL, Bio-Rad 2
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PHEAER A BRA AL UK BRI, FEER i
IRBHE AT
1.3 ERFEZEMFIISH
1.3.1 EERE

WG B- LR MR LN GaINCI-8 42K
514 GaINC1-8F (5'-TAAGAAGGAGA
TATACATATGGAATTGGAACAAGTTTATGGA
GAAACTG-3', TXIZACER Nde 1 iR HIN )
Ml GaINCI-8R (5'-GTGGTGGTGGTGGTGCTC
GAGTTTGAAAATAGGCTTATCGGTTAG-3',
THRILAAE Xho T BRI ). LAPE R
PRI A Y 2 F N 4] DNA AR (& R 41
DNA i b 253 AR W B 25 BHE A BR 28 Wl 58 A%
EHY), HHL PCR ¥ HMILRE GalNCI-8,
PCR W& Z (50 uL): PG 2B 5 K 30 ik
YR IEIN4] DNA 2.5 uL, 514 GaINCI-8F .
GaINCI-8R (10 umol/L)%% 1.2 pL, 10xEx Taq
Buffer 5.0 uL, dNTP Mix (10 mmol/L) 2.5 pL,
Ex Tag DNA Polymerase (5 U/uL) 0.6 uL,
ddH,0 37.0 pL, PCR JJii #%ff: 94 °C 5 min;
94 °C 30s, 55°C30s, 72 °C 1 min, 30 M
¥R 72 °C 10 min; 4 °C 30 min, JZh %%
&, BT 1% (e RS E) 5
BHEERHL K (130 V, 25 min)¥iiE, FEalifk Hi
FB.
1.3.2 FAah
FH BioXM 2.6 Tl & (1 51 0 BEIR 4+ 1
f£ SignalP 4.0 Server b HiMA5% iKk. fiH
BLAST fIk %5 %5 4R B GaINC1-8 (1 [ I 5 371] (3 3k
H NCBI-PubMed ##i/%); 7E MEGA X 4 ifk
17 2 77 50 Hxt 40 A, 9 3%k #5848 # (neighbor-
joining, NNIEWMHERGE L TR, HWEEH
iz 5 % FH bootstrap (KL% 4 1 000), #A93E
Ak H ESPript 3.0 5¢ il

14 KBAEREARERFHHE

S A ik pEASY-E2 1 K W A 1 B8 T &
0.1% (EBABOMEEZEM T 5 mL LB {kK:
FEIE BB 0.1%89 Amp)H, 37 °C.
180 r/min 151k 12—-16 h J5 i F ok /NI £
JRIBUTORL pEASY-E2; >R HIFR i P A% R N DI iy
(Xho 1 Fl Nde 1 )Xt ki 47 XUHEY], F9 302k
PEALARAR pEASY-E2 S4lifb)m ) B i F B ig 1
JG RIS B4 IR F R pEASY-E2/GalNCI-8,
WAL 2= KM E. coli BL21(DE3){53 & 4
itk BL21(DE3)/GaINCI-8; 38 ) FHk vr e 36
TIE G 76 1 B 174 E1 4] 2% b st R AE W R A TR
AT o
1.5 HEFAMFKES AN

B e 1E 8 59 BH P 58 B 7 BL21(DE3)/
GaINCI-8 #% 0.1% (IKFGEOM =R T 2 L
LB WA SR B (O R TR E0R 0.1%89 Amp)H;
37 °C. 160 r/min fHIRIEFEE ODgoo M 0.6-0.8
B2 4-5 h), f0AGE & 5 N FE-B-D-Fift 2 5L
Wi 1 (isopropyl-beta-D-thiogalactopyranoside ,
IPTG) E LW E K 0.7 mmol/L, T 20 °C.
160 r/min i#57555% 20 h J5 2005 000 1/min
10 min) T EAIE AN TRER, FHALEKER
FAR; PR A BEGRE AT 5 s, BAX
75,320 min), 4 °C, 12 000 r/min .(>» 10 min
W AE LB, FF >R A Nickel-NTA Agarose 4fifb
LT (DR WA Y55 J38 ) e AR VR B2l 0.5 mol/L); )
i#47 SDS-PAGE #EFEERHLTK, DA a8 4 0ks
A2 P i T R B PR X R, T B 2 B LM
Tl GaINC1-8 FRik I HERf M I alifb R
1.6 BEEEMERINE

2 WK SO I v s O A, AR A LR
H-B-D- itk i 2 FLAE H (oNPG) I W) %5 W 19 ) by
WeBEJE R 4 2.2 mmol/L, OD {4l E i
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Bk 420 nme VAR BESEH,  BERR RN SRR
1 A2 HACRIERIE) . 3 A7 325 4] (BCF
PHE A XS WG J7); # JCR R, difl
13BN AR GGG B2 1.0 mg/mL)Z Jow /K
Wi ks 5 A% JE R T mg Ve A AT s AE X Bl
F1(%)E LN+ ¥ & WU FE vp 1% d5c R I ) B
AR FAb R B TS ) 100% ,  JUIAH X il
J3 2 FLA B N A5 S 5 d R ) Bk
IR T4 P P TS 7 0 L
1.7 =i B-FFEHEE GaINC1-8 BIfig=
R R
1.7.1 RIS ERNE

M pH 7.0, 0.1 mol/L MIFFEIR-BEIE = —
BNE v S B BE VR B2 O 2.2 mmol/L B IR
TR (RIS il 3 28 B - B-D- Mk e 4 28 B AT . XA LR
FE-B-D-MH I UMY . XA LA I - - DA R A
EPPEFE . WAL IR I -B-D- ML AT | X 3
R B -B-D- 1tk e ) 7 5 1 R i 55 K -B-D- ik e
R F BB E D7k, F 37 °C Rl
E T AL AE RS RS v b R o
1.7.2 HREEEFMERE pH BN E

AR pH ZZ i (pH 3.0-8.0, 0.1 mol/L
Fr 6 R - W R A AN 2 v A1 pH 8.0-12.0 .
0.2 mol/L T4 H2-NaOH Z& Mg )3 5 e il v 8
2.2 mmol/L #J oNPG. T 37 °C il E HA
fiti e bR pH ik R S 1, LA
AH KT BTG S A AR AR 2] GaINC1-8 1Y fR il
pH k.

TEfcs pH MR FRH, I 54 A
[ EE(0. 10, 20, 30, 37. 40. 50. 60 °C)
O BTG 7, DL X TS T R A bR 22
GalNC1-8 Y il i ih 4k .
1.7.3 BEREMF pH I E LRI E

JREER 2 pH 3.0-12.0 A58 mf 43 5l 24

PG BT 37 °C R 1 h, ARG FE SRl SO v %
7 (pH 8.0, 50 °C)[w] s I =& 41 il 1y ity 0
71, KR A B B B E DE R 100%, LA
FEXT 60 A% BTG 7 A A bR ] GaINC1-8 1Y) pH
FaE 2

PR AR BB T 30, 37, 40, 50 °C 4b
PEAS [R]SF[A] (10, 20, 30, 40, 50, 60 min)
J&, TERIE R ST (pH 8.0, 50 °C)[m] s}l
E T ARG 7, R AR Tk Y Tl T
TEN 100%,  DAFRXT ) 4 B 7 S A bR 2
GaINC1-8 Ayl B F2 e i £
1.74 SRBEFALFERF G EHABEHEMN
i E

A TR 42 8 B k2=l R (AP Fe',
Fe*', Ca®". Cu*', Zn*". Co*'. Mn*". Ni*',
Mg™ . Sn*". Pb*", Na", Ag". K", Li",
SDS. EDTA. DTT. PEG4000, Tween-80 .
Triton X100, HIfE, Z8E. W=FE. 2. &
MR MG, JRZE . B-FiIE LB AIER B AN) 251 i 2]
M R AR rh, KR b &R B 7 Ak
FI AW 45 10 mmol/L . 1% (KR4
o FheadE 20 T (pH 8.0, 50 °C)[i] Hsf il
EEAMAAESIRR PG T, IRNEE S
F A= R I ARG 1R 100%, TSR AR X
BTG 7 o
1.7.5 #AZESHNE

FERGEREMEE pH F, T—Hif
] N (16 min) [ B30 2 DL [6) ¥k B 9 oNPG
(0—2.2 mmol/L) A JiE ¥y it 58 21 i A0 i 3% 1, )F
M5 Lineweaver-Burk 153158 Ky Il Vi 18 o
1.8 NaCl X E4H B-FFEEEE GaINC1-8
A

FHl pH 8.0, 0.2 mol/L T % #2-NaOH & t i
A3 I BV B 0.5-5.0 mol/L 1% NaCl ¥ -
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50 °C W) bR A [a] e B 1) NaCl ¥ i fin A i&
i ONPG (& HJ¥ 2 2 mmol/L)FIEE R #E 17 BRI
KN, AN NaCl ik R i 1E 2 h
100%, FHEEARRT I T

BB W 22 N ROk B NaCl ¥ W
(0.5-5.0 mol/L)i& 5 & T 50 °C fHEK
W 1h, TESRIERYZ5F T (pH 8.0, 50 °C)[n] i
D2 25 1A 3 TP B TS 7, A T Ak 3 1 T )
TG JIE R 100%,  VIAH XS F6) 4% BT 1 A A bk
221 GaINC1-8 (1) NaCl fa & M2k

2 BERXR504

21 B-FEWEHERE GaINCI-8 HI=IE
FF5

PN R-EST = - R Q2 7/ N S
DNA Hy 3153 p- PR M B2 GaINCI-8
(GenBank % 5% 5 . MW685408), Fk[H 4 K
768 bp, GC &1 M 41.9%, RIAHL T ATG,
Z LB TAA, Fafd 255 DR, Hig
Ay FHh 28.18 kDa, Hith N-KIHHIET 19 4
R AT Z KT, FH R 437,
BLAST JPHI X & BL, GalNC1-8 S5HITFHE
(Bacteroides) KU1 B-1- FLHETT il 24 L R )7 51
(GenBank % 5:5: WP_009037861. 1) AH LI
S 100%, 1B 53 A EAREE 1 R AT R 2= M T
$E) s 5L TE (B, uniformis) >k 5 1Y
B->F FLWE 11 W 4% 17 1R /¥ 41 (GenBank %5k 5
CP072239.1) A 99.74% ") A L ¥ . &% F
GaINC1-8 A Al fg e I8 T 44T & J@ A= 9 -
P&, WIATIE ] (Bacteroidetes) it N5 51 H
i R LS 12—

GaINC1-8 5 GH35 K& B-1- 7L 1 il 1)
BILRZ PO X KB 1), PRSP IR

5% 4 123-RPGPY-127 . 135-GGLP-138
189-ENEYG-193 307-GGTNFGFT-314 .
329-VTSYDY-334 fll 562-VWING-566 %, R4
PEAE o> B 8o (K 2), GaINC1-8 5 GHI .
GH35. GH42 ZKJi% -1 ZLA T B A iE 4k ¢ R 8K
i, Hrh X5 GH35 ZiEn -3 R T
—f%, XERWEMAR GalNC1-8 W GH35
FIRH B-FF LW H i
22 HEERWFERESHEWL

#2H F kK BL21(DE3)/GalNCI-8 %2 0.7 mmol/L
IPTG 5 F15 5% 20 h 5 &KsHE A B-1 FUHHT I
GaINC1-8, AR KSR A MFEEE . 4 °C
ELO BV (FE), SRR Eraiil
RAF) GaINC1-8 Zifit i F 2 SDS-PAGE 5l
WoR 5, HERSF& 5 HESEM
. 2% 28.18 kDa (K 3).
2.3 FHH B-FFHIEEE GaINC1-8 HIEEE
EJ5A
23.1 EYEFEFRHESHR
HER 1 A1, EE 4G SRl IS o SR R
JL-B-D-1ik g 2 FLAE T (ONPG) . Hik, ALl
X X6} il I A% I -B-D- Mk 1 21 FUME T (pNPG) 5
SRINIKARRE ST, JLT 858 2 AN RE K fif S A3 i X
IR I T A .
232 HiEpHMpHIEENM

A M FOE pH M 8.0, J& THMERGE; 78
pH 7.0-9.0 ZI[a], ¥HEIREE 43%LL L Al E
J1; pH 6.0 B, W% J1{LZR 10%; pH 5.0 Fi
pH 10.0 B, EEAAMESE 4K 1E (B 4A),

A M BB AR T R E PR A
U, £ pH 7.0, 8.0, 9.0 Fiif% 1 h5, FA
35 J1439°h 54% . 72%F1 70%; 7E pH 10.0
SRR EE N 32 1 h 5, 5 0RF 20% 0 B G
71(¥l 4B).
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4 | GILNTI \Y
5L e .M i
150 190 200
1 TLkDfF [VRT TE[D FEerFLp T[OLENE Y GSFlORKDRKYMEWL Q)
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3 LLoTP VR|. CM[D| JJKP LLVITNGGPVVMVIQIENE Y G|S|Y/GNDKTYLNTLKD
4 LFTDP VR|. RN[E VIASROQ|IDRIGGPVILVIQIEN AlY|[GDDKDYLRALVE[LNRAG
57 slseos |o]olals sl soinms [l Lisa | el sl el [l skele sl ) [ P e ] [ [
220 240 250 270 280
] KGFGEFY P G[V]A I GLDPGL . NDGAWNVANKICH ElTfPCWLREWGIEGNWAP .
2 KGFGP|F YT P G[VAVGLDP[G|L . NDGHWNV ANK|C i3 GWLREWGEGNWAP .
3 GINV[EFY| EGAAIGLDS[G/G . SEADFARAKKQ E(S|¥|[PIGWLT[HWGEQWQRP G
4 GITV[LT[I PE[LHKTGSF|GISRATERLANV LIRRIH EFENGWFDHWGAHHHETTS
Qi 1] i ) 0 51 i ] i i i | e i
310
1 TPQI[ FHGGTNFGF T
2 TPEI FHGGTNFGFT
3 ITGIp IHGGTNFGYT
4 AEDSH] FTGGTNFGFT|
5w e sorlaern wses avale
42Q
1 AME[TIJPEF TPKMHAG v oEMEVES[TaMP AGP
2 AME|IPEFTPAVHAG oM ofeMa TS T[avP AGE
3 IPITIT/I[PAFNPAPFTS olp Y[eF|T VE4K(T|T|L|T GHK
4 |APAFE[V[ALDEFVSLWD oy T[gF |~ LEgR[S[RILITPG .
5 YGETMEDDALEE: ...« Lo dis ol csie womme s Mo ey LME[TTVIDVEE
430 440 460 470

1 INEE P[7 KSVISLHEE . RAKAGKD T
2
3
4
5

54Q SSQ
1 RAVVNIE|. NPQDTFLD] F{vw
2 RIAVV[NIE|. EPQDTFLDM MW
3 KIATFNLD|. KIGDTYIDM vw
4 RIGRF|TAE|. PGK[D Bvw
5 KIGCVITVSINPAQETFLDV ENA

0 620 630
1V GMKERNKEPGKINTKNLDNQW
%r GMKERNKEPGKIDTKNLDNQW

G N Ty .
4 FlvPREDLGHTDF .
5 IVVFEMEINNEQASMTILITDKP IFK . v v oo v vw v v v un

1 GaINC1-8 BIZ FHILLX 94 FS 1. 2. 3. 4 2038 Rhinopithecus bieti ZAHE W) 7 5
R KR (QCI55732.1) . Akkermansia muciniphila IR (WP_102726120.1), Chitinophaga arvensicola 3
JR(WP_089895994.1), Cryobacterium sp. LW097 K IH(ASD21060.1)f) GH35 Kk EFEMIFH; F5 5
.3 Nomascus concolor ZEMFE A=Y 72 I 0 K IR AY GalNC1-8 (MW685408)%4 JE iR I+ 51|

Figure 1 Multiple sequence alignment analysis of GaINC1-8. The serial numbers 1, 2, 3 and 4 respectively
represent the amino acid sequence of GH35 family from Rhinopithecus bieti fecal microbial metagenome
(QCI55732.1), Akkermansia muciniphila (WP_102726120.1), Chitinophaga arvensicola (WP_089895994.1),
and Cryobacterium sp. LW097 (ASD21060.1). The number 5 represents the amino acid sequence of
GaINC1-8 (MW685408) from Nomascus concolor fecal microbial metagenome.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



S DRI TS B B~ LB i 10 S Ik e il P i 1601

100 Feces metagenome of Rhinopithecus bieti (QCI55732.1)
99 [ Akkermansia muciniphila (WP_102726120.1)
93 | Mucilaginibacter lappiensis (WP_076373607.1)
88 L——— Chitinophaga arvensicola (WP_089895994.1)
83 GaINC1-8 (MW685408)
100 Trichoderma reesei (CAD70669.1)
| Penicillium chrysogenum (BBN23887.1)

99— Peniciilium sp. (CAF32457.1)
— Feces metagenome of Rhinopithecus bieti (QIZ15 157 1) | GH1
100 Bifidobacterium animalis (ACS45863.1)
Cryobacterium sp. LW097 (ASD21060.1)
§|:Planococcus sp. (AAF75984.1)
100 — Streptomyces qaidamensis (tr|AOA143C353()
L Propionibacteriaceae bacterium (tr| AOA255G598|)
100 — Feces metagenome of Rhinopithecus bieti (Q1215156.1)

99 L Feces metagenome of Rhinopithecus bieti (Q1Z15158.1)
94 ————— Alteromonas sp. (QGZ98840.1) GH2

_I—Actinobacillus pleuropneumoniae (AAB17954.1)
89 Kluyveromyces lactis (sp|P00723.2|)

72

82

0.50

2 E4EE GaINC1-8 SARMEYKRIE B-FIBEHBHNAEAZTAEW

GH35

} GH42

] GHS59

45 R B B EAC R 7 S0

ATEEE s 5SS FR R B FURHF N GenBank #5255 43I ACH T2 5l

Figure 2 Phylogenetic tree analysis of GaINC1-8 and B-galactosidase from various microbial sources. The
value near the node represents the credibility of the branch (bootstrap value); The numbers in parentheses
represent the GenBank accession No. of B-galactosidase from different sources; The scale represents the

degree of difference between sequences.

kDa M 1 2 3
97.2
66.4

443
29.0

20.1
14.3

3 E4HfEE GaINC1-8 B9 SDS-PAGE H k5 7
M: Ao FEmifE; 1 &5 8k
pEASY-E2 ] E. coli BL21(DE3)ZH i 2L 5 2:
GaINC1-8 Mififi; 3: GaINCI1-8 4fifif

Figure 3  SDS-PAGE analysis of recombinase
GalNC1-8. M: Protein molecular weight marker; 1:
Cell lysate of E. coli BL21(DE3) harboring empty
pEASY-E2 following IPTG induction; 2: Unpurified
GalNC1-8; 3: Purified GalNC1-8.

233 HEEREMEREREMN
A I E IR N 50 °C; £E 20 °C F

30 °C W, AHXTEETE 153000 18%F 48%; 7E
37-50 °C JoHEIN, MXEEE HE 65%LL L
(K 5A).

L FFTE 30-50 °C A9 H =7 7 [ P SR B
TR HRFaENE. 4 30, 37, 40 °C 4354t
P hIE, FRERSG 15 90%LL 5 450 °C
R3O h S, AR 80%AYEETE 1 (18 5B).
234 EEBEFMLFXFTMEABHEN

SRR 2), hiR-80. ZEE. PEG4000
FIPR 22 %) 5 41 g ) il v M A T e KX %
M R BEEA ; Na*, Lit, W=, H
B . B-Bi 2k £ BEXT i B A B IO A
Ag". Cu*". Ca**. Zn*". Ni*", Hg"". Fe'". AP,
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£ 1 GalNC1-8 3 Z MR R KERTE S

Table 1 Hydrolysis activities of recombinase GaINC1-8 on various substrates

Substrate (2 mmol/L) Relative activity of GaINC1-8 (%)
o-nitrophenyl B-D-glucopyranoside 0
p-nitrophenyl-p-D-galactopyranoside (pNPG) 60.97+3.88
p-nitrophenyl o-D-glucopyranoside 0.12+0.11
p-nitrophenyl f-D-xylopyranoside 0
p-nitrophenyl B-D-glucopyranoside 0
o-nitrophenyl-p-D-galactopyranoside (o0NPG) 100.00£2.97
A —— C(itric acid-Na,HPO, buffer B
110 ¢ —e— Glycine-NaOH buffer 80 ¢
100 L
_oof 70
£ 8ot = 60
> 70F S 50+
Z 60 ]
> £ L
5 sor E W
o 40t g 307
> L
= 30 _g 20+
= 20 Z
&2 10f E 10 |
0F ok
-10c, ~10 ‘ ‘ ‘ ‘ )
3.0 40 5.0 6.0 7.0 8.0 9.010.011.012.0 2.0 4.0 6.0 8.0 10.0  12.0
pH pH

Bl 4 EHE§ GaINCI-8 BI&IE pH (A)RH pH fZEME(B) i 2
Figure 4 Optimal pH (A) and pH stability (B) curve of recombinase GalNC1-8.
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Figure 5 Optimal temperature (A) and temperature stability (B) curve of recombinase GalNC1-8.
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*2 ERBTAUFERFINEFEHBZMN
Table 2 Effects of metal ions and chemical agents
on enzyme activity

Metal ions or chemical reagents Relative activity of

GaINC1-8 (%)

Metal ions Control 100.00+0.89
(10 mmol/L)  Na' 110.84+0.97
K" 105.31+0.78
Li 116.74+1.66
Ag’ 1.70£0.31
cu* 0
Ca*" 10.73+1.20
Zn** 0
Co*" 50.5420.67
Mn** 33.37£1.39
Ni** 0
Mg** 80.85+0.35
Sn** 39.00+0.70
Pb*" 81.88+0.02
Hg*" 0
Fe’" 30.85+0.28
Fe’" 0
AP 0
Chemical Control 100+2.92
reagents 1% SDS 7.96+0.13
EDTA 1.75+0.03
Guanidine 5.57+0.83
Hydrochloride
Tween-80 94.59+1.00
Triton X100 77.47+0.69
DTT 87.00£1.75
Glycerol 127.58+0.87
Acetic acid 0
Ethanol 100.37+0.31
Methanol 112.03+0.76
PEG4000 96.84+1.62
Ethyl acetate 70.77£1.53
Urea 89.60+1.61

B-mercaptoethanol 128.54+0.45

SDS. EDTA., MK, 254 JLF 5% 4
M ARSI 8T k2=l 4 x) &
2H Bl A AN [ AR B m A il 4
235 HOhFESH

GaINC1-8 /Kfi# oNPG 1Y K, >4 0.061 18 mmol/L,
Viax 7 2.161 0 mmol/min.

2.4 NaCl iKE R mFAFE £

NaCl XfEAIEFHEZIE R (A 6A). AR
H NaCl B 0.5 mol/L I, S F1 T I
60%Z- 475 PKZH NaCl #kE7E 1.0-5.0 mol/L
Z It HEE 15/ T 16%.

40 il FLA B F 9 NaCl i sz P (B 6B).
%:0.5-3.5 mol/L 1Yy NaCI b FE 1 h )5, FI4HEIE
HIREFFAE 50%—65%2Z [0 ; £ 5.0 mol/L [
NaCl 4B 1 h J5, A5 0RE 27%09BEE ) .

3 winEE#

AHIF 5T M 7 B oA A 3 A ol A ) 7 B TR
ZH A4S GH35 ZE% M B-F- LB GaINC1-8.,

A 120

100 -

80

60

40

Relative activity (%)

201

b 3 4 5
NaCl (mol/L)

(=]
o

B 110
100 -
90 |
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70+
60 |
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Bl 6 NaCl ¥ EHE GaINC1-8 HIF (AR H
NaCl 2 ZE 1%(B)

Figure 6 Effect (A) and stability (B) of NaCl on
recombinase GalNC1-8.
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ZEA E NAMIFTRBUR BB, A ) 7 S R
ARV B-F LB M 2408 T GH2 K, R
FH /¥R T GH35 Fl GHI %%, Hh GH35 %
o B4 1 T AN DR 5T VL 4 22 M i R i A 0 o
K4 ) galRBM20 1 K AWEFY 315 B GalNC1-8
(# 3).

LB GalNCI-8 W HE A4 T /AN
28.18 kDa, J& T M1 7% 3 R 20 SR 5 ) 25 14+
/MY B-RFLIE TR . — Ok, KT e
PTG T SO IGE | RRFEML, S&arT i
) BEEAH b BT 5 T R IR R 55, I GaINC1-8 72T
M b B A 7 A R AT RE

*3 HUBMEXENMENEERENRFEN p-FABEEHHBIEFERILR

Table 3

gastrointestinal fecal microbial metagenome

Comparison of the enzymatic properties of recombinase with B-galactosidase derived from

Source Enzyme GH  Optimum  Optimum Temperature stability pH stability
family temperature pH
O
Fecal microbial ~ GalNC1-8 GH35 50 8.0 3040 °C for 1 hour has more  pH 7.0—-9.0 for 1 hour has
metagenome from than 90% activities; 50 °C for  more than 54% activities;
Nomascus 1 hour has 80% activities pH 10.0 for 1 hour has
concolor 20% activities
Metagenome from G03-3!'" - 40 7.0-8.0 — -
earthworms G04-911 - 50 8.0-10.0 - -
Fecal microbial ~ galRBM20 1M GH35 45 5.0 37 °C or 45 °C for 1 hour has  pH 5.0-8.0 for 1 hour has
metagenome from 100% activities; 50 °C for about 100% activities; pH
Rhinopithecus 20 min has 20% activities 9.0—12.0 for 1 hour has no
bieti activity
galRBM20 2" GH2 45 7.0 37,45 or 50 °C for 1 hour has  pH 5.0-10.0 for 1 hour
100% activities; 55 °C for has more than 50%
1 hour has more than 40% activities
activities
galRBM20 131" GH1 45 7.0 37,45 or 50 °C for 1 hour has  pH 7.0-11.0 for 1 hour has
100% activities; 55 °C for 20%-30% activities
1 hour has about 40% activities
galRBM20 151" GH2 45 8.0 37 °C and 50 °C for 1 hour has pH 5.0-10.0 for 1 hour
separately 100% and 70% has more than 100%
activities; 55 °C for 1 hour has activities
about 40% activities
GalRBM1!¥ GH2 50 7.0 30—50 °C for 4 hours has more pH 5.0-11.0 for 1 hour has
than 85% activities more than 70% activities
Infant fecal B-Galpt™ GH2 50 6.5 37 °C or 40 °C for 80 min has  pH 6.5 or pH 8.0 for
microbial more than 90% activities; 50 °C 72 hours has more than
metagenome for 20 min has about 50% 90% activities
activities
Human fecal BgaC!'! GH2 37 7.0 30-40 °C 1 hour has more than pH 4.0-10.0 for 24 hours

metagenome

65% activities; 50 °C for 1 hour

has less than 20% activities

has more than 80%

activities

T - JOEOCHR R R R &

Note: —: None or not mentioned in the literature.
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HAM GaINC1-8 il HR iz
(50 °C)-5 W51 Hl ik 2% e DAL AH R IR Y GO4-9
H e mIEMUMEY R ERNARED
GalRBM1 . &)L 2 (o fal A8 W 2 Hk DR 20 K U5 1)
B-Galne —Z(F 3). J4b, FEABFAIR /R
Bl SRR e MR, X PTRE S A A
REMRBRENBHAXRGER 4, MHRESAR
(B)AG ) T i o v 0 A0 3 o7 1k A e P, &
YHFTE 37-50 °C Nif3Z 1 h )5, A3FI4 80%L
B J1(ED 5), H NSRS
KI5 BgaC MUFRUE M AT (R 3); Hivp, E4
fififE 50 °C T A ik B B TR 4 22 3%
A W) 7 AR VR Y galRBM20_1 DL K 24
JUZEAE A P 7% L R 2 R IR B-Galinr (35 3)-
IR R = T T A NE L R R E A
(25 °C, Sas=18.9 g/100 g 7K), ik GaINCI1-8
HATEA ™ GOS Jy T i b F AL #

AW GaINC1-8 [ixid pH 4 8.0, HA
R vz 1) pH AR FHYE B A0 19 pH AR E Pk .
ZBEAE pH 7.0-9.0 Z5F T BBE IR 1 43% L4 1Y
T 7EUL pHYE I NTI A2 1 h 5 I AR IS 54%
PLE(E 4), & TR A 22 AR 2
ZH SR YY) galRBM20 13 (35 3). £ pH 10.0 58
BRAE RS2 1 h J5, EAMABEERE 20%[1)
55 S1(K 4B), o galRBM20 1 (Jif25 75 Ay
TE (3R 3).

F4 GaNCI-8 MREBMHBBEREBNI
Table 4 The number and percentage of amino
acids of GaINC1-8

Name of amino acid

Number and percentage of
amino acids of GaINC1-8
17 (6.67%)

Positively charged K (Lys)

amino acids R (Arg) 3 (1.18%)
H (His) 1(0.39%)
Negatively charged E (Glu) 25 (9.80%)

amino acid D (Asp) 13 (5.10%)

Sy A YT g, B SN A R b R
2 ff I e a8 S AR AL Bl X 2 0 255 e 4 T 3R A BN
TP AL R, SR A B TR R S5 1 A R
GrrteE . NULEAR GaINC1-8 HA N A
FEM T ). REHYE WiEmAEY
TR B-2LFL T AR XT 37 °C. pH
7.0-8.0 MIMERILH RIFMFEHGEE 3), X
Al RE S HRK A /NI IEAREE (37 °C 240
pH 210 7.6)6 %,

G B AL R X A B GaINC1-8
PRI R, RER A R AMEAVER . Na',
K", Li"4r A 68K LG 042 10% . 5% Fl
16%, iX 3 P4 )@ &+ 7l GEAE I GaINCI1-8 %
T, B T 9% i 19 57 44 &5 4 ff JHL il 0 1 1
e Mg Xtk 28R KA sh Wy e b 4 2 3%
AR B-2E Ui R e e, #)
MilT GaINC1-8 fiE . Cu™™. Zn®" | Ni¥'#j
SEAME T GaINCI1-8 FWEME, X 5% LM
W 72 AR IR Y B-Galpe MHH L. 428
B P E 4 H EDTA JLF 58 4 10 ) & 41 i
GaINC1-8 Myif e, XRU A48 8 1 rl fe
X% Bl TG A R AR SCEEE . B-Fi S
BERES A BB IR S 2 128%, ULIIfE
fhd B e A SERANS S, BT p-F
FUBE T 1 RE K FUBE K A R 38 5 T A W A
PR A R A ZUAR PR DAELYE (3 R FLAH)
IR £ A2 ) OBERE T i AR 2 B
A AT 52 J1 0 B-F LT B R 5 5 2 BE )
ATERCR . ARG I E A B- I
GaINC1-8 1 & ZBE RN AR & g dE LA
ZRWA I Oh N AR ) 2T A B
THARE

AW GaINC1-8 HA KLY NaCl i 52
Mo X AT RE S AR Pl SRR A H B A
X, WHRRPE AN EER S ST
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FRGER, TE8E M 701 R ik K4k
JZ, HTER B FIREAATE T AR I RER 52,
GaINC1-8 7£ 0.5-3.5 mol/L NaCl FHALFE 1 h
JG e R FE 50% LA b MBS ), 4 5.0 mol/L
NaCl b 1 h J5 §E F1 3% 4% 27% (B 6B). iX
5 AR URE THA DT 4 22 M S A A A 2
RAZE R 5 A p-LFUREE A IR, TT
RE T2 T B 4 b 3 AR X R 8 1 E i I R
(FH24F 0.3 mol/L ) NaCl)FREs

AR GE AT B I N AU R R 5 F 2
e/, pH ARSI 2 . #EaE ME F NaCl i
TR B GH3S ZTGG A B- 21 L 1T i
GaINC1-8, TE47 GOS . il 4= 1) £ s 25451
HA B T e A
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