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Table 1  Primers used in this study
Primer namePrimer sequence (5(—3()" T, (C)"
27F AGAGTTTGATCCTGGCTCAG 5
1492R GGTTACCTTGTTACGACTT
uspl AGGCCGAATTCCATGCCCA 59
usp2 ACGTGGCTGATCAGCGGATCAA i
dspl GGGGCTTGATCCGCTGATCA 59
dsp2 GGGCATGGAATTCGGCCTTTG
dsp3 AATTGGTGGGCCAGCACATCG 63
dsp4 GCTCTTTGGGCACTTCGGGATG i

agaAGN14F CCCAAGCTTGCATGAGCAGCGTAATACTCGAAAG
agaAGNI4R CCGCTCGAGTGCACCCTCCGTTCGGCGGGCA

* IUPAC/IUB symbols are used; restriction sites are underlined.” Tm:

annealing temperature.
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Fig. 1 Partial amino acid sequence alignment of AgaAGNI14 with glycosyl hydrolase family 36 «a-galactosidases

(corresponding to Fig. 2). Sequence names are shown with accession numbers except AgaAGN14 as follows:

ADK91093  Flavobacterium sp. TN17 a-galactosidase from Batocera horsfieldi gut ©

thetaiotaomicron VPI-5482 «a-galactosidase from Human gut;

; NP _ 811763  Bacteroides

ACL13770  Ruminococcus gnavus E1 a-galactosidase from

Human feces; ACR77113  Eubacterium rectale ATCC 33656 a-galactosidase from Human gut; ABD96085  Bifidobacterium

bifidum NCIMB 41171 «-galactosidase from Human feces;

ACN78885 identified Streptomyces sp. S27 «a-galactosidase

most identical to AgaAGN14; ADX74417 putative Arthrobacter phenanthrenivorans Sphe3 a-galactosidase most identical to

AgaAGN14. Identical residues are shaded in black and conserved residues are shaded in gray. The soliddine frames and

dotteddine frames indicate blocks of catalytic regions and degenerate primers-designing regions reported by Zhou et al. °

The asterisks show the putative catalytic residues.
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Bacteroidetes; Bacteroides ovatus ATCC 8483(ZP_02064925),Human gut %
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Fig.2  Phylogenetic tree constructed using the neighborHoining method based on the amino acid sequences of a-galactosidases from

Actinobacteria and symbiotic microorganisms from gastrointestinal habitats. Accession numbers are given in brackets. Based on annotation of

the sequences in public databases

the sources from which the strains were isolated are underlined. The enzyme identified in this study is

shown in bold type. Bootstrap values (n =1000 replicates) are reported as percentages. The scale bar represents the number of changes per

amino acid position.
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Fig.3 SDS-PAGE analyses of rAgaAGN14. Lanes: M low—
molecular weight markers; 1 rAgaAGN14 purified by Ni** -
NTA chelating affinity chromatography.
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Fig.4 Characterization of the purified rAgaAGN14. A: Effect of pH on rAgaAGN14; B: pH stability of rAgaAGN14; C:

Effect of temperature on rAgaAGNI14; D: Thermostability of rAgaAGN14. See Materials and methods Enzyme

characterization for details.
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Table 2 Effect of 10 mM metal ions and chemical reagents on

the a-galactosidase activity of purified rAgaAGN14

Reagent Relative activity (% )"
CK 100.0 + 3.9
Co™" 94.7 £ 2.8
Ph** 87.2 £ 8.7
Zn* 76.5 + 1.7
Mg " 74.3 + 0.9
Na® 68. 1 3.4
K* 58.7 + 0.8
Ca'” 57.7 = 1.5
Mn®* 57.5 £ 5.9
Fe'” 56.8 = 4.1
Ni** 55.0 + 2.2
Cu’”’ 52.2 % 4.2
Ag’ 0
Hg* 0
EDTA 83.0 = 4.1
B-Mercaptoethanol 58.7 £ 1.6
SDS 0.4 £0.2
" Values represent the means + SD (n = 3) relative to the untreated
control samples.
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A novel o-galactosidase from Arthrobacter sp. GNIl14
isolated from Grus nigricollis feces: gene cloning
heterologous expression and characterization

Junpei Zhou Lu Pan Junjun Li Xianghua Tang Zunxi Huang
Engineering Research Center of Sustainable Development and Utilization of Biomass Energy Ministry of Education
Yunnan Normal University College of Life Sciences Yunnan Normal University Key Laboratory of Yunnan for Biomass

Energy and Biotechnology of Environment Key Laboratory of Enzyme Engineering Yunnan Normal University Kunming

650500 China

Abstract: Objective Cloning and heterologously expressing the a—galactosidase gene (agaAGNI4) from Arthrobacter sp.
GN14 isolated from feces of black-neck crane (Grus nigricollis). Methods The fulldength agaAGNI4 was cloned based
on degenerate PCR and GC TAIL-PCR (thermal asymmetric interlaced PCR) ligated into pET28a( + ) vector and
expressed in Escherichia coli BL21 (DE3) cells. The recombinant a-galactosidase (rAgaAGN14) was purified to
electrophoretic homogeneity by Ni** NTA metal chelating affinity chromatography and then the enzyme characterizations
were determined. Amino acids sequences of agaAGNI4 (AgaAGN14) and o-galactosidases from Actinobacteria and
gastrointestinal microorganisms were aligned and used for constructing a neighborjoining phylogenetic tree. Results The
2109-bp fulldength agaAGNI4 (66.8% GC content) encodes a 702-residue polypeptide (AgaAGN14; 77.5 kDa).
AgaAGN14 showed the highest identity of 53. 7% with a—galactosidases in public databases and <43% identities with
a-galactosidases from gastrointestinal microorganisms. AgaAGN14 was put in a phylogenetic branch sharing the catalytic
motifs KWD and SDXXDXXXR and close to a—galactosidases from soil microorganisms and far from o-galactosidases from
gastrointestinal microorganisms. The purified rAgaAGN14 efficiently hydrolyzed pNPG raffinose melibiose stachyose
rapeseed meal and cottonseed meal; showed apparent optimal at pH 6. 0 and 45°C  stability and activity ( >50% ) at pH
6.0-9.0 and activities of 28% 30% and 80% at 10°C  20°C and 37°C  respectively; exhibited K, V,  _ and k_,
values of 0. 41 mmol /I, 18.28 wmol/min/mg and 25.36 s ' respectively using pNPG as the substrate at 45°C and pH
6.5; strongly inhibited by Ag® Hg’" and SDS partial inhibited by K* Ca®® Mn*" Fe'* Ni’" Cu’" and B-
mercaptoethanol and little influenced by Co* Pb>+ Zn>* Mg’® Na® and EDTA. Conclusion The Arthrobacter
strain isolated from feces of Grus nigricollis and the sequence analysis phylogenetic analysis heterologous expression and
recombinant enzyme’ s biochemical characterizations of an a-galactosidase from Arthrobacter strain were first reported.
rAgaAGNI14 was a novel a-galactosidase.

Keywords: Grus nigricollis feces plateau  Arthrobacter —o-galactosidase heterologous expression phylogenetic

analysis enzyme characterizations
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