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MEGA 6.0.6

ESPript 3.0 (http://espript.ibcp.fr/ESPript/
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1.3 Solitalea canadensis B-N-

NCBI Solitalea canadensis
B-N- DNA
Primer Premier 5
5! Ndel Xhol
F 5-GGAATTCCATATGATGA
AAAATTTCACACTTAGTTTG-3' (Nde 1)
R 5-CCGCTCGAGGTTCTTGATCTCCTCAATTC

TG-3' (Xho 1) Solitalea canadensis DNA

Mahuku”
DNA PCR PCR 95°C
Smin 95°C30s 55°C30s 72°C2min
35 72 °C 10 min 1%

Axygen DNA
1.4
T4
pTG-19
BMMachl T1
M13 PCR

Axygen
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Nde 1
Xho 1
pET-30a
BMMachl TI
PCR
pET30a-SoCaHexNAc
1.5 B-N-

pET30a-SoCaHexNAc
E. coli BL21(DE3)
(50 pg/mL) LB
400 mL LB
ODyo 0.5
18 °C 24 h

5mL

IPTG
4°C 4000 r/min
10 mL (100 mmol/L NaCl
Tris-HCI pH 8.0 1% Triton X-100
PMSF)

1 mmol/L

50 mmol/L
1 mmol/L
12000 r/min 4 °C
20 min Ni-NTA
5 (50 mmol/L
Tris/HCI pH 8.0 50 mmol/L NaCl)
10 (50 mmol/L
Tris/HCl pH 8.0 50 mmol/L NaCl 20 mmol/L
)
(50 mmol/L Tris/HCI pH 8.0 50 mmol/L. NaCl
500 mmol/L ) 280 nm
SDS-PAGE
100 V 80 V
Bradford
(BSA)



,2017, 57(8)

1273

1.6
$- (PNP--
GlcNAc) (NP p-nitrophenol)
B-N-
(10U 37 °C
1 pmol
pNP 0.01 0.02

0.05 0.10 0.20 0.50 1.00 2.00 5.00 mmol/L

25 uL pNP 50 uL 1 mol/L Na,CO;
30 uL 405 nm
pNP
25 uL 1 mmol/L pNP--
GlcNAc 50 mmol/L
10 uL 37 °C 10 min 50 puL
1 mol/L Na,COs 30uL 384
405 nm
3
1.7 N-
1.7.1 pH PNP-B-GlcNAc
pH
- (pH
3.0-8.0) Tris-HCI (pH 8.0-9.0) Na,CO;-NaHCO;
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37 °C 1 2 5h 95°C 5 min
(HPLC)
A 0.1%
(TFA) B 0.1% TFA
0.8 mL/min 330 nm
HyperClone™ 5 pum ODS (Cy5) 120A
250 mmx4.6 mm 20 pL 0-
6.0 min B 90% 6.0-8.0 min
B 8.0-9.0 min B
20%
2AB-NGA2 2AB
NGA2 ( 1 umol/L)
20 mmol/L pH 6.0 MES 37°C 12 h
80%
(UPLC)
A 50 mmol/L NH,COOH (pH
0.5 mL/min
330 nm
Waters ACQUITY UPLC® BEH

4.5) B

60 °C

420 nm

Glycan Column 1.7 pmx2.1 mmx150 mm
45 pL B

95% 78% 6.0-20 min 78% 70%

20-21 min 100% 23-25 min 95%

0—6 min
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2 ERFAH

2.1
Solitalea canadensis DNA
2500 bp DNA
SoCaHexNAc ( 1-A) DNA
pET30a-SoCaHexNAc
B-N-
Solitalea canadensis
2586 bp 861
C- BLAST

GH20

Ostrinia furnacalis (ABI81756.1)

B (NP _000512.1) Paenivacillus
sp. Ts12 (3GH4) Treptomyces plicatus (1HP4)
Streptococcus pneumonia (SA69 & WP_000679939.1)
Talaromyces flavus (AEQ33603.1) Serratia marcescens
(ETX49365.1) Aggregatibacter actinomycetemcomitans
(IYHT) Serratia marcescens (WP_016928753.1)

GH20 B-N-
( 1-B)

11 B-N-
Val313—LyS373 Tyr4og—LyS451

Hissis—Glusys Lyseso2—Trpeos I16701—T1“}1>735

a p
(Bla)s ( 2
522 (Asp D) 523
(Glu E) 2
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2.2 2.3.2 SoCaHexNAc
IPTG 42 °C( 4-B)
SDS-PAGE 42°C 50°C
3 12% 42 °C
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80% ( 4-C)
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33.8 U/mg

37°C
42 °C
233
2.3 ( 4D) 2-ME
2.3.1 pH pH Triton X-100
SoCaHexNAc 4-A SoCaHexNAc 1 mol/L
SoCaHexNAc pH 6.0 pH 5.0-7.5 80% SDS
60% pH 5.0 0.1% SDS 90%
( 4E)

(A) $b° (B) 74[07920 Ostrinia furnacalis (ABI81756.1)
D .
2 8610. 198305 Homo sapiens beta subunit (NP_000512.1)
01274 08420 Talaromyces flavus (AEQ33603.1)

0.7653 Serratia marcescens (ETX49365.1)

0.2655

713.6860 Streptococcus pneumonia (WP_000679939.1)

N WA W

2586 bp 0.1855 IW Aggregatibacter actinomycetemcomitans (1YHT)

99705030 Solitalea canadensis (WP_014682183.1)
04425 |- o
6 0.6113 Serratia marcescens (WP_016928753.1)
0.0182 4| 3.9087
0.2101 88103303 Paenibacillus sp. strain Ts12 (3GH4)

0.0228 04749 Streptomyces plicatus (1HP4)

Steptococcus pneumonia (5A69)

1. PCR ¥ =¥ ikERRE S5 ARRERIE GH20 Rik p-N-Z Bt & & CHEH B LR o 47
Figure 1. Agarose gel electrophoresis and phylogenetic analysis of P-N-acetylhexosaminidase from Solitalea
canadensis. A: M: DNA marker; SoCaHexNAc: PCR product of SoCaHexNAc. B: phylogenetic tree constructed
using Maximum Likelihood method by the software Mega 6 based on the amino acid sequences of
B-N-acetylhexosaminidase from different sources, accession numbers were given in brackets and the enzyme
identified in this study was with gray shade. Bootstrap values (n=500 replicates) were reported above branches as
percentages, the length of branches were shown under branches.
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Figure 2. Multiple sequence alignment of B-N-acetylhexosaminidases from Solitalea canadensis and other
sources. The multiple sequence alignment was performed by Clustal Omega, and secondary structure indicated

along the top of alignment (a-helix; B-sheet) was constructed using ESPript 3.0 based on the structure of 1YHT.
Identical residues are in red, highly conserved residues are shaded in red.
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3. EYHEH SDS-PAGE
Figure 3. SDS-PAGE of recombinant protein from
Solitalea canadensis. M: marker; 1: cell pallet before
induction; 2: cell pallet after induction with IPTG; 3:
supernatant after cell lysis; 4: protein after purification

on Ni-NTA agarose column.
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(50 mmol/L pH 6.0 -
1 mmol/L PpNP- )
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( 3-A)
2.4.2 SoCaHexNAc O- N-
37 °C pH O-
pNP-Core 1 N- 2AB-NGA2
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pNP-Core 11 B 1-6
( 4.2 min)
5.4 min
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( 5-B) SoCaHexNAc 2AB-NGA2
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3 itk
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p-N-
B-N- SoCaHexNAc
11
GH20 B-N- 2
SoCaHexNAc Serratia marcescens
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Figure 4. Characterization of the recombinant f-N-acetylhexosaminidase, SoCaHexNAc. A: pH optima assayed at
37 °C in buffers ranging from pH 3.0-10.0. B: temperature optima assayed at the optimum pH from 4 °C to 70 °C.
C: thermostability of SoCaHexNAc done with enzymes incubated at 37 °C and 42 °C for different time intervals.
D: effect of metal ions measured by adding different metal ions with a final concentration of 2 mmol/L. E: effect of
different chemical additives. F: effect of different disaccharides with concentrations of 5, 25 and 50 mmol/L.
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(A) 0.80
0.70 PNP-B-G1cNAc
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=
Y pNP-B-Glc
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5. SoCaHexNAc [EYI4FH 14
Figure 5. Activity detection of recombinant SoCaHexNAc. A: substrate specificity assays of SoCaHexNAc to

pNP-monosaccharides base on micro-plate reader; B: determination of hydrolyze activity to pNP-Core II based on
HPLC; C: activity of SoCaHexNAc to 2AB-NGA2.

523 524
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Asp-Glu 2 6.5 1 Vibrio furnissii pXEI18
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Gene cloning, expression, purification and characterization of a
beta-N-acetylhexosaminidase from Solitalea canadensis

Meng Wang, Shuang Wei, Ting Wang, Josef Voglmeir, Li Liu"
College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China

Abstract: [Objective] We intended to discover and characterize a novel beta-N-acetylhexosaminidase from
Solitalea canadensis. [Methods] Genomic DNA extracted from Solitalea canadensis was used as the template for
gene cloning of the beta-N-acetylhexosaminidase using PCR reaction. The PCR product was digested with
restriction endonucleases Nde 1 and Xho 1, then ligated to pET-30a vector. After plasmid was transformed into E.
coli BL21 (DE3) cells, the recombinant enzyme was expressed by IPTG induction and purified with nickel affinity
chromatography. Characterization of recombinant SoCaHexNAc including optimal pH and temperature, metal ions
dependency and inhibitor was done using pNP-B-GIcNAc as the substrate. Effect of different chemical compounds
and disaccharides on the enzyme activity was also measured. [Results] A beta-N-acetylhexosaminidase gene with
an open reading fragment of 2586 bp was successfully obtained, which encodes 856 amino acids with a putative
molecular size of 97 kDa. The results of SDS-PAGE revealed that the recombinant SoCaHexNAc (GeneBank
accession number: WP_014682183.1) was expressed and purified successfully. Characterization of the enzyme
showed that the optimum pH of SoCaHexNAc is 6.0, and the optimum temperature is 42 °C with a half-life being
less than 5 minutes. The recombinant SoCaHexNAc was sensitive to SDS and could be partly inhibited by Trition
X-100 and urea. Different concentrations of lactose, maltose and cellobiose could also inhibit the activity of
SoCaHexNAc to different extends. The ICsy of a specific B-N-acetylhexosaminidase inhibitor, PugNAc, was 2
umol/L. The substrate specificity result showed that the recombinant SoCaHexNAc was active to pNP-GIcNAc and
pNP-GalNAc. When being used for the hydrolysis of GIcNAc from natural glycans, the recombinant SoCaHexNAc
exhibited linkage specificity evidenced by the fact that only B 1,6-linked GIcNAc in Core II structure, but not the
1,4-linked GIcNAc in NGA2 structure, was removed, although the terminal GIcNAc was the exceptional terminal
sugar in both substrates. [Conclusion] A beta-N-actylhexosamindase with activity specifically towards B 1,6-linked
but not B 1,4-linked GlcNAc was discovered and characterized from Solitalea canadensis for the first time. The
results of characterization and substrate specificity showed it might be a potential novel tool enzyme which could

be used in structure analysis of glycans.

Keywords: Solitalea canadensis, beta-N-acetylhexosaminidase, enzymatic characterization
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