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Escherichia coli
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AR IR LA (glL): BEEF K 10.0, BEhk
FEHY) 5.0, S fkh 10.0, BfiE 18.0, pH 7.0,
1.3 agnE F:H 55 B4 Fohif

¥z B8 TaKaRa MiniBEST Bacterial Genomic
DNA Extraction Kit Ver.3.0 #5615 $i2 B J + 15
FF SCUECL Mtk DNA. 4568 T Fefia
SCUECL ' agnE JE A A A% R I 51 il 2% ik 28 14
pET28a i %F’EI%%TZ W, fdi ] Primer Premier 5.0 i%
H E #5148, it PCR ROV FoBERL N A B, %
ﬁﬂ@iﬁﬁ%%@PnnenF:5ucechgg1gATGGA
CCACACGAGTTTCACCGAAATC-3' (T %Il £ &b
i Sac 1 BVINLA); U549 Primer-R: 5'-CCC
AAGCTTTTATCGTTCCATTTTCATGTCCG-3' (T

R 4b Ry Hind 11T EYIA7 £5). PCR WK R : H5
# DNA 1 uL,Primer-F 1 uL,Primer-R 1 uL ,dNTPs
1 uL, 10xPCR buffer 2.5 uL, Taq /i 0.3 uL, ddH,O
18.2 pL. PCR Wi &FH: 95 °C 5 min; 95 °C
1 min, 65°C1min, 72°C1.5min, 30 PMEH;
72 °C 10 min. [BICHM A B, 5 pET28a #ilki%
B2, BEALIECZ SN E. coli BL21L(DE3). BEHUH
W%, A Sac T F1 Hind TTIx i BOSOREF T30 i
DI% e, S IE AR R BAYE SEREETT DNA JUTF
YETE

14 agnE ZEREMFRE S SDS-PAGE 43#r

£ DNA I 3 %5 78 A 1 BE M s B TR oA
IPTG M N 0.2 mmol/L, 16 °C FiEFEA
20 h, Brifs RIS E O, WEERIK, 7E5mL
S R A R 15 min GBS 1 s, [BIF% 2'9).
4 °CELL, AR . FIEIR . JIE. R
USRS IS AgnE & A Taifl, R
4 80, 100, 150. 250, 500 mmol/L KMy
VEIRAE 1. 12% SDS-PAGE #:1ll, HLE K 80V,
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1. JR¥I pET28a-agnE RYHE

Figure 1. Construction of plasmid pET28a-agnE. M1:
DL2000 DNA marker; M2: A-Hind ITI DNA marker; 1:
plasmid pET28a DNA digested with Sac I and Hind III;
2: plasmid pET28a-agnE DNA digested with Sac I

and Hind III; 3: gene agnE DNA fragment digested
with Sac I and Hind I1I.
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ATGGACCACACGAGTTTCACCGAAATCTGCCTCCACCAGTTGAAGATGTCCGGCGTGCGCGACGGCGAGCGCCTTGTCGT
GCTCACGCAGGGCAATGAACGACTGGACTATGCAAATGCGTTTCTTGCCGCTGGCCAACGTCTTGGCGCGAACATGTACC
ACATGCGCCTGCCGGCGCCCTTGCCGACGGGTGGCTGGAATGTTGGCGTCACCGGCCTTGCCGCGATGCCAGATGCCGTT
GAGGCCCTCAAGAACTGCGACATGTTGATCGACTGCATCTTCCTGCTGTTCTCACCGGAGCAGATGGCGATCCAGGCCGC
CGGTACGCGCGTGTTGACAGCGGTTGAGCCGCCTGAACTTCTGGCTCGCATGCTTCCTTACAAGGAACTGCGGGAGAAGG
TGGAAATTGGTGGCGAGATCCTCTCGAGAGCCAAGGTTATGCGGATCACGTCGCAGCACGGGACCGACGTTACATACAAG
CTGAACACCTATCCCACGATCACGGAGTACGCGTGCACGGACCAACCAGGCCGGTGGGACCACTGGCCGTCTGGCTTTGT
CTTCACCGGCGGCGACGACGATGGCGTCGACGGCCAGATCGTAGTCGCGCCGGGCGATATCTTATTGCCGCAAAACACCTA
TGTGCGTGAGCCCATCATTTACACAATCGAGAAGGGCTGGATCACCGACATCCGTGGCGGCCTCGATGCCGAAATCGTCA
AGTCTTACATGCAGTCTTTCGCGGATCCGAAAGGTTACGGCATGAGCCATGTCGGCTGGGGCATGAATCCCCAGGCAAAAT
GGCATAACTTCGTGCCGGGCGCCTTTCCAGGCGGCATGGGCATGGAGCCGCGTTCGTTCTACGGAAACGTTATGTTCTCGA
CCGGCCCTAATAACGAGCTTGGCGGTCCAAACGACACACACTGCCACCTCGACATCCCGATGCGCAACTGCTCGCTCTTC
CTTGATGACGCACCGATCGTCATCGATGGGGATATCGTCGTGCCGGACATGAAAATGGAACGATAA

2. EMA agnE MLEEFS
Figure2. Nucleotide sequence of gene agnE.

’ XU A P FAR I8 T v 2 ot B IR 2 B2 Ty 9113
HA 100%0 [Rl#EPE . HrialE AR STy 2,5-—
I AU AR RGN 2,5- B Ak Sy N-F
Pt h R IR o MR TR 5 S Ik 2 R K2 K fidf LA
SEABRERFE N S EAR i AR BT sl 2 AR S

H4l ExPASy ProtParam 7E£8 /0 #r15 i , AgnE
R FERRAL N ECN 342, BlEHF i 37.7 kDa,
pl 4.97 7 1t HLfif 19 22 LR 5% S 2 (Asp+Glu) iy 42,
A 1E HL ] Y 2 SRR T AR (ArgtLys) ly 27, ANFasE
Tk 42.82, V55K ZE(GRVAY) -0.167,

K] PROSITE., NCBI BLASTp fEZRXF{45F
ZEF I (CD)BEATTIN ,, AgnE & )8 T IKEF M29
K. pHD TELHIM &R (I 45, H 8
A o-MBE, A 4 NEASG X, S50 AR
Fe 8 v e LA s () FR B 2R 55 46 1 S I A e |
555 120 {7 5 AORE SRR LA S 133 A7 i A R -

e <—AgnE

3. AgnE ZEHBH#J SDS-PAGE 43 #f

Figure 3. SDS-PAGE analysis of the protein AgnE in
E. coli BL21(DE3). Lane 1. lysed E. coli BL21
carrying the plasmid pET28a; lane 2: supernant of the
lysed E. coli BL21 carrying the plasmid pET28a; lane
3. precipitate of the lysed E. coli BL21 carrying the
plasmid pET28a; lane 4: lysed E. coli BL21 carrying
the recombinant plasmid pET28a-agnE; lane 5:
supernant of the lysed E. coli BL21 carrying the
recombinant plasmid pET28a-agnE; lane 6: precipitate
of the lysed E. coli BL21 carrying the recombinant
plasmid pET28a-agnE; lane 7: purified protein AgnE.

2.3 agnE BH DM AZERRITS 2T

FIFl NCBI BLASTp e 5 {11E GenBank H
HEATRGER , PR AR BE 5 v 0 = R P 41 A T L
X0, R N-J ity @b RE, Bootstrap {Hh
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FERR 4 5 Rl AR SIY 1o 2,5- R ki e
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i LTk, AgnE ARUEREGE T RIE 40,
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Ochrobactrum sp. SIY 1: 2,5-dihydroxypyridine dioxygenase (AIH15799.1)
Rhizobiales: leucyl aminopeptidase (WP024899993.1)

83 Agrobacterium tumefaciens SCUEC1: AgnE

63 L
58

96

Paramesorhizobium deserti: leucyl aminopeptidase (WP068885324.1)

Rhizobium sp. YS-1r: leucyl aminopeptidase (WP037146411.1)

L Agrobacterium sp. DSM25558: leucyl aminopeptidase (WP077107642.1)

Aureimonas phyllosphaerae: 2,5-dihydroxypyridine 5,6-dioxygenase (SFF51769.1)

Halomonas sp. A3H3: 2,5-dihydroxypyridine 5,6-dioxygenase (WP022521542.1)

—

0.02

Pseudomonas putida S16: 2,5-DHP dioxygenase (ADN26551.1)

B4 ETREBRFT AgnE ERRF LR
Figure 4. Phylogenetic tree of AgnE protein based on amino acid sequence. The GenBank accession numbers are
given in parentheses. Posterior probabilities are denoted at nodes. Numbers at branching points are bootstrap values.

Bar 0.02 at the bottom is the sequence divergence.
2.4 AgnE & H S R

FEIRBE R 20 °C. pH 8.0 4 wh i W (&
0.025 mmol/L Fe*" ), Fi4lifkbiy AgnE & M T
WA SO o 73 531 5 B SO 0, 5, 10, 20 min
AR ZIOERE(E . 254Kl 5 7R, 320 nm Ak
O BE A B 2 SO B #EA T TR, S22 20 min
AR %) 89.19%. TIXfHEFE 0, 5. 10, 20 min
WO EEAE DR AN AR . ] AgnE 2 L HA ik 2,5-
TR IR E R AR S 1

0.7 -
06F %----- [ JEpR— Fommmmmm e E
& 0.5F --=-BL21(DE3) containing pET28a
% ——AgnE
5 04r
g
£ 03l
Z
2 02}
0.1F
0.0 L . - 1 1 1
0 5 10 15 20 25
t/min

B 5 AR LR 8RR R K INR A E A
Figure 5. The ultraviolet absorbance of the reaction
system at different reaction time.

25 BEXT AgnE B H S MR

16 pH 8.0 ZZ h M (% 0.025 mmol/L Fe**)4&
W, 4rlE 15, 20, 25, 30, 35, 40, 50,
60, 70 °C AN[FIIREEXT AgQnE 25 ARG 2, 4%
JUNE 6 s fEIREE R 20-70 °C (WL, B
TR, AgnE S ARG MR T F%, AgnE &
1 0 3 P 1 R 3 S N7 I A 20 °C
2.6 pH X} AgnE & FIBHE MR

TR N 20 °C, 435I5E pH B4 3.0.4.0.5.0,

6.0, 7.0, 8.0, 9.0, 10.0 FHE AR (& 0.025 mmol/L
120 -

100 +
80
60 +

40t

Relative activity/%

20+

0

10 20 30 40 50 60 70 80
7/°C
& 6. BEX AgnE EBEEFNEM
Figure 6. The effects of temperature on the enzyme
activity of AgnE protein.
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Fe™) 4 AgnE & FI BRI M, 4550 anfEl 7
Jli/R. 1€ pH Sk 3.0-8.0 BIYE RN, Bl pH 34,
AgQNE & IS M%7 BT 78 pH b 8.0-10.0 )
TGP, B pH 3900, AgnE & 1B BT R R,
AgNE [ i) id S pH 24 8.0,
2.7 ERBBETX AgnE & A RS A

TEIREE N 20 °C, pH 8.0 A (A & 48
BT, 435 2k 0.025 mmol /L 7Y
Fe™*. Ca*. Mg™. Zn*", Mn?*, Ni*", Cu® %} AgnE

B ISR PER R . 455N 8 iR, NiZAl Cu?*
1207

100+
80r
60

40t

Relative activity/%

20F

0 1 1 1 I 1 1 1 1 |
20 30 40 50 60 7.0 80 9.0 10.0 11.0
pH

Bl 7. pH X AgnE EAEEERIE N

Figure 7. The effects of metal ion on the enzyme
activity of AgnE protein.

120
100 -
80+
60 -

a0t

Relative activity/%

20

0

CK Fe? Mg* Ca’* Cu®* Ni¥* Mn?" Zn*
Metal ion

B8 &REET AgnE EREEFNF M
Figure 8. The effects of metd ion on the enzyme
activity of AgnE protein. CK: No metal ions were added.
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Cloning and charaterization of the agnE gene for nicotine
degradation in Agrobacterium tumefaciens strain SCUEC1

Ting Pi, Jiacheng Yao, Yue Huang, Zhenzhen Xia, Feng Mei, Donglan He,
Guojun Cheng, Tao Liu, Xiaohua Li’

Hubei Provincial Engineering and Technology Research Center for Resources and Utilization of Microbiology, College of Life
Sciences, South-Central University for Nationalities, Wuhan 430074, Hubei Province, China

Abstract: [Objective] We cloned and expressed the agnE gene involved in nicotine-degrading in Agrobacterium
tumefaciens and characterized the AgnE protein. [M ethods] The agnE gene fragment (1029 bp) was amplified with
PCR. Recombinant plasmid pET28a-agnE was constructed and transformed into Escherichia coli BL21(DE3) for
heterologous expression, and the expressed protein was detected with SDS-PAGE. The enzyme activity of AgnE
was determined spectrophotometrically by monitoring the decrease of 2,5-dihydroxy pyridine at 320 nm. The effect
of temperature, pH and metal ion on enzyme activity was investigated. [Results] The agnE gene was cloned and the
recombinant plasmid pET28a-agnE was expressed. The molecular weight of the recombinant protein was 42.0 kDa,
and the protein was expressed in the form of inclusion bodies in cells. The AgnE protein had high enzyme activity
at pH 8.0 and and 20 °C. In addition, Fe** showed significant promoting effect on enzyme activity. [Conclusion]
The activity of AgnE protein with 2,5-dihydroxy pyridine dioxygenase was clarified.

Keywords: Agrobacterium tumefaciens SCUEC1 strain, nicotine degrading metabolism, the function of the agnE
gene, 2,5-dihydroxy pyridine
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