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Figure 1. UV absorptions spectrum of fermentation
liquid by SCUECT strain and nicotine medium.
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Figure 2. Phylogenetic tree of nicotine degradation SCUECI strain. The GenBank accession numbers are given in

parentheses. The number at each branch points is the percentage supported by bootstrap. Bar 0.005 at the bottom is
the sequence divergence.

23 SCUEC1 _ 4.00 —=— Nicotine concentration 12.50
= 3,50
C 12.00
2.3.1 g 3.00 ’
SCUECI 5% g2 1150 ¢
5 2.00 S
1.00 g/L 30°C g 1.50 1 1.00
180 r/min E 1.00 10.50
3 0.50 . |
3 “ 0.00 &= 0.00
SCUECI 0-12 h 0 6 12 18 24t/h30 36 42 48 54
12h 36 h
SCUECI 3. IRFEITIEFNE SCUECI EHHE KSR G T MR
n Figure 3. The growth and degradation curve of
36 Agrobacterium tumefacience SCUECI strain.
Oh 3.16 g/L 0.53 g/L SCUEC1 0.50—4.00 g/L
ODgoo Oh 0.04 1.81 85.66% ODgoo
1.10 5.00 g/L
2.3.2 SCUEC1 SCUEC1
SCUEC1 41.26% ODgo 0.88
0.50 1.00 2.00 3.00 4.00 6.00 g/L 6.00 g/L.
5.00 6.00 7.00g/L 30 °C SCUEC1 ODgo
180 r/min 0.13 8.57%
1 SCUEC1 5.00 g/LL

actamicro@im.ac.cn



,2017, 57(5)

705

x1. FRERHTREMNRELIFETFE SCUECT Eik
R TRBEMEKSHEIT
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HPLC analysis of nicotine degradation SCUECT strain. A: 0 h; B: 11 h; C: 24 h.
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Table 2. Gene involved in degradation of nicotine in Agrobacterium tumerficience SCUECI strain

Genes Contig No.  Position/nt Protein homologue Identity/% Proposed function
agnA Contig 18 29414-32127 VppA 100 Nicotine hydroxylase
agnB Contig 18 32746-34059 VppB 99 6-hydroxy-nicotine oxidase gene
6-hyd -3- inoyl-pyridi
agnD  Contig25  6912-8087 VppD 99 ydroxy-2-sucemoyi-pyndine
3-monooxygenase
agnE Contig 18 38286-39314 VppE 99 2,5-dihydroxy-pyridine dioxygenase
agnF Contig 18 37478-38260 VppF 99 N-formylmaleamic acid deformylase
agnG Contig 18 39376-40008 VppG 99 Maleamate amidase
agnH Contig 18 36881-37465 VppH 99 Maleate isomerase
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Figure 5. Gene cluster of nicotine degradation have been reported and proposed gene cluster of nicotine
degradation in Agrobacterium tumerficience SCUECI strain. SYJ1: Ochrobactrum sp. SIY1; S16: Pseudomonas
putida S16; pAO1: Arthrobacter nicotinovorans pAO1; KT2440: Pseudomonas putida KT2440; HZN7: Shinella sp.
HZN7.
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Figure 6. Proposed pathway of nicotine catabolism in Agrobacterium tumerficience SCUEC] strain.

3 3t

1 6- -3
(Agrobacterium tumerficience) SCUECI1

0.50-5.00 g/L Agrobacterium
Ochrobactrum tumerficience SCUECI
sp. 440 51.50%"°! Sinorhizobium
sp. 5-28 72.50%"°! Pseudomonas
plecoglossicida 88.00%""!
SCUECI1

94.81%

[1] Hawkins BT, Abbruscato TJ, Egleton RD, Brown RC, Huber
6- JD, Campos CR, Davis TP. Nicotine increases in vivo
blood-brain  barrier permeability and alters cerebral
6- -3- 2,5- microvascular tight junction protein distribution. Brain
Research, 2004, 1027(1/2): 48-58.
[2] Cogo K, Montan MF, de Céssia Bergamaschi C, Andrade ED,
Rosalen PL, Groppo FC. In vitro evaluation of the effect of
nicotine, cotinine, and caffeine on oral microorganisms.
Canadian Journal of Microbiology, 2008, 54(6): 501-508.
[3] Yildiz D. Nicotine, its metabolism and an overview of its
biological effects. Toxicon, 2004, 43(6): 619-632.
[4] Yildiz D, Ercal N, Armstrong DW. Nicotine enantiomers and
oxidative stress. Toxicology, 1998, 130(2/3): 155-165.
[5] Qiao D, Seidler FJ, Slotkin TA. Oxidative mechanisms

http://journals.im.ac.cn/actamicrocn



708

Feng Mei et al. | Acta Microbiologica Sinica, 2017, 57(5)

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

contributing to the developmental neurotoxicity of nicotine
and chlorpyrifos. Toxicology and Applied Pharmacology,
2005, 206(1): 17-26.

Zhang YD, Luo CR, Wang HL, Lu GF. Advances in microbial
degradation of nicotine and its application. Tobacco Science &
Technology, 2003, (12): 3—7. (in Chinese)

/ , 2003, (12): 3-7.

JA. Nicotine:
carcinogen? Toxicological Sciences, 2004, 79(1): 1-3.

Campain potentially a multifunctional
Schievelbein H. Nicotine, resorption and fate. Pharmacology
& Therapeutics, 1982, 18(2): 233-247.

Sabha M, Tanus-Santos JE, Toledo JCY, Cittadino M, Rocha
JC, Moreno H Jr
smoking-induced endothelial dysfunction. Clinical Pharmacology
& Therapeutics, 2000, 68(2): 167-174.

Zhong WH, Zhu CJ, Shu M, Sun KD, Zhao L, Wang C, Ye ZJ,
Chen JM. Degradation of nicotine in tobacco waste extract by

Transdermal nicotine mimics the

newly isolated Pseudomonas sp. ZUTSKD. Bioresource
Technology, 2010, 101(18): 6935-6941.

Civilini M, Domenis C, Sebastianutto N, de Bertoldi M.
Nicotine decontamination of tobacco agro-industrial waste
and its degradation by micro-organisms. Waste Management
& Research, 1997, 15(4): 349-358.

Brandsch R, Decker K. Isolation and partial characterization

of plasmid DNA from Arthrobacter oxidans. Archives of

Microbiology, 1984, 138(1): 15-17.

Beskoski VP, Gojgi¢-Cvijovi¢ G, Mili¢ J, Ilica M, Mileti¢a S,
Soleviéa T, Vrvica MM. Ex-situ bioremediation of a soil
contaminated by mazut (heavy residual fuel oil)—a field
experiment. Chemosphere, 2011, 83(1): 34—40.

Langer U, Bohme L, Bohme F. Classification of soil
microorganisms based on growth properties: a critical view of
some commonly used terms. Journal of Plant Nutrition and
Soil Science, 2004, 167(3): 267-269.

Brenner K, You LC, Arnold FH. Engineering microbial
consortia: a new frontier in synthetic biology. Trends in
Biotechnology, 2008, 26(9): 483—-489.

Eberhardt HJ. The biological degradation of nicotine by
nicotinophilic microorganisms. Beitrdge zur Tabakforschung
International, 1995, 16(3): 119-129.

Baitsch D, Sandu C, Brandsch R, Igloi GL. Gene cluster on
pAOL of Arthrobacter nicotinovorans involved in degradation
of the plant alkaloid nicotine: cloning, purification, and
characterization of 2,6-dihydroxypyridine 3-hydroxylase.
Journal of Bacteriology, 2001, 183(18): 5262-5267.

Igloi GL, Brandsch R. Sequence of the 165-kilobase catabolic
plasmid pAOl
identification of a pAOI-dependent nicotine uptake system.
Journal of Bacteriology, 2003, 185(6): 1976—-1986.

Kong W, Xian F, Li CY, Wang JX, Li XH. Isolation and
characterization of a high nicotine-degradation bacterium.
Journal of Huazhong Agricultural University, 2011, 30(1):

from Arthrobacter nicotinovorans and

actamicro@im.ac.cn

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

30-33. (in Chinese)

s s s 5

2011, 30(1): 30-33.
Ruan AD, Min H, Peng XH, Huang Z. Isolation and
characterization of Pseudomonas sp. strain HF-1, capable of
degrading nicotine. Research in Microbiology, 2005, 156(5/6):
700-706.

Tang HZ, Wang LJ, Meng XZ, Ma LY, Wang SN, He XF, Wu
G, Xu P. Novel nicotine oxidoreductase-encoding gene
involved in nicotine degradation by Pseudomonas putida
strain S16. Applied and Environmental Microbiology, 2009,
75(3): 772-778.

Tang HZ, Wang SN, Ma LY, Meng XZ, Deng ZX, Zhang DK,
Ma CQ Xu P A
6-hydroxy-3-succinoylpyridine

novel gene, encoding

hydroxylase, involved in
nicotine degradation by Pseudomonas putida strain S16. Applied
and Environmental Microbiology, 2008, 74(5): 1567-1574.
Wang LJ, Tang HZ, Yu H, Yao YX, Xu P. An unusual repressor
controls the expression of a crucial nicotine-degrading gene
cluster in Pseudomonas putida S16. Molecular Microbiology,
2014, 91(6): 1252—1269.

Wang SN, Liu Z, Tang HZ, Meng J, Xu P. Characterization of
environmentally  friendly  nicotine  degradation by
Pseudomonas putida biotype A strain S16. Microbiology,
2007, 153(5): 1556-1565.

Yuan YJ, Lu ZX, Huang LJ, Bie XM, Li FX, Li Y.
Optimization of a medium for enhancing nicotine
biodegradation by Ochrobactrum intermedium DN2. Journal
of Applied Microbiology, 2006, 101(3): 691-697.

Wang SN, Huang HY, Xie KB, Xu P. Identification of nicotine
biotransformation intermediates by Agrobacterium tumefaciens
strain S33 suggests a novel nicotine degradation pathway.
Applied Microbiology and Biotechnology, 2012, 95(6): 1567-1578.
Wang SN, Liu Z, Xu P. Biodegradation of nicotine by a newly
isolated Agrobacterium sp. strain S33. Journal of Applied
Microbiology, 2009, 107(3): 838-847.

Gong XW, Yang JK, Duan YQ, Dong JY, Zhe W, Wang L, Li
QH, Zhang KQ.
Rhodococcus sp. Y22 and its potential application to tobacco
processing. Research in Microbiology, 2009, 160(3): 200-204.
Meng XJ, Lu LL, Gu GF, Xiao M. A novel pathway for
nicotine degradation by Aspergillus oryzae 112822 isolated from
tobacco leaves. Research in Microbiology, 2010, 161(7): 626—633.
Li HJ, Li XM, Duan YQ, Zhang KQ, Yang JK. Biotransformation
of nicotine by microorganism: the case of Pseudomonas spp..
Applied Microbiology and Biotechnology, 2010, 86(1): 11-17.

4

Isolation and characterization of

5

,2007.
Kieser T, Bibb M J, Chater KF, Butter MJ, Hopwood DA,
Bittner MJ, Bibb MJ, Buttner MJ, Chater KF, Hopwood DA.
Practical Streptomyces genetics: a
Norwich: John Innes Foundation, 2000.

laboratory manual.



,2017, 57(5) 709

[33] Yang HL, Zhang ZB, Yan RM, Wang Y, Zhu D. bacteria isolated from tobacco plantation soils. African
Whole-genome sequencing and analysis of an endophytic Journal of Microbiology Research, 2012, 6: 6392—6398.
actinomycete Streptomyces sp. PRhS from Dongxiang wild [36] Chen C, Ma GH, Lei LP, Zhou W, Shen XJ, Yang JK.
rice. Microbiology China, 2015, 42(4): 801-809. (in Chinese) Isolation, Identification and Characteristics of Nicotine-degrading

R s R s . Bacterium Strain 5-28. Tobacco Science & Technology, 2012,
Streptomyces sp. PRhS . 5(298): 74-78. (in Chinese)
, 2015, 42(4): 801-809. s , , , , .

[34] Yu H, Tang HZ, Zhu XY, Li YY, Xu P. Molecular mechanism 5-28 . , 2012,
of nicotine degradation by a newly isolated strain, 5(298): 74-78.

Ochrobactrum sp. strain SJY1. Applied and Environmental [37] Raman G, Mohan KN, Manohar V, Natarajan S. Biodegradation
Microbiology, 2015, 81(1): 272-281. of nicotine by a novel nicotine-degrading bacterium,

[35] Ma GH, Lei LP, Xia ZY, Gong XW, Zhou W, Yang JK. Pseudomonas plecoglossicida TND35 and its new biotransformation

Diversity and phylogenetic analyses of nicotine degrading intermediates. Biodegradation, 2014, 25: 95-107.

Isolation and gene characterization of a nicotine-degradation
strain Agrobacterium tumefacience SCUEC1

Feng Mei, Wen Kong, Yang Li, Tingting Ma, Ting Pi, Donglan He, Guojun Cheng,
Tao Liu, Xiaohua Li"

Key Laboratory for Biotechnology of the State Ethnic Affairs Commission, College of Life Sciences, South-Central University for
Nationalities, Wuhan 430074, Hubei Province, China

Abstract: [Objective] The aim of this study was to identify bacterial species capable of degrading nicotine, and to
characterize related genes. [Methods] One bacterial strain with the ability to degrade nicotine was screened from
tobacco field soil by using nicotine as the sole carbon source. Using phylogenetic analysis of its 16S rRNA gene,
together with physiological and biochemical characteristics, we identified this strain as Agrobacterium tumefacience
SCUECI1. We determined its association of degradation rate with its growth rate, and its tolerance to nicotine. Also,
the genome was sequenced using high throughput sequencing technology, and the nicotine metabolic pathway of
SCUECI strain was analyzed by bioinformatics tools. [Results] Nicotine degradation rate of SCUEC1 reached
94.81%. The strain tolerated nicotine with the concentration from 0.50 g/L to 5.00 g/L. Its metabolic pathway of
nicotine degradation appeared similar to that of Ochrobactrum sp. strain SJY1. [Conclusion] Agrobacterium

tumerficience SCUEC]1 degraded nicotine. These findings provide a theoretical basis for biodegradation of nicotine.

Keywords: nicotine, Agrobacterium tumefacience SCUECI, degradation characteristic, metabolic pathways
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