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Abstract: [Background] High concentrations of nicotine waste are generated during the production
and processing of tobacco, causing serious environmental pollution. [Objective] The purpose of this
study is to screen out the microbial strain capable of degrading nicotine, and analyze the metabolic
pathways of the strain in nicotine degradation. [M ethods] We employed the conventional method for
strain isolation and identified the target strain based on morphological characteristics and molecular
evidence. The fermentation conditions including nicotine concentration, temperature, and pH were
optimized by single factor tests with degradation rate as the indicator. The main metabolites of the strain
in nicotine degradation were detected by gas chromatography-mass spectrometry. [Results]
Arthrobacter sp. D4 was isolated, which could utilize nicotine as the sole carbon and nitrogen source.
The optimal conditions of the strain for degrading nicotine were 30.0 °C, pH 7.0, and nicotine
concentration of 1 g/L, under which the degradation rate reached 90% within 18 h. The growth of the
strain was significantly inhibited when the concentration of nicotine in the culture medium was greater
than or equal to 4 g/L. Subsequent experiments revealed that the strain produced new end-products
N-methylpyrrolidone and cotinine and the intermediate product myosmine, which were different from
the reported degradation pathway of Arthrobacter sp. [Conclusion] In this study, an Arthrobacter sp.
strain characterized by fast nicotine degradation was isolated and identified. Moreover, this strain may
have a new nicotine degradation pathway.

K eywor ds:. nicotine degradation; Arthrobacter; metabolic product; degradation pathway
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Figure1l Bacteriophage and colony morphology of strain D4. A: Scanning electron microscope morphology
of the strain (12 h incubation at 37.0 °C), scale bar=6 um; B: Morphology of the strain in LB plate culture,
scale bar=1 cm; C: Color observation of the strain in 1 g/L nicotine plate culture (18 h incubation at 37.0 °C),
scale bar=1 cm.
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Figure 2 Phylogenetic tree of strain D4 based on 16S rRNA gene sequence. The strains selected for the
phylogenetic tree analysis were strains of the same genus with more than 99% sequence identity to this strain
of 16S rRNA gene sequence, and an E. coli MG1655 strain was added as an outgroup. The numbers in the

figure indicate the spreading values, which can be used to check the confidence of the calculated branches of
the evolutionary tree. The higher the value, the greater the confidence.
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Figure 3 Nicotine degradation capacity of strain D4 under different experimental conditions. A: Growth
curve of strain D4 under different nicotine concentrations; B: Nicotine degradation rate of strain D4 at 18 h
incubation under different nicotine concentrations; C: Nicotine degradation rate of strain D4 cultured at
different temperatures for 18 h; D: Nicotine degradation rate of strain D4 cultured at different pH for 18 h.

Data represent means+SD (n=3) and multiple comparison was performed using One-way ANOVA Duncan
method. Different lowercase letters indicate significant difference at P<0.05.
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Figure4 Color of samples at different stages and total ion flow chromatogram after detection by GC-MS. A:
Color change of nicotine medium during the fermentation of strain D4; B: Total ion flow chromatogram of

the 4 phases of samples detected by GC-MS.
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Figure 5 Comparison of the changes in abundance of the detected substances in the different phases and
their corresponding mass spectra. A: Comparison of the abundance of N-methylpyrrolidone in different
phases and its mass spectra; B: Comparison of the abundance of nicotine in different phases and its mass

spectra; C: Comparison of the abundance of myosmine in different phases and its mass spectra; D:
Comparison of the abundance of cotinine in different phases and its mass spectra.
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Figure 6 Common metabolic pathways of nicotine in microorganisms. A: The pyridine pathway of nicotine
degradation followed by Arthrobacter nicotinovorans®¥: B: Demethylation pathway of nicotine degradation
by Aspergillus oryzae 118222!%%: C: Pyrrolidine pathway of nicotine degradation by Pseudomonas sp. CS3!%
D: Possible pathways for the degradation of nicotine by strain D4.
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