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Abstract—A highly effective nicotine-degrading bacterial strain 1206 was isolated and identified as Pseudo-
monas fluorescens according to its morphological, physiological and biochemical characteristics and
16S rDNA sequence analysis. Strain P. fluorescens 1206 could utilize nicotine as the sole carbon and nitrogen
source and degrade nicotine while growing in Luria-Bertani medium. This bacterium was able to remove
about 33.8, 82.5 and 97.1% of nicotine with initial concentration of 1 g/L after 8, 16 and 24 h of incubation,
respectively. This is the first report on the isolation and characterization of a strain of P, fluorescens with high-
degrading nicotine ability. This finding may open the way to new biotechnological application of P. fluo-

rescens to degradation of nicotine.
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Nicotine 3-(1-methyl-2-pyrrolidinyl)pyridine as
the primary alkaloid in tobacco plant, constitutes
approximately 0.17—4.93% of dry weight of tobacco [1].
China is the largest tobacco producer and consumer
in the world (approximately 30—35%). Tobacco use
is primarily due to the stimulant effect of nicotine,
and proper concentration of nicotine is responsible
for the smoking properties. On the other hand, nico-
tine can pollute environment and cause serious eco-
logical problems. Nicotine and its derivatives are
known to be toxic to many living organisms. The
tobacco manufacturing process and all activities that
use tobacco often produce a lot of solid or liquid
wastes containing high concentration of nicotine. Its
main characteristics are the high nicotine content as
the only toxic compound [2]. It is very important for
development of tobacco manufacture and environ-
ment protection how to remove/adjust nicotine. Sev-
eral methods including natural degradation, chemi-
cal-physical processes [3, 4], and biological degrada-
tion have been developed for nicotine removal and/or
detoxification. The biological degradation of nicotine
using microorganisms has been attracted growing
attention due to its high efficiency and simple process-
ing. There have been numerous studies on nicotine
degradation by microbial treatment in the past.

! The article is published in the original.

Many microorganisms have been found to be able to
degrade nicotine, e.g., Arthrobacter nicotinoborans [5],
A. globiformils [6], Nocardioides sp. [7], Achromobacter
nicotinophagum [8], Rhodococcus sp. [9], Ochrobac-
trum intermedium [10], Ensifer sp. [11]. Moreover, a
wide range of Pseudomonas species and strains have
shown capable of degrading nicotine [12], for exam-
ple, Pseudomonas putida [13, 14], Pseudomonas con-
vexa [15], Pseudomonas sp. Nic22 [16], and Pseudomo-
nas sp. HF-1 [17, 18]. To our knowledge, there is no
report on nicotine degradation by Pseudomonas fluo-
rescens. In this paper, a novel nicotine-degrading bac-
terium, P. fluorescens strain 1206, was isolated and
identified, and conditions for degradation of pure nic-
otine were characterized.

MATERIALS AND METHODS

Chemicals and media. (s)-Nicotine (>99.0% pure)
was bought from Sigma-Aldrich (USA). All other
chemical reagents were of analytical grade. Taq
enzymes, miniBEST bacterial genomic DNA
extraction kit, and DNA A-tailing kit were purchased
from TaKaRa Biotechnology Co., Ltd. (China). The
water used was double deionized water.

The enrichment medium (EM) contained (g/L):
K,HPO,—1.6, KH,PO,—0.4, NaCl—0.1, MgSO, -
7H,0—0.2, and CaCl,—0.05. The pH was adjusted to
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Fig. 1. The colony morphology of the strain 1206.

7.0 and, after autoclaving, the medium was supple-
mented with 1 mL filter-sterilized nicotine.

The isolation medium (IM) consisted of one liter
of EM supplied with 1 mL trace elements solution
containing (g/L): MnSO, - H,0—2.0, CuSO, - 5SH,0—
0.1, ZnSO, - 7H,0—0.2, NaMoO, - 2H,0—0.2 and
agar—15.0.

The Luria-Bertani (LB) medium was composed
of (g/L): tryptone—10.0, yeast extract—5.0 and
NaCl—5.0.

The Luria-Bertani-nicotine (LB-N) medium con-
tained one liter of LB supplied with 1 mL nicotine.

Enrichment and bacterial isolation. Soil samples
were collected from tobacco fields (Yunnan, China).
Bacterial strains were isolated by the following selec-
tive enrichment procedures. The sample was incu-
bated in EM medium on the shaker at 30°C and
200 rpm for 3 days. The spread-plate method was used
for isolation of pure strains using IM. The homoge-
nous colonies were obtained by taking and then trans-
ferring single colonies into new plates.

Morphological and biochemical tests. Clone mor-
phology of the bacterial strain 1206 was determined
after 36 h incubation on NA medium. Cell morphol-
ogy was observed by transmission electron microscope
JEM100CX-II (JEOL Ltd. Japan) after staining nega-
tively with 2% (wt/vol) ammonium molybdate. Con-
ventional physiological and biochemical characteristic
assays were carried out according to the procedures
described in the Bergey’s Manual of Determinative
Bacteriology [19].

Phylogenetic analysis. Bacterial DNA was extracted
from an overnight culture using TaKaRa miniBEST
bacterial genomic DNA extraction kit (Ver.2.0),
according to the manufacturer’s instructions.
16S rDNA gene of the strain 1206 was amplified using
universal primers 27F (5'-AGAGTTTGATCCTG-
GCTCAG-3") and 1492R (5'-GGTTACCTTGT-
TACGACTT-3") [20]. The PCR products were puri-
fied from the agarose gel using gel extraction kit
(TaKaRa, China) and then cloned employing a
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pMD™18-T vector cloning kit (TaKaRa, China) in
accordance with the manufacturer’s instructions.
Plasmid DNAs containing inserts were sequenced by
TaKaRa Biotechnology Co., Ltd. (China).

Related 16S rDNA sequences were compared and
obtained from the GenBank database [21] using the
BLAST search program [22]. 16S rDNA sequences
were initially aligned using multiple sequence align-
ment software CLUSTAL-W [23]. The phylogenetic
tree was constructed using MEGA 3.0 software [24]
based on the 16S rDNA sequences of closely related
strains to the strain 1206, and Xanthomonas retroflexus
was as the out group.

Growth and nicotine degradation. The strain 1206
was incubated in LB or LB-N medium with 3 inde-
pendent replicates at 25°C and 150 rpm. The reported
values represent the average of 3 different readings of
each experiment. The initial bacteria concentration
was about 1 X 108 CFU/mL. Samples were taken every
2 h to determine the growth rate and the concentration
of nicotine.

Cell growth was monitored spectrophotometrically
by measuring the ODg,.

Nicotine analysis was performed using a high-pres-
sure liquid chromatography (HPLC) (Agilent 110 Series,
USA), equipped with an SB C18 column (5 um 4.6 X
150 mm) and a DAD detector at 260 nm wavelength.
Sample was eluted with a linear gradient from 90 to
20% for solvent A (50 mM KH,PO,) and from 10 to
80% for solvent B (CH;0H) over 15 min at a flow rate
of 0.8 mL/min.

RESULTS AND DISCUSSION

Cellular and colony morphology of the strain 1206.
Nicotine-degrading bacteria were isolated using IM
medium where the nicotine was the sole carbon and
nitrogen source for growth. The bacterial isolates
showed abundant diversity of nicotine-degrading bac-
terial community according to colonies morphology
(data not shown). A homogeneous, white-yellow,
round with a glassy surface and smooth edges, opaque
colonies, each of which was approximately 2.00 mm in
diameter (Fig. 1), were observed on the nutrient agar
medium plates after 36 h inoculation. The strain was
named 1206 and selected for further identification and
characterization.

The cells of strain 1206 were non-spore-forming,
approximately 0.8—1.0 x 1.8—2.5 um in size, with
multiple polar flagella (Fig. 2), rod-shaped bacteria
similar to the member of genus Pseudomonas.

Identification of the bacterial strain 1206. The
16S rRNA gene of strain 1206 was sequenced and
deposited into GenBank under the accession number
GUO059580. A phylogenetic tree was constructed
based on the 16S rDNA sequences of related bacterial
species (Fig. 3). 16S rRNA gene of 1206 analysis
revealed members of the genus Pseudomonas as the
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closest relatives with more than 99% identity, espe-
cially closely related to P. putida, P. koreensis,
P. clemancea, P. jessenii, P. pavonaceae and P. fluo-
rescens. The relationships between these species were
so close that it was difficult to determine which species
the strain 1206 belonged to. Although it is not suffi-
cient to place the strain 1206 to the species level, it
does match the isolated strain to the Pseudomonas
genus.

The strain 1206 was a Gram-negative, oxidase pos-
itive, aerobic bacterium, able to reduce nitrate to
nitrite. Strain 1206 could utilize glucose, sucrose, tre-
halose, maltose, mannitol and inositol. The gelatin
liquefaction test was negative. Other results of mor-
phological and physiological characterization tests of
the strain 1206 are summarized in Table 1. The results
were identical to those of P. fluorescens according to
Bergey’s Manual of Determinative Bacteriology [19].

Based on the biochemical and morphological
characteristics, and the analysis of 16S rRNA gene
sequence, strain 1206 was identified as P. fluorescens,
which was deposited in the China General Microbio-
logical Culture Collection Center (No. CGMCC 3149).
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Fig. 2. Transmission electron micrographs of negatively
stained cells of the strain 1206.

To date, a number of different Pseudomonas species
that are capable of degrading nicotine, such as
P. putida [13, 14], P. convexa [15], Pseudomonas sp.
Nic22 [16], and Pseudomonas sp. HF-1 [17, 18] have

Table 1. Physiological and biochemical characteristics of strain 1206

Test characters P, fluorescens P. clemancea P. putida The strain 1206
Fluorescent, diffusible pigment + — + +
Diffusible non-fluorescent pigment — n.d. — —
Gram staining — n.d. — —
Growth at 41°C — n.d. — —
Grows aerobically + + + +
Growth at 4°C + + + +
Arginine dihydrolase + n.d. + +
Oxidase reaction + + + +
Gelatine liquefication + — — +
Starch hydrolysis — — — —
Urease - n.d. — -
Levan formation from sucrose n.d. n.d. n.d. +
Nitrate reduction + + — +
Utilization of
Glucose + + + +
Sucrose + n.d. — +
Trehalose + n.d. - +
Maltose + n.d. — +
Mannitol + n.d. — +
Inositol + n.d. - +
L-Valine + n.d. + +
L-Proline + n.d. + +
B-Alanine + n.d. + +
L-Arginine + n.d. n.d. +
n.d.—not done.
APPLIED BIOCHEMISTRY AND MICROBIOLOGY Vol.55 No.2 2019



126 XIA et al.

P. putida(EF529517.1)

Pseudomonas. putida(AY958233.1)

P. putida(EU275363)

P. putida(EU275363.1)

- P. koreensis(GQ368179)

- P, jessenii(AY206685.1)

| L| 1206
P. clemancea(AM419155.2)

L P. pavonaceae(D84019.1)

— P. fluorescens(DQ402053.1)

- P. fluorescens(AM410631.1)

- P. fluorescens(EU730928.1)

L P. koreensis(NR 025228)

— P. moraviensis(AY970952.1)

P. teessidea(AM419154.2)

P. fluorescens(GQ900589.1)

P. fluorescens(CP000094)

P. fluorescens(EF672049.1)
P, jessenii(AF068259.1)

—[ P. reinekei(AM293565.1)

P. asplenii(AB021397.1)

P. mendocina(FJ472855.1)

P. pseudoalcaligenes(AB109888.1)

P viridiflava(GQ398130.1)

P. cholroraphis(FJ652611)

P. syringae(FN554248.1)

{ P. aeruginosa(AB449026)
P. alcaligenes(FJ544363.1)

Xanthomonas retro flexus(DQ337602.1)

Il Il Il Il Il Il
0.07 0.06 0.05 0.04 0.03 0.02

0.01 0

Fig. 3. Phylogenetic tree derived from the 16S rDNA sequences of Pseudomonas species related to the strain 1206. The X. retrof-
lexus DQ337602 as an out group. The accession numbers of the strains were showed after the species name.

been reported. However, the isolation of P. fluorescens
capable of nicotine degradation had not been reported
before our study. P. fluorescens is a versatile bacterium
that grows in soil, coastal marine habitats, and on
plant and animal tissues. Several P. fluorescens strains
(e.g., CHAO or Pf-5) demonstrate biocontrol proper-
ties, protecting the roots of some plant species against
parasitic fungi such as Fusarium or Pythium, as well as
some plant-parasitic nematodes [25]. Production of
secondary metabolites plays an important role in plant
disease suppression. Antibiotics such as pyrrolnitrin,
pyoluteorin, and 2,4-diacetylphloroglucinol that
inhibit phytopathogen growth are produced by P. flu-
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orescens [26]. The P. fluorescens has been applied to
degradation of pollutants such as styrene [27], 2,4,6-
trinitrotoluene [28] and polycyclic aromatic hydrocar-
bons [29].

Growth and nicotine-degrading property of the
strain 1206. As shown in Fig. 4, more than 97% of the
nicotine was degraded by P. fluorescens 1206 after 24 h
incubation on LB-N medium at 25°C. A good correla-
tion was observed between the increase of the ODy,
value of the bacterial culture and the decrease of the
nicotine concentration in LB-N medium. In the ini-
tial 8 h, nicotine was degraded slowly but the degrada-
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Fig. 4. Growth and nicotine degradation curves of P. flu-
orescens 1206. I—Nicotine concentration degradation by
1206; 2—cell growth of 1206 in LB-N medium; 3—cell
growth of 1206 in LB medium. The values are means of
3 replicates, and the error bars indicate the standard devi-
ations.

tion rate was accelerated in the period from 8 to 18 h.
The P. fluorescens 1206 showed diverse growth pat-
terns in different media during incubation. These bac-
teria grew better in LB medium than in LB-N
medium, which indicated that nicotine was likely to be
toxic to strain 1206 and inhibited the growth of the
strain slightly. After 12 h of incubation on nutrient agar
medium, the growth rate of strain 1206 increased
gradually along with the degradation of nicotine.

In this study, Gram-negative bacterial strain 1206
which can use nicotine as sole carbon and energy
sources was isolated from the soil collected from
tobacco fields (Yunnan,China). It was identified as
P, fluorescens by morphological, biochemical and
16S rDNA sequence analysis. This study firstly reports
the isolation and characterization of P. fluorescens
1206 capable of degrading nicotine. P. fluorescens 1206
was able to remove about 33.8, 82.5 and 97.1% of nic-
otine with initial concentration of 1 g/L after 8, 16 and
24 h of incubation, respectively. It was also noted that
the presence of nicotine in LB medium had inhibitory
effect on bacterial growth. The further research will be
focus on elucidating the molecular mechanisms of
nicotine degradation by P. fluorescens 1206. This will
allow the subsequent development of molecular tools
to screen both natural environmental and engineered
processes for tobacco waste treatment.
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