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NIC, a Conjugative Nicotine-Nicotinate Degradative Plasmid
in Pseudomonas convexa
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The plasmid nature of genes specifying degradation of nicotine and nicotinate
in Pseudomas convexa strain 1 (Pcl) is indicated by mitomycin curing and
conjugational transfer to other strains. The NIC plasmid appears to be compatible
with other metabolic plasmids in Pseudomonas putida.

The ability of certain strains of Pseudomonas
putida to grow on octane, camphor, toluene and
methyl benzoates, salicylate, naphthalene, and
xylenes can be lost spontaneously; and the fre-
quency of loss can be increased by mitomycin C.
These observations along with high conjuga-
tional transfer (except xylene) have been corre-
lated to the extrachromosomal nature of genes
responsible for the expression of these pathways
(3). Pseudomonas convexa strain 1 (10) de-
grades nicotine via pseudooxynicotine, 3-succi-
noyl pyridine, and 6-hydroxy 3-succinoyl pyri-
dine to 2,5-dihydroxy pyridine, where it con-
verges with the biodegradation of nicotinate
(Fig. 1). Pathways are the same as those utilized
by other Pseudomonas strains (1, 2, 4-7, 11). On
the basis of transductional analysis, it has been
shown that the degradation of nicotinate is
coded for by chromosomal genes in P. putida
(8). In this report we present data which suggest
that the nicotine-nicotinate degradation path-
ways are borne on a transmissible plasmid in P.
convexa strain 1 (Pcl).

When Pcl was grown in the presence of
growth-limiting concentrations of mitomycin C,
about 3% of the cells lost their ability to grow on
nicotine and nicotinate. This is similar to the
frequency of mitomycin C curing of Pseudomo-
nas’ plasmids such as SAL and TOL (3) and
strongly suggests the extrachromosomal nature
of the genes involved.

The conclusion that these cells are cured of
all the genes coding for nicotine-nicotinate deg-
radation enzymes rather than just having lost
the common enzyme in the two pathways, 2,5-
dihydroxy pyridine oxygenase, by mutation or
curing is based on the following evidence: (i)
they do not revert even when plated at a cell
density of 10" on selective media; (ii) they are
not able to utilize nicotine as a carbon source,
whereas mutants lacking 2,5-dihydroxy pyridine
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oxygenase are able to do so; (iii) they lack the
inducible enzymes nicotinate and 3-succinoyl
pyridine hydroxylases, 6-OH nicotinate and 6-
OH 3-succinoyl pyridine monooxygenases, and
2,5-dihydroxy pyridine oxygenase, which are
present before mitomycin curing.

To determine whether there are two separate
plasmids coding for these degradation pathways,
or only one, and whether the plasmid is trans-
missible, we mated the wild-type strain of P.
convexa with a cured strain of P. convexa or
with P. putida (PpG) strains (see Table 1). The
results in Table 2 show that both NIC and NCT
are highly transmissible (compared with chro-
mosomal transfer) not only to cured strains of
Pc, but also to PpG strains, attesting to the
plasmid nature of the genes in question. Also, in
all cases NIC and NCT are transferred together,
suggesting that both nicotine and nicotinate deg-
radations are coded by one and the same plasmid
(designated NIC plasmid).

Since the NIC plasmid was. transmissible to
PpG strains at a rather high frequency and PpG
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TABLE 1. List of strains®
Strain derived from: Parent strain Phenotype Derivation Plasmid

P. convexa (Pcl, Nic*

Nct*)
Pc101 Pcl Cys™ Nic* Net* NG NIC
Pc204 Pcl Met™ Nic* Net* NG NIC
Pc3 Pcl Nic™ Nct~™ M
Pc309 Pc3 Trp~ Nic™ Net™ NG

P. putida (PpG1, Nic™

Nct* Cam*, Pf16°)
PpG273 PpG1 Trp~ S, PC CAM (9)
PpG277 PpG273 Cam™ Trp~ M
PpG972 PpG277 Oct* Trp~ C OoCT
PpG1273 PpG273 Cam"* Trp~ uv CAM
PpG1274 PpG1273 Cam™ Trp~ M
PpG ullé PpG1274 Tol* Trp~ C TOL
PpG ull9 PpG1274 Sal* Trp~ C SAL
PpG u120 PpG1274 Nah* Trp~ C NAH

“Nic, Nct, Cam, Tol, Sal, Nah, and Oct designate degradations of nicotine, nicotinate, camphor, toluene,
salicylate, naphthalene, and octane, respectively. NG, N-methyl-N -nitro-N-nitrosoguanidine; M, mitomycin C
curing (9); S, PC, spontaneous penicillin-cycloserine selection; C, conjugation; Pf16°, phage Pf16 sensitivity.

TABLE 2. Conjugational transfer of NIC plasmid to

other strains®

Donor X recipient Selected® Fretg:::fg of
Pcl01 X Pc309 nic* trp 25 %167
Pc101 x Pc309 M <10®
Pc204 x Pc309 nic* trp 10°
Pc204 x Pc309 trp* <10°
Pc101 x PgG273 nic* trp Pf16* 2x1077
Pc101 x PpG277 nic* trp Pf16* 3x1077
Pc204 x PpG273 nic* trp Pf16* 4x1077
Pc204 x PpG277 nic* trp Pf16° 10°¢

? Pf16°, Sensitivity to phage Pf16; nic, degradation
of nicotine. Exconjugants from crosses 1 and 3 were
all found to be positive for nicotinate degradation
(nct*).

% Exconjugants were selected on nicotine plus amino
acid plates. After growth, the exconjugant colonies
were tested for their auxotrophy by replicating on
nicotine plates with and without the required amino
acid.

strains containing different metabolic plasmids
were readily available, we studied the compati-
bility of the NIC plasmid with the other meta-
bolic plasmids (see Table 1). Results show that
the NIC plasmid is compatible with CAM, OCT,
NAH, SAL, and TOL metabolic plasmids.

In P. putida nicotinate degradation genes are
located on the chromosome linked with those
for other peripheral catabolic functions, such as
degradation of benzoate, p-hydroxybenzoate,
skimimate, quinate, mandelate, phenylacetate,
histidine, tyrosine, and phenylalanine. These
genes are closely clustered on about 10 to 15% of
the chromosome. Our report shows that in P.
convexa nicotinate genes are located on a plas-
mid along with nicotine degradation genes. Of
interest in this context is the observation that p-

hydroxybenzoate degradation genes are not cu-
rable in Pcl and are most probably chromosome
bound. The different location of nicotinate
genes, chromosomal in P. putida and plasmid
bound in P. convexa, may reflect different evo-
lutionary patterns. The possibility of transposi-
tion also must be considered.

LITERATURE CITED

1. Behrman, E. J., and B. M. Pitt. 1958. The elbs peroxy-
disulphate oxidation in the pyridine series: a new syn-
thesis of 2,5 dihydroxypyridine. J. Am. Chem. Soc.
80:3717-3719.

2. Behrman, E. J., and R. V. Stainer. 1957. The bacterial
oxidation of nicotinic acid. J. Biol. Chem. 228:923-945.

3. Chakrabarty, A. M. 1976. Plasmids in Pseudomonas.
Annu. Rev. Genet. 10:7-30.

4. Gauthier, J. J., and S. C. Rittenberg. 1971. The metab-
olism of nicotinic acid. II. 2,5 Dihydroxypyridine oxi-
dation, product formation, and oxygen 18 incorporation.
J. Biol. Chem. 246:3743-3748.

5. Gauthier, J. J., and S. C. Rittenberg. 1971. The metab-
olism of nicotinic acid. I. Purification and properties of
2,5 dihydroxypyridine oxygenase from Pseudomonas
putida N-9. J. Biol. Chem. 246:3737-3742.

6. Jones, M. V. 1973. Cytochrome C linked nicotinic acid
hydroxylase in Pseudomonas ovalis chester. FEBS Lett.
32:321-324.

7. Jones, M. V., and D. E. Hudges. 1972. The oxidation of
nicotinic acid by Pseudomonas ovalis chester. The ter-
minal oxidase. Biochem. J. 129:755-761.

8. Leidigh, B. J., and M. L. Wheelis. 1973. The clustering
Pseudomonas putida chromosome of genes specifying
dissimilatory functions. J. Mol. Biol. 224:235-242.

9. Reinwald, J. G., A. M. Chakrabarty, and I. C. Gun-
salus. 1973. A transmissible plasmid controlling camfor
oxidation in Pseudomonas putida. Proc. Natl. Acad. Sci.
U.S.A. 70:885-889.

10. Thacker, R. P. 1968. Conversion of L-hydroxypyridine to
glutamate by extracts of strains of Pseudomonas con-
vexa and Pseudomonas fl Arch. Microbiol.
64:235-238.

11. Wada, E. 1957. Microbial degradation of tobacco alkaloids
and some related compounds. Arch. Biochem. Biophys.
72:145-162.




