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Denitrification by Alcaligenes eutrophus Is Plasmid Dependent
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Cuting of the hydrogenase-specifying megaplasmid pHG indigenous to strains of the facultative lithoauto-
trophic bacterium Alcaligenes eutrophus was correlated with a loss of denitrifying ability (Nitd). The retransfer
of plasmid pHGI reconstituted the Nitd phenotype. Plasmid-free mutants were still capable of converting some
nitrate to nitrite, but they did not metabolize nitrite under anaerobic conditions.

The self-transmissible 450-kilobase-pair plasmid pHG1 of
Alcaligenes eutrophis H16 encodes regulatory and struc-
tural genes for hydrogen-oxidizing ability (Hox) of the host
(1, 6, 8) and genes associated with autotrophic CO, fixation
(2, 3). We previously described pleiotropic Hox- mutants
which lack the cytoplasmic and particulate hydrogenases
and are impaired in assimilatory as well as in dissimilatory
nitrate metabolism (Hox- Nit-). We presented evidence that
the Hox- Nit- phenotype results from a single mutation in
the chromosome (8).

In the current study, we ask whether mutants bearing
plasmid-borne Hox mutations are affected in nitrate metab-
olism. A. ettrophius H16 grows anaerobically with fructose
or gluconate as the carbon source and nitrate or nitrite,
respectively, as the electron acceptor. The cells first utilize

nitrate or nitrite as the electron acceptor (Table 1). The
culture conditions have been described previously (8).
Hydrogenase-deficient mutants carrying plasmid-located
point mutations, such as strain HF18, transposon TnO inser-
tions, such as strain HF148, or a 70-kilobase-pair deletion in
plasmid pHG1, such as strain HF47, were unimpaired in
nitrate and nitrite respiration (Table 1). However, curing of
the Hox-encoding plasmid was accompanied by the loss of
denitrifying ability (Nitd). Identical growth behavior was
observed with plasmid-free derivatives of other A. eitrophius
strains, for example, N9A and H20 (Table 1). The plasmid-
free mutants represented by A. eiitrophlus HF33 grew poorly
for one doubling anaerobically with nitrate (Fig. IA). Nitrite
accumulated in the medium, although at a lower concentra-
tion than in the wild-type culture (Fig. 1B). Nitrite levels

TABLE 1. Denitrification by wild-type Alcaligenes strains and hydrogenase-deficient mutants

Strain Reference or Relevant Plasmid2 Growth" on:
source phenotype" Nitrate Nitrite

A. eiutrophus
H16 ATCC 17699 Hox Nitd pHG1 + +
HF33 8 Hox Nitd- pHG (-) -
HF18 7 Hox Nitd+ pHGle + +
HF148 5 Hox Nitd+ pHG1::TnS + +
HF47 5 Hox Nitd+ zApHG1 + +
N9A DSM518 Hox Nitd pHG3 + +
N9AF06 8 Hox Nitd- pHG3 (-) -
H20 ATCC 17700 Hox Nitd pHG7 + +
H20FO1 3 Hox- Nitd- pHG7- (-) -

A. hydrogenophill(s
M50 4, 10 Hox Nitd- pHG21-a - -

pHG21-b
M55 4 Hox- Nitd- pHG21-a-

pHG21-b
Hox, Ability to use -2 as energy source, Nitd, ability to denitrify.
-, Loss of the plasmid; *, point mutation: ::, insertion; A, deletion.
', Growth; -, no growth; (-), poor growth. The medium contained gluconate and ammonium. pH 7.5, with 0.2% (wt/vol) potassium nitrate or 0.1% (wt/vol)

sodium nitrite in the absence of oxygen.

nitrate, and nitrite accumulates in the medium; then nitrite is
taken up and reduced to dinitrogen (11).
Most of the wild-type strains examined here, with the

exception of Alcaligenes hvdrogeenophiliis, grew well an-
aerobically in gluconate-ammonium minimal medium with

* Corresponding author.

were determined by the method of Lowe and Evans (9) as
previously described (8). When incubated with nitrite as the
electron acceptor, the pHG1-free strain did not grow at all
(Fig. 2A), and no nitrite disappeared from the medium (Fig.
2B). With respect to anaerobic metabolism of nitrate or
nitrite, the plasmid-cured strains behaved exactly like the
pleiotropic Hox- Nit- mutants. Strain HF09, a representa-
tive of the latter class, is shown in Fig. 1 and 2. Neverthe-
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heterotrophically with oxygen, as does the wild type, indi-
A cating that they suffered no lesion in oxygen-dependent

200 WT respiration. Interestingly, there is evidence that the expres-
sion of a cytoplasmic flavohemoprotein in A. eiitropliis is
encoded by plasmid pHG1 (K. Schmidt and V. Weihs,

100 personal communication). The physical properties of this
b-type cytochrome are well characterized, but its physiolog-
ical function remains unresolved (12). It is tempting to
speculate that this flavohemoprotein is involved in nitrate

tn l respiration. The supposition gains support from the obser-
vation that the concentration of the flavohemoprotein in-

C |J creases 20-fold in cells grown under limited oxygen supply
(12). The isolation and characterization of specifically

/120L; \ plasmid-defective Nitd- mutants may help to substantiate20 , w- /' -_\._ HFO9 this hypothesis.V~HF33
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density of the cells is given in Klett units. The nitrite concentration B *.-
refers to 1 ml of culture volume. 15._* \

less, in contrast to the Hox Nit mutants. plasmid-ree HF33
isolates were still able to use nitrate or nitrite aerobically asf.
a nitrogen source. Thus, their phenotype is clearly different HFO9
from that of chromosomally defective Hox Nit mutants.ica
The ob servationthat various mutations in plasmid pHG1cO 0\
that led to the loss of catalytic and immunological activity of .
the cytoplasmic and particulate hydrogenases (5, 7, 8) did Z
not affect denitrification (Tablte1)indicates that the plasmid-
borne Nitd marker is not linked genetically to Hox.N \
The conjugal transfer of plasmid pHG1 to plasmid-cured

recipients of various Alcaligenes wild-type species (4, 8) by :

agar mating (6) resulted in transconjugants which were not 5
only restored in Hox but also in denitrifying ability (Nitd).
Moreover, A. hvdrogenophilius, a naturally Nitd- wild-type
strain (Table 1) gained the Nitd function by exchanging
plasmid pHG1 from A. eittiophiis H16 for its indigenous Hox
plasmid pHG21-a (Table 2). WT
These preliminary results permit no conclusion about the 0 I _ l

nature of a plasmid-encoded Nitd gene(s). The absence of 0 100 200 300
this gene(s) led to a complete loss of nitrite-respiring activity Hours
and a mnarked decrease in the amount of nitrite produced FIG. 2. Anaerobic growth on nitrite (A) and nitrite dissappear-
from nitrate. At present we do not know whether plasmid ance from the culture medium (B) for A. eittopliius wild-type (WT).
pHG1 encodes structural genes or regulatory components or the Hox Nitd mutant HF33. and the Hox Nit mutant HF09.
both for nitrate respiration or even determinants of denitri- The optical density of the cells is given in Klett units. The concen-
fication-specific electron transport. Plasmid-free strains grew tration of nitrite refers to 1 ml of culture medium.
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TABLE 2. Denitrification by Hox+ transconjugants of
Alcaligenes strains

Recipient Plasmid Growth" on:
strain" content Nitrate Nitrite

HF33 pHG1 + +
N9AF06 pHG1 + +
H20FO1 pHGI + +
M55 pHG21-b + +

pHG1

a Transconjugants arose from agar mating as previously described (6), with
A. eutrophuis H16 as the donor. Recipient strain characteristics are giveh in
Table 1.

' See Table 1; footnote c.
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