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Abstract. A nitrite-oxidizing bacterium was isolated from soil
of the Old Botanic Garden in Hamburg and of a cornfield
near Uxmal in Yucatan (Mexico). The cells are 0.5—0.8
x 1.2—2.0 um in size, pleomorphic, mostly pear-shaped and
motile by means of one subpolar to lateral flagellum. In-
tracytoplasmic membranes are present as caps of flattened
vesicles or membrane vesicles in the central region of the cell.
The organism grows best mixotrophically with a doubling
time of 10h to 18h. The growth rate under heterotrophic
conditions is slower than under mixotrophic conditions but
higher than under lithoautotrophic conditions. The DNA
G + C content of the DNAs of strain X14 and strain Y is
61.2mol % and 61.6 mol %, respectively. Both strains share
100 %, DNA homology. Nitrobacter winogradskyi is mod-
erately related only to the two isolates, showing an average
DNA homology value of 36 9. The phenotypic and genotypic
differences from N. winogradskyi support evidence that more
than one species of Nitrobacter exists. For Nitrobacter X14
and Nitrobacter Y the name N. hamburgensis is proposed.

Key words: New Nirrobacter, better heterotrophic than
lithoautotrophic growth — Morphology — Physiology —
Taxonomy

The taxonomy of the nitrite oxidizing bacteria is based on
their shape, size and arrangement of intracytoplasmic mem-
branes (Watson and Waterburry 1971; Watson et al. 1981).
N. winogradskyi was established as the only species of the
genus (Winogradsky 1892, Watson et al. 1981). The former
species V. agilis was reassigned to the species N. winogradskyi
after investigation of morphology, ultrastructure and G + C
content (Watson and Mandel 1971). Immunological studies
supported this conclusion (Kalthoff et al. 1979).

For many years, nitrifying organisms of the genus
Nitrobacter were regarded as obligate lithoautotrophs.
However, Smith and Hoare (1968), Bock (1976) and Kalthoff
et al. (1979) demonstrated that some Nitrobacter strains are
able to grow heterotrophically as well. This study describes
two facultative lithoautotrophic strains of Nitrobacter which
— incontrast to N. winogradskyi — grow better heterotrophi-
cally than autotrophically. In former studies one of these
strains was designed Nitrobacter X 14 (Sundermeyer and Bock
1981; Seewaldt et al. 1982).
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Materials and methods

Isolation. Nitrobacter X14 was isolated from soil of the Old
Botanic Garden in Hamburg (Sundermeyer and Bock 1981)
and Nitrobacter Y from soil of a cornfield near Uxmal in
Yucatan (Mexico). The cells were grown at 30°C in an
enrichment medium containing mineral salts (see below) and
2g NaNO,/l (Nitrobacter X14) or 2g NaNO,/1 + 0.015g
peptone/l (Nitrobacter Y). When the nitrite was oxidized fresh
nitrite medium was supplied with a 5 % (v/v) inoculum. After
the 3rd passage when the nitrite was consumed, serial
dilutions of the culture were transferred to fresh media. Pure
cultures of Nitrobacter X 14 were obtained by serial dilution in
mineral nitrite medium. Nitrobacter Y could not be isolated
by the technique described. This nitrite oxidizing organism
only grew in the presence of a heterotrophic contaminant
which was identified as Geodermatophilus. The contaminant
was not able to survive starvation which is typical for
Nitrobacter (Bock 1972). Therefore the isolation of Nitro-
bacter was started after a resting period of two months, Serial
dilution in mixotrophic medium led to pure cultures of
Nitrobacter Y. Cultures were checked for heterotrophic
contaminants according to Steinmiiller and Bock (1976). In
addition, cells were examined routinously by phase contrast
and electron microscopy.

Culture conditions. Cells were grown in the following media:
The basal mineral salt medium contained in 11 water: 0.5g
NaCl, 0.05g MgSO,-7H,0, 0.15g KH,PO,, 0.003g
CaCO;, 0.05mg (NH,),;Mo0,0,,-4H,0, and 0.15mg
FeSO, - 7H,0. Depending upon the growth conditions the
following compounds were added to 11 of the basal medium:
For autotrophic growth 2 g NaNO,; for mixotrophic growth
2g NaNO,, 0.55g Na-pyruvate, 1.5g yeast extract (Difco,
Detroit, MI, USA), and 1.5g peptone (Difco); for hetero-
trophic growth (i) 0.55 g Na-pyruvate or 0.41 g Na-acetate or
1.4g glycerol plus 1.5g yeast extract (Difco), and 1.5¢g
peptone (Difco); (i) 0.55g Na-pyruvate plus 1.0 g vitamin-
free Casamino acids (Difco). After sterilization the pH values
of the media were 7.4—7.6. Stock cultures were grown under
mixotrophic conditions and incubated at 28°C.,

Electron microscopy. The electron microscopical methods
were those described by Bock and Heinrich (1969). For the
preparation of flagella mixotrophically grown cells were air
dried and shadowed with cromium at an angle of 30°.

Isolation of DNA. 3 g of wet weight cells were suspended in
5ml of a 1 M NaCl solution containing 0.3 mg proteinase K
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Fig. 1. Electron micrograph, showing a lateral inserted flagellum of Nitrobacter hamburgensis strain X14 ( x 30,000)

Fig. 2a, b. Electron micrograph of thin sections of Nitrobacter hamburgensis ( x 50,000). ICM, intracytoplasmic membranes; C, carboxysomes;
PHB, poly-f-hydroxybutyrate granules; PP, polyphosphate granules; a strain Nifrobacter Y; b strain Nitrobacter X14

(Boehringer, Mannheim, Corp., New York, NY, USA).
0.2 ml of a 259 dodecylsulfate (SDS) solution were added to
the cell suspension and immediately the cells were broken by
passing them through a French pressure cell at 0.7 GPa. 10 ml
of a 1 MNaCl and 2ml of 259, SDS were added to the lysate
which was then incubated for 10 min at 60°C. The procedures
used in the isolation and purification of DNA have been
described (Stackebrandt and Kandler 1979).

Determination of the G + C content of the DNA. The DNA
G + C content was calculated from its thermal denaturation
temperature. The melting profiles of DNA were determined
in a microprocessor controlled recording spectrophotometer
with an attached temperature programmer (Gilford
Instruments Laboratories, Inc., modell 2600). The midpoint
of the thermal denaturation Tm was determined as the
maximum of the first derivative denaturation profile. DNA
base composition was calculated according to De Ley (1970).

DNA-DNA renaturation. DNA was dialyzed against 2 SSC
for 36 h at 30°C. DNA was sheared by passing the solution
3 times through a French pressure cell at 1.5GPa, and the
fragmented DNA was then centrifuged for 2 min at 10,000 x g
and adjusted to E,g, of 1.0. The determination of the
renaturation rate was also done with the Gilford photometer.
The four cuveties contained respectively, 2 SSC as a blank,
DNA solution of strain A, equal volume of DNA of strain B
and a mixture of equal volumes of DNA of both strains. The
reassociation reaction was started by quickly cooling to the
optimal renaturation temperature (Gillis et al. 1970).
Calculating from an average DNA G + C content of
61.2 mol %, the optimal renaturation temperature was 78.1°C.
The absorbance at 260 nm was measured for 30 min and the
renaturation rates were determined according to De Ley et al.
(1970).

Results and discussion

The nitrite oxidizing bacteria of the genera Nitrobacter,
Nitrococcus and Nitrospira are classified mainly on the basis

of morphological characteristics. Each genus has only one
species (Watson et al. 1981). We support the existence of a
new species of the genus Nitrobacter and propose that the
strains until now designated Nitrobacter X 14 and Nitrobacter
Y should be classified as a new species. As shown by light
microscopy the cells of the new Nitrobacter and N. winograd-
skyi were both pleomorphic, mostly rod to pearshaped.
Reproduction occurred by binary fission and by budding.
The cell size was 0,5—0.8 x 1.0~2.0um. In contrast to the
polar to subpolar flagellum of N. winogradskyi, Nitro-
bacter X 14 was motile by means of a lateral flagellum (Fig. 1)
and Nitrobacter Y by means of a subpolar flagellum. On agar
plates with yeast extract and peptone plus pyruvate Nitro-
bacter X14 and Y formed yellowish-white tiny colonies of
0.1mm in diameter within three weeks. Ultrathin sections
showed that the organisms as well as N, winogradskyi are
characterized by polar caps of flattened vesicles. In addition
membrane vesicles may be present in the central region of the
cell. Carboxysomes, poly-f-hydroxybutyrate and polyphos-
phate granules were typical inclusion bodies (Fig.2). Like
Thiobacillus intermedius (London and Rittenberg 1966)
Nitrobacter X14 and Y grew best mixotrophically. The
shortest doubling time and the highest cell yield could be
achieved with nitrite and yeast extract and peptone. In
contrast to all known N. winogradskyi strains (Watson et al.
1981) the organism grew better heterotrophically than aunto-
trophically. Heterotrophic growth was achieved on glycerol,
acetate and pyruvate plus yeast extract and peptone. Acetate
was a better energy and carbon source than pyruvate or
glycerol. Nitrobacter Y could not grow mixotrophically with
nitrite and pyruvate. The doubling times of autotrophically,
heterotrophically and mixotrophically grown cells of
Nitrobacter X14 were 40, 20 and 10h, respectively.
Nitrobacter Y doubled within 18 h when grown mixotrophi-
cally with nitrite and yeast extract and peptone. No
lithoautotrophic growth was achieved under normal oxygen
partial pressures (air) but with reduced partial pressure (33 9,
air, 669 N,). As demonstrated by difference spectra high
amounts of cytochromes of the ¢ and a type were present in
both organisms. The subunit composition of the carboxy-



somes of Nitrobacter X 14 was different from N. winogradsk yi.
Two of the minor polypeptides were lacking and a major
subunit showed a significantly lower molecular weight (Ebert,
personal communication). One of the main membrane pro-
teins differed significantly in molecular weight (Milde, per-
sonal communication). In contrasts to N. winogradskyi,
Nitrobacter strain X14 and Y possessed a plasmid of 75 x 109
Daltons (Kraft, personal communication).

The G + C content of the DNA of Nitrobacter X14 was
61.2mol %, that of strain Y was 61.6 mol?%,, while that of
N. winogradskyi strain Engel was 61.7mol %,. These values are
in the same range than those reported for various strains of
N. winogradskyi (Watson and Mandel 1971). E. coli,used as a
reference, had a DNA G + C content of 52.4mol 9. A DNA
homology value of 1009/, obtained under optimal reasso-
ciation conditions, showed the two strains of Nitrobacter X14
and Y to be genetically indistinguishable. Lower DNA
homology values of 34 % and 38 %, were found between these
strains and N. winogradskyi strain Engel. The DNA-DNA
reassociation experiments clearly reveal that N. winogradskyi
and Nitrobacter X14 and Y are genetically so different that
they have to be considered as two separate species.
Steigerwalt et al. (1976) set the borderline for a genospecies at
a homology value of 659, while Johnson (1973) considered
60 %, homology as the borderline. The homology value of
36% found between the two strains of Nitrobacter are
definitely below this borderline and they are above the
background level of the renaturation method, which is 20 %
to 309 (De Ley et al. 1970; HuB et al. 1982). Below this level
no statement can be made on the degree of relatedness.
Consequently, the two strains Nitrobacter X14 and Y repre-
sents a new species of Nitrobacter, which is moderately related
to N. winogradskyi. This finding is supported by resuits of
phylogenetic studies (Seewaldt et al. 1982) using the 16 S
ribosomal RNA as a marker. The similarity coefficient (SAB
value) for the binary comparison of the oligonucleotide
catalogues of the 16 S RNAs of these two species was 0.82.
Similar values have been found between well defined species
of other genera e.g. Arthrobacter and Micrococcus (Stacke-
brandt et al. 1980), Streptomyces (Stackebrandt et al. 1982)
and Staphylococcus (Ludwig et al. 1981).

For taxonomic studies Nitrobacter winogradskyi strain
Engel (Engel et al. 1954) was used because it is a typical
Nitrobacter strain as shown by intensive physiological in-
vestigations and growth characteristics (Bock 1974, 1980).
This strain is deposited in the Hamburg strain collection. The
final species description of the new Nitrobacter strains X14
and Y will be presented as soon as the neotyp strain
Nitrobacter winogradskyi ATCC 25391 is characterized, too.
We propose to name the strains Nitrobacter X14 and
Nitrobacter Y “Nitrobacter hamburgensis” (ham’bur.gensis.
L. adj. of Hamburg, named after the place were this organism
was firstisolated) with the following characters of the species:
Cells are Gram-negative, pleomorphic, rod to pear-shaped
with a size of 0.5—0.8 x 1.0 -2 um. Reproduction by binary
fission and by budding. Motile by means of a subpolar to
lateral flagellum. Electron micrographs reveal intracytoplas-
matic membranes forming caps of flattened vesicles under the
cell wall or membrane vesicles in the central region of the cell.
Colonies on agar plates are yellowish-white, 0.1 mm in
diameter. Mixotrophic strict aerobic organism. Facultatively
lithoantotrophic. Best growth mixotrophically with nitrite,
plus yeasts extract and peptone. Heterotrophic growth. Slow
growth under lithoautotrophic conditions. Nitrobacter Y is
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microaerophilic when grown lithoautotrophically preferring
less than 6 % (v/v) oxygen in the atmosphere. Optimal growth
temperature between 25— 30°C. The pH for optimal growth
between 7.5—8.0. The DNA base composition is 61.4 mol %,
G + C. DNA-DNA hybridization experiments revealed a
moderate relationship to N. winogradskyi strain Engel (36 %,
using optimal reassociation conditions). Isolated from soil of
the Old Botanic Garden in Hamburg and from soil of Uxmal
in Yucatan (Mexico).

Acknowledgements. The work reported here was supported by grants
from the Deutsche Forschungsgemeinschaft to E.B. and E.S.

References

Bock E (1972) Bezichungen zwischen Struktur und Funktion bei
reaktivierenden Zellen von Nitrobacter winogradskyi Buch. Zbl
Bakt Hyg I Abt Orig A 220:402—405

Bock E (1976) Growth of Nitrobacter in the presence of organic
matter. II. Chemoorganotrophic growth of Nitrobacter agilis.
Arch Microbiol 108:305-—312

Bock E (1978) Lithoautotrophic and chemoorganotrophic growth of
nitrifying bacteria. In: Schlessinger D (ed) Microbiology —
1978. American Society of Microbiology, Washington, DC,
pp310-—314

Bock E (1980) Nitrifikation - die bakterielle Oxidation von
Ammoniak zu Nitrat. forum microbiologie 1/80:24—32

Bock E, Heinrich G (1969) Morphologische und physiologische
Untersuchungen an Zellen von Nitrobacter winogradskyi Buch.
Arch Mikrobiol 69:149 — 159

De Ley J (1970) Reexamination of the association between melting
point, buoyant density, and chemical base composition of
deoxyribonucleic acid. J Bacteriol 101:738 — 754

De Ley I, Cattoir H, Reynaerts A (1970) The quantitative measure-
ments of DNA hybridization frrom renaturation rates. Eur J
Biochem 12:133—142

Engel H, Krech E, Friederichsen I (1954) Beitrige zur Kenntnis der
Nitritoxydation durch Nitrobacter winogradskyi. Arch Mikro-
biol 21:96— 111

Gillis M, De Ley J, De Cleene M (1970) The determination of
molecular weight of bacterial genome DNA from renaturation
rate. Bur J Biochem 12:143—153

HuB VAR, Festl H, Schleifer KH (1983) Studies on the spectropho-
tometric determination of DNA hybridization from re-
naturation rates. System Appl Microbiol 4:184—192

Johnson JL (1973) Use of the nucleid-acid homologies in the
taxonomy of anaerobic bacteria. Int J Syst Bacteriol 23:308—
315

Kalthoff H, Fehr S, Sundermeyer H, Renwrantz L, Bock E (1979) A
comparison by means of antisera and lectins of surface structures
of Nitrobacter winogradskyi and N. agilis. Current Microbiol
2:375-380

London J, Rittenberg SC (1966) Effects of organic matter on the
growth of Thiobacillus intermedius. J Bacteriol 91:1062 — 1069

Ludwig W, Schleifer KH, Fox G, Seewaldt E, Stackebrandt E (1981)
A phylogenetic analysis of Staphylococci, Peptococcus sac-
charolyticus and Micrococcus mucilaginosus. J Gen Microbiol
125:357- 366

Seewaldt E, Schieifer KH, Bock E, Stackebrandt E (1982) The close
phylogenetic relationship of Nitrobacter and Rhodopseudomonas
palustris. Arch Microbiol 131:287—290

Smith AJ, Hoare DS (1968) Acetate assimilation by Nitrobacter
agilis in relation to its “obligate autotrophy”. J Bacteriol
95:844—855

Stackebrandt E, Kandler O (1979) Taxonomy of the genus
Cellulomonas based on phenotypic characters and deoxyribo-
nucleic acid-deoxyribonucleic acid homology, and proposal of
seven neotype strains. Int J Syst Bacteriol 29:273—282

Stackebrandt E, Lewis BJ, Woese CR (1980) The phylogenetic
structure of the coryneform group of bacteria. Zbl Bakt Hyg 1.
Abt Orig C2:137— 149



284

Stackebrandt E, Ludwig W, Seewaldt E, Schleifer KH (1982)
Phylogeny of sporeforming members of the order Actino-
mycetales. Int J Syst Bacteriol 33:173— 180

Steigerwalt AG, Fanning GR, Fife-Ashbury MA, Brenner DJ (1976)
DNA relatedness among species of Enterobacter and Serratia.
Can J Microbiol 22:121 —137

Steinmiiller W, Bock E (1976) Growth of Nitrobacter in the presence
of organic matter. I. Mixotrophic growth. Arch Microbiol
108:299 — 304

Sundermeyer H, Bock E (1981) Energy metabolism of autotrophi-
cally and heterotrophically grown cells of Nitrobacter winograd-
skyi. Arch Microbiol 130:250— 254

Watson SW, Mandel M (1971) Comparison of the morphology and
deoxyribonucleic acid composition of 27 strains of nitrifying
bacteria. J Bacteriol 107:563 — 569

Watson SW, Waterburry JB (1971) Characteristics of two marine
nitrite oxidizing bacteria Nitrospina gracilis nov. gen. nov. sp.
and Nitrococcus mobilis nov. gen. nov. sp. Arch Mikrobiol
77:203—230

Watson SW, Valios FW, Waterburry JB (1981) The family
Nitrobacteriaceae. In: Starr MP, Stolp H, Triiper HG, Balows
A, Schlegel HG (eds) The prokaryotes vol 1. Springer, Berlin
Heidelberg New York, pp 1005— 1022

Winogradsky S (1892) Contributions a la morphologie des or-
ganismes de la nitrification. Arch Sci Biol 1:86—137

Received June 28, 1983/Accepted August 23, 1983



