J. Agric. Sci. Mansoura Univ., 28 (5): 3991 - 3999, 2003

STUDIES ON HETEROTROPHIC NITRIFICATION VIA

Pseudomonas fluorescens
Ahmed, Simia F. M. ,
Microbiclogy Dept., Fac. of Agric., Minia Univ.

ABSTRACT

Bacteria (Pseudomonas fluorescens) was identified as heterotrophic
nitriffers. The present investigation was carried out to study heterctrophic nitrification
activity in nutrient liquid medium with pH 6, 65 and 7. The growth at pH 6.5 was
higher than that of pH 6 and 7. During the exponential growth phase the intermediate
products of heterotrophic nitrification activity which excreted into the culture media
(nitrite, nitrate and hydroxlamine) were increased significantly at pH 6.5 than pH 6 and
7. At aconstant C/N raiio 3:1 glutamine was identified as a better nitrogen source for
heterotrophic nitrification than the other organic N-containing components: arginine
and asparagine.

INTRODUCTION

Heterctrophic nitrification was first described in 1894 for a fungus
{Stutzer and Hartleb, 1894). For a long time heterotrophic nitrification was
thought to be restricted to old or stationary-phase fungal or bacterial cultures
and to play only a minor role in the biogeochemical cycle of nitrogen (Brown,
1988). In recent years, great number of heterotrophic (chemoorganotrophic)
soil bacteria belonging to different genera are capable of nitrification, i.e.
oxidation of ammonia to nitrite and /or of nitrite to nitrate; in addition of being
able to use inorganic nitrogen (e.g. ammonium-salts) as a substrate for
nitrification (Papen et a/, 1989). Heterotrophic nitrifiers can also use
organically bound nitrogen (e.g. in proteins, peptides and amino acids) as
precursors of nitrification (Verstraete, 1973 and Kilham, 1987). It has to be
stressed that the information available about hetrotrophic nitrification,
especially about the products produced in different media and under different
conditions is extremely scarce among bacterial genera.

Lettl {(1985) described that many heterotrophic organisms isclated
from acid forest soils were able to oxidize NH," and NO, to NO;'. Acidophilic
cultures (pH 4.0) were more effective in nitrification than neutro/alkalophilic
ones {pH 6.0 and 8.0).

Stroo et al, (1986) described that nitrate was formed from
ammonium at pH 3.2 to 6.1 in suspensions of a naturally acid forest soil. The
maximum rate of nitrate formation occurred at pH 5.0. A strain of Absidia
cylindrospora was isolated from this soil and was found to produce nitrate
and nitrite in a medium with alanine at pH values ranging from 4.0 to 4.8.
Papen and Rennenberg {1999) demonstrated that a Alcaligenes faecalis
strain produced nitrite, nitrate, nitric oxide (NO) and nitrous oxide (N,O) in
both peptone-meat extract medium and a defined medium with ammonium
and citrate as the sole nitrogen and carbon sources. Furthermore, they
demonstrated that production of NG, , NO5y and NO and N,C under aerobic
conditions occurred shortly after cultures started growth and that production
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proceeded during the whole logarithmic growth phase. NO, and NOy
production rates were higher for those in media at alkaline pH.

The aim of this work was to study the production of, nitrite, nitrate
and hydroxylamine by Pseudomonas fluorescens bacteria during growth in
defined culture média supplied with different amino ‘acids and determination
of the effect of the medium pH on the growth rate and production of, nitrite,
nitrate and hydroxylamine.

MATERIALS AND METHODS

Bacterial strain:

Pseudomonas Fluorescens strain was isolated from the soil of the
experimental farm, Fac. Agric., Minia University and identified according to
Bergey's Manual (1984).

Media:
1- Nutrient liquid medium

Bacteria was grown in nutrient liquid medium (Dowson, 1957) the pH
of the medium was adjusted to pH 6, 6.5 and 7 with 5% NO,CO, or 1N NaOH
after autoclaving.
2- Sodium citrate medium:

Sodium citrate 9.50 x 10°
NH,cL 9.35x 107
RH, Po, 1.47 x 107
MgSo4 x 7 H0 1.62 x 107
Cadl; x 2 H,0 1.63x 107
FeSo, X 7H,0 3.60x 107
Naz EDTA (Titriplex) 3.60x 107

The pH of the medium was adjusted to pH 6.5 with 5% Na,Co; or 1N
NaOH prior to autoclaving. Sodium citrate was added as a filter sterilized
solution {(pH 6.5) after autoclaving and cooling of the rest medium,

Different amino acids used (ul/ml )
Glutamine 9ul/mi
Arginine 9 pl/ml
Asparagine 9 plfml
The C/N ratio of the medium was adjusted to C/N ratio 3:1 with
Glucose. Glucose was added as a filter sterilized solution after autoclaving
and cooling.

Growth conditions of bacteria for studies of the kinetics of
heterotrophic nitrification and procedure of sampling.

The bacteria were grown in liquid cultures, unless otherwise stated,
under aerobic conditions on a rotary shaker (120 rpm) at 28°C. Dependent on
the experiments, either 100 ml Erlenmeyer flasks containing 40 mi of
respective medium or 300 ml Erlenmeyer flasks containing 100 ml medium
were used. After inoculation the flasks were closed with cellulose stoppers.
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As an inoculum 50-100 pl suspensions of an exponentially growing culture in
liquid medium was used. After appropriate time intervals, 2 ml of suspensions
were taken under sterile conditions from the growing cultures and were
pipetted into plastic cuvettes {4 ml) for determination of optical density (as a
parameter of growth, see below) in a perkin spectrophotometer. Thereafier,
the suspension was transferred into a 2 ml Eppendorf vessel and was
centrifuged at 9500 rpm for 10 minutes at 4°C. Eppendorf tubes were kept
separately in a freezer for later analysis of hydroxylamine , nitrite and nitrate
produced by the ceills grow into the culture medium.

Determination of growth of bacterial cultures:

Bacterial growth was followed by measuring the increase in optical
density {O.D.) of cell cultures at 660 nm using 4 ml plastic cuvettes. Pure
culture medium (not inoculated) served as a blank.

Determination of hydroxlamine:.

Hydroxlamine was determined by the method of Frear and Burrel
(1955).

Determination of nitrite:

Nitrite concentrations were determined using the method of Norman
and Stucki (1981).

Determination of nitrate:

Nitrate concenfrations in samples was determined using a
modification of the method described by Hanson and Philipps (1981).

RESULTS AND DISCUSSION

Effect of the pH on the growth rate

The growth rate was determined by measuring optical density (OD),
of the appropriate dilutions, at 660-nm (Agsq} using spectrophctometer. The
effect of the pH on the growth rate of Pseudomonas fluorescens strain is
given in Table 1. The growth rate was increased dramatically by increasing
incubation time. However, the growth rate at pH 6.5 was higher than that of
pH 6 and 7. These results might revel the significant role of the pH on the
groweth rate of P. fluorescens. Thus, The pH of the medium can be used as
a reliable method to improve growth speed of this strain.

Effect of the pH on the preduction of nitrite nitrate and hydroxylamine

Generally, P. fluorescens strain was found to catalyze heterotrophic
nitrification under aerobic growth conditions in nutrient liquid medium at pH &,
6.5 and pH 7. However, the results shown in Table (1) reveled that, the strain
tested differed in the amounts of nitrite, nitrate, and hydroxylamine excreted
into the medium after 24, 48, 72 and 96 hrs according the pH of the medium.

The presented results demonstrate that the production of
hydroxylamine, nitrite and nitrate by Pseudomonas fluorescens in medium of
pH 8.5 was higher than in the medium at pH 6 and 7.

These results agree with findings of (Papen et al., 1991 & Papen and
Rennenberg, 1999). Acidovorox-group, heterotrophic nitrification in nature,
seems to play an important roie, especially in acidic soils, from which
outotrophic nitrifiers often can not be isolated, though nitrate production is
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observed in these soils. Furthermore, recent experiments with several fungi
and two Baciffus spp., isolated from a padzalic brown earth (pH 3.5) showed
that these heterotrophic organism exhibited significant rates of heterotrophic
nitrification {Lang and Jagnow, 1986). These findings as well as the present
data support the view that nitrification can be performed under acidic
conditions by more heterotrophs than hitherto was assumed. Similar results
were obtained for strain (Pseudomonas fluorescens).

Table (1); Pseudomonas fluorescens growth rate and production of
nitrite nitrate, hydroxylamine during growth in nutrient liquid
medium at pH 6,6.5and 7.

Q.D. Nitrite Nitrate Hydroxylamine
Time 680 nm {n molimly'|  (n molimly” {n mol/mij™
(hr) &
8 65 7 |6 65 7| 6 65 7 ] 6 65 7 |
0 [000 000 000(0.00000[00 00 0000 00 00 |

0.42 080 056 409060 30 60 50 )20 40 1.0
086 164 120 |15 27 14[2 26 10 [ 70 10 8.0 J

142 228 184118 39 21/ 16 32 19 | 10 15 13
270 206 10 30 16| 10 256 12 9 11 11

The effect of glutamine, arginine and asparagine on the growth rate

The effect of supplementing with glutamine, arginine and asparagine
on the growth rate of Pseudomonas fluorescens strain is shown in Tabie 2
and Fig. 1. In general, the growth rate was increased by increasing incubation
time under aill experimental conditions. However, supplementing with
giutamine, highly affected the growth rate of P flucrescens strain in
comparison to the other three amino acids. These data might demonstrate
the importance of chosing the most suitable organic nitrogen source for
heterotrophic nitrification

The effect of glutamine, arginine and asparagine on the production of
nitrite nitrate and hydroxylamine

Production of nitrite, nitrate and hydroxylamines in medium free of
any amino acids were lower than that containing amino acids (Table 2 and
Fig. 2). However, a considerable variation was observed between the four
amino acids used in this experiment. The results showed that the production
rates of nitrite, nitrate and hydroxylamine in medium with glutamine was
higher than that of medium with arginine and aspragine.

The results obtained indicate, that the C/N ratio alone does not
determine heterotrophic nitrification activity, since different organic nitrogen
sources {asparagine, arginine and glutimne), which could be used by the
bacteria under study as nitrogen sources, at a constant C/N ratio in the
medium (3:1) resulted in different production rates of products of
heterotrophic nitrification. Glutamine with being the most suitable organic
nitrogen source for heterotrophic nitrification.
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Therefore, these results agree with findings of Gode (1970) who pointed out
that the C/N ratio (usually varied from 3 to 5) is an important factor that has to
be considered in employed for cultivation of heterotrophic nitrifiers.

Verstraete and Alexander (1972) found for an Arthrobacter-strain that
the amount of hydroxylamine produced per cell increased when the C/N ratio
in the culture medium decreased from 10:1 to 1:10. However, formation of
nitrite per single bacterial cell for this strain turned out to be relatively
independent of the C/N ratio.

Von-Gool and Schmidt (1973) obtained relatively high nitrification
rates using an Aspergilius flavous-strain that was grown aerobically with high
concentrations of glucose and peptone. Addition of L-aspartate to the culture
medium after depletion of glucose resulted in a only moderate increase in
total nitrate produced, but a remarkable response was obvserved, when L-
asprtate was added when nitrate production started
Papen et al, (1991) found that in the constant C/N ratio of 3:1 glutamine was
identified as befter nitrogen source for heterotrophic nitrfication than the
other organic N-containing compounds: arginine, asparagine and urea. With
glutamine the highest NO-production rates were observed in heterotrophically
nitrifying cultures of R. erythropolis HW1-13.
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