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Abstract. This paper studies the effect of oxygen on the denitrifying enzymatic system of
Comamonasp. It is shown that nitrate respiration can take place in the presence of oxygen. Indeed,
even if a protein synthesis inhibitor is added in the medium, immediate nitrate consumption is
observed in an aerobic culture inoculated with cells that have never been subjected to nitrate.
Existence of a constitutive nitrate reductase could explain this phenomenon. Moreover the nitrate and
nitrite reductases are active and synthesized under aerobic conditions. The different levels of
inhibition of nitrate reductase activity by respiratory inhibitors and detergent, according to the
aerobic and anaerobic cultures, might suggest the existence of a double nitrate reductase enzymatic
system.

Bacterial denitrification is an anaerobic respirationinhibition of denitrifying enzymes witHParacoccus
where nitrate is reduced to nitrogen gas with nitrite,denitrificans[14] or Pseudomonas aeruginoga2];
nitric oxide, and nitrous oxide as intermediates. This(ii) existence of a tolerance threshold towards dis-
reaction is realized by facultative anaerobic microor-solved oxygen withPseudomonas stutzerand (iii)
ganisms, especiallfPseudomonasp. [39]. It is an  co-respiration withThiosphaera pantotroph&lcalig-
alternative way of energy production by transfer ofenes faecali§28, 30], Pseudomonas nautid&] and
electrons to four de novo-synthesized terminal oxido-Pseudomonas sf86].
reductases: nitrate reductase (NaR), nitrite reductase Berks and associates [4, 5] have characterized the
(NiR), nitric oxide reductase (NoR), and nitrous oxide aerobic denitrifying pathway dfhiosphaera pantotro-
reductase (BOR). Synthesis and activity of these pha even though Thomsen and colleagues [37] have
enzymes are assumed to be completely repressed Bgsumed that aerobic denitrification with this strain is a
oxygen and to be stimulated by one or the other of thgtopic idea because of the existence of anaerobic
N-oxides [31, 34]. microzones in the kind of reactor used. They have
More recently, some authors have demonstrategyrified a periplasmic nitrate reductase that is overex-
that synthesis and activity of denitrifying enzymes pressed in a membrane-bound nitrate reductase mutant
could occur under various aeration conditions. Forstrain [3]. They have explained the simultaneous use of
example, Pseudomonas stutzegxhibits its higher  oxygen and nitrate by existence of this double nitrate
nitrate reductase activity at 1 mg ~tof dissolved yequctase enzymatic system: the membrane-bound
oxygen, but the threshold value for its nitrate reductasyjtrate reductase, inhibited by oxygen, allows aerobic
synthesis is 5 mg - 1! of dissolved oxygen [15]. expression of the periplasmic one [25].
Thiosphaera pantotrophdenitrifies at a rate of 800 Astrain named SGLY?2, and identified @smamo-
nmol - mir* - mg~* of protein at 80% of air saturation na5sp., has been isolated in our laboratory from an
[29]. Three different types of behavior can thus beypfiow filter submitted to various aeration conditions.
distinguished in the presence of oxygen: (i) completerpjs sirain was shown to denitrify in the presence of
high oxygen levels and to be able to co-respire the two
Correspondence td. Patureau electron acceptors [22]. In the present study, we
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characterized the enzymatic system of the strain (esp@rotein synthesis. Cells were harvested, washed, and concentrated

cially nitrate and nitrite reductases) by investigating" 0-9% NaCl solution. They were then used to inoculate the
the influence of different respiratory protein Syn,[l.]esisdn‘ferentflasks (control and test flasks) in anaerobic, partial aerobic,
inhibi d d b difvi b and fully aerobic conditions to reach a concentration of 35 mg - L

Inhibitors an etergent (by modifying mem I"”‘r1601‘proteins. Flasks were shaken in a rotary shaker (200 rpm) at 35°C

permeability) on the oxygen-nitrate respiration SyS-top maintain a homogeneous culture.
tem. These experiments were carried out either in

- . L . Assays of nitrate and nitrite reductase activities.Nitrate and
batch culture under various aeration conditions or IrHtrite reductase activities were assayed on whole cells harvested

enzymatic assays on whole cells and cell lysates. from three different cultures: one 400-ml aerobic culture in a 1-L
) Erlenmeyer flask filled with the medium described above except
Materials and Methods N-oxides; one 400-ml aerobic culture in a 1-L Erlenmeyer flask

Organisms and culture conditions.Isolation and characterization filled with the med'“m descrlbe_d aboye_s_upphed W'.th KJN@d
pne 400-ml anaerobic culture in Penicillin flasks filled with the

of the strain SGLY2 used in this study have been described in detait” ™~ | . i .
elsewhere [22]. Cells were grown on a synthetic medium: phos-med'um supplied with KN@ These three cultures were inoculated
phate buffer 0.0v, pH 7.0; KNO, (N-NO; = 250 mg - L'1) or (1/209) and were then grown for 16 h. After addition of c_hlora_m-
KNO, (N-NO, =50 mg - L1); ethanol (C-GHsOH = 500 phenicol (150 pg - mb), cells werg harvested, was_hed twice with
mg - L1); MgSO, 190 mg - L% (NH,),SO, as nitrogen source 0-9% cold NaCl, and suspended in the same solution.

(N-NH, = 58 mg - L-9); yeast extract (Difco) 250 mg -t 1 ml - Nitrate and nitrite reductase activities were measured accord-

L-1 of trace element solution [22]. To study the influence of iNg to the combined methods of Brons and Zehnder [7] aiwhio

inhibitors or detergent on the oxygen-denitrifying respiration and Zumft [15]. A 4-ml mixture consisting of 2 ml OM phosphate
system of the strain, batch cultures were performed under thre@uffer, pH7.2; 1 ml 0. KNOsor 1.5 ml 0.1 KNO; 0.4 ml 0.5m
aeration conditions in 120-ml penicillin flasks (Poly Labo, Montpel- Sodium acetate and demineralized water was pipetted into 15-m|
lier), filled with the medium described above. Anaerobic conditionstubes. The tubes were then flushed with argon and hermetically
were obtained by bubbling cultures with oxygen-nitrogen-free sealed with rubber stoppers for anaerobic tests. Different inhibitors
argon (argon N56 Alphagas, ,& 0.5 ppm, N<0.5 ppm, were added to the reaction mixture: sodium azide to a final
CO+ CO, < 0.1 ppm). To obtain partial aerobic conditions, we concentration of 100yt and 10 nu, and erythromycin to a final
first bubbled the cultures with argon. A known quantity of pure concentration of 200 pg - mi. After equilibration at 35°C in a
oxygen (oxygen C Alphagas,,N< 5 ppm) was then added into the water bath, the reaction was started by injection of the equivalent of
sealed bottle, with a syringe, until it reached a concentration of 202.4 mg of cell protein per tube. For the next hour, a sample was
mmol - L~! of gas. This addition of a large quantity of oxygen withdrawn every 20 min. The reaction was stopped by eliminating
pressurized the flasks. Since no oxygen was present in the liqui¢he cells by centrifugation at 4°C. Nitrate reductase activity was
phase (because of sparging with argon), a part of the oxygen gasxpressed as mmol of nitrate consumed per minute per milligram of
was transferred to the liquid phase. At the beginning of theproteins. Nitrite reductase activity was expressed as nmol of nitrite
experiment, this dissolved oxygen concentration corresponded t@onsumed per minute per milligram of proteins.

oxygen saturation (7.8 mg -L at sea level at 35°C). It subse- Nitrate reduction was also measured in cell-free extract,
quently dropped owing to the bacterial oxygen consumption,gptained from a sonicated aerobic cell suspension, according to the
compensated_ by redistribution betwe_en the gaseous and liquighgified procedure described by Krul and Veeningen [16]. The
phase. _Aerob|c cultures were grown in cotton-wool plugs flasksassay mixture consisted of 2.5 ml GaJphosphate buffer, pH 7.2; 1
filled with 50 m! _of the me_dlum described above, whereas in the,,; g1 KNOs; 1.25 ml benzylviologen 0.2 mg -t and 0.25 ml
t,WO, other coqdltlons Fhe final volume was 100 ml. The Smallerof demineralized water. The reaction vials were sparged with argon
liquid volume in aerobic culture allowed better gas exchange. and sealed with rubber stoppers to keep the anaerobic conditions.
Inhibitors and detergent tests. Two inhibitors of cytochrome  Thereafter, 0.5 ml of a mixed solution of 10 mg~!NaS,0, and
oxidases (a and;pat two different concentrations were tested by 10 mg - L't NaHCG; (vol/vol) was supplied. After 15 min of
addition to the medium of sodium azide at 0.Mmand 10 nw, shaking in a waterbath at 35°C, the equivalent of 100 mg?-df
potassium cyanide at 10 and 10Q.\Diethyldithiocarbamic acid  protein extract was injected. A sample was withdrawn every 10 min
(DDC), a copper chelator, was used as an inhibitor of copper typan a period of 30 min. The reaction was stopped by aerating the
nitrite reductase or other copper proteins of the respiratory chairsamples in order to oxidize the residual electron donor.

(azurin) at a final concentration of 10w Erythromycin and . . . . _
chloramphenicol were used at 200 pg —#and 150 pg - mit Analysis of biomass, medium, and gasNitrate and nitrite were

respectively to inhibit protein synthesis. Effect of membrane Méasured by anexchange ion chromatography system with conduc-
perturbations on reductases activities was observed based on tritdfyity detection (DIONEX-100). Separation and elution of the

X-100 (0.02%). anions were carried out on an lonPacAS4A Analytical Column with
Inoculum was grown aerobically in a 15-ml cotton-wool plugs & carbonate-bicarbonate eluant and a sulfuric acid regenerant.
Erlenmeyer flask containing yeast extract (5 g t)Land peptone Gas composition was analyzed by gas chromatography with a

(15 g - L™Y). After overnight growth, this culture was used to Shimadzu GC-8A apparatus with argon carrier, by use of a
inoculate two different precultures: one 500-ml Erlenmeyer flaskkatharometer detector. Carbon dioxide and nitrous oxide were
filled with 200 ml of the medium described above except N-oxidesseparated on a Haye Sep Q column (80-100 mesh, 20118

(this culture was named “nonadapted to N-oxides preculture”) andinch). Oxygen and nitrogen were separated on a molecular sieve 5A
one Penicillin flask filled with 200 ml of the complete medium and (20-100 mesh, 2.0 i 1/8 inch). Injector and detector temperature
maintained under anaerobic conditions (this culture was namedvas 100°C; column temperature was 35°C. Nitric oxide was
“adapted to N-oxides preculture”). When the precultures were in measured on a Shimadzu-14A with helium carrier, by use of a
the logarithmic growth phase, chloramphenicol was added to stofatharometer detector. The molecular sieve 5A (80-100 mesh,
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Fig. 1. Influence of chloramphenicol (150 pg -®lon the nitrite
production during anaerobidl{, [J) and partial aerobic cultures 0 ' ' " ‘ -
(@, <) on nitrate withComamonasp. Cultures were inoculated o 10 20 30 40 50

with nonadapted preculture. Chloramphenicol was added at the

beginning of the culturelll, €, control cultures{], <, cultures
with chloramphenicol. Fig. 2. Consumption of nitrate during anaerodi)( partial aerobic

(®), and total aerobic4) growth conditions ofComamonasp.
The arrow indicates the time at which oxygen has completely
disappeared in the partial aerobic culture. Cultures were inoculated
2.0 mx 1/8 inch) column was maintained at 220°C, injector at with nonadapted preculture.
150°C, and detector at 105°C.
Proteins were determined by Lowry’s procedure with bovine
serum albumin as standard.

Time (hours)

whereas 99 nmol were obtained in the control tube.
This measurement of residual activity might be owing

Results to the existence of a nitrate reductase in the aerobic
culture.

Existence of a constitutive nitrate reductaseChlor- . I .
. . Our experiments showed that a constitutive nitrate
amphenicol (150 pg - mb) was used to determine

A .~ reductase is present in an aerobic culture nonadapted
whether or not denitrifying enzymes were synthesized N-oxid This enzvme could be active under
nitrate reductase activities were measured in aerobi’E:O oxides. ym o
; . .~ dnaerobic as well as aerobic conditions at a small basal
cultures inoculated with cells nonadapted to N-oxides;

. , . . ““trate.

It was added during cell harvesting by centrifugation
(existence of anaerobic conditions in the pellet couldSynthesis and activity of nitrate and nitrite reducta-
enhance synthesis of enzymes) and in the differentes under aerobic condition.The previous experi-
batch assays. Nitrate reduction was measured bgnents showed that a higher nitrate reduction rate is
production of nitrite (Fig. 1). Addition of chlorampheni- observed when protein synthesis is not inhibited (Fig.
col in the anaerobic and partial aerobic culturesl). In the same way, nitrate consumption began
resulted in a sharp decrease of the nitrate reductioommediately after inoculation of the medium with
rate: 4 ug N-NQ - h™1 - mg! of protein against 85.3 nonadapted cells, in both aerobic and anaerobic condi-
Mg - 1 - mg?! of protein in anaerobic conditions. tions (Fig. 2). During aerobic culture, nitrate consump-
However, an immediate production of nitrite was tion slowed down after 20 h because of a lack of
noticed even though the cells used to inoculate the&arbon source. Nitrate reductase activity resulted from
culture were for the first time in the presence of nitrate the activity of the constitutive nitrate reductase and of

Nitrate reductase activity was also measured omew enzyme synthesis. Thus, it seems that synthesis
SGLY2 cell extracts obtained from a culture neverand activity of nitrate reductase may occur in a wide
subjected to nitrate. In this type of culture, an activity range of aeration conditions.
of 211 nmol NQ~ - min~t - mg? of protein was The same experiment was realized with nitrite as
measured. In the same way, an enzymatic assay dahe final electron acceptor (Fig. 3). Anaerobic nitrite
whole cells from aerobic culture without nitrate was consumption started after a lag period of 1 day. In this
realized by adding erythromycin (200 pug -Hland case, the use of nitrite is the only way to produce
chloramphenicol (150 ug - ml) in the test tube. These energy. However, according to the literature, no nitrite
protein synthesis inhibitors decreased the nitrate reduceductase is synthesized in a nonadapted preculture.
tase activity: the activity, with chloramphenicol, was This lag phase corresponds to synthesis of a de novo
estimated at 49 nmol NO min~! - mg™! of protein,  nitrite reductase by using presumably residual energy
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Fig. 3. Consumption of nitrite during anaerobll, partial aerobic ~ Fi9: 4. Influence of triton (0.02%) on the consumption of nitrate
(#), and total aerobic culturesk() of Comamonasp. The arrow ~ during anaerobicll, L) and total aerobic 4, A) cultures of
indicates the time at which oxygen has completely disappeared iffomamonasp. Cultures were inoculated with anaerobic cdiks.
the partial aerobic culture. Cultures were inoculated with non-4. control cultures], A; Cultures with triton;—, addition of
adapted preculture. triton to the medium.

present in the cells. In contrast, partial or fully aerobic

consumption of nitrite started after a smaller lag period 260
(4 h). This consumption was correlated with nitrous 250
oxide and nitrogen production (data not shown).

Oxygen consumption provided the energy necessaryto T 2407
synthesize the enzyme. Addition of chloramphenicol g’ 230 1
resulted in inhibition of nitrite consumption no matter =,

what culture conditions were used. These experiments g 220 ¢
demonstrated that nitrite reductase, which may notbe z 2104
constitutive, is synthesized under aerobic conditions

and that nitrite and oxygen are consumed simulta- 200 ¢
neously. 190 : : | i a

. . . . (0] 10 20 30 40 50
Effect of triton, sodium azide, and cyanide on

nitrate reductase activity. Figure 4 shows the nitrate Time (hours)
consumption during anaerobic and aerobic batch culFig. 5. Influence of sodium azide (0.1Mpon the consumption of
tures of SGLY2 inoculated with adapted-to-N-oxide nitrate during anaerobidl, [J) and_total aerobic_A,A) cultures
cells in the presence of triton. Addition of this deter- °f comamonasp. Cultures were inoculated with nonadapted to
. . N-oxides cellsHl, A, control cultures[], A, cultures with azide.

gent to the culture medium resulted in a gentle_,vaddition of azide to the medium.
decrease in the anaerobic nitrate consumption (0.111
mg N-NG; - h™1 - mg? of protein against 0.062 mg
N-NOs - ™ - mg ! of protein). It seems, however, to concentration tested (10 nm neither denitrification
have no effect on aerobic nitrate reduction. The samaor growth was observed. This means that the denitri-
results are obtained with the nonadapted to N-oxide$ying as well as the oxygen-respiring enzymatic sys-
preculture. The presence of triton X-100 perturbatedem was completely inhibited at this high concentra-
the permeability properties of the cytoplasmic mem-tion. In contrast, at 0.1 m, the nitrate reduction rate of
brane. This implies that under anaerobic conditionsthe anaerobic culture, inoculated with the nonadapted
the measurement of nitrate reductase activity is correeells (Fig. 5), fell to 7 ug N-N@ - h™1 - mg? of
lated with the membrane, whereas aerobic nitratgrotein. This corresponds to a 97% inhibition of the
reduction is independent of the membrane. denitrifying enzyme activity measured under control

The effect of azide on nitrate reductase activityanaerobic conditions. During aerobic culture at 0.1
during batch assay followed exactly the same pattermm, no effect of azide on oxygen uptake was observed:
observed with triton (Fig. 5). Whatever the aerationthe disappearance of oxygen in the gaseous phase was
conditions and the preculture used, at the highestorrelated with protein synthesis. The only influence
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Table 1. Influence of two concentrations (0.1 and 1) rof + 250
sodium azide on nitrate reductase activity measured on whole cells
harvested from aerobic and anaerobic precultures (see Materials &~ + 200 -
and Methods for more details) & =
+180 2
£ £
Culture conditions Aerobic preculture Anaerobic preculture ‘:., e
o 1100 o
Enzymatic assay Aerobic Aerobic Z Z
-4 +50 2
[NaN;] mm 0 01 10 0 0.1 10 o
Activity 99 47 4.9 155 0 0
% 100 47 49 100 0 0 o 50 100 150 200
Time (hours)
Activity is expressed in nmol of disappeared nitrate per minute per
mg of protein.
300 250
of this respiratory inhibitor on denitrifying enzymes ~ ~ 250 200
was then noticed. Compared with the nitrate reduction '3 200 "—i
rate measured under aerobic control conditions, there £ 150 | 150 £
was a 61% inhibition of the nitrate reductase activity & o
. . o 100 ©
(Fig. 5). The same conclusions were drawn from the & 100 ¢ 2
measurements of nitrate reductase activity in whole z 50 L 50 2
cells (Table 1). The presence of 0.rof azide in the 0 0

test tube implied a 100% fall of the nitrate reductase
activity of anaerobic whole cells, whereas a 53%
decrease was observed on nitrate reductase activity ot
aerobic whole cells. The pattern of inhibition of nitrate Fig. 6. Evolution of nitrate M, [J) and nitrite (@&, A) during
reductase activity was similar to the results obtained irpnaerobic (A) and partial aerobic (B) cultureszimamonasp. in
betch assays with the highest concenration of azidd Eserce f et © s o concencaren o low
Inhibition of 95% and 100% of the nitrate reductase '
activities was observed in aerobic and anaerobic whole

cells respectiyely. This differenc_e .Of azide inhibition ?hain between nitrate reductase and nitrite reductase.
level on the nitrate reductase activity may suggest thaIn twrn, in the partial aerobic culture with cyanide,

e s s Sy ales Were na consumed crng the perod o
oxygen consumption correlated with proteins synthe-

?;Slor pathways are used for the same nitrate reducs—is (11 h). On the contrary, the concentration of nitrate

The inhibitory effect of cyanide on nitrate reduc- sharply decreased without a lag phase in the control

tion was another aspect contributing to these twoculture. Despite this phenomenon, after complete

. . disappearance of oxygen in the test culture, the nitrate
previous hypotheses. It was demonstrated that a hig . 2
) . o consumption was similar to that observed under anaero-
concentration of cyanide (10Qvj completely inhib-

ited denitrification under anaerobiosis as well as undePIC conditions. During fully aerobic conditions, at 10

S . Lv denitrification was not noticed, whereas the growth
aerobiosis (data not shown). Figures 6a and 6b show. .’ S o
the evolutio(n of anions duri%g b%tch culture with andrate was similar to that obtained in the control fully
without cyanide at 10m (added in the medium at time aerobic culture, implying no inhibition of oxidases.
y O . . . This suggests that 10vpof cyanide directly inhibits
0) under anaerobic (a) and partial aerobic (b) condi- g Lo S
the aerobic denitrifying enzymes. Thus, cyanide influ-

tions. Under anaerobic conditions, nitrate consump- e . -
. . ) . ences denitrification under aerobic conditions by to-
tion, with or without cyanide, followed the same

) ) ; tally inhibiting the nitrate reduction, whereas under
pattern during 50 h. In contrast, a higher quantity of : o .

- : . _anaerobic conditions, no effect was observed on nitrate
nitrite was accumulated in the presence of the respira-, 4 \ction
tory inhibitor compared with the control culture. Thus, '
it seems that a concentration of 1@ pf cyanide has Effect of triton X-100, azide, and DDC on nitrite
no effect on the nitrate reductase synthesized undeeductase activity.Figure 4 shows that triton partially
anaerobic conditions. However, it partially inhibits the inhibited anaerobic nitrate consumption because of its

nitrite reductase or an intermediate of the respiratoneffect on membrane disorganization. In the same time,

o

20 40 60 80
Time (hours)
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no nitrite was accumulated in the medium, whereas irserved with Pseudomonas aerugingsa classical
the control culture the nitrite concentration increasedxygen-sensitive denitrifier [12]. WittComamonas
sharply to reach a peak of 80 mg N-BOL™1. By  sp., the decrease in nitrate reduction rate was corre-
disturbing the permeability of the cytoplasmic mem-lated with a decrease in nitrogen gas production and
brane, triton could act on the antiport system nitratejpartial nitrite, nitric oxide, and nitrous oxide accumula-
nitrite by preventing the nitrate from joining the active tion. However, the presence of these denitrifying
site of the enzyme and by holding the nitrite in the intermediates during continuous culture, at a dissolved
cytoplasm. On the contrary, triton, when added inoxygen concentration of 100% of air saturation (data
batch culture with nitrite as final electron acceptor, hadhot shown), implies that the four denitrifying enzymes
no direct effect on nitrite reduction whatever the are active and synthesized under aerobic conditions.
culture and preculture conditions used. This may berhe same conclusions are drawn, since higher aerobic
owing to periplasmic localization of the nitrite reduc- nitrate—nitrite reduction rates were observed in culture
tase. without chloramphenicol compared with that obtained
Azide and DDC were chosen to show the possiblewith the protein synthesis inhibitor (Figs. 1-3).
existence of a copper nitrite reductase or copper These aerobic nitrate and nitrite reductase activi-
intermediates as pseudoazurin in the respiratory chainjes could not be interpreted in terms of assimilation
the former reacts with ferric centers, the latter links tobecause (i) (Ni),SO,, used as the nitrogen source,
copper centers. Nitrite reduction seems to be insensklassically inhibits nitrate assimilation, (i) ammonium
tive to respiratory inhibitors during anaerobic batchdisappearance was well correlated with biomass pro-
assay with nitrate as the final electron acceptorguction, and (iii) during continuous culture under
addition of azide or DDC resulted on one hand in tOtaloxygen-saturated conditions, nitrogen was produced,
inhibition of nitrate reductase activity (Fig. 5) and, on which is the direct demonstration of denitrification
the other hand, in a complete disappearance of nitriteeaction. Van Niel and associates [38], using nitrate
accumulated during the preViOUS hours. In the SaM@heled on nitrogen, have confirmed the idea of
way, nitrate reductase activity measured by enzymatiRobertson and Kuenen [27] that a complete denitrify-
assay on whole cells is expressed as the quantity ghg system is present under aerobic conditiondin
nitrate disappearing because no nitrite accumulategantotropha According to the experiments done with
during the test. In the presence of the differentchioramphenicol on cells never subjected to nitrate,
inhibitors, batch assays with nitrite as the final electronne existence of a constitutive nitrate reductase was
acceptor ended up with the same conclusion: whatevedroposed to explain the possible aerobic denitrification
the culture and preculture conditions, azide and DDGp, Comamonassp. An opposite conclusion resulted
had no effect on nitrite reductase activity. from the same experiments made wRaracoccus
denitrificans(NCIB 8944): nitrite, nitric oxide, nitrous
oxide, and nitrogen gas were not produced during
anaerobic and partial aerobic cultures with chloram-
Previous work had generally underlined that in manyphenicol. Without the protein inhibitor, anaerobic
bacteria, synthesis and activity of denitrifying en- denitrification started with a long lag period of 11 h,
zymes could not occur under aerobiosis. Our workcorresponding to the synthesis of a de novo nitrate
leads to a modified conclusion, and the results allow useductase (data not shown).
to propose a scheme to explain the nitrate-oxygen The close relation between the denitrifying en-
co-respiration inComamonasp. strain SGLY2. The zymes and the electron transport pathway, the different
first experiments done with the strain demonstrated it&inds of nitrate transport, the genetic and the regula-
ability to use simultaneously the two electron acceptory system of synthesis, and the activity of the
tors [22]. Aeration of the culture resulted in a decreaseenzymes are now well studied [11]. These enzymes are
in the nitrate reduction rate: 1.85 umol MO mint-  shown to work in vitro in the presence of oxygen [1, 3,
mg~! of protein under anaerobic culture against 0.28724]. However, in vivo, other aspects have to be
in aerated culture. These values lie close to that foundonsidered to explain the possible aerobic denitrifica-
with Thiosphaera pantotrophan which the rate of tion. From a bioenergetic point of view, the idea of
acetate-dependent nitrate reduction is around 1.6 pumalo-respiration seems illogical, because energy produc-
NOs;~ - min-! - mg! of protein at dissolved oxygen tion is higher with oxygen than nitrate and because the
concentration less than 30%, and 0.8 at 30—80% of aimain regulatory factor of denitrification is the redox
saturation [29]. In contrast, at a concentration ofpotential of the respiratory chain [17]. For example,
0.25% of air saturation, no denitrification was ob-the presence of oxygen in R denitrificansculture

Discussion
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implies preferential diversion of electrons to oxygentory effect of DDC was noticed on both anaerobic and
owing to the modification of the redox potential of the aerobic nitrite reductase activities. On the other hand, a
coupler ubiquinol/ubiquinone [9, 10]. Hernandez andlarge amount of nitrous oxide was accumulated in the
colleagues [13] have also shown that, udfsgudomo- gaseous phase, perhaps owing to the blocking of a
nas aeruginosaoxygen indirectly inhibits enzyme multi-copper nitrous oxide reductase. Moreover, no
activities by oxidizing the key molecules of the nitrite accumulation was observed during aerobic
antiport nitrate-nitrite system. Moreover, it is known culture on nitrate with azide. These observations
that oxygen regulates nitrate respiration by suppresssuggest the existence ofcall-type nitrite reductase.
ing enzyme synthesis: a FnR-like binding site, re-According to the experiments done with and without
quired for anaerobic gene expressionBacherichia protein inhibitor, this inducible enzyme seems to be
coli, is present in cells oP. denitrificang11, 33] and  active and synthesized under aerobic conditions. At
Pseudomonas stutzd#]. Bell et al. [2] have reported this point, the behavior of the strain differs from that of
thatT. pantotrophauses a periplasmic nitrate reductaseT. pantotrophausing polyclonal antibodies, Moir [20]
while denitrifying aerobically and employs another has shown that thedl-type nitrite reductase was not
membrane-bound reductase for anaerobic denitrificaxpressed under aerobic conditions. The status of
tion. Thus, the oxygen inhibitory effect on nitrate- aerobic denitrifier off. pantotrophais then not clear.
nitrite antiport system is evaded. The diversion of theln fact, it has been shown that there is a close
electron flow to the denitrifying enzymes was ex- relationship betweeil. pantotrophaand Paracoccus
plained by the hypothesis of the “bottleneck” [26]. denitrificans[19, 35]. Moreover, although a periplas-
Using sodium azide as respiratory inhibitor, Van Nielmic nitrate reductase seems to be synthesized in
and coworkers [38] showed that nitrogen gas producParacoccus denitrificang32], no aerobic denitrifica-
tion stopped immediately after the addition of 1&m tion was noticed in this strain. Kuenen and Robertson
azide to the aerobic cell suspension. Conversely, 0.0B18], in their last experiments, observed that the
mMm azide is just enough to inhibit the nitrate reductaseaerobic denitrification rate of. pantotrophais now
synthesized under anaerobic conditions [23]. In theequivalent to 5% of that found under anaerobic
same way, the different levels of triton and azideconditions versus 50% at the beginning of their
inhibition between aerobic and anaerobic cells suggegxperiments in 1989. _
the existence of two nitrate reductases in SGLY2: one  Physiological observations o€omamonassp.
“aerobic” enzyme insensitive to membrane damagestrain SGLY2, using different respiratory or protein
caused by triton and less sensitive to azide, and ongynthesis inhibitors and detergent, explain the ability
“anaerobic” enzyme partially inhibited by 0.02% of Of the strain to denitrify under aerobic conditions.
triton and completely inhibited at 0.1 wmof azide. From an ecological point of view, existence of this
Cyanide effect is another factor contributing to thekind of aerobic denitrifier is interesting to explain
hypothesis of existence of two nitrate reductases. Th8itrogen losses of agronomic system. It has thus to be
hypothesis of existence of two electron donor path-considered in agricultural practices, especially for the
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