CHAPTER 1

INTRODUCTION

1.1 Nitrogen metabolism

Nitrogen is a q

| ig{r//enemem which is mcorporated
N

Nitrogen fixatior
microorganisms funétioning in , ﬁﬁt—characterized association
is the Iegume/Rhlzo um system

TV e o
though the otic associations. The

best characterized systems are thé associationsof fungi and blué-green algae in
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Nostog) have similar functional associations between the Pteridophyte Azolla and the
blue-green algae Anabaena (Peters and Mayne, 1974) and between small cycads
and blue-green algae Nostoc or Anabaena (Halliday and Pate, 1976) .

Nitrogen fixation is the conversion of gaseous nitrogen (N, N>O) to ammonia

(NH3). It requires nitrogenase, the enzymatic complex performing nitrogen fixation
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which is extremely oxygen sensitive. The genera Anabaera and Nostoc, therefore,
confine nitrogenases is heterocysts, differentiated cells specialized in nitrogen

fixation.

1.1.2 Ammonium assimilation

Ammonium is the sole form of nitrogen which is incorporated directly

into organic compounds. Anmmonium fi soil solution or produced as a result
of nitrate reduction or s Qe is taken up and incorporated into
urrs through the activities of
the enzyme glutamiric : \\ hase system. All except a few

bacteria and plants i \. ¢ able to use nitrate, urea or

organic compounds insi

other nitrogenous ¢
1.1.3 Nitrate

Nitrate is a % fogen or  photosynthetic organisms
lam eduction plays a key role in the

nitrogen cycle and has nmpgﬁ ' ; u environmental, and public health
implications. Nitrate b hoe ee, different purposes:

i) "' or growth, called nitrate
assimilation,

ii) the gengration of metabolic energy by using nitrate as a terminal

cleoronsfob LB FHIHRFN I 111 J

iii) “the dissipation of excess reducing power for redox balancmg, called
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enzyme that catalyzes the conversion of nitrate (NOy") into nitrite (NOy).
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1.1.4 Nitrification

Nitrification is usually defined as the biological oxidation of ammonium to
nitrate with nitrite as an intermediate in the reaction sequence. There is no bacterium

which is able to convert ammonium directly to nitrate; the oxidation is dependent on

the cooperation of two different groups of bacteria, the ammonium oxidizers,
X trosomonas, Nitrosococcus, etc.) and
enus name Nitro- (Nitrobacter,
ation of which 2 itrifier. The nitrifiers derive

/.

ammonium to nitrate’iS a iWosSten process

Nitrococcus). A

nium and/ or aitrite. These organisms require O,
te “\\N\ on to nitrate. Oxidation of

¥t &‘(*' ‘.  +H,0
J‘dd:- ,' \

idagiofi of ammonia o nitrite, is executed by strictly

otrophs) which are entirely dependent

of energy for growth. The probable

reaction sequence forthe oxidation of ammonium to ni rite by Nitroso group bacteria

Y

energy from the oxidation

during ammonium oxidai

The first Step, e
chemolithotrophic bacteria (o
on the oxidation of ammonia-fo the _J i

is:

Ammonia - hydroxylamine > nitgoxyl = nitrohydroxylamine > nitrite
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use organic compounds, in addition to nitrite, for the generation of energy for
growth .



1.1.5 Denitrification

The first anaerobic oxidation process occured after oxygen depletion is the
reduction of nitrate to molecular nitrogen or ammonia. Denitrification is a respiratory
process with nitrate as electron acceptor; nitrate is reduced to nitrogen via dinitrogen
oxide. Many aerobic bacteria are ah
by electron transport phosph

denitrify and generate biochemical energy
| aerobic conditions when oxygen is
absent and either nitrate, nitrit ide€ are provided.

_‘

——

en; there is no obligate denitrifier so

far. They contain & e system required for
denitrification, nitra membrane-bound and only

formed in the absencgl©

The ability of
oxide indicates that

ow with nitrite or dinitrogen
y nitrite reductase is coupled to
oxidative phosphorylation.

Denitrification’is most commonly defined a8h. biochemical reduction of
NO; or NO; to Ng 0 ) Ation
which N oxides (in Buc and gaseous fo erve as gminal electron acceptors for

respiratory electron tragspor
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Denitfification is illustrated by following equatlon

AR imm'mm@ t

This reaction is irreversible, and occurs in the presence of available organic

is a bacterial process in

substrate only under anaerobic or oxygen-free conditions where nitrogen is used as an

electron acceptor in place of oxygen.



1.2 Nitrate Metabolism

1.2.1 The nitrate assimilation.

The assimilatory reduction of nitrate is a fundamental biological process in
which a highly oxidized form of inorganic nitrogen is reduced to ammonia. This

nitrate reducing system comsists of two metalloproteins, namely assimilatory nitrate
reductase (Nas) and nitgité rediictase -h catalyz e stepwise reduction of nitrate

NH,
Ammonia, the end prodic ion, is incorporated into organic
compounds.
According to 3 the s i the-electron ¢ o0 main types of Nas can

be distinguished: = =

i
i Fo N | I“Jredoxin dependent nitrate
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cyanobactenﬂblue-green algae) and presumablyd{‘l chemocrgom(@d photosynthetic
GG FE IR PG4 e

976; Ortega el al., 1976), nitrate reductase from cyanobacteria Anabaena
cylmdrzca, Anacystic nidulans, and Nostoc muscorum cannot accept electrons
directly from NAD(P)H but is rather dependent on reduced ferredoxin as the
physiological electron donor. The reaction catalyzed by cyanobacterial nitrate
reductase can thus be written as:



2e
NO; + 2Fd s + 2H" =" NO; + 2Fd + HO

Also flavodoxin, a low molecular weight flavoprotein which physiologically
substitutes for ferredoxin under conditions of iron starvation, can act as an electron

source for the reduction of nitrate tq nitrite catalyzed by Anacystis nitrate reductase

when reduced photosynthetic.
viologens, but they cannot use
reduced pyridine nucl -
4 o et al., 1978) has been
purified recently to h artly. cha vc‘nzed The enzyme is a
molybdoprotein h a molecular weight of 75
kDa.
ubunit of 58 to 85 kDa (Mikami
et al., 1984; Rubio, 199 greas. . in - Nas of Azotobacter vinelandii is
a polypeptide of 105 : I [ 6; " angeswaran ef al., 1993). The
purified Nas protein of " 4. ﬂ;%; AP ciOhema boryanum contain one Mo,
four Fe and four acxd-labﬂt--ﬁ‘_ﬂiéﬂy’- dlecule (Gangeswaran et al., 1993;
Mikami, 1984). . Fe i otobacter chroococcum
(Tortolero et IhH) ‘and  Ectothiorhodospira
sphaposhnikovii (Gg'rero et

Cyanide and p- bydroxymercuribenzoate (p HMB) are powerful inhibitors of

Anaeysiis nﬁ%(ﬁa% %3&% ‘wg fqeﬂxﬁion of this enzyme by

iron-binding agents and the apparcgt lack of heme in the enzyme molecule suggest the

AN S 1

Acinetobacter calcoaceticus have been characterized partly and shown to be
molybdoproteins of about 100 kDa whose activity is inhibited by cyanide and pHMB
and stimulated by cyanate (Guerrero and Vega, 1975; Guerrero et al., 1973;
Villalobo et al., 1977).



1.2.1.2 NAD(P)H - Nitrate reductase

Nitrate reductases of green algae, higher plants and fungi catalyzes the
reduction of nitrate to nitrite by reducing pyrimidine nucleotides (Losada and

Guerrero, 1979; Vennesland and Guerrero, 1979) according to the equation:

pyrimidine nucleotide-depcadént nitrate reductases have been distinguished:
J// | \\n nds to the enzymes from
.Hagernan, 1969; Beevers and
; i and in some species of green algae
such as Chidfellh B6 b,: son, 9 Syrett and Morris, 1963) show a

frée algae such as Ankistrodesmus braunii

et'al., 1977) and yeast (Guerrero and

can use either of the reduced

© Accordingly, these
N/ ’: (P)H - dependent.

and app& to be a better reductant for

fungal nitrate, reductases sugh, as nitrate reductases of the molds

ﬂ" Pl a3 dod NAdrospifel habsa| (MeDnald e al., 1974; Pan

shomﬁwmﬂmﬁﬂ %tmné/ eatron donor

In addition to catalyzing the normal physiological reaction, i.e. reduction of
nitrate by reduced pyrimidine nucleotides, NAD(P)H - nitrate reductase exhibits two
other activities, which can be assayed separately and selectively inhibited to involve

Gutierrez, 1977;;@ et /aljod
nucleatidesiwith about.the san

iii)

only partial functions of the overall electron transport chain of the enzyme complex.
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The diaphorase activity represents the function of the first (NAD(P)H-activating)
moiety of the complex. Its action results in the reduction by NAD(P)H of a variety of
1- or 2-electron acceptors. The so-called terminal nitrate reductase constitutes the
second (nitrate - activating) moiety of the complex and is expressed as a pyridine
nucleotide-independent activity which results in the reduction of nitrate by reduced
flavins or viologens. Both moieties participate jointly and sequentially in the transfer

highly purified pyrimidiné nucle fate reductases from different sources are
summarized in Table 1.

The general pattes
NAD(P)H - nitrate redug
460 kDa) composed™of

the available data is that
nolecular weight from 197 to

sntical subunits.

]
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The NADH - nitrate reductase of Klebsiella pneumoniae and Rhodobacter
capsulatus are heterodimers of a 45 kDa FAD-containing diaphorase and a 95 kDa
catalytic subunit with MGD (bis-molybdopterin guanine dinucleotide) cofactor and
a putative N-terminal [4Fe-4S] center.

From the available data on highly purified NAD(P)H - nitrate reductase from
different sources, it appears that FAD, cytochrome b-557 and molybdenum are
ubiquitous prosthetic groups. Nitra tase of the mold Neurospora appears to

contain one molybdenum at cytochrome b-557 molecules per
enzyme molecule (Pan an '
. ‘F_J
is thought to be pre:

Gutierrez, 1977).

nl one molecule of cytochrome b
Rhodotorula (Guerrero and
of Chlorella (molecular weight

least four cytochrome'd Ahried.and Spiler, 1976; De la Rosa, 1980).
Assimilatory NAD(P)H = it ediictase generally inhibited by p~HMB,
cyanide, azide and cyanate...ffﬁg‘ﬁ__ orase mbiety of the enzyme complex is very
*\ / -

J; hereas azide and cyanate
eslahd and Guerrero, 1979).

inhibit competitively with respect
ase actm&and forms a stable complex

Cyanide is a potent B’aibitor of nitra
with the reduced enzyme-(Lorimer et al.,g1974). Nitrite, the reaction product, has

been reponﬂ Hgm}ﬁqtﬂ%@% %ﬁaﬁu The inhibition is

of the competitive type with re°§pect to mtrate in the enzymes of Chlorella,

R T A e e -

a substrate for purified nitrate reductase or as competitive inhibitor of the reduction
(Notton and Hewitt, 1979; Vennesland and Guerrero, 1979).
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The pathway of electrons from NAD(P)H to nitrate through nitrate reductase
from eukaryotes may thus be depicted as:

NAD(P)H — (FAD — cyt b-557 —» Mo —» NO;')

Regulation of nitrate reductase by changing the activities of the enzymes of
the nitrate-reducing pathway is imp‘vt in the control of the overall process of

| i to nitrite, rather than the further

‘ ' ore likely to be a rate-controlling
- ] J -

step in nitrate reductlw& I"*ﬂ"'@ncluded that nitrate reductase

was the logical point to cfieélfegulati . input of reduced nitrogen for the

organism. In fact,

nitrate assimilation. The re

reduction of nitrite to am

© been.s wn to fluctuate in response
By mperature, pH, CO, and
mthcr factors (Beevers and

itt, 1975;. Hewitt et al., 1976; Losada
4; Srivastava, 1980; Syrett

. These changing that usually

nilate nitrate. In general, the level

to changes of envire
oxygen tensions, nitgog
Hageman, 1969, 1972;
and Guerrero, 1979;
and Leftley, 1976; Ve
also influence the capaci ‘
of nitrate reductase synthesis is'high in' org
43! ammonium. The anta

metabolism with regard to the synthesis f

isms grown on nitrate and low in

organisms gro of ammonium on nitrate

e nitrate-reducing system
is evident in manyg‘ganisms. : pation ap icularly clear for lower
plants where ammonium usually overrides,any stimulating effect of nitrate, enzyme

activity behﬂo%ﬁs% & préskl/anfy) at bl JEvE 5 b in ammonium and in

ammonium fiitrate containing medium. This is indeed the case for some

che i i il ¢ i lq'c lar blue- s lgae (Herrero
et agmmgiﬂgm nlﬁgjem‘j,ajﬂmm etal.,
1970; Rigano et al., 1974; Syrett and Hipkin, 1973; Syrett and Leflley, 1976; Vega
etal., 1971) and fungi (Garrett and Amy, 1978).



14

1.2.2 The nitrate respiration

The ability to respire nitrate is widely spread among bacteria that can
dissimilate the produced nitrite to gaseous compounds (denitrification) or to ammonia
(dissimilatory nitrate reduction to ammonia). Denitrification is the major biotic
process leading to the loss of fixed nitrogen from the environment as well as removal

of excess nitrate from surface and ewaters, accumulated mainly as a result of

reductase is respiratory mambrane-
trate reductase are associated with
| ¢ re 1.3). The membrane-bound
nitrate reductase is widely.spread 2 e teria (Hochste.in and Tomlinson,
1988; Knowles, 1981: , ) 97), however, characterised
best in E.coli (Ga ; 1; Chauldry et al., 1983;
Blasco et al., 1992). ; Wf nitrate to the formation of
a transmembrane ph g smembrane proton motive
force (PMF) allowing A
bound isoenzymes:

re are two different membrane-
s expressed under anaerobiosis

in the presence of nitrate “represents 9 total activity, and NRZ(nitrate

reductase Z), which is expressed eonstitutively (Blasco ez al., 1990; Bonnefoy and De
N .- :

Mogs, 1994). its: a catalytic a subunit

(Nar G) of 112 , rin guanine dinucleotide)
cofactor, a soluble aubunit ar H to 64 kDaBith one [3Fe-4S] and three
[4Fe-4S] centers, and & }9.to 25 kDa memibrane biheme b quinol oxidizing y subunit

e, NS 30 S DS NI LN o comting

the cytoplas%‘\'ic domain and thes y -subunit gnstituting the ﬁembrane domain
AT 0T AR 1 ik or e e
membrane (MacGregor, 1975, 1976; Sodergren et al., 1988).‘ Dissimilatory nitrate
reductase in membrane fractions from bacteria has been shown to be capable of
utilizing a variety of respiratory intermediates and reduce pyridine nucleotides for
nitrate reduction (Cole and Wimpeny, 1968; Knook et al., 1973; Burke and
Lascelles, 1975; Enoch and Lester, 1975).



15

-

S
e

m':-'

Nark ]

PLASMA | s'l' v M v i
MEMBRANE ;1 /:7& ' '\:.}’*'m‘ | EHE\ (W8

-+ // ’ \\\ e s

Figure 1.3: Niﬁte : eniBiﬁcation pathways in

bacteria. The quingne pool is indicated by the white

P L QIR P YNR I T enrome orenc

Vivian et al., 1999).

ARIANN I NN Y



16

Reduction of nitrate by the membrane fractions, when respiratory substrates or
pyridine nucleotides serve as reductant, is generally inhibited by azide, cyanide and p-
chloromercuribenzoate. Nitrate reduction, mediated by respiratory substrates, could
be inhibited by n-heptylhydroxyquinoline-N oxide (HONO) or dicoumoral (Ruiz-
Herrera and DeMoss, 1969; Knook et al., 1973; Burke and Lascelles, 1975).

Extraction of ubiquinone with pem‘ liminates the nitrate reducing capacity of

(Knook and Planta, 1971). The
ublqumones When particular

of nitrate are incubated

preparation from bacte ?Aﬁ&
with respiratory su / eotides, it is observed that the

membrane particles from Kleb

activity could be restor

cytochromes becom and Nicholas, 1969; Ruiz-
use the cytochrome b

that the Mo protein (nitrate

Herrera and DeM
component is reoxidi

te. These observations on

dissimilatory nitrate reduétion by ba teri | ized in the following scheme
(Figure 1.4). b '

Electrons are tran enﬁ} !!y‘th lectron chain to a cytochrome b
which then donates electrons:g’/ﬂg (nitrate reductase). The sensivity of
nitrate reduction fo- ide is due to association of the

does not bi@ cyanide.
For nitrate tragsport in dissimilatory membrane-bound nitrate reductase

system, niu-ﬁ Hi§ e roried b The Yelis'bkforerid 5 educed, and nitrit is

usually excreted to the periplasm by specific nitrite extrusion system. The respiratory

O\ MW RN (00

of nitrate transport seems to be caused by an indirect mechanism (i.e., the diversion of

Cytochrome b involy

electrons to oxygen), rather than causing conformational changes in the porter system
(Denis et al., 1990). Regulation of respiratory membrane-bound nitrate reductases, in
E.coli, Nar protein are synthesized during anaerobic growth in the presence of nitrate
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or nitrite. Synthesis of Nar enzymes is unaffected by ammonium (Berk er at., 1995;
Hochstein and Tomlinson, 1988; Stewart, 1994; Zumft, 1997).

Sulhydryl CN "
Inhibitors -\ ‘ M%d' N
Enzyme o ( \-°~“~\\3§= i Mo-protein
e NG
et Reduced viologens
donors

where A=pyridine nuclegtides or respiratory s

-

AW AINIURIINAE
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1.2.3 Periplasmic nitrate reductase (Nap)

Periplasmic nitrate reductases were first reported for phototrophic and
denitrifying bacteria, but they are widespread among gram-negative bacteria.
Different physiological functions have been proposed for this enzyme. The Nap
activity seems not to be primarily involved in nitrate assimilation or anaerobic

respiration, although the nitrite gene b Nap can be used as a nitrogen source or

as a substrate for anaerobic re on the organism. The Nap enzyme,
as a consequence of lts not directly contribute to the
generation of a PMF. ' t of the energy- conserving

cytochrome bc; comp generatlon of a PMF when the
proton-translocation NADH
ough, 1999). However, this

‘ wf%on nitrate in Rhodobacter

i
ﬁ 1982; Moreno-Vivian and Ferguson,

electrons from N2 i
dehydrogenase (Berk®!
seems to be insuffici
sphaeroides in the dark
1998). Also, the anacrobic grow _ N nitrat ofia T. pantotropha NarH™ mutant

overexpressing Nap a 1 account of the reduced energy
enitrification (Bell et al., 1993).
However, in Pseudomonas sps stmgyG . »; the Nap enzyme catalyzes the first step of
I &_mechanism used by Nap

physiological role of the

to gain energy is watlear (Bedzyk et al.
Nap system may vg' in «
different metabolic conditions. There are glear evidences that Nap is a dissimilatory

o ofl A 1 4 P45 v e

998; Richdrdson et al., 1988; Roldan et al., 1994; Sears et al., 199

mm‘ AT T

processes in enteric bacteria, oxidative metabolism of highly reduced carbon

et

S even if ‘the same bacterium under

substrates in aerobic heterotrophs, or anaerobic photoheterotrophic growth in
photosynthetic bacteria. In addition, since oxygen primarily inhibits denitrification at
the level of nitrate transport (Denis et al., 1990) and the Nap system does not require
this step, some denitrifiers perform aerobic denitrification coupling the Nap enzyme
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to the nitrite and N-oxid reductases (Bell ef al., 1990; Berks et al., 1995). Aerobic
denitrification can be a valuable feature for organisms growing under microaerobic
conditions or in environments rapidly changing between aerobic conditions and
anoxia. Other proposed roles for Nap are the adaptation to anaerobic metabolism
after transition from aerobic conditions, the utilization of alternate reductants
(Siddiqui et al., 1993), or even a self-defense mechanism forming high nitrite levels
to inhibit the growth of potential ing bacteria (Kerber and Cardenas, 1982).
Nap systems have been studj\ ' ical and genetic level in Alcaligenes

| (P. denitrificans), E. coli, and

T—

P
e

Rhodobacter species
The enzyme is 2 i catalytic subunit (NapA)

with MGD cofactor ang ﬁ , \‘“ er and a 15-kDa biheme ¢
cytochrome (NapB), which/ i ol " cle apC, a membrane bound

tetraheme cytochromeé” c o1 251 e rks \ “L 1995; Reyes et al., 1996,
1998).  Activity with gduge« i oge 15¥as cle onors decreases when the NapB
subunit is lost during :
1987). Evidence for a‘ -- >f Nap ransfer to the periplasmic enzyme
complex has been prese w rg ilts utational analysis in R. sphaeroides
(Reyes et.al., 1996, 1998)_,;55@’ '
between the membrane quinol and several solu| ble periplasmic reductases.

atus enzyme (McEwan et al.,

ues are involved in electron transfer

Electron transfer by the N \ (t\‘ rome bc; independent and
is not coupled to proton translocation. The spectroscopic characterization of a soluble

form of NapC expressed.as a periplasmic gprotein has been recently reported (Roldan

i, '”4ﬂuﬂ’JVlEIW’§Wﬂ'1ﬂ‘i
’Q‘Wﬂaﬁﬂ‘ﬁm UANINYA Y
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The crystal structure of the Desulfovibrio desulfuricans Nap protein, a single-
subunit form that lacks the biheme cytochrome c subunit (NapB), has been recently
determined at a resolution of 1.9 A (Dias et.al., 1999). The Nap protein is folded into
four domains, all of them involved in MGD cofactor binding, and its structure is more
similar to that of formate dehydrogenase than to that of dimethylsulfoxide reductase.
In the catalytic site, a single Mo atom is coordinated to two MGD molecules, a Cys
residue, and a water/hydroxo ligand, electron transfer pathway through bonds
connects the molybdenum and Qe , er (Dias et. al., 1999). This structure
suggests a monooxo/desox@mc cyc E!’ a di-oxo/mono-oxo cycle has
also been proposed fowp tropha w et al., 1996). The results

of electron paramagnet: , i X- sorption spectroscopy analyses

suggest that the Mo envi ap enzymes are similar to
each other but disti ane- _
Breton et.al., 1994; _ . 91 993). p‘a‘d Nar are also catalytically

distinct; Nap is less sehsi 5 inhibitior anide, does not use chlorate as

substrate, and is sli i d by thioeyanate and azide (Berks et al., 1995
Hochstein and TomlinSon,/1988)." ~ How Q i sphaeroides, Nap activity is
competitively inhibited by .dh‘kitafe nitrate and chlorate stimulate the
phototrophic growth in the _w;la;tﬁie Mnot in a NapA™ mutant. This Nap-

dependent chlorate : al grawih has been explained in
: eSynthetic reducing power
994; Roldan et al., 1994).

Regulation of’ dissimilatory periplasmic nitrate reductases have been

investigatedﬂ Au gm'g. 9[]%] s‘}q i% ’]rﬂa‘}ap gene expression

depending on‘the organisms, the Nép systems are normally unaffected by ammonium

W v NP0 M LN}

balance. In addition, Nap activity is stimulated by nitrate, although a basal activity is
also observed in the absence of nitrate (Dobao et al., 1994; Reyes et al., 1996). In P.

terms of redox ba

allows optimal gro (Moreno- 'r' an e

denitrificans, the Nap activity is observed in aerobically grown cells even in the
absence of nitrate. Activity is maximally expressed during growth on highly reduced

carbon sources, such as butyrate, suggesting a Nap regulation in response to the redox
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state of the bacterium (Sears ef al., 1997). Similarly, the Nap system is not induced
by nitrate in A. eutrophus, and maximal expression is observed under aerobic
conditions at the stationary phase (Siddiqui er al., 1993).

The Nap has now been purified from various bacteria including enterobacteria,
denirifiers and non-sulfur photosynthetic bacteria, such as Rhodobacter capsulatus
(McEwan et al., 1987; Richardson er al., 1990), Thaiosphaera pantotropha
(reclassified as a strain of Parac nitrificans by Ludwing et al.; Bell et al.,
1990; Sears, 1993; Berks ef al,

eutrophus) (Siddiqui et al.,

stonia eutropha (formerly Alcaligenes
and Friedrich, 1993).

have distinct structures as

ap. These two subunits, termed

I.'1994; Warnecke-Eberz and

., 1996; Berks et al., 1994;

Periplasmic and'm
shown by the existence
NapA (63-93 kDa)
Friedrich , 1993)
Grove et al., 1996).

Herrero, 1994). It
uptake in many alg

ammonium suppresses nitrate
lants (Ohmori et al., 1977).

It was demo, m ﬁ ﬁ:m )'] ﬁ onium and nitrate in
the medium m E.lw one is NO5™ utilized
(Shen, 1969). Preferentlal uptake of NH," has been shown often for both marine and

e R AR RN @@%‘Eﬂﬂﬁ = oy

showiig preferential assimilation of nitrate; this phenomenon has been reported for

'species and also in various highe

Pandorina and Haematococcus. There are several reasons for this preferential
assimilation of ammonium. Active nitrate reductase is not formed in the presence of
NH,4" nor is the NOs™ uptake system. And even if active nitrate reductase and NOj”
uptake system are present, the addition of NH,4" can lead to a rapid cessation of NOs”
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utilization (Losada er al,, 1970). There are at least three mechanisms by which
nitrate reductase activity can disappear from cells. These include two sorts of
reversible inactivation phenomena and irreversible loss of enzyme due, presumably,
to degradation (Losada er al., 1970). The effect of addition of NH,s" to cells
assimilating NOs is complex. The first effect appears to be an inhibition of NOs"
uptake and this is followed by loss of nitrate reductase (and nitrite reductase)

activities. The loss of nitrate redu activity will be partly due to reversible

inactivation , and partly due to irre nzyme with the rate of proteolytic
breakdown of nitrate red ter in the presence of NH,
- - . . ; - -
(Morris, 1974). At . - stops the synthesis of nitrate
reductase. The nitrate s€ formation i the presence of NH,'.
Nitrate upta :

nitrate reductase (Ti

g to indirect activation of
te reductase can also be
directly activated by ght can fi
(Tisher et al., 1978). e reductase Ropduced both by red and blue
light pulses and the éffe ally 1 red light in the green marine
alga Ulva lactuca. Con ight r is more effective than continuous
red light at stimulating niftrz ke 4 ¢ . Light also controls nitrate
reductase activity in Chloreya_épﬂﬂ isher ' el @/, 1978). Most authors have not

observed inhibition 6fhi

1.3.1 Nitrate ta-ke in cy

e B e 3 4 b e

and of its esséptial role in nitrate assmnlatlon is the cyanobacterium Synechococus sp.

NN MDY MY N 11D

involved in cyanobacterium Synechococus sp.PCC7942 nitrate assimilation has been
mapped. They are in an operon that is regulated by nitrogen availability and are
cotranscribed. The operon consists of two nitrogen regulated genes nirB and nitcB,
one structural gene nird for nitrite reductase, four genes for nitrate transport (nrtA4,
nrtB, nrtC and nrtD) , and one structure gene narB for nitrate reductase. Nitrate
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transport is essential for the growth of the cyanobacterium at physiological
concentration of nitrate and has been shown to be involved in the active transport of
nitrate as well. The deduced amino acid sequences of the NrtB, NrtC, NrtD proteins
indicate that the transport is a member of the ABC (ATP-binding cassette)
superfamily of active transport. A 4 kb fragment of the marine diazotrophic,

filamentous cyanobacterium Trichodesmium sp. strain WH9601 contains gene

sequences encoding the nitrate reduction enzymes, nirA and narB. A third gene
positioned between nird an \‘% [ putative membrane protein with
similarity to the nitrate : of ubtilis (NasA) and Emericella
‘,‘ _’
nidulans (CmA). ene - lly complement a Delta nas4

gned the n: A (nitrate permease). NapA was

mutant of B. subtilis an
NapaA is distinct from thg géules that ence 16, the e transporter of freshwater

involved in both nitra

cyanobacteria.

NiR activities are all subjé td@mn 1al repression by ammonium (Herrero et al.,
1981).  In Symechococus @794 2, the concerted regulation of the activities
related to nitrate assimilation is ascribed to £ of gene nirA-nrtABCD-
narB as a single opef (Suzuki et al., 1 mmonium, either added to the
medium or generatg int;;na X n of ninﬂ, negatively regulates the
transcription of the gir, A operon (Suzuki, 1993). Nitrate assimilation by

cyanobactenﬂ i%uﬁ}c@ %6} ﬂlﬂaﬁ%ﬁiﬂﬁ@aﬁm but also post-

translational ‘#égulation (Guerrero and Lara, 1987). Addition of ammonium to

T TR T

PCC7942. By determining the intracellular concentration of nitrate, Lara et al. (1987)
showed that ammonium inhibits active transport of nitrate. As in the regulation of
the nir A operon, fixation of ammonium to Glu is required for the negative effects of
ammonium to prevail on the activity of nitrate transport (Lara et al., 1987). It is
supposed that a metabolite(s) of Glu acts as a negative effecter of nitrate transport.
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Nitrate transport by Synechococus sp. PCC 7942 cells is inhibited by ammonium and
inhibitors of CO; fixation. Ammonium assimilation inhibitors, such as L-methionine
D,L-sulfoximine (MSX), are known to prevent the negative effects of ammonium and
inhibitors of CO, fixation on nitrate uptake, leading to the suggestion that CO,
fixation is required to counteract the feed back inhibition of nitrate assimilation. In
NR-loss mutants, L-methionine D, L-sulfoximine prevents the negative effects of

ammonium on nitrate transport, but not alyays prevents those inhibiting CO; fixation.

The mutant strain NC2, con ‘ ed by 3 portion of nrtC, shows high nitrate
transport activity insensitive'to. ammoni tive to inhibitors of CO, fixation.
po ty ! ut sensi

These findings indi — ‘ ntrol of nitrate transport are
¢ | ecular level (Rodriguez et al.,
1998). In the unicellular eyanobag! dri 2cho . C 7942 that does not fix
molecular nitrogen, : Vo and C assimilation occur

through the signal trag : | e-globe genregulator NtcA. Under high

#;--a

and negatively controls th mlﬁktﬁﬁﬁw

¢ reductase activity) and
SP17 (partially defeCtive i L t not in the mutant SP9
(defective in nitrate gnsport and redu . Nitrate mﬂ}ctase activity of the parent

and mutant SP17 is increased with incrgasing concentration of nitrate in saline

medium, wlﬁ % @ %q ﬁj@‘ﬁ @ % Qtlﬁ}@ea salinity (Ashwani

and Tiwari, 1999).

)8 (i om0 el

growth. The rate of nitrate consumption by cells as a function of temperature
decreases with decreasing temperature. Cells can not actively take up nitrate at 15°C,

although nitrate reductase and nitrite reductase are still active.
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1.3.2 Enhancement of cyanobacteria salt tolerance by combined nitrogen

Salt overloading in soils is by far the major hindrance for plant growth, and a
crucial problem for agriculture. Each organism displays a salinity tolerance range,
which includes its optimal growth conditions, though larger ranges of salt
concentrations (resistance range) may still be compatible with cell survival. Crop
Uerance range, whereas other photosynthetic

teria, may display wider acclimation

plants are particularly limited in thei

organisms, including microal

capacities. Exposure of salt con s that are physiologically above
those present intracellularthreate mnous effects, increase of both

the osmotic pressure an I entration. The water potential is decreased,

ferm (protein synthesis-dependent)
adaptation of va ous biosynthesis of osmotica,

the nature and amount ot_' which strain and salt! goncentration dependent (ii)

probable modifications' of membrane lipid composition (iii) increased energetic

S~ L YTTPAXHETTTE LTI 1ToY 1 S —

induced undét/these conditions) anéi cytochromc ¢ oxidase, and (IV) enhancement of

“TRIRUITAR TN . o ..

halotolerance of various organisms. Cyanobacteria do not accumulate Na" although a
transient net Na+ uptake may occur in response to hypersaline upshock (Reed et al.,
1985). It was shown further that the ability to curtail Na* influx can also be induced
by certain environmental factors like alkaline pH or presence of combined nitrogen in

the form of nitrate or ammonium in the growth medium (Apte et al., 1985).
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The presence of certain nitrogenous compounds in the growth medium
significantly enhanced the salt tolerance of freshwater cyanobacterium Anabaena sp.
strain L-31 as well as the brackish water cyanobacterium Anabaena torulosa. Among
these, nitrate, ammonium, and glutamine are most effective followed by glutamate
and aspartate. These nitrogenous compounds also inhibit Na" influx in both

Anabaena sp. with the same order of effectiveness as that observed for protection

Il

The previously stu ha eran/ terium Aphanothece halophytica

(Jutakae, 2001) of the H,' h mqowed that the ability of the
Fective >duced by cither ammonium addition or

cells to take up nitrai
selective inhibition ¢ ixal _' lyceraldehyde. The effect of salinity on
nitrate uptake showe : : '

against salt stress.

were lower than no digion (0. M . his cau ing the low level of nitrate
uptake. However, this in A. halophytica in normal
and salt stress condition ellular sodium concentrations
Also, the result of Cl ) of nitrate uptake in both normal
and stress conditions. Th ; rk s the characterization study of the nitrate

reductase enzyme, the first enzyme fo convert fiteate into nitrite, of A. halophytica.

In this work alophytica (this organism is
classified into Chr acean cyaabactena subgroup (Geitler,
1932; Stanier et al., 1971). was used to study (a) the enzyme nitrate reductase activity

ot 4 A AN Yo n e

reductase activity, (c) the locallzatlon of nitrate reductase in A. hanphytzca cells, and

WS T NT e



	Chapter I Introduction
	1.1 Nitrogen Metabolism
	1.2 Nitrate Metabolism
	1.3 Nitrate Uptake



