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Nitrute reductase of storilized bean seed cotyledons is more readily induced by nitrite (10 mM)
then by niteate (100 mM) when ineubated in these solutions for 24 h. Inhibition of induction by
tungstate, dependeonce on NA DI and presence in extracts of endogenous nitrate at effective
substrate concentrations were observed with both induecers. Nitrite was oxidized to nitrate after
absorption but the concentration produced thereby was less than 59/, of that produeed by direct
absorption of nitrate from the incubation medinm. Nitrite may be a direct inducer of nitrate

redductase in bean seed cotyledons,

The induction of mtrate reductase by nitrate in
plants has been demonstrated by Tang and Wa [11],
Cabdela ef al. [1] and Hageman and Flesher [2],
Samctimes niteate reductase may  be induced by
cither nitrate or pitrite: this has been found in
Newrospara (Nicholas o al, [8]), cauliflower (Candela
et al, |1]) and radish seedlings (Ingle et al, [5]). Joy
[6]. on the contrary, reported that nitrite did not
induce nitente reductase in Levna minor, The manner,
however, in which nitrite causes the induction of
nitrate reductase has not been investigated. Various
possibilities are indicated : (a) nitrite may induce the
enzyme directly, its efficiency as an inducer varying
between tissues; (b) nitrite s oxidized to nitrate in
the tissue of the growth medium, the nitrate then
being responsible for the indoction of the enzyme;
() nitrite allows the activation of o nitrate-redocing
engyme different from nitrate reductase: {1} nitrate
reductase activity induced by nitrite is an artefact,

The present studies were undertaken in ornder to
test the different explinations advanced for the
nitrite-indueced  nitrate  reductase  activity, using
cotyledons of bean seeds, We had previonsly observed
that nitrite brough about induction of the engyme
activity in bean seed cotyledons,

MATERIALS AND METHODS
Plant Materials

Seeds of bean, Phaseolus valgaris, were imbibed
in distilled wnter for 4 h st 30 °C in darkness. There-
after, they were sterilized in 50%, HCWO, (v/v) for

Enzyme. Nitrate reductase (FC106.6.2).

10 min. The seeds were then thoroughly rinsed in
about 2 liters of sterilized distilled water, after which
the seed coats and embryos were removed. The
romaining cotvledons were transferred in groups of
five to Petri dishes (T-em diameter) where they were
placed on three layers of filter paper impregnated
with 6 ml distilled water and 3 drops of chloramplien-
icol (0.5 mg/ml). The cotyledons were incubated
under these conditions for 20 h at 30 "Cin darkness,

Induction Procedire

Nitrate reductase was induced by subsequently
incubating the cotyledons under identical conditions
in an incubation medium containing KNOy or KNO,
in given concenteations, 0.1 M phosphate buffer at
plL 7.4, and chloramphenicol as previously indieated,
When Na W0, was used, it was added to the indue-
tion medivm,

The deseribed procedure was careied out in oo
sterile room ; sterilized solutions and glassware were
nsed.

Homogenization

The eotyledons were ground with o pestle inoan
iee-cold mortar containing 0,05 M phosphate buffer
pH 7.4, using 4 ml buffer per g tissue, The homogenate
was passed through two layvers of gauze and the
filtrate was vsed for enzyme assays.

Enzipme Aasay

Nitrate  reductase  was  determined  following
essentially the method of Hewitt and Nicholas [4].
Fixevss NADH at the end of the reaction was removed



Nitrate reductase a8 leily

intl

aceording to the technique desoribed by Meding and
Nicholas [7] in order to obtain relinble values for
nitrite. Nitrite content in the assay mixture was
determined before and after reaction; enzyme nctiv-
ity was indicated by the increase in nitrite measured.

Nitrate was determined as deseribed by Sloan and
Sublett [10].

RESULTS
Iaduetion of Nitrate Reductase by Nitrite

When bean seeds are placed in solutions contain-
ing KNO,, nitrate reductase activity may be obaerved
after an induction period of 24 b (Fig, 1), A similar
effect 15 obtained, however, when KNO, replaces
KNy in the induction medium (Table 1). The levels
of nitrate reductase activity observable after indue-
tion in the presenee of nitrite are of the snme order of
magnitude ns those obtained in the presence of
nitreate. The possibibty was examined that nitrite
might be hound to some fraction in the homogenate
and be slowly released during the assay. No evidence
for nitrite release at 4 °C or 30 °C was found over
10-min intervals up to 60 min,

Characterization of the Nitrito-Induced Enzyme

We then considered the possibility that nitrite
activated an enzyme other than nitrate reductase,
Invest igating this hypothesis, we mm'mnul several
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Fig.1. Nitrate reductase induction in different concentrations
of KNOy (®) HyO3 (O] 10 mM KNOy; (0 25 mM KNO,;
(a) S mM KNO, and (@) 100 mM KN(),

Table 1. Fnduction of witeate reductase in the presence of KN,
ar KNGO,
Induetion time, 24 h

Toitietbon melinm
Xlimmte reduntise nodivity

Cann
M utinl kg v el
KNGO, Lisy 2.14
3 0
KX, 5 12
10 2.14
20 ERLL

Nitrite-Induced Nitmte Heductase
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Table 2. Nitrate reductose dependence on NADH and N
after its induction in NOJ and N,
Induction time, 24 h, 20 pmol KNO, and 0.8 mg NADH

were ised
Nitrato reduntase motivily in
KNG, NADW 3
100 M KN, 10 mM KX0,
RN R SR
i 1 245 223
- - 1.92 2,00
T -— L 1]
= = i i

characteristics of the nitrate-redueing enzyme indue-
ed in the presence of nitrate and the nitrate-reducing
enzyme appearing after exposure of the eotyledons
to nitrite,

Table 2 shows that the activity of the enzymes
obtained with nitrate or nitrite have a very similar
dependence on NADH although there js only slight
dependence on added niteate for crude extracts, Tt
is possible that the source of the nitrite formed during
the assay may not be nitrate, but the dependence
of the reaction on NADH does not support this view.
Alternatively, it may be that in both nitrate-induced
and nitrite-induced tissue, nitrate is present in
amounts capable of maintaining the rate of reduction
allowed by the enzyme formed,

Nitrate and Nitvite Contents of Tissue

The nitrate content of nitritesincubated tissue
i# shown in Table 3. 1t seems quite clear that a con-
sideranble amount of nitrite was oxidized to niteate
in the tissue and diffused out into the medium, The
amount of niteate present in cotyledons ineubated in
1 mM KXNO, seems to be just enough to support the
reductive capability developed in the l:ntqu_w]umq.

Bacterial Cantaminalion

Oxidation of nitrite to nitrate could be caused
by bacterial contamination, This possibility was
considered despite the fact that the seeds had been
treated with HCIO, immediately before initiation of

Table 3. Nitrate content of cotyledona and induction media

after induction of nitrate redwetaze in 10 mM KNO, for 24 &

The nitrate content of the incubation mediom was taken for
i ml

Inseulistlon sedin X070 In

Incubat lon

Cloten Uty leidons el
mM il /g il
HJ.I (15 a7
o 11 232
KNO, i 2.2 2.45
20 2,99 4.1
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Table 4. Nitrate levels in incubalion medium from which ey
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ledonas were withdrawn after 8-h induction

Medinm without cotyledons was moubated for the time

periods indicated in table

Xitrate content 1n medla of

Inenbat lon
time b KX, KN,
hi sarniiil ml aed b
L .01 A7.61 (50
G LLED | J5.00 050
hi ! | ol a8.41 .53

Table 5. fubilntion of motrafe redwetese dndwetion by WOT i
mediwm sonbaining either KNOy or KNO, as induieera
Induetion time, 24 h

Xitente rodoeiase nollvity in

W
=L 100 M KNG, bmM EX0,
inM (T e
i 1.65 0.4
i1 (.54 i
[ (.44 L
1.0 LLRLT i

Table 6. Time-dependence inhibition of nitrate reductase by

wiiy;

Inducer was supplied during the last 24 h of inhibition, The
48-h treatment consist of 24-h incubation in water and

tungstate  followesd

by 24 h of H,O 4+ WO; 4 KNO,

(10 mM)
Nitrate
fwog) I:::;;::l:‘r pidiietant Tnbitittbon

uetkivity
mM h T T e | L
0 i 1.74 o
0.5 24 1.78 ik
0.5 45 1.57 11
1.0k 24 1.20 26
1.0 4% .40 bl

incubation; the indouction mediom contained chlor-
amphenicol and all the solutions and glassware had
been carclully sterilized. Seeds were incubated, as
in previous experiments, in KNO, for 24 h and then
removed from the induetion medium. The induetion
medivm remaining was tested at varying intervals
to see whether further oxidation of nitrite took place,
Results are shown in Table 4, It is clear that oxidation
of nitrite to nitrate was not diseernable after removal
of the cotyledons from the incubation medium,

The Effect of Tungstate

The induction of nitrate reductase by niteate is
inhibited by W07 as shown by Heymer of af. [3].
Table 5 shows thet the induction of nitrate reductase
by nitrite is also sensitive to tungstate. This fact

ol

constitutes further evidence of the similarity of the
nitrate-reducing enzyme induced in the presence of
either nitrate or nitrite. It should be pointed out
that to observe adequate inhibition of the slowly
permenting  tungstate jons, sufficient time should
be allowed for the ion to penetrate the tissue (Table 6).

Kinetics of Induction

Two feasible explanntions now remain to aecount
for the induction of nitrate reductase by nitrite,
{n) Nitrite is oxidized to nitrate in the tissue and the
nitrate formed induces nitrate reductase, 1t is note-
worthy, however, that the levels of nitrate in the
tissue are much lower when given 10 mM KN(O, in
the induction medium than when supplying 100 mM
KNO,; in both eases the levels of nitrate reductase
induced are very similar (Tables 1 and 2), (b) Nitrite
is a direct inducer of nitrate reductase,

These two possibilities were tested by following
the appearance of nitrate and nitrate reductase in
cotyledons incubated in nitrate or nitrite. The
results are shown in Fig. 2,
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Fig.2. Rale of induction of nitrate reductase and lissue level
of NOJ and NOJ sn differenl media, (A) Rate of induction
of nitrate reductase after induction by differont meding
tissne Jevel of (B) NO; amd (C) NO; during incubation in
presence of different medin, (O~ — Q) 100 mM KNO,,
Q== =0) 1D mM KNOy; and (@ @) H,O
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IMSCUSSION

Nitrite is much more effective than nitrate in
inducing nitrate reductase in bean seed eotyledons.
This induction does not seem to be the result of
bacterial contamination. Signifieant release of loosely
bound NO, by fractions of the homogenate has not
been detected.

The tissue appears to be capable of oxidizing
N, ta NO; since niteate appears in the tissue and
the incubation medium containing nitrite, The results
in Fig.2 show several new facts: (a) nitrite is much
more efficient than nitrate in the induction of the
eneyme; 10 mM KXO, brings about a faster indue.
tion of nitrate reductase than 100 mM KNO,: (b)
nitrate formed in the presence of nitrite cannot be
responsible for the induction of nitrate reductase.
This vonclusion is based on the fact that only a very
small amount of nitmli' is present in nitrite-induoeed
tissue after 1 or 2 h, (Fig. 2B), while the induction
of the enzyme is more than four-fold greater than in
nitrate-ineubation cotyledons. (e} The rate of indue.
tion of niteate reduetase is five-fold faster in nitrite
than in niteate. Furthermore, it seems that most of
the induetion of the enzyme in the presence of
nitrite is completed during the first 2 h of induction,

Fig. 20 indicates that nitrite scenmulates very
slowly in nitrate-incubated seeds and this is aceom-
panied by a comparably slow induction of nitrate
roductase. When niteite is supplied direetly from the
medium, however, enzyme induetion is muoch faster,
One may assume, therefore, that the slow reduction
of nitrate by the constitutive level of the enzyme
causes o comparably slow accumuolation of nitrite
ond, consequently, the sloggish rate of enzyme
induction. Availability of niteate s not Ilmltll'l.,_
induetion as may be geen in Fig. 1,

The rate of nitrate redoction may be also deter.
mined by the supply of reducing equivalents necessary
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for the reduction, as is the case in leaves of etiolated
barley seedlings (Roth-Bejerano and Lips [9]).

Whatever the limitation of nitrate reductase
induction by nitrate (activity of constitutive enzyme,
supply of reducing power or both) such limitation
does not seem to affect the induction of the enzyme
by nitrite.

The levels of niteate reductase after 24 b indue-
tion in nitrite (Tables 1 and 5) are quite variable.

This is due to the fact that the level of the enzyme

induced in nitrite starts falling, shortly after the two
first hours of induction (Fig.2A). After 24 h, one
miensurcs the remaining activity of the enzyme after
induction of nitrite,

Nitrite may be, therefore, a direet indueer of
nitrate reductase in bean seed cotyledons. This
capability is not related to the extent of nitrite
oxidized to niteate in the tissoe [Fig. 2 13).

REFERENCES
1. Candels, M., Fisher, E.G. & Hewitt, E.J. (1857)
Plaal Plhysiod. 32, 280 288,
. Hageman, B, H. & Flesher, D (1960) Plant Physiol, 33,
TiMh - TS,

3. Hoymer, Y. M., Wray, J. L. & Filner, P. (1068} Plant
Physial, 44, 1197 — 1194,

4. Howity, E.J0. & Nicholas, 100, D, [l‘:Hi-Ip in Modern
Metheds of Plant  Analysis, vol, 7, po 07, Berlin,
Gottingen, Heidolborg, Springer Verlag,

5. Ingle, ., Joy, K. W. & Hagoman, K. H. iil!ﬂ»ﬂ} Rivehem,
J. 100, 577 — 688,

6, Joy, K. W, (1008) Mlaat Plysiol, df, 540853,

7. Moedina, A. & Nicholas, D, J. D, (1957) Biochi. Biophys.
Aeta, 23, 440443,

§. Nicholas, D, J. I, Nason, A, & MeElroy, W. D (1854)
S Biol. Chem. 207, 341 — 345,

0. Roth-Bejorane, N, & Lips, 8 H. (1073) New Phytol.,

in press,

Sloan, O, H. & Sublett, B. J. (1906) Tolacco Seience, 10,

121 —125.
i1, Toang. P.8. & Wu, H. Y, (195%7) Notere [Lond.) I78,
13555 — 1350,

"

1

5. H. Lips, In Kaplan, amd N, Hoth-Hejernno,
Department of Biology, University of the Negev, Beer Sheva, lsrasl

1 EREE



