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Abstract

Glucose-6-phosphate and NADP* as well as malic acid and NADP* present
in the incubation mixture enhanced nitrite reductase (EC 1.6.6.4) activity
in Pisum arvense roots. This was manifested by a depression of the nitrite
level in the tissues and an increased reduction of nitrites by plastids isolated
from P. arvense roots. A marked stimulation of plastid malate dehydroge-
nase was also observed under the influence of nitrates present in the me-
dium. These results suggest that pyridin nucleotides utilised by NiR dur-
ing nitrite reduction may be formed not only in processes of glucose-6-
-phosphate oxidation in the pentosephosphate cycle, but also of malic acid
by NADP*-dependent malate dehydrogenase.
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INTRODUCTION

The results of Canvin and Atkins (1974) indicate a strict depen-
dence of nitrite reduction on light. Miflin (1974) and Wallsgrowe
et al. (1979) demonstrated that the process of nitrite reduction to am-
monia is localised in the chloroplasts, and that reduced ferredoxin for-
med during the light phase of photosynthesis is the physiological source
of the reducing equivalent utilised in this process. It is known that
assimilation of nitrites occurs in darkness as well (Jones and Sheard
1978, Mann et al. 1979), both in green and not green tissues. Sarkis-
sian and Fowler (1974) noted a stimulating action of nitrates on a
number of enzymes of the pentosephosphate pathway in cells of pea

Abbreviations used: NiR — nitrite reductase, MDH — malate dehydrogenase
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rcots. On this basis the authors advanced the supposition that carbo-
hydrate oxidation may be a potential source of reducing power for ni-
trite reduction in roots. Investigations on the intracellular localisation
of enzymes of the pentosephosphate pathway (Emes and Fowler
1979b) and nitrate reductase (Emes and Fowler 1979a, Klobus
et al. 1983) confirm this supposition. The present study was undertaken
on the problem of reducing equivalents for nitrite reduction in not green
tissues.

MATERIAL AND METHODS

The experimenls were carried out on Pisum arvense L. roots. The
plants were cultured under conditions described in the preceding paper
(Ktobus 1984).

Measurement of nitrite reduction in tissues. Roots of 9-day-old P.
arvense seedlings were used in the experiments. The cut off roots were
placed, after thorough washing in tightly closed flasks (50 cm?) filled
with argon and stored in darkness for 1 h at 30° C for nitrite accumu-
lation in the tissues (Srinivasan and Naik 1981). For increasing
the permeability of the tissues the roots were frozen for 2 min in liquid
nitrogen (M ann et al. 1978). After defrosting (15 min at 27° C) 250-mg
portions were placed in 2 cm3 of 50 mM phosphate buffer, pH 6.8, con-
taining glucose-6-phosphate and NADP* or malic acid, NADP* and ATP
in concentrations given in Table 1. After 1-h incubation at 30°C the
samples were brought to boil (2 min) and NO;~ was determined in the
solution by the method of Harper and Hageman (1972).

Isolation of plastids in a discontinous gradient of sucrose density. For
plastid isolation the method was applied described by Suzuki et al
(1981) in a suitable modification. An extract was prepared from the P.
arvense roots in 50 mM HEPES-NaOH buffer (pH 6.8) containing 0.4 M
sucrose, 2 mM EDTA and 5 mM cystein. The homogenate obtained was
filtered through two layers of Micra cloth and placed on the earlier
prepared gradient. The discontinuous gradient of sucrose density con-
sisted of 4 cm3? 60%, 8 cm3 50% and 8 cm3 of 30% (w/w) sucrose. All
sucrose solutions were prepared in 50 mM HEPES-NaOH buffer (pIl 6.8)
containing 2 mM EDTA and 5 mM cystein. The samples were centri-
fuged for 5 min at 2900 X g, then for 30 min at 18 000 X g. Subse-
quently 0.87 cm? fractions were collected and glucose-6-phosphate dehy-
drogenase (marker enzyme for plastids) activity was determined in them.
Fractions exhibiting the highest activity of the marker enzyme were
twofold diluted with HEPES-NaOH buffer, pH 6.8, containing EDTA
and cystein in concentration given above and were combined. The sus-
pension obtained was centrifuged for 15 min at 14 000 X g yielding the
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plastid fraction. The sediment was then resuspended in 50 mM HEPES-
-NaOH buffer (pH 6.8) with 0.2 M sucrose, 0.3 M mannitol, 2 mM EDTA
and 5 mM cystein added. The whole procedure was run at 0°-4° C.

Nitrite reduction by plastids isolated from P. arvense roots. The plas-
tid suspension in the amount of 0.5 ecm?® was preincubated for 1 h at
30° C in 50 mM HEPES-NaOH buffer, pH 6.8, containing 0.2 M sucrose
and 0.3 M mannitol with 5 mM glucose-6-phosphate or malate, NADP*
and 1.5 mM ATP added. Then NaNO, in a final concentration of 1 mM
was added to the mixture. After 30-min incubation the samples were
cooled, the plastids were centrifuged off (15 min at 14000 X g) and
0.05 em?® of the solution was taken for colorimetric determination of
nitrites (Harper and Hageman 1972),

Nitrate reductase activity was determined in wivo after Jaworski
(1971).
Malate dehydrogenase activity dependent on NADP+, For determination
0.2 ecm? of plastid suspension treated for 30 min with triton X-100 in
a final concentration of 0.1 per cent was used. Enzyme activity was
determined according to Vidal and Gadal (1981). The reaction mix-
ture contained in 3 cm3 4 uM oxaloacetic acid, 0.8 uM NADPH,, 200
#M Tris HCI buffer, pH 7.5, and 0.2 cm?® of plastid suspension. Malate
dehydrogenase activity was expressed as the rate of NADPH, oxidation
determined spectrophotometricaly at 340 nm.

RESULTS

In the preliminary experiments on nitrite reduction in intact P. ar-
vense roots (Table 1) it was found that both glucose-6-phosphate -+
+ NADP" and malic acid, NADP* and ATP present in the incubation
medium cause a distinct fall of the nitrite level in the tissues. Such an
effect was not observed if only NADP* or ATP was added to the incu-

Table 1

Influence in vivo of various substrates present in the incubation mixture on the nitrite content in
Pisum arvense roots

! Substrates | NOj content in roots, pmoles NO, -g=! fr.wt. |
] S S i Do e & ) 2 |
| Control | 1194+ 9.8 |
NADP* (5 mM) i 1209+ 11.2 !
ATP (1.5 mM) ; 117.64 10.6 ?
| Glucose-6-phosphate (5 mM)-+NADP* (5 mM) I 78.0+ 4.1
Malic acid (5 mM)--NADP* (5 mM)-- |

|

| +ATP (1.5 mM) ! 5004 3.9

The results are means from 5 replications. The differences between the arithmetic means of two different combinat -
ons exceeding twice the SE value were considered significant for a 5 per cent error.
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bation mixture. The nitrite level in both these cases was similar to that
in the control.

In vivo measurements of nitrate reductase activity (Table 2) in the
presence of glucose-6-phosphate and NADP' or of malic acid NADP*
and ATP demonstrated that the named substrates do not affect signifi-
cantly the activity of this enzyme. These results indicate that the de-
pressed nitrite level in P. arvense roots observed in the presence of glu-
cose-6-phosphate and NADP*' and of malic acid; NADP* and ATP (Ta-
ble 1) was rather duc to changes in NiR activity, and did not result
from the depression of nitrate reductase activity.

Table 2

Influence of various substrates added to the mcubatlon mixture on nitrate reductase activity

Substrates NR actmt}‘. umoles NO; g“‘ fr wt h'1
Control | 1122.34-56.8 !
Glucose-6-phosphate (5 mM)-+NADP* (5 mM} 1123.6 1-51.9 |
Malic acid (5 mM)-+NADP* (5 mM) - - §
{ +ATP (1.5 mM) | 1190.04+-52.6 ;

The results are means from five replications,

Since the nitrite reduction takes place in the plastids (Emes and
Fowler 1979a, Ktobus et al. 1983), further investigations on the
sources of the NiR reductor were performed on the fraction of these
organelles isolated from P. arvenmse roots. Study of nitrite reduction by
intact plastids (Table 3) showed that addition into the incubation mix-
ture of both glucose-6-phosphate with NADP' and of malic acid with
NADP* and ATP stimulated markedly nitrite reduction. Similarly as
in the preceding experiment performed with intact P. arvense roots
(Table 1), addition of NADP* or ATP only into the incubation solution
did not affect the nitrite reduction.

Table 3

Influence of various substrates present in the incubation mixture on nitrite reduction by plastids
1soiatcd from P. arvense roots

Siibatrates : Amount of reduoed mtrltes,

- nmoles NO2 g“ fr. wt.-h~ !
i Control | 223.84-12.1
| NADP* (5 mM) i 221.94:10.8
| ATP (1.5 mM) : 22094:11.2
Glucose-6-phosphate (5 mM) - NADP* (5 mM) 470.1--19.4

| Malic acid (5 mM)+NADP* (5 mM) - !

| HATP (1.5 mM) j 447.74-17.3

The resul's are means from five replications.
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Table 4

Influence of nitrate present in the growth medium on the activity of malate dehydrogenase
isolated from P. arvense root plastids

Medium | MDH activity, pmoles NADPH, -min~" -g~* fr.wt.
! —NO; ! 97
i +NO; 193

The results are means of three replications.

Table 4 shows the changes in malate dehydrogenase activity depen-
dent of NADP" isolated from P. arvense root plastids under the influ-
ence of nitrates present in the medium. Addition of nitrates into the
medium caused a distinct enhancement of the activity of this enzyme.

DISCUSSION

The marked fall of the nitrite level in P. arvense roots incubated in
the presence of glucose-6-phosphate and NADP* with simultaneous lack
of change in nitrate reductase activity may be explained by the increa-
sed activity of nitrite reductase. This supposition is supported by the
results of experiments performed on plastid isolated from P. arvense
roots. In the presence of glucose-6-phosphate and NADP* in the incuba-
tion mixture a higher NiR activity than in the control was obhserved ap-
pearing in enhanced nitrite reduction by plastids (Table 3). Stimulation
of nitrite reductase localised in root plastids by glucose-6-phosphate in
the presence of NADP' indicates that NADPH, formed during glucose-
-6-phosphate oxidation in the pentosephosphate cycle may be the reduc-
ing equivalent utilised in the process of nitrite reduction to ammonia in
P. arvense roots. This is in agreement with the hypothesis of Sarkis-
sian and Fowler (1974) claiming that the transformations in the
pentosephosphate cycle localised in the plastids (Emes and Fowler
1979b) are the source of reducing equivalents for nitrite reductase acti-
vity in roots, localised also in the plastids (Dalling et al. 1972, Emes
and Fowler 1979a, Suzuki et al. 1981, Klobus et al 1983). In
the present experiments, however, malic acid present in the incubation
mixture also stimulated nitrite reduction in P. arvense roots. This seems
to suggest the possibility of utilisation in the process of nitrite reduction
of NADPH; as well derived from oxidation of malic acid by the malate
enzyme or NADP*-dependent malate dehydrogenase. There are in the
literature reports on localisation in chloroplasts of malate enzyme (S a n-
tarius and Stocking 1969). Washitani and Sato (1977) wor-
ing on tobacco cell cultures detected the presence of this enzyme in the
proplastid fraction. In investigations performed on P. arvense roots, ho-
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wever, activity of the malate enzyme was not noted in the plastid frac-
tion (unpublished data). Since in experiments performed with intact
roots the technique of brief freezing of the tissues in liquid nitrogen
was applied, this may have caused damage to the plasmic membrane
structure, and the possibility could not be ruled out of utilisation by
the plastid nitrite reductase of NADPH,; formed in the cytoplasm. The
results of further experiments, however, excluded such a possibility.
Malic acid, NADP* and ATP present in the reaction mixture, caused,
namely, stimulation of nitrite reduction by plastids isolated from P. ar-
vense roots. It therefore seems more probable that NADP'-dependent
malate dehydrogenase is involved in the supply of reducing equivalents
for nitrite reductase activity. The activity of the latter enzyme was de-
tected in the plastid fraction of P. arvense roots (unpublished data). This
supposition is, moreover, confirmed by the fact of marked stimulation
of MDII isolated from plastids by the nitrate present in the medium.
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Zrédla rownowainikéw redukeyjnych reduktazy azotynowej w korze-
niach Pisum arvense

Slreszczenie

Glukozo-6-fosforan i NADP' oraz kwas jablkowy i NADP* obecne w mie-
szaninie inkubacyjnej powodowaly wzrost aktywnoseci reduktazy azotynowej (EC
1.6.6.4) w korzeniach Fisum arvensc. Zaznaczylo sie to obniZeniem poziomu azo-
tynéw w tkankach a lakie wzmozong redukcjg azotynéw przez plastydy wyizolo-
wane z korzeni peluszki. Obserwowano réowniez wyrazng stymulacje plastydowej
dehydrogenazy jablczanowej pod wplywem azotanéw obecnych w pozywce. Po-
wyzsze wyniki sugeruja, ze nukletydy pirydynowe wykorzystywane przez NiR
podczas redukcji azotynébw mogg pochodzié z proceséw utleniania nie tylko glu-
kozo-6-fosforanu w cyklu pentozofosforanowym ale takie kwasu jablkowego przez
dehydrogenezg jablczanowsg zaleing od NADP+,
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