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Abstract-The induction of nitrate rcductasc in excised cotyledons of radish seedlings was inhibited by the polyamincs, 
spcrmidinc and spcrminc, in light and dark, but putrcacine had no c&ct. Spcrminc had no effect on the uptake of 
nitrate or the stability of the enzyme, but inhibited the synthesis of the crqmc. 

INTRODUCIION 

Nitrate rcductasc (NR) is widely distributed, occurring in 
all organisms capable of utilizing nitrate, including hat- 
teria, fungi and higher plants. It is the first enzyme of the 
nitrate assimilatory pathway regulating the amount of 
nitrate nitrogen available to the plant for the synthesis of 
amino acids. NR is an inducible enzyme, nitrate serving as 
the inducer in most plants [I]. The induction of NR is a 
protein-synthesis dependent response 123. Nitrate is also 
essential for the maintenance of the enzyme level which 
dcclincs on removal of nitrate from the mcdinm [3]. 

We have reported earlier [IO] the effect of polyamincs on 
the enzymes of nitrogen assimilation pathway during 
germination of radish seeds in prcscna of nitrate. NR and 
glutamine synthetasc (GS) were inhibited in light but not 
in dark grown seeds. Sina: NR is induced by nitrate in 
excised tissue also, an attempt was made in the present 
study to investigate the mechanism of inhibition of NR by 
polyamincs using exciscxl cotyledons. 

RESULTS AND DtSCUSSlON 

When the excised cotyledons were pretreated with 
polyamincs for 30 min before initiating the induction of 
NR in either light or dark, putrcscinc had no effect on NR, 
but the polyamincs, spcrmidine and spcrmine, inhibited 
NR activity (Table I). Spcrmine was more ctToctivc than 
spcrmidine. This is in contrast to our carlicr obacrvation 
[4] where polyamincs wcrc found to inhibit only the light 
mediated incrcasc in NR activity when the seeds wcrc 
grown in prcscna of nitrate. In dark-grown seeds poly- 
amincs had no effect. The reason for this diffbrcncc is not 
clear, though it does not seem to bc associated with the 
removal of cmbryonal axis since treatment of the whok 
seedling instead of excised cotyledons also showed a 
similar e&t. Thus the long term c&t during growth in 
the dark appears to differ from the short term effect 
during induction for 3 hr. Since sperminc was more 
effaztive, further studies were au&d out using sperm&e 
as the representative compound. 

*To whom corrupondcncc should be addrcwd. 

Tabk 1. Effea of pclyamina on the induction of nitrate 
Nhcmsc activity in cxcki ladi& cotykdon& 

Nitrate reductut nctivity 

% of control 
Retratmult Light Lkk 

Cotyiedocu from Mlu old dark-grown seedlings wcrc 
cscisai and pactrated with the M compounds (I mM) 
for 30 min before induction with KNO, (10 mM) in light 
or duk for 3 hr. 

l NR activity in the control group was 1.3 and 
1.1 units,+ fr. tissue in light and dark mspcctivcly. 

ThckvclofNRinduccdinatissucdcpcndsuponthe 
amount of nitrate available within the cell. Nitrate uptake 
is an energy dependent process requiring the hydrolysis of 
ATP [SJ. It is suggested that nitrate may induce the 
synthesis of a nitrate-spcoitic pcrmarsc 16-J. Further, NR 
in higher plants is known to havca relatively fmt turnover 
and various mo%nisms may operate to inactivate or 
degrade’the enzyme synthesized in response to nitrate. 
The NR activity obtained at any given time is thus a result 
of the balance bctwccn the synthesis and degradation 
proarrec. Polyarnincs may inhibit NR activity in the cell 
by a&cting one or more of these processca 

Since polyamines am known to bind to membranes and 
afE& their pcrmatbility [7] the effect of spcrmine was 
studied on the uptake of nitrate at high and low concen- 
tratiotrr of ambient nitrate, in dark and light. However, the 
nitrate mmaining in the medium at the end of the 
induction period did not differ in the absence or prcscna 
of qcrminc (data not shown) indicating that spcrmine did 
not inhibit NR activity by i~bi~g the uptake of nitrate. 
Spcnninc also had no e&x% on NR wbm added to the 
-aYryrtmL 

Nitrate in the all may bc present in more than one pool, 
a larger storage pool inaccess ibk to reduction and a 
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Tabk 2. E&t of rpamine on ttitnte raiuaut, metabolk pool of nitrate and nitrate cantent 
of u&d radish wtykdons 

Period of 
induction 

fir) 
RC- 

trc8tmcnt 

Nitrate 
raiuctaae 
activity 
(unit48 

fr. tiuw) 

Nitrate Met8bolic pool 
wntent of nitrate 
(Irmolle (units/g fr. 

fr. timlbc) tiS#UC) 

0 - 0.01 0.0 - 
1 - 0.51 1.05 - 

+SpemlilE 0.22 1.73 - 
2 - 0.79 1.44 0.020 

+Spcrmine 0.36 257 0.008 
3 - 1.19 2.08 0.028 

+spemlinc 0.47 2.66 0.013 

Cotyledons from 36 lu old dark-grown sadl&s were exe&d and prctrcated with spxtnine 
(1 mhi) for 30 min before induction with KNO, (10 mM) in the dark for 3 hr. Nitrate 
rad~nitntcwntcntmdthc~bolicDoolofnitntememaru~at8rpacifibdperiod 
of induction. 

smaller ‘metabolic pool’ which is responsible for the 
induction of NR activity. Nitrate present in the metabolic 
pool is affected by a number of factors such as light and 
the rate of its uptake. The size of the metabolic pool in the 
cell may thus be a factor regulating the nitrate assimRation 
[8]. Though sperminc did not affect the uptake of nitrate 
from the medium, it may alter the intracelhtlar 
redistribution of nitrate and thus the size of the metabolic 
pool. 

The effect of spermine was, therefore, studied at 
different intervals of induction in relation to NR activity, 
nitrate content of the tissue as well as the metabolic pool 
of nitrate. The metabolic pool of nitrate was decreased by 
50% in sperminc treated tissue (Table 2) and the nitrate 
content of the tissue was greater in spermin~treated than 
in the control group. Spermine may have thus altered the 
size of the metabolic pool in the cell, resulting in a 
decreased NR activity. Alternatively, the lowered meta- 
bolic pool as measured by the in uiw nitrate reduction 
may reflect an inhibited NR activity in spermin~treated 
tissue leading to an increased accumulation of nitrate. 
Since sperminc did not a&t the enzyme activity when 
added to the assay in vitro, it may be affecting the stability 
and/or synthesis of NR. 

The effect of spermine was studied on tbe stability of 
NR during storage, both in vitro and in duo. In vitro 
stability was studied.by adding apermine to the homo- 
genate during storage. The rate of decay of the enzyme did 
not differ in the absence or presence of spermitte and tbere 
was a loss of co 40 y0 in control as well as in the spermina 
treated group at the end of 6 hr of storage (data not 
shown). 

Spermine, however, brought about a faster decrease in 
the level of NR in both fight and dark when added during 
storage in vfuo (Fig. 1). Light incmased the activity of NR 
in the control till the 2nd hr. compared to the spermin~ 
treated group. The rate of decline in the control group was 
faster in dark than in light and after 10 hr there was c4 
40% decrease in NR activity in the cotyledons stored in 
the dark compared to the light control. In the qcrmine 
tratted group, however, there was a progressive daxcaae 
in NR level in cotyledons stored in either light or dark. 
However, the rate of decline of the enzyme from the 2nd 
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Fii 1. Et&et of sperm& on tlte stability of nitrate ratuetase in 
obo. Cotyledons from seeds grown in the dark for 36 hr were 
exeisaiandNRwasinduaxfwithKNO,(10mM)inthedarkfor 
3hr.Cotrlodonrwerethtnwubsdarithdirtilled~~rladBtO~ 
iali~t(O)ordark(A)intlteabaerke(-)orpraena(---)of 
rpennine (1 mM). NR activity wu assayed at specified intervals 
of ototqa The NR activity at GCTO hr of storage was 0.98 units/g 

fr. tinsue. 

hr of storage in the sperm&-treated tissue did not differ 
from that in the control. This suggests that spermine 
probably affects the synthesis of NR and not the break- 
down. The fact that the effect of spcrminc was not 
observed during the storage of the homogenate also 
supports this possibility, since homogenization would 
cauae disruption of organelks and protein synthesizing 
machinery. 
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Table 3. Effazt of sperminc and cycbhcximidc at different 
periods of induction of nitrate rcductasc in excised radish 

cotyledons 

Compound added Nitrate rcductase activity 
during induction % of control 
at (br) + qxrmine +cyclobeximidc 

0 39 11 
0.5 44 22 
1.0 87 40 
2.0 102 70 
2.5 106 100 

Cotyledons of 36 hr old dark grown seeds were excised and 
treated with spcrmine (1 mM) or cyclohcximide (2 PgIml) 
during induction as sp&lied. Induction was carried out with 
KNO, (10 mM) for 3 hr. The enzyme activity in the control 
group was 0.93 units/g R. tissue. 

To determine whether spermine interferes with the 
induction of the enzyme, the effect of spermine and 
cycloheximide was studied when added at different inter- 
vals of induction (Table 3). Both spermine and cyclohex- 
imide were effective when added along with nitrate. 
Cycloheximide was more effective than spermine. The 
inhibitory effect of both compounds decreased when 
added at later stages of induction and there was no effect 
when spetmine was added at the 2nd hr of induction while 
cycloheximide caused only 30% inhibition. Thus sper- 
mine probably interfered with the de mua synthesis of 
NR. 

NR, in addition to reducing nitrate, possesses two 
partial activities, cytochrome c reductase and methyl 
viologen-NR [9]. Several compounds like molybdenum, 
tungsten and sulphydryl reagents have been reported to 
affect their synthesis and activities differentially [9. lo]. 
When the effect of spermine was studied on these partial 
activities, it was found to inhibit both methyl viologen- 
NR as well as cytochrome c reductase activities by ca 60% 
(data not shown) suggesting that the synthesis of the 
whole NR complex was inhibited. Polyamines have 
generally been associated with promotion of protein 
synthesis by stabilizing ribosomes [ 1 I] and nucleic acids 
[12] though in some recent reports they have also been 
implicated with the inhibition of protein synthesis 
[ 13,141. The effect of polyamines of NR synthesis in the 
present study appears to belong to the second category. 

EXPERIMENTAL 

Plant mamial. Radish seeds (Raphunussarivuc L. var. Suttons 
Scarlet Globe), obtained from a local dealer, were grown in the 
dark for 36 hr in the absence of a nitrogen source. Cotylalons 
were excised and pretreated with the test compounds for 30 min 
bcforc induction. NR was induced with KNO, (10 mM) for 3 hr 
in dark, unless otherwise specified. The concn of nitrate (10 mh4) 
and 3 hr period of induction were found to be optimal in 
preliminary studies. At the end of the induction period, coty- 
ledons were washed. and a 10 % (w/v) homogenate was prqucd 
by grinding the tissue in a pestle and mortar using 10 mM NaPi 
buffer, pH 7.5 containing 5 mM cyst&e and 10 mM EDTA. 

Enzyme awy. NR activity was assayed aozording to the 
method of ref. [IS]. The assay system contained 100 qol NaPi 

buffer, pH 7.5; 10 mol KNO,, 0.1~1 NADH and 0.2 ml of 
enzyme in a total vol. of 4 ml. The reaction was terminated after 
30 min by the addition of 0.5 ml of 1 M Zn(OAc),. In the control 
tuk nitrate was added after the termination of the reaction. 
Nitrite formed was estimated umrding to the method of 
ref. [ 163. 

Methyl viologcn NR activity was assayed using methyl 
viologcn, 0.1 ml (25 mg/lO ml) reduced with sodium dithionitc. 
0.1 ml (17 mg/ml) as an ckctron donor instead of NADH. The 
reaction was terminated after 30 min and nitrite wasestimated as 
described above. 

Cytochromc c reductasc activity was assayed mrding to ref. 
[9]. The assay system consisted of 100 pal NaPi buffer, pH 7.5; 
0.05 ml (2 % in H,O) cytochromc c, 0.1 mol NADH and 0.2 ml 
of enzyme in a total vol. of 3 ml. The reduction of qtcchrome c 
was measured by following the rate of increase in A at 550 nm for 
3 min. NADH was omitted from the control tubes. One unit of 
enzyme activity is dc6nai as the amount of enzyme required to 
produce 1 pal of product per hr. 

Nitrate content was estimated according to the method of 
ref. [ 171 and the metabolic pool was measured as described in ref. 

WI. 
Chemica/s. The amines, putrescim, spcrmidine. spenninc and 

cycloheximidc were purchasal from Sigma. Other chemicals of 
analytical grade were purchased locally. 
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