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Abstract 

ka  investigation has been made into the properties of nitrate reductase in a typic al tree spccies like 
Wry indica. The effect of growth regulators on the induction of the enzyme has been studied. 
SR activity exhibited a decline with leaf ontogenesis. Mango leaf has a much higher nitrate reducing 
gential than other tropical fruit plants like banana and guava. Nitrite reductase activity has also 
bittm demonstrated in mango leaf. 

woTds: Nitrate reductase, growth regulators, leaf ontogenesis, nitrite reductase. 

II Introduction 

*ate reductase (EC 1.6.6.1) has been studied from a number of sources. Being a 
kg enzyme in the assimilation of nitrogen, it has attracted widespread attention both 

ora the fundamental point of view as well as its bearing on applied aspects, as 
LPPlicable to  plant productivity. However, most of the investigations have been 

to annual crops, cereals, or algae 1-5 . The present study aims to understand 
, ‘,PrOerties of this enzyme in a perennial tree crop like mango. The investigation 
;aT report is an offshoot of studies aimed at understanding the role of certain key 

t()rY enzYines involved in carbon and nitrogen assimilation. 
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2. Materials and methods 

renraerti 

The plant material used in these investigations were obtained from 
the ext,„ farm of the Indian Institute of Horticultural Research, 13angalore 

gations leaves from Dasehari variety were used. 	 • Forrount, 4 104  

2.1 ' In vivo assay 

Around 50 mg of leaf discs were suspended in a screw cap vial containing s mt 
medium consisting of 	M phosphate buffer, pH 7•5, 0* I M KNO3  and l c; —l a propane!.  

n 

The components of the reaction mixture were purged with nitrogen to ensure anaeraiii 
condition. The discs were vacuum infiltrated twice for a duratio of 2 j  
with a short interval, ensuring that the discs were completely submerged in the zed: 
These operations were done in a vacuum desiccator. The desiccator was flushed vith 
nitrogen and the vacuum infiltration repeated. The vials were sealed and incubated 
in the dark at 30° C in a metabolic shaking incubator water-bath. Incubationintit 
dark under anaerobic conditions ensured an accumulation of nitrite ions in the medim.  
Nitrite released into the medium was determined at zero time, and at various tize 
intervals during the preliminary investigations. Thereafter it was found that an lay 
bation period of 20 h was necessary in order to ensure a measurable speettophop 
metric reading at 540 nrn. The reaction was terminated by placing the vials in a 
boiling water-bath for 2 min. The reaction mixture was allowed to cool and 0.4ml 

aliquots were removed and treated with 03 ml each of I % sulphanilamide in31clia 
and 0.02% of N-1 naphthylethylene diamine HCI. After 20 min, 4ml of water InS 

added and the optical density read at 540 nm. 

Enzyme activity was expressed as nanomoles of nitrite formed per gram ofleaf tissw 
per hour. 

Nitrite reductase was assayed by monitoring the disappearance of nitrite with St 
In this case KNO, was substituted for KNO 3  in the reaction mixture. 

The effect of chloramphenicol on the induction of NR was studied by incoV raii4  

100 Jug of chloramphenicol in the reaction medium used in the NR assaY. 

Investigations on the effect of growth regulators on NR 
incubating the leaf discs for 3h in the respective solutions 

Abbreviations used : 

Nit 	= Nitrate reductase 
PMS 	=-- Phenazine methosulphate 
PVP 	=Poly vinylpolypyrrolidone 
EDTA = Ethylenediaminetetra acetate 
GA 	= Gibberellic acid, 

activity were 
node by 

of growth rqulators. A 
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ura 
 infiltration was done as described previously. At the end of 3 h the tissues were 

a2recafu
lly removed from the solution, blotted free of any adhering solution and suspended 

c.ser-the NR assay medium. 

Fat onitoring the changes in NR activity during leaf ontogenesis, the leaves were 
m  

ape
d  iminedktdlY on emergence and samples taken at three weekly intervals and 

'assayed for Nit activity. 

2 2 
Assay in cell-free extract 

The  v itro assay was done by preparing 10% homogenate of leaves in a grinding 

mail  jinn consisting of 01 M phosphate buffer, pH 7-5, 1 m.M EDTA and 15 mM 
cysteine , 20% Of of polyclar AT (PVP) was added. The tender leaves were finely 
eut and suspended in the chilled (Or-4 °  C) grinding medium. The homogenate was 

pared in an Eberbach Waring Blender equipped with a jacketed jar assembly, the 

emperature being maintained at 4° C by circulating 50% methanol. The blending t   
was done as quickly as possible in two short bursts of 40s each at low speed. The 

cittle homogenate was filtered over four layers of muslin cloth and the filtrate centri- 
fuged at 10,000g, for 10 min. The pH of the supernatant was adjusted to 7'5 with 
dilute ammonia. This was used as the crude enzyme. Due to the extreme lability 
oldie euzymc, it was ensured that all operations were pelformed as quickly as possibla 
ind at 4°C. 

The NADH-dependent NR was assayed in 2 ml of a reaction mixture consisting 
of0.1M phosphate buffer, pH 7'4, 0'1 M KNO 3, 1 mM NADH and the enzyme. 
The reaction was initiated by the addition of enzyme. Appropriate blanks were run 

omitting NADH in the reaction mixtuie and by running a zero time control. The 
zixture was incubated at 30° C for 15 min and terminated by placing the tubes in 
a hailing water-bath. Any precipitate was removed by centrifugation. Post-assay 
litatments were done by the addition of 30 nrn PMS. After 20 min, nitrite colour 
ditve lopment was done by the addition of I ml each of 1 % sulphanilamide in 3 N a  
el and 1 ml of N- I -naphthylethylene-diamine 1 .1C1 (0 -02%). The absorption was 

Vat 540nm and the nitrite quantitated by reference to a standard calibration curve 
Obtained with KNO2. 

tazYme activity was expressed as micromoles of nitrate reduced per minute at 30° C. 

P
rotein was estimated by the method of Bradford°. 

.Nitrate concentration  in the leaves 
%kg Phenoldisulphonic acid, 

was determined by the method of Johnson et a!' 
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3. Results and discussion 

Being a substrate—inducible enzyme, the enhancement of nitrate reduct ase  . activit, nitrate is to be expected and it does so optimally at a concentrati on of iniy)1 
Table I shows the result obtained with growth regulators on th e  inductinn wfmk. 
A perusal of the effect of various growth regulators on the NR activity reve oais hl  
benzyladenine has a pronounced effect on NR activity even at a c oncentration ofi,,‘.tbil 
This is followed by kinetin, although the effect is not of the same order. GA, ho4 
would seem to have a very marginal effect even at a concentration of 10 -3m .  

The response of NR activit 
by Kende et al 8  in the excised 
also been studied in tobacco 
appears to be a slower process 
in A. githago embryos. 

y to nitrate and cytolcinins has been earlier investigito 
embryos of Agrostemma githago. The effect of GA has 
leaves9 . The effect of these growth regulatois, how ati  
in mango leaves, compared to a fast biochemical reachoe 

Table I 

Effect of nitrate, benzyladenine, gibberellic acid and kinetin on nitrate reductase act* 

in mango leaves 

SI. 
No. 

Treatment Concentration NR activity *  
(rim of Not/I gm/hr) 

1. KN 03  50 mM 30-62 
75 mM 31.87 

100 mM 55-89 
200 mM 42.48 

2. Benzyladenine (BA) 10-12M 68-16 
10-9M 68.92 
1 Gt—  9v1 59.14 
10-3M 56.74 

3. Gibberellic Acid (GA) 10-12M •• • 
10-9M — 
Kr-  im 56.22 
10-3M 56.52 

it Kinetin 10-12M 61-07 
10-9M 65-30 
10- 6M. 57.92 
10-3M 57.99 

* All values are mean of triplicate determinations. 
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„ slo
wer response may also be attributed to the permeability factor. This is 

Tw evidenced by the fact that despite the incorporation of 1% piopanol in the 

eisilY  o()medium for in vivo assay and vacuum infiltration, there is an abnormal time 

the Nit activity could be discerned. Since the release of nitrite ions into the irstibefore   
initiated within one hour and shows a giadual rise with time, the possibi- 

14„Agn is  
bacterial enzymes catalysing the ieaction are minimised. Figure 1 shows the 

e 
 course 13f activation of NR in the in vivo assay. 

Tab le ii  reveals data on the changes in nitrate reductase activity with leaf onto- 

tiesis. There is a burst of activity in the new flush with a progressive decline with 

;ft  Although the fall in activity was very pronounced in the initial phase, it showed 

iw,taeady trend (luting the later stages of leaf maturity. 

Expenments were also conducted to ascertain the endogenous levels of nitrate in 
i 1e3f tissue. It was found that the average nitrate levels ranged from 149 to 
sppni per gin of leaf tissue, at any stage of maturity. Hence the nitrate reducing 

menial of the leaf is actuated by the presence of exogenously added nitrate. The 
Dist.  effect of foliar application of nitrate in the induction of flowering, if any, is yet 
.tititiktermined. it is however known from an earlier observationlo that enhanced 
lino acids and cathohydrates are required during flower initiation. It is possible 
it the physiological response in the plant is mediated by NR induction and the 
szBsequenees thereof. 

Acomparison has been made in Table III of the nitrate reductase activity of mango 

i iictrtain other tiopical fruit plants like guava and banana. 	In all the cases, 	tender 

'a 	 14 15 14 1/ alk 14 go et et 23 14 4tat 	
sotogit5 

1/4,1 rime co, 
.urse 

of activation of nitrate reductase in Mangifera indica L. (in viva assay). 
Y nanotnoles of nitrite formed per gram per hour. Time in hours. 
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Table II 

Nitrate reductase activity during leaf ontogenesis (Dasehri variety) 

Age of leaf NR activity* 
nm of Nor/gm/hr 

New flush 69.26 

3 weeks 54.59 

6 weeks 1952. 

9 weeks 6.57 

12 weeks 5.48 

15 weeks 4-88 

18 weeks 4.50 

* Values based on triplicate d,terminations. 
Nitrate content in leaf tissue ws(Dasehri). 
ppm N:23—  in 1 gm of leaf tissue : 148.77. 

Table ID 

Nitrate reductase activity of tropical fruit plants (mango, guava and banana) 

SI. 	Sample 
	

NR activity 
No. 	 (nm of Nos /gm/hr) 

1. Mango 

Variety Langra 
Variety Dasehri 
Variety Kalapad 
Chloramphenicol treated (Dasehri) 
Percentage of original activity 

2. Guava 
Chloramphenicol treated 
Percentage of original activity 

57•50 
68.92 
54.12 
13.78 
20.00,4 

36•49 
13.61 
3730% 

3. 	Banana 
	

23.62 
Chloramphenicol treated 

	
9-51 

Percentage of original activity 	40'26% 



STUDIES ON NITRATE REDUCTASE IN Mangifera indica L. 
	 127 

10 IV  

coo 
 reductase activity* (pg of No; in the reaction medium) 

123'72  

X° time  
93* 16 

;hours 
• 	80.25 

! was 
1-08 

N boas  

kfrao of triplicate determinations. 
Nor concentration with time-index of utilisation of nitrite by plant tissue—proportional 

e igite reductase activity. 

expanded leaves were used for the dettrmination of activity. It is found that 

Igo  has greater nitrate reducing potential than either guava or banana. It is further 
that all of them are subjected to inhibition by treatment with chloramphenicol 

1.05). The effect of other protein synthesis inhibitors is yet to -be investigated. 

TableIV shows data on the nitrite reductase activity on the leaf. 	It is seni that there 
:vapid consumption of nitrite ions produced as a consequence of NR activity. 

From the above observations it would appear that higher plant nitrate reductase 
ihspecial reference to tree crop species like mango shows a close parallelism with 

enzymes studied from other sources. The rapid inducibility ef this enzyme by 
pthregulators like benzyladenine and kinetin might lead one to believe the impore 
urole that the aLtivity of the enzyme may play in the overall regulation of nitrogen 
zabobsm during such important physiological events like flower initiation and fruit 

i tragidevelopment. It remains to be ascertained as to how critical the NR activity 
leinggenngthese events in the life of the plant, as also the impact/influence that 
might have . in determining the yield pattern or productivity in mango. 
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