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Abstract-Nitrate reductase was purified from Sclerotinia sclerotiorum and some of its properties studied. The enzyme 
(MI 210000) catalyses the reduction of nitrate to nitrite utilizing either NAD(P)H, MVH, BVH, FADHz or FMNHz as 
an electron donor. In the NAD(P)H-dependent reaction the addition of FAD was required for maximal activity. The K, 
values (pM) for nitrate with a range of electron donors were as follows: NADPH, 33; MVH, 1700; FADH2, 150; and 
FMNH2, 71. Nitrite inhibited the NADPH linked reaction competitively with respect to nitrate but the Ki for nitrite 
(90 PM) was greater than the K,,, for nitrate (33 PM). These results indicate that nitrite is unlikely to inhibit nitrate 
reduction under physiological conditions. Azide markedly inhibited both the NADPH- and MVH-dependent 
reactions, but inhibition by p-chloromercuribenzoate, N-ethylmaleimide and amytal were more marked when NADPH 
was the reductant. 

INTRODUCTION RESULTS AND DISCUSSION 

Nitrate is an important nitrogen source for plants and 
microorganisms. Nitrate reductase catalyses the reduction 
of nitrate to nitrite, the first step in the assimilatory 
reduction of nitrate to ammonia. The enzyme has been 
characterized in bacteria, fungi, algae and higher plants 
[l]. The assimilation of nitrate into amino acids appears 
to be regulated at the level of nitrate reductase [2]. 

The assimilatory nitrate reductases from fungi, e.g. 
Neurospora crassa, Aspergillus nidulans and Penicillium 
chrysogenum have been characterized, but little infor- 
mation is available about the enzyme from plant- 
pathogenic fungi. The Neurospora enzyme is a molybdo- 
flavohaemprotein utilizing NADPH as an electron donor 
[3-l 11. However, in some yeast strains NADH can also be 
utilized. 

In this paper the purification as well as some properties 
of the assimilatory nitrate reductase from a pathogenic 
fungus Sclerotinia sclerotiorum are described. 

Nitrate reductase was purified 10%fold with a recovery 
of 39 y0 by ammonium sulphate fractionation and affinity 
chromatography. The specific activity of the purified 
enzyme (fraction 3, Table 1) with reduced methyl viologen 
(MVH) as the electron donor at the optimum pH (7.5) was 
1390 units/mg protein. When NADPH was used as an 
electron donor, in the presence of exogenous FAD, the 
specific activity at the optimum pH (7.1) was 549 units/mg 
protein. The purified enzyme has an M, of 210000 
determined by gel filtration and contains two dissimilar 
subunits with M, of 107 000 and 123 000. The M, for the 
enzyme from S. sclerotiorum is within the range of the M, 
of nitrate reductases from other fungi, N. crassa [3], A. 
nidulans [S, 9,123, P. chrysogenum [lo] and Rhodotorula 
glutinis [13] but is much smaller than those of nitrate 
reductases from Torulopsis nitratophiIa [ 141 and Candida 
utilis [15]. 

Table 1. Purification of nitrate reductase [the activity was measured with either MVH or 
NADPH (figures in parentheses) as an electron donor] 

Fraction 
Activity Protein Specific Purification Recovery 

(unit) (mg) activity (-fold) (%) 
(units/mg protein) 

1. Crude extract 3140 265 11.8 - 100 
(1850) (6.99) 

2. (NH&S04, &UJ % 3120 154 20.3 
(1330) (8.68) (:) (Z) 

3. Blue A column 1240 0.888 1390 118 39 

(488) (549.32) (79) (26) 

1 unit of enzyme activity: 1 nmol NO; produced per min. 
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Preparation of crude extracts. Cell-free extracts were prepared 
at 4”and subsequent purification of the enzyme was carried out at 

this temp. Frozen mycelial pads were thawed and homogenized in 

cold 0.1 M NaPi buffer (pH 7.5) containing 5 mM EDTA, 5 mM 

cysteine, 10 nM FAD and 10% (v/v) glycerol. The homogenate 

was passed twice through a French pressure cell at 20 Ooo psi and 

then centrifuged at 27C@O g for 20 min. The supernatant fraction 

(S,,) was collected and used as a crude extract. 
Nitrate reductase assay. Enzyme activity was determined by 

measuring the production of nitrite from nitrate at 30”. Nitrite 

was determined by the procedure of ref. [22]. The red azo dye in 

1 ml of aliquot was developed by adding 1 ml of 17; (w/v) 

sulphanilamide in 1.5 M HCI followed by 1 ml of 0.02 7; (w/v) N- 

I-naphthylethylenediamine dihydrochloride. After standing for 

15 min the absorbance at 540 nm was read in a 1 cm cuvette. 

When NAD(P)H was used as an electron donor the reaction 
mixture contained (in 1 ml final vol.): 50 mM NaPi buffer 

(pH 7.1); 1 mM KNOB; 10 FM FAD, 0.2 mM NAD(P)H and the 

enzyme. The reaction was started by the addition of NAD(P)H 

and stopped after 15 min by adding 0.1 ml M Zn(OAc), followed 
by 1.9 ml 907; (v/v) EtOH. The mixture was centrifuged and 

nitrite determined in a 1 ml aliquots. 
The reaction mixture for nitrate reductase assay with either 

MVH, BVH, FADHs or FMNHz as an electron donor was 

50 mM NaPi buffer (pH 7.5); 10 mM KN03; 0.2 mM MV, BV, 

FAD or FMN; 1 mM Na&04 and the enzyme. The assay was 

carried out in test-tubes (10 x 1 cm) fitted with subaseals. The 

tubes were evacuated via needles inserted in the caps and then 

flushed with argon for 2 min. The reaction was started by adding 

NasSzO, [freshly prepared in 1 7; (w/v) NaHC03 under argon] 

and stopped after 15 min by rapid oxidation of the electron 
donor system by stirring the reaction mixture in a Vortex mixer. 

Protein content. Protein was determined by the method of ref. 

[23] using bovine serum albumin as a protein standard. 

Enzyme puri$carion. Nitrate reductase was purified by the 

procedure described below. All operations were carried out at 4”. 

To the crude extract (S,,), in 0.1 M NaPi buffer (pH 7.5), solid 

(N&&SO4 was slowly added with constant stirring under 

argon to make 404; (NH&SO1 satn. During the addition of 

(NH&SOh, the pH of the soln was maintained at 7.5 by adding 

0.1 M NaOH. After standing in ice for 30 min the mixture was 

centrifuged at 20000 g for 15 min. The pellet redissolved in the 

same buffer was dialysed for 4 hr against 3 1. of the buffer and 
then loaded onto a Matrex Gel Blue A column (100 x 15 mm). 

Prior to loading the enzyme 50 ml of BSA (2 mg/ml in the buffer 

containing 0.2 mM EDTA and 0.1 mM DTT) was passed 

through the column and washed with 150 ml of the same buffer. 
After loading the enzyme, the column was washed with 20 ml of 

the buffer containing 0.5 mM ATP and 0.5 mM NADP and then 

with 0.1 M NaPi buffer (pH 7.5). The enzyme was eluted with the 

buffer containing 1 mM NADPH. Details of the purification of 
the enzyme are presented in Table 1. 

M, determination. The M, of the purified enzyme was 

determined by gel filtration on a Sepharose 6B column, according 
to the method of ref. [24]. The following proteins were used as 

markers: ferritin, M, 44Ooo0, catalase, 232 Ooo; aldolase, I58 000 
(from Pharmacia) and albumin, 68 Ooo (from Sigma). 

Electrophoresis. The M, of the enzyme subunit was determined 

by polyacrylamide (12.5 %, w/v) slab gel electrophoresis in the 

presence of 0.1 7; (w/v) sodium dodecyl sulphate. The enzyme 

soln was boiled for 3 min in the presence of 1% (w/v) SDS and 

5 % (v/v) /I-mercaptoethanol. To facilitate layering, glycerol (5 %, 
v/v) was added to each sample and bromophenol blue was used as 

a tracking dye. The running buffer used was 0.025 M Tris, 

0.192 M glycine and 0.1 “/, w/v SDS. Electrophoresis was per- 
formed at a constant current of 20 mA through the stacking gel 
and then increased to 30 mA in the resolving gel. The tracking dye 

was allowed to travel ca 0.5 cm from the bottom of the gel before 

termination of elcctrophoresis. The proteins used as markers 

were phosphorylase b (subunit M, 94000), albumin (67OOU), 

ovalbumin (43 Ooo), carbonic anhydrase (30000), trypsin inhibi- 

tor (20000) and t.-lactalbumin (14400). 
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