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Short communication

Occurrence of a stable nitrate reductase in Actinidia spp.
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Abstract Following development of an in vitro
assay, a NADH/NADPH bispecific nitrate reductase
stable for at least a month at 4°C, and thermostable
at temperatures to at least 60°C, has been identified
in crude and partially-purified extracts of leaves
and roots of kiwifruit (Actinidia deliciosa). Stability
characteristics were not confined to kiwifruit, but
were found to extend to other members of the genus
also.
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INTRODUCTION

Nitrate reductase (EC 1.6.6.1) (NR) is the first
enzyme in nitrate assimilation in higher plants.
Investigations concerning this enzyme have been
reported for many plant species (Campbell 1990;
Oaks 1994), but not thus far in kiwifruit (Actinidia
deliciosa (A. Chev.) C.F. Liang et A.R. Ferguson
var. deliciosa), a major fresh fruit export crop.
Kiwifruit, a dioecious deciduous vine native to
China, and related Actinidia species, are found
dispersed throughout Asia (Ferguson 1990). In its
native habitat, kiwifruit grow in acidic (pH < 5)
soils high in organic matter (Li et al. 1985), where
nitrifying bacteria would be largely absent, and
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ammonium would be expected to be the primary
source of available nitrogen (N). Nevertheless, the
plant in cultivation, which is little different from that
growing wild in China, grows prolifically in
commercial situations where nitrate is provided,
either directly as an inorganic nitrate salt, or by
nitrification of urea or ammonium salts. How N
assimilation is handled by the plant under two quite
different N regimes provided the initial motivation
for this investigation.

There is no established in vitro assay for NR in
kiwifruit, and preliminary attempts in this laboratory
to develop one were unsuccessful. Possible reasons
include the presence of high concentrations of
phenolic compounds, viscous mucilages and
proteolytic enzymes in different tissues (Redgwell
1983; Lewis & Luh 1988; Lemon & Considine
1993). Inactivating factors and the instability of NR
have also been reported as reasons for failure to
measure the activity of this enzyme in other species
(Wallace & Oaks 1986). This communication reports
on the highly unusual stability properties of NR in
this and other members of Actinidia which were
observed following successful development of an in
vitro assay for NR in the leaves, roots, and fruit of
kiwifruit.

MATERIALS AND METHODS

Plant material
Seedling plants ('Hayward' cultivar x 'M series')
were raised in solution culture using programmed
nutrient addition. Seedlings were germinated in
acid-washed sand, then transferred to solution culture
once they had reached c. 1-2 cm in height (2—3
leaflets). Calculation of the quantities of various
nutrients required for successive 3- or 4-day growth
periods was based on the assumptions and methods
in Smith et al. (1988), which were followed without
modification. As in Smith et al. (1988), we assumed
that the concentration of N required for non-limiting
growth was 2.86 mol/kg dry weight, and that an



90 New Zealand Journal of Crop and Horticultural Science, 1996, Vol. 24

optimum ratio of ammonium-N:nitrate-N in solution
was 40:60. Bulk samples of fibrous root (< 2 mm in
diameter) or youngest-mature-leaf blades (minus
petioles) were harvested from plants after 60-80
days when they were e l m tall, washed with
distilled water, dried, then frozen in liquid N2,
ground to a fine powder, and stored at-80°C.

Leafblades (youngest fully-mature leaves) from
field-grown vines were obtained in December, from
the national repository at Te Puke (Bay of Plenty,
New Zealand) from selected Actinidia species
acquired from known locations in Asia. Plants
sampled included: five closely-related members in
the Stellatae (two examples of the hexaploid species
A. deliciosa var. deliciosa from different locations
in China; diploid and tetraploid members of A.
chinensis var. chinensis (China), and A. setosa
(diploid—Taiwan)); and four more distantly-related
members from three of the other subdivisions into
which the genus is split, A. arguta and A. kolomikta
(Leiocarpae), A. chrysantha (Maculatae), and A.
hemsleyana (Strigosae) (Ferguson 1990).

Fresh fruit ('Hayward') at eating maturity (0.8
kg force firmness, 12—14% soluble solids content)
were used for assays requiring this tissue.

Extraction of NR
Extraction and purification procedures were carried
out at 4°C and used Sigma chemicals unless stated
otherwise. Samples of leaf and root powder were
ground with a mortar and pestle in an extraction
buffer(pH8.2)containing0.2molTris-HCl, 1 mmol
EDTA, 5 (amol FAD and 2 mmol (3-mercaptoethanol
per litre, plus 0.025% (w/v) casein milk powder.
The milk powder, a bovine sodium caseinate (1.2%
Na), was obtained locally as a substitute for
proprietary brand milk powders available elsewhere.
Insoluble polyvinylpyrrolidone (PVP) (Polyclar-
AT, BDH Chemicals) was also added to the
extraction medium at the rate of 1.5 g/g fresh weight
leaves, and 1 g/g fresh weight roots. Sample: solution
ratios used were 1 g fresh weight leaves to 15 ml of
extractant, and 1 g to 10 ml for roots. After squeezing
through Miracloth (CalBiochem), the homogenate
was centrifuged at 3440g for 20 min.

For partial purification, solid (NH^SC^ was
slowly added to the supernatant (hereafter referred
to as the crude extract) with continuous stirring, and
fractions collected at 0-20, 20-40, and 45%
saturation with respect to the added solid. In this
procedure the crude extract was allowed to stand for
30 min after addition of (NH4)2SO4, then centrifuged.
Supernatant 45% (NH^SC^ saturated is hereafter

referred to as partially-purified enzyme (45%
(NH^SCU saturation resulted in a 5-fold increase
in the purity and specific activity of NR in extracts
of leaves and roots over that in the respective crude
extracts).

Stability ofNR at 4°C was assessed by measuring
activity in crude extracts of leaves, roots, and fruit
at regular intervals over 1 month. Partially-purified
enzyme, prepared from leaves and roots was used
for other experiments investigating the
thermostability of NR (extract incubated at 4, 20,
40, and 60°C for periods of up to 1 month), and the
specificity of kiwifruit NR for the electron donors,
NADHandNADPH.

Assay of NR activity
NR activity was determined by slight modification
of long-standing methods such as those published
in Hageman & Reed (1980) and Long & Oaks
(1990). The assay mixture consisted of 0.5-1.0 ml
of centrifuged enzyme extract, 0.2 ml HEPES buffer
(K salt, 0.65Af, pH 7), 0.2 ml KNO3 (0.1M) plus
water to bring the reaction volume to 1.4 ml. The
reaction (formation ofNO2~~) was started by addition
of 0.1 ml NADH (5 mM). After incubation at 30°C
for 15 min, the reaction was terminated by addition
of 1 ml sulphanilamide (1% (w/v) in \M HC1) and
1 ml of aqueous Af-(1-Naphthyl)ethylenediamine
dihydrochloride (0.01% (w/v)). Samples were
subsequently centrifuged at 1500g for 5 min, and
NO2~ present in the supernatant determined by
measuring absorbance at 540 nm, 30 min after the
reaction had been stopped.

One unit of activity is defined as 1 umol NO2~
produced/g fresh tissue per h.

RESULTS AND DISCUSSION

In vitro assay
The presence of Polyclar-AT in the extraction
buffer was indispensable for the development of a
successful in vitro assay for NR in kiwifruit. No
NO2~ formation was observed when this was
replaced by alternative compounds capable of
binding to phenolics and tannins, such as
polyvinylpolypyrrolidone (PVPP) from other
commercial sources. Apart from this requirement,
the composition and concentration of reagents
employed in the extraction buffer, and the actual
assay itself, were all similar to conditions used to
characterise NR in other plant systems (e.g.,
Hageman & Reed 1980; Campbell & Remmler
1986; Long & Oaks 1990).


