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Asparagine synthetase gene expression
increases as sucrose declines in broccoli after harvest
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Abstract Broccoli (Brassica oleracea L.) floral
tissues rapidly differentiate and grow before harvest
and then senesce rapidly after harvest. The factors
regulating this rapid postharvest senescence are
currently under investigation. We show that within
6 h of harvest sucrose concentration in florets
declines by c. 50%, and between 24 and 72 h
asparagine levels increase more than 7-fold. This
increase in asparagine parallels an earlier increase
in asparagine synthetase (AS) gene expression in
florets. Northern analyses show that AS transcript
abundance increases from 2 to 24 h after harvest,
and then declines. AS transcript abundance also
increases in harvested leaves as they turn yellow,
although to a level lower than that seen in florets.
In other plant systems, including asparagus,
increases in AS gene expression occur as a result
of a decline in sucrose status. We note the
considerable similarities between broccoli and
asparagus postharvest physiology and discuss our
results for broccoli AS in terms of possible
regulation by sucrose status.
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INTRODUCTION

Broccoli (Brassica oleracea L.) is a floral vegetable
that is harvested when the flowering heads, which
are composed of whorls of immature florets, are
growing rapidly. Organs harvested while still
growing are exposed to a variety of stresses,
including disruption of the supply of energy,
nutrients, water, and hormones, and consequently
they often senesce rapidly (King et al. 1990). In
broccoli, the outward signs of deterioration
occurring after harvest are accompanied by a major
disruption in the physiological status of the tissues.
During the first 24 h after harvest sugars, organic
acids, and proteins are lost from broccoli florets,
and later there are increases in the pools of free
amino acids and ammonia (Clarke et al. 1994;
Morris & King 1994). These changes indicate that
a considerable remobilisation of carbon (C) and
nitrogen (N) resources is occurring after harvest.

Plants synthesise asparagine and other N-
containing compounds in times of stress (Rabe
1990), but until recently it has not been clear how
this is linked with changes in C status. As asparagus
(Asparagus officinalis L.) spears deteriorate after
harvest there are large increases in asparagine
synthetase (AS) transcript abundance and
asparagine levels (King et al. 1990; Davies & King
1993; Hurst & Clark 1993), and at the same time
there are large decreases in soluble sugars (Irving
& Hurst 1993). A linkage between C and N
metabolism has been made recently where
alterations in sucrose levels have been shown to
directly influence the expression of a number of
genes, including AS, in asparagus cell cultures
(Davies et al. 1996).

Previously we have isolated a cDNA clone
encoding AS (accession no. X84448) from a
broccoli cDNA library (Downs et al. 1995). Here
we show by Northern analysis that an accumulation
of AS transcripts in broccoli florets after harvest is
accompanied by a large decrease in sucrose
concentration. These results are discussed in
relation to information which establishes a linkage
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between gene expression and sugar status in other
plant systems, including asparagus.

MATERIALS AND METHODS

Broccoli (Brassica oleracea L. var. Italica 'Shogun')
was harvested in the early morning (0700 h) from a
commercially-grown crop and then held in darkness
at 20°C, in containers through which humidified,
ethylene-free air flowed. At 0, 2, 4, 6, 12, 24, 48,
and 72 h after harvest the heads of broccoli were
taken from the container, the individual florets
removed and frozen immediately in liquid nitrogen.
Four samples of florets (c. 30 g each) were frozen
at each time. Care was taken to separate the florets
from their pedicels, and excessively immature
florets or those showing signs of opening were
avoided. Tissue samples of the middle (20 g) and
base (20 g) portions of the broccoli stems (see King
& Morris 1994) were frozen at these times for
subsequent analyses. Leaves, from the base portion
of the stems, were harvested, held in the conditions
described above, and then frozen at 0,120, and 168
h after harvest. Frozen samples were stored at-80°C
until the assays were performed or the RNA was
extracted.

Chlorophyll content of leaves and florets was
determined using the 7V,./V-dimethylformamide
method (Moran & Porath 1980). For sucrose and
amino acid assays, the frozen tissues were
lyophilised, then ground to a fine powder and stored
desiccated at -20°C. Sugars were extracted in
62.5% (v/v) methanol and concentrations were
determined enzymatically with a Sucrose/D-
Glucose/D-Fructose kit (Boehringer Mannheim
Biochemicals) following the method of Irving &

Hurst (1993). Asparagine was quantified by high
pressure liquid chromatography as the o-
phthaldialdehyde derivatives (Martin et al. 1982)
as previously described (Hurst & Clark 1993)
except the isocratic methanol-phosphate buffer
regime of Martin et al. (1982) was replaced by a
methanol-phosphate buffer gradient (10—50% over
10 min; 20 mMphosphate, pH 6.8) to improve the
amino acid separation. Values presented in the
figure are means (n = 4) and standard errors (SE).

Total RNA was extracted from frozen, powdered
tissue using the TRIzol™ Reagent (Life
Technologies) following the instructions in the
product literature. Northern analyses were
performed as described by King & Davies (1992),
except that 20 mg of total RNA was used per lane.
Membranes were probed with an a—32P-labelled
cDNA clone of broccoli asparagine synthetase
(pbroc5) (Downs et al. 1995). Estimates of
equivalent RNA loadings were obtained by
measuring RNA concentrations with a
spectrophotometer, ethidium bromide staining, and
hybridisation with a cDNA clone (pTIP6) encoding
a 25/26S rRNA from asparagus. All gels were
loaded evenly and Northerns were repeated at least
twice, with similar results.

RESULTS AND DISCUSSION

A cDNA clone encoding mRNA from AS has
previously been isolated from a broccoli floret
cDNA library (Downs et al. 1995). The predicted
amino acid sequence of this broccoli AS cDNA has
84% identity to the AS polypeptide from asparagus
(Davies & King 1993), and contains a glutamine-
binding motif at the N-terminus in common with
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Fig. 1 Northern blot RNA
analysis of transcripts corres-
ponding to asparagine synthetase
(AS) in total RNA samples from
broccoli (Brassica oleracea L.)
florets at 0,2,4,6,12, 24,48, and
72 h after harvest. Membranes
were exposed to film, at -80cC,
for 24 h. Figures in parentheses
are chlorophyll content (mg/g
fresh weight (FW)) for florets at
the corresponding time.
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