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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






