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CHANGES IN THE CATIONIC ISOENZYMES OF PEROXIDASE DURING THE MALTING OF BARLEY
1I: THE EFFECT OF GIBBERELLIC AND ABSCISIC ACIDS
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During germination, alpha-amylase activity in barley (variety: Chariot) increased 29-fold, while
peroxidase activity increased 4.2-fold. Increasing concentrations of GA; increased the rate of
development of alpha-amylase activity while the rate of increase of peroxidase activity remained
unchanged, but there was an overall increase in the amount of peroxidase synthesized. ABA caused a
concentration-dependent suppression of activity and a decrease in the rate of expression of both
enzymes. Three different types of response of individual peroxidase isoenzymes occurred during
germination. Six isoenzymes increased in activity during malting, four decreased in activity and nine
showed a rise at the beginning of germination followed by a significant fall. The majority of the
isoenzymes were positively GAs-sensitive, le increased in activity or were synthesized earlier in the
presence of GAs, and negatively ABA-gensitive. Only four isoenzymes were negatively GAs-sensitive,
and only three were positively ABA-sensitive. Detailed data for the synthesis during germination of

the six major peroxidase isoenzymes that survive into the finished malt is presented.
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INTRODUCTION

Since the pioneering work of Sandegren!, there has been signi-
ficant use in the malting industry of gibberellic acid (GAs3) to
facilitate accelerated germination, evenness of modification and
the ability to deal with more intransigent barleys®. Another
plant hormone, abscisic acid (ABA) has not received commer-
cial attention, but has been widely studied for its effect on gene
synthesis and enzyme development in barley’.

Hitherto, the influence which GA3 and ABA have on the level
and distribution of peroxidases which develop during germin-
ation has attracted only limited attention.

Duffus® found that isolated barley endosperm showed an
increase in the level of peroxidase in response to exogenous
GA;. Using isolated aleurone layers, Jacobsen er al.'? showed
that GA; stimulated secretion of peroxidase into the surround-
ing medium. Gubler & Ashford® demonstrated that GA,
treatment caused only a small enhancement in peroxidase syn-
thesis (type Il-response as classified by Chrispeels & Varner®),
and made a qualitative study on the changes in the isoenzyme
bands. Jacobsen & Varner!! however had claimed earlier that
peroxidase showed a significant de novo synthesis of activity in
response to GAj treatment, much like the response of alpha-
amylase as observed by Chrispeels & Varner* (which they called
a type I effect).

ABA is said to reverse the physiological and biochemical
responses to gibberellins'®, and may have a role in the control
of dormancy. Exogenous ABA has two separate effects on
isolated aleurone layers’. First it prevents expression of the
genes encoding GAs-inducible enzymes. Secondly it enhances
expression of ‘ABA-specific’ genes, including a gene coding for
an inhibitor of barley alpha-amylase'. The effects of ABA on
peroxidase levels during germination do not appear to have
been studied.

*to whom correspondence should be addressed.

We report here quantitative investigations into the changes in
the individual isoenzymes of cationic peroxidase in whole
barley corns during germination and kilning in a pilot-scale
maltings, and the effects of GAs and ABA on peroxidase
distribution.

EXPERIMENTAL

Micromalting procedure

Eight batches (2 kg) of barley, var. Chariot, were steeped in
water for 8 h, air rested for 16 h and re-steeped for a further
24 h, all at 16°C. The barley was then drained for 2 h after
which three 2 kg batches were mist-sprayed with an aqueous
solution of GAj3 at concentrations of 0.1, 0.2 and 0.3 mg/litre
(respectively 0.5, 1 and 1.5 pM) and a further three 2 kg batches
were mist-sprayed with ABA at concentrations of 0.03, 0.06
and 0.09 mg/litre (0.23, 0.46 and 0.69 pM). The other two 2 kg
batches served as controls (mist-sprayed with water). After a
further 2 h air rest at 16°C, the grain was aerated with humidi-
fied, saturated air for 94 h to promote germination, excess water
being removed via an outlet valve on the vessel. During this
time, the grain was turned twice daily and the temperature was
reduced to 14°C. Samples were taken every 12 h commencing
after completion of the second wet-steep, plunged into liquid
nitrogen, freeze-dried and stored at 18°C in sealed plastic bags.
After completion, the remaining grain was kilned for 8 h at
45°C and for a further 16 h at 65°C. The dried malt was
derooted, the roots weighed and discarded, and the grain stored
at 16°C in sealed plastic bags.

Extraction procedure
Whole barley or malt samples were extracted using citrate-
phosphate buffer, pH 4.0 as described by Antrobus et al.!.

Enzyme and protein assays

Peroxidase was assayed by the method of Clarkson er al.*
using 2,2’-azinobis(3-ethylbenzthiazoline 6-sulphonate)
(ABTS) as a substrate. alpha-Amylase was assayed by the
method of Chrispeels & Varner®. Although these measurements
would be influenced by the presence of beta-amylase, o-
glucosidase and debranching enzyme, all these activities would















