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_ mental patterns. The external stress signals and the
Introduction . internal hormonal factors are important parts of the
regulatory network which ultimately govern the form
Plants are constantly under the influence of their and function of plants. In this aricle, I will present our
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Table 1. Hormonal regulation of gene expression in barley aleurone layers

Hormone treatment

Gene None GA ABA GA+ABA
a‘Amylase-high pl —a +4++++ _ _
a-Amylase-low pl + 4+ ++ + +
Endoprotease (30 kD) + 4+ - 4t
Endoprotease (37 kD) - +++++ - +
Thio-protease (Aleurain) — 4+ — _
Nuclease (RNase+DNase+3'-nucleotidase) + +++ — ND®
£B-1,3-1,4 glucanase — ++4+ — , ND
Actin ++ ++ ++ ++
Non-differential® ++ ++ ++ ++
Alcohol dehydrogenase + - + +

GA suppressed® + 4+ — 4+ +
ABA induced p27 + — + 4+ +

®See text for details; "ND: not determined; ‘Unidentified cDNA clones.

layers of endosperm. After the onset of germination the
aleurone layers respond to the hormone gibberellin
(GA) from the embryo by synthesizing and secreting
several hydrolytic enzymes, including «-amylases (Fil-
ner and Varner, 1967), proteases (Jacobsen and Varner,
1967), 1,3;1,4-8-glucanase (Stuart et al., 1986), xylanase
(Dashek and Chrispeels, 1977) and nuclease (Brown and
Ho, 1987), to the endosperm where these enzymes
hydrolyze the stored starch, proteins, cell wall polysac-
charides, and remnant DNA and RNA. Another hor-
mone, abscisic acid (ABA), which induces seed dorman-
cy, prevents all the known GA effects in this tissue.

easily than from the intact cells (Jacobsen and Beach,
1985). Fifth, the antagonism between GA and ABA pro-
vides a new dimension to investigate in the role of hor-
mone interactions on plant development. Lastly,
genetic mutants with altered sensitivities to these hor-
mones are available (Ho ef al., 1980; Lanahan and Ho,
1988). These mutants should be valuable to complement
the molecular studies of hormone action.

Effect of Gibberellins on Gene Expression

Both GA and ABA alter the expression of several
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nient system to study the mode of action of GA and
ABA because of the following advantages: First, in the
one cell-thick aleurone layers of wheat the tissue is
basically composed of a homogeneous cell population
capable of responding to the two hormones. Second, at
least for GA, the source (embryo) and the target tissue
(aleurone layers) of the hormone can be physically se-
parated by dissecting the dry seeds, thus the target tis-
sue can be treated with known concentrations of
exogenously applied hormones. Third, many enzymes
and proteins which can serve as convenient biochemi-
cal markers for the studies of hormone actions are

in Table 1 and diagramed in Fig. 1, gibberellic acid
(GA,, one of the most active gibberellins in barley
aleurone layers) not only induces @-amylase isozymes,
two thioproteases, a nuclease, and a cell wall-degrad-
ing enzyme, but also suppresses the expression of sev-
eral other genes. In contrast, ABA represses the
expression of the aforementioned hydrolytic enzymes,
yet it induces another set of new proteins (see detailed
discussion later). The physiological roles of GA-in-
duced hydrolytic enzymes are well understood. The cell
wall - degrading enzymes are responsible for partial
decradation of the walls of aleurone and endosperm
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Fig. 1. A diagram showing the effect of GA on the induction of
various hydrolytic enzymes in barley aleurone layers
and the physiological role of these enzymes in barley
endosperm cells.

-amylases together with the preexisting g-amylase
hydrolyzes starch granules, proteases hydrolyze stor-
age proteins as well as activating the latent g-amylase
that is associated with the storage protein bodies, and
nuclease hydrolyzes the remnant nucleic acids (Fig. 1) .
The processed nutrients are taken up by the scutellum
and eventually transported to the growing plants.

Complexity of a-Amylases and their Genes

studied. In most of the cereal grains such as barley and
rice, a-amylase is composed of two sets of isozymes
(high and low pl species) with very similar size (44 kD)
but different net charges (Jacobsen and Higgins, 1982;
Callis and Ho, 1983). These isozymes can be classified
into two groups based on their apparent pl: the high
and low pl a-amylases. Using chromosome addition
lines Brown and Jacobsen (1982) and Muthukrishnan et
al. (1983) have demonstrated that the high pl and low pl
isozymes are encoded by two sets of structural
genes on chromosomes 6 and 1, respectively. Several a-
amylase genomic clones from several cereal grains
have been isolated and characterized by restriction
mapping and sequence analysis (Whittier et al., 1987,
Knox et al., 1987, Huang et al., 1990). Sequence com-
parisons of the promoter regions have revealed inter-
esting conserved sequences (Huang et a/., 1990), some
of which have later been shown to be important for the
expression of a-amylase (see below).

Expression of a-Amylase Genes

The expression of high pI a-amylase is not detect-
able before the addition of GA; to the aleurone layers,
yet the low pl a-amylase is expressed at low level in
the same tissue. After the onset of hormone treatment
the expression of both groups of @#-amylase is enhan-
ced within 2 h (Fig. 2). The GA;-enhanced expression
of high pl a-amylase reaches a maximum after about
20 h and then declines (Fig. 2). Very little of this is-
ozyme is still synthesized beyond 30 h after GA, treat-
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Fig. 2. The timecourse of the static level of @-amylase mRNAs
inGA.ar GA/ARA treated harlev aleurone lavers. ABA
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ment. In contrast, the synthesis of low pl a-amylase
continues to about 40 h after GA; treatment. This dif-
ferential expression of a-amylase isozymes in GA,
treated barley aleurone layers can be observed at the
protein level by analyzing newly synthesized proteins
with native-gel electrophoresis (Nolan et al., 1987).
Similar results have been obtained at the RN A level by
Northern-gel analysis probed with cDNA specific for
the two groups of isozymes (Huang et al., 1984; Chan-
dler et al., 1984; Rogers, 1985; Nolan and Ho, 1988).
Since the results of protein analysis match well with
those of RNA analysis, it indicates that the regulation
of GA; induction of a-amylase isozymes is mainly at
the level of their mRNA. Jacobsen and Beach (1985)
have performed éx vitro run-on transcription with nu-
clei isolated from GAj;-treated barley aleurone cells,
and showed that GA, enhances the rate of transcription
of @-amylase genes by about 10-fold, and ABA treat-

Nco I

CTAICTTTTCCCATGGAATTTGTGCCGGCCCGGATTG
-—— _+ _______

GATAGAAAAGGGTACC['TAAACACGGCCGGGCCTAACTE

~187-———————- +
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——m——————
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ment of aleurone layers reverses this GA, effect. More
recently, the promoter region of a-amylase genes has
been analyzed by introducing a-amylase promoter
-reporter (GUS) constructs into barley seeds via parti-
cle-bombardment techniques. The expression of the
GUS gene in the presence or absence of GA is analyzed
so that the degree of GA induction cannot be evaluated.
By deleting or modifying a-amylase promoter
sequences, one can eventually deduce the regions of the
promoter that are essential for GA-mediated «
-amylase expression. Using this approach, Lanahan et
al. (1992) have revealed a GA-response complex (sum-
merized in Fig. 3) which consists of at least four conser-
ved sequences probably working together to achieve
the highest level of hormone response. In order to study
the protein factors which may interact with the «
-amylase promoter sequences, nuclear proteins have
been isolated and tested for their ability to bind to a

Box 1

BCGGAGGTTCGTTGTGAG

GARE/Box II Oligo

Box I Oligo

B Box Oligo

Taq I

CACGGGGACGTAGCTCGTGTTAAATACCGCTGTGGCATLGACTTCCTATAAATAC

-------- +-——=— =23

GTGCCCCTGCATCGAGCACAATTTATGGCGACACCGTAGCYGAAGGATATTTATG

Fig. 3. Barley Amy32b promoter sequences with the important features. The sequence from -187 to -23 of Amy32b is shown. Conser-
ved sequence elements are underlined. Sequences which have been shown to be functionally significant in GA induction by

Lanahan et al. (1992) are shown in shaded boxes. The extent of sequences found in cloned synthetic promoter fragments are
indicated with brackets. These promoter sequences are used in the experiments shown in Fig. 4 and 5.
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amylase promoter fragments. Nuclear proteins are
mixed with labeled promoter fragments, and the bound
and free DNA fragments are separated by nondenatur-
ing-gel eletrophoresis. To pinpoint the binding site, one
can simply treat the DNA with low level of DNase |
and determine which part of the DNA fragment is
protected against DNase digestion by the binding pro
tein. As shown in Fig. 4, there are three regions which
are protected after interacting with the nuclear
proteinx. These regions correspond to three of the four
elments in the GA-response complex. These DNA -pro
tein interactions appear to be sequence specific; DNA
fragments with no sequence homology to the DA
response elements fail to bind to the nuclear proteins.
It appears that more than one nuclear proteincan inter

act with the & amylase promoter, and thus the nuclear
proteins can be fractionated to separate the individual
DNA binding proteins. Using a MonoQ column on
FPLC, Sutliff ef a/. (1933) have been able to detect two
typs of DNA binding activities, a GA-inducible one
and another one which is present in aleurone tissue
regardless of whether it has been treated with or with-
out GA (Fig. 5). Using footprinting analysis, Sutliff ¢/
al. (1933) have shown that the GA dependent activity
binds specifically to one of the four elements in the GA

response complex, which has been named the GA

response element. However, the GA-independent fac-
tor appears to be less sequence specific, indicating it
may interact with a wide variety of sequences (Fig. 6).
How GA activates or induces the expression of the GA

dependent factor remains open. It is also unclear
whether the in vitro binding data represent what hap-
pens in the intact cells.

Regulation of @ amylase synthesis at levels other
than transcription also exists in barley aleurone layers.
For example, a-amylase mRNA appear to be quite
stable. It has been shown that transcription inhibitors
such as cordycepin (3" deoxyadenosine) are very effec-
tive in inhibiting the GA; induced & amylase synthesis
(Ho and Varner, 1974). However, this inhibitor fails to
prevent the continued synthesis of a-amylases when it
is added 12 h or more after GA, administration, indicat-
ing that the a-amylase mRNA are synthesized during
the first 12 h of hormone treatment and that the turn-
over rate of this mRNA is very low (Ho and Varner,
1974). The half-life of this mRNA has been estimated
to be longer than 100 h (Ho ef al., 1987). However, the
stability of @ amylase mRNA does not appear to be an
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Fig. 5. Band shift assays of FPLC fractions showing the pres
ence of GA -dependent DNA binding activities. Nuclear
proteins prepared from aleurone layers incubated in the
presence or absence of 2> 10 % M GA, were fractionated
as described in the Methods, and analyzed in maobility
shift assavs using the B Box probe illustrated in Fig. 3

The signal at the bottom of the gel represents unbound

probe. The KCI concentrations in FPLC fractions are in

mM. The arrows point to the peak fractions of the GA

dependent (at 210 mM of KCl) and independent (at 310

mM KCH DNA binding activities
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intrinsic property of this message. Investigating the
effect of heat shock in barley aleurone lavers, Belanger
el al. (1986) showed that heat shock treatment (40°C) of
harley aleurone layers not only induces the heat shock
proteins but also effectively diminishes the synthesis of
A, induced & amylases. Analyzing the levels of a
amylase mRNA by Northern blots probed with spe-
cific cDNA. it was observed that the normally stable &
amylase mRNA in heat shocked barley aleurone layers
are actively degraded. The timing of the heat shock
induced a-amylase mRNA destruction is closely cor-
related with another heat stress induced phenomenon,
a fast delamellation of endoplasmic reticulum
(ER). Since ER is the site for the synthesis and process-
ing of secretory proteins, we speculate that the associa-
tion of mRNA encoding secretory proteins with this or-
ganelle leads to the stabilization of these mRNA. That
is, once ER is altered by heat shock, mRNA normally
associated with ER might become unstable and
degrade quickly. It is well documented that GA; also
induces the formation of ER in barley aleurone layers
(Jones, 1969; Evans and Varner, 1971), and ER appears
to be essential for synthesis and processing of «
amylase (Jones and Jacobsen, 1982). Thus, besides in-
ducing the transcription of « amylase genes, GA,
treatment may also stabilize o -amylase mRNA

Early Events Induced by Gibberellins

Since it takes about 2 4 h of GA, treatment to
detect the induction of a-amylase genes, it is crucial to
investigate the early GA, induced events which lead to
the later expression of & amylase. It has been shown
that the induction of a@-amylase mRNA can be blocked
if aleurone layers are treated with the protein synthesis
inhibitor cycloheximide or the amino acid analog,
aminoethyleysteine during the first 2 h of hormone
treatment (Muthukrishnan et al., 1983). This observa-
tion indicates that the expression of a (group of) gene(s)
during the early hours of GA, treatment is necessary
for the later expression of a-amylase. To date, this
type of early gene has not been further characterized.

Another approach to studying the early events in-
duced by GA, is to remove the hormone after a few
hours of administration. Chrispeels and Varner (1967)
have concluded that GA, is continuously required for
the synthesis of a-amylase. However, it has been
recently observed that GA, is only required for a period
of time in order to stimulate the continuous synthesis
of @ -amylase (Lu and Ho, unpublished). When GA, is
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Fig. 6. DNase I footprinting summary showing the difference between the GA-dependent and independent DNA binding activities.
Conserved sequence elements are underlined. Sequences footprinted with the unfractionated nuclear extract are indicated by
brackets. The dark boxes indicates the footprints produced with the 210 mM KCl fraction and “+” indicate the presence of
DNase | hypersensitive sites. Note that the hypersensitive sites generated by the GA-dependent activity are different from

those generated by the GA-independent activities.

removed after 4 h (or less) of treatment, aleurone
layers produce less a-amylase than tissue that has
been continuously treated with GA,, indicating that
early removal of the hormone stops the sequence of
events that is triggered by the hormone. On the other
hand, removal of the hormone after 8 h has no effect on
the continuous synthesis of a-amylase. Thus, the sys-
tem has somehow reached the “point of no return”
after 8 h, and the synthesis of @-amylase is no longer
dependent on the presence of hormone molecules. It is
not known whether a second messenger is involved in
this process. More research effort is certainly needed in
characterizing the early changes induced by GA,.

Effect of ABA on Gene Expression

Suppression of Gibberellin-induced Genes

Abscisic acid is very effective in inhibiting the syn-
thesis of both high and low pl @-amylase isozymes
when it is added at the same time as GA;. However, it
has a much more noticeable effect on the synthesis of
high pl isozymes than that of low pl isozymes when it is
added 20 h after GA, (Nolan et al., 1987). Analyzing
mRNA sequences on Northern gel blots, Nolan ef al.
(1987) have observed that the ABA inhibition of «
-amylase synthesis correlates with the decrease in
mRNA sequences for the individual groups of is-
ozymes. Thus, the ABA inhibition on a-amylase syn-
thesis appears to be regulated at the levels of mRNA
rather than at the translational level as suggested
before (Ho and Varner, 1976; Mozer, 1980). The data of
Jacobsen and Beach (1985) also suggest that ABA
inhibits the transcription rate of @-amylase genes.
Therefore, the major role of ABA in this system is to
counter the action of GA; at the transcriptional level.

These two hormones probably do not compete with
each other for a common site of action because it has
been shown that high concentrations of GA; can not
totally alleviate the inhibition of ABA (Chrispeels and
Varner, 1966).

Besides acting at the transcription level, ABA also
appears to affect the stability of @-amylase mRNA. As
mentioned previously, e-amylase mRNA appears to be
quite stable after more than 12 h of GA, treatment and
the mid-course addition of ABA alters the levels of a-
amylase mRNA. A treatment with ABA apparently
has a much stronger effect on the stability of high pl
mRNA than on the low pl mRNA. Within 4 h of ABA
treatment, the level of high pl mRNA is reduced to less
than 109 of the control (Fig. 2).

Induction of New Proteins by Abscisic Acid

In the course of investigating the action of ABA on
a-amylase mRNA stability, Nolan et al. (1987) have
observed an interesting phenomenon, i.e. the action of
ABA itself is dependent on the continuous synthesis of
some RNA and proteins. Inhibition of RNA or protein
synthesis by cordycepin or cycloheximide blocks the
effects of ABA on the decrease of a-amylase mRNA
sequences. One can not argue that the effects of these
metabolic inhibitors are the consequence of induced
cellular toxicity because the a-amylase mRNA
sequences are even more abundant in the presence of
these compounds. Thus, the action of ABA probably
relies on the expression of -another gene(s).

In order to study the gene(s) whose expression is
crucial to the action of ABA in the inhibiton of «-
amylase synthesis, we have analyzed newly synthesized
proteins in ABA treated aleurone layers. There are
nine ABA induced protein bands on a one-dimensional
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gel, and the number increases to 16 when the samples
are analyzed by two-dimensional gels (Lin and Ho,
1986). Treatment of aleurone layers also increases the
levels of mRNA encoding the ABA-induced proteins,
as determined by in vitro protein synthesis. ABA con-
centrations as low as 10~® M are able to induce some of
these proteins. The identities of thes ABA-induced pro-
teins are being investigated. An ABA induced protein
with a size of 36 kD can be precipitated with antiserum
against a barley lectin specific for glucosamine,
galactosamine and mannosamine (Patridge ef al., 1976;
Lin and Ho, 1986). A 21 kD ABA-induced protein
appears to be a specific inhibitor to low pl-amylase
(Mundy, 1984; Lin, 1987). The most abundant among all
of the ABA induced proteins is 29 kD in size and is sol-
uble in 0.1 M HCI (pH 1)(Lin , 1987). The cDNA of a 22
kD ABA-induced protein has recently been cloned and
analyzed (Hong et al., 1988). The amino acid sequence
from the DNA sequence indicates that this protein is
rich in lysine and alanine, and that it contains nine im-
perfect repeats, each containing 11 amino acids (Fig. 7).
Two-dimensional gel electrophoresis indicates that the
pl of this protein is higher than 8.5. The expression of
this protein can be induced by ABA with a concentra-
tion as low 10~° M. The level of mRNA of this 22 kD
proteins increases within 30 min of ABA treatment,
and reaches a maximum at 8-12 h. Although the exact
function of this 27 kD protein remains unknown, its
amino acid sequences indicate that it may contain am-
phiphilic a-helical structures, i.e. hydrophobic amino
acids are lined on one side, and hydrophilic amino acids
are on another side of the helix. Similar ABA-induced
proteins have been observed in several other plants, in-
cluding cotton, carrot, wheat, and rice (Dure et al.,
1989). A few of the ABA induced proteins can be also
induced by ABA in developing barley seeds. Although
none of the ABA-induced proteins resemble the major
barley storage proteins, hordeins, it has not been ruled

27 Met-Gly-Ala-Thr-Lys-Gln-Lys-Ala-Gly~Gln~Thr 37
38 Thr-Glu-Ala~Thr-Lys-Gln~-Lys-Ala-Gly-Glu-Thr 48
49 Ala-Glu-Ala-Thr-Lys-Gln-Lys-Thr-Ala-Glu-Thr 59
60 Ala-Glu-Ala-Ala-Lys-Gln-Lys-Ala-Ala-Glu-Thr 70
78 Ala-Gln-Ala-Ala-Lys-Asp-Lys-Thr-Tyr-Glu-Thr 88
89 Ala-Gln~Ala-Ala-Lys-Glu-Arg-Ala-Ala-Gln-Gly 99
111 Thr-Glu-Ala-Ala-Lys-Gln-Lys-Ala-Ala~Glu-Thr 121
122 Thr-Glu-Ala-Ala-Lys-Gln-Lys-Ala-Ala~Glu-Thr 132
133 Thr-Glu-Ala-Ala-Lys-Gln-Lys-Ala-Ser-Asp-Thr 143

Fig. 7. Sequences of repeats present in an ABA-induced pro-
tein. The numbers denotes the amino acid position at the
begining and end of the repeats. Data from Hong et al.
(1988).
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out that some ABA-induced proteins are less abundant
seed storage proteins.

Role of an ABA Metabolite, Phaseic Acid

It has been known for some time that ABA can be
metabolized quickly in barley aleurone layers. Besides
glucose conjugates of ABA, two metabolites have been
identified (Dashek et «al., 1979). The first stable
metabolite of ABA is phaseic acid (PA) which is very
effective in the inhibition of a~amylase synthesis, yet it
has little effect on the induction of ABA inducible pro-

" teins (Dashek ef al., 1979; Ho et al., 1985). Like ABA,

when PA is added 12-16 h after GA;, the synthesis of
a-amylase is inhibited. Since the most significant
effect of ABA at this stage is to destabilize a-amylase
mRNA, PA probably also effects mRNA stability. It
has been shown by Uknes and Ho (1986) that the 7z vivo
conversion of ABA to PA in barley aleurone layers is
enhanced by pretreating the tissue with ABA. Thus, it
seems that ABA is capable of enhancing its own metab-
olism to PA similar to the case of substrate induction
of nitrate reductase by nitrate that has been well
documented in many plant tissues. On the other hand,
the conversion of PA to the next metabolite, dihydro-
phaseic acid, is not affected by ABA or by PA. Isolated
dihydrophaseic acid has little or no effect on the GA,
-induced synthesis of a#-amylase. The ABA enhance-
ment on its own metabolism is unlikely to be a scaveng-
ing mechanism that removes excessive amounts of
ABA because PA is also biologically effective. An
effective scavenging mechanism would have to
enhance the metabolism of ABA to dihydrophaseic
acid or later metabolites to rid of the biological effect
due to ABA.

Mode of Action of ABA

It is apparent that ABA can nullify the effect of
GA; on the induction of a - amylase. At the tran-
scriptional level, ABA could be involved in the suppres-
sion of transcription of a-amylase genes. Since both a-
amylase and its mRNA appear to be quite stable, sim-
ply preventing the transcription of a-amylase genes
can not totally reverse the effect of GA;. Preexisting
a -amylase and its mRNA, which are formed before
ABA is added (or synthesized, see discussion later),
would continue to function. Therefore, ABA has to
exert its regulation at other levels. The effect of ABA
on the stability of a-amylase mRNA is probably
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mediated by its metabolite, PA, the formation of which
is enhanced by ABA. It is also possible that both ABA
and PA are active in barley aleurone layers. It is con-
ceivable that ABA induces the monoxygenase respon-
sible for the conversion of ABA to PA. However, evi-
dence supporting this notion is still lacking. To remove
the activity of preexisting a-amylase, ABA induces
the 21 kD inhibitor which is specific for barley «
-amylase. Although cereal grains contains many
amylase and protease inhibitors, almost all of them are
a means of self-defense against animal enzymes. The
ABA-induced 21 kD inhibitor is the only one against
the endogenous a-amylase, indicating a role in regulat-
ing the physiology of developing and/or germinating
seeds. By working at all three levels, i.e. inhibition of
transcription of a-amylase genes, destabilizing «
-amylase mRNA, and inhibition of &#-amylase activity,
ABA can effectively perform its physiological role to
stop the action of gibberellins.

Stress-induced Synthesis of ABA

Abscisic acid appears to play an essential role in
regulating seed development and preventing premature
seed germination. The level of ABA has to decrease
after seed maturation to allow successful seed germina-
tion. Since the research concerning the action of ABA
described in this account deals with a tissue in ger-
minating seeds, the aleurone layers, it is crucial to
investigate whether the levels of ABA would ever
increase again in germinating seeds. It has been report-
ed that water stress can enhance the synthesis of ABA
in leaf tissues. Thus, we have also investigated whether
aleurone layers under stress would also have elevated
levels of ABA. Water or salt stress induces the same
group of proteins in barley aleurone layers as ABA
does (Lin, 1987). The stress induction of these proteins
can be effectively blocked by the ABA biosynthesis in-
hibitor, fluridone (Lin, 1987). This observation suggests
that the stress induction of new proteins is most likely
via the elevated synthesis of ABA in the stressed tissue.
Furthermore, we have found that water stress (treat-
ment 0.6 M sorbitol) causes a five-fold increase in the
level of ABA (from 2.6 to 12 nM), and this increase in
ABA level can be effectively blocked by fluridone.
Therefore, it is conceivable that after the onset of seed
germination, the levels of ABA can increase when a
germinating seed encounters stressful conditions. The
stress induced ABA will then in turn slow down the

post-germination growth of the seedling by down
-regulating the production and activity of #-amylase.

Perspective

Plants, like all other organisms, are constantly
monitoring their external and internal environment,
and making necessary adjustments in response to alter-
ations in the environment. Hormones are probably the
most important signals integrating the function of vari-
ous parts of plants. The physiological role of hormonal
regulation in the aleurone layers of cereal grains is well
established. Many of the hormone regulated enzymes
(and proteins) have been purified and characterized,
and they have been used as biochemical markers in the
investigation of hormonal action. In recent years,
molecular biology techniques have been successfully
applied to isolate and characterize hormone responsive
genes. With deletion and transformation studies, the
putative GA; and ABA responsive promotor regions
have been defined. Besides the cis-acting sequences,
trans-acting elements, such as regulatory proteins
bound to the promotor sequences, have also be studied
by in vitro DNA binding. With this type of approach,
one hopes to eventually trace back to the early events
that are induced by hormone treatments. The primary
action of hormones in aleurone layers is probably the
interaction between the hormone molecules and some
kind of receptor molecules. Unfortunately, the search
for hormone receptors in this system has not been very
successful. Recently, new techniques, such as hormone
affinity chromatography (Lobler and Klamdt, 1986),
photoaffinity labeling (Hornberg and Weiler, 1984), im-
munochemistry with monoclonal antibodies (Jacobs
and Gilbert, 1983), and antiidiotypic antibodies (R.
Hooley, Personal Communication) have been applied in
several plant systems to study the hormone receptors.
Hopefully, these techniques will reveal new insights
into the primary action of GA; and ABA in aleurone
layers.

It is generally accepted that hormone treatments
trigger a sequence of events leading to the production
of hydrolytic enzymes in aleurone layers. From the bio-
chemical and molecular data, it is possible to postulate
this sequence of events. However, the causal relation-
ship among the individual steps can not be firmly estab-
lished unless genetic analysis is employed. Mutants
with altered sensitivity to GA and ABA have been iso-
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lated and characterized. For example, a viviparous

maize that responds to ABA, and several GA insensi-

tive mutants have been reported (Robichaud et al.,
1980; Ho et al., 1980). A more interesting one is the slen-
der barley which functions as if the hormone concentra-
tions are always over-saturating. The aleurone layers
of slender mutants have a constitutive synthesis of a-
amylase (even in the absence of GA)(Lanahan and Ho,
1988). These mutants should be used to supplement
molecular and biochemical studies to further our
knowledge of the action of hormones.
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