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Summary 

In barley aleurone layers, gibberellic acid (GA3) induces the 
synthesis of s-amylase while abscicic acid (ABA) inhmbits this 
synthesis. The level of translatable mRNA for a-amylase is increased by 
GAR and by GAR+ABA but it is not known if this increase is due to a 
direct enhancement of transcription of a-amylase gene by GA 3 
(transcriptional control) or to the processing of a precursor RNA 
(post-transcriptional control). To answer this question we have 
measured the levels of ~amylase specific mRNA sequences in barley 

~z 
aleurone layers using [ P]DNA complementary to a-amylase mRNA. The 
results show that exposure of barley aleurone layers to GA 3 or GAq+ABA, 
leads to an increased accumulation of mature (~1.6 Kb) a-amylase ~RNA 
sequences. 

INTRODUCTION 

The synthesis of s-amylase in isolated barley aleurone layers is 

controlled by gibberelic acid (GA3) and abscisic acid (ABA) (1,2,3). 

GA 3 brings about the de novo synthesis of the enzyme after a lag period 

of 6 to i0 hrs (4) and ABA prevents this response (i). 

Inhibitor studies indicated that RNA synthesis is required for the 

GA 3 response and that the hormone increases the incorporation of labeled 

precursors into poly(A) containing RNA of aleurone cells (5,6). Using a 

protein synthesis cell-free system it was shown that the amount of 

translatable mRNA for a-amylase in aleurone layers begins to increase 

between 3-4 hrs. after GA 3 treatment (7). 
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The effect of ABA on the level of translatable ~-amylase-mRNA 

(eAmRNA) has also been studied (2,3). The results showed that layers 

treated with GA 3 and ABA (GA3+ABA) from the beginning of the incubation 

do not synthesize e-amYlase although the ~AmRNA starts to accumulate 

10-12 hrs after hormone treatment (2,3). One interpretation of these 

data is that transcriptional events are directly required for the 

synthesis of e-amylase induced by GA3, and that ABA blocks the 

translation of the mRNA in vivo. However, so far there is no direct 

evidence that the increase in translatable eAmRNA arises from an 

increase in cytoplasmic ~AmRNA sequences or from some alteration in the 

structure of ~AmRNA that increases its translational efficiency. To 

investigate these questions, we have used the gel blot hybridization 

technique with [32p]labeled DNA complementary to e-amylase (eAcDNA) to 

detect and to quantitate the e-amylase specific RNA sequences. We 

report here that exposure of barley aleurone layers to GA 3 or to 

GA3+ABA leads to an increased accumulation of mature (~1600 bases) 

s-amylase mRNA sequences. 

Experimental Procedures 

Materials. Barley seeds (Hordeum vul~are L. cv. Himalaya, 1974 
crop) were supplied by the Department of Agronomy, Washington State 
University, Pullman, Washington and were stored at 5°C. Gibberellic 
acid, (!)cis-trans abscisic acid, sigma cell Type 50 cellulose, Sephadex 
G-150 were purchased from Sigma, oligo ~pT) cellulose T-I was supplied 
by Boe~inger-Manheim Corporation. L [~JS]methionine (1200 Ci/mmole) 
and [%~ P]dATP (410 Ci/mmol) were from Amersham. Other chemicals were 
highest reagent quality available. An MV reverse transcriptase was 
obtained from Dr. J. Beard, Life Sciences, Inc., Gulfport, Florida. 

Preparation and treatment of aleurone layers. Aleurone layers were 
isolated from 72 hr imbibed de-embryonated half seeds and incubated in 
solutions containing the various hormones, 20 mM sodium succinate buffer 
pH 5.2, and i0 mM CaCI^, in a reciprocating metabolic shaker at 25°C. g 
The hormone concentratlons used in this work were 1.0 ~M gibberellic 
acid and 20 BM of (~)cis-trans abscisic acid. 

RNA extraction and fractionation. Total RNA from aleurone layers 
was extracted by the method described by Hall et al. (8). Selection of 
poly(A)-RNA was done according to Mozer (9). 

e-Amylase mRNA. Barley s-amylase mRNA was prepared as described 
by Mozer (9). 
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Cell-free protein synthesis. Poly(A)+RNA was translated for 90' at 
25°C in wheat germ translation system (i0). The reaction mixture (25 
pl) contained 5 pl wheat extract, 37 mM Hepes (pH 7.6), 155 mM potassium 
acetate, i0 mM potassium chloride, 4.0 mM dithiothreitol, 3.0 mM 
magnesium acetate, 0.33 mM spermidine3~40 ~M aminoacids minus 
methionine, 4 ~M methionine, 2 pCi L[ ~S]methionine, and an energy 
source consisting of 1 mM ATP, 0.4 mM GTP, 0.4 mM CTP, 3 mM 
phosphogreatine and 20 pg/ml phospho~eatine kinase and 0.5 pg of 
poly(A) RNA. The incorporation of [~S]methionine into protein was 
determined as described by Mans& Novelli (ii). Aliquots of the 
translation mixture (5-10 ~i) were analyzed by NaDodSOA/polyacrylamide 
gel electrophoresis (12). After electrophoresis, the gels were prepared 
for fluorography and exposed to Kodak XAR-Omat film (13). 

Preparation of DNA complementary (cDNA) to a-amylase mRNA. 
[32p]-DNA complementary to a-amylase mRNA was synthesized in a reverse 
transcriptase (RNA-dependent DNA polyermase) reaction with the 
conditions described by Meyers and Spiegelman (14), using as template 50 
pg/ml mRNA enriched in a-AmRNA. Following the reaction, samples were 
treated with base to hydrolyze the RNA, neutralized and extracted with 
phenol-chloroform and desalted by passage through a Sephadex G-150 
column. Void volume fractions were collected and ethanol precipitated. 
After centrifugation the pellet was dissolved in water and used as the 
probe. 

RNA blotting and hybridization. Poly(A)+RNA was separated by 
electrophoresis under denaturing conditions on 1.1% agarose gels by 
procedures similar to those of Thomas (15). After electrophoresis the 
RNA was transferred (blotted) to a sheet of nitrocellulose (15). The 
nitrocellulose was dried under a lamp for 2 hrs. and baked overnight at 
60°C. The blots were prehybridized at 42°C for 12 hrs in a buffer 
containing 50% (v/v) formamide, 0.76 M NaCI, 0.076 M Na citrate (pH 
7.0), 50 mM sodium phosphate (pH 6.5), sonicated denatured salmon sperm 
DNA at 250g/ml and 0.02% each of bovine serum albumin, ficoll, and 
polyvinyl pyrrolidone. RNA/cDNA hybridization was carried out in 4 vol. 
of prehybridization buffer and 1 vol. of 50% (wt/v) dextran sulfate at 

o 
42 C for 24 hr. with gentle shaking. 

After hybridization, the paper was washed 4 times for 5 min each at 
room temperature in 0.30 M NaCI/30 mM sodium citrate/0.1% NaDodSO. and 
then for 15 to 30 min at 50°C in 15 mM NaCI/I.5 mM sodium citrateS0.1% 
NaDodSO 4 until the radioactivity in the final wash was close to 
background (usually three or four washes). The paper was then exposed 

o 
to X-ray film at -70 C with a Dupont Cronex Lightning-plus intensifying 
screen. The intensities of the resulting a-amylase mRNA bands were 
quantitated by exposing the blot for different lengths of time until the 
intensities of each sample looked similar. This was checked by scanning 
the autoradiographs with a Gilford spectrophotometer. 

RESULTS 

Estimation of the purity of a-amylase mRNA. In order to determine 

the purity of the a-amylase mRNA isolated by DMSO-sucrose density 

gradient in vitro translation products directed by a-amylase mRNA were 

analyzed by NaDodSO4/polyacrylamide gel electrophoresis. A fluorograph 
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Fig. i. 

A B C D 

Fluorogram of SDS-polyacrylamide gel analysis of protein 
synthesized in wheat germ extract under the direction of total 
poly(A)-RNA and purified s-amylase mRNA. Polypeptides 
synthesized in the assay whe~ no RNA is added~ A; translation 
products using total poly(A)-RNA isolated from aleurone layers 
treated with i mM GAR for 16 hrs, B; translation products 
using a DMSO-sucrose~gradient fraction rich in s-amylase mRNA, 
C; the same as C with longer exposure, D. 

of the total translation products obtained showed a major band of 

radioactivity in the position of pre-~-amylase (fig ic) (9). However, 

if the same gel is exposed for a longer time, several minor bands 

migrating faster than s-amylase were also observed (Fig ID); however, 

greater than 75% of the polypeptides produced in these reactions were 

present in the major band. In contrast, when the products obtained from 

translation of total poZy(A)+RNA were analyzed the pattern shown is more 

complex, although the major band was pre-e-amylase (Fig IB). From this 

experiment we concluded that this fraction enriched in e-amylase mRNA 

was an appropriate template for preparing e-amylase cDNA. The 

preparation does, however, contain some other P@~A sequences. 
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Fig. 2. 
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Analysis of total poly(A)~RNA from control and hormone treated 
aleurone layers. Poly(A)-RNA was isolated from aleurone 
l~ers, and analyzed by RNA gel blot hybridization with 
[~-P]aAcDNA probe. The size markers were coat protein gene of 
C -TMV, 16S rRNA, 18S rRNA, and 23S rRNA and were visualized 
b~ staininswith ethidium bromide. The lanes contained 5 ~g 
of poly(A) RNA from control layers (lane i), from aleurone 
layers treated with i ~M GA for 16 hrs (lane 2), and from 
aleurone layers treated with I ~M GA and 20 BMABA for 20 hrs 
(lane 3). A, B, and C indicate film exposure times of i, 12, 
36 hrs, respectively. The arrow indicates the position of 
native a-amylase. 

Quantification of s-amylase sequences. The mRNA which sediments at 

approximately I7S and includes the peak of pre-~-amylase translational 

activity was used as a primer for cDNA synthesis. The cDNA synthesized 

in these reactions was about 400 nucleotides. We have used this 

s-amylase cDNA (~AcDNA) to quantify the levels of s-amylase mRNA 

(~AmRNA) sequences. 

Equal amounts of poly(A)+RNA isolated from aleurone layers treated 

with different hormones were electrophoresed under denaturing conditions 

on agarose gels. The RNA was transferred to nitrocellulose filter and 

hybridized with ~AcDNA probe (Fig 2). A major band of hybridization of 

about 1600 nucleotides was observed with poZy(A)+RNA from layers treated 

with GA 3 for 16 hrs. (Fig. 2A lane 2). Longer exposures of the same 

blots were necessary to detect the ~AmRNA sequences in poly(A)+RNA 

isolated from layers treated with GA3+ABA (Fig 2B lane 3) and without 

GA 3 (Fig 3B, lane i). One of the striking features of the hybridization 

621 



Vol. I02, No. 2, 1981 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

pattern apparent only after long exposures, is the apparent complexity 

of the extracted RNA. This suggests the presence of many more RNA 

species than detected by in vitro translation (Fig. i). Densitometric 

analyses of these autoradiograms indicated that the ~AmRNA sequence is 

approximately 40 fold more abundant in layers treated with GA 3 for 16 

hrs. (Fig 2A lane 2) than in layers without treatment (Fig 2C lane i). 

The relative concentrations of ~AmRNA sequence show a strong correlation 

with the amount of s-amylase being synthesized by these layers after GA 3 

treatment. These results therefore show that increased synthesis of 

s-amylase in aleurone layers treated with GA 3 is due to corresponding 

increases in ~AmRNA sequences. 

Analysis of poly(A)+RNA from layers treated with GA3+ABA show that 

in the presence of ABA, there is a smaller increase in the GA3-induced 

~-An~NA (Fig 2B, lane 3). In this experiment ~AmRNA increased 3 fold. 

DISCUSSION 

Using the blot hybridization technique, we have shown that 

incubation of barley aleurone layers with GA 3 or GA3+ABA causes an 

increase in the concentration of the s-amylase mRNA (Fig 2). The size 

of the s-amylase mRNA sequences detected in the present work in control 

or hormone-treated tissue (Fig 2), 1.6 Kb, agrees well with previous 

measurements of the size of this mRNA (9). This result obtained with a 

partially purified ~AcDNA probe, confirms an earlier suggestion, based 

upon measurements using labeled RNA precursors (5,6), and in vitro 

translation assays (7), that incubation with GA 3 increases ~AmRNA 

sequences in barley aleurone layers. It is interesting to note that the 

levels of s-amylase mRNA in cells treated with GA3+ABA is lower than in 

cells treated with GA 3 only. Whether this difference is due to a 

difference in transcriptional rate (synthesis) or difference in 

degradation is currently unknown. 
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