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Summary 

A cDNA encoding a bZIP transcription factor was obtained 
from barley endosperm and used to identify the corres
ponding gene from a genomic library. The gene, designated 
Blz1, contained six exons and five introns, plus a 442 nt-
long 5 -untranslated leader sequence, and was located on 
chromosome 5H. The Blz1 mRNA was detected early in 
endosperm development and was also expressed in roots 
and leaves. The BLZ1 protein was a potent transcriptional 
activator in a yeast system; 85% of its activity was associ
ated with the first 2 03 a mino a cid r esidues a t t he N-
terminus, which included two acidic regions. Presumptive 
involvement of Blz1 in the regulation of gene expression 
in endosperm was ascertained by the DNA-binding proper
ties of BLZ1 in electrophoretic mobility shift assays (EMSA) 
and by transient expression in barley developing endo
sperms, using, as effectors, Blz1 in both sense and anti-
sense orientations. In the co-bombardment experiments, 
the -̂glucuronidase (GUS) reporter gene responded to 
Blz1 if under the control of the endosperm-specific Itr1 
promoter or under a synthetic promoter containing the 
endosperm box of gene Hor2. Sucrose synthase promoters 
Ss1 and Ss2 and synthetic promoters containing mutated 
sequences of Hor2 were unaffected in trans by Blz1. 

Introduction 

Seed storage proteins are synthesized specifically in the 
endosperm of monocotyledonous seeds and in the cotyle
dons of dicotyledonous seeds. In barley, the major storage 
proteins are the prolamins (hordeins) and their genes 
were among the first barley genes to be cloned and 
characterized. However, the mechanisms underlying their 
tissue specificity and temporal regulation are still poorly 
understood and only partial information is available con
cerning the transcription factors involved (Shewry et al., 
1995). Functional analysis of the promoters of genes spe-

cifically expressed in cereal endosperm, such as those 
encoding B-hordeins (Hor2) and tripsin-inhibitor BTI-CMe 
(Itr1), has demonstrated the existence of cis-acting motives 
capable of interacting with nuclear proteins that are putat-
ively involved in their tissue specificity and temporal regu
lation (Hammond-Kosack et al., 1993; Muth et al., 1996; 
Royo et al., 1996; Vicente-Carbajosa et al., 1992; Zhao et al., 
1994). The endosperm box is a conserved cis-acting ele
ment, located around 300 bp upstream of the transcription 
initiation site of cereal prolamin genes, which contains two 
motives: the prolamin box (PB) and the GCN4-like motive 
(GCN). The bZIP transcription factors Opaque-2 (O2) from 
maize and SPA from wheat, respectively, have been shown 
to activate prolamin genes through binding to the GCN 
motive in the bifactorial endosperm box (Albani et al., 
1997; Lohmer et al., 1991; Schmidt et al., 1992; Yunes 
et al., 1994). 

BZIP proteins contain a basic region and a leucine repeat 
involved in DNA binding and dimerization, respectively, 
other domains account for activation capabilities or for 
interaction with ancillary proteins of the transcription 
machinery. Regulatory circuits based on bZIP proteins are 
subjected to sophisticated controls. These proteins bind 
DNA motives via dimer formation, either as homodimers 
or in combination with other proteins of the group (Jones, 
1990; Pysh et al., 1993; Vinson et al., 1993). Furthermore, 
more than one bZIP factor can bind to the same target 
sequence, which usually consists of a symmetrical dyad 
core with flanking nucleotides that affect affinity and speci
ficity of binding (Foster et al., 1994; Izawa et al., 1993). 
Accordingly, the final regulatory effect of a particular bZIP 
factor is often exerted not only by the recognition of 
specific cis-motives in a promoter but also through the 
interaction, and even competition, with other bZIP proteins 
present in a given tissue. 

We have previously investigated different genes 
expressed in barley endosperm, such as Hor2 and Itr1, and 
have shown the presence of putative bZIP binding motives 
in their promoters (Carbonero et al., 1993; Royo et al., 1996; 
Vicente-Carbajosa et al., 1992). This led us to investigate the 
possible involvement of bZIP proteins in their regulation. In 
this paper we report the characterization of the Blz1 gene 
from barley, which is putatively involved in regulating gene 
expression in the endosperm. These findings were based 
on the DNA-binding properties of the encoded protein, and 
on the capacity of the gene to transiently modify, in co-
bombarded barley endosperm, the promoter activity of the 
Itr1 gene,as wellas thatofappropriate synthetic promoters, 
containing the endosperm box of Hor2 gene and various 
mutated versions of it. 



Results 

Characterization of gene Blz1 

As a first step in the isolation of barley bZIP-related genes, 
a barley bZIP probe was generated by PCR. Primers were 
derived from conserved regions of plant bZIP (SNRESA 
and KVKMA/GE for sense and antisense primers, respect
ively) and used to amplify homologous sequences from 
barley endosperm cDNA. Sequencing of PCR products 
identified a 209 bp fragment with homology to bZIP factors. 
After screening endosperm cDNA and genomic libraries 
from barley with this fragment as probe, several cDNA 
and genomic clones were identified. One cDNA and two 
overlapping genomic clones corresponded to the same 
bZIP gene and were further characterized. A 4726 bp 
fragment of the genomic sequence, containing the com
plete coding region of the gene (hereafter designated Blz1 
gene), appears in Figure 1. The Blz1 gene contained six 
exons and five introns, as determined by comparison with 
the cDNA clone (Figure 1a), and encoded a protein of 391 
amino acid residues, with a calculated molecular mass of 
46 920 D (Figure 1b). Introns, although different in size, 
appeared at equivalent positions with respect to those in 
the maize O2 and OHP1 genes (Pysh and Schmidt, 1996), 
and were flanked by typical gt/ag boundaries. Two putative 
nuclear localization signals, closely related to those found 
in O2 by Varagona et al. (1992), and a serine-rich phospho-
rylation site (Hunter and Karin, 1992) were also found 
(Figure 1b). It is worth mentioning the presence of four 
ATG codons in the mRNA leader sequence, which deter
mine four short upstream open reading frames (uORF), a 
feature shared by O2 and other transcription factors, which 
have been shown to be involved in the regulation of 
translation (Lohmer et al., 1993). 

As shown in Table 1, the amino acid sequence deduced 
for gene Blz1 (hereafter BLZ1) was more closely related to 
those of REB from rice (Nakase et al., 1997) and OHP1 from 
maize (Pysh et al., 1993), than to those of O2 from maize 
and SPA from wheat (Albani et al., 1997; Hartings et al., 
1989; Schmidt et al., 1990). In Figure 2, the region of highest 
similarity (residues 198–279) is shown. This region includes 
the basic and the leucine zipper domains, which are charac
teristic of the bZIP class of transcription factors, and are, 
respectively, involved in DNA binding and dimerization. In 
the basic domain of BLZ1, 19 out of the 20 residues are 
identical to those of REB from rice and OHP1 from maize, 
and 16 to those of O2 proteins from maize, sorghum and 
coix (Lohmer et al., 1991; Nakase et al., 1997; Pirovano 
et al., 1994; Pysh et al., 1993; Schmidt et al., 1992; EMBL 
X78287). BLZ1 is also related to wheat SPA, parsley CPRF-
2 and rice RITA-1 (Albani et al., 1997; Izawa et al., 1994; 
Weisshar et al., 1991). The phylogenetic dendrogram based 
on the alignment of the entire protein sequences of these 

bZIP indicates that they constitute a well-defined subset 
within this group of plant transcriptional factors (Figure 2). 

Although two potential transcription initiation sites were 
detected at positions -413 and -442 from the ATG transla
tion initiation codon by primer extension analysis, using 
total mRNA from barley developing endosperm, it is most 
likely that position -442 is the in vivo transcription start 
and that the -413 site is a premature termination site of 
reverse transcription in vitro (Figure 3). 

Gene copy number and chromosomal location of Blz1 

Southern blot analysis of barley genomic DNA digested 
with several restriction endonucleases was carried out with 
the following two probes: one derived from the 3'-non-
coding region (3'-NC; presumably gene specific) and the 
other from the bZIP domain (bZIP), which was expected to 
hybridize with closely related members of the family. 
The patterns obtained with HindIII and EcoRI, shown in 
Figure 4(a), are in agreement with those predicted from 
the restriction sites of the genomic clone (Figure 1) and 
indicate that Blz1 is a single copy gene. 

The chromosomal location of Blz1 was determined using 
wheat/barley addition lines. Genomic DNA were digested 
with Sac I and hybridized with the 3'-NC probe. A three-
band pattern (one per haploid genome) was obtained for 
the Chinese Spring wheat background, and a single band, 
of different mobility, for the barley donor cv. Betzes. The 
barley-specific band was detected only in the addition line 
corresponding to chromosome 5H, indicating that Blz1 is 
located on this chromosome (see Figure 4b). 

Blz1 gene expression 

Northern blot analysis was performed to investigate the 
expression pattern of this gene. Total RNA isolated from 7-
day-old leaves and roots, and from developing endosperms 
collected at three different stages of development (10, 15 
and 20 days after pollination, d.a.p.), were hybridized with 
the 3'-NC probe (Figure 5). Expression of Blz1 started early 
during endosperm development, where a 1.8 kb mRNA 
band was detected. Expression was also detected in roots 
and leaves. After hybridization with the Blz1 probe, the 
same blot was successively hybridized with probes corres
ponding to the Itr1 and Hor2 genes and with a ribosomal 
probe as a control for sample uniformity. The temporal 
pattern of Blz1 expression in endosperm preceded (10-15 
d.a.p.) those of Itr1 and Hor2, which showed maximum 
mRNA steady-state levels at later stages (15 and 20 d.a.p., 
respectively). 

Blz1 functions as a transcriptional activator in yeast 

To investigate if the BLZ1 protein could function as a 
transcriptional activator, a yeast reporter system was used. 



Ill IV V VI 

(b) 
gtgcaatctgtttacaaaaaggaaagccaagaagaaaaagcaaaagctcatatccttaaaagaagaagaatataaaagaagaagaatataaaagaagaaggaagagaaatgaaccaactT -513 

ATAATtggttgttagatgaataatggtatcttcaacccatcagaattcaagtgctatactcatattatttacagattcatttcaaaagaaatgtcgatgtgtatttaataaaacaagacg -393 

tt ttcatccacaacgaaacttctgcaaaggtagatatgtacgtttgtacgagtgtttacgtcgtttctgtgtgatgccgtgattgccttaaaaaaagaaagtagggagagaataaatt ca -273 

cgttccaaaatgeggaaaagggaaggagaaatcccgcgtgcgccggcgcggagccgtggactcgtgatcgcctgctgactcacctcaccattttcccttttaccatccaatccctgctct -153 

tcctcctccccaagcgaaacccaacaccaacaccacaccgaccagagggaggaaaattcccgatcaaaccctcgaatcctccgcggcctcggcgaaatcccacccaccggatcgggacat -33 

cccgacgccccggcagcctccctctctctctcgcATGGAGCGCGTCTTCTCCGTCGAGGAGATCCCCGACCCGTTCTGGGGCCAGCCGTCGCCGCGGCCAGCGGGGCGCCGGCCGCCGGA 
M E R V F S V E E I P D P F W G Q P S P R P A G R R P P E 

GGGCGCCATGAACCGGTGCCCGTOXJAGTGGTACTTCCAGAAGTTCCTCGAGGAGGCCGTGCTCGACAGCCCCGCCGCCGACCCTAGCCCGATGTCCGGTGCTAGCGGACGAGGTCAAGC 
G A M N R C P S E W Y F Q K F L E E A V L D S P A A D P S P M S G A S G R G Q A 
GGCCTGCaSTCCGCGTGGCGTGGCGGGGACGGCGACGGGCCTCGGCGGTGGACCCGGTGGAGTACAACGCCATGCTCAAGCAGAAGCTCGAGAAGGACCTCGCCGCCGTCGCCATGTGGAG 

87 
(29) 
207 
(69) 
327 

„ (109) 
Ggtacggccgtcgctctttataccatcttgttaggcgtttcggatgcta<^cctg^tc^aagtgtttagccgttt^ttagatcgtcatcgtgcttcgttatctactagtaatgtcttctc 447 

acggcgtctgtgatctgcagagcGctgcattgcctgctcggttctagcaatctgtagatgatgtacaatacggctggfctcagtccccgccttgcctatgatattctagcatctgccgcct 567 

tggctatgatattctagcatctgcgatctggatggtttcgggcaaaatctgtcttcatagtgcatcatttgtccccaaaaaaaacaaaaaacaaaaaacaaaatggtttatccttatgtg 687 

tggacattggctagaatagagatcagagtgtgctgcgagtttgatgattctgtgatttctgagtatttgggtgtcaatagcgatacatttacactttggtgagcgttgggctcatctgat 807 

cctgtcataaagcggtgtgcttgtgcttagctggctgatgatgtcacctttattgtcttctgtctgtttccagtttttagaccaatgaaattagcttgtcttgtactccctccatcccat 927 

aatatagatcttcttacatccaatatgtgagtaaactggatgtaatagatcttatattatgggacggagggagtatattctagaaatcatatgagcttttgatttttgactccagcacat 1047 

caataatttgttttgtttcgttaatcagaacttctctccttgagtttccccactaaagatgtgttgttaagttgtttgtcttttcctcttactgttatgatattgcaactgtagcctttt 1167 

caaagaactaaccctaaacactcaatcggggggaggggggagacagcccctggggggaaatttagaaggtaagggaactgcatcaaacacgctcatgtggggagtcgcactacaggtgcc 1287 

agtgaggggctttgtatgtgagacccaggcattgaacccgggttggccgaccctctataggaggcgttacctggagctggatagtgtgttcgcttctaagaactaaccctatatttaaaa 1407 

ggacaaattcatgtgcatttttattttatttttaatgcatttctgttattctgctcatttgtcatactagctcgtgtcatttccgtccgcattttcattttataatgcatttctgttatt 1527 

ctgctcatttgtaatactagctcatgtcattttcgtccgcagGCCTCTGGTGCCATGCCTCCAGAACGTTTTGCAGCTAGTCCGTCATGCCCAAATGCAGATGGTCAGCATATAGGCACT 1647 
A S G A M P P E R F A A S P S C P N A D G Q H I G T (135) 

ATTAATCCCATAGGAGgtacttatcttctggtaacatctttgaactagttaggactgcggtagggaatgaactaccgtgcatacaatatttgcttaataattcttaaatctttgatttgt 1767 
I N P I G G (141) 
tacatcttttccctgattctcataaatctggcaatattctttttgaagtgaacggtgttaaattacatttcttggaatcttgttaaaacatttcgtgtttgctgctggcaaccgtgtctg 1887 

tggctatccttttttcgcagcctaggggggcacactcagtatcctgttttgagttctcagaagaaatcatcctgttttttccttgagcagatagacttcacagtttaactgagtagtgta 2001 

aaccatagttccctggaatcgtgttatgccatgttgtgaaacataaacagaaaagcatattctgtgatgctgacatgacatgcctggcttttggacacatatcagGTAATGTGGTTCCAC 2127 
N V V P L (146) 

TTCAAAACAAGCTAGCTGGTGGCGCAAGOSGGGTGTCGGGTCCACATCTGGTAC 2247 
Q N K L A G G A S G V S G P H L V Q N A D A L V K Q A A |s S S S | R E Q S E D D D (186) 

ATATGGAAGGAGAAGATGAGATCACTGGGAATGGGGTCCCTACTGATCAAAGGCTGCGGAGGAGgtaatcatttgtaccttcttgtgattatatgcaccatcatgttgtctcatcatgca 2367 
M E G E D E I T G N G V P T D Q R L R R R (207) 

taatgccccttttcctcaagttagcccttcctttagaatcccccctcattcatccctttgccatgttacacagagtaattcgtatgggtgttGttatcttggctataggcatagctcgtt 2487 

gcttatatgatttatgattgttcagtggacaagttaatggttaaaaaaaagtatccatatcatattcgttagatgacttgtctgatactgacggagtgatggtatcaagtagaataaaaa 2607 

agatcagaatggcctgcttagtacatgactgaaaatgataccacggttagatacaagtacaagtatgcacagcgcacaaggctatatggttgcacaatcccatttgggtctttagtaatg 2727 

Hlndlll 
tcaaattattgaagtgtacatcatggatagctggtttgtgctttggtactccctccgtcccaaaaagcttgttttagatttagtgttagtctgttagatacatccgtatctagataaatc 2847 

HindiII 
taaggcaagcttgggatggaggtaatatatttttatcctgaatagtgtaactcctgatgttgtgccggggtctctctctatgacgctattgagcgtccacttcttggatattatgctagc 2967 

ttcttgactggttccagGAAGCAATCCMTCGGGAATCGGCCAGGCGTTCAAGAAGCAGAAAGGCAGCTCACCTGAATGMCTCGAAGCACAGgtttgacaatttacattgttgtttctt 3087 

K Q S N J R J ^ A J < k R ^ R J A ^ ^ E A Q (232) 
g a c t g g c a g t g g a t t c t g l i a l a M g g c l j c l r a ^ r t g ^ i g l ^ 3207 

V S Q Q R V E N S S HA L R R L A D m N Q (252) 
GAAATACAATGG^TGCTGTTGACAATAGGGTGMAAAGGCGGATGTTGAAACC^AAGAGCAAAGgtacgctcctttattatatgccttatctgctatgcatctgcgtctgttggatt 3327 
K Y N G Q A V D N R V Q K A D V E T Q R A K (274) 

ggccactagtcttgttccaaatggcatgcccacctcagaccgcacaatacctagtttttagagaaagaatacgctgcctagtatcctatagtctctatgttggccattcattgtctgctc 3447 

tgaacatacttccacaggaaattttgcagGTGAAGATGGCCGAGGACTCGGTGAAGCGGGTGACAGGCATGAGCGCTCTGTTCCCTGCAGGGTCCGACATGTCATCTCTCAGCATGCCCT 3567 
V K M A E D S V K R V T G M S A L F P A G S D M S S L S M P F (305) 

TCACTGGCTCTCCATCAGAAGCCACCTCCGA<^CTGCGTTCCCGGACGACCTGAGCGCTTACTTCTCCACAAGCGAGGCTGGAGGTAACAACGGATACATGCCCGAGATGGCTTCCTCGG 3687 
T G S P S E A T S D A A F P D D L S A Y F S T S E A G G N N G Y M P E M A S S A (345) 

CGCAAGAGGATGACAACTTCCTCAACGAGACCATGGATACCAGCAAGATGGGCAGACCCX3ACTCGCTGCATCGTGTGGCGAGCCTGGAGCACCTCCAGAAGAGGATGTGCGGCGGGCCAG 3807 
Q E D D N F L N E T M D T S K M G R P D S L H R V A S L E H L Q K R M C G G P A (385) 

CTTCGTCCGGATCGACCTCAtaggagcggccacctcctcgggccatgaagtccaagaaactattgttggcagacgtatcttggtggtggatgttgataatcctatgctatttgttcattg 3927 
S S G S T S * (391) 

gctgtgacctGtagtgtcctcgtcgctatgttctggaacacagcagattagtaaactgtgcgtgtGattgctgccgggtgaatactttggatggatgtggtttctggcacctgctttcct 4047 

gtttatctattttcgacgaacattaatagtcaaaagaaacttaaca 4093 

Figure 1. DNA structure and sequence of the Blz1 gene from barley. 
(a) Schematic representation of the Blz1 gene showing introns and exons (black boxes with roman numbers). The broken arrow represents the transcription 
start site. 
(b) Nucleotide sequence and deduced amino acid sequence of Blz1. The coding region is shown in upper case and the non-coding in lower case, respectively. 
Amino acid residues corresponding to the basic DNA binding domain are in bold and the leucine heptad repeats are circled. The transcription start site is 
indicated with a rhomboid ([openarrowdown]) and the four upstream open reading frames (uORF) in the mRNA leader sequence are underlined. Presumptive 
nuclear localization signals are indicated with wavylines and a putative serine-rich phosphorylation site is boxed. Nucleotide sequence numbers refer to the 
ATG translation initiation codon; those concerning amino acid positions are in parentheses. Endonuclease restriction sites HindIII and EcoRI are indicated. 



Figure 2. Dendrogram and alignment of the deduced amino acid sequence of the leucine zipper domain of Blz1 with those of related plant bZIP proteins. 
The basic region is indicated with a shaded bar; both the basic region and the leucine repeats are in bold. Asterisks correspond to identical residues in the 
nine sequences compared, and dots represent conserved substitutions: REB from rice (Nakase et al., 1997), maize OHP1 (Pysh et al., 1993) and O2 (Hartings 
et al., 1989; Schmidt et al., 1990), the Opaque-2 homologues from Coix CLO2 (EMBL X78287) and sorghum SBO2 (Pirovano et al., 1994), SPA from wheat 
(Albani et al., 1997), CPRF2 from parsley (Weisshar et al., 1991) and RITA-1 from rice (Izawa et al., 1994). Regions from which primers were derived for 
generating the barley probe used in the screening of the genomic and cDNA libraries are indicated with horizontal arrows. 

Table 1. Percentage of identical (similar) amino acid residues 
between the BLZ1 transcription factor and other related cereal 
bZIPs 

Transcription factors 

Barley BLZ1 
Rice REB 
Maize OHP1 
Maize O2 
Wheat SPA 
Rice RITA1 

Whole protein 

68.6 (75.6) 
69.6 (78.3) 
36.4 (44.1) 
34.5 (42) 
25.3 (30.6) 

bZIP domain 

97.4 (98.7) 
94.8 (98.7) 
76.6 (87) 
68.8 (81.8) 
63.6 (71.4) 

A series of constructs, involving the entire BLZ1 and 
various regions derived from it, were prepared in a yeast 
expression plasmid as fusions to the GAL4 DNA binding 
domain (DBD). These were tested as effectors for their 
ability to transactivate reporter genes under the control 
of promoters containing Gal4 binding sites (Gal1 UAS; 
Figure 6a). These constructs were designed to detect putat
ive domains with activating capacity along the tested 
protein, specially the three stretches with a high content 
of acidic residues, as activation has been previously associ
ated with this type of domain. Both a qualitative reporter 
gene (histidine auxotrophy; His3) and a quantitative one 
(b-galactosidase activity; LacZ) were used to detect the 
transactivating capacity. The BLZ1 protein was a potent 
activator in these yeast systems (Figure 6b). Quantitatively, 
the N-terminal portion spanning residues 1–142 (AD1), 
retained 63% of the LacZ activation produced by the entire 
protein. Addition of the AD2 acidic domain (residues 143– 
203) increased the activity to 85%, although this domain 
was unable to activate the system by itself. The C-terminal 
AD3 domain (residues 292–391), either alone or in combina
tion with the basic leucine zipper region, allowed growth 

Figure 3. Transcription initiation of Gene Blz1 by primer extension analysis. 
A 15-mer synthetic oligonucleotide, complementary to the sense strand, 
was used for priming the reverse transcriptase reaction using as template 
total RNA from developing barley endosperm. The 5' end of this reaction 
(arrowheads) was determined by electrophoresis of the primer extension 
products, next to the sequencing reactions of the genomic clone primed 
with the same oligonucleotide. Two possible initiation sites were found at 
positions -413 and -442. 

in the absence of histidine and was responsible for about 
10% of the total LacZ activity. As expected, the basic leucine 
zipper region (residues 204-291) by itself did not promote 
transcription. The activity mediated by the complete BLZ1 
in the yeast system was ~ 50% of that obtained with the 
maize O2 factor, whereas the O2 equivalent of the AD3 
domain of BLZ1 was completely inactive (data not shown). 



Figure 4. Gene copy number and chromosomal location of Blz1. 
(a) Southern blot analysis of DNA prepared from leaves (15 ng in each 
lane). Restriction endonucleases used were E (EcoRI), H (HindIII) and 
HE (HindIII + EcoRI). The hybridization conditions were, respectively, low 
stringent (57°C) with the 209 bp probe derived from the bZIP region of the 
cDNA (bZIP), and stringent (65°C) with the 3'-non-coding region (3'-NC) of 
the Blz1 gene. 
(b) Chromosomal location of the Blz1 gene. Genomic DNA from wheat cv. 
Chinese Spring (CS), barley cv. Betzes (BB) and from the wheat/barley 
addition lines 2H, 3H, 4H, 5H, 6H and 7H, were digested with the restriction 
endonuclease Sac I and hybridized at high stringency with the Blz1-specific 
probe (3-NC). The arrow indicates the barley-specific hybridizing band 
detected on chromosome 5H. 

BLZ1 binds in vitro to the GCN motif in the endosperm 
box of the Hor2 promoter 

BLZ1 was clearly related to the O2-like bZIP proteins, a 
group that has been studied extensively in terms of DNA 
binding properties. Consequently, we could anticipate the 
kind of sequences able to be bound by BLZ1 within gene 
promoters susceptible to interaction with this protein. One 
such sequence is the GCN (GTGAGTCAT) motif present in 
the promoters of B and C hordein genes (Muller and 
Knudsen, 1993). The potential involvement of BLZ1 in the 
regulation of hordein gene expression was investigated 
both by electrophoretic mobility shift assays (EMSA) and 
by transient co-bombardment of barley developing endo
sperms. 

Figure 5. Northern blot analysis of Blz1 in different barley tissues. 
Total RNA (15 ng) from 10, 15 and 20 d.a.p. endosperm (E10, E15 and E20, 
respectively), 7-day-old green and etiolated leaves (LG and LE, respectively) 
and 7-day-old roots (R) were electrophoresed in formaldehyde-agarose 
gels and hybridized with the Blz1-specific probe (3-NC) under stringent 
conditions. The same filter was subsequently hybridized with probes 
derived from the Itr1 and Hor2 genes coding sequences. The ribosomal 
rRNA probe (rib) was used as a loading control. 

For the EMSA, the BLZ1 protein was produced in Escher
ichia coli by cloning a full-length cDNA in the pRSETB 
expression plasmid. The 32P-labelled DNA fragments used 
were a 43 bp-long endosperm box oligonucleotide (HOR) 
of the Hor2 promoter (Vicente-Carbajosa etal., 1992) and 
two mutated versions of it containing alterations within 
the GCN (hor1) and the PB (hor2) motives (Figure 7a). The 
endosperm box is a highly conserved sequence present in 
the proximal promoter region of many genes that are 
expressed exclusively in this tissue (Hammond-Kosack 
etal., 1993), and is divided into the PB (TGTAAAGT) and 
GCN (GTGAGTCAT) motives. Two retarded bands were 
produced when the HOR or the hor2 probes were incubated 
with protein extracts derived from bacterial cells expressing 
the BLZ1 recombinant protein, while no bands were 
detected when the labelled oligonucleotide used was the 
hor1, or when the protein extract was from bacteria trans
formed with the plasmid without insert (Figure 7a,b). Bind
ing specificity was demonstrated by competition titrations 
up to 100x concentration with the same unlabelled oligonu
cleotides used for binding; the mutated hor1 did not 
compete with the binding of HOR or of hor2 to the BLZ1 
protein, whereas the hor2 oligonucleotide interacted with 
BLZ1 and was as good a competitor as the original HOR 
probe (Figure 7 a,b). 

The antisense Blz1 antagonizes endosperm box-mediated 
transient expression in barley endosperm 

Having established that the expression pattern for Blz1 
was consistent with its presence in the seeds, roots and 
leaves, we explored its capacity for transactivating several 
genes expressed not only in endosperm but in other 
tissues, whose promoters presented putative bZIP binding 
sites. Five genes were selected initially (Table 2). Two 
ubiquitous genes such as the 35S-I and type 1 sucrose 



Figure 6. Transactivation capacity of Blz1 in yeast. 
(a) Schematic structures of Saccharomyces cerevisiae effector plasmid and 
reporter genes used (Clontech). ADH1: alcohol dehydrogenase; Gal4 DBD: 
Gal4 DNA binding domain; Gal1 UAS: Gal1 upstream activating sequence, 
recognized by the GAL4 DBD. His3 and LacZ were used as reporter genes. 
(b) Analysis of activation domains of Blz1. The entire Blz1 cDNA and 
different regions derived from it were fused to the GAL4 DBD in the plasmid 
pGBT9 (Clontech), which was used to transform S. cerevisiae strains HF7c 
and SFY526 to test for His-depleted growth and LacZ induction, respectively. 
Plus and minus signs indicate positive or negative yeast growth in a 
histidine-depleted agar medium (His–) depending on the ability of the 
different plasmid constructions to transactivate the His3 gene. Measures 
of b-galactosidase activity in liquid cultures from at least three independent 
replicates were normalized to that of the non-transformed reporter strain. 
LacZ induction was calculated relative to the background of a yeast 
transformant with the original non-recombinant pGBT9 plasmid. AD1, AD2, 
AD3: acidic domains spanning from amino acid positions 1–142, 143–203 
and 292–391, respectively; B: basic domain, positions 204–224; L: leucine 
repeats, positions 225–291. 

synthase (Ss1), and three endosperm-specific ones, type 2 
sucrose synthase (Ss2), Itr1 (encoding barley trypsin inhib
itor BTI-CMe) and a synthetic promoter HOR-D35S (con
sisting of a minimal –90 CaMV 35S fused to a promoter 
region of the Hor2 gene). 

In an initial experiment, developing barley endosperms 
were co-bombarded using Blz1 both in sense and antisense 
orientations as effectors, and the selected promoters as 
regulators fused to the the b-glucuronidase (GUS) gene. 
The effectors were under control of the cauliflower mosaic 
virus (CaMV) 35S promoter fused to the first intron of the 
maize alcohol dehydrogenase gene Adh1 (35SI) and were 
used at a 2:1 ratio to the reporters. As summarized in 
Table 2, GUS fusions of the promoters from the genes 
encoding sucrose synthases SS1 and SS2 (Martı́ nez de 

Figure 7. EMSA of the recombinant BLZ1 protein with the 43 bp endosperm 
box element (HOR) of the promoter of the B-hordein gene, and with its 
mutated derivatives, affected in the GCN4-like (GCN; hor1) and in the 
prolamin box (PB; hor2) motives. 
Base mutations in the nucleotide sequence of HOR, hor1 and hor2 are 
written in lower case. 
(a) EMSA with the 32P-labelled HOR element as a probe, using increasing 
amounts (10x, 100X) of unlabelled HOR, hor1 and hor2 as competitors. 
(—) 32P-labelled probe; (C) probe incubated with 2 mg of protein extract 
from bacterial cells transformed with the pRSETB plasmid without the Blz1 
cDNA insert; (+), probe incubated with 2 mg of protein extract from bacterial 
cells transformed with the recombinant pRSETB -Blz1 plasmid. 
(b) EMSA of the recombinant BLZ1 protein with the 32P-labelled hor1 and 
hor2 probes. Competitors used were 100X concentrations of HOR and 
hor2. (-), (C), (+) as in Figure 7(a). 



Table 2. Transient GUS expression under the control of several 
promoters in co-bombarded barley endosperms using as effectors 
the Blz1 gene in sense and in antisense orientations 

Reporter Effector GUS activity* 

Ss1 

Ss2 

Itr1 

HOR-D35S 

35SI 

– 
S 
A 
– 
S 
A 
– 
S 
A 
– 
S 
A 
– 
S 
A 

mean ± SE 

23.2 ± 2.1 
24.2 ± 2.6 
24.3 ± 3.1 
20.0 ± 2.6 
21.3 ± 2.9 
19.2 ± 2.5 
31.0 ± 2.6 
46.0 ± 2.8 
6.0 ± 1.2 

49.5 ± 3.2 
63.2 ± 4.0 
21.7 ± 2.7 
37.1 + 4.4 
38.6 ± 6.2 
40.1 ± 5.0 

% 

100 
104 
104 
100 
106 
96 

100 
148 
19 

100 
127 
43 

100 
104 
108 

Fifteen developing endosperms in three independent experiments 
were co-bombarded with 350 ng of the effector plasmids and a 
1:2 ratio of the Blz1 effector, in sense (S) or antisense (A) 
orientations as indicated. 
*Gus activity was expressed as number of blue spots per 
endosperm (mean ± SE) and as percentage over controls without 
effector. The histochemical data were directly correlated with the 
fluorimetrically quantified GUS (picomoles 4 methyl-
umbelliferone per mg protein) with a correlation coefficient of 0.96. 

Ilarduya etal ., 1993; Guerin and Carbonero, 1997), as well 

as that of the control 35S-I promoter, did not respond to 

Blz1. The promoter of the Itr1 gene encoding the endo

sperm-specific trypsin inhibitor BTI-CMe (Royo et al ., 1996), 

while responding moderately in the sense orientation 

(~ 150%), was antagonized drastically by Blz1 in the anti-

sense orientation (19%). A similar response (moderate 

enhancement in sense; drastic decrease in antisense) was 

obtained with the synthetic promoter HOR-D35S. The mod

erate response in the sense experiments was probably due 

to a saturation effect by the background level of BLZ1 in 

the wild-type endosperm. 

For the co-transfection experiments shown in Figure 8, 

the Blz1 effector was in the antisense orientation and the 

GUS reporter gene was under the control of the minimal 

35S promoter (-90 bp; D35S) or under its derivatives with 

the HOR, hor1 or hor2 oligonucleotides fused to its 5'-

end. After particle bombardment of developing barley 

endosperm (15 d.a.p.), a fivefold enhancement of GUS 

activity was observed for the HOR-D35S promoter, com

pared with the D35S alone. The hor1-D35S and the hor2-

D35S promoters had activities equivalent to the control 

D35S. Co-transfections with the antisense Blz1 drastically 

reduced the enhancement mediated by HOR and did not 

affect GUS expression driven by D35S, hor1-D35S or hor2-

D35S (Figure 8). 

Figure 8. Transient expression assays by co-bombardment of developing 
barley endosperms (15 d.a.p.), using as effector the Blz1 cDNA in the 
antisense orientation under the control of the CaMV 35S promoter fused 
to the first intron of the alcohol dehydrogenase gene. 
As reporters, the b-glucuronidase (GUS) gene was under the control of the 
following promoters: (i) D35S, the minimal -90 bp 35S; (ii) HOR-D35S, 
composed of the 43 bp endosperm box element (HOR) fused to the minimal 
D35S; (iii) hor1-D35S, a derivative of (ii) mutated in the GCN4-like motif 
(GCN; hor1); and (iv) hor2-D35S, mutated in the prolamin box (PB; hor2) 
motif. The nucleotide sequences of HOR, hor1 and hor2 are shown in 
Figure 7(a). GUS activity was evaluated as the number of blue spots 
counted per bombarded endosperm. Standard error of the mean for 
triplicate independent bombardments, with the same particle to plasmid 
suspension ratio, was < 15%. (—) Controls without effector. (+) Reporters 
indicated at the left plus the Blz1 antisense as effector. 

Modulation of the barley Itr1 promoter by Blz1 in 

developing endosperm 

To investigate further the function of Blz1, its interaction 

with the promoter of the endosperm-specific gene Itr1, 

encoding trypsin inhibitor BTI-CMe, was studied. The affin

ity of the BLZ1 protein towards three different DNA frag

ments derived from the proximal (-343) Itr1 promoter 

was tested. We have previously shown that this proximal 

promoter contains all the information required for full gene 

expression and endosperm specificity and that several 

regions containing bZIP motives are able to bind nuclear 

protein from endosperm (Diaz etal ., 1993; Royo etal ., 

1996). Retardation bands with the recombinant BLZ1 pro

tein were detected in mobility shift assays for each of the 

three fragments investigated, but that corresponding to the 

SspI/PvuII fragment (positions -211 to -83) was particularly 

prominent (Figure 9a). Although actual footprinting experi

ments were not done, this fragment contains two tandem 

putative binding sites for bZIP (ACT core) of the O2 class 

(Izawa et al ., 1993; Royo et al ., 1996). Specificity of binding 

was established by competition titrations with the corres

ponding unlabelled DNA fragments at 100X concentration 

(data not shown). 

The in vivo interaction between BLZ1 and the Itr1 pro

moter was investigated in transient expression experi

ments by co-bombardment of developing barley 

endosperms (15 d.a.p.), using the GUS reporter gene under 



the control of the Itr1 proximal promoter, and the full-length 
Blz1 cDNA as effector, both in the sense and antisense 
orientations, under the control of the 35S-AdhI promoter, 
at different effector to reporter ratios. As shown in 
Figure 9(b), the Itr1 promoter was affected in trans by the 
Blz1 gene in a dosage-dependent manner: activation by 

the construction in the sense orientation increased 
asymptomatically (up to 150% over controls), and that with 
the Blz1 in antisense drastically repressed GUS activity, 
attaining an 80% reduction at the 1:2 ratio. Figure 9(c) 
illustrates this type of experiment using histochemical 
staining. 

Discussion 

We have cloned a barley gene, which encodes the BLZ1 
protein, a bZIP factor that can make contacts with the GCN 
motive in the endosperm box in vitro, and which trans-
activates GUS expression, in co-bombarded homologous 
tissue (developing barley endosperm) through interaction 
with cis motifs in promoters of endosperm-specific genes 
such as Hor2 and Itr1. 

BLZ1 is a bZIP transcriptional activator 

BLZ1 belongs to the bZIP family of transcription factors, 
as judged from the observed sequence similarity along the 
DNA-binding and dimerization domains. Its structure is 
particularly close to members of the O2 subfamily of bZIPs. 
This group of bZIP proteins has a highly conserved intron/ 
exon structure, similar nuclear localization signals (NLS), 
phosphorylation sites, and uORF with putative translation 
regulation functions (Lohmer et al., 1993; Mu l̈ler and 
Knudsen, 1993; Pysh and Schmidt, 1996; Varagona et al., 
1992). The BLZ1 protein shows a higher overall sequence 
similarity to rice REB and maize OHP1 (about 70% identical 
amino acid residues; Table 1) than to maize O2 and wheat 
SPA (~ 35% identity) and, as is the case of OHP1, its mRNA 
is expressed not only in endosperm but also in roots 
and leaves. 

Similarly with O2, BLZ1 functions as an activator of 
transcription in an in vivo yeast system. Three domains of 

Figure 9 Transactivation of the barley Itr1 promoter by Blz1 in developing 
endosperm. 
(a) EMSA of the recombinant BLZ1 protein with the proximal promoter of 
Itr1 gene. The region spanning from bp -343 (upstream of the ATG codon) 
to position +28 of the translated region, was excised with the restriction 
endonucleases SphI (S)/HaeIII (H), and separated into the three indicated 
fragments after further restriction with SspI (Ss) and PvuII (P). (—) Control 
without protein; (+) 32P-labelled DNA fragments (50 000 c.p.m.) incubated 
with 100 ng of the affinity-purified BLZ1 protein expressed in E. coli. 
(b) Transient expression assays by co-transfection of developing barley 
endosperms (15 d.a.p.) with 0.35 ng of a reporter plasmid constructed by 
fusion of the GUS/NOS reporter to the -343 promoter of the Itr1 gene and 
increasing amounts of effectors. These were sense and antisense constructs 
of the Blz1 gene under the control of the 35S promoter fused to the first 
intron of the alcohol dehydrogenase gene from maize (Adh1). Reporter: 
effector ratios used varied from 1:0 to 1:2. GUS activity was expressed as 
percentage relative to the control without effector. 
(c) Histochemical GUS staining of barley developing endosperm after 
bombardment of the Itr1-GUS reporter plasmid alone (centre), or after co-
bombardment with the Blz1 effector in the sense orientation (right), or in 
the antisense orientation (left). Ratio of effector to reporter was 2:1. 



the protein, namely the N-terminal acidic domains AD1 
and AD2, and, to a minor degree, the C-terminal domain 
AD3, contribute to transactivation. This is in contrast with 
the activity of the O2 factor, which has been associated 
with a single acidic domain, equivalent to the N-terminal 
AD1 in BLZ1, using a tobacco protoplast system (Schmitz 
et al., 1997). No experimental data are available concerning 
the in vivo function of REB and OHP1, either in yeast or in 
plants, so postulating that OHP1 is a repressor, based only 
in its capacity to form heterodimers with O2 in vitro, is still 
a matter of speculation (Pysh et al., 1993). 

BLZ1 trans-regulates gene expression from motives in 
endosperm-specific gene promoters 

As the gene Blz1 was expressed not only in endosperm but 
also in leaves and roots, five promoters from endosperm-
specific as wellasubiquitously expressed genes presenting 
putative bZIP motifs were surveyed as possible targets for 
BLZ1 (Table 2). Only two of them, namely an artificial 
promoter carrying the 43 bp endosperm box from the Hor2 
locus, fused to the minimal D35S promoter (HOR-D35S), 
and that from the trypsin inhibitor Itr1 gene responded to 
the Blz1 transcription factor in the co-bombarded homo
logous tissue. 

When the endosperm box sequence was fused to the 
minimal 35S promoter (HOR-D35S) driving the GUS 
reporter gene, and bombarded into barley developing 
endosperm, a significant increase in GUS activity was 
detected, compared with that driven by the D35S promoter 
alone, suggesting that the endosperm box is a target for 
positive trans-acting regulator(s) naturally present in this 
tissue. We have demonstrated by gel shift experiments 
that the HOR sequence can be bound by the recombinant 
BLZ1 protein, and that this binding can be abolished by 
mutating the GCN motive (hor1 in Figure 7b). Interestingly, 
binding is not abolished by mutating the PB motive (hor2 
in Figure 7b). However, in transient assays, both mutations 
interfere with the enhancement of transcriptional activity 
conferred upon the D35S promoter by the wild-type HOR 
element, which indicates that transactivation in developing 
endosperms (Figure 8) requires not only the intact proper 
GCN binding site, but also an intact PB, which would 
probably be bound by another class of nuclear factor(s) 
normally expressed in the wild-type endosperm. The fact 
that Blz1 in antisense orientation acts as a repressor of the 
HOR-D35S-GUS construct, indicates that in endosperm it 
functions as an activator recognizing cis-motives in the 
endosperm box (HOR) sequence of prolamin promoters. 

Further indication that BLZ1 can act in endosperm as a 
transcriptional activator was obtained in the study of its 
interaction with the Itr1promoter in the homologous tissue. 
The moderate increase in GUS activity observed with the 
sense effector was that expected in a wild type endosperm 

expressing its physiological level of transcription factors 
(BLZ1 among them), where optimal (or close to optimal) 
concentrations of BLZ1 will be present. The five to 10 times 
enhancement reported with other bZIP, such as maize O2 
and wheat SPA (Albani et al., 1997; Unger et al., 1993), are 
probably due to the use of heterologous systems such as 
tobacco protoplasts or cultured cell lines, where back
ground levels of these effectors are probably different 
from the native tissue. The effects observed for the Blz1 
antisense constructs in co-bombarded barley endosperms 
are of particular relevance since avoiding the synthesis of 
a crucial transcription factor would be expected to have 
dramatic effects on the expression of the gene(s) that it 
regulates. Close to one order of magnitude decrease in 
activity was observed for the Itr1 promoter-driven GUS 
activity co-transfected by the antisense Blz1. That these 
interactions do not arise unspecifically is supported by the 
evidence that Blz1 is a single copy gene (Figure 4) and by 
the lack of response of the gene constructs involving the 
promoters of the sucrose synthase genes Ss1 and Ss2, 
when co-transfected with Blz1 both in sense and antisense 
orientation. 

Current models of bZIP mode of action assume the 
possible participation of different proteins in the formation 
of heterodimers as a common regulatory mechanism 
(Jones, 1990; Vinson et al., 1993), as exemplified by the 
Fos/Jun heterodimer which binds to its target site much 
better than either protein alone (Abel and Maniatis, 1989). 
Likewise, in the case of Itr1 and Hor2 promoters, which 
are endosperm-specific, it is likely that other proteins 
besides BLZ1 participate in their regulation. A possibility 
would be through heterodimer formation with another 
endosperm-specific bZIP. We have recently isolated and 
characterized another barley bZIP (BLZ2) with such features 
(L. Oñ  ate et al., unpublished results). Both protein sequence 
homology and endosperm-specific expression of Blz2 indi
cate that it is probably the orthologue of wheat SPA (Albani 
et al., 1997) and maize O2 (Schmidt et al., 1990). Moreover, 
BLZ2 forms heterodimers and interactcs with BLZ1 in vivo 
(Oñ  ate et al., in preparation). Interestingly, the activation 
mediated by these factors would also require other 
protein(s) involved in the recognition of the PB motif of 
the endosperm box (probably the orthologueof the recently 
described maize PBF; Vicente-Carbajosa et al., 1997), since 
mutations in the PB, while not avoiding in vitro binding, 
made BLZ1 non-functional in barley endosperm (Figure 8 
and our unpublished results). 

The presence of Blz1 mRNA in other tissues besides the 
developing endosperm suggests that this factor could 
play other functional roles in leaves and roots through 
interaction with different promoters not surveyed in this 
study. The sequence similarity between BLZ1 and other 
bZIP proteins such as CPRF-2 from parsley leaves (Weisshar 
et al., 1991) supports this possibility. 



Experimental procedures 

Plant material 

Barley (Hordeum vulgare) cv. Bomi was germinated in the dark, 
vernalized at 4°C for 4 weeks and grown in a greenhouse at 18°C 
under constant illumination. Disomic addition lines of Betzes 
barley in Chinese Spring wheat background, used in the chromo
somal location experiments, were donated by K. Shepherd 
(Adelaide, Australia). 

Developing endosperms (15d.a.p.) and 7-day-old leaves and 
roots were frozen in liquid N2 and stored at -70°C until used for 
RNA or DNA extraction. Developing endosperms for particle 
bombardment experiments were collected from greenhouse 
plants and used immediately. 

Isolation and sequencing of Blz1 cDNA and genomic 
clones 

A barley cDNA library from developing endosperm constructed 
in Lambda 1149 and a genomic one in Lambda EMBL3 (Clontech) 
were screened with a 209 bp probe previously obtained by PCR 
amplification of 15 d.a.p. endosperm cDNA with 17-mer primers 
(5'-TCCAATAGAGAATCAGC-3' and 5'-TCTGCCATCTTCACCTT-3') 
derived from conserved amino acid sequences of the bZIP region 
(positions 210-215 and 279-274, respectively, in Figure 2). Library 
screening was performed under standard hybridization conditions 
and filters washed at 50°C in 2 X SSC buffer (Sambrook etal., 
1989). Nucleotide sequences were determined by the dideoxy 
chain termination method (Sanger etal., 1977) using the Sequen-
ase V2.0 kit from Amersham. Both strands were sequenced using 
appropriate oligonucleotide primers. DNA and deduced protein 
sequence analyses were done with the Beckman Microgenie 
software and the EMBnet/CNB computer facilities. 

Primer extension analysis 

A 15-mer synthetic oligonucleotide, complementary to the sense 
strand near the ATG-translation initiation codon, was 5'-labelled 
with the T4 polynucleotide kinase and y-32P-ATP, and used to 
prime the reverse transcriptase reaction with 15 d.a.p. endosperm 
RNA (10|xg) as a template. Reaction conditions with reverse 
transcriptase were as described by Sambrook etal. (1989). 

Southern and Northern gel blot analyses 

DNA was isolated essentially as described by Taylor and Powell 
(1982), restricted with appropriate endonucleases, subjected to 
electrophoresis in 0.8% agarose gel, and transferred to Hybond N 
membranes (Amersham). Hybridization was at 65°C or 57°C, 
depending on the stringency required, following standard proced
ures (Sambrook etal., 1989). Two probes were used: one derived 
from the 3'-non coding region (3'-NC; downward of nt 3830 in 
Figure 1) and the other from the bZIP domain (bZIP; the 209 bp 
probe used in the screening of the libraries). 

RNA was purified from frozen tissues by phenol/chloroform 
extraction, followed by precipitation with 3 M Li Cl (Lagrimini etal., 
1987), and subjected to electrophoresis on 1.2% agarose, 10% 
formaldehyde gels, which were blotted to Magna nylon mem
branes (MSI) according to manufacturer’s instructions. Hybridiza
tion was carried out at 65°C by standard procedures (Sambrook 

etal., 1989), with probes labelled by random priming (Feinberg 
and Vogelstein, 1983). 

Yeast strains and LacZ assays 

The effector plasmid pGBT9 (Clontech), which contains the alcohol 
dehydrogenase 1 (Adh1) promoter fused to the GAL4DNA binding 
domain (DBD), was used to generate in-frame C-terminal fusions to 
the complete coding sequence of Blz1 cDNA or several fragments 
coding fordifferent BLZ1 domains (Figure 6). Seven Blz1 constructs 
in pGBT9 were generated by PCR amplification using appropriate 
primers with engineered restriction sites for cloning. All constructs 
were checked by restriction digestion and sequencing. Two haploid 
strains of Saccharomyces cerevisiae (Clontech) were used in this 
study: SFY526 carrying a LacZ reporter gene under the control 
of a truncated Gal1 promoter, which contains Gal4-responsive 
elements, and HF7c carrying a His3 auxotrophy gene controlled 
by the same promoter. Yeast transformation was performed by 
the polyethylenglycol method (Randolph, 1992) and transformants 
screened for fi-galactosidase production (LacZ) and growth in 
His depleted agar medium (His-) depending on the strain used. 
Quantification of fi-galactosidase activity in liquid cultures was 
calculated as described by Ausubel etal. (1990) using Miller’s 
formula (Miller, 1972). 

Electrophoretic mobility shift assays (EMSA) 

The BLZ1 protein was expressed in E. coli (BL21 (DE3)/pLysS 
strain) by cloning the Blz1 cDNA into the pRSETB plasmid vector 
(Invitrogen). Blz1 expression was induced with 1 mM isopropyl-
fi-D-thiogalactopyranoside (IPTG) for 1 h. Protein extracts were 
obtained after resuspension of the induced cells in 1/25 of the 
original culture volume of buffer S (TE, pH 8.0, 1 mM PMSF, 6 M 
urea), and sonication for 10 sec. Cell debris was removed by 
centrifugation, and the supernatant processed for protein renatur-
alization, by diluting five times with a modified S buffer, containing 
20% glycerol instead of 6 M urea, at 4°C during 20 min. Protein 
extracts were frozen at -70°C until use. Cells carrying the pRSETB 
vector with no insert were similarly processed as controls. Puri
fication of the recombinant protein was achieved by loading 
onto a Ni2+-NTA (nitrilotriacetic acid) resin (Novagen) and bound 
proteins were eluted with 1 M Imidazole buffer. The eluate was 
dialysed into the modified S buffer containing 20% glycerol and 
stored at -70°C. 

Complementary oligonucleotides, illustrated below, containing 
the wild-type endosperm box (HOR) and two mutated versions of 
it in the GCN (hor1) or in the PB (hor2) motives, were annealed 
generating 5'-protruding ends. These were end-labelled with a-
32P-dATP and the Klenow fragment of the DNA polymerase I, and 
purified by excision from an 8% PAGE gel. HOR: 5'-AATTGTGACA-
TGTAAAGTGAATAAGGTGAGTCATGTACC-3'; 3'-CACTGTACATT-
TCACTTATTCCACTCAGTACATGGCTAG-5'. hor1: 5'-AATTGTG-
ACATGTAAAGTGAATAAGGTGctTCtcGTACC-3'; 3'-CACTGTACA-
TTTCACTTATTCCACgaAGagCATGGCTAG-5'. hor2: 5'-AATTGTG-
AgAgGTAAAtTtAATAAGGTGAGTCATGTACC-3'; 3'-CACTcTcCA-
TTTaAaTTATTCCACTCAGTACATGGCTAG-5'. 

EMSA experiments were performed essentially as described by 
Schindler and Cashmore (1995). The assay mixture containing 
2 |xg of E. coli protein extracts, 1 ng of 32P-labelled DNA probe 
(10 000 c.p.m.) and 1 |xg of poly (dI-dC) in a final volume of 20 |xl 
of binding buffer (10 mM Tris-HCl, pH 8, 50 mM NaCl, 1 mM DTT, 
1 mM EDTA, 5% glycerol), was incubated for 30 min at 25°C and 
analysed by 6% PAGE gels (2-3 h at 10Vcm–1 in 45 mM Tris-



borate, pH 7.5, 1 mM EDTA) and autoradiography. For competition 
experiments, cold oligonucleotides (10X, 100X) were mixed with 
the protein before adding the probe. 

Gel retardation assays were also performed with DNA fragments 
derived from the Itr1 gene promoter (Figure 8a). The sequence 
spanning from restriction site SphI at position -343 to HaeIII at 
position +28 (Royo etal ., 1996) was digested with SspI and PvuII 
and the three resulting fragments were end-labelled with a-32P-
dATP using the Klenow enzyme, and purified from 6% PAGE. The 
labelled fragments (50 000 c.p.m.) were incubated with 100 ng of 
affinity purified (Ni2+-NTA resin; Novagen) BLZ1 protein, in the 
conditions described above, but using 4% PAGE for the final 
electrophoresis run. 

Gene constructs for particle bombardment in barley 
endosperm 

All reporter constructs were pUC19-derived plasmids containing 
the b-glucuronidase reporter gene (GUS; Jefferson, 1987) fused 
to the 3'-nos terminator, under the control of the following gene 
promoters: (i) D35S, the minimal -90 bp 35S; (ii) HOR-D35S, 
composed of the 43 bp endosperm box of the B-Hordein promoter 
(HOR) fused to the minimal D35S promoter; (iii) hor1-D35S, a 
derivative of (ii) mutated in the GCN motive of the endosperm 
box (Figure 7b); (iv) hor2-D35S, a derivative of (ii) mutated in the 
PB motive of the endosperm box (Figure 7b); and (v) the Itr1 
promoter, corresponding to the -343 bp proximal promoter of the 
gene encoding the endosperm-specific trypsin inhibitor BTI-CMe 
(Royo etal ., 1996). 

Effector constructs were prepared by cloning the Blz1 cDNA, 
both in sense and antisense orientations, under the control of the 
CaMV 35S promoter followed by the first intron of the maize AdhI 
gene (Vasil etal., 1991). Particle bombardment was carried out 
with a biolistic Helium gun device (DuPont PSD-1000). Gold 
particles (1.0 mm in size) were coated with DNA as described by 
Taylor and Vasil (1991). Developing barley endosperms (15 d.a.p.) 
were placed on half strength MS medium and immediately bom
barded with 0.154 mg gold particles coated with 0.350 mg of GUS 
reporter and the appropriate concentrations of effector plasmids 
at a distance of 7.5 cm from the macroprojectile stopper. After 
bombardment, the endosperms were incubated at 25°C for 24 h, 
and GUS activity was determined fluorometrically (Jefferson, 
1987) and histochemically (Klein etal., 1988). Endosperms were 
ground in GUS buffer, cell debris sedimented by centrifugation 
at 14 000 r.p.m. for 10 min and GUS activity quantified in the 
supernatant as pmoles of methyl-umbelliferone (MU) per min per 
mg protein. 
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