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Abstract

The 5’ upstream regulatory region of the Brazil nut 28 albumin gene was studied in order to identify sequences in-
volved in gene expression. Restriction fragments from the regulatory region were fused to the reporter genes chlor-
amphenicol acetyl transferase (CAT) and B-glucuronidase (GUS). The CAT constructs were used to transform tobacco
leaf discs via Agrobacterium and the GUS-promoter fusions were introduced into bean embryos by particle bombard-
ment. With both systems all promoter deletions conferred expression of the GUS and CAT genes. In the biolistically
transformed bean embryos reporter gene activity dropped at position —460 base pairs upstream from the transcription
initiation site. CAT activity in stably transformed tobacco plants was less markedly affected at this site but declined
sharply after the deletions reached —210 bp upstream from the transcription initiation site. The temporal expression
of the CAT gene controlled by the Brazil nut 2S promoter in developing, transgenic tobacco seeds parallels that of
28 albumin expression in Brazil nut. DNA retardation assays and footprint analysis using Brazil nut 2S promoter
fragments and nuclear extracts from Brazil nut seeds allowed the identification of at least two sequence motifs, ACGT
and CCAC, that might be involved in promoter activity.
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1. Introduction value of 2. Such 28 albumins are found in various
phylogenetically rather distant species such as

Genes encoding seed storage proteins are attrac- Ricinus communis [1), Brassica napus [2},

tive as potential sources for sequences useful for
the improvement of the quality of nutritionally
important crops. In the seeds of many dicotyle-
dons the dominant part of the storage proteins are
water-soluble albumins that sediment with an S

* Corresponding author.

Arabidopsis thaliana (3] and Brazil nut (Ber-
tholletia excelsa) [4]. Whilst in Ricinus, Brassica
and Arabidopsis either the cotyledons or the endo-
sperm are storage organs, in Brazil nut the 2S
albumins are synthesized exclusively in the em-
bryonic axis, i.e. in the massive, swollen hypocotyl
and the radicle [5]. The 2S ‘storage albumins from
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Brazil nut are extremely rich in the essential
sulphur amino acid, methionine [4,6,7]. This fea-
ture makes their genes promising candidates for
introduction and expression in economically
important but methionine-deficient crops.

The Brazil nut 2S albumin genes belong to a
multigene family and at least one of them, BE2S1,
is expressed exclusively in seeds at advanced stages
of development [7,8]. The highly regulated tempo-
ral and spacial expression makes it an attractive
model for studies on the mechanisms that control
gene expression.

In many plant gene promoters cis-acting ele-
ments containing the palindromic ACGT G-box
core have been described, e.g. in the promoters of
the genes coding for the small subunit of ribulose
biphosphate carboxilase (rbeS) [9-11], patatin
genes [12] and the legumin B4 genes [13], among
others. DNA-retardation assays point to the im-
portance of the G-box motifs in the regulation of
expression of many plant genes and recently
Williams et al. [14] have demonstrated that the
sequences flanking the G-box cores influence the
specificity of binding of nuclear proteins to these
cis-acting elements.

Interestingly, a comparison of the 2S promoter
sequences from Brazil nut, Arabidopsis and Bras-
sica [7] revealed the presence of four G-box core
motifs in all three promoters. The first three are
localized at nearly identical distances relative to
the TATA-boxes. However, the spacing of the
fourth, identical motif is less rigidly conserved.
The conservation of these motifs in the different
promoters suggests that they may be important for
the transcriptional regulation of the 2S genes.

We therefore initiated functional studies of the
Brazil nut 2S albumin promoter using GUS and
CAT structural genes fused to intact and deleted
2S promoter sequence. The constructs containing
the CAT structural sequences were stably in-
troduced into tobacco plants via Agrobacterium
tumefaciens and the GUS-constructs were assayed
in bean embryos transformed using a particle gun.

The analysis of the GUS and CAT activities
driven by the different 2S promoter fragments
allowed us to tentatively identify promoter regions
essential for optimal expression of the reporter
genes. DNA retardation assays and DNA foot-
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Fig. 1. Promoter fragments used in the transformation experi-
ments. (A) Schematic representation of the promoter region of
the BE2SI gene from Brazil nut. The position +1 corresponds
to the initiation site of transcription and the position +55 cor-
responds to the initiation site of translation (Ncol site). (B~E).
The 28 promoter fragments fused either to the GUS-NOS-3"’ or
the CAT-OCS-3’ coding regions.

print analysis using promoter fragments demon-
strated that the fragments contain sequences
capable of binding nuclear proteins from seeds
which are different from those nuclear proteins
bound from leaf extracts.

2. Materials and methods

2.1. Promoter fragments and constructs

The constructions used in the transformation
experiments are represented schematically in Fig.
1. The starting point for all constructions was a
HindII1/Pst1 28 gene fragment spanning from 1680
bp upstream of the protein synthesis initiator ATG
down to a unique PstI-site within the 2S gene’s
coding region. As a first step the restriction
fragments, indicated in Fig. 1, were subcloned into
pUCI19. The 28 coding region (Ncol/PstI) was then
replaced by a Pstl/Ncol fragment containing the
CAT structural and the 3’OCS sequences from
plasmid 35SCATI1 (E. Krebbers, Plant Genetic
Systems, Gent, Belgium). After filling-in the stag-
gered ends, the fragments were subcloned into the
filled-in Bg/Il site of the 1703A binary vector [15].
For the bombardment experiments, the promoter
fragments were joined to a 2.2-kb EcoRI/Ncol
GUS-coding fragment from plasmid pMID67
[16].

2.2. Plant transformation
Plasmids containing CAT chimeric genes were
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mobilized into A. tumefaciens strain C58C1 rif
using the E. coli strain HB101 harbouring pRK
2013 [17]. Leaf discs of Nicotiana tabacum were
transformed as described by Horsch et al. [18].
Transformed cells were selected on a shoot induc-
ing medium containing 100 pg/ml kanamycin and
young shoots were transferred to a root-inducing
medium containing 100 pg/ml kanamycin and 200
pg/ml carbenicillin. Regenerated plants were
grown in the greenhouse.

2.3. CAT assays

For each construct (Fig. 1), mature seeds and, in
the case of the intact promoter, seeds at different
developmental stages were collected from three
transgenic plants, pooled and ground to a fine
powder in liquid nitrogen. The decision to pool the
seeds of three independent transformants was
based on preliminary experiments where the three
seed batches were analysed independently; no sig-
nificant variation in CAT activity was found be-
tween the batches transformed with the same
construct. 100 ug of powder was extracted with
500 pl of 0.25 M TRIS-HCI (pH 7.5) containing
2 mM phenyl methyl sulphonyl fluoride (PMSF)
and vortexed for 20 min at 4°C. After centrifuga-
tion for 10 min in an Eppendorf microfuge the
supernatant was incubated at 65°C for 10 min to
reduce the background activity. The suspension
was then centrifuged at 11 000 rev./min for 30 min
at 4°C and the protein concentration in the super-
natant was determined by the Bradford dye-
binding method [19] (Bio Rad Laboratories). CAT
activity was assayed as described by De Block et
al. {20], using 5 ug of protein/assay.

2.4. Quantification of GUS activity and histochemi-
cal visualization in bean embryos

The experimental details of the biolistic ap-
proach were as described in detail in Aragao et al.
[16]. Twenty-five bombarded embryos of Phaseo-
fus vulgaris, cv. Carioca were ground to a fine
powder in liquid nitrogen and proteins were ex-
tracted in buffer (0.5 M NaCl, 50 mM Na,HPO,
(pH 7.2), 2 mM PMSF, 0.13 mg/ml leupeptine,
1% B-mercaptoethanol, 0.2% polyvinylpyroli-
done). Protein concentration was determined
using the colorimetric assay. The extracts were

then prepared for fluorimetric assays using 4-
methyl-umbelliferyl 8-D-glucuronide.

In situ localization of GUS activity in embryos
was carried out as described by Aragao et al. [16].

2.5. DNA retardation assays

Nuclear extracts from Brazil nut seeds close to
maturity and from leaves were prepared as
described before [21]. The promoter fragments
shown in Fig. 8a were radiolabelled using the
Klenow-fragment and either 32P-dATP or 32P-
dCTP. Binding reactions were done in a final
volume of 30 pul of binding buffer (10 mM
TRIS-HCI (pH, 8.0); 50 mM NaCl; 7 mM g-
mercaptoethanol; 10% glycerol) containing 4-8 ug
of nuclear proteins, 2 ug poly (dl-dC) and
5000-10 000 counts/min of 32P-labelled probe.

After 30 min at room-temperature the reactions
were loaded onto 5% polyacrylamide gels in
0.5 x TBE. The gels were run at 120 V and after
completion of the run, fixed, dried and
autoradiographed.

2.6. DNAase I footprint analysis

Avall/Ncol fragments were used as a substrate
for the DNAase protection experiments, after
radiolabelling of the ends with [*’P]JdATP. The
fragments were purified on non-denaturing 6%
polyacrylamide gels and after electroelution were
resuspended in H,O to approximately 10 000
counts/min/ul. The footprint reactions were car-
ried out as described by Lichtsteiner et al. [22].

3. Results

3.1. Transient GUS expression in bean embryos and
promoter strength

The chimeric gene constructs (Fig. 1B-E) were
used to transform isolated bean embryos via parti-
cle bombardement. For each construct, 25 trans-
formed embryos were pooled and assayed for
GUS-activity. The mean values obtained from 5
independent series of experiments are shown in
Fig. 2; all of the promoter fragments tested were
able to drive GUS activity. After an initial drop
when the HindIIl/4vall fragment was deleted, ac-
tivity was found to stay at the same level with con-
structs C and D but with a further reduction with
deletion E.
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Fig. 2. Comparison of transient expression of BE2S1-GUS fu-
sion constructs in bean embryos. (B—E) The constructs shown
in Fig. 1. For each construct the mean value obtained from 5
independent experiments is shown. The bars delineate the range
of the values.

The histochemical visualization of GUS-activity
shown in Fig. 3A,B supports this result. The blue
colour obtained with construct B was much more
intense than that obtained with the deleted promo-
ter fragments (only E is shown). Using the same
constructs in a transient expression system, we
evaluated the relative strength of the Brazil nut 28
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Fig. 4. Comparison of strength of 2S gene promoters from
Brazil nut and Arabidopsis and of the CaMV 35S promoter.
From left to right: 35S-, Brazil nut 2S- and Arabidopsis 2S-
driven GUS activities. Assays as described in Materials and
methods. The bars delineate the data range.

promoter in comparison with the Arabidopsis 2S
and the CaMV 35S promoters. The results are
shown in Fig. 4; both 2S promoters work in the
bean tissue and the Brazil nut promoter seems to
be slightly more efficient than the analogous

Fig. 3. Histochemical visualization of GUS activity in axis of mature bean embryo. (A) Full length promoter. (B) Construct ‘E’ as

shown in Fig. |.
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Arabidopsis sequences. However, a 2-3-fold
increase is obtained when the CaMV 35S promoter
is used to drive the expression of the GUS-reporter
gene.

3.2. CAT gene expression in stably transformed
tobacco

For this series of experiments the different pro-
moter fragments (Fig. 1) were fused to CAT-
structural sequences. Tobacco leaf discs were then
transformed and plants regenerated as described
above in Materials and methods. CAT activity was
determined in transgenic seeds that had been
harvested 25 days after flowering when they are
close to maturation. The results are shown in Fig.
5. With constructs C and D only a slight reduction
of transcriptional activity can be observed. How-
ever, construct E results in only 20% of the activity
obtained with the intact promoter.

3.3. Spatial and temporal regulation of CAT
expression

In order to verify whether the spacial and tem-
poral expression patterns conferred by the intact
2S promoter are maintained in the tobacco host,
seeds from transgenic plants were harvested at 10,
15 and 25 days after flowering and their CAT ac-
tivity tested. For each stage the seeds of three
transgenic tobacco plants were pooled and the
CAT activity determined. The results of this analy-
sis are shown in Fig. 6. The nearly mature seed (25
days after flowering) show highest activity whilst
only minimal CAT activity was observed in seeds
harvested 10 days after flowering.

Leaves and stems of transgenic plants carrying
the various constructs were tested for their ability
to express CAT activity and determine whether
one of the deletions might result in the relaxation
of tissue specificity. The results for all constructs
were identical to those shown in Fig. 7 for the in-
tact promoter sequence: no CAT activity was
detectable in either stems or leaves; experiments
with the truncated promoters gave identical results
(data not shown).

3.4. DN A-retardation assays and footprint analysis
with Brazil nut 2S promoter fragments
In order to identify promoter elements that

KCAT 100 86 82 20

B C D E NTCAT
Fig. 5. CAT assays of seed protein extracts from transgenic
tobacco plants transformed with constructs B-E (Fig. 1). For
each assay, 5 ug of protein was used. NT, untransformed plant;
ENZ, 5 units of chloramphenicol acetyl transferase (Boehr-
inger); CM, chloramphenicol; 1-CM, l-acetyl-chloramphen-
icol; 3-CM, 3-acetyl-chloramphe nicol; 1,3-CM, diacetyl
chloramphenicol. Quantification was done by cutting out the
acetylated chloramphenicol spots from the thin-layer foil and
subsequent scintillation counting. The value obtained with the

largest promoter fragment (B) was considered to represent
100% of activity.
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Fig. 6. CAT activity in transformed tobacco seeds at different
developmental stages. Autoradiography showing the activity in
extracts from seeds harvested at 10, 15 and 25 days after flower-
ing (DAF). Quantification of the results shown on top was
done as described in Fig. 5. 25 DAF seeds are considered to
show 100% activity.
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S L St

Fig. 7. CAT assay of protein extract from seeds (S), leaves (L)
and stems (St) of transgenic tobacco transformed with con-
struct B (Fig. 1). With the quantification method described for
the previous experiments, no CAT activity can be shown either
in leaves or in stems.

might be involved in the regulation of expression
and specificity of the 2S gene through binding to
nuclear proteins, a series of DNA retardation
assays was performed with nuclear extracts from
seeds and leaves.

A Avall Ndel  EcoRl Rsal Neol
460 267 210 72 +55
28 prom.

il o “ﬁ h“

Fig. 8. DNA retardation assay. (A) Promoter fragments used in
the assays. (B) Autoradiographs of the binding reaction: L, leaf
extracts; F, free probe; S, seed extracts. The four fragments
were analysed on different gels. Arrows point to complexes
formed with the nuclear extracts.

The fragments spanning the first 460 nucleotides
upstream from the transcription initiation site
(Fig. 8A) were used as probes since we have
previously shown that the G-box motifs are found
in this region. The results are shown in Fig. 8: the
migration of all fragments was retarded by both
types of extracts. However, the complexes formed
with extracts from leaves and from seeds clearly
differ. Nuclear extracts from leaf form only one
specific, well-defined complex with all fragments.
With extracts from seeds, however, the Avall/Ndel
fragment forms one complex, while in the case of
the Ndel/EcoRI1, EcoRl/Rsal and Rsal/Ncol pro-
bes two complexes are present (arrows). With
these three probes, one of the complexes migrates
identically to the one formed with leaf extracts; the
others are of higher molecular weight.

In order to characterize potential cis-acting ele-
ments in the promoter region more precisely, foot-
print analyses were performed using the Avall/
Ncol fragment. The results are shown in Fig. 9A.
The protection pattern against DNAase I action
corroborates the results obtained with the DNA-
retardation assays: proteins from seed nucler are
able to protect multiple sites in the Avall/Ncol
promoter fragment. Two of the protected regions
are located around the TATA box, seven in a 155
nucleotide region spanning from —65 to —220 and
iwo more can be identified in the highly AT-rich
region from —220 to —420. In Fig. 9B these results
are summarized and, interestingly, most of the
protected regions (underlined in the figure) con-
tain, or are flanked by TGCA/ACGT and CCAC
motifs. The latter motif is found in the CaMV 358
promoter [23] and also in the ‘vicilin’ consensus se-
quence [24].

4. Discussion

4.1. Specificity and strength of the Brazil nut 2S
album in promoter

In this study we have initiated a functional anal-
ysis of a seed-specific promoter from a Brazil nut
28 albumin gene. This was accomplished by fusing
different promoter fragments to the CAT and
GUS reporter genes and introducing the con-
structs either biolistically into bean embryos or via
Agrobacterium tumefaciens into tobacco.
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-240 *EcoRI
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Fig. 9. Footprint analysis of the Avall/Ncol promoter fragment using nuclear extracts from Brazil nut seeds. (A) Analysis, on 6%
acrylamide, 8 M urea sequencing gels, of the Avall/Ncol promoter fragment labelled at the Ncol site (first three panels) and at the
Avall terminal (right hand panel). ‘C + T’*A + G, pyrimidine and purine lanes, respectively; ‘“NE’, fragment incubated with seed nu-
clear extracts and subsequently digested with DNAse I; ‘F’, DNAse-digested fragment unexposed to nuclear extract. The vertical bars
at the right indicate the regions where DNA is protected from enzyme action, the numbers give the position in the promoter fragment.
(B) Sequence of the promoter fragment used in the DNAase 1 protection experiments. The protected regions identified in Fig. 9A
are underlined. ACGT/TGCA and CCAC motifs are boxed.
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None of the deletions used in this study altered
the seed-specificity conferred by the Brazil nut 2S
promoter. The truncated promoter containing 210
nucleotides upstream of the transcription initia-
tion site still retains the ability to drive the expres-
sion of the reporter gene in a seed-specific manner.

This suggests that the signals responsible for
seed-specific expression might be located within
this stretch of nucleotides.

Furthermore, the analysis of transgenic tobacco
seeds at different stages of maturation showed that
also the temporal expression pattern is conserved
in the new biological environment. Similar results
have been obtained with an analogous 2S promo-
ter (AT2S1) from Arabidopsis thaliana in transgen-
ic Brassica and tobacco. However, in contrast to
our results, the Arabidopsis gene is transcribed
during the early stages in the seed development of
transgenic tobacco and its activity declines 20 days
after fertilization [15]. In agreement with our fin-
dings, Guerche et al. [25] demonstrated an
increase of activity for all four AT2S genes during
Arabidopsis seed development.

With the methodology used in this study we
could not detect any deviation from the spatial
expression pattern observed in Brazil nut: the
intact, as well as the truncated, promoters drive re-
porter gene activity exclusively in the seeds of the
transgenic plants. Furthermore, in Brazil nut as
well as in transgenic tobacco seeds, activity is
highest towards the end of the maturation period.
Results from the experiments with biolistic trans-
formation of bean embryos were less specific;
although all the constructs were expressed in the
embryonic tissue, it is, at present, impossible to
know whether the seed and developmental
specificity has been maintained since it was not
possible to regenerate intact plants. GUS reporter
gene expression in the biolistically transformed
material is analogous to the CAT expression in
stably transformed tobacco, indicating that assays
of this type might be useful as a rapid test of pro-
moter strength. The performance of genetically
engineered plants is highly dependent upon the
strength of the promoter used to drive the expres-
sion of the gene of interest. Because of their nutri-
tional value and seed-specificity the Brazil nut 2S
gene and its promoter are of interest for the

engineering of seed properties. Sequences coding
for Brazil nut 2S albumins have been introduced
and expressed successfully in various host plants
such as Brassica [25] and tobacco [26], albeit not
under the control of the homologous promoter.
The evaluation of the strength of the Brazil nut 2S
promoter in comparison with an analogous pro-
moter from Arabidopsis and the 35S promoter
from CaMV showed that the latter drives transient
GUS-expression in bean embryos at least 50%
more efficiently than the 2S promoters.

4.2. cis-acting regulatory domains

The deletions tested in the course of this work
showed that the region between —267 and -210
nucleotides upstream from the transcription initia-
tion site is essential for efficient gene expression
but that seed-specificity is not lost when these se-
quences are deleted. It is very likely therefore that
cis-acting sequences conferring seed-specificity are
located downstream from position -210. The
DNA retardation assays presented here support
the notion that this region might be involved in the
regulation of gene expression through transcrip-
tion factors that bind to specific cis-acting se-
quences. Most of the complexes are formed with
the EcoRI/Rsal- and the Rsal/Ncol-fragment. In
addition the DNA retardation assays show clearly
that nuclear extracts from seeds and leaves differ
substantially with respect to their DNA-binding
proteins. Our experiments have shown that nu-
clear proteins from Brazil nut seeds form one to
several DNA-—protein complexes while extracts
from leaves give only one, possibly the same, well-
defined complex with all probes. In the case of
seed extracts the complexity of the DNA—-protein
interactions in the 2S promoter region is confirm-
ed by the footprint analysis with seed extracts. The
results are summarized in Fig. 9B where the
regions protected from DNAase | action are
underlined. The analysis of the sequences present
in the protected regions shows that all contain, or
are immediately flanked by, two core motifs
(boxed in Fig. 9B). The first, the core motif of the
G-box, ACGT, has been shown to be highly con-
served in 2S albumin gene promoters from
phylogenetically distant plants. The second motif,
CCAQ, is also found at the core of the medial and
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distal region of the CaMV 35S RNA promoter
[23] and in the ‘vicilin’ consensus sequence [24].

Recently it has been reported that tissue-
specificity of legumin expression is determined by
a core sequence ‘CATGCATG’, a motif that is
present in the promoter region of many plant
genes [27]. Part of this motif, namely the TGCA
palindrome, forms the core of a cis-acting DNA
sequence in the promoter of wheat histone genes
[28]. It is also present in the CaMV 35S RNA pro-
moter, the promoter of nopaline synthase and the
promoter of the Arabidopsis rbcS-14 gene. Be-
cause of its wide distribution in a variety of genes
that are all highly regulated, although dependent
on quite different physiological and environmental
factors, it seems that TGCA/ACGT represents a
conserved core around which different flanking
regions could define tissue and/or spatial expres-
sion patterns and responses to frans-acting
elements.

Our results show that transcriptional regulation
is most probably achieved through the combina-
tion of certain basic regulatory elements [29], two
of which are, in the case of the 2S albumin promo-
ter, the TGCA/ACGT and CCAC cores.

Acknowledgements

We thank Drs. M. Vincentz, M. Carneiro, E. de
Almeida, L. Caldas and Nicholas Harris for criti-
cal reading of the manuscript. This work was sup-
ported by grants from CNPq/FINEP (Brazil).

References

[11 F. Sharief and S.S.L. Lee, Amino acid sequence of small
and large subunits of seed storage protein from Ricinus
communis. J. Biol. Chem., 257 (1982) 14753—-15759.

[2]1 M.L. Crouch, K.M. Tenbarge, A.E. Simon and R. Ferl,
cDNA clones for Brassica napus seed proteins: evidence
from nucleotide sequence analysis that both subunits of
napin are cleaved from a precursor polypeptide. J. Mol.
Appl. Genet., 2 (1983) 273-283.

[3] E. Krebbers, L. Herdies, A. De Clercq, J. Seurinck, J.
Leemans, J. Van Damme, M. Segura, G. Gheysen, M.
Van Montagu and J. Vandekerckhove. Determination of
the processing sites of an Arabidopsis 2S albumin and
characterization of the complete gene family. Plant
Physiol., 87 (1988) 659—-866.

[4] R. Youle and A.H.C. Huang. Occurrence of low molecu-
lar weight and high cysteine containing albumin storage

(5

(6]

m

(8]

&

(10]

[11]

(2

{131

[14]

{15}

[16]

(7

protein in oil seeds of diverse species. Am. J. Bot., 68
(1981) 44-48.

1.D. Bewley and M. Black. Physiology and Biochemistry
of Seeds in Relation to Germination. Springer-Verlag
Berlin, Heidelberg, New York, 1983.

C. Ampe, J. Van Damme, L.A.B. De Castro, M.J. Sam-
paio, M. Van Montagu, and J. Vandekerckhove. The
amino-acid sequence of the 28 sulfur-rich proteins from
seeds of Brazil nut (Bertholletia excelsa H.B.K.). Eur. J.
Biochem., 159 (1986) 597-604.

E.S. Gander, K.O. Holmstrom, G.R. De Paiva, L.A.B.
De Castro, M. Carneiro and M.-F. Grossi de Sa. Isola-
tion, characterization and expression of a gene coding for
a 2S albumin from Bertholletia excelsa (Brazil nut). Plant
Mol. Biol., 16 (1991) 437-438.

L.A.B. De Castro, Z. Lacerda, R.A. Aramayo, M.J.
Sampaio and E.S. Gander. Evidence for a precursor mol-
ecule of Brazil nut 2S seed proteins from biosynthesis and
c¢DNA analysis. Mol. Gen. Genet., 206 (1987) 338-343.
G. Giuliano, E. Pichersky, V.S. Malik, M.P. Timko, P.A.
Scolnik and A.R. Cashmore. An evolutionary conserved
protein binding sequence upstrean of a plant light-
regulated gene. Proc. Natl. Acad. Sci. USA, 85 (1988)
7089-7093.

R. Fluhr, P. Moses, G. Morelli, G. Coruzzi and N-H.
Chua. Expression dynamics of the pea rbcS multigene
family and organ distribution of the transcripts. EMBO
J.. 5 (1986) 2063-2071.

N.E. Tumer, W.G. Clark, G.J. Tabor, C.M. Hironaka,
R.T. Fraley and D.M. Shah. Two genes encoding the
small subunit of ribulose 1,5-biphosphate carboxylase
are expressed differentially in petunia leaves. Nucleic
Acids Res., 14 (1986) 3325-3342,

D. Twell and G. Ooms. Structural diversity of the patatin
gene family in potato ¢.v. Desiree. Mol. Gen. Genet., 212
(1988) 325-336.

H. Baumlein, U. Wobus, J. Pustell and F.C. Kafatos.
The leguminin gene family: structure of a B type gene of
Vicia faba and a possible legumin gene specific regulatory
element. Nucleic Acids Res., 14 (1986) 2707-2720.
M.E. Williams, R. Foster and N-H. Chua. Sequences
flanking the hexameric G-box core CACGTG affect the
specificity of protein binding. Plant Cell, 4 (1992)
485-496.

A. De Clercq, M. Vandewiele, R. De Rycke, J. Van
Damme, M. Van Montagu, E. Krebbers and J.
Vandekerckhove. Expression and processing of an
Arabidopsis 2S albumin in transgenic tobacco. Plant
Physiol., 92 (1990) 899-907.

F.J.L. Arag&o, M.-F. Grossi de Sa, M.R. Davey, A.C M
Brasileiro, J.C. Faria and E.L Rech. Factors influencing
transient gene expression in bean (Phaseolus vulgaris L.)
using an electrical particle acceleration device. Plant Cell
Rep., 12 (1993) 483-490.

R. Deblaere, A. Reynaertes, H. Hofte, J.-P. Hernals-
teens, J. Leemans and M. Van Montagu, Vectors for
cloning in plant cells. Methods Enzymol., 153 (1987)
277-292.



198

(18]

[19]

[20]

(21]

(22]

(231

M.F. Grossi de Sa et al / Plant Sci. 103 (1994) 189198

R.B. Horsch, J.E. Fry, N.L. Hoffman, D. Eichholtz, S.G.
Rogers and R.T. Fraley. A simple and general method
for transferring genes in plants. Science, 227 (1985)
1229-1231.

M.M. Bradford. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal. Biochem., 72
(1976) 248-254.

M. De Block, J. Schell and M. Van Montagu, Chloro-
plast transformation by Agrobacterium tumefaciens.
EMBO J., 4 (1985) 1367-~1372.

C. Curie, T. Liboz, C. Bardet, E.S. Gander, C. Médale,
M. Axelos, and B. Lescure, cis and trans-acting elements
involved in the activation of Arabidopsis thaliana A1 gene
encoding the translation elongation factor EF-1. Nucl.
Acid, 19 (1991) 1305-1310.

S. Lichtsteiner, J. Wuarin and U. Schibler, The interplay
of DNA-binding proteins on the promoter of the mouse
albumin gene. Cell, 51 (1987) 963-973.

D.W. Ow, J.D. Jacobs and S.H. Howelil, Functional
regions of the Cauliflower Mosaic Virus 35S RNA pro-
moter determined by the use of the firefly luciferase gene
as a reporter of promoter activity. Proc. Natl. Acad. Sci.
USA, 84 (1987) 4870-4874.

[24]

(25]

(26

{27]

(28]

[29]

J.A. Gatehouse, .M. Evans, R.R.D. Croy and D.
Boulter. Differential expression of genes during legume
seed development. Phil. Trans. R. Soc. (Lond.), B34
(1985) 367-384.

P. Guerche. E.R.P. De Almeida. M.A. Schwarzstein.
E.S. Gander, E. Krebbers and G. Pelletier, Expression of
the 2S albumin from Bertholletia excelsa in Brassica
napus. Mol. Gen. Genet., 221 (1990) 306-314.

S.B. Altenbach, C.C. Kuo. L.C. Staraci, K.W. Pearson,
C. Wainwright, A. Georgescu and J. Townsend. Ac-
cumulation of a Brazil nut albumin in seeds of transgenic
canola results in enhanced levels of seed protein
methionine. Plant Mol. Biol., 18 (1992) 235-245.

H. Baumlein, I. Nagy. D.1. Villarroet and U. Wobus, cis-
analysis of a seed protein gene promoter: the conser-
vative RY repeat CATGCATG within the legumin box
is essential for tissue-specific expression of a legumin
gene. Plant J., 2 (1992) 233-239.

T. Tabata, T. Nakayama, K. Mikami and M. Iwabuchi.
HBP-1A and HBP-1B: leucine zipper-type transcription
factors of wheat. EMBO J., 10 (1991) 1459-1467.

P.N. Benfey. L. Ren and N-H Chua. Combinatorial and
synergistic properties of CaMV 35S enhancer subdo-
mains. EMBO J., 9 (1990) 1685-1696.



