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Abstract

The translational construct, containing 719 bp of promoter and 5'-untranslated region and the first 16 bp of coding
region, of the maize gene Hrgp encoding a hydroxyproline-rich glycoprotein fused to a glucuronidase reporter
cassette, has been tested for activity in different maize tissues by microprojectile bombardment. The promoter has
been found to be very active in the tissues of the plant, such as meristems or young shoots, with high cell wall
formation activity where a high expression has aiso been shown for the endogenous gene. The promoter was also
shown to be very active in cell types with a protection role such as in pericarp or styles and in cell types where the
reinforcement of the cell wall is needed, as styles, auricles and cortical cells in the root tip. The promoter activity is
developmentally regulated in the endosperm, being highest simultaneously with active cell division at the early-mid
stages of development. In the presence of ethylene, the promoter shows an increased activity in accordance with the
increment of mRNA accumulation observed in the plant upon ethylene treatment. It is concluded that the promoter
fragment starting at -719 bp (numbering related to the ATG) of the Hrgp gene keeps the essential cis-DNA elements
necessary for spatial, temporal and hormonal gene expression in maize. © 1997 Elsevier Science Ireland Lid.
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1. Introduction

Hydroxyproline-rich  glycroproteins (HRGP)

are structural components of the plant cell wall.

* Corresponding author. Present address: Centro de Biolo- They have b‘?en described in l?Oth monocotyle-
gia Molecular e Engenharia Genética, Cx P, 6109, Universi- donous and dicotyledonous species, although they
dade Estadual de Campinas, 13083-970 Campinas, Brazil show distinct features in these two classes of
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plants. In both classes the proteins are highly

rr—\r\phhvp Anﬂ rich |n nrn]ln::- A]fhnunh f]r\p re-
<pe IiCii P 10, aiud 8 41

peated motif varies [1]. Although the protems are
ubiquitous in the plant, the corresponding genes
have been shown to be expressed mainly in
meristems and in response to mechanical wound-
ing.

The best studied gene coding for an HRGP in
monocots is the one isolated from maize [2.3] It
has been cloned from coleoptile tissue where its
mRNA accumulates in great proportion, as well
as in root tips and coleoptile nodes [4], and in
general in tissues rich in dividing cells [6]. At the
same time its mRINA ievei correlates with regions
rich in cells where the cell wall is not completely
formed [7]. The accumulation of maize mRNA
Hrgp is taking place transiently at new vascular
sites in immature embryos [7], roots and germi-
nating embryos [2]. Additional features of maize
Hrgp gene expression include its induction by
mechanicai wounding and ethylene {5] and in ihe
embryo it has been shown to be accumulated
mainly in the axis [7]. Finally, the presence of
Hrgp mRNA has been reported in maize peri-
carp and silks [8], and comparative studies at
protein level showed the highest HRGP accumu-
lation in protecting or supporting organs like
maize silks and presumably pericarp (9]

The Hrgp gene itself has also distinct fea-
tures when compared to the ones described in
dicotyledoneae. In the graminaceous species stud-
ied so far (Zea diploperennis teosinte, maize, sor-
ghum and rice), Hrgp mRNA appears to be
encoded by a single gene showing high sequence
bllllllalll_y between Specres 1uuuuii’lg the 5 flank-
ing region of the gene. In fact, the comparison of
the genomic sequences flanking the coding region
of Hrgp gene in maize and related species have
revealed that a region of around 500 bp up-
stream of the coding region is well conserved in
different maize varieties, teosinte and sorghum

[3] suggesting a possible regulatory function of

this region. Preliminary studies indicated that
this region is able to direct f-glucuronidase
(GUS) expression in maize coleoptiles, leaves and
calli [5].

The ubiquity of the HRGP protein and the
restricted spatial and developmental control of

Hrgp gene expression makes the study of the
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of gene regulation. In the present report it is
shown that the promoter region conserved
among Zeu and sorghum Hrgp genes is able to
drive the expression of a GUS reporter construct
in different maize tissues and organs in transient
expression experiments using microprojectile
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Sweet maize (BMS) cells. In addition, it is shown
that Hrgp promoter activity is under spatial and
developmental control.

2. Methods
2.1. Plant material

Seeds and plantlets from maize W64A pure
inbred line were used throughout the transient
expression studies employing microprojectile
bombardment. Transgenic maize cells were ob-
tained from cell suspension cultures of the BMS
line of maize. BMS cells were maintained in
MSE medium (MS salts and vitamins (Duchefa,
Holland), [ mg/l 2,4-dichlorophenoxyacetic acid
(2.4-D), 0.02 mg/l BAP and 30 g/l sucrose, pH

L a9y
2.0).

2.2. DNA constructs

A BamH]I1/Fokl 734 bp fragment spanning the
-719 to + 16 region (numbering related to ATQG)
of the Hrgp gene from an AC1503 genomic clone

M1 firgad [2ny +h cocqatta cantaing
[<] Was 1usca lll irame witih a cassette Containing

the GUS gene and the NOS terminator produc-
ing the construct p719. p35SI was obtained by
fusing a GUS/NOS cassette to a vector contain-
ing a 450 bp 35S promoter and the ADHI-S
intron, obtained from pCAMVIINEO [10]. p35S
was obtained by inserting a 800 bp 35S pro-
nf\_nfpr/nITQ/NﬂQ cassette from th]')l] into

QW /RTUS LCassvile Qi 2112200 AN

pUCI8 and it corresponds to pBl221 [L1].
pAHCI18 (kindly provided by Dr P.H. Quail) is
the construct used as internal control (see Sec-
tion 3), and it contains the maize ubiquitin pro-
moter and its first intron fused to the luciferase
coding region [12].
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2.3. Manipulation of maize tissues

Mature maize grains were sterilized by rinsing 1
min in absolute ethanol and 12 min in 3% com-
mercial bleach with 0.01% Triton X-100, followed
by washing four times for 5 min with water.
Grains were placed over three sheets of filter

paper saturated with sterile water and allowed to
gprmln)fp in the dark at 28°C. After 2 A,\vc 610

iiigicae

grains were laid in the center of a 5.5 cm dldmeter
Petri dish containing water solidified with 0.6%
agar. Seedlings were collected after 7 days and
placed carefully in the center of a 15 cm diameter
Petri dish containing water/agar. Leaves from 14
days after germination (DAG) seedlings were cut
in 2 cm lnno sections and transferred to MS

medium (MS salts and vitamins, 30 mg sucrose,
2.4 mg Gelrite, pH 5.8).

Roots from five DAG seedlings were cut longi-
tudinally with a razor blade and maintained in
MS medium. Young siiks were analyzed siiil con-
nected to ears, and older silks were cut in 4 cm
long sections, and in both cases placed in MS
medium. Immature maize grains of 14, 21 and 30
days after pollination (DAP) were taken from
maize ears sterilized as the maize mature grains
(except that the wash with bleach solution was
done uurmg 20 ‘uuu;, sectioned or not in halves
(see text) and placed in Petri dishes with MS
medium. Immature embryos from surface steril-
ized 14 DAP grains were hand-dissected and

transferred to MS medium.
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Grticie Do ULH(HHCIH (IJ Fridize llbbLlLb

All tissues were bombarded immediately after
transferring to the Petri dishes, except the imma-
ture embryos, which were kept in the medium for
24 h before bombarding. For particle preparation,
60 mg of gold particles (1 ym diameter, Biorad)

weare trancferrad ta an 1 § ml nalunranvlenae tuha
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(Treff Lab, Swiss), vortexed 5 min in ethanol
(HPLC grade) and pelleted in a microcentrifuge at
top speed for 4 min. The pellet was washed three
times with sterile water. Gold particles were resus-
pended in 1 ml of 50% glycerol and stored at 4°C
until use.

The procedure for DNA coating used here is a

ndi ﬁr\)hr\n of two nﬂ:vlr\nc renorts rl ‘1 |<] The
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particle stock was vortexed 5 min dnd aliquots of
30 pl were transferred to 2 ml polypropylene
tubes (Sarstedt, Germany). The coating were car-
ried out by adding under continuous vortex (top
speed) 8 pi DNA (0.5 pg/ulin TE pH 8.0), 112 i

H,0, 150 ul of precipitation mix (2.1 M CaCl,
and 0.02 M spermidine free base). The mix was
vortexed 3 min and the tubes placed in ice 15 min
to sediment the particles. The aqueous solution
was discarded completely and the pellet was
washed twice with 500 gl ethanol by vortexing.
The nelle

The pellet
vortexing | min and sonicated in a water bath
three times of 3 s each.

Bombardment was carried out in a PDS1000/
He device from DuPont (commercially available
from BioRad), with rupture disks of 560 p.s.i., 8
min between rupture disk and macrocarrier, 6 mm
between macrocarrier and stopping screen. 10 cm
between tissue sample and stopping screen, under
partial vacuum (0.1 atm). A total 8 gl of the gold
particles coated with DNA were applied in the
macrocarrier and left to dry in the flow hood over

5 min hafare bomhbarding
S i DEIore oomubpdarding.

stated, one shot was carried out per tissue sample.

After bombardment, tissues were kept in MSO
medium and incubated in the dark at 28°C during
24 h. Histochemical detection of GUS activity in
tissue was carried out by incubating samples 24 h
in the dark at 28°C in 10 ml tubes containing 5 ml
X-Gluc solution (0.1 M sodium phosphate buffer
pH 8.0, 0.1% Triton X-100, 10 mM EDTA. 5 mM
potassium ferrocianyde, 5 mM potassium ferri-
cianyde and 0.5 mg/ml X-Gluc). Fluorometric
detection of GUS activity was carried out essen-

Ha”\l as !“ecr‘ribed b\r 'pf‘ﬂﬁrcnn [I I] pvr‘ppf Fnr the

way resngnended in 4R 41 ethanol by
wasb rosuspinGou il 58 di Lulanor Oy
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use ot 25% (viv) of methcmol in the reaction
buffer [16]. Luciferase activity was quantified in a
luminometer by mixing 20 xl of the same protein
extract that for fluorometric detection of GUS
activity with 100 gl of luciferin-containing reac-
tion buffer [17]. Luciferase activity values were
considered as the integral of millivolts produced
in 10 s. The GUS/LUC ratio for each sample was
calculated dividing the fluorescence in units/min
due to GUS activity by the mV in 10s observed in
the luciferase assay.
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2.5. Production of transgenic maize cells

BMS suspension cells were collected 4 days
after subculture in new medium. BMS suspension
cells (0.5 ml PCV) previously filtered through a
500 #m mesh were transferred to filter paper discs
(7.5 cm diameter), covering a circie of 5.5 ¢cm
diameter. Cells were kept for 4 days on Petri
dishes with solid MSE medium at 28°C in the
dark. Each Petri dish was bombarded twice with
particles carrying 6.25 ug of pROBS5 [18] and 6.25
pg of the DNA carrying the gene of choice.
Selection of transgenic clones was carried out
using the procedure described by Walters et al.
[19]. Briefly, after bombarding, cells were immedi-
ately transferred to MSE medium containing 15
mg/l hygromycin. After 1 week, paper discs with
cells were transferred to solid MSE medium con-
taining 60 mg/l hygromycin. Clones showing nor-
mal growth were subcultured to new medium with
60 mg/i hygromycin.

2.6. Challenge of cells with ethylene and elicitors

Maize two DAG shoots and seven DAG
seedlings were transferred to 1 [ jars and chal-
lenged with ethylene (20 p.p.m.) or air 2 h after
the bombardment. Ethylene concentration was
monitored by gas chromatography. Previously to
ethylene treatment, maize transgenic cells were
transferred to 125 ml Erlenmeyers containing lig-
uid MSE medium without auxin and hygromycin.
After 3 days, aliquots containing 30 mg of cells
(FW) were distributed in 13 ml glass tubes tightly
closed with a rubber. Eun_‘y’x’c‘ﬁe \AU p.p.m. ) or air
were injected with the aid of a syringe with a
needle. Elicitor (15 ug/ml) from Fusarium monili-
Jorme, prepared as described [20], or etephon (150

mg/l) were added directly to the culture medium.

3.1. Tissue-specific activity of the HRGP
promoter

Northern and/or in situ hybridization analyses
have previously revealed that the maize Hrgp gene

is mainly expressed in meristematic and tran-
siently in vascular tissues [2,4]. In addition, the

Hrgp gene has been shown to be highly expressed,
at the protein and/or mRNA level, in plant struc-
tures such as the pericarp and the style [9,21].
These analyses have allowed to determine which
cell types are responsibie for the expression and
when the expression takes place. The analysis of

transient gene pvprp;mnn in cells transformed l-“/

bombardment with microprojectiles may allow to
know which maize cell types are expressing the
Hrgp gene in real time and to study the effects
due to transcriptional activation of its promoter.
Accordingly, different organs of the maize plant
were bombarded with the p719 construct, that
contains the promoter fragment of Hrgp gene
starting at -719 (numbermg related to the ATG)
in its 5-end and finishing at + 16 within the
coding region. fused in frame to the coding region
of uid4 gene in order to drive GUS expression.
This promoter sequence was selected because it
shows more than 90% identity among ho-
mologous Hrgp genes from the genus Zeu [3] and
because a transcriptional fusion (ending at posi-
tion -52 in 1its 3’-end) of similar length of pro-
moter (the 5-end at -634) drove, in preliminary
experiments, similar levels of GUS activity in
maize callus cells as a transcriptional fusion with
more than thousand bp of promoter [5]. Never-
theless, this type of constructs showed lower levels
of expression compared to translational fusion
(p719) used in this work [17]. In Fig. 1 the result
of microbombardment of three organs with the
p719 construction is presented. These include the
immature 14 DAP peﬁcar‘p and the leaf and the
root tip of maize plantlets, in all of which the
Hrgp mRNA accumulation has been studied. Per-
icarp and root tip are tissues exhibiting high
endogenous Hrgp mRNA accumulation [2], while
in the elongating and in the most differentiated
zones of the primary root the Hrgp mRNA levels

are ﬂr)[“ll)]l\l decreasino 161 pnrrﬂcnnnﬂinn]v )F_
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ter bombardment of the pericarp, GUS expression
was found widespread through the surface of the
kernel (Fig. 1A) and in different parts of the tip
and the elongating zone of the root, with an
apparent predominance at the boundary between
the cortex and the central pith (Fig. 1C). In the
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Fig. 1. Expression directed by the Hrgp promoter in maize tissues following microprojectile bombardment. Maize tissues were
bombarded with 0.66 ug of p719 DNA construct and assayed for GUS expression as described in Section 2. Blue spots correspond
to cells where the Hrgp promoter is expressed. (A) Maize grain showing blue spots in the pericarp. (B) Leaf showing blue spots in
the auricle (au), sheath (sh) and leaf blade (Ib) (C) Root tip with blue spots: rc, root cap; ct, cortex.

adult leaf, only a low number of spots was ob-
served. mostly around the veins in good correla-
tion with the low level of Hrgp expression
observed previously in adult leaves [4.5] and in the
auricle (Fig. 1B). This plant structure tolerates
high tension to keep the sheath and the stem in
almost perpendicular position. 1t is important to
mention that the results here presented are repre-
sentative examples of systematic investigation
about these phenomena. In all cases. at least six
independent experiments were always carried out
and only reproducible results are here reported.

The silks, the styles of female inflorescence, are
the structures of the maize plant where the highest
expression of the Hrgp gene, analyzed by northern
experiments, is attained [8]. However, no data are
available so far on the spatial and temporal distri-
bution of Hrgp mRNA accumulation in maize
styles. In order to gain an insight into those
aspects of Hrgp expression and to verify whether
the DNA sequences present in the p719 promoter
are sufficient to direct GUS activity in silks, fe-
male inflorescence were bombarded with the p719
construct. The results are shown in Fig. 2. The
promoter was found to be particularly active in
the emerging silks in the female inflorescence (Fig.
2A). Interestingly, in a single silk the Hrgp pro-
moter activity appear to be higher it the hairs of
the style, where the reception of pollen takes place
in maize [22]. than in the body of the silk (Fig.
2B).

The GUS activity directed by the p719 Hrgp
promoter in maize kernels also had a good corre-
spondence with the mRNA accumulation results
observed in the immature kernel [23]. The GUS
activity driven by the promoter in the endosperm
has been assayed by bombardment into kernels
hand-dissected in halves at three stages of devel-
opment (Fig. 3). In Fig. 3A the result of bom-
barding an immature kernel of 14 days after
pollination (DAP) is shown. At this stage the
p719 Hrgp promoter is active in the embryo (see

Fig. 2. Expression directed by the Hrgp promoter in the female
inflorescence of maize. Young maize ears and isolated silks
(styles) were bombarded with p719 DNA construct and the
GUS activity assayed as described in Section 2. The blue spots
correspond to cells where Hrgp promoter is active. (A) Young
car showing Hrgp promoter activity in the styles of very young
pistils. (B) Detail of a sitk. collected upon emergency. showing
expression in the body style and its hairs.
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Fig. 3. GUS activity directed by the Hrgp promoter in different stages of the development of the maize grain. Maize grains were
dissected in halves, bombarded with p719 DNA and developed to the GUS activity by incubation with X-Gluc, as described in the
text. Blue spots represent cells where the Hrgp promoter is active. (A) 14 days after poliination (DAP) maize grain. Hrgp is expressed
in the aleurone (al), endosperm (ed) and pericarp (pc). (B) 22 DAP maize grain showing expression in the aleurone and endosperm.

(C) 30 DAP maize grain with no Hrgp expression.

also Fig. 4), pericarp and mainly in the en-
dosperm cells, preferentially in the external lay-
ers of the three/four upper region of the 14
DAP endosperm. These regions have the
youngest cells, active in cell division, since maize
endosperm maturation proceeds from the center
to the periphery and from the base to the top
[24]. The activity of the promoter is restricted to
the outermost layers in endosperm sections of 22
DAP (Fig. 3B). stage where transcriptional ac-
tivity is practically reduced to the aleurone and
sub-aleurone layers of the endosperm. Finally, at
later stages (Fig. 3C) transcriptional activity in
the endosperm is residual and no GUS activity
can be observed using the Hrgp construct.

In immature embryos the expression of the
maize Hrgp gene is subjected to a tissue-specific
type of control: the mRNA and protein are
abundant in the axis but undetectable in the
scuteflum [23]. However, when immature 14
DAP embryos were bombarded with the Hrgp
promoter, the GUS activity was observed not
only in the embryo axis but in the scutellum,
particularly in the scutellum regions surrounding
the axis node (Fig. 4A). A longitudinal section
of the same age embryo shows high level of
GUS activity in the coleoptile and in regions of
the scutellum coincident with the scutellar pro-

cambium (Fig. 4B). In fact, when in situ hy-
bridization  experiments  were  performed,
allowing a precise spatial detection of expression
in immature embryos, a similar pattern was ob-
tained comparing the endogenous mRNA accu-
mulation in scutellar cells [7] and the GUS
activity driven by the Hrgp promoter in the
same cells.

The differential tissue specificity of Hrgp ex-
pression can be better analyzed in a quantitative
way. This can be done dividing the GUS activity
driven by the Hrgp promoter by the luciferase
activity directed by the maize ubiquitin promoter
of pAHCI18 [12] from the same protein extract
obtained from tissues co-transformed with p719
and pAHCI8 constructs. In fact, the relative
GUS/Luciferase activity driven by the Hrgp and
35SI promoters varies significantly from one tis-
sue to another (Table 1). In tissues where the
Hrgp mRNA level is low, such as leaves and
immature embryos, the activity of Hrgp pro-
moter is a fraction of the 35Sl activity: between
7 and 2 times lower, respectively (Table 1).
However, in 2 day old shoots where the mRNA
level is the highest compared to the other organs
[4,7] the relative activity is also the highest com-
pared to 35SI and 40 to 140 times higher than
in embryos or leaves, respectively.
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Fig. 4. Maize Hrgp promoter expression in immature maize embryos. 14 DAP maize embryos were hand dissected. transferred to
MS medium and bombarded with 0.66 ¢ of p719 or p35S1 DNA constructs and assayed for GUS expression as described in Section
2. Blue spots corresponds to cells where the Hrgp promoter is active. (A) Top view of a intact 14 DAP maize embryo showing
expression of the Hrgp promoter in the coleoptile (cp). scutellum (s¢) and coleorhiza (cr). (B) 14 DAP maize embryo longitudinally
dissected before bombardment showing Hrgp promoter expression internally: ¢p. coleoptile; pl. plumule; sp, scutellar procambium:
s¢, scutettum: pr, primary root. (C) Embryo, as in A, showing expression of the 35SI promoter in the same tissues as Hrep promoter.
Note that tissue relative expression of GUS is different for both promoters, being the ratio of GUS activity in scutellum rersus

embryo axis lower for the Hrgp promoter.

3.2. Effect of ethvlene on HRGP promoter
activity

Hrgp gene expression can be induced by me-
chanical wounding [5,6] and by placing maize
plantlets in an ethylene atmosphere [5]. The pres-
ence of the sequence GGGAAGCCTCC in the
Hrgp promoter, which is very similar to the motif
GAGAAGCCGCC found in the ethylene-induced
chitinase gene from bean [25], prompted us to
investigate, in maize transformed cells by particle
bombardment. whether the promoter construc-

Table 1
Expression of the p719 Hrgp gene promoter in different organs
refative to p35SSI promoter

Tissue Relative expres- Promoter com-
sion® pared
Leaves 0.15 3581
14 DAP embryos 0.3 3581
Two DAG 20 358t
seedlings

“ Values represent the quotient of GUS activity driven by p719
Hrgp promoter and luciferase activity directed by pUBI pro-
moter. relative to the quotient of GUS activity driven by
p35S1 promoter and Juciferase activity directed by pUBI pro-
moter in independent experiments.

tions containing such a sequence are responsive to
ethylene or ethylene-producing compounds. In
Table 2, the GUS activity of the Hrgp promoter is
shown, compared to the activity driven by the
cauliflower mosaic virus (CaMV) 35S promoter in
mesocotiles or in two DAG shoots. in air or in an
ethylene atmosphere. Surprisingly. the activity
driven by the 35S promoter was always lower in
the presence of ethylene than without. This nega-
tive effect of ethylene on the 35S activity was
considerably reduced after only 4 h of ethylene
treatment. A similar effect is observed for the
Hrgp promoter: A slight reduction of activity in
24 h ethylene treated two DAG shoots versus 66%
increment in shoots treated for only 4 h. Never-
theless. the highest increment of the activity di-
rected by the Hrgp promoter upon ethylene
treatment was taking place on mesocotiles (Table
2) in accordance with what has been observed tor
the endogenous gene [5].

The effect of ethylene on Hrgp promoter activ-
1ty was also analyzed in stably transformed BMS
maize cells. BMS cells were co-bombarded with
the DNA construct having the Hrgp gene pro-
moter (or the 35SI promoter, as a control) and a
plasmid containing the gene coding for hy-
gromycin resistance. Cells were allowed to prolif-
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Table 2

Activity of the p719 Hrgp gene promoter in different organs in the presence or absence of ethylene

M. Menossi et al. / Plant Science 125 (1997) 189-200

Organ Construction GUS activity? {(pmoles/min per mg protein)
Air Ethylene
Mesocotiles p719 492 +1.86 10.22 +3.97
p3581 9.57+2.23 7.46 +4.11
2 DAG shoots (24h) p719 593.1 +£212.1 461.0 +226.0
p35S1 14.22 +2.48 5724239
2 DAG shoots (4 h) p719 496.3 + 184.8 826.3 £+ 366.5
p35SI 48.89 + 35.74 46.02 1 26.84

2 The results are the average of eight different experiments.

erate and to form calli in the presence of hy-
gromycin. This protocol of transformation can
give rise to chimeric calli. Nevertheless, the
proportion of true transformed cells was in-
creased by prolonging the selective regime. The
different transformed calli were checked for the
presence of Hrgp (or 35SI) promoter stably in-
tegrated into the maize genome (results not
shown). Different compounds which caused in-
creased ethylene production such as fungal elic-
itors [26], ethephon [27] or gaseous ethylene
itself produce different effects on activities
driven by Hrgp and 3581 promoters (Figs. 5
and 6). After treatment of transgenic cells of
3581 promoter construct with those com-
pounds, an overall reduction of GUS activity
driven by the 35SI promoter, compared to the
non-treated cells is observed (Figs. 5 and 6).
The opposite effect can be seen when trans-
genic cells of Hrgp promoter construct were
exposed to -fungal elicitors, ethephon or
ethylene atmosphere: a general increase of
GUS activity driven by the Hrgp promoter,
compared to the non-treated cells was ob-
served. Interestingly, the activity was higher at
6 h than at 24 h of ethephon treatment (Fig.
6). These results are compatible with a negative
effect of ethylene on the overall transcription rate
after long exposures to ethylene, reflected
by the reduction of 35SI promoter activity,
that could be due to a certain level of cell
death in the tissues [28].

4. Discussion

The pattern of expression of maize Hrgp gene is
an interesting system to be explored in compari-
son to the patterns of expression of the corre-
sponding genes in dicotyledonous plants. While in
dicotyledonous species hydroxyproline-rich giyco-
proteins, called extensins, are encoded by complex
gene families [1,29], in maize a single gene appears

1.400
O control
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E 400 s
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0 ] §
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Fig. 5. Modulation of Hrgp expression in response to elicitors
and etephon. Transgenic maize cells transformed with the
construct p719 were incubated in MS medium with Fusarium
moniliforme elicitors (15 ug/ml) and ethephon (150 mg/l).
Control cells were incubated with MS medium only. Cells
transformed with the p35S construct were used as non-in-
ducible control. 24 h after challenge with the three treatments,
cells were collected and assayed for GUS activity as described
in Section 2. Bars correspond to the SEM. (n=8, two
independent experiments).
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Fig. 6. Modulation of Hrgp expression in response to gaseous
ethylene. Transgenic maize cells transformed with the con-
struct p719 were incubated in MS media containing ethylene
as described in Section 2. Cells transformed with the p35S
construct were used as non-inducible control. Cells aliquots
were collected after 6 and 24 h. as indicated under the bars,
and assayed for the GUS activity. Bars correspond to the
S.E.M. (1 =8, two independent experiments).

to encode HRGP [2,3]. Correspondingly, while in
the dicotyledoneae analyzed so far, specific genes
appear to respond to either developmental or
stress signals [1] in maize the same gene is playing
several roles. In fact, maize Hrgp gene expression
is not detected in the scutellum of immature em-
bryos but it is high in meristems, coleoptile and
protecting or supporting organs like silks [2.4.7—
9]. The same gene is also induced by mechanical
wounding, ethylene treatment [5] and by fungal
elicitors. Several attempts, in this laboratory, to
study the expression of the Hrgp promoter in
transgenic tobacco plants either with transcrip-
tional or translational fusion constructs failed to
produce any activity driven by the promoter. One
possible explanation is that tobacco Hrgp genes
present different expression patterns than maize
Hrgp gene being, therefore, under distinct control
mechanisms. It was concluded that the activity of
the Hrgp promoter should be studied in maize or
related species rather than in heterologous sys-
tems. In fact, preliminary results [5] indicated that
particle bombardment could be used with success
in the analysis of Hrgp promoter activity in maize.

Indeed, the Hrgp promoter sequence of the
p719 construct seems to contain the elements that

are essential to the observed pattern of expression
of the endogenous gene [2,4-7]. On the one hand,
p719 has been shown to contain the region of the
promoter directing the highest GUS expression in
two DAG maize coleoptiles cells [17], tissue with
high Hrgp mRNA accumulation [4]. On the other
hand. all the tissue-specific features of the expres-
sion of the gene already known are conserved.
This is the case for young leaves [2.4], pericarp [8]
and partly roots, in the sense that mRNA accu-
mulation is found mainly in the root tip [4].
Interestingly. new patterns of Hrgp expression,
previously unknown. are revealed with our experi-
mental system, transient expression in cells trans-
formed by bombarding with microprojectiles. In
the case of the root, activity is observed in cortical
cells, that would require reinforcement of their
cell walls as a consequence of being put under
mechanical stress by adjacent tissues. as has been
reported for the Nicotiana plumbaginifolia ex-
tensin [30]. Similar reinforcement of cell walls 1s
probably required in the cells of silk hairs, where
high Hrgp promoter activity is shown (Fig. 2) and
where the pollination takes place in maize [22].
Hrgp promoter activity is regulated developmen-
tally. as expected, in the endosperm, being their
highest activity simultaneous with active cell divi-
sion at the early-mid stages of development (Fig.
).

The only apparent contradiction between tis-
sue-specific Hrgp promoter activity obtained by
particle bombardment and previous published re-
sults is in the embryo. In this organ, when studied
by RNA blot experiments [23] the gene seems to
be repressed in the scutellum although division
activity is present in this immature organ. Indeed,
our microbombardment experiments show that
both the axis and the scutellum actively express
the Hrgp construct. In the scutellum. GUS activ-
ity driven by Hrgp promoter is specially high in
the scutellar node (Fig. 4A). this region seems to
be active in cell division, as has been shown by the
high accumulation of histone mRNA [7]. but no
endogenous Hrgp mRNA have been detected.
Other scutellar places with high Hrgp activity seen
by bombardment correspond to the sculellar pro-
cambium. The seeming contradiction between the
low levels of Hrgp expression in the scutellum,
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assessed by Northern analysis, and the expression

r\kenrvnri in nprf-:nn cnnfp"ar r\p“c trancfaormed hv
VOSCIveu 1l Lltiwaiin 1S ransiormeq Uy

bombardment could be reconciled if we took in
account that there are few scutellar procambium
cells compared to the total number of scutellar
cells, and that the mRNA corresponding to en-
dogenous Hrgp would be too much diluted in the
pool of mRNA to be observed by Northern ex-

perimgnts An alternative pvnlsmahnn to the ap-

parent  discrepancy between the mRNA
accumulation results and the microbombarding
data may be interpreted taking into account that
after 2 h of placing immature embryos in in vitro
culture the scutellar cells start Hrgp expression as
a consequence from switching from an immature
embryo programme to a callogenesis programme
(José-Estanyol, M. personal communication).
Consequently when the embryos are bombarded,
scutellar cells have already become competent for
Hrgp expression.

The Hrgp promoier of the p719 consiruct
tested, as the endogenous Hrgp, is also responsive
to ethylene, or ethylene-producing compounds as
etephon or fungal elicitors. Therefore, a cis-acting
element (or elements) involved in ethylene respon-
siveness must be present downstream nucleotide
719. A putative ethylene responsive element is the
motif GGGAAGCCTCC preseit in the p/ 19 pro-
moter, which is having one imperfect (TCC) and
one perfect GCC box, shown to be responsive to
ethylene in tobacco [31]. To demonstrate the im-
portance of this motif with respect to ethylene
response either mutation of the GCC box or
constructs without the motif should be tested in

tha firtiire
Liiw 1LuUutulL.

In the maize plant, the relative increase in Hrgp
mRNA level varies from one tissue to another
after ethylene treatment. In tissues with high basal
expression level of the Hrgp gene, such as shoots
(coleoptiles) or root tips, the reiative increase is
not high. Higher levels of induction are observed

after ethvlene treatment when the basal exnression

Lol LRAYIULAC ULQULILIIL WD LIV Vasar VARPIUSSIVU

level of Hrgp gene is low, as in the mesocotyl [5].
A similar effect has been also observed both in
stably or transiently transformed rhaize cells by
bombardment. Nevertheless, the level of induction
achieved by the p719 promoter, either in siably or
transiently transformed maize cells, upon ethylene

treatment was in most of the cases lower than for

the eandogenoiis oen Far examnle in me nnnhrl
e engogencus gene. r'or examp:e, i mesocoly:

bombarded with p719 the level of induction of
promoter activity produced after 24 h of ethylene
treatment was twice, and even a slight reduction
of activity was observed in shoots, whereas a level
of induction of five or two times, respectively, was
observed for the endogenous gene after 9 h of
treatment with pfhvlpnp I'q'l The GUIS activity

il aRiiivii

driven by the CdMV 35S promoter shed light on
understanding these differences. In fact, the GUS
activity driven by the CaMV 35S promoter suf-
fered a gradual reduction with time after ethylene
treatment. Because, the 358 promoter, as a classi-
cal constitutive promoter is not regulated by
ethylene, the well documented senescent effect of
ethylene [28] may account for the lower activity
observed by reducing the number of cells con-
tributing to the total promoter activity. If this
would be the case, a higher increment of Hrgp
promoter activily should be expected with shorter
ethylene treatment. In fact, this is the case for two
DAG bombarded shoots treated for 4 h (Table 2)
or stably transformed BMS maize cells treated
with ethylene for 6 h. Therefore, it is concluded
that p719 Hrgp promoter is responsive to ethylene
either in stably or transient transformed maize
cells b Oy par ticle bombardment.

In conclusion the p719 promoter of the maize
Hrgp gene, used in the experiments of transient
expression, appears to contain the essential ele-
ments needed to define the spatial and develop-
mental pattern of expression of the gene. In
addition, the experimental model used: Transient
cxpression in transformed cells transformed by
particle bombardment, has revealed new, previ-
ously unknown, cell types related to the reinforce-
ment of the cell wall. These data offer new
insights into the understanding Hrgp gene expres-
sion control and the role of HRGP in the mainte-
nance of the cell wall.
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