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Abstract

The maize genomic DNA sequence encoding the eukaryotic translation initiation factor 5 (eIF-5) has been isolated from
genomic library of maize seedlings and the exon—intron structure determined (accession number AJ132240). The length of genomic
DNA sequenced was about 7 kb and contained two exons with the translation start site in exon 2. The only intron is located in
the non-coding 5’ region and it is 1298 bp long with the splice acceptor and donor sites conforming to the AG/GT rules. Repetitive
sequence fragments are located in the 5’ and 3’ intergenic region. The accumulation of e/F-5 mRNA was studied by RNA blot
and in situ hybridization. The observed distribution of mRNA may correlate with the function of the protein, as it appears to be
highly abundant in tissues where the proportion of cells actively dividing is very high, such as meristematic regions. © 1999

Elsevier Science B.V. All rights reserved.
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1. Introduction

The eukaryotic translation initiation factor 5 (eIF-5)
has been shown to play an essential role in the initiation
of protein synthesis, in conjunction with other initiation
factors and GTP (Raychaudhuri et al., 1987). Studies
have shown that the elF-5 protein interacts with the 40S
initiation  complex  (40S-mRNA - Met-tRNA—elF-
2-GTP) to promote quantitative hydrolysis of the ribo-
some-bound GTP (Das et al., 1993). Hydrolysis of GTP
is essential for the release of eIF-2 and guanine nucleotide
(as an elF-2-GDP complex) from the 40S ribosomal
subunit, and the subsequent binding of the 60S ribosomal
subunit to the 40S complex to form a functional 80S
initiation complex (80S-mRNA -Met-tRNA,) that is
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competent for peptidyl transfer (Chakravarti and Maitra,
1993; Chaudhuri et al., 1994).

The elF-5 protein has a domain with the features
expected for a zinc-finger (Klug and Rhodes, 1987) that
is conserved in all reported sequences in species as
distant as mammals, plants, yeast and nematodes (Lopez
et al., 1997). It has also been shown that the interaction
of maize elF-5 with nucleic acids in vitro is dependent
on the presence of Zn>* ions, suggesting a functional
role for the zinc-finger structure. Following these results
we proposed that the zinc-finger plays a role in the
interaction of eIF-5 with 40S rRNA, with other regions
of the protein possibly also taking part in the interaction
(Lopez et al., 1997).

In the present article we describe the structure, organ-
ization and expression of the elF-5 gene from maize
(Zea mays L.). We have identified the DNA clone from
a genomic library of whole seedlings (two leaf stage) of
maize variety B73. A 6.8 kb fragment was sequenced
and five regions have been distinguished in it in relation
to the coding sequence. The mRNA accumulation pat-
terns have been studied both by RNA blot and in situ
hybridization, showing high abundance of the transcript
in regions of the embryo and seedling that are rich in
dividing cells.
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2. Materials and methods
2.1. Genomic library screening and sequencing

The elF-5 cDNA ZF3 clone (Lopez et al., 1997) was
used to screen a genomic library prepared from whole
seedlings (two leaf stage) in EMBL-3 (Clontech) from the
B73 maize variety using standard methods (Ausubel et al.,
1994). To determine the region of the clone corresponding
to the cDNA the A DNA was isolated using the Qiagen
kit. The genomic DNA was isolated from the phage arms
by digesting with Sa/l, Sall-Sphl and BamHI. The pro-
duct of the digestion was separated by size in an 0.8%
agarose gel and blotted onto a nylon membrane as
recommended by the manufacturer (Hybond N,
Amersham). Hybridization was carried out at 65°C in
200 mM sodium phosphate (pH 7.2), 1 mM EDTA, 7%
SDS, 1% bovine serum albumin, and 0.5 mg/ml sonicated
salmon sperm DNA as described by Maniatis et al.
(1982). The ZF3 ¢cDNA clone was labelled with 3P to a
specific activity of 10°cpm/ug by random priming
(Boehringer Mannheim). Final washes were carried out
at 65°C in 20 mM sodium phosphate (pH 7.2), 1% SDS,
and 1 mM EDTA. The membrane was then exposed to
Kodak XARS5 film with intensifying screens (Du Pont
Lighting Plus) at —70°C. The fragments hybridizing to
the cDNA probe were isolated and subcloned into
pBluescript SK+ vector. Different fragments were sub-
cloned using the partial restriction map of the gene. Series
of fragments of various sizes were also obtained from
deletion clones obtained using an Exolll exonuclease
deletion kit (Pharmacia). Nucleotide sequences were deter-
mined using the dideoxynucleotide chain terminator
method (Sanger et al., 1977) on an automated laser
fluorescence (ALF) sequencing apparatus (Pharmacia).

2.2. RNA blot analysis

Tissues were collected from different embryo stages,
adult root and leaf of Z. mays (W64). All tissues were
frozen in liquid nitrogen and kept at —70°C until they
were used. Total RNAs were extracted as described by
Maniatis et al. (1982). Poly (A)+ RNA used for
blotting was isolated using the Poly A Tract mRNA
Isolation System (Promega), following the manufactur-
er’s protocol. The elF-5 cDNA ZF3 full-length clone
(Lopez et al., 1997) was used as probe and labelled by
the random priming method (Random Primed DNA
labeling kit, Boehringer Mannheim, Germany),
following the manufacturer’s protocols. The northern
blots were fixed, hybridized and washed as described by
Church and Gilbert (1984).

2.3. In situ hybridization

Fixation and pre-treatment of the tissues were carried
out according to Jackson (1991) and Langdale (1994).

A 300 bp EcoRV fragment of the 5’ cDNA ZF3 clone
was used as probe. Preparation of the riboprobes,
hybridization, washes, blocking, antibody incubation
and detection were performed according to the supplier’s
protocols (DIG High Prime Labeling and Detection
Starter Kit I and Nonradioactive In Situ Hybridization
Manual of Boehringer Mannheim, Germany).
Digoxygenin-labelled hybrids were viewed using bright-
field microscopy, and photographs were taken using
Ektachrome 160 films.

3. Results
3.1. Cloning and sequence of the elF-5 gene

A Z. mays genomic library was screened with an elF-
5 cDNA probe (Loépez et al., 1997), and the phage
showing the strongest hybridization intensity was
selected. In order to separate the gene insert from the
phage arms, the DNA phage was digested with restric-
tion enzymes in the phage multicloning region (Sa/l,
BamHI and Sphl) and hybridized to the cDNA. Three
fragments of 4.5 kb, 4.3 kb and 6.5 kb were subcloned
in pBluescript. The first two inserts correspond respec-
tively to the 5" and 3’ regions upstream and downstream
to the Sall site of the cDNA, whereas in the 6.5 kb
fragment the whole sequence corresponding to the
cDNA is included.

The sequence of the whole coding region and the 5’
and 3’ adjacent regions was a total of 6831 bp of genomic
region of the elF-5 gene. It contained a coding sequence
identical to the previously described e/F-5 cDNA (Lépez
et al., 1997), confirming that the genomic sequence was
the elF-5 gene. The sequence has been submitted to the
EMBL database with the accession number AJ132240.
At both nucleotide and protein levels the coding region
of the gene has 100% homology to e/F-5 cDNA (acces-
sion number X99517).

3.2. Genomic structure and organization of the eIF-5
gene in maize

A schematic drawing of the structural organization
of the elF-5 gene from maize is shown in Fig. 1. Also
shown in Fig. 1 is the partial restriction map where the
enzymes used for allowed subcloning the different frag-
ments of the gene are indicated. The 6.8 kb sequence is
organized in five well-defined regions that correspond
to the percentage distribution of GC:AT of the 6831 bp
of the genomic sequence. In general, all the regions are
richer in AT nucleotides with the exception of the coding
region, which is always richer in GC than the average.
The five regions that can be distinguished are as follows.

(a) 5’ intergenic region. This region is between the
nucleotide —1901 and + 1 (transcriptional start point).
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Fig. 1. Schematic drawing of the structural organization of the e/F-5 gene from maize. Arabic numerals indicate the size in kilobases. The enzymes
indicate the partial restriction map. The boxes denote the different regions of the gene. The roman numerals denote the repetitive sequences. The
different consensus sequences at the start and end of the different regions of the gene are shown below.

In this region several repetitive sequences are found that
have high homology with sequences of other maize
genes, in particular with the Adh gene (75.4%), the
transposon of gene P (70.9%), the waxy gene (81.7%),
the transposable eclement DS (77.3%), the gene of
histoneH 2B (75.6%), the zein gene Zc2 (74.3%), the
PRIO resistance gene of pea (72.0%) and the Vispe gene
of soybean (75.5%). These similarities indicate the pres-
ence of a large number of mobile elements in the
intergenic region. Only one region appears unique to
this gene and it is proposed that this includes the gene
promoter. The only region with no similarity to other
genes is the segment of nucleotides — 345 and + 1, where
several consensus TATA boxes are found. We propose
that this region contains the promoter of the e/F-5 gene.
The percentage of AT nucleotides in the 5 intergenic
region is 63.1%.

(b) 5’ non-coding region. This region is defined by
its identity to the 5’ untranslated region of the elF-5
cDNA (Loépez et al., 1997). This begins at nucleotide
+1 and ends at position 1642. The only intron present
in this gene is found. The intron is located between
nucleotides 48 and 1345 (1298 bp long) and it is flanked
by the consensus sequence for plant splicing sites, GT
and AG (Brown, 1986; Rogers, 1990). This region
includes two short open-reading frames. The percentage
of AT in this 5" non-coding region is 58.2%.

(c) Coding region. This region includes nucleotides
from position 1643 to 2995 and has an open-reading
frame of 1352 nucleotides encoding a protein of 451
amino acids. The percentage of AT in the coding region
is 49.8%.

(d) 3’ non-coding region. This region is defined by
the length of the 3" untranslated region of elF-5 cDNA.
It begins at nucleotide 2999 and ends at position 3231,
where the polyA tail begins in the cDNA sequence. A
potential polyadenylation signal sequence is present in

this region. The percentage of AT in the 3’ non-coding
region is 59.6%.

(e) 3’ intergenic region. This region includes nucleo-
tides from position 3283 to the end of the sequence. As
found in the 5" intergenic region, analysis of this region
for similarities in databases indicates the presence of
repetitive sequences that have high homology with
regions of other genes of maize, in particular with the
gene A2 (60%), the transposon found in gene P (85%)
and with the Tnr transposon of rice (60%). The percen-
tage of AT in the 3’ intergenic region is 59%.

3.3. mRNA accumulation corresponding to the maize
elF-5 gene

The accumulation of the gene transcript correspond-
ing to the insert of the e/F-5 gene was studied by RNA
blot hybridization of polyA + RNA isolated from vari-
ous maize organs, and in different stages of development.
RNA blot analysis with total RNA was not possible,
probably due to the low abundance of mRNA in the
maize organs studied. The results for embryos of 12, 14,
16, 18 and 20 days after pollination (DAP), adult roots
and leaves are shown in Fig. 2. The analysis revealed
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Fig. 2. RNA blot analysis of the elF-5 gene. RNA polyA + was iso-
lated from different embryos and different parts of the plant using
elF-5 cDNA as a probe. Embryos are of 12, 14, 16, 18 and 20 DAP;
RT, root tip and LF, leaves. The gene transcript corresponding to the
ribosomal 60S was used as control.
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Fig. 3. In situ hybridization of e/F-5 mRNA. Hybridization of: antisense (A) and sense (B) probes with transverse sections from embryos of 14
DAP; antisense (C) and sense (D) transverse sections of leaves; antisense (E) and sense (F) longitudinal sections of root tip. VC, vascular cylinder;
C, coleoptile; PL, plumule. The different regions of the root tip are CD (cell division), CE (cell elongation), and CM (cell maturation). The situation
of the root cap (RC), quiescent center (QC), apical meristem (AM), cortical zone (CZ), and pericycle (P) are shown.

that the e/F-5 mRNA runs at approximately 2.5 knt.
This value indicated a lower electrophoretic mobility
than that predicted from the cDNA sequence (1.9 knt).
The highest levels of accumulation are found in embryos
of 12 DAP seeds and root tips (RT) with less accumula-
tion of mRNAs in embryos of 14 and 16 DAP and in
young leaves. mRNA was not accumulated in embryos
of 18 and 20 DAP, indicating that the mRNA of the
elF-5 gene starts to accumulate at the beginning of
embryo development, and later decreases until it is not
detectable at 18 DAP. Fig. 2 also presents the control
of RNA abundance and hybridization with a probe
corresponding to the 60S ribosomal gene.

To elucidate the spatial expression pattern in specific
tissues of maize, we used in situ hybridization to detect
the elF-5 gene mRNA in tissue sections from embryos
14 DAP, seedling leaves and root tips. Analyses of
transverse sections of 14 DAP embryos (Fig. 3A and B)
indicate that, at this developmental stage, the elF-5
transcripts are present in the meristematic cells of the
vascular cylinder (VC). In the transverse sections of
seedling leaf tissues (Fig. 3C and D) the accumulation
of mRNA in the plumule (PL) can be observed, but
there is no mRNA accumulation in the coleoptile (C).
Fig. 3E and F also shows longitudinal sections of the
root and different regions of the root tip: cell division
(CD), cell elongation (CE), and cell maturation (CM)
regions. Also shown is the position of the root cap
(RC), quiescent center (QC), apical meristem (AM),
cortical zone (CZ), pericycle (P) and vascular cylinder
(VC). It is in the apical meristem where greater accumu-
lation of elF-5 mRNA appears. The level of expression
decrease with distance from the root tip, but even in

more differentiated regions of the root mRNA accumu-
lation persists in the pericycle.

4. Discussion

The genomic sequence corresponding to the maize
eukaryotic translation initiation factor-5, elF-5, has
been isolated and 6.8 kb of the insert sequenced. The
structure of the gene has the main characteristics
observed for maize genes. In particular, the regions
flanking the coding sequences, both upstream and down-
stream of the gene, show similarity to abundant repeti-
tive fragments having the features of mobile elements.
This has been found in other maize genes, but in this
case the abundance of such elements is particularly
remarkable. The Z. mays genome consists of 60—-80%
repetitive DNA (Flavell et al., 1974), the majority of
which is dispersed throughout the genome interspersed
with unique or other repetitive sequences (Hake and
Walbot, 1980). This DNA is mostly made up of retro-
transposons or MITE elements (SanMiguel et al., 1996).
In the case of the elF-5 gene the elements found are
probably retrotransposon fragments. Among the
sequences coding for elF-5 gene in the different organ-
isms described, only one other genomic sequence, that
of Saccharomyces cerevisiae, is available, but the flanking
sequences of this gene do not contain any repetitive
sequences, as is the case in maize.

The maize gene has only one intron, located in the
5" non-coding region, and is very long (1298 bp) for a
maize intron. The presence of an intron in this location
is not unusual among plant genes, and maize genes in
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particular. In at least one case the intron has been
shown to be important for the regulation of the expres-
sion of the corresponding gene (Luehrsen and Walbot,
1991). Whether this is the case for the elF-5 gene is a
question that the analysis of the promoter could decide
in the future. Within the maize genomes, only a 5’
intergenic region, from nucleotide 1621 to 1921, which
includes a TATA box, has no detectable similarity to
other genomic sequences and is a good candidate for
the promoter of the gene.

When the maize e/F-5 mRNA is analyzed, a difference
in size between the cDNA (1975 bp) and the size of the
mRNA (2.5 knt) measured in the polyA+ RNA blot
hybridization is observed. A similar situation was
described in mammal (rat and human) e/F-5 RNA blots
analyzed (Kausik et al., 1996). Although in this case
bands of different sizes were found, the use of alternative
polyadenylation signals was proposed. In the case of
maize the use of alternative polyadenylation signals or
the existence of secondary structures in these mRNAs
can also be proposed. The eIF-5 protein is an essential
component of the translational machinery and it may
be considered a constitutive gene. However, differential
mRNA accumulation in different tissues of the plant
can be observed. The highest level of expression of the
gene is in the embryo 12 DAP and the root tip, with
intermediate expression in embryos 14 and 16 DAP and
young seedling leaves. Accumulation of mRNA in
embryos of 18 and 20 DAP is not observed, due to
lower level of expression of elF-5. At this stage of
embryo development they begin to prepare the dor-
mancy phase, during which protein synthesis is reduced.
It can be concluded that the elF-5 gene is expressed,
above all, in meristematic regions where there is a high
percentage of cells undergoing division. These results
are confirmed by the experiments of in situ hybridization
in embryos of 14 DAP, leaf and root tip. It seems
reasonable to propose that in dividing cells the transla-
tional machinery has to be built, so new protein, and
consequently the mRNA of genes such as e/F-5, essential
for this function, is needed. In these types of gene a plus
high expression in dividing cells can be expected, and
this is the case for elF-5. A similar situation was found
with another maize gene coding for an important ele-
ment of cellular machinery, the clathrin coat assembly
protein AP17 (c2), where a strong decrease of the
accumulation of mRNA is observed in embryos of 20
DAP, with respect to younger embryos (Roca et al.,
1998). In this sense, in genes coding for essential proteins
of the cell function, although the protein may be at a
constant level, the mRNA steady state level is observed
to be higher in tissues rich in proliferating cell where
the cell machinery is being built.
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