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Abstract

A c¢DNA clone (Zm58.1) was isolated by differential screening from a ¢cDNA library made to mature
Zea mays pollen, and shown to be pollen-specific by RNA blot analysis. When this partial-length clone
was used to probe a genomic library, a similar but distinct pollen-specific genomic clone (68°%, sequence
identity) was isolated (Zm58.2). The putative proteins coded for by these two clones show sequence
homology to several flower-expressed gene products from various plant species, including known pollen
allergens from short ragweed (Ambrosia artemisiifolia), and to pectate lyases from the plant pathogenic
bacteria Erwinia spp. The two genes map to different chromosomes.

The function of a mature pollen grain is to effect
the delivery of its two sperm cells to the embryo
sac. To do this, the pollen grain must germinate
on the surface of a receptive stigma, quickly send-
ing a pollen tube out through the pore in the pollen
wall and down through the tissues of the style.
The pollen tube extends rapidly at its tip as it
grows through or between the walls of the stigma
cells, and then between the cells of the transmit-
ting tissue in the style [ 17]. This germination and
rapid growth requires a considerable amount of
cell wall synthesis and possibly breakdown of
stylar components [12]. One might expect these

processes to be performed by the enzymes present
in the mature pollen grain and developing tube
[9]. It is not surprising that many of the pollen-
specific genes reported to date appear to have
homology to cell wall degradation enzymes such
as polygalacturonase [2, 3, 11], pectin esterase
[1], and pectate lyase [ 15, 21]. Based on the in-
trusive nature of the growth exhibited during ger-
mination and pollen tube elongation, one might
expect that genes of this type would be highly
expressed in pollen.

We report here the characterization of a pair of
pollen-specific genes of this type isolated from the

* The nucleotide sequence data reported here will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under

the accession numbers 1.20139 (Zm58.1) and 1.20140 (Zm58.2).
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mature pollen of Zea mays. These genes, desig-
nated Zm58.1 and Zm38.2, show significant
homology to pectate lyases [EC 4.2.2.2] known
from the plant pathogenic bacteria Erwinia spp.,
but are more homologous yet to several other
genes isolated from the pollen of various plant
species, including the major pollen allergen of
short ragweed (dmbrosia artemisiifolia).

Differential screening of a maize cDNA library
made to mature pollen resulted in the isolation of
numerous pollen-expressed clones [18]. Several
of these were shown to be pollen-specific based
on their hybridization only to cDNA probe made
topoly(A)™ RNA isolated from polien. RNA blot
analysis showed one clone (designated Zm58.1)
which hybridized specifically to RNA from ma-
ture maize pollen, but not to the RNAs from the
vegetative tissues assayed (data not shown). Sub-
sequent sequencing and characterization showed
that this was a partial cDNA clone.

To obtain the full coding sequence and addi-
tional flanking sequences of Zm38.1, a maize ge-
nomic library made in AEMBL3 [7] was screened
to recover the corresponding genomic clone. A
plaque was isolated yielding a genomic fragment
which was designated Zm58.2. RNA blot analy-
sis using a gene-specific part of this fragment as
a probe indicated that ZmS58.2 was also pollen-
specific (data not shown).

The entire coding region of the gene was present
on the genomic clone. While the start of the
Zm58.2 mRNA has not been unequivocally de-
termined, the sequence context of the region at
the putative 5 end of the message is typical
for known plant genes. Downstream from a
TATATATA motif there are at least three places
which could be putative transcription start sites
[8]. The first ATG after this region starts an open
reading frame of 438 amino acids, which would
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code for the putative Zm58.2 protein. Modified
polyadenylation signal motifs (e.g. ATTAAA and
AATATA) can be found in the 3" untranslated
region (portions of both the 5 and 3’ untrans-
lated regions are included in sequence L20140).
Taken together these structures predict a mRNA
very close to the 1.8 kb size which was observed
by RNA blot analysis (data not shown). The
N-terminal region derived from the Zm58.2 se-
quence is indicative of a signal peptide. All of the
homologous genes shown in Fig. 1 are reported to
have putative signal peptide sequences and are
presumably secreted for extracellular function.

Complete cloning and sequencing of hybridiz-
ing subfragments of the Zm58.2 genomic clone
indicated that, while there was a region of con-
siderable sequence homology to much of the
putative Zm58.1-coding region, it represented a
different gene. At the nucleotide sequence level
the homology in the coding region was high (68%,
identity), but much lower in the 3’ -untranslated
region (419, identity). The amino acid identity of
the shared coding region was 539 (699, similar-
ity). The ¢cDNA and genomic clones thus repre-
sent different members of a maize multi-gene
family of a size that is not yet known. The re-
combinant inbred maize lines developed by Burr
et al. [5] were used to map the chromosomal
locations of both of the Zm58 genes. ZmS58.1
maps to a position on the long arm of chromo-
some 4 between umc52 and npi203, and Zm58.2
maps to a locus one map unit from wx/ near
bni3.06 on the short arm of chromosome 9. The
loci of Zm58.1 and Zm58.2 have been designated
mgs2A and mgs2B (male gametophyte-specific),
respectively.

Subsequent comparison of the putative ZmS58.2
protein to protein sequences residing in the
SwissProt database revealed striking homology

Fig. 1. Amino acid sequence comparisons among Zm58.1, Zm58.2, tomato anther-expressed genes /az56 and lat59 [21], tobacco
pollen-specific gene G10 [ 15], style-expressed gene 9612 from tomato and tobacco [4], short ragweed allergens Amb a 1.1 and Amb a
II [13, 14], and pectate lyase F from Erwinia chrysanthemi (EplF) [20]. Closed circles represent absolute amino acid conserva-
tion among all of the sequences at the given position; open circles represent conservation among all of the plant genes; plusses
represent conservation of a residue in all but one or two of the sequences. Horizontal lines indicate regions of conservation within
known Erwinia spp. pectate lyase genes [21, 22]. Computer analyses were performed using the Genetics Computer Group (GCG)

Sequence Analysis Software, Version 7.1 for UNIX [6].
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to several published florally expressed genes: lat56
and /at59 are anther-expressed genes from to-
mato [10, 21]; G10 is a pollen-expressed gene
from tobacco [15], and 9612 is a gene expressed
in the styles of tobacco and tomato [4] (Fig. 1).
These genes have previously been reported to be
homologous to genes encoding pectate lyases
from the plant pathogenic bacteria Erwinia caro-
tovora and E. chrysanthemi. Several of the other
homologous genes revealed by the sequence
search are members of the major family of aller-
genic proteins known from short ragweed (4Am-
brosia artemisiifolia). The homologies between
Zm58.2 and the plant genes ranged from 75%
similarity (55% identity) for /at59 to 63% simi-
larity (469, identity) for Amba 1.1. The E.
chrysanthemi pectate lyase F gene [20] was iden-
tified by a FASTA comparison as having the clos-
est homology to Zm58.2 of several Erwinia spp.
pectate lyases (479, similarity, 269, identity).
Pectate lyase F is the designation for the unproc-
essed pectate lyase E protein [20].

The multiple amino acid sequence alignment of
these proteins shown in Fig. 1 is an updated ver-
sion of a similar comparison originally made by
McCormick [ 10]. In general, the regions of great-
est conservation were found to be similar to re-
gions of conservation shown for several pectate
lyase genes known from Erwinia (Fig. 1, horizon-
tal lines [21]). While no definitive biochemical
functions have been shown for any of the homolo-
gous plant genes, their similarity to pectate lyases
indicates that they may also have pectate lyase
activity. The homology among the proteins in
Fig. 1is very limited at their N-terminal ends, but
is very pronounced in the central portion, espe-
cially in the pectate lyase-conserved regions pre-
viously discussed. As can be seen in Fig. 1, the
Lat56 protein does not terminate with the highly
conserved region common to the other plant
genes. It is interesting to note that the introduc-
tion of a frameshift in the region of the putative
Lat56 protein terminus restores the amino acid
sequence homology and terminates the protein
just following the last conserved cysteine; the
same point as all of the other plant proteins. All
of the plant proteins compared in Fig. 1 also have

homology to Amba 1 in the order of 45-48%,
amino acid identity, and may share similar
epitopes. An additional homology has also been
noted between these genes and the partial protein
sequence of the major allergen of Japanese cedar
pollen (CryJI; [ 10, 19]).

The three-dimensional structure of pectate
lyase C from E. chrysanthemi as determined by
X-ray crystallography has recently been published
indicating that the protein folds with a newly
identified configuration designated a parallel
p-helix [22]. The protein sequence similarity be-
tween the Erwinia pectate lyases and the previ-
ously published pollen and style genes prompted
Yoder er al. [22] to suggest that these plant pro-
teins also exhibit this novel protein folding. By
extension, this is also likely true for the Zm58
protein(s). While the plant genes do not maintain
the same conserved cysteines that are apparently
responsible for some of the final structure of the
pectate lyases [22], there are at least five cysteines
which are conserved among the plant genes and
which suggest a consistent structure. The areas of
high amino acid conservation indicated by the
lines in Fig. 1 correlate with the reported sub-
strate-binding region, including specific residues
speculatively associated with the binding of a
Ca’* ion. The other motifs mentioned in regards
to the pectate lyase C (i.e. putative nucleotide-
binding site, homology to tubulins [22]) are not
conserved in the plant genes.

Taken together, the high level of homology
among all of the proteins in Fig. 1 leads to the
suggestion that these proteins may all have pec-
tate lyase activity, as well as representing an al-
lergenic class of proteins. Enzymes such as f-1,4-
glucanase and pectinase have been reported to
stimulate pollen tube growth rate when added to
pectin-free growth media in low concentrations
[16]. Thus, the pectate lyase might have functions
in pollen tube extension. It is interesting to note
that the 9612 protein (which is not expressed in
pollen) has been localized in the stylar tissue of
tomato and tobacco pistils [4]. It would be
interesting to transform plants with a pollen-
expressed anti-sense construct of one of these
genes to see if antigen levels could be reduced in



pollen, and to note the effect on pollen tube ger-
mination and growth.
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