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B-expansins are divergently abundant
in maize cultivars that contrast in their degree
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Zea mays L. exhibits a strong growth reduction in response to NaCl-induced stress that is attributable to a decline of
cell division and elongation. Wall-loosening expansins are of major impact for cell wall extensibility and growth. This
study provides an analysis of the impact of an 8-d 100 mM NacCl stress treatment on the mRNA abundance of the «-
and B-expansin sub-families using real-time quantitative RT-PCR. Moreover, we provide a comparative study of plants
that contrast in their degree of salt resistance in order to reveal contrasting features of physiological functions that may
bear a causal relation to the differential response of plants to salt. In result, the transcript abundance of wall-loosening
B-expansins was impaired in size-reduced leaves of the salt-sensitive hybrid but not in leaves of the salt-resistant hybrid
that maintained growth. This indicates a role for the B-expansins in processes related to salt resistance.

Introduction

Soil salinity poses a major threat to agriculture, since most crop
plants will not grow in high concentrations of salt.! During
the osmotic stress phase, the rate of shoot growth falls signifi-
cantly immediately after the salt concentration around the roots
increases to a threshold level of approximately 40 mM NaCl for
most plants, largely attributable to the osmotic effect of the salt
outside the roots.? The osmotic effect not only reduces the expan-
sion of growing leaves, but also causes new leaves to emerge more
slowly.>* This growth reduction might be controlled by hor-
monal signals.? However, the growth-related processes that are
altered by this putative signal are not precisely known.* Bernstein
et al.’ have reported that salinity reduces the leaf growth rate by
shortening the length of the leaf elongating zone and decreasing
its growth intensity. This has led to the assumption that the leaf
growth inhibition observed under salt stress might occur via an
effect on this region.® A modified capacity of cell walls to irrevers-
ibly expand has been suggested to be the major growth-limiting
factor causing growth inhibition under salt stress.”

Cell-wall enlargement begins with wall stress relaxation,
allowing the cells physically to enlarge. Following the acid growth
theory, an auxin-mediated acidification of the leaf apoplast is the
major requirement for an increase in wall extensibility.* Expansins
are a group of non-enzymatic cell-wall proteins that are thought
to mediate acid-induced growth. Experimental evidence supports
the idea that expansins intercalate within carbohydrate matrices
in the cell wall, leading to a transient loosening of non-covalent
interactions, and thus enhance the ability of these matrices to
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move relative to each other.”!® Strong correlations between the
presence of expansins, wall extensibility and cell elongation have
been demonstrated.'™!" Interestingly, Pitann et al. have revealed
a downregulation of growth-mediating 3-expansin proteins in
size-reduced shoots of NaCl-affected maize plants, whereas the
B-expansin protein abundance was less affected in the leaves of a
salt-resistant cultivar.

Elucidation of the way that salinity affects shoot growth is
of great importance for a better understanding of processes that
contribute to salt resistance. For this purpose, (1) shoot growth
and (2) the abundance of growth mediating expansin were com-
pared between the salt-sensitive maize hybrid Lector and the
highly salt-resistant hybrid SR03 (developed by Schubert et al.)
under saline conditions. Such a comparative study of plants
belonging to the same species but contrasting in their degree of
salt resistance was undertaken because it might reveal contrasting
features of physiological functions that may bear a causal relation
to the differential response of plants to salt."

Salinity Differentially Affects Shoot Growth
and B-expansin Abundance in Maize Cultivars
that Differ in Salt Resistance

Our previously study showed that an 8-d 100 mM NaCl treat-
ment of maize plants that differ in their degree of salt-resistance
has revealed genotype-specific differences regarding the ability of
the young shoots to maintain growth. The leaves of the salt-sensi-
tive hybrid Lector exhibited a strong reduction in wall extensibil-

ity (Geilfus et al."” Table 2 therein) and biomass accumulation,'>'¢
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Figure 1. Effect of salt treatment on the relative a- and -expansin
transcript abundance as measured by SYBR-green-based real-time
quantitative RT-PCR. Relative expression changes in response to an 8-d
100-mM NaCl treatment of (A) a-expansins and (B) B-expansin. Isoforms
were detected with a family-specific primer pair. The transcript for
ubiquitin-conjugating enzyme was used as the endogenous control in
an Applied Biosystems 7300 real-time PCR system. Data show the effect
of salt treatment on the relative transcript abundance with the control
as the calibrator sample (+100 rel. expression = two-fold upregulation,
-100 rel. expression = two-fold downregulation). Salt-sensitive Lector
(light gray); salt-resistant SR03 (dark gray). Expression data correspond
to means of three biological replicates, each being run in triplicate, +SE.

being characteristic for the first phase of salt stress. In contrast,
the shoots of the sale-resistant hybrid SR03 were only margin-
ally affected and maintained growth. The finding that, at saline
conditions, the mRNA abundance of wall-loosening -expansins
(ZmEXPB2, ZmEXPBG6 and ZmEXPBS, Geilfus et al.'®) was differ-
entially regulated within both maize hybrids, viz. downregulated
in size-reduced shoots of the salt-sensitive Lector but upregulated
in shoots of salt-resistant SR03 that maintained growth under
NaCl stress, is indicative for an important role of these wall loosen-
ing agents in processes related to salt-resistance. The upregulation
of the expansin transcripts in expanding shoots of the salt-resistant
hybrid SR03 might contribute to a mechanism for improving wall
extensibility under stress and thus might counteract growth reduc-
tion as occurs, for example, in the salt-sensitive hybrid. In favor of
this assumption, these particular expansin transcripts (ZmEXPB2,
ZmEXPBG6 and ZmEXPBS) are downregulated in the salt-sensitive
hybrid Lector.’>'¢

In general, B-expansins are more numerous and more abun-
dantly expressed in maize tissue compared with a-expansins and
are hypothesized to function in cell enlargement and other pro-
cesses in which wall loosening is required.” In order to estimate
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whether both expansin sub-families are affected equally by salin-
ity, the transcript abundance of these wall-loosening agents was
compared. This was done on the basis of purified poly (A)* RNA
by using the real-time qRT-PCR technique. In response to the
8-d 100 mM NaCl treatment, the transcript abundance of the
a-expansin sub-family was increased in both genotypes. However,
this upregulation was not noticeably different between the two
genotypes (Fig. 1A). In contrast, the 3-expansins have been shown
to be opposingly regulated within the two genotypes, viz. down-
regulated in salt-sensitive Lector but upregulated in salt-resistant
SR03, under NaCl stress (Fig. 1B). The finding that on the one
hand the a-expansins were equally regulated in the two genotypes
that contrast in their degree of salt resistance, but, on the other
hand the B-expansin transcripts were opposingly regulated in both
genotypes under stress suggests that the B-expansin sub-family is
more important in respect of genotypic differences in terms of wall
extensibility and shoot growth.

Genotype-Specific Protein Abundance
of B-expansins

It was recently demonstrated that genotype-specific effects of
the salt treatment on (-expansin transcript abundance were also
occurring on the level of the proteome: salinity did not affect the
abundance of the vegetatively expressed B-expansins in the leaves
of the salt-resistant maize hybrid SR03.'® However, B-expansin
were downregulated in size-reduced leaves of the salt-sensitive cul-
tivar Lector. The finding that growth-mediating 3-expansins were
downregulated in size-reduced leaves of the salt-sensitive maize but
were not affected in leaves of the salt resistant SR03 maize that
maintained growth is indicative of a role for the B-expansins in
maintaining growth and thus of their contribution to salt resistance.

Concluding Remarks

A comparative study of plants that differ in their degree of salt
resistance revealed contrasting physiological features with respect
to the abundance of growth mediating 3-expansins in expanding
shoots. Wall-loosening (3-expansins were impaired in size-reduced
leaves of the salt-sensitive hybrid but not in leaves of the saltresis-
tant hybrid that maintained growth. This physiological difference
is indicative for a role of these wall-loosening agents for saltresis-
tance and thus may be used for screening for salt-resistant plants.
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