
Summary. Expansins are now generally accepted to be the key regula-
tors of wall extension during plant growth. The aim of this study was to
characterize expansins in wheat coleoptiles and determine their roles in
regulating cell growth. Endogenous and reconstituted wall extension ac-
tivities of wheat coleoptiles were measured. The identification of �-ex-
pansins was confirmed on the basis of expansin activity, immunoblot
analysis, and �-expansin inhibition. Expansin activities of wheat coleop-
tiles were shown to be sensitive to pH and a number of exogenously ap-
plied factors, and their optimum pH range was found to be 4.0 to 4.5,
close to that of �-expansins. They were induced by dithiothreitol, K�,
and Mg2�, but inhibited by Zn2�, Cu2�, Al3�, and Ca2�, similar to those
found in cucumber hypocotyls. An expansin antibody raised against
TaEXPB23, a vegetative expansin of the �-expansin family, greatly in-
hibited acid-induced extension of native wheat coleoptiles and only one
protein band was recognized in Western blot experiments, suggesting
that �-expansins are the main members affecting cell wall extension of
wheat coleoptiles. The growth of wheat coleoptiles was closely related to
the activity and expression of expansins. In conclusion, our results sug-
gest the presence of expansins in wheat coleoptiles, and it is possible
that most of them are members of the �-expansin family, but are not
group 1 grass pollen allergens. The growth of wheat coleoptiles is inti-
mately correlated with expansin expression, in particularly that of �-ex-
pansins.

Keywords: Cell extension; Cell elongation growth; Cell wall; Ex-
pansin; Wheat coleoptile.

Abbreviations: DTT dithiothreitol; EDTA disodium ethylenediaminete-
traacetate; PVDF polyvinylidene fluoride membrane.

Introduction

Expansins are cell wall proteins that induce cell wall ex-
tension in vitro and cell expansion in vivo by disrupting

hydrogen bonds between cellulose microfibrils and matrix
polymers (McQueen-Mason and Cosgrove 1994, Cos-
grove 1999). Since they were first isolated from cucumber
hypocotyls (McQueen-Mason et al. 1992), expansins have
been identified in many plant species and organs (Cos-
grove 1997, 2000; Cho and Cosgrove 2002; Li et al. 2003;
Kwasniewski and Szarejko 2006). Previous research has
shown that expansins participate in the process of plant
growth. For example, Huang et al. (2000) reported a close
relationship between the expression of expansin genes and
rice coleoptile elongation in response to different oxygen
concentrations. In another study, maize roots in low water
potentials were able to continue growing by increasing the
extensibility of the cell walls and this was correlated with
an increase in expansin activity and transcript accumula-
tion (Wu et al. 2001).

The expansin superfamily of plant proteins is made up
of four families, designated �-expansin (EXPA), �-ex-
pansin (EXPB), expansin-like A (EXLA), and expansin-
like B (EXLB) (Sampedro and Cosgrove 2005).
�-Expansin and �-expansin proteins are known to have
cell wall-loosening activity and to be involved in cell ex-
pansion and other developmental events during which cell
wall modification occurs. �-Expansin proteins and some,
but not all, �-expansin proteins are implicated as catalysts
of “acid growth’’. While a role of �-expansins in cell ex-
tension has been reported for many plants (McQueen-Ma-
son and Rochange 1999, Cosgrove 2000), �-expansins
were originally represented by group 1 allergens of grass
pollen (Cosgrove et al. 1997), which constitute a divergent
group of �-expansin family expressed at high levels in the
pollen of grasses but not of other plant groups, with addi-
tional research suggesting �-expansins are more abundant
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in grasses than in dicots (Cosgrove et al. 1997, McQueen-
Mason and Rochange 1999).

While expansins have been the subject of much re-
search, more studies have focused on dicotyledons than
monocotyledons. The characteristics of many �-expansins
have been identified, but fewer of �-expansins. For exam-
ple, it has been reported that all the �-expansin proteins
that have been characterized so far have a pH optimum for
cell wall extension of about 4 (McQueen-Mason et al.
1992, Li et al. 1993, Cho and Kende 1997). The pH opti-
mum of only one class of �-expansin proteins has been
characterized, namely, the group 1 grass pollen allergens
(such as EXPB1 from maize), which has a broad pH opti-
mum centered at about 5.5 (Li et al. 2003). The pH opti-
mum of other �-expansin proteins in vegetative tissue is
still unknown. Moreover, research into expansin expres-
sion and function in wheat, a typical monocotyledon, has
been limited. Lin et al. (2005) isolated 18 expansin genes
from winter wheat and demonstrated that the expression
of wheat expansins may be involved in the heterosis in in-
ternode length and plant height. Jin et al. (2006) isolated
two wheat expansin genes that are expressed during male
gametophyte development. However, these few studies fo-
cused only on changes in mRNA levels and did not ad-
dress protein accumulation or enzyme activity.

The aim of the present work was to evaluate the charac-
teristics of wheat expansins, in particular those of �-ex-
pansins in vegetative tissues originally represented by
group 1 grass pollen allergens, and find possible roles in
the regulation of cell growth with wheat coleoptiles as
ideal experimental units.

Material and methods

Plant materials

Wheat seeds (Triticum aestivum L.) were allowed to germinate in the
dark on moist filter paper at 26 °C for 1 day and then grown in the dark
in moist vermiculite at 26 °C for 2.5 days. Apical sections of coleoptiles
(1.5 cm) were excised and frozen at �20 °C for no more than 5 days.
To measure the temporal pattern of wheat coleoptile growth, germinated
seeds were grown in the dark for 1 day, and then the coleoptiles were
measured and harvested every 6 h in green light.

Extraction of cell wall proteins

Cell wall proteins in the wheat coleoptiles were extracted according to
the method of McQueen-Mason et al. (1992). Plant tissues were homog-
enized in a blender in cold buffer (20 mM sodium acetate, pH 4.5, 2 mM
disodium ethylenediaminetetraacetate [EDTA]). Wall material was col-
lected on a nylon screen (50 �m mesh) and thoroughly rinsed with cold
distilled water. Proteins were extracted from wall material for 2 h on ice
in extraction buffer (1 M NaCl, 25 mM HEPES, pH 7.0, 3 mM sodium
metabisulfite, 2 mM EDTA, 5 mM dithiothreitol [DTT]) and were then
squeezed through nylon mesh. The wall fragments were further extracted

by suspension in the same extraction buffer for an additional 1 h. The
proteins in the combined supernatants were slowly precipitated with
0.39 g of ammonium sulfate per ml for 12 h. Precipitated proteins were
pelleted by centrifugation (20800 g, 15 min, 4 °C) and subsequently re-
suspended in sodium acetate (50 mM, pH 4.5). The solution was dia-
lyzed for 12 h and the protein concentration was determined by the
method of Bradford (1976). All samples were adjusted to 2 mg/ml.

Reconstituted wall extension of wheat coleoptiles

An extensometer was installed as described by Cosgrove (1989) with
some modifications (Gao et al. 2007). Wheat coleoptiles were inserted
between two clamps spaced 5 mm apart and subjected to a constant ten-
sion of 12 g. The plastic cuvette was filled with buffer solution or cell
wall protein solution. Wall extension was detected by a linear variable
displacement transducer (model WYTO-2; Hefei Keyu Transducer Co.
Ltd., Hefei, China) as movement of the transducer core and recorded on
a microcomputer.

Reconstituted wall extension was carried out according to the method
of McQueen-Mason et al. (1992), with a little modification as described
by Cosgrove and Li (1993). Coleoptiles were abraded with carborundum
and then frozen at �20 °C. Wheat coleoptiles were thawed, boiled in
water (20 s) to eliminate endogenous expansin activity, pressed, and
clamped onto the extensometer. After pretreatment with sodium acetate
buffer (50 mM, pH 4.5) for 30 min, the solution was exchanged with the
same buffer containing cell wall proteins of wheat coleoptiles (2 mg/ml)
and the extension was recorded for a further 60 min. Expansin activity
was assayed by measuring the wall extension after addition of protein
extracts.

Acid-induced extension of native wheat coleoptiles

Acid-induced cell wall extension was carried out according to the method
of Cosgrove (1989). Coleoptiles were abraded with carborundum and
then washed with water. The most apical 8 mm of the coleoptiles was cut
and squeezed between two glass slides to remove cell sap. The segments
were fixed on an extensometer between two clamps 5 mm apart, under a
constant load of 12 g. The wall sections were first incubated in HEPES
buffer (50 mM, pH 6.8) for 30 min and then in sodium acetate buffer
(50 mM, pH 4.5) for 60 min to measure cell wall extension.

Antibody preparation

Expansin antibody was obtained from a recombinant expansin protein
(TaEXPB23, GenBank accession number AY260547, from wheat
coleoptile). The protein was extracted from host Escherichia coli cell
and purified by sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE). The band containing expansin protein was cut from the
gel, dried, pulverized, and homogenized with Freund’s adjuvants prior to
immunization of the rabbit. Seven weeks after the initial injection, serum
was harvested. Preimmune serum and nonimmune serum at the same di-
lution were used as controls.

Inhibition of acid-induced extension of native wheat 
coleoptiles by antibodies

Suppression of cell wall extension by antibodies was measured as re-
ported previously (Inouhe and Nevins 1991). The outer surface of the
coleoptile was abraded with moist carborundum, rinsed with distilled
water, and placed in K-citrate phosphate buffer (10 mM, pH 6.5) con-
taining TaEXPB23 antibody (1 : 50 dilution) for 1 h. After preincuba-
tion, the segments were rinsed with distilled water and fixed onto the
clamps. Segments were submerged in sodium acetate buffer (50 mM,
pH 4.5) for 60 min and the increase in section length was traced with
the extensometer.
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lmmunoblot analysis

Cell wall proteins (20 �g for each sample) were separated on 12% (w/v)
SDS-polyacrylamide gels and electro-transferred onto a polyvinylidene
fluoride (PVDF) membrane (Immobilon, Millipore) according to the
manufacturer’s protocol. After blocking overnight with 3% bovine serum
albumin in buffer (10 mM phosphate, 0.9% NaCl, pH 7.2), the membrane
was incubated with expansin antibody (1 : 200 dilution, 3 h) and rinsed (3
times for 10 min each) in PBS. The membrane was then incubated with
goat anti-rabbit immunoglobulin G-conjugated horseradish peroxidase in
blocking solution (1 : 10000 dilution, 2 h) and rinsed once again. The sig-
nal was detected with 4-chloro-1-naphthol (Sigma) as the substrate.

Results

Activity of wheat coleoptile expansins

We measured expansin activity by the reconstituted wall ex-
tension of wheat coleoptiles (Fig. 1 A). The data suggested
that extension of boiled cell walls was reconstituted by the
addition of cell wall proteins in acidic, but not in neutral
buffer. Little cell wall extension was observed in either
acidic or neutral bovine serum albumin solutions (control).
We also measured the endogenous expansin activity by the
acid-induced extension of native wheat coleoptiles (Fig. 1 B).
Native cell walls of wheat coleoptiles exhibited long-term ir-
reversible extension when placed under tension in acidic so-
lution. Our data are in agreement with previous studies of
cucumber hypocotyls (Cosgrove 1989, McQueen-Mason

et al. 1992) and oat coleoptiles (Li et al. 1993), implicating
the presence of expansins in wheat coleoptiles.

Immunoblot analysis of wheat coleoptile expansins

To correlate the expression of expansin proteins with acid-
induced extension activity, extracted wheat coleoptile cell
wall proteins were subjected to immunoblot analysis with
the rabbit polyclonal antiserum raised against the recom-
binant wheat �-expansin protein TaEXPB23. Only one
single band at a molecular mass of approximately 29 kDa
was detected (Fig. 2), demonstrating the presence of ex-
pansin proteins in wheat coleoptiles. Preimmune serum
and nonimmune serum at the same dilution did not detect
any specific proteins in immunoblots.

Dependence of expansin activity on pH

Our data suggest that the optimal pH of wheat coleoptile
expansins for reconstituted extension activity was be-
tween 4.0 and 4.5 (Fig. 3A). A similar optimal range was
observed for the endogenous wall extension activity in
wheat coleoptiles (Fig. 3B). Once the heat-inactivated cell
walls were pretreated with exogenous cell wall proteins,
the reconstituted walls required no further cell wall pro-
teins for extension (Fig. 4 A). The expansins appeared to
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Fig. 1 A, B. Activity of wheat coleoptile expansin. A Reconstituted wall extension of wheat coleoptiles by cell wall proteins. After pretreatment of
boiled cell walls with sodium acetate buffer (50 mM, pH 4.5) for 30 min, the solution was replaced with the same buffer containing cell wall proteins
(2 mg/ml) for 60 min. Proteins in neutral buffer and bovine serum albumin in both acidic and neutral solutions were used as controls. B Acid-induced
extension of native wheat coleoptiles. Native coleoptiles were suspended under tension in HEPES buffer (50 mM, pH 6.8) for 30 min, and the solu-
tion was then replaced with sodium acetate buffer (50 mM, pH 4.5) for 60 min. Native coleoptiles in neutral buffer and boiled wheat coleoptiles in
both acidic and neutral solutions were used as controls. The wall extension was measured by the extensometer and all the experiments were repeated
at least five times



bind tightly to the coleoptile walls, as wall extension ac-
tivity was not diminished by the exchange with expansin-
free buffer. Native cell wall extension was observed in
acidic solution and abolished in neutral solution (Fig. 4B).
This phenomenon could be continuously repeated by al-
ternating the pH of the incubation buffer (pH 4.5 and
pH 6.8), suggesting that changes in the pH of the bathing
solution only affect the conformation of expansins (per-
haps not only one species) but not their affinity for the cell
wall (Lee and Choi 2005).
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Fig. 3 A, B. Dependence of expansin activity on pH. A After pretreatment with sodium acetate buffer (50 mM, pH 4.5) for 30 min, the heat-inacti-
vated cell walls were incubated in cell wall protein solution (2 mg/ml) at each pH value (2.5 to 7.5) for 60 min. B After pretreatment with HEPES
buffer (50 mM, pH 6.8) for 30 min, native cell walls were incubated at each pH value (2.5 to 7.5) for 60 min. Expansin activity was assayed using an
extensometer, by measuring the wall extension after addition of the second bathing buffer (50 mM citric acid for pH 2.5 to 4.0; 50 mM sodium acetate
for pH 4.5 to 5.5; 50 mM HEPES for pH 6.0 to 7.5)

Fig. 4 A, B. Reversibility of reconstituted and endogenous wall extension of wheat coleoptiles. A Coleoptiles were thawed and boiled. After incubation
in cell wall proteins (2 mg/ml) for 30 min, the heat-inactivated cell walls were clamped and submerged in HEPES buffer (50 mM, pH 6.8) for 15 min,
and then placed in sodium acetate buffer (50 mM, pH 4.5) for another 15 min. B Coleoptiles were thawed and clamped on the extensometer. After pre-
treatment with HEPES buffer (50 mM, pH 6.8) for 15 min, native cell walls were incubated in sodium acetate buffer (50 mM, pH 4.5) for another 15 min

Fig. 2 A–C. Immunoblot analysis of cell wall proteins from wheat
coleoptiles. After 12% SDS-PAGE, protein samples were electro-trans-
ferred onto a PVDF membrane and probed with the expansin antibody.
A Immunoblot of proteins from wheat coleoptiles probed with poly-
clonal antibody against TaEXPB23 B Immunoblot of proteins from
wheat coleoptiles probed with preimmune serum C Immunoblot of pro-
teins from wheat coleoptiles probed with nonimmune serum



Effects of various ions and DTT on reconstituted
extension activity of wheat coleoptile walls

The effects of various ions and DTT on the creep rate of
wheat coleoptiles are summarized in Fig. 5. Our data sug-
gested that DTT, a thiol-reducing agent, enhanced the
wall extension activity of wheat coleoptiles reconstituted
with cell wall proteins. The data are in agreement with
the results reported by Cosgrove (1989), who demon-
strated that DTT stabilized or even enhanced the endoge-
nous extension of native cucumber cell walls under acidic
conditions. Endogenous acid-induced extension in cu-
cumber hypocotyl walls was previously shown to be sen-
sitive to a number of exogenously applied factors
(Cosgrove 1989). In this study, the reconstituted wall ex-
tension was induced by K� and Mg2�, but inhibited by
Al3�, Ca2� (10 mM), and Zn2� (Fig. 5). These effects
were not observed when the same pretreated cell walls
were incubated in solutions containing ions and DDT but
lacking cell wall proteins, indicating that they were medi-
ated by cell wall proteins.

Inhibition of acid-induced extension of native 
wheat coleoptiles by expansin antibody

Native cell walls of wheat coleoptiles were incubated
with expansin antibody, which resulted in great inhibition
of the acid-induced extension of wheat coleoptiles
(Fig. 6), but no suppression of cell wall elongation was
observed with nonimmune antiserum, suggesting that cell
wall extension is closely related to expansin activity, es-
pecially that of the �-expansins recognized by the
TaEXPB23 antibody.
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Fig. 5. Effects of various ions and DTT on
reconstituted wall extension of wheat coleop-
tiles. Following pretreatment of boiled cell
walls with sodium acetate buffer (50 mM,
pH 4.5) for 30 min, the solution was replaced
with cell wall proteins (2 mg/ml) containing
1 mM ZnCl2, AlCl3, MgCl2, KCl, CaCl2

(1 mM and 10 mM), or DTT (1 mM and
10 mM). Expansin activity was assayed by
measuring the wall extension rate after addi-
tion of the extracts. Solutions without cell
wall proteins were used as controls

Expansins and temporal growth of wheat coleoptiles

Figure 7 shows the temporal growth and native expansin
activity of wheat coleoptiles. The growth rate was faster at
earlier phases in the course of coleoptile growth, with the
greatest rate at about 36 h, and then it slowed down after
about 48 h; little growth was observed at about 72 h
(Fig. 7A). The temporal trend of expansin activities in na-
tive cell walls was also measured (Fig. 7B), which corre-
sponded to the temporal trend of coleoptile growth.

Fig. 6. Inhibition of acid-induced extension of native wheat coleoptiles
by expansin antibody. Coleoptiles were abraded, rinsed, and placed in 
K-citrate phosphate buffer (10 mM, pH 6.5) containing expansin anti-
body (1 : 50 dilution) for 1 h. After preincubation, the segments were
rinsed and fixed onto the clamps. Segments were submerged in sodium
acetate buffer (50 mM, pH 4.5) for 60 min and the increase in section
length was traced with an extensometer. K-citrate phosphate buffer with-
out expansin antibody or with nonimmune antiserum were used as controls



of wheat coleoptiles identified only one protein band at
about 29 kDa (Fig. 2). These results demonstrate the pres-
ence of expansin(s) in wheat coleoptiles. But what are the
biochemical characteristics of the expansins in wheat
coleoptiles and the relationship between expansin expres-
sion and coleoptile growth?

Using the proteins extracted from cell walls of wheat
coleoptiles, we determined the characteristics of the ex-
pansins. Previous research has shown expansin activity to
be dependent on pH (McQueen-Mason et al. 1992), but the
optimum pH varies among different expansins (Sampedro
and Cosgrove 2005). All the �-expansin proteins that have
been characterized so far have a pH optimum for cell wall
extension of about 4 (McQueen-Mason et al. 1992, Li
et al. 1993, Cho and Kende 1997). For example, the cu-
cumber wall-extension-inducing proteins CsEXPA1 (or
Ex29, a 29 kDa protein) and CsEXPA2 (or Ex30, a 30 kDa
protein) display an optimum pH range of 3.5 to 4.5 (Mc-
Queen-Mason et al. 1992, Catalá et al. 2000). The opti-
mum pH of oat coleoptile expansin, which can be
recognized by the antibody raised against CsEXPA1
(Ex29), is 4.5 to 5.0 (Li et al. 1993). The pH optimum of
only one class of �-expansin proteins has been character-
ized, namely, the group 1 grass pollen allergens (such as
EXPB1 from maize), and this is centered at about 5.5 (Li
et al. 2003). However, the pH optimum of other �-ex-
pansin proteins in vegetative tissue is still unknown. In this
study, endogenous and reconstituted wall extension data
suggest that the optimum pH for wheat coleoptiles is 4.0 to
4.5 (Fig. 3), which is consistent with the pH optimum of
�-expansin. Meanwhile, as shown in Fig. 2, only one pro-
tein band of about 29 kDa was observed by Western blot

The temporal expression of wheat coleoptile expansin
proteins was also evaluated with our �-expansin antibody
(Fig. 8). Protein immunoblot analysis confirmed the ex-
pression of expansin proteins in wheat coleoptiles, which
was consistent with their activity. Higher levels were de-
tected at 24, 36, and 48 h, but lower levels at 72 h, sug-
gesting that the growth rate of wheat coleoptiles is related
to the expression of expansins, more specifically, those �-
expansins recognized by the TaEXPB23 antibody.

Discussion

Expansins, cell wall-loosening proteins, are important ele-
ments of many physiological processes in plants (Cos-
grove 2000, Cho and Cosgrove 2002, Li et al. 2003,
Kwasniewski and Szarejko 2006). In this study, we found
that cell wall proteins extracted from wheat coleoptiles in-
duced creep extension of heat-inactivated walls in acidic
buffer (Fig. 1A); similar results were also noted in acid-
induced extension of native wheat coleoptiles (Fig. 1B).
Western blot analysis of proteins extracted from cell walls
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Fig. 8 A–D. Immunoblot analysis of expansin protein expression in
wheat coleoptiles over time. Cell wall proteins were separated by SDS-
PAGE and blotted onto a PVDF membrane. The presence of expansin
was detected with the TaEXPB23 antibody. Wheat coleoptiles after 
24 (A), 36 (B), 48 (C), and 72 h (D) growth. Preimmune serum and non-
immune serum at the same dilution did not detect any specific proteins in
immunoblots (data not shown)

Fig. 7 A, B. Wall extensibility and temporal growth of wheat coleoptiles. Wheat seeds were sown and soaked in distilled water for 1 day and then
grown in the dark. The coleoptiles were measured and harvested every 6 h in green light. A Growth curve of wheat coleoptiles. Data represent the
means of 20 coleoptiles. B Wall extensibility of wheat coleoptiles over time



with antibody raised against TaEXPB23, and the cell wall
extension of native wheat coleoptiles was greatly inhibited
by this antibody (Fig. 8). All of these results suggest that
most of the expansins in wheat coleoptiles can be recog-
nized by the antibody against TaEXPB23, a member of the
EXPB family from wheat coleoptile vegetative tissue.
However, these expansins do not belong to the group 1
grass pollen allergens, because the pH optimum of ex-
pansins in wheat coleoptiles, about 4.5, is different from
that of the group 1 grass pollen allergens (about 5.5). It
was expected that the �-expansin proteins in somatic tis-
sues would have a pH dependence closer to that of �-ex-
pansins, but this expectation remains to be tested
experimentally (Sampedro and Cosgrove 2005). We have
also found that expansin proteins extracted from wheat
coleoptiles and cucumber hypocotyls can induce extension
of cell walls in each other (Gao et al. 2007), albeit at a dif-
ferent level of activity. This implies that dicotyledons and
grasses have a common biochemical mechanism for at
least part of acid-induced wall extension, despite the sig-
nificant differences in wall composition between these two
classes of plants (Carpita 1996, Cosgrove 1997).

Our data (Fig. 5) demonstrate that DTT enhanced the
wall extension activity of wheat coleoptiles. In addition,
expansin activities were induced by K� and Mg2�, but in-
hibited by Zn2�, Al3�, and Ca2� (10 mM) (Fig. 5). These
results are similar to those previously obtained from cu-
cumber hypocotyls (Cosgrove 1989, McQueen-Mason
et al. 1992). However, our attention was drawn to the dif-
ferent effects of 1 and 10 mM Ca2� concentrations.

Previous studies have reported the importance of Ca2�

as a second messenger in plant cells and its roles in plant
cell growth and development (Hepler 2005). Increases in
[Ca2�] lead to an inhibition in shoot or coleoptile growth,
whereas reduction promotes cell and tissue elongation
(Tagawa and Bonner 1957). Additionally, research has
also implicated changes in [Ca2�] in the control of plant
cell growth, largely based on the premise that Ca2� pro-
duces a pronounced effect in determining the structural
rigidity of the cell wall (Jones and Lunt 1967). Low
[Ca2�] makes cell walls more pliable and easily ruptured,
whereas high [Ca2�] rigidifies the wall and makes it less
plastic (Hepler 2005). Reports have also shown that cal-
cium affects expansin gene expression during fruit soften-
ing. Wang et al. (2005) infiltrated tomato fruits with 4%
calcium chloride and found that expansin expression was
inhibited at late stages of fruit softening. In the current
study, we applied different Ca2� concentrations in recon-
stituted wall assays and noted that, while 1 mM Ca2� had
a small effect on expansin activity, extension was inhib-
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ited by 10 mM Ca2� (Fig. 5). Our data and that of others
suggest that calcium might, at least in part, affect ex-
pansin activity directly, in addition to modifying the struc-
tural rigidity of the cell wall directly. Future research is
needed to clearly elucidate the effects of Ca2� on the
mechanisms underling wall creep as well as the link be-
tween Ca2� and expansin gene expression in the growth
and development of the plant cell.

While there are no known specific inhibitors of ex-
pansins, their location on cell walls makes them accessi-
ble for antibodies which can be used to inhibit expansin
activity. lnouhe and Nevins (1991) found that antibodies
raised against wall proteins inhibited both auxin-induced
growth and wall autolysis of corn coleoptiles. Research by
Su Chen (China Agricultural University, Beijing, unpubl.
data) demonstrated that the AtEXP1 antibody is an in-
hibitor of stomatal movement. In this study, acid-induced
extension of wheat coleoptiles was greatly inhibited by
the vegetative �-expansin protein antibody raised against
TaEXPB23, which revealed that expansin expression, in
particular that of vegetative �-expansin protein, is inti-
mately correlative with cell wall extension of wheat
coleoptiles (Fig. 6). However, other factors may also be
involved in coleoptile cell wall extension, since wall ex-
tension was still observed in the presence of superfluous
antibody. These factors may be potential expansins not
recognized by the antibody, or other proteins. For exam-
ple, xyloglucan endotransglucosylase/hydrolases and glu-
canases are also involved in cell wall extension (Fry et al.
1992, Li et al. 2003).

What then is the relationship between expansins and
wheat coleoptile growth? Cell division rarely occurs in
wheat coleoptile growth, its elongation is primarily attrib-
uted to cell expansion (Philippar et al. 1999), and conse-
quently, this makes the coleoptile an ideal unit with which
to investigate the mechanisms of cell elongation. Cell ex-
tension growth in turgid plant organs is brought about by
chemically loosening the structure of growth-limiting cell
walls, resulting in the relaxation of wall tension and con-
comitant osmotic water uptake. The rate of cell expansion
depends on cell wall-yielding properties and turgor pres-
sure inside the cell (Cosgrove 1993, Proseus et al. 2000).
In addition, the susceptibility of walls to expansin action as
well as other enzymes in the cell wall is also correlated
with cell growth (Cosgrove and Li 1993). Previous studies
of cell extension focused mainly on turgor pressure. While
the plant cell wall behaves as a tough polymeric network
to restrain cell expansion, the yielding of it to turgor pres-
sure is generally recognized as a key control point for plant
cell enlargement (Cosgrove 1999). To enlarge, cells selec-
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tively loosen this network, enabling it to yield to the ex-
pansive forces generated by cell turgor pressure. The en-
zymes that act on this network control the process of cell
growth (Li et al. 2003). The biochemical mechanism of
this wall-loosening reaction has not yet been elucidated,
although numerous potential wall-loosening proteins have
been investigated (Hoson 1993; Cosgrove 1999, 2000).
Expansins play an important role in the enlargement of liv-
ing cells (Cosgrove and Li 1993, Muller et al. 2007 ). Our
results (Figs. 7 and 8) suggest that the extension rate of
wheat coleoptiles is associated with cell wall extensibility,
and that this is closely related to expansin expression
(Fig. 8). Integrating the data in Fig. 6 into Figs. 7 and 8, we
propose that the growth of wheat coleoptiles is intimately
correlated with the expression of expansins, in particular
those recognized by antibody raised against TaEXPB23, a
member of the �-expansin family.

However, it must be noted that, because the expansin
antibody used in this study was raised against wheat
TaEXPB23, we cannot conclude that the detected protein
expression (Fig. 8) represents all the expansins involved in
wheat coleoptile growth, particularly in light of the fact
that there is a large gene family of expansins in plants and
several expansin homologues are usually expressed in dif-
ferent tissues and organs at the same time (Lin et al. 2005,
Sampedro and Cosgrove 2005). A rigorous separation and
purification of the cell wall proteins and (or) possession of
an expansin antibody that can distinguish a single expansin
member from others in an expansin family will be neces-
sary for the functional analysis of all expansin members.

In conclusion, our results indicate the presence of ex-
pansins in wheat coleoptiles, most of which can be recog-
nized by the antibody raised against TaEXPB23, a member
of �-expansin family, but which do not belong to the
group 1 grass pollen allergens. The growth of wheat
coleoptiles is intimately correlated with expansin expres-
sion, in particular that of �-expansins.
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