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α-Expansins are bound to the cell wall of plants and 

can be solubilized with an extraction buffer containing 

1 M NaCl. Localization of α-expansins in the cell wall 

was confirmed by immunogold labeling and electron 

microscopy. The subcellular localization of vegetative 

β-expansins has not yet been studied. Using antibodies 

specific for OsEXPB3, a vegetative β-expansin of rice 

(Oryza sativa L.), we found that OsEXPB3 is tightly 

bound to the cell wall and, unlike α-expansins, cannot 

be solubilized with extraction buffer containing 1 M 

NaCl. OsEXPB3 protein could only be extracted with 

buffer containing SDS. The subcellular localization of 

the OsEXPB3 protein was confirmed by immunogold 

labeling and electron microscopy. Gold particles were 

mainly distributed over the primary cell walls. Immu-

nohistochemistry showed that OsEXPB3 is present in 

all regions of the coleoptile and root tissues tested. 
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Introduction 

 

Expansins are proteins that mediate long-term extension of 

isolated cell walls. They are grouped into two related fami-

lies, the α- and β-expansins (for reviews, see Cosgrove 

2000; Lee et al., 2001; http://www.bio.psu.edu/ expansins/). 

Although α- and β-expansins share, on average, only 20 to 

25% overall amino acid identity, their pre- dicted secondary 

structures are up to 75% identical (Cosgrove et al., 
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1997). Both types of expansins also share conserved C 

(Cys) and W (Trp) residues, as well as a conserved HFD 

(His-Phe-Asp) motif. Originally, the β-expansins were 

represented by group I allergens of grass pollen. Cosgrove 

et al. (1997) showed that applied maize pollen allergen 

loosens the cell wall of maize silk and of wheat coleop-

tiles but to a much lesser extent the cell wall of cucumber 

hypocotyls. It was suggested that group I pollen allergens 

facilitate penetration of the pollen tube through the stigma 

and style. Searches of the rice EST database showed that 

transcripts encoding proteins homologous to group I pol-

len allergens are also expressed in vegetative tissues 

(Cosgrove et al., 1997). These proteins were called vege-

tative β-expansins. Work with transgenic plants provided 

strong evidence that endogenous α-expansins are in-

volved in regulating vegetative growth (Cho and 

Cosgrove, 2000; Choi et al., 2003; Pien et al., 2001). The 

role of β-expansins in vegetative growth has, however, 

not been established. α-Expansins show lower activity on 

grass cell walls than on dicot cell walls (Cho and Kende, 

1997; McQueen-Mason et al., 1992), and grasses, such as 

maize and rice, contain far greater numbers of putative β-

expansin genes than does, for example, Arabidopsis 

(Cosgrove, 2000; Lee et al., 2001; Li et al., 2003). It is, 

therefore, conceivable that β-expansins will turn out to be 

the primary wall-loosening proteins in grasses, whose cell 

wall composition differs significantly from that of dicots 

(Carpita, 1996). 

Localization of α-expansins in rice and maize cell 

walls was confirmed by immunogold labeling with anti-

cucumber α-expansin antibodies and electron microscopy. 

(Cosgrove et al., 2002; Hoffmann-Benning, 1993; Hoff-

mann-Benning et al., 1994). Until now, localization and 

binding characteristics of vegetative β-expansins could 

not be established because no appropriate antibodies were 

available. We report here on the preparation of antibodies 

against OsEXPB3, a vegetative β-expansin of rice; the 

tight binding of OsEXPB3 protein to the cell wall; and the 

tissue and cellular localization of OsEXPB3 by immuno- 
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Table 1. Primer sets used for the PCR amplification of coding regions of β-expansin genes of rice for the production of recombinant 

proteins. 

Gene name Primer sequence (5′ to 3′) Template Accession No. 

OsEXPB2 
ACGAATTCGCCGCCGGCGTCGTCTA 

CGCTCGAGACCGGCGACACAAGACG 
RT product of mRNA U95968 

OsEXPB3 
CCGGATCC AGGCCGGGGA 

GGAAACAGCTATGACCATG 
EST clone RICS1104 AF261271 

OsEXPB4 
CGGGATCC GCCGACTTCAACG 

GGAAACAGCTATGACCATG 
EST clone C51142 AF261272 

OsEXPB6 
TGGGATCC TCTTGCAAGGGGCAT 

GGAAACAGCTATGACCATG 
EST clone C51730 AF261274 

OsEXPB7 
GCGAATTCAAGCATCACAAGCCCAA 

GACTCGAGTAGTAGTAATTAGCTAG 
EST clone E31457 AF261275 

OsEXPB8 
AAGAATTCAGCGCGGTGCAGGGTGA 

TACTCGAGTAGCTAGCTAGGAGGAG 
EST clone RICS3505 AF261276 

Bases underlined indicate restriction sites for faclilitating cloning PCR products into pGex4T-1 expression vector. M13 reverse primer was 

used to amplify coding regions of OsEXPB3, 4 and 6 along with gene-specific forward primers. EST clones were inserted in pBluescript 

SK(−) vector (Stratagene, USA). 

 

 

histochemistry and immunogold labeling, respectively. 

 

 

Materials and Methods 

 

Plant material Rice seeds (Oryza sativa L., cv. Taipei 309) 

were obtained from Dr. Thomas Hodges (Purdue University, 

USA). Plants were grown as described by Stünzi and Kende 

(1989). 

 

Antibody preparation The full-length region of OsEXPB3 

cDNA (accession number AF261271) encoding the mature pro-

tein (Arg27-Ser268) without the region coding for the signal 

peptide was amplified with the polymerase chain reaction (PCR) 

using 5′-CCGGATCCAGGCCGGGGA-3′ and the T3 primer 

(5′-ATTAACCCTCACTAAAGGGA-3′) as primers. The ampli-

fied fragment of OsEXPB3 was digested with BamHI and NotI 

restriction enzymes and ligated into the pET28a expression vec-

tor, which adds a 6× His tag to the N-terminus of the expressed 

protein. This construct was transferred for cloning to E. coli 

DH5α. The integrity of the OsEXPB3 expression construct was 

confirmed by digestion with the same restriction enzymes and 

sequencing. The OsEXPB3 expression construct was transferred 

to the expression host E. coli BL21 (DE3). Induction and purifi-

cation of the fusion protein were carried out according to the 

instruction manual provided by Amersham Biosciences (USA). 

Antisera against the OsEXPB3 fusion protein were raised in 

female New Zealand white rabbits at Cocalico Biologicals 

(USA). After an initial injection of 100 µg of SDS-PAGE-

purified OsEXPB3 fusion protein in Freund’s complete adjuvant, 

the animals were boosted with 100 µg antigen in Freund's in-

complete adjuvant after 4 weeks and thereafter twice more at 

four-week intervals. 

Construction and expression of recombinant β-expansins in E. 

coli To check the specificity of anti-OsEXPB3 antibody, recombi-

nant proteins of OsEXPB2, 3, 4, 6, 7 and 8 were prepared. Open 

reading frames of OsEXPB3, 4, 6, 7, and 8 without the regions 

coding for the signal peptides were amplified by PCR using 

cDNAs as templates, while that of OsEXPB2 was prepared by RT-

PCR using total RNA from root tissue. For PCR amplification, 

gene-specific primer pairs with appropriate restriction sites (Table 

1) were used. PCR products were digested with appropriate re-

striction endonucleases and inserted into the pGEX 4T-1 GST 

gene fusion vector (Amersham Biosciences) digested with same 

enzymes (Kim et al., 2004). The resulting constructs were trans-

ferred for cloning to E. coli DH5α. The integrity of expression 

constructs was confirmed by digestion with the same restriction 

enzymes and sequencing. Expression constructs were transferred 

to the expression host E. coli BL21 (DE3). Cells were grown at 

30°C with shaking at 210 rpm to A600 = 1.0. Expression of recom-

binant β-expansins was induced with 10 mM isopropyl β-D-

thiogalac-topyranoside (IPTG; Roche Applied Science, USA) for 

2 h. Cells were harvested before and after induction and used for 

SDS-PAGE and immunoblot analysis. 

 

Protein extraction, gel electrophoresis, and immunoblot 

analysis Plant tissue samples were homogenized with mortar 

and pestle in extraction buffer (50 mM Tris-HCl, pH 7.0, 5 mM 

EDTA, 1 M NaCl). In some experiments, homogenates were 

centrifuged in a microcentrifuge at 15,000 × g for 15 min. Pro-

tein sample buffer [60 mM Tris-HCl, pH 6.8, 5% (w/v) glycerol, 

0.4% (w/v) SDS, 2.9 mM 2-mercaptoethanol, 0.02% (w/v) bro-

mophenol blue] was added to total homogenates or supernatant 

solutions following centrifugation, or bacterial cells expressing 

recombinant β-expansins. The samples were boiled for 5 min, 

the denatured protein preparations were fractionated by SDS-
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PAGE (10 or 12%) and electroblotted onto Hybond-C nitrocel-

lulose membranes (Amersham Biosciences) in 50 mM Tris and 

380 mM glycine (Harlow and Lane, 1988). The blots were 

blocked with 3% (w/v) bovine serum albumin (BSA) and incu-

bated successively with antiserum against OsEXPB3 at 1:10,000 

dilution and with horse-radish peroxidase-conjugated goat anti-

rabbit IgG antibodies at 1:10,000 dilution (Sigma, USA). Blots 

were developed with ECL Western Blotting detection reagents 

(Amersham Biosciences). 

 

Immunohistochemistry and light microscopy To examine tis-

sue localization of OsEXPB3 protein, the basal part of the roots 

and the apical part of coleoptiles were excised from four-day-old 

rice seedlings, fixed overnight in FAA fixative [10% (v/v) for-

maldehyde, 5% (v/v) acetic acid, 50% (v/v) ethanol, 35% distilled 

water], dehydrated by passage through increasing concentrations 

of ethanol, cleared in xylene, and embedded in Paraplast Plus 

resin (Oxford Labware, USA). Microtome sections, 7 µm thick, 

were transferred to Probe-On glass slides (Fisher Scientific, USA), 

deparaffinized with xylene, and rehydrated through a graded 

ethanol series followed by incubation in 1 mM Na2EDTA (pH 

8.0) at 95°C for 10 min for antigen retrieval. The sections were 

then incubated in a blocking solution consisting of 3% (w/v) BSA 

in TBS-T [10 mM Tris-HCl, pH 7.5, 150 mM NaCl, and 0.05% 

(v/v) Tween 20] for 1 h with gentle agitation. After three washes 

in TBS-T for 45 min each, the sections were incubated with an-

tiserum against OsEXPB3 or preimmune serum [1:2,500 dilution 

in TBS-T containing 0.5% (w/v) BSA] for 1 h with gentle agita-

tion, followed by three washes in TBS-T for 45 min each. The 

sections were incubated in a humid chamber with anti-rabbit IgG-

alkaline phosphatase conjugate (Sigma) at 1:2,500 dilution in 

TBS-T containing 0.5% (w/v) BSA for 1 h without agitation. 

After three washes in TBS-T for 45 min each, the slides were 

transferred to slide mailers (Electron Microscopy Sciences, USA), 

and preincubated in alkaline phosphatase buffer (100 mM Tris-

HCl, pH 9.5, 100 mM NaCl, and 5 mM MgCl2) containing 1 mM 

levamisole (Sigma) for 5 min to reduce endogenous alkaline 

phosphatase activity, followed by another 5-min incubation in 

alkaline phosphatase buffer without levamisole. The color reac-

tion was performed in alkaline phosphatase buffer containing 

nitroblue tetrazolium/5-bromo-4-chloro-3-indolyl and stopped 

by incubating the slides in TE buffer (10 mM Tris-HCl, pH 8.0, 

and 1 mM Na2EDTA, pH 8.0). For slide mounting, the sections 

were dehydrated in graded ethanol series, dipped in xylene and 

mounted with Permount (Fisher Scientific). Sections were pho-

tographed with a Zeiss Axiophot microscope (Carl Zeiss, USA). 

 

Electron microscopy and immunogold labeling For transmis-

sion electron microscopy, the 3-mm apical region of coleoptiles 

and a 3-mm region (0.5 to 0.8 cm from the basal part) of root 

tissue were fixed in 1% (v/v) glutaraldehyde and 4% (v/v) para-

formaldehyde in 0.1 M potassium phosphate buffer, pH 7.4, for 

3 h, washed with the buffer, and dehydrated in an ethanol series. 

Tissue samples were infiltrated and embedded in London Resin 

White medium (Electron Microscopy Sciences) according to the 

manufacturer’s directions. Ultra-thin sections (≈ 80 nm) col-

lected on nickel grids were blocked in 2% (w/v) BSA in TBS-T 

and incubated with the antiserum against OsEXPB3, diluted 

1:500 (v/v) with TBS-T containing 1% (w/v) BSA, for 2 h at 

room temperature. The grids were then washed with TBS-T 

before being incubated in a droplet of goat anti-rabbit IgG con-

jugated with 12 nm colloidal gold (Jackson Immunoresearch 

Laboratories, USA) diluted 1:20 (v/v) in TBS-T containing 1% 

(w/v) BSA for 1 h at room temperature. The sections were 

washed with TBS-T and finally with water. After immunolabel-

ing, the sections were stained with 1% (w/v) uranyl acetate for 

20 min and with 1% (w/v) lead citrate for 10 min. Control ex-

periments were performed with preimmune serum. The sections 

were viewed and photographed with a JEOL 100CXII transmis-

sion electron microscope (JEOL USA, USA). 

 

Counting the number of gold particles We separated the elec-

tron micrographs into cell wall and non-cell wall regions and 

measured the size of the respective areas. The gold grains were 

counted in each area from five pictures for each treatment, and 

the density of gold grains was calculated by dividing the number 

of grains by the area. The area and number of grains were meas-

ured with the Image-Pro Plus program (Version 4.5, Media Cy-

bernetics, USA). 

 

 

Results 

 

Antibody preparation Antibodies were raised against 

recombinant OsEXPB3, which carried a 6× histidine tag 

at its N-terminus and which had been purified on a Ni-

affinity column followed by sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE). The an-

tiserum showed high specific affinity to purified OsEXPB3 

protein (Fig. 1C) and recognized only one major band of 

32 kDa on immunoblots of total proteins from homoge-

nates of rice seedlings (Fig. 1E). The total protein sample 

was prepared by boiling homogenates directly in SDS-

PAGE sample buffer without prior centrifugal separation 

of the cell wall and other cell constituents. 

We tested the cross-reactivity of the antibody against 

OsEXPB3 with other β-expansins using recombinant pro-

teins expressed in E. coli cells. Antibody against OsEXPB3 

did not react with any other recombinant β-expansin that 

has more than 67% amino acid identity with OsEXPB3 and 

whose gene is expressed in coleoptiles or roots of rice (Ta-

ble 2 and Fig. 2). 

 

Localization of OsEXPB3 in tissue homogenates Rice 

seedlings were homogenized in extraction buffer contain-

ing 1 M NaCl, the homogenate was boiled in protein 

sample buffer containing SDS, and the total protein frac-

tion was subjected to SDS-PAGE and immunoblotting 

with the antibody against OsEXPB3 as probe. The anti-

body detected a protein band of 32 kDa (Fig. 3A, lane H), 
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Fig. 1. Preparation of antibody against OsEXPB3. A. Coomassie 

blue-stained SDS-polyacrylamide gel of purified protein from E. 

coli cells. B. Immunoblot of purified protein probed with pre-

immune serum. C. Immunoblot of purified protein probed with 

polyclonal antibody against OsEXPB3. D. Immunoblot of protein 

preparation from rice seedlings probed with pre-immune serum. E. 

Immunoblot of protein preparation from rice seedlings probed 

with polyclonal antibody against OsEXPB3. In the experiments 

shown in D and E, 0.2 g of coleoptiles and roots from three-day-

old seedlings was homogenized in 4 ml 1× SDS-PAGE sample 

buffer and boiled; the homogenate was centrifuged, and 20 µl of 

the supernatant was loaded onto each lane. 

 

 

as expected for OsEXPB3 (Fig. 1, lanes C and E). In a 

parallel experiment, the homogenate prepared in buffer 

containing 1 M NaCl was first centrifuged at 15,000 × g 

for 15 min, the supernatant was boiled in protein sample 

buffer containing SDS, and the proteins of the supernatant 

were separated by SDS-PAGE and analyzed by im-

munoblotting. No immuno-reactive protein was found in 

the supernatant fraction (Fig. 3A, lane S). Analogous ex-

periments were performed with antibody against OsEXPA4 

as probe (α-expansins are now abbreviated as EXPA; 

Kende et al., 2004). The tissue was homogenized in 

buffer containing 1 M NaCl, and a protein band of the 

expected molecular mass (24.5 kDa; Choi et al., 2003) 

was detected in the total homogenate by the antibody 

against OsEXPA4 (Fig. 3B, lane H). This band was also 

present at similar signal strength in the 15,000 g super-

natant fraction (Fig. 3B, lane S). These results show that 

OsEXPB3, unlike OsEXPA4, is tightly bound to the par-

ticulate fraction of the homogenate and that it cannot be 

solubilized in 1 M NaCl. 

To further determine the affinity of OsEXPB3 to the 

particulate fraction, seedlings were ground in buffer con-

taining either 1% (w/v) SDS, 50 mM DTT, 1% (v/v) Tri-

ton X-100, 1% (v/v) Tween 20, or 1% (v/v) NP-40 with or 

without boiling, and the protein extracts were analyzed by 

immunoblotting (Fig. 4). OsEXPB3 was released into the 

soluble fraction only in the presence of SDS. Combina-

tions of the above extraction conditions in the absence of 

SDS did not solubilize OsEXPB3 either, and neither did 

alterations in pH, ionic strength, or reducing conditions 

(data not shown). 

Table 2. Percent identity of amino acid sequences between 

OsEXPB3 and the other members of expansin B family of rice. 

Genes 

Amino acid

identity with

OsEXPB3

Expressed 

organs 
References 

OsEXPB1a, b 50.8 P Cosgrove et al. (2002)

OsEXPB2 67.6 R 
Lee and Kende (2002)

Cosgrove et al. (2002)

OsEXPB3 100.0 
C, I, L, M, 

N, P, R, S 

Lee and Kende (2002)

Cosgrove et al. (2002)

OsEXPB4 73.1 
C, I, L, M, 

P, R, S 

Lee and Kende (2002)

Cosgrove et al. (2002)

OsEXPB5 43.4 NE Lee and Kende (2002)

OsEXPB6 77.7 C, I, R Lee and Kende (2002)

OsEXPB7 74.8 R, S Cosgrove et al. (2002)

OsEXPB8 67.8 P, R 
Lee and Kende (2002)

Cosgrove et al. (2002)

OsEXPB9 56.6 NE Lee and Kende (2002)

OsEXPB10 55.8 NE Lee and Kende (2002)

OsEXPB11 45.9 C, I, R Lee and Kende (2002)

OsEXPB12 43.0 I Lee and Kende (2002)

OsEXPB13 48.8 NE Lee and Kende (2002)

OsEXPB14 43.4 NE Lee and Kende (2002)

OsEXPB15 48.5 ND  

OsEXPB16 34.3 ND  

OsEXPB17 32.2 ND  

OsEXPB18 48.9 ND  

The identities were calculated by Clustal V in DNASTAR pro-

gram (DNASTAR, USA) using the amino acid sequences with-

out signal peptide. C, coleoptile; I, internode; L, leave; M, 

mesocotyl; N, node; P, panicle; R, root; S, shoot; NE, not ex-

pressed; ND, not determined. 

 
 
 

OsEXPB3 is localized in the cell wall To localize 

OsEXPB3 at the cellular level, ultrathin sections of rice 

coleoptiles and roots were probed with antiserum against 

OsEXPB3 and gold-conjugated secondary antibodies (Figs. 

5 and 6). Electron microscopic examination showed that 

the gold particles were mostly associated with the cell 

wall of rice coleoptiles (Fig. 5A; Table 3) and roots (Figs. 

5C and 6B; Table 3). Occasionally, we observed clusters 

of gold particles that appeared to be associated with vesi-

cle-like structures in the cytoplasm (Figs. 5A and 5C, 

indicated by arrow head). In sections probed with preim- 

mune serum, only few, randomly localized particles were 

detected (Figs. 5B, 5D, and 6C, Table 3). 

  We also examined whether OsEXPB3 is localized in 

the walls of specific cells using immunohistochemistry. 

OsEXPB3 antiserum reacted with all cell walls of rice 

coleoptiles and roots (Figs. 5E and 5G). Signals were par- 
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Fig. 2. Confirmation of specificity of antibody raised against 

OsEXPB3. A. Coomassie blue-stained SDS-polyacrylamide gel 

of proteins from E. coli cells. Proteins from bacterial cells be-

fore (−) or after (+) induction with IPTG were separated on a 

10% SDS-polyacrylamide gel. Arrow heads indicate expressed 

recombinant GST:β-expansin fusion proteins. B. Immunoblot of 

recombinant GST:β-expansin fusion proteins from E. coli cells 

probed with polyclonal antibody against OsEXPB3. GST, glu-

tathione S-transferase; B2, OsEXPB2; B3, OsEXPB3; B4, 

OsEXPB4; B6, OsEXPB6; B7, OsEXPB7; B8, OsEXPB8. 

 

 

ticularly high in the walls of cells in the vascular system 

of coleoptiles (Fig. 5E) and in emerging secondary roots 

(Fig. 5G). Preimmune serum gave no signal in cells of the 

coleoptile and root (Figs. 5F and 5H). 

We tested the localization of OsEXPB3 in the walls of 

root cortical fiber cells (Figs. 6A and 6C) and xylem cells 

(data not shown). These cells had secondary walls, which 

were deposited after the cells had reached their final size. 

OsEXPB3 was found to be associated with the primary 

cell wall only (Fig. 6B). Cells probed with preimmune 

serum showed only few, randomly localized gold particles 

(Fig. 6C). 

The experiments shown in Figs. 1, 3, and 4 were re-

peated at least five times with similar results; the experi- 

ment shown in Fig. 2 was repeated three times with simi-

lar results. 

 

 

Discussion 

 

In previous studies, it has been shown that OsEXPB3 is 
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Fig. 3. Fractionation of total homogenates of rice seedlings. A. 

Protein blot probed with antibody against OsEXPB3. B. Protein 

blot probed with antibody against OsEXPA4. 0.5 g of coleoptiles 

and roots from three-day-old seedlings was homogenized in 5 ml 

of 50 mM Tris-HCl, pH 7.0, 5 mM EDTA, and 1 M NaCl. H, 100 

µl of 5× SDS-PAGE sample buffer and 150 µl of distilled water 

were added to 250 µl of total homogenate. The mixture was 

boiled, the proteins were separated by SDS-PAGE, and blotted 

onto a nitro cellulose membrane. S, The total homogenate was 

centrifuged at 15,000 × g for 15 min and separated into pellet and 

supernatant. One hundred µl of 5× SDS-PAGE sample buffer and 

150 µl of distilled water were added to 250 µl of supernatant. The 

mixture was boiled, the proteins were separated by SDS-PAGE, 

and blotted onto a nitro cellulose membrane. Twenty µl of each 

SDS-PAGE sample was loaded onto each lane. 

 

 

expressed at high levels in all organs tested (Cosgrove et 

al., 2002; Lee and Kende, 2002). Thus, we chose 

OsEXPB3 protein as a representative β-expansin to study 

the biochemical properties, cellular localization and bio-

logical function of a vegetative β-expansin in rice. 

The antibody against cucumber α-expansin detected 

not only cucumber α-expansin but also α-expansin from 

rice and maize (Cho and Kende, 1997; Cosgrove et al. 

2002; Hoffmann-Benning et al., 1994) and from cultured 

tobacco cells (data not shown). Likewise, the antibody 

against OsEXPA4 (Choi et al., 2003) also detected α-

expansins in cucumber and maize but not β-expansins of 

rice seedlings (Fig. 3). However, antibody raised against 

OsEXPB3 only reacted with recombinant OsEXPB3 pro-

tein, while other β-expansins with high amino acid se-

quence identity, such as OsEXPB6 (78% amino acid iden-

tity) and OsEXPB7 (75% amino acid identity), showed no 

cross-reactivity (Fig. 2, Table 2). In addition, no protein 

from cultured tobacco cells and maize seedlings reacted 

with antibody against OsEXPB3 (data not shown). There-

fore, it is evident that the antibody raised against OsEXPB3 

is, indeed, specific for OsEXPB3 protein. 

α-Expansins are bound to the plant cell wall and can be 

solubilized by extraction with buffer containing 1 M NaCl 

(Cho and Kende, 1997; McQueen-Mason et al., 1992). 

Group I pollen allergens, now classified as β-expansins, 
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Table 3. Number of gold grains in cell wall and non-cell wall 

areas of rice coleoptiles and roots after immuno-gold labeling. 

Gold grains per µm2 ± SD 

Organ 
Cell wall area 

Non-cell wall 

area 

Coleoptiles 

  Anti-OsEXPB3 serum 

  Pre-immune serum 

 

67.8 ± 18.2 

05.7 ± 3.5 

 

5.4 ± 0.5 

3.3 ± 2.7 

Roots 

  Anti-OsEXPB3 serum 

  Pre-immune serum 

 

98.8 ± 27.4 

11.5 ± 6.3 

 

3.4 ± 2.6 

2.2 ± 1.7 

The gold grains were counted in the entire cell wall and non-cell 

wall areas on five electron micrographs for each treatment with the 

Image-Pro Plus program. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. OsEXPB3 can be extracted only with SDS from rice seed-

lings. 0.5 g of coleoptiles and roots from three-day-old rice seed-

lings was ground in 5 ml of 10 mM Tris-HCl, pH 7.5. 100 µl of 

homogenate was transferred into 1.5-ml centrifuge tubes with 

additions as indicated. The mixtures were brought to 150 µl with 

distilled water and either incubated for 1 h at room temperature or 

boiled for 5 min. The resulting preparations were centrifuged at 

15,000 × g for 15 min. Forty µl of 5× SDS-PAGE sample buffer 

and 60 µl of distilled water were added to 100 µl of supernantant, 

and the mixture was boiled. The proteins were separated by SDS-

PAGE, blotted onto a nitro cellulose membrane, and probed with 

antibody against OsEXPB3. Twenty µl of each SDS-PAGE sam-

ple was loaded onto each lane. Lane 1, buffer only; lane 2, buffer 

only + boiling; lane 3, +1% (w/v) SDS; lane 4, +1% (w/v) SDS + 

boiling; lane 5, +50 mM DTT; lane 6, +50 mM DTT + boiling; 

lane 7, +1% (w/v) SDS + 50 mM DTT; lane 8, +1% (w/v) SDS + 

50 mM DTT + boiling; lane 9, +1% (v/v) Tween 20; lane 10, +1% 

(v/v) Tween 20 + boiling; lane 11, +1% (v/v) Triton X-100; lane 

12, +1% (v/v) Triton X-100 + boiling; lane 13, +1% (v/v) NP-40; 

lane 14, +1% (v/v) NP-40 + boiling. 

 

 

are highly water soluble (Cosgrove et al., 1997; Grobe et al., 

1999; Li and Cosgrove, 2001), as is PPAL, a pistil-specific 

β-expansin of tobacco (Pezzotti et al., 2002). Our experi-

ments showed that the vegetative β-expansin OsEXPB3 is 

tightly bound to the cell wall and that denaturation of the 

protein with 1% (w/v) SDS is required to solubilize it (Figs. 

3 and 4). In contrast to OsEXPB3, the vegetative β-expansin 
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Fig. 5. Immunocytochemical localization of OsEXPB3 in rice 

seedlings by electron microscopy and immunohistochemical lo-

calization by light microscopy. (A) Coleoptile section probed with 

antibody against OsEXPB3 (1:500); (B) coleoptile section probed 

with pre-immune serum (1:500); (C) root section probed with 

antibody against OsEXPB3 (1:500); (D) root section probed with 

pre-immune serum (1:500). All sections were subsequently 

probed with gold-conjugated goat anti-rabbit secondary antibodies. 

(E) Cross-section of a coleoptile probed with antibody against 

OsEXPB3 (1:2,500); (F) cross section of coleoptile probed with 

pre-immune serum (1:2,500); (G) cross section of root probed 

with antibody against OsEXPB3 (1:2,500); (H) cross section of 

root probed with pre-immune serum (1:2,500). Sclerenchymatous 

tissue gave a color reaction that was not due to an immune re-

sponse. All sections were subsequently probed with alkaline 

phosphatase-conjugated goat anti-rabbit secondary antibodies 

(1:2,500), and alkaline phosphatase activity was visualized. Bars: 

500 nm for A, B, C, and D and 0.2 mm for E, F, G, and H. c, Cy-

toplasm; m, mitochondrion; p, proplastid; v, vacuole; w, cell wall. 

Arrow heads in A and C indicate putative vesicle-like structures. 

 

 

CIM1 of soybean could be solubilized from the cell wall in 

buffer without salt (Downes et al., 2001). 

The PSORT program (Nakai and Kanehisa, 1992) pre-

dicts that OsEXPB3 has two N-linked glycosylation sites.  
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Fig. 6. Immunocytochemical localization of OsEXPB3 in pri-

mary cell walls of root fiber cells by electron microscopy. (A) 

The arrow head indicates the region which is shown in B and C; 

(B) section probed with antibody against OsEXPB3 (1:500); (C) 

section probed with pre-immune serum (1:500). Bars: 5 µm for 

A and 500 nm for B and C. c, Cytoplasm; m, mitochondrion; v, 

vacuole; pw, primary cell wall; sw, secondary cell wall. 

 

 

However, we could not detect N-linked glycosylation of 

OsEXPB3 by enzymatic protein deglycosylation (data not 

shown). In contrast, pollen allergens and CIM1 are glyco-

sylated (Downes et al., 2001; Hiller et al., 1997). The 

difference in binding properties of OsEXPB3 and pollen 

allergens of grasses may reflect differences in protein 

modifications, such as glycosylation, and may also indi-

cate differences in biochemical function. 

The PSORT program also predicts that, except for 

OsEXPB11 and OsEXPB12, β-expansins of rice are tar-

geted to the secretory system and secreted into the cell wall 

(Lee and Kende, 2001). Localization of OsEXPB3 in the 

primary cell wall was confirmed by immunogold labeling 

and electron microscopy (Figs. 5 and 6), as had also been 

shown for α-expansins (Cosgrove et al., 2002; Hoffmann-

Benning, 1993; Hoffmann-Benning et al., 1994). The ap-

parent association of gold particles with vesicle-like struc-

tures in the cytoplasm indicates that OsEXPB3 passes 

through the secretory pathway to the cell wall (Figs. 5A 

and 5C). A similar labeling pattern has also been observed 

for α-expansins in maize coleoptiles (Cosgrove et al., 

2002). Immunohistochemical analysis showed that the 

highest OsEXPB3 content was associated with cell walls 

in the vasculature (Fig. 5E), as also found for α-expansin 

(Cho and Kende, 1998). 

Pollen allergens are glycosylated and readily extract-

able with aqueous solution of low ionic strength (Cosgrove 

et al., 1997). EXPB3 does not appear to be glycosylated 

(data not shown) and can only be extracted from the cell 

wall upon denaturation with SDS (Figs. 3 and 4). These 

chemical properties of OsEXPB3 indicate a function dif-

ferent from that of pollen allergens and of at least some 

α-expansins, which can be extracted from the cell wall 

with 1 M NaCl and which are capable of loosening plant 

cell walls. The biological function of OsEXB3 cannot be 

inferred from its tissue and cellular localization or from its 

hormonal regulation. However, the tissue and cellular lo-

calization as well as the hormonal regulation of OsEXPB3 

resemble that of other expansins. Like some α-expansins 

(Cosgrove et al., 2002; Hoffmann-Benning, 1993; Hoff-

mann-Benning et al., 1994), it is localized in the cell wall 

(Figs. 5 and 6), the OsEXPB3 gene is expressed primarily 

in growing tissues, and its expression is under control of 

gibberellin (Lee and Kende, 2001). 

To what extent our results are representative for other 

vegetative β-expansins is unknown. Unfortunately, efforts 

to produce biologically active recombinant expansins in 

various heterologous expression systems have failed thus 

far, possibly because of incorrect disulfide bond forma-

tion (Cosgrove et al., 1997). It is, therefore, not possible 

to compare the wall-loosening activity of different α- and 

β-expansins alone or in combination in in vitro assays. To 

resolve this problem and to study the mode of action of 

expansins, current efforts are focused on exploring new 

expression systems for the production of biologically ac-

tive recombinant expansins. 
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