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Abstract A plant lectin was isolated from barley
(Hordeum vulgare) coleoptiles using acidic extraction
and diVerent chromatographic methods. Sequencing of
more than 50% of the protein sequence by Edman deg-
radation conWrmed a full-length cDNA clone. The sub-
sequently identiWed open reading frame encodes for a
15 kDa protein which could be found in the soluble
fraction of barley coleoptiles. This protein exhibited
speciWcity towards mannose sugar and is therefore,
accordingly named as Horcolin (Hordeum vulgare
coleoptile lectin). Database searches performed with
the Horcolin protein sequence revealed a sequence
and structure homology to the lectin family of jacalin-
related lectins. Together with its aYnity towards man-
nose, Horcolin is now identiWed as a new member of
the mannose speciWc subgroup of jacalin-related lectins

in monocot species. Horcolin shares a high amino acid
homology to the highly light-inducible protein HL#2
and, in addition to two methyl jasmonic acid-inducible
proteins of 32.6 and 32.7 kDa where the jasmonic acid-
inducible proteins are examples of bitopic chimerolec-
tins containing a dirigent and jacalin-related domain.
Immunoblot analysis with a cross-reactive anti-HL#2
antibody in combination with Northern blot analysis of
the Horcolin cDNA revealed tissue speciWc expression
of Horcolin in the coleoptiles. The function of Horco-
lin is discussed in the context of its particular expres-
sion in coleoptiles and is then compared to other
lectins, which apparently share a related response to
biotic or abiotic stress factors.
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Abbreviations
CDD Conserved domain database
gJRL Galactose-speciWc JRL
HA Hydroxyl apatite
IWF Intercellular washing Xuid
JIP Jasmonic acid induced protein
JRL Jacalin-related lectin
mJRL Mannose- speciWc JRL
SDS-PAGE Sodium dodecyl sulfate polyacrylamide

gel electrophoresis

Introduction

Plants have developed strategies to cope with stress
and pathogens by expressing a wide range of proteins
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that belong to various families of the pathogenesis-
related (PR) proteins (Datta and Muthukrishnan
1999). In addition to these PR-proteins, lectins are a
class of intensely studied proteins that are thought to
play a role in both plant defense (Peumans and Van
Damme 1995) and stress response (Zhang et al. 2000).
Lectins are found in a wide range of species within the
plant kingdom and have diVerent functions, structures,
tissue localisations and carbohydrate-binding speciWci-
ties.

Van Damme et al. (1998) classiWed the plant lectins
into seven families according to their evolutionary and
structural characteristics. One of these families are jac-
alin-related lectins (JRL) where the jacalin from the
seeds of jack fruit (Artocarpus integrifolia) gives this
class its name (Skea et al. 1988) and binds to T-antigen
and galactose. Many lectins were identiWed with a
broad carbohydrate-binding aYnity/properties that
share sequence similarities to jacalin. Based on the
occurrence of JRL in separate plant families with
diVerent sugar speciWcity and biosynthesis reactions,
Peumans et al. (2000a) were able to subdivide the JRL
into two subgroups: the galactose- (gJRL) and the
mannose-speciWc (mJRL) jacalin- related lectins. The
latter subgroup include Calsepa from Calystegia
sepium (Van Damme et al. 1996), Heltuba from
Helianthus tuberosus (Bourne et al. 1999), BanLec
from Musa acuminata L. (Peumans et al. 2000b) and
the protein Orysata from the gene salT from Oryza
sativa (Claes et al. 1990; Garcia et al. 1998; Zhang et al.
2000). It has previously been suggested that BanLec
and Orysata JRLs are expressed in response to abiotic
or biotic stresses present in monocotyledonous plants
because they respond to jasmonic acid treatment
(Garcia et al. 1998; Peumans et al. 2000b; Zhang et al.
2000).

A light stress regulated protein in barley plants
(Hordeum vulgare) was characterized as HL#2 by Pot-
ter et al. (1996). However, sequence analysis showed
that HL#2 (17 kDa) shared sequence homologies to
JRLs and, more importantly, had both an aYnity
towards sugar and exhibited a response to methyl jasm-
onate. To learn more about HL#2, an antibody was
used against the entire recombinant protein HL#2 and,
after Western-blot analysis, the presence of HL#2 was
revealed in leaves and in coleoptiles, however not in
roots or in young etiolated coleoptiles of barley
(Menhaj et al. 1999). Instead, there was a cross-reac-
tion between a coleoptile-speciWc protein of 15 kDa
(Horcolin, former name HL#2*) and two JIPs of 32.6
and 32.7 kDa (Mishra et al. 1999).

This investigation describes the isolation, molecular
cloning and partial characterization of the 15 kDa

protein, which is to date the Wrst identiWed tissue-spe-
ciWc member of the mannose-binding jacalin-related
lectin subgroup in barley.

Materials and methods

Plant growth and harvesting

Barley (Hordeum vulgare L. cv. Apex, Lochow-Petkus
GmbH, Bergen, Germany) was grown for 3–6 days on
Vermiculite (Deutsche Vermiculite, Sprockhoevel,
Germany) at 25°C either under constant irradiance
from 100 �mol photons in a 12 h light/12 h dark cycle
or in the dark to collect etiolated coleoptiles. Plants
were manually separated into roots, (primary) leaves
and coleoptiles. Collected materials were then frozen
in liquid nitrogen and stored at ¡80°C or were directly
used for Horcolin puriWcation.

Extraction and puriWcation of Horcolin 
from coleoptiles

Frozen coleoptiles (100 g) were homogenized in
extraction buVer (50 mM citric acid, pH 3.1, 200 mM
NaCl, 1 mM MgCl2, 1 mM PMSF) at 4°C and mixed
vigorously. After settlement of larger cell debris, the
supernatant was centrifuged for 30 min at 5,000 g,
Wltered through a 0.2 �m syringe Wlter (Sartorius AG,
Goettingen, Germany), concentrated with ultra con-
centrators (Viviaspin, cut oV 5 kDa, Sartorius) and
subsequently the buVer was changed by dialysis against
a 10 mM phosphate buVer (pH 6.8). Subsequently, the
sample was passed through a hydroxyl apatite column
adjusted with 10 mM phosphate buVer pH 6.8 (Macro-
Prep CHT, 40 �m type I, Bio-Rad) and the eluent con-
taining the Horcolin protein was collected while most
of the other soluble proteins in the extract were bound
to the column matrix. In the next chromatographic
step, the eluent from the hydroxyl apatite column was
dialyzed against 20 mM piperidin buVer (pH 12.0) con-
taing 20 mM NaCl and then applied on a equilibrated
MonoQ HR5/5 column (GE Healthcare, Munich, Ger-
many) connected to a FPLC system (GE Healthcare).
Afterwards, Horcolin was eluted using a linear salt gra-
dient of 50–500 mM NaCl in 20 mM piperidin buVer
(pH12) and a Xow rate of 1.5 ml/min. Fractions were
assayed for Horcolin using both silver stained gel and
Western-blot analysis with a Horcolin speciWc anti-
body. Finally, fractions containing Horcolin were
pooled, concentrated and then separated in SDS-
PAGE (6% stacking, 12% spacer and 17% separating
gel) according to Schägger and von Jagow (1987).
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Proteins were blotted using the method of Dunn (1986)
on PVDF membranes. After Coomassie staining of the
membrane and destaining, the Horcolin containing
protein band was excised and used for Edmann degra-
dation of the whole protein. Alternatively, the protein
was digested in a gel containing the protease LysC as
described in Bökenkamp et al. (1994).

Isolation of intercellular washing Xuid (IWF)

Approximately 100 primary leaves of Hordeum (7 days
after germination) were selected for the isolation of
IWF. This was performed according to Hogue and Ass-
elin (1987) with slight modiWcations. Leaves were Wrst
removed from the coleoptiles and inWltrated for 5 min
with a 100 mM Tris–HCl buVer (pH 7.5) or with a
100 mM citrate–phosphate buVer (pH 3.0) under vac-
uum. In addition, both buVers contained 1 mM MgCl2,
100 mM NaCl and 0.005% Triton X-100. The inWl-
trated leaves were subsequently inserted into home-
made holders between two brackets that contained a
depression in the shape of the leaves. The leaves were
orientated with the cut area to the bottom of the centri-
fuge tube and then centrifuged for 1 min at 130 g in a
T40 swing-out rotor (Jouan CR3i) to remove the
excess liquid. The IWF was collected by a second cen-
trifugal step for 15 min at 200 g and, Wnally, stored at
¡20°C.

Analytical SDS-PAGE and Western-blot analysis

For the extraction of total soluble proteins, either
6 day-old barley coleoptiles or a combination of barley
coleoptiles and leaves (for Western-blot analysis) or
barley roots were homogenised in liquid nitrogen fol-
lowed by the addition of 5 volumes of diVerent extrac-
tion buVers [100 mM citric acid (pH 1.9–5.8) or 50 mM
Tris-HCl (pH 6.8–9.4)] containing 1 mM MgCl2,
200 mM NaCl, 1 mM PMSF, 1 mM benzamidine and
5 mM aminocaproic acid to test for the optimal pH.
Cellular debris was removed by centrifugation (10 min
at 10,000 g) and the supernatant was then removed and
either stored for 15 min on ice (4°C) or boiled for
15 min and again centrifuged.

SDS-PAGE and sample denaturation were carried
out as described in Schägger and von Jagow (1987). Sil-
ver staining was done according to Blum et al. (1987).
Immunoblotting was performed using 0.45 �m pore
size nitrocellulose Wlters (Towbin et al. 1979). Blots
were blocked with 5% skim milk and incubated with
antibodies (1:500 dilution) against anti HL#2 or Horco-
lin. These antibodies were raised in goats or chickens,
respectively (Grunwald et al. 2003). The detection of

primary antibodies was performed using anti-goat-IgG
from rabbit labelled with alkaline phosphatase or using
anti-chicken-IgG from rabbit labelled with alkaline
phosphatase (dilution 1:20,000, Sigma).

Lectin-binding assay

Barley seedlings (Hordeum vulgare cv. Apex) were
grown for 5 days in the dark on Vermiculite and then
irradiated for 12 h at 100 �mol m¡2 s¡1. Primary leaves
(30 g) containing the coleoptiles were homogenised
with 80 ml extraction buVer (50 mM citric acid,
200 mM NaCl and 1 mM MgCl2 adjusted to pH 2.9) in
a commercial mixer on ice. The extract was centri-
fuged twice (15 min at 5,000 g) to remove all insoluble
cell material. The supernatant was concentrated using
an ultra concentrator and adjusted to pH 7.2 with
NaOH.

Meanwhile, a mannose-agarose column (Sigma) was
washed three times with 10 bed vol of binding-buVer
(100 mM Tris–HCl (pH 7.2), 100 mM NaCl and 1 mM
MgCl2). Afterwards, the concentrated supernatant was
removed and 3.7 ml of the barley extract was applied to
the mannose-agarose column. For the binding step, the
column was placed on a shaker at room temperature
for 30 min. The gel matrix was centrifuged for 1 min at
5,000 g. After removal of the supernatant, the man-
nose-agarose was washed several times with the bind-
ing buVer until no protein could be detected in the
washing buVer (conWrmed by Bradford protein deter-
mination 1976).

For the elution of Horcolin, the mannose matrix was
Wrst incubated for 20 min at room temperature with
one bed volume of elution-buVer (50 mM citric acid,
100 mM NaCl, 1 mM MgCl2 and 300 mM mannose
adjusted to pH 2.4) and then, for the second elution
step, at 90°C for 5 min with SDS-sample buVer to
remove quantitatively all bound Horcolin from the
matrix. The supernatants were collected and precipi-
tated by addition of acetone (Wnal concentration 80%)
overnight at ¡20°C. After centrifugation for 30 min at
15,000 g, the pellet was dissolved in 30 �L sample
buVer and then separated in SDS-PAGE. Horcolin was
detected by Western analysis using the anti-HL#2 anti-
body (1:500 dilution).

Immunocytochemistry

Green leaves, coleoptiles and etiolated grown coleop-
tiles from Hordeum vulgare were sliced in small pieces
and prepared as previously described by Michel et al.
(1998). For the detection of both Horcolin and HL#2,
the primary antibodies were diluted 1:100.
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Molecular cloning, over expression and puriWcation 
of Horcolin

Coleoptiles (6 days after germination) were ground in
liquid nitrogen and the total RNA was isolated using the
Invisorb Spin Plant-RNA Mini Kit (Invitek, Berlin, Ger-
many). To circumvent DNA contamination, the samples
were treated with DNase. Based on the identiWed pep-
tides in addition to using an EST-sequence (Genebank
accession number BF630621), the following primers
were designed: forward primer GCA CGA GCT AAG
TCA CTC TTC and reverse primer GCA GCG TCA
CAC ATT ATC AC. For RT-PCR, the Qiagen “One-
Step RT-PCR Kit” was used according to the manufac-
turer’s directions. Reaction products were cloned into
pTAdv (Clontech) plasmid and subsequently sequenced
in both the forward and reverse directions.

For over expression of Horcolin, a 445 bp fragment
was PCR ampliWed using primers corresponding to
the mature protein (forward primer: CGCGGATCCA
TGAGCAAGCCTGTGAAGATTGG and reverse
primer CGCAAGCTTTGGAGTAATATAGAACC
CAATCG) by BIO-X-Act-DNA (Bioline, London,
UK) polymerase from the Horcolin cDNA clone and
then cloned into the BamHI and HindIII cloning sites
of the pQE30 expression vector (Qiagen) containing a
N-terminal histidine tag. For expression of Horcolin in
E. coli M15, production was induced using an optical
density of 0.6 (600 nm) with 1 mM IPTG and then
incubated for 2 h at 37°C. Subsequently, 1 l of the
E. coli cell suspension was harvested by centrifugation
at 4,000 g. The cells were broken using a French press
operating at 15,000 p.s.i. The protein concentration
was determined using a Bio-Rad protein assay kit (Bio-
Rad). The Wltered and centrifuged supernatant was
puriWed by histidine aYnity chromatography according
to the manufacturer’s (Qiagen) batch puriWcation pro-
cedure. Fractionation of the recombinant protein by
SDS-PAGE and protein elution from the gel (gel
eluter from Bio-Rad) revealed a single protein species.
Western blot experiments using the anti-His tag anti-
body (Qiagen) and the anti-HL#2 antibody conWrmed
that the puriWed protein was His tagged Horcolin.

Hemagglutination assay

Rabbit blood was diluted with PBS buVer to a Wnal
solution concentration of 2%. Afterwards, 50 �l of the
2% blood was gently mixed with either 50 �l of 10 �g/
ml recombinant Horcolin solution (dialysed against
PBS buVer) or a concanavalin A (Sigma) solution
(30 �g/ml in PBS buVer) and then incubated for 2 h at
RT under gentle shaking.

Isolation of total RNA and Northern blot

Total RNA was isolated from leaves and coleoptiles,
separated by electrophoresis on agarose gels con-
taining formaldehyde and then transferred onto Bio-
dyne-B transfer membranes (Pall GmbH, Dreieich,
Germany) as described by Menhaj et al. (1999).
Each lane was loaded with 10 �g RNA. Northern
blots were performed as described by Potter et al.
(1996) with 32P-labelled Horcolin cDNA as the
probe.

Sequence alignments, database search and molecular 
homology modeling

The amino acid sequence alignments were carried
out using the clustalW program (Thompson et al.
1994) with the amino acid sequences of Heltuba
(Genbank accession number AAD11575), BanLec
(Genbank accession number AAB82776), Orysata/
salT (Genbank accession number AAB53810),
HL#2 (Genbank accession number CAB40792), Cal-
sepa (Genbank accession number AAC49564) and
Jacalin (Genbank accession number A46630). Con-
served domain database (CDD) searches (Marchler-
Bauer et al. 2003) were performed using protein-
protein blast at NCBI (Altschul et al. 1990) using the
sequences of JIP 32.6 (Genbank accession number
U43497/ AAA87041), BanLec, Orysata (salT) and
Horcolin. For molecular modelling of Horcolin, pdb
Wles were generated using the FAMS program from
Kitasato University (Ogata et al. 1998) using the
Horcolin- AAK54458 amino acid sequence. For
Horcolin, the atomic coordinates from Heltuba were
automatically used in the program for homology
modelling. A second modelling program, Geno3D,
produced results similar to those from the FAMS
program (http://www.geno3d-pbil.ibcp.fr).

Results

Previous investigations have shown that the anti-
body against the HL#2 protein (17 kDa) also recog-
nised a second protein band with an apparent
molecular mass of 15 kDa (SDS-PAGE) in tissue
extracts of coleoptiles. This protein was formerly
named as HL#2* (Menhaj et al. 1999) and, in recog-
nition of its mannose binding capacity, was renamed
as Horcolin (Hordeum vulgare coleoptile lectin).
For further characterisation of Horcolin, this
protein was puriWed, sequenced and partially
analyzed.
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PuriWcation of Horcolin

Since Horcolin is present in the coleoptiles of etiolated
plants, the puriWcation started with dark-grown coleop-
tiles. For identiWcation of Horcolin during the puriWca-
tion procedure the antibody against HL#2 was used.

Horcolin remains soluble at pH 3.0 when the cells
were broken at either 4°C or at an elevated tempera-
ture of 100°C (Fig. 1). It is evident that only a relatively
small amount of Horcolin is precipitated during the
heating step, especially at lower pH values. Horcolin
fractions obtained by puriWcation under acidic condi-
tions at pH 3.0 showed, after neutralisation, the capac-
ity to bind to mannose-agarose. Boiled fractions were
not tested for their binding characteristics.

The neutralised pH 3.0 fraction was then applied to
a hydroxyl-apatite column where the protein was
obtained in the void volume (Fig. 2a, lane 1). This
preparation was then subjected to anion exchange
chromatography as described in “Materials and meth-
ods”. Fractions containing Horcolin were pooled and
analysed in SDS-PAGE followed by silver staining
(Fig. 2a, lane 2) and immunoblotting with the anti-
HL#2 antibody (Fig. 2a, lane 3). Starting from 100 g
coleoptiles approximately 11 �g of Horcolin could be
obtained after all puriWcation steps. Since the NH2-ter-
minus of Horcolin was blocked, endogenous peptide
sequences were obtained after electroblotting onto a
PVDF membrane followed by staining with Coomassie
and digestion with the LysC protease. Fragments were
separated by HPLC and sequenced by Edmann degra-
dation. The endogenous peptide sequences obtained in
this manner corresponded to 55% of the predicted
apparent molecular mass for Horcolin by SDS-PAGE.
Moreover, SDS-PAGE under reduced and non-
reduced conditions yielded a single band of 15 kDa.
The native molecular mass of Horcolin has been deter-
mined as 58 kDa with gel Wltration experiments on a
Superose 12 column (column Xow 0.5 ml/min) in pres-
ence of the extraction buVer on the basis of protein

standards for gel chromatography. Therefore we con-
cluded a tetrameric size of the puriWed Horcolin (data
not shown).

IdentiWcation of the Horcolin DNA sequence

TBLASTN searches for EST-clones in the NCBI data-
base with Horcolin peptide sequences were performed
and resulted in identifying an EST clone (Genebank
accession number BF630621). Based on this EST-
clone, PCR primer pairs were designed and used in
RT-PCR. The PCR product with 665 bp was then
cloned into a pTAdv vector and sequenced. Sequence
analysis showed an open reading frame from 76 to
516 bp meaning that it encoded for translated protein
of 145 amino acids with a calculated molecular mass of
15.1 kDa and an isoelectric point of 7.9. The DNA
sequence is available under Genebank accession num-
ber AY033628. All identiWed peptides can be matched

Fig. 1 Analyses of diVerent extraction conditions for immuno-
blotting. Horcolin was extracted from etiolated coleoptiles using
diVerent pH values and temperatures. Analysis was performed
extraction buVers with diVerent pHs and two temperatures. Each
lane was loaded with an equal amount of the Horcolin containing
supernatant

Fig. 2 IdentiWcation of Horcolin during diVerent puriWcation
steps and the lectin binding assay. a SDS-PAGE and immuno-
blot, HA chromatography (lane 1), the major fraction after Mon-
oQ column anion exchange chromatography was analysed by
silver gel (lane 2), and corresponding immunoblot using the anti-
HL#2 antibody in 1:500 dilution (lane 3). Each lane was loaded
with 5 �g total protein. b Extracts of Horcolin were applied to
mannose agarose and eluted by mannose application under acidic
conditions. Binding of Horcolin was analysed by immunoblotting
with the anti-HL#2-antibody (1:500 dilution). Lane 1 extract be-
fore binding, lane 2 extract after binding to mannose agarose, lane
3 washing fraction, lane 4 elution fraction from mannose-agarose
123
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with parts of the deduced amino acid sequence. The
obtained sequence shares 97% similarity to deduced
amino acid sequence from BF630621. In contrast, the
previously identiWed HL#2 has only 65% similarity to
Horcolin. The alignment of HL#2 and Horcolin is
shown in Fig. 3.

Database search, sequence alignment and molecular 
modelling

However, using a Blastp (BLASTP 2.2.8) search,
higher similarities were found to the lectins Orysata/
salT from Orysata sativa (Genebank accession number
AAB53810), BanLec from Musa acuminata (Gene-
bank accession number AAB82776), Heltuba from
Helianthus tuberosus (Genebank accession number
AAD11575) and Calsepa from Calystegia sepium
(Genebank accession number AAC49564). The multi-
ple sequence alignment of Horcolin with the amino
acid sequences of proteins like BanLec, Heltuba, Orys-
ata and Calsepa revealed a highly conserved GPWG-
GNGG amino acid motif in the N-terminal region and,
especially in the C-terminal region, other strong simi-
larities.

The database search also indicated high homologies
to two 32.6 and 32.7 kDa JIPs (Lee et al. 1996; Gene-
bank accession number AAA87041 and AAA87042).
Interestingly, these JIPs consist of a bitopic structure
containing a dirigent-like protein domain and a jacalin
domain. It is thought that proteins containing this diri-
gent-like domain are formed during a disease response
in plants (see Pfam accession number PF03018 at http:/
/www.pfam.wustl.edu). The three-dimensional struc-
ture of Horcolin based on modelling of the homolo-
gous lectin Heltuba reveals a threefold symmetric �-
prism fold consisting of three four-stranded � sheets,
which is overall very similar to Heltuba. For example,
the bundles are orientated parallel to the axis of the �-
prism fold (data not shown) in a similar way to those in
Heltuba (Bourne et al. 1999) or Orysata (Zhang et al.
2000).

Lectin-binding and hemagglutination assay

To investigate the ability of Horcolin to react with car-
bohydrates, several diVerent sugars that were immobi-
lised on agarose beads were tested for protein binding.
These experiments were monitored by Western-blot
analysis with the HL#2 and Horcolin speciWc antibody.

Out of all the carbohydrates tested (galactose, malt-
ose, mannan, and mannose), Horcolin binds only spe-
ciWc to mannose-agarose (see Fig. 2b). The Horcolin
can be eluted from the mannose matrix with mannose,
whereas the best elution is achieved using mannose in
combination with an acidic elution buVer. Since the
binding of Horcolin to mannose clearly matches to the
deWnition of a lectin. Therefore it can be classiWed into
the mannose-binding JRLs.

To conWrm the lectin character of Horcolin, a hem-
agglutination assay in the presence of recombinant
Horcolin was performed (data not shown). SpeciWcally,
an agglutination assay in the presence of a protein solu-
tion of recombinant Horcolin showed a hemagglutina-
tion of rabbit erythrocytes. The hemagglutination titre
of the recombinant Horcolin was calculated with
approximately 10 �g/ml meaning that the recombinant
Horcolin showed a relatively weak activity compared
to other JRLs.

Tissue speciWc expression of Horcolin

For a detailed analysis of tissue speciWc expression of
Horcolin, etiolated and light-grown barley seedlings
were separated into roots, leaves and coleoptiles
(Fig. 4) and analysed by Northern- and Western-blot-
ting techniques. As shown in Fig. 4a and b, Horcolin
was not found in either the roots or leaves. However,
Horcolin was exclusively expressed in both light- or
dark-grown coleoptiles while HL#2 could be detected
in light-grown coleoptiles and leaves. In contrast, etio-
lated grown barley plants showed no HL#2 protein in
the coleoptiles by the Wfth day but instead expressed it
in the leaves (Fig. 4a, b, c). Furthermore, HL#2 could

Fig. 3 Amino acid sequence comparison between Horcolin and
HL#2. The deduced amino acid sequences were obtained from
the corresponding Horcolin (AAK54458, Genbank) and HL#2
(AAP87359, Genbank) ORFs. Peptide sequences obtained by

N-terminal sequencing according to Edman degradation are
shown in bold letters. Identical residues are marked with “*”, con-
served substitutions with “:” and semi-conserved substitutions
with “.”
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be detected in the spikes (ears) of barley. Using the
anti-HL#2 antibody, other cross-reacting proteins with
the same size as Horcolin (15 kDa) and HL#2 (17 kDa)
could be found in Avena sativa (oat), Oryza sativa
(rice), Triticum vulgare (wheat) and Secale cereale
(rye), but not in Zea mays (maize) and Ipomoea batata
(sweet potato; data not shown).

Localisation of Horcolin in the plant cell

Sequence evaluation of Horcolin for targeting predic-
tion using diVerent bioinformatic tools available on
the internet (e.g., ESLpred, TargetP and Wolfpsort)
revealed no general consensus on the sequence. There-
fore localisation studies were performed by immuno-
blotting and immuno-histological electron microscopy.
The results are presented in Figs. 5, 6. The intercellular
washing Xuid (IWF) for Hordeum vulgare obtained by
an inWltration-centrifugation technique at pH 3.0 and
7.5 were separated on SDS-PAGE and analyzed with
diVerent antibodies against constitutively expressed,
cytoplasmatic located, heat-shock cognate protein
(HSC), apoplast located chitinase (pathogenesis
related protein 3, PR-3) and Horcolin. As the force of
gravity on the Hordeum cell wall during centrifugation
can break the wall and contaminate the sample, a care-
ful analysis was performed according to Lohaus et al.
(2001) to determine the maximum allowable centrifu-
gal force, which was found to be 1,500 g. The absence
of cytosolic contamination in the IWF was conWrmed

by immunoblotting with an antiserum against the con-
stitutively expressed cytosolic HSC70 protein (Ander-
son et al. 1994; Fig. 5) and revealed that HSC70 was
only detectable in crude extract from leaves. For fur-
ther characterisation, the IWF from Hordeum was
blotted against the apoplast-located and constitutively
expressed chitinase (PR-3, see Fig. 5). Immunblotting
with the antibodies against HL#2 as well as the Horco-
lin speciWc peptide antibody showed that Horcolin was
exclusively localized in the apoplast (Fig. 5).

Based on these results, further investigations over
the localisation of Horcolin were performed by
immune histology and electron microscopy (Fig. 6).
Electron microscopical immunological investigations
of etiolated coleoptiles with peptide antibodies against
both Horcolin and HL#2, highlighted in Fig. 6b,
revealed that Horcolin was localized in the cell wall.
Etiolated coleoptiles showed no expression of HL#2
(see Fig. 6c). This Wnding was subsequently conWrmed
by immunoblotting against a crude extract of green
leaves and analysing the single 17 kDa band for HL#2
(data not shown).

Discussion

Studying the expression of the high light-induced pro-
tein HL#2 using a polyclonal antibody against this pro-
tein leads to the discovery of a coleoptile speciWc

Fig. 4 Tissue speciWc localization of Horcolin by Northern- and
Western-blot analyses. Seedlings were grown either in darkness
or under light. a Ethidium bromide stained RNA gel from diVer-
ent tissues (Co- coleoptiles, L- leaves, R- roots). b Northern blot
with total RNA from diVerent tissues using a 440 bp Horcolin
cDNA fragment as probe. Each lane was loaded with 10 �g total
RNA. c Western-blot analysis of Horcolin with anti-HL#2 anti-
body. Each lane was loaded with 10 �g of the soluble protein frac-
tion from coleoptiles, leaves, and roots

Fig. 5 Localisation of Horcolin by immunoblotting. Intercellular
washing Xuid (IWF) was isolated from barley and was subse-
quently analysed using antibodies against the heat shock cognate
protein (HSC70, 1:1,000 dilution), chitinase (PR-3, 1:2,000 dilu-
tion), HL#2 (1:500 dilution) and Horcolin (1:1,000 dilution). Each
lane was loaded with 2 �g protein. Samples include pH 3.0;
extraction of IWF at pH 3.0; pH 7.5; extraction of IWF at pH 7.5
and T: total cell extract
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15 kDa protein that has the capacity to bind mannose.
Cloning of this protein revealed an obvious sequence
homology to proteins of the jacalin related lectin fam-
ily that have an aYnity towards mannose-sugars. Based
on these Wndings, the protein was named Horcolin for
“Hordeum coleoptile lectin” to describe both its char-
acter and function.

Horcolin was extracted from etiolated coleoptiles
using acidic extraction buVers and both HA and anion
exchange chromatography. In a similar manner, other
groups (Nakagawa et al. 1996; Zhang et al. 2000) have
successfully applied acidic extraction methods for the
puriWcation of lectins. As discussed in Peumans et al.

(2000b), this is a key feature in the puriWcation of cer-
tain lectins from other plant species due to the revers-
ible loss of sugar-binding at an acidic pH. In fact,
Horcolin displayed a much weaker binding to the man-
nose-agaroses tested here when extracted in neutral
pH buVers, but had a high aYnity when extracted
under acidic conditions.

After analysing Horcolin using diVerent bioinfor-
matics programs, e.g., PSORT (Nakai and Kanehisa
1991), no obvious targeting sequence was observed in
silico, which is in contrast to storage lectins with a puta-
tive defensive role (van Damme et al. 1998). However,
it was possible to demonstrate by immune-histological
electron microscopy that Horcolin was predominately
localised in the cell wall of etiolated coleoptiles. The
electron microscopical localisation studies were carried
out by two independent research groups with diVerent
antibodies against Horcolin (raised in either goats or
chickens) and their results were shown to be free from
preparation artefacts through a series of IWF studies.

Van Damme et al. (2002) classiWed the jacalin
related lectin into two subgroups: the gJRL and mJRL.
Based on its primary and tertiary structure and its aYn-
ity towards mannose, the data presented here suggests
that Horcolin belongs to the mJRL subgroup for man-
nose-speciWc jacalin related lectins. Van Damme et al.
(2004a) introduced a diVerent classiWcation system for
lectins based on their sugar binding characteristics.
They classiWed lectins as inducible or classical where
classical lectins are not involved in speciWc lectin-car-
bohydrate interactions within the plant cells itself.
However, the induced lectins are expressed by exoge-
nous or endogenous stimuli, e.g., abiotic/biotic stress
factors or plant hormones and might be involved in cel-
lular regulation and signalling (Van Damme et al.
2004c).

The homologous members of the mannose-speciWc
JRLs, such as Orysata and BanLec, are putative candi-
dates functioning in response to stresses (Peumans
et al. 2000b; Zhang et al. 2000) because they were
induced by jasmonic acid treatment or, in the case of
Orysata, by salt, drought, abscisic acid treatment and,
especially, after infection with pathogens (Garcia et al.
1998; Qin et al. 2003). Together with the recently iden-
tiWed lectin Nictaba (Chen et al. 2002), which is located
in the nucleus and cytoplasma and is thought to play a
role in signal transduction, the group of inducible lec-
tins appears to function within the context of biotic/
abiotic stress signalling in monocots and dicots (Van
Damme et al. 2004b).

The expression of the Horcolin homologous protein
HL#2 in barley is inXuenced by light (Potter et al. 1996)
and methyl jasmonate treatment (Menhaj et al. 1999).

Fig. 6 Electron microscopical immuno-localisation of Horcolin
in etiolated coleoptiles of Hordeum vulgare. a Control microgaph
showing staining with pre-immune serum (dilution 1:100). b Im-
mune localisation of Horcolin with the Horcolin peptide antibody
(dilution 1:100). c Immunostaining of etiolated coleoptiles with a
peptide antiserum against HL#2 (dilution 1:100). Cw cell wall
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In etiolated coleoptiles, light treatment leads to a de
novo synthesis of the HL#2 protein. Preliminary exper-
iments have shown that the Horcolin mRNA is up-reg-
ulated under salt-stress conditions (data not shown).
The protein is detectable three days after germination
until the coleoptile becomes senescent. The character-
istic property of Horcolin as a member of the mannose-
speciWc JRL is its tissue speciWcity. The protein is pres-
ent only in the coleoptile while the most closely related
protein in barley, HL#2, is expressed in all leafy tissues
including the light-grown coleoptile. Therefore it
appears that barley plants possess two closely related
lectins, which are regulated and expressed indepen-
dently of each other.

Monocotyledonous plants, like grasses, use coleop-
tiles for the protection of the primary leaf during seed
germination. After passing through the soil and being
exposed to light, the growth of these specialised
embryonic structures is inhibited, while the primary
leaf continues to grow and emerges through a pore
located at the apex of the coleoptile (O’Brien and Thi-
mann 1965). In this way, the coleoptile helps the plant
to cope with any present abiotic and biotic stress fac-
tors. Future studies will evaluate whether Horcolin
plays a role in the perception or transduction of biotic/
abiotic stress induced signals or in the handling of
altered environmental conditions.
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