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Abstract: Extracellular proteins from sunflower seedlings were analyzed by electrophoresis followed by peptide mass 

fingerprinting. Tentative identification revealed novel proteins for this crop. A significant number of those proteins were 

not expected to be extracellular because they lacked the typical signal peptide responsible for secretion. In silico analysis 

showed that some members of this group presented the characteristic disordered structures of certain non-classical and 

leaderless mammalian secretory proteins. Among these proteins, a putative jacalin-related lectin (Helja) with a mannose 

binding domain was further isolated from extracellular fluids by mannose-affinity chromatography, thus validating its 

identification. Besides, immunolocalization assays confirmed its extracellular location. These results showed that a lectin, 

not predicted to be secreted in strict requirement of the N-terminal signal peptide, occurs in a sunflower extracellular 

compartment. The implications of this finding are discussed. 

Keywords: Agglutinin, Helianthus annuus, jacalin, peptide mass fingerprinting, Secretome P, signal sequence, unconventional 
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INTRODUCTION  

 The extracellular matrix of plant tissues (apoplast) is a 
dynamic compartment that contains the cell wall, air and a 
variety of molecules including proteins. Since it has not only 
a structural role but acts like the boundary between cells and 
the environment it is associated to biological functions as 
diverse as cell growth, defense and cell-tissue communica-
tion [1-4]. In plants, the identification of extracellular pro-
teins first emerged from genomic approaches that detected in 
databases the presence of sequences considered signal pep-
tides, an amino acid stretch required for entering the 
ER/Golgi mediated secretory pathway. Alternatively, a data-
base named MAIZEWALL originated after an extensive cell 
wall-related keywords search [5]. Novel proteins were also 
detected by proteomic analyses of cell culture media, inter-
cellular fluids or isolated cell walls of model species, mainly 
Arabidopsis thaliana and rice [6-10]. Altogether these ex-
tracellular proteins define the plant secretome. However, the 
assignment of a reliable apoplastic location is not an obvious 
task, since the occurrence of proteins not expected to be ex-
tracellular on the base of the absence of a signal peptide has 
been reported not only in plants but also in other eukaryota 
(2,10-13]. They are referred as “non classical” and reach as 
much as half of the proteins identified in the A. thaliana and 
rice secretomes [6,9]. Indeed, besides the classical secretory 
pathway involving recognition of a signal peptide in the ER, 
alternative translocation across the plasma membrane was  
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shown for nuclear and cytoplasmic mammalian proteins and 
the mechanisms are beginning to emerge [11]. Hence, Secre-
tome P, a prediction tool designed to identify these extracel-
lular proteins in bacteria and mammals was developed [14]. 
However, in plant sciences, the identification of reliable un-
conventionally secreted proteins is still lacking. Recently, 
evidence of the secretion of a normally symplastic mannitol 
dehydrogenase through an uncharacterized non-Golgi 
mechanism has been obtained [15], while apoplastic 
exosome-like vesicles, with proposed function in alternative 
secretion mechanisms have been reported in sunflower seeds 
[16]. Thus, the identification of “non classical” proteins will 
help to unravel not only the specific requirements for this 
alternative secretory mechanism/s but new functions associ-
ated to the plant extracellular matrix and its proteins.  

 Although sunflower is one of the most important oilseed 
crops limited information is available on its proteome. This 
report gives a first insight into sunflower apoplastic pro-
teome and let the identification of previously unknown se-
creted proteins. Moreover, a significant number of the pro-
teins putatively identified were devoid of signal peptide and 
are supposed to follow unconventional/non-classical secre-
tion. In addition, the identity and extracellular location of a 
Secretome P predictible non-classically secreted protein was 
further validated. 

MATERIALS AND METHODS 

Collection of Extracellular fluid  

 Helianthus annuus L seeds (line 10347 Advanta Semil-
las) were grown 3 days in a Wathman paper embedded in 
water under sterile conditions and 4 additional days in hy-
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droponic conditions at 25º C with a 14 h photoperiod and an 
irradiance of 250 μmoles m

-2
 s

-1
. The extracellular fluid (EF) 

from 30 g of 7 days old seedlings was collected by infiltra-
tion-centrifugation after a pre-incubation of 45 min in buffer 
A (50 mM NaPO4H2, pH 7.2, 0.1% (v/v) 2-mercaptoethanol, 
0.15 M NaCl and 0.18 % (v/v) Tween 20). Six pulses of vac-
uum infiltration of 20 s precede the centrifugation at 400 x g 
for 50 min. The infiltrated seedlings were recovered, dried 
on filter paper, placed in glass filters inside centrifuge tubes 
and centrifuged at 400 x g and 4ºC for 50 min. [17]. A pres-
sure of 45 kPa was applied, generating a soft vacuum, which 
is a half of the standard condition [18].  

 Intact seeds were imbibed 1 h in distilled water and then 
carefully peeled to remove the pericarp previous to the ex-
traction of the seed extracellular fluid fraction (SEF). SEF 
was obtained through the vacuum infiltration-centrifugation 
procedure described above. Yields were close to 80-100 μL. 
g

-1
 FW

-1
 for both EF and SEF. These fractions were loaded 

on centrifugal filter device centricon YM 3 to allow a six-
fold concentration of proteins. The concentrated EF and SEF 
were evaluated for intracellular contamination as described 
[19] using a dilution 1/25.000 of polyclonal antibodies 
against the cytosolic proteins glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH). 

Total Seedling Extracts (TE) 

 Five g of seven days old seedlings were homogenized in 
10 ml of buffer A, filtered through a nylon cloth and centri-
fuged for 30 min at 26,000 x g. The supernatant was named 
total extract (TE). An extract was also obtained by pulveriza-
tion of two g of decoated seeds previously imbibed for 1 h in 
distilled water. The resultant powder was immersed in 3 vol. 
of buffer A and clarified by centrifugation for 30 min at 
26,000 x g. The supernatant was named seed total extract 
(STE). 

Protein Analysis 

 SDS-PAGE was performed in 12% gels and the Protean 
II system (Bio-Rad). Colloidal Coomassie Blue [20] or 
Sypro® Ruby protein gel stain were used for protein staining 
and all the bands detected were recovered in the Investigator 
ProPic workstation. Trypsin digestion and the MALDI-TOF 
MS spectra of the products were performed at the Unidad de 
Proteomica from the Universidad de Córdoba, Spain as pre-
viously described [16]. The following default parameters 
were set: a intensity or S/N threshold of 10; a local noise 
window width for each peptide of 250 m/z; and a min peak 
width at full with half Max of 2.9 MS were analyzed in the 
800 to 4,000 range of mass to charge ratio (m/z). For cali-
brating each spectrum the following peaks of trypsin (m/z) 
were used: 842,51; 1045,56 and 2211,11. All the trypsin 
peptides were excluded as contaminants. Proteins were iden-
tified using the Mascot 1.9 search engine (Matrixscience, 
UK) on MSDB, NCBI and SwissProt database. A detailed 
analysis of peptide mass mapping data was performed using 
GPS ExplorerTM software v 3.5 (Applied Biosystems), al-
lowing the following parameters: specie Viridiplantae, one 
missed cleavage, 100 ppm mass tolerance, as well as cys-
teine carbamidomethylation and methionine oxidation as 
possible modifications. The confidence in the peptide mass 

fingerprinting matches was based on the score level and con-
firmed by the accurate overlapping of the matched peptides 
with the major peaks of the mass spectrum. A threshold of 
65 in Mascot score was statistically significant with p<0.05. 
Signal P 3.0 software (www.cbs.dtu.dk/services/SignalP/) 
and Secretone P (http://www.cbs.dtu.dk/services/Secre-
tomeP/) were used to predict motifs conserved in extracellu-
lar proteins. Secretome P is a sequence-based method that 
uses in the training of their neural networks six different fea-
tures of secreted proteins. The mean of five resulting output 
values is the final score for each sequence and non-
classically secreted proteins must obtain a score exceeding 
the normal threshold of 0.5 to be considered Secretome P 
positive [14]. This criterion was recently used for plant pro-
teins [10].  

Jacalin Purification and Antibody Production 

 EF (4 ml) was loaded on a 1 ml D-mannose-agarose resin 
(Sigma M6400) equilibrated with buffer B (50 mM HCl-Tris 
pH 7.5, 100 mM NaCl). Non-bounded proteins were washed 
exhaustively before the elution of retained proteins with 4 ml 
of 0.2 M mannose in buffer B. A retained band of 16 kDa 
was recovered after separation in a 12% SDS-PAGE and 250 

g were used for rabbit inoculation. The antigen was emulsi-
fied with complete Freund´s adjuvant and used in an initial 
antigen injection. Two boosters were given at 2 week inter-
vals using incomplete Freund´s adjuvant. The obtained an-
tiserum was sequentially submitted to ammonium sulfate 
precipitation and Protein A-Sepharose matrix to purify the 
immunoglobulin fraction. Pre-immunization blood was col-
lected from the same rabbits to prepare preimmune serum. 

Western Blot Analysis 

 Western blot analysis was performed after separation of 
the proteins in Total Extracts and extracellular fractions in a 
12% SDS-PAGE. The proteins were transferred to 0.45 m 
nitrocellulose membranes and incubated in blocking buffer 
followed by the primary antibodies diluted 1/25.000 or 
1/1.000 for anti GAPDH or anti Helja respectively. After 
washing steps and incubation with alkaline phosphastase 
conjugated anti rabbit secondary antibodies the membranes 
were developed [19]. 

Immunohistochemistry 

 For the immunohistochemistry, the dry seeds were sec-
tioned in 2 mm slices. They were vacuum infiltrated in 10% 
dimethyl sulfoxide (DMSO) and fixated in 0.05 M phosphate 
pH 7.4, 10% DMSO, 4% paraformaldehyde, 1% glutaralde-
hyde and 0.06 M sucrose at 4 °C for 4 h. Dehydration 
through series of 30%; 50%; 70%; 90% and 96% ethanol in 
phosphate buffer (PBS) was followed before an overnight 
embedding step in the low melting point Steedman's wax

 

(PEG 9 w/w and 1-hexadecanol 1 w/w) [21]. Sections of 
10 μm were cut and collected on polyethylenimine 50% 
(w/v)-coated slides. They were dewaxed and rehydrated in 
96% and 100% ethanol before series of 90% and 50% etha-
nol in PBS and finally PBS. Sections were blocked with 3% 
skim milk in PBS and incubated for 12 h at RT with the anti-
Helja Immunoglobulins (Ig) or preimmune serum (1: 100 in 
PBS). Incubations for 2 h with Alexa Fluor 488-conjugated 
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goat anti-rabbit IgG (Molecular Probes) (1:500) precede the 
observations with a Nikon C1 confocal laser scanning micro-
scope with a 60X/1.40/0.13 oil-immersion lens (excitation 
/detection : 488 / 530 nm). The post-processing of images 
was carried out with the aid of EZ-C1 FreeViewer software 
version 3.2. 

RESULTS AND DISCUSSION 

Proteomic Analysis of Sunflower Extracellular Fluids 

 A protocol based on infiltration-centrifugation was used 
for the isolation of extracellular fluids (EF) from 7-days-old 
sunflower seedlings and the EF fraction was then tested for 
the absence of significant intracellular components, as previ-
ously described [19]. Denaturing 12% PAGE showed that 
the protein pattern of apoplastic fluids was clearly different 
from the profile observed in total soluble extracts (TE) from 
seedlings Fig. (1A). In addition, a western blot analysis using 
antibodies for the cytosolic marker glyceraldehyde-3-P de-
hydrogenase (GAPDH) Fig. (1B) was able to detect this pro-
tein only in the TE fraction. Altogether, these results demon-
strate that the obtained EF fraction was devoid of detectable 
levels of cytosolic proteins. So, all the bands seen on EF 
samples were automatically recovered, digested with trypsin 
and submitted to a MALDI-TOF spectrometric analysis in 
order to identify the proteins. Sequence coverage of 20 %, a 
Mascott score of 65 and a peptide number of 4 were estab-
lished as cut off for tentative identification. Using this strat-
egy 15 proteins were putatively identified, some of them 
generated from the same band in the gel. The information 
obtained is summarized in Table 1 where it can be seen that 
most of the matched proteins belong to plant genera different 
from Helianthus and represent still unknown sunflower pro-
teins. The functional classification of these proteins showed 
that they are involved in plant defense as well as cell wall 
and nucleic acid or protein metabolism and belong to fami-
lies already described in the extracellular matrix of different 
species Table 1. 

 The proteins putatively identified were classified accord-
ing to the following criterion. Class I includes classical se-
cretory proteins containing a signal peptide detectable by the 
Signal P 3.0 software. Class II comprises proteins without 
signal peptide but presenting secretion features of certain 
mammalian secreted proteins, identified with the Secretome 
P software. Finally, we have included in Class III those pro-
teins that resulted Signal P and secretome P negative. 

 Only a minor part of the matched proteins presented a 
signal peptide in their amino-terminus (Class I in Table 1). 
Class I includes a hypothetical A. thaliana protein, a cinna-
mate 4-hydroxylase, a pentatricopeptide repeat-containing 
protein, a splicing factor sc35 and an amidase. The fact that 
contamination with intracellular components was discarded 
and that new functions are being associated to the apoplast 
[2], suggest putative novel localizations of proteins previ-
ously known to be associated to other cell compartments. A 
deeper individual analysis is needed to determine the mean-
ing of these findings. 

 The rest of the proteins putatively identified by MALDI-
TOF were tested with Secretome P, an algorithm designed to  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Differential profiles of total soluble and extracellular 

proteins from sunflower seedlings. Total soluble (TE) and ex-

tracellular (EF) proteins (40 μg) were loaded on a 12% SDS-PAGE 

and stained with Colloidal Coomassie Blue (A) or transferred to 

nitrocellulose and immunodetected with anti-GAPDH serum and 

alkaline phosphatase-conjugated anti-rabbit IgG (B). Molecular 

weight markers are indicated on the left. The arrows and letters on 

the right indicate bands identified by MALDI-TOF peptide finger-

print. 
 

detect characteristic disordered structures of non-classical 
and leaderless secreted proteins of mammals [14]. Intrigu-
ingly, five proteins were Secretome P positive (score above 
0.5) and are shown as class II in Table 1. Among these are a 
maturase, a mutator like-transposase, an agglutinin, a LEA 
protein and a 26S proteasome subunit. Finally, five of the 
matched proteins were Signal P and Secretome P negative 
(class III in Table 1).  

 In summary, two thirds of the proteins putatively identi-
fied lacked the signal peptide known to be responsible for 
protein secretion. The possibility of contamination with in-
tracellular components was minimized on the basis of the 
immunodetection of GAPDH in the total soluble protein 
fraction but not in TE, and the fact that the abundant intracel-
lular Rubisco subunits were not detected in the EF by any of 
the highly sensitive spectrometric analysis performed. 
Hence, our results point out the occurrence of leaderless ex-
tracellular proteins in sunflower apoplast.  
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Characterization of a Leaderless Jacalin-like Lectin  

 In order to validate the proteomic data obtained we have 
selected a protein to deepen the analysis. A closer examina-
tion of the leaderless proteins grouped in class II and III Ta-
ble 1 reveals that the band e, matching an agglutinin from 
Helianthus tuberosus [22] (Uniprot Q9FS32), displays the 
highest Mascott score (208) and coverage as well as a good 
agreement between the theoretical and experimental molecu-
lar mass (16 kDa). Bioinformatic tools predicted that the 
agglutinin is a mannose binding lectin (InterproScan IPR 
001229) with a jacalin domain (Pfam PF01419). However, 
jacalins are mostly recognized as intracellular cytoplas-
mic/nuclear proteins [23-25]. Nevertheless, some putative 
members of this family with and without signal peptide se-
quences were repeatedly identified in the apoplast but not 

validated by additional experimental procedures [6,10,26-
29]. Interestingly, some of these reports avoided intracellular 
contamination by using non destructive methods for protein 
recovery such as media of hydroponically grown seedlings 
[28] or cell culture [6]. Thus, the sunflower putative jacalin 
like lectin with no classical signal-motif directing the protein 
to the apoplast was selected to confirm both, the preliminary 
identification as well as the extracellular localization. We 
took advantage of the potential binding properties of this 
protein and submitted EF to D-Mannose affinity chromatog-
raphy. The fraction of proteins retained in the matrix and 
eluted with 0.2 M mannose displayed a major polypeptide of 
16 kDa and additional bands of around 25, 33, 40, 45 and 60 
kDa in SDS-PAGE Fig. (2). To confirm the identity of the 
16 kDa band a subsequent MALDI-TOF/TOF MS analysis 
was performed and confirmed the previous identification as 

Table 1. Proteins Identified in the Extracellular Fluids of Sunflower Seedlings by MALDI/TOF Peptide Mass Fingerprinting 

Class Protein name Ban

d 

ID Source Score MW kDa 

exp/theor 

PN Cov. 

% 

Signal  

P 

Secretome  

P 

Ref 

I  Hypothetical Protein a Q9SZB1 Arabidopsis 

thaliana 

75 44/32.7 11 39 Yes na na 

I Cinnamate 4-Hydroxylase a Q9AXP9 Populus bal-

samifera 

68 44/58.2 13 22 Yes  na  na 

I Pentatricopeptide Motif b Q9FME4 Arabidopsis 

thaliana 

104 40/59.7 17 39 Yes na na 

I Splicing Factor Sc35 c Q9FYB1 Arabidopsis 

thaliana 

62 39/35.1 10 31 Yes na na 

I Amidase d Q7XMY1 Oryza sativa 69 24/20.4 8 54 Yes na na 

II Maturase fragment a Q8M7I2 Prosopanche 

americana 

92 44/61.5 16 24 No Yes --- 

II Mutator Like-Transposase a Q9ZQL0 Arabidopsis 

thaliana 

84 44/62.6 15 26 No Yes 26 

II Jacalin-Artichocke Aggluti-

nin 

e Q9FS32 Helianthus 

tuberosus 

208 16/15.5 6 74 No Yes  6, 10, 

26,28,29 

 II 26S Proteasome Sub 7 AAA 

ATPase 

f Q9FXT9 Oryza sativa 65 15/48.2 12 32 No Yes 9 

II Lea-Emb15 fragment f Q40842 Picea Glauca 77 15/11.3 8 58 No Yes 26 

III Heat Shock Protein a Q9SRD5 Arabidopsis 

thaliana 

91 44/217 27 29 No No 6,9 

III Hypothetical Defense Protein b Q9SIT3 Arabidopsis 

thaliana 

93 40/44.9 14 31 No No na 

III Embryonic Protein DC8 b S04909 Daucus carota 81 40/60.2 15 27 No No 12 

III Hypothetical Protein c Q9FWW5 Arabidopsis 

thaliana 

91 39/62.8 16 28 No No na 

 III Protein Kinase-Like fragment g Q8RWN3 Arabidopsis 

thaliana 

87 14/108.3 19 30 No No 9,12,32 

Band: Band identified on the gel in Fig. (1); PN : Peptide number; cov : % coverage; exp/theor: experimental/theoretical; Ref: References of proteins belonging to the same families 
already detected in the apoplast of other species; na: not analyzed. 

The analysis with Signal P software was used to detect the N-terminal signal peptides signature (Class I), and Secretome P for pathway- independent features of mammalian secreted 
proteins (Class II). Class III includes proteins resulting Signal P and Secretome P negative. 
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an agglutinin, with a Mascot score of 235. Additional sup-
port to the identification was given by an ion score of 140 
obtained by the tryptic fragment of 2133.95 Da (Supple-

mentary Fig. (1)). When the tryptic peptides obtained in all 
the spectrometric analysis performed for the 16 kDa putative 
jacalin were overlapped with the matched H. tuberosus se-
quence they showed a coverage of 71 % including 9 out of 
11 invariant residues that determine the  prism pattern of 
jacalins Fig. (3). So, according to its mannose affinity and 
MALDI-TOF/TOF identification the 16 kDa lectin is a H. 
annuus jacalin, from now on named Helja.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Extracellular proteins with mannose-binding affinity. 

The EF (4 ml) was loaded on a D-mannose-agarose matrix and the 

retained proteins were eluted with 0.2 M mannose and concentrated 

6 fold before the analysis in a 12% SDS-PAGE. Gels were stained 

with Colloidal Coomassie Blue. Molecular weight markers are indi-

cated on the left. 

mmunolocalization Confirms that Helja is an Apoplastic 

Protein 

 An aliquot of Helja was used as antigen in a standard 
immunization protocol to produce polyclonal antibodies, 
which in turn were used in western blot analysis. Preliminary 
experiments indicated that Helja was enriched in seeds, so 
both, seeds total soluble (STE) and extracellular fluids (SEF) 
were isolated from imbibed seeds and submitted to 12% 
PAGE denaturing gels and immunodetection. The antibodies 
detected a unique band of around 16 kDa in the apoplastic 
fraction and were not able to detect any protein in STE 
showing that Helja was specifically recognized in apoplastic 
fluids Fig. (4). Therefore, seed sections were obtained, incu-
bated with the anti-Helja antibodies and revealed with fluo-
rescent secondary antibodies. These assays showed Helja 
fluorescence restrained to the walls of cotyledon’s paren-
chymatic cells Fig. (5A and C). The absence of signal after 
incubations with preimmune serum supports the specificity 
of the recognition Fig. (5E).  

 Hence, using biochemical and cellular approaches we 
confirmed the putative identification and location of the ag-
glutinin Helja. It is effectively an extracellular Jacalin-
Related Lectin (JRL) since it was able to make binding to 
mannose, a typical feature of the family, and immunoloca-
tion assays revealed its association to the cell walls. There-
fore, this leaderless jacalin is a bona fide apoplastic sun-
flower protein. Since Helja was predicted to be extracellular 
by Secretome P, the program trained to detect non classically 
secreted mammalian proteins, the verified extracellular loca-
tion sustains the usefulness of this predictor in plants and 
envisages the identification of new unconventionally se-
creted proteins. However, the fact that proteins in group III 
were negative for this algorithm could reflect the important 
differences between the plant and mammalian extracellular 
matrix and emphasizes the necessity of training the program 
with plant proteins.  

 To our knowledge, Helja is the first protein predicted to 
undergo non classical secretion experimentally confirmed in 
plants as well as the first JRL identified in sunflower. A 
blastx search in the Swiss-Prot database using the Helianthus 
tuberosus agglutinin (Q9FS32) as query revealed Q5U9T2.1, 
a mannose binding-lectin, as the best hit (38% identity). This 
protein, named Horcolin, is a jacalin immunolocated in the 
cell walls of Hordeum vulgare coleoptiles despite that the  

 

 

 

 

 

Fig. (3). Sequence of the Helianthus tuberosus Jacalin-like lectin similar to Helja. The tryptic peptides from the 16 kDa sunflower protein 

obtained in 7 independent MALDI/TOF experiments are represented in gray on the sequence of the H. tuberosus agglutinin (Uniprot 

Q9FS32). The conserved and invariant residues which define the characteristic  prism domain are indicated by triangles and asterisks re-

spectively.  
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Fig. (4). Immunodetection of Helja, the Helianthus annuus 

jacalin-like lectin. Total soluble (STE) and extracellular (SEF) 

seed proteins (50 μg) were loaded on a 12% SDS-PAGE, trans-

ferred to nitrocellulose, blocked and incubated sequentially with 

1:1.000 anti Helja Igs and alkaline phosphatase-conjugated anti-

rabbit IgG (B). Molecular weight markers are indicated on the right. 

 

sequence evaluation with different bioinformatic tools re-
vealed neither signal peptide nor other targeting consensus 
[30]. Q9FS32 was also aligned with translated nucleotide 
sequences of the jacalin like lectins from both Helianthus 
tuberosus, and Helianthus annuus obtained from NCBI. The 
identity values obtained were lower than 53% showing that 
Q9FS32 and Helja are clearly different from the other puta-
tive jacalin-like lectins of Helianthus. These bioinformatic 
data, altogether with the fact that the majority of plant lectins 
are synthesized with a signal peptide and targeted to the 
vacuolar and extracellular compartment [23] could reflect 
neofunctionalization during evolution acquired for some 
members of the JRL family, mainly with nuclear and cyto-
plasmic location, to let the adaptation to the extracellular 
media.  

 A new paradigm is clearly emerging around protein se-
cretion and the molecular machinery involved is starting to 
be unraveled in mammals and yeasts [11]. At least 4 differ-
ent mechanisms of alternative secretion for a reduced num-
ber of bonafide non- classically secreted proteins were sug-
gested; they involve multivesicular bodies, secretory 
lysosomes, microvesicle shedding and direct translocation 
across the plasma membrane [11]. The animal exosomes are 
secreted from intracellular multivesicular bodies that are able  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5). Immunolocation of Helja. Confocal laser scanning mi-

croscopy showing immunofluorescent labeling (white) of seed sec-

tions. Panel A – D: Incubations with anti Helja antibodies 1/100 

Panel E-F : Incubations with preimmune serum 1/100. The secon-

dary antibody was Alexa Fluor 488-conjugated goat anti-mouse 

IgG. Bright field images are shown in the right side. Bar scale: 10 

μm  
 

to fuse with the plasma membrane resulting in the extracellu-
lar release of their luminal vesicles. The occurrence of lead-
erless proteins in extracellular microvesicles has also been 
reported in Trypanosoma secretome [13]. In plants, the com-
plexity in the cell wall proteome and the trafficking of the 
secreted proteins has been recently updated [31]. In this con-
text, the description of exosome-like vesicles in the apoplas-
tic fluids of sunflower seeds must be highlighted. Moreover, 
these vesicles were shown to contain a 16 kDa protein 
matching H. tuberosus agglutinin [16], so it is tempting to 
speculate that multivesicular bodies might also be implicated 
in alternative secretion in plants. Our results support the hy-
pothesis that plants might possess, as other eukaryotes, an 
alternative route to the endoplasmic reticulum/Golgi depend-
ent secretory pathway. 
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