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Abstract
The aim of the present study is to localise non-specific lipid transfer proteins (nsLTPs), obtained from Rosaceae (Prunus
persica (L.) Batsch) in pollen grains of taxonomically distant plants, such as Iridaceae (Aristea latifolia G.J. Lewis),
Platanaceae (Platanus acerifolia (Aiton) Willd.) and Urticaceae (Parietaria judaica L.), in order to compare pollen and nsLTP
diversity. A combination of transmission electron microscopy, immunocytochemical techniques, and rabbit specific
antiserum against peach nsLTPs (Pru p 3) were used. Abundant labelling to Pru p 3-like proteins was observed in the
cytoplasm, walls and pollenkitt of A. latifolia pollen grains. The presence of nsLTPs associated with the pollenkitt proves
that it takes part in the defence mechanism of pollen grains. The labelling was less intense in the cytoplasm and walls of P.
acerifolia. Immuno-stained gold particles were associated with the vacuoles, lipid inclusions, endoplasmic reticulum and
Golgi complex. No significant labelling was found in the P. judaica pollen grains incubated with anti-Pru p 3 polyclonal
antibodies. These results indicate important variations in the nsLTPs of different pollen species. Consequently, no
taxonomic relationship between pollen grains and nsLTPs could be established.

Keywords: Allergens, lipid bodies, lipid transfer proteins, pollen grains, pollenkitt, Pru p 3

Stephen Blackmore (2007) recently published an

interesting review about pollen biodiversity indicating

that pollen grains are the microscopic keys to under-

standing the Earth’s biodiversity. The genuine interest

in pollen grains is due to their diverse morphological

characteristics which are evident to palynologists

(Figure 1). On the other hand, the current flowering

plant phylogeny is supported by the application of

molecular techniques (Doyle, 2005; APG, 2003).

However, of the 7 868 protein families found in all

plants, only 29 contain pollen allergens (Radauer &

Breiteneder, 2006). It seems that the great biodiversity

of pollen grains does not correspond to the same

diversity in allergenic proteins. This discrepancy could

be in part because the current knowledge of pollen

allergens is concentrated in major allergen sources in

Europe, North America and Japan. Moreover, in these

countries there are several poorly characterised pollen

allergen sources. The molecular characterisation of

tropical and subtropical pollen species could increase

pollen allergen diversity (Weber, 2007). Another

reason for the discrepancy is that pollen allergens

have enzymatic activity which is essential in plant cell

development, for example, carbohydrate metabolism,

lipid transport, plant defence, expansins and profilins,

among others (Radauer & Breiteneder, 2006). For

this reason, an important number of pollen antigens in

distant taxonomical plants have homology and thus

have the capacity to provoke cross-reactions (Weber,

2007).
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Non-specific plant lipid transfer proteins

(nsLTPs) are small proteins (9 kD) which facilitate

the transfer of phospholipids and other lipids across

membranes (Kader, 1996). These proteins are

widely distributed throughout the plant kingdom

and take part in the plant defence system

(Hoffmann-Sommergruber, 2000). NsLTPs were

identified as major allergens in fruits and in many

other plant foods causing severe allergenic symp-

toms (Zuidmeer & van Ree, 2007). Recently

published reviews have provided a thorough back-

ground on nsLTPs in foods and pollen (Mills et al.,

2004; Salcedo et al., 2004, 2007; Breiteneder &

Mills, 2005). Major allergens of Parietaria judaica L.

pollen grains, Par j 1 and Par 2, belong to the nsLTP

family (Costa et al., 1994; Asturias et al., 2003;

Figure 1. Pollen morphological diversity by SEM. (1). Fumariaceae, Fumaria capreolata (18.5 mm); (2). Arecaceae, Phoenix canariensis

(30617 mm); (3). Betulaceae, Alnus glutinosa (18623 mm); (4). Juglandaceae, Juglans regia (40635 mm); (5). Aquifoliaceae, Ilex aquifolium

(25621 mm); (6). Passifloraceae, Passiflora incarnata (49 mm); (7). Caryophyllaceae, Silene legionensis (33 mm); (8). Campanulaceae,

Campanula herminii (29 mm); (9). Onagraceaae, Epilobium angustifolium (65 mm); (10). Asteraceae, Aster sedifolius (30 mm); (11). Ephedraceae,

Ephedra sp. (32.5620 mm); (12). Myrtaceae, Feijoa sellowiana (18.5 mm); (13). Euphorbiaceae, Neoguillauminia cleopatra (41637 mm); (14).

Asteraceae, Arnica montana (22.5 mm); (15). Ranunculaceae, Anemone sp. (21.7 mm); (16). Ulmaceae, Ulmus minor (33.5 mm); (17).

Saxifragaceae, Saxifraga granulata (27625 mm); (18). Mimosaceae, Acacia spinosa (32627 mm); (19). Cyperaceae, Carex sp. (24620 mm);

(20). Pinaceae, Pinus radiata (72 mm); (21). Pinaceae, Pinus halepensis (65 mm); (22). Zygophyllaceae, Zygophyllum fabago (14616 mm); (23).

Oleaceae, Ligustrum vulgare (29625 mm); (24). Asteraceae, Taraxacum officinalis (26630 mm).

Lipid transfer proteins in pollen 273

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
C
o
n
s
o
r
c
i
 
d
e
 
B
i
b
l
i
o
t
e
q
u
e
s
 
U
n
i
v
e
r
s
i
t
a
r
i
e
s
 
d
e
 
C
a
t
a
l
u
n
y
a
]
 
A
t
:
 
0
8
:
5
6
 
1
8
 
D
e
c
e
m
b
e
r
 
2
0
0
8



Colombo et al., 2003) and are localised in the

cytoplasm and walls of P. judaica pollen grains

(Vega-Maray et al., 2004). Moreover, nsLTPs have

been reported as important allergens in fruits from the

Rosaceae family, such as peach, Pru p 3 (Pastorello et

al., 1999a; Sánchez-Monge et al., 1999; Fernández-

Rivas et al., 2003), cherry, Pru av 3 (Scheurer et al.,

2001) and apple, Mal d 3 (Pastorello et al., 1999b), as

well as from the Corylaceae family, such as hazelnut,

Cor a 8 (Schocker et al., 2004). It is assumed that

nsLTPs from different species present diverse homo-

logies. For example, the peach nsLTP, Pru p 3, has

sequence similarities with Platanus and Artemisia

pollen grains, plants which are botanically distant

from the Rosaceae family (Lombardero et al., 2004;

Lauer et al., 2007). Nevertheless, undetectable cross-

reactivity between Pru p 3 and Par j 1, the major

allergen of P. judaica, was found in allergic patients

(Lombardero et al., 2004).

The objective of this study is to localise Rosaceae

nsLTPs in pollen grains of taxonomically distant

plants, such Iridaceae (Aristea latifolia G.J. Lewis),

Platanaceae, (Platanus acerifolia (Aiton) Willd.) and

Urticaceae, (P. judaica), in order to compare pollen

and nsLTP diversity. A combination of transmission

electron microscopy, immunocytochemical techni-

ques, and rabbit specific antiserum against peach

nsLTPs were used.

Material and methods

Transmission electron microscopy

Plant materials. – Pollen from mature anthers of P.

judaica and P. acerifolia was collected from plants

growing in Barcelona, Spain. Pollen from mature

anthers of A. latifolia was provided by the Botanical

Garden of Cape Town in South Africa. Fresh pollen

samples were used without any storage.

Observations were made in mature and hydrated

pollen grains.

In vitro hydration and activation. – Pollen was placed

into a water germination medium (15% sucrose in

distilled water, supplemented with 0.35 M sucrose,

300 mg/l CaCl2 and 100 mg/l boric acid) for 5 and

15 min at 21˚C (Suárez-Cervera et al., 2005), after

which the process was interrupted and the pollen

grains were fixed.

Fixation and embedding: Freezing protocol. – Mature

and hydrated pollen grains of P. acerifolia and P.

judaica were chemically fixed at 4˚C with a mixture

of 4% p-formaldehyde and 0.2% glutaraldehyde in

0.1 M cacodylate buffer, pH 7.3. After washing with

0.1 M cacodylate buffer pH 7.3 containing 50 mM

glycine, cells were embedded in 10% gelatin and

infused in 2.3 M sucrose in 0.1 M cacodylate buffer,

pH 7.3 (Raposo et al., 1997). Mounted gelatin

blocks were frozen in liquid propane at 2187˚C in

a Leica EM CPC (Leica, Vienna, Austria) and

stored in liquid nitrogen at 2196˚C. Ultrathin

sections were prepared with an ultracryomicrotome

(model Leica EM FCS; Leica, Vienna), collected in

2% methylcellulose in 2.3 M sucrose (Liou et al.,

1996) and observed in a Jeol 1010 (Tokyo, Japan)

TEM.

Fixation and embedding: Conventional protocol. –

Mature and hydrated A. latifolia, P. judaica and P.

acerifolia pollen grains were fixed using conventional

protocols and infiltrated in Spurr resin (Suárez-

Cervera et al., 2003). Ultrathin sections were

prepared using a Leica ultramicrotome (Leica UCT,

Vienna), followed by OTO staining (osmium

tetroxide with osmiophilic thiocarbohydrazide) to

detect total lipids (Seligman et al., 1966), and then

observed in a Jeol 1010 (Tokyo, Japan) TEM.

Purification of peach nsLTPs and production of nsLTP-

specific antiserum. – Peach nsLTPs was obtained as

described by Pastorello et al. (1999a) with some

modifications. Peach peel was used to obtain the

nsLTP with Björksten buffer, and after centrifugation

the supernatant was dialyzed in 20 mM phosphate

buffer pH 6.0 and subjected to cation-exchange

chromatography (High Flow SP 16/10 column; GE-

Healthcare, Buckinghamshire, UK). Pooled fractions

of the extract were concentrated by ultrafiltration

using an Amicon Ultra-4 device with a 5 kDa cut-off

(Millipore Co., Bedford, Mass, USA) and then

subjected to a gel filtration chromatography

(Superdex SX200 16/10 column; GE-Healthcare).

Positive fractions were stored at 220˚C. Polyclonal

antibodies were obtained in New Zealand rabbits by

immunising with 5 boosts of 200 mg of purified peach

nsLTP every 2 weeks, emulsified in complete

Freund’s adjuvant (Difco Laboratories, Detroit,

Michigan, USA). Sera, collected 10 days after the

last injection, was titrated and stored at 280˚C. Cross-

reactivity of rabbit antiserum against Pru p 3 was

detected by immunoblotting analysis in pollen

extracts from Artemisia vulgaris, Betula verrucosa,

Chenopodium album, Cynodon dactylon, Helianthus

annuus, Olea europaea, Platanus acerifolia, and Salsola

kali. On the other hand, no cross-reactivity was found

in pollen extracts from Lolium perenne and Phragmites

communis. Allergens were described using the first

three letters of the genus, followed by a single letter for

the species and an Arabic numeral to indicate the

chronological order of allergen purification (Chapman

et al., 2007).
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Immunogold labelling. – Samples obtained by

cryosections were incubated with anti-Pru p 3

polyclonal antibodies in 5% fetal bovine serum

(FBS) in phosphate buffered saline (PBS) for

30 min. After three washes with drops of 0.2% FBS

in PBS for 20 min, sections were incubated for

20 min using protein A coupled to 10 nm diameter

colloidal gold particles (purchased from Dr. G.

Posthuma, Utrecht University, The Netherlands),

using a 1:60 dilution in 5% FBS in PBS.

Afterwards, three washes with drops of PBS for

10 min and two washes with distilled water were

performed. Resin embedded sections were incubated

at room temperature on drops of 5% bovine serum

albumin (BSA) in PBS for 15 min, followed by anti-

Pru p 3 antiserum for 2 h. After three washes with

drops of 0.25% Tween# 20 (Biosciences inc., La

Jolla, California, USA) in PBS for 30 min, sections

were incubated for 1 h using anti-rabbit IgG (goat)

coupled to 10 nm diameter colloidal gold particles

(British BioCell International, Cardiff, Wales) using a

1:20 dilution in PBS. This was followed by three

washes with drops of PBS for 5 min, two washes with

distilled water and air-drying. Sections were also

incubated with pre-immune serum to control the

specific labelling of the primary antibody. Other

sections were incubated, omitting the primary

polyclonal antibody to control the non-specific

binding of the colloidal gold-conjugated antibody.

They were observed using a JEOL 1010 (Tokyo,

Japan) TEM.

Experiments were performed using replicates of

three equivalent samples of A. latifolia, P. acerifolia

and P. judaica. Three blocks were sectioned and

three replicate grids were incubated for each sample

with the polyclonal antibodies. Labelling was con-

sidered significant when all grains presented the

same distribution pattern.

Scanning electron microscopy

Pollen grains of different species were used from the

pollen collection of the Botany Laboratory of the

Faculty of Pharmacy, University of Barcelona. The

samples were prepared by standard acetolysis, fol-

lowed by ethanol dehydration. Finally, the pollen

grains were sputtered with gold using a Polaron E

5000 sputter coater and observed with a Hitachi S

2300 (Tokyo, Japan) scanning electron microscope

(SEM).

Results

Iridaceae, Aristea latifolia

The vegetative cytoplasm of the Aristea latifolia

pollen grains showed abundant lipid inclusions

surrounded by the rough endoplasmic reticulum

(RER) which was associated with vacuoles

(Figures 2A and 3A, B). The pollenkitt was located

on the exine surface and in the infratectal spaces

(Figure 2A). When the pollen grains were incubated

with anti-Pru p 3 polyclonal antibodies, intense

labelling was observed in the tectum and pollenkitt

(Figure 2B, C). The labelling was abundant in the

vegetative cytoplasm associated with the lipid

globules and RER (Figure 3A, B). Scarce gold

particles were localised in the vacuoles and dictyo-

somes (Figure 3B). The generative cell was situated

at the centre of the pollen grain, showing a lobe-

shaped contour (Figure 4A). The labelling was

observed forming clusters in the lobules, near the

fibrillar vesicles. (Figure 4B). In the central part of

the generative cell, the gold particles were mainly

associated with the microtubules and small and large

fibrillar vesicles (Figure 4C). No significant labelling

was observed in the controls.

Platanaceae, Platanus acerifolia

Platanus acerifolia pollen grains also showed numer-

ous lipid inclusions distributed throughout the

vegetative cytoplasm and bordering the plasma

membrane (Figure 5A). The exine labelling which

localised peach nsLTP-like proteins at the aperture

level was significant in the ectexine and endexine

(Figure 5B). In the vegetative cytoplasm, the label-

ling was scarce and specifically associated with the

lipid inclusions, RER and dictyosomes (Figure 5C–

F). No significant labelling was observed in the

controls.

Urticaceae, Parietaria judaica

The cytoplasm of the Parietaria judaica vegetative

cell was characterised by large starch granules and

numerous lipid inclusions (Figure 6A). These lipids

were mostly associated with vacuoles (Figure 6B).

After incubation with anti-Pru p 3 serum, the

labelling was very scarce. Rare gold particles were

located in the cytoplasm (Figure 6C, D). No

significant labelling was observed in the controls.

Discussion

Immunocytochemical considerations

The use of both conventional and freezing protocols

allowed us to interpret the association of nsLTPs

with the lipid inclusions and the pollenkitt. Despite

the fact that the preservation of lipids was better with

conventional techniques, we also used freezing

protocols for the immunocytochemical localisation.

Unexpectedly, the labelling was comparable in both

Lipid transfer proteins in pollen 275
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protocols. Our results showed that the nsLTPs

preserve their antigenicity in spite of the strong

chemical fixation of the pollen and its inclusion in

Spurr resin. NsLTP preservation is a consequence of

the molecular characteristics of nsLTPs, which are

resistant to heat treatment and proteolytic digestion

(Asero et al., 2000; Zuidmeer & van Ree, 2007).

This would explain the preservation of the nsLTP

antigenicity shown in the immunocytochemical

studies carried out with Spurr resin in P. judaica

(Vega-Maray et al., 2004).

Pollen vs nsLTP diversity

The intense labelling observed in A. latifolia pollen

grains showed a high nsLTP concurrence between

the Rosaceae and Iridaceae families. Although

Iridaceae nsLTPs have not been studied, the

nsLTP, Zea m 14, was localised in other mono-

cotyledons, such as Zea mays, (Pastorello et al.,

2003). The nsLTP of P. acerifolia, Pla a 3, is clearly

implicated in plant food and pollen sensitisation and

shows an amino acid sequence identity of 58.3%

with Pru p 3 (Enrique et al., 2002; Lauer et al.,

2007). This is in agreement with the moderate

labelling obtained in P. acerifolia pollen grains. It is

interesting to point out that this labelling was less

intense than that obtained with Pla a 1 and Pla a 2,

the major allergens of P. acerifolia pollen grains

(Suárez-Cervera et al., 2005). Regarding P. judaica

pollen grains, their major allergens, Par j 1 and Par j

2, represent another type of nsLTP member (Ayuso

et al., 1995; Costa et al., 1994; Asturias et al., 2003).

Although the sequential positions for IgE epitopes of

Par j 1 and Par j 2 and Pru p 3 show similarities of

26–29%, both allergens have strong sequence

divergence in most of their regions (Salcedo et al.,

2004, 2007). Moreover, undetectable cross-reactiv-

ity between Pru p 3 and Par j 1 and Par j 2 was found

in allergic patients (Lombardero et al., 2004). This

sequence divergence also explained why no signifi-

cant labelling was observed in P. judaica pollen

grains incubated with anti-Pru p 3 polyclonal

antibodies. On the other hand, in the Urticaceae

family, no significant labelling was found when the

anti-Par j 1 serum was incubated with Urtica dioica

pollen grains (Vega-Maray et al., 2006), which

indicates the absence of cross-reactivity between

the antigens of two related genera, Parietaria and

Urtica. The absence of cross-reactivity between these

two genera was previously revealed in a study with

patients from the Mediterranean area (Bousquet

et al., 1986).

The variability of nsLTPs was also shown in the

Corylaceae hazelnut nsLTP, Cor a 8, which had

poor cross-reactivity with Rosaceae fruit nsLTPs

(Flinterman et al., 2008). On the contrary, Artemisia

vulgaris pollen grains have cross-reactivity with

nsLTPs of Rosaceae fruits (Dı́az-Perales et al.,

2000; Lombardero et al., 2004). Concerning con-

ifers, antibodies against peach nsLTPs recognised

the epitopes of the nsLTPs of Cupressus arizonica

pollen grains (Suárez-Cervera et al., 2008a). While

an important number of plant families show inter-

relationships between the nsLTPs of plant food and

pollen grains, it is not currently possible to establish

a good taxonomical correlation between pollen from

different plant families and their nsLTPs.

R
Figure 2. TEM sections of Aristea latifolia pollen grains. Vegetative cell. A. Cytoplasm with abundant electrondense lipid inclusions (black

arrow) near the vacuoles (v). Note the electrondense pollenkitt in the exine (white arrow). OTO staining. B, C. Sections incubated with anti-

Pru p 3 polyclonal antibodies. B. Gold particles are abundant in the tectum (t) and in the pollenkitt (pk). C. An enlarged pollenkitt droplet

showing abundant labelling. Conventional protocol fixation and Spurr resin inclusion.

R R
Figure 3. A,B. TEM sections of Aristea latifolia pollen grains. Vegetative cell. Detection of nsLTPs by incubation with anti-Pru p 3

polyclonal antibodies. Extensive labelling in the lipid inclusions (li) and in the rough endoplasmic reticulum (rer). Scarce gold particles are

associated with the dictyosomes (d), vacuoles (v) and mitochondria (m). Conventional protocol fixation and Spurr resin inclusion.

R R R
Figure 4. A–C. TEM sections of Aristea latifolia pollen grains. Generative cell. Detection of nsLTPs by incubation with anti-Pru p 3

polyclonal antibodies. A. Generative cell showing the lobular contour, numerous organelles and the nucleus (nu). B. Note the labelling

forming clusters in the lobular area and near the fibrillar vesicles (arrows). C. Intense labelling in the fibrillar particles (fp), surrounded by

the rough endoplasmic reticulum (rer). The gold particles are mostly associated with microtubules (mt). Conventional protocol fixation and

Spurr resin inclusion.

R R R R
Figure 5. TEM sections of Platanus acerifolia pollen grains. Vegetative cell. A. Stained lipid inclusions (li) are abundant in the cytoplasm

and bordering the plasma membrane (arrow). OTO staining. B–F. Detection of nsLTPs by incubation with anti-Pru p 3 polyclonal

antibodies. B. Scarce labelling specifically associated with the apertural endexine (en). C–F. Gold particles in lipid inclusions (li), rough

endoplasmic reticulum (rer) and dictyosomes (d). A. Conventional protocol. B–F. Freezing protocol.
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Figure 6. TEM sections of Parietaria judaica pollen grains. Vegetative cell. A. Stained lipid inclusions (arrow) in the vegetative cytoplasm. B.

Detail of a lipid inclusion (li) associated with vacuoles (v). Starch granules (s). OTO staining. C, D. Detection of nsLTPs by incubation with

anti-Pru p 3 polyclonal antibodies. Rare gold particles (arrows) were localised in the rough endoplasmic reticulum (rer), vacuoles (v) and lipid

inclusions (li). No significant labelling was observed in the dictyosomes (d). A, B. Conventional protocol. C, D. Freezing protocol.
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The role of nsLTPs

NsLTPs are synthesised as precursors: they enter the

secretory pathway and are secreted outside the cell

walls as mature polypeptides (Kader, 1996).

Evidence shows that the role of nsLTPs is mainly

related to the defence mechanism of plants against

external attacks (Zuidmeer & van Ree, 2007). The

presence of nsLTPs in the A. latifolia pollenkitt

indicates that nsLTPs form part of the chemical

composition of the pollenkitt or they are involved in

the traffic of defence proteins. The pollenkitt is a

hydrophobic mixture of materials, composed pri-

marily of saturated and unsaturated lipids, carote-

noids (Dobson, 1988; Hesse, 1993) and proteins

and carbohydrates (Piffanelli & Murphy, 1998;

Santos et al., 2003). The oleo-pollenin is considered

the major protein component of the pollenkitt

(Murphy & Ross, 1998; Murhpy, 2001). LTP genes

are specifically expressed in the tapetum and

developing microspores of Brassica napus, Nicotiana

tabacum, Lilium henryi and Zea mays (Koltunow et al.

1990; Foster et al., 1992; Crossley et al., 1995;

Lauga et al., 2000). Therefore, the detection of

nsLTPs in the A. latifolia pollenkitt is an expected

result, because one of the many functions attrib-

uted to the pollenkitt is to protect the pollen

protoplast from fungi and bacteria (Paccini &

Hesse, 2005), and the localisation of nsLTPs in

the pollenkitt confirms this hypothesis.

In addition, nsLTPs have a potential role in plant

growth and development (Kader, 1996), including

pollen germination (Vega-Maray et al., 2004) and

pollen-pistil interaction (Park et al., 2000). In plants,

cytoplasm lipid bodies were detected in almost all

cell types, including anthers and pollen grains

(Murphy, 2001). In the different pollen grains

studied here, the lipid inclusions observed were

associated with nsLTPs, suggesting a role in the

intracellular metabolism of lipids. Recently, an LTP

has been caught in the act of transferring lipids in

vivo from a donor membrane to an acceptor

membrane (Halter et al., 2007; D’Angelo et al.,

2007). These studies confirmed that LTPs do

sometimes transfer lipids and showed different

pathways of lipid traffic (Levine, 2007). On the

other hand, the localisation of nsLTPs associated

with the RER and Golgi complex in Aristea and

Platanus showed that the pollen nsLTP role is most

likely similar to that of other cell tissues (Hernandez-

Pinzon et al., 2001; De Matteis et al., 2007).

NsLTPs in plant food and pollen grains

The large clinical evidence accumulated has

defined nsLTPs as a relevant panallergen family

of both plant foods and pollen grains (Breiteneder

& Mills, 2005). Thaumatins, other plant defence

proteins, have been found that are more intensely

expressed in response to environmental attacks

(Cortegano et al., 2004; Suárez-Cervera et al.,

2008b). The effect of air-pollution on pollen grains

as well the effects of diverse treatments and other

environmental aggressions on fruits explain the

increased expression of nsLTPs, which can affect

the health of the inhabitants in developed countries

(Salcedo et al., 2007).

Conclusions

Pollen and plant food allergens show distinct

patterns of distribution in different species. No

taxonomical relationship between pollen grains and

nsLTPs could be established. This should be kept in

mind regarding the cross-reactivity processes and the

allergen extract preparation in terms of botanical

groupings. The localisation of nsLTPs in the

pollenkitt provides evidence that they are involved

in the traffic of plant defence proteins. The proposed

role of LTPs in the lipid traffic pathways for other

cellular tissues could be applied to the living cells of

pollen grains.
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