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Abstract. The monoclonal  antibody OL-1 and transmis- 
sion electron microscopy were used to locate immunolo- 
gically the major  allergen of olive pollen. Ole e I, during 
pollen grain development. Within the pollen grain, aller- 
genic proteins are located in the cisternae of the rough 
endoplasmic reticulum. Our  findings indicate that the 
synthesis of these proteins starts in the vegetative cytop- 
lasm of olive pollen during the early maturat ion stage. 
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Introduction 

Pollen grains of different species are an important  cause of 
allergenic disease (Knox et al. 1970,1980; Knox 1971; 
Howlett  et al. 1973; Marsh 1975; Vithanage et al. 1980; 
Howlett  and Clarke 1981a, b; Grote  and Fromme 1984). 
Several allergens have been identified in olive pollen 
(Blanca et al. 1983; Vela et al. 1982), and two proteins 
considered major  allergens have been purified and charac- 
terized (Lauzurica et al. 1988b). The major  allergen of 
olive pollen, designated Olea Antigen I (Ole e I), has been 
separated into two bands of molecular masses 17 and 
19 kDa  by two-dimensional SDS-PAGE. A second pro- 
tein, Olea Antigen II, has a molecular mass of 8 kDa. 
Lauzurica et al. (1988a) have obtained an anti -Olea mon- 
oclonal antibody (MAb), OL-I ,  which reacts with Ole 
e I but not with Ole e II .  The heterogenous nature of Ole 
e I has been reported by Wheeler et al. (1990). The glyco- 
proteinaceous nature of the major  allergen from olive 
pollen, initially suggested by Lauzurica et al. (1988b) and 
Villalba et al. (1990), was recently confirmed by Batanero 
et al. (1994), who also determined the glycosylation site of 
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Ole e I. In addition, these authors found evidence that the 
carbohydrate moiety is also involved in the allergenicity 
of the protein. 

The effects of these allergenic proteins in humans are 
well defined, but not their role and function in the pollen 
grain. Pollen surface substances play an important role in 
pollen-stigma interactions (Heslop-Harrison et al. 1975); 
however, their relation with pollen allergenic proteins is not 
clear. The aim of this study was to localize Ole e I by 
immunogold electron microscopy during development of 
olive pollen grain, using the OL-1 MAb reported to be 
specific for Ole e I (Lauzurica et al. 1988a). Earlier studies in 
our laboratory have provided a firm basis for relating 
changes in cell organization during olive pollen develop- 
ment with the localization of allergenic proteins (Rodri- 
guez-Garcia and Fern/mdez 1987, 1990; Fern/mdez and 
Rodriguez-Garcia 1988,1989, 1990). The findings of the 
present study constitute, to the best of our knowledge, the 
first evidence that in the pollen grain, the ER system is 
involved in the synthesis and storage of allergenic proteins. 

Materials and methods 

Plant material. Developing anthers were collected periodically from 
Olea europaea L. trees in the province of Granada (Spain) during the 
months of May and June. Mature pollen grains were released from 
the anthers by vigorously shaking the inflorescences. The pollen, 
collected in a large envelope, was then sieved to separate the grains 
from foreign matter and other debris. 

Ultrastructural studies. Anthers and pollen grains were fixed in 3% 
(v/v) glutaraldehyde in 0.025 M sodium cacodylate buffer (pH 7.5) 
for 2 h at room temperature, and post-fixed in 1% OsO4. They were 
dehydrated in a graded acetone series and embedded in Epon resin. 
Ultrathin sections cut on an Ultracut microtome (Reiehert-Jung, 
Vienna, Austria) were stained tor general contrast with uranyl acet- 
ate followed by lead citrate, and observed in a Zeiss (Oberkochen, 
Germany) EM 10C electron microscope at 60 kV. 

Fixation and embedding for allergen localization. The samples were 
fixed in 3 % (v/v) glutaraldehyde and 4% (w/v) paraformaldehyde in 
0.1 M sodium phosphate buffer (pH 7.2) for 2 h at room temper- 
ature. After dehydration in a graded ethanol series, they were em- 
bedded in Epon or LR-gold resins (Agar Scientific, Stanstead, Essex, 
UK). Ultrathin sections were mounted on gold grids. 
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Fig. 1. Scheme of ER differentiation during development of olive 
pollen grains. 1, young microspore; 2, vacuolated microspore- 
young bicellular pollen; 3, bicellular pollen; 4, mature pollen 

lmmunocytochemistry. The MAb used against Ole e I was kindly 
supplied by Dr. Carlos Lahoz (Fundaci6n Jim6nez Diaz, Madrid, 
Spain). The specificity of the MAb probe has been tested by electrob- 
lotting and cross-radioimmunoelectrophoresis (Lauzurica et al. 
1988a). Goat anti-mouse lgG antibody coupled to 10-nm gold 
particles (BioCell Laboratories, Cardiff, UK) was used as the second 
antibody. 

lmmunogoId labeling. The gold grids with ultrathin sections were 
washed for 5 min with phosphate-buffered saline (PBS = 123 mM 
sodium chloride, 10 mM potassium phosphate, pH 7.3), containing 
5% bovine serum albumin. This was followed by treatment with 
MAb OL-1 diluted to 1:20 in PBS at 37'~C for 1 h. The grids were 
washed in PBS and treated with a goat anti-mouse IgG coupled to 
10-nm gold particles, diluted to 1:30 in PBS, for 45 min at 37~ 
They were then washed again in PBS for 15 min, and rinsed in 
double-distilled water. Finally, the sections were stained for 10 min 
in 5% uranyl acetate. 

Controls. To determine the specificity of immunocytochemical local- 
ization, controls were prepared (i) by substituting another MAb of 
irrevelant specificity for MAb OL-1, or (ii) by incubating grids with 
the secondary antibody only. 

cisternae are clearly differentiated, as shown by their con- 
siderably increased width and markedly electron-dense 
contents. In the mature pollen grain the ER cisternae are 
not visualized as such structures, but as abundant pockets 
or sacs scattered throughout the cytoplasm, containing 
a matrix similar in density to that of the ER cisternae, and 
limited by a membrane adhering to ribosomes. In free 
pollen grains released from the anther we found irregular, 
markedly dilated ER sacs throughout the pollen grain 
cytoplasm (Fig. 2). 

Immunoelectron-microscopic localization o f  Ole e I. No 
differences were found in allergen labelling between pollen 
grains embedded in Epon or LR-gold resins, both of 
which yielded highly specific localizations. However, 
Epon provided a much better degree of morphological 
preservation, making it easier to compare immuno- 
cytochemical and ultrastructural results. The micrographs 
in the present study therefore illustrate material prepared 
with this epoxy resin. 

For  immunolocalization o fOle  e I, we examined differ- 
ent stages of pollen development: vacuolated microspores, 
bicellular pollen grains, and mature pollen grains inside 
the anther and after dehiscence, i.e. after the grain had 
been shed from the anther. Younger stages, in which the 
ER system was scarce, were not used. 

The vacuolated microspore and young bicellular pol- 
len grain show no labelling with gold particles in the 
cytoplasm or the cell wall. In the mid-bicellular pollen 
grain, labelling is specifically located inside long, rER 
cisternae, which are grouped in stacks (Fig. 4). Mature 
pollen grains both inside and outside the anther show 
more gold particles in the cytoplasm, located in the dense 
matrix of pockets and sacs. Because of the intensity of 
labelling, the first impression is that gold particles are 
located throughout the cytoplasmic matrix (Figs. 3, 5); 
however, careful observation reveals the specific localiza- 
tion of labelling inside pockets and sacs. As in the mid- 
bicellular pollen grain, the other compartments of the cell 
appear free of gold particles. The generative cell, vegeta- 
tive nucleus (Fig. 5) and the pollen grain wall (Fig. 6) are 
devoid of gold particles, as are also mitochondria, plas- 
tids, vesicles and dictyosomes (Figs. 6, 7). No appreciable 
gold labelling is found in pollen grains prepared as con- 
trols (Fig. 8). 

Results 

Uhrastructural  studies. Routine electron-microscopic 
methods were used to characterize cellular organization in 
the mature olive pollen grain, and ultrastructural changes 
during development. Figure 1 illustrates diagramatically 
the conspicuous differentiation of the rough endoplasmic 
reticulum (rER) during olive pollen development (Rodri- 
guez-Garcia and Fern~mdez 1990). In younger microspore 
stages, ER cisternae are scarce, whereas in the vacuolated 
stage, elongated ER cisternae are assembled in stacks, 
which remain together during the young bicellular pollen 
stage. In the mid-bicellular pollen grain, some groups of 
shorter ER stacks are still present. In this later stage the 

Discussion 

The antibody used in this study, OL-1, was developed 
from a crude extract of olive pollen and its allergenic 
specificity was also assessed (Lauzurica et al. 1988a). The 
polypeptides recognized by purified OL-1 MAb were 
identified by blotting the SDS-PAGE gels of the whole 
extract; OL-1 recognized a 17-kDa and a 19-kDa band. 
The MAb in our micrographs thus probably recognized 
the distribution of the total population of the allergenic 
protein Ole e I. There are other allergenic proteins, e.g. 
Olea Antigen II (Lauzurica et al. 1988a), but their localiza- 
tion has not been determined thus far. They could be 
present in the cell wall. The pollen wall has usually been 
identified as the principal site of enzyme activity and 
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Figs. 2, 3. Transmission electronmicrographs of a free mature pollen grain of olive after release from the anther. 
Fig. 2. The highly vesiculated vegetative cytoplasm shows dilated and irregular sacs of ER with an electron-dense matrix, and ribosomes 
bound to the membranes (arrows). x 30000. 
Fig. 3. Immunolocalization of the major antigen Ole e I, in the vegetative cytoplasm, showing gold particles inside the sacs of ER. x 22 000. 
Bars = 1 ~tm 

antigenic proteins (Knox and Heslop-Harrison 1970). 
However, it is not surprising that many of these proteins 
should be found inside the pollen grain, from whence 
they may leak out through the cell membranes by a pass- 
ive diffusive process which is influenced by a concentra- 
tion gradient (Simon 1974). The exact moment  when the 
allergenic proteins escape through the cell membranes is 
another  open question. It could take place at the moment  
of pollen hydration, in contact with the stigma in the 
initial step of hydration, before germination, or when the 
grains make contact with the respiratory mucosa upon 
inhalation. This could be one reason why we did not 
detect Ole e I in the cell wall, because we studied stages 
prior to the hydration. Another possibility is that the 
pollen grains explode as a result of rapid hydration in the 
mucosa, thus freeing the proteins to produce their aller- 
genic effects. 

Olea Allergen I appears to be a thermostable protein: 
the Epon-embedded material was polymerized at 60~ 
without apparent  loss of protein antigenicity, as demon- 
strated by the intense specific labelling. The high specifi- 
city of antigen-antibody detection may indicate that this 
protein is not able to diffuse from cytoplasmic sites under 
the conditions used here. Binding of the gold label to 

antigen located exclusively in the ER cisternae indi- 
cates that the site of labelling cannot be a conse- 
quence of diffusion caused by routine fixation techniques 
(Grote 1991). In olive pollen we found no appreciable 
labelling in the cell wall, mitochondria or nucleus; labell- 
ing of these organelles might suggest diffusion, as has been 
reported in Lol ium (Staff et al. 1990) or Betula  (Grote 
1991). 

Antigenic proteins have been localized in the pollen 
of other allergenic species such as ryegrass (Smart and 
Knox 1980; Howlett et al. 1981; Vithanage et al. 1982; 
Staff et al. 1990) and birch (Grote 1991). No studies 
published to date have reported the ER as the site of 
antigenic-protein localization, although this site should 
not be surprising given the protein content of rER. Studies 
of cereal endosperm have shown that proteins are syn- 
thesized in ribosomes attached to the membrane of the 
rER, and then deposited in the lumen of the ER (Khoo 
and Wolf 1970; Larkins and Hurkman  1978; Oparka  and 
Harris 1982; Krishnan et al. 1986). Our results document 
convincingly that, at least in olive pollen, the rER system 
appears to be involved in the storage of allergenic 
proteins, and is probably also where these proteins are 
synthesized. 
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Figs. 4, 5. Immunolocalization of Ole e I in the mid-bicellular and mature stages of olive pollen grain development. 
Fig. 4. Stacks of long rER cisternae characteristic of the mid-bicellular pollen stage. Labelling is located on the rER cisternae (ER). x 59 500. 
Fig. 5. Mature pollen grain labelled with many gold particles in the cytoplasm of the vegetative cell. The generative cell (GC), vegetative 
nucleus (VN) and vesicles (V) are free of labelling, x 34000. Bars = 1 gm 

The  sort ing signals that  direct proteins to p roper  
subcellular locat ions are usually encoded in their own 
amino-ac id  sequences. The glycoprote ins  of  Ole e I 
(Batanero et al. 1994) could display a favorable  conforma-  
t ion for specific ER retent ion signals, as does the rotavirus  
outer-capsid  glycoprotein.  VP7 (Maass  and Atkinson 
1994). A more-deta i led  character iza t ion  of the molecular  
s t ructure of Ole e I would provide  insight into the molecu-  

lar and biochemical  bases for the retention of m e m b r a n e -  
associated proteins by the ER. 

In the developing pollen grain of olive, labelling in the 
cisternae becomes detectable in the mid-bicellular pollen 
stage, when the rER shows differentiation of dimensions and 
content (Rodriguez-Garcia and Fernfindez 1990). This find- 
ing suggests that the synthesis of Ole e I takes place on the 
rER cisternae during early matura t ion of the pollen grain. 
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Figs. 6-8. Immunolocalization of Ole e I in mature pollen of olive. 
Fig. 6. Pollen cell wall (C W ) free of gold particles. Note the highly specific localization of gold particles inside short cisternae or pockets (ER). 
Dictyosomes (D), plastids (P), mitochondria (M) and vesicles are completely free of labelling, x 58 500. 
Fig. 7. Detail of vegetative cell cytoplasm. The gold particles are located on the electron-dense matrix of pockets and rER cisternae (ER). 
Dictyosomes (D), mitochondria (M), vesicles (V) and other organelles are free of gold particles, x 45 000. 
Fig. 8. Control omitting the incubation step with MAb OL-1. The cytoplasm is free of gold particles, x45 000. Bars = 1 pm 
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The  mic rog raphs  of gold  label l ing in birch pol len  
(Gro te  1991) are s imilar  to our  results  for olive pollen.  
However ,  G r o t e  r epor ted  no accumula t i on  of  the gold 
label  in cell organelles,  bu t  only  in the cy top lasmic  matr ix .  
Ini t ial ly,  it m a y  be difficult to recognize the ER system in 
the ma tu re  pol len  grain,  or  to relate  the da rk  pockets  and  
sacs with ER cisternae.  I n -dep th  studies of  pol len  develop-  
ment ,  which d o c u m e n t  the process  of ER different ia t ion 
dur ing  pol len  gra in  ma tu ra t i on ,  can p rov ide  the 
u l t r a s t ruc tu ra l  basis  for deduc ing  tha t  gold  label l ing is 
local ized in the ER cisternae.  O u r  results  imply  that  
conven t iona l  e l ec t ron-mic roscop ic  studies are still neces- 
sary  and  can con t r ibu te  to the correct  in t e rp re ta t ion  of 
i m munocy tochemica l  results. 

In  conclusion the use of the M A b  OL-1  to trace p ro te in  
s torage  in the ER will make  it poss ible  to t rack  the 
behav io r  of  the ER system and its s torage  p roduc t s  dur ing  
pol len  germina t ion .  This  a n t i b o d y  may  help us to answer  
how and  when the al lergenic pro te ins  inside the pol len 
gra in  are  released. 
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