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Presence of esterase in Pinaceae pollen
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Abstract

General esterases, like wall heterologous enzymes, may be implicated in allergenic mechanisms. We cytochemically examined the
presence of these enzymes, bearing in mind that Pinus spp. is often considered a possible cause of allergies. Positive esterase results
in fungus spores were found on the strip of a volumetric sampler. Data are reported here, together with the hypothesis of a
possible esterase-allergenic link regarding fungus spores. © 1997 Elsevier Science Ireland Ltd.
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1. Introduction

In our urban areas, conifers, pines, cypresses and
yews are considered ornamental trees. These trees,
which produce a considerable quantity of pollen, dis-
persing it in the air (Accorsi et al., 1994), have been
reassessed as possible producers of allergies.

In previous studies a high percentage of esterase
activity was found in cypress pollen, studied as passive
subjects of urban pollution (Alaimo et al., 1996; Melati
et al., 1996a,b). In these studies the presence of high
quantities of esterases was correlated to a hypothetical
allergenic mechanism. Inhaled pollen may release these
proteins when they burst, and activate the allergopathic
drop which, due also to the presence of polluting
particles (Alaimo et al., 1994; Alaimo and Melati, 1995;
Alaimo et al., 1996) induces ‘super-reactivity’. In the
same way, we examined the Pinus spp (Owens et al.,
1985). Pollen esterases have been analysed in various
vegetable species, for example in Annona squamosa
(Vithanage, 1984), Citrus medica (Protopapadakis,
1987) and Citrus reticulata (Chen et al., 1992), Cucur-
bita pepo (Yang and Tsao, 1981), date palm (Al-Jibouri,
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1988), Luffa cylindrica (Yang and Tsao, 1981), Mualus
(Babaevskaya et al., 1981), the oil palm (Santos et al.,
1993) the olive (Tryjillo et al., 1990, 1995), Perunia
hybrida (Nave and Sawhney, 1986), Portulaca gran-
diflora (Mehan and Malik, 1974; Sood, 1974), the
tomato (Zamir et al., 1982), and in Tulipa (Baumker et
al., 1988).

Nevertheless, there are some plant pollens which do
not provoke allergies and which contain such low levels
of esterase that they do not show any cytochemical
reaction ( <0.03 units of absorbance/um?) (e.g. rose,
personal data).

2. Materials and methods

Pollen was taken from some male inflorescences (pol-
len cones with dehiscing microsporangia) of pines situ-
ated on streets with heavy traffic, and divided into three
groups: two for structural microscopic observations
(o.m. Orthoplan, Leica and SEM, Cambridge
Stercoscan 360), the other for cytochemical observa-
tions (Vithanage et al., 1992). The latter were carried
out on portions of the cellulose strip of the volumetric
sampler VPPS 2000 (Lanzoni) (Fig. 1a and 1b) and on
cryosections (Criostato, Leica) of unfixed microsporan-
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Fig. 1. Pinaceae pollen is disseminated by air (anemofilia) and high concentrations of their pollen grain can be monitored in Palermo (a) (May
1994: = 40 g/m?). often there are aggregate components of polluting particles on the pollen (b). only ph comparison shows the aerodynamic
structure of the seed (c) and wing of the seed (d), by anemochorous dispersal (anemochory) (SEM).

Materials were tested with naphthol ASD acetate as
substrate and fast blue BB, as diazonium salt, at pH
6.5 in 0.2 M Tris buffer; they were incubated, in light,
at 37°C for 1 h.

Blue deposits indicate the sites of general esterase
activity (Gahan, 1984), which are absent in control
materials where the substrate was omitted.

Cytochemical observations were also directly carried
out on portions of the sampler strip VPPS to avoid
the possibility that elution manipulations might mod-
ify enzymatic activity. the silicone of the strip being
inert compared with the vitality of the pollen.

3. Results and discussion

Our observations on pine pollen (Fig. 2a) reveal
esterase activity in the pollen grain walls, in the form
of green—blue fibrillose masses situated in the central
body of the grain and not in the lateral sacci (Fig.
2c).

Enzyme activity was higher in the walls than in the
protoplasts, and more so in the split grains. Local
accumulations of fibrillar material are seen in the in-

ner hemicellulosic layer (intine) and, subsequently, in-
corporated in the outer sporopollenin layer (exine).
The uncoloured controls were used to evaluate specifi-
city of colouring (Fig. 2b).

On the strip of the volumetric sampler, Alfernaria
spp. conidia and Cladosporium spp. spores also occa-
sionally presented blue-coloured deposits, which indi-
cate general esterase activity after cytochemical
reaction. (Fig. 2d).

The presence of esterase activity in pollen, which in
the past was not considered to be significant in the
provocation of allergic reactions (Zawisza and
Samolinska-Zawisza, 1991), but which was then re-
evaluated (Fountain and Cornford, 1991; Knox and
Heslop-Harrison, 1975), also by allergists (Passali,
1997, personal communication), may explain this role.

The wall proteins, expelled after inhalation, can be
identified as antigens and activate allergenic reaction.

Our proposal is to use the esterases, already iden-
tified as species-specific markers in vegetable typifica-
tion, as test substances in allergometry, extracting and
purifying them. Experts could then evaluate the possi-
bility of using the esterases extracted for the prepara-
tion of monoclonal vaccines.



M. Grazia Alaimo et al. / Aerobiologia 13 (1997) 117-120 119

Fig. 2. Structure of pollen, saccate, monopeninged of Pinus maritima L, with tectate, alveolar exine and a thick intine (a) (SEM). Cytochemical
reaction tests (b) (0.m.)— Blue-green coloured deposits in central body of pollen which indicate sites of esterase activity (¢) (o.m.). There are no
fibrillose colour deposits in the lateral sacci: Alternaria spp. conidia (1) (2), and Cladosporium spp. spores (3) with blue-greer. coloured deposits,
sites of esterase activity (d)) (o.m.) (May—-June 1995).



120 M. Grazia Alaimo et al. / Aerobiologia 13 (1997) 117120

Acknowledgements

This work was supported with funding from the
Sicilian Region.

References

Accorsi CA, Bandini Mazzanti M, Forlani L, Randazzo G. Flora
palinologica italiana, sezione aeropalinologica, Pinus pinea L.
(Pinaceae) 1994:9-205.

Alaimo MG, Melati MR, e Raimondo FM. Indagini aerobiologiche
nel contesto urbano di Palermo: nota preliminare. Quad Bot
Ambientale Appl 1994;3:191-207.

Alaimo MG, Melati MR. Caratterizzazione del particolato totale
sospeso nell’aria urbana di Palermo. Giorn Bot Ital 1995;129:49.

Alaimo MG, Melati MR, Orecchio S, De Vita F. Effetti fitotossici da
metalli pesanti sui pollini di piante forestali. VII Congresso
Nazionale dell’Associazione ltaliano di Aerobiologia. Firenze 16—
19 ottobre 1996:174.

Al-Jibouri AAM. Pollen isozyme analysis of male cultivars of date
palm (Phoenix dactylifera L.). Date Palm J 1988;6(2):341-3S8.
Babaevskaya LI, Trosimova EA, Strel 'Tsina SQ, Samorodova-
Bianki GB. Characteristics of the pollen of species and varieties of
apple, plum and black currant in respect of isoenzyme banding
patterns. Byulleten. Vsesoyuznogo Ordena Lenina i Ordena
Druzhby Narodov. Instituta-Rastenievodstva-Imeni-N.I. Vavilova

1981;113:83-5.

Baumker PA, Arendt S, Wermann R. Metabolism of ferulic acid
sucrose esters in anthers of tulipa cv. Apeldoorn: II. Highly
specific degradation of the esters by different esterase activities
Zeitschrift fur Naturforschung C. Bioscences 1988;439-10:647-55.

Chen ML, Chen XW, Li RT. Taxonomic study of mandarin and
tangerine (Citrus reticulata). J Hunan Agric College 1992;18(1):
33-45.

Fountain DW, Cornford CA. Aerobiology and allergenicity of Pinus
radiata pollen in New Zealand. Grana 1991;30:71-5.

Gahan PB. Plant histochemistry and cytochemistry, Academic Press,
London, 1984.

Knox RB, Heslop-Harrison J. Pollen wall proteins, localization and
characterization of gametophytic and sporophytic fractions. In:
Duckett JG, Racey PQ, editors. Biology of the male gamete. Biol
J Linn Soc 7, suppl. 1 1975:177-187.

Mehan M, Malik CP. Studies on the physiology of pollen and pollen
tube growth. I1I. Portulaca grandiflora. Plant Sci 1974;6:17-20.

Melati MR, Alaimo MG, De Vita F. Monitoraggio dell’atmosfera
mediante markers citoistologici di Cupressus. Atti Convegno
di Citologia. Universita degli studi di Lecce. 1996 27-28 Giugno:
37.

Melati MR, Alaimo MG, Orecchio S, De Vita F. Piombo veicolato
dal polline di cipresso in diverse stazioni della citta di Palermo, lo
Convegno Internazionale AIA e SIAIC, sezione siculo-calabra,
22-23 Novembre, 1996.

Nave EB, Sawhney VK. Enzymatic changes in post-meiotic anther
development in Perunia hvbrida. 1. Anther ontogeny and isozyme
analyses. J Plant Physiol 1986;125(5):451-65.

Owens IN, Simpson SJ, Molder M. Sexual reproduction of Pinus
contorta. 1. Pollen development, the pollination mechanism, and
early ovule development. Can J Bot 1985;59:1828-43.

Protopapadakis EE. Identification by isoenzymes of five cultivars of
Citrus medica grafted on four rootstocks. J Hortic Sci
1987;62(3):413-9.

Santos MM, Simoes AL, Mestriner MA. Oil palm (Elaeis uineensis
Jacq.) esterase genetic polymorphism revealed by isoeletric focus-
ing in polyacrylamide gel. Revista Brasileira de Genetica
1993;16(3):679-83.

Sood PP. Histochemical studies on the distribution of nonspecific
esterase in the germinating pollen grains of Portulaca grandifiora.
Biologia Plantarum 1974:16(2):102-106.

Truyjillo I, Rallo L, Carbonell EA, Asins MJ. Isoenzymatic variability
of olive cultivars according to their origin. Acta Hortic
1990:286:137-9.

Trujillo I, Rallo L, Arus P. Identifying olive cultivars by isozyme
analysis. J Am Soc Hort Sci 1995;120(2):318-24.

Vithanage HIMV. Pollen-stigma interactions: development and cyto-
chemistry of stigma papillae and their secretions in Annona
squamosa L. (Annonaceae). Ann Bot 1984;54(2):153-67.

Vithanage HIMV, Howlett BJ, Jobson S, Knox RB. Immunocyto-
chemical localization of water-soluble glycoproteins, including
group allergen in pollen of rye-grass Lolium perenne, using fer-
ritin-labelled antibody. Histochem J 1992;14:949—66.

Yang ZH, Tsao TH. Physico-chemical properties of pollen wall
protein of Luffa cylindrica and Cucurbita and their possible
recognition role in overcoming intergeneric incompatibity. Phyto-
morphism 1981;31(3/4):231-9.

Zamir D, Tanksley SD, Jones RA. Haploid selection for low temper-
ature tolerance of tomato pollen. Genetics 1982;101:1-137.

Zawisza E, Samolinska-Zawisza U. Airborne pollen survey of the
Warsaw area, An assessment of skin and airsampling data. Grana
1991;30:17-179.



