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Abstract While pollen sampling has been standard-

ised in the last decades, allergen extraction from

aerobiological samples still needs standardisation.

With the aim to identify the most practical, efficient

and reproducible method, in this study, protein

extraction protocols from Poaceae pollen, i.e. Lolium

perenne, Phleum pratense and Dactylis glomerata,

were evaluated. Three extraction protocols were

selected and compared in terms of protein yield and

allergen extraction. The methods were based on the

use of: (1) lysis buffer; (2) pollen hydration in PBS

buffer followed by sonication; and (3) pollen hydra-

tion in PBS buffer. After extraction, protein concen-

tration was measured. Results indicated that the

different extraction protocols could extract signifi-

cantly different protein amounts, being the lysis

buffer-based protocol the most efficient in terms of

total protein extraction. However, when allergen

extraction was compared, no significant differences

were detectable among the different protocols. Results

afforded the selection of a suitable extraction protocol

for Poaceae pollen allergens. In particular, results

suggested a PBS extraction followed by sonication; as

it allowed the highest allergen extraction, it might be

the most reproducible protocol minimising any pos-

sible interference with proteomics and immunological

studies when compared to lysis buffer method.
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1 Introduction

Among airborne particles of biological origin, pollen

and pollen-derived particles are of great interest as

they may cause allergic reactions in both upper and

lower respiratory tracts. The detection and monitoring

of airborne allergens is generally conducted through a

multi-step process, which involves sample collection,

sample processing and finally sample analysis (Morris

et al. 2014). While pollen monitoring has been

standardised in the last decades (Galan et al. 2014),

allergen sampling and processing still needs standard-

isation (Renstrom 2002). Standardisation of both

allergen sampling and analysis methods has been a

big goal in the last years and, although more effort is

necessary, it appears possible to reach a widespread
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standardisation of methods (Renstrom 2002; Morris

et al. 2014). What is missing is a comparison of

different extraction methods of air samples, which can

be performed in a number of ways, affecting presum-

ably both allergen elution efficacy and sample stability

(Renstrom 2002). The most frequently used extraction

methods for airborne pollen-derived samples are based

on a lysis buffer extraction (Takahashi et al. 2001;

Moreno-Grau et al. 2006; Fernández-González et al.

2011; Plaza et al. 2016; Aloisi et al. 2018) or on pollen

hydration into a low-concentrated salt buffer (Schappi

et al. 2001; De Linares et al. 2010; Grewling et al.

2016). For this reason, the aim of this work was to

evaluate the efficacy and the reproducibility of three

protein extraction protocols for small amount of pollen

samples. The extraction methods were selected among

the most frequently used for airborne allergen sam-

pling: lysis buffer; pollen hydration in PBS buffer and

sonication; and pollen hydration in PBS buffer only.

For this purpose, small amounts of Poaceae pollen

were analysed for both protein and allergens extrac-

tion yields. Lolium perenne, Phleum pratense and

Dactylis glomerata were selected as they represent a

major outdoor seasonal source of airborne allergens

and because they play an important role in triggering

pollinosis and allergic asthma. The allergenicity of

grass pollen is attributed to a small number of proteins

that are rapidly released from pollen grains after

hydration in the air followed by contact with human

mucosa. When pollen comes in contact with a

medium, its allergenic content is released in form of

single allergen proteins or small granules

(0.6–2.5 lm) which can bind to smaller inorganic

particles present in the atmosphere, causing allergenic

reactions also in the distal parts of the lungs

(Suphioglu et al. 1992).

These allergens share similar physicochemical and

immunological features, which cause a high incidence

of allergenic cross-reactivity on the one hand, and on

the other, allows their classification into 14 groups

(Weber 2007). The two major allergens of grass pollen

are group 1, glycoproteins with a molecular mass of

32–35 kDa, and group 5, ribonucleases with a molec-

ular mass of 28–32 kDa (Weber 2007). Both being

major allergens present in atmospheric particles

smaller than pollen grains, these were taken into

consideration for extraction efficiency. Besides these

allergens, also the panallergen profilin was evaluated,

as grass pollen profilins seem to be the most potent

pollen-derived inducers of IgE against profilin (Santos

and Van Ree 2011).

2 Materials and methods

2.1 Pollen material

The pollen samples of Dactylis glomerata, Lolium

perenne and Phleum pratense, grown in a natural field,

were collected from 15 anthers of each species in the

spring of 2016; weather conditions during all sampling

days were calm and dry. At the sampling stage, anthers

were closed, in a state of pre-anthesis. The inflores-

cences were deposited on aluminium foil, in separate

chambers, under environmental laboratory conditions

(50% RH and 25 �C). The collected pollen was stored
frozen at - 20 �C in 1.5 ml vials.

2.2 Protein extraction

According to laboratory standards, before protein

quantification, pollen was previously suspended in

PBS and serial dilutions were made in order to

quantify pollen material. No significant differences

were noticed among pollen types and 1 mg of pollen

corresponded to ca. 50,000 pollen grains.

Method I Lysis buffer. Extraction was performed as

previously reported, with minor modifications (Taka-

hashi et al. 2001;Moreno-Grau et al. 2006; Aloisi et al.

2018). Briefly, pollen was extracted at room temper-

ature for 2 h with phosphate buffer (50 mM pH 7.0)

supplemented with 150 mM NaCl, 3 mM EDTA,

0.005% Tween 20 and 125 mM ammonium bicarbon-

ate. The pollen/buffer ratio was constant (10 mg:

120 ll). The extract was separated by centrifugation at
20009g for 10 min and then stored at-20 �C and the

supernatants analysed for protein content.

Method II Hydration in PBS buffer and sonication.

Pollen proteins were extracted in PBS for 30 min by

continuous agitation followed by 3 min sonication in

water bath at 4 �C. Pollen/buffer ratio was constant

(10 mg: 120 ll). After centrifugation at 20009g for

10 min, supernatants and pellet were separated and

then supernatants analysed for protein content,

whereas pellet was extracted with the lysis buffer as

in method I in order to extract proteins left in the

pollen grains.

123

Aerobiologia



Method III Washing in PBS. Pollen proteins were

extracted in PBS for 30 min by continuous agitation.

Pollen/buffer ratio was constant (10 mg: 120 ll).
After centrifugation at 20009g for 10 min, super-

natants and pellet were separated, then supernatants

analysed for protein content, whereas pellet was

extracted with the lysis buffer as in method I in order

to extract proteins left in the pollen grains.

2.3 Protein quantification and western blotting

The protein content in the supernatants was measured

using the dye-binding method of Bradford, with BSA

as the reference standard. Proteins (20 ll) were

separated by denaturing sodium dodecyl sulphate–

polyacrylamide gel electrophoresis (SDS-PAGE) then

electroblotted onto nitrocellulose membranes and

incubated overnight at 4 �C with the primary antibod-

ies raised in mouse (Bial Industrial Farmacéutica,

Spain). After washing, the membranes were incubated

with alkaline-phosphatase-conjugated anti-mouse IgG

(1:10,000; Sigma-Aldrich) for 1 h at room tempera-

ture. Labelling was detected using the colorimetric

substrate AEC (Sigma-Aldrich).

2.4 Statistical analysis

Experiments were performed in triplicate and repeated

three times with similar results. Differences within

sample sets were determined by analysis of variance

(one-way ANOVA), while the overall significances

were analysed by a two-way factorial analysis of

variance (two-way ANOVA). Mean comparisons

were made by applying Tukey’s post hoc test, and

differences were considered significant at P\ 0.05.

Analyses were performed using GraphPad Prism.

3 Results and discussion

The development of a reproducible and effective

method for the extraction of pollen-derived allergens

from aerobiological samples can be based on two

parameters, the amount of total proteins and allergens

extracted. The yield of total proteins extracted with the

three methods tested was compared by SDS-PAGE

and protein quantification. As shown in Fig. 1A, all

three extraction protocols allowed extracting proteins

spanning in a broad range of molecular weight.

Separating the same volume of protein extracts

allowed preliminary comparisons among the extrac-

tion methods.

The extraction with lysis buffer (Fig. 1A a–c, lanes

1) allowed a major recovery of total proteins for all

three Poaceae pollen as the presence of NaCl, EDTA

and Tween as detergent allows extracting and solu-

bilising cell wall and membrane-bound proteins,

which are hard to dissolve in water and salt buffers

without detergent and/or metal chelating agents. PBS

extraction followed by sonication and PBS extractions

without sonication (Fig. 1A a–c, lanes 2 and 4)

allowed a similar recovery of total proteins even if

the pattern of proteins along the lanes showed

differences among the three different types of pollens.

Preliminary results obtained by SDS-PAGE were

confirmed by protein quantification (Fig. 1B). What

was worth of noting was the reproducibility of the

three extraction methods, but also the pollen-specific

yield of total proteins extracted. In fact, whileDactylis

glomerata and Phleum pratense showed comparable

protein yields for all the three extraction methods,

Lolium perenne pollen was characterised by lower

protein yields (Fig. 1B, Table 1). This was not due to

lower amounts of pollen grains extracted nor to

differences in grains diameter, as pollen diameters of

all the analysed pollen types were similar (Fig. 1C).

The lower yield of protein extract in Lolium

perenne when compared to Phleum pratense is

supported by the literature data. In fact, the protein

content of Lolium perenne is 15–40% lower when

compared to Phleum pratense (Jung et al. 2018).

Moreover, when the analysis was performed on group

5 allergen, a similar trend was observed; the values of

group 5 allergen concentration ranged from 90 lg/ml

(Lolium perenne) to 295 lg/ml (Phleum pratense).

The amount of Poaceae pollen allergens, extracted

with the three methods, was compared by western

blotting. Results are shown in Fig. 2. The selected

primary antibodies were able to recognise the major

Poaceae allergens of the selected pollen, i.e. Lolium

perenne, Phleum pratense and Dactylis glomerata.

What was worth noticing was a higher immuno-

recognition signal in the samples derived from the

PBS extraction followed by sonication (Fig. 2, lanes

2) when compared to the other extraction methods.

This was clear for group 5 and profilin allergens, but

also for group 1 allergen, even if the difference for this

allergen was less evident between method I (extraction
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with lysis buffer, Fig. 2, lanes 1) and method II (PBS

extraction followed by sonication, Fig. 2, lanes 2),

especially for Phleum pratense.

4 Conclusions

All the extraction methods investigated in this

research were demonstrated to be highly reproducible;

however, it was clear that the extraction of pollen

allergens in PBS buffer followed by sonication was

more efficient, at least for the three pollen types

selected in this study. Therefrom, we suggest this

extraction method for small amounts of pollen sam-

ples, like daily airborne samples. Moreover, according

to easiness, velocity, efficacy and reproducibility of

the method II in terms of proteins and allergens

extraction, we suggest that this method could fit also

for high amount of pollen as reference protocol

allowing comparing data from different species and

laboratories involved in pollen allergens research.

Fig. 1 Protein yield of

three protein extraction

methods. A SDS-PAGE of

Poaceae proteins extracted

by three different methods

stained with Coomassie

blue. Protein patterns of

Lolium perenne (a), Phleum

pratense (b) and Dactylis

glomerata (c). Lane 1:

extraction with lysis buffer;

lanes 2 (supernatant) and 3

(pellet) from PBS

extractions followed by

sonication; lanes 4

(supernatant) and 5 (pellet)

from PBS extractions.

B Protein concentration (ug/

ml). Values are mean ± SD

of three replicates analysed

in triplicate. C Pollen grains

of Lolium perenne (a),

Phleum pratense (b) and

Dactylis glomerata (c) at

optical microscope, 409

magnitude
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