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Abstract Due to the COVID-19 pandemic in early

2020, large-scale industrial production has been

stagnant and reduced, the urban air quality has been

greatly improved. It provided an excellent opportu-

nity to explore the effects of air pollutants on the

sensitization of pollen allergen proteins in the envi-

ronment. Platanus pollen grains sampled in the spring

of 2019 and 2020 were used for detailed character-

ization and analysis. Scanning electron microscopy,

Fourier transform infrared, X-ray spectroscopy

(XPS), trypan blue staining, and western blot analysis

were employed to characterize Platanus pollen

protein released from pollen grains. Our data showed

that the viability of the pollen grains in 2019 was

lower compared that in 2020, and the pollen grains

collected in 2019 had a higher absorption peak of

protein functional groups. The XPS spectra assay

result demonstrated that the binding energy of the

high-resolution components had not variation on the

surface of pollen grains, but relative content of

nitrogen and peptide chain in the pollen grains

sampled in 2019 were higher than in 2020. These

results suggested that more protein in the pollen

grains was released onto the surface of pollen grains.

In addition, western blot assay showed that the

expression of Pla a3 protein in pollen grains sampled

in 2019 was significantly higher than that in 2020,

revealing that air pollutants could enhance the

expression of Pla a3 proteins in Platanus pollen.
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1 Introduction

Previous studies have confirmed the existence of a

close relationship between air pollutants and
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respiratory allergic diseases, with pollutants exerting

an adjuvant or aggravating effect on the sensitization

and elicitation phases of allergic immune responses

(Acciani et al., 2013; D’Amato et al., 2007; Dahl,

2018; Leung et al., 2012). Air pollutants have been

shown to affect allergens, interrupt gene expression,

and modify membrane structures (Chauhan et al.,

2004; Tashpulatov et al., 2004). Meanwhile, ambient

particles tend to accumulate on the surface of pollen

grains and change their shape and apparent features

during the flowering season. For example, air pollu-

tants have an effect on the maximum absorption

values of each functional group (e.g., lipids and

proteins) of the Zinnia pollen, which constitutes the

chemical structure of the pollen (Chehregani et al.,

2004). Furthermore, when exposing Platanus pollen

to air pollutants, the FTIR spectral characteristics of

functional groups also changes (Helena et al., 2017).

Since late 2019, coronavirus disease 2019

(COVID-19), which can spread rapidly among all

age groups, has become a major global public health

challenge (Xu et al., 2020). To suppress COVID-19,

the Chinese government has implemented various

stringent measures, such as issuing travel restrictions

and suspending industrial production (Griffifiths

et al., 2020), to prevent the spread of the virus. It is

gratifying to note that these measures have objec-

tively improved the ambient air quality in many

Chinese cities. The mass concentrations of five air

pollutants (SO2, PM2.5, PM10, NO2, and CO)

decreased by 6.76%, 5.93%, 13.66%, 24.67%, and

4.58%, respectively (Wang and Su 2020). Many

studies have confirmed the significant effects of NO2

and O3 on pollen and its intrinsic allergenic proteins

under simulated laboratory conditions (Hong et al.,

2018; Hu et al., 2020; Zhao et al., 2016). The

significant difference in the mass level of air pollu-

tants in Shanghai’s atmosphere during the same

period between 2019 and 2020 provides us with a rare

opportunity to verify the actual effects of air pollu-

tants on the allergenicity of pollen proteins.

Platanus tree is widely planted in the urbanized

areas of China. Three important allergens, Pla a1, Pla

a2, and Pla a3, are present in Platanus pollen (Arilla

et al., 2005; Asturias et al., 2002; Suárez-Cervera

et al., 2005). Pla a1 is an 18-kDa non-glycosylated

protein, Pla a2 is a 43-kDa glycoprotein, and Pla a3 is

a non-specific lipid transfer protein. Even if Pla a1

and Pla a2 are the major pollen allergens in plane

pollen (Fernández et al., 2013), the role of Pla a3 in

causing pollen allergies cannot be ignored. In addi-

tion, Pla a3 is a non-specific lipid transporter that

contributes significantly to maintaining the integrity

and function of the pollen cell membrane. The

expression of Pla a3 protein is significantly influ-

enced by environmental factors, such as NO2 and O3

(Zhou et al., 2021). A large amount of airborne

Platanus pollen is released into the environment

during the annual flowering period (March–May).

Our previous study showed the release of allergenic

proteins into the air after pollen grains were hydrated

(Wang et al., 2012). Based on the above facts, we

collected fresh pollen grains from the Platanus tree

planted near Shangda Road in Shanghai in the spring

of 2019 and 2020. Combined with the analysis of the

mass level of major air pollutants during the sampling

period, we tried to explore its impact on the

prevalence of pollen allergenicity leading to air

quality improvement and provide fundamental data

to elucidate the mechanism of pollinosis induced by

ambient allergens.

2 Materials and methods

2.1 Platanus pollen sampling

The inflorescences of Platanus were collected at the

sampling site (121°23´E 31°19′00.20″N) (Figure S1)

from April 5 to 20, 2019, and April 5 to 20, 2020,

respectively. The collected inflorescences were

spread in a clean tray at room temperature for 2 days.

While pollen grains were scattered on the tray, pollen

grains were separated using a sieve with 40 μm mesh.

Pollen grains were then placed in a 15-ml Eppendorf

tube, sealed and stored at −20 °C. Pollen samples

were taken from a sample of ten Platanus acerifolia
trees at the sampling point on Shangda Road, and the

total amounts of pollen collected in 2019 and 2020

were 8.924 g and 8.487 g, respectively.

2.2 Scanning electron microscopy

The detailed process was carried out according to the

protocol described by Lu et al. (2008). Briefly, 0.1 g

of pollen grain was placed on a double-sided adhesive

and conductive carbon tape with a clean wooden
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pick. Following this step, air was gently blown to

remove the loosely stuck pollen from the carbon tape.

After covering the carbon tape with gold, the

sample was observed under a Zeiss ultra 55 FE-SEM

scanning electron microscope (Zeiss, Germany) with

the following parameters: voltage of 30 kV, resolu-

tion of 3 nm, and scanning distance of 15.0 mm. The

chemical composition of the pollen was investigated

by UK 7421 energy-dispersive X-ray spectroscopy

(EDX) (Oxford, UK). The EDX spectrometer was the

Link ISIS spectrometer with a Si (Li) detector, which

permitted X-ray detection of elements higher than

carbonate (Z[ 6) (Lu et al., 2008).

2.3 Fourier transform infrared spectroscopy

(FTIR)

FTIR allows characterizing the signatures of the

overall biochemical composition of the pollen surface

through specific spectral features of proteins, lipids,

carbohydrates, and cell wall biopolymers. The depth

of analysis is about 1~2 µm (Zimmermann, 2010;

Zimmermann & Kohler, 2014).

A Nicolet iS10 in situ diffuse reflectance FTIR

spectrometer (Thermo Fisher Scientific, USA) was

used to analyze pollen grains. The probe was first

cleaned with anhydrous ethanol and the background

value was collected without the sample, after which

the pollen was tiled on the sample stage and covered

with light holes. The measuring range was 4000–

400 cm−1 and each sample was recorded to obtain one

IR spectrum with a total of 32 scans, and the

experimental data were exported with the origin

being used for drawing analysis.

2.4 X-ray photoelectron spectroscopy (XPS)

XPS was employed to characterize the distribution of

chemical elements (carbon–C 1 s, nitrogen–N 1 s, and

oxygen–O 1 s) on the surface of Platanus pollen

grains. The depth of analysis was 8~10 nm (Jimenez

et al., 2016; McArthur et al., 2014). A piece of

double-sided tape was attached to the aluminum foil.

The pollen sample was evenly sprinkled on the tape,

and then, a piece of aluminum foil was covered by

pressing the tablet using a tablet press. After peeling

off the foil, the sample to be tested was placed in the

instrument for testing.

The samples were analyzed using monochromatic

Al Kα with continuously adjustable beam spots from

30 to 400 μm in step sizes of 5 µm. High

performance data were collected at low power

(72 W) using the CAE scan mode. The full spectrum

scan was performed with a pass energy of 100 eV and

a step size of 1 eV. A narrow-spectrum scan was

performed with a pass energy ranging from 30 to

50 eV and a step size ranging from 0.05 to 0.1 eV.

Scan times were adjusted from 5 to 20 times by

combining with power, step length, and signal

strength. The surface charge correction for binding

energy scale calibration was referenced to the carbon

1 s core level photoemission peak with a binding

energy of 284.8 eV. Finally, the data were analyzed

using the Thermo Scientific K-Alpha?software

(Thermo, USA).

2.5 Trypan blue staining

The integrity of the cell membrane can be estimated

using the standardized trypan blue staining assay. A

pollen suspension was made by dissolving 10 mg of

pollen grains in 1 ml of ddH2O. The pollen suspen-

sion was mixed with 100 μl of 0.4% trypan blue

solution and incubated for 3 min at 25 °C. The

sample was then centrifuged at 1600 g for 1 min to

recover the pollen grains. After washing twice with

ddH2O, the pollen was dripped onto a slide and

covered with a cover slide for observation under a

DM 2500 microscope (Leica, Germany). The number

of stained pollen grains was counted under ten

random fields. The ratio of damaged pollen grains

was calculated using the number of dyed pollen

compared to the total pollen count. After boiling the

pollen suspension for 5 min, the cell membrane

becomes destroyed. So all boiled pollen can be dyed

blue and used as a positive control in the experiment.

The staining analysis experiment was repeated 3

times independently.

2.6 Extraction of SPPs from pollen grains

Zhou et al. (2019) described the extraction of SPPs

from pollen grains. Briefly, 0.2 g of Platanus pollen
was soaked in 5 ml of ddH2O. After 6 h, the pollen

suspension was centrifuged at 1600 g for 5 min.

Then, the supernatant was centrifuged at 13,000 g for

15 min at 4 °C. Finally, the precipitate was dissolved
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in 200 μl ddH2O and the amount of SPP protein was

quantified using the Pierce™ BCA Protein Assay kit

(Thermo Fisher, USA).

2.7 Extraction of Pla a3 protein

Pollen samples (0.2 g) were crushed by grinding in

liquid nitrogen. Total protein was then extracted

using the ProteoPrep® Total Extraction Sample Kit

(Sigma-Aldrich, USA). Pla a3 protein concentration

was quantified by ELISA according to the standard

curve of protein concentration using anti-Pla a3

antibody (NB Biolab, China). Moreover, after suffi-

cient lysis of the SPPs extracted from 0.2 g of pollen

samples, the total protein was extracted and the Pla

a3 concentration was quantified.

2.8 Western blot assay for the identification

of Pla a3

The pollen protein was isolated by SDS-PAGE gel

electrophoresis and transferred electrically to the NC

membrane. The NC membrane was immersed in a

1% BSA solution for 1 h, then rat serum (1:100

dilution) was added and incubated at 37 °C for 1 h.

After washing 3 times (5 min each time) with TBST

buffer (pH 7.4), the membrane was co-incubated with

HRP-labeled secondary antibodies (1:5000 dilution)

(YESEN Biotechnology Co. Ltd, China) at 37 °C for

1 h. Finally, after being washed again with TBST

buffer, the reaction was performed with TMB at 37 °
C for 30 min. Protein bands were photographed using

a Vilber imaging system (FUSION FX7 Spectra,

France). Each sample was detected 3 times. The gray

values of the different bands were calculated using

ImageJ analysis software. The ratio of Pla a3 protein

in each group to the gray value of the corresponding

Tublin protein was calculated, and the changes in Pla

a3 protein expression in different treatment groups

were compared and the histogram drawn using

GraphPad Prism5 software. Three independent exper-

iments were repeated.

2.9 ELISA assay for Pla a3-induced allergenicity

Briefly, protein samples were dissolved in the

embedding buffer (1.59 g/L Na2CO3, 2.93 g/L

NaHCO3, pH 9.6), added to the wells of polystyrene

plates, and incubated overnight at 4 °C away from

light. The plate was washed three times with PBS

buffer (pH 7.4), and the anti-rPla a3 IgE antiserum

(1:1000 dilution) from sensitized rats (prepared by

HuaBio Company, China) was added and incubated

overnight at 4 °C. The flushing operation was

repeated with PBS, and HRP-labeled secondary

antibody (HRP-labeled anti-rat IgE antibody,

1:10,000 dilution, YESEN Biotechnology Co. Ltd,

China) was added and incubated at 37 °C for 1 h.

Then, 100 μl of freshly concocted tetramethylben-

zidine (TMB) substrate solution was added to the

color reaction at 37 °C for 30 min. Finally, 50 μl of
2 M sulfate was added to terminate the reaction and

detect the OD450 absorbance value with a Bio-Tek

microplate reader (Bio-Tek Instruments, USA).

2.10 Statistical analysis

All data were statistically analyzed in this study using

SPSS version 11.5. Data were obtained from three

independent experiments and are shown as mean±

standard error (SD). Five samples were analyzed per

group, and the obtained data should generally con-

form to a normal distribution. Comparisons between

experimental groups were performed using paired

Student’s t-test and ANOVA with SPSS version 11.5.

Values of *p\0.05 and **p\0.01 were considered

statistically significant.

3 Results

3.1 Characterization of pollen morphology

Scanning electron microscopy data showed different

microscopic characterizations of pollen grains sam-

pled in 2019 and 2020 (Fig. 1). It was easily noticed

that Platanus pollen grains collected in 2019

absorbed ambient particles more readily than those

collected in 2020. In addition, the shape of the pollen

grains sampled in 2020 was fuller than that of the

2019 sampled pollen grains.

The results of the trypan blue staining assay

demonstrated that the blue-stained pollen was con-

sidered to have membrane damage. Comparing the

damaged amount of Platanus pollen grains between

2019 and 2020 samples, the 2019 samples had more

blue pollens than the 2020 samples (Fig. 2a). The

statistical results showed that the percentage of
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damaged pollen was 14.88% in 2019 and 10.12% in

2020, implying that the pollen cell membrane

suffered more serious damage in 2019 than in 2020

(Fig. 2b).

3.2 Spectroscopic analysis

Figure 3 shows the different absorption of infrared

light for the two different samples collected in 2019

and in 2020. Referring to the lipids’ functional groups

(1435 cm−1 (–CH3), 1456 cm−1 (–CH2)), the intensity

of the peaks of the lipids in the 2019 samples was

stronger than that of the 2020 samples. The same

characterization in the peak of the protein

(1514 cm−1, β-structure; 1541 cm−1 –CH2;

1550 cm−1, amino acid functional groups –CN, –

NH), Lipid (1435 cm−1, –CH3; 1456 cm−1, –CH2),

sporopollenin (814 cm−1, 839 cm−1, 866 cm−1,

890 cm−1 –CH), and carbohydrate (991 cm−1, –CH;

1025 cm−1, –CN; 1166 cm−1, C–O–C) could be found

in the measured samples. These data are an indication

that air pollutants can change the composition of

pollen walls.

It is well known that the position of an XPS peak

depends on the chemical state of the element. There

is a tendency for the binding energy to decrease with

increasing electron density on the atom and, in simple

cases, with decreasing degree of oxidation. The XPS

surface analysis of Platanus pollen samples in 2019

and 2020 (Fig. 4) showed the presence of the main

types of linked atoms, whose relative percentage in

the C1s, N1s and O1s spectra were not significantly

A B

Fig. 1 Scanning electron micrograph of mature Platanus pollen. The pollen sampled at Shangda road in 2019 (a) and 2020 (b), bar=
20 μm

Fig. 2 Observation and statistics of the pollen grains stained

by trypan blue. A Microscopic observation of trypan blue

staining results, a the pollens without staining, b the boiled

pollens were stained by trypan blue, c the pollens taken in 2019

were stained by trypan blue, d the pollens taken in 2020 were

stained by trypan blue. B Statistical analysis of trypan blue

staining pollen in 2019 and 2020. Bar=50 μm (**p\ 0.01)
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different (Table 1). There were no obvious changes in

the binding energies of the high-resolution group of

the 2-year samples. However, the relative content of

each component was slightly different.

The C1s core level spectrum of pollen grains

collected in 2019 can be divided into three parts:

(I) Carbon only bound to carbon and hydrogen (C–C

& C–H) at 284.80 eV, (II) carbon forming a single

bond with oxygen or nitrogen (C–O, N) at 285.57 eV,

and (III) carbon forming two single bonds or one

double bond with oxygen (O–C=O) at 288.63 eV.

The spectra of pollen grains sampled in 2020 showed

that the binding energy was not sufficient to cause

changes in the chemical state of the elements, so

there is no significant change in the C1s core level

spectrum of pollen grains collected in 2020.

The O1s core level spectrum forms a double bond

(C=O) with oxygen at a lower binding energy

(531.5 eV–532 eV) and a single bond (C–O) with

oxygen at a higher binding energy (~533 eV) from

the spectrum of the pollen grains.

Fig. 3 Fourier infrared spectroscopy (FTIR) of Platanus
pollen grains in 2019 (black line) and 2020 (red line). Group

distribution: 1514 cm−1 (β structure), 1541 cm−1 (–CH2),

1550 cm−1 (amino acid functional groups –CN, –NH),

1435 cm−1 (–CH3), 1456 cm−1 (–CH2), 814 cm−1, 839 cm−1,

866 cm−1, 890 cm−1 (–CH), 991 cm−1 (–CH), 1025 cm−1 (–

CN), 1166 cm−1 (C–O–C)
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As a result, the N 1 s core level spectrum revealed

a high spectral noise due to the low N content, and we

found a lower pollen nitrogen concentration in 2020

(0.96%) than in the 2019 samples (1.59%). The

nitrogen bonding became more heterogeneous after

exposure to gaseous pollutants. However, the relative

content of each component of the two samples

showed that the nitrogen concentration of pollen

samples increased in 2019, and the peptide chain

content was also higher than that of pollen samples in

2020, indicating an increase in protein surface

concentration (Jimenez et al., 2016; Ribeiro et al.,

2017).

3.3 Immunochemical analysis

Based on the quantitative results of the BCA assay,

the mass concentrations of the extracted proteins

from the pollen samples collected in 2019 and 2020

were diluted to the same level. Then, the result of the

western blot assay showed that although the concen-

tration of Tublin protein bands reflected that the total

protein content of the 2020 samples was significantly

higher than that of 2019, the concentration of Pla a3-

specific bands was significantly lower than that of the

2019 samples (Fig. 5a). The gray values of different

bands were calculated using ImageJ analysis soft-

ware. The ratio of the Pla a3 protein in each group to

Fig. 4 C 1 s, O 1 s and N 1 s core level XPS spectra of Platanus pollen grains sampled in the spring of 2019 and 2020

Table 1 The measured C 1 s, O 1 s and N 1 s spectra can be resolved into their spectral components through curve fitting

Functionality 2019年 2020年

Peak BE (eV) Relative abundance Peak BE (eV) Relative abundance

C–C 284.80 60.73% 284.80 69.56%

C–O 285.57 25.93% 285.47 21.76%

O–C=O 288.63 2.61% 288.79 1.93%

O1s 532.28 9.12% 532.46 5.8%

N1s 397.32 0.09% 398.39 0.11%

399.97 1.50% 400.20 0.63%
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the gray value of the corresponding Tublin protein

was calculated to compare the changes in Pla a3

protein expression in different treatment groups.

Figure 5b shows that the gray value ratio of Pla a3

protein to Tublin protein in pollen was significantly

greater in 2019 than in 2020 (p\ 0.01, statistically

significant). This indicates that the 2019 pollen grains

releases more Pla a3 protein content. With reference

to the OD450-Pla a3 standard curve to be calculated,

the content of the Pla a3 allergenic protein in the total

pollen protein and the SPPs released by Platanus
pollen were measured by ELISA. The experimental

results are shown in Fig. 6. The expression of Pla a3

protein was significantly higher in the 2019 sample

than in the 2020 pollen (p \ 0.01, statistically

significant). The data are consistent with the results of

the western blot experiment.

4 Discussion

Air pollutants are believed to induce airway inflam-

mation and play a key role in respiratory allergies

(Leung et al., 2012). Furthermore, with the rapid

economic development in China, the mass levels of

air pollutants such as NOx, O3, and PMs in the urban

atmosphere have increased dramatically. In addition,

exposure to airborne pollen and air pollutants can

greatly enhance the incidence of allergic respiratory

diseases (D’Amato et al., 2015). Our previous

research demonstrated that the pollen membranes

were more severely damaged and the expression of

allergenic proteins (Pla a3) increased significantly

after exposure of Platanus pollen grains to different

air pollutants (NO2, O3, NO2 and O3 mixture) (Lu

et al., 2014). Data from our pollen-sensitized model

also showed that IgE and IgG levels in the blood of

exposed mice were increased after their exposure to

air pollutants (Zhou et al., 2021).

As a result of the COVID-19 outbreak, citizens

were required to stay in their homes and industrial

activities ceased at the end of January 2020. These

control measures contributed to the improvement in

air quality. Concentrations of PM2.5, NO2, and SO2

decreased significantly (Wang et al., 2020). As the

pandemic was brought under control, the government

allowed some industrial enterprises to resume work

from late February 2020, resulting in a slight increase

in the mass levels of air pollutants (Li et al., 2020;

Wu et al., 2021). Our sampling campaign last from

April 5 to April 20. During the sampling period, there

was no significant decrease in the mass levels of

major pollutants such as PM2.5, PM10, and O3, but the

mass level of NO2 decreased in 2020 compared to

2019 (Figure S2). This work was carried out consid-

ering that atmospheric pollution causes a decrease in

pollen viability and germination (Senechal et al.,

2015). Our data clearly showed that the biological

activity of Platanus pollen grains sampled in 2020

was more active than in 2019 (Fig. 3). Allergenic

Fig. 5 a Western blot of

Platanus pollen extract in

2019 and 2020 with rabbit

serum IgG; b gray value

analysis of Platanus pollen
protein (**P\ 0.01)

Fig. 6 ELISA detection of total Platanus pollen protein and

SPPs with rabbit serum IgG antibody (*p\ 0.05, **p\ 0.01)
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protein expression from pollen grains collected in

2020 decreased significantly compared to that of

2019 (Fig. 6). Motta et al. (2006) once reported that

morphological damages were observed after exposure

of P. pratense pollen grains to several concentrations

of NO2 (50 ppm) and O3 (0.5 ppm); moreover, the

amount of pollen cytoplasmic granules released from

pollen grains increased compared to the control

(Motta et al., 2006). Ghiani et al. (2012) also claimed

that ragweed pollen proteins collected near high-

traffic roads reacted more intensely with IgE (pa-

tients) than the control (Ghiani et al., 2012). This

result may suggest that interactions between air

pollutants and allergenic pollen can enhance their

allergenicity. We once demonstrated that the aller-

genicity of Platanus pollen protein Plaa3 increased

after exposure to NO2 and O3. In this study, Pla a3

protein exacted from Platanus pollen grains collected

in 2019 and 2020 reacted with rabbit serum IgG using

an ELISA assay. The gray values of Platanus pollen
protein from 2019 pollen grains and 2020 samples

were 2.92 and 0.60, respectively, indicating a higher

binding capacity of Pla a 3 from 2019 samples and

suggesting that air pollutants promote (O3 and NO2)

the binding capacity of Pla a3. Helena et al. (2017)

studied the effects of two important atmospheric

pollutants (O3 and NO2) on the allergenic properties

and chemical composition of Platanus acerifolia
pollen. Their immunochemical analysis data showed

that the variety of pollen allergenicity differed based

on the exposure of the two different pollutants (gas or

mixture of gases) tested and that the same pollutant

gas may interact differently with each specific

allergen. The spectroscopic (FTIR and XPS) results

show that air pollutants alter the components of the

pollen wall and further compromise pollen function

(Ribeiro et al., 2017).

Our FTIR and XPS analysis data also indicate that

air pollutants (such as NO2) may change the compo-

sition of the pollen wall and lead to increased protein

concentrations on the pollen surface, which suggests

that higher mass levels of NO2 in the spring of 2019

contribute to the release of Pla a3 from pollen grains.

Allergenicity caused by allergenic pollen corre-

lates with airborne pollen and/or atmospheric

concentrations of allergens. The mass level of

aeroallergens is associated with many factors, such

as air pollutants, air temperature, humidity, and

precipitation. It is noted that only humidity has a

significant difference (67.20±12.49 in 2019; 63.11±

11.64 in 2020) in the sampling period among

meteorological parameters (air temperature, humid-

ity, wind speed, and air pressure) (supplementary

materials, Figures S3, S4). Considering that humidity

contributes to the release of SPPs/allergens (Wang

et al., 2012), the allergenicity induced by Platanus
pollen protein may be stronger in 2019 than in 2020,

and further studies are needed.

5 Conclusions

(1) Platanus pollen grains were collected in the

spring of 2019 and 2020. The biological activity

of pollen collected in 2019 decreased compared

to that collected in 2020.

(2) FTIR analysis data demonstrated that the func-

tional groups with reference to lipids were more

prominent in the pollen collected in 2020;

however, the functional groups with reference

to proteins had greater absorption peak intensity

in the pollen collected in the spring of 2019,

thus reflecting changes in the composition of the

pollen wall by atmospheric pollutants. The XPS

data showed no significant change in the

binding energy of the high-resolution compo-

nents of the two-year samples, but the relative

content of nitrogen and peptide chains in pollen

samples from pollen grains collected in 2019

was higher than that in 2020, indicating an

increase in the concentration of pollen proteins

on pollen grains.

(3) Data from Western blot and ELISA assays

demonstrated that the amount of SPPs extracted

from Platanus pollen grains collected in 2019

was significantly higher than that in 2020.
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