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Abstract

In the study, 3-hydroxy-3-methylglutaryl coenzyme A reductase gene was
validated for its application in hazelnut pollen allergens CorA and profillin
expression analysis. HMG CoA reductase was used as internal control in
expression analysis by one-step real-time PCR approach. Pollen sample from
rural area from Sumy region (Ukraine) was used as the calibrator and the
sample from Kamenets-Podolskiy (cement plant area; Ukraine) was chosen
for the expession analysis. Using one-step real time PCR approach, following
values of expression level were obtained in this study: 0,63 x higher for CorA and
51,6 higher x for profilin hazelnut pollen ellergen. The results and parameters of
expression profile data are comparable to the two-step real-time PCR, that were
previously reported for Corylus avelana, L. pollen allergens and confirmed HMG
CoA reductase as suitable internal control for the CorA and profillin expression
analysis.
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Abbreviations

HMG CoA Reductase: 3-Hydroxy-3-Methylglutaryl Coenzyme
A Reductase; mRNA: messenger Ribonucleic Acid; NCBI: National
Centre of Biotechnology Information; RT-PCR: Reverse Transcribed
Polymerase Chain Reaction; RT-qPCR: Real-Time quantitative
Polymerase Chain Reaction

Introduction

Respiratory diseases with a background in pollen allergens
possess an increased tendency throughout the urbanized area. Pollen
allergic diseases are the result of hypersensitivity to aeroallergens and
are reported as to affecting up to the 30% of population [1,2]. Corylus
avellana is a known source of food allergy, but the immunological
cross-reactivity of hazel pollen is reported and known as well [3-5].
Two pollen allergens are described for Corylus avellana — CorA and
pollen profilin [6]. Both of them were reported as to be related to
the birch pollen allergens BetV1 and BetV2 [7]. For pollen allergens,
a discrepancy between the number of pollen grains and quantities
of pollen allergen in the atmosphere was reported by Takahashi et
al. and Rantio-Lehtimaki et al. [8,9]. Thinking of above mentioned
circumstances, developing of reproducible and reliable methods of
the allergenic potencial of different sources of spring pollinosis will
lead to their better management.

Gene expression analysis are nowadays an inevitable part of
routine analysis in many fields. The quantitation of mRNA transcripts
of expressed genes is performed in real-time quantitative PCR (RT-
qPCR). Data obtained in the quantitation, after its normalization,
provide a powerful source of gene expresion patterns [10]. Different
housekeeping genes are used as internal controls for RT-qPCR
analysis [11-13]. Comparison of hazelnut pollen expression level
using 18S rRNA as internal control in quantitative real-time PCR
was performed previously by Razna et al. [14]. Using more than one

internal control is suggested in RTqPCR to get more reliable results
[15]. Here, the 3-hydroxy-3-methylglutaryl coenzyme A reductase
was validated for hazelnut pollen allergens expression analysis.

In plant, 3-Hydroxy-3-Methylglutaryl Coenzyme A Reductase
(HMG CoA reductase) is involved in catalysis of isoprenoid
biosynthesis. It catalyses the synthesis of mevalonate, that belongs to
molecules taking part in growth regulators, photosynthetic pigments,
mitochondrial electron transfer chain components, dolichon,
phytoalexin and natural rubber [16]. Plant HMG CoA reductase has
avital role in the mevalonate pathway, critical in regulation of normal
plant development and adaptation to demanding environmental
conditions [17]. As reported by Leivar et al. [17], protein isoforms
of HMG CoA reductase gene posses different roles in plant tissues.
The HMGRIS transcripts are found elsewhere in plants and in high
levels during the first stages of development and in inflorescences
[18]. HMGRIL and HMGR?2 transcripts are detected only in selected
tissues and are much more less abundant than the HMGR1S mRNA
[19,20]. These suggest a housekeeping role for HMGRIS and a
specialized role for HMGRI1L and HMGR2 [17].
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Figure 1: Localization of pollen samples analysed in the study.
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Table 1: Matching of primers used in the study with HMG CoA reductase sequences in public database.

primer sequence

matching sequence for EF206343 in NCBI

matching sequence for KF306244 in NCBI

5°gtcctcaaaaccaacgtgge3” 1345 - 1364 1213 - 1232
5"acattctgagcggggtcttg 3° 1483 - 1502 1351 -1370
The aim of the study was to validate 3-hydroxy-3-methylglutaryl

coenzyme A reductase gene for its application in allergens expression
analysis of hazelnut pollen allergens CorA and profillin. HMG CoA
reductase was used as internal control in expression analysis by one-
step real-time PCR approach.

Materials and Methods

Pollen material and treatment

Pollen sample was obtained in two different places in Ukraine
(Figure 1). The sample from village area from Sumy region was used
as the calibrator and the sample from Kamenets-Podolskiy (cement
plant area) was chosen for the expession analysis. Pollen was obtained
after anther dehiscence. The samples were immediately desicated and
stored in aseptic container until allergen expression analysis.

Sample preparation protocol

One step real-time PCR approach was used for analysis.
Total RNA was extracted from pollen by GeneLET™ Plant RNA
Purification Mini Kit (Thermo Scientific) following manufacturers
instructions. Quality and quantity of extracted RNA was checked
using NanoPhotometer® (Implen) and samples were diluted to 20
ng of total RNA for further analysis. The iScript one-step RT-PCR
kit with SYBR® Green (Bio-Rad Laboratories) was used to perform
analysis in total volume of 25 pl.

Expression analysis

The mRNA sequences of studied genes were obtained from
NCBI database. Bioinformatic evaluation of nucleotide data was
applied for HMG CoA reductase. Primers for HMG CoA reductase
(accession in NCBI - KF306244 and EF206343) were designed using
Primer-Blast software under NCBI database. The sequences were as
follows: forward primer 5" gtcctcaaaaccaacgtgge 3°; reverse primer
5"acattctgagcggggtcttg 3. Primers for CorA and profilin were
designed as reported previously [14]. PCR was performed in CFX96
cycler (Bio-Rad Laboratories). Real-time PCR reaction for HMG
CoA reductase expression analysis was optimized and validated for
previously reported protocol of hazelnut pollen allergens [14]. Primer
and RNA concentrations were optimized for their compactibility
with the temperature and time conditions reported for CorA and
profilin expression analysis. Primer dimers formation was evaluated
by melting curve analysis. The CFX96 software generated standard
curve by plotting Ct versus concentrations logarithms for each
control. Hazelnut pollen allergens quantitations were processed
using Pfaffl method [21]. Allergens expession was normalized agains
3-hydroxy-3-methylglutaryl coenzyme A reductase gene used as
internal control. Validating of HMG CoA reductase results were
performed by comparing them to the results of our previous study
[14], where two-step real-time PCR approach was used for expression
analysis of the same samples and 18S rRNA as internal control.

Results and Discussion

In the present study, using of 3-hydroxy-3-methylglutaryl
coenzyme A reductase gene as internal control were performed for
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Figure 2: Effect of different annealing temperatures in HMG CoA reductase

amplification.

utilizing it in hazelnut pollen allergens analysis. The one-step real-
time PCR approach was chosen to simplifying the process of analysis.
Obtaining efficient protocol without timeconsuming analysis is
important for all inhalant allergies sources not only from medicinal,
but from their management point of view, too. Pollen allergens still
remain one of the major sources of respiratory diseases [22,23],
but the protocols for their expression level analysis are reported in
literature very rare [14,24].

HMGR expression analysis optimization

Using of 18S rRNA as internal control was reported previously
for hazelnut pollen allergens expression analysis by Raznd et al.
[14]. In the NCBI database, two sequence of HMG CoA reductase
are available. Observations about HMG CoA reductase suggest a
housekeeping role for HGRI1S as refereed in Leivar et al. [17]. Fist, in
silico analysis were performed to compare both of sequences available
in public database. Performing a BLAST analysis [25] agains the
individual sequences of both accessions, the region with a full match
were identified and this region was used for primer designing (Table

1).

Optimization of RNA content, primer content and annealing
temperature in HMG CoA reductase expression analysis was
performed. Using a temperature gradient 54 °C - 64 °C, the 58 °C
(Figure 2) was showed to be an optimal for HMG CoA reductase
amplicons generating. Tested concentration range for RNA content
(5,10,20 and 40 ng) and primer concentration (200, 300, 400, 500
nmol. dm and their combinations in forward and reverse position)
showed the optimal for 20 ng of RNA content and 400 nmol. dm™ for
forward/reverse primer concentration.

Standart curve and relative expression of hazelnuts pollen
allergens using one-step real-time PCR approach

Five serial dillutions of RNA were used to obtain standart curves.
Achieving efficiency was 98.9% for HMG CoA reductase, 99% for
CorA allergen and 96% for profilin allergen. All constructed standart
curves showed a linear regression between input RNA content and Ct
values in three independent assays. The specifity of amplicons were
inspected using melt analysis, where obtained values were 83.4;°C for
CorA allergen and 79°C for profilin allergen (Figure 3). In this study
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Figure 3: Melting point analyse of CorA and profilin amplicons.

the expression level of CorA and profillin hazelnut pollen allergens
were prooved for a sample from a urbanized area of Kamenets-
Podolskiy, cement plant area. The major allergens of hazel pollen
were identified as to be molecular related to the birch pollen allergen
BetV1 and birch profilin BetV2 [6,26,27].

Expression of allergens from tested sample were compared to the
calibrator from village Sumy region. This combination was chosen,
because the chemotactic activity and expression of BetV1 type
allergen was reported to be higher in pollen samples from urban areas
when comparing them to those from rural sites [24,28].

Previously, changes of CorA and profilin expression were reported
as to be 0.62 and 52.9 x higher in the pollen sample from Kamenets-
Podolskiy when compared them to the sample from rural area [14].
Using a one-step real time PCR approach, very similar values of
expression level were obtained in this study: 0.63 x higher for CorA
and 51.6 higher x for profilin hazelnut pollen ellergen. In spite of very
similar expression level achieved by both used techniques, one-step
and two-step relative quantitation, different Ct values were in analysis
for CorA allergen (Table 2), as a result of differences among the types
of nucleic acids used in analysis. For profilin, obtained data were
again very similar.

In plants, different genes used as internal control in real-time
expression analyses have been identified [29,30]. The reliability
of comparisons among expression levels of some samples’ genes
depends on the normalization through internal controls, that are
selected from housekeeping genes that shoul express in a stable way
in selected plant tissues and given experimental conditions [10,31].
For their uniform expression, ubiquitin, 18S rRNA, p-tubulin, actin
or glyceraldehyde-3-phosphate dehydrogenase are used widely in
normalization of expression data [32,33]. The choise of housekeeping
gene for using it as internal control leads to the accurate quantitative
data analysis [10,30,34]. Here, the expression data were obtained
and compared to those that were analysed using 18S rRNA for data
normalization. 18S rRNA is used widely for this purpose [13,35]
and was confirmed as reliable for different cell systems [10,11]. The
results using both of them, 18S rRNA and HMG CoA reductase, as
internal control showed to be consistent and reliable for quantitation
of hazelnut pollen allergens expression levels.

Conclusion

Pollen-induced respiratory allergies became a part of many

Table 2: Obtained Ct values in one-step and two-step real-time PCR based
analysis of hazelnuts pollen allergens expression for the sample from urbanized
area.

Pollen allergen/ CorA profilin
RT-PCRapproach | ¢cy»  ctr  cot3*  ct1*  ct2r | Ct3*
one-step real time 16,44 | 16,53 16,48 | 26,53 @ 26,86 | 26,45
two-step real time+ | 20,04 19,4 19,57 | 26,93 | 25,95 26,7

*samples in triplicate; + data as obtained in authors” previous study [14]

peoples lives in urbanized areas throughout the world. Here, the HMG
CoA reductase is reported as suitable internal control for hazelnut
pollen allergens expression level analysis. It has not beed reported as
internal control in expression analysis yet. The potential use of HMG
CoA reductase as internal control was analysed in expression profiles
of pollen samples from Ukraine. Our findings confirm its potential to
do so in hazelnut pollen allergen expression.
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