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Abstract. Reactive oxygen species generated by pollen NADPH oxidases are 
present in numerous allergenic pollen species. The superoxide generated by this 
enzyme has been suggested as a key actor in the induction of allergic 
inflammation. However, this enzyme has been characterized in Arabidopsis 
thaliana pollen only, where two pollen-specific genes (RbohH and RbohJ) have 
been described. The olive (Olea europaea L.) pollen is an important source of 
allergy in Mediterranean countries. We have assembled and annotated an olive 
pollen transcriptome, which allowed us to determine the presence of at least two 
pollen-specific NADPH oxidase homologues. Primers were designed to 
distinguish between the two homologues, and full-length sequences were 
obtained through a PCR strategy. Complete in silico analysis of such sequences, 
including phylogeny, 3-D modeling of the N-terminus, and prediction of 
cellular localization and post-translational modifications was carried out with 
the purpose of shed light into the involvement of olive pollen-intrinsic NADPH 
oxidases in triggering allergy symptoms. 
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1 Introduction 

One of the most important causes of seasonal respiratory allergy in the Mediterranean 
area is olive pollen [1]. Allergens are proteins significantly expressed in pollen, many 
of them showing essential roles in pollen physiology. In the case of olive, twelve 
allergens have been identified and characterized to date [2]. 

Together with the classic view of the allergic inflammatory response triggered by 
pollen allergens, several studies have shown that pollen is also able to induce IgE-
independent mast cell degranulation mediated by reactive oxygen species (ROS) [3]. 
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Moreover, pollen-released soluble molecules such as superoxide, nitric oxide and 
nitrite seem to contribute to the allergic response [4-7].  

NADPH oxidases (NOX or DUOX [dual NADPH oxidases] in animals, also called 
respiratory burst oxidase homologs [Rbohs] in plants [8]), are transmembrane en-
zymes which catalyze the generation of superoxide radical O2

•- in the apoplast [9], 
leading to extracellular ROS increase [8]. This protein family shares 6 transmembrane 
central domains, two heme-binding sites, and a long cytoplasmic C-terminal owning 
FAD and NADPH binding domains. In addition, plant NOXs as well as animal NOX5 
and DUOX possess Ca2+-binding EF-hands motifs in the N-terminus [10]. In Ara-
bidopsis thaliana, ten Rboh are encoded [11, 12], with two forms (RbohH and RbohJ) 
specifically expressed in pollen [13]. Rboh activity is essential for proper pollen tube 
growth to the female gametophyte, leading to fertilization [14]. Although pollen 
NOXs are expected to be located in the plasma membrane, a cytoplasmic localization 
has also been described [15].  

NADPH oxidase enzymes are present in a wide number of allergenic pollens [4]. 
Superoxide generated by this enzyme activity locates in particular pollen compart-
ments depending on the plant family: surface, cytoplasm, the outer wall or even in 
subpollen particles (SPPs) released during hydration [7]. These SPPs owning NADPH 
oxidase activity can reach the lower airways because their size is in the respirable 
scale [5] and this activity has been involved in the activation of dendritic cells leading 
to induction of adaptive immune responses [16]. 

Boldogh et al. [4] demonstrated that pollen intrinsic NADPH oxidase activity gen-
erates oxidative stress in the airway-lining fluid and epithelium, which in turns facili-
tates pollen antigen-induced allergic airway inflammation. The authors suggest that 
this ROS induction is independent of the adaptative immune response. Therefore, in 
the proposed ‘2-signal model’, pollen NADPH oxidase activity promotes allergic 
inflammation induced by pollen antigens. Regarding allergic conjunctivitis, NOX-
produced ROS from ragweed pollen were able to intensify the responsiveness of pa-
tients [17]. However, it has been recently suggested that this ROS-producing activity 
in pollen is not involved in either sensitization to pollen or in the allergic airway dis-
ease [18]. On the basis of the presence of contradictory results, further studies are 
necessary to determine how pollen intrinsic NADPH oxidase-produced ROS are act-
ing in the allergic response.    

An olive pollen transcriptome has been recently generated from cDNA by using a 
454/Roche Titanium+ platform (Carmona et al., in preparation). The annotated infor-
mation is highly valuable to determine the presence of putative new allergens, to elu-
cidate the mechanisms governing the allergy process, and the implication in the olive 
pollen metabolism through germination, stigma receptivity, and the interaction pollen-
stigma. We have screened such transcriptome to identify the presence of Rbohs in the 
olive pollen, and used the retrieved sequences for further sequence confirmation and 
bioinformatic analysis. 
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2 Materials and Methods 

2.1 Screening and Identification of NADPH Oxidase Transcripts in the Olive 
Transcriptome 

Different strategies were defined to select such transcripts. Searches were performed 
by definition using GO, EC, KEGG and InterPro terms and codes, orthologues and 
gene names in the annotated transcriptome. BLAST searches were also performed 
using heterologous sequences available in public databases and well- established bib-
liography resources as TAIR and GenBank.  

2.2 Olive Pollen Rboh Cloning and Sequencing  

Olive pollen transcriptome retrieved sequences corresponding to Rboh-homologues 
(partial, internal sequences) were used to design primers in order to amplify the 
known sequence from pollen cDNA. Plant material was obtained according to [19]. 
Total RNA from mature pollen was extracted using the RNeasy Plant Total RNA kit 
(Quiagen, U.S.A.) and first-strand cDNA was synthesized with oligo(dT)19 primer 
and M-MLV reverse transcriptase (Fermentas). Standard PCR were carried out using 
Taq polymerase (Promega) and Pfu (Promega) to obtain or confirm nucleotides se-
quences. Full sequences were obtained by means of both 3’- and 5’-RACE (smarter 
RACE, Clontech), following manufacturer’s specifications. pGEMT-easy (Promega) 
was used for cloning purposes. Sanger sequencing was achieved in the facilities of the 
EEZ-CSIC institute in Granada. 

2.3 In silico Analysis of the Sequences 

Nucleotide  sequences were aligned using CLUSTAL OMEGA multiple alignment 
tool with default parameters [20]. Phylogenetic trees were constructed with the aid of 
the software Seaview [21]  using the maximum likelihood (PhyML) method and  
implementing the most probable nucleotide substitution model (GTR)  previously 
calculated by  JmodelTest2 [22]. The branch support was estimated by bootstrap 
resampling with 100 replications. 

For the prediction of protein cell localization, the software Plant-mPloc [23] was 
used. PhosPhAt [24] and PlantPhos [25] were used to predict serine, threonine and 
tyrosine phosphorylation. GPS-SNO 1.0 was used for prediction of S-nitrosylation 
sites [26]. TermiNator was used to predict N-terminal methionine excision, acetyla-
tion, myristoylation or palmitoylation [27]. 

Structure prediction of OeNOX1 N-terminal region was modeled by using the fold 
recognition-based Phyre2 server [28], with c3a8rB [29] as the template and a 100% 
confidence. Ligand binding sites were predicted with the server 3DLigandSite [30].  
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3 Results 

3.1 Retrieval and Alignment of NADPH Oxidase Sequences from the Olive 
Pollen Transcriptome 

Transcriptome mining led us to pick seven entries identified as internal, partial se-
quences corresponding to NADPH oxidases (Table 1) by BLASTing each individual 
sequences against the GenBank database.   

Table 1. Output  sequences identified as NADPH oxidase after screening. The lengths of the 
assembled sequences are indicated. 

Sequence 
No. 

Sequence name Lenght 
(bp) 

1 input_mira_c5325 2032 
2 input_mira_c12648 463 
3 HVRC56C02JI550_RL3 459 
4 input_mira_c8822_split_1 610 
5 HVRC56C02GU1BZ_RL1 370 
6 input_mira_c5061 643 
7 input_mira_c8822_split_0 281 

 
Figure 1 displays a simplified representation of a multiple sequence alignment be-

tween the transcripts obtained and well-characterized plant NOXs available at public 
databases. Such alignment, together with the phylogenetic analysis displayed in  
Fig. 2, led us to conclude that the 7 outputs identified in the annotated transcriptome 
belong to at least two different coding sequences, that we named OeNOX1 and 
OeNOX2. 

 

Fig. 1. Sequences alignment using AT5G60010.1 (Arabidopsis thaliana pollen-specific RbohH) 
as the reference (blue arrow).  Green arrows: OeNOX1; red arrows: OeNOX2.  

3.2 Cloning of OeNOX1 and OeNOX2 and Phylogenetic Analysis 

PCR amplification of cDNA enabled us to obtain the whole sequence of the coding 
region of OeNOX1 (2502bp) and a large proportion of the coding region of OeNOX2 
(2094bp). The nucleotide sequences of both genes were subjected to a phylogenetic 
analysis including a representation of NADPH oxidases identified in different  
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taxonomical groups (Fig. 2). Different clusters are easily differentiated. Ancestral-
type NOXs are presents in humans (NOX1-4) as well as in fungus (Fusarium 
graminearum: NOXA and NOXB) (yellow cluster). Animal NOX5 and DUOX1-2 
share EF-hands motifs with plants NADPH oxidases, and all of them are considered 
calcium-dependents (green cluster). OeNOX1 and OeNOX2 proteins belong to a fam-
ily of highly related proteins in plants (blue cluster) with ten orthologues in Arabidop-
sis. Olive pollen NADPH oxidases are gathered in a subgroup together with the three 
pollen specific NOXs identified up to now (AtRbohH and J from Arabidopsis and 
NtNOX from Nicotiana) (purple cluster) [31, 32].  

 

Fig. 2. Phylogenetic relationships between olive pollen NADPH oxidases OeNOX1 and 2 and 
their homologues in vegetative and reproductive tissues from Arabidopsis (AtRbohA-J) and 
other taxonomically distant NOX proteins. 
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3.3 In silico Prediction of Cellular Localization and Post-translational 
Modifications 

Plant-mPloc software allowed to predict OeNOX1 and OeNOX2 cellular localization 
in plasma membrane, as it occurs with AtRbohH from Arabidopsis. Nevertheless, 
cytosolic localization was predicted for the Arabidopsis homologue AtRbohJ. 

PhosPhAt and PlantPhos allowed us to predict 23 putative phosphorylation  
(Table 2). Potential S-nitrosylation sites were identified in 2 Cys-containing peptides 
by using the software GPS-SNO, as described in Table 3. Moreover, the N-terminus 
methionine of the mature protein was predicted to be acetylated with a 100% proba-
bility by using the prediction tools cited in material and methods. On the contrary, the 
presence of neither myristoylation nor palmitoylation sites was predicted. 

Table 2. Amino acids prone to phosphorylation within the OeNOX1 sequence as predicted by 
PhosPhAt/PlantPhos 

Serine Threonine Tyrosine 

14 90 231 

49 91 253 

75 92 269 

189 246 514 

689 271 527 

691 521 628 

804 578 645 

625 736 

Table 3. Cys-containing peptides prone to S-nitrosylation (B) within the OeNOX1 sequence as 
predicted by GPS-SNO 

Position Sequence  
347 ALILLPVCRRTLTKL 
815 KPLKQLCQELSLTS 

3.4 3D Modeling of the Structure and in silico Analysis of the Function 

The structure prediction served used confirmed that the corresponding translated ami-
no acid sequences of OeNOX1 and OeNOX2 were consistent with available 3D mod-
els developed by using folding-recognition software. However such available models 
included partial structures only. N-terminus of OsNOX1/2 was modeled from Met73 
to Leu241 with 100% confidence with the template corresponding to the (X-ray) 
structure of the N-terminal regulatory domain of a plant NADPH oxidase [29].  
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The most interesting feature was the presence of Calcium binding sites predicted at 
residues Asp181, Asn183, Asp185 and Met187, (Fig.3). 

 

Fig. 3. 3D modeling of the N-terminus of OeNOX1/2. Predicted Ca-binding sites are displayed 
in blue and Calcium ion is displayed in green.  

4 Discussion 

In this paper we have carried out a bioinformatic screening of exome sequences of 
mature olive pollen. This allowed us to detect the existence of at least two Rboh 
genes, homologous to other pollen Rboh genes described previously in tobacco and 
Arabidopsis. Subsequent PCR and RACE experiments confirmed such expression in 
olive pollen and drove to the obtention of full sequence of one of the two genes, 
namely OeNOX1. The overall filtering of transcriptome outputs to identify the two 
NOX sequences obtained resulted to be a challenge due to the high homology be-
tween these two genes, which required not only a knowledge of bioinformatics tools 
but previous experience in these protein families. The phylogenetic analysis carried 
out clustered OeNOX1 and OeNOX2 within a pollen-specific NOXs subgroup, thus 
suggesting distinctive features for these Rboh homologous in pollen. 

ROS production by RbohH and RbohJ is essential for proper pollen tube tip 
growth[14], acting as a speed control to dampen growth rate oscillations during polar-
ized cell growth [15]. Furthermore, the activity of these enzymes has been demon-
strated to be subjected to a complex regulation by multiple elicitors including Ca2+, 
signaling phospholipids and Rac/Rop GTPases [33]. Although the key involvement of 
NADPH oxidases in olive pollen physiology has been determined as well [33], little is 
known as regard to the involvement of these enzymes in the development of allergy. 
Olive pollen generates superoxide which can be detected by using confocal microsco-
py in combination with the use of dihydroethidium [34]. Still many aspects have to be 
elucidated, for example putative release of sub-pollen particles from olive pollen upon 
hydration, superoxide dismutase inhibition of both pollen NOX activities, their pres-
ence in insoluble fractions which could facilitate the exposure of tissues to ROS gen-
erated by these enzymes etc. These many aspects may contribute to processes like 
sensitization and pathogenesis of allergic inflammation [7]. 
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Concerning bioinformatic predictions of post-translational modifications, caution 
should be taken, considering the in silico nature of the outputs. However, some of the 
results agree with experimental data previously published in plants other than olive. 
This is the case of the highly conserved Cys815, which is a predicted candidate for  
S-nitrosylation. This residue was previously disclosed to be nitrosylated in Arabidop-
sis thaliana, leading to NADPH oxidase activity regulation during the immune re-
sponse in plants [35]. Considering the proposed involvement of pollen-generated 
nitric oxide (NO) in the allergic response as well [6] we also suggest another possible 
interconnection of these events with pollen-induced allergy via NOX activity. Unfor-
tunately, the available 3D templates did not enable us modeling the protein portion 
including such cysteine liable to be S-nitrosylated. Concerning other modifications, 
NADPH oxidases in plants have been previously described to be modified by phos-
phorylation, probably in a synergistic way with Ca2+ [36, 37]. OeNOX1 has been 
predicted to be acetylated at the N-terminus, as it occurs for almost 80% of eukaryotic 
proteins [27]. Finally, the expected plasma membrane localization reported is also in 
good agreement with determinations made by other authors [15].  

Here we show for the first time the presence of two NADPH oxidase forms in a 
highly allergenic pollen like that of Olea europaea. Predictions of sequence, structure, 
location and post-translational modifications have been made in order to initiate a 
valuable characterization of this enzyme which help to further assess its implication in 
allergy. 

5 Conflict of Interest 

The authors confirm that this article content has no conflicts of interest. 

Acknowledgments. This work was supported by ERDF-cofunded projects BFU2011-
22779, P2010-AGR6274, P10-CVI-6075, P2010-CVI5767 and P2011-CVI-7487. 
This research was also partially supported by the European Research Program 
MARIE CURIE (FP7-PEOPLE-2011-IOF), under the grant reference number PIOF-
GA-2011-301550 to JCJ-L and JDA. We also thank the I.F.A.P.A. ‘‘Venta del 
Llano’’ (Mengíbar, Jaén, Spain) for providing the plant material. 

References 

1. Liccardi, G., D’Amato, M., D’Amato, G.: Oleaceae pollinosis: a review. International Ar-
chives of Allergy and Immunology 111, 210–217 (1996) 

2. Villalba, M., Rodriguez, R., Batanero, E.: The spectrum of olive pollen allergens. From 
structures to diagnosis and treatment. Methods (San Diego, Calif.) 66, 44–54 (2014) 

3. Speranza, A., Scoccianti, V.: New insights into an old story: pollen ROS also play a role in 
hay fever. Plant Signal Behav. 7, 994–998 (2012) 

4. Boldogh, I., Bacsi, A., Choudhury, B.K., Dharajiya, N., Alam, R., Hazra, T.K., Mitra, S., 
Goldblum, R.M., Sur, S.: ROS generated by pollen NADPH oxidase provide a signal that 
augments antigen-induced allergic airway inflammation. J. Clin. Invest. 115, 2169–2179 
(2005) 



458  M.J. Jiménez-Quesada et al. 

 

5. Dharajiya, N., Boldogh, I., Cardenas, V., Sur, S.: Role of pollen NAD(P)H oxidase in al-
lergic inflammation. Current Opinion in Allergy and Clinical Immunology 8, 57–62 (2008) 

6. Bright, J., Hiscock, S.J., James, P.E., Hancock, J.T.: Pollen generates nitric oxide and ni-
trite: a possible link to pollen-induced allergic responses. Plant Physiol. Biochem. 47,  
49–55 (2009) 

7. Wang, X.L., Takai, T., Kamijo, S., Gunawan, H., Ogawa, H., Okumura, K.: NADPH oxi-
dase activity in allergenic pollen grains of different plant species. Biochem. Biophys. Res. 
Commun. 387, 430–434 (2009) 

8. Lamb, C., Dixon, R.A.: The oxidative burst in plant disease resistance. Annual Review of 
Plant Physiology and Plant Molecular Biology 48, 251–275 (1997) 

9. Lambeth, J.D.: NOX enzymes and the biology of reactive oxygen. Nature Reviews. Im-
munology 4, 181–189 (2004) 

10. Bedard, K., Lardy, B., Krause, K.H.: NOX family NADPH oxidases: not just in mammals. 
Biochimie 89, 1107–1112 (2007) 

11. Dangl, J.L., Jones, J.D.: Plant pathogens and integrated defence responses to infection.  
Nature 411, 826–833 (2001) 

12. Torres, M.A., Onouchi, H., Hamada, S., Machida, C., Hammond-Kosack, K.E.,  
Jones, J.D.: Six Arabidopsis thaliana homologues of the human respiratory burst oxidase 
(gp91phox). Plant J. 14, 365–370 (1998) 

13. Sagi, M., Fluhr, R.: Production of reactive oxygen species by plant NADPH oxidases. 
Plant Physiol. 141, 336–340 (2006) 

14. Kaya, H., Nakajima, R., Iwano, M., Kanaoka, M.M., Kimura, S., Takeda, S., Kawarazaki, T., 
Senzaki, E., Hamamura, Y., Higashiyama, T., Takayama, S., Abe, M., Kuchitsu, K.: Ca2+-
activated Reactive Oxygen Species production by Arabidopsis RbohH and RbohJ is essential 
for proper pollen tube tip growth. The Plant Cell Online (2014) 

15. Lassig, R., Gutermuth, T., Bey, T.D., Konrad, K.R., Romeis, T.: Pollen tube NAD(P)H ox-
idases act as a speed control to dampen growth rate oscillations during polarized cell 
growth. The Plant Journal (2014) 

16. Pazmandi, K., Kumar, B.V., Szabo, K., Boldogh, I., Szoor, A., Vereb, G., Veres, A., 
Lanyi, A., Rajnavolgyi, E., Bacsi, A.: Ragweed Subpollen Particles of Respirable Size Ac-
tivate Human Dendritic Cells. PLoS ONE 7, e52085 (2012) 

17. Bacsi, A., Dharajiya, N., Choudhury, B.K., Sur, S., Boldogh, I.: Effect of pollen-mediated 
oxidative stress on immediate hypersensitivity reactions and late-phase inflammation in al-
lergic conjunctivitis. The Journal of Allergy and Clinical Immunology 116, 836–843 
(2005) 

18. Shalaby, K.H., Allard-Coutu, A., O’Sullivan, M.J., Nakada, E., Qureshi, S.T., Day, B.J., 
Martin, J.G.: Inhaled birch pollen extract induces airway hyperresponsiveness via oxida-
tive stress but independently of pollen-intrinsic NADPH oxidase activity, or the TLR4-
TRIF pathway. Journal of Immunology 191, 922–933 (2013) 

19. Alché, J.D., M’rani-Alaoui, M., Castro, A.J., Rodríguez-García, M.I.: Ole e 1, the major 
allergen from olive (Olea europaea L.) pollen, increases its expression and is released to 
the culture medium during in vitro germination. Plant and Cell Physiology 45,1149–1157 
(2004) 

20. McWilliam, H., Li, W., Uludag, M., Squizzato, S., Park, Y.M., Buso, N., Cowley, A.P., 
Lopez, R.: Analysis Tool Web Services from the EMBL-EBI. Nucleic Acids Research 
41,W597–W600 (2013) 

21. Gouy, M., Guindon, S., Gascuel, O.: SeaView Version 4: A Multiplatform Graphical User 
Interface for Sequence Alignment and Phylogenetic Tree Building. Molecular Biology and 
Evolution 27, 221–224 (2010) 

22. Darriba, D., Taboada, G.L., Doallo, R., Posada, D.: jModelTest 2: more models, new heu-
ristics and parallel computing. Nat. Meth. 9, 772–772 (2012) 



 Identification and in silico Analysis of NADPH Oxidase Homologues 459 

 

23. Chou, K.C., Shen, H.B.: Plant-mPLoc: a top-down strategy to augment the power for pre-
dicting plant protein subcellular localization. PLoS One 5,e11335 (2010) 

24. Heazlewood, J.L., Durek, P., Hummel, J., Selbig, J., Weckwerth, W., Walther, D., Schul-
ze, W.X.: PhosPhAt: a database of phosphorylation sites in Arabidopsis thaliana and a 
plant-specific phosphorylation site predictor. Nucleic Acids Research 36, D1015–D1021 
(2008) 

25. Lee, T.-Y., Bretana, N., Lu, C.-T.: PlantPhos: using maximal dependence decomposition 
to identify plant phosphorylation sites with substrate site specificity. BMC Bioinformatics 
12, 261 (2011)  

26. Xue, Y., Liu, Z., Gao, X., Jin, C., Wen, L., Yao, X., Ren, J.: GPS-SNO: Computational 
Prediction of Protein S-Nitrosylation Sites with a Modified GPS Algorithm. PLoS ONE 5, 
e11290 (2010) 

27. Martinez, A., Traverso, J.A., Valot, B., Ferro, M., Espagne, C., Ephritikhine, G., Zivy, M., 
Giglione, C., Meinnel, T.: Extent of N-terminal modifications in cytosolic proteins from 
eukaryotes. Proteomics 8, 2809–2831 (2008)  

28. Kelley, L.A., Sternberg, M.J.: Protein structure prediction on the Web: a case study using 
the Phyre server. Nature Protocols 4, 363–371 (2009) 

29. Oda, T., Hashimoto, H., Kuwabara, N., Akashi, S., Hayashi, K., Kojima, C., Wong, H.L., 
Kawasaki, T., Shimamoto, K., Sato, M., Shimizu, T.: Structure of the N-terminal regulato-
ry domain of a plant NADPH oxidase and its functional implications. J. Biol. Chem. 285, 
1435–1445 (2010) 

30. Wass, M.N., Kelley, L.A., Sternberg, M.J.: 3DLigandSite: predicting ligand-binding sites 
using similar structures. Nucleic Acids Research 38,W469–W473 (2010) 

31. Boisson-Dernier, A., Lituiev, D.S., Nestorova, A., Franck, C.M., Thirugnanarajah, S., 
Grossniklaus, U.: ANXUR receptor-like kinases coordinate cell wall integrity with growth 
at the pollen tube tip via NADPH oxidases. PLoS Biology 11, e1001719 (2013) 

32. Potocky, M., Jones, M.A., Bezvoda, R., Smirnoff, N., Zarsky, V.: Reactive oxygen species 
produced by NADPH oxidase are involved in pollen tube growth. New Phytol. 174,  
742–751 (2007) 

33. Potocky, M., Pejchar, P., Gutkowska, M., Jimenez-Quesada, M.J., Potocka, A., Alche, J.D., 
Kost, B., Zarsky, V.: NADPH oxidase activity in pollen tubes is affected by calcium ions,  
signaling phospholipids and Rac/Rop GTPases. J. Plant Physiol. 169, 1654–1663 (2012) 

34. Zafra, A., Rodriguez-Garcia, M.I., Alché, J.D.: Cellular localization of ROS and NO in  
olive reproductive tissues during flower development. BMC Plant Biol. 10, 36 (2010) 

35. Yun, B.W., Feechan, A., Yin, M., Saidi, N.B., Le Bihan, T., Yu, M., Moore, J.W., Kang, 
J.G., Kwon, E., Spoel, S.H., Pallas, J.A., Loake, G.J.: S-nitrosylation of NADPH oxidase 
regulates cell death in plant immunity. Nature 478, 264–268 (2011) 

36. Drerup, M.M., Schlucking, K., Hashimoto, K., Manishankar, P., Steinhorst, L., Kuchitsu, K., 
Kudla, J.: The calcineurin B-like calcium sensors CBL1 and CBL9 together with their inter-
acting protein kinase CIPK26 regulate the Arabidopsis NADPH oxidase RBOHF. Mol. Plant 
(2013) 

37. Ogasawara, Y., Kaya, H., Hiraoka, G., Yumoto, F., Kimura, S., Kadota, Y., Hishinuma, H., 
Senzaki, E., Yamagoe, S., Nagata, K., Nara, M., Suzuki, K., Tanokura, M., Kuchitsu, K.: 
Synergistic activation of the Arabidopsis NADPH oxidase AtrbohD by Ca2+ and phosphory-
lation. J. Biol. Chem. 283, 8885–8892 (2008)  


	Identification and in silico Analysis of NADPH Oxidase Homologues Involved in Allergy from an OlivePollen Transcriptome
	1 Introduction
	2 Materials and Methods
	2.1 Screening and Identification of NADPH Oxidase Transcripts in the Olive Transcriptome
	2.2 Olive Pollen Rboh Cloning and Sequencing
	2.3 In silico Analysis of the Sequences

	3 Results
	3.1 Retrieval and Alignment of NADPH Oxidase Sequences from the Olive Pollen Transcriptome
	3.2 Cloning of OeNOX1 and OeNOX2 and Phylogenetic Analysis
	3.3 In silico Prediction of Cellular Localization and Post-translational 
Modifications
	3.4 3D Modeling of the Structure and in silico Analysis of the Function

	4 Discussion
	5 Conflict of Interest
	References




