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2. Brief summary
The aim of this project was to develop two novel assays to investigate the role of peroxidasin in
health and disease. Peroxidasin is expressed in most tissues of the body and is essential for the
stability and integrity of connective tissue. However, peroxidasin was also shown to be a key player
in numerous pathologies like tissue fibrosis and several types of cancer. Interestingly, recent
research has revealed that peroxidasin mRNA is highly upregulated when metastatic melanoma cells
become invasive. This implies that peroxidasin promotes tumour cell invasion. However, to date the
underlying molecular mechanisms remain unknown.
Sensitive and reliable assays are required to elucidate the role of peroxidasin in tumour biology.
During this project, we have developed two independent assays to measure peroxidasin protein
expression and enzymatic activity in melanoma cell lysates (an ELISA: enzyme-linked
immunosorbent assay; and a mass spectrometry method). The results obtained with our novel
assays have revealed that peroxidasin protein expression is associated with the invasive potential of
melanoma cells.
Furthermore, we have developed a fluorescence microscopy method to visualize peroxidasin protein
in melanoma cells. Our novel assays and results will be published in a high impact scientific journal,
thereby we are making our assays and findings available to the wider scientific community. Most
importantly though, we will use these novel assays to investigate peroxidasin expression and activity
in tumour tissue samples. This will help to elucidate if peroxidasin could be a useful biomarker with
diagnostic, prognostic and potentially therapeutic value.
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Research 


Aim: The aim of this project was the development of novel methods to 
provide sensitive tools to detect peroxidasin in cell extracts and 
to develop a fluorescent probe to image peroxidasin in situ.  


Peroxidasin is an extracellular heme peroxidase enzyme with 
implications in tumour biology and other pathologies including 
fibrosis. Peroxidasin mRNA was shown to be upregulated when 
metastatic melanoma cells become invasive.  


 Sensitive detection methods are required to elucidate the role of 
peroxidasin in melanoma and other types of cancer. 


 


Objectives:    


 
1. Development of a novel and highly specific peroxidasin ELISA (enzyme-linked 


immunosorbent assay) to provide a sensitive, robust and reliable assay to measure 
peroxidasin protein levels and activity. 


 
2. To test and apply the developed peroxidasin ELISA using a peroxidasin expressing 


mammalian cell culture/extracellular matrix model as well as invasive and non-invasive 
melanoma cell lines. 


 
3. Development of a peroxidasin-binding green fluorescent fusion protein (gfp-Pxd-binder) 


based on several small, highly specific peroxidasin-binding proteins provided from 
Vienna, Austria, to deliver a tool for live-cell imaging to visualize peroxidasin in-situ. 


 
4. Testing of the green fluorescent peroxidasin-binding fusion protein by applying the gfp-


Pxd-binder to our peroxidasin expressing mammalian cell culture/extracellular matrix 
model as well as to invasive and non-invasive melanoma cell lines. 
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Results: 


 


1. Development of an ELISA to measure peroxidasin protein levels and enzymatic activity in 


melanoma cell lines (objective 1 and 2): 


I have successfully developed an ELISA (enzyme-linked immunosorbent assay) to measure 
peroxidasin protein and activity as illustrated in Figure 1.  


A specific peroxidasin binding protein (Figure 1, shown in blue) was used to immobilize 
peroxidasin (Pxd) on the ELISA plate. The specificity of the binding protein was confirmed by 
immunoprecipitation. One of the main advantages of using this specific binding protein is that 
it can be produced at very low cost with a very high yield in E. coli. Purification of the binding 
protein is an easy one-step process as the binding protein has a hexa-histidine tag. This highly 
reduces the costs of this assay compared to using a commercially available antibody to capture 
the protein of interest.  


 


Figure 1: Scheme of the peroxidasin-specific ELISA to detect both peroxidasin protein and 
activity. 
 


The assay was used to establish peroxidasin protein expression and activity in invasive and 
non-invasive metastatic melanoma cell lines as shown in Figure 2. Five invasive and three non-
invasive metastatic melanoma cell lines were kindly provided from Prof. Eccles, University of 
Otago, Dunedin. The cells were grown at 5 % oxygen tension and both cell lysates and cell 
culture medium were analysed for peroxidasin protein and activity.  
 


After the binding of peroxidasin to the plate the enzymatic activity of peroxidasin was measured 
using the peroxidase substrate Amplex red (as shown in Figure 1). Peroxidase activity leads to 
the formation of a fluorescent oxidation product. Five invasive and three non-invasive 
metastatic melanoma cell line lysates were analysed as shown in Figure 2 (A). Peroxidase 
activity was only detectable in the invasive cell lines and not in the non-invasive ones. 
Peroxidasin protein was subsequently measured using a series of antibodies for signal 
amplification (Figure 1 and Figure 2B). Recombinant peroxidasin was used to establish a 
standard curve for semi-quantitative analysis of samples with unknown peroxidasin content. 


 


 


 


 


 


 


 


 


 


 


 


Figure 2: (A) Peroxidasin activity and (B) peroxdasin protein levels detected in invasive and 
non-invasive melanoma cell lines using the developed peroxidasin ELISA. 
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2. Mass spectrometric assay development to measure peroxidasin protein to validate the 


specificity of the ELISA (additional objective):  


I have developed an additional assay to measure peroxidasin protein, which is based on mass 
spectrometry (MS). The rationale for the development of this assay was to confirm the results 
obtained by ELISA by a method that was independent of antibodies and of a peroxidasin-
binding protein. The assay was established using recombinant peroxidasin to select two tryptic 
peptides to detect by mass spectrometry using multiple reaction monitoring (MRM). The mass 
spectrometric method confirmed the results obtained by ELISA as shown below in Figure 3.  
 


 


 


Figure 3: Mass spectrometric analysis of (A) peroxidasin protein in invasive metastatic 
melanoma cell lines and (B) secretion of peroxidasin to the medium over time. (C) Analysis of 
peroxidasin protein in invasive metastatic melanoma cell lines and (D) secretion of peroxidasin 
to the medium over time analysed by ELISA detecting protein and activity. Both methods 
produced very similar results for invasive metastatic melanoma cell lines; thereby the two 
methods are substantiating each other. 


 


3. In situ visualizing of peroxidasin by fluorescence microscopy (objective 3 and 4):  


The plasmid DNA for the expression and subsequent purification of a peroxidasin-binding 
green fluorescent fusion protein (gfp-Pxd-binder) has been kindly donated to us by Prof. 
Christian Obinger’s laboratory. Peroxidasin is a protein, which is secreted to the extracellular 
matrix. Therefore, its putative location inside the cell is the endoplasmic reticulum (ER) and 
secretory vesicles of the golgi apparatus.  


In an early set of experiments, the gfp-Pxd-binder has been used in a one-step direct labelling 
approach to visualize peroxidasin in metastatic melanoma cells. This resulted in an unexpected 
strong nuclear signal for the peroxidasin expressing cell line. A later set of experiments using 
the peroxidasin binding protein from the ELISA and subsequent two-step antibody labelling, did 
not confirm the earlier results but showed punctuated staining in the cytosol. This finding is 
more in agreement with its presumed location in the ER and golgi. Direct labelling could have 
resulted in non-specific nuclear staining. Experiments are currently still underway to elucidate 
if the gfp-Pxd-binder is an appropriate probe for fluorescent microscopy to detect peroxidasin 
or if the above-mentioned multi-step approach displays higher specificity and is therefore more 
suitable. Ongoing cell fractionation experiments should furthermore confirm the results 
obtained by fluorescence microscopy. 


(C) (D) 


(A) (B) 
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Funding body specific outcomes 


The CMRF was established to support medical research in Canterbury, with the aim of having 
both local and global impact. This project has been successful in meeting these objectives. 
With the funding provided by CMRF we have been able to use our existing expertise and 
equipment to produce new research tools in our area of biomedical research.  


The newly developed assays will help to reveal the role of peroxidasin in invasive melanoma, 
cancer cell invasion in general and other pathologies peroxidasin is involved in. In the future 
the assays will be applied to investigate peroxidasin expression and activity in tumour samples 
to elucidate if peroxidasin has prognostic, diagnostic or potentially therapeutic potential in novel 
cancer treatments. 


 


Key findings: 


 Successful development of two independent methods to detect peroxidasin protein 


 Proof of suitability of the assays by detecting peroxidasin protein and activity in 


metastatic melanoma cell lines 


 To visualize peroxidasin a multi-step fluorescence microscopy approach displayed 


higher sensitivity than one-step direct labelling  


 Preparation of an original article in a high impact scientific journal detailing the novel 


methods and presenting the results obtained by applications of the assays 


 


Publications 


Conference presentations:  


 International conferences: 


Paumann-Page, M., Bathish, B., Eccles, M., and Winterbourn, C. (2019): Peroxidasin 
expression and activity in invasive metastatic melanoma. [The 11th International Human 
Peroxidase Meeting, Brno, Czech Republic, Sept 4-7, 2019 [selected speaker]. 
 


Paumann-Page, M., Bathish, B., Eccles, M., and Winterbourn, C. (2018): Peroxidasin, a newly 
identified peroxidase, and its role in metastatic melanoma. [The 26th Annual Meeting of the 
Society for Free Radical Research Australasia, Auckland, New Zealand, Dec 8-12 [selected 
speaker]. 
 


 National conference: 


Paumann-Page, M., Bathish, B., Eccles, M., and Winterbourn, C. (2018): Peroxidasin, a newly 
identified peroxidase, and its role in invasive metastatic melanoma. 50th Conference of the New 
Zealand Society of Oncology, Queenstown, New Zealand, Aug 24-25. [poster presentation]  


 


 Presentation at the end of year meeting of the Canterbury Masonic Charitable Trust: 


Peroxidasin and its role in metastatic melanoma;  23rd of November 2018, 


Christchurch. 


 


Scientific press publications: 


in preparation: original research article to be submitted to peer-reviewed scientific journal  


Paumann-Page, M., Motwani, J., Bathish, B., Paton, L., Niko, X., Traxlmayr, M., Obinger, C., 
Eccles, M., Winterbourn, C. (2020) Protein expression and enzymatic activity of peroxidasin in 
melanoma cell lines and association with invasive potential.  


 


The results presented in the final report cannot be published on the CMRF website 
before publication in a scientific journal. We will notify CMRF when the report can be 
published. 
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5. Feedback
I am very grateful for having received this funding from CMRF. Preliminary data generated with the
novel assays we have developed during this project contributed to a successful Marsden Grant
application to investigate the molecular mechanisms of peroxidasin promoting melanoma cell
invasion. We will be able to use the assays to investigate a wide range of research questions and
establish the implications of peroxidasin expression in other types of cancer.
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