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PURPOSE OF THE STSM: 
  
The aim of the internship in Biodonostia Health Research Institute as part of the Action CA17103 Delivery 
of Antisense RNA Therapeutics was to get to know the qualitative and quantitative techniques for protein 
identification in mammalian cells. Dr Ainara Vallejo Illarramendi, the host from Biodonostia Health 
Research Institution, and her research group focus on understanding the molecular basis of muscular 
dystrophies and developing novel treatments. For this purpose, they use human samples, as well as 
mouse cellular and animal models of muscular dystrophies, and diverse molecular and cell biology 
techniques such as western blot, qPCR, immunofluorescence and in vivo calcium imaging. The techniques 
learned during the internship will be used in planned research on muscle regeneration to evaluate the 
influence of targeted miRNA on this process. The miRNAs will be overexpressed or downregulated (with 
the use of antisense RNA) in the muscle cells. Changes in the expressions will be checked on the RNA 
and protein level. In our experiments, we want to check if selected miRNAs have an impact on the process 
of regulation of muscle regeneration. The regulatory pathways of many miRNAs are poorly understood, 
and their target proteins are often unknown. Regulating miRNA expression could be potentially used in 
therapy. 
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DESCRIPTION OF WORK CARRIED OUT DURING THE STSMS 
  
We analyzed the expression of selected proteins in murine skeletal and cardiac muscles and murine 
neurons. We compared the expression level of sarco/endoplasmatic Ca2+-ATPase 1 and 2 (SERCA 1 and 
2), ryanodine receptor type 1 (RyR1) and myosin heavy chain (MyHC) in murine skeletal muscles in 
samples from calpain 3 knockout mice (C3KO) with and without treatment, and wild-type mice using 
Western blot (WB). We analyzed expression and localization of dystrophin, utrophin, RyR1 and 
neurofilament in primary neurons from wild-type mouse embryos and we evaluated the expression of 
collagen IV, and embryonic MyHC in murine heart sections from wild-type mice using 
immunocytochemistry (IC) and immunofluorescence (IF). 
Sample preparation 
For WB we used tissue samples stored in -80oC. During sample preparation, it was essential to lodge them 
on ice to prevent protein degradation. Protein extraction was performed by homogenization with extraction 
buffer (protease and phosphatase inhibitor cocktail in Nicholson buffer, 1:100) and Bradford technique was 
used for protein quantification. For accuracy reasons, it was recommended to prepare the same 
concentration of proteins 1mg/ml of each sample. Moreover, for evaluation of the linear range in our 
western blots, we made aliquots of the control sample (wild-type mouse) 2, 1, 0.5, 0.25 mg/ml so that after 
all procedures we could analyze the linearity of control blot curve for MyHC and RyR1 signal. 
For IC we used neurons culture on coverslips fixed with acetone and for IF frozen heart sections on 
microscope slide stored in -20°C and fixed with 4% paraformaldehyde (10 minutes, RT). For microscopic 
slides, hydrophobic barrier pen was used to draw circle surrounding each sample. 
WB electrophoresis and transfer 
It was essential to set proper parameters according to the molecular mass of proteins of interests and 
antibody sensitivity. Low mass proteins could run out of the gel or the membrane when the parameters of 
voltage and time were too high. In our experiment, we evaluated SERCA1, SERCA2 with 110kDa, RyR1 
with 420kDa, MyHC with 250kDa molecular weight and we chose 100V 1.5h for electrophoresis and 100V 
1h for transfer. Because Ab anti-SERCA1 was much more sensitive than Ab anti-SERCA2, we used two 
gels loaded with amounts of samples: 5µg for SERCA1 and 15µg for SERCA2 evaluation. To normalize 
results, we detected GAPDH and β-actin as control antigen expressed in muscle cells in the same 
intensity. The membrane was cut according to the ladder and molecular mass of proteins.  
Antibody staining  
First, we performed the blockage preventing nonspecific binding of antibodies, and we incubated the 
membranes with 5% non-fat milk and IC and IF samples with 2% BSA for 1h. We performed primary 
antibody incubation at -4°C overnight and secondary antibody incubation at room temperature for 1h in 
dark conditions. It was crucial to select species-specific antibodies, proper concentration and proper host 
of each antibody. In IC and IF procedures we used mounting solution with DAPI to stain nuclei. Samples 
were visualized under an inverted epifluorescence microscope (Nikon Eclipse) and Cy2, Cy5 and DAPI 
filters were selected, depending on the fluorescence signal.  
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DESCRIPTION OF THE MAIN RESULTS OBTAINED 
  
Thanks to this STSM and the possibility of doing the internship in Dr Ainara Vallejo Illarramendi laboratory I 
got acquainted with Western blot and immunofluorescence applications, procedures protocols, 
troubleshooting and interpretation of obtained results. 
WB is used to separate proteins based on their molecular weight, identify the protein of interest using 
specific antibodies labelled with horseradish peroxidase (for chemiluminescence detection technique) or 
fluorophore (for fluorescence detection technique), and it provides data to compare protein levels among 
samples. It is essential to be aware of semi-quantitative results obtained in WB assay, as they do not allow 
the absolute measurement of quantity.  
IC and IF are qualitative techniques for demonstrating the presence and location of proteins in tissue 
sections, though it is not appropriate to quantify proteins. However, it can be successfully used to compare 
the intensity and percentage of stained cells between the samples. 
During both techniques, it is essential to prevent artefacts that can appear because of low-quality sample 
preparation, nonspecific binding, autofluorescence of reagent used, unsuitable parameters used for 
electrophoresis and protein transfer, specificity and concentration or antibodies or just because of human 
mistake. That’s why in the host laboratory different negative and positive controls are used. Also, in the 
WB technique, it is important to perform a standard curve for every primary antibody and sample type to 
make sure that the signals are within a linear range. 
 
In figure 1 Western blot analysis and in figure 2 immunocytochemistry analysis is showed. 

 
Fig1. Western blot analysis of SERCA1, SERCA2, RyR1, GAPDH and -actin expression in murine 
skeletal muscles from calpain 3 knockout mice without treatment (C3KO ND) and after treatment (C3KO + 
DRUG) and healthy mice (Control). Detection of GAPDH and β-actin as control antigen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2. Immunocytochemical detection of Dystrophin (green), neurofilament (red) and DNA (blue) in primary 
neurons obtained from wild-type mouse embryos.  
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FUTURE COLLABORATIONS (if applicable) 
  
The COST STSM funding facilitated the collaboration between our group at the Warsaw University of Life 
Science (Warsaw, Poland) and Dr Ainara Vallejo Illarramendi laboratory at Biodonostia Health Research 
Institute (San Sebastian, Spain). The STSM allowed us the familiarization with their developed methods of 
getting reliable results of protein identification in mammalian cells using WB, IC and IF techniques. As we 
value their experience very much, we would like to maintain this collaboration, initially as a huge help in 
case of emerging troubleshooting in our planned research.  

 
 


