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A B S T R A C T  

This method describes a rapid and simple approach to distinguish intact and degraded, hence non-
infectious norovirus particles using magnetic beads coated with porcine gastric mucin (PGM). The PGM 
has high affinity to norovirus capsid proteins and hence using PGM-coated magnetic beads, intact 
norovirus particles can be extracted from a sample, whereas the degraded norovirus particles and free 
viral nucleic acids will remain in the solution. The assay is suitable for the purification of concentrated 
environmental samples (river, estuarine water, wastewater and sediment) to eliminate organic matter 
(e.g. humic substances) that may inhibit the detection and quantification of viruses. The assay is also 
suitable for laboratory experiments aiming to study the survival of norovirus under different conditions.   

 

 

  



Introduction 

Noroviruses are frequently found in environmental waters due to wastewater discharge. They are highly 
persistent in environmental waters and are able to travel long distances, threatening recreational waters, 
drinking water sources and shellfish harvesting areas (Campos et al., 2015).  
Even though noroviruses often associated with waterborne and foodborne illnesses and outbreaks, little is 
known about their fate and behaviour in the environment, primary due to the lack of methods for 
detection (Bosch et al., 2011; Rodríguez-Lázaro et al., 2012). There is no routine infectivity assay for 
human noroviruses that can be used for environmental samples, hence, molecular methods (e.g. 
quantitative polymerase chain reaction; qPCR) are used for their quantitation. However, these methods 
detect not only intact and hence infectious noroviruses, but degraded particles and free viral nucleic acids, 
which are not infectious. Furthermore, these methods are often inhibited by the organic matter (e.g. humic 
substances) often found in environmental samples resulting in false negative results (Meschke and 
Sobsey, 1998; Rock et al., 2010). To overcome these limitations, capsid integrity assays can be used.  
The porcine gastric mucin (PGM) assay is a simple and rapid method to assess norovirus capsid integrity. 
The PGM has high affinity to norovirus capsid proteins. Hence, when PGM-coated magnetic beads (PGM-
MBs) are mixed with a sample the beads bind to norovirus particles and using magnetic forces those 
particles can be separated from free viral nucleic acids and damaged, non-infectious norovirus particles. 
Furthermore, the assay helps the elimination of qPCR inhibitors, and hence the subsequent quantification 
gives accurate results (Tian et al., 2008). 
The PGM assay described here has been successfully used to assess norovirus degradation in wastewater, 
river and estuarine water and sediment samples (Farkas et al., 2018). The PGM-MBs are widely used to 
estimate the risks associated with shellfish (Ye et al., 2014) and fresh produce (Bartsch et al., 2016; Tian et 
al., 2012).  

Equipment 

 Laboratory shaker or equivalent 
 Analytical balance  
 Spectrophotometer 
 Magnetic separation rack 
 Pipettes, size 0.1 ml, 1 ml 

Materials 

 Porcine Gastric Mucin (PGM) #M1778-10G (Sigma) 
 Carboxyl derivatized magnetic beads #21353 (Thermo Scientific) 
 EDC [1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride] #22980 (Thermo 

Scientific) 
 MES buffer: 0.1 M MES (N-morpholinoethane sulfonic acid), 0.9% NaCl; pH 4.7 (BupH™ MES 

Buffered Saline Packs; #28390, Thermo Scientific) 
 Sulfo-NHS (N-hydroxysulfosuccinimide) #24510 (Thermo Scientific) 
 Phosphate buffered saline solution (PBS), pH 7.45 (Appendix 1) 
 Bradford reagent 
 Cuvettes for spectrophotometer 
 1.5 ml sterile centrifuge tubes 
 0.1 ml sterile filtered pipette tips 
 1 ml sterile filtered pipette tips 
 Molecular-grade water 

Method details 

Coupling PGM to magnetic beads 

1. Create coupling buffer:  
Add 40 mg EDC and 40 mg sulfo-NHS to 1 ml MES buffer. Prepare the coupling buffer 
fresh. 



2. Wash 1 ml of beads three times with 1 ml of PBS.  
a. Mix MagnaBind Beads thoroughly.  
b. Magnetically separate and aspirate beads. Perform magnetic separation using, magnetic 

rack, perpendicular to gravity.  
c. Repeat washing twice. 
d. Save last wash for protein test (label: ‘Wash 0’).  
e. After last wash resuspend beads in 0.5 ml water.  

3. Add 0.5 ml coupling buffer to beads and mix thoroughly. Incubate for 15-30 min at room 
temperature. 

4. Separate beads on magnetic rack and discard buffer. 
5. Prepare protein solution: 

a. Prepare 5 ml 10 mg/ml PGM solution by mixing 50 mg PGM with 5 ml molecular grade 
water. 

b. Add 0.5 ml 10 mg/ml PGM to 0.5 ml MES buffer. 
6. Resuspend beads in 1 ml protein solution and gently agitate at room temperature for 14-16 

hours. Do not exceed 16 hours. 
7. Wash beads three times with 1 ml PBS. Mix sample by pipetting the solution after each wash. Save 

wash solutions for protein test (label: ‘Wash 1-3’). 
8. Resuspend beads in 1 ml PBS (label: ‘PGM-MB’). 
9. Perform protein test to test coupling efficiency: 

a. Prepare a dilution series of PGM solutions with five points in the concentration range of 
0.01 – 5 mg/ml. 

b. Mix the PGM-MBs, wash solutions (‘Wash 0-3’) and standards with the Bradford reagent 
according to manufacturer’s instructions. 

c. Measure adsorbence at 595 nm. 
d. Create a standard curve (Figure 1) using the absorbance of the standards and determine 

sample concentration using the curve equision. 
e. Calculate the coupling efficiency according to the following equision: 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦% =
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Figure 1. Example of the standard curve used to determine coupling efficiency. 

 
PGM assay 

1. Add 30 µl of coated magnetic beads to 100-500 µl of sample solution.  



2. Incubate samples for 30 mins with gentle agitation (20 rpm on lab shaker) at room temperature. 
3. Use magnetic rack to separate PGM-MBs. 
4. Keep supernatant (label: ‘Wash A’). 
5. Resuspend the magnetic beads in 0.5 ml PBS and pipette up and down to mix. 
6. Use magnetic rack to separate PGM-MBs. 
7. Keep supernatant (label: ‘Wash B’). 
8. Resuspend the magnetic beads in 0.2-0.5 ml PBS and pipette up and down to mix. 
9. Heat release the sample by heating at 95°C for 5 mins. 
10. Use magnetic rack to separate PGM-MBs.  
11. Use the final supernatant for nucleic acid extraction (label: ‘Sample’). This solution contains 

presumably intact norovirus particles, whereas the wash solutions contain free RNA. 
12. RNA should be extracted from the samples immediately after the PGM assay using extraction 

method suitable for envirnmental samples. 

Additional information 

Quality control 
The results of the protein test using Bradford reagent indicates the efficiency of PGM coupling. The ‘Wash 
0’ solution should be negative. The last wash solution (‘Wash 3’) should be negative suggesting the PGM 
has been covalently bound to the MBs. The coupling efficiency should be 50-80%. 
 
Health and safety 
Standard microbiology safety precautions should be applied. Laboratories should perform a full risk 
assessment before performing this procedure. 

Appendices 

Appendix 1 Reagents and solutions 

Phosphate buffered saline solution (PBS), pH 7.45 
The use of the Gibco PBS tablets is recommended (#18912-014, Life Technologies). Alternatively, the 
following recipe can be followed: 

 400 ml distilled water 
 4 g NaCl 
 0.1 g KCl 
 0.72 g Na2HPO4 
 0.12 g KH2PO4 
 Adjust the pH to 7.45 with HCl 
 Bring to final volume of 500 ml 
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