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Neutralization Assays Using Pseudoviral Particles 

 

1. What are viral pseudotyped particles (or pseudoviral particles, pseudovirus)? 

 

“Viral pseudotyped particles are enveloped virus particles that harbor heterologous envelope 

glycoproteins on their surface and a genome lacking essential genes. ...They have proven to be 

very useful tools used in research with many applications, such as enabling the study of entry 

pathways of enveloped viruses … ” [Jean Kaoru Millet, etc. Bio Protoc. 2016 Dec 5;6(23): 

e2035] 

 

 

 

Figure 1. Outline of the production of the MLV-based spike-pseudotyped particles. 
(Reference: Construction and applications of SARS-CoV-2 pseudoviruses: a mini review,   
Int J Biol Sci. 2021 Apr 10;17(6):1574-1580) 

 

2. Our viral spike-pseudoviral particles  

We have generated replication-deficient MLV-based Coronavirus Spike-pseudotyped 

Particles (“Spike-PP”, or Spike-Pseudoviral Particles, or Pseudovirus) for critically 

important SARS-CoV-2 variants, SARS-1, and MERS. For each variant, the Spike-PP are bi-

layer lipid membrane particles with the spike protein trimers on the outer surface and Gag-Pol 

from MLV as the inner backbone, enclosing the firefly luciferase mRNA. There are estimated on 

average ~10 spike trimers on the surface of the Spike-PP of the original SARS-CoV-2 strain 

(eEnzyme catalog# SCV2-PsV-001). 

https://pubmed.ncbi.nlm.nih.gov/28018942/
https://pubmed.ncbi.nlm.nih.gov/28018942/
https://pubmed.ncbi.nlm.nih.gov/33907521/
https://www.eenzyme.com/SARS-CoV-2-pseudovirus-particles.aspx
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Figure 2. Schematic Diagram of a spike-pseudoviral particle 

 

   

 Figure 3. EM views of a spike-pseudoviral particle 

 

The Spike-PP are usually not very stable, and those of different SARS-CoV-2 variants have 
different stability characteristics. Once prepared, they are stored at -70°C until use. The Spike-
PP per mL is determined by qRT-PCR method using the primer sets for the luciferase mRNA, 
and the concentrations of our PP items are typically 1.0E+07 ~ 1.0E+08. 

 

3. Our neutralization assay services using the viral pseudoviral particles 

With our SARS-CoV-2/SARS-1/MERS Spike-PP items and stable cell lines (i.e. HEK293-ACE2, 
Vero, CHO), researchers could do, but not limited to, the following investigation: 
1) study the interactions between Spike and the host cell receptor(s) in specific conditions; 
2) validate the candidates (bio-reagents or chemical reagents) that block the interaction 
between Spike and the host cell receptor(s); 
3) screen convalescent serum samples for neutralizing antibodies; 
4) screen molecules for those blocking the interaction between Spike and the host cell 
receptor(s). 

https://www.eenzyme.com/celllinesandpseudoviralparticles.aspx
https://www.eenzyme.com/CL-ACE2.aspx
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Through the collaboration with the frontline academic laboratories, it has been confirmed 
that the results obtained from the neutralization validation assays using our SARS-CoV-2 
pseudoviral particles aligned with those of the neutralization validation assays using the 
corresponding live SARS-CoV-2 virus.  

Our typical project turnaround time is 2 weeks. 

 

Here is the example of the workflow for spike neutralization antibody validation experiment:  

1. Mix the test antibody of various concentrations and the Spike-PP (of the selected 
SARS-CoV-2 variant), respectively. Incubate briefly. 

            

Figure 5. Schematic Diagram of mixture of Spike-PP and test Abs 

2. Add the mixtures to the HEK293-ACE2 stable cells, and incubate for hours to 
allow the Spike-PP that are not neutralized by the test antibody to bind the ACE2 
receptor on the cells to release the luciferase mRNA into the cells, and to allow 
the released luciferase mRNA to produce significant amount of luciferase. 

 

Figure 5. Schematic Diagram of the Spike-PP and test Abs mixture incubated with HEK-
ACE2 cells    
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Scenario 1: The neutralized pseudoviral particles cannot bind the ACE2 receptor 
then cannot enter the cells via this route.  

 

Figure 6. Schematic Diagram showing the neutralizing test Abs saturating the Spike-PP  
and blocking the Spike-PP from binding the ACE2 receptors on the HEK-ACE2 cells 

 

Scenario 2: If the antibody at the test concentration cannot saturate the spikes on 
the Spike-PP, the latter can bind the ACE2 receptor thus enter the cells.  

          

Figure 7. Schematic Diagram of the unsaturated Spike-PP bond with cell surface ACE2 and 
releasing luciferase mRNA in the HEK-ACE2 cells for translation, which produces 
luciferase. 
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3. Measure the luciferase activity (eEnzyme catalog# CA-L165) that represents the 
success of the Spike-PP’s entry into the ACE2 overexpressed HEK293 cells, which 
has a reverse correlation with the neutralization capability of the test antibody.  

For each test antibody, when significant luciferase activity is detected, it indicates 
that the antibody has no neutralization effect on the interaction of the spike protein of 
the selected variant on the Spike-PP to the ACE2 receptor on the host cells. When 
no significant luciferase activity is detected, the test antibody at the concentration tested has 
excellent neutralization effect. 

Shown below are the data analysis examples of Spike-PP neutralization assay experiments.  

 

Figure 8. The dose-response curves of the test antibodies, Ab#1 and Ab#2, and the 
known spike neutralization antibody SCV2-RBD-200m (eEnzyme catalog #). The 
dose-response neutralization assays used the Spike-PP of the spike of the original SARS-
CoV-2 strain (eEnzyme catalog # SCV2-PsV-001). The IC50s can be readily determined 
from these experiments. Ab#1 is the best neutralization antibody among the three. 

                         

Figure 9. The dose-response curves of 5 serum samples using the 614G Spike-PP 
(eEnzyme catalog # SCV2-PsV-614G). Initial screening of a batch of serum samples 

https://www.eenzyme.com/firefly-luciferase-assay-kit-1.aspx
https://www.eenzyme.com/Anti-RBD-SARS-CoV-2-human-neutralizing-antibody.aspx
https://www.eenzyme.com/SARS-CoV-2-pseudovirus-particles.aspx
https://www.eenzyme.com/SARS-CoV-2-pseudovirus-particles-1.aspx
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identified 5 serum samples that showed neutralization effect on the 614G spike. The IC50s 
can be determined from these dose-response experiments. Serum 2 is the best neutralization 
antibody among the five. 

 

4. Selected hyper-linked citations of our MLV-based SARS-CoV-2 spike-pseudotype particles: 

1)  Immunogenicity and Neutralizing Activity Comparison of SARS-CoV-2 Spike Full-Length and 

Subunit Domain Proteins in Young Adult and Old-Aged Mice. Vaccines (Basel). 2021 Apr; 9(4): 316 

2) A novel linker-immunodominant site (LIS) vaccine targeting the SARS-CoV-2 spike protein protects 

against severe COVID-19 in Syrian hamsters. Emerg Microbes Infect. 2021; 10(1): 874–884 

3) Serum Antibody Profile of a Patient with Coronavirus Disease 2019 Reinfection. Clinical Infectious 

Diseases, 2021, 72(10), e659–e662 

4) Metallodrug ranitidine bismuth citrate suppresses SARS-CoV-2 replication and relieves virus-

associated pneumonia in Syrian hamsters. Nat. Microbiol. 5, 1439–1448 (2020) 

 

 

 

 

 

 

 

- ◊ ◊ - 

Please refer to our website on our SARS-CoV-2 related products. 

To browse our coronavirus related pseudovirus items, please go to our pseudovirus product page. 

To inquire or order our services, please contact us at order@eEnzyme.com. 

Our alternative Email address is eEnzyme@gmail.com. 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8066235/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8066235/
https://academic.oup.com/cid/article/72/10/e659/5910650?login=true
https://academic.oup.com/cid/article/72/10/e659/5910650?login=true
https://academic.oup.com/cid/article/72/10/e659/5910650?login=true
https://academic.oup.com/cid/article/72/10/e659/5910650?login=true
https://www.nature.com/articles/s41564-020-00802-x
https://www.nature.com/articles/s41564-020-00802-x
https://www.eenzyme.com/coronavirus-2.aspx
Pseudoviral%20Particles
mailto:order@eEnzyme.com
mailto:eEnzyme@gmail.com

