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[Abstract] Neutral red (NR) is a dye that must be actively imported into the cell, and, therefore, 

the dye has been used for decades to selectively stain living cells. In addition, NR can also be 

incorporated into virus particles, although the mechanism behind this is poorly understood. Once 

encapsulated into the virion, NR, a light sensitive dye, can be photoactivated to inactivate the 

virus. The proposed mechanism explaining this observation is that activation of NR allows the dye 

to cross-link viral genome to viral capsid and thus preventing viral uncoating and infection.  To 

study the early events of murine norovirus (MNV)-host interaction, light-sensitive NR-containing 

MNV is used to distinguish between input virus (i.e., NR-containing virus) and replicated virus 

(i.e., NR-free virus). This protocol describes the incorporation of NR into MNV capsids and the 

use of these virions for detection of viral replication in a mouse and in tissue culture by standard 

plaque assay. The same technique is also used for study of poliovirus replication (1-3). Thus, 

there is the potential that this technique can be used for additional non-enveloped viruses. 

However, this has to be tested on a case-by-case basis as unpublished data on feline calicivirus 

suggests not all viruses may be able to stably incorporate NR into their capsid (J. Parker, 

personal communication). 
 

Materials and Reagents 
 

1. Neutral red 0.33% solution (Sigma-Aldrich, catalog number: N2889) 

2. DMEM/ High glucose (Hyclone, catalog number: SH30243.02) 

3. 2x MEM (Life Technologies, Gibco®, catalog number: 11935) 

4. 100x Penicillin and streptomycin (Hyclone, catalog number: SV30010) 

5. 100x Non-essential amino acids (Hyclone, catalog number: SH30238.01) 

6. 1 M HEPES (Hyclone, catalog number: SH30237.01) 

7. 200 mM (100x) L-glutamine (Hyclone, catalog number: SH30034.01) 

8. Fetal bovine serum (FBS) (Life Technologies, Gibco®, catalog number: 10437 or Hyclone, 

catalog number: SH30070.02) 

9. RAW 264.7 cell line (ATCC, catalog number: TIB-71) 

Copyright © 2013 The Authors; exclusive licensee Bio-protocol LLC. 1 
 

Please cite this article as: Mariam et. al., (2013). Neutral Red Assay for Murine Norovirus Replication and Detection in a Mouse, Bio-protocol 3 (7): e415.
DOI: 10.21769/BioProtoc.415.

http://www.bio-protocol.org/e415
mailto:gonmaria@umich.edu
mailto:cwobus@umich.edu


                          http://www.bio-protocol.org/e415                         Vol 3, Iss 7, Apr 05, 2013 

10. Murine norovirus (MNV-1; GV/MNV1/2002/USA)  

11. Sea Plaque Agarose (Lonza, catalog number: 50100) 

12. Aluminum foil 

13. 1.0 mm Zirconia/Silica beads (BioSpec Products, catalog number: 11079110z) 

14. Mice (6-8 weeks old Balb/cJ) 

15. DMEM-10 (see Recipes)  

16. DMEM-5 (see Recipes)  

17. 2x MEM media (500 ml) (see Recipes)   

18. SeaPlaque agarose (see Recipes)  

19. 1:1 ratio of molten media (see Recipes)  

 

Equipment 
 

1. 175 cm2 flask (Corning, catalog number: 3292) 

2. Model 35 Speed Rocker (Labnet, catalog number: S2035) 

3. Tissue culture incubator (Sanyo, catalog number: MCO-36M) 

4. Magna Lyser Bead beater (F. Hoffmann-La Roche, catalog number: 03358968001) 

5. Photographic safe red light 

 

Procedure 
 

1. Neutral red virus preparation 

a. Seed RAW 264.7 cells in a total of 30 ml of DMEM-10 media at a density of 4 x 107 

cells in a 175 cm2 flask and incubate in a tissue culture incubator at 37 °C and 5% 

CO2 overnight. 

b. To obtain a virus stock, infect cells the next day with MNV by adding MNV at a 

multiplicity of infection (MOI) of 0.05 and incubate for 1 h in a tissue culture incubator 

at 37 °C and 5% CO2. 

c. After the hour, add neutral red at 0.001% v/v from a 0.33% stock solution to the cells. 

d. Wrap the entire flask with aluminum foil including the filter cap of the flask. 

e. Incubate in a tissue culture incubator at 37 °C and 5% CO2 for 48 h.  

f.     After the 48 h, generate a freeze/thaw lysate. Freeze cells by moving the entire flask 

(including cells and media) covered with aluminum foil to -80 °C for at least 60 min.  

Then thaw flask contents at room temperature or in a tissue culture incubator at 37 

°C until all ice has melted. Repeat freeze/thaw a second time. This will be your virus 

stock.  

Copyright © 2013 The Authors; exclusive licensee Bio-protocol LLC. 2 
 

Please cite this article as: Mariam et. al., (2013). Neutral Red Assay for Murine Norovirus Replication and Detection in a Mouse, Bio-protocol 3 (7): e415.
DOI: 10.21769/BioProtoc.415.

http://www.bio-protocol.org/e415


                          http://www.bio-protocol.org/e415                         Vol 3, Iss 7, Apr 05, 2013 

Note: After the second freeze/thaw cycle, virus stock should be aliquoted (in a 

darkened room) into single-use aliquots (e.g., 1 ml) and stored at -80 °C since light-

sensitivity of virus stock decreases after repeated freeze/thaw cycles. 

g. Block out all light in your tissue culture room to make a dark room and equip with a 

safe red light used in photography dark rooms. 

h. Perform plaque assay to determine viral titer of your virus stock as previously 

described in detail (2) and as described briefly below. The day before the plaque 

assay seed 2 x 106 Raw 264.7 cells in DMEM-10/ well in six well plates. 

i.     On the day of the plaque assay, perform 10-fold serial dilutions of your virus stock in 

DMEM-5. Make sure to adjust the volume for duplicate plaque assays, i.e., you will 

need a total volume of 2.5 ml for each dilution.  

j.     Next, take the six well plates with cells seeded on the day before, aspirate the media 

and infect cells in the dark in duplicate wells for each dilution with 0.5 ml/well, wrap in 

aluminum foil and rock for 1 h at room temperature with a speed rocker at ~18 

oscillations per min.  

Note: The 1 h incubation was determined experimentally to ensure efficient entry and 

uncoating of MNV. However, the length of time necessary for other viruses may vary. 

k. Turn on the lights and leave the remaining 10-fold viral dilutions in the light for at 

least 10 min. 

l.     Repeat step 1-j. but keep plates exposed to light (i.e., do not wrap plates in aluminum 

foil).  

m. After the hour, finish the plaque assay for both sets of plates with or without 

aluminum foil in the light by adding 2 ml/well of a 1:1 ratio of molten media (1:1 ratio 

of SeaPlaque agarose and 2x MEM). To allow agarose to solidify incubate plates at 

room temperature for 10 min. Then, move plates to a tissue culture incubator and 

incubate at 37 °C, 5% CO2 for 48 h.  

n. After 48 h stain cells with a neutral red solution overlay (0.01% neutral red in 1x 

PBS), for 1-3 h prior to aspirating the solution and counting plaques as described 

previously in detail ( Gonzalez-Hernandez et al., 2012).  

Note: To calculate viral titers and obtain plaque forming units per milliliter (PFU/ml), 

add the number of plaques in both wells at a single dilution and multiply by the 

dilution factor (i.e., 1 ml if 2 wells are infected with 0.5 ml). Figure 1 shows an 

example of a 6 well plate with plaques. To calculate the viral titer in the example: 11 + 

9 = 20 plaques; 20 x 102 dilution factor = 2 x 103 PFU/ml. Two- to three-log reductions 

are typically observed in viral titers comparing total virus titers (i.e. obtained in dark) 

and light-insensitive (i.e. obtained in light) infections. Depending on the viral strain, 

log reductions may differ. 
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2. Tissue culture infection with neutral red virus 

a. Seed 2 x 106 Raw 264.7 cells in six well plates the day before. 

b. The next day, block out all light in your tissue culture room to make a dark room and 

equip with a safe red light used in photography dark rooms. 

c. Infect with MNV containing NR at an MOI of 0.001 for 1 h. 

Note: Pre-treatments with inhibitors of viral entry or uncoating can be performed 

before incubating with virus. Post-treatments with the same inhibitors are performed 

as a control after the 1 h incubation with virus as described (Perry, 2010). 

d. Flash with light for various lengths of times between 0 to 60 min at the end of the 

infection time. 

Note: For MNV, times between 0 and 60 min are typically used and at least 10 min 

has been sufficient to inactivate any leftover input virus (Perry, 2010). 

e. Overlay with 2 ml of a 1:1 ratio of molten media (1:1 ratio of SeaPlaque agarose and 

2x MEM), as you would do for plaque assays and as described (Gonzalez-

Hernandez et al., 2012; Perry et al., 2012). 

f.     Incubate for 48-72 h in a tissue culture incubator at 37 °C and 5% CO2.  

g. Count plaques by adding the number of plaques in both wells at a single dilution and 

multiplying by the dilution factor, as described above and previously (Gonzalez-

Hernandez et al., 2012; Perry et al., 2012). 

3. Mouse infection with neutral red virus 

a. Inoculate mice perorally by pipetting virus directly into the mouth or by oral gavage 

with NR-MNV in a darkened room with a safe red light.  

Note: We infected six- to eight-week old Balb/c mice perorally with NR-MNV at 105 

pfu. Depending on the experiment, the length of infection will vary. We typically infect 

mice for 12 -72 h. At the experimental endpoint (i.e. 12 h post-infection), sacrifice 

mice in a darkened room with a safe red light and harvest different regions of the 

gastrointestinal tract, each 1 cm in lengths. Place each tissue piece in an individual 2 

ml centrifuge screw cap tube containing 0.4 - 0.5 g of silica beads and 1 ml of 

DMEM-10. 

b. Homogenize tissues in the dark with a bead beater for 60 min at 6000 rpm, as 

described (Gonzalez-Hernandez et al., 2012). 

c. Freeze (at -80 °C) and thaw tissues (at 37 °C) once before performing parallel plaque 

assays in the dark and following light exposure as described above. 

d. Count plaques 48 h later. 

Note: MNV-1 is known to undergo the first round of replication in ~12 h. Therefore, 

samples collected 3 h post-infection should only show input virus (i.e., virus 

containing NR and sensitive to light). 
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Figure 1. Representative image of a plaque assay plate after 48 h of MNV-1 
infection. Plaques are observed after staining with a neutral red solution overlay for 1-3 

h. The image shows duplicate wells of three 10-fold viral dilutions: 10-1, 10-2 and 10-3 

dilutions. Arrows indicate the formation of plaques and the viral titer of the sample is 

indicated below. Answer: 11+9= 20 x 102 = 2 x 103 PFU/ml. 

 

Recipes 

 

1. DMEM-10 

DMEM/High glucose (1 L) 

10% low-endotoxin FBS 

1% HEPES 

1% Penicillin and streptomycin 

1% Non-essential amino acids 

1% L-glutamine 

2. DMEM-5 

DMEM/High glucose (1 L) 

5% low-endotoxin FBS 

1% HEPES 

1% Penicillin and streptomycin 

1% Non-essential amino acids 

10-1                    10-2                      10-3 
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1% L-glutamine 

3. 2x MEM media (500 ml)   

10% low-endotoxin FBS 

      1% HEPES 

1% Penicillin and streptomycin 

2% L-glutamine 

       Equilibrate to 37 °C 

4. SeaPlaque agarose 

1.5 g SeaPlaque agarose 

50 ml water 

Autoclave solution 

Equilibrate to 42 °C 

5. 1:1 ratio of molten media 

Mix 50 ml of 2x MEM and 50 ml of SeaPlaque agarose a 1:1 before adding to the cells 
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