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Abstract

Sendai virus (SeV) is an enveloped, single-stranded RNA virus of the family Paramyxoviridae.
SeV is a useful tool to study its infectious pathomechanism in immunology and the
pathomechanism of a murine model of IgA nephropathy. Virus quantification is essential not only
to determine the original viral titers for an appropriate application, but also to measure the viral
titers in samples from the harvests from experiments. There are mainly a couple of units/titers for
Sendai viral quantification: plaque-forming units (PFU) and hemagglutination (HA) titer. Of these,
we here describe a protocol for Sendai virus plaque assay to provide PFU using LLC-MK2 cells (a
rhesus monkey kidney cell lines) and Guinea pig red blood cells. This traditional protocol enables
us to determine Sendai virus PFU in viral stock as well as samples from your experiments.
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[Background]

SeV is a mouse parainfluenza virus type | (Faisca and Desmecht, 2007) that was discovered
in Sendai, Japan, in the 1950s (Ishida and Homma, 1978). SeV is a useful tool to study its
infection and immune reaction (Fensterl et al., 2008; Chattopadhyay et a/., 2010, 2011 and
2013; Yamashita et al., 2012a, 2012b and 2013; \Veleeparambil et a/,, 2018) and the
pathomechanism of a SeV-induced of IgA nephropathy (Yamashita et a/., 2007,
Chintalacharuvu et al., 2008). SeV is Precise viral quantification is essential to perform
animal and cell culture experiments using an appropriate dose of SeV and also to obtain
correct results from experimental samples containing SeV. In 1970s, SeV was quantitated by
inoculation into embryonated eggs using hemagglutinin production as a criterion for
infection (Shibuta et a/,, 1971). This method is highly sensitive but time consuming and
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complex. Therefore, a kidney cell-based plaque assay, a simple and reliable assay using
hemadsorption (the attachment of red blood cells to the surface of cell monolayers infected
with virus) has been developed (Jessen et al., 1987). This protocol provides a method for
SeV PFU using LLC-MK2 cells (a rhesus monkey kidney cell lines) and Guinea pig red
blood cells. This method can be applied for most types of samples including cell culture
media, cell lysates, tissue homogenates, serum, urine, and bronchoalveolar lavage.

Materials and Reagents

1

10.

11.
12.
13.

14.

15.
16.

96-well Polypropylene 1.2 ml Cluster Tubes (Sigma-Aldrich, catalog number:
CLS4401-960EA)

Corning™ 6-well plate (Thermo Fisher Scientific, catalog number: 07-200-83)

Corning™ 10 ml pipettes (Thermo Fisher Scientific, catalog number:
07-200-574)

15 ml tubes (Thermo Fisher Scientific, catalog number: 12-565-268)
Sendai virus (ATCC, catalog number: ATCC VR-105) as positive control

HyClone® Characterized Fetal Bovine Serum, U.S. Origin (GE Healthcare Life
Sciences, catalog number: SH30071.03HI)

Gibco™ Gentamicin, 10 mg/ml (Thermo Fisher Scientific, catalog number:
11500506)

L-Glutamine, 200 mM (Thermo Fisher Scientific, catalog number: A2916801)
LLC-MK?2 Original (ATCC, catalog number: CCL-7)

Note: These cells are maintained in Medium 199 (Thermo Fisher Scientific,
catalog number: 11150-067) containing 5% Fetal Bovine Serum, 20 pg/ml
gentamicin, and 2 mM L-glutamine (complete Medium 199). LLC-MK2 cells
should be used only up to about passage of 50. The plaques will become
gradually smaller as the cell line ages.

Guinea Pig Blood in Alsevers (Rockland antibodies & assays, catalog number:
R305-0050)

Note: This needs to be less than 2 weeks old.
Medium 199 (10x) (Thermo Fisher Scientific, catalog number: 11825015)
Medium 199 (1x) (Thermo Fisher Scientific, catalog number: 11150067)

HBSS, calcium, magnesium (Thermo Fisher Scientific, catalog humber:
14025092)

Sodium Bicarbonate 7.5% solution (Thermo Fisher Scientific, catalog number:
25080094)

BD Difco Agar (Fisher Scientific, catalog number: DF0812-17-9)

Trypsin (0.25%), phenol red (Thermo Fisher Scientific, catalog number:
15050065)
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Note: The final concentration is 0.00025% (2.5 ug/ml). This reagent needs
optimization for a particular lot. 2.5 ug/ml + 0.25 pg/ml can make the difference
between nice large plaques and the cells detached from the plates.

17.  Sterile PBS (with Ca?*and Mg?*)

18.  Penicillin-Streptomycin (5,000 U/ml) (Thermo Fisher Scientific, catalog number:
15070063)

19. Complete 2x medium (see Recipes)

A woDdpRE

Multichannel pipette (Gilson, catalog number: FA10015)
Pipettes, P20, P200, P1000 (Gilson, catalog number: F167300)
Biosafety cabinet (Thermo Fisher Scientific, catalog number: 1305)

Tissue culture incubator (at 37 °C with 5% CO») (Thermo Fisher Scientific,

catalog number: 51025983)

o

100 ml glass bottles (Research Products International, catalog number: 219510)

6. Precision™ General Purpose Water bath (Thermo Fisher Scientific, catalog
number: TSGP02)

7. Autoclave (Steris Amsco Eagle, catalog number: 3021-C Gravity Steam
Sterilizer)

8. Sonic water bath (Skymen Cleaning Equipment, model: JP-008)

9. Vortex mixer (Research Products International, catalog number: 155560)

10.  Portable Mini Light Box, Benchtop Light Source (Research Products
International, catalog number: 815500)

Days -5 to —2—Seed LLC-MK2 cells into the necessary number of 6-well plates (as
below) to test samples and controls at all needed dilutions.

Confluency in days

Seeded cell numbers

2

3
4
5

3.0 x 105/2ml
2.0 x 10%2ml
1.0 x 105/2ml
0.5 x 105/2ml

Note: You want the plates with lightly confluent cells on Day 0 (Figure 1).

Day 0

1 Set up sterile 50 ml agar solution in 200 ml glass bottle(s) to be used in Step 3f

Bio Protoc. Author manuscript; available in PMC 2018 December 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tatsumoto et al.

Page 4
Add 0.5 g agar to 50 ml distilled water in a 100 ml bottle. One to 4
bottles are needed.
Autoclave the bottle(s) at 121 °C for 30 min.

Mix the agar well when it comes out of the autoclave and hold in a
50 °C water bath until ready to use (Step 3f).

Note: The final 200 ml will handle 8 six-well plates most comfortably
at the same time. Up to total 4 bottles and 32 plates are practical.

2. Viral preparation

a.

Thaw the virus samples and a positive control (to be titrated) on ice, and
keep them on ice.

Note: For the proper analysis, a positive control (Sendai virus, VR-105
from ATCC) is required for every experiment. One vial (1 ml) from
ATCC can be used for 10 to 20 experiments. The vial from ATCC
should be aliquoted into 50 pl to 100 pl each (10 to 20 tubes) in the first
experiment, and stored in liquid nitrogen tank. The viral titer is stable at
least for three years by this method according to our experience. We
recommend you use the original SeV from ATCC (not a "homemade"
SeV stock) as a positive control because of the certainty of the viral
titer.

Sonicate (40 kHz frequency and 35 W ultrasonic power) the virus
samples for 30 sec in a sonic water bath at room temperature before use
to break and dissociate viral chunks.

Make serial dilutions of virus in pure Medium 199 (without Fetal
Bovine Serum, gentamicin or L-glutamine) at whole log (10-fold)
dilutions or half-log (3.16-fold) dilutions in the appropriate range
(Figure 2). Doing these dilutions in rack of 96 microtubes (1.2 ml
volume) with a multichannel pipette will greatly increase efficiency.
Keep samples and dilutions on ice.

Note: "Pure Medium 199" means only Medium 199 (Thermo Fisher
Scientific) without serum.

3. Inoculation and incubation

a.

Rinse lightly the confluent monolayers of LLC-MK2 cells on the plates
with HBSS with Ca2*Mg?2*: Remove old media and add 2 ml of HBSS
with Ca2*Mg?*.

Suction the media off the number of plates, and quickly add 200 ul of
pure Medium 199 to each well.

Add 200 pl of sample dilutions in duplicate or triplicate. Work from the
most dilute to the least dilute to save on tip changes.

Incubate plates for 90 min at 37 °C with 5% CO.
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Note: Gently agitate plates about every 30 min to avoid drying out the
plates.

e During the incubation, make up complete 2x media in 50 ml aliquots
(see Recipes).

f. At the end of the 90-min incubation, mix together the complete 2x
media (at room temperature) and the 1% agar water (in a 50 °C water
bath) for the first set of 8 plates, and place the mixture at room
temperature.

0. Suction viral inoculum media from the plates, and quickly add 2 ml of
media with 0.5% agar (Step 3f) into each well using a 10 ml pipette
(capacity of 12 ml).

h. Cool at room temperature until the agar media solidify. Do not stack the
plates.

i. Incubate the plates (cells overlaid with the agar media) for 3 days at
37 °C with 5% CO,.

Day 3: Hemadsorption

1

Wash approximately 3 ml of guinea pig blood with sterile PBS (with Ca2* and
Mg?2*) 3 times in a 15 ml tube. Spin at 434 x g for 5 min to obtain about 1 ml
pellet of red blood cells (RBCs).

Resuspend the 1 ml of RBC pellet to 9 ml of PBS (10% volume/volume) with
PBS (with CaZ* and Mg2*).

Make a 0.1% RBC suspension with PBS (with Ca2* and Mg2*) from 10% RBC
suspension.

Remove 6-well plates from the incubator in small groups (like 4 plates).

Shake the agar off one plate at a time with a quick snap of the wrist into a
biohazard bag and immediately add 2 ml of PBS (with Ca2* and Mg2*; at room
temperature).

Note: Removal of agar leaves the plate very dry and the cells are vulnerable
(LLC-MK2 cells are not particularly sensitive to detachment, but this is an effect
of this assay). Please add PBS immediately but gently along the wall of the
wells, not directly to the cells.

Remove PBS from the 6-well plates, and add 2 ml of 0.1% RBC solution to each
well (Step 3).

Incubate plates at room temperature for 20-30 min.

Gently agitate plates to resuspend RBCs, and replaced the RBC suspension with
2 ml PBS (with Ca%* and Mg2*).

Note: This one-time wash is usually sufficient, but a second wash is acceptable.
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9. Score plaques as well-defined areas where RBCs attach (Figure 3).

Note: Clean the bottom (outside) of the well with alcohol before counting. If you
place the plates on a light box, you will be able to more easily identify the
plaques.

10.  Calculate pfu/ml based on sample size (200 pl) and dilution.

An example of titer calculation
If the inoculation sample in Figure 3 is 107 dilution:
Virus titer (pfu/ml) = 5 (plaques)/[0.2 ml (inoculation volume) x 107 (sample dilution)]

= 2.5 x 108 PFU/mI

This protocol needs an appropriate facility (Biosafety level 2) and an approved Institutional
Biosafety Committee (IBC) protocol.

1 Complete 2x medium

Note: All components need to be sterile before mixing.
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Volume (ml unless otherwise indicated)

Final total volume 20 25 30 40 50 70
Sterile H,0 14.38 | 17.98 | 21.58 | 28.77 | 35.97 | 50.35
10x Medium 199 4 5 6 8 10 14
Penicillin-Streptomycin 0.4 0.5 0.6 0.8 1.0 14

Sodium Bicarbonate, 7.5% solution | 1.18 1.47 1.76 2.35 2.93 411

Trypsin, 0.25% 40pul | 50ul | 60pl | 8Oul | 100 ul | 140 pl
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Figure 1. Lightly confluent LLC-MK2 cells.
Once overlaid agar is solidified, cells can no longer proliferate. Therefore, the cells want to

be confluent when you overlay agar on the cells (Scale bar = 100 um).
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Whole-log dilutions
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Figure 2. Serial dilutions of viral sample.
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A. For whole-log dilutions, 100 pl of sample will be serially transferred to the next tube that
contains 900 pl of pure Medium 199. B. For half-log dilutions, 316 pul of sample will be
serially transferred to the next tube that contains 684 pl of pure Medium 199.
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A. Five plaques in one well. B. Magnification of one plaque shows a ring-shape plaque of
red blood cells attaching to LLC-MK?2 cells and a central empty area where LLC-MK2 cells

died and detached.
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Volume (ml unless otherwise indicated)

Final total volume 20 25 30 40 50 70
Sterile H,O 14.38 | 17.98 | 21.58 | 28.77 | 35.97 | 50.35
10x Medium 199 4 5 6 8 10 14
Penicillin-Streptomycin 0.4 0.5 0.6 0.8 1.0 14
Sodium Bicarbonate, 7.5% solution | 1.18 1.47 1.76 2.35 2.93 411
Trypsin, 0.25% 40l | 50pl | 60pl | 80wl | 100l | 140pl
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