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Abstract
Vesicular stomatitis virus (VSV) is a prototypic enveloped animal virus that has been used
extensively to study virus entry, replication and assembly due to its broad host range and robust
replication properties in a wide variety of mammalian and insect cells. Studies on VSV assembly led
to the creation of a recombinant VSV in which the glycoprotein (G) gene was deleted. This
recombinant (rVSV-ΔG) has been used to produce VSV pseudotypes containing the envelope
glycoproteins of heterologous viruses, including viruses that require high-level biocontainment;
however, because the infectivity of rVSV-ΔG pseudotypes is restricted to a single round of replication
the analysis can be performed using biosafety level 2 (BSL-2) containment. As such, rVSV-ΔG
pseudotypes have facilitated the analysis of virus entry for numerous viral pathogens without the
need for specialized containment facilities. The pseudotypes also provide a robust platform to screen
libraries for entry inhibitors and to evaluate the neutralizing antibody responses following
vaccination. This manuscript describes methods to produce and titer rVSV-ΔG pseudotypes.
Procedures to generate rVSV-ΔG stocks and to quantify virus infectivity are also described. These
protocols should allow any laboratory knowledgeable in general virological and cell culture
techniques to produce successfully replication-restricted rVSV-ΔG pseudotypes for subsequent
analysis.
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1. Introduction
The entry of all enveloped viruses requires a membrane fusion event that is mediated by one
or more viral glycoprotein found on the surface of the lipid envelope of the virus. These
envelope proteins are responsible for binding virus to the cell surface and for inducing fusion
of the viral envelope with either the plasma membrane of the host cell, or with an internal
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membrane following endocytosis of the virion. Identifying host proteins, glycans, or lipids that
serve as cellular receptors for viruses has been one of the major goals of virology. However,
for viruses that require BSL-3 or BSL-4 containment, the identification of receptors is not
trivial and often requires indirect methods that do not utilize live virus. Recent developments
that allow pseudotyping of glycoproteins from risk group-3 (RG3) or −4 viruses onto RG-2
viruses that require BSL-2 containment have facilitated the study of virus entry, and have also
provided facile methodology to perform high-throughput screening of entry inhibitors for these
viruses.

Vesicular stomatitis virus (VSV) is a prototypic nonsegmented, negative-stranded RNA virus
that belongs to the family Rhabdoviridae. Laboratory strains of VSV, such as VSV-Indiana,
can be handled using BSL-2 containment and have been used as models to study many aspects
of negative-strand RNA virus entry and replication. VSV assembly occurs at the plasma
membrane and involves budding of virions from the cell surface. During budding, VSV
acquires an envelope consisting of a lipid bilayer derived from the plasma membrane and spike
proteins consisting of trimers of the VSV glycoprotein (G protein).

One of the remarkable properties of VSV is that VSV virions are not particularly selective in
regards to the type of membrane protein that can be incorporated into the viral envelope. Early
studies in which cells were coinfected with VSV and other enveloped viruses demonstrated
that VSV forms pseudotypes readily (Huang et al., 1974; Weiss et al., 1977; Witte and
Baltimore, 1977; Zavada and Rosenbergova, 1972). A pseudotype has the envelope protein of
the heterologous virus assembled into the VSV membrane. The ability to form pseudotypes is
likely due to the mechanism of VSV budding (Jayakar et al., 2004), which has been shown not
to require VSV G protein (Schnell et al., 1997; Takada et al., 1997). Therefore, noninfectious
“bald” particles are produced in the absence of G protein, albeit at a much lower efficiency
than when G protein is present (Robison and Whitt, 2000). The fact that VSV particles can bud
in the absence of G protein, coupled with the promiscuous nature with which heterologous
glycoproteins can be incorporated into VSV lead to the development of recombinant viruses
in which the VSV glycoprotein gene was deleted and replaced with genes encoding fluorescent
reporter proteins (e.g. GFP and RFP), luciferase, or other easily assayable, secreted enzymes
(SEAP; secreted human placental alkaline phosphatase). When a glycoprotein or glycoprotein
complex from a heterologous virus is expressed transiently in cells infected with these
recombinants, pseudotype particles are released at high efficiency. These rVSV-ΔG
pseudotypes, when plated on susceptible cells, undergo a single cycle of infection and the entry
of the pseudotypes is dictated by the cell tropism and entry properties of the heterologous
glycoprotein(s). Since the first description of this system in 1997 (Takada et al., 1997) rVSV-
ΔG pseudotypes have been used in numerous studies examining virus entry (Abe et al.,
2007; Fukushi et al., 2005; Glende et al., 2008; Hanika et al., 2005; Ito et al., 1999; Kaimori
et al., 2004; Matsuura et al., 2001; Okuma et al., 2001; Perez et al., 2001; Saha et al., 2005;
Tamura et al., 2005; Tatsuo et al., 2000a), for identification of novel host cell receptors (Tatsuo
et al., 2000b), for screening antiviral libraries and development of neutralizing antibody tests
(Fukushi et al., 2008; Ge et al., 2006; Ogino et al., 2003; Porotto et al., 2007), and as vaccine
vectors (Klas et al., 2002; Lee et al., 2006; Miller et al., 2004; Publicover et al., 2005).

This manuscript provides a detailed description of the methods used to recover, produce, and
quantify rVSV-ΔG pseudotypes. This information should allow any laboratory skilled in
virological methods and cell culture technology to maintain working stocks of infectious rVSV-
ΔG for the purpose of generating rVSV-ΔG pseudotypes for studies of virus entry requirements
and high-throughput screening of antiviral compounds, particularly for viruses that require
high-level biocontainment or that are inherently difficult to grow.
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2. Materials
2.1. Cell Culture, Transfection, Virus Recovery, Titering and Pseudotyping

– Dulbecco’ s Modified Eagle’s Medium with L-glutamine (DMEM; Lonza/
BioWhittaker cat. #12–604F) supplemented with 5% fetal bovine serum (Atlanta
Biologicals; see Note 1). This is called D-5.

– Serum-free DMEM (SF-DMEM).

– Solution of trypsin-EDTA in phosphate buffered saline (0. 25% trypsin + 0.1%
EDTA in PBS).

– 1.8% Bacto-agar in water. Sterilized and melted by autoclaving. For use, heat in
microwave oven until agar is molten.

– 20X NaHCO3: Dissolve 5.92 g NaHCO3 in a total volume of 80 ml Milli-Q-dH2O.
Filter sterilize using a 0.2 μ bottle-top filter and store at 4°C.

– 2X DMEM stock solution: Dissolve a 1 -liter packet of powdered DMEM
(Invitrogen/Gibco; cat #12800-017) in 450 ml Milli-Q-dH2O. Filter sterilize using
0.2 μ bottle-top filter and store at 4°C.

– 2X DMEM working solution: To prepare a 100 ml 2X DMEM working solution
add 5 ml 20X NaHCO3 to 85 ml 2X DMEM stock and then add 10 ml FBS (Final
FBS = 10%).

– Agar Overlay: Melt 1.8% Bacto-agar in a microwave oven or boiling water bath.
Add the volume needed for titering to a sterile tube or bottle and cool to 45°C. Mix
equal volumes of pre-warmed (to 37°C) 2X DMEM working solution containing
10% FBS with the molten 1.8% agar. Add 2 ml directly to infected cells and let
solidify.

– 4% X-gal (5-bromo-4-chloro-3-indolyl-beta-D-galactopyranoside) in
dimethylformamide. Store at −20°C.

– TransfectACE reagent: Dissolve 0.1g DDAB (dimethyldioctadecyl ammonium
bromide; Sigma; cat #D-2779) in 1 ml 100% ethanol by placing in a 37°C water
bath with occasional vortex mixing. The DDAB stock must be made fresh each time.
Dissolve L-α-phosphatidyl ethanolamine-dioleoyl (Sigma; cat #P1223) in 100%
ethanol to 10 mg/ml. Add 40 µl DDAB stock to 1 ml 10mg/ml L-α-phosphatidyl
ethanolamine-dioleoyl, mix by vortexing and then inject the ~1 ml lipid/EtOH mix
into 9 ml sterile deionized water at room temperature using a pipetteman, while
vortexing. Store the liposome suspension at 4°C. The reagent will be good for at
least 3 months after preparation.

– Opti-MEM Reduced Serum Medium (Invitrogen; cat. #11058021).

– Lipofectamine (Invitrogen; cat. #18324012).

– Sterile, 15ml or 50ml polystyrene centrifuge tubes.

– Sterile 3.5 ml snap-cap polystyrene tubes.

– Baby hamster kidney (BHK-21) cells (clone WI-2; see Note 2) (Kaariainen and
Gomatos, 1969).

1The FBS used for cell culture does not need to be heat-inactivated.
2The BHK-21 cells that are used are not those available from the ATCC. The cells from ATCC are very fibroblast-like. Instead the
BHK-21 clone WI-2 cells are more epithelial-like. These cells have much higher transfection efficiencies which appear to be one of the
critical factors that influence the efficiency of virus recovery from plasmids.
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– HeLa cells (ATCC #CCL-2).

2.2. Plasmids and Plasmid Purification
– pVSV-ΔG-GFP, a.k.a. pVSV-ΔG* [Fig. 1A; (Takada et al., 1997)]

– pVSV-ΔG-DsRed, a.k.a. pVSV-ΔG-RFP (Porotto et al., 2007)

– pVSV-ΔL-GFP (Robison, 2001)

– pBS-N-Tϕ (Stillman et al., 1995)

– pBS-P-Tϕ (Stillman et al., 1995)

– pBS-L-Tϕ (Stillman et al., 1995)

– pBS-G (Fredericksen and Whitt, 1995)

– pC-VSVG (Takada et al., 1997), a.k.a. pCAGGS-GInd (Jeetendra et al., 2002).

– E. coli, strain C600

– Luria broth (LB) supplemented with 80 mg/ml ampicillin.

– GET buffer: glucose (0.9%), EDTA (10mM), Tris (0.25 mM pH 8.0).

– Alkaline SDS: Sodium dodecyl sulfate (1%), NaOH (0.2 M)

– Acidic potassium acetate solution: 60 ml 5 M KOAc + 11.5 ml glacial acetic acid +
28.5 ml deionied water.

– Lysozyme (10 mg/ml) in deionized water.

– 100% Isopropanol

– 70% ethanol

– TE buffer: Tris (10 mM pH 8.0) + EDTA (1 mM).

– Ethidium bromide (10 mg/ml) in deionized water.

– Isopropanol equilibrated in cesium chloride-saturated water

– 100% ethanol.

2.3. Fluorescence Microscopy
– Fix solution: Prepare 3% paraformaldehyde solution by dissolving 4.5 g

paraformaldehyde powder in 120 ml deionized water made alkaline by the addition
of 75 µl 5 M NaOH. Heat to 50°C to dissolve, and then cool to r.t. Add 15 ml 10X
PBS and adjust pH to 7.4 with 5 M HCl. Bring final volume to 150 ml with deionized
water, aliquot, and store at −20°C. The fix solution can be frozen and thawed
multiple times. At the first thaw a precipitate will form. Heat in a microwave
(carefully) with the lid loosened at 10 second intervals and mix by swirling until
precipitate dissolves. Cool to r.t. before use. The precipitate does not form during
subsequent thaws.

– Mounting medium: 80% glycerol in phosphate buffered saline and containing 0.1
M n-propyl-gallate (3,4,5-trihydrobenzoic acid n-propyl ester; Sigma, cat #P-3130).

– 10X PBS: 100 mM sodium phosphate monobasic (NaH2PO4 · H2O), 100 mM
sodium phosphate dibasic (Na2HPO4 · 7 H2O), 1.5 M sodium chloride (NaCl)
dissolved in deionized water. Filter sterilize using a 0.2 μ pore filter and store at r.t.
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– PBS-glycine: Use 10X PBS to prepare a 1X PBS solution that also contains 10
mM glycine.

– Permeabilization solution: PBS-glycine containing 1% Triton X-100.

– Primary antibodies: Culture supernatants from mouse hybridomas producing
monoclonal antibodies to VSV-M protein (MAb 23H12), or VSV-N protein (MAb
10G4) diluted 1:3 with PBS-glycine (Lefrancois and Lyles, 1982).

– Secondary antibody: Goat anti-mouse IgG conjugated to rhodamine Red-X (Jackson
ImmunoResearch cat #115–295-146), or to FITC (cat #115-095–146).

3. Detailed Procedure
To study the entry mechanism of enveloped viruses that are either difficult to grow, or that
require high-level containment (e.g. BSL-3 or BSL-4 agents), the envelope glycoprotein(s) is/
are transiently expressed from a plasmid vector and then the cells are infected with the
recombinant rVSV-ΔG that has been previously pseudotyped with VSV G protein (e.g. G-
complemented rVSV-ΔG). Because the rVSV-ΔG genome does not encode an envelope
glycoprotein, virus that is produced will incorporate the heterologous (e.g. non-VSV-G)
glycoprotein(s) into the virion after expression of the glycoprotein(s) from the plasmid on the
plasma membrane. The consequent infectivity of the pseudotyped progeny virions will be
dependent on the host/cell tropism and entry mechanism of the heterologous glycoprotein(s).

The methods described below include those for the initial recovery and production of the G-
complemented rVSV-ΔG and are followed by the methods used to generate rVSV-ΔG
pseudotyped with heterologous glycoproteins. Important controls used to evaluate the
efficiency of virus recovery, and methods used to trouble-shoot the basis for poor recovery
efficiencies are included. Finally, methods used to quantify infectivity and to analyze
glycoprotein incorporation into rVSV-ΔG particles are described.

3.1. Plasmid Purification
While commercial columns can be used for plasmid purification, more consistent results are
obtained using CsCl-EtBr gradient purified plasmids for both recovery of virus and for
transfection to produce rVSV-ΔG pseudotypes. Experience indicates that E. coli C600 cells
provide the highest yield of plasmids containing VSV genomic cDNAs (e.g. pVSV-ΔG-GFP,
or pVSV-ΔL-GFP) when using CsCl-EtBr gradients, although DH5-α cells can also be used.

i. Inoculate 250 ml LB-amp broth in a 1-liter Erlenmeyer flask with 250 µl of a fresh
overnight culture of E. coli transformed with the desired VSV plasmid and grow for
12–14 hours (see Note 3) at 37°C with vigorous shaking on a platform shaker. Place
the flask on ice to prevent overgrowth of the culture.

ii. Make a glycerol stock by removing 300 µl of the culture and mix with 300 µl 80%
glycerol. Place at −80°C for long-term storage of the glycerol stock. An aliquot of the
glycerol stock is used to generate the overnight culture for subsequent plasmid preps.

iii. Transfer the culture to a 250 ml centrifuge bottle and pellet the cells at 8,000 × g for
10 minutes at 4°C in a Sorvall GSA rotor (or equivalent).

iv. Discard the supernatant, remove residual liquid from the walls of the tube by
aspiration and resuspend the cell pellet in 14 ml ice-cold GET buffer. Ensure the pellet
is fully resuspended without clumps.

3When growing bacteria transformed with pVSV plasmids containing the full-length VSV cDNA, do not grow for more than 14 hours
since this will dramatically reduce the yield.
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v. Freeze the cell suspension by transferring the centrifuge bottle to a −80°C, −20°C, or
dry ice-alcohol bath. The suspension should be completely frozen before going to the
next step (generally 5–10 minutes in the dry ice bath, 15–20 minutes at −80°C, or >30
minutes at −20°C.

vi. Thaw rapidly in a 37°C water bath, then place on ice.

vii. Add 1.6 ml 10 mg/ml lysozyme, mix by swirling and incubate for 5 minutes on ice.

viii. Add 27 ml freshly prepared alkaline lysis buffer and immediately mix by inverting
sharply (use a snapping motion with the wrist to rapidly and completely mix). The
cells will lyse upon contact with the lysis buffer and release the genomic DNA making
mixing difficult if not done rapidly.

ix. Incubate on ice for 5–10 minutes, or until turbidity clears.

x. Add 21 ml acidic potassium acetate solution and mix completely by rapid inversion
as in step 8. Incubate on ice ~5 min.

xi. Pellet the white potassium dodecyl sulfate precipitate by centrifugation at 10,000 ×
g for 30 minutes at 4°C in a Sorvall GSA rotor (or equivalent).

xii. Recover the supernatant by pouring into a 50 ml conical centrifuge tube through 2–
3 layers of cheese cloth placed in a funnel. Squeeze the residual supernatant out of
the cheese cloth while wearing a latex or nitrile glove.

xiii. Warm to room temperature by placing in a 37°C water bath for ~5 minutes, and then
precipitate the plasmid DNA by adding 0.6 volumes of r.t. 100% isopropanol.

xiv. Mix well, incubate at r.t. for ~5 minutes and then pellet at 1,320 × g for 30 min at r.t.
in a swinging-bucket table top centrifuge.

xv. Pour off supernatant and wash pellet by gentle vortexing with ~5 ml of 70% ethanol
and place on ice for ~5 min. The pellet should dislodge from the bottom of the tube
for complete washing.

xvi. Pellet again at 1,320 × g for 10 min.

xvii.Aspirate supernatant and remove residual ethanol from the walls of the tube.

xviii.Dry the pellet by placing in a vacuum dissector for ~5 min.

xix. Resuspend the pellet in 3 ml TE buffer. This may take some time depending on the
size of the pellet. Can incubate on ice to allow pellet to resuspend if necessary.

xx. Measure the volume of the fully resuspended DNA solution, transfer to a 15 ml conical
centrifuge tube and bring to 4 ml final volume with TE buffer.

xxi. Add 4.24 g CsCl, mix gently by inverting to dissolve, and then add 0.4 ml 10 mg/ml
EtBr.

xxii.Mix well by inverting and then centrifuge at 850 × g for 10 min. at r.t. to clarify.

xxiii.Transfer supernatant to Beckman vTi65 Quick-seal tubes (or equivalent), balance to
within 0.02 g, heat-seal and place in vertical centrifuge rotor (Beckman vTi65 or
equivalent) and centrifuge at 372,000 × g for 4 hours, or 178,000 × g for 14–16 hours
at 20°C.

xxiv.After run is completed, remove tubes, vent by inserting a 16-gauge needle into the
top of the tube, and then collect lower (super-coiled) plasmid band by side-puncture
using a 16-gauge needle and 3 ml syringe (see Note 4).
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xxv.Transfer the collected plasmid band to a 15 ml polystyrene tube and extract EtBr by
adding 2–3 volumes CsCl-saturated isopropanol. Mix by inverting 5–10 times and
then separate aqueous layer containing the plasmid DNA from the isopropanol layer
containing the extracted EtBr by brief (~1 min) centrifugation in a table-top centrifuge
at r.t. Aspirate the magenta-colored upper isopropanol layer and repeat 3–4 times until
the aqueous layer contains no visible EtBr (pink color).

xxvi.Transfer the lower aqueous layer containing the plasmid DNA to a siliconized Corex
tube and dilute with 3 volumes of TE buffer. Mix and then add 2 volumes (8 volume
equivalents of the original aqueous layer volume) of 100% ethanol and mix well by
inverting.

xxvii.Incubate on ice for 30 min to precipitate DNA and then pellet at 16,000 × g for 30
min at 4°C in a Sorvall HB-6 swinging-bucket (or equivalent) rotor.

xxviii.Discard supernatant and wash pellet with 70% ethanol containing 60 mM sodium
acetate. Incubate for 5 min at 4°C and pellet at 10,000 rpm for 10 min.

xxix.Aspirate supernatant, removing all residual liquid from the walls of the tube, and then
dry the pellet in a vacuum desiccator for ~10 min.

xxx.Resuspend pellet in 300 µl TE buffer and determine the DNA concentration. Dilute
to 1 mg/ml with TE buffer and store at −20°C.

3.2. Preparation of vaccinia virus-T7 stocks
For recovery of VSV from plasmids the vaccinia T7 RNA polymerase expression system
developed by Thomas Fuerst and Bernie Moss (Fuerst et al., 1986) is used to express the
antigenomic VSV cDNA and for expression of the N, P, G, and L constructs. Several different
recombinant vaccinia virus variants that express T7 RNA polymerase have been developed
(M. Whitt, unpublished) and the one that is used currently is a modified vaccinia virus derived
from the B18R (interferon viroceptor knockout) strain of vaccinia (Symons et al., 1995), into
which the bacteriophage T7 polymerase gene was inserted under control of the vaccinia p7.5
early/late promoter (v18R-T7). Either the original vTF7-3 virus or the v18R-T7 virus can be
used for rVSV recoveries (Jayakar and Whitt, 2002; Jeetendra et al., 2002; Miller et al.,
2004; Mire et al., 2009) and these will be referred to generically as vvT7.

i. Plate HeLa cells into 15cm dishes, or T-175 flasks and incubate overnight. Typically,
twenty 15 cm dishes are used to produce the vaccinia stocks. The cells should just
reach complete confluency before inoculation.

ii. Rinse the cells two times with serum-free DMEM and infect at an MOI ~ 0.1 – 0.5
in a small volume (generally 3 ml/15 cm dish) of serum-free DMEM. Allow virus to
adsorb for 45 min at 37°C. Remove the inoculum and add 20 ml D-5.

iii. Incubate for 2–3 days at 37°C until CPE (cell rounding) is evident. Generally, ~90–
95% of the cells should be rounded and some will have detached from the dish.

iv. Dislodge the cells by pipetting and transfer with the media to a conical centrifuge
bottle. Once the cells are removed, wash the plates twice with a total volume of 15
ml PBS by rinsing the excess cells and media from each plate sequentially. Add the
PBS wash to the cell suspension in the conical bottle.

4The bands should be visible under ordinary room lighting as a dark red band. If there is a large amount of sheared bacterial genomic
DNA, this may appear as a band above the lower supercoiled plasmid band. The sheared genomic DNA should be removed first by side-
puncture if present.
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v. Pellet the cells by centrifugation at 1,320 × g for 10 min. Discard the supernatant by
aspiration into disinfectant (bleach). The cell pellets may be frozen and stored at −80°
C, or may be processed (step #6).

vi. Resuspend the cell pellet in 8 ml ice-cold 10 mM Tris-HCl pH 9.0 by gentle vortexing
or pipetting and transfer to a sterile glass dounce homogenizer that has been pre-
cooled on ice. Rinse the centrifuge bottles with 4mls ice-cold 10 mM Tris-HCl pH
9.0 and add to the cell suspension in the dounce homogenizer.

vii. Dounce 60 times on ice in a biosafety cabinet. Use BSL-2 precautions during all
phases of the vaccinia purification.

viii. Transfer the cell extracts to a sterile 50 ml conical centrifuge tube and pellet the nuclei
by centrifugation at 140 × g for 5 min at 4°C.

ix. Collect the post-nuclear supernatant and transfer to a clean sterile 50 ml conical tube.

x. Wash the nuclei in the dounce with 10 ml of ice-cold 10mM Tris-HCl pH 9.0 and
pellet as above.

xi. Combine the post-nuclear supernatants and sonicate in a bath sonicator containing
ice-cold water for 5 min.

xii. Centrifuge the sonicates at 500 × g for 5 min to pellet debris. Transfer the supernatants
to a clean tube and sonicate again for 5 min. Remove residual debris by centrifuging
again at 500 × g for 5 min.

xiii. Transfer the sonicated supernatants to two sterile Beckman SW28 tubes (or
equivalent) and under-layer with enough 36% sucrose in 10 mM Tris-HCl pH 9.0 to
fill the tube to within 0.5 – 1 cm of the top of the tube.

xiv. Pellet the virus through sucrose cushion by centrifugation at 130,000 × g for 20min
at 4°C.

xv. Resuspend each of the virus pellets in 2 ml of 1 mM Tris-HCl pH 9.0, transfer to a
clean sterile tube, and rinse the SW28 tubes with a total of 2 ml of 1 mM Tris-HCl
pH 9.0.

xvi. Mix well by vortexing, divide into aliquots and store at −80°C.

xvii.After completely frozen, thaw one of the aliquots and titer on both HeLa cells and on
BHK-21 cells.

xviii.To titer, plate cells into 6-well plates and incubate overnight.

xix. Thaw an aliquot of the frozen vaccinia stock (see Note 5) and make 10-fold serial
dilutions in SF-DMEM. Rinse the cells twice with SF-DMEM, add 0.4 ml SF-DMEM
and add 0.1 ml of the dilutions to separate wells.

xx. Adsorb for 1 hr at 37°C with occasional rocking (or on a platform rocker), remove
the inoculum and add D-5 (see Note 6).

xxi. Incubate for ~48 hours and then determine the titer by counting plaques. For the v18R-
T7 virus, the medium is removed and then the monolayer is overlayered with D-5
containing 0.9% molten Bacto-agar cooled to <50oC and 0.033% X-gal. The v18-T7
expresses β-galactosidase resulting in formation of “blue” plaques upon addition of
X-gal. Incubate at 37°C until color formation is detected (~30–60 min).

5The vaccinia-T7 stocks can be frozen and thawed approximately 4 times without significant loss of infectivity.
6No solidifying medium such as agarose or methylcellulose is necessary since vaccinia virus is very cell-associated. Distinct plaques
will form on cells grown in liquid medium.
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3.3. Recovery of rVSV-ΔG from Plasmids
The recovery of rVSV-ΔG from plasmids using reverse genetics involves the transfection of
cells that have been infected with recombinant vaccinia expressing bacteriophage T7 RNA
polymerase (vvT7). Cells are transfected with 5 different plasmids which express the VSV
antigenomic-sense (or positive-sense) RNA and cDNAs for the VSV N, P, G, and L proteins,
all of which are under control of T7 promoters (Fig. 1). A fraction of the T7-expressed anti-
genomic RNA will be encapsidated by the VSV N protein and this encapsidated RNA will
serve as the template for synthesis of genomic RNA by the VSV polymerase complex
consisting of the VSV L and P proteins. Once genomic RNA has been produced, which can
only occur through the activity of the VSV polymerase complex acting on the encapsidated
anti-genome, viral mRNAs are synthesized and the replication cycle is completed. In addition
to more N, P, and L proteins, the VSV matrix (M) protein is produced from the virally encoded
M gene. The M protein is required for RNP condensation and virus budding. Because rVSV-
ΔG does not encode the viral glycoprotein (G), this must be provided in trans to produce
infectious G-pseudotyped rVSV-ΔG virions. The protocol to recover and titer G-pseudotyped
rVSV-ΔG (G*ΔG-VSV) is divided into two steps as outlined below.

3.3.1 Step #1-Primary recovery
i. Cell plating and vvT7 infection: Approximately 16–24 hours before starting the

primary recovery, seed BHK cells into 6-well plates. Add between 5 × 105 to 9 ×
105 cells/well. When plating, ensure that the cells are evenly disbursed in the well
(see Note 7). Rock the plate back-and-forth in both directions to achieve an evenly
distributed monolayer. Do not swirl the plate since this causes the cells to accumulate
in the middle of the well. Several different seeding densities can be used depending
on the time of day the cells will be plated and the time interval between seeding the
6-well plates and the start of the recovery. Incubate the cells at 37°C in a humidified
incubator containing 6%–8% CO2 for 14–16 hours (see Note 8). The cells should be
at ~90–95% confluency the next day for virus recovery (Fig. 2).

ii. First, the cells are infected with a recombinant vaccinia virus expressing T7 RNA
polymerase (vvT7). Begin by removing the vvT7 stock from the −80°C freezer. Thaw
rapidly in a 37°C water bath and place on ice.

iii. In a 15ml sterile conical tube, prepare the vvT7 inoculum in SF-DMEM pre-warmed
to 37°C. Use sufficient vvT7 to give an MOI = 5. Each well should receive 500 µl of
the inoculum. Always include an extra “wells-worth” of inoculum to ensure there is
a sufficient amount of inoculum for the recovery. Mix by vortexing.

iv. Remove the growth medium from the 6-well plates and rinse each well with 1 −3 ml
pre-warmed SF-DMEM. Aspirate and add 500 µl of the vvT7 inoculum to each well.
Adsorb by occasional rocking, or by placing the plate on the platform rocker in a 37°
C, 6%–8% CO2 incubator for ~45 minutes.

v. Next, prepare the transfection mix. The transfection mix should be prepared in a
biological safety cabinet to maintain sterility. While the vaccinia virus is adsorbing,
prepare a master mix containing the recovery support plasmids (N, P, G, and L) in a

7When plating, ensure that the cells are evenly distributed in the well or on the dish. Use cells that have not been allowed to overgrow
at any time, not even once. Generally, cells used for pseudotyping should be passaged every day to ensure that they do not overgrow and
will produce a homogeneous cell suspension after trypsinizing. It is important that the cells are not clumpy after plating. They must sit
down homogeneously. To evenly distribute the cells move the plate back and forth and side to side multiple times to achieve a very even
monolayer. Do not swirl the plate since this causes the cells to accumulate in the middle of the well or dish and this will adversely affect
cell transfection and pseudotype production.
8The BHK-21 clone WI-2 cells grow best in a 6%–8% CO2 environment. All cell culture work used for virus recover, pseudotyping,
and virus entry characterization is performed in 6%–8% CO2 incubator.
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15ml or 50ml sterile polystyrene conical. The amount of transfection mix to be
prepared will depend on the number of recoveries being done. Each well will receive
an N, P, G, and L plasmid mixture that has a ratio of 3:5:8:1 µg of each plasmid,
respectively. The final amount of support plasmid DNAs added will be 17µg per well.

vi. For each well add 1 ml of SF-DMEM to a polystyrene tube. This will be for the support
plasmid master mix. Always include one extra recovery well-equivalent in the
calculations to ensure a sufficient amount of the master mix is available.

vii. Add the appropriate volume of the 3:5:8:1 (N:P:G:L) support plasmid solution to the
tube. Vortex the DNA master mix and add 1 ml of the mix into the appropriate number
of labeled 3.5 ml snap-cap polystyrene tubes. Label the tubes according to recovery
number and/or name.

viii. Next add 5 µg of the pVSV-ΔG plasmid to be recovered to the snap-cap tubes. Each
virus to be recovered should be done in duplicate. In addition, 2 wells will be used
for positive control transfections using the pVSV-ΔL-GFP plasmid. Replace the cap
on the tubes and vortex. Be sure that no medium is trapped in cap.

ix. Next prepare the transfection reagent solution. In a 15ml or 50ml polystyrene tube,
prepare a master mixture of TransfectACE. For each well, add 1ml SF-DMEM to the
conical and add 3.5 µl of TransfectACE for each µg of DNA added to the conical
(see Note 9). Therefore, in a typical transfection containing 17 µg of support plasmids
and 5 µg of pVSV plasmid, add 77 µl of TransfectACE. Include one extra well-
equivalent in the calculations as described above. Vortex gently to mix.

x. Add 1ml of the TransfectACE master mix solution to a single snap-cap tube
containing 1 ml of recovery plasmid DNA and immediately mix by gently inverting
the tube several times to ensure homogeneous formation of lipid-DNA complexes.
Do not add the transfection reagent to all tubes first, and then mix as this seems to
increase variability in the efficiency of recovery. Remove any trapped media from
the snap cap by “flicking” the tube. Prepare the DNA and TransfectACE suspensions
approximately 20 minutes prior to the end of the vvT7 adsorption.

xi. Incubate the DNA:lipid mixture in the biological safety cabinet for 20–30 minutes.

xii. After the incubation, remove the vvT7 inoculum from each recovery well. When
finished rinse the pipette or pipette tip with 20% bleach to inactivate the vaccinia
virus.

xiii. Add 2 ml of the DNA:lipid mix from each tube to the appropriately labeled well.

xiv. Put the plate in a 37°C, 6%–8% CO2 incubator and incubate for 3–5 hours.

xv. After the incubation, remove the transfection mix and then add 1.5 to 2.5 ml/well D-5
and incubate at 37°C for 40–48 hours. Typically, virus recovery supernatants will be
harvested between 42 and 46 hours post-transfection.

3.3.2 Step #2- Amplification of the primary recovery virus
i. The same day that the transfection for the primary recovery is performed, plate a fresh

set of BHK cells in 6 well plates and grow overnight. These cells will be transfected
with a plasmid (pCAGGS-G) that expresses VSV G protein from a strong pol-II
promoter to amplify the recovered viruses obtained in Step #1. The cells should be

9It may be necessary to determine the optimal TransfectACE:DNA ratio for “in-house” prepared TransfectACE. Typically, between 3
to 5µl of TransfectACE per µg of plasmid DNA results in high-efficiency transfections.
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evenly distributed as described in Step 1 and should be at ~85% confluency the next
morning.

ii. Replace the D-5 medium on the cells with ~1.5 ml Opti-MEM pre-warmed to 37°C
and put the cells back into the 37°C incubator.

iii. Prepare a transfection mix consisting of 2 µg pCAGGS-G and 10 µl Lipofectamine
in 2 ml Opti-MEM per well as follows. This can be prepared as a Master Mix and
aliquoted into the 6-well plates. To one sterile 15 ml or 50 ml polystyrene tube add
the appropriate volume of Opti-MEM to give 1ml per well. To a separate tube add
the same volume of Opti-MEM.

iv. To one of the tubes add the appropriate amount of pCAGGS-G plasmid to give 2 µg
per well. Vortex gently to mix.

v. To the other tube add the appropriate volume of Lipofectamine to give 10 µl per well.
Vortex to mix.

vi. Immediately add the lipid mix to the DNA-OptiMEM mix and gently invert 5–6 times.

vii. Incubate 20 min at r.t.

viii. Remove the Opti-MEM from the cell monolayers and add 2 ml of the transfection
mix directly to cells.

ix. Rock the plate 2–3 times and then incubate for ~4 hrs at 37°C.

x. After the incubation remove the transfection mix and replace with D-5.

xi. Incubate the cells in a 37°C, 6%–8% CO2 incubator for 24–30 hrs. Evaluate the
efficiency of the transfection by examining cells for syncytia starting at 24 hrs post-
transfection. You should see small (3–4 cell syncytia) distributed throughout the
monolayer by 20–24 hours (Fig. 3). This indicates that sufficient G protein has been
expressed on the cell surface to induce cell-cell fusion (see Note 10).

xii. After confirming that the pCAGGS-G transfection was successful as indicated by
syncytia formation, the next step is to filter the primary recovery supernatants to
remove the vaccinia virus and to transfer the filtrates onto the pCAGGS-G transfected
cells (Fig. 1B; see Note 11).

xiii. First, label each well of the pCAGGS-G transfected 6-well plate with the name and/
or number of the virus that is being recovered.

xiv. Second, remove the plunger from a sterile 3ml syringe and attach a 0.22 µm Millex-
GS syringe filter onto the syringe. You can pre-assemble all the syringe-filters that
will be needed, or do this one at a time. Use a single syringe-filter for each supernatant.

xv. Third, remove the medium from one of the pCAGGS-G transfected plates at a time
to prevent the cells from drying out, then collect the supernatant from one of the
primary recovery wells from Step #1 above with a pipette and add to the syringe.

10VSV G protein is a pH-dependent fusion protein, meaning that low pH (∼ pH 6.3–6.1) induces a conformational change in G protein
which results in activation of its membrane fusion activity. However, when G protein is expressed at sufficiently high levels on the cell
surface of certain cell types (such as BHK-21), a fraction of the G protein trimers “flip” to the low-pH conformation and can induce cell-
cell fusion in the absence of a low pH trigger.
11VSV is sufficiently small to pass through a 0.22µm filter; however, the vaccinia virus will be retained by the filter. This step should
remove all of the vaccinia virus, but caution should be used because occasionally some vaccinia will pass through the membrane, possibly
due to membrane rupture.
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xvi. Filter the supernatant (see Note 12) directly onto the appropriate well of the new 6-
well plate. Note that the ΔL-GFP supernatant does not need to be filtered and
transferred since this is used only to determine the efficiency of the recovery
transfection by the expression of GFP.

xvii.Place the plate(s) with the recovery supernatants in a 37°C 6%–8% CO2 incubator
and incubate for 24 to 72 hours.

xviii.To determine the efficiency of the primary transfection, aspirate the supernatant from
the ΔL-GFP control wells and rinse the wells with 2 ml PBS. Remove the PBS, add
~2ml Fix solution and incubate for ~20 min to inactive the vaccinia virus. Remove
the Fix solution and rinse with PBS-glycine, then examine the cells for GFP
expression using a fluorescence microscope. If between 10–20% of the cells fluoresce
green (Fig. 4) due to the expression of GFP, then the chances that the primary recovery
was successful is good. If there are fewer than 5% GFP-positive cells in the ΔL-GFP
recovery wells, then the support recovery plasmids may need to be reoptimized. The
primary recovery plate can then be discarded in the biological hazardous waste.

xix. The new plate(s) containing the filtered recovery supernatants should be monitored
daily for the development of VSV-induced cytopathic effects (CPE), which are seen
as areas (or foci) of rounded, refractile cells (Fig. 5). Generally cell rounding will be
obvious by 48 hr, but may be observed by 24 hr if the recovery is very efficient.

xx. When 40% – 100% of the cells show signs of VSV-induced CPE, the supernatants
can be harvested. Ideally it is best to wait until most of the cells are showing signs of
VSV CPE, however, if the recovery is inefficient (for example only one infectious
particle is generated in the recovery) then the percentage of cells showing signs of
CPE after 72 h may be low (e.g. ~40%). Do not incubate more that 72 h as virus will
lose infectivity. Generally, CPE is evident after 24 – 36 hours.

xxi. Collect the supernatants and transfer to a sterile conical centrifuge tube. Remove cells
and cell debris by centrifugation for 10 min at ~450 × g.

xxii.Aliquot the cleared supernatants into appropriately labeled sterile freezer vials/tubes
and store frozen at −80°C. The supernatants can be stored at −80°C indefinitely.

xxiii.Determine the titer, plaque-purify, and generate a large working stock as described
below.

3.4. Plaque Purification and Titering of G*ΔG-VSV
To ensure homogeneity the recovered viruses should be plaque-purified. The following
procedure describes a general method for titering G*ΔG-VSV by plaque assay. Dilutions that
generate well-isolated plaques can be used to obtain plaque isolates. Plaque purification also
ensures that there is no residual vaccinia virus that may have carried over during the initial
ΔG-VSV amplification after filtering.

i. Transfect 1 × 10 cm dish of BHK cells with pCAGGS-G using Lipofectamine as
follows.

ii. Replace growth medium on cells with ~8 ml Opti-MEM and put cells back into
incubator.

iii. Add 4 ml Opti-MEM to a 15 ml polystyrene tube, then add 16 µg pCAGGS-G and
vortex gently.

12Pass the supernatant through the filter very slowly since the high hydrostatic pressure obtained using a 3ml syringe can rupture the
filter.
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iv. In another tube add 4 ml Opti-MEM and then 80 µl Lipofectamine, vortex briefly and
gently.

v. Immediately add the lipid mix to the DNA-OptiMEM mix and gently invert 5–6 times.

vi. Incubate 20 min at r.t.

vii. Remove the Opti-MEM from the cells and add the transfection mix directly to cells.

viii. Rock the plate 2–3 times and then incubate for 4 hrs at 37°C in a 6%–8% CO2
incubator.

ix. After 4 hrs replace the transfection medium with D-5 and put back in the incubator.

x. Approximately 30 hrs post-transfection, trypsinize the cells and divide into two 6-
well plates. Let the cells attach for at least 6 hrs, but not more that 18 hrs since the
cell density will get too high.

xi. Make 10-fold serial dilutions of the virus stock up to 10−7 using SF-DMEM as diluent.

xii. Remove the medium from the 6-well plates, add 0.3ml of SF-DMEM to each well
and then add 100 µl of the serial dilutions to the appropriately labeled well.

xiii. Rock the plates manually every 10 minutes, or place on a platform rocker in a CO2
incubator and adsorb the virus for 60 min at 37°C.

xiv. Leave the inoculum on the cells and overlay directly with agar-overlay (D-5
containing 0.9% agar).

xv. Let the overlay solidify and then move the plates to the 37°C incubator.

xvi. Incubate the plates until plaques are visible (typically 24 hrs, but may be longer
depending on cell density at time of infection).

xvii.For plaque isolates choose plaques that are well separated from other plaques.

xviii.Use a sterile Pasteur pipette and insert into the agar all the way to the bottom of the
plate to remove the plaque and agar plug.

xix. Put the agar plug into 0.5 ml D-5 and let virus elute 1–2 hours at 4°C.

xx. Store the eluted plaque isolate at −80°C, or use an aliquot directly to amplify the virus
to make a P1 (first passage) stock.

3.5. Amplification G*ΔG-VSV Plaque Isolates and Generation of G*ΔG-VSV Working Stocks
The following procedure is essentially the same as that used to pseudotype heterologous
envelope proteins onto ΔG-VSV, except that to generate working stocks; a) the virus is
pseudotyped with VSV-G, b) it is performed at a larger scale, and c) the infection is done at a
lower multiplicity to prevent accumulation of defective-interfering (DI) particles. Investigators
may request an aliquot of the G*ΔG-VSV working stock from my laboratory rather than
recovering the virus from plasmids. Approximately 0.5 ml of a working stock will be provided
to laboratories that make this request. After receiving an aliquot of the working stock it will
be necessary to produce additional working stocks by amplifying an aliquot of the G*ΔG-VSV
P1 stock on cells transfected with pCAGGS-G.

i. Begin with a 10 cm dish of BHK cells. The cells must not be overgrown and must be
evenly distributed over the plate (see Note 7) at ~85% confluency.

ii. Aspirate the growth medium and replace with 10 ml Opti-MEM. Incubate the cells
for approximately 20 min at 37°C in a 6–8% CO2 incubator while prepare the
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transfection mix is prepared. The cells can be incubated for as long as 60 min, but 20
min is recommended.

iii. Immediately prepare the DNA:liposome transfection cocktail in the biosafety cabinet
in the following manner:

iv. Add 4 ml Opti-MEM to a 15 ml polystyrene tube, then add 16 µg pCAGGS-G and
vortex gently.

v. In another tube add 4 ml Opti-MEM and then 80 µl Lipofectamine, vortex briefly and
gently.

vi. Immediately add the lipid mix to the DNA-OptiMEM mix and gently invert 5–6 times.

vii. Incubate 20 min at r.t.

viii. Remove the Opti-MEM and add the transfection mix directly to cells.

ix. Rock the plate 2–3 times and then incubate for 4 hrs at 37°C in a 6%–8% CO2
incubator.

x. After 4 hrs replace the transfection medium with D-5 and put back in the incubator.

xi. Incubate for 24–30 hours. Evaluate the transfection efficiency by examining cells for
syncytia (multi-nucleated fused cells) starting at 24 hours post-transfection.

xii. By 24–30 hours, the cells should have become confluent and there should be between
3 and 10 syncytia per microscope field using a 10X objective. At this point, the plates
are ready to be infected.

xiii. To amplify virus from a plaque isolate, remove the medium from the transfected cells,
add 4 ml SF-DMEM and then add 0.1 ml of the eluted plaque. This will correspond
to ~1–5 × 105 infectious units (IU). For amplification of a virus stock, infect using a
multiplicity of no more than 0.1 (~1 × 106 IU). Adsorb for 1–2 hours and then add 8
ml D-5 directly to the plate (e.g. do not remove the inoculum).

xiv. Incubate overnight and then examine the cells for the development of VSV-induced
CPE.

xv. Harvest the supernatant when most of the cells show signs of VSV-induced CPE.

xvi. Transfer the supernatant to a sterile conical tube and centrifuge for 10 min at ~450 ×
g.

xvii.The cleared supernatants are then aliquoted into appropriately labeled sterile
eppendorf tubes or screw-top freezing vials and stored frozen at −60°C to −80°C.

3.6. Pseudotyping ΔG-VSV with Heterologous Envelope Proteins
To successfully generate ΔG-VSV pseudotypes using heterologous (e.g. non-VSV) envelope
proteins, the cDNA for the desired envelope glycoprotein should be cloned into a high-level
expression vector such as pCAGGS (Niwa et al., 1991). Other factors that may affect the
efficiency of pseudotype production include: a) the rate of transport of the envelope
glycoprotein to the cell surface, b) accumulation of the envelope protein on the plasma
membrane [e.g. envelope proteins that are rapidly endocytosed often produce low amounts of
pseudotyped particles], c) the type of plasma membrane sub-domain to which the envelope
protein localizes [e.g. proteins that accumulate in cholesterol-rich rafts do not pseudotype well
with VSV (Johnson et al., 1998)].

Most studies that utilize ΔG-VSV pseudotypes require only small amounts of the pseudotypes
to be produced. For example, many studies will examine virus infectivity on a panel of cells
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to identify susceptible vs. non-susceptible cell types. The titers of ΔG-VSV pseudotypes are
often high (e.g. >1 × 107 IU/ml), therefore 2 ml of pseudotypes produced in a 35 mm dish or
single well of a 6-well plate is sufficient for most studies.

The pseudotyping procedure can be adapted also for high-throughput screening of antiviral
entry inhibitors as described by Porotto et al (Porotto et al., 2007). In this assay cells expressing
the heterologous envelope protein are infected at a low multiplicity and the virus is allowed to
grow in a multicycle fashion such that replication and spread is dependent on multiple rounds
of pseudotyping within the culture. This is essentially what occurs when titering rVSV-ΔG
viruses as described in Section 3.4, except the heterologous glycoprotein, rather than VSV G
protein, is expressed.

The following procedure outlines the method used for small-scale pseudotype production. If
larger volumes are needed, then the procedure can be modified similar to that used to amplify
ΔG-VSV stocks (Section 3.5), except that the heterologous envelope glycoprotein would be
expressed. Pseudotypes are stable if stored in DMEM containing at least 5% FBS.
Alternatively, if the protein profile of the pseudotyped virus needs to be examined by staining
of an SDS-polyacrylamide gel with Coomassie blue or silver stain the virus can be grown in
serum-free medium, pelleted through a 20% sucrose cushion by centrifugation at 100,000 × g
for 35 min and then resuspended in 10 mM Tris-150 mM NaCl containing 10% sucrose (TN-
sucrose). Most pseudotypes are stable for weeks to months without significant loss of
infectivity in TN-sucrose if stored at −80°C.

i. Plate BHK-21 cells so they will be ~80%–90% confluent the next day (see Note 7).

ii. The next morning the cells should look flat and be evenly distributed without clumps.
Replace the growth medium with Opti-MEM and incubate for ~20 minutes at 37°C
while transfection mix is being prepared.

iii. To prepare the transfection mix, add the appropriate volume of Opti-MEM to a sterile
polystyrene tube and then add the appropriate amount of plasmid encoding the
heterologous envelope protein and vortex gently.

iv. In a separate tube add the appropriate volume of Opti-MEM and the appropriate
amount of Lipofectamine and vortex gently to mix.

v. Immediately add the lipid mix to the DNA-Opti-MEM mix and gently invert 5–6
times.

vi. Incubate for 20 min at r.t.

vii. Remove the Opti-MEM from the cell monolayer and add the transfection mix directly
to cells.

viii. Rock the plate 2–3 times and then incubate for 4 hrs at 37°C.

ix. After transfecting for ~4 hrs, replace the transfection medium with D-5 and incubate
for ~24–30 hrs.

x. The following day the cells should have become confluent. Examine the cells
beginning ~24 hrs post-transfection and infect when the monolayer reaches
confluency, or when the monolayer begins to show CPE due to expression of the
envelope protein.

xi. Infect the transfected cells at a multiplicity of ~3–5 to ensure every cell is infected.
Incubate for approximately 24 – 30 hrs, or until the majority of cells show VSV-
induced CPE and then collect the supernatant. Clarify the supernatant by low-speed
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centrifugation (1,320 × g for 10 min) and use immediately or store aliquots at −80°
C.
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Figure 1.
Recovery, growth and analysis of rVSV-ΔG. (A) Diagram of the cDNA encoding the anti-
genome of rVSV-ΔG-GFP. The conserved VSV transcriptional regulatory sequences (octagon
= stop sequence; An= polyadenylation sequence; arrow = transcriptional promoter or start
sequence) are shown above the diagram. The bacteriophage T7 RNA polymerase promoter
(T7) and terminator sequences (Tϕ) and the hepatitis delta virus ribozyme (δ-RBZ) with
cleavage site are indicated below the diagram. (B) A flow chart illustrating the key points
involved in generating and characterizing recombinant rVSV-ΔG. (I) Initially cells are
cotransfected with the plasmid pVSV-ΔG-GFP and the four support plasmids encoding the
VSV N, P, G and L proteins. This is followed by virus propagation (II), with subsequent plaque-
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purification and growth of G-complemented rVSV-ΔG-GFP working stocks (III & IV). The
G-complemented virus stocks produced in step IV are titrated, and then used to infect cells that
express a heterologous glycoprotein for production of the ΔG-GFP pseudotypes. Figure
courtesy of C.S. Robison (Robison, 2001).
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Figure 2.
Phase contrast micrograph of BHK-21 cells taken immediately before starting a recovery
experiment for rVSV-ΔG viruses. The cells should be evenly distributed and should ~90–95%
confluent. The image was collected using a digital camera connected to a phototube with a
2.5X lens on an Olympus CK2 microscope equipped with a 10X phase objective. The image
brightness was adjusted in Canvas 11 using the “levels” function to optimize visualization of
individual cells.
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Figure 3.
Phase contrast images of two fields of cells at 22 hours post-transfection with pCAGGS-G.
Arrowheads indicate regions of small syncytia beginning to form. Images were captured and
adjusted to optimize cell visualization as described for Fig. 2.
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Figure 4.
Immunofluorescence/phase contrast micrograph of ΔL-GFP transfected cells 24 hours post-
transfection. Cells were imaged using low-level brightfield illumination and fluorescence was
achieved by excitation using a FITC-filter set on a Zeiss Axiophot using Axiovision software.
Quantification of GFP-positive cells revealed that 21.5% of the cells were replicating ΔL-GFP.
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Figure 5.
Phase contrast images of cells 24 or 48 hours post-transfer of two independent supernatants
from a recovery experiment. The cells had been transfected with pCAGGS-G 24 hours prior
to transfer of 0.2 µ filtered recovery supernatants. The top panels show cells after transfer of
the supernatant from a culture that was infected with vvT7 and transfected with only the support
plasmids. The middle and lower panels are from two independent recovery experiments. The
middle panel has a small area of infected cells (arrow) near the middle of the image which are
showing VSV-induced CPE. The lower panel also has a small, but much less obvious area of
CPE (arrowhead). By 48 hours cells that were infected with the two recovery trial supernatants
show extensive cell rounding, characteristic of VSV-induced CPE while the mock culture (top,
right panel) does not.
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