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Ranavirus Replication — Lecture Outline

¢ Background
« viral replication basics

¢ Quantify viral replication

* Replication of ranaviurses

* Ranavirus genomes

¢ Understanding ranavirus gene function

Student Learning Outcomes

* Understand the basics of viral replication.
* Be able to quantify viral growth by plaque assay.
¢ Understand the steps of ranavirus replication.

* Understand how ranavirus mutants are constructed in order to

characterize gene function.
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Definitions:

* A susceptible cell has a functional receptor for a given
virus the cell may or may not be able to support viral
replication.

* A resistant cell has no receptor — it may or may not be
competent to support viral replication.

* A permissive cell has the capacity to replicate virus;
however, it may or may not be susceptible.

A susceptible AND permissive cell is the only cell that can
take up a virus particle and replicate it

cytopathic effects (CPE)




cytopathic effects (CPE)
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Table 2.1 Some examples of cytopathic effects of viral in-

lection of animal ©

Morphological alterations

Nuclear sirinking (pyknemis)
probiferation of membrane
Proliferation of nuclear
membrane
Vacuoles in cytoplasm
Syncytia eell fusion)
Margination and breaking of
chromosomes
Rounding up and detachment
of thsue culiure cells
Inclusion bodies
Virons in nucleus
Virlons in the cytoplasm
{Negrl bodies)
Factarkes” in the cytoplasm
{Guarnberi bodies)

Clumys of ribosomes in virions
Chamnps of chiromatin in nuclens

Picomavirities
Alphaviruses. herpesviruses
Papovavinses
Paramyxovinses, coronavinses

Herpesvinuses

Herpesviruses, thabdoviruses,
adenoviruses, ploomavinuses

Adenoviruses
Rabiles virus

Poxviruses

Ancnavinises
Herpesviruses

Fintetal, 2009

How can we determine the number of
ranavirus particles in a solution?

* Direct count

¢ End-point assay
* Plague assay

* PCR assays

¢ Immuno-assays




Plaque Assay
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900 pl of
diluent in
..J each tube
Sample
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Plague Assay

# pfu
plating factor (ml)

#pfu/ml =

DF = 1/dilution

want between 20 — 200 pfu

x DF




Plaque Assay
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# pfu
#pfu/ml = - x DF
plating factor (ml)
DF = 1/dilution
plate 100 pl
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Multiplicity of Infection (MOI)

¢ Number of virus particles per cell
[MOI (pfu/cells) = # pfu/# cells]

e Example:
* Infect 106 cells with 107 virions
* MOl is 10
* However, not all cells receive 10 virions!

MOl

¢ Infection depends on random interaction between virus and cell.
¢ Therefore, some cells are infected with 1, 2, 3 or more virions....while

others not infected.

¢ We can explain this by the Poisson distribution




P(k) = e™m*/k!

P(k): fraction of cells infected by k virus particles

m: multiplicity of infection (moi)

uninfected cells: P{0) = e™

cells receiving 1 particle: P(1) = me™

cells multiply infected: P(>1) = 1-e"™(m+1)
[obtained by subtracting from 1 {the sum of all

probabilities for any value of k} the probabilities P(0)
and P(1)]
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Examples:
If 106 cells are infected at moi of 10:
45 cells are uninfected
450 cells receive 1 particle
the rest receive >1 particle

If 10° cells are infected at moi of 1:
37% of the cells are uninfected
37% of the cells receive 1 particle
26% receive >1 particle

If 10° cells are infected at moi of .001:
99.9% of the cells are uninfected

00.099% of the cells receive 1 particle (990)
00.0001% receive >1 particle
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You have a stock of virus with a titer of 6.8 x 108 pfu/ml. What
volume of this virus you would need to infect 1 x 10° cells
with the following multiplicity of infection (MOI): (Note: You
cannot measure volumes less than 0.5 pl.)

A.0.001

B.5
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Jancovichetal, 2015

Luetal, 2016




Model entry route of SGIV into GS cells.
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Luetal, 2016
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Jancovich et 2011
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Luetal, 2016

3/1/2016

Luetal, 2016

Luetal, 2016
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Luetal, 2016

3/1/2016

Jancovichetal, 2015

TABLE 1: Sequanced genomas from membars of the genus Renavirus.
s

— s Bccassion B Ftorance
oWl —w @ — Py e
ATV Salamarger 1wee - % AY150217  Jancovich ef af, 2003
CMTY Frog 106,578 55 104 JOINIIT Maian ef al 2012
EHNY Fish 7ron 2] 00 FJA338T3  Jancovich ef af, 2010
ESV Fish PR £ 136 JOT24855  Mandan ef el 2012
Fva Frog 105,503 e 5 AYS4B434  Ton ef al 2004
GV Fish 130793 4 13 AYGEE01S  Tsai et al, 2004
RGY Frog 108791 5 08 JOB54586  Leiefal 2012
5GIV Fish 140131 4 182 AYSHEZS  Song ef o, 2005
s Turtle 105890 55 08 EUBZTOND  Huang et al. 2009
T Frog 105057 ET 105 AFIEBA%1  Heeral, 2002

Abbreviations: ADRY, Andras davidanus ranaywus (aka, Chinese giant salamander ranavirus). CMTV, Comman midwife foad ranavirus
FV3, Frog viug 3; RGV. Rana gryvlio vires: STIV. sefl-shelled turtie indevirus, TRV, tiger frog virus, ATV AmBystoma bgrinum vins, EHNY,

Epizoetic

L BBV,

opear

S BGIV. Singapare grouper indowina; GIV, grouper indovinus.

Jancovichetal, 2015
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How to understand ranavirus gene function?

* Ectopic expression
* Knock-down

* Knock-out

¢ Induced expression
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500 bp LF targeted gene 500 bp RF Viral Genomic DNA

[wtFV3]

Plasmid-transfer
vector

by puromycin and plaque assay

e — —c ) P——CL B

Chen etal, 2011

‘ Sequential selection and purification
18K

1 with re-
1 All the
FP positive

Chen etal, 2011

13



% survival
g

0T ek
“C-GFP-FVE
0 4 vIF 2RV
——WTFv3
0
o 5 10 15 20 25 0
Days post infection
FIG. 6. Susceptibility of X larvae to WT and recombinant

FV3, Groups (11 individuals per

roup) of 2eweek-old susceprible
larvae (stage I

ed by bath immersion for 1 hin 2 ml

of water o

Chen etal, 2011

3/1/2016

ORF Viral Genomic DNA
N [WtRV]
¢ Selectable/
Screenable
P marker recombination
" N cassette
Selectable/
Screenable
P marker Recombinant Virus

[RVAORF]

Avonetal, 2016

phase contrast fluorescence

Avonetal, 2016
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WIATV ATVA40L ATVAS4R ATVASTR ATVA25R

Aron etal, 2016
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Table of Recombinant Ranaviruses
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Additional Readings

¢ Andino et al., 2015. Characterization of Frog Virus 3 knockout
mutants lacking putative virulence genes. Virology, 485: 162-170.

e Liu et al., 2016. Visualization of Assembly Intermediates and Budding

Vacuoles of Singapore Grouper Iridovirus in Grouper Embryonic Cells.

Scientific Reports, 6: 18696
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