
USE OF TEMERPATURE SENSITIVE MUTANTS TO MAP  

REOVIRUS INDUCED ONCOLYSIS 

 

by 

KA IAN TAM

 

Presented to the Faculty of the Graduate School of 

The University of Texas at Arlington in Partial Fulfillment 

of the Requirements 

for the Degree of 

 

MASTER OF SCIENCE IN BIOLOGY 

 

 

THE UNIVERSITY OF TEXAS AT ARLINGTON 

August 2006



 

 

 

 

 

 

 

 

 

 

Copyright © by Ka Ian Tam 2006 

All Rights Reserved 



 

 

 

 

 

 

 

 

 

 

Dedication 

To Tam Heng Keong and Leong Im Ha 



 

 

ACKNOWLEDGEMENTS 
 

First of all, I would like to thank Dr Roner for giving me the opportunity to 

work in his lab. I will never forget this great mentor. He is patient and gives us all the 

support when we need it. I would like to thank Dr van Waasbergen and Dr Betran for 

being on my committee and for the professional support on my thesis. I would also like 

to thank Dr Formanowicz for being a great graduate advisor, he has been doing a 

wonderful job in taking care of all the graduate students in our department. Special 

thank you to Dr Badon for being a great Microbiology lab coordinator and for always 

being there to help and encourage. I would have never been able to lecture in front of a 

whole class if it was not for her.  

Big thank you for everyone in Dr Roner’s lab: Monika Ruscheinsky, Christine 

Mutsoli, Kim Shahi, Nicole Cornaway, Stanley Wu, Matthew Spinks, Jennifer 

Sprayberry, and everyone else.   

Lastly, I would like to thank my family for their support: my parents, Tam Heng 

Keong and Leong Im Ha; my sisters, Vince and Fiona Tam; my friends, Huey Lin, 

Angela Tsang, Grace Lei, Maggie Wan, and Koko Ng. I would have never been able to 

make it through without everyone’s support and care. Thank you everyone for believing 

in me and loving me.  

July 10, 2006 

 

 iv



 

 

ABSTRACT 

USE OF TEMERPATURE SENSITIVE MUTANTS TO MAP  

REOVIRUS INDUCED ONCOLYSIS  

 

Publication No. ______ 

 

Ka Ian Tam, M.S. 

 

The University of Texas at Arlington, 2006 

 

Supervising Professor:  Michael Roner 

Reovirus is known to establish persistent infections in normal cells while 

selectively destroying transformed cells. Individual viruses from each of the ten groups 

of Reovirus temperature sensitive mutants were used to examine the gene or genes 

involved in the differential lysis activity. Temperature sensitive mutants were generated 

by chemical mutagenesis and have one of the ten genes impaired when growing at the 

non-permissive temperature, while they behave like wild type when growing at the 

permissive temperature. Normal cells and their transformed cells counterpart were used 

in this study: L929, WI-38, WI-38 VA13 2RA, T1, N1, and MYC-3. Reovirus 

maintains a persistent infection in normal cell lines: WI-38 cells and MMEC, but lyses 

the transformed cell lines WI-38 VA13 2RA and N1 cells. However, the tsE did not 

 v



lyse the T1 and Myc3 cells while tsG did not lyse the Myc3 cells. The tsE and tsG have 

their gene lesion in S3 and S4 genes respectively, which demonstrated that σNS and σ3  

are involved in the differential lysis activities. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background on Reovirus 

Mammalian reoviruses (MRVs) are members of the Orthoreovirus genus of the 

family Reoviridae. The name reovirus includes the acronym reo-(respiratory enteric 

orphan), and was designated so because reovirions are found in the respiratory and 

gastrointestinal tracts of both warm and cold-blooded animals, but have not been 

associated with specific clinical diseases (1, 2). Reovirus is a non-enveloped, 

icosahedral virus with double capsids and is approximately 70 nm in diameter.  

1.1.1 Reovirus Genome 

The genome of mammalian reovirus comprises 10 different segments of double-

stranded (ds) RNA that range in length from about 1,200 to about 3,900 bp(3). The 

segments are classified according to size: large (L), medium (M), and small (S). There 

are 3 L genome segments (L1, L2, L3) of about 3900 base pairs each, 3 M genome 

segments (M1, M2, M3) of about 2200 base pairs, and 4 S genome segments (S1, S2, 

S3, S4) of about 1100-1400 base pairs each (4). Each of these segments in the 3 classes 

has been shown to be discrete (5) and transcribe into ssRNA molecules with the help of 
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the transcriptase Reovirions contained. These molecules are the (+) strand RNA and 

function as mRNA that code for synthesis of a unique primary polypeptide.  

1.1.2 Reovirus Proteins 

Reovirus-specific polypeptides are synthesized in infected cells and are divided 

into three size classes: the lambda (λ) class contains the high molecular weight 

polypeptides (λ1, λ2, λ3), the mu (µ) class contains the intermediate size polypeptides 

(µ1, µ1c, µ2, µNS), and the sigma (σ) class consists of the low molecular weight 

polypeptides (σ1, σ1s, σ2, σNS, σ3). Table 1.1 shows the gene segments of Reovirus 

and their corresponding proteins (6). Reovirus virions consist of two concentric protein 

shells – outer capsid and core, which are assembled from eight unique structural 

proteins, Figure 1.1 shows the structure of the reovirus virion (7).  
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Table 1.1 Genes and proteins of reovirus (6) 
Gene 

segment 
Polypeptide Mass 

(kd) 
Protein 

copy 
number per 

particle 

Location
in virus 

Function 

L1 λ3 142 12 Core Fully conservative RNA 
dependent RNA 

polymerase 
L2 λ2 145 60 Core 

spike 
Guanyltransferase, 
methyltransferase 

L3 λ1 143 120 Core Binds dsRNA and zinc, 
putative NTPase, helicase 

and 5’-triphosphate 
phospohydrolase 

M1 µ2 83 12 Core NTPase, influences the 
morphology of inclusion  

bodies, interacts with 
cytoskeleton 

M2 µ1 
µ1C (T13) 

δ 
φ 

µ1N 

76 
72 
59 
13 
4 

30 
600 

 
 

600 

Outer 
capsid 

Multimerizes with σ3. 
Myristoylated N-

terminus, membrane 
penetration. 

 
 

M3 µNS 80 0 Non-
structural 

Binds ssRNA and virus 
cores, primary 

determinant of inclusion 
body formation, interacts 

with µ2 and σNS 
S1 σ1 

σ1s 
 

49 
16 

36 
0 

Outer 
capsid 

Cell attachment protein, 
hemagluttinin, primary 
serotype determinant, 

induces apoptosis 
S2 σ2 47 150 Core Binds dsRNA 
S3 σNS 41 0 Non-

structural 
Binds ssRNA, associates 

with µNS 
S4 σ3 41 600 Outer 

capsid 
Sensitive to protease 
degradation, binds 
dsRNA, translation 

control 
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Figure 1.1 Structure of orthoreovirus (7) 

 

1.1.3 Reovirus Replication Cycle 

Replication of reovirus takes place in the cytoplasm. Figure 1.2 shows the 

replication cycle of reovirus (8). Attachment of the viral particle to the cell surface 

receptors that contain sialic acid via the cell attachment protein σ1 is the first step of the 

replication cycle (8). Particles are then internalized through endocytosis. Endosomes 

fuse with lysososomes to form endolysosomes and the viral outer capsid shell is 

shredded within this vesicle. Viral particles are now known as intermediate subviral 
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particles (ISVPs). This is then followed by primary transcription. The generation of 

ISVP activates the RNA dependent RNA polymerase that advance the transcription of 

the 10 capped (+) RNA strands that are not polyadenylated. Secondary transcription 

takes place later in infection and results in capped and/or uncapped strands that are not 

polyadenylated. Particles that contain reovirus mRNAs in association with viral proteins 

µNS, µNS, and µ3 have been suggested to represent the first complexes in reovirus 

assembly (9). Products of ISVPs associate with newly made protein form RNase-

sensitive assortment complexes and it is within these complexes the (+) strand serves as 

the template for (-) strands (8). Assortment of the 10 gene segment is thought to occur 

along with the synthesis of dsRNA within the nascent particles. However, the 

mechanism of ensuring that the 10 unique segments have been packaged into new viral 

particle is still not known (9). Reovirus assembly is completed by the addition of outer-

capsid proteins, resulting in formation of mature, double-shelled virions (10). Release of 

the newly formed virus occurs upon lysis of cells.  
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 Figure 1.2  Reovirus replication cycle (8) 

 

 

1.2 Cell lines used 

Reovirus differential lysis can be studied by infecting normal cells and their 

transformed counterparts.  Seven cell lines were used to study reovirus lysis.  Table 1.2 

shows the cell lines used. 
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Table 1.2 Cell lines examined 
Normal Cell line Transformed counterpart 

 L929 (mouse-fibroblast-chemically 
transformed) 

WI-38 (human – embryonic lung) WI-38 VA132RA (human- embryonic 
lung- SV40 transformed 

T1 (MMEC – transformed with mutant c-
Ha-RAS) 

N1 (MMEC – transformed with normal 
c_Ha-RAS) 

 

MMEC (mouse-mammary epithelium) 

MYC-3 (MMEC- transformed with 
normal c-myc) 

 

Mouse L929 fibroblasts cells are the cell line used to propagate reovirus. The 

mRNAs of L929 cells possessed a capped 5’ termini which is the same as the reovirus 

mRNA. The methylated 5’ cap termini of the reovirus mRNA is essential for binding of 

the 40S ribosomal subunit (32, 33). Reovirus replicates efficiently in L929. During the 

infection, viral mRNA induces a transition from capped to uncapped viral mRNAs and 

thus, inhibits the synthesis of cellular protein (34). 

Duncan et al. have shown WI-38 cells become susceptible to reovirus infection 

after transformation with Simian virus 40 (SV-40).  They also demonstrated that 

reovirus mediates a lytic infection in the transformed cells WI-38 VA132RA but a 

prolonged infection in its normal counterpart (44). 

N1 and T1 are Mouse Mammary epithelial cells (MMEC) transfected with 

normal c-Ha-Ras proto oncogene and with mutant c-Ha-Ras oncogene (45). Studies 

have shown that reovirus-induced cytolysis were much stronger in transformed cells 

than untransformed (35, 36). Cells that expressed the epidermal growth factor (EGF) 
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receptor were found to be more susceptible for persistent infection (37). The activation 

of ras signaling pathway (an event downstream of EGF receptor activation) down-

regulates the phosphorylation of the dsRNA-activated protein kinase. PKR blocks the 

translation initiation of viral genes in cells. The ras pathway down-regulates PKR, 

therefore promotes translation of reovirus mRNAs and thus viral replication (38).  

Myc3 cells are MMEC transfected with an activated myc construct by 

electroporation. C-myc amplification was found in about one-thrid of primary breast 

cancer cells (46). Elevated levels of c-myc enhanced proliferation since the expression 

of the c-Myc oncoprotein prevents cell cycle arrest in response to growth-inhibitory 

signals. It was suggested the expression of cellular c-myc cooperate with the activation 

of the Ras protein.  

Table 1.3 shows the growth of different cell lines in soft agar (45). Growth of 

soft agar is a way to measure malignancy. Aggressive growth on soft agar would mean 

that the cell line has lost contact inhibition ability and will therefore usually form an 

aggressive tumor in host and spread widely. The normal cell lines, WI-38 and MMEC 

only had a very low level of colony formation compared to that of the transformed cell 

lines.  
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Table 1.3 Growth of different cell lines 
Cell Line Growth in soft agar (%CF) 

L929 10.3 +/- 1.0 

WI-38 0.001 +/- 0.001 

WI-38 VA132RA 9.1 +/- 1.0 

MMEC 0.002 +/- 0.001 

T1 1.410 +/- 0.06 

N1 0.380 +/- 0.03 

MYC-3 4.1 +/- 0.25 

      

1.3 Temperature Sensitive Mutants 

1.3.1 History of Temperature sensitive mutants  

An organism is temperature sensitive when the replication of an organism is 

impaired by alteration in temperatures (13). Nowadays the term “temperature sensitive” 

usually refers to impairment at elevated temperature while “cold-sensitive” is used to 

refer to impairment at reduced temperature. Reovirus ts mutants were originally 

generated by chemical mutagenesis of wild-type stocks in Ikegami and Fields lab (13) 

in the late 60s. Serotype 3 Reovirus was treated with nitrous acid, nitrosoguanidine, or 

5-fluorouracil. Stocks were then plated at permissive temperature (30˚C for Ikegami, 

31˚C for Fields) (13). Those that form plaques and continued to generate plaques at 

permissive temperature (39˚C) was considered wild type while those failed to form 

plaques were harvested as putative ts mutant clones. 
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1.3.2 Grouping of Reoivrus ts mutants 

When cells are infected with two serotypes, the genes from the two parents are 

able to mix – assortment – which generates progeny viruses with genetic mixtures 

called reassortments (18). Since the parents’ electropherotypes are known, gel analysis 

of the parents with the progeny reassortments would allow identification of the parental 

origin of each reassortment genes.  

Reovirus ts mutants were classified into groups according to this nature of 

reassortments. When two clones were crossed, generation of recombinant wild type-like 

(ts+) progeny would indicate that the clones possessed ts lesion in different genes. In 

contrast, if clones possessed ts lesion in the same gene, they would be incapable to grow 

at non-permissive temperature, thus classified in the same group. Although clones 

classified in the same group had lesion resigned in the same gene, the genetic content of 

their progeny clones are fundamentally different (13). 

1.3.3 Groups of Reovirus ts mutants  

Chemically mutated clones were classified into ten different Reovirus ts mutant 

groups. Table 1.4 shows the summary of different ts mutant groups, the gene where the 

lesion resigned, the corresponding proteins, and dsRNA production (13).  

Group A is the largest group of reovirus mutants and contains almost 30 

different clones. Studies showed that tsA synthesized normal amounts of protein (16) 

and dsRNA (12) at non-permissive temperature. Reassortant mapping experiments 

showed that tsA had its lesion in the M2 gene (21) which encodes for protein µ1 (19). 

 10



  

µ1 is the major component of the reovirus outer capsid which confers environmental 

stability to the virus (16). 

Group B contains 5 different clones. Studies showed that tsB synthesized almost 

normal amounts of protein (16) and dsRNA (12) at non-permissive temperature. 

Reassortant mapping experiments showed that tsB had its lesion in the L2 gene, which 

encodes for protein λ2 (19). λ2 binds guanosine monophosphate (15) and possesses 

guanylytransferase activity (11) and serves to attach the cap structure to the nascent 

mRNA (29). Defects in λ2 prevent condensation of the outer capsid proteins onto 

nascent core particles.  

Group C contains only 1 single clone. Studies showed that tsC produces reduced 

amounts (app 5%) of ssRNA and protein (12) and undetectable amounts of progeny 

dsRNA (12) at non-permissive temperature. Reassortant mapping experiments showed 

that tsC had its lesion in the S2 gene (24) which encodes for the core protein σ2. (19). 

σ2 is a major component of the core and is required for assembly of the core capsid 

along with λ1 (26). 

Group D contains 2 different clones. Studies showed that tsD produces reduced 

amounts (app 10%) of ssRNA and protein (12) and undetectable amounts of progeny 

dsRNA (12) at non-permissive temperature. Reassortant mapping experiments showed 

that tsD had its lesion in the L1 gene (24) which encodes for the protein λ3 (19). λ3 is 

the RNA-dependent RNA polymerase (14, 20) and is suggested to play a role in one or 

more steps in replicase particle assembly including RNA selection or replication (4).  
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Group E contains only 1 single clone. Studies showed that tsE produces reduced 

amounts (app 5%) of ssRNA and protein (12) and very low level (1%) of progeny 

dsRNA (12) at non-permissive temperature. Reassortant mapping experiments showed 

that tsE had its lesion in the S3 gene (24) which encodes for the nonstructural protein 

σNS (19). σNS binds ssRNA (17) shortly after they are synthesized and is suggested to 

play one or more important roles in the selection, replication, and/or packaging of 

reovirus RNA for the assembly of progeny particles (4). 

Group F contains only 1 single clone. Studies showed that tsF produces normal 

amounts of protein (12) and dsRNA (12) at non-permissive temperature. Reassortant 

mapping experiments showed that tsF had its lesion in the M3 gene (22) which encodes 

for the nonstructural protein µNS (19). µNS binds ssRNA (17) and is shown to be a 

major component of the secondary transcriptase particles that produce of the viral 

mRNAs within reovirus infected cells (4).  

Group G is the second largest group of reovirus ts mutants and contains 9 

different clones. Studies showed that tsG produces reduced amounts (app 20%) of 

protein (16) and RNA at non-permissive temperature. Reassortant mapping experiments 

showed that tsG had its lesion in the S4 gene (21) which encodes for the protein σ3 

(19). σ3 plays important roles in virion stability (14), shutting down host 

macromolecular synthesis (30) and down-regulate interferon-induced dsRNA-activated 

protein kinase (31).  

Group H is recovered during rescue of pseudorevertants (23). Recombinant 

assays showed that these clones were able to recombine with all members of Group A-
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G and thus suggesting a new group. Studies showed that tsH fails to assemble 

identifiable particles and is defective in the production of progeny dsRNA (13) at the 

non-permissive temperature. Reassortant mapping experiments showed that tsH had its 

lesion in the M1 gene (22) which encodes for the minor core protein µ2 (19). The 

function of µ2 is poorly understood, but it must be co-expressed with core shell protein 

λ1 for assembly of icosahedral particles to occur.   

Group I contains only 1 single clone. Studies showed that tsI produces only 

slightly reduced amounts of protein (Lemay, unpublished data) but significantly 

reduced dsRNA. (Hazelton and Coombs, unpublished). Reassortant mapping 

experiments showed that tsI had its lesion in the L3 gene (22) which encodes for the 

protein λ1 (19). λ1 is a major component of the core capsid and is required for capsid 

assembly (26). 

Group J was also rescued from pseudorevertants (23). Reassortant mapping 

experiments showed that tsJ had its lesion in S1 gene (22) which encodes for σ1 (19). 

σ1 is the cell attachment protein and serves as the viral hemagglutinin that binds to 

sialic acid residues on the erythrocyte surface (27,28). 
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Table 1.4 ts mutants groups and their corresponding gene lesion, protein and 
dsRNA production. (13) 

Group Gene with lesion Protein dsRNA production

A M2 µ1 + 

B L2 λ 2 + 

C S2 σ 2 - 

D L1 λ 3 - 

E S3 σ NS + 

F M3 µ NS + 

G S4 σ 3 + 

H M1 µ 2 - 

I L3 λ 1 + 

J S1 σ 1 + 

 

1.4 Objectives 

The goal of this project is to identify the gene(s) that is/are involved in the 

differential lysis activities. Clones from ts mutant groups were used to infect normal cell 

lines and their transformed counterparts at permissive and non-permissive temperature. 

Normal cell lines were expected to experience a persistent infection during which cells 

were not lysed with virus production. Transformed cell lines were expected to 

experience lysis with virus production. Ts mutants were expected to behave like the 

wild-type at permissive temperature while the respective gene would be impaired at 

non-permissive temperature. Ts mutant clones that did not lyse cells might provide 
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information that the lesion resigned in the gene of that specific clone was involved in 

the differential lysis activities. However, it is important to note that ts mutants could kill 

cells without actually produce virus by inducing apotosis.    
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CHAPTER 2 

MATERIALS AND METHODS 

 

2.1 Maintaining Cells and Culturing Plates 

2.1.1 Maintaining  Cell Cultures 

All seven of the cell lines were maintained in cell culture flasks to allow 

anchoring to the surface and incubate at 37˚C, 5% carbon dioxide. All seven cells lines 

are maintained in Minimal Essential Media (MEM) with 1% antibiotic containing 

penicillin and streptomycin (P/S) and serum added to the MEM. L929 cells were 

maintained in MEM with 1% P/S and 5% Bovine Calf Serum. WI-38 and MMEC, the 2 

normal cell lines, were maintained in MEM with 1% P/S and 10% Fetal Bovine Serum 

(FBS). Transformed cell lines have a reduced serum requirement. WI-38 VA132RA, 

T1, N1, and Myc3 maintained in MEM with 1% P/S and 5% FBS. Cells were split 

aseptically in a biological laminar flow hood when they reach confluency. For splitting 

cells, media was first discarded followed by rinsing in 1X Saline Sodium Citrate (SSC). 

Trypsin is then added to release the anchored cells from the surface of the cell culture 

flasks. Cells were then incubated at 39˚C for 1 minute and rocked to remove cells from 

the surface. The appropriate media was added to the flask and pipetted to mix the media 

and cells evenly. The amount of cells to be transferred to new cell culture flask 
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depended upon how soon the cells would be needed. The media in the cell culture flasks 

were removed and replenished every 3-4 days for healthy growth of the cells.          

2.1.2 Culturing Cells to Plates 

6 and 12- well plates were used for the experiments. The plates had to be set up 

in a specific confluency for the cells to survive the experimental period. A 

hemacytometer was used in the enumeration of cells.  During splitting of cells, after 

cells had been trypsinized and the appropriate amount of media added, a small amount 

of the media was retrieved and loaded onto both grooves of the hemacytometer 

chamber.  Each chamber contains nine large squares, the four squares at the corners and 

the center square were counted.  Number of cells per ml was then calculated with the 

following formula:  

hemacytometer count × 2 × 103

With the percentage of confluency and the number of cells per ml known, the 

following formula was then used to determine how much media was needed to add to 

the plates:  

the required number of cells per well 
the number of cells per ml 

 

2.2 Clones of Reovirus ts mutants 

Table 2.1 shows the clones and their chemical mutagenesis of different reovirus 

ts mutant groups utilized for this experiment.  
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Table 2.1 Clones utilized for respective ts mutant group (13) 
ts mutants groups Clone selected Chemical mutagenesis 

tsA 438 Nitrosoguanidine 

tsB 352 Nitrous acid 

tsC 447 Nitrosoguanidine 

tsD 585 Nitrosoguanidine 

tsE 320 Nitrous acid 

tsF 556 Nitrosoguanidine 

tsG 453 Nitrosoguanidine 

tsH 176 Rescued pseudorevertant 

tsI 138 Rescued pseudorevertant 

tsJ 128 Rescued pseudorevertant 

 
 

2.3 Growth of Reovirus ts mutants 

Mouse L929 fibroblasts cells L929 were used to grow Reovirus ts mutants.   

2.3.1 1st Passage Lysate 

25 cm3 flasks were seeded with 1 x 106 L929 cells with 5mls of MEM with 

1%P/S and 5%BCS.  Flasks were incubated overnight at 37 ˚C, 5%CO2 environment. 

The L929 cells were infected with ts mutants retrieved from the original stock. Media 

was removed and 0.1ml of the ts mutants was used to infect the L929 cells. 5mls of 

MEM with 1%P/S and 5%BCS was added to each flask. Flasks were incubated at 
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33.5˚C and 5% CO2 environment until 75% of the cells were lysed. The cells were then 

sonicated and the lysate was transferred to 15ml centrifuge tube and stored at -20˚C.  

2.3.2 2nd Passage Lysate 

75 cm3 flasks were seeded with 4 x 106 L929 cells with 10mls of MEM with 

1%P/S and 5%BCS.  Flasks were incubated overnight at 37 ˚C, 5%CO2 environment. 

Media was removed and 1ml of the 1st passage lysate was used to infect the cells. 10mls 

of MEM with 1%P/S and 5%BCS was added to each flask. Flasks were incubated at 

33.5˚C and 5% CO2 environment until 75% of the cells were lysed. The cells were then 

sonicated and the lysate was transferred to 50ml centrifuge tube and stored at -20˚C.  

2.3.3 3rd Passage Lysate 

150 cm3 flasks were seeded with 1 x 107 L929 cells with 25mls of MEM with 

1%P/S and 5%BCS.  Flasks were incubated overnight at 37 ˚C, 5%CO2 environment. 

Media was removed and half of the 2nd passage lysate was used to infect the cells. 

25mls of MEM with 1%P/S and 5%BCS was added to each flask. Flasks were 

incubated at 33.5˚C and 5% CO2 environment until 75% of the cells were lysed. The 

cells were then sonicated and the lysate was transferred to 50ml centrifuge tube and 

stored at -20˚C.  

 

2.4 Determining Titer of Virus 

Plaque assay was carried out to determine the titer of the ts mutants. 6-well 

plates were seeded with 5 × 105 L929 cells/ well with 2mls MEM with 1% antibiotic 

P/S and 5% BCS.  Plates were incubated overnight at 37 ˚C and 5% CO2 environment.  
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After 24 hours, cells were infected with ts mutants. 10-1 to 10-6 dilutions were prepared. 

3rd passage lysates stored at -20˚C were thawed out in 37˚C incubator. 100 µl of the 

lysates were taken out and were diluted in 6 serial dilution blanks containing 900 µl 

MEM with 1% P/S. Media in the 6-well plates were removed by the use of vacuum 

pump attached to a sterile pipette and pipette tips. Pipette tips were changed after 

removing media from each well to ensure sterility. 250 µl of each serial dilution was 

added to the corresponding labeled wells. The plate was then incubated for 1 hr at 

33.5˚C and 5% CO2 environment with rocking every 15 minutes to ensure even virus 

attachment. 2% noble agar was melted in the microwave and allowed to cool in the 

42˚C incubator. 2X MEM with 2% P/S and 5% BCS was allowed to warm up for not 

more than 40 minutes in the 42˚C incubator before the addition of overlay agar.  To 

make the overlay agar, 1% Amphotericin B (Fungicide) was added to an equal amount 

of 2X MEM with 2%P/S and 5%BCS mixed with 2% noble agar.  2mls of overlay agar 

was added to each well slowly after 1 hr of incubator period. The agar was allowed to 

solidify and the plate was then transferred to 33.5˚C and 5% CO2 environment for 

incubation. It took 8 days to complete the plaque essays for ts mutants. 2 ml of overlay 

agar was added to each well every 2 days. Therefore, overlay agar was added on the 1st, 

3rd, 5th and the 7th day, bringing a total of 4 overlay agar. On the last overlay agar, an 

addition of 2% neutral red was added to overlay mixture. The last overlay agar had to 

be added in the dark to prevent any direct light which may cause the neutral red to react 

with the cells and cause cell death. The plates were then wrapped in aluminum foil for 

incubation after solidification. The numbers of plaques were counted on the 8th day, and 
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the number of plaque forming units per ml (pfu/ml) was determined with the following 

formula: 

Plaque number x reciprocal dilution x reciprocal volume of virus added 

 

2.5 Viability test on L929  

After the titer of each ts mutant was determined, L929 was used to carry out the 

viability test at the permissive and non-permissive temperature. 6-well plates were 

seeded with L929 at 75% confluency with 2mls of MEM with 1% P/S and 5% BCS per 

well and incubate overnight at 37˚C and 5% CO2 environment. L929 cells were infected 

with ts mutants at a MOI of 10. Titered lysates stored at 20˚C was thawed out at 37˚C 

incubator and the appropriate volume was mixed with 250 µl of MEM with 1% P/S. 

Media was removed with the vacuum pump attached to sterile pipette. Virus and MEM 

mix was added to the well and was incubated at the corresponding temperature (33.5˚C 

and 38.5˚C) and 5% CO2 environment for 1 hr with rocking every 15 minutes in 

between.  750 µl MEM with 1% P/S and 5% BCS was added to each well and the plates 

were incubated at the corresponding temperature and 5% CO2 environment for 48 hrs. 

After 48 hours of incubation, the media was removed with the vacuum pump attached 

to a sterile pipette. 1ml of trypan blue solution consist of 10% trypan blue and 90% 

MEM with 1% P/S was added to each well and incubated at the corresponding 

temperature and 5% CO2 environment for 5 minutes. The living cells reject the dye 

while the dead cells were stained by it. To determine viability, the number of dead 
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(dyed – blue) cells and the living (not dyed – clear) were counted under a microscope, a 

total of 500 cells were counted.  

 

2.6 Viability test and Virus Production in different cell lines 

 Ts mutants that were able to lyse L929 at permissive temperature were selected 

to continue with the experiment (see reasons below). WI-38, WI-38 132RA, MMEC, 

T1, N1 and Myc3 were used to seed 12-well plates. ST3 was also used to infect these 

cell lines and served as a control. Plates were seeded at 75% confluency with 2mls of 

MEM with 1% P/S and the appropriate amount of BCS per well and incubate overnight 

at 37˚C and 5% CO2 environment. Cells were infected with selected ts mutants at a 

MOI of 10. Titered lysates stored at 20˚C was thawed out at 37˚C incubator and the 

appropriate volume was mixed with 250 µl of MEM with 1% P/S. Media was removed 

with the vacuum pump attached to sterile pipette. Virus and MEM mix was added to the 

well and was incubated at both permissive and non-permissive temperature (33.5˚C and 

38.5˚C) and 5% CO2 environment for 1 hr with rocking every 15 minutes in between.  

750 µl MEM with 1% P/S and appropriate amount of BCS was added to each well and 

the plates were incubated at the corresponding temperature and 5% CO2 environment 

for 48 hrs.  

After 48 hours of incubation, the media was removed with the vacuum pump 

attached to a sterile pipette. 1ml of trypan blue solution consist of 10% trypan blue and 

90% MEM with 1% P/S was added to each well and incubated at the corresponding 

temperature and 5% CO2 environment for 5 minutes. The living cells reject the dye 
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while the dead cells were stained blue. To determine viability, the number of dead (dyed 

– blue) cells and the living (not dyed – clear) were counted under a microscope, a total 

of 500 cells were counted.  

2.6.1 Viability Test 

After 48 hours of incubation, the media was removed with the vacuum pump 

attached to a sterile pipette. 1ml of trypan blue solution consist of 10% trypan blue and 

90% MEM with 1% P/S was added to each well and incubated at the corresponding 

temperature and 5% CO2 environment for 5 minutes. The living cells reject the dye 

while the dead cells were stained by it. To determine viability, the number of dead 

(dyed – blue) cells and the living (not dyed – clear) were counted under a microscope, a 

total of 500 cells were counted.  

2.6.2 Harvesting of Cells 

After 48 hours, cells were harvested by scraping the bottom of the wells with the 

use of a cell scrapper. The 1 ml volume was transferred to a microcentrifuge tube with 

sterile pipette tips and stored at -20 ˚C until later used.   

2.6.3 Plaque Assay to Determine Virus Production 

The 1 ml microcentrifuge tube that contained the harvested cells was thawed out 

and sonicated. Plaque essay was carried out to determine the virus production per cells. 

The procedure of plaque essay would be the same as described in section 2.4. Cells that 

were harvested at permissive and non-permissive temperature would both have plaque 

assay carried out at 33.5˚C and it took 8 days to obtain plaque counts.   
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CHAPTER 3 

RESULTS 

 

3.1 Titer of ts mutants  

After the 3rd passage lysate, plaque assays were carried out to determine the titer 

of the ts mutants. Table 3.1 shows the titer of each ts mutants in pfu/ml.  

 

Table 3.1 Titer of ts Mutants 
Reovirus ts mutants Titer 

tsA 2.08 × 108 pfu/ml 

tsB 2.76 ×108 pfu/ml 

tsC 1.28× 108 pfu/ml 

tsD 2.92 × 108 pfu/ml 

tsE 2.28 × 108 pfu/ml 

tsF 1.80 × 108 pfu/ml 

tsG 1.92 × 108 pfu/ml 

tsH 2.24 × 108 pfu/ml 

tsI 2.64 × 108 pfu/ml 

tsJ 5.24 × 108 pfu/ml 
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3.2 Viability test on L929 

After the titer of the ts mutants were determined. Viability test was performed 

on L929 using the 10 ts mutants. L929 were infected with ts mutants at a MOI of 10 and 

were incubated at both permissive (33.5˚C) and non-permissive temperature (38.5˚C). 

After incubated for 48 hrs, cells were stained with trypan blue solution to determine 

viability. Dead cells were stained blue and living cells remained clear. Table 3.2 showed 

the results of the viability test for L929 at both permissive and non-permissive 

temperature. Ratio of dead cells to living cells greater than 50% was considered positive 

for viability test. Assays were repeated twice. After 48 hours of incubation, the media 

was removed and 1ml of trypan blue solution added to each well. The living cells reject 

the dye while the dead cells were stained by it. To determine viability, the number of 

dead (dyed – blue) cells and the living (not dyed – clear) were counted under a 

microscope, a total of 500 cells were counted. Dead cells over 50% was considered 

positive for the viability test.  
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Table 3.2 Viability test on L929 
Reovirus ts mutants Lysis of cells at 33.5˚C Lysis of cells at 38.5˚C 

tsA 88.5%±4.3% 87%±3.2% 

tsB 92%±3.7% 91%±5.1% 

tsC 6%±2.3% 8%±4.4% 

tsD 5%±3.9% 6%±4.5% 

tsE 93%±5.6% 88%±6.3% 

tsF 84%±6.1% 87.5%±3.9% 

tsG 97%±2.1% 88%±4.7% 

tsH 6%±3.3% 7%±2.1 

tsI 8%±3.5% 9%±3.8% 

tsJ 89%±3.3 96%±4.1% 

* ± 1 standard deviation 
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3.3 Viability test and Virus Production on different cell lines 

 Ts mutants that actively lysed L929 at the non-permissive temperature (38.5˚C) 

were selected to perform viability test and determined the virus production at 

permissive and non-permissive temperature for different cell lines. After incubated for 

48 hrs, cells were stained with trypan blue solution to determine viability. Dead cells 

were stained blue and living cells remained clear. Ratio of dead cells to living cells 

greater than 50% was considered positive for viability test. Cells were also harvested 

with cell scrapers after 48 hrs incubation. Plaque essays were carried out to determine 

the virus production per cell.   

3.3.1 Viability tests on different cell lines 

Table 3.3 – 3.8 show the viability results for different cell lines: WI-38, WI-38 

VA132RA, MMEC, N1, T1 and Myc3 respectively. Assays were repeated twice. After 

48 hours of incubation, the media was removed and 1ml of trypan blue solution added 

to each well. The living cells reject the dye while the dead cells were stained by it. To 

determine viability, the number of dead (dyed – blue) cells and the living (not dyed – 

clear) were counted under a microscope, a total of 500 cells were counted. Dead cells 

over 50% was considered positive for the viability test.  
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Table 3.3 Viability test on WI-38 

Reovirus ts mutants Lysis of cells after 48 hrs 
at 33.5˚C 

Lysis of cells after 48 hrs 
at 38.5˚C 

tsA 3%±2.1% 8%±6.2% 

tsB 11%±3.4% 13%±5.9% 

tsE 5%±3.6% 9%±3.7% 

tsF 8%±5.8% 12%±5.2% 

tsG 13%±4.6% 17%±2.6% 

tsJ 9%±5.4% 5%±4.7% 

ST3 10%±6.2% 13%±5.1% 

* ± 1 standard deviation 
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Table 3.4 Viability test on WI-38 132RA 

Reovirus ts mutants Lysis of cells after 48 hrs 
at 33.5˚C 

Lysis of cells after 48 hrs 
at 38.5˚C 

tsA 84%±6.2% 89%±8.1% 

tsB 79%±2.6% 88%±3.1% 

tsE 92%±4.8% 87%±3.3% 

tsF 95%±5.1% 87%±11.2% 

tsG 88%±7.1% 83%±5.2% 

tsJ 89%±3.6% 94%±4.5% 

ST3 91%±7.2% 86%±5.7% 

* ± 1 standard deviation 
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Table 3.5 Viability test on MMEC 

Reovirus ts mutants Lysis of cells after 48 hrs 
at 33.5˚C 

Lysis of cells after 48 hrs 
at 38.5˚C 

tsA 13%±2.6% 11%±5.1% 

tsB 3%±1.2% 9%±4.7% 

tsE 8%±2.3% 9%±6.2% 

tsF 5%±7.1% 6%±3.7% 

tsG 8%±2.5% 19%±6.9% 

tsJ 9%±4.1% 8%±5.6% 

ST3 16%±6.3% 4%±2.6% 

* ± 1 standard deviation 
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Table 3.6 Viability test on N1 

Reovirus ts mutants Lysis of cells after 48 hrs 
at 33.5˚C 

Lysis of cells after 48 hrs 
at 38.5˚C 

tsA 92%±5.4% 95%±7.1% 

tsB 82%±3.7% 89%±6.1% 

tsE 93%±7.2% 91%±4.3% 

tsF 88%±8.3% 87%±6.1% 

tsG 79%±3.1% 98%±7.2% 

tsJ 89%±3.4% 95%±13% 

ST3 82%±2.9% 86%±5.9% 

* ± 1 standard deviation 
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Table 3.7 Viability test on T1 

Reovirus ts mutants Lysis of cells after 48 hrs 
at 33.5˚C 

Lysis of cells after 48 hrs 
at 38.5˚C 

tsA 92%±3.4% 82%±1.9% 

tsB 78%±4.6% 76±8% 

tsE 92%±6.2% 17%±4.2% 

tsF 89%±5.8% 86%±5.7% 

tsG 77%±7.1% 88%±1.6% 

tsJ 90%±10% 92%±6.6% 

ST3 91%±8.2% 87%±5.6% 

* ± 1 standard deviation 
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Table 3.8 Viability test on Myc3 

Reovirus ts mutants Lysis of cells after 48 hrs 
at 33.5˚C 

Lysis of cells after 48 hrs 
at 38.5˚C 

tsA 82%±7.9% 83%±8.2% 

tsB 78%±3.8% 91%±0.5% 

tsE 88%±9.2% 7.1%±5.8% 

tsF 81%±8.5% 89%±5.2% 

tsG 91%±6.8% 9.3%±3.8% 

tsJ 82%±6.9% 91%±4.6% 

ST3 90%±8.1% 88%±3.9% 

* ± 1 standard deviation 

3.3.2 Virus Production of different cell lines  

Tables 3.9 – 3.13 show the virus production for different cell lines: WI-38, WI-

38 VA132RA, MMEC, N1, T1 and Myc3 respectively. Plaque assay were run for 8 

days. Neutral red was added on the 7th day, living cells would absorb the dye while the 

dead cells would not. Clear plaques were counted in duplicate wells. The results were 

recorded by taking the average of the plaques count in duplicating wells, and multiply 

by the reciprocal of volume of virus added and the reciprocal of dilution.   
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Table 3.9 Virus Production on WI-38 
Reovirus ts mutants Virus produced per cell 

after 48 hrs at 33.5˚C 

Virus produced per cell 

after 48 hrs at 38.5˚C 

tsA 116 ± 26.7 0.225 ± 0.2 

tsB 36.2 ± 17.8 0.148 ± 0.3 

tsE 93 ± 5.2 0.17 ± 0.5 

tsF 16.3 ± 8.1 0.0187 ± 0.004 

tsG 2.31 ± 1.6 0.118 ± 0.008 

tsJ 2.89 ± 1.4 0.189 ± 0.072 

ST3 16 ± 3.4 0.195 ± 0.067 

  * ± 1 standard deviation 
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Figure 3.1 Graph of Virus Production on WI-38 
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Table 3.10 Virus Production on WI-38 VA132RA 

Reovirus ts mutants Virus produced per cell 

after 48 hrs at 33.5˚C 

Virus produced per cell 

after 48 hrs at 38.5˚C 

tsA 246 ± 2.6 1.3 ± 0.05 

tsB 192 ± 6.7 1.48 ± 0.07 

tsE 128 ± 4.5 0.231 ± 0.01 

tsF 228 ± 8.2 0.389 ± 0.02 

tsG 16 ± 6.3  0.0097 ± 0.0001 

tsJ 32.4 ± 5.1 0.87 ± 0.005 

ST3 244 ± 13 13.1 ± 1.8 

* ± 1 standard deviation 
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Figure 3.2 Graph of Virus Production on WI-38 VA132RA 
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Table 3.11 Virus Production on MMEC 
Reovirus ts mutants Virus produced per cell 

after 48 hrs at 33.5˚C 

Virus produced per cell 

after 48 hrs at 38.5˚C 

tsA 812 ± 17 0.312 ± 0.04 

tsB 1610 ± 16 1.27 ± 0.05 

tsE 387 ± 14 0.258 ± 0.004 

tsF 228 ± 8 1.47 ± 0.04 

tsG 349 ± 6 1.97 ± 0.08 

tsJ 251 ± 6 0.237 ± 0.004 

ST3 359 ± 8 9.5 ± 0.7 

* ± 1 standard deviation 
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Figure 3.3 Graph of Virus Production on MMEC 
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Table 3.12 Virus Production on N1 
Reovirus ts mutants Virus produced per cell 

after 48 hrs at 33.5˚C 

Virus produced per cell 

after 48 hrs at 38.5˚C 

tsA 111 ± 5.8 16.1 ± 2.3 

tsB 3.37 ± 1.4 1.7 ± 0.04 

tsE 208 ± 15 1.56 ± 0.08 

tsF 16.8 ± 1.8 0.0148 ± 0.008 

tsG 421 ± 12.5 0.228 ± 0.007 

tsJ 23.8 ± 2.8 0.0511 ± 0.006 

ST3 228 ± 21 334 ± 13.5 

      * ± 1 standard deviation 
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Figure 3.4 Graph of Virus Production on N1 
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Table 3.13 Virus Production on T1 
Reovirus ts mutants Virus produced per cell 

after 48 hrs at 33.5˚C 

Virus produced per cell 

after 48 hrs at 38.5˚C 

tsA 29.2 ± 1.5 0.0248 ± 0.04 

tsB 3.14 ± 1.8 0.167 ± 0.04 

tsE 0.578 ± 0.08 0.0447 ± 0.07 

tsF 13.4 ± 1.8 0.0149 ± 0.017 

tsG 519 ± 17 0.507 ± 0.021 

tsJ 23.4 ± 4.1 1.67 ± 0.059 

ST3 249 ± 15 0.027 ± 0.008 

* ± 1 standard deviation 

 

                

Virus Production in T1

0.01

0.1

1

10

100

1000

10000

tsA tsB tsE tsF tsG tsJ ST3

ts mutants

Virus produced per cell
after 48 hrs at 33.5˚C
Virus produced per cell
after 48 hrs at 38.5˚C

 
Figure 3.5 Graph of Virus Production on T1 
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Table 3.14 Virus Production on Myc3 
Reovirus ts mutants Virus produced per cell 

after 48 hrs at 33.5˚C 

Virus produced per cell 

after 48 hrs at 38.5˚C 

tsA 471 ± 181 2.14 ± 0.8 

tsB 29.1 ± 5.6 0.107 ± 0.04 

tsE 3.37 ± 0.9 1.64 ± 0.001 

tsF 5486 ± 48 1.97 ± 0.008 

tsG 2.57 ± 0.7 0.207 ± 0.071 

tsJ 17 ± 0.08 2.07 ± 0.064 

ST3 117 ± 25 2.17 ± 0.006 

* ± 1 standard deviation 
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Figure 3.6 Graph of Virus Production on Myc3 
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CHAPTER 4 

DISCUSSION AND CONCLUSIONS 

 

Temperature sensitive mutants were used to infect both transformed and 

untransformed cells lines at both permissive and non-permissive temperatures. At the 

permissive temperature (33.5ºC), the ts mutants were expected to behave and grow like 

the wild type while one of the gene would be impaired at the non-permissive (38.5ºC) 

temperature. L929, the mouse fibroblast chemically transformed cells, were used for the 

first viability test. Since the L929 is the cell line of choice for propagating the reovirus 

for the past few decades, viability test on such cell line would serve as the norm and 

provide information whether the ts mutants were capable of lysing transformed cells at 

non-permissive temperature. 4 groups of ts mutants, tsC, tsD, tsH and tsI were unable to 

lyse the L929 cells at the permissive temperature. These mutant clones were not 

behaving as expected at the permissive temperature and were dropped for the next part 

of the experiment. However, an interesting insight was found that these 4 ts mutant 

groups were incapable of synthesizing dsRNA (13) which might constitute to the reason 

why the L929 was not lysed at the non-permissive temperature. The remaining 6 groups 

of ts mutants, tsA, tsB, tsE, tsF, tsG and tsJ were able to lyse the L929 cells at both 

permissive and non-permissive temperatures. These ts mutants were chosen for further 

investigation on their ability in transformed cell lines oncolysis. 
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The selected 6 groups of ts mutants were used to infect the other normal cell 

lines and their transformed counterpart. Viability test on WI-38 was all negative and 

positive for WI-38 VA132RA. Virus production was at least doubled in WI-38 

VA132RA at the permissive temperature than in WI-38. The results at permissive 

temperature on WI-38 and WI-38 VA132RA concurred with the hypothesis that 

Reovirus lyses transformed cell lines but not normal cell lines and that reovirus growth 

was enhanced in transformed cell lines than in normal cell lines. Despite the fact that 

WI-38 was not lysed, there was a considerable amount of virus yield. This might 

provide evidence that reovirus did not lyse normal cells but was able to produce virus 

and cause a persistent infection at an appropriate environment. However, virus 

productions at non-permissive temperature were at about the same level for both WI-38 

and WI-38 VA132RA. This occurred might be due to the fact that the cells were in 

distress for survival and replication at such high temperature of 38.5ºC (the chosen non-

permissive temperature).  

Nevertheless, the same hypothesis did not hold for the other set of cell lines. 

Reovirus ts mutants were originally generated by chemical mutagenesis of wild-type 

stocks. Serotype 3 Reovirus was treated with nitrous acid, nitrosoguanidine, or 5-

fluorouracil. Stocks were then plated at permissive temperature. Mutants that form 

plaques and continued to generate plaques at permissive temperature was considered 

wild type while those failed to form plaques were harvested as putative ts mutant 

clones. To identify the gene or genes responsible for reovirus differential lysis activity 

in normal and transformed cells, ts mutants were used to infect the normal cell line, 
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MMEC, and its transformed cell line counterparts, N1, T1 and Myc3, at the permissive 

and non-permissive temperature. Ts mutants were expected to be wild-type like at the 

permissive temperature. The gene that was chemically mutated would be impaired at 

the non-permissive temperature and only 9 genes are produced correctly.  

MMEC produced virus and was not lysed at both permissive and non-permissive 

temperature for infection with all six groups of ts mutants. Virus production at the 

permissive temperature in normal cell line MMEC was, in most cases, greater than that 

in all the other three transformed cell line counterparts – N1, T1 and Myc3. This might 

have caused by the specific situation that the MMEC stock provided were replicating at 

a much faster rate than the three transformed cell lines. For the transformed cell lines, 

Ts mutants lysed N1 cells at permissive and non-permissive temperature. N1 usually 

had the most virus yield at the permissive temperature besides one particular case (tsF 

infected Myc3 at 33.5ºC). This occurrence might be due to the fact that N1 was 

transformed with a normal c-Ha-Ras and supported more virus production per cell then 

the T1 cells, which were transformed with a mutant c-Ha-Ras. Ts mutants lysed T1 and 

Myc3 cells at the permissive temperature. T1 was lysed by all ts mutants except tsE, 

and N1 was lysed by all ts mutants except tsE and tsG. Virus productions at non-

permissive temperature were mostly at very low level for all of the cell lines, normal 

and transformed. This happened might be due to the fact that the cells were in distress 

for survival and replication at such high temperature of 38.5ºC (the chosen non-

permissive temperature). In short, tsE did not lyse the T1 and Myc3 cell and tsG did not 
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lyse the Myc 3 cells at the non-permissive temperature. This indicated that the gene 

lesion resigned in tsE and tsG may be involved in the differential lysis activities.  

T1 cells were normal cells MMEC transformed with mutated c-Ha-Ras gene. 

Activation of ras-pathway down-regulates the phosphorylation of the double–stranded 

RNA-activated protein kinase (PKR) which blocks translation initiation of viral genes 

in untransformed cells infected with reovirus (37). Myc3 cells were normal cells 

MMEC transformed with c-myc gene. Expression of the c-Myc oncoprotein prevents 

cell cycle arrest in response to growth-inhibitory signals, differentiation stimuli, or 

mitogen withdrawal and was suggested to cooperate with the activation of the Ras 

protein.  

In Coombs review on ts mutants groups, studies mapped tsE320 to the gene 

lesion on the S3 gene (24). Studies showed that tsE produces reduced amounts (app 5%) 

of ssRNA and protein (12) and very low level (1%) of progeny dsRNA (12) at non-

permissive temperature. The S3 gene encodes for the nonstructural protein σNS (19) 

consists of three hundred-sixty six amino acids and has a molecular mass of 41kDA 

(41). σNS binds ssRNA shortly after they are synthesized (17). During early infection, 

when σNS is assembled into 13-19S particles, it is the only protein bound to selected 

regions of viral mRNA (17, 42). This protein also has the capacity to bind RNA-DNA 

hybrids and gradually displaces the DNA (41) which functions similarly to some DNA 

binding proteins that are known to be involved in the replication of DNA. 

Immunoprecipitation studies with protein-specific antibodies showed that σNS remains 

bound to the ssRNA through the entire process of minus-strand synthesis and the 
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consequent generation and selection of the 10 genomic dsRNA molecules (40). 

Therefore, σNS is suggested to play one or more important roles in the selection, 

replication, and/or packaging of reovirus RNA for the assembly of progeny particles 

(4). 

Reassortant mapping experiments showed that tsG had its lesion in the S4 gene 

(21). Studies showed that tsG produces reduced amounts (app 20%) of protein (16) and 

RNA at non-permissive temperature. The S4 gene encodes the protein σ3, which is 

composed of three hundred sixty-five amino acids and has six hundred copies in the 

virion (8). σ3 plays important roles in virion stability (14), shutting down host 

macromolecular synthesis (30) and down-regulate interferon-induced dsRNA-activated 

protein kinase (31). The σ3 protein has to be degraded in the outer capsid before 

transcription can occur. The σ3 protein inhibits the translation by binding dsRNA and 

hence blocking the activation of the dsRNA-activated protein kinase (31). Also, the σ3 

protein is important in the assembly of the virus during virus replication. Together with 

the µ1 protein, the σ3 protein forms the bulk of the virion outer capsid. It is suggested 

that σ3 is required to interact with and promote a conformational change in µ1 that 

enables these proteins to assemble onto core particles (43).  

The incapability of tsE and tsG lysing the transformed cells suggested that S3 

and S4 genes are responsible for Reovirus differential oncolysis of transformed cells. 

The S3 gene encodes for the nonstructural protein, σNS, which is important in 

converting ssRNA to dsRNA. The S4 gene encodes for the σ3 protein which is 

important in viral assembly during virus replication.   
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This project has advanced the search for the reovirus gene(s) responsible for 

differential lysis activities. It has identified at least two genes involved in the lysis of 

transformed cells. Since some cancer cells have expressed the c-myc protein and a 

mutated ras pathway, finding the genes involved in differential lysis activities may 

constitute to a potential cure for cancer. Future studies will involve using ts mutants to 

infect other normal cell lines and their transformed cell lines counterpart at the 

permissive and the non-permissive temperature.  

 
 

 

 45



  

 

 

REFERENCES 

1. Norman, K. L., Hirasawa, K., Yang, A., Shields, M. A., and Lee, P. W. Reovirus 

oncolysis: The Ras/RalGEF/p38 pathway dictates host cell permissiveness 

to reovirus infection. PNAS.2004;101: 11099-11104.  

2. Kavenoff, R., Talcove, D., and Mudd, J.A. Genome-sized RNA from reovirus 

particles. PNSA. USA. 1975;72: 4317-4321.  

3. Shatkin AJ, Sipe JD, Loh P. Separation of ten reovirus genome segments by 

polyacrylamide gel electrophoresis. J Virol. 1968; 2:986–991 

4. Fields, B. N., and Greene, M. I. Genetic and molecular mechanisms of viral 

pathogenesis: implications for prevention and treatment. Nature. 

1982;300: 19-23.  

5. Joklik, W. K. Beyond cognitive ability:  Structure and function of the reovirus 

genome. Microbiological Reviews. 1981;45: 483-501.  

6. Mertens, P. The dsRNA viruses. Virus Research. 2004;100: 3-13.  

7. Orthoreovirus Structure. (2004). Microbiology and Immunoloogy: BS3035: 

Reoviruses. Retrieved from  

http://www-micro.msb.le.ac.uk/3035/Reoviruses.html.  

8. Knipe, D. M., and Howley, P. M. eds (2001) Fields virology(4th ed.) Lippincott 

williams & Wilkins Inc, PA. 

 46



  

9. Antczak J B, Joklik W K. Reovirus genome segment assortment into progeny 

genomes studied by the use of monoclonal antibodies directed against 

reovirus proteins. Virology. 1992;187:760–776. 

10. Morgan E M, Zweerink H J. Characterization of transcriptase and replicase particles 

isolated from reovirus infected cells. Virology. 1975;68:455–466. 

11. Cleveland Dr, Zarble H, Millward S. Reovirus guanylytransferase is L2 gene 

product labmda 2. J Virol 1986;60:307-11 

12. Cross RK, Fields BN. Temperature-sensitive mutants of reovirus 3: studies on the 

synthesis of viral RNA. Virology 1972;50:799-809 

13. Coombs, KM. Temperature-Sensitive Mutants of Reovirus. Current topics in 

Microbiology and Immunology 1998;233:69-107  

14. Drayna D, Fields BN. Activation and characterization of teh reovirus transcriptase: 

genetic analysis. J Virol 1982;41:110-18 

15. Fausnaugh J, Shatkin AJ. Active site localzation in a viral mRNA capping enzyme. 

J Biol Chem 1980;265:7669-7672 

16. Fields BN, Laskov R. Temperature-sensitive mutants of reovirus type 3: studies on 

the synthesis of viral peptides. Virology 1972;50:209-15 

17. Huismans H, Joklik WK. Reovirus-coded polypeptides in infected cells: isolation of 

two native monomeric polypeptides with high affinity for single-stranded 

and double-stranded RNA, respectively. Virology 1976;70:411-24 

18. Joklik WK, Roner MR. Molecular recognition in the assembly of the segmented 

reovirus genome. Pro Nucleic Acid Resucue. Mol Biol 1996;53:249-81 

 47



  

19. McCrae Ma, Joklik WK. The nature of the polypeptide enceded by each of the ten 

double-stranded RNA segments of reovirus type 3. Virology 1978;89:578-

93 

20. Morozov SY. A possible relationship of reovirus putative RNA polymerase to 

polymerases of positive-strand RNA viruses. Nuclic Acids Res 

1989;17:5394 

21. Mustoe TA, Ramig RF. A genetic map of reovirus3. Assignment of the double-

stranded RNA mutant groups A, B, and G to genome segments. Virology 

1978;85:545-56 

22. Ramig RF, Fields BN. Isolation and genetic characterization of temperature-

sensitive mutants that define five additional recombination groups in 

simian rotavirus SA11. Virology 1983;130:464-73 

23. Ramig RF, Fields BN. Revertants of temperature-sensitive mutants of reovirus: 

evidence for participate in reassortment during mixed infection of mice. 

Virology 1978;182:468-74 

24. Ramig RF, Mustoe. A genetic map of reovirus H. Assigment of the double-stranded 

RNA-negative mutant groups C, D and E genome segments. Virology 

1978;85:531-44 

25. Ramig RF, Ahmed R. A genetic map of reovirus: assignment of the newly defined 

mutants groups H, I and J to genome segments. Virology 1983;125-299-

313 

 48



  

26. Xu P, Miller SE. Generation of reovirus core-like particles in cells infected with 

hybrid vaccinia viruses that express genome segments L1, L2, L3 and S2. 

Virology 1993;197:726-31   

27. Banerjea AC, Joklik WK. The sequence of the reovirus serotype 3 L3 genome 

segment which encodes the major core protein λ1. Virology 1988;167-31-

37 

28. Bassel-Duby R, Nibert ML, Homcy CJ, et al. Evidence that the sigma 1 protein of 

reovirus serotype 3 is a multimer. J Virol 1987;61:1834-41 

29. Shatkin AJ, Kozak M. Biochemical aspects of reovirus transcription and translation. 

In: Joklik WK (ed). The reoviridae. Plenum. New York. 1974;3204-07 

30. Sharpe AH, Fields BN. Reovirus inhibition of cellular RNA and protein synthesis 

role of the S4 gene. Virology 1982;122:381-91 

31. Imani F, Jacobs BL. Inhibitory activity for the interferon-induced protein kinase is 

associated with the reovirus serotype1 sigma 3 protein. Proc Natl Acad 

Sci. 1988; 85:7887-91 

32. Furuichi, Y., Muthukrishnan, M. S., and Shatkin, A. J. Reovirus messenger RNA 

contains a methylated, blocked 5′-terminal structure: m7G 

(5′)ppp(5′)GmpCp-. Proc. Natl. Acad. Sci. USA. 1975;72: 362-366.  

33. Both, G. W., Furuichi, Y., Muthukrishnan, S. and Shatkin, A. J. Ribosome binding 

to reovirus mRNA in protein synthesis requires 5′ terminal 7-

methylguanosine. Cell. 1975;6: 185.  

 49



  

34. Lemieux, R., Zarbal, H., and Millward, S. mRNA discrimination in extracts from 

uninfected and reovirus-infected L-cells. J Virol. 1984;51: 215-222 

35. Gonzalez SA, Burrone OR. Rotavirus NS26 is modified by addition of single I-

linked residues of N-acetylglucosamine. Virology 1991;182:8-16 

36. Liprandi F, Moros Z, Gerder M, et al. Productive penetration of rotavirus in cultured 

cells induces coentry of the translation inhibitor alpha-sarcin. Virology 

1997;237:430-38. 

37. Strong, J. E., and Lee, P. W. (1993). Evidence that the epidermal growth factor 

receptor on host cells confers reovirus infection efficiency. Virology. 197: 

405-411.  

38. Suzuki H, Chen G-M, Hung T, et al. Effects of two negative staining methods on 

the Chinese atypical rotavirus. Arch Virol 1987;94:305-08 

39. Amati B, Alevizopoulos K, Vlach J. Myc and the cell cycle. Front Biosci. 

1998;3:d250-68.  

40. Antczak JB, Joklik, WK. Reovirus genome segment assortment into progeny 

genomes studied by the use of monoclonal antibodies directed against 

Reovirus proteins. Virology 1992;187:760-76. 

41. Gillian, A. L., Schmechel, S.C., Livny, J., Schiff, L.A. and Nibert, M. L. Reovirus 

protein σNS binds in multiple copies to single-stranded RNA and shares 

properties with single-stranded DNS binding proteins. J of Virol. 2000;74: 

5939-5948.  

 50



  

42. Stamatos, N. M., and Gomatos, P. J. Binding to selected regions of reovirus mRNAs 

by a nonstructural reovirus protein. Proc. Natl. Acad. Sci. USA. 1982:79: 

3457-3461. 

43. Shing M, Coombs KM. Assembly of the Reovirus outer capsid requires 

Mu1/sigma3 interactions which are prevented by misfolded sigma3 

protein in temperature-sensitive mutant tsG453. Virus Res 1996;46:19-29. 

44. Duncan, M. R., Stanish, S. M., and Cox, D. C. Differential sensitivity of  

normal and transformed human cells to reovirus infection. Journal of 

Virology. 1978;28: 444-449.  
45. Telang, NT Ramaswamy N. Coordinated expression of intermediate biomarkers for 

tumorigenic transformation in Ras-transfected mouse mammary epithelial 

cells. Breast Cancer Research and Treatment. 1991;18:155-163 

46. Telang, NT. Osborne, MP. Neoplastic transformation of mouse mammary epithelial 

cells by deregulated myc express. Cell Regulation 1990;1:863-72

 51



  

BIOGRAPHICAL INFORMATION 

 

Ka Ian Tam received her bachelor degree in Biology at the University of Texas 

at Arlington in 2003. She has been working as a graduate teaching assistant for 

Microbiology for 3 years and has been involved many summer Science camps for high 

school students like the Upward Bound Math and Science and the Biology Summer 

Science Institute program.  

Ka Ian has always been interested in Biology since high school. She is 

especially interested in pathology. She was an undergraduate research assistant in 

pathology lab and helped in culturing bacteria. She would like to take part in research in 

finding the cure to many human sufferings: HIV, SARS, influenza, etc. After she 

graduates from her Master’s degree, she hopes to work towards her phD degree in 

Virology. She would like to further her knowledge in Virology and be actively involve 

in research concerning SARS that had caused hundreds of death in Hong Kong and the 

bird influenza H5N1 that had been a disaster for live stock culture in Asia.  

 

 52


