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ABSTRACT

Murine acquired immunodeficiency syndrome (MAIDS) is a retrovirus-
induced disease in mice that results from infection with a specific mixture of
Murine Leukemia Virus (MuLV) known as LP-BM5. The two strains of mice
used in this research are either the disease susceptible strain (C57BL/6 or BL/6)
or the disease resistant strain (BALB/c). The Tepsuporn thesis in the Stranford
lab at Mount Holyoke College generated differential gene expression data from a
DNA-microarray based assay of MAIDS susceptible versus resistant mice that
were either injected with virus or mock supernatant. One gene in particular, mink
cell focus-forming virus (MCF), had a 55-fold higher expression in disease
susceptible mice when compared to resistant mice under any conditions. MCEF is
a component of LP-BM5 MuLV and was originally used to track virus expression
in host cells. The objective of this research is to utilize Reverse-Transcriptase
PCR and Real-Time RT-PCR to determine whether or not MCF is found in the
genome of mice and expressed as mRNA. Data shows that both BL/6 and
BALB/c mice, when naive from injection with virus or mock supernatant,
expressed MCF mRNA in both the spleen and the lymph node and contained
MCEF in their genomes. Real time RT-PCR data analysis suggests that naive mice
express higher levels of MCF-like mRNA in the BL/6 mice when compared to the
BALB/c mice; this information contradicts the microarray data. It is possible that
prior to infection with virus or mock supernatant, MCF-like sequences are
suppressed in BALB/c mice and upregulated in BL/6 mice. Future studies of
MCEF and its implications disease pathogenesis may lead to a better understanding
of the immune response to HIV and discover new factors that contribute to human
susceptibility to AIDS.



INTRODUCTION

Acquired immune deficiency syndrome (AIDS) is a widespread epidemic
that has plagued the world for over 20 years (Mosier, 1996). In 2004, close to 3
million people worldwide were known to have died from AIDS. As of 2005 there
are approximately 40 million people living with human immunodeficiency virus
(HIV), the retrovirus shown to induce onset of AIDS in humans (Jolicoeur et al.,
1991; UNAIDS fact sheet, 2005). Sub-Saharan Africa is home to 60 percent of
those infected with HIV despite it holding only 10 percent of the world’s
population. Alarmingly, East Asia, Eastern Europe, and Central Asia have seen a
9-fold increase in HIV infection in just 10 years (UNAIDS fact sheet, 2005).

Since the identification of HIV in the early 1980s, various antiretroviral
drugs have been developed in order to decrease viral loads in the blood and
control virus spread in humans by interfering with the replication of the virus
(AIDSinfo, 2005). However, there is currently no cure or vaccine for the
retrovirus. Much of the delay in developing a functional curative agent for HIV is
due to limited knowledge of the molecular and cellular mechanisms by which the
retrovirus induces immunodeficiency (Jolicoeur et al., 1991). Many studies
regarding HIV have focused on the patients who are able to naturally combat HIV
infection in hopes of developing new treatment techniques. A group of HIV
infected individuals, clinically known as long-term nonprogressors (LTNR),
comprise approximately 5-10% of those living with HIV (Lange and Lederman,

2003). The LTNR phenotype is characterized by the patient’s ability to suppress



viral replication, thereby decreasing viral titers in the blood. In addition, the
immune system can remain functional for more than 10 years without the
assistance of antiretroviral therapy. It should be noted that while LNTRs do not
progress to AIDS, they lack the ability to eradicate HIV (Miedema et al, 1988;
Lange and Lederman, 2003; Sankaran et al, 2005).

In hopes of better understanding the differential immune response that
provides certain individuals with the ability to combat HIV, various animal
models have been developed. Studies of the various animal models and the
identification of effective and ineffectual immune responses to infection can help
contribute to eliciting a successful antiretroviral immune response in humans.
The goal of this research is to examine unique features that distinguish between
AIDS susceptible and resistant organisms. Data from a previously completed
DNA-based microarray assay, which provided information regarding differential
gene expression patterns early in the immune response between disease resistant
versus disease susceptible mice, were analyzed. From these data one highly
differentially expressed gene that structurally resembles the AIDS inducing
retrovirus was chosen for further study in hopes of elucidating certain factors that

designate susceptibility or resistance to AIDS.



MAIDS Small Animal Model System

Due to the continuing threat of HIV and AIDS, animal models using
similar but not identical viruses have been used. Some examples of animal
models for AIDS include simian immunodeficiency virus (SIV), feline
immunodeficiency virus infection (FIV) and infection of immunodeficient
transgenic mice (SCID mice) with HIV-1 (Jolicoeur, 1991; Jolicoeur, et al.,
1991). However, such animal models require high levels of biohazard control and
special animal training to utilize. Mice are arguably the most popular organisms
chosen for study due to the extensive knowledge of their genome and immune
system (Mosier, 1996). In this study, the model system of choice is murine AIDS
(MAIDS), which remains one of the most extensively studied and convenient

model systems for human AIDS.

Murine AIDS versus human AIDS

Human AIDS is a disease induced by infection with a retrovirus from the
lentivirus family known as HIV. MAIDS, on the other hand, is caused by a
unique mixture of pathogenic, defective, and helper viruses designated the LP-
BMS5 isolate of Murine Leukemia Virus (MuLV) (Jolicoeur, 1991; Morse, et al.,
1992; Mosier, 1996). MAIDS acquired its name due to the prominent similarities
of the MuLV induced disease and human AIDS, along with its induction by a
retrovirus (Mosier et al., 1987). Such similarities include increased

lymphoproliferation, polyclonal B cell expansion, and enlargement of lymphoid



organs such as the spleen and lymph node (Morse et al., 1992). The effects of
MuLV and HIV lead to uncontrolled virus spread, impairment of the immune
system, and increased susceptibility to opportunistic infections (Jolicoeur, 1991;
Liang et al., 1996).

While the MAIDS model system is an excellent animal model for studying
the immune system pathways in response to retroviral infection, it is not without
faults: the retroviruses that cause MAIDS and AIDS differ. HIV is a retrovirus
from the lentivirus family, while MuLV is a C-type retrovirus from the
oncornavirus family (Mosier, 1996). Also, the cells targeted by HIV infection are
CD4+ T cells and macrophages, while MuLV targets primarily B cells and
macrophages (Morse et al., 1992; Mosier 1996).

Despite the previously mentioned differences, the MAIDS model is still
important because it is practical, cost effective and simple to work with. MuLV is
not easily transmitted between mice and has not been found to infect humans,
resulting in a lower biohazard level required to work with the virus. In addition,
the comparable clinical symptoms of HIV and MuLV could be due to similar
pathways utilized by the immune system. As a result, a better understanding of
the immune response to MuLV infection could provide information regarding the
immune pathways used during HIV infection. Other animal models, such as the
Simian Immunodeficiency Virus (SIV) model can be used to study AIDS.
However, while SIV may be a lentivirus like HIV, the disease it induces has

greater dissimilarities to human AIDS than does MAIDS (Jolicoeur et al., 1991).



Therefore, while MAIDS and AIDS may have differences, their striking

similarities have made a valid model system of MAIDS.

Murine Leukemia Virus

Murine Leukemia Virus (MuLV) was first discovered in the early 1900s
when isolated from the mammary carcinomas (Ehrlich’s carcinomas) of female
mice (reviewed in Clark et al., 2001). In 1962, Laterjet and Duplan recognized
that a specific laboratory isolate of the virus, when injected into a specific strain
of mouse caused a disease, now termed MAIDS, in nearly 100% of infected mice
(Jolicoeur, 1991; Laterjet and Duplan, 1962). The specific virus utilized by
Laterjet and Duplan was a radiation induced MuLV line, termed RadLV-R, which
underwent further manipulations to produce LP-BM5 MuLV (Mosier et al.,
1985).

The MuLV genome consists of three main structural genes: gag (core
proteins), pol (polymerase), and env (envelope) (See figure 1). The gag, or group
specific antigen, gene is responsible for encoding proteins that make up the viral
matrix, capsid and nucleoproteins, which constitute the viral core (Taruscio and
Mantovani, 2004; Nolan, 2006). The po/ gene allows for reverse transcription of
viral RNA into viral DNA and integration of the viral DNA into the host genome
by encoding for reverse transcriptase, protease and integrase enzymes (Taruscio
and Mantovani, 2004; Nolan, 2006). The env gene codes for surface

glycoproteins and transmembrane polyproteins. The transmembrane protein will



eventually be altered to form the glycoprotein present on the viral envelope
(Taruscio and Mantovani, 2004; Nolan, 2006). Long terminal repeats (LTR) are
also an important component of the genomic structure of a retrovirus. LTRs are
repeating sequences of DNA, which are several hundred nucleotides long and
located at the 5 and 3’ ends of the proviral genome (Taruscio and Mantovani,
2004; Nolan, 2006). The LTRs contain regulatory regions, such as a promoter,
enhancer binding motifs, and polyadenylation signals in their structure, which
allow them to direct viral expression and viral replication (Chattophadhyay et al.,

1991; Taruscio and Mantovani, 2004; Nolan, 2006).
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Figure 1: (A) General structure of a retrovirus virion, emphasizing the products of
the three main viral genes: gag, pol, and env. The gag gene encodes for viral core
proteins such as the matrix, nucleoproteins and capsid. Env is responsible for
synthesis of transmembrane and glycoproteins of the viral envelope, and po/
encodes for essential enzymes such as reverse transcriptase, protease and
integrase.

(B) Typical structure of the retroviral genome, showing the locations of the LTR,
pol, env, and gag genes relative to one another. (Adapted from:

<http://www.stanford.edu/group/nolan/tutorials/ret 6 gpedesc. html>).
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The specific mixture of MuLV used in these studies, termed LP-BM3, is
comprised of three distinct types of viruses: ecotropic (a retrovirus that can only
replicate in the species in which it was originated), mink cell focus forming
(MCF), and defective (BM5d). The first component mentioned is a non-
pathogenic, replication competent, B-tropic ecotropic full-length viral sequence
(BEV). The B-tropic designation of the ecotropic portion of LP-BMS is
significant due to the fact that the virus can only grow in mice homozygous for
the B allele at the Fv-1 locus (Risser et al., 1983; Amadori and Cjieco-Bianchi,
1989; Morse et al., 1992). N-tropic viruses will show efficiency of replication in
cells from mouse strains with the N allele at the Fv-1 locus as opposed to the B
allele at the Fv-1 locus (Risser et al., 1983; Morse et al., 1992). Interestingly,
cells heterozygous for the B and N allele will restrict viral replication of both N-
tropic and B-tropic viruses due to the co-dominance of the B and N alleles. The
mice used in this study are homozygous for the B allele, therefore B-tropic
sequences can enter and grow in their cells (Risser et al., 1983; Amadori and
Cjieco-Bianchi, 1989; Morse et al., 1992).

The second virus component of the LP-BMS5 viral mixture is the B-tropic
mink cell focus-inducing virus (MCF). MCEF is a polytropic virus, which means
that it can replicate in various host tissues (Morse et al., 1992). An ecotropic
portion of another virus that recombines with a yet unidentified nonecotropic
MuLV-like sequence encodes the MCF viral sequence. Through the act of

recombination, a new virus species (MCF), with a more extensive host range and



cell binding specificity, is produced (Khan, 1984). The MCF portion of LP-BM5
serves a helper virus to allow for spread of infection in host cells along with
enhanced virus replication (Cook et al., 2002; Morse et al., 1992).

The BM5d viral fragment of LP-BMS is a defective virus sequence devoid
of the pol and env genes along with a truncated gag sequence from the original
ecotropic MuLV. The resulting BM5d is a 4.9 kb replication incompetent
defective virus fragment that can cause disease. The defective portion of LP-
BMS is dependent on MCF to facilitate virus intake by the host cells and
subsequent viral proliferation (Cook et al., 2002; Morse et al., 1992). Therefore,
while BM5d is responsible for inducing MAIDS, the defective virus requires
helper viruses such as BEV and MCF to facilitate transmission and spread of

MuLV in the host cells (Liang et al., 1996; Morse et al., 1992).

Susceptibility to MAIDS

The two mouse strains most often used to study MAIDS are C57BL/6, or
BL/6 (BL/6/disease susceptible) and BALB/c (disease resistant). BL/6 mice are
susceptible to developing MAIDS after being infected with LP-BMS5 MuLV
(Hartley et al., 1989; Morse, 1992). The susceptible strain will exhibit symptoms
similar to human AIDS and eventually die from opportunistic infection or
pulmonary compromise as a result of enlarged lymph nodes blocking the air
passage. (Hartley et al., 1989; Morse, 1992). However, the BALB/c disease

resistant mice mount an effective immune response to MuL'V, eradicate the virus
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and eventually become resistant to further challenges by the virus (Jolicoeur,
1991; Panoutsakapoulou et al., 1998). Comparisons of BALB/c and BL/6 strain
responses to MuL'V are important because these animals could reveal particular
factors that allow one mouse strain to be more susceptible to disease while the

other remains resistant.

Microarray Data

One of the hypotheses of the Stranford lab at Mount Holyoke College is
that strain-specific gene expression patterns early on in the immune response may
distinguish MAIDS susceptible versus resistant animals. A DNA-microarray
based assay, which generates an organized array where each gene of a specific
organism’s genome is represented as a distinct spot, was used to compare
differential gene expression between disease susceptible mice and disease
resistant mice at 3 and 7 days post infection (Tepsuporn, 2005).

A microarray experiment requires RNA isolated from two distinct cell
types (i.e. MuL V-infected cells and mock-infected cells or infected BALB/c
versus BL/6 cells), which is used as a template for cDNA synthesis (See figure 2)
(Young, 2000). The cDNA is then labeled with a dye, one for each cell type
(either red or green), and combined in equal amounts to hybridize to the array of
genome probes. Each probe is composed of oligonucleotides located on the
surface of the microarray slide (Young, 2000; Tepsuporn, 2005). In addition to

the standard probes used in microarray analysis, our arrays include 4 additional
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probes specific to sequences from each of the three virus components (MCF,
BMS5d, and BEV) and an endogenous mouse ecotropic virus sequence control
(ECO) (Tepsuporn, 2005). The microarray is scanned using a two-wavelength
laser scanner once hybridization is complete in order to detect fluorescence
intensity. If a probe hybridizes to only red or only green, then the specific mRNA
transcript is only expressed in one of the two samples, while a yellow color
concludes that the mRNA transcript is present in both cell types (Tepsuporn,
2005). Abundance of the original mRNA transcript can also be detected since the
mRNA concentration is directly proportional to fluorescent intensity (Young,
2000; Tepsuporn, 2005).

Data from a previously performed DNA-microarray experiment compared
MuL V- infected disease susceptible (BL/6) mouse gene expression to MuL V-
infected disease resistant (BALB/c) gene expression. Another set of microarrays
compared mock-infected disease susceptible and disease resistant mice
(Tepsuporn, 2005). From analysis of these microarray experiments, genes that
showed significantly different levels of expression between the two mouse strains
can be chosen for further study.

For my research project, I chose to study the most highly differentially
expressed gene between the two mouse strains: MCF. Disease susceptible mice,
either infected with MuLV or mock infected, had a near 55-fold increase in
expression of mink cell focus forming virus in comparison to disease resistant

mice under any conditions (Tepsuporn, 2005). The MCF probe was originally
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added to the microarray to track expression of the virus in host cells. However, it
appears that an MCF-like sequence may be present in disease susceptible mice
and is hypothesized to be an endogenous “MCF-like” retrovirus present in the

BL/6 genome.
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Figure 2: A general overview of a DNA-microarray based assay. RNA is isolated
from two distinct cell types and used as templates for cDNA synthesis. The
cDNA from the two cells types is labeled with a red or green dye and hybridized
to an oligonucleotide probe on the surface of a microarray slide overnight. The
microarray is scanned using a two-wavelength laser scanner once hybridization is
complete in order to detect fluorescence intensity of each distinct gene spot. A
green or red spot indicates that the mRNA is specific to only one of the cell types,
while a yellow spot indicate that the mRNA transcripts can be found within both
cell types. (Adapted from:

http://www.fao.org/DOCREP/003/X6884E/x6884¢00.jpg)
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Endogenous Retroviruses

Endogenous retroviral-like elements (ERVs) are estimated to comprise
between 5-10% of all organism’s genomes (Fine and Sodroski, 1981; Taruscio
and Mantovani, 2004). ERVs are defined as transposable genetic elements that
are highly homologous to retroviruses and utilize RNA intermediates and reverse
transcriptase during their replication cycles (Fine and Sodroski, 1981; Blatt et al.,
1983; Stevens et al., 1999; Taruscio and Mantovani, 2004). A typical ERV
exhibits significant structural similarities to exogenous (coming from outside of
the body) retroviruses with LTRs at the 3’ and 5° ends, which flank gag, env, and
pol in the internal coding region.

As mentioned previously, LTRs regulate gene expression, thus
endogenous (originating from within an organism) retroviruses have the ability to
be transcribed into mRNA or retrovirus-like particles (Taruscio and Mantovani,
2004). The probability of spontaneous expression appears to be regulated by
location of ERVs in the genome. One hypothesis is that when DNA surrounding
ERVs are activated by mitogens, the secondary effect is the subsequent
expression of nearby genes (Risser et al., 1983; Krieg et al., 1988). Another
theory suggests that gene expression is intrinsic to the viral genome; therefore
varying levels of ERV mRNA are governed by distinct ERV regulatory sequences
(Risser et al., 1983). In addition, ERV expression can also be attributed to factors
such as inflammation due to injury, radiation, toxic chemicals, and activation of

the immune system (Stevens et al., 1999). It should be noted that while ERVs
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have been demonstrated to be transcribed and translated like other genes, they
lack introns, and can be translated without undergoing splicing (Gourley, et al.,
1990)

While many ERVs can be transcribed and translated, most are not
infectious or functional due to structural defects (Fine and Sodroski, 1981).
Defects include deletion of the entire coding region, leaving only the LTR intact.
However, more subtle flaws in the ERV structure include frameshift mutations,
point mutations and deletions in the gag and env initiation codons that have
occurred during integration or have accumulated over time. As a result, most
ERVs are not full length and have an incomplete retroviral structure. Stop codons
are also known to be present in ERV open reading frames, thus halting complete
gene expression (Fine and Sodroski, 1981; Krieg et al., 1992; Taruscio and
Mantovani, 2004).

While most retroviruses integrated into the genome are not pathogenic, a
few examples exist in which ERVs are responsible for causing disease. Mouse
mammary tumor virus (MMTYV) is a type B ERV that induces mammary cancer in
mice through insertional mutagensis. Insertional mutagensis occurs when a
“silent” region of genomic DNA is mutated due to insertion of nucleotides. The
presence of the additional base pairs alters the function of the previously “silent”
gene, which in the case of MMTV mutagenesis causes breast cancer.

Another pathogenic ERV is found in ARK mice, in which complex

recombination of the endogenous retroviral sequences will lead to T-cell
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lymphoma followed by death of the mice by the age of 2 (Pogo et al., 1997,
Stewart et al., 2000; Stewart 2002). However, replication competent pathogenic
ERVs are uncommon for the obvious reason that they are evolutionarily
unfavorable and the organism would most likely not survive to pass on the gene.
Since most ERVs are not harmful it is highly plausible that they would survive in
the gene pool (Krieg et al., 1992).

The popular hypotheses regarding initial ERV integration into the
mammalian genome is that they originated due to transposition and recombination
of ancestral retroelements or by infection of ancient germ-cells by an exogenous
retrovirus (Obata and Khan, 1988; Taruscio and Mantovani, 2004). Then, during
evolution, ERVs spread throughout the genome as a result of amplification and
repeated events of reintegration of the reverse-transcribed provirus mRNA (a
process called retrotransposition) (Seifarth et al., 2005). Whether pathogenic or
defective, ERVs were integrated into genomic DNA through an integrase-
mediated process, which is demonstrated by the junction between the LTR of the
retrovirus and the host DNA. Once the ERVs become a part of an organism’s
genome they are inherited vertically between generations. Due to the variation
between type and abundance of ERVs between species, whether closely or
distantly related, it is believed that integration of viral DNA occurred later during
evolution and after divergence of closely related species (Fine and Sodroski,

1981).
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The Retroviral Life Cycle

As mentioned previously, the derivation of ERVs from exogenous
retroviruses is due to an integrase-mediated process, which happens to occur
during infection of a host with a retrovirus. While the actual lifecycle of a
retrovirus is extraordinarily complex and not completely understood, a general
overview of the process is essential to comprehending the mechanism by which
ERVs become inserted into host chromosomal DNA. (See figures 3 and 4 for
representations of the retroviral lifecycle and viral DNA integration into host
DNA).

A retrovirus is a small virion with a genome that consists of two RNA
molecules (See figure 1A). The glyoproteins located on the viral envelope act as
ligands, which specifically bind to a surface molecule of a cellular membrane
(LP-BM5 MuLV uses B-tropic F'V-1 receptors to bind to host cells). After the
binding of the retrovirus to the surface of a cell, fusion of the virus-cell membrane
occurs, which allows the contents of the virion to enter the cell’s cytoplasm (Fine
and Sodroksi, 1981; White and Fenner, 1994). Once the virion has penetrated the
cell surface it is stripped of its membrane coat (Fine and Sodroksi, 1981; White
and Fenner, 1994). The RNA from the retrovirus is reverse transcribed using an
RNA-dependent DNA polymerase (i.e. reverse transcriptase enzyme) carried by
the virus and encoded by the virus’s pol gene, into a double stranded DNA-RNA
molecule (Krieg et al. 1992). Reverse transcriptase then acts as a nuclease to

remove the RNA and synthesize a double stranded DNA molecule. The double
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stranded viral DNA is then transported to the nucleus and integrated into the host
cell chromosomal DNA using a viral protein known as integrase (Krieg et al.
1992). Once the viral DNA is inserted into the host cell DNA it is known as a
provirus and becomes a stable and permanent part of the host genome, which can
be transcribed, translated, and inherited (if integration occurs in germ cells) like
all other genes (Krieg et al. 1992).

Replication of the viral DNA is dependant on the activity of the cell;
therefore a provirus can remain dormant for long periods of time. As previously
described, the cellular enhancer sequences within the provirus LTR can be
activated by other exogenous signals such as infectious agents (Fine and Sodroksi,
1981; White and Fenner, 1994). Once provirus expression is initiated, the
sequence will be transcribed by the host cell’s RNA polymerase II (Fine and
Sodroksi, 1981; White and Fenner, 1994). Then, RNA for the viral genome is
created along with translation of the mRNA essential to production of the viral
components (such as envelope glycoproteins, transmembrane proteins, and
proteins essential to the viral core) (Fine and Sodroksi, 1981; White and Fenner,
1994). Viral proteins are subsequently glycosylated and cleaved using host cell
enzymes (Fine and Sodroksi, 1981; White and Fenner, 1994). Afterwards, the
virus is assembled, using the host cell’s plasma membrane as its new envelope
(Fine and Sodroksi, 1981; White and Fenner, 1994). Newly formed viruses
exocytose from the cell in a process called “budding”; cell death can result from

an excess of virus budding (Fine and Sodroksi, 1981; White and Fenner, 1994).



19

(4] ntegration ime
Hout chromosomai

(Z) Penetration
and

wnsoaling

viral mRNA
(&)

synthesia of
viral proteing

Figure 3: Illustration of a typical retrovirus lifecycle. First, the virus binds to a
specific receptor on a host cell and is subsequently integrated into the cytoplasm
and stripped of its surface coating. An RNA-dependant DNA polymerase reverse
transcribes the retrovirus’s RNA genome into double stranded viral DNA.
Integrase transcribed from the virus initiate integration of the viral DNA into host
cell chromosomal DNA. Retroviral transcripts formed using transcriptional
machinery of the host cell will synthesize viral proteins. Viral proteins will be
assembled into new virions that will exocytose from the cell in a process called
budding. (Adapted from:

http://www.chem.wisc.edu/~newtrad/CurrRef/AIDStopic/AIDSfig/1_10.gif)
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Figure 4: Integration of viral DNA into host chromosomal DNA. Double
stranded viral DNA, reverse transcribed from viral RNA along with a piece of the
host DNA are cleaved by the integrase enzyme produced by the pol gene of the
retrovirus. Two base pairs are deleted from the retroviral DNA and four to six
base pairs of are duplicated from the host DNA. The result is a stably integrated
viral sequence in the host genome, called a provirus. (Adapted from Fine and

Sodroski, 1981)
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Categories of Endogenous Retroviruses

Inbred strains of laboratory mice are just one of the organisms known to
contain ERVs in their genome. The ERVs within mouse DNA resemble the type
C MuLV that is used in the MAIDS model system. These MuLV-like sequences
are categorized into two main groups by their different host ranges (i.e.
infectivity), which are determined by the viral envelope surface glycoproteins: the
two groups are ecotropic and nonecotropic. The ecotropic virus sequence, which
infects only murine cells, is present in one to five copies in most laboratory mice
(Tomonaga and Coffin, 1999). The disease resistant mice are known to be a low
ecotropic strain, with only one complete copy of the ecotropic provirus in their
genome. However, the level of ecotropic virus in disease susceptible mice is yet
to be determined (Chattophadhyay et al., 1980).

The nonecotropic groups of endogenous MuL Vs are divided into the three
subgroups of xenotropic, polytropic and modified polytropic. The xenotropic
viral sequences can only infect cells from species other than the mouse, such as
human, mink, duck, and rabbit. Polytropic and modified polytropic virus
sequences can infect both mouse and non-mouse cells. Each of the nonecotropic
viruses exhibit limited genetic variation between sequences and are prevalent
throughout the genome (Tomonaga and Coffin, 1999; Krieg et al, 1998). The
three nonecotropic virus groups are distinguishable in the mouse genome due to

polymorphisms found in the env and LTR gene regions (Tomonaga and Coffin,
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1999). The gag and pol genes are the most conserved between the endogenous

MuLVs (Risser et al., 1985; Gourlet, et al., 1990).

MCEF Polytropic Virus Sequences

The possible presence of MCF-like polytropic endogenous virus sequence
in the mouse genome is the basis for my research based on microarray data in the
Stranford lab. The microarray assay suggests MCF is the most highly
differentially expressed gene between disease susceptible and resistant mice under
any conditions (Tepsuporn, 2005). The MCF detected in the microarray is
thought to be an endogenous MCF-like sequence, since they are highly
homologous to the infectious retrovirus and are expressed in mice that are not
exposed to the virus (Blatt et al., 1983; Krieg et al., 1988).

Previous studies, which mapped the chromosomal locations of various
MCF-like sequences, show that these genes are located near genes involved in the
immune response. Such genes include those of the heavy and light chains of
immunoglobulin (Ig) molecules, genes encoding lymphocyte antigens and the
allotype determinants on B and T lymphocytes (Blatt et al., 1983; Krieg et al.,
1988). However, the regulation of expression of these endogenous MCF-related
sequenced remains unknown and the biologic significance of endogenous MCF-
like sequence expression prior to immune system activation is unclear (Obata and
Khan, 1988; Krieg et al., 1988; Krieg et al., 1989). Although, some studies have

shown that B and T cell mitogens (agents that induce cell division) could be
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involved in inducing expression of the retroviral proteins in the lymphoid tissues
of mice (Obata and Khan, 1988; Krieg et al., 1988; Krieg et al., 1989).

Studying the function of ERVs such as MCF-like sequences in host cells
along with their interactions with the immune system is an arguably important
research topic. This is because the analysis of the role of ERVs in physiology and
disease can provide valuable insight into the normal cellular activation
mechanisms, regulation of gene activation, co-evolution of ERVs in a host, and
the interactions between host and retrovirus (Krieg et al, 1988; Tomonaga and
Coffin, 1999). In addition, understanding ERVs is important in the study of
MAIDS due to their plausible relationship to disease pathogenesis as a result of
their structural similarities to LP-BM5 MuLV (Blatt et al. 1983).

Some ERVs have been found to have beneficial effects in certain strains of
mice. One endogenous retrovirus in mice is known to encode surface
glycoproteins that can defend against a specific retrovirus (Cas BrE MuLV)
infection by blocking the binding of the infectious retrovirus to receptor
molecules on host cells (Fine and Sodroski, 1981; Krieg et al., 1992). Also,
Gardner and colleagues (1991) studied feral mice resistant to retrovirus infection,
which they attributed to a truncated provirus within the mouse genome.
Immunity against infection is a possible reason for the conservation of ERVs
throughout evolution (Krieg et al., 1992).

However, ERVs have also been found to be detrimental to an organism’s

survival. One proposed theory links endogenous MCF expression to the
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suppression of lymphocyte activation, thus delaying the immune system from
mounting an effective immune response (Krieg et al., 1989; Krieg et al., 1992).
The transmembrane and surface glycoproteins in particular are thought to trigger
inhibition of lymphocyte activation. These proteins could induce a negative
feedback mechanism involved in immune homeostasis that turns off immune cells
when MCF mRNA is translated (Krieg et al., 1989; Krieg et al., 1992).

Therefore, expression of the env portion of endogenous MCF-like sequence is
thought to have inhibitory effects since the env gene is responsible for encoding

the inhibitory proteins (Krieg et al., 1989; Krieg et al., 1992).

Human Endogenous Retroviruses

Human endogenous retroviruses (HERVs) are similar to other endogenous
retroviruses, except they tend to not be as active and to show less homology to
infectious retroviruses (Taruscio and Mantovani, 2004). However, there are
HERVs that are similar to HIV. As a result, extensive research has been done to
determine whether HER Vs behave similarly to ERVs in mice. Since defective
exogenous retroviruses have been demonstrated to recombine with ERVs in
animals such as mice and form new infectious retrovirus, researchers have
theorized that HIV may recombine with HERVs (Krieg et al. 1992; Taruscio and
Mantovani, 2004). Yet, to date, there are no known infectious HERVs and further
research is required to determine whether they affect the immune system (Krieg et

al. 1992; Taruscio and Mantovani, 2004).
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HERYVS are expressed in various human tissues such as those of the
reproductive tract, lymphocytes, and monocytes, which suggest that HERV LTRs
are functional and allow for transcription (Seifarth et al., 2005). As with other
known ERVs, HERV expression is assisted when the endogenous retrovirus is
located in a transcriptionally active genome locus (Seifarth et al., 2005). In 1999,
a study was conducted that correlated increased anti-HERV antibodies in urine
with later stages of HIV disease progression. Interestingly, asymptomatic patients
and LTNP showed no HERV antibodies in their urine (Stevens et al., 1999).
There are also HERVs that are capable of inhibiting or downregulating the
immune system, much like MCF-like sequences are suspected to hinder immune

activation in mice (Urnovitz and Murphy, 1996).

Tolerance

Tolerance is the ability of the body’s lymphocytes to ignore self proteins
and antigen but respond to foreign entities such as viruses and bacteria. Immune
cell tolerance is essential to an organism’s health because recognition of self as
foreign would lead to autoimmune disease (Parham, 2005). The deletion of
immune cells that would attack self occurs in the thymus early during
development. A class of lymphocytes known as helper T cell (because they help
activate other lymphocytes) will come in contact with self proteins that circulate
through the thymus (Parham, 2005). If the T cell binds to a protein it will be

deleted from the T cell repertoire in a process called clonal deletion (Parham,
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2005). If proteins translated from MCF-like sequences were present within the
thymus during creation of the T cell repertoire, then MCF could be recognized as
self, causing the animal to ignore the MCF component of LP-BM MuLV.
According to Khan (1984), ERVs are expressed in the thymus, which
could implicate them in autoimmune diseases or even thymic lymphomas. In
cases involving thymic lymphomas, the LTR of endogenous MCF appears to
remain functional and will facilitate enhanced transcription and translation of the
ERVs in cells of the thymus (Khan, 1984). Of particular interest is whether or not
MCF-like proteins in the thymus could also impact development of T cells by
inducing tolerance of immune cells to antigens that resemble these MCF proteins

(Krieg et al., 1992).

Real Time PCR

Real-Time Polymerase Chain Reaction (QRT-PCR) is a method of
quantitative amplification used to compare levels of gene expression between
mouse strains (Dorak, 2004). qRT-PCR requires RNA isolated from two different
cell types (i.e. disease susceptible versus disease resistant mice) to be reverse
transcribed into cDNA. The cDNA will then undergo amplification during PCR.
The advantage of qRT-PCR is that it measures cycle by cycle amplification of
template, not just the endpoint product. Quantitation of initial template is made
possible by fluorescently labeling the amplicons generated during the reaction and

extrapolating back to a relative starting concentration (Dorak, 2004; ABI, 2006).
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There are different methods of fluorescently labeling the amplicons, the
most common being intercalating dyes or fluorescent probes. SYBR Green is an
example of an intercalating dye, which nonspecifically binds to double stranded
DNA molecules in a sample mixture (Dorak, 2004). Once binding between the
fluorescent dye and DNA occurs fluorescence is emitted and can be measured
using a laser scanner. Theoretically, the amount of fluorescence should double
during each PCR cycle (Dorak, 2004). However, since SYBR Green is non-
specific, extensive optimization of primers is required in order to eliminate primer
dimer and other non-specific double stranded DNA that is not the desired
amplicon (Dorak, 2004; ABI, 2006).

A more expensive method of quantitative analysis utilizes a probe in
addition to two primers. The probes, known as TagMan probes, are 20-30 bp
oligonucleotides with a fluorescent dye (called a reporter) attached at the 5° end
and a quenching dye (such as TAMRA) at the 3’ end (Dorak, 2004).
Fluorescence Resonance Energy Transfer (FRET) occurs when the two dyes are
in close proximity, which allows energy transfer from the fluorescent molecule to
the quencher and prevents release of fluorescence and signal (Dorak 2004).

The probe specifically attaches to the desired template in a qRT-PCR
reaction mixture. During PCR, the probe is degraded and the reporter and
quencher are no longer in close proximity (loss of FRET), thus allowing the

release of fluorescence during each cycle, proportional to the rate of probe
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cleavage. As aresult of probe specificity, less optimization of primers and

protocol are required (Dorak, 2004; ABI, 2006).

Research Objective

The goal of this research is to study MCF-like endogenous sequences in
mice and attempt to account for the differential expression of the gene within
MAIDS susceptible and resistant mice. One of the methods utilized is Reverse
Transcriptase Polymerase Chain Reaction (RT-PCR). RT-PCR can determine
whether or not MCF is expressed in one or both strains of mice. Additionally,
qRT-PCR will quantitative the different levels of expression of MCF-like
sequences within the two mouse strains. Sequencing of PCR products is also
utilized in order to compare sequence homology between the detected MCF in the
mouse genome and infectious MCF from LP-BM5 MuLV.

Further study of endogenous MCF could provide clues regarding the role,
if any, of specific endogenous MCF-like sequences in MAIDS pathogenesis.
Questions regarding whether or not ERVs have inhibitory affects on the immune
system or are recognized as self are of particular importance. In addition,
parallels between MCF-like sequences and HERVs could help us to better

understand the progression of HIV to AIDS in humans.
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MATERIALS AND METHODS

Animals

The two mouse (Mus musculus) strains used in the study were cared for in
the Mount Holyoke College Animal Facility according to the National Institutes
of Health Guidelines for the Care and Use of Laboratory Animals. Six BALB/c
(disease resistant strain) and six C57BL/6 (disease susceptible strain) mice were
kept naive to challenge with mock or MuLV infection. The naive mice were
subsequently sacrificed using carbon dioxide inhalation. All protocols in this
study received IACUC (Institutional Animal Care and Use Committee) approval
and adhere to the guidelines of the National Institutes of Medicine animal care

and use guidelines.

RNA Isolation from Spleen and Lymph Node

A modified Invitrogen TRIzol protocol for tissues was used to isolate
RNA. Spleen and lymph nodes were removed from the naive disease resistant
and susceptible mice using sterile surgical instruments. Half of the spleen and a
lymph node pool consisting of axillary', brachial®, inguinal®, and mesenteric*
lymph nodes were submerged respectively in 10 mL RNase free round bottom

plastic tubes containing 1 mL of TRIzol reagent (Invitrogen). One mL of TRIzol

" Found at the armpit

? Located under the pectorals on the bicep muscle

* On the tissue of the groin

* Found at the mesentery of the pancreas and small intestines (Ward et al., 1999).
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was used for every 50-100 mg of tissue. A sterile power homogenizer (Polytron)
was used to homogenize the tissues in the round bottom tubes until the tissues
were completely fractured and the sample was homogenous. To clean the
Polytron between homogenizations, alternating aliquots of water and TRIzol (in
that order) were run under the polytron probe. Fresh water and TRIzol aliquots
were used when homogenizing tissues from a different mouse strain.

The cell lysate was transferred into a phase lock gel tube (Eppendorf) pre-
spun at 15,000 x g for 30 seconds. After a 5 minute incubation at room
temperature, which allows additional time for complete dissociation of
nucleoprotein complexes, 200 pl of chloroform (0.2 mL for every 1 mL of
TRIzol) was added to each tube. Tubes were inverted vigorously for 15 seconds
to allow sufficient mixing of the sample with chloroform and then allowed to
incubate at room temperature for 5 minutes. Each tube was subsequently
centrifuged at 12,000 x g for 10 minutes at 4 °C.

Following centrifugation, the phenol-chloroform layer became trapped
underneath the gel matrix in the phase lock gel tubes, while the clear aqueous
layer was located above the gel matrix. This allowed for the easy transfer of the
aqueous layer, which contained RNA, to a fresh RNase free 1.5 mL microfuge
tube. RNA was precipitated from the aqueous phase through the addition of 500
pl of room temperature 100% isopropyl alcohol (0.5 mL for every 1 mL TRIzol
previously used.) Tubes were gently inverted and then allowed to incubate at

room temperature for 10 minutes. A centrifugation at 12,000 x g for 10 minutes



31

at 4 °C followed in order to pellet the precipitated RNA. The supernatant was
decanted and the pellet was washed with 1 mL of room temperature 75% ethanol
(1 mL of 75% ethanol for every 1 mL of TRIzol.) The microfuge tubes were
briefly vortexed to remove the gel like pellet from the bottom of the tubes. The
samples were centrifuged once again at 7,500 x g for 5 minutes at 4 °C.
Following centrifugation, all of the ethanol was removed and the pellets
were allowed to dry. In order to allow the ethanol to evaporate quickly, the tubes
were uncapped and placed at a 45° angle on strategically placed Kimwipes in the
laminar flow hood. Pellets were allowed to dry for approximately 10-20 minutes
until all of the ethanol had evaporated. However, pellets were not allowed to over
dry and become opaque, as this inhibited their solubility. Between 100-200 ul
(depending on the size of the pellet) of Molecular-Grade Nuclease-free water
(Ambion) was added to the tubes. The tubes were vortexed and the water-pellet
mixture was pipetted up and down (without pipetting the pellet into the pipette
tip) until the pellet appeared to be dissolved. In order to ensure that the pellet had
completely dissolved, the samples were then incubated in a 60 °C heat block for
10 minutes. Three microliters of each sample was removed and aliquoted for
future analysis of the RNA. All RNA samples were placed in the —80 °C freezer

for long-term storage.
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RNA Isolation from LP-BMS Infected Mouse Fibroblast Cells

In order to have a positive control for Mink Cell Focus Forming Virus,
RNA was isolated from the LP-BM5-MuLV infected mouse fibroblast cell line
(SC-1). Cells frozen in DMSO for 69 days were obtained from a cryovial stored
in a liquid nitrogen tank. After thawing cells in 37 °C water for approximately 30
seconds, the 1.5 mL of cells in DMSO were quickly transferred to a 15 mL
conical tube containing 10 mL of standard complete culture media’. A 10 ul
aliquot of cells in suspension was removed and mixed with 10 ul of 0.4% trypan
blue strain (GibcoBRL). The mixture of cells and dye was added to a
hemocytometer to count the number of live cells versus dead cells under a
microscope. The thawed cells were shown to have 86% viability with
approximately 2 million live cells total in the conical tube.

At this stage, the Invitrogen protocol for isolating RNA from cells in
suspension was followed. After the cells were pelleted by centrifugation at 1200
rpm for 5 min at 4 °C, the supernatant was removed and 0.5 mL of TRIzol was
added (1 mL of TRIzol for every 5-10 million cells). Cells were lysed in TRIzol
by repetitive pipetting and the lysate was transferred to a phase lock gel tube to
incubate at room temperature for 5 minutes. Next, 100 ul of chloroform (used 0.2

mL for every 1 mL of TRIzol) was added to the tube and mixed vigorously for 15

> Complete media is comprised of 10% Heat inactivated Fetal Bovine Serum (Sigma), 100 ug/mL
Penicillin-Streptomycin (Cellgro), and 2mM L-Glutamine (HyClone) in RPMI media (Cellgro).
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seconds. After a 5 minute incubation at room temperature, the tube was
centrifuged at 12,000 x g for 10 minutes at 4 °C.

The upper aqueous layer was transferred into an RNase free 1.5 mL
microfuge tube. To precipitate the RNA, 250 pl of 100% isopropyl alcohol (used
0.5 mL for every 1 mL TRIzol previously added) was pipetted into the microfuge
tube. The isopropanol and sample were mixed by repeated inversions, followed
by incubation at room temperature for 10 minutes and then centrifugation at
12,000 x g for 10 minutes at 4 °C. After the supernatant was decanted, the pellet
was washed with 0.5 mL of room temperature 75% ethanol (1 mL of 75% ethanol
for every 1 mL of TRIzol.) The microfuge tube was briefly vortexed until the
pellet was dislodged and centrifuged at 7,500 x g for 5 minutes at 4 °C. The
supernatant was once again decanted and the pellet was allowed to dry in the
laminar flow hood. Once the pellet was fairly dry it was resuspended in 200 pl of
Nuclease-free water (Ambion) and then heated in a heat block at 60 °C for 10
minutes to ensure complete dissolution of the RNA. An aliquot of three

microliters was removed and the sample was stored at —80 °C.
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RNA Concentration and Integrity Measurements

The NanoDrop ND-1000 Spectrophotometer (NanoDrop Technologies)
was utilized to quantify the collected RNA. In order to ensure that the
spectrophotometer was clean, 7 pl of a 5% bleach solution was pipetted onto the
lower pedestal, and the upper pedestal was lowered. The solution was allowed to
sit for 3 minutes and then removed with a Kimwipe. To remove remaining traces
of bleach, 7 ul of deionized water was placed on the pedestal for 3 minutes. Once
the apparatus has been cleaned, between 1.5 and 2 pl of the previously aliquoted
RNA samples was pipetted onto the Nanodrop apparatus and UV readings were
taken at 260 and 280 nm wavelengths. The Nanodrop software uses the 260 nm
absorption numbers to calculate the concentration of RNA in each sample. The
formula utilized by the program multiplies the 260 nm absorbance, by a dilution
factor (not applicable in this case), and the conversion factor for single stranded
RNA®. The Nanodrop also provided a 260:280 absorbance ratio. While the 260
nm absorbance reading is specific to nucleic acids, the 280 nm reading can detect
proteins. If the 260:280 ratio is between 1.8 and 2.0, there is little to no protein
contamination within the sample.

In order to determine the integrity of the isolated RNA, each sample was
analyzed on the Bioanalyzer (Agilent). The previous RNA aliquots along with
the RNA concentration data obtained from the Nanodrop were used to dilute the

samples to approximately 200 ng/ul concentrations. The RNA 6000 Nano Chip

® RNA concentration in ng/pl= 260 Absorption x dilution factor x 40
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and 1 pl of diluted RNA per well was used. One of the wells is designated to
contain 1 pl of the ladder (150 ng/ul) while another well solely contains a
fluorescent dye that allows the RNA bands separated by electrophoresis to be
detected by the Agilent Bioanalyzer. The bands are detected as a result of a laser
located within the Bioanalyzer that scans fluorescent intensity. The 2100 expert
software for the Bioanalyzer generated an integrity analysis and allowed for
visualization of a histogram and an electrophoritic gel image for each RNA
sample. Each lane is specific to a corresponding well on the chip. Two strong
ribosomal RNA bands (approximate 2:1 ratio) in each lane without smearing
indicated a good quality sample without RNA degradation. The bands can also be
seen as peaks on an electropherogram. RNA with high integrity will have two
thin ribosomal RNA peaks and no high molecular weight peaks, which indicate
the presence of DNA. See Figure 5 for representations of RNA samples with

good or poor integrity.
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Figure 5: Examples of RNA samples with good versus poor integrity through

analysis of the histogram and electropherogram generated by the Agilent

Bioanalyzer. Figure SA shows a perfect RNA sample without contamination or

degradation. Figure 5B represents an unusable sample with DNA contamination

and degraded RNA.
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DNA Isolation from Naive Mice

DNA was isolated from naive BALB/c (disease resistant) and C57BL/6
(disease susceptible) mice. Samples of liver tissue from the respective strains
were removed aseptically and placed in a petri dish. The liver was cut into small
pieces, frozen in liquid nitrogen and stored in the —80 °C freezer until needed.
When removed from the freezer, a tissue fragment was placed into a mortar and
pestle to be ground into very small granules. Liquid nitrogen was continually
added to the mortar in order to ensure that the tissue remains frozen during the
grinding. Once the tissue was sufficiently pulverized, it was placed into a pre-
weighed petri dish until there was between 5 and 10 mg of frozen ground tissue.

The Puregene DNA Purification kit and protocol was used to isolate and
purify the DNA from the pulverized liver. The 5-10 mg of tissue sample was
transferred from the petri dish to a 1.5 mL microfuge tube containing 300 pl of
Cell Lysis Solution. A microfuge tube pestle was used to further homogenize the
sample, which was subsequently placed in a 65 °C water bath for 60 minutes.
Proteinase K (20 mg/ml) was then added to the cell lysate, the sample was mixed
by inverting the tubes 25 times, and then incubated overnight at 55 °C to
completely dissolve the tissue.

Once the sample was homogenous, 1.5 ul of 4 mg/mL RNase A Solution
was added to each sample and mixed through repeated inversions. The cell
lysate was incubated at 37 °C for 60 minutes and then cooled to room temperature

by being placed on ice for 5 minutes. Once at room temperature, optimum protein
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precipitation could be achieved by adding 100 pl of Protein Precipitation
Solution. Samples were vortexed at high speed for 20 seconds and centrifuged at
14,500 x g for 3 minutes to form a protein pellet. The supernatant, which
contained DNA, was separated from the pellet and placed into a clean 1.5 mL
microfuge tube containing 300 pl of 100% isopropyl alcohol. The small samples
were mixed by gently inverting 50 times and then centrifuged at 14,500 x g for 1
minute to form a DNA pellet. The supernatant was then removed and the pellet
was washed with 300 pl of 70% ethanol, followed by centrifugation at 14,500 x g
for 1 minute. Once the DNA was pelleted to the bottom of the tube, the ethanol
was removed and the tubes were placed in the laminar flow hood for 10-15
minutes until the pellets were sufficiently dry. Next, 50 ul of DNA hydration
solution was added to the dried pellets, resuspended with a pipette and incubated
at 65 °C for 60 minutes to allow for the DNA to completely dissolve. The
recovered DNA concentration was evaluated, as described previously, using the
Nanodrop spectrophotometer (260 nm)’ and the DNA sample was stored at

—20 °C.

" DNA concentration in ng/ul= 260 Absorption x dilution factor x 50
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Creating PCR Primers
Primer sets were created using the Integrated DNA Technologies (IDT)

PrimerQuest software (http://scitools.idtdna.com/Primerquest). A published

sequence of MCF env gene was found using BLAST and ENSEMBLE searches.
Select pieces of the chosen sequence were inserted into the sequence box in the
“basic” tab of the web page. In addition, the primer set with probe option was
selected and the Real Time PCR parameter was chosen. Under the “standard”
tab of the web page, the number of primer sets to return was selected to be 20,
optimum primer size was changed to 20 bp, and optimum primer Tm (melting
temperature) was set to 55 °C. Product design was automatically set to 80-200
bp. From these parameters, several possible primer sets were returned. Selection
was based on each primer pair having the same or similar Tm’s and having the
smallest primer penalty possible. Primer penalties are calculated by the
PrimerQuest software, which looks at adherence to the previously set criteria
along with general criteria used to pick primers, such as GC content at the 3* end
(a high GC content can lead to mispriming) and probability of primer dimer.
Primer penalties close to zero are preferred.

In addition to primers for the MCF gene, primers specific to B-actin were
created. B-actin is ubiquitously expressed and commonly used to test efficiency
of cDNA synthesis by reverse transcription, in addition to serving as the
normalizer used in qRT-PCR. B-actin is also utilized because its poly Adenine

tail will allow for differentiation between cDNA reverse transcribed from


http://scitools.idtdna.com/Primerquest
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messenger RNA (mRNA), which has a polyA tail, and cDNA synthesized from
ribosomal RNA (rRNA).

All primer sets were ordered from IDT. They were received lyophilized in
separate tubes and subsequently made into 100 uM dilutions by adding 10 pl of
Nuclease-free water for every nanomole of lypophilized primer present. All
solubilized primers were stored at —20 °C.

Primers were optimized using conventional PCR, varying annealing
temperatures and a Robocycler Gradient 96 in the Bacon lab (Stratagene). The
Robocycler allowed up to 12 different annealing temperatures during one PCR

reaction. The annealing temperatures tested ranged between 44°C and 55°C.

c¢DNA Synthesis

Synthesis of cDNA was performed using a modified method from
Promega. RNA along with reaction components were thawed and vortexed. The
concentration of the RNA obtained from the Nanodrop was used to dilute the
sample to 1 pg/ul. Each RNase-free reaction tube contained 2 pl of 1ug/ul RNA,
1.5 ul of 0.5 pg/ul random primers (Promega), 1.5 ul of 0.5 pg/ul Oligo dT
(Promega) and 5 pl nuclease free water (Ambion). The tubes were heated at 75°C
for 5 minutes, and then cooled at 4°C for 5 minutes. After incubation, tubes were
briefly centrifuged to ensure that all reactants were located at the bottom of the
tube. Next, 4 pl of ImProm-II™ 5x reaction buffer (Promega), 2 ul MgCl, (25

mM) (Promega), 3 ul 10mM dNTP mixture (Promega), and 1 pl of 1 unit/pl
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ImProm-II™ reverse transcriptase (Promega) was added to each tube to generate
a 20 ul cDNA synthesis reaction. Tubes were incubated in the Genius
thermocycler at 42°C for 2 minutes, followed by 37°C for 1 hour, 95°C for 5
minutes and a hold at 4°C. Following cDNA synthesis, all products were stored

in the —20 °C freezer until needed.

Reverse Transcripase-Polymerase Chain Reaction (RT-PCR)
Non-quantitative PCR reactions were performed in 50 pl reactions. A
master mix was prepared, which consisted of 35 ul of nuclease free water
(Ambion), 5 ul of Magnesium free 10x thermophilic polymerase reaction buffer
(Promega), 5 pl of 25mM Magnesium Chloride (Promega), 1 ul of 10mM dNTP
mixture (Promega), and 1 pl of 5 units/ul Taqg DNA polymerase (Promega) per
reaction tube. The appropriate primer set was then added to the master mix: 1 pl
of 200nM B-actin primers or 1ul of 15 uM MCEF primer set PS1, PS2 or PS3.
Next, 1 pl of cDNA from the original 20 pl cDNA synthesis reaction was added
to each tube. Reactions were run in the Genius thermocycler; hot start was used
to limit non-specific binding. The thermocycler parameters consisted of initial
denaturation at 95 °C for 2 minutes followed by 35 cycles of denaturation at 95
°C for 30 seconds, annealing at 55 °C for 30 seconds, and extension at 72 °C for

30 seconds. There was a final extension at 72 °C for 30 seconds and a 4 °C hold.
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Gel electrophoresis was used to visualize the PCR products. A 1.5x
agarose gel in 1x TAE containing 2.5 pl of ethidium bromide was made. In a
fresh microfuge tube, 10 ul of PCR product was mixed with 2.5 ul of DNA
loading buffer and added to the appropriate wells of the gel with 12.5 ul of the
exACTGene 50 bp mini DNA ladder (Fisher Scientific) as a reference marker.
The gel was immersed in 1x TAE with 2.5 ul of ethidium bromide added to the
buffer below the gel. The electrophoresis was run at 95 Volts for approximately 1
hour.

Agarose gels were imaged using the Fujifilm intelligent dark box. The
Las-3000 Pro image reader software was set to the UV light (312 nM DIA) option
and the sensitivity and resolution remained standard. The precision option was

chosen for exposure type with the exposure time manually changed to 4 seconds.

PCR with Genomic DNA

A PCR reaction was run with MCF primer sets 1 and 3 using genomic
mouse DNA. LP-BMS5 infected SC-1 cell RNA was reverse transcribed, as
described above, into cDNA and used as a positive control. The PCR protocol

remained unchanged, except that 1 pg/pl of genomic DNA was used in place of 2

png/ul of cDNA.
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Sequencing PCR Products

For sequencing, 10 pul of PCR products were run on each lane of 1.5%
agarose gels using 1x TAE buffer. Gels were placed on a UV light source, the
appropriate bands were excised using sterile tweezers and these gel pieces were
placed in labeled 1.5 mL microfuge tubes (10 bands of each sample were pooled
together.) In order to ensure maximum efficiency of the QIAquick Gel Extraction
Kit (Qiagen), the pooled band weight did not exceed 0.4 g. Subsequent DNA
isolation followed the procedures outlined in the kit’s QIAquick spin handbook.
Briefly, For every 0.1 g of gel, 300 ul of buffer QG was added to the tubes and
then allowed to incubate at 50 °C for 10 minutes, or until the gel was completely
dissolved. In order to ensure the optimal pH of the sample, 10 ul of 3M sodium
acetate (pH 5) was transferred into each tube. Next, 100 pul of room temperature
100% isopropyl alcohol was added to each tube for each 0.1 g of gel and mixed
through repeated inversions to allow the DNA to precipitate. In order to collect
the DNA, each sample was aliquoted into an appropriate QIAquick spin column
(800 pl at a time) and centrifuged at 13,000 rpm for 1 minute. Flow through was
discarded and 500 pul of buffer QG was added to the column followed by
centrifugation at 13,000 rpm for 1 minute to remove all traces of agarose from the
DNA. The spin column was washed by adding 750 ul of buffer PE (ethanol
mixture), incubating the tubes for 5 minutes at room temperature and centrifuging
for 1 minute at 13,000 rpm. Flow through was discarded, each QIAquick column

was placed into a clean microfuge tube, and the centrifugation was repeated to
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remove remaining traces of ethanol. Each QIAquick column was once again
placed into a clean microfuge tube. To elute DNA, 20 pl of buffer EB® was added
to the center of the QIAquick column membrane and incubated at room
temperature for 2 minutes, followed by centrifugation for 1 minute at 13,000 rpm.
This step was repeated with an additional 10 pul of buffer EB added to the center
of the QIAquick membrane and the two volumes were pooled together.

Isolated PCR product concentration was determined using the NanoDrop
to ensure that more than 5 ng/pul was present. A 50 ul aliquot of primer sets 1

(PS1) and 3 (PS3) were diluted to 3 uM concentrations. These primers and PCR

products were sent to Elim Biopharmaceuticals, Inc. (http://elimbio.com.) with
the template name, template concentration, template size, primer name, primer
concentration, and preferred annealing temperature information provided.

The sequences were received via email in two distinct formats. The AB1
file was viewed using a program known as Geospiza’s FinchTV (free download

available at http://www.geospiza.com/finchtv/index.htm). FinchTV allowed

viewing of chromatogram files of raw data, DNA sequence trances, and quality
values. The other files, viewed using Microsoft Word, had sequences oriented in
the 5’ to 3’ direction. When using a forward primer to sequence the PCR
products, the nucleotide following the forward primer is listed. As a result, the
complimentary sequence of the reverse primer can be found within the data,

oriented in the 3’ to 5° direction. The opposite is true when using the reverse

¥ Buffer EB is 10 mM Tris-Cl, ph 8.5


http://elimbio.com/
http://www.geospiza.com/finchtv/index.htm
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primer to sequence the PCR products; the complimentary nucleotides of the
forward primer can be found oriented in the 3’ to 5’ direction.

PCR was performed on BALB/c genomic DNA, BL/6 genomic DNA, and
RT-PCR was performed on LP-BMS5 infected SC-1 RNA using both MCF primer
set 1 and 3. Each sample was sequenced using the forward and reverse primer

separately, thus generating twelve sequences.

Quantitative Real Time RT-PCR

The 7300 Real Time PCR system (Applied Biosciences) and a modified
protocol from ABI (ABI User Bulletin #2) were utilized for quantitative PCR
analysis. The Real time PCR experiment was executed using the SYBR Green
fluorescent probe, which binds non-specifically to any double stranded DNA.
Therefore, primer dimer needs to be limited by using minimal primer
concentrations. Through the use of the previously described RT-PCR method,
primer dimer and amplicon bands can be viewed with the different forward and
reverse primer concentrations of 0.5 uM, 1.5 uM, 3 uM, and 9 uM in order to
determine the ideal primer concentration for qRT-PCR.

Previously synthesized cDNA of naive disease susceptible mouse lymph
node and spleen along with naive disease resistant mouse lymph node and spleen
was calculated to have roughly 100 ng/ul concentrations. In order to follow the

parameters of qRT-PCR, the cDNA was diluted to approximately 5 ng/ul.
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Next, a 96 well plate was set up. The cDNA, which was added first, was
at a final concentration of approximately 10 ng (2 pl of the previously diluted
cDNA in each well). A master mix was prepared, which contained all essential
components of the reaction, save for the cDNA. For each well of the qRT-PCR
plate containing 2 pl of cDNA, 25 ul of 2x SYBR Green fluorescent probe (ABI)
is required. Since the final reaction volume per well was 50 ul, the SYBR Green
concentration was 1x. In addition, a 300 nM concentration of the 3-actin primer
and 9 uM concentration of PS1 and PS3 were added to their respective wells.
Nuclease-free water is then added to the wells to bring the volume up to 50 pl.
Therefore, wells containing B-actin primer need 11 ul of water each while the
wells containing primer sets 1 and 3 require 21 ul of water. In addition to wells
that contain cDNA, no template controls (NTC) for every primer set were
included, which contain all reaction components with 2 pul of Nuclease-free water
(Ambion) in place of template cDNA. It should be noted that each well was only
done in duplicate as opposed to the recommended triplicate due to an insufficient

volume of SYBR Green reaction mixture (See figure 6 for plate design.)
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Figure 6: Real Time PCR plate design. All three lanes had duplicates of disease
resistant (BALB/c) and disease susceptible (BL/6) spleen and lymph node cDNA.
Lane A used B-actin primers, Lane B used MCF primer set 1 and lane C used
MCEF primer set 3. Columns 9 and 10 are no template (cDNA) controls for each
primer set. It should be noted that each well is in duplicate rather than the
recommended triplicate. This is because there were limited amounts of SYBR

Green reaction mixture available for the experiment.
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Thermal cycling parameters for the SYBR Green dye chemistry had an
initial step consisting of a 2 minute hold at 50 °C followed by a 10 minutes hold
at 95 °C, which allowed for activation of the polymerase. Next, 40 cycles of PCR
began with melting at 95 °C for 15 seconds followed by annealing/extension at 55
°C for 1 minute. Once the PCR reaction has finished an amplification plot was
generated.

Since SYBR Green reagent chemistry was used, a dissociation assay
needed to be performed to determine the number of different bands generated. In
order to create a dissociation curve, the PCR products were denatured at 95 °C for
15 seconds. The denatured DNA was then allowed to anneal by slowly ramping
down to 55 °C and holding for 30 seconds so that products of significant length
will be double stranded. Increasing the temperature to 95 °C and holding for
another 15 seconds then collects fluorescent data. All data was collected and
analyzed using the SDS 3000 software. The plate study function allowed
examination of the plate and the data was exported into Microsoft excel for
further calculations and analysis.

Gene expression was detected by determining the point at which
fluorescence emitted by SYBR Green crosses an arbitrarily set threshold (known
as the Ct or cycle threshold value). To compare differences in gene expression,
the comparative Ct method instead of the standard curve method was utilized.
The comparative Ct method required a validation experiment to be performed in

order to ensure that the efficiencies of the target (MCF PS1 and PS3) and
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endogenous control (B-actin) are approximately equal. For the validation
experiment the same protocol for qRT-PCR was followed with a few exceptions.
Since all of the SYBR Green reaction mixture from ABI was used for the
previous plate, SYBR Green reaction mixture from Stratagene was utilized. The
reference dye (ROX) provided with the Stratagene SYBR Green kit was diluted
1:50 using nuclease-free water (Ambion), and 0.75 pl per well was added to the
master mix. The volume of nuclease-free water needed in the master mix was
altered to accommodate the additional reference dye and ensure that each well
contained 50 pl of reaction mixture. Prior to addition of the master mix, cDNA
known to be positive for MCF-like sequence was added to the wells in various
concentrations: 1.25 ng, 2.5 ng, 5 ng, 10 ng, 20 ng, 50 ng, and 100 ng. Due to
abundance of SYBR Green reaction mixture, samples were added in triplicate to
the plate.

The efficiencies for B-actin, MCF PS1, and MCF PS3 reactions were
calculated by creating a standard curve, which plots the log input template versus
the Ct value. A slope of —3.33 +/- 0.3 indicates 100% efficiency’. More
importantly, the slopes generated should show similar efficiencies. Then, the log
of the input template versus the ACt'® was graphed in order to compare reaction
efficiencies of each primer set. The absolute value of the slope of the line

generated in the graph must be less than or equal to 0.1 in order to demonstrate

? Efficiency = 10/ C/slore)
10 _
ACt Gene of Interest — Ct Gene of Interest ~ Ct reference gene
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that the primer set amplifications for the gene of interest are approximately equal
to the primer set amplifications of the reference gene.

Once the primer sets were shown to have comparable efficiencies, the
AACt method of relative quantification can be used to compare the expression of
MCEF between the two mouse strains. Relative quantification compares the
changes in genes expression of a sample relative to another reference sample (i.e.
the calibrator). This method was chosen over absolute quantification because the
absolution quantification method requires a standard curve to be constructed by
amplifying known amounts of cDNA, which was not applicable in these
experiments. First, the data was normalized by comparing the Ct value of the gene
of interest to the Ct value of the reference gene.'' Following normalization, the
fold expression'” difference relative to the calibrator was calculated.”® The fold

expression differences were then compared using a bar graph.

11 —
ACt Gene of Interest — Ct Genzgf)lmerest -Ct reference gene (i.e. f-actin)
t

2 Fold Difference = 2" *
B AACt = ACt Gene of Interest = ACt Calibrator Sample
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RESULTS

I. Confirming cDNA synthesis

Before proceeding to additional cDNA synthesis with valuable RNA
stocks it was important to ensure that the protocol for reverse transcription was
working. The cDNA reverse transcribed from LPBMS5 infected mouse fibroblast
SC-1 cells was amplified in a previously developed PCR protocol (see Materials
and Methods) with B-actin primers. Figure 7 shows the results of the PCR
experiment in which B-actin amplicons were visible at the expected molecular
weight of 153 bp. A negative control sample that was denied reverse transcriptase
(RT) enzyme during cDNA synthesis was included in the PCR reaction and
showed no amplification, as expected. In all cases of RT-PCR, cDNA samples
were checked in this manner to confirm that synthesis of DNA from RNA was

successful.
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Figure 7: RT-PCR of LP-BMS5 infected SC-1 cells using B-actin
primers. Ten microliters of PCR products were analyzed in 1.5%
agarose gels. The expected amplicon at 153 bp is visible in the
reverse transcriptase (RT) positive lane, but not in the RT negative
lane. The ladder used was a 50 bp mini ladder from Fischer

Scientific.
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IL. Primer Selection and Optimization

A. Choosing Primer Sets
A primer set specific to the ubiquitous B-actin gene was chosen to serve as

a positive control for RT-PCR reactions and as an endogenous control (also
known as a reference gene) for qRT-PCR. In addition, three primer sets specific
to a published sequence of MCF were ordered. Two of the primer sets contain a
portion of the sequence from the 70-mer microarray probe that initially detected
MCEF (designated PS2 and PS3), while one primer set is just upstream of this
region (named PS1) (See table 1 for forward and reverse primer sequences of the

4 primer sets).
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Table 1: Forward and Reverse primer sequences for the B-actin reference gene
and the three primer sets specific to MCF. The expected size (in base pairs) of the
amplicons produced by the respective primer sets is also listed. All sequences

are oriented 5’ to 3°.

Forward Reverse Amplicon
Primer Primer Length
B Actin CCCAGATCATGTTTGAGACCT AGAGCATAGCCCTCGTAGAT [153 b
P

MCF PS1 (PS1) |ATGCTGTTTCTATGCCGACC CCACCCTTGTTGGGATTCAA [105 bp

MCF PS2 (PS2) |GGAAGTTTAGTTAAAGAATAAGGC |CCACCCTTGTTGGGATTCAA [146 bp

MCF PS3 (PS3) |GGAAGTTTAGTTAAAGAATAAGGC |[CCAGAAACTGTTGCTAGTT _ [138 bp
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B. Testing the MCF Primer Sets

In order to determine which primers would bind specifically to MCF-like
sequences in the two mouse strains. RT-PCR was performed (see materials and
methods). The cDNA synthesized from LPBMS5 infected mouse fibroblast SC-1
cell RNA was used to test various annealing temperatures for PCR with the three
different MCF primer sets: PS1, PS2, and PS3. The primer sets had varying
melting temperatures (Tm), which led to the selection of different annealing
temperatures during PCR. Primer set 1 had a forward and reverse primer melting
temperature (Tm) of 55.4 °C, so the annealing temperature was chosen to be 55
°C. Primer set PS2 had a forward primer Tm of 49.9 °C and a reverse primer Tm
of 55.4°C while PS3 had a forward and reverse primer Tm of 49.9°C. Therefore,
the annealing temperatures during PCR for reaction using PS1 and PS3 were
50 °C.

Positive control cDNA along with negative controls (samples without RT
enzyme) were prepared for PCR with each primer set. Primer set 1 amplicons
were calculated to be 105 bp, which was the location of the band on the agarose
gel (See figure 8). The expected molecular weight of primer set 2 was 146 bp,
which showed no amplification except for some primer dimer around 25-50 bp.
Primer set 3 exhibited a band at the anticipated molecular weight of 138 bp.
However, this primer set was less specific due to the additional high molecular
weight band seen at approximately 600 bp. All of the negative controls showed

no significant amplification except for primer dimers (See figure 8). Due to the
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specificity issues with primer sets PS2 and PS3, additional experiments were

performed to further optimize the reaction conditions.
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Fig;ureAS: R];-lsCR ;)f LP-BM& inf;cted SC-1 cells- using primér sets
MCF PS1, MCF PS2, and MCF PS3. Ten microliters of PCR
products were analyzed in 1.5% agarose gels. For PS1, the expected
band at 105 bp is visible in the reverse transcriptase (RT) positive
lane but not in the RT negative lane. The PS2 amplicon at 146 bp is
not seen in the positive control lane or the negative control lane. PS3
has a band at the expected length of 138 bp in the RT positive lane,
but not in the RT negative lane. The ladder used in the first lane was

a 50 bp mini ladder from Fischer Scientific.
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B. Optimizing the Annealing Temperatures for MCF Primers

MCEF Primer sets 2 and 3 needed revised thermocycler parameters during
PCR in order to ensure amplification of only one specific band of the correct
molecular weight. Small alterations in the annealing temperature can have a
significant effect on primer annealing specificity. If annealing temperature were
decreased there was a chance that one or both primers will anneal to a sequence
other than the target sequence, since under lower annealing temperatures base pair
mismatches are possible. By raising the annealing temperature the target
sequence is more likely to be the only amplified sequence. Primer set 3 was
predicted to generate an amplicon at 138 bp, while primer set 2 should generate a
product of 146 bp. Annealing temperatures ranging from 44 °C to 55 °C were
tested utilizing the Robocycler machine for these two primer pairs. The cDNA
used in the PCR reaction was reverse transcribed from LP-BMS5 infected SC-1
cell RNA.

Results showed that PS2 did not amplify cDNA under any of the
annealing temperatures tested (See figure 9A). Primer set 3, on the other hand,
exhibited increased primer specificity as the temperature increased. The optimal
annealing temperature for primer set 3 was chosen to be 55 °C, since there were
absolutely no signs of non-specific bands, minimal primer dimer, and an
acceptable amount of 138 bp product (See Figure 9B). As a result of these
findings, primer set PS2 was discarded from future analysis and primer sets PS1

and PS3 was used from this point forward.
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Figure 9: RT-PCR of LP-BMS5 infected SC-1 cells using MCF PS2
and MCF PS3 over a range of annealing temperatures. The
annealing temperatures ranged from 55 °C to 44 °C. Figure 9A
shows PCR products from primer set 2 (PS2), which lacks visible
bands at the expected 146 bp. Figure 9B shows PCR products from
primer set 3 (PS3), which shows amplicons at the expected 138 bp.
As the annealing temperature increases, the bands around 600 bp

begin to disappear. The ladder used was a 50bp mini ladder.
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C. Evaluation of Species Primer Specificity

To confirm that the two working MCF primer pairs (PS1 and PS3) were
binding specifically to the MCF sequences and not other sequences, RNA was
collected from 2 species other than the mouse and subjected to the same RT-PCR
protocol (see materials and methods). Rat (Rattus norvegicus) and fruit fly
(Drosophila melanogaster) RNA was obtained from the Bacon and Woodard labs
of Mount Holyoke College. MCF is not known to exist within the genome of R.
norvegicus or D. melanogastor, therefore amplicons generated within these two
strains might suggest that the primer sets are not specifically binding to MCF
(Krieg et al., 1992). cDNA was created from the two species and run in a PCR
reaction along with cDNA reverse transcribed from LP-BMS5 infected SC-1 cell
RNA. The positive control LPBMS infected SC-1 cell cDNA showed specific
amplification for both primer sets 1 and 3, as expected. The fruit fly (D.
melanogaster) cDNA and Rat (R. norvegius) cell cDNA only showed evidence of

primer dimer with no amplicon bands (See figure 10).
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Figure 10: RT-PCR of RNA from three different species (Rattus
norvegicus, Drosophila melanogaster and Mus musculus) using
MCEF primer sets 1 and 3. There are no amplicons visible with
PS1 (expected at 105 bp) or PS3 (expected at 138 bp) with rat
or fly cDNA. The LP-BMS infected SC-1 mouse cells did show
amplification at 105 bp for PS1 and 138 bp for PS3. The ladder

used was a 50bp mini ladder.
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Naive Mouse Genomic DNA

Genomic DNA was tested using PCR to determine if MCF-like sequences
exist in the genome of the mice. Figure 11 shows the results of a PCR experiment
using both MCF primer set 1 (PS1) and 3 (PS3) to produce MCF specific
amplicons from isolated genomic liver DNA of naive BALB/c (disease resistant)
and BL/6 (disease susceptible) mice. LP-BMS5 infected mouse fibroblast cDNA
was used as a positive control (RT-PCR). It should be noted that the strength of
the band intensity could not be directly evaluated since the representation of MCF
template in genomic DNA and cDNA are not comparable. Both primer sets
generate bands of the expected size from genomic DNA templates of BALB/c and

BL/6 mice.
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Figure 11: PCR with Genomic DNA isolated from BALB/c
(disease resistant) and BL/6 (disease susceptible) mice using MCF
PS1 and PS3. RT-PCR of LP-BMS5 infected SC-1 cells were used
as a positive control. Both mouse strains along with the positive
control showed amplicons at the expected molecular weight of 105
bp for PS1 and 138 bp for PS3. The first lane 1 has an artifact in the
gel above the band, which does not represent nucleic acid staining.

The ladder used was a 50bp mini ladder.
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Non-Quantitative RT-PCR

1. Confirming RNA Concentration and Integrity

The Nanodrop and Bioanalyzer (Agilent) were used to determine the
concentration and integrity of RNA isolated from disease resistant (BALB/c) and
disease susceptible (BL/6) mouse spleens as well as pooled lymph nodes. The
absorption reading at 260 nm indicated the concentration of RNA in the sample
and the 260:280 absorption ratio indicated level of nucleic acid purity. Table 2
shows the Nanodrop readings for the RNA from the two mouse strains, while
figures 12 and 13 shows the gel electropherograms and histograms produced by
the Bioanalyzer, respectively. Only RNA samples with a RIN (RNA integrity
number), which represents degradation status, above 5 were used. In addition to
the mouse strain RNA, the RNA isolated from the LP-BMS5 infected SC-1 cells

were also analyzed (See figure 14).
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Figure 13: Histograms corresponding to the electrophoritic
Nano Chip gel lanes for the naive disease resistant (BALB/c)
and disease susceptible ( BL/6) mouse spleen and lymph node

RNA.
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Table 2: Raw Data Regarding Integrity and Concentration of Naive Mouse RNA

Concentration RNA Integrity Number
Strain  [Tissue (ng/ul) A260 260:280 |(RIN)*
BALB/c [spleen 2113 53 1.96 5.9
BALB/c |lymph node 1147 36 1.95 7.6
BL/6 spleen 2121 53 1.97 8.2
BL/6 lymph node 1353 33 1.98 7

*RIN (RNA Integrity Number) represents the degradation status of an RNA sample on a scale of 1 to 10. A
value of 10 designates a perfect sample and 1 is a completely degraded sample. In this experiment values of
5 represent acceptable RNA samples. The RIN allows for comparison of samples and demonstrates
repeatability of experiments.
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LP-BMS5 infected mouse fibroblasts 1126 31 1.89] 10
*RIN (RNA Integrity Value) represents the degradation status of an RNA sample on a scale of 1 to 10. A
value of 10 designates a perfect sample and 1 is a completely degraded sample. In this experiment, values 5
represent acceptable RNA samples. The RIN allows for comparison of samples and demonstrates
repeatability of experiments.

Figure 14: Bioanalyzer results for RNA isolated from LP-BMS5 infected SC-1
cells. (A) shows the electrophoretic gel for the RNA 6000 Nano Chip. (B)
represents the corresponding histogram for the sample. (C) provides the raw data

regarding the concentration, integrity, and purity of the sample.
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2. Naive Mouse RNA

Naive BALB/c and BL/6 mice were also tested for the expression of
endogenous MCF-like sequences. Figure 15 displays the results from the RT-
PCR experiment using MCF primer set 1. The positive control (with RT enzyme)
LPBMS infected cell cDNA had a specific band at the correct molecular weight
while the negative control (without RT enzyme) LPBMS infected cell cDNA had
no amplification; although primer dimer can be seen at approximately 50 bp.

Both BALB/c and BL/6 mice showed MCF specific amplification of
cDNA from the spleen and lymph node tissues. While quantification of amplified
product could not be obtained through conventional RT-PCR, a qualitative
comparison could be made because identical amounts of starting template were
used in all cases. The lymph nodes of the two mouse strains show bands with
similar intensity. However, the intensity of the BL/6 spleen band appears to be

greater than that of the BALB/c band for this same tissue.
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Figure 15: RT-PCR of RNA from disease susceptible (Bl/6) and
disease resistant (BALB/c) mouse lymph nodes and spleen using
primer set 1 (PS1). Both strains in both tissues exhibited bands at
the expected size of 105 bp. LP-BMS5 infected SC-1 cell RNA
was used as a positive control. The RT positive sample had a

band at 105 bp while the RT negative sample did not have a band

at 105 bp.
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The results of RT-PCR with RNA from BALB/c and BL/6 mice using
MCEF primer set 3 can also be viewed in figure 16. The positive and negative
controls were the same as in figure 15. The positive control had amplicons at the
desired 138 bp while the negative control did not show cDNA amplification. As
with MCF primer set 1, primer set 3 showed MCF specific binding in both
BALB/c and BL/6 mouse strains. Once again, a qualitative analysis can be made
which suggest that the BL/6 spleen band had a greater intensity than the BALB/c
spleen band and the lymph node bands for both strains had similar intensities,
which are comparable to the BL/6 spleen band.

In addition a comparison was made between the qualitative data generated
from MCF primer set 1 PCR products versus MCF primer set 3 PCR products. In
general, both primer sets appeared to produce lymph node bands with similar
intensities. Also, in both cases, the band specific to the BL/6 mouse spleen was

darker that the band of the BALB/c mouse spleen.
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Figure 16: RT-PCR of RNA from disease susceptible (BL/6) and
disease resistant (BALB/c) mouse lymph nodes and spleen using
MCEF primer set 3 (PS3). Both strains in both tissues exhibited
bands at the expected size of 138 bp. LP-BMS infected SC-1 cell
RNA was used as a positive control. The RT positive sample had a

band at 138 bp while the RT negative sample did not have a band at

138 bp.



73

REAL TIME PCR
1. Reducing Primer Dimer

When using SYBR Green in qRT-PCR it is important to eliminate primer
dimer to reduce fluorescence from double stranded DNA that is not the desired
amplicon. For this reason, varying primer concentrations were tested using
conventional RT-PCR to minimize primer dimers during PCR. Figure 17 shows
that there is very little primer dimer in PCR products using the various primer
concentrations tested. Also, 9 uM primer concentrations had the most intense
bands and at primer concentrations below 9 uM, product amplification becomes
notably decreased. For this reason, 9 uM was selected as the optimal primer

concentration for the qRT-PCR experiments.
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1. Marker

2.0.5 uM primer set 1 dilution
3. 1.5 uM primer set 1 dilution
4.3 uM primer set 1 dilution

5. 9 uM primer set 1 dilution

150tp 6. 0.5 uM primer set 3 dilution
100 bp 7. 1.5 uM primer set 3 dilution
: . 8.3 uM primer set 3 dilution
1 9.9 uM primer set 3 dilution
1 2 3 4 5 & 71 &8 9

Primerused:  Primerset | Primer set 3
Figure 17: RT-PCR with varying concentrations of reverse and
forward MCF primers using LPBM5 infected SC-1 cells cDNA.
Lane 2 did not exhibit a band at the expected size of 105 bp,
while lanes 3, 4, and 5 did. Also, lanes 3, 4, and 5 had no primer
dimer. Lanes 6 and 7 did not show bands at the expected size of
138 bp. Lanes 8 and 9 have bands at 138 bp with little primer

dimer.
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2. Real Time RT-PCR Data

Real Time PCR data was collected using the SDS 3000 software and
exported into Microsoft Excel for further calculations. The SDS 3000 software
provides the cycle number (Ct) at which the fluorescence emitted during PCR
crosses the threshold, which can be set automatically or manually. Table 3 shows
the analysis of the Ct values collected for the reference gene B-actin, MCF PS1
and MCF PS3 with varying input template concentrations. The Ct values were
used to test for efficiency of the primer sets within the SYBR Green qRT-PCR
chemistry with a range of template input. A plot was generated of the log
template input versus the Ct values for the 3 different primer sets: B-actin (figure
18), MCF PS1 (figure 19), and MCF PS3 (figure 20). The slope of the line within
each plot was used to calculate the reaction efficiency using the formula:
efficiency=10" (-1/slope). The slope of the line for both B-actin and PS1 was —
3.1 and the reaction efficiencies were calculated to be approximately 2.1. In order
to obtain a plausible slope for PS3 a few value had to be dropped, which gave a
line with the slope —1.4. The slope translated into an efficiency of 0.18. An ideal
PCR reaction would double the template cDNA during every reaction cycle.

Therefore the efficiency should be 2 with a line of slope -3.33
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Table 3: qRT-PCR Validation experiment data. The Ct values of -actin, MCF

PS1, and MCF PS3 were normalized by subtracting the Ct of B-actin from the Ct

of the gene of interest. The values for log of the input template are also given.

LOG input

B ACTIN|MCF ps1|Delta Ct MCF ps3|Delta Ct template

Avg Ct  |Avg Ct  |ACt ,51 = Ct 1 - CtpacinAVg Ct JACt 43 = Ctp3 - Ctpactin
1794 16.45 -1.49 27.41 9.46 0.40
18.66| 17.31 -1.34| 26.54 7.88 0.10
16.72| 15.35 -1.37]  26.62 9.90 0.70
16.72| 14.39 -2.33] 26.27 9.55 1
14.87| 13.49 -1.34| 26.27 11.40 1.306
13.67] 12.22 -1.45| 26.53 12.86 1.70
12.91 11.45 -1.46| 26.78 13.87 2
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Figure 18: Plot of log template input versus the Ct of B-actin to test for efficiency
of primer set. The slope of the line is -3.1 and the efficiency of the reaction is
107(-1/slope)=2.1. An ideal PCR reaction has an efficiency of 2 and a slope of -

3.33.
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Figure 19: Plot of log input template versus the Ct of MCF PS1 to test for
efficiency of primer set. The slope of the line is -3.1 and the efficiency of the
reaction is 10™(-1/slope)=2.1. An ideal PCR reaction has an efficiency of 2 and a

slope of -3.33.



79

27.6

274

272

27

26.8

26.6

Ct of MCF PS3

26.4

26.2

26
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Log Template Input

Figure 20: Plot of log input template versus the Ct of MCF PS3 to test for
efficiency of primer set. The slope of the line is -1.4 and the efficiency of the
reaction is 10”(-1/slope)=0.18. An ideal PCR reaction has an efficiency of 2 and

a slope of -3.33.
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Figures 21 and 22 show the results of the validation experiment, which
compared the primer efficiencies of the reference gene to the primer efficiencies
of the gene of interest. The ACt value was generated through normalization of the
Ct values by subtracting the Ct of B-actin from the Ct of the gene of interest.

The absolute value of the slope for the MCF PS1 plot was 0.02, while the slope
for the PS3 plot was 2.9. In order to use the AACt method of analysis, the
efficiencies of the primer set of the gene of interest must be comparable to the
efficiency of the reference gene. Therefore, the slope produced by the line in the
validation experiment needs to be less than 0.1. Thus only MCF PS1 can be used

to quantitate MCF expression using the AACt method.
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Delta Ct MCF Primer Set 1

Log Template Input

Figure 21: MCF PS1 validation experiment graph comparing normalized Ct
values (ACt) to a log range of input template values. The equation of the line can
be found in the plot (y=-0.0238x-1.5223). If the primer set is efficient then the

absolute value of the slope will be less than or equal to 0.1
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Delta Ct of Primer set 3

0 0.5 1 1.5 2 25
Log Input Template

Figure 22: MCF PS3 validation experiment graph comparing normalized Ct
values (ACt) to the log of input template. The equation of the line is provided on
the figure (y=2.963x+7.6569). If the primer set is efficient then the absolute

value of the slope will be less than or equal to 0.1
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Once the validation experiment data was collected, an experimental plate
was run to compare the expression of MCF between the two mouse strains.
Tables 4 and 5 contain all data and calculations necessary to compare gene
expression. First the ACt specific to the gene of interest was calculated by
subtracting theB-actin Ct from the MCF PS1 Ct. Then all of the ACt values were
calibrated by subtracting the chosen calibrator ACt from all other ACt. The
BALB/c spleen was chosen as the calibrator since the Ct of BALB/c spleen was
similar to the Ct values of the no template control. Since the no template control
had late amplification, which is not ideal, the Ct values of the gene of interest that
matched the no template control amplification were considered insignificant.
This calibration generates a AACt value, which can be used to calculate the fold

difference of gene expression.



Table 4: Ct Values for the reference gene used in the experimental plate.

Sample Detector Avg Ct

BALB/c Spleen B ACTIN 21.36
BALB/c LN B ACTIN 21.35
BL/6 spleen B ACTIN 20.79
BL/6 LN B ACTIN 20.57

84
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Table 5: Real time RT-PCR Data using MCF PS1 and MCF PS3. The table lists

Ct values, ACt values, AACt values and fold expression difference between the

two mouse strain’s lymph nodes and spleen.

Sample DetectorjAvg Ct [Avg ACt AACt Fold Expression
Ctps; - Ct g acinlACt - ACt (BALB/c spleen) 2 (AACH

BALB/c SpleenPS1 28.31 6.95 (calibrator)

BALB/c LN  [PS1 22.66, 1.30 -5.65 50.14

BL/6 spleen  [PS1 26.13 5.34 -1.61 3.06

BL/6 LN PS1 23.11 2.54 -4.41 21.20
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Figure 23 shows fold difference in expression of MCF within the BALB/c
mouse lymph node, BL/6 spleen, and BL/6 lymph node in comparison to the
BALB/c spleen calibrator. In these experiments, the BALB/c spleen does not
have significant amplification. The other three samples showed a significantly
higher level of expression of MCF than the BALB/c spleen. The BALB/c lymph
node exhibited the greatest quantity of MCF with a 50 fold higher expression than
the calibrator. A 21 fold greater expression of MCF was seen in BL/6 lymph
node and a 3 fold higher expression in the BL/6 spleen. The lymph nodes of both
mouse strains exhibited the most amplification of MCF, while the spleens had the

least amplification.
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Figure 23: Fold differences in expression of MCF in BALB/c and BL/6 mouse
lymphoid tissues. The fold differences of BALB/c lymph node, BL/6 spleen,

and BL/6 lymph node are in relation to the calibrator, the BALB/c spleen.



88

SEQUENCING DATA

. The sequences of the endogenous retrovirus were compared to the
sequences of the infectious retrovirus from the LP-BMS5 infected SC-1 cells.
Figure 24 shows the comparison of the three DNA sequences generated by using
the forward primer of MCF PS1. Figure 25 shows the comparison of the three
MCEF sequences created using the reverse primer of MCF PS1. Many similarities
between the two endogenous retroviruses and the infectious retrovirus can be seen
closest to the primer sequences (similarities designated by asterisks), while many
differences can be seen further from the primer sequence. BALB/c mice exhibited
66% sequence homology using the forward primer and 68% sequence homology
using the reverse primer. BL/6 mice only showed only 46% sequence homology
using the forward primer and 55% sequence homology using the reverse primer.
However, the reverse and forward primer sequence could not be compared due to
significant differences between the two sequences despite the fact that they are
from the same PCR product.

Figure 26 compares the three MCF sequences that were generated using
the forward primer of PS3 and figure 27 compares the three DNA sequences
created using the reverse primer of PS3. As seen in figures 24 and 25, the
nucleotides of the MCF from the two mouse strains closest to the reverse primer
sequence showed more similarities to the infectious MCF sequence. When
comparing the three sequences it was found that the BL/6 mice appear to have

slightly more sequence homology to the infectious retrovirus than the BALB/c
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mice. The BALB/c mice had 70% sequence homology using the forward primer
and 54% sequence homology using the reverse primer. However, BL/6 mice
exhibited 79% sequence homology using the forward primer and 58% sequence
homology using the reverse primer. Once again, the reverse and forward primer
sequence could not be compared due to significant differences between the two

sequences.
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Figure 24: Comparison of the sequences generated from PCR products of
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infectious MCF isolated from LP-BMS infected SC-1 cells and the endogenous

MCEF sequences of BALB/c genomic DNA and BL/6 genomic DNA using the

forward primer of PS1. The sequences are oriented 5° to 3° and are the reverse

complement of the DNA. The reverse complement of the reverse primer is

highlighted and nucleotides that are similar between the sequences are designated

by an asterisk (*). Ns found within the sequence indicate nucleotides that could

not be read during sequencing.
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Figure 25: Comparison of the sequences generated from PCR products of
infectious MCF isolated from LP-BMS5 infected SC-1 cells and the endogenous
MCEF sequences of BALB/c genomic DNA and BL/6 genomic DNA using the
reverse primer of PS1. The sequences are oriented 5’ to 3” and are the reverse
complement of the DNA. The reverse complement of the forward primer is
highlighted and nucleotides that are similar between the sequences are designated
by an asterisk (*). Ns found within the sequence indicate nucleotides that could

not be read during sequencing.
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Figure 26: Comparison of the sequences generated from PCR products of
infectious MCF isolated from LP-BMS5 infected SC-1 cells and the endogenous
MCEF sequences of BALB/c genomic DNA and BL/6 genomic DNA using the
forward primer of PS3. The sequences are oriented 5° to 3° and are the reverse
complement of the DNA. The reverse complement of the reverse primer is
highlighted and nucleotides that are similar between the sequences are designated
by an asterisk (*). Ns found within the sequence indicate nucleotides that could

not be read during sequencing.
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Figure 27: Comparison of the sequences generated from PCR products of
infectious MCF isolated from LP-BMS infected SC-1 cells along and the
endogenous MCF sequences of BALB/c genomic DNA and BL/6 genomic DNA
using the reverse primer of PS3. The sequences are oriented 5’ to 3’ and are the
reverse complement of the DNA. The reverse complement of the forward primer
is highlighted and nucleotides that are similar between the sequences are
designated by an asterisk (*). Ns found within the sequence indicate nucleotides

that could not be read during sequencing.
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DISCUSSION

Until recently, the global gene expression patterns of mice following
infection with a retrovirus had not been studied. The microarray, which measures
gene expression patterns, has made it possible to study differential gene
expression in response to MuLV virus infection in BALB/c (MAIDS susceptible)
versus BL/6 (MAIDS resistant) mice early in the immune response. The ultimate
goal is to determine what factors confer susceptibility or resistance in the mice
and apply the findings to human susceptibility to AIDS. One gene in particular,
MCEF, was found to be the most highly differential expressed gene between the
two mouse strains, exhibiting a 55-fold higher expression in the disease
susceptible mice. RT-PCR, Real Time RT-PCR and DNA sequencing were used
to further study this gene and explicate its role, if any, in MAIDS disease

pathogenesis.

Optimizing RT-PCR Protocol and Primers

In order to perform a successful RT-PCR experiment, high quality RNA
along with optimization of the protocol and primers is necessary. The quality and
quantity of the RNA isolated from LP-BMS5 infected SC-1 cells and the lymphoid
tissues of the two mouse strains was inspected using the Bioanalyzer (Agilent)
and the Nanodrop. All of the RNA samples chosen for use had little or no
degradation, are free of contamination of DNA or protein, and were available in

high concentrations.
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Three primer sets were then created from a published sequence of MCF.
Two of the primer pairs spanned a portion of the oligonucleotide probe that
originally detected MCF in the microarray (PS2 and PS3), while one primer set
was located upstream of the probe region (PS1). A primer set that contained part
of the microarray probe was needed in order to amplify products that were
initially detected by the microarray experiment. PS1, which did not contain a
portion of the probe, was also created to prove that MCF could be detected using
independent sets of MCF-specific primers. Conventional RT-PCR was performed
using the three different primer sets and an agarose gel was run to visualize the
PCR products. PS1 exhibited a distinct band at the expected molecular weight;
therefore the initial PCR protocol was not altered. However, PS2 did not show a
band and PS3 produced a band at the expected molecular weight and another band
at a high molecular weight (See figure 8).

As a result, the conditions used during PCR were altered in order to induce
each primer set to produce one distinct amplicon of the correct size. First, the
PCR products were subjected to a wide range of annealing temperatures.
Annealing depends directly on the length and nucleotide composition of the
primers. Since PS2 did not generate an amplicon, I believed that the annealing
temperature was too high, which decreased the primer set’s ability to bind to the
target sequence. Yet, lowering the annealing temperature increased the
probability of the primers annealing to sequences other than the target sequence.

This is because at lower temperatures, internal single-nucleotide mis-matches or
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even partial annealing of the primers is tolerated. Therefore, having a higher
annealing temperature could increase the specificity of amplification. I
hypothesized that by increasing the annealing temperature for PS3, the non-
specific high molecular weight band would be eliminated. Results showed that
PS2 did not work under any annealing temperature tested, but PS3 had more
specific binding at higher annealing temperatures. The most specific band was
found using an annealing temperature of 55 °C (See figure 9). Therefore, both
PS1 and PS3 could be run under the same conditions, which reduced variability
between subsequent PCR reactions. Other conditions could have been altered in
order to encourage amplification using PS2 (such as altering Magnesium
concentrations). However, only one primer set that contained a portion of the
microarray probe was needed, so PS2 was abandoned.

The specificity of the remaining primers to the MCF sequence was tested.
This was done by using RNA from species which are known not to contain MCF-
like sequences in their genome, and subjecting them to the same PCR protocol
(see materials and methods and figure 10 in results). Since the primers did not

exhibit amplicons in other species they were determined to be specific to MCF.
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MCF-like Sequences in the Mouse Genome

To determine whether MCF-like endogenous retroviruses were stable
inherited in the genome of the BALB/c and BL/6 mice, PCR experiments with the
two working primer sets were performed using DNA isolated from the two
strains. Both PS1 and PS3 exhibited MCF specific amplicons in both mouse
strains (See figure 11). Therefore, both disease susceptible and disease resistant

mice contain MCF-like sequences within their genome.

Expression of MCF-like Sequences

RT-PCR was once again performed using PS1 and PS3, but with cDNA
reverse transcribed from spleen and lymph node of naive, untreated animals from
the two mouse strains as the template. Both primer sets showed specific
amplification of MCF-like sequences within the BALB/c and BL/6 mice (See
figures 15 and 16). Since the presence of MCF-like mRNA is regulated by
transcription from DNA, its presence indicates that it is actively expressed in the
lymphoid tissues of the two mice.

Although RT-PCR is non-quantitative, the intensity of the bands produced
during PCR can be indicative of the abundance of end-point amplicons. A band
with high intensity implies that more amplicons are present than in a low intensity
band. This is due to the profusion of the protein ethidium bromide (EtBr) in
samples with more product present. EtBr, which is used to visualize the bands in

a gel, is an intercalator that stability binds to the minor grooves of double stranded



98

DNA (Wikipedia, 2006). Once the ethidium bromide is exposed to a UV light of
a specific wavelength it will fluoresce. The amount of fluorescence is directly
proportional to the strength of the band seen and the abundance of product for
EtBr.

Amplicons produced using primer set PS1 had varying band intensities.
The BL/6 spleen appeared to have a greater concentration of product than the
BALB/c spleen, which suggests that the BL/6 spleen has a greater expression of
MCF-like RNA than the BALB/c spleen. On the other hand, the lymph nodes of
the two mice appear to express a similar amount of MCF-like mRNA. Therefore,
more MCF may be expressed in the BL/6 spleen.

The qualitative analysis of MCF expression within BALB/c and BL/6
mice using PS3 also suggests that the BL/6 spleen exhibits greater expression of
MCF-like sequences than the BALB/c spleen due to the variation in band
intensity. However, the lymph nodes of the two mouse strains had band
intensities that were comparative to the BL/6 as opposed to the BALB/c spleen.
PS3 data suggests higher expression of MCF in the lymph nodes of both mice and
the spleen of the BL/6 mouse, with less expression in the BALB/c spleen. While
the qualitative data regarding MCF transcripts in mouse tissues implies levels of
expression, pipetting errors or different amounts of starting template could easily
alter the results. Therefore, in order to obtain substantial results regarding levels

of gene expression a quantitative real time RT-PCR experiment was performed.
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It is worth noting that the electrophoretic gels used to visualize the PCR
products showed low molecular weight bands around 25-50 bp. These bands are
believed to be primer dimer due to their size. Another indication that the bands
are primer dimers is that their intensity decreases as the amplicon intensity
increases. When more primers are being used to amplify cDNA, less primer pairs
are available to bind to each other. Since the presence of primer dimer did not

hinder the success of RT-PCR experiments it was not a concern.

Quantitation of MCF Expression using Real Time PCR

While the presence of primer dimer was not a concern during RT-PCR
experiments, it is detrimental to Real Time PCR experiments using the SYBR
Green fluorescent probe. SYBR Green binds to any double stranded DNA
molecule and exhibits fluorescence during qRT-PCR. Since fluorescence of only
the target sequence is desired it is important to eliminate all other double stranded
DNA. RT-PCR was used with varying primer concentrations with the hopes that
by reducing the amount of primer added to the reaction mixture, primer dimer will
be reduced. The experiment was successful in producing a band with high
intensity and no visible primer dimer using a 9 uM concentration of each primer
(See figure 17).

Once an optimal primer concentration was chosen, a validation experiment
was performed to determine the efficiency of the primer sets in amplification of

target DNA. The reference gene B-actin and PS1 showed similar acceptable
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efficiencies of 2.1. Since an ideal PCR reaction doubles the template during
every PCR cycle, the efficiency should be 2. Therefore, B-actin and MCF PS1
have near perfect amplification efficiencies. In order to attempt to salvage the
data for generated by comparing the normalized MCF PS3 Ct values and the log
template input, certain data points were removed from the data set. A slope of
—1.4 and an efficiency of 0.18 were calculated from the revised graph. An
efficiency of 0.18 implies that only a small fraction of the template DNA is
amplified in the PCR reaction. The poor efficiency of PS3 can be attributed to the
fact that each sample crossed the threshold late during the reaction at
approximately the same cycle despite the varying levels of starting template.

In order for the AACt method of analysis to be used to compare
differential expression of MCF, the efficiencies of either MCF PS1 or PS3 need to
be similar to the reference gene, B-actin (ABI, 2006). Comparable efficiencies
are designated as a slope of less than or equal to 0.1 for the line generated by
plotting the log input template against the normalized Ct (ACt) values. Since the
absolute value of the slope created when comparing PS1 to B-actin was 0.02, the
AACt method can be used when analyzing PS1 PCR product amplification.
However, the slope for the PS3 plot was 2.9, which indicates that the efficiencies
of PS3 and B-actin are very different and qRT-PCR with PS3 cannot be analyzed
using the AACt method. The data was then normalized in order to account for

various errors in the experimental setup such as unequal amounts of starting
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template. This was done by comparing the Ct values from the primer sets specific
to the gene of interest to the reference gene.

There are various reasons why poor efficiency was associated with primer
set PS3. Real Time PCR reactions suggest that the favorable amplicon length is
between 100-150 bp. SYBR Green protocols recommend that amplicons should
be closer to 100 bp in length rather than 150 bp for optimal reaction efficiency.
PS3 amplicons are 138 bp, which may be too long for an optimal Real Time PCR
reaction to occur. However, the amplicon length is unlikely to contribute to poor
efficiency since the pB-actin amplicon is 153 bp and is highly efficient.

Also, it is possible that the high annealing temperature used during PCR
affected efficiency. As annealing temperature increases the specificity of binding
increases, but the amount of amplification can also decrease. Decreased
amplification could result from the increased stringency of binding due to the
higher temperatures at which the products can anneal. The previous experiments
that tested PS3 using many annealing temperatures (see figure 11B of the results)
may have had acceptable amplification at the higher annealing temperatures
without non-specific amplification, yet the intensity of the amplicons decreased.
The annealing temperature of 55°C was chosen in order to ensure primer set
specificity, but slightly lower annealing temperatures may have also worked.
Therefore, future QRT-PCR experiments using PS3 could benefit from alterations
of annealing temperatures or other parameters such varying Magnesium Chloride

concentrations in the reaction mixture.
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Since PS1 was found to be efficient, the AACt method was used to
compare MCF amplification between the two strains of mice. The fold difference
of MCF expression in the BALB/c lymph node, BL/6 spleen, and BL/6 lymph
node were compared to the expression of MCF in the BALB/c spleen (calibrator),
which was considered to have insignificant amplification. A microarray
experiment showed that MCF was highly expressed in the BL/6 mouse lymphoid
tissues and found in very low levels in the BALB/c mouse lymphoid tissues.
However, the naive mice showed a different trend of MCF expression levels in
the spleen and lymph node of the two strains. As concluded from the qRT-PCR
data, the BALB/c spleen does not have significantly high levels of endogenous
MCEF, but the BALB/c lymph node appears to contain many MCF transcripts with
a 50 fold higher expression than the calibrator. The BL/6 mice also showed
significant expression of MCF (21 fold higher expression than the calibrator in the
lymph node and 3 fold higher expression in the spleen), but in lower levels than in
the BALB/c lymph node (See figure 23).

One conclusion that can be drawn from these data is that expression levels
of MCF in naive mice are not the same between the lymph node and spleen. This
is very different from the microarray data in which both tissues showed
comparable expression of MCF, whether infected with MuLV or mock infected.
The injection of the mice with mock supernatant or virus may alter MCF
transcription within the two mice. MCEF is significantly downregulated or

suppressed in the BALB/c lymph node and upregulated in the BL/6 spleen and
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lymph node following injection. The cause of the change in expression remains
uncertain.

One possible explanation for enhanced expression of endogenous MCF is
that it can be induced by stimulation of the immune response or by the activation
of nearby genes. Such genes include ones that are involved in the immune
response (i.e. Ig molecules or genes encoding lymphocyte antigens) (Krieg et al.,
1988; Stevens et al., 1999). The injection of the mice, even with mock
supernatant, can be enough of a stimulant to augment MCF in the secondary
lymphoid tissues. Mock infection could induce an immune response, due to its
components such as penicillin/streptomycin or fetal bovine serum albumin (FBS).
FBS originates from an organism other than mouse (cow), therefore its surface
molecules and proteins will be recognized by the mouse immune system as
foreign and immune response will be mounted. However, the mechanism by
which MCF could be suppressed from transcription in the BALB/c mice
following injection is unknown. This difference in MCF expression in the two
mouse strains could play a major role in MuLV pathogenesis. One research group
believes that MCF-like proteins can suppress lymphocyte activation by inducing
an inhibitory negative feedback mechanism on the immune system (Krieg et al,
1989; Krieg et al., 1992). Therefore if MCF is downregulated in the BALB/c
mice then the immune system will not be inhibited and can mount an effective
immune response to virus early during infection. Yet, if the increased

transcription of MCF mRNA in the BL/6 lymphoid organs in response to immune
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stimuli suppresses the immune system, then the mice will not have the ability to
eradicate the virus. As a result, the BL/6 mice would be susceptible to MAIDS,

while the BALB/c mice maintain the ability to fight infection.

MCF Sequencing Analysis

MCEF specific PCR products were sequenced, which allowed for
comparison between the infectious MCF portion of MuL'V and the endogenous
MCF-like sequences found in the two mouse strains. PS1 amplicons from the
BALB/c mouse genome were more similar to the infectious MCF than PS1
amplicons from the BL/6 mouse genome (BALB/c mice exhibited 66-68%
homology; BL/6 mice exhibited 46-55% homology). PS3 exhibited the opposite
trend (BALB/c mice showed 54-70% homology and BL/6 mice showed 58-79%
homology), although the efficiency of the primer pair has been called into
question. More notably, each PCR product did not have matching reverse and
forward primer sequences, which was unexpected since the forward and reverse
primer are both amplifying the same gene region in each respective primer set.

The conclusions that can be drawn from these data indicate that while the
MCEF primer sets may be specific to MCF, they are amplifying multiple MCF-like
sequences that have varying base pairs. If there is more than one MCF-like
amplicon within the PCR reaction, which have sequence variation, it is difficult to
produce one distinct endogenous MCF sequence. The Ns seen in the sequences

from Elim Biopharmaceuticals indicate that the bases at particular locations could
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not be read. This could be due to more than one type of nucleotide located at the
same position in the PCR product sequence. Strong secondary structures could
also account for the unreadable base pairs in these regions.

Interestingly, the most homology between the MCF sequences can be seen
at the location of the forward or reverse primers, while the center of the amplicon
contains more differences. Presumably, these similarities are what allow the
primer sets to bind to all of the multiple MCF sequences. If the variations in
bases were increased at the primer binding sites then binding would not occur,
resulting in a lack of product amplification. The differences that can be seen at
the primer sites are located at the end of the primer sequences not in the middle,
so they should not prevent primer binding.

Another reason for variation in the sequences of the PCR products is that
PCR amplification, which happens numerous times throughout the reaction, can
introduce many mutations in the sequence and Taq DNA polymerase does not
have the ability to proofread (Promega, 2006). Future experiments would need to
sequence MCF like sequences directly from genomic DNA as opposed to PCR
products. Large quantities of genomic DNA would be needed to ensure that
sufficient amount of endogenous MCF are present to allow for efficient
sequencing. Target regions could also be checked to ensure that they do not have
strong secondary structure. However, due to the similarities between all MCF

like sequences I do not think it will be possible to create a primer set that is
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specific to just one endogenous MCF gene, so problems regarding variability

between the sequences might persist.

Future Research

As mentioned previously, the sequencing protocol needs to be altered in
hopes of attaining more accurate sequences of endogenous MCF. Also, in order
to directly compare expression of endogenous MCF-like sequences to the
microarray data, Real Time RT-PCR needs to be performed using the RNA
isolated from the spleen and lymph node of the two mouse strains that were either
MuLV infected or mock infected. Theoretically, QqRT-PCR should support that
microarray results that demonstrate a 55 fold higher expression of MCF in BL/6
mice under any conditions. Additionally, determining levels of MCF-like
proteins would be valuable to prove the MCF-like mRNA is translated into
protein in one or both mouse strains. The next logical step would be to
investigate the factors that regulate the expression of MCF and initiate either
upregulation or suppression of the endogenous retrovirus post injection.
Additionally, duplication of the qRT-PCR experiment using naive mouse RNA
with several biological replicates is important to ensure reproducibility of the
aforementioned results.

Since these experiments did not observe MCF expression early during life
a conclusion regarding their involvement in development of T cells cannot be

made. Therefore, another interesting experiment would include performing
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additional RT-PCR experiments using isolated RNA from the thymus of very
young BALB/c and BL/6 mice. The thymus is responsible for creating a T cell
repertoire that does not include lymphocytes that could recognize self proteins. If
MCF-like sequences are present in the thymus of young mice early during T cell
development, then MCF could be regarded as self and ignored when the animal is

infected with LP-BM5 MuLV.

Conclusions

Since endogenous retroviruses that resemble HIV (HERVS) are present in
humans, any knowledge regarding the role of endogenous MCF sequences in
MAIDS pathogenesis can help to better understand whether HER Vs influence
HIV infection. However, studies regarding MCF-like sequences, their different
levels of expression and their relationship to disease pathogenesis, are scarce.
Further study of MCF could determine its involvement, if any, in increasing the
susceptibility of BL/6 mice to MAIDS. If the study of MCF-like sequences can
lead to a better understanding of the immune response to HIV, new factors
contributing to human susceptibility to AIDS may be discovered. Such progress
is important in the eventual production of effective therapeutic agents to control

infection or even eradicate HIV.
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Raw Data from Real Time PCR Validation Experiment. All wells were run in

APPENDIX I

triplicate and the data was averaged.

Well |Sample Name |Detector  |[Task Ct StdDev Ct
A1 2.5B ACTIN  |Unknown 18.18 0.375
A2 2.5B ACTIN  |Unknown 18.14 0.375
A3 2.5B ACTIN  [Unknown 17.51 0.375
A4 2.5MCF PS | |Unknown 16.6 0.132
A5 2.5MCF PS | |Unknown 16.41 0.132
AB 2.5MCF PS | |Unknown 16.35 0.132
A7 2.5|MCF PS 1l [Unknown 26.73 0.648
A8 2.5MCF PS lll [Unknown 27.47 0.648
A9 2.5MCF PS lll [Unknown 28.02 0.648
B1 1.25B ACTIN  |Unknown 18.81 0.136
B2 1.25B ACTIN  |Unknown 18.56 0.136
B3 1.25B ACTIN  |Unknown 18.6 0.136
B4 1.25MCF PS 1 |Unknown 17.36 0.047
B5 1.25MCF PS | |Unknown 17.26 0.047
B6 1.25MCF PS | |Unknown 17.32 0.047
B7 1.25MCF PS 1l |Unknown 26.53 0.389
B8 1.25MCF PS 1l |Unknown 26.15 0.389
B9 1.25|MCF PS Il |Unknown 26.93 0.389
C1 5B ACTIN  |Unknown 16.84 0.104
C2 5B ACTIN  |Unknown 16.68 0.104
C3 5B ACTIN  |Unknown 16.64 0.104
C4 5IMCF PS | |Unknown 15.43 0.074
C5 5IMCF PS | |Unknown 15.34 0.074
C6 5MCF PS | |Unknown 15.28 0.074
Cc7 5|MCF PS Ill [Unknown 25.91 0.633
C8 5IMCF PS Il |[Unknown 26.81 0.633
C9 5IMCF PS Il |[Unknown 27.13 0.633
D1 10B ACTIN  |Unknown 15.98 0.244
D2 10B ACTIN  |Unknown 15.79 0.244
D3 10B ACTIN  |Unknown 15.49 0.244
D4 10]MCF PS | |Unknown 14.56 0.153
D5 10MCF PS | |Unknown 14.26 0.153
D6 10MCF PS | |Unknown 14.35 0.153
D7 10|MCF PS Il |Unknown 26.54 0.846
D8 10|MCF PS Ill |[Unknown 25.32 0.846
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D9 10MCF PS IIl {Unknown 26.94 0.846
E1 20B ACTIN  |Unknown 15.14 0.255
E2 20B ACTIN  |Unknown 14.84 0.255
E3 20B ACTIN  |Unknown 14.63 0.255
E4 20MCF PS | |Unknown 13.4 0.137
ES 20[MCF PS | |Unknown 13.64 0.137
E6 20MCF PS | |Unknown 13.42 0.137
E7 20MCF PS Il |Unknown 26.27 0.03
E8 20MCF PS Il |Unknown 26.24 0.03
E9 20[MCF PS Ill |Unknown 26.29 0.03
F1 50B ACTIN  |Unknown 13.85 0.205
F2 50B ACTIN  |Unknown 13.7 0.205
F3 50B ACTIN  |Unknown 13.45 0.205
F4 50MCF PS | |Unknown 12.29 0.089
F5 50MCF PS | |Unknown 12.12 0.089
F6 50MCF PS | |Unknown 12.24 0.089
F7 50/MCF PS 11l [Unknown 26.54 0.099
F8 50MCF PS Ill |[Unknown 26.62 0.099
F9 50MCF PS Ill |[Unknown 26.42 0.099
G1 100B ACTIN  |Unknown 13.13 0.208
G2 100B ACTIN _ |Unknown 12.9 0.208
G3 100|B ACTIN  |Unknown 12.71 0.208
G4 100|MCF PS | |Unknown 11.43 0.059
G5 100MCF PS | |Unknown 11.41 0.059
G6 100MCF PS | |Unknown 11.52 0.059
G7 100|MCF PS Ill |Unknown 26.67 0.252
G8 100|MCF PS Ill |Unknown 26.61 0.252
G9 100|MCF PS Il |Unknown 27.07 0.252
H1 |NTC B ACTIN  |Unknown 32.37 0.178
H2 |NTC B ACTIN  |Unknown 32.63 0.178
H3 |NTC B ACTIN  |Unknown 32.29 0.178
H4 |INTC MCF PS | |Unknown 26.85 0.416
H5 |NTC MCF PS | |Unknown 26.29 0.416
H6 |NTC MCF PS | |Unknown 26.04 0.416
H7 |NTC MCF PS lll |[Unknown 27.38 0.356
H8 |NTC MCEF PS Ill |Unknown 2712 0.356
H9 |NTC MCEF PS Ill |Unknown 26.68 0.356
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Raw Data from Real Time Experiment. All wells were run in

duplicate and the data was averaged.

Plate |Well |Sample Detector |Task |Ct Ct std err |Avg Ct
Plate3 |A1 |BL/6 spleen B ACTIN |ENDO | 20.847 0.055| 20.792
Plate3 |A2 |BL/6 spleen B ACTIN |ENDO | 20.737 0.055| 20.792
Plate3 |A3 |BL/6 LN B ACTIN |ENDO | 20.66 0.093| 20.567
Plate3 |A4 |BL/6 LN B ACTIN |ENDO | 20.474 0.093| 20.567
Plate3 |A5 |BALB/c Spleen |B ACTIN |ENDO | 21.427 0.071] 21.356
Plate3 |A6 |BALB/c Spleen |B ACTIN |ENDO | 21.285 0.071] 21.356
Plate3 |A7 |BALB/c LN B ACTIN |ENDO | 21.586 0.232] 21.354
Plate3 |A8 |BALB/c LN B ACTIN |[ENDO | 21.122 0.232] 21.354
Plate3 |A9 |NTC B ACTIN |ENDO | 33.381 0.19] 33.19
Plate3 |A10 INTC B ACTIN |ENDO 33 0.19] 33.19
Plate3 |B1 |BL/6 spleen MCF PS | |Target | 25.662 0.466| 26.128
Plate3 |B2 |BL/6 spleen MCF PS | |Target | 26.594 0.466| 26.128
Plate3 B3 |BL/6 LN MCF PS| |Target| 23.22 0.109 23.111
Plate3 B4 |BL/6 LN MCF PS | |Target | 23.002 0.109 23.111
Plate3 B5 |BALB/c Spleen |MCF PS | |Target | 28.246 0.06| 28.306
Plate3 B6 |BALB/c Spleen |MCF PS | |Target | 28.366 0.06| 28.306
Plate3 |B7 |BALB/c LN MCF PS | |Target | 24.063 1.407| 22.656
Plate3 |B8 |BALB/c LN MCF PS | |Target | 21.249 1.407| 22.656
Plate3 B9 |NTC MCF PS | |Target | 28.569 0.215| 28.785
Plate3 |B10 [INTC MCF PS | |Target 29 0.215| 28.785
Plate3 |C1 |BL/6 spleen MCF PS Il |[Target 26 0.221] 25.779
Plate3 |C2 |BL/6 spleen MCF PS Il [Target | 25.558 0.221] 25.779
Plate3 |C3 |BL/6 LN MCF PS Il [Target | 25.275 0.027| 25.248
Plate3 |C4 |BL/6 LN MCF PS Il [Target | 25.221 0.027] 25.248
Plate3 |C5 |BALB/c Spleen IMCF PS IIl |Target | 28.598 0.03| 28.628
Plate3 |C6 |BALB/c Spleen IMCF PS IIl |Target | 28.658 0.03| 28.628
Plate3 |C7 |BALB/c LN MCF PS Il [Target | 28.019 0.006| 28.012
Plate3 |C8 |BALB/c LN MCF PS Il |Target | 28.006 0.006| 28.012
Plate3 |C9 [NTC MCF PS Il [Target 29.7 0.11] 29.81
Plate3 |C10 |NTC MCF PS Il |[Target | 29.919 0.11] 29.81
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APPENDIX II

The complete sequence of a PCR product, oriented in the 5°-3” direction using
BL/6 mouse genomic DNA and MCF primer set 1 forward. The 3°-5°

compliment of the reverse primer for MCF primer set 1 is highlighted.

NNGCGGGGANGCAGGGGCCCAACCTTTAGNAGAAAAGATTGNAGNTCAGANGACAAAAGGCCTCCT
TTTGGAATCCCAACAAGGGTGGGANATTTNNNCNTGCNNTNCTTGGAGAAAAGTCCCTCTNTCTCT
CNNTANGACNTNCNTNCNNNNCTNTAGNCNCCTTGGTCNCTCANTNGTCNCTCTNGNAGGCNNTTN
CTCNTTCCCCACNNGNCNTGCCTTCCTCNCATCCNTGCTGGNCNNTGAGNCGNCTTGCNANTGATG
CNTGCTGAGGTACCCCTCGTGATTCCACGTTCNGNATCNTCNCCCNCNCCNNTTGGTGTNGCCCGN
TNCCGNTNNCTCTCNCTCNCCGCCNATGNNTCGCNNCGGTNNTCTGCTNTNTNTTNTCGTTGACTG
NTANTGTCGNCTTTGGTCTCTTTNTTCCATCGCCTCCNTGTGTGTCTGNCGGGCNTTTGTCNGCCT
GCNCNTGNTCCGGCCTCNNCATTTNTTTCTANATTNTGNCTGGNNTCCTCANATNTCTCACCTTCN
GCNCCNTCTATTNCCNTTACNNAGNCNCTNCCCNCTCCTNTTCNTTTCAGCCTNTCNCNTNCTNCT
TNNANTGNNTCGNTGTCNTCNNANGNCTTCAACTNTGTNTTGNNCTGANGTCNTCNTCTNGCNNTN
ACTTTNGTNNTNTTCNNTNNGTCNGTNNCCTTNCTCTATCTTTNTCNTGACTNCAAANNTNCTTCT
TNNTTTCCTGTNCNCANCTNNNTNCCNNNTTCCTANNTTTGTNCTTNTNNNNNTTTTCATNGATTN
NCTNTNACTTTTCCNCCCNTCCCTNTTGCTTGTCNNTGTNNNTNTTTANNNTNCCCNATCNCTGTC
TCNCNNTTCTNNATGNCTCCNNTTTNTNTNNNNCCCCTCTTCNNATTACNNTTNGCACTNCTTTNT
NNATTCTTTNNNNATNTTTCTNNTTTNNNNCCATCCATNCCNNTNGNAATTTATTTTAANCTATTT
NTNTTATNCTCTNNTNNCTNNCTTCCNNTTTTATAATGTTTTTTTTTTTTTTCCNCTNTTNTNNNG
NNNNNNTTTCCCNTTNATATTTCTNTTGNATATCTTTTCTTTATNNTTCNTTNTTNNNTNTT
NCNTATTNTCCTNCANTNNAATTNTNNTNTNANTNGNTGTTNTNNTTCCNTATNCCCTNNATTCTN
TNTCNTTATTTTTNTNCCCCNCTNTTTNTTTTNCCTCTTNTNNCCTNTNNNNTTNTNGTTTNTTNN
TTTGTNTTTCNCTTTTTTTTNNNTTTTNTTNCNNATTTTCATTTTNTATCTNNTNTTTNTNNTTCT
TNNTTTNTTTGCCTNTTNTATTNTATCTTNTANNTATTTTCCTTTCTNATNNNTTNTATNTNANTN
TTTNTATNTTAGNNCTTTNTTTTNTTGGANNTTNTNTTCTNNTNTNTNTNTGTTCNCTCTNNNTAT
TATTTNNTNTNTTTTCTTNTTTCNNTNTTCCTNNNNTNNTNNTTTNTNTNTTNTNNTCTCTTCNTN
NNTNNNTCTNNTTTNNCTTNTNNNNNNTCTNTNTNCNTTNNTNTTTTTNCTTNNTNTTNTNTTTTC
TTTN
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The complete sequence of a PCR product, oriented in the 5’-3’ direction using
BL/6 mouse genomic DNA and MCF primer set 1 reverse. The 3’-5’ compliment

of the forward primer for MCF primer set 1 is highlighted.

TTTNGGGNNCGNNATCTTCTNTAGTTGGGCCATGCTATCCCGTACCAATCCTGTGTGGTCGGGCAT
AGAAACAGCANAGANNNCCTTCNTTTGGGTNNGTGTCNCCTGTCTCCTGCTCCNTGATTTTGCNGN
TCCTCCNCCTTTTCCCGTATGACCTCCTCNANTGNCTATNCNCCNATGGNCNCGGGTGNTNGNNNT
TCNGACGCTGGACCCGCTCCTCCCGCTTTCGCACCTTNTCNCCGCCCTANNCGGCCCCGCNCNGNG
ANGCNTCCTTNTCCCGGCGCCNCATGGNATGNTGTAGTTTTNTACNTGTANCCCTGTANCCNCTGC
TTGCCTCGCNTCNTTCCGNGCCCNCTGCTTGNCTCGNTTCTNTCCGCGCACCNCCTATGNGNNNNN
TCNTTGCCTNGNGCTTCNTCTNNGTCNATGCCTTCNCNTGNGANANNCNTGCTTCGNTNGTCCCTA
CNTTGNTTCTCNTCGATCCGTTCATCCTTCNTCTGTTGCTCCGNTCGNCNTGCNNCTGCCTCTGAT
GCTCCGNTTTCTTCCTGCCCCTGNNCTCTCTTCCCGNCCTCTCCTTAACCCTTCTCNCNGNTTCCC
CCNCCTTCTTACCTGTCNCCTGNTGTTTTNCNNTTTTNTCCCCTGCGTCTCTNNGTCTTTNNCNTN
CNNNTCCNTNGNTNNTCTNGNTGNNTNNTNTTNNNCNTNNTNTTNNNNCTTTTGNTNNNNCNNTTN
NNTCNNTTGTCNTCNGNNCTNNCTNTNNCNTTTNNNNTCNNCTTNTTCNTNNNTNNTTNTTTGNNN
TTNNNNTTNCNNNNNTNTNTNTGTNTGNNNANCTTTNNNCNNNNGTNNCNNTNTGNNTNTNNTTTC
CNTNGNTCNCNNNNTNCNNTNCNNNNCTTATNNNNTTNTNTNNNANNNTNTNNNTTCTNCTCTTNC
NTTNNTNNNGNNNTCNNNNNNNCNNNNNNANCNTNNTNNNNCNTNTNNTTNNNNTNNNNNNNTNCN
NNTNATNNNNCTNNNNNANNNTNNTNTNNNNTNTNTNNNTTNNTNNTTTTNNTNTNNNNNNNNNNN
NTNNTTNNTNNGTTNTNNTNNNTTNNANNNTNNNTNTTTNNNNNCCNNTNTNTTNNNNNNTTTT
NNGGNTNNNCNNNNANTNNNTNNNTNNNCNNTCTNNTNNTCTNNTNNNTNTNTCNTTTNNNTNTGN
NNTNTCNCNNGTNTCTCNNCCTTNNTTATNNNCNNCNNNT TNNNNTNNTNNTNNNNNTNNNCNNTC
NCNNTTNNNNGNGGNTNNNNANNNNNNTCNNTNTTNNCACNCNNCNTNNNNNTTNNTNNATNNANN
NNNNNNNNNNNNTNTNNNNNNTNNNNNNNNATNNTNNNNNNTNNNTTTNNNNN
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The complete sequence of a PCR product, oriented in the 5’-3’ direction using
BALB/c mouse genomic DNA and MCF primer set 1 forward. The 3’-5’

compliment of the reverse primer for MCF primer set 1 is highlighted.

GAGGCGGGGANGCAGGCCAACCTTAGTAGAAAGATTGGAGCTCAGAGACAAAAGCTCTTTGAATCC
CAACAANNGTGNAGGGGAATNTGTATAGTGGCCTAAGAGNCCCGTCGCTGGTCNNCGAGTGTNACC
CCGTCCAANNGTCCANGTCANNACTTTCTNCANNNCCTCCNNNTACCACNCCTGCNNTTNTGAANA
NNCNGGCNNNGCCNCCTCNANNTNTTGTAGGNGGGCCNCNCNTNNGNCTCNNTNTGCNACNNCGCT
NNNCACTNACCNCNGGNCCANTNGCNGNTNTNGTTCNNNAACCTGNNANNANANCCAACGGTNCTN
CCNNNNNTNCNNAGNATNCNACTNCTGNNTTNTCTNCTNCCNTTNTCTCGCCTNNTNGACTGNCTN
CGCCGTTNNCCTACNTTGCTNANCNNNTTNNNNTCCNAAAGNCNCNTTGNTTCCTNNANCGNNAGC
TTCAGNCTNTTCCNANTTACTGAGNNCTGCAATCTCCTAAGNTTNTCAACCCTTCCNTAANNCNTT
NTTTTNCNGTTNGCNTNANANTCTCTTTNNATNTNNTTTTCANNTTTNATGNTTNTCNTGACAANT
GAATATCTTNGTTTGCTNATNCCCACNNNCCGAANTTGNCTTAANNGAATAGTNCTNCTATNTTNC
NNAANGANTTANCCCNNTTTCTNGTATTGTGNAANCTNTTGCCTAAAANCGATTTNTTCTNNTTGT
NNNCNGNNTTNNANTNNNNTTNAGCGTTCNTGNTTTANNANTCANNATNNGTNATNCANTTANNGA
TGNNGTNGNTTCNNGTCTCCNATGTCCTTCAANAANTTTTTANNTNNNCNCCNCCNNGNNNNATTN
CNNTNNTGNTANTTTNNGTAANGGNCCNNNATAGNNTTTGAAGAGATTNNTTTAAACNNNNNTNNN
ANTAATNGNNTNTCNNTCTCCTTATCCGNAATTTNNATTGTNNTNTACTNTNTTTGCCNTTCTNNN
CNTATTAAANTANTCTTCTATNGGNTNNATTTCAAACCCTTNCTTNATNATTGCTAAANTTTCTGC
ATCCCTATNATNNAANTTCNTANNATTTTNTTNCTNGTTGGTAATTNTTTCTNGNATCTNNTCC
TATNTTNATTGNANANNNTTTNNAATCCGCATNNTNTAGAATTGTTTNNTTATNNNTATTTNNATA
TANGNAANNTNNTTGATTGNNATNTTCCNNTTTCTTCCCCTATANTAGNTTTTCTACNCNNAATNC
TNTNNTGTTTTNNGNNNNATTNTNNTTTTNNTCNTCATNTNTATTTAAGNCTTCTTGNGNAANNTT
TCTAGNNTAAACTGNTNAGATTATAATGNATAATNTNATGNNGTNTTNTTTATTATNTNATANCNN
CTCTCGTCTTTANANNTAATTCNCNGTTGNTATNTTCTCTGTNTTTTNATAGATTCCCTTCTCTCT
TNGTNCTANNTTTNTNTTNTNTCCTCTTCTCACTNAATTTNTTTNCCNNTNGTATGTGTTTATTGC
CATAGTGTNNTCTCNTNTTGTTNNNTAGTNCNTNTTAANCATT

APP-3



The complete sequence of a PCR product, oriented in the 5’-3’ direction using
BALB/c mouse genomic DNA and MCF primer set 1 reverse. The 3°-5’

compliment of the forward primer for MCF primer set 1 is highlighted.

GTTTTTNGGGNTNNCAANATCTTTCNCNAGTTTGGCCATGCTATCCCGCTACCAATCCTGTGTTGG
TCGGCATAGAAACAGCATAANACTCTNTTTGGCAGAGGTGGGCGGATATCNNNGCTACTCTTANNT
TGNCTCCATAGTCNTCNGGTTCANTGTNNAANGATACTCCAGCACNTATTCCCCANTGATTACNAG
NANCTGGTGACCNNNNCAGTNGGAGNGGNTGNCNCCANCTTCANANGCACCNCNCGNACCNGANGC
ANANGCCCCNTGAGTACNGCCNTACTNCGCCCCCAAATGCATTGCGACGATTTTCCAGNTGTATCN
TTGNCTCGAAAGTNAGCTNNCGNNNNTCCTNTNGCCGCTGCTTGCCTCGCTGTCTTTCCGGGCNCC
CTCGATGCCATGCNTTTNAAGCNTCANNNNGCATANCTGNNTAGTCTTNAGCTTGNGNANACNNCA
TCNTTNATGGCATCNACTGTGATTTTCTTGNTGTNTTCATCNGTNNATTTTNTCTCATCGTCNNGA
ANGACNTACATCTGANGTNCCGTATAGGTCATGNANCTGACCCCNATTNTNCGNTTCTTNCGANNC
CTTCNCTANTCTTNCCCATCNGCAACANTATCNATTCACCACAGGTNNGANNNTCANTGCCNCTTA
NGTAAANTGNTTTNNTTCGTTTTNANTCCCATGCNCANCTTCGANNCGTNGCTAANNNGTTTTNAN
CAATAANTTGAACNATTNTNATNNTCAATATNNTTNNAANNTCTCNNNGGNANTATTNNNGNCNCT
GTNTTNNNTTTNTTTTGANTNGTCNNTTNNANNTTGCCAGAGANNTNNCNNATNTNTGANNTNANT
TATNNTCNTTTNTCCNATTGTATNNTTTNGTNNGTNNCCCCNNANGNNNANNCTGCAATNTTCNNT
GNTTNACAANNCANTTTNNGNGNTTACTTTNGTTNNGANTCTTAATTTCTNCANNTNANTTNAATN
NTGTCANTTAGGTTNGTNNNANNTCNCNTNNAGTTNNAGNNANNNAANGAGNTNCCNTCAGNTTNN
TCGGNTNNTTNATNCAATTNNNTGGGTTNAAGNAGGTTTGTNTTNNTTTCTNACCAATAATTTT
NNCAAGATTNAAGTNGATNTTAGGNTNCCAATCTTNNTGTATANTTATGNTCNAACCNNNTTNAGN
NGNATGGANNTCTNTCNTTATNTNTTANANAAAATACTTCANNNANTNTNTAANNNATNNACCTGA
GCNNNANNNAATNAGNTCNANTTCNTNNAATNTTTCTGTTTTTATAGATTATNATATTCACTTCGC
TCCTAGNNTTGNNTGNATCTCTNTNCTTNTTGGTNTGNTNTCANNTTGAGNNGTGCGATGNNTTAN
NCTCTCTTANTTGTGTCNTTNTTGTAGTNNTNTTNTTNAACANN

APP-4



The complete sequence of a PCR product, oriented in the 5’-3’ direction using
LP-BMS5 infected SC-1 cell cDNA reverse transcribed from RNA and MCF
primer set 1 forward. The 3°-5’ compliment of the reverse primer for MCF

primer set 1 is highlighted.

GGCGGGANGCAGGCCAACTTAGAGAAAGATTGAGTCANAGACAAAAGCTCTTTGAATCCCAACAAG
GGTGGAGNNAATNTCNTGNGGACAAAGCCCNNTCCNCANNNTNGAGTNTCTGGCGTNCAAGCGCCN
GNCNGCACTNANCCCCNGCCTCCAGATCCANAGATGCNTNNNCCAANANANTGGCCNGGNGNCNNC
CANAATTTCNANGAGGGATNCTCGTCATNGTTNNTNTGTTCTTNCCCTNNACCNTNCNNNNGGCCC
GATGNNGATNNCGNNCATNNNANTGANNTNNANNAGCGCATACAGTGNTGNCTTANNNTANNAGTG
ANANTNANTGCTGGNTTGTCATATTNTTCATTNTCNGCCTNGCGNTCNNGCCNNGCCTTNNNCNTN
NNNTGNNATCNCGACCTTTNTCATTTCTNNTAANNTCNNGATNGANNTCCTNTCAGNTNTNACGNN
TCAGNNTTNGTANNTNCGNTTGAANANNGTACTACANNNTTNNTTTAGTCTTTTGCANCNTTTCTA
NNNGCNNANCTTATANTNCNGTAAATGNNTNNNATTNNCCTTNATTNTCNGNNCNTTCNATTTTTN
GCTTNCTNNTNNTNTGANCANNNTNCNNTTNTATNGGNTTACNNNNCGNTNTCAATATNCNNCTAN
TTNTNCANTNGNNTAAGNAATTNTCNCTNCCTTTTNTNTANNTGATCNTGNAATGATNCCNCNANT
CTNTCCGNTGTNTTNNGNNNCTATCCNTCATCTNTGNANNTNNTNGNTNAGNANNTTCANCTNCGC
NNNACCNATNTCGTNNTGGTTNCNGNNNATNTGANCANTTNCTCCATNTNNGCNAANATTNNNTNN
NATAATTTGGNATATAAGAGTNNGNTGGCCTCTCTNTANNANTNTTTAGTTATAGNANNATCTTAA
NTNNATTNACTTCATNATAANCNTNCNNTNNNTANTTCNCCACTNNCAGTTCATNTTGANTNTNTN
TNNNAANNTTNTNTTNTNATANATNNTACGGTNTGTCCACTTTCCNAGATTTTNTATGNNNTTTAT
NTTNCNATNNNTNNNTNTANTATATNTNNNTNTTTNCTATNGANTNATNGGNTTNCGTAATNTT
NCGTNCTNAANATTTTTAATCGTTNGNNNATNCTCCTCTTTTTNTTAGTNNATTAAATTTNACTCT
NNNTGNNTNGNTGTTCATCTANNCTTNCCTNNTATTNNTNNNTNATTTGNTNTTNTNGGTNNTTTT
AAATTNNTNCNTATTCNAACTNNNAAANNNNNNTTTTNTNNNNNTCAGNNTCCNTTTTNTNTGCTN
NNATNTTTTTCCACTTACTTTTTCTATNTNTTGTTATCCTNAGTTTNTCTCTNTCTTCTTATANNN
TNNANCCTTNTTNGGANAANCTTCTTTNTNTNTTGTNTTTTTNATNTTNTNNTGNTNNGNNNTTCT
GTATTCNCATTTANTCTTCCTATNTGNATTANTTCNNTCTNNTTANNATTTNTACTCTTTTCTGNA
TNNTNATTNNTNCCCNCACTNGTCTTGTCTANNTTCTNTACTNTTTGNNTNTTNATCNNNNNTNGA
TGNCNNATTCACTTNTCTTATACNATTCTCTGTTATTATTGNCTTANTCTCTTTTTNTTTG

APP-5



The complete sequence of a PCR product, oriented in the 5’-3’ direction using
LP-BMS5 infected SC-1 cell cDNA reverse transcribed from RNA and MCF
primer set 1 reverse. The 3°-5’ compliment of the forward primer for MCF

primer set 1 is highlighted.

TTTTTNGGAAGTNTTGGANATCTTTCTCTAGGTTTGGCCATGCCTATCCCGTTACCAATCCTGTGT
GGCTCGGCATAGAAACAGCATAACAGNCTCTTAGTTNAGAGANNACGNTCNTCTNGNATNGNTGCT
ACNNNGTNNNNCCTACGTCATCAGNTCTTCGGTGGTATNNNCCTCNTNCANTNGNCTTNNCNCCNG
NGTNNGCCGGNNTATCTTGGTGANNNNNGCAAGTGNGAGNGGGCTGGNNNNTGTTTCAGAAACCTC
TCCNCTCGCGGNTAGNNNANGCNCGNNNGCAGTGNNNGCCNTNCNCNTTCCCGANNNANNATNNNG
GCANTNGCTTATNNTATTNCATTGTNNTNGTNTGGAACGNTNAGTTGGTCTNCNNGTCCATTNNTN
CNGCNGNNTGCCTGTCATNTTGNCNGNCCNGACCNANCNNCACNTGCTNTTCCAGTNTTTNGACGT
CGCAANCATCTGCACTGATNTGTNGCCTTGGGGTNNGTGNACGNGTCNCTNTNNTCTTTTCTTGAA
TTNATTTTCAGTNTTCNCNTNGANTCNNNNANATNNTTTNNGGCATCNAATGTNCNTCACANCTNN
TGGNNNCNATTTNTNGNNNTNNTCCNTGANNNNCGTACNNTNCNNNTNTCTCNNNCNNTNNNNTTA
NACNNATCTTCCNNCGANNCNNATNNTTCTNACNATNTNNCCNGTCNCCTTGNTNTNTCATTNANT
NANNTTTGNACNTNTGANNTATNNTNTNAGTNNTTNCNNCTTTNNCTCACNTTCGCCTGTATTTTN
TGCNNGAGTANGAAAATATTTNANTTNAANTNTCCNTNATTTTTNNTGTTNNNCAANAATNCNTGN
GANNCNCANATNNGATNATTANTTNNAAANTCNTCTNNGTCNNNNNGTGNTTTNTNNNAGNTANTN
TGANACNTAACNANNNCGNCATTANNAATNAGATCANNACANAATNNTNATNANTNNCTNTTNCTG
NNTANTTNATNCNNANNTATGGTATGATTCAATNTTNNTTNNCNCNANNATNAAANNANNGTTATG
ATAGNCNCTTNAAAAGGANTNNNNTCGTTNTTTNGGNATNCCNNNTNATTGTGANATTTNGNAT
TNANANACGNNTTANNCGNTNNNNANTACTNANNTTNANNTATTNTNAAGGTNCTTNNANNNNAAA
NCGTNTTNTANNTNGNGNCNTCCNCNNGTGTAAATNTCTTTNTTATTNNNATNATTTGTANTNTTA
ANATGAGTANCTATTNTTCCTNTGTTNNAANCNNTNNGTTNNNATGAGGNATTANNTNTNGTGTAT
NNAGNNTNCGTCCNATTNNTTNACNGTTTGTNGNTTCACTCATANTTNAATTNANNTCGGTGTNTA
ACNATCNTTNNGNCNNNGGTCANNNNNNGGCATNATNNTGTGCTTTTNNTTTTNAN
TGNNTANNANTNTANANGTTGATAAGNGATNTGAGNTTGCTATTTNGTNANGCTNTTATNTNTTNA
NATNTATTNCNCTACACNNNTATNTNTTGTNTNNNTATTACTCTNCTTCTTNNCNGCTCGGATANG
NTGTNGGNNNTGCGTGCTGTNTTGATTNNGTNTNCTANNTNNNGNTNTNTTTCTNTATNCTTNATT
TNTGNCATTA

APP-6



The complete sequence of a PCR product, oriented in the 5’-3’ direction using
BL/6 mouse genomic DNA and MCF primer set 3 forward. The 3°-5°

compliment of the reverse primer for MCF primer set 3 is highlighted.

ANTGGGNAGGTGCCAACAGGAATATCTGTGGTCNAGCACCTGGGCCCCGGNCTCAGGGCCAAGAAC
AGATGGTACTCAGATAAAGCGAAACTAGCAACAGTTTCTGGAGGCTTNTCGCCGTCTTGANGCCTG
GTCNAANCAGTNTCCTCAAGCCATGNGCCTTCATTANNTGCNTTANCAAACANNGTGGCCTANGCG
NCCNCCANGATGCTNGTGNGGACTNCTCNNAAGAGNCANTCTGCNCCCNCCCNNCACNACCNNNTG
GCCCCNTCTNGATNTCGNGCTNNCNCTGAANTAAGTANGNNCNTACNGGTTTNCNTATNTTATTNG
NNAANNTNAATGTCGNNTTNGCTNNTATNCNNTNNCTNTCTTGTGGGCNNTCNNCTCNTNGNAGNC
TACNNTCGNNCNGTTCCTTTTTCATTNNNTTAAGGTCANATGNNCTTCCTNNNACCATTCACTNNT
CNTCACNNGTNATTTCGCTTGANNAGNTNCCTTNNTCCTGTTGNTTCTATTNNNTCCTTTCACNNA
NACNTCNNTNATTTTCCTNGTNAGTTCATTAGTCNTGTCCTTGCANNTTCTGTTNTTATCNNTTTN
GNGNTNCATCNTNNNNTGTTGTANCNTNCNTNNTTTATTCTATNTTNTGNGNAGNNATTTATNTNC
AATNNNCCTTTGTCATGCACTNCTNCTTNTNTNTTTNCNANTNNTNATCTTANNTCNTCT
TNACGATNTGTGTGTNANNNNTTNANNTTTGTGTNNNATTTTATCCTATTAAANNTTNACTTNCCA
TNANCCTTTGCTTNATNATTGTTTTATTCTNNCTTACNNNNNTCCATTTANTCTANTNTTATCAGA
ATATTTNTNTNGANNANCTTTTNAATAATATTNNNTTGNNNACTCNNTTNNNNATTNTTNTTTNNA
TATTTCTNTNNNTNTTTTCCACTNCANANCTTNTATGAANNTTNCTANTANACTGTTGTATTTNTA
TTTTCTCTTNCTGTNTNTTTCNCNGAATTTGTTNTATTTTTTATTTTTTTCTGTCNTTCTTTNANN
GNCNNNTATTTNCTTTCTNNANTTTGTNNTNNAANTTNCNTTCCANTTNAACTNCCACATTTTNNT
NTTNCNCTTNANNNTNNCAATANNNNATNATAANNNTCNNNACTTNTTTTGTTTNTNTCACTTNNC
CTNNTNATTTTNCCNTTTANCNTNTTTTTTTNANTCNCTTTCNATTTCTTNTTTATTNTCTATTCN
ATATACATATTTTCTNTNCATTGTTGTTCNTTTTNTTTTTCCTNNTTNTTTNTCCATNTTTTTAAT
ATNNNNTNTTTCTNCTTAATTTTNATTCTTTNCCTATTATATNTTTNACACTCTTTTCGANTNANC
NTNCNNTATANTNCATTNNTNTTTNTNNTNNNTNTNTNAANNNNTTTNTTTTCNTNGTNTTNCCTC
TTTACNCTATANATTANCTTCTCTTTNGANTNTANTTCNNTGTCTTCNTNNNNTTTNTAAATTTCC
TTTATACTNCTATATTNTGTNTTTTGTNTNTTTNTTTTNNTCCTNNNNTTANNTTNTTCNTCTCTA
TCNANTNCTTNTCTTTATTNNTTCCTNTACTTTTTTNT

APP-7



The complete sequence of a PCR product, oriented in the 5’-3’ direction using
BL/6 mouse genomic DNA and MCF primer set 3 reverse. The 3’-5’ compliment

of the forward primer for MCF primer set 3 is highlighted.

NGGGGGTGANANTGTTCTGGCCTGAGCCGGGGCCCAGGTGCTNGACCACAGATATCCTGTTTGGCC
CCTGTCCCAGTATTGTTCAGCCTTATTCTTTAACTAAACTTCCAGATCNGCTGNTTGAANCTAANC
CNGCACCNATTNNCNAATGACCACCAGAANTGGNGANCGANNGATTGGAANGGGTGGNGCCATCTT
CAGANGCGTGGCCGGCNCCAAAGGCAAANGCACCTTGNGNACGCCATAGGANGGNCCNNAAGTGCA
ATGCTTAATTTNCCAGGTGTAGCNNTGCAACGTAAGTTAGATACCGNTAANCCNANAGCNGCNGCT
TGCCTCGCTTCNNTCCGGGCANNCTGCATGCTCATGNTTTNGNGCCGCNAACCCCGAATGTGTTTA
GTCTTTAGCTTGAAAAACAGCATCNTNANTGGCNTNAGCNNNGATANNCTAGATGCGATCGANNGT
NAANTNTTTNGCATCAAATGNGAACAACCTTCANNNNGGATGTTCAGNAAANNCATGNAACTGANN
NCCATTCATCGTTNNNATNCGGACNCTNATNTNTNNTCNCANCCGNANACGTTNNCCANNANCNCN
GGTNNACCAGANGNTACTCNNTCNTGTGAACTGGNATTNATTTNAGNTNAGATGCACATGCGANAT
ANACGGTAANAACANACAAANTCCATCGCNNTNGNAGNGNTANANCAATNTGGTTNAANN
GGNNANNGANCGTNTNGGTANTAAAATAGNNCNGTGCNNCGTTATAGGNTTNAAATCNGAGNATGN
GTNNNTAATNNATNTGATNANNNAANNAAANNTGNGTANCANAANGAAANAANCNTGAANNAANGA
GGNNAANTAGANGNGTGNNTCNCCACGANNANANGNATAANNGANNNTNATGACNNGAGNNANATG
AGAAGAATTANNANCNTAGTAAAAAAGNNCTTNNNANAGNNTTNCNNNNNNNAATANNATTGTNAG
NATNNATANANNANAATAAACANTNNNNGGGAAATGNNACNANTCCNNNANNTCAAATNAACANTA
NAAGGTCCAAATANAGANNAGTTAATNTNNATGATNNNNTANGATCAANANNGNANAATNAGGAAN
TATNNACAATTTGNTTAACTNTAANNTAANTNNCAGNTATNNATGTNNGANCGATNTNGGANNNNA
ANGNACANCCCNTTGNGANANGTTNNANNTGAANCATNGANGTAAGNNNATATNNGANNAANNTNT
GGAANATGGNNANCCANNANGANTATNGGATGTTNTNTGAGCTTCATNATNTCNCNNANAATNGAA
GTNGGNNAAATCTANACATTNNNNCCNGTNTTATTTNANNGTGAANTTANTTANGNAATNGGNATN
NNNGAATANTAAATATNTNGANNTGTNTTTTNCN

APP-8



The complete sequence of a PCR product, oriented in the 5°-3’ direction using
BALB/c mouse genomic DNA and MCF primer set 3 forward. The 3°-5’

compliment of the reverse primer for MCF primer set 3 is highlighted.

NAACTGGGNAGGGGCCAACAGGGATATCTGTGGTCNAGCACCTGGGCCCCGGCTCAGGGCCAAGAA
CAGATGGTACTCAGATAAAGCGAAACTAGCAACAGTTTCTGGAATGNTATCCCCTCTTTTGCCTNT
CNNAACTTTTTCCNATNCNTTCCATTACCANGCCTNCTNTTNTGAATANTNTGGACNTGGCNCCCN
CNATANNTTNTAGGGGNGCTNCNNGTANTNCTNTTTCTGNTCCTGNGNNCNTCACNACCCNCTNGC
CNNNTGTNGNTNTTNGTTCTTCAACNNAAGAANAANGCCGCAACGCNNTCNCCTTATTNTNTCTNA
TANNATGTCNTCTTGGTTNCNCTTNTACNNNTTTCCTCCTNGTCTCNNNGTCCNTNNNTNATTCTT
ANTTNGNTGAGTANNNTNNCATTCCTTCNNTTCGCNTTNAATTCCTTNATNNTNACGNNTCANNNA
ATTTCTCGCTTAAAGAGNNACTNNAATNTNNTNATATNTTCANCNNNTCNTTANNNNCTTTATNNC
CTNNTTNNCTTNTGTCTCTTCNNAATTTGTTCNNNCATGCNNTCNAAACTTTACANTTNNCNNNCN
TTCTNNNGNTTTNNTNTNNTACATNTNTCCNNNTTGNTTNNTAANANCTTNNCCNNCNTTNTTTNT
NGANATNTCTTNTCTCTCANTNTCTNANTNTGANCATTNTTNCANTTATTTCGATTTTNTANCTTG
TNAAATNTATCCACGATCTNTTTTGNANCNATTATTATTTATTTTNTNNNNNTTNCCTACGATATG
TTTNTTNCNNTTNNATNTNCCNTGNCNNNNNNNAATTNAAATTTGANNCNTNNTTNNAATTNCTTT
NNCTAATCTTTTATGNTANTTTCCAATTCNGACTTNNNCNTATTTNANTTATTNNTTCTGTTNTAA
TCATTTCTNTGTNTNTNNTCCNCNAANNTTTNTGANGTTTTATTCTCTGACCNNCCTTATGNTATT
NNANTTTTTTTNTNTNNTNNCTTTNNCTATNTTNTTCTATTANNTTATTNTTTTGNCNCNTTNNCT
TTNGTTCTTACTTCTTNTNATTNTNNATCTGNTNNNTTNTNCTTTNTCNCATNTCCNCNNTTTNNT
NACTNTNNTANGNNTTNTTTTNNCTNNCTTTANNTTGNTTNNTTATNNCCTCTTTAAATATTCAAN
TATTTAGTTTGTTATTNNTTTANNTNNCCTATTTNTCATTTCNNCTCTATTTCNTTTGNCCTCTTA
TNAAATCTTTTCNTCTTTNCCTTNTNTGNTTNNCCCTTTTAACTANTTCTTCNTCTNGTCATNTTT
NTTTTNTNATCTNTTTTTANTNNNCTTNTCTTTATTTANATTNCTCCTATCNNNTNANTAANTTTT
ATNTNTCCTTANATTNNATNTACTTTCATATTATCTTTTCNCTTTNTNCTCANTTNTTCTTTNTCC
NCTTNTATTNTNNATTTANNTCTCTTNGTGTACNTTNTNNTATNTTTTCNTCTTTATTTNTTNGTC
CTTTTTTTTG

APP-9



The complete sequence of a PCR product, oriented in the 5’-3’ direction using
BALB/c mouse genomic DNA and MCF primer set 3 reverse. The 3°-5’

compliment of the forward primer for MCF primer set 3 is highlighted.

NGGGAANTCTGTTCTGGGCCCGGAGCCGGGGCCCAGGTGGCTNGACCACAGATATCCTGGTTTGGC
CCCTGGTCCCAGNTATTNTTCAGCCTTATTCTTTAACTAAACTTCCAGNTGNTCGNGGTTNACCCT
AGAGCCTCAGCNNAGCTGNCGAATGACNTCCAGNGNNGNNNNCGNACNGAGNNGAAGNGATGGTGC
CGCNTNCAAAGGANGNGCCNGCACCANNGGCAAAGGCACCTNGNGTACNNCAGGNGNNGGCCCNAT
GAGCACTGCTTACTNCNCCAGGAGAAGCNTTGCNNGGTTAGNNAGNTNTNGCNANGCCTCGANNGG
CAGNTNGCNTCGGNTCTNTCCNNGCTGNCNGGNTGGCATGNTNTAGAGCNGCGNNNCTGGGANNNG
TNNAGGCNTTAGGNNGAANNACTGCANNGTCNGNGGCNTGAGGAAGNGNGATGNTTGANGNGATCA
GCCGTGANNTTCTTGNCAGCCATCNTNTGGNNACCNATNTCGGGGNGNCNNAAAAGACNNCNCAAC
TGNGGANCNGTNCNCNNNATGCNNNTGTNCNACTAGTCANAGCTTCTTCCGANNCCTTNTCTATCT
NCCNCGAACNGCACCATNCGNCTACNACCTGGGGGANCGNANNNANTACNTNNNTAGACCNANGGN
NTTTNNGNCGGTNTAANACNATGCACCTCGCGGAAGGNNGGAAAGANGAGANAGTNNAATAANNGN
NANAANNAGGNTGAANGATAGTTGGGNNCNGTNNNANGNNAANNTGGANNNANNNNTANGNGGACA
NNNGNANANCGNGAANGAANANNNGNNNGAGANNNNGNCNNANNANNNNNAAATNTNTANGGAGGT
ANNAGNTTANTNNNNCTTNGANNTAANAGCCNCTAAGGGGAAACNGAGCNAAGATCGGNGGANNNN
AATCGTGATTGGGGGTNNNNANGTAAANANAACNCGANNTTNTGTNGGTAAAANAGNAAGNNNTGN
NNTGGNGNAAANNAAAAACNNNNGGNAGGANCNGNNNAANANNAANANCNNNTNNATNGGNAGNTT
NATNAAANNATTTANANTAGGGGATGANTNNGGGTGAATAAGTATGTNNAGANNANTNNNAAAGNT
ATGGGGATANTGTNNANTATTTNGGGNGNNNACATGGTGGGGNNANGNGAAANCCCNGNNAGNAAA
AANNTAANAAANNTNNTTGNCNATGNAAATCNGAATAANTNATGTTGANGGTAANGNGNGTAACGN
ANGNAATAGNNCNGNAAAGNNANNNACTCTNTNNNANTANNNGNANGAATNGCNANATGGANNATN
GGNNGAATATGNTACATATGTNTGANATCAACNNGGNGGNGNNNCGNNNGTNTNGNTNNCTNNGTG
TGNGTATTATANNNATNNGNANCTNNTANNGA

APP-10



The complete sequence of a PCR product, oriented in the 5°-3’ direction using
LP-BMS5 infected SC-1 cell cDNA reverse transcribed from RNA and MCF
primer set 3 forward. The 3°-5’ compliment of the reverse primer for MCF

primer set 3 is highlighted.

ACNGGGNGGGGCCAACAGGGATATCTGTGGGTCAAGCACCNGGGCCCCGAGCTCAGGGCCAAGAAC
AGATGGTACTCAGATAAAGCGAAACTAGCAACAGTTTCTGAGAGNNANNNNNNNNNNNNNNGANNA
NNANNNNTNNGNTNANNNNNNNNANNNNNNNTNNNNNNNNNNNNNNNNNNNNNANANNNNNNNTNN
NNNNNNNNANANNNNNNTNNNNANNNNNNANNNNANNNNNNANNNNTNNNNANNTTNNNNNNNNNN
NNNANNTTNNNNTNTNNNANNNNNNNNNTNNNNNNNNNNNTGNNNNTGNTNNNNNNGNTNANNNNN
TNNTNNNNGNNNNNNNNNANNANNNNNATNANNNNNNTNNTNNNNNTNNTNNTNNNNNTNNNNNNN
NTTNNNANNTNNNNNNTNANNNNNNATNNNNNTNNNNNNNNNNNNNNNNNNNNNNNTNANNTNNNT
NNTNNNNNNNTGNNANNNNTNNNNNNNNNNNNNNNTTNNNNNNNNNNNNNNNNNNNTNNNNNNNNN
NTNNNNNNNNNNNNNNNNNNNNNNNNNNTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNN

APP-11



The complete sequence of a PCR product, oriented in the 5°-3” direction using
LP-BMS5 infected SC-1 cell cDNA reverse transcribed from RNA and MCF
primer set 3 reverse. The 3°-5’ compliment of the forward primer for MCF

primer set 3 is highlighted.

GAGNAATCGGTCTNGGCCCNGAGCCGGGGGCCCAGGGANGCTNGGACCACAGGATATCCGNGTTTG
GGCCCCNGTCCCAGTATTNTTCAGCCTTATTCTTTAACTAAACTTCNNGANNNNNNNGNNNNGNNN
NANNGNNNNGNGGANNNNNNNNGGNNNGNNNNNNGNNNNNNNGNGGNGNNNNNNNGNNNNNNNNAN
NGGNNNNNGNNNNNNGNNNNNNNNNNNNNNGNNNNNNNNNNNNNGNNNNNNNNNNNANNNNNNNNN
NNNNGGNNGNNNNNNNNGNNNNNGNNNGNNNNNNNNGNANNNNNNNNNNNNNNNGGNGNGNNGNNN
NNNNNNNGNNNNNGNNNNNNNNNNGNNNNNNNNNNGNNNNNNNNNNNNNNNNNNNNNNNNNNGNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNGNNNGNNNNNNNNNNNNNNNNNNNNNNGNNNNNNGNNNNNNNNNNNNNGNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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