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Abstract

Defining the epitope specificity of CD8+ T cells is an important goal in autoimmune and immune-
mediated disease research. We have developed a translational molecular approach to determine the
epitope specificity of CD8+ T cells using the Theiler’s murine encephalomyelitis virus (TMEV)
model of multiple sclerosis (MS). TMEV-specific CD8+ T cells were isolated from brains and spleens
of 7-day TMEV-infected C57BL/6J mice and stimulated by Cos-7 cells that were co-transfected with
expression vectors encoding the DP class I molecule along with overlapping segments of the TMEV
genome. Both brain-infiltrating and spleen-derived CD8+ T cells expressed IFN-y when Cos-7 cells
were co-transfected with DP class | molecule and the TMEV genomic segment that encoded the
immunodominant TMEYV epitope. This demonstrated that peripheral and brain-infiltrating CD8+ T-
cell responses were focused on peptide epitope(s) encoded by the same region of the TMEV genome.
We propose that a similar molecular approach could also be used to determine the antigen specificity
of suppressor CD8 T cells by the measurement of transforming growth factor— (TGF-f) production.
In addition, with a randomly generated library and peripheral blood or isolated CSF CD8+ T cells,
this would be an effective method of predicting the epitope specificity of CD8+ T cells in human
inflammatory CNS diseases, in animal models of MS or other organ-specific inflammatory diseases
with a protective or pathogenic role of CD8 T cells.
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1. Introduction

The role of central nervous system (CNS)—infiltrating CD8+ T cells is an active area of CNS
inflammatory disease research. Studies have demonstrated that CD8+ T cells are prevalent in
multiple sclerosis (MS) lesions, outhumbering other lymphocytes at all stages of lesion
development [1,2]. CD8+ T cells have also been shown to be clonally expanded in lesions,
cerebrospinal fluid (CSF), and peripheral blood, suggestive of acommon epitope, or arestricted
number of epitopes being recognized by this cell type [2,3]. In addition, it has been
demonstrated that T-cell receptor sequences from clonally expanded CD8+ T cells can persist
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for years indicating ongoing activation of memory CD8+ T-cell clones. Whether these epitope
specific CD8+ T cells act as suppressors of inflammation or effectors of pathology remains to
be determined.

A major hypothesis generated through human tissue and animal model studies have provided
evidence for a suppressor role of CD8+ T cells. Work in human samples has relied on
characterizing functional aspects of cultured CD8+ T cells derived from the peripheral blood
of MS patients. Findings from this work have suggested that a deficiency of suppressor function
by CD8+ T cells may be linked to MS pathologic conditions [4]. The majority of suppressor
CD8+ T-cell work has been performed in the experimental allergic encephalomyelitis (EAE)
animal model of MS. In EAE, the absence of CD8+ T cells results in the worsening of disease
or susceptibility to secondary induction of EAE [5-7]. Mechanistic studies have provided
evidence that suppressor CD8+ T cells act via T-cell receptor interaction with the Qa-1
molecule presented by activated CD4+ T cells to cull inflammatory responses. Qa-1-
independent mechanisms involving cytokine mediated suppression by CD8+ T cells have also
been proposed [8,9].

Although not mutually exclusive from the suppressor CD8+ T-cell hypothesis, independent
studies also support an effector role for this cell type in the pathology in MS patients. Studies
in human tissue have demonstrated that all CNS cell types within an MS lesion have the
capacity to express major histocompatability complex (MHC) class | molecules and can
potentially be targeted by CD8+ T cell-mediated cytotoxicity [10]. Also supporting a role for
cytotoxicity by activated CD8+ T cells is their close proximity to oligodendrocytes and
demyelinated axons in brain tissue from MS patients. In EAE models, CD8+ T cells have been
shown to be sufficient to adoptively transfer disease [11,12]. In the Theiler murine
encephalomyelitis (TMEV) model, many aspects of clinical disease, including axonal
dysfunction, demyelination, and motor dysfunction, have been linked to CD8+ T cells [13—
16].

To determine the extent CD8+ T cells acquire suppressor and effector functions, the epitope
specificity of CD8+ T cells in MS needs to be defined. Numerous approaches have been
demonstrated to investigate the epitope specificity of CD8+ T cells in TMEV infection,
including the use of overlapping peptide libraries, molecular expression of TMEV proteins,
stable transfected cell lines, and recombinant vaccinia virus vectors [17-20]. These approaches
have unequivocally demonstrated the utility in defining CD8 T-cell epitopes in TMEV
infection. However, none of these previously developed systems are feasible approaches to
define CD8 T-cell epitopes in human MS in which there are logarithmically higher numbers
of potential antigenic targets and the genomic sequence encoding these antigenic determinants
are unknown. We therefore have developed an unbiased translational molecular approach to
identify CD8+ T-cell epitopes. In this proof-of-principle study, we successfully used this
approach to identify the region of the TMEV genome that encodes the immunodominant
epitope recognized by CNS-infiltrating CD8+ T cells in the C57BL/6 mouse strain. Although
this mouse strain is resistant to chronic demyelination, as it effectively clears the virus in the
acute meningo-encephalitis stage, it has been demonstrated that demyelination may occur in
mice with C57BL/6 background by an intravenous injection of the immunodominant peptide
on day 7, or by the use of mice deficient in interferon-y receptor [21,22]. Furthermore, there
is no theoretical limitation for this method to detect epitopes in demyelinating strains or to
detect polyclonal CD8 T-cell responses. In this study, CD8+ T cells from the spleen were
stimulated by the identical TMEV library segment as CD8+ T cells isolated from the brain.
This interesting observation strongly suggests a specific focus among CD8+ T cells to a
conserved immunodominant epitope, regardless of being isolated from brain or a peripheral
lymphoid compartment. This molecular approach with a large organ-specific cDNA library
derived from MS lesions, similarly to what has already been accomplished in autoimmune
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diabetes studies [23], has the potential to be adapted for clinical use with peripheral human
CD8+ T cells derived from the blood or the CSF as a noninvasive method to predict the epitope
specificity of CNS-infiltrating CD8+ T cells in MS patients.

2. Subjects and methods

2.1. Animals

Five week old male C57BL/6 mice were obtained from Jackson laboratories (Bar Harbor,
Maine). Mice were anesthetized with isoflurane and were intracranially infected with the
Daniels strain of TMEV. Seven days postinfection the animals were euthanized, and tissue was
harvested according to University of Cincinnati Institutional Animal Care and Use Committee
standards.

2.2. Generation of TMEV library

Fifteen overlapping segments were amplified from the pDAFL plasmid containing the DA
strain of TMEV using high-fidelity polymerase chain reaction (PCR), as presented in Table 1.
Each segment was enzymatically digested then inserted into the pcDNA 3.1 His A vector
(Invitrogen, Carlsbad, CA). The pcDNA 3.1 His A was digested with either EcoRI and Xbal
to accommodate ligation of segments 1, 3,5, 6, 7,9, 10, 11, 12, 13, and 15 or BamHI and Xbal
to accommodate ligation of segments 2, 4, and 8. In addition, the genomic sequence encoding
the immunodominant TMEV peptide VP2151_130 was inserted into the pcDNA 3.1 His B
vector.

2.3. Efficient co-transfection of Cos-7 cells with class | molecule and green fluorescent

protein

Cos-7 cells (American Type Culture Collection number CRL-1651, African green monkey
kidney cells) were plated into Costar 96-well culture plates (Corning Inc., Corning, NY) at
approximately 70% confluency and incubated overnight. Cells were transfected using
Fugene-6 (Roche Indianapolis, IN) according to the manufacturer’s protocol. Cos-7 cells were
co-transfected with green fluorescent protein (GFP) MigR1vector and a vector containing
either the DP or KP MHC class I molecules (provided by Nilabh Shastri, University of California
at Berkley, Berkeley, CA) which were expressed by the C57BL/6 strain of mouse. GFP MigR1
was co-transfected as a visual aid to distinguish wells that demonstrated efficient co-
transfection. Peak GFP expression occurred in Cos-7 cells within 24-48 hours after
transfection.

2.4. Isolation of brain mononuclear cells

Brains were pushed through 100-um cell strainers into RPMI and 700 g of collagenase type
4 (Worthington Lakewood, NJ) was added to each 5-ml quantity of slurry. Slurries were then
incubated in a water bath at 42°C for 45 minutes. Each 5 ml of slurry was then added to Nalgene
50-ml ultra—high-speed centrifuge tubes (Nalge Nunc International, Rochester, NY) containing
1ml of 10X PBS, 9 ml of Percoll, and 35 ml of RPMI. Cell suspensions were then spun at
10,000 rpm (Sorvall SS-34 rotor) for 30 minutes. A lymphocyte layer was present in
approximately the bottom 5 ml of media solution. Excess solution is aspirated off the
lymphocyte layer. The lymphocyte layer was then resuspended into Falcon conical tubes,
(Becton Dickinson, Franklin Lakes, NJ) and RPMI was added until 50 ml of total volume was
reached. Cell suspensions were then spun at 1500 rpm for 10 minutes in a Sorvall Legend RT
tabletop centrifuge (Thermo Scientific, Waltham, MA). Media was aspirated off and cell pellets
were resuspended in RPMI media.

Hum Immunol. Author manuscript; available in PMC 2009 November 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

McDole et al. Page 4

2.5. Isolation of whole spleen cells

Spleens were pushed though 100-pum cell strainers into RPMI 1640. Cell suspensions were
then spun at 1500 rpm for 10 minutes in a Sorvall Legend RT tabletop centrifuge. Media was
aspirated off and cell pellets were resuspended in 2ml RPMI and 3 ml ACK (0.15 mol/l NH4CI,
1.0 mol/l KHCO3, 0.1 mmol/l Na2-ethylenediaminetetraacetate). Cell suspensions were then
spun at 1500 rpm for 5 minutes. Media was aspirated off and cell pellets were resuspended in
RPMI 1640.

2.6. Purification of CD8+ cells

Isolated lymphocytes from the brain and spleen were resuspended in magnetic-activated cell
separation (MACS) buffer (1xPBS and 0.5% bovine serum albumin) and incubated with
MACS beads anti-CD8+ antibody (Miltenyi Biotec, Auburn, CA) at 4°C for 15 minutes. Cell
suspensions were then diluted with 20 times additional MACS buffer and spun at 1500 rpm
for 5 minutes on a tabletop centrifuge. Cell pellets were then resuspended in MACS buffer.
Cell suspensions were then filtered through MACS LS separation columns (Miltenyi Biotec)
according to the manufacturer’s protocol.

2.7. Intracellular staining of splenocytes

Splenocytes were isolated from 7-day TMEV-infected animals as discussed above. Cells were
stimulated with either VP21,1_130 peptide or E7 control peptide. Cells were treated according
to the manufacturer’s protocol using the BD Cytofix/Cytoperm Plus Fixation/Permeabilization
kit (with BD GolgiPlug protein transport inhibitor containing brefeldin A; BD Bioscience, San
Diego, CA). Cells treated with E7 control peptide yielded no cells positive for interferon (IFN)—
v(data not shown).

2.8. Staining cells for flow-cytometric analysis

Cells were resuspended in fluorescence activated cell sorter (FACS) buffer (1X phosphate-
buffered saline solution, 0.025% sodium azide and 1% fetal calf serum). Brain-derived
lymphocytes were stained with DP:\/P2451_130 tetramer for 40 minutes followed by 20 minutes
of staining with anti-CD8 antibody. Cells were then washed twice with FACS buffer and
resuspended in 1% paraformaldehyde. Cos-7 cells were stained with biotinalated anti-KP?,DP
primary antibody (BD Pharmingen clone # 28-8-6) for 20 minutes. Cells were washed with
FACS buffer and incubated with streptavidin phycoerithrin for 20 minutes. Cells were then
washed twice with FACS buffer and fixed with 1% paraformaldehyde. All cell samples were
analyzed on a BD LSR Il flow cytometer.

2.9. Enzyme-linked immunoabsorbent assay

The eBiosciences Mouse IFN-y Femto-HS enzyme-linked immunoabsorbent assay (ELISA)

kit (cat# 88-8314) (eBiosciences, San Diego, CA) was used to detect the presence of IFN-y in
the media of wells containing virus-specific CD8+T cells plated onto Cos-7 cells expressing

GFP and an MHC class I/'TMEV peptide complex. IFN-y detection was performed according
to the manufacturer’s protocol.

3. Results

3.1. Generation of the TMEV library

To define the TMEYV epitopes recognized by CD8+ T cells directly isolated ex vivo from brains
and spleen, 14 segments approximately 560 base pairs in length and overlapping by
approximately 30 base pairs were PCR amplified from the TMEV genome (Figure 1A). The
overlap in this library enables a comprehensive analysis of all potential class I binding peptides
encoded by the TMEV genome. Segment 15 encoded the L* protein, an alternate reading frame
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that has been noted to produce protein critical to TMEV infection [24]. Each segment of the
genome was inserted into the pcDNA 3.1 His A vector and sequenced (Figure 1B). The pcDNA
3.1 His A vector expresses well in mammalian cell lines ideally matched for transfecting Cos-7
cells. Individual wells of Cos-7 cells were then co-transfected with the DP or KP MHC class |
molecule and a TMEV genomic segment. CD8+ T cells isolated from the brain or spleen of a
7-day TMEV-infected mouse were cultured with co-transfected Cos-7 cells. Upon epitope
recognition CD8+ T cells expressed IFN-y into culture media later detected by ELISA.
Therefore, IFN-y was expressed only in wells co-transfected with an MHC class | molecule/
TMEV epitope recognized by an ex vivo isolated CD8+ T cell.

3.2. Efficient co-transfection of class | and GFP expressing plasmid vectors in Cos-7 cells

Next we addressed the efficacy of co-transfection of class | molecules and GFP in Cos-7 cells.
To accomplish this, Cos-7 cells were sham transfected or co-transfected with KP or DP and
with GFP and analyzed by flow cytometry (Figure 2). Wells sham transfected with empty
pcDNA 3.1 His A vector or co-transfected with KP or DP class | molecule plus GFP were
incubated for 48 hours. Cells were then resuspended from wells using cold EDTA PBS and
stained with antibody specific for both KP and DP. No expression of GFP, KP, or DP was
observed in sham-transfected Cos-7 cells (Figure 2A). In contrast, both KP and DP had marked
expression simultaneously with GFP. Approximately 21.7% of co-transfected Cos-7 cells
expressed both DP and GFP (Figure 2B). Meanwhile, 24.9% of co-transfected Cos-7 cells
expressed both KP and GFP (Figure 2C). This experiment showed that a significant portion of
Cos-7 cells could be co-transfected with class | molecule and a second plasmid encoding GFP,
demonstrating the feasibility of this approach to stimulate ex vivo isolated CD8+ T cells with
TMEV genome segments.

3.3. Recognition of TMEV specific CD8 T cells derived from brain and spleen is restricted to
the library fragment encoding the immunodominant epitope

After establishing that KP and DP class I molecules were expressed on the surface of transfected
Cos-7 cells, the efficiency of antigen processing and presentation was tested. Cos-7 cells were
co-transfected with DP and pcDNA 3.1 His A/VP2, which encodes the immunodominant
VP2121-130 peptide (genomic base pairs 1867-1896) or DP plus an empty pcDNA 3.1 His A
vector. The DP:VP2;,1_130 complex has been established as the immunodominant epitope
detected by brain-infiltrating CD8+ T cells in C57BL/6 mouse stain when infected with TMEV
[25]. CD8+ T cells isolated from the brains of 7 day TMEYV infected C57BL/6 mice were plated
onto these transfected Cos-7 cells. A higher signal for IFN-y was detected by ELISA in wells
co-transfected with D and pcDNA3.1 His A/VP2 than in wells transfected with DP plus empty
pcDNA 3.1 His A vector (Figure 3A). CNS-infiltrating CD8+ T cells were also analyzed by
flow-cytometric analysis. Consistent with previous reports, approximately 55% epitope
dominance for DP:VVP2;,1_130 among CD8+ T cells was observed [15] (Figure 3B). This
demonstrated that CD8+ T cells isolated from the CNS could directly recognize the
immunodominant DP:VP2;,1_130 epitope presented by Cos-7 cells co-transfected with DP plus
pcDNA 3.1 His A/VP2.

We next wanted to determine the extent that CD8+ T cells isolated from peripheral lympoid
compartments were focused on specific TMEV epitopes 1 week post—intracranial infection.
Previous work involving the use of DP:VP211_139 tetramers determined that low numbers of
DP:VP2121_130 epitope-specific CD8+ T cells were observed in the spleen of 7-day TMEV-
infected C57BL/6 mice [25]. We therefore used the TMEV library approach to determine how
focused the CD8+ T-cell response was towards the immunodominant VP21,1_139 peptide. Our
molecular approach, unlike tetramer technology, would also determine whether there were
epitopes other than DP:V/P21,1_130 recognized by spleen-derived CD8+ T cells. To analyze the
epitope recognition of spleen-derived CD8+ T cells, each of the 15 segments of the TMEV
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library was co-transfected with the DP class | molecule in Cos-7 cells. Magnetically sorted
CD8+ T cells isolated from the spleens of 7 day TMEV-infected C57BL/6 mice were cultured
with Cos-7 cells co-transfected with each of the 15 library segments and DP. Twenty-four hours
after the addition of CD8+ T cells, a sample of culture media was taken from each well to be
analyzed for IFN-y expression. Despite low numbers of detectable DP:VP21,1_139 epitope CD8
+ T cells isolated from the spleen (Figure 4A), there was significant response towards the
TMEV genomic segment 2 encoding the immunodominant VP21,1_13¢ peptide, as confirmed
by IFN-y expression (Figure 4B). These experiments demonstrated that despite the low
numbers of DP:V/P21,1_130-specific spleen-derived CD8+ T cells, epitope recognition remains
exclusively focused towards this immunodominant epitope. In addition, no other TMEV
genome segments encoded additional epitopes detectable among spleen-derived CD8+T cells
with our library system (Figure 4B). Using this system, we have determined that the central
and peripheral CD8+ T-cell compartments appear have similar epitope specificity. Clonal
expansion and identical T-cell receptor use among CD8 T cells in cerebral spinal fluid and
peripheral blood has also been reported in human studies [3].

4. Discussion

In this study we have developed an unbiased molecular approach to determine CD8+ T-cell
epitopes without the use of culture systems. Unlike the use of peptide MHC tetramer
technology, this system has the potential to analyze the full inflammatory CD8+ T-cell response
towards multiple epitopes simultaneously. Using this system in TMEV-infected C57BL/6
mice, we have determined that the CD8+ T cells isolated from both the brain and the spleen
peripheral lymphoid compartment are specific for the same region of TMEV. This is the first
direct comparison of spleen and brain CD8+ T-cell responses using a library approach to
analyze all potential class | epitopes. With the knowledge that peripheral CD8 T cells are
specific for the same MHC class | target in the CNS emerges the possibility that a similar
approach could be designed for human work using a much more complex, randomly generated
library, as has been performed by others [26,27]. Such a system could incorporate HLA-E and
the detection of suppressor cytokines in addition to classical HLA molecules and detection of
Th1 cytokines. A humanized system would be a marked advantage over current systems that
require the culture of CD8+ T cells from peripheral blood or CSF cells which are subject to
activation induced cell death and promiscuity of the T-cell receptor [27,28]. In addition, our
system could also aid in the characterization of “driver clones,” as recently described in the
EAE model of MS by Menezes et al. [29]. Whether such clones exist in other murine models
of MS or in human MS is unknown at this time. A potential pitfall in the proposed future use
of this technology in suppressor CD8 T cells is that there may be non—epitope-specific
suppressor CD8 T cells, as recently demonstrated [30,31]. In addition, there may be unknown
effects of antigen processing related to the interspecies mismatch between monkey cells (Cos7)
and murine or human cells.

Randomly generated cDNA expression libraries using the Cos7 system have been used to
define epitopes in complex diabetes models as well as large herpes viruses [23,32]. In general,
these approaches use random cDNA libraries generated through incomplete Sau3Al 4-base
pair cutting enzymatic digestion. The resulting digested cDNA fragments are cloned into
pCDNAZ3.1 expression vectors in three separate reading frames. Pools of these randomly
generated clones are then transiently expressed along with a class | molecule of interest. This
approach uses a high throughput method to transiently express all potential CD8 T-cell epitopes
along with a class | of interest. cDNA clones are identified only after demonstration of
successful stimulation of CD8 T cells. In this manner, all potential epitopes have the capacity
to be presented by a chosen HLA molecule also co-transfected into the Cos7 cell. The resulting
library therefore is interchangeable with other class | molecules. Such a system could
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incorporate HLA-E and the detection of suppressor cytokines in addition to classical HLA
molecules and detection of the Th1 cytokines.

The two prevailing hypotheses that clonally expanded CD8+ T-cell subsets are acting as
suppressors or effectors in MS demonstrates the importance of ultimately defining class
I:peptide epitopes. Defining epitopes in CNS inflammatory diseases will be critical to both
understand their role in disease as well as manipulate their function to positively impact disease
outcome. We also demonstrated that nearly undetectable CD8 T-cell populations in the
periphery of the mouse are focusing on the same response as the brain, a novel finding of our
study. The observation that peripheral CD8+ T cells are focused on the same target epitope as
CNS-infiltrating CD8+ T cells also demonstrates that a similar more complex organ specific
cDNA library approach could potentially be applied to clinical studies in MS.
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Molecular approach to detect CD8+ T-cell epitope specificity directly ex vivo. Overlapping
segments were amplified from the Theiler’s murine encephalomyelitis virus (TMEV) genome
as noted in (A) and Table 1. In (B), overlapping TMEV genomic segments were cloned into
pcDNA 3.1 His A. Individual wells of Cos-7 cells are co-transfected with either major
histocompatibility (MHC) class | molecule KP or D? and a specific TMEV genomic segment.
At 24-48 hours after transfection, Cos-7 cells express TMEV peptide presenting MHC class |
molecules. Upon epitope recognition, central nervous system (CNS)—infiltrating and spleen-
derived CD8+ T cells express detectible levels of interferon (IFN)—y. This molecular approach
is designed to enable recognition of all TMEV restricted CD8+ T-cell responses.
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Flow cytometry analysis of efficient class | and green fluorescent protein (GFP) co-transfection
in Cos-7 cells. Co-transfected Cos-7 cells were stained with antibody that binds both the DP
and KP class | molecule. Shown are a representative well of (A) cells transfected with empty
pcDNA 3.1 His A vector, (B) DP plus GFP expression vectors, and (C) KP plus GFP expression
vectors. Note that cells within the upper right quadrant denotes successful co-expression of

GFP and class | molecules.
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Central nervous system (CNS)-infiltrating CD8+ T cells recognize the immunodominant
DP:VP2151_130 epitope as determined by our Cos-7 co-transfection system. (A) Enzyme-linked
immunoabsorbent assay was used to detect interferon (IFN)—y expression by central nervous
systesm (CNS)—infiltrating CD8+ T cells co-cultured with Cos-7 cells co-transfected with
DP plus pcDNA 3.1 His A/VP2. DP plus empty pcDNA 3.1 His A vector resulted in no IFN-
y expression. In (B), DP:V/P21,1_130 tetramer staining demonstrated that at 7 days postinfection,
approximately 55% of all brain-infiltrating CD8+ T cells were specific for the VP2121_130
epitope confirming the results in (A). These data demonstrate that VP2121_130 peptide was
successfully expressed, processed, and presented by DP class | molecule demonstrating the
feasability of our co-transfection molecular approach to stimulate the response of ex vivo
isolated CD8+ T cells. Values presented in (A) are the mean of two wells.
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Spleen derived CD8+ T cells are restricted to the epitope derived from the same Theiler’s
murine encephalomyelitis virus (TMEV) genomic segment as central nervous system (CNS)-
infiltrating CD8+ T cells. (A) Lymphocytes isolated from the spleen of 7-day TMEV-infected
mice were cultured for 4 hours with VP21,1_139 peptide and assessed for interferon (IFN)—y
expression with intracellular cytokine staining. No IFN-y—positive cells were found in wells
stimulated with the E7 control peptide (data not shown). In (B), CD8+ T cells isolated from
the spleen were co-cultured with Cos-7 cells co-transfected with DP and all 15 individual
TMEV genomic segments. CD8+ T cells demonstrated specificity for segment 2 of the TMEV
genome, which encodes the immunodominant VP2121_139 peptide, when compared with
stimulation with Cos-7 cells co-transfected with D? and empty pcDNA 3.1 His A vector as
predicted by enzyme-linked immunoabsorbent assay IFN-y detection (***p = 0.0004). All
wells in (B) were performed in quadruplicate.
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Overlapping segments amplified from pDAFL plasmid containing Daniels strain of Theiler’s murine encephalomyelitis

virus (TMEV).

Segment Location in TMEV genome pcDNAZ3.1 His A cloning sites
TMEV 1 1038-1596 EcoRI 5'; Xbal 3'
TMEV 2 1536-2097 BamHI 5'; Xbal 3’
TMEV 3 2033-2596 EcoRI 5'; Xbal 3’
TMEV 4 2534-3099 BamHI 5'; Xbal 3’
TMEV 5 3031-3597 EcoRI 5'; Xbal 3’
TMEV 6 3532-4095 EcoRI 5'; Xbal 3’
TMEV 7 4030-4596 EcoRI 5'; Xbal 3'
TMEV 8 4531-5094 BamHI 5'; Xbal 3’
TMEV 9 5032-5596 EcoRI 5'; Xbal 3’
TMEV 10 5533-6096 EcoRI 5'; Xbal 3'
TMEV 11 6031-6597 EcoRI 5'; Xbal 3’
TMEV 12 6532-7095 EcoRI 5'; Xbal 3’
TMEV 13 7033-7597 EcoRI 5'; Xbal 3'
TMEV 14 7531-7971 EcoRI 5'; Xbal 3’
TMEV |_* 1064-1547 EcoRI 5'; Xbal 3’

Fifteen overlapping segments were amplified from the pDAFL plasmid containing the TMEV genome using high-fidelity polymerase chain reaction.
Segments were then digested with the specified restriction enzyme as defined by primer sequences and inserted into the pcDNA 3.1 His A vector to
accommodate transfection into the Cos-7 cell line. The TMEV sequences overlap by 30 base pairs to ensure that all potential CD8+ T-cell epitopes are
processed for antigen presentation.

*
Note that the L segment encodes a protein from an alternative reading frame important to TMEV infection.
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