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Vaccine for Viruses that Cause Persistent or Latent Infections

Statement of Federally Sponsored Research

This invention was made with Government support under Grant Number RO1A 1051557 by
the National Institute of Health. The Government may have certain rights in this invention.

Field of the Invention
The invention is in general directed to methods and compositions for preventing or treating

infections by viruses involved in persistent and/or latent infections.

Priority ‘
Priority is claimed to U.S. Provisional Application serial number US 60/781,123, filed March
10, 2006, and entitled Vaccine for Human Cytomegalovirus, which.is referred to and incorporated

herein by reference in its entirety.

Background

Most current vaccines target diseases that cause acute infections and are then cleared by the
immune system. In vaccine development, a significant inclusion criterion has been the extent to which
a given immunogen is able to generate a strong T-cell response. However, this strategy has not been
optimal for persistent, or latent infections, such as those caused by human cytomegalovirus (HCMV).
In fact, some immunogens generate very strong T-cell responses, but are ineffective as vaccines
against viruses that cause persistent or latent infections.

Vaccines are often targeted against immunodominant proteins of the virus. That is, vaccines
often use the same antigens that are recognized and targeted by the immune system of a healthy host.
HCMYV candidate vaccines in preclinical and clinical testing are focused on eliciting CD8+ T cell or
neutralizing antibody responses toward HCMYV proteins that are known to be targeted during HCMV
infection of the immunocompetent, healthy host. The HCMV targets for CD8+ T cell-mediated
immunity being tested are most commonly the immunodominant ULS83-pp65 and IE1-pp72 proteins.
While CD8+ T cells specific for these viral proteins are believed to be protective, recent results in an
animal model suggest that CD8+ T cells against immunodominant CMV antigens may not pfovide
any protection despite their high numbers in the infected host.

In the United States, approximately 40,000 newborns are congenitally infected with human
cytomegalovirus (HCMV) annually. For many years, it has been recognized that human
cytomegalovirus (HCMV) is efficiently transmitted to the fetus during pregnancy, with 0.5 to 2.5% of
all newborns showing evidence of congenital infection. Unfortunately, the in utero infection is not
benign, and 5 to 10% of the congenitally infected infants will be symptomatic at birth, with serious
neurological defects. (for review, see (67)). Of the 5% to 10% that are symptomatic at birth, most
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develop sequelae such as microcephaly, sensorineural hearing loss, optic atrophy and chorioretinitis,
and motor disabilities. Even the infected children who appear asymptomatic at birth are at high risk,
as 10 to 15% of these children will show varying degrees of neurological damage later in life. The
problem is intensified by the large increase in the number of young children in day care centers as the
transmission rate of HCMYV among children in these centers is high, and these children will frequently
transmit the virus to their seronegative mothers or day care providers. The annual seroconversion rate
for women with infected children is 30% as compared to a 3% rate for women with uninfected
children. Moreover, immunization with the Towne strain of HCMV, which has been tested as a
potential vaccine, did not significantly decrease the transmission rate. Since it is this group of women
who most commonly will be pregnant, the risk to the newborn is significant. While the serological
status of the mother positively correlates with protection of the newbom from disease, recent evidence
strongly suggests that prior maternal immunity is not completely protective against neonatal disease
from recwrrent infection or infection with a different HCMV strain (4, 21). The devastating
consequences of in utero infection make it imperative to develop an effective and safe vaccine that
will prevent both acute infection and the establishment of latency. In addition to the effect in
newborns, HCMYV disease in other populations, such as, for example, transplant recipients, including
both solid tissue and bone marrow transplants, can be quite severe, and has gained greater attention as
the number of transplants has significantly increased.

Recovery from HCMV disease correlates with a cellular immune response rather than the
presence of CMV-neuiralizing antibodies (59, 70). Initially, it appeared that most of the HCMV-
specific CTLs were directed against the HCMV ULS83 (pp65) matrix phosphoprotein with relatively
low levels of CTLs specific for the HCMV 1E1 72-kDa protein (a functional homolog of the MCMV
gB) and the structural glycoprotein B (1, 5, 23, 28, 55, 78). Subsequently, it was found that the
frequency of CD8+ CTLs directed against IE1 is similar to that against pp65 (30, 43), and that
multiple HCMV proteins are potential targets for CD8 T cells (14, 50).

An effective vaccine against HCMYV disease has been an elusive goal for many years, even
though many of the antigenic targets of the neutralizing antibody and CD8+ T cell responses have
been identified (for reviews, see (26, 67)). Clinical trials using the tissué culture-passaged Towne
strain was found to induce both neutralizing antibodies and CTLs and provided limited protection
against severe disease in transplant recipients and in volunteers given a low dose HCMV challenge,
but failed to prevent infection in women exposed to young children shedding HCMV. The envelope
glycoprotein B (gB) has been the basis for virus neutralizing antibody inducing vaccines, both as a
subunit vaccine (adjuvanted with MF59) as well as a recombinant replication deficient canarypox
vector ALVAC-CMV(gB). Both vaccines were found in clinical trials to be well tolerated, and
although the subunit gB vaccine was found to elicit high levels of HCMV neutralizing antibodies in
seronegative volunteers, ALVAC-CMV(gB) was only able to elicit neutralizing antibodies after

subsequent boosting with Towne. Preliminary results have been obtained following vaccination of
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seronegative- subjects with the pp65 expressing ALVAC-CMV(pp65) vector, as strong pp65-specific
CTL levels were elicited as well as CTL precursor frequencies similar to those found in HCMV
seropositive subjects. Other vaccination approaches that have undergone preclinical testing in mice
include plasmid DNA (pDNA) encoding gB or pp65, a peptide of the conserved CD8+ T cell epitope
of pp6S, dense bodies, and more recent\ly a recombinant vaccinia virus Ankara that expresses gB (2,
16, 17, 46, 69, 91). The key question; however, is whether they will protect against infection in
seronegative individuals.

There is a need for an HCMV v.accine that can prevent HCMV infection, and that could limit
HCMYV replication, and possibly vertical transmission from mother to fetus or viral dissemination and
disease in the transplant recipient.

Herpes simplex virus type 2 (HSV-2) is a medically important pathogen worldwide, with a
seropreva]eﬁce rate that has been increasing in the US over the last two decades. HSV-2 infects
between 10 and 50% of the population worldwide, and in the US, it is estimated.that 20% of the
population is infected (for review, see (92)). A unique property of the herpesviruses is that they can
enter latency, a staie characierized by the absence of infectious virus and limited viral gene
expression. In response to various stimuli, the virus reactivates, replicates, and produces infectious
virtons. HSV-2 infection is usually initiated following sexual contact of a seronegative individual with
someone who is shedding infectious virus. The primary infection of genital, perigenital, or anal
mucosal skin sites is followed by transmission most commonly to the sacral ganglia where the virus
establishes latency. Reactivation from the ganglia then leads to infection and viral shedding in the
vagina or skin of the penis. The frequent reactivation of genital herpes not only is a source of physical
discomfort and psychological stress, but also can cause serious disease in the newborn, which often
leads to death. A major problem in controlling sexual transmission is that shedding of virus may be
asymptomatic, and the incidence of HSV-2 infections continues to increase. Although antivirals are
available, the lifelong persistence of this virus provides a strong impetus for the development of a
vaccine that will prevent infection and the establishment of latency.

There is a need for the development of an effective vaccine that prevents infection and the
establishment of latency, thus eliminating the possibility of recurrence. While most vaccine strategies
to date have failed in human clinical trials, the immunological data gained over the years have shown
that HSV-2 infection is controlled by both innate and adaptive immune responses, with CD8 and CD4
T cells playing a major role in viral clearance from the lesion. To provide the basis for a protective T
cell based vaccine, recent work has identified many of the HSV-2 proteins that are primed by
infection. However, the cellular and antibody responses to HSV-2 infection are not sufficient to
provide sterilizing immunity and protection agaiunst recurrent infection and viral shedding. Thus,

immune responses generated by a successful vaccine must be more effective than natural immunity.
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Summary

The invention is in general directed to methods and compositions for preventing or treating
infections by viruses involved in persistent and/or latent infections. The methods and compositions
are directed toward the prevention and treatment of infections caused by viruses such as, for example,
herpesviruses, retroviruses, hepatitis viruses, and papillomaviruses, including, for example,
cytomegalovirus.

Brief Description of the Drawings

Figure 1 is a graphical depiction of the results of DNA immunization of mice with M54 (DNA
polymerase) or M105 (helicase) showing consistent protection against challenge virus replication in
the spleen. Four BALB/c mice per group were i.d. immunized 3 times in 2 weeks with either empty
vector DNA (pc3Aneo) or DNAs encoding IE1, M54, M70, or M105. Two weeks afier the last
immunization, mice were i.p. challenged with 1 of the 3 LDs, doses of SG-MCMYV shown. On day 6
postchallenge, spleens were removed and homogenized for MCMYV titer determination. Bars and
circles represent the group means and individual Log;, of the virus titers for each of the spleens,
respectively. The horizontal lines indicate the limits of detection for the highly sensitive plaque assay.

Figure 2 is an example of a timeline of immunization and challenge infection.

Figure 3 In vitro and in vivo expression of the MCMYV homologs of HCMV DNA polymerase
(M54), primase (M70), and helicase (M105). A) The MCMV ORFs, cloned into pcDNA3.1/V5-His-
TOPO, were expressed using the T7 promoter by coupled in vitro transcription/translation reactions
(i.e. TNT T7 Quick) with [**S]methionine. A portion of each reaction was subjected to reducing
SDS-PAGE on a 7% polyacrylamide gel and the labeled proteins were detected by autoradiography.
Numbers and lines on the left indicate the positions and relative molecular weights (in kDa) of the
proteins in the marker. Vect indicates the TNT reaction performed with the DNA vector alone.
Predicted molecular masses for the encoded proteins are: M54, 128.8 kDa; M70 (untagged), 109.6
kDa; and M105, 111.4 kDa. B) After mutating the M70 clone to yield the V5- and 6xHis-tagged
M70*, plasmids were transiently transfected into COS-7 cells and whole cells were lysed and
solubilized in reducing SDS-PAGE sample buffer 48 h posttransfection. Lysate proteins were
resolved by SDS-PAGE as above and electroblotted to a nitrocellulose membrane that was
subsequently probed with a mouse-anti-V5 monoclonal antibody. Numbers at left are as in (A), and
Vect indicates the lysate from cells transfected with empty plasmid vector. The predicted molecular
mass for the M70* protein is 114.7 kDa.

Figure 4 Protection against virus replication in the spleen elicited by M54 and M105 in an
independent experiment. Six BALB/c group were either left untreated (Naive) or immunized as in
FIG. 2. Three weeks after the last immunization, mice were i.p. challenged with 0.5 x LDs; of SG-
MCMV, and on day 6 postchallenge, spleens were harvested and titered as in FIG. 2. Bars, circles,

and the horizontal line are described in FIG. 2.
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Figure 5 Flow cytometric analyses of the CD8 T cell responses in BALB/c mice immunized
with DNAs expressing 1E1, M54, or M105 using transiently transfected stimulator cells. Mice were
i.d. immunized 4 times with either empty plasmid vector (Vect DNA) or plasmid DNA expressing
IE1, M54, or M105. To measure CD8 T responses elicited by MCMV infection, another group of
mice was i.p. infected with 1.2 O 10° PFU of TC-MCMV. Two weeks afier the last DNA
immunization or MCMYV infection, mice were sacrificed for ICS assay. As described in the
Examples, splenocytes were f)repared, counted, and incubated in the presence of brefeldin A with
BALB SV40 (H-2%) stimulator cells that were transfected 48 h earlier with plasmid DNA expressing
either IE1, M54, or M105 as shown (Stimulation). After stimulation, splenocytes were surface
stained with a PE-Cy5-anti-mouse-CD8a, fixed, stained intracellularly with FITC-anti-mouse-IFNy
antibodies, and analyzed by flow cytometry. The scatter plot for 1 mouse per immunization/infection
and stimulation group is shown, arbitrarily chosen as Mouse #2. Percentages shown are the
percentage of CD8+ T cells that were IFN-y+ after stimulation, with the cell number for CD8 and
IFN- v double positive cells calculated as the cell number in quadrant Q2 minus the background
staining in gate P4.

Figure 6 CD8 T cell responseé in BALB/c mice immunized with DNAs expressing 1E1, M54,
or M105. Groups of mice were DNA immunized or MCMV infected as in FIG. 4. A) Two weeks
after the last DNA immunization or MCMYV infection, 3 mice per group were sacrificed for ICS assay.
The complete data for the experiment in FIG. 4 is shown, with bars representing the group mean
percentages of CD8+ T cells that were IFN-y+ for each vaccine group and symbols representing the
individual values for each mouse in the group. Note that splenocytes from the same 3 TC-MCMV
infected mice were tested with each of the 3 stimulator groups. B) Same as in (A) except that the ICS
assay was performed on mice 3 weeks after the last DNA immunization or 4 weeks postinfection with
TC-MCMV.

Figure 7 CD8 T ‘responses in DNA immunized or TC-MCMV infected mice on d 5
postchallenge with SG-MCMV. Three BALB/c mice were immunized 3 times in 2 weeks with either
empty vector or plasmid DNA expressing either IE1, M54, or M105. Another group of mice was i.p.
infected with TC-MCMYV as in FIG. 4. Seven weeks after the last DNA immunization or 6 weeks
afier MCMYV infection, mice were i.p. challenged with 1.2 x 10° PFU of SG-MCMYV, and the ICS
assay was performed on the splenocytes of these mice on day 5 postchallenge as above. Bars and

symbols are as in FIG. 5.
Figure 8 Amino Acid and Nucleotide Sequences of 23 Conserved, Essential Genes of HCMV
(Strain AD169) and Amino Acid Sequences of Their MCMV (Strain Smith) Homologs.

Figure9 Amino Acid Sequences of 12 Essential Genes of Herpes Simplex Virus Type 2
(Strain HG52) That Are Highly Conserved with HCMV (Strain AD169), and corresponding

nucleotide sequences.
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Detailed Description

It bas been found, surprisingly, that a strong immune response against a virus that causes
persistent or latent infections may be achieved by immunizing with DNA derived from a highly
conserved gene, or encoding a highly conserved gene product. In contrast to traditional vaccines,
which usually target proteins that are immunodominant, an effective response against a persistent or
latent infection may be achieved by vaccines that target proteins that are otherwise not targeted by a
natural immune response. The present invention also provides a new method for inducing an
effective immune response against a virus that causes persistent or latent infections by, for example
administering a DNA vaccine encoding essential viral genes in a priming step, and a killed virus or
attenuated live virus in a boosting step. The present invention may be used to generate effective
immunity against persistent or latent infection-associated viruses including, for example,
herpesviruses, retroviruses, hepatitis viruses, and papillomaviruses, including, for example,
cytomegalovirus.

One benefit of using highly conserved viral proteins as vaccine targets is that the virus must
express the targeted gene products’in order to replicate and thus cannot escape immune detection by
abrogating their expression. Another is that viral mutants that could otherwise escape CD8+ T cells
specific for these genes would be less likely to arise due to the necessity for conservation in these
genes to maintain the enzymatic activities of their encoded proteins.

In one embodiment of the invention, the vaccine consists of delivery of the plasmid DNA
encoding essential, conserved viral genes and the killed virus or attenuated live virus preparation in
priming and boosting steps. Those of ordinary skill in the art may determine the order and method of
delivery. For example, the plasmid DNA is delivered to elicit specific CD8+ T cell responses against
the conserved, essential proteins of the virus. Upon subsequent infection with HCMV, these CD8+ T -
cells can recognize and destroy virally infected cells within the host to limit the replication of the
virus in target organs and prevent disease.

‘The priming arm of the immunization procedure consists of delivering purified plasmid DNA
that expresses viral gene targets that elicit protective CD8+ T lymphocyte responses, while the
boosting arm of the vaccine consists of delivering chemically killed or attenuated live HCMV to elicit
virus neutralizing antibodies that help limit the dissemination of virus. Targeting antiviral CD8+ T
cell immunity against the highly conserved, essential genes of HCMV is of particular importance
because 1) the virus must express the targeted gene products in order to replicate and thus cannot
escape immune detection by abrogating their expression, 2) viral mutants that could otherwise escape
CD8+ T cells specific for these genes would be less likely to arise due to the necessity for
conservation in these genes to maintain the enzymatic activities of their encoded proteins, 3) the
CDB8+ T responses to these gene products during HCMV infection have been found to be low overall,
and thus plasmid DNA primed CD8+ T cells to these gene products could provide qualitatively better
protection than the ultimately incomplete protection elicited by viral infection, and 4) the high level of
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conservation between HCMYV and the CMVs that infect model animals provides for efficacy data in
the animal models to Phase I clinical testing in human subjects.

The vaccine may be used to immunize any individual. By “individual” is meant any animal,
for example, a mammal, or, for example, a human, including, for example, patients in need of
treatment. An FDA-approved, commercially licensed HCMV vaccine could, depending on its
protective ability, be sold and administered by physicians or clinics to either specific at risk
populations or possibly to all children as part of childhood immunization. By “at risk™ population is
meant any individual at risk for diseases caused by HCMV, or that may carry HCMV infection to
others including, for example, women before their child-bearing years, children, children under age
one, day care providers, and transplant recipients or transplant donors. By treating transplant donors,
for example, before the transplant is donated, infection of the recipient may be avoided. Transplants

may include, for example, hematopoietic stem cell and solid organ transplants.

Diseases
Diseases or conditions that may be treated, prevented, or exhibit an alleviation of symptoms

according to the present invention include any disease or condition that involves the acute or latent

. infection by viruses that causes persistent or latent infections. These include, for example, diseases

involving infection by herpesviruses, retroviruses, hepatitis viruses, and papillomaviruses, including,
for example, cytomegalovirus. It will be appreciated by those skilled in the art that reference herein to

treatment extends to prophylaxis as well as the treatment of established infections or symptoms.

DNA Vaccination
The direct inoculation of pDNA ("Naked DNA" or "DNA Immunization") into animal tissues

has become a widely used approach to vaccination as it overcomes many of the dangers and
limitations associated with traditional immunization methods (for review, see (29)). DNA
immunization has been shown to generate protective humoral and cell-mediated responses in a variety
of infectious disease models, but its ability to present antigen-derived peptides on MHC class I
complexes and generate anti-viral CD8+ T lymphocytes is the key correlate for protection against
CMYV disease (see above). This is in contrast to older protein-based immunization methods that induce
primarily MHC class II-mediated responses and themselves are poor stimulators of CD8+ T
lymphocyte responses. In addition, several methods for delivering pDNA have been developed to
effectively generate immune responses, including biolistic (gene gun) delivery using microprojectiles,
intramuscular (i.m.) and intradermal (i.d.) injections (administered by needle or Bioject needleless jet
injection), and mucosal delivery (22, 72, 80, 84). Although i.d. DNA injections provide protection
against systemic MCMV challenge (27, 62, 64), other approaches may be necessary for CMV
immunization to achieve mucosal immunity. An additional approach, heterologous prime-boost using

DNA as the priming step, is emerging as an effective means for vaccination against such pathogens as
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HIV, herpes simplex virus, hepatitis viruses B and C, Mycobacterium tuberculosis, and the malaria
causing Plasmodium parasites, with clinical trials already underway in some cases (for review, see
(87)). Heterologous DNA prime-boost been shown to elicit synergistic levels of T cell and antibody
immunity that are not observed with repeated boosts with the same antigen delivery system, and the
mechanisms underlying this synergism are beginning to be defined (20, 54). Coupled with their ability
to generate high levels of protective antibodies, heterologous prime-boost vaccination may provide
the long awaited tool for vaccination against pathogens recalcitrant to control using the traditional
vaccination strategies.

The DNA vaccine may be administered using any appropriate method, including, for example
using a replicating or a non-replicating viral vector, such as, for example, an adenovirus or vaccinia
virus vector, a purified plasmid vector, or other form of DNA vaccine known to those of ordinary skill
in the art.

By “derived from a highly conserved gene” is meant that the DNA encodes either part or all
of a protein that is highly conserved, or the DNA sequence is the same as either part, or all of a highly
conserved gene.” By “part” is meant at least 20, 30, 40, 50, 60, 70, 80, or 90% of a protein or gene

. sequence. One method to determine whether a gene is highly conserved is to determine its % FastA

aa identity, guidance for this determination may be found, for example, in the present application,
including, for example, in Table 1.

Although many examples of the present application discuss the use of mouse CMYV, it is
understood by those of ordinary skill in the art that the present methods may comprise the use of
human CMYV, and human CMV genes and proteins. For example, DNA encoding for highly
conserved proteins may comprise protein-coding segments from HCMV, such as HCMV having the
DNA sequence provided in GenBank accession number G1[28373214 (NC001347).

Murine Model of HCMYV infection

The serious problems associated with HCMV infection have made it imperative to understand
the pathogenesis and immunology of this virus in order to develop strategies for its prevention and
treatment. However, progress with the human virus has been slow primarily because the strict species-
specificity of the virus has precluded studies in animal models. As an alternative, many in vivo studies
have utilized as a model murine CMV (MCMYV) infection of mice, which greatly resembles its human
counterpart with respect to acute infection, viral gene expression, establishment of latency, host
immune response to the viral gene products, and reactivation after immunosuppression. These
similarities coupled with the ease of performing experiments with large numbers of mice, the
availability of many genetically-defined inbred strains, and the vast body of knowledge on murine
immunobiology has made this model system extremely attractive. One of the greatest values of this

model is that a large amount of information can be obtained at a relatively low cost and in a
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reasonable period of time. This knowledge can then be used to efficiently design and prioritize the far
more complicated and expensive studies for the development and testing of a human vaccine.

The molecular organization of the CMV genome, the transcriptional patterns during the
permissive infection, the mechanisms involved in viral DNA replication, and the in vivo pathogenesis
of the virus during acute and latent infection has been defined (51-53, 56, 57). MCMV homologues
of HCMV DNA polymerase, glycoprotein B, and matrix proteins have been identified (10, 11, 15).
Efforts have been made to develop a vaccine using this mouse model. ((27, 61, 62, 64, 88, 89, 93).

The MCMYV genome is ~230 kbp in length and encodes at least 170 open reading frames (13,
56, 71). During the permissive infection, there are at least 3 distinguishable phases of gene expression
(for review, see (60)). The IE gene products are those synthesized immediately upon infection and
rely primarily on host factors for their expression. Early RNA and protein synthesis precedes viral
DNA replication and is dependent on the prior expression of one or more IE genes. Finally the late
genes are transcribed after the initiation of viral DNA synthesis.

MCMYV infection is controlled by both innate and adaptive immune responses. The innate
response, consisting of NK cells, macrophages, and the cytokines IFN-gamma, TNF-alpha, IL-12 and
IFN alpha/beta, plays a central role in the initial resistance to infection (8, 31, 49, 65, 66, 68, 81). In
addition, a cellular gene designated cmv1 controls the early splenic replication of MCMYV and confers
NK-cell mediated resistance (79). This gene has been identified as the killer cell receptor Ly49h,
which activates NK cells against virally infected targets (7, 47).

Studies of HCMV immunity and disease in transplant recipients have shown the importance
of cell-mediated immunity in protecting against HCMV disease (3, 77), and work in animal models,
such as the MCMV model, has allowed for elucidating the protective roles of specific leukocyte
subsets (74). The necessity of the adaptive component of cell-mediated immunity, the CD8+ and
CD4+ T lymphocytes, to limit the acute, persistent, latent, and reactivating‘ infections has been
documented through depletion and adoptive transfer studies (reviewed in (73)). Immune
reconstitution of immunoablated mice with MCMV-specific CD8+ T lymphocytes has been shown to
reduce the viral load in the spleen, lungs, liver, and adrenals, while long-term depletion of CD4+ T
lymphocytes in infected mice results in persistent infection in the salivary glands (41). The identity of
the specificities of the antiviral CD8+ T cells has long been a subject of interest as the findings have
strong implications for choosing viral antigens to use in antiviral cytoimmunotherapies and vaccines.
While the identity of the immunodominant peptide of the immediate early 1 (IE1) gene product and
the protective ability of IE1-specific CD8+ T cells in BALB/c mice have long been known (74), there
had also been strong evidence pointing to the existence of CD8+ T cells that were generated against
unidentified viral early (E) and late (L) gene products (75). With the advent of more reliable methods
for the detection and quantification of specific CD8+ T cells, the identities of additional CD8+ T cells
specificities have been revealed. These include the HCMV UL83-pp65 homologs M83-pp105 and
M84-p65, the antiapoptotic gene product M45, the MCMYV immunoevasin gene product m04 (gp34),



10

15

20

25

30

35

WO 2007/106404 PCT/US2007/006113

and two additional genes unique to MCMV, m164 and m18 (24, 34-40). One common feature of
these MCMYV genes is their expression at either E or E/L times of infection.

The identification of these E and E/L gene products as CD8+ T cell targets was initially
paradoxical due to the known expression of immunoevasin E genes that encode glycoproteins that
block cell surface presentation or recognition of virus derived antigenic peptides on MHC Class 1
complexes (73). The MCMV m152 gene product gp37/40 retains peptide loaded Class I complexes in
the ER-cis-Golgi intermediate compartment, and the m06-gp48 reroutes these complexes to the
lysosome for degradation (24, 45, 48, 76, 92). The m04 gene product gp34 binds to MHC Class I
complexes without hindering their transport to the cell surface, but appears to prevent recognition of
the complex by CD8+ T cells (44). Mutational analysis of MCMYV has demonstrated the relative roles

of the known immunoevasins in MHC Class I downregulation as well as some of the cooperative and

) competitive interactions among the immunoevasins (42, 85). In addition, the m152 deletion mutant

was demonstrated to be attenuated in T cell competent mice (45), and cells infected with wild type,
but not m152 deleted, MCMYV are not recognized by M45-specific CD8+ T lymphocytes (24, 37).
This is a significant result, as M45 has been shown to be a dominant antigen during the acute and
memory response in C57BL/6 mice. It also has important ramifications for vaccine design, as
cytoimmunotherapy with a specific CTL line for this dominant antigen was not effective in limiting
viral replication (37).

The murine model has been used to test a prime-boost approach consisting of intradermal
(i.d) DNA immunization with a pool of 13 plasmids expressing MCMYV proteins followed by
intraperitoneal (i.p.) vaccination with formalin-inactivated MCMV (FI-MCMV) generated strong
neutralizing Ab as well as antigen-specific CD8 T cells and confers complete short-term protection
against infection in BALB/c mice following systemic challenge with high]y virulent virus (64, 89).
Sterilizing immunity had been achieved, as there was no detectable virus in either the spleen or
salivary glands. Neither intradermal DNA immunization nor vaccination with formalin-inactivated
MCMV alone provided complete protection. Further research investigated protection against an
intranasal (i.n.) mucosal challenge and whether the protection was long-term. It was found that the
viral titers in the spleens and lungs and in the majority of the salivary glands were below the limits of
detection at all time points following systemic challenge. Following mucosai challenge, although
complete sterilizing immunity was not achieved, viral titers in the iungs and spleen were reduced
1,000 to 10,000 fold, and titers in the salivary glands were reduced 10,000 fold at times corresponding
to the peak of replication in the unimmunized controls.

Using the mouse CMV (MCMV) model of infection, immunization of mice with plasmid
DNAs encoding conserved, essential genes of MCMV is able to provide protective immunity against
subsequent MCMV replication in the spleen of the vaccinated mice. Delivery of the whole, killed

MCMV virus or attenuated live virus particles elicits antibody responses against the glycoproteins in
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the viral envelope that can neutralize the virus and help to limit the spread of the virus from organ to
organ.

A prime-boost approach consisting of DNA immunization with a pool of 13 plasmids
expressing murine cytomegalovirus (MCMYV) proteins followed by vaccination with formalin-
inactivated MCMV (FI-MCMV) generates strong neutralizing Ab as well as antigen-specific CD8 T
cells and confers complete short-term protection against infection in BALB/c mice following systemic
challenge with highly virulent virus. As detailed in the examples, a smaller pool of plasmids may be
used to generate an immune response. A smaller pool may include DNA plasmids expressing at least
two, at least three, at least four, at least five, or at least six MCMV proteins. As shown in the
examples, this pool may include, for example, DNA that encodes all or part of gB, M54, and M105.
Each DNA sequence may be included on a separate plasmid, or one plasmid may include more than
one DNA sequence. In other protocols, the three MCMV DNA plasmids (one of which was not in the
original 13) were injected followed by immunization with formalin-inactivated MCMV. The most
important finding was that this dual immunization protocol generated long-term sterilizing immunity
in the lungs, spleen, and salivary glands of all BALB/c mice challenged systemically.

Boosting Vaccines

Either inactivated or attenuated live virus may be used in the boosting step of the present
invention. Virus may be inactivated by, for example, chemical means known to those of ordinary
skill in the art, including, for example, chemical treatment, or treatment with extreme temperatures,
such as heat. Formalin treatment, for example, is one method of inactivating live virus. In other
embodiments, attenuated live virus is used in the boosting step. The attenuated live virus may, for
example, be the Towne strain of HCMV. In exemplary embodiments, for treatment of humans, the
Towne strain of HCMYV is used in the boosting step.

Herpes simplex Virus 2 Infection

A.. HSV-2 Genome Organization and Growth Cycle

The HSV-2 genome is ~ 154 kbp in length and encodes at least 84 open reading frames
(ORFs). During the permissive infection, there are at least 3 phases of gene expression, immediate
early (IE), (E), and late (L) (70, as referenced in Example 16). The IE gene products are synthesized
immediately upon infection and rely primarily on host factors and at least one input virion protein
(VP16) for expression. Early RNA and protein synthesis precedes viral DNA replication and is
dependent on the prior expression of one or more IE genes. Finally the late genes are transcribed after
the initiation of viral DNA synthesis.

B. Immune Responses to HSV-2 Infections

HSV-2 infection is controlled by both innate and adaptive immune responses (41, 67 as
referenced in Example 16). The adaptive immunity involves neutralizing and non-neutralizing
antibodies and specific cell-mediated immune responses, with both CD8 and CD4 T cells having a

major role. These immune responses modulate the infection, but do not prevent recurrent infection or
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infection with another HSV.-2 isolate. Their importance, however, is highlighted by the more frequent
recurrences and increased disease severity seen in immunocompromised individuals. Analysis of
recurrent HSV-2 genital lesions has also shown that infiltration of cytotoxic T lymphocytes (CTLs:
CD4+ and CD8+) correlates with the clearance of virus from the lesion (44 as referenced in Example
16).

Neutralizing antibodies in HSV-2 infected individuals are primarily directed against gB and
gD. Early work indicated that in humans, the CD8 T cell responses to HSV-2 proteins were relatively
narrow, with the following ORFs detected: gB2, gD2, gB2, UL46, UL47, UL49, ICP0, ICP4, ICP22,
ICP27, UL7, and UL?25 (40, 42, 43, 58, 86, 87 as referenced in Example 16). Recently, an extensive
analysis with peptides representing 48 HSV-2 ORFs, showed that the CD8 T cell responses were
broader (35 as referenced in Example 16). All 48 ORFs were detected, and there was significant
diversity in the pattern of responses between different individuals. The greatest frequency of
responses were specific for ORFs UL39, UL25, UL27, ICPO, ULA6, and ULA47. It should be noted,
however, the ORFs analyzed were primarily IE and viral structural proteins.

The herpesviruses are proficient at immune evasion, and HSV-2 is no exception. HSV-1 and
HSV-2 down-regulate MHC class I presentation of viral antigen by a mechanism that involves
interaction of the viral protein ICP47 with the transporter protein associated with antigen presentation
(TAP) (24, 32, 88 as referenced in Example 16). This interaction prevents TAP from transporting
viral peptides into the lumen of the endoplasmic reticulum, where they would form a complex with
MHC class I molecules and be transported to the surface of the cell for fecognition by CD8+ CTLs.
Another mechanism of immune evasion involves viral effects on dendritic cells, the professional
antigen presenting cells (APCs). HSV-2 impairs the function of murine dendritic cells and can induce
cell death (37 as referenced in Exampie 16). In particular, HSV-2 infection of bone marrow-derived
dendritic cells impairs their allostimulatory ability and production of IL-12, and Hence may inhibit the
priming of naive T cells against HSV-2 infection. A study of the mechanisms governing the initiation
of protective Thl-directed T cell immunity following intravaginal inoculation of HSV-2 in mice
indicated that there was a rapid recruitment of submucosal dendritic celis to the infected epithelium
(96 as referenced in Example 16). These cells remained uninfected but did acquire viral antigen and
presumably traveled to the lymph nodes where they presented the viral antigen in the context of MHC
class I1 molecules to CD4+ T cells. Recently, it has been found that HSV-2 infection of human
monocyte-derived dendritic cells also resulis in apoptosis, but uninfected dendritic cells can
phagocytose cell fragments from the dying cells and cross-present the antigens (8 as referenced in
Example 16). Thus, the host may counter the viral effects on dendritic cells by priming T cells in the

lymph nodes via cross-presentation of viral antigens by uninfected dendritic cells.

C.HSV-2 Vaccine Trials
Many approaches have been taken to develop a vaccine against HSV-1 or HSV-2 (for review,

see (36, 41, 78 as referenced in Example 16)). Almost all have shown some level of protective
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efficacy in animal models, but have failed in human clinical trials, despite their ability to elicit strong
neutralizing antibody responses. An approach used in the 1980s was to develop vaccines that
consisted of inactivated HSV viral preparations. One included formalin inactivated fractions of HSV-
1 proteins from infected cells, and this was tested in HSV discordant couples to prevent genital
disease (74-76 as referenced in Example 16). Heat inactivated HSV-2 and HSV-1 virion preparations
were also tested in Italy (49 as referenced in Example 16). Unfortunately, the studies were not
performed in double blind, randomized, clinical trials, making interpretation of the results difficult.
Another vaccine utilized preparations of detergent-dissociated viral glycoproteins. Although this
vaccine protected against acute infection and central nervous system disease in animal models, and
elicited an immune response in humans, it showed no protection in clinical trials (2,15,54,79 as

referenced in Example 16).

Various live-attenuated HSV vaccines have been tested, as it was believed that they would
generate a much broader immune response. These vaccines have been produced either by multiple
passages of the virus in tissue culture or by mutation of specific viral genes. A problem with these
vaccines is that a balance of high immunogenicity and reduced virulence must be achieved. One live-
attenuated vaccine against HSV-2 currently being developed consists of HSV-2 with a deletion of the
protein kinase domain of the large subunit of ribonucleotide reductase ICP10 (4 as referenced in
Example 16 as referenced in Example 16). This domain has polarizing Th2 activity and is required for
efficient viral replication and latency reactivation. The vaccine (ICP10DPK) generates protection in
animal models, and results of the initial trials indicate that this vaccine has some therapeutic efficacy
(3, 16 as referenced in Example 16). Another live attenuated HSV-2 vaccine was derived by deleting
both copies of the y;34.5 gene, UL55-56, UL43.5 and the US10-12 (69 as referenced in Example 16).
.Although this vaccine was immunogem'c;and could protect gninea pigs from disease, it did not protect

against infection.

An alternative to a live-attenuated HSV vaccine is one that contains replication-impaired
HSV. One approach consisted of either HSV-1 or HSV-2 that had a deletion of gH, and hence the
virus could only undergo one round of replication (13, 22 as referenced in Example 16). These
vaccines were protective in animal models, but the gH negative HSV-2 viral vaccine showed no
protection against recurrence when tested for therapeutic efficacy in humans (14 as referenced in
Example 16). A second approach has been to derive replication defective HSV-1 and HSV-2 viruses
that do not express ICP8 (UL29) and one of the proteins (UL5) of the helicase-primase complex (for
review, see (19 as referenced in Example 16). The d/5-29 HSV-2 vaccine was protective against lethal
viral infection in mice, and showed protective efficacy when used as a prophylactic or therapeutic
vaccine in guinea pigs. A major advantage of this vaccine is that it does not establish latency. Clinical

trials with this vaccine are planned.
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As another approach, vaccines with recombinant HSV glycoproteins, primarily gB and gD,
were developed. A vaccine developed by Chiron, consisted of gD and gB from HSV-2 with the
adjuvant MF59 (17 as referenced in Example 16). Another vaccine, developed by GlaxoSmithKline,
contained HSV-2 gD along with the adjuvant alum and deacylated monophosphoryl lipid A (82 as
referenced in Example 16). Both vaccines were tested in HSV-2 serodiscordant couples. Although the
Chiron vaccine did not yield statistically significant protection against HSV-2 infection, the
GlaxoSmithKline vaccine showed a significant protective effect against disease specifically in women
(but not in men) who were seronegative for both HSV-1 and HSV-2. Interestingly, in this latter study,
it appeared that prior infection with HSV-1 also conferred some protection against HSV-2 disease,
although the vaccine did not augment the level of protection. Peptide vaccines have also been
considered as an alternative approach, but the difficulty is finding the right combination of
immunogenic peptides that will be protective in individuals with different HLLA genes (7, 26 as

referenced in Example 16).

Several viral vectors that can express HSV antigens, usually gD, have also been tested:
vaccinia virus, adenovirus, Oka varicella zoster virus, and vesicular stomatitis virus (VSV) (1, 5, 6,
23, 25, 53, 64 as referenced in Example 16). Although these vaccines showed protection in animal
models, they have not yet been transferred to human clinical trials. These vaccines, with the exception
of VSV, have the disadvantage of potentially reduced efficacy in individuals with prior immunity to

the vectors.

Formulation

While the compositions a'.nd methods of the present invention will typically be used in therapy
for human patients, they may also be used in veterinary medicine to treat similar or identical diseases.
The compositions may, for example, be used to treat mammals, including, but not limited to, primates
and domesticated mammals. The compositions may, for example be used to treat herbivores. The
compositions of the present invention include geometric and optical isomers.

Pharmaceutical compositions suitable for use in the present invention include compositions
wherein the active ingredients are contained in an effective amount to achieve its intended purpose.
Determination of the effective amounts is well within the capability of those skilled in the art,
especially in light of the detailed disclosure provided herein.

The exact dosage will depend upon the route of administration, the form in which the
composition is administered, the subject to be treated, the age, body weight /height of the subject to be
treated, and the preference and experience of the attending physician. .

The compositions of the present invention may include pharmaceutically acceptable salts.
Pharmaceutically acceptable salts are generally well known to those of ordinary skill in the art and
may include, by way of example but not limitation, acetate, benzenesulfonate, besylate, benzoate,

bicarbonate, bitartrate, bromide, calcium edetate, carnsylate, carbonate, citrate, edetate, edisylate,
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estolate, esylate, fumarate, gluceptate, gluconate, glutamate, glycollylarsanilate, hexylresorcinate,
hydrabamine, hydrobromide, hydrochloride, hydroxynaphthoate, iodide, isethionate, lactate,
lactobionate, malate, maleate, mandelate, mesylate, mucate, napsylate, nitrate, pamoate (embonate),
pantothenate, phosphate/diphosphate, polygalacturonate, salicylate, stearate, subacetate, succinate,
sulfate, tannate, tartrate, or teoclate. Other pharmaceutically acceptable salts may be found in, for
example, Remington: The Science and Practice of Pharmacy (20.sup.th ed.) Lippincott, Williams &
Wilkins (2000). Preferred pharmaceutically acceptable salts include, for example, acetate, benzoate,
bromide, carbonate, citrate, gluconate, hydrobromide, hydrochloride, maleate, mesylate, napsylate,
pamoate (embonate), phosphate, salicylate, succinate, sulfate, or tartrate.

Administration of pharmaceutically acceptable salts of the DNA molecules described herein
is included within the scope of the invention. For example, pharmaceutically acceptable salts may be
prepared from non-toxic bases including organic bases and inorganic bases. Salts derived from
inorganic bases include sodium, potassium, lithium, ammonium, calcium, magnesium, and the like.
Salts derived from pharmaceutically acceptable organic nontoxic bases include salts of primary,
secondary, and tertiary amines, basic amino acids, and the like. Pharmaceutically acceptable salts
may be found in, for example, S. M. Berge et al., Journal of Pharmaceutical Sciences 66:1-19 (1977).

Methods of delivering DNA vaccines, as well as formulations and methods of administration
may be found in, for example, U.S. patent numbers 6,806,084 and 5,580,859. The DNA vaccine may,
for example, be formulated to include transfection-facilitating proteins, viral particles, gold particles,
liposomal formulations, charged lipids and calcium phosphate precipitating agents, or it may not
include these components. Those of ordinary skill in the art may determine the appropriate
formulation, considering factors such as the route of administration, for example, intradermal,
intramuscular, or intranasal. Methods of administration may comprise the use of replicating or non-
replicating vector.

In addition to the active ingredients, these pharmaceutical compositions may contain suitable

pharmaceutically acceptable carriers comprising excipients and auxiliaries.

Kits

The present invention further provides kits comprising vaccine compositions or components
that may be used to prepare vaccine compositions. For example, such kits may comprise DNA
molecules of the present invention, such DNA molecules may be, for example, formulated for vaccine
delivery. Such kits may further comprise a second vaccine composition, comprising, for example, an
attenuated live or an inactivated virus. Or, for example, such kits may provide chemicals that may be
used to inactivate viruses, such as, for example formalin; such kits may further comprise virus that has

not yet been chemically inactivated.
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Kits may also include instructions, and other components needed for immunization, such as,
for example, nasal, muscular, or dermal delivery systems, such as, for example, needles, syringes, and

inhalation or misting devices.

Examples
While the examples presented below discuss studies in MCMV, these examples are

illustrative of methods that may be used with other persistent or latent viruses. Thus, examples that,
for example, present methods of determining appropriate DNA sequence, or delivery method to use in
the immunization protocol, are illustrative of methods that may be used in other viruses to determine
the appropriate DNA sequence or delivery method. Amino acid sequences of exemplary HCMV
conserved genes are presented in Figure 8, along with corresponding nucleotide sequences. In some
instances, the nucleotide sequence presented encodes a-longer protein than the amino acid sequence in
the Figure; those of ordinary skill in the art may determine whether the full length, or a truncated
version of the nucleotide sequence is appropriate. Those of ordinary skill in the art would ailso
recognize where the nucleotide sequence may vary from the nucleotide sequence encoding the
corresponding protein, for example, where the nucleotide sequence is the complement of the coding
sequence. In addition, although a particular strain of HCMV, AD169, is used in Figure 8, those of
ordinary skill in the art recognize that other strains, and related viruses, may also be used.

Example 1: Tong-Term Protection (31 weeks) Against Systemic and Mucosal Challenge Following
Dual Vaccination of Mice with Three MCMV Plasmids (encoding IE1, M84. and ¢B) and Formalin-

Inactivated Virus
Three MCMYV plasmids were given i.d. followed by injection of FI-MCMYV. The choice of

plasmids was based on previous results that showed that the plasmids expressing IE1 and M84 were

highly protective but together they did not generate sterilizing immunity even when the DNA
immunization was followed by injection of FI-MCMV. Therefore a plasmid that expressed
glycoprotein B, which is the major target of neutralizing antibody during the natural infection, was
added. At week 30, one group of mice was challenged mucosally with tissue culture derived virus and
at week 31, a second group was challenged systemically with salivary gland derived virus. Organs
(spleen, liver, lungs, and salivary glands) were harvested at days 6, 10, 14, 18, 24 and 32
postchallenge to determine viral titers. In the lungs of mice challenged mucosally, the viral titers were
somewhat reduced in the mice that had received the MCMYV plasmids alone and markedly reduced in
the mice that had received the MCMYV plasmids and FI-MCMYV; by day 32 postchallenge, no virus
could be detected in the lungs of the dually immunized mice. In the salivary glands of mice
challenged mucosally, the reduction in titer in the dually immunized mice was even more striking, and

for most mice, the titer was beiow the limits of detection. The most important finding was that this
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dual immunization protoco} generated long-term sterilizing immunity in the lungs, spleen, and

salivary glands of mice challenged systemically. (93)

Example 2: Multiple Epitopes in the MCMV Early Gene Product M84 Are Efficiently Presented In
Infected Primary Macrophages and Contribute to Strong CD8+ T-Lymphocyte Resgonses and
Protection Following DNA Immunization.

Following DNA vaccination of BALB/c mice with MCMV IE1 or M84, a similar level of
protection against MCMYV infection was achieved (89). However, the percentage of antigen specific
CD8+ T cells elicited by IE1 was higher than that by M84 as measured by intracellular cytokine

staining (ICCS) when splenocytes were stimulated with an epitope peptide. These results raised the
question of why there were major differences in the CTL responses between the two vaccines while
both displayed similar protective effects against a MCMYV challenge. To further investigate the M84
specific CTL response following i.d. DNA immunization, 2 modified ICCS assay was developed in
which antigen-presenting cells (APCs) expressing full-length M84 were used as a stimulator. Using
this modified ICCS assay, a much higher percentage of M84 specific CD8+ T cells were detected
when compared to the response to the single defined epitope. By immunizing mice with plasmids
expressing subfragments of the M84 gene, at least two additional CD8+ T cell epitopes were
demonstrated in M84. These results provide an explanation for the correlation between the strength of
immune responses and the viral protection following DNA based vaccine immunization. The [E1 and
M84 specific CD8+ T cell responses following MCMYV infection of BALB/c mice with the modified
ICCS assay was also further investigated. Only a modest increase in the percentage of M84 specific
CD8+ T cells was detected when the additional epitopes were used in the assay. These results
highlight the importance of keeping in mind that antigens that do not elicit a protective response
during the infection may be highly protective when administered by DINA vaccine. (88).

Example 3: CD8 T Responses to IE1, M84. and B in BAT B/c Mice Immunized with the 3 MCMV
Plasmids Encoding IE1, M84, and gB or gB pDNA Alone

Groups of BALB/c mice were i.d. immunized with either 1) pc3Aneo vector alone, 2) gB
pDNA alone, or 3) a pool of IE1, gB, and M84. Another group of mice was i.p. infected with TC-
MCMYV. Nine days after the last pDNA immunization or MCMYV infection, splenocytes were

harvested for CD8 T cell quantification by ICS assay. Splenocytes were stimulated in vitro with
either the dominant IE1 nonapeptide or with ¥774 (H-2d) macrophages infected with recombinant
vaccinia viruses expressing either gB or M84,

Stimulation of the splenocytes from the vector alone-immunized mice using the gB-
expressing J774 cells resulted in a low background staining level of 0.08%. In contrast, mice i.d.
immunized with the gB pDNA alone had a mean of 1.84% of gB-specific CD8 T cells, and mice
immunized with the IE1, gB, and M84 pDNA pool had a mean of 0.32%. Infection with MCMV
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elicited gB-specific CD8+ T cells to a mean level of 0.66%. Splenocytes were also stimulated with
J774 cells expressing M84 as well as the IE1 peptide to document that CD8 T responses were
generated against these antigens in the IE1, gB, and M84 group. Taken together, these results
demonstrate that MCMYV gB contains H-2d restricted MHC Class I epitopes and that both pDNA
immunization and MCMYV infection prime gB-specific CD8+ T cells in BALB/c mice. It is suspected
that the CD8+ T cells themselves do not confer significant protection as several experiments have
indicated that there is no significant decrease in MCMYV titers in the spleens of gB pDNA immunized

mice following short-term intraperitoneal (i.p.) challenge.

Example 4: Identification of ORFs that Augment the Protection Against Mucosal Challenge in

BALB/c Mice — Protection Against Short-term and Long-Term Systemic or Mucosal Challenge
Following Immunization with gB and/or gH/gL plasmids and FI-MCMV

One approach to improve protection against mucosal challenge is to include a vector encoding
the virus neutralizing antibody target glycoprotein H (gH). Previous studies have shown that MCMV
gH is able to elicit complement independent virus neutralizing antibodies in mice following
immunization with soluble gH protein. In HCMV infected cells, trafficking of gH to the cell surface
requires the formation of a gH/gL/gO complex by disulfide linkage of gH to gL followed by
interaction with gO. Because the proper trafficking and glycosylation pattern, and possibly native
immunogenicity, of gH may require the coexpression of the accessory glycoproteins, a vector was
constructed that coexpresses MCMV gH and gl. (MCMYV lacks an obvious gO homolog) to use in the
DNA pool to increase the levels or longevity of viral neutralizing antibody responses. A plasmid was
also constructed that expresses a truncated version of gB, which will be secreted and thus may prime
for a higher level of neutralizing antibody.

Groups of mice were immunized with: 1) DNA vector plus PBS in alum; 2) DNA vector plus
FI-MCMYV in alum; 3) gB plasmid plus PBS in alum; 4) gB plasmid plus FI-MCMY in alum; 5) gB
truncated plasmid plus PBS in alum; 6) gB truncated plasmid plus FI-MCMY in alum; 7) gB plus
gH/gL plus PBS in alum; 8) gB truncated plasmid plus gH/gL plus PBS in alum; and 9) as a repeat of
the above, gB plus IE1 plus M84 plus FI-MCMYV in alum. DNA injections were i.d., while all
injections of FI-MCMYV or PBS in alum were i.p.. Blood samples were collected pre-challenge and
tested for neutralization antibody. All mice that received the FI-MCMYV acquired neutralizing
antibody prior to mucosal or systemic challenge, and although preliminary, one interesting finding is
that groups that received the truncated gB plasmid plus PBS in alum showed a rapid rise in
neutralizing titer after both mucosal and systemic challenge while the groups that received gB plasmld
plus PBS in alum only showed a rapid rise in neutralizing titer after systemic challenge.

As a complement to the above experiment, groups of mice were immunized by priming with
combinations of the gB and gH/gL. DNAs and subsequent boosting with FI-MCMYV in order to

carefully evaluate the antibody and protective responses primed by the viral glycoprotein DNAs and

18



10

15

20

25

30

35

WO 2007/106404 PCT/US2007/006113

to determine whether the priming provides additional protection from long-term mucosal or systemic
challenge. In this experiment, the focus is on the immunization groups that receive FI-lMCMYV boosts
so that the immunity and protection in the various DNA prime groups can be directly compared to the
group that only received the FI-MCMYV boosts. Groups of mice were immunized as above with the
following: 1) vector DNA plus PBS/alum, 2) vector DNA, 3) gB DNA plus FE-MCMV/alum, 4)
gH/gL DNA plus FI-MCMV/alum, 5) gB+gH/gl. DNAs plus F-MCMV/alum, or 6)
gB+gH/glL+TE1+M84 DNAs plus FI-MCMV/alum. As a positive control for antibody responses,
another group of mice was i.p. infected with live MCMV. Blood samples were collected prior to i.p.
or i.n. challenge, and on day 14 postchallenge, target organs were harvested for MCMYV titer
determination. Additionally, half of the mice were left unchallenged for later determination of long- ,
term protection levels.

Prechallenge virion-specific serum IgG was quantified by ELISA. Prior to the first FI.MCMV
boost, priming with gB pDNA either alone or together with gH/gL or gH/gL+IE1+M84 resulted in
low-level seroconversion in 2 of 4 mice per group, whereas none of the gH/gL alone primed mice had
seroconverted. Three weeks after the first boost, all of the mice except for the PBS/alum boosted mice
had seroconverted. Compared with the mean ELISA titer of the vector + FI-MCMYV group, the other
groups had slightly higher ELISA titers, suggesting that the pDNA priming with the gB or gH/gL
pDNASs provided measurable B cell priming. Three weeks after the second FI-MCMYV boost, the mice
primed with gH/gL either alone or in combination with the other plasmids (gB or gB+IE1+M84) had
ELISA titers approximately 2-fold higher than those in the mice primed with vector and boosted with
FI-MCMYV and similar to those in the mice infected with live SG-MCMYV. The mice primed with gB
alone and boosted with FIEMCMYV had similar ELISA titers as those primed with vector alone and
boosted with FI-MCMV. With the caution that there is variability inherent in the use of éndpioint
titers, these data suggest that at the time of challenge there was a trend towards higher ELISA titers in
the three mouse groups primed with gH/gL. compared with those primed with the vector or gB pDNA

alone.

Example 5: Salivary IgA responses and protection in BALB/c mice mucosally (intranasally)
immunized with FI-MCMYV with or without mucosal adjuvants

As discussed above, i.d. pPDNA priming followed by i.p. FI-MCMYV boosting appears to
confer complete protection against viral replication in the spleen, salivary glands, lungs, and liver
following i.p. challenge. In addition, this parenteral prime/boost vaccine was able to provide complete
protection of the spleen, salivary glands, and liver in the majority mice following i.n. challenge.
However, in the lungs of the i.n. challenged mice, virus was detectable in the majority of the mice,
though at reduced levels when compared to the vehicle only immunized controls. Therefore it was
sought to determine whether i.n. delivery of the FI-MCMYV could increase the mucosal protection

against MCMYV at the initial site of replication following i.n. challenge. Because mucosal responses
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are generally poor to protein antigens following i.n. immunization, the ability of two commonly used
experimental mucosal adjuvants, cholera toxin (CT) and immunostimulatory CpG DNA (CpG), to
elicit enhanced levels of mucosal immunity and protection was also tested.

In the lungs following i.n. challenge, all of the mice immunized i.n. with either PBS or FI-
MCMYV together with CT, CpG, or both had MCMV ftiters similar to those in the control group that
received PBS + alum i.p. In contrast, the mice that were i.n. immunized with FI-MCMYV alone or
were i.p. immunized with FI-MCMYV alone had a mean titer in the lungs that was reduced 35-fold
below controls. However, the protection provided by i.n. immunization with FI-MCMYV alone was
lower in the salivary glands, with a mean titer reduction of only 4-fold below controls. In contrast, i.p.
immunization with FI.MCMYV either alone or with alum provided mean titer reductions of
approximately 40-fold. Finally, following i.p. challenge, i.n. immunization with FI-MCMV alone did
not provide protection in the lungs, liver, or salivary glands when compared with controls. This was in
sharp contrast to the high level of protection to i.p. challenge that was conferred by i.p. immunization.

Intranasal immunization with FI-MCMYV together with CT or CT+CpG resulted in the deaths
of some mice following i.p. or i.n. MCMYV challenge. This did not occur in control mice that were i.n.
immunized with the adjuvants alone, indicating that the deaths were not caused merely by CT
toxicity. These results suggest that there may be a deleterious interaction between the antigen and
adjuvants. The virus titers in the PBS + adjuvant controls were comparable to those in the control
mice immunized i.p. with PBS + alum. However, following i.p. challenge, the mice that were i.n.
immunized with FEMCMYV + CpG had virus titers in the liver and lungs that were 50 to 100-fold
higher than controls.

This study may indicate that there may not be an advaﬁtage to i.n. immunization with FI-
MCMV; and that it is difficult to extrapolate effects of adjuvants from experiments that use different

antigens for immunization.

Example 6: Assay of Protection Provided by Dual Immunization in Other Strains of Mice
A pilot study was conducted to test the efficacy of the dual immunization protocol in a mouse

strain other than the BALB/c. C57BL/6 (H-2b) mice were immunized with: 1) DNA vector alone; 2)
DNA vector plus PBS in alum; 3) DNA vector plus FI-MCMYV in alum; 4) 13 MCMV DNA plasmids
alone; 5) 13 MCMV DNA plasmids plus PBS in alum; or 6) 13 MCMV DNA plasmids plus F1-
MCMY in alum. All DNA injections were i.d., while all injections of FI-MCMYV or PBS in alum were
i.p. Blood samples were collected pre-challenge, all of the FI-MCMYV immunized mice acquired
neutralizing antibody. Twenty-six weeks after the last FI-MCMV boost, mice were i.p. challenged.
Six and 10 days following challenge, spleens and salivary glands, respectively, were harvested for
MCMV titer determination.

Mice immunized with the 13 MCMV DNA plasmids alone or with the 13 MCMV DNA
plasmids plus PBS in alum did not show significant protection in any organ. Although this result was
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expected for the salivary glands, the lack of protection in the spleen indicated that DNA immunization
with these MCMV plasmids alone was not able to elicit protective CD8+ T cell responses. However,
the titers in the spleens of the DNA vector plus FI-MCMYV in alum immunized mice were 45-fold
lower than those in the DNA vector alone immunized mice. Importantly, the viral titers in the spleens
of mice immunized with the 13 MCMYV DNAs plus FI-MCMYV immunized mice were below the limit
of detection for 3 of 4 mice tested. In addition, the salivary glands of 3 of 4 of the mice immunized
with DNA vector plus FI-MCMYV in alum had undetectable levels of MCMV. Most significantly, all 4
of the mice immunized with 13 MCMV DNA plasmids plus FI-MCMYV had undetectable levels of
MCMYV in their salivary glands. Although the numbers were small, these results showed that the
immunization of an H-2b mouse strain with FI-MCMYV is effective in providing long-term protection
against viral replication in both the spleen and salivary glands following systemic challenge. They
also indicated that sequential immunization with the 13 MCMV DNA plasmids plus FI-MCMYV

provides additional protection.

Example 7: DNA immunization with the MCMV homologs of the highly conserved HCMV DNA
polymerase (M54) or helicase (M105) genes elicits a protect’ive response

MCMY (strain Smith) genes that are essential for viral DNA replication (71): M54 (DNA
polymerase - 50% FastA identity over 415 amino acids to HCMV UL54); M105 (helicase —43%
FastA identity over 861 amino acids to HCMV UL105); and M70 (primase — 36% FastA identity over
982 amino acids to HCMV UL70) were tested for their ability to confer immunity.

Four BALB/c mice per group were intradermally immunized 3 times within 2 weeks with
either the vector plasmid alone (pc3Aneo) or this plasmid expressing the MCMYV IE1 gene or the
conserved, essential genes M54, M70, or M165. Two weeks afier the last immunization, mice were
intraperitoneally challenged with virulent MCMYV at one of three doses, 0.25 x, 0.50 x, or 0.75x the
50% lethal dose (LLDsg), and 6 days following challenge, spleens were harvested and homogenized for
measurement of the load of infectious challenge virus. Results in Figure 1 are shown as the logl0 of
plaque forming units (PFU) of virus per spleen, with bars representing group means and circles
representing values from individual mice. In addition to the positive control IE1 pDNA, the pDNAs
encoding M54, and M 105 were protective against viral replication in the spleen following all of the
i.p. challenge doses. (Figure 1) Following challenge with the low dose of MCMV, the reductions in
titer provided by immunization with the M54 and M 105 pDNAs were comparable to that in the IE1
group. While the virus titer reductions in the spleens of the M54 and M 105 immunized mice were not
as high as those in the IE1 immunized mice following the intermediate challenge dose, following the
high challenge dose, both IE1 and M54 immunization resulted in greater than 600-fold reductions in
viral titers, and M 105 resulted in a 60-fold reduction. M70 pDNA, which interestingly has the lowest
percent aa identity to its HCMV homolog, was not protective.
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Example 8: Identification of MCMYV ORFs that are protective across different mouse strains

Other combinations of genes that may generate a more vigorous protective. mucosal response
in BALB/c mice may be identified. The related homologous human CMV genes may then be useful
for more protective mucosal responses in humans. There may also be a different subset of genes that
are required for protection in animals with a different H-2 haplotype.

Immunity established following natural CMV infection may suppress dissemination of the
virus and disease, but if the virus persists, latency is established, the virus can reactivate, and
individuals can be reinfected with a different strain of CMV. Thus, immunization must be more
effective than natural infection. The most visible populations of CD8 T cells (as well as CD4 T cells
and antibodies) in seropositive individuals may be immunodominant, but not immunoprotective.
Highly conserved, essential nonstructural proteins may be excellent targets in infected cells for
“primed” CD8 T cells, but during the natural infection there are still to be discovered immunoevasive
mechanisms that prevent naive T cells from being primed against these antigens. However, delivery
of these antigens by DNA immunization might elicit the protective response.

Recent work characterizing the CD8+ T cell responses to the CMVs strongly suggests that
while the CD8+ T cell repertoire that is primed by infection is not significantly affected by the known
viral immunoevasins (24, 25, 50), the immunoevasins can inhibit primed CD8+ T cells from reducing
the level of viral replication. For example, it has been shown that MCMYV infection of CS7BL/6 mice
primes high levels of M45-specific CD8+ T cells. However, following adoptive transfer of these cells
into irradiated recipients, expression of immunoevasins in the tissues infected with wild-type, but not
mutant, virus inhibits the presentation of viral peptides and prevents the M45-specific CD8+ T cells
from controlling viral replication (37). These findings have at least two important implications for
rational vaccine design. First, while immunologica! assays can characterize the CD8+ T cell repertoire
elicited by CMV infection, the ability of each specific CD8+ T cell subset to provide control of viral
replication must be directly assessed by a protection assay. Secondly, since previous infection with
the CMVs does not provide complete protection against reinfection or reactivation and in utero
transmission of virus, the CMYV infection may skew the CD8+ T cell repertoire so that the virus can
establish and maintain persistent and latent infection in the midst of high numbers of primed, but
ineffective, CD8+ T cells. During the infection, it is possible that naive CD8 T cells are not primed
against conserved nonstructural essential proteins (see Table 1), as the virus cannot sustain mutations
in these proteins to evade the immune responses. Therefore, in order for a CMV vaccine to provide
sterilizing immunity, the vaccine induced CD8+ T cell responses may need to include specificities to
essential viral proteins that do not prime the CD8 T cells in the context of the viral infection.

One approach to increase the breadth of the immune response generated by the DNA vectors
already being used and to identify additional MCMV genes that elicit protection is to use a DNA
expression library constructed from the known MCMYV ORFs for DNA vaccination. To determine
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additional MCMYV ORFs that are protective in the 3 mouse haplotypes, MCMYV genes that are highly
conserved with their respective HCMV homologs (see table 1) are cloned and tested (71). Many of
these are early genes that encode proteins that contribute to viral DNA synthesis and are conserved
with other herpesviruses. In addition, with the exception of M114, all of the HCMV homologs have
been shown to be essential for virus replication in primary fibroblasts (12, 90). As described above,
M54 and M105 genes are protective in the spleens of BALB/c mice following i.p. challenge.
Interestingly, the nonprotective M70 has the least amino acid identity to the HCMV UL70. The PCR
products of these genes are ligated into an eukaryotic expression vector (i.e. pcDNA3) such that a
carboxyterminal Flag tag is added to facilitate protein detection. Resultant transformants are be
screened for the presence of insert in the correct orientation by restriction analysis, and the 5” and 3°
ends of each ORF are sequenced. Expression of each protein is demonstrated in an in vitro
transcription/translation reaction or in an in vivo transient expression assay. In the initial screening
experiments, for example, 12 mice per group are i.d. immunized 3 times in 2 weeks with pools of 5 or
6 of the genes in the table that have not yet been tested in a particular mouse strain. As a negative
control, a group of mice is immunized with the empty plasmid vector. Two weeks after the last
injection, mice are i.p. challenged with 1 of 3 sublethal challenge doses of virulent SG-MCMYV, to
improve the interpretation of the data, multiple doses are given. Spleens are harvested on day 6
postchallenge for MCMYV titer determination. In order for a DNA pool to be considered protective,
there is a spleen titer reduction of at least 5-fold relative to the vector immunized group in at least two
of the challenge groups. To test for the protective ability of the DNA pools in mice of differing MHC
haplotypes, the pools are screened in the CMYV sensitive BALB/c (H-2%), CBA (H-2%), and 129/J (H-
2%) strains. The goal is to construct a minimal DNA pool that contains the fewest number of the

conserved essential MCMV genes needed to protect across all 3 mouse haplotypes.
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Table 1: Highly Conserved Proteins of HCMV and MCMV

% FastA aa

MCMYV gene Identity with HCMV
(HCMV functional homolog) (aa Overlap length)
M44 (DNA pol processivity subunit) 59(351) UL44
M50 (Egress) 46 (252) ULS50
MS51 (DNA packaging/cleavage) 55 (78) ULS1
M52 (DNA packaging/cleavage) 44 (250) ULS2
M53 (Egress) 49 (280) ULS3
M54 (DNA polymerase) 50 (415 ULS54
M55 (Glycoprotein B) (gB) 44(929) ULSS
M56 (DNA packaging/cleavage) 42(696) UL56
M57 (ss DNA binding protein) 51(597) UL57
M70 (DNA primase) 36(982) UL70
M71  (unknown) 41(201) UL71
M77 (Pyruvoyl decarboxylase) 49(478) UL77
M79 (Unknown) 49 (246) UL79
M87 (Unknown) 59 (408) ULS87
MB89 Exon 2 (DNA cleavage protein) 65(673) ULS89
M92 (Unknown) 50(199) UL92
M105 Helicase, helicase-primase subunit 43 (861) ULI105

Example 9: Confirming antigen-specific CD8+ T cell responses

Once the members of the minimal cross-strain-protective DNA pool have been identified by
screening above, it is important to confirm that each of the DNAs generates a antigen-specific CD8+
T cell response. With the exception of M100 (gM), protection elicited by the conserved MCMV genes
above would likely be mediated by CD8+ T cells as they likely encode nonstructural antigens. The
levels of antigen-specific CD8+ T cells elicited by immunization with each of the protective DNAs
comprising the minimal pool may be quantified. In addition, the levels of CD8+ T cells specific for
these MCMYV genes may be measured following MCMYV infection in order to determine whether
these antigens are part of the natural CD8+ T cell repertoire. It is quite possible that these conserved
genes elicit CD8+ T responses after DNA immunization but not MCMV infection due to the virus
misdirecting the response in order for it to persist and establish latency.

The CD8+ T cell responses may be quantified by a modified ICS assay that uses transfected
cells as stimulators (94) For example, 4 mice per group are i.d. immunized with either empty DNA
vector or each of the protective DNAs of the minimal pool. In addition, a group of mice is i.p.
infected with TC-MCMV. Ten days after MCMV infection or the last DNA immunization,
splenocytes are isolated and stimulated in culture with syngeneic, highly transfectable cell lines (e.g.
K41 H-2°, BALB SV40 H-2¢% etc.) that were transfected with either empty vector or the protective
DNA. Following stimulation, splenocytes are stained with fluorescent CD8- and IFN-gamma-specific

antibodies and enumerated by flow cytometry as above. Because the transfected cells express the full-
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length ORF, all the possible epitopes that can be naturally generated in the proteasome and loaded
onto MHC Class 1 complexes may be presented, eliminating the need to immediately define the
minimal MHC Class I epitope of each antigen. Using this method the majority of the ORFs of MCMV
strain Smith were screened for the generation of antigen-specific CD8+ T cells in C57BL/6 mice
following MCMYV infection (94). Taking the ICS assay data from the DNA immunized and MCMV
infected mice together, one can quickly assess the immunological basis of the observed protection
across the mouse haplotypes as well as address the question of whether infection with wild-type
MCMYV is able to suppress the priming of naive CD8+ T cells that are specific for these otherwise
protective antigens during infection. As described above, M84 is found to be the prototypical CD8+ T
cell antigen of MCMYV that is highly antigenic and protective following DNA immunization, but
minimally antigenic during MCMYV infection.

Example 10: Identifying nonstructural E genes that elicit a CD8+ T cell response

In this example, nonstructural early genes that elicit a CD8+ T cell response were identified,
the present example also demonstrates that antigen-specific CD8+ T cell responses may be obtained

using methods of the present invention.

Mice, cells, and viruses, and viral purification. Three- to 4-week old specific pathogen-free
female BALB/c mice were purchased from Harlan Sprague Dawley, Inc. and housed in microisolator
covered cages in the Pacific Hall vivarium, University of California, San Diego. Mice were allowed

to acclimate at least one week prior to immunization or MCMYV infection.

NIH 3T3 (ATCC CRL 1658), COS-7 (ATCC CRL 1651), and BALB/c mouse embryonic cells
(MECs) were propagated as previously described (24). BALB SV40 cells, an SV40 transformed H-2¢
cell line (95), were grown in COS-7 media.

Sativary gland-derived MCMV strain K181 (SG-MCMYV) was propagated in BALB/c mice
and tissue culture-derived MCMV strain K181 (TC-MCMYV) was prepared in MECs as previously
described (96, 15). The titers of these stocks were determined by plaque assay on NIH 3T3 cells
(27). The LDs, of this SG-MCMYV stock in BALB/c mice used in this study was 8 x 10° PFU (63).

Plasmid construction and expression. Construction of pc3Aneo-pp89, expressing the cDNA
of IE1-pp89 was described previously (89). Cloning of the M54, M70, and M105 genes of MCMV
MW97.01, a virus derived from a bacterial artificial chromosome of Smith strain MCMYV, into
pcDNA3.1/V5-His-TOPO (Invitrogen Life Technologies) has also been described (97). For the
studies reported here, the complete sequences of the 3 cloned ORFs were determined (Eton
Biosciences, Inc., San Diego, CA) and compared with the published sequence of MCMYV Smith (71),
GenBank accession number U68299 (GIj21716071; NC004065). The coding sequences of the M54
and M105 ORFs were identical to the published sequence. The sequence of the M70 ORF was

identical to the Smith strain sequence except for a single T insertion between the 3° end of the
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MCMV-encoded ORF and the vector-encoded epitope tag sequences: a mutation that resulted in an
immediate termination codon. This mutation yielded a complete, wild-type, but untagged, coding
sequence for the M70 protein. Confirmation of complete, continuous reading frames were provided
by coupled in vitro transcription-translation (TNT T7 Quick Coupled Transcription/Translation
System, Promega Corporation) using [**S]methionine, sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE), and autoradiography following manufacturer’s recommendations. To
facilitate subsequent Western blot analysis of expression in transiently transfected COS-7 cells, the
extraneous T of the M70 clone was deleted by QuikChange site-directed mutagenesis (Stratagene,
Inc.) following the manufacturer’s recommendations, and the resulting clone was verified by DNA
sequencing. )

Protein expression was confirmed by transient transfection of COS-7 cells using Effectene
(Qiagen) followed by Western blot analysis. At 48 h posttransfection, cell lysates were made in
reducing SDS sample buffer, solubilized at 42° C, resolved by SDS-PAGE, and proteins were
transferred to nitrocellulose membranes. Plasmid expressed MCMYV proteins were detected with a
mouse anti-V5 tag-specific monoclonal antibody (Invitrogen) and SuperSignal West Pico reagent

(Pierce) according to manufacturers’ recommendations.

For i.d. immunization, plasmids were purified using Qiagen Endo-Free Mega or Giga columns

and resuspended to approximately 2 mg of DNA per ml of endotoxin-free 10 mM Tris-HCI (pH 8).

Immunization, virus challenge, and virus titration. Plasmids were diluted immediately
before injection in endotoxin-free 10 mM Tris-HCI (pH 8) buffered saline. Mice were i.d. injected
with 30 pl of diluted plasmid either into 3 sites (10 ul per site) in the shaved flank near the base of the
tail or into one i.d. site in the tail approximately 1.5 to 2 cm from the base. Mice were injected 3
times within 2 weeks and challenged 2 or 3 weeks after the last injection by i.p. injection with 0.5 ml
of Dulbecco’s phosphate buffered saline (DPBS) containing various sublethal doses of SG-MCMV.

On day 6 post i.p. challenge, mice were sacrificed and the spleens were aseptically removed
and washed with DPBS. Spleens were homogenized in Dulbecco’s modified Eagle medium
containing 10% heat inactivated-newborn calf serum (Invitrogen Life Technologies) and 10% DMSO
using 7 ml Tenbrdeck homogenizers and homogenates were aliquotted and stored at —80° C until
titration. The titer of infectious MCMYV was determined by plaque assay of clarified hornogenates
using NIH 3T3 cells in 24-well dishes as previously described (27). The limit of sensitivity for this
initial assay was 100 PFU per spleen. If the viral titer of a spleen was less than or equal to 5 times the
detection limit (<500 PFU per spleen), 100 ul of clarified homogenate from another aliquot of
homogenate was used in a more sensitive plaque assay on NIH 3T3 cells in 10 cm dishes as
previously described (63, 64), except the concentration of heat-inactivated newborn calf serum in the

media was increased to 10%. The limit of sensitivity of this assay was empirically confirmed to be 10
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PFU per spleen. The Log,, was taken of the individual viral titers in each group and the mean of the

Log,o values was calculated.

Intracellular cytokine staining (ICS) assay. Levels of specific CD8 T cells elicited by DNA
immunization were measured by ICS assay using transfected stimulator cells as described previously
(97). For comparative purposes, CD8 T cell levels resulting from MCMYV infection were measured in
3 BALB/c mice per group that were i.p. infected with 1.2 x 10° PFU of TC-MCMYV 2 or 4 weeks prior
to assay. Two to 3 weeks afier the last pDNA immunization, 3 mice from each immunization or
infection group were sacrificed for ICS assay. Briefly, BALB SV40 (H-2%) cells were seeded into 96-
well tissue culture plates and one day later, cells (ca. 60-75% confluent) were transfected with 0.5 pg
of plasmid DNA and 1.25 pl of FuGene 6 (Roche) per well. Two days postiransfection, spienocytes
were harvested, the erythrocytes were lysed (BD Pharm Lyse, BD Biosciences), and 8 x 10°
splenocytes from the immunized or infected mice were added to duplicate wells of transfected BALB
SV40 cells in the presence of brefeldin A (GolgiPlug, BD Pharmingen). For peptide stimulation,
duplicate wells containing 2 x 10° splenocytes each were stimulated with 1 pM of the L-restricted
nonapeptide epitope of TE1 (**YPHFMPTNL'") in the presence of brefeldin A. Peptide stimulated
splenocytes served as gating controls for CD8 and IFN-y staining. After 8 h stimulation at 37° C and
7% €CO,, duplicate wells of splenocytes were combined into 1 well of a 96-well round-bottom plate
for staining. Splenocytes were surface stained overnight with phycoerythrin-Cy5 (PE-Cy5)
conjugated anti-mouse CD8a (Ly-2) antibody clone 53-6.7 (eBioscience) and, following fixation and
permeabilization (BD Cytofix/Cytoperm, BD Biosciences), splenocytes were stained with a
fluorescein isothiocyanate (FITC) conjugated anti mouse IFN-y antibody clone XMG1.2
(eBioscience). The lymphocytes were gated and the dual stained splenocytes were enumerated on a
BD FACSCanto flow cytometer (BD Biosciences) with BD FACSDiva sofiware at the Research Flow
Cytometry Core Facility, VA Medical Center, La Jolla, California.

For the measurement of secondary CD8 T responses, DNA immunized or TC-MCMYV infected
mice were i.p. infected with 1.2 x 10° PFU of SG-MCMV, and on day 5 postinfection, splenocytes
were harvested and analyzed by ICS assay as above.

Statistical analysis. One-way analysis of variance (ANOVA) tests were used to compare
MCMYV titers or CD8 T cell levels, and Fisher’s protected least significant difference test (PLSD) was
used as the post-hoc test for pairwise comparisons. Analyses were performed using StatView 4.51
software for Macintosh (Abacus Concepts, Inc.) and statistical significance was achieved when P <
0.05.

Cloning, sequencing, and expression of MCMV DNA pol (M54), primase (M70), and
helicase (M105). The M54, M70, and M105 genes were cloned from MCMV MW97.01, a Smith
strain derived bacterial artificial chromosome, into pcDNA3.1/V5-His-TOPO—a vector that provides
carboxyterminal V5 epitope and 6xHis tags (97). The complete sequences of the cloned M54 and
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M105 ORFs were identical to the published sequence (71) of MCMYV strain Smith. The sequeﬁce of
the cloned M70 ORF was identical to MCMYV Smith except for a single T insertion between the 3°
end of the M70 ORF and the vector-encoded epitope tag sequences. This mutation resulted in an
immediate termination codon and thus a complete, but untagged, coding sequence for the M70
protein. Confirmation of complete, continuous reading frames for M54, M70, and M105 was
provided by coupled in vitro transcription-translation (TNT T7 Quick) reactions and [**S]methionine
labeling (Fig. 3A). By SDS-PAGE and autoradiography, each of the plasmids was found to express a
single labeled polypeptide with the predicted relative molecular mass: 128.8 kDa for M54, 109.6
kDa for the untagged M70, and 111.4 kDa for M105. Large-scale, endotoxin-free preparations of

these DNA clones were prepared for i.d. immunization of mice.

To facilitate subsequent Western blot analysis following in vivo expression, the extraneous T
at the 3” end of the M70 ORF was deleted by site-directed mutagenesis. The DNA sequence of the
resulting M70 clone (designated M70*) was found to be identical to the parent except for the T
deletion (data not shown). The M54, M70*, and M105 plasmids were transiently transfected into
COS-7 cells and whole cell lysates were prepared in reducing SDS-PAGE sample buffer at 48 h
posttransfection for Western blot analysis using a V5 tag-specific monoclonal antibody. Expression
of M70* in COS-7 cells yielded a band corresponding to the predicted 114.7 kDA as well as a faster
migrating band of equal intensity that may represent a proteolytic degradation product (Fig. 3B). No
anti-V5 reactive band was observed following Western blot analysis of COS-7 cells transfected with
the original mutant M70 clone. In addition, the predominant bands seen in the M54 and M105 lanes
were of the expected sizes observed following expression in vitro (Fig. 3B). Duplicate blots were
probed with a mouse-anti-MCMV hyperimmune serum, but no seroreactive bands were detectable.
Taken together, these results demonstrate that the plasmids express the full-length, tagged ORFs, but
that the encoded MCMYV antigens do not elicit detectable antibody responses following repeated
infection of BALB/c mice.

DNA immunization with the M54 and M10S, but not M70, genes elicits protective
responses in BALB/c mice. The next inquiry was whether protective prophylactic responses could
be generated using any of the three conserved, essential genes in BALB/c mice. Because the gene
products of M54, M70, and M105 and their respective HCMV homologs are not likely to be part of
the viral envelope, any protective responses elicited following DNA immunization using these genes
would likely be from cell-mediated, not neutralizing antibody, responses. To test for the protective
efficacies of these plasmid DNAs, 4 BALB/c female mice per group were i.d. immunized in the
shaved flank with either 1) pc3Aneo vector alone (20 pg) or with 10 pg of pc3Aneo plus 10 pug of
either 2) [E1"(pp89), 3) M54, 4) M70, or 5) M10S5. Two weeks after the last immunization, mice were
i.p. challenged with 1 of 3 sublethal doses of SG-MCMV: 0.25 x LDs, (2 x 10° PFU), 0.50 x LDs, (4
x 10° PFU), or 0.75 x LDso (6 x 10° PFU). The spleens were harvested on day 6 postchallenge for
MCMV titer determination.
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In-addition to the positive control JE1 DNA, the DNAs encoding M54, and M105 were
protective against viral replication in the spleen following all of the i.p. challenge doses (Fig. 1).
Following challenge with the low dose of MCMYV, the mean reductions in titer provided by
immunization with the M54 and M105 DNAs were comparable to that in the TE1 group (12- to 15-
fold relative to vector alone immunized mice.) While the virus titer reductions in the spleens of the
M54 and M105 immunized mice were not as high as those in the IE1 immunized mice following the
intermediate challenge dose, following the high challenge dose, both IEl and M54 immunization
resulted in greater than 600-fold reductions in viral titers, and M105 resulted in a 60-fold reduction.
Compared with their respective vector DNA alone immunized controls, titer reductions in the spleens
of the M54 or M105 DNA immunized mice were statistically significantly except for the M105 group
afier the high dose (0.75 x LDs) challenge (P=0.13). Finally, the M70 DNA, which interestingly has
the lowest percent amino acid identity to its HCMV homolog, was not protective at any challenge
dose level. These results identify M54 and M105 as protective members of a new class of protective

antigens: the highly conserved, essential genes.

An independent experiment was performed to confirm the protective efficacies of the M54 and
M105 DNAs. Groups of BALB/c mice were either left untreated (Naive) or i.d. imfnunized in the tail
3 times in 2 weeks with 50 pg of vector DNA (Vect), IE1, M54, or M105 DNA. Three weeks after
the last immunization, mice were i.p. challenged with 0.50 x LDs, (4 x 10° PFU) of SG-MCMV and
spleens were harvested on day 6 postchallenge for viral titer determination. As in Fig. 2,
immunization with the IE1 or M54 DNAs resulted in mean viral titer reductions in the spleen of
greater than 700- and 500-fold, respectively, relative to the vector DNA alone immunized controis,
with more variability in the levels of protection in individual mice in this experiment (Fig. 4). The
viral titer reductions elicited by either of these plasmids were statistically significant (P<0.0602
compared with Vect). In this experiment, immunization with the M105 DNA resulted in a more
modest reduction in viral titers, with a mean level approximately 40-fold lower than the Vect group
(P=0.059). Taken together, immunization with the M54 DNA provided a high level of protection
similar to that elicited by the immunodominant IE1 DNA, while immunization with the M105 DNA

elicited more moderate virus titer reductions.

Immunization with M54 or M10S elicits specific CD8 T responses that rapidly increase
following viral challenge. Protective responses elicited by DNA immunization with the conserved,
essential genes encoding DNA modifying enzymes would likely be due to specific adaptive cell-
mediated immune responses, i.e. CD8 or CD4 T lymphocyte responses. DNA immunization with IE1
or M84 expressing plasmids, injected either alone or in combination, elicit strong CD8 T cell
responses and protection against viral replication in the spleen after sublethal i.p. challenge (62, 89).
Enumeration of pM84-specific CD8 T cells in DNA immunized or MCMYV infected mice by ICS
assay resulted in consistently higher numbers of IFN-y+ CD8+ T cells following stimulation of

splenocytes with cells expressing full-length M84 protein compared with the epitope peptide defined
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by Holtappels et al. (37, 88). These results led to the measurement of cell-mediated responses against
the full-length protective M54 and M105 gene products rather than an attempt to map all of the H-2¢
restricted epitopes of these gene products and possibly overlook some of the protective specificities.
An ICS assay was used in which splenocyte stimulation was mediated by BALB SV40 cells, a highly
transfectable SV40 transformed H-2¢ cell. line (95), that were previously transfected with DNAs
expressing full-length MCMV ORFs. This technique was recently used to characterize the
specificities of the CD8 T cell repertoire of MCMV infected C57BL/6 mice using plasmids encoding
all 170 of the known MCMV ORFs (97).

For measurement of specific CD8 T responses in DNA immunized mice, 7 week old female
BALB/c mice were i.d. immunized in the tail with 25 pg of either empty plasmid vector (Vect) or
plasmid DNA expressing IE1, M54, or M105. Mice were immunized 3 times in 2 weeks, and an
additional booster was given either 2 (Fig. 6A) or 3 weeks (Fig. 6B) prior to ICS assay. Additional
groups of mice were i.p. infected with 1.2 x 10° PFU of TC-MCMV either 2 weeks (Fig. 5A) or 4
weeks (Fig. 5B) prior to ICS assay in order to compare the specific CD8 T cell levels of DNA
immunized with MCMYV infected mice. For the ICS assay, SV40 BALB stimulator cells in 96-well
dishes were transfected with either IE1, M54, or M105 DNA 48 h prior to harvesting the splenocytes
from DNA immunized or MCMV infected mice. To monitor transfection efficiency of the stimulator
cells, additional wells were transfected with either IE1 DNA or a DNA expressing the enhanced green
fluorescent protein (EGFP), pcDNA3-EGFP. Erythrocyte depleted splenocytes from 3 mice per
group were incubated with stimulator cells in the presence of brefeldin A for 8 h prior to overnight
surface staining with anti-CD8 antibody, intracellular staining with anti-IFN-y antibody, and analysis
by flow cytometry. Fig. 4 shows the flow cytometric results for one representative mouse (Mouse 2)
per immunization of infection group. Background staining of splenocytes from the vector immunized
mice was very low, between 0.01% to 0.02% of the CD8+ T cells stained IFN-y positive regardless of
the DNA used to transfect the stimulator cells.

Fig. 6A shows the resuiting CD8 T cell levels in the mice at 2 weeks after the last DNA
immunization or 2 weeks after MCMV infection. Levels of IE1-specific CD8 T cells in IE]1 DNA
immunized or MCMYV infected mice were comparable, with mean levels of 0.38% and 0.32%,
respectively. Overall, these levels are lower than those obtained when splenocytes are stimulated with
the dominant IE1 epitope peptide, most likely resulting from the lower probability of a primed CD8 T
cell coming into contact with a stimulator cell presenting the single IE1 epitope compared with
splenocytes bathed in a large excess of only the stimulating peptide. At the time of stimulation,
transfected stimulator cells were routinely 85-100% confluent and 60-70% of cells were transfected as
measured either by direct fluorescence of EGFP transfected cells or by immunofluorescent staining of
IE1 transfected cells (data not shown). Nevertheless, the levels of IE1-specific CD8 T cells in DNA
immunized or MCMV infected mice were statistically significantly higher than vector immunized

mice (P= 0.001 and 0.003, respectively). All mice immunized with M54 DNA or infected with

30



10

15

20

25

30

35

WO 2007/106404 PCT/US2007/006113

MCMYV had M54-specific CD8 T cells detectable after stimulation with M54 transfected stimulator
cells, with the DNA immunized mice having slightly higher, but more variable, levels (mean 0.39%,
range 0.20% - 0.58%) relative to the MCMYV infected mice (mean 0.18%, range 0.15 — 0.21%) (Fig.
6A). The responses in the M54 immunized mice were significantly higher than in vector immunized
controls (P=0.006) but not the MCMYV infected mice (P=0.06). The MS54-specific responses in the
MCMYV infected mice also were not statistically higher than vector controls (P=0.12). Immunization
with M105S DNA or MCMYV infection elicited M105-specific CD8 T cells, with DNA immunization
again eliciting high but variable levels (mean 0.74%, range 0.52 — 1.16%) compared with MCMV
infection (mean 0.30%, range 0.20 — 0.35%). Similar to the M54 test groups above, the CD8 T cell
Tesponses in the M105 DNA immunized mice were significantly higher than vector immunized mice
(P=0.006), while the responses in the MCMYV infected mice were not statistically different than the
controls (P=0.15). However, the M105-specific responses to DNA immunization and MCMV
infection were significantly different in this group (P=0.045).

The CD8 T cell levels were subsequently tested in mice that were rested an additional week
afier the last DNA immunization (3 weeks total) or 2 weeks after MCMYV infection (4 weeks total).
Overall, these results (Fig. 6B) were very similar to those obtained above. The most notable
exception is that the M54-specific CD8 T responses in the M54 DNA immunized mice were
significantly increased relative to the MCMYV infected mice (P<0.001). The mean MS54-specific CD8
T responses in the MCMYV infected mice were comparable between the 2 experiments (0.18% and
0.21%), suggesting that the increases observed in the M54 DNA immunized mice may have resulted
from slower kinetics of the CD8 response to M54 DNA compared with the IE1 or M105 DNAs. In
this experiment, the M105-specific CD8 T cell levels in the MCMYV infected mice were significantly
hig}ier than vector immunized controls (P=0.03), but not statistically different than the M105 DNA
immunized mice (P=0.11). Taken together, the results from these two experiments demonstrate that
the M54 and M105 DNAs elicit antigen-specific CD8 T cell responses, with perhaps the response to
the M54 DNA having slower kinetics. MS54- and M105-specific CD8 T cell responses were also
detectable following acute i.p. infection with MCMYV, although only the responses to M105 at 4
weeks pi were statistically higher than vector controls. There was also a strong trend for the M54 and
M105 DNAs to elicit higher levels of CD8 T cell levels than those resulting from MCMYV infection,
with MCMYV infection eliciting statistically significant CD8 T cell levels against M54 or M105 in 1 of

2 experiments.

The secondary response to the M54 and M105 gene products was measured to determine how
the CD8 T cells primed by DNA immunization responded to viral challenge. MCMYV infection does
not prime significant levels of IE1- or M84-specific CD8 T cells in vector alone immunized mice by 5
d postchallenge (89). In contrast, CD8 T cells in [E1 or M84 DNA immunized mice were able to
respond vigorously by this early timepoint, indicating that a secondary response had occurred.
Whether the low M54- or M105-specific CD8 T cell levels primed by MCMYV infection would
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increase following subsequent viral challenge or whether these antigens’ subdominance during
infection hinders expansion of the primed CD8 T cells was also a goal of this example. To this end, 3
DNA immunized mice per group were i.p. challenged with 1.2 x 10* PFU of SG-MCMYV on week 7
after the last immunization, while 3 of the MCMYV infected mice were similarly re-infected with SG-
MCMYV 6 w after primary MCMYV infection. On d 5 postchallenge or reinfection, splenocytes were
isolated and analyzed by ICS assay as above.

The mean levels of specific CD8 T cells in the vector alone immunized mice on d §
postchallenge were 0.06%, 0.09%, and 0.10% when stimulated with cells expressing the [E1, M54, or
M105 DNAs, respectively (Fig. 7). These results indicate that primary responses to these antigens
were low overall at this time postinfection and show the magnitude of their possible contribution to
the levels in the DNA immunized or MCMYV infected mice. The mean percentage of IE1-specific
CD8 T cells in the IE]1 DNA immunized mice was 0.48% (Fig. 7). This value was slightly higher that
the peak level observed prechallenge (0.38%, Fig. 6A). By comparison, the mean in the MCMV
infected mice post-reinfection was 0.73%, which was at least 2-fold higher than the peak prechallenge
level of 0.32% (Fig. 6A). ’

The CD8 T cell levels in the mice that were MCMYV challenged on week 7 after the last
immunization with M54 or M105 DNA were also 2- to 3-fold higher than their respective peak levels
prechallenge. In contrast, in the mice previously infected with MCMYV, the postchallenge levels of
CD8 T cells specific for M54 and M105 were almost identical to their respective prechallenge levels.
Although it is not known what the levels of specific CD8 T cells to M54 and M10S in this group of
DNA immunized mice would have been without restimulation with challenge virus, IE1 or M84 DNA
immunized mice had CD8 T cell levels that either decreased or stayed the same after 2 weeks post-last
immunization (89). More specifically, the level of IE1 peptide-specific CD8 T cells was 5.2% at
week 2 after the last immunization and then declined to 1.7% at week 4, while the level of M84
peptide-specific CD8 T cells was 1.1% at week 2 and 1.0% at week 4. Taken together, our data
showed that the M54- and M105-specific CD8 T cells in the DNA immunized mice were able to
rapidly respond to viral challenge with increasing levels of IFN-y+ cells, while the IFN-y secreting
M54- and M105-specific cells in MCMV infected mice, unlike the IE1-specific CD8 T cells, were not

stimulated by subsequent reinfection.

In this example, protective CD8 T cell targets of MCMYV on the E genes were identified
whose homologs in HCMV have been found to be essential for viral replication in cultured cells.
HCMYV ULS54 and UL105 were demonstrated to be essential for oriLyt-dependent DNA replication in
a transient transfection system (98), and their requirement for viral replication in vivo has been
confirmed by the independent mutagenesis studies by Dunn et al. and Yu et al. (12, 90). UL54
encodes the DNA polymerase catalytic subunit, and based on aa homology with the HSV-1 helicase
protein encoded by ULS5, HCMV ULI105 is believed to contain the helicase activity of the proposed
helicase-primase complex (UL70-UL102-UL105). Thus, it is unlikely that MCMYV would be able to
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severely down regulate or abrogate expression of M54 and M10S5 in vivo in a productive infection in
the face of cognate effector CD8 T cells. However, it remains a possibility that MCMV could down
regulate the expression of M54 or M1035 in infected tissues to a level that promotes a slower rate of .
replication and reduced pathogenicity but avoids the surface presentation of sufficient M54- or M105-
derived peptides to be recognized by their cognate CD8 T cells. The similar protective abilities of the
IE} and M54 DNAs shown by our protection assay of acute-phase splenic viral replication following
relatively high-dose systemic challenge with infectious virus does not illustrate a qualitative
difference between the net protective abilities of IE1- and M54-specific CD8 T cells, but work is in
progress to determine if there are any differential antiviral effects of these cells during chronic or

latent infection.

DNA immunization with M54 or M105 consistently elicited CD8 T cell responses capable of
IFN-y secretion upon short-term incubation with transfected H-2¢ stimulator cells. Thus, there exists
at least one H-2%restricted antigenic peptide within each polypeptide sequences. It also appeared that
the peak response to M54 may be delayed relative to M105. This is consistent with the previous
finding that the kinetics of IE1- and M84-specific CD8 T cell responses also differed slightly (89).

When it was examined whether MCMYV infection generated CD8 T cell responses to either
M54 or M105, it was found that the acute infection also primed specific responses to these antigens,
but the response to M105 reached statistical significance in only. 1 of 2 experiments. M54-specific
responses to acute MCMYV infection in individual mice were between 9- to 39-fold over background
levels in 2 experiments, while M105-specific responses in these experiments ranged between 20- and
49-fold over background. MCMYV infection may therefore elicit specific CD8 T cell responses to
antigenic peptide(s) of both M54 and M105, the variability in this response or in the assay used to
detect these cells makes achieving statistical significance difficult with the group sizes, variability,
and level of increases. Although the mean and individual CD8 T cell responses that were specific for
M105 and IE1 were similar for the MCMYV infected mice within each of the 2 experiments shown
(Fig. 6A and 6B), the assay has not been rigorously optimized for each antigen. However, because
the M54 and M105 DNAs were able to each elicit strong peak responses to their encoded antigens in
each experiment relative to those elicited by MCMV infection (unlike the IE1 responses), further
analyses would likely classify M54 and M105 among the subdominant antigens of MCMYV in
BALB/c mice. While acute MCMYV infection may not prime high levels of specific CD8 T cells to
M54 and M1035, the efficacy of the CD8 T cells primed by DNA immunization demonstrates that
MS54- and M105-derived antigenic peptides are indeed presented by infected splenocytes in vivo.

Sylwester et al. and Munks et al. have comprehensively documented the repertoires of CD8 T
cell immunity to HCMV and MCMYV infection, respectively. In the case of HCMV, of the 33
seropositive subjects, only 3 (9%) had detectable UL54 peptide-specific CD8 T cell responses, and
the levels were less than 1% (99), suggesting that UL54 encodes subdominant HLA-restricted
antigenic peptides. UL105 was recognized by CD8 T cells in these subjects at a slightly higher
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frequency, as 6 of 33 subjects (18%)-had detectable UL 105-specific CD8 T cell responses, but only 1

subject had a level of that was greater than 1%.

In a pool of 3 acutely infected C57BL/6 mice, the CD8 T cell repertoire included a low, but
>5-fold above background, response to M54 (ca. 0.2% of CD8 T cells). However, there was no
measurable response to M105 (97). In experiments with acutely infected BALB/c mice using the
same methodology as used in the C57BL/6 study, similar mean responses were found to M54 of 0.2%
of CD8 T cells, but higher levels of M105-specific CD8 T cells of 0.3-0.4%. While these responses
primed to M54 and M105 during acute MCMV were low, it remained to be determined whether
reinfection with MCMYV would increase these CD8 T cell levels or whether the mechanism(s) that
govern the apparent subdominance of these antigens during infection would prevent an increased
secondary response. Upon reinfection of mice that the levels of M54- and M105-specific CD8 T cells
(Fig. 7) were not appreciably higher than their respective levels in the acutely infected mice at 4
weeks postinfection (Fig. 6B). However, it is possible that there were further declines in CD8 T cell
levels between week 4 (the last timepoint measured before reinfection) and week 6 (when mice were
reinfected) post primary infection, and that subsequent reinfection resulted in increases of CD8 T cell
responses back to their week 4 levels. In any event, the responses to M54 and M105 in the feinfected
mice contrasted with the [E1-specific CD8 T cell levels that increased at least 2-fold upon reinfection
with MCMV on the time points measured. Thus, if preexisting immunity to MCMYV in the infected
mice had prevented the subsequent infecting virus (or viral antigen) from entering the splenic
compartment to restimulate secondary responses to M54 or M105, the secondary response to IE1 was
not similarly abrogated. The generation of a secondary response to IE1 likely has a temporal
advantage over the M54 and M105 E proteins, and thus increases in the IE1-specific CD8 T cells,
which are highly protéctive, may have precluded sufficient E gene expression in infected splenocytes
to restimulate the CD8 T cells primed against M54 and M105 epitopes. It is not known whether an
increased dose of challenge virus would overcome the lack of secondary responses against M54 and
MI105, as secondary responses to these antigens in the DNA immunized mice were clearly observed.
The secondary responses in the IE1 DNA immunized mice were not as high as those observed
previously in ICS assays using the immunodominant IE1 L -restricted epitope peptide (24), possibly

due to differences in the ICS assays used.’

Having found that the responses to 2 of the 3 conserved, essential E genes of MCMYV tested
were protective against viral replication it remains to be found whether the CD8 T response to
MCMYV infection is purposely skewed by the virus to limit the responses to these antigens. The
skewing in favor of an immunodominant, but uitimately ineffective, CD8 T response has been
demonstrated with the lack of viral control in immunoablated C57BL/6 mice reconstituted with M45-
specific CD8 T cells (7). It was shown that the DP-restricted M45 peptide is very effective at priming
a specific CD8 T cell response, presumably through cross presentation of M45 protein in uninfected

dendritic cells, but that the MHC Class 1 presentation of this peptide in the infected tissues is
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sufficiently blocked by the immunoevasin m152 to limit effector mechanisms of viral control. A
mechanism by which negative skewing of the primary CD8 T response to viral antigens is not easily
explained given the existing state of knowledge of T cell priming. However, the CMVs have
successfully coevolved with and spread among their respective hosts over the last ~70 million years
since the time of the mammalian radiation. Undoubtedly, the selective immune pressures of the host
have helped to shape immunodominance hierarchy and the balance of the virus and host to establish a
lifelong, persistent infection that is normally not pathogenic. A benefit of using DNA immunization
to elicit virus specific CD8 T cells is that responses can be generated in the absence of the
immunoevasins or antigenic competition between >170 viral proteins expressed during viral

replication.

Example 11: Determining whether the minimal pool of combined DNAs together elicit CD8+ T cell

responses that are at least as protective in all 3 mouse strains as are the individual DNAs

Experiments with DNA immunization against MCMV in BALB/c mice have shown that a
combination of multiple plasmids that are each protective when used alone results in increased, and
sometimes synergistic, protection levels (62-64, 89). However, before proceeding with the next
experiments in which mice are primed with the minimal DNA pool, boosted with FI-MCMYV, and
challenged by mucosal and systemic routes, it may first be confirmed whether the DNAs in the pool
negatively affect the protective responses. This possibility may conflict with results that indicate that
individually protective pPDNAs when mixed with other protective or nonprotective plasmids remain
fully protective. Nevertheless, the duration of the experiments that employ boosting with FI-MCMV
as well as the need for immunizing 3 mouse strains justify the need for performing an additional
relatively short-term experiment. As an added measure, this experiment provides the best opportunity
to characterize the combined immune responses by comparing the CD8+ T responses 1o each antigen
in the minimal DNA pool when injected alone or as a pool. Notably, although coimmunization with
the IE1 and M84 DNAs typically results in lower levels of IEl-specific CD8+ T cells and higher
levels of M84-specific CD8+ T cells when compared with immunization with each of the pDNAs
alone, coimmunization consistently provides a synergistic level of protection (89). Thus, when
interpreting the CD8+ T cell data from the mice immunized with the minimal DNA pool, as long as
protection is increased or maintained relative to single DNA immunization, decreases in individual

CD8+ T cell levels will not constitute a suboptimal vaccine.

To measure the CD8+ T cell and protective responses of the minimal DNA pool, an
experiment may be conducted in each of the 3 mouse strains above, with experiments staggered to
reduce the daily workload. Sixteen mice per group will be i.d. immunized with the empty vector
(pcDNA3) DNA, the minimal DNA pool, or each of the 2 or 3 individually protective DNAs that
comprise the pool. Furthermore, if it is found that inclusion of the gB or gH/gL plasmid(s) augments
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protection, the minimal DNA pool will also contain these plasmids. Seven to 10 days after the last
immunization, 4 mice from each group will be sacrificed and splenocytes will be prepared for the ICS

assay as above. Splenocytes will be stimulated with the appropriate syngeneic cell line transfected

" with either the empty pcDNA3 vector or one of the MCMV DNAs that was used for the injection.

Splenocytes from the vector alone- and minimal DNA pool-immunized mice will both be stimulated
with empty vector and each MCMV DNA expressing transfectant individually, while the splenocytes
from the mice immunized with each individual component of the pool will be stimulated with cells
transfected with either the empty vector or the DNA used for immunization.

Two weeks after the last immunization, mice will be i.p. challenged with a single dose of SG-
MCMV shown in the screening experiments above to provide the optimal protection level for the
DNAs in the minimal pool, and spleens will be harvested as above for MCMV titer determination.
These results should quickly characterize the interaction the plasmids in the minimal DNA pool with

regard to the resultant levels of CD8+ T cells and protection.

Example 12: Determining whether prime-boost vaccination with the minimal DNA pool and
attenuated live or inactivated MCMV provide complete long-term protection in all 3 mouse strains

against mucosal and systemic challenge:

The efficacy of the minimal DNA pool defined above when it is used as a priming step prior
to boosting with attenuated live or inactivated MCMYV may be evaluated. Because of the importance
of the mucosal route for transmission of virus, the prime-boost vaccine’s efficacy against i.n.

challenge may be measured.

Experiments may be performed in each of the MCMV sensitive BALB/c (H-2%), CBA (H-2k),
and 129/ (H-2°) strains. Using the standard vaccination schedule (see Figure 2 for timeline), 52 mice
per group will be immunized by either 1) i.d. priming with pcDNA3 vector and i.p. boosting with PBS
+ alum or 2) i.d. priming with the minimal DNA pool and i.p. boosting with attenuated live or
inactivatedFI-MCMV. In the event that the experiment of Example 2 shows that immunization with
the minimal DNA poo! alone results in undetectable levels of virus in the spleens of all of the 3 strains
of mice tested, a third immunization group that is primed with the minimal DNA pool and boosted
with PBS+alum in order to further characterize the DNA-mediated protection may be included. Seven
to 10 days after the last i.d. DNA immunization, an ICS assay will be performed on 4 mice from each
immunization group in order to measure the levels of CD8+ T cells specific for each antigen in the
DNA pool. Eleven to 12 weeks after the last i.p. boost, blood samples to be collected retro-orbitally
for virion-specific 1gG and virus neutralizing antibody quantification, and then 12 weeks after the last
i.p. boost, mice will be challenged either i.n with TC-MCMV or i.p. with SG-MCMV. On days 3, 6,
10, 14, 21, and 32, 4 mice per immunization group will be sacrificed and the spleen, liver, lungs, and

salivary glands will be removed for determining the viral load over the course of the acute infection.

36



10

15

20

25

WO 2007/106404 PCT/US2007/006113

Example 13: Determining whether the attenuated or inactivated virus, or challenge virus in the
minimal DNA -primed/attenuated live or inactivated MCMYV boosted mice establish latency

Reactivation of latent HCMYV in immunosuppressed individuals such as solid organ or bone
marrow transplant recipients, as well as in AIDS patients, is a serious problem and often leads to graft
failure and severe CMV disease (67).

To examine the ability of the challenge virus to establish latency, as defined by the presence of
viral DNA and reactivatable virus in the absence of infectious virus, 2 groups of 48 BALB/c female
mice per group will receive either A) no vaccination or B) i.d. injection of vector DNA and i.p.
injection of PBS/alum. Additionally, 1 group of 52 mice will be immunized with C) i.d. injection of
the minimal DNA pool and i.p. injection of attenuated live or inactivated, such as FI-MCMV/alum
(see table below for immunization groups). In this experiment, published methods (61) may be used to
construct an MCMYV with a loxP site in intron 3 of iel to use for formalin inactivation and
immunization in order to distinguish its genome from that of the challenge virus. Tagging only the
immunizing virus with a 35 bp loxP site in intron 3 of iel will allow the use of a highly-sensitive PCR
protocol (61) for detecting and differentiating iel sequences derived from genomic DNA from wild-
type K181 (challenge virus) and from inactivated vaccine MCMYV, while maintaining the antigenicity
and growth characteristics of the virus.

Eight weeks after the last immunization, 12 mice per group will be challenged either i.n. or i.p.
with 1 of 2 sublethal doses of TC-MCMYV or SG-MCMYV, respectively (see table for routes and
doses). These challenge conditions will allow for the determination of latency establishment following
mucosal or parenteral challenge with a low dose or high dose of virus. In addition, 4 mice in the
optimized pDNA pool/attenuated live or FI-MCMV/alum immunization group will be left
unchallenged as a control for the PCR-based detection of genomic iel sequences from the FI-MCMYV.

Table 2 Latency - Experimental Group Summary (number of mice)

Vaccination Challenge Challenge Protection  Confirm Co cultivation
(# of mice) route (#) dose in lung/SG __ latency and PCR
None (48) ip.(12) 0.5x LDs 4 ?) 6)

ip-(12) 0.05 x LDs, “4) @) ©)

in. (12) 5x 10° PFU 4 ) (6)

in. (12) 5x 10* PFU (€)) ) ©®)
Vector DNA + i.p-(12) 0.5x LDsg “@ 2) ©)
PBS/alum (48) i.p. (12) 0.05 x LDy @ ) 6)

i.n. (12) 5x 10° PFU 65} ) 6)

in. (12) 5x 10* PFU @) ) (6)
Minimal DNA ip. (12) 0.5 x LDsp 4) @) 6)
pool + i.p. (12) 0.05 x LDs, 4) ) ®)
FI-MCMV/ alum  i.n. (12) 5x 10° PFU 4) ) ©)
(52) . in (12) 5x 10* PFU )] ) 6)

None (4) None (0) ()] @
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Ten days postchallenge, 4 mice per each of the 4 combinations of i.p. or i.n. challenge route
and low or high challenge dose will be sacrificed for MCMYV titer determination in the lungs and
salivary glands to confirm that complete protection was achieved. The remaining mice will be housed
for at least 4 months to resolve the acute and persistent infection and allow the establishment of
latency. Two mice per challenge route and challenge dose will be sacrificed to confirm the absence of
infectious virus by titering homogenates of their salivary glands with a sensitive plaque assay. Afier
confirmation of latency establishment, the remaining mice will be sacrificed for determination of: 1)
the absence of infectious virus, 2) the relative level of latent viral DNA, and 3) the level of
reactivatable latent virus. Briefly, spleens, salivary glands, liver, and lungs will be harvested and each
divided into three fractions. One fraction will be Dounce homogenized for confirmation of the
absence of infectious virus by plaque assay. Genomic DNA will be purified from the second tissue
fraction and subjected to nested PCR for the amplification of the iel genomic region. This method
reliably detects as little as a single copy of target DNA in a background of 1 ug tissue DNA and semi-
quantitatively assesses the relative load of latent viral DNA (61). To confirm that the genomic DNAs
are undegraded and free of PCR inhibitors, B-actin sequences are amplified from the same DNA
dilutions negative for MCMYV DNA. In addition, tissues from the immunized but unchallenged mice
will be processed in parallel to determine whether the viral DNA derived from the attenuated live or
inactivated MCMYV s still detectable. In any event, one can differentiate the iel sequences in FI-
MCMYV and live challenge viruses in 2 ways: 1) the PCR product from the nested reaction will be 310
bp in the challenge virus and ca. 350 bp in the attenuated live or inactivated MCMYV, and 2) a labeled
oligonucleotide probe specific for the loxP site in the attenuated live or inactivated MCMV will be
able to detect by Southern blot any attenuated live or inactivated MCMV sequences contributing to
the PCR product. Furthermore, the 188 bp PCR product that would result from amplification of IE1
¢DNA is clearly distinguishable from genomic iel sequences in the inactivated or challenge virus.
Finally, the remaining tissues harvested from the latent mice will be co culitivated on MECs to detect
the presence of reactivatable virus (58). Thus, while the PCR will provide the most sensitive measure
of the total load of latent viral DNA, the relative frequencies of MCMYV reactivation by co cultivation
will demonstrate the level of viral DNA that can potentially reactivate and cause recurrent disease or

viral transmission.

Example 14: Determining whether prime-boost vaccination with the minimal DNA pool! and
attenuated live or inactivated MCMV provide complete protection against acute and latent MCMV

infection in an outbred population

A vaccine’s ability to provide sterilizing immunity agéinst systemic and mucosal infection
represents the gold standard for vaccination against CMV, as it guarantees that there is no persistent

or reactivated virus that can be transmitted to the fetus in utero. To achieve this goal in humans, the
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vaccine must be effective in the outbred population. In the experiments above, it may be
demonstrated that priming of mice from each of the 3 mouse haplotypes—H-29, H-2¥, and H-2°—with
the minimal pool of conserved MCMV genes and boosting with FI-MCMYV resulted in complete
cross-strain protection. However, these experiments will have been conducted only in MCMV
sensitive strains in order more unambiguously identify the protective conserved genes in the absence
of strong, early NK responses. In addition, the MCMYV sensitive strains provide the most stringent test
of the ability of the DNA prime/FI-MCMV boost to provide sterilizing immunity, as any virus able to
break through the vaccine-induced immunity is more efficiently replicated to detectable levels when

compared to the innately resistant strains.

An immunization experiment in Swiss Webster outbred mice to determine whether the
optimal prime-boost vaccine is completely protective against both acute and latent MCMV infection
following systemic or mucosal challenge may be performed. To optimize the challenge conditions in
this strain, Swiss Webster mice are immunized with either 1) vector DNA prime plus PBS/alum boost
or 2) minimal DNA pool prime plus an attenuated live or inactivated virus, such as FI-lMCMV/alum
boost. Blood samples will be collected as above to determine the levels of virus-specific IgG and
neutralizing antibody. Twelve weeks after the last boost, mice will be i.n. or i.p. challenged and target
organs will be analyzed as to assess the level of protection following short-term challenge. The
remainder of the challenged mice will then be housed and analyzed to confirm the establishment of
viral latency and to quantify the levels of latent viral DNA load and reactivatable virus in the controls
and the DNA primed/FI-MCMYV boosted mice. |

If one or more of the protective pools found in the initial screen of the conserved essential
genes is not protective in all 3 mouse strains, a follow-up immunization experiment will be
performed, with priority being given to the pools that protect 2 strains rather than only one. Therefore,
a pool from the first screen that is pro'tective in 2 strains will be subdivided to determine whether a
single plasmid is responsible for the observed protection in the 2 strains. If a single plasmid is found
to protect both mouse strains protected in the first screen, it will be added to the master pool. Once the
master pool contains a minimum number of plasmids that cross-protect all 3 mouse strains, the
immune responses and protection elicited by this pool will be evaluated in the numbered experiments
.above.

If the results from the second screen using individual plasmids show that the protection in the
2 strains was mediated by more than one plasmid, the protective plasmids will be ranked first by the
number of strains they protect and then on the basis of the levels of protection they confer. Thus, the
most complex master pool will consist of 3 of the conserved essential MCMV genes, each that
protects only one H-2 haplotype, while the pool of intermediate complexity would contain 2 plasmids
that together are capable of protecting all 3 strains (i.e. Plasmid 1—H-2¢ and H-2* strains and Plasmid
2—H-2" and H-2" strains).
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If a master pool of the conserved essential genes above that cross-protects all 3 mouse strains
cannot be constructed due to the lack of protection in one or more mouse strains, other MCMV ORFs
may be systematically cloned and screened in pools of 15 different MCMYV genes, with priority given
to the most conserved genes and those in the IE, E, and E/L classes. Intradermal immunization with
IE1 and M84 DNA vectors in a pool of 10 additional plasmids that are individually nonprotective is
able to significantly reduce virus titers in the spleen following i.p. viral challenge. As little as one IE|
protective plasmid in a pool equivalent to 50 norprotective plasmids provides full protection.

4 mice per group may be injected with each pool of 15 DNA vaccine candidates (2 pg of each
plasmid), over a 14 to 20 day period. As a negative control one group will be injected with vector
backbone alone. As in the screens above, boosts with formalin-inactivated virus will not be given so
that one can more easily identify the protection provided by the DNA immunization. Two weeks post-
vaccination, the mice will be challenged i.p. with 1 of 3 different sublethal doses of SG-MCMV.,
MCMYV titers in the spleen will be determined, and if a pool of ORFs is found to be protective, then it
will be subdivided into 3 pools of 5 ORFs, which will then be tested as above. If one of these
subpools is protective, then each of the ORFs will be tested individually. Once the minimal pool of
cross-strain protecting plasmids is defined, the numbered experiments above can be performéd with
this pool.

Example 15: Optimization of the route of DNA_immunization for protective immunity against

mucosal and systemic challenge.

Mucosal areas are important entry sites for the initial CMV infection. If priming with the
protective DNAs and boosting with attenuated live or inactivated MCMY is not completely protective
against mucosal challenge, methods may be determined for administering the protective DNAs that
results in the optimal protection against mucosal infection. Parenteral administration of both the DNA
(i.d) and attenuated live or inactivated MCMV (i.p.), such as FI-MCMYV, provides complete
protection in the spleen, liver, and salivary glands of the majority of immunized mice following i.n.
challenge (93). In addition, MCMYV titers in the lungs of DNA primed/FI-MCMYV boosted mice were
reduced by greater than 3 Logs at peak times of replication when compared to controls. Thus, the dual
parenteral immunization did allow for breakthrough of viral replication at the mucosal site of entry,
but almost completely prevented viral dissemination to the other target organs. In addition, mice that
were only primed with a trivalent DNA cocktail containing gB, gB, and M84 showed some protection
in the lungs following i.p. challenge as well as a more rapid induction of virus-specific IgA in the
lungs after i.n. challenge (93). These results suggest that the immunity provided by the DNAs and FI-
MCMV is protective in the lungs, but that the choice of DNA-encoded antigens and their route of

administration may be optimized to protect against mucosal infection.
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Mice were in. immunized with FI-MCMYV in order to augment the protection in the lungs
following i.n. challenge. While i.n. immunization with FI-MCMV conferred protection in the lungs
following i.n. challenge, the protection was identical to that following i.p. immunization with FI-
MCMYV and did not extend into other organs. Because mucosal responses are generally poor to
protein antigens following i.n. immunization, groups of mice were i.n. immunized with FI-MCMV
together with either one or both of two potent and commonly used mucosal adjuvants: cholera toxin
(CT) and immunostimulatory CpG DNA (CpG) (33, 83). However, not only did neither or both
adjuvants together with FI-MCMV augment virus-specific salivary IgA levels compared to FI-
MCMYV alone, the ‘sublethally’ i.p. and i.n. challenged mice that received these i.n. adjuvants with FI-
MCMYV had abnormally high viral titers in the liver, morbidity, and even mortality not observed in
mice receiving the adjuvant(s) alone.

The efficacy of immunizing by i.n. or oral delivery of the DNA and by i.p. boosting with the
attenuated live or inactivated virus, such as FI-MCMV, may be determined. The following methods of
mucosal immunization may, for example, be used. The first method involves i.n. immunization with
viral genes and plasmids encoding macrophage inflammatory protein 1 alpha and 2 (MIP-1 alpha and
MIP-2) (19). It has been shown that this mode of immunization with a DNA plasmid encoding HSV
glycoprotein gB gene enhanced mucosal and systemic Th-1 type immune responses and provided
protection from HSV that was administered through the vagina. In these experiments, BALB/c mice
are immunized 3 times at 5-day intervals with 100 pg of a plasmid pool encoding the protective DNA
(together with gB and/or gH/gL. if found to augment protection) along with 200 pg of plasmids
encoding chemokines MIP-1 alpha and MIP-2. As controls, a group of mice will be immunized with
the protective DNA (without chemokine DNAs) by i.d. route and another group will be i.n.
immunized with empty DNA. vector plus MIP-1 alpha and MIP-2 DNAs. The i.n. primed mice will be
subsequently i.p. boosted with FI-MCMV + alum. Because the sequence of DNA priming and
heterologous boost has been shown to affect the subsequent levels of mucosal and systemic immunity
and protection (18), a fourth group of mice will be immunized first by i.p. injections of FI-MCMV +
alum and then by i.n. administration of the MCMV ORF and MIP plasmids. Immunized mice will be
i.n. or i.p. challenged with MCMYV, and viral titers in the mucosal (lungs and salivary glands) and
abdominal (spleen and liver) organs will be determined as above to assess the levels of mucosal and
systemic protection, respectively.

Similar to coadministration with the MIP-1 alpha and MIP-2 chemokine plasmids, mucosal
immunization with plasmids expressing the cytokines IL-2, IL-12, and IL-15 have been used to
enhance Thl-mediated immunity and protection against mucosal viral challenge. While all three
cytokines promote the development of CD8+T responses, IL-15 has been found to enhance the
proliferation of memory CD8+ T cells, making the latter an attractive genetic adjuvant for long-term
protection (83). Intradermal coadministration of an IL-2 plasmid with suboptimally protective MCMV
genes was able to increase the level of protection against i.p. MCMV challenge, suggesting that this
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approach may also be effective at enhancing plasmid-mediated mucosal protection. In experiments
similar to those above, mice will be i.n. immunized with the protective DNA pool together with either
IL-2, IL-12, or IL-15 DNAs prior to or subsequently after ip. immunization with FI-MCMYV.
Protection against either i.n. or i.p. viral challenge will be measured as above.

The last method is based on a study showing that mucosal and systemic immune responses
and protection against rotavirus infection was elicited following oral administration of plasmids
encoding rotavirus genes in the form of encapsulated microparticles formed by poly (D,L-lactic-co-
glycolic acid) (PLGA) (9, 32, 82). More recently, it has been demonstrated that oral administration of
PLGA-encapsulated IL-2 DNA 2 days after an oral prime-boost vaccination with HIV env-gp160
DNA and recombinant vaccinia virus augmented gp160 specific serum antibodies, serum neutralizing
antibodies, mucosal IgA, and systemic env-specific CTLs (86). Mice may be inoculated orally by
gavage with 0.5 ml of the PLGA enéapsulated plasmid DNA (100 pg/ml).

If the optimal DNA pool contains the gH and/or gH/gL plasmids, retro-orbital blood will be
collected 4 weeks after the last oral immunization for examination of serum IgA, total IgG against gB
and gH and virus structural proteins, and the 1gG,./IgG, ratio. At the same time, vaginal IgA levels-
and complement-dependent neutralization titers will be determined. If the results are negative or
borderline, the sera of the mice may be tested after an additional 2 weeks and then i.p. boost the mice
with the attenuated live or inactivated MCMYV. Four weeks later, the mice will be boosted i.p. with
attenuated live or inactivated MCMYV. Five weeks following the boost, retro-orbital blood will again
be analyzed. The levels of vaginal, fecal, and nasal IgA will also be determined. The mice will be
allowed to recover for 3 weeks, i.p. or i.n. challenged, and the MCMYV titers in target organs will be

determined.

Example 16: Eliciting a CD8+ T cell response against Herpes simplex virusn2

All references cited in this Example refer to reference numbers within this Example.

CD8 T cells specific for an immunodominant MCMV antigen are ineffective at limiting viral
replication (33). Conversely, DNA immunization using a viral antigen that is scarcely immunogenic
during infection elicits highly protective CD8 T cell responses (94, 95). Taken together,
immunodominance during infection does not invariably correlate with protection, herpesviruses may
skew the host T cell response to make dominant the specificities that favor viral persistence rather
than clearance. The essential, nonstructural proteins that are highly conserved among the
herpesviruses may represent a novel class of T cell targets. The rationale is that these genes must be
expressed for viral replication, and the high amino acid conservation needed for maintaining protein
activity limits immune escape by mutation. Of note, immunological studies of T cell specificities
primed by infection with human CMV, MCMV, and HSV-2 have shown this class of targets to be
largely subdominant (35, 42, 63, 84). This example provides three sets of assays to identify the

conserved, essential HSV-2 genes that are protective using DNA vaccination, to determine the

42



10

15

20

25

30

35

WO 2007/106404 PCT/US2007/006113

appropriate combinations of those genes, and to determine an appropriate prime/boost protocol, as

summarized in the following three Aims:

Aim A. Identification of the conserved, essential HSV-2 genes that are protective in mice by
prophylactic DNA vaccination. Using the mouse lethal challenge model, DNA vaccines that express
each of the HSV-2 conserved, essential genes will be tested. The genes will be tested both alone and
in combination with DNA encoding secreted glycoprdtein D2 (gD2), a major target of neutralizing
antibodies. The protective genes will be then tested in combination with each other either in the

presence or the absence of the gD2 DNA to identify the most protective DNA vaccine combination.

Aim B. Determination in the guinea pig model of the immunity and protection elicited By the optimal
combination of conserved, essential HSV-2 genes. The combination will be tested by itself and in the
presence of the gD2 plasmid DNA. The protective efficacy of the optimized pDNA vaccine both
alone and in combination with DNA expressing gD2 will be evaluated in the more human relevant
guinea pig model, and the protection will be compared to that generated by a subunit protein vaccine
containing the gD2 protein in MPL/alum, which has been shown to be a partially, but significantly,

protective vaccine in clinical testing.

Aim C. Determination of the immunity and protection in guinea pigs following prime-boost
immunization with the optimized plasmid DNA vaccine and whole, killed HSV-2 plus MPL/alum.
Whether the DNA mediated protection is augmented by boosting with a novel combination of whole,
killed virus plus MPL/alum adjuvants that will likely elicit virus specific Th1 responses and
neutralizing antibodies to gD2 as well as other viral envelope glycoproteins will be tested in a guinea
pig model. Immune correlates of protection and the effect of the vaccine on latent viral DNA loads
will be studied.

Aim A. Identification of the conserved, essential HSV-2 genes that are protective in mice by
prophylactic DNA vaccination. The genes will be tested alone and in combination with DNA
encoding secreted glycoprotein D2 (gD2). The protective conserved genes will then be tested in
combination with each other in the presence and absence of gD2 DNA to identify the most protective
DNA combination.

During infection, naive CD8 T cells may not be primed against conserved, nonstructural
essential proteins (see table below), as the virus cannot sustain mutations in these proteins to evade
immune responses. Thus, to provide sterilizing immunity, the herpesvirus vaccine induced CD8+ T
cell responses may need to include specificities to essential viral proteins that do not prime the CD8 T
cells during the viral infection. Of note, immunological studies of T cell specificities primed by
infection with human CMV, MCMYV, and HS8V-2 have shown this class of targets to be largely
subdominant (35, 42, 63, 84). As described above, our preliminary results lend support to this
hypothesis.

43



10

15

20

25

30

35

WO 2007/106404 PCT/US2007/006113

While clearance of HSV-2 lesions has been shown to correlate with CD8+ and CD4+ T cell
immunity, prophylactic antibody responses to recombinant gD2 plus 3-d-monophosphoryl lipid A (3-
d-MPL)/alum have been shown to provide significant protection in HSV-1 and -2 seronegative
women (82). An optimal vaccine, therefore, should prime both protective cell mediated and humoral
immunity. Plasmid DNA vaccines expressing various forms of gD2 (full-length, secreted, and
intracellular) have been evaluated in the mouse and guinea pig models (83). Immunization of mice
with DNA encoding either the full-length or secreted gD2 was protective against lethal intravaginal
challenge, while immunization with a secreted gD2 pDNA (and to a lesser extent full-length gD2)
was found in guinea pigs to significantly reduce acute phase lesion scores, but not viral shedding,
after intravaginal challenge, and provided a modest, but statistically significant, reduction in recurrent
lesions (83). In addition, several studies have shown that protection and/or immunity from gD2 or
gB1 pDNA immunization can be augmented by boosting with attenuated vaccinia (20) or MVA (55)
vectors or possibly with soluble gD2 protein. It is important to note that while the delivery of gD2
and/or gB2 soluble antigens or plasmids to mice and guinea pigs has shown statistically significant
reductions in lethality, acute phase virus replication, and incidence and severity of acute phase lesions,
the resultant responses still allow significant levels of acute phase viral replication, recurrent viral
shedding, and latent viral genome load. Thus, even in these animal models of HSV-2 vaccine efficacy,
there is a significant window for measuring increased protective responses that may be elicited by
cell-mediated immunity to the conserved, essential HSV-2 genes. Moreover, inclusion of a secreted
gD?2 expression plasmid with conserved, essential HSV-2 genes may provide qualitatively enhanced
protection, especially after subsequent boosting with a heterologous delivery method of gD2 and other

virion structural proteins (see Aim C).

Choice of genes and construction of DNA expression vectors

To test whether our successful immunization strategy using the conserved, essential MCMV
genes is also applicable to HSV-2, the HSV-2 genes that are essential and highly conserved with their
respective HCMYV homologs (see table) will be cloned and tested by DNA immunization. Many of
these are early genes that encode proteins that contribute to viral DNA synthesis and are conserved
with other herpesviruses. Because the PCR-based methods for cloning herpesvirus genes have
previously been optimized and streamlined in the laboratory, the cloning of the HSV-2 ORFs should
be straightforward. The PCR product will be ligated into an eukaryotic expression vector (pcDNA3)
such that a carboxy terminal Flag tag is added to facilitate protein detection. Resultant transformants
will be screened for the presence of insert in the correct orientation by restriction analysis, and the 5°
and 3’ ends of each ORF will be sequenced. Expression of each protein will be demonstrated in an in
vivo transient expression assay or in an in vitro transcription/translation reaction. The HSV-2 ORFs
(see table) to clone and test in vivo will be prioritized based on 1) their amino acid conservation with

the CMVs and other herpesviruses and 2) their amino acid conservation with HSV-1. A plasmid
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expressing a secreted form of gD2 will be similarly constructed except that an untagged gD2 lacking
the transmembrane and intracellular domains will be amplified (31).

Table 3: Conserved, Essential Genes of HSV-2 Strain HG52 and Their HCMV AD169

Homologs

% Identity FastA Scores* of
HSV-2 HCMV | (aa overlap | HCMV ORF vs.
ORF Protein ORF length) EBV/VZV/HSV-1
ULS HP complex protein UL105 | 39% (753) 704/642/598
UL6 DNA cleavage-packaging UL104 | 30% (521) 357/375/309
ULS HP complex protein UL102 | 35% (40) Post/Pos/Pos
UL15 | Terminase, DNA packaging UL89 41% (674) 1181/1104/1206
UL17 { DNA packaging UL93 14% (433) Pos/Pos/Pos
UL29 | ICP8, ssDNA binding protein ULS57 25% (503) 352/220/298
UL30 | DNA polymerase UL54 38% (955) 343/326/423
UL32 | DNA packaging ULS52 20% (397) 138/179/207
UL33 | DNA packaging ULS1 22% (126) Pos/97/106
UL34 | Egress UL50 24% (230) Pos/Pos/Pos
UL42 | DNA pol processivity UL44 15% (53) ND
UL52 | HP complex protein UL70 29% (771) 293/302/305

*FastA Scores >100 considered significant

¥Pos, positionally conserved only; HP, helicase-primase; ND, not determined

Initial screening of DNA vectors

The initial screening experiments will be performed in the mouse model of lethal intravaginal
infection for the most rapid evaluation of our novel approach. Due to the number of conserved,
essential genes to test, two screening experiments will be conducted. Eight 6- to 8-week old BALB/c
female mice per group will be i.d. immunized 3 times in 2 weeks with 50 pg of pDNA in the tail near
the base. There will be two groups for each conserved gene. To test the protective efficacy of the
conserved gene alone, one group will receive 25 pug of a conserved, essential gene pDNA plus 25 pg
of empty vector. To determine if the conserved gene can enhance gD2 pDNA-mediated protection, the
second group will receive 25 pg of a conserved, essential gene pDNA plus 25 pg of secreted gD2
pDNA. There will be two control groups. One control group will receive secreted gD2 pDNA plus
empty vector as a control for gD2 pDNA-mediated protection alone. As a negative control, the second
group will be immunized with only empty plasmid vector.

On days 14 and 20 after the last immunization, mice will be injected subcutaneously with 3
mg of medroxyprogesterone acetate (Depo-Provera) to synchronize the estrus cycle and to increase

susceptibility to vaginal HSV infection, and on day 21, mice will be intravaginally challenged with 5
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x 10° PFU of HSV-2 strain 333 as described elsewhere (83). Mice will be scored daily for 21 days for
the severity of vaginal inflammation from 0 (no vaginitis), 1 (mild swelling or redness only), 2
(moderate swelling or erosions), 3 (sevefe genital maceration), or 4 (central nervous system
involvement or death). To confirmm vaginal viral replication and measure shedding, vaginal swab
samples will be collected on days 1, 3, and 5 postchallenge and stored at —80° C in Vero cell medium
containing antibiotics until titration by plaque assay on Vero cell monolayers. To measure the
efficacies of the pDNA immunizations with conserved, essential genes with or without gD2 pDNA,
statistical analyses (2-tailed) will be performed on 1) infection and mortality rates (Fisher’s exact
test), 2) daily lesion scores (Kruskal Wallis nonparametric analysis of variance plus pairwise
comparison tests), and 3) levels of vaginal viral shedding (1-way analysis of variance plus pairwise
Fisher’s Least Significant Difference tests). Together, these analyses should identify any protective
responses elicited by each of the conserved, essential HSV-2 genes. By using a combination of
parameters to assess protection, differences in protection can be discerned and antigens that contribute
weakly can be identified. Additionally, even if these protection levels are low when compared with
the gD2 alone control, any responses to the conserved, essential genes that augment the gD2 pDNA-

mediated protection may be identified.

RESULT 1 — One or more of the conserved, essential genes provides prophylactic protection
against primary vaginal HSV-2 infection and/or disease.

Based on the results above, the plasmids of the HSV-2 conserved, essential genes will be
ranked first according to their levels of protective efficacy alone and subsequently according to their
levels of augmentation of gD2 pDNA-mediated protection. This ranking will be used to prioritize the
subsequent experiment to determine the minimal combination of pDNAs that provides the highest
level of protection. If only one conserved, essential gene of HSV-2 has a protective effect (either

alone or by augmenting gD2 pDNA), this plasmid wil} be tested in the guinea pig model Aim B.

RESULT 2 — None of the conserved, essential genes provides significant protection following
plasmid DNA immunization by itself or augments gD2 pDNA protection.

Because the selection of this novel group of antigens is based upon their potential to generate
protective cell-mediated (CD4+ or CD8+ T) responses, it is important to consider that the antigens’
putative MHC Class I epitopes may be restricted to Class I alleles not present in the BALB/c (H-2%)
model. Rather than repeat the immunization experiments in another mouse strain, which may have a
different MHC restriction, the pDNAs would be tested, as in Aim B, directly in the guinea pig model
of infection and disease. Results from this model would be more highly relevant to human infection,
but because of the associated increase in cost and labor, the guinea pigs would be immunized with one
of four pools of 3 conserved, essential gene pDNAs plus or minus gD2 pDNA in order to first
demonstrate proof-of-concept before identifying which gene or genes is protective. As in the mouse

experiments above, each pool of conserved, essential gene pDNAs will be tested in two groups. One
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group will receive the pool of conserved essential gene pDNAs alone. The second group will receive
the pool of conserved essential gene pDNAs in combination with gD2 pDNA so that augmentation of
gD2 pDNA-mediated protection can be measured. Having identified one or more protective HSV-2
genes, the remaining time and funds on the grant would be spent on identifying the minimal pDNA
combination that provides optimal protection in the guinea pig by immunizing groups with one or
more of the protective pDNAs. If only one conserved, essential gene is found to be protective and if
there is sufficient time remaining, it will be tested together with gD2 plasmid in Aim C to determine
whether this resulting immunity and protection can be augmented by heterologous boosting of pPDNA
primed guinea pigs with whole, killed HSV-2 and MPL/alum.

Determination of minimal number of protective conserved. essential gene pDNAs that

provides the optimal level of protection in mice against intravaginal HSV-2 challenge

Using the mouse model of MCMYV immunity, immunization with two individually pré)tective

pDNAs can elicit CD8+ T cells specific for both antigens and provide a synergistic level of protection
as measured by the reduction of challenge virus replication in the spleen (60). In addition,
immunization of mice with a combined pool of 13 pDNAs expressing both individually protective and
nonprotective plasmids resulted in the highest level of protection: a 10,000-fold reduction of
challenge virus titers in the spleen compared with vector alone immunized controls (62). These results
illustrate in a herpesvirus protection model that synergistic levels of pDNA-induced cell-mediated
immunity and protection can be achieved by an optimized combination of plasmids. Additionally, it
may be that an HSV-2 vaccine that is broadly protective across an outbred population would need to
prime CD4+ and/or CD8+ T cells to more than one HSV antigen as the protective epitopes of each
antigen may only associate with one or few HLA types. By the same reasoning, protective plasmids
may express antigens that each contains epitopes that are presented in the same HLA context. In this
case, immunization with a combined plasmid pool may result in a competition for the restricting HLA
molecule and the resulting protective efficacy may not be increased, and characterization of an
unnecessarily complex vaccine would be more laborious. Finally, it is possible that the cell-mediated
immunity to a conserved, essential gene may provide protection against primary, but not recurrent,
disease. Thus, it may be necessary to combine protective plasmids to achieve optimal protection
against all phases of infection.

In this experiment, groups of eight BALB/c mice will be i.d. immunized as above with either
1) empty vector alone or 2) secreted gD2 pDNA + empty vector. Results from the above experiment
should show whether coimmunization with gD2 pDNA affects the protection elicited by the
conserved, essential gene pDNAs and also the relative levels of protection elicited by the conserved
gene pDNAs and gD2 pDNA. The remaining mouse groups will be i.d. immunized with one or more
protective conserved, essential gene pDNAs such that each pDNA will be retested alone or tested in
combination with each of the other protective pDNAs. In addition, these combinations will be tested

together with gD2 pDNA in order to measure the ability of each conserved gene pDNA combination
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to augment gD2 pDNA-mediated protection. If more than 3 pDNAs are protective, the ranking of
their individual protective efficacies will be used to prioritize their testing in all possible combinations
in order to maintain the groups at a manageable number. Immunized mice will be intravaginally
challenged as above and infection and mortality rates, daily lesion scores, and levels of vaginal viral
shedding will be determined and analyzed as in the experiment above. These data will be used to
quickly identify the simplest pDNA vaccine combination that provides the highest level of protection
against intravaginal HSV-2 challenge such that it can be further evaluated in the guinea pig model.

Aim B — Determination in the guinea pig model of prophylaxis of the immunity and protection

elicited by the optimal combination of conserved, essential HSV-2 genes.

Results from Aim A will have rapidly identified the best vaccine candidates and demonstrated
proof-of-concept of using the conserved, essential genes of HSV-2 as novel targets for T cell
immunity. In order to more rigorously test its protective potential, the optimized pDNA combination
will be further evaluated in the guinea pig model of genital HSV-2 infection. The guinea pig model
more closely mimics human disease, allowing for the testing of the vaccine for its efficacy in
protecting against both primary and recurrent infection and disease (80, 81). In addition, the immunity
and protection of the optimized pDNA vaccine will be compared with the most successful vaccination
strategy in clinical trials to date, subunit vaccination with gD2 protein/MPL/alum. While gD2
protein/MPL/alum has shown significant protection against primary infection and disease, this
vaccine appears to be ultimately limited in its ability to be protective in men or in HSV seropositive
individuals, and it does not protect against infection (82). In Aim B, guinea pigs will be immunized
with the optimized combination of HSV-2 conserved, essential genes (both in the presence and
absence of secreted gD2 pDNA) and the resultant levels of immunity and protection with those
elicited by subunit vaccination with gD2 protein with MPL/alum will be compared.

Experimental Design

Female Hartley guinea pigs will be purchased from Charles River and immunized at 4- to 6-
weeks of age (300 — 400 g). Ten guinea pigs per group will be immunized 3 times in 6 weeks with 50
ug of pDNA i.d. in each flank (100 pg total). A negative control group will receive empty vector. One
test group will receive the optimized combination of the protective conserved, essential genes alone,
and the second test group will receive the optimized combination of the protective conserved,
essential genes together with gD2 pDNA. An additional group will receive gD2 pDNA (plus empty
vector) alone to serve as a control for any augmentation of the gD2 pDNA-mediated responses by the
conserved, essential genes. As a positive control for protection and reference for immune response
levels, a group will be immunized on days 0 and 32 by bilateral injection in the quadriceps with a total
of 125 pl containing 5 pg of truncated, secreted gD2 protein plus 12.5 pg of MPL (Sigma) and 125 ng

of alum (Pierce), as this has been shown to provide significant protection against both primary and
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recurrent disease in guinea pigs (11). Secreted gD2 protein will be purified from the conditioned
media of stably transfected CHO cells by lentil lectin and immunoaffinity chromatography as
previously described (66). Finally, a mock subunit control group will be immunized with MPL and
alum adjuvants only.

To measure antibody levels in immunized animals, blood will be obtained by toenail clip one
day prior to challenge (week 9) and sera stored at —20°C. Sera will be tested for 1) gD2-specific IgG
by ELISA using the purified gD2 protein above and 2) complement-independent virus neutralizing
antibody by plaque reduction assay on Vero cells using 50-100 PFU of HSV-2 as described
previously (34).

Three weeks after the last pDNA immunization and 5 weeks after the second subunit
immunization, anesthetized guinea pigs will be intravaginally challenged as previously described (9).
Briefly, the guinea pigs will be inoculated with virus by rupture of the vaginal closure membrane with
a moistened calcium alginate tipped swab and by instillation of 0.1 ml of virus suspension containing
5.7 1og10 PFU of HSV-2 strain 333 into the vaginal vault by means of a plastic catheter. Animals will
be scored daily for lesion development based on a severity scale of 0 (no lesions), 1 (erythema only),
2 (single or few vesicles), 3 (large or fused vesicles), or 4 (ulcerated lesions). Lesions will be scored
for up to 60 days by researchers blinded to the identity of the vaccine group in order to assess both
acute phase and recurrent lesions. In addition, viral shedding in the vagina will be measured on days
2,5, 7, and 10 postchallenge. Vaginal swabs will be placed into 1 ml of Vero cell medium containing
antibiotics and stored at —80° C until titration by plaque assay on Vero cell monolayers. At the
conclusion of the experiment, lumbrosacral ganglia from each guinea pig (6 to 8 per animal) will be
dissected, pooled, rinsed with PBS and stored at ~20 °C for the future extraction of DNA and real-
time PCR quantification of latent HSV-2 DNA. In order to quantify the loads of latent HSV-2 DNA,
cellular and viral DNA will be extracted using the DNeasy Tissue Kit (Qiagen) and subjected to real-
time quantitative PCR using the ABI Prism 7000 detection system (Applied Biosystems). The HSV-2
primers and probe will be designed against a viral gene that is not present in the pDNA vaccine, and
input DNA will be normalized using primers and a probe specific for the guinea pig lactalbumin gene
(64).

Protection in the DNA immunized guinea pigs will be assessed by statistical analyses (as in
Aim A) of 1) infection rates, 2) lesion scores through day 14 postchallenge (primary infection), 3)
levels of vaginal virus through day 10 postchallenge (primary infection), 4) cumulative lesion scores
through day 60 postchallenge (recurrent infection), and 5) quantity of latent HSV-2 DNA in the
ganglia. The data from the conserved, essential pDNA combinations used either alone or plus gD2
pDNA will be compared with the gD2/MPL/alum subunit group to determine the protection elicited
by the optimal pDNA combination relative to the current subunit strategy.

RESULT 1 — The pDNA vaccine that was optimized in the mouse experiments also
significantly protects guinea pigs against intravaginal HSV-2 challenge.

49



10

15

20

25

30

335

WO 2007/106404 PCT/US2007/006113

In this case, in Aim C, whether the protection elicited by the optimized pDNA can be
augmented by subsequent boosting with a novel combination of whole, killed HSV-2 together with

MPL and alum adjuvants will be examined.

RESULT 2 — The pDNA vaccine that proved optimal in the mouse experiments does not

significantly protect guinea pigs.

In this case, there will already be evidence in mice that the antigens are capable of priming
CD8 T cells that can recognize loaded MHC complexes in infected tissues. One potential problem
might be that the DNA vaccine-mediated priming of CD8 T cells may be suboptimal in the larger
rodent. The next step would be to optimize the DNA delivery by immunizing guinea pigs with each
PDNA pool adsorbed to poly-lactic coglycolide (PLG) microparticles. This delivery method has been
shown in a variety of animal models, including guinea pigs and non-human primates, to enhance
antibody or cellular responses to DNA vaccines by targeting the DNA to dendritic cells (for review,

see (65). In addition, the same PLG formulation can simultaneously deliver several plasmids.

RESULT 3 — DNA immunization of guinea pigs with the pools of conserved, essential genes
.shows no protective effect alone and does not augment gD2 pDNA protection.

In this case, the priority would be to proceed to Aim C and test whether the protection
elicited by the gD2 pDNA could be enhanced by subsequent boosting of guinea pigs with whole,
killed HSV-2 together with the Thl promoting adjuvant MPL and alum. In addition, guinea pigs may
be are immunized with the pools of conserved, essential gene pPDNAs adsorbed to PLG particles as
above in Result 2.

Aim C — Determination of the immunity and protection in guinea pigs following prime-boost

immunization with the optimized plasmid DNA vaccine and whole, killed HSV-2 plus MPL/alum

While the priming of mice with an >MCMV gB pDNA befére boosting with formalin-killed
MCMYV results in greater protection when compared with that from killed virion alone (61), prime-
boost augmentation of protection using the conserved, essential genes of HSV-2 and gD2 pDNA may
need to be tested specifically in the guinea pig model of HSV-2 disease. Whole, formalin killed virus
preparations have been previously evaluated in clinical trials for prophylaxis or treatment of recurrent
HSV infection, but these early studies suffered from methodological deficiencies, including the lack
of objective measures of protection and the absence of a placebo groups in many cases (for review,
see (41). In addition, trials using either whole, killed virus or detergent extracted glycoproteins did not
utilize the highly immunogenic adjuvants that are available today, so it is not surprising that low or
inconsistent antibody responses (and likely no cell mediated responses) were generated and that
protection was not significant. More recently, the lipopolysaccaride derivative MPL has been shown
to be a powerful adjuvant for Thi type responses, and together with alum, a gD2 subunit vaccine has
been shown to provide protection against symptomatic genital disease in HSV seronegatii/e women

(82). By itself, however, this subunit vaccine was able to provide only limited protection (46% and
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39%) against HSV-2 infection in two phase 3 trials. Additional antibody specificities to other HSV-2
envelope glycoproteins (present in the virion particles) may be needed for optimal virus neutralization
and protection. For example, immunization of guinea pigs with the defective HSV-2 mutant dI5-29
elicited significantly higher levels of neutralizing antibodies compared with soluble gD2 protein,
despite dI5-29 immunization eliciting significantly lower levels of gD2-specific IgG (34). In addition
to containing more neutralizing antibody targets, presentation of the HSV-2 glycoproteins in the
context of the viral envelope may also elicit protective antibody responses to nonlinear epitopes that
may not be present in soluble, subunit vaccines. Taken together, optimal protection against genital
infection and disease may depend on the presence of both cell mediated and antibody responses. To
this end, the combined efficacy of priming with the optimized combination of protective conserved,
essential genes and gD2 pDNA followed by boosting with whole, killed HSV-2 plus MPL/alum will
be tested.

Experimental Design

HSV-2 is propagated in Vero or BHK cells, and after CPE reaches 100%, extracellular virus
will be purified from clarified supernatant by sucrose gradient ultracentrifugation using standard
methods as described (68). In order to control for the unlikely possibility that DNA from the killed
HSV-2 vaccine could be detectable by subsequent PCR of vaginal swabs or lumbrosacral ganglia, the
virus used for the vaccine will be a lacZ-tagged HSV-2 Strain 333 (77) so that lacZ-specific primers
and probe can be used to differentiate .between the vaccine and challenge viruses. Briefly, the
infectious virus bands will be diluted in buffer, pelieted, and resuspended in order to measure
infectivity and protein content. The preparation is expected to have a purity of ~10° PFU per 5 pg of
protein. This preparation will be inactivated by formalin and confirmed to be inactive by infectivity
assay as described previously (62).

Fourteen female Hartley guinea pigs per group will be pDNA primed as in Aim B (3 i.d.
injections in 6 weeks) and on weeks 9 and 13, mock i.m. boosted or i.m. boosted with whole, formalin
killed HSV-2 plus MPL/alum. Specifically, groups will receive the following prime-boost
combinations: 1) prime with empty vector pPDNA and boost with MPL/alum (vehicle control); 2)
prime with empty vector pDNA and boost with 5 pg of killed HSV-2 plus 12.5 pug of MPL (Sigma)
and 125 pg of alum (Pierce); 3) prime with the optimized conserved, essential pDNA combination
plus gD2 pDNA and boost with MPL/alum; 4) prime with the optimized conserved, essential pDNA
combination and boost with killed HSV-2 as in group 2; 5) prime with gD2 pDNA and boost with
killed HSV-2; and 6) prime with the optimized conserved, essential pDNA combination plus gD2
pDNA and boost with killed HSV-2. As a positive control and reference for both protection and
immunity, group 7 will be primed and boosted as in Aim B with the gD2/MPL/alum protein subunit
vaccine.

Blood samples will be collected one day prior to each of the two boosts as well as one day

prior to challenge and sera stored for quantification of HSV-2 specific IgG and virus neutralizing
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antibodies as in Aim B. To demonstrate antigen-specific T cell mediated (CD4+ T) immunity
generated by the pDNA prime and protein boost, delayed-type hypersensitivity (DTH) responses will
be measured in guinea pigs three days prior to the first killed HSV-2 boost (in guinea pigs set aside
for DTH measurement) and three days prior to challenge (in animals to be challenged). Four guinea
pigs per group will be i.d. injected in each ear with 10 pg of clarified, UV-inactivated Vero cell lysate
from either uninfected or HSV-2 infected cells, and 24, 48, and 72 h later, the diameter of the
induration will be measured by microcaliper to quantify the level of cellular infiltrate (38, 90). The
responses to total HSV-2 cellular antigen will be calculated as the diameter differences between the
indurations in the HSV-2 and negative control ears (background). Alterhatively, to measure T cell
responses to individual HSV-2 antigens, ears will be i.d. injected with lysates from 293T cells 48 h
posttransfection with either empty vector (background control) or one of the conserved, essential gene
pDNAs that comprises the pDNA priming combination (39). The magnitude of the inflammation will
be measured and calculated as above. If the background from the untransfected cell lysate is too high,
the conserved, essential gene product will be enriched by an anti-FLAG single-step immunoaffinity
purification from larger scale transfections.

Four weeks after the last killed HSV-2 boost, the remaining guinea pigs will be intravaginally
challenged and infection and disease will be measured as in Aim B. Because of the importance of a
vaccine candidate in reducing viral reactivation and shedding in order to limit viral transmission, both
lesion scores and viral shedding into the genital tract will be assessed in the guinea pigs through day
90 postchallenge. Vaginal swabs collected from the guinea pigs will be stored at —80 °C until DNAs
are extracted and analyzed by real-time quantitative PCR. The HSV-2 primers and probe will be
designed against a viral gene that is not present in the pDNA prime. As described above, lacZ-specific
primers and probe will also be used in the PCR analyses to confirm that the viral DNA detected in the
vaginal swabs is from challenge virus and not from the killed virus vaccine. Reactivating virus
shedding in the control and vaccine groups will be compared with respect to incidence, frequency
(mean number of days that viral DNA was isolated), and magnitude (number of viral genome
equivalents) as previously described (11). At the conclusion of the experiment, lumbrosacral ganglia
from each guinea pig (6 to 8 per animal) will be dissected, pooled, rinsed with PBS and stored at —20
°C. In order to quantify the loads of latent HSV-2 DNA, cellular and viral DNA will be extracted and
subjected to real-time quantitative PCR as above. Input DNA will be normalized using primers and a

probe specific for the guinea pig lactalbumin gene (64).

Although formalin killed MCMV may be used as a boost following pDNA immunization for
the complete protection of mice against viral replication following systemic challenge (61, 62), it is
possible that the same success may not be achieved using killed HSV-2 whole virion. It is possible
that the concentrations of gD2 and gB2 protein in the envelope, the major targets of neutralizing
antibodies, are not sufficient to elicit an optimal protective antibody response, and that only a minor

contribution to protection is provided by other envelope glycoproteins. Thus, in a boosting strategy
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may be employed that is more focused on the gD2 and gB2 proteins. A potential strategy would be to
deliver these antigens by modified vaccinia virus Ankara (MVA) in a repeat experiment designed as
outlined above. MV A is a highly attenuated vaccinia virus that has been safely used as a vaccine
against smallpox and more recently as a vaccine vector. MV A can deliver one or more foreign genes
into most human and mammalian cells and induce both humoral and cell mediated responses, even in
a host with preexisting poxvirus immunity (21). As described above, heterologous prime-boost
methods continue to show great promise in providing enhanced immunity compared to repeated
boosts with the same antigen delivery method, and MVA vector-based experimental vaccines (used
alone or in combination with DNA vaccines) against HIV and malaria are currently in phase I clinical

trials.
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A3k kol

The entirety of each patent, patent application, publication and document referenced
herein hereby is incorporated by reference. Citation of the above patents, patent applications,
publications and documents is not an admission that any of the foregoing is pertinent prior art, nor
does it constitute any admission as to the contents or date of these publications or documents.

Singular forms "a", "an", and "the" include plural reference unless the context clearly
dictates otherwise. Thus, for example, reference to “a subset" includes a plurality of such subsets,
reference to "a nucleic acid" includes one or more nucleic acids and equivalents thereof known to
those skilled in the art, and so forth. The term “or” is not meant to be exclusive to one or the terms it
designates. For example, as it is used in a phrase of the structure “A or B” may denote A alone, B
alone, or both A and B.

Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by one of ordinary skill in the art to which this invention belongs.
Although any methods and systems similar or equivalent to those described herein can be used in the
practice or testing of the present invention, the methods, devices, and materials are now described.
All publications mentioned herein are incorporated herein by reference for the purpose of describing
and disclosing the processes, systems, and methodologies that are reported in the publications which
might be used in connection with the invention. Nothing herein is to be construed as an admission
that the invention is not entitled to antedate such disclosure by virtue of prior invention.

Modifications may be made to the foregoing without departing from the basic aspects of
the invention. Although the invention has been described in substantial detail with reference to one or
more specific embodiments, those of ordinary skill in the art will recognize that changes may be made
to the embodiments specifically disclosed in this application, and yet these modifications and
improvements are within the scope and spirit of the invention. The invention illustratively described
herein suitably may be practiced in the absence of any element(s) not specifically disclosed herein.
Thus, for example, in each instance herein any of the terms “comprising”, “consisting essentially of”,
and “consisting of” may be replaced with either of the other two terms. Thus, the terms and

expressions which have been employed are used as terms of description and not of limitation,
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equivalents of the features shown and described, or portions thereof, are not excluded, and it is
recognized that various modifications are possible within the scope of the invention. Embodiments of

the invention are set forth in the following claims.
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What is claimed is:

w

U

10.
11.

12.

13.

14.

15.

16.

17.

18.
19.
20.
21,
22,

A method of preventing or treating a viral infection, comprising administering to an
individual a DNA molecule comprising at least one DNA sequence derived from a highly
conserved viral gene.

The method of claim 1, wherein said virus causes a persistent or a latent infection.

The method of claim 1 or 2, wherein said virus is selected from the group consisting of
herpesviruses, retroviruses, hepatitis viruses, and papillomaviruses.

The method of claim 1 or 2, wherein said virus is a cytomegalovirus.

The method of claim 1 or 2, wherein said virus is human cytomegalovirus.

The method of any of claims 1-5, wherein said DNA molecule is purified plasmid DNA.
The method of any of claims 1-6, further comprising administering a boosting vaccine
comprising an attenuated live or an inactivated virus.

The method of claim 7, wherein said virus is chemically inactivated.

The method of claim 8, wherein said chemical inactivation is formalin inactivation.
The method of claim 7, wherein said virus is attenuated.

The method of claim 10, wherein said virus is HCMYV and said attenuated virus is the
Towne strain of HCMV.

The method of claims 1-11, wherein said DNA molecule comprises at least two DNA
sequences derived from at least two highly conserved viral genes.

The method of claims 1-11, wherein said DNA molecule comprises at leést three DNA
sequences derived from at least three highly conserved viral genes.

The method of claims 1-11, wherein said DNA molecule comprises at least four DNA
sequences derived from at least two highly conserved viral genes.

The method of claims 1-11, wherein said DNA molecule comprises 5 to 10 DNA
sequences derived from 5 to 10 highly conserved viral genes.

The method of claims 1-15, wherein said highly conserved viral genes are selected from
the group consisting of CMV genes mouse gB, M54, M105, human gB, UL54, and
UL105.

A method of preventing or treating HCMYV infection in an individual comprising
administering a DNA molecule c;omprising at least one DNA sequence derived from a
highly conserved, essential HCMV gene.

The method of claim 16, wherein said individual is pregnant.

The method of claim 16, wherein said individual is 2a woman.

The method of claim 16, wherein said individual is an organ transplant recipient.

The method of claim 16, wherein said individual is an organ transplant donor.

The method of claim 16, wherein said individual is a child younger that 1 year.
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23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.
3s.

36.
37.
38.

39.

40.

41.
42.

The method of claims 17-22, further comprising administering a boosting vaccine
comprising attenuated live or inactivated HCMYV virus.

The method of claim 23, wherein said attenuated virus is the Towne strain of HCMYV.

A vaccine composition comprising a DNA molecule coinprising at least one DNA
sequence derived from a highly conserved viral gene, wherein said virus causes a
persistent or a latent infection.

The vaccine composition of claim 25, wherein said virus is selected from the group
consisting of herpesviruses, retroviruses, hepatitis viruses, and papillomaviruses.

The vaccine composition of claim 26, wherein said virus is human cytomegalovirus.

The vaccine composition of claim 27, wherein said DNA molecule comprises at least two
DNA sequences derived from at least two highly conserved viral genes.

The vaccine composition of claim 27, wherein said DNA molecule comprises at least
three DNA sequences derived from at least three highly conserved viral genes.

The vaccine composition of claims 27-29, wherein said highly conserved viral genes are
selected from the group consisting of gB, UL54, and UL105.

A kit comprising a first vaccine composition of any of é]aims 25-30, and a second vaccine
composition comprising an attenuated live or an inactivated virus.

The kit of claim 31; wherein said first vaceine composition comprises a DNA molecule
comprising at least one DNA sequence derived from a highly conserved human
cytomegalovirus gene and said second vaccine composition comprises attenuated live
HCMV.

A method of eliciting a CD8+ T-cell response in an individual, comprising administering
to said individual a DNA molecule comprising at least one DNA sequence derived from a
highly conserved viral gene.

The method of claim 33, wherein said virus causes a persistent or a latent infection.

The method of claim 33 or 34, wherein said virus is selected from the group consisting of
herpesviruses, retroviruses, hepatitis viruses, and papillomaviruses.

The method of claim 33 or 34, wherein said virus is a cytomegalovirus.

The method of claim 33 or 34, wherein said virus is human cytomegalovirus.

The method of any of claims 33-37, wherein said DNA molecule is purified plasmid
DNA. ' '

The method of any of claims 33-38, further comprising administering a boosting vaccine
comprising an attenuated live or an inactivated virus.

The method of claim 39, wherein said virus is chemically inactivated.

The method of claim 40, wherein said chemical inactivation is formalin inactivation.

The method of claim 39, wherein said virus is attenuated.
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43.

45.

46.

47.

48.

The method of claim 40, wherein said virus is HCMV and said attenuated virus is the
Towne strain of HCMV.

The method of claims 33-43, wherein said DNA molecule comprises at least two DNA
sequences derived from at least two highly conserved viral genes.

The method of claims 33-43, wherein said DNA molecule comprises at least three DNA
sequences derived from at least three highly conserved viral genes.

The method of claim 33-43, wherein said DNA molecule comprises at least four DNA
sequences derived from at least two highly conserved viral genes.

The method of claim 33-43, wherein said DNA molecule comprises 5 to 10 DNA
sequences derived from 5 to 10 highly conserved viral genes.

The method of claims 33-47, wherein said highly conserved viral genes are selected from
the group consisting of CMV genes mouse gB, M54, M 105, human gB, UL54, and
UL105.
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Figure 8
SEQ HCMV UL44
KEYWORD PROTEIN
SEQ ID NO: 1
1 MDRKTRLSEP PTLALRLKPY KTAIQQLRSV IRALKENTTV TFLPTPSLIL QTVRSHCVSK
61l ITEFNSSCLYI TDKSFQPKTI MNNSTPLLGNF MYLTSSKDLT KFYVQDISDL SAKISMCAPD
121 FNMEFSSACV HGQDIVRESE NSAVHVDLDE GVVADLLKWI GPHTRVKRNV KKAPCPTGTV
181 QILVHAGPPA IKFILTNGSE LEFTANNRVS FHGVKNMRIN VQLKNFYQTI, LNCAVTKLPC
241 TLRIVIEHDT LLYVASRNGL FAVENFLTEE PFQRGDPFDK NYVGNSGKSR GGGGGGGSLS
301 SLANAGGLHD DGPGLDNDLM NEPMGLGGLG GGGGGGGKKH DRGGGGGSGT RKMSSGGGGG
361 DHDHGLSSKE KYEQHKITSY LTSKGGSGGG GGGGGGGLDR NSGNYFNDAK EESDSEDSVT
421 FEFVPNTKKQ KCG
KEYWORD DNA (NC 001347 REGION: 56142..57443)
SEQ ID NO: 2
1 ctagccgecac ttttgettcet tggtgttagg gacgaactcg aacgttacag aatcctcget
61 gtcgctctcc tectittcgegt cgttgaagta attgccggag ttgecgatcca aaccgecgec
121 tectcectect cegecgocge ccgatccace tttggacgte aggtageigyg tgatcttgtg
181 ctgctcgtat ttttecttgyg aggaaagacc gtggtcgtga tcaccgcecge cgccaccget
241 gctcattttc cgegtaccgg aaccaccgece gecaccgegg tcgtgcttet tgeecgccacc
301 gecgccacct cctceccagac cgccgagace catgggcitceg ttcatgagat cgttatccag
361 acccgggecg tegtcatgca gaccgecgge attggecage gaagagaggc tgccgccace
421 accgccgccg ccacgcgact tgeccgetgtt cccgacgtaa tttttgtcega agggatcgee
481 acgctggaaa ggttcctcgg tgagaaaatt ctccacggeg aacagaccgt tgceggetgge
541 cacgtacaac agcgtgtcgt gctccgtaac tatacgcaac gtgcacggea gtttggtgac
601 ggcgcaattg agcagcgtct ggtagaagtt cttcagetgce acgttgatac gecatgtttit
661 cacgccgtgg aaactgacgc ggttattgge tgtgaattec agctcgetge cgttggtcag
721 gataaacttg atggccggtg gaccggegtg caccagaate tgcacggtge ccgtagggea
781 gggcgctttt ttaacgttac gecttgacgcg ggtatgcgge ccgatccact taagcaggtce
841 ggccaccacg ccgaaatcta gatccacgtg cacggccgaa ttctegettt cgegecacaat
901 gtcttggccg tgcacgcagg ccgagctgaa ctccatattg aaatcgggeyg cgcacatgga
961 gatcttggcc gacaggtccg agatgtectyg cacgtagaac ttggtcaggt ccttgetgga
1021 agtcaggtac atgaaattac ccagcagcgg cgtggaattg ttaatggtct tgggctgaaa
1081 cgacttgtca gtgatgtaga ggcatgagct gttaaaagtg atttttgaca cgecagtgact
1141 gcgtaccgtt tgcaagataa gcgacggcgt gggcaagaag gtaaccgtgg tgttctectt
1201 gagcgcacgg atcacagatc gcagctgctg gatageccgte ttgtacgget tcagecgceag
1261 cgccagegtce ggcggctecg agaggcgegt cttgegatce at
SEQ HCMV UL50
KEYWORD PROTEIN
SEQ ID NO: 3
1 MEMNKVLHQD LVQATRRILK LGPSELRVTD AGLICKNPNY SVCDAMLKTD TVYCVEYLILS
61 YWESRTDHVP CFIFKNTGCA VSLCCFVRAP VKLVSPARHV GEFNVLKVNE SLIVTLKDIE
121 EIKPSAYGVL TKCVVRKSNS ASVFNIELIA FGPENEGEYE NLLRELYAKK AASTSLAVRN
181 HVTVSSHSGS GPSLWRARMS AALTRTAGKR SSRTASPPPP PRHPSCSPTM VAAGGAAAGP
241 RPPPPPMAAG SWRLCRCEAC MGRCGCASEG DADEEEEELL ALAGEGKAAA AAAGQDVGGS
301 ARRPLEEHVS RRRGVSTHHR HPPSPPCAPS LERTGYRWAP SSWWRARSGP SRPQSGPWLP
361 ARFATLGPLV LALLLVLALL WRGHGQSSSP TRSAHRD
KEYWORD DNA (NC_001347 REGION: 73000..74193)

SEQ ID NO: 4

1
61
121
181

tcagtcgegg
agccagcacc
ccacggecca
ccaacgataa

tgtgcggage
agcagaagag
gactgcggtc
ccagtccgcet

gtgtcggaga
ccagcaccag
gcgatggccecc
ccaaggacgg

cgacgactgg ccatgaccgc gccacagcag
cgggcccaga gitcgcaaagc gocgcgggcag
ggagcgegct cgccaccacg atgacggtgce
cgcgcacggc ggagacggceg gatgacggtg
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241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141

SEQ
KEYWORD

SEQ ID NO:

1

atgggtcgac
tccgacgtcce
ctcectectcee
ctcacaacga
ggcagcggcyg
agggggagat
gegggegege
gaccgccaac
ctcgeccecteg
ggatttgcge
gtccttgage
gcgegecgge
gccagtgttt
tagatactcg
ggggttttta
gatacgccge

HCMV ULS51

PROTEIN
5

acccctegee
tggccegeeg
tcttecatcag
cacagccgcec
ccgccagcgg
gcggtccgag
cacagggacg
gacgtcgacg
ttttecgggte
accacgecact
gtgacgatga
gaaacgagct
ttaaagataa
acacaataga
cagatgaggc
gtggcctgea

9/49

gacgactecac
ctgcecgetge
cgtctececte
acgaccccge
cgaccatggt
aggaccgctt
gaccgctgec
cggcetttett
cgaaggcgat
tcgtcagcac
gcgactegtt
tgacgggcge
aacaaggcac
ccgtgtectgt

cggcatcggt

gtgctcctee
cgcctteccct
gcttgegeat
cgccatgggt
dgggagagcaa
tceccgeegtt
gctgtgactg
ggcgtacage
gagctcgatg
tcecgtaggece
caccttaagc
tcgtacaaaa
gtggtctgtg
cttgagcatg
gacgcgcage

ccagatcctg atggagaacc

PCT/US2007/006113

agaggeccgac
tctcececgeca
ccgcatcegtce
ggcggcyggcy
ctcggatgac
cgcgtaageg
cttacggtga
tecgegeagea
ttgaagaccg
gagggcttga
acattgaact
cagcagaggqg
cggctctcce
gcgtecgcaca
tcgctgggac
ttgttcatct

gecgeggacee
gagccagcaa
ccatacaggce
gccgaggccc
gaggaggagg
cggccgacat
cgtggttcecg
gattctcgta
acgccgaatt
tctcctegat
cacctacgtg
agacggcgcea
agtagctgag
ccgagtaatt
ccaacttgag
ccat

MSWAKQRVPF LDDDDGEEEN DVQDDVDSPV PTRPLVIDED AEPAAGTSGG LEGGGGDDED

61 GEDGHALPDL DDDLLLQFEP MLPRVYDLLL PSLDARLNEFV NAGQKYAAFI, KYVHGDCATC
121 SHGEILREKT QLLTAIVSKL MDINGILEGK DESAPGK
KEYWORD DNA (NC_001347 REGION: 74215..74688)
SEQ ID NO: 6
1 ttatttaccc ggcgccgact cgtcttttec cteccaggatt ccgttaatgt ccatgagett
61 gctgacgate gecegttaata gttgegtoctt ctcacggagg atctctcegt gactgeaggt
121 cgcgecagtcg ccgtgcacgt acttgaggaa ggeggegtac ttctgacceg cgttcacgaa
181 atttaagcgc gecgtccagag agggcagcaa cagatcgtag acgcgcggca gcatcggcte
241 gaactgtaat agcagatcgt cgtcaagatc gggtagegeg tgtccgtctt caccgtccte
301 gtecgtcacca cctccccoct cgagcccace gectecgtacca gccgeggget ccogegtocte
361 gtecgatecacce agcggtcgeg tcggcaccgg agaatccacg tcatcctgeca cgtegtttte
421 ctectetceg tegtcategt ccagaaacgg caccecgetgc ttagcccagg acat
SEQ HCMV ULb52
KEYWORD PROTEIN
SEQ ID NO: 7
1 MNPSTHVSSN GPTTPPHGPH TTFLPPTSPA PSTSSVAAAT LCSPQRQAVS RYSGWSTEYT
61 QWHSDLTTEL LWHAHPRQVP MDEALAAAAA ASYQVNPQHP ANRYRHYEFQ TLSLGTSEVD
121 ELLNCCAEET TCGGTQSTVL TNATNTTSCG GAVAGSSNVG PAGASAACDL DAELAGLETS
181 AADFEQLRRL CAPLAIDTRC NLCAIISICL KQDCDQSWLL EYSLLCFKCS YAPRAALSTL
241 IIMSEFTHLL QOHFSDLRID DLFRHHVLTV FDFHLHFFIN RCFEKQVGDA VDNENVTLNH
301 LAVVRAMVMG EDTVPYNKPR RHPQQKQKNN PYHVEVPQEL IDNFLEHSSP SRDREVQLLFE
361 YMWAGTGVMS TTPLTELTHT KFARLDALST ASEREDARMM IEEEEDEEGG EKGGDDPGRH
421 NGGGTSGGEFS ESTLKKNVGP IYLCPVPAFF TKNQTSTVCL LCELMACSYY DNVVLRELYR
481 RVVSYCQNNV KMVDRIQLVI ADLLRECTSP LGAAHEDVAR CGLEAPTSPG GDSDYHGLSG
541 VDGALARPDP VFCHVLRQAG VTGIYKHFFC DPQCAGNIRV TNEAVLFGRI, HPHHVQEVKL
601 AICHDNYYIS RLPRRVWLCI TLFKAFQITK RTYKGKVHLA DFMRDFTQLL ESCDIKLVDP
661 TYVIDKYV -
KEYWORD DNA (NC_001347 REGION: 74727..76733)
SEQ ID NO: 8 :
1 atgaatccga gtacccacgt gagcagtaac ggcccaacga ctccecctca cgggecceccac
61 accacgtttc ttccccecgac cageccggee cegtccacca gcteecgtege cgececgcetacc
121 ttgtgcagtc cgcaacgaca ggcegttteg cgttacageg getggagcac cgagtacacc
181 cagtggcact cggacttgac aactgagctg ctatggcacyg cgcacccgeyg tcaagtacct
241 atggacgaag cgctggcegc cgcggcggcec gcctcatacce aggtaaatce tcaacacccc
301 gccaaccgtt accgtcatta cgaattccag acgctcagec teggcacctc ggaggtagac
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SEQ

361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981

KEYWORD

SEQ ID NO:

1
61
121
181
241
301
361

KEYWORD

SEQ ID NO:

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

gaactgctca
accaatgcga
ccecgeoeggeg
gcggccgact
aacctatgcg
gagtacagct
atcatcatgt
gacctgttec
cgttgectttg
ctggccgtgg
cgccacccge
atcgacaact
tatatgtggg
aagttcgcge
atagaagaag
aacggcggtyg
atttacctat
ctgtgcgaac
cgcgtegtet
gccgatetgt
tgtggacteg
gtcgacggceg
gtcacgggca
accaacgagyg
gccatctgtce
acactcttca
gactttatge
acgtacgtga

HCMV ULS
PROTEIN
9

MSSVSGVRTP
LHDLHDIFRE
ACTSCEDNRI
LHAANHDIVP
ISVLCHAVSA
SSYAIRSPLT
PQSPPPPLFL

actgttgtgc
ccaacaccac
cttcggcege
ttgaacaact
ccatcatcag
tgctgtgctt
ccgagtttac
gacaccacgt
aaaaacaagt
tgcgggccat
aacagaagca
ttctagaaca
ccggeaccgyg
gactagacgc
aggaggatga
gcaccagcgg
gtececgtacce
tcatggectg
cgtattgtca
tgcgcgaatg
aagcacccac
cactggcgeg
tctacaagca
ccgtgctett
acgacaatta
aggcctttca
gcgatttcac
tagacaagta

3

RERRSALRSL
HPELELKYLN

10/49

ggaagaaacc
tagctgegge
ctgcgaccta
gcggcgactg
catctgecctce
caaatgcagt
gcatctgctg
tctcacggte
gggcgacgceg
ggtcatgggt
aaaaaacaac
cagctcacct
cgtcatgagce
gttatccacg
agaaggagga
ggggttcage
cgecttttttt
ctcctattac
gaacaatgtg
cacgtcgecyg
ctcgeecegga
acccgaccecg
ctttttctge
cggacgectg
ctatataagt
gattacaaaa
gcagctgttg
tgtctag

LRKRRQRELA

MMKMAITGKE

acgtgecggeyg
ggagcegteg
gatgcagaac
tgcgegeege
aaacaggact
tacgcgeeccece
cagcagcact
ttcgatttec
gttgataacg
gaagacacgyg
ccttatcacyg
agccgecgace
accacgccac
gecteggaaa
gaaaaaggag
gagagcacgc
accaagaacc
gataacgtcg
aagatggtgg
cteggegegyg
ggcgactcgg
gtattttgce
gacccgecagt
cacccceace
cgactteccege
cgcacctaca
gagagttgcg

SKVASTVNGA
SICLPFNFHS

LPTASDAMVA FINQTSNIMK NRNEYYGFCK

FMHAEDGRLH
SSVKIDVTIL
ASPLHVVSTN
NSIRAP

MHVIFENPDV

QRKIDEMDIP
GCGPSSSS8QS

HIPCDCITQM
NDVSESFERY
TPPHLHPPSQ

DNA (NC_001347 REGION: 76726..77856)

10

atgtctageg
ctcegeaage
acgtecggceca
ctgcacgacc
atgatgaaga
caccggcagce
gcctgecacct
ttcatcaatc
agcagcgagc
ctgcacgceg
atgcacgtca
ctcacggcgg
atcagecgtge
caacgcaaga
aaagagctca
tcgtectacg
ggctgcggece

tgagcggegt
gccgccaacyg
acaaccacgyg
tgcacgacat
tggccatcac
acacctgect
cgtgcgagga
agacgtccaa
tactcaagct
ccaaccacga
tcttcgaaaa
cgegcgaaga
tgtgtcacge
ttgacgagat
ttcaggagct
cgatacggtc
cctectecte

gcgcacgccyg
cgagctggcce
cgaaccgcecg
cttccgecgag
gggcaaagag
cgacatctcg
caaccgcatc
catcatgaaa
ctccaccaac
catcgtgceccc
ccececgacgtg
ctacagcgtc
cgtctecggece
ggacattccc
gtgtcagtcc
tcccttaacce
gtcccagtcec

cgcgaacgac
agcaaagtgg
tcgecggecg
caccccgaac
tccatctgcet
ccgtacggca
ctgcccaccg
aatagaaact
cagccgcecca
tttatgcacg
cacatccect
acgctcaaca
agcagcgtca
aacgacgtga
agcggcaaca
gcgtcgecgt
acgccgectce

PCT/US2

gcacgcaate
ccggcagtag
tggccggect
tggccatcga
gcgaccagag
gtgcggeget
tttcecgatct
acctgcactt
agaatgtcac
tgccttacaa
tcgaagtgece
gcttegtgea
tcacggaact
gagaagacgc
gagacgatcc
taaaaaaaaa
aaaccagtac
tcectgegega
accgcattca
cacacgagga
actaccacgg
acgtcecctgeg
gcgccggcaa
acgtccagga
gacgtgtghtg
aaggcaaagt
acatcaagct

TSANNHGEPP
HRQHTCLDIS
SSELLKLSTN
LTAAREDYSV
KELIQELCQS
ATQPHHYSHH

gcteggecett
cgtcgacggt
acgcgcgeee
tggagctcaa
taccecttcaa
acgagcaggt
cctccgacgce
tttattacgg
tcttccaaat
ccgaggacgg
gcgactgcat
tcgtgcgega
agatcgacgt
gcgagtceett
acctatacga
tgcacgtagt
atctccaccc

007/006113

caccgtactc
caacgtagga
cgaaacctecg
cacgcgcetgt
ctggctccecte
cagcacgctc
gecgcatcgac
tttcatcaat
cctgaaccat
caagcctcgg
gcaagaactg
gctactttte
cacgcacact
aaggatgatg
gggccgtcac
cgtgggtceccc
cgtgtgtctg
gctgtaccge
gctggtattg
cgtggcgcgce
cctgagcggce
tcaggcaggce
catccgegte
ggtgaaactg
gctctgeate
gcacctggceg
ggtggacccc

SPADARPRLT
PYGNEQVSRI
QPPIFQIYYL
TLNIVRDHVV
SGNNLYEEAT
QSQSQQHHHR

gcgcteectg
gaacggcgct
gcgectcacg
gtaccttaac
tttcecacteg
ctecgegeate
catggtggce
gttctgtaag
ttattacctg
ccggttgcac
cacgcagatg
ccacgtcgtt
gactattttg
tgagcgctac
ggaggecacg
ttccaccaac
gcecgtecgecag
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1021 gcgacgcagce cccaccacta ctectcaccac cagtcectcagt ctcagcagca tcatcaccgt
1081 ccccagtcac caccgceccgcee gctgtttcte aacagcattce gtgegecttg a

SEQ HCMV ULS54
KEYWORD PROTEIN
SEQ ID NO: 11
1 MEFNPYLSGG VTGGAVAGGR RQRSQPGSAQ GSGKRPPQK(Q FLQIVPRGVM FDGQTGLIKH
61 KTGRLPLMFY REIKHLLSHD MVWPCPWRET LVGRVVGPIR FHTYDQTDAV LFFDSPENVS
121 PRYRQHLVPS GNVLRFFGAT BEHGYSICVNV FGQRSYFYCE YSDTDRLREV IASVGELVPE
isl PRTPYAVSVT PATKTSIYGY GTRPVPDLQC VSISNWTMAR KIGEYLLEQG FPVYEVRVDP
241 LTRLVIDRRI TTFGWCSVNR YDWRQQGRAS TCDIEVDCDV SDLVAVPDDS SWPRYRCLSF
301 DIECMSGEGG FPCAEKSDDI VIQISCVCYE TGGNTAVDQG IPNGNDGRGC TSEGVIFGHS
361 GLHLFTIGTC GQVGPDVDVY EFPSEYELLL GFMLFFQRYA PAFVTGYNIN SFDLKYILTR
421 LEYLYKVDSQ RECKLPTAQG GRFFLHSPAV GFKRQYAAAF PSASHNNPAS TAATKVYIAG
481 SVVIDMYPVC MAKTNSPNYK LNTMAELYLR QRKDDLSYKD IPRCFVANAE GRAQVGRYCIL
541 QDAVLVRDLF NTINFHYEAG AIARLAKIPI RRVIFDGQQI RIYTSLLDEC ACRDFILPNH
601 YSKGTTVPET NSVAVSPNAA IISTAAVPGD AGSVAAMFQOM SPPLQSAPSS QDGVSPGSGS
661 NSSSSVGVFS VGSGSSGGVG VSNDNHGAGG TAAVSYQGAT VFEPEVGYYN DPVAVFDFAS
721 LYPSIIMAHN LCYSTLLVPG GEYPVDPADV YSVTLENGVT HRFVRASVRV SVLSELLNKW
781 VSQRRAVREC MRECQDPVRR MLLDKEQMAL KVTCNAFYGF TGVVNGMMPC LPIAASITRI
841 GRDMLERTAR FIKDNFSEPC FLHNEENQED YVVGTREGDS EESSALPEGL ETSSGGSNER
901 RVEARVIYGD TDSVFVRFRG LTPQALVARG PSLAHYVTAC LFVEPVKLEF EKVFVSLMMI
961 CKKRYIGKVE GASGLSMKGV DLVRKTACEF VKGVTRDVLS LLFEDREVSE AAVRLSRLSL
1021 DEVKKYGVPR GFWRILRRLV QARDDLYLHR VRVEDLVLSS VILSKDISLYR QSNLPHIAVI
1081 KRLAARSEEL PSVGDRVFEFYV LTAPGVRTAP QGSSDNGDSV TAGVVSRSDA IDGTDDDADG
1141 GGVEESNRRG GEPAKKRARK PPSAVCNYEV AEDPSYVREH GVPIHADKYF EQVLKAVTNV
1201 LSPVFPGGET ARKDKFLHMV LPRRLHLEPA FLPYSVKAHE CC
KEYWORD DNA (NC_001347 REGION: 77834..81562)
SEQ ID NO: 12
1 tcaacagcat tcgtgcgect tgacactgta cggcagaaaa gccggcteca agtgcaagcg
61 ccgecggeage accatgtgeca aaaacttgtce cttgecgegeg gtttegecge cgggaaagac
121 gggcgacagce acgttagtta cagccttgag aacctgctca aagtacttgt cggegtgaat
181 gggcacgceg tgctcecgegca cgtagectegg atcttegget acctegtagt tgcacacggce
241 cgacggtggt ttccgcgecce tottctttge cggetctcct cctectcctgt tgetctecte
301 taccccgecg ccgtcagegt cgtcgtecegt gecatcaatc gcgtcecgace gggaaaccac
361 gccggeoggtt acagaatcac cgtitgtcegga ggaaccctge ggcgceecgtee ggacaccggg
421 cgccgtcaga acgtaaaaga cccgatcccec gaccgagggt agotcctcag aacgggccge
481 caatcgctta atgacggcaa tgtgcggcag gttagattga cggtacagceg agatgtcctt
541 agagagcacc gacgaaagca ccaggtcctc gacacgcaca cggtgcaggt acagatcgtc
601 gcgggcctge accaagcggce gtaagatacg ccagaaaccg cgtggcacge cgtacttctt
661 gacttcatcg agtgagagge gcgacaggcg cacggetgcet teccgagacct cgcgatccte
721 aaagagcagc gagaggacgt cacgcgtgac gcccttgacg aactegecagyg ccgtcecttgeg
781 caccagatcc acgcecttca tgctcagacc cgaggcegecee tecactttge cgatgtaacg
841 tttcttgcag atcatcataa gagagacgaa gaccttttca aactccagcet tgacgggctc
901 cacaaaaaga caggccgtca cgtagtgcge caggetggge ccacgcegeca ccagagcctg
961 cggcgtcagg ccacgaaagc ggacaaacac gctgtcecgty tcccegtaga tgacccgcege
1021 ctccaccege cgttegttey ageccoctga cgatgtttcg ageccctecg gtaacgcgcect
1081 gctectcctece gaatceccet ccegegttee cactacatag tcttectgat taaaaaaatt
1141 gtgcaaaaaa cacgygctctyg aaaagttgtc tttgatgaac cgegecgtge gcetctageat
1201 gtcgegaccg atgcgcgtga tgotggegge gatgggeaga cacggcatca taccgttgac
1261 cacgccggta aaaccgtaga aagegttgca cgttactttg agegecatct gttccttgte
1321 gagcagcata cggcgcacag ggtcttgaca ctcgegcatyg cattegegea cggcacgccg
1381 ctgcgaaacc cacttgttga gecagttccga gagcaccgag acgcgcaccg aagcacgcac
1441 aaagcggtgg gtcacgecgt tctctagegt gacgetgtat acgtcggecgg ggtccacagg
1501 gtactegcca ccecggcacca gecagggtgga gtagcagagg ttgtgggcca tgatgatgga
1561 agggtagagg ctggcaaagt cgaacacggce cacggggtcg ttgtagtaac ccacctcggg
1621 ctcaaacacc gtggcgccct ggtacgaaac cgecgcagta ccgecggege cgtgattgte
1681 gttggaasacyg ccgacgccgc cactactgec ggagocgacg ctgaaaacge cgacgctget
1741 actactgtta ctgccggagce cgggtgaaac gcegtectga ctggacggcg cagattgcaa
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SEQ

1801
ig6l
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721

gggcggegac
agagatgata
tttgctgtag
gtagatacgg
cgegatggec
ggcgtcetge
acgcgggatg
agtgttgagc
aaccaccgaa
agccgaggga
gaaacggcceqg
gtactcgaga
aaaggceggce
agggaactcg
atgaagaccc
gtttgggatc
ctgaatgaca
ctcgatatcyg
caggtcagag
ccagtcgtaa
acgcgtecage
gccgattttt
tcgegteecyg
cgteegeggt
gtcgetgtac
gccgtgttet
atagcgegge
ggtgtgaaaa
ccaaaccatg
tccegtctta
ctgcaaaaac
acgctgacgce
gaaaaacat

‘atctgaaaca

gcagcgttag
tggttgggca
atctgetgte
ccggectegt
agacagtaac
tcecttgtaag
ttatagttgg
cccecgcaatat
aaagcggcegg
ccctgegecg
cgcgtgagga
gcgtaccgtt
tagacgtcca
gagtgcccaa
ccctgatcca
atgtcatecgg
aaggacaggc
acatcgcagt
cgattcacygg
ggatccacac
ctggccatgg
tacccataga
tcgggecacta
tcacagtaaa
gtggcccecga
gacacgtttt
cgaataggtc
tcatgactca
tgcttgatca
tgtttctgtyg
cggcecacceyg

HCMV UL55 (Gb)

12/49

tagcecgecac
gtgacacagc
ggataaaatc
cgtcaaagat
agtgaaaatt
ggcctacctg
acaggtcatc
gcgagttagt
acaccttggt
cgtactgccg
taggcaactt
tgtacttcaa
gaaagaaaag
cgtctgggcc
agatcacacc
cggeggtgtt
acttctegge
atcgatagcg
ctacctcgat
agcaccagcc
ggacctegta
tccagttget
tggaggtcectt
gttcgeccac
agtagetgeg
agaaacgcaa
cgggcgagtce
ccaccacgcyg
acaaatgttt
accccgtctg
gcggecgett
cgaccgcace

agaacccgcg
aacgctattc
gcggcaggeg
gacacgcecgc
aatggtgttg
ggcgcggecece
cttgegttge
cttggecatg
ggcggcecegtg
cttaaaaccc
gcagaagcgce
gtcaaaagag
cataaagccc
cacctgcceg
ctccgaagtyg
tccececegtce
gcagggaaaa
cggccacgag
atcacaagtc
gaacgtggtyg
cacgggaaaa
gatagacaca
ggtggccgge
gctggcaatg
ctgcccgaaa
cacgttcccc
gaagaagagc
acccaccagg
aatctctcga
accgtcgaac
gcccgagceec
gceggtceacg

PCT/US2007/006113

tcgeegggea
gtttecgggcea
cactcgtcca
aacggaattt
aacagatcgce
tcggcattag
cgcaggtaaa
catacagggt
ctggccggat
acggcggggce
tgcgagtcca
ttgatgttgt
agcagcagct
caggtgccga
cagcccegac
tcgtagcaca
ccaccctcge
ctgtcgtcgyg
gacgcgcgac
atccgecgat
ccctgcteea
cactgcaaat
gtgacagaca
acctcacgca
acgttgacgc
gaaggcacca
acggcgtecg
gtctecgegcece
tagaacatga
atgacacctc
tgcgcggage
ccgecgetca

cagcggeggt
ccgtegtace
gcagcgaggt
tagccagecg
gcaccaatac
ccacgaaaca
gctcggceeat
acatgtcgat
tgttgtgaga
tgtgtaaaaa
ccttatacag
aaccggtcac
cgtattcgga
tcgtaaagag
catcgttcce
cgcacgagat
cgctcatgeca
gcacagccac
cectgetgecg
cgatgaccaa
gcagatactc
cgggcacggg
cggcgtatgg
gcctatceggt
agatactgta
gatgctgacg
tctgatcgta
aaggacacgg
gaggcagccg
gcggcacgat
cgggetgcega
gatacgggtt

KEYWORD

SEQ ID NO:

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901

KEYWORD
SEQ ID NO:

PROTEI

13
MESRIWCLVV
EAVSHRANET
LDEGIMVVYK
KFAQCYSSYS
LYRETCNLNC
PNYTIVSDEG
EDSYHFSSAK
FETSGGLVVE
AQLQFTYDTL
MGDVLGLASC
LLGNHRTEEC
RVLELYSQKE
AGKAVGVAIG
PLONLFPYLV
NEQAYOMLLA
DEEENV

N

CVNLCIVCLG
IYNTTLKYGD
RNIVAHTEFKV
RVIGGTVEVA
MLTITTARSK
RPNAAPETHR
MTATFLSKKQ
WQGIKQKSLV
RGYINRALAQ
VTINQTSVKV
QLPSLKIFIA
LRSSNVFDLE
AVGGAVASVV
SADGTTVTSG
LARLDAEQRA

AAVSSSSTSH
VVGVNTTKYP
RVYQKVLTFR
YHRDSYENKT
YPYHFFATST
LVAFLERADS
EVNMSDSALD
ELERLANRSS
IAEAWCVDQR
LRDMNVKESP
GNSAYEYVDY
EIMREFNSYK
EGVATFLKNP
STKDTSLQAP
QONGTDSLDG

ATSSTHNGSH
YRVCSMAQGT
RSYAYIYTTY
MQLIPDDYSN
GDVVYISPFY
VISWDIQDEK
CVRDEATNKL
LNITHRTRRS
RTLEVFKELS
GRCYSRPVVI
LEFKRMIDLSS
QRVKYVEDKV
FGAFTIILVA
PSYEESVYNS
QTGTODKGOK

DNA (NC 001347 REGION: 81703..84423)

14

1
61
121
181

tcagacgttc
cagcecggtcet
agaatctgta
catctggtaa

tcttecttegt

cggagtcttt

agcaggttag gcttcectgtcce

ccgttetget
gecctgectegt

gcgctcegetg
tggtgtaagg

caagtgtctg
cttgtecctge
ctctgegtec
cggagcecgcec

TSRTTSAQTR
DLIRFERNII
LLGSNTEYVA
THSTRYVTVK
NGTNRNASYF
NVTCQLTEWE
QQIFNTSYNQ
TSDNNTTHLS
KINPSAILSA
EFNFANSSYVQ
ISTVDSMIAL
VDPLPPYLKG
JAVVIITYLI
GRKGPGPPSS
PNLLDRLRHR

tagccgtttt

SVYSQHVTSS
CTSMKPINED
PPMWEIHHIN
DOWHSRGSTW
GENADKFFIF
ASERTIRSEA
TYEKYGNVSV
SMESVHNLVY
IYNKPIAARF
YGQLGEDNEIL
DIDPLENTDFE
LDDLMSGLGA
YTRQRRLCTQ
DASTAAPPYT
KNGYRHLKDS

tgcgatgtceg

gtgccagtct gtceccgtccaa

agacgggcca gggccagaag
gtggatgcat cagacgacgg



WO 2007/106404

241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701

tggtceecggt
taacgacgtg
gggaaagagg
agtgataatg
gaggaaggtg
tacgccaacy
gtagggcggt
gttgaattcg
cgagtaaagt
catgctgtcg
gtactcgtag
agtgcggtgg
cgagctgttg
cttecacgttc
caggcccaag
aatggctgac
cacacaccag
ataggtgaac
agttgtatta
attggccaaa
cagaccgccg
tgaagtattg
ggagtcggac
agaaaagtgg
ggtgagetgg
acgttcgaga
ggaaacgatg
ggcattgcga
tgcaaaaaaa
attacaggtc
cacgtaacgg
ttcataactg
actgtagcat
ttcegtattg
caaaaccttt
caccatgatg
acgttcaaag
ggtagtgttg
ggctctatga
agcagacgtc
actagaagag
gcaccagatc

cctttgcgac
tectttggtge
ttctgcageg
actacggcta
gcaacgcctt
gccttteceeg
agcgggtega
cgcatgatct
tccagtaccce
acggtggaga
gcecgagttee
ttgcccaaca
gcgaaattaa
atatcacgca
acatcaccca
gggttgatct
gcttctgega
tgcagctggy
ttgtcactcg
cgttccaatt
ctggtttcga
aaaatctgct
atgttcactt
tacgagtctt
caggtgacat
aaagccacca
gtgtagttcg
ttggttecgt
tgataaggat
tcacgataga
gtactgtggg
tccctatgat
tgagcaaact
ctgcccagea
tggtagaccc
ccctcatceca
cgaataagat
actcccacca
ctgacggctt
gtacgagaag
gaaaccgcag
ctggattecca

13/49

cagaattata
tgcecegacgt
gctgegtgea
tggccacgag
cgaccacgga
cggcgccecay
ctaccttgte
cttcgaggte
tgaagteggt
tactgctgag
cggcgatgaa
ggatttegtt
agatgaccac
gcaccttgac
tgaaacgcge
tgctgagttc
tttgcgecag
cgtagaccag
tacttcttct
ccaccaaaga
agacggacac
gtaacttatt
cttgtttectt
cggcttcgga
tcttctecgte
acctatgggt
ggaaaatgaa
tgtagaaagg
acttggagcg
gccaggtgct
tgttggaata
atgccacgaa
tgttgatgtg
gataagtggt
gtaccttaaa
agtcttcatt
ccgtaccctg
catcteccgta
cagaagacgt
tatggcttcc
cacccagaca
t

aacactttce
cacggtggtce
cagacgecegce
gatgatggtg
ggccaccgcg
gcegetecatyg
ctccacgtac
aaaaacgttg
attttccage
gtcaatcatg
gatcttgagg
gtectecgecee
gggtcgtgag
gctggtttgg
ggcaatcggt
cttgaagacc
cgcceggttg
attgtgcacc
ggtcctatga
tttttgettg
gtttcegtat
tatagccteca
agacagaaaa
acggatagta
ctgtatatcc
ttctggecgea
aaacttgtecg
agaaatgtaa
cgcagtagtg
gcecgeggetyg
atcgtcggga
aaccgtgcet
atgaatctcce
gtagatgtaa
ggtgtgegec
gataggecttc
ggccatagaa
cttgagggta
tacgtgttga
attgtgagta
gacgatacac

PCT/US2007/006113

tcgtaggaag
ccgtcggegg
tgtcgagtat
aaggctccga
ccacccacgg
aggtcgtcca
tttacceget
ctggaacgeca
gggtcgatat
cgtttgaaga
ctgggaagct
agttgaccgt
tagcagegtce
ttgatggtca
ttgttgtaaa
tctagggtge
atgtaaccgc
gattccatge
gtgatattca
atgccttgee
ttttecatatg
tcacgtacge
gttgcagtca
cgttccgagg
caagagatca
gcgttgggte
gcgttttcte
accacatcac
atggtcagca
tgccactgat
attaattgca
cctataacge
cacataggag
gcgtagectac
acgatgttge
atcgaggtge
cacacgcgat
gtgttgtaga
gaatagactg
gaagaagttyg
aggttaacgce

gcggagectg
acaccagata
agatcaaata
aggggttttt
cceccaatgge
gacccttgag
gcttgtacga
gctctttcetg
ccagggcgat
ggtagtccac
gacattcctc
actgcacgta
ctggcgatte
cgecagctggce
tggccgagag
gecegttgate
gcaacgtgtce
tggacaaatg
gactggatcg
agaacaccac
tttgattgta
agtccagcge
ttttggcaga
cttcccagaa
ccgagtegac
tteccaaagtc
caaagtagct
ccgtggaagt
tacagttcag
ccttgaccgt
tggttttgtt
ggctgtagga
gcgceccacgta
gacgaaacgt
gcttgtagac
agatgatatt
aggggtactt
tagtetegtt
accgggtttg
catgggaagt
agactaccag

SEQ
KEYWORD

SEQ ID NO:

1
61
121
181
241

301
361
421
481
541
601

HCMV ULS5S6

PROTEIN
15

MEMNLLQKLC
AQNRTQSSLL
ELQFTDNVRF
RQEVYVEGTT
LDLTTRIPHL

SRTSEVIVKR
GSVFAAPNRI
PEGEAIHLRG
GDGSENGLRV
QERLTSKLID
IHKSLPVESL

VVCSKCNEYA
TLYLEMLLKA
SVSLATLNDI
CAQCYEELTI
AGVLSALKSL

VGITIQQLNV
IDLITSLSIQ
REAMSGTGTT
RNCDEHEALD
VNLVGPLCLD
PLLGQQIYEL

MELECLKYCD
LHEDTALLDR
ERFLCKMNYV
IPNQGRSLNK
FSSSSAYHSY

YHQLCRALMN
AFEDNPVFNK
LMTASNSSNS
LVDARSRIHN
FISKLMNGFL
CNGPLFTHCT

PNVLLAESTP
ALMAYSRQPD
YGILAPEAGL
RLOGLLCNHI
IQEAEEALRE

GISRHLYGED
LHESNEMYTK
STHSQRNNGG
VTREVNVRKR
YRSQYHQDQD
DRYPLSHNVD

FKRNAAATIVY
RAAFYRTVLR
EVCAQLLELL
AVHRPSSQSD
YNLFTDIPER

VEDIFVLGEK
IKHILEEIRR
GGRARGGGKK
AYLOKVSEVG
VVDVGDQFTY
MAYACDNAGV

LYRKIYPEVV
LDRCDRHHTV
RRLCGISPVA
VNIQTVEQDL
IYSLSDEFTYW

ALDGEERMFV
PLPDGTGGDG
VVGGGVNGQD
YGKVIRCIKT
DEHLYVVNNL
LPHVKDDLVK
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661
721
781
841

KEYWORD

SEQ ID NO:

SEQ

KEYWORD
SEQ ID NO:

1
61
121
isl
241
301
361

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521

14/49

PCT/US2007/006113

CAEGTVYPSE WMVVKYMGEF NFSDCQDLNV LQKEMWMHVR ELVLSVALYN ETFGKQLSIA
CLRDELHPDR DVILTYNKEW PLLLRHEGSIL YKSKDLYLLL YRHLSRPDES GDVPTAPVAK
PSTLTAAAAV SGVFREPDRP WLPSPYPSSS TAGVSRRVRA TRKRPRRASS LLDLARDEHG

IQDLVPGSLR

DNA (NC_ 001347 REGION:

16

ttaacgcaga
cagcgatgag
agtcgaggag
cgagacggcc
gccactctca
ataaagactt
atctctgtce
ttcattatat
cagcacgttt
ccactcactg
tagtacgccc
atcggtgcag
cgggagggat
atcgtaggtg
gtacagaaac
gacatcgatg
atagcccacc
gacgttgtgg
gcgecacccegt
cactttcttg
actgctgttg
ccgtceccacgce
cggacgtcga
gagcttgttg
gatgatcctg
cgecttttec
gcegttecatyg
caccegettg
tattcgttce
gatgtagctg
agccaagtgg
cacatcggac
ccgettgtte
gcatgtegtce
acggaggagce
gtacacgtag
gctgaaacgg
caaacggagyg
cgccegatcece
cgtcagcaac
cagatacact
cggatcgcag
tacgcatagt

ctaccaggca
gcgegtegtg
gagggatacg
gcggcggecyg
tceggtetgg
ccttcgtgac
gggtgcagtt
agtgcgacgg
aggtecctgac
ggatacacgg
gcgttgtege
tgggtgaaga
tccacaggca
aactgatcac
ccattcatga
agcttgectag
teccgagacct
atgcgggagc
aagccgttct
cctcctecac
ctgctgttge
aggtgaatag
atctecctcga
aacaccgggt
ttgggggegyg
ccgagcacga
agcgcccggce
acgataacct
ggtatatccg
tggtaggecg
gggatgegeg
tggcttgacg
agcgagcggc
ccttcgacgt
tccagcaact
ttcattttge
acgttgteceg
acggtacggt
agcaaagccg
gaactctgcg
atagccgcceg
tactttagac
ttctgtaaca

HCMV ULS57

PROTEIN
17

MSHEELTALA
SVRTPVLCYD
PEADRVPTDL
VRVPLYPPTL
SEPRVLIEAA
ASVFFDSAYQ
HRLVYLQOSSA

PVGPAAFLYF
GGVLTKVTSF
AALCAAVGCQ
FNSLQLDAEA
LRQFVHDSQQ
PRESMLFSEW
RHPSAGGTAS

ccagatecctg
gtctcttgeg
gacttggcag
tcagggtgga
acagatgcct
gaagcagcag
cgtcgegeag
agagcacgag
agtccgaaaa
taccttceoge
aggcataggc
ggggcccgtt
gactcttgtg
ccacgteccac
gcttagagat
tcagacgecte
tctgcaggta
gcgegtecac
cgctgeegte
gagcccggcece
tggcegteat
cctegeecte
gaatatgctt
tgtcctegaa
caaagaccga
agatgtcctc
acagctggtg
ccgaggtacg
taaacaggtt
atgaagaaga
ttgtcaggtc
gacggtggac
cctgattecgg
acacttcctg
gcgcgeagac
acaggaagcg
taaactggag
agaaggecge
tatcctegtg
tacgattctg
cgtttctett
actccagctc
aattcatctc

SRLNAETQEI
CPFALYFHHT
ASETTVHVVV
DEVSLDARSA
SVKLAPHKRY
PLVINATDHR
QETLLKAIQF

84386..86938)

gattccatgt
tgtcgegegg
ccaaggtcgg
gggcttggee
gtagaggagg
cggccactet
gcacgcgatce
cteccegecacg
attgaaaaaa
gcatttgacce
catgtccaca
acacaactcg
gatcaggtta
cacgtcttgg
aaagtccaga
ctgecgttttg
ggcgecgtttg
caagtcgaga
gccgtectge
gccgceccaccy
caaagtcgta
ggggccgtceg
gattttggtyg
agcttgaatg
ccccacgaac
cacgtcectec
atacacattt
ggaccagtag
gtactccctc
gaataggctt
cagcaggtcec
cgctatatgg

‘gatgatggte

acgcgccacce
ctccaggecg
ctcgatgtcg
ctccacggtg
ccggtecgge
cagcgcctte
cgccaccacce
gaacggcgtg
catggcgtat
cat

LATLSLCDRS
QGIVAFTEDH
GNGLKEFLFA
FVEARGLYVP
LGYMSQRLSS
DLIRALTELK
TNGLSAACED

tcgtegeggg
acccteceggyg
tcecggeteeco
acgggagctg
agatatagat
ttgttatacg
‘gagagttgtt
tgcatccaca
cccatatact
aaatcgteect
ttgtgagaga
tagatctgcet
ttgaccacat
tcctggtggt
cacaagggcc
atgcaacgga
cgcacgttca
gcctegtgtt
ccattcaccc
ttattcctet
ceccgtececg
ccccceegtge
tacatctegt
ctgagggatg
atgcgctect
ccgtacagat
agctgctgga
gtaaaatccg
agcgcctecect
ttgagggeceg
tgctccaccg
ttgcacagca
agctecctegt
ggcgagatgce
gccteceggeg
ttgagtgtgg
tgatggcgat
tggcgcecgagt
agcagceatct
tccgggtaga
gactcecgeca
tcgttgecatt

ccaaatccag
aaacacccgc
tgaagacacc
ttggcacgtc
ctttggactt
tgagaatcac
tccecgaaagt
tctecttetyg
tcaccaccat
tgacgtgggg
ggggataacg
gacccagtag
acaggtgctc
attggctgeg
ccactagatt
tcaccttgece
cctegegagt
cgtegeagtt
ctcccocectac
gactgtgagt
acatcgecte
catctggcag
tgctttcegtyg
tgatgaggtc
cceccgtecaa
ggcgactgat
tggtgatgcc
acaaggaata
ccgectectg
aaaggactcc
tctggatatt
agccctgcag
agcattgggc
cgcataggcg
ccaggatccc
ccagactgac
cgcagcgatc
aggccatcag
ccaggtagag
tcttceggta
gtaacacgtt
tcgaacacac

SSVVIAPLLA
GDVHRLCEDA
GQLIPCVEEA
AVSETLFYYV
LEKDHLMLSD
LHLSTHVAAL
VYNDARKVLK

GLTVEADFGV
ROKYALEAYM
TTVRLHGGEA
YTSWCQSLRF
AVVCELAFSF
VEFSANSVLYQ
FQGAPLKDER
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421
481
541
601
661
721
781
841
801
961
1021
1081
1141
1201

KEYWORD

SEQ ID NO:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581

YGPQHLALVC
HTCYQTAFVR
KGDDGVPGGG
NRILDYCRKM
VAGATQAFNL
MTQHFQSTIHG
LSVPTLIMVR
LPCLQFWQKV
RFHNKFLCYY
GVPAPMAATV
SLNVSSMSGQ
DPEVMAVYEI
LDADAQRLTD
GCFLVNAGED

GTCPQLVSGF
VRTRLPVVPK
AGGGGGRDVS
RLIDPVTGED
DLNPYAVAFQ
AFSTTSSRKG
VKNRPIYRAG
CSNALPKNVP
GFKDYIGSLH
ARESLVRSVF
DYRFMRQRYL
LSVREEIPAS
AAGGEVHDLS
EAGGVGGSSG

15/49

VWYLNRVSVY
QPKKEPCVIT
GGPSDGLGGG
TEFSAHGKSDF
PLLAYAYFRS
FLFTKQIKSS
KGNAGSVFFR
IGDMGEFNAF
GLTTRLTTQON
EHRSLVTVPV
LATRLADVLI
DDVLFEVDGC
ALFAPSGVGA
GGGGSGLLPA

NTGLSGSSTL
VQSRFLNDVD
RGGGGGGDSG
VAVESALNKFE
VFYVIQNVAL
KNSDHDRLLD
RDHVPRRNPA
VKEFLVAVTAD
HAQFPHVLGA
SVEKYAGINN
KRSRRENVLE
EALAASLMDK
ASGVGGGGLL
KRSRL

PCT/US2007/006113

TNHLVGCAAG
ILGSEFGRRYN
GMMGRGGRML
VDDEALGEVS
ITATSYIVDN
FRLYAQGTYA
KGCLGFLLYR
YQEHDLLDVA
SPRFSSPAEF
SKEIYQPFGQI
DADLIKNRVM
FRALQEQGVE
LGESVAGNSI

LCEACGGTCC
VDAKDGGLDG
GASVDRTYRL
EVRLKSSRDE
PLTTNLVSKW
VVPMBEIKLSR
HHERLFPECG
PDCVLSYVES
ALHVKGLKTA
GYFSGNGVER
LALDAENLDC
DFSLENLRRV
CFPGVPGETGG

DNA (NC_ 001347 REGION: 87505..91212)

is

ttacaaccgg
gcecgacgecy
gcegggeacyg
acccccgacy
cacctccecece
gttctccage
cgacgecggece
ctcectegege
ctcggegtcee
ctcgeggege
gcgcatgaaa
gttgceccgaa
cgcatatttt
taccaacgat
gcccttgaca
gtgaggaaac
gatgtagtct
actcagcaca
agccaccaga
gggcaacgcg
aaagagtcgc
acgcggaacg
gatgggtegg
gatctccatg
gtegtgatce
cgacgtggtyg
caagttggtg
ctggatcacg
ggcgtaggga
gctcttgagg
cgccgaaaag
cacggggtcg
acggtccacg
accaccccca
tccaccaccc
cccgteetthg
gagaaaacgc
gggcaagcgyg
cccacaggcce
acccgacaag
tagctgecgga
gagcggegceg
cgccgacaac
gccggegetg

ctgegtttgg
ccagecctegt
ccgaagcaaa
ccggacgccg
ccggcggcegt
gaaaagtcct
agcgcctege
acgctcagaa
agcgccageca
gagcgtttga
cgataatctt
aagtagccga
tccacgetca
tcacgcgcca
tgcaacgcaa
tgcgegtggt
ttgaagccat
cagtctggeg
aatttgacga
ttggaacaga
tcgtgatgtce
tgatcgcggce
tttttcaccec
ggcaccacgg
gaattcttgg
gagaacgcgce
gtcaacggat
taaaagacgg
ttcagatcca
cgcaccteeg
acggccacaa
atgagccgea
ctagcgccca
ccaccacgac
ccgccagecac
gcgtegacgt
gactgcacqgg
gtgcgcaccc
tcgecacagcce
cccgtgttgt
cacgtgccac
ccctgaaact
ccgttggtga
ggatgcecgeg

ccggcaataa
cttcgecegge
tggagttgcce
cgccgacgec
ccgttaatcg
ccacgccctg
agccatccac
tctcgtacac
tgacgcggtt
tgagcacgtc
ggccgctceat
tctgceccaaa
cgggcacggt
cagtggcggc
attcggeggg
tctgegtegt
aatagcagag
ccacatccag
aagcattgaa
ccttctgeca
gatacagcag
gaaaaaacac
gcaccatgat
cgtacgtgcecc
acgacttgat
cgtgaatgga
tgtccacaat
atctgaaata
ggttgaaggc
aaacgaaacc
agtcgetttt
tcttgcggeca
acatgcgacc
cgccacccag
cgeccgeccgg
tgtaacgccg
tgatcacgca
gcacgaaggc
ccgcggegea
acaccgagac
acaccaacgc
tgagcacctt
actgaatagc
ccgacgactg

cccgcectgecce
gttcacgaga
cgcgacggac
actgggcgceg
ctgggcgteg
ctcctgeaac
gaagaagagc
ggccatcact
ttttataaga
ggccagacgc
agagctcacyg
ctgatagate
caccaaggaa
catgggcgece
cgacgagaac
taagcgcecgtc
gaatttgtta
cagatcgtge
ctcgececatg
aaactgtaag
aaatcccaag
gctacccgceg
caacgtgggt
ctgecgegtac
ctgcttggtg
ttgaaaatgc
gtatgaggta
ggcgtagget
ctgegtggceg
cagggccteg
gccgtgegeg
gtaatccaag
gccgegeccee
accgtegete
aaccccgtceg
accgaagctg
gggctecctte
cgtctgataa
gcccaccagg
acgattcaga
caaatgctgce
gegegegtceg
cttgagcaac
gagatacacc

ccgccgccecce
aagcagccac
tcgececgagaa
aagagcgccg
gcgtccagca
gcggcaaact
acatcgtcgg
tecggggtege
tccgegtcaa
gtagccaaga
ttaaggctge
tecttgctgt
cgatgctcaa
ggcacgcetg
cgcggactag
gtcaacccgt
tggaaacggc
tcetgatagt
tcacctatgg
caggggagac
cagcecttag
ttgceccttge
accgacagcc
agcctaaagt
aagagaaagc
tgcgtcatcc
gceggtaataa
agcagcggct
cccgcecacct
tcgtccacaa
ctaaaggtat
atgcgattga
atcattccece
gggcceccge
tcacctttge
cccaaaatat
ttgggctget
cacgtgtggc
tgattecgtga
taccagacga
ggcccatagc
ttgtagacgt
gtctcctgac
agcctgtget

cgctgctecec
ctcecegtete
gaagaccgcc
acaggtcgtg
cgcgtecgcaa
tgtccatcag
acgcggggat
aatccaagtt
aaagcacgtt
ggtagcgcetyg
gttccacacc
tgttgatacc
aaacgctccg
cggtcttcaa
cacctaacac
gcagcgagcec
tttccacgta
cagccgtcac
gcacattctt
cacattcagg
ccggattacg
ccgcgeggta
gcgagagctt
ccagcaggcg
ccttgcgcga
atttggatac
gcgccacgtt
ggaaggccac
cgtcgegget
acttgttgag
cctecgececegt
gccgataggt
cggaatcccce
tcacgtctcg
cgtccaaacc
ccacgtcgtt
tgggcaccac
aacaagtacc
gegtegacga
agcccgaaac
gkttcgtcectt
cttcgecagge
tggccgtace
ggtagagcac



WO 2007/106404

SEQ

2641
2701
2761
2821
2881
2041
3001
3061
3121
3181
3241
3301
33861
3421
3481
3541
3601
3661

KEYWCRD

SEQ ID NO:

1
61l
121
181
241
301
361
421
481
541
601
661
721
781
841
901

KEYWORD

SEQ ID NO:

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021

cgaattagcg
cagcgcgegg
gagcatagat
caactcgcaa
ctggctcatg
gtgcacaaac
ttgacaccat
ccctcgegec
aagctgcaac
gtgcagtcge
ctcecttceaag
cgccgegeac
caacgcgtac
aaaagccacg
tttcgtgage
cgcctecace
tagcgagaga
agccgeggge

HCMV UL7
PROTEIN
19

MTLVLFATEY
FAVNNETLQL
LVYFHHAAVL
RSFCTRDLGT
AFRERARLPD
STELLDVMQK
GTSTQLARQL
EPALAPLLER
VWLHDDDVAS
LRRVWMTVWA
DEDGKEDKNN
AQVLNHAVCL
PLEIVPDAYR
NFIETRSLNV
HYEPHVSEQF
TEHSYALWAS

DNA
20

tcagacggcg
gacgtttttg
gagcgcgtag
gcggtgegtg
ggccacgcag
gctgacgtgce
gacgacgagc
gtacaggtga
cgagcgcgtc
aatgacgcgt
aagcaggtta
gtcgggeacg
cattttatac
gctgctcteg
ggcgtgattg
ggcggggaac
tgacgtgtca
atcctectttce

(NC_

ctgaagacca
atcagatcge
tcggcaggtt
accaccgcgt
taccccaagt
tgccgcaacg
gacgtgtaca
tccacaaaag
gaattaaaga
accgtggteg
ccgttgecea
aacgccgcca
ttctggceggg
atgccttgeg
accccgeegt
gtgagcccecg
gtggccagaa
cccaccggeg

0

DSAHIVANVL
SRYLAARQPI
RHLNQVFELCP
IIPTHASMGE
TVCVHYVYLA
YESLDNFLHD
ERINTLSESV
PLPVYRVHLP
TSPETQFYYT
SLEGYTHPDR
VPDNGVFQKT
DAELHTLLDP
EHPLGFVRAQ
TRYRRRGLTE
TAPHVLLFQP
LWSRCETKKC

001347 REGI

gtcgeccggeg
gcgttggagt
ctgtgctecgg
tagttgagac
caggcgceegt
ggttcegtagt
cgctgecaagt
taggcgagca
tcgataaagt
ggcggeggcyg
cgcagatcca
atgaacagcg
atgtagggca
ggatgcgaga
agcacctgcg
ggcgtgatga
acggaggacy
ccgtcttegt

16/49

aggcggaccac
ggtgatcggt
ggtaagccga
cactcagcat
agcgcttatg
ccgcctegat
cgtagtagaa
cgctgecgege
gcgtaggcgg
cctectecac
ccaccacgtg
gatcggtagg
cgtcectegea
tatgatgaaa
cgtaacaaag
ccaacaaagg
tctcctgegt
ctagcgcggt

SOTPTDHCVE
PLSALIASLD
TSPSWFISVF
FARLLLGSPF
YRTALARARL
YVETHLLRLD
FSPLERSLSG
NDQHVFCAVA
RHEVFNERLP
HPVYFFKSAC
TSSVDTSPPY
ISHPESSLDT
LDLRNLLHHAH
VLAYHLYGGD
HGACCVAVKR
HSNAKNVHIS

ON: 101464.

gcacgggege
gacacttttt
tgcgeaggtce
agcgaasaatc
ggggctgaaa
gttgcgtgag
cegtgtecgga
ccteggtgag
tggcttcggt
acaggggcaa
gttgggcgeg
gcaacagacg
gacgtacaga
tggggtccag
ccacggcgceg
tgcgecagccec
ttgttttttg
cttecctctgt

gtgcgtcgag
tgcgttggtce
atcgaaaaat
cagatgatcc
tggcgccagce
cagcacacgce
aagcgtcteg
atccagcgag
gtacaacggc
gcatggaatc
cacagtcgtc
cacgcgatcc
cagccgatgce
gtagagcgca
cacaggcegtg
agcgatcacc
ttctgegtte
tagtteccteg

PLLVKHQVSR
EAETQPLYRH
GHTEGQVLLT
RQRVSAFVAY
LEYRRVVAYD
ESPHSATSPH
LLRLCASLRT
SETWHRSLFP
VENFVADFDL
PPNSVPVDAA
CRCKGKLGLR
GIYHHGRSVR
PPHDLPALPL
GATAAAISDT
RDGARTRDFR
IKIRPPDAPV

.104304)

gtcgggeggt
ggtgaaacag
gatgaacacc
ccgegtgege
gaggaggacg
gtgctecgagce
aatcgcagcg
accgcggegt
cgaggggcag
cgcgggcagg
cacaaagcct
gcgatgeatg
gcgtccatgg
cagcgtgtgce
taaaacgctg
cagtttgccc
gaaaacgeccg
gtcgegeteg

PCT/US2007/006113

agatgcaact
actaaaggcc
accgaggcaa
ttttccagac
ttcaccgact
ggctccgaga
cttacggceg
acctcgtcgg
acgcgcaccg
agctgaccgg
tcggacgecet
gcectegggea
acgtctccgt
aaaggacaga
cgcacagaga
acgctcgagg
aacctgctga
tggcectcat

RVYFCLQTQK
LEFRTPVLSPE
MAYYLFEGQY
AVARNRRDYT
ADAAPEAQCT
GLGLAGYGGR
AQTYTTGTLT
RDLLRHVPDS
RLRDGVSGLA
GAPFDDDDYL
IITPFPACTV
LPYMYKMDQD
SPPPRVIL3V
DLQRLVVTRV
CLNYTHRNPQ
PPATAV

ctgattttga
cggctccaga
tgecacggtct
gcgecgtege
tggggcgegg
agecggcggcec
gcagtggcge
cgataacgcg
attttgtcgce
tcgtgcggeg
agcgggtgtt
aaatagccgt
tggtagatgc
agttcggcegt
gggtgtacgg
ttgcagcgge
ttatcecggga
tccecggtaat

tgagcteggt
actcggaaaa
aactgaaggc
tgctgagtcg
gctgactgtc
agcgcagcega
gcacgtagag
cttcggegte
cctegeegee
caaagagaaa
gacagcccac
tgtaagccte
gatccteggt
aggacgtgac
cgccgaaate
aacggtcgeca
agtagagaaa

CSDSRRVAPV
HGGEVREFKH
STISTVEEYV
ELEQVDTQIN
REPGFLGRRL
IDGTHLAGFY
RYSQRRYLLP
REFSDEALTET
RHTVFELCRG
DYRDERDTEE
AVHPSVLRAV
DGYFMHRRLL
RDKICPSTEAR
WPPLLEHLTQ
ETVQVFIDLR

tggaaatgtg
ggctggecca
cttgecgggtt
geccgcecttgac
taaactgctce
acacgcgggt
cgtcgecace
tcacgttaag
gtacgctgag
ggtggtggtyg
cgcggtagge
cgtcttggte
ctgtgtctag
cgagacagac
cgacggtgca
agtaaggggg
cgttattttt
cgagatagtc



WO 2007/106404

SEQ

1081
1141
1201
1261
1321
1381
14431
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581

2641,

2701
2761
2821

KEYWORD

SEQ ID NO:

1
61
121
181
241
301
361

KEYWORD

SEQ ID NO:

1
61
121
i81
241
301
361
421
481
541
601
661
721
781
841
901
a61

gtcgtcatcg
tttgaagaaa
ggtcatccag
ggagacgccyg
ttcgttgaag
gtcgtcgtcg
tacgtgacgg
gcagaagacg
cagcggtgcec
gccggtggtg
ggagcecgttec
cgccagcetge
gtagccggcec
cagtaggtgc
gacgtccagce
cgcttecggge
gcgtgccage
acgcgcacgt
gcggceggttyg
gcccagtagce
gtcgegegtg
ctcgaatagg
gatgaaccac
cgegtggtga
gagcacgggc
ggcgatgagce
cgtttecgttg
ctgtaggcag
gtggtcegtc
tgcgaacaga

aaaggcgcoge
tagaccgggt
acgcgtcgta
tcgegecagece
acttcgtgtc
tgtagcecaca
agcaggtcac
tgctggtcat
agcgcegggcet
taagtctggg
agcggggaga
gtggaggtge
agccccaagc
gkctccacgt
agctcggtgg
gcecgegtcag

gccgtgeggt

tcgeggaacg
cgcgcgacygg
agacgcgcga
cagaagctgc
tagtaggcca
gagggcgagyg
aagtacacca
gtgcggaaaa
gccgagaggg
ttcacggcga
aagtaaacac
ggtgtctgeg
acgagcgtca

HCMV UL71

PROTEIN
21
MQLAQRLCEL
DTDVVNHLLK
KLVVGEFAMS
LTPPAVVQGE
MRFDQRLLEE
TNHEREILDL
A

LMCRRKAAPY
LLPLYRQCQS
EADSLEMLLD
SGVREDGETV
GDEEDEVTVM
MRHSPDVPRE

17/49

cggccgegte
gccggtcggg
gtccgecgaca
gtaaatcaaa
gcgtgtagta
cggtcteggt
gcggaaagag
tgggcaggtyg
cgggtagcag
ctgtgcgtag
agacagactc
cgaagaagcc
cgtgcgggcet
agtcgtgtag
aaagccggcg
cgtcgtaagce
aggccaggta
cgttgatctyg
cgtacgccac
actcgecccat
gcacgtactc
tggtcagcag
tggggcagag
ggtgcttgaa
gatgecggta
ggatgggctyg
agacgggcgce
gtcgcgagac
agagtacgtt
t

ADYVLLOPSE
KCAFLKGYLS
KFSTDQASLV
AAVSAFACPS
SPSPEPVQQQ
AVMSPTMVTI

DNA (NC_ 001347 REGION: 104320.

22

atgcagctgg
gccgattacg
ctggacgaga
gacacggacg
aagtgcgegt
gccgaggtgg
aaactggtgg
aagttctcca
atggactgcg
ctgacgccac
gecgeegtgt
ggggtcacgce
atgaggttcyg
tcgecgtcac
cagggacgceg
acgaatcacg
gcggtgatgt

cccagcecgect
tgctgctgea
actttaagca
tggtgaacca
tcectcaaggg
agtgcaagaa
tgggcgagtt
cggatcaggc
agaaaagcgce
cggcggtcgt
cggecctttge
gtcctatgat
accagcggct
ccgagcecgt
ggtctcaccg
aacgcgagat
caccgaccat

gtgcgagcectg
gcctagcgag
gctggagatc
cctgcectgaag
ctatctctcg
atcgcagcegt
tgccatgtce
ctegectggtg
gtacatgctc
tcagggggaa
ctgtcccteg
gagtttggct
gctggaagag
gcaacagcag
tcggegcectac
tttggatctc
ggtcaccata

cacgggcacy
gtgcgtgtag
tagctcaaag
gtcggeccaca
gaactgtgtce
cagggccteg
gctgcgatge
tacgcggtag
gtagcgacgt
cgaggcgcat
ggaaagcgtg
cgeccaggtge
ggtecgeegag
aaagttgtcg
gcccagaaaa
caccacgcgce
gacgtagtgc
cgtgtccacc
gaaagcggac
ggaggcgtge
ctccacggtg
cacctggccc
gaagacctgg
ttcgcgecace
gagcggttge
gcgcgcggece
cacccgcecgce
ctggtgtttg
ggcgactata

DVELRELQAF
EGCLPHTRPA
EVQRVMGLVD
VSDSLIPEET
PPVEPVQQQP
PPPQIPFVGS

.105405)

ctgatgtgce
gacgtggagc
accccggcecyg
ctgctgcege
gagggctgtt
atcctagagg
gaggccgaca
gaggtgcagc
gaggceggeg
agcggegtce
gtttcggact
cacattaaca
ggcgacgagy
ccgeceggteg
aaggagtcgg
atgcgacaca
cctecctecece

PCT/US2007/006113

ctgttgggtyg
ccaaagaggc
acggtgtgte
aaattgaaga
tcggggetygg
tcegagaaac
caggtttcgg
acgggcageg
tgcgagtaac
agacgtaaca
ttgatgcgtt
gtgccgtega
tggagggatt
agcgagaagt
cccggttege
cggtactcga
acgcagaccg
tgctctaget
acgcgctgac
gtggggatga
gagatggtgce
tcggtgtgece
ttgagatgac
tcgeccgeegt
gtctcggect
aggtagcgeg
gagtccgage
accagcaggg
tgagcagaat

LDENFKQLEI
AEVECKKSQR
MDCEKSAYML
GVTRPMMSLA
QGRGSHRRRY

ARELRGVKKK

gtcgcaaagce
tgcgcgaget
acctgcgaac
tctataggca
tgcctcacac
ccctggacat
gcctggagat
gcgttatggg
cggctgegac
gcgaggacgg
cgctgatcece
ccgtctectg
aggatgaagt
agcccgtgcea
cgccgcaaga
gcccececgacgt
agataccctt

ggcacgcgcet
tcgeccatac
gcgecagace
cgggcagacyg
tgctggcecac
ggctgtcggyg
aggccacggce
gtcgetcecag
gegttagegt
agccggacag
cgagctggceg
tgcggecgee
cgtcgagacg
atttttgcat
gcgtgecactg
gcaaccgcgce
tgtcgggeag
cggtgtagtc
ggaagggcga
tggtgcccag
tgtactggcce
cgaagacgct
gtagcacggce
gttcgggega
cgtccagact
agagctgcag
acttttgegt
ggaagacgca
catactctgt

TPADLRTFSR
ILEALDILIL,
EAGAAATVAP
HINTVSCPTV
KESAPQETLP
KPTARALLSS

cgcgectgtyg
gcaggegttt
cttttctege
atgccagagce
gcggecggceg
tctecatecte
gttgctggac
cctggtggac
ggttgcgeca
ggaaacggtt
cgaggaaacyg
tcctaccgtt
gaccgtgatg
gcagcagccc
gacgctgcet
gcctegggag
tgtgggttcc



WO 2007/106404

SEQ

18/49

PCT/US2007/006113

1021 gcgcgtgaac tcaggggcegt gaagaaaaag aaacccacgg cggeggectt getgtectec

1081

KEYWORD

SEQ ID NO:

1
61
121
181
241
301
361
421
481
541
601

KEYWQORD

SEQ ID NO:

SEQ

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
801
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921

KEYWORD

SEQ ID NO:

1
61
121
181

gcgtga

BCMV UL?
PROTEIN
23

MSLLHTFWRL
LRQELRDLGH
VAGASAVPHG
PSYFGITQND
LAQMDNFSIS
VATVLGELPQ
TFDRHVLVRL
PVFVHEQQYL
AGGEEEGYGG
SRREDSAGGG
LLSVTLPRHR

DNA (NC_:

24

atgagtctgt
gaaaacgtgc
acaatgcgcg
ctgcgtragg
gggcgegtgt
tcgecegegga
gtggcaggag
cccgocgecy
gccggtgett
cctagctact
ggcgaggtag
tggtactatc
ctggcgcaga
ttggaaaacyg
gcectgtectge
gtggcgacgg
cgtgagattg
gactcgcccg
acttttgatc
ccgggctacg
gacgacgtgc
cecegtetttg
ctgttgttgt
acgttggccg
gcgggcggcg
ctggtacggt
ctctttcceg
tcacgtcgeg
agcaagagca
ttacgtcgcet
ctgttgtcag
gtcaacgata
gtgttgtaa

HCMV UL7
PROTEIN
25

2

PVAVFFEPHE
RVQTYCEDLE
LYSRHDAITG
PFIRFHTDEFR
QELLLGVVNA
LLPRLADDVS
FHKRGVIQHL
RSGLTCLAGL
RHGRVRNFEF
DGGGAVLMQL
VSTLGSSLFN

tgcacacctt
tgcgctgece
gcgggggctyg
agctcaggga
ccgaggcgga
cgctgctaca
cttctgcecegt
ccccgtctga
cttctacctg
ttggaatcac
tcaacaccat
ggctcaagcg
tggacaactt
tgacggtgta
tggccgecta
tgttgggtga
ccgecttggga
aktctacgcta
gtcacgtgct
ggacgataac
tttctctetg
tgcacgaaca
ggaaggtgac
acctgctggyg
aagaggaggyg
actacatcgg
gecectggcetet
aggacagcgc
acccecgtggce
tagaggtaca
tgaccctgcee
tttacgaact

9

001347 REGION:

ENVLRCPERV
GRVSEAEALL
PAAAPSDVVA
GEVVNTMFEN
LENVIVYPTY
REIAAWEGPV
PGYGTITEEL
LLLWKVTNAD
LVRYYIGPWY
SKSNPVADYM
VNDIYELLYF

111838.

ttggcggcta
cgagegegtg
gcgcgaggac
tctgggtcac
ggcgctgttg
accaccgtagt
cccacacggt
cgtggtegec
gctggcgceag
gcagaacgat
gttcgagaat
ggggttgtac
ttccattteg
tcecgacgtac
cggacatgcg
gctcectcag
aggcceccgtce
ctacatgccec
ggtgcggett
ggaggagctg
gagtcgacgt
gcaatatctg
caacgcggat
ttcggatgcecc
ctacggggga
gccgtggtac
gttggccgtg
cggaggtggc
cgactacatg
cgatgcecectg
gcgtcaccgt
gttgtacttt

LRRLLEDAAV
NQQCELDEGP
PSDAVAASAA
ASTWTFSFGI
DCVLSDLEAA
DAGNNYYAYR
VQERLSGQVR
SVFAPRTGKF
ARDPAVTLSQ
FAQSSKQYGD
LVLGFLPSVA

.113766)

cccgtegecyg
cttcggcggt
gtgctcatgg
agggtgcaga
aaccagcagt
cgtcecgegtt
ctttatagtce
ccgtetgacg
tgcgccgagce
ccctttatcece
gcctctactt
acgcaaccac
caggagctgc
gactgtgtac
ctttgggagg
ctgttgecege
gcecgegggta
ctaagecggtg
ttcecacaaac
gtgcaagagc
ctgctggtcg
cgttcgggec
agcgtctteg
gtagccggeg
cggcacggge
gcgcgcgace
accgagagcg
gacggcggcyg
ttcgegeaga
ctctttcact
gtgtccactc
ttagtgttgg

TMRGGGWRED
SPRTLLQPPC
AGASSTWLAQ
WYYRLKRGLY
ACLLAAYGHA
DSPDLRYYMP
DDVLSLWSRR
TLADLLGSDA
LFPGLALLAV
LRRLEVHDAL
VL

tcttecttega
tgctggagga
accgggtgceg
cttactgcga
gcgagcetcga
cttegtecce
ggcacgatgc
cggtcgeege
ggccgttgcce
gctttecacac
ggactttcte
ggtggaaacg
tgctcggegt
tctecgattt
gccgcegatcce
gtctggccga
acaactatta
gtcgtcacta
gcggcgttat
gtctgteggg
gcaagctggg
tgacctgect
ctcecgegeac
gcgggttgce
gggtacgtaa
ccgcggtcac
tgcgecagegg
gcgecegtget
gctccaaaca
acgaacacgg
tgggctcgte
ggtttcttce

VILMDRVRKRY
RPRSSSPGTG
CAERPLPGNV
TQPRWKRVYH
LWEGRDPPDS
LSGGRHYHPG
LLVGKLGRDV
VAGGGLPGGR
TESVRSGWDP
LFHYEHGLGR

accgcacgag
cgecggeggtg
caaacggtat
ggatctcgaa
cgaaggaccg
agggaccgge
catcacggga
gtcagcggcece
cgggaacgta
cgattttcgce
ctttggtatc
agtgtaccat
ggtcaacgct
ggaagccgec
gccggactec
cgacgtgagt
cgecgtatcge
tcaccecggge
tcagcatttg
ccaggtgcgc
tcgegacgtg
ggctggectg
gggcaaattt
cggggggcgce
ctttgagttt
gctgtegcag
ctgggatccc
catgcagctc
gtacggcgat
gctagggcgg
cctctttaac
gagcgtggcyg

MMARDEENPA VPRVRTGKFS FTCANHLILQ ISEKMSRGQP LSSLRLEELK IVRLICVLLE
HRGLETLLLR ETMNNLGVSD HAVLSRKTPQ PYWPHLYREL RQAFPGLDFE AAVEDETRAA
RLSQRLCHPR LSGGLLTRFV QRHTGLPVVF PEDLARNGNI LFSLGTLYGH RLFRLAAFFET
RHWGAEAYEP LIRIICQKMW YFYLIGTGKM RITPDAFEIQ RSRHETGIFT FIMEDYRTFA
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241

KEYWORD
SEQ ID NO

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841

SEQ
KEYWORD
SEQ ID NO
1

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

KEYWORD

SEQ ID NO:

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
801
961
1021

DNA (NC_001347 REGION:

s 26

tcacacgtcg
gctgagacag
ctgctgetgt
gtaatcttce
ggcgtegggg
acagatgatg
cgccagacga
gcgegeeagyg
cagcagtccg
ttcatcgaac
cagatgaggc
caggttgtte
gcagatgagqg
cgacatcttc
cgtgcggacc

HCMV ULS8
PROTEIN
27

MAGAAPRRLG
VRAVFAALYR
GPLLYVHRRC
ASGTEERYAM
VHYKLLFGLN
RVMMALRLPE
NLLCYRRLSV
SESTVVSANG
CQRRSETGEE
GGMEFAEVTG
HTFKEPACTV
NSSLDVHGLE
ILLKELSCIK
LOQLDRLVFEA
NANVLTVCRH
LCSSPPPLCV

DNA
28

atggccggceyg
gctatgecge
gagctatcga
gtgcgecgcetg
gagcgtgtca
tgcgacggtyg
gggccgctge
ctgtcctacce
ctgacggaat
gcctecgggaa
ctggacgact
gacgactacg
gttcactaca
gctacacgcg
cacgaagtca
cgegtecatga
ctcagtcgect
cggactggtce

(NC_

ttagccagceg
gacgaggcag
tgtgggtgeg
ataataaaag
gtaatgcgca
cgaatcaagg
aacaagcggt
tcttcgggga
ccgcetcaage
acggccgect
cagtagggtt
atggtttcge
cgtacgatet
tcgctaatct

cgcgggacgg
7

CDALIVVGGS
ACPIHVRTEP.
CCGSVTAGRA
ACLPRDLSLH
VRPQAPCALD
QTVCHLSTFV
TFADTDTVWR
HALSSTALPT
EEEETLESGE
VSLDRIAVNA
STFVSNDAVY
DQAVIRSERS
NMRDVCIDYG
AQRGLFDYSK
VEAHKIPRTR
SSSSSVPSVP

001347 REGI

ctgcgccgceg
gcecgggtttt
cgggcgagga
tttttgcygge
agctggtact
aagtggaggg
tctacgtgea
acgttctega
ggaatcgaga
ccgaggaacg
atccttacct
taaccgceccgt
agctgctctt
acttttttcet
cgtcggagtt
tggcgettcg
tcaagcgaca
acgctgacag

19/49

115205.

tcggecatatg
ggtgagaaag
gacggtgcegg
taaaaatgcc
tcttgcecggt
gttcgtacge
gtcegtagag
aaacgaccqgg
gcgggtgaca
caaagtccag
gcggegtett
gcagtagcag
tgagttctte
gtaatattag
cggggttcte

AMPRRVLHVP
ERVKLVLGRL
LSYHVLENHV
LDDYPYLMVE
ATRDFFLLEL
LSRFKRQVLY
NLEYVYYELA
TSAGHKLSLP
TDATPPFDFT
FNTNRVINMK
INSLNVNIRG
KVYWTTNEPC
LHRVFTQLEL
NLTAHTKIKH
LKVLVEVLGA
TSVSVDGSSE

ON: 129286.

ccgectcecgge
acacgtcceccce
cgecccgettt
tctctaccgt
gggtcgtctg
ccacggtgaa
ccgacgttgt
aaaccacgtg
attgccgage
ctacgctatg
gatggtggaa
ctecggctac
tggactcaac
gctggagctyg
tttcggtege
cttgceecgag
ggtactgtac
aagtggggga

.116002)

aagggcgcgg
aggaggatgg
gtgcegggac
cgtctecgtgt
gccecgatgaga
ttcggcaccc
catgcctagg
caggeeggtyg
caggcgcetgg
cceegggaag
gcgactaagc
cgtttcgaga
caaacgcagc
atgattggcg
ttcgtcgegg

VHVRACNLTOQ
LLGPVAVPCF
ATHVLRGLLS
IGRVLSVSEV
QKLWLGVEYH
FKLQVSYGKC
RDLGSHGTED
RDPAADRVRR
GQOLRRAYQE
AALSSIAASG
SYPEFLYSLG
MISHTNNVNV
RNSYQIPFLA
TCALIGSRLA
LOSISGTPHT
PTSPRARFAS

.132111)

tgtgacgctc
gtgcacgttc
tgtcgtecge
gcctgtecga
ttactgggac
catctggtac
tgttgcggat
gccacgeatg
ctcttttgeg
gcctgectge
atcggacgceg
ctgggegagy
gtgcgtcege
caaaagcttt
gtactggctc
cagacggtgt
ttcaagctac
ggggggaacg
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gcggcecagta
gggggaccgyg
agcgtgecgg
cgactccget
taaaagtacc
cagtggcgcyg
gagaagagga
tggcgctgea
ctgagacggy
gceectggegea
acggcegtggt
ccgecggtgaa
gagctcageg
caagtaaagg
gccatecat

ELSTGEDARF
CDGEVEGHGE
LTEWNRELPS
DDYVTAVSGY
HEVTSEFEFGR
RTGHADRSGG
RPVSRGYGVS
YVCIISRIMY
HRRRKHLAVQ
LGVRAPRLPK
VYRLHVNIDH
GWEKAATAIV
KQLVLFLRAC
NNVPKILARN
REVIHQTLFR
R

taatagtcgt
gcgcctgcaa
gacccgttaa
tacacgtgag
ccgtggeegt
ctacgacgca
ccgtgaccge
tgctacgegg
actgtectgg
cgcgecgacct
tactcagtgt
ccgcggcegcce
aagcgceccgtg
ggctgggegt
agctgcatcg
gccacctgag
aggtgagcta
gtggaaatca

GTLSRHPHRFP HPQQQOHHHP GPPHPPLSHP ASSCLSPEAV LAARALHMPT LANDV

cggcctectgg
ggtggtggtg
cgaacgttct
ggatctcgaa
acattttttg
tgaagaagge
tgttgecegtt
caaagcgcegt
cggcgegegt
gttcgeggta
ccgagacace
agaggaggac
gctgtcegeg
agaatttgecc

CRPRPVNVER
HLVPTTQFCR
LFCDCPGGGG
LGEARBAPRIQ
VLAQLHRDRA
GGNGGNQGHH
CASRISRLSP
ARYGERWRKH
RYAPCRRKLI
NMTHSEVMYK
FFLPAVVCNS
PRVSGADLEA
LLKLHGREKR
KKVKLDHLGR
LCSAARATSG

tggcggctec
cctcacccaa
cgtcgaacgg
gaccgagecce
accctgtttt
gttttgtecge
cgggcgcegeg
attgctcteg
cggeggtgge
cagcctgcac
cagcgaggta
gcegcecatceag
cgcgttggac
tgaatatcac
cgaccgegee
caccttcecgtt
cggcaagtgc
gggacaccac
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1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2lel
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821

aacctactgt
aaccttttct
cgacccgtaa
tcagaatcga
acgagegcgyg
tacgtatgca
tgtcaacggce
actgacgcca
caccgacgte
ggcgggatgg
ttcaacacca
ctcggegtac
cacaccttta
atcaactcgc
gtgtaccgge
aactcctcge
aaggtgtact
ggctggttca
attctgctca
ctgcaccgtg
aagcagttag
ctgcagttgg
aacctcacgg
aacaacgtgc
aacgccaacyg
ctcaaagtgt
cgcgaagtga
ctgtgttecat
acctcececgtca
cgatga

SEQ
KEYWORD
SEQ ID NO:

PROTEIN
29

gttatcgacg
acgtttatta
gcecgeggtta
cggtggttte
gtcacaagct
ttatctcgeg
ggtcggagac
cgecgeeatt
gtaaacatct
agtttgcega
accgegttat
gcgcgcecgeyg
aggagcccgc
tcaacgtcaa
tgcacgttaa
tggacgtgca
ggaccaccaa
aageggctac
aagaactcte
ttttcacgca
tgctgtttet
accgectagt
cgcacaccaa
ccaagatcct
tgctgacggt
tagtcgaggt
tccaccagac
ccececteceecece
gcgttgacgg

HCMV ULS89

20/49

ccttagcgte
cgaactagct
cggtgtttet
ggcgaacgga
gtcactgccg
tctecatgtac
gggagaagag
tgactttacg
agccgtgcag
ggtgacgggc
caatatgaag
gcttcccaag
ttgcaccgtc
tattcgceggt
tatcgatcac
tgggctggag
ctttcegtge
ggccattgtg
gtgcatcaag
actagagctg
gcgtgettge
atttgaggcg
gatcaagcac
ggceccggaac
gtgtcggcac
gctgggegceg
gttgtttcga
attgtgtgtg
cagttctgaa

acatttgceceg
cgggatctgg
tgecgettega
cacgcgctgt
cgcgacccegg
gcteggtacg
gaggaggaag
gggcagcage
cgttacgcge
gtgagtctag
gctgegetet
aacatgaccc
agcacttttg
tcctaccecceg
ttttttctge
gaccaggcgyg
atgatctcge
ccgegegtet
aacatgcgceg
cgcaattcgt
ctgctcaage
gcacageggg
acttgtgecgce
aaaaaagtca
gtggaagccc
ttgcagagta
ttgtgctcgg
tcctecatett
cccacgtege

1
61
121
181
241
301
361
421
481
541
601
661

MLRGDSAAKI
LPLMAFCGRH
DPQFQOINNE
RVLQYLIHAF
VAHQKHVSQF
QONFHLLLVDE
NVVSYVCEEH
NKISQONTVLI
GAYRHOFLIY
AAVRIACLIR

"ASQELVSYTI

KEYWORD

SEQ ID NO:

1
61
121
181
241
301
361
421
481
541

YLCDDIHAIR

DNA (NC_-

30

ctagctgacc
ggcgatgata
geccttcggece
gtegtggetce
gttgaaacgce
gggctgtteg
gctctgcacyg
gcectcecacyg
catgtgegece
gaaatgctct

QERYAELQKR
RDYNSPEESQ
MTDFKKWLDG
QIDFLSQTSI
VLKEVEFRCR
AHFIKKEAFN
LHSFTEKGDA
TDQSREEFDI
GLEHFFLRDL
QSVQSSTLIR
KLSHDPIEYL
FRVS

001347 REGI

ctgaaacgga
agatcgtceg
agcgtgacgce
agcttgatgg
gagatgaact
atgtggttct
ctctgtegga
gcgatgegceca
gcgcactegg
aggccgtaaa

KSHPTSCIST AFTNVATLCR
RELLFHERLK SALDKLTFRP
GFSTAVEGDA KAIRLEPFQK
DIFKQKATVF LVPRRHGKTW
HTFARDYVVE NKDNVISIDH
TILGFLAQNT TKIIFISSTN
TACPCYRLHK PTFISLNSQV
LRYSTLNTNA YDYFGKTLYV
SESSEVAIAE CAAHMIISVL
VLEYHTPDON HIEQPFYIMG
LEQIQNLHRV TLAEGTTARY

ON: 133394..139320)

tggecgtgtat
agatacgatt
ggtgcaggtt
tgtaggagac
gttccacggce
ggtegggegt
tgaggcagge
gttegtccag
cgatggctac
tgagaaactg

atcgtcacac
ctggcgettyg
ctgaatctge
gagetettge
cagcgcecttg
gtggtagaag
gatgcgcacg
gtaagggtge
ctecagaactc
gtgtcggtag
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acacagacac
ggtcccatgg
ggacgtcgeg
cttccaccge
ccgcagatceg
gggagagatg
agacgctgga
tgcgecggge
cgtgecegteyg
accgcatcge
cgtccatcge
acagttttgt
tttccaacga
agtttctgta
cggccgtggt
tgattcgete
atactaacaa
cgggcgeecga
acgtgtgcat
accagatccce
tgcacggtcg
gtctctttga
tcatcggcag
aattggatca
acaagatccc
tcagcggtac
cggccgeagce
cctececgteece
cgcgagcgeg

KRYOMMHPEL
CSEEQRASYQ
NLLIHRVIFFI
FITPIISFLL
RGAKSTALFA
TTSDSTCFLT
RKTANMEMPG
YLDPAFTTNR
SLHPYLDELR
RDKALAVEQF
SAKRQNRISD

aggtaggtgg
gccgagtaac
tccagaagat
gaggctttga
tcgeggecca
agcacgcgga
gccgceccgect
aggctcagea
tcggagaggt
gcgcctacgg

ggtgtggaga
gacggaggac
actgtcaccg
gctcecececgacg
cgttcgacgt
gcgtaaacac
atcgggggag
ctatcaggaa
taagctcatc
cgtcaacgcet
cgcgtecgagt
gatgtacaag
cgccgtctac
ctegetggge
gtgcaacage
ggagcgcage
cgtcaacgtg
cctggaagcec
cgattacggt
cttcectggee
agagaagcgg
ctacagcaag
tcgtetagee
cctgggcegg
tcgcacgecge
gccgcacacyg
cacatcgggce
ttctgtceccea
gtttgcatca

GLAHSCNEAF
KLDALTELYR
AVTKIPVLAN
KHMIGISIGY
SCYNTNSIRG
RLNNAPEFDML
AFMDEIIGGT
KASGTGVAAV
IAVEGNTNQA
ISREFNSGYIK
DLIIAVIMAT

ccatgatgac
gcgeegtegt
actcgatggg
tgtagcccga
tgaggtagaa
tgagcgtgcet
ggttggtgtt
ccgagatgat
cgcgcaaaaa
ccgeccacgcee
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601

661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261

cgtgeccecgag
gccgaaataa
geggetetgyg
ctecgtececatg
gctgatgaag
cgtgaagctg
cgcattgtta
gaagatgatc
cttgatgaag
tgtagagagg
gagtcggggt
tgtgccaacc
acgecgcgece
gttgctggeg
ctttgtcgac
gcgecgettg
catcctggac
tccetgecet
tgcgacgect
cagttacact
agcggctgceyg
tacgaggctc
ctggacgacg
cacgccggcec
caggtggagg
aaccgtattt
tcaaagcaga
gcgettctga
tgaagcgegg
gttgagtaac
tggccgatcc
cgccgaggac
ggcctgtttt
tctcactgtg
gttgggtetg
ggtctggcce
agaaatggaa
tcggegggge
ggctgtgget
aggaacctcce
tttgttgcge
gatacgcggt
cacecgatccg
ctcgegtett
cgtcaattcc
cecgggegttg
gcgcgacgag
ctgccacgtg
ggcgetetgyg
tctgageegg
gcccaaaccg
gacttggtac
gcgegeggeg
gcgacgttgg
ttactgggtg
gcagcgggot
tgtggaagct
cgacgatctt
accgcgacgyg
gcecgtgaacca
tgagcttcegg

tgaccagcag.

gccttgeggt
tcgtaggegt
tcegtgatga
aaagcgcccg
gtgggcttgt
tgcaggtgcet
aggcgcgtca
ttggtggtat
tgcgectegt
agacagaaaa
ggggccggac
gggctgcgac
ataaaaacga
gaactcaacc
cgectettte
gaactggtcg
gcctgcagte
tctectgtte
cgggcgectg
cgctctacge
cgectcgtctce
tctatccggt
tcaacatcat
gttacgccega
acagtattta
cggtgccegt
ccaagtacga
aacagatgcg
ttecgctgacg
gaggaggcecg
acgggccegeg
gccgtgggeg
cgtgtactac
acgttagaga
cgctgccecg
gacggcagct
gcgaataagc
ggactgcgta
tctetggaga
tcegegaacg
ggcgacgagg
catgagttgg
cacgaccgcg
cgcgaggtct
ttttggcgca
gacgcecttatc
atctacgctg
tcacggaaca
atggattggg
ggtgccgecy
caggagctgc
gctgacgtgg
cgttgtecte
ctctegeage
ctgccgggeg
ttgcgagacc
ggtcggcaag
tagtccggag
cgaatggatc
cgtacatcgg
aggtcctttg
tatgacgtgce

21/49

tggtggtgaa
tggtgttgag

gcacggtgtt
gcataaacat’

gcagtcggta
cttcgcacac
agaaacacgt
tctgggecag
ccaccagcag
gggactctta
aggtgagcca
ctgaaaaccg
aagtgtegte
gactaggggt
aacacttttce
cgtccgtgtt
accecggacgt
ccteecgeece
tgacatgagg
gtgcacgcgce
cacgctcgag
ggcgcegtage
cagecgeccegtg
cgtgatccag
cttcaccttt
catcagccaa
cgcgtgtgtce
ttcegaatat
atgagcaatt
agacgctgcg
cteccaggcegg
gcgatcgege
cgcgecccact
aagagcagcg
ataatcggct
atcgtgactg
gcgaccggcea
ataacttaga
cggecgtecag
gcgacggecag
aattcatcta
tgcagectgceg
acgaggtcgce
gggatgtgca
gtcgcgaget
gggcgegeat
tactacgacg
tgtecctggeg
cggacgtgcg
ctgcegetca
ttttegggee
tgcgcectgegt
gcaccggget
ccgaggtgtg
gctttgeegt
gattccagaa
agccggaaac
gacgacagct
atctgttttt
cgtegtegac
ggtccagceca
gatggtatta

ggecgggtee
cgtgctgtaa
ctgcgagatt
gttggcegtce
gcaaggacac
gtaagagacc
ggagtcactg
gaaccccaga
caagtggaag
tgattacgea
aggtgagccge
gaaccaatcc
gtcgecgacce
cgcgcacgec
cttecctttte
cgagecacctg
gaacgtcgeg
cCaaaactgtc
cacgtccaga
tgctttegea
ggctccgtct
cacctgttgg
ctcagecggeg
gaggtggteg
aataaggttt
ctttttattc
atcaaggtta
ggaaacgcac
gcctctacac
ctacgtctac
agatgaggac
ttttgaccgce
ggagttgctc
cgtgecgcatg
ctcaggcgcg
ggagttttta
gcaccagttg
caatgggteg
tactccattt
attcagtaac
tcacgcgggt
cctggacgta
gcgtacggac
gcatcgcgtg
gagctacgat
cgecgtcogag
ggacggcggc
cgttgtttgg
tagctgtatt
gegagetegt
gcggaacgag
tcgecgegceaa
ttggatcgte
cgtgctgtac
ctcttegege
ctttgaagca
accgcgagta

cgtgtatctt

gctgcaacgg
gcatctgtea
gcatcgattt
cgececcgacgt
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agatacacgt
cgcaaaatat
ttattggtac
ttgcgecactt
gcecgtggegt
acgttgagca
gtagtgttgg
atggtgttga
ttttgteccte
cgctecgactg
caggtgagge
gccgacaccyg
gccacagccg
actacggagg
caggcegagg
acggtggagt
gagacaagca
agcggegctce
acgcgtttac
cgcacctgtg
gcgtcaagac
aacccatcga
tgtacagcta
agcgcecgaccg
tcegttetat
agcttatcat
gtcgtaagaa
ctgtattcgg
ttggtgeteg
tatcgtaatg
gacgcaccgg
gagcggcegga
gattacctac
ttctatgecg
cagacgctac
gcgegtgace
gccacgacca
gatcgecegtt
tttgaaatte
ctggagcagc
ccattggage
aatccagacc
gagtggaagg
cgcctecghyg
gaccacgaag
tacgtgcectga
gegttgecac
gaactttgce
attaaggcgce
cgccagcgceg
agecggtcececge
gtggatttgg
cgtgatcgec
gtcacgccag
gtcactcttc
gttcttgcaa
tcgggcecgte
atgccagttg
ccgttatcaa
tctacctacc
cttgccaage
gatttacgag

aaagcgtcett
cgaactcttc
cgccgatgat
gcgagttgag
cgcecttete
tgtcaaaggg
tggacgatat
aggcctettt
ggatgctctg
gaagcctaca
gggatcgeeg
gcgceegegtg
ccatgaactc
atgtttttat
agtcaggccc
gcgttaacga
acacctgteg
agacgtcatg
cgaggagatc
tgatctggge
gggcctggta
ggaggcogea
cctcatgacg
cctcaaaaag
gcataacgtce
cggtatctac
gcgcgaggac
atctggegtt
accaggaggt
tagacagcgc
cctcegacga
cttggcagcg
gtcaaagcgg
tcttecactac
acctgagact
tgttacgaga
cgaatcaccg
tgccecgaage
cgaacggagc
gggtagcgeg
cgcctteccaa
tcatgtacgc
gtgceggtgt
tgctgtggta
tcgaactata
ttcgegecgt
agcgtttcge
gtcatgcctt
taacgectceg
agcgcteggce
ccgecgaaca
gcgtggaagt
gcggacgecet
acttggactt
atggcttggc
gaggaatgca
gcttgcegtt
ctgttgctct
ggccactatg
ttgtaccaac
tttagccagg
gtctgecatgt
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SEQ

4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
516l
5221
5281
5341
5401
5461
5521
5581
5641
5701

- 5761

5821
5881

KEYWORD

SEQ ID NO:

1

tggtgcecca
cctgtcagaa
gctacacgcet
gcgatatcece
gcagecttttg
ccececgatat
tccacaacga
ccgtaggttc
gtgttaagga
aggtagagga
tgcactaacg
ggacatggac
ttggtgttgt
atcacgttgt
tcgacctett
atgccgatca
tgacgtcgeg
gagaggaagt
gggatcttgg
tcgagtcgga
tttttaaagt
gtcaacgegt
agtttatcga
ggcgagttgt
cacgagtggyg
gccacattgg
teccgegtage

HCMV UL9
PROTEIN
31

ggatgaagcc
ggcagtgacg
tttcttttac
ttccatgacg
cacggatcac
gggccgetgt
ggaacccgcg
taagaccgeg
ttctgaggge
acctgtgtca
gggtctgaca
tegecacggt
agcaactggce
ccttgttete
tgagcacaaa
tgtgcttaag
gcaccaggaa
cgatctggaa
tcacggctat
tggcttttge
cggtcatgaa
ccagcttctg
gcgegctett
agtcgeggtg
ccagcccgag
tgaaggccegt
gctecctggat

2

22/49

aagcgtatce
ctaggcggcg
attetgtgtt
cgectcatgyg
gagggacacg
ctttgttacg
acttttttct
gcgcaggtca
cgatggctge
cgtatgatag
gttcacgggg
ttgtggcaag
aaaaagcgcc
gaccacgtag
ctgcgacacyg
cagaaacgag
cacggtggct
ggcgtggatg
aaaaaagatg
gtcgeccecteg
gttgttgatc
gtaggaggcyg
gaggcgeteg
gcggecgeag
ttecggggtge
ggagatgcag
cttggcggece

tggtcaaggyg
ccggegcectg
acgacctgtt
cggcggeccecac
tagatcccac
tgcecectgtgg
gtgagagcga
cactgggaga
ccgtcaagac
tgtgttcectg
agaagaaaca
gcgtatgtta
gtgctettgg
tecgegegega
tgecttttggt
ataatgggga
ttctgcttaa
aggtactgca
acgtgtatca
acggcggtac
tgctgaaact
cgctgctect
tgaaacagca
aaggccatga
atcatctggt
gaggtggggt
gagtctecge
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tcacggtgcece
gttgctgececyg
tacctcatge
ggcctgeggg
tggcaattac
gcccatgacg
tgacgccaag
cggcctggat
cgatgtgtgg
tceggtgett
agaaacaaca
tcatcatgga
cgecgeggtg
aggtgtggcg
gcgecacgta
tgatgaacca
agatgtcgat
gcacgcgatt
ataaattctt
tgaagccgee
gcggatcgeg
cggagcacgg
gctcgcegetg
gcggcaggaa
agcgcettgeg
ggctcttgeg
gcaacat

atggacctga
cgtceecgaag
ggcaatcggt
caggcgggtt
gtgggttgeca
cagtcgctca
tacctatgcg
tatcacatcg
gacctggtca
aagaacctag
aaaaaaagga
gctacteacyg
gtcgatgctyg
gcagecggaac
gccgatgetg
agtcttgcceg
ggaggtctge
ggccagcacg
ttgaaacggt
gtcgagccac
gtagagctcg
gcgaaacgte
gcttteecteg
ggcctegttg
gcacagcgte
cttctgcage

MCDASGACDM RHVONAFTEE IQLHSLYACT RCFRTHLCDL GSGCALVSTL EGSVCVKTGL

61 VYEALYPVAR SHLLEPIEEA ALDDVNIISA VLSGVYSYLM THAGRYADVI QEVVERDRLK

121 KQVEDSIYFT FNKVFRSMHN VNRISVPVIS QLFIQLIIGI YSKQTKYDAC VIKVSRKKRE

181 DALLKQMRSE YGNAPVEGSG V

KEYWORD DNA (NC_001347 REGION: 135071..135676)

SEQ ID NO: 32

1 atgtgcgacg cctecgggege ctgtgacatg aggcacgtcce agaacgcgtt taccgaggag
61 atccagttac actcgctcta cgegtgcacg cgctgettte gcacgcacct gtgtgatctg

121 ggcagcgget gegegetegt ctecacgete gagggctcececg tcectgcegtcaa gacgggectg
181 gtatacgagg ctctctatcc ggtggcgegt agccacctgt tggaacccat cgaggaggcc
241 gcactggacg acgtcaacat catcagcgec gtgctcageg gogtgtacag ctacctcatg
301 acgcacgecg geccgttacge cgacgtgatce caggaggtgyg tcgagcgcga ccgcctcaaa
361 aagcaggtgg aggacagtat ttacttcacc tttaataagg ttttececgtte tatgecataac
421 gtcaaccgta tttcggtgcc cgtcatcage caacttttta ttcagcttat catcggtatc
481 tactcaaagc agaccaagta cgacgcgtgt gtcatcaagg ttagtcgtaa gaagcgcgag
541 gacgcgcttc tgaaacagat gcgttccgaa tatggaaacg cacctgtatt cggatctgge
601 gtttga '

SEQ HCMV UL9S

KEYWORD PROTEIN

SEQ ID NO: 33

1 MMAARVVRAE VRRQRREERK KMAAARTTED PPENHVVADV ARGTGARVTRS SSSSLVVSSS

61 SASGSDESSS ASPLSFPVSS PSTAVRSPGS AGVSTSLCSV ERMVELSAQS PAADFSVSEA

121 WRFEEAVNMA LVACEAVSPY DRFRLIETPD ENFLLVENVI PRESAEVPVL DSSSSGGDSG

181 PEDKKKNVGN KTAGEKNGGG' SRAKRRRRRR APKNDAATPS FLRRHDVLER FAAAAKPLPS

241 LCVRDYALRN ADRVTYDGEL IYGSYLLYRK AHVELSLSSN KVQHVEAVLR QVYTPGLLDH

301 HNVCDVEALL WLLYCGPRSF CARDTCFGRE KNGCPFPALL PKLFYEPVRD YMTYMNLAETL

361 YVEVWYRGYE FPAPTPQATT AGGGGGSGGG GGAGACAVET SASAGRVDDA GDEVHLPLKP



WO 2007/106404

421
481

23/49

PCT/US2007/006113

VSLDRLREVL QAVRGRFSGR EVPAWPASSR TCLLCALYSQ NRLCLDLARD EARTVSYSPI
VIQDCAAAVT DVTLSHILPG QSTVSLFPVY HVGKLLDALS LNDAGLITLN L

KEYWORD

SEQ ID NO:

SEQ

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

KEYWORD
SEQ ID NO:

DNA (NC_001347 REGION: 139319..1405914)

34

atgatggecgg
aagatggegy
gctegtggga
tcggcgtcag
ccctcaactg
gaacggatgg
tggcgcttcg
gatcgctttc
ccgegegaat
ccggaggaca
tctegggceca
tttctacgtce
ctttgtgtge
atctacggca
aaggtgcaac
cacaacgtgt
tgcgegegtg
cccaaactct
tacgtctttg
gcgggtggtg
agcgcgtcag
gtctecgetgg
gaggtgeccceg
aaccgtctct
gttatccaag
cagagcaccy
ctgaacgacg

cggeggtggt
ccgcgaggac
cgggcgcecgt
gctcggacga
ccgtcaggtc
tcgagetgte
aggaggeccgt
gcctaattga
cggccgaggt
aaaagaaaaa
aacgccgtcg
gacacgacgt
gtgattatgce
gttacctgtt
acgtggaage
gcgacgtgga
acacttgttt
tttacgaacc
tttggtatcg
gtggtggtag
caggecgggt
accgtctcag
cctggeeggace
gtttagatct
actgecgecge
tctcgetttt
cgggtctcat

HCMV UL98

PROTEIN
35

1
61
121
181
241
301
361
421
481
541

KEYWORD:

SEQ ID NO:

61
121
181
241
301
361

MWGVSSLDYD
KMLRAHGTEV
GSDDYVWLSR
CLPGRAAADG
LIDPTSGLLG
HDAAAVASLL
LADLLYLNKA
GDSPPPIPFE
PDPERIDFRD
TRHAVSTVLD

DNA
36

atgtgggycyg
gtttgggacg
ggcttcecegta
aagatgctge
ctggctcgcg
cgecgecgaga
ggctcggacg

DDEELTRLLA
AEDFMTRVAA
LLDLAPNYRQ
SGGGGSHYTG
ASMDLCFGVL
QSHPVPGVEF
ECSEVIVFDA
DENTPELLGR
LPTVYLVSAT
RWSRDLSRKT

‘tctcecgagttt
atgagcccct
atctgccctt
gggcccacygg
acgagggtct
tcgececgagge
actacgtgtg

gcgagceggag
gacggayggat
cactcgttcg
atcttectec
tccggggtcec
ggcgcagtet
aaatatggcg
aacgcccgac
gcecggtgttg
cgtcgggaat
tagacgacgce
gctggagcegt
gttacgcaat
gtatcgcaag
cgtgctgega
ggecectgetg
cggtcgegaa
cgtgecgggac
cggctacgaa
tggtggeggce
cgatgacgcc
agaggtgttg
ctegtcecgege
cgcgegtgac
ggctgtcacce
cceegtetac
cacgttgaat

VWDDEPLSLF
LARDEGLRDI
VELFQLLEKE
SRAGVSPGIQ
KQGSGRTLLV
RGERETPSAR
KHLSDDNSDG
LNVYEVARFS
FREREESELG
NLPTIWVPNSA

ggactacgac
cagtctgttt
tacggtgctg
tacgccagta
gcgegacatt
cctggagcge
gctcagcegg

gttaggegge
ccacccgaaa
tcttegtegt
gcctctecte
gccggggttt
ccggecgecg
ctggtggcct
gagaatttct
gatagcagta
aaaaccgcgg
gctccgaaaa
ttcgeggceyg
gctgaccgtg
gctcacgtgg
caggtgtaca
tggctgcectgt
aagaacggtt
tatatgacct
ttececectgege
ggcggggccg
ggcgacgagg
caggcggtge
acctgtttgt
gaggecgcgga
gacgtcactt
cacgtcggca
ctatga

LMNTFLLHQE
LGQRHAAEAS
SRGQSRNSVW
FGIKHEGLVK
EPCARVYEIK
EFLLSHDAAL
DATITINASL
LPAFVNPRHQ
CELLAGGRVF
NEYVVSSVPR

(NC_001347 REGION: 143632..145386)

gacgatgagg
ctcatgaaca
cgtctgtett
gccgaggact
ttgggtcage
gtggccgage
ttgctggatt

agcggcgaga
accacgttgt
ccctagtggt
tcagtttccce
caacgtccct
atttctcggt
gcgaggccgt
tgttggtcac
gcagcggtgyg
gggaaaagaa
acgacgccgc
cggctaagce
ttacctacga
agctgtcact
cgecgggett
actgtggacc
gtccttteec
acatgaatct
cgacgccgca
gegettgtge
tgecatttgece
gceggecgett
tgtgcgeget
ccgtgagtta
tgagcecacat
agttgctgga

GFRNLPFTVL
RAEIAEALER
HLLRMDTVSA
TLVECYVMHG
CRYKYLRKKE
FRATLKRARP
GLAAGDGAGG
YYFOMLIQQY
HCDHIPLLLI
pPVSP

agctcacccg
cectttttget
acgcctaccg
ttatgacgeg
ggcacgccege
ggtgcgacga
tagcgcccaa

ggagaggaaa
tgcggacgtg
gtcgtcttcee
cgtctcctece
gtgctcggtg
ctccgagget
gtcaccttac
caacgtaatt
cgatagcggyg
cggcggtggyg
cacgccgtct
tttgccgtceg
cggcgaatta
ctccagcaac
gttagatcat
gcgcagettt
cgcgttgttg
ggctgagctg
ggcgacgacg
ggtcgagacg
tttaaagcce
ctcggggege
ctacagtcag
tagccccatce
cttgccegge
cgctctcteg

RLSYAYRIFA
VAERCDDRHG
TKFYEAFVSG
REPVRDGLGL
DPFVQNVLRR
LKPPEPLREY
GADHHLRGSP
VLSQYYIKKH
VIPVVEFDPQF

gctgctggeg
gcaccaggag
catcttcgcece
cgtggccgcg
cgaagcttcg
ccggcacgge
ctatcggcag



WO 2007/106404

421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
le81
1741

SEQ
KEYWORD

SEQ ID NO:

1
61
121
181
241
301
361

KEYWORD

SEQ ID NO:

61
121
181
241
301
361
421
481
541
601
661
721
781
841
S0l
961

1021
1081

SEQ

gtcgagetcet
catctgttgc
tgtctgcegg
tcgecgegecg
acgctggtgg
ctcatcgacc
aagcagggta
tgccgetaca
cacgacgcgg
cgcggtgaac
ttcagggccea
ctggccgatc
aagcacctga
ggcctageeg
ggcgattecge
ctcaacgtgt
tattactttc
ccggaccegg
ttccgecgage
cactgcgacc
acgcgcecatg
aacctaccga
cecggtgagec

HCMV ULl
PROTEIN
37
MAPSHVDKVN
NVMHLHTPML
YMGDSLTAFL
SLFFFSRLHP
FVVYAIISII
WSFGMLFFIW
EDDDDDEDFE

tccagttget
gtatggacac
gcgecgcggce
gcgtctcgee
aatgttacgt
ccacgtcyggy
gcggtecgecac
aatatttgeg
cggccgtgge
gcgagacccc
cgctcaagcg
tgctgtatct
gtgacgacaa
cgggcgacgg
cgeccgecgat
acgaggtagce
agatgctcat
agcggatcga
gcgaggaaag
acatcccgcet
ccgtctctac
tatgggtgce
cctga

60

TRTWSASIVFE
FLDSVQLVCY
FILSMDTFQL
KLKGTVQFRT
YFLLIEAVEF
AMFTTCRAVR
DA

24/49

ggaaaaggaa
ggtctecggec
ggcggacggt
gggcatccag
gatgcacgga
gctgctggge
cttgectggtg
caaaaaggag
ctcgetgttg
gtcggecacge
cgcgcgeccyg
caataaggcc
cagcgacggg
cgctggegge
acctttcgag
gcgettttca
tcagcagtac
tttcegegac
cgaactgggc
cctgectecate
cgtgctagac
gaactctgca

MVLTFVNVSV
AVFMQLVFLA
FTLTMSFRLP
LIVNLVEVAL
QYVKVQEFGYH
YFRGRGSGSV

DNA (NC_001347 REGION: 146157.

38

ttaagcgtcc
ttccaagctg
ctggtacttg
aaacatggcc
gttgctgagy
ggegeccagg
taaaaagtag
tgtacgcacg
gttgaaacca
tttgagcttg
cgtgaccatg
gatcatgctg
gagaatgaag
gtttaggctce
gatggtcacg
gtctaagaaa
ttcaaagtcc
cactagatgce
tgtccgtgta

HCMV UL1

tcgaagtctt
tcgtggtgac
acactgccge
catatgaaaa
aaggtatcgt
tggtagecega
atgatggaga
aaaaagttgt
agcgctacct
gggtgcagac
ctcacgttga
ggcagccgaa
aggaaggcetg
atgcectttgt
gctaaaaaga
agcataggcg
acgacgtgat
acgctgacgt
ttcaccttat

02

catcatcgtc
tgagcacagc
taccgecgtcce
agagcatgce
actgcacgat
attgcacctt
tgatagcgta
ttcecgaagcecce
ctaccaggtt
gcgagaagaa
aaatggtcag
atgacatggt
tgaggctgtce
ccttgcgcat
cgagctgcat
tgtgcaggtag
agtagacgca
tgacaaaagt
ccacgtgcga

tcgegeggac
accaagttct
tcgggtggeg
ttcggtatca
cgcgagcegg
gctteccatgg
gaaccgtgtg
gacccctttg
cagtcacacc
gagtttctgce
ctcaagccgce
gagtgttcgg
gacgccacga
ggcgctgatc
gacgaaaaca
ctgceggett
gtgctcagcc
ctgcctaccg
tgcgagttgce
gtcacgcccg
cgttggagtc
aacgaatatg

HLVLSNFPHL
VIIYYLVCWI
SMIAFMAAVH
GENTTVVAMA
LGAFFGLCGL
KYQALATASG

.147275)

gtecgtecctct
gacttcttcg
gcgaaagtag
gaacgaccag
ggggtagatg
gacgtattga
gaccacgaag
gtagcacagg
gacgatgagc
aaagagtgag
gcagaaaaag
cagtgtgaat
gcccatgtac
gctgatcttg
gaacacggcg
cattacgttg
ggggtagccc
cagcaccatg
gggggccat

PCT/US2007/006113

agtcgcgcaa
acgaggcctt
gcggctecgea
aacacgaggyg
tgcgcgacgg
acctgtgctt
cgcgegtceta
tgcagaacgt
cggtgceggg
tttcgecacga
ccgaaccgcet
aagtgatcgt
tcactattaa
accacctgceg
cgcccgaget
ttgtcaatcce
aatactatat
tctacctggt
tggccgacgg
tggtctttga
gcgacctgtce
ttgtgagttc

GYPCVYYHVV
KISMRKDKGM
FPCLTIFNVS
LCYGFGNNFF
IYPIVQYDTF
EEVAVLSHHD

tcttcgegga
ccggaggctg
cggacggcgce
ctgatgecgg
aggecgcaga
aaaaagacgg
acggctaaca
gccatggcecta
gtgcggaact
cgtttgtagc
tgcacggegg
agttggaacg
gaaatgtcge
atccagcata
tagcacacca
taggccgaca
aggtgcggaa
aaaacgatag

ctcggtgtgg
cgtcagcggce
ctacacgggt
cttagtcaaa
ccteggtetg
cggcgtgete
cgagatcaag
gctgcggagg
cgtggagttt
cgcggcegete
gcgcgagtac
gtttgacgcc
cgcgagtctc
gggcagccecg
gctgggeegy
gcgtcaccag
aaagaagcat
ctcggecatc
tcgegtttte
ccctecagttt
ccgecaagacg
ggtaccacge

DFERLNMSAY
SLNQSTRDIS
MVTQYRSYKR
VRTGHMVLAV
LSNEYRTGIS
SLESRRLREE

ggcgacggcet
tggccagege
gacacgtcgt
tgecggtattc
gtccaaagaa
cctecgatcag
ccatgtggcecc
ccacggtggt
gcaccgtacc
tgcggtactyg
ccatgaaggce
tgtccatgct
gtgtcgactg
ccaggtagta
actgcaccga
tgttgagect
aattgctcag
aagcgctcca
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KEYWORD

SEQ ID NO:

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841

v

KEYWORD

SEQ ID NO:

PROTEIN

39

MTAQPPLHHR
RLPPAEVRAV
VQIQTDASGV
SEEYGTHAHK
VTPVGEVAVA
PGFPPVPVYA
WQVFGTEAGG
SDDATFTVHV
RFRSRRAFWQ
RTVVDCYWRK
VGGFAAGHCG
STPPAALGGC
DFWLLRFQPG
MLTACVEVWA
EERDEWVRSL

DNA (NC_001347 REGION:

40

HHPYTLEGTS
HRASYAALAS
EILEAAPALG
KLRRGYYAYD
VIDEQCCLLL
VHGLHTLMRE
GAVRLNATAF
RDATLHRVLI
IQSLLGYISE
LFGGDDPGPT
GACCAGCVVT
CCAAGGDWLS
ENEVRPHAGV
RELLSSSTAS
AVDAQHAAKR

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341

atgaccgctc
tgtcatctea
ttggatctgg
cgtctaccge
gcegtgacta
gcgegegtgt
gtgcagattc
gtggaaaccg
atcggctcgt
tccgaagagt
ttggccatgt
gtecctggcac
gtcacgecctg
cagtcggect
ctacgcgact
cceggtttec
acggcegttgg
tecggeceggea
tggcaggtct
cgcgagecgac
ggcgacggtg
agcgacgacg
gtggatttgg
gtgcgttata
cgtttteqcet
cacgttacgt
gagttttatg
cggactgtgg
tgtcgtgttce
gogtcccttca
gtgggtggtt
caccgccatt
ggcggtctag
tcecacgecege
gcegtgggte
gagctggaag
gacttttggt
attgactgeg
cgcgatacgg
atgctcacgg

agcecgecget
gctggtacgg
gtggcggceeg
cggctgaggt
cggacgccga
tgctagaagg
agacggacgc
cagcgctgtce
atcccgaagt
atggcaccca
cgtttcgegt
gcctctttga
tecggtttegt
ggactcacct
acctggggcc
cgccecgtgee
acgcggcggce
agctggaggt
tcggtaccga
cggeeggegg
aaaacaacgt
ccactttcac
tecgagegegt
gtcatcgact
cgcgacgcgc
cagcctgcgce
tctacgacgg
tcgactgtta
aagagagcgc
acttcttcta
tegeggeggg
ctagcggegg
atgcegetge
ccgcecggegtt
atgtcctggg
ccgtgtacceg
tactgcgett
cgeccectteca
cgttggegge
cttgecgtgga

25/49

CHLSWYGLLE
AVTTDADERR
VETAALSNAL
LAMSFRVGTH
QSARTHLYDV
TALDAAREVL
RERPAGGDRR
VDLVERVLAK
HVTSACASAG
CRVQESAPGV
HRHSSGGGGS
AVGHVLGRLP
IDCAPFHGVW
TTACSSSSVL
VASEGLRFFR

gcaccaccgc
ccttctagag
tgccgageeg
gcgtgetgtg
tgagcgtcgg
cagcgcecgtta
tagtggegtg
gaacgcgctt
gcacgagccyg
cgecgcacaaa
cggcactcac
ggtgcgegag
ggccgtggca
ttacgacgtg
ggacctcttt
cgtctacgcg
tgaggtgcte
ggaaccctge
ggececggegge
cgatcgtecge
cgtggaagtc
cgtgcacgtt
gctggecaag
ccacacttat
tttctggecag
ttcggecgge
ctattcgggt
ttggcgcaaa
gcceggegtg
cggcaacggc
acattgcggt
cggtggtagt
cgggagtggt
aggtggetgt
ccggcetgecg
cgagatccte
ccageceggt
cggcgtgtgg
cgatatecggce
ggtctgggeg

ASVPIVQCLF
RGLEQRSAVL
SLEFHVAKLVV
KYVLERDDEA
LFRGFAGQPP
SWCGLPDIVG
WLLPPLPRDD
CVRARDFNPY
LLWVLSRGHR
LLVWGDERLV
GVGDADHASG
ALLRERVSVS
AEQGQIIVQS
SSALPSVTSS
LNA

147453..150074)

caccaccegt
gececteggtge
cggcttcaca
catcgegeca
cgcggectag
atccgegtgt
gagattttgg
agtcttttce
cgtgtggtca
aaattgcgtc
aagtatgtgc
gtgtgttttt
gtgaccgacg
cttttccgtg
gagacgggcg
gtccacggte
tcgtggtoceg
gcgectetege
ggcgecgtge
tggetgttge
agcagcagca
cgcgacgecca
tgtgtacgeg
geggtttgtg
atccagagtc
cttttgtggg
cacggacccg
ctttttggcg
ctgttggtct
ggcgecggtg
ggcgettgtt
ggcgtgggceg
cataacggcy
tgctgcgcag
gcgetgttac
tttegttteg
gaaaacgaag
gccgageagy
tacggecgtcet
cgagagttat

PCT/US2007/006113

LDLGGGRAEP
ARVLLEGSAL
IGSYPEVHEP
VLARLFEVRE
LRDYLGPDLF
SAGKLEVEPC
GDGENNVVEV
VRYSHRLHTY
EFYVYDGYSG
GPFNFFYGNG
GGLDAAAGSG
ELEAVYREIL
RDTALAADIG
SSGTATVSPP

acaccectgtt
ctatcgtaca
cgttegtggt
gctacgcetgce
agcagcgtag
tggcgecgecac
aggccgcacc
acgtagccaa
cgcataccgce
gcggttacta
tggagcgcga
tgcgcacctg
agcagtgttg
gtttegetygg
ccgcecegtte
tgcacacgtt
gectgeccecga
tecggegtgee
gtctcaatgc
cgcegetgec
ccggeggtge
cgctacatcg
cgecgegactt
aaaagtttat
tgctgggcta
ttctgtegeg
tctcggeecga
gcgacgatcce
ggggcgacga
gtagtccget
gecgegggetyg
acgcggacca
gtagtgatcg
cecggtggega
gggagcgegt
tggctcgecyg
taaggccegea
geccagatcat
atgtggacaa

tgtcgtecte

RLHETFVVRGD
IRVLARTFTP
RVVTHTAERV
VCFLRTCLRL
ETGRARSFFF
ALSLGVPEDE
SSSTGGAHPP
AVCEKFIENL
HGPVSAEVCV
GAGGSPLHGV
HNGGSDRVSP
FREVARRNDV
YGVYVDKAFA
SCSSSSATWL

cgggaccagce
atgtctgttt
gcgceggtgac
getggecteg
cgeecgtgttg
cttcacgeeg
ggcactggge
gctagtggtc
ggaacgcgtc
cgcctacgat
cgacgaggcc
tctgegtcetg
tttattgetg
gcagccgecy
tttectttttt
aatgcgcgag
catecgtggge
cgaggatgag
cacggetttt
acgtgacgac
gcacccgeceg
agtgctcatc
caatcectac
tgagaatctg
catctccgag
cggccaccgc
agtgtgcgtyg
gggtcccacc
gcggttggtyg
ccacggggtg
cgtcgtcact
cgcgagtgge
ggtttectcece
ctggctctcg
gagcgtgtcc
caacgacgtg
cgctggggtyg
cgtacagtca
ggcctttgcee
caccgcecttee



WO 2007/106404

SEQ

26/49

2401 accaccgett gttcttettce tteecgticte tectecegect
2461 tcttcgggca cggcgacggt
2521 gaggagcgceg acgagtgggt
2581 gtggcttcecg agggcctgeg

gtctcctceceg
gcgctecgetg
gtttttccgg

tettgttctt

gcggttgacg
ctcaacgectt

PCT/US2007/006113

tgcegteegt cacttcgtéc
cttcgtecgge gacttggcectce

cgcaacacgc
aa

tgctaagegg

HCMV UL104

KEYWORD PROTEIN
SEQ ID NO: 41

1 MERNHWNEKS
6l TGQTMSFLRL
121 HAALFPYRAL
181 VGLVPLLDVK
241 ANAPEVRVFK
301 LCRHQKICOL
361 RIGIEDSVES
421 AAPERDIRDL
481 SMSLGARDAE
541 QLWENEYFRT
601 SEFGEIVARAY
661 RRLITADEER

KEYWORD

SEQ ID NO: 42

SEQ

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
le21
1681
1741
1801
1861
1921
1981
2041

ctagtgaaat
tcggcecgaca
ggacctttca
cgecegetteg
gtatcggcaa
caggtaggcce
cagggtcacg
cgtgaccaga
gaagcgttcc
geggttgtet
ctccaacacg
gcgecgegayg
ctggttaagce
gcacttgata
gggtggcggce
tccecaccacg
cgagggggtc
gectgtccgag
gtgctgctcce
cactttcaca
gtagcgcaga
ctcataagce
ctccagcege
cacggcgece
ctgegecage
ctecggecgece
gcaccaatcce
gaggeccgece
atactgctce

,ccactcetcqg

gagcagctgce
acacgtccce
aatgtcgatg
gatcctcaac
ctcgegegag

HCMV ULl

SGAKRSRERD
LHGFLGTCRG
DEEDLEQYLL
TKPSEAAERA
KVRSERLEAQ
LNTFPVKVVT
FLODLTPSLV
FRKQVIKCLE
LYHLPVLEAV
FRLRRLVTHQ
DDSKFCRYVE
RGPERVGRFR

ccgtatggac
cgctetgggce
agtgttcctg
cggctecattt
aacttgctgt
tcgggtacgg
cgctctaccg
cgcegtagge
agcgactcgg
tccaccgceca
ggcaggtggt
gcgtagegeg
gtgcgcaggt
acctgettet
ggcagcagcce
ccgggtecege
aggtcctgea
acgttaagca
atcatctcca
ggaaaggtat
atctectegt
agcggttegg
teccgagegea
aggcgetegg
gggtgtgtct
tecgetegget
acgtagagac
agcacgcccg
aggtectctt
gccacgcgce
ttgcgcagca
agaaagccgt
acggcectegt
ctctcgtcgg
cgctttgcege

05

LTLSTIRSIL
QSMHQVLRDP
VWSASLRQSV
QFVRAAVQRA
LRGKHIRLYV
ASRHELNCKK
DONRLLPARG
EQIQOSQVDEI
RKARDAAPFR
GAEEAIVYSN
LICSREKARR
NGGPDDPRRA

DNA (NC_001347 REGION: 150936.

ctccagcacg
cgcgeegetce
ggccgeceget
ggcgecgacg
cgtegtagge
ggtccagcgt
tgtaattgga
gaaaggtacg
tgccgggcac
gcggacggaa
agagttcggce
tgagcaggtce
cctggatctc
taaacaggtc
cgacgtggcce
ccggaccacg
gaaaggactc
aaaacttcat
ccagcttcectt
tgagcaactg
gcaggtgtge
ccgecacgta
ccttcecttgaa
ccacctgcag
cggtggeccg
tggtcttcac
catagtcgtc
tttgcacgcet
cgtccagege
gcaccgtgat
cgcacgggte
gcagcaaccyg
catccacgcece
ccgccaagat
ccgaggattt

AADERLRIKA
CVLRKQLLYG
QTGVLGGLRD
TETHPLAQDL
AAREPLAYERD
LVEMMEQHDR
PGGPGVVGPG
QDLRTLNQTW
PLAVEDNRLV
YTIVERVILPY
ROMSREAAGG
GGPYGFH

-153029)

ccgeggatca
ctegtctgee
cgaggcagtt
cgectteteg
ggeggccacy
gcccagegec
gtagacgatg
gaaatactcg
gaactgcgag
gggcgecgeg
gtcgcgegeg
gcgecagttcg
gteccacctge
gcggatgtce
cgcgggtcecct
cgcgggtagt
gacgctgtcc
aatggacttt
gcagttgagce
gcagatcttt
caccggegtyg
caagcggatg
gacgcgtace
cagcagcgee
ctgecacggec
gtccagcage
gttatcggeg
ctggcgcaac
dgcggtaggga
ggtgtcaaag
gcgcageace
caggaagctc
gcggcecccacg
cgaacggatc
ttcgttccag

SSYLGVGRGV
VCKTLFDTIT
ILYQYADNDD
LOANLALLLQ
KLLETTPVAH
GSDAKKSIMK
GAVVGGPAGH
ENRVRELRDL
ANSFFSQFVP’
LCHILALGTL
VPERGTASSG

tcagggccte
gtgatcaagc
cececetttetg
cggctgcaaa
atctcgceccga
aggatgtgac
gcctecttegg
ttttcccaca
aagaagctgt
tcgegegect
cccaggcectea
cgcacgcgat
gactggatct
cgctegggeg
cccaccacgg
agacggtttt
tcgatgccga
ttggcgtege
tcgtggegge
tggtggcgge
gtgaacagca
tgcttgecge
tcgggecgegt
aggttagecect
gcgcgtacaa
ggtaccagtc
tactgatata
gaggcgetcece
aatagegeceg
agcgttttge
tggtgcatge
atcgtcectgec
cccaagtacg
gtcgacaagg
tggtttcget

DDEAVIDIFP
VRRVAEEWKL
YGLYVDWCVT
VAERLGAVRV
LHEEILRYDG
FLLNVSDSKS
VGLLPPPPGP
LTRYASRRED
GTESLERFLT
DPVPEAYLQL
GPGTLERSAP

catttcgaaa
ggcgcggege
gcactcegec
tcagctecac
aggagagctg
acagataggg
ccececttgatg
actgcgtgag
tggccaccag
tgcgcacggce
tggagtecetc
tectcececaggt
gctcecctecag
ccgecegggee
cgccgceceggyg
ggtccaccag
tgcgcgattt
tgcccecggtce
tggecggtcac
agagccegte
gcttgtcegeg
gcagctgege
tggctacgceg
gcagecaggtc
attgcgecceg
ccaccgttac
aaatgtcgeg
acaccaacag
cgtgcaactt
acacteccgta
tttggeegeg
ccgtggggaa
acgacgccett
tcaagtccct
ccat
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KEYWORD
SEQ ID NO:

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901

PROTEIN
43

MSMTASSSTP
VERTTDNNPS
TAGAGKTSSI
ADSAVSHETL
AARAAACEDLS
VGSPTQTEAL
LDEGDLLKYM
HEQIRLSERH
VDHNLSSEIT
SRETLLTLRI
SLVSGLLFESA
NHVDADSSQG
LKYVKPPSLA
NCQISSQTGS
ALGFLFVLDV
PKNLKMSHIY

KEYWORD

SEQ ID NO:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281

DNA
44

(NC_

atgtcgatga
atcctcaacce
tcgegecgage
gttgaacgaa
gttecactcet
cgcgtgecct
acggcgggeyg
atcaccggta
tcggegeagg
gctgacageg
gagaccacca
gacatcgtgg
gccgcagecy
gacgagtgcg
tacaacgcce
gtcggttege
aagagcgtgc
aactactgcg
ctggactttg
gtggcctacg
gccgagatga
cacgagcaga
gtcaacaacc
cagccegteg
gtcgaccaca
gttgcecacca
accggcggca
agccgtgaga
aactctaagg
atcttgcaaa
tcgttagttt
accgaggaga
gccgcetgecyg
aatcacgtcg
gaacatggcc
gacgccatca
ctcaaatacg
tacactacct
ggtcgetteg

RPTPKYDDAL
AATTARATTT
QVLAANLDCV
ERYRVCEPHE
ELCESNIIVI
ESRYDHYTQN
EFGIPLKEEH
RLFDLPVYCV
KEALRPAADV
TYIKGSSVGV
MYYFYVSPYT
GQSVPVSQRM
LLSFEETVHM
FVGMLSHVSP
NVSREVESAQ
VAMSRVTDPE

001347 REGION:

cggcectegte
tctegtegge
gctttgegee
cgacagataa
ccgectecte
gcgtcgacceg
ccggcaagac
ccacggtgat
tcaagaccat
ccgttagceca
tccagcgect
acaaatgctt
ccgectgega
gccttatget
tgggcgacac
ccacgcagac
gcaagggcegt
acatcgccga
gcgacctgcect
tggatcgcett
cgcggctttt
tccgectgag
gcgegtacceca
agctctggtt
acctctccag
acaactecctc
acgacgagac
cgctgctcac
tgcgggectg
aggacacgtt
cgggcctgcet
tgttgcgtga
ccgecacgge
acgecggatte
aagaggagac
cggacgccga
tcaagccacc
tcecgegacat
ccacgttgee

27/49

ILNLSSAAKT
VHSSASSSAA
ITGTTVIAAQ
ETTIQRLOIN
DECGLMLRYM
KSVRKGVDVL
VAYVDREVRP
VNNRAYQELC
VATNNSSVQA
NSKVRACVIG
TEEMLRELAR
EHGQEETHDI
YTTFRDIFLK
AQTYTLEGYT
GKSLHVCTTV
HLMMNVNPLR

atccacgceccg
cgccaagatc
cgaggatttt
caacccctct
ttectgcegece
ttggccctte
ttcecagecate
cgcecgcgeag
ctaccgcgtce
cgagacgctg
gcagatcaac
aaatatgtgg
ggacctcectcg
gcgctacatg
gecgactttac
cgaggcgcetg
tgacgtgctc
caactgggtc
caagtacatg
cgtgcggecg
tctctcacac
cgagcgccac
ggagctcetge
ccgccagaac
cgagatcacc
cgtccagget
ggcgtttttce
cttgcgcatt
tgttatcgga
tatcgaacge
cttecteggee
gctggegege
cgcecgetece
ttctecaggge
ccacgacatc
actcatggat
tagcctggeg
ttttctcaag
gctecgttace

152857..

ERIVDKVKSL
AAASSEAGGT
NLSAILNRTR
DLLAYWPVIA
LQVVVFEFYYF
SALIQNEVLI
PSSIRNPSYA
ELADPLGDSP
HGGGGSVIGS
YQGTVERFVD
VELPDVSSLC
PCLSNHHDDS
RYQLMQRLTG
SDNVLSLPSD
DYGLTSRTAM
LPYEKNTAIT

155727)

cggcccacgce
gaacggatcg
tcgtteccagt
gccgcaacta
gctgcecgett
tttcecettec
caggtgctgg
aacctcageg
ttcggetteg
gaacgctacc
gatctgctceg
gagcgcaagyg
gagctgtgeg
ctgcaggtgyg
cgcgaacgcce
gagagcecgct
tcggegctga
atgtttattc
gagttcggta
cccagcectcca
gtcgaggtgc
cgtctectttg
gagctggceeg
ttggcgecgea
aaggaggcge
cacggagggg
caggacgatg
acctacatca
taccagggca
acgccetgeg
atgtactact
gttgagctgc
gcttggageg
ggccagageg
ccetgectgt
cacaccagtc
ctgctttett
cgctaccagce
tacaatcgcecce

PCT/US2007/006113

SRERFAPEDF
RVPCVDRWPE
SAQVKTIYRV
DIVDKCLNMW
YNALGDTRLY
NYCDIADNWV
AEMTRLFLSH
QPVELWFRQN
TGGNDETAFF
ILQKDTFIER
AARAAATAAAP
DAITDAEIMD
GRFATLPLVT
RHRIHPEVVQ
TIAKSQGLSL
PYICRALKDK

ccaagtacga
tcgacaaggt
ggtttecgcecte
ccgeecgegge
cgtccgagge
gegegetget
cggccaatcet
cgatcctcaa
tcagcaagca
gcgtgtgega
cctactggce
ccgcttegge
agagcaatat
tggtgttttt
gcgtgcectg
acgaccacta
ttcagaacga
acaacaagcg
tccecgcetceaa
tccgeaacce
aggcttactt
atctgececegt
acccgetggyg
tcattaacta
tgcgeceege |
gaggatctgt
ataccaccac
agggcagtte
cggtcgaacg
agcaggcgge
tctacgtgte
ccgacgtgag
ggggagagaa
tgcecggtate
ccaaccacca
tgtacgcgga
tcgaggagac
tcatgcagcg
gtaacgtggt

SFOWFRSISR
FPFRALLVTG
FGFVSKHVPL
ERKAASASAA
RERRVPCIIC
MEIHNKRCTD
VEVQAYFKRL
LARIINYSQF
QDDDTTTAPD
TPCEQAAYAY
AWSGGENPIN
HTSLYADPFF
YNRRNVVFKA
RGLSRLVLRD
EKVAVDFGDH
RTTILIF

cgacgccttyg
caagtccctc
catcagtcgce
aacgacgacc
cggcggceacyg
cgtcaccgge
agattgcgtg
ccgcactcecge
cgtgcecgectg
gccgcecacgag
ggtcatcgcecc
ctcegeegeg
catcgtcatc
ttactacttt
catcatctgc
cacgcaaaac
ggtgctcatc
ttgcaccgac
ggaggagcac
ctegtacgec
caagcggctg
ctactgcgtg
cgactcgccyg
ctecgecagttt
ggccgacgte
aatcgggage
tgcgceccgat
ggtgggagtc
tttecgtggac
ctacgecctac
gccctacacg
ttegectctge
tccgataaat
tcaacggatg
tgacgacteg
tcecetttttt
ggtgcacatg
tctcacgggc
gttcaaggce

I3
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SEQ

2341
2401
2461
2521
2581
2641
2701
2761
2821

KEYWORD

SEQ ID NO:

1

aactgtcaga
gcgcagacgt
cgccaccgea
gcgettgggt
ggcaagagtc
accatcgcca
cccaagaacc
cacctcatga
ccctatatct

HCMV ULl
PROTEIN
45

tcagctcgea
acacgctcga
tccacceega
tectetttgt
tgcacgtgtg
agagtcaggg
tcaagatgag
tgaacgttaa
gtcgcgcgcet

14

28/49

gaccggcectcce
gggctacacc
ggtggtgcag
gctcgacgtt
cacecacecgtg
cctgtegete
ccacatctac
cccghtgega
caaagacaaa

MALKQWMLAN IADNKGSLLT PDEQARVFECL

ttcgtgggcea
agcgacaacg
cgcecggecttt
aacgtttcge
gactacggcce
gagaaggtgg
gtggccatgt
ctgcecectatg
cgcaccacgc

PCT/US2007/006113

tgctttegea
tgctcagtct
cgcggetggt
gcttegtega
tcacttcgeg
ccgtggactt
cgcgagtcac
agaagaacac
ttattttttg

tgtgtegecg
gcecagtgac
gctacgegat
gtcggcgeag
cacggcecatg
tggggaccat
ggaccccgaa
cgctatcacc
a

SADWIRFLSL PDHDTVLLRD TVAAVEGARQ

61 LEMVYPAPEH VHRWSYLCPP EQVRVVIVGQ DPYCDGSASG LAFGTLAGRP PPPSLNNVFR

121 ELARTVDGFQ RPASGCLDAW ARRGVLLLNT VETVVHGQPG SHRHLGWQTL SNHVIRRLSE

181 RREHLVFMLW GADAHTCEYL IDRRRHLVLK SCHPSPRNTT RAFVGNDHFI LANAYLDTHY

241 RETMDWRLCG

KEYWORD DNA (NC 001347 REGION: 163901..164653)

SEQ ID NO: 46

1l tcacccacag agtcgecagt ccatggtctce tcggtaatge gtgtccagat acgegttggce

61 cagtataaaa tggtecgttgc ccacgaaggce gcgggtggtg ttgcgeggeg acgggtggea
121 ggacttgagt accaagtgcc gccgteggte gatcaggtac tcgcaggtgt gcgcgtegge
181 gccccacage atgaacacca gatgctcecg gcgetcectgac agccectcecegga tcacatggtt
241 actcagcgtc tgccagecta agtgacggtg agatccagge tgtccecgtgca ccacggtgaa
301 cacggtgttg agcagcagca cgccgegteg cgcecccaggeyg tccaggcaac cegaggcecdg
361 acgctgaaac ccgtccaccy tacgcgccag ttcgegaaac acgttgttga gggagggcgg
421 cggecggtcgg cccgccageg tgecgaagge caggccgcetg gecgectgecgt cgcagtacgg
481 gtcctggcec acgatcacca cgcgcacctyg ctcgggcgga cacagatagce tccagcggtg
541 tacgtgctcg ggtgcegggt acaccatctc gagttgecege gegeccteca ccgecgecac
601 cgtgtcgcge agcagcaceg tgtegtggte gggcaagetg aggaagcgga tccagtcegge
661 gctcagacaa aacacgcgag cctgctcgte gggggttaac agagagcctt tattatcagce
721 aatgttagcg agcatccact gettgaggge cat

SEQ MCMV M44

KEYWORD PROTEIN

SEQ ID NO: 46

1 MEGGRKVREH EPPTLAFRLK SYKTAIQQLR CVVRSLKENT TVSFLPTPAL IVQTVKNQFI

61 AKIVFNSSCL YITDKSFSAK TINNSIPLLG NLMYMTSSRD LTKETVQDTS DLSAKVCMSA

121 PDYNMEFSSA CVHNQDIIRE TGDSAARVDL DSAVVGELIR WIAPNIRPKR NSKKQSTSSS

181 TVQITLHANP PTVKFSLGCN SELEFTASNR IAFHEVKNLR ITVQAKNLHQ ALCNCVVTKL

241 ACTLRVMTDH ETMLYVASKN ANFTIENFLS EEPFVRGDVG FDRMPVANSN NYQNSSSSAG

301 DDFAACVDQV IDNCTKKHER VSRKAGGGGG GGGGVVVNDD HQGGGGSGKD NKYDQHKITS

361 FMVSKGAVGG GAGGGGSDRG GYFNDTKEES DSEDSVTFEY TPNTKKQKCA A

SEQ MCMV M50

KEYWORD PROTEIN

SEQ ID NO: 47

1 MEIDKNVGAD LISNTRRILR LDENELRITD TALICKNPNY SLCDAMLTTD IVYPVEYLLS

61 YWECRSGRTA CEVFKNTGCR VSLSCYIGFP ERLKDLKRVC DENFLSVNEA LVVTLADIER

121 IKPCDKGVLT NCVVRKSNSG MSYNIEVVAF GPDNEAEYQA LLRDIYARRM TSVPTDCGSL

181 ICRRARCLAA APPRRPPPPP PPGQRWGSLR KHGPVLTRRY AGGGGAAKNQ PAAASPTSTS

241 TSSPAAPSRD QDQTQRPPPA GDTNVTAAET TYSERTISFL TRHANAIHCA LILAAATALV

301 LLWLLYWHAA RSAGHP
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SEQ MCMV M51

KEYWORD PROTEIN

SEQ ID NO: 48

1 MLTIAHRLQR ESISSGRHSS
61 EDGVWPSVTS GGVLVGCACS
121 PDDDEAAGAA PVPAEECNLD
i81 VGRRHAAFLR HVYGGCDRCE
SEQ MCMV M52

KEYWORD PROTEIN

SEQ ID NO: 49

1 MYRAWDPSLT TIDSFLVNEL
61 ACCDLDSELA RIGDENTAEI
121 KCAAAPRTAM ATLIVATEFL
181 EHPVMVENIT LAHMAVTRAL
241 TEGSFARVLE YIWSGTNVMEF
301 RLRNATTTVC LLCELMACSY
361 SEFPQQLKNK DVSIYVTSSP
421 PLCAANMRST DPNILEFFDVP
481 NEFKTKTQLSD FLRDFSQVLE
SEQ MCMV M53

KEYWORD PROTEIN

SEQ ID NO: 50

1 MFRSPEGEER DAADREEEEG
61 SSPSPERQWQ QRRRAEKRST
121 RHPDLEQKYL KIMKLPITGK
181 RLPTASDSMV AFINQTSNVM
241 PLIYYDREMA HMQLIFEKET
301 SSSLRIDVLM LQRKVDELEI
SEQ MCMV M54

KEYWORD PROTEIN

SEQ ID NO: 51

1 MDTCVETEFN PYLRRKPRRD
61 AEKEYVLNPD KPWPTLRTRG
121 AGNVIRMFGA TDEGVSVCVN
181 SPVTKSSFYG YGLGHIPNLY
241 IPSFGWCLAR RYSVRAAGYV
301 AFPAAENVDD IIIQISCVCE
361 YTFPSEYEML RGFFIFLSWY
421 RMEVFSPEKG KAGEFGTSNIV
481 DLSYKEIPVQ FSAGDEGRAR
541 EFDGQQIRIYT CLLEECSGRD
601 VGYQGATVLE PECGEFHHVPV
661 IGDQCHRFVR ENVHRSLLAE
721 AFYGFTGVAA GMLPCLPIAA
781 EALRVKIIYG DTDSVFAAFY
841 ICKKRYIGKV HGSQONLSMKG
901 EDDLKKNGIP CEFGPVVSRL
961 IRRLABRKEE LPAVGDRVEY
1021 VKAVINTLMP VFPRDMPKRE
1081 KENMDTERSS SHEAMET

29/49

RISAVFSSPI
NSSLTRNESI
ALFERFEGDG
HAAVLNEKMK

LLHAHPTKTP
RELCLPLEID
HLMKLHFRDI
LYDDDAVPYT
NTTLTDLAIK
RDNVFLQQLR
ETLAAASRPG
NEYLNEAKLA
SHDFSLVDRS

GEARRRSRMM
TPTDPPPPPK
ESIRLPFDEK
KHRKFYFGER
VHIPSQCIEQ
PNETNEKFES

WRRCEDNNKN
WCRGPYSDEL
VFGQKAYFYC
RLSFNNWNMC
SRAQLEIDCD
GVGEMVHHAY
SPEFITGYNT
KVFWSGSIVL
VGKYCLQDAV
MILPNMPSLG
CVFDFASLYP
LLVRWLTORK
SITKIGRDML
GIDKEALLKA
VDLVRRTACG
CRARDDLHLK
VLTLPDGCKK
KFFSLVVPQR

RASSESRSQH
VVSEGSQALY
GADAIRFEPM
LETAVITKLL

PEVTEGQTPS
SRCNLCAIVS
AFDNIFKERI
KRRKIQYKLP
KSKALKALKT
ERITNYSRNN
TEEPFELSAL
ICSTNAYPSR
FTVEKYV

MSPRRVKRAR
RSAASADAGA
SHRQHTCLDL
KNMELLKMAA
ILTVAKDAYG
¥SL

FLQVVPRGVL
RFEFHTYDQVVN
ERMQSEDLKN
RKIGKRMLEE
VADILPIEEQ
DVHADLSTPA
NGFDIKYILT
DMYPVCTAKA
LVRELFEMLA
HEAAAMIEEA
SIIMSNNLCY
LVREAMKQCT
LATAGHIEDR
VGALAANVTN
FVKAVVSDVL
KVPVPELTLS
NVPNYEIAED
IYIPDQFLHL

PCT/US2007/006113

ARASSSSSIVS
IASAATAMNG
LPRVYELTLP

DVNGILERRE.

S8S88SSTDSG
ICLRRDPOQK
VTIFDFHAHF
KKPAPAEPEER
ROSEIEPSVG
LKIIDRTQLT
TYLVLRQVGV
VERDFWLYAH

HRPAGSGLRT
AAPESEYLNV
SPYGNDQVSR
NQPOLFQIYY
VSLDIAHQRI

YDGATGLIKV
LVLADSDEQI
TVYDIADKVP
GRKVYELGVD
SNWPFYRCLS
VPENHLFTIG
RAEKLYKMDV
SSPNYKLDTM
FHFEAAATAR
AAGGEGDETS
STLLVEGSPE
NEMQRMIMDK
CNRPDELRTV
ALFKEPVRLE
HMVENDETVS
SVLSQELSCY
PRHVVEAKLS
CGNVNELARG

RPESVDEDEE
DSVRRRGGDA
SIDSRLNFIN
TTD

RETMLEEEEA
WLLDYCFLCH
FINRCYTQRD
LRLLDKYRRA
PVFLSPIPTF
MAEILSHGRN
IGVYKHLFAD
MFKAFQIIKR

PLRSPSACRC
KLSELHDVFEQ
SACTTCKETT
IVQSCVQEIV
TLTARCLRLE

QSGMEPRMFY
SPRWKHHVVP
EPCSPFSVSI
PLARFLIDRK
FDIECMSGTG
PCAPIPDVKI
GQFTKLRRGG
AEIYLKKKKD
LARIPLRKVI
EGENSNNSRT
VPEKDVLRVE
QQLALKVTCN
LGLPPEAIDP
FEKMFVSLMM
EGTMKLSRMT
KQKNLPHLAV
INAEKYYEQV
GDDSDGGDSE



WO 2007/106404

SEQ

KEYWORD

MCMV M55 (gB)

PROTEIN

SEQ ID NO: 532

1 MSRRNERGCR
61 TETATSGAAT
121 FGKSIDCINH
181 VTKMAFPVWE
241 YVITKSRYHK
301 EPFEEDTRNF
361 KWQTVSRAIR
421 NRVFEDEYNE
481 TSATENGTTA
541 DQKRTAEMLK
601 QDGKVVNCYS
661 EYRDYRERNV
721 YNSQKQHIRT
781 FLTNPFGGFT
841 LESGPPGAPG
901 KAQOKATRLP
SEQ MCMV M56
KEYWORD PROTEIN
SEQ ID NO: 53

1 MAMNTLQKLC
61 SQNAVQTSVL
121 TITFAPELAL
181 GPEIYRETVT
241 GDIAIRAPSV
301 SKTSEAIVRH
361 GSIFAAPGKV
T 421 ASRAEAASGA
481 VRKRAYLKKV
541 TEAETYPDVA
601 PYNVNMAYAC
661 WAHIRELVLS
721 LYLLLYKHLS
781 RDVDGAGGDD
SEQ MCMV M57
KEYWORD PROTEIN

SEQ ID NO: 54

1

- 61
121
181
241
301
361
421
481
541
601
661
721
781

MADDDLSSLA
AVRTPMSTYE
PLANRDRTDV
VKVPLYPYTL
RVCETSRLIE
SYASIYLDSV
YQTRIVFVPS
KYSPHHLAYF
CHTCYATSFI
GGGGAGGRTD
SKRDEVATVT
FQYYRTMFSI
KDTKNLKSVE
VFFKKGALQR

SSSWYAMSTA
GKKEATPTQA
TPKTPVQEGT
LDEVNRNNRC
GAWTWRYTES
WIRKNYTMKT
TDTNTSYHFV
THVKDGELEM
ASVAARRKRS
ELSKINPSNI
RPLVVFQFIN
TSLEHIQLVD
LSAXKVNDNTP
TILLVIGVLA
LHRRVNAGGS
TGILDRLKGN

VVCSKCNECA
TLYMEMLLQG
TIDLATLNDV
CFQCYEELMA
KGITIRAIKSL
VGITMRQLNV
VDMITSMSIK
GAGGEEGAGA
SEMGYNKVMA
ESLGYDEHLY
DNAGILPHVK
VALYNETFGK
VDSETLADAG
LVPPCLYK

PVAPAVWMEF
GGVLTKVTSF
DVLCDELGIA
FSGGADAAHA
AGLQQEVEDT
YEFSTASNFL
AGKGANSNPS
CGTSPQLEST
RVNTRLPGIP
EVAAGPPAGG
ALNQTIDDAV
IQNLALINAA
FERIMDEFRSF
KNPIKGCLSF

30/49

LAVTIWCLLA

‘SKITGTTIVP

MIVYKQONIVA
YSAASRILNG
CNMNCVVVVT
YFGELAAPKK
SKSLTATEVA
YRTTGGLIVL
LDHIDDVVTD
LSAIYERPVT
STKLESGQLG
TLIGLDIEPL
SYLLGLDTFM
VVYLIFTRQR
DDSGKAWTSD
DTSGYQRLPA

MDVECLKYCD
LYDTMREIDM
ERLLCKINCV
VPNQGRSINR
ASFSPASYAY
SHSLWKTLRT
SFENNPLFNR
AAGRGNTGGD
CIRNQEHLVT
VINNLVHKRL
EDLVRCADGT
OLALWRVEDG
SRASVADLCQ

LKKTRELADI
CPFAFFFHNT
PAEYTGHVVC
DGASAAVACD
QQTVKLTPFK
EWPLVKNAKT
AQDSLLKSIR
LMWEFFNRMST
KQIKKEPVVV
ASGLNFVSVD
CRFAMDVRRS
SYVVDNPLTT
QETGRYRKIS
LLFRCHEKLF

CTSEVIAAAS
FVNETENMVS
HTFEVITYHK
EVYVAYHEDS
KARSNTPYEF
VVPLMAFLER
SKHKIDYNTT
WOGLKAKSLH
ITYAQIQFTY
AKLAGDVIAM
ENNEIMLGTF
ENTDFKVLEL
QGLGVAGKGT
SAADARPVEYFE
KKGLERTYTE
EDSDFEY

PNIVSMDSTA
ALTDFGTHRD
YGAVDASQGV
RMOGLLCDHI
INDAEEALRG
ELSRYHYGED
LHESNEIYAK
EGAGTTTAMS
KLVNVNLVGT
PSELLPQLGQ
VVPSDWMTVG
DEIGDGIILT
VERPGPIAEQ

VAAMSLCDKA
DEILDVVEDH
GNGLKELLYA
DPWVLEHGFY
KYHGYTSQKL
HADLLDNLRD
FENGLTGMYD
YSTGVTSGDT
TLLSRAFADA
RMKYLGQVLD
GHGRDEISGS
AQISKWVALH
TEIKSCKMSV
PACGLSCLEF

PCT/US2007/006113

ITPGTTPKAKT
VDIDKYPYRV
DAIFQRSYAD
YRNYTMVLVE
FVLSSGEVVE
EDMTIGWEIF
TEGKNYNTFR
NLEKFAALNN
DVLKDYINDA
SECVKVDQSS
RTENCDTNSR
YSKGELRASN
GVAIGAVGGA
FPYATQTAVQ
ODALLILRAL

FRRNGVMVIH
ROQRYYRRVLK
AVCRRLLSLL
TIKKVLVQLD
YNLFSEIPDR
LEDVFTLGEG
IKSLIEEIRG
SALECGDPLL
VCLEAVSKIM
QIYRFINGEM
YMGFFRFADI
YNPESPLILR
RSSTONVKKK

TPVVIAPLLI
GDVVHLCDDA
GQLIPCPEEA
DPALSEALFY
TAVERDQLMT
FQLHLAKHIA
DILNDAKKTI
VESHIVNAGS
DLLGNYGKRY
YCKKNSLIDA
TOSFNLDLSP
FOSICGAFGT
QSLKSCRIKN
WQRVLONSLP

DTSSETASAE
CMSVSTDLVR
TTTNYFLGTS
DDYRSKNSKR
ISPFYDGENS
PKONVTCDWK
CVYDEFVEEV
VSVGTVSPPV
LRNIMDAWCR
VKVLKDMRIF
KIFVVGTVGY
VFSLDEIMRE
VSSVVNAVTG
YAPPGGRHGG
KQLDDSQRTE

LYRTLYPALV
LDSCNRHEST
ARLCDICPVA
MDAQTVEQDM
IYSLSDYTYW
RFGGDERIYV
VGDGPAAGAA
RVHDVNKEVN
NGFLSRQRSI
FTHYLDRHPL
RELNDLQKMV
RGDRSYRSRD
RKRMSLLELV

DLTVDRDFCG
RRREGVQAFS
VKVQVGAVDG
FMETSWGQSL
VDAVCSELAF
ALIFSSNSIL
RFEGAVGRDE
KLCGACGGRC
GLESREAGDG
ITGEDIINVR
YATAFSPVLS
TPLKKGFLNV
RPISKTPQSS
RSVNVGKVED
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841 FDNLVRFLLT
901 TPONHSQFPC
961 SVSFAVEKYS
1021 DVLIRRSRRE
1081 FYVDQQEYIA
1141 AAAADESGPM
SEQ MCMV M70
KEYWORD PROTETIN
SEQ ID NO: 55

1 MTVVLFATEY
61 FICDARRLSL
121 DLFSDLTSTL
181 QYSTIQTTRD
241 RELEYVDAKI
301 AAEENYLGRS
361 YSSTATNLAT
421 DETRVCRRNY
481 YVSDECLTDA
541 RQEVEDLCRA
601 EDDDPRPEHA
661 HTLCLDRDLV
721 PAGYRDRPAE
781 ARRAMSRRRL
841 EDDDDVENLQ
901 ARDFSCLARE
961 PSQY

SEQ MCMV M71
KEYWORD PROTEIN
SEQ ID NO: 56

1 MMMTDFGGGG
61 LRADEDVDMA
121 DRLLANQCRP
181 QSTLCEVGRI
241 DLLLRELDNA
SEQ MCMV M77
KEYWORD PROTEIN
SEQ ID NO: 57

1 MSRLKTFEDV
61 EDLESLGKEL
121 NKRKKAGGGA
181 FNVSQAWTFS
241 PGHDTVVSDL
301 SGGNAFAYKD
361 SGGPGSSAAA
421 TAVLCLLFLW
481 FMMERYVVPH
541 LHVQASRFNP
601 GOQFFNLONV

VTDDYDESDV:
LLKDAPKEVS
SSMGTRDVFQ
NVMYDADVVR
RSMYRKMRSL
YDFSALFSRR

DTPNIVVNML
SEYVSTNTPL
KCLVHYNRSA
YTKCFTADPG
NAFREESRLA
LDAELISIMN
SLRKLNSTCE
LLNDTSRPIG
VWLREDIRAS
LRRTLIGAWR
RAVVDYGDAV
CKLNAISHPG
FVLQQLCPON
PLGPLLRAHL
AFARRIAWPA
HYTRQETVQV

TGTSNARGGV
ELEGFLKDNE
HLRNAARIEC
VRLIDMDREN
PAAPDHLPGE

PCIVAFEAHR
RNECERFRGR
SASSCSATGD
FGSWYYRLKR
EVAACLLAAY
PPGLRFYAPV
AVASREVMSR
KLLNSESVFS
YSRDPAVTVS
LVDYMLLQQT
YDSMYFEVLG
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VDIQPDCLLS
IAEYVLHFKK
FPGQIGYYVGS
SRVLAALDST
AERGVTDFSL
DEAEDVNAGL

SETPTEHHLF
PARVICAGID
ILRYLNNTFL
RNLEFTYINMR
ADSCVYYVYL
TYFSVEGYFG
SLFSPLPPTL
PMPVFRVEMP
CEVGEQLYRT
HLFPEVDPDS
RRPPFCVCRR
ECFDTGIYSH
LTHHGRPPRR
SLESGQSAPS
LLRHTRNHYR
FLDIRGDQRR

GGAIAAADDD
GNLGVSSADL
QKSKRVMQAL
TQRLVDGREE
IDEILLRDEA

ENVLVFPREK
IDQAEQLLSG
GGGSGVGDDD
WLYNQPRWRR
QAALDPRAAV
QOGRRYAAGT
LSGAVSDDVL
GRAGKFSLRD
QLWPGLVLLI
AAPDKDVDRL
FLPVVSVT

YVENRFHNKF
MKLDGVKAPQ
GVDRSLNTGS
GLDVDPELAA
ASLREATATN
INGDDVRGDD

PLMIKYKPSN
ADATRELYEH
SPTSPSWFLS
DFMATMNGSR
AYRTALCREK
SYIHVDRAKL
MGLLKLCASD
EKRHVFCAVS
RHEMFNENLP
HPVFFFKSAC
KLGLRVIIPF
GRSIRMPLMY
DGSADQLTEV
LPTLVGRGGG
EEVQOQLEAR
NVWATLWSRC

AGAAPPSCHR
SEIDRESEVT
DIVILKLLVG
PAPPLCDLNG
TSGTGRLHNV

LARLRDESAL
PMSDILGGGE
DSRQQCLWVT
VYRLTQIESL
PTTVEGVLRD
FDENALVAVL
ALWTLRLEGK
VFPDLCGGRD
YCESHRSGWD
AAHDFALFHC
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LYMFGFRDYM
VATITREPVL
MGTQDYRFMR
IAELMEGRDE
ATAAGSARGG
EFELPSKRSR

RIEFVLOTQOR
LEFDRKKDETG
TYGTHEGTLI
FRKQTARFAA
FLQYCEHTAY
SPPHSYRGYD
RYVPRAEKSR
AENWTRRLLP
VENFVGDVDL
PONAAGAADE
PPRTAAIGAQ
KLDEASGLML
VLHITDRACA
GEGGASSDYE
TVFTAVGRTC
FTRRCNSNAK

RMLDFALCRR
KHLLRLLPVY
EFTLSDEDSV
VPSSS85553Y
GRRRDLEEQK

RLRQYADDLG
GTEVAGTAGD
PNDPPISYST
SVSQELLMGV
SGRVLRALSD
LRRGAIAQVP
RLSGVVPNLL
APPPVEREEG
LSRRPFEHAT
ENGIGRLLSI

STIQGMSTRL
KNVFDGRSLV
YRYIIATKLV
GDIPEIDDIL
GGSATEGGGG
L

CPDSTRVRPV
HDEENGSAGG
LTMSYYLFER
FAKARNARDR
DKNLPDDQQC
WNTEADTMVG
KRTSGGREKE
KDLMKNLPSE
KLREDLQGLS
AMLYGGGGYD
TLKRLAGILD
HSRLNPIFIV
DSDGNFLQSR
EERAVGSDEE
VAVKRGLYGR
QTHLSLKISL

TIRDGSEYIV
KRCVRRQTRL
ERLLEKFSVD
AATTTISSAS
QOHQOMAATL

HDARLRRRAG
GGSVDNASQK
DFRGELVETI
LNAVEQVTVY
DIAAEIARRP
GGATGVAAAA
QEQHYLRSGL
FAGGCVKNFE
ADGVSSRAAGV
TLPKHRVLTL
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SEQ MCMV M79

KEYWORD PROTEIN

SEQ ID NO: 58

1 MVKTIRVGRF LHLSDDNHLI
61 LRETVANNGV SDNTILNRKI
121 RACRALVSHL IRTETGLALS
181 PAIRTICQKV WEFYLIAWKK
241 MDKKEEGVIA DLLSGALE
SEQ MCMV M87

KEYWORD PROTEIN

SEQ ID NO: 59

1 MMSASDGSPA SLSCLDPALI
61 EHISSIFRTL MAAGPDPGAT
121 GPALYVHRSR CRCGAEGGGT
181 RYVMAVLPKH QSVFIEYYPY
241 FGANARPPRV TEVARRANYD
301 ALRSPGRQPL FPRWISMSRE
361 WRNLFYTYYA WCAHRGFGGE
421 TDDDASAAST ESGVAVSAPA
481 DRLALVRLRF RERRLAAEAA
541 CLVRHRAAEG VRREGEGSVY
601 QTPRLSAFYV PRNMTHSFVM
661 LSVYKLYVNI ENFEFLPASVC
721 NVGWFKAATA IIPKVSGVAL
781 LSKQFILFVR IMMLRICGLE
841 IANNVPKVLV KNKKIKLDYL
901 RTKEALTRAR VRLCGGYRPE
SEQ MCMV M89 Ex2
KEYWORD PROTEIN

SEQ ID NO: 60

1 MSIRGONFNL LIVDEAHFIK
61 PFDMLNVVSY VCEEHIQAFS
121 IMGGTNKINE ETVLITDESR
181 GVRAVGTYRD QFIVYGLEHY
241 NSNQAAAVRI ACNIKHNLLS
301 SYIKASQELI SHTIKLSYDP
361 VYMCSPERSE NFKPI

SEQ MCMV MS2

KEYWORD PROTEIN

SEQ ID NO: 61

1 MFSHGRDPRT GKPISAAGAR
61 CHRTHLCDLR HDCVVVHTQOD
121 MSYVYTYLTR NADHYADVIG
181 LFVQLVIGVH ARVTKYDSTV
SEQ MCMV M35

KEYWORD PROTEIN

SEQ ID NO: 62

1 MATAAGGVYA GGEPQQQQORP
61 ACEASSPRDR FRLIETAGGN
121 AGSGNAFDGL LALERGTSGG
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LEITTKLLSG
SPEFWRKMYE
LPDELLSDGN
LTVSPEAFSV

VKSPTRRVKS
DEDKARVVLC
MFTLLHDHYT
FLVCLARYLT
LEFLLELQKLW
KKQVLYFELE
SRLWGPSGSG
ARAATSAAKAH
VGSGSGSVEG
GARKIIGGRE
YKHTEKEPPY
NSNSSLDVHG
ENVLLKELAY
HRLAVDRLIF
GRNANLLTLC
AATSRR

KEAFNTILGE
EKGDATACPC
EEFDLFRYST
FLKDLLDSSE
AHAETLFYHS
VEYLLDQLRH

AHARGGGSGK
GSVCIKTGLT
SVIEGGWENK
IKVSRRKRED

RATDVSTALC
FLLVTNALPK
GLTATVPSAP

QPLSSMRLEE
AMRARVPTET
IFFPSLGTVYG
QRSDHELGIF

APVCVNSYNL
RLLMGPVAVE
THVFRGLLSL
VPEIDDCANS
LNVSYRNAVT
VRCTKSRKDE
GGAATESERG
PHAPAAPTVV
AVAGGTSGVQ
FSEMTAVSLN
TUSTEVSNDA
IEDQGVIRSE
VTSIDQLCVD
RAIRQGVFDY
RHVDHACVDA

LAONTTKIIF
YRLHKPTFIT
TNPQFHPHLG
TSIADCVSHM
PDONEIQQPF
IQRITLNEYV

CDGGGGCDMR
YGSVFPGGCY
PTENAIYEFTF
GLLKRMRFEY

DVEALAAVEE
DRTEQQPPCV
GYVAKSVNTL
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LKITRLACLL
LHRAFSERSA
HRLFRLLRFF
SFLIQDYLTFE

TREISPFEDS
CYCDEWDVDD
SEWNVRLTDV
MTAHLGPAIA
RDFFETVFESA
LKNALIFRKT
GGVRGRDQAT
GGGQGTAVSS
TDVKADEPVA
RVAVNAFNTN
AHTNSLNVNI
RDKVYWITNE
YTLHRVETVL
HKNTVAHTKI
HRLEALIGVL

ISSTNTTSDS
LNSDVRKTAN
AILSVYVDPA
LLSILRLHPF
YLMNRDKRLA
TYSAKRNNQS

NLCNPLTQEL
SALEPVTEPH
NRVEFKOHNAL
GNAPSFRTGR

GRVSEADVNR
LEGSGRASSN
SYDGRLLSNS

TLGRGIELLI
AALSVEITGS
NRHWGKEAHE
TGTLRRSTPP

RLSQAVTVDE
YLAKCAYRCS
FCACNAFRSD
ARVGVHYKML
FHHETGKVML
SVLFADHDVI
TASARADAAS
TATQKYVKIV
VPSFDFDPYR
RVINLKATIV
RGSYQEFLYA
PCMISNTDNI
ETRNCYQIPF
KHTCALVGTR
DCLEXLTSID

TCFLTKLTSA
MEFMPGSFMDE
FTSNRRASGT
L3QVRVTIEG
VEDFIAKFNS
DDLVVALIMA

NLRNMYVCVR
VDEINVVGVI
OKVPISVIGQ

YREAVDAALI
NNYEGIGTDS
YVLYTKEQLR
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181 KSLSPDKRAI VERILRFEVDT
241 VSYPVLLPPV FYDPITDYSA
301 QSVRQRFSDR SVPVWPVSSR
361 NVTLSHVLPG QRVASLFPVY
SEQ MCMV M98

KEYWORD PROTEIN

SEQ ID NO: 63

1 MATTVLPPEA TAMTTIPRRI
61 RVFDGLSSES FDIYCLYNLL
121 SIVDREVSNA GGESTVRDAV
181 VWHALRVDTV SATRFHDVLA
241 RGGVSDIGLL LDPASGVLGA
301 AVQGLLDDPG LQOSFADFILD
361 SESLRLWIDG LIKENSEVLS
421 FLKAAFAAPV FANPRHPYYC
481 RDESERGRVI RINGHRSDCD
541 LWVQSAVNSY VAACIPTPRT
SEQ MCMV M100

KEYWORD PROTEIN

SEQ ID NO: 64

1 MLSLFDPPRR PRTRDTCTMA
61 FPGIGFPCYY PRIIDFDNMN
121 VCWVQIYFRS ERGTQVNQST
181 KCMYFMCLTA FVYVTLVTHYE
241 LAMSLALGFG NSFFVKTAHV
301 VCGAMYPIIR YEALNASSYA
361 EEIRALRSDA E

SEQ MCMV M102

KEYWORD PROTEIN

SEQ ID NO: 65

1 MERRWRRGLP VHLSIYAFLP
61 LLANYTSAIV SSSLDTIPDS
121 VGPDFEPLTR FFTPVEIFSD
181 MADAVSIETS TAIQSIIAEG
241 FMLSEPSAVG AKFSVSDVEV
301 FKEVYGGFSG LYPVFDEFGP
361 EIRSLVGLPD IVGVAGKVPL
421 MGDAALDDES SVAHIYVGVG
481 DAFLQRLAHS SPRIFRRVRS
541 NEDTIVRANL ARVWAELFGL
601 VGATGRLLSE AVFCAFQSPD
661 QHDGVMDANE FCGIHVCGRM
721 DQTNTAVVNN STGEIDCVAI
781 TDTHENLIEEF NDVFQQTMDF
SEQ MCMV M104

KEYWORD PROTEIN

SEQ ID NO: 66
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PGILDENNVQ
YINLAELYVY
TCVFCALYNQ
DIGTLLRALC

VDDVVVDDGG
DIKERVSSVP
GGVEGAQFAL
TRKIAFRKDL
SLDFCSGLSR
HHTPAVEFRH
TVEVEFDARAA
QTLVQHYVLS
EVPLCVVVTP
P

KAGVMTLSHV
LTMYNAIHHL
RDINFMGDSA
SRERSAFALS
VFGAMVAFAT
RDINIGITVL

EENQATILQCFE
TTAANGSGVG
GVEILGSRRW
ATTEDAEDEC
IQDVKWRGKK
NMLRSGGPRS
VPEPGNAVDT
GVCRISIVDL
LENYICKRVM
QYLCPVCRIT
WGAKDKIIRFE
VAVQPLDGAL
KQEVTDDAIV
VVERYSAFFS

DVEAVLWLLE
VWYRNYDFDS
NRVCLDLAKS
DSNDGEERRK

GFVTHNIDSA
VCALRLAYFR
ARAIFRLPAR
DVRHSSEAVR
DDDGLLVVAP
QGQLPTSREC
EGETGAATCV
QYYINAHRDP
VRLDPHFARD

DRMNLRTWTIM
TPQLFLDPVQ
TCEFTFVLTMD
KIHPKLOGTI
VACVYFSIIE
LLLCVAFSVI

FCEVADGDRV
GEVGGGGGSG
ENVRGIYNSI
RYRNTHAYRK
LRLCFPREFL
VFFPGFPAVA
LDAVRMYDID
RFAVLRMCLP
DACEDEGYPW
VAMSGVLFAT
MATHMLRLSA
HDNICYNDYV
SDTTGSDELD
MN
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CGPQSVCQONP
EPTRCYELGT
DVDVTSYSPI
RMRETIDSAL

FGGSERNECL
SVENKINLTH
RLLRVMKAIE
FGMQCESAIA
GAAIFEIKCR
LVSYDRVFRQ
GDDDEDFILS
ERMSPDELPS
AVSSVLDVWE

AIACCLLSFV
LIVYVIFTEL
TFQIFLLSLS
RYRTAVVNLT
SVLSRYMKVQ
RTVRFLLRRN

VITRLEVFPVN
DECADRVARR
LOTLAALTVG
LRRGFVSRDI
AFVEFSDDQCL
VYSVPWRYDM
LHYADMRHFR
GPEFPFVLSD
ILVRDDCEIF
GKYLLSGFPD
RRHETRFWAQ
KKTFEVLRVT
AALRALRETT

TCFGRDRECE
VAMDRVKKTL
IIKDCRDAAT
STTDDAV

VEDQSEQCLA
DGPGLATNFEL
RDSRGQAANP
QVLREFVAEG
FKYLRSRDDR
SCKRRRTGVV
AERPPLYLDL
VYLVSAILRK
GDIGKKTGLA

NIVVFSVAARH
IFFCVLSYYTI
FRLPSMVAFS
QLILGFATMV
FGYHIGTILG
KRYRALALDN

IPAEGELRTY
SRALAQIIMH
RIRAIGSYHQ
TFSIRIGNKK
VLLRDAMQRL
NTENGADAIN
INARLCVTHD
VARRVDRMMT
VRRPVDCDQV
EQKYFPTPGW
RFAPGRNRVQ
LEKVIIVLSQ
ANTVGMVVER
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1 MWRNQSLYRD SRENRFKASD
61 SLDLFSMING TEGACIGQTI
121 RFVRAEDEGG AALEQFEIWA
181 VPIAEVRTAE REKAVDAAQR
241 IRIHRLKSNG HIECFSGKRR
301 KICQLLNTNP IKVVTTSRHE
361 DSVESFLODL TPSVDQARLL
421 - EIENLKLLNK TWESKTRELR
481 VTVDDNRVVC NSFFSQFVPD
541 TIERVLLPFL TAVIEFPMLD
601 AFLEREQATA AAAAAAGAAT
661 TIVITTPIGL PPPSSPAPEV
SEQ MCMV M105

KEYWORD PROTEIN

SEQ ID NO: 67

1 MEKRSSDESV GNKGSDGGSG
61 KDWFRHMLDP CAGLVAPELG
121 GKTSSVQVLA ANLDCVITGS
181 HLRRRDDVAF DGDVDPICQQ
241 DECGVILRHM LHVVVFFYYF
301 RDVQRGMDVI: SALISDPVLS
361 VEYLDREVRP AGLIRDPAHA
421 LNNSAFHEYC ASMCTGEPTP
481 GAGGDDDGFD LEEEMINETL
541 LFIERTPCEQ AVYAYSLISG
601 GDGARDSDDN DEYEEDLEGG
661 RQPEPPQLQP PPQPQPQPRL
721 VSSISFEEIV HIYTIFRDIF
781 GSFVGMLTFV SPSNNYVLEG
841 DYNVSKFSDV IDGKSVHICT
Q01 IYVGISRVVD PDRLVLNTNP
SEQ MCMV M114

KEYWORD PROTEIN

SEQ ID NO: 68

1 MALRQWMLRH IAVHDVGAAA
61 TDRVDQERRM CTIYPEKSDV
121 PPSLVTVFKE LRRSIPEFSM
181 DRVLQALSEQ REGLVFLLWG
241 VLANEYLSRR GERVDWNVLC
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LTRSTIRSIF
HQILRDPSVF
DALKHTIVDS
RFLAEVAECH
LKRFIYAEPT
MNTKRIVELM
PSRAPLIQPA
DALDRYESEG
ERESDERLSR
AIPEBYLFLS
AARPSERIGR
SPRFRSPQQK

GLSRYDNIFV
DDGSSEGGGN
TVISSQALSS
QWRDLSTYWP
INALNDSELY
EYCDVAHNWVY
IDVTRLFISH
RPETWFRKNL
LTCRITFIRD
LLFSAMYLFY
GCFDGVSGGG
TMSARLPPRQ
LARYRIMQKH
FINHNVFIMD
MVDYGVTSRM
VRNTYENNTE

AGADVSADVI
HRWSRLCFPY
PKCGCLDAWC
LQAQKKEYLT
SK

EADDIFRTKM
RKQIFYAMMR
IAALLEKLIY
LLDRPDPLRA
ILEEERLILT
EKRDRQVDAK
PSGSGAQDIR
RRGRGPPAFD
LWEQEYFRCF
LSELANVIYE
APGQVSGPPT
LETLRDRNVQ

LNMSSASKIE
AAMIVGDREL
ALNRSRSAQI
VVSDIAIRAL
ROQRAAPCIVC
MFINNKRCLD
AEVKRYFTAL
ARISNYSQFT
SAVGVTAKTK
SSPLTTPEIL
SGNGGGEKYR
IDEEISDVEM
TKGAFGKTRL
AERNRIHRRI
AMTIAKSQGT
ITPFIRRALQ

HQQAEALGIH
DVRVVILGQD
REGVLLINTV
DPRKHLILRS
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LSYLDNPPEP PSDPLFPTDS
FLLNGISVGE LSTAWASHRR
TYAADDRYCR YVDWIVSVGV
RTLRACVSAL MTREVPNVPD
TPLARIRYER KRHNELRIHK
TSIVKFLLNV SDSKSKIGLE
ELFRRQVIRC LEDQIQDHVE
LOTLDTVNAL RRVQGLPTAP
KFRRNVTNQG AEDSISYSNY
TSKLORYTDY IRYRETIRVQ
KIRRLDETTP GTANYRPQQOK
HLNG :

RIVDRVKSLA LKRFSRESLY
ARRPPFLPFS CLLITGTAGA
KTIFRTFGFN SRHVALADRV
DGGKGRKDTD DLCRSNIIVI
VGSPTQSEAL ESRYDHRTQN
LEFGDLLKHI EFGLPLKSEH
HDRVRIYSQH LIFEVPVYCV
DHNLSEDIQV EELAQSCGGG
ACVVGYTGTF DDFAEILQKD
RDLSEIPLPD IPTLVIGANG
RRLTSDDEDD FYDLSYVDRG
LCYSDIY¥TDK FFLKYSIPPP
VTYNRRNVWR RKNCEIESQT
LEKGLPRLIV RDACGFLLIL
GLESVAIDFG DNPKNLEKMSQ
NKDTTLVEF

EAWMSFLKLS ATQASQLVRI
PYHDGSACGL AFGTVRDRPA
FTVVKGQPGS HEALGWQILS
SHPSPRAQGA RNPFVGNNHF
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SEQ

KEYWORD

SEQ ID WNo:

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841

KEYWORD
SEQ ID No:

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
le681
1741
1801
1861
1921
1981
2041
2101

HSV-2 ULS

PROTEIN
69

MAASGGEGSR
VTQVPRLQWEF
TRIAAQNMYV
LTYYWEVILD
RSNIIVIDEA
FEHQKLRCSV
LPITEEHMQF
VEFTLPVLTFEV
KQQLVVARND
YRELSRLMFG
TSDRSPGERA
VHAQFGLLKR
QTDNYTLMGY
EFVESIDSTE
TTSSEFLHMN

DNA (NC_001798 REGION:

70

gggcggggty
gtggggctga
aactcgcecg
gcgttatege
atggtgtccg
ccgtgecgatyg
cgcteccagce
cagtcgataa
aggcggtecct
tgcaccacct
ctgtacgcga
ccggceceggg
ggatcgegta
cggagcgggt
tacgecgetgt
agcccectggg
atggccatgg
acgacagaca
aagaactcgg
acccgggtgt
agccceeege
taggtgctga
cgececagaa
ggctcttecga
aagataacgt
tgcttaaaat
gccgatgege
cggccgtagg
aagtgaatca
gtcteceeccet
gtccecgtega
aggacgtacg
cgcacgtgcce
gccgtgatce
aactctttga

DVRAPGPPPQ
RDVAALEVPT
KLSGAFLSRP
ITKRALAAHG
GLLGRHLLTT
ROSENVLTYL
VDREVVPESY
SVKEFDEYRR
ITYVLNSQVA
GLIHFYNFLQ
FNFKHLGPRD
AFLGRYLILR
TYTRVFAFAE
LAMAINADYG
LNPLRERHER

gggaggaaayg
tctgaatttce
ccgttgggga
accecegege
gggtccacac
agctgaccca
tctgggtact
t.caccagcag
ggcgcegetcg
gtgcegegtce
tggtegtetg
tgcggtggga
gagcagatag
ttagattcat
ttaggecgecag
agcgcgtgat
ccagctceegt
tgaagccgtg
ccacgeccggo
acgtgtaccc
gcggcgagec
agggggcgcet
aggccecetett
gggcgtagtg
caaggtcgtce
tgaacgcacg
cggcggegtce
ccagggtect
gceccgecgaa
gggtcttcac
acccaaacac
tgatgtcgtt
ccgegtectg
acttttccat
ccgacacaaa
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Figure 9

QPGARPAVRF
GLPLREFPFA
INTIFHEFGF
GEDARNEFHA
VVYCWWMINA
ICNRTLREYT
ITNPANLPGW
LTQQPTLTME
VIARLRKMVE
RPGLDATQRT
GGPDDFPDDD
ELFGEVFESA
ELRRRHATAG
ISSKLAMTIT
DDVISEHILS

aaggtttcag
ccgcagaacc
tacgggggcyg

cgecctegggg
caccgtcagg

ggagtcaaag
agcgcgtect
cccgatgggg
accecgegte
cggcagcgceg
ggggttccce
acgcgaggga
tatgtgctcg
gtgcaggaac
gtttcecggge
ggtcatcgceg
ggagtcgate
ctggteceege
cgtcgegtge
catcagcegtg
ggtcagcagce
ctcaaacacc
caggagccca
gcagtagaac
gtcggggaag
ctcccecgga
cecggegtage
ctgggtegeg
catgagecge
gaagctgtceg
catctttcgg
ccgggecacyg
gtcctgacte
ggtcagegtg
cgtgagcacg

RDEAFLNFTS
AYLITGNAGS
RGNHVQAQLG
LTALEQTLGL
LYHTPQYAGR
RLSHSWAIFI
TRLEFSSHKEV
KWITANASRI
GFDGTFRTFE
LAYGRLGELT
LDVIFAGLDE
PESTYVDNVI
VAEFLEESPL
RSQGLSLDKV
ALRDPNVVIV

11846..15249)

gttceggggy
tcgaccagta

gggagtgtag
gcecgteeegt
atgcecggeeg
gggtacgcgt
ataaagcggt

gtgtgttgta.

agaaccgcegce
ctcgttageg
atgtcteggg
atggagggtt
ctaatgacgt
tcggatgagg
gtgaagcata
agtttggagce
gactcgacaa
aggacgatgt
cgccgocgea
tagttgtccg
tcgecagceccce
tcceccgaaga
aactgggegt
acgtccagcet
tcgtecggge
gagcggtcgc
gacaggagtt
tccaggecgg
gacaggaacc
tcgecgecagea
aggcgegegg
actagctgtt
tgggagtagt
ggttgetgeg
gggagggtaa
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MHGVQPIIAR
GKSTCVQTLN
QHPYTLASSP
GQGALTRLAS
LRPVLVCVGS
NNKRCVEHEF
SAYMAKLHAY
TNYSQSQDQOD
AVLRDDSFVK
AELLSLRRDA
QQILDVFYCHY
FRGCELLTGS
PYIVLRDQHG
ATCFTPGNLR
Y

ttgggtctge
ggtctgttgt
tcgggeggac
agatcgttge
tcgcacteeg
acatatgggc
atgcgcaaaa
tcaccacgcece
gcgtecectga
acgeccectggg
ggggtggggg
aatagacaat
catcgecgttc
tggtgcggga
tggcgacctt
tgatgeccgta
actcactgat
agggcagggg
gcteecteoege
tctgcaggge
ggaaaatgac
gctccegtag
ggacggccge
gctgttcegte
cccegteecg
tggtgtcgge
ctgcegtecag
ggcgcetggag
ggtaggcgaa
cagcctegaa
tcaccgegac
gcttgetgtg
tggtgatgcg
tgagccgtcg
acacaacaaa

IRELSQQQLD
EVLDCVVTGA
ASLEDLQRRD
VTHGALPAFT
PTQTASLEST
GNLMKVLEYG
LKVTREGEFV
AGHVRCEVHS
TQGETSVEFA
AGASATRAAD
ALEEPETTAA
PRGGILMSVAL
FMSVVNTNIS
LNSAYVAMSR

1 tttattgacc gttcgttecge ceggeggtge cgtegecgeg cgcagaggga atatgcaage

gtcgtceccagy
gtttgctggg
gtccaggggt
ggtgatgtag
gacgcttteg
gtecccaccag
tteggecacga
tcegegggge
ctcaaacacg
gtgatgtagg
tgaatgtcac
gaccacattc
gtggecgcectcec
catggctacg
gtccagactg
gtcggegttyg -
gttggtattg
ggactcctec
gaacgcgaac
cacggacatc
attgtccacg
gataaggtat
ggtggtcteca
cagcceggeg
cgggecccagg
ggcecctggtt
ctceectagg
aaagttgtaa
ctccaccgag
ggtccgaaac
ctggectgttg
cacctcacag
actggcgttg
atactcgtca
ctcccecteg
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SEQ

2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361

KEYWORD
SEQ ID No:

cgagtcacct
gagaacagcc
acaaagcggt
ttcatgaggt
ctgtgcgaga
ttttegetet
gceegtetggg
ggggtgtggt
cgeccccagga
gceeegtgtg
tctagggegyg
gcecegettgg
tcttececageg
acgtgattcc
gccceccgaga
cagtccagga
gtgatgagat
gccgecacgt
gagagctctc
aacgcctcgt
ggtgccegga

HSV-2 UL
PROTEIN
71

1
61
121
181
241
301
361
421
481
541
601
661

KEYWORD
SEQ 1D No:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081

MAAQRARAPA
SSEAATRQLQ
ERVEDTWRCT
ATQRLGAFLR
WLVRDPVSGQ
VKVLLGRKSD
VRBYLDEAGG
MLEGYINNLF
AEADLLRADY
HRNEKQGQETS
LOTYLTDVAA
PDQGWGVERR

DNA (NC_001798 REGION:

72

atggccgecac
tgcgececceg
gagattctcc
tccagegagg
acgacgtacc
ccgcagecgge
gagcgggtgt
ggggtggtag
atcgactggc
gcgacgcage
gtcgecggygg
tccacgegea
tggctggtge
ctgtggaccg
gtcgecgtgee
gtcaaggtgc
gtcgtcaata
ctegtgcgge
gtacgcgecct

ttaggtagge
gcgtecaccce
ccacaaactg
tcecgaacte
ggcgegtgta
gccggacgga
tecggegaccce
acagggecgtt
gecceggecte
tgaccgaggce
tgagggegtg
tgatgtegag
aggcggggcet
cgcgaaacce
gcttaacgta
cctcgttgag
acgccgcgaa
ccecggaacca
ggatgcgtge
ccctgaaccg
cgtccegega

6

MRTRGGDAAL
AAIFHALLNA
LRTTLLDFAH
OHTLPRQLAT
RGECLVLCEP
SERGVAGAAR
HLIDTPAVDH
GTIERLRETN
DIIDVSKSMD
ISYSSGAIAS
LEVADVQHAA
DGRPHARR

agcgcgegeg
aggacggcectg

tcgggeagat
ccgcecaccecg

gggacctgga
tggttcgecag

tcgacacgtyg

actgctttge
tgacgtgtct
gcctggggge
ccgcggageg
tggcggaata
gcgacccggt
gcgaccgeet
acgccctecg
tgttggggeg
aggcgctggg
tcatcatcaa
acttggacga

36/49

gtggagcttg
cggaaggttg
catgtgcectcc
gtgctcecaca
ctcgcegtagg
gcatcgcagt
cacgcacacc
aatcatccac
gtcgatgacg
caggcgegtg
gaactcgttt
gatcacctcc
gctggecagg
gaactcgtga
catgttctge
ggtctgcacg
cggaaactcc
ctgcaggcgc
gatgattggt
cacggegggt
gcccteececg

CAPEDGWVKV
TTYRDLEEDW
GVVDCFAPGG
VAGAAERAGP
LWTGDRLVED
VVNKALGEDD
TLPGFGKGGT
AGLATQLQAR
DDTYVANSFQ
FVAPYFEYVL
LPRPPSPTPA

15248..1

ggecgecggcyg
ggtgaaggtt
ggggtacacc
acagctgcag
ggaggactgg
gtaccggaac
gcgatgcacg
gccgggegge
ggggctggtt
gtttctcagg
cgcecggeceyg
cgaccgcgtg
cagcgggceag
ggtcttcgat
ggaacacgcg
caagagcgac
ggaggatgac
catgaagggce
g9g9cggggggg

gccatgtacg
geccgggttgg
tcggtgatgg
catcgcttgt
gtgcggttge
ttttggtgtt
agcaccggcc
cagcaataca
ataatgttgc
agggcaccct
cgecgegtett
cagtagtacg
gtgtacgggt
aagatggtgt
gcegegatte
cacgtactct
cggagcggca
ggcacctgeg
tggaccecgt
ctggccecgg
ccggacgccg

HPTPGTMLFR
RRHVVARGLQ
PSGPTSFPKY
GLLDLAVAFD
SPVQRLCPEI
ETKAGSBASR
GRGSRPQDPG
DRELRRAQAG
HQYIPAYGQD
RAPRAGALIT
DFRASASPRG

8163)

atgcggacgce
caccccaccc
gagggtcagg
gcggegatct
cgcegcecacg
gcccgggagyg
ctcaggacga
ccaagcggac
cccatattge
cagcacacgc
gggcttctgg
cacatctact
cgcggegagt
tcgeecgtte
cacatctgcc
agcgagcgcg
gagacgaagg
atgcgccacy
cacctgatcg

PCT/US2007/006113

cgctgacctce
tgatgtaact
gaaggccgta
tgttaatgaa
agatgaggta
cgaaggtgga
gcaggceggcec
ccacggtegt
tgcgggtgaa
ggcccagcce
cgccceecegtg
tcaggtctcg
gctgecececayg
tgatgggtcyg
gcgtggegeco
ttceggatce
ggccggtegg
tgacgtcgag
gcatggacgt
gctgctgtgg
ccat

EILLGOMGYT
POQRLVRRYRN
IDWLTCLGLV
STRMAEYDRV
VACHALREHA
LVRLIINMKG
ARPQQLRQAF
ALEREQRAAD
LERLSRLWEH
GSDVILGEEE
GSRSRTRTRS

ggggcggcga
ccgggacgat
gggtgtacaa
tccacgeget
tggtggeceg
gcgatatcge
cgctgetgga
cgaccagcett
gcaagacgcg
tgccecggea
atctggceegt
acaaccatceg
gcctggtget
ageggetgtg
gtctgcgcaa
gggtggctgg
ccggctcgge
tgggcgacat
acaccccege

cttgtgggac
ttececgggacg
ctccagcecacc
aatggcccag
cgtgagcacg
ctccagegag
cgcgtactgg
gagtaggtge
agccggcagc
caaagtctgc
cgccgceccagg
cecgctgeagg
ctgggcctgyg
actcagaaac
cgtgaccacg
ggcgttgecg
gacctccaag
ctgctgectge
aaaatttaaa
gggcggacct

EGQGVYNVVR
AREGDIAGVA
PILRKTREGE
HIYYNHRRGE
HICRLRNTAS
MRHVGDINDT
QTAVVNNING
RAAGGGAGRP
ELVRCFKILR
LWEAVFKKTR
RSPGRTPRGA

cgcggegceta
gttgttcege
cgtegteegg
cctcaacgcce
cggectcecag
cggggtggce
cttitgeecac
ccccaaatat
cgagggggag
gctggccacg
cgcgttcgac
ceggggggag
gtgcecceccee
cceecgagate
caccgegtcce
cgeegegegg
cgcctegegt
caacgacacg
cgtcgaccac
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1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
SEQ
KEYWORD
SEQ ID No:
1
61
121
181
241
301
361
421
481
541
601
661
721
KEYWORD
SEQ ID No:
1
61
121
181
241
301
361
421
481

accctccctg
gcgegaccge
atgctggagyg
gegggtetgg
gcgetggage
gcggaggcygg
gacgacacgt
ctcgagegee
caccgcaaca
ttcgtggece
ggctccgatyg
ctgcagacgt
ctgecceegge
gggtececggt
ccggaccagy
aacggccgcece
ggaggggatc
tcgecageeg
gttgeggtte
taagcgcetge
cgaggaccac
gtttegeece
ctgtececccygyg
cgtggeececge
ctggatcctg
cctgcceccac
ggccctgttt
cacggactgt
cctgegtteg
gcttttctat

HSVv2 UL8
PROTEIN
73

MEAPGIVWVE
QDEYGSPDVS

_PLRLGWDPQT

RLAAIRDSPQ
GHPQRVTARV
EVRGGPVQYF
PRAWPAVASE
AALAGLGEAG
VMAAVCLQIE
LSANGIRPRL
RDALRRILRR
LPQTAFRGGA
IQLVFTGVLE

ggttcggcaa
agcagcttcg
gctatatcaa
cgaccecaget
gggagcagcg
atcttcteceg
acgtggccaa
tgtegegect
agcagggeca
cgtatttega
tcatcctagyg
acctgacaga
cceccecteece
cceggaceeg
gctggggegt
gccatcctcea
agcaaccagqg
cggtttaceg
gttctggacyg
ggggaccagce
gtgcacagcee
acggacctec
agccacgeca
cacgcgtcte
aacacgctaa
tggtacatgg
tgcgccaccc
gtggcctata
gctctggtgt
cggttttget

ESVSAITLYA
APGAVAAARA
GLVVRVERAS
CASSASLAVT
LLPRGYDYFV
AVLGFPGWPT
AAGRLLPATR
LPEARGRAGL
QTASSVKFAV
APSLAPEGVY
PAAGPPEEAV
LLDAEQYWRR
GVWGEGGSFV

37/49

gggceggeacce
ccaggcgttt
taatctcttt
gcaggegege
cgcggceggac
ggccgactac
cagtttecag
ctgggagcac
ggaaacgtcg
gtacgtgctt
ggaggaggag
cgtcgecggece
aaccccegece
gacccgatce
cgaacgcagg
aacaggccat
cgctgectgeg
cgaccagcgt
ggagttcega
cgacgtatcg
tggcegtgee
gggacttcga
cgecectcecget
ccttegageg
tgtgcatgge
cccactacct
cgcagagcte
acccggeogg
attggtggct
aactccggaa

VRLPPRTRDC

ATAPAASPLE

WGPPAAPRAA
ITTRTARFAR
SAGDGEFSAPA
FTVPAAAAAE
EAVARWHPTA
ERLDALVARA
CGGTGAAFWG
THVVTWSQTG
CABRGVMEDA
VVRVCPGGGE
YPFDEKIRFL

ggccgegggt
cagacggccg
ggaaccatag
gaccgegage
cgggceggcecy
gacattatcg
caccagtaca
gagctggtge
atctcgtact
cgcgccccecce
ttatgggagg
ctgttcgtgg
gatttccggg
cggtcgececeyg
gatggccgac
cgecggggac
catggcctge
cctgcgegtt
cgacgcgtac
cggttttgeg
Ccccctegtt
gctcgtctge
gttcgtcaag
cgtcegetge
gggcgtgaag
gctggccaac
tgecgttgecag
cgtcatggga
ttcggggage
aataaa

LHALLYLVCR
PLGDPTLWRA

LLDVEAKVDV
EYTTLAFPPT
LVALFRQWHT
SARDLVRGAA
TTIQLLDPPA
PSEPWARAVL
LENVDPGDAD
AWFWNSRDDT
CDREVLDAFG
SVGVEVDLYP
FP

DNA (NC_001798 REGION: 18393..20665)

74

tttattgacc
ctcecegeccet
aggatctcge
agatccacgg
cagtattget
tcggectecge
gcatccagga
tccteecggeg
tcggececgceg

aaattcaggg
cgcccocacac
gcaggtgatg
ggacgeccgac
ccgcecgtecag
ctgggggggt
caaagcggtc
ggccggceggce
cggcgtacge

aaacagaaac
gccttccaga
ggecgeagtcee
cgactececy
cagggcgect
cagaacgctc
acaggcgtec
cggccgcegg
ggccecgegyg

cgaatctttt
acccceegtaa
acggggggga
cceeegggac
ccgeggaagg
cagtactececg
tccatgacge
aggattcgtc
agaggaaatc

DARGEARARFE
LYACVLAALE

PCT/US2007/006113

cgcgecceea
tggtcaacaa
aacgcctgeg
tgcggecgcge
ggggaggcgce
acgtcagcaa
tcccecgegta
gctgcttcaa
ctagegggge
gagcgggcege
cggtctttaa
cggacgtaca
cgagcgegte
ggagaacgcc
cccacgeccg
cgcagtctgg
gaggtgcgec
gacgtcacce
gtggegtegg
gtcgtcgtece
ctgctgecacc
ctgctgatgt
gtgteggegt
cttcteetee
cccttegacy
aatccgeccce
ttgeecggge
agctgetgga
cccaaacgac

DPLALSARVA
RKEGAFADLV
TVHAAPGALA
ATHAACLGAW
AVGPVWTARF
BERLVPDACDA
AAHGAIQDAR
DFLOQGFPLRG
RRLDAEYWSV
RPLVLPRVDC

catcgaaagg
acaccagttg
gcaccaaggg
atacgcgeac
ccgtttgggy
cgtccagacyg
cccgggecgce
tcagcgegtce
cctgcaggaa

ggacccgggg
catcaacggc

agagacgaac
ccaggegggyg
gggceegececg
gtccatggac
cggccaggac
gattctgcgce
gatcgectcec
gctcatcacc
gaaaacccgc
gcacgcgget
ceccgeggggc
gaggggtygcy
ccgatgaggg
tcgaggtgge
aggtcagcga
ccagggggcg
aggattactt
tcacggccaa
ggctctectt
acctggagaa
ggttggggagt
gcagetgeca
acgagctagt
ccgtectcte
ccgteeccecg
attccaagga
ggacctcgtc

AEVSVGSSDL
ROTGRWALFEV

EHPGARLAWA
EVCEVGLRPR
PVEFAFLGPGF
PAVGARVVLP
CFSGLOAQLL
CPALRQLLGG
RALEASVRAV
AAYAAAREVM
LTPPGEADDP
AHHLREILRE

gtacacaaag
aatctcgege
ccgegggtac
gacgegtetc
cagggggteg
cctececcgaag
gcacacggec
gcgcataacc
gtcggtgtca
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541
601
661
721
781
841
901
9461
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
SEQ
KEYWORD
SEQ ID No:
1
61
121
181
241
301
361
421
481
541
601
661
721
KEYWORD
SEQ ID No:
1
61
121
181
241
301
361
421
481
541

tcgecgggagt
ccetetggeg
cgcacggacg
tcceeggggt
aacttcaccg
agcagctgce
gcccgggecce
geecegeceee
tgggcctgga
gggtcgagta
gcgggcagga
acgaccctgag
cccecgeacca
cagcccggaa
ggccccagaa
cactgccgga
tagtcgtage
cgcaggecga
ggaaacgcca
gcgagcgagg
gccaaccgeyg
accttggect
ctttecgaccc
agggcccacc
cacagggtcg
gecggecgega
gacgaaccaa
accagataca
agggtaatgg

tccagaacca
ccagggaggg
cctecgagggce
ccacgttgaa
agctggecegt
ggagcgcggg
agggctccga
gggcttcegg
gcccggagaa
gttggatggt
ggcggecgge
cgcccaccge
ggtcacgcge
atcccagcac
aagcgaagac
agagggcgac
cgecgcggeag
cctegeacac
gggtggtgta
cggaggacge
cgccggggtyg
ccacgtccag
tcacgaccag
ggccegtcectg
ggtcccecag
cggccecggg
cggacacctc
gcagggegtyg
cgectgacget

HSVZ UL15

PROTEIN
75

MEGQQOLASDV
PGVGTLHDCC
RFRECAPEDA
GPPKKRAKVD
FSDTAVRHER
IDACLRGWEG
IRPDAVQTIM
VVTHTNATAC
SAGERFLLYR
FEFLRALTGSA
HRILASAGAN
LVSVIVRLQT
TGIPPAFFPI

QQYLERLEKQ
EHSPLESAVA
VPQRNAYYSV
VATHGQTYGT
QRATVFLVPR
SSRVDHVKGE
GFLNQANCKI
SCYILNKPVE
PSTTINSGLM
PADIARCVVH
GPGPELLFYH
DPVEYLSEQL
TRTS

38/49

cgceccggte
ggcgaggegce
cecggegyggcyg
cagcccecag
ctgctcgate
gcaggcgtcyg
gggggcggcee
cagcccggcece
acaaaaccgc
ggtggccgtg
cgcctccgag
gggccaggcee
cgactcggcg
ggcaaagtat
gggggccagyg
cagcgceggg
cagcaccege
ctcgaccagyg
ttegegegea
gcactggggyg
cteggcgacy
gagggcggcyg
acccgtctge
gcgctceccagg
gggctccage
ggccgagacg
cgcgaagcge
gaggcagtcg
ctecteccace

RQQKVGVDEA
RRLLFNSLVP
LNTFQALHRS
LELFQKMIIM
RHGKTWFLVP
TISFSFPDGS
IFVSSTNTGK
ITMDGAVRRT
APELYVYVDP
SLAQVLALHP
CEPPGGAVLY
NNLIETVSPN

tggctceagg
gggcgtatge
tcctggateg
aacgcagccecc
tgcaggcaga
cacgcgtcecg
gccaccagcg
tcececcgagge
gccgtccaga
gggtgccacc
gccacggcceg
cccaggcacg
gcggcggcgg
tggacgggcec
gctceggggy
gcggagaacc
gceecgtgaccee
teccgegaagg
aaacgcgcygg
ctgtecgegaa
cgcgeggaca
cgaggagcgyg
gggtcccage
gccgccagaa
ggggaggcgg
tcgggggage
gcgcgegect
cgcgtgegeg
caaacgatgce

SAGLTLGGDA
AQLRGRDFGG
EAFRQLVHFV
HATYFLAAVL
LIALSLASER
RSTIVFASSH
ASTSELYNLR
ADLFLPDSFM
AFTANTRASG
GAFRSVRVAV
PFFLLNKQKT
TDVRMYSGKR

DNA (NC_001798 REGION: 28969..34820)

76

atgtttggee
aggcaacaga
ctgegegtec
ccgggegtcyg
cggcggttge
gaccacacgyg
cggtttcggg
ctgaacacgt
cgggacttcg
ggccececga

agcagctgge
aggtgggcgt
cttttttgga
ggacgctcca
tgtttaatag
ccaagctgga
agtgecgcgcec
ttcaggccct
cccagttgtt
agaaacgggc

gtccgacgtg
cgacgaggceyg
ttttgecacc
cgactgctgce
cctggtgcceg
gttcctggee
ggaggacgcc
gcaccgctec
gaaaacctcyg
caaggtggac

cagcagtacce
teggegggec
gcgacgccca
gagcactcgce
gcgcaactca
cccgagetgg
gtgcccececaac
gaagcctttce
ttcecgggect
gtggccaccc

PCT/US2007/006113

tgacgacgtg
cgttggecga
cgeccecgtgege
cggtgececgee
cggcggeeat
gcaccaggcg
cgtccecagect
ccgcgaggge
ccggeecgac
gcgcgaccgce
gccatgceeg
cggcatgggt
ccggcacggt
ctccecggac
cggcgtggac
cgtecgeeggc
gctgegggtyg
cgccectectt
tcetegtegt
tggcggecag
gggccagegyg
ccggegggee
ccaggcgecag
cgcacgcata
ccggggecgt
cgtagaagtc
ccececegeggce
ggggcagcecea
cgggggettc

LRVPFLDFAT
DHTAKLEFLA
RDFAQLLKTS
LGDHAEQVNT
GIKIGYTARI
NTNGIRGQDF
GAADELLNVV
QEIIGGQARE
TGIAVVGRYR
EGNSSQDSAV
PAFEYFIKKE
NGAADDLMVA

tggagcgect
tgacgctegg
agcgecacca
cgctcttcte
gggggcgtga
tgcgggeggt
gcaacgccta
ggcagttggt
ctagtctecge
acgggcagac

ggtgtagacg
aagtacggeg
ggcgtccgeg
gcagaccgca
gacccegecg
ctccagecacyg
tteccaggecec
ggccaggagce
ggccgecggg
ttcccgaaag
cgggggcagyg
ggccegeggceg
aaacgtgggc
ctcaaacccg
cgtggtatgc
gctcacgaag
tccgcgggge
cctggtcggce
gatggtgacg
gcgegeceac
gtcgacgteg
ccacgacgcc
cgggacgaag
cagcgcccge
cgcggegegg
ctgcaggtcg
gtcgcgacag
taccgcgtat
cat

ATPKRHQTVV
PELVRAVARL
FRASSLAETT
FLRLVFEIPL
RKATEPVFDE
NLLEFVDEANE
TYICDDHMPR
TGDDRPVLTK
DDFIIFALEH
AIATHVHTEM
NSGGVMASQE
VIMAIYLAAP

ggagaaacag
cggcgatgeg
gaccgtggtc
ggcegtegeg
ctttggggge
ggegegecetg
ctacagcgtc
tcacttcgtg
ggagactacg
gtacggcacc
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601

661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261

ttggagctct
ctcggggace
tttagcgaca
cgccacggaa
gggatcaaga
atcgacgect
accatctcgt
aacacgaacg
gagatcgacc
ccececeecegcee
tggccacggce
acagaacgca
ggccecacgac
ggataaccgc
cggccagggt
ccgccacggce
aggcgeccgeco
cceggetgec
ggccgecggyg
gggccgtgte
cgagctgtte
cgaaggctag
tggcgcagta
ggcgeagege
ggtcggggte
aaatcttaag
gcgcgacgag
ggtgaccegyg
ccecgetgtge
agcgegtgta
gacaaggccg
ggggtctgeg
gaccactagc
cggaaggtat
acatttactc
ggtgaggcge
gtcggcgaag
accgeccctgg
gtcgggggcyg
cgtcacctce
gatgcgeggyg
gatctggatg
gcgcgggtgg
cgcgggggac
cgtggeccagce
attctcgtag
ggagatggag
cccgeggtece
cacgtcgttg
cccgeccgggce
ccecgectgacyg
cgegtgcettg
gaccagcgcg
gtegecteee
aacggccggce
ccccatcece
cagccgecgeg
cgcgtatecge
ggtcgcccac
ttgggcgtcg
caggaggtce
cacgtaggcg

tccagaaaat
acgcggagca
cggcegtgceg
agacctggtt
taggctacac
gcctgegggg
tctegttece
taagtacgce
gacagacaaa
atggcggggyg
ccgcgcgace
gaggcgccac
gacctegtge
gtccacgggyg
gcgctgggcee
gggggcgege
tccteceggg
cgggggacag
gaggtgccac
cgtgggtacce
ggcggcgggy
ggtgcacagce
gcggegetceg
cttgggecge
cggaagggcee
ccgctegtec
gtcggcttcg
cggggeccgeg
caggttggtg
tgagttgggg
ggtcccgtag
aggctgaggt
ccgcagaggc
tgctcgcaga
tgctegegte
agcgtgtcte
cgggcgggga
ccgececeagat
gtccectega
cctagccact
ccgecttgga
cgcgegacga
cgecaggggte
agctggtggg
tcggaggaca
gagacgacga
cgacggctcc
agccactcga
aggacgtcct
ggctccagge
gcctggtgga
gggecgcgege
aggatctcect
ggggccgtga
ccggcececcge
agggacaggt
acgtagcgac
gtgtttggeg
gggccccacg
cacgcgaccyg
gggtgcgeeg
gcaaacgccg

39/49

gatactaatg
ggtcaacacg
gcactteecge
tttggtgcecece
ggcccacatc
ctggtttgge
ggacggctceg
ttccteeccge
cacagccaga
ggaagcctta
gcggggeage
ccggegetag
aggtgggccg
tgceccgaaga
atattggacc
cacagcgcgt
gggtcggtaa
agcgacccca
caggcccecg
aggtaggcgce
tegggggttt
agcggggtec
cggttaaaga
gtcaggtaca
acctggcaca
ccccgaacga
ggcceccgggt
gctccocgggg
gtggggaagg
ggggggtggyg
ccgececeegeg
acgecgeggt
ggcgattgaa
ccetgtgtgg
cattgacgtc
cgectggtget
tgtcgteget
gcgccagecac
gggcgcgeat
cgctctggtg
gcgcggcccg
aggeccaccte
cctecgagege
ggcgcacgac
gcecgeggggg
cgaagegetg
acagccagtc
ccagcgateg
cgccecgeggce
ccgceccagcecac
ccagggcgcec
ggaccgggtg
cgttctettyg
gctgctececte
ccgagaccega
gggeegeege
aaaagtggcg
ggacgagctc
ccaggcgecag
gcagggagac
ggatgacggyg
aacgccacgg

cacgcgacct
ttectgegge
cagcgcgeca
ctcatcgege
cgcaaggega
tcgtecceggg
cgcagcacga
ggtgecctgtt
cgcgagtgtg
ctgtttattt
tcgttgcaaa
tcgggeggat
tgatgegegg
ggagctgaca
acatgcacgg
tggcggaatc
tcctggatag
ggtcatcatc
gacccagggc
cgtcgagcectc
cctceggggg
gggggtgcegt
agaaaatggc
ggaagatctce
gcggceteggt
cgcgccacac
cgggggcgcg
ggcctggegt
gaccggagac
tgagcggtgg
acagaaccgg
gttaatggta
cccaaggcag
ggcagtggag
accgtcaatce
gtagtagtca
gagagggacyg
ggccagggeyg
caggttctece
ggggccaaag
gatagagtgg
ggccgcegatg
gggaaagcga
gcgcteggeyg
gcgggegegt
cttggtecceccg
gggcecggteg
cggcttggceg
ccgggggece
cgcctocageg
ctggcggage
gcggegggtyg
cgtgatggac
cggggagatg
ggacgcctgyg
ctcecgtegeg
acagaggcgce
gtcgtaactg
cgccgcgace
gaacagcccg
ggctaggatc
ggtgcagtcg
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actttctggce
tcgtgttega
ccgtgtttet
tgtecgcetcge
ccgageecegt
tggaccacgt
tcgtgtttge
tccceggtge
ggacgacacg
gtaatcggac
caggcggctyg
gacgctttece
gcggcegggte
caggctecgeg
ggcgacgeag
gatgtgggcc
cagccatcct
catggcccag
acagcacgcc
gtgggccacyg
ggaggcagct
tacgctgegg
aaagaacgtg
gcagaaaagg
gaggaccgtg
gaagacagag
cgcgtegggyg
cgcctgggga
gcaccaaaag
aacaaaagca
agtccgacgg
aacgcaaagc
aggtacgcgt
gggctgccet
accactgcga
aacgcgtagt
agecgcegec
tacgeggtgt
aggagcacgg
tcgtagegea
cccagggccc
tcaaagggct
cgcagcagceyg
gcacaggect
cgceccocgecce
tagtgatggce
ccgeecggeca
gtcececcggea
cccecggetgg
tcegacgege
cccgaggega
acgtcctgca
acgtecctccg
ggggggtctg
ggagtggggy
gcggcgggag
atgaggcgeg
aacaggagca
gtgtacgggt
ccegegetag
gecceccecaceyg
ccyggtcgcegt

cgeccgtgetg
gatcceectg
agtccccagg
gtcettecgg
gtttgatgag
caagggggaa
ctccagccac
cgcccectecce
ccecgecagece
gatgaggctc
gtatacgatg
gcgecgtece
gcctgeegea
tcceceegga
ggacaggccet
gtcggggege
aaatggcggg
cagtatatgc
ccggattcgg
ggctcgtccg
tccaggtgge
aggtggacgg
ttcgaaggca
gcacgctcgg
aggcaccgaa
ttggcgatge
ggggcgecece
cgccagagtyg
cagaggggcce
cgcgtcageg
cacgcgcgac
ctcceggaaa
agctctctcec
ccatgaageg
ttggacggtt
gggcgtcgga
gccgececeg
gaaagaacgc
ggaagcgccg
ggcgctggaa
gcagacacgc
gcagcacggg
ccgtctggge
ccgtcagggce
acgccaccga
gcaggaccac
gagcttccca
cgagggtgag
caaagcgccc
ccagggetce
cgceggagge
cggcccgetg
cggtggccgt
gggtgccgac
tgcegettte
ccgeggeccece
cgcegtegge
cgegggcaca
cgtacacgcce
ggacgcgcgg
catccgeegg
gggcccgggt
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SEQ

4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821

KEYWORD

SEQ ID No:

1

61

121
181
241
301
" 361
421
481
541
601
661

KEYWORD
SEQ ID No:

1
61
121
181
241
301
361
421
481
541
601
661
721
781

ctgggtttceg
ggacagcggyg
ggcggggctyg
catggceegg
cgtgtgegeg
gtccccaggg
ttcgeoegga
tcttegtcecte
gggccgecga
tggtgacgca
tcacgatgga
aggagatcat
€ggcggggga
ccecegaget
ccggeatege
ttttccteeg
gcctecgecca
agggcaacag
accgcatcct
gcgageccgcee
ccgeecttecga
tcgtctecgt
acaacctcat
acggtgccege
ccgggatcecce
cttttgtttc

HSV-2 UL
PROTEIN
77

MNAHFANEVQ
QTRAHATGDC
QGVYDPYTVA
LGAAAPABMAT
DTATAEDVSI
GGALGASDAE
GWEALAGGDR
TALTEACAAE
IACLRALGHS
DAFFHTAYAL
TNRPIAVVID
VFPGGFAFTI

acccggaagt
accecccgecyg
ctegggtece
ccggeggtge
tecetegggge
aatccgggge
tgcggtccag
gtcgaccaac
cgagctgctc
caccaacgcc
cggcgecgtt
€ggggggcag
gcggtttetg
gtacgtgtac
ggtegteggg
cgcgctcacg
ggtgctggeg
cagccaggac
ggcctcggeg
cggcggegeg
atactttatc
gacggtgcge
cgaaaccgtc
ggacgacctc
cceggecttt
tctttettte

17

YDLTRDPSSP
TPWRSAFAAY
ALRLAWGPWA
EAAAHLSLGM
TOENEEILAL
AVLAGLEPPG
PDWLWSRRST
RVVRPHQLSP
IRAALQGGPR
AVLAHLGGQG
GDVNGREQSK
NTAAYLSLAD

40/49

tcgeggecge
ccgccaggcea
gggtgagatc
gagcccttec
ccgegggegce
caggacttta
acgattatgg
accgggaagg
aacgtggtca
acggcctgtt
cgccggacgg
gcccgecgaga
ctgtaccgcecce
gtggacccgg
aggtaccgceg
ggatcggcec
ctgcaccceg
fcggcegtygg
ggggccaacg
gtattgtacc
aaaaagttca
ctgcagaccg
tcteccecaaca
atggtcgcgg
tttccgatca
ccceectete

cccaccgteg
ctcgctggag
gtattggacc
cggtgcegga
acgtgcgcectt
acctgectttt
gctttctcaa
ccagcacgag
cctatatatg
cctgctatat
ccgatctgtt
ccggcgacga
cctcecaccac
cgttcacggce
acgatttcat
ccgecggacat
gggcgttteg
ccatcgccac
geeecggggcece
ccttetttet
actccggggg
acccggtcega
ccgacgtecg
tcatcatggc
cgegecacgtc
tcegecaataa

ASLIHVIISS
VPADAVGAIL
TCARVLLESY
GESGTPTPQA
VQRAVQDVTR
GGRFASRGGP
SVVLRHRYGT

AAQTALLRRF

IFPQRLRYDFG
GRGRRRRLVP
CRFMEGSPST
PVARAVGLRF

ECLAAAGVPL
APVIPAHPDL
DELVPPNTRY
SSVSGGAGPRA
RHPVRARPKH
RAAGEDVLND
KQREVVVSYE
PALEGPLRHP
PHOSEWLGEV
LSDDIPARFA
APHRVCEQYL
CRGAATGPGL

DNA(NC 001798 REGION: 30142..33471)

78

tttatttgta
ttgcaaacag
ggcggatgac
tgecgegggceg
gctgacacag
tgcacggggce
cggaatcgat
tggatagcag
catcatccat
ccagggcaca
cgagctegtg
ccggggggga
ggtgcgttac
aaatggcaaa

atcggacgat
gcggctggta
gctttecgeg
gcgggtegee
gctegegtee
gacgcaggga
gtgggeccgte
ccatcctaaa
ggcccagcag
gcacgcecccyg
ggccacgggce
ggcagcttece
gctgeggagg
gaacgtgtte

gaggctctgg
tacgatgaca
ccgteccegge
tgccgcagga
ccoccggacgyg
caggccteeg
ggggcgceagg
tggcgggecc
tatatgcgge
gattcggggag
tcgtecgega
aggtggccga
tggacggtgg
gaaggcaggc

ccacggccceyg
gaacgcagag
ccacgacgac
taaccgegtce
ccagggtgceg
ccacggeggg
cgcegectec
ggctgccegyg
cgccggggag
ccgtgtcegt
getgttecgge
aggctagggt
cgcagtageg
gcagcgecctt
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gggcggceege
atgatgacgt
tcgttggcaa
aggggcgtgg
atacgctgtg
cgtcgacgag
tcaggccaac
ctttttgtac
cgacgaccac
cctgaacaaa
tctgceccgac
ccggecegte
caccaacagc
caacacgcgc
tatcttcgee
cgccegetge
cagcgttcge
acacgtgcat
cgagctccte
gcectcaacaaa
cgtcatggcg
gtatctgtce
catgtactce
catttacctg
ttgagtcttt
a

SALVRGRPDG
LPRVPSAGGL
AADGARLMRL
VVGTPDPPIS
AASGVASGLR
VLTLVPGTAK
NSVAWGGRRA
RPVLOPFDIA
TRREPVLLEN
DSDAHYAFDY
PGESYAYLCL
VR

cgcgaccgeg
gcgccacccg
ctcgtgecagyg
cacggggtge
ctgggecata
ggcgegecac
tceegggggg
gggacagagc
gtgccaccag
gggtaccagg
ggcggggteg
gcacagcagce
gcgctegegy
gggccgegte

gcacgagggce
gaatcagcga
agtgcgcgtt
gtggggggtyg
tgtttcgtcet
gccaacttta
tgcaagatca
aacctccgeg
atgcecgcggg
ccegtgttta -
tccttcatge
ctaacaaagt
ggcctgatgg
gccteceggea
ctggagcact
gtegtgecaca
gtggcggteg
accgagatgc
ttctatcact
cagaagacgc
tcccaggage
gagcagctca
ggaaaacgca
gcggeccecega
cttgcegttt

GAAANFRVET
FVSLPVACDA
CRHFCRYVAR
PEEQLTAPGG
QGALVHQAVS
PRSLVEWLDR
RPPRLSSELA

AEVAFVARIQ

LMRALEGTAP
YSTSGDTLRL
GENRRLCGLV

gggcagctcg
gcgetggteg
tgggccatga
ccgaagagga
ttggaccaca
agcgegttgg
tcggtaatcc
gaccccaggt
gcccocecggac
taggcgccgt
ggggtttcct
ggggtccggg
ttaaagaaga
aggtacagga
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SEQ

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301

KEYWORD

SEQ ID No:

1
6L
121
181
241
301
361
421
481
541
601
661
721
781
841

agatctcgca
gcteggtgag
gccacacgaa
gggcgcegege
ctggegtege
cggagacgca
geggtggaac
gaaccggagt
aatggtaaac
aaggcagagg
agtggagggyg
gtcaatcacc
gtagtcaaac
agggacgagce
cagggecgtac
gttctcecagg
gccaaagtcg
agagtggcce
cgcgatgtca
aaagcgacgc
ctcggeggea
ggcgegtege
ggtcccegtag
ccggtegecyg
cttggeggte
ggggceccece
ctcegegtcee
gcggageece
gcgggtgacg
gatggacacyg
ggagatgggg
cgcctgggga
cgtcgecggeg
gaggcgcatg
gtaactgaac
cgcgaccegtg
cagccecgecce
taggatcgcecc
gcagtcgecg
accgtcgggg
gctggagatg
ttggacctcg

HSV2 UL2
PROTEIN
79

MDTKPKTTTT
FEANVAAVVG
PHFGFADRDYAP
MDKVTIGDAE
FEAVVGPAAV
AGNKGPAGGF
VGAYLARAAG
LDREGHVVPG
QFEMDVFRYVA
SAYSDCDVLG
GRLETIIGNR
YTCGPCPLLQ
NGFLSAKTLT
GASANASEAA
QWFWTALQRN

gaaaagggca
gaccgtgagg
gacagagttg
gtcggggggg
ctggggacgc
ccaaaagcag
aaaagcacge
ccgacggeac
gcaaagccte
tacgecgtagce
ctgccctccea
actgcgattg
gegtagtggg
cgeccgecgec
gcggtgtgaa
agcacgggga
tagcgcagge
agggcccgea
aagggctgceca
agcagcgeccg
caggcctceg
cecgeeccacy
tgatggcgeca
ccggcecagag
cccggcacga
cggctggcaa
gacgcgeccca
gaggcgacgce
tecctgecacgg
tecteecgegg
gggtectgggg
gtgggggtge
gcgggagecyg
aggcgcgcgce
aggagcacgc
tacgggtecgt
gcgctgggga
cccaccgeat
gtcgegtgyg
cggeccgegea
atgacgtgaa
ttggcaaagt

9

VKVPPGPMGY
SRTTGLGGTA
RPCDLKHETT
VHRIPVYPLQ
ALRARNVDAV
EQRLASVMAG
LVGAMVESTN
YEGRPTAPLV
DSGQTDVPCN
NYAAFSALKR
EALHTVVNNI
LLARRSNLAV
VALSEGRAIC
KARVASLQSA
QLPARLLSRE

41/49

cgcteggggt
caccgaaaaa
gcgatgegeg
gcgeececeggh
cagagtgccc
aggggccage
gtcagcggac
gcgegacggyg
ccggaaagac
tctecteecgg
tgaagcgaca
gacggttggt
cgtcggagtce
gcceececgace
agaacgcgte
agcgcecgegt
gctggaagat
gacacgcgat
gcacggggcyg
tctgggeege
tcagggcegt
ccaccgaatt
ggaccacgga
cttceccacce
gggtgagcac
agcgecececcce
gggctccecce
cggaggccge
ccecgcectggac
tggcegtgtce
tgccgacaac
cgcttteccece
cggcecccecaqg
cgtcggeccge
gggcacaggt
acacgccttg
cgcgceggcag
cecgecggeac
cccgggtetg
cgagggcgga
tcagcgaggce
gcgcegticat

cggggtcegyg
tecttaageecg

cgacgaggtc
gacceggcegg
gctgtgccag
gcgtgtatga
aaggccgggt
gtctgcgagyg
cactagcecg
aaggtattgc
tttactetge
gaggcgcagc
ggcgaagcgg
gcecctggecg
gggggcggte
cacctecccecet
gcgegggeceg
ctggatgcgc
cgggtggege
gggggacagce
ggccagctcg
ctecgtaggag
gatggagcga
gcggtccage
gtcgttgagyg
gcecgggegge
gctgacggcece
gtgcttgggg
cagcgcegagg
gcctececcggyg
ggccggcececeg
catcceccecagg
ccgcegegacg
gtatcgcgtg
cgcccacggg
ggcgtcgcac
gaggtccggyg
gtaggcggcea
ggtttcgacc
cagecgggacce
ggggctgetce
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aagggccacc
ctcgteecceccec
ggcttcggge
ggccgegget
gttggtggtg
gttggggggg
ccegtageceg
ctgaggtacg
cagaggecggce
tcgeagacce
tcgcgtcecat
gtgtctcege
gcggggatgt
cccagatgeg
ccectcgaggy
agccactcge
ccttggageg
gcgacgaagg
aggggtccct
tggtgggggc
gaggacagcc
acgacgacga
cggctccaca
cactcgacca
acgtectcge
tccaggeeceg
tggtggacca
cgcgcgegga
atctcctegt
gcecgtgaget
gceecegeccg
gacaggtggg
tagcgacaaa
tttggeggga
ccccacgeca
gcgaccggcea
tgcgecggga
aacgccgaac
cggaagttcg
ceccgecegecg
gggtceccggg

VYGRACPAEG
VSLKLMPSHY
GDALCERLGL
MFMPDFSRVI
ARAAAHLAFD
DAALALESIV
SALHLTEVDD
GGTQEFAGEH
LCTFETRHAC
ADGSENTRTI
KQLVDREVEQ
YODLALSQCH
APSLTAGQTA
YQKPDKRVDI
DIETIAFIKR

LELLSLLSAR
SPSVYVFHGG
DPDRALLYLV
ADPEFNCNHRS
ENHEGAALPA
SMAVEDEPPP
AGPADPKDHS
LAMLCGFSPA
AHTTLMRLRA
MOETYRAATE
LMRNLIEGRN
GVFAGQSVEG
PAESSFEGDV
LLGPLGFLLK
FSLDYGAINF

SGDADVAVAP
RHLAPSTQAP
ITEGFREAVC
IGENENYPLP
DITFTAFEAS
DITTWPLLEG
KPSFYRFFLV
LLAKMLFYLE
RHPKFASAAR
RVMAELEALQ
FKFRDGLAEA
RNFRNQFQPV
ARVTLGFEFPKE
QFHAVIFPNG
INLAPNNVSE

tggcacagcg
cgaacgacgce
ccecgggtcegg
ccegggggge
gggaagggac
gggtgggtga
cceccgegaca
ccgeggtgtt
gattgaaccc
tgtgtgggge
tgacgtcacc
tggtgctgta
cgtcgctgag
ccagcacggce
cgcgcatcag
tetggtgggg
cggceceggat
ccaccteggce
cgagcgcggg
gcacgacgcg
gcggggggcyg
agcgctgett
gccagtceggy
gcgatcgegg
ccgeggceecg
ccagecaccge
gggcgccectg
ccgggtggeyg
tctettgegt
gctectecgg
agaccgagga
ccgeegecete
agtggecgaca
cgagctcgtce
ggcgcagcegc
gggagacgaa
tgacggggge
gccacggggt
cggccgcecce

ccaggcecactce
tgagatcgta

LIVGLTVESG
NLTRLCERAR
ISNTFLHLGG
FFNRPLARLL
QGKPQRGARD
QETPAARAGA
PGTHVAANPQ
RCDGGVIVGR
GAIGVEFGTMN
YVDQAVPTAL
NHAMSLSLDP
LRRRVMDLEFN
LRVKSRVLFA
KPPGSNQPNP
LAMYYMANQI
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901
961
1021
1081
1141

KEYWORD DNA (NC_001798 REGION: 58805..62447)

42/49

LRYCDHSTYF INTLTAVIAG SRRPPSVQAA

SMFASCNLLR PVMAARPMVV LGLSISKYYG

TRKFVLACPR AGFVCAASSL GGGAHEHSLC

QOLQIEDWLA LLEDEYLSEE MMEFTTRALE

VENFGDFGDE DDHAASFGGL AAAAGAAGVA

SEQ ID No: 80

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261

" 1321

1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061

tttattttat
tatccaacgt
acgccegett
ccgegtggtce
gctggectgac
cgccatgece
cgtecteccag
tcttgacggt
ccecggagcetg
acacaaaccc
gcgggeacgce
cgttgccgge
cggccatcac
gcgcgtegag
gggcccagge
tgagggtgtt
agtacatggc
agtccaggga
gggcggggag
acceceggggyg
gcggtccgag
cgacccgege
tcttgacgceyg
tgetectegge
ccgagagege
cgcgcecgecg
cggcgaacac
geccgecgegag
acatggcecgtg
ggttgcgeat
tgtgcaggge
cctggtecac
acgtctcctg
aggcggcgta
ccccaatgge
gcgtcgtgtyg
tctggcccga
cgecgtcgea
acagcatggc
ggcgcececte
cgtgegtgec
cecgeeggece
tggcgcccac
cgggegttte
agaccgccat
ccaggcgcetg
ggggcttacc
cctegtggtt
gggcacgcag
ggcggttgaa
taaacggatc
ggatgcggtyg

acacaacacc
caggtccttt
tcgggegacg
atcctegteg
cagggectce
gcgctecagyg
cagcgecage
cgccacaaac
ctcgcacagc
ggccetgggg
gtttttgecg
catgccgtag
gggecgeage
ggagtccatc
ggccgeegeco
tatgaagtac
cagttecgete
gaacctctta
ctggttgege
cttgecegttg
gaggatgtcc
cttggeggece
cagttccttg
gggggccgte
gaccgtcage
cagcaccggt
ccegtggeac
gagctgecagce
gttggceccteg
cagctgttcce
ctecgeggttg
gtactgcagg
catgatggte
gttcecccage
ccececcgggeyg
cgcegcecaggceyg
gtccgcecgacy
gcgeteccagyg
caggtgctcyg
gtaccecggge
gggcacgaga
ggcgtegtee
gaggceccgeyg
ctggccctca
cgacacgatg
ctcaaacccy
ctggctggcce
ttcgtcgaac
ggccacggeyg
aaacggaagg
ggcgatgacc
aacctcegeg

aacctttecct
ttctecggtg
ccggecgece
ccgaaatccce
gcctegtggg
gcgegggtgg
cagtcctega
acgctgetgg
gaatgctcgt
caggccagga
cccagcaggce
tatttgctga
aggttgcage
agcegegeggyg
tgcacgctgg
gtcgagtggt
acgttattgg
atgaacgcga
tggagggegyg
ggaaagatga
acgcgcttgt
tcggacgegt
ggaaacccaa
tggccggeeg
gtcttcgecg
tggaattgat
tggctcaggg
agggggcacg
gccagaccgt
acctcgcegat
ccgataateg
gcctcgaget
cgggtgttct
acgtcgcagt
gcgctecgega
tggcgggtet
tagcgaaaca
taaaacagca
ccggcegaact
accacgtgge
aagaagcggt
acctcggtca
gcgegegeca
agcagggygcce
gactccaggg
cccgeoeggge
tcgaaggccg
gccaggtggyg
gcgggcccega
gggtagttga
cggctaaaat
tcececgatgg

ARWAPQGGAG
MAGNDRVFEFQA
EQLRGIIAEG
RGHGEWSTDA ALEVAHEAEA LVSQLGAAGE
RKRAFHGDDP

tcgacceccee
gtccectcceee
ccgecgecge
caaagttaaa
ccacctecag
taaactccat
tctgcagcetg
cgaccgccgc
gggccccgec
caaacttgcg
tggcccagtt
tgctgaggec
tcgcgaacat
cceeggectce
ggggacggceg
cgcagtacct
gggccaggtt
tggtctctat
tccagaacca
ccgegtggaa
cgggcttctg
tggcgectcege
gggtcacgcg
ttaggctggg
acaggaaccc
tgcgaaagtt
ccaggtcctg
gcececgeaggt
cgcggaactt
ccaccagetg
tctececagect
cggccatgac
cggaccegte
cgctgtacgce
acttggggty
cgaaggtaca
cgtccatctc
tcttggccag
cctgggttcc
cctegeggtce
aaaaggaggg
ggtggagggce
ggtacgcece
acgtggtgat
ccagggecgge
cctitgttccc
tgaacgtaat
cggccgegeg
cgaccgectc
aattctcece
ccggcataaa
ttaccttgtc
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LEAGARALMD

SLDAHPGART

GNWASLLGGK NACPLLIFDR

GAAVASSVEV

FGEGPPEKKD

ccaccceoege
aaacggatcg
cgccaaaccg
caccteccecg
ggcegegteg
catttccteg
ctgggtgegyg
cccgeectece
cccecgagacte
ggtgeggtea
ccecggectga
cagcacgacc
ggacgtccag
caggccegeyg
ggacccggeg
caagatctgg
gataaagtta
gtecctegege
ctgecgggtte
ctgcttcage
gtaggcgctc
gcccgcgaac
ggcaacgtcg
ggcgcagata
gttgttgaac
gcgcecccteg
gtacacggceg
gtacgggtcec
aaagttgege
cttgatgttg
cceecagggece
gcgetceggtg
cgegegette
gctgttecatc
gcgggceceege
caggttgcag
ctggecgeeeg
cagggccgga
gccecgacgagyg
cagctgeggg
cttgctgtgg
cgaattggtyg
gacggegeeg
gtecgggggge
gtegeecgee
ggcgtcegege
gtcggcgggg
ggccacggcg
gaacagcagg
gatcgatcgg
catctgcagce
catcccgecee

ATVKSLGPRT

LTLDML

ccctagagca
tcgecegtgaa
ccgaacgacyg
gcggegecga
gtcgaccact
ctcaggtact
gggcccagge
gcaatgatgc
gacgccgcegce
aagatcagca
aacacgcggt
atcgggcgeg
gcgcecggggt
ccgcecectgeg
atgacggccg
ttggeccatgt
atcgegecgt
gacaagagcc
ggctggttceg
aggaagccca
tggaggctgg
aacacgcggce
ccctegaage
gccgeccect
aggtccatga
accgactgcece
aggttggacc
agcgacagcg
ccctegatceca
ttcaccaccg
gtgggcaceg
gccgegeggt
agggccegaga
gttccgaaga
agccgcatca
ggcacgtcgg
acgatgactc
gagaacccge
ggcgccgtgg
ttggccgeeca
tccttaggggt
ctgaacacca
gcgegggecyg
ggctcgtcaa
atcaccgagg
gcgeceecget
agggeccgcgc
tccacgttec
cgggcgaggyg
tggttgcagt
ggatacacgg
agatgcagga
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43/49
3121 aggtgttgct gatgcacacg gcctcecgga
3181 cccggteccgg gtccagtcoceg agecgetege
3241 ggtcgecaggg cecggggogeg tagtcegega
3301 gccgegteag gttgggggec tgggtgctgg
3361 aaacggacgg gctgtagtgc gagggcataa
3421 ccgtcgtgeg ggacccgacg accgeggcca
3481 ggccgacgat gaggggegeg acggcgacgt
3541 acagecagctc caggccttceg gceccggacagg
3601 gaggaacctt gacggtggtc gtegttttgg
SEQ HSV~2 UL30
KEYWORD PROTEIN
SEQ ID No: 81
1 MPCAAGGPAS PGGKPAARAA SGFFAPHNPR
61 GPAQRHTYYS ECDEFRFIAP RSLDEDAPAE
121 EGFWPRRLRL WGGADHAPEG FDPTVTVFHV
181 TVITLLGLTP EGHRVAVHVY GTRQYFYMNK
241 FRGISADHFE AEVVERADVY YYBETRPTLYY
301 TTRFILDNPG FVTFGWYRLK PGRGNAPAQP
361 PAYKLMCFDI ECKAGGEDEL AFPVAERPED
421 PESHLSDLAS RGLPAPVVLE FDSEFEMLLA
481 TEIYKVPLDG YGRMNGRGVF RVWDIGQSHF
541 LNAVAEAVLK DKKKDLSYRD IPAYYASGPA
601 AVARLAGINI TRTIYDGQQI RVFTCLLRLA
661 EGERPGDGNG DEDKDDDEDG DEDGDEREEV
721 FDFASLYPSI IQAHNLCEFST LSLRPEAVAH
781 ILLRDWLAMR KQIRSRIPQS TPEEAVLLDK
841 TVITIGREML LATRAYVHAR WAEFDQLLAD
201 GLTAAGLVAM GDKMASHISR ALFLPPIKLE
961 DLVRKNNCAF INRTSRALVD LLFYDDTVSG
1021 DAHRRITDPE RDIQDFVLTA ELSRHPRAYT
1081 IVAQTREVEE TVARLAALRE ILDAAAPGDEP
1141 KLLVSELAED PGYAIARGVP LNTDYYFSHL
1201 WHPPDDVARAR LRAAGFGPAG AGATAEETRR
KEYWORD DNA (NC_001798 REGION: 63265..6
SEQ ID No: 82
1 atgttttgtg ccgegggegg cceggetteco
61 tctgggtttt ttgcccccca caaccceccgg
121 cgccggcaga acttctacaa ccecccaccte
181 gggccggcte agcgccatac gtactacage
241 cgttecgctgg acgaggacgce ccccgeggag
301 cggcgegeee ctaaggtgta ctgcgggggg
361 gagggcttet ggccgcegteg cttgcgeetg
421 ttcgacccca ccgtcaccgt cttccacgtg
481 tacagcatgc gcgeccgccca gctccacgag
541 accgtcatca cgecttctggg tctgaccccce
601 ggcacgcgge agtactttta catgaacaag
661 gcceccgegeg atctctgega gcgectggceg
721 ttcecgeggea tctecgegga ccacttcgag
781 tattacgaaa cgcgcccgac cctgtactac
841 gcctacctgt gcgacaactt ttgeccecgeg
901 accacccggt ttatcctgga Caacccggag
961 cccggeegcg ggaacgegec ggcccaaccg
1021 gacgtcgagt ttaactgecac ggeggacaac
1081 cecggcctaca agctcatgtg cttcgatatc
1141 gcctttcegg tcgcggaacyg cccggaagac
1201 gacctgtcca ccaccgcecct cgagceacatc

agccecteegt
acagecgegtce
agccaaaatg
gggccaggtg
gcttgaggga
cgttggccte
ccgecgtegee
cgcggecata
gecttggtgte

GATQTAPPPC
ORTGVHDGRL
YDILEHVEHA
AEVDRHLQCR
RVEVRSGRAL
RPPTAFGTSS
LVIQISCLLY
FMTEVKQYGP
QKRSKIKVNG
QRGVIGEYCV
GQKGEILPDT
ARETGGRHVG
LEADRDYLEL
QQAATKVVCN
FPEAAGMRAP
CEKTFTKLLL
AAAALAERPA
NKRLAHLTVY
APPAALPSPA
LGAACVTFKA
MLHRAFDTLA

7026)

ccegggggga
ggagccaccc

gctcagaccyg
gagtgcgacg
cagegecaccy
gacgagcgeg
tggggcggtg
tacgacatce
cgatttatgg
gaaggccate
gcggaggtgg
gcggccetge
gcggaggtgg
cgcgtcecttceg
atcaggaagt
tttgtcacct
cgcececcega
ctggcegtceg
gaatgcaagg
ctegtcatcce
ctcetgtttt
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gatcaccaga
ceceegtegte
cgggcgcegee
gcggccgeceg
caccgcggte
aaacegcgcetce
gctgcgegece
cacgtacccce
cat

RROQNFYNPHL
RRAPKVYCGG
YSMRAAQLHE
APRDLCERLA
AYLCDNFCPA
DVEFNCTADN
DLSTTALEHI
EFVTGYNIIN
MVNIDMYGII
ODSLLVGQLF
QGRFRGLDKE
YQGARVLDPT
EVGGRRLFFV
SVYGFTGVQH
GPYSMRIIYG
IAKKKYIGVI
EEWLARPLPE
YKLMARRAQV
KRPRETPSHA
LEGNNAKITE

agecggegge

agacggcacc

gaacgcagcce
aatttcgatt
gggtccacga

acgtcectecg

cggaccatge
tggagcacgt
acgccatcac
gcgtecgecgt
atcggcacct
gcgagtcgeco
tggagcgcgce

tgcgaagegg

acgagggggg
tcggetggta
cggcgttegg
agggggccat

ccggggggga
agatctcctg

cgctcecggatc

tacagcaagg
tegtgettta
cgctcgcaga
tgaaagacgt
cceccaaggce
tecacggtea
gacagtagcg
atcggceccg

AQTGTQPKAL
DERDVLRVGP
REFMDAITPAG
AALRESPGAS
IRKYEGGVDA
LAVEGAMCDL
LLFSLGSCDL
EFDWPEFVLTKL
TDKVKLSSYK
FKFLPHLELS
APKRPAVPRG
SGFHVDPVVV
KAHVRESLLS
GLLPCLHVAA
DTDSIFVLCR
CGGEKMLIKGV
GLQAFGAVLV
PSIKDRIPYV
DPPGGASKPR
SLLKRFIPET

tcgggeggeg
gccgecttge
aaaggccctc
tatcgececeg
cggcecgectce
cgtgggceceg
cccegagggg
ggaacacgcyg
gcecgecqggyg
tcacgtctac
gcagtgcecgt
gggggcgteg
cgacgtgtac
gcgcgcgetyg
cgtcgacgce
ccgectcaag
aacctcgagce
gtgtgacctg
ggacgagctg
tctgcectctac
ctgcgacctc
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SEQ

1261
1321
1381
1441
1501
1561
1621
1681
1742
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361l
3421
3481
3541
3601
3661
3721

KEYWORD

SEQ ID No:

1
61
121
181
241
301
361
421
481
541

KEYWORD
SEQ ID No:

cececgagteee
tttgacagcg
gagttecgtga
acggagatct
cgegtgtggg
atggtgaaca
ctgaacgccyg
atceceegect
caggactcge
gccgtegege
cgcgtettca
caggggeggt
gaaggggagc
gacgaggacg
taccaggggg
tttgactttg
ctctcectge
gaggtggggg
atcctgetge
accccegagg
tcggtgtacg
accgtgacga
tgggcggagt
ggtcecgtact
ggcctcacgg
gegetgttee
atcgccaaga
gatctggtge
ctgctgtttt
gaggagtggc
gacgcccecatc
gaactgagca
tacaagctca
atcgtggccc
ctagacgeccg
aagcgecccce
aagctgctgg
ctcaacacgg
ctgtttggaa
tggcacceece
gececggegceta
tgagcceecce

acctcagega
aattcgagat
ccgggtacaa
acaaggtccc
acatcggcca
tcgacatgta
tcgeccgagge
actacgectc
tgctggtcag
gcctggcyggyg
cgtgcctcecct
tteggggect
ggccggggga
gggacgagcg
ccegggtect
ccagcctgta
ggcccgagge
gcecgacgget
gcgactgget
aggcecgtect
ggttcaccgg
ccatcggecyg
tegatcaget
ccatgcgceat
ccgcecgggect
tcceccecgat
aaaagtacat
gcaaaaacaa
acgacgatac
tggcgegace
ggcgecatcac
gacacccgceg
tggcccgecg
agacccgcga
ccgccoceagyg
gggagacgcc
tgtccgagcet
actattactt
ataacgccaa
cggacgacgt
cggcggagga
gtcgaagctg

HSV-2 UL32

PROTEIN
83

MATSAPGVPS
PASALDEDVE
TFALDRPCLV
HHFLRTKKAT
VQYSNYSFLA
EGKRGGGDSC
RAAADARRAA
TGGECLLCNL
RFVSLLRAAG
FEGRVCIALR

SAAVREESPG
SDVAPAPPRP
CRTIELYKQA
LVGSFARFAL
QSATRALIGT
CTRAAARNGE
VSESWEAHRG
LLVRAYWLAM
PEAIFKHMFC
ALIYTFKTYQ

44/49

tectegectec
gctgctggec
catcatcaac
gctcgacggg
gagccacttt
cggcatcatce
cgtcttgaag
cgggcecegeyg
gcagctgttc
catcaacatc
gcgecttgeg
cgacaaggag
cgggaacggg
cgaggaggtc
cgaccceacce
ccecageatce
cgtcgecgecac
gttcttegtyg
ggccatgega
cctcgacaag
ggtgcagcac
cgagatgctc
gctggccgac
catctacggg
ggtggccatg
caagctcgag
cggcgtcatce
ctgcgegttt
cgtateccgga
cctgcecegag
cgacccggag
cgcegtacacce
cgcgecaggte
ggtagaggag
ggacgagccc
gtegeatgec
ggcggaggat
ctcgcacctg
gatcaccgag
ggccgegegg
aactcgtcecga
atgtcecgea

SSWKEGAFER
RGAAREASGG
YRLSPQWVAD
TINDIHRHFF
LASGGDDGAG
FEARAGALAQ
ARMRDAAPRF
RRLRASVVRY
DPMCAITEME
VEVPRPTALA

aggggcctge
ttcatgacct
ttcgactgge
tacgggcgca
cagaagcgeca
accgacaagg
gacaagaaga
cagegegggg
ttcaagtttce
acccgcacca
ggccagaagg
gcgeccaagce
gacgaggata
gcgcgcgaga
tcecgggtite
atccaggecce
ctggaggegy
aaggceccacg
aagcagatcce
caacaggccg
ggtcttetge
ctcgegacge
ttteccggagg
gacacggact
ggcgacaaga
tgcgaaaaaa
tgcgggggca
atcaaccgceca
gcggccgecey
ggactgcagg
agggacatcc
aacaagcgcc
ccgteccatca
acggtcgege
gccececcag
gaccceccgyg
ccegggtacg
ctgggggcgg
agtctgttaa
ctcagggccg
atgttgcata
tcttgcaata

PYVAFDPDLL
RGPGSARGPP
YAFLCAKCLG
LHCCFRTDGG
AGAGGGSGTQ
GGEPETWAYA
AQFAEPQPQP
SENNTSLEDC
VDPWVLFGHP
TEVREAGALL

DNA(NC_ 001798 REGION: 66850..69638)

84

PCT/US2007/006113

cggcccecegt
tcgtcaagea
ccttegteet
tgaacggceg
gcaagatcaa
tcaaactctce
aggatctgag
tgatcggega
tgccgecacct
tctacgacgg
gcttcatccet
gccecggecgt
aggacgacga
ccgggggcecyg
acgtcgaccc
acaacctgtg
accgggacta
tacgcgagag
gctcgeggat
ccatcaaggt
cctgeccetgea
gegegtacgt
cggccgyceat
ccattttegt
tggcgagceca
cgttcaccaa
agatgctcat
cectccaggge
cgttagecga
cgttegggge
aggactttgt
tggcccacct
aggaccggat
ggctggeege
cggcecctgeo
gaggcgegte
ccatcgeccg
cctgecgtgac
agaggtttat
cggggttcgg
gagcctttga
aa

ALNEALCAEL
ADPTAEGLLD
APHCAASIFV
VPGRHAQKQP
PSLTTALMNW
DLILLLLAGT
DLDLGPLMAT
IVPVVDQLER
RADHRDELQL
RRHSISLLSL

cgtcctggag
gtacggccce
gaccaagcetg
gggtgtgtte
ggtgaacggg
cagctacaag
ctaccgegac
gtattgtgtg
ggagctttcc
ccagcagatc
gccggacacc
gecteggggg
cgaggacggy
gcacgttggg
cgtggtggtg
cttcagtacg
cctggagatc
cctgctgagce
ceceecagage
ggtgtgcaac
cgtggcecgece
gcacgcgcege
gcgcgeccecc
tttgtgccge
catctcgege
gctgctgcte
caagggcgtyg
cctggtcgac
gcgcocegea
cgtcctegta
cctcaccgece
gacggtgtat
cccgtacgtg
cctecgegag
ctcceceggec
caagccccgc
gggcgttecy
gttcaaggcc
tceecgagacg
gccggegggyg
tactctagca

LAACHVVGVP
TGPFARASVD
AAFEFVYVMD
RPTPSPGAAK
KDCARLLDCT
PAVWESGPRL
VLKHGRGRGR
DPEAQPGDGG
HKAKLACGNE
EHTLCTYV
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61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
l681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761

SEQ
KEYWORD
SEQ ID No:

tttattecceg
ttegggeegg
tttgatactc
ctgcggccga
cgagcacaaa
gcatccgatc
gcatgtggcc
ctcegegeag
ggtcctggag
ggtgctcaaa
cggtggccag
agtagcccat
ggagcgacac
ccteggagygyg
ggcagagctce
cgceggggtt
cgggecggga
agggacagga
gccagegegg
cgcagggcta
agctgcagcect
tccatctecg
ccecgeggece
gcctegaget
tagcggacga
agattgcaca
gtggccatca
aaacgcgggg
gcggcgeggce
gtgccggcga
tgcgccageg
cagctgtctc
cagttcatca
cccgececgt
gcgaggaagyg
ggttgcttct
aagaaatgcc
gtcgecttet
acgaagatge
tcggecaccecce
accagacagg
tccaagagtce
ccececcgaag
tccacgtcecct
agctcggcege
cgctegaacyg
gacggcaccc

agacgtggca
cgggggcegyg
tagcatgagc
cacggtecgga
cgtgctetge
gatgagccgg
ccegtacgtg
gatcgtgtge
gggggtgctg
gatcgtattg
ccgccegteg
gcccgagagg
gggggtcgte
cgtctgggeg
cagcctgcege
ccecggeggceg
gecggagega
gagagatcga
tgggcttegg
tacagacccg
cgtcgegatg
tgatggcgca
gaagcaggct
ggtccacgac
cggacgcect
gcaggcatte
gcgggeceag
ccgegtegcecg
gggcgteege
gcagcagcag
cceeggegge
cgeceeccgey
gggcggtggt
catcgeccece
aatagttgga
gggcgtyggeyg
ggtggatgtc
tggtgcgcag
tecgecggegea
actggggcga

ggcggtecag
cctetgecgt

cctegegege
cgtcgagege
acagggcctc
cgecctectt
cecggggegga

HSV-2 UL33

PROTEIN
85

45/49

ccececeggac
cgctacggeg
ceccecgtega
atttccgegt
cacacgtggg
tagtgcaggt
gggtccgggt
acgaaaaaga
tggcggtegg
atctgctgea
cccgegetge
gtcaggcagt
ttcaccaggyg
agggcggcga
gcgtgcgacg
gaaaagcgcg
cggggggcga
gtgtcgtctg
cacaaatacc
ccecetegaac
gtecggcgegg
catcggatcg
cacgaaccgg
cggcactatg
caggcgtcge
cecegecggtg
gtccaggtcg
catgcgecgece
ggcggegege
gatcaggtcg
ggecctcecgaac
cttgceetcyg
gagggagggt
ggaggccagg
gtactgcacc
ccegggeacco
gttgatggtc
gaagtggtgyg
gtggggcgeg
gaggcggtag
cgcgaaggtg
ggggtctgcyg
ggecceegege
gctcgeggge
gttaagagcc
ccagectgetg
cgtecgecat

gacgtggecg
gaggaaactc
agctgatgtc
ccgectggttt
cggcgaaccyg
gggccgacgt
aaaaaagaaa
getcgggetg
ccagcacgac
cgaaggccag
acgcggggca
tgtcggecac
gcacggagag
agaagccgcg
gcaggetett
accgccgcecyg
tgtcatacat
agcagcgegce
tggtacgtet
tcgttgecge
gggtggccaa
cagaacatgt
ccececegtece
cagtcgaaga
atggccagcc
cgcccgcgcce
ggctggggct
ccgeggtgeg
agccggggcec
gcgtacgcece
tceecegttge
gtgcagtecga
tgcgttececg
gtceccgatga
ttggcggcge
ccgeegteag
agggcgaagc
tccatgacgt
cccaggcact
gcectgettgt
tcgacggacg
ggegggecgce
ggccgegyggg
ggcacgcecta
agaaggtcgg
cceggegact
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cgecggetecag
gtcgaatgtt
ccgcatcttg
ctctgegttyg
gtagccgggg
gcecggggaag
ccgggggteg
gccgagegta
cagggaggcece
gatgagggce
gcagcccccyg
ggtctggtce
cgagcgcacyg
gtagcgacgg
gcgggaggce
ggtcttgteg
aggtacagag
cggectegeyg
tgaaggtgta
aggccaactt
acaggaccca
gcttgaagat
cgggctgege
ggctggtgtt
agtaggcccg
cceggcegtg
ggggctcgge
cttcccagga
ccgactecca
acgtctccgg
gggcggcgge
gcaggeggge
agcccccgcee
gggcecgggt
ccggggaggyg
tccggaagea
gcgcgaagga
agacgaactc
tggcgcagag
acagctcgat
ccgecggegaa
gggcggaccce
gggcgggege
ccacgtgaca
gatcgaagge
cttcgegecac

ggccgegggyg
gcatagagece
caataaatgt
cgtctgacca
cacgcggtca
atgacgtaca
cacgccecee
tcggecagga
agaaaggtgc
tcgcggcetga
atccccecaggt
aggctgaagg
atggcgatct
cgctcecgtgceca
cggcgctcea
cggcecgggec
ggtgtgctcc
gacaaatgtg
gatgagggcc
ggecttgtga
ggggtcgact
ggcctcegggg
ctecggggtec
gttctecgag
caccagcaac
cttcagcacg
gaactgcgca
ctcgectgace
gacggcgggg
ctcaccccecee
gegegtgeag
gcagtccectte
cgecccecegece
tgcggactge
cgtecggectg
gcagtggaga
gccgacaagg
gaaggcggcc
gaacgcgtaa
ggtgcggcag
gggccecegtyg
cggececececgce
gacgtcgcete
ggccgecagg
cacatacgga
ggcggegcete

1 MAGRAGRTRP RTLRDALIPDC ALRSQTLESL DARYVSRDGA GDAAVWFEDM TPAELEVIFP

61
121

KEYWORD
SEQ ID Ne:

DNA(NC_001798 REGION:

86

69637..71469)

TTDAKLNYLS RTQRLASLLT YAGPIKAPDG PAAPHTQDTA CVHGELLARK RERFAAVINR
FLDLHQTLRG

1 atggceggte gagecggggeg cacgegtccg cgaacgttac gggacgcgat ccccgactge
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SEQ

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801

KEYWORD

SEQ ID No:

1
61
121
181
241

KEYWORD
SEQ ID No:

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
501

gcgetgeggt
ggggacgcgg
accacggacg
tacgeccggge
tgcgtgcacg
ttcetggacce
gagaccgact
cgatggcggg
ttcagcgeat
cctactegec
ccgacgaggce
cctgcaaccce
ttaaccggcc
tgcactccac
teggectgga
‘Geegggtgea
tectgtgteg
atgactacgg
gggtcgecge
aggccgtgca
cggggetgtt
cgagccaccg
cteccegecte
ttcaccgcece
tgttggecac
cgcagggtgce
tgacccacge
aatggctgcg
ccaagacccc
cceectttec

cccagaccct
ccgtctggtt
ccaagctgaa
ctataaaagc
gcgagcectget
tgcaccagat
tgttttacat
gatggggaag
caggctcatt
atccaacccg
cttececcgate
ctacctgcgce
ccacggcgce
cgagacgacyg
cgcccggecg
gctcecgegttt
cgeccgecgag
ggcggtggtg
ctecgggeccg
gttgttecgg
tctgggggce
tcecgeecge
cggccegatt
cagcaccatt
caacaacgct
ggtgcgagag
caacaacacg
gcecctegtte
cagcaccccg
ccectteceqgy

HSV-2 UL34

PROTEIN
87

MAGMGKPYGG
DEAFPIEYVL
HSTETTGLSL
LCRAAEQALA
AVQLFRAPRP

DNA (NC_001798 REGION:

88

atggcgggga
cagcgcatca
tactcgeccat
gacgaggcct
tgcaacccct
aaccggccce
cactccaccg
ggcctggacy
cgggtgcage
ctgtgtcgeg
gactacgggg
gtcgecgeet
gccgtgeagt
gggctgtttc
agccaccgtce
cccgectecg

tggggaagce
ggctcattgt
ccaacccgce
tccegatcega
acctgegegt
acggecgccec
agacgacggg
cccecggecgat
tcgegttteg
ccgecgagea
cggtggtggt
cgggecegee
tgttececggge
tgggggcege
ccgcccgeca
gceccgattet

46/49

ggaaagtcta
cgaggacatg
ctacctecteg
gcccgacgge
cgcccgaaag
cctgegggge
aacagtaggg
ccctacggeg
gttcccgeea
ccctecgagat
gagtacgtcc
gtgcagaaca
ccggggggcyg
ggactgtccc
atgatggcca
cggttcatgg
caggcccteg
gtggcgacgg
ccagcgceege
gcececcgegte
gctatctggt
cagtgcatcc
cttacggege
accgccgaca
cagttcatca
tttcttegeg
ttcgcececcge
ggtcttaagc
tgagtccteg
gtggttcaat

ctacggcgge
tccecgecacy
ctcgagatgt
gtacgtectg
gcagaacacc
ggggggcgceyg
actgtccctc
gatggccagce
gttcatggge
ggccectcgee
ggcggceggceyg
agcgeccgcec
cccgegteeyg
tatctggtgg
gtgcatccca
tacggcgcga

gacgegcget
acccccegecyg
cggacgcagce
ccecgeecgecce
cgcgaacqggt
tgacgcgcge
ggtgggggaa
gccgeecggyg
cgctgecgegyg
gtgccttcecca
tgcggeteat
cecggegrtte
cgatcacggc
tcggagacct
gcatgtggat
gccccgagga
ccegtecgeeg
cgcaccactc
ccggacgggg
cgggecceceee
gggcggttgg
cagacgcccg
gacccaaggt
acgtccgggce
tggataacag
ggcaggecgce
agcctatgtt
gcacgtattc
gecgggteccat
aaa

70119..71469)

cgececggggg
ctgcgeggeg
gcecttecagt
cggctcatga
ggcgtttcgg
atcacggcgg
ggagacctgg
atgtggatca
cccgaggacyg
cgtegecgece
caccactctt
ggacggggac
ggcececcegyg
gcggttggeg
gacgcccgceg
cccaaggtec

PCT/US2007/006113

acgtectegeg
aactagaggt
ggctggectce
cacatacgca
tcgeggeggt
tteggegggy
cgcgcaccct
ggacgcgttce
cgggggtggg
gttccacgge
gaacgactgg
ggtgctgttt
ggagcagacce
ggacgacgtc
cagctgettt
cgccgttcge
ccggtccagg
ttccggageg
accggececgt
ggcgcttetg
cgcgegecta
cgagccgeac
ccecgatggec
gctcggecatg
ctacccgeat
ggcgctgacyg
cgcgggcegac
cccetttgte
ccgcggecgt

acgecgttega
ggggtgggga
tccacggeca
acgactggge
tgctgtttca
agcagaccaa
acgacgtcaa
gctgctttgt
ccgttcgeac
ggtccaggeg
ccggagcegcece
cggcceecgtce
cgcttctgtt
cgcgectatg
agccgcacat
cgatggecegce

agacggcgceg
tatatteccg
cctectgacyg
ggacaccgceg
cattaaccgg
caccggcace
tgccecggteg
gagggtctcg
gagtcgggee
caggatgggt
gcegatgtge
caggggtttt
aacgtgattc
aaggggecgcec
gtgcgecatge
acgcggcgga
cggteccagyg
ccegggecgg
ccgtggecatc
ttgctggegg
tgaaaggggg
atcccctecy
gceecgeagt
cgcgggeteg
ccgcacggaa
gacctcgggg
gccgeggecg
gttcgcgacce
ctetegttge

RPGDAFEGLV QRIRLIVPAT LRGGGGESGP YSPSNPPSRC AFQFHGQDGS
RLMNDWADVP CNPYLRVQONT GVSVLFQGFF NRPHGAPGGA ITAEQTNVIL
GDLDDVKGRL GLDARPMMAS MWISCFVRMP RVQLAFRFMG PEDAVRTRRI
RRRRSRRSQD DYGAVVVAAA HHSSGAPGPG VAASGPPAPP GRGPARPWHQ
GPPALLLLAA GLFLGARAIWW AVGARL

gggtctcgtt
gtcgggccee
ggatgggtce
cgatgtgeccce
ggggtttttt
cgtgattctg
ggggcgecte
gcgcatgcecce
gcggcggatce
gtceccaggat
cgggccgggy
gtggcatcag
gctggcggeg
aaagggggcyg
cceccteeget
cccgeagttt
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961
1021
1081
1141
1201
1261
1321

SEQ
KEYWORD
SEQ ID Na

1
61
121
181
241
301
361
421

KEYWORD
SEQ 1D No:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441

caccgceccca
ttggeccacca
cagggtgcgg
acccacgcca
tggctgegge
aagaccccca
ccettteecee

HSV-2 UL

PROTEIN
: 89
MAHLPGGAAA
VGDRGILVHN
RRVELTVTGQ
TKPQLTKVVN
SALKKAGQAA
VTATGPNAVS
GAPEEEGLEG
ARYGPEAAEG

gcaccattac
acaacgctca
tgcgagagtt
acaacacgtt
cctegttegg
gcacccegtyg
cttccegggt

42

APLSEDAIPS
AIFGEQVFLP
APFRTLVQRI
AVGDETAKPT
ANAKTVYGEN
AVFLLKPQRV
QARVPPAFFPE
GGDGGRYACY

47/49

cgcocgacaac
gttcatcatg
tcttcgeggg
cgccecgeayg
tcttaagcegce
agtecctegge
ggttcaataa

PRERTEDWPP
LDHSQEFSRYR
WITASDGEAV
TFELGPNGKF
THRTFSVVVD
CLNWLGRSPG
PPGTKRRHPG
FRDLQTGDAS

gtcegggege
gataacagct
caggccgegg
cctatgttcg
acgtattcce
gggtccctee
a

CQIVLQGAEL
WGGPTAAFLS
ELASETLMKR
SVENARTCVT
DCSMRAVLRR
SSTGSLASQD
AEVVPADDAT
PSPLSAFRGP

DNA (NC_001798 REGION: 93769..95255)

90

atggctcatc
ccgegegage
aacgggatcc
gtgggcgacc
ctcgaccatt
ctcgtggacc
cggcgggtygg
tggacgaccg
gagttgacga
acgaagcecec
acgttcgagce
tttgcegecece
agcgcgctga
acacaccgca
ctccaggtcg
gtcaccgeca
tgcetgaact
tctcgggecy
ggcgececcag
ccgecgggaa
aagcgccecga
gcgagatacg
tttecgegacc
caaagacccec
accgcegececg

ttceecggcgyg
ggacggaaga
tgcaggecctt
gaggcatccet
cgcagttcag
agaagcgatc
agctgacggt
cgtcecgacgyg
gettegeggt
agctcacgaa
tecggeeccaa
gcgaggaggy
agaaggeggyg
cattctcggt
gcggggggac
ccggccccaa
ggcteggeeg
gceccgaccga
aagaagaagg
ccaagcggay
agacgggcgt
gacccgaggce
tccagaccgg
catacggctt
ggcacgcggg

SEQ
KEYWORD
SEQ ID No

1
61
121
181
241

HSVZ ULS
PROTEIN
91

2

tgcggecgece
ctggececgecce
tgegecegett
tgtacataac
tcgectatcga
cctgetgage
cacgggccag
agaggccgtg
actactccce
ggtggtgaac
cggcaagttt
cgcecgtcgtec
ccaagcggcc
ggtcgtecgac
cctcaagttc
cgcggtgtcg
gagccegggt
cagccaggac
cctcgagggce
gcaccceggg
gccecgeegeco
ggcggagggt
cgacgcgagc
tgggttgccc
gtgegttgtg

MGTEDCDHEG RSVAAPVEVT ALYATDGCVI
NGPTGAPTEQ BRFEGSRALY RDAGGLNGDS

ERADDVAVLQ DALGRGTPLL PAHVTATLDL
TAPLYEPGES MRSVVGRMSL GQRGLTTLFV
DEKSLVLAAR YYLLQAPRLG GAGATYDILQA

gccecceccttt
tgccagatag
cgcacgagcc
gcgatttteg
tggggcggac
gtgtttcgeg
gcccecgttte
gagcttgcca
cagggcgace
gcecgtegggy
tcegtgttta
agcaccagceg
gccaacgccea
gactgcagca
ttcctcacgg
gecggtgttte
tecctecgaceg
tectectecg
caggcceggg
gccgaagttg
cccacgegag
ggtggggacg
cccageccecce
tgacggcaac
ttaaaaaaat

TSSLALLTNC
FRVTFCLLGT

PCT/US2007/006113

tcggecatgeg
acccgcatce
cgctgacgga
cgggcgacgc
cctttgtegt
gcggceegtet

NGILQAFAPL
LVDOKRSLLS
ELTSFAVLLP
FAAREEGASS
LOVGGGTLKE
SRAGPTDSQD
KRPKTGVPAR
QRPPYGFGLP

cggaggacgce
tgctgcaggg
ttttggactc
gcgagcaggt
ccaccgcegge
ccaaccagta
gcacgctggt
gcgagacgcht
ccgacgtcca
acgagaccgce
acgecgcgeac
ccecaggteca
agacggtcta
tgcgggeggt
ccgacgtccc
ttttaaaacc
ggagcttgge
agccggacge
taccgececge
tcececgegga
ccgagtcgec
gcggecgceta
tctcegectt
gggtggtgge
aaataaa

LLGAEPLYIF
EVGVTHHPKG

EATFALHANI IMALTVAIVH
HEEARVLGAY RRAYYGSAQS
VKDICATYAI PHDPRPDTLS

cgggetegtg
gcacggaacyg
cctcggggtg
cgcggccgaa
tcgcgaccce
ctcgttgccce

RTSLLDSLLV
VERANQYPDL
QGDPDVQLRL
STSAQVQILT
FLTADVPSVC
SSSEPDAGDR
PTRAESPPLS

gatccegteg
cgecgagetyg
gctecctggte
gtttctgeece
gttcctgtet
ccctgacctg
gcagcgcata
catgaaacgc
gctgcgecte
caaacccace
ctgcgtecace
gattctgacce
cggggaaaac
cctceggegyg
cagcgtgtgt
ccagcgggte
gtcccaggac
gggcgaccge
gttceccggaa
cgacgeccace
cceccectectee
cgegtgctac
ccggggtece
cgaacgecctc

SYDAYRSDAP
RTRPMFVCRF
NAPARIGSGS
PFWEFLSKFGP
AASLTSFAAT
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301
361
421
481
541
601
661
721
781
841
901
961
1021

KEYWORD
SEQ ID No: 92

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581

TREFCCTSQYS
AHFECFSPPR
VIPRETALAG
AFAPTTPGDD
ITMSPTGQAF
PPGGLAVGGQ
QLLFPAARVD
EDTDPMDTTH
VHGSLTMRGV
GSACGRLLPV
FFEKKASRNA
REYQAVSVRR
RLCASLCQQC

RGAAAAGFPL
LATHLRAVTT
DAAAAYLRAR
AGGGTAAPQT
AARAARDDWAR
MYVNRNEIFN
PDAYPCYFFK
GPLPDDEARY
ARVIQQAVLL
EVIPPACEDV
LEHFGRRETL
AVIKDDWVLL
FATKCDNNRL

48/49

YVERRIAADV
HDPSPAASTE
TYAPAALTPA
CGIVKRLLKL
VTRDARPPEA
AALAVTNIIL
SACRPRAPPV
LDLLHEQIPA
DRDFVEAVGS
PAFVAAHADP
TEVLGRYDVR
QLIPGRGALN
HTLFTVDAGT

RETGALEKFI
QPSPLGREAV
PAYCGVADSS
AATEQQGTTP
TVVADAARAP
DLDIALKEPV
CAGDGPSAGG
ATPSEPDSVV
HVKNFLLIDT
RRFHFHAPPM
PDAGETVEGFE
QSLSCLRFKH
PCSRSAPSST

DNA (NC_001798 REGION: 109875..114314)

atggggacgg
gcgetgtatg
ctgctggggg
aatggcccca
cgggatgcgg
gaagtgggcg
gagcgagcegg
ccggeccacyg
atcatggctc
accgeeccecee
gggecagegeg
cgccgggegt
gacgaaaaga
ggcgccggag
ccccacgacce
actcggttet
tatgtggagc
gcccacgatc
gcccactttg
cacgacccca
gaacagttet
gtcacccccea
acgtatgccce
accaaaatga
gcgttegecac
tgcggaatcg
ccggcgatcg
attaccatgt
gtgacgcggg
gagccecgygcyg
cccecgggeyg
gcegegetgyg
ccctttecce
cagctgttgt
agcgcctgtce
gacgacggcg
gaggacacgg
ctcgacctgce
tgttcctgeg
gtgcacggct
gaccgcgact
ggcgtgtacg
ggctececgegt
ccggegttcg

aagactgcga
cgaccgacgg
ccgagecegtt
cgggcgcgcece
gggggctaaa
tgacccacca
acgacgtcge
tcacagcaac
tcaccgtgge
tgtatgagcece
gcctcaccac
attatgggag
gcctggtget
ccacgtacga
cacgecccega
gttgcacgag
gccgeatege
gcagctgect
agtgcttcag
gececccgeggce
tccggcacgt
gggaaaccge
cggeggcececcet
tgggacgtcet
caacaacccc
tcaagcgect
cggctctcat
ccccgaccgyg
acgecgegece
cgcteggeeg
gcctggeegt
ccgttacgaa
ggcteccacga
ttcecegegge
ggccecegege
acggggactg
accccatgga
tacacgaaca
ccgacaagat
ccctgacgat
tcgtggagge
cccacggceca
gcggecggtte
tcgecgegea

tcacgaaggg
gtgecgttatc
gtatatattc
caccgaacag
tggcgattca
cccgaaagygg
cgtgctccaa
tctggacttg
catcgtccac
cggcgaatcg
gctgttegtg
cgcccaaagce
ggccgctagg
tctgcaggece
caccctcagt
ccagtactcc
cgccgacgta
gcgegtgtec
ccceececcgege
cagcacggag
gcgegeccay
cctggeggga
cacgceccgcece
ggcggaagcea
cggggacgac
cctcaagctg
gcaggacgcy
ccaggcgttt
gccggaageg
gecggectcacyg
cgggggccag
catcatccty
ggccetgggt
ccgecgtagac
gccgecegte
gttccccgac
cacgacccac
gataccagcyg
cgggctgcge
gcgtggggtg
cgtagggage
cagecctgege
attgcccgte
cgcecgacecqg

cggteggttyg
acctecctege
agctacgacg
gagaggttcg
tttcgggtga
cgcacccgge
gacgccctgg
gaggcgacgt
aacgcccccy
atgcgctegg
caccacgagyg
ccettttggt
tactacctac
gtgaaagaca
gccgegtect
cgcggggccyg
cgcgagacceyg
gaccgggaat
ctggccacgce
cagccctege
ctgaacatcc
gacgcggcecg
ccecgegtact
gaaaggctce
gcggggggcey
gcegecacgg
tcggtceccaaa
gccgceggegy
accgtggtcg
cgccgcattt
atgtacgtga
gatctggaca
cactttaggce
ccecgacgcect
tgtgegggeyg
gceggtggte
ggccceccecctee
gcgacgccea
gtgtgcctac
gcgagggtga
cacgtaaaga
ttgcecgtatt
ttecgtgatce
cggcgecttee

PCT/US2007/006113

ABDRSCLRVS
EQFFRHVRAQ
TKMMGRLAEA
PAIAALMQDA
EPGALGRRLT
PFPRLHEALG
DDGDGDWFEFPD
CSCADKIGLR
GVYAHGHSLR
FSAAPREIRV
ASELLGRIVA
GRASRATART
SRPSSS

cggctccegt
tcgecctect
cgtaccggtc
aggggagcecg
ccttttgttt
ccatgtttgt
gccgegggac
ttgcgcteca
cccgcatcgg
tegtegggeg
cgegegtget
ttctgagcaa
tccaggctec
tctgcgegac
tgacctcgtt
cggcecgetgg
gcgegetgga
tcattacgta
atctecggge
ccctgggteg
gcgagtacgt
ccgectaccet
gcggggtege
tagtccccca
gcactgeccge
agcagcaggg
cceccectgee
cgcgggacga
cggacgeggc
gcgececggdg
accgcaacga
tcgeectgaa
gcggggceget
atccctgtta
acgggeccctc
ccggcgacga
cggacgacga
gcgaaccgga
cggtcececge
tccagcaggce
actttttget
tcgccaagat
cceeccgegtg
actttcacgce

DREFITYIYL
LNIREYVKQN
ERLLVPHGWP
SVQTPLPVYR
RRICARGPAL
HFRRGALAAV
AGGPGDEEWE
VCLPVPAPYV
LPYFAKIGPD
LHSLGGDYVS
CIEAHFPEHA
FLALSVGTNN

ggaggttacg
cacaaactgc
cgatgcgecce
ggcgctctac
attggggacg
gtgccgette
cccattgctce
cgctaacatc
cagcggcagc
catgtcecetyg
gggggcgtac
attcggeccg
gcgettgggg
ctacgcaatc
cgccgcecate
gtttccgetg
gaagttcatc
catctacctg
cgtgaccacc
ggaggcggtyg
aaagcaaaac
gcgegegege
agactcgtcce
cggectggccece
ccceccagace
cacgacgcce
cgtgtacaqgyg
ctgggccecgoe
ggeggcgece
ccececgegcete
gatcttcaac
ggagcecgtce
ggcggeggtt
ttttttcaaa
ggccggtygge
ggagtgggag
ggccgecgtac
ctccgtegtg
cccgtacgtt
ggtgctgttyg
gatcgatacg
cggceceegac
cgaggacgtt
cccgeccatg
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2641
2701
2761
2821
2881
2941

3001.

3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381

tttteegegg
tttttegaga
acggaggttc
gcgtecagaac
cgggaatatc
cagctgatcc
ggcagggcaa
cgcctatgeg
cacacgctgt
tcacgaccgt
gtgccagtcce
ccgecectegt
cccecggegg
gggcegtgtce
aggccgtaaa
ggtttctgta
gtccecgegea
tgtcgagegt
ccgttcaacyg
accgcccggce
gtctcatcgt
ttctaacaat
tcetgeggeg
aagggtggtc
gcctgtgeta
agattcagcg
ccagtcgecc
gcatgcaaat
cggcccagca
cgcacccecyg

ccecegeggga
agaaggecgte
tgggccgeta
tgctggggceg
aggccgtgtce
ccggecgegyg
gtcgecgegac
cgtccctgtg
ttaccgtcga
catcttcata
gctccaccga
gtggatgaag
ggcatggacc
ccteceecggece
ctgcttggag
tctagegttc
cagcatggtg
gttcttgcaa
ccagaccctyg
cattggegte
cggcaccgct
caccacctgg
gggetcggcee
gggcgtctge
tatcgecegte
gcgeetgttt
atacaaatta
taaaatcgty
caggcaggct
cctacgcgtg

49/49

gatccgegtce
gcgcaacgcece
cgatgtgcgg
aatagtecgeg
cgttcgecegg
cgccctgaac
ggcccggace
tcagcagtgce
tacgggcacg
acggcctacg
tgtatttacg
ataaaccaga
ccccacgeee
atcceceggeyg
gccctetggg
gtcgeecette
gcccecggega
tacccctaca
gtgcagctgt
atcgtgggcet
ctcatctccee
tgtttcgtgt
cccaaaaacg
gggcgetget
gtggcegggg
gatctgtgac
aatacacgac
cacagagccyg
cgtccgactt
tacgcgaagg

ctccacagcece
ctggagcact
cccgacgecg
tgcatcgagg
gcegtecatta
caaagcctct
tttctegege
tttgccacta
ccatgctcecge
gcctegtget
cggtgecgecce
cgctgttgtt
gegtctgeta
ccatgagcceg
acacccagat
accaacgacg
cctatetttt
cgaaaatcac
tcgaggcgga
gcgagcectget
ggggegecetg
ccatcatcge
cggaaccagce
gttccatcat
tggtgctcgt
gtaacgcctc
ccgceccteggg
atccggecte
ccgcatacac
cggacccaga

PCT/US2007/006113

tgggcgggga
ttgggcgacyg
gggagaccgt
ctcactttec
aggacgactg
cgtgtctgcg
tgagecgtegg
aatgcgataa
ggtcecgctee
cgcgtggtac
cgecgggygcyg
tectgggeecg
cgccaatate
ccgggteatyg
gcgeetggtg
atgcatgttc
gaactacgcc
ccgecctecte
tccggtcace
gctcecgette
cgcgatcaca
cctgacggag
ggccccecagg
cctcteeggt
ggcgecttege
ttcegttgga
cctacgcacc
gggtctgett
cccaccctac
cctgccgtat

ctatgtcage
cgagaccctg
ggaggggttc
cgagcacgcg
ggtectgetg
cttcaagcac
gaccaacaac
caaccgcctg
ctccagcacc
atcgtctttg
cacaacgata
ccgaccgece
atcgaaggtc
aacgtgcacyg
gtegtcggtt
ggcgtcgtga
ggccgcatag
tgcgagctat
ttcttgtacc
gtggcccteg
caccccetgt
ctgtatttca
gggcgctceca
atcgcegtge
tacgaacagg
agaggcggac
ctegcacgte
gccecctececce
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