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Figure 2
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Figure 3
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Figure 5
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Figure 6
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Figure 7
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VACCINE AGAINST BETA-HERPESVIRUS
INFECTION AND USE THEREOF

[0001] The present invention is related to a beta-herpesvi-
rus, preferably a recombinant beta-herpesvirus, the use of the
beta-herpesvirus for the manufacture of a medicament, the
use of the beta-herpesvirus for the manufacture of a vaccine,
a nucleic acid coding for the beta-herpesvirus, a vector com-
prising the nucleic acid coding for the beta-herpesvirus, and a
host cell comprising the nucleic acid coding for the beta-
herpesvirus or the vector. In a preferred embodiment, the
beta-herpesvirus is a human cytomegalovirus.

[0002] Human cytomegalovirus (CMV), a member of the
beta-herpesvirus subfamily is the medically most significant
herpesvirus infecting humans (Arvin et al. 2004 Clin. Infect.
Dis. 39:233-239.; Stratton et al. 1999 Vaccines for the 21st
Century: A Tool for Decisionmaking National Academy
Press). Most of the human CMV infection is acquired without
symptomatic disease via breast feeding or saliva/urine con-
tact in early childhood. This results in nearly 100% preva-
lence of HCMV in developing countries. In industrialized
countries about 30% of the population gets infected in the
childhood and the prevalence of human CMV infection
increases up to ~50% by early adulthood.

[0003] Human CMV can also be transmitted from the
mother to the fetus during pregnancy leading to mental retar-
dation and developmental disabilities in the infected child.
Human CMYV is the most important causative agent of con-
genital infections in industrialized countries with one out of
1000 newborn affected. To date 30,000-40,000 infants are
annually born with congenital cytomegalovirus infection in
the United States, making cytomegalovirus by far the most
common and important of all congenital infections. The like-
lihood of congenital infection and the extent of disease in the
newborn depend on the maternal immune status. If primary
maternal infection occurs during pregnancy, the average rate
of transmission to the fetus is 40%; about 65% of these
newborns will have congenital inclusion disease (CID). With
recurrent maternal infection going along with reactivation
from latency, the risk of transmission to the fetus becomes
lower ranging only from 0.5 to 1.5% and the majority of these
infants will also be symptomless. Although natural infections
before pregnancy cause a risk of reactivation associated feto-
maternal transmission the induced immunity is a major pro-
tective factor against CID.

[0004] The infection at birth bears the risk of serious com-
plications; the primary infection with HCMV is generally
symptomless in immunologically competent individuals. The
major risk groups comprise organ transplant recipients and
acquired immunodeficiency syndrome (AIDS) patients in
which human CMV induces life-threatening inflammatory
diseases with high probability. Moreover, after primary infec-
tion at any age, CMV establishes lifelong latency, leaving the
infected individuals at danger of later reactivation upon
immune suppression.

[0005] Although enormous progress has recently been
made in molecular biology and immunology of cytomega-
loviruses (Murphy et al. 2008 Curr. Top. Microbiol. Immunol.
325:1-19), to date there is no commercially available vaccine
and the single hit chemotherapy is the only way of controlling
acute HCMYV infection (Mocarski etal. 2007, p. 2701-2772 in
D. M. Knipe and P. M. Howley (eds.), Fields Virology, Lip-
pincott Williams and Wilkins, a Wolters Kluwer Business,
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Philadelphia, Pa.). This chemotherapy causes severe side
effects and application is often restricted to the most severe
cases.

[0006] The development of vaccines against CMV infec-
tion is reviewed in Schleiss et al. (Schleiss et al. 2005 Herpes.
12:66-75; Schleiss et al. 2008 Curr. Top. Microbiol. Immu-
nol. 325:361-382.).

[0007] One strategy for the development of a human CMV
vaccine is the use of live attenuated HCMV. Live attenuated
CMV are generated by multiple cell culture passages. In
accordance therewith, in live attenuated vaccines the admin-
istered viruses are infectious. However due to the adaptation
to the cell culture a loss of functional genes occurs whereby
the lost genes are not required for virus propagation in vitro,
but are important for virus infection in vivo. Such live attenu-
ated CMV are therefore less pathogenic to the host.

[0008] The first human CMV vaccine candidate which was
tested in clinical trials was a live attenuated vaccine. This was
the AD169 strain of HCMV which was attenuated by exten-
sive tissue culture passages in human primary fibroblasts.
This attenuation is a result of a selective adaptation of the
virus to the conditions of the cell and cell culture. It is likely
that the loss of virulence is the result of affecting genes not
relevant for the in vitro situation but important for the virus in
its natural host. Therefore, it is not surprising that AD169,
extensively passaged on fibroblasts, lost its ability to infect
endothelial cells and monocytes. The majority of seronega-
tive adults inoculated with AD169 vaccine developed HCMV
specific immune response. This vaccine was found to be safe
and generally well tolerated. However, injection site reactions
were common, and several patients developed mild systemic
symptoms consisting of fever, headache, fatigue and myalgia.

[0009] Since the AD169 strain was too aggressive, a more
attenuated preparation of laboratory adapted HCMYV, the
Towne strain, was developed in a manner similar to AD169 as
a potential live attenuated vaccine. This strain was more
extensively passaged in cell culture and in vitro appeared to
be also phenotypically similar to AD169.

[0010] The initial human trial showed that, as expected, the
Towne strain was much better tolerated than the AD169. After
this positive initial test the efficacy of the Towne vaccine was
extensively studied. These studies showed that the Towne
vaccine is safe and well tolerated in humans and induces both
humoral and cellular immunity specific to human CMV.
Although the Towne vaccine appears to provide some protec-
tion against human CMYV disease in certain settings, unfortu-
nately, vaccination is less protective than natural immunity.
Therefore, the Towne strain is most likely over-attenuated
rendering it of suboptimal efficacy as a vaccine.

[0011] Consequently, new human CMYV strains with inter-
mediate attenuation have been produced. Chimeric viruses
have been constructed by genetic recombination between
Towne strain and Toledo strain, which is a wild type like
clinical isolate of human CMV not attenuated by tissue cul-
ture passages.

[0012] Interestingly, an essential feature of the Towne
strain and the vaccine based thereon is its incapability of
efficiently infecting endothelial cells. Furthermore, vaccina-
tion with the Towne strain does not induce antibodies that are
capable of neutralizing endotheliotropic CMV infection,
more specifically Towne does not induce antibodies against
endotheliotropic human CMV strains (Cui et al. 2008 Vaccine
26:5760-5766.).
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[0013] To differentiate between neutralization of endothe-
liotropic and non-endotheliotropic viruses, Gerna et al.
(Gerna et al. 2008 J Gen Virol 89:853-865.) proposed the
testing of human sera and quantification of the neutralizing
potency against human CMV clinical isolates via propagation
and testing in endothelial (or epithelial) cells and against the
same virus infecting human fibroblasts (Gerna et al. supra).
[0014] Itisimportant to note that in addition to the inability
of'the Towne strain to infect endothelial cells and the inability
of the Towne strain to induce antibodies that are capable of
neutralizing endotheliotropic human CMV infection, the
Towne strain is lacking genes compared with clinical wild
type human CMV isolates. More specifically, the Towne
strain is lacking the genes UL133, UL134, UL135, UL136,
UL137, UL138, UL139, UL140, UL141, UL142, UL143,
UL144, and UL 145 as also described by Cha et al. (Cha et al.
1996 J. Virol Vol. 70, No. 1 p. 78-83).

[0015] A further strategy for developing a HCMV vaccine
is based on the deletion of an essential gene from a viral
genome and was described for many viruses such as adenovi-
ruses, alpha-herpesviruses, and retroviruses. Immunization
trials using replication defective or single-cycle viruses as
vaccines against herpesviruses were, to date, only described
for alpha-herpesviruses (Dudek et al. 2006 Virology 344:230-
239). The propagation of these viruses is facilitated by
complementing cells that express the lacking genomes and
support the growth of the defective viruses. Propagation of
such viruses with the deletion of a gene on complementing
cells results in vaccine-virus particles that possess a wild type
virion surface and a tropism like wild type virus for the first
target cells. These viruses are infectious upon vaccination for
the first line target cells. In said first line target cells, the
deleted or inactivated gene leads to either the abrogation of
virus replication or the formation of virus particles with
diminished infectivity or tropism.

[0016] The design of an alpha-herpesvirus vaccine by dele-
tion of one gene essential for DNA replication or the abroga-
tion of production of infectious particles by deletion of the
targeting complex, namely glycoprotein gB is reviewed in
Dudek et al. (Dudek et al. supra). Two types of these viruses
were described: the so called “replication-defective” and the
so called “single-cycle” viruses.

[0017] Replication-defective alpha-herpesviruses were
generated by the deletion of genes essential for the DNA
replication cycle. The deletion of genes essential for the viral
DNA replication e.g. the major DNA binding protein ICP8,
was used to generate respective deletion viruses. Said viruses
can be propagated in vitro by using stably transformed cells
that complement the product of the lacking gene (Forrester et
al. 1992 J Virol 66:341-348.). Several publications from
Knipe and colleagues prove that such viruses can induce
protective immune responses (see Morrison et al. 1998 Virol-
ogy 243:178-187; Morrison et al. 1994 J Virol 68:689-696.;
Morrison et al. 1996 Virology 220:402-413; Morrison et al.
1997 Virology 239:315-326.).

[0018] Single-cycle viruses lack glycoproteins of targeting
complexes e.g. glycoprotein gB or fusion complexes e.g.
gH/gl. (Dudek et al. supra). Such virus mutants are described
in U.S. Pat. No. 7,374,768 by Inglis et al. Said complexes are
described to be important for the attachment to the cell and/or
fusion of virus and cell, as initiation steps for infection of this
cell. The deletion of said glycoproteins will generate single-
cycle vaccine virus particles that infect first line target cells. It
is important to note that said cells in the host form virus
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particles which do not possess a wild type-like virion surface
since they lack the glycoprotein mentioned above. These
particles lacking the glycoprotein, are not infectious or at
least possess limited tropism or infectivity for the next cells to
be infected. Further, the deletion of said glycoprotein leads to
a lacking expression of said glycoprotein preferably being
effective as an antigen in the infected cell.

[0019] Due to society costs caused by human CMV infec-
tion in both morbidity groups and the emerging epidemio-
logical situation the development of an eftective HCMV vac-
cine has been emphasize as a highest level priority by the
National Vaccine Committee of the Institute of Medicine
(US) (Stratton et al. supra).

[0020] Thus the problem underlying the present invention
was to provide an effective HCMYV vaccine and a beta-herp-
esvirus contained in such vaccine, respectively.

[0021] This problem is solved by the attached independent
claims. Preferred embodiments may be taken from the
attached dependent claims.

[0022] The claims are recited in the following as embodi-
ments. It will be acknowledged that further embodiments
may result from the disclosure of the instant specification
which is insofar not limited to the embodiments being a
recitation of the claims.

EMBODIMENT 1

[0023] A beta-herpesvirus, preferably a recombinant beta-
herpesvirus, wherein the beta-herpesvirus is spread-deficient.

EMBODIMENT 2

[0024] The beta-herpesvirus according to embodiment 1,
wherein the beta-herpesvirus is endotheliotropic and/or has a
wild type-like virion surface.

EMBODIMENT 3

[0025] The beta-herpesvirus according to any one of
embodiments 1 to 2, wherein the beta-herpesvirus is endot-
heliotropic and has a wild type-like virion surface.

EMBODIMENT 4

[0026] The beta-herpesvirus according to any one of
embodiments 1 to 3, wherein the beta-herpesvirus is suitable
to or capable of inducing an immune response, wherein pref-
erably the immune response comprises neutralizing antibod-
ies against beta-herpesvirus and CD4" and CD8* T-cells
directed against epitopes of beta-herpesvirus.

EMBODIMENT 5

[0027] The beta-herpesvirus according to embodiment 4,
wherein the immune response comprises neutralizing anti-
bodies, wherein beta-herpesvirus is prevented from infecting
endothelial cells and/or epithelial cells by the neutralizing
antibodies.

EMBODIMENT 6

[0028] The beta-herpesvirus according to embodiment 5,
wherein beta-herpesvirus which is prevented from infecting
endothelial cells and/or epithelial cells by the neutralizing
antibodies, is a pathogen, preferably a human pathogen.
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EMBODIMENT 7

[0029] The beta-herpesvirus according to any one of
embodiments 1 to 6, wherein the beta-herpesvirus is a human
beta-herpesvirus.

EMBODIMENT 8

[0030] The beta-herpesvirus according to any one of
embodiments 1 to 7, wherein the beta-herpesvirus is a
cytomegalovirus.

EMBODIMENT 9

[0031] The beta-herpesvirus according to any one of
embodiments 7 and 8, wherein the beta-herpesvirus is a
human cytomegalovirus.

EMBODIMENT 10

[0032] The beta-herpesvirus according to any one of
embodiment 1 to 9, preferable embodiment 9, wherein the
beta-herpesvirus is deficient in at least one gene product
involved in primary and/or secondary envelopment.

EMBODIMENT 11

[0033] The beta-herpesvirus according to embodiment 10,
wherein the at least one gene product is involved in primary
envelopment

EMBODIMENT 12

[0034] The beta-herpesvirus according to embodiment 11,
wherein the at least one gene product is encoded by a gene
selected from the group comprising UL50 and UL 53 and
homologs of each thereof.

EMBODIMENT 13

[0035] The beta-herpesvirus according to embodiment 10,
wherein the at least one gene product is involved in secondary
envelopment.

EMBODIMENT 14

[0036] The beta-herpesvirus according to embodiment 13,
wherein the at least one gene product is encoded by a gene
selected from the group comprising UL94 and UL99 and
homologs each thereof.

EMBODIMENT 15

[0037] The beta-herpesvirus according to any one of
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide
sequence comprises a first nucleic acid sequence represented
by nucleotides 1 to 122630 of the nucleotide sequence
according to SEQ.ID.NO:20, a second nucleotide sequence
represented by nucleotides 123668 to 181652 of the nucle-
otide sequence according to SEQ.ID.NO:20 and a third
nucleotide sequence represented by nucleotides 189192 to
233681 ofthe nucleotide sequence according to SEQ.ID.NO:
20 and wherein nucleotide 122630 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucle-
otide 123668 of the nucleotide sequence according to SEQ.
ID.NO:20 and wherein nucleotide 181652 of the nucleotide
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sequence according to SEQ.ID.NO:20 is covalently linked to
nucleotide 189192 of the nucleotide sequence according to
SEQ.ID.NO:20.

EMBODIMENT 16

[0038] The beta-herpesvirus according to any one of
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide
sequence comprises a first nucleic acid sequence represented
by nucleotides 1 to 122630 of the nucleotide sequence
according to SEQ.ID.NO:20, a second nucleotide sequence
represented by nucleotides 123668 to 181652 of the nucle-
otide sequence according to SEQ.ID.NO:20, a third nucle-
otide sequence represented by nucleotides 189192 to 233681
of'the nucleotide sequence according to SEQ.ID.NO:20 and a
fourth nucleotide sequence comprising a nucleotide sequence
according to SEQ.ID.NO:34.

EMBODIMENT 17

[0039] The beta-herpesvirus according to embodiment 16,
wherein nucleotide 122630 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucle-
otide 1 of the nucleotide sequence according to SEQ.ID.No:
34, wherein nucleotide 252 of the nucleotide sequence
according to SEQ.ID.No: 34 is covalently linked to nucle-
otide 123668 of the nucleotide sequence according to SEQ.
ID.NO:20 and wherein nucleotide 181652 of the nucleotide
sequence according to SEQ.ID.NO:20 is covalently linked to
nucleotide 189192 of the nucleotide sequence according to
SEQ.ID.NO:20.

EMBODIMENT 18

[0040] The beta-herpesvirus according to any one of
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide
sequence comprises a first nucleic acid sequence represented
by nucleotides 1 to 122630 of the nucleotide sequence
according to SEQ.ID.NO:20, a second nucleotide sequence
represented by nucleotides 123668 to 130670 of the nucle-
otide sequence according to SEQ.ID.NO:20, a third nucle-
otide sequence represented by nucleotides 131243 to 181652
of'the nucleotide sequence according to SEQ.ID.NO:20 and a
fourth nucleotide sequence represented by nucleotides
189192 to 233681 of the nucleotide sequence according to
SEQ.ID.NO:20 and wherein nucleotide 122630 of the nucle-
otide sequence according to SEQ.ID.NO:20 is covalently
linked to nucleotide 123668 of the nucleotide sequence
according to SEQ.ID.NO:20, wherein the nucleotide 130670
of the nucleotide sequence according to SEQ.ID.NO:20 is
covalently linked to the nucleotide 131243 of the nucleotide
sequence according to SEQ.ID.NO:20 and wherein the nucle-
otide 181652 of the nucleotide sequence according to SEQ.
ID.NO:20 is covalently linked to the nucleotide 189192 ofthe
nucleotide sequence according to SEQ.ID.NO:20.

EMBODIMENT 19

[0041] The beta-herpesvirus according to any one of
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide
sequence comprises a first nucleic acid sequence represented
by nucleotides 1 to 122630 of the nucleotide sequence
according to SEQ.ID.NO:20, a second nucleotide sequence
represented by nucleotides 123668 to 130670 of the nucle-
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otide sequence according to SEQ.ID.NO:20, a third nucle-
otide sequence represented by nucleotides 131243 to 181652
of the nucleotide sequence according to SEQ.ID.NO:20, a
fourth nucleotide sequence represented by nucleotides
189192 to 233681 of the nucleotide sequence according to
SEQ.ID.NO:20, a fifth nucleotide sequence comprising a
nucleotide sequence according to SEQ.ID.No: 34 and a sixth
nucleotide sequence comprising a nucleotide sequence
according to SEQ.ID.No: 35.

EMBODIMENT 20

[0042] The beta-herpesvirus according to embodiment 19,
wherein nucleotide 122630 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucle-
otide 1 of the nucleotide sequence according to SEQ.ID.No:
34, wherein nucleotide 252 of the nucleotide sequence
according to SEQ.ID.No: 34 is covalently linked to nucle-
otide 123668 of the nucleotide sequence according to SEQ.
ID.NO:20, wherein nucleotide 130670 of the nucleotide
sequence according to SEQ.ID.NO:20 is covalently linked to
nucleotide 1 of the nucleotide sequence according to SEQ.
ID.No: 35, wherein nucleotide 67 of the nucleotide sequence
according to SEQ.ID.NO:35 is covalently linked to nucle-
otide 131243 of the nucleotide sequence according to SEQ.
ID.No: 20, and wherein nucleotide 181652 of the nucleotide
sequence according to SEQ.ID.NO:20 is covalently linked to
nucleotide 189192 of the nucleotide sequence according to
SEQ.ID.NO:20.

EMBODIMENT 21

[0043] The beta-herpesvirus according to any one of
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide
sequence comprises a first nucleic acid sequence represented
by nucleotides 1 to 58442 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20, a second nucleotide sequence repre-
sented by nucleotides 59623 to 181652 of the nucleotide
sequence according to SEQ.ID.NO:20 and a third nucleotide
sequence represented by nucleotides 189192 to 233681 of the
nucleotide sequence according to SEQ.ID.NO:20 and
wherein nucleotide 58442 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20 is covalently linked to nucleotide
59623 of the nucleotide sequence according to SEQ.ID.NO:
20 and wherein nucleotide 181652 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to the nucle-
otide 189192 of the nucleotide sequence according to SEQ.
ID.NO:20.

EMBODIMENT 22

[0044] The beta-herpesvirus according to any one of
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide
sequence comprises a first nucleic acid sequence represented
by nucleotides 1 to 58442 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20, a second nucleotide sequence repre-
sented by nucleotides 59623 to 181652 of the nucleotide
sequence according to SEQ.ID.NO:20, a third nucleotide
sequence represented by nucleotides 189192 to 233681 of the
nucleotide sequence according to SEQ.ID.NO:20 and a
fourth nucleotide sequence comprising a nucleotide sequence
according to SEQ.ID.No: 32.
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EMBODIMENT 23

[0045] The beta-herpesvirus according to embodiment 22,
wherein nucleotide 58442 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of
the nucleotide sequence according to SEQ.ID.No: 32,
wherein nucleotide 179 of the nucleotide sequence according
to SEQ.ID.No: 32 is covalently linked to nucleotide 59623 of
the nucleotide sequence according to SEQ.ID.NO:20 and
wherein nucleotide 181652 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ.
ID.NO:20.

EMBODIMENT 24

[0046] The beta-herpesvirus according to any one of
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide
sequence comprises a first nucleic acid sequence represented
by nucleotides 1 to 62129 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20, a second nucleotide sequence repre-
sented by nucleotides 63261 to 181652 of the nucleotide
sequence according to SEQ.ID.NO:20 and a third nucleotide
sequence represented by nucleotides 189192 to 233681 of the
nucleotide sequence according to SEQ.ID.NO:20 and
wherein nucleotide 62129 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20 is covalently linked to nucleotide
63261 of the nucleotide sequence according to SEQ.ID.NO:
20 and wherein the nucleotide 181652 of the nucleotide
sequence according to SEQ.ID.NO:20 is covalently linked to
the nucleotide 189192 of the nucleotide sequence according
to SEQ.ID.NO:20.

EMBODIMENT 25

[0047] The beta-herpesvirus according to any one of
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide
sequence comprises a first nucleic acid sequence represented
by nucleotides 1 to 62129 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20, a second nucleotide sequence repre-
sented by nucleotides 63261 to 181652 of the nucleotide
sequence according to SEQ.ID.NO:20, a third nucleotide
sequence represented by nucleotides 189192 to 233681 of the
nucleotide sequence according to SEQ.ID.NO:20 and a
fourth nucleotide sequence comprising a nucleotide sequence
according to SEQ.ID.No: 33.

EMBODIMENT 26

[0048] The beta-herpesvirus according to embodiment 25,
wherein nucleotide 62129 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of
the nucleotide sequence according to SEQ.ID.No: 33,
wherein nucleotide 38 of the nucleotide sequence according
to SEQ.ID.No: 33 is covalently linked to nucleotide 63261 of
the nucleotide sequence according to SEQ.ID.NO:20 and
wherein nucleotide 181652 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ.
ID.NO:20.

EMBODIMENT 27

[0049] The beta-herpesvirus according to any one of
embodiments 1 to 14, wherein the beta-herpesvirus com-
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prises a nucleotide sequence, wherein the nucleotide
sequence comprises a first nucleic acid sequence represented
by nucleotides 1 to 58442 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20, a second nucleotide sequence repre-
sented by nucleotides 59623 to 62129 of the nucleotide
sequence according to SEQ.ID.NO:20, a third nucleotide
sequence represented by nucleotides 632161 to 181652 ofthe
nucleotide sequence according to SEQ.ID.NO:20 and a
fourth nucleotide sequence represented by nucleotides
189192 to 233681 of the nucleotide sequence according to
SEQ.ID.NO:20 and wherein nucleotide 58442 of the nucle-
otide sequence according to SEQ.ID.NO:20 is covalently
linked to nucleotide 59623 of the nucleotide sequence
according to SEQ.ID.NO:20, wherein the nucleotide 62129
of the nucleotide sequence according to SEQ.ID.NO:20 is
covalently linked to the nucleotide 63261 of the nucleotide
sequence according to SEQ.ID.NO:20 and wherein the nucle-
otide 181652 of the nucleotide sequence according to SEQ.
1D.NO:20 is covalently linked to the nucleotide 189192 ofthe
nucleotide sequence according to SEQ.ID.NO:20.

EMBODIMENT 28

[0050] The beta-herpesvirus according to any one of
embodiments 1 to 14, wherein the beta-herpesvirus com-
prises a nucleotide sequence, wherein the nucleotide
sequence comprises a first nucleic acid sequence represented
by nucleotides 1 to 58442 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20, a second nucleotide sequence repre-
sented by nucleotides 59623 to 62129 of the nucleotide
sequence according to SEQ.ID.NO:20, a third nucleotide
sequence represented by nucleotides 63261 to 181652 of the
nucleotide sequence according to SEQ.ID.NO:20, a fourth
nucleotide sequence represented by nucleotides 189192 to
233681 ofthe nucleotide sequence according to SEQ.ID.NO:
20, a fifth nucleotide sequence comprising a nucleotide
sequence according to SEQ.ID.No: 32 and a sixth nucleotide
sequence comprising a nucleotide sequence according to
SEQ.ID.No: 33.

EMBODIMENT 29

[0051] The beta-herpesvirus according to embodiment 28,
wherein nucleotide 58442 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of
the nucleotide sequence according to SEQ.ID.No: 32,
wherein nucleotide 179 of the nucleotide sequence according
to SEQ.ID.No: 32 is covalently linked to nucleotide 59623 of
the nucleotide sequence according to SEQ.ID.NO:20,
wherein nucleotide 62129 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20 is covalently linked to nucleotide 1 of
the nucleotide sequence according to SEQ.ID.No: 33,
wherein nucleotide 38 of the nucleotide sequence according
to SEQ.ID.NO:33 is covalently linked to nucleotide 63261 of
the nucleotide sequence according to SEQ.ID.No: 20, and
wherein nucleotide 181652 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ.
ID.NO:20.

EMBODIMENT 30

[0052] The beta-herpesvirus according to any one of
embodiment 1 to 29, wherein the beta-herpesvirus comprises
one or more genes selected from the group comprising
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UL133, UL134, UL135, UL136, UL137, UL138, UL139,
UL140, UL141, UL142, UL 143, UL144 and UL 145

EMBODIMENT 31

[0053] The beta-herpesvirus according to any one of
embodiment 1 to 30, wherein the beta herpesvirus comprises
the nucleotide sequence according to SEQ.ID.NO:23.

EMBODIMENT 32

[0054] The beta-herpesvirus according to any one of
embodiments 1 to 31, wherein the beta-herpesvirus is defi-
cient in at least one gene product encoded by an immune
evasive gene.

EMBODIMENT 33

[0055] The beta-herpesvirus according to embodiment 32,
wherein the at least one gene product encoded by an immune
evasive gene is selected from the group comprising gene
products regulating MHC class I presentation and gene prod-
ucts regulating NK cell response.

EMBODIMENT 34

[0056] The beta-herpesvirus according to embodiment 33,
wherein the at least one gene product encoded by an immune
evasive gene is a gene product regulating MHC class I pre-
sentation.

EMBODIMENT 35

[0057] The beta-herpesvirus according to embodiment 34,
wherein the gene product regulating MHC class I presenta-
tion is selected from the group comprising US6, US3, US2,
UL18, US11, UL83 and UL40.

EMBODIMENT 36

[0058] The beta-herpesvirus according to embodiment 33,
wherein the at least one gene product encoded by an immune
evasive gene is a gene product regulating NK cell response.

EMBODIMENT 37

[0059] The beta-herpesvirus according to embodiment 36,
wherein the gene product regulating NK cell response is
selected from the group comprising gene products encoded
by the genes UL40, UL16 and UL18.

EMBODIMENT 38

[0060] The beta-herpesvirus according to any one of
embodiments 1 to 37, wherein the beta-herpesvirus encodes a
heterologous nucleic acid.

EMBODIMENT 39

[0061] The beta-herpesvirus according to embodiment 41,
wherein the heterologous nucleic acid is a functional nucleic
acid, preferably selected from the group comprising antisense
molecules, ribozymes and RNA interference mediating
nucleic acids.

EMBODIMENT 40

[0062] The beta-herpesvirus according to embodiment 38,
wherein the nucleic acid is a nucleic acid coding for a peptide,
oligopeptide, polypeptide or protein.
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EMBODIMENT 41

[0063] The beta-herpesvirus according to embodiment 40,
wherein the peptide, oligopeptide, polypeptide or protein
comprises at least one antigen.

EMBODIMENT 42

[0064] The beta-herpesvirus according to embodiment 41,
wherein the antigen is an antigen selected from the group
comprising viral antigens, bacterial antigens and parasite
antigens.

EMBODIMENT 43

[0065] The beta-herpesvirus according to any one of
embodiments 1 to 42 for or suitable for use in amethod for the
treatment of a subject and/or for use in a method for the
vaccination of a subject.

EMBODIMENT 44

[0066] The beta-herpesvirus according to embodiment 43,
wherein the subject is a mammal, preferably a human.

EMBODIMENT 45

[0067] The beta-herpesvirus according to embodiment 43
or 44, wherein the beta-herpesvirus is human cytomegalovi-
rus.

EMBODIMENT 46

[0068] The beta-herpesvirus according to any one of
embodiments 43 to 45, wherein the subject is suffering from
a disease or is at risk of suffering from a disease.

EMBODIMENT 47

[0069] The beta-herpesvirus according to any one of
embodiments 43 to 46, wherein the vaccination is a vaccina-
tion against a disease.

EMBODIMENT 48

[0070] The beta-herpesvirus according to any one of
embodiments 46 and 47, wherein the disease is a disease or
condition which is associated with beta-herpesvirus infec-
tion, preferably human cytomegalovirus infection.

EMBODIMENT 49

[0071] The beta-herpesvirus according to embodiment 48,
wherein the disease or condition is selected from the group
comprising congenital inclusion disease.

EMBODIMENT 50

[0072] The beta-herpesvirus according to any one of
embodiment embodiments 43 to 49, wherein the subject is a
pregnant female or female of reproductive age, preferably a
pregnant woman or a woman of reproductive age.

EMBODIMENT 51

[0073] The beta-herpesvirus according to embodiment 50,
wherein the treatment is or is suitable for or capable of pre-
venting the transfer of a beta-herpesvirus, preferably human
cytomegalovirus, from the female to a fetus and/or to an
embryo carried or to be carried in the future by the female.
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EMBODIMENT 52

[0074] The beta-herpesvirus according to embodiment 50,
wherein the treatment is for or is suitable for the generation of
or capable of generating an immune response in the female
body or the immune response in the female body, whereby
preferably such immune response confers protection to a
fetus and/or to an embryo carried or to be carried in the future
by the female against beta-herpesvirus, preferably human
cytomegalovirus, and/or a disease or condition associated
with beta-herpesvirus infection, preferably human cytome-
galovirus infection.

EMBODIMENT 53

[0075] Use of a beta-herpesvirus according to any of
embodiments 1 to 47 for the manufacture of a medicament.

EMBODIMENT 54

[0076] Use according to embodiment 53, wherein the
medicament is for the treatment and/or prevention of beta-
herpesvirus infection.

EMBODIMENT 55

[0077] Use according to embodiment 53, wherein the
medicament is for the treatment and/or prevention of a dis-
ease or condition associated with beta-herpesvirus infection,
preferably human cytomegalovirus infection.

EMBODIMENT 56

[0078] Use of a beta-herpesvirus according to any of
embodiments 1 to 47 for the manufacture of a vaccine.

EMBODIMENT 57

[0079] Use according to embodiment 56, wherein the vac-
cineis for the treatment and/or prevention of beta-herpesvirus
infection.

EMBODIMENT 58

[0080] Use according to embodiment 57, wherein the vac-
cine is for the treatment and/or prevention of a disease or
condition associated with beta-herpesvirus infection, prefer-
ably human cytomegalovirus infection.

EMBODIMENT 59

[0081] Use according to any one of embodiments 56 to 58,
wherein the vaccine is or is suitable for the administration to
a subject, whereby the subject is selected form the group
comprising a pregnant female, a female of reproductive age,
adonor of a transplant, a recipient of a transplant and a subject
being infected with HIV or being at risk of being infected with
HIV.

EMBODIMENT 60

[0082] Use according to embodiment 59, wherein the
donor is a potential donor and/or the recipient is a potential
recipient.

EMBODIMENT 61

[0083] A nucleic acid coding for a beta-herpesvirus accord-
ing to any of the preceding embodiments.



US 2013/0202638 Al

EMBODIMENT 62

[0084] A vector comprising the nucleic acid according to
embodiment 61.

EMBODIMENT 63

[0085] A vector comprising the nucleic acid according to
embodiment 62, wherein the vector comprises a nucleotide
sequence, wherein the nucleotide sequence comprises a first
nucleic acid sequence represented by nucleotides 1 to 122630
of the nucleotide sequence according to SEQ.ID.NO:20, a
second nucleotide sequence represented by nucleotides
123668 to 233681 of the nucleotide sequence according to
SEQ.ID.NO:20 and wherein nucleotide 122630 of the nucle-
otide sequence according to SEQ.ID.NO:20 is covalently
linked to nucleotide 123688 of the nucleotide sequence
according to SEQ.ID.NO:20.

EMBODIMENT 64

[0086] A vector comprising the nucleic acid according to
embodiment 62, wherein the vector comprises a nucleotide
sequence, wherein the nucleotide sequence comprises a first
nucleic acid sequence represented by nucleotides 1 to 122630
of the nucleotide sequence according to SEQ.ID.NO:20, a
second nucleotide sequence represented by nucleotides
123668 to 233681 of the nucleotide sequence according to
SEQ.ID.NO: 20 and a third nucleotide sequence comprising
a nucleotide sequence according to SEQ.ID.No: 34.

EMBODIMENT 65

[0087] The vector according to embodiment 64, wherein
nucleotide 122630 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 34 and
wherein nucleotide 252 of the nucleotide sequence according
to SEQ.ID.No: 34 is covalently linked to nucleotide 123668
of the nucleotide sequence according to SEQ.ID.NO: 20.

EMBODIMENT 66

[0088] A vector comprising the nucleic acid according to
embodiment 62, wherein the vector comprises a nucleotide
sequence, wherein the nucleotide sequence comprises a first
nucleic acid sequence represented by nucleotides 1 to 122630
of the nucleotide sequence according to SEQ.ID.NO:20, a
second nucleotide sequence represented by nucleotides
123668 to 130670 of the nucleotide sequence according to
SEQ.ID.NO:20, a third nucleotide sequence represented by
nucleotides 131243 to 233681 of the nucleotide sequence
according to SEQ.ID.NO: 20 and wherein nucleotide 122630
of the nucleotide sequence according to SEQ.ID.NO:20 is
covalently linked to nucleotide 123668 of the nucleotide
sequence according to SEQ.ID.NO:20 and wherein the nucle-
otide 130670 of the nucleotide sequence according to SEQ.
1D.NO:20 is covalently linked to the nucleotide 131243 ofthe
nucleotide sequence according to SEQ.ID.NO:20.

EMBODIMENT 67

[0089] A vector comprising the nucleic acid according to
embodiment 62, wherein the vector comprises a nucleotide
sequence, wherein the nucleotide sequence comprises a first
nucleic acid sequence represented by nucleotides 1 to 122630
of the nucleotide sequence according to SEQ.ID.NO:20, a
second nucleotide sequence represented by nucleotides
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123668 to 130670 of the nucleotide sequence according to
SEQ.ID.NO:20, a third nucleotide sequence represented by
nucleotides 131243 to 233681 of the nucleotide sequence
according to SEQ.ID.NO:20, a third nucleotide sequence
comprising a nucleotide sequence according to SEQ.ID.No:
34 and a fourth nucleotide sequence comprising a nucleotide
sequence according to SEQ.ID.No: 35

EMBODIMENT 68

[0090] The vector according to embodiment 67, wherein
nucleotide 122630 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 34, wherein
nucleotide 252 of the nucleotide sequence according to SEQ.
ID.No: 34 is covalently linked to nucleotide 123668 of the
nucleotide sequence according to SEQ.ID.NO:20, wherein
nucleotide 130670 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 35 and
wherein nucleotide 67 of the nucleotide sequence according
to SEQ.ID.NO:35 is covalently linked to nucleotide 131243
of the nucleotide sequence according to SEQ.ID.No:20

EMBODIMENT 69

[0091] A vector comprising the nucleic acid according to
embodiment 62, wherein the vector comprises a nucleotide
sequence, wherein the nucleotide sequence comprises a first
nucleic acid sequence represented by nucleotides 1 to 58442
of the nucleotide sequence according to SEQ.ID.NO:20, a
second nucleotide sequence represented by nucleotides
59623 to 233681 of the nucleotide sequence according to
SEQ.ID.NO:20 and wherein nucleotide 58442 of the nucle-
otide sequence according to SEQ.ID.NO:20 is covalently
linked to nucleotide 59623 of the nucleotide sequence
according to SEQ.ID.NO:20.

EMBODIMENT 70

[0092] A vector comprising the nucleic acid according to
embodiment 62, wherein the vector comprises a nucleotide
sequence, wherein the nucleotide sequence comprises a first
nucleic acid sequence represented by nucleotides 1 to 58442
of the nucleotide sequence according to SEQ.ID.NO:20, a
second nucleotide sequence represented by nucleotides
59623 to 233681 of the nucleotide sequence according to
SEQ.ID.NO: 20 and a third nucleotide sequence comprising
a nucleotide sequence according to SEQ.ID.No: 32.

EMBODIMENT 71

[0093] The vector according to embodiment 70, wherein
nucleotide 58442 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 32 and
wherein nucleotide 179 of the nucleotide sequence according
to SEQ.ID.No: 32 is covalently linked to nucleotide 59623 of
the nucleotide sequence according to SEQ.ID.NO: 20.

EMBODIMENT 72

[0094] A vector comprising the nucleic acid according to
embodiment 62, wherein the vector comprises a nucleotide
sequence, wherein the nucleotide sequence comprises a first
nucleic acid sequence represented by nucleotides 1 to 62129
of the nucleotide sequence according to SEQ.ID.NO:20, a
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second nucleotide sequence represented by nucleotides
63261 to 233681 of the nucleotide sequence according to
SEQ.ID.NO:20 and wherein nucleotide 62129 of the nucle-
otide sequence according to SEQ.ID.NO:20 is covalently
linked to nucleotide 63261 of the nucleotide sequence
according to SEQ.ID.NO:20.

EMBODIMENT 73

[0095] A vector comprising the nucleic acid according to
embodiment 62, wherein the vector comprises a nucleotide
sequence, wherein the nucleotide sequence comprises a first
nucleic acid sequence represented by nucleotides 1 to 62129
of the nucleotide sequence according to SEQ.ID.NO:20, a
second nucleotide sequence represented by nucleotides
63261 to 233681 of the nucleotide sequence according to
SEQ.ID.NO: 20 and a third nucleotide sequence comprising
a nucleotide sequence according to SEQ.ID.No: 33

EMBODIMENT 74

[0096] The vector according to embodiment 73, wherein
nucleotide 62129 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 33 and
wherein nucleotide 38 of the nucleotide sequence according
to SEQ.ID.No: 33 is covalently linked to nucleotide 63261 of
the nucleotide sequence according to SEQ.ID.NO: 20.

EMBODIMENT 75

[0097] A vector comprising the nucleic acid according to
embodiment 62, wherein the vector comprises a nucleotide
sequence, wherein the nucleotide sequence comprises a first
nucleic acid sequence represented by nucleotides 1 to 58442
of the nucleotide sequence according to SEQ.ID.NO:20, a
second nucleotide sequence represented by nucleotides
59623 t0 62129 of the nucleotide sequence according to SEQ.
1D.NO:20, a third nucleotide sequence represented by nucle-
otides 63261 to 233681 of the nucleotide sequence according
to SEQ.ID.NO: 20 and wherein nucleotide 58442 of the
nucleotide sequence according to SEQ.ID.NO:20 is
covalently linked to nucleotide 59623 of the nucleotide
sequence according to SEQ.ID.NO:20 and wherein the nucle-
otide 62129 of'the nucleotide sequence according to SEQ.ID.
NO:20 is covalently linked to the nucleotide 63261 of the
nucleotide sequence according to SEQ.ID.NO:20.

EMBODIMENT 76

[0098] A vector comprising the nucleic acid according to
embodiment 62, wherein the vector comprises a nucleotide
sequence, wherein the nucleotide sequence comprises a first
nucleic acid sequence represented by nucleotides 1 to 58442
of the nucleotide sequence according to SEQ.ID.NO:20, a
second nucleotide sequence represented by nucleotides
59623 t0 62129 of the nucleotide sequence according to SEQ.
1D.NO:20, a third nucleotide sequence represented by nucle-
otides 63261 to 233681 of the nucleotide sequence according
to SEQ.ID.NO:20, a fourth nucleotide sequence comprising a
nucleotide sequence according to SEQ.ID.No: 32 and a fifth
nucleotide sequence comprising a nucleotide sequence
according to SEQ.ID.No: 33.
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EMBODIMENT 77

[0099] The vector according to embodiment 76, wherein
nucleotide 58442 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 32, wherein
nucleotide 179 of the nucleotide sequence according to SEQ.
ID.No: 32 is covalently linked to nucleotide 59623 of the
nucleotide sequence according to SEQ.ID.NO:20, wherein
nucleotide 62129 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 33 and
wherein nucleotide 38 of the nucleotide sequence according
to SEQ.ID.NO:33 is covalently linked to nucleotide 632161
of the nucleotide sequence according to SEQ.ID.No: 20.

EMBODIMENT 78

[0100] A host cell comprising a nucleic acid according to
embodiment 61 or a vector according to any one of embodi-
ments 62 to 77.

EMBODIMENT 79

[0101] A pharmaceutical composition comprising a beta-
herpesvirus according to any one of the preceding embodi-
ments, a nucleic acid according to embodiment 61 and/or a
vector according to any one of the preceding embodiments,
and a pharmaceutically acceptable carrier.

[0102] The present inventors have surprisingly found that
the infection of endothelial cells of a host organism such as
man by beta-herpesvirus and more specifically CMV of the
invention will result in eliciting an immune response against
CMV. More specifically, the immune response is an anti-
CMV response which comprises neutralizing antibodies
against beta-herpesvirus and CD4" and CD8* T-cells directed
against epitopes of beta-herpesvirus. Furthermore, the
present inventors have surprisingly found that such immune
response can be elicited by the beta-herpesvirus and more
specifically the human cytomegalovirus of the invention
being spread-deficient. It has to be acknowledged that any
characteristic feature, embodiment of and any statement
made in relation to beta-herpesviruses such as murine CMV
equally applies to human CMV. Furthermore, it will be
acknowledged that the beta-herpesvirus according to the
present invention will, in a preferred embodiment, exhibit the
following characteristics as observed for human and murine,
respectively, CMV: multiple infections occur with mouse and
human CMYV, in mouse and human, respectively, (Boppana,
S. B.etal., 2001. Intrauterine transmission of cytomegalovi-
rus to infants of women with preconceptional immunity. N.
Engl. J. Med 344:1366-1371; Cicin-Sain, L. et al., 2005.
Frequent coinfection of cells explains functional in vivo
complementation between cytomegalovirus variants in the
multiply infected host. J Virol 79:9492-9502.); an unusually
high response of neutralizing antibodies against CMV is
caused by infection with mouse and human CMV, in mouse
and human, respectively (Farrell, H. E. and G. R. Shellam,
1990. Characterization of neutralizing monoclonal antibod-
ies to murine cytomegalovirus. J. Gen. Virol. 71 (Pt 3):655-
664; Farrell, H. E. and G. R. Shellam, 1991. Protection
against murine cytomegalovirus infection by passive transfer
of neutralizing and non-neutralizing monoclonal antibodies.
J. Gen. Virol. 72 (Pt 1):149-156; Gerna, G., A. et al., 2008.
Human cytomegalovirus serum neutralizing antibodies block
virus infection of endothelial/epithelial cells, but not fibro-
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blasts, early during primary infection. J. Gen. Virol. 89:853-
865); memory inflation, which represents a very characteris-
tic CD8+ T cell response, is caused by infection with mouse
and human CMYV, in mouse and human, respectively, and has
almost identical kinetics (Karrer, U. et al., 2003. Memory
inflation: continuous accumulation of antiviral CD8+ T cells
over time. J. Immunol. 170:2022-2029; Karrer, U. et al. 2004.
Expansion of protective CD8+ T-cell responses driven by
recombinant cytomegaloviruses. J. Virol. 78:2255-2264; Kle-
nerman, P. and P. R. Dunbar, 2008. CMV and the art of
memory maintenance. Immunity. 29:520-522; Komatsu, H.
et al., 2003. Population analysis of antiviral T cell responses
using MHC class I-peptide tetramers. Clin. Exp. Immunol.
134:9-12;). In connection with the present invention a person
skilled in the art will also acknowledge that a murine CMV
gene can replace a homolog of said murine CMV gene in a
human CMV. (Schnee, M. et al., 2006. Common and specific
properties of herpesvirus UL34/UL31 protein family mem-
bers revealed by protein complementation assay. J Virol
80:11658-11666)

[0103] In a preferred embodiment the beta-herpesvirus
according to the present invention is different from the Towne
strain as described by Liu et al. in U.S. Pat. No. 7,407,744, i.e.
a Towne strain where the genes UL133, UL134, UL135,
UL136, UL137, UL138, UL139, UL140, UL141, UL142,
UL143, UL144, and UL 145 are deleted, preferably compared
to wild type. A person skilled in the art will further acknowl-
edge that the Towne strain is not endotheliotropic and has also
a defective gH/gl, complex.

[0104] In a further preferred embodiment the beta-herpes-
virus according to the present invention comprises a nucle-
otide sequence according to SEQ.ID.No:23.

[0105] Instill further preferred embodiment the beta-herp-
esvirus according to the present invention is different form the
Toledo strain.

[0106] Spread-deficient as used herein, preferably means
that the virus which is spread-deficient infects a cell and no
viral particle is released from the infected cell, whereby the
viral DNA is replicated, the viral proteins except those which
are deleted in accordance with the present invention are
expressed in the infected cell, preferably all viral glycopro-
teins are expressed, more preferably all viral glycoproteins
are expressed, that mediate entry of the virus into a cell,
whereby, preferably, the cell is an endothelial and/or an epi-
thelial cell. The assay which is preferably used in accordance
with the present invention so as to determine whether or not a
virus is spread-deficient, is described herein as Example 1.
[0107] A wild type CMV strain as preferably used herein
means that the virus is a beta-herpesvirus strain which has
been isolated from its native host and which has maintained
its ability to infect endothelial cells in tissue culture. More
specifically the wild type human CMYV strain as preferably
used herein contains, among others, the genes UL133,
UL134, UL135, UL136, UL137, UL138, UL139, UL140,
UL141, UL142, UL143, UL144, and UL145 (Cha et al.
supra) and more specifically the wild type CMV strain as
preferably used herein is TB40/E and FIX-BAC (Sinzger et
al. 1999 Journal of General Virology, 80, 2867-2877; Hahn et
al. 2002 J. Virol. 76(18): 9551-9555) and/or TB40E-BAC4-
FRT (SEQ.ID.NO:20) (Scrivano, L. et al., 2011. HCMV
spread and cell tropism are determined by distinct virus popu-
lations. PLoS. Pathog. 7:¢1001256) for human CMV or
Smith strain for MCMV (Rawlinson et al. 1996 I Virol
70:8833-8849). In a preferred embodiment of the present
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invention the wild type CMV strain as preferably used herein
comprises a nucleotide sequence according to SEQ.ID.No:
23. The sequence of the pTB40E-BAC4-FRT, which is the
molecular infectious BAC plasmid according to TB40E-
BAC4-FRT has the nucleotide sequence according to SEQ.
ID.NO:20.

[0108] Said pTB40E-BAC4-FRT is consisting of viral
sequences encoded by nt 1-181652 and by nt 189192-233681,
as well as BAC sequences represented by nt 181653-189191.
A person skilled in the art will acknowledge that a BAC
plasmid such as pTB40E-BAC4-FRT comprising a virus
genome such as the virus genome of TB40E-BAC4-FRT is
circular in E. coli therefore the nucleotide 233681 of the
nucleotide sequence according to SEQ.ID.NO:20 is
covalently linked to nucleotide 1 of the nucleotide sequence
according to SEQ.ID.NO:20. A person skilled in the art will
know methods for reconstitute a virus from a BAC plasmid
comprising the viral genome of said virus, for example for
reconstitute TB40E-BAC4-FRT from pTB40E-BAC4-FRT
comprising the viral genome of TB40E-BAC4-FRT. Such
methods comprise among others transfection of cells, com-
prising complementing cells.

[0109] As used herein, the term “deficient in at least one
gene product” preferably means that the at least one gene
product which is a biochemical material such as a nucleic
acid, DNA, RNA or a peptide, polypeptide or protein, result-
ing from expression of the gene does not show at least one of
the functions displayed by said gene product in the wild type
strain. Preferably, said at least one of the functions not shown
is the function which is responsible for spread of the beta-
herpesvirus. Also preferably, all of the functions of said gene
product in the wild type strain are not shown. This may be the
result of a complete or partial deletion or mutation of the gene
coding for said gene product, of a complete or partial deletion
of'a mutation, ofthe nucleic acid controlling the expression of
the gene coding of said gene product, of a truncation of said
gene product, or of the inhibition of the otherwise compete
gene product.

[0110] As used herein, the term “DNA is replicated” pref-
erably means that the replication occurs like replication of a
wild type virus.

[0111] As used herein, a wild type-like virion surface is
preferably a surface displayed by a beta-herpesvirus of the
wild type as defined herein, more specifically by a cytome-
galovirus wild type strain as defined herein. The molecules
which are used to define the surface displayed by a beta-
herpesvirus of the wild type are glycoproteins expressed by
said wild type virus mediating the entry of said wild type virus
into a cell, preferably an endothelial cell. In other words, a
virus according to the present invention having a wild type-
like virion surface has a virion surface which, after infection
of primary fibroblasts, displays or expresses the same glyco-
proteins identical to, essentially identical to or at least not
significantly different from the wild type virus based on
which the deletions were or may be made to generate the virus
of'the present invention. The determination of the expression
of glycoproteins is known to the ones skilled in the art and
may be performed by a quantitative RT-PCR or mass spec-
trometry (Britt et al. 1990. J Virol 64:1079-1085) although
other methods suitable for such purpose are knoen to the
person skilled in the art.

[0112] So as to determine whether the beta-herpesvirus of
the invention and particularly the human cytomegalovirus of
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the invention is endotheliotropic, preferably, the assay as
described in Example 2 is used.

[0113] So as to determine whether the immune response
elicited by the beta-herpesvirus of the invention and particu-
larly the human cytomegalovirus of the invention comprises
at least neutralizing antibody, and whereby the at least neu-
tralizing antibody is preventing said viruses from infecting
endothelial cells and/or epithelial cells, the assay described
by Cui et al. (Cui et al. supra) may preferably be used.

[0114] It will be acknowledged that viral DNA replication
is abrogated in replication-defective virus mutants and there-
fore gene expression does not exploit the total set of viral
epitopes. Especially glycoproteins and structural virion com-
ponents are not expressed.

[0115] Inorderto furtherillustrate the present invention the
biology of human cytomegalovirus will be outlined in the
following.

[0116] Human cytomegalovirus is one of eight human her-
pesviruses, which are clustered in three subfamilies (alpha
(o), beta (), gamma (y)) based on biological properties and
molecular phylogenetic relationships to other herpesviruses.
Cytomegalovirus belongs to the beta-herpesvirus subfamily
and possesses the largest genome in the herpesvirus families:
its genome of 240 kbp is capable of encoding more than 200
potential gene products (Murphy et al. supra).

[0117] The viral particle of cytomegaloviruses consist of
three major constituents, namely the internal icosahedral
capsid, which packages the double stranded linear DNA
genome; the tegument which is a less organized protein mesh-
work surrounding the capsid; and the outermost envelop
which is a lipid bilayer embedded with viral glycoprotein
complexes.

[0118] The infection of a host cell by the virus particles is
mediated by the contact of the viral glycoproteins with the
molecular structures of the host cell surface. CM Vs can infect
many different cell types and the mechanism of virus entry is
known to be dependent on the specific cell type and can occur
via two major routes: (a) the free, i.e. non-cell associated
virus particles can encounter the host cell directly, or (b) the
virus is transferred from the infected cell to a non-infected
one by a preformed, i.e. non-virus-induced cell-cell contact,
or virus induced cell-cell contact, the so called cell to cell
spread.

[0119] After attachment with high affinity to a set of cellu-
lar receptors the viral glycoproteins induce fusion between
the viral envelope and a host cell membrane. After entry of an
CMYV particle into the host cell the HCMV genome is targeted
to the nucleus where it either establishes latency which is
characterized by a symptomless maintenance of the more or
less silent genome, or induces a lytic infection leading to
propagation of new infectious CMV particles.

[0120] The Iytic replication cycle of CMV is divided into
three phases of regulated gene expression: immediate early,
early, and late. The hallmarks of the replication stages are the
specific gene clusters which are expressed with characteristic
kinetics. Immediate early gene transcription occurs at first
and leads to synthesis of viral master regulators that repro-
gram the host cell according to the needs of virus production.
Following the synthesis of immediate early gene products,
the early genes are transcribed. Early gene products include
DNA replication proteins and regulators and enzymes which
are important in nucleotide metabolism. Finally, the late
genes are transcribed after the onset of DNA replication, and
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the gene products of said late genes are mainly structural
proteins that are involved in the assembly of and egress of new
infectious virus particles.

[0121] The late gene products comprise many viral anti-
gens including the viral glycoproteins such as the gB and the
gH/gl, complex, which are the major targets of neutralizing
antibodies against CMV (Schleiss et al. 2008 supra) and the
major tegument protein the phosphoprotein 65 (pp65) and the
immediate early 1 protein which are the major targets of the
cellular immune response to CMV.

[0122] A further step in the lytic replication cycle of CMV
is the maturation of novel infectious virus particles which
comprises steps of envelopment of the pre-mature virus par-
ticle with membrane structures. The steps of envelopment
comprise a primary envelopment, de-envelopment and sec-
ondary envelopment.

[0123] The primary envelopment at the membranes of the
nucleus is crucial for the egress of virus capsids out of the
nucleus. Proteins as part of the protein complex which is also
referred to as nuclear egress complex (NEC) playing an
essential role in this primary envelopment, were recently
identified as M50 and M53 of mouse CMV (Lotzerich et al.
2006 J Virol 80:73-84.) or as UL50 and ULS53 being their
homologs in human CMV.

[0124] A homologues gene as used herein is preferably the
gene of one herpesvirus referred to be a homolog of the gene
of another herpesvirus according to Fossum et al. (Fossum et
al. PLoS Pathog. 2009 September; 5(9): e1000570) or Davi-
son et al. (Davison et al. (2010) Vet Microbiol. 2010 Feb. 11.
Herpesvirus systematics; and Davison et al. 2004 Compen-
dium of Human Herpesvirus gene names; Reno).

[0125] Further, homologs of UL50 are listed in the EMBL.-
EBI InterPro database (http://www.ebi.ac.uk/interpro/) under
accession number IPR007626 and UL53 homologs are found
similarly under entry IPR021152.

[0126] The secondary envelopment occurs at the mem-
branes of the Golgi-apparatus and/or the endoplasmatic
reticulum. In connection with said secondary envelopment a
protein complex which is also referred to as secondary envel-
opment complex (SEC), was identified comprising at least the
gene product of M94 of mouse CMV or its homolog in human
CMYV, i.e. UL94. The gene UL94 of HCMYV is conserved in all
herpesvirus sub-families (Chee et al. 1991 Transplant Proc
23:174-80; Chee et al. 1990 Curr Top Microbiol Immunol
154:125-169; Higgins et al. 1989 Comput. Appl. Biosci.
5:151-153) and was found only at a late stage of infection
(Scott et al. 2002 Virus Genes 24:39-48; Wing et al. 1996 ]
Virol 70:3339-3345). It was recently shown that UL94 is part
of the virion (Kalejta et al. 2008 Microbiol Mol Biol Rev
72:249-65; Kattenhorn et al. 2004 J Virol 78:11187-11197;
Wing et al. op.cit). UL94 is essential in the infection of the
Towne strain of HCMV shown by transposon-mediated
mutagenesis (Dunn et al. 2003 Proc Natl Acad Sci USA
100:14223-14228. That M94 is essential in mouse CMV
infection is disclosed herein in the example part.

[0127] Homologs of UL94 are listed in the EMBL-EBI
InterPro database (http://www.ebi.ac.uk/interpro/) under
accession number IPR004286.

[0128] The high viral load of CMV in salivary glands indi-
cates the transmission of CMV by direct contact via secre-
tions. After initial replication in the first target cells at the
entry site, CMV is disseminated through the body by blood
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and lymph. Most likely the virus is taken up by white blood
cells which carry the virus from the primary infection site to
almost every internal organ.

[0129] The interplay between the CMV and its host, i.e.
humans or mice, is very complex. On the one hand, the
immune response of the host is controlling the virus replica-
tion very efficiently. Therefore, most of the CMV infections
are symptomless which means that virus replication is con-
trolled before the tissue damage reaches an observable patho-
logical level of local or systemic inflammation. On the other
hand, the virus itself is controlling the immune response
resulting in efficient clearance of the virus from the host. In
almost all cases of immune competence natural CMV infec-
tion ends up with a situation where the virus is controlled by
the immune system without being totally cleared from the
host (Reddehase et al. 2002 J Clin Virol 25 Suppl 2:523-S36).
[0130] In recent years an impressive body of knowledge
was generated by studying the molecular mechanisms of
immune suppressive functions of CMV. It is acknowledged
that more than half of the CMV genes encode gene products
interfering with different immune mechanisms at all stages of
the immune system, the so-called immune evasive genes.
There is evidence that neither the humoral nor the cellular
immune response alone is sufficient to control CMV infec-
tion; a concerted action of both is needed to keep the balance
with the viral immune evasion (Adler et al. 1995 J Infect Dis
171:26-32; Reddehase et al. 1987 J Virol 61:3102-3108).
[0131] Diseases and conditions of a subject which is
infected by beta-herpesvirus and human CMYV, respectively,
are, among others, mononucleosis-like symptoms, splenom-
egaly, pneumonitis, blindness, hearing loss, congenital inclu-
sion disease, and organ damage and organ failure, respec-
tively, of the organ infected by HCMV. It is to be
acknowledged that said diseases and conditions are diseases
and conditions which can be treated and/or prevented by the
beta-herpesvirus of the present invention.

[0132] Typically, human CMV infection becomes clini-
cally apparent only if the host immune system is vulnerable or
suppressed. There are several major risk groups of public
health importance.

[0133] One situation where the host immune system is vul-
nerable, is where non-pregnant women of reproductive age or
women being pregnant get infected by human CMV. If the
human CMYV infection is transmitted from the mother to the
fetus and embryo, respectively, during pregnancy, due to the
immature immune system of the fetus and embryo, respec-
tively, direct cytotoxic pathology of the human CMV infec-
tion can develop which is called congenital inclusion disease
(CID). The symptoms of CID are dominated by the cause that
the human CMYV infects the central nervous system compris-
ing microcephaly, cerebral atrophy, chorioretinitis, and sen-
sorineural hearing loss, which are typically combined with
consequences of infection of other visceral organs including
intrauterine growth retardation, hepatosplenomegaly, hema-
tological abnormalities such as thrombocytopenia, and vari-
ous cutaneous manifestations appearing as rushes, i.e. pete-
chiae and purpura. CID is the most frequent infectious
congenital disorder in developed countries. Furthermore,
human CMYV infection is the major cause of hearing loss
acquired after viral infection.

[0134] A second scenario of clinically significant human
CMYV infection is formed by immunocompromised or immu-
nosuppressed patients. This kind of patient is, e.g., a HIV-
positive patient or a transplant recipient. In these patients the
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disease manifestations vary depending on the quality and the
degree of immune dysfunction. Infection mostly occurs
because of reactivation of latent viral infection, however, may
be as well newly acquired via virus reactivation from organ or
bone marrow transplant derived from an already infected
donor in case of a transplant recipient.

[0135] In the absence of sufficient immune control CMV
infection leads to inflammatory diseases of various organs. In
connection therewith the most frequent clinical manifesta-
tions consist of pneumonitis, gastrointestinal diseases, hepa-
titis, and retinitis. In bone marrow transplant recipients
HCMYV pneumonitis occurs with mortality rates of 90%. It is
to be acknowledged that said diseases and conditions are
diseases and conditions which can be treated and/or pre-
vented by the beta-herpesvirus of the present invention.
[0136] In AIDS patients opportunistic human CMV infec-
tion is common and occurs at a frequency of almost 100%, if
anti-retroviral therapy fails or not applicable/available. This
is still the case in non-industrialized countries were an effec-
tive therapy is not yet available. Before the availability of
highly active anti-retroviral therapy for human immunodefi-
ciency virus (HIV) infection, HCMV retinitis was the most
common cause of blindness in adult patients with acquired
immunodeficiency syndrome (AIDS), with an overall life-
time prevalence of more than 90%.

[0137] In an embodiment of the beta-herpesvirus of the
invention the beta-herpesvirus is used as a vaccine and/or
vector. In a further embodiment thereof such beta-herpesvirus
encodes for a heterologous nucleic acid. Preferably such het-
erologous nucleic acid codes for an antigen, more preferably
an antigen of a pathogen. Because of this such vaccine and
vector, respectively, is suitable for the treatment and/or pre-
vention of a disease caused by or associated with said patho-
gen. Such pathogens preferably comprise viruses and bacte-
ria. In an embodiment the antigen is NP-NT60 of Influenza,
whereby the vector then is useful in the treatment of influ-
enza. In a further embodiment the antigen is ORF Rv3407
from Mycobacterium tuberculosis strain H37Rv, whereby the
vector then is useful in the treatment of tuberculosis.

[0138] In an embodiment the beta-herpesvirus of the
present invention is a recombinant beta-herpesvirus.

[0139] In a further embodiment the beta-herpesevirus of
the present invention is a human beta-herpesvirus, preferably
a recombinant human beta-herpesvirus.

[0140] In a preferred embodiment the individual nucle-
otides of the beta-herpesvirus of the invention are linked,
preferably covalently linked, through phosphodiester bonds.
Such phosphodiester bonds are those phosphodiester bonds
which are contained in nucleic acid molecules contained or
produced in biological material such as cells.

[0141] TItwill be acknowledged that the beta-herpesvirus of
the present invention is part of a pharmaceutical composition.
Preferably, such pharmaceutical composition contains, a part
from the beta-herpesvirus of the present invention and/or a
nucleic acid coding for the same, a pharmaceutically accept-
able carrier. The ingredients of such pharmaceutical compo-
sition and their respective contents are known to a person
skilled in the art. It will be further acknowledged that such
pharmaceutical composition is for or is for use in the treat-
ment of the diseases and conditions as disclosed herein in
connection with the beta-herpesvirus of the present invention.
[0142] Ttwill be acknowledged by a person skilled in the art
that the experimental evidence provided in the example part
of the instant application is based on murine CMV, but that
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such evidence can be directly and immediately transferred to
HCMY, so that the present invention is plausible to a person
skilled in the art. The reason for this being that the genomes of
different herpesvirus strains including CMV are linearly cor-
related and the mode of action of human CMV in a human
host and of mouse CMV in a murine host are essentially
identical.
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[0143] The various SEQ.ID. Nos., the chemical nature of
the nucleic acid molecules, proteins and peptides according to
the present invention, the actual sequence thereof and the
internal reference number is summarized in the following
table. To the extent that the particular sequences are not
displayed in this table they are contained in the attached
sequence listing which is part of the instant specification.

SEQ. ID.
No. Sequence internal reference number
1 GTGGGATCCACCATGTACCCCTACGACGT HAM94 for
GCCCGACTACGCCACGTCCAGACTATCC
2 ACTCTAGAGTCGACTTCACATGTGCTCGA M94rev
GAACA
3 AATTCATGATAACTTCGTATAGCATACAT ATGloxl
TATACGAAGTTATCCGGAGATATCCACCG
GTCTGGCGGCCGC
4 TCGAGCGGCCGCCAGACCGGTGGATATCT ATGlox2
CCGGATAACTTCGTATAATGTATGCTATA
CGAAGTTATCATG
5 CGT GGT CAA GCC GGT CGT GTT GTA 5'-Am157-pCR3-FRT-Kan"-FRT
CCA GAA CTC GAC TTC GGT CGC GTT
GCT TAC AAT TTA CGC GCG GG
6 CCC CGA TAT TTG AGA AAG TGT ACC 3'-Aml157-flox-egfp
CCG ATA TTC AGT ACC TCT TGA CTA
AGA AGC CAT AGA GCC CAC CGC
7 TGC TTC CCG GCG GCT TCT GCG CGA 5'AM94-p0O6-tTA
CCT TCC AGC TGC AGG TAG ACC ACG
GCG ACG TCC AGA CTA TCC GTG AAA
AGT TTG AGA AGC ATC AGT AGC CGA
TTT CGG CCT ATT GGT T
8 CAT GGA TGG GTT GGT TGA TTT GTA 3'-AM94-pO6-tTA
TGT CTG TTG GCT ACT CAC ATG TGC TCG
AGA AGC CAG TGT GAT GGA TGA TCC TC
9 SIINFEKL OVA-MHC-I Peptide
10 TVYGFCLL ml39 MHC-I Peptide
11 RALEYKNL ie3 MHC-I Peptide
12 SCLEFWQRV M57 MHC-I Peptide
13 HGIRNASFI M45 MHC-I Peptide
14 FAM-AACGTACATCGCTCTCTGCTGGCCG- Tagman-Probe M54
TAMRA
15 Ttactgggtgctgccgggeggctttgecgtcectettegegegtcactet LIFdelUL94

tcacggectggeccagegageectgegggaceggttecaaaactte
gaggcegtgetggeceggggcatgcacgtggaggeeggeaeggea
ggagcccgagacceceegggtgageggeeggeggetgecetteg
acgacctgtgatcceggaggacgacggetegtgtatettgtgecaatt
getgttgetetacegegacggegaatggatectetgtetttgetgeaa
cggecgttatcaaggecactatggeggggtctgacagttcacgggg
agaagaaacaagaaacaacaaaaaaaaaagaggagatctgegge
cgctagggataacagggtaatcegatgttgacaattaatcateggeata
gtatatcggcatagtataatacgacaaggtgaggaactaaaccatgg
caaaactgaccagcgcagtteeggttetgacegeacgtgatgttgece
ggtgcegttgaattttggaccgategtetgggttttageegtgattttgt
ggaagatgattttgccggtgttgttegtgatgatgttacectgtttattag
cgcagttcaggatcaggttgttecggataatacectggeatgggtttyg
ggttcgtggtcetggatgaactgtatgcagaatggtcagaagttgtgag
caccaattttegtgatgcaageggtecggecaatgaccgaaattggtyg
aacagccgtggggtegtgaatttgcactgegtgateeggeaggtaat
tgtgttcattttgttgcagaagaacaggattaacctegattaattaattgt
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-continued

SEQ.

iD.

No.

Sequence internal reference number

16

17

18

19

20

21

22

23

24

25

26

27

aacattaccctgttatccectaccggtgtectaggeggggtetgacagt
tcacggggagaagaaacaagaaacaacaaaaaaaaaagagg
cgtgttagaccgttggagtcgecgacctgteccgcaagacgaaccta LIF-delUL99
ccgatectgggtegecaacagegcecaacgagtacgtegtecageteeyg
tgcceegeccegteagtecgtagaagtaactcataaactttcaggtet
cgegtacgattegegagtegggaatgtagggataacagggtaateg
atgttgacaattaatcatcggcatagtatatcggcatagtataatacga
caaggtgaggaactaaaccatggcaaaactgaccagcgcagttce
ggttectgaccgcacgtgatgttgecggtgecgttgaattttggaccga
tcegtetgggttttagecgtgattttgtggaagatgattttgeeggtgttgt
tcgtgatgatgttaccctgtttattagegcagttcaggatcaggttgtte
cggataataccctggecatgggtttgggttegtggtetggatgaactgt
atgcagaatggtcagaagttgtgagcaccaattttcecgtgatgcaage
ggteceggcaatgaccgaaattggtgaacageegtggggtegtgaat
ttgcactgcgtgatccggcaggtaattgtgtteattttgttgecagaaga
acaggattaacctcgattaattaattgtaacattaccctgttatccctaa
agtaactcataaactttcaggtctegegtacgattegegagtegggaa

tg

as contained in the sequence listing PCB-Ubic-UL94-IRES-mChe

as contained in the sequence listing PCB-Ubic-UL99-IRES-gfp

as contained in the sequence listing pLV-Ubigc-BLAs-IRES-Puro

as contained in the sequence listing pPTB40E-BAC4-FRT

as contained in the sequence listing PBSK-OVA

as contained in the sequence listing PTRE-HAM94

as contained in the sequence listing Unique\in\TB40\ (UL133-UL145)
MGSGIGAASMEFCFDVFKELKVHHANENIFYCPIAIMSAL
AMVYLGAKDSTRTQINKVVRFDKLPGFGDSIEAQCGTSVN
VHSSLRDILNQITKPNDVYSFSLASRLYAEERYPILPEYL
QCVKELYRGGLEPINFQTAADQARELINSWVESQTNGIIR
NVLQPSSVDSQTAMVLVNAIVFKGLWEKTFKDEDTQAMPF
RVTEQESKPVQOMMYQIGLFRVASMASEKMKILELPFASGT
MSMLVLLPDEVSGLEQLESIINFEKLTEWTSSNVMEERKI
KVYLPRMKMEEKYNLTSVLMAMGI TDVFSSSANLSGISSA
ESLKISQAVHAAHAEINEAGREVVGSAEAGVDAASVSEEF
RADHPFLFCIKHIATNAVLFFGRCVSP

OVA

MSGQGTKRSYEQMETDGERQNATEIRASVGKMIGGIGRFY
IQMCTELKLSDYEGRLIQNSLTIERMVLSAFDERRNKYLE
EHPSAGKDPKKTGGPIYRRVNGKWMRELILYDKEEIRRIW
RQTNNGDDATAGLTHMMIWHSNLNDATYQRTRALVRTGMD
PRMCSLMQGSTLPRRSGAAGAAVKGVGTMVMELVRMIKRG
INDRNFWRGENGRKTRIAYERMCNILKGKFQTAAQKAMMD
QVRESRNPGNAEFEDLTFLARSALILRGSVAHKSCLPACV
YGPAVASGYDFEREGYSLVGIDPFRLLONSQVYSLIRPNE
NPAHKSQLVWMACHSAAFEDLRVLSFIKGTKVLPRGKLST
RGVQIASNENMDAMESSTLELRSRYWAIRTRSGGNTNQQR
ASAGQISIQPTFSVQRNLPFDRTTIMAAFNGNTEGRTSDM
RTEIIRMMESARPEDVSFQGRGVFELSDEKAASPIVPSFD
MSNEGSYFFGDNAEEYDN

NP-NT60 of Influenza

MRATVGLVEAIGIRELRQHASRYLARVEAGEELGVTNKGR
LVARLIPVQAAERSREALIESGVLIPARRPOQNLLDVTAEP
ARGRKRTLSDVLNEMRDEQ

MAWRSGLCETDSRTLKQFLQEECMWKLVGKSRKHREYRAV
ACRSTIFSPEDDGSCILCQLLLLYRDGEWILCLCCNGRYQ
GHYGVGHVHRRRRRI CHLPTLYQLSFGGPLGPASIDFLPS
FSQVTSSMTCDGITPDVIYEVCMLVPQDEAKRILVKGHGA
MDLTCQKAVTLGGAGAWLLPRPEGYTLFFYILCYDLFTSC
GNRCDIPSMTRLMAAATACGQAGCSFCTDHEGHVDPTGNY
VGCTPDMGRCLCYVPCGPMTQSLIHNDEPATFFCESDDAK
YLCAVGSKTAAQVTLGDGLDYHIGVKDSEGRWLPVKTDVW
DLVKVEEPVSRMIVCSCPVLKNLVH

ORF Rv3407 from
Mycobacterium tuberculosis
strain H37Rv

UL%4
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SEQ. 1ID.
No. Sequence

internal reference number

28 VTLGGAGAWLLP

29 MGGELCKRICCEFGTTSGEPLKDALGRQVSLRSYDNIPPT
SSSDEGEDDDDGEDDDNEERQQKLRLCGSGCGGNDSSSGS
HREATHDGPKKNAVRSTFREDKAPKPSKQSKKKKKPSKHH
HHQQOSSIMQETDDLDEEDTSIYLSPPPVPPVQVVAKRLPR
PDTPRTPRQKKISQRPPTPGTKKPAAPLSF

30 MATSRLSVKSLRSISRFVOWECCWMLVNKSARYREFRAVT
SQSPGLGKVSSTDDGRCLAASMMLFRRDGNFVLCLVVNKE
PVGQFGCSGMRREKMVIDGLQEPVYVMRLLAPLIPVKLGF
SPYMLPPKSIGGSGGLDPSVIYQNASVVTPEEAATVTMQG
SGIVTVGLSGVGSWVQIKDGGNMKLEFVFALCFDVFTACCD
RLAFPSLAKIYSETVSCEADKCGFCRDSGRHVDPTGRFVG
CVPDSGVCLCYSPCRGTDAAVSVRSWLPYLELEDGANTHS
LFVRRYDGRKGLPATISDYLGARNSEGDEIPLRTEPWQLL
KIEPTLSAMIIMACPLLKKIVLEHM

31 MYPYDVPDYATSRLSVKSLRSISRFVOWECCWMLVNKSAR
YREFRAVTSQSPGLGKVSSTDDGRCLAASMMLFRRDGNFV
LCLVVNKEPVGQFGCSGMRREKMVIDGLQEPVYVMRLLAP
LIPVKLGFSPYMLPPKSIGGSGGLDPSVIYQNASVVTPEE
AATVTMQGSGIVTVGLSGVGSWVQIKDGGNMKLFVFALCF
DVFTACCDRLAFPSLAKIYSETVSCEADKCGFCRDSGRHV
DPTGRFVGCVPDSGVCLCYSPCRGTDAAVSVRSWLPYLEL
EDGANTHSLFVRRYDGRKGLPATISDYLGARNSEGDEIPL
RTEPWQLLKIEPTLSAMI IMACPLLKKIVLEHM

32 gaccgegcecacagcagagcecageaccagcagaagagecageac
cagcgggeccagagtegecaaagegegegggcagecacggecca
gactgeggtegegatggeceggagegegetegecaccacgatgac
ggtgcccaacgataaccagtecgetecegeaccgacgecacegec
gat

33 atgtctagcgttttctcaacagcattegtgegecttga
34 cacggectggeccagegageectgegggaccggtteccaaaactte

gaggcegtgetggeceggggeatgecacgtggaggecggecggea
ggagcccgagacceceegggtgageggeeggeggetgeectteyg

acgacctgtgatcceggaggacgacggctegtgtatettgtgecaatt

SSc cross-reactive UL94
peptide

UL99

M9o4

HA-M94

delUL50S

delUL53S

delUL94S

getgttgetetacegegacggegaatggatectetgtetttgetgeaa

cggecgttatcaaggecactatgg

35 ctgggtegecaacagegecaacgagtacgtegtcageteegtgece

cgececegtecagtecgtagaag

delUL99S

[0144] Ttwill be acknowledged by a person skilled in the art
and is in so far also within the scope of the present invention
that each and any of the above nucleic acid sequences can be
replaced by nucleic acid sequences which, due to the degen-
eracy of the genetic code, code for the same or functionally
homolog peptides and proteins, respectively, as the above
indicated nucleic acid sequences.

[0145] The present invention is now further illustrated by
the following figures and examples from which further fea-
tures, embodiments and advantages may be taken.

[0146] More specifically,

[0147] FIG. 1 is a schematic illustration of the concept of
inducible trans-complementation;

[0148] FIG. 2A is a diagram indicating TCID, as a func-
tion of time;

[0149] FIG. 2B is a series of microphotographs;

[0150] FIG. 2C is a survivorship curve indicating survival

of mice as a function of time;

[0151] FIG. 3A is a diagram indicating virus neutralizing
antibody response as luciferase activity as a function of dilu-
tion of serum:;

[0152] FIG. 3B is a diagram indicating the percentage of
adaptively transferred T cells at various time points;

[0153] FIG. 3C is a diagram indicating the percentage of
specific lysis of transferred cells loaded with various viral
peptides by CD8* T-cells specific for the viral peptides;
[0154] FIG. 4 is a Whisker blot indicating the percentage of
adaptively transferred T cells in different mouse strains being
infected with different virus mutants;

[0155] FIGS. 5A and 5B are diagrams indicating the chal-
lenge virus load in different organs of vaccinated mice;
[0156] FIGS. 6A and 6B are survivorship curves indicating
survival of vaccinated mice as a function of time;

[0157] FIG. 7A is an agarose gel showing the result of a
PCR detecting viral gene M54 in lungs of infected mice with
either wild type or MCMV-AM94;

[0158] FIG. 7B is a diagram indicating the result of a quan-
titative PCR detecting viral gene M54 in lungs of infected
mice with either wild type or MCMV-AM94;

[0159] FIGS. 7C and D are diagrams indicating the chal-
lenge virus load in different organs of vaccinated mice;
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[0160] FIG. 8 is a series of microphotographs of cells of
different cell-lines infected with and MCMV-Am157-rec-
egfp-AM94.
[0161] FIG. 9A is a schematic overview of a spread-assay
[0162] FIG. 9B is a series of microphotographs
[0163] FIG.9C isadiagram showing the results of'a spread-
assay

EXAMPLE 1

Spread Assay
[0164] The spread assay described herein may be used in

connection with the characterization of a beta-herpesvirus
and a human cytomegalovirus so as to determine whether
such virus is spread-deficient.

[0165] Primary fibroblast cell lines MRCS for human CMV
and NIH/3T3 for mouse CMV and complementing cell lines
TCL94/99-BP and NTM94-7, respectively, are plated and
infected at an MOI of about 0.25 for 1 h and then washed
twice with D-PBS. Cells are incubated for 6 h and afterwards
washed four times with D-PBS. Equal numbers of non-in-
fected cells were stained with 5 uM CFSE for 8 min and
blocked by 2% FCS/D-PBS, then washed twice with 2%
FCS/D-PBS and subsequently seeded on top of the unstained
but infected cells.

[0166] 48 (mouse CMV)and 72 hours (human CMV) after
infection the co-cultures were fixed with 4% Paraformalde-
hyde (PFA) in D-PBS for 10 min at 37° C. and washed and
permeablized with 0.1% Triton X100 for 10 min. After triple
washing, cells were blocked with 3% BSA/D-PBS for 1 h.
Immediate early staining was performed by incubating fixed
cells with a primary antibody against the immediate early
gene product of the CMV, more specifically monoclonal anti-
body Croma 101 ((IgG1 isotype) specific for the immediate-
early protein 1 of mouse CMYV designated as antibody 6/20/1
in Keil et al. (Keil et al. 1987 J. Virol. 61(2): 526-533.) and
monoclonal antibody designated as CH160 in Plachter et al.
specific for the human CMV immediate early 1 ((Plachter et
al. 1993 Virology 193, 642-652), commercially available
from Virusys Co.) in 3% BSA/D-PBS. After three D-PBS
washes, cells were incubated with an Alexa Fluor 555-
coupled secondary antibody directed against the primary
antibody Croma 101 in case of MCMV and CH160 in case of
human CMYV in 3% BSA/D-PBS. Finally, cells were washed
three times and imaged by confocal microscopy using an
LSM 510 Meta (Zeiss). To determine whether a CMV strain
or mutant is spread-deficient cells infected with wild type
CMVs are used as positive control. Spread-deficient Virus
transmission is determined by counting immediate early- and
CFSE-positive cells using the Imagel] Cell Counter plugin
(Rasband, W S. ImageJ 2009. Bethesda, Md., USA, U.S.
National Institutes of Health. This program is a freely acces-
sible standard at NCBI (http://rsbweb.nih.gov/ij/) and
accepted as a reference in scientific publications). CFSE
stained cells, immediate early-positive cells and cells show-
ing both signals were counted. Virus transmission was deter-
mined by calculating the ration between immediate early-
positive/CFSE stained cells to immediate-early-negative/
CFSE stained cells.

EXAMPLE 2

Assay for Determining Whether a Virus is
Endotheliotropic
[0167] The assay described herein is used for determining
whether a virus is endotheliotropic.
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[0168] As to determine whether a human CMYV is endothe-
liotropic a primary human fibroblast cell line, a complement-
ing cell line which complements the product of the gene in
relation to which the HCMV of the invention is deficient, and
a human endothelial cell line are plated and infected at an
MOI of about 0.1 with HCMV wild type or the virus of the
present invention. 24 hours after infection immediate early
staining is performed by incubating fixed cells with a mono-
clonal antibody against immediate early gene product of the
beta-herpesvirus of the invention, more specifically CMV IE
1/2 monoclonal Antibody CH160 (Plachter et al. supra), com-
mercially available from Virusys Co. in 3% BSA/D-PBS.
After three D-PBS washes, cells are incubated with an Alexa
Fluor 555-coupled secondary antibody directed against the
monoclonal antibody against human immediate early 1 of
HCMYV in 3% BSA/D-PBS. Finally cells are washed three
times and imaged by UV microscopy. Cells infected with
wild type HCMV are used as positive control and counted
immediate early 1- and CFSE-positive cells using the Imagel
Cell Counter plugin (Rasband supra).

[0169] As to determine whether a mouse CMV is endothe-
liotropic a primary mouse fibroblast cell line, a complement-
ing cell line which complements the product of the gene in
relation to which the MCMYV of the invention is deficient, and
a mouse endothelial cell line are plated and infected at an
MOI of about 0.1 with MCMYV wild type or the virus of the
present invention. 24 hours after infection immediate early
staining is performed by incubating fixed cells with a mono-
clonal antibody against immediate early gene product of the
beta-herpesvirus of the invention, more specifically Croma
101 designated as antibody 6/20/1 in Keil et al. (Keil et al.,
supra) in 3% BSA/D-PBS. After three D-PBS washes, cells
are incubated with an Alexa Fluor 555-coupled secondary
antibody directed against the mouse monoclonal antibody
against immediate early 1 of mouse CMV in 3% BSA/D-
PBS. Finally cells are washed three times and imaged by UV
microscopy. Cells infected with wild type mouse CMV are
used as positive control and counted immediate early 1 posi-
tive cells using the ImageJ Cell Counter plugin (Rasband
supra).

EXAMPLE 3
Materials and Methods
[0170] Cells and Mice
[0171] The fibroblast cell line NIH/3T3 and BALB/c

derived murine embryonic fibroblasts (MEF) were cultured
as described in Cicin-Sain et al., (Cicin-Sain et al. 2005 J
Virol 79:9492-9502.). C57BL/6 (B6) mice, B6.SJL-Ptpr (Pt-
pr) mice and 129.JFNapR™~ mice were purchased from
Elevage Janvier (Le Genest Saint Isle, France), Jackson Labo-
ratories (Bar Harbor, Me., USA) and B&K Universal Limited
(Grimston, England), respectively. 129IFNofR™" mice
(Muller et al. 1994 Science 264:1918-1921.) were back-
crossed on the B6 background (B6 IFNaR ™). T cell recep-
tor transgenic mice OT-I (Hogquistetal. 1994 Cell 76:17-27.)
and OT-II (Barnden et al. 1998 Immunol Cell Biol 76:34-40.)
were backcrossed to Ptpr© (CD45.1) or Thy 1.1 (CD90.1) con-
genic mice, respectively. Alb-cre (Postic et al. 1999 J Biol
Chem 274:305-315.) and Tie2-cre (Constien et al. 2001 Gen-
esis 30:36-44.) were maintained on the B6 background. Mice
were kept under specified pathogen free conditions. Animal
experiments were approved by the responsible office of the
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state of Bavaria (approval no. 55.2-1-54-2531-111-07) or by
the Ethics Committee at the University of Rijeka.

[0172] Generation of the Trans-Complementing Cell Line
NT/M94-7
[0173] The conditional trans-complementing cell line

NT/M94-7 was generated according to (Lotzerich et al.
supra). Briefly, the M94 ORF was amplified from pSM3fr
(Sacher et al. 2008 Cell Host Microbe 3:263-272.) using
primers HAM94for (SEQ.ID.No.1) and M94rev (SEQ.ID.
No.2) thereby introducing an HA tag at the N-terminus. The
PCR product was digested with BamHI and Xbal and inserted
into the BamHI- and Nhel-cleaved pTRE2Hyg vector (BD
Biosciences Clontech, Heidelberg, Germany), resulting in
pTRE-HAM94 (SEQ.ID.NO:22) putting HAM94 expression,
the HAM94 protein is depicted in SEQ.ID.NO:31, under the
control of the tetracycline (tet) inducible promoter. Stable
NIH/3T3 transfectants harboring pTRE-HAM94 were
selected with 50 ug/ml Hygromycin B. The deletion virus
MCMV-AM94 was reconstituted by transfecting different
NT/M94 cell clones with the respective BAC. The most pro-
ductively infected trans-complementing cell line NT/M94-7
was subcloned using limiting dilution. The trans-comple-
menting cell line was deposited under the Budapest Treaty
with the DSZM, Germany on May 5, 2010.

[0174] Generation of Recombinant Viruses

[0175] Recombinant mouse CMV (MCMYV) mutants were
derived from the MCMV bacterial artificial chromosome
(BAC) clone pSM3ft, originated from Smith strain (Messerle
et al. 1997 Proc Natl Acad Sci USA 94:14759-14763.).
Nucleotide positions are given according to Rawlinson et al.
(Rawlinson et al. supra). The 1.4 kilo base pair (bp) Smal
fragment of pCP15 carrying the FRT flanked kanamycin
resistance gene (Kan”) was introduced into the BssHII site of
pCR3 (Invitrogen, Basel, Switzerland) resulting in pCR3-
FRT-Kan"-FRT. A fragment containing an ATG start codon
and a loxP site was generated by annealing the oligonucle-
otides ATGloxl (SEQ.ID.No.3) and ATGlox2 (SEQ.ID.
No.4). This fragment was inserted into the EcoRI and Xhol
site positioned between the major immediate early promoter
of HCMV (IEP) and the polyA signal of the bovine growth
hormone of pCR3-FRT-Kan"-FRT to obtain pCR3-FRT-
Kan"-FRT-ATG-1loxP. The ovalbumin gene (ova) was synthe-
sized as contained in pPBSK-OVA (SEQ.ID.NO: 21) introduc-
ing GGAA after nt position 9 resulting in a BspEI restriction
site for further cloning. Ova was inserted in frame using
BspEI and Notl of pCR3-FRT-Kan"-FRT-ATG-10xP resulting
in a full length ova with inserted loxP site after the initial ATG
under control of IEP named pCR3-FRT-Kan"-FRT-ATG-
loxP-ova. To obtain a construct with Cre inducible ovalbumin
(OVA) expression (SEQ.ID.NO: 24) a floxstop cassette (Sa-
cher et al. supra) was inserted into the EcoRI and BspEI sites
of pCR3-ATG-loxP-ova resulting in pCR3-ATG-flox-stop-
ova. Using these constructs as templates and oligonucleotides
5'-Am157-pCR3-FRT-Kan"-FRT (SEQ.ID.No.5) (nt position
216243 to 216290) and 3'-Am157-flox-egfp (SEQ.ID.No.6)
(nt position 216885 to 216930) as primers a linear DNA
fragment containing the IEP-ova cassette, the FRT flanked
Kan”, and the viral homology sequences to the MCMV
genome target site m157 was generated. In a similar proce-
dure the firefly luciferase gene (luc) was cloned under control
of'the IEP into pCP 15 carrying the FRT flanked Kan". These
fragments were introduced into m157 of pSM3fr as described
(Sacher et al. supra) resulting in pSM3fr-Am157-ova,
pSM3fr-Am157-flox-ova and pSM3fr-Am157-luc. For exci-
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sion of the FRT flanked Kan™ FLP recombinase was tran-
siently expressed from plasmid pCP20.

[0176] Generation of Spread-Deficient Virus Mutants

[0177] As shown in FIG. 1 in E. coli the BAC pSM3fr-
AM94 was generated by insertion of the tTA transactivator
cassette into pSM3fr thereby deleting M94. The trans-
complementing cell line NT/M94-7 expresses pM94 under
control of the Tet inducible promoter. Upon transfection with
pSM3{r-AM94 expression of tTA by the viral genome
induces expression of pM94 by the cell leading to the pro-
duction of trans-complemented MCMV-AM94. This virus is
able to infect non complementing first target cells. Due to the
lack of the essential gene M94 the release of infectious virus
particles is impossible although immediate early (IE), early
(E) and late (L) viral gene expression as well as DNA repli-
cation (DNA rep) occur.

[0178] For generation of the recombinant MCMYV lacking
the M94 sequence the parental MCMV BACs pSM3fr
(MCMV-wt), pSM3fr-Am157-ova (MCMV-ova) and
pSM3fr-Am157-rec-egfp (MCMV-Am157-rec-egfp) (Sacher
et al. supra) were applied to a second mutagenesis step.
Therefore, the plasmid pO6-tTA-mFRT-Kan"-mFRT was
obtained by insertion of the Kan”, on both sides flanked by
mutant 34 bp FRT sites from pO6ie-F5 into pO6-tTA (Lotzer-
ich et al. supra) to express the tTA transactivation gene under
control of the IEP necessary for trans-complementation of
pM94 (SEQ.ID:NO: 30). A linear DNA fragment containing
the tTA cassette, the Kan” and viral homology sequences to
the MCMYV genome target site (MCMYV upstream-homology:
nt position 136189 to 136234 and MCMYV downstream-ho-
mology: nt position 137256 to 137309) was generated using
primer 5' AM94-pO6-tTA (SEQ.ID.No.7), primer 31-AM94-
pO6-tTA (SEQ.ID.No.8) and plasmid pO6-ITA-mFRT-Kan’-
mFRT as template. This PCR fragment was inserted into the
different parental pSM3fr clones, hereby deleting the M94
gene. Since ORFs of M94 and M93 are overlapping 47 bp of
homology had to be left at the 5'-end of M94 to keep the M93
OREF intact and 17 bp homology are still present at the former
3'-end of M94. Again FLP recombinase was expressed for
excision of the Kan”. Construction of pSM3fr-AM94,
pSM3fr-ova-AM94, pSM3fr-flox-ova-AM94 and pSM3ft-
Am157-rec-egfp-AM94 was confirmed by restriction digest
analysis and sequencing.

[0179] Viruses were reconstituted from BAC DNA, propa-
gated on NT/M94-7 complementing cells and purified on a
sucrose cushion as previously described (Sacher et al. supra).
For analysis of virus replication supernatants from infected
cells were taken every 24 h. Quantification of infectious virus
was done using TCIDs, (median tissue culture infectious
dose) method on NIH/3T3 or complementing NT/M94-7
cells. For the determination of virus replication in vivo virus
load was determined by standard plaque assay as plaque
forming units (PFU) per gram organ as described (Sacher et
al. supra). Spread-deficiency of each virus stock of M94
deficient mutants (MCMV-AM94, MCMV-ova-AM94,
MCMV-flox-ova-AM94 and MCMV-Am157-rec-egfp-
AM94) was confirmed by the absence of plaque formation
after infection of non-complementing MEF, although CPE of
individually infected cells was detectable. The E. coli con-
taining the pSM3{r-AM94 BAC of the spread-deficient
MCMV-AM94 was deposited under the Budapest Treaty with
the DSZM on Apr. 28, 2010 as DSM 23561.
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[0180] UV Inactivation of Virus

[0181] For in vivo application, a fraction of the MCMV-wt
virus preparation used for immunization was inactivated by
exposure to 1.5 kJ/ecm* UV light at a distance of 5 cm in a
UV-crosslinker (Stratagene, Amsterdam, Netherlands) at 4°
C. Viral infectivity was decreased by factor 2.4x107. The
same treatment was sufficient to abolish viral gene expression
when MCMV-Am157-rec-egfp was subjected to different
doses (0.5, 1.0 and 1.5 kJ/cm?) of UV light and subsequently
titrated on MEF. After 4 days post infection (p.i.) EGFP
expression was monitored in single infected cells if virus was
irradiated with low dose (0.5 kJ/cm?) of UV and no EGFP
expression was seen after strong irradiation (1.5 kl/cm?).
Untreated MCMV-Am157-rec-egfp formed EGFP* plaques.
[0182] Immunization and Challenge of Mice

[0183] 8to 10 weeks old female B6 mice were immunized
by intraperitoneal (i.p.) or subcutaneous (s.c.) injection of
either MCMV-wt or mutant MCMV. Each mouse received
100 pl of virus suspension s.c. or 300 ul i.p. C57BL/6 mice
were immunized with 1x10°> TCIDy, MCMV-wt or MCMV-
deltaM94, 129.IFNa.pR ™~ with 2.5x10° TCID,, of MCMV-
deltaM94 or UV irradiated MCMV-wt, and B6.IFNofR™"~
with 3x10° TCID,, of MCMV-AM94 or MCMV-wt. Mock
treated mice received same volumes of PBS. To boost mice,
this procedure was repeated 14 days p.i. Sera collected from
mice 12 weeks p.i. were used to determine amounts of virus
specific antibodies by virus neutralization assay, as described
below.

[0184] 28 days or 20 weeks post priming, mice were chal-
lenged by intravenous (i.v.) injection of 10° PFU of tissue
culture derived MCMV-wt. Five days post challenge lungs,
liver and spleen were collected under sterile conditions and
stored at —80° C. Organ homogenates were analyzed for
infectious virus load by standard plaque assay on MEF cells.
Salivary glands derived MCMV (sgMCMV-wt) was gener-
ated as a homogenate of salivary glands from mice infected
with tissue culture derived MCMV-wt as described in
Trgovcich et al. (Trgovcich et al. 2000 Arch Virol 145:2601-
2618). The isolated sgMCMV-wt is more virulent compared
to tissue culture derived MCMV-wt (Pilgrim et al. 2007 Exp
Mol. Pathol. 82:269-279). Vaccinated B6.IFNopR™" mice
were challenged with 2x10° PFU sgMCMV-wt and 129.1F-
No.fR™~ mice were challenged with 2.5x10° TCID,, tissue
culture derived MCMV-wt.

[0185] Virus Neutralization Assay

[0186] Heat inactivated serum (56° C., 30 min) from 5
immunized mice 12 weeks p.i. were pooled and serially
diluted 1:2 in DMEM containing a final concentration of 10%
guinea-pig complement. Each dilution was mixed with 50
PFU of MCMV-luc and incubated for 90 min at 37° C. and
subsequently added to NIH/3T3 cells in a 96 well format.
After 1 h at 37° C. the virus inoculum was removed and
NIH/3T3 medium added. The cultures were incubated for 24
h and luciferase activity was determined in cell extracts using
the luciferase assay (Promega, Mannheim, Germany) in a
luminometer (Berthold, Bad Wildbad, Germany) according
to the supplier’s and manufacturer’s instructions, respec-
tively.

[0187] In Vivo Cytotoxicity Assay

[0188] To evaluate CD8* T cell effector function in vivo,
splenocytes of congenic CD45.1"* Ptpr® mice were incubated
with 2 uM of the indicated peptide and stained with 2 uM, 0.7
uM, or 0.1 uM carboxyfluorescein succinimidyl ester (CFSE)
and PKH26 Red Fluorescent Cell Linker Mini Kit according
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to the manufacturer’s instructions (Sigma-Aldrich). At day 6
p-i., labeled CD45.1* cells were transferred into B6 (CD45.
2%) recipients. After 16 h spleens of recipient mice were
removed and flow cytometrical analysis of the target cells was
performed. Specific cytotoxicity of target cells was calculated
using the equation: % spec lysis=(1-ratio unprimed/ratio
primed)*100; ratio=(% CFSE low/% CFSE high) (Lauter-
bach et al. 2005 J Gen Virol 86:2401-2410.). The OVA
derived class I peptide (SEQ.ID.NO.9) and MCMYV specific
peptides derived from m139 (SEQ.ID.No.10), ie3 (SEQ.ID.
No.11), M57 (SEQ.ID.No.12) and M45 (SEQ.ID.No.13)
(Snyder et al. 2008 supra) were purchased from Metabion,
Germany and were dissolved and stored according to manu-
facturer’s device.

[0189] Adoptive Transfer and Flow Cytometrical Analysis
[0190] OVA specific CD8" T cells were isolated from
spleen and cervical, axillary, brachial and inguinal lymph
nodes of OT-1 TCR transgenic mice backcrossed to congenic
CD45.1" mice. OT-I cells were purified by negative selection
via the CD8a* T Cell Isolation Kit (Miltenyi Biotec, Bergisch
Gladbach, Germany). 3x10° transgenic T cells were injected
i.v. into recipient B6 mice one day prior to i.p. infection with
10° TCID,, MCMV. To follow expansion of the transferred
OT-I T cells 100 pl blood was taken 3, 6 and 8 days p.i.,
erythrocytes were lysed (Pharmlyse, BD Biosciences,
Heidelberg, Germany) and remaining cells were incubated
with PE-TexasRed coupled a-CD8a. (SH10; Caltag, Sacra-
mento, Calif.,, USA) and PE coupled a-CD45.1 antibodies
(A20; BD Biosciences Pharmingen). Flow cytometrical
acquisition was performed using an Epics XL-MCL (Beck-
man-Coulter) and data were analyzed using FlowJo software
(Tristar, Ashland, Oreg., USA).

[0191] OVA specific CD4* T cells were isolated from
spleen and cervical, axillary, brachial and inguinal lymph
nodes of OT-II TCR transgenic mice backcrossed to congenic
CDY0.1* mice. After lysis of erythrocytes 3x10° transgenic T
cells were injected i.v. into recipient mice one day prior to
infection with 10° TCID,, MCMV. Spleens were removed
and splenocytes were incubated with Fc block (2.4G2; BD
Biosciences) and subsequently stained with PE conjugated
a-CD90.1 (HISS51; eBioscience) and PE-Cy5.5 coupled
a-CD4 (RM 4-5; eBioscience). Flow cytometrical acquisi-
tion was performed using a FACS Calibur (BD Biosciences)
and data were analyzed using FlowJo software.

[0192] Quantification of Viral Genomes in Organ Homo-
genates
[0193] Lungs were removed from mice twelve month after

infection. Organs were homogenized and DNA was extracted
using the DNeasy Blood & Tissue Kit from Qiagen (Hilden,
Germany). Elution was done with 100 ul of the supplied
elution buffer and genomic DNA concentration of each
sample was quantified in duplicates using a NanoDrop
ND-1000 UV-Vis Spectrophotometer. To quantify the viral
DNA a quantitative realtime PCR specific for the MCMV
M54 gene (Cicin-Sain et al. 2005 supra) was performed using
a specific Tagman-Probe (SEQ.ID.No.14) and the Tagman
1000 RXN PCR Core Reagents kit on an ABI PRISM 7700
Sequence Detector (Applied Biosystems, Carlsbad, Calif.,
USA). To calculate the viral genome copy number, a standard
curve of the BAC plasmid pSM3{r containing the M54 gene
was included.

[0194] Statistical Analysis

[0195] Statistical analyses were done using GraphPad
Prism 4 (GraphPad Software La Jolla, Calif., USA). For in
vitro growth comparison of viruses, neutralizing antibody
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assay, realtime PCR and T cell proliferation the mean was
calculated with standard deviation (SD). In all figures depict-
ing virus load in organs and in vivo cytotoxicity, the median is
given. Comparison of the neutralizing antibody response in
mice vaccinated with MCMV-wt or MCMV-AM94 was per-
formed with the two-way ANOVA test. Comparison of per-
centage of T cell proliferation and quantification of virus in
organs or viral genomes was done with the two-tailed Wil-
coxon rank sum test using website http://elegans.swmed.edu/
~leon/stats/utest.cgi. Asterisks denote statistical differences
(*, P<0.03; **, P<0.01; ***, P<0.001).

EXAMPLE 4

MCMV-AM94 is Spread-Deficient

[0196] The HCMYV virion protein pUL94 is essential for
virus replication (Dunn et al. supra) and is expressed with late
kinetics (Wing et al. supra). It has been found that pM94, the
MCMYV homolog, is also essential and plays a crucial role in
a post nuclear step of virus maturation. In order to trans-
complement the essential M94 gene product and reconstitute
an M94 deletion mutant the NIH/3T3 derived complementing
cell line NT/M94-7 harbouring the M94 gene under control of
the TRE promoter was generated. The TRE promoter is only
active in the presence of the Tet trans-activator (tTA). To
provide the tTA for trans-complementation of pM94 the tTA
expression cassette was introduced into pSM3fr (Messerle et
al. supra) disrupting M94 generating pSM3{r-AM94.
MCMV-AM94 virus was reconstituted by transfecting
NT/M94-7 cells (FIG. 1). Next, multistep growth analysis
infecting NT/M94-7 cells as well as parental NIH/3T3 fibro-
blasts with MCMV-AM94 or MCMV-wt were performed.
[0197] The results of this Example are shown in FIG. 2. In
FIG. 2A Parental NIH/3T3 (circles) and NT/M94-7 fibro-
blasts (boxes) were infected at 0.1 TCID,/cell with MCM V-
wt (wt; closed symbol) or MCMV-AM94 (AM94; open sym-
bol). Atindicated days, infectious virus in the supernatant was
quantified on NT/M94-7 cells by TCID, endpoint titration.
Shown is the mean+/-SD of titrated duplicates. At day 5 p.i.
supernatants were additionally titrated on MEF. No PFU was
found within 1 ml supernatant of MCMV-AM94 infected
NT/M94-7. p.i.=post infection; DL.=detection limit.

[0198] As shown in FIG. 2B Parental NIH/3T3 (lower
panel) and NT/M94-7 (upper panel) fibroblasts were infected
with MCMV-Am157-rec-egfp-AM94. At indicated time
points EGFP expressing cells were monitored. hpi=hours
post infection.

[0199] As shown in FIG. 2C 129 IFNapR™" mice (n=15
for MCMV-AM94, open symbols; n=8 for MCM V-wt, closed
symbols) were infected with 2.5x10° TCIDs, i.p. and survival
was followed for 30 days p.i.

[0200] While MCMV-AM94 replicated to MCMV-wt-like
titers on NT/M94-7 cells, no infectious virus was detectable
in the supernatant of NIH/3T3 cells (FIG. 2A). As the defect
of MCMV-AM94 to release infectious virus particles into the
supernatant does not exclude cell-associated virus spread, a
AM94 mutant expressing the enhanced green fluorescent pro-
tein EGFP (MCMV-Am157-rec-egfp-AM94) was con-
structed. While MCMV-Am157-rec-egfp-AM94 spread with
kinetics comparable to MCMV-wt on NT/M94-7 cells,
MCMV-Am157-rec-egfp-AM94 remained strictly confined
to the first infected NIH/3T3 cells (FIG. 2B). This result was
confirmed also in endothelial cells (FIG. 8). In summary, M94
is essential and deletion abrogates virus release and cell-to-
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cell spread. In addition, MCMV-AM94 can be efficiently
produced by trans-complementation.

[0201] Complementing NT/M94-7; parental NIH/3T3
fibroblasts and myocardium-derived endothelial cells
MHECS-T were infected with 0.1 TCID50/cell MCMV-
AM94-Am157-rec-egfp (MCMV-AM94) or MCMV-Am157-
rec-egfp (wt). Atindicated time points EGFP expressing cells
were monitored. Scale bar represents 100 um.

EXAMPLE 5

MCMV-AM94 does not Revert to Replication
Competent Virus

[0202] A major safety concern is reversion of vaccine
strains to replication competent viruses during preparation
(Roizman et al. 1982 Dev Biol Stand. 52:287-304) or in the
vaccinated patient (Iyer et al. 2009 Ann. Emerg. Med. 53:792-
795). To exclude acquisition of the M94 gene through recom-
bination via homologous sequences between MCMV-AM94
and the complementing cell line homologies were carefully
avoided during virus construction. Replication competent
virus indicative of recombination between the deletion virus
and the M94 gene expressed by NT/M94-7 was never
observed. In order to investigate the safety of MCMV-AM94
for vaccination studies in a highly susceptible mouse strain,
129.IFNapR™"" mice were infected with MCMV-wt or
MCMV-AM94. While all IFNopfR™" mice died within 14
days upon infection with MCMV-wt, after infection with
MCMV-AM94 all mice survived with no or only minimal
weight loss (FI1G. 2C). In conclusion, MCMV-AM94 could be
safely produced and even immune deficient mice tolerated
MCMV-AM94 infection.

EXAMPLE 6

MCMV-AM94 Induces Neutralizing Antibody and T
Cell Responses

[0203] Poor induction of neutralizing antibodies that pre-
vent viral entry is a problem in HCMV infection (Landini et
al. 1991 Comp Immunol Microbiol Infect Dis 14:97-105).
Therefore, the neutralizing antibody response to MCMV-wt
and MCMV-AM94 was compared 12 weeks post immuniza-
tion. Serial dilutions of sera were mixed with a luciferase
expressing MCMV (MCM V-luc) prior to infection of NIH/
3T3. The reduction of the luciferase signal reflected the neu-
tralizing capacity of the antisera. Immunization with MCM V-
AM94 induced a slightly lower amount of neutralizing
antibodies than with MCMV-wt (FIG. 3A, p<0.05) whereas
immunization with UV irradiated MCMV-wt abolished the
induction of neutralizing antibodies confirming published
observations (Gill et al. supra).

[0204] The results of this example are shown in FIG. 3. In
FIG. 3A B6 mice were immunized i.p. with 10° TCID,
MCMV-wt (wt; closed circles), MCMV-AM94 (AM94; open
circles) or mock infected (PBS; gray squares). Blood was
collected 12 weeks p.i. and virus neutralizing capacity of the
serum was determined using MCMV-luc. Neutralizing anti-
body levels of MCMV-AM94 immunized mice were signifi-
cantly lower than antibody levels of MCMV-wt immunized
mice using two-way ANOVA testing (P=0.04). Values repre-
sent the mean+SD of measured serum pools. RLU=Relative
Luciferase Units, BG=background.

[0205] In FIG. 3B after adoptive transfer of 3x10°° T-I
CDB8* T cells (upper panel), B6 mice (n=5) were infected i.p.
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with 10° TCID,, MCMV-ova (wt-ova; closed bars), MCMV-
ova-AM94 (AM94-ova; open bars) or PBS (gray bars). At day
3, 6 and 8 p.i. flow cytometrical analysis was performed on
blood for the congenic marker CD45.1 and CDS. After adop-
tive transfer of 3x10°° T-II CD4* T cells (lower panel), B6
mice (n=5) were infected i.p. as above. At day 3, 6 and 8 p.i.
flow cytometrical analysis was done on splenocytes for
CD90.1 and CD4. Each bar represents the mean+SD of the
indicated group; (**, P<0.01).

[0206] InFIG.3CB6mice (n=5)wereinfected i.p. with 10°
TCID;, MCMV-wt (wt; closed symbols), MCMV-AM94
(AM94; open symbols) or UV irradiated MCMV-wt (wt UV;
gray symbols). At day 6 p.. in vivo cytotoxicity assay was
performed using splenocytes labeled with carboxyfluores-
cein succinimidyl ester (CFSE) and the indicated viral pep-
tides. Symbols represent the specific lysis activity against the
indicated peptide in individual animals. The cross bar indi-
cates the median of the analyzed group. The right panel shows
an exemplary set of flow cytometric data.

[0207] Both CD4* and CD8* T cells play important roles in
host defense against CMV. Antiviral CD8* T cells are effec-
tive in controlling MCMYV during acute infection and mediate
protection after immunization (Reddehase et al. supra). In
addition, CD4™ T helper cells are required for virus clearance
in salivary glands (Jonjic et al. 1989 J Exp Med 169:1199-
1212). In order to compare the level of CD4* and CD8* T cell
responses induced by MCMV-wt and MCMV-AM94, OVA as
a model antigen was chosen to be expressed by the vaccine.
B6 mice were infected with MCMV-ova and MCMV-ova-
AM94 one day after adoptive transfer of OVA specific CD4*
or CD8" T cells. For MCMV-ova the expansion of OVA
specific CD4" and CD8" T cells peaked at day 6 p.i., concor-
dant with published data (Karrer et al, 2004 J Virol 78:2255-
2264). Remarkably, MCMV-ova-AM94 also stimulated the
proliferative response of OVA specific CD8* and CD4* (FIG.
3B) T cells to a degree comparable to the spread competent
MCMV-ova. The amount of CD8* T cells was even slightly
higher than with MCMV-wt (P<0.01).

[0208] This observation was to be confirmed for native
MCMYV antigens. B6 mice were infected with MCMV-AM94
or MCMV-wt. At six days p.i., target cells loaded with viral
peptides derived from either m139, ie3, M57, or M45 (Snyder
etal. 2008 supra) were injected and their cytolysis in vivo was
analyzed (FIG. 3C). The cytolytic CD8" T cell response
induced by MCMV-AM94 turned out to be comparable to
MCMV-wt. In contrast, B6 mice injected with UV irradiated
MCMYV generated no or only poor lysis of targets. UV inac-
tivation of MCMV-AM94 or MCM V-wt also abolished OVA
specific T cell expansion and the virus neutralizing capacity
of'sera. Thus, viral gene expression appeared to be crucial for
the induction of the adaptive immune response. Altogether,
spread-deficient MCMV induced an immune response com-
parable to MCM V-wt.

EXAMPLE 7

Role of Viral Target Cell Types in CD8" T Cell
Activation

[0209] The strong adaptive immune response against
MCMV-AM94 was surprising, since MCMV-AM94 gene
expression is limited to the first target cells. Induction of a
specific T cell response is dependent on antigen presentation
by infected cells and by professional antigen presenting cells
(Villadangos et al. 2008 Immunity. 29:352-361). In order to
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assess the contribution of infection of different cell types in
the generation of an efficient CD8"* T cell response the repli-
cation deficient MCMYV was combined with conditional acti-
vation of a marker gene (Sacher et al. supra). MCM V-flox-
ova-AM94 was constructed which expresses OVA only after
Cre-mediated recombination.

[0210] One day prior to i.p. injection of 10° TCIDs, of
MCMV-flox-ova-AM94  (AM94-flox-ova), MCMV-ova-
AM94 (AM94-ova), MCMV-wt (wt) or PBS 3x10° congenic
OT-I CD8* T-cells were transferred i.v. into B6, Alb-cre and
Tie2-cre mice. At day 6 p.i. a flow cytometrical analysis was
performed on PBL for the congenic marker CD45.1 and CDS.
Boxes represent the ratio of OT-I cells per CD8" cells as a
pool of 3 independent experiments and extend from the 25 to
the 75 percentile. The lines indicate the median. Whiskers
extend to show the extreme values. The P-values were
obtained applying a two-tailed Wilcoxon rank sum test, (**,
P<0.01; *** P<0.001). The results are shown in FIG. 4
[0211] Endothelial cells (EC) and hepatocytes (Hc) are
among the first target cells infected by MCMYV in vivo (Sa-
cher etal. supra). Whether these cell types contribute to CD8*
T cell activation was addressed by infecting mice that express
Cre recombinase selectively in vascular EC (Tie2-cre) or He
(Alb-cre). One day after adoptive transfer of OVA specific
CDS8* T cells mice were infected with 10° TCID;, of spread-
deficient MCMV-flox-ova-AM94. He are the main producers
of infectious virus during the first few days of infection and
are highly effective in activating a conditional marker gene by
Cre recombinase (Sacher et al. supra). Yet, selective induction
of OVA expression in MCMYV infected Hc resulted in only
weak proliferation of OVA specific CD8* T cells (FIG. 4). In
contrast, a significantly (P<0.001) higher proliferative
response of OVA specific CD8* T cells was observed upon
OVA expression in EC. Therefore, infection of EC make a
stronger contribution to the induction of an antiviral CD8* T
cell response than infection of He. As infection of C57BL/6
mice with MCMV-AM94-ova that leads to expression of OVA
in all infected cells induces a higher proportion of OVA spe-
cific CD8" T cells than expression selectively in EC (Tie2-cre
mice infected with MCMV-AM94-flox-ova; P<0.01) addi-
tional cell types seem to be involved in antigen expression and
T cell stimulation. In addition, the significant different T cell
responses after cell type specific recombination in vivo prove
that MCMV-AM94 is unable to spread from cell to cell.
[0212] The experimental details in connection with this
example were, in addition to the ones outlined in Example 3,
as follow and the results of this example are depicted in FIG.
5.

[0213] B6 mice (n=5) were immunized (1°) s.c. or. i.p. with
10° TCID,, MCMV-wt (wt; closed symbols), MCMV-AM94
(AM94; open symbols), Am01-17+m144-158-MCMV (AA;
gray symbols) or PBS (light gray symbols). Virus prepara-
tions were UV irradiated before immunization (UV) as indi-
cated. Optionally, mice were boosted (2"%) two weeks later
with the same dose, route and virus. Challenge infection was
applied i.v. 20 (A) or four weeks (B) post prime with 10° PFU
MCMV-wt. Five day post challenge plaque assay was per-
formed. Horizontal bars show the median of each group. Each
symbol represents one individual mouse. DI.=detection limit.

EXAMPLE 8

MCMV-AM94 Protects Against Challenge with
MCMV-wt

[0214] In order to test protection of MCMV-AM94 against
lethal challenge, B6 mice were infected with either spread-
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deficient MCMV-AMY94, the attenuated strain AmO1-17+
m144-158-MCMYV (Cicin-Sain et al. 2007 J Virol 81:13825-
13834) or MCMV-wt. A boost infection was applied 4 weeks
later with the same dose. 20 weeks after priming mice were
challenged i.v. with 10° TCIDs, tissue culture derived
MCMV-wt. Most remarkably, already a singular immuniza-
tion dose of MCMV-AM94 was already sufficient to strongly
suppress MCMV-wt replication by 10,000 fold in lungs,
1,000 fold in liver and at least 100 fold in spleen, whereas
non-immunized controls had high virus loads in all organs
tested (all P<0.01; FIG. 5A). Overall, the protection mediated
by MCMV-AM94 vaccination was comparable to MCMV-wt
or Am01-17+m144-158-MCMYV vaccination (all P>0.05).
Due to the strong protection achieved already after one
administration, a boosting effect could not be detected. How-
ever, there was weak protective effect after a singular dose
when UV inactivated MCMV-wt or UV inactivated MCM V-
AM94 virus was administered. Only after a boost with UV
inactivated viruses the effect was slightly improved but still
remained lower than that of a singular dose of MCMV-AM94
(P<0.05).

[0215] It was asked, whether the strong protection after
singular administration of MCMV-AM94 could also be real-
ized in a short-term vaccination protocol. In addition, the
influence of two different application routes was tested. B6
mice were injected either i.p. or s.c. followed by challenge
infection with MCMV-wt only 4 weeks later. Here, vaccina-
tion with MCMV-AM/94 resulted in about 100 fold reduction
of challenge virus load in liver (P<0.05), lungs (P<0.01) and
spleen (P<0.01; FIG. 5B) comparable to immunization with
AmO01-17+m144-158-MCMV. MCMV-wt  vaccination
resulted in reduction of challenge virus load by 1,000 fold
(P<0.01). Generally, there was no significant difference
between the i.p. or s.c. vaccination route although s.c. injec-
tion appeared to induce slightly better protection in spleen
(P>0.05) FIG. 5B) and hearts.

[0216] Summarized, vaccination with the spread-deficient
MCMV-AM94 was able to efficiently protect immunocom-
petent mice against challenge with MCMV-wt after vaccina-
tion with a singular dose. Remarkably, vaccination with
MCMV-AM94 was as efficient as vaccination with MCMV-
wt concerning long-term vaccination, whereas the use of UV
inactivated virus could not compete even after a second appli-
cation.

EXAMPLE 9

Protection of Severely Immune Compromised
Recipients

[0217] Type I interferons are key cytokines in the immune
response against CMV and deletion of their receptor results in
a mouse (IFNafR™") that is severely immunocompromised
and at least 1.000-fold more susceptible to MCMYV infection
than the parental mouse strain (Presti et al. 1998 J Exp Med
188:577-588). Since spread-deficient MCMV-AM94 was
proven to be well tolerated by IFNa.R ™~ mice (FIG. 2C), it
was tested whether MCMV-AM94 could even protect
IFNaBR™~ mice against lethal MCMV-wt challenge (see
FIG. 6A). B6IFNafR™" mice were immunized with
MCMV-AM94 or a sublethal dose of MCM V-wt. Both groups
survived and mice immunized with MCMV-AM94 showed
no significant weight loss, whereas MCMV-wt infected mice
lost approximately 15% of their body weight. Four weeks
later, mice were challenged by infection with a lethal dose of
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more virulent salivary glands derived MCMYV (as described in
Example 3). Most strikingly, the vaccination with both,
MCMV-AM94 as well as MCMV-wt was protective and all
animals survived (FIG. 6A).

[0218] The results of this Example are shown in FIG. 6.
[0219] InFIG. 6A B6.IFNapR™~ (n=6) mice were immu-
nizedi.p. with 3x10° TCID5, MCMV-wt (wt; black circles) or
MCMV-AM94 (AM94; open circles). Control groups of
B6.IFNafR™~ (gray circles) or B6 (gray triangles) were
treated with PBS. Four weeks later challenge infection was
performed by i.p. injection of 2x10° PFU salivary glands
derived MCMV (sgMCMV-wt) mice and survival was moni-
tored.

[0220] InFIG.6B 129.IFNopR ™" mice 4 weeks previously
immunized with 2.5x10° TCIDs, of MCMV-AM94 (AM94;
open circles, n=8), or UV irradiated MCMV-wt (wt UV;
closed triangles down, n=8) were challenged with a lethal
dose of MCMV-wt (see FIG. 2C) and survival was monitored.
A 10 fold higher dose of MCMV-wt was applied to mice
immunized with MCMV-AM94 (n=7) (open triangles).
[0221] B6 mice profit from an Ly49H-dependant activation
of natural killer cells resulting in a strong innate immune
response stimulated by the MCMYV protein encoded by m157
(Sun et al. 2008. J. Exp. Med. 205:1819-1828.). 129.1F-
NopR™~ mice do not express Ly49H and are even more
susceptible to MCMYV infection than B6.IFNoR™" mice.
129 IFNefR™" mice were vaccinated with MCMV-AM94
and challenged 4 weeks later with a dose of 2.5x10° TCID*°
tissue culture derived MCMV-wt (FIG. 6B). In line with the
earlier data (Cicin-Sain et al. 2007 supra), vaccination with
UV inactivated virus mediated only partial protection and
could delay death for a short period. MCMV-AM94 vacci-
nated mice survived the lethal challenge even with a dose of
2.5x10° TCID®°. In summary, vaccination with MCMV-
AM94 is able to protect even highly susceptible immune
compromised mice against lethal MCMYV challenge.

EXAMPLE 10

Maintenance of the MCMV-AM94 Genome In Vivo

[0222] One argument against the application of attenuated
life vaccines is their ability to establish a latent infection that
bears the risk of reactivation (Iyer et al. supra). On the other
hand non-productive reactivation episodes might result in
endogenous boosts of the antiviral immune response (Snyder
et al. 2008 Immunity 29:650-659). Thus, it was intriguing to
test whether MCMV-AM94 genome is maintained in vacci-
nated hosts. Quantitative PCR analysis on total DNA
extracted from lungs, a key manifestation site of CMV dis-
ease (Balthesen et al. 1993 J Virol 67:5360-5366), was per-
formed. Twelve months p.i. genomes of MCMV-AM94 could
be detected in all mice tested (FIGS. 7A and B) proving that
the genome of MCMV-AM94 is maintained. Interestingly, the
genome numbers detected in lungs one year after infection
with MCMV-AM94 and MCMV-wt were not significantly
different (P>0.05). This finding proved that at least some of
the first target cells are not lost after infection either due to
virus-induced cell death or elimination by the immune
response. In summary, these data also provide first evidence
that virus spread is not necessary for long-term genome main-
tenance and that first target cells of MCMV-AM94 may be
able to contribute to a more sustained immune response.
[0223] The results of this example are shown in FIG. 7.
[0224] B6 mice were infected ip. with 10° TCIDs,
MCMV-wt (wt) (n=5) or MCMV-AM9%4 (AM94) (n=6).
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Twelve months p.i. total DNA was extracted from lungs.
(FIG. 7A) PCR analysis was performed obtaining a specific
246 bp fragment of the polymerase gene M54. As controls
DNA from lungs five days after infection with 10° TCID,,
MCMV-wt (wt acute) (n=5), PBS (1), no template (2) or the
BAC plasmid pSM31r (3) were used. (FIG. 7B) Quantitative
realtime PCR analysis was performed and viral M54 gene
copies were calculated per ng genomic DNA. Each symbol
represents one individual mouse. Horizontal bars show the
median of each group. Genome copy numbers of MCMV-wt
(wt) and MCMV-AM94 (AM94) are not significantly differ-
ent (P>0.05). Both groups are significantly different com-
pared to acutely infected lungs (wt acute) (**, P<0.01).
MW=molecular weight marker; Dl.=detection limit. (FIG.
7C and FIG. 7D) B6 mice (n=5) were immunized i.p. with 10°
TCID;, MCMV-wt (wt; closed symbols), MCMV-AM94
(AM94; open symbols), Am01-17+m144-158-MCMV (AA;
gray symbols) or PBS (light gray symbols). Virus prepara-
tions were UV-irradiated before immunization (UV) as indi-
cated. Challenge infection was applied i.v. one year post
prime with 10° PFU MCMV-wt. Plaque assay was performed
(FIG. 7C) five days post challenge with lungs and (FIG. 7D)
14 days post challenge with salivary glands (SG). Horizontal
bars show the median of each group. Each symbol represents
one individual mouse. DL=detection limit.

EXAMPLE 11

Vaccination with MCMV-AM94 Prevents
Replication of Virus in the Respiratory Tract

[0225] From epidemiological studies it was suggested that
saliva is an important route of transmission of HCMV (Pass et
al. 1986 N. Engl. J. Med 314:1414-1418.). To test whether the
vaccine MCMV-AM94 is able to block virus replication in
salivary glands and lungs C57BL/6 mice were immunized
with MCMV-AM94 or control viruses and received twelve
months later a challenge infection with 10° PFU MCMV-wt
i.v. (FIGS. 7C and D). A single application of MCMV-AM94
was sufficient to suppress challenge virus replication by more
than factor 1,000 in lungs in 4 out of 6 animals (FIG. 7C).
Further, no challenge virus could be isolated from salivary
glands 14 days after challenge (FIG. 7D). This implies that
shedding of virus from the respiratory tract via saliva and
therefore horizontal transmission via this route is abrogated
by vaccination with spread-deficient MCMV.

EXAMPLE 12

Discussion

[0226] It is reported herein on the vaccination against a
beta-herpesvirus using a spread-deficient vaccine. The vac-
cine induced a strong adaptive immune response comparable
to MCMV-wt conferring protection even in highly immune
compromised mice. This means that infection of the first
target cells is sufficient for successful vaccination.

[0227] An intact immune system usually protects against
HCMYV disease. Hence, the antigenic capacity of the wild
type virus is sufficient for the induction of a protective
immune response. The inability of UV inactivated virus to
protect efficiently against challenge infection demonstrated
the need for viral antigen expression including nonstructural
antigens (Cicin-Sain et al. 2007 supra; Gill et al. 2000 ] Med
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Virol 62:127-139). As a consequence an ideal vaccine should
exploit the full immunogenic but avoid the pathogenic poten-
tial of the wild type virus.

[0228] The alpha-herpesvirus field has pioneered the use of
replication defective viruses as vaccines (Dudek et al. supra).
These vaccines were generated by the deletion of genes
essential for virus replication and are thus apathogenic
(Dudek et al. supra). Now, to construct a spread-deficient
beta-herpesvirus vaccine deletion of M94 was chosen for the
following reasons. First, M94 is essential for spread of
MCMYV and inferred from studies of HCMV it should be
expressed with late kinetics during virus replication (Scott et
al. supra; Wing et al. supra). Second, pM94 does not belong to
the group of glycoproteins which comprise major targets for
the neutralizing antibody response of HCMV. Third, M94 of
MCMYV is the homolog of UL94 in human CMV (Wing et al.
supra) that in principle allows translation to the human patho-
gen. Finally, the deletion of UL.94 of HCMV might even be of
advantage because pUL94 induces autoreactive antibodies
that are associated with systemic sclerosis (Lunardi et al.
2000 Nat Med 6:1183-1186). The SSc cross-reactive UL94
peptide is depicted in SEQ.ID:NO: 28. Interestingly,
genomes of the spread-deficient MCMV-AM94 were
detected in lungs after i.p. infection, showing that virus can
disseminate either as free particles (Hsu et al. 2009 J Gen
Virol 90:33-43) or associated to cells. Monocytes and mac-
rophages were shown to be attracted to the peritoneal cavity
after infection and transport the virus in blood (Stoddart et al.
1994 J Virol 68:6243-6253; van der Strate et al. 2003 J Virol
77:11274-11278). These cells could also release virus at dis-
tant sites to infect EC or other cell types, a process called trans
infection (Halary et al. 2002 Immunity 17:653-664).

[0229] The spread-deficient betea-herpesvirus vaccine pre-
sented here, has a strong protective capacity similar to wild
type CMYV infection. The immune response of the vaccinee
controls virus replication in all analysed organs preventing
overt CMV-disease. The absence of detectable amounts of
infectious virus in salivary glands of long-term vaccinated
mice two weeks after challenge implies that also horizontal
transmission to other individuals via saliva is abrogated.
Because of this it is plausible that such an equivalent vaccine
will protect against HCMV-disease, similar to the protective
effect of a pre-existing infection. This is supported by the
observation that women who were exposed to HCMV were at
lower risk to give birth to children with symptomatic disease
compared to non-infected women (Fowler et al. 2003 JAMA
289:1008-1011.). The seropositivity of the mother could not
prevent infection but pathogenesis of the children. In addi-
tion, frequent exposure to different CMV strains could further
increase immunity against reinfection (Adler et al. supra). Itis
therefore again plausible that a spread-deficient human CMV
vaccine induces an immune response equal to natural infec-
tion which will protect against symptomatic human CMV
infection without the risk for reactivation and pathogenesis.
[0230] The immune response to MCMV-AM94 reached a
level comparable to MCMV-wt. Protection was similar to the
recently generated vaccine AmO1-17+m144-158-MCMV
(Cicin-Sain et al. 2007 supra) which lacks 32 viral genes but
which is not spread-deficient in vitro. In AmO01-17+m144-
158-MCMYV immune evasive genes were deleted to increase
the antiviral immune response and thereby to attenuate the
virus (Scalzo et al. 2007 Immunol Cell Biol 85:46-54.).
[0231] It is within embodiments of the present invention
that (a) at least one essential gene and (b) at least one immune
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evasive gene is deleted, whereby it is preferred that the
deleted at least one immune evasive gene is selected from the
group comprising genes encoding gene products affecting
antigen presentation, interaction with cytokines, the comple-
ment system and humoral immunity. More preferably, the
deleted at least one immune evasive gene is selected from the
group comprising genes encoding gene products that down-
regulate MHC I to avoid CTL response, gene products that
evade the NK cell response, gene products that interfere with
MHC 1I presentation, down-regulate adhesion molecules,
gene products that interact with IL-1, gene products that
activate TGF-f.

[0232] Infection of susceptible IFNafR™" mice with
spread-deficient MCMYV proved the safety of the vaccination
concept. Furthermore, IFNafR™~ mice were protected
against otherwise lethal challenge, similar to other infection
models (Calvo-Pinilla et al. 2009 PLoS One. 4:e5171; Paran
et al. 2009 J Infect Dis 199:39-48). Although recent work
revealed the capacity of MCMYV to efficiently induce type I
interferon (Hokeness-Antonelli et al. 2007 J Immunol 179:
6176-6183), the efficacy of the spread-deficient MCMYV vac-
cine in IFNefR ™"~ mice implies that type I interferon-depen-
dent immunity is not essential in the protection conferred by
short term vaccination.

[0233] Interestingly, the spread-deficient MCMV induced
an adaptive immune response with similar efficiency as
MCMV-wt. The CD4* and CD8" T cell response was on the
same level as MCMV-wt and the neutralizing antibody
response was only marginally reduced. This slightly lower
neutralizing capacity might be caused by the smaller number
of infected cells and by the therefore reduced amount of
antigen that is released after infection with MCMV-AM94. A
lower number of antigen-antibody complexes might lead to
less efficient affinity maturation creating antibodies of lower
neutralizing capacity. Nevertheless, the neutralization of
virus appears sufficient to control virus replication.

[0234] Why did the adaptive immune response to the vac-
cine reach a level near to MCMV-wt infection despite the
inability to spread? MCMV-AM94 was able to establish viral
genome maintenance as efficient as MCMV-wt. The classical
definition of herpesviral latency includes the potential for
reactivated gene expression with subsequent release of infec-
tious virus (Roizman et al. 1987 Annu Rev Microbiol 41:543-
571.). Although the term “latency” is formally not applicable
to the situation with MCMV-AM94 in the absence of produc-
tive infection, there is no evidence that pM94 affects reacti-
vation of gene expression. Because the protective effect of
MCMV-AM94 rather increased than faded over time, the
inventors believe that periodic restimulation of the immune
response due to reactivation of gene expression contributed to
the sustained protection induced by MCMV-AM94. Interest-
ingly, virus infected cells are not eliminated by the activated
immune response. This means that the first target cells that are
infected by the spread-deficient vaccine are resistant to elimi-
nation. Similarly, cells infected with a spread-deficient
mutant of the gamma herpesvirus MHV-68 were not attacked
by the adaptive immune response (Tibbetts et al. 2006 Virol-
ogy 353:210-219.). For MCMV-wt it was shown that T cells
are activated against a highly antigenic virus epitope of M45
presented by professional APC but the activated T cells did
not eliminate infected target cells in organs of C57BL/6 mice
(Holtappels et al. 2004 J Exp Med 199:131-136). This pro-
tection was caused by m152, that is known to downmodulate
MHC class I. The target cells that are protected from CD8" T
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cell elimination were not identified and it could be shown that
at least some of these protected cells are first target cells of
MCMV.

[0235] Endothelial cells (EC), hepatocytes (Hc) and mac-
rophages are first target cells for HCMV and MCMYV in vivo
(Hsu et al. supra; Sacher et al. supra). In addition, EC have
recently been identified as sites of virus latency (Seckert et al.
2009 J Virol 83:8869-8884), and at least liver EC are able to
directly stimulate a cytotoxic T cell response (Kern et al. 2010
Gastroenterology 138(1):336-46). Using MCMV-AM94 con-
structs for conditional gene expression, substantial differ-
ences were noticed in the ability of EC and Hc to activate a
CDB8* T cell response. In contrast to EC, Hc one of the most
important first targets for MCMYV during acute infection (Sa-
cher et al. supra), induced only a poor CD8" T cell response.
This lack of stimulatory capacity is apparently not compen-
sated by cross presentation through professional antigen pre-
senting cells. Cross presentation was shown to be important
for the induction of a T cell response against fibroblasts
infected with a single-cycle MCMV (Snyder etal. 2010 PLoS
One. 5:¢9681). On the other hand, bone marrow derived APC,
that are thought to be important cross presenting cells, seem
not to be necessary for the activation of a CD8* T cell
response via cross presentation against MCMYV infection
(Kernetal. supra). In addition to EC also other cell types seem
to contribute to CD8" T cell stimulation as antigen expression
in most infected cells led to a stronger T cell response than
expression in infected EC only. Infected dendritic cells and
macrophages were described to activate a T cell response
against MCMV in vitro (Mathys et al. 2003 J Infect Dis
187:988-999) and are infected in vivo (Andrews et al. 2001
Nat Immunol 2:1077-1084). Therefore, it suggests itself that
infected professional APC contribute to immune stimulation
against MCMYV in addition to EC. It appears noteworthy that
the attenuated human CMYV strains such as Towne and AD169
which are characterized by a 20-fold reduction of immuno-
genicity and the inability to confer immune protection (Adler
etal. supra) accumulated mutations resulting in their inability
to infect EC, epithelial cells, smooth muscle cells and mac-
rophages (Hahn, G. et al. 2004 J Virol 78:10023-10033).
Thus, it appears likely that the restricted cell tropism may in
fact represent the cause for their failure as human CMV
vaccines.

EXAMPLE 13

Spread-Assay of MCMV-AM94

[0236] The phenotype of MCMV-AM94 was analyzed in
cell-to-cell spread. This was investigated by an in vitro spread
assay as essentially described herein in Example 1 with the
following mo modifications

[0237] The results of this Example are shown in FIG. 9.
[0238] NIH/3T3 and NT/M94-7 cells were plated and
infected with MCMVAIL-16-FRT  (dell-16) and
MCMVAM94tTA (A) at an MOI of 0.25 for 1 h and then
washed twice with D-PBS. Cells were incubated for 6 h and
afterwards washed four times with D-PBS. Equal numbers of
non-infected cells were stained with 5 pM Carboxyfluores-
cein succinimidyl ester (CFSE) for 8 min and blocked by 2%
FCS/D-PBS, then washed twice with 2% FCS/D-PBS, and
subsequently seeded on top of the unstained but infected
cells. Cells were fixed 48 hours post infection with 4% PFA in
D-PBS for 10 min at 37° C. and washed and permeablized
with 0.1% Triton X-100 for 10 min. After triple washing cells
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were blocked with 3% BSA/D-PBS for 1 h. Staining of imme-
diate early gene products was performed by incubating fixed
cells with a monoclonal antibody to MCMV immediate-early
1 in 3% BSA/D-PBS. After three D-PBS washes, cells were
incubated with an Alexa Fluor 555-coupled anti-mouse sec-
ondary antibody (Invitrogen) in 3% BSA/D-PBS. Finally,
cells were washed three times and imaged by confocal
microscopy using a LSM 510 Meta (Zeiss). Virus transmis-
sion was determined by counting immediate-early 1- and
CFSE-positive cells using the Imagel Cell Counter plugin.

[0239] FIG. 9 shows that infection of NIH/3T3 and
NT/M94-7 (NTM94) cells with MCMVA1-16-FRT (Mohr C
A etal., Engineering of cytomegalovirus genomes for recom-
binant live herpesvirus vaccines; Int ] Med. Microbiol. 2008
January; 298(1-2):115-25. Epub 2007 Aug. 16. Review) and
MCMV-AMY94, followed by removal of excess virus by
extensive washes after infection. Next, CFSE stained NIH/
3T3 were added and virus replication was permitted. After
additional 48 h the culture was fixed and stained for immedi-
ate-early 1. This resulted in cells which were either immedi-
ate-early 1-positive, CFSE-positive or positive for both stains
(FIG.9 A). Stained cells were counted and cell-to-cell spread
was determined by calculating the ratio between immediate-
early 1-positive/CFSE stained cells to immediate-early
1-positive/CFSE-negative cells (FIG. 9 C). The spread rate of
the MCMVA1-16-FRT was set as 100%. MCMVA1-16-FRT
infection spreads rapidly throughout the cell culture as indi-
cated by the large number double stained nuclei (FIG. 9 B). In
contrast, the M94 deletion mutant did not infect the newly
added cells. Only one double stained nucleus was seen after
counting 416 immediate-early 1+/CFSE negative cells. Its
ability to infect fresh cells was, however, restored to a trans-
mission rate of 97% when the mutant was grown on comple-
menting NT/M94-7 cells. It is thus evident that the effect of
the M94 deletion on secondary envelopment of mouse CMV
also resulted in a deficiency of cell-to-cell spread.

EXAMPLE 14

Propagation of Spread-Deficient Human CMV

[0240] Generation of the Trans-Complementing Cell Line
TCL94/99-BP
[0241] Recombinant lentiviruses expressing a) UL99

coupled with EGFP (encoded by pCB-Ubic-UL99-IRES-
gip; SEQ.ID.No:18), b) UL99 coupled with UL.94 mCherry
(encoded by pCB-Ubic-UL94-IRES-mChe; SEQ.ID.No:17)
and c) beta-lactamase coupled with puromycine resistance
gene (encoded by pLV-Ubigc-BLAs-IRES-Puro; SEQ.ID.
No:19) were constructed and propagated by Sirion GmbH
using ViraPower lentiviral packaging mix (Invitrogen) in
293FT cells (Invitrogen). 2x10° MRCS fibroblasts (ATCC
CCL-171) were transduced by 5 TDU/cell (transduction
units/cell) of each lentivirus by spin infection according to the
manufacturer’s protocol. The transduced cells were plated
outon a 10 cm dish and were selected for 5 days with 20 pug/ml
puromycinin OPTI-MEM 5% FCS. The tranduced cells were
passaged (1:2) one time in the presence of 20 ug/ml puromy-
cin and the double positive (mCherry+EGFP) cells were puri-
fied by fluorescence associated cell sorting and re-plated at
density of 2.5x10* cell/cm?. 48 h after confluency the cells
were passaged (1:5) two more times in the presence of 20
pg/ml puromycin and re-sorted as above. After one more
passage in OPTI-MEM 5% FCS+20 pg/ml puromycin the
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cells were aliquoted to 0.7x107 cell/vial and were deep frozen
in OPTI-MEM supplemented with 10% FCS and 10%
DMSO.

[0242] Construction of Spread-Deficient Human CMV
[0243] To generate a non-functional UL94 locus pTB40E-
BAC4-FRT; SEQ.ID.No:20 (Scrivano L, etal., 2011. HCMV
spread and cell tropism are determined by distinct virus popu-
lations. PLoS. Pathog. 7:e1001256; Sinzger, C. et al., 2008.
Cloning and sequencing of a highly productive, endothelio-
tropic virus strain derived from human cytomegalovirus
TB40/E. J. Gen. Virol. 89:359-368.) was introduced in
GS1783 E. coli strain (Tischer, B. K. et al., 2010. En passant
mutagenesis: a two step markerless red recombination sys-
tem. Methods Mol. Biol. 634:421-430.). (a) Red-recombina-
tion was induced by electro-transformation of the synthetic
DNA fragment LIFdel94; SEQ.ID.No:15 according to the
standard protocol (Tischer, B. K. et al., supra) resulting in
pTB40E-BAC4-delUL.94-SZeo. Recombinants  were
selected by picking single clones after plating the transfor-
mants on LB agar plates in the presence of 25 pg/ml chloram-
phenicol and 30 pg/ml zeocin. The correct replacement of the
BAC sequences from nt122630 to 123668 referring to SEQ.
1D.No:20 with LIFdelUL94, SEQ.ID.No:15 was confirmed
by restrictions pattern analysis and sequencing. (b) To remove
the zeocin cassette from the UL94 locus, a second round of
Red recombination was induced in liquid culture of pTB40E-
BAC4-delUL94-Szeo according to the standard protocol
(Tischer, B. K. et al., supra) in presence of 25 pg/ml chloram-
phenichol and 2% of L-arabinose. Recombinants, which were
coined pTB40E-BAC4-del94, were selected by picking
single clones after plating of the recombinants on LB agar
plates in the presence of 25 pug/ml chloramphenicol 1% of
L-arabinose. The correct removal of the operational
sequences were confirmed by restrictions pattern analysis and
sequencing. (¢) A next red-recombination was induced by
electro-transformation of the synthetic mutagenesis fragment
LIFdel99, SEQ.ID.No:16, as described above (see a) herein)
resulting in pTB40E-BAC4-delUL.94-del99-SZeo0. Recom-
binants were selected by picking single clones after plating
the transformants on LB agar plates in the presence of 25
ng/ml chloramphenicol and 30 pg/ml zeocin. The correct
replacement of the sequences from nt 130670 to 131243
(according to the numbering of the BAC referred to herein as
SEQ.ID.No:20) was confirmed by restrictions pattern analy-
sis and sequencing. (d) To remove the zeocin cassette from the
UL99 locus, a final round of red-recombination was induced
in liquid culture of pTB40E-BAC4-delUL.94-delUL99-Szeo
as above (see b) herein). Recombinants, which were coined
pTB40E-BAC4-del94-del99, were selected by picking single
clones after plating of the recombinants on LB agar plates in
the presence of 25 pg/ml chloramphenicol 1% of L-arabinose.
The correct removal of the operational sequences from the
UL99 locus were confirmed by restrictions pattern analysis
and sequencing. 1. The description of the BAC modifications
in the new way are the following:

[0244] M1) To generate a non-functional UL.94 (or inacti-
vate the UL94 gene) the nt sequence of pTB40E-BAC4-FRT
(SEQ.ID.No0:20) between nt 122630 and nt 123668 is
replaced by the synthetic fragment delUL94S (SEQ.ID.No:
34).

[0245] M2) To generate a non-functional UL99 (or inacti-
vate the UL99 gene) the nt sequence of pTB40E-BAC4-FRT
(SEQ.ID.No:20) between nt 130670 and nt 131243 is
replaced by the synthetic fragment delUL99S (SEQ.ID.No:
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35). For the double mutant of UL.94-UL.99 this has to be done
in addition to modification M1.

[0246] M3) To generate a non-functional UL50 (or inacti-
vate the UL50 gene) the nt sequence of pTB40E-BAC4-FRT
(SEQ.ID.No:20) between nt 58442 and nt 59622 is replaced
by the synthetic fragment delUL50S (SEQ.ID.No:32).
[0247] M4) To generate a non-functional UL53 (or inacti-
vate the UL53 gene) the nt sequence of pTB40E-BAC4-FRT
(SEQ.ID.No:20) between nt 62129 and nt 63261 is replaced
by the synthetic fragment delUL53S (SEQ.ID.No:33). For
the double mutant of UL50-UL53 this has to be done in
addition to modification M3.

[0248] Reconstitution of Spread-Deficient Human CMV.
[0249] 0.7x107 frozen TCL94/99-BP cells were plated on a
10 cm dish in OPTI-MEM 5% FCS containing 0.2 pg/ml
puromycin and two days later the adherent cell were split and
plated on 6 cm dishes at densities of 2x10° cells per dish. On
the next day two 6 cm cultures were transfected with 2 pg of
purified pTB40E-BAC4-FRT-del94-del99-DNA each by
Lipofectamin 2000 (Invitrogen) according to the manufactur-
er’s protocol. 24 h later the two culture were combined and
plated on a 10 cm dish in OPTI-MEM 5% FCS. After 10 days
the reconstitution of the recombinant TB40E-BAC4-FRT-
del94-del99 virus was evident by plaque formation. After
14-16 days the most of the cells in the transfected cultures
showed CPE the entire culture was harvested. The amounts of
the viable viruses was determined by limiting dilution on
sub-confluent TCL94/99-BP cell in 96 well plates using
TCIDS50 (median tissue culture infectious dose) method as
described in Mohr et al (Mohr, C. A. et al., 2010. A spread-
deficient cytomegalovirus for assessment of first-target cells
in vaccination. Virol. 2010 August; 84(15):7730-42. Epub
2010 May 12.). The spread-deficient human CMV reconsti-
tuted from TB40E-BAC4-FRTdel94-99, can be propagated
using TCL94/99-BP cells after infection with 0.1 MOI per
cell using standard protocols for propagation of human CMV
as described by Scrivano et al. (Scrivano et al., supra).
[0250] HCMYV lacking secondary envelopment complex,
i.e. UL99 and UL94, is spread-deficient.

[0251] The phenotype of the UL94-UL99 double deletion
CMYV reconstituted from TB40E-BAC4-FRTdel94-99 was
tested in cell-to-cell spread. This was investigated by infec-
tion of MRCS and TCL94/99-BP cells as essentially
described in Example 1 herein, with CMVs reconstituted
from TB40E-BAC4-FRT-del94-del99 and TB40E-BAC4-
FRT, respectively, followed by removal of excess virus by
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extensive washing after infection. Next, CFSE stained MRCS
cells were added and virus replication was permitted. After
additional 72 h the culture was fixed and stained for immedi-
ate-early 1 expression as described in Example 1 herein. This
resulted in cells which were either “immediate-early 1”-posi-
tive, CFSE-positive or positive for both stains. These cells
were counted in each preparation. The missing increase of
double positive cells in MRCS after infection with TB40E-
BAC4-FRT-del94-del99 is conclusive to a deficiency in cell-
to-cell spread.

EXAMPLE 15

Immunization with Spread-Deficient Human CMV

[0252] After primary immunization with an additional
boost with spread-deficient human CMV the human sera
exhibit at least 64-fold higher neutralizing potency against
endotheliotropic a human CMV strains such as TB40E or
VR1814 assayed on endothelial- or epithelial cells (such as
HUVEC [ATCC CRL 1730]- or ARPE-19 [ATCC
CRIL2302], respectively, than against the same virus assayed
on human fibroblasts cell line (such as MRCS, ATCC CLL-
171). In addition, specific antibody response is detectable
against the gene products of UL130, UL128, or UL131A by
Western blot (whereby it is sufficient that at least one speci-
ficity is seen).

[0253] The following deletions ofthe indicated genes result
in recombinant human beta-herpesviruses which are spread-
deficient:

Effector
complex UL50 gene  UL53 gene  UL94 gene UL99 gene
NEC +
NEC +
NEC + +
SEC +
SEC + +
[0254] The features ofthe present invention disclosed in the

specification, the claims, the sequence listing and/or the
drawings may both separately and in any combination thereof
be material for realizing the invention in various forms
thereof. It has to be acknowledged that the sequence listing is
part of the instant specification.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 35

<210> SEQ ID NO 1

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: DNA

<400> SEQUENCE: 1

gtgggatcca ccatgtaccce ctacgacgtg cccgactacg ccacgtccag actatce 57
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<210> SEQ ID NO 2

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: DNA

<400> SEQUENCE: 2

actctagagt cgacttcaca tgtgctcgag aaca

<210> SEQ ID NO 3

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: DNA

<400> SEQUENCE: 3
aattcatgat aacttcgtat agcatacatt atacgaagtt atccggagat atccaccggt

ctggeggeeg ¢

<210> SEQ ID NO 4

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: DNA

<400> SEQUENCE: 4
tcgageggee gccagaccgg tggatatcte cggataactt cgtataatgt atgctatacg

aagttatcat g

<210> SEQ ID NO 5

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: DNA

<400> SEQUENCE: 5

cgtggtcaag ccggtegtgt tgtaccagaa ctcegactteg gtcegegttge ttacaattta

c¢gegegygy

<210> SEQ ID NO 6

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: DNA

34

60

71

60

71

60

68
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<400> SEQUENCE: 6
ccccgatatt tgagaaagtg tacccegata ttcagtacct cttgactaag aagccataga

geccaccge

<210> SEQ ID NO 7

<211> LENGTH: 112

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: DNA

<400> SEQUENCE: 7
tgcttecegyg cggettetge gegaccttee agetgcaggt agaccacgge gacgtccaga

ctatccegtga aaagtttgag aagcatcagt agccgattte ggectattgg tt

<210> SEQ ID NO 8

<211> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: DNA

<400> SEQUENCE: 8
catggatggg ttggttgatt tgtatgtctg ttggctactce acatgtgcete gagaagccag

tgtgatggat gatcctc

<210> SEQ ID NO 9

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic
<220> FEATURE:

<221> NAME/KEY: PEPTIDE

<222> LOCATION: (1)..(8)

<400> SEQUENCE: 9

Ser Ile Ile Asn Phe Glu Lys Leu
1 5

<210> SEQ ID NO 10

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic
<220> FEATURE:

<221> NAME/KEY: PEPTIDE

<222> LOCATION: (1)..(8)

<400> SEQUENCE: 10

Thr Val Tyr Gly Phe Cys Leu Leu
1 5

<210> SEQ ID NO 11

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: artificial

60

69

60

112

60

77
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<220> FEATURE:

<223> OTHER INFORMATION: synthetic
<220> FEATURE:

<221> NAME/KEY: PEPTIDE

<222> LOCATION: (1)..(8)

<400> SEQUENCE: 11

Arg Ala Leu Glu Tyr Lys Asn Leu
1 5

<210> SEQ ID NO 12

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic
<220> FEATURE:

<221> NAME/KEY: PEPTIDE

<222> LOCATION: (1)..(9)

<400> SEQUENCE: 12

Ser Cys Leu Glu Phe Trp Gln Arg Val
1 5

<210> SEQ ID NO 13

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic
<220> FEATURE:

<221> NAME/KEY: PEPTIDE

<222> LOCATION: (1)..(9)

<400> SEQUENCE: 13

His Gly Ile Arg Asn Ala Ser Phe Ile
1 5

<210> SEQ ID NO 14

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: DNA

<400> SEQUENCE: 14

aacgtacatc gctctetget ggeeg

<210> SEQ ID NO 15

<211> LENGTH: 940

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 15

ttactgggtyg ctgcegggeg getttgeegt ctettegege gtcactette acggectgge
ccagcgagece ctgcgggace ggttccaaaa cttcegaggec gtgetggece ggggcatgcea
cgtggaggece ggccggeagg ageccgagac ccccegggtyg ageggecgge ggctgecctt

cgacgacctyg tgatccggag gacgacggcet cgtgtatctt gtgeccaattyg ctgttgetet

accgcgacgg cgaatggate ctetgtettt getgcaacgg cegttatcaa ggccactatg

25

60

120

180

240

300
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geggggtety acagttcacyg gggagaagaa acaagaaaca acaaaaaaaa aagaggagat 360
ctgcggecge tagggataac agggtaatcg atgttgacaa ttaatcatcg gcatagtata 420
tcggcatagt ataatacgac aaggtgagga actaaaccat ggcaaaactg accagcgcag 480
tteceggttet gaccgcacgt gatgttgceg gtgecgttga attttggace gatcgtetgg 540
gttttagceg tgattttgtg gaagatgatt ttgccggtgt tgttcgtgat gatgttacce 600
tgtttattag cgcagttcag gatcaggttg ttcecggataa taccctggca tgggtttggg 660
ttegtggtet ggatgaactg tatgcagaat ggtcagaagt tgtgagcacc aattttegtg 720
atgcaagcgg tccggcaatg accgaaattg gtgaacagece gtggggtcegt gaatttgeac 780
tgegtgatce ggcaggtaat tgtgttcatt ttgttgcaga agaacaggat taacctcgat 840
taattaattg taacattacc ctgttatcce taccggtgte ctaggegggg tctgacagtt 900
cacggggaga agaaacaaga aacaacaaaa aaaaaagagg 940
<210> SEQ ID NO 16
<211> LENGTH: 719
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: synthetic
<400> SEQUENCE: 16
cgtgttagac cgttggagtc gcgacctgte ccgcaagacg aacctaccga tctgggtege 60
caacagcgcece aacgagtacg tcgtcagcete cgtgecccege cccegtcagte cgtagaagta 120
actcataaac tttcaggtct cgcgtacgat tcgegagteg ggaatgtagg gataacaggg 180
taatcgatgt tgacaattaa tcatcggcat agtatatcgg catagtataa tacgacaagg 240
tgaggaacta aaccatggca aaactgacca gcgcagttce ggttctgace gcacgtgatg 300
ttgceggtge cgttgaattt tggaccgatce gtctgggttt tagecgtgat tttgtggaag 360
atgattttgc cggtgttgtt cgtgatgatg ttaccctgtt tattagcgca gttcaggatce 420
aggttgttcee ggataatacc ctggcatggg tttgggtteg tggtctggat gaactgtatg 480
cagaatggtc agaagttgtg agcaccaatt ttcgtgatge aagcggtcceg gcaatgaccg 540
aaattggtga acagccgtgg ggtcgtgaat ttgcactgeg tgatccggca ggtaattgtg 600
ttcattttgt tgcagaagaa caggattaac ctcgattaat taattgtaac attaccctgt 660
tatccctaaa gtaactcata aactttcagg tctegegtac gattegegag tcgggaatg 719
<210> SEQ ID NO 17
<211> LENGTH: 9048
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: synthetic
<400> SEQUENCE: 17
actagtcggg gtcattagtt catagcccat atatggagtt ccgegttaca taacttacgg 60
taaatggcce gectggetga ccgeccaacyg acceccgece attgacgtca ataatgacgt 120
atgttcccat agtaacgcca atagggactt tccattgacg tcaatgggtyg gagtatttac 180
ggtaaactgce ccacttggca gtacatcaag tgtatcatat gccaagtacyg cccectattg 240

acgtcaatga cggtaaatgg cccgectgge attatgecca gtacatgace ttatgggact 300
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ttecctacttg gcagtacatce tacgtattag tcatcgctat taccatggtg atgcggtttt 360
ggcagtacat caatgggcgt ggatageggt ttgactcacyg gggatttceca agtctccace 420
ccattgacgt caatgggagt ttgttttgge accaaaatca acgggacttt ccaaaatgtce 480
gtaacaactc cgccccattg acgcaaatgg geggtaggeg tgtacggtgg gaggtctata 540
taagcagagce tggtttagtg aaccgggtct ctctggttag accagatttg agcctgggag 600
ctetetgget aactagggaa cccactgcett aagectcaat aaagettgece ttgagtgett 660
caagtagtgt gtgccegtcet gttgtgtgac tctggtaact agagatccct cagacccttt 720
tagtcagtgt ggaaaatctc tagcagtgge gcccgaacag ggacctgaaa gcgaaaggga 780
aaccagagga gctctctecga cgcaggacte ggcttgetga agegegcacg gcaagaggceg 840
aggggcggeg actgcagagt acgccaaaaa ttttgactag cggaggctag aaggagagag 900
atgggtgcga gagcegtcagt attaagcggg ggaaaatagce ggccgcecaca attttaaaag 960

aaaagggggy attggggggt acagtgcagg ggaaagaata gtagacataa tagcaacaga 1020
catacaaact aaagaattac aaaaacaaat tacaaaaatt caaattttcg ggggatccca 1080
tggtggccct cctatagtga gtecgtattat actatgccga tatactatge cgatgattaa 1140
ttgtcaacac gtgctgcagg tccgaggttce tagecgegtgg cctecgegec gggttttgge 1200
gectecegeyg ggegecccee tectcacgge gagegcetgee acgtcagacyg aagggcegcag 1260
cgagcgtect gatcctteceg cccggacgcet caggacagceg gcccgctget cataagacte 1320
ggccttagaa ccccagtate agcagaagga cattttagga cgggacttgg gtgactctag 1380
ggcactggtt ttctttccag agagcggaac aggcgaggaa aagtagtccce ttcectceggega 1440
ttetgcggag ggatctcecegt ggggcggtga acgccgatga ttatataagg acgcgccggg 1500
tgtggcacag ctagttcegt cgcageccggg atttgggtcecg cggttcttgt ttgtggatcg 1560
ctgtgatcgt cacttggtga gtagcgggcect getgggctgg ccggggettt cgtggecgec 1620
gggecgeteyg gtgggacgga agcegtgtgga gagaccgceca agggctgtag tetgggtcecg 1680
cgagcaaggt tgccctgaac tgggggttgg ggggagcgca gcaaaatggce ggctgttcecece 1740
gagtcttgaa tggaagacgc ttgtgaggcg ggctgtgagg tcgttgaaac aaggtggggg 1800
gcatggtggg cggcaagaac ccaaggtctt gaggcctteg ctaatgcggg aaagctctta 1860
ttecgggtgag atgggctggg gcaccatctyg gggaccctga cgtgaagttt gtcactgact 1920
ggagaactcg gtttgtegte tgttgegggg gcggcagtta tggcggtgcece gttgggcagt 1980
gcacccgtac ctttgggage gcgcgceccte gtegtgtegt gacgtcacce gttetgttgg 2040
cttataatgc agggtggggc cacctgccegg taggtgtgceg gtaggctttt ctceccegtcegca 2100
ggacgcaggg ttecgggccta gggtaggctce tcectgaatcg acaggcgceg gacctcetggt 2160
gaggggaggg ataagtgagg cgtcagtttc tttggtcecggt tttatgtacc tatcttctta 2220
agtagctgaa gctceggttt tgaactatge getecggggtt ggcgagtgtg ttttgtgaag 2280
ttttttaggc accttttgaa atgtaatcat ttgggtcaat atgtaatttt cagtgttaga 2340
ctagtaaatt gtccgctaaa ttectggecegt ttttggettt tttgttagac gcectagectag 2400
cggatccgaa ttctgcagat atcaacaagt ttgtacaaaa aagcaggctt aatggcttgg 2460
cgcagcegggce tttgcgagac cgattccaga actttgaage agttcttgca agaggaatgce 2520
atgtggaagc tggtcggcaa gagccggaaa caccgcgagt atcgggecegt cgcttgecgt 2580

tcgacgatct ttagtccgga ggacgacggce tcegtgtatct tgtgccaatt getgttgcte 2640
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taccgcgacg gcgaatggat cctetgtett tgctgcaacg gccgttatca aggccactat 2700
ggcgtgggece acgtacatcg gcgtcecgtcga cgcatctgte atttacctac cttgtaccaa 2760
ctgagcttcg gaggtccttt gggtccagec agcattgatt tcttgccaag ctttagcecag 2820
gtgaccagca gtatgacgtg cgatggtatt acgcccgacg tgatttacga ggtctgcatg 2880
ttggtgccece aggatgaagce caagcgcatc ctggtcaagg gtcacggtge catggacctg 2940
acctgtcaga aggcagtgac gctaggegge gcecggegect ggttgetgee gegtceccgaa 3000
ggctacacgce ttttctttta cattctgtge tacgacctgt ttacctcatg cggcaatcgg 3060
tgcgatatcce cttceccatgac geggctcatg geggceggeca cggcectgegg gcaggcegggt 3120
tgcagcetttt gcacggatca cgagggacat gtagatccca ctggcaatta cgtgggttgce 3180
acccceccgata tgggeccgetg tetttgttac gtgeccectgtg ggcccatgac gcagtcegcete 3240
atccacaacg atgaacccgce gactttttte tgtgagagcg atgacgccaa atacctatge 3300
gccgtaggtt ctaagaccgce ggcegcaggtce acactgggag acggcctgga ttatcacatce 3360
ggtgtcaagg attctgaggg ccgatggttg ccecgtcaaga ccgatgtgtg ggacctggtce 3420
aaggtagagg aacctgtgtc acgtatgata gtgtgttcct gtccggtgct taagaaccta 3480
gtgcactaaa cccagcttte ttgtacaaag tggttgatat ccagcacagt ggcggccgcet 3540
cgagtctaga gggcccgegg ttcgaaggta agcctatcce taaccctete cteggtcteg 3600
attctacgcg cecgcggcege tacgtaaatt ccgecccectet ccectaacgtt actggceccgaa 3660
gccgettgga ataaggccgg tgtgegtttg tctatatgtt attttccacce atattgecegt 3720
cttttggcaa tgtgagggcc cggaaacctg gecctgtett cttgacgage attcctaggg 3780
gtcttteceee tcectecgeccaaa ggaatgcaag gtcetgttgaa tgtcgtgaag gaagcagttce 3840
ctctggaagce ttcttgaaga caaacaacgt ctgtagcgac cctttgcagg cagcggaacce 3900
cceccacctgg cgacaggtge ctectgcggec aaaagccacg tgtataagat acacctgcaa 3960
aggcggcaca accccagtge cacgttgtga gttggatagt tgtggaaaga gtcaaatggce 4020
tctectcaag cgtattcaac aaggggctga aggatgccca gaaggtaccce cattgtatgg 4080
gatctgatct ggggcectcgg tgcacatgct ttacatgtgt ttagtcgagg ttaaaaaacg 4140
tctaggccce ccgaaccacg gggacgtggt tttectttga aaaacacgat gataatatgg 4200
ccacaaccat gaccgagtac aagcccacgg tgcgectege cacccgecgac gacgtecccec 4260
gggecgtacyg ggatcccgee accatggtga gcaagggcga ggaggataac atggecatca 4320
tcaaggagtt catgcgcttc aaggtgcaca tggagggctce cgtgaacggce cacgagttcecg 4380
agatcgaggg cgagggcgag ggccgceccect acgagggcac ccagaccgcece aagctgaagg 4440
tgaccaaggg tggccccetg cecttegect gggacatcct gtcccctcecag ttcatgtacg 4500
gctecaagge ctacgtgaag caccccgcecg acatcccecga ctacttgaag ctgtecttece 4560
ccgagggcett caagtgggag cgcgtgatga acttcgagga cggcggegtg gtgaccgtga 4620
cccaggacte ctcectgcag gacggcgagt tcatctacaa ggtgaagctg cgcggcacca 4680
acttccccte cgacggecce gtaatgcaga agaagaccat gggcetgggag gectecteceg 4740
agcggatgta ccccgaggac ggcgccctga agggcgagat caagcagagg ctgaagcetga 4800
aggacggcegg ccactacgac gctgaggtca agaccaccta caaggccaag aagcccegtge 4860

agctgecegyg cgectacaac gtcaacatca agttggacat cacctcccac aacgaggact 4920
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acaccatcgt ggaacagtac gaacgcgcceg agggcecgcca ctccaccgge ggcatggacg 4980
agctgtacaa gtaagtcgac ccggaccgec acatcgageg ggtcaccgag ctgcaagaac 5040
tcttectecac gegegteggyg ctecgacateg gcaaggtgtg ggtegcggac gacggcgcecg 5100
cggtggeggt ctggaccacg ccggagageg tcgaageggg ggceggtgtte gecgagatceg 5160
gctegegeat ggecgagttyg ageggttece ggetggecge gcagcaacag atggaaggcece 5220
teetggegee gcaccggece aaggagceceg cgtggttect ggecaccgte ggegtetege 5280
ccgaccacca gggcaagggt ctgggcageg ccegtegtget ccceggagtyg gaggceggecg 5340
agcgcegetgg ggtgcccgece ttectggaga ccteccgegee ccgcaaccte cecttectacg 5400
agcggetegg cttcaccgte accgccgacyg tcegaggtgece cgaaggaccg cgcacctggt 5460
gcatgacceg caagccecggt gcctgagtte gcgtctggaa caatcaacct ctggactcega 5520
caatcaacct ctggattaca aaatttgtga aagattgact ggtattctta actatgttgce 5580
tcettttacg ctatgtggat acgctgcecttt aatgectttg tatcatgcecta ttgcttceceg 5640
tatggctttc attttctect ccttgtataa atcctggttg ctgtctettt atgaggagtt 5700
gtggccegtt gtcaggcaac gtggcgtggt gtgcactgtg tttgctgacg caacccccac 5760
tggttggggce attgccacca cctgtcaget ccectttecggg actttegett teccectcecece 5820
tattgccacg gcggaactca tcegecgectg ccettgcecege tgctggacag gggctegget 5880
gttgggcact gacaattccg tggtgttgtce ggggaaatca tcgtceccttte cttggctget 5940
cgectgtgtt gecacctgga ttetgegegg gacgtcectte tgctacgtece ctteggecct 6000
caatccagcg gaccttceett cececgeggect getgecegget ctgeggecte ttceccecgegtet 6060
tcgecttege cectcagacga gteggatcte cetttgggee gcectcececege ttagtactgg 6120
tacctttaag accaatgact tacaaggcag ctgtagatct tagccacttt ttaaaagaaa 6180
aggggggact ggaagggcta attcactccc aacgaagaca agattccgga atttatttgt 6240
gaaatttgtg atgctattgc tttatttgta aaccggtgca gectgcttttt gectgtactg 6300
ggtctctetyg gttagaccag atctgagcect gggagctcete tggctaacta gggaacccac 6360
tgcttaagcce tcaataaagce ttgecttgag tgcttcaagt agtgtgtgecc cgtctgttgt 6420
gtgactctgg taactagaga tcecctcagac ccttttagtc agtgtggaaa atctctagca 6480
tctagagtat gcaaagcatg catctcaatt agtcagcaac caggtgtgga aagtccccag 6540
gcteecccage aggcagaagt atgcaaagca tgcatctcaa ttagtcagca accatagtcce 6600
cgcccectaac teccgeccate cegeccctaa ctecgeccag tteecgeccat tectcecgeccee 6660
atggctgact aatttttttt atttatgcag aggccgaggc cgcctcggece tctgagctat 6720
tccagaagta gtgaggaggce ttttttggag gectaggcta gagatcataa tcagccatac 6780
cacatttgta gaggttttac ttgctttaaa aaacctccca cacctcececcce tgaacctgaa 6840
acataaaatg aatgcaattg ttgttgttaa cttgtttatt gcagcttata atggttacaa 6900
ataaagcaat agcatcacaa atttcacaaa taaagcattt ttttcactgc attctagttg 6960
tggtttgtce aaactcatca atgtatctta tcatgtctge tageccggget tttttttcett 7020
aggccttett cecgcttecte getcactgac tegectgeget cggtegtteg getgcggcega 7080
gcggtatcag ctcactcaaa ggcggtaata cggttatcca cagaatcagg ggataacgca 7140
ggaaagaaca tgtgagcaaa aggccagcaa aaggccagga accgtaaaaa ggccgegttg 7200

ctggcgtttt tccataggct ccgecccect gacgagcatce acaaaaatcg acgctcaagt 7260
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cagaggtggce gaaacccgac aggactataa agataccagg cgtttcccce tggaagetcc 7320
ctegtgeget ctectgttec gaccctgeeg cttaccggat acctgtecge ctttetecect 7380
tcgggaageg tggcgcttte tcatagctca cgctgtaggt atctcagtte ggtgtaggte 7440
gttcgcteca agetgggctg tgtgcacgaa ccccecccgtte agcecccgacceg ctgcgectta 7500
tcecggtaact atcgtcttga gtceccaacceg gtaagacacg acttatcgece actggcagca 7560
gccactggta acaggattag cagagcgagg tatgtaggcg gtgctacaga gttcttgaag 7620
tggtggccta actacggcta cactagaaga acagtatttg gtatctgcege tcectgctgaag 7680
ccagttacct tcggaaaaag agttggtagce tcecttgatccg gcaaacaaac caccgctggt 7740
agcggtggtt tttttgtttg caagcagcag attacgcgca gaaaaaaagg atctcaagaa 7800
gatcctttga tettttctac ggggtctgac gctcagtgga acgaaaactc acgttaaggg 7860
attttggtca tgagattatc aaaaaggatc ttcacctaga tccttttaaa ttaaaaatga 7920
agttttaaat caatctaaag tatatatgag taaacttggt ctgacagtta ccaatgctta 7980
atcagtgagg cacctatctc agcgatctgt ctatttecgtt catccatagt tgcctgacte 8040
ctgcgcagtc caaaaaaaaa ggctccaaaa ggagcecttta attgtatcgg tgggccctta 8100
gaaaaactca tcgagcatca aatgaaactg caatttattc atatcaggat tatcaatacc 8160
atatttttga aaaagccgtt tcectgtaatga aggagaaaac tcaccgaggc agttccatag 8220
gatggcaaga tcctggtatce ggtctgcgat tccgactegt ccaacatcaa tacaacctat 8280
taatttccece tcgtcaaaaa taaggttatc aagtgagaaa tcaccatgag tgacgactga 8340
atccggtgag aatggcaaaa gcttatgcat ttcettteccag acttgttcaa caggccagec 8400
attacgctcg tcatcaaaat cactcgcatc aaccaaaccg ttattcattc gtgattgcge 8460
ctgagcgaga cgaaatacgc gatcgctgtt aaaaggacaa ttacaaacag gaatcgaatg 8520
caaccggcgce aggaacactg ccagcgcatc aacaatattt tcacctgaat caggatattce 8580
ttctaatacc tggaatgctg ttttecccggg gatcgcagtg gtgagtaacc atgcatcatce 8640
aggagtacgg ataaaatgct tgatggtcgg aagaggcata aattccgtca geccagtttag 8700
tctgaccatce tcatctgtaa catcattggc aacgctacct ttgccatgtt tcagaaacaa 8760
ctctggegeca tcgggcttec catacaatcg atagattgte gcacctgatt gecccgacatt 8820
atcgcgagcece catttatacc catataaatc agcatccatg ttggaattta atcgcggcect 8880
cgagcaagac gtttcccgtt gaatatggct cataacaccce cttgtattac tgtttatgta 8940
agcagacagt tttattgttc atgatgatat atttttatct tgtgcaatgt aacatcagag 9000
attttgagac acaacgtggt ttaaacaaat agtcaaaagc ctccggcg 9048
<210> SEQ ID NO 18

<211> LENGTH: 8455

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 18

actagtcggg gtcattagtt catagcccat atatggagtt ccgegttaca taacttacgg 60

taaatggcce gectggetga cegeccaacg acccccgeee attgacgtca ataatgacgt 120

atgttcccat agtaacgcca atagggactt tccattgacg tcaatgggtyg gagtatttac 180
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ggtaaactgce ccacttggca gtacatcaag tgtatcatat gccaagtacyg cccectattg 240
acgtcaatga cggtaaatgg cccgectgge attatgccca gtacatgacce ttatgggact 300
ttecctacttg gcagtacatce tacgtattag tcatcgctat taccatggtg atgcggtttt 360
ggcagtacat caatgggcgt ggatageggt ttgactcacyg gggatttceca agtctccace 420
ccattgacgt caatgggagt ttgttttgge accaaaatca acgggacttt ccaaaatgtce 480
gtaacaactc cgccccattg acgcaaatgg geggtaggeg tgtacggtgg gaggtctata 540
taagcagagce tggtttagtg aaccgggtct ctctggttag accagatttg agcctgggag 600
ctetetgget aactagggaa cccactgcett aagectcaat aaagettgece ttgagtgett 660
caagtagtgt gtgccegtcet gttgtgtgac tctggtaact agagatccct cagacccttt 720
tagtcagtgt ggaaaatctc tagcagtgge gcccgaacag ggacctgaaa gcgaaaggga 780
aaccagagga gctctctecga cgcaggacte ggcttgetga agegegcacg gcaagaggceg 840
aggggcggeg actgcagagt acgccaaaaa ttttgactag cggaggctag aaggagagag 900
atgggtgcga gagcegtcagt attaagcggg ggaaaatagce ggccgcecaca attttaaaag 960

aaaagggggy attggggggt acagtgcagg ggaaagaata gtagacataa tagcaacaga 1020
catacaaact aaagaattac aaaaacaaat tacaaaaatt caaattttcg ggggatccca 1080
tggtggccct cctatagtga gtecgtattat actatgccga tatactatge cgatgattaa 1140
ttgtcaacac gtgctgcagg tccgaggttce tagecgegtgg cctecgegec gggttttgge 1200
gectecegeyg ggegecccee tectcacgge gagegcetgee acgtcagacyg aagggcegcag 1260
cgagcgtect gatcctteceg cccggacgcet caggacagceg gcccgctget cataagacte 1320
ggccttagaa ccccagtate agcagaagga cattttagga cgggacttgg gtgactctag 1380
ggcactggtt ttctttccag agagcggaac aggcgaggaa aagtagtccce ttcectceggega 1440
ttetgcggag ggatctcecegt ggggcggtga acgccgatga ttatataagg acgcgccggg 1500
tgtggcacag ctagttcegt cgcageccggg atttgggtcecg cggttcttgt ttgtggatcg 1560
ctgtgatcgt cacttggtga gtagcgggcect getgggctgg ccggggettt cgtggecgec 1620
gggecgeteyg gtgggacgga agcegtgtgga gagaccgceca agggctgtag tetgggtcecg 1680
cgagcaaggt tgccctgaac tgggggttgg ggggagcgca gcaaaatggce ggctgttcecece 1740
gagtcttgaa tggaagacgc ttgtgaggcg ggctgtgagg tcgttgaaac aaggtggggg 1800
gcatggtggg cggcaagaac ccaaggtctt gaggcctteg ctaatgcggg aaagctctta 1860
ttecgggtgag atgggctggg gcaccatctyg gggaccctga cgtgaagttt gtcactgact 1920
ggagaactcg gtttgtegte tgttgegggg gcggcagtta tggcggtgcece gttgggcagt 1980
gcacccgtac ctttgggage gcgcgceccte gtegtgtegt gacgtcacce gttetgttgg 2040
cttataatgc agggtggggc cacctgccegg taggtgtgceg gtaggctttt ctceccegtcegca 2100
ggacgcaggg ttecgggccta gggtaggctce tcectgaatcg acaggcgceg gacctcetggt 2160
gaggggaggg ataagtgagg cgtcagtttc tttggtcecggt tttatgtacc tatcttctta 2220
agtagctgaa gctceggttt tgaactatge getecggggtt ggcgagtgtg ttttgtgaag 2280
ttttttaggc accttttgaa atgtaatcat ttgggtcaat atgtaatttt cagtgttaga 2340
ctagtaaatt gtccgctaaa ttectggecegt ttttggettt tttgttagac gcectagectag 2400
cggatccgaa ttctcactat agggagaccce aagcttggta ccgagctegg atccaccatg 2460

ggtggcgaac tctgcaaacg aatatgttgt gagttcggta ccacgtccgg tgagcccctg 2520
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aaagatgctc tgggtcgcca ggtgtctecta cgctectacg acaacatccce tceccgacttece 2580
tccteggacyg aaggggagga cgatgacgac ggggaggatg acgataacga ggagcggcaa 2640
cagaagctge ggctetgegg tagtggetge gggggaaacg acagtagtag cggcagecac 2700
cgegaggeca cccacgacgg ccccaagaaa aacgeggtge getegacgtt tecgcgaggac 2760
aaggctccga aaccgagcaa gcagtcaaaa aagaaaaaga aaccctcaaa acatcaccac 2820
catcagcaaa gctccattat gcaggagacg gacgacttag acgaagaaga cacctcaatt 2880
tacctgtcee cgcecececeggt cccecccegte caggtggtgg ctaagegact gecgeggecc 2940
gacacaccca ggactccgeg ccaaaagaag atttcacaac gtccacccac ccccgggaca 3000
aaaaagcccg ccgcecccett gtecttttaa agtcgactct agagggecct attctatagt 3060
gtcacctaaa tgctagagct cgctgatcag acgcgccgeg gccgctacgt aaattccgece 3120
cctecteecta acgttactgg ccgaagceccege ttggaataag gccggtgtge gtttgtctat 3180
atgttatttt ccaccatatt gccgtcectttt ggcaatgtga gggcccggaa acctggcecct 3240
gtcttcttga cgagcattce taggggtctt tccecteteg ccaaaggaat gcaaggtcetg 3300
ttgaatgtcg tgaaggaagc agttcctetg gaagettcectt gaagacaaac aacgtctgta 3360
gegacccettt gcaggcageg gaaccccecca cctggcgaca ggtgectetyg cggccaaaag 3420
ccacgtgtat aagatacacc tgcaaaggcg gcacaacccce agtgccacgt tgtgagttgg 3480
atagttgtgg aaagagtcaa atggctctcc tcaagcgtat tcaacaaggg gctgaaggat 3540
gcccagaagg taccccattg tatgggatct gatctgggge ctcecggtgcac atgctttaca 3600
tgtgtttagt cgaggttaaa aaacgtctag gccccccgaa ccacggggac gtggttttece 3660
tttgaaaaac acgatgataa tatggtgagc aagggcgagg agctgttcac cggggtggtg 3720
cccatectgg tcegagetgga cggcgacgta aacggcecaca agttcagegt gtccggegag 3780
ggcgagggeyg atgccaccta cggcaagetg accctgaagt tcatctgcac caccggcaag 3840
ctgccegtge cctggcccac cctegtgace accctgacct acggcgtgca gtgcttcage 3900
cgctaccceg accacatgaa gcagcacgac ttcttcaagt ccgccatgece cgaaggetac 3960
gteccaggage gcaccatctt cttcaaggac gacggcaact acaagacccyg cgccgaggtyg 4020
aagttcgagg gcgacaccct ggtgaaccge atcgagctga agggcatcga cttcaaggag 4080
gacggcaaca tcctggggca caagctggag tacaactaca acagccacaa cgtctatate 4140
atggccgaca agcagaagaa cggcatcaag gtgaacttca agatccgcca caacatcgag 4200
gacggcageyg tgcagctcege cgaccactac cagcagaaca cccccatcegyg cgacggecce 4260
gtgctgetyge ccgacaacca ctacctgage acccagteceg ccectgagcaa agaccccaac 4320
gagaagcgceg atcacatggt cctgctggag ttegtgaccg ccgccgggat cactcteggce 4380
atggacgagc tgtacaagta agtcgacceg gaccgcecaca tcgagegggt caccgagetg 4440
caagaactct tcctcacgeg cgtegggete gacatcggca aggtgtgggt cgcggacgac 4500
ggegecgegy tggeggtetyg gaccacgecg gagagcegteg aagegggggce ggtgttegee 4560
gagatcgget cgegecatgge cgagttgage ggtteccegge tggecgcegea gcaacagatg 4620
gaaggcctee tggegecgca ccggceccaag gageccgegt ggttectgge caccgtegge 4680
gtetegeceyg accaccaggg caagggtetg ggcagcegeceg tegtgctece cggagtggag 4740

geggecgage gegetggggt geccgectte ctggagaccet cegegececeg caaccteccce 4800
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ttctacgage ggcteggett caccgtcace gecgacgteg aggtgeccga aggaccgege 4860
acctggtgca tgacccgcaa geccggtgee tgagttegeg tctggaacaa tcaacctcectg 4920
gactcgacaa tcaacctctg gattacaaaa tttgtgaaag attgactggt attcttaact 4980
atgttgctcce ttttacgcta tgtggatacg ctgctttaat gcctttgtat catgctattg 5040
cttcecegtat ggcetttcatt ttectectect tgtataaate ctggttgetg tetcetttatg 5100
aggagttgtg gcccegttgte aggcaacgtg gegtggtgtg cactgtgttt gectgacgcaa 5160
cceccactgg ttggggcatt gccaccacct gtcagcetect ttecgggact ttcegetttece 5220
cceteectat tgccacggeg gaactcateg cecgectgect tgcccgetge tggacagggg 5280
ctcggetgtt gggcactgac aattcegtgg tgttgtcggg gaaatcatcg tectttectt 5340
ggctgctege ctgtgttgcee acctggatte tgcgcgggac gtceccttcectge tacgtcecectt 5400
cggccctcaa tccagcggac cttectteee geggectget gcececggctetg cggectette 5460
cgegtetteg cecttegeect cagacgagtce ggatctecect ttgggcegece tceccccgcetta 5520
gtactggtac ctttaagacc aatgacttac aaggcagctg tagatcttag ccacttttta 5580
aaagaaaagg ggggactgga agggctaatt cactcccaac gaagacaaga ttccggaatt 5640
tatttgtgaa atttgtgatg ctattgcttt atttgtaaac cggtgcagct getttttgece 5700
tgtactgggt ctctcectggtt agaccagatc tgagcectggg agctctetgg ctaactaggg 5760
aacccactgce ttaagcctca ataaagcttg ccttgagtge ttcaagtagt gtgtgcccgt 5820
ctgttgtgtg actctggtaa ctagagatcc ctcagaccct tttagtcagt gtggaaaatce 5880
tctagcatct agagtatgca aagcatgcat ctcaattagt cagcaaccag gtgtggaaag 5940
tceccagget ccccagcagg cagaagtatg caaagcatgce atctcaatta gtcagcaacce 6000
atagtcccge ccctaactec geccatceeg cecctaacte cgecccagtte cgceccattet 6060
ccgccccatg getgactaat tttttttatt tatgcagagg ccgaggecge ctceggectet 6120
gagctattcc agaagtagtg aggaggcttt tttggaggcce taggctagag atcataatca 6180
gccataccac atttgtagag gttttacttg ctttaaaaaa cctcccacac ctcecccectga 6240
acctgaaaca taaaatgaat gcaattgttg ttgttaactt gtttattgca gcttataatg 6300
gttacaaata aagcaatagc atcacaaatt tcacaaataa agcatttttt tcactgcatt 6360
ctagttgtgg tttgtccaaa ctcatcaatg tatcttatca tgtctgctag ccgggcetttt 6420
ttttcttagg ccttetteecg cttecteget cactgactceg ctgecgcectegg tegttegget 6480
gcggcgageg gtatcagcecte actcaaaggce ggtaatacgg ttatccacag aatcagggga 6540
taacgcagga aagaacatgt gagcaaaagg ccagcaaaag gccaggaacc gtaaaaaggc 6600
cgegttgetg gegtttttee ataggcteeg ccccectgac gagcatcaca aaaatcgacg 6660
ctcaagtcag aggtggcgaa acccgacagg actataaaga taccaggcegt ttcccecctgg 6720
aagctcecte gtgcgcectete ctgtteccgac cctgecgett accggatacce tgtccgectt 6780
tctecectteg ggaagegtgg cgctttcectceca tagctcacge tgtaggtatce tcagttceggt 6840
gtaggtcgtt cgctccaage tgggctgtgt gcacgaaccce cccgttcage ccgaccgetg 6900
cgecttatece ggtaactate gtecttgagte caacccggta agacacgact tatcgccact 6960
ggcagcagcec actggtaaca ggattagcag agcgaggtat gtaggcggtg ctacagagtt 7020
cttgaagtgg tggcctaact acggctacac tagaagaaca gtatttggta tctgcgctcet 7080

gctgaageca gttaccttceg gaaaaagagt tggtagetcect tgatccggca aacaaaccac 7140
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cgctggtage ggtggttttt ttgtttgcaa gcagcagatt acgcgcagaa aaaaaggatce 7200
tcaagaagat cctttgatct tttctacggg gtctgacgct cagtggaacg aaaactcacg 7260
ttaagggatt ttggtcatga gattatcaaa aaggatcttc acctagatcc ttttaaatta 7320
aaaatgaagt tttaaatcaa tctaaagtat atatgagtaa acttggtctg acagttacca 7380
atgcttaatc agtgaggcac ctatctcagce gatctgtcta tttegttcat ccatagttge 7440
ctgactcecctg cgcagtccaa aaaaaaaggc tccaaaagga gcctttaatt gtatcggtgg 7500
gcccttagaa aaactcatcg agcatcaaat gaaactgcaa tttattcata tcaggattat 7560
caataccata tttttgaaaa agccgtttct gtaatgaagg agaaaactca ccgaggcagt 7620
tccataggat ggcaagatcc tggtatcggt ctgcgattce gactcgtceca acatcaatac 7680
aacctattaa tttccccteg tcaaaaataa ggttatcaag tgagaaatca ccatgagtga 7740
cgactgaatc cggtgagaat ggcaaaagct tatgcatttc tttccagact tgttcaacag 7800
gccagccatt acgctcgtca tcaaaatcac tcgcatcaac caaaccgtta ttcattegtg 7860
attgcgectg agcgagacga aatacgcgat cgctgttaaa aggacaatta caaacaggaa 7920
tcgaatgcaa ccggcgcagg aacactgcca gcegcatcaac aatattttca cctgaatcag 7980
gatattcttec taatacctgg aatgctgttt tccecggggat cgcagtggtg agtaaccatg 8040
catcatcagg agtacggata aaatgcttga tggtcggaag aggcataaat tccgtcagec 8100
agtttagtct gaccatctca tcectgtaacat cattggcaac gctacctttg ccatgtttca 8160
gaaacaactc tggcgcatcg ggcttcccat acaatcgata gattgtcgca cctgattgece 8220
cgacattatc gcgagcccat ttatacccat ataaatcagce atccatgttg gaatttaatce 8280
gcggectega gcaagacgtt tcecgttgaa tatggctcat aacacccctt gtattactgt 8340
ttatgtaagc agacagtttt attgttcatg atgatatatt tttatcttgt gcaatgtaac 8400
atcagagatt ttgagacaca acgtggttta aacaaatagt caaaagcctc cggcg 8455
<210> SEQ ID NO 19

<211> LENGTH: 12088

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 19

tggaagggct aattcactcc caaagaagac aagatatcct tgatctgtgg atctaccaca 60
cacaaggcta cttcectgat tagcagaact acacaccagg gccaggggte agatatccac 120
tgacctttgg atggtgctac aagctagtac cagttgagec agataaggta gaagaggcca 180
ataaaggaga gaacaccagc ttgttacacc ctgtgagcect gcatgggatg gatgaccegg 240
agagagaagt gttagagtgg aggtttgaca gccgectage atttcatcac gtggcccgag 300
agctgcatce ggagtactte aagaactgct gatatcgage ttgctacaag ggactttecg 360

ctggggactt tccagggagg cgtggectgg gegggactgg ggagtggega gecctcagat 420

cctgcatata agcagetget ttttgectgt actgggtcete tetggttaga ccagatctga 480
gectgggage tctetggeta actagggaac ccactgetta agectcaata aagettgect 540
tgagtgctte aagtagtgtg tgccegtetg ttgtgtgact ctggtaacta gagatcccte 600

agaccctttt agtcagtgtg gaaaatctct agcagtggeg cecgaacagg gacttgaaag 660
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cgaaagggaa accagaggag ctctctecgac gcaggactcg gecttgctgaa gegcgcacgg 720
caagaggcga ggggcggcga ctggtgagta cgccaaaaat tttgactage ggaggctaga 780

aggagagaga tgggtgcgag agcgtcagta ttaagegggg gagaattaga tcgcgatggg 840

aaaaaattcyg gttaaggcca gggggaaaga aaaaatataa attaaaacat atagtatggg 900
caagcaggga gctagaacga ttcgcagtta atcctggect gttagaaaca tcagaaggcet 960
gtagacaaat actgggacag ctacaaccat cccttcagac aggatcagaa gaacttagat 1020

cattatataa tacagtagca accctctatt gtgtgcatca aaggatagag ataaaagaca 1080
ccaaggaagce tttagacaag atagaggaag agcaaaacaa aagtaagacc accgcacagce 1140
aagcggecegg ccgctgatcet tcagacctgg aggaggagat atgagggaca attggagaag 1200
tgaattatat aaatataaag tagtaaaaat tgaaccatta ggagtagcac ccaccaaggc 1260
aaagagaaga gtggtgcaga gagaaaaaag agcagtggga ataggagctt tgttccttgg 1320
gttcttggga gcagcaggaa gcactatggg cgcagcgtca atgacgctga cggtacaggce 1380
cagacaatta ttgtctggta tagtgcagca gcagaacaat ttgctgaggg ctattgaggce 1440
gcaacagcat ctgttgcaac tcacagtctg gggcatcaag cagctccagg caagaatcct 1500
ggctgtggaa agatacctaa aggatcaaca gctcecctgggg atttggggtt getctggaaa 1560
actcatttgc accactgctg tgccttggaa tgctagttgg agtaataaat ctctggaaca 1620
gatttggaat cacacgacct ggatggagtg ggacagagaa attaacaatt acacaagctt 1680
aatacactcc ttaattgaag aatcgcaaaa ccagcaagaa aagaatgaac aagaattatt 1740
ggaattagat aaatgggcaa gtttgtggaa ttggtttaac ataacaaatt ggctgtggta 1800
tataaaatta ttcataatga tagtaggagg cttggtaggt ttaagaatag tttttgctgt 1860
actttctata gtgaatagag ttaggcaggg atattcacca ttatcgtttc agacccacct 1920
cccaacceeg aggggacccg acaggcccga aggaatagaa gaagaaggtg gagagagaga 1980
cagagacaga tccattcgat tagtgaacgg atcggcactg cgtgcgccaa ttctgcagac 2040
aaatggcagt attcatccac aattttaaaa gaaaaggggg gattgggggg tacagtgcag 2100
gggaaagaat agtagacata atagcaacag acatacaaac taaagaatta caaaaacaaa 2160
ttacaaaaat tcaaaatttt cgggtttatt acagggacag cagagatcca gtttggttag 2220
taccgggccce gectctagtee ggaatcagte ctgctcectceg gccacgaagt gcacgcagtt 2280
geeggecegygy tegegcaggg cgaacteceg cecccacgge tgctegecga tceteggtcat 2340
ggeeggeceyg gaggcgtcece ggaagttegt ggacacgace tcecgaccact cggegtacag 2400
ctegtecagg ccgegecacce acacccagge cagggtgttg tcceggcacca cctggtectg 2460
gaccgegetyg atgaacaggg tcacgtegte ceggaccaca cceggcgaagt cgtectccac 2520
gaagtccegyg gagaacccga gcocggteggt ccagaacteg accgetcegyg cgacgtegeg 2580
cgcggtgage accggaacgg cactggtcaa cttggccatg gtggccctece tatagtgagt 2640
cgtattatac tatgccgata tactatgccg atgattaatt gtcaacacgt gctgcaggtce 2700
cgaggttcta gecgcegtggece tecgegeegg gttttggege cteecgeggg cgccccececte 2760
ctcacggcega gcegcetgecac gtcagacgaa gggcgcageg agcegtectga tecttecgec 2820
cggacgctcea ggacagegge ccgectgctca taagactegg ccttagaacce ccagtatcag 2880
cagaaggaca ttttaggacg ggacttgggt gactctaggg cactggtttt ctttccagag 2940

agcggaacag gcgaggaaaa dtagtccctt ctecggcgatt ctgcggaggg atctcegtgg 3000
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ggcggtgaac gccgatgatt atataaggac gcgeccgggtg tggcacagcet agttcecegtceg 3060
cagccgggat ttgggtcgeg gttettgttt gtggatcget gtgatcgtca cttggtgagt 3120
agcgggcetge tgggetggece ggggettteg tggecgecegg gecegeteggt gggacggaag 3180
cgtgtggaga gaccgccaag ggctgtagte tgggtccgeg agcaaggttg ccctgaactg 3240
ggggttgggyg ggagcgcagce aaaatggcgg ctgttcccga gtcttgaatg gaagacgcett 3300
gtgaggcegygyg ctgtgaggte gttgaaacaa ggtgggggge atggtgggeyg gcaagaacce 3360
aaggtcttga ggccttcecget aatgcgggaa agctcttatt cgggtgagat gggctggggce 3420
accatctggg gaccctgacg tgaagtttgt cactgactgg agaactcggt ttgtcgtctg 3480
ttgcgggggce ggcagttatg geggtgcegt tgggcagtge acccgtacct ttgggagcgce 3540
gcgeectegt cgtgtegtga cgtcacccegt tcetgttgget tataatgcag ggtggggeca 3600
cctgeccggta ggtgtgcggt aggettttet cegtcecgcagg acgcagggtt cgggcctagg 3660
gtaggctcte ctgaatcgac aggcgccgga cctetggtga ggggagggat aagtgaggcg 3720
tcagtttett tggtcggttt tatgtaccta tettcttaag tagctgaage tccggttttg 3780
aactatgcgce tcggggttgg cgagtgtgtt ttgtgaagtt ttttaggcac cttttgaaat 3840
gtaatcattt gggtcaatat gtaattttca gtgttagact agtaaattgt ccgctaaatt 3900
ctggcegttt ttggcttttt tgttagacgce tagcctagceg gatccgaatt ctcgaaactt 3960
aagatgcacc cagaaacgct ggtgaaagta aaagatgctg aagatcagtt gggtgcacga 4020
gtgggttaca tcgaactgga tctcaacagc ggtaagatcc ttgagagttt tecgccccgaa 4080
gaacgttttc caatgatgag cacttttaaa gttctgctat gtggcgcggt attatccegt 4140
attgacgcecg ggcaagagca actcggtege cgcatacact attctcagaa tgacttggtt 4200
gagtactcac cagtcacaga aaagcatctt acggatggca tgacagtaag agaattatgc 4260
agtgctgcca taaccatgag tgataacact gcggccaact tacttctgac aacgatcgga 4320
ggaccgaagg agctaaccgce ttttttgcac aacatggggg atcatgtaac tcgecttgat 4380
cgttgggaac cggagctgaa tgaagccata ccaaacgacg agcgtgacac cacgacgect 4440
gtagcaatgg caacaacgtt gcgcaaacta ttaactggct ccggaggcgg cggctcecggce 4500
ggcggcggcet cgagceggcgg cggcggatcce ctacttactce tagcttcceg gcaacaatta 4560
atagactgga tggaggcgga taaagttgca ggaccacttc tgcgctegge ccttecegget 4620
ggctggttta ttgctgataa atctggagcce ggtgagegtg ggtctecgcgg tatcattgcea 4680
gcactggggce cagatggtaa gcecctcecccgt atcgtagtta tctacacgac ggggagtcag 4740
gcaactatgg atgaacgaaa tagacagatc gctgagatag gtgcctcact gattaagcat 4800
tggtgagcag atctgcccac tagtgagtcg tattacatcce atcacactgg cggccgcaaa 4860
ttececgecect cteecteecee ceccectaac gttactggee gaagecgett ggaataaggce 4920
cggtgtgegt ttgtctatat gttattttecc accatattge cgtcecttttgg caatgtgagg 4980
gccecggaaac ctggecctgt cttettgacg agcattecta ggggtcecttte cectetegece 5040
aaaggaatgc aaggtctgtt gaatgtcgtg aaggaagcag ttcctctgga agcttcecttga 5100
agacaaacaa cgtctgtagc gaccctttge aggcagcgga accccccace tggcgacagg 5160
tgcctetgeg gccaaaagcece acgtgtataa gatacacctg caaaggcgge acaaccccag 5220

tgccacgttg tgagttggat agttgtggaa agagtcaaat ggctctcecctc aagcgtatte 5280
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aacaaggggc tgaaggatgc ccagaaggta ccccattgta tgggatctga tcectggggcect 5340
cggtgcacat gctttacatg tgtttagtcg aggttaaaaa aacgtctagg ccccccgaac 5400
cacggggacg tggttttecct ttgaaaaaca cgataatacc atggccaccg agtacaagcce 5460
cacggtgege ctcgecacce gecgacgacgt ccceegggece gtacgcacce tcgecgecge 5520
gttegecgac taccccgeca cgcegecacac cgtcgacceeg gaccgccaca tcgagegggt 5580
caccgagctg caagaactcect tectcacgeg cgtecgggcete gacatcggca aggtgtgggt 5640
cgeggacgac ggcegecgegg tggeggtcetyg gaccacgeceg gagagegtceg aagcegggggce 5700
ggtgttcgec gagatcggct cgegcatgge cgagttgage ggttcccgge tggceccgcgca 5760
gcaacagatyg gaaggcctcee tggegecgea ceggeccaag gageccgegt ggttectgge 5820
caccgtegge gtctegecceg accaccaggg caagggtcetg ggcagegecg tegtgetcce 5880
cggagtggag gcggecgage gegetggggt gecegectte ctggagacct cecgegecceg 5940
caacctceccce ttctacgage ggctecggett caccgtcace gccgacgtceg aggtgcccga 6000
aggaccgcege acctggtgca tgacccgcaa gceceggtgece tgagttegeg tctggaacaa 6060
tcaacctctg gattacaaaa tttgtgaaag attgactggt attcttaact atgttgctcece 6120
ttttacgcta tgtggatacg ctgctttaat gectttgtat catgctattg cttccecgtat 6180
ggctttcatt ttctectect tgtataaatc ctggttgetg tetcetttatg aggagttgtg 6240
gccegttgte aggcaacgtg gcgtggtgtg cactgtgttt getgacgcaa cccccactgg 6300
ttggggcatt gccaccacct gtcagctect tteccgggact ttegetttece cecteectat 6360
tgccacggeg gaactcatceg ccgectgect tgcccgetge tggacagggg ctcecggetgtt 6420
gggcactgac aattccgtgg tgttgteggg gaagctgacg tcectttceccat ggctgctege 6480
ctgtgttgce acctggatte tgcgcgggac gtceccttetge tacgtcectt cggccctcaa 6540
tccageggac cttecttece geggectget gecggcetetg cggectette cgegtetteg 6600
ccttegecct cagacgagtce ggatctcect ttgggcecgee tcececcgectyg gaattaatte 6660
tgcagtcgag acctagaaaa acatggagca atcacaagta gcaatacagc agctaccaat 6720
gctgattgtyg cctggctaga agcacaagag gaggaggagg tgggttttcce agtcacacct 6780
caggtacctt taagaccaat gacttacaag gcagctgtag atcttagcca ctttttaaaa 6840
gaaaagaggg gactggaagg gctaattcac tcccaacgaa gacaagatct getttttget 6900
tgtactgggt ctctcectggtt agaccagatc tgagcectggg agctctetgg ctaactaggg 6960
aacccactgce ttaagcctca ataaagcttg ccttgagtge ttcaagtagt gtgtgcccgt 7020
ctgttgtgtg actctggtaa ctagagatcc ctcagaccct tttagtcagt gtggaaaatce 7080
tctagcagta gtagttcatg tcatcttatt attcagtatt tataacttgc aaagaaatga 7140
atatcagaga gtgagaggcc ttgacattgt ttaaacccgce tgatcagect cgactgtgece 7200
ttctagttge cagccatctg ttgtttgcce ctecccecegtg ccttecttga cectggaagg 7260
tgccactecce actgtceccttt cctaataaaa tgaggaaatt gcatcgcatt gtctgagtag 7320
gtgtcattect attctggggg gtggggtggg gcaggacagce aagggggagg attgggaaga 7380
caatagcagg catgctgggg atgecggtggg ctctatgget tctgaggegg aaagaaccag 7440
ctggggctcect agggggtatce cccacgcgec ctgtagegge gcattaageg cggcgggtgt 7500
ggtggttacg cgcagcgtga ccgctacact tgccagcegece ctagecgcceg ctectttege 7560

tttcttecct tectttcecteg ccacgttege cggctttece cgtcaagete taaatcgggg 7620
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gctececttta gggtteccgat ttagtgecttt acggcacctc gaccccaaaa aacttgatta 7680
gggtgatggt tcacgtagtg ggccatcgcce ctgatagacg gtttttcgece ctttgacgtt 7740
ggagtccacg ttctttaata gtggactctt gttccaaact ggaacaacac tcaaccctat 7800
ctcggtetat tettttgatt tataagggat tttgccgatt tcggcectatt ggttaaaaaa 7860
tgagctgatt taacaaaaat ttaacgcgaa ttaattctgt ggaatgtgtg tcagttaggg 7920
tgtggaaagt ccccaggctce cccagcaggce agaagtatgce aaagcatgca tctcaattag 7980
tcagcaacca ggtgtggaaa gtccccagge tcceccagcag gcagaagtat gcaaagcatg 8040
catctcaatt agtcagcaac catagtcccg cccctaactce cgcccatcce geccctaact 8100
ccgcccagtt cecgcccatte tecgecccat ggctgactaa ttttttttat ttatgcagag 8160
gccgaggeceg cctetgecte tgagctatte cagaagtagt gaggaggctt ttttggaggce 8220
ctaggctttt gcaaaaagct cccgggagcet tgtatatcca ttttecggatce tgatcagcac 8280
gtgatgaaaa agcctgaact caccgcgacg tctgtcgaga agtttctgat cgaaaagttce 8340
gacagcgtet ccgacctgat gcagctcectceg gagggcgaag aatctcgtge tttcagette 8400
gatgtaggag ggcgtggata tgtcctgcgg gtaaataget gecgcecgatgg tttctacaaa 8460
gatcgttatg tttatcggca ctttgcatcg gcecgcecgetecce cgattccgga agtgcttgac 8520
attggggaat taattcagcg agagcctgac ctattgcatc tccegecegtg cacagggtgt 8580
cacgttgcaa gacctgccetg aaaccgaact gecccgcetgtt ctgcagecgg tcgcggaggce 8640
catggatgcg atcgctgegg ccgatcttag ccagacgage gggttcggece cattcggacce 8700
gcaaggaatc ggtcaataca ctacatggcg tgatttcata tgcgcgattg ctgatcccca 8760
tgtgtatcac tggcaaactg tgatggacga caccgtcagt gcgtccgteg cgcaggctcet 8820
cgatgagctg atgctttggg ccgaggactg ccccgaagtce cggcaccteg tgcacgcgga 8880
tttcggcetee aacaatgtcec tgacggacaa tggccgcata acagcggtca ttgactggag 8940
cgaggcgatg ttcggggatt cccaatacga ggtcgccaac atcttcttet ggaggccgtg 9000
gttggcttgt atggagcagc agacgcgcta cttcgagegg aggcatccgg agcttgcagg 9060
atcgeccgegg ctceccecgggegt atatgcecteeg cattggtett gaccaactcet atcagagcett 9120
ggttgacggc aatttcgatg atgcagecttg ggcgcagggt cgatgcgacg caatcgtecg 9180
atccggagee gggactgtceg ggcgtacaca aatcgeccge agaagegcegg ccgtctggac 9240
cgatggctgt gtagaagtac tcgccgatag tggaaaccga cgccccagca ctcecgtceccgag 9300
ggcaaaggaa tagcacgtgc tacgagattt cgattccacc geccgecttet atgaaaggtt 9360
gggcttcgga atcgttttcee gggacgccgg ctggatgatc ctccagcecgeg gggatctcat 9420
gctggagtte ttecgeccace ccaacttgtt tattgcaget tataatggtt acaaataaag 9480
caatagcatc acaaatttca caaataaagc atttttttca ctgcattcta gttgtggttt 9540
gtccaaactc atcaatgtat cttatcatgt ctgtataccg tcgacctcta gctagagcett 9600
ggcgtaatca tggtcatage tgtttcectgt gtgaaattgt tatccgctca caattccaca 9660
caacatacga gccggaagca taaagtgtaa agcctggggt gcctaatgag tgagctaact 9720
cacattaatt gcgttgcgcet cactgccecge ttteccagtcg ggaaacctgt cgtgccaget 9780
gcattaatga atcggccaac gcgcggggag aggcggtttg cgtattggge getcttecege 9840

ttectegete actgactege tgcgetceggt cgtteggetg cggcgagegg tatcagcetca 9900
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<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 20

catgcacacc aataaacttt tgcttttett tttagccaat aatatgttte cgtgtggttt
ttataggtta accacttatg gtgtaaagta ggatattcat agttattgaa aacatgggta
cacaatgtaa cactaaacta ctatccgcac taatagcaac tgcaatcatce ctaactgceca
ttcectagetee ggtactttta catgaacaag aaaaggcatt ttaccgacaa ctttttgege
aaagtcaaca tgtaaaaaca cccatcacgg tagttcaggg agatacagtt taccttaacg
ctagtaataa cccctgcaac tattccaget tetggaacta tggegattge gaactttgtg
gatggaacgyg atacatacaa agacaatatc acgaaaacaa atcgtgctet ccacgattta
catgttttaa tgacaccaaa ggtcttagac tacataacgt tacgtttage gattcaggaa
catacacaga atacatgtac gactgtgatt ttccatgtaa cacgagtgac tatgaatatg
acatactaaa ctattttgac aattgtacta ctaccataaa cagtaccaat tatattatca
cegtattgte tccacgtcat tctaaacaca cegatttgea cgtatceget cacgeeggtt
tggcagcetge catggtgaca gtaattataa tttgegtttt gatctacttt aacgttecgg
caacccggag acacagacta cgaactagaa ataacgttaa ccacatactg taattacaaa
gtatcgacge tagtttatte aggataaatt tgtgctactt tgtgtagetce tcaaaaattg
taaggcccca cttttecact ccgtcatgaa agatcgtaat aagctactca tatgtattat
ccttatttte accatgtgee tcatctgtet ttattttaaa cgcegttgta ttectactee
atctccagac aaggcagatce tgcgagtgga atttectteg ttatctecegt gtgteggeat
acaatgcget tcacgggaag atgcgtgata catagcgtac ccccagacgg tacggettat
gagaacacaa ttgaaggaaa gtacaggttc ctgttgatat gttattacayg aaggtcacgg
aacacaaacg ttttetgegt gtgtttttat aaaagagegt ctcegaagcag cttgagecac
actacggtcee agatgacgag cgtgatcaaa aatatgcege gcagtagteg aaageegtac
tgagegtgeg aggegggtag ggtgccgaac gacggatatg cgtegtcate atctttgact
ataaggatcg cgaccgaatce ttcggacatg gtaaaagcca cccactgtgg ctggtatgta
gegtatceegyg tttggaateg tteggetecyg geteggggga tagtgaggaa ttetcagggyg
acgatatggg acccaatgac tggataaaag aagggttttt cccagtaaga tgatcceccgt
atcacatgag atctggatat gtataaatga ggagtgaaat aggcaaaggg tatcagacac
cggecccegte atgecagecge tggttetete ageggaggaa ctategtcete tgetgatttg
caaatacatc ccaccttaag cgacgagtce ataaagcate gttatceggg tacggtgaaa
gtgaccegga ttgcaccacyg tccetttttt gtttttgeat cgtttategt caccactagt
gcaatatttt tatcgtaagg ctgaaagagt atcgttatga tgcttagaat gtggagatta
ttacagatgg tactgecttge cacgtactgt tattatgttt ttgcgaattyg ttcaatcage
acgacgactg ctectgtgga atggaagtet cccaaccgte agattcccaa gaatattace
tgegectaatt actcagggac cgteggeggt aacgttactt ttcagggtcet caagaataaa
acggaagact ttttatcttg gctacteggg tetggctata agtcetatttyg ctegttette

ccacaactce ctggtgatte taatgagcag cattacagat atgaagtaac caacctcacg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100
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tacaattgta cctatgaccg cctaacgtta ctgaatctaa cgatggaaaa cagcaggaat 2160
tactatttca gaagagaaga tgcgaattcc accttctact actcttgtta caacctgacce 2220
gtgtcctaga gaacgcacgt gaagttccac agagccgegt ggctgtaget attgtttacg 2280
ttgcttttga aatgttaagc gtccectacga cgctaactcg ggggagtceca gggttttcece 2340
agtcacgacg ttgtaaaacg acggccagtg aattcgagct cggtacccgg ggatcttgaa 2400
gttcctatte cgaagttcct attctctaga aagtatagga acttcagagce gettttgaag 2460
cttggcgtaa tcatggtcat agectgtttec tgtgtgaaat tgttatccge tcacaattcece 2520
acacaacata cgagccggaa gacacaagac tgccactcca catacaacgt ggatcatacc 2580
cctggttatce attataacaa tcatcatttt aatttgtttc aaatttcccce agaaagcttg 2640
gaataaattc acacaatacc gatacagcga tatgctcgcc gectgcttaaa gaatcaacgt 2700
cgaggaaacc aaaacgcaaa cataatggat atgtacgtgt atttttcagc tcactgtttg 2760
aataccgtaa gaaaaatgac gtacatatac gtaataatac aacagttgct catgttatgce 2820
ggcgcectgat taactatatc gtgagtcatg gcctttttece atggtccgte atgaccgcaa 2880
tgatacttta caggtattcc gaaacctgta tggaggtcac cgttaaagta ggtgatccgg 2940
tcaccctegg aagtggacac ggttatcatce ctggccaaag agtacactgg tataatcatt 3000
catgtgtcgg catcggtaac ggcgaaaatg cgcatcctat ctgtacctac gaccctcecta 3060
aacctggtaa acataagacg atgaaaacca ctccgccgece attaccgecg ttgtacgaat 3120
gtcataattc tacattaagt atccttcatg taaacgtttc agatcccaaa aactactgca 3180
gacgaaaatg tccatcaaat ggtaataact gtgagtttcc cacgtgtttt cagttatcgce 3240
ttatttatag aacgacgacc accaaaaaac ccggacaaaa aactacgtca ccgagattaa 3300
gaaccacgcce aaagaaacat acacagcaca aaagatccac aggaagaacyg tcacctaaag 3360
attataatgt tacaggtctg ccaaaaggct ttgcggactc gtttaccggt aacgcagagg 3420
cacatagagc caaagatgcc gcacacagcg catggattat cattgtcatc atcattatca 3480
tagtcgtcat tttatttcte ttcaagattc ctcaaagact ccgagaaaaa tgggacacca 3540
ggggatactt ttacaaagga accgacggcce tgcccactac ggactaattg tegtgagegg 3600
atggatatct ccggtttcaa acccactgtt tgaatatagg gacagtccct acggaacctg 3660
agaacatgtg gaaattacct gtggtagaat gctgttcagg tacatcacct ttcatcgcga 3720
aaaggtactt tacctaacgg ctgcatgcat ctttggtggc tacatcagcc tccacgatgce 3780
ctgcataccg gtggttggca aaataggtac caacgtcacg ttgaacgcgg tagattttca 3840
tcececggtgat cacgttceget ggtettacgg tececggtggg gcaggctaca tgctatgtgt 3900
ttacactggt agttggacag aatacaaaaa gccagacatc atttttaagt gtttatcaaa 3960
taacagtctt cttttaatta acgtaactgt aaattatacc aacacttacc gtaccttgac 4020
atcgttaaac aattgggttc acaatcaaca tcaccataaa tttcccggat ggaacttgga 4080
cacatgttac agtctcacag tgaacgaaaa cggtacattc cccactacca ccaccaaaaa 4140
acccactacg accacgagaa cgacaactac caccacaaca aagaaaacaa ccaccacgag 4200
aacaaccacc gccgcecaaga agacgacgat aagcactacce catcataaac actccagtcc 4260
caaaaaatcc agcaccccta acagtcacgt agaacatcac gttggttttg aagccacagce 4320
agcggaaaca ccgttacaac caagcccaca gcaccaacac gtggctacac acgccctetg 4380

ggttttagcg gtcgtaatcg ttattatcat cattatcatt ttctactttce gaataccgca 4440
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aaagctgtgg ctgctctgge agcatgacaa gcacggcatc gtgctcatcce ctcaaaccga 4500
tctgtgagca agtcgcgtag gaaatgattg catgaaatca ctgtgaaacg ccaactccgt 4560
gccagctgge geggceggaca ggectttgac gtatttgaag ccaggcgcge tcetcecgatacce 4620
gaaaggatcc gagggggctt tccaaagccg acgtccctga ttccecttcat aaagetgttg 4680
accggcececta gaaagaccaa gagcatgcetg tgggceccact gcggtcecgett cttgegttat 4740
catctgctece cgctgctget gtgtagactg ccattcecttac tectttteca geggccgcag 4800
tgggcccacyg gcttggacat tgtcgaggag gacgagtgge tacgggagat acaaggagceg 4860
acgtaccagce tgtccatagt gcgccaagece atgcagcacg ccggattcca agtcagagca 4920
gcgteggtceca tgacgcggcg aaacgccgtt gacctggacce gaccgecget ttggtceggga 4980
tcgctececge atttgccegt ctacgatgtg cgtteccege ggccgttgag accgccgtcea 5040
tcacagcatc acgccgtatc acccgaactg ccgtcecgcgag acgggatacg ttggcagtac 5100
caagagctgce agtatctggt ggaagaacaa cggcggcgaa atcagtcgcg caatgcgatt 5160
ccgagaccct cgttecccce tccggatcca ccatcgcage cggcagagga tgcacgagac 5220
gecggacgcayg aacgtgccga atcaccacat agtgcagaaa gcaccgtcag gcacgacgcg 5280
agtgagaacg cagtgcggcg acggcacgaa agacggcgcet ataacgctct gacggtecge 5340
agccgggact cgctgctect gacgcgaata cgcttcectecca accaacggtg tttcecggacgce 5400
gggegtcetga gacatcccge gggaageggt cecaacacceyg geggaccgeyg acccggeggt 5460
gcgggactee gtcaactacg ccaacaactg acggtccegcet ggcagetgtt cecgectacgg 5520
tgccacggtt ggacacagca ggtctctage cagatcagaa cccgetggga ggaaagcaac 5580
gtcgtgagec agacggccac gcgagtacgt acgtggtteg tgaaaagaac cacgttttgg 5640
cgtegeacgt gggtteceggg acagaacceg gceggecgaag cgcaagaact ggccgtcata 5700
cegeeggeac ccacggtgcet ccggcagaac gaggaaccac dgtcaacagcet tacgggagag 5760
gagacaagaa attcaacgca cactcaacgt gaagaagtgg aggacgtttc gagagagggce 5820
gcgagagaag ggaatgatgg gagccgagca agtggaaacyg acgagagaag gaataatgeg 5880
ggaagatatg atgatgatca tgaggttcaa gagccgcagg tcacttatcc agcgggacaa 5940
ggagaactga ataggaggtc acaggaggag aacgaggaag gtggaccgtyg tgaatcgccg 6000
ccaatgacga caaatacgct gaccgtggece tgtecgecce gagaacccce gecatcgtgec 6060
ctgtttegte tatgcttagg actgtgggtce tcegagctacce tggttcgacg gecccatgacg 6120
atttagaata caccgagcca ttectttatt tecccccate ccecggteget tatgegtgtt 6180
aaacactacc aataaagata atctgccaat cgcaccttat atataatatg tggtcgegtg 6240
tggtcttttt aaggagctct gaaacacaga caggtatggg cggtggtcegg ctgccgecgce 6300
tgtggctgee gectactgate gectggageg agtggggcaa ctgctgecte gatgcgecte 6360
cggtggtgeg ttegecctgt ctgcagecgg tgcgegacceg caaccgcgag cggaacccegg 6420
gctcaccgeca gttgctgect tacggcgace gtectggaggt ggcecctgcate tteccccegege 6480
acgactggcce agaggtctcet atccgagtec acctctgeta ctggcccgag atcgtgegtt 6540
cgetggtggt ggacgcacgce agcggtcagg tgttacacaa cgacgccagce tgttacatcg 6600
ceggegggeg ctggegette gaggacggeg gcegeggcegcea geggetgage ctetegttte 6660

ggctcatcac cgagaccgeg ggcacctaca cctgegtget gggcaacgag acccacagec 6720
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tggcgaccga gaccacggceg ctggtggceeg acatgcacga cctgegecac tcggaccget 6780
cctgcgacct ggctttcecgga tegegectcac agacgcggta cctgtggacg cccgatccect 6840
ccaggttgcg cagtataaac tgcggttggg agggtgaacg gcaccgcegta gtccactaca 6900
tcececggecac ctegggtttyg ctgecctegt gecgaggagga cgagcgcgaa ctgtgegtge 6960
ccttecatcag ccagagcatt gcggacaaca actgcagcecg ccggcatcga gttgacggeg 7020
ctaggcggceg ctatcatcta cggagggatt actggctgac ggatccgaag atcgggttge 7080
tggcecgeggg atcggtggec ctgacctececce tetgcecacct gcectgtgetac tggtgttceeg 7140
aatcgtaccg gegtctgaac accgaggagg aaagcgaggce ggcggaggaa actgccgegg 7200
gagaagccte tgeggtageg geggceggecg tcetcetgagga agagcagegyg cgggagtaaa 7260
cgaggagagce catgaagcgg atgattcgca gtcacggcag gaaaacggaa tgtcagatga 7320
cgggegecgg cgagegacge ggctccegeeg teggtgegece catctgegge ageggtaccc 7380
gacgcggceayg cggcgccaac gaacgcecgeg actccgacgt cggteccate gceccacagta 7440
geggtaccayg acgeggttceg gcgaatgaaa cgtcecgectyg tacgeggacce gatcaccaga 7500
aggcggacat tgggctgtgg ttcatgttte tggtttttgg actgtgttceg tggttggcga 7560
tgcggtatcg cgcacaataa attttgaatc gatgtcaagg aacgcgtgtt ttgtatttta 7620
ttgggaatat tggcggggat aaaccggttt cggatgttta cccttaatct taccggggac 7680
ctegttgtee tectectectt cttectcecgga caccgggcete catgctgacyg taggtaccga 7740
ctggggtcaa aagcctgggt acttatgagg agcgegcaca aaggaccgtt aggcgecgge 7800
atggagcgtc gccgaggtac ggtaccgetg ggatgggtgt tttttgttet ttgcttatcet 7860
gcctettect cgtgtgetgt tgacctgggt agcaagtect ccaactcgac ctgeccgettg 7920
aatgtgacgg agttggcctc gatccatcct ggggaaacgt ggacgttaca cgggatgtgt 7980
atttctatct gctactacga gaatgtgacc gaggacgaga tcatcggegt ggcttttact 8040
tggcagcata acgagtctgt ggttgacctg tggttgtacc agaacgacac ggtgatccgce 8100
aatttcagcg acatcaccac taacatcttg caagacggac tgaaaatgcg aaccgtccct 8160
gtgactaaac tgtacaccag ccgcatggtc actaatctta ccgtgggccg ctatgactgt 8220
ttacgctgceg agaacggtac gacgaaaata atcgagcgcece tctacgtecg attgggcteg 8280
ctatatccga gaccgeccgg atcecgggete gccaaacacce cctecgtaag cgccgacgag 8340
gaactgtceg cgaccttgge gagagacatc gtgttggtcect cagccatcac tetgttette 8400
ttettgttgg cecctacggat cccccagcga ctgtgtcage ggctgcgcecat tegectgceceg 8460
catcgatacce agcggttacg caccgaggac tgaacggata accgcaaagg ccacgtgcaa 8520
cgttcacgect gectataagaa ggccatgtec cccgtggacg ggtcectcectttg acacgagcgce 8580
ggcacgcegt tgccacgagce atggatcacg cgctcttcac acacttcecgte ggccgacccce 8640
gtcactgtcg gttggaaatg ttgattctgg acgaacaggt gtctaagaga tcctgggaca 8700
ccacggttta ccacaggcgce cgcaaacatce tacctcgacg tegegetcceg tgeggecccec 8760
agaggcccgce cgagattccec aaaagaagaa aaaaggcggce cgtcectteta ttttggcacg 8820
atttgtgectg getgtttega cgacttttet ttecteggga ggactcagag ccactgatgt 8880
cggatccegge acggtctece gaagaggagg agtaaacaac acacggctaa gaggatacat 8940
catcaaagaa gataggaggg gtcaaaacgc ggactgaaag tatataacgc cgatcatgtce 9000

cgaggaactg ttaataaaac gccatgatga caatgtggtg tctgacgttg tttgtgctgt 9060
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143

-continued

tgtacaccat ctataaacaa tctaatttaa attacgaggt aattaacgta acagcgtatg 233160
tcggtggata cgtcactctg caaaattgca ctagaacgga tacatggtat gatgtagaat 233220
ggataaaata tggaactcgt acacaccaac tgtgcagaat tggaagttat cattcaacgt 233280
ctccactaaa cggcatgtgt ctagactgta acagaacctc tctcaccatc tacaacgtaa 233340
ccgtcgaaca cgctggaaaa tacgttttac atcgctacat tgacggtaaa aaggaaaact 233400
actatctaac tgtattatgg ggaaccacaa catcgtctce tatacctgac aaatgcaaaa 233460
caaaagagga gtcagatcag cacaggcgcg gagcgtggga cgacgtaata acaactgtaa 233520
aaaacactaa cattcccectg ggaattcatg ctgtatggge gggtgtagtc gtatctgtgg 233580
cacttgtagce cttatacatg ggtagccgtc gegcttccag gaaaccgegt tataaaaaac 233640
ttcccaaata tgatccagat gagttttgga ctaaaacctg a 233681
<210> SEQ ID NO 21

<211> LENGTH: 4159

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 21

ctaaattgta agcgttaata ttttgttaaa attcgcgtta aatttttgtt aaatcagetce 60
attttttaac caataggccg aaatcggcaa aatcccttat aaatcaaaag aatagaccga 120
gatagggttyg agtgttgttc cagtttggaa caagagtcca ctattaaaga acgtggactce 180
caacgtcaaa gggcgaaaaa ccgtctatca gggcgatgge ccactacgtg aaccatcace 240
ctaatcaagt tttttggggt cgaggtgccyg taaagcacta aatcggaacc ctaaagggag 300
ccececgattt agagettgac ggggaaagece ggcgaacgtg gcgagaaagg aagggaagaa 360
agcgaaagga gcgggegeta gggegetgge aagtgtageg gtcacgetge gegtaaccac 420
cacacccgece gegettaatg cgeegetaca gggcgegtee cattcgecat tcaggetgeg 480
caactgttgg gaagggcgat cggtgeggge ctettegeta ttacgccage tggcgaaagg 540
gggatgtgct gcaaggcgat taagttgggt aacgecaggg ttttcecagt cacgacgttg 600
taaaacgacg gccagtgage gegegtaata cgactcacta tagggcgaat tgggtaccgg 660
gecceceecte gaggtcgacg gtatcgataa gettgatcee aagettgata tcgaattegg 720
atgggcteeg gaatcggege agcaagcatg gaattttgtt ttgatgtatt caaggagetce 780
aaagtccacce atgccaatga gaacatctte tactgcccca ttgccatcat gtcagetcta 840
gecatggtat acctgggtgce aaaagacage accaggacac agataaataa ggttgttege 900
tttgataaac ttccaggatt cggagacagt attgaagctc agtgtggcac atctgtaaac 960

gttcactctt cacttagaga catcctcaac caaatcacca aaccaaatga tgtttattcg 1020
ttcagecttg ccagtagact ttatgctgaa gagagatacc caatcctgcce agaatacttg 1080
cagtgtgtga aggaactgta tagaggaggc ttggaaccta tcaactttca aacagctgca 1140
gatcaagcca gagagctcat caattcctgg gtagaaagtc agacaaatgg aattatcaga 1200
aatgtccttce agccaagctce cgtggattcect caaactgcaa tggttctggt taatgccatt 1260
gtcttcaaag gactgtggga gaaaacattt aaggatgaag acacacaagc aatgcctttce 1320
agagtgactg agcaagaaag caaacctgtg cagatgatgt accagattgg tttatttaga 1380

gtggcatcaa tggcttctga gaaaatgaag atcctggagce ttccatttge cagtgggaca 1440
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atgagcatgt tggtgctgtt gcctgatgaa gtctcaggcece ttgagcagct tgagagtata 1500
atcaactttg aaaaactgac tgaatggacc agttctaatg ttatggaaga gaggaagatc 1560
aaagtgtact tacctcgcat gaagatggag gaaaaataca acctcacatc tgtcttaatg 1620
gctatgggca ttactgacgt gtttagectct tcagccaatc tgtctggcat ctcectcagcea 1680
gagagcctga agatatctca agctgtccat gcagcacatg cagaaatcaa tgaagcaggc 1740
agagaggtgg tagggtcagc agaggctgga gtggatgectg caagcgtcetce tgaagaattt 1800
agggctgacc atccattcecct cttetgtatce aagcacatcg caaccaacgce cgttcectctte 1860
tttggcagat gtgtttccece ttaagecggcec gecgcatcga attcecctgcag cccgggggat 1920
ccactagttc tagagcggcc gccaccgegg tggagctceca gcecttttgtte cctttagtga 1980
gggttaattyg cgcgcttgge gtaatcatgg tcatagetgt ttcctgtgtg aaattgttat 2040
ccgetcacaa ttccacacaa catacgagec ggaagcataa agtgtaaage ctggggtgec 2100
taatgagtga gctaactcac attaattgcg ttgcgctcac tgcccgettt ccagtcggga 2160
aacctgtegt geccagctgca ttaatgaatc ggccaacgcg cggggagagg cggtttgegt 2220
attgggecgcet cttceegcette ctegetcact gactcegetge gcteggtegt teggectgcegg 2280
cgagcggtat cagctcactc aaaggcggta atacggttat ccacagaatc aggggataac 2340
gcaggaaaga acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg 2400
ttgctggegt ttttccatag gcectecgecce cctgacgage atcacaaaaa tcgacgctca 2460
agtcagaggt ggcgaaaccc gacaggacta taaagatacc aggcegtttce ccctggaage 2520
tcectegtge getctectgt tecgaccetyg cegettaccg gatacctgte cgectttete 2580
ccttegggaa gegtggceget ttetcatage tcacgctgta ggtatctcag ttcecggtgtag 2640
gtcgtteget ccaagetggg ctgtgtgcac gaaccccecg ttcagecccga ccgcectgcgece 2700
ttatccggta actatcgtet tgagtccaac ccggtaagac acgacttatc gccactggca 2760
gcagccactyg gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcttg 2820
aagtggtggce ctaactacgg ctacactaga aggacagtat ttggtatctg cgctctgctg 2880
aagccagtta ccttcggaaa aagagttggt agctcttgat ccggcaaaca aaccaccgcet 2940
ggtagcggtyg gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa 3000
gaagatcctt tgatctttte tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa 3060
gggattttgg tcatgagatt atcaaaaagg atcttcacct agatcctttt aaattaaaaa 3120
tgaagtttta aatcaatcta aagtatatat gagtaaactt ggtctgacag ttaccaatgce 3180
ttaatcagtg aggcacctat ctcagcgatc tgtctatttc gttcatccat agttgectga 3240
ctcceegteg tgtagataac tacgatacgg gagggcttac catctggcecce cagtgcectgca 3300
atgataccgce gagacccacg ctcaccggcet ccagatttat cagcaataaa ccagccagec 3360
ggaagggcceg agcgcagaag tggtcctgca actttatccg cctcecatcca gtctattaat 3420
tgttgcecggg aagctagagt aagtagttcg ccagttaata gtttgcgcaa cgttgttgece 3480
attgctacag gcatcgtggt gtcacgcteg tegtttggta tggcecttcatt cagctccggt 3540
tceccaacgat caaggcgagt tacatgatcc cccatgttgt gcaaaaaagce ggttagctcece 3600
ttecggtecte cgatcgttgt cagaagtaag ttggccgcag tgttatcact catggttatg 3660

gcagcactgce ataattctct tactgtcatg ccatccgtaa gatgctttte tgtgactggt 3720
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gagtactcaa ccaagtcatt ctgagaatag tgtatgcggc gaccgagttg ctcttgecccg 3780
gcgtcaatac gggataatac cgcgccacat agcagaactt taaaagtgct catcattgga 3840
aaacgttctt cggggcgaaa actctcaagg atcttaccge tgttgagatc cagttcgatg 3900
taacccactc gtgcacccaa ctgatcttca gcatctttta ctttcaccag cgtttctggg 3960
tgagcaaaaa caggaaggca aaatgccgca aaaaagggaa taagggcgac acggaaatgt 4020
tgaatactca tactcttecct ttttcaatat tattgaagca tttatcaggg ttattgtcte 4080
atgagcggat acatatttga atgtatttag aaaaataaac aaataggggt tccgcgcaca 4140
tttcececgaa aagtgccac 4159
<210> SEQ ID NO 22

<211> LENGTH: 6379

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 22

ctcgagttta ccactcecta tcagtgatag agaaaagtga aagtcgagtt taccactcce 60
tatcagtgat agagaaaagt gaaagtcgag tttaccactc cctatcagtyg atagagaaaa 120
gtgaaagtcg agtttaccac tccctatcag tgatagagaa aagtgaaagt cgagtttace 180
actccctate agtgatagag aaaagtgaaa gtcgagttta ccactcccta tcagtgatag 240
agaaaagtga aagtcgagtt taccactcce tatcagtgat agagaaaagt gaaagtcgag 300
cteggtacce gggtegaggt aggegtgtac ggtgggagge ctatataage agagctegtt 360
tagtgaaccg tcagatcgece tggagacgce atccacgcetg ttttgaccte catagaagac 420
accgggaccyg atccagecte cgeggecceg aattcegaget cggtaccegg ggatccacca 480
tgtaccccta cgacgtgece gactacgcca cgtccagact atccgtgaaa agtttgagaa 540
gcatcagtag gttcgtccag tgggagtgtt gttggatget cgtcaacaag agegegeget 600
accgagagtt ccgegecgte accagecagt cgecgggget ggggaaggte tectccaccg 660
acgacgggag atgtctegece gectccatga tgettttcag acgtgacggt aattttgtee 720
tctgtetggt cgtcaataag gagecggtgg gtcagttegg ctgcagtgge atgeggcegeg 780
agaagatggt catcgatgga ctccaggage ccgtctacgt gatgegtete ctggecccce 840
tcatcccegt caagctagga ttetegecct acatgttgec gectaagage atcggegget 900
ceggeggtet ggaccccage gtcatctace agaacgegag tgtggtcacyg cccgaagagg 960

ccgccaccgt cactatgcag ggttccggca tegtgaccegt ggggctcagt ggcegttgget 1020
cctgggtgca gatcaaggat ggtgggaaca tgaagctctt cgtcecttegece ctetgetteg 1080
acgtctttac cgcctgctge gateggcteg ccecttecegte cctggccaag atctacageg 1140
aaactgtgtc ctgcgaggcc gacaagtgcg gattctgtcg agattceggt cggcacgteg 1200
atcccaccgg cecgcttegte ggctgegtee ccgacagtgg cgtgtgtete tgttactcge 1260
cgtgtecgegg gacggatgec geggtcageg tcagaagcetg gttaccttac ctggaactgg 1320
aagacggtgc gaacacgcac agcectctteg tgcggegceta cgacggcagg aaaggactge 1380
cggccacgat atctgactac ctcggcgcca ggaacagcga gggcgacgag atcccgetga 1440
ggaccgagece ctggcagcte ttgaagatag aaccgacgct gtccgceccatg atcatcatgg 1500

cctgteectt actcaaaaag atcgttcteg agcacatgtg aagtcgactce tagcgcggec 1560
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gcatcgataa gcttgtcgac gatatctcta gagctgagaa cttcagggtg agtttgggga 1620
ccettgattg ttetttettt ttegetattyg taaaattcat gttatatgga gggggcaaag 1680
ttttcagggt gttgtttaga atgggaagat gtcccttgta tcaccatgga ccctcatgat 1740
aattttgttt ctttcacttt ctactctgtt gacaaccatt gtctcctett attttetttt 1800
cattttetgt aacttttttc gttaaacttt agcttgcatt tgtaacgaat ttttaaattce 1860
actttcgttt atttgtcaga ttgtaagtac tttctctaat cacttttttt tcaaggcaat 1920
cagggtaatt atattgtact tcagcacagt tttagagaac aattgttata attaaatgat 1980
aaggtagaat atttctgcat ataaattctg gectggcgtgg aaatattcectt attggtagaa 2040
acaactacat cctggtaatc atcctgectt tetcectttatg gttacaatga tatacactgt 2100
ttgagatgag gataaaatac tctgagtcca aaccgggcce ctctgctaac catgttcatg 2160
ccttettett tttectacag ctectgggca acgtgctggt tgttgtgetg tetcatcatt 2220
ttggcaaaga attcactcct caggtgcagg ctgcctatca gaaggtggtg gectggtgtgg 2280
ccaatgccct ggctcacaaa taccactgag atctttttcee ctectgccaaa aattatgggg 2340
acatcatgaa gccccttgag catctgactt ctgggtaata aaggaaattt attttcattg 2400
caatagtgtg tgggaatttt ttgtgtctct cactcggaag gacatatggg agggcaaatc 2460
atttaaaaca tcagaatgag tatttggttt agagtttggc aacatatgcc atatgctggce 2520
tgccatgaac aaaggtggct ataaagaggt catcagtata tgaaacagcc ccctgetgte 2580
cattccttat tccatagaaa agccttgact tgaggttaga ttttttttat attttgtttt 2640
gtgttatttt tttctttaac atccctaaaa ttttceccttac atgttttact agccagattt 2700
ttectectet cectgactact cccagtcata getgtceccte ttectecttatg aactcgactg 2760
cattaatgaa tcggccaacg cgcggggaga ggcggtttge gtattgggeg ctcttecget 2820
tcetegeteca ctgacteget gegeteggte gtteggetge ggcgageggt atcagctcac 2880
tcaaaggcgg taatacggtt atccacagaa tcaggggata acgcaggaaa gaacatgtga 2940
gcaaaaggcc agcaaaaggc caggaaccgt aaaaaggccg cgttgcectgge gtttttecat 3000
aggcteccgee cccctgacga gcatcacaaa aatcgacgcet caagtcagag gtggcgaaac 3060
ccgacaggac tataaagata ccaggcgttt ccccctggaa gcteccctegt gegctcetcect 3120
gttccgaccee tgccgcttac cggatacctg tceecgecttte tecctteggg aagegtggeg 3180
ctttctcaat gectcacgetg taggtatctce agttcecggtgt aggtcgtteg ctccaagctg 3240
ggctgtgtge acgaacccce cgttcagcecce gaccgctgeg ccecttatccgg taactategt 3300
cttgagtcca acccggtaag acacgactta tcecgccactgg cagcagccac tggtaacagg 3360
attagcagag cgaggtatgt aggcggtgct acagagttct tgaagtggtg gcctaactac 3420
ggctacacta gaaggacagt atttggtatc tgcgctctge tgaagccagt taccttcecgga 3480
aaaagagttg gtagctcttg atccggcaaa caaaccaccg ctggtagcegg tggttttttt 3540
gtttgcaagc agcagattac gcgcagaaaa aaaggatctc aagaagatcc tttgatcttt 3600
tctacggggt ctgacgctca gtggaacgaa aactcacgtt aagggatttt ggtcatgaga 3660
ttatcaaaaa ggatcttcac ctagatcctt ttaaattaaa aatgaagttt taaatcaatc 3720
taaagtatat atgagtaaac ttggtctgac agttaccaat gcttaatcag tgaggcacct 3780

atctcagcga tctgtctatt tegttcatcce atagttgect gactcceegt cgtgtagata 3840
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actacgatac

cgcteacegy

agtggtcctyg

gtaagtagtt

gtgtcacgcet

gttacatgat

gtcagaagta

cttactgtca

ttctgagaat

accgegecac

aaactctcaa

aactgatctt

caaaatgceg

ctttttcaat

gaatgtattt

cctgacgtet

aggcecttte

tgctttattt

ttttatgttt

caaatgtggt

getggggegt

cgegettetyg

gtcgcatcga

gagttggtca

cggatgecte

gaagaagatg

gaccgetgtt

gaggtgcegg

gacggacgca

aatcgegeat

gecgaacccyg

cggetgeaga

acggcegggag

aatcgggage

ggcgcageta

agattctteg

aaacttcteg

cctaggecte

tcggectetyg

gggagggett
ctccagattt
caactttatc
cgccagttaa
cgtegtttygyg
cccecatgtt
agttggecege
tgccatcegt
agtgtatgeg
atagcagaac
ggatcttace
cagcatcttt
caaaaaaggg
attattgaag
agaaaaataa
aagaaaccat
gtctegagge
gtaaccatta
caggttcagg
atggctgatt
cggtttecac
cgggegattt
cecctgegece
agaccaatgc
cgctegaagt
ttggcgacct
atgcggecat
acttecgggge
ctgacggtgt
atgaaatcac
ctegtetgge
acagcgggcea
atgcaatagg
geggecgatg
tttacccgea
cecctecgaga
acagacgtcg
caaaaaagcc

cataaataaa

accatctgge
atcagcaata
cgectecate
tagtttgege
tatggcttca
gtgcaaaaaa
agtgttatca
aagatgettt
gegaccgagt
tttaaaagtg
getgttgaga
tactttcacc
aataagggcg
catttatcag
acaaataggg
tattatcatg
agtgaaaaaa
taagctgcaa
gggaggtgtg
atgatcctet
tatcggegag
gtgtacgcce
aagctgeate
ggagcatata
agcgegtetg
cgtattggga
tgtcegteag
agtcctegge
cgtecatcac
gccatgtagt
taagatecgge
gtteggttte
tcaggetete
caaagtgceg
ggacatatcc
getgcatcag
cggtgagtte
tccteactac

aaaaattagt

cccagtgetyg

aaccagccag

cagtctatta

aacgttgttg

ttcagcteeg

geggttaget

ctcatggtta

tctgtgactyg

tgctettgee

ctcatcattg

tccagttega

agcgtttetyg

acacggaaat

ggttattgte

gtteegegea

acattaacct

atgctttatt

taaacaagtt

ggaggttttt

agaactctat

tacttctaca

gacagtcccyg

atcgaaattg

cgececeggage

ctgctecata

atccccgaac

gacattgttyg

ccaaagcatce

agtttgccag

gtattgaccyg

cgcagegatce

aggcaggtct

getgaattee

ataaacataa

acgcectect

gtcggagacg

aggcttttte

ttctggaata

cagccatggyg

caatgatacc gcgagaccca

ccggaaggge cgagcegcaga

attgttgccyg ggaagctaga

ccattgctac aggcatcgtyg

gttecccaacyg atcaaggcga

cctteggtee tecgategtt

tggcagcact gcataattct

gtgagtactc aaccaagtca

cggegtcaat acgggataat

gaaaacgtte tteggggcega

tgtaacccac tcgtgcacce

ggtgagcaaa aacaggaagg

gttgaatact catactctte

tcatgagegg atacatattt

catttccecceyg aaaagtgeca

ataaaaatag gcgtatcacg

tgtgaaattt gtgatgctat

aacaacaaca attgcattca

taaagcaagt aaaacctcta

tcectttgece teggacgagt

cagccategg tccagacgge

getecggate ggacgattge

ccgtcaacca agctctgata

cgeggegate ctgcaagete

caagccaacce acggccteca

atcgecctege tccagtcaat

gagccgaaat ccgegtgeac

agctcatcga gagectgege

tgatacacat ggggatcagce

attccttgeyg gtcecgaatgyg

gcatcecatgg cctceegegac

tgcaacgtga caccctgtge

ccaatgtcaa gcacttcegyg

cgatctttgt agaaaccatc

acatcgaagce tgaaagcacg

ctgtcgaact tttcgatcag

atggaagctt tttgcaaaag

gctecagagge cgaggeggece

gcggagaatg ggcggaactg

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180
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ggcggagtta ggggcgggat gggcggagtt aggggcggga ctatggttge tgactaattg 6240
agatgcatgce tttgcatact tcectgectget ggggagectg gggactttcecce acacctggtt 6300
gctgactaat tgagatgcat gctttgcata cttetgectg ctggggagece tggggacttt 6360
ccacacccta actgacaca 6379
<210> SEQ ID NO 23

<211> LENGTH: 9400

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 23

ttcceggaaa atcactcaaa actacgtcca tgacacatca actcccgata actacctcce 60
tttgaaatcg gatcccccca cgtaccaatce aatcacacaa cacacaggtt taaaaatcga 120
tcactcgtca attaggtttc aaaatcgata ccgtttatta tcaggaatct agactaattce 180
tacaatgaca gctctgaatt tcectctcectegt cttecttgte aggttctcecat catcagttat 240
cacttccace catcgaggag tcatcgtcge tccaaaatce tttggggtceg ctagttggaa 300
aagtctctga cacgatccag gcaccccgea cccagtecga ctgatctage ttgcggagea 360
tctcaacagg catgagetgce agggccatgg ctgtcacgge actgtatcga tgtaacacta 420
gggactttet ttgcgatgta gccatcaaca cggegtatge cccatagtte gegtgatacg 480
acgcatgatg ggttaaacgt tcccatccgg cagtgecgte tegggtecegt gcacacaaca 540
gctgcacgge attatgatge ttaaaattaa ccataacget ggggctactyg atgaaggagt 600
agtaatgagc caggacgccg tacatcgaag gcagcaagaa agagtgacag cacaatagca 660
cegggetett atgtaggcga cagettattt ttcectgacgt cggcaaaaag tacctaaatt 720
ccccacagat attcagacac ggttccgcaa agtgettett tttttagtge aggaattgga 780
aaaaataata aaaaatatga acagctcatc tgtaattatc tgtgtgactt catcgtaccg 840
tgatgtaaaa acaacaacag gaagcttaca gggtgcggta gaaaattttg ccgattgage 900
aacactgttg gcatctctca ctccgatagg cggctataag atagaaaatt aaaagtatga 960

tacccacgag aaagatgaag agggacaacc aggctagagt atgacgacca cttttccctt 1020
gtttgacggt tacatgtgcg gtatgatttt gtcgttgcett gtgatgttgg acgcctggaa 1080
cggacaacga cgtataattc ttagatgcgc atacggtgtt attagtggaa gtgcagttac 1140
gaattgtaac ctcagtgtca ctacactcag tgcaattggt acaattgtaa agccctgata 1200
catacgtacc gttagggcaa agtgtacatg ttgtactcgt atattgcgta cattgtcctg 1260
taacacgata tccttgttta catgggggac aacactgact tcctaattge acttcecttcegg 1320
gtttgcatat ttcagttttc cctatgcatg ccaatagcat actcagcaaa ataagcatca 1380
ccagaggctt catgcctect accggaagaa taaaaataac tcatggggcce gaacggtatce 1440
atcctcetecg cggtttgtaa tacgagatcyg taaacgtaaa taaatgacat aacttcacta 1500
acccgcatac tgcaaagtcc acctacgacg ctgaaagcett ttccaggaca caacaggata 1560
gtcagccatc ttcacaggta accagtttct agtcacagta tagcgagcct aagagaccgc 1620
acacggtccce tgctggaaac acataccact acatcgattt gtcecgtgtegt acaaccgtca 1680

agttttccga acttttatac acgccaatgg cgttaggact atgtgtgcetg ctgtgattgg 1740
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aggcttcecgag agttatgtga cagctgtgat tacacctgtce gccaaggcetg acagcgatta 1800
cccaggtaga gcacaatcac atagctgatg gacgttggtt gatccgttga ttcccatgga 1860
cattttaacg gcgacagtac agctcccgtt aaacattaga ttaatagacg ctagtggatg 1920
acagcatgtt attcgcccaa ttgtgatggt ggttatactt tcttgttttt tgctcatatg 1980
ctgtaaggtg ttcgaggatc gtggggagta tatgtgttaa atcggaatca tatttactga 2040
ccgcgcecata cttcegtatac gaacctaacce ggcgtaaagt gttttccgat atataaactg 2100
gcgectattyg tggectgtage gcccataggt atggcatata cccacggtga tgttgtgtta 2160
ttegtttttt gtgataaaac gtagtttatg tttaacgtgt gttccgtcac gttatgtgtg 2220
tcgttaaaag acggcgtetg tacagtatgg ctttgagttg tatcttgaat tgttattgca 2280
tttggaggtg tgtacagagt ggttgttgtg tgctgaggtg ttgttacgtt ttgaggcaca 2340
gttgtggtgt atacggactt caaggtgtag ttacggagtc tttctatgca ggtagtgttg 2400
agatatttgt gaatgctggt tatgttcgat tctgtgaggt taaagtgtgt actatttatg 2460
gcggtataat ttagacggtce ttgccatcce gaggatgtta gtgttaggta attcgtgttg 2520
tttacgtttg cttgatatgt ataggtaggt gtactgtttg tgaggtcgca agtgtgattt 2580
tcttgcagag attttatcca tettgtgtga aaatattgag atacgcgatg aatgtttteg 2640
ctatctatat tgtaaagcgt ttcggtggta cttaggggtt gtttgctgta actcttattt 2700
tggacccagg atgtgaacca tgactccaat gtttgtatag taaggtgtcc tattaataaa 2760
gacgaactga ttcctaccgt aatgttatat cgcacaccta gggtgccgtt tacaaacacg 2820
gaaatgtttc cgttacaaac cacgttggca gatgaattag attccaggtg gtaacgatag 2880
gataatgacc gttcgctcce aacggatgac acaaagtatc cgaataacca acacgcccat 2940
tcaatccgca tattttaatc acactattca catttcacac actgcatttt ttaacatgtt 3000
atttttttat tttatgcgtg ttctcaccte ttcatctttt taacaccggg gtaactatcg 3060
taagtcggta ggcgtcgata gccctcacca cctegtegte cecttecegg cgtggggcac 3120
cagcgtccac agcactgcag gtaacacagg tagcatagga aacatacggt gaaaatactce 3180
caaaatccca aaaatgccge gattccccga gtggceccagg gagacatccce ggtgtctatg 3240
tcggeecggeg gtgctggegt caccggtaaa aatttceggeg ggtgtggetg cgaacggtag 3300
cagtcgecgg ggagcecggta acgctgtatce actgtccaac agecggteggg ttectegtece 3360
ggacatgcgg gtttccagca atcctceggceg tcecggcgegge cgatatagaa gtagttgegt 3420
tgaaaaccgce ggtacatccce gecagtcegtga ttceegtagac gccagggcegt cggcgaccag 3480
atctggtecte ccagcgagta acgacctaac gecggcegtge agcaaggttce gtcgggcecgg 3540
ctgagcgtcet ccagttgegt gagaattacg aagcgttgca tgatgaggcce gtggctgtag 3600
ttgcgcagca cgcattcgta catgccggec gtgtceccegtceg atacgttgaa agtcagcgag 3660
aatatttggc cgagatgcaa ttgcgagaaa ttccaagtgg cgtacggcag gcggtactgg 3720
agtccgttca tcagccgatg gectttgacg gegtceccagga tgagctegte getgecegteg 3780
tgggaacgac agaaacgtgc gcgaatggag accatgggcec aggagtgtgt catgaccgtg 3840
caggggatgg tataacttgc tctcececctegg cgaccaacac cggcgcceggce gacgtggtet 3900
cataattctc ggcccacatce ttttecggcaa tgtcageggt ggcgaagggg aacgaagagg 3960
aagaatattc gaggagtcgc gggcagctca acagcaccca gaacagccac ggcagagttce 4020

ggagcgacte tcggcggcac atgatgattce tttetttece tttttegcag agacgctgeg 4080
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cgectgetee tgcteegtgt gteggccget caaacgtegg gccggcegtgg tggtgaccac 4140
cgtgcgacgce agcttctege ccgggatgec cgcgactgag cgtecggttt ttttgcaggt 4200
cttttttget gectectect cgecegtcegee gtegeggecg acgtggtgga ccagcaccgce 4260
gcaggaactc tcgegtcecgcee ggeggtacge gacctgtete attgctacct cggatgttta 4320
agaaggaacg ttcatctgcg tcacagggtc tgatgaagct gccaagagtc gtggctgtgg 4380
cgcagcegegt tcectgtacgge gegtttcacce getttcetgca tggeccgcetac cacgtegggt 4440
gggagcggcet ccggcggaag ctegatgage agttgctgeg agtcteggeg cteggtgtcece 4500
gcegtttegt cggacgtgge gtaaaaaacc gaggtggttg cccagtcgte cacgetgtceg 4560
acggcctetg tcagtgcegg gttgtcaaaa ccgccatcgg acgcgggtga taaaagaacg 4620
tacgatgaca cgctgttagt acgactctecg tegtcecgetcect gggaacgacyg tgatggacga 4680
cggtagatga cctcgtcttg ccacgegteg aagcggtcege agcagcgcetg gatccaageg 4740
cagcgaagca gcttacggaa cacgtcegttg ttccaaaagt agagcataaa gagaaagaaa 4800
agtagcgtaa taatgaagcc gaaaacgacg agggtcggca gggcactacce gecgetgecg 4860
ttttttgtgt cgtgcgggtyg cacggtggta gtggcgttag tctgagetgg ggtcatgaca 4920
agtctgaaga gatgagagcg tgggtgctca tcaggaacag ttgaggtcectce tccctaccga 4980
agccttagece tccacggtgt tttatgatca acgtgtctac gaacgtcatt gtgaaagtga 5040
cgtctcagge tttccgaaac cgcgtcagat tcaacgtggg ttteggttta gectgegtcea 5100
ccgaggcgga ggtggaaatg agccgtcectg tgggggagtg tacgaccctg tagtgcccat 5160
gggtaacgtc gcgtcggaag aagtgaatgc ggcattggtg tacgcgtggg ttgttttget 5220
ctctgactcg gaggaattgce cgcagcagct gcagatttta cgtactaacc aaaagcagca 5280
aaagcagcag gtaaataaga gaaggagtcc agataatgtc cagccgctag cggcaagcag 5340
cgcgagetgt ggtactgtec agctactgec gttagaggca ttaatacatg tcgatacggt 5400
cgtgttggeg gtagcactag tagattgact ggaattagag ctggtacctg tagtggttte 5460
actcgecgat gecggcgagtyg caaataaaat taatatccac agcatgttta ttactatata 5520
attgatatac gaacccgtcect gtcgtaacaa tcagcgttat acacgctgta tcggcatcgt 5580
tttaccggaa agtttatcgt aatgtaaccc gegttgtgta cattcgtact gacagggaac 5640
ccecggtgat gtgcacatta tactctttceca ttetggggtt tceccaatgac gtaaaaattt 5700
ccactacaca ataaaattac tgactcatgt gaaaagtgtg ctttttatta acagagcaga 5760
gggtttacag tagatatatg tttgccaggg ccaccgtttt ctaacaccga tcaccgccac 5820
cattaccacc cgttgaactc cacacccggg agccgectga tegcecaggga ctectcaccg 5880
tccategtee gaacaagctce ccgccaccga tgctgecace atcaccgaga gaaagaaccg 5940
cttgctgcag atacgcttgg gcectegectee gtgecggacge cgtttcegtge agacgctgag 6000
tagatcgagc agagaatgtc aaaacgacat taccgcgatc cgctccecte ttttttettt 6060
ttctcattca cgtgtattcet tgatgataat gtaccatggce tacggtggtg aactgcgteg 6120
cggatcccgt cacgggttte aacagatcga cgtcggtcag cggcgccegtce accgccatgt 6180
ccggcggagg cacgcectgttt ctetggttag cgacgtggac cgacgacgaa gacgatgaac 6240
ccgcgeggeg gtcectgttate cgecgacgacg cgtagctgca ctgggaagac acttectcecece 6300

aacggaccaa gatctcatcg ggcegttegg agaaacggta tcgtctgtece gactcecceccgece 6360
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gtacggegee gaggcccage gacgacaggt cegegaacceyg gegetcegtat tccecegtaca 6420
gctegcaaca gcggatcage cagcggtagce tcaaaaacat gcgcaccagt ttgaaggtgt 6480
cgtgecaatyg gtaagctaga tagcagagaa tggccacgat cagcacgagce atcacgcecga 6540
tgatgggtaa cccgacgttc agcggcagat cgtccatggt gaccgtecte tgtccggatce 6600
tacgtcccag tectcectcectett ttgtacagca ctegegeggg aacggccccce tcaaccctet 6660
tacgtagcgg gagatacggce gttctceccege gggccactta cttgcacggt cgcttgaacg 6720
gcggcecttgga ccgccacatg taccgcatce atccattetg gcagcagcge gttcecgacgac 6780
gtcgtacgag tcgecggatga tgttaccccg ccagcaccte cgccggcaac cgcgtegteg 6840
ttgctategt cgccggttte gggcgatgac agcgceceggceg gcgegggtet cgtctegtece 6900
accatttcca cecgtgtcgaa gcgacagecg ctgccgtagt acatggeccce gttcaacggce 6960
cggcgggecg ggtcegceccgag ttecegggteg ggcacatcca tggcectcecgecg tetgecttcete 7020
tgccgetegt ggtgccgacyg gcacttctca ggataatgac agccgcaaaa tagatcgtgg 7080
agcatgtctc geccaactgte ctggtggtaa tatcttaagt acgcgatgag cgcgccgatg 7140
gccataatca taagcgtaag caaaacggca cagataacgt gaaacaccgce ggtcatccaa 7200
gtcgggcgge gteggggacyg cggtgggtceg gtttectetta cgccggegte actcagccac 7260
cacacccgta gtcgacatte ccagaaccgg tgaatgcgac tcagggectt tcgacgcecgce 7320
catttatttc caacgtccaa gtcccacgte atttctggca tctceccacgece cttgactgac 7380
atactctett tcectcectctett agetgeggtyg aaaaagaggg aaggcgtgtg ctgctataca 7440
actgtacaac ggacgcgctce getgtttegg tetcaggtca tctgcattga ctcecggegtece 7500
ttcatgacgce tctgcaccge cttttccaag agttcectecga tgtccgacca tcgaggaggce 7560
ggggctaact cggaaaccga cacgataggce agegtggteg geteegtegyg cgtgeggggt 7620
cggggacagg gacacgagag tcccacctte gagagattct ccageccgac ggtgcgegge 7680
agtctcggat tccgeggtgg cttttgtgge gteggegttt tcgggaaggg cctgggegte 7740
accggeggtg tccagceccgac cggettgggt ttegtgggeg geggtgtttt cttggtgggce 7800
ggcgtgctceca ggttcecttacg cggecgegggt atcggcgteg ggggcctgtg cgacgacagce 7860
cgegtggtgg gggeccggac cggecggegta ggcggecget tettgegece gggcggegga 7920
ggtggcttec aggatggcgg cggctgatge agtaccgtgt cgacgctggce cgaggacgac 7980
aaagagcteg acgaggagca atgcgacgga gatcggecga tgctggtegg cgttceegge 8040
gtggatacgt cggggatctc gaatcgcgce ggaggaaact cgggtttatce tatcggcaga 8100
ccatcctete ctatgtagag cgacgtacac cgcggcacct gcggcgtegg cgggtgggtg 8160
gccacccgea tgagcecccag ttecagatce ageggctcega cgacgtctte tttecggaatt 8220
cgatagcage acgcgcaggce accacgctta tcagaagcag cacccgggag ccggectege 8280
gacgaagtct cgtcggatcg cttgcggcect cggegctggg taaataagga aatggccagg 8340
accagggaag ccagtccggt accgccgagg agcccgacgce cgagcecacag ccacaccatg 8400
atcttctete ctgcttggaa tcetcaaactce cgtgtcecggga agggccggtg tacggacatt 8460
tatgccttgg atttctggaa acgtcatttt ttggcaagga atgtgtttat tgtccaaaca 8520
ctgaggaagg agatgtgagc caagtcggaa aattccttat cacaccgggg gcgggttacg 8580
ttececggtetg atgctgctge tgttgttgta gagccecgegge catggccegece tgcacggcag 8640

cttgtaccge cteggecacg cegggtggca tcetgeggcat ggegggggga gacgcegtegyg 8700
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gcggaccgec gggcatcgcee gteggcetgeg acggtggttg tgaactcacce gteggctege 8760
acggaggttt gtccttcggt ttgctcectteg gtttatcttt cgcectacct ttcectteggtt 8820
tgggttcecga tgtcggtgtt ggcggctgeg gtgggatgac gggctggtgg gactcectceeg 8880
acggeggggg gacgaatact gtcggcgeeg aaaccggggg actctegact atctcegcaga 8940
tcaccctgte gggatcgteg cegtgtcegg gacgceccegtceg atgaccatat tgaaccatgt 9000
cgtaaatcat cgtctccttg taacacgctg aacagcagcg gctacaagga cccgaaatgce 9060
atttgcagct gcacttacag ctgcagctgce agtagcgcac ccatcggcag gtgaagacgt 9120
cgattacgga gtccttgaag aattcccggt aacggatgag atacgcgcag aggaaaatca 9180
tgaaaacaga acagccgact acggctgcga tgccgggtce cgaaaacgta ttcggtgatce 9240
ctaccaaaca ccaaattccc agggccgcegce atgttatcca ggccacaata atcgtgggaa 9300
cgccccattg gecattgccac gaaggatcgt gcacgtcgca acccatcget actgegttet 9360
cccacaaacg ccatcgcact atttatcecct acagcggcetg 9400
<210> SEQ ID NO 24

<211> LENGTH: 387

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 24

Met Gly Ser Gly Ile Gly Ala Ala Ser Met Glu Phe Cys Phe Asp Val
1 5 10 15

Phe Lys Glu Leu Lys Val His His Ala Asn Glu Asn Ile Phe Tyr Cys
20 25 30

Pro Ile Ala Ile Met Ser Ala Leu Ala Met Val Tyr Leu Gly Ala Lys
Asp Ser Thr Arg Thr Gln Ile Asn Lys Val Val Arg Phe Asp Lys Leu
50 55 60

Pro Gly Phe Gly Asp Ser Ile Glu Ala Gln Cys Gly Thr Ser Val Asn
65 70 75 80

Val His Ser Ser Leu Arg Asp Ile Leu Asn Gln Ile Thr Lys Pro Asn
85 90 95

Asp Val Tyr Ser Phe Ser Leu Ala Ser Arg Leu Tyr Ala Glu Glu Arg
100 105 110

Tyr Pro Ile Leu Pro Glu Tyr Leu Gln Cys Val Lys Glu Leu Tyr Arg
115 120 125

Gly Gly Leu Glu Pro Ile Asn Phe Gln Thr Ala Ala Asp Gln Ala Arg
130 135 140

Glu Leu Ile Asn Ser Trp Val Glu Ser Gln Thr Asn Gly Ile Ile Arg
145 150 155 160

Asn Val Leu Gln Pro Ser Ser Val Asp Ser Gln Thr Ala Met Val Leu
165 170 175

Val Asn Ala Ile Val Phe Lys Gly Leu Trp Glu Lys Thr Phe Lys Asp
180 185 190

Glu Asp Thr Gln Ala Met Pro Phe Arg Val Thr Glu Gln Glu Ser Lys
195 200 205

Pro Val Gln Met Met Tyr Gln Ile Gly Leu Phe Arg Val Ala Ser Met
210 215 220
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Ala Ser Glu Lys Met Lys Ile Leu Glu Leu Pro Phe Ala Ser Gly Thr
225 230 235 240

Met Ser Met Leu Val Leu Leu Pro Asp Glu Val Ser Gly Leu Glu Gln
245 250 255

Leu Glu Ser Ile Ile Asn Phe Glu Lys Leu Thr Glu Trp Thr Ser Ser
260 265 270

Asn Val Met Glu Glu Arg Lys Ile Lys Val Tyr Leu Pro Arg Met Lys
275 280 285

Met Glu Glu Lys Tyr Asn Leu Thr Ser Val Leu Met Ala Met Gly Ile
290 295 300

Thr Asp Val Phe Ser Ser Ser Ala Asn Leu Ser Gly Ile Ser Ser Ala
305 310 315 320

Glu Ser Leu Lys Ile Ser Gln Ala Val His Ala Ala His Ala Glu Ile
325 330 335

Asn Glu Ala Gly Arg Glu Val Val Gly Ser Ala Glu Ala Gly Val Asp
340 345 350

Ala Ala Ser Val Ser Glu Glu Phe Arg Ala Asp His Pro Phe Leu Phe
355 360 365

Cys Ile Lys His Ile Ala Thr Asn Ala Val Leu Phe Phe Gly Arg Cys
370 375 380

Val Ser Pro
385

<210> SEQ ID NO 25

<211> LENGTH: 498

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 25

Met Ser Gly Gln Gly Thr Lys Arg Ser Tyr Glu Gln Met Glu Thr Asp
1 5 10 15

Gly Glu Arg Gln Asn Ala Thr Glu Ile Arg Ala Ser Val Gly Lys Met
20 25 30

Ile Gly Gly Ile Gly Arg Phe Tyr Ile Gln Met Cys Thr Glu Leu Lys
35 40 45

Leu Ser Asp Tyr Glu Gly Arg Leu Ile Gln Asn Ser Leu Thr Ile Glu
50 55 60

Arg Met Val Leu Ser Ala Phe Asp Glu Arg Arg Asn Lys Tyr Leu Glu
65 70 75 80

Glu His Pro Ser Ala Gly Lys Asp Pro Lys Lys Thr Gly Gly Pro Ile
85 90 95

Tyr Arg Arg Val Asn Gly Lys Trp Met Arg Glu Leu Ile Leu Tyr Asp
100 105 110

Lys Glu Glu Ile Arg Arg Ile Trp Arg Gln Thr Asn Asn Gly Asp Asp
115 120 125

Ala Thr Ala Gly Leu Thr His Met Met Ile Trp His Ser Asn Leu Asn
130 135 140

Asp Ala Thr Tyr Gln Arg Thr Arg Ala Leu Val Arg Thr Gly Met Asp
145 150 155 160

Pro Arg Met Cys Ser Leu Met Gln Gly Ser Thr Leu Pro Arg Arg Ser
165 170 175

Gly Ala Ala Gly Ala Ala Val Lys Gly Val Gly Thr Met Val Met Glu
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180 185 190

Leu Val Arg Met Ile Lys Arg Gly Ile Asn Asp Arg Asn Phe Trp Arg
195 200 205

Gly Glu Asn Gly Arg Lys Thr Arg Ile Ala Tyr Glu Arg Met Cys Asn
210 215 220

Ile Leu Lys Gly Lys Phe Gln Thr Ala Ala Gln Lys Ala Met Met Asp
225 230 235 240

Gln Val Arg Glu Ser Arg Asn Pro Gly Asn Ala Glu Phe Glu Asp Leu
245 250 255

Thr Phe Leu Ala Arg Ser Ala Leu Ile Leu Arg Gly Ser Val Ala His
260 265 270

Lys Ser Cys Leu Pro Ala Cys Val Tyr Gly Pro Ala Val Ala Ser Gly
275 280 285

Tyr Asp Phe Glu Arg Glu Gly Tyr Ser Leu Val Gly Ile Asp Pro Phe
290 295 300

Arg Leu Leu Gln Asn Ser Gln Val Tyr Ser Leu Ile Arg Pro Asn Glu
305 310 315 320

Asn Pro Ala His Lys Ser Gln Leu Val Trp Met Ala Cys His Ser Ala
325 330 335

Ala Phe Glu Asp Leu Arg Val Leu Ser Phe Ile Lys Gly Thr Lys Val
340 345 350

Leu Pro Arg Gly Lys Leu Ser Thr Arg Gly Val Gln Ile Ala Ser Asn
355 360 365

Glu Asn Met Asp Ala Met Glu Ser Ser Thr Leu Glu Leu Arg Ser Arg
370 375 380

Tyr Trp Ala Ile Arg Thr Arg Ser Gly Gly Asn Thr Asn Gln Gln Arg
385 390 395 400

Ala Ser Ala Gly Gln Ile Ser Ile Gln Pro Thr Phe Ser Val Gln Arg
405 410 415

Asn Leu Pro Phe Asp Arg Thr Thr Ile Met Ala Ala Phe Asn Gly Asn
420 425 430

Thr Glu Gly Arg Thr Ser Asp Met Arg Thr Glu Ile Ile Arg Met Met
435 440 445

Glu Ser Ala Arg Pro Glu Asp Val Ser Phe Gln Gly Arg Gly Val Phe
450 455 460

Glu Leu Ser Asp Glu Lys Ala Ala Ser Pro Ile Val Pro Ser Phe Asp
465 470 475 480

Met Ser Asn Glu Gly Ser Tyr Phe Phe Gly Asp Asn Ala Glu Glu Tyr
485 490 495

Asp Asn

<210> SEQ ID NO 26

<211> LENGTH: 99

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 26

Met Arg Ala Thr Val Gly Leu Val Glu Ala Ile Gly Ile Arg Glu Leu
1 5 10 15

Arg Gln His Ala Ser Arg Tyr Leu Ala Arg Val Glu Ala Gly Glu Glu
20 25 30
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Leu Gly Val Thr Asn Lys Gly Arg Leu Val Ala Arg Leu Ile Pro Val
35 40 45

Gln Ala Ala Glu Arg Ser Arg Glu Ala Leu Ile Glu Ser Gly Val Leu
50 55 60

Ile Pro Ala Arg Arg Pro Gln Asn Leu Leu Asp Val Thr Ala Glu Pro

Ala Arg Gly Arg Lys Arg Thr Leu Ser Asp Val Leu Asn Glu Met Arg
85 90 95

Asp Glu Gln

<210> SEQ ID NO 27

<211> LENGTH: 345

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 27

Met Ala Trp Arg Ser Gly Leu Cys Glu Thr Asp Ser Arg Thr Leu Lys
1 5 10 15

Gln Phe Leu Gln Glu Glu Cys Met Trp Lys Leu Val Gly Lys Ser Arg
20 25 30

Lys His Arg Glu Tyr Arg Ala Val Ala Cys Arg Ser Thr Ile Phe Ser
Pro Glu Asp Asp Gly Ser Cys Ile Leu Cys Gln Leu Leu Leu Leu Tyr
50 55 60

Arg Asp Gly Glu Trp Ile Leu Cys Leu Cys Cys Asn Gly Arg Tyr Gln
65 70 75 80

Gly His Tyr Gly Val Gly His Val His Arg Arg Arg Arg Arg Ile Cys
85 90 95

His Leu Pro Thr Leu Tyr Gln Leu Ser Phe Gly Gly Pro Leu Gly Pro
100 105 110

Ala Ser Ile Asp Phe Leu Pro Ser Phe Ser Gln Val Thr Ser Ser Met
115 120 125

Thr Cys Asp Gly Ile Thr Pro Asp Val Ile Tyr Glu Val Cys Met Leu
130 135 140

Val Pro Gln Asp Glu Ala Lys Arg Ile Leu Val Lys Gly His Gly Ala
145 150 155 160

Met Asp Leu Thr Cys Gln Lys Ala Val Thr Leu Gly Gly Ala Gly Ala
165 170 175

Trp Leu Leu Pro Arg Pro Glu Gly Tyr Thr Leu Phe Phe Tyr Ile Leu
180 185 190

Cys Tyr Asp Leu Phe Thr Ser Cys Gly Asn Arg Cys Asp Ile Pro Ser
195 200 205

Met Thr Arg Leu Met Ala Ala Ala Thr Ala Cys Gly Gln Ala Gly Cys
210 215 220

Ser Phe Cys Thr Asp His Glu Gly His Val Asp Pro Thr Gly Asn Tyr
225 230 235 240

Val Gly Cys Thr Pro Asp Met Gly Arg Cys Leu Cys Tyr Val Pro Cys
245 250 255

Gly Pro Met Thr Gln Ser Leu Ile His Asn Asp Glu Pro Ala Thr Phe
260 265 270

Phe Cys Glu Ser Asp Asp Ala Lys Tyr Leu Cys Ala Val Gly Ser Lys
275 280 285



US 2013/0202638 Al Aug. 8, 2013
156

-continued

Thr Ala Ala Gln Val Thr Leu Gly Asp Gly Leu Asp Tyr His Ile Gly
290 295 300

Val Lys Asp Ser Glu Gly Arg Trp Leu Pro Val Lys Thr Asp Val Trp
305 310 315 320

Asp Leu Val Lys Val Glu Glu Pro Val Ser Arg Met Ile Val Cys Ser
325 330 335

Cys Pro Val Leu Lys Asn Leu Val His
340 345

<210> SEQ ID NO 28

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 28

Val Thr Leu Gly Gly Ala Gly Ala Trp Leu Leu Pro
1 5 10

<210> SEQ ID NO 29

<211> LENGTH: 190

<212> TYPE: PRT

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 29

Met Gly Gly Glu Leu Cys Lys Arg Ile Cys Cys Glu Phe Gly Thr Thr
1 5 10 15

Ser Gly Glu Pro Leu Lys Asp Ala Leu Gly Arg Gln Val Ser Leu Arg
20 25 30

Ser Tyr Asp Asn Ile Pro Pro Thr Ser Ser Ser Asp Glu Gly Glu Asp

Asp Asp Asp Gly Glu Asp Asp Asp Asn Glu Glu Arg Gln Gln Lys Leu
50 55 60

Arg Leu Cys Gly Ser Gly Cys Gly Gly Asn Asp Ser Ser Ser Gly Ser
65 70 75 80

His Arg Glu Ala Thr His Asp Gly Pro Lys Lys Asn Ala Val Arg Ser
85 90 95

Thr Phe Arg Glu Asp Lys Ala Pro Lys Pro Ser Lys Gln Ser Lys Lys
100 105 110

Lys Lys Lys Pro Ser Lys His His His His Gln Gln Ser Ser Ile Met
115 120 125

Gln Glu Thr Asp Asp Leu Asp Glu Glu Asp Thr Ser Ile Tyr Leu Ser
130 135 140

Pro Pro Pro Val Pro Pro Val Gln Val Val Ala Lys Arg Leu Pro Arg
145 150 155 160

Pro Asp Thr Pro Arg Thr Pro Arg Gln Lys Lys Ile Ser Gln Arg Pro
165 170 175

Pro Thr Pro Gly Thr Lys Lys Pro Ala Ala Pro Leu Ser Phe
180 185 190

<210> SEQ ID NO 30

<211> LENGTH: 345

<212> TYPE: PRT

<213> ORGANISM: artificial
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<220> FEATURE:
<223> OTHER INFORMATION: syntehtic

<400> SEQUENCE: 30

Met Ala Thr Ser Arg Leu Ser Val Lys Ser Leu Arg Ser Ile Ser Arg
1 5 10 15

Phe Val Gln Trp Glu Cys Cys Trp Met Leu Val Asn Lys Ser Ala Arg
20 25 30

Tyr Arg Glu Phe Arg Ala Val Thr Ser Gln Ser Pro Gly Leu Gly Lys
35 40 45

Val Ser Ser Thr Asp Asp Gly Arg Cys Leu Ala Ala Ser Met Met Leu
50 55 60

Phe Arg Arg Asp Gly Asn Phe Val Leu Cys Leu Val Val Asn Lys Glu
65 70 75 80

Pro Val Gly Gln Phe Gly Cys Ser Gly Met Arg Arg Glu Lys Met Val
85 90 95

Ile Asp Gly Leu Gln Glu Pro Val Tyr Val Met Arg Leu Leu Ala Pro
100 105 110

Leu Ile Pro Val Lys Leu Gly Phe Ser Pro Tyr Met Leu Pro Pro Lys
115 120 125

Ser Ile Gly Gly Ser Gly Gly Leu Asp Pro Ser Val Ile Tyr Gln Asn
130 135 140

Ala Ser Val Val Thr Pro Glu Glu Ala Ala Thr Val Thr Met Gln Gly
145 150 155 160

Ser Gly Ile Val Thr Val Gly Leu Ser Gly Val Gly Ser Trp Val Gln
165 170 175

Ile Lys Asp Gly Gly Asn Met Lys Leu Phe Val Phe Ala Leu Cys Phe
180 185 190

Asp Val Phe Thr Ala Cys Cys Asp Arg Leu Ala Phe Pro Ser Leu Ala
195 200 205

Lys Ile Tyr Ser Glu Thr Val Ser Cys Glu Ala Asp Lys Cys Gly Phe
210 215 220

Cys Arg Asp Ser Gly Arg His Val Asp Pro Thr Gly Arg Phe Val Gly
225 230 235 240

Cys Val Pro Asp Ser Gly Val Cys Leu Cys Tyr Ser Pro Cys Arg Gly
245 250 255

Thr Asp Ala Ala Val Ser Val Arg Ser Trp Leu Pro Tyr Leu Glu Leu
260 265 270

Glu Asp Gly Ala Asn Thr His Ser Leu Phe Val Arg Arg Tyr Asp Gly
275 280 285

Arg Lys Gly Leu Pro Ala Thr Ile Ser Asp Tyr Leu Gly Ala Arg Asn
290 295 300

Ser Glu Gly Asp Glu Ile Pro Leu Arg Thr Glu Pro Trp Gln Leu Leu
305 310 315 320

Lys Ile Glu Pro Thr Leu Ser Ala Met Ile Ile Met Ala Cys Pro Leu
325 330 335

Leu Lys Lys Ile Val Leu Glu His Met
340 345

<210> SEQ ID NO 31

<211> LENGTH: 353

<212> TYPE: PRT

<213> ORGANISM: artificial
<220> FEATURE:
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-continued

<223> OTHER INFORMATION: synthetic
<400> SEQUENCE: 31

Met Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Thr Ser Arg Leu Ser Val
1 5 10 15

Lys Ser Leu Arg Ser Ile Ser Arg Phe Val Gln Trp Glu Cys Cys Trp
20 25 30

Met Leu Val Asn Lys Ser Ala Arg Tyr Arg Glu Phe Arg Ala Val Thr
35 40 45

Ser Gln Ser Pro Gly Leu Gly Lys Val Ser Ser Thr Asp Asp Gly Arg
50 55 60

Cys Leu Ala Ala Ser Met Met Leu Phe Arg Arg Asp Gly Asn Phe Val
65 70 75 80

Leu Cys Leu Val Val Asn Lys Glu Pro Val Gly Gln Phe Gly Cys Ser
85 90 95

Gly Met Arg Arg Glu Lys Met Val Ile Asp Gly Leu Gln Glu Pro Val
100 105 110

Tyr Val Met Arg Leu Leu Ala Pro Leu Ile Pro Val Lys Leu Gly Phe
115 120 125

Ser Pro Tyr Met Leu Pro Pro Lys Ser Ile Gly Gly Ser Gly Gly Leu
130 135 140

Asp Pro Ser Val Ile Tyr Gln Asn Ala Ser Val Val Thr Pro Glu Glu
145 150 155 160

Ala Ala Thr Val Thr Met Gln Gly Ser Gly Ile Val Thr Val Gly Leu
165 170 175

Ser Gly Val Gly Ser Trp Val Gln Ile Lys Asp Gly Gly Asn Met Lys
180 185 190

Leu Phe Val Phe Ala Leu Cys Phe Asp Val Phe Thr Ala Cys Cys Asp
195 200 205

Arg Leu Ala Phe Pro Ser Leu Ala Lys Ile Tyr Ser Glu Thr Val Ser
210 215 220

Cys Glu Ala Asp Lys Cys Gly Phe Cys Arg Asp Ser Gly Arg His Val
225 230 235 240

Asp Pro Thr Gly Arg Phe Val Gly Cys Val Pro Asp Ser Gly Val Cys
245 250 255

Leu Cys Tyr Ser Pro Cys Arg Gly Thr Asp Ala Ala Val Ser Val Arg
260 265 270

Ser Trp Leu Pro Tyr Leu Glu Leu Glu Asp Gly Ala Asn Thr His Ser
275 280 285

Leu Phe Val Arg Arg Tyr Asp Gly Arg Lys Gly Leu Pro Ala Thr Ile
290 295 300

Ser Asp Tyr Leu Gly Ala Arg Asn Ser Glu Gly Asp Glu Ile Pro Leu
305 310 315 320

Arg Thr Glu Pro Trp Gln Leu Leu Lys Ile Glu Pro Thr Leu Ser Ala
325 330 335

Met Ile Ile Met Ala Cys Pro Leu Leu Lys Lys Ile Val Leu Glu His
340 345 350

Met

<210> SEQ ID NO 32

<211> LENGTH: 179

<212> TYPE: DNA

<213> ORGANISM: artificial
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-continued

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 32

gaccgegeca cagcagagec agcaccagca gaagagecag caccageggdg cccagagteg 60

caaagcgege gggcagecac ggcccagact geggtcegega tggeccggag cgcegcetegece

accacgatga cggtgecccaa cgataaccag tccgctcceg caccgacgcc accgecgat

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 33
LENGTH: 38
TYPE: DNA
ORGANISM:
FEATURE:
OTHER INFORMATION:

artificial
synthetic

<400> SEQUENCE: 33

atgtctageg ttttetcaac agcattegtyg cgecttga

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 34
LENGTH: 252
TYPE: DNA
ORGANISM:
FEATURE:

artificial

120

179

38

<223>
<400> SEQUENCE: 34

cacggectgyg cccagegage
cggggcatge acgtggagge
cggetgeect tcgacgacct

getgttgete taccgcgacy

OTHER INFORMATION:

synthetic

cctgegggac cggttcecaaa

cggeecggeag gageccgaga
gtgatccgga ggacgacgge

gcgaatggat cctetgtett

acttcgagge cgtgctggec

ccececegggt gageggecgyg

tcgtgtatcet tgtgccaatt

tgctgcaacyg gccgttatca

60

120

180

240

aggccactat gg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 35
LENGTH: 67
TYPE: DNA
ORGANISM:
FEATURE:
OTHER INFORMATION:

artificial
synthetic

<400> SEQUENCE: 35

252

ctgggtegee aacagegeca acgagtacgt cgtcagetee gtgecccgee cegtcagtec 60

gtagaag

67

1. A beta-herpesvirus, preferably a recombinant beta-her-
pesvirus, wherein the beta-herpesvirus is spread-deficient.

2. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus is endotheliotropic and/or has a wild type-
like virion surface.

3. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus is endotheliotropic and has a wild type-like
virion surface.

4. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus is suitable to or capable of inducing an
immune response, wherein preferably the immune response
comprises neutralizing antibodies against beta-herpesvirus
and CD4* and CD8* T-cells directed against epitopes of beta-
herpesvirus.

5. The beta-herpesvirus according to claim 4, wherein the
immune response comprises neutralizing antibodies, wherein
beta-herpesvirus is prevented from infecting endothelial cells
and/or epithelial cells by the neutralizing antibodies.

6. The beta-herpesvirus according to claim 5, wherein
beta-herpesvirus which is prevented from infecting endothe-
lial cells and/or epithelial cells by the neutralizing antibodies,
is a pathogen, preferably a human pathogen.

7. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus is a human beta-herpesvirus.

8. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus is a cytomegalovirus.

9. The beta-herpesvirus according to claim 7, wherein the
beta-herpesvirus is a human cytomegalovirus.
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10. The beta-herpesvirus according to claim 1, preferable
claim 9, wherein the beta-herpesvirus is deficient in at least
one gene product involved in primary and/or secondary
envelopment.

11. The beta-herpesvirus according to claim 10, wherein
the at least one gene product is involved in primary envelop-
ment

12. The beta-herpesvirus according to claim 11, wherein
the at least one gene product is encoded by a gene selected
from the group comprising UL50 and UL 53 and homologs of
each thereof.

13. The beta-herpesvirus according to claim 10, wherein
the at least one gene product is involved in secondary envel-
opment.

14. The beta-herpesvirus according to claim 13, wherein
the at least one gene product is encoded by a gene selected
from the group comprising UL.94 and UL99 and homologs
each thereof.

15. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus comprises a nucleotide sequence, wherein
the nucleotide sequence comprises a first nucleic acid
sequence represented by nucleotides 1 to 122630 of the
nucleotide sequence according to SEQ.ID.NO:20, a second
nucleotide sequence represented by nucleotides 123668 to
181652 of the nucleotide sequence according to SEQ.ID.NO:
20 and a third nucleotide sequence represented by nucleotides
189192 to 233681 of the nucleotide sequence according to
SEQ.ID.NO:20 and wherein nucleotide 122630 of the nucle-
otide sequence according to SEQ.ID.NO:20 is covalently
linked to nucleotide 123668 of the nucleotide sequence
according to SEQ.ID.NO:20 and wherein nucleotide 181652
of the nucleotide sequence according to SEQ.ID.NO:20 is
covalently linked to nucleotide 189192 of the nucleotide
sequence according to SEQ.ID.NO:20.

16. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus comprises a nucleotide sequence, wherein
the nucleotide sequence comprises a first nucleic acid
sequence represented by nucleotides 1 to 122630 of the
nucleotide sequence according to SEQ.ID.NO:20, a second
nucleotide sequence represented by nucleotides 123668 to
181652 of the nucleotide sequence according to SEQ.ID.NO:
20, a third nucleotide sequence represented by nucleotides
189192 to 233681 of the nucleotide sequence according to
SEQ.ID.NO:20 and a fourth nucleotide sequence comprising
a nucleotide sequence according to SEQ.ID.NO:34.

17. The beta-herpesvirus according to claim 16, wherein
nucleotide 122630 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 34, wherein
nucleotide 252 of the nucleotide sequence according to SEQ.
ID.No: 34 is covalently linked to nucleotide 123668 of the
nucleotide sequence according to SEQ.ID.NO:20 and
wherein nucleotide 181652 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ.
ID.NO:20.

18. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus comprises a nucleotide sequence, wherein
the nucleotide sequence comprises a first nucleic acid
sequence represented by nucleotides 1 to 122630 of the
nucleotide sequence according to SEQ.ID.NO:20, a second
nucleotide sequence represented by nucleotides 123668 to
130670 of the nucleotide sequence according to SEQ.ID.NO:
20, a third nucleotide sequence represented by nucleotides
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131243 to 181652 of the nucleotide sequence according to
SEQ.ID.NO:20 and a fourth nucleotide sequence represented
by nucleotides 189192 to 233681 of the nucleotide sequence
according to SEQ.ID.NO:20 and wherein nucleotide 122630
of the nucleotide sequence according to SEQ.ID.NO:20 is
covalently linked to nucleotide 123668 of the nucleotide
sequence according to SEQ.ID.NO:20, wherein the nucle-
otide 130670 of the nucleotide sequence according to SEQ.
ID.NO:20 is covalently linked to the nucleotide 131243 ofthe
nucleotide sequence according to SEQ.ID.NO:20 and
wherein the nucleotide 181652 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to the nucle-
otide 189192 of the nucleotide sequence according to SEQ.
ID.NO:20.

19. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus comprises a nucleotide sequence, wherein
the nucleotide sequence comprises a first nucleic acid
sequence represented by nucleotides 1 to 122630 of the
nucleotide sequence according to SEQ.ID.NO:20, a second
nucleotide sequence represented by nucleotides 123668 to
130670 of the nucleotide sequence according to SEQ.ID.NO:
20, a third nucleotide sequence represented by nucleotides
131243 to 181652 of the nucleotide sequence according to
SEQ.ID.NO:20, a fourth nucleotide sequence represented by
nucleotides 189192 to 233681 of the nucleotide sequence
according to SEQ.ID.NO:20, a fifth nucleotide sequence
comprising a nucleotide sequence according to SEQ.ID.No:
34 and a sixth nucleotide sequence comprising a nucleotide
sequence according to SEQ.ID.No: 35.

20. The beta-herpesvirus according to claim 19, wherein
nucleotide 122630 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 34, wherein
nucleotide 252 of the nucleotide sequence according to SEQ.
ID.No: 34 is covalently linked to nucleotide 123668 of the
nucleotide sequence according to SEQ.ID.NO:20, wherein
nucleotide 130670 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 35, wherein
nucleotide 67 of the nucleotide sequence according to SEQ.
ID.NO:35 is covalently linked to nucleotide 131243 of the
nucleotide sequence according to SEQ.ID.No: 20, and
wherein nucleotide 181652 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ.
ID.NO:20.

21. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus comprises a nucleotide sequence, wherein
the nucleotide sequence comprises a first nucleic acid
sequence represented by nucleotides 1 to 58442 of the nucle-
otide sequence according to SEQ.ID.NO:20, a second nucle-
otide sequence represented by nucleotides 59623 to 181652
of'the nucleotide sequence according to SEQ.ID.NO:20 and a
third nucleotide sequence represented by nucleotides 189192
to 233681 of the nucleotide sequence according to SEQ.ID.
NO:20 and wherein nucleotide 58442 of the nucleotide
sequence according to SEQ.ID.NO:20 is covalently linked to
nucleotide 59623 of the nucleotide sequence according to
SEQ.ID.NO:20 and wherein nucleotide 181652 of the nucle-
otide sequence according to SEQ.ID.NO:20 is covalently
linked to the nucleotide 189192 of the nucleotide sequence
according to SEQ.ID.NO:20.

22. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus comprises a nucleotide sequence, wherein
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the nucleotide sequence comprises a first nucleic acid
sequence represented by nucleotides 1 to 58442 of the nucle-
otide sequence according to SEQ.ID.NO:20, a second nucle-
otide sequence represented by nucleotides 59623 to 181652
of the nucleotide sequence according to SEQ.ID.NO:20, a
third nucleotide sequence represented by nucleotides 189192
to 233681 of the nucleotide sequence according to SEQ.ID.
NO:20 and a fourth nucleotide sequence comprising a nucle-
otide sequence according to SEQ.ID.No: 32.

23. The beta-herpesvirus according to claim 22, wherein
nucleotide 58442 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 32, wherein
nucleotide 179 of the nucleotide sequence according to SEQ.
ID.No: 32 is covalently linked to nucleotide 59623 of the
nucleotide sequence according to SEQ.ID.NO:20 and
wherein nucleotide 181652 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ.
ID.NO:20.

24. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus comprises a nucleotide sequence, wherein
the nucleotide sequence comprises a first nucleic acid
sequence represented by nucleotides 1 to 62129 of the nucle-
otide sequence according to SEQ.ID.NO:20, a second nucle-
otide sequence represented by nucleotides 63261 to 181652
of'the nucleotide sequence according to SEQ.ID.NO:20 and a
third nucleotide sequence represented by nucleotides 189192
to 233681 of the nucleotide sequence according to SEQ.ID.
NO:20 and wherein nucleotide 62129 of the nucleotide
sequence according to SEQ.ID.NO:20 is covalently linked to
nucleotide 63261 of the nucleotide sequence according to
SEQ.ID.NO:20 and wherein the nucleotide 181652 of the
nucleotide sequence according to SEQ.ID.NO:20 is
covalently linked to the nucleotide 189192 of the nucleotide
sequence according to SEQ.ID.NO:20.

25. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus comprises a nucleotide sequence, wherein
the nucleotide sequence comprises a first nucleic acid
sequence represented by nucleotides 1 to 62129 of the nucle-
otide sequence according to SEQ.ID.NO:20, a second nucle-
otide sequence represented by nucleotides 63261 to 181652
of the nucleotide sequence according to SEQ.ID.NO:20, a
third nucleotide sequence represented by nucleotides 189192
to 233681 of the nucleotide sequence according to SEQ.ID.
NO:20 and a fourth nucleotide sequence comprising a nucle-
otide sequence according to SEQ.ID.No: 33.

26. The beta-herpesvirus according to claim 25, wherein
nucleotide 62129 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 33, wherein
nucleotide 38 of the nucleotide sequence according to SEQ.
ID.No: 33 is covalently linked to nucleotide 63261 of the
nucleotide sequence according to SEQ.ID.NO:20 and
wherein nucleotide 181652 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ.
ID.NO:20.

27. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus comprises a nucleotide sequence, wherein
the nucleotide sequence comprises a first nucleic acid
sequence represented by nucleotides 1 to 58442 of the nucle-
otide sequence according to SEQ.ID.NO:20, a second nucle-
otide sequence represented by nucleotides 59623 to 62129 of
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the nucleotide sequence according to SEQ.ID.NO:20, a third
nucleotide sequence represented by nucleotides 632161 to
181652 of the nucleotide sequence according to SEQ.ID.NO:
20 and a fourth nucleotide sequence represented by nucle-
otides 189192 to 233681 of the nucleotide sequence accord-
ing to SEQ.ID.NO:20 and wherein nucleotide 58442 of the
nucleotide sequence according to SEQ.ID.NO:20 is
covalently linked to nucleotide 59623 of the nucleotide
sequence according to SEQ.ID.NO:20, wherein the nucle-
otide 62129 of'the nucleotide sequence according to SEQ.ID.
NO:20 is covalently linked to the nucleotide 63261 of the
nucleotide sequence according to SEQ.ID.NO:20 and
wherein the nucleotide 181652 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to the nucle-
otide 189192 of the nucleotide sequence according to SEQ.
ID.NO:20.

28. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus comprises a nucleotide sequence, wherein
the nucleotide sequence comprises a first nucleic acid
sequence represented by nucleotides 1 to 58442 of the nucle-
otide sequence according to SEQ.ID.NO:20, a second nucle-
otide sequence represented by nucleotides 59623 to 62129 of
the nucleotide sequence according to SEQ.ID.NO:20, a third
nucleotide sequence represented by nucleotides 63261 to
181652 of the nucleotide sequence according to SEQ.ID.NO:
20, a fourth nucleotide sequence represented by nucleotides
189192 to 233681 of the nucleotide sequence according to
SEQ.ID.NO:20, a fifth nucleotide sequence comprising a
nucleotide sequence according to SEQ.ID.No: 32 and a sixth
nucleotide sequence comprising a nucleotide sequence
according to SEQ.ID.No: 33.

29. The beta-herpesvirus according to claim 28, wherein
nucleotide 58442 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 32, wherein
nucleotide 179 of the nucleotide sequence according to SEQ.
ID.No: 32 is covalently linked to nucleotide 59623 of the
nucleotide sequence according to SEQ.ID.NO:20, wherein
nucleotide 62129 of the nucleotide sequence according to
SEQ.ID.NO:20 is covalently linked to nucleotide 1 of the
nucleotide sequence according to SEQ.ID.No: 33, wherein
nucleotide 38 of the nucleotide sequence according to SEQ.
ID.NO:33 is covalently linked to nucleotide 63261 of the
nucleotide sequence according to SEQ.ID.No: 20, and
wherein nucleotide 181652 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucle-
otide 189192 of the nucleotide sequence according to SEQ.
ID.NO:20.

30. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus comprises one or more genes selected from
the group comprising UL133, UL134, UL135, ULI136,
UL137, UL138, UL139, UL140, UL141, UL142, UL143,
UL144 and UL145

31. The beta-herpesvirus according to claim 1, wherein the
beta herpesvirus comprises the nucleotide sequence accord-
ing to SEQ.ID.NO:23.

32. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus is deficient in at least one gene product
encoded by an immune evasive gene.

33. The beta-herpesvirus according to claim 32, wherein
the at least one gene product encoded by an immune evasive
gene is selected from the group comprising gene products
regulating MHC class I presentation and gene products regu-
lating NK cell response.
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34. The beta-herpesvirus according to claim 33, wherein
the at least one gene product encoded by an immune evasive
gene is a gene product regulating MHC class I presentation.

35. The beta-herpesvirus according to claim 34, wherein
the gene product regulating MHC class I presentation is
selected from the group comprising US6, US3, US2, UL1S,
US11, UL83 and UL40.

36. The beta-herpesvirus according to claim 33, wherein
the at least one gene product encoded by an immune evasive
gene is a gene product regulating NK cell response.

37. The beta-herpesvirus according to claim 36, wherein
the gene product regulating NK cell response is selected from
the group comprising gene products encoded by the genes
UL40, UL16 and UL18.

38. The beta-herpesvirus according to claim 1, wherein the
beta-herpesvirus encodes a heterologous nucleic acid.

39. The beta-herpesvirus according to claim 41, wherein
the heterologous nucleic acid is a functional nucleic acid,
preferably selected from the group comprising antisense mol-
ecules, ribozymes and RNA interference mediating nucleic
acids.

40. The beta-herpesvirus according to claim 38, wherein
the nucleic acid is a nucleic acid coding for a peptide, oli-
gopeptide, polypeptide or protein.

41. The beta-herpesvirus according to claim 40, wherein
the peptide, oligopeptide, polypeptide or protein comprises at
least one antigen.

42. The beta-herpesvirus according to claim 41, wherein
the antigen is an antigen selected from the group comprising
viral antigens, bacterial antigens and parasite antigens.

43. The beta-herpesvirus according to claim 1 for or suit-
able for use in a method for the treatment of a subject and/or
for use in a method for the vaccination of a subject.

44. The beta-herpesvirus according to claim 43, wherein
the subject is a mammal, preferably a human.

45. The beta-herpesvirus according to claim 43, wherein
the beta-herpesvirus is human cytomegalovirus.

46. The beta-herpesvirus according to claim 43, wherein
the subject is suffering from a disease or is at risk of suffering
from a disease.

47. The beta-herpesvirus according to claim 43, wherein
the vaccination is a vaccination against a disease.

48. The beta-herpesvirus according to claim 46, wherein
the disease is a disease or condition which is associated with
beta-herpesvirus infection, preferably human cytomegalovi-
rus infection.

49. The beta-herpesvirus according to claim 48, wherein
the disease or condition is selected from the group comprising
congenital inclusion disease.

50. The beta-herpesvirus according to claim 43, wherein
the subject is a pregnant female or female of reproductive age,
preferably a pregnant woman or a woman of reproductive
age.

51. The beta-herpesvirus according to claim 50, wherein
the treatment is or is suitable for or capable of preventing the
transfer of a beta-herpesvirus, preferably human cytomega-
lovirus, from the female to a fetus and/or to an embryo carried
or to be carried in the future by the female.

52. The beta-herpesvirus according to claim 50, wherein
the treatment is for or is suitable for the generation of or
capable of generating an immune response in the female body
or the immune response in the female body, whereby prefer-
ably such immune response confers protection to a fetus
and/orto an embryo carried orto be carried in the future by the
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female against beta-herpesvirus, preferably human cytome-
galovirus, and/or a disease or condition associated with beta-
herpesvirus infection, preferably human cytomegalovirus
infection.

53. Use of a beta-herpesvirus according to claim 1, for the
manufacture of a medicament.

54. Use according to claim 53, wherein the medicament is
for the treatment and/or prevention of beta-herpesvirus infec-
tion.

55. Use according to claim 53, wherein the medicament is
for the treatment and/or prevention of a disease or condition
associated with beta-herpesvirus infection, preferably human
cytomegalovirus infection.

56. Use of a beta-herpesvirus according to claim 1, for the
manufacture of a vaccine.

57. Use according to claim 56, wherein the vaccine is for
the treatment and/or prevention of beta-herpesvirus infection.

58. Use according to claim 57, wherein the vaccine is for
the treatment and/or prevention of a disease or condition
associated with beta-herpesvirus infection, preferably human
cytomegalovirus infection.

59. Use according to claim 56, wherein the vaccine is or is
suitable for the administration to a subject, whereby the sub-
jectis selected form the group comprising a pregnant female,
a female of reproductive age, a donor of a transplant, a recipi-
ent of a transplant and a subject being infected with HIV or
being at risk of being infected with HIV.

60. Use according to claim 59, wherein the donor is a
potential donor and/or the recipient is a potential recipient.

61. A nucleic acid coding for a beta-herpesvirus according
to claim 1.

62. A vector comprising the nucleic acid according to claim
61.

63. A vector comprising the nucleic acid according to claim
62, wherein the vector comprises a nucleotide sequence,
wherein the nucleotide sequence comprises a first nucleic
acid sequence represented by nucleotides 1 to 122630 of the
nucleotide sequence according to SEQ.ID.NO:20, a second
nucleotide sequence represented by nucleotides 123668 to
233681 of the nucleotide sequence according to SEQ.ID.NO:
20 and wherein nucleotide 122630 ofthe nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucle-
otide 123688 of the nucleotide sequence according to SEQ.
ID.NO:20.

64. A vector comprising the nucleic acid according to claim
62, wherein the vector comprises a nucleotide sequence,
wherein the nucleotide sequence comprises a first nucleic
acid sequence represented by nucleotides 1 to 122630 of the
nucleotide sequence according to SEQ.ID.NO:20, a second
nucleotide sequence represented by nucleotides 123668 to
233681 of the nucleotide sequence according to SEQ.ID.NO:
20 and a third nucleotide sequence comprising a nucleotide
sequence according to SEQ.ID.No: 34.

65. The vector according to claim 64, wherein nucleotide
122630 of the nucleotide sequence according to SEQ.ID.NO:
20 is covalently linked to nucleotide 1 of the nucleotide
sequence according to SEQ.ID.No: 34 and wherein nucle-
otide 252 of the nucleotide sequence according to SEQ.ID.
No: 34 is covalently linked to nucleotide 123668 of the nucle-
otide sequence according to SEQ.ID.NO: 20.

66. A vector comprising the nucleic acid according to claim
62, wherein the vector comprises a nucleotide sequence,
wherein the nucleotide sequence comprises a first nucleic
acid sequence represented by nucleotides 1 to 122630 of the
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nucleotide sequence according to SEQ.ID.NO:20, a second
nucleotide sequence represented by nucleotides 123668 to
130670 of the nucleotide sequence according to SEQ.ID.NO:
20, a third nucleotide sequence represented by nucleotides
131243 to 233681 of the nucleotide sequence according to
SEQ.ID.NO: 20 and wherein nucleotide 122630 of the nucle-
otide sequence according to SEQ.ID.NO:20 is covalently
linked to nucleotide 123668 of the nucleotide sequence
according to SEQ.ID.NO:20 and wherein the nucleotide
130670 of the nucleotide sequence according to SEQ.ID.NO:
20 is covalently linked to the nucleotide 131243 of the nucle-
otide sequence according to SEQ.ID.NO:20.

67. A vector comprising the nucleic acid according to claim
62, wherein the vector comprises a nucleotide sequence,
wherein the nucleotide sequence comprises a first nucleic
acid sequence represented by nucleotides 1 to 122630 of the
nucleotide sequence according to SEQ.ID.NO:20, a second
nucleotide sequence represented by nucleotides 123668 to
130670 of the nucleotide sequence according to SEQ.ID.NO:
20, a third nucleotide sequence represented by nucleotides
131243 to 233681 of the nucleotide sequence according to
SEQ.ID.NO:20, a third nucleotide sequence comprising a
nucleotide sequence according to SEQ.ID.No: 34 and a
fourth nucleotide sequence comprising a nucleotide sequence
according to SEQ.ID.No: 35

68. The vector according to claim 67, wherein nucleotide
122630 of the nucleotide sequence according to SEQ.ID.NO:
20 is covalently linked to nucleotide 1 of the nucleotide
sequence according to SEQ.ID.No: 34, wherein nucleotide
252 of the nucleotide sequence according to SEQ.ID.No: 34
is covalently linked to nucleotide 123668 of the nucleotide
sequence according to SEQ.ID.NO:20, wherein nucleotide
130670 of the nucleotide sequence according to SEQ.ID.NO:
20 is covalently linked to nucleotide 1 of the nucleotide
sequence according to SEQ.ID.No: 35 and wherein nucle-
otide 67 of the nucleotide sequence according to SEQ.ID.NO:
35 is covalently linked to nucleotide 131243 of the nucleotide
sequence according to SEQ.ID.No:20

69. A vector comprising the nucleic acid according to claim
62, wherein the vector comprises a nucleotide sequence,
wherein the nucleotide sequence comprises a first nucleic
acid sequence represented by nucleotides 1 to 58442 of the
nucleotide sequence according to SEQ.ID.NO:20, a second
nucleotide sequence represented by nucleotides 59623 to
233681 ofthe nucleotide sequence according to SEQ.ID.NO:
20 and wherein nucleotide 58442 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucle-
otide 59623 of'the nucleotide sequence according to SEQ.ID.
NO:20.

70. A vector comprising the nucleic acid according to claim
62, wherein the vector comprises a nucleotide sequence,
wherein the nucleotide sequence comprises a first nucleic
acid sequence represented by nucleotides 1 to 58442 of the
nucleotide sequence according to SEQ.ID.NO:20, a second
nucleotide sequence represented by nucleotides 59623 to
233681 ofthe nucleotide sequence according to SEQ.ID.NO:
20 and a third nucleotide sequence comprising a nucleotide
sequence according to SEQ.ID.No: 32.

71. The vector according to claim 70, wherein nucleotide
58442 of the nucleotide sequence according to SEQ.ID.NO:
20 is covalently linked to nucleotide 1 of the nucleotide
sequence according to SEQ.ID.No: 32 and wherein nucle-
otide 179 of the nucleotide sequence according to SEQ.ID.
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No: 32 is covalently linked to nucleotide 59623 of the nucle-
otide sequence according to SEQ.ID.NO: 20.

72. A vector comprising the nucleic acid according to claim
62, wherein the vector comprises a nucleotide sequence,
wherein the nucleotide sequence comprises a first nucleic
acid sequence represented by nucleotides 1 to 62129 of the
nucleotide sequence according to SEQ.ID.NO:20, a second
nucleotide sequence represented by nucleotides 63261 to
233681 of the nucleotide sequence according to SEQ.ID.NO:
20 and wherein nucleotide 62129 of the nucleotide sequence
according to SEQ.ID.NO:20 is covalently linked to nucle-
otide 63261 of the nucleotide sequence according to SEQ.ID.
NO:20.

73. A vector comprising the nucleic acid according to claim
62, wherein the vector comprises a nucleotide sequence,
wherein the nucleotide sequence comprises a first nucleic
acid sequence represented by nucleotides 1 to 62129 of the
nucleotide sequence according to SEQ.ID.NO:20, a second
nucleotide sequence represented by nucleotides 63261 to
233681 of the nucleotide sequence according to SEQ.ID.NO:
20 and a third nucleotide sequence comprising a nucleotide
sequence according to SEQ.ID.No: 33

74. The vector according to claim 73, wherein nucleotide
62129 of the nucleotide sequence according to SEQ.ID.NO:
20 is covalently linked to nucleotide 1 of the nucleotide
sequence according to SEQ.ID.No: 33 and wherein nucle-
otide 38 of'the nucleotide sequence according to SEQ.ID.No:
33 is covalently linked to nucleotide 63261 of the nucleotide
sequence according to SEQ.ID.NO: 20.

75. A vector comprising the nucleic acid according to claim
62, wherein the vector comprises a nucleotide sequence,
wherein the nucleotide sequence comprises a first nucleic
acid sequence represented by nucleotides 1 to 58442 of the
nucleotide sequence according to SEQ.ID.NO:20, a second
nucleotide sequence represented by nucleotides 59623 to
62129 of the nucleotide sequence according to SEQ.ID.NO:
20, a third nucleotide sequence represented by nucleotides
63261 to 233681 of the nucleotide sequence according to
SEQ.ID.NO: 20 and wherein nucleotide 58442 of the nucle-
otide sequence according to SEQ.ID.NO:20 is covalently
linked to nucleotide 59623 of the nucleotide sequence
according to SEQ.ID.NO:20 and wherein the nucleotide
62129 of the nucleotide sequence according to SEQ.ID.NO:
20 is covalently linked to the nucleotide 63261 of the nucle-
otide sequence according to SEQ.ID.NO:20.

76. A vector comprising the nucleic acid according to claim
62, wherein the vector comprises a nucleotide sequence,
wherein the nucleotide sequence comprises a first nucleic
acid sequence represented by nucleotides 1 to 58442 of the
nucleotide sequence according to SEQ.ID.NO:20, a second
nucleotide sequence represented by nucleotides 59623 to
62129 of the nucleotide sequence according to SEQ.ID.NO:
20, a third nucleotide sequence represented by nucleotides
63261 to 233681 of the nucleotide sequence according to
SEQ.ID.NO:20, a fourth nucleotide sequence comprising a
nucleotide sequence according to SEQ.ID.No: 32 and a fifth
nucleotide sequence comprising a nucleotide sequence
according to SEQ.ID.No: 33.

77. The vector according to claim 76, wherein nucleotide
58442 of the nucleotide sequence according to SEQ.ID.NO:
20 is covalently linked to nucleotide 1 of the nucleotide
sequence according to SEQ.ID.No: 32, wherein nucleotide
179 of the nucleotide sequence according to SEQ.ID.No: 32
is covalently linked to nucleotide 59623 of the nucleotide
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sequence according to SEQ.ID.NO:20, wherein nucleotide
62129 of the nucleotide sequence according to SEQ.ID.NO:
20 is covalently linked to nucleotide 1 of the nucleotide
sequence according to SEQ.ID.No: 33 and wherein nucle-
otide 38 of the nucleotide sequence according to SEQ.ID.NO:
33 is covalently linked to nucleotide 632161 of the nucleotide
sequence according to SEQ.ID.No: 20.

78. A host cell comprising anucleic acid according to claim
61.

79. A pharmaceutical composition comprising a beta-her-
pesvirus, preferably arecombinant beta-herpesvirus, wherein
the beta-herpesvirus is spread-deficient, and a pharmaceuti-
cally acceptable carrier.

80. The pharmaceutical composition of claim 79, further
comprising a nucleic acid encoding from a beta-herpesvirus
and/or a vector encoding the nucleic acid encoding for beta-
herpesvirus.
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