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METHOD FOR PRODUCING AN ANTITUMORAL ARENAVIRUS AS
WELL AS ARENAVIRUS MUTANTS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of priority of German Patent Application DE
10 2018 215 551.8 filed on 12 September 2018, the content of which is hereby incorporated by

reference in its entirety for all purposes.
FIELD OF THE INVENTION AND BACKGROUND

[0002] The invention relates to a method for the preparation of an antitumoral arenavirus,
arenavirus mutants, isolated proteins or peptides, in particular isolated glycoproteins, an

arenavirus and nucleic acids encoding for corresponding proteins or peptides.

[0003] Arenaviruses belong to the family of human pathogenic pleomorphic RNA viruses.
Discases with these viruses belong to the zoonoses due to their natural reservoir in animals,
predominantly rodents. Zoonoses are diseases that can be transmitted from animals to humans

and vice versa from humans to animals.

[0004] At lcast eight arenaviruses are known to cause a disease in humans, typically aseptic
meningitis and haemorrhagic fever. Known viruses that can cause a disease in humans are the
lymphocytic choriomeningitis virus (LCMV), guanarito virus (GTOV), junin virus (JUNV),
lassa virus (LASV), lujo virus (LUJV), machupo virus (MACYV), sabia virus (SABV) and
whitewater arroyo virus (WWAYV).

[0005] Arenaviruses with the genus mammarenavirus are divided into two groups, the Old
World Arenaviruses and the New World Arenaviruses. These groups differ geographically and
genetically. Old World Arenaviruses, such as the lymphocytic choriomeningitis virus, were
found mainly in countries of the Eastern Hemisphere, such as European, Asian and African
countries. In contrast, New World Arenaviruses have been found in Western Hemisphere

countries such as Argentina, Bolivia, Venezuela, Brazil and the United States of America.

[0006] Arenaviruses replicate in the cell and enter the extracellular space as virions (infectious
particles). Virions have a pleomorphic, often round shape with a diameter of mostly 110 nm to
130 nm up to 50 nm to 300 nm. The capsid of the virion is surrounded by an envelope protein
consisting of a double lipid membrane and homotrimers of glycoproteins (GP1 and GP2) that

protrude in the shape of spikes. GP1 is directed outwards and binds to the cellular receptor
1
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during infection. GP2 is directed in the opposite direction and mediates fusion with the cell. The
Z-proteins lay like a ring below the lipid layer, located inside the nucleocapsid the
ribonucleoprotein (RNP)-complexes each consists of the shorter RNA segment (S segment 3.5
kb) respectively the longer RNA segment (L segment 7.2 kb) and the nucleoproteins. The L-
protein, the viral polymerase, is associated with the RNP complexes. L- and S-segments carry
the genetic information and code for two proteins each. The single-stranded RNAs have a mixed
(i.e. ambisense polarity), at their 3' untranslated ends the sequences (approx. 19-30 bp) are
conserved, also within the virus family. First, the mRNAs of nucleoprotein and L-protein are
transcribed, followed by replication and mRNA transcription of Z-protein and the glycoprotein

precursor, and finally followed by translation and modification of the viral proteins.

[0007] The use of arenaviruses as vaccination vectors is well known. A prominent example is the
vaccination virus Candid #1 used against Argentine haemorrhagic fever. This is a vaccination

variant of the Junin virus.

[0008] From WO 2009/083210 Al, the use of replicationdefective, i.e. genetically modified
arenavirus particles (virions) inter alia for the treatment of neoplastic diseases such as melanoma,
prostate carcinoma, breast carcinoma and lung carcinoma is known. The publication
"Development of replication-defective lymphocytic choriomeningitis virus vectors for the
induction of potent CD8+ T cell immunity" (Nature Medicine, vol. 16, no. 3, March 2010, p.
339-345; doi: 10.1038/nm.2104) mentions as a potential application area for such virus particles

cancer immunotherapy.

[0009] Further from WO 2006/008074 A1 the use of packaging cells which produce both
retroviral and with arenavirus-glycoprotein pseudotyped virions for gene therapy of solid tumors

is known.

[0010] The above described state-of-the-art methods for the treatment of tumors are based on the
use of virus particles that are very complicated to generate by means of genetic engineering. In
addition, in case of gene therapy treatment methods a sufficient, therapeutically effective
transduction of the tumor tissue with genetically engineered virions or packaging cells which

produce virions is often not achievable.

[0011] From WO 2016/166285 A1, however, arenaviruses for the treatment and/or prevention of
tumors are known, whereat said arenaviruses are free of genomic foreign RNA. Additionally,
from WO 2016/166285 Al a method for the production of arenaviruses with tumor regressive

properties is known.
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[0012] Nevertheless, there is still a need for specific and in particular therapeutically effective

arenaviruses for use in the treatment and/or prevention of tumors.
OBJECT AND SOLUTION

[0013] The underlying object of the present invention is to produce arenaviruses with antitumor
properties and/or improved antitumor properties. Furthermore, the underlying object of the
invention is to provide corresponding arenavirus mutants, isolated proteins or peptides, in
particular glycoproteins and/or L-proteins, of arenaviruses as well as nucleic acids coding for

them.

[0014] The above objects are solved by a lymphocytic choriomeningitis virus mutant according
to independent claim 1, a method according to independent claim 15, a lymphocytic
choriomeningitis virus mutant according to claim 22, a medicament or pharmaceutical
composition according to claim 26, an isolated protein or peptide according to claim 28 as well
as an isolated nucleic acid according to claim 29. Prefered embodiments of the method and the
lymphocytic choriomeningitis virus mutant are subject of the dependent claims and to the present
description. Additional aspects of the present invention are disclosed in the description. The
wording of all claims is hereby incorporated by explicit reference to the content of the present

description.

[0015] The present invention is based on the surprising finding that certain mutants of an
arenavirus, in particular lymphocytic choriomeningitis virus (LCMV) may have improved

antitumoral altivites as compared to a wild type virus.

[0016] Accordingly, the present invention generally relates to a mutant of lymphocytic

choriomeningitis virus, preferably a mutant of strain WE.

[0017] The mutant may be capable of undergoing a stronger propagation in a tumor cell, such as
a H1975 cell, a HCC1954 cell, a murine pancreatic cancer cell, or a human melanoma cell, as
compared to the wild type lymphocytic choriomeningitis virus strain WE. The mutant may also
be capable of inducing a stronger innate immune activation than LCMV-WE wild type in vivo.
The mutant may also be capable of having a stronger antitumoral effect in vivo than LCMV-WE
wild type. The mutant may also be capable of increasing expansion of tumor-specific CD8+ T
cells as compared to LCMV-WE wild type. The mutant may also be capable of increasing the
function of tumor-specific CD8+ T cells. The mutant may also have a higher capacity to

stimulate tumor specific T cells as compared to the LCMV-WE wild type.
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[0018] The mutant a of lymphocytic choriomeningitis virus of the invention preferably
comprises a nucleic acid encoding a glycoprotein, wherein said glycoprotein comprises at least
one mutation at positions corresponding to positions 181 and 185 of the wild type glycoprotein
sequence set forth in SEQ ID NO: 10. The preferred mutations are Arg 185 — Trp and/or Ile 181
— Met (such as Arg 185 — Trp only, Ile 181 — Met only, or Arg 185 — Trp and Ile 181 —
Met) as compared to the wild type glycoprotein sequence set forth in SEQ ID NO: 10 and/or (a)
respective protein(s) encoded by the nucleic acid. While the examples of the present application
demonstrate that the presence of either one of the mutations may already be sufficient in order to
provide an improved function over a wild type lymphocytic choriomeningitis virus, the presense
of both of the recited mutations will further improve the function of the LCMV, which may be
additively or even synergistically. Accordingly, in a preferred embodiment, both mutations are

present in the LCMV of the invention.

[0019] Without wishing to be bound by theory, it is further believed that the presense of the one
or two above-mentioned mutations in the glycoprotein can improve the function of the LCMV
(e.g. replication or propagation in a tumor cell, anti-tumoral activities, and/or immune system
stimulation as described above), independent from the presence of other mutations, in particular
of other mutations in other genes or proteins of LCMV. The assumption is based on the finding
that the mutations Arg 185 — Trp and Ile 181 — Met in the glycoprotein remain conserved
while some other mutations appear and disappear during serial passages, and/or are not
conserved among different mutant strains. The assumption is further based on the fact that the
glycoprotein(s) of LCMV form the spikes on the virion envelope, and are thus believed to play a

predominant role in the virus’s abilty to infect a tumor cell.

[0020] The LCMV mutant of the invention may comprise a nucleic acid encoding a
glycoprotein, wherein the glycoprotein has at least about 95%, preferably at least about 96%,
preferably at least about 97%, preferably at least about 98% preferably at least about 99%,
preferably at least about 99.1%, preferably at least about 99.2%, preferably at least about 99.3%,
preferably at least about 99.4%, preferably at least about 99.5%, preferably at least about 99.5%,
preferably at least about 99.7% sequence identity, to the wild type glycoprotein sequence set
forth in SEQ ID NO: 10, and/or may comprise (a) respective protein(s) encoded by the nucleic

acid.

[0021] The LCMV mutant of the invention may comprises a nucleic acid encoding a
glycoprotein, wherein the glycoprotein comprises the mutations Arg 185 — Trp and Ile 181 —

Met as compared to the wild type glycoprotein set forth in SEQ ID NO: 10.
4
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[0022] The LCMV mutant of the invention may comprise a nucleic acid encoding a
glycoprotein, wherein said glycoprotein has at least about 95%, preferably at least about 96%,
preferably at least about 97%, preferably at least about 98% preferably at least about 99%,
preferably at least about 99.1%, preferably at least about 99.2%, preferably at least about 99.3%,
preferably at least about 99.4%, preferably at least about 99.5%, preferably at least about 99.5%,
preferably at least about 99.7% sequence identity, or is preferably identical, to a sequence set
forth in any one of SEQ ID NOs: 18, 26, 34, 42, 50, and 58, and/or may comprise (a) respective

protein(s) encoded by the nucleic acid.

[0023] The LCMV mutant of the invention may comprise a nucleic acid encoding a
glycoprotein, wherein said nucleic acid comprises a sequence that has at least about 95%,
preferably at least about 96%, preferably at least about 97%, preferably at least about 98%
preferably at least about 99%, preferably at least about 99.1%, preferably at least about 99.2%,
preferably at least about 99.3%, preferably at least about 99.4%, preferably at least about 99.5%,
preferably at least about 99.6%, preferably at least about 99.7% sequence identity, or is
preferably identical, to a sequence set forth in SEQ ID NOs: 17, 25, 33, 41, 49, and 57, and/or

may comprise (a) respective protein(s) encoded by the nucleic acid.

[0024] As already indicated above, it is believed that the glycoprotein(s) of LCMV, which form
the spikes on the virion envelope, play a predominant role in the virus’s abilty to infect tumor

cells. However, further proteins are preferably present in an LCMV.

[0025] The LCMV mutant of the invention may comprise a nucleic acid encoding a L-protein
that has at least about 95%, preferably at least about 96%, preferably at least about 97%,
preferably at least about 98% preferably at least about 99%, preferably at least about 99.1%,
preferably at least about 99.2%, preferably at least about 99.3%, preferably at least about 99.4%,
preferably at least about 99.5%, preferably at least about 99.6%, preferably at least about 99.7%
sequence identity to the wild type L-protein sequence set forth in SEQ ID NO: 16, and/or may

comprise a respective protein encoded by the nucleic acid.

[0026] The LCMV mutant of the invention may comprise a nucleic acid encoding a L-protein,
wherein said L-protein has at least about 95%, preferably at least about 96%, preferably at least
about 97%, preferably at least about 98% preferably at least about 99%, preferably at least about
99.1%, preferably at least about 99.2%, preferably at least about 99.3%, preferably at least about
99.4%, preferably at least about 99.5%, preferably at least about 99.6%, preferably at least about
99.7%, preferably at least about 99.8%, preferably at least about 99.9% sequence identity, or is
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preferably identical, to a sequence set forth in any one of SEQ ID NOs: 24, 32, 40, 48, 56, and

64, and/or may comprise a respective protein encoded by the nucleic acid.

[0027] The LCMV mutant of the invention may comprise a nucleic acid encoding a L-protein,
wherein said L-protein comprises 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 mutations at positions
corresponding to positions 253, 1512, 1513, 1758, 1995, 2094, 2115, 2141, 2175, and 2185 of
the wild type L-protein sequence set forth in SEQ ID NO: 16. Preferred embodiments of
mutations at these positions are: Lys 253 — Arg; Lys 1512 — Met; Lys 1513 — Glu; Ser 1758
— Phe; Phe 1995 — Ser; lle 2094 — Val; Lys 2115 — Glu; Thr 2141 > Ala; Arg 2175 — Lys;
Thr 2185 — Ala as compared to the wild type L-protein sequence set forth in SEQ ID NO: 16,
and/or may comprise a respective protein encoded by the nucleic acid. Preferably, the LCMV

mutein comprises 1, 2, 3, 4, or 5 of the aforementioned mutations.

[0028] The LCMV mutant of the invention may comprise a nucleic acid encoding a L-protein,
wherein said L-protein comprises as compared to the wild type L-protein sequence set forth in
SEQ ID NO: 16 one of the following sets of mutations: Ser 1758 — Phe (corresponding to the
mutations of mutant strain P42); Phe 1995 — Ser, optionally Ile 2094 — Val, and optionally Thr
2141 — Ala (corresponding to the mutations of mutant strain P52, which is oligoclonal for
positions 2094 and 2141); Lys 1513 — Glu, Phe 1995 — Ser, and optionally Arg 2175 — Lys
(corresponding to the mutations of mutant strain P91, which is oligoclonal for position 2175);
Lys 253 — Arg; Lys 1512 — Met; Lys 2115 — Glu; Thr 2185 — Ala (corresponding to the
mutations of mutant strain P52-1); Phe 1995 — Ser (corresponding to the mutations of mutant
strain P52-1.3); or Lys 2115 — Glu (corresponding to the mutations of mutant strain P52-2.1),

and/or may comprise a respective protein encoded by the nucleic acid.

[0029] The LCMV mutant of the invention may comprise a nucleic acid encoding an L-protein,
wherein said nucleic acid has or —is preferably complementary to a sequence that has at least
about 95%, preferably at least about 96%, preferably at least about 97%, preferably at least about
98% preferably at least about 99%, preferably at least about 99.1%, preferably at least about
99.2%, preferably at least about 99.3%, preferably at least about 99.4%, preferably at least about
99.5%, preferably at least about 99.6%, preferably at least about 99.7%, preferably at least about
99.8%, preferably at least about 99.9% sequence identity, or is preferably identical, to a sequence
set forth in SEQ ID NOs: 17, 25, 33, 41, 49, and 57, and/or may comprise a respective protein

encoded by the nucleic acid.
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[0030] The LCMV mutant of the invention may comprise a nucleic acid encoding an
nucleoprotein, wherein said nucleoprotein has at least about 95%, preferably at least about 96%,
preferably at least about 97%, preferably at least about 98% preferably at least about 99%,
preferably at least about 99.1%, preferably at least about 99.2%, preferably at least about 99.3%,
preferably at least about 99.4%, preferably at least about 99.5%, preferably at least about 99.6%,
preferably at least about 99.7%, sequence identity, or is identical, to a nucleoprotein set forth in
any one of SEQ ID NOs: 12, 20, 28, 36, 44, 52, and 60, and/or may comprise a respective

protein encoded by the nucleic acid.

[0031] The LCMV mutant of the invention may comprise a nucleic acid encoding an
nucleoprotein, wherein said nucleic acid has or — is preferably complementary to a sequence that
has at least about 95%, preferably at least about 96%, preferably at least about 97%, preferably at
least about 98% preferably at least about 99%, preferably at least about 99.1%, preferably at
least about 99.2%, preferably at least about 99.3%, preferably at least about 99.4%, preferably at
least about 99.5%, preferably at least about 99.6%, preferably at least about 99.7%, sequence
identity, or is identical, to a nucleoprotein set forth in any one of SEQ ID NOs: 11, 19, 27, 35,

43, 51, and 59, and/or may comprise a respective protein encoded by the nucleic acid.

[0032] The LCMV mutant of the invention may comprise a nucleic acid encoding a Z-protein,
wherein said Z-protein has at least about 95%, preferably at least about 96%, preferably at least
about 97%, preferably at least about 98% preferably at least about 99%, preferably at least about
99.1%, preferably at least about 99.2%, preferably at least about 99.3%, preferably at least about
99.4%, preferably at least about 99.5%, preferably at least about 99.6%, preferably at least about
99.7%, sequence identity, or is identical, to a sequence set forth in any one of SEQ ID NOs: 14,

22, 30, 38, 46, 54, and 62, and/or may comprise a respective protein encoded by the nucleic acid.

[0033] The LCMV mutant of the invention may comprise a nucleic acid encoding a Z-protein,
whrein said nucleic acid comprises a sequence that has at least about 95%, preferably at least
about 96%, preferably at least about 97%, preferably at least about 98% preferably at least about
99%, preferably at least about 99.1%, preferably at least about 99.2%, preferably at least about
99.3%, preferably at least about 99.4%, preferably at least about 99.5%, preferably at least about
99.6%, preferably at least about 99.7%, sequence identity, or is identical, to a sequence set forth
in any one of SEQ ID NOs: 13, 21, 29, 37, 45, 53, and 61, and/or may comprise a respective

protein encoded by the nucleic acid.
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[0034] A LCMV mutant of the invention may comprise (a) glycoprotein(s) preferably as defined
herein, an L protein preferably as defined herein, a Z protein preferably as defined herein, and a
nucleoprotein preferably as defined herein. A LCMV mutant of the invention may comprise (a)
nucleic acid(s) that encode a) glycoprotein(s) preferably as defined herein, an L protein
preferably as defined herein, an Z protein preferably as defined herein, and a nucleoprotein

preferably as defined herein.

[0035] A LCMV mutant of the invention may comprise (a) nucleic acid(s) that encode the
proteins of SEQ ID NOs: 18, 20, 22, and 24, or proteins having at least about 95%, preferably at
least about 96%, preferably at least about 97%, preferably at least about 98% preferably at least
about 99%, preferably at least about 99.1%, preferably at least about 99.2%, preferably at least
about 99.3%, preferably at least about 99.4%, preferably at least about 99.5%, preferably at least
about 99.6%, preferably at least about 99.7%, sequence identity to these sequences. The
glycoprotein may comprise a Ile 181 — Met mutation. The L-protein may comprise a Ser 1758
— Phe mutation. A LCMV mutant of the invention may comprise (a) nucleic acid(s) that
comprise(s) a sequence set forth in SEQ ID NOs: 17 and 21 and that comprise(s) a sequence that
is complementary to the sequence set forth in SEQ ID NOs: 19 and 23.

[0036] A LCMV mutant of the invention may comprise (a) nucleic acid(s) that encode the
proteins of SEQ ID NOs: 26, 28, 30, and 32, or proteins having at least about 95%, preferably at
least about 96%, preferably at least about 97%, preferably at least about 98% preferably at least
about 99%, preferably at least about 99.1%, preferably at least about 99.2%, preferably at least
about 99.3%, preferably at least about 99.4%, preferably at least about 99.5%, preferably at least
about 99.6%, preferably at least about 99.7%, sequence identity to these sequences. The
glycoprotein may comprise a Ile 181 — Met and a Arg 185 — Trp mutation. The L protein may
comprise following mutations Phe 1995 — Ser, optionally Ile 2094 — Val, and optionally Thr
2141 > Ala. A LCMV mutant of the invention may comprise (a) nucleic acid(s) that comprise(s)
a sequence set forth in SEQ ID NOs: 25 and 29 and that comprise(s) a sequence that is
complementary to the sequence set forth in SEQ ID NOs: 27 and 31.

[0037] A LCMV mutant of the invention may comprise (a) nucleic acid(s) that encode the
proteins of SEQ ID NOs: 34, 36, 38, and 40, or proteins having at least about 95%, preferably at
least about 96%, preferably at least about 97%, preferably at least about 98% preferably at least
about 99%, preferably at least about 99.1%, preferably at least about 99.2%, preferably at least
about 99.3%, preferably at least about 99.4%, preferably at least about 99.5%, preferably at least

about 99.6%, preferably at least about 99.7%, sequence identity to these sequences. The
8
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glycoprotein may comprise a Ile 181 — Met and a Arg 185 — Trp mutation. The L protein may
comprise following mutations Lys 1513 — Glu, Phe 1995 — Ser, and optionally Arg 2175 —
Lys. A LCMV mutant of the invention may comprise (a) nucleic acid(s) that comprise(s) a
sequence set forth in SEQ ID NOs: 33 and 37 and that comprise(s) a sequence that is
complementary to the sequence set forth in SEQ ID NOs: 35 and 39.

[0038] A LCMV mutant of the invention may comprise (a) nucleic acid(s) that encode the
proteins of SEQ ID NOs: 50, 52, 54, and 56, or proteins having at least about 95%, preferably at
least about 96%, preferably at least about 97%, preferably at least about 98% preferably at least
about 99%, preferably at least about 99.1%, preferably at least about 99.2%, preferably at least
about 99.3%, preferably at least about 99.4%, preferably at least about 99.5%, preferably at least
about 99.6%, preferably at least about 99.7%, sequence identity to these sequences. The
glycoprotein may comprise a Ile 181 — Met and a Arg 185 — Trp mutation. The L protein may
comprise following mutations Lys 253 — Arg; Lys 1512 — Met; Lys 2115 — Glu; Thr 2185 —
Ala. A LCMV mutant of the invention may comprise (a) nucleic acid(s) that comprise(s) a
sequence set forth in SEQ ID NOs: 41 and 45 and that comprise(s) a sequence that is
complementary to the sequence set forth in SEQ ID NOs: 43 and 47.

[0039] A LCMV mutant of the invention may comprise (a) nucleic acid(s) that encode the
proteins of SEQ ID NOs: 58, 60, 62, and 64, or proteins having at least about 95%, preferably at
least about 96%, preferably at least about 97%, preferably at least about 98% preferably at least
about 99%, preferably at least about 99.1%, preferably at least about 99.2%, preferably at least
about 99.3%, preferably at least about 99.4%, preferably at least about 99.5%, preferably at least
about 99.6%, preferably at least about 99.7%, sequence identity to these sequences. The
glycoprotein may comprise a Arg 185 — Trp mutation. The L protein may comprise a Phe 1995
— Ser mutation. A LCMV mutant of the invention may comprise (a) nucleic acid(s) that
comprise(s) a sequence set forth in SEQ ID NOs: 49 and 53 and that comprise(s) a sequence that
is complementary to the sequence set forth in SEQ ID NOs: 51 and 55.

[0040] A LCMV mutant of the invention may comprise (a) nucleic acid(s) that encode the
proteins of SEQ ID NOs: 66, 68, 70, and 72, or proteins having at least about 95%, preferably at
least about 96%, preferably at least about 97%, preferably at least about 98% preferably at least
about 99%, preferably at least about 99.1%, preferably at least about 99.2%, preferably at least
about 99.3%, preferably at least about 99.4%, preferably at least about 99.5%, preferably at least
about 99.6%, preferably at least about 99.7%, sequence identity to these sequences. The

glycoprotein may comprise a Ile 181 — Met mutation. The L protein may comprise a Lys 2115
9



CA 03111305 2021-03-01

WO 2020/053324 PCT/EP2019/074307

— Glu mutation. A LCMV mutant of the invention may comprise (a) nucleic acid(s) that
comprise(s) a sequence set forth in SEQ ID NOs: 57 and 61 and that comprise(s) a sequence that
is complementary to the sequence set forth in SEQ ID NOs: 59 and 63.

[0041] A LCMYV of the disclosure may comprise (a) nucleic acid(s) that encode the proteins of
SEQ ID NOs: 10, 12, 14, and 18, or proteins having at least about 95%, preferably at least about
96%, preferably at least about 97%, preferably at least about 98% preferably at least about 99%,
preferably at least about 99.1%, preferably at least about 99.2%, preferably at least about 99.3%,
preferably at least about 99.4%, preferably at least about 99.5%, preferably at least about 99.6%,
preferably at least about 99.7%, sequence identity to these sequences. A LCMV of the disclosure
may comprise (a) nucleic acid(s) that comprise(s) a sequence set forth in SEQ ID NOs: 10 and
14 and that comprise(s) a sequence that is complementary to the sequence set forth in SEQ ID

NOs: 12 and 16.

[0042] The present invention also generally relates to a LCMV of the disclosure, in particular of

an LCMV mutant of the disclosure, for use in therapy.

[0043] In particular when a LCMV mutant of the disclosure is used, such use may comprise a
stronger propagation of the LCMV mutant in a tumor (cell), as compared to the use wild type
lymphocytic choriomeningitis virus strain WE. Such use may also comprise inducing a stronger
innate immune activation as compared to the use of LCMV-WE wild type in vivo. Such use may
also comprise promoting a stronger antitumoral effect in vivo as compared to the use of LCMV-
WE wild type. Such use may also comprise increasing expansion of tumor-specific CD8+ T cells
as compared to the use of LCMV-WE wild type. The use may also comprise increasing the
function of tumor-specific CD8+ T cells. The use may also comprise stimulating tumor specific

T cells to a larger extent as compared to the LCMV-WE wild type.

[0044] The LCMV (mutant) of the disclosure may be for use in the treatment and/or prevention
of a tumor. The tumor may be any tumor disclosed herein. The tumor is preferably selected from

the group consisting of carcinoma, melanoma, blastoma, lymphoma and sarcoma.

[0045] According to a first aspect, the invention relates to a method for the production of an
antitumor arenavirus, i.e. a tumor-fighting or -repulsive arenavirus (so-called tumor regressive
arenavirus), in particular an arenavirus which has in comparison to an original arenavirus

improved antitumor properties, i.e. improved tumor-fighting or -repulsive properties.

[0046] The method comprises the following steps:

10
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a) plating primary tumor cells in a nutrient medium, preferably liquid nutrient medium, or
plating cells of the cell line H1975, C643 or Tramp-C2 onto and/or into a nutrient medium,

preferably liquid nutrient medium,

b) inoculation of the plated primary tumor cells with an original arenavirus or inoculation of the

plated cells of the cell line H1975, C643 or Tramp-C2 with an orginal arenavirus,

¢) incubating the inoculated primary tumor cells or incubating the inoculated cells of the cell line
H1975, C643 or Tramp-C2, i.e. incubating the primary tumor cells and the original arenavirus or
incubating the cells of the cell line H1975, C643 or Tramp-C2 and the original arenavirus under
conditions suitable for causing at least a portion of the inoculated primary tumor cells or at least
a portion of the inoculated cells of the cell line H1975, C643 or Tramp-C2, in particular only part
of the inoculated primary tumor cells or only part of the inoculated cells of the cell line H1975,
C643 or Tramp-C2 or all inoculated primary tumor cells or all inoculated cells of the cell line

H1975, C643 or Tramp-C2, to be infected with the original arenavirus,

d) extracting an arenavirus-containing cell culture supernatant from an incubated primary tumor
cell culture, or extracting an arenavirus-containing cell culture supernatant from the incubated

cells of the cell line H1975, C643 or Tramp-C2 containing cell culture,

wherein the step sequence a) to d) is repeated a plurality of times, wherein the primary tumor
cells or the cells of the cell line H1975, C643 or Tramp-C2 when performing the first repetition
of step sequence a) to d), for performing step b) is inoculated with the arenavirus-containing cell
culture supernatant or a part thereof extracted when performing step d) before the first repetition
of the step sequence a) to d, and wherein the primary tumor cells or the cells of cell line H1975,
C643 or Tramp-C2 when performing each further repetition of the step sequence a) to d), for
performing step b) is inoculated with the arenavirus-containing cell culture supernatant or a part

thereof extracted when performing step d) of a previous repetiton of the step sequence a) to d).

[0047] The first conduct of step sequence a) to d) can also be referred to as the “first passage”
within the meaning of the present invention. The first passage is therefore performed with the
original arenavirus as inoculum. Each further passage is then performed with an arenavirus-
containing cell culture supernatant or part thereof extracted in step d) of a preceding preferably
immediately preceding passage. From performing a second passage onwards said passage can be

referred to as “repeated passage”, within the meaning of the present invention.

[0048] The term "original arenavirus" in the context of the present invention can be understood
to mean an arenavirus which is used before the first repetition of step sequence a) to d), i.e.

11



CA 03111305 2021-03-01

WO 2020/053324 PCT/EP2019/074307

before the first passage for inoculation of the primary tumor cells or the cells of the cell line
H1975, C643 or Tramp-C2 (step b)). The “original arenavirus” may refer to, which is described
in more detail below, a wildtype arenavirus or a mutant thereof. In particular, the term may refer

to an original arenavirus without antitumor properties or with antitumor properties.

[0049] The term "wild-type arenavirus" within the in the context of the present invention should
be understood to mean an arenavirus with a genome which occurs in nature in its genetically

normal form.

[0050] The term "primary tumor cells" in the context of the present invention should be
understood to mean unpassaged or non-passaged tumor cells, i.e. tumor cells isolated directly
from a tumor tissue or tumor cells isolated directly from a tumor tissue, which have been
passaged before performing step a) a maximum of 1000 times, in particular a maximum of 100
times, preferably a maximum of 10 times, or primary tumor cells which are characterized by
having different cell clones. In the case of the latter, heterogeneity can be demonstrated by

different protein expression and by different DNA sequences (genetic fingerprinting).

[0051] The term "cell line H1975" in the context of the present invention should be understood
to mean a cell line which has been isolated from a human adenocarcinoma and is deposited at
ATCC (American Type Culture Collection) under the designation NCI-H1975 (ATCC® CRL-
5908®) and under the accession or deposit number CVCL-1511.

[0052] The term "cell line C643" in the context of the present invention should be understood to
mean a cell line which has been isolated from human anaplastic thyroid carcinoma deposited
under the designation C643 and under the accession or deposit number CVCL-5969 (ExPASy

Cellosaurus).

[0053] The term "cell line Tramp-C2" in the context of the present invention should be
understood to mean a cell line isolated from a murine adenocarcinoma and deposited under the
designation Tramp-C2 and under the accession or deposit number CVCL-3615 (ExPASy

Cellosaurus).

[0054] The term "plating out" in the context of the present invention should be understood to
mean the seeding or introduction of primary tumor cells or cells of the cell line H1975, C643 or
Tramp-C2 onto and/or into a culture medium, preferably a liquid culture medium. In other
words, the term "plating” in the sense of this invention should be understood to mean the
cultivation, in particular initial cultivation, of primary tumor cells or cells of the cell line H1975,
C643 or Tramp-C2 on and/or in a culture medium, preferably liquid culture medium.
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[0055] The term “lymphocytic choriomeningitis virus WE strain” may refer to the LCMV-WE
strain that has been described by Seiler,P., et al., J. Immunol. 162 (8), 4536-4541 (1999). The
term “lymphocytic choriomeningitis virus WE strain” as used herein preferably refers to a
LCMV that comprises glycoproteins having the sequence of positions 59-265 and 266-498 of
SEQ ID NO: 10, a nucleoprotein having the sequence of SEQ ID NO: 12; a Z-protein having the
sequence of SEQ ID NO: 14; and/or a L-protein having the sequence of SEQ ID NO: 16. The
term “lymphocytic choriomeningitis virus WE strain” as used herein also preferably refers to a
LCMYV that comprises one ore more, preferably two nucleic acid molecules, which comprise

sequences that are or are complementary to the sequences of SEQ ID NOs: 9, 11, 13, and/or 15.

[0056] The term "arenavirus mutant” or "mutant of an arenavirus" in the context of the present
invention should be understood to mean an arenavirus whose genome and/or protecome has at
least one mutation, in particular at least one point mutation, with respect to the genome and/or
proteome of its wild type. Preferably, The term "arenavirus mutant” or "mutant of an arenavirus”
should be understood as an arenavirus with a protein, in particular glycoprotein and/or L-protein,
which has with respect to a corresponding protein, in particular glycoprotein and/or L-protein of
a corresponding wildtype arenavirus, at least one mutation, preferably in the form of an amino

acid substitution.

[0057] Accordingly, the term "lymphocytic choriomeningitis virus mutant" should be understood
as a mutant of the lymphocytic choriomeningitis virus, whose genome and/or protcome has with
respect to the genome and/or proteome of the wild-type lymphocytic choriomeningitis virus at
least one mutation, in particular at least one point mutation. Preferably, the term "lymphocytic
choriomeningitis virus mutant” should be understood to mean an arenavirus with a protein, in
particular glycoprotein and/or L-protein, which has with respect to a corresponding protein, in
particular glycoprotein and/or L-protein, of the wild-type lymphocytic choriomeningitis virus at

least one mutation, preferably in the form of an amino acid substitution.

[0058] The term "glycoprotein” in the context of the present invention should be understood to
mean a macromolecule which consists of a protein, which in a certain context can also be refered
to as a protein moiety, or protein component and one or more covalently bound carbohydrate

groups (sugar groups), in particular mono- and/or oligo- and/or polysaccharide groups.

[0059] The term "repeated passage" or "repeated passaging” in the context of the present
invention, unless otherwise stated, should be understood as a single or repeated process in which

primary tumor cells or cells of the cell line HI1975, C643 or Tramp-C2 are treated with
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arenavirus produced from primary tumor cells or cells of the cell line H1975, C643 or Tramp-
C2. Therefor a culture medium for primary tumor cells or cells of the cell line H1975 C643 or
Tramp-C2, such as DMEM (Dulbecco's Modified Eagle's Medium) with 10% Fetal Calf Serum
(FKS) and 1% penicillin/streptomycin/glutamine (equivalent to 1 unit/ml penicillin, 100
microg/ml streptomycin and 2mM L-glutamine), must be used. Non-infected primary tumor cells
or non-infected cells of the cell line H1975, C643 or Tramp-C2 are preferably plated 0 to 7 days,
in particular 1 to 7 days, prior to the inoculation step (step b). Preferably, a culture medium used
for cell plating is replaced prior to the inoculation step by a fresh culture medium. In some cases,
the culture medium may be extracted 1, 10 or 100 minutes after the inoculation step (step b) and
replaced with a fresh culture medium. After an incubation period of 24, 48, 72 or 96 hours, a cell
culture supernatant containing an accumulation of mutated arenaviruses is extracted. Part of this
supernatant is added to new, uninfected primary tumor cells or cells of the cell lines H1975,

C643 or Tramp-C2.

[0060] The term “nucleic acid” as used herein may generally refers to DNA or RNA. DNA and
RNA differ — among others — in their nucleobases. The complementary base to adenine in DNA
is thymine, whereas in RNA, it is uracil. For the sake of simplification, the corresponding base to
adenine 1s denoted as “t” throughout the application, which — depending on its context — may

refer to thymine (in DNA) or uracil (in RNA).

[0061] The term “encoding” or “encode(s)” as used herein in the context of a nucleic acid,
relates to a nucleic acid having a sequence that can be translated into a particular amino acid
sequence that is encoded by the nucleic acid. The nucleic acid sequence may encompass the
sequence of a coding strand, and may also encompass the sequence of a strand that is

complementary to the coding strand.

[0062] “Percent (%) sequence identity" with respect to sequences disclosed herein is defined as
the percentage of amino acid residues or nucleotides in a candidate sequence that are pair-wise
identical with the amino acid residues or nucleotides in a reference sequence, after aligning the
sequences and introducing gaps, if necessary, to achieve the maximum percent sequence identity,
and not considering any conservative substitutions as part of the sequence identity. Alignment
for purposes of determining percent amino acid sequence identity can be achieved in various
ways that are within the skill in the art, for instance, using publically available computer
software such as BLAST, ALIGN, or Megalign (DNASTAR) software. Those skilled in the art
can determine appropriate parameters for measuring alignment, including any algorithms needed

to achieve maximum alignment over the full length of the sequences being compared. The same
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is true for nucleotide sequences disclosed herein. For determining sequence identity, uracil (e.g.

in RNA) may be considered to be identical to thymine (e.g. in DNA).

[0063] The invention is also based on the surprising finding that through passaging of primary
tumor cells or cells of the cell line H1975, C643 or Tramp-C2 infected with an arenavirus, an
arenavirus with antitumor properties, in particular an arenavirus with improved antitumor
properties compared to the arenavirus that was used can be produced. The production of such an
arenavirus is based on the fact that the original arenavirus, usually a wild-type arenavirus, is
difficultly able to proliferate in the primary tumor cells or the cells of the cell line H1975. An
equally limited proliferation was observed in the cell lines C643 and Tramp-C2. The limited
proliferation triggers an increased selection or adaptation pressure in the arenavirus during
infection and replication in the primary tumor cells or in the cells of the cell line H1975, C643 or
Tramp-C2. Randomly emerged virus mutants, which were able to proliferate in the primary
tumor cells or the cells of the cell line H1975, C643 or Tramp-C2, overgrow the original
arenavirus, usually the wild type arenavirus. Through passaging, in particular a repeated
passaging (multiple repetition of the step sequence a) to d)), preferably results in an enrichment
of an arenavirus, which has an antitumoral effect with respect to the primary tumor cells or cells
of the cell line H1975, C643 or Tramp-C2 or which has improved antitumoral properties as
compared to the original arenavirus. The antitumoral effect of the arenavirus mutant is based on
the fact that it can infect the cells better and replicates better within the cells. In doing so, the
arenavirus mutant can spread more successfully in the cells used as compared to the original
arenavirus and, in particular, promote enhanced immune activation. Since many tumor cells do
not have any antiviral factors and therefore show a limited viral resistance, the method according
to the invention can be particularly advantageous not only for the production of an antitumoral
arenavirus, but also for the production of a tumor-specific arenavirus, i.e. for the production of

an antitumoral and tumor-specific arenavirus.

[0064] The primary tumor cells as well as the cells of the cell lines H1975, C643 and Tramp-C2
were identified by the inventors as cells which surprisingly allow only a reduced replication of
arenaviruses and which in the course of passing trigger a particularly high selection pressure or

adaptation compulsion in arenaviruses.

[0065] In an embodiment of the invention, the primary tumor cells are passaged before
performing step a) at most 1000 times, in particular at most 100 times, preferably at most 10
times. The term "passaging” shall in this context be understood as the dilution of the cells in a

cell culture, thus the uptake of the cells into a suspension and plating of a part of the cells (e.g.
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50%, 10% or 1%) in a new nutrient medium. The less the primary tumor cells are passaged
before step a), the more the cells correspond to the properties of the tumor cells of a patient. In
particular, large differences (heterogeneity) between individual primary tumor cells in
morphology, RNA expression pattern, protein expression and DNA sequence map tumor cells in
vivo. Thereby an arenavirus can be produced in an advantageous way, which is particularly

suitable for a therapeutic treatment of respective tumor patients, in particular patient groups of it.

[0066] In particular, the primary tumor cells can prior to step a) be subjected to no passage. In
other words, to perform step a) unpassaged, i.c. not passaged primary tumor cells can be used.
Thereby the original arenavirus or the arenavirus contained in the extracted cell culture
supernatant or a part thereof is forced to adapt to cells that represent the tumor cells of a patient
particularly well. In doing so, it is possible to generate particularly suited arenaviruses for the

therapeutic treatment of respective tumor patients, in particular patient groups thereof.

[0067] The already often passaged cells of the cell lines H1975, C643 and Tramp-C2, were
identified by the inventors as equally suitable cells, although they have already been passaged in

vitro for years.

[0068] In a further embodiment of the invention, step ¢) is performed during a period of 1 hour
to 1000 hours, in particular 3 hours to 300 hours, preferably 12 hours to 96 hours. The time
periods disclosed in this paragraph have been shown to be particularly beneficial for efficient
incubation and consequently infecting of the inoculated primary tumor cells or the inoculated
cells of the cell line H1975, C643 or Tramp-C2 with the original arenavirus or the arenavirus

contained in the extracted cell culture supernatant or part thereof.

[0069] In a further embodiment of the invention, step (b) and/or step (c) is performed at a
temperature of 4 °C to 50 °C, in particular 20 °C to 42 °C, preferably 34 °C to 39 °C. The
temperature ranges disclosed in this paragraph have been found to be particularly advantageous
for efficient inoculation and/or incubation (and consequently infection) of the primary tumor
cells or cells of the cell line H1975, C643 or Tramp-C2 with the original arenavirus or the

arenavirus contained in the extracted cell culture supernatant or part thereof.

[0070] In a further embodiment of the invention, step a) and/or step b) and/or step ¢) and/or step
d) is performed in a nutrient medium preferably selected from the group consisting of RPMI-
1640 (Roswell Park Memorial Institute), DMEM (Dulbecco's Modified Eagle's Medium) and
IMDM (Iscove's Modified Dulbecco's Medium). The nutrient medium may additionally contain

serum (0.1 - 20%), such as fetal calf serum and/or human serum, and/or amino acids, such as
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glutamate and/or glutamine, and/or antibiotics. A culture medium enables the cultivation of the
primary tumor cells or the cells of cell line H1975, C643 or Tramp-C2. In particular, a culture
medium favours with particular advantage the growth and/or cell division of the primary tumor
cells or cells of the cell line H1975, C643 or Tramp-C2. The culture media mentioned in this
paragraph are particularly suitable for the cultivation of primary tumor cells or cells of the cell

line H1975, C643 or Tramp-C2.

[0071] In a further embodiment of the invention, step a) and/or step b) and/or step c) are
performend under a carbon dioxide atmosphere (CO2 atmosphere) of 0% to 20%, in particular
0.1% to 20%, preferably 2% to 10%, more preferably 4% to 6%. This allows the pH of a nutrient
medium used for step a) and/or step b) and/or step c¢) to be kept constant. This allows efficient
plating and/or inoculation and/or incubation (and consequently infection) of the primary tumor
cells or the cells of the cell line HI975, C643 or Tramp-C2 with the original arenavirus

respectively the arenavirus contained in the extracted cell culture supernatant or part thereof.

[0072] Preferably step a) and/or step b) and/or step ¢) is performed in an incubator, by means of
which controlled external conditions for growth and/or cell division of the primary tumor cells or

the cells of cell line H1975, C643 or Tramp-C2 can be created.

[0073] In the further embodiment of the invention, the sequence of steps a) to d) is repeated 3
times to 1000 times, in particular 10 times to 100 times, preferably 20 times to 50 times. A
multiple repetition of the step sequence a) to d), in particular as disclosed in this paragraph, has
been shown to be particularly beneficial in view of the development of beneficial mutations with
regard to antitumoral properties, in particular point mutations, and consequently to the

production of an antitumoral arenavirus.

[0074] In the further embodiment of the invention, the nutrient medium is replaced by a fresh or
new nutrient medium before performing step b). Through this step the conditions of infection can

advantageously be standardized.

[0075] In a further embodiment of the invention, the culture medium is replaced by a fresh or
new culture medium within a period of 0.1 minutes to 600 minutes, in particular 1 minute to 30
minutes, preferably 5 minutes to 15 minutes after step b). This step advantageously increases the

selection pressure of the infection, as the time of infection is limited.

[0076] In a further embodiment of the invention multiple nutrient medium changes are
performed. For example, the nutrient medium can be replaced by a fresh or new nutrient medium
before step b) and the latter can be replaced by a fresh or new nutrient medium within a period of
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0.1 minutes to 600 minutes, in particular 1 minute to 30 minutes, preferably 5 minutes to 15

minutes after performing step b).

[0077] In a further embodiment of the invention, the primary tumor cells or the cells of the cell
line H1975, C643 or Tramp-C2 and/or the original arenavirus and/or the arenavirus contained in
the extracted cell culture supernatant or part thereof are treated with at least one
chemotherapeutic agent before performing step d), in particular before performing step c), in
particular before performing step b), in particular before performing step a). Thereby tumor cells
can be simulated which have already been chemotherapeutically treated. This advantageously
allows the production of an arenavirus which is particularly suited for the treatment of tumor
patients who have already been treated with chemotherapy and/or who are considered to have

undergone all therapy options already.

[0078] In the further embodiment of the invention, the original arenavirus and/or the arenavirus
contained in the extracted cell culture supernatant or a part thereof is before performing step b)
treated with at least one chemotherapeutic agent. Thereby the natural mutation rate in the
arenavirus can advantageously be increased and thus accelerating its adaptation to the primary

tumor cells or cells of the cell line H1975, C643 or Tramp-C2.

[0079] The at least one chemotherapeutic agent may in particular be selected from the group
consisting of alkylants, topoisomerase inhibitors, mitotic inhibitors, antimetabolites, antibiotics,
kinase inhibitors, thalidomide derivatives, cell apoptosis inducers, biological therapeutics such as
biological cytostatics, isotope-containing compounds, hormones, hormone antagonists, histone

deacetylase inhibitors and other cytostatic agents.

[0080] The alkylating agents may be selected from the group consisting of oxazaphosphorins, N-
lost derivatives, alkyl sulfonates, hydrazines, platinum-containing substances, anthracyclines and

mixtures of at least two of the above alkylating agents.

[0081] The oxazaphosphorins may, for example, be selected from the group consisting of

cyclophosphamide, ifosfamide and mixtures thereof.

[0082] The N-lost derivatives may be selected from the group consisting of chlorambucil,

melphalan and mixtures thereof.
[0083] The alkyl sulfonates may, for example, be husulfan.

[0084] The hydrazines may, for example, be selected from the group consisting of

temozolomide, dacarbazine, procarbazine and mixtures of at least two of the above hydrazines.
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[0085] The platinum-containing substances may, for example, be selected from the group
consisting of cisplatin, carboplatin, oxaliplatin and mixtures of at least two of said platinum-

containing substances.

[0086] The anthracyclines may, for example, be selected from the group consisting of
doxorubicin, daunorubicin, idarubicin, elirubicin and mixtures of at least two of said

anthracyclines.

[0087] The above-mentioned topoisomerase inhibitors may be selected from the group
consisting of topoisomerase 1 inhibitors, topoisomerase II inhibitors (etoposide) and mixtures

thereof.

[0088] For example, the topoisomerase I inhibitors may be selected from the group consisting of

irinotecan, topotecan and mixtures thereof.
[0089] Topoisomerase II inhibitors may be etoposide, for example.

[0090] The above-mentioned mitosis inhibitors or antimetabolites may be selected from the
group consisting of vinca alkaloids, taxanes, folic acid antagonists, pyrimidine antagonists,
purine antagonists, ribonucleotide reductase inhibitors and mixtures of at least two of the above-

mentioned mitosis inhibitors or antimetabolites.

[0091] For example, the vinca alkaloids may be selected from the group consisting of vincristine,

vinblastine and mixtures thereof.

[0092] Taxanes may be selected from the group consisting of docetaxel, paclitaxel and mixtures

thereof.

[0093] For example, the folic acid antagonists may be selected from the group consisting of

methotrexate, pemetrexed and mixtures thereof.

[0094] The pyrimidine antagonists may, for example, be selected from the group consisting of
cytarabine, 5-fluorouracil, gemcitabine, capecitabine and mixtures of at least two of said

pyrimidine antagonists.

[0095] The purine antagonists may, for example, be selected from the group consisting of 5-
azacytidine, azathioprine, 6-mercaptopurine, fludarabine and mixtures of at least two of said

purine antagonists.

[0096] For example, the ribonucleotide reductase inhibitor may be hydroxyurea.
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[0097] The above antibiotics may be selected from the group consisting of bleomycin,

actinomycin D, mitomycin and mixtures of at least two of the above antibiotics.

[0098] The above mentioned kinase inhibitors may be selected from the group consisting of
afatinib, alectinib, axitinib, crizotinib, cobimetinib, dasatinib, dabrafenib, erlotinib, gefitinib,
imatinib, Ixazomib, lenvatinib, nilotinib, osimertinib, palbociclib, pazopanib, ponatinib,
regorafenib, sunitinib, vemurafenib, trametinib, everolimus and mixtures of at least two of said

kinase inhibitors.

[0099] The above mentioned thalidomide derivatives may be selected from the group consisting

of lenalidomide, pomalidomide and mixtures thereof.

[0100] The cell apoptosis inducers mentioned above may be selected from the group consisting

of methoxals, venetoclax and mixtures thereof.

[0101] The above mentioned biological therapeutics may be selected from the group consisting
of rituximab, trastuzumab, cetuximab, panitumumab, ipilimumab, pembrolizumab, nivolumab,
atezolizumab, avelumab, nivolumab, olaratumab, ramucirumab and mixtures of at least two of

the above mentioned biological therapeutics.

[0102] The above-mentioned hormones and/or hormone antagonists may be selected from the
group consisting of buserelin, goserelin, leuprorelin, triptorelin, estramustin, tamoxifen,
aromatase inhibitors such as anastrozole, Antiandrogens such as enzalutamide, flutamide, bica-
lutamide, progestins such as megestrol acetate and medroxyprogesterone acetate, glucocorticoids

and mixtures of at least two of the aforementioned hormones and/or hormone antagonists.

[0103] The other cytostatic agents mentioned above may be selected from the group consisting
of bexarotene, afatinib, crizotinib erlotinib, gefitinib, lapatinib, dasatinib, imatinib, nilotinib,
ponatinib, regorafenib, sonidegib, hydroxycarbamide, trametinib, tretininoin, isotretinoin,
alitretinoin, MAOP (5-amino-4-oxopentanoic acid methyl ester) and mixtures of at least two of

the foregoing other cytostatic agents.

[0104] Furthermore, the primary tumor cells or the cells of the cell line H1975, C643 or Tramp-
C2 and/or the original arenavirus and/or the arenavirus contained in the extracted cell culture
supernatant or a part thereof, before performing step d), in particular before performing step c),
in particular before performing step b), in particular before performing step a), may be treated
with radiation, in particular selected from the group consisting of ultraviolet (UV) rays, in
particular UVA rays and/or UVB rays, alpha rays, beta rays, gamma rays and X-rays. Thereby,

tumor cells can advantageously be simulated which have already been subjected to therapeutic
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radiation. This advantageously allows the production of an arenavirus, which can be used
especially for the treatment of tumor patients who have already been treated with radiation

therapy.

[0105] Furthermore, the original arenavirus and/or the arenavirus contained in the extracted cell
culture supernatant or part thereof before performing step b) be treated with radiation, in
particular selected from the group consisting of ultraviolet (UV) rays, in particular UVA rays
and/or UVB rays, alpha rays, beta rays, gamma rays and X-rays. Thereby the natural mutation
rate in the arenavirus and thus its adaptation to the primary tumor cells or cells of the cell line

H1975, C643 or Tramp-C2 can advantageously be increased.

[0106] In another embodiment of the invention primary tumor cells or cells of the cell line
H1975, C643 or Tramp-C2 are used which are resistant to at least one chemotherapeutic agent.
For example, primary tumor cells resistant to paclitaxel and/or trametinib may be used. Thereby,
tumor cells of a patient can advantageously be simulated, which are resistant to at least one
chemotherapeutic agent during tumor treatment. The embodiments of the invention described in
this paragraph thus represent further possibilities for the production of a powerful antitumoral

arenavirus.

[0107] In a further embodiment of the invention, the primary tumor cells or the cells of the cell
line H1975, C643 or Tramp-C2 and/or the original arenavirus and/or the arenavirus contained in
the extracted cell culture supernatant or a part thereof are before performing step d), in particular
before performing step c), in particular before performing step b), in particular before performing
step a) treated with at least one antiviral compound, in particular with alpha-interferon and/or
gamma-interferon. Thereby original arenavirus or the arenavirus contained in the cell culture
supernatant extracted or in a part thereof can advantageously be forced to adapt in an antiviral
environment, whereby an antitumoral arenavirus exhibiting resistance at the same time can be
produced. Such an arenavirus is particularly effective from a therapeutic point of view, as it can

also be used to combat tumor tissue that may exhibit viral resistance.

[0108] Furthermore, the method may comprise a further step ¢) isolating and/or identifying an
antitumoral arenavirus, in particular an arenavirus, which has improved antitumoral properties
with respect to the original arenavirus, from the cell culture supernatant extracted or a part

thereof by means of cloning and/or PCR (polymerase chain reaction) and/or sequencing.
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[0109] Primary tumor cells preferably used are primary malignant tumor cells, in particular
primary carcinoma cells, primary melanoma cells, primary blastoma cells, primary lymphoma

cells or primary sarcoma cells.

[0110] In a further embodiment of the invention, primary tumor cells are primary choroidal
melanoma cells, primary anal carcinoma cells, primary angiosarcoma cells, primary astrocytoma
cells, primary basal cell carcinoma cells, primary cervical carcinoma cells, primary
chondrosarcoma cells, primary chorionic carcinoma cells, primary dermal squamous cell
carcinoma cells, primary small intestine carcinoma cells, primary endometrial carcinoma cells,
primary Ewing sarcoma cells, primary fibrosarcoma cells, primary gallbladder carcinoma cells,
primary bile duct carcinoma cells, primary glioblastoma cells, primary bladder carcinoma cells,
primary ureter carcinoma cells, primary urethral carcinoma cells, primary hepatocellular
carcinoma cells, primary testicular tumor cells, primary hypopharyngeal carcinoma cells,
primary pituitary carcinoma cells, primary Kaposi sarcoma cells, primary small cell bronchial
carcinoma cells, primary colon carcinoma cells, primary colorectal carcinoma cells, primary
laryngeal carcinoma cells, primary leiomyosarcoma cells, primary liposarcoma cells, primary
gastric carcinoma cells, primary malignant fibrous histiocytoma cells, primary breast carcinoma
cells, primary medulloblastoma cells, primary melanoma cells, primary oral floor carcinoma
cells, primary sinus carcinoma cells, primary nasopharyngeal carcinoma cells, primary adrenal
cortex carcinoma cells, primary parathyroid carcinoma cells, primary neurogenic sarcoma cells,
primary non-small-cell bronchial carcinoma cells, primary renal carcinoma cells, primary
oropharyngeal carcinoma cells, primary osteosarcoma cells, primary ovarian carcinoma cells,
primary pancreatic tumor cells, primary penis carcinoma cells, primary pheochromocytoma cells,
primary pleural mesothelioma cells, primary prostate carcinoma cells, primary rectal carcinoma
cells, primary retinoblastoma cells, primary rhabdomyosarcoma cells, primary thyroid carcinoma
cells, primary salivary gland carcinoma cells, primary esophageal carcinoma cells, primary tonsil
carcinoma cells, primary vaginal carcinoma cells, primary vulvar carcinoma cells, primary

Wilms tumor cells, primary cells of neuroendocrine tumors or primary tongue carcinoma cells.

[0111] Particularly preferred are primary melanoma cells, primary lung carcinoma cells, primary
pancreatic carcinoma cells, primary colon carcinoma cells, primary gastric carcinoma cells,
primary pharyngeal carcinoma cells, primary laryngeal carcinoma cells, primary renal cell
carcinoma cells are particularly preferred as primary tumor cells, primary ovarian carcinoma

cells, primary endometrial carcinoma cells, primary thyroid carcinoma cells, primary prostate

22



CA 03111305 2021-03-01

WO 2020/053324 PCT/EP2019/074307

carcinoma cells, primary liver carcinoma cells or primary sarcoma cells, such as primary

neurogenic sarcoma cells, primary osteosarcoma cells or primary rhabdomyosarcoma cells.

[0112] In a further embodiment of the invention, a wild type arenavirus, i.e. a so-called wild type

arenavirus, is used as the original arenavirus.

[0113] In a further embodiment of the invention, an old world arenavirus is used as the original
arenavirus. The old world arenavirus is preferably selected from the group consisting of Catarina
Virus, Danfenong Virus, Ippy Virus (IP-PYV), Kodoko Virus, Lassa Virus (LASV),
Lymphocytic Choriomeningitis Virus (LCMV), Morogoro Virus, Mobala Virus (MOBYV), Gairo
Virus and Mopeia Virus (MOPV), Pinhal Virus, Skinner Tank Virus.

[0114] Prefered is as original arenavirus the lymphocytic choriomeningitis virus, in particular a
wild type of the lymphocytic choriomeningitis virus. For example, a strain of the lymphocytic
choriomeningitis virus, in particular selected from the group consisting of WE, Armstrong,

Clone 13 (Clone 13) and Docile, can be used as the original arenavirus.

[0115] Particularly prefered is the wild-type lymphocytic choriomeningitis virus, i.e. a wild-type
lymphocytic choriomeningitis virus comprising an L-protein comprising or consisting of an
amino acid sequence according to SEQ ID NO: 7, and/or a nucleic acid, in particular ribonucleic
acid, preferably L- ribonucleic acid, comprising or consisting of a nucleic acid sequence, in
particular ribonucleic acid sequence, preferably L-ribonucleic acid sequence, which is

complementary to a nucleic acid sequence pursuant to SEQ ID NO: 8.

[0116] Furthermore, a new world arenavirus can be used as original arenavirus. The new world
arenavirus is preferably selected from the group consisting of Allpahuayo Virus (ALLV),
Amapari Virus (AMAYV), Bear Canyon Virus (BCNV), Chapare Virus, Cupixi Virus (CPXV),
Flexal Virus (FLEV), Guanarito Virus (GTOV), Junin Virus (JUNV), Candid #1 (Candid
No.1).), Latino virus (LATV), Machupo virus (MACV), Oliveros virus (OLVV), Parana virus
(PARYV), Pichinide virus (PICV), Pirital virus (PIRV), Sabia virus (SABV), Tacaribe virus
(TCRV), Tamiami virus (TAMYV) and Whitewater arroyo virus (WWAV).

[0117] Furthermore, an arenavirus without antitumoral properties can be used as the original

arenavirus.
[0118] Alternatively, an original arenavirus with antitumoral properties can be used.

[0119] According to a second aspect, the invention relates to a lymphocytic choriomeningitis

virus mutant, i.e. a mutant of the lymphocytic choriomeningitis virus.
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[0120] The lymphocytic choriomeningitis virus mutant comprises a protein or peptide, in
particular a glycoprotein. The protein or peptide comprises a mutation, in particular a point
mutation. The mutation, in particular point mutation, is preferably different from the sequences

AJ297484, AJ233196 and the reference sequence LCMV, (strain WE-Essen).

[0121] Preferably the lymphocytic choriomeningitis virus mutant has a glycoprotein, in
particular a protein component or a protein moiety of a glycoprotein, with at least one mutation,
wherein the at least one mutation is an amino acid substitution of the isoleucine at position 181
of the glycoprotein by another amino acid, preferably methionine, and/or an amino acid
substitution of the arginine at position 185 of the glycoprotein by another amino acid, preferably

tryptophan.

[0122] Alternatively or in combination, the lymphocytic choriomeningitis virus mutant
preferably comprises an L-protein with at least one mutation, wherein the at least one mutation is
an amino acid substitution of the lysine at position 1513 of the L-protein by another amino acid,
preferably glutamate, and/or an amino acid substitution of the phenylalanine at position 1995 of
the L-protein by another amino acid, preferably serine, and/or an amino acid substitution of
isoleucine at position 2094 of the L-protein by another amino acid, preferably valine, and/or an
amino acid substitution of threonine at position 2141 of the L-protein by another amino acid,
preferably alanine, and/or an amino acid substitution of arginine at position 2175 of the L-protein

by another amino acid, preferably lysine.

[0123] Alternatively or in combination, the lymphocytic choriomeningitis virus mutant
preferably comprises a protein or peptide, in particular a glycoprotein, in particular a protein
component or a protein moiety of a glycoprotein, or an L-protein, comprising or consisting of an
amino acid sequence pursuant to SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO:
18, SEQ ID NO: 26, SEQ ID NO: 34, SEQ ID NO: 42, SEQ ID NO: 50, SEQ ID NO: 58, SEQ
ID NO: 24, SEQ ID NO: 32, SEQ ID NO: 40, SEQ ID NO: 48, SEQ ID NO: 56, and SEQ ID
NO: 64. The amino acid sequences according to SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 18,
SEQ ID NO: 26, SEQ ID NO: 34, SEQ ID NO: 42, SEQ ID NO: 50, and SEQ ID NO: 58 are
preferably amino acid sequences of a glycoprotein of the lymphocytic choriomeningitis virus
mutant. The amino acid sequence of SEQ ID NO: 5, SEQ ID NO: 24, SEQ ID NO: 32, SEQ ID
NO: 40, SEQ ID NO: 48, SEQ ID NO: 56, and SEQ ID NO: 64 are preferably the amino acid

sequence of an L-protein of the lymphocytic choriomeningitis virus mutant.
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[0124] Alternatively or in combination, the lymphocytic choriomeningitis virus mutant
preferably comprises a nucleic acid, in particular ribonucleic acid, which encodes a protein or
peptide, in particular a glycoprotein or L-protein, comprising or consisting of an amino acid
sequence according to SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 18, SEQ ID
NO: 26, SEQ ID NO: 34, SEQ ID NO: 42, SEQ ID NO: 50, SEQ ID NO: 58, SEQ ID NO: 24,
SEQ ID NO: 32, SEQ ID NO: 40, SEQ ID NO: 48, SEQ ID NO: 56, or SEQ ID NO: 64.

[0125] Alternatively or in combination, the lymphocytic choriomeningitis virus mutant
preferably comprises a nucleic acid, in particular ribonucleic acid, which comprises a nucleic
acid sequence, in particular ribonucleic acid sequence, or consists of a nucleic acid sequence, in
particular ribonucleic acid sequence, which is complementary to a nucleic acid sequence
pursuant to SEQ ID No. 2, SEQ ID No. 4, SEQ ID No. 6, SEQ ID NO: 17, SEQ ID NO: 25, SEQ
ID NO: 33, SEQ ID NO: 41, SEQ ID NO: 49, SEQ ID NO: 57, SEQ ID NO: 23, SEQ ID NO:
31, SEQ ID NO: 39, SEQ ID NO: 47, SEQ ID NO: 55, or SEQ ID NO: 63.

[0126] It was surprisingly found out that a respective mutant / respective mutants of the
lymphocytic choriomeningitis virus - as described in the previous paragraphs - has/have
improved replication competence in primary tumor cells or cells of the cell line H1975 as well as
antitumoral or improved antitumoral properties, in particular with respect to the wild type of the

lymphocytic choriomeningitis virus.

[0127] Furthermore, it is preferred that the codon for isoleucine at position 181 of the

glycoprotein is replaced by another codon, preferably by a codon for methionine.

[0128] Furthermore, it is preferred that the codon for arginine at position 185 of the glycoprotein
is replaced by another codon, preferably by a codon for tryptophan.

[0129] Furthermore, it is preferred that the codon for histidine at position 155 of the glycoprotein

is replaced by another codon, preferably a codon for tyrosine.

[0130] Furthermore, it is preferred that the codon for arginine at position 358 of the glycoprotein

is replaced by another codon, preferably by a codon for lysine.

[0131] Furthermore, it is also preferred that the lymphocytic choriomeningitis virus mutant
comprises a nucleic acid, in particular ribonucleic acid, preferably L-ribonucleic acid,
comprising a mutation, wherein the mutation is a nucleotide substitution of adenine at position
4537 of the nucleic acid, in particular ribonucleic acid, preferably L-ribonucleic acid, by

guanine.
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[0132] Furthermore, it is preferred that the lymphocytic choriomeningitis virus mutant comprises
a nucleic acid, in particular ribonucleic acid, preferably L-ribonucleic acid, encoding an L-
protein comprising a mutation, wherein the mutation is an amino acid substitution of the lysine at

position 1513 of the L-protein, by another amino acid, preferably by glutamate.

[0133] Furthermore, it is preferred that the lymphocytic choriomeningitis virus mutant comprises
a nucleic acid, in particular a ribonucleic acid, preferably L-ribonucleic acid, encoding an L-
protein comprising a mutation, wherein the mutation is an amino acid substitution of the

phenylalanine at position 1995 of the L-protein, by another amino acid, preferably by a serine.

[0134] Furthermore, it is also preferred that the lymphocytic choriomeningitis virus mutant
comprises a nucleic acid, in particular ribonucleic acid, preferably L-ribonucleic acid,
comprising a mutation, wherein the mutation is a nucleotide substitution of thymine at position
5984 of the nucleic acid, in particular ribonucleic acid, preferably L-ribonucleic acid, preferably

by the nucleotide cytosine.

[0135] Furthermore, it is also preferred that the lymphocytic choriomeningitis virus mutant
comprises a nucleic acid, in particular ribonucleic acid, preferably L-ribonucleic acid, which
encodes an L-protein comprising a mutation, wherein the mutation is an amino acid substitution

of the isoleucine at position 2094 of the L-protein, by another amino acid, preferably by valine.

[0136] Furthermore, it is preferred that the lymphocytic choriomeningitis virus mutant comprises
a nucleic acid, in particular ribonucleic acid, preferably L-ribonucleic acid, comprising a
mutation, wherein the mutation is a nucleotide substitution of adenine at nucleotide position
6280 of the nucleic acid, in particular ribonucleic acid, preferably L-ribonucleic acid, by another

nucleotide, preferably guanine.

[0137] Furthermore, it is preferred that the lymphocytic choriomeningitis virus mutant comprises
a nucleic acid, in particular ribonucleic acid, preferably L-ribonucleic acid, encoding an L-
protein comprising a mutation, wherein the mutation is an amino acid substitution of the

threonine at position 2141 of the L-protein, by another amino acid, preferably by alanine.

[0138] Furthermore, it is also preferred that the lymphocytic choriomeningitis virus mutant
comprises a nucleic acid, in particular ribonucleic acid, preferably L-ribonucleic acid,
comprising a mutation, wherein the mutation is a nucleotide substitution of adenine at position
6421 of the nucleic acid, in particular ribonucleic acid, preferably L-ribonucleic acid, preferably

by another nucleotide, preferably guanine.
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[0139] Furthermore, it is also preferred that the lymphocytic choriomeningitis virus mutant
comprises a nucleic acid, in particular ribonucleic acid, preferably L-ribonucleic acid, encoding
an L-protein comprising a mutation, wherein the mutation is an amino acid substitution of

arginine at position 2175 of the L-protein, preferably by lysine.

[0140] Furthermore, it is also preferred that the lymphocytic choriomeningitis virus mutant
comprises a nucleic acid, in particular ribonucleic acid, preferably L-ribonucleic acid,
comprising a mutation, wherein the mutation is a nucleotide substitution of guanine at position
6524 of the nucleic acid, in particular ribonucleic acid, preferably L-ribonucleic acid, by the

nucleotide adenine.

[0141] In another embodiment of the invention the lymphocytic choriomeningitis virus mutant is
a lymphocytic choriomeningitis virus mutant, including any lymphocytic choriomeningitis virus

mutant of the disclosure, for application or use in medicine.

[0142] Preferably the lymphocytic choriomeningitis virus mutant is a lymphocytic
choriomeningitis virus mutant for application or use in the treatment and/or prevention of a

tumor.

[0143] The tumor is preferably selected from the group consisting of carcinoma, melanoma,

blastoma, lymphoma and sarcoma.

[0144] The term "carcinoma" in the context of the present invention should be understood to

mean a malignant neoplasia of epithelial origin.

[0145] The term "sarcoma" in the context of the present invention should be understood to mean

a malignant neoplasia of mesodermal origin.

[0146] The term "melanoma" in the context of the present invention should be understood to

mean a malignant neoplasia of melanocytic origin.

[0147] The term "lymphoma" in the context of the present invention should be understood to

mean a malignant neoplasia of lymphocytic origin.

[0148] The term "blastoma” in the context of the present invention should be understood to mean

a malignant neoplasia of embryonic origin.

[0149] The carcinoma is preferably selected from the group consisting of anal carcinoma,
bronchial carcinoma, lung carcinoma, endometrial carcinoma, gallbladder carcinoma, bladder
carcinoma, hepatocellular carcinoma, testicular carcinoma, colon carcinoma, colorectal

carcinoma, rectal carcinoma, laryngeal carcinoma, esophageal carcinoma, gastric carcinoma,
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breast carcinoma, renal carcinoma, ovarian carcinoma, pancreatic carcinoma, pharyngeal
carcinoma, oropharyngeal carcinoma, prostate carcinoma, thyroid carcinoma and cervical

carcinoma.

[0150] The sarcoma can be selected from the group consisting of angiosarcoma,
chondrosarcoma, Ewing sarcoma, fibrosarcoma, Kaposi sarcoma, liposarcoma, leiomyosarcoma,

malignant fibrous histiocytoma, neurogenic sarcoma, osteosarcoma and rhabdomyosarcoma.

[0151] Further, the lymphocytic choriomeningitis virus mutant can be prepared or used for local,

in particular intramuscular, intraperitoneal, or subcutancous administration.

[0152] Alternatively, the lymphocytic choriomeningitis virus mutant can be prepared or used for

systemic, in particular intravenous, administration.

[0153] For further characteristics and benefits of the lymphocytic choriomeningitis virus mutant,

full reference is made to the previous and the following description.

[0154] According to a third aspect, the invention relates a lymphocytic choriomeningitis virus
mutant comprising or consisting of a protein or peptide, in particular glycoprotein or L protein,
comprising or consisting of an amino acid sequence pursuant to SEQ ID NO: 1, SEQ ID NO: 3,
SEQ ID NO: 5, SEQ ID NO: 18, SEQ ID NO: 26, SEQ ID NO: 34, SEQ ID NO: 42, SEQ ID
NO: 50, SEQ ID NO: 58, SEQ ID NO: 66, SEQ ID NO: 24, SEQ ID NO: 32, SEQ ID NO: 40,
SEQ ID NO: 48, SEQ ID NO: 56, or SEQ ID NO: 64.

[0155] Alternatively or in combination, the lymphocytic choriomeningitis virus mutant
comprises a nucleic acid, in particular ribonucleic acid, wherein the nucleic acid, in particular
ribonucleic acid, comprises a nucleic acid sequence, in particular ribonucleic acid sequence, or
consists of a nucleic acid sequence, in particular ribonucleic acid sequence, which is or is
complementary to a nucleic acid sequence pursuant to SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID
NO: 6, SEQ ID NO: 17, SEQ ID NO: 25, SEQ ID NO: 33, SEQ ID NO: 41, SEQ ID NO: 49,
SEQ ID NO: 57, SEQ ID NO: 65, SEQ ID NO: 23, SEQ ID NO: 31, SEQ ID NO: 39, SEQ ID
NO: 47, SEQ ID NO: 55, or SEQ ID NO: 63.

[0156] Preferably the lymphocytic choriomeningitis virus mutant is a lymphocytic

choriomeningitis virus mutant for application or use in medicine.

[0157] The lymphocytic choriomeningitis virus mutant is particular preferably a lymphocytic
choriomeningitis virus mutant for use or application in the treatment and/or prevention of a

tumor.
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[0158] The tumor is preferably selected from the group consisting of carcinoma, melanoma,

blastoma, lymphoma and sarcoma.

[0159] The term "carcinoma" in the context of the present invention should be understood to

mean a malignant neoplasia of epithelial origin.

[0160] The term "sarcoma" in the context of the present invention should be understood to mean

a malignant neoplasia of mesodermal origin.

[0161] The term "melanoma” in the context of the present invention should be understood to

mean a malignant neoplasia of melanocytic origin.

[0162] The term "lymphoma" in the context of the present invention should be understood to

mean a malignant neoplasia of lymphocytic origin.

[0163] The term "blastoma" in the context of the present invention should be understood to mean

a malignant neoplasia of embryonic origin.

[0164] The carcinoma is preferably selected from the group consisting of anal carcinoma,
bronchial carcinoma, lung carcinoma, endometrial carcinoma, gallbladder carcinoma, bladder
carcinoma, hepatocellular carcinoma, testicular carcinoma, colon carcinoma, colorectal
carcinoma, rectal carcinoma, laryngeal carcinoma, esophageal carcinoma, gastric carcinoma,
breast carcinoma, renal carcinoma, ovarian carcinoma, pancreatic carcinoma, pharyngeal
carcinoma, oropharyngeal carcinoma, prostate carcinoma, thyroid carcinoma and cervical

carcinoma.

[0165] The sarcoma can be selected from the group consisting of angiosarcoma,
chondrosarcoma, Ewing's sarcoma, fibrosarcoma, Kaposi's sarcoma, liposarcoma,
leiomyosarcoma, malignant fibrous histiocytoma, neurogenic sarcoma, ostcosarcoma and

rhabdomyosarcoma.

[0166] Further, the lymphocytic choriomeningitis virus mutant can be prepared or used for local,

in particular intramuscular, intraperitoneal, or subcutancous administration.

[0167] Alternatively, the lymphocytic choriomeningitis virus mutant can be prepared or used for

systemic, in particular intravenous, administration.

[0168] With regard to other characteristics and advantages of the lymphocytic choriomeningitis
virus mutant, in order to avoid repetitions, full reference is also made to the previous description,
in particular to the statements made in the context of the second aspect of the invention. The

features and advantages described therein, in particular with regard to the lymphocytic
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choriomeningitis virus mutant, the protein or peptide, in particular glycoprotein, and the nucleic
acid, in particular ribonucleic acid, also apply mutatis mutandis to the lymphocytic

choriomeningitis virus mutant according to the third aspect of the invention.

[0169] According to a fourth aspect, the invention relates to a drug or medicament which
comprises a lymphocytic choriomeningitis virus mutant according to the second or third aspect

of the invention.

[0170] The drug or medicament can further comprise a checkpoint blocker, such as PD-1
(Programmed Cell Death Protein 1), and/or an apoptosis modulator, in particular an apoptosis

inhibitor, such as SMAC-mimeticum (LCL-161).

[0171] The drug or medicament preferably further comprises a pharmaceutically acceptable
carrier. The carrier may be selected from the group consisting of water, aqueous saline solution,
aqueous buffer solution, cell culture medium and combinations of at least two of the foregoing

carriers.

[0172] With regard to further features and advantages of the drug or medicament, in order to
avoid repetitions, full reference is made to the previous description, in particular to the
statements made in the context of the second and third aspects of the invention. The features and
advantages described therein, in particular with respect to the lymphocytic choriomeningitis
virus mutant, also apply mutatis mutandis to the drug or medicament referred to in the fourth

aspect of the invention.

[0173] According to a fifth aspect, the invention relates an protein or peptide, which is
preferably an isolated protein or peptide, in particular a glycoprotein or an L-protein, comprising
or consisting of an amino acid sequence according to SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID
NO: 5, SEQ ID NO: 7, SEQ ID NO: 10, SEQ ID NO: 18, SEQ ID NO: 26, SEQ ID NO: 34, SEQ
ID NO: 42, SEQ ID NO: 50, SEQ ID NO: 58, SEQ ID NO: 24, SEQ ID NO: 32, SEQ ID NO:
40, SEQ ID NO: 48, SEQ ID NO: 56, or SEQ ID NO: 64. The invention also relates to an
isolated protein or peptide having at least at least about 95%, preferably at least about 96%,
preferably at least about 97%, preferably at least about 98% preferably at least about 99%,
preferably at least about 99.1%, preferably at least about 99.2%, preferably at least about 99.3%,
preferably at least about 99.4%, preferably at least about 99.5%, preferably at least about 99.6%,
preferably at least about 99.7% sequence identity to SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO:
5, SEQ ID NO: 7,, SEQ ID NO: 10, SEQ ID NO: 18, SEQ ID NO: 26, SEQ ID NO: 34, SEQ ID
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NO: 42, SEQ ID NO: 50, SEQ ID NO: 58, SEQ ID NO: 24, SEQ ID NO: 32, SEQ ID NO: 40,
SEQ ID NO: 48, SEQ ID NO: 56, or SEQ ID NO: 64.

[0174] The amino acid sequences according to SEQ ID NO: 1 and SEQ ID NO: 3 are preferably
the amino acid sequence of a glycoprotein, in particular a protein component or a protein moiety
of a glycoprotein, of a lymphocytic choriomeningitis virus mutant. The amino acid sequence
according to SEQ ID NO: 5 is preferably the amino acid sequence of an L-protein of a
lymphocytic choriomeningitis virus mutant. The amino acid sequence of SEQ ID NO: 7 is
preferably the amino acid sequence of an L-protein of a wild type lymphocytic choriomeningitis

virus.

[0175] The invention also relates an protein or peptide, which is preferably an isolated protein or
peptide, in particular a nucleoprotein or a Z-protein, comprising or consisting of an amino acid
sequence according to SEQ ID NO: 12, SEQ ID NO: 20, SEQ ID NO: 28, SEQ ID NO: 36, SEQ
ID NO: 44, SEQ ID NO: 52, SEQ ID NO: 60, SEQ ID NO: 14, SEQ ID NO: 22, SEQ ID NO:
30, SEQ ID NO: 38, SEQ ID NO: 46, SEQ ID NO: 54, or SEQ ID NO: 62. The invention also
relates to an isolated protein or peptide having at least at least about 95%, preferably at least
about 96%, preferably at least about 97%, preferably at least about 98% preferably at least about
99%, preferably at least about 99.1%, preferably at least about 99.2%, preferably at least about
99.3%, preferably at least about 99.4%, preferably at least about 99.5%, preferably at least about
99.6%, preferably at least about 99.7% sequence identity to SEQ ID NO: 12, SEQ ID NO: 20,
SEQ ID NO: 28, SEQ ID NO: 36, SEQ ID NO: 44, SEQ ID NO: 52, SEQ ID NO: 60, SEQ ID
NO: 14, SEQ ID NO: 22, SEQ ID NO: 30, SEQ ID NO: 38, SEQ ID NO: 46, SEQ ID NO: 54, or
SEQ ID NO: 62.

[0176] With regard to other features and advantages of the protein or peptide, in order to avoid
repetitions, full reference is also made to the previous description, in particular to the statements
made in the second and third aspects of the invention. The advantages and features described
therein, in particular with respect to the protein or peptide, in particular glycoprotein, also apply

mutatis mutandis to the isolated protein or peptide according to the fifth aspect of the invention.

[0177] According to a sixth aspect, the invention relates to an nucleic acid, which is preferably
an isolated nucleic acid, in particular ribonucleic acid, comprising or consisting of a nucleic acid
sequence, in particular ribonucleic acid sequence, according to or complementary to SEQ ID
NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8 SEQ ID NO: 9, SEQ ID NO: 17, SEQ ID
NO: 25, SEQ ID NO: 33, SEQ ID NO: 41, SEQ ID NO: 49, SEQ ID NO: 57, SEQ ID NO: 23,
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SEQ ID NO: 31, SEQ ID NO: 39, SEQ ID NO: 47, SEQ ID NO: 55, or SEQ ID NO: 63. The
invention also relates to an isolated protein or peptide having at least at least about 95%,
preferably at least about 96%, preferably at least about 97%, preferably at least about 98%
preferably at least about 99%, preferably at least about 99.1%, preferably at least about 99.2%,
preferably at least about 99.3%, preferably at least about 99.4%, preferably at least about 99.5%,
preferably at least about 99.6%, preferably at least about 99.7% sequence identity to SEQ ID
NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8 SEQ ID NO: 9, SEQ ID NO: 17, SEQ ID
NO: 25, SEQ ID NO: 33, SEQ ID NO: 41, SEQ ID NO: 49, SEQ ID NO: 57, SEQ ID NO: 23,
SEQ ID NO: 31, SEQ ID NO: 39, SEQ ID NO: 47, SEQ ID NO: 55, or SEQ ID NO: 63 or a

respective complementary sequence.

[0178] The invention also relates to a nucleic acid, which is preferably an isolated nucleic acid,
in particular ribonucleic acid, comprising or consisting of a nucleic acid sequence, in particular
ribonucleic acid sequence, according to or complementary to SEQ ID NO: 11, SEQ ID NO: 19,
SEQ ID NO: 27, SEQ ID NO: 35, SEQ ID NO: 43, SEQ ID NO: 51, SEQ ID NO: 59, SEQ ID
NO: 13, SEQ ID NO: 21, SEQ ID NO: 29, SEQ ID NO: 37, SEQ ID NO: 45, SEQ ID NO: 53, or
SEQ ID NO: 61. The invention also relates to an isolated protein or peptide having at least at
least about 95%, preferably at least about 96%, preferably at least about 97%, preferably at least
about 98% preferably at least about 99%, preferably at least about 99.1%, preferably at least
about 99.2%, preferably at least about 99.3%, preferably at least about 99.4%, preferably at least
SEQ ID NO: 11, SEQ ID NO: 19, SEQ ID NO: 27, SEQ ID NO: 35, SEQ ID NO: 43, SEQ ID
NO: 51, SEQ ID NO: 59, SEQ ID NO: 13, SEQ ID NO: 21, SEQ ID NO: 29, SEQ ID NO: 37,
SEQ ID NO: 45, SEQ ID NO: 53, or SEQ ID NO: 61 or a respective complementary sequence.

[0179] The nucleic acid sequences according to SEQ ID NO: 2 and SEQ ID NO: 4 cach
preferably encode for a glycoprotein, in particular for a protein component or a protein moicty of

a glycoprotein, of a lymphocytic choriomeningitis virus mutant.

[0180] The nucleic acid sequence according to SEQ ID NO: 6 preferably encodes for an L-

protein of a lymphocytic choriomeningitis virus mutant.

[0181] The nucleic acid sequence of SEQ ID NO: 8 preferably encodes for an L-protein of a

wild type lymphocytic choriomeningitis virus.

[0182] With regard to further features and advantages of the isolated nucleic acid, in order to
avoid repetitions, full reference is also made to the previous description, in particular to the

statements made in the context of the second and third aspects of the invention. The features and
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advantages described therein, in particular with regard to nucleic acid, in particular ribonucleic
acid, also apply mutatis mutandis to the isolated nucleic acid according to the sixth aspect of the

invention.

[0183] According to a seventh aspect, the invention relates to an isolated gene cluster or operon
containing at least one nucleic acid, in particular ribonucleic acid, according to the fifth aspect of

the invention.

[0184] With regard to further features and advantages of the gene cluster or operon, in order to
avoid repetitions, full reference is also made to the previous description, in particular to the
statements made in the context of the sixth aspect of the invention. The features and advantages
described therein, in particular with regard to nucleic acid, in particular ribonucleic acid, also
apply mutatis mutandis to the isolated gene cluster or operon according to the seventh aspect of

the invention.

[0185] According to an eighth aspect, the invention relates to an expression vector containing at
least one nucleic acid according to the sixth aspect of the invention or a gene cluster or operon

according to the seventh aspect of the invention.

[0186] With regard to further features and advantages of the expression vector, in order to avoid
repetitions, full reference is also made to the description, in particular to the statments made
under the sixth and seventh aspects of the invention. The features and advantages described
therein, in particular with respect to nucleic acid and gene cluster or operon, also apply mutatis

mutandis to the expression vector according to the eighth aspect of the invention.

[0187] According to a ninth aspect, the invention relates to an organism, a virus, a vector or a
plasmid which expresses or contains a protein or peptide according to the fifth aspect of the
invention and/or which contains a nucleic acid, in particular ribonucleic acid, according to the

sixth aspect of the invention.
[0188] The organism can be a host cell, a fungus or a bacterium.

[0189] The host cell can, for example, be a eukaryotic or prokaryotic cell. Furthermore, the host
cell can be a cell that can be used for the production of organisms and/or vectors and/or

plasmids.
[0190] The bacterium can for example be a vaccine vector or another therapeutic bacterium.

[0191] The virus can for example be a vaccine vector or another therapeutic virus.
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[0192] With regard to further features and advantages of the host cell, in order to avoid
repetitions, full reference is also made to the description, in particular to the statements made in
the fifth and sixth aspects of the invention. The features and advantages described there, in
particular with regard to the protein or peptide, in particular glycoprotein, and the nucleic acid, in
particular ribonucleic acid, also apply mutatis mutandis to the host cell according to the ninth

aspect of the invention.

[0193] Further features and advantages of the invention result from the following description of
preferred embodiments in the form of examples, the corresponding figures and the claims. The
embodiments described in the following are only intended to provide further description and a

better understanding of the invention and should by no means be construed as limiting.

[0194] The present invention also relates to a pharmaceutical composition comprising a LCMV
of the disclosure, preferably a LCMV mutant of the disclosure. The composition may further
comprise pharmaceutically acceptable excipient. The pharmaceutical composition can further
comprise a checkpoint blocker, such as PD-1 (Programmed Cell Death Protein 1), and/or an
apoptosis modulator, in particular an apoptosis inhibitor, such as SMAC-mimeticum (LCL-161).
The pharmaceutical composition may further comprises a pharmaceutically acceptable carrier.
The carrier may be selected from the group consisting of water, aqueous saline solution, aqueous

buffer solution, cell culture medium and combinations of at least two of the foregoing carriers.

[0195] The present disclsoure also relates to the use of a LCMYV of the disclosure, preferably a
LCMYV mutant of the disclosure for the manufacture of a medicament. The medicament may be
for the treatment a tumor. The medicament may be a medicament according to the fourth aspect

of the invention.

[0196] The present disclosure also relates to a method of treating a tumor, comprising
administering to a subject in need thereof an effective amount of an LCMV of the disclosure,
preferably an LCMV mutant of the disclosure, or a medicament of the disclosure or a

pharmaceutical composition of the disclosure.

[0197] Unless otherwise indicated, the term "at least" preceding a series of elements is to be
understood to refer to every element in the series. Those skilled in the art will recognize, or be
able to ascertain using no more than routine experimentation, many equivalents to the specific
embodiments of the invention described herein. Such equivalents are intended to be

encompassed by the present invention.
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[0198] The term "and/or" wherever used herein includes the meaning of "and", "or" and "all or

any other combination of the elements connected by said term".

[0199] The term "about" or "approximately" as used herein means within 20%, preferably within
10%, and more preferably within 5% of a given value or range. It includes, however, also the

concrete number, €.g., about 20 includes 20.

[0200] Throughout this specification and the claims which follow, unless the context requires
otherwise, the word “comprise”, and variations such as “comprises” and “comprising”, will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of integer or step. When used herein the term
“comprising” can be substituted with the term “containing” or “including” or sometimes when

used herein with the term “having”.

[0201] When used herein “consisting of" excludes any element, step, or ingredient not specified
in the claim element. When used herein, "consisting essentially of" does not exclude materials or

steps that do not materially affect the basic and novel characteristics of the claim.

[0202] In each instance herein any of the terms "comprising”, "consisting essentially of" and
"consisting of" may be replaced with either of the other two terms. E.g. the term "comprising” is
meant to provide explicit support also for "consisting essentially of" and "consisting of", the term
"consisting essentially of' is meant to provide explicit support also for "comprising” and
"consisting of",the term "consisting of" is meant to provide explicit support also for "consisting

essentially of" and "comprising",

[0203] It should be understood that this invention is not limited to the particular methodology,
protocols, material, reagents, and substances, etc., described herein and as such can vary. The
terminology used herein is for the purpose of describing particular embodiments only, and is not

intended to limit the scope of the present invention, which is defined solely by the claims.

[0204] All publications cited throughout the text of this specification (including all patents,
patent applications, scientific publications, manufacturer’s specifications, instructions, etc.) are
hereby incorporated by reference in their entirety. Nothing herein is to be construed as an
admission that the invention is not entitled to antedate such disclosure by virtue of prior
invention. To the extent the material incorporated by reference contradicts or is inconsistent with

this specification, the specification will supersede any such material.
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EXAMPLES
[0205] 1. Methods and Materials
[0206] 1.1 Mice

[0207] For in vivo anti-tumoral analyses WT animals (on C57BL/6 background) or NOD.SCID
mice without an adaptive immune systrain WEre used. OT-1 mice carry an ovalbumin-specific

MHC-I restricted T cell receptor as transgene.
[0208] 1.2 Cell lines

[0209] MC57 (CVCL_4985) is a murine fibroblast cell line in which the arenavirus LCMV can
multiply well. C643 (CVCL_5969) is a human anaplastic thyroid carcinoma cell line. H1975 is a
human lung carcinoma cell line (CVCL_1511, ATCC, CRL-5908, adenocarcinoma). TrampC2 is
a murine adenocarcinoma cell line (CVCL_3615). MOPC is a murine oropharyngeal cell line.
CMT167 (CVCL 2405) is a murine lung carcinoma cell line. BI6F10-OVA is a murine
melanoma cell line (CVCL_0159) expressing ovalbumin as a model antigen. UKE-Mel-13a are
primary tumor cells isolated from a human melanoma metastasis and have been passeged less
than 100x. 511950 are primary tumor cells isolated from a transgenic murine pancreatic
carcinoma (Mazur PK et al Nat Med. 2015 Oct;21(10):1163-71.) and have been passaged less
than 20x. 511950R originate from 511950 cells and have been passaged less than 100x under
treatment with the MEK inhibitor trametinib.

[0210] 1.3 Viruses

[0211] The LCMV strain WE was obtained from the laboratory of Prof. Zinkernagel
(Experimental Immunology, Zurich, Switzerland) and has been propagated in L929 cells or BHK
cells since 2008. The clones LCMV-P42, LCMV-P52 and LCMV-P91 were isolated and

sequenced after different passages.
[0212] 1.4 Reagents

[0213] LCL161 (Selleckchem) and anti-PD1 (BioXcell) were tested in combination with LCMV
and LCMV-P52, respectively, for their anti-tumor activity.

[0214] 1.5 Determination of LCMYV infected cells by immunofluorescence

[0215] Immunofluorescence was used to detect LCMV in cells. Cells were seeded in 24 well

plates, each containing a cover glass. After 24 hours the cells were infected with LCMV and
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stained 24 hours later with a fluorochrome-labelled anti-LCMV-NP antibody (clone VL4),

visualized with a fluorescence microscope and photographed with an integrated CCD camera.
[0216] 1.6 Determination of LCMYV in supernatant by plaque assay

[0217] To determine the LCMV production of cells, cells were sown in 24-well plates and
infected with LCMV after 24 hours. The supernatant was extracted after 24 hours. The
supernatant was titrated in 24-well plates and MC57 cells (150,000 cells/hole) were added.
Methyl cellulose was added after 4 hours. After another 48 hours, the cell lawn was analyzed for
LCMYV plaques with anti-LCMV-NP antibodies (clone KL53). The plaques were counted to

determine the number of infectious particles/ml in the supernatant.
[0218] 1.7 Passages of viruse

[0219] In order to adapt viruses to tumors, different primary tumor cells or tumor cell lines were
infected with LCMV-WE. Cells were plated in 24-well plates (approx. 100,000 cells/well in 1
mL medium). After 24 hours viruses with a Multiplicity of Infection (MOI) = 1 in 100 uL were
added. Depending on the setup, the initial inoculum was removed between 1 - 30 minutes and
new medium was added. After 24 or 48 or 72 hours the cell culture supernatant was extracted
and frozen for further analysis. Newly plated cells were infected with 100 microL of the

extracted supernatant. This procedure was repeated between 30 and 100 times.
[0220] 1.8 Sequencing

[0221] After reverse transcription of the viral RNA, the cDNA was amplified with sequence
specific primer pairs (oligonucleotides) in the polymerase chain reaction (PCR). The PCR
products were purified, sequenced by cycle sequencing (modified singer method), the products
separated by capillary electrophoresis and the sequence recorded as an electropherogram. The

nucleic acid sequence was translated to obtain the protein sequence.
[0222] 1.9 Innate immune activation

[0223] The ability of LCMV to activate the innate immune system was determined by the
biomarker IFN-alpha using murine IFN-alpha ELISA (ThermoFisher).

[0224] 1.10 Adaptive immune activation

[0225] The ability of LCMV to activate the adaptive immune system was tested by tetramer
staining (NIH, Tetramer Facility) of activated lymphocytes.

[0226] 1.11 Tumor Growth and Treatments
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[0227] To measure the anti-tumoral effect, C57BL/6 or NOD.SCID mice (6-12 weeks old) 5 x
10° tumor cells (in 100 uL) were injected subcutaneously into the right or left flank. After a
visible tumor was formed, the animals were treated and the mean tumor diameter or tumor

volume was determined. For a metastasis model, B16F10-OVA cells were applied intravenously.
[0228] 1.12 Isolation and transfer of ovalbumin (tumor)-specific CD8+ T cells

[0229] For the analysis of tumor-specific CD8" T cells, cells from the spleen of OT-1 mice were
transferred into C57BL/6 mice carrying ovalbumin-expressing tumor (B16F10-OVA) cells.
Spleens were mechanically crushed. After filtration, 107 spleen cells per mouse were injected

intravenously.
[0230] 1.13 Measurement of tumor-specific CD8+ T cells

[0231] To analyze the number of tumor-specific CD8" T cells, cells from the blood were
incubated with fluorescent ovalbumin tetramers (four coupled H-2 Kb MHC-I molecules
carrying the peptide SIINFEKL, NIH Tetramer Facility) and fluorochrome-coupled anti-CD8
antibodies (eBioscience) and analyzed after washing in a flow cytometer. For the analysis of T
cell function, spleen cells were mechanically crushed and incubated after filtration with
Brefeldin A and with or without SIINFEKL peptide. After six hours the cells were fixed,
permeabilized and stained with fluorescent antibodies specific for CD8 (anti-CDS, eBioscience)
and intracellular interferon-gamma (anti-interferon-gamma, eBioscience). The frequency of IFN-

gamma producing cells was analyzed by flow cytometry.
[0232] 1.14 Statistical analysis

[0233] The mean values were compared using an unpaired two-sample Student’s t-test. The data

are presented as mean = SEM. The level of statistical significance was determined to be p <0.05.
[0234] 1.15 Generation of LCMV-P42;

[0235] LCMV-WE was passaged 42 times in primary tumor cell cultures (UKE-Mel-13a). After
42 passages, a functional mutation was detected in the new virus (LCMV-P42). Nucleic acid and

amino acid seugences of LCMV-WE and mutant P42 are shown in Figure 25 (A and B).
[0236] 1.16 Generation of LCMV-P91, LCMV-P52 and it’s subclones:

[0237] LCMV-WE was passaged 52 times in the tumor cell lines H1975. After 52 passages, the
mutations [18 1M, R185W were detected in the glycoprotein of the new virus. In addition some,
most likely irrelevant and/or oligoclonal mutations (quasispecies) were found. This virus is

named: “LCMV-P52”. To determine the stability and importance of the mutations 1181M and
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R185W, the supernatant of passage P52 was passaged 39 more times. The virus derived from
this passage is named: “LCMV-P91” and still contained the mutations 1181M and R185W. The
virus LCMV-P52 was subcloned by limiting dilution. This clonal virus is named: “LCMV-
P52.17. The mutations 1181M, R185W remained stable. The as irrelevant considered and/or
oligoclonal mutations (quasispecies) showed some changes. To determine the role of the single
mutations [181M and R185W some earlier passages were analyzed. The passage P29 contained
viruses with individual 118 1M and R185W mutations. Viruses from passage P29 were subcloned
by limiting dilution. One subclone with the singular mutation R185W was named: “LCMV-P52-
1.3*; one subclone with the singular mutation 118 1M was named: “LCMV-P52-2.1”. Nugcleic
acid and amino acid seuqences of LCMV mutants P52, P92, P52-1, P52-1.3, and P52-2.1 are
shown in Figure 25 (C-G). Alignments of nucleic acid and amino acid sequences LCMV-WE

and mutants P42, P52, P92, P52-1, P52-1.3, and P52-2.1 are shown in Figure 26 (A-H).
[0238] 2. Investigations

[0239] 2.1 Tumor cell lines MC57, C643, H1975 and primary tumor cell cultures (UKE Mel-
13a) were infected with LCMV (strain WE, MOI 1). Replication was measured after 24 hours (n
=3).

[0240] Thereby it was proven that LCMV (strain WE) spread differently. In comparison to the
tumor cell line MC57, the spread was reduced in the cell lines C643 and H1975 as well as in
primary tumor cell cultures (UKE-Mel-13a). The obtained results are shown graphically in
Figure 1.

[0241] In white the LCMYV infected cells in the cultures with MC57, C643, H1975 and UKE-
Mel-13a can be seen. & = without infection, LCMV = LCMYV infected.

[0242] 2.2 Tumor cell line MC57 and primary tumor cell cultures 511950 were infected with
LCMV (strain WE, MOI 0,1) (left graph). Tumor cell lines MC57, Tramp-C2 and primary tumor
cell cultures (511950 and 511950R) were infected with LCMV (strain WE, MOI 1) (right graph).

The number of infectious virus particles was measured after 24 hours in the supernatant.

[0243] Thereby it was proven that LCMV (strain WE) proliferate less in comparison to the
MC57 tumor cell line in the Tramp-C2 cell line as well as in the primary tumor cell cultures

(511950 and 511950R). The results are shown in Figure 2.
[0244] Figure 2 has the following legend:

[0245] Ordinate: Infectious LCMV particles in supernatant (PFU/mL),
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[0246] Abscissa: Treatment groups; MC57, Tramp-C2, 511950, 511950R.

[0247] 2.3 LCMV-WE was passaged 42 times in primary tumor cell cultures (UKE-Mel-13a).
After 42 passages, a functional mutation was detected in the new virus (LCMV-P42).

[0248] Thereby it could be proven that primary tumor cells are suitable for modifying

arenaviruses by passaging. The experimental procedure is shown in Figure 3.

[0249] 2.4 LCMV-WE was passaged 52 times in tumor cell lines H1975. After 52 passages,

functional mutations were detected in the new virus LCMV-P52.

[0250] Thereby, using the example of H1975, it was proven that that tumor cell lines with
reduced LCMYV replication (compared to cell line MC57) are suitable for altering arenaviruses

by passaging. The experimental procedure is illustrated in Figure 4.

[0251] 2.5 LCMV-P52 was passaged 39 times in tumor cell lines H1975. After 39 passages

further functional mutations were detected in the new virus LCMV-P91.

[0252] Thereby it was proven that H1975 cells are capable of altering arenaviruses by passaging.

The experimental procedure is shown graphically in Figure 5.

[0253] 2.6 Cell lines H1975 were infected with LCMV-WE and LCMV-P52 (MOI 1). Virus was

determined after 12 hours in the supernatant (n=6).

[0254] Thereby it was proven that LCMV-P52 replicate better than LCMV-WE in H1975 cells.

The results obtained are shown graphically in Figure 6.

[0255] Figure 6 has the following legend:

[0256] Ordinate: Infectious LCMV particles in the supernatant (PFU/mL),
[0257] Abscissa: Treatment groups; LCMV-WE or LCMV-P52

[0258] 2.7 Murine bone marrow-derived dendritic cells were infected with LCMV-WE and
LCMV-P52 (MOI 1). Virus was determined after 24 hours in supernatant (n=3).

[0259] Thereby it was proven that LCMV-P52 replicate better than LCMV-WE in antigen-

presenting cells. The results obtained are shown graphically in Figure 7.
[0260] Figure 7 has the following legend:
[0261] Ordinate: Infectious LCMV particles in the supernatant (PFU/mL),

[0262] Abscissa: Treatment groups; LCMV-WE or LCMV-P52
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[0263] 2.8 Tumor cell line H1975 was infected with LCMV-WE or LCMV-P52 (MOI 1). Virus

spread was measured by immunofluorescence after 24 hours.

[0264] Thereby it was proven that LCMV-P52 can spread better in tumor cell lines compared to
LCMV WE using the example of H1975. The results obtained are shown graphically in Figure 8.

[0265] Shown in white are the LCMYV infected cells for a culture infected with LCMV-WE or
LCMV-P52.

[0266] 2.9 Primary tumor cells (UKE-Mel-13a) were infected with LCMV-WE or LCMV-P52

(MOI 1). The spread of the viruses was measured by immunofluorescence after 24 hours.

[0267] Thereby it was proven that LCMV-P52 can spread better in primary tumor cells
compared to LCMV-WE. The obtained results are shown graphically in Figure 9.

[0268] The LCMYV infected cells for cultures infected with LCMV-WE or LCMV-P52 are

shown in white.

[0269] 2.10 C57BL/6 mice were infected with LCMV-WE or LCMV-P52 (2x104 PFU
intravenously). One day after infection the activation of the innate immune system was

determined by measuring IFN-alpha in serum.

[0270] Thereby it was proven that LCMV-P52 causes a stronger innate immune activation than

LCMV-WE. The obtained results are shown graphically in Figure 10.

[0271] Figure 10 has the following legend:

[0272] Ordinate: IFN-alpha concentration (ng/mL serum)

[0273] Abscissa: Treatment groups; LCMV-WE or LCMV-P52 infected animals.

[0274] 2.11 C57BL/6 mice were infected with LCMV-WE or LCMV-P52 (2x104 PFU
intravenously). Activation of the adaptive immune system was determined by flow cytometry

using tetramer (measures virus-specific CD8+ T cells).

[0275] Thereby it was proven that LCMV-P52 induces a stronger adaptive immune activation

than LCMV-WE. The obtained results are shown graphically in Figure 11.
[0276] Figure 11 has the following legend:
[0277] Ordinate: Virus-specific CD8+ T cells (% of total CD8+ T cells in blood),

[0278] Abscissa: Time (days after infection)
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[0279] 2.12 NOD.SCID mice were subcutancously treated with 5 x 10° H1975 cells (day -7).
The mice were additionally infected with 2 x 10* PFU LCMV-WE or LCMV-P52 intratumorally
(day 0). Tumor growth was analyzed.

[0280] Thereby it was proven that treatment with LCMV-P52 had a stronger anti-tumoral effect

than treatment with LCMV-WE. The results obtained are shown graphically in Figure 12.
[0281] Figure 12 has the following legend:

[0282] Ordinate: mean tumor diameter (cm),

[0283] Abscissa: Time (days after LCMV treatment)

[0284] 2.13 C57BL/6 mice were subcutancously treated with 5 x 10° MOPC cells (day -7). A
group of mice was additionally infected with 2 x 10" PEU LCMV-P52 intravenously (n=3, day
0). Tumor growth was analyzed.

[0285] Thereby it was proven that treatment with LCMV-P52 had a strong anti-tumoral effect.

The results are shown graphically in Figure 13.
[0286] Figure 13 has the following legend:

[0287] Ordinate: tumor volume (mm’),

[0288] Abscissa: Time (days after LCMV treatment)

[0289] 2.14 C57BL/6 mice were subcutancously treated with 5 x 10° CMT167 cells (day -7).
One group of mice was additionally infected with 2 x 10* PFU LCMV-P52 intravenously (n=3,
day 0). Tumor growth was analyzed.

[0290] Thereby it was proven that treatment with LCMV-P52 had a strong anti-tumoral effect.

The results are shown in Figure 14.

[0291] Figure 14 has the following legend:

[0292] Ordinate: tumor volume (mm’),

[0293] Abscissa: Time (days after LCMV treatment)

[0294] Thereby it was proven that treatment with LCMV-P52 had a strong anti-tumoral effect.

The results obtained are shown graphically in Figure 15.
[0295] In black tumor cells in the lung are shown; J= without infection

[0296] 2.15 C57BL/6 mice were treated intravenously with 5 x 10° B16F10-OVA cells (day -7).

Tumor-specific CD8" T cells isolated from the spleen of an OT-1 mouse were transferred (day -
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4). A group of animals were additionally treated with LCMV-P52 intravenously (2x10* PFU,
n=4). On day 9 the lungs were removed and photographed.

[0297] &=Control animals, 4 lungs each; LCMV-P52 = treated with LCMV-P52, 4 lungs each.

[0298] 2.16 C57BL/6 mice were treated intravenously with 5 x 10° B1I6F10-OVA cells (day -7).
Tumor-specific CD8" T cells isolated from the spleen of an OT-1 mouse were transferred (day -
4). One group of animals were additionally treated with LCMV-P52 intravenously (2x10* PFU,
n=4). On day 3, the frequency of tumor-specific CD8" T cells in the blood was determined.

[0299] Thereby it was proven that treatment with LCMV-P52 increases the expansion of tumor-
specific CD8+ T cells. The results obtained are shown graphically in Figure 16.

[0300] Figure 16 has the following legend:

[0301] Ordinate: Frequency of tumor-specific CD8+ T cells in the blood (% of total CD8+ T
cells),

[0302] Abscissa: Treatment groups = without infection LCMV-P52 = treated with LCMV-P52

[0303] 2.17 C57BL/6 mice were intravenously treated with 5 x 10° B1I6F10-OVA cells (day -7).
Tumor-specific CD8" T cells isolated from the spleen of an OT-1 mouse were transferred (day -
4). One group of animals were additionally treated with LCMV-P52 intravenously (2x10* PFU,
n=4). On day 9, the function of tumor-specific CD8" T cells in the spleen was determined by in

vitro restimulation.

[0304] Thereby it was proven that treatment with LCMV-P52 increases the function of tumor-

specific CD8+ T cells. The obtained results are shown graphically in Figure 17.
[0305] Figure 17 has the following legend:

[0306] Ordinate: Frequency of IFN-gamma-producing tumor-specific CD8+ T cells (% of total
CD8+ T cells),

[0307] Abscissa: Treatment groups; &: Without LCMV-P52 treatment; LCMV-P52: Treatment
with LCMV-P52; Legend: -:Without antigen; +: Restimulation with antigen (SIINFEKL
peptide).

[0308] 2.18 C57BL/6 mice were subcutancously treated with 5 x 10° BI6F10-OVA cells (day -
7). One group of animals was not further treated (n=3). One group of animals was treated with

the inhibitor LCL-161 (oral 50 mg/kg body weight) twice a week from day 0. One group was
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treated intratumorally with LCMV-WE on day 0 (2x10* PFU, n=4). One group was treated with
LCL-161 and LCMV. Tumor growth was analyzed.

[0309] Thereby it was proven that treatment with LCMV-WE has a synergistic effect with LCL-
161. The obtained results are shown graphically in Figure 18.

[0310] Figure 18 has the following legend:
[0311] Ordinate: Tumor volume (mm?’),
[0312] Abscissa: Time (days after LCMV administration)

[0313] 2.19 C57BL/6 mice were subcutancously treated with 5 x 10° BI6F10-OVA cells (day -
7). One group of animals was not further treated (n=3). One group of animals was treated with
the inhibitor LCL-161 (oral 50 mg/kg body weight) twice a week from day 0. One group was
treated intratumorally with LCMV-WE on day 0 (2x10* PFU, n=4). One group was treated with
LCL-161 and LCMV. Survival of the animals was analyzed.

[0314] It could be shown that the treatment with LCMV-WE has a synergistic effect with LCL-
161. The results obtained are shown graphically in Figure 19.

[0315] Figure 19 has the following legend:
[0316] Ordinate: survival of animals (%),
[0317] Abscissa: Time (days after LCMV administration)

[0318] 2.20 C57BL/6 mice were subcutancously treated with 5 x 10° BI6F10-OVA cells (day -
9). One group of animals was not further treated (n=3). One group was treated intratumorally
with LCMV-P52 on day 0 (2x10* PFU, n=6-8). A group of animals was treated with the
checkpoint blocker anti-PD-1 (200 pg. intraperitoneal) on days 1, 5 and 8. One group was treated
with checkpoint blocker anti-PD-1 and LCMV-P52. Tumor growth was analyzed.

[0319] Thereby it was proven that the treatment with LCMV-P52 has a synergistic effect with
checkpoint blockers (e.g. anti-PD-1). The results obtained are shown graphically in Figure 20.

[0320] Figure 20 has the following legend:
[0321] Ordinate: tumor volume (mm’),

[0322] Abscissa: Time (days after LCMV treatment)
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[0323] The amino acid and nucleic acid sequences mentioned in the present description
correspond to the amino acid and nucleic acid sequences disclosed in the following sequence

listing.

[0324] 2.21 10° H1975 cells were seeded in 24 well plates. After 24 hours cells were infected
with the viruses LCMV-WE, LCMV-P52.1 (I181M, R185W), LCMV-P52-1.3 (R185W) and
LCMV-P52-2.1 (I181M) with a multiplicity of infection (MOI) of 0.1. Virus was analyzed in the
supernatant after 24 hours. The results are shown in Figure 21 (mean + SEM, n=6, p < 0.05, t-

test).

[0325] The data show that the mutations 118 1M and R185W increase the viral propagation in

tumor cells separately.

[0326] Figure 21 has the following legend:

[0327] X-axis: Different viruses

[0328] Y-axis: LCMV in the supernatant (log;o PFU/ml)

[0329] 2.22 2.5x10° HCC1954 cells were seeded in 24 well plates, followed by infection of
LCMV-WE, LCMV-P52.1 (I181M, R185W), LCMV-P52-1.3 (R185W) and LCMV-P52-2.1
(I181M) with a multiplicity of infection (MOI) of 0.001. Virus was analyzed in the supernatant
after 48 hours. The results are shown in Figure 22 (error bars show SEM, n=4, **p <0.001, n.s.

indicates not significant, one-way ANOV A with an additional Tukey post-test was used).

[0330] The data show that either the mutation 1181M or the mutation 185W increase viral

propagation in HCC1954 tumor cells.

[0331] Figure 22 has the following legend:

[0332] X-axis: Different viruses

[0333] Y-axis: LCMV in the supernatant (log;o PFU/ml)

[0334] 2.23 Murine Pancreatic cancer cells (511950, 4 x 10° cells), human Melanoma cells
(UKE118b, 4 x 10° cells) or (UKE118c, 4 x 10’ cells) were seeded in 24 well plates, followed by
infection with LCMV-WE (white bars) or LCMV-P42 (1181M, black bars) with a multiplicity of
infection (MOI) of 0.1. Virus was analyzed in the supernatant after 24 hours. The results are

shown in Figure 23 (mean+SEM, n=3, 'p < 0.05, t-test).
[0335] The data show that the mutation 1181M leads to increase viral propagation in tumor cells.

[0336] Figure 23 has the following legend:
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[0337] X-axis: Different cell types
[0338] Y-axis: LCMV in the supernatant (log;o PFU/ml)

[0339] 2.24 C57BL/6 mice were infected intravenously with 2x10* PFU of cither LCMV-WE,
LCMV-P52.1 (I1181M, R185W), LCMV-P52-1.3 (R185W) and LCMV-P52-2.1 (I1181M). On
day 8 (white bars) and day 10 (black bars) blood was analyzed for the frequencies of LCMV-
GP33-specific CD8" T cells by using tetramers in flow cytometry. The results are shown in

Figure 24 (mean+SEM, n = 6-12, pooled from four separate experiments, , p < 0.05, t-test).

[0340] The data show that the mutations 1181M and R185W increase the capacity of LCMV to
stimulate specific T cells. The combination of the mutations 1181M and R185W might have

synergistic properties on early T cell stimulation.

[0341] Figure 24 has the following legend:

[0342] X-axis: Different viruses

[0343] Y-axis: Frequency of tetramer-GP33-binding CD8" T cells (% of total CD8" T cells).

[0344] The invention illustratively described herein may suitably be practiced in the absence of
any clement or elements, limitation or limitations, not specifically disclosed herein. Additionally,
the terms and expressions employed herein have been used as terms of description and not of
limitation, and there is no intention in the use of such terms and expressions of excluding any
equivalents of the features shown and described or portions thereof, but it is recognized that
various modifications are possible within the scope of the invention claimed. Thus, it should be
understood that although the present invention has been specifically disclosed by exemplary
embodiments and optional features, modification and variation of the inventions embodied
therein herein disclosed may be resorted to by those skilled in the art, and that such

modifications and variations are considered to be within the scope of this invention.

[0345] The invention has been described broadly and generically herein. Each of the narrower
species and subgeneric groupings falling within the generic disclosure also form part of the
invention. This includes the generic description of the invention with a proviso or negative
limitation removing any subject matter from the genus, regardless of whether or not the excised

material is specifically recited herein.

46



CA 03111305 2021-03-01

WO 2020/053324 PCT/EP2019/074307

Claims

A mutant of lymphocytic choriomeningitis virus, wherein the mutant is capable of
undergoing a stronger propagation in a tumor cell as compared to the wild type
lymphocytic choriomeningitis virus strain WE, wherein the mutant comprises a nucleic
acid encoding a glycoprotein, wherein said glycoprotein comprises at least one of the
mutations Arg 185 — Trp and Ile 181 — Met as compared to the wild type glycoprotein
sequence set forth in SEQ ID NO: 10.

The mutant of claim 1, wherein the mutant comprises a nucleic acid encoding a
glycoprotein that has at least about 95%, preferably at least about 96%, preferably at least
about 97%, preferably at least about 98% preferably at least about 99%, preferably at least
about 99.1%, preferably at least about 99.2%, preferably at least about 99.3%, preferably at
least about 99.4%, preferably at least about 99.5%, preferably at least about 99.5%,
preferably at least about 99.7% sequence identity, to the wild type glycoprotein sequence
set forth in SEQ ID NO: 10.

The mutant of claim 1 or 2, wherein the mutant comprises a nucleic acid encoding a
glycoprotein, wherein said glycoprotein comprises the mutations Arg 185 — Trp and Ile

181 — Met as compared to the wild type glycoprotein set forth in SEQ ID NO: 10.

The mutant any one of the preceding claims, wherein the mutant comprises a nucleic acid
encoding a glycoprotein, wherein said glycoprotein has at least about 95%, preferably at
least about 96%, preferably at least about 97%, preferably at least about 98% preferably at
least about 99%, preferably at least about 99.1%, preferably at least about 99.2%,
preferably at least about 99.3%, preferably at least about 99.4%, preferably at least about
99.5%, preferably at least about 99.5%, preferably at least about 99.7% sequence identity,
or is preferably identical, to a sequence set forth in any one of SEQ ID NOs: 18, 26, 34, 42,
50, and 58.

The mutant of any one of the preceding claims, wherein the mutant comprises a nucleic
acid encoding a glycoprotein, wherein said nucleic acid comprises a sequence that has at

least about 95%, preferably at least about 96%, preferably at least about 97%, preferably at
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least about 98% preferably at least about 99%, preferably at least about 99.1%, preferably
at least about 99.2%, preferably at least about 99.3%, preferably at least about 99.4%,
preferably at least about 99.5%, preferably at least about 99.6%, preferably at least about
99.7% sequence identity, or is preferably identical, to a sequence set forth in SEQ ID NOs:
17, 25, 33, 41, 49, and 57.

The mutant of claim 1, wherein the mutant comprises a nucleic acid encoding a L-protein,
wherein said L-protein has at least about 95%, preferably at least about 96%, preferably at
least about 97%, preferably at least about 98% preferably at least about 99%, preferably at
least about 99.1%, preferably at least about 99.2%, preferably at least about 99.3%,
preferably at least about 99.4%, preferably at least about 99.5%, preferably at least about
99.6%, preferably at least about 99.7% sequence identity to the wild type L-protein
sequence set forth in SEQ ID NO: 16.

The mutant any one of the preceding claims, wherein the mutant comprises a nucleic acid
encoding a L-protein, wherein said L-protein has at least about 95%, preferably at least
about 96%, preferably at least about 97%, preferably at least about 98% preferably at least
about 99%, preferably at least about 99.1%, preferably at least about 99.2%, preferably at
least about 99.3%, preferably at least about 99.4%, preferably at least about 99.5%,
preferably at least about 99.6%, preferably at least about 99.7%, preferably at least about
99.8%, preferably at least about 99.9% sequence identity, or is preferably identical, to a
sequence set forth in any one of SEQ ID NOs: 24, 32, 40, 48, 56, and 64.

The mutant of any one of the preceding claims, wherein the mutant comprises a nucleic
acid encoding a L-protein, wherein said L-protein comprises 1, 2, 3,4, 5,6, 7, 8,9, or 10
of the following mutations: Lys 253 — Arg; Lys 1512 — Met; Lys 1513 — Glu; Ser 1758
— Phe; Phe 1995 — Ser; Ile 2094 — Val; Lys 2115 — Glu; Thr 2141 — Ala; Arg 2175
— Lys; Thr 2185 — Ala as compared to the wild type L-protein sequence set forth in SEQ
ID NO: 16.

The mutant of any one of the preceding claims, wherein the mutant comprises a nucleic
acid encoding a L-protein, wherein said L-protein comprises one of the following sets of
mutations:

(a) Ser 1758 — Phe;
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(b) Phe 1995 — Ser; optionally Ile 2094 — Val; and optionally Thr 2141 — Ala;

(¢) Lys 1513 — Glu; Phe 1995 — Ser; and optionally Arg 2175 — Lys;

(d) Lys 253 — Arg; Lys 1512 — Met; Lys 2115 — Glu; optionally Thr 2141 — Ala;
Thr 2185 — Ala

(¢) Phe 1995 — Ser; or

() Lys2115 — Glu,

as compared to the wild type L-protein sequence set forth in SEQ ID NO: 16.

The mutant of any one of the preceding claims, wherein the mutant comprises a nucleic
acid encoding an L-protein, wherein said nucleic acid is complementary to a sequence that
has at least about 95%, preferably at least about 96%, preferably at least about 97%,
preferably at least about 98% preferably at least about 99%, preferably at least about
99.1%, preferably at least about 99.2%, preferably at least about 99.3%, preferably at least
about 99.4%, preferably at least about 99.5%, preferably at least about 99.6%, preferably at
least about 99.7%, preferably at least about 99.8%, preferably at least about 99.9%
sequence identity, or that is preferably identical, to a sequence set forth in SEQ ID NOs:
17, 25, 33, 41, 49, and 57.

The mutant any one of the preceding claims, wherein the mutant comprises a nucleic acid
encoding an nucleoprotein, wherein said nucleoprotein has at least about 95%, preferably
at least about 96%, preferably at least about 97%, preferably at least about 98% preferably
at least about 99%, preferably at least about 99.1%, preferably at least about 99.2%,
preferably at least about 99.3%, preferably at least about 99.4%, preferably at least about
99.5%, preferably at least about 99.6%, preferably at least about 99.7%, sequence identity,
or that is preferably identical, to a nucleoprotein set forth in any one of SEQ ID NOs: 12,
20, 28, 36, 44, 52, and 60.

The mutant any one of the preceding claims, wherein the mutant comprises a nucleic acid
encoding an nucleoprotein, wherein said nucleic acid is complementary to a sequence that
has at least about 95%, preferably at least about 96%, preferably at least about 97%,
preferably at least about 98% preferably at least about 99%, preferably at least about
99.1%, preferably at least about 99.2%, preferably at least about 99.3%, preferably at least
about 99.4%, preferably at least about 99.5%, preferably at least about 99.6%, preferably at
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least about 99.7%, sequence identity, or that is preferably identical, to a nucleoprotein set

forth in any one of SEQ ID NOs: 11, 19, 27, 35, 43, 51, and 59.

The mutant any one of the preceding claims, wherein the mutant comprises a nucleic acid
encoding a Z-protein, whrein said Z-protein has at least about 95%, preferably at least
about 96%, preferably at least about 97%, preferably at least about 98% preferably at least
about 99%, preferably at least about 99.1%, preferably at least about 99.2%, preferably at
least about 99.3%, preferably at least about 99.4%, preferably at least about 99.5%,
preferably at least about 99.6%, preferably at least about 99.7%, sequence identity, or that
is preferably identical, to a sequence set forth in any one of SEQ ID NOs: 14, 22, 30, 38,
46, 54, and 62.

The mutant any one of the preceding claims, wherein the mutant comprises a nucleic acid
encoding a Z-protein, wherein said nucleic acid comprises a sequence that has at least
about 95%, preferably at least about 96%, preferably at least about 97%, preferably at least
about 98% preferably at least about 99%, preferably at least about 99.1%, preferably at
least about 99.2%, preferably at least about 99.3%, preferably at least about 99.4%,
preferably at least about 99.5%, preferably at least about 99.6%, preferably at least about
99.7%, sequence identity, or that is identical, to a sequence set forth in any one of SEQ ID

NOs: 13,21, 29, 37, 45, 53, and 61.

A method of producing an antitumoral arenavirus, in particular an arenavirus, which has

improved antitumor properties over an original arenavirus, the process comprising the

following steps:

a)  plating primary tumor cells or cells of the cell line H1975, C643 or Tramp-C2 onto
and/or into a nutrient medium,

b) inoculating the plated primary tumor cells or plated cells of the cell line H1975,
C643 or Tramp-C2 with an original arenavirus,

¢) incubating the inoculated primary tumor cells or inoculated cells of the cell line
H1975, C643 or Tramp-C2 under conditions which are suitable for infecting at least
a portion of the inoculated primary tumor cells or the inoculated cells of the cell line

H1975, C643 or Tramp-C2 with the original arenavirus,
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d)  extracting an arenavirus-containing cell culture supernatant from a cell culture
containing the incubated primary tumor cells or the incubated cells of the cell line
H1975, C643 or Tramp-C2,

wherein the step sequence a) to d) is repeated a plurality of times, wherein the primary

tumor cells or the cells of the cell line H1975, C643 or Tramp-C2 when performing the

first repetition of step sequence a) to d), for performing step b) is inoculated with the
arenavirus-containing cell culture supernatant or a part thereof extracted when performing
step d) before the first repetition of the step sequence a) to d), and wherein the primary
tumor cells or the cells of cell line H1975, C643 or Tramp-C2 when performing each
further repetition of the step sequence a) to d), for performing step b) is inoculated with the
arenavirus-containing cell culture supernatant or a part thereof extracted when performing

step d) of a previous repetiton of the step sequence a) to d).

The method of claim 15, characterized in that the primary tumor cells are passaged at most
1000 times, in particular at most 100 times, preferably at most 10 times, before performing

step a).

The method of claim 15 or 16, characterized in that step c) is performed

- within a period from 1 hour to 1000 hours, in particular 3 hours to 300 hours,
preferably 12 hours to 96 hours, and/or

- at a temperature of 4 °C to 50 °C, in particular 20 °C to 42 °C, preferably 34 °C to 39
°C and/or

- in a nutrient medium selected from the group consisting of RPMI-1640, DMEM and
IMDM, wherein the nutrient medium in particular additionally comprises serum,
such as fetal calf serum or human serum, and/or amino acids, such as glutamate
and/or glutamine, and/or antibiotics, and/or

- under a carbon dioxide atmosphere of 0 % to 20 %, in particular 2 % to 10 %,

preferably 4 % to 6 %.

The method of any one of claims 15 to 17, characterized in that the sequence of steps is

repeated 3 to 1000 times, in particular 10 to 100 times, preferably 20 to 50 times.

The method of any one of claims 15 to 18, characterized in that

- the primary tumor cells or the cells of the cell line H1975, C643 or Tramp-C2 and/or
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- the original arenavirus and/or the arenavirus contained in the extracted cell culture
supernatant or a part thereof are treated with at least one chemotherapeutic agent
and/or subjected to a radiation treatment before performing step d) and/or

- primary tumor cells or cells of the cell line H1975, C643 or Tramp-C2 which are
resistant to at least one chemotherapeutic agent are used, and/or

- primary tumor cells or the cells of the cell line H1975, C643 or Tramp-C2 and/or the
original arenavirus and/or the arenavirus contained in the extracted cell culture
supernatant or a part thercof before performing step d) are treated with at least one

antiviral compound, in particular with alpha-interferon and/or gamma-interferon.

The method of any one of claims 15 to 19, characterized in that the primary tumor cells are
selected from the group consisting of primary choroidal melanoma cells, primary anal
carcinoma cells, primary angiosarcoma cells, primary astrocytoma cells, primary basal cell
carcinoma cells, primary cervical carcinoma cells, primary chondrosarcoma cells, primary
chorionic carcinoma cells, primary dermal squamous cell carcinoma cells, primary small
intestine carcinoma cells, primary endometrial carcinoma cells, primary Ewing sarcoma
cells, primary fibrosarcoma cells, primary gallbladder carcinoma cells, primary bile duct
carcinoma cells, primary glioblastoma cells, primary bladder carcinoma cells, primary
ureter carcinoma cells, primary urethral carcinoma cells, primary hepatocellular carcinoma
cells, primary testicular tumor cells, primary hypopharyngeal carcinoma cells, primary
pituitary carcinoma cells, primary Kaposi sarcoma cells, primary small-cell bronchial
carcinoma cells, primary colon carcinoma cells, primary colorectal carcinoma cells,
primary laryngeal carcinoma cells, primary leiomyosarcoma cells, primary liposarcoma
cells, primary gastric carcinoma cells, primary malignant fibrous histiocytoma cells,
primary breast carcinoma cells, primary medulloblastoma cells, primary melanoma cells,
primary oral floor carcinoma cells, primary sinus carcinoma cells, primary nasopharyngeal
carcinoma cells, primary adrenocortical carcinoma cells, primary parathyroid carcinoma
cells, primary neurogenic sarcoma cells, primary non-small-cell bronchial carcinoma cells,
primary renal carcinoma cells, primary oropharyngeal carcinoma cells, primary
osteosarcoma cells, primary ovarian carcinoma cells, primary pancreatic tumor cells,
primary penile carcinoma cells, primary pheochromocytoma cells, primary pleural
mesothelioma cells, primary prostate carcinoma cells, primary rectal carcinoma cells,
primary retinoblastoma cells, primary rhabdomyosarcoma cells, primary thyroid carcinoma

cells, primary salivary gland carcinoma cells, primary esophageal carcinoma cells, primary
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tonsil carcinoma cells, primary vaginal carcinoma cells, primary vulvar carcinoma cells,
primary Wilms tumor cells, primary cells of neuroendocrine tumors, and primary tongue

carcinoma cells.

The method of any one of claims 15 to 20, characterized in that as original arenavirus a

wild-type arenavirus is used, in particular a wild-type lymphocytic choriomeningitis virus.

A lymphocytic choriomeningitis virus mutant comprising

- a glycoprotein with at least one mutation, wherein the at least one mutation is an
amino acid substitution of the isoleucine at position 181 of the glycoprotein by
another amino acid, preferably methionine, and/or an amino acid substitution of the
arginine at position 185 of the glycoprotein by another amino acid, preferably
tryptophan, and/or

- an L-protein having at least one mutation, wherein the at least one mutation is an
amino acid substitution of the lysine at position 1513 of the L-protein by another
amino acid, preferably glutamate, and/or an amino acid substitution of the
phenylalanine at position 1995 of the L-protein by another amino acid, preferably
serine, and/or an amino acid substitution of isoleucine at position 2094 of the L-
protein by another amino acid, preferably valine, and/or an amino acid substitution of
threonine at position 2141 of the L-protein by another amino acid, preferably alanine,
and/or an amino acid substitution of arginine at position 2175 of the L-protein by

another amino acid, preferably lysine.

A lymphocytic choriomeningitis virus mutant, in particular according to claim 22,
characterized in that the lymphocytic choriomeningitis virus mutant comprises a protein or
peptide, in particular a glycoprotein or L-protein, having or consisting of an amino acid
sequence according to SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 18,
SEQ ID NO: 26, SEQ ID NO: 34, SEQ ID NO: 42, SEQ ID NO: 50, SEQ ID NO: 58, SEQ
ID NO: 24, SEQ ID NO: 32, SEQ ID NO: 40, SEQ ID NO: 48, SEQ ID NO: 56, or SEQ
ID NO: 64.

The lymphocytic choriomeningitis virus mutant, in particular according to claim 22 or 23,
characterized in that the lymphocytic choriomeningitis virus mutant comprises a nucleic

acid which is coding for a protein or peptide comprising or consisting of an amino acid
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sequence SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 18, SEQ ID NO:
26, SEQ ID NO: 34, SEQ ID NO: 42, SEQ ID NO: 50, SEQ ID NO: 58, SEQ ID NO: 24,
SEQ ID NO: 32, SEQ ID NO: 40, SEQ ID NO: 48, SEQ ID NO: 56, or SEQ ID NO: 64,
and/or the lymphocytic choriomeningitis virus mutant comprising a nucleic acid which has
a nucleic acid sequence or consists of a nucleic acid sequence which is or is
complementary to a nucleic acid sequence according to SEQ ID NO: 2, SEQ ID NO: 4,
SEQ ID NO: 6, SEQ ID NO: 17, SEQ ID NO: 25, SEQ ID NO: 33, SEQ ID NO: 41, SEQ
ID NO: 49, SEQ ID NO: 57, SEQ ID NO: 23, SEQ ID NO: 31, SEQ ID NO: 39, SEQ ID
NO: 47, SEQ ID NO: 55, or SEQ ID NO: 63.

A lymphocytic choriomeningitis virus mutant of any one of claims 1 to 14 and 22 to 24 for
use in medicine, in particular for use in the treatment and/or prevention of a tumor,
preferably a tumor seclected from the group consisting of anal carcinoma, bronchial
carcinoma, lung carcinoma, endometrial carcinoma, gallbladder carcinoma, bladder
carcinoma, hepatocellular carcinoma, testicular carcinoma, colon carcinoma, colorectal
carcinoma, colorectal carcinoma, hepatocellular carcinoma, testicular carcinoma, colon
carcinoma, tumor of the bladder, bladder carcinoma, tumor of the bladder, hepatocellular
carcinoma, lung carcinoma, lung carcinoma, endometrial carcinoma, colorectal carcinoma,
rectal carcinoma, laryngeal carcinoma, esophageal carcinoma, gastric carcinoma, breast
carcinoma, renal carcinoma, ovarian carcinoma, pancreatic carcinoma, pharyngeal
carcinoma, opharyngeal carcinoma, prostate carcinoma, thyroid carcinoma, Cervical
cancer, angiosarcoma, chondrosarcoma, Ewing sarcoma, fibrosarcoma, Kaposi sarcoma,
liposarcoma, leiomyosarcoma, malignant fibrosis histiocytoma, lymphoma, leukemia,

neurogenic sarcoma, osteosarcoma and rhabdomyosarcoma.

A medicament or pharmaceutical composition comprising a lymphocytic choriomeningitis

virus mutant of any one of claims 1 to 14 and 22 to 24.

The medicament according to claim 26, characterized in that the medicament further
comprises a checkpoint blocker, such as PD-1, and/or an apoptosis modulator, in particular

an apoptosis inhibitor, such as SMAC mimeticum.

An isolated protein or peptide, in particular glycoprotein, L-protein, nucleoprotein, or Z-

protein, comprising or consisting of an amino acid sequence according to SEQ ID NO: 1,
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SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, , SEQ ID NO: 10, SEQ ID NO: 18, SEQ
ID NO: 26, SEQ ID NO: 34, SEQ ID NO: 42, SEQ ID NO: 50, SEQ ID NO: 58, SEQ ID
NO: 24, SEQ ID NO: 32, SEQ ID NO: 40, SEQ ID NO: 48, SEQ ID NO: 56, or SEQ ID
NO: 64, SEQ ID NO: 12, SEQ ID NO: 20, SEQ ID NO: 28, SEQ ID NO: 36, SEQ ID NO:
44, SEQ ID NO: 52, SEQ ID NO: 60, SEQ ID NO: 14, SEQ ID NO: 22, SEQ ID NO: 30,
SEQ ID NO: 38, SEQ ID NO: 46, SEQ ID NO: 54, or SEQ ID NO: 62.

An isolated nucleic acid, in particular encoding for a glycoprotein, L-protein,
nucleoprotein, or Z-protein, wherein the nucleic acid has a nucleic acid sequence or
consists of a nucleic acid sequence which is or is complementary to a nucleic acid
sequence according to SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 or SEQ ID NO: 8§,
SEQ ID NO: 9, SEQ ID NO: 17, SEQ ID NO: 25, SEQ ID NO: 33, SEQ ID NO: 41, SEQ
ID NO: 49, SEQ ID NO: 57, SEQ ID NO: 23, SEQ ID NO: 31, SEQ ID NO: 39, SEQ ID
NO: 47, SEQ ID NO: 55, SEQ ID NO: 63, SEQ ID NO: 11, SEQ ID NO: 19, SEQ ID NO:
27, SEQ ID NO: 35, SEQ ID NO: 43, SEQ ID NO: 51, SEQ ID NO: 59, SEQ ID NO: 13,
SEQ ID NO: 21, SEQ ID NO: 29, SEQ ID NO: 37, SEQ ID NO: 45, SEQ ID NO: 53, or
SEQ ID NO: 61 .
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Figure 25

A. Lymphocytic choriomeningitis virus (LCMV) strain WE

Source: 1-3376 Segment = S

Protein: Pre-glycoprotein polyprotein GP complex
Gene: GPC

Gene: 79-1575

>LCMV-WE~DURE GP
ATGGGTCAGATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAAC
ATTGTCATTATTGTGCTCATTATAATCACGAGCATCAAAGCTGTGTACAATTTCGCCACC
TGTGGGATATTAGCACTGGTCAGCTTCCTTTTTTTGGCTGGTAGGTCCTGTGGCATGTAC
GGCCTTAATGGTCCCGACATCTATAAAGGGGTTTACCAGTTCAAATCAGTGGAGTTTGAT
ATGTCTCACTTAAATCTGACGATGCCCAATGCGTGCTCAGCCAACAACTCTCATCACTAC
ATCAGTATGGGAAGCTCTGGACTGGAGCTAACTTTCACTAACGACTCCATCCTTAATCAC
AATTTTTGCAACTTAACCTCCGCTTTCAACAAAAAGACTTTTGACCATACACTCATGAGT
ATAGTCTCGAGTCTGCACCTCAGTATTAGAGGGAATTCCAACCACAAAGCAGTGTCTTGT
GATTTTAACAATGGCATCACCATTCAATACAACTTGTCATTTTCGGACCCACAGAGCGCT
ATAAGCCAGTGTAGGACTTTCAGAGGTAGAGTCTTGGACATGTTTAGAACTGCCTTTGGA
GGAAAATACATGAGAAGTGGCTGGGGCTGGGCAGGTTCAGATGGCAAGACCACTTGGTGC
AGCCAAACAAGCTATCAGTACCTAATCATACAAAACAGGACTTGGGAAAACCACTGTAGA
TATGCAGGCCCTTTTGGGATGTCTAGAATCCTCTTTGCTCAGGAAAAGACAAAGTTTCTC
ACTAGGAGACTTGCAGGCACATTCACCTGGACCCTGTCAGACTCCTCAGGAGTAGAAAAT
CCAGGTGGTTATTGCCTGACCAAATGCGATGATCCTTGCTGCAGAGCTCAAATGTTTTGGG
AATACAGCTGTTGCAAAATGTAATGTCAATCATGATGAAGAGTTCTGTGACATGCTACGA
CTAATTGATTACAACAAGGCCGCCCTGAGTAAGTTCAAGCAACATGTAGAGTCTGCCTTG
CATGTATTCAAAACAACAGTAAATTCTCTGATTTCCGATCAGCTGTTGATGAGGAATCAT
CTAAGAGATCTAATGGGGGTACCATACTGTAATTACTCAAAGTTCTGGTATCTGGAACAT
GCTAAGACTGGTGAGACTAGTGTACCCAAGTGCTGGCTTGTCACTAATGGCTCCTACTTG
AATGAGACCCACTTTAGTGATCAAATCCGAACAAGAAGCAGATAACATGATCACAGAGATG
TTGAGGAAGGACTACATAAAAAGACAAGGGAGTACTCCTTTAGCCTTAATGGATCTTTTG
ATGTTTTCAACATCAGCATATCTAATCAGCATCTTTCTGCATCTTGTGAAGATACCAACA
CATAGACACATAAAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGGGGATC
TGTAGTTGTGGTGCATTCAAGGTGCCTGGTGTAAAAACTATCTGGAAAAGACGCTGA
(SEQ ID NO: 9)

CDS: 79-1575
Codon Start = 1; Codons 1-498
Chain: 1-498 Pre-glycoprotein polyprotein GP complex
Chain: 1-58 Stable signal peptide
Chain: 59-265 Glycoprotein G1
Chain: 266-498 Glycoprotein G2
Translation=

>LCMV-WE-DUE GP
MGQIVTMFEALPHIIDEVINIVIIVLITIITSIKAVYNFATCGILALVSEFLFLAGRSCGMY
GLNGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHYISMGSSGLELTEFTNDSILNH
NFCNLTSAFNKKTEFDHTLMSIVSSLHLSIRGNSNHKAVSCDENNGITIQYNLSESDPQSA
ISQCRTFRGRVLDMFRTAFGGKYMRSGWCGWAGSDGKTTWCSQTSYQYLIIQNRTWENHCR
YAGPFGMSRILFAQEKTKFLTRRLAGTEFTWTLSDSSGVENPGGYCLTKWMILAAELKCEG
NTAVAKCNVNHDEEFCDMLRLIDYNKAALSKFKODVESALHVEFKTTVNSLISDQLLMRNH
LRDLMGVPYCNYSKEWYLEHAKTGETSVPKCWLVTINGSYLNETHEFSDOIEQEADNMITEM
LRKDYIKRQGSTPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGT
CSCGAFKVPGVKTIWKRR

(SEQ ID NO:10)
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Figure 25 (continued)

Source: 1-3376 Segment = S
Protein: Nucleoprotein

Gene: NP

Gene: 1640-3316 complement

>LCMV-WE-DUE NP
ATGTCTTTGTCCAAAGAAGTCAAAAGCTTTCAGTGGACACAGGCGTTGAGGAGGGAGTTG
CAGAGTTTTACATCAGATGTAAAGGCTGCCGTCATCAAGGACGCAACCAGTCTTCTAAAT
GGGTTGGACTTTTCTGAAGTCAGCAACGTTCAGAGGATCATGAGAAAGGARAAGGAGGGAT
GATAAAGACTTGCAGAGACTCAGGAGTCTTAACCAGACTGTGCATTCTCTTGTTGATCTG
AAGTCTACATCAAAGAAARAATGTTCTGAAAGTGGGAAGACTTAGTGCAGAGGAATTGATG
ACCCTTGCAGCTGATCTTGAGAAGCTGAAGGCCAAAATTATGAGAACTGAGAGGCCTCAA
GCTTCTGGAGTCTACATGGGAAATTTGACAGCACAACAACTTCGATCAAACATCCCAAATA
CTGCAAATGGTTGGGATGAGAAGACCTCAGCAGGGTGCAAGTGGTGTAGTAAGGGTTTGG
GATGTGAAGGACTCATCACTTCTGAACAATCAGTTCGGCACAATGCCAAGCCTGACAATG
GCTTGCATGGCAAAACAGTCACAGACCCCACTCAATGATGTTGTGCAGGCACTCACAGAC
CTTGGCTTACTTTACACAGTCAAATACCCGAATCTCAGTGATCTTGAAAGGCTAAAGGAT
AAACACCCAGTTCTGGGGGTCATTACTGAACAGCAATCTAGTATCAATATCTCTGGTTAT
AATTTCAGTCTTGGTGCAGCTGTGAAAGCGGGGGCAGCTCTGCTAGATGGAGGGAACATG
CTGGAATCTATCTTGATCAAACCGAGCAACAGTGAGGATCTCCTAAAAGCAGTCCTCGGG
GCCAAGAAGAAACTCAACATGTTTGTCTCAGATCAAGTTGGAGATAGAAATCCCTATGAA
AACATCCTTTATAAAGTCTGTCTTTCAGGTGAAGGATGGCCATACATAGCCTGTAGAACG
TCAGTTGTGGGGAGAGCATGGGAGAACACAACAATTGATCTCACAAATGAAAAACTTGTT
GCCAACTCATCTAGGCCAGTGCCTGGAGCAGCAGGCCCACCTCAGGTGGGCTTGAGTTAC
AGTCAGACAATGCTGTTGAAAGACTTGATGGGAGGGATTGATCCCAATGCTCCCACATGG
ATTGACATTGAGGGCAGGTTCAATGATCCAGTGGAGATAGCAATATTCCAACCACAAAAT
GGGCAATTCATACATTTTTACAGGGAACCTACGGACCAGAAGCAATTCAAGCAGGACTCA
AAGTATTCACACGGCATGGATCTTGCTGATCTCTTCAATGCACAGCCTCGCGCTGACCTCA
TCAGTTATAGGTGCTCTCCCACAAGGGATGGTTTTGAGCTGTCAAGGTTCTGATGACATC
AGAAAGCTTCTGGACTCACAAAATAGAAGGGACATAAAACTCATTGATGTTGAGATGACC
AAGGAGGCCTCAAGAGAATATGAAGATAAAGTGTGGGACAAATATGGCTGGCTATGCAAA
ATGCACACTGGGGTAGTGAGAGACAAAAAGAAGAAAGAGATCACCCCACACTGTGCACTC
ATGGACTGCATCATTTTTGAGAGTGCTTCCAAGGCAAGACTCCCTGATCTAAAAACCGTT
CACAACATCCTGCCACATGATTTAATCTTCAGAGGACCCAATGTTGTGACACTCTAA
(SEQ ID NO: 11)

CDS: 1640-3316 complement
Codon Start = 1; Codons 1-558

Translation=

>LCMV-WE-DUE NP
MSLSKEVKSFOWTQALRRELQSFTSDVKAAVIKDATSLLNGLDEFSEVSNVORIMRKERRD
DKDLORLRSLNQTVHSLVDLKSTSKKNVLKVGRLSAEELMTLAADLEKLKAKIMRTERPQ
ASGVYMGNLTAQQOLDQRSQILOMVGMRRPOQGASGVVRVWDVKDSSLILNNQFGTMPSLTM
ACMAKQSQTPLNDVVQALTDLGLLYTVKYPNLSDLERLKDKHPVLGVITEQQSSINISGY
NFSLGAAVKAGAALLDGGNMLESILIKPSNSEDLLKAVLGAKKKLNMFVSDQVGDRNPYE
NILYKVCLSGEGWPYIACRTSVVGRAWENTTIDLTNEKLVANSSRPVPGAAGPPQVGLSY
SQTMLLKDLMGGIDPNAPTWIDIEGREFNDPVEIAIFQPONGOFIHEFYREPTDQKQEFKQODS
KYSHGMDLADLENAQPGLTSSVIGALPQGMVLSCQOGSDDIRKLLDSONRRDIKLIDVEMT
KEASREYEDKVWDKYGWLCKMHTGVVRDKKKKEITPHCALMDCITIFESASKARLPDLKTV
HENILPHDLIFRGPNVVTL

(SEQ ID NO: 12)
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Figure 25 (continued)

Source: 1-7235 Segment =L
Protein: RING finger protein Z
Gene: ZpP

Gene: 90-362

>LCMV-WE-DUE ZP
ATGGGCCARGGCAAGTCCAAAGAAGAAAGGGACACCAGCAATACAGGCAGAGCAGAGCTT
TTGCCAGACACCACCTATCTTGGTCCTCTAAATTGTARATCATCTTCGCAGARATTTGAC
AGCTTGGTTAGATGCCATGACCACTATCTTTGCAGACACTGTCTGAATCTCCTGCTGTCA
GTTTCCGACAGATGTCCTCTCTGTAAGTATCCACTGCCAACCAAACTGAAGGTGTCAACA
GTCCCAAGCTCCCCACCTCCCTATGAGGAGTGA

(SEQ ID NO: 13)

CDS: 90-362
Codon Start = 1; Codons 1-91
Translation=

>LCMV-WE-DUE ZP

MGOGKSKEERDTSNTGRAELLPDTTYLGPLNCKSCWQKFDSLVRCHDHYLCRHCLNLLLS
VSDRCPLCKYPLPTKLKVSTVPSSPPPYEE
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Figure 25 (cont’d)

Source: 1-7235 Segment =L

Protein: RNA-directed RNA polymerase L
Gene: LP

Gene: 574-7203 complement

>LCMV-WE-DUE LP

ATGGATGAAACTATTGCAGATTTGAGAGAGTTGTGTCTAAATTACATAGAACAGGACGAG
AGGCTGTCAAGGCAAAAACTCAACTTCCTGGGACAAAGAGAACCCAGAATGGTGCTAATT
GAGGGACTCAAATTGTTATCACGCTGTATAGAGATAGACAGTGCAGACAAAAGTGGTTGC
ATACACAACCACGATGACAAATCTGTTGAAACAATCCTAATAGACTCTGGGATTGTGTGT
CCAGGACTGCCACTCATCATCCCTGATGGTTATAAGTTGATTGACAATTCCCTTATTCTT
CTTGAATGTTTTGTTAGAAGCACACCAGCTAGTTTTGAAAAGAAGTTCATTGAGGACACC
AACAAACTAGCATGCATCAAAGAACGATCTTGCTGTTGCAGGCATCACACTGCTTCCAATA
GTGGATGGTCGTTGTGATTATGATAACAGTTTCATGCCAGAATGGGTGAATTTTAAGTTC
AGAGACCTCCTATTTAAACTCCTGGAGTATTCTAGTCAAGATGAGAAAGTTTTTGAGGAG
TCTGAATACTTCAGGCTCTGTGAGTCTCTTAAGACCACTGTTGACAAACGTTCCGGCATG
GACTCAATGAAAATTTTGAAAGACGCAAGATCATTTCATAACGATGAGATTATGAAAATG
TGCCACGATGGTGTCAACCCCAACATGAGTTGCGATGATGTGGTCTTTGGCATAAATTCC
TTTTTTGGCAGGTTTAGGAGGGACCTGTTAAATGGGAAACTCAAAAGGAATTTCCAAAAG
GTCAGCCCTGGGGGCTTAATCAAGGAATTCTCTGAACTTTATGAAACCCTTACTGATAAT
GATGACATATTAATGTTGAGCAAAGAGGCAGTTGAATCCTGCCCCTTAATGAGGTTCATT
ACAGCAGAGACCCATGGGCATGAGAGAGGAAGCGATGCTAACACTGAGTATCGAAAGGCTA
CTCTCTATGTTGAACAAGGTGAAAAGTTTAAAATTATTAAACACTAGAAGGAGACAGCTG
CTGAACTTAGATGTCTTATGTCTTTCTTCACTTATTAAGCAGTCAATTTCCAAAGGGTTG
GAAAATGATAAACATTGGGTTGGTTGTTGCTACAGTAGTGTGAATGATAGGCTTGTGAGC
CTTCAAAGTACCAAAGAAGAATTCATGAGACTTTTGAAGAACAGAAGAAAATCAAGAGTG
CACAAAAAGGCATCTCTTGATGAGCTTTTTAGGGTATCCATAAATCACTTCATAGCAAAA
ATCCAGAAATGCCTATCAACAGTGGGACTTAGTTTTGAGCATTACGGACTATCAGAATGC
CTCGTGCAAGAATGCCATATACCATTTGCTGAATTTGAGAACTTTATGAGAGCCGGGACT
CATCCTGTAATGCATTACACAAAATTTGAAGATTACACTTTCCAGCCTAACATAGAGCAA
TTGAGGGGTTTACAGAGTTTGAGAAAACTGTCATCTGTTTGTTTGGCTCTAACAAACAGC
ATGAAAACAAGCTCAGTTGCAAGGTTGAGACAGAACCAACTGGGGTCTCGTGAGATATCAA
GTGGTGGAGTGCAAAGAGGTGTTTTGCCAGATAATAAAACTGCGATTCCGAAGAGTATCAT
CTACTATATCAGAAAACTGGAGAATCATCGAGGTGTTATTCCATACAAGGTCCGGATGGT
CACTTGATTTCCTTTTACGCAGATCCAAAAAGGTTCTTTTTACCAATTTTTTCAGATGAG
GTGTTGCACAACATGATAGACACAATGATTTCATGGATTAGGTCATGCCCTGACTTAAAA
GATTCTCTTATTGACATTGAGACTGCACTAAGGACATTGATCCTACTGATGCTCACCAAC
CCAACAAAGAGAAATCAAAAGCAGGTTCAAAATATTAGGTATTTAGTGATGGCCATCGTC
TCAGACTTTTCATCGACCTCATTAATGGATAAGTTGAAGGAGGATCTAATCACACCTGCC
GAGAAAGTGGTGTACAGGCTGCTTCGGTTTTTGATTAGGACAATTTTTGGTACTGGTGAA
AAGGTGTTATTGAGTGCAAAATTCAAGTTTATGTTGAATGTGTCATACCTGTGTCATTTG
ATCACAAAGGAGACCCCTGATAGATTGACAGATCAGATAAAATGTTTTGAAAAGTTCTTT
GAGCCCAAGAGTGAGTTTGGTTTCTTTGTCAACCCTAAGGAAACAATCACACCCGAAGAG
GAATGTGTTTTTTATGAACAAATGAAGAAGTTCACCGGTAAAGATATTGATTGTCAGCAT
TCAACCCCTGGTGTTAATTTAGAGATCTTTAGCATGATGGTATCTTCATTCAACAATGGC
ACCTTAATTCTAAAAGGGGAGAAAAGGCTCAACAATCTGGACCCCATGACCAACTCTGGA
TGTGCGACAGCATTAGATCTCGCAAGCAACAAAAGTGTGGTTGTCAATAAACATCTGAAT
GGAGAACGGCTTTTGGAGTATGATTTTAACAAATTGCTTGTTAGTGCTGTGAGCCAAATT
ACAGAGGGCTTCATGAGGAAACAAAAGTATAAGCTGAGACACTCAGATTACGAATATAAG
GTCTCAAAGCTTGTCTCTAGATTAGTCATCGGTTCCAGGAAAACAGAAGTAGACAAATTG
GAAGATGATCCGGTAGATGTGTGTTTCGAGGGGGAGGAGGAGACAAGTTTTTTCAGGAGT
TTAGAAGATAAGGTCAGCTCCACAATAACACGGTATAATAGACCGCACTAGGCTTAATGAA
GGGCAAGGGGAGGGAGAATTCAAGAACACAAAAGGACTACACCACCTTCAGATTATTTTG
TCAGGTAAAAGAGCTTATCTGAGGAAAGTCATTTTATCAGAAATTTCATTTCATCTAGTA
GAGGACTTTGATCCATCCTGTCTCACCAATGACGACATGAGGTTTATTTGTGAGGCTGTT
GAAGGTTCAACAGAACTGTCACCATTGTATTTTACATCAGCTGTCAAAGAACAATGTGGT
CTGGATGAGATGGCAAGAAACCTCTGTAGAAAGTTCTTCTCAGAGGGTGATTGGTTCTCA
TGTATGAAGATGATCTTGTTACAGATGAATGCAAATGCGTATTCAGGGAAGTACAGACAC
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Figure 25 (cont’d)

ATGCAGAGGCAGAGCTTAAATTTTAAATTTGACTGGGACAAATTGGAAGAAGATGTAAGA
ATTAGTGAAAGGGAAAGCAATTCTGAATCTCTAAGTAAGGCCCTTTCATTGACAAAATGC
ATGAGTGCTGCTCTAAAGAATCTGTGTTTTTACTCAGAAGAATCACCAACATCATACACT
TCAGTTGGCCCTGACTCTGGGAGACTAAAATTTGCATTGTCATACAAAGAGCAGGTTGGG
GGAAATAGAGAGCTTTACATTGGGGATTTGAGGACAAAAATGTTCACAAGATTGGTAGAA
GATTATTTTGAATCCTTTTCTAGTTTCTTTTCAGGATCTTGTTTAAACAATGACAAAGAG
TTTGAAAATGCAATCTTGTCAATGACTATCAATGTGAGAGAAGGGTTGTTAAACTACAGC
ATGGATCACAGCAAATGGGGACCAATGATGTGCCCATTCCTATTCTTAATGCTTCTCCAA
AATCTCAAACTGGGTGATGATCAGTACGTGCGTTCTGGAAAAGATCATGTTAGCACCTTG
TTGACTTGGCATATGCATAAACTTGTTGAAGTCCCTTTCCCTGTTGTGAATGCAATGATG
AAATCATATGTTAAATCAAAACTCAAGCTTCTCAAAGGGTCAGGAACGACTGTTACGGAG
AGAATCTTTAGAGAGTATTTTGAAATGGGGGTGGTGCCATCTCACATATCTAGTCTCATT
GACATGGGACAGGGGATCCTACACAATGCTTCTGATTTTTACCCGTTTAATTAGTGAAAGG
TTTATCAATTATTGTATTGGTGTCATTTTTGGAGAGAGGCCAGAAGCCTATACATCAAGT
GATGATCAGATCACTTTATTTGACAAGAGATTGAGTGACTTAGTTGATAGTGACCCAGAA
GAAGTCCTTGTCTTGCTGGAATTCCACTCTCACTTAAGTGGTTTGTTGAACAAGTTCATC
AGTCCAAAAAGTGTGGTTGGGCGGTTTGCAGCGGAATTCAAATCCAGATTTTATGTGTGG
GGGGAGGAGGTCCCTCTCCTCACGAAATTTGTGTCTGCGGCACTACACAATGTTAAGTGT
AAAGAACCGCATCAACTTTGTGAGACAATAGATACGATTGCTGATCAAGCTATAGCAAAT
GGAGTTCCAGTTTTTTTAGTAAACTGTATCCAGAGGAGGACACTGGATCTCTTGAAATAT
GCTAATTTCCCTTTAGATCCATTCTTGTTAAACACTCACACTGATGTAAAGGATTGGTTA
GATGGTTCTAGAGGTTATAGAATCCAAAGACTCATTGAAGAATTGTCGTCCCAGTGAAACA
AAGATCATGAGAAAACTTGTAAGAAGACTACATCACAAACTCAAGAACGGTGAATGTAAC
GAGGAATTTTTTCTAGACCTCTTCAACAGGGAAAAGAAAGAGGCCATCCTTCAATTGGGA
GAGATTCTTGGTCTTGAGGATGATCTTAATGAGTTGGCAAGCATCAATTGGTTGAATCTG
AATGAAATGTTCCCATTGAGGATGGTTCTGAGACAAAAAGTGGTTTACCCATCAGTAATG
ACCTTTCAAGAGGAAAAGATCCCCTCATTGATTAAAACACTCCAAAATAAGCTTTGTAGT
AAGTTCACAAGAGGTGCACAGAAGCTGTTGTCAGAGGCAATCAACAAATCAGCTTTTCAG
AGTTGTGTICTCATCCGGCTTTATAGGTCTCTGTAAGACTTTAGGAAGTAGGTGTGTGAGA
AATAAAAACAGGGAAAATATGTATATCAGAAAGGTGCTTGAAGATCTGACCATGGATGAA
CATGTCACAAGGGTTCACAAACAAGATGGTGTGATGTTGTACATTTGCGACAAGCAGAGA
CACCCAGAGGCTCACCGTGACCACATCAACCTTTTGAGGCCCCTTCTCTGGGACTACATT
TGCATCTCATTGAGCAACTCTTTTGAGCTGGGTGTTTGGGTTTTAGCAGAACCTGTGAAA
GGAAAGAACGAGAGTAATTCGGCTGTTAGGCACTTAAATCCATGTGATTATGTAGCAAGA
AAACCTGAGAGTTCGAGACTACTAGAGGATAAAGTGAGTTTGAATCATGTAATTCAATCT
GTGAGGCGACTGTACCCCAAAATCTTTGAGGATCAGTTGCTCCCATTCATGTCTGATGTG
AGCTCAAAAAATATGAGATGGAGTCCCAGGATTAAATTCCTTGACCTTTGTGTGCTGATT
GACATCAACTCAGAGTCTTTGTCACTCATTTCTCATGTTGTCAAATCCAAGCAGGGACGAA
CATTACACTGTGCTGTTTTCTGATCTCGTCAACTCTCACCAACGGTCAGACTCAAGTTTA
GTTGATGAATTTGTTGTCAGCACAAGGGATGTCTGCAAGAACTTTTTGAAGCAAGTGTAT
TTCGAATCATTTGTACGAGAGTTTGTTGCAACAGCTAGGACCTTAGGTAACTTTTCATGG
TTCCCCCATAAGGACATGATGCCATCTGAAGATGGCGCTGAACCACTCGCACCCTTCCAA
TCATTTATTTTGAAAGTGGTGAACAAGCGAAAATAGAGCAGGCCCATGTTTAGGAATGACTTG
CAGTTTGGTTTTIGGTTGGTTCTCTTATCGTGTGGGGGATGTTGTGTGTAATGCCGCTATG
TTAATTAAGCAGGGTTTGACAGATCCAAAAGCATTTAAATCTTTAAGAGATTTGTGGGAT
TACATGCTCAGCAGCACAGAGGGGATATTGGAGTTCTCAATCACAGTGGATTTCACACAC
AACCAGAACAACACTGACTGCTTGAGGAAATTTTCATTGATCTTTGTGCTTAAATGCCAA
TTACAGAGTCCAGGTGTAGCTGATTACTTATCGTGCTCTCATTTCTTCAAAGGTGAGCGTT
GACAGGAGATTATTAGATGAGTGTCTCAATCTGTTGAGGACAGACCCCATCTTTAAAGCG
AATGATGGAGTCTTTGACATTAGGTCTGAAGAGTTTGAAGATTACATGGAAGACCCTTTG
ACACTTGGTGATTCACTAGAACTTGAACTAATAGGTTCTAGAAGGATTCTGAATGAGATC
AAATCTACTGACTTTGAGAGGATAGGGCCTCAGTGGGAACCTCTCGCCTCTGACCATAAGG
AAGGGTGCCCTCTTTGAGGGGAGGAACTTTGTTCAGAATATCTCTGTGAAATTGGAGACA
AAGGACATGAGGGTCTTTCTGGCAGAGCTCGAGGGCTGTGGAAAAATTGGTGATGTCCTC
GGCAGCCTCCTCCTGCACCGATTCAGAACTGGTGAGCACTTGATGGAGTCAGAAATAAGT
ACAGTTCTTCAGGAGCTCTGCATGGACAGATCCGTCATGCTGACACCATTATCTTTTGTG
CCAGATTGGTTCACCTTCAGAGATTGTAGGCTCTGCTTCAGCAGGTCAAAGAACACTGTA
ATGTATGAGACAACTGGGGGCAGGTTCAGACTCAAGGGGAAATCCTGTGACGATTGGCTG
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GCGGAGCGGGTGGCCGAGGAGATCGACTAG
(SEQ ID NO: 15)

CDS: 574-7203 complement
Codon Start = 1; Codons 1-2210
Translation=

>LCMV-WE-DUE LP

MDETIADLRELCLNY IEQDERLSROKLNFLGOQREPRMVLIEGLKLLSRCIEIDSADKSGC
IHNHDDKSVETILIDSGIVCPGLPLIIPDGYKLIDNSLILLECEVRSTPASFEKKFIEDT
NKLACIKEDLAVAGITLVPIVDGRCDYDNSEFMPEWVNEKERDLLFKLLEYSSQDEKVEEE
SEYFRLCESLKTTVDKRSGMDSMKILKDARSEFHNDEIMKMCHDGVNPNMSCDDVVEGINS
FEGRFRRDLLNGKLKRNFQKVSPGGLIKEFSELYETLTDNDDILMLSKEAVESCPLMRFI
TAETHGHERGSDANTEYERLLSMLNKVKSLKLLNTRRRQLLNLDVLCLSSLIKQSISKGL
ENDKHWVGCCYSSVNDRLVSLQSTKEEFMRLLKNRRKSRVHKKASLDELFRVSINEFTIAK
IQKRCLSTVGLSFEHYGLSECLVQECHIPFAEFENFMRAGTHPVMOYTKFEDYTEQPNIEQ
LRGLOSLRKLSSVCLALTNSMKTSSVARLRONQLGSVRYQVVECKEVFCQITIKLDSEEYH
LLYQKTGESSRCYSIQGPDGHLISFYADPKREFFLPIFSDEVLONMIDTMISWIRSCPDLK
DSLIDIETALRTLILLMLTNPTKRNQKQVONIRYLVMAIVSDESSTSLMDKLKEDLITPA
EKVVYRLLRFLIRTIFGTGEKVLLSAKFKFMLNVSYLCHLITKETPDRLTDQIKCFEKEF
EPKSEFGFEVNPKETITPEEECVEYEQMKKETGKDIDCQHSTPGVNLETFSMMVSSENNG
TLILKGEXKRLNNLDPMTNSGCATALDLASNKSVVVNKHLNGERLLEYDENKLLVSAVSQT
TEGFMRKQKYKLRHSDYEYKVSKLVSRLVIGSRKTEVDKLEDDPVDVCFEGEEETSFERS
LEDKVSSTITRYNRGTRLNEGQGEGEFKNTKGLHHLQITLSGKRAYLRKVILSEISFHLV
EDFDPSCLTNDDMRFEICEAVEGSTELSPLYFTSAVKEQCGLDEMARNLCRKEFEFSEGDWE'S
CMKMILLOMNANAYSGKYRHMOROSINFKEDWDKLEEDVRISERESNSESLSKALSLTKC
MSAALKNLCEFYSEESPTSYTSVGPDSGRLKFALSYKEQVGGNRELYIGDLRTKMEFTRLVE
DYFESFSSFFSGSCLNNDKEFENAILSMTINVREGLLNYSMDHSKWGPMMCPEFLEFLMLLQ
NLKLGDDQYVRSGKDHVSTLLTWHMHKLVEVPFPVVNAMMKSYVKSKLKLLKGSGTTVTE
RIFREYFEMGVVPSHISSLIDMGQGILHNASDEYGLISERFINYCIGVIFGERPEAYTSS
DDOITLFDKRLSDLVDSDPEEVLVLLEFHSHLSGLLNKEISPKSVVGREFAAEFKSREYVW
GEEVPLLTKEVSAALHNVKCKEPHQLCETIDTIADQATANGVPVFLVNCIQRRTLDLLKY
ANFPLDPFLLNTHTDVKDWLDGSRGYRIQRLIEELCPSETKIMRKLVRRLHHKLKNGECN
EEFFLDLENREKKEATLQLGEILGLEDDLNELASINWLNLNEMEFPLRMVLRQKVVYPSVM
TFQEEKIPSLIKTLONKLCSKEFTRGAQKLLSEAINKSAFQSCVSSCFIGLCKTLGSRCVR
NKNRENMYIRKVLEDLTMDEHVTRVHKQDGVMLY ICDKQRHPEAHRDHINLLRPLLWDY I
CISLSNSFELGVWVLAEPVKGKNESNSAVRHLNPCDYVARKPESSRLLEDKVSLNHVIQS
VRRLYPKIFEDQLLPEFMSDVSSKNMRWSPRIKFLDLCVLIDINSESLSLISHVVKWKRDE
HYTVLESDLVNSHQRSDSSLVDEFVVSTRDVCKNEFLKQVYFESEFVREFVATARTLGNESW
FPHKDMMPSEDGAEALGPFQSFILKVVNKKIERPMEFRNDLQFGEFCGWESYRVGDVVCNAAM
LIKQGLTDPKAFKSLRDLWDYMLSSTEGILEFSITVDFTHNONNTDCLRKESLIFVVKCO
LOSPGVADYLSCSHFFKGEVDRRLLDECLNLLRTDPIFKANDGVEFDIRSEEFEDYMEDPL
TLGDSLELELIGSRRILNEIKSTDFERIGPEWEPVPLTIRKGALFEGRNEFVONISVKLET
KDMRVFLAELEGCGKIGDVLGSLLLHRFRTGEHLMESEISTVLQELCMDRSVMLTPLSEV
PDWEFTFRDCRLCESRSKNTVMYETTGGRFRLKGKSCDDWLAERVAEEID

(SEQ ID NO: 186)
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B. Lymphocytic choriomeningitis virus (LCMV) P42 mutant

Source: 1-3376 Segment = S

Protein: Pre-glycoprotein polyprotein GP complex
Gene: GPC

Gene: 79-1575

>LCMV-P42_GP

ATGGGTCAGATTGTGACAATGT TTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAAC
ATTGTCATTATTGTGCTCATTATAATCACGAGCATCAAAGCTGTGTACAATTTCGCCACC
TGTGGGATATTAGCACTGGTCAGCTTCCTTTTTTTGGCTGGTAGGTCCTGTGGCATCTAC
GGCCTTAATGGTCCCGACATCTATAAAGGGGTTTACCAGT TCAAATCAGTGGAGTTTGAT
ATGTCTCACTTAAATCTGACGATGCCCAATGCGTGCTCAGCCAACAACTCTCATCACTAC
ATCAGTATGGGAAGCTCTGGACTGGAGCTAACT TTCACTAACGACTCCATCCTTAATCAC
AATTTTTGCAACTTAACCTCCGCTTTCAACAAAAAGACTTTTCACCATACACTCATGACT
ATAGTCTCGAGTCTGCACCTCAGTATTAGAGGGAATTCCAACCACAAAGCAGTGTCTTGT
GATTTTAACAATGGCATCACCATTCAATACAACTTGTCATTTTCGGACCCACAGAGCGCT
ATGAGCCAGTGTAGGACTTTCAGAGGTAGAGTCTTGGACATGTTTAGAACTGCCTTTGGA
GGAAAATACATGAGAAGTGGCTGGGGCTGGGCAGGTTCAGATGGCAAGACCACT TGGTGC
AGCCAAACAAGCTATCAGTACCTAATCATACAAAACAGGACTTGGGAAAACCACTGTAGA
TATGCAGGCCCTTTTGGGATGTCTAGAATCCTCTTTGCTCAGGAAAAGACAAAGT TTCTC
ACTAGGAGACTTGCAGGCACATTCACCTGGACCCTGTCAGACTCCTCAGGAGTAGAAAAT
CCAGGTGGTTATTGCCTGACCAAATGGATGATCCTTGCTGCAGAGCTCAAATGTTTTGGG
AATACAGCTGTTGCAAAATGTAATGTCAATCATGATGAAGACTTCTCTCACATCCTACCA
CTAATTGATTACAACAAGGCCGCCCTGAGTAAGTTCAAGCAAGATGTACACTCTCCCTTG
CATGTATTCAAAACAACAGTAAATTCTCTGATTTCCGATCACCTCTTCATCAGCAATCAT
CTAAGAGATCTAATGGGGGTACCATACTGTAATTACTCAAAGTTCTGGTATCTGGAACAT
GCTAAGACTGGTGAGACTAGTGTACCCAAGTGCTGGCTTGTCACTAATGGCTCCTACTTG
AATGAGACCCACTTTAGTGATCAAATCGAACAAGAAGCAGATAACATGATCACAGACATC
TTGAGGAAGGACTACATAAAAAGACAAGGCAGTACTCCTTTACCCTTAATCCATCTTTTG
ATGTTTTCAACATCAGCATATCTAATCAGCATCTTTCTGCATCTTCTCAAGATACCAACA
CATAGACACATAAAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGGGGATC
TGTAGTTGTGGTGCATTCAAGGTGCCTGGTGTAAAAACTATC TGGAAAAGACGCTGA
(SEQ TID NO: 17)

CDS: 79-1575
Codon Start = 1; Codons 1-498
Chain: 1-498 Pre-glycoprotein polyprotein GP complex
Chain: 1-58 Stable signal peptide
Chain: 59-265 Glycoprotein GI
Chain: 266-498 Glycoprotein G2
Translation=

>LCMV-P42_GP
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCCMY
GLNGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHYISMGSSGLELTFTNDSILNE
NFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNHKAVSCDFNNGITIQYNLSFSDPOSA
MSQCRTFRGRVLDMFRTAFGCKYMRS GWGWAGSDGKTTWCSQTSYQYLI IQNRTHENHCR
YAGPFGMSRILFAQEKTKFLTRRLAGTFTWTLSDSSCVENPCCYCLTKWMILAAELKCEG
NTAVAKCNVNHDEEFCDMLRLIDYNKAALSKFKQDVESALHVFKTTVNSLISDQLLMRNE
LRDLMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTINGS YLNETHFSDOIEQEADNMITEM
LRKDYIKRQGSTPLALMDLLMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGI
CSCGAFKVPGVKT IWKRR

(SEQ ID NO: 18)

SUBSTITUTE SHEET (RULE 26)



CA 03111305 2021-03-01

WO 2020/053324 PCT/EP2019/074307
18 /85

Figure 25 (cont’d)

Source: 1-3376 Segment = S
Protein: Nucleoprotein

Gene: NP

Gene: 1640-3316 complement

>LCMV-P42_NP
ATGTCTTTGTCCAAAGAAGTCAAAAGCTTTCAGTGGACACAGGCGTTGAGGAGGGAGTTG
CAGAGTTTTACATCAGATGTAAAGGCTGCCGTCATCAAGGACGCAACCAGTCTTCTAAAT
GGGTTGGACTTTTCTGAAGTCAGCAACGTTCAGAGGATCATGAGAAAGGAAAGGAGGGAT
GATAAAGACTTGCAGAGACTCAGGAGTCTTAACCAGACTGTGCATTCTCTTGTTGATCTG
AAGTCTACATCAAAGAAAAATGTTCTGAAAGTGGGAAGAC T TAGTGCAGAGGAATTGATG
ACCCTTGCAGCTGATCTTGAGAAGCTGAAGGCCAAAATTATGAGAACTGAGAGGCCTCAA
GCTTCTGGAGTCTACATGGGAAATTTGACAGCACAACAACTTGATCARAGATCCCAAATA
CTGCAAATGGTTGGGATGAGAAGACCTCAGCAGGGTGCAAGTGGTGTAGTAAGGGTTTGG
GATGTGAAGGACTCATCACTTCTGAACAATCAGTTCGGCACAATGCCAAGCCTGACAATG
GCTTGCATGGCAAAACAGTCACAGACCCCACTCAATGATGT TGTGCAGGCACTCACAGAC
CTTGGCTTACTTTACACAGTCARATACCCGAATCTCAGTGATCTTGARAGGCTAAAGGAT
ARACACCCAGTTCTGGGGGTCATTACTGAACAGCAATCTAGTATCAATATCTCTGGTTAT
AATTTCAGTCTTGGTGCAGCTGTGAAAGCGGGGGCAGCTCTGCTAGATGGAGGGAACATG
CTGGAATCTATCTTGATCAAACCGAGCAACAGTGAGGATCTCCTAAAAGCAGTCCTCGGG
GCCAAGAAGAAACTCAACATGTTTGTCTCAGATCAAGT TGGAGATAGAAATCCCTATGAA
AACATCCTTTATAAAGTCTGTCTTTCAGGTGAAGGATGGCCATACATAGCCTGTAGAACG
TCAGTTGTGGGGAGAGCATGGGAGAACACAACAATTGATCTCACAAATGAAAAACTTGTT
GCCAACTCATCTAGGCCAGTGCCTGGAGCAGCAGGCCCACCTCAGGTGGGCTTGAGTTAC
AGTCAGACAATGCTGTTGAAAGACTTGATGGGAGGGATTGATCCCAATGCTCCCACATGG
ATTGACATTGAGGGCAGGTTCAATGATCCAGTGGAGATAGCAATAT TCCAACCACAAAAT
GGGCAATTCATACATTTTTACAGGGAACCTACGGACCAGAAGCAATTCAAGCAGGACTCA
AAGTATTCACACGGCATGGATCTTGCTGATCTCTTCARTGCACAGCCTGGGCTGACCTCA
TCAGTTATAGGTGCTCTCCCACAAGGGATGGTTTTGAGCTGTCAAGGTTCTGATGACATC
AGAAAGCTTCTGGACTCACAAAATAGAAGGGACATAAAACTCATTGATGTTGAGATGACC
AAGGAGGCCTCAAGAGAATATGAAGATAAAGTGTGGGACAAATATGGCTGGCTATGCAAA
ATGCACACTGGGGTAGTGAGAGACARAAAGAAGAAAGAGATCACCCCACACTGTGCACTC
ATGGACTGCATCATTTTTGAGAGTGCTTCCAAGGCAAGACTCCCTGATCTAAAAACCGTT
CACAACATCCTGCCACATGATTTAATCTTCAGAGGACCCAATGT TGTGACACTCTAA
(SEQ ID NO: 19)

CDS: 1640-3316 complement
Codon Start = 1; Codons 1-558
Translation=

>LCMV-P42_NP
MSLSKEVKSFQWTQALRRELQSFTSDVKAAVIKDATSLLNGLDFSEVSNVQRIMRKERRD
DXDLQRLRSLNQTVHSLVDLKSTSKKNVLKVGRLSAEELMTLAADLEKLKAKIMRTERPQ
ASGVYMGNLTAQQLDORSQI LOMVGMRRPQQGASGVVRVWDVKDSSLLNNQFGTMPSLTM
ACMAKQSQTPLNDVVQALTDLGLLYTVKYPNLSDLERLKDKHPVLGVITEQQSSINISCY
NFSLGAAVKAGAALLDGGNMLESILIKPSNSEDLLKAVLGAKKKLNMFVSDQVGDRNPYE
NILYKVCLSGEGWPYIACRTSVVGRAWENTTIDLTNEKLVANSSRPVPGAAGPPQVCLSY
SQTMLLKDLMGGIDPNAPTWIDIEGRFNDPVEIAIFQPONGQFIHFYREPTDOKQFKQDS
KYSEGMDLADLFNAQPGLTSSVIGALPQGMVLSCQGSDDIRKLLDSQNRRDIKL I DVEMT
KEASREYEDKVWDKY GWLCKMHTGVVRDKKKKE I TPHCALMDCI IFESASKARLPDLKTV
HNILPHDLIFRGPNVVTL

(SEQ ID NO: 20)
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Source: 1-7235 Segment = L
Protein: RING finger protein Z
Gene: Zp

Gene: 90-362

>LCMV-P42_ZP
ATGGGCCAAGGCAAGTCCARAGAAGAAAGGGACACCAGCAATACAGGCAGAGCAGAGCTT
TTGCCAGACACCACCTATCTTGGTCCTCTAAATTGTAAATCATGTTGGCAGAAATTTGAC
AGCTTGGTTAGATGCCATGACCACTATCTTTGCAGACACTGTCTGAATCTCCTGCTGTCA
GTTTCCGACAGATGTCCTCTCTGTAAGTATCCACTGCCAACCAAACTGAAGGTGTCAACA
GTCCCAAGCTCCCCACCTCCCTATGAGGAGTGA

(SEQ ID NO: 21)

CDS: 90-362
Codon Start = 1; Codons 1-91
Translation=

>LCMV-P42_ZP
MGQGXSXEERDTSNTGRAELLPDTTYLGPLNCKSCWQKFDSLVRCHDHYLCRHCLNLLLS
VSDRCPLCKYPLPTKLKVSTVPSSPPPYEE

(SEQ ID NO: 22)
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Source: 1-7235 Segment = L

Protein: RNA-directed RNA polymerase L
Gene: LP

Gene: 574-7203 complement

>LCMV-P42_LP

ATGGATGAAACTATTGCAGATTTGAGAGAGTTGTGTCTAAATTACATAGAACAGGACGAG
AGGCTGTCAAGGCAAAAACTCAACTTCCTGGGACAAAGAGAACCCAGAATGGTGCTAATT
GAGGGACTCAAATTGTTATCACGCTGTATAGAGATAGACAGTGCAGACAAAAGTGGTTGC
ATACACAACCACGATGACAAATCTGTTGAAACAATCCTAATAGACTCTGGGATTGTGTGT
CCAGGACTGCCACTCATCATCCCTGATGGT TATAAGT TGATTGACAATTCCCTTATTCTT
CTTGAATGTTTTGTTAGAAGCACACCAGCTAGTTTTGAAAAGAAGTTCATTGAGGACACC
AACAAACTAGCATGCATCARAGAAGATCTTGCTGT TGCAGGCATCACACTGGTTCCAATA
GTGGATGGTCGTTGTGATTATGATAACAGT TTCATGCCAGAATGGGTGAAT TTTAAGTTC
AGAGACCTCCTATTTAAACTCCTGGAGTATTCTAGTCAAGATGAGAAAGTTTT TGAGGAG
TCTGAATACTTCAGGCTCTGTGAGTCTCTTAAGACCACTGTTGACAAACGT TCCGGCATG
GACTCAATGAAAATTTTGAAAGACGCAAGATCATTTCATAACGATGAGATTATGAAAATG
TGCCACGATGGTGTCAACCCCAACATGAGTTGCGATGATGTGGTCTTTGGCATAAATTCC
TTTTTTGGCAGGTTTAGGAGGGACCTGTTAAATGGGAAACTCAAAAGGAAT TTCCAAAAG
GTCAGCCCTGGGGGCTTAATCAAGGAATTCTCTGAACT T TATGAAACCCT TACTGATAAT
GATGACATATTAATGTTGAGCAAAGAGGCAGTTGAATCCTGCCCCTTAATGAGGT TCATT
ACAGCAGAGACCCATGGGCATGAGAGAGGAAGCGATGCTAACACTGAGTATGAAAGGCTA
CTCTCTATGTTGAACAAGGTGAAAAGTTTAAAATTATTAAACACTAGAAGGAGACAGCTG
CTGAACTTAGATGTCTTATGTCTTTCTTCACT TATTAAGCAGTCAATTTCCAAAGGGTTG
GAAAATGATAAACATTGGGTTGGTTGTTGCTACAGTAGTGTGAATGATAGGCTTGTGAGC
CTTCAAAGTACCAAAGAAGAATTCATGAGACTTTTGAAGAACAGAAGAAAATCAAGAGTG
CACAAAAAGGCATCTCTTGATGAGCTTTTTAGGGTATCCATAAATGAGTTCATAGCAAAA
ATCCAGAAATGCCTATCAACAGTGGGACTTAGTTTTGAGCATTACGGACTATCAGAATGC
CTCGTGCAAGAATGCCATATACCATTTGCTGAATTTGAGAACTTTATGAGAGCCGGGACT
CATCCTGTAATGCATTACACAAAATTTGAAGATTACACTTTCCAGCCTAACATAGAGCAA
TTGAGGGGTTTACAGAGTTTGAGAARACTGTCATCTGTTTGTTTGGCTC TAACAAACAGC
ATGAAAACAAGCTCAGTTGCAAGGTTGAGACAGAACCAACTGGGGTCTGTGAGATATCAA
GTGGTGGAGTGCAAAGAGGTGTTTTGCCAGATAATAAAACTGGATTCCGAAGAGTATCAT
CTACTATATCAGAAAACTGGAGAATCATCGAGGTGTTATTCCATACAAGGTCCGGATGGT
CACTTGATTTCCTTTTACGCAGATCCAAAAAGGTTCTTTTTACCAATTTTTTCAGATGAG
GTGTTGCACAACATGATAGACACAATGATTTCATGGATTAGGTCATGCCCTGACTTAAAA
GATTCTCTTATTGACATTGAGACTGCACTAAGGACATTGATCCTACTGATGCTCACCAAC
CCAACAAAGAGAAATCAAAAGCAGGTTCAAAATATTAGGTATTTAGTGATGGCCATCGTC
TCAGACTTTTCATCGACCTCATTAATGGATAAGTTGAAGGAGGATCTAATCACACCTGCC
GAGAAAGTGGTGTACAGGCTGCTTCGGTTTTTGATTAGGACAATTTTTGGTACTGGTGAA
AAGGTGTTATTGAGTGCAARATTCAAGTTTATGTTGAATGTGTCATACCTGTGTCATTTG
ATCACAAAGGAGACCCCTGATAGATTGACAGATCAGATAAAATGTTTTGAAAAGTTCTTT
GAGCCCAAGAGTGAGTTTGGTTTCTTTGTCAACCCTAAGGARACAATCACACCCGAAGAG
GAATGTGTTTTTTATGAACAAATGAAGAAGTTCACCGGTAAAGATATTGATTGTCAGCAT
TCAACCCCTGGTGTTAATTTAGAGATCTTTAGCATGATGGTATCTTCATTCAACAATGGC
ACCTTAATTCTAAAAGGGGAGAARAGGCTCAACAATCTGGACCCCATGACCAACTCTGGA
TGTGCGACAGCATTAGATCTCGCAAGCAACARAAGTGTGGTTGTCAATAAACATCTGAAT
GGAGAACGGCTTTTGGAGTATGATTTTAACARATTGCTTGTTAGTGCTGTGAGCCAAATT
ACAGAGGGCTTCATGAGGARACAAAAGTATAAGCTGAGACACTCAGATTACGAATATAAG
GTCTCAAAGCTTGTCTCTAGATTAGTCATCGGTTCCAGGAAAACAGAAGTAGACAAATTG
GAAGATGATCCGGTAGATGTGTGTTTCGAGGGGGAGGAGGAGACAAGTTTTTTCAGGAGT
TTAGAAGATAAGGTCAGCTCCACAATAACACGGTATAATAGAGGCACTAGGCTTAATGAA
GGGCAAGGGGAGGGAGAATTCAAGAACACAAARAGGACTACACCACCTTCAGATTATTTTG
TCAGGTAAAAGAGCTTATCTGAGGARAGTCATTTTATCAGAAATTTCATTTCATCTAGTA
GAGGACTTTGATCCATCCTGTCTCACCAATGACGACATGAGGTTTATTTGTGAGGCTGTT
GAAGGTTCAACAGAACTGTCACCATTGTATTTTACATCAGCTGTCAAAGAACAATGTCGT
CTGGATGAGATGGCAAGAAACCTCTGTAGAAAGTTCTTCTCAGAGGGTGATTGGTTCTCA
TGTATGAAGATGATCTTGT TACAGATGAATGCAAATGCGTAT TCAGGGAAGTACAGACAC
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ATGCAGAGGCAGAGCTTAAATTTTAAATTTGACTGGGACAAATTGGAAGAAGATGTAAGA
ATTAGTGAAAGGGAAAGCAATTCTGAATCTCTAAGTAAGGCCCTTTCATTGACAAAATGC
ATGAGTGCTGCTCTAAAGAATCTGTGTTTTTACTCAGAAGAATCACCAACATCATACACT
TCAGTTGGCCCTGACTCTGGGAGACTAAAATTTGCATTGTCATACAAAGAGCAGGTTGGG
GGAAATAGAGAGCTTTACATTGGGGATTTGAGGACAAAAATGTTCACAAGATTGGTAGAA
GATTATTTTGAATCCTTTTCTAGTTTCTTTTCAGGATCTTGTTTAAACAATGACAAAGAG
TTTGAAAATGCAATCTTGTCAATGACTATCAATGTGAGAGAAGGGTTGTTAAACTACAGC
ATGGATCACAGCAAATGGGGACCAATGATGTGCCCATTCCTATTCTTAATGCT@CTCCAA
AATCTCAAACTGGGTGATGATCAGTACGTGCGTTCTGGAAAAGATCATGTTAGCACCTTG
TTGACTTGGCATATGCATAAACTTGTTGAAGTCCCTTTCCCTGTTGTGAATGCAATGATG
AAATCATATGTTAAATCAAAACTCAAGCTTCTCAAAGGGTCAGGAACGACTGTTACGGAG
AGAATCTTTAGAGAGTATTTTGAAATGGGGGTGGTGCCATCTCACATATCTAGTCTCATT
GACATGGGACAGGGGATCCTACACAATGCTTCTGATTTTTACGGTTTAATTAGTGAAAGG
TTTATCAATTATTGTATTGGTGTCATTTTTGGAGAGAGGCCAGAAGCCTATACATCAAGT
GATGATCAGATCACTTTATTTGACAAGAGATTGAGTGACTTACGTTCGATAGTGACCCAGAA
GAAGTCCTTGTCTTGCTGGAATTCCACTCTCACTTAAGTGGTTTGTTGAACAAGTTCATC
AGTCCAAAAAGTGTGGTTGGGCGGTTTGCAGCGGAATTCAAATCCAGATTTTATGTGTGG
GGGGAGGAGGTCCCTCTCCTCACGAAATTTGTGTCTGCGGCACTACACAATGTTAAGTGT
AAAGAACCGCATCAACTTTGTGAGACAATAGATACGATTGCTGATCAAGCTATAGCAAAT
GGAGTTCCAGTTTTTTTAGTAAACTGTATCCAGAGGAGGACACTGGATCTCTTGAAATAT
GCTAATTTCCCTTTAGATCCATTCTTGTTAAACACTCACACTGATGTAAAGGATTGGTTA
GATGGTTCTAGAGGTTATAGAATCCAAAGACTCATTGAAGAATTGTGTCCCAGTGAAACA
AAGATCATGAGAAAACTTGTAAGAAGACTACATCACAAACTCAAGAACGGTGAATGTAAC
GAGGAATTTTTTCTAGACCTCTTCAACAGGGAAAAGAAAGAGCCCATCCTTCAATTGGGA
GAGATTCTTGGTCTTGAGGATGATCTTAATGAGTTGGCAAGCATCAATTGGTTGAATCTG
AATGAAATGTTCCCATTGAGGATGGTTCTGAGACAAAAAGTGGTTTACCCATCAGT@ATG
ACCTTTCAAGAGGAAAAGATCCCCTCATTGATTAAAACACTCCAAAATAAGCTTTGTAGT
AAGTTCACAAGAGGTGCACAGAAGCTGTTGTCAGAGGCAATCAACAAATCAGCTTTTCAG
AGTTGTGTCTCATCCGGCTTTATAGGTCTCTGTAAGACTTTAGGAAGTACCGTCTGTGAGA
AATAAAAACAGGGAAAATATGTATATCAGAAAGGTGCTTGAAGATCTGACCATGGATGAA
CATGTCACAAGGGTTCACAAACAAGATGGTGTGATGTTGTACATTTGCCGACAAGCAGAGA
CACCCAGAGGCTCACCGTGACCACATCAACCTTTTGAGGCCCCTTCTCTGGGACTACATT
TGCATCTCATTGAGCAACTCTTTTGAGCTGGGTGTTTGGGTTTTAGCAGAACCTGTGAAA
GGAAAGAACGAGAGTAATTCGGCTGTTAGGCACTTAAATCCATCGTCGATTATGTAGCAAGA
AAACCTGAGAGTTCGAGACTACTAGAGGATAAAGTGAGTTTGAATCATGTAATTCAATCT
GTGAGGCGACTGTACCCCAAAATCTTTGAGGATCAGTTGCTCCCATTCATGTTTGATGTG
AGCTCAAAAAATATGAGATGGAGTCCCAGGATTAAATTCCTTGACCTTTGTGTGCTGATT
GACATCAACTCAGAGTCTTTGTCACTCATTTCTCATGTTGTCAAATGGAAGAGGGACGAA
CATTACACTGTGCTGTTTTCTGATCTCGTCAACTCTCACCAACCGCGTCACGACTCAAGTTTA
GTTGATGAATTTGTTGTCAGCACAAGGGATGTCTGCAAGAACTTTTTGAAGCAAGTGTAT
TTCGAATCATTTGTACCGAGAGTTTGTTGCAACAGCTAGCGACCTTAGGTAACTTTTCATGG
TTCCCCCATAAGGACATGATGCCATCTGAAGATGGCGCTGAAGCACTGGGACCCTTCCAA
TCATTTATTTTGAAAGTGGTGAACAAGAAAATAGAGAGGCCCATGTTTAGGAATGACTTG
CAGTTTGGTTTTGGTTGGTTCTCTTATCGTGTGGGGGATGTTCTGTGTAATGCCGCTATG
TTAATTAAGCAGGGTTTGACAGATCCAAAAGCATTTAAATCTTTAAGAGATTTGTGGGAT
TACATGCTCAGCAGCACAGAGGGGATATTGGAGTTCTCAATCACAGTGGATTTCACACAC
AACCAGAACAACACTGACTGCTTGAGGAAATTTTCATTGATCTTTGTGGTTAAATGCCAA
TTACAGAGTCCAGGTGTAGCTGATTACTTATCGTGCTCTCATTTCTTCAAAGGTGAGGTT
GACAGGAGATTATTAGATGAGTGTCTCAATCTGTTGAGGACAGACCCCATCTTTAAAGCG
AATGATGGAGTCTTTGACATTAGGTCTGAACGAGTTTGAAGATTACATGGAAGACCCTTTG
ACACTTGGTGATTCACTAGAACTTGAACTAATAGGTTCTAGAAGGATTCTGAATGAGATC
AAATCTACTGACTTTGAGAGGATAGGGCCTGAGTGGGAACCTGTGCCTCTGACCATAAGG
AAGGGTGCCCTCTTTGAGGGGAGGAACTTTGTTCAGAATATCTCTGTGAAATTGGAGACA
AAGGACATGAG%GTCTTTCTGGCAGAGCTCGAGGGCTGTGGAAAAATTGGTGATGTCCTC
GGCAGCCTCCTCCTGCACCGATTCAGAACTGGTGAGCACTTGATGGAGTCAGAAATAAGT
ACAGTTCTTCAGGAGCTCTGCATGGACAGATCCGTCATGCTCGACACCATTATCTTTTGTG
CCAGATTGGTTCACCTTCAGAGATTGTAGGCTCTGCTTCAGCAGGTCAAAGAACACTGT%
ATGTATGAGACAACTGGGGGCAGGTTCAGACTCAAGGGGAAATCCTGTGACGATTGGCTG
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GCGGAGCGGGTGGCCGAGGAGATCGACTAG
(SEQ ID NO: 23)

CDS: 574-7203 complement
Codon Start = 1; Codons 1-2210
Translation=

>LCMV-P42_LP
MDETIADLRELCLNYIEQDERLSRQKLNFLGQREPRMVLIEGLKLLSRCIEIDSADKSGC
IHNHDDKSVETILIDSGIVCPGLPLIIPDGYKLIDNSLILLECFVRSTPASFEKKFIEDT
NKLACIXEDLAVAGITLVPIVDGRCDYDNSEMPEWVNEFKFRDLLFKLLEYSSQDEKVFEE
SEYFRLCESLKTTVDKRSGMDSMK I LKDARSFHNDE IMKMCHDGVNPNMSCDDVVEGINS
FFGRFRRDLLNGKLKRNFQKVSPGGLIKEFSELYETLTDNDDI LMLSKEAVESCPLMRE T
TAETHGHERGSDANTEYERLLSMLNKVKS LKLLNTRRRQLLNLDVLCLSSLIKQSISKGL
ENDKHWVGCCYSSVNDRLVSLQSTKEEFMRLLKNRRKSRVHKKASLDELFRVSINEFIAK
IQKCLSTVGLSFEHYGLSECLVQECHI PFAEFENFMRAGTHPVMHY TKFEDY TFQPNIEQ
LRGLQSLRKLSSVCLALTNSMKTSSVARLRQNQLGSVRYQVVECKEVFCQIIKLDSEEYH
LLYQKTGESSRCYSIQGPDGHLISFYADPKRFFLPIFSDEVLHNMIDTMI SWIRSCPDLK
DSLIDIETALRTLILLMLTNPTKRNQKQVONIRYLVMAIVSDFSSTSLMDKLKEDLITPA
EKVVYRLLRFLIRTIFGTGEKVLLSAKFKFMLNVSYLCHLITKETPDRLTDQIKCFEKFF
EPKSEFGFEVNPKETITPEEECVEYEQMKKETGKDIDCQHSTPGVNLE I FSMMVSSENNG
TLILKGEKRLNNLDPMTNSGCATALDLASNKSVVVNKHLNGERLLEYDFNKLLVSAVSQT
TEGEFMRKQKYKLRHSDYEYKVSKLVSRLVIGSRKTEVDKLEDDPVDVCFEGEEETSFFRS
LEDKVSSTITRYNRGTRLNEGQGEGEFKNTKGLHHLQIILSGKRAYLRKVILSEISFHLY
EDFDPSCLTNDDMRFICEAVEGSTELSPLYFTSAVKEQCGLDEMARNLCRKFFSEGDWES
CMKMILLQMNANAYSGKYRHMQRQSLNFKFDWDKLEEDVRISERESNSESLSKALSLTKC
MSAALKNLCFYSEESPTSYTSVGPDSGRLKFALSYKEQVGGNRELY IGDLRTKMFTRLVE
DYFESFSSFFSGSCLNNDKEFENAILSMTINVREGLLNY SMDHSKWGPMMCPFLFLMLLQ
NLXLGDDQYVRSGKDHVSTLLTWHMHKLVEVPFPVVNAMMKSYVKSKLKLLKGSGTTVTE
RIFREYFEMGVVPSHISSLIDMGQGILHNASDFYGLISERFINYCIGVIFGERPEAYTSS
DDQITLEFDXRLSDLVDSDPEEVLVLLEFHSHLSGLLNKEISPKSVVGRFAAEFKSREYVW
GEEVPLLTKEFVSAALHNVKCKEPHQLCETIDTIADQATIANGVPVFLVNC IQRRTLDLLKY
ANFPLDPFLLNTHTDVKDWLDGSRGYRIQRLIEELCPSETKIMRKLVRRLHHKLKNGECN
EEFFLDLFNREKKEAILQLGEILGLEDDLNELAS INWLNLNEMFPLRMVLRQKVVYPSVM
TFQEEKIPSLIKTLQONKLCSKFTRGAQKLLSEAINKSAFQSCVSSGFIGLCKTLGSRCVR
NKNRENMY IRKVLEDLTMDEHVTRVHKQDGVMLY ICDKQRHPEAHRDHINLLRPLLWDY I
CISLSNSFELGVWVLAEPVKGKNESNSAVRHLNPCDYVARKPESSRLLEDKVSLNHVIQS
VRRLYPXIFEDQLLPFMFDVSSKNMRWSPRIKFLDLCVLIDINSESLSLISHVVKWKRDE
HYTVLFSDLVNSHQRSDSSLVDEFVVSTRDVCKNFLKQVYFESFVREFVATARTLGNFSH
FPHKDMMPSEDGAEALGPFQSFILKVVNKKIERPMFRNDLQFGFGWFS YRVGDVVCNAAM
LIKQGLTDPKAFKSLRDLWDYMLSSTEGILEFSITVDFTHNQNNTDCLRKFSLIFVVKCQ
LQSPGVADYLSCSHFFKGEVDRRLLDECLNLLRTDPIFKANDGVFDIRSEEFEDYMEDPL
TLGDSLELELIGSRRILNEIKSTDFERIGPEWEPVPLTIRKGALFEGRNFVONISVKLET
KDMRVFLAELEGCGKIGDVLGSLLLHRFRTGEHLMESEISTVLQELCMDRSVMLTPLSFV
PDWFTFRDCRLCFSRSKNTVMYETTGGRFRLKGKSCDDWLAERVAEEID

(SEQ ID NO: 24)
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C. Lymphocytic choriomeningitis virus (LCMV) P52 mutant

Source: 1-3376 Segment = S

Protein: Pre-glycoprotein polyprotein GP complex
Gene: GPC

Gene: 79-1575

>LCMV-P52_GP
ATGGGTCAGATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAAC
ATTGTCATTATTGTGCTCATTATAATCACGAGCATCAAAGCTGTGTACAATTTCGCCACC
TGTGGGATATTAGCACTGGTCAGCTTCCTTTTTTTGGC TGGTAGGTCCTGTGGCATGTAC
GGCCTTAATGGTCCCGACATCTATAAAGGGGT TTACCAGTTCAAATCAGTGGAGT TTGAT
ATGTCTCACTTAAATCTGACGATGCCCAATGCGTGCTCAGCCAACAACTCTCATCACTAC
ATCAGTATGGGAAGCTCTGGACTGGAGCTAACTTTCACTAACGACTCCATCCTTAATCAC
AATTTTTGCAACTTAACCTCCGCTTTCAACARAAAGACTTTTGACCATACACTCATGAGT
ATAGTCTCGAGTCTGCACCTCAGTATTAGAGGGAATTCCAACCACAAAGCAGTGTCTTGT
GATTTTAACAATGGCATCACCATTCAATACAACTTGTCATTTTCGGACCCACAGAGCGCT
ATGAGCCAGTGTTGGACTTTCAGAGGTAGAGTCTTGGACATGTTTAGAACTGCCTTTGGA
GGAAAATACATGAGAAGTGGCTGGGGCTGGGCAGGT TCAGATGGCARGACCACTTGGTGC
AGCCAAACAAGCTATCAGTACCTAATCATACAAAACAGGACTTGGGAAAACCACTGTAGA
TATGCAGGCCCTTTTGGGATGTCTAGAATCCTCTTTGCTCAGGAAAAGACARAGTTTCTC
ACTAGGAGACTTGCAGGCACATTCACCTGGACCCTGTCAGACTCCTCAGGAGTAGAAAAT
CCAGGTGGTTATTGCCTGACCAAATGGATGATCCTTGC TGCAGAGCTCAAATGTTTTGGG
AATACAGCTGTTGCAAAATGTAATGTCAATCATGATGAAGAGTTCTGTGACATGCTACGA
CTAATTGATTACAACAAGGCCGCCCTGAGTAAGTTCAAGCAAGATGTAGAGTCTGCCTTG
CATGTATTCAAAACAACAGTAAATTCTCTGATTTCCGATCAGCTGTTGATGAGGAATCAT
CTAAGAGATCTAATGGGGGTACCATACTGTAATTACTCAAAGT TCTGGTATCTGGAACAT
GCTAAGACTGGTGAGACTAGTGTACCCAAGTGCTGGCTTGTCACTAATGGCTCCTACTTG
AATGAGACCCACTTTAGTGATCAAATCGAACAAGAAGCAGATAACATGATCACAGAGATG
TTGAGGAAGGACTACATAAARAGACAAGGGAGTACTCCTTTAGCCTTAATGGATCTTTTG
ATGTTTTCAACATCAGCATATCTAATCAGCATCTTTCTGCATCTTGTGAAGATACCAACA
CATAGACACATAAAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGGGGATC
TGTAGTTGTGGTGCATTCAAGGTGCCTGGTGTAAAAACTATCTGGAAAAGACGCTGA
(SEQ ID NO: 25)

CDS: 79-1575
Codon Start = 1; Codons 1-498
Chain: 1-498 Pre-glycoprotein polyprotein GP complex
Chain: 1-58 Stable signal peptide
Chain: 59-265 Glycoprotein G1
Chain: 266-498 Glycoprotein G2
Translation=

>LCMV-P52_GP
MGQIVTIMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMY
GLNGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHY I SMGSSGLELTFTNDSILNH
NFCNLTSAFNKKTFDHTLMSIVSSLHLS IRGNSNHKAVSCDENNGITIQYNLSFSDPQSA
MSQCWTFRGRVLDMFRTATGGKYMRS GWGWAGSDGKT TWCSQTSYQYLI IQNRTWENHCR
YAGPFGMSRILFAQEKTKFLTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAELKCFG
NTAVAXCNVNHDEEFCDMLRLIDYNKAALSKFKQDVESALHVFKTTVNSLISDQLLMRNH
LRDLMGVPYCNYSKFWYLEHAKTCET SVPKCWLVTNGSYLNETHFSDQIEQEADNMITEM
LRXDYIXRQGSTPLALMDLLMFSTSAYLISIFLHLVKI PTHRHIKGGSCPKPHRLTNKGI
CSCGAFKVPGVKT IWKRR

(SEQ ID NO: 26)
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Source: 1-3376 Segment = S
Protein: Nucleoprotein

Gene: NP

Gene: 1640-3316 complement

>LCMV-P52_NP
ATGTCTTTGTCCAAAGAAGTCAAAAGCTTTCAGTGGACACAGGCGTTGAGGAGGGAGTTG
CAGAGTTTTACATCAGATGTAAAGGCTGCCGTCATCAAGGACGCAACCAGTCTTCTAAAT
GGGTTGGACTTTTCTGAAGTCAGCAACGTTCAGAGGATCATGAGAAAGGAAAGGAGGGAT
GATAAAGACTTGCAGAGACTCAGGAGTCTTAACCAGACTGTGCATTCTCTTGTTGATCTG
AAGTCTACATCAAAGAAAAATGTTCTGAAAGTGGGAAGAC T TAGTGCAGAGGAATTGATG
ACCCTTGCAGCTGATCTTGAGAAGCTGAAGGCCAAAATTATGAGAACTGAGAGGCCTCAA
GCTTCTGGAGTCTACATGGGAAATTTGACAGCACAACAACTTGATCARAGATCCCAAATA
CTGCAAATGGTTGGGATGAGAAGACCTCAGCAGGGTGCAAGTGGTGTAGTAAGGGTTTGG
GATGTGAAGGACTCATCACTTCTGAACAATCAGTTCGGCACAATGCCAAGCCTGACAATG
GCTTGCATGGCAAAACAGTCACAGACCCCACTCAATGATGT TGTGCAGGCACTCACAGAC
CTTGGCTTACTTTACACAGTCARATACCCGAATCTCAGTGATCTTGARAGGCTAAAGGAT
ARACACCCAGTTCTGGGGGTCATTACTGAACAGCAATCTAGTATCAATATCTCTGGTTAT
AATTTCAGTCTTGGTGCAGCTGTGAAAGCGGGGGCAGCTCTGCTAGATGGAGGGAACATG
CTGGAATCTATCTTGATCAAACCGAGCAACAGTGAGGATCTCCTAAAAGCAGTCCTCGGG
GCCAAGAAGAAACTCAACATGTTTGTCTCAGATCAAGT TGGAGATAGAAATCCCTATGAA
AACATCCTTTATAAAGTCTGTCTTTCAGGTGAAGGATGGCCATACATAGCCTGTAGAACG
TCAGTTGTGGGGAGAGCATGGGAGAACACAACAATTGATCTCACAAATGAAAAACTTGTT
GCCAACTCATCTAGGCCAGTGCCTGGAGCAGCAGGCCCACCTCAGGTGGGCTTGAGTTAC
AGTCAGACAATGCTGTTGAAAGACTTGATGGGAGGGATTGATCCCAATGCTCCCACATGG
ATTGACATTGAGGGCAGGTTCAATGATCCAGTGGAGATAGCAATAT TCCAACCACAAAAT
GGGCAATTCATACATTTTTACAGGGAACCTACGGACCAGAAGCAATTCAAGCAGGACTCA
AAGTATTCACACGGCATGGATCTTGCTGATCTCTTCAATGCACAGCCTGGGCTGACCTCA
TCAGTTATAGGTGCTCTCCCACAAGGGATGGTTTTGAGCTGTCAAGGTTCTGATGACATC
AGAAAGCTTCTGGACTCACAAAAYAGAAGGGACATAAAACTCATTGATGTTGAGATGACC
AAGGAGGCCTCAAGAGAATATGAAGATAAAGTGTGGGACAAATATGGCTGGCTATGCAAA
ATGCACACTGGGGTAGTGAGAGACARAAAGAAGAAAGAGATCACCCCACACTGTGCACTC
ATGGACTGCATCATTTTTGAGAGTGCTTCCAAGGCAAGACTCCCTGATCTAAAAACCGTT
CACAACATCCTGCCACATGATTTAATCTTCAGAGGACCCAATGT TGTGACACTCTAA
(SEQ ID NO: 27)

CDS: 1640-3316 complement
Codon Start = 1; Codons 1-558
Translation=

>LCMV-P52_NP
MSLSXEVKSFQWTQALRRELQSFTSDVKAAVIKDATSLLNGLDFSEVSNVORIMRKERRD
DKDLQRLRSLNQTVHSLVDLKSTSKKNVLKVGRLSAEELMTLAADLEKLKAKIMRTERPQ
ASGVYMGNLTAQQLDQRSQILOMVGMRRPQQGASGVVRVWDVKDSSLLNNQFGTMPSLTM
ACMAXQSQTPLNDVVQALTDLGLLYTVKYPNLSDLERLKDKHPVLGVITEQQSSINISGY
NFSLGAAVKAGAALLDGGNMLESILIKPSNSEDLLKAVLGAKKKLNMFVSDQVGDRNPYE
NILYXVCLSGEGWPYIACRTSVVGRAWENTTIDLTNEKLVANSSRPVPGAAGPPQVGLSY
SOTMLLKXDLMGGIDPNAPTWIDIEGRFNDPVEIAIFQPQONGQF IHFYREPTDQKQFKQDS
KYSHGMDLADLFNAQPGLTSSVIGALPQGMVLSCQGSDDIRKLLDSQNRRDIKLIDVEMT
KEASREYEDKVWDKYGWLCKMHTGVVRDKKKKE I TPHCALMDCI IFESASKARLPDLKTV
HNILPHDLIFRGPNVVTL

(SEQ ID NO: 28)
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Organism: Lymphocytic choriomeningitis wvirus (LCMV strain WE)
Subtype: P52

Source: 1-7235 Segment =L

Protein: RING finger protein Z

Gene: ZP

Gene: 90-362

>LCMV-P52_ZP
ATGGGCCAAGGCAAGTCCAAAGAAGAAAGGGACACCAGCAATACAGGCAGAGCAGAGCTT
TTGCCAGACACCACCTATCTTGGTCCTCTAAATTGTAAATCATGTTGGCAGAAATTTGAC
AGCTTGGTTAGATGCCATGACCACTATCTTTGCAGACACTGTCTGAATCTCCTGCTGTCA
GTTTCCGACAGATGTCCTCTCTGTAAGTATCCACTGCCAACCAAACTGAAGGTGTCAACA
GTCCCAAGCTCCCCACCTCCCTATGAGGAGTGA

(SEQ ID NO: 29)

CDS: 90-362
Codon Start = 1; Codons 1-91
Translation=

>LCMV-P52_ZP
MGQGKSKEERDTSNTGRAELLPDTTYLGPLNCKSCWQKFDSLVRCHDHYLCRACLNLLLS
VSDRCPLCKYPLPTKLKVSTVPSSPPPYEE

(SEQ ID NO: 30)
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Source: 1-7235 Segment = L

Protein: RNA-directed RNA polymerase L
Gene: LP

Gene: 574-7203 complement

>LCMV-P52_LP

ATGGATGAAACTATTGCAGATTTGAGAGAGTTGTGTCTAAATTACATAGAACAGGACGAG
AGGCTGTCAAGGCAAAAACTCAACTTCCTGGGACAAAGAGAACCCAGAATGGTGCTAATT
GAGGGACTCAAATTGTTATCACGCTGTATAGAGATAGACAGTGCAGACAAAAGTGGTTGC
ATACACAACCACGATGACAAATCTGTTGAAACAATCCTAATAGACTCTGGGATTGTGTGT
CCAGGACTGCCACTCATCATCCCTGATGGT TATAAGT TGATTGACAATTCCCTTATTCTT
CTTGAATGTTTTGTTAGAAGCACACCAGCTAGTTTTGAAAAGAAGTTCATTGAGGACACC
AACAAACTAGCATGCATCARAGAAGATCTTGCTGT TGCAGGCATCACACTGGTTCCAATA
GTGGATGGTCGTTGTGATTATGATAACAGT TTCATGCCAGAATGGGTGAAT TTTAAGTTC
AGAGACCTCCTATTTAAACTCCTGGAGTATTCTAGTCAAGATGAGAAAGTTTT TGAGGAG
TCTGAATACTTCAGGCTCTGTGAGTCTCTTAAGACCACTGTTGACAAACGT TCCGGCATG
GACTCAATGAAAATTTTGAAAGACGCAAGATCATTTCATAACGATGAGATTATGAAAATG
TGCCACGATGGTGTCAACCCCAACATGAGTTGCGATGATGTGGTCTTTGGCATAAATTCC
TTTTTTGGCAGGTTTAGGAGGGACCTGTTAAATGGGAAACTCAAAAGGAAT TTCCAAAAG
GTCAGCCCTGGGGGCTTAATCAAGGAATTCTCTGAACT T TATGAAACCCT TACTGATAAT
GATGACATATTAATGTTGAGCAAAGAGGCAGT TGAATCCTGCCCCTTAATGAGGTTCATT
ACAGCAGAGACCCATGGGCATGAGAGAGGAAGCGATGCTAACACTGAGTATGAAAGGCTA
CTCTCTATGTTGAACAAGGTGAAAAGTTTAAAATTATTAAACACTAGAAGGAGACAGCTG
CTGAACTTAGATGTCTTATGTCTTTCTTCACT TATTAAGCAGTCAATTTCCAAAGGGTTG
GAAAATGATAAACATTGGGTTGGTTGTTGCTACAGTAGTGTGAATGATAGGCTTGTGAGC
CTTCAAAGTACCAAAGAAGAATTCATGAGACTTTTGAAGAACAGAAGAAAATCAAGAGTG
CACAAAAAGGCATCTCTTGATGAGCTTTTTAGGGTATCCATAAATGAGTTCATAGCAAAA
ATCCAGAAATGCCTATCAACAGTGGGACTTAGTTTTGAGCATTACGGACTATCAGAATGC
CTCGTGCAAGAATGCCATATACCATTTGCTGAATTTGAGAACT TTATGAGAGCCGGGACT
CATCCTGTAATGCATTACACAAAATTTGAAGATTACACTTTCCAGCCTAACATAGAGCAA
TTGAGGGGTTTACAGAGTTTGAGAARACTGTCATCTGTTTGTTTGGCTC TAACAAACAGC
ATGAAAACAAGCTCAGTTGCAAGGTTGAGACAGAACCAACTGGGGTCTGTGAGATATCAA
GTGGTGGAGTGCAAAGAGGTGTTTTGCCAGATAATAAAACTGGATTCCGAAGAGTATCAT
CTACTATATCAGAAAACTGGAGAATCATCGAGGTGTTATTCCATACAAGGTCCGGATGGT
CACTTGATTTCCTTTTACGCAGATCCAAAAAGGTTCTTTTTACCAATTTTTTCAGATGAG
GTGTTGCACAACATGATAGACACAATGATTTCATGGATTAGGTCATGCCCTGACTTAAAA
GATTCTCTTATTGACATTGAGACTGCACTAAGGACATTGATCCTACTGATGCTCACCAAC
CCAACAAAGAGAAATCAAAAGCAGGTTCAAAATATTAGGTATTTAGTGATGGCCATCGTC
TCAGACTTTTCATCGACCTCATTAATGGATAAGTTGAAGGAGGATCTAATCACACCTGCC
GAGAAAGTGGTGTACAGGCTGCTTCGGTTTTTGATTAGGACAATTTTTGGTACTGGTGAA
AAGGTGTTATTGAGTGCAARATTCAAGTTTATGTTGAATGTRTCATACCTGTGTCATTTG
ATCACAAAGGAGACCCCTGATAGATTGACAGATCAGATAAAATGTTTTGAAAAGTTCTTT
GAGCCCAAGAGTGAGTTTGGTTTCTTTGTCAACCCTAAGGARACAATCACACCCGAAGAG
GAATGTGTTTTTTATGAACAAATGAAGAAGTTCACCGGTAAAGATATTGATTGTCAGCAT
TCAACCCCTGGTGTTAATTTAGAGATCTTTAGCATGATGGTATCTTCATTCAACAATGGC
ACCTTAATTCTAAAAGGGGAGAARAGGCTCARCAATCTGGACCCCATGACCAACTCTGGA
TGTGCGACAGCATTAGATCTCGCAAGCAACARAAGTGTGGTTGTCAATAAACATCTGAAT
GGAGAACGGCTTTTGGAGTATGATTTTAACARATTGCTTGTTAGTGCTGTGAGCCAAATT
ACAGAGGGCTTCATGAGGARACAAAAGTATAAGCTGAGACACTCAGATTACGAATATAAG
GTCTCAAAGCTTGTCTCTAGATTAGTCATCGGTTCCAGGAAAACAGAAGTAGACAAATTG
GAAGATGATCCGGTAGATGTGTGTTTCGAGGGGGAGGAGGAGACAAGTTTTTTCAGGAGT
TTAGAAGATAAGGTCAGCTCCACAATAACACGGTATAATAGAGGCACTAGGCTTAATGAA
GGGCAAGGGGAGGGAGAATTCAAGAACACAAARAGGACTACACCACCTTCAGATTATTTTG
TCAGGTAAAAGAGCTTATCTGAGGAARAGTCATTTTATCAGAAATTTCATTTCATCTAGTA
GAGGACTTTGATCCATCCTGTCTCACCAATGACGACATGAGGTTTATTTGTGAGGCTGTT
GAAGGTTCAACAGAACTGTCACCATTGTATTTTACATCAGCTGTCAAAGAACAATGTCGT
CTGGATGAGATGGCAAGAAACCTCTGTAGAAAGTTCTTCTCAGAGGGTGATTGGTTCTCA
TGTATGAAGATGATCTTGT TACAGATGAATGCAAATGCGTAT TCAGGGAAGTACAGACAC
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ATGCAGAGGCAGAGCTTAAATTTTAAATTTGACTGGGACAAATTGGAAGAAGATGTAAGA
ATTAGTGAAAGGGAAAGCAATTCTGAATCTCTAAGTAAGGCCCTTTCATTGACAAAATGC
ATGAGTGCTGCTCTAAAGAATCTGTGTTTTTACTCAGAAGAATCACCAACATCATACACT
TCAGTTGGCCCTGACTCTGGGAGACTAAAATTTGCATTGTCATACAAAGAGCAGGTTGGG
GGAAATAGAGAGCTTTACATTGGGGATTTGAGGACAAAAATGTTCACAAGATTGGTAGAA
GATTATTTTGAATCCTTTTCTAGTTTCTTTTCAGGATCTTGTTTAAACAATGACAAAGAG
TTTGAAAATGCAATCTTGTCAATGACTATCAATGTGAGAGAAGGGTTGTTAAACTACAGC
ATGGATCACAGCAAATGGGGACCAATGATGTGCCCATTCCTATTCTTAATGCTTCTCCAA
AATCTCAAACTGGGTGATGATCAGTACGTGCGTTCTGGAAAAGATCATGTTAGCACCTTG
TTGACTTGGCATATGCATAAACTTGTTGAAGTCCCTTTCCCTGTTGTGAATGCAATGATG
AAATCATATGTTAAATCAAAACTCAAGCTTCTCAAAGGGTCAGGAACGACTGTTACGGAG
AGAATCTTTAGAGAGTATTTTGAAATGGGGGTGGTGCCATCTCACATATCTAGTCTCATT
GACATGGGACAGGGGATCCTACACAATGCTTCTGATTTTTACGGTTTAATTAGTGAAAGG
TTTATCAATTATTGTATTGGTGTCATTTTTGGAGAGAGGCCAGAAGCCTATACATCAAGT
GATGATCAGATCACTTTATTTGACAAGAGATTGAGTGACTTACGTTCGATAGTGACCCAGAA
GAAGTCCTTGTCTTGCTGGAATTCCACTCTCACTTAAGTGGTTTGTTGAACAAGTTCATC
AGTCCAAAAAGTGTGGTTGGGCGGTTTGCAGCGGAATTCAAATCCAGATTTTATGTGTGG
GGGGAGGAGGTCCCTCTCCTCACGAAATTTGTGTCTGCGGCACTACACAATGTTAAGTGT
AAAGAACCGCATCAACTTTGTGAGACAATAGATACGATTGCTGATCAAGCTATAGCAAAT
GGAGTTCCAGTTTTTTTAGTAAACTGTATCCAGAGGAGGACACTGGATCTCTTGAAATAT
GCTAATTTCCCTTTAGATCCATTCTTGTTAAACACTCACACTGATGTAAAGGATTGGTTA
GATGGTTCTAGAGGTTATAGAATCCAAAGACTCATTGAAGAATTGTGTCCCAGTGAAACA
AAGATCATGAGAAAACTTGTAAGAAGACTACATCACAAACTCAAGAACGGTGAATGTAAC
GAGGAATTTTTTCTAGACCTCTTCAACAGGGAAAAGAAAGAGCCCATCCTTCAATTGGGA
GAGATTCTTGGTCTTGAGGATGATCTTAATGAGTTGGCAAGCATCAATTGGTTGAATCTG
AATGAAATGTTCCCATTGAGGATGGTTCTGAGACAAAAAGTCGCGTTTACCCATCAGTAATG
ACCTTTCAAGAGGAAAAGATCCCCTCATTGATTAAAACACTCCAAAATAAGCTTTGTAGT
AAGTTCACAAGAGGTGCACAGAAGCTGTTGTCAGAGGCAATCAACAAATCAGCTTTTCAG
AGTTGTGTCTCATCCGGCTTTATAGGTCTCTGTAAGACTTTAGGAAGTACCTCTGTGAGA
AATAAAAACAGGGAAAATATGTATATCAGAAAGGTGCTTGAAGATCTGACCATGGATGAA
CATGTCACAAGGGTTCACAAACAAGATGGTGTGATGTTGTACATTTGCCGACAAGCAGAGA
CACCCAGAGGCTCACCGTGACCACATCAACCTTTTGAGGCCCCTTCTCTGGGACTACATT
TGCATCTCATTGAGCAACTCTTTTGAGCTGGGTGTTTGGGTTTTAGCAGAACCTGTGAAA
GGAAAGAACGAGAGTAATTCGGCTGTTAGGCACTTAAATCCATCGTCGATTATGTAGCAAGA
AAACCTGAGAGTTCGAGACTACTAGAGGATAAAGTGAGTTTGAATCATGTAATTCAATCT
GTGAGGCGACTGTACCCCAAAATCTTTGAGGATCAGTTGCTCCCATTCATGTCTGATGTG
AGCTCAAAAAATATGAGATGGAGTCCCAGGATTAAATTCCTTGACCTTTGTGTGCTGATT
GACATCAACTCAGAGTCTTTGTCACTCATTTCTCATGTTGTCAAATGGAAGAGGGACGAA
CATTACACTGTGCTGTTTTCTGATCTCGTCAACTCTCACCAACCGCGTCACGACTCAAGTTTA
GTTGATGAATTTGTTGTCAGCACAAGGGATGTCTGCAAGAACTTTTTGAAGCAAGTGTAT
TTCGAATCATTTGTACCGAGAGTTTGTTGCAACAGCTAGCGACCTTAGGTAACTTTTCATGG
TTCCCCCATAAGGACATGATGCCATCTGAAGATGGCGCTGAAGCACTGGGACCCTTCCAA
TCATTTATTTTGAAAGTGGTGAACAAGAAAATAGAGAGGCCCATGTTTAGGAATGACTTG
CAGTTTGGTTTTGGTTGGTTCTCTTATCGTGTGGGGGATGTTCTGTGTAATGCCGCTATG
TTAATTAAGCAGGGTTTGACAGATCCAAAAGCATTTAAATCTTTAAGAGATTTGTGGGAT
TACATGCTCAGCAGCACAGAGGGGATATTGGAGTTCTCAATCACAGTGGATTTCACACAC
AACCAGAACAACACTGACTGCTTGAGGAAATTTTCATTGATCTTTGTGGTTAAATGCCAA
TTACAGAGTCCAGGTGTAGCTGATTACTTATCGTGCTCTCATTCCTTCAAAGGTGAGGTT
GACAGGAGATTATTAGATGAGTGTCTCAATCTGTTGAGGACAGACCCCATCTTTAAAGCG
AATGATGGAGTCTTTGACATTAGGTCTGAACGAGTTTGAAGATTACATGGAAGACCCTTTG
ACACTTGGTGATTCACTAGAACTTGAACTAATAGGTTCTAGAAGGATTCTGAATGAGATC
AAATCTACTGACTTTGAGAGGATAGGGCCTGAGTGGGAACCTGTGCCTCTGACCATAAGG
AAGGGTGCCCTCTTTGAGGGGAGGAACTTTGTTCAGAATRTCTCTGTGAAATTGGAGACA
AAGGACATGAGGGTCTTTCTGGCAGAGCTCGAGGGCTGTGGAAAAATTGGTGATGTCCTC
GGCAGCCTCCTCCTGCACCGATTCAGAACTGGTGAGCACTTGATGGAGTCAGAAATAAGT
RCAGTTCTTCAGGAGCTCTGCATGGACAGATCCGTCATGCTGACACCATTATCTTTTGTG
CCAGATTGGTTCACCTTCAGAGATTGTAGGCTCTGCTTCAGCAGGTCAAAGAACACTGTA
ATGTATGAGACAACTGGGGGCAGGTTCAGACTCAAGGGGAAATCCTGTGACGATTGGCTG
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GCGGAGCGGGTGGCCGAGGAGATCGACTAG
(SEQ ID NO: 31)

CDS: 574-7203 complement
Codon Start = 1; Codons 1-2210
Translation=

>LCMV-P52_LP
MDETIADLRELCLNYIEQDERLSRQKLNFLGQREPRMVLIEGLKLLSRCIEIDSADKSGC
IHNHDDKSVETILIDSGIVCPGLPLIIPDGYKLIDNSLILLECFVRSTPASFEKKFIEDT
NKLACIXEDLAVAGITLVPIVDGRCDYDNSEMPEWVNEFKFRDLLFKLLEYSSQDEKVFEE
SEYFRLCESLKTTVDKRSGMDSMK I LKDARSFHNDE IMKMCHDGVNPNMSCDDVVEGINS
FFGRFRRDLLNGKLKRNFQKVSPGGLIKEFSELYETLTDNDDI LMLSKEAVESCPLMRE T
TAETHGHERGSDANTEYERLLSMLNKVKSLKLLNTRRRQLLNLDVLCLSSLIKQSISKGL
ENDKHWVGCCYSSVNDRLVSLQSTKEEFMRLLKNRRKSRVHKKASLDELFRVSINEFIAK
IQKCLSTVGLSFEHYGLSECLVQECHI PFAEFENFMRAGTHPVMHY TKFEDY TFQPNIEQ
LRGLQSLRKLSSVCLALTNSMKTSSVARLRONQLGSVRYQVVECKEVFCQIIKLDSEEYH
LLYQKTGESSRCYSIQGPDGHLISFYADPKRFFLPIFSDEVLHNMIDTMISWIRSCPDLK
DSLIDIETALRTLILLMLTNPTKRNQKQVONIRYLVMAIVSDFSSTSLMDKLKEDLITPA
EKVVYRLLRFLIRTIFGTGEKVLLSAKFKFMLNVSYLCHLITKETPDRLTDQIKCFEKFF
EPKSEFGFEVNPKETITPEEECVEYEQMKKETGKDIDCQHSTPGVNLE I FSMMVSSENNG
TLILKGEKRLNNLDPMTNSGCATALDLASNKSVVVNKHLNGERLLEYDFNKLLVSAVSQT
TEGEFMRKQKYKLRHSDYEYKVSKLVSRLVIGSRKTEVDKLEDDPVDVCFEGEEETSFFRS
LEDKVSSTITRYNRGTRLNEGQGEGEFKNTKGLHHLQIILSGKRAYLRKVILSEISFHLY
EDFDPSCLTNDDMRFICEAVEGSTELSPLYFTSAVKEQCGLDEMARNLCRKFFSEGDWES
CMKMILLQMNANAYSGKYRHMQRQSLNFKFDWDKLEEDVRISERESNSESLSKALSLTKC
MSAALKNLCFYSEESPTSYTSVGPDSGRLKFALSYKEQVGGNRELY IGDLRTKMFTRLVE
DYFESFSSFFSGSCLNNDKEFENAILSMTINVREGLLNY SMDHSKWGPMMCPFLFLMLLQ
NLXLGDDQYVRSGKDHVSTLLTWHMHKLVEVPFPVVNAMMKS YVKSKZKLLKGSGTTVTE
RIFREYFEMGVVPSHISSLIDMGQGILHNASDFYGLISERFINYCIGVIFGERPEAYTSS
DDQITLEFDXRLSDLVDSDPEEVLVLLEFHSHLSGLLNKEISPKSVVGRFAAEFKSREYVW
GEEVPLLTKEFVSAALHNVKCKEPHQLCETIDTIADQATIANGVPVFLVNC IQRRTLDLLKY
ANFPLDPFLLNTHTDVKDWLDGSRGYRIQRLIEELCPSETKIMRKLVRRLHHKLKNGECN
EEFFLDLFNREKKEAILQLGEILGLEDDLNELAS INWLNLNEMFPLRMVLRQKVVYPSVM
TFQEEKIPSLIKTLQONKLCSKFTRGAQKLLSEAINKSAFQSCVSSGFIGLCKTLGSRCVR
NKNRENMY IRKVLEDLTMDEHVTRVHKQDGVMLY ICDKQRHPEAHRDHINLLRPLLWDY I
CISLSNSFELGVWVLAEPVKGKNESNSAVRHLNPCDYVARKPESSRLLEDKVSLNHVIQS
VRRLYPXIFEDQLLPFMSDVSSKNMRWSPRIKFLDLCVLIDINSESLSLISHVVKWKRDE
HYTVLFSDLVNSHQRSDSSLVDEFVVSTRDVCKNFLKQVYFESFVREFVATARTLGNFSW
FPHKDMMPSEDGAEALGPFQSFILKVVNKKIERPMFRNDLQFGFGWFS YRVGDVVCNAAM
LIKQGLTDPKAFKSLRDLWDYMLSSTEGILEFSITVDFTHNOQNNTDCLRKFSLIFVVKCQ
LQSPGVADYLSCSHSFKGEVDRRLLDECLNLLRTDPIFKANDGVFDIRSEEFEDYMEDPL
TLGDSLELELIGSRRILNEIKSTDFERIGPEWEPVPLTIRKGALFEGRNFVONXSVKLET X=1/v
KDMRVFLAELEGCGKIGDVLGSLLLHRFRTGEHLMESEI SXVLOELCMDRSVMLTPLSFV X-T/A
PDWFTFRDCRLCFSRSKNTVMYETTGGRFRLKGKSCDDWLAERVAEEID

(SEQ ID NO: 32)
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D. Lymphocytic choriomeningitis virus (LCMV) P91 mutant

Source: 1-3376 Segment = S

Protein: Pre-glycoprotein polyprotein GP complex
Gene: GPC

Gene: 79-1575

>LCMV-P91_GP
ATGGGTCAGATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAAC
ATTGTCATTATTGTGCTCATTATAATCACGAGCATCAAAGCTGTGTACAATTTCGCCACC
TGTGGGATATTAGCACTGGTCAGCTTCCTTTTTTTGGC TGGTAGGTCCTGTGGCATGTAC
GGCCTTAATGGTCCCGACATCTATAAAGGGGT TTACCAGTTCAAATCAGTGGAGT TTGAT
ATGTCTCACTTAAATCTGACGATGCCCAATGCGTGCTCAGCCAACAACTCTCATCACTAC
ATCAGTATGGGAAGCTCTGGACTGGAGCTAACTTTCACTAACGACTCCATCCTTAATCAC
AATTTTTGCAACTTAACCTCCGCTTTCAACARAAAGACTTTTGACCATACACTCATGAGT
ATAGTCTCGAGTCTGCACCTCAGTATTAGAGGGAATTCCAACCACAAAGCAGTGTCTTGT
GATTTTAACAATGGCATCACCATTCAATACAACTTGTCATTTTCGGACCCACAGAGCGCT
ATGAGCCAGTGTTGGACTTTCAGAGGTAGAGTCTTGGACATGTTTAGAACTGCCTTTGGA
GGAAAATACATGAGAAGTGGCTGGGGCTGGGCAGGT TCAGATGGCARGACCACTTGGTGC
AGCCAAACAAGCTATCAGTACCTAATCATACAAAACAGGACTTGGGAAAACCACTGTAGA
TATGCAGGCCCTTTTGGGATGTCTAGAATCCTCTTTGCTCAGGAAAAGACARAGTTTCTC
ACTAGGAGACTTGCAGGCACATTCACCTGGACCCTGTCAGACTCCTCAGGAGTAGAAAAT
CCAGGTGGTTATTGCCTGACCAAATGGATGATCCTTGC TGCAGAGCTCAAATGTTTTGGG
AATACAGCTGTTGCAAAATGTAATGTCAATCATGATGAAGAGTTCTGTGACATGCTACGA
CTAATTGATTACAACAAGGCCGCCCTGAGTAAGTTCAAGCAAGATGTAGAGTCTGCCTTG
CATGTATTCAAAACAACAGTAAATTCTCTGATTTCCGATCAGCTGTTGATGAGGAATCAT
CTAAGAGATCTAATGGGGGTACCATACTGTAATTACTCAAAGT TCTGGTATCTGGAACAT
GCTAAGACTGGTGAGACTAGTGTACCCAAGTGCTGGCTTGTCACTAATGGCTCCTACTTG
AATGAGACCCACTTTAGTGATCAAATCGAACAAGAAGCAGATAACATGATCACAGAGATG
TTGAGGAAGGACTACATAAARAGACAAGGGAGTACTCCTTTAGCCTTAATGGATCTTTTG
ATGTTTTCAACATCAGCATATCTAATCAGCATCTTTCTGCATCTTGTGAAGATACCAACA
CATAGACACATAAAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGGGGATC
TGTAGTTGTGGTGCATTCAAGGTGCCTGGTGTAAAAACTATCTGGAAAAGACGCTGA
(SEQ ID NO: 33)

CDS: 79-1575
Codon Start = 1; Codons 1-498
Chain: 1-498 Pre-glycoprotein polyprotein GP complex
Chain: 1-58 Stable signal peptide
Chain: 59-265 Glycoprotein G1
Chain: 266-498 Glycoprotein G2
Translation=

>LCMV-P91_GP
MGQIVTIMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCCMY
GLNGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHY I SMGSSGLELTFTNDSILNH
NFCNLTSAFNKKTFDHTLMSIVSSLHLS IRGNSNHKAVSCDFNNGITIQYNLSFSDPQSA
MSQCWTFRGRVLDMFRTATGGKYMRS GHGWAGSDGKT TWCSQTSYQYLI IQNRTWENHCR
YAGPFGMSRILFAQEKTKFLTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAELKCFG
NTAVAXCNVNHDEEFCDMLRLIDYNKAALSKFKQDVESALHVFKTTVNSLISDQLLMRNH
LRDLMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMITEM
LRXKDYIXRQGSTPLALMDLLMFSTSAYLISIFLHLVKI PTHRHIKGGSCPKPHRLTNKGI
CSCGAFKVPGVKTIWKRR

(SEQ ID NO: 34)
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Source: 1-3376 Segment = S
Protein: Nucleoprotein

Gene: NP

Gene: 1640-3316 complement

>LCMV-P91_ NP
ATGTCTTTGTCCAAAGAAGTCAAAAGCTTTCAGTGGACACAGGCGTTGAGGAGGGAGTTG
CAGAGTTTTACATCAGATGTAAAGGCTGCCGTCATCAAGGACGCAACCAGTCTTCTAAAT
GGGTTGGACTTTTCTGAAGTCAGCAACGTTCAGAGGATCATGAGAAAGGAAAGGAGGGAT
GATAAAGACTTGCAGAGACTCAGGAGTCTTAACCAGACTGTGCATTCTCTTGTTGATCTG
AAGTCTACATCAAAGAAAAATGTTCTGAAAGTGGGAAGAC T TAGTGCAGAGGAATTGATG
ACCCTTGCAGCTGATCTTGAGAAGCTGAAGGCCAAAATTATGAGAACTGAGAGGCCTCAA
GCTTCTGGAGTCTACATGGGAAATTTGACAGCACAACAACTTGATCARAGATCCCAAATA
CTGCAAATGGTTGGGATGAGAAGACCTCAGCAGGGTGCAAGTGGTGTAGTAAGGGTTTGG
GATGTGAAGGACTCATCACTTCTGAACAATCAGTTCGGCACAATGCCAAGCCTGACAATG
GCTTGCATGGCAAAACAGTCACAGACCCCACTCAATGATGT TGTGCAGGCACTCACAGAC
CTTGGCTTACTTTACACAGTCARATACCCGAATCTCAGTGATCTTGARAGGCTAAAGGAT
ARACACCCAGTTCTGGGGGTCATTACTGAACAGCAATCTAGTATCAATATCTCTGGTTAT
AATTTCAGTCTTGGTGCAGCTGTGAAAGCGGGGGCAGCTCTGCTAGATGGAGGGAACATG
CTGGAATCTATCTTGATCAAACCGAGCAACAGTGAGGATCTCCTAAAAGCAGTCCTCGGG
GCCAAGAAGAAACTCAACATGTTTGTCTCAGATCAAGT TGGAGATAGAAATCCCTATGAA
AACATCCTTTATAAAGTCTGTCTTTCAGGTGAAGGATGGCCATACATAGCCTGTAGAACG
TCAGTTGTGGGGAGAGCATGGGAGAACACAACAATTGATCTCACAAATGAARAACTTGTT
GCCAACTCATCTAGGCCAGTGCCTGGAGCAGCAGGCCCACCTCAGGTGGGCTTGAGTTAC
AGTCAGACAATGCTGTTGAAAGACTTGATGGGAGGGATTGATCCCAATGCTCCCACATGG
ATTGACATTGAGGGCAGGTTCAATGATCCAGTGGAGATAGCAATAT TCCAACCACAAAAT
GGGCAATTCATACATTTTTACAGGGAACCTACGGACCAGAAGCAATTCAAGCAGGACTCA
AAGTATTCACACGGCATGGATCTTGCTGATCTCTTCAATGCACAGCCTGGGCTGACCTCA
TCAGTTATAGGTGCTCTCCCACAAGGGATGGTTTTGAGCTGTCAAGGTTCTGATGACATC
AGAAAGCTTCTGGACTCACAAAATAGAAGGGACATAAAACTCATTGATGTTGAGATGACC
AAGGAGGCCTCAAGAGAATATGAAGATAAAGTGTGGGACAAATATGGCTGGCTATGCAAA
ATGCACACTGGGGTAGTGAGAGACARAAAGAAGAAAGAGATCACCCCACACTGTGCACTC
ATGGACTGCATCATTTTTGAGAGTGCTTCCAAGGCAAGACTCCCTGATCTAAAAACCGTT
CACAACATCCTGCCACATGATTTAATCTTCAGAGGACCCAATGT TGTGACACTCTAA
(SEQ ID NO: 35)

CDS: 1640-3316 complement
Codon Start = 1; Codons 1-558
Translation=

>LCMV-P91_NP
MSLSXEVKSFQWTQALRRELQSFTSDVKAAVIKDATSLLNGLDFSEVSNVORIMRKERRD
DKDLQRLRSLNQTVHSLVDLKSTSKKNVLKVGRLSAEELMTLAADLEKLKAKIMRTERPQ
ASGVYMGNLTAQQLDQRSQILOMVGMRRPQQGASGVVRVWDVKDSSLLNNQFGTMPSLTM
ACMAXQSQTPLNDVVQALTDLGLLYTVKYPNLSDLERLKDKHPVLGVITEQQSSINISGY
NFSLGAAVKAGAALLDGGNMLESILIKPSNSEDLLKAVLGAKKKLNMFVSDQVGDRNPYE
NILYXVCLSGEGWPYIACRTSVVGRAWENTTIDLTNEKLVANSSRPVPGAAGPPQVGLSY
SOTMLLXDLMGGIDPNAPTWIDIEGRFNDPVEIAIFQPQONGQF IHFYREPTDQKQFKQDS
KYSHGMDLADLFNAQPGLTSSVIGALPQGMVLSCQGSDDIRKLLDSQNRRDIKLIDVEMT
KEASREYEDKVWDKYGWLCKMHTGVVRDKKKKE I TPHCALMDCI IFESASKARLPDLKTV
HNILPHDLIFRGPNVVTL

(SEQ ID NO: 36)
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Source: 1-7235 Segment = L
Protein: RING finger protein Z
Gene: Zp

Gene: 90-362

>LCMV-P91_ZP
ATGGGCCAAGGCAAGTCCARAGAAGAAAGGGACACCAGCAATACAGGCAGAGCAGAGCTT
TTGCCAGACACCACCTATCTTGGTCCTCTAAATTGTAAATCATGTTGGCAGAAATTTGAC
AGCTTGGTTAGATGCCATGACCACTATCTTTGCAGACACTGTCTGAATCTCCTGCTGTCA
GTTTCCGACAGATGTCCTCTCTGTAAGTATCCACTGCCAACCAAACTGAAGGTGTCAACA
GTCCCAAGCTCCCCACCTCCCTATGAGGAGTGA

(SEQ ID NO: 37)

CDS: 90-362
Codon Start = 1; Codons 1-91
Translation=

>LCMV-P91_ZP
MGQGKSKEFRDTSNTGRAELLPDTTYL,GPTLNCKSCWQKFDSTLVRCHDHY LCRHCT.NT,LLS
VSDRCPLCKYPLPTKLKVSTVPSSPPPYEE

(SEQ ID NO: 38)
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Figure 25 (cont’d)

Protein: RNA-directed RNA polymerase L
Gene: LP
Gene: 574-7203 complement

>LCMV-P91_LP

ATGGATGAAACTATTGCAGATTTGAGAGAGTTGTGTCTAAATTACATAGAACAGGACGAG
AGGCTGTCAAGGCAAAAACTCAACTTCCTGGGACAAAGAGAACCCAGAATGGTGCTAATT
GAGGGACTCAAATTGTTATCACGCTGTATAGAGATAGACAGTGCAGACAAAAGTGGTTGC
ATACACAACCACGATGACAAATCTGTTGAAACAATCCTAATAGACTCTGGGATTGTGTGT
CCAGGACTGCCACTCATCATCCCTGATGGT TATAAGT TGATTGACAATTCCCTTATTCTT
CTTGAATGTTTTGTTAGAAGCACACCAGCTAGTTTTGAAAAGAAGTTCATTGAGGACACC
AACAAACTAGCATGCATCARAGAAGATCTTGCTGT TGCAGGCATCACACTGGTTCCAATA
GTGGATGGTCGTTGTGATTATGATAACAGT TTCATGCCAGAATGGGTGAAT TTTAAGTTC
AGAGACCTCCTATTTAAACTCCTGGAGTATTCTAGTCAAGATGAGAAAGTTTT TGAGGAG
TCTGAATACTTCAGGCTCTGTGAGTCTCTTAAGACCACTGTTGACAAACGT TCCGGCATG
GACTCAATGAAAATTTTGAAAGACGCAAGATCATTTCATAACGATGAGATTATGAAAATG
TGCCACGATGGTGTCAACCCCAACATGAGTTGCGATGATGTGGTCTTTGGCATAAATTCC
TTTTTTGGCAGGTTTAGGAGGGACCTGTTAAATGGGAAACTCAAAAGGAAT TTCCAAAAG
GTCAGCCCTGGGGGCTTAATCAAGGAATTCTCTGAACT T TATGAAACCCT TACTGATAAT
GATGACATATTAATGTTGAGCAAAGAGGCAGTTGAATCCTGCCCCTTAATGAGGT TCATT
ACAGCAGAGACCCATGGGCATGAGAGAGGAAGCGATGCTAACACTGAGTATGAAAGGCTA
CTCTCTATGTTGAACAAGGTGAAAAGTTTAAAATTATTAAACACTAGAAGGAGACAGCTG
CTGAACTTAGATGTCTTATGTCTTTCTTCACT TATTAAGCAGTCAATTTCCAAAGGGTTG
GAAAATGATAAACATTGGGTTGGTTGCTGCTACAGTAGTGTGAATGATAGGCTTGTGAGC
CTTCAAAGTACCAAAGAAGAATTCATGAGACTTTTGAAGAACAGAAGAAAATCAAGAGTG
CACAAAAAGGCATCTCTTGATGAGCTTTTTAGGGTATCCATAAATGAGTTCATAGCAAAA
ATCCAGAAATGCCTATCAACAGTGGGACTTAGTTTTGAGCATTACGGACTATCAGAATGC
CTCGTGCAAGAATGCCATATACCATTTGCTGAATTTGAGAACT TTATGAGAGCCGGGACT
CATCCTGTAATGCATTACACAAAATTTGAAGATTACACTTTCCAGCCTAACATAGAGCAA
TTGAGGGGTTTACAGAGTTTGAGAARACTGTCATCTGTTTGTTTGGCTC TAACAAACAGC
ATGAAAACAAGCTCAGTTGCAAGGTTGAGACAGAACCAACTGGGGTCTGTGAGATATCAA
GTGGTGGAGTGCAAAGAGGTGTTTTGCCAGATAATAAAACTGGATTCCGAAGAGTATCAT
CTACTATATCAGAAAACTGGAGAATCATCGAGGTGTTATTCCATACAAGGTCCGGATGGT
CACTTGATTTCCTTTTACGCAGATCCAAAAAGGTTCTTTTTACCAATTTTTTCAGATGAG
GTGTTGCACAACATGATAGACACAATGATTTCATGGATTAGGTCATGCCCTGACTTAAAA
GATTCTCTTATTGACATTGAGACTGCACTAAGGACATTGATCCTACTGATGCTCACCAAC
CCAACAAAGAGAAATCAAAAGCAGGTTCAAAATATTAGGTATTTAGTGATGGCCATCGTC
TCAGACTTTTCATCGACCTCATTAATGGATAAGTTGAAGGAGGATCTAATCACACCTGCC
GAGAAAGTGGTGTACAGGCTGCTTCGGTTTTTGATTAGGACAATTTTTGGTACTGGTGAA
AAGGTGTTATTGAGTGCAARATTCAAGTTTATGTTGAATGTGTCATACCTGTGTCATTTG
ATCACAAAGGAGACCCCTGATAGATTGACAGATCAGATAAAATGTTTTGAAAAGTTCTTT
GAGCCCAAGAGTGAGTTTGGTTTCTTTGTCAACCCTAAGGARACAATCACACCCGAAGAG
GAATGTGTTTTTTATGAACAAATGAAGAAGTTCACCGGTAAAGATATTGATTGTCAGCAT
TCAACCCCTGGTGTTAATTTAGAGATCTTTAGCATGATGGTATCTTCATTCAACAATGGC
ACCTTAATTCTAAAAGGGGAGAARAGGCTCARCAATCTGGACCCCATGACCAACTCTGGA
TGTGCGACAGCATTAGATCTCGCAAGCAACARAAGTGTGGTTGTCAATAAACATCTGAAT
GGAGAACGGCTTTTGGAGTATGATTTTAACARATTGCTTGTTAGTGCTGTGAGCCAAATT
ACAGAGGGCTTCATGAGGARACAAAAGTATAAGCTGAGACACTCAGATTACGAATATAAG
GTCTCAAAGCTTGTCTCTAGATTAGTCATCGGTTCCAGGAARACAGAAGTAGACAAATTG
GAAGATGATCCGGTAGATGTGTGTTTCGAGGGGGAGGAGGAGACAAGTTTTTTCAGGAGT
TTAGAAGATAAGGTCAGCTCCACAATAACACGGTATAATAGAGGCACTAGGCTTAATGAA
GGGCAAGGGGAGGGAGAATTCAAGAACACAAARAGGACTACACCACCTTCAGATTATTTTG
TCAGGTAAAAGAGCTTATCTGAGGAARAGTCATTTTATCAGAAATTTCATTTCATCTAGTA
GAGGACTTTGATCCATCCTGTCTCACCAATGACGACATGAGGTTTATTTGTGAGGCTGTT
GAAGGTTCAACAGAACTGTCACCATTGTATTTTACATCAGCTGTCAAAGAACAATGTCGT
CTGGATGAGATGGCAAGAAACCTCTGTAGAAAGTTCTTCTCAGAGGGTGATTGGTTCTCA
TGTATGAAGATGATCTTGT TACAGATGAATGCAAATGCGTAT TCAGGGAAGTACAGACAC
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ATGCAGAGGCAGAGCTTAAATTTTAAATTTGACTGGGACAAATTGGAAGAAGATGTAAGA
ATTAGTGAAAGGGAAAGCAATTCTGAATCTCTAAGTAAGGCCCTTTCATTGACAAAATGC
ATGAGTGCTGCTCTAAAGAATCTGTGTTTTTACTCAGAAGAATCACCAACATCATACACT
TCAGTTGGCCCTGACTCTGGGAGACTAAAATTTGCATTGTCATACAAAGAGCAGGTTGGG
GGAAATAGAGAGCTTTACATTGGGGATTTGAGGACAAAAATGTTCACAAGATTGGTAGAA
GATTATTTTGAATCCTTTTCTAGTTTCTTTTCAGGATCTTGTTTAAACAATGATAAAGAG
TTTGAAAATGCAATCTTGTCAATGACTATCAATGTGAGAGAAGGGTTGTTAAACTACAGC
ATGGATCACAGCAAATGGGGACCAATGATGTGCCCATTCCTATTCTTAATGCTTCTCCAA
AATCTCAAACTGGGTGATGATCAGTACGTGCGTTCTGGAAAAGATCATGTTAGCACCTTG
TTGACTTGGCATATGCATAAACTTGTTGAAGTCCCTTTCCCTGTTGTGAATGCAATGATG
AAATCATATGTTAAATCAAAACTCAAGCTTCTCAAAGGGTCAGGAACGACTGTTACGGAG
AGAATCTTTAGAGAGTATTTTGAAATGGGGGTGGTGCCATCTCACATATCTAGTCTCATT
GACATGGGACAGGGGATCCTACACAATGCTTCTGATTTTTACGGTTTAATTAGTGAAAGG
TTTATCAATTATTGTATTGGTGTCATTTTTGGAGAGAGGCCAGAAGCCTATACATCAAGT
GATGATCAGATCACTTTATTTGACAAGAGATTGAGTGACTTACGTTCGATAGTGACCCAGAA
GAAGTCCTTGTCTTGCTGGAATTCCACTCTCACTTAAGTGGTTTGTTGAACAAGTTCATC
AGTCCAAAAAGTGTGGTTGGGCGGTTTGCAGCGGAATTCAAATCCAGATTTTATGTGTGG
GGGGAGGAGGTCCCTCTCCTCACGAAATTTGTGTCTGCGGCACTACACAATGTTAAGTGT
AAAGAACCGCATCAACTTTGTGAGACAATAGATACGATTGCTGATCAAGCTATAGCAAAT
GGAGTTCCAGTTTTTTTAGTAAACTGTATCCAGAGGAGGACACTGGATCTCTTGAAATAT
GCTAATTTCCCTTTAGATCCATTCTTGTTAAACACTCACACTGATGTAAAGGATTGGTTA
GATGGTTCTAGAGGTTATAGAATCCAAAGACTCATTGAAGAATTGTGTCCCAGTGAAACA
AAGATCATGAGAAAACTTGTAAGAAGACTACATCACAAACTCAAGAACGGTGAATGTAAC
GAGGAATTTTTTCTAGACCTCTTCAACAGGGAAAAGGAAGAGCCCATCCTTCAATTGGGA
GAGATTCTTGGTCTTGAGGATGATCTTAATGAGTTGGCAAGCATCAATTGGTTGAATCTG
AATGAAATGTTCCCATTGAGGATGGTTCTGAGACAAAAAGTCGCGTTTACCCATCAGTAATG
ACCTTTCAAGAGGAAAAGATCCCCTCATTGATTAAAACACTCCAAAATAAGCTTTGTAGT
AAGTTCACAAGAGGTGCACAGAAGCTGTTGTCAGAGGCAATCAACAAATCAGCTTTTCAG
AGTTGTGTCTCATCCGGCTTTATAGGTCTCTGTAAGACTTTAGGAAGTACCTCTGTGAGA
AATAAAAACAGGGAAAATATGTATATCAGAAAGGTGCTTGAAGATCTGACCATGGATGAA
CATGTCACAAGGGTTCACAAACAAGATGGTGTGATGTTGTACATTTGCCGACAAGCAGAGA
CACCCAGAGGCTCACCGTGACCACATCAACCTTTTGAGGCCCCTTCTCTGGGACTACATT
TGCATCTCATTGAGCAACTCTTTTGAGCTGGGTGTTTGGGTTTTAGCAGAACCTGTGAAA
GGAAAGAACGAGAGTAATTCGGCTGTTAGGCACTTAAATCCATCGTCGATTATGTAGCAAGA
AAACCTGAGAGTTCGAGACTACTAGAGGATAAAGTGAGTTTGAATCATGTAATTCAATCT
GTGAGGCGACTGTACCCCAAAATCTTTGAGGATCAGTTGCTCCCATTCATGTCTGATGTG
AGCTCAAAAAATATGAGATGGAGTCCCAGGATTAAATTCCTTGACCTTTGTGTGCTGATT
GACATCAACTCAGAGTCTTTGTCACTCATTTCTCATGTTGTCAAATGGAAGAGGGACGAA
CATTACACTGTGCTGTTTTCTGATCTCGTCAACTCTCACCAACCGCGTCACGACTCAAGTTTA
GTTGATGAATTTGTTGTCAGCACAAGGGATGTCTGCAAGAACTTTTTGAAGCAAGTGTAT
TTCGAATCATTTGTACCGAGAGTTTGTTGCAACAGCTAGCGACCTTAGGTAACTTTTCATGG
TTCCCCCATAAGGACATGATGCCATCTGAAGATGGCGCTGAAGCACTGGGACCCTTCCAA
TCATTTATTTTGAAAGTGGTGAACAAGAAAATAGAGAGGCCCATGTTTAGGAATGACTTG
CAGTTTGGTTTTGGTTGGTTCTCTTATCGTGTGGGGGATGTTGTGTGTAATGCCGCTATG
TTAATTAAGCAGGGTTTGACAGATCCAAAAGCATTTAAATCTTTAAGAGATTTGTGGCGAT
TACATGCTCAGCAGCACAGAGGGGATATTGGAGTTCTCAATCACAGTGGATTTCACACAC
AACCAGAACAACACTGACTGCTTGAGGAAATTTTCATTGATCTTTGTGGTTAAATGCCAA
TTACAGAGTCCAGGTGTAGCTGATTACTTATCGTGCTCTCATTCCTTCAAAGGTGAGGTT
GACAGGAGATTATTAGATGAGTGTCTCAATCTGTTGAGGACAGACCCCATCTTTAAAGCG
AATGATGGAGTCTTTGACATTAGGTCTGAACGAGTTTGAAGATTACATGGAAGACCCTTTG
ACACTTGGTGATTCACTAGAACTTGAACTAATAGGTTCTAGAAGGATTCTGAATGAGATC
AAATCTACTGACTTTGAGAGGATAGGGCCTGAGTGGGAACCTGTGCCTCTGACCATAAGG
AAGGGTGCCCTCTTTGAGGGGAGGAACTTTGTTCAGAATATCTCTGTGAAATTGGAGACA
AAGGACATGAGGGTCTTTCTGGCAGAGCTCGAGGGCTGTGGAAAAATTGGTGATGTCCTC
GGCAGCCTCCTCCTGCACCGATTCAGAACTGGTGAGCACTTGATGGAGTCAGAAATAAGT
ACAGTTCTTCAGGAGCTCTGCATGGACAGATCCGTCATGCTCGACACCATTATCTTTTGTG
CCAGATTGGTTCACCTTCAGAGATTGTAGGCTCTGCTTCAGCARGTCAAAGAACACTGTA
ATGTATGAGACAACTGGGGGCAGGTTCAGACTCAAGGGGAAATCCTGTGACGATTGGCTG
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GCGGAGCGGGTGGCCGAGGAGATCGACTAG
(SEQ ID NO: 39)

CDS: 574-7203 complement
Codon Start = 1; Codons 1-2210
Translation=

>LCMV-P91_LP
MDETIADLRELCLNYIEQDERLSRQKLNFLGQREPRMVLIEGLKLLSRCIEIDSADKSGC
IHNHDDKSVETILIDSGIVCPGLPLIIPDGYKLIDNSLILLECFVRSTPASFEKKFIEDT
NKLACIXEDLAVAGITLVPIVDGRCDYDNSEMPEWVNEFKFRDLLFKLLEYSSQDEKVFEE
SEYFRLCESLKTTVDKRSGMDSMK I LKDARSFHNDE IMKMCHDGVNPNMSCDDVVEGINS
FFGRFRRDLLNGKLKRNFQKVSPGGLIKEFSELYETLTDNDDI LMLSKEAVESCPLMRE T
TAETHGHERGSDANTEYERLLSMLNKVKSLKLLNTRRRQLLNLDVLCLSSLIKQSISKGL
ENDKHWVGCCYSSVNDRLVSLQSTKEEFMRLLKNRRKSRVHKKASLDELFRVSINEFIAK
IQKCLSTVGLSFEHYGLSECLVQECHI PFAEFENFMRAGTHPVMHY TKFEDY TFQPNIEQ
LRGLQSLRKLSSVCLALTNSMKTSSVARLRQNQLGSVRYQVVECKEVFCQIIKLDSEEYH
LLYQKTGESSRCYSIQGPDGHLISFYADPKRFFLPIFSDEVLHNMIDTMISWIRSCPDLK
DSLIDIETALRTLILLMLTNPTKRNQKQVONIRYLVMAIVSDFSSTSLMDKLKEDLITPA
EKVVYRLLRFLIRTIFGTGEKVLLSAKFKFMLNVSYLCHLITKETPDRLTDQIKCFEKFF
EPKSEFGFEVNPKETITPEEECVEYEQMKKETGKDIDCQHSTPGVNLE I FSMMVSSENNG
TLILKGEKRLNNLDPMTNSGCATALDLASNKSVVVNKHLNGERLLEYDFNKLLVSAVSQT
TEGEFMRKQKYKLRHSDYEYKVSKLVSRLVIGSRKTEVDKLEDDPVDVCFEGEEETSFFRS
LEDKVSSTITRYNRGTRLNEGQGEGEFKNTKGLHHLQI ILSGKRAYLRKVILSEISFHLY
EDFDPSCLTNDDMRFICEAVEGSTELSPLYFTSAVKEQCGLDEMARNLCRKFFSEGDWES
CMKMILLQMNANAYSGKYRHMQRQSLNFKFDWDKLEEDVRISERESNSESLSKALSLTKC
MSAALKNLCFYSEESPTSYTSVGPDSGRLKFALSYKEQVGGNRELY IGDLRTKMFTRLVE
DYFESFSSFFSGSCLNNDKEFENAILSMTINVREGLLNYSMDHSKWGPMMCPFLFLMLLQ
NLXLGDDQYVRSGKDHVSTLLTWHMHKLVEVPFPVVNAMMKSYVKSKLKLLKGSGTTVTE
RIFREYFEMGVVPSHISSLIDMGQGILHNASDFYGLISERFINYCIGVIFGERPEAYTSS
DDQITLEFDXRLSDLVDSDPEEVLVLLEFHSHLSGLLNKEISPKSVVGRFAAEFKSREYVW
GEEVPLLTKEFVSAALHNVKCKEPHQLCETIDTIADQATIANGVPVFLVNC IQRRTLDLLKY
ANFPLDPFLLNTHTDVKDWLDGSRGYRIQRLIEELCPSETKIMRKLVRRLHHKLKNGECN
EEFFLDLFNREKEEAILQLGEILGLEDDLNELAS INWLNLNEMFPLRMVLRQKVVYPSVM
TFQEEKIPSLIKTLQONKLCSKFTRGAQKLLSEAINKSAFQSCVSSGFIGLCKTLGSRCVR
NKNRENMY IRKVLEDLTMDEHVTRVHKQDGVMLY ICDKQRHPEAHRDHINLLRPLLWDY I
CISLSNSFELGVWVLAEPVKGKNESNSAVRHLNPCDYVARKPESSRLLEDKVSLNHVIQS
VRRLYPXIFEDQLLPFMSDVSSKNMRWSPRIKFLDLCVLIDINSESLSLISHVVKWKRDE
HYTVLFSDLVNSHQRSDSSLVDEFVVSTRDVCKNFLKQVYFESFVREFVATARTLGNFSW
FPHKDMMPSEDGAEALGPFQSFILKVVNKKIERPMFRNDLQFGFGWFS YRVGDVVCNAAM
LIKQGLTDPKAFKSLRDLWDYMLSSTEGILEFSITVDFTHNQNNTDCLRKFSLIFVVKCQ
LQSPGVADYLSCSHSFKGEVDRRLLDECLNLLRTDPIFKANDGVFDIRSEEFEDYMEDPL
TLGDSLELELIGSRRILNEIKSTDFERIGPEWEPVPLTIRKGALFEGRNFVQNISVKLET
KDMRVFLAELEGCGKIGDVLGSLLLHRFRTGEHLMESEISTVLQELCMDRSVMLTPLSFV
PDWFTFRDCRLCFSXSKNTVMYETTGGRFRLKGKSCDDWLAERVAEEID X=R/K
(SEQ ID NO: 40)
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E. Lymphocytic choriomeningitis virus (LCMV) P52-1 mutant

Source: 1-3376 Segment = S

Protein: Pre-glycoprotein polyprotein GP complex
Gene: GPC

Gene: 79-1575

>LCMV-P52-1
ATGGGTCAGATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAAC
ATTGTCATTATTGTGCTCATTATAATCACGAGCATCAAAGCTGTGTACAATTTCGCCACC
TGTGGGATATTAGCACTGGTCAGCTTCCTTTTTTTGGCTGGTAGGTCCTGTGGCATGTAC
GGCCTCAATGGTCCCGACATCTATAAAGGGGTTTACCAGTTCAAATCAGTGGAGTTTCGAT
ATGTCTCACTTAAATCTGACGATGCCCAATGCGTGCTCAGCCAACAACTCTCATCACTAC
ATCAGTATGGGAAGCTCTGGACTGGAGCTAACTTTCACTAACGACTCCATCCTTAATCAC
AATTTTTGCAACTTAACCTCCGCTTTCAACAAAAAGACTTTTGACCATACACTCATGAGT
ATAGTCTCGAGTCTGCACCTCAGTATTAGAGGGAATTCCAACCACAAAGCAGTGTCTTGT
GATTTTAACAATGGCATCACCATTCAATACAACTTGTCATTTTCGGACCCACAGAGCGCT
ATGAGCCAGTGTTGGACTTTCAGAGGTAGAGTCTTGGACATGTTTAGAACTGCCTTTGGA
GGAAAATACATGAGAAGTGGCTGGGGCTGGGCAGGTTCAGATGGCAAGACCACTTGGETGC
AGCCAAACAAGCTATCAGTACCTAATCATACAAAACAGGACTTGGGAAAACCACTGTAGA
TATGCAGGCCCTTTTGGGATGTCTAGAATCCTCTTTGCTCAGCAAAAGACAAAGTTTCTC
ACTAGGAGACTTGCAGGCACATTCACCTGGACCCTGTCAGACTCCTCAGGAGTAGAAAAT
CCAGGTGGTTATTGCCTGACCAAATGGATGATCCTTGCTGCAGAGCTCAAATGTTTTGGG
AATACAGCTGTTGCAAAATGTAATGTCAATCATGATGAAGAGTTCTGTGACATGCTACGA
CTAATTGATTACAACAAGGCCGCCCTGAGTAAGTTCAAGCAAGATGTAGAGTCTGCCTTG
CATGTATTCAAAACAACAGTAAATTCTCTGATTTCCGATCAGCTGTTGATGAGGAATCAT
CTAAGAGATCTAATGGGGGTACCATACTGTAATTACTCAAAGTTCTGGTATCTGGAACAT
GCTAAGACTGGTGAGACTAGTGTACCCAAGTGCTGGCTTGTCACTAATGGCTCCTACTTG
AATGAGACCCACTTTAGTGATCAAATCGAACAAGAAGCAGATAACATGATCACAGAGATG
TTGAGGAAGGACTACATAAAAAGACAAGGGAGTACTCCTTTAGCCTTAATGGATCTTTTG
ATGTTTTCAACATCAGCATATCTAATCAGCATCTTTCTGCATCTTGTGAAGATACCAACA
CATAGACACATAAAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGGGGATC
TGTAGTTGTGGTGCATTCAAGGTGCCTGGTGTAAAAACTATCTGGAAAAGACGCTGA
(SEQ ID NO: 41)

CDS: 79-1575
Codon Start = 1; Codons 1-498
Chain: 1-498 Pre-glycoprotein polyprotein GP complex
Chain: 1-58 Stable signal peptide
Chain: 59-265 Glycoprotein GI
Chain: 266-498 Glycoprotein G2
Translation=

>LCMV-P52-1
MGQIVTMFEALPHIIDEVINIVIIVLITIITSIKAVYNFATCGILALVSFLFLAGRSCGMY
GLNGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHYISMGSSGLELTFTNDSILNH
NECNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNHKAVSCDENNGITIQYNLSESDPQSA
MSQCWTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSOTSYQYLITONRTWENHCR
YAGPFGMSRILFAQEKTKFLTRRLAGTFTWTLSDSSGVENPCCYCLTKWMILAAELKCEG
NTAVAKCNVNHDEEFCDMLRLIDYNKAALSKFKQDVESALHVEFKTTVNSLISDQLLMRNH
LRDLMGVPYCNYSKEWYLEHAKTGETSVPKCWLVTINGSYLNETHEFSDOIEQEADNMITEM
LRKDYIKRQGSTPLALMDLIMEFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGI
CSCGAFKVPGVKTIWKRR

(SEQ ID NO: 42)

SUBSTITUTE SHEET (RULE 26)



CA 03111305 2021-03-01

WO 2020/053324 PCT/EP2019/074307
36 /85

Figure 25 (cont’d)

Source: 1-3376 Segment = S
Protein: Nucleoprotein

Gene: NP

Gene: 1640-3316 complement

>LCMV-P52-1 NP
ATGTCTTTGTCCAAAGAAGTCAAAAGCTTTCAGTGGACACAGGCGTTGAGGAGGGAGTTG
CAGAGTTTTACATCAGATGTAAAGGCTGCCGTCATCAAGGACGCAACCAGTCTTCTAAAT
GGGTTGGACTTTTCTGAAGTCAGCAACGTTCAGAGGATCATGAGAAAGGAAAGGAGGGAT
GATAAAGACTTGCAGAGACTCAGGAGTCTTAACCAGACTGTGCATTCTCTTGTTGATCTG
AAGTCTACATCAAAGAAARAATGTTCTGAAAGTGGGAAGACTTAGTGCAGAGGAATTGATG
ACCCTTGCAGCTGATCTTGAGAAGCTGAAGGCCAAAATTATGAGAACTGAGAGGCCTCAA
GCTTCTGGAGTCTACATGGGAAATTTGACAGCACAACAACTTCGATCAAAGATCCCAAATA
CTGCAAATGGTTGGGATGAGAAGACCTCAGCAGGGTGCAAGTCCTCGTAGTAAGGGTTTGG
GATGTGAAGGACTCATCACTTCTGAACAATCAGTTCGGCACAATGCCAAGCCTGACAATG
GCTTGCATGGCAAAACAGTCACAGACCCCACTCAATGATGTTGTGCAGGCACTCACAGAC
CTTGGCTTACTTTACACAGTCAAATACCCGAATCTCAGTGATCTTGAAAGGCTAAAGGAT
AAACACCCAGTTCTGGGGGTCATTACTGAACAGCAATCTAGTATCAATATCTCTGGTTAT
AATTTCAGTCTTGGTGCAGCTGTGAAAGCGGGGGCAGCTCTGCTAGATGGAGGGAACATG
CTGGAATCTATCTTGATCAAACCGAGCAACAGTGAGGATCTCCTAAAAGCAGTCCTCGGG
GCCAAGAAGAAACTCAACATGTTTGTCTCAGATCAAGTTGGAGATAGAAATCCCTATGAA
AACATCCTTTATAAAGTCTGTCTTTCAGGTGAAGGATGGCCATACATAGCCTGTAGAACG
TCAGTTGTGGGGAGAGCATGGGAGAACACAACAATTGATCTCACAAATGAAAAACTTGTT
GCCAACTCATCTAGGCCAGTGCCTGGAGCAGCAGGCCCACCTCAGGTGGGCTTGAGTTAC
AGTCAGACAATGCTGTTGAAAGACTTGATGGGAGGGATTGATCCCAATGCTCCCACATGG
ATTGACATTGAGGGCAGGTTCAATGATCCAGTGGAGATAGCAATATTCCAACCACAAAAT
GGGCAATTCATACATTTTTACAGGGAACCTACGGACCAGAAGCAATTCAAGCAGGACTCA
AAGTATTCACACGGCATGGATCTTGCTCGATCTCTTCAATGCACAGCCTCGCGCTGACCTCA
TCAGTTATAGGTGCTCTCCCACAAGGCGATGGTTTTGAGCTGTCAAGGTTCTGATGACATC
AGAAAGCTTCTGGACTCACAAAATAGAAGGGACATAAAACTCATTGATGTTGAGATGACC
AAGGAGGCCTCAAGAGAATATGAAGATAAAGTGTGGGACAAATATGGCTGGCTATGCAAA
ATGCACACTGGGGTAGTGAGAGACAAAAAGAAGAAAGAGATCACCCCACACTGTGCACTC
ATGGACTGCATCATTTTTGAGAGTGCTTCCAAGGCAAGACTCCCTGATCTAAAAACCGTT
CACAACATCCTGCCACATGATTTAATCTTCAGAGGACCCAATCTTGTCACACTCTAA
(SEQ ID NO: 43)

CDS: 1640-3316 complement
Codon Start = 1; Codons 1-558
Translation=

>LCMV-P52-1 NP
MSLSKEVKSFQWTQALRRELQSFTSDVKAAVIKDATSLLNGLDEFSEVSNVQRIMRKERRD
DKDLQRLRSLNQTVHSLVDLKSTSKKNVLKVGRLSAEELMTLAADLEKLKAKIMRTERPQ
ASGVYMGNLTAQQOLDQRSQILOMVGMRRPOQGASGVVRVWDVKDSSLILNNQFGTMPSLTM
ACMAKQOSQTPLNDVVQALTDLGLLYTVKYPNLSDLERLKDKHPVLGVITEQQSSINISGY
NFSLGAAVKAGAALLDGGNMLESILIKPSNSEDLLKAVLGAKKKLNMFVSDQVGDRNPYE
NILYKVCLSGEGWPYIACRTSVVGRAWENTTIDLTNEKLVANSSRPVPGAAGPPQVGLSY
SQTMLLKDLMGGIDPNAPTWIDIEGRENDPVEIAIFQPONGQEFTHEYREPTDQKQFKQDS
KYSHGMDLADLENAQPGLTSSVIGALPQGMVLSCQOGSDDIRKLLDSONRRDIKLIDVEMT
KEASREYEDKVWDKYGWLCKMHTGVVRDKKKKEITPHCALMDCIIFESASKARLPDLKTV
HENILPHDLIFRGPNVVTL

(SEQ ID NO: 44)
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Source: 1-7235 Segment = L
Protein: RING finger protein Z
Gene: Zp

Gene: 90-362

>LCMV-P52-1 ZP
ATGGGCCAAGGCAAGTCCAAAGAAGAAAGGGACACCAGCAATACAGGCAGAGCAGAGCTT
TTGCCAGACACCACCTATCTTGGTCCTCTAAATTGTAAATCATGTTGGCAGAAATTTGAC
AGCTTGGTTAGATGCCATGACCACTATCTTTGCAGACACTGTCTGAATCTCCTGCTGTCA
GTTTCCGACAGATGTCCTCTCTGTAAGTATCCACTGCCAACCAAACTGAAGGTGTCAACA
GTCCCAAGCTCCCCACCTCCCTATGAGGAGTGA

(SEQ ID NO: 45)

CDS: 90-362
Codon Start = 1; Codons 1-91
Translation=

>LCMV-P52-1 7P
MGQGKSKEERDTSNTGRAELLPDTTYLGPLNCKSCWQKFDSLVRCHDHYLCRHCLNLLLS
VSDRCPLCKYPLPTKLKVSTVPSSPPPYEE

(SEQ ID NO: 46)
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Source: 1-7235 Segment = L

Protein: RNA-directed RNA polymerase L
Gene: LP

Gene: 574-7203 complement

>LCMV-P52-1 LP

ATGGATGAAACTATTGCAGATTTGAGAGAGT TGTGTCTAAATTACATAGAACAGGACGAG
AGGCTGTCAAGGCAAARACTCAACTTCCTGGGACAAAGAGAACCCAGAATGGTGCTAATT
GAGGGACTCAAATTGTTATCACGCTGTATAGAGATAGACAGTGCAGACAAAAGTGGTTGC
ATACACAACCACGATGACAAATCTGTTGAAACAATCCTAATAGACTCTGGGATTGTGTGT
CCAGGACTGCCACTCATCATCCCTGATGGTTATAAGTTGATTGACAATTCCCTTATTCTT
CTTGAATGTTTTGTTAGAAGCACACCAGCTAGTTTTGAAAAGAAGT TCATTGAGGACACC
AACAAACTAGCATGCATCAAAGAAGATCTTGCTGTTGCAGGCATCACACTGGTTCCAATA
GTGGATGGTCGTTGTGATTATGATAACAGTTTCATGCCAGAATGGGTGAATTTTAAGTTC
AGAGACCTCCTATTTAAACTCCTGGAGTATTCTAGTCAAGATGAGAAAGTTTTTGAGGAG
TCTGAATACTTCAGGCTCTGTGAGTCTCTTAAGACCACTGTTGACAAACGTTCCGGCATG
GACTCAATGAAAATTTTGAAAGACGCAAGATCATTTCATAACGATGAGATTATGAAAATG
TGCCACGATGGTGTCAACCCCAACATGAGTTGCGATGATGTGGTCTTTGGCATAAATTCC
TTTTTTGGCAGGTTTAGGAGGGACCTGTTARATGGGAGACTCAAAAGGAATTTCCAAAAG
GTCAGCCCTGGGGGCTTAATCAAGGAATTCTCTGAACT TTATGAAACCCTTACTGATAAT
GATGACATATTAATGTTGAGCAAAGAGGCAGT TGAATCCTGCCCCTTAATGAGGTTCATT
ACAGCAGAGACCCATGGGCATGAGAGAGGAAGCGATGCTAACACTGAGTATGAAAGGCTA
CTCTCTATGTTGAACAAGGTGAAAAGTTTAAAATTATTAAACACTAGAAGGAGACAGCTG
CTGAACTTAGATGTCTTATGTCTTTCTTCACTTATTAAGCAGTCAATTTCCAAAGGGTTG
GAAAATGATAAACATTGGGTTGGTTGTTGCTACAGTAGTGTGAATGATAGGC TTGTGAGC
CTTCAAAGTACCAAAGAAGAATTCATGAGACTTTTGAAGAACAGAAGAAAATCAAGAGTG
CACAAAAAGGCATCTCTTGATGAGCTTTTTAGGGTATCCATAAATGAGT TCATAGCAAAA
ATCCAGAAATGCCTATCAACAGTGGGACTTAGTTTTGAGCATTACGGACTATCAGAATGC
CTCGTGCAAGAATGCCATATACCATTTGCTGAATTTGAGAACTTTATGAGAGCCGGGACT
CATCCTGTAATGCATTACACAAAATTTGAAGATTACACTTTCCAGCCTAACATAGAGCAA
TTGAGGGGTTTACAGAGT TTGAGAAAACTGTCATCTGTTTGTTTGGCTCTAACAAACAGC
ATGAAAACAAGCTCAGTTGCAAGGT TGAGACAGAACCAACTGGGGTCTGTGAGATATCAA
GTGGTGGAGTGCAAAGAGGTGTTTTGCCAGATAATAAAACTGGATTCCGAAGAGTATCAT
CTACTATATCAGAAAACTGGAGAATCATCGAGGTGT TATTCCATACAAGGTCCGGATGGT
CACTTGATTTCCTTTTACGCAGATCCAAAAAGGTTCTTTTTACCAATTTTTTCAGATGAG
GTGTTGCACAACATGATAGACACAATGATTTCATGGATTAGGTCATGCCCTGACTTAAAA
GATTCTCTTATTGACATTGAGACTGCACTAAGGACATTGATCCTACTGATGCTCACCAAC
CCAACAAAGAGAAATCAAAAGCAGGTTCAAAATATTAGGTATTTAGTGATGGCCATCGTC
TCAGACTTTTCATCGACCTCATTAATGGATAAGT TGAAGGAGGATCTAATCACACCTGCC
GAGAAAGTGGTGTACAGGCTGCTTCGGTTTTTGATTAGGACAATTTTTGGTACTGGTGAA
AAGGTGTTATTGAGTGCAAAATTCAAGTTTATGTTGAATGTGTCATACCTGTGTCATTTG
ATCACAAAGGAGACCCCTGATAGATTGACAGATCAGATAAAATGTTTTGAAAAGTTCTTT
GAGCCCAAGAGTGAGTTTGGTTTCTTTGTCAACCCTAAGGAAACAATCACACCCGAAGAG
GAATGTGTTTTTTATGAACAAATGAAGAAGT TCACCGGTAAAGATATTGATTGTCAGCAT
TCAACCCCTGGTGTTAATTTAGAGATCTTTAGCATGATGGTATCTTCATTCAACAATGGC
ACCTTAATTCTAAAAGGGGAGAAAAGGCTCAACAATCTGGACCCCATGACCAACTCTGGA
TGTGCGACAGCATTAGATCTCGCAAGCAACAAAAGTGTGGTTGTCAATAAACATCTGAAT
GGAGAACGGCTTTTGGAGTATGATTTTAACAAATTGCTTGTTAGTGCTGTGAGCCAAATT
ACAGAGGGCTTCATGAGGAAACAAAAGTATAAGCTGAGACACTCAGATTACGAATATAAG
GTCTCAAAGCTTGTCTCTAGATTAGTCATCGGTTCTAGGAAAACAGAAGTAGACAAATTG
GAAGATGATCCGGTAGATGTGTGTTTCGAGGGGGAGGAGGAGACAAGTTTTTTCAGGAGT
TTAGAAGATAAGGTCAGCTCCACAATAACACGGTATAATAGAGGCACTAGGCTTAATGAA
GGGCAAGGGGAGGGAGAATTCAAGAACACAAAAGGACTACACCACCTTCAGATTATTTTG
TCAGGTAAAAGAGCTTATCTGAGGAAAGTCATTTTATCAGAAATTTCATTTCATCTAGTA
GAGGACTTTGATCCATCCTGTCTCACCAATGACGACATGAGGTTTATTTGTGAGGCTGTT
GAAGGTTCAACAGAACTGTCACCATTGTATTTTACATCAGCTGTCAAAGAACAATGTGGT
CTGGATGAGATGGCAAGAAACCTCTGTAGARAGTTCTTCTCAGAGGGTGATTGGTTCTCA
TGTATGAAGATGATCTTGTTACAGATGAATGCAAATGCGTATTCAGGGAAGTACAGACAC
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ATGCAGAGGCAGAGTTTAAATTTTAAATTTGACTGGGACAAATTGGAAGAAGATGTAAGA
ATTAGTGAAAGGGAAAGCAATTCTGAATCTCTAAGTAAGGCCCTTTCATTGACAAAATGC
ATGAGTGCTGCTCTAAAGAATCTGTGTTTTTACTCAGAAGAATCACCAACATCATACACT
TCAGTTGGCCCTGACTCTGGGAGACTAAAATTTGCATTGTCATACAAAGAGCAGGTTGGG
GGAAATAGAGAGCTTTACATTGGGGATTTGAGGACAAAAATGTTCACAAGATTGGTAGAA
GATTATTTTGAATCCTTTTCTAGTTTCTTTTCAGGATCTTGTTTAAACAATGACAAAGAG
TTTGAAAATGCAATCTTGTCAATGACTATCAATGTGAGAGAAGGGTTGTTAAACTACAGC
ATGGATCACAGCAAATGGGGACCAATGATGTGCCCATTCCTATTCTTAATGCTTCTCCAA
AATCTCAAACTGGGTGATGATCAGTACGTGCGTTCTGGGAAAGATCATGTTAGCACCTTG
TTGACTTGGCATATGCATAAACTTGTTGAAGTCCCTTTCCCTGTTGTGAATGCAATGATG
AAATCATATGTTAAATCAAAACTCAAGCTTCTCAAAGGGTCAGGAACGACTGTTACGGAG
AGAATCTTTAGAGAGTATTTTGAAATGGGGGTGGTGCCATCTCACATATCTAGTCTCATT
GACATGGGACAGGGGATCCTACACAATGCTTCTGATTTTTACGGTTTAATTAGTGAAAGG
TTTATCAATTATTGTATTGGTGTCATTTTTGGAGAGAGGCCAGAAGCCTATACATCAAGT
GATGATCAGATCACTTTATTTGACAAGAGATTGAGTGACTTACGTTCGATAGTGACCCAGAA
GAAGTCCTTGTCTTGCTGGAATTCCACTCTCACTTAAGTGGTTTGTTGAACAAGTTCATC
AGTCCAAAAAGTGTGGTTGGGCGGTTTGCAGCGGAATTCAAATCCAGATTTTATGTGTGG
GGGGAGGAGGTCCCTCTCCTCACGAAATTTGTGTCTGCGGCACTACACAATGTTAAGTGT
AAAGAACCGCATCAACTTTGTGAGACAATAGATACGATTGCTGATCAAGCTATAGCAAAT
GGAGTTCCAGTTTTTTTAGTAAACTGTATCCAGAGGAGGACACTGGATCTCTTGAAATAT
GCTAATTTCCCTTTAGATCCATTCTTGTTAAACACTCACACTGATGTAAAGGATTGGTTA
GATGGTTCTAGAGGTTATAGAATCCAAAGACTCATTGAAGAATTGTGTCCCAGTGAAACA
AAGATCATGAGAAAACTTGTAAGAAGACTACATCACAAACTCAAGAACGGTGAATGTAAC
GAGGAATTTTTTCTAGACCTCTTCAACAGGGAAATGAAAGAGGCCATCCTTCAATTGGGA
GAGATTCTTGGTCTTGAGGATGATCTCAATGAGTTGGCAAGCATCAATTGGTTGAATCTG
AATGAAATGTTCCCATTGAGGATGGTTCTGAGACAAAAAGTCGCGTTTACCCATCAGTAATG
ACCTTTCAAGAGGAAAAGATCCCCTCATTGATTAAAACACTCCAAAATAAGCTTTGTAGT
AAGTTCACAAGAGGTGCACAGAAGCTGTTGTCAGAGGCAATCAACAAATCAGCTTTTCAG
AGTTGTGTCTCATCCGGCTTTATAGGTCTCTGTAAGACTTTAGGAAGTACCTCTGTGAGA
AATAAAAACAGGGAAAATATGTATATCAGAAAGGTGCTTGAAGATCTGACCATGGATGAA
CATGTCACAAGGGTTCACAAACAAGATGGTGTGATGTTGTACATTTGCCGACAAGCAGAGA
CACCCAGAGGCTCACCGTGACCACATCAACCTTTTGAGGCCCCTTCTCTGGGACTACATT
TGCATCTCATTGAGCAACTCTTTTGAGCTGGGTGTTTGGGTTTTAGCAGAACCTGTGAAA
GGAAAGAACGAGAGTAATTCGGCTGTTAGGCACTTAAATCCATCGTCGATTATGTAGCAAGA
AAACCTGAGAGTTCGAGACTACTAGAGGATAAAGTGAGTTTGAATCATGTAATTCAATCT
GTGAGGCGACTGTACCCCAAAATCTTTGAGGATCAGTTGCTCCCATTCATGTCTGATGTG
AGCTCAAAAAATATGAGATGGAGTCCCAGGATTAAATTCCTTGACCTTTGTGTGCTGATT
GACATCAACTCAGAGTCTTTGTCACTCATTTCTCATGTTGTCAAATGGAAGAGGGACGAA
CATTACACTGTGCTGTTTTCTGATCTCGTCAACTCTCACCAACCGCGTCACGACTCAAGTTTA
GTTGATGAATTTGTTGTCAGCACAAGGGATGTCTGCAAGAACTTTTTGAAGCAAGTGTAT
TTCGAATCATTTGTACCGAGAGTTTGTTGCAACAGCTAGCGACCTTAGGTAACTTTTCATGG
TTCCCCCATAAGGACATGATGCCATCTGAAGATGGCGCTGAAGCACTGGGACCCTTCCAA
TCATTTATTTTGAAAGTGGTGAACAAGAAAATAGAGAGGCCCATGTTTAGGAATGACTTG
CAGTTTGGTTTTGGTTGGTTCTCTTATCGTGTGGGGGATGTTCTGTGTAATGCCGCTATG
TTAATTAAGCAGGGTTTGACAGATCCAAAAGCATTTAAATCTTTAAGAGATTTGTGGGAT
TACATGCTCAGCAGCACAGAGGGGATATTGGAGTTCTCAATCACAGTGGATTTCACACAC
AACCAGAACAACACTGACTGCTTGAGGAAATTTTCATTGATCTTTGTGGTTAAATGCCAA
TTACAGAGTCCAGGTGTAGCTGATTACTTATCGTGCTCTCATTTCTTCAAAGGTGAGGTT
GACAGGAGATTATTAGATGAGTGTCTCAATCTGTTGAGGACAGACCCCATCTTTAAAGCG
AATGATGGAGTCTTTGACATTAGGTCTGAACGAGTTTGAAGATTACATGGAAGACCCTTTG
ACACTTGGTGATTCACTAGAACTTGAACTAATAGGTTCTAGAAGGATTCTGAATGAGATC
AAATCTACTGACTTTGAGAGGATAGGGCCTGAGTGGGAACCTGTGCCTCTGACCATAAGG
AAGGGTGCCCTCTTTGAGGGGAGGAACTTTGTTCAGAATATCTCTGTGAAATTGGAGACA
AAGGACATGAGGGTCTTTCTGGCAGAGCTCGAGGGCTGTGGAGAAATTGGTGATGTCCTC
GGCAGCCTCCTCCTGCACCGATTCAGAACTGGTGAGCACTTGATGGAGTCAGAAATAAGT
RCAGTTCTTCAGGAGCTCTGCATGGACAGATCCGTCATGCTGACACCATTATCTTTTGTG
CCAGATTGGTTCACCTTCAGAGATTGTAGGCTCTGCTTCAGCAGGTCAAAGAACACTGTA
ATGTATGAGACAGCTGGGGGCAGGTTCAGACTCAAGGGGAAATCCTGTGACGATTGGCTG
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GCGGAGCGGGTGGCCGAGGAGATCGACTAG
(SEQ ID NO: 47)

CDS: 574-7203 complement
Codon Start = 1; Codons 1-2210
Translation=

>LCMV-P52-1 LP

MDETIADLRELCLNY IEQDERLSROKLNFLGQREPRMVLIEGLKLLSRCIEIDSADKSGC
IHNHDDKSVETILIDSGIVCPGLPLIIPDGYKLIDNSLILLECFVRSTPASFEKKFIEDT
NKLACIKEDLAVAGITLVPIVDGRCDYDNSFMPEWVNFKFRDLLFKLLEYSSQDEKVFEE
SEYFRLCESLKTTVDKRSGMDSMKILKDARSFHNDE IMKMCHDGVNPNMSCDDVVEGINS
FFGRFRRDLLNGRLKRNFQKVSPGGLIKEFSELYETLTDNDDI LMLSKEAVESCPLMRET
TAETHGHERGSDANTEYERLLSMLNKVKSLKLLNTRRRQLLNLDVLCLSSLIKQSISKGL
ENDKHWVGCCYSSVNDRLVSLQSTKEEFMRLLKNRRKSRVHKKASLDELFRVSINEFIAK
IQKCLSTVGLSFEHYGLSECLVQECHI PFAEFENFMRAGTHPVMHY TKFEDYTFQPNIEQ
LRGLQSLRKLSSVCLALTNSMKTSSVARLRONQLGSVRYQVVECKEVFCQI IKLDSEEYH
LLYQKTGESSRCYSIQGPDGHLISFYADPKREFLPIFSDEVLHNMIDTMISWIRSCPDLK
DSLIDIETALRTLILLMLTNPTKRNQKQVONIRYLVMAIVSDFSSTSLMDKLKEDLITPA
EKVVYRLLRFLIRTIFGTGEKVLLSAKFKFMLNVSYLCHLITKETPDRLTDQIKCFEKEF
EPKSEFGFFVNPKETITPEEECVFYEQMKKFTGKDI DCQHSTPGVNLEIFSMMVSSFNNG
TLILKGEKRLNNLDPMTNSGCATALDLASNKSVVVNKHLNGERLLEYDFNKLLVSAVSQT
TEGFMRKQKYKLRHSDYEYKVSKLVSRLVIGSRKTEVDKLEDDPVDVCFEGEEETSFFRS
LEDKVSSTITRYNRGTRLNEGQGEGEFKNTKGLHHLQIILSGKRAYLRKVILSEISFHLV
EDFDPSCLTNDDMRFICEAVEGSTELSPLYFTSAVKEQCGLDEMARNLCRKFFSEGDWES
CMKMILLQMNANAYSGKYRHMQRQSLNFKFDWDKLEEDVRISERESNSESLSKALSLTKC
MSAALKNLCFYSEESPTSYTSVGPDSGRLKFALSYKEQVGGNRELY IGDLRTKMETRLVE
DYFESFSSFFSGSCLNNDKEFENAILSMT INVREGLLNY SMDHSKWGPMMCPFLFLMLLQ
NLKLGDDQYVRSGKDHVSTLLTWHMHKLVEVPFPVVNAMMKSYVKSKLKLLKGSGTTVTE
RIFREYFEMGVVPSHISSLIDMGQGILHNASDFYGLISERFINYCIGVIFGERPEAYTSS
DDQITLFDKRLSDLVDSDPEEVLVLLEFHSHLSGLLNKFISPKSVVGRFAAEFKSREYVW
GEEVPLLTKFVSAALHNVKCKEPHQLCETIDTIADQAIANGVPVFLVNCIQRRTLDLLKY
ANFPLDPFLLNTHTDVKDWLDGSRGYRIQRLIEELCPSETKIMRKLVRRLHHKLKNGECN
EEFFLDLFNREMKEAILQLGEILGLEDDLNELAS INWLNLNEMFPLRMVLRQKVVYPSVM
TFQEEKIPSLIKTLONKLCSKEFTRGAQKLLSEAINKSAFQSCVSSGFIGLCKTLGSRCVR
NXNRENMY IRKVLEDLTMDEHVTRVHKQDGVMLY ICDKQRHPEAHRDHINLLRPLLWDY I
CISLSNSFELGVWVLAEPVKGKNESNSAVRHLNPCDYVARKPESSRLLEDKVSLNHVIQS
VRRLYPKIFEDQLLPFMSDVSSKNMRWSPRIKFLDLCVLIDINSESLSLISHVVKWKRDE
HYTVLFSDLVNSHQRSDSSLVDEFVVSTRDVCKNFLKQVYFESFVREFVATARTLGNFSW
FPHKDMMPSEDGAEALGPFQSFILKVVNKKIERPMFRNDLOFGFGWFSYRVGDVVCNAAM
LIKQGLTDPKAFKSLRDLWDYMLSSTEGILEFSITVDFTHNONNTDCLRKFSLIFVVKCQ
LQSPGVADYLSCSHFFKGEVDRRLLDECLNLLRTDPIFKANDGVFDIRSEEFEDYMEDPL
TLGDSLELELIGSRRILNEIKSTDFERIGPEWEPVPLTIRKGALFEGRNEVONISVKLET
KDMRVFLAELEGCGEIGDVLGSLLLHRFRTGEHLMESEISTVLQELCMDRSVMLTPLSFV
PDWFTFRDCRLCFSRSKNTVMYETAGGRFRLKGKSCDDWLAERVAEEID

(SEQ ID NO: 48)
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F. Lymphocytic choriomeningitis virus (LCMV) p52-1.3

Source: 1-3376 Segment = S

Protein: Pre-glycoprotein polyprotein GP complex
Gene: GPC

Gene: 79-1575

>LCMV-p52-1.3 GP

ATGGGTCAGATTGTGACAATGT TTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAAC
ATTGTCATTATTGTGCTCATTATAATCACGAGCATCAAAGCTGTGTACAATTTCGCCACC
TGTGGGATATTAGCACTGGTCAGCTTCCTTTTTTTGGCTGGTAGGTCCTGTGGCATGTAC
GGCCTTAATGGTCCCGACATCTATAAAGGGGTTTACCAGT TCARATCAGTGCAGT TTGAT
ATGTCTCACTTAAATCTGACCATGCCCAATGCGTGCTCAGCCAACAACTCTCATCACTAC
ATCAGTATGGGAAGCTCTCGACTGGAGCTAACT TTCACTAACCACTCCATCCTTAATCAC
AATTTTTGCAACTTAACCTCCGCTTTCAACAAAAAGACTTTTGACCATACACTCATGAGT
ATAGTCTCGAGTCTGCACCTCAGTATTAGAGGGAATTCCAACCACAAAGCAGTGTCTTGT
GATTTTAACAATGGCATCACCATTCAATACAACTTGTCATTTTCGGACCCACAGAGCGCT
ATAAGCCAGTGTIGGACTTTCAGAGGTAGAGTCTTGGACATGTTTAGAACTGCCTTTGGA
GGAAAATACATGAGAAGTGGCTGGGGCTGGGCAGGTTCAGATCGCAAGACCACT TGGTGC
AGCCAAACAAGCTATCAGTACCTAATCATACAAAACAGGACTTGGCAARACCACTGTAGA
TATGCAGGCCCTTTTGGGATGTCTAGAATCCTCTTTGCTCAGGAAAAGACAAAGTTTCTC
ACTAGGAGACTTGCAGGCACATTCACCTGGACCCTGTCAGACTCCTCAGGAGTAGAAAAT
CCAGGTGGTTATTGCCTCACCAAATGGATGATCCTTGCTGCACACCTCAAATCTTTTCCG
AACACAGCTGTTGCAAAATGTAATGTCAATCATCATGAAGACTTCTCTCACATCCTACGA
CTAATTGATTACAACAAGGCCGCCCTCAGTAAGTTCAAGCAACATGTACACTCTCCCTTG
CATGTATTCAAAACAACAGTAAATTCTCTGATTTCCGATCAGCTGTTGATGAGGAATCAT
CTAAGAGATCTAATGGGGGTACCATACTGTAATTACTCAAAGTTCTGGTATCTGGAACAT
GCTAAGACTGGTGAGACTAGTGTACCCAACTGCTGCCTTGTCACTAATCCCTCCTACTTC
AATGAGACCCACTTTAGTGATCAAATCGAACAAGAAGCAGATAACATCATCACAGACATG
TTGAGCAAGGACTACATAAAAAGACAAGGCAGTACTCCTTTACCCTTAATCCATCTTTTG
ATGTTTTCAACATCAGCATATCTAATCAGCATCTTTCTGCATCTTGTGAAGATACCAACA
CATAGACACATAAAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGGGGATC

(SEQ ID NO: 49)

CDS: 79-1575
Codon Start = 1; Codons 1-498
Chain: 1-498 Pre-glycoprotein polyprotein GP complex
Chain: 1-58 Stable signal peptide
Chain: 59-265 Glycoprotein GI
Chain: 266-498 Glycoprotein G2
Translation=

>LCMV-p52-1.3 GP
MGQTVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMY
GLNGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHY T SMGSSGLELTFTNDSTLNH
NFCNLTSAFNKKTFDHTLMSTVSSLHLS TRGNSNHKAVSCDFNNGITIQYNLSFSDPQOSA
ISQCWTFRGRVLDMFRTAFGCKYMRSGWCWAGSDGKTTWCSQTSYQYL I IQNRTWENHCR
YAGPFGMSRILFAQEKTKFLTRRLAGTFTWTLSDSSGVENPGGYCLTKWMI LAAELKCFG
NTAVAKCNVNHDEEFCDMLRL I DYNKAALSKFKQDVESALHVFKTTVNSL I SDQLLMRNH
LRDLMGVPYCNYSKFWYLEHAKTGETSVPKCWLVTNGSYLNETHFSDOTEQEADNMI TEM
LRKDYTIKRQGSTPLALMDLLMFSTSAYLISTFLHLVKI PTHRHTKGGSCPKPHRLTNKGT
CSCGAFKVPGVKTIWKRR

(SEQ ID NO: 50)
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Source: 1-3376 Segment = S
Protein: Nucleoprotein

Gene: NP

Gene: 1640-3316 complement

>LCMV-p52-1.3 NP
ATGTCTTTGTCCAAAGAAGTCAAAAGCTTTCAGTGGACACAGGCGTTGAGGAGGGAGTTG
CAGAGTTTTACATCAGATGTAAAGGCTGCCGTCATCAAGGACGCAACCAGTCTTCTAAAT
GGGTTGGACTTTTCTGAAGTCAGCAACGT TCAGAGGATCATGAGAAAGGAAAGGAGGGAT
GATAAAGACTTGCAGAGACTCAGGAGTCTTAACCAGACTGTGCATTCTCTTGTTGATCTG
AAGTCTACATCAAAGAAAAATGTTCTGAAAGTGGGAAGACTTAGTGCAGAGGAATTGATG
ACCCTTGCAGCTGATCTCGAGAAGCTGAAGGCCAAAATTATGAGAACTGAGAGGCCTCAA
GCTTCTGGAGTCTACATGGGAAATTTGACAGCACAACAACTTGATCAAAGATCCCAAATA
CTGCAAATGGTTGGGATGAGAAGACCTCAGCAGGGTGCAAGTCCTCTAGTAAGCCTTTGG
GATGTGAAGGACTCATCACTTCTGAACAATCAGT TCGGCACAATGCCAAGCCTGACAATG
GCTTGCATGGCAAAACAGTCACAGACCCCACTCAATGATGTTGTGCAGGCACTCACAGAC
CTTGGCTTACTTTACACAGTCAAATACCCGAATCTCAGTGATCTTGAAAGGCTAAAGGAT
AAACACCCAGTTCTGGGGGTCATTACTGAACAGCAATCTAGTATCAATATCTCTGGTTAT
AATTTCAGTCTTGGTGCAGCTGTGAAAGCGGGGGCAGC TCTGCTAGATCCAGGCAACATG
CTGGAATCTATCTTGATCAAACCGAGCAACAGTGAGGATCTCCTAAAAGCAGTCCTCGGG
GCCAAGAAGAAACTCAACATGTTTGTCTCAGATCAAGTTGGAGATAGAAATCCCTATGAA
AACATCCTTTATAAAGTCTGTCTTTCAGGTGAAGGATGGCCATACATAGCCTGTAGAACG
TCAGTTGTGGGGAGAGCATGGGAGAACACAACAAT TGATCTCACAAATCAAAAACTTCTT
GCCAACTCATCTAGGCCAGTGCCTGGAGCAGCAGGCCCACCTCAGCTCCGCT TGAGTTAC
AGTCAGACAATGCTGTTGAAAGACT TGATGGGAGGGATTGATCCCAATCCTCCCACATCG
ATTGACATTGAGGGCAGGTTCAATGATCCAGTGGAGATAGCAATATTCCAACCACAAAAT
GGGCAATTCATACATTTTTACAGGGAACCTACGGACCAGAAGCAATTCAAGCAGGACTCA
AAGTATTCACACGGCATGCATCTTGCTGATCTCTTCAATGCACAGCCTGCCCTCACCTCA
TCAGTTATAGGTGCTCTCCCACAAGGGATGGT TTTGAGCTGTCAACCTTCTCATCACATC
AGAAAGCTTCTGGACTCACAAAATAGAAGGGACATAAAACTCATTGATGTTCACATCACC
AAGGAGGCCTCAAGAGAATATGAAGATAAAGTGTGGGACAAATATGGCTGGCTATGCAAA
ATGCACACTGGGGTAGTGAGAGACAAAAAGAAGAAAGAGATCACCCCACACTGTGCACTC
ATGGACTGCATCATTTTTGAGAGTGCT TCCAAGGCAAGACTCCCTGATCTAAAAACCCTT
CACAACATCCTGCCACATGATTTAATCTTCAGAGGACCCAATGTTCTGACACTCTAA
(SEQ ID NO: 51)

CDS: 1640-3316 complement
Codon Start = 1; Codons 1-558
Translation=

>LCMV-p52-1.3 NP
MSLSKEVKSFQWTQALRRELQSFTSDVKAAVIKDATSLLNGLDFSEVSNVQRIMRKERRD
DXDLQRLRSLNQTVHSLVDLKSTSKKNVLKVGRLSAEELMTLAADLEKLKAKIMRTERPQ
ASGVYMGNLTAQQLDQORSQILOMVGMRRPQQGASGVVRVWDVKDSSLLNNQFGTMPSLTM
ACMAKQSQTPLNDVVQALTDLGLLYTVKYPNLSDLERLKDKHPVLGVITEQQSSINISGY
NFSLGAAVKAGAALLDGGNMLESILIKPSNSEDLLKAVLGAKKKLNMFVSDQVGDRNPYE
NILYXVCLSGEGWPYIACRTSVVGRAWENTTIDLTNEKLVANSSRPVPGAAGPPQVGLSY
SQTMLLKDLMGGIDPNAPTWIDIEGRFNDPVEIAIFQPONGQFIHFYREPTDQKQFKQDS
KYSHGMDLADLENAQPGLTSSVIGALPQGMVLSCQGSDDIRKLLDSONRRDIKL I DVEMT
KEASREYEDKVWDKYGWLCKMHT GVVRDKKKKE I TPHCALMDCI IFESASKARLEDLKTV
ENILPHDLIFRGPNVVTL

(SEQ ID NO: 52)
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Source: 1-7235 Segment = L
Protein: RING finger protein Z
Gene: Zp

Gene: 90-362

>LCMV-p52-1.3 %P
ATGGGCCAAGGCAAGTCCAAAGAAGAAAGGGACACCAGCAATACAGGCAGAGCAGAGCTT
TTGCCAGACACCACCTATCTTGGTCCTCTARAATTGTARATCATGT TGGCAGAAATTTGAC
AGCTTGGTTAGATGCCATGACCACTATCTTTGCAGACACTGTCTGAATCTCCTGCTGTCA
GITTCCGACAGATGTCCTCTCTGTAAGTATCCACTGCCAACCARACTGAAGGTGTCAACA
GTCCCAAGCTCCCCACCTCCCTATGAGGAGTGA

(SEQ ID NO: 53)

CDS: 90-362
Codon Start = 1; Codons 1-91
Translation=

>LCMV-p52-1.3 ZP
MGQGKSKEERDTSNTGRAELLPDTTYLGPLNCKSCWQKFDSLVRCHDHYLCRHCLNLLLS
VSDRCPLCKYPLPTKLKVSTVPSSPPPYEE

(SEQ ID NO: 54)
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Source: 1-7235 Segment = L

Protein: RNA-directed RNA polymerase L
Gene: LP

Gene: 574-7203 complement

>LCMV-p52-1.3 LP

ATGGATGAAACTATTGCAGATTTGAGAGAGT TGTGTCTAAATTACATAGAACAGGACGAG
AGGCTGTCAAGGCAAARACTCAACTTCCTGGGACAAAGAGAACCCAGAATGGTGCTAATT
GAGGGACTCAAATTGTTATCACGCTGTATAGAGATAGACAGTGCAGACAAAAGTGGTTGC
ATACACAACCACGATGACAAATCTGTTGAAACAATCCTAATAGACTCTGGGATTGTGTGT
CCAGGACTGCCACTCATCATCCCTGATGGTTATAAGTTGATTGACAATTCCCTTATTCTT
CTTGAATGTTTTGTTAGAAGCACACCAGCTAGTTTTGAAAAGAAGT TCATTGAGGACACC
AACAAACTAGCATGCATCAAAGAAGATCTTGCTGTTGCAGGCATCACACTGGTTCCAATA
GTGGATGGTCGTTGTGATTATGATAACAGTTTCATGCCAGAATGGGTGAATTTTAAGTTC
AGAGACCTCCTATTTAAACTCCTGGAGTATTCTAGTCAAGATGAGAAAGTTTTTGAGCAG
TCTGAATACTTCAGGCTCTGTGAGTCTCTTAAGACCACTGTTGACAAACGTTCCGGCATG
GACTCAATGAAAATTTTGAAAGACGCAAGATCATTTCATAACGATGAGATTATGAAAATG
TGCCACGATGGTGTCAACCCCAACATGAGTTGCGATGATGTGGTCTTTGGCATAAATTCC
TTTTTTGGCAGGTTTAGGAGGGACCTGTTARATGGGAAACTCAAAAGGAATTTCCAARAG
GTCAGCCCTGGGGGCTTAATCAAGGAATTCTCTGAACT TTATGAAACCCTTACTGATAAT
GATGACATATTAATGTTGAGCAAAGAGGCAGTTGAATCCTGCCCCTTAATGAGGTTCATT
ACAGCAGAGACCCATGGGCATGAGAGAGGAAGCGATGCTAACACTGAGTATGAAAGGCTA
CTCTCTATGTTAAACAAGGTGAAAAGTTTAAAATTATTAAACACTAGAAGGAGACAGCTG
CTGAACTTAGATGTCTTATGTCTTTCTTCACTTATTAAGCAGTCAATTTCCAAAGGGTTG
GAAAATGATAAACATTGGGTTGGTTGTTGCTACAGTAGTGTGAATGATAGGC TTGTGAGC
CTTCAAAGTACCAAAGAAGAATTCATGAGACTTTTGAAGAACAGAAGAAAATCAAGAGTG
CACAAAAAGGCATCTCTTGATGAGCTTTTTAGGGTATCCATAAATGAGT TCATAGCAAAA
ATCCAGAAATGCCTATCAACAGTGGGACTTAGTTTTGAGCATTACGGACTATCAGAATGC
CTCGTGCAAGAATGCCATATACCATTTGCTGAATTTGAGAACTTTATGAGAGCCGGGACT
CATCCTGTAATGCATTACACAAAATTTGAAGATTACACTTTCCAGCCTAACATAGAGCAA
TTGAGGGGTTTACAGAGT TTGAGAAAACTGTCATCTGTTTGTTTGGCTCTAACAAACAGC
ATGAAAACAAGCTCAGTTGCAAGGT TGAGACAGAACCAACTGGGGTCTGTGAGATATCAA
GTGGTGGAGTGCAAAGAGGTGTTTTGCCAGATAATAAAACTGGATTCCGAAGAGTATCAT
CTACTATATCAGAAAACTGGAGAATCATCGAGGTGT TATTCCATACAAGGTCCGGATGGT
CACTTGATTTCCTTTTACGCAGATCCAAAAAGGTTCTTTTTACCAATTTTTTCAGATGAG
GTGTTGCACAACATGATAGACACAATGATTTCATGGATTAGGTCATGCCCTGACTTAAAA
GATTCTCTTATTGACATTGAGACTGCACTAAGGACATTGATCCTACTGATGCTCACCAAC
CCAACAAAGAGAAATCAAAAGCAGGTTCAAAATATTAGGTATTTAGTGATGGCCATCGTC
TCAGACTTTTCATCGACCTCATTAATGGATAAGT TGAAGGAGGATCTAATCACACCTGCC
GAGAAAGTGGTGTACAGGCTGCTTCGGTTTTTGATTAGGACAATTTTTGGTACTGGTGAA
AAGGTGTTATTGAGTGCAAAATTCAAGTTTATGTTGAATGTGTCATACCTGTGTCATTTG
ATCACAAAGGAGACCCCTGATAGATTGACAGATCAGATAAAATGTTTTGAAAAGTTCTTT
GAGCCCAAGAGTGAGTTTGGTTTCTTTGTCAACCCTAAGGAAACAATCACACCCGAAGAG
GAATGTGTTTTTTATGAACAAATGAAGAAGTTCACCGGTAAAGATATTGATTGTCAGCAT
TCAACCCCTGGTGTTAATTTAGAGATCTTTAGCATGATGGTATCTTCATTCAACAATGGC
ACCTTAATTCTAAAAGGGGAGAAAAGGCTCAACAATCTGGACCCCATGACCAACTCTGGA
TGTGCGACAGCATTAGATCTCGCAAGCAACAAAAGTGTGGTTGTCAATAAACATCTGAAT
GGAGAACGGCTTTTGGAGTATGATTTTAACAAATTGCTTGTTAGTGCTGTGAGCCAAATT
ACAGAGGGCTTCATGAGGAAACAAAAGTATAAGCTGAGACACTCAGATTACGAATATAAG
GICTCAAAGCTTGTCTCTAGATTAGTCATCGGTTCCAGGAAAACAGAAGTAGACAAATTA
GAAGATGATCCGGTAGATGTGTGTTTCGAGGGGGAGGAGGAGACAAGTTTTTTCAGGAGT
TTAGAAGATAAGGTCAGCTCCACAATAACACGGTATAATAGAGGCACTAGGCTTAATGAA
GGGCAAGGGGAGGGAGAATTCAAGAACACAAAAGGACTACACCACCTTCAGATTATTTTG
TCAGGTAAAAGAGCTTATCTGAGGAAAGTCATTTTATCAGAAATTTCATTTCATCTAGTA
GAGGACTTTGATCCATCCTGTCTCACCAATGACGACATGAGGTTTATTTGTGAGGCTGTT
GAAGGTTCAACAGAACTGTCACCATTGTATTTTACATCAGCTGTCAAAGAACAATGTGGT
CTGGATGAGATGGCAAGAAACCTCTGTAGARAGTTCTTCTCAGAGGGTGATTGGTTCTCA
TGTATGAAGATGATCTTGTTACAGATGAATGCAAATGCGTATTCAGGGAAGTACAGACAC
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ATGCAGAGGCAGAGCTTAAATTTTAAATTTGACTGGGACAAATTGGAAGAAGATGTAAGA
ATTAGTGAAAGGGAAAGCAATTCTGAATCTCTAAGTAAGGCCCTTTCATTGACAAAATGC
ATGAGTGCTGCTCTAAAGAATCTGTGTTTTTACTCAGAAGAATCACCAACATCATACACT
TCAGTTGGCCCTGACTCTGGGAGACTAAAATTTGCATTGTCATACAAAGAGCAGGTTGGG
GGAAATAGAGAGCTTTACATTGGGGATTTGAGGACAAAAATGTTCACAAGATTGGTAGAA
GATTACTTTGAATCCTTTTCTAGTTTCTTTTCAGGATCTTGTTTAAACAATGACAAAGAG
TTTGAAAATGCAATCTTGTCAATGACTATCAATGTGAGAGAAGGGTTGTTAAACTACAGC
ATGGATCACAGCAAATGGGGACCAATGATGTGCCCATTCCTATTCTTAATGCTTCTCCAA
AATCTCAAACTGGGTGATGATCAGTACGTGCGTTCTGGAAAAGATCATGTTAGCACCTTG
TTGACTTGGCATATGCATAAACTTGTTGAAGTCCCTTTCCCTGTTGTGAATGCAATGATG
AAATCATATGTTAAATCAAAACTCAAGCTTCTCAAAGGGTCAGGAACGACTGTTACGGAG
AGAATCTTTAGAGAGTATTTTGAAATGGGGGTGGTGCCATCTCACATATCTAGTCTCATT
GACATGGGACAGGGGATCCTACACAATGCTTCTGATTTTTACGGTTTAATTAGTGAAAGG
TTTATCAATTATTGTATTGGTGTCATTTTTGGAGAGAGGCCAGAAGCCTATACATCAAGT
GATGATCAGATCACTTTATTTGACAAGAGATTGAGTGACTTACGTTCGATAGTGACCCAGAA
GAAGTCCTTGTCTTGCTGGAATTCCACTCTCACTTAAGTGGTTTGTTGAACAAGTTCATC
AGTCCAAAAAGTGTGGTTGGGCGGTTTGCAGCGGAATTCAAATCCAGATTTTATGTGTGG
GGGGAGGAGGTCCCTCTCCTCACGAAATTTGTGTCTGCGGCACTACACAATGTTAAGTGT
AAAGAACCGCATCAACTTTGTGAGACAATAGATACGATTGCTGATCAAGCTATAGCAAAT
GGAGTTCCAGTTTTTTTAGTAAACTGTATCCAGAGGAGGACACTGGATCTCTTGAAATAT
GCTAATTTCCCTTTAGATCCATTCTTGTTAAACACTCACACTGATGTAAAGGATTGGTTA
GATGGTTCTAGAGGTTATAGAATCCAAAGACTCATTGAAGAATTGTGTCCCAGTGAAACA
AAGATCATGAGAAAACTTGTAAGAAGACTACATCACAAACTCAAGAACGGTGAATGTAAC
GAGGAATTTTTTCTAGACCTCTTCAACAGGGAAAAGAAAGAGCCCATCCTTCAATTGGGA
GAGATTCTTGGTCTTGAGGATGATCTTAATGAGTTGGCAAGCATCAATTGGTTGAATCTG
AATGAAATGTTCCCATTGAGGATGGTTCTGAGACAAAAAGTCGCGTTTACCCATCAGTAATG
ACCTTTCAAGAGGAAAAGATCCCCTCATTGATTAAAACACTCCAAAATAAGCTTTGTAGT
AAGTTCACAAGAGGTGCACAGAAGCTGTTGTCAGAGGCAATCAACAAATCAGCTTTTCAG
AGTTGTGTCTCATCCGGCTTTATAGGTCTCTGTAAGACTTTAGGAAGTACCTCTGTGAGA
AATAAAAACAGGGAAAATATGTATATCAGAAAGGTGCTTGAAGATCTGACCATGGATGAA
CATGTCACAAGGGTTCACAAACAAGATGGTGTGATGTTGTACATTTGCCGACAAGCAGAGA
CACCCAGAGGCTCACCGTGACCACATCAACCTTTTGAGGCCCCTTCTCTGGGACTACATT
TGCATCTCATTGAGCAACTCTTTTGAGCTGGGTGTTTGGGTTTTAGCAGAACCTGTGAAA
GGAAAGAACGAGAGTAATTCGGCTGTTAGGCACTTAAATCCATGTGATTATGTAGCAAGA
AAACCTGAGAGTTCGAGACTACTAGAGGATAAAGTGAGTTTGAATCATGTAATTCAATCT
GTGAGGCGACTGTACCCCAAAATCTTTGAGGATCAGTTGCTCCCATTCATGTCTGATGTG
AGCTCAAAAAATATGAGATGGAGTCCCAGGATTAAATTCCTTGACCTTTGTGTGCTGATT
GACATCAACTCAGAGTCTTTGTCACTCATTTCTCATGTTGTCAAATGGAAGAGGGACGAA
CATTACACTGTGCTGTTTTCTGATCTCGTCAACTCTCACCAACCGCGTCACGACTCAAGTTTA
GTTGATGAATTTGTTGTCAGCACAAGGGATGTCTGCAAGAACTTTTTGAAGCAAGTGTAT
TTCGAATCATTTGTACCGAGAGTTTGTTGCAACAGCTAGCGACCTTAGGTAACTTTTCATGG
TTCCCCCATAAGGACATGATGCCATCTGAAGATGGCGCTGAAGCACTGGGACCCTTCCAA
TCATTTATTTTGAAAGTGGTGAACAAGAAAATAGAGAGGCCCATGTTTAGGAATGACTTG
CAGTTTGGTTTTGGTTGGTTCTCTTATCGTGTGGGGGATGTTCTGTGTAATGCCGCTATG
TTAATTAAGCAGGGTTTGACAGATCCAAAAGCATTTAAATCTTTAAGAGATTTGTGGCGAT
TACATGCTCAGCAGCACAGAGGGGATATTGGAGTTCTCAATCACAGTGGATTTCACACAC
AACCAGAACAACACTGACTGCTTGAGGAAATTTTCATTGATCTTTGTGGTTAAATGCCAA
TTACAGAGTCCAGGTGTAGCTGATTACTTATCGTGCTCTCATTCCTTCAAAGGTGAGGTT
GACAGGAGATTATTAGATGAGTGTCTCAATCTGTTGAGGACAGACCCCATCTTTAAAGCG
AATGATGGAGTCTTTGACATTAGGTCTGAACGAGTTTGAAGATTACATGGAAGACCCTTTG
ACACTTGGTGATTCACTAGAACTTGAACTAATAGGTTCTAGAAGGATTCTGAATGAGATC
AAATCTACTGACTTTGAGAGGATAGGGCCTGAGTGGGAACCTGTGCCTCTGACCATAAGG
AAGGGTGCCCTCTTTGAGGGGAGGAACTTTGTTCAGAATATCTCTGTGAAATTGGAGACA
AAGGACATGAGGGTCTTTCTGGCAGAGCTCGAGGGCTGTGGAAAAATTGGTGATGTCCTC
GGCAGCCTCCTCCTGCACCGATTCAGAACTGGTGAGCACTTGATGGAGTCAGAAATAAGT
ACAGTTCTTCAGGAGCTCTGCATGGACAGATCCGTCATGCTCGACACCATTATCTTTTGTG
CCAGATTGGTTCACCTTCAGAGATTGTAGGCTCTGCTTCAGCAGGTCAAAGAACACTGTA
ATGTATGAGACAACTGGGGGCAGGTTCAGACTCAAGGGGAAATCCTGTGACGATTGGCTG

SUBSTITUTE SHEET (RULE 26)



CA 03111305 2021-03-01

WO 2020/053324 PCT/EP2019/074307
46/ 85

Figure 25 (cont’d)

GCGGAGCGGGTGGCCGAGGAGATCGACTAG
(SEQ ID NO: 55)

CDS: 574-7203 complement
Codon Start = 1; Codons 1-2210
Translation=

>LCMV-p52-1.3 LP

MDETIADLRELCLNY IEQDERLSROKLNFLGQREPRMVLIEGLKLLSRCIEIDSADKSGC
IHNHDDKSVETILIDSGIVCPGLPLIIPDGYKLIDNSLILLECFVRSTPASFEKKFIEDT
NKLACIKEDLAVAGITLVPIVDGRCDYDNSFMPEWVNFKFRDLLFKLLEYSSQDEKVFEE
SEYFRLCESLKTTVDKRSGMDSMKILKDARSFHNDE IMKMCHDGVNPNMSCDDVVEGINS
FFGRFRRDLLNGKLKRNFQKVSPGGLIKEFSELYETLTDNDDI LMLSKEAVESCPLMRET
TAETHGHERGSDANTEYERLLSMLNKVKSLKLLNTRRRQLLNLDVLCLSSLIKQSISKGL
ENDKHWVGCCYSSVNDRLVSLQSTKEEFMRLLKNRRKSRVHKKASLDELFRVSINEFIAK
IQKCLSTVGLSFEHYGLSECLVQECHI PFAEFENFMRAGTHPVMHY TKFEDYTFQPNIEQ
LRGLQSLRKLSSVCLALTNSMKTSSVARLRONQLGSVRYQVVECKEVFCQI IKLDSEEYH
LLYQKTGESSRCYSIQGPDGHLISFYADPKREFLPIFSDEVLHNMIDTMISWIRSCPDLK
DSLIDIETALRTLILLMLTNPTKRNQKQVONIRYLVMAIVSDFSSTSLMDKLKEDLITPA
EKVVYRLLRFLIRTIFGTGEKVLLSAKFKFMLNVSYLCHLITKETPDRLTDQIKCFEKEF
EPKSEFGFFVNPKETITPEEECVFYEQMKKFTGKDI DCQHSTPGVNLEIFSMMVSSFNNG
TLILKGEKRLNNLDPMTNSGCATALDLASNKSVVVNKHLNGERLLEYDFNKLLVSAVSQT
TEGFMRKQKYKLRHSDYEYKVSKLVSRLVIGSRKTEVDKLEDDPVDVCFEGEEETSFFRS
LEDKVSSTITRYNRGTRLNEGQGEGEFKNTKGLHHLQIILSGKRAYLRKVILSEISFHLV
EDFDPSCLTNDDMRFICEAVEGSTELSPLYFTSAVKEQCGLDEMARNLCRKFFSEGDWES
CMKMILLQMNANAYSGKYRHMQRQSLNFKFDWDKLEEDVRISERESNSESLSKALSLTKC
MSAALKNLCFYSEESPTSYTSVGPDSGRLKFALSYKEQVGGNRELY IGDLRTKMETRLVE
DYFESFSSFFSGSCLNNDKEFENAILSMT INVREGLLNY SMDHSKWGPMMCPFLFLMLLQ
NLKLGDDQYVRSGKDHVSTLLTWHMHKLVEVPFPVVNAMMKSYVKSKLKLLKGSGTTVTE
RIFREYFEMGVVPSHISSLIDMGQGILHNASDFYGLISERFINYCIGVIFGERPEAYTSS
DDQITLFDKRLSDLVDSDPEEVLVLLEFHSHLSGLLNKFISPKSVVGRFAAEFKSREYVW
GEEVPLLTKFVSAALHNVKCKEPHQLCETIDTIADQAIANGVEVFLVNCIQRRTLDLLKY
ANFPLDPFLLNTHTDVKDWLDGSRGYRIQRLIEELCPSETKIMRKLVRRLHHKLKNGECN
EEFFLDLFNREKKEAILQLGEILGLEDDLNELAS INWLNLNEMFPLRMVLRQKVVYPSVM
TFQEEKIPSLIKTLONKLCSKETRGAQKLLSEAINKSAFQSCVSSGFIGLCKTLGSRCVR
NKNRENMY IRKVLEDLTMDEHVTRVHKQDGVMLY ICDKQRHPEAHRDHINLLRPLLWDY I
CISLSNSFELGVWVLAEPVKGKNESNSAVRHLNPCDYVARKPESSRLLEDKVSLNHVIQS
VRRLYPKIFEDQLLPFMSDVSSKNMRWSPRIKFLDLCVLIDINSESLSLISHVVKWKRDE
HYTVLFSDLVNSHQRSDSSLVDEFVVSTRDVCKNFLKQVYFESFVREFVATARTLGNFSW
FPHKDMMPSEDGAEALGPFQSFILKVVNKKIERPMFRNDLOFGFGWFSYRVGDVVCNAAM
LIKQGLTDPKAFKSLRDLWDYMLSSTEGILEFSITVDFTHNONNTDCLRKFSLIFVVKCQ
LQSPGVADYLSCSHSFKGEVDRRLLDECLNLLRTDPIFKANDGVFDIRSEEFEDYMEDPL
TLGDSLELELIGSRRILNEIKSTDFERIGPEWEPVPLTIRKGALFEGRNEVONISVKLET
KDMRVFLAELEGCGKIGDVLGSLLLHRFRTGEHLMESEISTVLQELCMDRSVMLTPLSFV
PDWFTFRDCRLCFSRSKNTVMYETTGGRFRLKGKSCDDWLAERVAEEID

(SEQ ID NO: 56)
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G. Lymphocytic choriomeningitis virus (LCMV) P52-2.1

Source: 1-3376 Segment = S

Protein: Pre-glycoprotein polyprotein GP complex
Gene: GPC

Gene: 79-1575

>LCMV-p52-2.1 GP

ATGGGTCAGATTGTGACAATGTTTGAGGCT TTGCCTCACATCATTGATGAGGTCATCAAC
ATTGTTATTATTGTGCTCATTATAATCACGAGCATCAAAGCTGTGTACAAT TTCGCCACC
TGTGGGATATTAGCACTGGTCAGCTTCCTTTTTTTGGCTGGTAGGTCCTGTGGCATGTAC
GGCCTTAATGGTCCCGACATCTATAAAGGGGT TTACCAGT TCAAATCAGTGGAGT TTGAT
ATGTCTCACTTARATCTGACGATGCCCAATGCGTGCTCAGCCAACAACTCTCATCACTAC
ATCAGTATGGGAAGCTCTGGACTGGAGCTAACT TTCACTAACCACTCCATCCTTAATCAC
AATTTTTGCAACT TAACCTCCGCTTTCAACAAAAAGACT TTTGACCATACACTCATCACT
ATAGTCTCGAGTCTGCACCTCAGTATTAGAGGGAAT TCCAACCACAAAGCAGTGTCTTGT
GATTTTAACAATGGCATCACCATTCAATACAACTTGTCATTTTCGGACCCACAGAGCGCT
ATGAGCCAGTGTAGGACTTTCAGAGGTAGAGTCTTGGACATGTTTAGAACTGCCTTTGGA
GGAAAATACATGAGAAGTGGCTGGGGCTGGGCAGGTTCAGATGGCAAGACCACTTGGTGC
AGCCAAACAAGCTATCAGTACCTAATCATACAAAACAGGACTTGGGAAAACCACTCTAGA
TATGCAGGCCCTTTTGGGATGTCTAGAATCCTCTTTGCTCAGGAAAAGACAAAGTTTCTC
ACTAGGAGACTTGCAGGCACATTCACCTGGACCCTGTCAGACTCCTCAGGAGTAGAAAAT
CCAGGTGGTTATTGCCTGACCAAATGGATGATCCTTGCTGCAGAGCTCAAATGTTTTGGG
AATACAGCTGTTGCAAAATGTAATGTCAATCATGATGARGACTTCTGTCACATCCTACCA
CTAATTGATTACAACAAGGCCGCCCTGAGTAAGT TCAAGCAAGATCTACACTCTCCCTTG
CATGTATTCAAAACAACAGTAAATTCTCTGATTTCCGATCAGCTGT TCATGACGAATCAT
CTAAGAGATCTAATGGGGGTACCATACTGTAATTACTCARAGT TCTGGTATCTGGAACAT
GCTAAGACTGGTGAGACTAGTGTACCCAAGTGCTGGCTTGTCACTAATGGCTCCTACTTG
AATGAGACCCACTTTAGTCATCAAATCGAACAAGAAGCAGATAACATCATCACAGACATG
TTGAGGAAGGACTACATAARAAGACAAGGGAGTACTCCTTTACCCTTAATCCATCTTTTG
ATGTTTTCAACATCAGCATATCTAATCAGCATCTTTCTGCATCTTGTCAAGATACCAACA
CATAGACACATAAAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGGGGATC
TGTAGTTGTGGTGCATTCAAGGTGCCTGGTGTARAAACTATCTGGAAAAGACGCTGA
(SEQ ID NO: 57)

CDS: 79-1575
Codon Start = 1; Codons 1-498
Chain: 1-498 Pre-glycoprotein polyprotein GP complex
Chain: 1-58 Stable signal peptide
Chain: 59-265 Glycoprotein GI
Chain: 266-498 Glycoprotein G2
Translation=

>LCMV-p52-2.1 GP
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMY
GLNGPDIYKGVYQFKSVEEFDMSHLNLTMPNACSANNSHHYISMGSSGLELTFTNDSILNH
NFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNHKAVSCDFNNGITIQYNLSFSDPQSA
MSQCRTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLI IQNRTWENHCR
YAGPFGMSRILFAQEKTKFLTRRLAGTFTWTLSDSSGVENPCCYCLTKWMILAAELKCEG
NTAVAKCNVNHDEEFCDMLRLIDYNKAALSKFKQDVESALHVFKTTVNSLISDQLLMRNH
LRDLMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMITEM
LRXDYIKRQGSTPLALMDLLMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNXGI
CSCGAFKVPGVKTIWKRR

(SEQ ID NO: 58)

SUBSTITUTE SHEET (RULE 26)



CA 03111305 2021-03-01

WO 2020/053324 PCT/EP2019/074307
48 /85

Figure 25 (cont’d)

Source: 1-3376 Segment = S
Protein: Nucleoprotein

Gene: NP

Gene: 1640-3316 complement

>LCMV-p52-2.1 NP
ATGTCTTTGTCCAAAGAAGTCAAAAGCTTTCAGTGGACACAGGCGTTGAGGAGGGAGTTG
CAGAGTTTTACATCAGATGTAAAGGCTGCCGTCATCAAGGACGCAACCAGTCTTCTAAAT
GGGTTGGACTTTTCTGAAGTCAGCAACGT TCAGAGGATCATGAGAAAGGAAAGGAGGGAT
GATAAAGACTTGCAGAGACTCAGGAGTCTTAACCAGACTGTGCATTCTCTTGTTGATCTG
AAGTCTACATCAAAGAAARATGTTCTGAAAGTGGGAAGACTTAGTGCAGAGGAATTGATG
ACCCTTGCAGCTGATCTTGAGAAGCTGAAGGCCAAAATTATGAGAACTGAGAGGCCTCAA
GCTTCTGGAGTCTACATGGGAAATTTGACAGCACAACAACTTGATCAAAGATCCCARATA
CTGCAAATGGTTGGGATGAGAAGACCTCAGCAGGGTGCAAGTGGTGTAGTAAGGGTTTGG
GATGTGAAGGACTCATCACTTCTGAACAATCAGT TCGGCACAATGCCAAGCCTGACAATG
GCTTGCATGGCAAAACAGTCACAGACCCCACTCAATGATGTTGTGCAGGCACTCACAGAC
CTTGGCTTACTTTACACAGTCAAATACCCGAATCTCAGTGATCTTGAAAGGCTAAAGGAT
AAACACCCAGTTCTGGGGGTCATTACTGAACAGCAATCTAGTATCAATATCTCTGGTTAT
AATTTCAGTCTTGGTGCAGCTGTGAAAGCGGGGGCAGCTCTGCTAGATGGAGGGAACATG
CTGGAATCTATCTTGATCAAACCGAGCAACAGTGAGGATCTCCTAAAAGCAGTCCTCGGG
GCCAAAAAGAAACTCAACATGTTTGTCTCAGATCAAGT TGGAGATAGAAATCCCTATGAA
AACATCCTTTATAAAGTCTGTCTTTCAGGTGAAGGATGGCCATACATAGCCTGTAGAACG
TCAGTTGTGGGGAGAGCATGGGAGAACACAACAATTGATCTCACAAATGAAAAACTTGTT
GCCAACTCATCTAGGCCAGTGCCTGGAGCAGCAGGCCCACCTCAGGTGGGCT TGAGTTAC
AGTCAGACAATGCTGTTGAAAGACTTGATGGGAGGGATTGATCCCAATGCTCCCACATGG
ATTGACATTGAGGGCAGGTTCAATGATCCAGTGGAGATAGCAATATTCCAACCACAAAAT
GGGCAATTCATACATTTTTACAGGGAACCTACGGACCAGAAGCAATTCAAGCAGGACTCA
AAGTATTCACACGGCATGGATCTTGCTGATCTCTTCAATGCACAGCCTGGGCTGACCTCA
TCAGTTATAGGTGCTCTCCCACAAGGGATGGT TTTGAGCTGTCAAGGTTCTGATGACATC
AGAAAGCTTCTGGACTCACAAAATAGAAGGGACATAAAACTCATTGATGTTGAGATGACC
AAGGAGGCCTCAAGAGAATATGAAGATAAAGTGTGGGACAAATATGGCTGGCTATGCAAA
ATGCACACTGGGGTAGTGAGAGACAAAAAGAAGAAAGAGATCACCCCACACTGTGCACTC
ATGGACTGCATCATTTTTGAGAGTGCTTCCAAGGCAAGACTCCCTGATCTAAAAACCGTT
CACAACATCCTGCCACATGATTTAATCTTCAGAGGACCCAATGTTGTGACACTCTAA
(SEQ ID NO: 59)

CDS: 1640-3316 complement
Codon Start = 1; Codons 1-558
Translation=

>LCMV-p52-2.1 NP
MSLSKEVKSFQWTQALRRELQSFTSDVKAAVIKDATSLLNGLDFSEVSNVORIMRKERRD
DKDLQRLRSLNQTVHSLVDLKSTSKKNVLKVGRLSAEELMTLAADLEKLKAKIMRTERPQ
ASGVYMGNLTAQQLDQORSQILOMVGMRRPQQGASGVVRVWDVKDSSLLNNQFGTMPSLTM
ACMAKQSQTPLNDVVQALTDLGLLYTVKYPNLSDLERLKDKHPVLGVITEQQSSINISCY
NFSLGAAVKAGAALLDGGNMLESILIKPSNSEDLLKAVLGAKKKLNMFVSDQVGDRNPYE
NILYKVCLSGEGWPYIACRTSVVGRAWENTTIDLTNEKLVANSSRPVPGAAGPPQVGLSY
SQTMLLKXDLMGGIDPNAPTWIDIEGRFNDPVEIAIFQPONGQF IHFYREPTDQKQFKQDS
KYSEGMDLADLFNAQPGLTSSVIGALPQGMVLSCQGSDDIRKLLDSONRRDIKL IDVEMT
KEASREYEDKVWDKYGWLCKMHTGVVRDKKKKE I TPHCALMDCI I FESASKARLPDLKTV
HNILPHDLIFRGPNVVTL

(SEQ ID NO: 60)
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Source: 1-7235 Segment = L
Protein: RING finger protein Z
Gene: Zp
Gene: 90-362

>LCMV-p52-2.1 7P
ATGGGCCAAGGCAAGTCCAAAGAAGAAAGGGACACCAGCAATACAGGCAGAGCAGAGCTT
TTGCCAGACACCACCTATCTTGGTCCTCTAAATTGTARATCATGT TGGCAGAAATTTGAC
AGCTTGGTTAGATGCCATGACCACTATCTTTGCAGACACTGTCTGAATCTCCTGCTGTCA
GITTCCGACAGATGTCCTCTCTGTAAGTATCCACTGCCAACCAAACTGAAGGTGTCAACA
GTCCCAAGCTCCCCACCTCCCTATGAGGAGTGA

(SEQ ID NO: 61)

CDS: 90-362
Codon Start = 1; Codons 1-91
Translation=

>LCMV-p52-2.1 ZP
MGQGKSKEERDTSNTGRAELLPDTTYLGPLNCKSCWQKFDSLVRCHDHYLCRHCLNLLLS
VSDRCPLCKYPLPTKLKVSTVPSSPPPYEE

(SEQ ID NO: 62)
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Figure 25 (cont’d)

Source: 1-7235 Segment = L

Protein: RNA-directed RNA polymerase L
Gene: LP

Gene: 574-7203 complement

>LCMV-p52-2.1 LP

ATGGATGAAACTATTGCAGATTTGAGAGAGTTGTGTCTAAATTACATAGAACAGGACGAA
AGGCTGTCAAGGCAAARACTCAACTTCCTGGGACAAAGAGAACCCAGAATGGTGCTAATT
GAGGGACTCAAATTGTTATCACGCTGTATAGAGATAGACAGTGCAGACAAAAGTGGTTGC
ATACACAACCACGATGACAAATCTGTTGAAACAATCCTAATAGACTCTGGGATTGTGTGT
CCAGGACTGCCACTCATCATCCCTGATGGTTATAAGTTGATTGACAATTCCCTTATTCTT
CTTGAATGTTTTGTTAGAAGCACACCAGCTAGTTTTGAAAAGAAGT TCATTGAGGACACC
AACAAACTAGCATGCATCAAAGAAGATCTTGCTGTTGCAGGCATCACACTGGTTCCAATA
GTGGATGGTCGTTGTGATTATGATAACAGTTTCATGCCAGAATGGGTGAATTTTAAGTTC
AGAGACCTCCTATTTAAACTCCTGGAGTATTCTAGTCAAGATGAGAAAGTTTTTGAGGAG
TCTGAATACTTCAGGCTCTGTGAGTCTCTTAAGACCACTGTTGACAAACGTTCCGGCATG
GACTCAATGAAAATTTTGAAAGACGCAAGATCATTTCATAACGATGAGATTATGAAAATG
TGCCACGATGGTGTCAACCCCAACATGAGTTGCGATGATGTGGTCTTTGGCATAAATTCC
TTTTTTGGCAGGTTTAGGAGGGACCTGTTARATGGGAAACTCAAAAGGAATTTCCAAAAG
GTCAGCCCTGGGGGCTTAATCAAGGAATTCTCTGAACT TTATGAAACCCTTACTGATAAT
GATGACATATTAATGTTGAGCAAAGAGGCAGTTGAATCCTGCCCCTTAATGAGGTTCATT
ACAGCAGAGACCCATGGGCATGAGAGAGGAAGCGATGCTAACACTGAGTATGAAAGGCTA
CTCTCTATGTTGAACAAGGTGAAAAGTTTAAAATTATTAAACACTAGAAGGAGACAGCTG
CTGAACTTAGATGTCTTATGTCTTTCTTCACTTATTAAGCAGTCAATTTCCAAAGGGTTG
GAAAATGATAAACATTGGGTTGGTTGTTGCTACAGTAGTGTGAATGATAGGC TTGTGAGC
CTTCAAAGTACCAAAGAAGAATTCATGAGACTTTTGAAGAACAGAAGAAAATCAAGAGTG
CACAAAAAGGCATCTCTTGATGAGCTTTTTAGGGTATCCATAAATGAGT TCATAGCAAAA
ATCCAGAAATGCCTATCAACAGTGGGACTTAGTTTTGAGCATTACGGACTATCAGAATGC
CTCGTGCAAGAATGCCATATACCATTTGCTGAATTTGAGAACTTTATGAGAGCCGGGACT
CATCCTGTAATGCATTACACAAAATTTGAAGATTACACTTTCCAGCCTAACATAGAGCAA
TTGAGGGGTTTACAGAGT TTGAGAAAACTGTCATCTGTTTGTTTGGCTCTAACAAACAGC
ATGAAAACAAGCTCAGTTGCAAGGT TGAGACAGAACCAACTGGGGTCTGTGAGATATCAA
GTGGTGGAGTGCAAAGAGGTGTTTTGCCAGATAATAAAACTGGATTCCGAAGAGTATCAT
CTACTATATCAGAAAACTGGAGAATCATCGAGGTGT TATTCCATACAAGGTCCGGATGGT
CACTTGATTTCCTTTTACGCAGATCCAAAAAGGTTCTTTTTACCAATTTTTTCAGATGAG
GTGTTGCACAACATGATAGACACAATGATTTCATGGATTAGGTCATGCCCTGACTTAAAA
GATTCTCTTATTGACATTGAGACTGCACTAAGGACATTGATCCTACTGATGCTCACCAAC
CCAACAAAGAGAAATCAAAAGCAGGTTCAAAATATTAGGTATTTAGTGATGGCCATCGTC
TCAGACTTTTCATCGACCTCATTAATGGATAAGT TGAAGGAGGATCTAATCACACCTGCC
GAGAAAGTGGTGTACAGGCTGCTTCGGTTTTTGATTAGGACAATTTTTGGTACTGGTGAA
AAGGTGTTATTGAGTGCAAAATTTAAGTTTATGTTGAATGTGTCATACCTGTGTCATTTG
ATCACAAAGGAGACCCCTGATAGATTGACAGATCAGATAAAATGTTTTGAAAAGTTCTTT
GAGCCCAAGAGTGAGTTTGGTTTCTTTGTCAACCCTAAGGAAACAATCACACCCGAAGAG
GAATGTGTTTTTTATGAACAAATGAAGAAGT TCACCGGTAAAGATATTGATTGTCAGCAT
TCAACCCCTGGTGTTAATTTAGAGATCTTTAGCATGATGGTATCTTCATTCAACAATGGC
ACCTTAATTCTAAAAGGGGAGAAAAGGCTCAACAATCTGGACCCCATGACCAACTCTGGA
TGTGCGACAGCATTAGATCTCGCAAGCAACAAAAGTGTGGTTGTCAATAAACATCTGAAT
GGAGAACGGCTTTTGGAGTATGATTTTAACAAATTGCTTGTTAGTGCTGTGAGCCAAATT
ACAGAGGGCTTCATGAGGAAACAAAAGTATAAGCTGAGACACTCAGATTACGAATATAAG
GTCTCAAAGCTTGTCTCTAGATTAGTCATCGGTTCCAGGAAAACAGAAGTAGACAAATTG
GAAGATGATCCGGTAGATGTGTGTTTCGAGGGGGAGGAGGAGACAAGTTTTTTCAGGAGT
TTAGAAGATAAGGTCAGCTCCACAATAACACGGTATAATAGAGGCACTAGGCTTAATGAA
GGGCAAGGGGAGGGAGAATTCAAGAACACAAAAGGACTACACCACCTTCAGATTATTTTG
TCAGGTAAAAGAGCTTATCTGAGGAAAGTCATTTTATCAGAAATTTCATTTCATCTAGTA
GAGGACTTTGATCCATCCTGTCTCACCAATGACGACATGAGGTTTATTTGTGAGGCTGTT
GAAGGTTCAACAGAACTGTCACCATTGTATTTTACATCAGCTGTCAAAGAACAATGTGGT
CTGGATGAGATGGCAAGAAACCTCTGTAGARAGTTCTTCTCAGAGGGTGATTGGTTCTCA
TGTATGAAGATGATCTTGTTACAGATGAATGCAAATGCGTATTCAGGGAAGTACAGACAC
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Figure 25 (cont’d)

ATGCAGAGGCAGAGCTTAAATTTTAAATTTGACTGGGACAAATTGGAAGAAGATGTAAGA
ATTAGTGAAAGGGAAAGCAATTCTGAATCTCTAAGTAAGGCCCTTTCATTGACAAAATGC
ATGAGTGCTGCTCTAAAGAATCTGTGTTTTTACTCAGAAGAATCACCAACATCATACACT
TCAGTTGGCCCTGACTCTGGGAGACTAAAATTTGCATTGTCATACAAAGAGCAGGTTGGG
GGAAATAGAGAGCTTTACATTGGGGATTTGAGGACAAAAATGTTCACAAGATTGGTAGAA
GATTATTTTGAATCCTTTTCTAGTTTCTTTTCAGGATCTTGTTTAAACAATGACAAAGAG
TTTGAAAATGCAATCTTGTCAATGACTATCAATGTGAGAGAAGGGTTGTTAAACTACAGC
ATGGATCACAGCAAATGGGGACCAATGATGTGCCCATTCCTATTCTTAATGCTTCTCCAA
AATCTCAAACTGGGTGATGATCAGTACGTGCGTTCTGGAAAAGATCATGTTAGCACCTTG
TTGACTTGGCATATGCATAAACTTGTTGAAGTCCCTTTCCCTGTTGTGAATGCAATGATG
AAATCATATGTTAAATCAAAACTCAAGCTTCTCAAAGGGTCAGGAACGACTGTTACGGAG
AGAATCTTTAGAGAGTATTTTGAAATGGGGGTGGTGCCATCTCACATATCTAGTCTCATT
GACATGGGACAGGGGATCCTACACAATGCTTCTGATTTTTACGGTTTAATTAGTGAAAGG
TTTATCAATTATTGTATTGGTGTCATTTTTGGAGAGAGGCCAGAAGCCTATACATCAAGT
GATGATCAGATCACTTTATTTGACAAGAGATTGAGTGACTTACGTTCGATAGTGACCCAGAA
GAAGTCCTTGTCTTGCTGGAATTCCACTCTCACTTAAGTGGTTTGTTGAACAAGTTCATC
AGTCCAAAAAGTGTGGTTGGGCGGTTTGCAGCGGAATTCAAATCCAGATTTTATGTGTGG
GGGGAGGAGGTCCCTCTCCTCACGAAATTTGTGTCTGCGGCACTACACAATGTTAAGTGT
AAAGAACCGCATCAACTTTGTGAGACAATAGATACGATTGCTGATCAAGCTATAGCAAAT
GGAGTTCCAGTTTTTTTAGTAAACTGTATCCAGAGGAGGACACTGGATCTCTTGAAATAT
GCTAATTTCCCTTTAGATCCATTCTTGTTAAACACTCACACTGATGTAAAGGATTGGTTA
GATGGTTCTAGAGGTTATAGAATCCAAAGACTCATTGAAGAATTGTGTCCCAGTGAAACA
AAGATCATGAGAAAACTTGTAAGAAGACTACATCACAAACTCAAGAACGGTGAATGTAAC
GAGGAATTTTTTCTAGACCTCTTCAACAGGGAAAAGAAAGAGCCCATCCTTCAATTGGGA
GAGATTCTTGGTCTTGAGGATGATCTTAATGAGTTGGCAAGCATCAATTGGTTGAATCTG
AATGAAATGTTCCCATTGAGGATGGTTCTGAGACAAAAAGTGGTTTACCCATCAGTAATG
ACCTTTCAAGAGGAAAAGATCCCCTCATTGATTAAAACACTCCAAAATAAGCTTTGTAGT
AAGTTCACAAGAGGTGCACAGAAGCTGTTGTCAGAGGCAATCAACAAATCAGCTTTTCAG
AGTTGTGTCTCATCCGGCTTTATAGGTCTCTGTAAGACTTTAGGAAGTACCTCTGTGAGA
AATAAAAACAGGGAAAATATGTATATCAGAAAGGTGCTTGAAGATCTGACCATGGATGAA
CATGTCACAAGGGTTCACAAACAAGATGGTGTGATGTTGTACATTTGCCGACAAGCAGAGA
CACCCAGAGGCTCACCGTGACCACATCAACCTTTTGAGGCCCCTTCTCTGGGACTACATT
TGCATCTCATTGAGCAACTCTTTTGAGCTGGGTGTTTGGGTTTTAGCAGAACCTGTGAAA
GGAAAGAACGAGAGTAATTCGGCTGTTAGGCACTTAAATCCATGTCGATTATGTAGCAAGA
AAACCTGAGAGTTCGAGACTACTAGAGGATAAAGTGAGTTTGAATCATGTAATTCAATCT
GTGAGGCGACTGTACCCCAAAATCTTTGAGGATCAGTTGCTCCCATTCATGTCTGATGTG
AGCTCAAAAAATATGAGATGGAGTCCCAGGATTAAATTCCTTGACCTTTGTGTGCTGATT
GACATCAACTCAGAGTCTTTGTCACTCATTTCTCATGTTGTCAAATGGAAGAGGGACGAA
CATTACACTGTGCTGTTTTCTGATCTCGTCAACTCTCACCAACCGCGTCACGACTCAAGTTTA
GTTGATGAATTTGTTGTCAGCACAAGGGATGTCTGCAAGAACTTTTTGAAGCAAGTGTAT
TTCGAATCATTTGTACCGAGAGTTTGTTGCAACAGCTAGCGACCTTAGGTAACTTTTCATGG
TTCCCCCATAAGGACATGATGCCATCTGAAGATGGCGCTGAAGCACTGGGACCCTTCCAA
TCATTTATTTTGAAAGTGGTGAACAAGAAAATAGAGAGGCCCATGTTTAGGAATGACTTG
CAGTTTGGTTTTGGTTGGTTCTCTTATCGTGTGGGGGATGTTCTGTGTAATGCCGCTATG
TTAATTAAGCAGGGTTTGACAGATCCAAAAGCATTTAAATCTTTAAGAGATTTGTGGCGAT
TACATGCTCAGCAGCACAGAGGGGATATTGGAGTTCTCAATCACAGTGGATTTCACACAC
AACCAGAACAACACTGACTGCTTGAGGAAATTTTCATTGATCTTTGTGGTTAAATGCCAA
TTACAGAGTCCAGGTGTAGCTGATTACTTATCGTGCTCTCATTTCTTCAAAGGTGAGGTT
GACAGGAGATTATTAGATGAGTGTCTCAATCTGTTGAGGACAGACCCCATCTTTAAAGCG
AATGATGGAGTCTTTGACATTAGGTCTGAACGAGTTTGAAGATTACATGGAAGACCCTTTG
ACACTTGGTGATTCACTAGAACTTGAACTAATAGGTTCTAGAAGGATTCTGAATGAGATC
AAATCTACTGACTTTGAGAGGATAGGGCCTGAGTGGGAACCTGTGCCTCTGACCATAAGG
AAGGGTGCCCTCTTTGAGGGGAGGAACTTTGTTCAGAATATCTCTGTGAAATTGGAGACA
AAGGACATGAGGGTCTTTCTGGCAGAGCTCGAGGGCTGTGGAGAAATTGGTGATGTCCTC
GGCAGCCTCCTCCTGCACCGATTCAGAACTGGTGAGCACTTGATGGAGTCAGAAATAAGT
ACAGTTCTTCAGGAGCTCTGCATGGACAGATCCGTCATGCTCGACACCATTATCTTTTGTG
CCAGATTGGTTCACCTTCAGAGATTGTAGGCTCTGCTTCAGCAGGTCAAAGAACACTGTA
ATGTATGAGACAACTGGGGGCAGGTTCAGACTCAAGGGGAAATCCTGTGACGATTGGCTG
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Figure 25 (cont’d)

GCGGAGCGGGTGGCCGAGGAGATCGACTAG
(SEQ ID NO: 63)

CDS: 574-7203 complement
Codon Start = 1; Codons 1-2210
Translation=

>LCMV-p52-2.1 LP

MDETIADLRELCLNY IEQDERLSROKLNFLGQREPRMVLIEGLKLLSRCIEIDSADKSGC
IHNHDDKSVETILIDSGIVCPGLPLIIPDGYKLIDNSLILLECFVRSTPASFEKKFIEDT
NKLACIKEDLAVAGITLVPIVDGRCDYDNSFMPEWVNFKFRDLLFKLLEYSSQDEKVFEE
SEYFRLCESLKTTVDKRSGMDSMKILKDARSFHNDE IMKMCHDGVNPNMSCDDVVEGINS
FFGRFRRDLLNGKLKRNFQKVSPGGLIKEFSELYETLTDNDDI LMLSKEAVESCPLMRET
TAETHGHERGSDANTEYERLLSMLNKVKSLKLLNTRRRQLLNLDVLCLSSLIKQSISKGL
ENDKHWVGCCYSSVNDRLVSLQSTKEEFMRLLKNRRKSRVHKKASLDELFRVSINEFIAK
IQKCLSTVGLSFEHYGLSECLVQECHI PFAEFENFMRAGTHPVMHY TKFEDYTFQPNIEQ
LRGLQSLRKLSSVCLALTNSMKTSSVARLRONQLGSVRYQVVECKEVFCQI IKLDSEEYH
LLYQKTGESSRCYSIQGPDGHLISFYADPKREFLPIFSDEVLHNMIDTMISWIRSCPDLK
DSLIDIETALRTLILLMLTNPTKRNQKQVONIRYLVMAIVSDFSSTSLMDKLKEDLITPA
EKVVYRLLRFLIRTIFGTGEKVLLSAKFKFMLNVSYLCHLITKETPDRLTDQIKCFEKEF
EPKSEFGFFVNPKETITPEEECVFYEQMKKFTGKDI DCQHSTPGVNLEIFSMMVSSFNNG
TLILKGEKRLNNLDPMTNSGCATALDLASNKSVVVNKHLNGERLLEYDFNKLLVSAVSQT
TEGFMRKQKYKLRHSDYEYKVSKLVSRLVIGSRKTEVDKLEDDPVDVCFEGEEETSFFRS
LEDKVSSTITRYNRGTRLNEGQGEGEFKNTKGLHHLQIILSGKRAYLRKVILSEISFHLV
EDFDPSCLTNDDMRFICEAVEGSTELSPLYFTSAVKEQCGLDEMARNLCRKFFSEGDWES
CMKMILLQMNANAYSGKYRHMQRQSLNFKFDWDKLEEDVRISERESNSESLSKALSLTKC
MSAALKNLCFYSEESPTSYTSVGPDSGRLKFALSYKEQVGGNRELY IGDLRTKMETRLVE
DYFESFSSFFSGSCLNNDKEFENAILSMT INVREGLLNY SMDHSKWGPMMCPFLFLMLLQ
NLKLGDDQYVRSGKDHVSTLLTWHMHKLVEVPFPVVNAMMKSYVKSKLKLLKGSGTTVTE
RIFREYFEMGVVPSHISSLIDMGQGILHNASDFYGLISERFINYCIGVIFGERPEAYTSS
DDQITLFDKRLSDLVDSDPEEVLVLLEFHSHLSGLLNKFISPKSVVGRFAAEFKSREYVW
GEEVPLLTKFVSAALHNVKCKEPHQLCETIDTIADQAIANGVEVFLVNCIQRRTLDLLKY
ANFPLDPFLLNTHTDVKDWLDGSRGYRIQRLIEELCPSETKIMRKLVRRLHHKLKNGECN
EEFFLDLFNREKKEAILQLGEILGLEDDLNELAS INWLNLNEMFPLRMVLRQKVVYPSVM
TFQEEKIPSLIKTLONKLCSKEFTRGAQKLLSEAINKSAFQSCVSSGFIGLCKTLGSRCVR
NKNRENMY IRKVLEDLTMDEHVTRVHKQDGVMLY ICDKQRHPEAHRDHINLLRPLLWDY I
CISLSNSFELGVWVLAEPVKGKNESNSAVRHLNPCDYVARKPESSRLLEDKVSLNHVIQS
VRRLYPKIFEDQLLPFMSDVSSKNMRWSPRIKFLDLCVLIDINSESLSLISHVVKWKRDE
HYTVLFSDLVNSHQRSDSSLVDEFVVSTRDVCKNFLKQVYFESFVREFVATARTLGNEFSW
FPHKDMMPSEDGAEALGPFQSFILKVVNKKIERPMFRNDLOFGFGWFSYRVGDVVCNAAM
LIKQGLTDPKAFKSLRDLWDYMLSSTEGILEFSITVDFTHNONNTDCLRKFSLIFVVKCQ
LQSPGVADYLSCSHFFKGEVDRRLLDECLNLLRTDPIFKANDGVFDIRSEEFEDYMEDPL
TLGDSLELELIGSRRILNEIKSTDFERIGPEWEPVPLTIRKGALFEGRNEVONISVKLET
KDMRVFLAELEGCGEIGDVLGSLLLHRFRTGEHLMESEISTVLQELCMDRSVMLTPLSFV
PDWFTFRDCRLCFSRSKNTVMYETTGGRFRLKGKSCDDWLAERVAEEID

(SEQ ID NO: 64)
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Figure 26
A.

Source: 1-3376 Segment = S

Protein: Pre-glycoprotein polyprotein GP complex
Gene: GPC

Gene: 79-1575

Sequence Alignment: Nucleoctide

LCMV-WE_GP ATGGGTCAGATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAAC 60
LCMV-P42 GP ATGGGTCAGATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAAC 60
LCMV-P52 GP ATGGGTCAGATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAAC &0
LCMV- 39‘7GP ATGGGTCAGATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAAC &0
LCMV-P52~1 ATGGGTCAGATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAAC 60
ACVV P52-1.3 GP ATGGGTCAGATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAAC 60

MY-PE2-2.1 GF ATGGGTCAGATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAAC &0

R K A A E N A Ak A A N A A N A A A A N N N A N T N A A N T T N N AT R T AR RATHAANARNEERNN

LCMV-WE_ GP ATTGTCATTATTGTCCTCATTATAATCACCAGCATCARAGCTGTGTACAATTTCGCCACT 120
LCMV-P42_ GP ATTGTCATTATTGIGCTCATTATAATCACGAGCATCARAGCTGTGTACA CGCCACC 120
LCMV-P52 GP 120
ILCMV-P91_GP 120
LOMV-P52-1 120
LCMV-P52-1.3 GE 120
LCMV-P52-2.1 GF 120
LR EEE IS EEEEEESEEEEEEEEEEEREEREEEEEEEERERESERE SRS EERE eSS
LCMV-WE_GP TGTGGGATATTAGCACTGETCAGCTTCCTTTT GCTGETAGGTCCTGTIGECATGETAL 180
LCMV-PAZ GP TGTGGGATATTAGCACTGGTCAGCTTCCTTTTTTTEGCTGRTAGGTCOTGTGECATGTAL 180
LCMV-P52 GP TGTGGGATATTAGCACTGETCAGCTTCCTTTITTTGGCTGGTAGGTCCTRTGECATETAC 180
LCMY-PB91 GP TCTGGGATATTACCACTCCTCACCTTCCTTTTTTTCCCTCETACCTCCTCTCECATETAC 180
LCMY-P52~1 TGIGGGATATTAGCACTGETCACCTTCCTTTTTTTGGCTGETAGGTECT 180
LCMV-P52-1.3 GP TGTGGEATATIAGCACTGGTCAGCTTCCTTTI TTTGECTGETAGETCE 180
LCMV-P52-2.1 GP IGTGGEATATTAGCACTGETCAGCTTCCTTTTITTTGGCTGGTAGGTCCTGTGGCATETAC 180
tEEEEEEEREEREEEEEEEREEREEEEEREEREEEEEEEEERESEREEEEEEEEEEEEE R T B &8
LCMV-WE_GP GGCCTTAATGGTCCCGACATCTATARAGEGETTTACCAGTTCAAATCAGTGEAG! 240
LCMV-P4Z2 GP GGCCTTARTGGTCCCGACATCTATARAGGGE CAARTCAGTGGAG' 240
CMV-P52_ GP GGCCTTARTGGTCCCGACATCTATABAGGGE 3 ele 240
LCMV-B1 GP GGCCTTARTGGTCCCGACATCTATAAAGGEET TTACCACTTCARATCAGTGCA 240
LOMV-P52-1 GGCCTEAATGGTCCCGACATCTATARAGGEGTITACCAGTTCARATCAGTGGAGT 240
LCMV-P52-1.3 GP GGCCTTAATGGTCCCGACATCTATARAGGGET ‘CAAATCAGTGGAG 240
LCMV-P52-2.1 GP GGCCTTAATGGTCCCCACATCTATARAGGGGT 'CARATCAGTGGA 240
FhIIkE FA A A E A A A A A A A A A A R A A A A A A R A A A A T A A XA AT AR ARARAAKTKRARRRRRRK
LCMV-WE_GP ATGTCTCACTTARATCTCACGATGCCCAATGCGTECTCAGCCARCAACTCTCATCACTAL 300
LCMV-PB42 GP ATGTCICACTTARATCTGACCATECCCAATGCETGCTCACCCAACAACTCTCATCACTAT 300
LCMV-B52 GP ATGTCTCACTTAAATCTCACCATGCCCAATCCGTCCTCAGCCARCAACTCTCATCACTAC 300
LCMV-P91_GP ATGTCICACTTARATCTGACGATGCCCARTGCGTECTCAGCCAACAACTCTCATCACTAC 300
LCMV-P52-1 ATGTCTCACTTAAATCTGACGATGCCCAATGCGTGCTCAGCCAACAACTCTCATCACTAL 300
LCMY-P52-1.3 GP ATGTCTCACTTARATCTCACGATCCCCAATCCCTCCTCACCCARCAACTCTCATCACTAL 300
LCMV-P52-2.1 GP ATGTCTCACTTAAATCTGACGATCCCCAATCCGTGCTCAGCCAACAACTCTCATCACTAC 300
LEE RS RS ESEREEERERESEEEEEEEEREEREREEREREEEEEEEEESEEEEEEEEEEES]
LCMV-WE_GP ATCAGTATGGGAACCTCTCGACTCEACCTARCT TTCACTAACCACTCCATCCTTAATCAC 350
LCMV-P42 GP ATCAGTATGCGAAGCTCTCGACTCCACCTAACTTTCACTAACGACTCCATCCTTAATCAC 360
LCMV-PB52 GP ATCACTATGCCRAGCTCTCCACTCCAGCTAACT TTCACTARCGACTCCATCCTTAATCAL 360
LOMV-PY1_GP ATCAGTATGCGARGCTCTCGACTECACCTAAC TTTCACTARCCACTCCATCCTTARTCAL 360
LCMV-P52-1 ATCAGTATGGGAAGCTCTCCACTCCACCTAACT TTCACTAACCACTCCATCCTTAATCAC 360
LCMV-P52-1.3 GP ATCAGTATGGGAAGCTCTGGACTGCAGCTAACTTTCACTARCGA ”WCCAmCCTTAAﬁCAc 360
LCMV-P52-2.1 GP ATCACTATGCGAAGCTCTCCACTCCACCTAACTTTCACTAACCACTCCAT CCTTAATCAL 360
LR RS RS EEEEREEEREEEREEEEERERE R R R Rl SSS SRSt SR SRS
LOMV-WE_ GP AATTTTTGCARCTTAACCTCCGCTTTCAACAAAAACACTTTTGACCATACACTCATGAGT 429
LCMV-P42 GP AATTTTTGCAACTTARCCTCCGCTTTCAACAARRAGACT TTTCACCATACACTCATGAGT 429
LCMV-P52_GB AATTTTTGCAACTTAACCTCCGCTTTCAACAAAAAGACT T TTCACCATACACTCATGACT 420
LCMV-P91_GP AATTTTTGCAACTTAACCTCCCCTTTCAACAARAACACT T TTCACCATACACTCATCAGT 420
LOMV-P52-1 AATTTTTGCARCTTARCCTCCCCTTTCAACAARAAGACT TTTCACCATACACTCATGACT 429
LOMV-P52-1.3 GP AATTTTTGCAACTTAACCTCCGCTTTCAACARAAAGACT TTTCACCATACACTCATEAGT 420
LCMV-P52-2.1 GP ARTTTTTCCAACTTAACCTCCCCTTTCAACARAAAGACT T TTCACCATACACTCATGACT 420

EEEEEEEESEEEREREREEEREEEEEEEEEEEEEEE R R RS RS E RS RS R R RS S
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ATAGTCTCGAGTCTGCACCTCAGTATTAGAGGGAATTCCAACCACARAGCAGTGTICTTIGT
ATAGTCTCGAGTCTGCACCTCAGTATTAGAGGGAATTCCAACCACAARAGCAGTGTCTTGT
ATAGTCTCGAGTCTGCACCTCAGTATTAGAGGGA? CAACCACAAAGCAGTGE
ATAGTCTCGAGTCTGCACCTCAGTATTAGAGGGAATTCCAACCACAAAGCARTGET
ATAGTCTCGAGTCTGCACCTCAGTATTAGAGGGAATTCCAACCACAAAGCAGTGTICTTGT
ATAGTCTCGAGTCTGCACCTCAGTATTAGAGGGAATTCCAACCACAAAGCAGTGTICTTGT
ATAGTCTCGAGTCTGCACCTCAGTATTAGAGGGAATTCCAACCACAAAGCAGT TLWWGL

hhhkF Rk AR AR AR R R R IR R R TR R R R R A R A R R R R I R R E R A RF AT A A AR FFATA AR ANRTFRERF T

GATTTTAACARATGGCATCACCATTCAATACAACTTGTCATTTTCCGCACCCACAGAGCGCT
CATTTTAACAATGGCATCACCATTCAATACAACTTCT CGGACCCACAGAGCGCT
GATTTTAACAATGGCATCACCATTCAATACAACTTGTCATTTTICGCGACCCACAGAGCGCT
GATTTTAACAATGGCATCACCATTCAATACAACTTGTC “CGGACC ACAGAGCGCT
GATTTTAACAATGGCATCACCATTCAATACAACTTGTCATTTTCGGACCCACAGAGCGCT
GATTTTAACAATGGCATCACCATTCAATACAAC LCGGACCC CAGAGCGCT
GATTTTAACAATGGCATC ”CATTCAATA”AA”;LQWCA;-;TCGGACCCACAGAGLGC
ok kkkkhhhkkhhhh ok h ok ok hkkhkhk kAR AN A A hhhhhk kA F Ak h ok hhk kA A A AR ARk R k&

ATAAGCCAGTGTAGGACTTTCAGAGGTAGAGT GACAT GAACTGC
ATGAGCCAGTGTAGCGACT T CAGAGGTAGAGTCTTGGACATGTITTAGRADTGC
ATEAGCCAGTGETIGCACTTTCAGAGGTAGAGTCTTGEACATGTTTAGAALTGCT
ATGAGCCAGTGTIGGACTTTCAGAGGTAGAGTCTTGGACATGTTTAGAACTGCCTTTGGA
ATGAGCCAGTGTIGGACTTTCAGAGGTACGAGTCTTGGACATCTTTAGAACTGCC
ATAAGCCAGIGTIGGACTITCAGAGGTAGAGTCTTGGACATGE L;¢A AACTGCCTTTGGEA
ATGAGCCAGTGTAGGACTTTCAGAGGTAGAG“CTTGGApA L '

e
talia

GGAAAATACATGAGAAGTGGCTG“GGCTGGG AGG;‘CAuATLGCAAG QCAC
GGARAATACATGAGAAGTCGGCTG CC»TCC”CACGTTCACAWC CAAGACCACTTIGGTG
GGAAARTACATGAGARGTGGCTGGGEECTGGGCAG SGTGC
GGAAAATACATGAGAAGTGGCTGGGEECTGGGCAG =GTGC
GGARARTACATGAGAAGTGGCTGEEGCTGEECAGGTTCAGATGGCAAGACCACTTGGTGC
GGAAAATACATGAGAAGTGGCTGGEGCTGGGCAG 'CAGATGGCAAGACCACTTIGGETGC

tEE SRS SEERERERERSEEEREEREEREEEEEEREEEEEEEEERERESEREEEEEEEE S S R0 &5 5 &5

AGCCARACAAGCTATCAGTACCTAATCATACAAAACAGGACTTGGGAAAACCAC
AGCCAAACAAGCTATCAGTACCTAATCATACAAAACAGGACTTGGGAARACCAC
AGCCAAACAAGCCTATCACTACCTAATCATACAAAACAGCCACTTGCCGAARRACCA
AGCCAAACARGCTATCAGTACCTAATCATACAAAACAGCCACTTCCCAAAACCAC
AGCCAARCAAGCTATCAGTACCTAATCATACAAAACAGGACTTGGGAAAALCAC]
AGCCAARCAAGCTATCAGTACCTAATCATACAAAACAGGACTTGGGAAAACCAC
ACCCAAACAAGCTATCACTACCTAATCATACAAAACAGCCACTTGCCCAARACCACT

tEEEE RS EREES RS EREEESEEREREEEEEREEEREEREESEREEEEEEEEE RS B SRS E

TATGCAGGCCCTTTTGGGATGTCTAGAATCCTC
TATGCAGGCCCTTTTGCGATGTCTACAATCCTC
TATGCAGGCCCTTTTCC AFCT”TA SARTCCTC

TATGCACCCCCTTTTGGGATGT”TAuAATCC“CTTTGCTCAGGAAAAGApAAAGTTT
TATGCAGGCCCTTTTGGGATGTCTAGAATCCTC '
TAYGCAGGCVVTTTTGGGAFG’yTAGAAFCC}"

ACTAGGAGACTTGCAGGCACATTCACCTG ACCC
ACTAGCACACTTGCACCCACATTCACCTCGACC
ACTAGGAGACTTG CAGmCACATTCACCTCCACCCLgguACACICC”CAgGAG,AGAAAAT
ACTAGGAGACTTGCAGGCACATTCACCTGCACCCTGTCAGACTCCTCAGGAGTAGAAAAT
ACTAGGAGACTTGCAGGCACATTCACCTGGACCCTGTCAGACTCCTCAGGAGTAGARAAT
ACTAGGAGACTTGCAGCCACATTCACCTCCALCCT ‘CAGACT”CTCACCA"WAGAAAAT
ACTAGGAGACTTGCACGCACATTCACCTCCACCCTCTCACACTCCTCAGCCACTACAARAT

ER AR A AR AR A A AR AR A A A A A N R T A A N A A NN AT A AR AT HF TR T HNNATNTRER

CCAGGTGGTTATTGCCTuACCAAATGGATGATCC TGCTGCAGAGCT
CCAGCTGGTTATTCCCTCACCARATCCATCATCO CTGCAGACCTC
CCAGCTGCGTTATTGCCTCACCARAATCCATCATCCTTCLTEC AgCLVAAAiGLJL!

CCAGGTGGTTATTGCCTGACCAAATGGATGATCCTTGCTGCAGAGCTCAAATCTTTTGEG
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Figure 26 (cont’d)

LCMV-WE_GP AATACAGCTGTTGCARAATCTAATCTCAATCATCATCGAACACTTICTCTCACATCCTACCGA 960
LCMV-P42 GP AATACAGCTGTTGCAAAATCTAATCTCAATCATCATCAAGAGTTCTCTCGACATCCTACGA 960
LCMV-P52 GP AATACAGCTGTTGCARAATGTAATGTCAATCATGY GACATGCTACG 960
LCMV-P81 GP AATACAGCTGTTGCAAAATGTAATGTCAATCATG TTCTGTGACATGCTACGA 260
LCMV-P52-1 AATACAGCTGTTGCAAAAT”TAATCTCAATCAmCA”CAACA”mmCM”mCACAmCCmACCA 960
LCMV-P52-1.3 GP ARCACAGCCTCTTGCAARATCTAATCTCAATCATCATCAACACTTCTCTCGAC TAC 960
LCMV-PE2-2.1 GP AATACAGCTGTTGCARAATGTAATG TCAAFCATGAIGAAU GT CTGLUALAl LLALGA 960

hkk hARhRARRE KRR R R R R R R R R R Ak R R R R R AR R R R R A R R R T E R A F AR FFAFRFREFTREARAEER

LCMV-WE_GP CTAATTGATTACAACAAGGCCGCCCTGAGTAACTTCAAGCAAGATCTAGAGTCTGCCTTG 1020
LCMV-P42 GP CTAATTGATTACAACAAGGCCGCCCTGAGTAAGCTTCAAGCAAGATGTAGAGTCTIGCCTTG 1020
LCMV-P32 GP CTAATTGATTACAACAAGGCCGCCCTGAGTAAGT TCAAGCAAGAT GVACAG‘ TGCCTTG 1020
LCMV-PSL GP CTAATTGATTACAACAAGGCCGCCCTGAGTAAGTTCAAGCAAGATGTAGAGTCTGCCTTG 1020
LCMV-P52-1 CTAATTGATTACAACAAGGCCGCCCTGAGTAAGTTCAAGCAAGATGTAGAGTCTGCCTTG 1020
uCVV P52-1.3 GP CTAATTGATTACAACAAGCCCGCCCTGAGTAAGTTCAAGCAAGAT AGAGTCTGCCTTG 1020

V-P52-2.1 GP CTAATTGATTACAACAAGGCCGCCCTGAGTAAGTTCAAGCAAGATGTAGAGTCTGCCTTG 1020

AR A N A A A A A R A A A A N A A A T A N N N T N A T AT A AN AN T AT TAATANLARTLRN

LCMV-WE GP CATGTATTCAAAACAACACTAAATTCTCTCGA CCCATCAGCT ATCACCAATCAT 1080

LCMV-P42 GP CATGTATTCAAAACAACAGTAAATTCTCTGATTTCCGATCAGCTCGTITCATGAGGAATCAT 1080
LCMV-P32 GP CATGTATTCARAACAACAGTAAATTCTCTGATTTCCCGATCAGCTGTITCGATGAGCGAATCAT 1080
LCMV-P31 GP CATCTATTCAAAACAACACTAAATTCTCTGATTTCCCATCACCTCTTCATGAGCAATCAT 1080
LCMV-P52-1 CATGCTATTCAAAACAACACTAAATTCTCTCGATTTCCCATCAGCT GATGAGGAATCAT 1080
LCMV-P532-1.3 GP CATGTATTCARAACAACAGTAAATTCTCTGATTTCCGATCAGCTGTTGATGAGGAATCAT 1080

LCMV-PE2-2.

~GP CATGTATTCAARAACAACAGTAAATTCTCTGATTTCCGATCAGCTGTTGATGAGGAATCAT 1080

LEEEEESESEREEEEESEREEEREREREEEREEEEEEEEERRESE RS E S SRS EEEEES S S S

LCMV-WE GP TATCTGGAACAT 1140
LCMV-P42 GP CIAAGAGATCTANTGEGEETACCATACTETARTTACT CAAAGTT TGGAACAT 1140
LCMV-P52 GP CTARGAGATCTAATGGGGGTACCATACTGTAATTACTCARAGT CTGGAACAT 1140
LCMV-P91 GP CTRAAGAGATCTAATGCCCGTACCATACTCTAATTACTCARAC TGCAACAT 1140
LCMV-P52-1 CTARGAGATCTAATGGCCCTACCATACTCTAATTACT TGCARCAT 1140
cvv P52-1.3 GP CTAAGAGATCTAATGGGGGTACCATACTGTAATTACTCAAAG 1140
MV-P52-2.1 GP CTARGAGATCTAARTGGGGGTACCATACTGTAATTACTCAAAG TGGAACAT 1140
LR E R R EREREREEEREEESESESEEEEEREREEEEEEEEEEREEE SRS S S SRS RS SRS R B E &S
LCMV-WE_GP GCTARGACTGGTGAGACTAGTGTACCCAAGTGCTGECTTGTCACTAATGGCTCCTACTTE 1200
LCMV-P42_GP GCTAAGACTGGTGAGACTAGTGTACCCAAGTGCTGGCTTGTCACTAATGGCTCCTAC 1200
LCMV-P52 GP GCTAAGACTGGTGAGACTAGTGTACCCAAGTGCTGGCTTGTCACTARTGGCTCCT 1200
LCMV-P31 GP GCTAAGACTGGTGAGACTACTGTACCCAAGTCCTCCCTIGTCACTARTGECTC 1200
LCMV-P52-1 GCTAAGACTGGIGAGACTAGTGTACCCAAGTGCTGECTIGTCACTAATGEE 1200
LCMV-P52-1.3 GP GCTAAGACTGGTGAGACTAGTGTACCCAAGTGCTGECTTGTCACTAATGECTCC 1200
LCMV-P52-2.1 GF GCTAAGACTGGTGAGACTAGTGTACCCAAGTGCTGECTTGTCACTAATGGCTCCTACTTG 1200
Ak K A A A A A A K A A A A A A A A A A A A A A A AR A A R A A A A A XN A XA A AN A A AR AR ARAAAANRKRRRR
AATGAGACCCACTTTAGTGATCAAATCGAACAAGAAGCAGATAACATGATCACAGAGATE 1260
B AATGAGACCCACTTTAGTCATCAAATCCAACAAGAAGCACATARCATCATCACAGACATC 1260
LCMV-P52 GP ARTGAGACCCACTTTAGTCATCAAATCCAACAAGAAGCAGATARCATCATCACAGACATS 1260
LCMV-PY1 GP AATGAGACCCACTTTAGTGATCAAATCGAACAAGAAGCAGATAACAT GATCACAGAGATG 1260
LCMV-P52-1 AATGAGACCCACTTTAGTGATCAAATCGAACAAGARGCAGATAACATGATCACAGAGATE 1260
LCMV-P52-1.3 GP AATGAGACCCACTTTAGTCATCARATCCAACAAGAAGCAGATAACATCATCACAGAGATE 1260
LCMV-P52-2.1 GP AATGAGACCCACTTTACTCATCARATCCAACAAGAACCAGATAACATCATCACAGACATS 1260
AR AR AR A AR A AR A A AR A A A A A A A A A R R R T T A N AN A N A A RN A A H LA HAARAARNERRN
LCMV~-WE GP TTGAGGAAGGACTACATARAAACACAAGCGACTACTCC 1320
LCMV-P42 GP TTGAGGAAGGACTACATARAARCACAAGCCACTACTCC 1320
LCMV—PBZWGP TTCAGGAAGGACTACATAAAAACACAACCGAGTACTCCTTTAGCCTT T 1320
MV-P91_GP TTGAGGAAGGACTACATAAAAAGACAAGGGAGTACTCCTTTAGCCT TAATGGATCTTTTG 1320
MV-P52-1 TTGAGGAAGGACTACATARARAGACAACGCAGTACTCCITTAGCCTTARTGGATCTTTTE 1320
MCMV—P52—1.37@P TTGAGGAAGGACTACATAARAACACAAGCCACT 1320
LCMV-P52-2.1 GP TTCAGGAAGCACTACATAARRACACAACCCACTACTCCTTTAGCCTTAATGGA 1320
R FHR A AT A A AR A A A A A A A A A A R A A A T N A R N R A A T A A F AR I AN NL T A RN TER AN
LCMV-WE_GP RTGTTTTCAACATCACCATATCTAATCAGCALC 'GAAGATACCAACA 1380
LCMV-B42 GP ATGTTTTCAACATCAGCATATCTAATCAGCAT STGAAGATACCAACA 1380
LCMV-P52 GP ATGTTTTCAACATCAGCATATCTANTCAGCATCTTTOTEOATCTTGTGAAGATACCARCA 1380
CMV-PY1 GP ATGTTTTCAACATCAGCATATCTAATCAGCATCTTTCTGCATCT TGTGAAGATACCAACA 1380
LCMV-P52-1 ATGTTTTCARCATCACCATATCTAATCAGCAT CCATC 'CAAGCATACCAACA 1380
LCMV-P52-1.3 GP ATGTTTTCARCATCACCATATCTAATCAGCATCTTTCTCCATCT TCTCAACATACCAACA 1380
LCMV-P52-2.1 GP ATGTTTTCAACATCAGCATATCTAATCAGCATCTTTCTGCATCTTGTGAAGATACCAACA 1380

EEE R EREEEEEREEEE SRR R R R R R RS S SR SRR RS EEE S S S
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Figure 26 (cont’d)

LCMV-WE_GP CATAGACACATAAAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGGGGATC 1440
LCMV-P42 GP CATAGACACATAAMAGGGCGCGTTCATGTCCAAAGCCACACCGCTTGACCARCAAGGGGATC 1440
LCMV-P52 GP CATAGACACATAAAGGGCGGTTCATGTCCAARAGCCACACCGCTTGACCARCAAGGGGATC 1440
LCMV-PY1 GP CATAGACACATAAAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGGGGATC 1440
LCMV-P52-1 CATAGACACATAAAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGEGEATC 1440
LCMV-P52-1.3 GP CATAGACACATAAAGGGCGCTTCATCTCCAAACCCACACCGCTTGACCAACAAGGGGATC 1440
LCMV-P52-2.1 GP CATAGACACATAMAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGGEGATC 1440
Ahhhkh kA ARk hhh ke hhhhhh kA Ak R Rk h ke h kb A h kR R A ARk Rk ok hhkhhk kA Ak kk k& &
LCMV-WE_GP TGTAGTTGTGGTGCATTCAAGGTGCCTGGTGTAAAAACTATCTGCARRAGACGCTG 1497
LCMV-P42 GP TGTAGTTCTCCTGCATTCAACCTCCCTCCTCTAAAAACTATCTGCAARAACACCCTGA 1497
LCMV-P52 GP TETAGTTGTGGTGCATTCAAGGTGCCTGGTETAAAAACTATCTGGAARAGACGCTG! 14897
LCMV-PY91 GP TGTAGTTGTGGTGCATTCABAGETGCCTGEGTGTAAAAACTATCTGCAAAAGACGCTRA 1487
LCMV-P52-1 TCTAGTTGTGCTGCATTCAACCTCCCTCCGTCTAAAAACTATCTCCARAAGACGCTGA 1497
LCMV-P52-1.3 GP TGTAGTTGTGGTGCATTCAAGGTGCCTGGTGTAAAAACTATCTGGAAAAGACGCTGA 1497
LCMV-PE2-2.1 GP TGTAGTTGTGGTGCATTCAAGGTGCCTGETGTAAAAACTATCTGGARAAGACGCTGA 1487

A KR AT R T T AR A A A A A A A A A N N N N N T A A A N T A AN AN RRTRTH RN ERAARTS

LCMV-WE_GP: SEQ ID NO: §
LCMV-P42 | SEQ ID NO: 17
LCMV-P52 SEQ ID NO: 25
LCMV-PB1L SEQ ID NO: 33
LCMV-PL2Z SEQ ID NO: 41
LCMV-P52 SEQ ID NO: 49
LCMV-P52 SEQ ID NO: a7

SUBSTITUTE SHEET (RULE 26)



WO 2020/053324

B.

CA 03111305 2021-03-01

PCT/EP2019/074307

57185

Figure 26 (cont’d)

Source: 1-3376 Segment = S

Protein:
Gene: GPC
Gene: 79-1575

Pre-glycoprotein polyprotein GP complex

Sequence Alignment: Aminoacid

LCMV~-WE_GP

LCMV-P42_CP
LCMV-P52 GP
LCMV-P91 GP

LCMV-P52-1
LCMY-B52-1.3 GP
LCMY-B52-2.1 GP

LCMV-WE,_GP
LCMV-P42 GP
LCMV-P52 GP
LCMV-P91 GP
LCMV-P52-1
LCMV-B52-1.3 G
LCMV-P52-2.1 G

o

o

LCMV-WE GP
LCMV-F42 GF
LCMV-P52 GP
LCMV-PY1l GP
LCMV-P52~1

LCMV-P52-1.3 GP
LCMV-P52-2.1 GP

LCMV-WE_GP
LCMV-P42 GP
LCMV-P52_GP
LCMV-P91 GP
LCMV-P52~1

ACMV—P52~1.3_GP
LCMV-P52-2.1 G

]

LCMV~ WQ_GP
LCMV-PAZ_GP
LCMV-P52 GP
LCMV-P91 GP
LCMV-P52-1

LCMV-P52-1.3 GP
LCMV-P52-2.1 GP

LCMV-WE_GP
LCMV-P42_GP
LCMV-P52 GP
LCMV-P91 GP
LCMV—PE2—7
MV-P52-1.3 GP
CVV P52-2.1 GP

LOMV-WE_GP
LCMV-P42 GP
LCMV-P52_GP
LCMV-B91_GP
LCMV-P52-1
LCMV-P52-1.3 GP
LCMV-P52-2,1 GP

MGOIVIMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSEFLELAGRSCGMY
MGOIVTMFEALPHIIDEVINIVIIVLITITSIKAVYNFATCCTLALVEFLFLACRSCOMY
MCOIVIMFEALPHIIDEVINIVIIVLITITSIKAVYNFATCCILALVSFLFLACRSCOMY
MGOQIVIMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVS AGRSCGMY
MGQIVIMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSEFLELAGRSCGMY
MGQIVTMFEALPHIIDEVINIVIIVLITITSIKAVYNFATCCTLALVSFLFLACRSCOMY
MGQIVTMFEALPHIIDEVINIVIIVLITITSIRAVYNFATCGILALVSFLFLAGRECCGMY

*
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CLNGPDIYKCVYQFKSVEFDMSHLNLTMPNACSANNSHHY TSMGCSSCLELTFTNDSTILNE
CLNGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHY ISMCSS5CLELT
GLNGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHYISMGSSGL
GLNGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHY I SMGSSGLELTFINDSILNA
CLNGPDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHEY TSMCSSCLELTFTNDSTLNE
GLNGPDIYKGVYQFKSVEFDMSHINLTMPNACSANNSHHY I SMCSSGLELTFTNDSTILNG
GLNGPFDIYKGVYQFKSVEFDMSHLNLTMPNACSANNSHHY T SMGSSGLE NDSILNH

AR E AR T R A A R N A A N N N A N T N N N A N T AT AT AR AN KNI TR TARNATREL NN

NECNLTSAFNKKTFDHETLMSIVSSLELS TRCNSNHEAVSCDFNNCTITIQYNLSFSDPQSA
NECNLTSAFNKKTFDHTLMSIVSSLHLSTRCNSNHRAVSCDEFNNGITIQYNLSFSDPQSA
NFCNLTSAFNKKTEDHTIMSIVSSLHLS IRGNSNHKAVSCDENNGITIQYNLSFSDPQSA
NFCNLTSAFNKKTFDHTIMSIVSSLHLSIRGNSNHKAVSCDENN OYNLSFSDPQSA
NFCNLTSAFNKKTFDETLMSIVSSLELSTRCNSNHEAVSCDE IQYNLSEFSDPQSA
NFCNLTSAFPNKKTFDHTLMS IVSSLHLS IRGNSNHEAVSCDENNGITIQYNLSFSRPQSA
NECNLTSAFNKKTEDHTIMS IVSSLHLSIRGNSNHRAVSCDENNGITIQYNLSESDPOSA

Kk Ak R R Ak A kR A A A N A A A N A R N TN A A N A N A N A AR RN T AR TX X EXFARRNAT LR N

ISQCRTEFRGRVLDMEFRTAFCCKYMRSCHCHWACSDGH
MSOCRTIFRGRVLDMERTAFGCRKYMREGWEHAGSDGRTT
MSOCHTFRGRVLDMERTAFGGKYMREGWEHAGSDGK
MEQUCHTERGRVLDMERTAFGCKYMRSGHCHWAGSDCKTTRHC

MSQOCHTIFRGRVLDMFRTAFGCGKYMRSGHEWAGSDGH WCSQTSYQYULI
ISQCHTERGRVLDMIRTAFGGHYMREGHEWAGSDGRTTHCSQTSYQYLIION
MSQCRTFRGRVLDMERTAFGGKYMREGWGWAGSDGRKTTHCSQTSYQY LI TQNRT

LRI R EEREEEEESESEREREEEEEEREREEEEREEEEEEEEE SRS SRR SRS E %5

WCSQTSYQYLT

YAGPEFGMSRILEAQEKTKELTRRLAGTEFTWTLSDSSGVENPGGYCLTRKWMILAARLKCEG
YAGPFGMSRILEFAQEKTKFLTRRLAGTEFTWTLSDSSGVENPGGYCL AAELKCEG
YAGPFGMSRILFAQEKTKFLTRRLACTFTHWTLSDSSCVENPCCYCLTKWMILAAELKCEG
YACPFCMSRILFAQEKTKFPLTRRLACTFTHWTLSDSSCVENPCCYCLTRWMI LAARLKCEFG
YAGPFGMSRILFPAQEKTKELTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILARELKCEG
YAGPFGMSRILFAQEKTKELTRRLAGTEFTWTLSDSSGVENPGGYCLTKWMILAARLKCEG
YAGPFGMSRILFAQEKTKFLTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAELKCEG

LEEEEREREEREEREEREEEESEEESEEEEEEREEEEEEEEEEREEREEEEEEEEEESE SRR RS

NTAVAKCNVNHDEEFCDMLRLIDYNKAALSKFKQDVESALAVIKTTVNSLISDOLLMRNH
NTAVAKCNVNHDEEFCDMLRLIDYNKAALSKFRQDVESALOVIKTTVNSLISDOLLMRNI
NTAVAKCNVNHDEEFCDMLRLIDYNKAALSKFKQDVESALHVE NSLISDQLLM
NTAVAKCNVNHDEEFCDMLRLIDYNKAALSKFKQDVESALHVEFKTTVNSLISDOLLMRNH
NTAVAKCNVNHDEEFCDMLRLIDYNKAALSKIRQDVESALOVERTTVNSLISDOLLMRNT
NTAVAKCNVNHDEEFCDMLRLIDYNKAAL SKFKQDVESALOVIKTTVNGLISDOLLMRNI
NTAVAKCNVNHDEEFCDMLRLIDYNKAALSKFKQDVESALHVIEKTTVNSLI SDQLLMRNH

LSRR R R LR R RS EEEESEREEEREEESREERERSEEEREEEEEEEEEEEESERSES S

LRDILMGVPYCNYSKFWYLEHAKTGETSVPEKCWLVTINGSYLNE
LRDLMGVPYCNYSKFWYLEHAKTCETSVPRCWLVINGSYLN
LRDLMCGVPYCNYSKEFWYLEHAKTCETSVPRCHWLVINGSYLN
LRDLMGVPYCNYSKFWYLEHAKTGETSVPKCWLVTINGSY L

LRDIMGVPYCNYSKFWYLEHAKTGETSVPRKCWLVINGSYL

LRDLMGVPYCNYSKFWYLEHAKTGETSVPKCWLV
LRDLMGVPYCNYSKFWYLEHAKTGETSVPRKCWLV
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LCMV-WE GP
LOMV-P4Z GP
LCMV-P52_GP
LCMY-B91_GP
LCMV-P52-1
LCMY-P52-1.3 GP
LOMV-P52-2.1 GF

LCMV~-WE_GP
LCMV-P42 GP
LCMV-P52 GP
LCMV-PS1 GP
LCMV-P52-1
LCMV-P52-1.3 GP

LCMV-P52-2.1 GP

LCMV-WE GP:
LCMV-P4Z GP:
LCMV-P52 GP:
LCMV-PS1 GP:
LOMV-P52-1;

LCMV-P5Z2~-1.3 GP:

LCMV-FP52~2.

SEQ
SEQ
SEQ
SEQ
SEQ

SEQ T
SEQ I
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Figure 26 (cont’d)
LREKDYIKRQGSTPLALMDLIMEFSTSAYLISIFLHLVEKD HIKGGSCPKPHRLI GI 480
LREDYIKRQGSTPLALMDLLMESTSAYLISTFLHLVEK HIKGGSCPKPH GI 480
LREDYIKROGSTPLALMDLIMFSTSAY L ISIFIHLVKIPTHRHIKGGSCPKPHRLTNKETL 480
LRKDYIKROGSTPLALMDLIMFSTSAYLISTFLHLVRIPTHRHIKGGSCPRPHRLTNK 480
LRKDYIKROGSTPLALMDLIMFSTSAYLISIFLHLVRIPTHRHIKGGSCPKPHRLTNRGT 480
LREKDYITKRQGSTPLALMDLLMESTSAYLISTFLHIVKIPTHRHIKGGESCPEPHR 480
LRKDYIKROGSTPLALMDLLMESTSAYLISIFLHLVKIPTHRHIKGGSCPEPHRLINKGT 480

KA AT AR KRR AT T EI I IR AR AR R R R A A R A A R A A A A AR T A NI I F R A I A A A TN R A AARAATRTR R

CSCGAFKVPGVKTIWKRR 498
CSCGAFKVPGVKTIWKRR 498
CSCGAFKVPGVKTIWKRR 498
CSCGAFKVPGVKTIWKRR 498
CSCCAFKVPCVKTIWKRR 498
CSCGAPKVPGVKTIWKRR 498
CSCGAFKVPGVKTIWKRR 498

EEEEE SRR E RS S EEEEES]

ID NO: 10
ID NO: 18
ID NO: 28
ID NO: 34
ID NO: 42
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Figure 26 (cont’d)
C.
Source: 1-3376 Segment = S
Protein: Nucleoprotein
Gene: NP
Gene: 1640-3316 complement
Sequence Alignment: Nucleoctide
LCMV-WE_NP ATGTCTTTCTCCAAACAACTCAAAACCTTTCACTGCACACACCCCTTCAGCACCCAGTTC 60
LCMV-P42 NP ATGTCTTTGTCCAAAGAACTCAAAACCTTTCACTGCGACACAGGCCTTCAGCAGLECAGTTC 60
LCMYV-P32 NP ATGTCTTTGTCCABRAGAACGTCAAAAGCTTTCAGTGGACACAGGCGT TGAGGAGGRAGTTG &0
LCMV-P91 NP ATGTCTTTGTCCAAAGAAGTCAAAAGCTTTCAGTGGACACAGGCETTGAGGAGGEGAGTTG &0
LCMV-P52~1 NP ATCTCTTTGTCCAAACAACTCAAAACCTTTCAGTGGACACAGGCCTTCACCAGCGACTTG 60
LCMV-P52-1.3 NP ATGCTCTTTGTCCARACAACTCAAAACCTTTCAGTGGACACACCCCTTCACCAGGCACTTC 60
LCMV-P52-2.1 NT ATGTCTTTGTCCARAGAAGTC GCTTTCAGTGGACACAGGCGTTGAGGAGGGAGTTG &0
ok khkhdhdhhhdhhdhhddhddhdbddhdb bbbk bk ok kT kA h A r AR TR RART LA
LCMV-WE NP CAGAGTTTTACATCAGATCTAAACCCTGCCCTCATCAACCACCCAACCAGTCTTCTAAAT 120
LCMV-P42 NP CAGAGTTTIACATCAGATGTAAAGLCTGCCGTCA’CAA“GACGCAACpA”” AARAT 120
LCMV-P52 NP CAGAGTTTTACATCAGATGTAAAGGCTGCCGTCATCAAGGACGCAACCAGTC AAAT 120
LCMV-P81 NP CAGAGTTTTACATCAGATGTAARAGGCTGCCEGTCATCAAGGACGCAACCAGTCTTCTARAAT 120
LCMV-P52~-1 NP CACAGTTTTACATCACATCTAAAGCCTGCCGTCATCAACCACCCAACCACTCTTCTAAAT 120
LCMV-P52-1. I CAGAGTTTTACATCAGATGTAAAGGCTGCCGTCATCAAGCGACGCAACCAGTC 120
LCMV-P32-2.1 CAGAGTTTTACATCAGATGTAAAGGCTGCCGTCATCAAGGACGCAACCAGTC 120
LR R R R EEEEEREEEEERESESEEESEESEEESEEEEESEEEER SRS EEE SRS DS SRS 0SS
LCMV-WE NP GGETTGGACTTTTCTGAAGTCAGCAACGTTCAGAGGATCATGAGAAAGGAAAGGAGGGAT 180
LCMV-P42 NP GGGTTGGACTTTTCTGAAGTCAGCAACGTTCAGAGGATCATGAGAAAGGAAAGGAGHGAT 180
LCMV-P52 NP GGGTTGGACTTTTCTGAAGTCAGCAACGTTCAGAGGATCATGAGAAAGGARAGGAGHGAT 180
LCMV-P91 NP CGETTGCGACTTTTCTCAACTCACCAACCTTCAGACCATCATCACAAACCGAAAGGACGCCAT 180
LCMV-P52-1 NP GCGTTCGCGACTTTTCTCGAACTCACCAACCTTCACAGCATC AGCAAACCAAACCAGGCAT 180
LCMV-P32-1.3 NP GGGTTGGACTTTTCTGAAGTCAGCAACGTTCAGAGGATCATGAGAAAGGARAGGAGGGAT 180
LCMV-P52-2.1 NF GGGTTGGACTTTTCTGAAGTCAGCAACGTTCAGAGGATCATGAGAAACGAAAGGAGGGA 180
RS EREEEEEEEEEELEEEESESEESESEEEEESREREEEEEREESEEEEEEEEEEEEEE S
LCMV-WE_NP GATAAAGACTTGCAGAGACTCAGGAGTCTTAACCAGACT TG 240
LCMV-PA2Z GATAAAGACTTGCAGAGACTCAGGAGTCTTAACCAGAC rG 240
CMV-P52 CGATARAGACTTGCAGACACTCAGCAGTCTTAACCACAC G 240
LCMV-PS1 GATARAGACTTGCAGACACTCAGCAGTCTTAACCAGAC G 240
LCMV-P52-1 GATAAAGACTTGCAGAGACTCAGGAGTCTTAACCAGAC el 240
LOCMV-P52-1. GATARAGACTTGCAGAGACTCAGGAGTCTTAACCAGACT TG 240
LCMV-P52-2.1 GATAAAGACTTGCAGACACTCACCACTCTTAACCAGACT TG 240
R EE RS ES RS SRS EMERSEEEESEEEEEEEEESEEEREEEESEREEEREEEEEEEEEE]
LCMV-WE_NP ARGTCTACATCAAAGAAMAATGTTCTGAAAGTGGGAAGACTTAGTGCAGAGGAATTGATG 300
LCMV-P42 NP AAGCTCTACATCAAAGAAAAATCTTCTCAAACTGGGAACACTTACTCCACACGA ATG 300
LCMV-P52 NE AACTCTACATCAAAGAAAAATCTTCTCARAACTGCGAACACTTAGTCCACAGCGAAT ATG 300
LCMV-P81 NP AAGTCTACATCAAAGAARAATGTTCTGAAAGTGGGAAGA AGT ATG 300
LCMV-P52-1 AAGTCTACATCAAAGAARAATGTTCTGAAAGTGGGAAGALCT T 300
LCMV-P52-1. AACTCTACATCAAACARAAATCTTCTCAAAC 300
LCMV-P52-2. AAGCTCTACATCAAACAARAATCTTCTCAAACT 300
R R R R R ERSEERESEEMELEEEEESEEEESEEREREREEESEREEEEEREEEERERSEES]
LCMV-WE_NP ACCCTTGCAGCTGATCTTGAGAAGCTGAAGGCCAAAATTATGAGAACTGAGAGGCCTCAA 360
LCMV-P42 NP ACCCTTGCAGCTGATCTTGAGAAGCTGAAGGCCAAAATTATGAGAACTGAGAGGCCTCAA 360
LCMV-P52 NP ACCCTTGCAGUTCGATCTTCACAACCTCAACGCCARAMATTATCAGAACTCACAGCCCTCA 360
LCMV-P91 NP ACCCTTGCAGCTGATCTTGAGAAGCTGAAGGCCAAAATTATCAGAACTGAGAGG CCTCAA 360
LCMV-P52-1 NP ACCCTTGCAGCTGATCTTGAGAAGCTGAAGGCCAAAATTATCGAGAACTGAGAGGCCTCAA 380
LCMV-P52-1.3 NI ACCCTTGCAGCTGATCTCGAGAAGCTGAAGGCCAARATTATGAGAACTGAGAGGCCTCAA 360
LCMV-P52-2,1 NP ACCCTTCCAGCTCATCTTCACAACCTCAACGLCCAARMATTATCGACAACTCAGACGLCTCAR 360
IR E R R AR E SRS R SRR NESEEEESESRESESEEREREEE SR SRS SRRl et E S S
LMV -WE CCTTCTCGCGAGTCTACATCCCARAATTTCACACCACANACAACTTCATCAAACATCCCAAATA 420
LCMV-P42 NF CCTTCTGCAGTCTACATCCCAAATTTCACAGCACAACAA 'CATCAAACATCCCAAATA 420
LCMV-PB2Z NP GCTTCTGGAGTCTACATGGCGAAATTTGACAGCACAACAACTTGATCAAAGATCCCAAATA 420
LCMV-P21 NP GCTTCTGGAGTCTACATGCGAAATTTGACAGCACAACAACTTCGATCARAGATCCCAAATA 420
LCMV- DSZ—liNP GCTTCTGCGAGTCTACATGCGGAAATTTGACAGCACAACAACTTGATCARAGATCCCARATA 420
LCMV-P52-1.3 NP GCTTCTGGAGTCTACATGCCARATTTCACAGCACAACAACT TCATCAAAGATCCCAAATA 420
LCMV-P5Z2-2.1 NP GCTTCTGGAGTCTACATGCGAAATTTGACAGCACAACAACTTGATCARAGATCCCARAATA 420

EEEEEEEREEREEEREEEEEEEESEEEEEEEEEEEREEERREE S SRS SRR R RS E RS ES
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CTGCAAATGGTTGEGATGAGAAGCACCTCAGCAGGETGLAAGT !AGTAAGGGT 480
CTGCAAATGGTTGGGATCAGAAGACCTCAGCAGGETGCAAG AGTAAGGGTTTGE 480
CTGCARAATGGTTGGGATGAGAAGACCTCAGCAGGETGCAAG TAAGG GG 480
CTGCAARTGGTTGGGATGAGAAGACCTCAGCAGGETGCAAGTGETGTAGTAAGG TGG 480
CTGCAAATGGTTGGCATCAGAAGACCTCAGCAGGETGUAAGTGCTEGTAGTAAGGETTTCS 480
CTGCAAATGGTTGGCATCACGAAGACCTCAGCAGGETGCAAGTECTGTAGTAAGGETTTCGS 480
CTGCARATGGTTGGGATGAGAAGACCTCAGCAGGGETGCAAGTGETGTAGTAAGGGTTTGG 480
hkhhhhdhhhhhhhbhdhhhhhdhbhhbhhkhdhhbhhhhhhandhhhdmhhihhhwdkuwhhdhirddhkrk
GATGTGAAGGACTCATCACTTCTCAACAATCACTTCGECACAATGUCARCCCTGACARTG 540
GATGTGAAGGACTCATCACTTCTCGAACARATCACT TCGECACAATGCCAAGCCTGACARTG 540
GATGTGAAGGACTCATCACTTCTGAACAATCAGTTCGGCACAATGCCAAGCCTGACAATE 540
GATGTGAAGGACTCATCACTTCTGAACAAT CAGTTCGECACAATGLCCAAGCCTGACAATG 540
GATGTGAAGGACTCATCACTTCTGAACAATCAGTTCGECACAATGUCAACCUTGACAATE 540
GATGTGAAGGACTCATCACTTCTCAACAATCAC““CCCCA”AATGCCAAGCCTGACAATG 540
GATGTGAAGGACTCATCACTTCTGAACAATCAGT TCOGCACAAT GLCAAGCCTGACALTG 540
dhhddkdhhhdhdhhdddhdbdhddkhdhhdhdhdhddhhhadhhhudrhdhhrrandhhrrrhrhhrhderorhkrsw
GCTTGCATGGCAAAACAGTCACAGACCCCACTCARTGA GCAGGCACTCACAGAC 600
GCTTGCATGGCAAAARCAGTCACAGACCCCACTCAATGATGTTGTGCAGGCACTCACAGAT 600
GCTTGCATGGCAAAACAGTCACAGACCCCACTCAATGATETTGTGCAGGCACTCACAGAC 600
GCTTGCATGGCAAARCAGTCACAGACCCCACTCAATGATGTTETGCAGECACTCACAGAC 600
GCTTGCATGGCAAMACAGTCACAGACCCCACTCAATGAT TCWCCACC”A CA&AMAC 600
GCTTGCATGGCAAAACAGTCACAGACCCCACTCAATGATGTTGTGCAGG TCACAG 600
GCTTGCATGGCAAAACAGTCACAGACCCCACTCAATGAT ‘TG,UCAGGuACTCAuA Au 600
LRSS E R LSRR ELEL L ERLELEMEREEELESEEEEEESEEES SR EEE RIS S
CTTGGCTTACTTTACACAGTCAAATACCCGAAT CTCAGTGATCTTGAAAGGUTARAGEAT 660
CTTGGCTTACTTTACACAGTCAAATACCCGAATCTCAGTHATC AAAGGCTAAAGGAT 660
CTTGGCTTACTTTACACACGTCARATACCCGAATCTCAGTGATCTTGABRGGUTARAGGAT 660
CTTGGCTTACTTTACACAGTCAAATACCCGAATCTCAGTGATCTTGAAAGGUTARAGEAT 660
CTTGGECTTACTTTACACAGTCAAATACCCCAATCTCAGTGATCT TCGARAGGUTAARGEAT 660
CTTGGCTTACTTITACACAGTCAAATACCCGAATCTCAGTGATC AMAGGCTARAGGAT 660
CTTGGCTTACTTTACACAGTCAAATACCCGAATCTCAGTGATCTTGAAAGGTUTAARGGAT 660
A AR A AR A A A A A A AR A A A A A A R A A A A AR A A AT A A A A AT A I XA XK AT I A XA A I A A AR AR
AAACACCCAGTTCTGGGGGTCATTACTGAACAGCAATCTAGTATCAATATCTICTG 720
AAACACCCAGTTCTGGGGETCATTACTGAACAGCAATCTAGTATCAATA 720
ARACACCCAGTTCTGGCGETCATTACTGAACAGCAA 720
AAPCACCCAGTTCTGEGEETCATTACTGAACAGUAATCT 720
ARACACCCAGTTCTGGGGGTCATTACTGAACAGCAATCT 720
ARRCACCCAGTTCTGGEGEETCATTACTGAACAGCAATCTAGTATCAATA! 720
AARCACCCAGTTCTGGECETCATTACTGAACAGCAATCTAGTATCAAT 1 720
LR AR EREEREESELSEESEAEEREEEEEEEEEEEEEREEEERSEREEEEEE SRR RS SRS S
AATTTCAGTCTTGGTGCAGCTGTGARAGCGGGEGECAGCTCTGCTAGATGGAGGGAACATG 780
AATTTCAGTUTTGGTGCAGCTETGARAAGCGEEGECALT ' T 780
ARTTTCAGTUTTGGETGCAGCTETG GUGGEGGCAGCTCTGCTAGATGCACGGAACATG 780

AATTTCAGTCTTGGTGCAGCTGTGARAGCGGGGGCAGCTCTGCTAGATGGAGGGAACATG 780
AATTTCAGTCTTGGTGCAGCTGTGARAGCGGGGGCAGCTCTGCTAGATGGAGGGAACATG 780
AATTTCAGTCTTGETGCAGUTETCGARAGCGECEECAGCTCTGCTAGATGGAGGEAACATE 780
ARTTTCAGTCTTGGTCCAGCTETGARAGCCGEEEECAGCTCTCCTAGATCGAGGEAACATE 780
hkhdkhdhhhdhdhhhhhdhdhdddbhdhhhhhhbhhhhbrERhhhkhkhhrhh kR kTR ERRRER TR x
CTGGAATCTATCTTGATCAAACCGAGCAACACTGAGGATCTCCTAAARGCAGTICTCEGE 840
CTGGAATCTATCTTGATCARACCGAGCAACACTGAGGATCTCCTAAAAGCAGTCUTUGEE 840
CTGGAATCTATCTTGATCAAACCGAGCAACAGTGAGGATCTCCTARAAGCAGTCCTCGEE 840
CTGGAATCTATCTTGATCAAACCGAGCAACAGTGAGGATCTCCTAAAAGCAGTCCTCGEG 840
CTGGAATCTATCTTGATCAAACCGAGCAACAGTGAGGATCTCCTARAAGCAGTCCTCGES 840
CTGGAATCTATCTTCATCAAACCGAGCAACAGTGAGGA CCTARARGCAGTCCTCGEE 840
CTGGAATCTATCTTGATCAAACCGAGCAACAGTGAGGATCTCCTARRAGCACTCLTCGES 840
hhhkhdhhhkkhkbhhhhhkdhhhdhhhdhhhbhhdhbhbhdbhhhrikhhhhkhhhkhhrhndhhdhhhrdkhrrx
GCCARCAACARACTCAACATCTTTCTCTCACATCARCTTCCACATAGARATCCC 900
GUCAAGAAGAARACTCAACATCTTTGTCTCAGATCAAGTTCCAGATAGAAATC 800
GCCAAGAAGAAACTCAACATGTTTGTCTCAGATCAAGTTGGAGATAGAAAT 900
GCCAAGAAGAAACTCAACATGTTTCTCTCAGATCAAGTTGGAGATAGAAAT 900
GCCARGARAGARACTCAARCATCTTTCTCTCAGATCAAGTTCGAGATAGAAAT 900
GCCARGAAGAAACTCAARCATETTTGTCTCAGATCAAGTTGGAGATAGAAATCCCTATGAA 500
GCCAABAAGARAACTCAACATGTTTGTCTCACGATCAACTTGCAGATAGAAATCCCTATCAA 900

FhE IR KA A A X A A A A A A A A A A A A A A A A A N A A N A AR A A AR R A IR AR NN AR R NNRRRNREYN
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Figure 26 (cont’d)

LCMV-WE_NP AACATCCTTTATARACTCTCTCTTTCAGETCAAGGATGECC TA”A“AGCC“G“AGAACG 960
LCMV-P42 NP AACATCCTTTATAAAGTCTGTCTTTCAGGTGAAGGATGGCCATACATAGCCTGTAGAAC 960
LCMV-P52 NP AACATCCTTTAIAAAGTCTGTCTTTCAGuTGAAGGAlGmCCATACAAAGCCLG*AuAqu 960
LCMV-P91 NP AARCATCCTTTATARAGTCTGTCTTTICAGGTGAAGGATGGCCATACATAGCCTGTAGAALG 260
LCMV-PRZ2-1 NP AACATCCTTTATAAAGTCTGTCTTTCAGGTGAAGGATGGCCATACATAGCCTGTAGAACG 960
LCMV-P52-1. 3 _NP AACATCCTTTATAAAGTCTGTCTTTCAGGTGAAGGATGGCCATACATACCCMCWACAACC 960
LeMV-P52-2.1 NP AACATCCTTTATAAAGTCTGTCTTTCAGGTGAAGGATGCGCCATACATAGCCTGTAGAALT 360

hhkhkhhkhkh bbbk bk bk k kR R bR h Rk b kR A R R R R R AR R A TR F AR A A AT AT TAAXARNAR N T E

LCMV-WE_NP TCAGTTGTGGGGAGAGCATCGGAGAACACAACAATTGATCTCACAAATGARARACTTC 1020
LCMV-P42 NP TCAGTTGTGGGGAGAGCATGGGAGAACACAACAATTGATCTCACAAATGARARACTT 1020
LOMV- D527’\D TCAGTTGTGGGGAGAGCATGGCGAGAACACAACAATTGATCTCACAAAT CAAAAA”El 1020
LCMV-P81 NP TCAGTTGTGGGGAGAGCATGGEGAGAACACAACAAT TGATCTCACAAATGABAARCTTGT T 1020
LCMV-P52-1 NP TCAGTTGTGGGGAGAGCATGGGAGAACACAACAATTGATCTCACAAATGARAAACT 1.020
LCMV-P52-1.3 NP TCAGTTGTGGGGAGAGCATGGGAGAACACAACAATTGATC CAuAAA”CAAAAAC”T 020
LCMV-P52-2.1 NP TCAGTTGTGGGGAGAGCATGGGAGAACACAACAATTGATCTCACAAATGARAMACT 1020
ok hkkhhh ko hhhkhkhhhhhhhkkkk kN hhhh hhkhkFhh hF ok ok Fhhk kA kAR AR R E k&
LOCMV-WE NP GCCAACTCATCTAGGCCAGTGCCTGGAGCAGCAGGCCCACCTCAGGTGGGCTTGAGTTAC 1080
LCMV-P42 NP GCCAACTCATCTAGGCCAGTGCCTGGAGCAGCAGGCCCACCTCAGGTGGECTTGAGTTAC 1080
LCMV-P52 NP GCCAACTCATCTAGGCCAGTGCCTGGAGCAGCAGGCCCACCTCAGGTGGE TTGAGTTAC 1080
LCMV-P91 NP GCCAACTCATCTAGGCCAGTGCCTGGAGCAGCAGGCCCACCTCAGCTGGGCTTGAGT 1080
LCVV P572-1 NP GCCAACTCATCTAGGC”ACTCCCTCCACCACCACCCCCACCTCACGTCCCCmmCACTTAC 1080
-p52-1.3 NP GCCAACTCATCTAGGCCAGTGCCT uuAuCA CAmuCCCA”C CAGGTGGGCTTGAGTTAC 1080
JCVV P52-2.1 NP GCCAACTCATCTAGGCCAGTGCCT GCAGCAGGCCCACCTCAGGTGGGCTTGAGTTAC 1080
Ak ok k kR A AR AR A R A Ak Ak kA kA A A A A AR R A KA A A KKK A AKX IR KKK KK KRR KR KRR KKK K K

LCMV-WE NP AGTCAGACAATGCTGTTGAAAGACTTGATGGGAGGGATTGATCCCAATGCTCCCACATGE 1140
LCMV-P42 NP AGTCAGACAATGCTGTTGAAAGACTTGATGGGAGGGATTGATCCCAATGCTCCCACATGG 1140
LCMV-P5Z2 NP AGTCAGACAATGCTGTTGAAAGACTTGATGCGAGGGATTGATCCCAATGCTCCCACATGG 1140
h GATCCCAATGUCTCCCACATGG 1140

LCMV-P91 NP AGTCAGACAATGCTGTTGARAGACTTGATGGCGAGGGA

LCMV-P52~ : AGTCAGACARATGCTGTTGAAAGACTTGATGCGAGGGATTGATCCCAATGCTCCCACATGE 1
V-P52-1.3 AGTCAGACAATGCTGTTGAAAGACTTGATGGCGAGGGATTGATCCCAATGCTCCCACATGE 114

LCMV-P5E2-2.1 AGTCAGACAATGCTGTTGAAAGACTTGATGGGAGGGATTGATCCCAATGCTCCCACATGG 1

LEEEEEEREESEREEREEEREEESEEEREEREEEEEEEEEERESEEEES S SRR R EEEE SR LRSS

LCMV~-WE_NP ATTGACATTGAGGGCAGGTTCAATGATCCAGT GGAGATAGCAATATTCCAACCACAAAAT 1200
LCMV~P42 NP ATTGACATTGAGGGCAGGTTCAATGATCCAGTGGAGATAGCAATATTCCARCCACARAA 1200
LCMY-B52 ATTGACATTGAGGGCAGGTTCAATGATCCAGTGGAGATAGS CCAACCACAARAA 1200
LCMV-PS1 ATTGACATTGAGGGCAGGTTCARTGATCCAGTGGAGATAGCARTAT TCCARCCACARART 1200
LCMV-B52— . ATTGACATTGAGGGCAGGTTCAATGATCCAGTGGAGAT CCAACCACARA 1200
LCMV~P52- ATTGACATTGAGGGCAGGTTCARTGATCCAGTGGAGATAGCAA CCAACCACAAAAT 1200
LCMV-P52- ATTGACATTGAGGGCACCTTCAATCATCCAGTGCAGATAGCAATATTCCAACCACARAAT 1200
LR EE RS ERESEEEEREERSEEEEREERREERREREERERESEEEEE R EE RS RS RS 8 5SS %
LCMV~WE_NP GGGCAATTCATACATTTTTACAGGCAACCTACGGACCAGAAGCAATTCAAGCAGCACTCA 1260
LCMV-P42 NP GGGCARTTCATACATTTTTACAGGGAACCTACCGACCACAACCARTTCARGCAGCACTCA 1260
LCMV~-PB52 NI GGGCAATTCATACATTTTTACAGCCAACCTACGCACCACARCCARTTCAAGCACGACTCA 1260
LCMV-PY1 NP GGGCAATTCATACATTTTTACAGCEAACCTACGGACCAGAAGCART ICAAGCAGCACTCA 1260
LCMV~P52-1 NP GGGCARTTCATACATTTTTACAGGGAACCTACGEACCAGARCCAATTCAAGCAGCACTCA 1260
LCMV-P52-1.3 NP GGGCAATTCATACATTTTTACACCCAACCTACGGACCACAAGCART TCAACCAGCACTCA 1260
LCMV-P52-2.1 NP GGGCAATTCATACATTT T TACAGCCAACCTACGEACCAGAACCAAT TCAACCACCACTCA 1260
Ak kAR R I A AT A AT R A A R A A A A A A N R A R R A R A AN A AR T A TR RNTEH AN TRTERY
LCMYV-WE NP AAGTATTCACACGGCATGCATCTTGCTGATCTCTTCARTGCACAGCCTGGGCTGACCTCA 1320
LCMV-PA2 NP ARGTATTCACACGCCATCCATCTTCCTCATCTCTTCART CCACACCCTCCCCTCACCTCA 1320
LCMV-B52 NP ARGTATTCACACGCCATCCATCTTCCTCATCTCT TCARTCCACACCCTCCECTCACCTCA 1320
LCMV-PSL NP AAGTATTCACACGGCATCGATCTTCCTCATCTCTTCAATGCACACGCCTGEECTCACCTCA 1320
CMV-P52-1 AAGTATTCACACGGCATCCATCTTCCTGATCTCTTCAATGCACAGCCTGEECTCACCTCA 1320
LCMY-P52-1 ARGTATTCACACGGCATCCATCTTCCTCATCTCTTCAATCCACACCCTCEECTCACCTCA 1320
LCMV-B52-2, AAGTATTCACACGGCATCGATCTTCCTGATCTCTTCAATGCACACCCTCCECTCACCTCA 1320
AR R SRR EEEEELEEEEEEEE IR E IR E RS Sttt st RSSR RS S
LCMV-WE NP TCAGTTATAGGTGCTCTCCCACAAGGCATGET TCATGACATC 1380
LCMV-B42 NP TCAGTTATAGETCCTCTCCCACAAGCCATCCTTTT STCARCCTTCTCATGACATC 1380
LCMV~E52 NP TCAGTTATAGGTGCTCTCCCACAAGCCATCCTTTTCAGCTGTCAAGGTICTGATCACATL 1380
LCMV-PY1 NP TCAGTTATAGGTCCTCTCCCACAAGCCATCCTTTTCAGCTGTCAAGETTCTCATCACATE 1380
LCMY-PS2-1 NP TCAGTTATACGTCCTCTCCCACAACCCATCCT GCTET "CATCACATC 1380
LCMV-PS2-1.3 NP TCAGTTATAGGTGCTCTCCCACABGECATCETT CTGTCAAGCTTCTCATGACATC 1380
LCMV~P52-2.1 NP TCAGTTATAGETGCTCTCOOACARGEEATCETTTTCACCTCTCAAGETTCTGATEACATE 1380

IR EEEREEEEEREEE SRR EREREREEREE Rl Rl RS SRSt St St S SRS S S S
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LCMV-WE_NP AGAAAGCTTCTGGACTCACAAAATAGAAGGGACATAAARCTCATTGATGTTGAGATGACC 1440
LCMV-P42_NP AGAAAGCTTCTGGACTCACAARATAGAAGGGACATARAACTCATTGATGTTGAGATGACT 1440
LCMV-P52_NE AGRAAGCTTCTGGACTCACARAAYAGAAGGGACATARAACTCATTGATGTTGAGATGACT 1440
LCMV-P91_NP AGAAAGCTTCTGGACTCACAARATAGAAGGGACATARAACTCATTGATGT TGAGATGACC 1440
LCMV-P52-1 NP AGAAAGCTTCTGGACTCACAARATAGAAGGGACATAAAACTCATTGATGTTGAGATGACC 1440
LCMV-P52-1.3 NP AGRAAAGCTTCTGGACTCACARAATAGAAGGGACATAAAACTCATTGATGTTGAGATGACT 1440
LCMV-P52-2.1 NP AGARRGCTTCTGGACTCACARAATAGAAGGGACATAARACTCATTGATGT TGAGATGACT 1440
hhhhdhhhhbhhbhhbhbhhbhhhdhhhkdh XA RRIR R BRhIFFRF R R I TR R IT AR RRERT TR X
LCMV-WE_NP AAGGAGGCCTCAAGAGAATATGAAGATAAAGT GTGGGACAAATATGGCTGGCTATGCARA 1500
LCMV-P42 NP AAGGAGGCCTCAAGAGAATATGAAGATAAAGTGTGGGACARATATGGCTGGCTATGCARA 1500
LCMV-P52_NP ARGGAGGCCTCAAGAGAATATGAAGATARAGT GTGGGACAAATATGGCTGECTATGCARA 1500
LCMV-PY1 NP AAGGAGGCCTCAAGAGAATATGAAGATAAAGTGTGGGACAAATATGGCT GECTATGCARA 1500
LCMV-R52-1_NF AAGGAGGCCTCAAGAGAATATGAAGATARAGT GTGGGACAAATATGGCTGGCTATGCARA 1500
LCMV-P52-1,3 NP ARGGAGGCCTCAAGAGAATATGAACATAAACT GTGGCACAAATATGGCTGECTATGCAAA 1500
LCMV-P52-2.1 NP ARGGAGGCCTCAAGAGAATATGAAGATARAGT GTGGEACARATATGGCT GECTATGCARA 1500
khkkdhhkhdhhdhhddhkdhhddddbddhdhdhdbhhrmrhrr bR bbbk TRk khrhkr kR rhwrh
LCMV-WE_NP ATGCACACTGGGGTAGTCAGAGACAAAAAGAAGAAAGAGATCACCCCACACTGTGCACTC 1560
LCMV-P42_NP ATGCACACTGGGGTAGTGAGAGACAAAAAGAAGAAAGAGATCACCCCACACTETGCACTC 1560
LCMV-P52_NP ATGCACACTGGGGTAGTGAGAGACAAAAAGAAGAAAGAGATCACCCCACACTETGCACTC 1560
LCMV-P81_NP ATGCACACTGGGGTAGTCAGAGACAAAAAGAAGAAAGAGATCACCCCACACTETGCACTC 1560
LCMV-P52~1_NE ATGCACACTGGGGTAGTGAGAGACARAAAGAAGARAGAGATCACCCCACACTGTGCACTE 1560
LCMV-P52-1.3_NP ATGCACACTGGGGTAGTGAGAGACAAAAAGAAGAAAGAGAT CACCCCACACTGTGCACTC 1560
LCMV-P52-2.1 NP ATGCACACTGGGGTAGTGAGAGACAAAAAGAAGARAGAGATCACCCCACACTGTGCACTC 1560
ER R E R R EEEEESREESEEESEESESSEESEESREEEEEEEEESEEEEEEEEEEEEEE 00050
LCMV-WE_NP ATGGACTGCATCATTTTTGAGAGTGC TTCCAAGGCAAGACTCCCTGATCTAAAARCCGET 1620
LCMV-P42_NP ATGGACTGCATCATTTTTGAGAGTGCTTCCAAGGCAAGACTCCCTGATCTARABACCG 1620
LCMV-P52_NP ATGGACTGCATCATTTTTGAGAGTGCTTCCARGGCARGACTCCCTGATCTARARACCGTT 1620
LCMV-P31_NP ATGGACTGCATCATTTTTGAGAGTGCTTCCAAGGCAAGACTCCCTGATCTARARACCG 1620
LCMV-P52-1_ X ATGGACTGCATCATTTTTGAGAGTGCTTCCAAGGCAAGACTCCCTEATCTAARRACCE 1620
LCMV-P52-1.3 NE ATGGACTGCATCATTTTTGAGAGTGCTTCCAAGGCAAGAC TCCCTGATCTARARACCG 1620
LCMV-P52-2.1 NI ATGGACTGCATCATTTTTGAGAGTGC TTCCAAGGCAAGACTCCCTGATCTARAAACCG 1620
LR R R ERE SR ERSESEEEEREEREEEEEERSEESEEERESEEEEEEEESEEEEREREEEESEE S
LCMV-WE_NP CACAACATCCTGCCACATGATTTAATCTTCAGAGGACCCARTG 1677
LCMV-PA2_NP CACAACATCCTGCCACATGATTTAATCTTCAGAGGACCCAATG 1677
LCMV-P52_Ni CACAACATCCTGCCACATGATTTAATCTTCAGAGGACCCAAT 1677
LCMV-P91 CACAACATCCTGCCACATGATTTAATCTTCAGAGGACCCAATS 1677
LOMV-P52-1_NP CACAACATCCTGCCACATGATTTAATC TTCAGAGGACCOAATG 1677
LCMV-P52-1.3 NP CACAACATCCTGCCACATGATTTAATCTTCAGAGGACCCAATG 1677
LCMV-P52-2.1 NP CACRACATCCTGCCACATGATTTAATCTTCAGAGGACCCAAT TGACACTCTAA 1677
LR EEE SRS RS SR EEEEELEEEEEEEEESEEEEEEEEREEREEREEESEEEEEREEE S
LCMV-WE_NP: SEQ ID NO: 11
LCMV-P42_NE: SEQ ID NO: 18
LCMV-P52_NP: SEQ ID NO: 27
LCMV-PS1_NP: SEQ ID NO: 35
LCMV-P52-1_NP:  SEQ ID NO: 43

LCMV-P52-1.3 NP: SEQ ID NO: 51
LCMV-P52-2.1 NP: SEQ ID NO: 53
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Source: 1-3376 Segment = S
Protein: Nucleoprotein
Gene: NP

Gene: 1640-3316 complement
Sequence Alignment: Aminoacid

LCMV-WE_NP MSLSKEVKSFOWTQALRRELOSFTSDVEAAVIKDATSLLNGLDFSEVSNVORIMRKERRD a0
LCMV-P42 NP MSLESKEVKEFQWTQALRRELOSFTSDVKAAVIKDATSLLNGLDFSEVSNVQRIMRKERRD 60
LCMYV-P32 NP MSLSKEVKSEFQWTQALRRELOSFTSDVKAAVIKDATSLLNGLDESEVENVORIMRKERRD &0
LCMV-P81 NP MSLSKEVKSFQWTQALRRELQSFTSDVEAAVIKDATSLLNGLDEFSEVSNVQRIMRKERRD &0
LCMV-P52-1 NP MSLSKEVKSFQWTQALRRELOSFTSDVEKAAVIKDATSLLNGLDFSEVENVQRIMRKERRD 50
LCMV-P52~-1.3 NP MSLSKEVESFQWTQALRRELQSFTSDVKAAVIRDATSLLNGLDFSEVSNVQRIMRRERRD 60
LCMV-P52-2.1 NT MSLSKEVKSFQWTQALRRELQSFTSDVKAAVIKDATSLLNGLDESEVENVQRIMREKERRD &0

R K K A A A A A A A A A A A A A A A A A N A A T T A T T T I AR A AR T T A I HARTARTTNRRN

LCMV-WE NP DKDL.ORLRSTNQTVHSTLVDLKSTSKKNVLKVCRL.SAEELM TLAADLEKLKAKTVRW?RPQ 120
LCMV-P42 NP DKDLQRLRSLNQTVESLVDLKSTSKKNVLKVGRLSAEELMT i 120
LCMV-P52 NP DKDLORLRSLNQTVHESLVDLKSTSKKNVLKVGRLSAEEL L AADLEXLKAKIMRT 120
LCMV-PO1 NP DKDL.ORTRSLNQTVHSTLVDLKSTSKKNVLKVGRL.SAFFLMT LAADT EKL KAK T 120
LCMV-P52-1 NP DKDLQRLRSINQTVHSLVDLKSTSKKNVLKVGRLSAEE LM LAAD] 120
LCMV-P52-1.3 NP DKDLQRLRSLNQTVHSLVDLKSTSKKNVLKVGRLSAEELMT LAADL 120
LCMV-P52-2.1 DKDLQRLRSLNQTVHSLVDLKSTSKKNVLKVGRLSAEEL TLAADLEXLKAKI ‘ 120
LEE R EREEEEEESEEEREEEESEEEEEEEREEEEEEEEEEEEEEEEEEEEEE RS S S S LSS
LCMV-WE NP ASGVYMGNLTAQQLDQRSQILOMVGMRRPQQGASGVVRVWDVKDSSL 180
LCMV-P42 NP ASGVYMGNLTAQQLDQRSQILOMVEMRRPQQGASGVVRVWDVKDSSLL 180
LCMV-P52 NP ASGVYMGVLTAQQLJQRaQILQMVGMRRDQQGASUVVRVWDV(DSSLL \QEGAyPSA‘ 180
ILCMV-P91 NP ASGVYMGNLTAQQLDORSQ T LOMVCMRRPOQGASCVVRVHDVKDS SLLNNQFGTMPSLTM 180
LCMV-P52-1 NP ASGVYMGNLTAQQLDQRSQ1LQMVGMRRBQQWASGVVRVWDV&LSSug 180
LCMV-P52-1.3 NI ASGVYMGNLTAQQLDQRSQI LOMVGMRRPQQGASGVVRVHDVKDSSLL 180
LCMV-P52-2.1 ASGVYMGNLTAQQLDQRSQILQMVGMRRPOQGAS GVVRVWDVKDSSLLNNQFGTMPSLTM 180
LEEEEEEREEREERSESEREREEESEEEREERREEEEEEEREREEERESEE SRR RS RS S S S &1
LCMV-WE_NP 240
LCMV-P42 NP 240
LCMV~P52 240
LCMV-P91 ACMAKQSQTPINDVVQALTDLCLLY TVKY PN SDLERLKDKHPVLGVI TEQUSSINISCY 249
LCMV-P52-1 NP ACMAKQSQTPLNDVVQALTDLGLLY TVKYPNLSDLERLKDKHPVLGVITEQQSSINISGY 240
LCMV-P52-1.3 NP ACMAKQSQTPLNDVVQALTDLGLLYTVKYPNLSDLERLKDKHPVLGY sGy 240
LCMV-P52-2.1 NP ACMAKQSQTPINDVVQALTDLCLLYTVKYPNLSDLERLKDKHFVLCV NISGY 240
LSRR EEEREERESEEREREREREEEEREREREEREEEEEEESEREEESE RS RS R TS S
LCMV-WE_NP NFSLGAAVKAGAALLDGGNMLESILIXPSNSED 300
LCMV-P42 NP NFSLGAAVKAGAALLDGGNMLESILIKPSNSED 300
LCMV-£52 y 300
LCMV-P91 NP 300
LCMV-P52-1 NP 300
LCMYV-P52-1.3 NI r 300
LCMV-P52-2.1 NFSLGAAVKAGAALLDGGNMLESTLIKPSNSEDLLKAVLCAKKKLNMEVSDOVGDRNPYE 300
A A AT A A A R A A A A A A A A A A A A A A R A A A A AT A A A AT A A A A AR AKX KA AAAAAARRRRRR
LCMV-WE_NP NILYKVCLSGEGWPYIACRTSVVGRAWENTTIDLTNEKLVANSSRPVPGAAGPPQVGLSY 360
LCMV-P42 NP NILYKVCLSGEGHPYIACRTSVVGRAWENTTIDLTNEXLVANSSRPVPGAAGPPQVCLSY 360
LCMV-P52 NF NILYKVCLSGEGWPY TACRTSVVCRAWENTTIDLTNEKLVANSSRPVPCAAGPPQVCLSY 360
LCMV-PY91 NP NILYKVCLSGEGWPYIACRTSVVGRAWENTTIDLTNEKLVANSSRPVPGARGPPQVGLSY 360
LCMV-P52-1 NP NILYKVCLSGEGWPYIACRTSVVGRAWENTTIDLTNEKLVANSSRPVPGAAGPPOVELSY 360
LCMV-P52-1.3 NP NILYKVCLSGEGWPYIACRTSVVGRAWENTTIDLTNEXLVANS SRPVEGAAGPPQVELSY 360
CMV-P52-2.1 NP NILYKVCLSGEGHPY IACRTSVVGRARENTTIDLTNEXLVANS SRPVPGAAGPPQVGLSY 360
R EE SRR R EEREEEE R RS REERERRERR R RS S SSE SRS ES R SRS SR EE S
LCMV-WE_NE SQTMLLKDILMGGI DPNAPTHIDIEGRFNDPVE IATFQPQNGOF EPTDOKQFKQDS 420
LCMV-P42 NP SQTMLLKDLMGGIDPNAPTWI DIEGRFNDEVETA FPADQKQFKQDS 420
LCMV-P52 NP SQTMLLKDLMGGIDPNAPTWIDIEGRFNDPVE IATFQPONGQF IHFYREPTDQKQFKQDS 420
LCMV-PY1 NP SQTMLLKDLMGGIDPNAPTHIDIEGRFNDPVE IAIFQPQNGQF IHFYREPTDOKOFKQODS 420
LCMV-P52-1 NP SQTMLIKDLMGGI DPNAPTWIDIEGRFNDPVE IATFQPQNCQF THFYREPTDOEQFKQD 420
Acvv P52-1.3 NP SQTMLLKDLMGGI DPNAPTWIDTECRFNDPVE IATFOPONCQF THFYREPTDOKQFKODS 420
MV-P52-2.1 NP SQTMLLKDLMGGIDPNAPTWIDIEGRFNDPVEIATFQPONGQF THFYREPTDORQFKQDS 420

(AR EEREREREEREEEEEEEEEEEEEEEEEEERERRR RS SRR E SRS E RS E S

SUBSTITUTE SHEET (RULE 26)



CA 03111305 2021-03-01

WO 2020/053324 PCT/EP2019/074307
64 /85

Figure 26 (cont’d)

LCMV-WE_NP KYSHCMDLADLENAQPCLTSSVICALPOQCMVLSCQCSDDIRKLLDSONRRDIKLIDVEMT 480
LCMV-P42 NP KYSHGMDLADLFNAQPCLTSSVIGALPQCMVLSCQCSDDIRKLLDSONRRDIKLIDVEMT 480
LCMV-P52 NP KYSHGMDLADLFNAQPGLTSSVIGALPQGMVLSCQGSDDI LDSONRRDIKLIDVEMT 480

LCMV-P81 NP KYSHGMDLADLEFNAQPGLTSSVIGALPQCGMVLSCOGSDDIRKLLDSONRRDIKLIDVEMT 480
LCMV-P52-1 NP KYSHGMDLADLEFNAQPCLTSSVIGALPQCMVLSCQCSDRIRKLLDSONRRDIKLIDVEMT 480
LCMV—FSP—T.B_NP KYSHGMDLADLFNAQPCLTSSVICALPQGMVLSCOCSDDIRKLLDSONRRDIKLIDVEMT 480
LCMV-P52-2.1 NP KYSHGMDLADLFNAQPGLTSSVIGALPOGMVLSCOGSDDIRKLLDSONRRDIKLIDVEMT 480

hkhhkh R hh bk bk kb kbbb kR R b bk Ak A R R R R AR A A R A E R A A AR T A AT AATXAFNTXT AR T

LCMV-WE_NP KEASREYEDKVWDKYCWLCKMETCVVRDKKKKEITPHCALMDCITFESASKARLPRLKTV 540
LCMV-P42 NP KEASREYEDKVWDKYCWLCKMHEHTCVVRDKE KKFT”PHCALNDCT‘F?SASKAR“PDLKMV 540
LCMV-P52 KEASREYEDKVWDKYGWLCKMHTGVVRDK SASKARLPDLKTV 540
LECMV-P81 KEASREYEDKVWDKYGWLCKMHTGVVRDKKKKE ITPHCALMDCITFESASKARLPDLKTV 540
LCMV-P52 KEASREYEDKVWDKYGWLCKMHTCVVRDEKKKEITPHCALMDCITFESASKARLPDLETYV 540
LCMV-P52-1.3 NP KEASREYEDKVWDKYGCHWLCKMHTGVVRDEEKKETTPHCALMDCIIFESASKARLPDLKTV 540
LCMV-P52-2.1 NP KEASREYEDKVWRDRKYGWLCKMHETGVVRDKRKKELI TPHCALMDCIIFESASKARLPDLKTV 540

LR R R LR R LR R R R R R R R R R R R R R R R R A A AR RS S S SRS SRR R RS EE RS

LOCMV-WE NP HNILPHDLIFRGPNVVTL 558
LCMV-P42 NP HNILPHDLIFRGPNVVTL 558
LEMV-P52 HENILPHDLIFRGPNVVTL 558
LCMV-P91 NP ENTLPHDLIFRGPNVVTL 558
LCMV-P52 -1 HNILPHDLIFRGPNVVTL 558

.4 NP HENILPHDLIFRGPNVVTL 358
LCMV-P52-2.1 NP HENILPHDLIFRGFNVVTL 558

PR R R RS S SRR EEEESSSEE]

LCMV-WE SEQ ID NO: 12
LCMV-P42 SEQ ID NO: 20
LCMY-P52 SEQ ID NO: Z8
LCMV-PSL SEQ ID NO: 36
LCMV- 952— SEQ ID NO: 44
LCMV-PLZ2~ SEQ ID NO: 52
LCMV-P52- SEQ ID NO: 80
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Figure 26 (cont’d)
E.
Source: 1-7235 Segment = L
Protein: RING finger protein Z
Gene: ZP
Gene: 90-362
Sequence Alignment: Nucleoctide
LCMV-WE 7P ATGGGCCAAGGCAAGTCCAAAGAAGARAAGGCACACCAGCAATACAGGCAGAGCAGAGCTT 60
LCMV-P42 ZP ATCGGCCAACCGCAAGCTCCAAMACAACARACCCACACCAGCAATACAGCCAGACCACAGCTT 60
LCMV-P52 7P ATGGGCCAAGGCAAGTCCAAAGAAGAAAGGGACACCAGCAATACAGGCAGAGCAGAGC &0
LCMV-P81 2P ATGGGCCAAGGCAAGTCCAMAGAAGAAAGGGACACCAGCAATACAGGCAGAGCAGAGCTT &0
LCMV- D57—;72 ATGGGCCAAGGCAAGTCCAAAGAAGAAAGGGACACCAGCAATACAGGCAGAGCAGAGCTT 60
LCMV-P52-1.3 ZP ATGGGCCAAGGCAAGTCCAAAGAAGAAAGGCACACCAGCAATACAGGCAGAGCAGAGCTT 60
LCMV-P52-2. 1729 ATGGGCCAAGGCAAGTCCAAAGAAGAAAGGGACACCAGCAATACAGGCAGAGCAGAGCTT &0
LR R RS RS E R SR EEE R RS SR ESERREREEEES ARl RSl e R EEEEEEE RS
LCMV-WE 27 TTGCCACACACCACCTATCTTGCTCCTCTAAATTCTAAATCATCTTCCCACAAATTTCAC 120
LCMV-P42 7P TIGCCAGACACCACCTATCTTGETCCTCTAAATTGTAAATCATGTTGGCAGAAATT 120
LCMV-P52 ZP TTGCCAGACACCACCTATCTTGGTCCTCTAAATTGTAAATCATGTTGGCAGAAR 120
LCMV-P81 7P TTGCCAGACACCACCTATCTTCCTCCTCTAAATTCTAAATCATCTTCG 120
LCMV-P52-1 7P TTGCCAGACACCACCTATCTTCCTCCTCTAAATTCTARATCATCTTCGCAGAAATTTICAC 120
LCMV-P52-1.3 ZP TTGCCAGAC CCACCTAT”TT””TCC”“TAAA TAAATCA TGGCAGAAA ‘GAC 120
LCMV-P52-2.1 ZF TTGCCAGACACCACCTATCTTGGTCCTCTAAATTGTAAATCATGTTGGCAGARA! GAC 120
LR R E R SR EEESESEEEREESEEEEESESEEEESEESEEEEESEEEEEEEEEE DS SRS S S S
LCMV-WE ZP AGCTTGGTTAGATGCCATGACCACTATCTTTGCAGACAL CTGAATCTCCTGCTGETCA 180
LCMV-P42 7P AGCTTGGTTAGATGCCATGACCACTATCTTTGCAGACAL CTGAATCTCCTIGCTGTC 180
LCMV-P52 ZP AGCTTGGTTAGATGCCATGACCACTATCTTTGCAGACACTGTCTGAATCTCCTGCTGTC 180
LCMV-P31 ZP AGCTTGGTTACATGCCATCACCACTATCTTTGCACACACTCTCTGAATCTCCTECTGTCA 180
VV—“S?—LWZP AGCTTGGTTAGATGCCATCGACCACTATCTTTCCAGACA ‘Ci“"(:l‘s,!“-s"P CCTGECT 180
JCMV P52-1.3 ZP AGCTTGGTTAGATGCCATGACCACTATCTTTGCAGACA 'CTGAATCTCCTIGC C 180
LCMV-P52-2.1 ZF AGCTTGGTTAGATGCCATGACCACTATCTTTGCAGACACTGTICT GAAwC‘CCLGCTGTCA 180
R R R R EREREREELEELEEESEESEESESEESEESEESEEEEEEEEER SRR EEEEEEEEE RSN
LCMV-WE_ZP GTTTCCGACAGATGTCCTCTCTGTAAGTATCCACTGCCAACCAAACTGAAGGTGTCAACA 240
LCMV-P42 7P GTTTCCGACAGATGTCCTCTCTGTAAGTATCCACTGCCAACCAAACTGAAGGTEGTCAACA 240
CMV-P52 7P CTTTCCCGACAGATGTCCTCTCTCTAAGTATCCACTCCCAACCAALCTCAACGTCTCAACA 240
LCMV-P8L 71 CTTTCCCACACGATGTCCTCTCTGTAAGTATCCACTCCCAACCAAACTCAACCTGTCAACA 240
LCMV-P52-1 ZF GITTCCGACAGATGTCCTCTCTGTAAGTATCCACTGCCAACCAAACTGAAGGTGTCAACA 240
LCMV-P52~ 1.3723 GTTTCCGACAGATGTCCTCTCTGTAAGTATCCACTGCCAACCARACTGAAGGTETCAACA 240
LCMV-P52-2.1 ZF CTTTCCGACAGATGTCCTCTCTCTAACTATCCACTCCCAACCARACTCAACGTCTCAACA 240
AR RS R R ESEEEESEEREEEEEEESEREEEESRESEREREEEEEEEEREREEEEEEEE RS
LCMV-WE_ZP GTCCCAAGCTCCCCACCTCCCTATGAGGAGTGA 273
LCMV-P42 7P GTCCCAAGCTCCCCACCTCCCTATGAGGAGTGA 273
LCMV-P52 ZP GTCCCAAGCTCCCCACCTCCCTATGAGGAGTGA 273
LCMV-P81 2P GTCCCAAGCTCCCCACCTCCCTATGAGGAGTGA 273
LCMV-P52-1 _ZF GTCCCAAGCTCCCCACCTCCCTATGAGGAGTGA 273
LCMV-PL2-1. 3 Zp GTCCCAAGCTCCCCACCTCCCTATCAGGAGTGA 273
LCMV-PS2-2.1 2P GTCCCAAGCTCCCCACCTCCCTATGAGGAGTGA 273

LCMV-WE_7P:
LCMYV-B42 7F;
LCMV-P52 ZP:
LCMV-297 7P:

MV-P52-1 Z
LCMV—P52~T 3

Z
LCMV-P52-2.1 ZP:

SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ

EE R R RS EREESEREREEREESEEREEEEEEEESESS]

ID NO: 13
ID NO: 21
ID NO: 29
ID NO: 37
ID NO: 45
ID NO: 53
ID NO: 61
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Figure 26 (cont’d)

Source: 1-7235 Segment = L
Protein: RING finger protein Z
Gene: ZP

Gene: 90-362
Sequence Alignment: Aminoacid

LCMV-WE_7P MGOGKSKEERDTSNTGRAELLPDTTYLGPLNCKSCHOKFDSLVRCHDHY LCRACTINTLLS 60
LCMV-P42_7F MGOGKSKEERDT SNTCRARLLPDTTYLGPLNCKSCWORFDSLVRCHDHY LCRHCLNLLY, 60
LCMV-P52 7P MGOGKSKEERDT SNTGRAELLPDTTYLGPLNCKSCHOKFDSLVRCHDHYLCRACLNLLLS &0
LCMV-P91 7P MGOGKSKEERDTSNTGRAELLPDTTYLGPLNCKSCHOKFDSLVRCHDHYLCRACLNLLLS 60
LCMV-P52~1 ZP MGOGKSKEERDTSNTGRARLLPDTTYLGPLNCKSCWOKRFDSLVRCHDHY LCRHCTNT.LL, 60
LCMV-P52-1.3 7P MGOGKSKERERDTSNTGRAELLPDTTYLGPLNCKSCWOKFDST.VRCHDHY LCRACTNL LY, 60
LCMV-P52-2.1 2P MGOGKSKEERDT SNTGRAELLPDTTYLGPLNCKSCHOKFDSLVRCHDEYLCRACLNLLLS 60
ERAE RN A A T A Ak Ak N A A A A A A N T R A A N A N T A AT A A TR I T AR L I RT AR TN
LCMV-WE_7P VSDRCPLCKYPLPTKLKVSTVPSSPPPYER 90
LCMV-P42 7P VSDRCPLCKYPLPTKLKVSTVPSSPPPYER 90
LCMV-P52 ZP VSDRCPLCKYPLPTKLEVSTVPSSPPPYEE 90
LCMV-P91 7P VSDRCPLCKYPLPTKLKVSTVPSSPPPYER 90
LCMV-P52-1_7P VSDRC?LCKYTL“TKLKVSTVDDSLP?, ER 90
LCMV-P52-1.3 ZF VSDRCPLCKYPLPTKLKVSTVPSSPPPYER 90
LCMV-P52-2.1 ZF VSDRCPLCKYPLPTKLKVSTVPSSPRPYER 90
EE R R EEEEERERESERESSEERESESRESESESS]

LCMV~-WE_ZP: SEQ ID NO: 14
LCMV-PAZ ZP: SEQ ID NO: 22
LCMV-P52 7P SEQ ID NO: 30

V-P8l 7P: SEQ ID NO: 3B
CMV-P52-1 ZP:  SEQ ID NO: 46

Z
LCMV-P52-1.3 ZP: SEQ ID NO: 54
LCMV-P52-2.1 ZP: BEQ ID NO: 62
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Figure 26 (cont’d)

Source: 1-7235 Segment = L
Protein: RNA-directed RNA polymerase L
Gene: LP

Gene: 574-7203 complement
Sequence Alignment: Nucleoctide

LCMV-WE LP ATGCATCGAARCTATTCCACATTTCACACACTTCTGTCTAAATTACATACAACAGCCACGAL 60
LCMV-P42 _LP ATCCATGAAACTATTCCAGATTTCACACACTTCTCTCTAAATTACATACAACAGCACS AC 60
LOMV-P52 LB ATGGATGARACTATTGCAGATTTGAGAGAGTTG TAAATTACATAGAACAGGAC &0
LCMV- Dgl"LP ATGGATGAAACTATTGCAGATTTGAGAGAGTTGTGTCTAAATTACATAGAACAGGAC AG &0
LCMV-P52-1 LP ATGCCATCAAACTATTCCACATTTCGAGACACTTCTCTCTAAATTACATACAACACCACCAC 60
ACVV P52-1.3 LP ATCCATGAAACTATTCCAGATTTCACACACTTCTCTCTAAATTACATACAACAGGACCAC 60

MV-P52-2.1 LP ATGGATGAAACTATTGCAGATTTGAGAGAGTTGTGTCTAAATTACATAGAACAGGACGAR 60

KR A K R A A A A A A A N A A N N A A A N A A N A N N A T AN T T T A A A NN AN LTI N AT ARARRTXRR

LCMV-WE TP AGGCTGTCAAGGCAARAACTCAACTTCCTGCGGACARAGAGAACCCAGAATGGTGUTAATT 120
ACVV P4z LP AGGCTGTCAAGGCARAAACTCAACTTCCTGGGACAAAGAGAACCCAGAATGETGCTAS 120
LOMV— 352 LE AGGCTGTCAAGGCAAAAACTCAACTTCCTGGGACAAAGAGAACCCAGAATGETECTAATT 120
LCMV-PS1 LP AGGCTGTCAAGGCAAAAACTCAACTTCCTGCGACAAAGAGAACCCAGAATCGGTGCTAATT 120
LCMV- 752—l AGGCTGTCAAGGCAARAACTCAACTTCCTGGGACAAACAGAACCCAGAATGGTGCTAATT 120
LOMV-P52-1. AGGCTGTCAAGGCAAAAALCTCAACTTCCTGGGACAAAGAGAACCCAGAATGETGCTAATT 120
LCMV-P52-2. AGGCTGTCAAGGCARRAACTCAACTTCCTGGGACARAGAGAACCCAGAATGETGCTAATT 120
Ak h ok kA A A AR AR A A A A Ak h kA A A A AR AR R A KKK KKK AR K KK KKK KKK KRR XK RKK KK KKK
LCMV-WE LP GAGGGACTCAAATTGTTATCACGCTGTATAGAGATAGACAGTGCAGACAAAALTGE 180
LCMV-P42 1P GAGGGACTCAARATTGTTATCACGCTGTATAGAGATAGACAGTGCAGACAAAAGTGGETTEC 180
LCMV-P52 1P GAGGGACTCARATTGTTATCACGCTGTATAGAGATAGACAGTGCAGACAAAACGTGETTGEC 180
LCMV-P91 CAGGCACTCAAATTGTTATCACCGCTGTATAGACATACACACTCCACACARAAAGTCCTTCC 180
LCMV~ 952— GAGGGACTCARATTGTTATCACGCTGTATAGAGATAGACAGTGCAGACARARGTGGTTGC 180
LCMV- GAGGGACTCAAATTGTTATCACGCTGTATAGAGATAGACAGTGCAGACAARAGTGETTGEC 180

GAGGGACTCARATTGTTATCACGCTGTATAGAGATAGACAGTGCAGACAAAAGTGGETTGC 180

LR EEESEEREEEREESEESEERRESEEREREREEEREREEEREESSEEEEEES SRR R RS S

LCMV- D52 2

ATACACRACCACGATGACAAATCTGTTGAAACAATCCTAATAGACTCTGGGAT 240
ATACACAACCACGATGACARATCTGTTGAAACAATCCTAATAGACTCTGGGAT 240
ATACACAACCACCATCACARATCTCTTCAAACAATCCTAATACACTCTGGCAT 240
ATACACAACCACGATGACARATCTCTTCARACAATCCTAATACACT 240
-1 ATACACAACCACGATGACAAATCTGTTGAAACAATCCTARTAGACT 249
LOMV-P52-1" T T 240
LCMV-P52-2. 240
LCMV-WE 1P CCAGGACTGCCACTCATCATCCCTGATGGTTATAAGTTG 300
LCMV-P42 LP CCAGGACTGCCACTCATCATCCCTCATGCT TATAAGT TG 300
MV-P52 LP CCAGGACTGCCACTCATCATCCCTGATGGTTATARGTTC 300
LCMV-P91_LP CCAGGACTGCCACTCATCATCCCTGATGGTTATAAGTTG 300
LCMV-P52-1 LF CCAGGACTGCCACTCATCATCCCTGATGGTTATARGTTG 300
LCMV-P52-1.,3 1P CCAGGACTGCCACTCATCATCCCTGATGGTTATARGTTE 300
LCMV-P52-2.1 LP CCAGGACTGCCACTCATCATCCCTCATCCT TATAAGT TCAT 300
LRSS RS S SR EEERSEEEEREEEEREREEREREREREEEREEES S EEEE S
LCMV~-WE 1P CTTGAATGTTTTGTTACAAGCACACCAGCTACT TTTCARRAGAAGTTCATTGAGCACACC 360
LCMV-P42 1P CTTGRAATGTTTTCTTAGARGCACACCACCTAGTT TTCARBAGABGT TCA' 360
LCMV-P52 1P CTTGAATCTTTTCTTACAACCACACCACCTACT TTTCAARACAAGT TCATTCAGGACALT 360
LCMV-P81 1P CTTGAATGTTTTGTTACABCCACACCAGCTACTTTTCAAAACAAGTTCATTGAGCACACC 360
LCMV-P52~1 LP CTTGAATGTTTTGTTACAACCACACCAGCTACTTTTGAARAGAAGTTCATTGAGCACACT 360
LCMV-P52-1.,3 1P CTTGAATGTTTTGTTACAACCACACCACCTACT ‘ 360
LEMV-P52-2.1 1T CTTGAATGTTTTGTTAGAAGCACACCAGCTAG 'CATTGAGGACACE 360
IR R SRR RS R EREER RS ER R ERRE Rl R Rl eSS RS SRS RS SRS S S S S
LCMV-WE ARCARACTAGCATGCATCARAGAACATCTTCCTCT TGCAGGCATCACACTGGTTCCAATA 420
LCMV-P42 LF ARCABACTAGCATGCATCARAGAACATC TTCCTCT TCCAGGCATCACAL TCCAATA 420
LCMV—PSZ 1P AACAAACTAGCATGCATCAAACAACATCTTCCTGTTGCACGCATCACACTCETTCCAATA 420
MV-P91 LP ARCARACTAGCATGCATCAAAGAACATCTTGCTCTTGCAGGCATCACACTCGTTCCAATA 420
LC 1V-P52-1 1P AACAAACTAGCATGCATCABAGAACATCTTCCTGTTGCACCCATCACACTCGTTCCAATA 420
LCMV-P52-1.3 1P AACAAACTAGCATGCATCAAAGAAGATCTTGCTGTTGCAGGCATCACACTGETTCCAATA 420
CMV-P52-2.1 AACAAACTAGCATGCATCAAAGAACATCTTCCTCTTGCAGCCATCACACTCCTTCCAATE 420

EEERE R EREEREREREEEEEEEEESEEEEEEEEEEEE R RE SRS R R R RS EE S RS
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Figure 26 (cont’d)

LCMV-WE_1P CTGGATGCTCCGTTGCTCATTATCATAACACTTTCATCCCACAATCCCTCAATTTTAACTT 480
LCMV-P42 1P GTGGATCGTCGTTGTCATTATCATAACACTTTCATCCCACGAATGCCTGAATTTTAACTT 480
LCMV-P52 LE GTGGATGGTCGTTGTCGATTATGATAACAGTTTCATGCCAGAATGEGTGAS TARGTTC 480
LCMYV-P8L Lp GTGGATGGTCGTTGTGATTATGATAACAGTTTCATGCCAGAATGGETGAATTTTAAGTTC 480
LCMV~ D52—1 P CTGGATGGTCCTTCTCATTATCATAACAGTTTCATCCCACAATCCGTCAATTTTAACTT 480
LCMV-P52-1., S_LP CTGGATGGTCGTTGTCATTATCATAACAGTTTCATCCCACAATCCCTCAATTTTAACTTC 480
LCMV-P52-2.1 LF GTGGATGGTCGTTGTGATTATGATAACAGTTTCATGCCAGAATGGETGAATTTTAAGTTC 480

KAk bR R R AR R b kb b Ak Ak R AR R A R R R kA N A F R I AR AR A AN F AR A EAFATAATRF R NF

LCMV-WE_LP AGAGACCTCCTATTTAAACTCCTCCACTATTCTAGTCAACATCACAAACTTTTTCAGGAC 540
LCMV-P42 1P AGACACCTCCTATTTAAACTCCTCCACTATTCTACTCAACATCACALAC TTGAGCGAG 540
LOMV-P52 _LP AGAGACCTCCTATTTAAACTCCTGGAGTATTCTAGTCAAGATGAGAAAGTTTITGAGGAG 540
ACMV P91 LP AGAGACCTCCTATTTAAACTCCTGGAGTATTCTAGTCAAGATGAGAAAG' TGAGGAG 540
MV-D52-1 LF AGACGACCTCCTATTTAAACTCCTCCAGCTATTCTACTCAACATCACAAACTTTTTGACGAG 540
uC V-pP52-1.3 LP AGAGACCTCCTATTTAAACTCCTGGAGTATTCTAGTCAACA”CACAAACTT TGAGGAG 540
LCMV-P52-2.1 LP AGAGACCTCCTATTTAAACTCCTGGAGTATTCTAGTCAAGATGAGARAGTTTTTGAGGAG 540
hkkkkkhhhh kb hhhkh ok ok h kA Ak kAR ARk kmhawhh Ak Fh ok h ok F ok k kA AR AR T * wx
LOCMV-WE 1P TCTGAATACTTCAGGCTCTGTGAGTCTCTTAAGACCAC CGGCATG 600
LCMV-P42 1P TCTGAATACTTCAGGCTCTGTGAGTCTCTTAAGACCACT CGGCATG 600
LCMV-P52 _LP TCTGAATACTTCAGGCTCTGTGAGTCTCTTAAGACCACT ‘TGACAAA”C::CCGGCATG 800
LCMYV-PS1 LP TCTGAATACTTCAGGCTCTGTGAGTCTCTTAACACCACTCTTGACAAACGTTCCGGLATG 600
LCMV-P52-1 _LE TCTGAATACTTCAGGCTCTCTCGACTCTCTTAACACCACT 'GACAAACGTTCCGGCATG 600
LCMV-P52-1. 3 LE TCTGAATACTTCAGGCTCTGTGAGTCTCTTAAGACCACTGTTGACAARCGTTCCGGECATG 800
LCMV-P52-2.1 LP TCTGAATACTTCAGGCTCTGTGAGTCTCTTAAGACCACTGTTGACARACGTTCCGGCATG 800
Ak kk kA AR AR AR R A Ak k hkhk kA A A KA AR A KK AR R AR KKK A KK KK KKK KRR KKK KK KKK K

LCMV-WE T GACTCAATGAAAATTTTGAAAGACGCAAGATCA ATAACGATGAGATTATGAAAMATG 660
LCMV-P42 GACTCAATGAAAATTTTGAAAGACGCAAGATCA ATAACGATGAGA' TGAAAATG 660
LCMV-P52 GACTCAATGAAAATTTTCAAACACCCAAGATCATTTCATAACCATGAGATTATCAAAATC 660
MV-P91 CACTCAATGARAATTTTCAAACACGCAAGATCA TGARAATG 660
LCMV-P52~ GACTCAATGAAAATTTTCAAACACGCAACATCA TATGABAATG 660
LCMV-P52-1.3 GACTCAATGAAAATTTTGAAAGACGCAAGATCATTTCAT 3 ATGAARAATG 660
LCMV-PR2-2.1 1P GACTCAATGARAATTTTGAAAGACGCAAGATCA ATAACGATGAGATTATGAAAATG 660

LR ERERESEEEEEEEEEEEEEEEEREEEEREEEEREEEREREE SRS S SRR et R o0 80 & 88

TGCCACGATGGTGTCAACCCCAACATGAGTTGCGATGATGTGET GGCATARATTCC 720
TGCCACGATGGTGTCAACCCCAACATGAGTTECG GGCATARATTCC 720
TGCCACGATCGTGTCAACCCCAACATCAGTTGCE GGCATARATTCC 720

W TGCCACGATGGTGTCAACCCCAACATCACT TGCGAT TTTGGCATARATTCC 720

LOMV-P52-1 TGCCACGATGGTGTCARCCCCARCATGAGTTGCGAT GATGT GGCATABATTCC 720

LCMV-P52-1. TGCCACGATGGTGTCAACCCCAACATGAGTTGCGATGATGT GGCATAAATTCC 720

LCMV-P52-2.1 TGCCACGATGGTGTCAACCCCAACATGACTTCCG g TTTCGCATARATTCC 720
A A A A A A A A A A A A A A R A A A A A A A A A A R R R A A A A A A A KA AR A A A AR AR A AANANRRRKAA N
TTTTTTGGCAGGTTTAGGAGGGACCTGTTAAATGGGARACTCARAAGGAATTTCCAAAAG 780

LCMV-P42 TTTTTTGGCAGGTTTAGCAGS ACCT”TTAAAT SCCAARCTCAAARGGA CCABAAC 780

LCM -P52 TTTTTTGCCAGET T TAGCAGCGACCTGT TAAAT CCCAAACTCARAAGCA CCAARAG 780

MV-P91 LE TTTTTTGGCAGGTTTAGGAGGGACCTGTlAAAquuAAACLCAAAAGGAZL*‘CCAAAAG 780
MV-P52- TTTTTTGGCAGGTTTAGCAGGGACCTGTTARATGGCABACTCAARAGGAATTTCCAARAG 780

ucvv p52-1. TTTTTTGGCAGGT TTAGGACGCACCTCTTAAAT CCGAAACTCARAAGGAAT TTCCARRAG 780

LCMV-B52- TTTTTTGGCAGGT TTACGAGCCCACCTCTTAAAT GCCAAACTCARAARGCAAT TTCCARAAG 780
AE AR KA IR LA AR IR F A A A I A AL A A AL LA AT T TATHTTT A A A AT R T E AR NATRNNE T RATRN

LCMV-WE 1 GTCAGCCCTGGGGGCTTAATCAAGGAAT TCTCTGAACT 840

LCMV-P42 GTCAGCCCTGGGECC T TAATCAAGCAATTCTCTCAAC 840

LCMV-P52 1L GTCAGCCCTCGOCCCTTAATCAAGGAATTCTCTCAACT TTATGARACCOTTACTGATAAT 840

LCVV—DBl 1P GTCAGCCCTGGGGGCTTAATCAACGAATTCTCTGAACTTTA"”AAACCCTT CTCATAAT 840

MV-P52-1 LD GTCAGCCCTGEGEECTTAATCAAGGAATTCTCTCAACTTTATGAAACCCTTACTGATAAT 840

Acvv B52-1.3 1P GTCAGCCCTGGGGGCTTABTCAACCAATTCTCTGAAL 840

LOMV-P52-2,1 1P GTCAGCCCTGGGGGCTTAATCAAGGAAT TCTCTGAACT TTATG TTACTGATAAT 8490
KR AR A AR A AR AR R A A A A A A A A A A A N T N R A R A A AN A AT N AR XA RNTRAANTARRR N E

LCMV-WE LD GATGACAFATTAATCTTCACCAAACACCCACTTCAAwupr~CC 900

LCMV-P42 TF GATGACATATTAATGTTGAGCAAAGAGCCAGT TCAATCCTCCCCCTTAATGAGGTTCATT 900

LCMV-P52 1P GATGACATATTAATGTTuAuCAAAuAGCCAG TCAATCCTGCCCCTTAATGAGGTTCATT 900

LCMV-P91 LP GATGACATATTAATCTTCACCAAACACCCACTTCAATCCTGCCCCTTAATCAGCTTCATT 900

LCMV-P52-1 LT GATGACATATTAATCTTCACCAAAGACCCACTTCAATCCTGCCCCTT 900

LCMV-P52-1, GATGACATATTAATGTTGAGCAAAGAGGCAGTTGAATCCTGCCCLT 300

LCMV-P52-2. GATGACATATTAATCTTCACCAAACAGCCACTTCAATCCTGCCCCTTAATCACETTCATT 900
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Figure 26 (cont’d)

LCMV-WE_1P ACAGCAGAGACCCATGGGCATGAGCAGAGGAAGCGATGCTAACACTGAGTATGAAAGGCTA 960
LCMV-P42 1P ACAGCAGAGACCCATGGCGCATGAGCAGAGGAAGCGATGCTAACACTGAGTATCGARAGGCTA 960
LCMV-P52 LE ACAGCAGAGACCCATGGGECATGAGAGAGGAAGCGS CTAACA AGTATGAAAGGCTA 960
LCMYV-P8L Lp ACAGCAGAGACCCATGGGCATGAGAGAGGAAGCGATGCTAACACTGAGTATGAAAGGCTA 260
LCMV- D52—1 P ACAGCAGAGACCCATGGGCATGAGAGAGGAAGCGATGCTAACACTGAGTATGARAGGCET 960
LCMV-P52-1. 3_LP ACAGCAGAGACCCATGGGCATGAGAGAGGAAGCCGATGCTAACACTGAGTATCGAAAGGCT 960
LCMV-P52-2.1 LF ACAGCAGAGACCCATGGGCATGAGAGAGGAAGCGATGCTAACACTGAGTATGARAGGCT 360

KRR h R AR AR R R AR R R T R R R AR A R A A R R R R AR R AR A AR AR AN A A TR A FF TR RANXNRTTHR TR

LCMV-WE_ TP CTCTCTATGTTGAACAAGCTGAAAACTTTAAAAT TAT TAAACACTACAAGCACACAGCTS 1020
LCMV-F42 TP CTCTCTATGTTGAACAACCTGAARACTTTARAAT TAT TAAACACTAGAAGCAGACACCTE 1020
LOMV~P52 LP CTCTCTATGITGAACAAGGTCAAAAGTTTAAAAT TAT TAAACACTAGAAGCAGACAGCTG 1020
ACMV P91 P CTCTCTATGTTGAACAAGGTGAAAAGT TTAAAATTATTAAACACTAGAAGGAGACAGCTG 1020
MV-P52-1 TP CTCTCTATGTTGAACAACCTGAAAACTTTAAAAT TAT TAAACACTAGAAGCAGACACCTE 1020
ucvv P52-1.3 LP CTCTCTATGTTAAACAAGGTGAAAAGTTTAAAATTATTAAACAC”A”AAGGAGACAGC“G 1020
LCMV-P52-2.1 LP CTCTCTATGTTGAACAAGGTGAAAAGT T TAAAATTATTAAACAC TAGAAGGAGACAGCTG 1020
KAk I T I A K T IHE A A A A A A A A N N N N N N N N A N R A A AT A AN T H LA LR RN L AR, N
LCMV-WE 1P CTGAACTTAGATGTCTTATGTCTTTCTTCACT TATTAACCAGTCAAT 1080
LCMV-P42 LP CTGAACTTAGATGTCTTATGTCTTICTTCACTTAT TAAGCAGTCAATTT 1080
LCMV-P52 LI CTGAACTTAGATGTCTTATCTCTTTCTTCACTTATTAAGCAGTCAATTTCCARAGGETTE 1080
LCMV-PA1_LP CTGAACTTAGATGTCTTATGTCTTTCTTCACTTATTAAGCACTCAATTTCCAAAGGGTTG 1080
chv B52-1 1P CTGAACTTAGATGTCTTATCTCTTTCTTCACT TATTAAGCACTCAATTTCCARAGGETTG 1080
MV-P52-1.3 LT CTGAACTTAGATGTCTTATGTCTTTCTTCACTTATTAAGCAGTCAATTTCCARAGGETTE 1080
vav P52-2.1 1F CTGRAACTTAGATGTCTTATGTCTTTCTTCACTTATTAAGCAGTCAATTTCCARAGGETTG 1080
LEEESE R ERESEREEEEEEEEEEEEEEEEEEEEEEREEEEESEEEEER SRS RS LSS LSS
LCMV-WE_LP 1140
LCMV-P42 1P GARRATGATARACATTGGETTGETTGTTGCTACAGTAGTGTGAATGATAGGCTTGTGAGT 1140
LCMV-P52 LP GARAATGATAAACATTCCCTTCCTTCTTCCTACACTACTGTCARTCATACCCTTCTGAGE 1140
LCMV-P91 LF GARRATGATAAACATTCCCTTCCTTCETCCTACACTACTGTCAATCATACCCTTCTC 1140
LCMV~P52-1 LP GAAAATGATARACATTCGCTTCCTTGTTCCTACAGTAGTCTCARTCATAGEC 1140
LCMY-P52-1. GARRAATGATAARCATTGGETTGGTTGTTGCTACAGTAGT GTGAATGATAGGT 1140
GARAATGATARACATTGGETTGETTGTTGCTACAGTAGTGTGARTGATAGGCT 1140
LR EEE R EREEREEEEERERESESEEEEEIEEEEEREEEEEEEEEREEEEEEEEE SRS RSB S S
CTTCARAGTACCARAGAAGAATTCATGAGACT TTTGAAGAACAGAAGAARATCAAGAGTE 1200
CTTCAAAGTACCAAAGAAGAATTCATGAGACTTTTCAAGAACAGAAGARAATCAAGAGTE 1200
CTTCARAGTACCARAGAACAATTCATCAGACTTTTCARCAACACAACAARATCAACAGTG 1200
CTTCARAGTACCARAGAAGAATTCATCACACT TTTCAACAACAGAAGAARATCAACAGTG 1200
o1 CTTCAAAGTACCAAAGABGAATTCATGAGAL SAAGAACAGAAGAAAATCAAGAGTG 1200
LCMV-P52-1 CTTCARAGTACCAAAGAAGAATTCATGAGAC GARGAACAGAAGAARATCAAGAGTG 1200
LCMV-P52-2. CTTCAAAGTACCARAGAACAATTCATCAGACTTTTCAAGARCAGARCARRATCAACAGTC 1200
RS RS SRR ESEREEEEERESEERREEREREEREEEREREEERREEEEE TR EEEE RS RS S 55 55 5
LCMV-WE_ CACARARAAGGCATCTCTTGATGAGCTTTTTAGGGTATCCATAAATGAGT TCATAGCARAA 1260
LCMV-P42 CACABARAGGCATCTCTTCATCAGCTTTTTAGGCTAT I TCATAGCARAA 1260
LCMV-P52 CACARARAGGCATCTCTTGATGACCTTTTTACGE "CATAGCARAA 1260
LCMV-P91 CACRARAAGGCATCTCTTGATGAGCTTTTTAGGGTATCCATARATGAGT TCATAGCARAA 1260
LCMV-P52- CACRARAAGGCATCTCTTGATGAGCTTTTTAGGGTATCCATAAATGAGT TCATAGCARRA 1260
LCMV-P52- CACAAAARGGCATCTCTTCATCAGCTTTTTAGCCTAT ATACCARRA 1260
LCMV-P52~ CACABARAGGCATCTCTTCATCAGCTTTTTAGCG! TCATAGCARAA 1260
R IR AT AR AT A A A A T A A A A R R A N A R A T A N AN A A AN T HE AR T ANAEANTERRN
LCMV-WE ATCCAGABRATGCCTATCAACAGTCCCACTTAG TCAGRATGC 1320
LCMV~PA2 LE ATCCAGRAATGCCTATCAACAGTCCCACTTAC 'CAGRATGC 1320
LCMV-P52 LE ATCCAGARATGCCTATCAACAGTCCCACTTAGT GGACTATCAGAATGC 1320
LCMV-P91 1P ATCCAGARATGCCTATCAACAGTCGGACTTAGT TTTGAGCATTACGGACTATCAGAATGC 1320
LCMV-P52-1 LP ATCCAGAAATGCCTATCAACAGTGGGACTTAGTTTTGAGCATTACGGACTATCAGAATGC 1320
LCMV-P52- 1.3 1P ATCCAGRAATGCCTATCAACAGTCCCACTTAG AGCATTACGGACTATCAGRATGC 1320
CMV~P52-2.1 LE ATCCAGRAATGCCTATCAACACTCCCACTTAGT CGGACTATCAGAATGL 1320
KA E R E A AR A A A A R A R A A A R A A A A R A A R R A A A AR T AT N AT AN AT AN NAIXATRNATRTEN
LCMV-WE L CTCGTGCAAGAATGCCATATACCATTTGCTCAATTTGACAAC TGAGAGCCGGGACT 1380
LCMY-P42 CTCGTGCAAGARTGCCATATACCATTTCCTCAAT T TCAGAACT TTATCACACCCGECACT 1380
LCMV-P52 CTCGTGCARGAATGCCATATACCATTTGCTGAATTTGAGAACT TTATGAGAGCCGGEAC 1380
LCMV-PY1 CTCGTGCAAGAATGCCATATACCATTTGCTGAATTTGAGAACTTTATGAGAGCCEGGACT 1380
LCMY-P52- CTCGTGCARGAATGCCATATACCATTTCCTCAA AGAAC GAGAGCCEGGACT 1380
Acvv P52-1. CTCGTCCARGAATGCCATATACCATTTGCTCAATTTCAGAACT TTATGACAGCCCCEACT 1380
MV-P52- CTCGTGCAAGAATGCCATATACCATTTGCTGAATTTGAGAACTTTATGAGAGCCGEGACT 1380
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Figure 26 (cont’d)

CATCCTGTAATGCATTACACAAAATTTCGAAGATTACACTTTCCAGCCTAACATAGAGCAA 1440
CATCCTGTAATGCATTACACAAAATTTGAAGATTACACTTTCCAGCCTAACATAGAGCAA 1440
CATCCTGTAATGCATTACACARAATTTGAAGATTACAC CAGCCTAACATAGAGCAA 1440
CATCCTGTAATGCATTACACAAAATTTGAAGATTACACTTTCCAGCCTAACATAGAGTAA 1440
CATCCTGTAATGCATTACACAAAATTTGAAGATTACACTTTCCAGLCTAACATAGAGTAA 1440
CATCCTGTAATGCATTACACAARATTTGAAGATTACACTTTCCAGUCTAACATAGAGUAA 1440
CATCCTGTAATGCATTACACAARATTTIGAAGAT TACACT T TCCAGCCTAACATAGAGCAA 1440
Khhhhhhhhhdhhdhhhhhhhhhhhbhhhhdhohobhhrhnamnhhhrwbhhhhhdhhhnkhhhrwrmdrkrw
TTGAGGGGTTTACAGAGCTTTCGAGAAAACTCTCATCTGTTTCTTTGECTCTAACARACAGT 1500
TTGAGGGCTTTACAGAGTTTGAGARARAACTGTCATCTETITGTTTGGCTCTAACARACAGT 1500
TTGAGGGETTTACAGAGTTTGAGAAAACTGTCATCTET TTTGGCTCTAACAAACAGT 1500
TTGAGGGETTTACAGAGTTTGAGAAAACTGTCATCTE TTGECTCTAACAAACART 1500
TTGAGGGETTTACAGAGTTTGAGAAAACTGTCATCTGTTT TGGCTCTAACAAACAGT 1500
TTGAGGGGETTTACACAGTTTCGAGAARAACTGTCATCT TGGCT”“AA”AAAbACC 1500
TTGAGGGGETTTACAGAGT T TGAGRAAACTGTCATCT quwuﬁiTGGCi””AACAAALA 1500
dhhdchdhdhhhdhhhdhhdhdhddhbhhdhddhbhdhdhdhhdhhhrhdhuorhhhdhrdhdhrhddhddnddhhitrdhiwt
ATGAAARCARGCTCAGTTGCAAGGTTGAGACAGAACCAACTEGGEET 1560
ATGAAAACAAGCTCAGTTGCAAGGTTGAGACAGAACCAACTCGCGﬁ 1560

60
ATGAAAACAAGCTFACTTCCAACCTTCACACACAAbCAACmCCCCTCmG‘LAGATALMAA 1560
ATGARARCAAGCTCAGTTCCAAGGTTCGAGACAGAACCAACTGCGETCTETGAGATATCAA 1560
ATGARAACAAGCTCAGTTGCARGGTTCGAGACAGAACCAACTGGGETCTGTGAGATATCAA 1560
ATGARAACAAGCTCAGTTGCAAGGTTGAGACAGAACCAACTGGRETCTGTCGAGATATCAA 1560
Ik A A AR R AT AR AR R A A A A A A A A A A A A T A A A A A AT A AKX AKX A A AKX AT XXX KR AT KKK
GTGGETGGAGTGCARAGAGGTGTTTTGCCAGATAATAAAACTGEATTCCGAAGAGTATCAT 620
GTGGETGGAGTGCAAAGAGETETTTTGCCAGATAATAAAACTGEA! CEAAGAL T 1620
GTGGTGGAGTGCARAGAGCETCTTTTCGCCAGATAATAARACTGEATTCCGARGAGTATC 1620
GTGGTGGAGTGCARAGAGETGTTTTGCCAGATAATARAACTGEATTCCCAAGA 1620
GTGETGGAGTGCAAMGAGETETTTTGCCAGATAATARAACT 1620
GTGGTGGAGTGCAAAGAGLTGTTTTGCCAGAT AATAALA 1620
GTGGTGEAGTGCARAGAGGTGTTTTGCCAGATAATAAAACTGGATTCCGAAGAGTATCAT 1620
LR R RS LR LEERSESSEREEELEESLLELESMLELEEESEESEEEEEESEERESEREEE S
CTACTATATCAGAARACTGGAGAATCATCGAGGT CCATACAAGGTCCGGATGET 1680
CTACTATATCAGAARACTGGAGAATCATCGAGG GAT 1680
CTACTATATCAGAARAAUTGGAGAATCATCGAGG GA 1680
CTACTATATCAGAAPAUTGGAGARTCATCGAGG FCCGGAT 1680
CTACTATATCAGARAACTGGAGAATCATCGAGH CGGATG 1680
CTACTATATCAGARAACTGGAGAATCATCGAGG TCCGEAT GG* 1680
CTACTATATCAGARAARCTGCAGAATCATCGAGG TTCCATACAAGGTCCGEATEGT 1680
EER R R SR LR R ELEERELEREEREEEREEEALEESEALERESEESSEEEEREESEEEEE S
CACTTGATTTCCTTTTACGCAGATCCAAARAGGTTCT 1740
CACTTGATTTCCTTTTACGCAGATCCARALAG 1740
CACTTGATTTCCTTTTACGUAGATCCAAARAGE 1740
CACTTGATTTCCTTTTACGCAGATCCAAARAGETT 1740
CACTTGATTTFCTTTTA&GCAGATCCAAAAAGGTTCTTTTTAFCAATTTTTTCALA GAG 1740
CACTTGATTTCCTTTTACGCAGATCCAAAAAGG [GAG 1740
CACTTGATT ’beTTTACGCAGAPCCAAAAAGGL* TGAG 1740
kkkhdkdhhhdhdhkhdhbhhhdhhhdhdkhhdhdhkddhhhhdkhdranhhhhhhkhhRhrhRhnshhrdhdkkosx
GCTGTTGCACAACATGATAGACALAATCGATTTCATGGATTAGGTCATGCCCT TAARA 1800
GTGTTGCACAACATGATAGACACAATGATTTCATGGATTAGGTCATGCCCT ARS 1800
GTGTTGCACAACATGATAGACACAATCGATTTCATGGATTAGGTCATGCCCTCGACTTAARAA 1800
GTGTTGCACAACATGATAGACACAATGATTTCATGGATTAGGTCATGCCCTGACTTAARA 1800
GTGTTGCACAACATGATAGACACAATGATTTICATGGATTAGGTCATGCCCTGACTTAAMA 1800
GTGTTGCACAACATGATAGACACAATCATTTCATGCGATTAGGTCATGCCTTGA AAA 1800
GTGTTGCACAACATCATAGACACAATCATTTCATGGATTAGGTCATGCCCTGACTTAARA 1800
dkkhhhhkhdhhhhdhdhdhddhhdbdhhhdhdhhhhhhhmh kb mkhhkr Rk r Rk *kwk
GATTCTCTTATTGACATTGACGACTGCACTAAGGACATTGATCCTACTGATGUTCACCAAL 1860
GATTCTCTTATTGACATTGAGACTCGCACTAAGGACATTGATCCTACTGATGUTCACCAAL 1860
GATTCTCTTATTGACATTGAGACTGCACTAAGGACATTGATCCTACTGATGCTCACCAAC 1860
GATTCTCTTATTGACATTGAGACTGCACTAAGCACATTGATCCTACTGATGCTCACCAAC 1860
GATTCTCTTATTGACATTCGAGACTCCACTAAGGACA' CCTACTGATGCTCACCAAC 1860
GATTCTCTTATTGACATTCAGACTGCACTAAGCACATTGATCCTACTGATGCTCACCAAT 1860
GATTCTCTTATTGACATTGAGACTGCACTAAGCGACATTGATCCTACTGATGCTCACCAAC 1860
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Figure 26 (cont’d)

LCMV-WE_1P CCAACAAAGAGAAATCAAARAGCAGGTTCAAAATATTAGGTATTTAGTCATGGCCATCGTC 1920
LCMV-PA42 LF CCAACARAGAGAAATCAABRAGCAGGTTCARAATATTACGTAT TTACTCATCCCCATCETC 1920
LCMV-P52 LF CCARCAAAGAGARATCAARAGCAGGTTCARRAT ATTAG”” ‘ TCGTC 1920
LCMV-P91 LF CCAACAAAGAGARATCAAAAGCAGGTTCAARATATTAGET ATGGCCATCGTC 1920
LCMV-P52-1 TP CCARCARAGAGAAATCAARACCAGGTTCARAATATTAGG AT?TAC“CA“CCCCA CETC 1920
LCMV-P52-1.3 1P CCAACAARAGAGARATCAAAACCAGGTTCARAATATTACCTAT TTACTGATCGCCATCETC 1820
LCMV-P52-2.1 L7 CCARCARAGAGAATCAAAAGOAGETTCARAATAT TAGGT AT T T AGTGATGECOATCRTC 1920
KA ARG R AR R R R R R R R AR R R A R A A R R R R AR R A R A F TR AR AR AR FF TR R FTHFAAE RN R R X
LCMV-WE_ TP TCAGACTTTTCATCGACCTCATTAATGGATAAGTTCAAGGAGEATCTARTCACACCTECC 1980
LCMV-F42 TP TCAGACTTTTCATCGACCTCATTARTGCATAACT TGAACGACCATCTAATCACACCTECC 1980
LCMV-P52 LP TCAGACTTTTCATCGACCTCATTAATGGATAAGT TGAAGGAGGAT C”AA*CA ACCTGCC 1980
LCMV-P91 LP TCAGACTTTTCATCGACCTCATTAATGGATAAGTTGAAGGAGGATCTAATCACACCTES 1980
LCMV-P52-1 LP TCAGACTTTTCATCCACCTOATTAATCCATARGT TCAAGCACCAT CTAATCACACCTCOC 1980
LCMV-P52-1.3 1P TCAGACTTTTCATCGACCTCATTAATGCATAAGT TCAACGAGCATCTAATCACACCTCC 1980
LCMV-P52-2.1 LF TCAGACTTTTCATCGACCTCATTAATGEATAAGT TGARGEAGGATCTAATCACACCTECT 1980
A KN A N N A A A A A A A R A R A A A A A A N N A N N T N A A T T N A A A A AT A AR AT XA XARARNRNERERR
LCMV-WE LP GAGARAGTGGTGTACACCCTCCTTCCCTTTTT GGTACTGGTGAA 2040
LCMY = P42 1P GAGARAGTGGTGTACAGGCTGCTTCGETTTT TGGTACTGGTGAA 2040
CMV-P52 LP GAGARAGTGGTGTACAGGCTGCTTCGGTTTTTGATTAGGACAATTTTT ”AAC GETGAA 20640
CMV-P31 1P GAGARAGTGGTGTACACCCTGCTTCCCTTTTTCATTAGGACAATTTTTGGTACTGCTGAR 2040
oMy~ B52-1 1P GAGARAGTGGTGTACACGCTGCTTCCCTTTTTGATTAGGACAAT TCC”AC”CC“GAA 2040
LCMV-P52-1.3 LT GAGAAAGIGGTGTACAGECTGCTTCGETT I TTEATTACGACAAT TTTIGETACTGGTGAA 2040
LCMV-P52-2.1 1P GAGRAAAGTGGTGTACAGECTGCTTCGGTTTTTGAT TAGGACAR T CTGGTGAA 2040
EEEEEEEEREREESESEERESEEEEEEEEREREEEREEEEREEEEEEEEEEEEEEE SRS E 0SS
LCMV-WE 1P 2100
LCMV-P42 1P AAGETGTTATTGAGTCOAAAATTCARGTTTATGT TEAATGTGTOATACCTGTGTOATTTE 2160
LCMV-P52 LP AAGGTGTTATTGAGTCCAAAATTCAAGTTTATCT TCAATCTRTCATACCTCTCTCATTTG 2100
LCMV~P8L AAGGTGTTATTGAGTCCARAATTCARCTTTATCTTC ‘ TCA 2100
LCMV-P52-1 1 AAGGTGTTATTGAGTCCAAAATTCAACTTTATC : 2100
LCMV-P52-1 AAGGTGTTATTGAGTGCAARAT TCAAGTTTAT 2160
LCMV-P52-2.1 AAGGTGTTATTGAGTGCAAAATTTAAGTTTATCTTGAATGTGTICATACCT 2100
FHEFIAAIAAAAFAAAAX A AKX AAAAAL AXAA X AT AXXAXAAAXLARET AA XA A A AT XARNRR R R K
LCMV- “HE_L2 ATCACARAGGAGACCCCTGATAGATTGACAGATCAGATARAAT ‘ 2160
LCMV-P42 1P ATCACARAGGAGACCCCTGATAGATTGACAGATCAGATARAATG' ‘ 2160
LCMV~P52 LE ATCACARAGGAGACCCCTCATACATTGACACATCACATARAR 2160
LCMV-P91 LP ATCACAAAGGAGACCCCTCATAGATTCACACATCAGATARRAT 2160
LCMV-P52-1 LF ATCACAAAGGAGACCCCTGATAGATTGACAGATCAGATAAAATG 2160
LCMV-P52-1.3 1P ATCACARAGGAGACCCCTGATAGATTGACAGATCAGATAAAA 2160
LCMV-P52~2.1 1P ATCACARAGGAGACCCCTCATAGATTCACAGATCACATAAAAT 2160
RS SR EREEESEEEREEREREEEEEEEEREEREEREEEEEE LRSS SRR R R RS S RS S
LCMV-WE_| GAGCCCAAGAGTGAGTTTGGTTTCTTTGTCAACCCTARGGARACAATCACACCCGAAGAG 2220
LCMV-P42 1P GAGCCCARGAGTGAGTTTCCTTTCTTTCTCAACCCTAAGCARACAATCACACCCGAAGAT 2220
LCMV-P52 LP GAGCCCRAGAGTGACTTTCCTTIC T TCTCAACCCTARCCARACAATCACACCCGAAGAT 2220
CMV-P91 LP GAGCCCAAGAGTGAGTTTGETTTCTTTGTCAACCCTAAGGARACAATCACACCCGAAGAR 2220
LCMV-P52-1 LP GAGCCCAAGAGTGAGTTTGGTTTCTTTGTCAACCCTAAGGABACAATCACACCCGAAGAG 2220
LCMV-P52-1.3 1P GAGCCCAAGAGTGAGTTTCCTTTCTTTCTCAACCCTARGCARACAATCACACCCGAAGAG 2220
LCMV-P52-2.1 LT GAGCCCAAGAGTGACTTTGCTTTCTTTCTCAACCCTARGCARACAATCATCACCCGAAGAS 2220
Ak AT AR A A A AR A A A A A A A A A A A A A N A R A N A R T A A AR N AT AT A I RN RXRE A A ANETERNRN
LCMV-WE 1 GRATGTGTTTTTTATGAACAAATCAACAAGTTCACCGGTA 2280
LCMV-P42 GAATGTGTTTTTTATCAACAAATCAACAACTTCACCCGTARAGA! 2280
LCMV-P52 LP GRATGTGTTTTTTATCAACAAATGAACAACTTCACCCGTARRGAT T 2280
LCMV-P91 LP GAATGTGTTTTTTATGAACAAATGAAGAACTTCACCGETAAAGATATTGATTCTCAGCAT 2280
LCMV-P52-1 LP GAATGTGTTTTTTATCAACARATGAAGAAGT TCACCGGTAAAGATATTGATTGTCAGCAT 2280
LCMV-P52-1.3 1.7 GAATGTGTTTTTTATCAACAAATCAACAACTTCACCCCTAAACA TCAGCAT 2280
LCMV-P52-2.1 L7 GAATCTGTTTTTTATCARCAAATCAACAACTTCACCCGTARACATATT STCAGCAT 2280
R I A E R A A AR A A AR A I AR A A A A A A N N R N R A T R A A A AR AT A AATAXARNRCRNETNR
-WE LP TCAACCCCTGGTGTTAATTTACAGATCTTTAGCATCATEC TCATTCAACAATGGC 2340
LCMV-P42 LE TCAACCCCTGGTGTTAATTTAGAGATCTTTACCATCATCGTATCT TCATTCARACRAATGEC 2340
LCMV-P52_LP TCAACCCCTGGTGTTAATTTACAGATCTTTACCATCATGGTATCT TCATTCAACAATCEE 2340
LCMV-PY1 LP TCAACCCCTGGTGTTAATTTAGAGATCTTTAGCATGATGETATCTTCATTCAACARTEEC 2340
LCMV-P52~1 TCAACCCCTGGTCTTAAT TTACAGATCTTTAGCATCATGGTA AACRATGGC 2340
LCMV~-P52~1 TCAACCCCTGCTGTTAATTTACACATC TTTACCATGATCCTATCTTCATTCAACAATGEC 2340

LCMV-Ph2-2. TCAACCCCTGGTGTTAATTTAGAGATCTTTAGCATGATGGTATCTTCATTCAACAATGGC 2340
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Figure 26 (cont’d)

ACCTTAATTCTARAAGGGGAGAAAAGGCTCAACAATCTGGACCCCATGACCAACTCTGGA
ACCTTAATTCTAAAAGCGGAGAAAAGGCTCAACAATCTGGACCCCATGACCAACTCTGGA
ACCTTAATTCTAAAAGGGGAGAAAAGGCTCAACAY GGACCCCATGACCAACTCTGGA
ACCTTAATTCTAARAGGGGAGAAAAGGCTCAACAATCTGGACCCCATGACCAACTCTIGGA
ACCTTAATTCTAAAAGCGCGAGAAAAGGCTCAACAATCTGGACCCCATGACCAACTCTGGA
ACCTTAATTCTAAAAGCGCAGAAAAGGCTCAACAATCTGGACCCCATGACCAACTCTGGA
ACCTTAATTCTAABAGGGGAGAARAGGCTCAACAATCTGGACCCCATGACCAACTCTGEA

Ahkhhkhkh kb h kb hkhkhk AR Rk A Ak AR AR Ak R R R R R TR AR AR I A A AT FRRFAAFTFARTAOA TR F

TGTGCGACAGCATTAGATCTCGCAAGCAACAAAACT
TGTGCGACAGCATTAGATCTCGCAAGCAACAAAAG
TGTGCGACAGCATTAGATCTCGCAAGCAACAARA
TGTGCGACAGCATTAGATCTCGCAAGCAACAAAAGT ﬂG “““ GWCAA AAACAEu!CAA~
TCTCGCCGACACCATTAGATCTCCCAACCAACAAAACTCTCCTTCTCAATAAACATCTCAAT
TGTGCGACAGCATTAGATCTCGCAAGCAACAAAAGTGTG GTCAATAAACATCTCAAT
TGTGCGACAGCATTAGATCTCGCAAGCAACAAAAGTGTGETTGTCAATARACATCTGAAT
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TCTCAATAARACATCTCAAT
CTCAA AAACAT CAAT

GCACARACGGCTTTTCCACTATCATTTTAACAAA X
GGAGAACGGCTTTTGEAGTATGAT ' TTAACAAATTGCTTGTTAGT
GGAGAACGGCTTTTGCGAGTATGATTTTAACAAATTGCTTGTT uwGCTCT
GGAGAACGGCTTTTGGAGTATGATTTTAACAAATTGCLLGLLAGTGCTGLGAGCCAAATT
GGAGAACGGCTTTTGGAGTATCATTTTAACAAAmTCCm$C“mACTCCmC“CAGCCAAATT
GGAGAACGGCTTTTGGAGTATGATTTTAACAAATTGCTTGTT AGVG TG*GAG”CAAAmm
GGAGAACGGCTTTTGGAGTATG ATTTTAACAAATTGCLL T T
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ACAGAGGGCTTCATGAGGAAACAAMAGTATAAGCTGAGACACTCAGATTACGAATATAAG
ACAGAGGGCTTCATGAGGAAACAAAACTATAAGCTGAGACACTCAGATTACGAATATAAG
ACACAGCGGCTTCATCAGCGAAACAAAACTATAACCTGAGACACTCACATTACCGAATATAAG
ACAGAGGGCTTCATGAGGAAACAAMAGTATAAGCTGAGACACTCAGATTACGARTATAAG
ACAGAGCGGCTTCATGACCAAACAAALCTATAACCTGAGACACTCAGATTACCAATAT
ACAGAGGGCTTCATGAGGAAACAAAAGTATAAGCTGAGACACTCAGATTACGAATAT
ACAGAGGGCTTCATGAGGAAACAAAAGTATAAGCTGAGACACTCAGATTACGAA

tEE SRR ERESEEERSEEEREREEEEEEEEREEEEEEEEEREEESEEE SRR EEE RS SRS 0SS 5

GTCTCAAAGCTTGTCTCTAGATTAGTCATCGETTCCAGGAAAACAGAAGTAGACAAA
GTCTCAAAGCTTGTCTCTAGATTAGTCATCGET
GTCTCAAAGCTTGTCTCTAGATTAGTCATCGE
CTCTCAAAGCTTGTCTCTACATTACTCATCGET
GICTCAAAGCTTGICTCTAGAT TAGTCATCEGETICTAGCARAACAGAAGTAG
GTCTCAAAGCTTGTCTCTAGATTAGTCATCGGETTCCAGGAAAACAGAAGT
GTCTCAAACCTTGTCTCTACATTACTCATCGCTTCCACCAAAACAGAACTAGACAAATTC
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GAAGATGATCCGGTAGATGTGTGTTTCGAGGGGCGAGGAGGAGACAAGT
GAAGATGATCCGGTAGATGTGTGTTTCGAGGGCGAGGAGGAGACAAG
GAAGATGATCCGGTAGATGTGTGTTTCGAGGGGCAGGAGGAGACAAG
GAAGATGATCCGGTAGATCTGTGTTTCCGAGGGGGAGGAGGAGACAAGT
GAAGATGATCCGGTAGATGTGTGTTTCCGAGGGGGAGGAGGAGACAAGTT
GAAGATGATCCGGTACATGTGT"TTTCGAGGGGGAGGA"GAGACAAGA
GAAGATGATC lACAPCTCT"TTTCCAGGGGGACCAuCACACAAGT

TTAGARGATAAGGTCAGCTCCACAATARCACGET
TTAGAAGATARAGGTCACCTCCACAATAACALCE
TTACAAGATAACCTCACCTCCACAATRACACCCTATAATACACCCACTACCUTTAATGAA
TTAGAAGATAAGGTCAGCTCCACAATAACACCCTATAATAGAGGCACTAGGCTTAATGAA
TTAGAAGATAARGGTCAGCTCCACAATAACACGCTATAATAGAGGCACTAGGCTTAATGAA
TTAGAAGATAAGGTCACCTCCACAATAACACCCTATAATACACCCACTACCCTTAATGAA
TTAGAAGATARGCTCAGCTCCACAATAACACCCTATAATACACCCACTAGCGCTTAATCAR
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GGGCAAGGGGAGGGAGAATTCAACGAACACAAAAGCGACTACACCACCTTCAGATTATT
CGOCAACGCGACGGAGAATTCAACAACACAARAGCACTACACCACCTTCACA
GGOCCAACGCGAGCCACAAT TCAACAACACAAAAGCACTACACCACCTTCAGA G
GGGCAAGGGCGAGGGAGAATTCAAGAACACAAAAGGACTACACCACCTTCAGATTATTTTC

EEE R EEEREEESEEEEEEREERE R RS RES S SsS s Ss SRS S S S

[

[

m
T

o

Fi!ﬂ +
(= s

m

0]

TTATTTT

SUBSTITUTE SHEET (RULE 26)

2400
2400
2400
2400
2400
2400
2400

2460
2460
2460
2460
2460
2460
2460

2580
2580
2580
2580
2580
2580
2580

2640
2640
2640
2640
2640
2640
2640

2700
27060
2700
2700
2700
2700
2700

2760
2760
2760
2760
2760
2760
2760

2820
2820
2820
2820
2820
2820
2820



CA 03111305 2021-03-01

WO 2020/053324 PCT/EP2019/074307
73185

Figure 26 (cont’d)

LCMV-WE_1P TCAGCTAAAACAGCTTATCTCAGCAAACTCATTTTATCACAAATTTCATTTCATCTACTA 2880
LCMV-P42 1P TCAGGTAAAACAGCTTATCTCAGCAAACTCATTTTATCACGAAATTTCATTTCATCTACTA 2880
LCMV-P52 LE TCAGGTAAAAGAGCTTATCTGAGGAAAGTCA A AGTA 2880
LCMYV-P8L Lp TCAGGTAAAAGAGCTTATCTGAGCGAAAGTCATTTTAT X (TTCATCTAGTA 2880
LCMV~ D52—1 P TCAGGTAAAAGAGCTTATCTCACCAAACTCA“TT”AmCACAAATTA ATT CATCTACTA 2880
LCMV-P52-1., 3_LP TCAGGTAAAAGAG”TTATCTCACCAAACTCA“TTTA”CACAAA”TfCATTTCATﬂmACmA 2880
LCMV-P52-2.1 LF TCAGGTARAAGAGCTTATCTGAGGAAAGTCAT TCAG AAAWW”CA”WWCAY"‘AGW 2880

hhkhk kb bk kb AR XTI R R AR R R A R R A A AR R A R I R R R F R AR R AR AR T AT A ERARERREANRTRT

LCMV-WE_LP GAGGACTTTGATCCATCCTGTCTCACCAATGACGACATCAGGTTTATTT 2940
LCMV~-P42 _LP GAGGACTTTGATCCATCCTGTCTCA»CAATGACGACATGAGG TTA 2940
LCVV—DSZ _LP GAGGACTTTGATCCATCCTGETICTCACCAATGACGACATEAGET 2840
ACMV POl P GAGGACTTTGATCCATCCTGTCTCACCAATGACGACATGAGGTTTAT 2940
MV~ D52 1 1P GAGGACTTTGATCCATCCTGTCTCACCAATCACCGACATCGAGCGTTTATT 23940
uC W-P52-1, 371P GAGGACTTTGATCCATCCTGTCTCACCAATCGACCACATCAGE 2940
LCMV-P52-2. lVLL GAGGACTTTGATCCATCCTGTICTCACCAATGACGACATGAGGT TTATTT 2840
Ak Ak kR A A A N A N A A A A T N A N N A T T A T AN A AN IR AT ENNXANFTNAAAT T AR
LOCMV-WE 1P GCAAGGTTCAACAGAACTCTCACCATTCTATTTTACATCAGCTCTCAAACAACAAN GT 3000
LCMV—PQZ LP GAAGGTTCAACAGAACTGTCACCATTGTATTTTACATCAGCTGTCAAAGAACAATETGET 3000
LCMV—PSZ _LP GAAGGTTCAACAGAACTGTCACCATTGTATTTTACAT CA”C”G“CAAACAACAATGﬁGﬂL 3000
LCMY-P81 LP GAAGGTTCAACAGAACTCTCACCATTGTATTTTACATCAGCTCGTCAAACAACAATCETGE 3000
LCMV - “52—1 _LE GAAGGTTCAACAGAACTGTCACCATTCTATT“mACAmCAGCTGTCAAAGAACAAﬂCTC 3000
LMV~ 754—1 37LL GAAGGTTCAACAGAACTGTCACCATTG TAEFTLACAWCA”CWGWCAAA”AACAATG¢GCT 3000
LCMV-P52-2. l LE GAAGGTTCAACAGAACTETC uuATT TATTTTACATCAGCTGTCAAAGAACAATGETGGET 3000
tEEEEEREESEEEEEEERSERSEEEEREEEREEEEEEEREREEEEEREE SRR SR EE 0SS0 0%
LCMV-WE L CTGGATGAGATGGCAAGAAACCTCTETAGAAALTT CTCAGAGGG¢G 3060
LCMV-P42 CTGGATGAGATGGCAAGRAACCTCTETAGAAAG 3060
LCMV—PSEW CTGGATGAGATGGCAACAAACCTCTCTAGAAAGTT 3060
My-PY1 3060
LCMV-P52~ CTGGATGAGATGGCAAGARACCTCTGTAGARAG meACACC” 3060
LCMV-p52~1 CTGGATGAGATGGCAAGAAACCTCTGTAGAAAG TCAGAGG 3060
LCMV-PR2-2. CTGGATGAGATGGECAAGAAACCTCTGTAGAAAGTT TCAGAGGGETE 3060
tEE S EREREREERERESEEEEEEEEEEEREREEREEREEEEREsE S SR E S et Rt E S kS B B 8 8 8
TCTATGAAGATGATCTTCGTTACAGATGAATGCAAATGCGTATTCAGGGAAGTACAGACAC 3120
TGTATGAAGATGATCTTGTTACAGATGAATGCAAATGCGET CAGGGAAGTACAGACAC 3120
TGTATGAAGATGATCTTGTTACAGCATCAATGCAAATCCET TCAGGGAAGTACAGACAC 3120
TCTATGAAGATCGATCTTGTTACAGATCAATGCAAATGCGTATTCAGCCGAAGTACAGACAC 3120
LCMV~— 952—] TETATGAAGATGATCTTGTTACAGATGAATGCAA CGT CAGGFAAGWALAFACAL 3120
LCMY-P52-1. TGTATGAAGATGATCTTGTTACAGATGAATGCAAR G CAC 3120
LCMV-P52-2, TGTATGAAGATGATCTTCTTACAGATCAATCCAAATGCCTATTCAGGGAAGTACAGACAC 3120
LEEE SRR EESEEREEESESEEEEEREEEEEEEREEEEREESEEE RS R R R E R EEE S S S &5
LCMV-WE_LP ATGCAGAGGCAGAGCTTAAATTTTAAATTTGACTGGGACAAATTGGAAGAAGATGTAAGA 3180
LCMV—P42719 ATGCAGAGGCAGAGCTTAAATTTTAAATTTCACTCGGACABRATTGGAAGAAC AAGA 3180
LCMV—PSZ Le ATGCAGAGGCAGAGCTTAAATTTTAAATTTCACTCGGACAAATTGCAAGAAGA “AAGA 3180
MYV-P81 _LP ATGCAGAGGCAGAGCTTAAATTTTAAATTTCACTGCGACAAATTGGAAGAAGATGTAAG 3180
MV-P52-1 LP ATGCAGAGGCAGAGTTTAAATTTTAAATTTUACTGGGALAAATTUGAAUAAGAWGTAAGA 3180
uCVV POZ2-1., 37LP ATGCAGAGCCAGAGCTTAAATTTTAAATTTCACTCCGACAAATTCCAAGAAGATGTAAGA 3180
LCMV-P52-2, l"LL ATGCAGAGGCAGAGCTTAAATTTTAAATTTCACTCGCGACAAATTGGAAGAAGATGTAAGA 3180
ok dkk bbb hddd A A A kA A A A A N R N A T A N A NI AT H NI HAAIXTNTLRNCRY
ATTAGTGAARGG GAAACCAATTCTCAATCTC 'AAGTAAGGCCC TCATTCGACAARATCC 3240
ATTAGTGAARGGGAA, AATTCT”AAFCT”TAA ‘AA”C ce ' CACARARATEC 3240
ATTAGTGARAG GAAAG\.,AATTC PCAATCTCTAAGTAAGGCCCTT JCA TTGACAAAATG 3240
ATTACTGCAARGGGAAAGCAATTCTCAATCTCTAAG AAUGCCCTTTCATTGACAAAAm“C 3240
ATTAGTGAAAGGGAAAC”AATTCTCAATCTCWAAGTAA"CCCCTLT ATTCACAARATGC 3240
ATTAGTGAAAGGGAARAGCAATTCTGAATCTCTAAG GCCC CACARAATGC 3240
ATTAGTCARAGGGAAAGCAATTCTCGAATCTCTAAGT AA”C CTTTCATTGACAAAATGE 3240
AR R R E R E SRR LR RS SRRl R Rl Rl sttt SRS Ss SRR RS
LCMV~-WE LP ATGACTGCTGCTCTAAACAATCTCTGTTTTTACTCAGAAGAATCACCAACATCATACACT 3300
LMV~ DAZ E ATGAGTGCTGCTCTAAAGAATCTCTGTTTTTACTCAGAACAATCACCAACATCATACACT 3300
LCMV-P52 TP ATGACTGCTCCTCTARACAATCTCTCGTTTTTACTCAGAAGAATCACCAACATCATACACT 3300
LCMV-P91 1P ATGAGTGCTGCTCTAAACAATCTCTCTTTTTACTCACAACAATCACCAACATCATACACT 3300
LCMV-P52~- L ATGAGTGCTGCTCTARAGAATCTGTCTTTTTACTCACGAAGAATCACCAACATCATACACT 3300
LCMV-P52-1, ATGAGTGCTCCTCTARAGAATCTGTIGTTTTTACTCAGAAGAATCACCAACAT CATACALT 3300
LCMV-P52-2. ATGACTGCTGCTCTAAAGAATCTCTCTTTTTACTCAGAACAATCACCAACATCATACACT 3300
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Figure 26 (cont’d)

LCMV-WE_1P TCAGTTGGCCCTGACTCTGGGAGACTAAAATTTGCATTGTCATACAAAGAGCAGGTTGGE 3360
LCMV-PA42 LF TCAGTTGGCCCTGACTCTCGGACACTAAAATTTCCATTETCATACARACACCACETTCEE 3360
LCMV-P52 LF TCAGTTGGCCCTGACTCTGCGAGACTAAAAT ATACAAAGAGCAG 3360
LCMV-P91 LF TCAGTTGGCCCTGACTCTGGGAGACTAAAAT T TGCATTGTCATACAAAGAGCAGE 3360
LCMV-P52-1 TP TCAGTTGGCCCTGACTCTGCCACACTAAAATTTCCATTCTCATACAAAGACCACGTTCEE 3360
LCMV-P52-1.3 1P TCAGTTGECCCTGACTCTCCCACACTAAAAT T TCCATTGTCATACARACACCAGETTGEC 3360
LCMV-P52-2.1 L7 TCAGTTGGCCCTGACTCTGEGAGACTAAAATTTGCATTGTCATACAAAGAGCAGGTTGGE 3360
LR R R R R R R R R R R R R e R R R R R R R R R R R R R RS R R S R R R R R
LCMV-WE_ TP GGAAATAGAGAGCTTTACATTGCCCATTTGACCACAAAAATCTTCACAACATTCCTACAA 3420
LCMV-P4Z LP GGAAATAGAGAGCTTTACATTCCGCATTTGAGCACARARATCTTCACAAGAT TCGTAGAR 3420
LCMV-P52 LP GGAAATAGAGAGCTTTACATTGECEATTICAGCACAAANAT GTTCACAAGA T CETAGAA 3420
LCMV-P91 LP GGARATAGAGAGCTTTACATTGGGGAT T TCAGGACAAAAATGT TCACAAGAT TGGTAGAA 3420
LCMV~P52-1 LP GGAAATAGAGAGCTTTACATTCCGCATTTGACGACAAARATCTTCACAAGAT TCCTAGRA 3420
LCMV-P52-1.3 1P GGAAATAGAGAGCTTTACATTCCCCATTTGAGGACAAAAATGT TCACAAGATTCCTAGAA 3420
LCMV-P52-2.1 LF GGAAATAGAGAGCTTTACATTGGGEAT T TGAGGACAAAAATGT TCACAAGAT TGGTAGAA 3420
AR R EE R LR R R R R R R R R R R AR AR RS RS R RS S SRR R RS RS
LCMV-WE 1P GATTATTTTGAATCCTTTTCTAGTTTCTTTTCAGGAT AAACAATGACAABRGAC 3480
LC‘V P42 1P GATTATTTTGAATCCTTTTICTAGTTTCT T TTCAGGATCTTGT T TAAACAATGACAARGAG 3480
LCMV-P52 LP GATTATTTTGAATCCTTTTICTAGTTTCTTTTCAGGAT TARRCAATGACARAGAG 3480
QCMV—PBIZLP GATTATTTTGAATCCTTTTCTAGTTTCTTTTCAGCATCTTCT T TAAACAATCATAAACAL 3480
LCMV-P52-1_LE GATTATTTTGAATCCTTTTCTAGTTTCTTTTCACGATCTTGTTTAARCAATCACARAGAG 3480
LCMV-P52-1.3 1P GATTACTTTGAATCCTTTTCTAGTTTCTT TTCAGGATCTTGTT TAAACAATCACAAAGAG 3480
LCMV-P52-2.1 LT GATTATTTTGAATCCTTTTCTAGTTTCTTTTCAGGATCTTGTTTARACAATGACAAAGAG 3480
tEEEE R REREEEEEEEEEEEEEEEEEEEEEEREEERRESEEE SRS Rt SRS E IS E S S S
LCMV-WE 11 TTTGAAAATGCAATCTTGTCAATGACTATCAATGTGAGAGAAGGGTTGT TARACTACAGT 3540
LCMV-P42 TTTGAAANTGCAATCTIGTCAATGACTATCARTGTGAGAGAAGGAT TGT TAAACTACAGE 3540
ILCMV-P52 T TTTGAARATGCAATCTTCTCAATCACTATCAATCTCACACARGCGTTGTTARACTACAG 3540
LCMV-PO1 TTTGARAATGCAATCTTCTCAATCACTATCAATCT CACAGAAGS [ AAACTACAGC 3540
LCMV-P52-1 TTTGAARATGCARTCTTCTCAATCACTATCAAT GTCACAGAAGGCTTC 3540
LCMV-P52-1 TTTGAAAATGCAATCTTGTCAATGACTATCAATGT GAGAGAAGGETT T 3540
LCMV-P52~ TTTGAAAATGCAATCTTGTCAATGACTATCAATGTGAGAGARGGGTTG T 3540
LEERESEREEREREREEEEREEEEREEEEEEEEEEEEEEEREES SRS S SRR e SR kS S5 S
LCMV-WE_ 1l ATGGATCACAGCAAATGGGGACCAATGATGTGCCCA 3600
LCMV-P42 ATGGATCACAGCAAARTGGGGACCAATGATGTGCCCA 3600
LCMV~P52 ATGGATCACAGCAAATGGGGACCAATGATGTGCCCAT 3600
LCMV-PY1 ATGGATCACAGCARATGGGCACCAATGATGTGCCCATT! 3600
LCMV-P52-1 ATGGATCACAGCAAATGGGGACCAATGATGTGCCCA 3600
LCMV-P52-1. ATGGATCACAGCAAATGGGGACCARTGATGTGCCCA 3600
LCMV-P52-2.1 3600
LCMV-WE 1P AATCTCARACTGGGTGATGATCAGTACGTGCGTTCT 3660
LCMV-P42 11 AATCTCAARCTGGGTGATCATCACTACGTGCCTTCT 3660
LCMV-P52 ARTCTCABACTGGGTGATCATCACTACGTGCS T 3660
LCMV-PY1 ARTCTCAAACTGGGICATGATCAGTACGTGCGT TCTIGGARAAGATCATGTTAGCACCTTE 3660
CMV-P52-1 LF AATCTCAAACTGGGTGATGATCAGTACGTGCGTTCTGEEARAGATCATGTTAGCACCT 3660
LCMV-P52-1.3 TP ARATCTCARACTGGGTGATGATCAGTACGTGCGTTCT IG 3660
LCMV-P52-2.1 1P AATCTCAAACTGGGTCATCATCACTACGTCCGTTCTGCARAAGCATCATCTTAGCACTT TS 3660
AR A KA R AT AR AR A AR A AR A LRI AL AT AN XA AT THRAT HEAALTEAAAAETATRL R LN
L TTCACTTGGCATATCCATARACTTCTTCAACTCC CCCTG GAAT TGAT 3720
LCMV-P42 TTGACTTGCCATATGCATAAACTTCTTCAACTCC ceer 5 3720
LCMV-P52 LE TTGACTTGGCATATCCATAAACTTCTTCAAGTCCCTTTCCCTGTTCTCARTCCARTCATE 3720
LCMV~-PY91l 1P TTGACTTGGCATATGCATAAACTTGTTGAAGTCCCTTTCCCTG‘mC“GAA“CCAA““A“G 3720
LCMV-P52-1 LP TTGACTTGGCATATGCATAAACTTGTTGAAGTCCCTTTCCCTGTTGTGAATGCARTGAT 3720
LCMV-P52-1.3 1P TTCACTTGGCATATGCATAAACTTCTTCAACTCC ceer GARTGCAATGAT c 3720
LCMV~-P52-2.1 LB TTGACTTGCCATATGCATAAACTTGTTGAAGTCCCTTTCCLT GAAT 3720
LR E R R R R R R AR RIS A AR ER R R R R RN LSS
LCMV-WE L RAATCATATGTTARATCAAAACTCAACCTTCTCAAAGGET CAGCAACCACT CGGAG 3780
LCMV-P42 ABATCATATGTTAAATCAAAACTCAACCTTCTCARAGCCTCACGA CT CGGAG 3780
LCMV-P52 1 AAATCATATGTTAAAT“AAAACTCAACpTTC”CAAA“CGTCA”CAACCAC CGGAG 3780
LCMV-PY1 LP AAATCATATGTTABATCARAACTCAAGCTTCTCARAGGGTCAGGAACGACT CGEAG 3780
LCMV-PS2-1 1P RAATCATATGTTAARTCAARACTCAAGCTTCTCAAAGG CGGAG 3780
LCMV-P52-1.3 1P ARATCATATGTTAAATCARAACTCAAGCTTCTCARAGGET TACGGAG 3780
LCMV-P52-2.1 1P AAATCATATGTTAAATCAAAACTCAAGOTTCTOARAGEETCAGGAACCACTETTACGEAC 3780
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Figure 26 (cont’d)

AGAATCTTTAGAGACTATTTTCAAATU’U’GT
AGAATCTTTAGAGAGTATTTTGAAATGGGGGET
AGAATCTTTAGAGAGTATTTTGAAATGGGGETGGETGCCAT JCACA A”CEAGA ¢ T
AGAATCTTTACAGAGTATTTTCAAATCCCCETCCTGCCATCTCACATATCTAGTCTCATT
AGAATCTTTAGAGAGTATTTTCGAAATGGGGCTGGTGCCATCTCACATATCTAGTCTCATT
AGAATCTTTAGAGAGTATTTTGAAATGGGGETGGTGCCATCTCACATATCTAGTCTCATT
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GACATGGGACAGGGGATCCTACACAATGCTTCTGAT T TAATTAGTGAAAGG
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TTTATCAATTATTGTATTCCTCTCATTTTTGGACACACCCCACAAGCCTATACATCAACT
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Figure 26 (cont’d)

LCMV-WE_1P GGAGTTCCAGTTTTTTTACTAAACTCTATCCACACCACCACACTCCATCTCTTCGAAATAT 4320
LCMV-P42 1P GCAGTTCCACTTTTTTTACGTAAACTCTATCCAGAGCAGGACACTCCGATCTCTT CAAAmAm 4320
LCMV-P52 LE GGAGTTCCAGTTTTTTTAGTAAACTGTATCCAGAGGAGGACACT 4320
LCMYV-P8L Lp GGAGTTCCAGTTTTTTTAGTAAACTGTATCCAGAGCGAGGACACTGGATCT LWT"AAAWAT 4320
LCMV~ D52—1 P CCAGTTCCACTTTTTTTAGTAAACTCTATCCACACCACCACACTCCGATCTCTTGAAATAT 4320
LCMV-P52-1., S_LP GGAGTTCCAGTTTTTTTACTAAACTCTATCCACACCACCACACTCCGATCTCTTCAAATAT 4320
LCMV-P52-2.1 LF GGAGTTCCAGTTTTTTTAGTAAACTGTATCCAGAGGAGEACACTGGATCTCTTGARATAT 4320
Ak hhh kA hhhhh b h bk kb hk kA Ak kK Ak h kb kA kR h kA F b Rk hkhhhh kX KRR AR TR &
LCMV-WE_LP GCTAATTTCCCTTTAGATCCATTCTTCTTAAACACTCACACTCATCTAAAGCATTCCOTT 4380
LCMV-P42 1P GCTAATTTCCCTTTACGATCCATTCTTCTTAAACACTCACACTCATCTARACCATTCCTTA 4380
LOMV-P52 _LP GCTAATTTCCCTTTAGATCCATTCTTGTTAAACACTCACACTGATGTAAAGGATTEGETTA 4380
ACMV P91 LP GCTRATTTCCCTTTAGATCCATTCTTGTTAAACACTCACACTGATGTAAAGGATTGETTA 4380
MV-D52-1 LF GCTAATTTCCCTTTACATCCATTCTTCGTTAAACACTCACACTCATCTARACCGATTCCTT 4380
uC V-pP52-1.3 LP CCTAATTTCCCTTTAGATCCATTCTTCTTAAACACTCACACTGAT 1 1 4380
LCMV-P52-2.1 LP GCTAATTTCCCTTTAGATCCATTCTTGTTAAACACT CALAC*QA‘GLAAAFGAT‘UG 4380
hhkhhkdh ko hhhhhh ok ok d kA Ak kR A ANk hhFhhhkFF Ak hhhhhhh kAR AR R AR A&
LOCMV-WE 1P CATCCTTCTAGAGGTTATACAATCCARACACTCA AACAAT TCCCAC 'CARACA 41440
LCMV-P42 1P GATGGTTCTAGAGGTTATAGAATCCAAAGACTCATTGAAGAATTGTGTCCCAGTGAAACA 4440
LCMV-P52 _LP GATGGTTCTAGAGGTTATAGAATCCAAAGACT CA!TGAAGAATTG!G!CCCAG~GAAACA 4440
LCMYV-PS1 LP CGATGCTTCTAGAGGTTATACAATCCAAAGACTCATTCAACAATTCTCTCCCACTCAAACA 4440
LCMV-P52-1 _LE GATGGTTCTAGAGGTTATACAATCCAAAGACTCATTCAAGAAT GTCCCAGTGAAACA 4440
LCMV-P52-1. 3 LE GATGGTTCTAGAG”TTATA”AATC”AAA”AC”CATTCAAGAAT‘G GTCCCAGTGARACA 4440
LCMV-P52-2.1 LP GATGGTTCTAGAGGTTATAGAATCCARAGACTCATT GTGTCCCAGTGARACA 4440
Ak ok kk kA AR A AR Rk h hh Ak k kR A A A AR XA A AR KA AR KA KA KKK KKK KKK KKK K KKK K K
AAGATCATGAGAAAACTTGTAAGAAGACTACATCACAAACTCAAGAACGGTGAATGTAAC 4500
AAGATCATGAGAAAACTTGTAAGAAGACTACATCACAAACTCAAGAACGGTGAATGTAAC 4500
AAGATCATGAGAARACTTCTAACAACACTACATCACAAACTCAACAACCCTGAATCTAAC 4500
AACATCATGAGAAAACTTCTAACARACACTACATCACAARCTCAAGAACCCTCA AAC 4500
AAGATCATGAGAAAACTTGTAACARACACTACATCACAAACTCAAGAACCCTGAATCTAAC 4500
AAGATCATGAGAAAACTTGTAAGAAGACTACATCACAAACTCAAGAACGGTGAA AAC 4500
AAGATCATGAGAAAACTTGTAAGAAGACTACATCACAAACTCAAGAACGGTGAATGTAAC 4500
R R R R R R R R s R e R R R S S A
GAGGAATTTTTTCTAGACCTCTTCAACAGGGAAAAGAAAGAGGCCATCC 4360
GAGGAATTTTTTCTAGACCTCTTCAACAGGGAAAAGAAAGAGGCCATCC 4360
GAGGAATTTTTTCTAGACCTCTTCAACAGGGAAAAGAAAGAGGCCATC 4560
GAGGAATTTTTTCTAGACCTCTTCAACAGGGARAAGGAAGCAGGCCATCC! 4560
GAGGAATITTTTICTAGACCTICTICAACAGGGAAATLGARAGAGGCCATCC, 4360
GAGGARATTTTTTCTAGACCTCTTCAACAGGGAAAAGAAAGAGGCCATCC 4560
GAGGAATTTTTTCTAGACCTCTTCAACAGGGAARAGAAAGAGGCCATC 4560
Ak kk kA X AR AR KA KK KA KA A KA XA ARKRARKKAK * ARAF KKK KK A AR R X ARRRRK KKK
GAGATTCTTGGTCTTGAGGATGATCTTAATGAGTTGGCAAGCATCAATT TCT 48620
CAGATTCTTGCTCTTCAGCATCATCTTAATCACTTCCCAAGCATCAATTCCTTCAATCT 4620
CAGATTCTTGGTCTTCACGATCATCTTAATCACTTCCCAACCATCAATTGETTGAATCT 4620
LCMV-P81 L GAGATTCTTGGTCTTGAGGATCGATCTTAATGAGTTGGCAAGCATCAATTGGTTGAATC 4620
LOMV-P52-1 _LE GAGATTCTTGGTCTTGAGGATGATCTCAATCAGTTGCCAAGCAWCAATTGGWTGAATC 4620
LCMV-P52-1.3 LP CAGATTCTTGGTCTTCACCATCATCTTAATCGACTTCCCAACCATCAATTCGTTC 4620
LCMV-P52-2.,1 LP GAGAPTCTTGGT”TTCACCAPCATCTTAAPCACmeGpAAGyATCAATTGCPHCAA C 1G 4620
hhkk kA kAR kA A bk h bk hh kA * A A h* R AR R AR A A A R KA AR A R A H kA kA AN R AR XA T D&
LOMV-WE AATCAAATGTTCCCATTCACCATCCTTCTCAGACAAABACTGE ACCCATCAGTAATG 4680
LCMV-P4 AATGAAATGTTCCCATTCGACGATGCTTCTCGACACAAAAAGT GG CCCATCACTRATG 4680
LCMV-P5S AATGAAATGTTCCCATTGAGCGATGGTTCTCGAGACAAAAAGTCGCETTTACCCATCAGTAATG 4680
LCMYV-PY91 LP AATGAAATGTTCCCATTGAGGATGGTTCTGAGACAAAAAG“GGTTTACCCAmCAGmAAmC 4680
LCMV-P52-1 LP AATGAAATGTTCCCATTGAGGATGCTTCTGAGACAAAAAGTGCTTTACCCATCAGTAAT 4680
LCMV-P52-1 3 1P AATGRAAATGTTCCCATTCGACCATCCTTCTCACACAARALCTCEG ACCCAT CAGLAALG 4680
LCMV-P52-2,1 LP AATGAAATGTTCCCATTGAGCGATCGTTCTCGAGACAAAAAGTGGTTTACCCATCAGTAATG 4680
Hh ke h kAR kAR R Rk A h A h h kA A AR AR R RN R A R A A A A KR AR AR Ik Ik Ak kA kAR RAA k&
LCMV-WE 1P ACCTTTCAACAGCAARARGATCCCCTCATTCATTAAAACACTCCAAAATAAG ACT 4740
LCMV-P42 ACCTTTCAACACGCGAAAACATCCCCTCATTCATTAARACACT hhAAAAﬂAALC* TACT 4740
LCMV-Ph2Z ACCTTTCAAGAGGARRAGATCCCCTCATTGATTAAAACACTCCAAAATAAGCTTTGTAGT 4740
LCMV*PgT_ ACCTTTCAAGAGGAARACATCCCCTCATTGATTAAAACACTCCAAAATAAGCTTTET CT 4740
LCMV-P5Z2-1 1 ACCTTTCAAGAGGAAARAGATCCCCTCATTGATTAAAACACTCCAAAATAAGC ACT 4740
UCVV P52-1.3 LP ACCTTTCAAGAGCGAAAAGATCCCCTCATTGAT TAAAACACTCCAAAATAAGCTTTGTAGT 4740
LCMV-P52-2.1 1P ACCTTTCAAGAGGAAAAGATCCCCTCATTGATTAAAACACTCCAAARATAAGCTTTCTAGT 4740
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Figure 26 (cont’d)

ARGTTCACAAGAGGTGCACAGAAGCCTGTTGTCAGAGGCAATCAACAAATCAGC 'CAG
AAGTTCACAAGAGGTGCACAGAAGCTGTTGTCAGAGGCAATCAACAAATCAGCTTTTCAG
AAGTTCACAAGAGGTGCACAGAAGCTGTTGTCAGAGEGCAATCAACAAATCAGC CAG
AAGTTCACAAGAGGTGCACAGAAGCTGTTGTCAGAGGCAATCAACAAATCAGCTTTTCAG
AAGTTCACAAGAGGTGCACAGAAGCTGTTGTCAGAGGCAATCAACAAATCAGCTTITTCAG
AAGTTCACAAGAGGTGCACAGAAGCTGTTGTCAGAGCGCAATCAACAAATCAGCTTTTCAG
AARGTTCACAAGAGGTGCACAGAAGCTGTTGTCAGAGGCAATCAACARATCAGC CAG

bk kR R R TR F IR IR AR AR AT AR A R R R R R A R R AR AT TR A A AN F A EAFAETAFAANNATAR TR

AGTTGTGTCTCATCCGGCTTTATAGCGTCTCTGTAAGACTTTAGGAAGTAGGTGTGTGAGA
AGTTGTGTCTCATC»CCCTTTATACCTCTCTCTAACACTTTA”CAA”TAC STGTGTGAGA
AGTTGTGTCTCATCCGGCTTTATAGGTCTCTGTAAGACT TTAGCGAAGTAGEGTGTGTGAGA
AGTTGTGTCTCATCCGGCTTTATAGGTCTCTGTAAGAC AGGAAGTAGGTGTGTGAGA

AGTTCTCTCTCATCCGCCTTTATACCTCTCTCTAAGACTTTAGCAACTACCTCTGTCAGA
AGTTCTGTCTCATCCGCCTTTATAGCCTCTCTGTAAGAC AGCAAGTACCTCTGTIGAGA
AGTTGTGTCTCATCCGGCTTTATAGGTCTCTGTAAGACTTTAGGAAGTAGGTGTGTGAGA
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AATAAAMPCAGGGAAAATATCTATATCACAAACCTGCTTCGAACATCTCACCATOCATCAA
AATAAABACAGGGARAATATGTATATCAGAAAGGTGCTTGAAGATCTGACCATEGATGAA
AATAARAACAGGGAAAATATGTATATCAGAAAGGTGCTTGAAGATCTGACCATGGATGAA
AATAAAMAACAGGCAAAATATCTATATCAGAAACCTCCTTCAACGATCTCACCATCGATGAR
AATAAMBACAGCGCCAARATATCTATATCAGAAAGCTGCTTCAAGATCTCACCATCGATCAA
ARTAABRAACAGGGAABRATATGTATATCAGAA, 'CGTGCTTGAA”A“C“"A"CATGGATGAA
AATAAAAACAGGGAAAATATGTATATCAGAAAGGTGCTTGAAGATCTGACCATGGATGAA
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Figure 26 (cont’d)

coTec
GLTCC

GTGAGGCGACTGTACCCCAAAATCTTTGAGGATCAGT CATTCATGTCIGATGTIG
GTGAGGCGACTGTACCCCAAAATCTTTCGAGGATCAGTTGCTCCCATTCATGTIETGATGTG
GTGAGGCGACTGTACCCCAAAATCTTTGAGGATCAG ' CTGATGT

GTGAGGCGACTGTACCCCAARATCTTTGAGGATCAG TCATGTCTGATGTG
GTGAGGCGA”TGTACCCCAAAATCTTTCAGCA“CAC”“”C”C“CA TCATGTCTGATGTC
GCTGAGGCGACTGTACCCCAAAATCTTTGAGGATCAGTTGCTCCCATTICATGTCTGATGTG
GTGAGGCGACTGTACCCCAAAATCTTTGAGGATCAGTTGCTCCCATTCATGTCTGATGTG
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AGCTCAAAARAATATCACATCGACTCCCACCATTAAATTCCT TT
ACCTCAAAARATATCAGCATCCACTCCCACCATTAAATTCCTTGACCTTTCTCTCCTGATT
AGCTCAAARAATATGAGATGGAGTCCCAGGATTAAATTCCTTGACCTTTGTGTGCTGATT
AGCTCAAAAAATATGAGATGGAGTCCCAGGATTAAATTC TTCACC!TTGEG!GCTGATT
AGCTCAAAARAATATCACATGCGACTCCCAGCGATTAAATTCCTTCACCTTTCTCTGCTGATT
AGCTCAAARAATATCAGATGCACTCCCACCATTA ”“”C GACCTT
AGCTCAAARAAATATGAGATGGAGTCCCAGGATTAAATTCCTTGACCTTTGTGTGUTGATT
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TGACCTTTGTGTGCTGATT

GACATCAACTCAGAGCTCTTTCTCACTCATTTCTCAT 'CAAATCCAAGAGGCCACGAA
GACATCAACTCAGAGTCTTTGTCACTCATTTCTCATGTTGTCAAATGCGAAGAGGGACGAA
GACATCAACTCAGAGTCTTTGTCACTCATTTCTCATGTTIGTCAAATGCGAAGAGGGACGAA
CACATCAACTCAGACTCTTTCTCACTCATTTCTCATCTTCTCAAATCCAAGAGCGACCAA
GACATCAACTCAGACTCTTTCTCACTCATTTCTCATCTTCTCAAATCCAACAGGCACCAA
GACATCAACTCAGAGTCTTTIGTCACTCATTTCTCATGTTGTCAAATGGARGAGGGACGAA
GACATCAACTCAGAGTCTTTGTCACTCATTTCTCATGTTGTCAAATGGAAGAGRGACGAA
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CATTACACTGTGCTGTTTTCTGATCTCGTCAACTCTCACCAACGGTCAGACTCAALT
CATTACACTGTGCTGTTTTCTGATCTCGTCAACTCTCACCAACGGTCAGACTCAAGTTT

CATTACACTGTGCTGTTTTCTGATCTCGTCAACTCTCACCAACGGTCAGACTCAAGTTTA
CATTACACTGTGCTGTTTTCTCATCTCCTCAACW“”CAuCAACC””CACA”WCAAC
CATTACACTGTGCTGTTTTCTGATCTCGTCA FCACCAACGCTCAGACTCAAG
CATTACACTGTGCTGTTTTCTGATCT TCAAC TCACCAACGGTCAGACTCAAG
CATTACACTGTGCTGTTTTCTGATCTCGTCAACTCTCACCAACGGTCAGACTCAAG
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GTTGATGAATTTGTTGTCAGCACAAGGGATGTCTGCAAGAAC
GTTGATGAATTTGTTGTCAGCACAAGGGATGTCTGCAAGAAC
CTTGATGAATTTGTTGTCACCACAACGCATGTCTCCAAGAAC
CTTGATGAATTTGTTCTCACCACAAGGCATCTCTCCAACAACT
GTTGATGAATTTETTGTCAGCACAAGGGATGTCTGCAAGAAC
GTTGATGAATTTGTTGTCAGCACAAGGGATGTCTGCAAGAAC 'GAAGCAAGTGTAT
CTTCATGAATTTGTTCTCACCACAAGCCGATCTCTCCAAGAAC GAAGCAAGT
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TTCGAATCATTTGTACGAGAGTTTGTTGCAACAGCTAGJACC AGGTAACTT T

TTCCGAATCATTTGTACCACACTTTCTTCCAACACCTACCACCTTACCTAACTTTTCATCC
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TTCCCCCATAACGACATCATCCCATCTCAACATGOCCUTCAACT
TTCCCCCATAAGGACATCATCCCATCTCAACATCCCCCTCGAAGCALT
TTCCCCCATAAGCGACATCATCCCATCTGAAGATCCCCCTCAACCACTCCCACCCTTCCAA
TTCCCCCATAAGGACATGATGCCATCTGAACGATGGLCECTGAAGCACTGCGCACCCTTCCAA
TTCCCCCATAAGGACATGATGCCATCTGAACATGCGCGCTGAAGCACTGGGACCCTTCCAA
TTCCCCCATAAGGACATCATCCCATCTGAACATCCCCCTCAAGCACTOLCALT CAA
TTCCCCCATAAGCGACATCATCCCATCTCAACATCOCCCTCAAGCACTOLCACCCTTCCAR

I E R EE AR A AR A AT R RN A R R A A T T R R A A A T A R A NN A AT XA XA KA ERNERAARNRER

TCATTTATTTTGAAAGTGGTGAACAAGAAAATAGCAGAGGCCCA
TCATTTATTTTGAAAGTGCGTGAACAAGAAAATAGAGAGGCCCA I
TCATTTATTTTGAAAGTGGTGAACAAGAAAATAGACGAGCCCCATGTTTAGGAATGACTTG
TCATTTATTTTGAAAGTGCTGAACAAGAAAATAGAGAGGCCCATGTTTAGGAATGACTTG
TCATTTATTTTGARACTCCTCAACAACAAARTAGACACCCCCAT AGCARTCAC
TCATTTATTTTGARACTCOTCAACAACAARATACACAGCCCCAT ALACGAAAuA”“
TCATTTATTTTGAAAGTGCTGAACAAGAAAATACACGAGGCCCATGTTITAGGAATGACT

tEEEEEEREERESEEERERER SRR R RS ER S S S sS RS eSSt SEt S S

AGCGAATCAC
CTTTAGCCAATCACT

ERCHE

(0]

0o om

SUBSTITUTE SHEET (RULE 26)

5280
5280
5280
5280
5280
5280
5280

5340
5340
5340
5340
5340
5340
5340

5400
5400
5400
5400
5400
5400
5400

5460
5460
5460
5460
5460
5460
5460

5520
5520
5520
5520
5520
5520
5520

W

w1 W
o000 00
Lo e B e B e |

(S ]

5640
5640
5640
5640
5640
5640
5640

w WA
L) OO o

L)

(%)
CoOOOo oo
o

[
wd ol s wd wed d
o

&4



WO 2020/053324

LCMV-WE_1P
LCMV-P42 LE

LCMV-P52 1
LCMV-PA1 LP
LCMV-P52-
LCMV-B52-1,
LCMV-P52-2.

LCMV-WE_LP
LCMV-P42 T
LCVV—DSZ
ACMV Pal

uC

LCMV-PR2—

LOCMV-WE L
LCMV-P42
LCMV—PSZ
LCMV-PS1
LCMV - “52—

LCM

LCMV-P5RZ2—

LCMV-PR2-2.

r‘)
):4
[as)

LP

o

MV-P52 -
AT D52—

= ‘ '

N»‘>Jb‘ﬁ

5]

]

W-PhZ-1

I\J 9—* - t“‘ l:“ t‘* “U
g

LCMV- WE_L
LCM V 42_LP
LCMV-P52 LP
LCM —D9*7 P

LOMV-P52-1
LCMV-P52-1.
LCMV-B52-2,

LCMV-WE
LCM
LCMV-P52
LCMV-PY1
uCVV PhZ-

ACMV P52

LOMV-WE I
LCMV-P42
LCMV-P52_
LCMV-PY1

LCMV-P52—

LCMV-P52-1 .
LOMV-D52 -

V-BLZ LP

W

g

oo

MV-P52-1"

2

LCMV-WE LP

LCMV-P42 LE
LECMV-P52 LP

LCMV-P31 1P
LCMV-P52-1 LP
LCMV-P52-1.3 LP

LCMV-P52-2.1 LF

CA 03111305 2021-03-01

PCT/EP2019/074307

791785

Figure 26 (cont’d)

CAGTTTGGTTTTGGTTGGTTCTCTTATCGTGTGGGGGAT TGT TAA“GCCGC“A“G
CAGTTTGGTTTTGGTTGGTTCTCTTATCGTGTGGGGGATGTTGTGTGTAATGCCGCTAT

CAGTTTGGTTTTGGTTGGTTCTCTTATCGTGTGEGGGE TTG AA1~p;G”m WG
CAGTTTGGTTTTGGTTGGTTCTCTTATCGTGTGEGEGATGTTET TAATGCCG A iel
CAGTTTGGTTTTGGTTGGTTCTCTTATCGTGTGGGGGATCWTCTCTCWAAmCCCC ATG
CAGTTTGGTTTTGGTTGGTTCTCTTATCGTGTGGGGGATGT CTCTC"“AA'”C"‘C"Cm TG
CAGTTTGGTTTTGGTTGGTTCTCTTATCGTETGGGEGATGTTEGTGTGTAATGCCGCTATG
Ak hkhhhhhhh bk h bk h bk h kA k kA h khh ke kA F R R R AR AR IRk hhhhkk kAR R KR A RT K

TTAATTAACCAGGGTTTCACACATCCAAAAGCCATTTAAATCTTTAACACATTTOTS
TTAATTAACCAGGCTTTCACACATCCAAAACCATTTAAAT TAACAGATTTCTG
TTAATTAAGCAGGGTTTGACAGATCCAAAAGCATTTAAATCTTTAAGAGAT =T
TTARTTAAGCAGGGTTTGACAGATCCAAAAGCATTTAAATCTTTAAGAGAT T
TTAATTAAGCAGGGTTTCACACGATCCAAAAGCCATTTAAATCTTTAACAGATTTGTCGCGAT
TTAATTAAGCA”GGTTTCACAGATCCAAAAGCAT AAANTCTTTAAGACAT G

TTAATTAARGCAGGGTTTGACAGATCCAAAAGCAT T TAAATCTTTAAGAGATTTCTGGGAT

R R A N A A A A A A A A A A A A A N A N A A A N A A N N N T N N N R T T AN T A AT AT T ARARAATNETERAN

TACATGCTCAGCAGCACAGAGGGGATATTGGAG

'CAATCACAGTGEG CACACAC

TACATGCTCAGCAGCACAGAGGGGATATTGCGAGTTCTCAATCACAGTGGATTTCACACAC
"TCACACAC
CACACAC

TACATGCTCAGCAGCACAGAGGGGATATTGGAGTTCTCAATCACAGTGGAT
TACATGCTCAGCAGCACAGAGGGCGATATTGCAGTTCTCAATCACAGTGGATTT
TACATGCTCAGCAGCACACACCuCATATTCCAC”” TCAATCACAGTGG
TACATGCTCAGCAGCACAGAGGGGATATTG GIIC(CAA””ACA”””GAL
TACATGCTCAUL CACALAGGGGATATTUU GTTCTCAATCACAGTGGATTTCACACAC
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AACCAGAACAACACTGACTGCTTGAGGAAATT GATCTTTGTGGTTAAATGCCAA
AACCAGAACAACACTGACTGCTTGAGGAAAT GATC T ! TGCCAA
AACCAGAACAACACTCACTCCTTCACQAAATTTWCATTCA T TGCCAA

T

AACCACAACAACACTCACTCCTTCACCAAATTTTCA SCCAA
AACCACAACAACACTCACTCCTTCAGCAAATTTTCA] ' CCCAA
ARCCAGAACAACACTGACTGCTTGAGGAAAT
AACCAGAACAACACTGACTGCTTGAGGAAAT

TTACAGAGTC CAGGTCTAC”TCATTA”TTATCC cCT
TTACAGACTCCACGTGTACCTCATTACTTATCGTCECT

TTACAGAGTC”AGGTGTAC»TCATTACTTATCC CC CT CATTTC “““ TCAAAGGTGAGGTT

AEFAAA A A AAAAAAAAAFAAAAAAAAA AR A AKX R A AA XX AKXARAAAL HAARARKAXTRARAARKRE N

GACAGGAGATTATTAGATGAGTGTCTCAATCTGTT
GACAGGAGATTATTAGATGAGT”TCT"AATCTG
CACAGCAGATTATTACATCACTCTCTCAATC [GAGGACAGACCCCAT
GACAGGAGATTATTAGATGAGTGTCTCAAFCTGﬁTGAGGACAGACCCC TCTTTARAGCG
GACAGGAGATTATTAGATGAGTGTCTCAATCTGTTGAGGACAGACCCCATCTTTAAAGCG
GACAGGAGATTATTAGATGAGTGTCTCAATCT SAGGACAGACCCCATCTTTAAAG CC
GACAGGAGATTATTAGATGAGTGTCTCAATCTGTTGAGEACAGACCCCAT T
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GAGGACAGACCCCAT
SAGGACAGACCCCAT

TTTARAGCG

AATGATGGAGTCTTTGACATTAGCTCTGAAGAG GAAGACCC G
AATGATGCACTCTITCACATTAGCTCTCAACAL C G
AATGATGGAGTCTTTGACATTAGCTCTG CITTC
AATGATGGAGT“TTTCA“ATTAuCTvTCAACAGLLTCAACATTACA CTTTG
AATGATGGAGTCTTTGACATTAGCTCTGAAGAGTTTGAAGAT AuAmCuAACA CTTTG
AATGATGCAGTCTTTCACATTACCTCTCAACAS C G
AATGATGGAGTCTTTCACATTACGTCTCAACAL C

KA A AR A A A AT AR A R R A A A R A A AR A A A R R R T R A A AT AN A ATARNTH I RE TR ®

ACACTTGGTCATTCACTACAACTTCAACTAATAG T i
ACACTTGGTCGATTCACTACAACTTCRACTAATACCTTCTACAACCATTC]

TCARTCACATC
ACACTTGGTGATTCACTAGAACTTGAACTAATAGGTTCTAGAAGGATTCTCGAATGAGATC
TTCTCAAWFACAW”

ACACTTGGTGATTCACTAGAACTTCAACTAATAGGTTCTAGAAGG

ACACTTGOTGATTCACTACAACTTCAACTAATAL TAGAAGCA
ACACTTGGTGATTCACTACAACTTCAACTAATACCTTCTACAACGAT i
ACACTTGGTGATTCACTAGAACTTGAACTAATAGGTT TAGAAGCATTCTCAATGACAT
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Figure 26 (cont’d)

LCMV-WE_1P ARATCTACTGACTTTGAGAGGATAGGGCCTCGAGTGGGAACCTGTGCCTCTGACCATAAGG 6240
LCMV-P42 1P ARATCTACTGACTTTGAGAGGATAGGGCCTGAGTGGGAACCTGTGCCTCTGACCATAALGG 6240
LCMV-P52 LE ARATCTACTGACTTTGAGAGGATAGGGCCTGAGTGEEAACCTETGCCTCTGACCATAAGG 6240
LCMYV-P8L Lp AAATCTACTGACTTTGAGAGGATAGGGCCTCGAGTGGGAACCTGTGCCTCTGACCATAAGGE 6240
LCMV~ D52—1 P AAATCTACTGACTTTGACAGGATAGGGCCTCGAGTGGCAACCTGTGCCTCTCGACCATAAGG 6240
LCMV-P52-1., 3_LP AAATCTACTGACTTTCACACCATACCCCCTCAC“CCCAACC“C“CCCm”“GACCATAAGG 6240
LCMV-P52-2.1 LF ARATCTACTGACTTTGAGAGGATAGGGCCTGAGTGGGAACCTGTGCCTCTGACCATAAGE 6240

EEEAIRR AR AR AR IR IR R AR AR AR R R AR R A A T R R A R R A A AN AR A A AT ETTAANRAETRR T

LCMV-WE_ 1P ARGGGTGCCCTCTTTGAGGECAGGAACTTTGT TCAGAATATCTCTGTCARATTCGACACA 6300
LCMV-P42 1P AAGGETGCCCTCTTTGACGCCACCAACTTTCT TCAGAATATCTCTGTCAAAT TCGACACA 6300
LCMV-P52 AAGGETGCCCTCTTTGAGGGGAGGAAC T TTCTTCAGAATRTC TC TG TGAAATTGGAGACA 6300
LCMY-P91 AAGGGTGCCCTCTTTGAGGGGAGGAACTTTGTTCAGAATATCTCTGTGAAATTGGAGACA 6300
LCMV-PB52-1 1P AAGGGTGCCCTCTTTCAGCECAGCANCTTTCTTCACAATATCTCTGTGAAAT TEEAGACA 6300
LCMY-PB52-1.3 1P AAGGGTGCCCTCTTTGAGGGGAGGAACTTTGT TCAGAATATCTCTCTCARATTCCAGACA 6300
LCMV-B52-2.1 LE AAGGGTGCCCTCTTTGAGGGEAGGAACTTTGT TCAGAATATCTCTGTCAAAT TGEAGACA 6300
KA A AN E AT AN A A I A AT AT FE A A AT A AT A AT AN T LTSS THNTST FE KT A AR F AT RTRNRRIATATR
LCMV-WE 1P AAGGACATGAGGGTCTTTCTCECACAGCTCCACCECTCTGGARRAATTGGTGATETCCTC 6360
LCMV-P42 LB AAGGACATGAGRGTCTTTCTGGCAGAGCTCEAGGECTETE TTGGIGATGTCCIC 6360
LCMV~P52 LP AAGGACATGAGGGTCTTTCTCEOACACO TCOAGEEOTOTCEARARATTECTGATETCOTC 6360
LCMY-PB91 LR ARGGACATCAGGGTCTTTCTGCCACACCTCCAGEECTET CEARAAATTGGTGATCTCCT 6360
LCMV-P52-1 1P ARGGACATGAGGGTCTTTCTCCCAGACCTCCACCCCTCTCCAGARATTCCTCATGTCCTC 6360
LCMV-P52-1.3 LE ARAGGACATGAGGGTCTTTCTGGCAGAGCTCGAGGGCTGTGEARARAT IGGTGATGTCCTC 6360
LCMV~-P52-2.1 LI ARAGGACATGAGGGTCTTTCTGGCAGAGCTCGAGGGCTGTGCAGAAATTGGTGATGTCCTC 6360
LEEEEEEEESEIEEEEEEEESEEEEEEREEEEEEEEEEEEEEEIESEEEE SRR L 0SS
LCMV-WE 1 GGCAGCCTCCTCC GAGTCAGAAATAAGT 6420
LCMY~P42 GGOAGECTCCTCCTGOACCCATTCAGAAC TG TCAGCACT TCATGGAGTCAGAAATAAGT 6420
LCMV-P5Z GGCAGCCTCCTCCTCCACCCATTCACAACTGCTGACCACTTGAT GCAGTCAGAAATARCT 6420
LCMV-P81 LE GGCAGCCTCCTCCTEOACCCATTCAGAACTCGTCGAGCASTTGATGGAGTCAGARATAAGT 6420
LCMV-P52- GGCAGCCTCCTCCTGCACCCATTCAGARC TGCTCAGCACT TGATGEAGTCAGARATAAGT 6420
LCMV-252-1. GGCAGCCTCCTCCTGCACCEATTCAGARC TGGTGAGCAC TTGAT GGAGTCAGARATAAGT 6420
LCMV-P52-2. GGCAGCCTCCTCCTGCACCGATTCAGAACTGGTGAGCACTTGATGGAGTCAGAAATAAGT 6420

tEEEEEEEEEEREREREEREEEEREEEEEEREEEEEEERERS SRS RS S EE e R R Rt SRS S8 S

ACAGTTCTTCAGGAGCTCTGCATGGACAGATCCETCATGCTEACACCATT 6480
ACAGTTCTTCAGGAGCTCTGCATGGACAGATCCGTCATGCTGACACCA 6480
RCAGTTCTTCAGGAGCTCTGCATGCACAGATCCGTCATGCTGACACT 6480
ACAGTTCTTCAGGAGCTCTGCATGCACAGATCCGTCATGCT GACACTATT 6480
HCAGTTCITCAGGAGCTCTGCATGGACAGATCCET CA””CPGACACC 6480
LCMY-P52- ACAGITCITCAGGAGCTCTGCATGEACAGATCCGTC TGACACCA 6480
LCMV-P52~ 6480
6540
1P c \ 6540
LCMV-P52_ LP CCAGATTGGTTCACCTTCAGAGATTCTAGCCTCTGCT TCAGCAGGTCARAGAACACTGTA 6540
LCMV-P91 1 CCAGATTGGT'ICACCT ICAGAGATTGTAGGCTCTGCTICAGCARGTCAAAGAACACTGTA 6540
dcvv P52-1 LP CCAGATTGGTTCACCTTCAGAGATTGTAGGCTCTGCTTCAGCAGGTCAAAGAACACTETA 6540
MV-P52-1.3 LP CCAGATTGETTCACCTTCAGAGATTCTAGGL TCTGCTTCAGCAGGTCARAGAACACTGTA 6540
Acvv P52-2.1 LP CCAGATTGGTTCACCTTCAGAGATTCTAGGC T CTGCT TCACCAGGTCARAGAACACTCT 6540
KA I AR A A AT A A AL A A A ARARFT A AR AL A AR KNAATTAATRNAANAY FHAE R AT T HAAATNNN
LCMV-WE_1P ATGTATGAGACARCTGGGGGCAGGTTCAGACTCARGGCCARATCCTGTGACGA CTC 6600
LCMV-P42 LP ATGTATGAGACAACTGCGGCCAGE T ICAGAC TCARGGGGARATC CACGA CTE 6600
LCMV-P52_LP ATGTATGAGACAACTGCGGCCAGETTCAGACTCAAGCGCARATCCTCTCACCA CTC 6600
LCMV-P91_LP ATGTATGAGACAACTGCCGCCACCTTCACACTCAAGCGCAAATCCTETGACCATTGECTE 6600
Acvv P52-1 LF ATCTATGAGACABCTGGGGCCAGGTTCAGACTCAAGCGCARATCCTGTGACCATTCCCTE 6600
MV-P52-1.3 LP ATGTATGAGACAACTCCCGCCACCTTCACACTCAACCCCAARTCCT cTC 6600
uc WV-P52-2.1 LT ATGTATGAGACAACTGGCGGCAGETTCAGACTCAAGGCCAAATCCTG CTG 6600
TRk A AT I IR A A A F A A b b A A A A A A T A A T A N A A A NN AN AT XN RN T AARNNLTRNRATTR
LCMV-WE_LP GCGGAGCGGOTGOCCCACCAGATCCACTAG 6630 CMV-WE_LP: SEQ ID NO: 15
LCMV-B42 1T GCGGAGCGGGTGGCCCAGCAGATCGACTAG 6630 LCMV-P42 TP: SEQ ID NO: 23
LCMV-P5Z_LP GCGGAGCCGGTGGCCCACCACATCCACTAG 6630  LCMV-P52 LP: SEQ ID NO: 31
LCMV-P91 LP GCGGAGCCCGTGGCCCACCAGATCGACTAC 6630 LCMV-P91 LP: SEQ ID NO: 39
LCMV-P52-1 1P GCGGAGCCGOTGGCCCACCACGATCGACTAG 6630  LCMV-P52-1 TP:  SEQ ID NO: 47
Acvv P52-1.3 1P GCGGACCGGOTGGCCGACCAGATCCACTAG 6630 LCMV-P52-1.3 LP: SEQ ID NO: 55
MV-P52-2.1 LP GCGGAGCGGGTGGCCCAGCAGATCCACTAG 6633 LCMV-P52-2.1 LP: SEQ ID NO: 63
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Figure 26 (cont’d)
H.
Source: 1-7235 Segment = L
Protein: RNA-directed RNA polymerase L
Gene: LP
Gene: 574-7203 complement
Sequence Alignment: Aminoacid
LCMV-WE _ MDETIADLRELCLNYIEQDERLSRQKLNFLCOREPRMVLIECLKLLSRCIEIDSADKSGC a0
LCMV-P42 MDETIADLRELCLNYIEQDERLSROKLNFLCQREPRMVLIECLKLLSRCIEIDSADKEGC 60
LCMV-P52 MDETIADLRELCLNYIEQDERLSROKINFLGOREPRMVLIEGLKLLSRCIEIDSADKSGC &0
LCMV-P81 LP: MDETIADLRELCLNYIEQDERLSROKINFLGQREPRMVLIEGLKLLSRCIEIDSADKSGC &0
LCMV-P52-1 LP DETIADIRELCLVYIEQDERLSRQKLNFTCQREPRMVALVCLKUASR TETDSADKSCC 50
LCMV-P52-1.3 LP MDETIADIRELCLNYIEQDERLSROKINFLCQREPRMVLIECLKLLIRCIEIDSADKSCC 60
LCMV-PE2-2.1 LP MDETIADLRELCLNYIEQDERLSROKLNFLGOREPRMVLIEGLEKLLSRCIEIDSADKSGC &0
khkdhhdhdbkhdhbddbdhdhdbdbdhhdhdhdbdhdhdhdhdbrrrdhdhbhhhhrhrarhhdbhrdrhrrbrrlrnkers
LCMV-WE T THNHDDKSVETILIDSGCIVCPCLPLITPDCYKLIDNSLIL 120
LEMV-P42 DDKSVETILIDSGIVCPGL DLIIPDGYKMIDN 120
LCMV-P32 LF IHNHDDKSVETILIDSGIVCPGLPLIIPDGYK 120
LCMYV-PSL I THNHEDDKSVETILIDSCIVCPCLPLITIPRCY 120
LCMV-P52 THRHDDKSVETILIDSGIVCPCleIIPDCY’ 120
LCMV-P52 IHNADDKSVETILLDSGLVCD” 120
LOCMV-P52 IHNHDDKSVETILIDSGIV 120
LR RS R EREEEREESEEEEEEESESEEESEESEEEEEREEEDEREEEESE SRS EEEEE 005
LCMV-WE LP NKLACIKEDLAVAGITLVPIVDGRCDYDNSFMPEWVNFKFRDLLEFKLLEYSSQDE KVﬁEZ 180
LCMV-P42 1P NKLACIKEDLAVAGITLVPIVDGRCDYDNSFMPEWVNEKFRDLLEKLLEYSSQDEKVEE 180
LCMYV-P52 NKLACIKEDLAVAGITLVPIVDGRCDYDNSFMPEWVNEKFRDLLEKLLEYSSQDEKVIE E 180
LCMV-PS1 NKLACIKEDLAVAGITLVPIVRDCRCDYDNSFMPEWVNFKFRDLLFEKLLEYSS5QDERVFEE 180
LCMV-P52 . NKLACIKEDLAVAGITLVPIVDGRCDYDNSFMPEWVNEREFRDLI LLEYSSQDERV 180
LCMV-P52-1.3 NKLACIKEDLAVAGITLVPIVDGRCDYDNSFMPEWVNERKFRDLLFELLEYSSQDERVE 180
LCMV-P52— NKLACIKEDLAVAGITLVPIVDGRCDYDNSFMPEWVNEKFRDLLFELLEY SSQDERVE 180
R SRS EEEREREEEEEEESEESEEEEEEEEEEEELEESERERESEREREREEREEEEEEES]
SEYFRLCESLKTTVDKRSGMDSMKILKDARSFHNDEIMEMCHDGVNPNMSCDDVVEGINS 240
SEYFRLCESLKTTVDKRS3GMDSMKILKDARSFHNDE IMKMCHDGVNPNMSCDDVVEGINS 240
SEYFRLCESLKTTVDKRSCMDSMK I LKDARSFHNREIMEKMCHDGVNPNMSCDDVVEGINS 240
SEYFRLCESLKTTVDKRSGMDSMK I LEDARSFHNDEIMKMCHDCVNPNMSCDDVVEGINS 240
SEYFRLCESLKTTVDKRSGMDSMK I LKDARSFHNDE IMEMCHDGVNPNMSCDDVVEGINS 240
SEYFRLCESLKTTVDKRSGMDSMK ILKDARSFHNDEIMEMCHDGVNPNMSCDDVVEGINS 240
) SEYFRLCESLKTTVDKRSCMDSMKILKDARSFHNDEIMEMCHDGVNPNMSCDDVVEGINS 240
RS SRS RS SRS EEEEERESEEEEESEEESEEREEEEEEREEEEEEEEREEEEEREEEES
LCMV-WE_LP FFGRFRRDLLNGKLKRNFQKVSPGGLIKEFSELYE NDDILMLSKEAVESCPLMRET 300
LCMV-P42 ﬁAVnSCPAMR;* 300
LCMV-P52 : 300
LCMV-PYl1 ﬁGRFRRDLLVGKLKRNFQKVSP G ‘FSH* I 300
LCMV-B52— b*GRFRRDLLVGRLKRVFQKVSPGGLIKEFSILYMTLTDNDDIM AVESCPLMRET 300
LCMV-PLZ2— FEGRFRRDLLNGKLKRNFQKVSPCCLIKEFSELY NDD VESCPLMRET 300
LCMV-P52-~ FEGRFRRDLLNGKLKRNFQKVSPCCLIKEPSELYETLTDNDRILMLSKEAVESCPLMRET 300
**********k*.***t**********x*xx*x'x'xx*wx*xxtxxxxxx**x"k***xxxx
TAETHGEERGSDANTEYERLLSMINKVESLKLLNTRRRQLLNLDVLCLSSLIKQSISKGL 380
TAETHGHERGSDANTEYERLLSMLNKVESLELINTRRROQLILNLDVLOLESLIKQSISKGL 360
TAETHGHERGSDANTEYERLLSMLNKVEKSLKLLNTRRROQLLNLDVLCLSSLIKQSISKGL 360
MCMV—PQL H TAETHGEERGSDANTEYERLLSMINKVKSLKLLNTRRRQLLNLDVLCLSSLIKQSISKGL 360
LCMV-P52-1 LP TAETHGHEERGSDANTEYERLLSMINKVESLKLLNTRRROLLNLDVLCLSSLIKQSISKGL 360
LCMV-P52-1.3 LP TAETHGHERGSDANTEYERLLSMLNKVEKS NTRRRQLLNLDVLCLSSLIKQSISKGL 360
LCMV-P52-2.,1 LP TAETHGHERGSDANTEYERLLSMLNKVEKSLKLLNTRRROLLNLDVLCLSSLIKQSISKGL 360
R R SRR E R EEEREEES RS RS EREEEEEERESES R RS SRS E eSS
LOMV-WE LG ENDKHRVCCCYSSVNDRLVSLQSTHREER 420
LCMV-P42 ENDKHRVGCCYSSVNDRLVSLQST? 420
LCMV-P52 ENDKHWVGCCYSSVNDRLVSLOSTKEEFMRLLE 420
LCMV-P91 ENDKEWVGCCYSSVNDRLVSLOSTREEFMR AKNRRKSRV%KKASTDELTRVST\ETIAK 420
LCMV-P52~ ENDKHWVGCCYSSVNDRLVSLOSTREEFM! NRRKSRVHKKASLD i ¥ 420
LCMV-P52-1. ENDKHWVGCCYSSVNDRLVSLOSTKEEFME NRRKSRVHKKASLD 420
LCMV-Ph2-2. ENDRKEWVGCCYSSVNDRLVSLOSTREEFMRLLENRRKSRVHKKASLDELFRVSID IAK 420
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Figure 26 (cont’d)
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Figure 26 (cont’d)
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Figure 26 (cont’d)
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Figure 26 (cont’d)

LCMV-WE_1P DMMPSEDGAEALGPFQSFILKVVNKKIERPMFRNDLQFCFCHESYRVEGDVVCNAAM 1920
LCMV-P42 1P DMMPEEDGAEALGCPFQSFILKVVNEKKIERPMFRNDLOFCFGHFSYRVGDVVCNAAM 1920
LCMV-P52 LE 1KDMMPSEDGAEALGPFQSFILKVVNEKIERPMEFRNDLQFGFGWE SYRVGDVVINAAM 1920
LCMV-P91 LP: FPEKDMMPSEDGAEALGPFQSFILEKVVNRK IERPMFRNDLOFGFGWFSYRVGDVVCNAAM 1920
LCMV-P52-1 TP FPHKDMMPSEDGAEALCPFQSFILKVVNRKIERPMFRNDLOFCEFCWESYRVGDVVCONAAM 1920
LCMV-P52-1.3 1P FPHKDMMPSEDGAEALGPFQSFILKVVNEK IERPMFRNDLOFGEFCWEF SYRVCDVVENAAM 1920
LEMV-P52-2.1 1P FPHKDMMPSEDGAEALGPFQSFILKVVNKK IERPMFRNDLQFGEFGWEFSYRVGDVVCNAAM 1820

hhkhkhhhhbhkhh kb Xk d Rk kh R Ak A A R R R R R R R A F A ER R AR A A A A I AR RAA TR AT R R RN R

LCMV-WE LIKQGLTDPKAFKSLRDLWDYMLSSTECILEFSITVDFTHNQNNTDCLRKFSLIEFVVKCQ 1980
LCMV-P4 LIKQGLTDPKAFKSLRDLWDYMLSSTECILEFSITVDFTHNQNNTDCLRKFSLIEFVVEKCO 1980

LCMV-P52
LCMV-PY1
LCMV-P52
LCMV-P52-
LCMV-P52-2.1

LIKQGLTDPKAFKSLRDLWDYMLSSTEGILEFSITVDFTHNQNNTDCLRKESL VECQ 1980
LIKQGLTDPKAFKSLRDLWDYMLSSTEGILEFSITVDFTHNQNNTDCLRKESLIEVVKCQ 1980
LIKQGLTDPKAFKSLRDLUWDYMLSSTEGILEFSTITVDFTHNQNNTDCLREFSLIFVVKCQ 1980
LIKQGLTDPKAFKSLRDLWDYMLSSTEGILEFSITVDFTHNQNNTDCLREKFSLIFVVKCQ 1980
LIKQGLTDPKAFKSLRDLWDYMLSSTEGILEFSITVDEFTHNQNNTDCLRRKFSLIEFVVKCQ 1980

KA KR A R AN A AN A A A A N A A A N A A A T A A A T R AN NI A AT T T ARNTRARARNARNTRNR

LCMV-WE_1E LOSPGVADYLSCSHFFKGEVDRRLLDECLN] 2040
LCMV-PA42 1 LOSPGVADYLSCSHFFKGEVDRRLLDECLNLLRTDPIF 2040
LCMV-P52_LP LOSPGVADYLSCSHEFKGEVDRRLLDECLNLLRTDP IFKANDGVEDIRS 2040
LCMV-PS1 LP: LOSPGVADYLSCSHEFKGEVDRRLLDECLNLLRTDR I FKANDGVEDIRS 2040
LCMV-P52-1 LP LOSPGVADYLSCSHFFKGEVDRRLLDECLNLLRTDP L FKANDGVFDIRS] 2040
LCMV-P52-173 1P LOSPGVADYLSCSHEFKGEVDRRLLDECLNLLRTDPIFKANDGVEDIRSGE 2040
LCMV-P52-2.1 LP LOSPGVADYLSCSHFFKGEVDRRLLDECLNLLRTDPI FKANDGVEDIRSEL 2040
FEAAAALTFA TR AT A TLAE A A A A A A A A A A A AN A AR R A A A AN AR A AARXTARNAT AR RA AR KRR XK
b
LCMV-WE_LP TLGDSLELELIGSRRILNEIKSTDFERIGPEWEPVPLTIRKGALFEGRNEVQNI SVKLET 2100
LCMV-P42 1P TLGDSLELELIGSRRILNEIKSTDFERIGPEWE PVPLT IRKGALFEGRNFVONISVKLET 2100
LCMV-P52_ 1P TLGDSLELELIGSRRILNEIKSTDFERIGPEWEPVPLTIRKGALFECRNFVONESVKLET 2100
LCMV-P91 TLGDSLELELIGSRRILNEIKSTDFERIGPEWE VP! ONISVKL 2100
LCMV-P52~1 T, TLGDSLELELIGSRRILNEIKSTDFERIGPEREPVE! VONISVKLE 2100
LCMV-P52~1.3 1P TLGDSLELELIGSRRILNEIKSTDFERIGPEREPVP 2100
LCMV-P52-2. 1 TLGDSLELELIGSRRILNEIKSTDFERIGPEWEPVP VONISVELET 2100
KA AR A A A A A A A A A A LA A A A AT AL A A A A A RA T A RA TR RAAANAKNRRRR A AN RN RRNL AR RANR
Xor/a
LCMV-WE 1P KDMRVFLAELEGCGKIGDVLGSLLLERFRTGEALMESEI STVLOELCMDRSVMLTPLSEV 2160
LCMV-P42 1E KDMRVFLAELEGCGKIGDVLGSLLLE HLMESEISTVLQELCMDRSVML 2160
LCMV-P52_LP KDMRVFLAELEGCGKIGDVLGSLL MESEI S¥VLQELCMDRSVMLT 2160
LCMV-PY 17 = KDMRVEFLAELEGCGKIGDVLGSLL FRTGEHLMESEISTVLOELCMDRSVMLS 2160
LCMV-P52-1 LI KDMRVFLAELEGCGEIGDVLGSLLLERFRTGEHLMESEI STVLOELCMDRSVM 2160
LCMV-P52-1.3 1P KDMRVFLAELEGCGKIGDVLGSLLLIRFRTGEHLMESEI STVLOQELCMDRSVMLTPLEFV 2160
LCMV-P52-2.1 1P KDMRVFLAELEGCGEIGDVLGSLLLERFRTGEHLMESE I STVLQELCMDRSVMLTPLSEV 2160

AAF AR AR TR LTI X - AX AR A LR A A AR AL TR TR AT ATTTAT AA T F A AT RA AT NN

X=R/K
LCMV-WE LP POWEFTFRDCRLCESREKNTVMYETTCCRFRLKCKSCDODWLARRVAERID 2208
LCMV-P4Z 1P POWFTFRDCRLCFSRSKNTVMYETTGGRFRLEGKSCDDWLAERVAEE L 2208
LCMV-P52 L POWFTFRDCRLCEFSRSKNTVMYETTGGRFRLEKGKSCDDWLAERVAEE T 2208
LCMV-PS1 PDHETFRDCRLCESESKNTVMYETTGGRIRLKGKSCDDRLAERVAEEID 2208
LCMV-P52 PDWETEFRDCRLCFSREKNTVMYETAGCGRFRIKGKSCDDWLAERVAERTD 2208
LCMV-P52-1.3 L PDWFTFRDCRLCEFSREKNTVMYETTGGRFRLEKGKSCDDWLAERVAEETID 2208
LCMV-P52-2.1 L POWFTFRDCRLCEFSREKNTVMYETTGGRFRLEKGKSCDDWLAERVAEE T 2208
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SEQ ID NO: 16
SEQ ID NO: 24
SEQ ID NO: 32
SEQ ID NO: 40
SEQ ID NO: 48
SEQ ID NO: 58
SEQ ID NO: 84
SEQ ID NO: 56

LCMV-WE_ T
LCMV-P42 1
LCMY-P52 L
LCMV-P91

LCMV-P52

LCMV-P52-~
LCMV-P52-
LCMV-P52-

SUBSTITUTE SHEET (RULE 26)
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