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VIRUS PARTICLES WITH IMPROVED ENTRY INTO TUMOR CELLS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of priority of European Patent Application EP
23 194 741.7 filed on 31 August 2023, the content of which is hereby incorporated by reference

in its entirety for all purposes.
FIELD OF THE INVENTION

[0002] The invention relates to a virus particle comprising a mutated lymphocytic
choriomeningitis virus (LCMV) glycoprotein (GP) and/or a nucleic acid encoding said GP,
wherein the virus particle has an increased capacity to enter a tumor cell. The invention also relates
to the mutated GP, nucleic acid molecules encoding the GP, host cells comprising said nucleic
acid molecule or a cDNA of the genome of said virus particle, method of producing said virus

particle, as well as medical uses.
BACKGROUND

[0003] Oncolytic viruses (OVs) are potential therapeutic options for patients with cancer who fail
to achieve durable responses with immune checkpoint inhibitors. OVs replicate preferentially in
cancer cells and thereby have the ability to promote the immune response in the tumor. The reason
for tumor specific propagation of OVs is currently intensively studied. The strongly enhanced
anabolism makes cancer cells ideal hosts for viral replication. Further, cancer cells do not express
a cell autonomous immunity because cellular antiviral mechanisms are actively suppressed by
oncogenes. Specifically, overexpression of RAS can block expression of the anti-viral effector
protein kinase R (PKR). These factors might explain the accelerated viral replication, translation
of viral proteins and virion assembly in cancer cells. Whether additional factors including tumor-

specific viral entry, additionally contribute to tumor specific propagation is insufficiently studied.

[0004] Viral tropism refers to the infectivity of a virus for a given cell type. It is partially
determined by its entry receptor. Usually, viruses attach via its surface proteins to a receptor
expressed on the target cell followed by entry. Hence, expression of the entry receptor on several
cell types and tissues allows a broad tropism of the virus. In line, binding of the viral surface
protein to a similar receptor in another species can allow viral replication. Although malignant
transformation modulates expression and modification of several proteins, it remains unclear

whether viral entry receptors are specifically overexpressed in the malignant cells. Whether OVs
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can be modified to enhance their tumor tropism and reduce their tropism to healthy cells remains

to be studied.

[0005] Arenaviruses are enveloped and pleiomorphic, with a diameter of 60-300 nm and two
single-stranded ambisense RNA genomic segments. Several Old World Arenaviruses including
Lymphocytic choriomeningitis virus (LCMV) and members of the clade C New World
Arenaviruses bind to the ubiquitously expressed cellular receptor a-Dystroglycan (DAGTI).
Proteoglycans can function as entry receptors in the presence of Heparan Sulfate. Recently CD164
was identified as additional co-receptor which accelerates entry of LCMV. Like other OVs, LCMV
propagates preferentially in tumor cells and thereby induces local immune activation. This immune
activation modulates the tumor microenvironment and leads to infiltration of several immune cells,
which then can activate anti-tumoral mechanisms. However, since the cellular entry receptor
DAGTI is ubiquitously expressed, LCMYV can replicate in healthy organs, limiting its use for cancer

therapy.

[0006] However, there is a need in the art to provide arenaviruses, in particular LCMV, that have

an improved properties for cancer therapy.
SUMMARY OF THE INVENTION

[0007] The invention relates to a virus particle comprising a lymphocytic choriomeningitis virus
(LCMYV) glycoprotein (GP) and/or a nucleic acid encoding said GP, wherein the glycoprotein is a
mutated LCMYV strain WE glycoprotein which comprises in comparison with the wild type LCMV
strain WE glycoprotein set forth in SEQ ID NO: 4 at least one mutated amino acid residue at one

or more positions comprised in

(a) Strand B1 N terminal defined by positions 59-89, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 59-78 and 81-87,

(b) Strands B3, P4, and/or B5 as defined by positions 90-113, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from the

group consisting of 90-93, 98-103, and 106-113;

(c) Helix a 1 and/or a 2 as defined by positions 114-147, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group

consisting of 126-130 and 136-147,
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(d) Loop 1 as defined by positions 148-157, wherein the at least one mutated amino acid
residue is preferably at one or more positions selected from the group consisting of

148-157;
(e) Helix a3 as defined by positions 187-199;
(f) Loop 3 as defined by positions 200-226;

(g) the a4, oS domain as defined by positions 245-265, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 245-251 and 253-258;

(h) the N-Helix as defined by positions 313-373, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group consisting

of 313-349 and 353-365;
(i) the H1,H2 domain as defined by positions 1-58; and/or
(j)  the TM cytoplasmic domain as defined by positions 439-498;

wherein the virus particle has an increased capacity to enter a tumor cell as compared to a reference

virus particle that comprises the wild type glycoprotein set forth in SEQ ID NO: 4.

[0008] The invention also relates to a virus particle comprising a lymphocytic choriomeningitis
virus (LCMYV) glycoprotein (GP) and/or a nucleic acid encoding said glycoprotein, wherein the
glycoprotein is a mutated LCMV strain WE glycoprotein which comprises in comparison with the
wild type LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4 at least one mutated amino
acid residue at one or more positions selected from the group consisting of 18, 28, 36, 39, 48, 51,
60, 61, 62, 63, 66, 71, 74, 88, 94, 102, 103, 105, 106, 112, 119, 120, 121, 122, 128, 129, 132, 133,
136, 141, 144, 149, 151, 152, 153, 154, 155, 156, 163, 188, 198, 203, 207, 211, 217, 218, 222,
236, 252, 255, 256, 260, 280, 284, 308, 327, 328, 332, 335, 339, 342, 343, 344, 357, 358, 369,
374, 382, 388, 406, 426, 451, 456, 471, 477, 491, and 492 , wherein the virus particle has an
increased capacity to enter a tumor cell as compared to a reference virus particle that comprises

the wild type glycoprotein set forth in SEQ ID NO: 4.

[0009] The invention also relates to an LCMV glycoprotein, wherein the glycoprotein comprises
in comparison with the wild type LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 at

least one mutated amino acid residue as defined for the virus particle of the invention.

[0010] The invention also relates to a nucleic acid molecule encoding a LCMV GP of the

invention.
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[0011] The invention also relates to a virus particle comprising a glycoprotein (GP) of an

arenavirus and/or a nucleic acid encoding said GP, wherein the glycoprotein comprises at least

one of the following amino acid residues:

(2)

(b)

(©

(d)

(e)

®

(e

at the position corresponding to Ser 102 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Asn residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Ser residue at said position;

at the position corresponding to Phe 122 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Leu residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to Phe 129 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Ser residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to His 136 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Gln residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a His residue at said position;

at the position corresponding to Asn 152 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Tyr residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to Ser 153 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Pro, Phe, or
Tyr residue, wherein the virus particle preferably has an increased capacity to enter a
tumor cell as compared to a reference virus particle that comprises a Ser residue at said

position,;

at the position corresponding to Asn 154 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Asp residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Phe residue at said position;
4
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(h)

0

(k)

)

(m)

(n)

(0)

at the position corresponding to His 155 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Leu or Tyr
residue, wherein the virus particle preferably has an increased capacity to enter a tumor
cell as compared to a reference virus particle that comprises a Phe residue at said

position;

at the position corresponding to Lys 156 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Glu residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Lys residue at said position;

at the position corresponding to Ala 211 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Thr residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises an Ala residue at said position;

at the position corresponding to Thr 217 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Ile residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to Thr 218 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Ile residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to Lys 256 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Arg residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Lys residue at said position;

at the position corresponding to Leu 260 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Phe or Ile
residue, wherein the virus particle preferably has an increased capacity to enter a tumor
cell as compared to a reference virus particle that comprises a Leu residue at said

position,;

at the position corresponding to Tyr 284 of the GP of LCMYV strain WE glycoprotein

set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a His residue,
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(p)

(@

(1)

(s)

wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Tyr residue at said position;

at the position corresponding to Ala 328 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Ser residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Ala residue at said position;

at the position corresponding to Phe 332 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Leu residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to Val 342 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Ala residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Val residue at said position;

at the position corresponding to Arg 358 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Lys residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises a Arg residue at said position;

and

at the position corresponding to Lys 492 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 an Ile residue, wherein the virus particle preferably has an
increased capacity to enter a tumor cell as compared to a reference virus particle that

comprises a Lys residue at said position.

[0012] The invention also relates to a host cell comprising a nucleic acid molecule of the invention

or a cDNA of the genome of a virus particle of the invention.

[0013] The invention also relates to a method of producing a virus particle of the invention

comprising cultivating the host cell of the invention under conditions suitable for virus particle

formation.

[0014] The invention also relates to a pharmaceutical composition comprising a virus particle of

the invention, a GP of the invention, a nucleic acid molecule of the invention, or an arenavirus

particle of the invention.
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[0015] The invention also relates to a virus particle of the invention, a GP of the invention, a
nucleic acid molecule of the invention, or an arenavirus particle of the invention, for use in therapy,

preferably for use in the treatment of cancer.

[0016] The invention also relates to a use of a virus particle of any one of the invention, a GP of
the invention, a nucleic acid molecule of the invention, or an arenavirus particle of the invention,
for the manufacture of a medicament, wherein the medicament is preferably for the treatment of

cancer.

[0017] The invention also relates to a method of treating a disease comprising administering to a
subject in need thereof an effective amount of a virus particle of the invention, a GP of the
invention, a nucleic acid molecule of the invention, or an arenavirus particle of the invention,

wherein the disease is preferably cancer.

[0018] The invention also relates to a method of producing a virus particle having an increased

capacity to enter a tumor cell, comprising:

(i) Providing a nucleic acid encoding a mutated LCMV strain WE glycoprotein which
comprises in comparison with the wild type LCMYV strain WE glycoprotein set forth
in SEQ ID NO: 4 at least one mutated amino acid residue at one or more positions
comprised in
(a) Strand Pl N terminal defined by positions 59-89, wherein the at least one

mutated amino acid residue is preferably at one or more positions selected from

the group consisting of 59-78 and 81-87;

(b) Strands B3, P4, and/or B5 as defined by positions 90-113, wherein the at least
one mutated amino acid residue is preferably at one or more positions selected
from the group consisting of 90-93, 98-103, and 106-113;

(¢) Helix a 1 and/or a 2 as defined by positions 114-147, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from
the group consisting of 126-130 and 136-147,

(d) Loop 1 as defined by positions 148-157, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group
consisting of 148-157,

(e) Helix a3 as defined by positions 187-199;

(f) Loop 3 as defined by positions 200-226;
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(i)

(i)

(g) the o4, o5 domain as defined by positions 245-265, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from
the group consisting of 245-251 and 253-258;

(h) the N-Helix as defined by positions 313-373, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 313-349 and 353-365;

(i) the H1,H2 domain as defined by positions 1-58; and/or

(j)  the TM cytoplasmic domain as defined by positions 439-498; and

Expressing the mutated LCMYV strain WE glycoprotein and further viral proteins to

produce a virus particle comprising said mutated LCMV strain WE glycoprotein; and

Optionally assessing the capacity of a virus particle comprising said mutated LCMV

strain WE glycoprotein to enter and/or infect a tumor cell, preferably comprising

comparing the virus particle comprising said mutated LCMV strain WE glycoprotein
to a value, wherein the reference value is preferably at least as high or higher than the
value that is obtained for a virus particle that comprises the wild type glycoprotein set

forth in SEQ ID NO: 4.

[0019] The invention also relates to a method of producing a virus particle having an increased

tropism for a tumor cell, comprising:

(1)

Providing a nucleic acid encoding a mutated LCMV strain WE glycoprotein which

comprises in comparison with the wild type LCMYV strain WE glycoprotein set forth

in SEQ ID NO: 4 at least one mutated amino acid residue at one or more positions

comprised in

(a) Strand Bl N terminal defined by positions 59-89, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from

the group consisting of 59-78 and 81-87;

(b) Strands B3, P4, and/or B5 as defined by positions 90-113, wherein the at least
one mutated amino acid residue is preferably at one or more positions selected
from the group consisting of 90-93, 98-103, and 106-113;

(c) Helix a 1 and/or o 2 as defined by positions 114-147, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from

the group consisting of 126-130 and 136-147,
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(ii)

(i)

(d)

(e)
®
(®

(h)

@
0)

Loop 1 as defined by positions 148-157, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group
consisting of 148-157,;

Helix a3 as defined by positions 187-199;

Loop 3 as defined by positions 200-226;

the 04, a5 domain as defined by positions 245-265, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from
the group consisting of 245-251 and 253-258;

the N-Helix as defined by positions 313-373, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 313-349 and 353-365;

the H1,H2 domain as defined by positions 1-58; and/or

the TM cytoplasmic domain as defined by positions 439-498; and

Expressing the mutated LCMYV strain WE glycoprotein and further viral proteins to

produce a virus particle comprising said mutated LCMYV strain WE glycoprotein; and

Optionally assessing the capacity of a virus particle comprising said mutated LCMV

strain WE glycoprotein to enter and/or infect a tumor cell and/or a non-tumor cell,

preferably comprising comparing the virus particle comprising said mutated LCMV

strain WE glycoprotein to a reference value, wherein the reference value is preferably

at least as high or higher than the value that is obtained for a virus particle that

comprises the wild type glycoprotein set forth in SEQ ID NO: 4.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Figure 1: Amino acid positions in LCMV-GP, which are identified as tumor-tropic
LCMV-WE wildtype was passaged with or without 5-Flurouracil (5FU) in different human and
murine tumor cell lines. After 10 — 12 passages the virus was sequenced. The newly gained
mutations (MUT) and the original amino acid at this position (WT) are shown for each cell type.
Each setup was done in 4-5 separate approaches. The number of approaches which do show the
certain mutation is shown. The positions in Loop #2 were not included in the analysis. A: missense
mutations in the stable signal peptide (SSP), B: missense mutations in GP1, C: missense

mutations in GP2.

[0021] Figure 2: LCMV-WE subtype P52 is stable and gained additional mutations. The
LCMV-WE subtype P52 (I181M, R185W) was passaged (23-55x) with or without 5-Flurouracil
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(5FU). The virus derived after passaging was sequenced and the mutations are shown for each cell

line.
[0022] Figure 3: Mutations observed after propagation of LCMV-WE subtype YF13.

[0023] Figure 4: A. Tumor-tropic mutations accumulate in specific structural regions
(structural hot spots). Shown are the known structural domains of the LCMV glycoprotein
(Hastie et al Nat Struct Mol Biol 23, 513-521 (2016) and RCSB protein data bank:
https://www.rcsb.org/structure/SINE (release 2016-04-20)). The mutations in the according
domain and the connecting sequence between the domains are shown. Loop#2 was omitted as it
was not part of the analysis. The mutation frequency is given for each domain and their connecting
sequence. B. Significance between low mutation frequency (n=2-13) and high mutation frequency
(n=13-2 respectively) of the domains was calculated using the Mann Whitney Test. The cut-off
was determined as the arithmetic mean (12,85%) of the two lowest significant values (p =
0,0003108) C. Mutation frequency of domains with low mutation frequency (n = 7) and high
mutation frequency (n = 8) is illustrated and Mann Whitney Test was performed (0,0003108).

[0024] Figure 5: Mutations within different domains of the LCMV-GP. Shown are the total
numbers of AS positions and the numbers of AS positions, which we identified as tumor tropic in
the fast evolution platform sorted by structural regions. Loop#2 was not included in the analysis.
* shows a significant difference in the mutation frequency of the domain measured in the chi-

square test.

[0025] Figure 6: Tumor-tropic regions accumulate in specific functional regions (functional
hot spots). Shown are the known functional regions of LCMV-GP. Since Loop#2 was not involved
in the analysis, it was omitted. The mutations in the according functional region are shown. The

mutation frequency is given for each region.

[0026] Figure 7: Mutations of the fast evolution platform accelerate entry into A549 cells: A:
Original FACS blots of entry assay in A549 cells of LCMV-WE wildtype. Time indicates the
addition of Monensin, which will block virus entry. B: Entry assays of recombinant viruses which
carry randomly chosen mutations from the fast evolution platform (n=6/mutation). The structural
region where the mutation is located is given. Mutated viruses (dotted coloured line) compared to
the recombinant WT control - WE-CL13(L)h2.r3 (solid black line). C: Entry assays of
recombinant viruses which carry a mutation which was not identified within the fast evolution

platform, but which is located in a structural region are shown (n=6/mutation). D: Entry assays of
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a recombinant virus which carry a mutation at a position which was not identified within the fast

evolution platform, but which is located in a postulated hotspot region are shown (n=2/mutation).

[0027] Figure 8: Mutations lead to broad infectivity of cancer, but not healthy cells A:
Infection assays (MOI=0.1, 16 hours) of different human cancer (n=6) and primary neurons (n=4)
and myotubes (n=2) cells with 10 different chimeric (WE-CL13-chim) viruses carrying 1 point
mutation in the according position. To note infection of neurons and myotubes was not detectable.
B: Infection ratios (Infectivity assay) from different tumor cell lines are blotted against the
infection ratios of each other tumor cell lines. The contrast between the Melanoma and lung
adenocarcinoma cell lines is visualized. The infection ratio of neurons is also plotted against the
infection ratio of MaMel86a. The mean ratio for each mutated virus is given (n = 6). C: Spider
blots showing the factor of acceleration in propagation of the mutations tested in various tumor
cells and neurons. The mean ratio values for each mutated virus are given (n = 6). D: Infectivity
assay of the mutant virus, carring the point mutation F129S, was tested in the cell lines H1975,
MaMel51, MaMel86a and A549. Infection rate is shown as bars. Infection rate for WT control
virus is shown as dotted line (n=6). E: Infectivity assay of the mutant viruses carring the mentioned
point mutations was tested in H1975 and A549 cells (n=6/mutation). F: Infectivity assay of the
mutant viruses, carring the mentioned point mutations, was tested in the cell lines H1975, A549,
Gist-T1, MaMel51, MaMel86a and Neurons. Infection rate is shown as bars. Infection rate for WT
control virus is shown as dotted line (n=6/tumor cell lines; n=4 for neurons). G: Infectivity assay
of LCMV-WE wildtype and a mutant virus strain, with the mutation 211T in the LCMV-GP was
tested in B16F10 melanoma cells. Analysis of infected cells after 48 hours (n=6). H: Infectivity
assay of LCMV-WE wildtype and a mutant virus strain, with the mutation 4921 in the LCMV-GP
was tested in MaMel51 melanoma cells. Analysis of infected cells after 48 hours (n=6). I:
Immunofluorescence for LCMV-NP of the mentioned cell types, which were infected with the
LCMYV strains 8B10-D2 and A10D and control virus for 24 hours. One of three representative

stainings is shown.

[0028] Figure 9: Infection assays (MOI = 0.1, 16 hours) of different human cancer and healthy
cells with different recombinant viruses carrying optimized combinations. The mutations within
the LCMV-GP are given for each virus strain. The selected human cancer cell lines for testing the
infectivity were A549, H1975, MaMel86a and MaMel51. Tested murine cell lines were B16F 10,
TrampC2, MC-38 and MOPC (n=6-7).

[0029] Figure 10: New mutations change the entry mechanism of the virus. Randomly chosen

recombinant viruses carrying mutations from the fast evolution plateform were tested in entry
11
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assay in A549 cells and A549 cells, which are defective of the known entry receptor of LCMV,
alpha dystroglycan. The mutations within the LCMV-GP are given for each virus strain (n=6).

[0030] Figure 11: Virus with combined mutations shows accelerated anti-tumoral activity.
A: Infectivity assay of the LCMV-WE wilttype virus and the chimeric WE-CI13 virus, which
carries the LCMV-WE wildtype glycoprotein, the LCMV-WE nucleoprotein and the L-segment
from the LCMV clone 13 tested in primary human neurons and the mentioned tumor cell lines
(n=3-6/virus strain). B: Infectivity assay of the WE-CL13 chimeric virus, which carries the
LCMV-WE wildtype glycoprotein and a WE-CL13 chimeric virus, which carries the mentioned
point mutations in the LCMV-GP, tested in the mentioned tumor cell lines (n=6/virus strain). C:
Tumor growth in mice carrying an BI6F10-OVA tumor which were treated with the LCMV-WE
wildtype virus, a LCMV-WE strain, which carried the point mutation 211T in the LCMV-GP and
a WE-CL13 chimeric virus, which carries the mentioned point mutations on day 0 (n=3-5/group).
D: Tumor growth in mice carrying an MC38-OVA tumor which were treated with a WE-CL13
chimeric virus, which carries the mentioned point mutations on day 0 is shown. (n=3-5/group).

Right panel shows tumor size after killing the mice on day 9 (n=5/group).

[0031] Figure 12: The mutations of the LCMV-GP positions 155, 156 and 256 were introduced
into the glycoprotein of the arenavirus Lunk. It corresponded to the positions 152, 153 and 253.
The capacity to replicate into different cell lines was analyzed in the infectivity assay. Data show

the relative enhancement of infectivity when compared to the WT virus (n = 6-10).

[0032] Figure 13: The LCMV-GP expressing the mutation H155Y was expressed on the vesicular
stomatitis virus (VSV). Infection rate of the wildtype chimeric virus (LCMV-GP/VSV) and the
mutated chimeric virus (LCMV-GP-mut/VSV) was analyzed in the MC57 fibrosarcoma cells (n =

3).
DETAILED DESCRIPTION

[0033] The inventors of the present application have surprisingly found a method for identifying
mutations to modulate the tropism of LCMV towards tumor cells. By using this method for
primary and secondary cell cultures, at least 95 missense mutations have been identified.
Production of recombinant LCMVs, carrying these mutations revealed that entry of LCMV into
tumor cells was mainly affected by the mutations. By combining these mutations viruses with
accelerated tumor-tropism, limited replication in healthy cells and beneficial anti-tumoral activity

have been generated.
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[0034] Virotherapy is one raising pillar in cancer therapy with clinical application in several cancer
types. One major challenge in virotherapy is to design a virus which shows effective anti-tumoral
activity in the absence of side effects. Enhancing tumor tropism without affecting replication of
the virus in healthy tissue would solve this problem. By passaging the lymphocytic
choriomeningitis virus (LCMV) in human and murine cancer cells, the inventors of the present
application determined regions within the LCMV pre-glycoprotein polyprotein (GPC) which
accelerate tumor cell specific entry. Combination of mutations in different GPC regions had
synergistic and/or additive effects on tumor cell propagation. Consequently, modification of these
regions in the LCMV-GPC increased the entry into tumor cells, limited replication in healthy cells
and was therefore proprietary in a murine cancer mouse model. Mechanistically, it is believed that
many of the selected recombinant viruses are not dependent on alpha-Dystroglycan (DAG-1) as
main entry receptor. Consistently, introduction of mutated LCMV-GP on other viruses, such as a
vesicular stomatitis virus vector system, likewise accelerated its entry into tumor cells, suggesting
that this new and tumor-specific entry mechanism is suitable for other therapeutic viruses and not
limited to LCMV. In conclusion, by using the biological principle of mutation and selection the
inventors of the present application could identify functional LCMV-GPC regions, which shift the
tropism of the virus towards cancer cells. Recombinant viruses carrying these mutations showed
accelerated and more specific replication in tumor cells and induced a strong anti-tumoral

immunity.

[0035] The use of mutated viruses for tumor therapy was proprietary due to accelerated site

specific replication and immune activation but limited propagation in healthy tissue.

[0036] Accordingly, the present invention relates to a virus particle comprising a lymphocytic
choriomeningitis virus (LCMV) glycoprotein (GP) and/or a nucleic acid encoding said GP,
wherein the glycoprotein is a mutated LCMV strain WE glycoprotein which comprises in
comparison with the wild type LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4 or in
comparison with the LCMYV strain P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID
NO: 4 being preferred, at least one mutated amino acid residue at one or more positions comprised
in (a) Strand B1 N terminal defined by positions 59-89, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group consisting of 59-78 and
81-87, (b) Strands B3, P4, and/or B5 as defined by positions 90-113, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from the group
consisting of 90-93, 98-103, and 106-113; (c) Helix a 1 and/or a 2 as defined by positions 114-

147, wherein the at least one mutated amino acid residue is preferably at one or more positions
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selected from the group consisting of 126-130 and 136-147; (d) Loop 1 as defined by positions
148-157, wherein the at least one mutated amino acid residue is preferably at one or more positions
selected from the group consisting of 148-157; (e) Helix a3 as defined by positions 187-199; (f)
Loop 3 as defined by positions 200-226; (g) the a4, a5 domain as defined by positions 245-265,
wherein the at least one mutated amino acid residue is preferably at one or more positions selected
from the group consisting of 245-251 and 253-258; (h) the N-Helix as defined by positions 313-
373, wherein the at least one mutated amino acid residue is preferably at one or more positions
selected from the group consisting of 313-349 and 353-365; (i) the H1,H2 domain as defined by
positions 1-58; and/or (j) the TM cytoplasmic domain as defined by positions 439-498. Preferably,
the virus particle has an increased capacity to enter a tumor cell as compared to a reference virus
particle that comprises the wild type glycoprotein set forth in SEQ ID NO: 4 or 13, with SEQ ID
NO: 4 being preferred. Preferably, the reference virus particle only differs in the sequence of the

glycoprotein.

[0037] The present invention also relates to a virus particle comprising a lymphocytic
choriomeningitis virus (LCMYV) glycoprotein (GP) and/or a nucleic acid encoding said
glycoprotein, wherein the glycoprotein is a mutated LCMV strain WE glycoprotein which
comprises in comparison with the wild type LCMV strain WE glycoprotein set forth in SEQ ID
NO: 4 or in comparison with the LCMV strain P52 glycoprotein set forth in SEQ ID NO: 13, with
SEQ ID NO: 4 being preferred, at least one mutated amino acid residue at one or more positions
selected from the group consisting of 18, 28, 36, 39, 48, 51, 60, 61, 62, 63, 66, 71, 74, 88, 94, 102,
103, 105, 106, 112, 119, 120, 121, 122, 128, 129, 132, 133, 136, 141, 144, 149, 151, 152, 153,
154, 155, 156, 163, 188, 198, 203, 207, 211, 217, 218, 222, 236, 252, 255, 256, 260, 280, 284,
308, 327, 328, 332, 335, 339, 342, 343, 344, 357, 358, 369, 374, 382, 388, 406, 426, 451, 456,
471, 477, 491, and 492. Preferably, the virus particle has an increased capacity to enter a tumor
cell as compared to a reference virus particle that comprises the wild-type glycoprotein set forth
in SEQ ID NO: 4 or 13, with SEQ ID NO: 4 being preferred. Preferably, the reference virus particle

only differs in the sequence of the glycoprotein.

[0038] The virus particle of the disclosure is preferably an arenavirus particle, more preferably a

lymphocytic choriomeningitis virus (LCMV) particle.

[0039] The wild-type arenavirus genomic segments and ORFs are known in the art. In particular,
the wild type arenavirus genome typically consists of an S segment and an L segment. The S
segment carries the ORFs encoding the GP and the NP. The L segment encodes the L protein and

the Z protein. Both segments are flanked by the respective 5 and 3° UTRs.
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[0040] The virus particles of the invention preferably comprise genomic segments that correspond
to the genomic segments of a wild-type arenavirus. This means that the S segment carries the ORFs
encoding the GP and the NP and that the L. segment encodes the L protein and the Z protein. On
the S segment, the ORF encoding the glycoprotein is under control of a 5° untranslated region
(UTR) and the nucleoprotein is under control of a 3 UTR. On the L segment, the ORF encoding
the L protein is under control of a 3° UTR and the ORF encoding the Z protein is under control of
a5 UTR. Accordingly, the genes of the virus particles of the disclosure are preferably located at
their natural positions. The virus particle of the invention thus preferably has a bi-segmented
genome. The genome of the virus particle of the invention preferably consists of one L segment
and one S segment as described herein. Illustrative examples of LCMV S segments are shown in
SEQ ID NOs: 1, 11, and 14. Illustrative examples of LCMV L segments are shown in SEQ ID
NOs: 2 and 15.

[0041] Several strains of LCMYV are part of the present disclosure. As used herein, LCMV “WE”,
“strain WE”, “WE strain”, or the like refers to an LCMYV having the genomic segments as shown
in SEQ ID NOs: 1 and 2. As used herein, LCMV “P52”, “P52-WE”, “strain P52”, “P52 strain”, or
the like refers to a variant/derivative of strain WE, which has the genomic segments as shown in
SEQ ID NOs: 11 and 2. As used herein, LCMV “Clonel3”, “C113” “strain Clonel13”, “Clonel3
strain”, or the like refers to an LCMYV which has the genomic segments as shown in SEQ ID NOs:
14 and 15.

[0042] The terms “glycoprotein”, “GP”, “G protein”, “glycoprotein complex”, “GPC” which are
used interchangeably, refer to an LCMV-derived glycoprotein, which is considered to mediate
receptor binding and membrane fusion. Illustrative examples of glycoproteins are shown in SEQ
ID NOs: 4, 13, and 17. Illustrative examples for genes that encode a glycoprotein are shown in

SEQ ID NOs: 3, 12, and 16.

[0043] The terms “L protein”, and “LP”, which are used interchangeably, refer to an LCMV-
derived RNA polymerase L. Illustrative examples of L proteins are shown in SEQ ID NOs: 10,
and 23. Illustrative examples for genes that encode an L protein are shown in SEQ ID NOs: 9 and

22.

[0044] The terms “nucleoprotein”, “N protein”, and “NP”, which are used interchangeably, refer
to an LCMV-derived nucleoprotein. Illustrative examples of nucleoproteins are shown in SEQ ID
NOs: 6 and 19. Illustrative examples for genes that encode a nucleoprotein are shown in SEQ ID

NOs: 5 and 18.
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[0045] The terms “Z protein” or “ZP”, which are used interchangeably, refer to an LCMV-derived
small RING finger protein Z. Illustrative examples of Z proteins are shown in SEQ ID NOs: 8 and
21. Illustrative examples for genes that encode a Z protein are shown in SEQ ID NOs: 7 and 20.

[0046] The term "amino acid" or "amino acid residue" typically refers to an amino acid having its
art recognized definition such as an amino acid selected from the group consisting of: alanine (Ala
or A); arginine (Arg or R); asparagine (Asn or N); aspartic acid (Asp or D); cysteine (Cys or C);
glutamine (Gln or Q); glutamic acid (Glu or E); glycine (Gly or G); histidine (His or H); isoleucine
(Ile or I): leucine (Leu or L); lysine (Lys or K); methionine (Met or M); phenylalanine (Phe or F);
proline (Pro or P); serine (Ser or S); threonine (Thr or T); tryptophan (Trp or W); tyrosine (Tyr or
Y); and valine (Val or V), although modified, synthetic, or rare amino acids may be used as desired.
Naturally occurring residues are divided into groups based on common side-chain properties: (1)
hydrophobic: methionine, alanine, valine, leucine, iso-leucine; (2) neutral hydrophilic: cysteine,
serine, threonine, asparagine, glutamine;, (3) acidic: aspartic acid, glutamic acid; (4) basic:
histidine, lysine, arginine; (5) residues that influence chain orientation: glycine, proline; and (6)
aromatic: tryptophan, tyrosine, phenylalanine. In some embodiments. substitutions may entail

exchanging a member of one of these classes for another class.

[0047] As used herein, the term “mutation” in the context of proteins, polypeptites, peptides or
amino acid sequences, or “mutated amino acid (residue)” or the like includes amino acid
substitution(s), deletion(s), insertion(s), and/or one or more chemical modifications of an amino
acid sequence or nucleotide sequence. Such substitutions may be conservative, i.e., an amino acid
residue is replaced with a chemically similar amino acid residue. Examples of conservative
substitutions are the replacements among the members of the following groups: 1) alanine, serine,
and threonine; 2) aspartic acid and glutamic acid; 3) asparagine and glutamine; 4) arginine and
lysine; 5) isoleucine, leucine, methionine, and valine; and 6) phenylalanine, tyrosine, and
tryptophan. Mutations may also include substitutions by their respective D-stereoisomers or by
amino acids other than the naturally occurring 20 amino acids, such as, for example, ornithine,
hydroxyproline, citrulline, homoserine, hydroxylysine, norvaline. However, substitutions by

naturally occurring amino acids are preferred.

[0048] The term “nucleic acid” as used herein may generally refer 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 is denoted as “t” throughout the application, which — depending on its context — may refer
to thymine (in DNA) or uracil (in RNA).
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[0049] 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.

[0050] “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 publicly 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 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).

[0051] The term “attenuation” as used herein, relates to a reduced capacity of a virus to replicate
within a given host (cell), a reduced capacity of replicating in a healthy organ, and/or a reduced

capacity of inducing cytokines. A virus particle of the invention is preferably attenuated.

[0052] The term “infectious” as used herein, relates to a virus’ capacity to infect, i.e., enter, a given

host cell. A virus particle of the invention is preferably infectious.

[0053] The term “replication competent” means that a virus has the ability to amplify and express
its genetic material in infected cells and being able to produce further progeny in normal cells that
are not genetically engineered. In particular, replication competent viruses do not require host cells
that were engineered to express a viral gene for being capable of replication. A virus particle of

the invention is preferably replication competent.

[0054] The term “pathogenic” as used herein, relates to a virus’ capacity to cause disease, i.e.,

harm to an organism.

[0055] The term “entry” relates to a virus’ capacity to enter a given target cell. Viral entry can be
measured as essentially described in Example 10 B. The measurement preferably comprises the
following steps: Target cells are preincubated with virus (multiplicity of infection of 0.1) at 4°C.
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After the incubation of one hour, the cells are warmed up to 37°C. At different time points after
heating up the cells to 37°C (i.e. Omin, 20min, 60min or 180min) Monensin is added to the cultures.
Cells are then incubated for further 16 hours. After the incubation time, virus protein is determined
in each cell by staining the cells with an anti-LCMV-NP antibody and analysis in the flow
cytometer. The capacity to enter a cell is a direct correlate of the percentage of infected cells in

this assay.

[0056] The term “infectivity” relates to a virus’ capacity to enter a cell, replicate in the cell and to
produce viral proteins. Viral infectivity can be measured as essentially described in Example 10
C. The measurement preferably comprises the following steps: Target cells are incubated with
virus (multiplicity of infection of 0.01 to 0.1) at 37°C for 16 hours. After the incubation time, virus
protein is determined in each cell by staining the cells with an anti-LCMV-NP antibody and
analysis in the flow cytometer. In this assay the percentage of infected cells is a direct correlate of

the capacity of the virus to propagate in a certain target cell culture.

[0057] The term “RNA replication” relates to a virus’ capacity to replicate viral RNA within a

cell.
[0058] The term “propagation” relates to the increase of viral particles.

[0059] The term “tropism” relates to the viral particle’s infectivity to a given cell type. Tropim is
at least partially correlated with the virus’ capacity to enter a given cell type. The term “tumor

tropism” relates to tropism in the context of a tumor cell.

[0060] A virus particle of the disclosure is preferably one wherein the glycoprotein comprises in
comparison with the wild type LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4 or the
LCMV strain P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred,
at least one mutated amino acid residue at one or more positions comprised in (a) Strand 1 N
terminal defined by positions 59-89, wherein the at least one mutated amino acid residue is
preferably at one or more positions selected from the group consisting of 59-78 and 81-87; (b)
Strands 3, B4, and/or 5 as defined by positions 90-113, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group consisting of 90-93, 98-
103, and 106-113; (c¢) Helix o 1 and/or o 2 as defined by positions 114-147, wherein the at least
one mutated amino acid residue is preferably at one or more positions selected from the group
consisting of 126-130 and 136-147; (d) Loop 1 as defined by positions 148-157, wherein the at
least one mutated amino acid residue is preferably at one or more positions selected from the group

consisting of 148-157; (e) Helix o3 as defined by positions 187-199; (f) Loop 3 as defined by
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positions 200-226; (g) the a4, a5 domain as defined by positions 245-265, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from the group
consisting of 245-251 and 253-258; and/or (h) the N-Helix as defined by positions 313-373,
wherein the at least one mutated amino acid residue is preferably at one or more positions selected

from the group consisting of 313-349 and 353-365.

[0061] A virus particle of the disclosure, is preferably one wherein the glycoprotein comprises in
comparison with the wild type LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the
LCMYV strain P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred,
at least one mutated amino acid residue at one or more positions comprised in (a) Helix o 1 and/or
o 2 as defined by positions 114-147, wherein the at least one mutated amino acid residue is

preferably at one or more positions selected from the group consisting of 126-130 and 136-147;

[0062] A virus particle of the disclosure, is preferably one wherein the glycoprotein comprises in
comparison with the wild type LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the
LCMYV strain P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred,
at least one mutated amino acid residue at one or more positions comprised in (b) the N-Helix as
defined by positions 313-373, wherein the at least one mutated amino acid residue is preferably at
one or more positions selected from the group consisting of 313-349 and 353-365;

[0063] A virus particle of the disclosure, is preferably one wherein the glycoprotein comprises in
comparison with the wild type LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4 or the
LCMV strain P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred,
at least one mutated amino acid residue at one or more positions comprised in (c) Strand f1 N
terminal as defined by positions 59-89, wherein the at least one mutated amino acid residue is
preferably at one or more positions selected from the group consisting of 59-78 and 81-87;
[0064] A virus particle of the disclosure, is preferably one wherein the glycoprotein comprises in
comparison with the wild type LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the
LCMYV strain P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred,
at least one mutated amino acid residue at one or more positions comprised in (d) Loop 1 as
defined by positions 148-157, wherein the at least one mutated amino acid residue is preferably at
one or more positions selected from the group consisting of 148-157;

[0065] A virus particle of the disclosure, is preferably one wherein the glycoprotein comprises in
comparison with the wild type LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the
LCMV strain P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred,

at least one mutated amino acid residue at one or more positions comprised in (e) Strands 3, B4,

19



WO 2025/046106 PCT/EP2024/074351

and/or B5 as defined by positions 90-113, wherein the at least one mutated amino acid residue is
preferably at one or more positions selected from the group consisting of 90-93, 98-103, and 106-
113,

[0066] A virus particle of the disclosure, is preferably one wherein the glycoprotein comprises in
comparison with the wild type LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the
LCMV strain P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred,
at least one mutated amino acid residue at one or more positions comprised in (f) Loop 3 as
defined by positions 200-226;

[0067] A virus particle of the disclosure, is preferably one wherein the glycoprotein comprises in
comparison with the wild type LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4 or the
LCMV strain P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred,
at least one mutated amino acid residue at one or more positions comprised in (g) the H1,H2
domain as defined by positions 1-58;

[0068] A virus particle of the disclosure, is preferably one wherein the glycoprotein comprises in
comparison with the wild type LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the
LCMV strain P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred,
at least one mutated amino acid residue at one or more positions comprised in (h) the TM
cytoplasmic domain as defined by positions 439-498; and/or

[0069] A virus particle of the disclosure, is preferably one wherein the glycoprotein comprises in
comparison with the wild type LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the
LCMYV strain P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred,
at least one mutated amino acid residue at one or more positions comprised in (i) the 04, a5 domain
as defined by positions 245-265, wherein the at least one mutated amino acid residue is preferably

at one or more positions selected from the group consisting of 245-251 and 253-258.

[0070] A virus particle of the disclosure, is preferably one wherein the glycoprotein comprises in
comparison with the wild type LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4 or the
LCMV strain P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred,
at least one mutated amino acid residue in any one of the regions (a), (b), (c), (d), (e), (f), (g), (h),

and/or (i) as defined supra as well as any combinations thereof.

[0071] A virus particle of the disclosure preferably comprise a glycoprotein and/or a nucleic acid
encoding a glycoprotein, wherein the glycoprotein has at least about 80%, preferably at least about
85%, preferably at least about 90%, preferably at least about 91%, preferably at least about 92%,
preferably at least about 93% preferably at least about 94, preferably at least about 95%, preferably
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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 glycoprotein sequence set
forth in SEQ ID NO: 4 or 13, with SEQ ID NO: 4 being preferred.

[0072] In a virus particle of the disclosure, preferably, the one or more positions that comprise at
least one mutated amino acid residue are selected from the group consisting of positions 102, 122,
129, 132, 136, 152, 153, 154, 155, 156, 211, 217, 218, 256, 260, 284, 328, 332, 342, 358, and 492.
The at least one mutated amino acid residue is preferably in comparison with the linear polypeptide
sequence of the wild type LCMYV strain WE GP set forth in SEQ ID NO: 4 or the LCMYV strain
P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred.

[0073] In a virus particle of the disclosure, preferably, the at least one mutated amino acid residue
is selected from the group consisting of Ser 102 — Asn, Phe 122 — Leu, Phe 129 — Ser, Lys 132
— Arg, His 136 — Gln, Asn 152 — Tyr, Ser 153 — Pro, Phe or Tyr, Asn 154 — Asp, His 155 —
Leu or Tyr, Lys 156 — Glu, Ala 211— Thr, Thr 217 — Ile, Thr 218 — Tle, Lys 256 —Arg, Leu
260 — Phe or lle, Tyr 284 — His, Ala 328 — Ser, Phe 332 — Leu, Val 342 — Ala, Arg 358—
Lys, and Lys 492— Ile, including combinations thereof. The at least one mutated amino acid
residue is preferably in comparison with the linear polypeptide sequence of the wild type LCMV
strain WE GP set forth in SEQ ID NO: 4 or the LCMYV strain P52 glycoprotein set forth in SEQ
ID NO: 13, with SEQ ID NO: 4 being preferred.

[0074] In a virus particle of the disclosure, preferably, the GP comprises the following set of
mutated amino acid residues in comparison with the linear polypeptide sequence of the wild type
LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMYV strain P52 glycoprotein
set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred:

(a) Lys492— Ile;

(b) Ala211— Thr;

(¢) Lys260— Phe and Lys 492— Ile;

(d) Ser 153 — Pro and Lys 492— Ile;

(e) Phe 122 — Leu, His 136 — Gln, and Ser 153 — Pro;

(f) Phe 122 — Leu and Lys 492— Ile;

(g) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, and Lys 492— Ile;

(h) Glu 255 —Gly, Lys 492— Ile;

(i)  Ser 153 — Pro and Arg 358— Lys;
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(G)  Ser 153 — Pro, Lys 256 —Arg, Leu 260 — Phe and Lys 492— Ile;

(k) Ser 153 — Phe, Glu 255 —Gly, and Leu 260 — Phe;

(I)  Ser 153 — Phe, Glu 255 —Gly, and Leu 260 — Phe;

(m) Lys 156 — Glu and Lys 492— Ile;

(n) Ser 153 — Pro, Lys 256 —Arg, and Leu 260 — Phe;

(o) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Lys 256 —Arg, and Lys 492— Ile;
or

(p) Glu379 — Asn and Lys 492— Ile.

[0075] In a virus particle of the disclosure, preferably, the at least one mutated amino acid residue
is selected from the group consisting of Ser 102 — Asn, Phe 122 — Leu, His 136 — Gln, Ser 153
— Pro or Phe, Lys 156 — Glu, Ala211 — Thr, Lys 256 — Arg, Leu 260 — Phe, Tyr 284 — His,
Ala 328 — Ser, Phe 332 — Leu, Val 342 — Ala, Arg 358 — Lys, Lys 492 —lIle, including
combinations thereof. The at least one mutated amino acid residue is preferably in comparison
with the linear polypeptide sequence of the wild type LCMYV strain WE GP set forth in SEQ ID
NO: 4 or the LCMYV strain P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4
being preferred.

[0076] A virus particle of the disclosure may be equipped with additional modifications. Such
modifications may comprise mutations at positions 181 and/or 185 of the GP, in particular Arg
185 — Trp and/or Ile 181 — Met. Such modified virus particles may result in a, compared to a
strain having the WE wild-type amino acids at positions 181 and 185 (Ile 181 and Arg 185),
stronger antitumoral activity, such as a stronger early LCMYV directed T cell response. A preferred
virus particle may comprise a glycoprotein, wherein the glycoprotein may at least one mutated
amino acid residue at position 181 and/or 185 in comparison with the glycoprotein sequence set
forth in SEQ ID NO: 4. It is however preferred that the glycoprotein comprises a mutation at both
positions in comparison with SEQ ID NO: 4. Preferred mutations at these positions are selected
from Arg 185 — Trp and Ile 181 — Met or Val, more preferably selected from Arg 185 — Trp
and Ile 181 — Met. Such mutations may be combined with other mutations disclosed herein, such

as mutations that improve entry into a tumor cell.

[0077] In a virus particle of the disclosure, preferably, the GP comprises the following set of
mutated amino acid residues in comparison with the linear polypeptide sequence of the wild type
LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4

(a) Ile 181 — Met, Arg 185 — Trp, and Lys 492— Ile;
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(b) Tle 181 — Met, Arg 185 — Trp, and Ala 211— Thr;

(c) Ile 181 — Met, Arg 185 — Trp, Lys 260— Phe, and Lys 492— Ile;

(d) Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, and Lys 492— Ile;

(e) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Ile 181 — Met, and Arg 185 — Trp;

(f) Phe 122 — Leu, Ile 181 — Met, Arg 185 — Trp, and Lys 492— lle;

(g) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, and
Lys 492— Ile;

(h) TIle 181 — Met, Arg 185 — Trp, Glu 255 —Gly, and Lys 492— lle;

(i) Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, and Arg 358— Lys;

()  Ser 153 — Pro, lle 181 — Met, Arg 185 — Trp, Lys 256 —Arg, Leu 260 — Phe, and
Lys 492— Ile;

(k) Ser 153 — Phe, Arg 185 — Trp, Glu 255 —Gly, and Leu 260 — Phe;

() Ser 153 — Phe, Glu 255 —Gly, and Leu 260 — Phe;

(m) Lys 156 — Glu, Ile 181 — Met, Arg 185 — Trp, and Lys 492— Ile;

(n) Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, Lys 256 —Arg, and Leu 260 — Phe;

(o) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, Lys
256 —Arg, and Lys 492— lle; or

(p) Ile 181 — Met, Arg 185 — Trp, Glu 379 — Asn, and Lys 492— Ile.

[0078] In a virus particle of the disclosure, preferably, the glycoprotein comprises in comparison
with the wild type LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMV strain
P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred, a limited
number of mutated amino acid residues. Said glycoprotein preferably comprises 1, 2, 3,4, 5, 6, 7,
8, 9, or 10 mutated amino acid residues, preferably mutated amino acid residues as defined herein.
More preferably, said glycoprotein preferably comprises not more than 1, 2,3, 4,5,6,7, 8,9, or

10 mutated amino acid residues, preferably mutated amino acid residues as defined herein.

[0079] In a virus particle of the disclosure, preferably, the glycoprotein has at least about 80%,
preferably at least about 85%, preferably at least about 90%, preferably at least about 91%,
preferably at least about 92%, preferably at least about 93% preferably at least about 94, preferably
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: 30-57.
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[0080] In a virus particle of the disclosure, preferably, the virus particle comprises a nucleic acid
encoding a glycoprotein, wherein said nucleic acid comprises a sequence that has at least about
80%, preferably at least about 85%, preferably at least about 90%, preferably at least about 91%,
preferably at least about 92%, preferably at least about 93% preferably at least about 94, preferably
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: 58-85, or a respective complementary

sequence.

[0081] In a virus particle of the disclosure, preferably, the virus particle comprises an LCMV L-
protein (LP) and/or a nucleic acid encoding said LP, wherein said LP has at least about 80%,
preferably at least about 85%, preferably at least about 90%, preferably at least about 91%,
preferably at least about 92%, preferably at least about 93% preferably at least about 94, preferably
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
L-protein sequence set forth in SEQ ID NO: 10 or 23.

[0082] In a virus particle of the disclosure, preferably, the virus particle comprises a nucleic acid
encoding an LP, wherein said nucleic acid comprises a sequence that has at least about 80%,
preferably at least about 85%, preferably at least about 90%, preferably at least about 91%,
preferably at least about 92%, preferably at least about 93% preferably at least about 94, preferably
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 NO: 9 or 22, or a respective complementary sequence.

[0083] In a virus particle of the disclosure, preferably, the virus particle comprises an LCMV
nucleoprotein (NP) and/or a nucleic acid encoding said NP, wherein said NP has at least about
80%, preferably at least about 85%, preferably at least about 90%, preferably at least about 91%,

referably at least about 92%, preferably at least about 93% preferably at least about 94, preferably
p
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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 the nucleoprotein sequence set forth in SEQ ID NO: 6.

[0084] In a virus particle of the disclosure, preferably, the virus particle comprises a nucleic acid
encoding an NP, wherein said nucleic acid comprises a sequence that has at least about 80%,
preferably at least about 85%, preferably at least about 90%, preferably at least about 91%,
preferably at least about 92%, preferably at least about 93% preferably at least about 94, preferably
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 the sequence set forth in SEQ ID NO: 5, or a respective complementary

sequence.

[0085] In a virus particle of the disclosure, preferably, the virus particle comprises an LCMV Z-
protein (ZP) and/or a nucleic acid encoding said ZP, wherein said ZP has at least about 80%,
preferably at least about 85%, preferably at least about 90%, preferably at least about 91%,
preferably at least about 92%, preferably at least about 93% preferably at least about 94, preferably
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 the ZP sequence set forth in SEQ ID NOs: 8 or 21.

[0086] In a virus particle of the disclosure, preferably, the virus particle comprises a nucleic acid
encoding a ZP, wherein said nucleic acid comprises a sequence that has at least about 80%,
preferably at least about 85%, preferably at least about 90%, preferably at least about 91%,
preferably at least about 92%, preferably at least about 93% preferably at least about 94, preferably
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
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is identical, to the sequence set forth in SEQ ID NOs: 7 or 20, or a respective complementary

sequence.

[0087] In a virus particle of the disclosure, preferably, the virus particle comprises an LCMV GP,
and an LCMV NP, and/or one or more nucleic acids encoding said LCMV GP and LCMV NP,
wherein said LCMV GP and LCMV NP have at least about 80%, preferably at least about 85%,
preferably at least about 90%, preferably at least about 91%, preferably at least about 92%,
preferably at least about 93% preferably at least about 94, preferably 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 are preferably identical to the following LCMV GP and LCMV
NP sequences: (a) SEQ ID NOs: 30 and 6; (b) SEQ ID NOs: 31 and 6; (c) SEQ ID NOs: 32 and 6;
(d) SEQ ID NOs: 33 and 6; (e¢) SEQ ID NOs: 34 and 6; (f) SEQ ID NOs: 35 and 6; (g) SEQ ID
NOs: 36 and 6; (h) SEQ ID NOs: 37 and 6; (i) SEQ ID NOs: 38 and 6; (j) SEQ ID NOs: 39 and 6;
(k) SEQ ID NOs: 40 and 6; (1) SEQ ID NOs: 41 and 6; (m) SEQ ID NOs: 42 and 6; (n) SEQ ID
NOs: 43 and 6; (0) SEQ ID NOs: 44 and 6; (p) SEQ ID NOs: 45 and 6; (q) SEQ ID NOs: 46 and
6; (r) SEQ ID NOs: 47 and 6, (s) SEQ ID NOs: 48 and 6; (t) SEQ ID NOs: 49 and 6; (u) SEQ ID
NOs: 50 and 6; (v) SEQ ID NOs: 51 and 6; (w) SEQ ID NOs: 52 and 6; (x) SEQ ID NOs: 53 and
6; (y) SEQ ID NOs: 54 and 6; (z) SEQ ID NOs: 55 and 6; (aa) SEQ ID NOs: 56 and 6; or (bb)
SEQ ID NOs: 57 and 6.

[0088] In a virus particle of the disclosure, preferably, the virus particle comprises an LCMV GP,
an LCMYV LP, an LCMV NP, and an LCMV ZP, and/or one or more nucleic acids encoding said
LCMV GP, LCMV LP, LCMV NP, and LCMV ZP, wherein said LCMV GP, LCMV LP, LCMV
NP, and LCMV ZP have at least about 80%, preferably at least about 85%, preferably at least
about 90%, preferably at least about 91%, preferably at least about 92%, preferably at least about
93% preferably at least about 94, preferably 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 are preferably identical to the following LCMV GP, LCMV LP, LCMV NP,
and LCMV ZP sequences: (a) SEQ ID NOs: 30, 23, 6, and 21; (b) SEQ ID NOs: 31, 23, 6, and 21;
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(c) SEQ ID NOs: 32, 23, 6, and 21; (d) SEQ ID NOs: 33, 23, 6, and 21; (e) SEQ ID NOs: 34, 23,
6, and 21; (f) SEQ ID NOs: 35, 23, 6, and 21; (g) SEQ ID NOs: 36, 23, 6, and 21, (h) SEQ ID
NOs: 37, 23, 6, and 21; (i) SEQ ID NOs: 38, 23, 6, and 21; (j) SEQ ID NOs: 39, 23, 6, and 21; (k)
SEQ ID NOs: 40, 23, 6, and 21; (1) SEQ ID NOs: 41, 23, 6, and 21; (m) SEQ ID NOs: 42, 23, 6,
and 21; (n) SEQ ID NOs: 43, 23, 6, and 21; (0) SEQ ID NOs: 44, 23, 6, and 21; (p) SEQ ID NOs:
45,23, 6, and 21; (q) SEQ ID NOs: 46, 23, 6, and 21; (r) SEQ ID NOs: 47, 23, 6, and 21; (s) SEQ
ID NOs: 48, 23, 6, and 21; (t) SEQ ID NOs: 49, 23, 6, and 21; (u) SEQ ID NOs: 50, 23, 6, and 21,
(v) SEQID NOs: 51, 23, 6, and 21; (w) SEQ ID NOs: 52, 23, 6, and 21; (x) SEQ ID NOs: 53, 23,
6, and 21; (y) SEQ ID NOs: 54, 23, 6, and 21; (z) SEQ ID NOs: 55, 23, 6, and 21; (aa) SEQ ID
NOs: 56, 23, 6, and 21; or (bb) SEQ ID NOs: 57, 23, 6, and 21.

[0089] In a virus particle of the disclosure, preferably, the virus particle comprises an S segment
comprising a 5 untranslated region (UTR) that has at least about 60%, preferably at least about
65%, preferably at least about 70%, preferably at least about 75%, preferably at least about 80%,
preferably at least about 85%, preferably at least about 90%, preferably at least about 91%,
preferably at least about 92%, preferably at least about 93%, preferably at least about 94%,
preferably 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 SEQ ID NO: 24, or a respective

complementary sequence.

[0090] In a virus particle of the disclosure, preferably, the virus particle comprises an L segment
comprising a 5’ untranslated region (UTR) that has at least about 60%, preferably at least about
65%, preferably at least about 70%, preferably has at least about 70%, preferably at least about
75%, preferably at least about 80%, preferably at least about 85%, preferably at least about 90%,
preferably at least about 91%, preferably at least about 92%, preferably at least about 93%,
preferably at least about 94%, preferably 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

SEQ ID NO: 26 or 28, or a respective complementary sequence.
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[0091] In a preferred virus particle of the disclosure, the virus particle comprises an L segment
comprising a 3’ untranslated region (UTR) that has at least about 60%, preferably at least about
65%, preferably at least about 70%, preferably has at least about 70%, preferably at least about
75%, preferably at least about 80%, preferably at least about 85%, preferably at least about 90%,
preferably at least about 91%, preferably at least about 92%, preferably at least about 93%,
preferably at least about 94%, preferably 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 the sequence set forth in

SEQ ID NO: 27 or 29, or a respective complementary sequence.

[0092] In a virus particle of the disclosure, preferably, the virus particle comprises an S segment
comprising a nucleic acid sequence having at least about 80%, preferably at least about 85%,
preferably at least about 90%, preferably at least about 91%, preferably at least about 92%,
preferably at least about 93% preferably at least about 94, preferably 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 to the sequence set forth in SEQ ID NO: 1 or 11.

[0093] In a virus particle of the disclosure, preferably, the virus particle comprises an L segment
comprising a nucleic acid sequence having at least about 80%, preferably at least about 85%,
preferably at least about 90%, preferably at least about 91%, preferably at least about 92%,
preferably at least about 93% preferably at least about 94, preferably 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 the sequence shown in SEQ ID
NOs: 2 or 15.

[0094] In a virus particle of the disclosure, it is preferred that the virus particle comprises an S
segment that is derived from a WE strain (or its derivatives, such as P52) and an L segment derived

from the Clone 13 strain. Such chimeric, virus particles showed attenuated replication as described
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in WO 2022/180203. Still, such virus particles typically retain or even enhance their strong anti-
tumoral effects as compared to strains comprising an L segment derived from a WE strain (or one

of its derivatives, such as P52) — despite their attenuation.

[0095] In a virus particle of the disclosure, preferably, the virus particle comprises an S segment
comprising a nucleic acid sequence having at least about 80%, preferably at least about 85%,
preferably at least about 90%, preferably at least about 91%, preferably at least about 92%,
preferably at least about 93% preferably at least about 94, preferably 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 to the sequence set forth in SEQ ID NO: 1 or 11. It is also preferred,
that said virus particle comprises an L segment comprising a nucleic acid sequence 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%, preferably at least about
99.8%, preferably at least about 99.9% sequence identity, or that is preferably identical to the
sequence shown in SEQ ID NOs: 2 or 15, with the sequence shown in SEQ ID NO: 15 being

preferred.

[0096] Several LCMYV strains are part of the present disclosure. Such LCMYV include the strains
that are shown in Table A. These strains have a S segmend derived from LCMV WE, which
comprises mutations in the GP. The mutations in comparison with the glycoprotein set forth in
SEQ ID NO: 4 are shown in Table A. Further said strains have the L segment of strain Clone 13
as shown in SEQ ID NO: 15. A preferred virus particle of the disclosure is an LCMYV strain as
shown in Table A.

Table A
M Strain Mutations GP
M21 181h2 Ile 181— Met, Arg 185 — Trp, Lys 492— Ile
MI9 181h5 Ile 181— Met, Arg 185 — Trip, Ala211— Thr
M89 181h7 Ile 181— Met, Arg 185 — Trp, Lys 260— Phe, Lys 492— Ile
M90 153h7 Ser 153 — Pro, lle 181— Met, Arg 185 — Trp, Lys 492— Ile
M100 122h5 Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Ile 181— Met, Arg 185 —
Trp
M9%4 122h2 Phe 122 — Leu, Ile 181— Met, Arg 185 — Trp, Lys 492— Ile
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M95 122h3 Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Ile 181— Met, Arg 185 —
Trp, Lys 492— Ile,

M93 181h8 Ile 181— Met, Arg 185 — Trp, Glu 255 —Gly, Lys 492— Ile

M82 153h3 Ser 153 — Pro, Ile 181— Met, Arg 185 — Trp, Arg 358— Lys

M99 153h8 Ser 153 — Pro, Ile 181— Met, Arg 185 — Trp, Lys 256 —Arg, Leu 260 —
Phe, Lys 492— Ile

M838 153h6 Ser 153 — Phe, Arg 185 — Trp, Glu 255 —Gly, Leu 260 — Phe

M87 153h5 Ser 153 — Phe, Glu 255 —Gly, Leu 260 — Phe

M92 156h3 Lys 156 — Glu, Ile 181— Met, Arg 185 — Trp, Lys 492— Ile

M102 153h9 Ser 153 — Pro, Ile 181— Met, Arg 185 — Trp, Lys 256 —Arg, Leu 260 —
Phe

M97 122h4 Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Ile 181— Met, Arg 185 —

Trp, Lys 256 —Arg, Lys 492—Ile
M103 181h9 Ile 181— Met, Arg 185 — Trp, Glu 379 — Asn, Lys 492— Ile

M2 102h1 Ser 102 — Asn

M3 122h1 Phe 122 — Leu
M84 129h1 Phe 129 — Ser
M17 136h1 His 136 — GIn
M27 153h1 Ser 153 — Pro
M59 154h1 Asn 154 — Asp
M5 155h1 His 155 — Leu
M10 217hl1 Thr 217 — Ile
M69 218h1 Thr 218 — Ile
M25 260h1 Leu 260 — Phe
Ml1 328h1 Ala 328 — Ser
M78 332hl Phe 332 — Leu

[0097] A virus particle of the disclosure preferably has an increased capacity to enter a tumor cell,
preferably murine or human tumor cell, more preferably human tumor cell, as compared to a
reference virus particle. The tumor cell is preferably a cell of one of the following tumors: lung
tumor cells, such as H1975 or A549, LLC, TC-1, gastrointestinal tumor cells, such as Gist-T1,
melanoma cells, such as MaMel86a, MaMel51, A375, B16F10, or RPMI-7951, pancreatic tumor
cells, such as 511950, 60590, 511950R, or 60590R, thyroid tumor cells, such as 8305C or C643,
sarcoma cells, such as Gist-T1, breast tumor cells, such as HCC1954, cervical tumor cells, such as
HeL a, liver tumor cells, such as HepG2, colon tumor cells, such as MC38, Sw620, or Sw480,
neuroblastoma cells, such as SK-N-BE(2), and/or prostate tumor cells, such as TrampC2. The
capacity to enter a tumor cell can be determined using the assay as essentially described in
Example 10 B. The assay preferably comprises the following steps: Target cells are preincubated
with virus (multiplicity of infection of 0.1) at 4°C. After the incubation of one hour, the cells are
warmed up to 37°C. At different time points after heating up the cells to 37°C (i.e. Omin, 20min,
60min or 180min) Monensin is added the cultures. Cells are then incubated for further 16 hours.

After the incubation time, virus protein is determined in each cell by staining the cells with an anti-
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LCMV-NP antibody and analysis in the flow cytometer. The capacity to enter a cell is a direct
correlate of the percentage of infected cells in this assay. The reference virus particle is preferably
a reference virus particle that comprises a LCMV GP of strain WE (SEQ ID NO: 4) or P52 (SEQ
ID NO: 13), with a GP of strain WE being preferred. Except for the GP, the reference particle is
preferably identical to the preferred virus particle that has an increased capacity to enter a tumor

cell.

[0098] A virus particle of the disclosure preferably has an increased infectivity for a tumor cell,
preferably murine or human tumor cell, more preferably human tumor cell, as compared to a
reference virus particle. The tumor cell is preferably a cell of one of the following tumors: lung
tumor cells, such as H1975 or A549, LLC, TC-1, gastrointestinal tumor cells, such as Gist-T1,
melanoma cells, such as MaMel86a, MaMel51, A375, B16F10, or RPMI-7951, pancreatic tumor
cells, such as 511950, 60590, 511950R, or 60590R, thyroid tumor cells, such as 8305C or C643,
sarcoma cells, such as Gist-T1, breast tumor cells, such as HCC1954, cervical tumor cells, such as
HeLa, liver tumor cells, such as HepG2, colon tumor cells, such as MC38, Sw620, or Sw480,
neuroblastoma cells, such as SK-N-BE(2), and/or prostate tumor cells, such as TrampC2. The
infectivity for a tumor cell can be determined using the assay as essentially described in Example
10 C. The assay preferably comprises the following steps: Target cells are incubated with virus
(multiplicity of infection of 0.01 to 0.1) at 37°C for 16 hours. After the incubation time, virus
protein is determined in each cell by staining the cells with an anti-LCMV-NP antibody and
analysis in the flow cytometer. In this assay the percentage of infected cells is a direct correlate of
the capacity of the virus to propagate in a certain target cell culture. The reference virus particle is
preferably a reference virus particle that comprises a LCMV GP of strain WE (SEQ ID NO: 4) or
P52 (SEQ ID NO: 13), with a GP of strain WE being preferred. Except for the GP, the reference
particle is preferably identical to the preferred virus particle that has an increased capacity to enter

a tumor cell.

[0099] A virus particle of the disclosure preferably has an increased tropism for a tumor cell. The
tumor cell is preferably of a tumor described herein, preferably murine or human tumor cell, more
preferably human tumor cell, as compared to said reference virus particle. A preferred virus
particle of the disclosure may have increased tropism for a type of tumor selected from the group
consting of a cell of a tumor as disclosed herein, preferably lung tumor cells, such as H1975 or
A549, LLC, TC-1, gastrointestinal tumor cells, such as Gist-T1, melanoma cells, such as
MaMel86a, MaMel51, A375, B16F10, or RPMI-7951, pancreatic tumor cells, such as 511950,
60590, 511950R, or 60590R, thyroid tumor cells, such as 8305C or C643, sarcoma cells, such as
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Gist-T1, breast tumor cells, such as HCC1954, cervical tumor cells, such as HeLa, liver tumor
cells, such as HepG2, colon tumor cells, such as MC38, Sw620, or Sw480, neuroblastoma cells,
such as SK-N-BE(2), and/or prostate tumor cells, such as TrampC2. A preferred virus particle of
the disclosure may have increased tropism for more than one type of tumor, including all types of
tumors selected from the aforementioned group. The reference virus particle is preferably a
reference virus particle that comprises a LCMV GP of strain WE (SEQ ID NO: 4) or P52 (SEQ
ID NO: 13), with a GP of strain WE being preferred. Except for the GP, the reference particle is
preferably identical to the preferred virus particle that has an increased tropism for a human tumor

cell.

[0100] A virus particle of the disclosure is preferably capable of entering a cell in an alpha
dystroglycan-independent manner. A virus particle of the disclosure is thus preferably capable of
entering a cell via a mechanism other than via alpha dystroglycan. A virus particle of the disclosure
is preferably capable of entering a cell that does not or does not essentially express alpha
dystroglycan. Preferably, the virus particle is capable of entering a cell that does not or does not
essentially express alpha dystroglycan about as efficient as a cell that does express alpha
dystroglycan. The capacity of entering a cell in an alpha dystroglycan-independent or dependent

manner can be measured as essentially described in Example 6.

[0101] A virus particle of the disclosure may be an arenavirus particle other than an LCMYV particle
that is pseudotyped with an LCMV GP. “Pseudoyting” or “pseudotyped” or the like refers to virus,
viral vectors, or virus particles that are combines with foreign envelope proteins, such as a non-
LCMYV viral particle combined with an LCMV GP. In this context, the foreign viral envelope
protein can be used to alter host tropism or increase or decrease the stability of the virus particles.
The virus particle may be a vesicular stomatitis virus (VSV) particle that is pseudotyped with an
LCMYV GP. The virus particle may be a Pichinde virus particle that is pseudotyped with an LCMV
GP. The virus particle may be a particle of a virus other than an arenavirus that is preferably
pseudotyped with an LCMV GP as defined herein. The virus particle may be a particle of a viral
vaccination vector, that is preferably pseudotyped with an LCMV GP as defined herein.

[0102] A virus particle of the disclosure preferably does not comprise a heterologous ORF. A
“heterologous ORF” in this context refers to an ORF from an organism other than an LCMV and/or

a ORF encoding an artificial or synthetic protein.
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[0103] A virus particle of the disclosure may be a virus particle comprising a glycoprotein (GP)

of an arenavirus and/or a nucleic acid encoding said GP, wherein the glycoprotein comprises at

least one of the following amino acid residues:

(2)

(b)

(©

(d)

(e

®

at the position corresponding to Ser 102 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Asn residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises a Ser residue at said position;

at the position corresponding to Phe 122 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Leu residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to Phe 129 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Ser residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to His 136 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Gln residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises a His residue at said position;

at the position corresponding to Asn 152 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Tyr residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to Ser 153 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Pro, Phe, or
Tyr residue, which is preferably not the wild-type residue of said GP at said position,

33



WO 2025/046106 PCT/EP2024/074351

€3]

(h)

0)

(k)

M

wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Ser residue at said position;

at the position corresponding to Asn 154 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Asp residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to His 155 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Leu or Tyr
residue, which is preferably not the wild-type residue of said GP at said position,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to Lys 156 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Glu residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises a Lys residue at said position;

at the position corresponding to Ala 211 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Thr residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises an Ala residue at said position;

at the position corresponding to Thr 217 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Ile residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to Thr 218 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Ile residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to
a reference virus particle that comprises a Phe residue at said position;
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(m)

(n)

(0)

(p)

(@

(1)

(s)

at the position corresponding to Lys 256 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Arg residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises a Lys residue at said position;

at the position corresponding to Leu 260 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Phe or Ile
residue, which is preferably not the wild-type residue of said GP at said position,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Leu residue at said position;

at the position corresponding to Tyr 284 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a His residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises a Tyr residue at said position;

at the position corresponding to Ala 328 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Ser residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises a Ala residue at said position;

at the position corresponding to Phe 332 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Leu residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to Val 342 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Ala residue,
which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises a Val residue at said position;

at the position corresponding to Arg 358 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Lys residue,
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which is preferably not the wild-type residue of said GP at said position, wherein the
virus particle preferably has an increased capacity to enter a tumor cell as compared to

a reference virus particle that comprises a Arg residue at said position; and

(t)  at the position corresponding to Lys 492 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 an Ile residue, which is preferably not the wild-type residue
of said GP at said position, wherein the virus particle preferably has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises

a Lys residue at said position.

Said virus particle is preferably a particle of an arenavirus, preferably an arenavirus other than
LCMYV, such as Lunk virus (LUNV). Preferably, said virus particle is an arenavirus particle and
said GP is a GP of said arenavirus. Preferably, said at least one amino acid residue is at least one
substitution of a native amino acid residue of the GP of said arenavirus. Said GP is preferably a

GP other than an LCMV GP.

[0104] The present invention also relates to an LCMV GP as described herein. The glycoprotein
preferably comprises in comparison with the wild type LCMYV strain WE glycoprotein set forth in
SEQ ID NO: 4 or 13, with SEQ ID NO: 4 being preferred at least one mutated amino acid residue
as defined herein in the context of a virus particle. The LCMV GP can be an isolated GP. The

LCMYV GP can also be comprised in a larger structure, such as being comprised in a virus particle.

[0105] A glycoprotein of the disclosure is preferably a mutated LCMYV strain WE glycoprotein
which comprises in comparison with the wild type LCMYV strain WE glycoprotein set forth in SEQ
ID NO: 4 or in comparison with the LCMV strain P52 glycoprotein set forth in SEQ ID NO: 13,
with SEQ ID NO: 4 being preferred, at least one mutated amino acid residue at one or more
positions comprised in (a) Strand f1 N terminal defined by positions 59-89, wherein the at least
one mutated amino acid residue is preferably at one or more positions selected from the group
consisting of 59-78 and 81-87; (b) Strands B3, P4, and/or B5 as defined by positions 90-113,
wherein the at least one mutated amino acid residue is preferably at one or more positions selected
from the group consisting of 90-93, 98-103, and 106-113; (c) Helix o 1 and/or a 2 as defined by
positions 114-147, wherein the at least one mutated amino acid residue is preferably at one or more
positions selected from the group consisting of 126-130 and 136-147; (d) Loop 1 as defined by
positions 148-157, wherein the at least one mutated amino acid residue is preferably at one or more
positions selected from the group consisting of 148-157; (e) Helix a3 as defined by positions 187-
199; (f) Loop 3 as defined by positions 200-226; (g) the a4, a5 domain as defined by positions
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245-265, wherein the at least one mutated amino acid residue is preferably at one or more positions
selected from the group consisting of 245-251 and 253-258,; (h) the N-Helix as defined by positions
313-373, wherein the at least one mutated amino acid residue is preferably at one or more positions
selected from the group consisting of 313-349 and 353-365; (i) the H1,H2 domain as defined by
positions 1-58; and/or (j) the TM cytoplasmic domain as defined by positions 439-498.

[0106] A glycoprotein of the disclosure is preferably a mutated LCMV strain WE glycoprotein
which comprises in comparison with the wild type LCMYV strain WE glycoprotein set forth in SEQ
ID NO: 4 or in comparison with the LCMV strain P52 glycoprotein set forth in SEQ ID NO: 13,
with SEQ ID NO: 4 being preferred, at least one mutated amino acid residue at one or more
positions selected from the group consisting of 18, 28, 36, 39, 48, 51, 60, 61, 62, 63, 66, 71, 74,
88, 94,102, 103, 105, 106, 112, 119, 120, 121, 122, 128, 129, 132, 133, 136, 141, 144, 149, 151,
152, 153, 154, 155, 156, 163, 188, 198, 203, 207, 211, 217, 218, 222, 236, 252, 255, 256, 260,
280, 284, 308, 327, 328, 332, 335, 339, 342, 343, 344, 357, 358, 369, 374, 382, 388, 406, 426,
451, 456, 471, 477, 491, and 492.

[0107] A glycoprotein of the disclosure preferably comprises in comparison with the wild type
LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMV strain P52 glycoprotein
set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred, at least one mutated amino acid
residue at one or more positions selected from the group consisting of comprised in (a) Strand 1
N terminal defined by positions 59-89, wherein the at least one mutated amino acid residue is
preferably at one or more positions selected from the group consisting of 59-78 and 81-87; (b)
Strands B3, B4, and/or B5 as defined by positions 90-113, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group consisting of 90-93, 98-
103, and 106-113; (c) Helix a 1 and/or o 2 as defined by positions 114-147, wherein the at least
one mutated amino acid residue is preferably at one or more positions selected from the group
consisting of 126-130 and 136-147; (d) Loop 1 as defined by positions 148-157, wherein the at
least one mutated amino acid residue is preferably at one or more positions selected from the group
consisting of 148-157; (e) Helix o3 as defined by positions 187-199; (f) Loop 3 as defined by
positions 200-226; (g) the a4, a5 domain as defined by positions 245-265, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from the group
consisting of 245-251 and 253-258; and/or (h) the N-Helix as defined by positions 313-373,
wherein the at least one mutated amino acid residue is preferably at one or more positions selected

from the group consisting of 313-349 and 353-365.
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[0108] A glycoprotein of the disclosure preferably comprises in comparison with the wild type
LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMV strain P52 glycoprotein
set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred, at least one mutated amino acid
residue at one or more positions comprised in (a) Helix o 1 and/or o 2 as defined by positions
114-147, wherein the at least one mutated amino acid residue is preferably at one or more positions

selected from the group consisting of 126-130 and 136-147;

[0109] A glycoprotein of the disclosure preferably comprises in comparison with the wild type
LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMYV strain P52 glycoprotein
set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred, at least one mutated amino acid
residue at one or more positions comprised in (b) the N-Helix as defined by positions 313-373,
wherein the at least one mutated amino acid residue is preferably at one or more positions selected
from the group consisting of 313-349 and 353-365;

[0110] A glycoprotein of the disclosure preferably comprises in comparison with the wild type
LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMYV strain P52 glycoprotein
set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred, at least one mutated amino acid
residue at one or more positions comprised in (¢) Strand f1 N terminal as defined by positions
59-89, wherein the at least one mutated amino acid residue is preferably at one or more positions
selected from the group consisting of 59-78 and 81-87,

[0111] A glycoprotein of the disclosure preferably comprises in comparison with the wild type
LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMV strain P52 glycoprotein
set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred, at least one mutated amino acid
residue at one or more positions comprised in (d) Loop 1 as defined by positions 148-157, wherein
the at least one mutated amino acid residue is preferably at one or more positions selected from
the group consisting of 148-157,;

[0112] A glycoprotein of the disclosure preferably comprises in comparison with the wild type
LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMV strain P52 glycoprotein
set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred, at least one mutated amino acid
residue in at one or more positions comprised (e) Strands 3, B4, and/or 5 as defined by positions
90-113, wherein the at least one mutated amino acid residue is preferably at one or more positions
selected from the group consisting of 90-93, 98-103, and 106-113;

[0113] A glycoprotein of the disclosure preferably comprises in comparison with the wild type

LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMV strain P52 glycoprotein
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set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred, at least one mutated amino acid
residue in at one or more positions comprised (f) Loop 3 as defined by positions 200-226;
[0114] A glycoprotein of the disclosure preferably comprises in comparison with the wild type
LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMV strain P52 glycoprotein
set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred, at least one mutated amino acid
residue in at one or more positions comprised (g) the H1,H2 domain as defined by positions f 1-
58;
[0115] A glycoprotein of the disclosure preferably comprises in comparison with the wild type
LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMV strain P52 glycoprotein
set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred, at least one mutated amino acid
residue in at one or more positions comprised (h) the TM cytoplasmic domain as defined by
positions 439-498; and/or

[0116] A glycoprotein of the disclosure preferably comprises in comparison with the wild type
LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMYV strain P52 glycoprotein
set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred, at least one mutated amino acid
residue in at one or more positions comprised (i) the a4, a5 domain as defined by positions 245-
265, wherein the at least one mutated amino acid residue is preferably at one or more positions

selected from the group consisting of 245-251 and 253-258.

[0117] A glycoprotein of the disclosure preferably comprises in comparison with the wild type
LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMV strain P52 glycoprotein
set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred, at least one mutated amino acid
residue in any one of the regions (a), (b), (c), (d), (e), (), (g), (h), and/or (i) as defined supra as

well as any combinations thereof.

[0118] A glycoprotein of the disclosure preferably has at least about 80%, preferably at least about
85%, preferably at least about 90%, preferably at least about 91%, preferably at least about 92%,
preferably at least about 93% preferably at least about 94, preferably 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 glycoprotein sequence set
forth in SEQ ID NO: 4 or 13, with SEQ ID NO: 4 being preferred.

[0119] In a glycoprotein of the disclosure, preferably, the one or more positions that comprise at

least one mutated amino acid residue are selected from the group consisting of positions 102, 122,
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129, 132, 136, 152, 153, 154, 155, 156, 211, 217, 218, 256, 260, 284, 328, 332, 342, 358, and 492.
The at least one mutated amino acid residue is preferably in comparison with the linear polypeptide
sequence of the wild type LCMYV strain WE GP set forth in SEQ ID NO: 4 or the LCMYV strain
P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred.

[0120] In a glycoprotein of the disclosure, preferably, the at least one mutated amino acid residue
is selected from the group consisting of Ser 102 — Asn, Phe 122 — Leu, Phe 129 — Ser, Lys 132
— Arg, His 136 — Gln, Asn 152 — Tyr, Ser 153 — Pro, Phe or Tyr, Asn 154 — Asp, His 155 —
Leu or Tyr, Lys 156 — Glu, Ala 211— Thr, Thr 217 — Ile, Thr 218 — Ile, Lys 256 —Arg, Leu
260 — Phe or lle, Tyr 284 — His, Ala 328 — Ser, Phe 332 — Leu, Val 342 — Ala, Arg 358—
Lys, and Lys 492— Ile, including combinations thereof. The at least one mutated amino acid
residue is preferably in comparison with the linear polypeptide sequence of the wild type LCMV
strain WE GP set forth in SEQ ID NO: 4 or the LCMYV strain P52 glycoprotein set forth in SEQ
ID NO: 13, with SEQ ID NO: 4 being preferred.

[0121] In a glycoprotein of the disclosure, preferably, the GP comprises the following set of
mutated amino acid residues in comparison with the linear polypeptide sequence of the wild type
LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMV strain P52 glycoprotein
set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred:

(a) Lys492— Ile;

(b) Ala2l11— Thr;

(¢) Lys260— Phe and Lys 492— Ile;

(d) Ser 153 — Pro and Lys 492— Ile;

(e) Phe 122 — Leu, His 136 — Gln, and Ser 153 — Pro;

(f) Phe 122 — Leu and Lys 492— Ile;

(g) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, and Lys 492— Ile;

(h) Glu 255 —Gly and Lys 492— Ile;

(i)  Ser 153 — Pro and Arg 358— Lys;

(j))  Ser 153 — Pro, Lys 256 —Arg, Leu 260 — Phe and Lys 492— Ile;

(k) Ser 153 — Phe, Glu 255 —Gly and Leu 260 — Phe;

() Ser 153 — Phe, Glu 255 —Gly, and Leu 260 — Phe;

(m) Lys 156 — Glu and Lys 492— lle;

(n) Ser 153 — Pro, Lys 256 —Arg, and Leu 260 — Phe;

(o) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Lys 256 —Arg and Lys 492— Ile;

or

40



WO 2025/046106 PCT/EP2024/074351

(p) Glu379 — Asn and Lys 492— Ile.

[0122] In a glycoprotein of the disclosure, preferably, the at least one mutated amino acid residue
is selected from the group consisting of Ser 102 — Asn, Phe 122 — Leu, His 136 — Gln, Ser 153
— Pro or Phe, Lys 156 — Glu, Ala211 — Thr, Lys 256 — Arg, Leu 260 — Phe, Tyr 284 — His,
Ala 328 — Ser, Phe 332 — Leu, Val 342 — Ala, Arg 358 — Lys, and Lys 492 —Ile, including
combinations thereof. The at least one mutated amino acid residue is preferably in comparison
with the linear polypeptide sequence of the wild type LCMV strain WE GP set forth in SEQ ID
NO: 4 or the LCMV strain P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4
being preferred.

[0123] A glycoprotein of the disclosure may be equipped with additional modifications. Such
modifications may comprise mutations at positions 181 and/or 185 of the GP, in particular Arg
185 — Trp and/or Ile 181 — Met. A virus particle comprising such a GP may have, compared to
a strain having the WE wild tpe amino acids at positions 181 and 185 (Ile 181 and Arg 185), a
stronger antitumoral activity, such as a stronger early LCMYV directed T cell response. A preferred
glycoprotein may comprise at least one mutated amino acid residue at position 181 and/or 185 in
comparison with the glycoprotein sequence set forth in SEQ ID NO: 4. It is however preferred that
the glycoprotein comprises a mutation at both positions in comparison with SEQ ID NO: 4.
Preferred mutations at these positions are selected from Arg 185 — Trp and Ile 181 — Met or Val,
more preferably selected from Arg 185 — Trp and Ile 181 — Met. Such mutations may be
combined with other mutations disclosed herein, such as mutations that improve entry into a tumor

cell.

[0124] In a glycoprotein of the disclosure, preferably, the GP comprises the following set of
mutated amino acid residues in comparison with the linear polypeptide sequence of the wild type

LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4

(a) Ile 181 — Met, Arg 185 — Trp, and Lys 492— Ile;

(b) TIle 181 — Met, Arg 185 — Trp, and Ala 211— Thr;

(c) Ile 181 — Met, Arg 185 — Trp, Lys 260— Phe, and Lys 492— Ile;

(d) Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, and Lys 492— Ile;

(e) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Ile 181 — Met, and Arg 185 — Trp;
(f) Phe 122 — Leu, Ile 181 — Met, Arg 185 — Trp, and Lys 492— lle;

(g) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, and

Lys 492— Ile;
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(h) Ile 181 — Met, Arg 185 — Trp, Glu 255 —Gly, and Lys 492— Ile;

(i)  Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, and Arg 358— Lys;

()  Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, Lys 256 —Arg, Leu 260 — Phe, and
Lys 492— Ile;

(k) Ser 153 — Phe, Arg 185 — Trp, Glu 255 —Gly, and Leu 260 — Phe;

() Ser 153 — Phe, Glu 255 —Gly, and Leu 260 — Phe;

(m) Lys 156 — Glu, Ile 181 — Met, Arg 185 — Trp, and Lys 492— Ile;

(n) Ser 153 — Pro, lle 181 — Met, Arg 185 — Trp, Lys 256 —Arg, and Leu 260 — Phe;

(o) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, Lys
256 —Arg, and Lys 492— lle; or

(p) Ile 181 — Met, Arg 185 — Trp, Glu 379 — Asn, and Lys 492— Ile.

[0125] In a glycoprotein of the disclosure, preferably, the glycoprotein comprises in comparison
with the wild type LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4 or the LCMV strain
P52 glycoprotein set forth in SEQ ID NO: 13, with SEQ ID NO: 4 being preferred, a limited
number of mutated amino acid residues. Said glycoprotein preferably comprises 1, 2, 3, 4,5, 6, 7,
8, 9, or 10 mutated amino acid residues, preferably mutated amino acid residues as defined herein.
More preferably, said glycoprotein preferably comprises not more than 1, 2,3,4,5,6,7,8,9, or

10 mutated amino acid residues, preferably mutated amino acid residues as defined herein.

[0126] A glycoprotein of the disclosure preferably has at least about 80%, preferably at least about
85%, preferably at least about 90%, preferably at least about 91%, preferably at least about 92%,
preferably at least about 93% preferably at least about 94, preferably 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: 30-57.

[0127] The present invention also relates to a nucleic acid molecule encoding a GP, preferably a
LCMYV GP, disclosed herein. Since the degeneracy of the genetic code permits substitutions of
certain codons by other codons specifying the same amino acid, the disclosure is not limited to a
specific nucleic acid molecule encoding a GP described herein, but rather encompasses all nucleic

acid molecules that include nucleotide sequences encoding said GP.
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[0128] The nucleic acid molecule may be DNA or RNA (e.g., mRNA, viral RNA). A nucleic acid
molecule may be in the form of a molecule which is single-stranded or double-stranded. A nucleic

acid molecule may be linear or covalently closed to form a circle.

[0129] A nucleic acid molecule, such as DNA, is referred to as “capable of expressing a nucleic
acid molecule” or “able to allow expression of a nucleotide sequence” if it includes sequence
elements that contain information regarding to transcriptional and/or translational regulation, and
such sequences are “operably linked” to the nucleotide sequence encoding the protein. An operable
linkage is a linkage in which the regulatory sequence elements and the sequence to be expressed
are connected in a way that enables gene expression. The precise nature of the regulatory regions
necessary for gene expression may vary among species, but in general these regions include a
promoter, which, in prokaryotes, contains both the promoter per se, i.e., DNA elements directing
the initiation of transcription, as well as DNA elements which, when transcribed into RNA, will
signal the initiation of translation. Such promoter regions normally include 5’ non-coding
sequences involved in initiation of transcription and translation, such as the -35/-10 boxes and the
Shine-Dalgarno element in prokaryotes or the TATA box, CAAT sequences, and 5’-capping
elements in eukaryotes. These regions can also include enhancer or repressor elements as well as
translated signal and leader sequences for targeting the native protein to a specific compartment

of a host cell.

[0130] In addition, 3’ non-coding sequences may contain regulatory elements involved in
transcriptional termination, polyadenylation or the like. If, however, these termination sequences
are not satisfactorily functional in a particular host cell, then they may be substituted with signals

functional in that cell.

[0131] Therefore, a nucleic acid molecule of the disclosure may be “operably linked” to one or
more regulatory sequences, such as a promoter sequence, to allow expression of this nucleic acid
molecule. In some embodiments, a nucleic acid molecule of the disclosure includes a promoter

sequence and a transcriptional termination sequence.

[0132] A nucleic acid of the disclosure preferably comprises a nucleic acid sequence that has at
least about 80%, preferably at least about 85%, preferably at least about 90%, preferably at least
about 91%, preferably at least about 92%, preferably at least about 93% preferably at least about
94, preferably 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%,
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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: 58-85, or a

respective complementary sequence.

[0133] Provided nucleic acid molecules can also be part of a vector or any other kind of cloning
vehicle, such as a plasmid, a phagemid, a phage, a baculovirus, a cosmid or an artificial
chromosome. A provided nucleic acid molecule can be comprised in an expression vector. Cloning
vehicles can include, aside from the regulatory sequences described above and a nucleotide
sequence encoding a glycoprotein as described herein, replication and control sequences derived
from a species compatible with the host cell that is used for expression as well as selection markers
conferring a selectable phenotype on transformed or transfected cells. Large numbers of suitable

cloning vectors are known in the art and are commercially available.

[0134] The present invention also relates to a host cell comprising a nucleic acid molecule
discloses herein, and/or nucleic acid molecules comprising nucleic acid sequences encoding
proteins of the virus particle described herein. A host cell of the disclosure may comprise a cDNA
of the genome of the virus particle. The cDNA of the genome may be comprised in one or more
nucleic acid molecules. A host cell of the disclosure is preferably an isolated host cell. A host cell
of the disclosure is preferably not part of a human or animal body. A host cell of the disclosure is
preferably not part of an entire plant. A host cell of the disclosure is preferably a non-human host

cell.

[0135] The present invention also relates to a host cell comprising cDNA of an ORF encoding a
glycoprotein as described herein, an ORF encoding an L protein as described for the virus particle
of the disclosure, an ORF encoding a nucleoprotein as described for the virus particle of the

disclosure, and an ORF encoding a Z protein as described for the virus particle of the disclosure.

[0136] The present invention also relates to a host cell comprising cDNA of an LCMV S segment

and an LCMV L segment as described for the virus particle of the disclosure.

[0137] Techniques for the production of a cDNA are routine and conventional techniques of
molecular biology and DNA manipulation and production. Any cloning technique known to the
skilled artesian can be used. Such as techniques are well known and are available to the skilled
artesian in laboratory manuals such as, Sambrook and Russell, Molecular Cloning: A laboratory

Manual, 3rd edition, Cold Spring Harbor Laboratory N.Y. (2001).

[0138] A cDNA described herein can be incorporated into a plasmid. The cDNA described herein
can be part of or can be incorporated into a DNA expression vector and optionally introduced into
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a host cell. A ¢cDNA described herein or plasmid or vector comprising the cDNA preferably
comprises a promoter. Specific examples of promoters include an RNA polymerase I promoter,
an RNA polymerase II promoter, an RNA polymerase III promoter, a T7 promoter, an SP6

promoter or a T3 promoter.

[0139] A host cell can be any host cell suitable for cloning, expression, propagation, or production
of the virus particle. A host cell can be prokaryotic, such as Escherichia coli (E. coli) or Bacillus
subtilis, or eukaryotic, such as Saccharomyces cerevisiae, Pichia pastoris, SF9 or High5 insect
cells, immortalized mammalian cell lines (e.g., HEK cells, BHK cells, HeLa cells or CHO cells)
or primary mammalian cells. Preferred host cells include HEK cells, in particular HEK293 cells,
such as HEK293T (CVCL_0063) or FreeStyle 293-F (CVCL_D603). FreeStyle 293-F cells are
commercially available, e.g., from Thermo Fisher Scientific Inc. (Catalogue number 12338026).
Preferred host cells also include BHK cells, such as BHK-21 cells (CVCL_1914). Preferred host
cells also include WHO Vero RCB 10-87 cells (ATCC CCL 81).

[0140] The present invention also relates to a method of producing a virus particle of the
disclosure. The method comprises cultivating a host cell of the disclosure under conditions suitable

for virus particle formation.

[0141] The method of producing the virus particle can further comprise introducing into a host
cell the cDNA described herein. The method of producing the virus particle can also comprise
recovery and/or purification of the virus particle. Such recovery and/or purification methods are

well-known to those skilled in the art.

[0142] The present invention also relates to a pharmaceutical composition comprising a virus
particle, such as an arenavirus particle, disclosed herein. The virus particle preferably comprises a
lymphocytic choriomeningitis virus (LCMYV) glycoprotein (GP) and/or a nucleic acid encoding
said glycoprotein as described herein for the virus particle. The present invention also relates to a
pharmaceutical composition comprising a glycoprotein disclosed herein, a nucleic acid molecule
disclosed herein, and/or a host cell disclosed herein. The pharmaceutical composition may further
comprise a pharmaceutically acceptable excipient or carrier. A carrier may be e.g., 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.

[0143] The present invention also relates to a virus particle, such as an arenavirus particle,
disclosed herein, a glycoprotein disclosed herein, a nucleic acid molecule disclosed herein, and/or

a host cell disclosed herein for use in therapy. The virus particle preferably comprises a
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lymphocytic choriomeningitis virus (LCMYV) glycoprotein (GP) and/or a nucleic acid encoding
said glycoprotein as described herein for the virus particle. The virus particle disclosed herein may

be for use in the treatment of a cancer or tumor.

[0144] The present invention also relates to a use of a virus particle, such as an arenavirus particle,
disclosed herein, a glycoprotein disclosed herein, a nucleic acid molecule disclosed herein, and/or
a host cell disclosed herein for the manufacture of a medicament. The virus particle preferably
comprises a lymphocytic choriomeningitis virus (LCMYV) glycoprotein (GP) and/or a nucleic acid
encoding said glycoprotein as described herein for the virus particle. The medicament is preferably

for the treatment of a cancer or tumor.

[0145] The present invention also relates to a method of treating a disease comprising
administering to a subject a virus particle, such as an arenavirus particle, disclosed herein, a
glycoprotein disclosed herein, a nucleic acid molecule disclosed herein, and/or a host cell disclosed
herein. The subject is preferably in need thereof The virus particle, glycoprotein, nucleic acid
molecule, and/or host cell is preferably administered in an effective amount. The virus particle
preferably comprises a lymphocytic choriomeningitis virus (LCMV) glycoprotein (GP) and/or a
nucleic acid encoding said glycoprotein as described herein for the virus particle. The disease is

preferably a cancer or tumor.

[0146] A "subject" is a vertebrate, preferably a mammal, more preferably a human. The term
"mammal" is used herein to refer to any animal classified as a mammal, including, without
limitation, humans, domestic and farm animals, and zoo, sports, or pet animals, such as mice,
sheep, dogs, horses, cats, cows, rats, pigs, apes such as cynomolgus monkeys and etc., to name
only a few illustrative examples. Preferably, the mammal herein is human. The cancer or tumor

may be a human or murine cancer or tumor, with a human cancer or tumor being preferred.

[0147] An "effective amount" is an amount sufficient to effect beneficial or desired results. An

effective amount can be administered in one or more administrations.

[0148] A “cancer” or “tumor” may be any cancer or tumor disclosed herein. Generally, the cancer
or tumor can be selected from the group consisting of carcinoma, melanoma, blastoma, lymphoma

and sarcoma.

[0149] The term "carcinoma" in the context of the present disclosure should be understood to mean
a malignant neoplasia of epithelial origin. A 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
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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.

[0150] The term "sarcoma" in the context of the present disclosure should be understood to mean
a malignant neoplasia of mesodermal origin. A 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] The term "melanoma" in the context of the present disclosure should be understood to mean

a malignant neoplasia of melanocytic origin.

[0152] The term "lymphoma" in the context of the present disclosure should be understood to

mean a malignant neoplasia of lymphocytic origin.

[0153] The term "blastoma” in the context of the present disclosure should be understood to mean

a malignant neoplasia of embryonic origin.

[0154] The cancer or tumor to be treated may be a cold tumor. Preferred cold tumors include breast

cancer, ovarian cancer, prostate cancer, pancreatic cancer, and glioblastoma.

[0155] The cancer or tumor to be treated may be a hot tumor. Preferred hot tumors include

melanoma, bladder cancer, kidney cancer, head and neck cancer, and non-small cell lung cancer.

[0156] Preferred cancers or tumors to be treated include melanoma, colon carcinoma,
fibrosarcoma, pancreas cancer, thyroid carcinoma, lung cancer, adenocarcinoma, and

gastrointestinal cancer.

[0157] Generally, the virus particle, glycoprotein, nucleic acid molecule, and/or host cell disclosed
herein can be administered via any suitable route that is known to the skilled person.
Administration generally includes enteral and parenteral administration. Parenteral administration
can include local administration, such as intramuscular, intraperitoneal, subcutaneous, or
intratumoral administration. Alternatively, parenteral administration can include systemic

administration, in particular intravenous administration, such as via injection or infusion.

[0158] The present invention also relates to a method of producing a virus particle having an

increased capacity to enter a tumor cell, comprising
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a. Providing a nucleic acid encoding a mutated LCMYV strain WE glycoprotein described
herein.
b. Expressing the mutated LCMV strain WE glycoprotein and further viral proteins to
produce a virus particle comprising said mutated LCMV strain WE glycoprotein; and
c. Optionally assessing the capacity of a virus particle comprising said mutated LCMV
strain WE glycoprotein to enter and/or infect a tumor cell.
[0159] The nucleic acid preferably encodes a mutated LCMV strain WE glycoprotein which
comprises in comparison with the wild type LCMV strain WE glycoprotein set forth in SEQ ID
NO: 4 or 13, with SEQ ID NO: 4 being preferred at least one mutated amino acid residue at one
or more positions selected from the group consisting of comprised in (a) Strand p1 N terminal
defined by positions 59-89, wherein the at least one mutated amino acid residue is preferably at
one or more positions selected from the group consisting of 59-78 and 81-87; (b) Strands (33, p4,
and/or BS as defined by positions 90-113, wherein the at least one mutated amino acid residue is
preferably at one or more positions selected from the group consisting of 90-93, 98-103, and 106-
113; (c¢) Helix o 1 and/or a 2 as defined by positions 114-147, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group consisting of
126-130 and 136-147; (d) Loop 1 as defined by positions 148-157, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group consisting of
148-157, (e) Helix a3 as defined by positions 187-199; (f) Loop 3 as defined by positions 200-
226; (g) the 04, a5 domain as defined by positions 245-265, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group consisting of 245-251
and 253-258; (h) the N-Helix as defined by positions 313-373, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group consisting of
313-349 and 353-365; (i) the H1,H2 domain as defined by positions 1-58; and/or (j) the TM
cytoplasmic domain as defined by positions 439-498; or at least one mutated amino acid residue
at one or more positions selected from the group consisting of 18, 28, 36, 39, 48, 51, 60, 61, 62,
63, 66, 71, 74, 88, 94, 102, 103, 105, 106, 112, 119, 120, 121, 122, 128, 129, 132, 133, 136, 141,
144, 149, 151, 152, 153, 154, 155, 156, 163, 188, 198, 203, 207, 211, 217, 218, 222, 236, 252,
255, 256, 260, 280, 284, 308, 327, 328, 332, 335, 339, 342, 343, 344, 357, 358, 369, 374, 382,
388, 406, 426, 451, 456, 471, 477, 491, and 492. The mutated LCMYV strain WE glycoprotein may
be any mutated LCMYV strain WE glycoprotein disclosed herein.

[0160] In step b, the mutated LCMYV strain WE glycoprotein is preferably expressed with further

viral proteins that are required for the production of a virus particle. Such further viral proteins
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may include a NP disclosed herein, a LP disclosed herein, and/or a ZP disclosed herein, preferably

a NP, an LP, and/or ZP disclosed in the context of the virus particle of the invention.

[0161] Assessing the capacity of a virus particle comprising said mutated LCMV strain WE
glycoprotein to enter and/or infect a tumor cell can e.g. be carried out by means of a signal
transduction assay, e.g. an assay which measures the activation of NF-kB and/or IRF3/7 in a tumor
cell after infection with the virus particle. Assessing the capacity of a virus particle comprising
said mutated LCMV strain WE glycoprotein to enter and/or infect a tumor cell preferably
comprising comparing the virus particle comprising said mutated LCMV strain WE glycoprotein
to a reference virus particle or a reference value. The reference virus particle preferably comprises
the wild type glycoprotein set forth in SEQ ID NO: 4 or 13, with SEQ ID NO: 4 being preferred.
Preferably, the reference virus particle only differs in the sequence of the glycoprotein. A reference
value is preferably a reference value that is derived from a reference virus particle. A reference
value is preferably at least as high or higher than the value that is or would be obtained for a virus
particle that comprises the wild type glycoprotein set forth in SEQ ID NO: 4 or 13, with SEQ ID
NO: 4 being preferred. Preferably, the reference virus particle only differs in the sequence of the

glycoprotein. The tumor cell is preferably a tumor cell line, such as a lung carcinoma cell line.

[0162] The method may also comprise isolating the virus particle, preferably if the virus particle
has a capacity of entering a tumor cell that is higher than the capacity of the reference virus particle
and/or the reference value. The method may also comprise providing the virus particle, preferably
if the virus particle has a capacity of entering a tumor cell that is higher than the capacity of the
reference virus particle and/or the reference value. The method may also comprise selecting the
virus particle, preferably if the virus particle has a capacity of entering a tumor cell that is higher

than the capacity of the reference virus particle and/or the reference value.

[0163] The present invention also relates to a method of producing a virus particle having an

increased tropism for a tumor cell, comprising:

a. Providing a nucleic acid encoding a mutated LCMYV strain WE glycoprotein described
herein.

b. Expressing the mutated LCMV strain WE glycoprotein and further viral proteins to
produce a virus particle comprising said mutated LCMV strain WE glycoprotein; and

c. Optionally assessing the capacity of a virus particle comprising said mutated LCMV

strain WE glycoprotein to enter and/or infect a tumor cell.
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[0164] Preferably, the virus particle has an increased tropism for one of the following tumor and/or
tumor cells: lung tumor (cells), such as H1975 or A549, LLC, TC-1, gastrointestinal tumor (cells),
such as Gist-T1, melanoma (cells), such as MaMel86a, MaMel51, A375, B16F10, or RPMI-7951,
pancreatic tumor (cells), such as 511950, 60590, 511950R, or 60590R, thyroid tumor (cells), such
as 8305C or C643, sarcoma (cells), such as Gist-T1, breast tumor (cells), such as HCC1954,
cervical tumor (cells), such as HeLa, liver tumor (cells), such as HepG2, colon tumor (cells), such
as MC38, Sw620, or Sw480, neuroblastoma (cells), such as SK-N-BE(2), and/or prostate tumor
(cells), such as TrampC2.

[0165] The nucleic acid preferably encodes a mutated LCMV strain WE glycoprotein which
comprises in comparison with the wild type LCMV strain WE glycoprotein set forth in SEQ ID
NO: 4 or 13, with SEQ ID NO: 4 being preferred at least one mutated amino acid residue at one
or more positions comprised in (a) Strand 1 N terminal defined by positions 59-89, wherein the
at least one mutated amino acid residue is preferably at one or more positions selected from the
group consisting of 59-78 and 81-87; (b) Strands 33, B4, and/or 35 as defined by positions 90-113,
wherein the at least one mutated amino acid residue is preferably at one or more positions selected
from the group consisting of 90-93, 98-103, and 106-113; (c) Helix o 1 and/or a 2 as defined by
positions 114-147, wherein the at least one mutated amino acid residue is preferably at one or more
positions selected from the group consisting of 126-130 and 136-147; (d) Loop 1 as defined by
positions 148-157, wherein the at least one mutated amino acid residue is preferably at one or more
positions selected from the group consisting of 148-157; (e) Helix a3 as defined by positions 187-
199; (f) Loop 3 as defined by positions 200-226; (g) the a4, a5 domain as defined by positions
245-265, wherein the at least one mutated amino acid residue is preferably at one or more positions
selected from the group consisting of 245-251 and 253-258; (h) the N-Helix as defined by positions
313-373, wherein the at least one mutated amino acid residue is preferably at one or more positions
selected from the group consisting of 313-349 and 353-365; (i) the H1,H2 domain as defined by
positions 1-58; and/or (j) the TM cytoplasmic domain as defined by positions 439-498; or at least
one mutated amino acid residue at one or more positions selected from the group consisting of 18,
28,36, 39, 48, 51, 60, 61, 62, 63, 66, 71, 74, 88, 94, 102, 103, 105, 106, 112, 119, 120, 121, 122,
128, 129, 132, 133, 136, 141, 144, 149, 151, 152, 153, 154, 155, 156, 163, 188, 198, 203, 207,
211, 217, 218, 222, 236, 252, 255, 256, 260, 280, 284, 308, 327, 328, 332, 335, 339, 342, 343,
344,357,358, 369, 374, 382, 388, 406, 426, 451, 456, 471, 477, 491, and 492. The mutated LCMV
strain WE glycoprotein may be any mutated LCMYV strain WE glycoprotein disclosed herein.
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[0166] In step b, the mutated LCMYV strain WE glycoprotein is preferably expressed with further
viral proteins that are required for the production of a virus particle. Such further viral proteins
may include a NP disclosed herein, a LP disclosed herein, and/or a ZP disclosed herein, preferably

a NP, an LP, and/or ZP disclosed in the context of the virus particle of the invention.

[0167] Assessing the capacity of a virus particle comprising said mutated LCMV strain WE
glycoprotein to enter and/or infect a tumor cell can e.g., be carried out by means of a signal
transduction assay, e.g. an assay which measures the activation of NF-kB and/or IRF3/7 in a tumor
cell after infection with the virus particle. Assessing the capacity of a virus particle comprising
said mutated LCMV strain WE glycoprotein to enter and/or infect a tumor cell preferably
comprising comparing the virus particle comprising said mutated LCMYV strain WE glycoprotein
to a reference virus particle or a reference value. The reference virus particle preferably comprises
the wild type glycoprotein set forth in SEQ ID NO: 4 or 13, with SEQ ID NO: 4 being preferred.
Preferably, the reference virus particle only differs in the sequence of the glycoprotein. A reference
value is preferably a reference value that is derived from a reference virus particle. A reference
value is preferably at least as high or higher than the value that is or would be obtained for a virus
particle that comprises the wild type glycoprotein set forth in SEQ ID NO: 4 or 13, with SEQ ID
NO: 4 being preferred. Preferably, the reference virus particle only differs in the sequence of the

glycoprotein. The tumor cell is preferably a tumor cell line, such as a lung carcinoma cell line.

[0168] The method may also comprise isolating the virus particle, preferably if the virus particle
has a capacity of entering a tumor cell that is higher than the capacity of the reference virus particle
and/or the reference value. The method may also comprise providing the virus particle, preferably
if the virus particle has a capacity of entering a tumor cell that is higher than the capacity of the
reference virus particle and/or the reference value. The method may also comprise selecting the
virus particle, preferably if the virus particle has a capacity of entering a tumor cell that is higher

than the capacity of the reference virus particle and/or the reference value.

[0169] The present invention also relates to a virus particle having an increased capacity to enter
a tumor cell or having an increased tropism for a tumor cell obtainable by a method of producing
a virus particle having an increased capacity to enter a tumor cell disclosed herein and/or
obtainable by a method of comprising of producing a virus particle having an increased tropism

for a tumor cell disclosed herein.

[ 214

[0170] It must be noted that as used herein, the singular forms “a”, “an” and “the" include plural

references and vice versa unless the context clearly indicates otherwise.
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[0171] Unless otherwise indicated, the term "at least" preceding a series of elements is to be

understood to refer to every element in the series.

[0172] 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.

[0173] 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".

[0174] The term "about" or "approximately" as used herein preferably means within 20%,
preferably within 10%, and more preferably within 5% of a given value or range. It includes,

however, also the concrete number, e.g., about 20 includes 20.

[0175] Throughout this specification and the claims, 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”.

[0176] 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.

[0177] 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". The possibility to replace terms with each other is not to be

understood that these terms are synonymous.
[0178] The invention is further characterized by the following items.

Ttem 1. A virus particle comprising a lymphocytic choriomeningitis virus (LCMV) glycoprotein
(GP) and/or a nucleic acid encoding said GP, wherein the glycoprotein is a mutated LCMV
strain WE glycoprotein which comprises in comparison with the wild type LCMYV strain WE
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glycoprotein set forth in SEQ ID NO: 4 at least one mutated amino acid residue at one or

more positions comprised in

(2)

(b)

(©

(d)

(e)
®
€]

(h)

(M)
)

Strand B1 N terminal defined by positions 59-89, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group

consisting of 59-78 and 81-87;

Strands B3, P4, and/or B5 as defined by positions 90-113, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from the
group consisting of 90-93, 98-103, and 106-113;

Helix . 1 and/or o 2 as defined by positions 114-147, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 126-130 and 136-147,

Loop 1 as defined by positions 148-157, wherein the at least one mutated amino acid
residue is preferably at one or more positions selected from the group consisting of
148-157:

Helix o3 as defined by positions 187-199;

Loop 3 as defined by positions 200-226;

the a4, a5 domain as defined by positions 245-265, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 245-251 and 253-258;

the N-Helix as defined by positions 313-373, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group consisting
of 313-349 and 353-365;

the H1,H2 domain as defined by positions 1-58; and/or

the TM cytoplasmic domain as defined by positions 439-498;

wherein the virus particle has an increased capacity to enter a tumor cell as compared to a

reference virus particle that comprises the wild type glycoprotein set forth in SEQ ID NO:

4.

Item 2. The virus particle of item 1, wherein the glycoprotein comprises in comparison with the

wild type LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4 at least one mutated

amino acid residue at one or more positions comprised in

(2)

Strand B1 N terminal defined by positions 59-89, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group

consisting of 59-78 and 81-87;
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(b)

(©

(d)

(e
®
)]

(h)

Strands B3, P4, and/or B5 as defined by positions 90-113, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from the
group consisting of 90-93, 98-103, and 106-113;

Helix a. 1 and/or o 2 as defined by positions 114-147, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 126-130 and 136-147,

Loop 1 as defined by positions 148-157, wherein the at least one mutated amino acid
residue is preferably at one or more positions selected from the group consisting of
148-157:

Helix a3 as defined by positions 187-199;

Loop 3 as defined by positions 200-226;

the a4, a5 domain as defined by positions 245-265, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 245-251 and 253-258; and/or

the N-Helix as defined by positions 313-373, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group consisting

of 313-349 and 353-365.

Item 3. The virus particle of item 1, wherein the glycoprotein comprises in comparison with the

wild type LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 at least one mutated

amino acid residue at one or more positions comprised in

(2)

(b)

(©

(d)

Helix a 1 and/or a 2 as defined by positions 114-147, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 126-130 and 136-147,

the N-Helix as defined by positions 313-373, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group consisting
of 313-349 and 353-365;

Strand f1 N terminal as defined by positions 59-89, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 59-78 and 81-87;

Loop 1 as defined by positions 148-157, wherein the at least one mutated amino acid
residue is preferably at one or more positions selected from the group consisting of

148-157;
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(e) Strands B3, P4, and/or B5 as defined by positions 90-113, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from the
group consisting of 90-93, 98-103, and 106-113;

(f) Loop 3 as defined by positions 200-226;

(g) the H1,H2 domain as defined by positions 1-58;

(h) the TM cytoplasmic domain as defined by positions 439-498; and/or

(1)  the a4, a5 domain as defined by positions 245-265, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group

consisting of 245-251 and 253-258.

Item 4. A virus particle comprising a lymphocytic choriomeningitis virus (LCMYV) glycoprotein
(GP) and/or a nucleic acid encoding said glycoprotein, wherein the glycoprotein is a mutated
LCMV strain WE glycoprotein which comprises in comparison with the wild type LCMV
strain WE glycoprotein set forth in SEQ ID NO: 4 at least one mutated amino acid residue
at one or more positions selected from the group consisting of 18, 28, 36, 39, 48, 51, 60, 61,
62, 63, 66, 71, 74, 88, 94, 102, 103, 105, 106, 112, 119, 120, 121, 122, 128, 129, 132, 133,
136, 141, 144, 149, 151, 152, 153, 154, 155, 156, 163, 188, 198, 203, 207, 211, 217, 218,
222, 236, 252, 255, 256, 260, 280, 284, 308, 327, 328, 332, 335, 339, 342, 343, 344, 357,
358, 369, 374, 382, 388, 406, 426, 451, 456, 471, 477, 491, and 492, wherein the virus
particle has an increased capacity to enter a tumor cell as compared to a reference virus
particle that comprises the wild type glycoprotein set forth in SEQ ID NO: 4.

Item 5. The virus particle of any one of the preceding items, wherein the glycoprotein has at least
95% sequence identity to SEQ ID NO: 4.

Item 6. The virus particle of any one of the preceding items, wherein the one or more positions are
selected from the group consisting of positions 102, 122, 129, 132, 136, 152, 153, 154, 155,
156, 211, 217, 218, 256, 260, 284, 328, 332, 342, 358, and 492.

Item 7. The virus particle of any one of the preceding items, wherein the at least one mutated amino
acid residue is selected from the group consisting of Ser 102 — Asn, Phe 122 — Leu, Phe
129 — Ser, Lys 132 — Arg, His 136 — GlIn, Asn 152 — Tyr, Ser 153 — Pro, Phe or Tyr,
Asn 154 — Asp, His 155 — Leu or Tyr, Lys 156 — Glu, Ala 211— Thr, Thr 217 — Tle,
Thr 218 — Ile, Lys 256 —Arg, Leu 260 — Phe or Ile, Tyr 284 — His, Ala 328 — Ser, Phe
332 — Leu, Val 342 — Ala, Arg 358— Lys, and Lys 492— Ile.
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Item 8. The virus particle of any one of the preceding items, wherein the GP comprises the
following set of mutated amino acid residues in comparison with the linear polypeptide
sequence of the wild type LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4:

(a) Lys492— Ile;

(b) Ala2l11— Thr;

(¢) Lys260— Phe and Lys 492— Ile;

(d) Ser 153 — Pro and Lys 492— Ile,;

(e) Phe 122 — Leu, His 136 — GIn, and Ser 153 — Pro;

(f) Phe 122 — Leu, and Lys 492— Ile,;

(g) Phe 122 — Leu, His 136 — GIn, Ser 153 — Pro, and Lys 492— Ile,;

(h) Glu 255 —Gly and Lys 492— Ile,;

(1) Ser 153 — Pro and Arg 358— Lys;

(j))  Ser 153 — Pro, Lys 256 —Arg, Leu 260 — Phe and Lys 492— Ile,;

(k) Ser 153 — Phe, Glu 255 —Gly, and Leu 260 — Phe;

()  Lys 156 — Glu and Lys 492— Ile,;

(m) Ser 153 — Pro, Lys 256 —Arg, and Leu 260 — Phe;

(n) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Lys 256 —Arg and Lys 492— Ile,;
or

(0) Glu379 — Asnand Lys 492— Ile.

Item 9. The virus particle of any one of the preceding items, wherein the glycoprotein further
comprises a mutation at position 181 and/or 185 in comparison with the wild type LCMV
strain WE glycoprotein set forth in SEQ ID NO: 4, wherein the mutation is preferably
selected from the group consisting of Ile 181 — Met or Val and Arg 185 — Trp.

Item 10. The virus particle of any one of the preceding items, wherein the GP comprises the
following set of mutated amino acid residues in comparison with the linear polypeptide
sequence of the wild type LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4
(a) Ile 181 — Met, Arg 185 — Trp, and Lys 492— Ile;

(b) TIle 181 — Met, Arg 185 — Trp, and Ala 211— Thr;

(c) Ile 181 — Met, Arg 185 — Trp, Lys 260— Phe, and Lys 492— Ile;

(d) Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, and Lys 492— Il¢;

(e) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Ile 181 — Met, and Arg 185 — Trp;
(f) Phe 122 — Leu, Ile 181 — Met, Arg 185 — Trp, and Lys 492— Ile;
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(g) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, and
Lys 492— Ile;

(h) TIle 181 — Met, Arg 185 — Trp, Glu 255 —Gly, and Lys 492— Ile;

(i)  Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, and Arg 358— Lys;

(j) Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, Lys 256 —Arg, Leu 260 — Phe, and
Lys 492— Ile;

(k) Ser 153 — Phe, Arg 185 — Trp, Glu 255 —Gly, and Leu 260 — Phe;

(1)  Ser 153 — Phe, Glu 255 —Gly, and Leu 260 — Phe;

(m) Lys 156 — Glu, Ile 181 — Met, Arg 185 — Trp, and Lys 492— Ile;

(n) Ser 153 — Pro, lle 181 — Met, Arg 185 — Trp, Lys 256 —Arg, and Leu 260 — Phe;

(o) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Ile 181 — Met, Arg 185 — Trp, Lys
256 —Arg, and Lys 492— Ile; or

(p) Ile 181 — Met, Arg 185 — Trp, Glu 379 — Asn, and Lys 492— Ile.

Item 11. The virus particle of any one of the preceding items, wherein the glycoprotein
comprises in comparison with the wild type LCMYV strain WE glycoprotein set forth in SEQ
IDNO:41,2,3,4,5,6,7, 8,9, or 10 mutated amino acid residues as defined in any one of
items 1-10.

Item 12. The virus particle any one of the preceding items, wherein said GP 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: 30-57.

Ttem 13. The virus particle of any one of the preceding items, wherein the virus particle
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 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: 58-85, or a respective complementary sequence.

Item 14. The virus particle any one of the preceding items, wherein the virus particle

comprises an LCMV L-protein (LP) and/or a nucleic acid encoding said LP, wherein said
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LP 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 L-protein sequence set forth in SEQ ID NO: 10 or 23.

Item 15. The virus particle of any one of the preceding items, wherein the virus particle
comprises a nucleic acid encoding an LP, 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%, 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 NO: 9 or 22, or a
respective complementary sequence.

Item 16. The virus particle of any one of the preceding items, wherein the virus particle
comprises an LCMV nucleoprotein (NP) and/or a nucleic acid encoding said NP, wherein
said NP 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 the nucleoprotein sequence
set forth in SEQ ID NO: 6.

Item 17. The virus particle any one of the preceding items, wherein the virus particle
comprises a nucleic acid encoding an NP, 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 preferably identical, to the sequence set forth in
SEQ ID NO: 5, or a respective complementary sequence.

Ttem 18. The virus particle of any one of the preceding items, wherein the virus particle
comprises an LCMV Z-protein (ZP) and/or a nucleic acid encoding said ZP, wherein said
ZP 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%,
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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 the ZP sequence set forth
in SEQ ID NOs: 8 or 21.

Ttem 19. The virus particle of any one of the preceding items, wherein the virus particle
comprises a nucleic acid encoding a ZP, 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 the sequence set forth in SEQ ID NOs:
7 or 20, or a respective complementary sequence.

Item 20. The virus particle of any one of the preceding items, wherein the virus particle
comprises an LCMV GP, and an LCMYV NP, and/or one or more nucleic acids encoding said
LCMYV GP and LCMV NP, wherein said LCMV GP and LCMV NP have 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 are preferably
identical to the following LCMV GP and LCMYV NP sequences:

(a) SEQ ID NOs: 30 and 6;
(b) SEQ ID NOs: 31 and 6;
(¢) SEQID NOs: 32 and 6;
(d) SEQ ID NOs: 33 and 6;
(e) SEQID NOs: 34 and 6;
(f) SEQ ID NOs: 35 and 6;
(g) SEQ ID NOs: 36 and 6;
(h) SEQID NOs: 37 and 6,
(i) SEQID NOs: 38 and 6,
() SEQ ID NOs: 39 and 6;
(k) SEQ ID NOs: 40 and 6;
()  SEQ ID NOs: 41 and 6;

(m) SEQ ID NOs: 42 and 6;
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(n)
(0)
()
(q)
(1)
(s)
®
(v)
V)

(W)

(x)
)
()

(aa)
(bb)

The virus particle of any one of the preceding items, wherein the virus particle

Item 21.

SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:

PCT/EP2024/074351

43 and ©;
44 and 6;
45 and 6;
46 and ©;
47 and 6;
48 and ©;
49 and 6;
50 and 6;
51 and 6;
52 and 6;
53 and 6;
54 and 6;
55 and 6;
56 and 6; or
57 and 6.

comprises an LCMV GP, an LCMV LP, an LCMV NP, and an LCMV ZP, and/or one or
more nucleic acids encoding said LCMV GP, LCMV LP, LCMV NP, and LCMV ZP,
wherein said LCMV GP, LCMV LP, LCMV NP, and LCMV ZP have 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 are preferably
identical to the following LCMV GP, LCMV LP, LCMV NP, and LCMV ZP sequences:

(a)
()
(c)
(d)
(e)
®
()
(h)

SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:

30, 23, 6, and 21;
31, 23, 6, and 21;
32, 23,6, and 21,
33, 23, 6, and 21;
34,23, 6, and 21,
35,23, 6, and 21;
36, 23, 6, and 21,
37,23, 6, and 21,

38, 23, 6, and 21;
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(j) SEQID NOs: 39, 23, 6, and 21;
(k) SEQ ID NOs: 40, 23, 6, and 21;
(1) SEQID NOs: 41, 23, 6, and 21,
(m) SEQ ID NOs: 42, 23, 6, and 21,
(n) SEQID NOs: 43, 23, 6, and 21;
(o) SEQID NOs: 44, 23, 6, and 21;
(p) SEQID NOs: 45, 23, 6, and 21;
(@) SEQID NOs: 46, 23, 6, and 21;
(r) SEQID NOs: 47, 23, 6, and 21;
(s) SEQID NOs: 48, 23, 6, and 21;
(t) SEQ ID NOs: 49, 23, 6, and 21,
(u) SEQID NOs: 50, 23, 6, and 21;
(v) SEQIDNOs: 51, 23, 6, and 21,
(w) SEQID NOs: 52, 23, 6, and 21;
(x) SEQID NOs: 53, 23, 6, and 21;
(y) SEQID NOs: 54, 23, 6, and 21;
(z) SEQID NOs: 55, 23, 6, and 21;
(aa) SEQ ID NOs: 56, 23, 6, and 21; or
(bb) SEQ ID NOs: 57, 23, 6, and 21.

Item 22. The virus particle of any one of the preceding items, wherein the virus particle
comprises an S segment comprising a 5’ untranslated region (UTR) that has at least about
70%, preferably at least about 75%, preferably at least about 80%, preferably at least about
85%, preferably at least about 90%, preferably at least about 91%, preferably at least about
92%, preferably at least about 93%, preferably at least about 94%, preferably at least about
95%, preferably at least about 96%, preferably at least about 97%, preferably at least about
98% preferably at least about 99%, or that is preferably identical, to a sequence set forth in
SEQ ID NO: 24, or a respective complementary sequence.

Ttem 23. The virus particle of any one of the preceding items, wherein the virus particle
comprises an S segment comprising a 3’ untranslated region (UTR) that has at least about
70%, preferably at least about 75%, preferably at least about 80%, preferably at least about
85%, preferably at least about 90%, preferably at least about 91%, preferably at least about
92%, preferably at least about 93%, preferably at least about 94%, preferably at least about
95%, preferably at least about 96%, preferably at least about 97%, preferably at least about
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98% preferably at least about 99%, or that is preferably identical, to a sequence set forth in
SEQ ID NO: 25, or a respective complementary sequence.

Ttem 24. The virus particle of any one of the preceding items, wherein the virus particle
comprises an L segment comprising a 5’ untranslated region (UTR) that has at least about
70%, preferably at least about 75%, preferably at least about 80%, preferably at least about
85%, preferably at least about 90%, preferably at least about 91%, preferably at least about
92%, preferably at least about 93%, preferably at least about 94%, preferably 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 SEQ ID NO: 26 or 28, or a respective
complementary sequence.

Ttem 25. The virus particle of any one of the preceding items, wherein the virus particle
comprises an L segment comprising a 3’ untranslated region (UTR) that has at least about
70%, preferably at least about 75%, preferably at least about 80%, preferably at least about
85%, preferably at least about 90%, preferably at least about 91%, preferably at least about
92%, preferably at least about 93%, preferably at least about 94%, preferably at least about
95%, preferably at least about 96%, preferably at least about 97%, preferably at least about
98% preferably at least about 99%, sequence identity, or that is preferably identical, to the
sequence set forth in SEQ ID NO: 27 or 29, or a respective complementary sequence.

Item 26. The virus particle of any one of the preceding items, wherein the virus particle
comprises an S segment comprising a nucleic acid sequence 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%, preferably at
least about 99.8%, preferably at least about 99.9% sequence identity to the sequence set forth
in SEQIDNO:1 or 11.

Item 27. The virus particle of any one of the preceding items, wherein the virus particle
comprises an L. segment comprising a nucleic acid sequence 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
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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 the sequence shown in SEQ ID NOs: 2 or 15.

Item 28. The virus particle of any one of the preceding items, wherein the virus particle has
an increased capacity to enter a human tumor cell as compared to said reference virus
particle.

Item 29. The virus particle of any one of the preceding items, wherein the virus particle has
an increased tropism for a human tumor cell as compared to said reference virus particle.

Item 30. The virus particle of any one of the preceding items, wherein the virus particle is

capable of entering a cell in an alpha dystroglycan-independent manner.

Item 31. The virus particle of any one of the preceding items, wherein the virus particle is
infectious.
Item 32. The virus particle of any one of the preceding items, wherein the virus particle is

replication competent.

Item 33. The virus particle of any one of the preceding items, wherein the virus particle has
a bi-segmented genome.

Ttem 34. The virus particle of any one of the preceding items, wherein the virus particle is an

arenavirus particle.

Item 35. The virus particle of any one of the preceding items, wherein the virus particle is an
LCMYV particle.
Item 36. The virus particle of any one of the item 1-34, wherein the virus particle is an

arenavirus particle other than an LCMYV particle that is pseudotyped with an LCMV GP.

Item 37. The virus particle of any one of items 1-32, wherein the virus particle is a vesicular
stomatitis virus (VSV) particle that is pseudotyped with an LCMV GP.

Item 38. The virus particle of any one of items 1-32, wherein the virus particle is a Pichinde
virus particle that is pseudotyped with an LCMV GP.

Item 39. The virus particle of any one of items 1-32, wherein the virus particle is a particle
of a virus other than an arenavirus.

Item 40. The virus particle of any one of items 1-32, wherein the virus particle is a particle
of a viral vaccination vector.

Item 41. The virus particle of any one of items 1-34, wherein the virus particle does not

comprise an ORF from an organism other than an LCMV.
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Item 42.

An LCMV GP, wherein the glycoprotein comprises in comparison with the wild

type LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4 at least one mutated amino

acid residue as defined in any one of items 1-12.

Item 43.

Item 44.

A nucleic acid molecule encoding a LCMV GP of item 42.

The nucleic acid molecule of item 43, wherein the nucleic acid molecule 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: 58-85, or a respective complementary sequence.

Item 45.

A virus particle comprising a glycoprotein (GP) of an arenavirus and/or a nucleic

acid encoding said GP, wherein the glycoprotein comprises at least one of the following

amino acid residues:

(@)

(b)

(©

(d)

(e

at the position corresponding to Ser 102 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Asn residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises a Ser residue at said position;

at the position corresponding to Phe 122 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Leu residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to Phe 129 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Ser residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to His 136 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Gln residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises a His residue at said position;

at the position corresponding to Asn 152 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Tyr residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Phe residue at said position;
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®

(g

(h)

(M)

0

(k)

)

(m)

at the position corresponding to Ser 153 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Pro, Phe, or
Tyr residue, wherein the virus particle preferably has an increased capacity to enter a
tumor cell as compared to a reference virus particle that comprises a Ser residue at said
position,;

at the position corresponding to Asn 154 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Asp residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises a Phe residue at said position;
at the position corresponding to His 155 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Leu or Tyr
residue, wherein the virus particle preferably has an increased capacity to enter a tumor
cell as compared to a reference virus particle that comprises a Phe residue at said
position,;

at the position corresponding to Lys 156 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Glu residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises a Lys residue at said position;

at the position corresponding to Ala 211 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Thr residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises an Ala residue at said position;
at the position corresponding to Thr 217 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Ile residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to Thr 218 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Ile residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises a Phe residue at said position;

at the position corresponding to Lys 256 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Arg residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as

compared to a reference virus particle that comprises a Lys residue at said position;
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(n)

(0)

(p)

(@

()

®

Item 46.
Item 47.

at the position corresponding to Leu 260 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Phe or Ile
residue, wherein the virus particle preferably has an increased capacity to enter a tumor
cell as compared to a reference virus particle that comprises a Leu residue at said
position,;
at the position corresponding to Tyr 284 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a His residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises a Tyr residue at said position;
at the position corresponding to Ala 328 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Ser residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises a Ala residue at said position;
at the position corresponding to Phe 332 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Leu residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises a Phe residue at said position;
at the position corresponding to Val 342 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably an Ala residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises a Val residue at said position;
at the position corresponding to Arg 358 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a mutated amino acid residue, or preferably a Lys residue,
wherein the virus particle preferably has an increased capacity to enter a tumor cell as
compared to a reference virus particle that comprises a Arg residue at said position;
and
at the position corresponding to Lys 492 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 an Ile residue, wherein the virus particle preferably has an
increased capacity to enter a tumor cell as compared to a reference virus particle that
comprises a Lys residue at said position.

The virus particle of item 45, wherein said GP is a GP other than an LCMV GP.

The virus particle of item 45, wherein said at least one amino acid residue is at least

one substitution of a native amino acid residue of the GP of said arenavirus.
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Item 48. A host cell comprising the nucleic acid molecule of item 43 or 44 or a cDNA of the
genome of a virus particle of any one of items 1-41 and 45-47.

Ttem 49. A method of producing a virus particle of any one of items 1-41 and 45-47
comprising cultivating the host cell of item 48 under conditions suitable for virus particle
formation.

Item 50. A pharmaceutical composition comprising a virus particle of any one of items 1-
41, a GP of item 42, a nucleic acid molecule of item 43 or 44, or an arenavirus particle of
any one of items 45-47.

Item 51. A virus particle of any one of items 1-41, a GP of item 42, a nucleic acid molecule
of item 43 or 44, or an arenavirus particle of any one of items 45-47, for use in therapy,
preferably for use in the treatment of cancer.

Item 52. A use of a virus particle of any one of items 1-41, a GP of item 42, a nucleic acid
molecule of item 43 or 44, or an arenavirus particle of any one of items 45-47, for the
manufacture of a medicament, wherein the medicament is preferably for the treatment of
cancer.

Item 53. A method of treating a disease comprising administering to a subject in need thereof
an effective amount of a virus particle of any one of items 1-41, a GP of item 42, a nucleic
acid molecule of item 43 or 44, or an arenavirus particle of any one of items 45-47, wherein
the disease is preferably cancer.

Item 54. A method of producing a virus particle having an increased capacity to enter a tumor
cell, comprising
(i) Providing a nucleic acid encoding a mutated LCMV strain WE glycoprotein which

comprises in comparison with the wild type LCMYV strain WE glycoprotein set forth

in SEQ ID NO: 4 at least one mutated amino acid residue at one or more positions

comprised in

(a) Strand B1 N terminal defined by positions 59-89, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from

the group consisting of 59-78 and 81-87;

(b) Strands B3, p4, and/or B5 as defined by positions 90-113, wherein the at least
one mutated amino acid residue is preferably at one or more positions selected

from the group consisting of 90-93, 98-103, and 106-113;
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(c) Helix a 1 and/or o 2 as defined by positions 114-147, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from
the group consisting of 126-130 and 136-147,

(d) Loop 1 as defined by positions 148-157, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group
consisting of 148-157,

(e) Helix o3 as defined by positions 187-199;

(f) Loop 3 as defined by positions 200-226;

(g) the o4, a5 domain as defined by positions 245-265, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from
the group consisting of 245-251 and 253-258;

(h) the N-Helix as defined by positions 313-373, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 313-349 and 353-365;

(i) the H1,H2 domain as defined by positions 1-58; and/or

(j) the TM cytoplasmic domain as defined by positions 439-498; and

(i) Expressing the mutated LCMYV strain WE glycoprotein and further viral proteins to
produce a virus particle comprising said mutated LCMV strain WE glycoprotein; and
(iii) Optionally assessing the capacity of a virus particle comprising said mutated LCMV
strain WE glycoprotein to enter and/or infect a tumor cell, preferably comprising
comparing the virus particle comprising said mutated LCMYV strain WE glycoprotein
to a value, wherein the reference value is preferably at least as high or higher than the
value that is obtained for a virus particle that comprises the wild type glycoprotein set
forth in SEQ ID NO: 4.
Item 55. A method of producing a virus particle having an increased tropism for a tumor cell,
comprising
(i) Providing a nucleic acid encoding a mutated LCMV strain WE glycoprotein which

comprises in comparison with the wild type LCMV strain WE glycoprotein set forth

in SEQ ID NO: 4 at least one mutated amino acid residue at one or more positions

comprised in

(a) Strand B1 N terminal defined by positions 59-89, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from

the group consisting of 59-78 and 81-87,;
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(b)

(©)

(d)

(e
®
(2

(h)

(1)
)

Strands B3, P4, and/or B5 as defined by positions 90-113, wherein the at least
one mutated amino acid residue is preferably at one or more positions selected
from the group consisting of 90-93, 98-103, and 106-113;

Helix o 1 and/or a 2 as defined by positions 114-147, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from
the group consisting of 126-130 and 136-147,

Loop 1 as defined by positions 148-157, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group
consisting of 148-157,

Helix a3 as defined by positions 187-199;

Loop 3 as defined by positions 200-226;

the 04, a5 domain as defined by positions 245-265, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from
the group consisting of 245-251 and 253-258;

the N-Helix as defined by positions 313-373, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 313-349 and 353-365;

the H1,H2 domain as defined by positions 1-58; and/or

the TM cytoplasmic domain as defined by positions 439-498; and

(i) Expressing the mutated LCMV strain WE glycoprotein and further viral proteins to

produce a virus particle comprising said mutated LCMV strain WE glycoprotein; and

(iii) Optionally assessing the capacity of a virus particle comprising said mutated LCMV

strain WE glycoprotein to enter and/or infect a tumor cell and/or a non-tumor cell,

preferably comprising comparing the virus particle comprising said mutated LCMV

strain WE glycoprotein to a reference value, wherein the reference value is preferably

at least as high or higher than the value that is obtained for a virus particle that

comprises the wild type glycoprotein set forth in SEQ ID NO: 4.

Item 56.

The method of items 54 or 55, wherein the virus particle has an increased tropism

for at least one of the following tumor cells: lung tumor cells, such as H1975 or A549, LLC,

TC-1, gastrointestinal tumor cells, such as Gist-T1, melanoma cells, such as MaMel86a,
MaMel51, A375, B16F10, or RPMI-7951, pancreatic tumor cells, such as 511950, 60590,
511950R, or 60590R, thyroid tumor cells, such as 8305C or C643, sarcoma cells, such as

Gist-T1, breast tumor cells, such as HCC1954, cervical tumor cells, such as HeLa, liver
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tumor cells, such as HepG2, colon tumor cells, such as MC38, Sw620, or Sw480,
neuroblastoma cells, such as SK-N-BE(2), and/or prostate tumor cells, such as TrampC2.
Ttem 57. The method of any one of items 54-56, wherein the mutated LCMV strain WE
glycoprotein is a GP as defined in any one of items 1-12.
Item 58. A virus particle having an increased capacity to enter a tumor cell or having an

increased tropism for a tumor cell obtainable by the method of any one of items 54-57.

EXAMPLES

Example 1: The fast evolution platform identifies missense mutations promoting tumor

tropism

[0179] The ambisense RNA genome of arenaviruses consists of an approximately 3.5kb S-
segment encoding the pre-glycoprotein polyprotein complex (GPC) and the nucleoprotein (NP),
and a 7.2kb L-segment encoding the RNA-dependent RNA polymerase (RdRP) and the Z-protein.
During replication, the viral polymerase will generate, with a failure rate of 10°, a variety of
genetically closely related progeny called quasispecies. These quasispecies will only prevail if
they are replication competent and outcompete their counterparts. Usually, viral strains fitting best
to their environment will exhibit best replication (‘survival of the fittest’). Therefore, we
hypothesized that passaging of the arenavirus LCMV-WE on tumor cells will lead to enrichment

of mutations, which accelerate their propagation in cancer cells.

[0180] In an initial approach, LCMV-WE was propagated for 7, 13, 42 or 52 passages on human
or mouse cancer cells with or without 5-Fluorouracil (5-FU). We then standardized the process by
passaging the virus 10-12 times on 7 human and 8 mouse tumor cell lines, each in the presence or
absence of the anti-viral mutagen SFU, which limits viral replication by further enhancing the
mutation rate. Each combination was set up in 4 to 5 parallel cultures to test, if mutations occur
completely at random with low selection bias (different mutants in parallel cultures) or selection
occurs, with specific mutants preferentially in one or several specific tumor cell lines (identical
mutations in parallel cultures). Virus obtained from the so-called “fast-evolution platform (FEP)”
was reverse transcribed and the cDNA of the S-Segment was sequenced. We identified 6 missense
mutations (5 AA positions) in the stable signal peptide (SSP), 44 missense mutations (40 AA
positions) in GP1 and 19 missense mutations (18 AA positions) in GP2 (Table 1). The location of
these 65 AA positions (74 missense mutations) of LCMV-GPC might have impact on virus

propagation in cancer cells. Several of these mutations occurred more than one time in the same
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tumor cell line, or in several other tumor cell lines, indicating that missense mutations of certain

amino acids are more, critical than others, for viral entry and propagation (Fig 1A-C).

[0181] Next, we tested whether virus of primary tumor cell cultures will keep the acquired
mutation when further passaged in other tumor cell lines. Accordingly, a long-term passaged (52
passages) mutant virus, LCMV-WE subtype P52 (I181M, R185W) was further propagated on
different tumor cell lines for 23-55 additional passages. Both mutations remained stable in the p52
viral subtype (Figure 2). On one occasion, in the presence of 5-FU, the codon of amino acid 181
changed by a single nucleotide polymorphism to M181V, a forward rather than a back mutation
(M1811). During the course of 23 to 55 passages, the p52 viruses gained additional mutations on
the five different tumor cell lines. Of 16 viral mutations observed, 13 seem to be “private”, since
they established only in one tumor cell line, while the virus gathered an additional “public”
mutation on each of the five tumor cell lines either in the absence and/or presence of 5-FU. In the
A375 tumor cell line the p52 virus carrying a genetic background (H136, S153, L260, H155),
known to be poorly DAG binding, gained the mutation H155Y, which converts the P52 mutant to
a subtype, binding a-DG with high affinity. When the p52 virus was propagated on HCC1954,
A549 and SW620 tumor cells, P52 gained the mutation S153P, indicating that the genotype (H136,
S153, L260, H155) with poorly DAG binding capacity may further reduce DAG binding by
switching from S153 to P153. In the SW620 cell line and absence of 5-FU the P52 virus gained
two mutations, S153P and H155Y resulting in the genotype (H136, P153, L260, Y155), in this
case Y155 (high DAG-binding) is not expected to compensate the loss of S153 to bind a-DG with
high affinity. The mutants T2171 in the tumor cell line RPMI-7951 and T217S together with S153P
in the cell line SW620 are, expected to be of poor or diminished DAG binding, since T2171 is not
known to directly contribute to DAG binding.

[0182] Next, we compared the accumulation of viral mutations of LCMV-WE (A211) to the
subtype YF13 (T211). The acquired mutation T211 in YF13 was stably expressed in 4/4 parallel
cultures, each with or without 5-FU (Figure 3). Upon passagingYF13 gained further mutations
(Figure 3). The mutation repertoire of 211T positive virus was more selective than the LCMV-WE
211A virus, especially in the presence of 5-FU. When a mixture of six different viruses (WE, p42,
pS52, Y18, YF13, FP7) were, passaged on the C643 cell line, the virus (211T carrier) outcompetes

the 211T non-carrier and gained additional mutations (Figure 3).
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Example 2: The fast evolution platform identifies mutational hot spots for tumor-tropism

[0183] Next, we evaluated which regions in the LCMV-GPC show the highest mutation frequency
and might therefore be of special importance for the tumor tropism. 15 domains within the LCMV-
GP were analyzed (Figure 4A). In the Strand 7 domain we identified only one mutated out of 18
AS positions while in huge contrast the Loop 1 showed 6 mutated AS out of 10 AS (Figure 4A
and Figure 5). This clearly demonstrates that some regions within the LCMV-GP are more
important to determine the tumor tropism than other regions. To identify highly mutated areas, we
compared the mutation frequencies of different domains and found that 10.3% and 15.4% as the
highest value of the low mutation domain group were most significant, suggesting a threshold
between low and high mutation rates at 12.85% (Figure 4B+C). Moreover, the significance of the
mutation frequency was analyzed (Figure 5). Beside the Loop1 and Loop 3 the domains Strand 1
N terminal, Strand B3 4 B5S, the N-Helix, Helix o1 a2, the a4, a5 domain, the TM cytoplasmic
domain, the H1,H2 domain showed a significant enhancement of mutations (Figure la). In
conclusion, we identified several structural domains which show significant mutation frequencies
upon propagation in tumor cells. Several of the identified regions are believed to interact with the

host membrane and thereby determine entry of the LCMV.
Example 3: LCMV GP mutants trigger enhanced viral entry into tumor cells

[0184] Viral entry is triggered by the interaction of the LCMYV glycoprotein with host cell proteins
and membranes. While LCMV-GP utilize glycosylated a-Dystroglycan (DAG) as an entry
receptor, other receptors have been described. Several tumor cells (including those of the FEP) do
not necessarily express high levels of DAG. Therefore, it is tempting to speculate that viral
mutants, selected in the FEP improve entry of virus into cancer cells. Consistently, amino acid
positions, which are known to trigger binding to DAG and dimerization of LCMV-GP are heavily
mutated in viruses from the FEP (Figure 6). In turn, amino acids from the fusion peptide/loop
region were not mutated (Figure 6). To validate our hypothesis that the mutated regions affect viral
entry into tumor cells we quantified entry of LCMV in A549 cells. Since, recombinant chimeric
virus exhibit attenuated viral replication we used a recombinant system carrying the S segment of
the WE strain and the L segment of the LCMV clonel3 strain. 14 positions in 7 regions were
selected and recombinant chimeric viruses, which carry the mutated S segment (carrying the
LCMV-GP and NP), and the L-segment from LCMYV strain clone 13 were generated. A549 cells
were exposed to rec LCMV-mutants and entry was stopped at different time points using
Monensin. All mutants tested showed accelerated entry into the human tumor cell line A549

(Figure 7 A&B). Next, we wondered whether other amino acids in a mutated position similarly
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can accelerate entry into tumor cells. In the fast evolution platform, the polar and neutral serine
was mutated to a hydrophobic proline. To analyze this position further we generated mutations
which expressed the hydrophobic phenylalanine or the neutral and polar tyrosine. Both amino
acids accelerated the entry into A459 cells (Figure 7 C). The neutral and polar amino acid tyrosine
at position 155 accelerated entry into A549 cells similar to the hydrophobic leucine (in exchange
to the basic histidine, Figure 7C). From these data we conclude that also other amino acids than
the mutated one identified in the FEP can accelerate entry into tumor cells. Next, we wondered
whether also other positions within the identified regions, which were not detected in the FEP
could similarly enhance tumor cell entry. To do so, we have chosen 1 mutation in the Loop 1
region and analyzed the virus carrying this mutation in the entry assay. Indeed, the virus showed
significantly enhanced entry in the A549 tumor cells (Figure 7D). Together we concluded that
entry of virus into cancer cells was one major mechanism which led to selection of mutant viruses

in the fast evolution platform.

Example 4: FEP identified mutations include mutations promoting specific tumor cell

replication

[0185] While we identified 19 mutations that showed accelerated entry into A549 cells, only the
mutations 102, 153 and 260 initially occurred in A549 cell passages. The other mutations were
obtained from passaging of different cell lines. This suggests that a proportion of the identified
mutations accelerate entry of virus in several cancer cells. To investigate whether these mutations
exhibit tumor cell tropism, 20 recombinant LCMV strains carrying single mutations were
generated. The viral entry was tested on six very diverse human cancer cell types and three healthy
cell types. As cancer cells we selected cell lines from sarcoma, lung cancer and melanoma. As
healthy cells we have chosen neurons, myotubes and human myoblasts. Almost all of the tested
mutations showed accelerated propagation in at least one of the tested cell lines (Figure 8a).
Several of the tested mutations showed accelerated propagation in a range of cancer cells (Figure
8a), while some of the mutations showed only enhanced replication in one tumor cell line (Figure
8a). To get insights into the broadness of viral propagation we plotted the infection rate of H1975
and MaMel86a cells against the other tested tumor cell lines (Figure 8b). Interestingly most of the

mutations accelerated propagation in several cell types (Figure 8b).

[0186] As expected, the two lung cell lines showed a very similar pattern of mutations which
accelerated virus propagation (A459 versus H1975, Figure 8b). But also non-related tumor cell
lines showed a similar sensitivity to mutations (Figure 8b). Spider blots showing the factor of

acceleration revealed that most of the mutations tested are from a public type, meaning that they
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accelerate propagation in most of the tested tumor cell lines (Figure 8c). Interestingly, some of the
tested mutations reduced the propagation in tumor and healthy cells. We consider two possible
explanations. First, these mutations might still accelerate the entry into tumor cells, but then
limited the virus replication. Second, the mutations might give another selection advantage to the
virus. In conclusion, our data indicate that mutations in different regions within the LCMV-GP

can modulate tumor cell entry, without affecting entry into healthy cells.
Example 5: Combination of mutations can act synergistically

[0187] To investigate whether mutations from different regions could be combined, we generated
recombinant viruses carrying several mutations in combination. The combination of the mutations
T181M, R185W and K492I exhibited strong infection of several tumor cell lines (Figure 9A). Next,
we wondered whether further combination of mutations, which were identified with the FEP or
already reported to affect cell tropism, could improve tumor cell specific tropism. We generated
15 recombinant LCMV with combinations of mutations and tested them on a panel of four human
and four murine cancer cell lines. As expected, most of the viruses showed accelerated replication
on the human cancer cell line A549 (Figure 9A&B). Notably, a proportion of viruses appeared to
have a broad replication capacity, while others showed a specific tropism (Figure 9A&B).
Accordingly, we identified the different mutations into four groups: broad type, human type,
murine type and cell-specific type. The broad type viruses showed accelerated replication in all
eight tested cell types (Figure 9B). The ‘human cancer type’ showed accelerated replication only
in human, but not in murine cancer cells (Figure 9B). The ‘murine cancer cell type’ showed
stronger replication in murine cancer cells than in human cancer cells (Figure 9B) and the cell type
specific viruses show very diverse propagation in different cell types (Figure 9B). While we did
not do a site by site comparison of different mutations we consider by these data that the mutations
256R and 358K correlate with a higher human specific tropism while the mutation 153F correlates
with more murine specific appearance. The mutation 156E appears to trigger a cell type specific
tropism. The mutations 1221, 1298, 136Q 260F and 490E amplify tumor cell specific propagation.
In conclusion, we identified mutations, which can be combined for additional effects. Depending
on the type of combination the virus shows a tropism to human cancer, murine cancer or specific

cell types.
Example 6: Entry into tumor cells is independent from aDG
[0188] We found that the identified mutations accelerate entry of virus in several tumor cells,

including A549 cells. Since LCMV-GP can bind glycosylated aDG as entry receptor, we next
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analyzed entry in A549 cells WT and aDG knockout cells. Recombinant chimeric viruses with
absence (WT) or presence (MUT) of mutations GP-F122L, GP-S153P and GP-1181M-R185W-
K4921 were incubated with aDG deficient or competent cells. As expected, all viruses showed
accelerated entry in A549 cells (Figure 10). While virus GP-F122L entry was in part dependent
aDG, GP-S153P and GP-1181M-R185W-K492I entered A549 cells independently of aDG (Figure
10). Notably, the WT virus strain used (155H) did show little aDG dependent entry into tumor
cells, which is consistent with reports showing that 155Y is mediating high affinity towards aDG
(Figure 10). This suggests that tumor cell specific entry is not mediated by affinity towards aDG.

Example 7: Virus with combined mutations shows accelerated antitumoral activity

[0189] Next, we aim to analyze whether the specific entry into tumor cells can be beneficial for
tumor therapy. First, we analyzed the viral distribution of different tumor-tropic strains. The strains

comprised the following mutations in the GP:

G122h3.r1 = 1221, 136Q, 153P, 181M, 185W, 4921

G122h5.r1 = 1221, 136Q, 153P, 181M, 185W

G153h7 = 122F, 136H, 153P, 181M, 185W, 4921

GI181h7 = 122F, 136H, 1538, 181M, 185W, 4921

G153h3.r2 = 153P, 181M, 185W, 260L, 4921

G181h2.13 = 1538, 181M, 185W, 260L, 4921

G181h7.r2 = 1538, 181M, 185W, 260F, 4921

G122h3.r1 = 1221, 136Q, 153P, 181M, 185W, 260L, 4921

G153h7.r1 = 122F, 136H, 153P, 181M, 185W, 260L, 4921
[0190] As expected, the new strains showed hardly replication in healthy mouse tissue.
Replication in tumor cells was enhanced. Next, we analyzed whether this superior viral distribution
influenced antitumoral activity of LCMV. To do so we infected MC38-OVA carrying mice with
different tumor-tropic strains and then analyzed tumor growth. Indeed, all tested tumor tropic
strains showed strong antitumoral activity (Figure 11A-B). Mechanistically, we suggested an
enhanced inflammatory response within the tumor, as we detected accelerated levels of cytokines
seven days after treatment (Figure 11A). In conclusion, the mutated viruses are proprietary over

the WT strain, which makes them potentially good candidates for further development.
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Example 8: Mutations identified with LCMV-WE are similarly active in other viruses
expressing the LCMV-GP

[0191] We found that the LCMV-GP with our detected tumor-tropic mutations shows highly
enhanced tumor cell entry and is therefore superior for tumor therapy. Next, we wondered whether
these mutations can be also translated to other arenaviruses. To do so we introduced some of the
identified mutations on the glycoprotein of the Lunk virus (LUNV) and these glycoproteins were
expressed on the LCMV-chimeric background virus (the viruses comprised the L segment of
LCMYV clone 13 and a S segment comprising GP from Lunk virus and NP from LCMV strain
WE). The Mutations of the LCMV-GP positions 155, 156 and 256 were introduced into the
glycoprotein of the arenavirus Lunk. These corresponded to the positions 152, 153 and 253.
Mutations there were introduced were Y152H, K153E, and K253R. The capacity to replicate into
different cell lines was analyzed in the infectivity assay. These viruses were analyzed in the entry
assay in A549 cells. Indeed, the mutations in these glycoproteins similarly enhanced entry into
A549 cells (Fig 12). In conclusion, we found that the mutations can be transferred to other
arenavirus glycoproteins. Additionally, a mutated glycoprotein can enhance tumor entry also if it

is expressed on other backbone viruses.
Example 9: Discussion

[0192] In this study the inventors of the present application show by using a fast evolution
platform, that mutations can be identified to induce tumor cell specific tropism. Several point
mutations and structural regions within the LCMV-GP were identified, which trigger tumor cell
specific entry. The mutations can be combined and act synergistically in terms of propagation in
tumor cells. The use of mutated viruses for tumor therapy was proprietary due to accelerated site

specific replication and immune activation but limited propagation in healthy tissue.

[0193] While it was found that the increased entry into tumor cells was not dependent on aDG, the
exact molecular entry mechanism has not been identified. Interestingly, it was found that several
mutations accelerated propagation not only in human, but also in murine cancer cells. Propagation
of virus in human healthy cells or murine healthy tissue (in vivo) was limited. This suggests that

tumors in both species must overexpress this receptor.

[0194] In conclusion the inventors of the present application adapted the LCMV towards tumor.
This led to viruses with accelerated replication in cancer cells, limited replication in healthy organs

and enhanced antitumoral activity.
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Example 10: Material and Methods

[0195] A. Mice: All used mice were maintained on the C57BL/6 background. All mice were
maintained in single ventilated cages, with the authorization of the Veterindramt Nordrhein
Westfalen (Disseldorf, Germany) in accordance with the German law for animal protection or

institutional guidelines of the Ontario Cancer Institute.

[0196] B. Entry assay: To determine the capacity of a certain virus to enter the cells, an entry
assay was performed. In this assay cells (i.e., A459 cells, directly after harvesting) are preincubated
with virus (multiplicity of infection of 0.1) at 4°C (in 96 well plates flat bottom in 200microl. of
the according cell culture medium) so that the virus can bind to the membrane of the cells. Because
entry of LCMV is an active process virus cannot enter the cells at these conditions. After the
incubation of one hour most of the virus is supposed to bind to the cells and the cells are warmed
up to 37°C. At different time points after heating up the cells to 37°C (i.e., Omin, 20min, 60min or
180min) Monensin is added the cultures, which inhibits the further entry process of the virus. Cells
are then incubated for further 16 hours. This incubation time gives the virus enough time to
replicate it’s RNA and to produce virus proteins. After the incubation time, virus protein is
determined in each cell by staining the cells with an anti-LCMV-NP antibody (Clon VL4) and
analysis in the flow cytometer. To do so, cells are harvested with Trypsin/EDTA and then fixed
for 10minutes with 2%Formalin and then washed two times with FACS Buffer (PBS, 1%FCS,
SmM EDTA and 0,1% Sodium acid) with 0,01% Saponin added. After washing cells are stained
with anti-LCMV-NP (VL4 house made) for 30minutes. After additional two washes the primary
antibody is detected with a fluorescently labeled anti-rat antibody. In this assay replication and
protein production will only happen in cells, which were infected before Monensin was added.
Cells in which entry process did not happen before the addition of Monensin, are not infected and
therefore will not produce virus RNA and proteins. Therefore, the capacity to enter a cell is a direct

correlate of the percentage of infected cells in this assay.

[0197] C. Infectivity assay: The infectivity assay determines the capacity of a virus to enter the
cell, replicate in the cell and produce virus proteins. In this assay, cells (i.e., A459 cells, MaMel86a
cells, MaMel51 cells, directly after harvesting) are incubated with virus (multiplicity of infection
0f 0.01 to 0.1) at 37°C for 16 hours (in 96 well plates flat bottom in 200microL of the according
cell culture medium). In this incubation time the virus is propagating in the cell culture. Virus
particles, which are produced within the cell culture can infect new cells. After the incubation time,
virus protein is determined in each cell by staining the cells with an anti-LCMV-NP antibody

(Clone VL4) and analysis in the flow cytometer. To do so, cells are harvested with Trypsin/EDTA
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and then fixed for 10minutes with 2%Formalin and then washed two times with FACS Buffer
(PBS, 1%FCS, 5mM EDTA and 0,1% Sodium acid) with 0,01% Saponin added. After washing
cells are stained with anti-LCMV-NP (VL4 house made) for 30minutes. After additional two
washes the primary antibody is detected with a fluorescently labeled anti-rat antibody. In this
assay, the percentage of infected cells is a direct correlate of the capacity of the virus to propagate
in a certain cell culture. If assuming that the entry into a cell is a rate limiting step, then it might

also be a correlate with entry capacity.

[0198] D. Tumor growth experiment: For transplantation of tumors 10° murine colon carcinoma
MC38-OVA (MC38-OVA) cells were injected in 100ul PBS subcutaneous. Tumor growth was

monitored every second day.

[0199] E. Statistical Analysis: Mean values were compared using an unpaired Student’s two-
tailed t-test. Data are expressed as means + SEM. Student’s t-test was used to detect significant
differences between groups. Chi-Quadrat test was additionally used. Survival was compared with

log-rank (Mantel-Cox) tests. The level of statistical significance was set at P < 0.05.

[0200] F. Cells: 511950 and 60590 are primary tumor cells isolated from a transgenic murine
pancreatic carcinoma. 511950R and 60590R originate from 511950 and 60590 under treatment of
trametinib. 8305C (CVCL _1053) is anaplastic thyroid carcinoma derived. A549 (CVCL _0023) is
a human lung adenocarcinoma cell line. A375 (CRL-1619) malignant melanoma cells. B16F10
(CVCL_0159) is a murine melanoma cell line. C643 (CVCL_5969) is a human anaplastic thyroid
carcinoma cell line. Gist-T1 cells are primary sarcoma cells. HCC1954 (CVCL _1259) is a breast
ductal carcinoma cell line. H1975 CVCL 1511, ATCC, CRL-5908) is a human lung carcinoma
cell line. HeLa (CVCL _0030) is derived from a papillomavirus-related endocervical
adenocarcinoma. HepG2 (CVCL_0027) is derived from a hepatoblastoma. HEK293FT human
embryonic kidney cells. LLC (CVCL 4358) Lewis lung carcinoma (mouse). MC38
(CVCL_B288) is a murine mouse colon adenocarcinoma cell line. MOPC cells are murine
oropharyngeal cells. MC57 (CVCL_4985) is a murine fibroblast cell line in which the arenavirus
LCMYV can replicate well. RPMI-7951 cells (CVCL_1666) are human melanoma cells. SK-N-
BE(2) (CRL-2271) neuroblastoma cell line. Sw620 (CVCL _0547) are human colon
adenocarcinoma cells. Sw480 (CVCL_0546) is derived from a colon adenocarcinoma. TC-1
(CVCL-4699) mouse lung cancer. TrampC2 is a murine adenocarcinoma cell line (CVCL_3615).
UKE-Mel-51 (=MaMel51), Mel-86a (=MaMel86a), 118b, 118c are primary tumor cells isolated

from a metastasis of a human melanoma.
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[0201] Embodiments illustratively described herein may suitably be practiced in the absence of
any element or elements, limitation or limitations, not specifically disclosed herein. Thus, 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 embodiments have been specifically disclosed by preferred
embodiments and optional features, modification and variations thereof 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. Each of the narrower species and subgeneric groupings falling within the
generic disclosure also forms 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. In addition, where
features are described in terms of Markush groups, those skilled in the art will recognize that the
disclosure is also thereby described in terms of any individual member or subgroup of members

of the Markush group.

[0202] Equivalents: 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 following claims.

[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.
[0205] Further embodiments will become apparent from the following claims.

SEQUENCES

SEQ ID NO: 1: LCMV WE S-Segment.
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GCGCACCGGGGATCCTAGGCTTTTTGGATTGCGCTTTCCTTTAGGACAATTGGGTGCTGGATTCTATCCAATAAAAGGATGGGTCA
GATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAACATTGTCATTATTGTGCTCATTATAATCACGAGCA
TCAAAGCTGTGTACAATTTCGCCACCTGTGGGATATTAGCACTGGTCAGCTTCCTTTTTTTGGCTGGTAGGTCCTGTGGCATGTAC
GGCCTTAATGGTCCCGACATCTATAAAGGGGTTTACCAGTTCAAATCAGTGGAGTTTGATATGTCTCACTTAAATCTGACGATGCC
CAATGCGTGCTCAGCCAACAACTCTCATCACTACATCAGTATGGGAAGCTCTGGACTGGAGCTAACTTTCACTAACGACTCCATCC
TTAATCACAATTTTTGCAACTTAACCTCCGCTTTCAACAAAAAGACTTTTGACCATACACTCATGAGTATAGTCTCGAGTCTGCAC
CTCAGTATTAGAGGGAATTCCAACCACAAAGCAGTGTCTTGTGATTTTAACAATGGCATCACCATTCAATACAACTTGTCATTTTC
GGACCCACAGAGCGCTATAAGCCAGTGTAGGACTTTCAGAGGTAGAGTCTTGGACATGTTTAGAACTGCCTTTGGAGGAAAATACA
TGAGAAGTGGCTGGGGCTGGGCAGGTTCAGATGGCAAGACCACTTGGTGCAGCCAAACAAGCTATCAGTACCTAATCATACAARAAC
AGGACTTGGGAAAACCACTGTAGATATGCAGGCCCTTTTGGGATGTCTAGAATCCTCTTTGCTCAGGAARAGACAAAGTTTCTCAC
TAGGAGACTTGCAGGCACATTCACCTGGACCCTGTCAGACTCCTCAGGAGTAGAAAATCCAGGTGGTTATTGCCTGACCAAATGGA
TGATCCTTGCTGCAGAGCTCAAATGTTTTGGGAATACAGCTGTTGCAAAATGTAATGTCAATCATGATGAAGAGTTCTGTGACATG
CTACGACTAATTGATTACAACAAGGCCGCCCTGAGTAAGTTCAAGCAAGATGTAGAGTCTGCCTTGCATGTATTCAAAACAACAGT
AAATTCTCTGATTTCCGATCAGCTGTTGATGAGGAATCATCTAAGAGATCTAATGGGGGTACCATACTGTAATTACTCAAAGTTCT
GGTATCTGGAACATGCTAAGACTGGTGAGACTAGTGTACCCAAGTGCTGGCTTGTCACTAATGGCTCCTACTTGAATGAGACCCAC
TTTAGTGATCAAATCGAACAAGAAGCAGATAACATGATCACAGAGATGTTGAGGAAGGACTACATAAAAAGACAAGGGAGTACTCC
TTTAGCCTTAATGGATCTTTTGATGTTTTCAACATCAGCATATCTAATCAGCATCTTTCTGCATCTTGTGAAGATACCAACACATA
GACACATAAAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGGGGATCTGTAGTTGTGGTGCATTCAAGGTGCCTGGT
GTAAAAACTATCTGGAAAAGACGCTGATCAGCAGCGCCTCCCTGACTCTCCACCTCGAAAGAGGTGGAGAGTCAGGGAGGCCCAGT
GGGTCTTAGAGTGTCACAACATTGGGTCCTCTGAAGATTAAATCATGTGGCAGGATGTTGTGAACGGTTTTTAGATCAGGGAGTCT
TGCCTTGGAAGCACTCTCAAAAATGATGCAGTCCATGAGTGCACAGTGTGGGGTGATCTCTTTCTTCTTTTTGTCTCTCACTACCC
CAGTGTGCATTTTGCATAGCCAGCCATATTTGTCCCACACTTTATCTTCATATTCTCTTGAGGCCTCCTTGGTCATCTCAACATCA
ATGAGTTTTATGTCCCTTCTATTTTGTGAGTCCAGAAGCTTTCTGATGTCATCAGAACCTTGACAGCTCAAAACCATCCCTTGTGG
GAGAGCACCTATAACTGATGAGGTCAGCCCAGGCTGTGCATTGAAGAGATCAGCAAGATCCATGCCGTGTGAATACTTTGAGTCCT
GCTTGAATTGCTTCTGGTCCGTAGGTTCCCTGTAAAAATGTATGAATTGCCCATTTTGTGGTTGGAATATTGCTATCTCCACTGGA
TCATTGAACCTGCCCTCAATGTCAATCCATGTGGGAGCATTGGGATCAATCCCTCCCATCAAGTCTTTCAACAGCATTGTCTGACT
GTAACTCAAGCCCACCTGAGGTGGGCCTGCTGCTCCAGGCACTGGCCTAGATGAGTTGGCAACAAGTTTTTCATTTGTGAGATCAA
TTGTTGTGTTCTCCCATGCTCTCCCCACAACTGACGTTCTACAGGCTATGTATGGCCATCCTTCACCTGAAAGACAGACTTTATAA
AGGATGTTTTCATAGGGATTTCTATCTCCAACTTGATCTGAGACAAACATGTTGAGTTTCTTCTTGGCCCCGAGGACTGCTTTTAG
GAGATCCTCACTGTTGCTCGGTTTGATCAAGATAGATTCCAGCATGTTCCCTCCATCTAGCAGAGCTGCCCCCGCTTTCACAGCTG
CACCAAGACTGAAATTATAACCAGAGATATTGATACTAGATTGCTGTTCAGTAATGACCCCCAGAACTGGGTGTTTATCCTTTAGC
CTTTCAAGATCACTGAGATTCGGGTATTTGACTGTGTAAAGTAAGCCAAGGTCTGTGAGTGCCTGCACAACATCATTGAGTGGGGT
CTGTGACTGTTTTGCCATGCAAGCCATTGTCAGGCTTGGCATTGTGCCGAACTGATTGT TCAGAAGTGATGAGTCCTTCACATCCC
AAACCCTTACTACACCACTTGCACCCTGCTGAGGTCTTCTCATCCCAACCATTTGCAGTATTTGGGATCTTTGATCAAGTTGTTGT
GCTGTCAAATTTCCCATGTAGACTCCAGAAGCTTGAGGCCTCTCAGTTCTCATAATTTTGGCCTTCAGCTTCTCAAGATCAGCTGC
AAGGGTCATCAATTCCTCTGCACTAAGTCTTCCCACTTTCAGAACATTTTTCTTTGATGTAGACTTCAGATCAACAAGAGAATGCA
CAGTCTGGTTAAGACTCCTGAGTCTCTGCAAGTCTTTATCATCCCTCCTTTCCTTTCTCATGATCCTCTGAACGTTGCTGACTTCA
GAAAAGTCCAACCCATTTAGAAGACTGGTTGCGTCCTTGATGACGGCAGCCTTTACATCTGATGTAAAACTCTGCAACTCCCTCCT
CAACGCCTGTGTCCACTGAAAGCTTTTGACTTCTTTGGACAAAGACATTTTGTCACACAATGAATTTCCAAATAAAAGCGCAATTA
AATGCCTAGGATCCACTGTGCG

SEQ ID NO: 2: LCMV WE L-Segment.

GCGCACCGGGGATCCTAGGCGTTTAGTTGCGCTGCTTTATTGCACAGCTTCACTCTGCTAAACCATCAGGAACTGACCGATCATCA
GTCATGGGCCAAGGCAAGTCCAAAGAAGARAGGGACACCAGCAATACAGGCAGAGCAGAGCTTTTGCCAGACACCACCTATCTTGG
TCCTCTAAATTGTAAATCATGTTGGCAGAAATTTGACAGCTTGGTTAGATGCCATGACCACTATCTTTGCAGACACTGTCTGAATC
TCCTGCTGTCAGTTTCCGACAGATGTCCTCTCTGTAAGTATCCACTGCCAACCAAACTGAAGGTGTCAACAGTCCCAAGCTCCCCA
CCTCCCTATGAGGAGTGACGCCCCAGACCTCGACACAACAGGCCACCCAACACAGAAAAACCACACACAAACCGGCACACACAGAC
ACAGCAACCAGCACAAAGCGCACGAAAACACACACACACACACACACACACCCTCACCCACGCGCCCCCCCGCACCGCLCGGGGGGE
CGCCCCCCCGGGGGGCAGCCCCCCGGGEGGCCCGGGCAGGGCCCCGCGGAGATGCCGGCTAGTCGATCTCCTCGGCCACCCGCTCCG
CCAGCCAATCGTCACAGGATTTCCCCTTGAGTCTGAACCTGCCCCCAGTTGTCTCATACATTACAGTGTTCTTTGACCTGCTGAAG
CAGAGCCTACAATCTCTGAAGGTGAACCAATCTGGCACAAAAGATAATGGTGTCAGCATGACGGATCTGTCCATGCAGAGCTCCTG
AAGAACTGTACTTATTTCTGACTCCATCAAGTGCTCACCAGTTCTGAATCGGTGCAGGAGGAGGCTGCCGAGGACATCACCAATTT
TTCCACAGCCCTCGAGCTCTGCCAGAAAGACCCTCATGTCCTTTGTCTCCAATTTCACAGAGATATTCTGAACAAAGTTCCTCCCC
TCAAAGAGGGCACCCTTCCTTATGGTCAGAGGCACAGGTTCCCACTCAGGCCCTATCCTCTCAAAGTCAGTAGATTTGATCTCATT
CAGAATCCTTCTAGAACCTATTAGTTCAAGTTCTAGTGAATCACCAAGTGTCAAAGGGTCTTCCATGTAATCTTCAAACTCTTCAG
ACCTAATGTCAAAGACTCCATCATTCGCTTTAAAGATGGGGTCTGTCCTCAACAGATTGAGACACTCATCTAATAATCTCCTGTCA
ACCTCACCTTTGAAGAAATGAGAGCACGATAAGTAATCAGCTACACCTGGACTCTGTAATTGGCATTTAACCACAAAGATCAATGA
AAATTTCCTCAAGCAGTCAGTGTTGTTCTGGTTGTGTGTGAAATCCACTGTGATTGAGAACTCCAATATCCCCTCTGTGCTGCTGA
GCATGTAATCCCACAAATCTCTTAAAGATTTAAATGCTTTTGGATCTGTCARACCCTGCTTAATTAACATAGCGGCATTACACACA
ACATCCCCCACACGATAAGAGAACCAACCAAAACCAAACTGCAAGTCATTCCTAAACATGGGCCTCTCTATTTTCTTGTTCACCAC
TTTCAAAATAAATGATTGGAAGGGTCCCAGTGCTTCAGCGCCATCTTCAGATGGCATCATGTCCTTATGGGGGAACCATGAAAAGT
TACCTAAGGTCCTAGCTGTTGCAACAAACTCTCGTACAAATGATTCGAAATACACTTGCTTCAAARAAGTTCTTGCAGACATCCCTT
GTGCTGACAACAAATTCATCAACTAAACTTGAGTCTGACCGTTGGTGAGAGT TGACGAGATCAGAAAACAGCACAGTGTAATGTTC
GTCCCTCTTCCATTTGACAACATGAGAAATGAGTGACAAAGACTCTGAGTTGATGTCAATCAGCACACAAAGGTCAAGGAATTTAA
TCCTGGGACTCCATCTCATATTTTTTGAGCTCACATCAGACATGAATGGGAGCAACTGATCCTCARAAGATTTTGGGGTACAGTCGC
CTCACAGATTGAATTACATGATTCAAACTCACTTTATCCTCTAGTAGTCTCGAACTCTCAGGTTTTCTTGCTACATAATCACATGG
ATTTAAGTGCCTAACAGCCGAATTACTCTCGTTCTTTCCTTTCACAGGTTCTGCTAAAACCCAAACACCCAGCTCAAAAGAGTTGC
TCAATGAGATGCAAATGTAGTCCCAGAGAAGGGGCCTCAAAAGGTTGATGTGGTCACGGTGAGCCTCTGGGTGTCTCTGCTTGTCG
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CAAATGTACAACATCACACCATCTTGTTTGTGAACCCTTGTGACATGTTCATCCATGGTCAGATCTTCAAGCACCTTTCTGATATA
CATATTTTCCCTGTTTTTATTTCTCACACACCTACTTCCTAAAGTCTTACAGAGACCTATAAAGCCGGATGAGACACAACTCTGAA
AAGCTGATTTGTTGATTGCCTCTGACAACAGCTTCTGTGCACCTCTTGTGAACTTACTACAAAGCTTATTTTGGAGTGTTTTAATC
AATGAGGGGATCTTTTCCTCTTGAAAGGTCATTACTGATGGGTAAACCACTTTTTGTCTCAGAACCATCCTCAATGGGAACATTTC
ATTCAGATTCAACCAATTGATGCTTGCCAACTCATTAAGATCATCCTCAAGACCAAGAATCTCTCCCAATTGAAGGATGGCCTCTT
TCTTTTCCCTGTTGAAGAGGTCTAGAAAAAATTCCTCGTTACATTCACCGTTCTTGAGTTTGTGATGTAGTCTTCTTACAAGTTTT
CTCATGATCTTTGTTTCACTGGGACACAATTCTTCAATGAGTCTTTGGATTCTATAACCTCTAGAACCATCTAACCAATCCTTTAC
ATCAGTGTGAGTGTTTAACAAGAATGGATCTAAAGGGAAATTAGCATATTTCAAGAGATCCAGTGTCCTCCTCTGGATACAGTTTA
CTAAAAAAACTGGAACTCCATTTGCTATAGCTTGATCAGCAATCGTATCTATTGTCTCACAAAGTTGATGCGGTTCTTTACACTTA
ACATTGTGTAGTGCCGCAGACACAAATTTCGTGAGGAGAGGGACCTCCTCCCCCCACACATARAAATCTGGATTTGAATTCCGCTGC
AAACCGCCCAACCACACTTTTTGGACTGATGAACTTGTTCAACAAACCACTTAAGT GAGAGTGGAATTCCAGCAAGACAAGGACTT
CTTCTGGGTCACTATCAACTAAGTCACTCAATCTCTTGTCAAATAAAGTGATCTGATCATCACTTGATGTATAGGCTTCTGGCCTC
TCTCCAAAAATGACACCAATACAATAATTGATAAACCTTTCACTAATTAAACCGTAAAAATCAGAAGCATTGTGTAGGATCCCCTG
TCCCATGTCAATGAGACTAGATATGTGAGATGGCACCACCCCCATTTCAAAATACTCTCTAAAGATTCTCTCCGTAACAGTCGTTC
CTGACCCTTTGAGAAGCTTGAGTTTTGATTTAACATATGATTTCATCATTGCATTCACAACAGGGAAAGGGACTTCAACAAGTTTA
TGCATATGCCAAGTCAACAAGGTGCTAACATGATCTTTTCCAGAACGCACGTACTGATCATCACCCAGTTTGAGATTTTGGAGAAG
CATTAAGAATAGGAATGGGCACATCATTGGTCCCCATTTGCTGTGATCCATGCTGTAGTTTAACAACCCTTCTCTCACATTGATAG
TCATTGACAAGATTGCATTTTCAAACTCTTTGTCATTGTTTAAACAAGATCCTGAAAAGAAACTAGAAAAGGATTCAAAATAATCT
TCTACCAATCTTGTGAACATTTTTGTCCTCAAATCCCCAATGTAAAGCTCTCTATTTCCCCCAACCTGCTCTTTGTATGACAATGC
AAATTTTAGTCTCCCAGAGTCAGGGCCAACTGAAGTGTATGATGTTGGTGATTCTTCTGAGTAAAAACACAGATTCTTTAGAGCAG
CACTCATGCATTTTGTCAATGAAAGGGCCTTACTTAGAGATTCAGAATTGCTTTCCCTTTCACTAATTCTTACATCTTCTTCCAAT
TTGTCCCAGTCAAATTTAAAATTTAAGCTCTGCCTCTGCATGTGTCTGTACTTCCCTGAATACGCATTTGCATTCATCTGTAACAA
GATCATCTTCATACATGAGAACCAATCACCCTCTGAGAAGAACTTTCTACAGAGGTTTCTTGCCATCTCATCCAGACCACATTGTT
CTTTGACAGCTGATGTAAAATACAATGGTGACAGTTCTGTTGAACCTTCAACAGCCTCACAAATAAACCTCATGTCGTCATTGGTG
AGACAGGATGGATCAAAGTCCTCTACTAGATGAAATGAAATTTCTGATAAAATGACTTTCCTCAGATAAGCTCTTTTACCTGACAA
AATAATCTGAAGGTGGTGTAGTCCTTTTGTGTTCTTGAATTCTCCCTCCCCTTGCCCTTCATTAAGCCTAGTGCCTCTATTATACC
GTGTTATTGTGGAGCTGACCTTATCTTCTAAACTCCTGAAAAAACTTGTCTCCTCCTCCCCCTCGAAACACACATCTACCGGATCA
TCTTCCAATTTGTCTACTTCTGTTTTCCTGGAACCGATGACTAATCTAGAGACAAGCTTTGAGACCTTATATTCGTAATCTGAGTG
TCTCAGCTTATACTTTTGTTTCCTCATGAAGCCCTCTGTAATTTGGCTCACAGCACTAACAAGCAATTTGTTAAAATCATACTCCA
ARAAGCCGTTCTCCATTCAGATGTTTATTGACAACCACACTTTTGTTGCTTGCGAGATCTAATGCTGTCGCACATCCAGAGTTGGTC
ATGGGGTCCAGATTGTTGAGCCTTTTCTCCCCTTTTAGAATTAAGGTGCCATTGTTGAATGAAGATACCATCATGCTAAAGATCTC
TAAATTAACACCAGGGGTTGAATGCTGACAATCAATATCTTTACCGGTGAACTTCTTCATTTGTTCATARAAAACACATTCCTCTT
CGGGTGTGATTGTTTCCTTAGGGTTGACAAAGAAACCAAACTCACTCTTGGGCTCAAAGAACTTTTCAAAACATTTTATCTGATCT
GTCAATCTATCAGGGGTCTCCTTTGTGATCAAATGACACAGGTATGACACATTCAACATAAACTTGAATTTTGCACTCAATAACAC
CTTTTCACCAGTACCAAAAATTGTCCTAATCAAAAACCGAAGCAGCCTGTACACCACTTTCTCGGCAGGTGTGATTAGATCCTCCT
TCAACTTATCCATTAATGAGGTCGATGAAAAGTCTGAGACGATGGCCATCACTAAATACCTAATATTTTGAACCTGCTTTTGATTT
CTCTTTGTTGGGTTGGTGAGCATCAGTAGGATCAATGTCCTTAGTGCAGTCTCAATGTCAATAAGAGAATCTTTTAAGTCAGGGCA
TGACCTAATCCATGAAATCATTGTGTCTATCATGTTGTGCAACACCTCATCTGAAAAAATTGGTAARAAAAGAACCTTTTTGGATCTG
CGTAAAAGGAAATCAAGTGACCATCCGGACCTTGTATGGAATAACACCTCGATGATTCTCCAGTTTTCTGATATAGTAGATGATAC
TCTTCGGAATCCAGTTTTATTATCTGGCAAAACACCTCTTTGCACTCCACCACTTGATATCTCACAGACCCCAGTTGGTTCTGTCT
CAACCTTGCAACTGAGCTTGTTTTCATGCTGTTTGT TAGAGCCAAACAAACAGATGACAGTTTTCTCAAACTCTGTAAACCCCTCA
ATTGCTCTATGTTAGGCTGGAAAGTGTAATCTTCAAATTTTGTGTAATGCATTACAGGATGAGTCCCGGCTCTCATAAAGTTCTCA
AATTCAGCAAATGGTATATGGCATTCTTGCACGAGGCATTCTGATAGTCCGTAATGCTCAAAACTAAGTCCCACTGTTGATAGGCA
TTTCTGGATTTTTGCTATGAACTCATTTATGGATACCCTAAAAAGCTCATCAAGAGATGCCTTTTTGTGCACTCTTGATTTTCTTC
TGTTCTTCAAAAGTCTCATGAATTCTTCTTTGGTACTTTGAAGGCTCACAAGCCTATCATTCACACTACTGTAGCAACAACCAACC
CAATGTTTATCATTTTCCAACCCTTTGGAAATTGACTGCTTAATAAGTGAAGAAAGACATAAGACATCTAAGTTCAGCAGCTGTCT
CCTTCTAGTGTTTAATAATTTTAAACTTTTCACCTTGTTCAACATAGAGAGTAGCCTTTCATACTCAGTGTTAGCATCGCTTCCTC
TCTCATGCCCATGGGTCTCTGCTGTAATGAACCTCATTAAGGGGCAGGATTCAACTGCCTCTTTGCTCAACATTAATATGTCATCA
TTATCAGTAAGGGTTTCATAAAGTTCAGAGAATTCCTTGATTAAGCCCCCAGGGCTGACCTTTTGGAAATTCCTTTTGAGTTTCCC
ATTTAACAGGTCCCTCCTAAACCTGCCAAAAAAGGAATTTATGCCAAAGACCACATCATCGCAACTCATGTTGGGGTTGACACCAT
CGTGGCACATTTTCATAATCTCATCGTTATGAAATGATCTTGCGTCTTTCAAAATTTTCATTGAGTCCATGCCGGAACGTTTGTCA
ACAGTGGTCTTAAGAGACTCACAGAGCCTGAAGTATTCAGACTCCTCAAAAACTTTCTCATCTTGACTAGAATACTCCAGGAGTTT
AAATAGGAGGTCTCTGAACTTAAAATTCACCCATTCTGGCATGAAACTGTTATCATAATCACAACGACCATCCACTATTGGAACCA
GTGTGATGCCTGCAACAGCAAGATCTTCTTTGATGCATGCTAGTTTGTTGGTGTCCTCAATGAACTTCTTTTCAAAACTAGCTGGT
GTGCTTCTAACAAAACATTCAAGAAGAATAAGGGAATTGTCAATCAACTTATAACCATCAGGGATGATGAGTGGCAGTCCTGGACA
CACAATCCCAGAGTCTATTAGGATTGTTTCAACAGATTTGTCATCGTGGTTGTGTATGCAACCACTTTTGTCTGCACTGTCTATCT
CTATACAGCGTGATAACAATTTGAGTCCCTCAATTAGCACCATTCTGGGTTCTCTTTGTCCCAGGAAGTTGAGTTTTTGCCTTGAC
AGCCTCTCGTCCTGTTCTATGTAATTTAGACACAACTCTCTCAAATCTGCAATAGTTTCATCCATTGCGCATCAAAAAGCCTAGGA
TCCTCGGTGCGC

SEQ ID NO: 3: LCMV WE GPC.

ATGGGTCAGATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAACATTGTCATTATTGTGCTCATTATAAT
CACGAGCATCAAAGCTGTGTACAATTTCGCCACCTGTGGGATATTAGCACTGGTCAGCTTCCTTTTTTTGGCTGGTAGGTCCTGTG
GCATGTACGGCCTTAATGGTCCCGACATCTATAAAGGGGTTTACCAGTTCAAATCAGTGGAGTTTGATATGTCTCACTTAAATCTG
ACGATGCCCAATGCGTGCTCAGCCAACAACTCTCATCACTACATCAGTATGGGAAGCTCTGGACTGGAGCTAACTTTCACTAACGA
CTCCATCCTTAATCACAATTTTTGCAACTTAACCTCCGCTTTCAACAAAAAGACTTTTGACCATACACTCATGAGTATAGTCTCGA
GTCTGCACCTCAGTATTAGAGGGAATTCCAACCACAAAGCAGTGTCTTGTGATTTTAACAATGGCATCACCATTCAATACAACTTG
TCATTTTCGGACCCACAGAGCGCTATAAGCCAGTGTAGGACTTTCAGAGGTAGAGT CTTGGACATGTTTAGAACTGCCTTTGGAGG
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AAAATACATGAGAAGTGGCTGGGGCTGGGCAGGTTCAGATGGCAAGACCACTTGGTGCAGCCAAACAAGCTATCAGTACCTAATCA
TACAAAACAGGACTTGGGAAAACCACTGTAGATATGCAGGCCCTTTTGGGATGTCTAGAATCCTCTTTGCTCAGGAAAAGACAAAG
TTTCTCACTAGGAGACTTGCAGGCACATTCACCTGGACCCTGTCAGACTCCTCAGGAGTAGAAAATCCAGGTGGTTATTGCCTGAC
CAAATGGATGATCCTTGCTGCAGAGCTCAAATGTTTTGGGAATACAGCTGTTGCAAAATGTAATGTCAATCATGATGAAGAGTTCT
GTGACATGCTACGACTAATTGATTACAACAAGGCCGCCCTGAGTAAGTTCAAGCAAGATGTAGAGTCTGCCTTGCATGTATTCAAA
ACAACAGTAAATTCTCTGATTTCCGATCAGCTGTTGATGAGGAATCATCTAAGAGATCTAATGGGGGTACCATACTGTAATTACTC
AAAGTTCTGGTATCTGGAACATGCTAAGACTGGTGAGACTAGTGTACCCAAGTGCTGGCTTGTCACTAATGGCTCCTACTTGAATG
AGACCCACTTTAGTGATCAAATCGAACAAGAAGCAGATAACATGATCACAGAGATGTTGAGGAAGGACTACATAAAAAGACAAGGG
AGTACTCCTTTAGCCTTAATGGATCTTTTGATGTTTTCAACATCAGCATATCTAATCAGCATCTTTCTGCATCTTGTGAAGATACC
AACACATAGACACATAAAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGGGGATCTGTAGTTGTGGTGCATTCAAGG
TGCCTGGTGTAAAAACTATCTGGAAAAGACGCTGA

SEQ ID NO: 4: LCMV WE GPC.
MGQIVTMFEALPHIIDEVINIVIIVLITIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMS IVSSLHLSIRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAISQCRTFRGRVLDMFRTAFGGKYMRS GWGWAGSDGKTTWCSQTSYQYLITQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRILAGTFTWITLSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATLHVEFK
TTVNSLISDQLILMRNHLRDLMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGS YLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 5: LCMV WE NP.
ATGTCTTTGTCCAAAGAAGTCAAAAGCTTTCAGTGGACACAGGCGTTGAGGAGGGAGTTGCAGAGTTTTACATCAGATGTAAAGGC
TGCCGTCATCAAGGACGCAACCAGTCTTCTAAATGGGTTGGACTTTTCTGAAGTCAGCAACGTTCAGAGGATCATGAGAAAGGARAA
GGAGGGATGATAAAGACTTGCAGAGACTCAGGAGTCTTAACCAGACTGTGCATTCTCTTGTTGATCTGAAGTCTACATCAAAGARA
AATGTTCTGAAAGTGGGAAGACTTAGTGCAGAGGAATTGATGACCCTTGCAGCTGATCTTGAGAAGCTGAAGGCCAAAATTATGAG
AACTGAGAGGCCTCAAGCTTCTGGAGTCTACATGGGAAATTTGACAGCACAACAACTTGATCAAAGATCCCAAATACTGCARATGG
TTGGGATGAGAAGACCTCAGCAGGGTGCAAGTGGTGTAGTAAGGGT TTGGGATGTGAAGGACTCATCACTTCTGAACAATCAGTTC
GGCACAATGCCAAGCCTGACAATGGCTTGCATGGCAAAACAGTCACAGACCCCACTCAATGATGTTGTGCAGGCACTCACAGACCT
TGGCTTACTTTACACAGTCAAATACCCGAATCTCAGTGATCTTGAAAGGCTAAAGGATAAACACCCAGTTCTGGGGGTCATTACTG
AACAGCAATCTAGTATCAATATCTCTGGTTATAATTTCAGTCTTGGTGCAGCTGTGAAAGCGGGGGCAGCTCTGCTAGATGGAGGG
AACATGCTGGAATCTATCTTGATCAAACCGAGCAACAGTGAGGATCTCCTARAAGCAGTCCTCGGGGCCAAGAAGAAACTCAACAT
GTTTGTCTCAGATCAAGTTGGAGATAGAAATCCCTATGAAAACATCCTTTATAAAGTCTGTCTTTCAGGTGAAGGATGGCCATACA
TAGCCTGTAGAACGTCAGTTGTGGGGAGAGCATGGGAGAACACAACAATTGATCTCACAAATGAAAAACTTGTTGCCAACTCATCT
AGGCCAGTGCCTGGAGCAGCAGGCCCACCTCAGGTGGGCTTGAGTTACAGTCAGACAATGCTGTTGAAAGACTTGATGGGAGGGAT
TGATCCCAATGCTCCCACATGGATTGACATTGAGGGCAGGTTCAATGATCCAGTGGAGATAGCAATATTCCAACCACAAAATGGGC
AATTCATACATTTTTACAGGGAACCTACGGACCAGAAGCAATTCAAGCAGGACTCAAAGTATTCACACGGCATGGATCTTGCTGAT
CTCTTCAATGCACAGCCTGGGCTGACCTCATCAGTTATAGGTGCTCTCCCACAAGGGATGGTTTTGAGCTGTCAAGGTTCTGATGA
CATCAGAAAGCTTCTGGACTCACAAAATAGAAGGGACATAAAACTCATTGATGTTGAGATGACCAAGGAGGCCTCAAGAGAATATG
AAGATAAAGTGTGGGACAAATATGGCTGGCTATGCAAAATGCACACTGGGGTAGTGAGAGACAAAAAGAAGAAAGAGATCACCCCA
CACTGTGCACTCATGGACTGCATCATTTTTGAGAGTGCTTCCAAGGCAAGACTCCCTGATCTAAARACCGTTCACAACATCCTGCC
ACATGATTTAATCTTCAGAGGACCCAATGTTGTGACACTCTAA

SEQ ID NO: 6: LCMV WE NP.
MSLSKEVKSFQWTQALRRELQSFTSDVKAAVIKDATSLLNGLDFSEVSNVQRIMRKERRDDKDLQRIRSLNQTVHSLVDLKSTSKK
NVLKVGRLSAEELMTLAADLEKLKAKIMRTERPQASGVYMGNLTAQQLDQRSQI LOMVGMRRPQQGASGVVRVWDVKDS SLLNNQF
GTMPSLTMACMAKQSQTPLNDVVQALTDLGLLYTVKYPNLSDLERLKDKHPVLGVITEQQSSINISGYNFSLGAAVKAGAALLDGG
NMLESILIKPSNSEDLLKAVLGAKKKLNMFVSDQVGDRNPYENILYKVCLSGEGWPYIACRTSVVGRAWENTT IDLTNEKLVANSS
RPVPGAAGPPQVGLSYSQTMLLKDLMGGIDPNAPTWIDIEGRFNDPVEIAIFQPONGQFIHFYREPTDQKQFKQDSKYSHGMDLAD
LFNAQPGLTSSVIGALPQGMVLSCQGSDDIRKLLDSQNRRDIKLIDVEMTKEASRE YEDKVWDKYGWLCKMHTGVVRDKKKKEITP
HCAIMDCIIFESASKARLPDLKTVHNILPHDLIFRGPNVVTL

SEQ ID NO: 7: LCMV WE ZP.
ATGGGCCAAGGCAAGTCCAAAGAAGAAAGGGACACCAGCAATACAGGCAGAGCAGAGCTTTTGCCAGACACCACCTATCTTGGTCC
TCTAAATTGTAAATCATGTTGGCAGAAATTTGACAGCTTGGTTAGATGCCATGACCACTATCTTTGCAGACACTGTCTGAATCTCC
TGCTGTCAGTTTCCGACAGATGTCCTCTCTGTAAGTATCCACTGCCAACCAAACTGAAGGTGTCAACAGTCCCAAGCTCCCCACCT
CCCTATGAGGAGTGA

SEQ ID NO: 8: LCMV WE ZP.
MGQGKSKEERDTSNTGRAELLPDTTYLGPLNCKSCWQKFDSLVRCHDHYLCRHCLNLLLSVSDRCPLCKYPLPTKLKVSTVPSSPP
PYEE

SEQ ID NO: 9: LCMV WE LP.

ATGGATGAAACTATTGCAGATTTGAGAGAGTTGTGTCTAAATTACATAGAACAGGACGAGAGGCTGTCAAGGCAAAAACTCAACTT
CCTGGGACAAAGAGAACCCAGAATGGTGCTAATTGAGGGACTCAAATTGTTATCACGCTGTATAGAGATAGACAGTGCAGACAARAA
GTGGTTGCATACACAACCACGATGACAAATCTGTTGAAACAATCCTAATAGACTCTGGGATTGTGTGTCCAGGACTGCCACTCATC
ATCCCTGATGGTTATAAGTTGATTGACAATTCCCTTATTCTTCTTGAATGTTTTGT TAGAAGCACACCAGCTAGTTTTGAARAGAA
GTTCATTGAGGACACCAACAAACTAGCATGCATCAAAGAAGATCTTGCTGTTGCAGGCATCACACTGGTTCCAATAGTGGATGGTC
GTTGTGATTATGATAACAGTTTCATGCCAGAATGGGTGAATTTTAAGTTCAGAGACCTCCTATTTAAACTCCTGGAGTATTCTAGT
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CAAGATGAGAAAGTTTTTGAGGAGTCTGAATACTTCAGGCTCTGTGAGTCTCTTAAGACCACTGTTGACAAACGTTCCGGCATGGA
CTCAATGAAAATTTTGAAAGACGCAAGATCATTTCATAACGATGAGATTATGAAAATGTGCCACGATGGTGTCAACCCCAACATGA
GTTGCGATGATGTGGTCTTTGGCATAAATTCCTTTTTTGGCAGGTT TAGGAGGGACCTGTTAAATGGGARAACTCAAAAGGAATTTC
CAAAAGGTCAGCCCTGGGGGCTTAATCAAGGAATTCTCTGAACTTTATGAAACCCTTACTGATAATGATGACATATTAATGTTGAG
CAAAGAGGCAGTTGAATCCTGCCCCTTAATGAGGTTCATTACAGCAGAGACCCATGGGCATGAGAGAGGAAGCGATGCTAACACTG
AGTATGAAAGGCTACTCTCTATGTTGAACAAGGTGAAAAGTTTAAAATTATTAAACACTAGAAGGAGACAGCTGCTGAACTTAGAT
GTCTTATGTCTTTCTTCACTTATTAAGCAGTCAATTTCCAAAGGGTTGGAAAATGATAAACATTGGGTTGGTTGTTGCTACAGTAG
TGTGAATGATAGGCTTGTGAGCCTTCAAAGTACCAAAGAAGAATTCATGAGACTTTTGAAGAACAGAAGAAAATCAAGAGTGCACA
ARAAAGGCATCTCTTGATGAGCTTTTTAGGGTATCCATAAATGAGTTCATAGCAAAAATCCAGAAATGCCTATCAACAGTGGGACTT
AGTTTTGAGCATTACGGACTATCAGAATGCCTCGTGCAAGAATGCCATATACCATTTGCTGAATTTGAGAACTTTATGAGAGCCGG
GACTCATCCTGTAATGCATTACACAAAATTTGAAGATTACACTTTCCAGCCTAACATAGAGCAATTGAGGGGTTTACAGAGTTTGA
GAAAACTGTCATCTGTTTGTTTGGCTCTAACAAACAGCATGAAAACAAGCTCAGTTGCAAGGTTGAGACAGAACCAACTGGGGTCT
GTGAGATATCAAGTGGTGGAGTGCAAAGAGGTGTTTTGCCAGATAATAAAACTGGATTCCGAAGAGTATCATCTACTATATCAGAA
AACTGGAGAATCATCGAGGTGTTATTCCATACAAGGTCCGGATGGTCACTTGATTTCCTTTTACGCAGATCCAAAAAGGTTCTTTT
TACCAATTTTTTCAGATGAGGTGTTGCACAACATGATAGACACAATGATTTCATGGATTAGGTCATGCCCTGACTTAAAAGATTCT
CTTATTGACATTGAGACTGCACTAAGGACATTGATCCTACTGATGCTCACCAACCCAACAAAGAGAAATCAAAAGCAGGTTCAARAA
TATTAGGTATTTAGTGATGGCCATCGTCTCAGACTTTTCATCGACCTCATTAATGGATAAGTTGAAGGAGGATCTAATCACACCTG
CCGAGAAAGTGGTGTACAGGCTGCTTCGGTTTTTGATTAGGACAATTTTTGGTACTGGTGAAAAGGTGTTATTGAGTGCAAAATTC
AAGTTTATGTTGAATGTGTCATACCTGTGTCATTTGATCACAAAGGAGACCCCTGATAGATTGACAGATCAGATAAAATGTTTTGA
AAAGTTCTTTGAGCCCAAGAGTGAGTTTGGTTTCTTTGTCAACCCTAAGGAAACAATCACACCCGAAGAGGAATGTGTTTTTTATG
AACAAATGAAGAAGTTCACCGGTAAAGATATTGATTGTCAGCATTCAACCCCTGGTGTTAATTTAGAGATCTTTAGCATGATGGTA
TCTTCATTCAACAATGGCACCTTAATTCTAAAAGGGGAGAAAAGGCTCAACAATCTGGACCCCATGACCAACTCTGGATGTGCGAC
AGCATTAGATCTCGCAAGCAACAAAAGTGTGGTTGTCAATAAACATCTGAATGGAGAACGGCTTTTGGAGTATGATTTTAACAAAT
TGCTTGTTAGTGCTGTGAGCCAAATTACAGAGGGCTTCATGAGGAAACAAAAGTATAAGCTGAGACACTCAGATTACGAATATAAG
GTCTCAAAGCTTGTCTCTAGATTAGTCATCGGTTCCAGGAAAACAGAAGTAGACAAATTGGAAGATGATCCGGTAGATGTGTGTTT
CGAGGGGGAGGAGGAGACAAGTTTTTTCAGGAGTTTAGAAGATAAGGTCAGCTCCACAATAACACGGTATAATAGAGGCACTAGGC
TTAATGAAGGGCAAGGGGAGGGAGAATTCAAGAACACAAAAGGACTACACCACCTTCAGATTATTTTGTCAGGTAAAAGAGCTTAT
CTGAGGAAAGTCATTTTATCAGAAATTTCATTTCATCTAGTAGAGGACTTTGATCCATCCTGTCTCACCAATGACGACATGAGGTT
TATTTGTGAGGCTGTTGAAGGTTCAACAGAACTGTCACCATTGTATTTTACATCAGCTGTCAAAGAACAATGTGGTCTGGATGAGA
TGGCAAGAAACCTCTGTAGAAAGTTCTTCTCAGAGGGTGATTGGTTCTCATGTATGAAGATGATCTTGTTACAGATGAATGCAAAT
GCGTATTCAGGGAAGTACAGACACATGCAGAGGCAGAGCTTAAATTTTAAATTTGACTGGGACAAATTGGAAGAAGATGTAAGAAT
TAGTGAAAGGGAAAGCAATTCTGAATCTCTAAGTAAGGCCCTTTCATTGACAAAATGCATGAGTGCTGCTCTAAAGAATCTGTGTT
TTTACTCAGAAGAATCACCAACATCATACACTTCAGTTGGCCCTGACTCTGGGAGACTAAAATTTGCATTGTCATACAAAGAGCAG
GTTGGGGGAAATAGAGAGCTTTACATTGGGGATTTGAGGACAAAAATGTTCACAAGATTGGTAGAAGATTATTTTGAATCCTTTTC
TAGTTTCTTTTCAGGATCTTGTTTAAACAATGACAAAGAGTTTGAAAATGCAATCTTGTCAATGACTATCAATGTGAGAGAAGGGT
TGTTAAACTACAGCATGGATCACAGCAAATGGGGACCAATGATGTGCCCATTCCTATTCTTAATGCTTCTCCAAAATCTCAAACTG
GGTGATGATCAGTACGTGCGTTCTGGAAAAGATCATGTTAGCACCTTGTTGACTTGGCATATGCATAAACTTGTTGAAGTCCCTTT
CCCTGTTGTGAATGCAATGATGAAATCATATGTTAAATCAAAACTCAAGCTTCTCAAAGGGTCAGGAACGACTGTTACGGAGAGAA
TCTTTAGAGAGTATTTTGAAATGGGGGTGGTGCCATCTCACATATCTAGTCTCATTGACATGGGACAGGGGATCCTACACAATGCT
TCTGATTTTTACGGTTTAATTAGTGAAAGGTTTATCAATTATTGTATTGGTGTCATTTTTGGAGAGAGGCCAGAAGCCTATACATC
AAGTGATGATCAGATCACTTTATTTGACAAGAGATTGAGTGACTTAGTTGATAGTGACCCAGAAGAAGTCCTTGTCTTGCTGGAAT
TCCACTCTCACTTAAGTGGTTTGTTGAACAAGTTCATCAGTCCAAAAAGTGTGGTTGGGCGGTTTGCAGCGGAATTCAAATCCAGA
TTTTATGTGTGGGGGGAGGAGGTCCCTCTCCTCACGAAATTTGTGTCTGCGGCACTACACAATGTTAAGTGTAAAGAACCGCATCA
ACTTTGTGAGACAATAGATACGATTGCTGATCAAGCTATAGCAAATGGAGTTCCAGTTTTTTTAGTAAACTGTATCCAGAGGAGGA
CACTGGATCTCTTGAAATATGCTAATTTCCCTTTAGATCCATTCTTGTTAAACACTCACACTGATGTAAAGGATTGGTTAGATGGT
TCTAGAGGTTATAGAATCCAAAGACTCATTGAAGAATTGTGTCCCAGTGAAACAAAGATCATGAGAAAACTTGTAAGAAGACTACA
TCACAAACTCAAGAACGGTGAATGTAACGAGGAATTTTTTCTAGACCTCTTCAACAGGGAAAAGAAAGAGGCCATCCTTCAATTGG
GAGAGATTCTTGGTCTTGAGGATGATCTTAATGAGT TGGCAAGCATCAATTGGTTGAATCTGAATGAAATGTTCCCATTGAGGATG
GTTCTGAGACAAAAAGTGGTTTACCCATCAGTAATGACCTTTCAAGAGGAAAAGATCCCCTCATTGATTAAAACACTCCAAAATAA
GCTTTGTAGTAAGTTCACAAGAGGTGCACAGAAGCTGTTGTCAGAGGCAATCAACAAATCAGCTTTTCAGAGTTGTGTCTCATCCG
GCTTTATAGGTCTCTGTAAGACTTTAGGAAGTAGGTGTGTGAGAAATAAAAACAGGGAAAATATGTATATCAGAAAGGTGCTTGAA
GATCTGACCATGGATGAACATGTCACAAGGGTTCACAAACAAGATGGTGTGATGTTGTACATTTGCGACAAGCAGAGACACCCAGA
GGCTCACCGTGACCACATCAACCTTTTGAGGCCCCTTCTCTGGGACTACATTTGCATCTCATTGAGCAACTCTTTTGAGCTGGGTG
TTTGGGTTTTAGCAGAACCTGTGAAAGGAAAGAACGAGAGTAATTCGGCTGTTAGGCACTTARATCCATGTGATTATGTAGCAAGA
AAACCTGAGAGTTCGAGACTACTAGAGGATAAAGTGAGTTTGAATCATGTAATTCAATCTGTGAGGCGACTGTACCCCAAAATCTT
TGAGGATCAGTTGCTCCCATTCATGTCTGATGTGAGCTCAAAAAATATGAGATGGAGTCCCAGGATTAAATTCCTTGACCTTTGTG
TGCTGATTGACATCAACTCAGAGTCTTTGTCACTCATTTCTCATGTTGTCAAATGGAAGAGGGACGAACATTACACTGTGCTGTTT
TCTGATCTCGTCAACTCTCACCAACGGTCAGACTCAAGTTTAGTTGATGAATTTGTTGTCAGCACAAGGGATGTCTGCAAGAACTT
TTTGAAGCAAGTGTATTTCGAATCATTTGTACGAGAGTTTGTTGCAACAGCTAGGACCTTAGGTAACTTTTCATGGTTCCCCCATA
AGGACATGATGCCATCTGAAGATGGCGCTGAAGCACTGGGACCCTTCCAATCATTTATTTTGAAAGTGGTGAACAAGAARATAGAG
AGGCCCATGTTTAGGAATGACTTGCAGTTTGGTTTTGGTTGGTTCTCTTATCGTGTGGGGGATGTTGTGTGTAATGCCGCTATGTT
AATTAAGCAGGGTTTGACAGATCCAAAAGCATTTAAATCTTTAAGAGATTTGTGGGATTACATGCTCAGCAGCACAGAGGGGATAT
TGGAGTTCTCAATCACAGTGGATTTCACACACAACCAGAACAACACTGACTGCTTGAGGAAATTTTCATTGATCTTTGTGGTTAAA
TGCCAATTACAGAGTCCAGGTGTAGCTGATTACTTATCGTGCTCTCATTTCTTCAAAGGTGAGGTTGACAGGAGATTATTAGATGA
GTGTCTCAATCTGTTGAGGACAGACCCCATCTTTAAAGCGAATGATGGAGTCTTTGACATTAGGTCTGAAGAGTTTGAAGATTACA
TGGAAGACCCTTTGACACTTGGTGATTCACTAGAACTTGAACTAATAGGTTCTAGAAGGATTCTGAATGAGATCAAATCTACTGAC
TTTGAGAGGATAGGGCCTGAGTGGGAACCTGTGCCTCTGACCATAAGGAAGGGTGCCCTCTTTGAGGGGAGGAACTTTGTTCAGAA
TATCTCTGTGARAATTGGAGACAAAGGACATGAGGGTCTTTCTGGCAGAGCTCGAGGGCTGTGGAARAATTGGTGATGTCCTCGGCA
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GCCTCCTCCTGCACCGATTCAGAACTGGTGAGCACTTGATGGAGTCAGAAATAAGTACAGTTCTTCAGGAGCTCTGCATGGACAGA
TCCGTCATGCTGACACCATTATCTTTTGTGCCAGATTGGTTCACCTTCAGAGATTGTAGGCTCTGCTTCAGCAGGTCAAAGAACAC
TGTAATGTATGAGACAACTGGGGGCAGGTTCAGACTCAAGGGGAAATCCTGTGACGATTGGCTGGCGGAGCGGGTGGCCGAGGAGA
TCGACTAG

SEQ ID NO: 10: LCMV WE LP.
MDETIADLRELCLNYIEQDERLSRQKLNFLGQREPRMVLIEGLKLLSRCIEIDSADKSGCIHNHDDKSVETILIDSGIVCPGLPLI
IPDGYKLIDNSLILLECFVRSTPASFEKKFIEDTNKLACIKEDLAVAGITLVPIVDGRCDYDNSFMPEWVNFKFRDLLFKLLEYSS
QDEKVFEESEYFRLCESLKTTVDKRSGMDSMKILKDARSFHNDE IMKMCHDGVNPNMSCDDVVFGINSFFGRFRRDLLNGKLKRNF
QKVSPGGLIKEFSELYETLTDNDDIIMLSKEAVESCPLMRFITAETHGHERGSDANTEYERLLSMLNKVKS LKLLNTRRRQLLNLD
VLCLSSLIKQSISKGLENDKHWVGCCYSSVNDRLVSLOSTKEEFMRLLKNRRKSRVHKKASLDELFRVSINEFIAKIQKCLSTVGL
SFEHYGLSECLVQECHI PFAEFENFMRAGTHPVMHYTKFEDYTFQPNIEQLRGLQSLRKLSSVCLALTNSMKT SSVARLRONQLGS
VRYQVVECKEVFCQIIKLDSEEYHLLYQKTGESSRCYSIQGPDGHLISFYADPKRFFLPIFSDEVLHNMIDTMISWIRSCPDLKDS
LIDIETALRTLILLMLTNPTKRNQKQVONIRYLVMAIVSDFSSTSLMDKLKEDLITPAEKVVYRLLRFLIRTIFGTGEKVLLSAKF
KFMLNVSYLCHLITKETPDRLTDQIKCFEKFFEPKSEFGFFVNPKETITPEEECVFYEQMKKFTGKDIDCQHSTPGVNLEI FSMMV
SSFNNGTLILKGEKRLNNLDPMTNSGCATALDLASNKSVVVNKHLNGERLLEYDFNKLLVSAVSQITEGFMRKQKYKLRHSDYEYK
VSKLVSRLVIGSRKTEVDKLEDDPVDVCFEGEEETSFFRSLEDKVSSTITRYNRGTRLNEGQGEGEFKNTKGLHHLQI ILSGKRAY
LRKVILSEISFHLVEDFDPSCLTNDDMRFICEAVEGSTELSPLYFTSAVKEQCGLDEMARNLCRKFFSEGDWESCMKMI LLOQMNAN
AYSGKYRHMQORQSLNFKFDWDKLEEDVRI SERESNSESLSKALSLTKCMSAALKNLCEFYSEESPTSYTSVGPDSGRLKFALSYKEQ
VGGNRELYIGDLRTKMFTRLVEDYFESFSSFFSGSCLNNDKEFENAILSMTINVREGLLNYSMDHSKWGPMMC PFLFLMLLQNLKL
GDDQYVRSGKDHVSTLLTWHMHKLVEVPFPVVNAMMKS YVKSKLKLLKGSGTTVTERI FREYFEMGVVPSHIS SLIDMGQGILHNA
SDFYGLISERFINYCIGVIFGERPEAYTSSDDQITLFDKRLSDLVDSDPEEVLVLLEFHSHLSGLLNKFISPKSVVGRFAAEFKSR
FYVWGEEVPLLTKEFVSAALHNVKCKEPHQLCETIDTIADQATIANGVPVFLVNCIQRRTLDLLKYANFPLDPFLLNTHTDVKDWLDG
SRGYRIQRLIEELCPSETKIMRKLVRRLHHKLKNGECNEEFFLDLFNREKKEAILQLGEILGLEDDLNELASINWLNLNEMFPLRM
VLROKVVYPSVMTFQEEKIPSLIKTLONKLCSKFTRGAQKLLSEAINKSAFQSCVSSGFIGLCKTLGSRCVRNKNRENMYIRKVLE
DLTMDEHVTRVHKQDGVMLYICDKQRHPEAHRDHINLLRPLLWDYICISLSNSFELGVWVLAEPVKGKNESNSAVRHLNPCDYVAR
KPESSRLLEDKVSLNHVIQSVRRLYPKIFEDQLLPFMSDVSSKNMRWSPRIKFLDLCVLIDINSESLSLISHVVKWKRDEHYTVLF
SDLVNSHQRSDSSLVDEFVVSTRDVCKNFLKQVYFESFVREFVATARTLGNF SWFPHKDMMP SEDGAEALGPFQSFILKVVNKKIE
RPMFRNDLQFGFGWEFSYRVGDVVCNAAMLIKQGLTDPKAFKSLRDLWDYMLSSTEGILEFSITVDFTHNQNNTDCLRKFSLIFVVK
CQLOSPGVADYLSCSHFFKGEVDRRLLDECLNLLRTDPIFKANDGVFDIRSEEFEDYMEDPLTLGDSLELELIGSRRILNEIKSTD
FERIGPEWEPVPLTIRKGALFEGRNFVONISVKLETKDMRVFLAELEGCGKIGDVLGSLLLHRFRTGEHLMESEI STVLQELCMDR
SVMLTPLSFVPDWFTFRDCRLCFSRSKNTVMYETTGGRFRLKGKSCDDWLAERVAEEID

SEQ ID NO: 11l: LCMV variant S-Segmentt

GCGCACCGGGGATCCTAGGCTTTTTGGATTGCGCTTTCCTTTAGGACAATTGGGTGCTGGATTCTATCCAATAAAAGGATGGGTCA
GATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAACATTGTCATTATTGTGCTCATTATAATCACGAGCA
TCAAAGCTGTGTACAATTTCGCCACCTGTGGGATATTAGCACTGGTCAGCTTCCTTTTTTTGGCTGGTAGGTCCTGTGGCATGTAC
GGCCTTAATGGTCCCGACATCTATAAAGGGGTTTACCAGTTCAAATCAGTGGAGTTTGATATGTCTCACTTAAATCTGACGATGCC
CAATGCGTGCTCAGCCAACAACTCTCATCACTACATCAGTATGGGAAGCTCTGGACTGGAGCTAACTTTCACTAACGACTCCATCC
TTAATCACAATTTTTGCAACTTAACCTCCGCTTTCAACAAAAAGACTTTTGACCATACACTCATGAGTATAGTCTCGAGTCTGCAC
CTCAGTATTAGAGGGAATTCCAACCACAAAGCAGTGTCTTGTGATTTTAACAATGGCATCACCATTCAATACAACTTGTCATTTTC
GGACCCACAGAGCGCTATGAGCCAGTGTTGGACTTTCAGAGGTAGAGTCTTGGACATGTTTAGAACTGCCTTTGGAGGAAAATACA
TGAGAAGTGGCTGGGGCTGGGCAGGTTCAGATGGCAAGACCACTTGGTGCAGCCAAACAAGCTATCAGTACCTAATCATACAAAAC
AGGACTTGGGAAAACCACTGTAGATATGCAGGCCCTTTTGGGATGTCTAGAATCCTCTTTGCTCAGGAAAAGACAAAGTTTCTCAC
TAGGAGACTTGCAGGCACATTCACCTGGACCCTGTCAGACTCCTCAGGAGTAGAAAATCCAGGTGGTTATTGCCTGACCAAATGGA
TGATCCTTGCTGCAGAGCTCAAATGTTTTGGGAATACAGCTGTTGCAAAATGTAATGTCAATCATGATGAAGAGTTCTGTGACATG
CTACGACTAATTGATTACAACAAGGCCGCCCTGAGTAAGTTCAAGCAAGATGTAGAGTCTGCCTTGCATGTATTCAAAACAACAGT
AAATTCTCTGATTTCCGATCAGCTGTTGATGAGGAATCATCTAAGAGATCTAATGGGGGTACCATACTGTAATTACTCAAAGTTCT
GGTATCTGGAACATGCTAAGACTGGTGAGACTAGTGTACCCAAGTGCTGGCTTGTCACTAATGGCTCCTACTTGAATGAGACCCAC
TTTAGTGATCAAATCGAACAAGAAGCAGATAACATGATCACAGAGATGTTGAGGAAGGACTACATAAAAAGACAAGGGAGTACTCC
TTTAGCCTTAATGGATCTTTTGATGTTTTCAACATCAGCATATCTAATCAGCATCTTTCTGCATCTTGTGAAGATACCAACACATA
GACACATAAAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGGGGATCTGTAGTTGTGGTGCATTCAAGGTGCCTGGT
GTAAAAACTATCTGGAAAAGACGCTGATCAGCAGCGCCTCCCTGACTCTCCACCTCGAAAGAGGTGGAGAGTCAGGGAGGCCCAGT
GGGTCTTAGAGTGTCACAACATTGGGTCCTCTGAAGATTAAATCATGTGGCAGGATGTTGTGAACGGTTTTTAGATCAGGGAGTCT
TGCCTTGGAAGCACTCTCAAAAATGATGCAGTCCATGAGTGCACAGTGTGGGGTGATCTCTTTCTTCTTTTTGTCTCTCACTACCC
CAGTGTGCATTTTGCATAGCCAGCCATATTTGTCCCACACTTTATCTTCATATTCTCTTGAGGCCTCCTTGGTCATCTCAACATCA
ATGAGTTTTATGTCCCTTCTATTTTGTGAGTCCAGAAGCTTTCTGATGTCATCAGAACCTTGACAGCTCAAAACCATCCCTTGTGG
GAGAGCACCTATAACTGATGAGGTCAGCCCAGGCTGTGCATTGAAGAGATCAGCAAGATCCATGCCGTGTGAATACTTTGAGTCCT
GCTTGAATTGCTTCTGGTCCGTAGGTTCCCTGTAAAAATGTATGAATTGCCCATTTTGTGGTTGGAATATTGCTATCTCCACTGGA
TCATTGAACCTGCCCTCAATGTCAATCCATGTGGGAGCATTGGGATCAATCCCTCCCATCAAGTCTTTCAACAGCATTGTCTGACT
GTAACTCAAGCCCACCTGAGGTGGGCCTGCTGCTCCAGGCACTGGCCTAGATGAGTTGGCAACAAGTTTTTCATTTGTGAGATCAA
TTGTTGTGTTCTCCCATGCTCTCCCCACAACTGACGTTCTACAGGCTATGTATGGCCATCCTTCACCTGAAAGACAGACTTTATAA
AGGATGTTTTCATAGGGATTTCTATCTCCAACTTGATCTGAGACAAACATGTTGAGTTTCTTCTTGGCCCCGAGGACTGCTTTTAG
GAGATCCTCACTGTTGCTCGGTTTGATCAAGATAGATTCCAGCATGTTCCCTCCATCTAGCAGAGCTGCCCCCGCTTTCACAGCTG
CACCAAGACTGAAATTATAACCAGAGATATTGATACTAGATTGCTGTTCAGTAATGACCCCCAGAACTGGGTGTTTATCCTTTAGC
CTTTCAAGATCACTGAGATTCGGGTATTTGACTGTGTAAAGTAAGCCAAGGTCTGTGAGTGCCTGCACAACATCATTGAGTGGGGT
CTGTGACTGTTTTGCCATGCAAGCCATTGTCAGGCTTGGCATTGTGCCGAACTGATTGTTCAGAAGTGATGAGTCCTTCACATCCC
AAACCCTTACTACACCACTTGCACCCTGCTGAGGTCTTCTCATCCCAACCATTTGCAGTATTTGGGATCTTTGATCAAGTTGTTGT
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GCTGTCAAATTTCCCATGTAGACTCCAGAAGCTTGAGGCCTCTCAGTTCTCATAATTTTGGCCTTCAGCTTCTCAAGATCAGCTGC
AAGGGTCATCAATTCCTCTGCACTAAGTCTTCCCACTTTCAGAACATTTTTCTTTGATGTAGACTTCAGATCAACAAGAGAATGCA
CAGTCTGGTTAAGACTCCTGAGTCTCTGCAAGTCTTTATCATCCCTCCTTTCCTTTCTCATGATCCTCTGAACGTTGCTGACTTCA
GAAAAGTCCAACCCATTTAGAAGACTGGTTGCGTCCTTGATGACGGCAGCCTTTACATCTGATGTAAAACTCTGCAACTCCCTCCT
CAACGCCTGTGTCCACTGAAAGCTTTTGACTTCTTTGGACAAAGACATTTTGTCACACAATGAATTTCCAAATAAAAGCGCAATTA
AATGCCTAGGATCCACTGTGCG

SEQ ID NO: 12: LCMV variant GPC.
ATGGGTCAGATTGTGACAATGTTTGAGGCTTTGCCTCACATCATTGATGAGGTCATCAACATTGTCATTATTGTGCTCATTATAAT
CACGAGCATCAAAGCTGTGTACAATTTCGCCACCTGTGGGATATTAGCACTGGTCAGCTTCCTTTTTTTGGCTGGTAGGTCCTGTG
GCATGTACGGCCTTAATGGTCCCGACATCTATAAAGGGGTTTACCAGTTCARATCAGTGGAGTTTGATATGTCTCACTTAAATCTG
ACGATGCCCAATGCGTGCTCAGCCAACAACTCTCATCACTACATCAGTATGGGARGCTCTGGACTGGAGCTAACTTTCACTAACGA
CTCCATCCTTAATCACAATTTTTGCAACTTAACCTCCGCTTTCAACAAARAAGACTTTTGACCATACACTCATGAGTATAGTCTCGA
GTCTGCACCTCAGTATTAGAGGGAATTCCAACCACAAAGCAGTGTCTTGTGATTTTAACAATGGCATCACCATTCAATACAACTTG
TCATTTTCGGACCCACAGAGCGCTATGAGCCAGTGTTGGACTTTCAGAGGTAGAGTCTTGGACATGTTTAGAACTGCCTTTGGAGG
AAAATACATGAGAAGTGGCTGGGGCTGGGCAGGTTCAGATGGCAAGACCACTTGGTGCAGCCAAACAAGCTATCAGTACCTAATCA
TACAAAACAGGACTTGGGAAAACCACTGTAGATATGCAGGCCCTTTTGGGATGTCTAGAATCCTCTTTGCTCAGGAAAAGACARAAG
TTTCTCACTAGGAGACTTGCAGGCACATTCACCTGGACCCTGTCAGACTCCTCAGGAGTAGAAAATCCAGGTGGTTATTGCCTGAC
CARATGGATGATCCTTGCTGCAGAGCTCARATGTTTTGGGAATACAGCTGTTGCAAAATGTAATGTCAATCATGATGAAGAGTTCT
GTGACATGCTACGACTAATTGATTACAACAAGGCCGCCCTGAGTAAGTTCAAGCAAGATGTAGAGTCTGCCTTGCATGTATTCARA
ACAACAGTAAATTCTCTGATTTCCGATCAGCTGTTGATGAGGAATCATCTAAGAGATCTAATGGGGGTACCATACTGTAATTACTC
AAAGTTCTGGTATCTGGAACATGCTAAGACTGGTGAGACTAGTGTACCCAAGTGCTGGCTTGTCACTAATGGCTCCTACTTGAATG
AGACCCACTTTAGTGATCAAATCGAACAAGAAGCAGATAACATGATCACAGAGATGTTGAGGAAGGACTACATAAAAAGACAAGGG
AGTACTCCTTTAGCCTTAATGGATCTTTTGATGTTTTCAACATCAGCATATCTAATCAGCATCTTTCTGCATCTTGTGAAGATACC
AACACATAGACACATAAAGGGCGGTTCATGTCCAAAGCCACACCGCTTGACCAACAAGGGGATCTGTAGTTGTGGTGCATTCAAGG
TGCCTGGTGTAAAAACTATCTGGAARAGACGCTGA

SEQ ID NO: 13: LCMV variant GPC.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSLHLS IRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAMSQCWTFRGRVLDMFRTAFGGKYMRS GWGWAGSDGKTTWCSQTSYQYLITQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAETLKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATLHVEFK
TTVNSLISDQLILMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 14: LCMV Clonel3 S-Segment.

GCGCACCGGGGATCCTAGGCTTTTTGGATTGCGCTTTCCTCTAGATCAACTGGGTGTCAGGCCCTATCCTACAGAAGGATGGGTCA
GATTGTGACAATGTTTGAGGCTCTGCCTCACATCATCGATGAGGTGATCAACATTGTCATTATTGTGCTTATCGTGATCACGGGTA
TCAAGGCTGTCTACAATTTTGCCACCTGTGGGATATTCGCATTGATCAGTTTCCTACTTCTGGCTGGCAGGTCCTGTGGCATGTAC
GGTCTTAAGGGACCCGACATTTACAAAGGAGTTTACCAATTTAAGTCAGTGGAGTTTGATATGTCACATCTGAACCTGACCATGCC
CAACGCATGTTCAGCCAACAACTCCCACCATTACATCAGTATGGGGACTTCTGGACTAGAATTGACCTTCACCAATGATTCCATCA
TCAGTCACAACTTTTGCAATCTGACCTCTGCCTTCAACARAAAGACCTTTGACCACACACTCATGAGTATAGTTTCGAGCCTACAC
CTCAGTATCAGAGGGAACTCCAACTATAAGGCAGTATCCTGCGACTTCAACAATGGCATAACCATCCAATACAACTTGACATTCTC
AGATGCACAAAGTGCTCAGAGCCAGTGTAGAACCTTCAGAGGTAGAGTCCTAGATATGTTTAGAACTGCCTTCGGGGGGAAATACA
TGAGGAGTGGCTGGGGCTGGACAGGCTCAGATGGCAAGACCACCTGGTGTAGCCAGACGAGTTACCAATACCTGATTATACAAAAT
AGAACCTGGGAAAACCACTGCACATATGCAGGTCCTTTTGGGATGTCCAGGATTCTCCTTTCCCAAGAGAAGACTAAGTTCCTCAC
TAGGAGACTAGCGGGCACATTCACCTGGACTTTGTCAGACTCTTCAGGGGTGGAGAATCCAGGTGGTTATTGCCTGACCAAATGGA
TGATTCTTGCTGCAGAGCTTAAGTGTTTCGGGAACACAGCAGTTGCGAAATGCAATGTARATCATGATGAAGAATTCTGTGACATG
CTGCGACTAATTGACTACAACAAGGCTGCTTTGAGTAAGT TCAAAGAGGACGTAGAATCTGCCTTGCACTTATTCARAACAACAGT
GAATTCTTTGATTTCAGATCAACTACTGATGAGGAACCACTTGAGAGATCTGATGGGGGTGCCATATTGCAATTACTCAAAGTTTT
GGTACCTAGAACATGCAAAGACCGGCGAAACTAGTGTCCCCAAGTGCTGGCTTGTCACCAATGGTTCTTACTTAAATGAGACCCAC
TTCAGTGACCAAATCGAACAGGAAGCCGATAACATGATTACAGAGATGTTGAGGAAGGATTACATAAAGAGGCAGGGGAGTACCCC
CCTAGCATTGATGGACCTTCTGATGTTTTCCACATCTGCATATCTAGTCAGCATCTTCCTGCACCTTGTCAAAATACCAACACACA
GGCACATAAAAGGTGGCTCATGTCCAAAGCCACACCGATTAACCAACAAAGGAATTTGTAGTTGTGGTGCATTTAAGGTGCCTGGT
GTAAAAACCGTCTGGAARAGACGCTGAAGAACAGCGCCTCCCTGACTCTCCACCTCGAAAGAGGT GGAGAGTCAGGGAGGCCCAGA
GGGTCTTAGAGTGTCACAACATTTGGGCCTCTAAAAATTAGGTCATGTGGCAGAATGTTGTGAACAGTTTTCAGATCTGGGAGCCT
TGCTTTGGAGGCGCTTTCARAAAATGATGCAGT CCATGAGTGCACAGTGCGGGGTGATCTCTTTCTTCTTTTTGTCCCTTACTATTC
CAGTATGCATCTTACACAACCAGCCATATTTGTCCCACACTTTGTCTTCATACTCCCTCGAAGCTTCCCTGGTCATTTCAACATCG
ATAAGCTTAATGTCCTTCCTATTCTGTGAGTCCAGAAGCTTTCTGATGTCATCGGAGCCTTGACAGCTTAGAACCATCCCCTGCGG
AAGAGCACCTATAACTGACGAGGTCAACCCGGGTTGCGCATTGAAGAGGTCGGCAAGATCCATGCCGTGTGAGTACTTGGAATCTT
GCTTGAATTGTTTTTGATCAACGGGTTCCCTGTAAAAGTGTATGAACTGCCCGTTCTGTGGTTGGAAAATTGCTATTTCCACTGGA
TCATTAAATCTACCCTCAATGTCAATCCATGTAGGAGCGTTGGGGTCAATTCCTCCCATGAGGTCTTTTAAAAGCATTGTCTGGCT
GTAGCTTAAGCCCACCTGAGGTGGACCTGCTGCTCCAGGCGCTGGCCTGGGTGAATTGACTGCAGGTTTCTCGCTTGTGAGATCAA
TTGTTGTGTTTTCCCATGCTCTCCCCACAATCGATGTTCTACAAGCTATGTATGGCCATCCTTCACCTGAAAGGCARACTTTATAG
AGGATGTTTTCATAAGGGTTCCTGTCCCCAACTTGGTCTGAAACAAACATGTTGAGTTTTCTCTTGGCCCCGAGAACTGCCTTCAA
GAGGTCCTCGCTGTTGCTTGGCTTGATCAAAATTGACTCTAACATGTTACCCCCATCCAACAGGGCTGCCCCTGCCTTCACGGCAG
CACCAAGACTAAAGTTATAGCCAGAAATGTTGATGCTGGACTGCTGTTCAGTGATGACCCCCAGAACTGGGTGCTTGTCTTTCAGC
CTTTCAAGATCATTAAGATTTGGATACTTGACTGTGTAAAGCAAGCCAAGGTCTGTGAGCGCTTGTACAACGTCATTGAGCGGAGT
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CTGTGACTGTTTGGCCATACAAGCCATAGTTAGACTTGGCATTGTGCCAAATTGATTGTTCAAAAGTGATGAGTCTTTCACATCCC
AAACTCTTACCACACCACTTGCACCCTGCTGAGGCTTTCTCATCCCAACTATCTGTAGGATCTGAGATCTTTGGTCTAGTTGCTGT
GTTGTTAAGTTCCCCATATATACCCCTGAAGCCTGGGGCCTTTCAGACCTCATGATCTTGGCCTTCAGCTTCTCAAGGTCAGCCGC
AAGAGACATCAGTTCTTCTGCACTGAGCCTCCCCACTTTCAAAACATTCTTCTTTGATGTTGACTTTAAATCCACAAGAGAATGTA
CAGTCTGGTTGAGACTTCTGAGTCTCTGTAGGTCTTTGTCATCTCTCTTTTCCTTCCTCATGATCCTCTGAACATTGCTGACCTCA
GAGAAGTCCAACCCATTCAGAAGGTTGGTTGCATCCTTAATGACAGCAGCCTTCACATCTGATGTGAAGCTCTGCAATTCTCTTCT
CAATGCTTGCGTCCATTGGAAGCTCTTAACTTCCTTAGACAAGGACATCTTGTTGCTCAATGGTTTCTCAAGACAAATGCGCAATC
AAATGCCTAGGATCCACTGTGCG

SEQ ID NO: 15: LCMV Clonel3 L-Segment.

GCGCACCGGGGATCCTAGGCGTTTAGTTGCGCTGTTTGGTTGCACAACTTTCTTCGTGAGGCTGT CAGARGTGGACCTGGCTGATA
GCGATGGGTCAAGGCAAGTCCAGAGAGGAGAAAGGCACCAATAGTACAAACAGGGCCGARATCCTACCAGATACCACCTATCTTGG
CCCTTTAAGCTGCARATCTTGCTGGCAGARATTTGACAGCTTGGTAAGATGCCATGACCACTACCTTTGCAGGCACTGTTTAAACC
TTCTGCTGTCAGTATCCGACAGGTGTCCTCTTTGTAAATATCCATTACCAACCAGATTGAAGATATCAACAGCCCCAAGCTCTCCA
CCTCCCTACGAAGAGTAACACCGTCCGGCCCCGGCCCCGACAAACAGCCCAGCACAAGGGAACCGCACGTCACCCAACGCACACAG
ACACAGCACCCAACACAGAACACGCACACACACACACACACACACCCACACGCACGCGCCCCCACCACCGGGGGGLGLCCeceeee
GGGGGGCGGCCCCCCGGGAGCCCGGGCGGAGCCCCACGGAGATGCCCATCAGTCGATGTCCTCGGCCACCGACCCGCCCAGCCAAT
CGTCGCAGGACCTCCCCTTGAGTCTARACCTGCCCCCCACTGTTTCATACATCARAGTGCTCCTAGATTTGCTARAACARAGTCTG
CAATCCTTAAAGGCGAACCAGTCTGGCAARAGCGACAGTGGAATCAGCAGAATAGATCTGTCTATACATAGTTCCTGGAGGATTAC
ACTTATCTCTGAACCCAACAAATGTTCACCAGTTCTGAATCGATGCAGGAAGAGGTTCCCAAGGACATCACTAATCTTTTCATAGC
CCTCAAGTCCTGCTAGARAGACTTTCATGTCCTTGGTCTCCAGCTTCACAATGATATTTTGGACAAGGTTTCTTCCTTCAAAAAGG
GCACCCATCTTTACAGTCAGTGGCACAGGCTCCCACTCAGGTCCAACTCTCTCAAAGTCAATAGATCTAATCCCATCCAGTATTCT
TTTGGAGCCCAACAACTCAAGCTCAAGAGAATCACCAAGTATCAAGGGATCTTCCATGTAATCCTCAAACTCTTCAGATCTGATAT
CAAAGACACCATCGTTCACCTTGAAGACAGAGTCTGTCCTCAGTAAGTGGAGGCATTCATCCAACATTCTTCTATCTATCTCACCC
TTAAAGAGGTGAGAGCATGATAAAAGTTCAGCCACACCTGGATTCTGTAATTGGCACCTAACCAAGAATATCAATGAAAATTTCCT
TAAACAGTCAGTATTATTCTGATTGTGCGTAAAGTCCACTGARATTGAARACTCCAATACCCCTTTTGTGTAGTTGAGCATGTAGT
CCCACAGATCCTTTAAGGATTTAAATGCCTTTGGGTTTGTCAGGCCCTGCCTAATCAACATGGCAGCATTACACACAACATCTCCC
ATTCGGTAAGAGAACCACCCAAAACCARACTGCAAATCATTCCTAAACATAGGCCTCTCCACATTTTTGTTCACCACCTTTGAGAC
AAATGATTGAAAGGGGCCCAGTGCCTCAGCACCATCTTCAGATGGCATCATTTCTTTATGAGGGAACCATGAAAAATTGCCTAATG
TCCTGGTTGTTGCAACAAATTCTCGAACAAATGATTCAAAATACACCTGTTTTAAGAAGTTCTTGCAGACATCCCTCGTGCTAACA
ACAAATTCATCAACCAGACTGGAGTCAGATCGCTGATGAGAATTGGCAAGGTCAGAAAACAGAACAGTGTAATGTTCATCCCTTTT
CCACTTAACAACATGAGAAATGAGTGACAAGGATTCTGAGTTAATATCAATTAAAACACAGAGGTCAAGGAATTTAATTCTGGGAC
TCCACCTCATGTTTTTTGAGCTCATGTCAGACATAAATGGAAGAAGCTGATCCTCAAAGATCTTGGGATATAGCCGCCTCACAGAT
TGAATCACTTGGTTCAAATTCACTTTGTCCTCCAGTAGCCTTGAGCTCTCAGGCTTTCTTGCTACATAATCACATGGGTTTAAGTG
CTTAAGAGTTAGGTTCTCACTGTTATTCTTCCCTTTGGTCGGTTCTGCTAGGACCCAAACACCCAACTCAAAAGAGTTGCTCAATG
AAATACAAATGTAGTCCCAAAGAAGAGGCCTTAAAAGGCATATATGATCACGGTGGGCTTCTGGATGAGACTGTTTGTCACAAATG
TACAGCGTTATACCATCCCGATTGCAAACTCTTGTCACATGATCATCTGTGGTTAGATCCTCAAGCAGCTTTTTGATATACAGATT
TTCCCTATTTTTGTTTCTCACACACCTGCTTCCTAGAGTTTTGCAAAGGCCTATAAAGCCAGATGAGATACAACTCTGGAAAGCTG
ACTTGTTGATTGCTTCTGACAGCAGCTTCTGTGCACCCCTTGTGAATTTACTACAAAGTTTGTTCTGGAGTGTCTTGATCAATGAT
GGGATTCTTTCCTCTTGGAAAGTCATCACTGATGGATAAACCACCTTTTGTCTTAAAACCATCCTTAATGGGAACATTTCATTCAA
ATTCAACCAGTTAACATCTGCTAACTGATTCAGATCTTCTTCAAGACCGAGGAGGTCTCCCAATTGAAGAATGGCCTCCTTTTTAT
CTCTGTTAAATAGGTCTAAGAARAATTCTTCATTAAATTCACCATTTTTGAGCTTATGATGCAGTTTCCTTACAAGCTTTCTTACA
ACCTTTGTTTCATTAGGACACAGTTCCTCAATGAGTCTTTGTATTCTGTAACCTCTAGAACCATCCAGCCAATCTTTCACATCAGT
GTTGGTATTCAGTAGAAATGGATCCAAAGGGAAATTGGCATACTTTAGGAGGTCCAGTGTTCTCCTTTGGATACTATTAACTAGGG
AGACTGGGACGCCATTTGCGATGGCTTGATCTGCAATTGTATCTATTGTTTCACAAAGTTGATGTGGCTCTTTACACTTGACATTG
TGTAGCGCTGCAGATACAAACTTTGTGAGAAGAGGGACTTCCTCCCCCCATACATAGAATCTAGATTTAAATTCTGCAGCGAACCT
CCCAGCCACACTTTTTGGGCTGATAAATTTGTTTAACAAGCCGCTCAGATGAGATTGGAATTCCAACAGGACAAGGACTTCCTCCG
GATCACTTACAACCAGGTCACTCAGCCTCCTATCAAATARAGTGATCTGATCATCACTTGATGTGTAAGCCTCTGGTCTTTCGCCA
AAGATAACACCAATGCAGTAGTTGATGAACCTCTCGCTAAGCAAACCATAGAAGTCAGAAGCATTATGCAAGATTCCCTGCCCCAT
ATCAATAAGGCTGGATATATGGGATGGCACTATCCCCATTTCAARATATTGTCTGAAAATTCTCTCAGTAACAGTTGTTTCTGAAC
CCCTGAGAAGTTTTAGCTTCGACTTGACATATGATTTCATCATTGCATTCACAACAGGAAAGGGGACCTCGACAAGCTTATGCATG
TGCCAAGTTAACAAAGTGCTAACATGATCTTTCCCGGAACGCACATACTGGTCATCACCTAGTTTGAGATTTTGTAGAAACATTAA
GAACAAARAATGGGCACATCATTGGTCCCCATTTGCTGTGATCCATACTATAGTTTAAGAACCCTTCCCGCACATTGATAGTCATTG
ACAAGATTGCATTTTCAAATTCCTTATCATTGTTTAAACAGGAGCCTGAAAAGAAACTTGAAAAAGACTCAAAATAATCTTCTATT
AACCTTGTGAACATTTTTGTCCTCAAATCTCCAATATAGAGTTCTCTATTTCCCCCAACCTGCTCTTTATAAGATAGTGCAAATTT
CAGCCTTCCAGAGTCAGGACCTACTGAGGTGTATGATGTTGGTGATTCTTCTGAGTAGAAGCACAGATTTTTCARAGCAGCACTCA
TACATTGTGTCAACGACAGAGCTTTACTAAGGGACTCAGAATTACTTTCCCTCTCACTGATTCTCACGTCTTCTTCCAGTTTGTCC
CAGTCAAATTTGAAATTCAAGCCTTGCCTTTGCATATGCCTGTATTTCCCTGAGTACGCATTTGCATTCATTTGCAACAGAATCAT
CTTCATGCAAGAAAACCAATCATTCTCAGAAAAGAACTTTCTACAAAGGTTTTTTGCCATCTCATCGAGGCCACACTGATCTTTAA
TGACTGAGGTGAAATACAAAGGTGACAGCTCTGTGGAACCCTCAACAGCCTCACAGATAAATTTCATGTCATCATTGGTTAGACAT
GATGGGTCAAAGTCTTCTACTAAATGGAAAGATATTTCTGACAAGATAACTTTTCTTAAGTGAGCCATCTTCCCTGTTAGAATAAG
CTGTAAATGATGTAGTCCTTTTGTATTTGTAAGTTTTTCTCCATCTCCTTTGTCATTGGCCCTCCTACCTCTTCTGTACCGTGCTA
TTGTGGTGTTGACCTTTTCTTCGAGACTTTTGAAGAAGCTTGTCTCTTCTTCTCCATCAAAACATATTTCTGCCAGGTTGTCTTCC
GATCTCCCTGTCTCTTCTCCCTTGGAACCGATGACCAATCTAGAGACTAACTTGGAAACTTTATATTCATAGTCTGAGTGGCTCAA
CTTATACTTTTGTTTTCTTACGAAACTCTCCGTAATTTGACTCACAGCACTAACAAGCAATTTGTTARAGTCATATTCCAGAAGTC
GTTCTCCATTTAGATGCTTATTAACCACCACACTTTTGTTACTAGCAAGATCTAATGCTGTCGCACATCCAGAGTTAGTCATGGGA
TCTAGGCTGTTTAGCTTCTTCTCTCCTTTGAAAATTAAAGTGCCGTTGTTAAATGAAGACACCATTAGGCTAAAGGCTTCCAGATT
AACACCTGGAGTTGTATGCTGACAGTCAATTTCTTTACTAGTGAATCTCTTCATTTGCTCATAGAACACACATTCTTCCTCAGGAG

86



WO 2025/046106 PCT/EP2024/074351

TGATTGCTTCCTTGGGGTTGACAAAAAAACCAAATTGACTTTTGGGCTCAAAGAACTTTTCAAAACATTTTATCTGATCTGTTAGC
CTGTCAGGGGTCTCCTTTGTGATCAAATGACACAGGTATGACACATTCAACATAAATTTAAATTTTGCACTCAACAACACCTTCTC
ACCAGTACCAAAAATAGTTTTTATTAGGAATCTAAGCAGCTTATACACCACCTTCTCAGCAGGTGTGATCAGATCCTCCCTCAACT
TATCCATTAATGATGTAGATGAAAAATCTGACACTATTGCCATCACCAAATATCTGACACTCTGTACCTGCTTTTGATTTCTCTTT
GTTGGGTTGGTGAGCATTAGCAACAATAGGGTCCTCAGTGCAACCTCAATGTCGGTGAGACAGTCTTTCAAATCAGGACATGATCT
AATCCATGAAATCATGATGTCTATCATATTGTATAAGACCTCATCTGAAAAAATTGGTAAAAAGAACCTTTTAGGATCTGCATAGA
AGGAAATTAAATGACCATCCGGGCCTTGTATGGAGTAGCACCTTGAAGATTCTCCAGTCTTCTGGTATAATAGGTGGTATTCTTCA
GAGTCCAGTTTTATTACTTGGCAAAACACTTCTTTGCATTCTACCACTTGATATCTCACAGACCCTATTTGATTTTGCCTTAGTCT
AGCAACTGAGCTAGTTTTCATACTGTTTGTTAAGGCCAGACAAACAGATGATAATCTTCTCAGGCTCTGTATGTTCTTCAGCTGCT
CTGTGCTGGGTTGGAAATTGTAATCTTCAAACTTCGTATAATACATTATCGGGTGAGCTCCAATTTTCATAAAGTTCTCAAATTCA
GTGAATGGTATGTGGCATTCTTGCTCAAGGTGTTCAGACAGTCCGTAATGCTCGAAACTCAGTCCCACCACTAACAGGCATTTTTG
AATTTTTGCAATGAACTCACTAATAGATGCCCTAAACAATTCCTCAAAAGACACCTTTCTAAACACCTTTGACTTTTTTCTATTCC
TCAAAAGTCTAATGAACTCCTCTTTAGTGCTGTGAAAGCTTACCAGCCTATCATTCACACTACTATAGCAACAACCCACCCAGTGT
TTATCATTTTTTAACCCTTTGAATTTCGACTGTTTTATCAATGAGGAAAGACACAAAACATCCAGATTTAACAACTGTCTCCTTCT
AGTATTCAACAGTTTCAAACTCTTGACTTTGTTTAACATAGAGAGGAGCCTCTCATATTCAGTGCTAGTCTCACTTCCCCTTTCGT
GCCCATGGGTCTCTGCAGTTATGAATCTCATCAAAGGACAGGATTCGACTGCCTCCCTGCTTAATGTTAAGATATCATCACTATCA
GCAAGGTTTTCATAGAGCTCAGAGAATTCCTTGATCAAGCCTTCAGGGTTTACTTTCTGAAAGTTTCTCTTTAATTTCCCACTTTC
TAAATCTCTTCTAAACCTGCTGAAAAGAGAGTTTATTCCAAAAACCACATCATCACAGCTCATGTTGGGGTTGATGCCTTCGTGGC
ACATCCTCATAATTTCATCATTGTGAGTTGACCTCGCATCTTTCAGAATTTTCATAGAGT CCATACCGGAGCGCTTGTCGATAGTA
GTCTTCAGGGACTCACAGAGTCTAAAATATTCAGACTCTTCAAAGACTTTCTCATTTTGGTTAGAATACTCCAAAAGTTTGAATAA
AAGGTCTCTAAATTTGAAGTTTGCCCACTCTGGCATAAAACTATTATCATAATCACAACGACCATCTACTATTGGAACTAATGTGA
CACCCGCAACAGCAAGGTCTTCCCTGATGCATGCCAATTTGTTAGTGTCCTCTATAAATTTCTTCTCAAAACTGGCTGGAGTGCTC
CTAACAAAACACTCAAGAAGAATGAGAGAATTGTCTATCAGCTTGTAACCATCAGGAATGATAAGTGGTAGTCCTGGGCATACAAT
TCCAGACTCCACCAAAATTGTTTCCACAGACTTATCGTCGTGGTTGTGTGTGCAGCCACTCTTGTCTGCACTGTCTATTTCAATGC
AGCGTGACAGCAACTTGAGTCCCTCAATCAGAACCATTCTGGGTTCCCTTTGTCCCAGAAAGTTGAGTTTCTGCCTTGACAACCTC
TCATCCTGTTCTATATAGTTTAAACATAACTCTCTCAATTCTGAGATGATTTCATCCATTGCGCATCAAAAAGCCTAGGATCCTCG
GTGCG

SEQ ID NO: 16: LCMV Clonel3 GPC.
ATGGGTCAGATTGTGACAATGTTTGAGGCTCTGCCTCACATCATCGATGAGGTGATCAACATTGTCATTATTGTGCTTATCGTGAT
CACGGGTATCAAGGCTGTCTACAATTTTGCCACCTGTGGGATATTCGCATTGATCAGTTTCCTACTTCTGGCTGGCAGGTCCTGTG
GCATGTACGGTCTTAAGGGACCCGACATTTACAAAGGAGTTTACCAATTTAAGTCAGTGGAGTTTGATATGTCACATCTGAACCTG
ACCATGCCCAACGCATGTTCAGCCAACAACTCCCACCATTACATCAGTATGGGGACTTCTGGACTAGAATTGACCTTCACCAATGA
TTCCATCATCAGTCACAACTTTTGCAATCTGACCTCTGCCTTCAACAAAAAGACCTTTGACCACACACTCATGAGTATAGTTTCGA
GCCTACACCTCAGTATCAGAGGGAACTCCAACTATAAGGCAGTATCCTGCGACTTCAACAATGGCATAACCATCCAATACAACTTG
ACATTCTCAGATGCACAAAGTGCTCAGAGCCAGTGTAGAACCTTCAGAGGTAGAGTCCTAGATATGTTTAGAACTGCCTTCGGGGG
GAAATACATGAGGAGTGGCTGGGGCTGGACAGGCTCAGATGGCAAGACCACCTGGTGTAGCCAGACGAGTTACCAATACCTGATTA
TACAAAATAGAACCTGGGARAAACCACTGCACATATGCAGGTCCTTTTGGGATGTCCAGGATTCTCCTTTCCCAAGAGAAGACTAAG
TTCCTCACTAGGAGACTAGCGGGCACATTCACCTGGACTTTGTCAGACTCTTCAGGGGTGGAGAATCCAGGTGGTTATTGCCTGAC
CAAATGGATGATTCTTGCTGCAGAGCTTAAGTGTTTCGGGAACACAGCAGTTGCGAAATGCAATGTAAATCATGATGAAGAATTCT
GTGACATGCTGCGACTAATTGACTACAACAAGGCTGCTTTGAGTAAGTTCAAAGAGGACGTAGAATCTGCCTTGCACTTATTCAAA
ACAACAGTGAATTCTTTGATTTCAGATCAACTACTGATGAGGAACCACTTGAGAGATCTGATGGGGGTGCCATATTGCAATTACTC
AAAGTTTTGGTACCTAGAACATGCAAAGACCGGCGAAACTAGTGTCCCCAAGTGCTGGCTTGTCACCAATGGTTCTTACTTAAATG
AGACCCACTTCAGTGACCAAATCGAACAGGAAGCCGATAACATGATTACAGAGATGTTGAGGAAGGATTACATAAAGAGGCAGGGG
AGTACCCCCCTAGCATTGATGGACCTTCTGATGTTTTCCACATCTGCATATCTAGTCAGCATCTTCCTGCACCTTGTCAAAATACC
AACACACAGGCACATAAAAGGTGGCTCATGTCCAAAGCCACACCGATTAACCAACAAAGGAATTTGTAGTTGTGGTGCATTTAAGG
TGCCTGGTGTAAAAACCGTCTGGAAAAGACGCTGA

SEQ ID NO: 17: LCMV Clonel3 GPC.
MGQIVIMFEALPHIIDEVINIVIIVLIVITGIKAVYNFATCGIFALISFLLLAGRSCGMYGLKGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGTSGLELTFTNDSIISHNFCNLTSAFNKKTFDHTLMS IVSSLHLSIRGNSNYKAVSCDFNNGITIQYNL
TFSDAQSAQSQCRTFRGRVLDMFRTAFGGKYMRSGWGWTGSDGKTTWCSQTSYQYLITIQNRTWENHCTYAGPFGMSRILLSQEKTK
FLTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAALSKFKEDVESATLHLFK
TTVNSLISDQLLMRNHLRDLMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLVSIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKTVWKRR

SEQ ID NO: 18: LCMV Clonel3 NP.

ATGTCCTTGTCTAAGGAAGTTAAGAGCTTCCAATGGACGCAAGCATTGAGAAGAGAATTGCAGAGCTTCACATCAGATGTGAAGGC
TGCTGTCATTAAGGATGCAACCAACCTTCTGAATGGGTTGGACTTCTCTGAGGTCAGCAATGTTCAGAGGATCATGAGGAAGGAAA
AGAGAGATGACAAAGACCTACAGAGACTCAGAAGTCTCAACCAGACTGTACATTCTCTTGTGGATTTAAAGTCAACATCAAAGAAG
AATGTTTTGAAAGTGGGGAGGCTCAGTGCAGAAGAACTGATGTCTCTTGCGGCTGACCTTGAGAAGCTGAAGGCCAAGATCATGAG
GTCTGAAAGGCCCCAGGCTTCAGGGGTATATATGGGGAACTTAACAACACAGCAACTAGACCAAAGATCTCAGATCCTACAGATAG
TTGGGATGAGAAAGCCTCAGCAGGGTGCAAGTGGTGTGGTAAGAGT TTGGGATGTGAAAGACTCATCACTTTTGAACAATCAATTT
GGCACAATGCCAAGTCTAACTATGGCTTGTATGGCCAAACAGTCACAGACTCCGCTCAATGACGTTGTACAAGCGCTCACAGACCT
TGGCTTGCTTTACACAGTCAAGTATCCAAATCTTAATGATCTTGAAAGGCTGAAAGACAAGCACCCAGTTCTGGGGGTCATCACTG
AACAGCAGTCCAGCATCAACATTTCTGGCTATAACTTTAGTCTTGGTGCTGCCGTGAAGGCAGGGGCAGCCCTGTTGGATGGGGGT
AACATGTTAGAGTCAATTTTGATCAAGCCAAGCAACAGCGAGGACCTCTTGAAGGCAGTTCTCGGGGCCAAGAGAAAACTCAACAT
GTTTGTTTCAGACCAAGTTGGGGACAGGAACCCTTATGAAAACATCCTCTATAAAGTTTGCCTTTCAGGTGAAGGATGGCCATACA
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TAGCTTGTAGAACATCGATTGTGGGGAGAGCATGGGAAAACACAACAATTGATCTCACAAGCGAGAAACCTGCAGTCAATTCACCC
AGGCCAGCGCCTGGAGCAGCAGGTCCACCTCAGGTGGGCTTAAGCTACAGCCAGACAATGCTTTTAAAAGACCTCATGGGAGGAAT
TGACCCCAACGCTCCTACATGGATTGACATTGAGGGTAGATTTAATGATCCAGTGGAAATAGCAATTTTCCAACCACAGAACGGGC
AGTTCATACACTTTTACAGGGAACCCGTTGATCAAAAACAATTCAAGCAAGATTCCAAGTACTCACACGGCATGGATCTTGCCGAC
CTCTTCAATGCGCAACCCGGGTTGACCTCGTCAGTTATAGGTGCTCTTCCGCAGGGGATGGTTCTAAGCTGTCAAGGCTCCGATGA
CATCAGAAAGCTTCTGGACTCACAGAATAGGAAGGACATTAAGCTTATCGATGTTGAAATGACCAGGGAAGCTTCGAGGGAGTATG
AAGACAAAGTGTGGGACAAATATGGCTGGTTGTGTAAGATGCATACTGGAATAGTAAGGGACAAAAAGAAGAAAGAGATCACCCCG
CACTGTGCACTCATGGACTGCATCATTTTTGAAAGCGCCTCCAAAGCAAGGCTCCCAGATCTGAAAACTGTTCACAACATTCTGCC
ACATGACCTAATTTTTAGAGGCCCAAATGTTGTGACACTCTAA

SEQ ID NO: 19: LCMV Clonel3 NP.
MSLSKEVKSFQWTQALRRELQSFTSDVKAAVIKDATNLLNGLDFSEVSNVQRIMRKEKRDDKDLQRLRSLNQTVHSLVDLKSTSKK
NVLKVGRLSAEELMSTAADLEKLKAKIMRSERPQASGVYMGNLTTQQLDQRSQILQIVGMRKPQOGASGVVRVWDVKDS SLLNNQF
GTMPSLTMACMAKQSQTPLNDVVQALTDLGLLYTVKYPNLNDLERLKDKHPVLGVITEQQSSINISGYNFSLGAAVKAGAALLDGG
NMLESILIKPSNSEDLLKAVLGAKRKLNMFVSDQVGDRNPYENILYKVCLSGEGWPYIACRTSIVGRAWENTTIDLTSEKPAVNSP
RPAPGAAGPPQVGLSYSQTMLLKDLMGGIDPNAPTWIDIEGRFNDPVEIAIFQPONGQFIHFYREPVDQKQFKQDSKYSHGMDLAD
LFNAQPGLTSSVIGALPQGMVLSCQGSDDIRKLLDSQNRKDIKLIDVEMTREASRE YEDKVWDKYGWLCKMHTGIVRDKKKKEITP
HCALMDCIIFESASKARLPDLKTVHNILPHDLIFRGPNVVTL

SEQ ID NO: 20: LCMV Clonel3 ZP.
ATGGGTCAAGGCAAGTCCAGAGAGGAGAAAGGCACCAATAGTACAAACAGGGCCGAAATCCTACCAGATACCACCTATCTTGGCCC
TTTAAGCTGCAAATCTTGCTGGCAGAAATTTGACAGCTTGGTAAGATGCCATGACCACTACCTTTGCAGGCACTGTTTAAACCTTC
TGCTGTCAGTATCCGACAGGTGTCCTCTTTGTAAATATCCATTACCAACCAGATTGAAGATATCAACAGCCCCAAGCTCTCCACCT
CCCTACGAAGAGTAA

SEQ ID NO: 21: LCMV Clonel3 ZP.
MGQGKSREEKGTNSTNRAEILPDTTYLGPLSCKSCWQKFDSLVRCHDHYLCRHCLNLLLSVSDRCPLCKYPLPTRLKISTAPSSPP
PYEE

SEQ ID NO: 22: LCMV Clonel3 LP.

ATGGATGAAATCATCTCAGAATTGAGAGAGTTATGTTTAAACTATATAGAACAGGATGAGAGGTTGTCAAGGCAGAAACTCAACTT
TCTGGGACAAAGGGAACCCAGAATGGTTCTGATTGAGGGACTCAAGTTGCTGTCACGCTGCATTGAAATAGACAGTGCAGACAAGA
GTGGCTGCACACACAACCACGACGATAAGTCTGTGGAAACAATTTTGGTGGAGT CTGGAATTGTATGCCCAGGACTACCACTTATC
ATTCCTGATGGTTACAAGCTGATAGACAATTCTCTCATTCTTCTTGAGTGTTTTGT TAGGAGCACTCCAGCCAGTTTTGAGAAGAA
ATTTATAGAGGACACTAACAAATTGGCATGCATCAGGGAAGACCTTGCTGTTGCGGGTGTCACATTAGTTCCAATAGTAGATGGTC
GTTGTGATTATGATAATAGTTTTATGCCAGAGTGGGCAAACTTCAAATTTAGAGACCTTTTATTCAAACTTTTGGAGTATTCTAAC
CAAAATGAGAAAGTCTTTGAAGAGTCTGAATATTTTAGACTCTGTGAGTCCCTGAAGACTACTATCGACAAGCGCTCCGGTATGGA
CTCTATGAAAATTCTGAAAGATGCGAGGTCAACTCACAATGATGAAATTATGAGGATGTGCCACGAAGGCATCAACCCCAACATGA
GCTGTGATGATGTGGTTTTTGGAATAAACTCTCTTTTCAGCAGGTTTAGAAGAGATTTAGAAAGTGGGARATTAAAGAGAAACTTT
CAGAAAGTAAACCCTGAAGGCTTGATCAAGGAATTCTCTGAGCTCTATGAARACCTTGCTGATAGTGATGATATCTTAACATTAAG
CAGGGAGGCAGTCGAATCCTGTCCTTTGATGAGATTCATAACTGCAGAGACCCATGGGCACGAAAGGGGAAGTGAGACTAGCACTG
AATATGAGAGGCTCCTCTCTATGTTAAACAAAGTCAAGAGTTTGAAACTGTTGAATACTAGAAGGAGACAGTTGTTAAATCTGGAT
GTTTTGTGTCTTTCCTCATTGATAAAACAGTCGAAATTCAAAGGGTTAAAAAATGATAAACACTGGGTGGGTTGTTGCTATAGTAG
TGTGAATGATAGGCTGGTAAGCTTTCACAGCACTAAAGAGGAGTTCATTAGACTTTTGAGGAATAGAAAAAAGTCAAAGGTGTTTA
GAAAGGTGTCTTTTGAGGAATTGTTTAGGGCATCTATTAGTGAGTTCATTGCAAAAATTCAARAATGCCTGTTAGTGGTGGGACTG
AGTTTCGAGCATTACGGACTGTCTGAACACCTTGAGCAAGAATGCCACATACCATTCACTGAATTTGAGAACTTTATGARAATTGG
AGCTCACCCGATAATGTATTATACGAAGTTTGAAGATTACAATTTCCAACCCAGCACAGAGCAGCTGAAGAACATACAGAGCCTGA
GAAGATTATCATCTGTTTGTCTGGCCTTAACAAACAGTATGAAAACTAGCTCAGTTGCTAGACTAAGGCAAAATCAAATAGGGTCT
GTGAGATATCAAGTGGTAGAATGCAAAGAAGTGTTTTGCCAAGTAATAAAACTGGACTCTGAAGAATACCACCTATTATACCAGAA
GACTGGAGAATCTTCAAGGTGCTACTCCATACAAGGCCCGGATGGTCATTTAATTTCCTTCTATGCAGATCCTAAAAGGTTCTTTT
TACCAATTTTTTCAGATGAGGTCTTATACAATATGATAGACATCATGATTTCATGGATTAGATCATGTCCTGATTTGAAAGACTGT
CTCACCGACATTGAGGTTGCACTGAGGACCCTATTGTTGCTAATGCTCACCAACCCAACAAAGAGAAATCAAAAGCAGGTACAGAG
TGTCAGATATTTGGTGATGGCAATAGTGTCAGATTTTTCATCTACATCATTAATGGATAAGTTGAGGGAGGATCTGATCACACCTG
CTGAGAAGGTGGTGTATAAGCTGCTTAGATTCCTAATAAAAACTATTTTTGGTACTGGTGAGAAGGTGTTGTTGAGTGCAAAATTT
AAATTTATGTTGAATGTGTCATACCTGTGTCATTTGATCACAAAGGAGACCCCTGACAGGCTAACAGATCAGATAAAATGTTTTGA
AAAGTTCTTTGAGCCCAAAAGTCAATTTGGTTTTTTTGTCAACCCCAAGGAAGCAATCACTCCTGAGGAAGAATGTGTGTTCTATG
AGCAAATGAAGAGATTCACTAGTAAAGAAATTGACTGTCAGCATACAACTCCAGGTGTTAATCTGGAAGCCTTTAGCCTAATGGTG
TCTTCATTTAACAACGGCACTTTAATTTTCAAAGGAGAGAAGAAGCTAAACAGCCTAGATCCCATGACTAACTCTGGATGTGCGAC
AGCATTAGATCTTGCTAGTAACAAAAGTGTGGTGGTTAATAAGCATCTAAATGGAGAACGACTTCTGGAATATGACTTTAACAAAT
TGCTTGTTAGTGCTGTGAGTCAAATTACGGAGAGTTTCGTAAGAAAACAAAAGTATAAGTTGAGCCACTCAGACTATGAATATARAA
GTTTCCAAGTTAGTCTCTAGATTGGTCATCGGTTCCAAGGGAGAAGAGACAGGGAGATCGGAAGACAACCTGGCAGAAATATGTTT
TGATGGAGAAGAAGAGACAAGCTTCTTCAAAAGTCTCGAAGAAAAGGTCAACACCACAATAGCACGGTACAGAAGAGGTAGGAGGG
CCAATGACAAAGGAGATGGAGAAAAACTTACAAATACAAAAGGACTACATCATTTACAGCTTATTCTAACAGGGAAGATGGCTCAC
TTAAGAAAAGTTATCTTGTCAGAAATATCTTTCCATTTAGTAGAAGACTTTGACCCATCATGTCTAACCAATGATGACATGAAATT
TATCTGTGAGGCTGTTGAGGGTTCCACAGAGCTGTCACCTTTGTATTTCACCTCAGTCATTAAAGATCAGTGTGGCCTCGATGAGA
TGGCAAAAAACCTTTGTAGAAAGTTCTTTTCTGAGAATGATTGGTTTTCTTGCATGAAGATGATTCTGTTGCAAATGAATGCAAAT
GCGTACTCAGGGAAATACAGGCATATGCAAAGGCAAGGCTTGAATTTCAAATTTGACTGGGACAAACTGGAAGAAGACGTGAGAAT
CAGTGAGAGGGAAAGTAATTCTGAGTCCCTTAGTAAAGCTCTGTCGTTGACACAATGTATGAGTGCTGCTTTGAAAAATCTGTGCT
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TCTACTCAGAAGAATCACCAACATCATACACCTCAGTAGGTCCTGACTCTGGAAGGCTGAAATTTGCACTATCTTATAAAGAGCAG
GTTGGGGGAAATAGAGAACTCTATATTGGAGATTTGAGGACAAAAATGTTCACAAGGTTAATAGAAGATTATTTTGAGTCTTTTTC
AAGTTTCTTTTCAGGCTCCTGTTTAAACAATGATAAGGAATTTGAAAATGCAATCTTGTCAATGACTATCAATGTGCGGGAAGGGT
TCTTAAACTATAGTATGGATCACAGCAAATGGGGACCAATGATGTGCCCATTTTTGTTCTTAATGTTTCTACAAAATCTCAAACTA
GGTGATGACCAGTATGTGCGTTCCGGGAAAGATCATGTTAGCACTTTGTTAACTTGGCACATGCATAAGCTTGTCGAGGTCCCCTT
TCCTGTTGTGAATGCAATGATGAAATCATATGTCAAGTCGAAGCTAAAACTTCTCAGGGGTTCAGAAACAACTGTTACTGAGAGAA
TTTTCAGACAATATTTTGAAATGGGGATAGTGCCATCCCATATATCCAGCCTTATTGATATGGGGCAGGGAATCTTGCATAATGCT
TCTGACTTCTATGGTTTGCTTAGCGAGAGGTTCATCAACTACTGCATTGGTGTTATCTTTGGCGAAAGACCAGAGGCTTACACATC
AAGTGATGATCAGATCACTTTATTTGATAGGAGGCTGAGTGACCTGGTTGTAAGTGATCCGGAGGAAGTCCTTGTCCTGTTGGAAT
TCCAATCTCATCTGAGCGGCTTGTTAAACAAATTTATCAGCCCAAAAAGTGTGGCTGGGAGGTTCGCTGCAGAATTTAAATCTAGA
TTCTATGTATGGGGGGAGGAAGTCCCTCTTCTCACAAAGTTTGTATCTGCAGCGCTACACAATGTCAAGTGTAAAGAGCCACATCA
ACTTTGTGAAACAATAGATACAATTGCAGATCAAGCCATCGCAAATGGCGTCCCAGTCTCCCTAGTTAATAGTATCCAAAGGAGAA
CACTGGACCTCCTAAAGTATGCCAATTTCCCTTTGGATCCATTTCTACTGAATACCAACACTGATGTGAAAGATTGGCTGGATGGT
TCTAGAGGTTACAGAATACAAAGACTCATTGAGGAACTGTGTCCTAATGAAACAAAGGTTGTAAGAAAGCTTGTAAGGAAACTGCA
TCATAAGCTCAAAAATGGTGAATTTAATGAAGAATTTTTCTTAGACCTATTTAACAGAGATAAAAAGGAGGCCATTCTTCAATTGG
GAGACCTCCTCGGTCTTGAAGAAGATCTGAATCAGTTAGCAGATGTTAACTGGTTGAATTTGAATGAAATGTTCCCATTAAGGATG
GTTTTAAGACAAAAGGTGGTTTATCCATCAGTGATGACTTTCCAAGAGGAAAGAATCCCATCATTGATCAAGACACTCCAGAACAA
ACTTTGTAGTAAATTCACAAGGGGTGCACAGAAGCTGCTGTCAGAAGCAATCAACAAGTCAGCTTTCCAGAGTTGTATCTCATCTG
GCTTTATAGGCCTTTGCAAAACTCTAGGAAGCAGGTGTGTGAGAAACAAAAATAGGGAAAATCTGTATATCAAAAAGCTGCTTGAG
GATCTAACCACAGATGATCATGTGACAAGAGTTTGCAATCGGGATGGTATAACGCTGTACATTTGTGACAAACAGTCTCATCCAGA
AGCCCACCGTGATCATATATGCCTTTTAAGGCCTCTTCTTTGGGACTACATTTGTATTTCATTGAGCAACTCTTTTGAGTTGGGTG
TTTGGGTCCTAGCAGAACCGACCAAAGGGAAGAATAACAGTGAGAACCTAACTCTTAAGCACTTAAACCCATGTGATTATGTAGCA
AGAAAGCCTGAGAGCTCAAGGCTACTGGAGGACAAAGTGAATTTGAACCAAGTGATTCAATCTGTGAGGCGGCTATATCCCAAGAT
CTTTGAGGATCAGCTTCTTCCATTTATGTCTGACATGAGCTCARAAAAACATGAGGTGGAGTCCCAGAATTAAATTCCTTGACCTCT
GTGTTTTAATTGATATTAACTCAGAATCCTTGTCACTCATTTCTCATGTTGTTAAGTGGAAAAGGGATGAACATTACACTGTTCTG
TTTTCTGACCTTGCCAATTCTCATCAGCGATCTGACTCCAGTCTGGTTGATGAATTTGTTGTTAGCACGAGGGATGTCTGCAAGAA
CTTCTTAAAACAGGTGTATTTTGAATCATTTGTTCGAGAATTTGTTGCAACAACCAGGACATTAGGCAATTTTTCATGGTTCCCTC
ATAAAGAAATGATGCCATCTGAAGATGGTGCTGAGGCACTGGGCCCCTTTCAATCATTTGTCTCAAAGGTGGTGAACAAAAATGTG
GAGAGGCCTATGTTTAGGAATGATTTGCAGTTTGGTTTTGGGTGGTTCTCTTACCGAATGGGAGATGTTGTGTGTAATGCTGCCAT
GTTGATTAGGCAGGGCCTGACAAACCCAAAGGCATTTAAATCCTTAAAGGATCTGTGGGACTACATGCTCAACTACACAAAAGGGG
TATTGGAGTTTTCAATTTCAGTGGACTTTACGCACAATCAGAATAATACTGACTGTTTAAGGAAATTTTCATTGATATTCTTGGTT
AGGTGCCAATTACAGAATCCAGGTGTGGCTGAACTTTTATCATGCTCTCACCTCTTTAAGGGTGAGATAGATAGAAGAATGTTGGA
TGAATGCCTCCACTTACTGAGGACAGACTCTGTCTTCAAGGTGAACGATGGTGTCTTTGATATCAGATCTGAAGAGT TTGAGGATT
ACATGGAAGATCCCTTGATACTTGGTGATTCTCTTGAGCTTGAGTTGTTGGGCTCCAAAAGAATACTGGATGGGATTAGATCTATT
GACTTTGAGAGAGTTGGACCTGAGTGGGAGCCTGTGCCACTGACTGTAAAGATGGGTGCCCTTTTTGAAGGAAGAAACCTTGTCCA
AAATATCATTGTGAAGCTGGAGACCAAGGACATGAAAGTCTTTCTAGCAGGACTTGAGGGCTATGAAAAGATTAGTGATGTCCTTG
GGAACCTCTTCCTGCATCGATTCAGAACTGGTGAACATTTGTTGGGTTCAGAGATAAGTGTAATCCTCCAGGAACTATGTATAGAC
AGATCTATTCTGCTGATTCCACTGTCGCTTTTGCCAGACTGGTTCGCCTTTAAGGATTGCAGACTTTGTTTTAGCAAATCTAGGAG
CACTTTGATGTATGAAACAGT GGGGGGCAGGTTTAGACTCAAGGGGAGGTCCTGCGACGATTGGCTGGGCGGGTCGGTGGCCGAGG
ACATCGACTGA

SEQ ID NO: 23: LCMV Clonel3 LP.
MDEIISELRELCLNYIEQDERLSRQKLNFLGQREPRMVLIEGLKLLSRCIEIDSADKSGCTHNHDDKSVETILVESGIVCPGLPLI
IPDGYKLIDNSLILLECFVRSTPASFEKKFIEDTNKLACIREDLAVAGVTLVPIVDGRCDYDNS FMPEWANFKFRDLLFKLLEYSN
ONEKVFEESEYFRLCESLKTTIDKRSGMDSMKILKDARSTHNDE IMRMCHEGINPNMSCDDVVEFGINSLFSRFRRDLESGKLKRNF
QOKVNPEGLIKEFSELYENLADSDDILTLSREAVESCPLMRFITAETHGHERGSETSTEYERLLSMLNKVKS LKLLNTRRRQLLNLD
VLCLSSLIKQSKFKGLKNDKHWVGCCYSSVNDRLVSFHSTKEEFIRLLRNRKKSKVFRKVSFEELFRASTISEFTAKIQKCLLVVGL
SFEHYGLSEHLEQECHIPFTEFENFMKIGAHPIMYYTKFEDYNFQPSTEQLKNIQSLRRLSSVCLALTNSMKTSSVARLRONQIGS
VRYQVVECKEVFCQVIKLDSEEYHLLYQKTGESSRCYSIQGPDGHLISFYADPKRFFLPIFSDEVLYNMIDIMISWIRSCPDLKDC
LTDIEVALRTLLLIMLTNPTKRNQKQVQSVRYLVMAIVSDFSSTSLMDKLREDLITPAEKVVYKLLRFLIKTIFGTGEKVLLSAKF
KFMLNVSYLCHLITKETPDRLTDQIKCFEKFFEPKSQFGFFVNPKEAITPEEECVFYEQMKREFTSKEIDCQHTTPGVNLEAFSIMV
SSFNNGTLIFKGEKKLNSLDPMTNSGCATALDLASNKSVVVNKHLNGERLLEYDFNKLLVSAVSQITESFVRKQKYKLSHSDYEYK
VSKLVSRILVIGSKGEETGRSEDNLAEICFDGEEETSFFKSLEEKVNTTIARYRRGRRANDKGDGEKLTNTKGLHHLQLI LTGKMAH
LRKVILSEISFHLVEDFDPSCLTNDDMKFICEAVEGSTELSPLYFTSVIKDQCGLDEMAKNLCRKFFSENDWESCMKMI LLOMNAN
AYSGKYRHMORQGLNFKFDWDKLEEDVRISERESNSESLSKALSLTQCMSAALKNLCFYSEESPTSYTSVGPDSGRLKFALSYKEQ
VGGNRELYIGDLRTKMFTRLIEDYFESFSSFFSGSCLNNDKEFENAILSMTINVREGFLNYSMDHSKWGPMMCPFLFIMFLONLKL
GDDQYVRSGKDHVSTLLTWHMHKLVEVPFPVVNAMMKS YVKSKLKLLRGSETTVTERIFRQYFEMGIVPSHISSLIDMGQGILHNA
SDFYGLLSERFINYCIGVIFGERPEAYTSSDDQITLFDRRLSDLVVSDPEEVLVLLEFQSHLSGLLNKFISPKSVAGRFAAEFKSR
FYVWGEEVPLLTKFVSAATHNVKCKEPHQLCETIDTIADQAIANGVPVSLVNSIQRRTLDLLKYANFPLDPFLLNTNTDVKDWLDG
SRGYRIQRLIEELCPNETKVVRKLVRKLHHKLKNGEFNEEFFLDLFNRDKKEAILQLGDLLGLEEDLNQLADVNWLNLNEMFPLRM
VLROKVVYPSVMTFQEERIPSLIKTLONKLCSKFTRGAQKLLSEAINKSAFQSCISSGFIGLCKTLGSRCVRNKNRENLYIKKLLE
DLTTDDHVTRVCNRDGITLYICDKQSHPEAHRDHICLLRPLLWDYICISLSNSFELGVWVLAEPTKGKNNSENLTLKHLNPCDYVA
RKPESSRLLEDKVNLNQVIQSVRRLYPKIFEDQLLPFMSDMS SKNMRWSPRIKFLDLCVLIDINSESLSLI SHVVKWKRDEHYTVL
FSDLANSHQRSDSSLVDEFVVSTRDVCKNFLKQVYFESFVREFVATTRTLGNFSWFPHKEMMPSEDGAEATLGPFQSFVSKVVNKNY
ERPMFRNDLQFGFGWFSYRMGDVVCNAAMLIRQGLTNPKAFKSLKDLWDYMLNYTKGVLEFSISVDFTHNQNNTDCLRKFSLIFLV
RCQLONPGVAELLSCSHLFKGEIDRRMLDECLHLLRTDSVFKVNDGVFDIRSEEFEDYMEDPLILGDSLELELLGSKRILDGIRST
DFERVGPEWEPVPLTVKMGALFEGRNLVQONI IVKLETKDMKVFLAGLEGYEKISDVLGNLFLHRFRTGEHLLGSEISVILQELCID
RSILLIPLSLLPDWFAFKDCRLCFSKSRSTLMYETVGGRFRLKGRSCDDWLGGSVAEDID
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SEQ ID NO: 24: LCMV WE S-Segment 5' UTR.
GCGCACCGGGGATCCTAGGCTTTTTGGATTGCGCTTTCCTTTAGGACAATTGGGTGCTGGATTCTATCCAATARAAGG

SEQ ID NO: 25: LCMV WE S-Segment 3' UTR.
TTTGTCACACAATGAATTTCCAAATAAAAGCGCAATTAAATGCCTAGGATCCACTGTGCG

SEQ ID NO: 26: LCMV WE L-Segment 5' UTR.
GCGCACCGGGGATCCTAGGCGTTTAGTTGCGCTGCTTTATTGCACAGCTTCACTCTGCTAAACCATCAGGAACTGACCGATCATCA
GTC

SEQ ID NO: 27: LCMV WE L-Segment 3' UTR.
TGCGCATCAAAAAGCCTAGGATCCTCGGTGCG

SEQ ID NO: 28: LCMV Clone 13 L-Segment 5' UTR.
GCGCACCGGGGATCCTAGGCGTTTAGTTGCGCTGTTTGGTTGCACAACTTTCTTCGTGAGGCTGTCAGAAGTGGACCTGGCTGATA
GCG

SEQ ID NO: 29: LCMV Clone 13 L-Segment 3' UTR.
TGCGCATCAAAAAGCCTAGGATCCTCGGTGCG

SEQ ID NO: 30: GP of strain 181h2.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDI YKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSLHLS IRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAMSQCWIFRGRVLDMFRTAFGGKYMRS GWGWAGSDGKTTWCSQTSYQYLITQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAAT.SKFKQDVESATHVFK
TTVNSLISDQLILMRNHLRDILMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDY IKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVITIWKRR

SEQ ID NO: 31: GP of strain 181h5.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDI YKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAMSQCWTFRGRVLDMFRTAFGGKYMRSGWGWTGSDGKTTWCSQTSYQYLITQONRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATHVFK
TTVNSLISDQLILMRNHLRDILMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDY IKRQG
STPLALMDLLMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 32: GP of strain 181h7.
MGQIVTMFEALPHITIDEVINIVIIVLIITITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDI YKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSLHLS IRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAMSQCWTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITONRTWENHCRYAGPFGMSRILFAQEKTK
FFTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATHVFK
TTVNSLISDQLLMRNHLRDLMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDY IKRQG
STPLALMDLLMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVITIWKRR

SEQ ID NO: 33: GP of strain 153h7.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSTLHLS IRGNPNHKAVSCDFNNGITIQYNL
SFSDPQSAMSQCWTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITOQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLLMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVITIWKRR

SEQ ID NO: 34: GP of strain 122h5.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNLCNLTSAFNKKTFDQTLMS IVSSLHLSIRGNPNHKAVSCDFNNGITIQYNL
SFSDPQSAMSQCWTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAALSKFKQDVESALHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGETSVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLILMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 35: GP of strain 122h2.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNLCNLTSAFNKKTFDHTIMSIVSSLHLSIRGNSNHKAVSCDEFNNGITIQYNL
SFSDPQSAMSQCWTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESALHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGETSVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVITIWKRR
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SEQ ID NO: 36: GP of strain 122h3.
MGQIVTMFEALPHITIDEVINIVIIVLIITITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDI YKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNLCNLT SAFNKKTFDQTLMS IVSSLHLSIRGNPNHKAVSCDFNNGITIQYNL
SFSDPQSAMSQCWTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITQONRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATHVFK
TTVNSLISDQLLMRNHLRDLMGVPYCNY SKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLLMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVITIWKRR

SEQ ID NO: 37: GP of strain 181hS8.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNLCNLTSAFNKKTFDHTLMSIVSSTLHLS IRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAMSQCWTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITONRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLILMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVITIWKRR

SEQ ID NO: 38: GP of strain 153h3.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSTLHLS IRGNPNHKAVSCDFNNGITIQYNL
SFSDPQSAMSQCWTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITQONRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAALSKFKQDVESALHVFK
TTVNSLISDQLLMKNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 39: GP of strain 153h8.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDI YKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSTLHLS IRGNPNHKAVSCDEFNNGITIQYNL
SFSDPQSAMSQCWTFRGRVLDMFRTAFGGKYMRS GWGWAGSDGKTTWCSQTSYQYLIIQNRTWENHCRYAGPFGMSRILFAQERTK
FFTRRLAGTFTWILSDSSGVENPGGYCLTKWMI LAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATLHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVITIWKRR

SEQ ID NO: 40: GP of strain 153he.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSLHLS IRGNFNHKAVSCDFNNGITIQYNL
SFSDPQSAISQCWTFRGRVLDMFRTAFGGKYMRS GWGWAGSDGKTTWCSQTSYQYLIIQNRTWENHCRYAGPFGMSRILFAQGKTK
FFTRRLAGTFTWTLSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATLHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 41: GP of strain 153h5.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSLHLS IRGNFNHKAVSCDFNNGITIQYNL
SFSDPQSAISQCRTFRGRVLDMFRTAFGGKYMRS GWGWAGSDGKTTWCSQTSYQYLITQNRTWENHCRYAGPFGMSRILFAQGKTK
FFTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAETLKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATL SKFKQDVESALHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLATLMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 42: GP of strain 156h3.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDI YKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSLHLS IRGNSNHEAVSCDFNNGITIQYNL
SFSDPQSAMSQCWTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAETLKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATSKFKQDVESALHVEFK
TTVNSLISDQLILMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVITIWKRR

SEQ ID NO: 43: GP of strain 153hO.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDI YKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSLHLS IRGNPNHKAVSCDFNNGITIQYNL
SFSDPQSAMSQCWTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLI IQNRTWENHCRYAGPFGMSRILFAQERTK
FFTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAAT.SKFKQDVESATHVFK
TTVNSLISDQLILMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 44: GP of strain 122h4.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDI YKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNLCNLTSAFNKKTFDQTLMSIVSSLHLS IRGNPNHKAVSCDFNNGITIQYNL
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SFSDPQSAMSQCWTFRGRVLDMFRTAFGGKYMRS GWGWAGSDGKTTWCSQTSYQYLITQNRTWENHCRYAGPFGMSRILFAQERTK
FLTRRILAGTFTWILSDS SGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATLHVFK
TTVNSLISDQLLMRNHLRDILMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVITIWKRR

SEQ ID NO: 45: GP of strain 181h9.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSLHLS IRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAMSQCWTFRGRVLDMFRTAFGGKYMRS GWGWAGSDGKTTWCSQTSYQYLITQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAETLKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATSKFKQDVESALHVEFK
TTVNSLISDQLILMRNHLRDIMGVPYCNYSKFWYLNHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVITIWKRR

SEQ ID NO: 46: GP of strain 102hl.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYINMGS SGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSLHLS IRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAISQCRTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAAT.SKFKQDVESATHVFK
TTVNSLISDQLILMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 47: GP of strain 122hl.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDI YKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNLCNLTSAFNKKTFDHTLMSIVSSLHLS IRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAISQCRTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLI IQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAAT.SKFKQDVESATHVFK
TTVNSLISDQLILMRNHLRDILMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDY IKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 48: GP of strain 129hl.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDI YKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSASNKKTFDHTLMSIVSSLHLS IRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAISQCRTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATHVFK
TTVNSLISDQLILMRNHLRDILMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDY IKRQG
STPLALMDLLMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 49: GP of strain 136hl.
MGQIVTMFEALPHITIDEVINIVIIVLIITITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDI YKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDQTLMSIVSSLHLS IRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAISQCRTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITONRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATHVFK
TTVNSLISDQLLMRNHLRDLMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDY IKRQG
STPLALMDLLMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 50: GP of strain 153hl.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNPNHKAVSCDFNNGITIQYNL
SFSDPQSAISQCRTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITQONRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLILMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 51: GP of strain 154hl.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSTLHLS IRGNSDHKAVSCDFNNGITIQYNL
SFSDPQSAISQCRTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAALSKFKQDVESALHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLILMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 52: GP of strain 155hl.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSTHLSIRGNSNLKAVSCDEFNNGITIQYNL
SFSDPQSAISQCRTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESALHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR
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SEQ ID NO: 53: GP of strain 217hl.
MGQIVTMFEALPHITIDEVINIVIIVLIITITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDI YKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSTLHLS IRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAISQCRTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKITWCSQTSYQYLI IQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLLMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 54: GP of strain 218hl.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSTLHLS IRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAISQCRTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTIWCSQTSYQYLITQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKFKQDVESATHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLLMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 55: GP of strain 260hl.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSTHLS IRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAISQCRTFRGRVLDMFRTAFGGKYMRSGWGWAGSDGKTTWCSQTSYQYLITONRTWENHCRYAGPFGMSRILFAQEKTK
FFTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAALSKFKQDVESALHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 56: GP of strain 328hl.
MGQIVTMFEALPHIIDEVINIVIIVLITIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSLHLSIRGNSNHKAVSCDEFNNGITIQYNL
SFSDPQSAISQCRTFRGRVLDMFRTAFGGKYMRS GWGWAGSDGKTTWCSQTSYQYLIIQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKASLSKFKQDVESATLHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHF SDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 57: GP of strain 332hl.
MGQIVTMFEALPHIIDEVINIVIIVLIIITSIKAVYNFATCGILALVSFLFLAGRSCGMYGLNGPDIYKGVYQFKSVEFDMSHLNL
TMPNACSANNSHHYISMGSSGLELTFTNDSILNHNFCNLTSAFNKKTFDHTLMSIVSSLHLS IRGNSNHKAVSCDFNNGITIQYNL
SFSDPQSAISQCRTFRGRVLDMFRTAFGGKYMRS GWGWAGSDGKTTWCSQTSYQYLITIQNRTWENHCRYAGPFGMSRILFAQEKTK
FLTRRLAGTFTWILSDSSGVENPGGYCLTKWMILAAELKCFGNTAVAKCNVNHDEEFCDMLRLIDYNKAATLSKLKQDVESATLHVFK
TTVNSLISDQLLMRNHLRDIMGVPYCNYSKFWYLEHAKTGET SVPKCWLVTNGSYLNETHFSDQIEQEADNMI TEMLRKDYIKRQG
STPLALMDLIMFSTSAYLISIFLHLVKIPTHRHIKGGSCPKPHRLTNKGICSCGAFKVPGVKT IWKRR

SEQ ID NO: 58: GP of strain 181h2.
atgggtcagattgtgacaatgtttgaggctttgcctcacatcattgatgaggtcatcaacattgtcattattgtgetcattataat
cacgagcatcaaagctgtgtacaatttecgecacctgtgggatattagcactggtcagettectttttttggectggtaggtectgtyg
gcatgtacggccttaatggtcccgacatectataaaggggtttaccagttcaaatcagtggagtttgatatgtectcacttaaatetyg
acgatgcccaatgecgtgectcageccaacaactctcatcactacatcagtatgggaagectectggactggagctaactttcactaacga
ctccatccttaatcacaatttttgecaacttaacctececgetttcaacaaaaagacttttgaccatacactcatgagtatagtctcga
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagecgctatgagecagtgttggactttcagaggtagagtcttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcagccaaacaagctatcagtacctaateca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctetttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccectgtecagactectcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagctcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgccctgagtaagttcaagcaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggcttgtcactaatggectecctacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttageccttaatggatecttttgatgttttcaacatcagecatatctaatcagecatctttectgcatecttgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgcttgaccaacaaggggatectgtagttgtggtgcattcaagg
tgcctggtgtaataactatctggaaaagacgctga

SEQ ID NO: 59: GP of strain 181hS5.

atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttcgeccacctgtgggatattagcactggtcagettectttttttggectggtaggtectgtyg
gcatgtacggecttaatggtecccgacatctataaaggggtttaccagttcaaatcagtggagtttgatatgtcectcacttaaatctg
acgatgcccaatgcgtgctcagecaacaactctcatcactacatcagtatgggaagectctggactggagctaactttcactaacga
ctccatccttaatcacaatttttgcaacttaacctcececgetttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
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tcattttcggacccacagagcgctatgageccagtgttggactttcagaggtagagtecttggacatgtttagaactgectttggagyg
aaaatacatgagaagtggctggggctggacaggttcagatggcaagaccacttggtgcagccaaacaagctatcagtacctaatceca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatecctetttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactecctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagectcaaatgttttgggaatacagectgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgecctgagtaagttcaagcaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggcttgtcactaatggectectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttageccttaatggatcttttgatgttttcaacatcagcatatctaatcagecatectttectgecatettgtgaagatacce
aacacatagacacataaagggcggttcatgtccaaageccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgctga

SEQ ID NO: 60: GP of strain 181h7.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttcgccacctgtgggatattagecactggtcagettectttttttggetggtaggtectgtyg
gcatgtacggccttaatggtcccgacatctataaaggggtttaccagttcaaatcagtggagtttgatatgtectcacttaaatetg
acgatgcccaatgcgtgctcageccaacaactctcatcactacatcagtatgggaagectctggactggagctaactttcactaacga
ctccatccttaatcacaatttttgecaacttaacctececgetttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagecgctatgagecagtgttggactttcagaggtagagtecttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcageccaaacaagctatcagtacctaateca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatecctetttgetcaggaaaagacaaag
tttttcactaggagacttgcaggcacattcacctggaccectgtcagactectcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagctcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttect
gtgacatgctacgactaattgattacaacaaggccgecctgagtaagttcaagcaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgectggettgtcactaatggetcectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagecttaatggatcttttgatgttttcaacatcagcatatctaatcagecatectttectgecatettgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgcttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaataactatctggaaaagacgctga

SEQ ID NO: 61: GP of strain 153h7.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttecgeccacctgtgggatattagcactggtcagettectttttttggectggtaggtectgtyg
gcatgtacggccttaatggtececcgacatctataaaggggtttaccagttcaaatcagtggagtttgatatgtctcacttaaatetg
acgatgcccaatgecgtgetcagecaacaactctecatcactacatcagtatgggaagectectggactggagectaactttcactaacga
ctccatccttaatcacaatttttgcaacttaacctcececgectttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaatcccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagecgctatgagecagtgttggactttcagaggtagagtecttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcagccaaacaagctatcagtacctaatca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgetcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactecctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgectgcagagctcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttect
gtgacatgctacgactaattgattacaacaaggccgceccctgagtaagttcaagcaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggecttgtcactaatggectectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagccttaatggatcttttgatgttttcaacatcagecatatctaatcagecatctttectgecatettgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaataactatctggaaaagacgectga

SEQ ID NO: 62: GP of strain 122h5.

atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttcgecacctgtgggatattagcactggtcagettecctttttttggectggtaggtectgtyg
gcatgtacggecttaatggtecccgacatcectataaaggggtttaccagttcaaatcagtggagtttgatatgtcectcacttaaatctg
acgatgcccaatgcgtgctcagecaacaactctcatcactacatcagtatgggaagectctggactggagctaactttcactaacga
ctccatccttaatcacaatctttgcaacttaacctcececgetttcaacaaaaagacttttgaccaaacactcatgagtatagtctega
gtctgcacctcagtattagagggaatcccaaccacaaagcagtgtecttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagcgctatgagccagtgttggactttcagaggtagagtcttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcageccaaacaagctatcagtacctaatca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactecctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgecagagectcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgecctgagtaagttcaagcaagatgtagagtctgecttgecatgtattecaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgectggettgtcactaatggectectacttgaatyg
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agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttageccttaatggatcttttgatgttttcaacatcagcatatctaatcagecatectttectgecatettgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgcttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgctga

SEQ ID NO: 63: GP of strain 122h2.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttecgecacctgtgggatattagcactggtcagettectttttttggectggtaggtectgtyg
gcatgtacggccttaatggtcccgacatctataaaggggtttaccagttcaaatcagtggagtttgatatgtectcacttaaatetg
acgatgcccaatgecgtgctcageccaacaactctcatcactacatcagtatgggaagctectggactggagctaactttcactaacga
ctccatccttaatcacaatctttgecaacttaacctececgetttcaacaaaaagacttttgaccatacactcatgagtatagtctcega
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagecgctatgagecagtgttggactttcagaggtagagtecttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgecagecaaacaagctatcagtacctaatcea
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctetttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccectgtecagactectcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgectgcagagctcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttect
gtgacatgctacgactaattgattacaacaaggccgecctgagtaagttcaagecaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggcttgtcactaatggectectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttageccttaatggatecttttgatgttttcaacatcagecatatctaatcagecatctttectgcatecttgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgcttgaccaacaaggggatectgtagttgtggtgcattcaagg
tgcctggtgtaataactatctggaaaagacgctga

SEQ ID NO: 64: GP of strain 122h3.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttcgeccacctgtgggatattagecactggtcagettectttttttggetggtaggtectgtyg
gcatgtacggccttaatggtecccgacatectataaaggggtttaccagttcaaatcagtggagtttgatatgtctcacttaaatetg
acgatgcccaatgecgtgetcageccaacaactctecatcactacatcagtatgggaagectectggactggagectaactttcactaacga
ctccatccttaatcacaatctttgcaacttaacctcececgectttcaacaaaaagacttttgaccaaacactcatgagtatagtctega
gtctgcacctcagtattagagggaatcccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagecgctatgagecagtgttggactttcagaggtagagtcttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcagccaaacaagctatcagtacctaateca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactecctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgecagagctcaaatgttttgggaatacagectgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgceccctgagtaagttcaagcaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagctgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggecttgtcactaatggectectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagccttaatggatcttttgatgttttcaacatcagecatatctaatcagecatctttectgcatecttgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgettgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaataactatctggaaaagacgetga

SEQ ID NO: 65: GP of strain 181hS8.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttcgeccacctgtgggatattagecactggtcagettectttttttggectggtaggtectgtyg
gcatgtacggccttaatggtcecccgacatcectataaaggggtttaccagttcaaatcagtggagtttgatatgtctcacttaaatetg
acgatgcccaatgcgtgctcageccaacaactctcatcactacatcagtatgggaagectctggactggagctaactttcactaacga
ctccatccttaatcacaatctttgecaacttaacctecgetttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtecttgtgattttaacaatggecatcaccattcaatacaacttg
tcattttcggacccacagagcgctatgagccagtgttggactttcagaggtagagtcttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcagccaaacaagctatcagtacctaatceca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactcctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgecagagctcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgecctgagtaagttcaagcaagatgtagagtctgecttgecatgtattecaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgectggettgtcactaatggectectacttgaatyg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagccttaatggatcttttgatgttttcaacatcagecatatctaatcagecatctttectgecatecttgtgaagatace
aacacatagacacataaagggcggttcatgtccaaageccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaataactatctggaaaagacgectga

SEQ ID NO: 66: GP of strain 153h3.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgectcattataat
cacgagcatcaaagctgtgtacaatttcgccacctgtgggatattagecactggtcagettectttttttggetggtaggtectgtyg
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gcatgtacggccttaatggtcccgacatectataaaggggtttaccagttcaaatcagtggagtttgatatgtectcacttaaatetg
acgatgcccaatgecgtgectcageccaacaactctecatcactacatcagtatgggaagectectggactggagctaactttcactaacga
ctccatccttaatcacaatttttgcaacttaacctcececgectttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaatCccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagecgctatgagecagtgttggactttcagaggtagagtecttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcagccaaacaagctatcagtacctaateca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactecctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagctcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgccctgagtaagttcaagcaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgahAgaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggcttgtcactaatggectecctacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagecttaatggatcttttgatgttttcaacatcagcatatctaatcagecatctttctgecatettgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgctga

SEQ ID NO: 67: GP of strain 153h8.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttcgecacctgtgggatattagecactggtcagettecctttttttggectggtaggtectgtyg
gcatgtacggccttaatggtcececcgacatectataaaggggtttaccagttcaaatcagtggagtttgatatgtctcacttaaatetg
acgatgcccaatgcgtgctcagecaacaactctcatcactacatcagtatgggaagectctggactggagctaactttcactaacga
ctccatccttaatcacaatttttgcaacttaacctcececgetttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaatcccaaccacaaagcagtgtcttgtgattttaacaatggecatcaccattcaatacaacttg
tcattttcggacccacagagcgctatgagccagtgttggactttcagaggtagagtcttggacatgtttagaactgectttggagyg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcagccaaacaagctatcagtacctaatca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcaggaaaggacaaag
tttttcactaggagacttgcaggcacattcacctggaccctgtcagactcectcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgecagagectcaaatgttttgggaatacagectgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgcecctgagtaagttcaagecaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagctgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggecttgtcactaatggectectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagccttaatggatcttttgatgttttcaacatcagecatatctaatcagecatctttectgecatecttgtgaagatace
aacacatagacacataaagggcggttcatgtccaaageccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaataactatctggaaaagacgectga

SEQ ID NO: 68: GP of strain 153h6.
atgggtcagattgtgacaatgtttgaggctttgcctcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttcgccacctgtgggatattagecactggtcagettectttttttggetggtaggtectgtyg
gcatgtacggccttaatggtccecgacatctataaaggggtttaccagttcaaatcagtggagtttgatatgtctcacttaaatctg
acgatgcccaatgcgtgctcagecaacaactctcatcactacatcagtatgggaagectctggactggagctaactttcactaacga
ctccatccttaatcacaatttttgcaacttaacctecgetttcaacaaaaagacttttgaccatacactcatgagtatagtctcga
gtctgcacctcagtattagagggaatttcaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagcgctataageccagtgttggactttcagaggtagagtecttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcageccaaacaagctatcagtacctaateca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcagggaaagacaaag
tttttcactaggagacttgcaggcacattcacctggaccctgtcagactcctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagectcaaatgttttgggaatacagectgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgecctgagtaagttcaagcaagatgtagagtctgecttgcatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgectggettgtcactaatggetectacttgaatyg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttageccttaatggatcttttgatgttttcaacatcagcatatctaatcagcatctttectgecatettgtgaagatacce
aacacatagacacataaagggcggttcatgtccaaageccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgctga

SEQ ID NO: 69: GP of strain 153h5.

atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgectcattataat
cacgagcatcaaagctgtgtacaatttcgccacctgtgggatattagecactggtcagettectttttttggetggtaggtectgtyg
gcatgtacggccttaatggtcccgacatctataaaggggtttaccagttcaaatcagtggagtttgatatgtectcacttaaatctg
acgatgcccaatgcgtgctcageccaacaactctcatcactacatcagtatgggaagectctggactggagctaactttcactaacga
ctccatccttaatcacaatttttgecaacttaacctececgetttcaacaaaaagacttttgaccatacactcatgagtatagtctcga
gtctgcacctcagtattagagggaatttcaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagegctataagecagtgtaggactttcagaggtagagtecttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcagccaaacaagctatcagtacctaateca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctetttgetcagggaaagacaaag
tttttcactaggagacttgcaggcacattcacctggaccctgtcagactectcaggagtagaaaatccaggtggttattgectgac
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caaatggatgatccttgectgcagagctcaaatgttttgggaatacagetgttgecaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgceccctgagtaagttcaagecaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagctgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgectggecttgtcactaatggectecctacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagccttaatggatcttttgatgttttcaacatcagecatatctaatcagecatctttectgecatecttgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgctga

SEQ ID NO: 70: GP of strain 156h3.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgectcattataat
cacgagcatcaaagctgtgtacaatttcgeccacctgtgggatattagecactggtcagettectttttttggectggtaggtectgtyg
gcatgtacggccttaatggtcecccgacatctataaaggggtttaccagttcaaatcagtggagtttgatatgtctcacttaaatectg
acgatgcccaatgecgtgctcageccaacaactctecatcactacatcagtatgggaagectectggactggagectaactttcactaacga
ctccatccttaatcacaatttttgecaacttaacctecgetttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaattccaaccacgaagcagtgtecttgtgattttaacaatggecatcaccattcaatacaacttg
tcattttcggacccacagagcecgctatgageccagtgttggactttcagaggtagagtecttggacatgtttagaactgectttggagyg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcageccaaacaagctatcagtacctaatca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactcctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagectcaaatgttttgggaatacagectgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgecctgagtaagttcaagcaagatgtagagtctgecttgecatgtattecaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgectggettgtcactaatggectectacttgaatyg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagccttaatggatcttttgatgttttcaacatcagecatatctaatcagecatctttectgecatecttgtgaagatace
aacacatagacacataaagggcggttcatgtccaaageccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaataactatctggaaaagacgctga

SEQ ID NO: 71: GP of strain 153ho.
atgggtcagattgtgacaatgtttgaggctttgecctcacatcattgatgaggtcatcaacattgtcattattgtgetcattataat
cacgagcatcaaagctgtgtacaatttcgccacctgtgggatattagcactggtcagettectttttttggetggtaggtectgtyg
gcatgtacggccttaatggtcecccgacatcectataaaggggtttaccagttcaaatcagtggagtttgatatgtctcacttaaatetg
acgatgcccaatgcgtgctcagccaacaactctcatcactacatcagtatgggaagectctggactggagctaactttcactaacga
ctccatccttaatcacaatttttgcaacttaacctecgetttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaatcccaaccacaaagcagtgtecttgtgattttaacaatggcatcaccattcaatacaacttyg
tcattttcggacccacagagegctatgagecagtgttggactttcagaggtagagtecttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcageccaaacaagctatcagtacctaateca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctetttgectcaggaaaggacaaag
tttttcactaggagacttgcaggcacattcacctggaccctgtcagactecctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagectcaaatgttttgggaatacagectgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgecctgagtaagttcaagcaagatgtagagtctgecttgcatgtattcaaa
acaacagtaaattctctgatttccgatcagetgttgatgaggaatcatctaagagatectaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggcttgtcactaatggectectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagecttaatggatcttttgatgttttcaacatcagcatatctaatcagecatectttectgecatettgtgaagatace
aacacatagacacataaagggcggttcatgtccaaageccacaccgettgaccaacaaggggatctgtagttgtggtgecattcaagg
tgcctggtgtaaaaactatctggaaaagacgctga

SEQ ID NO: 72: GP of strain 122h4.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttcgccacctgtgggatattagecactggtcagettectttttttggetggtaggtectgtyg
gcatgtacggccttaatggtcccgacatctataaaggggtttaccagttcaaatcagtggagtttgatatgtectcacttaaatetyg
acgatgcccaatgcgtgctcagccaacaactctcatcactacatcagtatgggaagectectggactggagctaactttcactaacga
ctccatccttaatcacaatctttgecaacttaacctececgetttcaacaaaaagacttttgaccaaacactcatgagtatagtctecga
gtctgcacctcagtattagagggaatcccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagcgctatgagccagtgttggactttcagaggtagagtcttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcageccaaacaagctatcagtacctaatceca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctetttgetcaggaaaggacaaag
tttctcactaggagacttgcaggcacattcacctggaccectgtcagactectcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagctcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttct
gtgacatgctacgactaattgattacaacaaggccgecctgagtaagttcaagcaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggcttgtcactaatggectectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttageccttaatggatcttttgatgttttcaacatcagecatatctaatcagecatctttectgecatettgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgcttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaataactatctggaaaagacgctga
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SEQ ID NO: 73: GP of strain 181ho.
atgggtcagattgtgacaatgtttgaggctttgecctcacatcattgatgaggtcatcaacattgtcattattgtgectcattataat
cacgagcatcaaagctgtgtacaatttcgeccacctgtgggatattagecactggtcagettectttttttggectggtaggtectgtyg
gcatgtacggccttaatggtccecgacatctataaaggggtttaccagttcaaatcagtggagtttgatatgtctcacttaaatectg
acgatgcccaatgcgtgctcagccaacaactctcatcactacatcagtatgggaagectectggactggagctaactttcactaacga
ctccatccttaatcacaatttttgecaacttaacctecgetttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttyg
tcattttcggacccacagagcgctatgagccagtgttggactttcagaggtagagtecttggacatgtttagaactgectttggagyg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcagccaaacaagctatcagtacctaateca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactecctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagectcaaatgttttgggaatacagectgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgccectgagtaagttcaagcaagatgtagagtctgecttgecatgtattecaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctgaaccatgctaagactggtgagactagtgtacccaagtgectggettgtcactaatggetectacttgaatyg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttageccttaatggatcttttgatgttttcaacatcagecatatctaatcagecatctttectgecatecttgtgaagatace
aacacatagacacataaagggcggttcatgtccaaageccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaataactatctggaaaagacgectga

SEQ ID NO: 74: GP of strain 102hl.
atgggtcagattgtgacaatgtttgaggctttgecctcacatcattgatgaggtcatcaacattgtcattattgtgectcattataat
cacgagcatcaaagctgtgtacaatttcgccacctgtgggatattagecactggtcagettectttttttggetggtaggtectgtyg
gcatgtacggccttaatggtcccgacatctataaaggggtttaccagttcaaatcagtggagtttgatatgtectcacttaaatectg
acgatgcccaatgcgtgctcagccaacaactctcatcactacatcaatatgggaagectctggactggagctaactttcactaacga
ctccatccttaatcacaatttttgcaacttaacctececgetttcaacaaaaagacttttgaccatacactcatgagtatagtctcga
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtecttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagcgctataageccagtgtaggactttcagaggtagagtecttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcageccaaacaagctatcagtacctaateca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctetttgetcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactecctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagectcaaatgttttgggaatacagectgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgeccctgagtaagttcaagcaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggcttgtcactaatggectectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagecttaatggatcttttgatgttttcaacatcagcatatctaatcagecatectttectgecatettgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgcttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgctga

SEQ ID NO: 75: GP of strain 122hl
atgggtcagattgtgacaatgtttgaggectttgectcacatcattgatgaggtcatcaacattgtcattattgtgetcattataat
cacgagcatcaaagctgtgtacaatttecgecacctgtgggatattagcactggtcagettectttttttggectggtaggtectgtyg
gcatgtacggccttaatggtcccgacatectataaaggggtttaccagttcaaatcagtggagtttgatatgtectcacttaaatetg
acgatgcccaatgcgtgectcageccaacaactctcatcactacatcagtatgggaagectetggactggagctaactttcactaacga
ctccatccttaatcacaatctttgecaacttaacctececgetttcaacaaaaagacttttgaccatacactcatgagtatagtctcega
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagcgctataagecagtgtaggactttcagaggtagagtcttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcagccaaacaagctatcagtacctaateca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctetttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccectgtecagactectcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagctcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgccctgagtaagttcaagcaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggcttgtcactaatggectecctacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagccttaatggatcttttgatgttttcaacatcagecatatctaatcagecatctttectgcatecttgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgcttgaccaacaaggggatectgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgctga

SEQ ID NO: 76: GP of strain 129hl.

atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttcgeccacctgtgggatattagcactggtcagettectttttttggectggtaggtectgtyg
gcatgtacggecttaatggtecccgacatctataaaggggtttaccagttcaaatcagtggagtttgatatgtctcacttaaatctg
acgatgcccaatgcgtgctcageccaacaactctcatcactacatcagtatgggaagectctggactggagctaactttcactaacga
ctccatccttaatcacaatttttgcaacttaacctcececgecttccaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
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tcattttecggacccacagagcgctataagccagtgtaggactttcagaggtagagtecttggacatgtttagaactgectttggagyg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcageccaaacaagctatcagtacctaateca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctetttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactecctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagectcaaatgttttgggaatacagectgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgecctgagtaagttcaagcaagatgtagagtctgecttgcatgtattcaaa
acaacagtaaattctctgatttccgatcagetgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggcttgtcactaatggectectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttageccttaatggatcttttgatgttttcaacatcagcatatctaatcagcatctttectgecatettgtgaagatacce
aacacatagacacataaagggcggttcatgtccaaageccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgctga

SEQ ID NO: 77: GP of strain 136hl.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttcgccacctgtgggatattagecactggtcagettectttttttggetggtaggtectgtyg
gcatgtacggccttaatggtcccgacatcectataaaggggtttaccagttcaaatcagtggagtttgatatgtectcacttaaatetg
acgatgcccaatgcgtgctcageccaacaactctcatcactacatcagtatgggaagectectggactggagectaactttcactaacga
ctccatccttaatcacaatttttgecaacttaacctececgetttcaacaaaaagacttttgaccaaacactcatgagtatagtctcga
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagcgctataagecagtgtaggactttcagaggtagagtecttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcageccaaacaagctatcagtacctaateca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctetttgetcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccectgtcagactectcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagctcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttect
gtgacatgctacgactaattgattacaacaaggccgecctgagtaagttcaagcaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgectggettgtcactaatggetcectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttageccttaatggatcttttgatgttttcaacatcagcatatctaatcagecatectttectgecatettgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgcttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgctga

SEQ ID NO: 78: GP of strain 153hl.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttecgeccacctgtgggatattagcactggtcagettectttttttggectggtaggtectgtyg
gcatgtacggccttaatggtecccgacatcectataaaggggtttaccagttcaaatcagtggagtttgatatgtctcacttaaatetg
acgatgcccaatgcgtgectcageccaacaactctecatcactacatcagtatgggaagectetggactggagctaactttcactaacga
ctccatccttaatcacaatttttgcaacttaacctcececgectttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaatcccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagcgctataagecagtgtaggactttcagaggtagagtcttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcagccaaacaagctatcagtacctaatca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgetcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactecctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgectgcagagctcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttect
gtgacatgctacgactaattgattacaacaaggccgceccctgagtaagttcaagecaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggecttgtcactaatggectectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagccttaatggatcttttgatgttttcaacatcagecatatctaatcagecatctttctgecatecttgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgectga

SEQ ID NO: 79: GP of strain 154hl.

atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttcgecacctgtgggatattagcactggtcagettecctttttttggectggtaggtectgtyg
gcatgtacggecttaatggtecccgacatctataaaggggtttaccagttcaaatcagtggagtttgatatgtectcacttaaatctg
acgatgcccaatgcgtgctcagecaacaactctcatcactacatcagtatgggaagectctggactggagctaactttcactaacga
ctccatccttaatcacaatttttgcaacttaacctcececgetttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaattccgaccacaaagcagtgtecttgtgattttaacaatggecatcaccattcaatacaacttg
tcattttcggacccacagagcgctataageccagtgtaggactttcagaggtagagtcttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcageccaaacaagctatcagtacctaatca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactecctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgecagagectcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgecctgagtaagttcaagcaagatgtagagtctgecttgecatgtattecaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgectggettgtcactaatggectectacttgaatyg
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agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttageccttaatggatcttttgatgttttcaacatcagcatatctaatcagecatectttectgecatettgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgcttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgctga

SEQ ID NO: 80: GP of strain 155hl.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttecgecacctgtgggatattagcactggtcagettectttttttggectggtaggtectgtyg
gcatgtacggccttaatggtcccgacatctataaaggggtttaccagttcaaatcagtggagtttgatatgtectcacttaaatetg
acgatgcccaatgecgtgctcageccaacaactctcatcactacatcagtatgggaagctectggactggagctaactttcactaacga
ctccatccttaatcacaatttttgecaacttaacctececgetttcaacaaaaagacttttgaccatacactcatgagtatagtctcga
gtctgcacctcagtattagagggaattccaacctcaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagecgctataagecagtgtaggactttcagaggtagagtcttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgecagecaaacaagctatcagtacctaatcea
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccectgtecagactectcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgectgcagagctcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttect
gtgacatgctacgactaattgattacaacaaggccgeccctgagtaagttcaagcaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggcttgtcactaatggectectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttageccttaatggatecttttgatgttttcaacatcagecatatctaatcagecatctttectgcatecttgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgcttgaccaacaaggggatectgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgctga

SEQ ID NO: 81l: GP of strain 217hl.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgctcattataat
cacgagcatcaaagctgtgtacaatttcgeccacctgtgggatattagecactggtcagettectttttttggetggtaggtectgtyg
gcatgtacggccttaatggtecccgacatectataaaggggtttaccagttcaaatcagtggagtttgatatgtctcacttaaatetg
acgatgcccaatgecgtgetcageccaacaactctecatcactacatcagtatgggaagectectggactggagectaactttcactaacga
ctccatccttaatcacaatttttgcaacttaacctcececgectttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagecgctataageccagtgtaggactttcagaggtagagtcttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagatcacttggtgcageccaaacaagctatcagtacctaatca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactecctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgecagagctcaaatgttttgggaatacagectgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgceccctgagtaagttcaagecaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagctgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggecttgtcactaatggectectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagccttaatggatcttttgatgttttcaacatcagecatatctaatcagecatctttectgcatecttgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgettgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgetga

SEQ ID NO: 82: GP of strain 218hl.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgectcattataat
cacgagcatcaaagctgtgtacaatttcgeccacctgtgggatattagecactggtcagettectttttttggectggtaggtectgtyg
gcatgtacggccttaatggtcecccgacatcectataaaggggtttaccagttcaaatcagtggagtttgatatgtctcacttaaatetg
acgatgcccaatgcgtgctcageccaacaactctcatcactacatcagtatgggaagectctggactggagctaactttcactaacga
ctccatccttaatcacaatttttgecaacttaacctecgetttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtecttgtgattttaacaatggecatcaccattcaatacaacttg
tcattttcggacccacagagcgctataageccagtgtaggactttcagaggtagagtcttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccatttggtgcagccaaacaagctatcagtacctaatceca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactcctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgecagagctcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgecctgagtaagttcaagcaagatgtagagtctgecttgecatgtattecaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgectggettgtcactaatggectectacttgaatyg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagccttaatggatcttttgatgttttcaacatcagecatatctaatcagecatctttectgecatecttgtgaagatace
aacacatagacacataaagggcggttcatgtccaaageccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgectga

SEQ ID NO: 83: GP of strain 260hl.
atgggtcagattgtgacaatgtttgaggctttgecctcacatcattgatgaggtcatcaacattgtcattattgtgetcattataat
cacgagcatcaaagctgtgtacaatttcgccacctgtgggatattagecactggtcagettectttttttggetggtaggtectgtyg
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gcatgtacggccttaatggtcccgacatectataaaggggtttaccagttcaaatcagtggagtttgatatgtectcacttaaatetg
acgatgcccaatgcgtgctcagccaacaactctcatcactacatcagtatgggaagectetggactggagctaactttcactaacga
ctccatccttaatcacaatttttgcaacttaacctcececgectttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagecgctataagecagtgtaggactttcagaggtagagtcttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcagccaaacaagctatcagtacctaateca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcaggaaaagacaaag
tttttcactaggagacttgcaggcacattcacctggaccctgtcagactecctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagctcaaatgttttgggaatacagetgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgccctgagtaagttcaagecaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggcttgtcactaatggectecctacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagecttaatggatcttttgatgttttcaacatcagcatatctaatcagecatctttctgecatettgtgaagatace
aacacatagacacataaagggcggttcatgtccaaagccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgctga

SEQ ID NO: 84: GP of strain 328hl.
atgggtcagattgtgacaatgtttgaggctttgectcacatcattgatgaggtcatcaacattgtcattattgtgectcattataat
cacgagcatcaaagctgtgtacaatttcgecacctgtgggatattagecactggtcagettecctttttttggectggtaggtectgtyg
gcatgtacggccttaatggtcececcgacatectataaaggggtttaccagttcaaatcagtggagtttgatatgtctcacttaaatetg
acgatgcccaatgcgtgctcageccaacaactctcatcactacatcagtatgggaagectctggactggagctaactttcactaacga
ctccatccttaatcacaatttttgcaacttaacctcececgetttcaacaaaaagacttttgaccatacactcatgagtatagtctega
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagcgctataagccagtgtaggactttcagaggtagagtcttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcagccaaacaagctatcagtacctaatca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactcectcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgecagagectcaaatgttttgggaatacagectgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggcctccctgagtaagttcaagecaagatgtagagtctgecttgecatgtattcaaa
acaacagtaaattctctgatttccgatcagctgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgctggecttgtcactaatggectectacttgaatg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttagccttaatggatcttttgatgttttcaacatcagecatatctaatcagecatctttectgecatecttgtgaagatace
aacacatagacacataaagggcggttcatgtccaaageccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgectga

SEQ ID NO: 85: GP of strain 332hl.
atgggtcagattgtgacaatgtttgaggctttgecctcacatcattgatgaggtcatcaacattgtcattattgtgectcattataat
cacgagcatcaaagctgtgtacaatttcgccacctgtgggatattagecactggtcagettectttttttggetggtaggtectgtyg
gcatgtacggccttaatggtccecgacatctataaaggggtttaccagttcaaatcagtggagtttgatatgtctcacttaaatctg
acgatgcccaatgcgtgctcagccaacaactctcatcactacatcagtatgggaagectctggactggagctaactttcactaacga
ctccatccttaatcacaatttttgcaacttaacctecgetttcaacaaaaagacttttgaccatacactcatgagtatagtctcga
gtctgcacctcagtattagagggaattccaaccacaaagcagtgtcttgtgattttaacaatggcatcaccattcaatacaacttg
tcattttcggacccacagagcgctataagccagtgtaggactttcagaggtagagtecttggacatgtttagaactgectttggagg
aaaatacatgagaagtggctggggctgggcaggttcagatggcaagaccacttggtgcageccaaacaagctatcagtacctaateca
tacaaaacaggacttgggaaaaccactgtagatatgcaggcccttttgggatgtctagaatcctectttgectcaggaaaagacaaag
tttctcactaggagacttgcaggcacattcacctggaccctgtcagactecctcaggagtagaaaatccaggtggttattgectgac
caaatggatgatccttgctgcagagectcaaatgttttgggaatacagectgttgcaaaatgtaatgtcaatcatgatgaagagttet
gtgacatgctacgactaattgattacaacaaggccgecctgagtaagttaaagcaagatgtagagtctgecttgcatgtattcaaa
acaacagtaaattctctgatttccgatcagectgttgatgaggaatcatctaagagatctaatgggggtaccatactgtaattacte
aaagttctggtatctggaacatgctaagactggtgagactagtgtacccaagtgectggettgtcactaatggetectacttgaatyg
agacccactttagtgatcaaatcgaacaagaagcagataacatgatcacagagatgttgaggaaggactacataaaaagacaaggg
agtactcctttageccttaatggatcttttgatgttttcaacatcagcatatctaatcagcatctttectgecatettgtgaagatacce
aacacatagacacataaagggcggttcatgtccaaageccacaccgecttgaccaacaaggggatctgtagttgtggtgcattcaagg
tgcctggtgtaaaaactatctggaaaagacgctga
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CLAIMS

1. A virus particle comprising a lymphocytic choriomeningitis virus (LCMV)
glycoprotein (GP) and/or a nucleic acid encoding said GP, wherein the glycoprotein is a
mutated LCMYV strain WE glycoprotein which comprises in comparison with the wild type
LCMV strain WE glycoprotein set forth in SEQ ID NO: 4 at least one mutated amino acid
residue selected from the group consisting of Lys 492— Ile, Ser 102 — Asn, Phe 122 —
Leu, Phe 129 — Ser, Lys 132 — Arg, His 136 — Gln, Asn 152 — Tyr, Ser 153 — Pro, Phe
or Tyr, Asn 154 — Asp, His 155 — Leu or Tyr, Lys 156 — Glu, Thr 217 — Ile, Thr 218 —
Ile, Lys 256 —Arg, Leu 260 — Ile, Tyr 284 — His, Ala 328 — Ser, Phe 332 — Leu, Val
342 — Ala, and Arg 358— Lys, wherein the virus particle has an increased capacity to enter
a tumor cell as compared to a reference virus particle that comprises the wild type

glycoprotein set forth in SEQ ID NO: 4.

The virus particle of claim 1, wherein the glycoprotein has at least 95% sequence identity to

SEQ ID NO: 4.

The virus particle of claim 1 or 2, wherein the GP comprises the following set of mutated
amino acid residues in comparison with the linear polypeptide sequence of the wild type
LCMYV strain WE glycoprotein set forth in SEQ ID NO: 4:
(a) Lys492— Ile;
(b) Ala211— Thr;
(¢) Lys260— Phe and Lys 492— Ile;
(d) Ser 153 — Pro and Lys 492— Ile,;
(e) Phe 122 — Leu, His 136 — Gln, and Ser 153 — Pro;
(f) Phe 122 — Leu, and Lys 492— Ile;
(g) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, and Lys 492— Ile,;
(h) Glu 255 —Gly and Lys 492— Ile,;
(1)  Ser 153 — Pro and Arg 358— Lys;
(j)  Ser 153 — Pro, Lys 256 —Arg, Leu 260 — Phe and Lys 492— Ile,;
(k) Ser 153 — Phe, Glu 255 —Gly, and Leu 260 — Phe;
()’  Lys 156 — Glu and Lys 492— Ile,;
(m) Ser 153 — Pro, Lys 256 —Arg, and Leu 260 — Phe;
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(n) Phe 122 — Leu, His 136 — Gln, Ser 153 — Pro, Lys 256 —Arg and Lys 492— Ile;
or

(0) Glu379 — Asn and Lys 492— Ile.

The virus particle any one of the preceding claims, wherein said GP 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: 30-57.

The virus particle of any one of the preceding claims, wherein the virus particle has an
increased capacity to enter a human tumor cell as compared to said reference virus particle,
or wherein the virus particle has an increased tropism for a human tumor cell as compared

to said reference virus particle.

An LCMYV GP, wherein the glycoprotein comprises in comparison with the wild type LCMV
strain WE glycoprotein set forth in SEQ ID NO: 4 at least one mutated amino acid residue

as defined in any one of claims 1-5.

A nucleic acid molecule encoding a LCMV GP of claim 6, wherein the nucleic acid molecule
preferably 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: 58-85, or a respective complementary sequence.

A virus particle comprising a glycoprotein (GP) of an arenavirus and/or a nucleic acid
encoding said GP, wherein the glycoprotein comprises at least one of the following amino

acid residues:
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(2)

(b)

(©

(d)

(e

®

(g

(h)

(1)

at the position corresponding to Lys 492 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 an Ile residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a Lys residue at said position;

at the position corresponding to Ser 102 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 an Asn residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a Ser residue at said position;

at the position corresponding to Phe 122 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a Leu residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a Phe residue at said position;

at the position corresponding to Phe 129 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a Ser residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a Phe residue at said position;

at the position corresponding to His 136 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a Gln residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a His residue at said position;

at the position corresponding to Asn 152 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a Tyr residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a Phe residue at said position;

at the position corresponding to Ser 153 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a Pro, Phe, or Tyr residue, wherein the virus particle has an
increased capacity to enter a tumor cell as compared to a reference virus particle that
comprises a Ser residue at said position;

at the position corresponding to Asn 154 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 an Asp residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a Phe residue at said position;

at the position corresponding to His 155 of the GP of LCMYV strain WE glycoprotein

set forth in SEQ ID NO: 4 a Leu or Tyr residue, wherein the virus particle has an
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(m)

(n)

(0)

(p)

(@

(r)

increased capacity to enter a tumor cell as compared to a reference virus particle that
comprises a Phe residue at said position;

at the position corresponding to Lys 156 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a Glu residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a Lys residue at said position;

at the position corresponding to Thr 217 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 an Ile residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a Phe residue at said position;

at the position corresponding to Thr 218 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 an Ile residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a Phe residue at said position;

at the position corresponding to Lys 256 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 an Arg residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a Lys residue at said position;

at the position corresponding to Leu 260 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a Phe residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a Leu residue at said position;

at the position corresponding to Tyr 284 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a His residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a Tyr residue at said position;

at the position corresponding to Ala 328 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a Ser residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a Ala residue at said position;

at the position corresponding to Phe 332 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a Leu residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises

a Phe residue at said position;
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(s) at the position corresponding to Val 342 of the GP of LCMV strain WE glycoprotein
set forth in SEQ ID NO: 4 an Ala residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises
a Val residue at said position; and

(t)  at the position corresponding to Arg 358 of the GP of LCMYV strain WE glycoprotein
set forth in SEQ ID NO: 4 a Lys residue, wherein the virus particle has an increased
capacity to enter a tumor cell as compared to a reference virus particle that comprises

a Arg residue at said position.

A host cell comprising the nucleic acid molecule of claim 7 or a cDNA of the genome of a

virus particle of any one of claims 1-5 and 8.

A method of producing a virus particle of any one of claims 1-5 and 8 comprising cultivating

the host cell of claim 9 under conditions suitable for virus particle formation.

A pharmaceutical composition comprising a virus particle of any one of claims 1-5, a GP of

claim 6, a nucleic acid molecule of claim 7, or an arenavirus particle of claim 8.

A virus particle of any one of claims 1-5, a GP of claim 6, a nucleic acid molecule of claim

7, or an arenavirus particle of claim 8, for use in therapy.

The virus particle for the use of claim 12, for use in the treatment of cancer.

A use of a virus particle of any one of claims 1-5, a GP of claim 6, a nucleic acid molecule
of claim 7, or an arenavirus particle of claim 8, for the manufacture of a medicament, wherein

the medicament is preferably for the treatment of cancer.

A method of treating a disease comprising administering to a subject in need thereof an
effective amount of a virus particle of any one of claims 1-5, a GP of claim 6, a nucleic acid
molecule of claim 7, or an arenavirus particle of claim 8, wherein the disease is preferably

cancer.
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A method of producing a virus particle having an increased capacity to enter a tumor cell,

comprising:

(M)

(ii)

(iii)

Providing a nucleic acid encoding a mutated LCMV strain WE glycoprotein which

comprises in comparison with the wild type LCMV strain WE glycoprotein set forth

in SEQ ID NO: 4 at least one mutated amino acid residue at one or more positions

comprised in

(@)

(b)

(©)

(d)

(e
®
(@

(h)

@
0)

Strand B1 N terminal defined by positions 59-89, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from

the group consisting of 59-78 and 81-87;

Strands B3, 4, and/or B5 as defined by positions 90-113, wherein the at least
one mutated amino acid residue is preferably at one or more positions selected
from the group consisting of 90-93, 98-103, and 106-113;

Helix o 1 and/or o 2 as defined by positions 114-147, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from
the group consisting of 126-130 and 136-147,

Loop 1 as defined by positions 148-157, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group
consisting of 148-157,

Helix a3 as defined by positions 187-199;

Loop 3 as defined by positions 200-226;

the 04, a5 domain as defined by positions 245-265, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from
the group consisting of 245-251 and 253-258;

the N-Helix as defined by positions 313-373, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 313-349 and 353-365;

the H1,H2 domain as defined by positions 1-58; and/or

the TM cytoplasmic domain as defined by positions 439-498; and

Expressing the mutated LCMV strain WE glycoprotein and further viral proteins to

produce a virus particle comprising said mutated LCMV strain WE glycoprotein; and

Assessing the capacity of a virus particle comprising said mutated LCMV strain WE

glycoprotein to enter and/or infect a tumor cell, preferably comprising comparing the
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virus particle comprising said mutated LCMV strain WE glycoprotein to a value,

wherein the reference value is preferably at least as high or higher than the value that

is obtained for a virus particle that comprises the wild type glycoprotein set forth in

SEQ ID NO: 4.

17. A method of producing a virus particle having an increased tropism for a tumor cell,

comprising:

(i) Providing a nucleic acid encoding a mutated LCMV strain WE glycoprotein which

comprises in comparison with the wild type LCMYV strain WE glycoprotein set forth

in SEQ ID NO: 4 at least one mutated amino acid residue at one or more positions

comprised in

(@)

(b)

(©)

(d)

(e
®
(2

(h)

@
)

Strand B1 N terminal defined by positions 59-89, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from

the group consisting of 59-78 and 81-87;

Strands B3, P4, and/or BS as defined by positions 90-113, wherein the at least
one mutated amino acid residue is preferably at one or more positions selected
from the group consisting of 90-93, 98-103, and 106-113;

Helix a 1 and/or a 2 as defined by positions 114-147, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from
the group consisting of 126-130 and 136-147,

Loop 1 as defined by positions 148-157, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group
consisting of 148-157,

Helix a3 as defined by positions 187-199;

Loop 3 as defined by positions 200-226;

the 04, a5 domain as defined by positions 245-265, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from
the group consisting of 245-251 and 253-258;

the N-Helix as defined by positions 313-373, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 313-349 and 353-365;

the H1,H2 domain as defined by positions 1-58; and/or

the TM cytoplasmic domain as defined by positions 439-498; and
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(i) Expressing the mutated LCMV strain WE glycoprotein and further viral proteins to
produce a virus particle comprising said mutated LCMV strain WE glycoprotein; and
(iii) Assessing the capacity of a virus particle comprising said mutated LCMYV strain WE
glycoprotein to enter and/or infect a tumor cell and/or a non-tumor cell, preferably
comprising comparing the virus particle comprising said mutated LCMV strain WE
glycoprotein to a reference value, wherein the reference value is preferably at least as
high or higher than the value that is obtained for a virus particle that comprises the

wild type glycoprotein set forth in SEQ ID NO: 4.

The method of claim 16 or 17, wherein the virus particle has increased capacity to enter or
an increased tropism for at least one of the following tumor cells: lung tumor cells, such as
H1975 or A549, LLC, TC-1, gastrointestinal tumor cells, such as Gist-T1, melanoma cells,
such as MaMel86a, MaMel51, A375, B16F10, or RPMI-7951, pancreatic tumor cells, such
as 511950, 60590, 511950R, or 60590R, thyroid tumor cells, such as 8305C or C643,
sarcoma cells, such as Gist-T1, breast tumor cells, such as HCC1954, cervical tumor cells,
such as HeLa, liver tumor cells, such as HepG2, colon tumor cells, such as MC38, Sw620,
or Sw480, neuroblastoma cells, such as SK-N-BE(2), and/or prostate tumor cells, such as

TrampC2.

A virus particle having an increased capacity to enter a tumor cell or having an increased

tropism for a tumor cell obtainable by the method of claim 15 or 16.

A virus particle comprising a lymphocytic choriomeningitis virus (LCMV) glycoprotein

(GP) and/or a nucleic acid encoding said GP, wherein the glycoprotein is a mutated LCMV

strain WE glycoprotein which comprises in comparison with the wild type LCMYV strain WE

glycoprotein set forth in SEQ ID NO: 4 at least one mutated amino acid residue at one or

more positions comprised in

(a) Strand B1 N terminal defined by positions 59-89, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group

consisting of 59-78 and 81-87,

(b) Strands B3, P4, and/or B5 as defined by positions 90-113, wherein the at least one
mutated amino acid residue is preferably at one or more positions selected from the

group consisting of 90-93, 98-103, and 106-113;
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(¢) Helix a 1 and/or a 2 as defined by positions 114-147, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 126-130 and 136-147,

(d) Loop 1 as defined by positions 148-157, wherein the at least one mutated amino acid
residue is preferably at one or more positions selected from the group consisting of
148-157:

() Helix a3 as defined by positions 187-199;

(f) Loop 3 as defined by positions 200-226;

(g) the a4, oS domain as defined by positions 245-265, wherein the at least one mutated
amino acid residue is preferably at one or more positions selected from the group
consisting of 245-251 and 253-258;

(h) the N-Helix as defined by positions 313-373, wherein the at least one mutated amino
acid residue is preferably at one or more positions selected from the group consisting
of 313-349 and 353-365;

() the HI,H2 domain as defined by positions 1-58; and/or

(j)  the TM cytoplasmic domain as defined by positions 439-498;

wherein the virus particle has an increased capacity to enter a tumor cell as compared to a

reference virus particle that comprises the wild type glycoprotein set forth in SEQ ID NO:

4.

A virus particle comprising a lymphocytic choriomeningitis virus (LCMV) glycoprotein
(GP) and/or a nucleic acid encoding said glycoprotein, wherein the glycoprotein is a mutated
LCMV strain WE glycoprotein which comprises in comparison with the wild type LCMV
strain WE glycoprotein set forth in SEQ ID NO: 4 at least one mutated amino acid residue
at one or more positions selected from the group consisting of 18, 28, 36, 39, 48, 51, 60, 61,
62,63, 66,71, 74, 88,94, 102, 103, 105, 106, 112, 119, 120, 121, 122, 128, 129, 132, 133,
136, 141, 144, 149, 151, 152, 153, 154, 155, 156, 163, 188, 198, 203, 207, 211, 217, 218,
202, 236, 252, 255, 256, 260, 280, 284, 308, 327, 328, 332, 335, 339, 342, 343, 344, 357,
358, 369, 374, 382, 388, 406, 426, 451, 456, 471, 477, 491, and 492, wherein the virus
particle has an increased capacity to enter a tumor cell as compared to a reference virus

particle that comprises the wild type glycoprotein set forth in SEQ ID NO: 4.
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