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IMMUNOGENIC COMPOSITION FOR MERS
CORONAVIRUS INFECTION

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s an application under section
3’71 of International patent application PCT/US2014/019402
filed Feb. 28, 2014, which claims the benefit under 35 U.S.C.
119(e) to U.S. Provisional patent applications 61/771,561
filed Mar. 1, 2013 and 61/941,076 filed Feb. 18, 2014, the
entire contents of all of which are incorporated by reference
herein.

GOVERNMENT SUPPORT STATEMENT

This invention was made with government support under
Grant Number Al109094 awarded by the National Institutes
of Health. The Government has certain rights 1n the inven-
tion.

FIELD OF THE INVENTION

The present disclosure relates to the field of immunogenic

compositions for the prevention and treatment of infection
with human MERS coronavirus.

BACKGROUND

Coronaviruses 1nfect and cause disease 1n a wide variety
of species, including bats, birds, cats, dogs, pigs, mice,
horses, whales, and humans. Bats act as a natural reservoir
for coronaviruses. Most infections caused by human coro-
naviruses are relatively mild. However, the outbreak of
severe acute respiratory syndrome (SARS) caused by
SARC-CoV 1n 2002-2003, and {fatal infection in 2012
caused by a recently identified coronavirus, Middle East
respiratory syndrome coronavirus (MERS-CoV, also known
as hCoV-EMC or NCoV) demonstrated that coronaviruses
are also able to cause severe, sometimes fatal disease 1n
humans.

The recently 1dentified coronavirus MERS-CoV has over
40% mortality rate among the infected individuals. This
virus also demonstrates person-to-person transmission, pos-
ing a continuous threat to public health worldwide. Thus,
development of vaccines and antiviral agents against this
new virus are urgently needed.

SUMMARY

Disclosed herein are immunogenic compositions for the
prevention or treatment of infection with a new coronavirus
MERS-CoV (also known as hCoV-EMC or NCoV). The
disclosed immunogenic compositions are proteins compris-
ing: 1) at least a portion of the MERS-CoV genome, and 2)
an immunopotentiator sequence. The sequences are contigu-
ous and expressed as a single protein 1n a mammalian
expression system, or the MERS-CoV portion and the
immunopotentiator are chemically linked and stabilized.
Optionally, a stabilization sequence and/or a linker sequence
are disposed between the MERS-CoV sequence and the
immunopotentiator.

Thus, provided herein 1s a protein comprising a Middle
East respiratory syndrome coronavirus (MERS-CoV)
spike (S) protemn sequence, or fragment thereof; and an
immunopotentiator. In one embodiment, the MERS-CoV S
protein sequence comprises an MERS-CoV S1 protein
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2

sequence, or a fragment thereof; a receptor-binding domain
(RBD) sequence of an MERS-CoV S protein, or a fragment
thereof; a fusion peptide sequence of an MERS-CoV S
protein, or a fragment thereof; a heptad repeat sequence of
an MERS-CoV S protein, or a fragment thereof; a nucleo-
capsid sequence of an MERS-CoV S protein, or a fragment
thereol; or a membrane sequence of an MERS-CoV S
protein, or a fragment thereof. In another embodiment, the

MERS-CoV S protemn sequence comprises amino ac1ds
3’77-588 of the MERS-CoV S protein sequence (SEQ ID

NQO:3).

Also disclosed herein are immunogenic compositions
comprising a protein, the protein comprising a MERS-CoV
S protein sequence, or fragment thereof; and an 1mmuno-
potentiator. In one embodiment, the MERS-CoV S protein
sequence comprises an MERS-CoV S1 protein sequence, or
a fragment thereol; a receptor-binding domain (RBD)
sequence of an MERS-CoV S protein, or a fragment thereof;
a fusion peptide sequence of an MERS-CoV S protein, or a
fragment thereotf; a heptad repeat sequence of an MERS-
CoV S protein, or a fragment thereof; a nucleocapsid
sequence of an MERS-CoV S protein, or a fragment thereof;
or a membrane sequence ol an MERS-CoV S protein, or a
fragment thereof. In another embodiment, the MERS-CoV S
protein sequence comprises amino acids 377-588 of the
MERS-CoV S protein sequence (SEQ ID NO:3).

In another embodiment, the MERS-CoV S protein
sequence 1s 85% 1dentical to the MERS-CoV S protein
sequence, the MERS-CoV S1 protein sequence, the RBD
sequence ol the MERS-CoV S protein, the fusion peptide
sequence of the MERS-CoV S protein, the heptad repeat
sequence of the MERS-CoV S protein, the nucleocapsid
sequence of the MERS-CoV S protein, or the membrane
sequence of the MERS-CoV S protein, or a fragment
thereof.

In another embodiment, the MERS-CoV S protein
sequence 1s 90% 1dentical to the MERS-CoV S protein
sequence, the MERS-CoV S1 protein sequence, the RBD
sequence of the MERS-CoV S protein, the fusion peptide
sequence of the MERS-CoV S protein, the heptad repeat
sequence of the MERS-CoV S protein, the nucleocapsid
sequence of the MERS-CoV S protein, or the membrane
sequence of the MERS-CoV S protein, or a fragment
thereof.

In yet another embodiment, the MERS-CoV S protein
sequence 1s 95% 1dentical to the MERS-CoV S protein
sequence, the MERS-CoV S1 protein sequence, the RBD
sequence of the MERS-CoV S protein, the fusion peptide
sequence of the MERS-CoV S protein, the heptad repeat
sequence of the MERS-CoV S protein, the nucleocapsid
sequence of the MERS-CoV S protein, or the membrane
sequence of the MERS-CoV S protein, or a fragment
thereof.

In one embodiment, the immunopotentiator sequence 1s
an Fc fragment of human IgG (Fc), a C3d protein, an
Onchocerca volvulus ASP-1, a cholera toxin, a muramyl
peptide, or a cytokine. In another embodiment, the 1immu-
nopotentiator 1s Fc.

In another embodiment, the protein further comprises a
stabilization sequence disposed between the MERS-CoV S
protein sequence and the immunopotentiator sequence. In
another embodiment, the stabilization sequence 1s a foldon
(Fd) or GCN4.

In yet another embodiment, the protein further comprises
a linker sequence disposed between the MERS-CoV S
protein sequence and the immunopotentiator sequence, and
the linker 1s (GGGGS),, wherein n 1s an 1nteger between O
and 8. In another embodiment, n 1s 1.
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In another embodiment, the protein 1s produced in a
mammalian expression system.

In another embodiment, the protein comprises the
sequence of S377-588-Fc (SEQ ID NO:12).

In another embodiment, the immunogenic composition
turther comprises an adjuvant.

Also provided 1s a method of inducing a protective
immune response against MERS-CoV comprising adminis-
tering the immunogenic composition of claim 20 to a subject
in need thereof; wherein the immunogenic composition
induces a protective immune response against challenge
with MERS-CoV 1n the host.

In another embodiment, the immunogenic composition
turther comprises an adjuvant.

In one embodiment, the administering step comprises a
prime immunization and at least one boost immunization. In
another embodiment, the boost immunizations are adminis-
tered at least twice. In another embodiment, n the boost
immunizations are admimstered weekly, every other week,
monthly, or every other month. In yet another embodiment,
the boost immunizations are administered weekly, every 2
weeks, every 3 weeks, every 4 weeks, every 5 weeks, every
6 weeks, every 7 weeks, every 8 weeks, every 9 weeks,
every 10 weeks, every 11 weeks, or every 12 weeks.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts the schematic representation of spike (S)

protein of Middle East respiratory syndrome coronavirus
(MERS-CoV) and the recombinant S377-662-Fc¢ (human

IgG Fc) protein. The MERS-CoV S protein includes the
following functional domains i1n the 51 and S2: signal
peptide (SP), receptor-binding domain (RBD), receptor-
binding motif (RBM), fusion peptide (FP), heptad repeat 1
(HR1), heptad repeat 2 (HR2), transmembrane domain
(TM), and cytoplasm domain (CP).

FIG. 2 depicts the SDS-PAGE and Western blot analysis
of the expressed protein S377-662-Fc. The protein molecu-
lar weight marker (kDa) 1s indicated on the left. Antisera
from mice immunized with S377-662-Fc were used {for
Western blot analysis.

FIG. 3 depicts the binding of a series of severe acute
respiratory syndrome (SARS) S protemn-specific mAbs (1
ug/ml) to MERS-CoV S377-662-Fc protein and SARS-CoV
S-RBD protein. The HA-7 mAb specific for the hemagglu-
tinin (HA1) of H5N1 virus was used as an unrelated mAb
control. The data are presented as mean A450zxstandard

deviation (SD) of duplicate wells.
FIG. 4A and FIG. 4B depict the antibody responses and

neutralization induced by MERS-CoV 8377-662-Fc protein.
FIG. 4A depicts binding to MERS-CoV S377-662 and
SARS-CoV S-RBD proteins by antibodies in mouse sera
collected 10 days post-2"¢ immunization. The data are
presented as mean A450+£SD of five mice per group at
various dilution points. FIG. 4B depicts neutralization of the
MERS-CoV virus by the same antisera as in FIG. 4A.
Neutralizing antibody titers were expressed as the reciprocal
of the highest dilution of sera that completely inhibited
virus-induced cytopathic effect (CPE) 1n at least 50% of the
wells (NT.,), and are presented as mean+SD from five mice
per group.

FIG. 5 depicts mouse immunization, sample collection,
and 1mmune response detection strategy. Four groups of

mice were immunized subcutaneously (s.c.) or intranasally
(1.n.) with MERS-CoV S377-662-Fc protein plus Montanide
ISA51 (for s.c.) or poly(1:C) (for 1.n.) adjuvant, or with PBS

plus the corresponding adjuvant as their respective controls.
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Mouse sera and lung wash were collected as indicated and
analyzed for humoral and mucosal immune responses and
neutralization against MERS-CoV virus.

FIG. 6A and FIG. 6B depict the IgG antibody responses
in sera of mice immumzed (s.c. and 1.n.) with MERS-CoV
S377-662-Fc protemn. FIG. 6A depicts binding of IgG to a
MERS-CoV S1 protein contaimng residues 18-725 of
MERS-CoV S1 with a His6 tag (S1-His). Sera from 10 days
post-last immunization were used for the detection, and the
data are presented as mean A450+SD of five mice per group
at various dilution points. FIG. 6B depicts the long-term IgG
antibody responses using sera collected at O, 1, 2, 3, 4, 6
months after the first immunization and 10 days post-last
immunization. The data are presented as mean (IgG end-

point titers)+SD of five mice per group.

FIG. 7A and FIG. 7B depict the IgG subtypes 1n sera of
mice immunized (s.c. and 1.n.) with MERS-CoV S377-662-
Fc¢ protein. Binding of IgG1 (FIG. 7A) and I1gG2a (FIG. 7B)
to MERS-CoV S1-His protein 1s shown. Sera from 10 days
post-last immunization were used for the detection, and the
data are presented as geometric mean titer (GMT, endpoint
titers)=SD of five mice per group. P<0.001 indicates sig-
nificant difference.

FIG. 8A and FIG. 8B depict the IgA antibody responses
in lung wash and sera of mice immunized (s.c. and 1.n.) with
MERS-CoV S377-662-Fc protein. Binding of IgA 1n lung
wash (1:1,000) (FIG 8A) or sera (FIG. 8B) to MERS-CoV
S1-His protein 1s shown. Samples from 10 days post-last
immunization were used for the detection, and the data are
presented as mean A4350£SD (lung wash) or mean (GMT
endpoint titers)+SD (sera) of five mice per group. P<t0.05
indicates significant diflerence.

FIG. 9A and FIG. 9B depict the neutralizing antibody titer
against MERS-CoV 1nfection from samples of mice immu-
nized (s.c. and 1.n.) with MERS-CoV 5377-662-Fc¢ protein.
Sera (FIG. 9A) and lung wash (1:1,000 dilution i PBS
during collection) (FIG. 9B) were collected at 10 days
post-last immunization and analyzed for neutralization of
MERS-CoV 1nfection in Vero E6 cells. Neutralizing anti-
body titers were expressed as the N'T,, and are presented as
GMT=SD from five mice per group. P<0.05 indicates sig-
nificant difference.

FIG. 10A and FIG. 10B depict a schematic representation
of the S1 subunit of MERS-CoV (FIG. 10A) and recombi-
nant proteins containing various fragments of the RBD
domain of MERS-CoV S protein (FIG. 10B). Recombinant
proteins S350-3588-Fc, S358-588-Fc, S367-3588-Fc, S367-
606-Fc, and S3777-588-Fc were constructed by inserting the
corresponding RBD fragments mto Fc¢ of human IgG, and
compared with S377-662-Fc.

FIG. 11 A and FIG. 11B depict the SDS-PAGE (FIG. 11A)
and Western blot (FIG. 11B) analysis of the expressed
MERS CoV RBD-Fc¢ proteins. The protein molecular welgh‘[
marker (kDa) 1s indicated on the left. Antisera from mice
immunized with MERS-CoV S1-His were used for Western
blot analysis.

FIG. 12A and FIG. 12B depict the binding of the purified
MERS-CoV RBD-Fc proteins to cellular receptor dipeptidyl
peptidase 4 (DPP4) 1n Huh-7 cells by co-immunoprecipita-
tion followed by Western blot (FIG. 12A) and soluble DPP4
(sDPP4) by ELISA (FIG. 12B). Proteins were mixed with
Huh-7 cell lysates 1n the presence of protein A sepharose
beads, and detected by Western blot using anti-DPP4 anti-
bodies (1 ug/ml) or antisera from mice immunized with
MERS-CoV S1-His (1:1,000), respectively.

FIG. 13A and FIG. 13B depict IgG antibody responses 1n
sera ol mice immunized s.c. with MERS-CoV RBD-Fc
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proteins. MERS-CoV S1-His protein (S1-His) was used to
coat the ELISA plates. Sera from 10 days post-3"# immuni-

zation were used for the detection, and the data are presented
as mean A450 (FIG. 13A) or mean endpoint titers (FIG.
13B)+SD of five mice per group. Sera ol mice mjected with
PBS were included as the control. P values from different
groups were indicated.

FIG. 14 depicts the IgG subtype antibody responses by
ELISA 1n sera of mice immumzed s.c. with MERS-CoV
RBD-Fc¢ proteins. MERS-CoV S1-His protein (S1-His) was
used to coat the ELISA plates. Sera from 10 days post-3"¢
immunization were used for the detection, and the data are
presented as mean endpoint titerszSD of five mice per
group. Sera of mice njected with PBS were included as the
control. P values from diflerent groups were indicated.

FIG. 15 depicts the neutralizing antibody titer of antisera
from mice immunized s.c. with MERS-CoV RBD-Fc pro-
teins against MERS-CoV infection in Vero E6 cells. Sera
from 10 days post-3"¢ immunization were used for the assay.
Neutralizing antibody titers were expressed as the NT ., and
are presented as mean+SD from five mice per group.

FIG. 16A and FIG. 16B depict the flow cytometry detec-
tion of inhibition of MERS-CoV RBD-Fc protein (S377-
588-Fc) binding to Huh-7 cells expressing DPP4 receptor by
antisera from mice immunized with S377-588-Fc¢ protein.
FIG. 16A depicts S377-388-Fc protemn (black line, right)
bound to Huh-7 cells (gray shade), while the control human
IgG Fc protein (black line, left) did not exhibit binding
activity. FIG. 16B depicts the inhibition of S377-588-Fc¢
binding to Huh-7 cells (gray shade) by sera from mice
immunized with S377-388-Fc (white line), but not by sera
from the PBS control group (black line).

FIG. 17 depicts the conformational structure of MERS-
CoV S8377-588-Fc¢ protein by cross-linker analysis. The
protein was cross-linked with glutaraldehyde or left uncross-
linked (W/O cross-linker), followed by Western blot detec-
tion using antisera (1:1,000) from mice immunized with
MERS-CoV 51-His. The protein molecular weight marker

(kDa) 1s 1indicated on the left.

FIG. 18 depicts the mhibition of MERS-CoV 1nfection in
Calu-3 cells by MERS-CoV S377-588-Fc protein. Human
IgG Fc (hlgG-Fc) was used as the control. The CPE ranged
from O (none), £(<5%), 1 (5-10%), 2 (10-25%), 3 (25-50%),
and 4 (>30%).

DETAILED DESCRIPTION

Development of an effective and sale vaccine against a
newly recognized coronavirus MERS-CoV (also known as
hCoV-EMC or NCoV) 1s urgently needed for the prevention
of current spread and future outbreaks. The present disclo-
sure describes the development of a MERS-CoV 1mmuno-
genic composition based on the spike (S) protein of MERS-
CoV. This mmmunogenic composition induced strong
immune responses and potent neutralizing antibodies 1n
immunized animals.

As used herein the term “immunogen” refers to any
substrate that elicits an immune response 1n a host. As used
herein an “immunogenic composition” refers to an
expressed protein or a recombinant vector, with or without
an adjuvant, which expresses and/or secretes an immunogen
in vivo and wherein the immunogen elicits an 1mmune
response 1n the host. The immunogenic compositions dis-
closed herein may or may not be immunoprotective or
therapeutic. When the immunogenic compositions may pre-
vent, ameliorate, palliate, or eliminate disease from the host
then the immunogenic composition may also optionally be
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referred to as a vaccine. However, the term immunogenic
composition 1s not mtended to be limited to vaccines.

MERS-CoV 1s closely related to severe acute respiratory
syndrome (SARS) coronavirus (SARS-CoV). Clinically
similar to SARS, MERS-CoV infection leads to severe

respiratory illness with renal failure. As the sixth coronavi-
rus known to infect humans and the first human coronavirus
in lineage C of betacoronavirus (the same linecage as Bat-

CoV-HKU-4 and -HKU-5), MERS-CoV 1s closely related to
SARS-CoV genetically (lineage B). Theretfore, MERS-CoV
has recently raised serious concerns of a potential pandemic
and, as such, it poses a continuous threat to public health

worldwide. Human dipeptidyl peptidase 4 (DPP4) has been
identified as the MERS-CoV’s receptor.

[ike other coronaviruses, the MERS-CoV virion utilizes
a large surface S glycoprotein for interaction with, and entry
into, the target cell. The S glycoprotein consists of a globular
S1 domain at the N-terminal region, followed by membrane-
proximal S2 domain, a transmembrane domain, and an
intracellular domain.

The receptor-binding domain (RBD) of SARS-CoV S
protein contains a critical neutralizing domain (CND),
which induces potent neutralizing antibodies and protection
against SARS-CoV infection in animal models. By compar-
ing and analyzing the S protein sequences of MERS-CoV
and SARS-CoV, it was found that the S1 subunit encom-
passing residues 377-662 of MERS-CoV S protein exhibited
a core structure very similar to that of SARS-CoV S protein,
suggesting that this region of MERS-CoV S protein also
serves as a neutralizing domain. Indeed, a recombinant
protein containing residues 377-662 of MERS-CoV S fused
to Fc (fragment, crystallizable) domain of human IgG
(S377-662-Fc, FIG. 1) was expressed 1n a mammalian cell
expression system (FI1G. 2) and 1s able to induce neutralizing
antibodies through both subcutaneous (s.c.) and intranasal
(1.n.) routes of administration 1n an established mouse model
of MERS-CoV (FIG. 9). Additionally, recombinant RBD
protein fragments spanning residues 350-606 of MERS-
CoV S protein were fused to the Fc domain of human IgG
(e.g., S350-588-Fc, S358-588-Fc, S367-588-Fc, S377-588-
Fc, S367-606-Fc), were expressed in the mammalian cell
expression system (FIG. 11), and elicited neutralizing anti-

bodies 1n immunized mice (FIG. 15). Particularly, a trun-
cated RBD region containing residues 377-588 of MERS-

CoV S protein fused to Fc of human IgG (S377-588-Fc)
induced a potent neutralizing antibody response 1 immu-
nized mice (FIG. 15). Antisera from mice immunized with
this protein effectively blocked the RBD protein binding to
MERS-CoV’s receptor DPP4 (FIG. 16). Furthermore, the
S377-588-Fc protein was able to form dimeric or tetrameric
conformational structures (FIG. 17), and effectively inhib-
ited MERS-CoV 1nfection 1n DPP4-expressing Calu-3 cells
(F1G. 18).

In one embodiment, the S protein sequence component of
the mstant immunogenic composition comprises a MERS-
CoV S protein sequence, a MERS-CoV S1 protein sequence,
a MERS-CoV S2 protein sequence, an RBD sequence of a
MERS-CoV S protein, a fusion sequence of a MERS-CoV
S protein, a heptad repeat sequence of a MERS-CoV S
protein, a nucleocapsid sequence of a MERS-CoV S protein,
a membrane sequence of a MERS-CoV S protein, or a
portion of any of these sequences. In one embodiment, the
S protein sequence comprises amino acids 377-662 (SEQ 1D
NQO:2), 377-3588 (SEQ ID NO:3), 350-388 (SEQ ID NO:4),
358-388 (SEQ ID NO:5), 367-588 (SEQ ID NO:6), or
367-606 (SEQ ID NO:7) of MERS-CoV S protein.
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TABLE 1

Amino acid sequences of MERS-CoV regions and
immunopotentiators

SEQ ID NO. 1 |[MERS-CoV S8 protein]:
MIHSVFLLMEFLLTPTESYVDVGPDSVKSACIEVDIQQTEFFDKTWPRPIDV
SKADGIIYPOGRTYSNITITYQGLEPYQGDHGDMYVYSAGHATGTTPQKL
FVANYSOQODVKOQFANGEVVRIGAAANSTGTVIISPSTSATIRKIYPAEMLG
SSVGNFSDGKMGREFNHTLVLLPDGCGTLLRAFYCILEPRSGNHCPAGNS
YTSFATYHTPATDCSDGNYNRNASLNSFKEYEFNLRNCTEFMYTYNITEDEI
LEWFGITOTAQGVHLESSRYVDLYGGNMFOQEFATLPVYDTIKYYSIIPHSI
RSIQSDRKAWAAFYVYKLOPLTFLLDEFSVDGY IRRAIDCGEFNDLSQLHCS
YESFDVESGVYSVSSFEAKPSGSVVEQAEGVECDESPLLSGTPPOVYNEK
RILVEFTNCNYNLTKLLSLESVNDEFTCSQISPAATASNCYSSLILDYESYPL
SMKSDLSVSSAGPISQEFNYKOSFSNPTCLILATVPHNLTTITKPLKYSY L
NKCSRLLSDDRTEVPOLVNANQY SPCVSIVPSTVWEDGDYYRKQLSPLEG
GGWLVASGSTVAMTEQLOMGEFGITVOQYGTDTNSVCPKLEFANDTKIASQL
GNCVEYSLYGVSGRGVEFQNCTAVGVROOREFVYDAYONLVGYYSDDGNYYC
LRACVSVPVSVIYDKETKTHATLFGSVACEHISSTMSQYSRSTRSMLEKRRE
DSTYGPLOTPVGCVLGLVNSSLEVEDCKLPLGOSLCALPDTPSTLTPRSV
RSVPGEMRLASIAFNHPIQVDOQLNSSYFKLSIPTNEFSEFGVITQEYIQTTIOQ
KVTVDCKOYVCNGFOKCEQLLREYGOFCSKINQALHGANLRODDSVRNLE
ASVKSSOSSPIIPGFGGDEFNLTLLEPVSISTGSRSARSATIEDLLEDKVTI
ADPGYMOQGYDDCMOOGPASARDLICAQYVAGYKVLPPLMDVNMEAAYTSS
LLGS IAGVGWTAGLSSFAAIPFAQS IFYRLNGVGITOQOVLSENOQKLIANK
FNOALGAMOQTGEFTT TNEAFQKVODAVNNNAQALSKLASELSNTFGAISAS
IGDIIQRLDVLEQDAQIDRLINGRLTTLNAFVAQOLVRSESAALSAQLAK
DKVNECVKAQSKRSGFCGOGTHIVSEVVNAPNGLYFMHVGYYPSNHIEVY
SAYGLCDAANPTNCIAPVNGYFIKTNNTRIVDEWSY TGSSEYAPEPITSL
NTKYVAPOQVTYQONISTNLPPPLLGNSTGIDFQDELDEFFKNVSTSIPNEG
SLTQINTTLLDLTYEMLSLOOVVKALNESY IDLKELGNYTYYNKWPWY IW
LGFIAGLVALALCVEFEFILCCTGCGTNCMGKLKCNRCCDRY EEYDLEPHKY
HVH

SEQ ID NO. 2 [aal377-662 of MERS-CoV S protein]:
QAEGVECDFSPLLSGTPPOVYNFKRLVETNCNYNLTKLLSLESVNDETCS
QISPAATASNCYSSLILDYFSYPLSMKSDLSVSSAGPISQEFNYKQSEFSNP
TCLILATVPHNLTTITKPLKYSY INKCSRLLSDDRTEVPQLVNANQYSPC
VSIVPSTVWEDGDY YRKQLSPLEGGGWLVASGS TVAMT EQLOMGEFGI TV
YGTDTNSVCPKLEFANDTKIASQLGNCVEYSLYGVSGRGVEFQNCTAVGVR
QORFVYDAYONLVGYYSDDGNYYCLRACVSVPVSVI

SEQ ID NO. 23 [aal377-588 of MERS-CoV S protein]:
QAEGVECDFSPLLSGTPPOVYNFKRLVETNCNYNLTKLLSLESVNDETCS
QISPAATASNCYSSLILDYFSYPLSMKSDLSVSSAGPISQFNYKQSEFSNP
TCLILATVPHNLTTITKPLKYSY INKCSRLLSDDRTEVPOQLVNANQYSPC
VSIVPSTVWEDGDY YRKQLSPLEGGGWLVASGS TVAMT EQLOMGEFGITVO
YGTDTNSVCPKL

SEQ ID NO. 4 [aa350-588 of MERS-CoV S protein]:
SYESFDVESGVYSVSSFEAKPSGSVVEQAREGVECDESPLLSGTPPOVYNE
KRLVFTNCNYNLTKLLSLESVNDEFTCSQISPAATIASNCYSSLILDYESYP
LSMKSDLSVSSAGPISQFNYKQSEFSNPTCLILATVPHNLTTITKPLKYSY
INKCSRLLSDDRTEVPOQLVNANQYSPCVSIVPSTVIWEDGDYYRKQLSPLE
GGGWLVASGS TVAMTEQLOMGEFGITVOQYGTDTNSVCPKL

SEQ ID NO. 5 [aa358-588 of MERS-CoV S protein]:
SGVYSVSSFEAKPSGSVVEQAEGVECDEFSPLLSGTPPOQVYNFKRLVETNC
NYNLTKLLSLESVNDEFTCSQISPAATIASNCYSSLILDYEFSYPLSMKSDLS
VSSAGPISQFNYKOSEFSNPTCLILATVPHNLTTITKPLKYSYINKCSRLL
SDDRTEVPQLVNANQYSPCVS IVPSTVWEDGDYYRKQLSPLEGGGWLVAS
GSTVAMTEQLOMGEFGITVQYGTDTNSVCPKL

SEQ ID NO. 6 [aa367-588 of MERS-CoV S protein]:
EAKPSGSVVEQARGVECDEFSPLLSGTPPOVYNFKRLVETNCNYNLTKLLS
LESVNDEFTCSQISPAATASNCYSSLILDYFSYPLSMKSDLSVSSAGPISQ
FNYKOSEFSNPTCLILATVPHNLTTITKPLKYSYINKCSRLLSDDRTEVPQ
LVNANQYSPCVSIVPSTVWEDGDYYRKQLSPLEGGGWLVASGSTVAMTEQ
LOMGFGITVQYGTDTNSVCPKL

SEQ ID NO. 7 [aa367-606 of MERS-CoV S protein]:
EAKPSGSVVEQARGVECDEFSPLLSGTPPOVYNFKRLVETNCNYNLTKLLS
LESVNDEFTCSQISPAATASNCYSSLILDYFSYPLSMKSDLSVSSAGPISQ
FNYKOSEFSNPTCLILATVPHNLTTITKPLKYSYINKCSRLLSDDRTEVPQ
LVNANQYSPCVS IVPSTVWEDGDYYRKQLSPLEGGGWLVASGS TVAMTEQ
LOMGFGITVOQYGTDTNSVCPKLEFANDTKIASQLGNCVEY

SEQ ID NO. 8 [8350-588-Fc]:
SYRESEFDVESGVYSVSSEFEAKPSGSVVEQAEGVECDESPLLSGTPPOVYNE

KRLVFTNCNYNLTKLLSLESVNDFTCSQISPAATASNCYSSLILDYESYP
LSMKSDLSVSSAGPISQFNYKOQSEFSNPTCLILATVPHNLTTITKPLKYSY
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1-continued

TABLE

Amino acid sequences of MERS-CoV regions and
immunopotentiators

INKCSRLLSDDRTEVPOLVNANQYSPCVSIVPSTVWEDGDY YRKOQLSPLE
GGEGWLVASGS TVAMTEQLOMGEFGITVOYGTDTNSVCPKLRSDKTHTCPPC
PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYV
DGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALP
APITEKTISKAKGOQPREPOQVYTLPPSREEMTKNOQVSLTCLVKGEFYPSDIAV
EWBESNGOQPENNYKTTPPVLDSDGSEFELYSKLTVDKSRWOOGNVESCSVMH
EALHNHYTQKSLSLSPGK

SEQ ID NO. 9 [8358-588-Fc]:
SGVYSVSSEFEAKPSGSVVEQAEGVECDESPLLSGTPPOVYNEFKRLVETNC
NYNLTKLLSLESVNDEFTCSQISPAATASNCYSSLILDYESYPLSMKSDLS
VSSAGPISQFNYKOSEFSNPTCLILATVPHNLTTITKPLKYSYINKCSRLL
SDDRTEVPOLVNANQYSPCVSIVPSTVWEDGDYYRKQLSPLEGGGWLVAS
GSTVAMTEQLOMGEFGITVOQYGTDTNSVCPKLRSDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNA
KITKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGOPREPOQVYTLPPSREEMTKNOQVSLTCLVKGEFYPSDIAVEWESNGOP
ENNYKTTPPVLDSDGSEFFLYSKLTVDKSRWQOGNVESCSVMHEALHNHY T
QKSLSLSPGK

SEQ ID NO. 10 [S367-588-Fc]|:
EAKPSGSVVEQAEGVECDESPLLSGTPPOVYNFKRLVETNCNYNLTKLLS
LESVNDEFTCSQISPAATIASNCYSSLILDYESYPLSMKSDLSVSSAGPISO
FNYKOSEFSNPTCLILATVPHNLTTITKPLKYSYINKCSRLLSDDRTEVPQ
LVNANQYSPCVSIVPSTVWEDGDYYRKOLSPLEGGGWLVASGSTVAMTEQ
LOMGEFGITVOQYGTDTNSVCPKLRSDKTHTCPPCPAPELLGGPSVELEPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREP
QVYTLPPSREEMTKNQVSLTCLVKGEFYPSDIAVEWESNGOQPENNYKTTPP
VLDSDGSFEFLYSKLTVDKSRWOQOGNVESCSVMHEALHNHYTOKSLSLSPG
K

SEQ ID NO. 11 [S367-606-Fc]:
EAKPSGSVVEQAEGVECDESPLLSGTPPOQVYNFKRLVETNCNYNLTKLLS
LESVNDEFTCSQISPAATIASNCYSSLILDYESYPLSMKSDLSVSSAGPISO
FNYKOSEFSNPTCLILATVPHNLTTITKPLKYSYINKCSRLLSDDRTEVPQ
LVNANQYSPCVSIVPSTVWEDGDYYRKOLSPLEGGGWLVASGSTVAMTEQ
LOMGEFGITVQYGTDTNSVCPKLEFANDTKIASQLGNCVEYRSDKTHTCPP
CPAPELLGGPSVEFLEFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENVY
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKA
LPAPIEKTISKAKGOPREPOQVYTLPPSREEMTKNOQVSLTCLVKGEFYPSDI
AVEWESNGOPENNYKTTPPVLDSDGSFELYSKLTVDKSRWOOGNVESCSVY
MHEALHNHYTQKSLSLSPGK

SEQ ID NO. 12 [S377-588-Fc]|:
QAEGVECDEFSPLLSGTPPOVYNFKRLVEFTNCNYNLTKLLSLESVNDETCS
QISPAATASNCYSSLILDYEFSYPLSMKSDLSVSSAGPISQFNYKOSESNP
TCLILATVPHNLTTITKPLKYSYINKCSRLLSDDRTEVPOQLVNANQYSPC
VSIVPSTVWEDGDYYRKOQLSPLEGGGWLVASGSTVAMTEQLOMGEGITVQO
YGTDTNSVCPKLRSDKTHTCPPCPAPELLGGPSVELEPPKPKDTLMISRT
PEVTCVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRE
EMTKNOQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEFEL
YSKLTVDKSRWOOGNVESCSVMHEALHNHY TOQKSLSLSPGK

SEQ ID NO. 13 [S377-662-Fc]|:
QAEGVECDEFSPLLSGTPPOVYNFKRLVEFTNCNYNLTKLLSLESVNDETCS
QISPAATASNCYSSLILDYEFSYPLSMKSDLSVSSAGPISQFNYKOSESNP
TCLILATVPHNLTTITKPLKYSYINKCSRLLSDDRTEVPOQLVNANQYSPC
VSIVPSTVWEDGDYYRKOQLSPLEGGGWLVASGSTVAMTEQLOMGEGITVQO
YGTDTNSVCPKLEFANDTKIASQLGNCVEYSLYGVSGRGVEFOQNCTAVGVR
QOREVYDAYQONLVGYYSDDGNYYCLRACVSVPVSVIRSDKTHTCPPCPAP
ELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENVVY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAP
IEKTISKAKGOPREPOVYTLPPSREEMTKNOQVSLTCLVKGEFYPSDIAVEW
ESNGOQPENNYKTTPPVLDSDGSEFFLYSKLTVDKSRWOQOGNVESCSVMHEA
LHNHYTQKSLSLSPGK

SEQ ID NO. 14 [Foldon (Fd)]:
GYIPEAPRDGQAYVRKDGEVVVLLSTFL

SEQ ID NO. 15 |[human IgG Fc {(hFc)]:
RSDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKE
YKCKVSNKALPAPIEKTISKAKGOPREPOQVYTLPPSREEMTEKNQVSLTCL
VKGEFYPSDIAVEWESNGOPENNY KITPPVLDSDGSFEFLYSKLTVDKSRWO
QGNVESCSVMHEALHNHYTQKSLSLSPGK
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1-continued

L1

TABLE

Amino acid sequences of MERS-CoV regions and
immunopotentiators

SEQ ID NO. 16 |mouse IgG Fc (mFc)]:
RSPRGPTIKPCPPCKCPAPNLLGGPSVEFIFPPKIKDVLMISLSPIVTCVV
VDVSEDDPDVQISWEVNNVEVHTAQTOQTHREDYNSTLRVVSALPIQHQDW
MSGKEFKCKVNNKDLPAPIERTISKPKGSVRAPOQVYVLPPPEEEMTKEKOQV
TLTCMVTDEFMPEDI YVEWTNNGKTELNYKNTEPVLDSDGSYFMYSKLRVE
KKNWVERNSYSCSVVHEGLHNHHTTKSEFSRTPGK

SEQ ID NO. 17 [rabbit IgG Fc (rFc)]:
RSSKPTCPPPELLGGPSVEFIFPPKPKDTLMISRTPEVTCVVVDVSQDDPE
VOEFTWY INNEQVRTARPPLREQOFNSTIRVVSTLPIAHODWLRGKEFKCK
VHNKALPAPIEKTISKARGOQPLEPKVYTMGPPREELSSRSVSLTCMINGE
YPSDISVEWEKNGKAEDNYKT TPAVLDSDGSYEFLYSKLSVPTSEWQRGDV
FTCSVMHEALHNHYTOKSISRSPGK

SEQ ID NO. 18

|[Human C3d {aa residues 1002-1303 1n C3})]:
HLIVTPSGCGEQNMIGMTPTV IAVHYLDETEQWEKFGLEKROGALELIKK
GYTQOQLAFROPSSAFAAFVKRAPSTWLTAYVVEKVESLAVNLIAIDSQVLC
GAVKWLILEKOQKPDGVEFQEDAPY IHOEMIGGLRNNNEKDMALTAFVLISL
QEAKDICEEQVNSLPGSITKAGDEFLEANYMNLORSYTVAIAGYALAQMGR
LKGPLLNKFLTTAKDKNRWEDPGKOLYNVEATSYALLALLOQLKDEDEVPP
VVRWLNEQRYYGGGYGS TOQATFMVEFQALAQYQKDAPDHOELNLDVSLOQLP
SR

SEQ ID NO. 19 [Cholera toxin b subunit

(aa residues 1-124)]:
MTPONITDLCAEYHNTQIHTLNDKIFSYTESLAGKREMAI ITFKNGATEFQ
VEVPGSQHIDSOQKKAITERMKDTLRIAYLTEAKVEKLCVWNNKTPRATIAAT
SMAN

Optionally, a trimerization stabilization sequence 1s dis-
posed between the MERS-CoV sequence and the immuno-
potentiator. In one embodiment, the stabilization sequence
comprises a sequence that stabilizes the RGB protein
sequence 1 a trimer or oligomer configuration. As used

herein, the terms stabilization sequence, trimeric motif, and
trimerization sequence are interchangeable and equivalent.
Suitable stabilization sequences 1nclude, but are not limited

to, a 27 amino acid region of the C-terminal domain of T4
fibritin (a foldon-like sequence) (GYIPEAPRDGQAY-

VRKDGEWVLLSTFL, SEQ ID NO. 14 or GSGYI-
PEAPRDGQAYVRKDGE WVLLSTFL, SEQ ID NO. 20),
a GCN4 (MKQIEDKIEEILSKIYHIENEIARIKKLIGEV;
SEQ ID NO. 21), an IQ (RMKQIEDKIEEIESKQKKIENE-
[IARIKK; SEQ ID NO. 22), or an [Z (IKKEIEAIKKEQEA
KKKIEAIEK; SEQ ID NO. 23). Other suitable stabilization
methods include, but are not limited to, 2,2-bipyridine-5-
carboxylic acid (BPY), disulfide bonds and facile ligation.

In another embodiment, the immunopotentiator com-
prises a sequence to enhance the immunogenicity of the
immunogenic composition. Suitable immunopotentiators
include, but are not limited to, an Fc fragment of human IgG,
a C3d (a complement fragment that promotes antibody
formation binding to antigens enhancing their uptake by
dendritic cells and B cells) (SEQ ID NO:18), an Ov ASP-1
(Onchocerca volvulus homologue of the activation associ-
ated secreted gene family) (see US 20060039921, which 1s
incorporated by reference herein for all it discloses regard-
ing ASP-1 adjuvants), a cholera toxin (SEQ ID NO:19), a
muramyl peptide, and a cytokine.

In one embodiment, the immunopotentiator 1s an 1mmu-
noglobulin Fc fragment. The immunoglobulin molecule
consists of two light (L) chains and two heavy (H) chains
held together by disulfide bonds such that the chains form a
Y shape. The base of the Y (carboxyl terminus of the heavy
chain) plays a role 1n modulating immune cell activity. This
region 1s called the Fc region, and 1s composed of two heavy
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chains that contribute two or three constant domains depend-
ing on the class of the antibody. By binding to specific
proteins, the Fc region ensures that each antibody generates
an appropriate immune response for a given antigen. The Fc
region also binds to various cell receptors, such as Fc
receptors, and other immune molecules, such as complement
proteins. By doing this, 1t mediates diflerent physiological
ellects including opsonization, cell lysis, and degranulation
of mast cells, basophils, and eosinophils.

Exemplary subunit MERS-CoV immunogenic composi-
tions are found in FIG. 1. In certain embodiments, the
coronavirus and immunopotentiator portions of the fusion
protein are linked through a flexible linker comprising
(GGGGS), (SEQ ID NO:24), wherein n 1s an integer
between 0 and 8. In certain embodiments, n1s O, n1s 1, n 1s
2, nis3, nis4, nisS5S nis 6, n1s 7, orn is 8.

The disclosed MERS-CoV mmmunogenic compositions
include conservative variants of the proteins. A conservative
variant refers to a peptide or protein that has at least one
amino acid substituted by another amino acid, or an amino
acid analog, that has at least one property similar to that of
the original amino acid from an exemplary reference pep-
tide. Examples of properties include, without limitation,
similar size, topography, charge, hydrophobicity, hydrophi-
licity, lipophilicity, covalent-bonding capacity, hydrogen-
bonding capacity, a physicochemical property, of the like, or
any combination thereof. A conservative substitution can be
assessed by a variety of factors, such as, e.g., the physical
properties of the amino acid being substituted (Table 1) or
how the original amino acid would tolerate a substitution
(Table 2). The selections of which amino acid can be
substituted for another amino acid 1 a peptide disclosed
herein are known to a person of ordinary skill in the art. A
conservative variant can function in substantially the same
manner as the exemplary reference peptide, and can be
substituted for the exemplary reference peptide 1n any aspect
of the present specification.

TABLE 1

Amino Acid Properties

Property Amino Acids
Aliphatic G A LLMPV
Aromatic FEH WY

C-beta branched LV, T
Hydrophobic C,FELL M VW
Small polar D, N, P

Small non-polar AC G, S, T
Large polar E,H K, Q, R, W, Y
Large non-polar F,I,L, M,V
Charged D, E, H, K, R
Uncharged C, S, T

Negative D, E

Positive H, K, R

Acidic D, E

Basic K, R

Amide N, Q
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Amino
Acid Favored Substitution Neutral Substitutions Distavored substitution

A G, S, T CCEELKMLPQR YV D FEFEHNYW

C F, S, Y, W AHIMLTV D, E G, K, N, P, Q, R

D E, N G, H, K, P, Q. R, S, T A C I L,

E D, K, Q AH N, PR, S, T C,EFEG LL M,VWY

F M, L, WY C,LV A, D E G H K, N, P, Q,
R, S, T

G A,S D, K, N, P,Q R C,E,FH LL M, T, V, W,
Y

H N, Y C,D,E,K,Q R, S, T, W AFEG LL M BV

I V,L M AC,T.E Y D, E, G, H K,N, P, Q, R
S, W

K Q,E R A,D, G H M,N, P S, T CCELL VWY

L. F, I, M,V ACLW, Y D, E, G, H, K, N, P, Q, R,
S, T

M FEILL,V ALCCR QK TTWY D, E, G, H N, P S

N D, H, S E.G, K, Q R T AJCELLMPVWY

P - ADEG K QR S, T CCEFEH ILL M,N, VWY

Q E, K, R A,D, G H M, N, P S, T CCELL VWY

R K, Q ADEEGH MN,PS, T CELLVWY

S AN, T C,DE,G H K,PLQ, R, T FLL M VWY

T S ACCD EHILK MNP FEGLWY

Q, R,V

V I, L, M AC,ETY D, E, G, H, K, N, P, Q, R,
S, W

W EY H, L M A,C,D, E G, ILK, N, P, Q,
R, S, T,V

Y F, H W C,LL MV A, D E G K N, P, Q, R,
S, T

Matthew J. Betts and Robert, B. Russell, Amino Acid Properties and Consequences of Substitutions, pp. 289-316,

In Bio mformatics for Geneticists, (eds Michael R, Barnes, lan C. Gray, Wiley, 2003).

An MERS-CoV immunogenic composition can also com-
prise conservative variants to the disclosed proteins. In
aspects of this embodiment, a conservative variant of an
MERS-CoV immunogenic composition can be, for example,
an amino acid sequence having at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 97%, at least
98%, or at least 99% amino acid sequence identity to the
MERS-CoV immunogenic compositions disclosed herein.
In other aspects of this embodiment, a conservative variant
of an MERS-CoV immunogenic composition can be, for
example, an amino acid sequence having at most 75%, at
most 80%, at most 85%, at most 90%, at most 95%, at most
7%, at most 98%, or at most 99% amino acid sequence
identity to the MERS-CoV immunogenic compositions dis-
closed herein.

In other embodiments, the MERS-CoV S protein
sequence comprises an amino acid sequence having at least
75%, at least 80%, at least 85%, at least 90%, at least 95%,
at least 97%, at least 98%, or at least 99% amino acid
sequence 1dentity to the MERS-CoV S amino acid
sequences of any of SEQ ID NOs.1-7.

In still other embodiments, the i1mmunopotentiator
sequence comprises an amino acid sequence having at least
75%, at least 80%, at least 85%, at least 90%, at least 95%,
at least 97%, at least 98%, or at least 99% amino acid
sequence 1dentity to the immunopotentiator amino acid
sequences ol any of SEQ ID NOs. 9-11, 17 or 18.

In other aspects of this embodiment, a conservative vari-
ant of an MERS-CoV immunogenic composition, a MERS-
CoV S protemn amino acid sequence, or an immunopoten-
tiator amino acid sequence can have, for example, 1, 2, 3, 4,
5,6,7,8,9, 10, 11, 12, 13, 14, 15, or more conservative
substltutlons to the amino acid sequence of the MERS-CoV
immunogenic compositions, MERS-CoV S protein, or

immunopotentiator disclosed herein. In other aspects of this
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embodiment, a conservative varitant of an MERS-CoV
immunogenic composition, a MERS-CoV S protein amino
acid sequence, or an 1mmunopotentiator amino acid
sequence can be, for example, an amino acid sequence
having at least 1, at least 2, at least 3, at least 4, at least 5,
at least 6, at least 7, at least &, at least 9, at least 10, at least
11, at least 12, at least 13, at least 14, or at least 15
conservative substitutions to the amino acid sequence of the
MERS-CoV 1mmmunogenic compositions, MERS-CoV §
protein, or immunopotentiator disclosed herein. In yet other
aspects of this embodiment, a conservative variant of an
MERS-CoV mmmunogenic composition, a MERS-CoV S
protein amino acid sequence, or an immunopotentiator
amino acid sequence can be, for example, an amino acid
sequence having at most 1, at most 2, at most 3, at most 4,
at most 3, at most 6, at most 7, at most 8, at most 9, at most
10, at most 11, at most 12, at most 13, at most 14, or at most
15 conservative substitutions to the amino acid sequence of
the MERS-CoV immunogenic compositions, MERS-CoV S
protein, or immunopotentiator disclosed herein. In further
aspects of this embodiment, a conservative variant of an
MERS-CoV mmmunogenic composition, a MERS-CoV S
protein amino acid sequence, or an i1mmunopotentiator
amino acid sequence can be, for example, an amino acid
sequence having from 1 to 15,2 to 15,3 to 15,4 to 13, 5 to
15,6t0 15, 7t0 15, 1t012,2t0 12,310 12,4 to 12, 5 to
12, 6 to 12, 7to 12, 1 to 10, 2 to 10, 3 to 10, 4 to 10, 5 to
10, 6 to 10, 710 10, 1t08,21t08,3t03,41t038,>1t03, 6
to 8, 1to6,2t06,3106,41t06,11to4,2tod4, 01'1‘[03
conservative substltutlons to the amino acid sequence of the
MERS-CoV immunogenic compositions, MERS-CoV S
protein, or immunopotentiator disclosed herein.
Expression systems such as the following are suitable for
use 1n expressing the disclosed fusion proteins: mammalian
cell expression systems such as, but not limited to, the
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pcDNA and GS Gene expression systems; insect cell expres-
s1on systems such as, but not limited to, Bac-to-Bac, bacu-
lovirus, and DES expression systems; and F. coli expression
systems including, but not limited to, pET, pSUMO, and
GST expression systems.

Various advantages are associated with expression of
proteins 1n mammalian cell expression systems. The mam-
malian cell expression system 1s a relatively mature eukary-
otic system for expression ol recombinant proteins. It i1s
more likely to achieve a correctly folded soluble protein
with proper glycosylation, making the expressed protein
maintain its native conformation and keep suflicient bioac-
tivity. This system can either transiently or stably express
recombinant anfigens, and promote signal synthesis.
Recombinant proteins expressed in this way may maintain
proper antigenicity and immunogenicity. However, both
isect and bacterial expression systems provide mexpensive
and eflicient expression of proteins, which may be appro-
priate under certain conditions.

The purification systems used to purily the recombinant
proteins are dependent on whether a tag 1s linked or fused
with the coronavirus sequence. If the fusion proteins are
tused with IgG Fc¢, Protein A, or Protein G, aflinity chro-
matography 1s used for the purification. If the fusion proteins
are fused with GST proteins, the GST columns will be used
tor the purification. If the fusion proteins link with 6xHis tag
at the N- or C-terminal, the expressed proteins are to be
purified using His tag columns. If no tag 1s linked with the
fusion protein, the expressed protein could be purified using
fast protein liquid chromatography (FPLC), high perfor-
mance liquid chromatography (HPLC), or other chromatog-
raphy.

In certain embodiments, the immunogenic compositions
turther comprise or are administered with an adjuvant.
Adjuvants suitable for use 1n amimals 1nclude, but are not
limited to, Freund’s complete or incomplete adjuvants,
Sigma Adjuvant System (SAS), and Rib1 adjuvants. Adju-
vants suitable for use in humans include, but are not limited
to, MF59 (an oil-in-water emulsion adjuvant); Montanide
ISA 51 or 720 (a mineral oil-based or metabolizable oil-
based adjuvant); aluminum hydroxide, -phosphate, or -0x-
1de; HAVLOGEN® (an acrylic acid polymer-based adju-
vant, Intervet Inc., Millsboro, Del.); polyacrylic acids; oil-
in-water or water-in-o1l emulsion based on, for example a
mineral o1l, such as BAYOL™ or MARCOL™ (Esso Impe-
rial O1l Limited, Canada), or a vegetable o1l such as vitamin
E acetate; saponins; and Onchocerca volvulus activation-
associated proteimn-1 (Ov ASP-1) (see US 20060039921,
which 1s incorporated by reference herein for all 1t discloses
regarding Ov ASP-1 adjuvants). However, components with
adjuvant activity are widely known and, generally, any
adjuvant may be utilized that does not adversely interfere
with the eflicacy or safety of the vaccine and/or immuno-
genic composition.

Vaccines and/or immunogenic compositions according to
the various embodiments disclosed herein can be prepared
and/or marketed 1n the form of a liquid, frozen suspension,
or 1n a lyophilized form. Typically, vaccines and/or immu-
nogenic compositions prepared according to the present
disclosure contain a pharmaceutically acceptable carrier or
diluent customarily used for such compositions. Carriers
include, but are not limited to, stabilizers, preservatives, and
buflers. Suitable stabilizers are, for example SPGA, Tween
compositions (such as are available from A.G. Scientific,
Inc., San Diego, Calif.), carbohydrates (such as sorbitol,
mannitol, starch, sucrose, dextran, glutamate, or glucose),
proteins (such as dried milk serum, albumin, or casein), or
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degradation products thereol. Examples of suitable builers
include alkali metal phosphates. Suitable preservatives
include thimerosal, merthiolate, and gentamicin. Diluents
include water, aqueous buller (such as builered saline),
alcohols, and polyols (such as glycerol).

Also disclosed herein are methods for inducing an
immune response to a MERS-CoV using the disclosed
proteins. Generally, the vaccine and/or immunogenic com-
position may be administered subcutaneously, intradermally,
submucosally, intranasally, or intramuscularly 1n an effective
amount to prevent infection from the MERS-CoV and/or
treat an infection from the MERS-CoV. An effective amount
to prevent infection 1s an amount of immunizing protein that
will mmduce immunity 1n the immunized animals against
challenge by a virulent virus such that infection 1s prevented
or the severty 1s reduced. Immunity 1s defined herein as the
induction of a significant higher level of protection 1 a
subject after immunization compared to an unimmunized
group. An effective amount to treat an infection 1s an amount
of immunizing protein that induces an appropriate immune
response against MERS-CoV such that severity of the infec-
tion 1s reduced.

Protective immune responses can include humoral
immune responses and cellular immune responses. Protec-
tion against MERS-CoV 1s believed to be conferred through
serum antibodies (humoral immune response) directed to the
surface proteins, with mucosal IgA antibodies and cell-
mediated immune responses also playing a role. Cellular
immune responses are useful 1n protection against MERS-
CoV virus infection with CD4+ and CD8+ T cell responses
being particularly important. CD8+ immunity 1s of particu-
lar importance 1n killing virally infected cells.

Additionally, the disclosed proteins and/or immunogenic
compositions can be administered using immunization
schemes known by persons of ordinary skill in the art to
induce protective immune responses. These include a single
immunization or multiple immunizations 1n a prime-boost
strategy. A boosting immunization can be administered at a
time after the mitial, prime, immunization that i1s days,
weeks, months, or even years after the prime immunization.
In certain embodiments, a boost immunization 1s adminis-
tered 2 weeks, 1 month, 2, months, 3 months, 4 months, 5
months, or 6 months or more after the 1nitial prime 1mmu-
nization. Additional multiple boost immunizations can be
administered such as weekly, every other week, monthly,
every other month, every third month, or more. In other
embodiments, the boost immunization 1s administered every
3 weeks, every 4 weeks, every 5 weeks, every 6 weeks,
every 7 weeks, every 8 weeks, every 9 weeks, every 10
weeks, every 11 weeks, or every 12 weeks. In certain
embodiments, boosting immunizations can continue until a
protective anti-MERS-CoV antibody titer 1s seen in the
subject’s serum. In certain embodiments, a subject 1s given
one boost immunization, two boost immunizations, three
boost immunizations, or four or more boost immunizations,
as needed to obtain a protective antibody ftiter. In other
embodiments, the adjuvant in the 1nitial prime immunization
and the adjuvant in the boost immunizations are different.

Further, in various formulations of the proteins and/or
Immunogenic compositions, suitable excipients, stabilizers,
and the like may be added as are known by persons of
ordinary skill in the art.

The disclosed proteins, immunogenic compositions, and
methods may be used to prevent MERS-CoV virus infection
in a subject susceptible thereto such as, but not limited to, a
human, a primate, a domesticated animal, an animal 1n the
wild, or a bird.
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EXAMPLES

Example 1

Materials and Methods 5

Construction, Expression, and Purification of Recombi-
nant Proteins.

The construction, expression, and purification of the
recombinant protein fused with Fc (83350-588-Fc¢, S358-588-
Fc, S367-588-Fc, S367-606-Fc, S377-588-Fc, and S377-
662-Fc) were done as follows. Briefly, genes encoding
residues 350-588, 358-588, 367-588, 367-606, 377-388, or
377-662 of MERS-CoV S protein were amplified by PCR
using synthesized codon-optimized MERS-CoV S
sequences (GenBank: AFS88936.1) as the template. These

fragments were then digested by EcoRI1 and Bglll restriction
enzymes and inserted into the pFUSE-hlgG1-Fc2 expres-
s1on vector (hereinafter named Fc). The sequence-confirmed
recombinant plasmids were respectively transfected into 2¢
2937 cells which had been seeded 24 hr before transfection,
followed by replacing culture medium with serum-iree
DMEM 8-10 hr later, and collection of supernatant contain-
ing expressed protein 72 hr post-transiection. The recombi-
nant S350-588-Fc¢, S358-588-Fc¢, S367-588-Fc, S367-606- 25
Fc, S377-588-Fc, and S377-662-Fc proteins were then
purified by Protein A aflinity chromatography.

SDS-PAGE and Western Blot.

The purified proteins were analyzed by SDS-PAGE and
Western blot. Briefly, the proteins were either boiled at 95°
C. for 5 min or not boiled, and separated by 10% Tris-
Glycine gel. The proteins were then stained with Coomassie
Blue or transferred to nitrocellulose membranes for Western

blot analysis. After blocking with 5% non-fat milk in PBST
overnight at 4° C., the blots were incubated for 1 hr at room
temperature with MERS-CoV S1-specific polyclonal anti-
bodies (1:1,000). After three washes, the blots were then
incubated with horseradish peroxidase (HRP)-conjugated
goat anti-mouse 1gG (1:5,000) for 1 hr at room temperature. 4
Signals were visualized with ECL Western blot substrate
reagents and Amersham Hyperfilm.

Mouse Immunization and Sample Collection.

Mice were prime-immunized s.c. with 10 pg/mouse of
recombinant S350-588-Fc, S358-588-Fc, S367-588-Fc, 45

S367-606-Fc, S377-588-Fc, or S377-662-Fc protein formu-
lated with Montanide ISA 31 adjuvant, or 1.n. with 10
ug/mouse of recombinant S377-662-Fc formulated with
poly(I:C) adjuvant. Both groups were boosted with 10
ug/mouse of the same immunogen and adjuvant at 3-week 50
intervals. Sera were collected at 10 days post-last immuni-
zation to detect MERS-CoV S1-specific IgG antibodies and
neutralizing antibodies.

ELISA.

Collected mouse sera were analyzed for MERS-CoV or 55
SARS-CoV S-specific antibody responses by ELISA.
Briefly, 96-well ELISA plates were respectively precoated
with recombinant proteins overnight at 4° C. and blocked
with 2% non-fat milk for 2 hr at 37° C. Senially diluted
mouse sera or monoclonal antibodies (mAbs) were added to 60
the plates and incubated at 37° C. for 1 hr, followed by four
washes. Bound antibodies were incubated with HRP-conju-
gated goat anti-mouse 1gG (1:2,000) for 1 hr at 37° C. The
reaction was visualized by substrate 3,3'.5,5'-tetramethyl-
benzidine (TMB) and stopped by 1 N H,SO,. The absor- 65
bance at 450 nm (A450) was measured by ELISA plate

reader.
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Live Virus-Based Neutralization Assay.
Neutralizing antibody titers of mouse sera against infec-

tion by live MERS-CoV or SARS-CoV were further
detected as described below. Brietly, serial 2-fold dilutions

of mouse sera or mAbs were 1cubated with 100 TCID.,
(50% tissue culture infective dose) of MERS-CoV or SARS-
CoV for 1 hr at 37° C. prior to addition to a monolayer of
fetal rhesus monkey kidney (FRhK4) cells for SARS-CoV

and Vero E6 cells for MERS-CoV 1n triplicate. Virus super-
natant was removed and replaced with fresh medium atter 1
hr of culture at 37° C. The cytopathic effect (CPE) 1n each
well was observed daily and recorded on day 3 post-
infection. The neutralizing titers of mouse antisera that
completely prevented CPE 1n 50% of the wells (NT,) were
calculated.

Pseudovirus-Based Neutralization Assay.

An MERS-CoV pseudovirus neutralization assay was
also established for detection of neutralizing activity
induced by MERS-CoV RBD-Fc protein-immunized mouse
sera against MERS-CoV infection. Brefly, a plasmid
expressing codon-optimized MERS-CoV (hCoV-EMC,
GenBank: AFS88936.1) genes was cotransiected with a
plasmid encoding Env-defective, luciferase-expressing
HIV-1 genome (pNL4-3.1uc.RE) mto 2937T cells to collect
pseudovirus 1n supernatants. Pseudovirus-containing super-
natant was incubated with serially diluted mouse sera at 37°
C. for 1 hr before adding to the target Huh-7 cells. Fresh
medium was added 24 hr later, and the culture was continued
tor 72 hr. Cells were lysed by cell lysis buller and transferred
to 96-well luminometer plates. Luciferase substrate was
added, and relative luciferase activity was determined by
Ultra 384 luminometer. The neutralization of MERS-CoV S
pseudovirus was presented as NT ..

Results

MERS-CoV S protein was expressed and 1ts reactivity
was tested with a variety of SARS-CoV S protein-specific
monoclonal antibodies (mAbs) including 24HS, 31HI12,
35B5, 33G4, 19B2, 17H9, S40, S50, S20, S38, S53, S44,
and S29 (He, et al., J. Immunol. 174:4908-135, 20035; He, et
al., Vaccine 24:5498-308, 2006, which are incorporated by
reference herein for all they disclose regarding SARS-CoV
S protein-specific MAbs). An antibody to the HA1 domain
of influenza HSN1 wvirus, HA-7, was used as a control.
Purified S377-662-Fc protein was expressed i1n soluble
forms 1n the culture supernatant of transfected 293T cells,
maintaining high expression with good purity (FIG. 2, lett).
This protein could be recognized by MERS-CoV S1-specific
polyclonal antibodies, as detected by Western blot (FIG. 2,
right). The expressed S377-662-Fc¢ has a lower OD430 value
(most antibodies have an OD450 value less 0.2) when tested
by ELISA using S-specific SARS mAbs, with similar reac-
tivity to the control HA-7 mAb (FIG. 3). These data suggest
that S377-662-Fc 1s highly specific to the S protein of
MERS-CoV, and that it maintains lower or no cross-reac-
tivity with the majority of SARS-CoV S-specific mAbs.

Next, the ability of expressed MERS-CoV S377-662-Fc
protein to induce antibody responses, particularly neutraliz-
ing antibodies, was tested, and the ability of S377-662-Fc¢ to
elicit cross-reactivity and cross-neutralizing activity with
SARS-CoV was evaluated. Mice were immunized with
MERS-CoV S377-662-Fc, and then mouse sera were col-
lected for the detection. MERS-CoV S377-662-Fc¢ mduced
IgG antibodies against the S protein of MERS-CoV after the
2”4 dose of immunogenic composition, which was con-
firmed by coating of the ELISA plates with an MERS-CoV
S-specific protein not fused to Fc (MERS-CoV S5377-662)
(F1G. 4A). The MERS-CoV S-specific antibodies have low

or no reactivity with a recombinant RBD protein of SARS-
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CoV used 1n development of a subunit SARS candidate
vaccine (FIG. 4A). Nevertheless, the anti-MERS-CoV-S
antibodies could neutralize live MERS-CoV infection 1n cell
cultures 1n vitro, as detected by a MERS-CoV neutralization
assay (FIG. 4B). However, the ability of the MERS-CoV 5
S-specific antibodies to neutralize live SARS-CoV 1nfection

1s very low (<<1:40). The above data suggest that MERS-
CoV has low to no cross-reactivity and cross-neutralizing
activity with SARS-CoV.

The systemic and mucosal immune responses induced by 10
MERS-CoV RBD-Fc¢ protein were further evaluated by
immunizing mice with S377-662-Fc protein via the 1.n. and
s.Cc. immunization routes, and then detecting MERS-CoV
S-specific IgG and IgA antibodies 1n immunized mouse sera
and lung wash (FIG. 5). Indeed, sera from mice immunized 15
via both administration routes could bind specifically to
MERS-CoV S1-His protein, with the 1.n. pathway inducing
strong systemic humoral IgG antibody response similar to
that of s.c. immunization (FIG. 6A). In addition, like the s.c.
route, 1.n. immunization with S377-662-Fc was able to 20
stimulate long-term humoral 1mmune responses in immu-
nized mice through multiple boost immunizations, capable
ol maintaining protection for at least 6 months during the

detection period (FIG. 6B). Furthermore, MERS-CoV
S1-specific IgG1l (Th2-associated) and IgG2a (Thl-associ- 25
ated) antibody responses induced by the 1.n. pathway were

similar to those by the s.c. immunization (P>0.03), with a
relatively higher level of 1gG2a (Thl-associated) than IgG1

(Th2-associated) antibody against MERS-CoV S1 protein
(FI1G. 7), suggesting that MERS-CoV S377-662-Fc induced 30
a slightly biased Thl-associated antibody response. Impor-
tantly, the 1.n. immunization pathway induced similarly high
level of IgA antibody to the s.c. route with equally strong
neutralizing antibody responses against MERS-CoV in
immunized mouse sera (P>0.05) (FIGS. 8B and 9A), but 35
with a significantly higher level of IgA antibody with
neutralizing activity than the s.c. route in mouse lungs
(FIGS. 8A and 9B), indicating the ability of MERS-CoV
S377-662-Fc protemn 1 the induction of strong local
mucosal immune response. 40
Structural analysis of MERS-CoV RBD alone or com-
plexed with 1ts receptor DPP4 has identified residues 367-
588 or 367-606 of MERS-CoV S1 subumnit as the essential
RBD (FIG. 10A). To identity the CND 1n the RBD of
MERS-CoV that potentially induces the highest neutralizing 45
antibody response, five additional recombinant proteins
were constructed based on the structure-defined RBD of
MERS-CoV (FIG. 10B), and these proteins were evaluated
tor their receptor-binding, antibody responses, and neutral-
ization activity i immmunized ammals. As shown 1 FIG. 50
11A, all five RBD-Fc proteins, namely S350-588-Fc, S358-
588-Fc, S367-588-Fc¢, S377-388-Fc, and S367-606-Fc, were
expressed 1n a mammalian cell expression system at similar
expression levels as S377-662-Fc. These proteins are
capable of forming suitable conformational structures, hav- 55
ing the molecular weight of non-boiled proteins 1-fold
higher than that of the boiled proteins, and being recognized
by MERS-CoV S1-specific antibodies (FIG. 11B), suggest-
ing the high specificity of these proteins to MERS-CoV. In
addition, all proteins bound well to the cellular-associated 60
DPP4 receptor, with two clear bands (corresponding to the
s1ze of DPP4 or respective MERS-CoV RBD-Fc¢ monomers)
being detected 1n protein-Huh-7 cell co-immunoprecipitated
samples, which reacted strongly with anti-DPP4 and anti-
MERS-CoV 51 (FIG 12A). The ability of these MERS-CoV 65
RBD-Fc proteins in the binding to sDPP4 1s notably difler-
ent, with S367-588-Fc, S338-588-Fc, and S377-588-Fc
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maintaining higher binding athnity than S377-662-Fc, S367/-
606-Fc, and S350-588-Fc. As expected, a control protein
hlgG-Fc had no binding with sDPP4 (FIG. 12B). The

comparison of the humoral immune response 1n immunized
mice indicates that S367-588-Fc, S377-588-Fc, and S377-

662-Fc were able to imnduce higher levels of I1gG antibody
than S350-588-Fc, S358-588-Fc, and S367-606-Fc (FIGS.
13A and 13B), while S367-588-Fc¢ potentially induced the
highest titer of Ig(G2a subtype specific to the 51 of MERS-
CoV (FIG. 14). More importantly, S377-588-Fc¢ elicited the
highest neutralizing antibody response among the tested
RBD-Fc proteins against MERS-CoV 1nfection (FIG. 15).

The produced MERS pseudovirus was able to efliciently
infect a variety of target cells, including DPP4-expressing
Huh-7, FRhK-4, MDCK, Vero, Vero E6, HEP-G2, A549,
and Caco-2. The infection of MERS pseudovirus 1n target
Huh-7 cells was significantly inhibited by antisera from
mice immunized with MERS-CoV RBD-Fc¢ proteins, such
as the S377-388-Fc protein.

The S377-588-Fc¢ protein was further characterized and
evaluated for the potential as a therapeutic agent against
MERS-CoV infection. Antisera from S377-388-Fc¢ immu-
nized mice can eflectively block MERS-CoV RBD binding
the DPP4 receptor, while control sera from PBS-immunized
mice did not show any signs of inhibiting binding of
S377-588 to DPP4-expressing Huh-7 cells (FIG. 16). The
cross-linker analysis of the conformation of the S377-588-
Fc indicates that this protein was able to form dimeric or

tetrameric conformational structures (FIG. 17, left), which
was confirmed by MERS-CoV S1-specific antibodies (FIG.

17, nght). Importantly, the S377-388-Fc protein showed
high ability to effectively inhibit MERS-CoV replication in
the highly permissive human bronchial epithelial Calu-3
cells that express MERS-CoV’s receptor DPP4, with the
concentration as low as ~3 ug/ml mhibiting over 50% CPE
formation caused by MERS-CoV nfection (FIG. 18). These
results suggest the use of S377-588-Fc as an important
therapeutic agent against infections from MERS-CoV.

In conclusion, disclosed herein are recombinant proteins
containing RBD fragments of MERS-CoV S1, a novel
critical neutralizing domain of a new human coronavirus,
MERS-CoV. These recombinant proteins, based on difierent
fragments of RBD of MERS-CoV S protein linked to human
IgG Fc, induced potent neutralizing antibodies against infec-
tion by MERS-CoV. Previous studies on S protein-based
SARS vaccines have revealed that the mean neutralizing
antibody ftiters as low as 1:284 could protect vaccinated
amimals against SARS-CoV challenge, suggesting that the
expressed recombinant MERS-CoV RBD-Fc¢ proteins have
a great potential to be developed as a safe and eflective
vaccine and therapeutic agent against MERS-CoV infection.

The current study revealed low to no cross-reactivity and
cross-neutralizing activity of MERS-CoV with SARS-CoV,
suggesting that MERS-CoV has different mechanisms of
infection, including using diflerent receptors to infect cells.

Unless otherwise indicated, all numbers expressing quan-
tities of ingredients, properties such as molecular weight,
reaction conditions, and so forth used in the specification
and claims are to be understood as being modified 1n all
instances by the term “about.” Accordingly, unless indicated
to the conftrary, the numerical parameters set forth in the
specification and attached claims are approximations that
may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not
as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical
parameter should at least be construed 1n light of the number
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of reported significant digits and by applying ordinary
rounding techniques. Notwithstanding that the numerical
ranges and parameters setting forth the broad scope of the
invention are approximations, the numerical values set forth

20

Certain embodiments of this invention are described
herein, including the best mode known to the iventors for
carrying out the mvention. Of course, variations on these
described embodiments will become apparent to those of
ordinary skill 1n the art upon reading the foregoing descrip-

in the specific examples are reported as precisely as possible. ° . . . :
. . . . tion. The mventor expects skilled artisans to employ such
Any numerical value, however, inherently contains certain . : : :
_ _ O variations as appropriate, and the inventors intend for the
CITors 'neces.sarlly regultmg .from the standard deviation invention to be practiced otherwise than specifically
found 1n their respective testing measurements. described herein. Accordingly, this invention includes all
The terms “a,” “an,” “the” and similar referents used in modifications and equivalents of the subject matter recited in
the context of describing the invention (especially in the ' the claims appended hereto as permitted by applicable law.
context of the following claims) are to be construed to cover Moreover, any combination of the above-described elements
both the singular and the plural, unless otherwise indicated ill all ‘possible Vaﬂation?, thgrepf 18 encompassed by t.he
herein or clearly contradicted by context. Recitation of invention unlegs otherwise indicated herein or otherwise
ranges of values herein 1s merely intended to serve as a . Cleélﬂy pgntradéctgfl by cog:[exlt. 1 here: he furth
shorthand method of referring individually to each separate [ pecilic embodiments disclosed herein may be Iurther
. o A imited in the claims using consisting of or consisting
VEI]U? falhng' w1.th.111 the range. Unless otherxiw 156 mdlcate.d essentially of language. When used in the claims, whether as
herein, each 1individual value 1s 1incorporated into the speci- filed or added per amendment, the transition term “consist-
fication as 11 1t were individually recited herein. All methods ing of” excludes any element, step, or ingredient not speci-
described herein can be performed in any suitable order 20 fied in the claims. The transition term “consisting essentially
unless otherwise indicated herein or otherwise clearly con- of”” limits the scope of a claim to the specified materials or
tradicted by context. The use of any and all examples, or steps and those that do not materially aflect the basic and
exemplary language (e.g., “such as™) provided herein 1is novel characteristic(s). Embodiments of the mmvention so
intended merely to better 1lluminate the imnvention and does claimed are inherently or expressly described and enabled
not pose a limitation on the scope of the mnvention otherwise 25 herein.
claimed. No language in the specification should be con- Furthermore, numerous references have been made to
strued as indicating any non-claimed element essential to the patents and printed publications throughout this specifica-
practice of the invention. tion. Each of the above-cited references and printed publi-
Groupings of alternative elements or embodiments of the cations are mdividually incorporated herein by reference 1n
invention disclosed herein are not to be construed as limi- 30 their entirety.
tations. Each group member may be referred to and claimed In closing, 1t 1s to be understood that the embodiments of
individually or 1in any combination with other members of the mmvention disclosed herein are illustrative of the prin-
the group or other elements found herein. It 1s anticipated ciples of the present invention. Other modifications that may
that one or more members of a group may be included 1n, or be employed are within the scope of the invention. Thus, by
deleted from, a group for reasons of convenience and/or 35 way ol example, but not of limitation, alternative configu-
patentability. When any such inclusion or deletion occurs, rations ol the present invention may be utilized in accor-
the specification 1s deemed to contain the group as modified dance with the teachings herein. Accordingly, the present
thus fulfilling the written description of all Markush groups invention 1s not limited to that precisely as shown and
used 1n the appended claims. described.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 24
<210> SEQ ID NO 1
<211> LENGTH: 1353
<212> TYPE: PRT
<213> ORGANISM: MERS coronavirus
<400> SEQUENCE: 1
Met Ile His Ser Val Phe Leu Leu Met Phe Leu Leu Thr Pro Thr Glu
1 5 10 15
Ser Tyr Val Asp Val Gly Pro Asp Ser Val Lys Ser Ala Cys Ile Glu
20 25 30
Val Asp Ile Gln Gln Thr Phe Phe Asp Lys Thr Trp Pro Arg Pro Ile
35 40 45
Asp Val Ser Lys Ala Asp Gly Ile Ile Tyr Pro Gln Gly Arg Thr Tyr
50 55 60
Ser Asn Ile Thr Ile Thr Tyr Gln Gly Leu Phe Pro Tyr Gln Gly Asp
65 70 75 80
His Gly Asp Met Tyr Val Tyr Ser Ala Gly His Ala Thr Gly Thr Thr
85 90 95
Pro Gln Lys Leu Phe Val Ala Asn Tyr Ser Gln Asp Val Lys Gln Phe



Ala

Thr

Pro

145

Met

Gly

Agn

Thr

Leu

225

Thr

Leu

Thr

Ser

305

Leu

Ile

Ser

Phe
385
Arg

Leu

ITle

Pro
Ser

465

Leu

Glu

Agn

Val

130

Ala

Gly

Thr

His

Pro

210

Agn

Thr

Gln

Tle

290

ASpP

Thr

ASpP

Phe

Pro

370

Ser

Leu

Phe

ala

Leu

450

Gln

2la

Ser

Val

Gly
115
Ile

Phe

Leu
Cys
195

Ala

Ser

Thr

Gly

275

ATg

Phe

ASP

355

Ser

Pro

Val

Ser

Ser
435

Ser

Phe

Thr

Pro
515

100

Phe

Ile

Met

Phe

Leu

180

Pro

Thr

Phe

Agn

Ala

260

Gly

Leu

Gly

340

Val

Gly

Leu

Phe

Val

420

Agn

Met

Agn

Val

Ile

500

Gln

Val

Ser

Leu

Phe

165

Arg

Ala

Asp

Tle
245
Gln

Asn

Ala

Leu

325

Phe

Glu

Ser

Leu

Thr

405

AsSn

Pro
485

Asn

Leu

Val

Pro

Gly

150

Agn

Ala

Gly

Glu

230

Thr

Gly

Met

Ser

Trp

310

ASpP

Asn

Ser

Val

Ser

390

Agn

ASpP

sSer
Lys
4770

Hisg

Vval

21

Arg
Ser
135
Ser
Hisg
Phe
ASn
Ser
215
Glu
Val
Phe
Tle
295
Ala
Phe
Asp
Gly
Val

375

Gly

Phe

Ser

Asp
455

Gln

Asn

Asn

Tle
120
Thr

Ser

Thr

Ser

200

ASP

Phe

ASP

Hig

Gln

280

Tle

Ala

Ser

Leu

Val

360

Glu

Thr

Agn

Thr

Ser
440

Leu

Ser

Leu

Ser

Ala
520

105

Gly

Ser

Val

Leu

Cys

185

Gly

ASn

Glu

Leu

265

Phe

Pro

Phe

Val

Ser

345

Gln

Pro

Cys
425

Leu

Ser

Phe

Thr

ATg

505

Agn

2la

ala

Gly

Val

170

Ile

Thr

Agn

Leu

Tle

250

Phe

2la

His

ASp

330

Gln

Sexr

2la

Pro

Agn

410

Ser

Ile

Val

Ser

Thr
490

Leu

Gln

Ala

Thr

AgSn

155

Leu

Leu

Ser

ATYg

235

Leu

sSer

Thr

Ser

Val

315

Gly

Leu

Val

Glu

Gln

395

Leu

Gln

Leu

Ser
Asnh
475

ITle

Leu

-continued

Ala

ITle

140

Phe

Leu

Glu

Phe

Asn

220

AsSn

Glu

Ser

Leu

Tle
300

Hig

Ser

Gly

380

Val

Thr

Tle

ASP

Ser

460

Pro

Thr

Ser

Ser

ASn

125

Arg

Ser

Pro

Pro

Ala

205

Arg

Trp

Arg

Pro

285

Arg

Tle

Ser
3265

Vval

Ser

Tvr
445
Ala

Thr

Asp

Pro
525

110

Ser

Lys

ASP

ASP

ATy

120

Thr

Agn

Thr

Phe

Tyr

270

Val

Ser

Leu

ATrg

Ser

350

Phe

Glu

Agn

Leu

Pro

430

Phe

Gly

Pro

ASP
510

Thr

Ile

Gly

Gly

175

Ser

2la

Phe

Gly

255

Val

Tle

Gln

Arg
335

Glu

Phe

Leu
415

2la

Ser

Pro

Leu

Leu

495

ATrg

Val

US 9,889,194 B2

Gly

Lys

160

Gly

His

Ser

Met

240

Tle

ASpP

ASp

Gln

Pro

320

Ala

Glu

Ala

ASDP

Lys

400

Ser

b2la

Ile

Tle
480

Thr

Ser

22



ITle
Leu
545

Val

Val

625

Val

Leu

Gly

705

Ser

Ala

Val

Gln

Asnh
785

Gln

Leu

Phe
865

Thr

Met

Val

Val

530

Ser

2la

Gly

Thr

Gly

610

Arg

Pro

Phe

Ser

690

Pro

Leu

Leu

Pro

Val

770

Phe

Val

Glu

Ala

Phe

850

Gly

Gly

Val

Gln

2la
9320

Pro

Pro

Met

Thr

Lys

595

Val

Gln

Ser

Val

Gly

675

ATrg

Leu

Phe

Pro

Gly

755

ASP

Ser

Thr

Gln

Leu

835

Ala

Gly

Ser

Thr

Gln

015

Gly

Ser

Leu

Thr

ASP

580

Tle

Ser

Gln

ASP

Ser

660

Ser

Ser

Gln

Val

ASP

740

Glu

Gln

Phe

Val

Leu

820

His

Ser

ASP

ATrg

Tle
900

Gly

Thr

Glu

Glu

565

Thr

2la

Gly

Arg

Asp

645

Val

Vval

Thr

Thr

Glu

725

Thr

Met

Leu

Gly

AsSp

805

Leu

Gly

Vval

Phe
Ser
885

2la

Pro

Val

Gly

550

Gln

ASh

Ser

ATg

Phe

630

Gly

Ile

Ala

ATrg

Pro

710

ASpP

Pro

ATrg

Agn

Val
790

ATg

Ala

AsSn

870

Ala

ASpP

Ala

Vval

23

Trp
535
Gly
Leu
Ser
Gln
Gly
615

Val

Asn

Ser
695

Val

Ser
Leu

Ser
775

Thr

Glu
Asnh

Ser
855

Leu

Arg

Pro

Ser

Leu
035

Glu

Gly

Gln

Val

Leu

600

Val

ASP
Glu
680

Met

Gly

Thr

Ala

760

Ser

Gln

Gln

Leu
840

Ser

Thr

Ser

Gly

Ala

020

Pro

ASP

Trp

Met

Cys

585

Gly

Phe

ASDP

Lys
665

His

Leu

Leu

Leu
745

Ser

Glu

Gly
825

Gln

Leu

Ala

Tyr

905

ATg

Pro

Gly

Leu

Gly

570

Pro

Agn

Gln

2la

Cys

650

Glu

Tle

Val

Pro

730

Thr

Tle

Phe

Val

810

Gln

Gln

Ser

Leu

Tle

890

Met

ASpP

Leu

ASD
Val
555

Phe

Agnhn

Tyr

635

Leu

Thr

Ser

ATrg

Leu

715

Leu

Pro

Ala

Ile
7985

Phe

ASpP

Ser

Glu

875

Glu

Gln

Leu

Met

-continued

Tyr

540

Ala

Gly

Leu

Val

Cys

620

Gln

AYg

Ser

AY(

700

Gly

Gly

ATYJ

Phe

Leu

780

Gln

ASn

ASDP

Pro
860

Pro

ASD

Gly

ITle

ASD
540

Tyr

Ser

Ile

Glu

Glu

605

Thr

AsSn

Ala

Thr

Thr

685

Asp

Leu

Gln

Ser

AsSn

765

Ser

Thr

Gly

Ser

Ser

845

Tle

Val

Leu

Cys
525

val

ATy

Gly

Thr

Phe

590

Ala

Leu

Hig

670

Met

Ser

Val

Ser

Val

750

His

Tle

Thr

Phe

Lys

830

Val

Tle

Ser

Leu

ASP

910

Ala

Agn

Lys

Ser

Val

575

Ala

Ser

Val

Val

Val

655

Ala

Ser

Thr

AgSh

Leu

735

ATrg

Pro

Pro

Tle

Gln

815

Ile

Arg

Pro

Ile

Phe

895

ASpP

Gln

Met

US 9,889,194 B2

Gln

Thr

560

Gln

Agh

Leu

Gly

Gly

640

Ser

Thr

Gln

Ser

720

Ser

Tle

Thr

Gln

800

Agn

Agh

Gly

Ser
880

ASp

Glu

24
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-contilnued

Ala Ala Tyr Thr Ser Ser Leu Leu Gly Ser Ile Ala Gly Val Gly Trp

545 550 055 960

Thr Ala Gly Leu Ser Ser Phe Ala Ala Ile Pro Phe Ala Gln Ser Ile

965 970 975
Phe Tyr Arg Leu Asn Gly Val Gly Ile Thr Gln Gln Val Leu Ser Glu
980 985 990
Asn Gln Lys Leu Ile Ala Asn Lys Phe Asn Gln Ala Leu Gly Ala Met
095 1000 1005

Gln Thr Gly Phe Thr Thr Thr Asn Glu Ala Phe Gln Lys Val Gln
1010 1015 1020

Asp Ala Val Asn Asn Asn Ala Gln Ala Leu Ser Lys Leu Ala Ser
1025 1030 1035

Glu Leu Ser Asn Thr Phe Gly Ala Ile Ser Ala Ser Ile Gly Asp
1040 1045 1050

Tle Ile Gln Arg Leu Asp Val Leu Glu Gln Asp Ala Gln Ile Asp
1055 1060 1065

Arg Leu Ile Asn Gly Arg Leu Thr Thr Leu Asn Ala Phe Val Ala
1070 1075 1080

Gln Gln Leu Val Arg Ser Glu Ser Ala Ala Leu Ser Ala Gln Leu
1085 1090 1095

Ala Lys Asp Lys Val Asn Glu Cys Val Lys Ala Gln Ser Lys Arg
1100 1105 1110

Ser Gly Phe Cygs Gly Gln Gly Thr His Ile Val Ser Phe Val Val
1115 1120 1125

Asn Ala Pro Asn Gly Leu Tyr Phe Met His Val Gly Tyr Tyr Pro
1130 1135 1140

Ser Asn His Ile Glu Val Val Ser Ala Tyr Gly Leu Cys Agp Ala
1145 1150 1155

Ala Asn Pro Thr Asn Cys Ile Ala Pro Val Asn Gly Tyr Phe Ile
1160 1165 1170

Lys Thr Asn Asn Thr Arg Ile Val Asp Glu Trp Ser Tyr Thr Gly
1175 1180 1185

Ser Ser Phe Tyr Ala Pro Glu Pro Ile Thr Ser Leu Asn Thr Lys
1190 1195 1200

Tyr Val Ala Pro Gln Val Thr Tyr Gln Asn Ile Ser Thr Asn Leu
1205 1210 1215

Pro Pro Pro Leu Leu Gly Asn Ser Thr Gly Ile Asp Phe Gln Asp
1220 1225 1230

Glu Leu Asp Glu Phe Phe Lys Asn Val Ser Thr Ser Ile Pro Asn
1235 1240 1245

Phe Gly Ser Leu Thr Gln Ile Asn Thr Thr Leu Leu Asp Leu Thr
1250 1255 1260

Tyr Glu Met Leu Ser Leu Gln Gln Val Val Lys Ala Leu Asn Glu
1265 1270 1275

Ser Tyr Ile Asp Leu Lys Glu Leu Gly Asn Tyr Thr Tyr Tyr Asn
1280 1285 1290

Lys Trp Pro Trp Tyr Ile Trp Leu Gly Phe Ile Ala Gly Leu Val
1295 1300 1305

Ala Leu Ala Leu Cys Val Phe Phe Ile Leu Cys Cys Thr Gly Cys
1310 1315 1320

Gly Thr Asn Cys Met Gly Lys Leu Lys Cys Asn Arg Cys Cys Asp
1325 1330 1335

Arg Tyr Glu Glu Tyr Asp Leu Glu Pro His Lys Val His Val His



1340

<210> SEQ ID NO 2

<211> LENGTH:

<212> TYPE:

<213>

PRT

<400> SEQUENCE:

Gln Ala Glu Gly

1

Pro

Leu

655

Ser

Phe

Thr

ATrg

Asn

145

ASP

Trp

Met

Gly
225

Phe

ASpP

Pro

Agn

Ser

50

Ile

Val

Ser

Thr

Leu

130

Gln

Gly

Leu

Gly

Pro

210

Agn

Gln

Ala

Gln

Leu

35

Gln

Leu

Ser

Agn

Ile

115

Leu

ASP

Val

Phe
195

Agn

Leu
275

Val

20

Thr

Tle

ASP

Ser

Pro

100

Thr

Ser

Ser

Ala
180

Gly

Leu

Val

Gln
260

ATrg

286

2

Ser

Ala
85

Thr

AsSp

Pro

Tyr

165

Ser

Tle

Glu

Glu

Thr

245

Agh

Ala

<210> SEQ ID NO 3

<211> LENGTH:

<212> TYPERE:

<213> ORGANISM: MERS coronavirusg

PRT

<400> SEQUENCE:

212

3

Glu

Agn

Leu

Pro

Phe

70

Gly

Pro

ASP

Cys

150

ATg

Gly

Thr

Phe

Tyr

230

Ala

Leu

27

1345

Phe

Leu

bAla

55

Ser

Pro

Leu

Leu

Arg

135

Val

Ser

Val

Ala

215

Ser

Val

Val

Val

ORGANISM: MERS coronavirus

ASpP

Ser
40

Ala

Ile

Tle

Lys

120

Thr

Ser

Gln

Thr

Gln

200

Agh

Leu

Gly

Gly

Ser
280

Phe

ATrg

25

Leu

Tle

Pro

Ser

Leu

105

Glu

Tle

Leu

Val
185

Val

Tyr
265

Val

Sexr

10

Leu

Phe

2la

Leu

Gln

50

2la

Ser

Val

Val

Ser

170

2la

Gly

Thr

Gly

Arg

250

Pro

Pro

Val

sSer

Ser

Ser

75

Phe

Thr

Pro

Pro

155

Pro

Met

Thr

Val
235

Gln

Ser

Val

-continued

1350

Leu

Phe

Val

AsSn

60

Met

AsSn

Val

Ile

Gln

140

Ser

Leu

Thr

ASpP

Tle

220

Ser

Gln

ASDP

Ser

Leu

Thr

Asn
45

Pro
Asn

125

Leu

Thr

Glu

Glu

Thr

205

Ala

Gly

Arg

Asp

Vval
285

Gln Ala Glu Gly Val Glu Cys Asp Phe Ser Pro Leu Leu

1

5

10

Pro Pro Gln Val Tyr Asn Phe Lys Arg Leu Val Phe Thr

20

25

Ser
Agn

30

ASP

Ser

His

110

Val

Val

Gly

Gln

120

Agn

Ser

ATrg

Phe

Gly

270

Tle

Ser

ASnhn
30

Tyr Asn Leu Thr Lys Leu Leu Ser Leu Phe Ser Val Asn Asp

Gly

15

Phe

Ser

ASP

Gln

55

Agn

AgSh

Trp

Gly

175

Leu

Ser

Gln

Gly

Val

255

AgSh

Gly
15

Cys

Phe

US 9,889,194 B2

Thr

Agn

Thr

Ser

Leu

80

Ser

Leu

Ser

Ala

Glu

160

Gly

Gln

Val

Leu

Val
240

Thr

Agh

Thr

28



Leu

65

Ser

Phe

Thr

ATrg

Asn

145

ASpP

Trp

Met

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

<400>

Ser

50

Ile

Val

Ser

Thr

Leu

130

Gln

Gly

Leu

Gly

Pro
210

35

Gln

Leu

Ser

Agn

Ile

115

Leu

ASP

Val

Phe
195

Tle

ASP

Ser

Pro

100

Thr

Ser

Ser

Ala
180

Gly

Leu

PRT

SEQUENCE :

Sser Tyr Glu Ser

1

Phe

Glu

Agn

Leu

65

Pro

Phe

Gly

Pro
145

ASP

Glu

Phe

50

Leu

Ala

Ser

Pro

Leu

130

Leu

ATy

Val

Ala

ASP
35

Ser

Ala

Ile
115

Tle

Thr

Ser

Lys

20

Phe

ATrg

Leu

Tle

Pro

100

Ser

Leu

Glu

Tle
180

Ser

Ala
g5

Thr

AsSp

Pro

Tvr

165

Ser

Ile

SEQ ID NO 4
LENGTH:
TYPE:
ORGANISM:

239

MERS coronavirus

Phe

Pro

Ser

Leu

Phe

Ala

85

Leu

Gln

2la

Ser

Val

165

Vval

Pro
Phe
70

Gly

Pro

ASpP

Cvys

150

ATYg

Gly

Thr

ASpP

Ser

Pro

Val

Ser

70

Ser

Ser

Phe

Thr

150

Pro

Pro

29

Ala

55

Ser

Pro

Leu

Leu

Arg

135

Val

Ser

Val

Val

Gly

Leu

Phe

55

Val

Agnh

Met

Asn

Val

135

Tle

Gln

Ser

40

2la

Tle

Tle

Lys

120

Thr

Ser

Gln

Thr

Gln
200

Glu

Ser

Leu
40

Thr

Agn

Tyr

120

Pro

Agn

Leu

Thr

Tle

Pro

Ser

Leu
105

Glu

Ile

Leu

Val
185

Ser

Val
25

Ser

ASn

ASP

Ser
105

His

Val

Val
185

2la

Leu

Gln

90

2la

Ser

Val

Val

Ser

170

2la

Gly

Gly
10

Val

Gly

Phe

Ser
S0

ASp

Gln

Agn

Agn
170

Trp

Ser

Ser

75

Phe

Thr

Pro

Pro

155

Pro

Met

Thr

Val

Glu

Thr

Agnh

Thr

75

Ser

Leu

Ser

Leu

Ser

155

Ala

Glu

-continued

ASn

60

Met

Agnh

Val

ITle

Gln

140

Ser

Leu

Thr

ASpP

Gln

Pro

Tvr

60

Leu

Ser

Phe

Thr

140

ATYg

AsSn

ASD

45

Pro

Asn

125

Leu

Thr

Glu

Glu

Thr
205

Ser

Ala

Pro

45

ASn

Ser

ITle

Vval

Ser

125

Thr

Leu

Gln

Gly

Ser

His

110

Val

Val

Gly

Gln

120

Agn

Val

Glu

30

Gln

Leu

Gln

Leu

Ser

110

Agn

Tle

Leu

ASP
150

Ser

ASP

Gln

o5

Agn

Agn

Trp

Gly

175

Leu

Ser

Ser

15

Gly

Val

Thr

Ile

ASpP

55

Ser

Pro

Thr

Ser

Ser
175

US 9,889,194 B2

Ser

Leu

80

Ser

Leu

Ser

Ala

Glu

160

Gly

Gln

Val

Ser

Val

Ala

Thr

ASp
160

Pro

30



ATrg

Gly

Thr
225

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

<400>

Lys

Ser
210

Val

Gln
195

Thr

Gln

Leu Sexr Pro

Val Ala Met

Tvr Gly Thr

PRT

SEQUENCE :

Ser Gly Val Tyr

1

Val

Ser

Agn

ASpP

65

Ser

Hig

Lys

145

Val

Val

Gly

Gln

Asn
225

<210>
<211>

<212>
<213>

<400>

Val

Gly

Cys

50

Phe

Ser

ASpP

Gln

Agn

130

AgSh

Trp

Gly

Leu

210

Ser

Glu
Thr
35

Agn

Thr

Ser

Leu

Ser

115

Leu

Ser

Ala

Glu

Gly

195

Gln

Val

Gln
20

Pro

Leu

Ser

100

Phe

Thr

ATg

Agnh

ASDP

180

Trp

Met

PRT

SEQUENCE :

SEQ ID NO b
LENGTH:
TYPE :
ORGANISM: MERS coronavirus

231

5

Ser

5

Ala

Pro

AsSn

Ser

Tle

85

Val

Ser

Thr

Leu

Gln

165

Gly

Leu

Gly

Pro

SEQ ID NO 6
LENGTH:

TYPE :
ORGANISM: MERS coronavirus

222

6

230

Val

Glu

Gln

Leu

Gln

70

Leu

Ser

AsSn

Tle

Leu
150

ASpP

Val

Phe

Lys
230

31

Leu Glu

Thr Glu

215

Asp

Ser

Gly

Val

Thr

55

ITle

Asp

Ser

Pro

Thr

135

Ser

Ser

Ala

Gly
215

Leu

200

Thr

Ser

Val

Tyr

40

Ser

Ala

Thr

120

ASP

Pro

Ser
200

Tle

Gly

Gln

Agn

Phe

Glu

25

ASn

Leu

Pro

Phe

Gly

105

Pro

ASP

ATrg
185

Gly

Thr

Glu Ala Lys Pro Ser Gly Ser Val Val

1

5

Cys Asp Phe Ser Pro Leu Leu Ser Gly

20

25

Phe Lys Arg Leu Val Phe Thr Asn Cys

35

40

Gly

Leu

Ser

Glu
10

Phe

Leu

2la

Ser

90

Pro

Leu

Leu

Arg

Val

170

Lys

Ser

Val

Gly

Gln

Val
235

Ala

ASDP

Ser

Ala

75

ITle

Ile

Thr

155

Ser

Gln

Thr

Gln

-continued

Trp

Met
220

Phe

ATYg

Leu

60

ITle

Pro

Ser

Leu

Tvr

140

Glu

Tle

Leu

Val

Tvyr
220

Glu Gln Ala

10

Thr Pro Pro

Asn Tyr Asn

Leu Val Ala

205

Gly Phe Gly

Pro Lvyvs Leu

Pro

Ser

Leu

45

Phe

Ala

Leu

Gln

Ala

125

Ser

Val

Val

Ser

Ala

205

Gly

Glu

Gln

Leu
45

Ser

Pro

30

Vval

Ser

Ser

Ser

Phe

110

Thr

Pro

Pro

Pro

120

Met

Thr

Gly

15

Leu

Phe

Val

Agn

Met

o5

Agn

Val

Tle

Gln

Ser

175

Leu

Thr

ASpP

US 9,889,194 B2

Ser

Ile

Ser

Leu

Thr

Agn

Cys
80

Pro

Agn

Leu

160

Thr

Glu

Glu

Thr

Gly Val Glu

15

Val Tyr Asn

30

Thr Lys Leu

32



Leu

Ala

65

Ser

Pro

Leu

Leu

ATg

145

Val

Ser

Val

Ser
50

2la

Ile

Ile

Lys

130

Thr

Ser

Gln

Thr

Gln
210

Leu

Ile

Pro

Ser

Leu

115

Glu

Tle

Leu

Val
195

Phe

Ala

Leu

Gln

100

Ala

Ser

Val

Val

Ser

180

Ala

Gly

Ser

Ser

Ser

85

Phe

Thr

Pro

Pro

165

Pro

Met

Thr

<210> SEQ ID NO 7

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Glu Ala Lys Pro

1

Cys

Phe

Leu

Ala

65

Ser

Pro

Leu

Leu

Arg

145

Val

Ser

ASpP

Ser
50

2la

Tle

Ile

Lys

130

Thr

Ser

Gln

Thr

Phe

Arg

35

Leu

Ile

Pro

Ser

Leu
115

Glu

Tle

Leu

Val
195

Ser

20

Leu

Phe

Ala

Leu

Gln

100

Ala

Ser

Val

Val

Ser

180

Ala

240

MERS coronavirus

Ser

Pro

Val

Ser

Ser

Ser

85

Phe

Thr

Pro

Pro
165

Pro

Met

Val

Asn

70

Met

Asn

Val

Tle

Gln

150

Ser

Leu

Thr

ASpP

Gly

Leu

Phe

Val

Asn
70

Met

Agn

Val

ITle

Gln

150

Ser

Leu

Thr

33

AsSn
55

Pro
ASn
135
Leu
Thr
Glu

Glu

Thr
215

Ser
Leu

Thr

ASn
55

Pro

Asn
135
Leu
Thr

Glu

Glu

ASP

Ser

Hig

120

Val

Val

Gly

Gln

200

Agn

Val

Ser

ASn
40

ASP

Ser

Hig

120

Val

Val

Gly

Gln
200

Phe

Ser

ASDP

Gln

105

Agn

Agn

Trp

Gly

185

Leu

Ser

Val

Gly

25

Phe

Ser

ASDP

Gln

105

Agn

Agn

Trp

Gly

185

Leu

Thr

Ser

Leu

50

Ser

Leu

Ser

ala

Glu

170

Gly

Gln

Val

Glu

10

Thr

AgSh

Thr

Ser

Leu

50

Ser

Leu

Ser

2la

Glu

170

Gly

Gln

Leu

75

Ser

Phe

Thr

ATrg

Asn

155

ASp

Trp

Met

Gln

Pro

Leu
75

Ser

Phe

Thr

AYg

Asnh

155

ASpP

Trp

Met

-continued

Ser

60

ITle

Val

Ser

Thr

Leu

140

Gln

Gly

Leu

Gly

Pro
220

Ala

Pro

Agnh

Ser

60

Ile

Val

Ser

Thr

Leu

140

Gln

Gly

Leu

Gly

Gln Ile Serxr

Leu

Ser

Asn

Ile

125

Leu

Asp

Val

Phe
205

Glu

Gln

Leu

45

Gln

Leu

Ser

AsSn

Ile
125

Leu

Asp

Val

Phe
205

ASP

Ser

Pro

110

Thr

Ser

Ser

Ala
120
Gly

Leu

Gly

Val

30

Thr

Tle

ASP

Ser

Pro

110

Thr

Ser

Ser

Ala
190

Gly

Tyr
Ala
o5

Thr

ASP

Pro

Tyr

175

Ser

Ile

Val
15

Ser

2la
o5

Thr

ASP

Pro

Tyr

175

Ser

Tle

US 9,889,194 B2

Pro
Phe
80

Gly

Pro

ASDP

Cys

160

Gly

Thr

Glu

Agn

Leu

Pro

Phe

80

Gly

Pro

ASpP

Cys

160

ATrg

Gly

Thr

34



35

-continued

US 9,889,194 B2

Val Gln Tyr Gly Thr Asp Thr Asn Ser Val Cys Pro Lys Leu Glu Phe

210

215

220

Ala Asn Asp Thr Lys Ile Ala Ser Gln Leu Gly Asn Cys Val Glu Tyr

225

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

PRT

SEQUENCE :

Ser Tyr Glu Ser

1

Phe

Glu

Agn

Leu

65

Pro

Phe

Gly

Pro
145

ASpP

ATrg

Gly

Thr

225

Ser

Gly

Met

Hig

Val
205

Glu

Phe

50

Leu

2la

Ser

Pro

Leu

130

Leu

Arg

Val

Ser

210

Val

ASpP

Gly

Tle

Glu
290

Hig

Arg

Ala

ASP

35

Ser

Ala

Ile
115

Tle

Thr

Ser

Gln
195

Thr

Gln

Pro

Ser

275

ASP

Agn

Val

Lys

20

Phe

ATrg

Leu

Tle

Pro

100

Ser

Leu

Glu
Tle
180

Leu

Val

Thr

Ser

260

ATrg

Pro

Ala

Val

SEQ ID NO 8
LENGTH :
TYPE :
ORGANISM: artificial sequence
FEATURE:
OTHER INFORMATION:

468

8

Phe

5

Pro

Ser

Leu

Phe

2la

85

Leu

Gln

Ala

Ser

Val

165

Vval

Ser

2la

Gly

Hig

245

Val

Thr

Glu

Ser
325

230

ASpP

Ser

Pro

Val

Ser

70

Ser

Ser

Phe

Thr

Tyr

150

Pro

Pro

Pro

Met

Thr

230

Thr

Phe

Pro

Val

Thr

310

Vval

S350-588-F¢ peptide

Val

Gly

Leu

Phe

55

Val

Asn

Met

Asn

Val

135

Ile

Gln

Ser

Leu

Thr
215

AsSp

Leu

Glu

Lys
295

Leu

Glu

Ser

Leu

40

Thr

Agn

Tyr

120

Pro

Agn

Leu

Thr

Glu

200

Glu

Thr

Pro

Phe

Val

280

Phe

Pro

Thr

Ser

Val

25

Ser

ASn

ASP

Ser
105

His

Val

Val

185

Gly

Gln

Agn

Pro

Pro

265

Thr

Agn

ATg

Val

Gly
10
Val

Gly

Phe

Ser

90

ASp

Gln

Agn

AgSh

170

Trp

Gly

Leu

Ser

Cys

250

Pro

Trp

Glu

Leu
330

235

Val

Glu

Thr

Agnh

Thr

75

Ser

Leu

Ser

Leu

Ser

155

Ala

Glu

Gly

Gln

Val

235

Pro

Val

Glu
315

His

Gln

Pro

Tvr

60

Leu

Ser

Phe

Thr

140

AYg

Agnh

ASpP

Trp

Met

220

Ala

Pro

Val

Val

300

Gln

Gln

Ser

Ala

Pro

45

ASn

Ser

Tle

Val

Ser

125

Thr

Leu

Gln

Gly

Leu

205

Gly

Pro

Pro

val
285

Asp

Asp

Val

Glu

30

Gln

Leu

Gln

Leu

Ser

110

Agn

Tle

Leu

ASP
190

Val

Phe

Glu

ASP

270

ASP

Gly

Agn

Trp

Ser

15

Gly

Val

Thr

Ile

ASpP

o5

Ser

Pro

Thr

Ser

Ser

175

2la

Gly

Leu

Leu
255

Thr

Val

Val

Ser

Leu
335

240

Ser

Val

b2la

Thr

ASpP
160

Pro

Ser

Tle

ATrg
240

Leu

Leu

Ser

Glu

Thr

320

Agn

36



Gly

Tle

Val

Ser

385

Glu

Pro

Val

Met

Ser
465

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

Glu

Tyr

370

Leu

Trp

Val

ASp

His

450

Pro

Glu

Lys

355

Thr

Thr

Glu

Leu

Lys

435

Glu

Gly

Tyzr
340
Thr

Leu

sSer
ASP
420

Ser

Ala

PRT

SEQUENCE :

ser Gly Val Tyr

1

Val

Ser

ASh

ASp
65

Ser

His

Lys

145

Val

Val

Gly

Gln

Val

Gly

Cys

50

Phe

Ser

ASp

Gln

Agn
130

Cys

Agn

Trp

Gly

Leu
210

Glu

Thr

35

AgSh

Thr

Ser

Leu

Ser

115

Leu

Ser

Ala

Glu

Gly

195

Gln

Gln
20

Pro

Leu

Ser
100
Phe

Thr

ATJg

Agn

ASP

180

Trp

Met

Tle

Pro

Leu

AsSn

405

Ser

Arg

Leu

SEQ ID NO 9
LENGTH :
TYPE :
ORGANISM: artificial sequence
FEATURE:
OTHER INFORMATION:

460

5

Ser

5

Ala

Pro

Agh

Ser

Ile

85

Vval

Ser

Thr

Leu

Gln
165

Gly

Leu

Gly

Cvs

Ser

Pro

Val

390

Gly

ASpP

Trp

His

Val

Glu

Gln

Leu

Gln

70

Leu

Ser

Agn

ITle

Leu

150

ASpP

Val

Phe

37

Ser

375

Gln

Gly

Gln

Asn
455

S358-588-F¢ peptide

Ser

Gly

Val

Thr

55

Tle

Asp

Ser

Pro

Thr
135

Ser

Ser

Ala

Gly
215

Val

2la

360

ATrg

Gly

Pro

Ser

Gln

440

His

Ser

Val

Tyr
40

Ser

Ala

Thr
120

ASP

Pro

Ser
200

Tle

Ser

345

Glu

Phe

Glu

Phe

425

Gly

Tyr

Phe

Glu

25

Agn

Leu

Pro

Phe

Gly

105

Pro

ASP

ATrg
185

Gly

Thr

Agn

Gly

Glu

Agn
410
Phe

Agn

Thr

Glu
10

Phe

Leu

2la

Ser
S0

Pro

Leu

Leu

Arg

Val
170

Ser

Val

Gln

Met

Pro

395

Agn

Leu

Val

Gln

Ala

ASpP

Ser

Ala
75

Tle

ITle

Thr

155

Ser

Gln

Thr

Gln

-continued

Ala

Pro

Thr

380

Ser

Phe

Lys
460

Phe

AYg

Leu

60

Tle

Pro

Ser

Leu

Tvr

140

Glu

Tle

Leu

Val

Tvyr
220

Leu

Arg
365

Ser
Ser
445

Ser

Pro

Ser

Leu

45

Phe

Ala

Leu

Gln

Ala

125

Ser

Val

val

Ser

Ala

205

Gly

Pro

350

Glu

Agn

Tle

Thr

Lys

430

Leu

Ser

Pro

30

Val

Ser

Ser

Ser

Phe
110

Thr

Pro

Pro

Pro

120

Met

Thr

ala

Pro

Gln

Ala

Thr

415

Leu

Ser

Ser

Gly

15

Leu

Phe

Val

Agn

Met

55

Agn

Val

Ile

Gln

Ser

175

Leu

Thr

ASpP

US 9,889,194 B2

Pro

Gln

Val

Val

400

Pro

Thr

Val

Leu

Ser

Leu

Thr

Agh

Cys
80

Pro

Agn

Leu

160

Thr

Glu

Glu

Thr

38



AsSn

225

Pro

Pro

Thr

Asn

ATrg

305

Val

Ser

Glu

Phe

385

Glu

Phe

Gly

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

Ser

Pro

Trp

290

Glu

Leu

Agn

Gly

Glu

370

AgSh

Phe

Agn

Thr
450

Val

Pro

Val

275

Glu

His

Gln
355

Met

Pro

AgSh

Leu

Val

435

Gln

Ala

Pro

260

Val

Val

Gln

Gln

Ala

340

Pro

Thr

Ser

Tyr
420

Phe

PRT

SEQUENCE :

Glu Ala Lys Pro

1

Cys

Phe

Leu

Ala

65

Ser

Pro

Leu

ASpP

Ser
50

2la

Ile

Tle

Phe

ATg

35

Leu

Tle

Pro

Ser

Leu
115

Ser
20

Leu

Phe

Ala

Leu

Gln

100

Ala

Pro

Pro

245

Val

AsSp

Asp
325

Leu

Asp

Lys

405

Ser

Ser

Ser

SEQ ID NO 10
LENGTH :
TYPE :
ORGANISM: artificial sequence
FEATURE:
OTHER INFORMATION:

451

10

Ser
5

Pro

Val

Ser

Ser

Ser

85

Phe

Thr

Lvs

230

Glu

ASP

ASP

Gly

Asn

310

Trp

Pro

Glu

Agn

ITle

390

Thr

Leu

Gly

Leu

Phe

Val

Agn

70

Met

AsSn

Vval

39

Leu
Leu
Thr
Val
Val
295
Ser
Leu
Ala
Pro
Gln
375
Ala
Thr
Leu

Ser

Ser
455

S367-588-F¢ peptide

Ser

Leu

Thr

Asn
55

Pro

AT

Leu

Leu

Ser

280

Glu

Thr

Agn

Pro

Gln

360

Val

Val

Pro

Thr

Val

440

Leu

Val

Ser

Agn
40

ASP

Ser

His
120

Ser

Gly

Met

265

His

Val

Gly

Ile

345

Val

Ser

Glu

Pro

Val
425

Met

Ser

Val

Gly
25

Phe

Ser

ASP

Gln

105

Agn

ASDP

Gly

250

Ile

Glu

His

Arg

Lys

330

Glu

Leu

Trp

Val

410

ASp

Hisg

Pro

Glu
10
Thr

Agn

Thr

Ser

Leu

90

Ser

Leu

Liys

235

Pro

Ser

ASpP

Agn

Val

315

Glu

Thr

Thr

Glu

395

Leu

Glu

Gly

Gln

Pro

Leu
75

Ser

Phe

Thr

-continued

Thr

Ser

AY(

Pro

Ala

300

Val

Thr

Leu

Cvys

380

Ser

ASDP

Ser

Ala

Lys
460

Ala

Pro

AsSn

Ser

60

Tle

Val

Ser

Thr

Hig

Vval

Thr

Glu

285

Ser

Ile

Pro

365

Leu

Asn

Ser

Arg

Leu
445

Glu

Gln

Leu
45

Gln

Leu

Ser

Asn

Tle
125

Thr

Phe

Pro

270

Val

Thr

Val

Ser

350

Pro

Val

Gly

ASP

Trp

430

Hig

Gly
Val
30

Thr

Ile

ASP

Ser

Pro

110

Thr

Cys
Leu
255

Glu

Leu
Lys

335

Ser

Gln
Gly
415

Gln

Agn

Val
15

Ser

2la
o5

Thr

US 9,889,194 B2

Pro

240

Phe

Val

Phe

Pro

Thr

320

Val

2la

Gly
Pro
400

Ser

Gln

Hig

Glu

Agn

Leu

Pro

Phe
80

Gly

Pro

40



Leu
Arg
145

Val

Ser

Val

ASp

225

Gly

Ile

Glu

Hig

ATrg

305

Glu

Leu

Trp

385

Val

ASP

His

Pro

<210>
<211>
<«212>
<213>
<220>
<223 >

Lys

130

Thr

Ser

Gln

Thr

Gln

210

Pro

Ser

ASpP

Agn

290

Val

Glu

Thr

Thr
370

Glu

Leu

Glu

Gly
450

Glu

Ile

Leu

Val

195

Thr

Ser

Pro
275
2la

Val

Thr

Leu

355

Ser

ASP

Ser

Ala
435

Ser

Val

Val

Ser

180

Ala

Gly

His

Val

Thr

260

Glu

Ser

Ile

340

Pro

Leu

Agnh

Ser

ATg

420

Leu

PRT

<400> SEQUENCE:

Pro

Pro

165

Pro

Met

Thr

Thr

Phe

245

Pro

Vval

Thr

Val

Cvys

325

Ser

Pro

Val

Gly

AsSp

405

Trp

His

SEQ ID NO 11
LENGTH :
TYPE :
ORGANISM: artificial sequence
FEATURE:
OTHER INFORMATION:

469

11

ITle

Gln

150

Ser

Leu

Thr

ASpP

Cvys

230

Leu

Glu

Leu
210

Ser

Gln
390
Gly

Gln

ASh

41

Asn
135
Leu
Thr
Glu
Glu
Thr
215
Pro
Phe
Val
Phe
Pro
295
Thr
Val
Ala
Arg
Gly
375
Pro
Ser

Gln

His

S367-606-Fc peptide

Val

Val

Gly

Gln

200

Agn

Pro

Pro

Thr

Agn

280

ATrg

Val

Ser

Glu

360

Phe

Glu

Phe

Gly

Tyr
440

Agn

Trp

Gly

185

Leu

Ser

Pro

Cys

265

Trp

Glu

Leu

Agn

Gly
345

Glu

AgSh

Phe

Agn
425

Thr

Ser

2la

Glu

170

Gly

Gln

Val

Pro

Lys

250

Val

Glu

His

Lys

330

Gln

Met

Pro

AgSh

Leu

410

Val

Gln

ATrg

Asnh

155

ASD

Trp

Met

Ala

235

Pro

Val

Val

Gln

Gln

315

Ala

Pro

Thr

Ser

Tyr

395

Phe

-continued

Leu

140

Gln

Gly

Leu

Gly

Pro

220

Pro

Val

ASpP

Tvyr

300

ASDP

Leu

ATYJ

ASpP

380

Ser

Ser

Ser

Leu

Asp

Val

Phe

205

Glu

Asp

Asp

Gly

285

Asn

Trp

Pro

Glu

AsSn

365

Tle

Thr

Leu
445

Ser

Ser

Ala

120

Gly

Leu

Leu

Thr

Val

270

Val

Ser

Leu

Ala

Pro

350

Gln

Ala

Thr

Leu

Ser

430

Ser

ASP

Pro

Tyr

175

Ser

Tle

Arg

Leu

Leu

255

Ser

Glu

Thr

AgSh

Pro

335

Gln

Val

Val

Pro

Thr

415

Val

Leu

US 9,889,194 B2

ASpP

Cys

160

ATrg

Gly

Thr

Ser

Gly

240

Met

Hig

Val

Gly

320

Tle

Val

Ser

Glu

Pro

400

Val

Met

Ser

Glu Ala Lys Pro Ser Gly Ser Val Val Glu Gln Ala Glu Gly Val Glu

1

5

10

15

Cys Asp Phe Ser Pro Leu Leu Ser Gly Thr Pro Pro Gln Val Tyr Asn

20

25

30

42



Phe

Leu

Ala

65

Ser

Pro

Leu

Leu

ATrg

145

Val

Ser

Val

Ala

225

ATg

Leu

Leu

Ser

Glu

305

Thr

ASh

Pro

Gln

Val

385

Val

Pro

Thr

Ser
50

2la

Tle

Ile

Lys

130

Thr

Ser

Gln

Thr

Gln

210

Agn

Ser

Gly

Met

His

290

Val

Gly

Tle

Val
370

Ser

Glu

Pro

Val

ATy

35

Leu

Ile

Pro

Ser

Leu

115

Glu

Ile

Leu

Val

195

ASP

ASP

Gly

Tle

275

Glu

His

Glu
355

Leu

Trp

Val

ASP
435

Leu

Phe

Ala

Leu

Gln

100

Ala

Ser

Val

Val

Ser

180

Ala

Gly

Thr

Pro

260

Ser

ASP

Agn

Val

Glu

340

Thr

Thr

Glu

Leu
420

Val

Ser

Ser

Ser

85

Phe

Thr

Pro

Pro

165

Pro

Met

Thr

Thr

245

Ser

Arg

Pro

Ala

Val

325

Thr

Leu

Ser
405

Asp

Ser

Phe

Vval

AsSn

70

Met

Agn

Val

Tle

Gln

150

Ser

Leu

Thr

ASP

Tle

230

Hig

Vval

Thr

Glu

Lys

310

Ser

Tle

Pro

Leu

390

Agn

Ser

ATrg

43

Thr

Asn
55

Pro
Asn
135
Leu
Thr
Glu
Glu
Thr
215
Ala
Thr
Phe

Pro

Val
295
Thr

Val

Ser

Pro
375
Val
Gly

Asp

Trp

Agn
40

ASDP

Ser

His

120

Val

Val

Gly

Gln

200

Agh

Ser

Leu

Glu
280

Leu

Lys
360

Ser

Gln

Gly

Gln
440

Phe

Ser

ASP

Gln

105

Agn

Agn

Trp

Gly

185

Leu

Ser

Gln

Pro

Phe

265

Val

Phe

Pro

Thr

Val

345

Ala

ATg

Gly

Pro

Ser

425

Gln

Agn

Thr

Ser

Leu

50

Ser

Leu

Ser

2la

Glu

170

Gly

Gln

Val

Leu

Pro

250

Pro

Thr

AgSh

Val
330

Sexr

Glu

Phe

Glu

410

Phe

Gly

Leu

75

Ser

Phe

Thr

Arg

Agnh

155

ASpP

Trp

Met

Gly
235

Pro

Trp

Glu

315

Leu

AgSn

Gly

Glu

395

Agn

Phe

Asnh

-continued

AsSn

Ser

60

Ile

Val

Ser

Thr

Leu

140

Gln

Gly

Leu

Gly

Pro

220

AsSn

Pro

Val

Tyr
300
Glu

Hig

Gln

Met

380

Pro

AsSn

Leu

Val

Leu

45

Gln

Leu

Ser

AsSn

Ile

125

Leu

Asp

Vval

Phe
205

Ala

Pro

Val

285

Val

Gln

Gln

Ala

Pro

365

Thr

Ser

Phe
445

Thr

Tle

ASP

Ser

Pro

110

Thr

Ser

Ser

Ala
190

Gly

Leu

Val

Pro

Lys

270

Val

ASP

ASP

Leu
350

ATrg

Ser
430

Ser

Lys

Ser

Ala
o5

Thr

ASpP

Pro

Tyr

175

Ser

Ile

Glu

Glu

Glu

255

ASpP

ASpP

Gly

Agn

Trp

335

Pro

Glu

Agn

Tle

Thr
415

US 9,889,194 B2

Leu

Pro

Phe

80

Gly

Pro

ASp

Cys

160

Gly

Thr

Phe

Tyr

240

Leu

Thr

Val

Val

Ser

320

Leu

Ala

Pro

Gln

Ala

400

Thr

Leu

Ser

44



45

-continued

US 9,889,194 B2

Val Met Hig Glu Ala Leu His Asn Hig Tyr Thr Gln Lys Ser Leu Ser

450

Leu Ser Pro Gly Lys

465

<210>
<211>
«212>
<213>
«220>
<223>

PRT

<400> SEQUENCE:

Gln Ala Glu Gly

1

Pro

Leu

65

Ser

Phe

Thr

ATg

Agn
145

ASpP

Trp

Met

Ala
225

Pro

Val

Val

Gln

Gln

305

Ala

Pro

Agn

Ser

50

Tle

Val

Sexr

Thr

Leu

130

Gln

Gly

Leu

Gly

Pro

210

Pro

Val

ASp

Tyr

290

ASpP

Leu

Gln

Leu

35

Gln

Leu

Ser

ASsn
Tle
115

Leu

ASP

Val

Phe

195

Glu

ASP

ASP

Gly

275

Agn

Trp

Pro

Val

20

Thr

Ile

ASDP

Ser

Pro

100

Thr

Ser

Ser

Ala

180

Gly

Leu

Leu

Thr

Val

260

Val

Ser

Leu

Ala

SEQ ID NO 12
LENGTH :
TYPE :
ORGANISM: artificial sequence
FEATURE:
OTHER INFORMATION:

441

12

Ser

Ala
g5

Thr

Asp

Pro

Tyr

165

Ser

Tle

Arg

Leu

Leu

245

Ser

Glu

Thr

Asn

Pro
325

Glu

Agn

Leu

Pro

Phe

70

Gly

Pro

ASP

Cys

150

ATrg

Gly

Thr

Ser

Gly

230

Met

Hig

Vval

Gly
310

Tle

455

S377-588-F¢ peptide

Phe

Leu

Ala

55

Ser

Pro

Leu

Leu

Arg

135

Val

Ser

Val

Asp

215

Gly

Tle

Glu

Hisg

Arg
295

Glu

ASP

Ser
40

Ala

Ile

Tle

Lys

120

Thr

Ser

Gln

Thr

Gln

200

Pro

Ser

ASP

Agn

280

Val

Glu

Phe

Arg

25

Leu

Ile

Pro

Ser

Leu

105

Glu

Tle

Leu

Val

185

Thr

Ser

ATrg

Pro
265

Ala

Val

Thr

Ser

10

Leu

Phe

Ala

Leu

Gln

50

Ala

Ser

Val

Val

Ser

170

Ala

Gly

His

Val

Thr

250

Glu

Ser

Tle
330

Pro

Val

Ser

Ser

Ser

75

Phe

Thr

Pro

Pro

155

Pro

Met

Thr

Thr

Phe

235

Pro

Val

Thr

Val

Cys

315

Ser

460

Leu

Phe

Val

AsSn

60

Met

Asn

Val

Tle

Gln

140

Ser

Leu

Thr

ASpP

Cvys

220

Leu

Glu

Leu
200

Leu

Thr

Asn
45

Pro

AsSn

125

Leu

Thr

Glu

Glu

Thr

205

Pro

Phe

Vval

Phe

Pro

285

Thr

Val

Ala

Ser
Agn
30

ASP

Ser

His

110

Val

Val

Gly

Gln

120

Agn

Pro

Pro

Thr

Agn
270

ATrg

Val

Ser

Gly

15

Phe

Ser

ASP

Gln

55

AgSh

Agn

Trp

Gly

175

Leu

Ser

Pro

Cys

255

Trp

Glu

Leu

Agn

Gly
335

Thr

Agn

Thr

Ser

Leu

80

Ser

Leu

Ser

Ala

Glu

160

Gly

Gln

Val

Pro

Lys

240

Val

Glu

His

Lys

320

Gln



Pro

Thr

Ser

Tyr
385

Phe

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

<400>

Arg

ASp

370

Lys

Ser

Ser

Ser

Glu

Agn

355

Tle

Thr

Leu
435

Pro

340

Gln

Ala

Thr

Leu

Ser

420

Ser

PRT

SEQUENCE :

Gln Ala Glu Gly

1

Pro

Leu

65

Ser

Phe

Thr

ATrg

ASh

145

ASp

Trp

Met

Gly
225

Phe

Pro

Agn

Ser

50

Tle

Val

Sexr

Thr

Leu

130

Gln

Gly

Leu

Gly

Pro
210

Agn

Gln

Gln

Leu

35

Gln

Leu

Ser

AgSh

Tle

115

Leu

ASP

Val

Phe
195

Agn

Val

20

Thr

Ile

ASDP

Ser

Pro

100

Thr

Ser

Ser

Ala
180

Gly

Leu

Val

Gln

Val

Vval

Pro

Thr

405

Vval

Leu

SEQ ID NO 13
LENGTH :
TYPE :
ORGANISM: artificial sequence
FEATURE:
OTHER INFORMATION:

515

13

Ser

2la
85

Thr

Asp

Pro

Tvr

165

Ser

Tle

Glu

Glu

Thr
245

Val

Ser

Glu

Pro

390

Val

Met

Ser

Glu

ASh

Leu

Pro

Phe

70

Gly

Pro

ASpP

Cvs

150

ATrg

Gly

Thr

Phe

230

Ala

47

Leu

Trp

375

Val

Asp

Hig

Pro

S377-662-Fc peptide

Phe

Leu

Ala

55

Ser

Pro

Leu

Leu

Arg

135

Val

Ser

Val

Ala
215

Ser

Val

Thr
Thr
260

Glu

Leu

Glu

Gly
440

ASP

Ser
40

Ala

Tle

Tle

Lys

120

Thr

Ser

Gln

Thr

Gln

200

Agn

Leu

Gly

Leu

345

Ser

ASP

Ser

Ala
425

Phe

Arg

25

Leu

Ile

Pro

Ser

Leu

105

Glu

Tle

Leu

Val
185

Val

Pro

Leu

Agn

Ser

ATrg

410

Leu

Ser
10

Leu

Phe

ala

Leu

Gln

S0

Ala

Ser

Val

Val

Ser

170

ala

Gly

Thr

Gly

Arg
250

Pro

Val

Gly

ASDP

395

Trp

His

Pro

Val

Ser

Ser

Ser

75

Phe

Thr

Pro

Pro
155

Pro

Met

Thr

Val
235

Gln

-continued

Ser

Lys

Gln

380

Gly

Gln

ASn

Leu

Phe

Val

AsSn

60

Met

AsSn

Val

Tle

Gln

140

Ser

Leu

Thr

ASD

Tle
220

Ser

Gln

Arg

Gly

365

Pro

Ser

Gln

His

Leu

Thr

AsSn
45

Pro

ASn

125

Leu

Thr

Glu

Glu

Thr

205

Ala

Gly

Arg

Glu

350

Phe

Glu

Phe

Gly

Tyr
430

Ser
ASnhn
20

ASP

Ser

His

110

Val

Val

Gly

Gln

120

Agn

Ser

ATg

Phe

Glu

Tyr

Agn

Phe

Agn

415

Thr

Gly

15

Phe

Ser

ASpP

Gln
o5

AgSh

Agn

Trp

Gly

175

Leu

Ser

Gln

Gly

Val
255

US 9,889,194 B2

Met

Pro

Agn

Leu

400

Val

Gln

Thr

Agh

Thr

Ser

Leu

80

Ser

Leu

Ser

2la

Glu

160

Gly

Gln

Val

Leu

Val
240



ASp

ASp

Gly

305

ITle

Glu

Hisg

Arg

Lys

385

Glu

Leu

Trp

Val

465

ASP

Hig

Pro

2la

Lys

290

Pro

Ser

ASpP

Agn

Val

370

Glu

Thr

Thr

Glu

450

Leu

Glu

Gly

Leu
275
Thr

Ser

Pro
Ala
355

Val

Thr

Leu

Cys

435

Ser

ASP

Ser

Ala

Lys
515

Gln

260

ATg

His

Val

Thr

Glu

340

Ser

Ile

Pro

420

Leu

Agnh

Ser

ATg

Leu
500

AsSn

Ala

Thr

Phe

Pro

325

Vval

Thr

Vval

Ser
405

Pro

Val

Gly

AsSp

Trp

485

His

<210> SEQ ID NO 14

<211> LENGTH:

<212> TYPERE:

<213> ORGANISM: Bacteriophage T4

PRT

<400> SEQUENCE:

277

14

Leu

Leu
210

Glu

Leu
Lys

390

Ser

Gln
Gly
470

Gln

Agn

49

Val

Val

Pro

295

Phe

Val

Phe

Pro

Thr

375

Val

Ala

Arg

Gly

Pro

455

Ser

Gln

Hisg

Gly

Ser

280

Pro

Pro

Thr

Agn

ATy

360

Val

Ser

Glu

Phe

440

Glu

Phe

Gly

Tyr
265

Val

Pro

Trp

345

Glu

Leu

Agn

Gly

Glu

425

AgSh

Phe

Agn

Thr
505

Pro

Pro

Val

330

Glu

His

Gln
4710

Met

Pro

AgSh

Leu

Val

490

Gln

Ser

Val

A2la

Pro

315

Val

Val

Gln

Gln

Ala

395

Pro

Thr

Ser

Tyr
475

Phe

-continued

ASp

Ser

Pro

300

Val

ASpP

ASD
380

Leu

AYg

ASDP

Lys

460

Ser

Ser

Ser

Asp

Val

285

Glu

Asp

Asp

Gly

Asn

365

Trp

Pro

Glu

AsSn

Ile

445

Thr

Leu

Gly

270

Ile

Leu

Thr

Val

Val

350

Ser

Leu

Ala

Pro

Gln

430

Ala

Thr

Leu

Ser

Ser
510

Agn

Arg

Leu

Leu

Ser

335

Glu

Thr

Agn

Pro

Gln

415

Val

Val

Pro

Thr

Val

495

Leu

US 9,889,194 B2

Ser

Gly

Met

320

Hig

Val

Gly

Tle

400

Val

Ser

Glu

Pro

Val

480

Met

Ser

Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys

1

5

10

Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu

<210>
<«211>
<«212>
<213>

<400>

20

PRT

SEQUENCE :

SEQ ID NO 15
LENGTH :
TYPE :
ORGANISM: homo sapilens

229

15

25

15

Arg Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu

1

5

10

15

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr

20

25

30

50



Leu

Ser

Glu

65

Thr

AsSn

Pro

Gln

Val

145

Val

Pro

Thr

Val

Leu
225

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

<400>

Met
His
50

Val

Gly

Tle

Val

130

Ser

Glu

Pro

Val

Met

210

Sexr

Tle
35
Glu

His

Glu

115

Leu

Trp

Val

ASP

195

His

Pro

Ser

ASP

Agn

Val

Glu
100

Thr

Thr

Glu

Leu
180

Glu

Gly

PRT

SEQUENCE :

Arg Ser Pro Arg

1

Pro

Val

Phe

65

Glu

His

Ser

Met
145

Pro

2la

Ile

Val
50
Val

ASpP

Gln

ASp

Val

130

Thr

Glu

Pro
Lys
35

Val

Agn

ASP

Leu

115

ATrg

ASP

Agn

20

ASP

ASDP

Agn

Asn
Trp
100

Pro

Ala

Tle

Arg

Pro

2la

Val

85

Thr

Leu

Ser
165

Asp

Ser

Ala

SEQ ID NO 1o
LENGTH:
TYPE :
ORGANISM: mus

234

16

Gly

5

Leu

Val

Vval

Val

Ser
85

Met

2la

Pro

Gln

Tyr
165

Thr

Glu

Lys

70

Ser

Tle

Pro

Leu

150

Agn

Ser

ATrg

Leu

musculus

Pro

Leu

Leu

Ser

Glu

70

Thr

Ser

Pro

Gln

Val

150

Vval

51

Pro
Val
55

Thr

Val

Ser
Pro
135
Val
Gly
Asp

Trp

His
215

Thr
Gly
Met

Glu
55
Val

Leu
Gly
Ile
Val
135

Thr

Glu

Glu
40

Leu

Lys
120

Ser

Gln

Gly

Gln

200

Agn

Tle

Gly

Ile

40

ASDP

His

ATy

Glu
120

Leu

Trp

Val

Phe

Pro

Thr

Val

105

Ala

ATg

Gly

Pro

Ser

185

Gln

His

Pro

25

Ser

ASDP

Thr

Val

Glu

105

Arg

Val

Thr

Thr

Thr

Agn

Val
90

Ser

Glu

Phe

Glu

170

Phe

Gly

Pro

10

Ser

Leu

Pro

2la

Val
90

Phe

Thr

Leu

Agn
170

Trp

Glu

75

Leu

Agnh

Gly

Glu

Tyr

155

Agn

Phe

Asnh

Thr

Val

Ser

ASp

Gln

75

Ser

Tle

Pro

Met
155

Asnh

-continued

Val
Tvr
60

Glu

Hig

Gln

Met

140

Pro

AsSn

Leu

Val

Gln
220

Pro

Phe

Pro

Val
60
Thr

Ala

Ser
Pro
140

Val

Gly

Val Val Asp

45

Val

Gln

Gln

Ala

Pro

125

Thr

Ser

Phe
205

Pro

Tle

Ile

45

Gln

Gln

Leu

Lys
125

Pro

Thr

ASP

ASP
Leu

110

ATrg

Ser
190

Ser

Ser

Phe

30

Val

Tle

Thr

Pro

Val
110

Pro

Glu

ASP

Thr

Gly

Agn

Trp

S5

Pro

Glu

Agn

Tle

Thr
175

Leu

Lys

15

Pro

Thr

Ser

His

Ile
o5

Agn

Glu

Phe

Glu
175

US 9,889,194 B2

Val

Val

Ser

80

Leu

Ala

Pro

Gln

Ala

160

Thr

Leu

Ser

Ser

Pro

Trp
ATrg
80

Gln

Agn

Gly

Glu

Met

160

Leu

52



AsSn

Met

Ser

Thr
225

Tyzr

Tvyr

Tyr

210

Lys

Lys
sSer
195

Ser

Ser

Agn
180

Phe

Thr

Leu

Ser

Ser

<210> SEQ ID NO 17

<«211> LENGTH:

<212> TYPE:
<213> ORGANISM: Oryctolagus

PRT

<400> SEQUENCE:

Arg Ser Ser Lys

1

Ser

ATg

Pro

Ala

65

Val

Phe

Thr

Met

Cys

145

ASp

Ser

Ala

Lys
225

Val

Thr

Glu

50

Arg

Sexr

Ile

Gly

130

Met

Agn

Ser

Glu

Leu
210

Phe

Pro

35

Val

Pro

Thr

Ser
115

Pro

Tle

Gly

ASP

Trp

195

His

Tle

20

Glu

Gln

Pro

Leu

Lys

100

Pro

Agn

Gly
180

Gln

Agnh

225

17

Pro

5

Phe

Val

Phe

Leu

Pro

85

Vval

Ala

Arg

Gly

Ala

165

Ser

His

<210> SEQ ID NO 18

<211> LENGTH:

«212> TYPERE:

<213> ORGANISM: homo sapilens

PRT

<400> SEQUENCE:

302

18

Glu

ATrg

Val

ATrg
230

Thr

Pro

Thr

Thr

ATg

70

Tle

His

ATg

Glu

Phe

150

Glu

53

Pro
Val
Val

215

Thr

Pro

Trp
55

Glu
Ala
ASn

Gly

Glu
135

Asp

Phe

AsSp

Thr
215

Val

Glu

200

His

Pro

Leu
185

Lys

ASDP

Lys

Ser

Asnh

Glu Gly Leu

Gly

Lys

cuniculus

Pro

Gln

His

Gln
120

Leu

Pro

Agn

Leu

Val

200

Gln

Pro

Pro

25

Val

Tle

Gln

Gln

Ala

105

Pro

Ser

Ser

Tyr

Tyr

185

Phe

Pro

10

Lys

Val

Agn

Phe

ASp

50

Leu

Leu

Ser

ASp

Lys

170

Ser

Thr

Sexr

Glu

ASpP

ASD

Asnh

Agnh

75

Trp

Pro

Glu

Arg

ITle

155

Thr

Ile

-continued

ASDP

Trp

Hig
220

Leu

Thr

Val

Glu

60

Ser

Leu

Ala

Pro

Ser

140

Ser

Thr

Leu

Ser

Ser
220

Gly
Val
205

Asn

Leu

Leu

Ser

45

Gln

Thr

Arg

Pro

Lys

125

val

Val

Pro

Ser

Val

205

Arg

Ser
190
Glu

His

Gly

Met

30

Gln

Val

Ile

Gly

Tle

110

Val

Ser

Glu

Ala

Val

120

Met

Ser

Tyzr

Arg

His

Gly

15

Tle

ASP

Arg

Arg

Lys

55

Glu

Leu

Trp

Val

175

Pro

His

Pro

US 9,889,194 B2

Phe

Agn

Thr

Pro

Ser

ASpP

Thr

Val

80

Glu

Thr

Thr

Glu

160

Leu

Thr

Glu

Gly

Higs Leu Ile Val Thr Pro Ser Gly Cys Gly Glu Gln Asn Met Ile Gly

1

5

10

15

Met Thr Pro Thr Val Ile Ala Val His Tyr Leu Asp Glu Thr Glu Gln

20

25

30

54



Trp

Phe

65

Val

Gln

Pro

Tle

Phe

145

Val

Ala

Phe

Gln

225

Gln

Glu

Met

Gln

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

<400>

Glu

Lys

50

2la

Val

Val

ASpP

Gly

130

Val

Agn

Agn

2la

Leu

210

Leu

Leu

Gln

Val

Glu
290

Lys
35

Gly

2la

Leu

Gly
115

Gly

Leu

Ser

Leu
195

Thr

Phe
275

Leu

Phe

Phe

Val

Cys

100

Val

Leu

Ile

Leu

Met

180

Ala

Thr

Agn

ASP

Tyr

260

Gln

Agnh

PRT

SEQUENCE :

Met Thr Pro Gln

1

Gln

Ala

Phe

Ala

65

Ala

Tle

Tle

Gly

Gln

50

Ile

2la

His

Lys

35

Val

Glu

Val

Ala

Thr
20

ATy

Glu

ATg

Glu

Tle

Gly

Thr

Val

Phe

85

Gly

Phe

Arg

Ser

Pro

165

AsSn

Gln

Ala

Val

Phe

245

2la

Leu

SEQ ID NO 19
LENGTH:
TYPE :
ORGANISM: vibrio cholerae

104

19

Asn
5

Leu

Glu

Vval

Met

Lys

85

Ser

Leu

Gln

Lys

70

Ser

Ala

Gln

Agn

Leu

150

Gly

Leu

Met

Glu

230

ASP

Gly

Leu

ASP

Tle

Agn

Met

Pro

Lys

70

Leu

Met

3

Glu
Gln
55

Arg
Leu
Val
Glu
Asn
135
Gln
Ser
Gln
Gly
Asp
215
Ala
Phe
Gly

Ala

Val
295

Thr

AsSp

Ala

Gly
55

Asp

Ala

Lys
40
Leu

2la

Ala

ASP
120

Agn

Glu

Ile

ATrg

ATrg

200

Thr

Val

Gly

Gln
280

Ser

ASpP

Tle

40

Ser

Thr

Val

Agn

ATy

Ala

Pro

Val

Trp

105

Ala

Glu

Ala

Thr

Ser

185

Leu

AgSh

Ser

Pro

Tyr

265

Leu

Leu

Tle
25

Tle

Gln

Leu

Trp

Gln

Phe

Ser

AgSh

50

Leu

Pro

Lys
170

Pro
250
Gly

Gln

Gln

Cys
10
Phe

Thr

His

AgSn
SO

Gly

Arg

Thr

75

Leu

ITle

Val

ASp

ASDP

155

Ala

Thr

Gly

Trp

Ala

235

Val

Ser

Leu

Ala

Ser

Phe

ITle

Ile

75

AgSn

-continued

Ala

Gln

60

Trp

Tle

Leu

ITle

Met

140

Ile

Gly

Val

Pro

Glu

220

Leu

Val

Thr

ASpP

Pro
300

Glu

ASpP
60

Ala

Leu

45

Pro

Leu

Ala

Glu

His

125

Ala

Asp

Ala

Leu

205

Asp

Leu

Arg

Gln

Ala

285

Ser

Thr

Asn
45

Ser

Thr

Glu

Ser

Thr

Tle

Lys

110

Gln

Leu

Glu

Phe

Tle

120

Leu

Pro

Ala

Trp

Ala

270

Pro

Arg

His

Glu
30

Gly

Gln

Leu

Pro

Leu

Ser

2la

ASpP

55

Gln

Glu

Thr

Glu

Leu

175

2la

Agn

Gly

Leu

Leu

255

Thr

ASpP

ASnh
15

Ser

Ala

Thr

Arg
S5
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Ile

Ala

Tyr

80

Ser

Met

Ala

Gln

160

Glu

Gly

Leu
240
Agn

Phe

His

Thr

Leu

Thr

Glu
80

Ala

56
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S7

-continued

100

«<210> SEQ ID NO 20

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Bacteriophage T4

<400> SEQUENCE: 20

Gly Ser Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val
1 5 10 15

Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu
20 25

<210> SEQ ID NO 21

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisgiae

<400> SEQUENCE: 21

Met Lys Gln Ile Glu Asp Lys Ile Glu Glu Ile Leu Ser Lys Ile Tyr
1 5 10 15

Hig Ile Glu Asn Glu Ile Ala Arg Ile Lys Lys Leu Ile Gly Glu Val
20 25 30

<210> SEQ ID NO 22

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: IQ trimerization sequence

<400> SEQUENCE: 22

Arg Met Lys Gln Ile Glu Asp Lys Ile Glu Glu Ile Glu Ser Lys Gln
1 5 10 15

Lys Lys Ile Glu Asn Glu Ile Ala Arg Ile Lys Lys
20 25

<210> SEQ ID NO 23

<211> LENGTH: 24

<212> TYPRE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: IZ trimerization sequence

<400> SEQUENCE: 23

Ile Lys Lys Glu Ile Glu Ala Ile Lys Lys Glu Gln Glu Ala Ile Lys
1 5 10 15

Lys Lys Ile Glu Ala Ile Glu Lys
20

<210> SEQ ID NO 24

<211> LENGTH: b5

<212> TYPRE: PRT

<213> ORGANISM: artificial sequence
<220> FEATURE:

223> OTHER INFORMATION: Linker sequence

<400> SEQUENCE: 24

Gly Gly Gly Gly Ser
1 5

58
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We claim:

1. A protein comprising:
a Middle East respiratory syndrome coronavirus (MERS-
CoV) spike (S) protein sequence (SEQ ID NO: 1), or
fragment thereol wherein said fragment comprises
amino acids 350-3588 of the MERS-CoV S protein

sequence (SEQ ID NO:4), amino acids 358-388 of the
MERS-CoV S protein sequence (SEQ ID NO:5), amino
acids 367-588 of the MERS-CoV S protein sequence
(SEQ ID NO:6), amino acids 377-588 of the MERS-
CoV S protemn sequence (SEQ ID NO:3), or amino
acids 367-606 of the MERS-CoV S protein sequence
(SEQ ID NO:7); and

an 1mmunopotentiator protein sequence, wherein the
immunopotentiator sequence comprises an amino acid
sequence of an Fc fragment of human IgG (Fc), a C3d
protein, an Onchocerca volvulus ASP-1, a cholera
toxin, a muramyl peptide, or a cytokine.

2. The protein of claim 1, wherein said fragment of the
MERS-CoV S protein sequence comprises an MERS-CoV
S1 protein sequence, a receptor-binding domain (RBD)
sequence of an MERS-CoV S protein, a fusion peptide
sequence ol an MERS-CoV S protein, a heptad repeat
sequence ol an MERS-CoV S protein, or a transmembrane
domain sequence of an MERS-CoV S protein.

3. The protemn of claim 2, the MERS-CoV S1 protein
sequence, the RBD sequence of the MERS-CoV S protein,
the fusion peptide sequence of the MERS-CoV S protein, the
heptad repeat sequence of the MERS-CoV S protein, or the
transmembrane domain sequence of the MERS-CoV S pro-
tein.

4. The protemn of claim 2, the MERS-CoV S1 protein
sequence, the RBD sequence of the MERS-CoV S protein,
the tusion peptide sequence of the MERS-CoV S protein, the
heptad repeat sequence of the MERS-CoV S protein, or the
transmembrane domain sequence of the MERS-CoV S pro-
tein.

5. The protein of claim 2, wherein the MERS-CoV S1
protein sequence, the RBD sequence of the MERS-CoV S
protein, the fusion peptide sequence of the MERS-CoV S
protein, the heptad repeat sequence of the MERS-CoV S

protein, or the transmembrane domain sequence of the
MERS-CoV S protein.

6. The protemn of claim 1, wherein the MERS-CoV S
protein sequence comprises amino acids 377-588 of the
MERS-CoV S protein sequence (SEQ ID NO:3).

7. The protein of claim 1, wherein the immunopotentiator
sequence 1s a human Fc sequence.

8. The protemn of claim 1, wherein the protein further
comprises a stabilization sequence disposed between the
MERS-CoV S protein sequence and the immunopotentiator
sequence.
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9. The protein of claim 8, wherein the stabilization
sequence 1s a foldon (Fd) or GCN4.

10. The protein of claim 1, wherein the protein further
comprises a linker sequence disposed between the MERS-
CoV S protein sequence and the immunopotentiator

sequence, and the linker 1s 1 to 8 tandem copies of
(GGGGS), (SEQ ID NO:24).

11. The protein according to claim 10, wherein n 1s 1.

12. The protein of claim 1, wherein the protein comprises
the sequence of S377-588-Fc (SEQ ID NO:12).

13. An immunogenic composition comprising a protein
according to claim 1.

14. A method of inducing a protective immune response
against MERS-CoV comprising:

administering the immunogenic composition of claim 13

to a subject 1n need thereof;

wherein the immunogenic composition induces a protec-

tive immune response against challenge with MERS-
CoV 1n the host.

15. The method according to claim 14, wherein the
immunogenic composition further comprises an adjuvant.

16. The method according to claim 14, wherein the
administering step comprises a prime immunization and at
least one boost immunization.

17. The method according to claim 16, wherein the boost
immunizations are administered at least twice.

18. The method according to claim 17, wherein the boost
immunizations are administered weekly, every other week,
monthly, or every other month.

19. The method according to claim 17, wherein the boost
immunizations are administered weekly, every 2 weeks,
cvery 3 weeks, every 4 weeks, every 5 weeks, every 6
weeks, every 7 weeks, every 8 weeks, every 9 weeks, every
10 weeks, every 11 weeks, or every 12 weeks.

20. The protein of claim 1, wherein said fragment of the
MERS-CoV S protein sequence comprises amino acids

350-588 of the MERS-CoV S protein sequence (SEQ ID
NO:4).
21. The protein of claim 1, wherein said fragment of the

MERS-CoV S protemn sequence comprises amino acids
358-588 of the MERS-CoV S protein sequence (SEQ 1D

NQO:5).
22. The protein of claim 1, wherein said fragment of the

MERS-CoV S protein sequence comprises amino acids
367-588 of the MERS-CoV S protein sequence (SEQ 1D
NQO:6).

23. The protein of claim 1, wherein said fragment of the
MERS-CoV S protemn sequence comprises amino acids

367-606 of the MERS-CoV S protein sequence (SEQ ID
NO:7).
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