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REPLICATION-COMPETENT ADENOVIRUS TYPE 4 SARS-COV-2 VACCINES AND
THEIR USE

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No. 63/138,221, filed

January 15, 2021, which 1s herein incorporated by reference 1n 1ts entirety.

FIELD
This disclosure concerns a recombinant replication-competent adenovirus type 4 (Ad4)
expressing a SARS-CoV-2 spike protein and its use as an immunogenic composition for inhibiting

SARS-CoV-2 infection and transmission.

BACKGROUND

Coronaviruses are a large family of viruses that typically cause mild to moderate upper
resprratory tract disease; however, some members of this family can cause severe disease and death
1n humans. In the last 20 years, coronaviruses have caused three major outbreaks 1n humans
resulting from severe acute respiratory syndrome coronavirus (SARS-CoV), Middle East
respiratory syndrome coronavirus (MERS-CoV), and SARS-CoV-2, the latter of which first
emerged in Wuhan, China in December 2019. As of January 2021, SARS-CoV-2 had infected
more than 84 million people worldwide, leading to nearly 2 million deaths. Although several
SARS-CoV-2 vaccines have been approved for use 1n the U.S. and other countries, a need remains
for an etfective SARS-CoV-2 vaccine that induces mucosal immunity and can be rapidly produced

1n large quantities.

SUMMARY

Disclosed herein are immunogenic compositions comprised of a replication-competent
adenovirus type 4 (Ad4) expressing a SARS-CoV-2 spike (S) protein (“Ad4-Spike™), such as a
wild-type or modified version of the S protein from the original Wuhan strain or from a SARS-
CoV-2 variant, such as the beta (B.1.351) variant, the delta (B.1.617.2) variant, the gamma (P.1)
variant, the delta plus variant, or the omicron (B.1.1.529) vanant. In the disclosed Ad4 vector, the
gene encoding the SARS-CoV-2 S protein 1s cloned into the E3 region of an Ad4 vaccine strain.
To accommodate 1nsertion of the S protein, at least a portion of the E3 region 1s deleted. The
disclosed Ad4-Spike vaccines possess several important advantages over other proposed and

licensed SARS-CoV-2 vaccine platforms. In particular, as a replicating vector, Ad4-Spike 1s
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capable of inducing a durable immune response, including mucosal immunity, which 1s an
important factor for inhibiting both infection and transmission of the virus. Furthermore, Ad4-
Spike vaccines can be rapidly produced to high titers at a relatively low cost.

Provided herein 1s a recombinant, replication-competent Ad4 expressing a SARS-CoV-2 S
protein. The genome of the recombinant Ad4 includes a deletion 1n the adenovirus E3 region and
an 1nsertion of a coding sequence for the SARS-CoV-2 S protein. The SARS-CoV-2 S protein can
be a native S protein or a modified S protein, such as a stabilized or truncated S protein.
Additionally, the S protein can be from the Wuhan strain of SARS-CoV-2 or a variant thereof, such
as a variant of concern (VOCQ).

Also provided 1s a recombinant, replication-competent Ad4 vector having a deletion 1n the
adenovirus E3 region and an insertion of a coding sequence for the SARS-CoV-2 S protein. The
SARS-CoV-2 S protein can be a native S protein or a modified S protein, such as a stabilized or
truncated S protein, derived from either the Wuhan strain or a SARS-CoV-2 variant, such as a
VOC.

Further provided are immunogenic compositions that include a recombinant Ad4 or a
recombinant Ad4 vector disclosed herein, and a pharmaceutically acceptable carrier.

Also provided are methods of eliciting an immune response against SARS-CoV-2 1n a
subject and methods of immunizing a subject against SARS-CoV-2 infection by administering to
the subject a therapeutically effective amount of a recombinant Ad4, a recombinant Ad4 vector, or
an immunogenic composition disclosed herein. In some embodiments, the recombinant Ad4,
recombinant Ad4 vector or immunogenic composition 1s administered to the upper respiratory tract,

such as intranasally.

The foregoing and other objects and features of the disclosure will become more apparent
from the following detailed description, which proceeds with reference to the accompanying

figures.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1: SARS-CoV-2 spike expression of stabilized and truncated designs in transfected
A549 Cells. A549 cells were transfected with a shuttle vector plasmid containing the gene for the
SARS-CoV-2 spike protein from the Wuhan strain (nCoV). Four spike protein constructs were
made: wild-type (WT), stabilized (PP), tail truncated (TT), and endocytosis motit truncated
(noEndo). Controls included untransfected (unTF) cells and cells transtected with a plasmd

expressing an HIV-1 envelope (Env) protein (FDE3). Expression of spike and Env was measured
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by tlow cytometry using a SARS-CoV-2 spike protein-specific antibody and an HIV-1 Env-specific
antibody (VRCO1), respectively. SARS-CoV-2 spike protein expression in transfected A549 cells
diminmished with stabilizing mutations, truncation of the tail, and truncation of the endocytosis
motif, relative to wild-type spike protein.

FIGS. 2A-2B: SARS-CoV-2 spike expression of stabilized and truncated designs in
infected A549 Cells. Replicating adenovirus carrying a SARS-CoV-2 protein gene was used to
infect AS49 cells. Three spike protein designs based on the Wuhan strain were tested for
expression on the surface of A549 cells: wild-type (nCoV-WT), PP-stabilized (nCoV-PP), and tail-
truncated (nCoV-TT) spike protein. A replicating adenovirus expressing an HIV-1 Env protein
(FDE3) was used as a positive control of infection and uninfected (unlF) cells were used a negative
control. Expression of spike protein was measured by flow cytometry using a SARS-CoV-2 spike
protein-specific antibody. Antibody VRCO1 was used to detect expression of HIV Env.
Expression of spike by nCoV-WT 1s shown 1n FIG. 2A; expression of spike by FDE3, nCoV-PP
and nCoV-TT 1s shown 1n FIG. 2B. As shown 1in FIGS. 2A-2B, expression of spike protein was
high tfrom both the nCoV-W'T and nCoV-PP constructs.

FIG. 3: Immunization with replicating Ad4 containing SARS-CoV-2 spike protein gene
induces neutralization 1n rabbits. New Zealand white rabbits were immunized on day O and day 28
(indicated by the arrows) with 1.29 x 10’ infectious units (IFU) of purified replicating Ad4 nCoV-
WT. Using a luciferase assay, serum neutralization against Wuhan SARS-CoV-2 pseudovirus was
detected starting at 4 weeks post-immunization (prior to the second dose), and continued to
increase up to 12 weeks post-immunization.

FIG. 4: Amino acid alignment of nCoV-PP, nCoV-WT, nCoV-Tail-Truncation, and nCoV-
No-Endo spike proteins. Alignment displays locations of three mutations introduced to the SARS-
Cov-2 wild-type (Wuhan) spike protein. nCoV-PP contains double proline stabilization
substitutions at amino acid position 986 and 987; nCoV-Tail-Truncation includes a deletion of the
terminal 24 amino acids at the cytoplasmic tail; and nCoV-No-Endo contains a deletion of the
terminal endocytosis signaling motif (terminal five residues). Amino acid numbering 1s with
reference to wild-type spike protein set forth herein as SEQ ID NO: 2.

FIGS. 5A-5B: Serum neutralization against Wuhan pseudovirus in a dose titration of
intranasal Ad4-SARS-CoV-2wypp 1n hamsters. Syrian golden hamsters were intranasally
administered 10” to 10’ infection forming units (IFU) of Ad4-SARS-CoV-2 Wuhan spike with PP
stabilization (Ad4-SARS-CoV-2wypp). Serum neutralization against Wuhan pseudovirus was
measured at week 4 (FIG. 5A) and week 8 (FIG. SB). Strong neutralization was observed at both
timepoints for the highest doses of Ad4-SARS-CoV-2wupp.
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FIGS. 6A-6E: Serum neutralization of intranasal Ad4-SARS-CoV-2 expressing the
indicated VOC spike 1in hamsters. Syrian golden hamsters were immunized with intranasal Ad4

expressing stabilized spike proteins from either the Wuhan strain (Ad4-CoV2-Wuhan), the beta
variant (Ad4-CoV2-SA), the delta vanant (Ad4-CoV2-Indian) or the gamma variant (Ad4-CoV2-

Brazil), or a stabilized chimeric spike protein having the beta variant RBD (Ad-CoV2-Wu/RBD-
SA). An Ad4 expressing an influenza virus HS hemagglutinin (Ad4-HS) and sham 1noculation
were 1ncluded as negative controls. Serum neutralization against Wuhan pseudovirus (FIG. 6A) or
delta pseudovirus (FIG. 6B) was determined 28 days following intranasal administration. In

addition, serum neutralization against Wuhan pseudovirus (FI1G. 6C), delta pseudovirus (F1G. 6D)

and omicron pseudovirus (FIG. 6E) was determined 56 days following intranasal administration.

SEQUENCE LISTING
The nucleic and amino acid sequences listed 1n the accompanying sequence listing are
shown using standard letter abbreviations for nucleotide bases, and three letter code for amino
acids, as defined 1n 37 C.F.R. 1.822. Only one strand of each nucleic acid sequence 1s shown, but
the complementary strand 1s understood as included by any reference to the displayed strand. The
Sequence Listing 1s submitted as an ASCII text file, created on January 14, 2022, 199 KB, which 1s

incorporated by reference herein. In the accompanying sequence listing:

SEQ ID NO: 1 is the nucleotide sequence of the Ad4-SARS-CoV-2 spike vector.

TAAATTTAAATGAATTCCGTCAAGGGCGACACAAAAGGTATTCTAAATGCATAATAAATACTGATAACATCTTATAGTTT
GTATTATATTTTGTATTATCGTTGACATGTATAATT T TGATATCAAAAACTGATTTTCCCTTTATTATTTTCGAGATTTA
ITTTTCTTAATTCTCTTTAACAAACTAGAAATATTGTATATACAAAAAATCATAAATAATAGATGAATAGTTTAATTATAG
GTGTTCATCAATCGAAAAAGCAACGTATCTITATTTAAAGTGCGTITGUTTITTITCTCATTTATAAGGTTAAATAATTCTCA
TATATCAAGCAAAGTGACAGGCGCCCTTAAATATTCTGACAAATGCTCTTTCCCTAAACTCCCCCCATAAAAAAACCCEC
CGAAGCGGGTTTTTACGTITAT T TGCGGATTAACGATTACTCGTTATCAGAACCGCCCAGGATGCCTGGCAGTTCCCTACT
CTCGCCGLCTGLCGCTCOGETCETITCGGUTGUCOGGACCTCAGCGUCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGAT
GAGGGTGITCAGTGAAGTGUCTTCATGTGGCAGGAGAAAAAAGGUTGCACCGGTGUCGTCAGCAGAATATGTGATACAGGATA
TATTCCGCTTCCTCGUCTCACTGACTCGLCTACGLC TCGGTCGTTCGACTGUCGGCGAGCGGAAATGGUTTACGAACGGGGLEE
AGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGLCCGLCGGCAAAGCCGTTTTTCCATAGGLCTCCG
CCCCCCTGACAAGCATCACGAAATC TGACGCTCAAATCAGTGGETGGCGAAACCCGACAGGACTATAAAGATACCAGGCET
I TCCCCCTGGECGECTCCCTCGTGLCGUTCTCCTGTTCCTGCCTTITCGGTTTACCOGGTGTCATTCCGCTGTTATGGCCGCET
ITTGTCTCATTCCACGCCTGACACTCAGTTCCGGGETAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCLCETTC
AGTCCGACCGCTGUCGCCTTATCCGGETAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCA
GCCACTGGTAATTGATTTAGAGGAGTTAGTCTIGAAGTCATGCGUCCGETTAAGGUTAAACTGAAAGGACAAGTTTTGETG
ACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGUCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGLG
GTTTTTTCGTTTTCAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGCTTAGAAAAAC
ITCATCGAGCATCAAATGAAATTGCAATTTATTCATATCAGGATTATCAATACCATATTTITTGAAAAAGCCGTTTCTGTAA
TGAAGGAGAAAACTCACCGAGGCAGTICCATAGGATGGCAAGATCCTGETATCGGTCTGCGATTCCGACTCGTCCAACAT
CAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCGET
GAGAATGGCAAAAGTTTATGCATTICTTTCCAGACTTIGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGC
ATCAACCAAACCGTTATTCATTCGTGATTGCGUCTGAGCGAGGCGAAATACGCGATCGUCTGTTAAAAGGACAATTACAAA
CAGGAATCGAGTGCAACCGGUGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAAT
ACCTGGAACGCTGTITTTCCGGEEATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGET
CGGAAGTGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCAT
GTTTCAGAAACAACTCUTGGUGCATCGGGUTTCCCATACAAGCGATAGATTGTCGLCACCTGATTGCCCGACATTATCGCGA
GCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGACGTTTCCCGTTGAATATGGEUTCAT
ATTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGA
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AAAATAAACAAATAGGGGETCAGTGTTACAACCAATTAACCAATTCTGAACATTATCGCGAGCCCATTTATACCTGAATAT
GGCTCATAACACCCCTTGTITTGCCTGOGLCGGCAGTAGCGCGGTGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAAC
GCCGTAGCGUCGATGGTAGTGTGGGGACTCCCCATGCGAGAGTAGGGAACTGCCAGGCATCAAATAAAACGAAAGGCTCA
GICGAAAGACTGGGUCCTTTCGCCCEEGCTAATTAGGGGGTGTCGCCCTTATCGUCTGAGGATCCATTITAAATTTAATTAAC
ATCATCAATAATATACCTTATTTTTTTTGTGTGAGTTAATATGCAAATAAGGCGTGAAAATTTGGGGATGGGECGECELTG
ATTGGUTGTGACAGUCGGCGTTCGTTAGGGGUGGGEECAGGTGACGTTTTGATGACGCGACTATGAGGAGGAGTTAGTTTGC
AAGTTCTGGTGGGGAAAAGTGACGTCAAACGAGGTGTGGTITAAACACGGAAATACTCAATTTITCCCACGCTGTCTAACA
GGAAATGAGGTGTITTTITGOGEUCGEATGCAAGTGAAAACGGACCATTTTCGUCGCCAAAACTGCGAATCAGGAAGTGAAATCTGA
GTAATTTAGTGTI TATGACAGGGAGGAGTATTTGCCGAGGGCCGAGTAGACTTTGACCGTTTACGTGGGGETTTCGATTA
CCGITGTTITTTCACCTAAAGTTCCGLCGTACGGTGTCAAAGTCCGGTGTTTTTACGTAGGTGTCAGCTGATCGTCAGGGTAT
T TAAACCTGUGCTCTGCAGTCAAGAGGCCACTCTTGAGTGUCCAGCGAGAAGAGTTTTCTCCTCLCGUCGCCGLCGAGTCAGAT
CTACACTTITGAAATATGAGGCACCTAAGAGACCTGCCCGATGAGGAAATTATCATCGCTITCCGEGAGCGAGATTCTGGAA
CTGGTGGTAAATGUCTATGATGGGCGACGACCATCCGGAACCCCCCACCCCATT TGAGACACCTICGUCTGCACGATTTIGTA
TGATCTGGAGGTGGATGTGUCCCGAGGACGACCCCAACGAGAAGGUGGTAAATGATTTATTTAGCGATGCCGCGUCTGLCTAG
CTGCCGAGGAGGUCTTCAAGCCCTAGCTCAGACAGCGACTCTTCACTGCATACCCCTAGACACGACAGAGGTGAGAAAGAG
ATCCCCGGGUCTTAAATGGGAAAAGATGGACTTGUCGTIGCTATGAGGAATGCCTGCCCCCAAGCGATGATGAGGACGAGCA
GGCGATTCAGAACGCAGCGAGCCATGGAGTGCAAGCCLGTCAGCGAGAGCTTITGCACTGGACTGCCCGLCCTTTGCCUGGAC
ACGGCTGTAAGTCTIGTGAATTICATCGCATCAATACTGGAGATAAAGCTGTGITATGTGCACTTTGCTATATGAGAGCG
TACAACCATTGTGTITACAGTAAGTGTGATTAAGTGAACTTITAAAGGGAGGCAAAGAGTAGGGTGACTGGEGETGATGACTG
GITTTATT TATGTATATCTGTTTTTTATATAGGTCCCGTITTCTGACGCAGATGATGAGACCCCCACTACAGAGTCCACTTT
GTCACCCCCTGAAATTGGCACGTCTCCATCTGACAATATTGTTAGACCAGTTCCTGTAAGAGCCACTGGGAGGAGAGCAG
CTGTAGAATGT I TGGATGATTTGCTTCAGGGTGGAGATGAACCTTTGGACTTGTGTACCCGGAAACGCCCCAGGCATTAA
GTGCCACACATGTGTGTITTACT TGAGGTGATGTCAGTATTTATAGGGTGTGGAGTGCAATAAAATATGTGTTGACTTITAA
GTGCGTGGETTTATGACTCAGGGGAGGGGACTTTGGGTATATAAGCAGGTGCAGACCTGTGTGGTTAGCTCAGAGCGGTAT
GGAGATT ITGGACGGTTTTGGAAGACTTTCACAAGACTAGGCAGCTGCTAGAGAACGCCTCGAACGGAGTCTCTTACCTGT
GGAGATITCTGCTTCGGUCGETGACCTAGCTAAGC TAGTCTATAGGGUCCAAACAGGATTATAGGGAACAATTTGAGGATATT
T TGAGAGAGTGTCCTGGTCTTT I TGACGCTCTTAACTTGGGCCATCAGTCTCACTTTAACCAGAGAATTTCAAGAGCCCT
TGACTTTACTACTCCTGGLCAGAACCACTGCAGCAGTAGCCTTTTTITGCTTITTATTTT TGACAAATGGAGTCAAGAAACCC
ATTTCAGCAGGGATTACCAGCTGGATTTCTTAGCAGTAGCTTTGTGGAGAACATGGAAGTGCCAGCGCCTGAATGCAATC
TCCGGCTACTTGUCCGGTACAGCCGUTAGACACTCTGAGGATCCTGAGTCTCCAGCAGCAGGAGGATCAAGAAGAGAATCC
GAGAGCCGGLCCTGGACCLCTCCGGUCGEGAGGAGTAGCTGACCTGTTTCCTGAACTGCACCGGELTGCTGACTAGGTCTTCGAG
TGGTCGEGEAGAGGGGTATTAAGCGGGAGAGGCATGATGAGACTAATCACAGAATTGAACTGACTGTGGETCTGATGAGCC
GCAAGCGTCCAGAAACAGTGTGGTGGTATGAGGTGCAGTCAACTGGCACAGATGAGGTGTCAGTCATGCATGAGAGATTT
TCCCTAGAACAAGTCAAGACTTGTTGGTITGGAGCCTGAGGATGATTGGEAGGTAGCCATCAGGAATTATGCCAAGCTGEL
TCTGAGGCCAGATAGAAAGTACAAGATTACTAAGCTGATAAATATCAGAAATGCCTGCTACATCTCAGGGAATGEGEECTG
AAGTGGAGATCTGTCTITCCAGGATAGAGTGGUTTTCAGATGUTGCATGATGAATATGTACCCGGGAGTGGTGGACATGGAT
GGGGETCACCTTTATGAACATGAGGTTCAGGGGAGATGGGETATAATGGGACGGTCTTITATGGCCAATACCAAGCTGACAGT
GCATGGATGCTCCTTCTTITGOGGTTTAATAACACCTGCATCGAGGUTTGOGOTCAGGTCGGTGTITAAGGGGTGCAGTTITTT
CAGCCAACTGGATGGEGEGEETAGTGGEGECAGGACCAAGAGTATGUCTGTUTGTGAAGAAATGCTTGTTTGAGAGGTGCCACCTG
GGGGTGATCAGCGAGGGCGAAGCCAGAATCCGLCCACTGTGLCCTCTACCGAGACGGGUTGTTTTGCTGCTGTGCAAGGGCAA
TGCCAAGATCAAGCATAATATGCATCTGTGGAGCCTCGGACGAGCOLCGGUTACCAGATGUCTGACCTGLCGLCLCGETGEGAACA
GTCATATGCTGGCCGCCGTGCATGTGGCTTCCCATTCCCGCAAGCCCTGGCCTGAGT TCGAGCACAATGTCATGACCAGG
TGCAATATGCATCTGGEOGCTCOCCEAGGCATGTTTATGCCCTACCAGTGCAACCTGAATTATGTAAAGGTGCTCCTGGA
GCCCGATGTCATGTCCAGAGTGAGUCCTGACGGEGEETGITTIGACATGAATGTGGAAGTGTGGAAGATTICTAAGATATGAT G
AATACAAGACCAGGTGTCGAGCCTGCGAGTGUCGGAGGGAAGCATGCCAGGTTCCAGCCCGTGTGTGTGGATGTGACGGAG
GACCTGCGACCCGATCATT ITGGTGTTGTCCTGCACCGGLGACGGAGTTCGGUTCCAGTGGOGAAGAATCTGACTAGAGTGA
GTAGTGTTITTTGGGEGAGGGAGAGGACCTGCATAAGGGGCAGAATGATTAAAATCTGTGCTTITTCTGTGTGTTGCAGCAGCA
TGAGCGGAAACGGUTCCT I TGAGGGAGGGGTATTCAGCCCTTATC TGACGGGLELCGTCTCCCCTCUCTGGGUCGEGEEAGTGCET
CAAAATGTGATGGGATCCACGGTGGACGGLCGELCCCETACAGCCUCGCGAACTCTTCAACCCTGACCTATGCAACCUTGAG
CTCCTCGTCGGTGGACGCAGCTGCCGCCELCAGCTGCTGUCTTCTGUCCGCCAGCGCLCETGCGELCGLAATGGLCCATGGGECGECCE
GCTATTACGGCACTCTGGETGGCCAACTCGAGTICCACTAATAATCUCCGUCCAGCCTGAACGAGGAGAAGLCTGCTGCTGTTG
ATGGCCCAGCTCGAGGCCTTGACCCAGCGLCCTGGELCGAGCTGACCCAGCAGGTGGUCTCAGCTGCAGGAGCAGACGLGEEEL
CGCGGTTGCCACGGTGAAATCCAAATAAAAAATGAATCAATAAATAAACGGAGACGGTTGTTGATTTTAAAAATCAGAGT
CTGAATCTITTATITGATTTITTCGCGCACGGTAGGCCCTGGACCACCGGUCCTCGATCATTGAGCACCCGGTGGATCTITTC
CAAGACCCGGTAGAGGTGGGATTGGATAT TGAGGTACATGGGCATGAGCCCGTCCCGGEELTCAAGGTAGCTCCATTGCA
GOEGCCTCGTGCTCGEGEETGOTGTTGCTAAATCACCCAGTCATAGCAGGGACGCAGGGLCETGGETOCTTGCACAATATCTITITG
AGGAGGAGACTGATGGCCACGGGECAGCCCTTTGGETGTAGGTGTTTACAAACCTGTTGAGCTGGGAGGGATGCATGL GGG
GGAGATGAGGTGCATCTTAGCCTGGATCT TCAGATTGGCGATGTTACCGUCCCAGATCCCGCCTGGGATTCATGTTGTGCA
GGACCACCAGCACGGTGTATCCGGTGCACTTGEGEGAATTTGTCATGCAACTTGGAAGGGAAGGCATGAAAGAATTTGGAG
ACGCCCTTGTGGCCGCCCAGGTTTTCCATGCACTCATCCATGATAATGGCTATGGGCCCETGEECEECEECTTGEECAAA
GACGTTICGGGOEETCGGACACATCGTAGT TGTGGETCCTGGETGAGATCTTCATAGGCCATTTTAATGAATTTGGEEGECGEEA
GGGETGCCCGATTGCGEGGGACGAAGGTACCCTCAATCCCOGGGEGUCGTAGTITCCCTCACAGATCTGCATCTCCCAGGCCTTA
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AGUTCCGAGGGGEGGATCATGTCCACCTGCGEGEEECGATAAAGAAAACGGETTITCCGGEEELGEEEEAGATGAGCTGEGECEGEA
AAGCAGGTTGCGGAGTAGUCTGGGACTTACCGCAGCCGLOETGEGGCCETAGATAACCCCAATGCGACCGGCTGCAGGTGGTAGT
TGAGGGAGACACAGCTGCCGTCCTCCCTAAGAAGGGLGGGCCACCTCGTTCATCATTTGGCGCACGTGCATGTTCTCGCGC
ACCAGTTCCGCCAGGAGTCGUTCTCCGLCCCAGCGAGAGGAGUTCCTGCAGCGAGGCGAAGT ITTTCAGCGGCTTGAGCCC
GICGGCCATGGGCATTTTGGAAAGGGTCTGTTGCAGGAGTTCCAAGCGGTCCCAGAGCTCGGTGATGTGCTCTACGGCAT
CTCGATCCAGCAGACCTCCTCGTTTCGLCEGETTIGGGECEACTGUCGGGEAGTAGGGCGUCCAGACGATGGEGCETCCAGCELGE
CCAGGLGTCCGGTCCTTCCAGGGTCGCAGCLOGTCCGCGTCAGGGTGGTCTCCGTCACGGTAAAGGLGGTGLCGCGLCLLGEGLTGE
GCGCTTGCOCAGGGTGUCGUT ICAGGCTCATCCGEUTGGTCCAGAACCGCTCCCLATCGGCGLCCCTGTGLCETCGLGUCAGGTA
GCAATTGACCATGAGTTCGTAGTTGAGCGLCTCGGCLCELGTGECCTTTGGUCGCGEAGCTTACCTTTGGAAGTCTGCCCAC
AGGCGLEGACAGAGGAGGGACTTGCAGGGUCGTAGAGUCTTGGGGEGECGAGGAAGACGGACTCGGEGGELCETAGGUCGTCCELCGCLE
CAGTGGGCECAGACGGTCTCGCACTCCACGAGCCAGGTGAGGTCGGGECTGATTGGGATCAAAAACCAGTTTTCCGCCETT
CTTTTTGATGCGTTTCTTACCTCTGGTCTCCATGAGCTCGTGTCCCCGUCTGGETGACAAAGAGGCTGTCCGTGTCCCLGT
AAACCGACTTTATGGOGETCGGTCCTCGAGTGLGACGLCCGLGGTCCTCGTCGTAGAGGAAACCCGACCACTUCTGAGACGAAG
GCCCGEGLETCCAAGCCAGCACGAAGGAGGUCCACGTGGGAGGGATAGCGGTCGTTATCCACCAGCGGLGTCCACCTTCTCCAG
ITGTATGCAAACACATGTCCCCCTCGTCCACATCCAGGAAGGTGAT TGGUTTGTAAGTGTAGGCCACGTGACCGGGGETCL
CEGLCLCLEEGEGEGETATAAAAGGGGGCGGGLCCGUTGCTCGTCTTCACTGTCTTCCGGATCGUCTGTCCAGGAGCGCCAGCTGT
TGGGGTAGGTATTCCCTCTCAAAGGUGGGCATGACCTCCGCACTCAGGTTGTCAGTTTCTAGAAACGAGGAGGATTTGAT
ATTGACGGTGCCGGLCGGAGATGCCT ITCAAGAGCCCCTCGTCCATCTGETCAGAAAAGACAATCTTITTTGTTGTCGAGTT
TGGTGECGAAGGAGCCGTAGAGGGUCGT TGGAGAGGAGCTTGGCGATGGAGCGCATGGTCTGGTTCTTTTCCTTGTCGGELG
COCTCCTTGOGUCGELCGATGTTGAGCTGCACGCTACTCGCLGLGLCCACGCACTITCCATTCOGGGAAGACGGTGGT TAGCTCGTC
TGGCACGATTCTGACCTGCCAGCCCLCGGETTATGCAGGGTGATGAGGTCAACGUCTGETGGLCCACCTCGCLCGCGLCAGGGGLT
CGTTGGTCCAGCAGAGGCEGGLCGLCCLTTGLCGCGAGCAGAAGGGGGGLCAGGGGETCCAGCATAAGCTCGTCGGEEEEEETCA
GCATCGATGGTGAAGATGCCTGGCAGGAGGTCOEGGTCGAAGTAGUTTATGCAGGTGCCCAGATCGTCCAGAGAAGCTT G
CCATTCGCGCACGGCCAGCGLGLGCTCGTAGGGACTAAGGGGCETGUCCCCAGGGCATGGGETGEETGAGCGLCEGAGGLET
ACATGCCGCAGATGTCGTAGACGTAGAGGGGUTCATCAAGGATGUCCAATGTAGGTGEEGETAGCAGUGGCCCCCGELGGATG
CTGGCGCGCACGTAGTCATACAACTCGTGUGAGGGGGELCGAGGAGUCLCCGEUTCCGAGATTGGLGLCEEUTGEGEETTTTTCGEC
GCGGETAGACGATCTGACGGAAGATGGCGTGGGAGT TGCAGGAGATGGTGGEGTCTITGGAAGATGTTGAAGTGGEGELGETGEE
GCAGGUCCGACCGAGTCGLCLOEATGAAGTGLLOLCGTAGGAGTUCTTGCAGUTTGGCLCACAAGCTCGLGLCGGTGACGAGGACGTCC
AGGGCGCAGTAGTCAAGGGTCTCTIGGATGATGTCATACTTGAGUTGGCCCTTITTGTTTCCACAGCTCGLGGTTGAGAAG
GAACTCTTCGCGGTCCTTCCAGTACTCTTCAAGGGGGAACCCGTCCTGGTCGLCACGGTAAGAGCCTAGCATGTAGAACT
GGTTAACGGCCTITGTAGGUGCAGCAGCCCTTICTCCACGGGEAGGGCATAGGUCCTGGECGGLCCTTGCGCAGGGAGGTETGC
GTGAGGGCGAAGGTGTCCCTGACCATGACCTTTAGGAACTGGTGUTTGAAGTCGATATCGTCGCAGCCCCCCTGCTCCCA
GAGCTGGAAGTCCGTGCGUCTTICTTGTAGGLCGGEETTGOGCAAAGUCGAAAGTAACATCGT TGAAGAGGATCTTGCCLGCEC
GGGGCATAAAGTTGCGAGTGATGCGGAAAGGCTGOEGEGCACCTCGGCCCOEETTGTTGATGACCTGEGLCGGCEAGCACGATC
TCGTCGAAGCCGTTAATGTTGTGGCCCACAATGTATAGTTCCACGAACCGLCGGEGEUGGLCCCTTGACGTGEEGCAGTTTCTT
GAGCTCCTCGTAGGTGAGCTCGTCGGEGEETCGUCTGAGCCLCLGTGCTGUCTCGAGGLGCCCAGTCGGUCGAGATGGEEETTGELEC
GGAGGAAGGAAGTCCAGAGATCCACGGLCCAGGGCOGETTTGCAGACGATCCCOGGTACTGGCGGAACTGCTGACCCACGGCC
ATTTTTTCGOGOGGTCGACGCAGTAGAAGGTGCOGLGEETCGCCEGTGCCAACGLTCCCATTTTAGCTGGAGGGCGAGATCAAG
GGCGAGCTCAACGAGCCGGETCGETCCCCGEAGAGTTTCATGACCAGCATGAAGGGGACGAGCTGLCTTGCCGAAGGACCCCA
TCCAGGTGTAGGTTITCCACATCGTAGGTGAGGAAGAGCCTTITCGGETGCGAGGATGCGAGCCGATGEGEGAAGAACTGGATC
TCCTGCCACCAGTTGGAGGAATGGU TG I TGATGTGATGGAAGTAGAAATGCCLGACGLLCGCLGLCCGAACATTCGTGLUCTTGT
T TTATACAAGCGGCCACAGTGCTCGCAACGCTGCACGGGATGCACGTGCTGCACGAGCTGTACCTGGGETTCCTTTGACGA
GGAATTTCAGTGGGAAGTGGAGTCGTGGUCGLCCTGCATCTGGTGUTGTACTACGTCGTGGTGGETCGGCCTGGCCCTCTTCT
GCCTCGATGGETGGTCATGUCTGACGAGCCLCLGLGLCGEEAGGCAGGTCCAGACCTCGGLCGLCGAACGLGTCGGAGAGUCGAGGAC
GAGGGUCGCLELCAGGCCLEGAGCTGTCCAGGGTCCTGAGACGUCTGCGGAGTCAGGTCAGTGGECAGLCGGLGGLGLCELGETTGA
CTTGCAGGAGTTITTCAAGGLLCGCGLCEGLEAGGTCCAGATGETACTTGATCTCCACCLGLCGCCOGTTGOTGGLCEGACGTCGATG
GCTTGCAGTGTCCCGTGCCCCTGGEGAGTGACCACCGTCCCCCETTTICTTICTTGGCGGGCGGAAGCGGTTTGGCTTCCAT
GGTTAAAAGCGGUCGLGUCGAGGACGLCGUGLCLLGGLGLGETAGLGLGGLUCGEUTCGLLACCCGGAGGCAGT GG TGGCAGGLGLGCACETC
GGLCGLCLCELGLGLGEECAGGTTCTGGTACTGUCGLCLCCGEAGAAGACTGGUCETGAGCGACGACGCGACGETTGACGTCUTGEA
TCTGACGCCTCTGGGETGAAGGCCACGGGACCCGTGAGTITGAACCTGAAAGACAGTTCGACAGAATCAATCTCGGETATCA
T TGACGGLCGGLCCTGCCGCAGAATCTCT IGCACGTCGUCCCGAGTTGTCCTGGTAGGCAATCTCGGTCATGAACTGUCTCGAT
CTCCTCCTCCTGAAGGTCTCCGCGGELCGELCGLCGLCTCCACGETGGLCGLCEAGLGTCGTTGGAGATGCGGCCCATGAGC TGO
AGAAGGCGTTCATGCCCGCCTCGTTCCAGACGCGGLCTGTAAACCACGGCGCCCTCGEEATCGCGEECGCECATGACCACC
TGGGCGAGGTTGAGCTCCACGTGGCGCGCAAAAACCGCGTAGTTGCAGAGGCGLCTGETAGAGGTAGTTGAGCGTGEETGEL
AATGTGCTCAGTGACAAAGAAGTACATAATCCAGCGGCHGAGCGGCAT T TCGCTGACGTCGCCCAGGGCTTCCAAGCGCT
CCATGGUCCTCGTAAAAGTCCACGGCGAAGTTGAAAAACT GGGAGTTGUCGTGCAGATACGGTCAAGTCCTCCTCCAGAAGA
CGGATGAGUCTCGGCEATGETGGLCGCECACCTCGUGCTCGAAGGUTCCCETGAGTTCCTCCACTICCTCCTCTTCATCCAC
TAACATCTCTITCTACTTCCTCCTCAGGCGGTGOGTGGUGEOGGGAGLGGGLCCTGLOTCGLCGLLUGGLGLCACGGGLCAGACGGT
CGATGAAACGCTCGATGGETCTCGLCCELCGUCGGLETCGCATGGTCTCGETGACGGLGLGCCCETCLCTCGLCGEGEETCGLCAGC
GTAAAGACGCCGLCCGCGCATCTCCAGGTGELCLCEEEEEETCCCLCETIGEECAGGGAGAGTGCGCTGACGATGCATCTTAT
CAATTGCCCCGTAGGGACTCCGUCGCAAGGACCTAAGCGTCTCTAGATCCACGLEATC TGAAAACCGT TGAACGAAGGCTT
CGAGCCAGTCGCAGTCGCAAGGTAGGUCTGAGCACGGTTTCTTCTGGLGGLGETGGEETGTGEELEEEEECGATGLCTELTG
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GIGATGAAGTTGAAATAGGCGLGTTCTGAGACGGLCEGATGGETGGCEAGGAGCACCAGGTCTTTGGECCCEECTTGCTGGAT
GCGCAGACGGTCGGLCCATGCCCCAGGCOGTGGTCCTGACACCTGGCCAGGTCUCTTGTAGTAGTCCTGCATGAGCCGCTCCA
CGGGCACCTCCTCCTCGCCLCELCGLCEECCGTGCATACGCGTGAGCCCAAACCLUGLLGLTGLCGGUTGLGACGAGCGLUCCAGGTCA
GCGACGACGLCGLCTCGGCGAGGATGGUCTGCTGGATCTGGGETGAGGGTGETCTGGAAGTCGTCAAAGTCGACGAAGCGGTG
GTAGGCTCCGGTGTTAATGGTGCTAGGAGCAGTTGGCCATGACGGACCAGTTGACAGTCTGGTGACCGGELCCGELCGLCGAGCT
CGTGGTACT TGAGGCGLCGAGTAGGCGLCGLGAGTCGAAGATGTAGTCGTTGCAGGTGUCGCACCAGGTACTGGTAGCCGATG
AGGAAGTGCGGECGEGELCEECTGECEETAGAGCGGCCATCGLCTCEETEECEEEEECEECEEECECTAGGTCCTCGAGCATGET
GCGGTOGGETAGCCGTAGATGTACCTTGACATCCAGGTGATGLCGGELGELCEETGOTGGAGGCGLCLGAGGGAACTCGUGGACKGC
GGTTCCAGATGTTGCGCAGCGGCAGGAAGTAGTTCATGETGGGCACGGTCTGGCCCETGAGGLCGCLGLCGCAGTCGTTGAT
CTCTAGACATACGGGCAAAAACGAAAGCGLOTCAGCGGUTCGACTCCGTGGUCCTGGAGGCTAAGCGAACGGLGTTGGEGLTGL
GCGTGTACCCCGOTTCGAATCTCGAATCAGGCTGGAGUCCGLCAGCTAACGTGOGTACTGGCACTCCCOTCTCGACCCAGGCC
TGCACAAAACCTCCAGGATACGGAGGCGGGETCGTT ITGCAAATTT TITGGCGGTCGAAAAAAGCTAGTAAGCGCGGAAAGC
GGCCGACCGLCAATGGUTCACTGCCGTAGATTGGAGAAGAATCGLCCAGGGETTGCGTTGLCGETGTGCCCLCGETTCGAGACCE
CTCGGGETCGGCCGAATTCUGLGGLCTAACGAGGGLCETGGUTGCCCCETCGETTTCCAAGACCCCATAAGCCAGCCGACTTCT
CCAGTTACGGAGCGAGCCCCTCTTTIGTTTTGTITITI TGCCAGATGCATCCCGTACTGCGGCAGATGCGCCCCCACCCTC
CACCGCAACAGCAGCCCCUCTCCTACGCAACAGCLCGGLCGUTTCTGCCTCCGLCCCCAGCAGCAGCAACTTCCAGCCACTACC
GCCGELGLELCLCGLLCETGAGCGEEGEGECCEEECAGAGTCAGTATGACCTGGCTTTGGAAGAGGGLCGAGGGGLTGGELGLCGEELTGEE
GGCGTCGTCGCCGGAGCGGLCACCLCGLGLCETGCAGATGAAAAGGGACGLCTCGCGAGGLCCTACGTGCCCAAGCAGAACCTGT
TCAGAGACAGGAGCGGCGAGGAGCCLCGAGGAGATGLCGCGCAGCCCETTICCACGUGGGELGEGAGLCTGCEECECEELCTG
GACAGAAAGAGGGTGUTGAGGGACGAGGATTTCGAGGCGLACGAGUCTGACGGLEATCAGCCCTOLCGLCGCGLCGLCACGT GG
CGLCGGECCAACCTOGGETCACGGUGTACGAGCAGACCOGTGAAGGAGGAGAGCAACTTCCAAAAATCCTTCAACAACCACGTGC
GCACCCTGATCGLCGLCGLCGAGGAGGTGACCCTGEGECCTGATGCACCTGTGGGACCTGUTGGAGGCCATTGTGCAGAACCCC
ACCAGCAAACCOGUTGCACGGLCGLCAGUTGTTICCTGGTGOTGCAGCACAGTCGLGCGACAACGAGACTTTTAGGGAGGCGCTGCT
GAATATCACCGAGCCCGAGGLGLCCGLCTGGUCTTCTGGACCTGETGAATATICTGCAGAGCATCGTGETGCAGGAGCGLCEGEEL
TGCCGCTGTCCGAGAAGUCTGGUCGGUCCATCAACTTT TCGGTGUTGAGTTTGGGCAAGTACTACGCTAGGAAGATCTACAAG
ACCCCGTACGTGCCCATAGACAAGGAGGTGAAGATCGACGGGTTITACATGCGCATGACCCTGAAAGTGUCTGACCCTGAG
CGACGATCTGOGGETGTACCGCAACGACAGGATGCGLCLCHGLGLUGLETAAGCGUCAGCAGGLCGLGLCELCEAGUCTGAGCGATCAGG
AGCTGATGCACAGCCTGCAGUCGGGLCCCTGACCGLOEELCCEGEACCLGAGGLGGLGAGAGCTACTTTGACATGGGECGLCGEACCT
CACTGGCAGCCCAGCCGLLCEEETCTTGGAAGCCGLCGLLCGGETCCCTTACGTAGAAGAGGTGGACGATGAGGATGAGGGCGA
GTACCTGGAAGACTGATGGCGCGACCGTATTTTITGCTAGATGCAGCAACAGCCACCTCCTGATCCCGCAATGCGEEELGEEL
GCTGCAGAGCCAGCCGTCCGGCATTAACTCCTCGGACGATTGGACCCAGGCCATGCAACGCATCATGGCGCTGACGACCC
GCAACCCCGAAGCCTTTAGACAGCAGCCCCAGGCCAACCGLGUTCTCGGUCCATCCTGGAGGLCCOETGETGLCCCTCGLCGUTCC
AACCCCACGCACGAGAAGGTGUTGLOLCCATCGTGAACGCGUCTGGTTCAGAACAAGGCCAT TCGLCGELCGACGAGGCCEEELT
GGTGTACAACGCACTGUCTGGAGCGUGTGGLCCCGLCTACAACAGCACCAACGTGCAGACCAACCTGGACCGCATGGETGACCG
ACGTGCGCGAAGCCLETGGUCCCAGCLLCGAACGLGTTCCACCGCGAGTCCAACCTGGGATCCATGGTGGCACTGAACGCCTTC
CTCAGCACGCAGUCCCGLCCAACGTGCCCLCELGGGLCCAGGAGGACTACACCAACTTCATTAGCGCCLCTGCGGUCTAATGGTGAC
CGAGGTGCCLCCAGAGCGAGGTGTACCAGTCGGGELCCCGGACTACTTCTTCCAGACCAGTCGLCCAGGGLUTTGCAGACCGETGA
ACCTGAGTCAGGUCTTI TCAAGAACTIGCAGGGACTGCTGGEGUCETGCAGGLUTCCGETCGGEGACCGLCLLCGACGGTGTUCGAGC
CTGCTGACGCCGAACTCGCGLCTGCTGLCTGUTGUTGGTGGLGCCCTTCACGGACAGUGGTAGTATCAACCGCAACTCGTA
CCTGGGLCTACCTGATTAACCTGTACCGLCGAGGCCATTGGCCAGGUCGCACGTGGACGAGCAGACCTACCAGGAGATTACCC
ACGTGAGCCGLGCCLUTTGGLCCAGGACGACCUCGGGCAATCTGGAAGCCACCCTGAACTICTTGUCTGACCAACCGGTCGCAG
AAGATCCCGCCCCAGTACGCGCTGAGCGUCCGAGGAGGAGCGTATATTGAGATACGTGCAGCAAAGTGTGGGACTGTTCCT
GATGCAGGAGGGGGCCACCCCCAGCGLCCLHLCGUCTCGACATGACCGUCGUCGCAACATGGAGCCCAGCATGTACGCCAGTAATC
GCCCGTTTATTAATAAGCTGATGGACTACCTGCATCGGGCEGGLCCGCCATGAACTCTCGACTATTITCACCAACGCCATCCT
AACCCCCACTGGCTCLCCGLCLCGLCEEEETTCTACACGGGCGAGTACGACATGCCCGACCCCAATGACGGGTTICTGTGGEEA
CGACGTGGACAGCAGCGTGTTCTCCCCCCGACCGGGTGUCTAACGAGCGUCCCCTTGTGGAAGAAAGAGLGGCAGCGACCGEC
GCCLCGTCCTCGELGUTGTCCGGLCCGCACGGGTGLCTGUCCGCAGLCGETGCCLCGAGGLUCGCCAGTCCCTTITCCGAGCTTGTCA
CTGAACAGCGTCCGCAGTAGUCGAGCTGGECAGGATCACGCGLCCLCGLCGLCTTGUCTGGGUCGAGGAGGAGTACTTAAATAACTC
GCTGTTGAGGCCCGAGCGLGAGAAGAACTICCCCAATAACGGGATAGAGAGTCTGGTGGATAAGATGAGCCGUCTGGAAGA
CGTACGCGCATGAGCACAGGGACGATCCCCGGECAACGCAGGGGGCCACCAGCCGGEEECAGTGCCGCCCETAAACGCLCEL
TGGCACGACAGGCAGCGGEGACTGATGTGGLGACGATGAGGATTCCGCCGACGACAGCAGCGTGTTGGACTTGGGLGGEGEAG
TGGETGGTGETAACCCGTTCGUCTCACCTGLCGCCCCCGLGTCGGECECCTGATGTAAAAAGAAACCAAAAATAAATGGTACT
CACCAAGGUCCATGGCGACCAGCGTGUGTTCGTITCTITCTCTGT TGTATCTAGTATGATGAGGCLOTGCGTACCCGGAGGGT
CCTCCTCCCTCGTACGAGAGUGTGATGCAGCAGGCAATGGLGLELCGGLGELCELLCGATGCAGCCCCLCLGUTGGAGGUCTCCTTA
CGTGCCACCGUCGGETACCTGGCGCCTACGGAGGGGCGAAACAGCATTCGTTACTCGGAGC TGGCACCCTTGTACGATACCA
CCCGETTGTACCTGOGTGGACAACAAGTCOOLCGEACATCGCCTCGUTGAACTACCAGAACGACCACAGCAACTTICTGACC
ACCGTGGETGCAGAACAACGATTTCACCCCCACGGAGGCCAGCACCCAGACCATCAACTTTGACGAGCGCTCGCGETGGEE
COGTCAGCTGAAAACCATCATGCATACCAACATGCCCAACGTGAACGAGTTCATGTACAGCAACAAGTTCAAGLGLGLGEG
TCATGGTCTCCCGCAAGACCCCCAACGGGGETGACAGTAGGGGATGATTATGATGGTAGTCAGGATGAGC TGAAATACGAG
TGGGETGGAGTTTGAGCTGUCCCGAAGGCAACTITCTCGGETGACCATGACCATTGACCTGATGAACAACGCCATCATCGACAA
I TACTTGGCAGTGGEGUCOGCAGAACGGGETGLCTGGAGAGCGACATCGGLCGTGAAGTTCCACACCCGLGAACTTCAGGL TG
GTTGGGACCCCGTGACCGAGCTGGTCATGCCCEGEEETGTACACCAACGAGGCCTTCCACCCCGACATCGTGCTGTTELCCC
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GGCTGCGGEEETGGACTTTACCGAGAGCCGCCTCAGTAATATGC TGGGCATCCGCAAGAGGCAGCCCTTCCAGGAGGGTTT
CCAGATCATGTACGAGGACCTGGATGGAGGTAACATCCCCGUCGCTCTTGGATGTCGAGGCCTATGAGAAAAGCAAGGAGG
AGAGCGTCGCCGUCGTCAACCGCAGCCGTAGCCACCGULCTCTACCGAGGTCCGGEECEATAATTTTGCTAGCGLCCGCAGCA
GTGGUGGELCEECCAAGGCTGATGAAACCGAAAGTAAGATAGTTATTCAGCCGGTGGAGAAGGATAGCAAGGATAGGAGCTA
CAACGTGUCTCTCGGACAAGAAAAACACCGCCTACCGCAGCTGGTACCTGGCCTACAACTATGGCGACCACGAGAAGGGCG
TGCGUCTCCTGGACGUTGUCTCACCACCTCGGACGTCACCTGCGGLCETGGAGCAAGTCTACTGGTCGUCTGCCCGACATGATG
CAAGACCCGGTCACCTTCCGUCTCCACGCGTCAAGTTAGCAACTACCCGETGGETGEGCGCCGAGCTCATGCCCGTCTACTC
CAAGAGCTTCTTCAACGAGCAGGCCGTCTACTCGCAGCAGCTGCGCGCCTTCACCTCGCTCACGCACGTCTTCAACCGCT
TCCCTGAGAACCAGATCCTCGTCCGUCCCGCCCGCGCCCACCATTACCACCGTCAGTGAAAACGTTICCTGCTCTCACAGAT
CACGGGACCCTGUCCGUTGUCGCAGCAGTATCCGEEGAGTCCAGCGUGTGACCGTTACTGACGCCAGACGLCCGCACCTGCCC
CTACGTCTACAAGGCCCTGGGCATAGTCGCGCLCGCGCETCCTCTCGAGCCGCACCTTCTAAAAAATGTCCATTCTCATCT
CGCCCAGTAATAACACCGLTTGEGEETCTGCGCELCGCCCAGCAAGATGTACGGAGGCGLCTCGCCAACGCTCCACGCAACAC
CCCOETGLGLGTGLCGLCLEGLCACTTCCGLCGUCTCCLCTOEGGLGLCCTCAAGLGGLCLCGLCGTOLCGGTCGCECACCACCGTCGACGA
CGTGATCGACCAGGTGGETGGUCCGACGCTCLCAACTACACCCCCGLCGLCCGCLLCCCEGTCTCCACCETGGACGCCGTCATT
ACAGCGTGGETGTCCGACGLGLGLCCEETACGCCCGLCGLCCAAGAGCLUGGLGGELGGLECATCGCCCGELGGLCACCGTAGCACC
ACCGCCATGCGTGCGEGELGLCGAGCLCTTGLCTGUGCAGGGCCAGGCGLACGEGACGLCAGGGCCATGUCTCAGGGLUGGCLCAGACE
CGLCGGELCTTCAGGUCGCCAGUGUCGGCAGGACTCGGAGACGLCGLCHLGLCACGGLCLGLGLCGGLAGCGGLCCATAGCCAGCATGTCCC
GCCCELGGLLGAGGGAACGTGTACTGGGETGCGUCGACGUCCELCCACCGLGTGTGLGLCETGUCCCETGCLCACCCGLCCCCCCTCGC
ACTTGAAGATGTTCACTTCGUCGATGTTGATGTGTCCCAGCGGCGAGGAGAAGGATGCTCCAAGCGCAAATTCAAGGAAGAG
ATGCTCCAGGTCATCGCGUCCTGAGATCTACGGLUCCCGLGGELGLELGETGCAAGGATGCAAAGAAATCCCCGCAAAATCAAGCG
GGTCAAAAAGGACAAAAAGGAAGAAGATGATGTGGACGATATGGTAGAGTTTGTGCGCGAGTTIGCCLCCCCGEAGGLELG
TGCAGTGGUCGCGEGLGEAAAGTGLCGTCCEGGETGUCTGAGACCCGGCACCACGEGTGOGTTTTCGCGLCTGGLCGAGCEGGETCCGEC
ACGACATCCAAGCGUCTCCTACGATGAGGTGTACGGGGACGAGGATATTCTCGAGCAGGLCGLGLCCGAGCGCCTGGGELCGAGTT
TGCTTACGGCAAGCGCAACCGLCCTTIGCGUCCCUCTGAAGGAAGAGGTGGTGTCCATCCCGLCTGGACCACGGCAACCCCACEL
CCAGTCTTAAGCCCOTGACCCTGCAGCAGLGTGUTGLCCLAGLGLGLLGLLCGLLGTCGGEGCTTGAAGCGCGAGGLGUGAGGAT
GTGTACCCCACCATGCAGUCTGATGGTGCCCAAGLCGCCAGAAGUC TGGAAGACGTGUTGGAGACCATGAAGGTGGACCCGEA
CGTGCAGCCCGAGGTCAAGGTGAGGCCCATCAAGCAGGTGGCCCLCGEGLLCTTGGUGTGCAGACCETGGACATCAAGATCC
CCACGLGAGCCCATGGAAACGCAGACCGAGLGTCGTGAAGUCCATCACCAGCACCATGGAGGTGCAGACGGATCCTTGEATG
CCGGLCGLELCGCCCCGAAAACCULCGGLCGLCAAGTACGLGLCGUGGLCCAGCCTGUCTGATGUCCCAACTACGCGUCTGCATCCTTCCAT
CATCCCCACGCCGGLGUTACCGUCGGCACGUCLGUCTICTACCACGGCTATACCGGCTCCCGLCCGLCCEGLCAAGACCACCACCCGCC
GCCGTCGTCGUCCGCACAGCTGCAACTCCLCGUTGLCGULCLCTGETGUGGAGAGTGTACCGLCLCGLGELCELCGLCELCCTCTGACC
CTGCCGLCGGGELCGCGUTACCACCCGAGCATTACCATTTAACTTITGUCCGTCGCCTTTGCAGATATGGCTCTCACATGECCGCA
ITTCGCOGTCCCCATTACGGGUTACCGAGGAAGAAAACCGLGLCLCOETAGAAGGLUTGGUCGGEAAGCGLGATGCGCCGCCACCCO
CACCGGLCGGLCGGLCGCELCCATCAGCAAGCGOTTGGEEGEGGAGGCTTCCTGCCCLGLGUTGATCCCCATCATCGCCGUGGLUGAT
CGEGEGCGATCCCCGECATTGUTTCCGTGELUGGTGCAGGCCTCTCAGCGCCACTGAGACACACACTTGCGAAATTGTAATAA
ACCCGAATGGACTCTGACGUCTCCTGGTCCTGTGATGTGTTITTGTAGACAGATGGAAGACATCAATTTTTCGTCCLCTGEL
TCCGLCGACACGGCACGCOGGCCGTITTATGGGCACCTGGAGCGACATCGGCACCAGCCAACTGAACGGGGGCGCCTTCAATT
GGAGCAGTCTCTGGAGCGLGUTTAAGAAT I TTGGGTCCACGUT TAAAACCTATGGCAGCAAGGLCGTGGAACAGCACCACA
GGGCAGGCGLCTGAGAGATAAGCTGAAAGAGCAGAACTICCAGCAGAAGGTAGTCGATGGCCTCGLCCTCAGGCATCAACGEG
GGTGGETGGACCTGGCCAATCAGGCCGTGCAGCGGCAGATCAACAGCCGCCTGGACCLCGGTTCCLCCCLCGCLCEGELCTCCETGE
AGATGCCGCAGLOGTGEAGGAGGAGCTGCCTCCCCTCGGACAAGUGGLECGACAAGCLGTCCCLCETCCCLACGLGGAGGAGACG
CTGCTGACGCACACGGACGAACCGCCCCCOTACGAGGAGGUGLGTGAAACTGGGCCTGCCCACCACGCGTCCCATTGCGCC
TCTAGCTACCGOGGGTGUCTGAAACCCGAGAGTAGTAAGCCCGCGACCTTGGACTTGCCTCCTCCGCCCACTCCCCGCCCCT
CCACAGTGGCTAAGCCCCTGULCGCCGLETGLLCETGECLCCGLGLGLGACCGLLGLEGLCTCGCCCTCAGGUCGAACTGGLCAGAGC
ACTCTGAACAGCATCGTGGEETCTGGEAGTGCAGAGTGTGAAGCGCCGCCGCTGTTATTAAAAAACACTGTAGCGCTTAAC
T TGCTTGTICTGTGTATATGTGTATGTCCGCCGLLCGUTGUTGTCCAGAAGGAGGAGTGAAGAGAAAGGCGCGTCGTCGAGT
TGCAAGATGGCCACCCCATCGATGCTGCCCCAGTGGGECETACATGCACATCGCCGGACAGGACGUTTCGGAGTACCTGAG
TCCGGEGETCTGGTGCAGTTCGUCCGCGCCACAGACACCTACTTCAGTCTGGGGAACAAGT TTAGGAACCCCACGGETGGELEL
CTACCCACGATGTGACCACCGACCGCAGUCCAGCGGUCTGACGUTGCGUTTTGTGCCCETGGACCLGGGAGGACAACACCTAC
TCGTACAAAGTGCGUCTACACGLCTGGELCCETGGOLCGACAACCGUGTOGUCTGGACATGGCCAGCACCTACTTTGACATCCGELEE
CGTGCTGGATCOGGGECCCTAGCTTCAAACCCTACTCCOGGCACTGUCCTACAACAGUCCTGGLCTCCCAAGGGAGCGCCCAACA
CCTGCCAGTGGAAGGATTCTGACAGCAAAATGCATACCTTITGEGEGCAGCTGCCATGUCCCGETGTITACTGGGAAAAAGATA
GAAGUCTGATGGGUTGUCCTATTAGAATAGATTCAACTTICTGGAACTGACACAGTAATT TATGUTGATAAAACTTTCCAACC
AGAACCACAAGTTGGAAATGACAGTTGGGTTGACACCAATGGETGCAGAGGAAAAATATGGAGGCAGAGUCTCTAAAGGACA
CTACAAAAATGAAACCCTGTTATGGTTCATTCGCCAAGCCTACCAACAAAGAAGGTGGTCAGGCTAACTTAAAAGATTCA
GAACCCGCCGLCCACCACTCCTAACTATGATATAGACCTGGCTTICTTTCACAGCAAAACTATTIGTTGCTAACTACGATCC
AGATATTGTAATGTACACAGAAAATGTTGACTTGCAGACTCCAGATACTCATATTGTATACAAACCTGGAACAGAGGACA
CCAGCTCTGAATCCAATTTGGGTCAGCAGGCCATGCCTAACAGACCCAACTACATTGGCTTCAGAGACAATTTTATC GGG
CTCATGTACTACAACAGCACTGGCAATATGGGEETGUTGGLCCEGETCAGGUCCTCTCAGCTGAATGUTGTGGTTGACTTGCA
AGACAGAAACACTGAACTGTCCTACCAGCTCTTGCTTGACTCTCTGGGTGACAGAACCCGETATTTCAGTATGTGGAATC
AGGCGGETGGACAGCTATGATCCTGATGTGCGCATTATTGAAAACCATGGETGTGGAGGATGAATTGCCAAACTATTGCTTT
CCGTTGAATGGTGTGGGAT TGACAGACACTTACCAGGGTGTTAAAGTTAAAACAGATGCAGGTICTGAAAAGTGGGACAA
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AGATGACACCACAGTTAGTAATGCTAATGAAATCCATGTAGGCAATCCTTTITGCCATGGAAATCAACATCCAAGCCAACC
TGTGGAGGAACTTCCTCTATGCCAATGTTGCCCTCTATTITGCCTGATAAATACAAATACACACCGGCCAACATCACCCTG
CCCACCAACACCAACACCTACGAGTACATGAACGGCLCGLGLTGETGGECGLCCCTCOGUTGGTGGACGCCTACATTAACATTGG
GGCGLCGLCTGGETCGUTGGACCCCATGGACAACGTAAATCCCTTCAACCACCACCGCAATGCGLGELCTTGCGCTACCGLCTCCA
TGCTCCTGGGCAACGGGUGCTACGTGCCATTCCACATCCAGGTGCCCCAGAAATTTTTITGCCATTAAGAGCCTCCTGCTC
CTGCCCGGEGETCCTACACCTACGAGTGGAACTTCCGCAAGGACGTCAACATGATCCTGCAGAGTTCCCTTGGCAACGACCT
GCGCACAGACGGGGCCTCCATCACCTTCACCAGCATTAACCTCTACGCCACCTICTTCCCCATGGCGCACAACACCELCCT
CCACGUTTGAGGUCCATGUCTGUCGCAACGACACCAATGCGACCAATCCTTCAACGACTACCTCTCGGLCGGCCAACATGCTCTAT
CCCATCCCGGCCAACGCCACCAACGTGCCCATCTCCATCCCCTCGCGCAACTGGGCCGCCTTTCGCGGUTGGETCCTTCAC
GCGITCTCAAGACCAAAGAGACGCCCTCGLTGGELCTCCOLGETTCGACCCCTACTTCGTCTACTCGGGUCTCCATCCCUTACC
TCGACGGCACCTTCTACCTCAACCACACCTTCAAGAAGGTCTCCATCACCTTCGACTCTTCCGTCAGCTGGCCCGGLCAAC
GACCGGCTCCTGACGCCCAACGAGTTCGAAATCAAGCGCACCGTCGACGGLCGAGGGATACAACGTGGCCCAGTGCAACAT
GACCAAGGACTGGTTCCTGGTCCAGATGUTGGCCCACTACAACATUCGGUCTACCAGGGCTICTACGTGCCCGAGGGUTACA
AGGACCGCATGTACTCCTTCTTCCGCAACTTCCAGCCCATGAGCCGCCAGGTGGETGGACGAGGTTAACTACAAGGACTAC
CAGGCCGTCACCCTGGCCTACCAACACAACAACTCGGGUTTCGTTGGATACCTCGCGCCCACTATGCGCCAGGGCCAGCC
CTACCCCGUCCAACTACCCCTACCCGUTCATCGGCAAGAGCGCCGTTACCAGCGTCACCCAGAAAAAGTTCATCTGCGACA
GGGTCATGTGGCGCATCCCCTTCTCCAGCAACT TCATGTCCATGGGUCGCGLCTCACCGACCTCGLCCAGAACATGCTCTAT
GCTAACTCCGCCCACGCGUTAGACATGAATTTCGAAGTCGACCCCATGGATGAGTCCACCCTTICTCTATGTTGICTTICGA
ACGTCTTCGACGTCGTCCGAGTGCACCAGUCCCACCGLGECETCAT TGAGGCCGTCTACCTGCGCACCCCLCTTCTCAGCCG
GTAACGCCACCACATAAATTCTTGCTTCTITGCAAGAAGUCATGGCCGLCELGECTCCGELCGAGCAGGAGUCTCAGGGCCATCA
TCCGLGACCTGEEETGCEEGELCCCTACTTCCTGGGCACCTTCGATAAGCGATTCCUCGGGATTCATGGCCCLCGCACAAGGT
GCCTGCGCCATCGTCAACACGGCLCHGCCGLCGAGACCOEGLEEGUGAGCATTGLGLTGGCCTTCGCCTGGAACCCGLCGLCTCGAA
CACCTGUCTACCTCTTCGACCCCTTCGGGETICTCGGACCAGCGCCTCAAGCAAATCTACCAGTTCGAGTACGAGGGACTGC
TGCGLCCGECAGCGLCCLCTGGCCACCAAGGACCGUTGCGETTACCCTGGAAAAGTCCACCCAGACCGTGCAGGGTCCGLCGTTCG
GCCGCCTGCGGGCTTTTICTGCTGCATGTTCCTACACGCCTTCGTGCACTGGCCCAACCGCCCCATGGACAAAAATCCCAC
CATGAACTTGCTGACGGGLGGETGCCCAACGGCATGCTCCAGTCGUCCCCAGGTGCGAACCTACCCTGUCGCCGCAACCAGGAGG
CACTCTACCGCTTCCTCAACTCCCACTCTGCATACTT ICGCTCTCACCGUCGUCGCGLCATTGAGAAGGCCACCGLCCTTCGAC
CGCATGAATCAAGACATGTAACAGTGTGTITTAAAATATGTTTAATAAACAGCACTTITTTATGTGACACATGCATTTGAG
ATAATTTTATTCTTAAAAATCGAAGGGGTTCTGCCGOGAGGTTITCGGCATGGCCCGLGEECAGGGACACGTTGCGGAACT
GGTACTTGGCCAGCCACTTGAACTCGGGEATCAGCAGTTTCOGGCAGCAGGGTGTCGGGEAACGAGTCGGTCCACAGCTTC
CGCGTCAGTTGCAGGGCGCCCAGCAGGTCGGGLCECGEAGATCTTGAAATCGCAGTTGGGACCCGLCGTITTGCGCELCGAGA
GTTGCGGTACACAGGGTTGCAGCACTGGAACACCATCAGGGCCGGATGUCTTCACGCTCGCCAGCACCGTAGCGTCGETGA
TCCCGTCCACGTCGAGGTCTTCGGUGTTGGCCATCCCGAAGGGGETCATCTTGCAGGTCTGCCGELCCCATGGTGEELCACG
CAGCCGGEGELCTTGTGGETTGCAATCGLCAGTGLCAGGGGGATCAGCATCATCTGGGCCTGGETCGGCGTTCATCCCCGGEETACAT
GGCCTTCATGAAAGCCTCCAGCTGCTTAAACGCLCTGUCTGOGGCCTTGGCTCCCTCGGTGAAGAAGACCCCGCAGGACT TGO
TAGAAAACTGGTITGGETAGCGCACCCGGCGTCOTGCACGLCAGCAGCGCGLGTCGTTGTTGGCCAGUTGCACCACGCTGLEL
CCCCAGCGGTTCTGGEGETAATCTTGGCCCEGETCEEEETICTCCTTTAGCGCGLCGTTGCCCGTTCTCGUTTGCCACATCCAT
CTCGATCATGTGUTCCTTCTGGATCATGOGTGGTCCCGTGCAGGCACCGLCAGCT TGCCCTCGACTTCGGTACAGCCGTGCA
GCCACAGCGCGCACCCCGETGUCTCTCCCAGTTCT TGTGGGCEGATCTGGGAATGCGCATGCACGAACCCCTGCAGGAAGCGG
CCCATCATGGTCGTCAGGGTCTTGTITACTGGTAAAGGTCAGCGGAATGCCGLCGGETGCTCCTCOGTTGATGTACAGGTGGCA
GATGCGGCGATACACCTCGCCCTGUTCGEGCATCAGT TGGAAGTTGGATTTITAGGTCGUCTTTCCACACGGTAGCGUCTCCA
TCAGCATATTCATGATTTCCATGCCCTTCTCCCAGGCCGATACAATGGGCAGGCTCAGGGGGETTCGTCACCGCCATCTTA
GCGCTAGCAGCCTTCGTCAGUCGGGTCGTTCTCATTGAGAGTCTCAAAGCTCCGLCTTGCCGTCCTTCTCGGTGATCCGLCAC
GOEGGEGETAGCTCAAGCCCACGGCCGLCCAGCTCCTCCTCGGCCTCTCTITCOTCCTCGCTGTCCTOGGCTGACGTCCTGCA
GGEGECACATGCTTCGTTTTGCGGGETTTCTTTI TGGGLCGGUTGCTGCGGEUGGECEETGGTITGTICCTGAGGCGAGGGGGAG
CGCGAGTTCTCGUCTCACCACTACTATCTCTITCTITCTTGGTCCGAGGUCCACGCOEUCGETAGGTATGTCTCTTCAGGGGLCAG
AGGCGGAGGCGACGLGCTCTCGUCGGLCLCEGELGHETGLELCTGGCAGAGCCCLCTTCCGCGATCGGEGETGCECTCCCEGLGEC
GCTCTAACTGACTTCCTCCGUGGCCGECCATTGTGTTCTCCTAGGGAACAACAACAAGCATGGAGACTCAGCCATCGETCG
CCAACCTCGCCATCTGCCCCCACCGUCCGACAAGAAGCAGCAGCAGAATGCGAGAGCTTAACCGLCCLCLCGLCLCGCCCAGCCLCLGL
CACCTTTGTCGCGGCCCCAGACATGCAAGAGATGGAGGAATCCATTCAGATTGACCTGGGCTATGTGACGCCLCGLGEAGC
ACGAGGAGGAGCTTGCAGTGCGCTI TTCAACCCAGGAAGAGATACACCAAGAACAGCCAGAGCAGGAAGCAAAGAGCGAG
CATGACTACCTCCACCAGAGLCGGGEGEEGAGGACGCCCTCATCAAGCATCTGGCCCGGCAGGCCATCATCGTCAAGGACKGC
GCTGUTTGACCGCACCGAGGTGUCCCUTCAGCGTGGAGGAGUCTCAGCCGLCLGLCCTACGAGCTCAACCTCTTCTCGLCCGLCELG
TGCCCCCCAAGCGCCAGCCCAACGGLCACCTGCGAGCCCAACCCACGCCTCAACTTCTACCCGGTCTTCGLGETGCCCGAG
GCCCTGGCCACCTACCACATCTTTTTCAAGAACCAAAGGATCCCTGTCTCCTGTCGCGCCAACCGCACCCGECGCCGACTC
CCITTTTCAACCTGGGUCCCCGLTGCCUCGCUCTACCTGATATCGUCCTCCTTGGAAGAGGTTCCCAAGATCTTCGAGGGTC TG
GCAGCGACGAGACTCGGEGECCGCAAACGCTCTGCAAGGAGAAGGAGGAGATCATGAGCACCACAGCGCCLCTGETGEAGTTG
GAAGGCGACAACGCGCGTICTGGCGETGCTCAAGCGCACGATCGAGCTGACCCATTTCGCCTACCCGGCGCTTAACCTGCC
CCCCAAAGTCATGAGCACGGTTATGGATCAGGTGCTCATCAAGCGUGCGTCGCCCATCTCCAAGGAGATGCAAGACCCCG
AGAGCTCCGAGGAGGGCAAGCCCLETGETCAGCGACGAGCAGCTGGELCGCEETGLELCTGLGCACCCCAAGCTAGTCCCCAGAGC
I TGGAAGAGCGLELCGCAAGCTCATAATGGUCCOGTGOTCCTGGETGACCGUCGLEAGUTGLAGTGTCTGCLCCGLCTTCTTCLGLCCGA
CGCAGAAATTCTGCGCAAGGTCGAGGAGAACCTGCACTACATCTTCAGGCACGGGETTCGTACGCCAGGLCCTGCAAGATCT
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CCAACGTGGAGCTGACCAACCTGGETCTCCTACATGGGCATCTTGCACGAGAACCGLCLCTGGEEECAGAACGTGCTGCACACC
ACCCTGCGLGEEEEAGGCCCGUCGCEACTACATCCGCGACTGCGTTTACCTCTACCTCTGCCACACCTGGCAGACAGCCAT
GGGCETGTGECAGCAGTGTCTGEAGGAGCAGAACCTAAAAGAGCTCTGCAAGCTCCTGCAGAAGAACCTCAAGGCCCTGT
GGACCGGGTTCGACGAGCGCACCACCGCCTCGGACCTGGCAGACCTCATTTTCCCCGAGUCGTCTCAGGCTGACGCTGECEL
AACGGTTTGCCCGACTT TATGAGTCAAAGCATGTTGCAAAACTTITCGCTCTTTCATCCTCGAACGLCTCCGGGATCCTGCC
GGCCACCTGCTCCGCGLCTGCCCTCGGACTICGTGCCGCTGACCTTCCGCGAGTGCCCCCCGLCLCELUTGETGGAGCCACTGCT
ACCTGCTGCGCTTGGCCAACTACCTGGCCTACCACTCGGACGTGATCGAGGACGTCAGCAGCGAGGGCCTGCTCGAGTGL
CACTGCCGUTGCAACCTCTGCACGCCGCACCGUTCCCTGGLCCTGCAACCCCCAGUTOUCTGAGCGAGACCCAGATCATCGG
CACCTTCGAGTTGCAAGGGCUCCGGLCGATGAGGGTTCTGCCGCCAAGGGLGGGTCTGAAACTCACCCCGGEGCTGTGGACCT
COGCCTACTTGCGCAAGTTCGTGCCCGAGGACTACCATCCCTTICGAGATCAGGTTCTACGAGGACCAATCCCAGCCHLCCC
AAGGCCGAGCTGTCGGCCTGCGTCATCACCCAGGGGGCGATCCTGGCCCAATTGCAAGCTATCCAGAAATCCCGCCAAGA
ATTCITGCTGAAAAAGGGUCCGLCGGLEETCTACCTTGATCCCCAGACCGGTGAGGAGCTTAACCCCGLGLCTTCCCCCAGGAT
CCCCGAGGAAGCAGCAAGAAGCTGAAAGTGGAGCTGCCGLCLCLCOETGCAGCATTTGGAGGAAGACTGOGAGAGCAGTCAGKGC
AGAGGAGGAGGAGATGGAAGACTGGGACAGCACTCAGGCAGAGGACAGUCCTGCAAGACAGTCTGGAAGACGAGGAGGAGG
CAGAGGAGGTGGAAGAAGTAGCCGLCCLELCCLLCCAGACCOGTCGTCCTCGGUGLGAGAAAGCAAGCAGCACGGATACCATCTCC
GCTCCLGEGETCGEEETCCCLLCTCGACCCCACAGTAGATGGGACGAGACCGLGGCEATTCCCGAACCCCACCACCCAGACCGG
TAAGAAGGAGCGGCAGGGATACAAGTCCTGECGGEEEECACAAAAACGCCATCGTICTCCTGUCTTGCAAGCTTGCGEGEEGECA
ACATCTCATTCACCCGGUCGUCTACCTGUCTCTTTCACCOGLCGOGGOGTGAACTTCCCCCGCAACATCTTGCATTACTACCGTCAC
CTCCACAGCCCCTACTACTTCCAAGAAGAGGCAGAAAAAGACAAAACCAGCAGCTAGAAAATCCACAGLCGELGEGELGEELEE
CAGGTGOGGACTGAGGATCGUGGUCGAACGAGCCGLELCGCAGACCCGELGAACTGAGGAACCGGATCTITCCCACCCTUCTATGCC
ATCTTCCAGCAGAGTCGGGEGEECAGGAGCAGGAACTGAAAGTCAAGAACCGTTCTICTGCGCTCGUCTCACCCGCAGTTIGTCT
GTATCACAAGAGUCGAAGACCAACTTCAGCGCACGCTTGAGGACGCCGAGGLCTCTCTTCAACAAGTACTGCGCACTCACTC
I TAAAGAGTAGCCCGCGCCCGLCCCACACACGGAAAAAGGUCGGGAATTACGTCACCTGTGCACCCCCACCCAGCACCGCTA
TGAGCAAAGAAATTCCCACGUCCTTACATGTGGAGCTACCAGCCCCAGATGGGCLCTGGLCCEGCCEELGLCCELCCCAGGACTAC
TCCACCCGCATGAATTGGCTCAGCGCCEGEGLCCCGEEATGATCTCACGGGETGAATGACATCCGCGCCCACCGAAACCAGAT
ACTCCTAGAACAGTCAGCGUCTCACCGCCACGCCLCCGCAATCACCTCAATCCGCETAATTGGCCLCGUCCGCCCTAGTGTACC
AGGAAATTCCCCAGCCCACGACCGTACTACTTCCGUGAGACGCCCAGGLCCGAAGTCCAGCTGACTAACTCAGGTGTCCAG
CTGGLCGEELCGELCGCCACCCTGTGTCGTCACCACCCCGLUTCAGGGTATAAAGCGGUTGGTGATCLCGGEELCAGAGGCACACA
GCTCAACGACGAGGTGGTGAGCTCTTCACTGGGTTTGCGACCTGACGGAGTCTTCCAACTCGCCGGATCGGGAAGATCTT
TTCGGGGCAACATCTCATTCACCCGGCGCTACCTGCTCTTTCACCGCGEGEETGAACTTCCCCCGCAACATCTTGCATTAC
TACCGTCACCTCCACAGCCCCTACTACTTCCAAGAAGAGGCAGAAAAAGACAAAACCAGCAGCTAGAAAATCCACAGCGG
CEGLCEGLCEGCAGLGTGGACTGAGGATCGLCGLLCGAACGAGLCCGGUGCAGACCCLGEGAACTGAGGAACCGGATCTTTCCCACC
CTCTATGCCATCTTCCAGCAGAGTCGGGEGECAGGAGCAGGAACTGAAAGTCAAGAACCGTTCTICTGCGLCTCGUCTCACCCG
CAGTTGTCTGTATCACAAGAGCGAAGACCAACT TCAGCGCACGUTTGAGGACGCCGAGGCTCTCTTCAACAAGTACTGCG
CACTCACTCTTAAAGAGTAGCCCGCGCCCLCCCACACACGGAAAAAGGUCGGGAATTACGTCACCTGTGCACCCCCACCCA
GCACCGUTATGAGCAAAGAAATTICCCACGCCTTACATGTGGAGCTACCAGCCCCAGATGGGLLCTGLGLCELCEELGCLCELL
CAGGACTACTCCACCCGCATGAATTGGUCTCAGLCGCCGLGECCCHEEEGATGATCTCACGEGETGAATGACATCCGLCGCCCACCE
AAACCAGATACTCCTAGAACAGTCAGCGUTCACCGCCACGCCCCLGCAATCACCTCAATCCGUCGTAATTGCGCCCGCCGCCO
TAGTGTACCAGGAAATTCCCCAGCCCACGACCGTACTACTTCCGLCGAGACGCCCAGGCCGAAGTCCAGCTGACTAACTCA
GGTGTCCAGLCTGGECGEGECEECGCCACCCTOGTGTCGTCACCACCCCGUTCAGGGTATAAAGCGGLCTGETGATCCGGEGECAG
AGGCACACAGCTCAACGACGAGGTGGTGAGUCTCTTCACTGGGTTIGCGACCTCACGGAGTCTTCCAACTCGCCGEATCGE
GAAGATCTTCCTTCACGCCTCGTCAGGCCGTGCTGACTTTGGAGAGTTCTTCCTCGCAACCTCGLTCGGGELCGECATCGEL
ACTCTCCAGTTITGTGGAGGAGTTCACTCCCTCGGTCTACTICAACCCCTICTCCGGUCTCCCCCGGCCACTATCCGGACGA
GITTCATCCCGAACTTCGATGUCCATCAGCGAATCGGTAGACGGCTACGATTGAATGTCCCATGLGTGGLCGCEGCTGACCTAG
CTCGGUTTCGACACCTGGACCACTGCCGCCGUTTTCGCTGUCTTCGUCTCGLGLGACCTCGCCGAGTITACCTACTTITGAGCTG
TCCGAGGAGCACCCTCAGGGCCCGGLCLCLCACGGAGTGCGGATCGTCGTCGAAGGGGGCCTAGACTCCCACCTGCTTCGTAT
CTTCAGCCAGCGLCCCGATCCTGGETCCAGCGCCAACAGGGCAACACCCTCCTGACCCTTTACTGCATCTGCAACCACCCCG
GCCTGCACGAAAGTCTTITGTITGTCTGC TG TGTACTGAGTATAATAAAAGUCTGAGATCAGCGACTACTCCGGACTCGATTG
ITGTTCCAGCAGTCTGGCGATACCAAGGGTTGCATCCACTGUCTCCTGCGACTCCCCCGAGTGUCGTTCACACCCTCATCAAG
ACCCTATGCGGCCTCCGCGACCTCCTCCCCATGAACTAATCAACTAACCCCTTACCCCATTACCCATCCAGTAAAAAAAA
TAAAGATTAAAGAGACGATGAT T TTGAATTACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATA
TATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCLGLCCTGOGLCTGACCGCCCAACGACCCCCGUCCCATTGACGTCAA
TAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGETGGAGTATTTACGGTAAACTGCC
CACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGLCCCGLCLCTGGECA
I TATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGETGA
TGCGETTITTGGCAGTACATCAATGGGCGTGGATAGCGGETTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTC
AATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTITCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGEGG
CGETAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCACTGTCTTCCGGATCGUCTGTCCAGGAGCGCCAGCTGTTG
GGCTCGCGEETTGAGAAGGAACTCTICGCGGETCCTTCCAGTACTCTTCAAGGGGGAACCCGTCCTGGETCGGCACGGEGACTC
CGCGCAAGGACCTAAGCGTCTCCAGATCCACGEGATCTGAAAACCGTTGAACGAAGGCTTCGAGCCAGTCGCAGTUCGCAA
GTCTAGAGCCACCATGTTCGTCTTCCTGGTCCTGCTGCCCCTGGETCTCATCTCAGTGCGTGAATCTGACTACAAGAACTC
AGCTGCCTCCCGCCTACACCAATTCCTITCACCCGEEGECETGTACTATCCTGACAAGGTGTTTAGAAGCTCCGTGUTGCAC
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TCTACACAGGATCTGTITCTGCCATTCTTTAGCAACGTGACCTGGTTCCACGCCATCCACGTGAGCGGCACCAATGGCAC
AAAGCGGETTCGACAATCCCGTGCTGCCTTTITAACGATGGCEGTGTACTTCGCCTCTACCGAGAAGAGCAACATCATCAGAG
GCTGGATCTTTGGCACCACACTGGACTCCAAGACACAGTUCTCTGUTGATCGTGAACAATGCCACCAACGTGGTCATCAAG
GIGTGCGAGTTCCAGTTTTGTAATGATCCCTITCCTGEGEUGTGTACTATCACAAGAACAATAAGAGCTGGATGGAGTCCGA
GITTAGAGTGTATTCTAGUCGCCAACAATTGCACATTTGAGTACGTGTCCCAGCCTTTCCTGATGGACCTGGAGGGCAAGC
AGGGCAATTTCAAGAACCTGAGGGAGT ICGTGTTTAAGAATATCGATGGCTACTTCAAGATCTACTCTAAGCACACCCCC
ATCAACCTGGTGCGLCGACCTGCCTCAGGGCTTCAGCGCCCTGGAGCCACTGGTGGATCTGCCTATCGGCATCAACATCAC
CCGGTTTCAGACACTGUCTGGUCCCTGCACAGAAGUTACCTGCGACACCCGGLCGACTCCTCTAGCGGATGGACCGCAGGAGCAG
CAGCCTACTATGTGGGCTATCTGCAGCCTAGGACCTICCTGCTGAAGTACAACGAGAATGGCACCATCACAGACGCAGTG
GATTGCGCCCTGGACCCCCTGAGCGAGACAAAGTGTACACTGAAGTCCTTTACCGTGGAGAAGGGCATCTATCAGACATC
CAATTTCAGGGTGCAGCCAACCGAGTCTATCGTGCGUTITTICCTAATATCACAAACCTGTGCCCATTTGGCGAGGTGTTCA
ACGCAACCAGGTTCGCAAGCGTGTACGCATGGAATAGGAAGCGCATCTCTAACTGCGTGGUCCGACTATAGCGTGLCTGTAC
AACTCCGCCTCTTTCAGCACCTTTAAGTGUCTATGGCGTGTCCCCCACAAAGCTGAATGACCTGTGCTITACCAACGTGTA
CGCCGATTCTTTCGTGATCAGGGGCGACGAGGTGCGCCAGATCGCACCTGGACAGACAGGCAAGATCGCCGACTACAATT
ATAAGCTGUCCAGACGATTTCACCGGUTGUCGTGATCGUCCTOGGAACAGCAACAATCTGGAT TCCAAAGTGGGLCGECAACTAC
AATTATCTGTACCGGUCTGTTTAGAAAGAGCAATCTGAAGCCCT ITCGAGAGGGACATCTCTACAGAGATCTACCAGGLCEGG
CAGCACCCCTTGCAATGGCGETGGAGGGCTTITAACTGTTATTTCCCACTGCAGTCCTACGGCTTICCAGCCCACAAACGGCE
TGGGUCTATCAGCCTTACCGLOGTGGTGETGCTGAGCTTTGAGUTGUTGCACGCACCAGCAACAGTGTGCGGACCCAAGAAG
TCCACCAATCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACCGGAACAGGLCGTGCTGACCGAGTCCAA
CAAGAAGTTCCTGCCATTTCAGCAGTTCGGCAGGGACATCGCAGATACCACAGACGCCGETGCLLCGACCCACAGACCCTGE
AGATCCTGGATATCACACCCTGCTICTT ICGGUCGGECETGAGUGTGATCACACCAGGAACCAATACAAGCAACCAGGTGGCL
GTGCTGTATCAGGACGTGAATTGTACCGAGGTGUCCTGTGGLCCATCCACGCCGATCAGCTGACCCCAACATGGCGGETGETA
CAGCACCGGLCTCCAACGTGTTCCAGACAAGAGCAGGATGCCTGATUCGGAGCAGAGCACGTGAACAATTCCTATGAGTGCG
ACATCCCAATCGGCGLCCGGCATCTGTGCCTCTTACCAGACCCAGACAAACTCTCCAAGGAGAGCACGGAGCGTGGECATCC
CAGTCTATCATCGCCTATACCATGTCCCTGGGCGCCGAGAATTCTGTGGCCTACTCTAACAATAGCATCGCCATCCCAAC
CAACTTCACAATCTCTGTGACCACAGAGATCCTGCCCETGTCCATGACCAAGACATCTGTGGACTGCACAATGTATATCT
GTGGCGATTCTACCGAGTGCAGCAACCTGUTGC TGCAGTACGGCAGCTTTTGTACCCAGCTGAATAGAGCCCTGACAGGC
ATCGCCGTGGAGCAGGATAAGAACACACAGGAGGTGTTCGCCCAGGTGAAGCAGATCTACAAGACCCCCCCTATCAAGGA
CTTTGGCGGCTTCAATTTTTCCCAGATCCTGCCTGATCCATCCAAGCCTTCTAAGCGGAGCTTITATCGAGGACCTGLCTET
TCAACAAGGTGACCCTGGUCCGATGCCLLGUCTTCATCAAGCAGTATGGCGATTGCCTGGECGACATCGCAGCACGGGACCTG
ATCTGTGCCCAGAAGTTTAATGGCCTGACCGTGUCTGCCACCCCTGUCTGACAGATGAGATGATCGCACAGTACACAAGCEL
CCTGCTGGCAGGAACCATCACATCCGGATGGACCTTCGGLCGCAGGAGCCGUCCTGCAGATCCCCTTITGUCCATGCAGATGE
CCTATAGGTTCAACGGCATCGGUCGTGACCCAGAATGTGUCTGTACGAGAACCAGAAGCTGATCGCCAATCAGTTTAACTCC
GCCATCGGCAAGATCCAGGACAGCCTGTCCTCTACAGCCTCCGLCCCTGGGCAAGUCTGCAGGATGCTGGETGAATCAGAACKGC
CCAGGCCCTGAATACCCTGGTGAAGCAGCTGAGCTCCAACTTCGGUCGCCATCTCTAGCGTGCTGAATGATATCCTGAGCC
GGCTGGACAAGGTGGAGGCAGAGGTGCAGATCGACCGGUTGATCACAGGCAGACTGCAGTCTCTGCAGACCTATGTGACA
CAGCAGCTGATCAGGGCAGCAGAGATCAGGGCAAGCGLCCAATCTGGCAGCAACCAAGATGTCCGAGTGLGTGLTGEGEGECCA
GITCTAAGAGAGTGGACTTTTGTGGCAAGGGUCTATCACCTGATGTCUCTTCCCTCAGTCTGCCCCACACGGLCETGGETGTTTC
TGCACGTGACCTACGTGCCCGCCCAGGAGAAGAACTTCACCACAGCCCCTGCCATCTGCCACGATGGCAAGGCCCACTTT
CCAAGGGAGGGCGTGTTCGTGTCCAACGGLCACCCACTGGETTTGTGACACAGCGCAATTTCTACGAGCCCCAGATCATCAC
CACAGACAATACCTTCGTGAGCGGCAACTGTGACGTGOTCATCGGCATCGTGAACAATACCGTGTATGATCCACTGCAGC
CCGAGCTGGACAGCTTTAAGGAGGAGCTGGATAAGTACTTCAAGAATCACACCTCCCCTGACGTGGATCTGGGECEACATC
AGCGGCATCAATGCCTCCGTGGTGAACATCCAGAAGGAGATCGACCGCCTGAACGAGGTGGCCAAGAATUTGAACGAGAG
CCTGATCGATCTGCAGGAGUTGGGCAAGTATGAGCAGTACATCAAGTGGCCATGGTACATCTGGELTGGGELCTTCATCGCCG
GCCTGATCGCCATCGTGATGGTGACCATCATGCTGTGCTGTATGACATCCTGCTGTTCT TGCCTGAAGGGCTGCTGTAGC
TGTGGCTCCTGCTGTAAGT ITTGATGAGGACGATTCCGAACCCGTGUTGAAGGGAGTGAAGCTGCATTACACCTGAGGATC
CCTCGAGCTGTGCCTTCTAGTTGCCAGCCATCTGTTGITTGCCCCTCCCCCGTGUCCTTCCTTGACCCTGGAAGGTGCCAC
TCCCACTGTCCTTTCCTAATAAAATGCGAGGAAATTGCATCOGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGEGETGGEE
T GGGGECAGGACAGCAAGLGGGGAGGATTGEGAAGACAATAGCAGGCATGUCTGGEEATGCOGETGGGLCTCTATGGTGATCAAT
AAAGAATCACTTACTITGAAATCTGAAACCAGGTCTCTGTCCATGTTTTCTGTCAGCAGCACTTCGCTCCCCTCTTCCCAG
CTCTGOGTACTGCAGGUCCCLCGLUGEEUTGCAAACTTCCTCCACACTCTGAAGGGGATGTCAAATICCTCCTGTCCCTCAAT
CITTCATTTITTATTITCTATTAGATGTCCAAAAAGCGUCGLGCHGGETGGATGATGGUCTTCGACCCCETGTATCCCTACGATG
CAGACAACGCACCGACCGTGCCCTTCATCAACCCTCCCTTCGTCTUTTCAGATGGATTCCAAGAAAAGCCLCCTGEEEETG
T TGITCCCTTAGGUCTGGCCGACCCTGTCACCACCAAGAATGGGGAAATTACCCTCAAGCTGGEGEGAGGGEETGGACCTTGA
CGACTCGGGAAAACTCATTGCAAACACAGTAAACAAGGCCATTGCCCCTCTCAGTTTTTCCAACAACACCATTTCCCTTA
ACATGGATACCCCTITATACACCAAAGATGGAAAACTATCCTTACAAGTTICTCCACCATTAAGTATATTAAAATCAACA
ATTTTGAATACATTAGCTCTAGCTTTTGGCTCAGGTT TAGGACTCAGTGGCAGCGCCCTGGCAGTACAGTTAGCCTCTCC
ACTTACATTTGATGATAAAGGGAATATAAAGATTACCCTAAACAGGGGATTGCATGTTACAACAGGAGATGCAATTGAAA
GCAACATCAGTTGGGUCTAAAGGTATAAAATTTGAAGATGOTGCCATAGCTACAAACATTGGTAAGGGGCTAGAGTTCGGA
ACCAGTAGTACAGAAACAGGAGTTAATAATGCTTATCCAATCCAAGTTAAACTTGGCTCTGGTCTCAGCTTTGACAGCAC
AGGAGCCATAATGGUCTGGCAATAAAGACTATGATAAATTAACTTTGTGGACAACGCCTGACCCATCACCAAACTGTCAAA
TACTTGCAGAAAATGATGCAAAACTAACACTTITGCTTAACTAAGTGTGACAGTCAAATACTGGCCACTGTATCAGTTTT
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GITGTTAGAAGTGGAAACTTAAACCCAATTACTGGCACAGTAAGCAGTGUCTCAAGTTITTCTACGTTTTGATGCAAATGE
TGTTCITTTTAACAGAACACTCTACACTAAAAAAATACTGGEGUCTACAAGCAAGGAGATAGCATAGATGGCACTCCATACA
CCAATGUCTGTTGGTITTATGCCAAATTICAACAGCTTATCCAAAGACCCAAAGT ICTACTACTAAAAATAATATAGTGGET
CAAGTATACATGAATGGAGATGTTTCAAAACCCATGCTTICTTACTATAACTCTTAATGGTACTGATGACACCACCAGTGC
ATACTCAATGTCATTTTCATACACCTGGACTAACGGAAGUCTATATCGGAGCAACATTTGGAGCTAACTCATACACCTTCT
CCTACATAGCCCAACAATAATCCCACCCTGCATGCCAACCCACCTTTTCCCTCTATT TATAAATGCCAAACTGAAACAAAA
ATAAAGTTCAAGTGTTTTATTGATTCAACAGTTTTTCACAGGATTCGAGTAGTTATTTTCCCTCCACCCTCCCATCTCAT
GGAATACACTATCCTCTCCCCACGCACAGCCTTAAACATCTGAATGUTAT TGO TAATGGACATGGTTITTGATCTCCACAT
TCCACACAGTTTCAGAGCGAGACAGTCTCGGGTCGETCAAGGAGATGAAACCCTCCGGGCACTCCTGCATCTGCACCTCA
CAGTTCAACAGCTGAGGGUTGTCCTCGGTGATTIGGAATCACAGTTATCTGGAATAAGAGCGATGAGAATCATAATCCGCA
AACGGGATCGGEGECGEETTGTGGCECATCAGGUCCLCELCAGCAGTCGUTGTC TGCGLCCGUTCCETCAAGUCTGCTACTCAAGG
GTCCGLGGETCCAGGGACTCCCTGUCGCATGATGCCAATGGUCCCTGAGCATCAGTCGUCCTGGTACGLGLUGEGCECAGCAGLCGGA
TGCGGATCTCACTCAGGTCGGAGCAGTACGTGCAGCACAGCACCACCAAGTTGTITCAACAGTCCATAGTTCAACGTGCTC
CAGCCAAAACTCATTTGTGGAACTATGCTGCCCACATGTCCATCGTACCAGATCCTGATGTAAATCAGGTGGCETCCCCT
CCAGAACACACTGCCCATGTACATGATCTCCTIGGGCATGTGCAGGTTCACCACCTCCCGGTACCACATCACCCGLUTGET
TGAACATGCAGCCCTGGATAATTCTGCGGAACCAGATGGCAAGTACCGTCCCLGLCCCELCCATGCAGCGCAGGGACCLCLGEE
T TCTGGCAATGGCAGTGGATCACCCACCGUCTCGLCGACCGTGGATCAACTGGGAACTAAACAAGTCTATGTTGGCACAGCA
CAGGCACACGCTCATGCATGTCTTCAGCACTCTCAATICCTCGGEEGETCAGGACCATATCCCAGGGCACAGGGAACTCTT
GCAGGACAGTGAACCCGGUCCGAACAGGGCAATCUCTCGCACGGAACTTACATTGCTGCATGGACAGGGTATCGCAATCAGGC
AGCACCGGATGATCCTCCACCAGAGAAGCGUGGLCTUCTCGGTCTCCTCACAGCGAGGTAAGGTGGLCUCGGUCGETTGETACGG
ATGATGGCGAGATAACGCTAATCGTIGT ICTGGATCGTGTCATGATGGAGCTGT ITCCGGACATTTTCGTATTTCACAAAG
CAGAACCTGGETCCGGGCACTGCACACCGUTCGTCGGLCGACGGTCTCGGUGLCTTCGAGCGUCTCAATGTTGAAGT TATAGAA
CAGCCACTCCCTCAGAACGTGCAGTATCTCCTGAGCCTCTTGGGETGATGAAAATCCCATCCGLCCCTGATGGCTCTGATTA
CATCAACCACGGTGGAATGGGCCAAACCCAGCCAGATGATGCAATTTTGTTGGGTTTCGGETGACGGLCGEEEEAGGEGAAGA
ACAGGAAGAACCATGCATTAACTTTATTCCAAACGGTCTICGGAACACTTCAAAATGCAGGTCCCGLAGGTGGCACCTCTCG
CCCCCACTGTGTITGETGGAAAATAACAGCCAGGTCAAAGGTAACACGGTTCTCGAGATGTTCCACGGTGGCTTCCAGCAA
AGCCTCCACGCGCACATCCAGAAACAAGAGGACAGCGAAAGCGGLAGCGTTTTCTAATTCCTCAATCATCATATTACACT
CCTGCACCATGCCTAGATAATT I TCATTTITCCAGCCTTGAATGATTICGTATTAGT TCCTGAGGTAAATCCAAGCCAGCC
ATGATAAAAAGCTCGUCGCAGAGCGCCCTCCACCGGCATTICTTAAGCACACCCTCATAATTCCAACAGATTICTGCTCC TG
T TCACCTGTAGTAGATTAACAAGTGGAATATCAAT TGCTCTGCCOGCAATCCCTAAGUTCCTCCCTTAGCAGTAACTGTAT
GTACTCATTCATATCTTCTCCGAAATTTITAGCCATAGGACCACCAGGAACAAGAGAAGGGCAAGCCACATTACAGATAA
AGCGAAGTCCTCCCCAGTGAGCATTGCCAAATGTAAGATTGAAATAAGCATGUCTGGCTAGACCCGGTGATATCTTCCAGA
TAACTGGACAGAAAATCAGGCAAGCAATTTTTAAGAAAATTAACAAAAGAAAAGTCGTCTAGGTGCACGTTTAGAGCCTC
AGGAACAACGATGGAATAAGTGCAAGGAGTACGTTCCAGCATGGT TAGTGTTTTTGGTGATCTGTAGAACAAAAAATAAA
CATGCAATATTAAACCATGUCTAGCCTGGLCGAACAGGTGGATAAATCACTCTTTCCAACACCAGGCAGGCTACAGGGTCTC
COGCGELCLACCATTGTAGAAGUTGACATTATGATTAAAAAGCATCACCGACAGACCTTCCCGGTGECCGGCATGGATGATT
CGAGAAGAAGCATACACTCCGGGAACATTGGCGTCCGTGAGTGAAAAAAAGCGACCTATAAAGCCTTGAGGCACTACAAT
GCTTAATCTTAATTCCAGCAAAGCGACCCLCATGCGGATGAAGCACAAAATTGGCAGGTGCGTAAAAAATGTAATTACTCC
CCTTCTGCACAGGCAGCAAAGCCCLCLCGUCTCCCTCCAGAAACACATACAAAACCTGAGCGTCCATAGCTTACCGAGCACGG
CAGGCGCAAGAGTCAGAGAAAAAGUTGAGCTCTAACCTAACTGCCCGCTTCTGTACTCAATATATAGCCCTAACCTCACT
GACGTAAAGGCCAAGGTCTAAAAATACCCLCCAACACGUCCAGAAACCGLOTGACACACTAAAAAAATACGTGCACTTICCT
CAAACGCCCAAACTGGLCGTCATTTCCGGTTTCCCACGCTACGTCACCTCTCAACGACTTTCAAATTCCGTCGACCGTTAA
ACACATCAGTTACCCLCGCCCCTAACGAACGCCGUTGTCACAGCCAATCAGCGUCGCCCCATCCCCAAATTTTCACGCCTTA
T TTGCATATTAACTCACACAAAAARAAAATAAGGTATATTATTIGATGATGAAGCTITTAAT

SEQ ID NO: 2 is the amino acid sequence of a wild-type SARS-CoV-2 (Wuhan strain)
spike protein deposited under GenBank Accession No. YP_009724390.1.

MEVEFLVLLPLVSSQUCVNLT TRTQLPPAYTNSEFTRGVYYPDKVERSSVLASTOQDLELPEESNVIWEFHATHVSGTNGTKRED
NPVLPENDGVYFASTERKSNIIRGWIFGTTLDSKTOSLLIVNNATNVV IKVCEFQFCNDPEFLGVYYHKNNKSWMESEFRVY
SOANNCTEFEYVSOPFLMDLEGROGNEFKNLREEVERKNIDGYPKIYSKATP INLVRDLPOGESALEPLVDLPIGINITREQT
LLALHRSYLTPGDSSSGWTAGAAAYYVGYLOQPRTELLKYNENGTITDAVDCALDPLSETRKCTLKSETVERGIYQTSNERY
QPTES IVREFPNITNLCPEGEVENATREFASVYAWNRKRISNCVADY SVLYNSASEFSTEKCYGVSPTKLNDLCETNVYADSE
VIRGDEVROIAPGOQTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVGGNYNYLYRLERKSNLKPEERDISTEIYQAGSTPC
NGVEGENCYFPLOSYGFOPTNGVGYQPYRVVVLSEFELLHAPATVCGPRKKSTNLVKNKCVNENENGLTGTGVLTESNKKE L
PFOQOQFGRDIADTTDAVRDPOTLEILDITPCSEFGGVOSVITPGINTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYS TGS
NVFOQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTOTNSPRRARSVASQOSIIAYTMSLGAENSVAY SNNSIAIPTNETIL
SVITEILPVSMTKTSVDCTIMY ICGDSTECSNLLLOYGSECTQLNRALTGIAVEQDRKNTOQEVEFAQVRKOIYKTPP IKDFGGE
NESQLILPDPSKPSKRSEF IEDLLENKVILADAGE IKQYGDCLGD IAARDL ICAQKENGLTVLPPLLTDEMIAQY TSALLAG
TITSGWIFGAGAALQIPFAMOMAYRENGIGVTONVLYENQKLIANQENSATIGRKIQDSLSSTASALGKLODVVNOQNAQALN
TLVRKOLSSNFGALSSVLNDILSRLDRKVEAEVOQIDRLITGRLOSLOTYVTOQLIRAAETIRASANLAATKMSECVLGQSKRY
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DECGRGYHLMSEFPOSAPHGVVELAVIYVPAQEKNEFETTAPATICHDGRAHFPREGVEVSNGTHWEVTORNEYEPQITTTDNT
FVSGNCDVVIGIVNNIVYDPLOPELDSFRKEELDKYEFRKNHTSPDVDLGDISGINASVVNIQOKEIDRLNEVAKNLNESLIDL

QELGRYEQY IKWPWY IWLGEF IAGLIAIVMVT IMLCCMTSCCSCLKGCCSCGESCCKEDEDDSEPVLRKGVKLHYT

SEQ ID NO: 3 is the amino acid sequence of a stabilized SARS-CoV-2 spike protein
with a double proline substitution (nCoV-PP).

MEVEFLVLLPLVSSQCVNLTTRTQLPPAYTNSEFTRGVYYPDKVERSSVLOASTOQDLELPEESNVIWEFHATHVSGTNGTKRED
NPVLPENDGVYFASTERKSNIIRGWIFGTITLDSKTOSLLIVNNATNVV IKVCEFQFCNDPEFLGVYYHKNNKSWMESEFRVY
SSANNCTEFEYVSOPFLMDLEGRKOGNEFKNLREEFVERKNIDGYEPKIYSKATP INLVRDLPOGESALEPLVDLPIGINITREQT
LLALHRSYLTPGDSSSGWTAGAAAYYVGYLOQPRTELLKYNENGTITDAVDCALDPLSETRKCTLKSETVERGIYQTSNERY
QPTESIVREPNITNLCPEGEVENATREFASVYAWNRKRISNCVADY SVLYNSASESTERKCYGVSPTKLNDLCETNVYADSE
VIRGDEVROIAPGOTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLEFRKSNLKPEERDISTEIYQAGSTRPC
NGVEGENCYFPLOSYGFOPTNGVGYQPYRVVVLSEFELLHAPATVCGPRKKSTNLVKNKCVNENENGLTGTGVLTESNKKE L
PFOQOQFGRDIADTTDAVRDPOTLEILDITPCSFGGVSVITPGINTSNQVAVLYQDVNCTEVPVATIHADQLTPTWRVYS TGS
NVEOTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQINSPRRARSVASQS I IAY TMSLGAENSVAYSNNSIAIPTNET L
SVITEILPVSMTKTSVDCIMY ICGDSTECSNLLLOYGSEFCTQLNRALTGIAVEQDRKNTQEVEAQVRKOIYKTPP IKDFGGE
NESQILPDPSKPSKRSEF IEDLLENKVILADAGE IKQYGDCLGDIAARDL ICAQKENGLTVLPPLLTDEMIAQY TSALLAG
TITSGWIFGAGAALQIPFAMOMAYRENGIGVTONVLYENQKLIANQENSATIGRKIQDSLSSTASALGKLODVVNOQNAQALN
TLVKOQLSSNEGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTOQLIRAAETIRASANLAATKMSECVLGQSKRY
DFCGRGYHLMSEFPOSAPHGVVELHVIYVPAQEKNE TTAPATICHDGRAHFPREGVEVSNGTHWEVIQRNFYEPQITTTDNT
FVSGNCDVVIGIVNNTVYDPLOPELDSEFREELDKYEFKNHTSPDVDLGDISGINASVVNIQRKEIDRLNEVAKNLNESLIDL
QELGRKYEOQY IKWPWY IWLGEF IAGLIATIVMVT IMLCCMTSCCSCLRKGCCSCESCCREDEDDSEPVLKGVKLHYT

SEQ ID NO: 4 is the amino acid sequence of a tail-truncated SARS-CoV-2 spike protein
(nCoV-TT).

MEVELVLLPLVSSQUCVNLTTRTQLPPAYTNSEFTRGVYYPDRKVERSSVLOSTODLELPEFSNVIWEHATIOVSGINGTKRED
NPVLPENDGVYFASTERKSNIIRGWIFGTTLDSKTOSLLIVNNATNVV IKVCEFQFCNDPEFLGVYYHKNNKSWMESEFRVY
SOANNCTEEYVSQPFLMDLEGRKOGNFKNLREFVERKNIDGYFKIYSKHTPINLVRDLPOGESALEPLVDLPIGINITREQT
LLALHRSYLTPGDSSSGWTAGAAAYYVGYLOQPRTELLKYNENGT I TDAVDCALDPLSETRKCTLKSETVERGIYQTSNERY
QPTESIVREPNITNLCPEGEVENATREFASVYAWNRKRISNCVADY SVLYNSASESTEFRKCYGVSPTKLNDLCETNVYADSE
VIRGDEVROIAPGOTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLERKSNLKPEERDISTEIYQAGSTRPC
NGVEGENCYFPLOSYGFOQPTNGVGYQPYRVVVLSFELLHAPATVCGPRKKS TNLVENKCVNENENGLTGTGVLTESNKKE L
PFOQFGRDIADTTDAVRDPOTLEILDITPCSEFGGVOSVITPGINTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYS TGS
NVFOQITRAGCLIGAEHVNNSYECDIPIGAGICASYQTOTNSPRRARSVASQOS I IAYTMSLGAENSVAY SNNSIAIPTNETL
SVITEILPVSMTKTSVDCTIMY ICGDSTECSNLLLOYGSEFCTQLNRALTGIAVEQDRNTOQEVEFAQVRKOIYKTPPIKDFGGEE
NESQLILPDPSKPSKRSEF IEDLLENKVILADAGE IKQYGDCLGDIAARDL ICAQKENGLTVLPPLLTDEMIAQY TSALLAG
TITSGWIFGAGAALQIPFAMOMAYRENGIGVTONVLYENQKLIANQENSATIGRKIQDSLSSTASALGKLODVVNQNAQALN
TLVKQLSSNFGALISSVLNDILSRLDRKVEAEVQIDRLITGRLOSLOTYVTOQLIRAAETIRASANLAATKMSECVLGQSKRY
DECGRGYHLMSEFPOSAPHGVVELHVIYVPAQERKNF TTAPATICHDGRAHFPREGVEVONGTHWEVIORNEYEPQITITTDNT
FVSGNCDVVIGIVNNTVYDPLOPELDSFREELDKYFRKNHTSPDVDLGDISGINASVVNIQRKEIDRLNEVAKNLNESLIDL
QELGKYEQY IKWPWY IWLGE IAGLIATIVMVT IMLCCMTSCCSCLKGCCS

SEQ ID NO: 5 is the amino acid sequence of a SARS-CoV-2 spike protein lacking the C-

terminal endocytosis motif (nCoV-noEndo).

MEVEFLVLLPLVOSSQUCVNLTTRTQLPPAYTNSEFTRGVYYPDKVERSSVLOASTOQDLELPEESNVIWEFHATHVSGTNGTKRED
NPVLPENDGVYFASTERKSNIIRGWIFGTTLDSKTOSLLIVNNATNVV IKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVY
SSANNCTEFEYVSOPFLMDLEGRKOGNEFKNLREEFVERKNIDGYEPKIYSKATP INLVRDLPOGESALEPLVDLPIGINITREQT
LLALHRSYLTPGDSSSGWTAGAAAYYVGYLOQPRTELLKYNENGTITDAVDCALDPLSETRKCTLKSETVERGIYQTSNERY
QPTESIVREPNITNLCPEGEVENATREFASVYAWNRRKRISNCVADY SVLYNSASESTERKCYGVSPTKLNDLCETNVYADSE
VIRGDEVROIAPGOTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLEFRKSNLKPEERDISTEIYQAGSTRPC
NGVEGENCYFPLOSYGFOQPTNGVGYQPYRVVVLSEFELLHAPATVCGPRKKSTNLVKNKCVNENENGLTGTGVLTESNKKE L
PFOQOQGRDIADTTDAVRDPOTLEILDITPCSEFGEGVSVITPGINTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYS TGS
NVEOTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQINSPRRARSVASQS I IAY TMSLGAENSVAYSNNSIAIPTNET L
SVITEILPVSMTKTSVDCTIMY ICGDSTECSNLLLOYGSEFCTQLNRALTGIAVEQDRKNTOQEVEAQVRKOIYKTPP IKDFGGE
NESQILPDPSKPSKRSEF IEDLLENKVILADAGE IKQYGDCLGDIAARDL ICAQKENGLTVLPPLLTDEMIAQY TSALLAG
TITSGWIFGAGAALQIPFAMOMAYRENGIGVTONVLYENQKLIANQENSATIGRKIQDSLSSTASALGKLODVVNOQNAQALN
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TLVKOQLSSNFGALISSVLNDILSRLDRKVEAEVOQIDRLITGRLOSLOTYVTOQLIRAAE T RASANLAATKMSECVLGQSKRY
DFCGRGYHLMSEFPOSAPHGVVELHVIYVPAQEKNE TTAPATICHDGRAHFPREGVEVSNGTHWEVIQRNFYEPQITTTDNT
FVSGNCDVVIGIVNNTVYDPLOPELDSEFREELDKYEFRKNHTSPDVDLGDISGINASVVNIQRKEIDRLNEVAKNLNESLIDL
QELGRYEQY IKWPWY IWLGEF IAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKEDEDDSEPVLRKGY

SEQ ID NO: 6 1s a nucleic acid sequence encoding a SARS-CoV-2 spike protein.

ATGTTTGTTTTTCTTGTTTTATTGUCCACTAGTCTCTAGTCAGTGTGTTAATCTTACAACCAGAACTCAATTACCCCCTEC
ATACACTAATTCTTTCACACGTGGTGTTTATTACCCTGACAAAGTTTTCAGATCCTCAGTTTTACATTCAACTCAGGACT
ITGTTCTTACCTTTCTTTTCCAATGTTACTTGGTTCCATGUCTATACATGTICTCTGGGACCAATGGTACTAAGAGGTTTGAT
AACCCTGTCCTACCATTTAATGATGGTGTTTATTTTGCTTCCACTGAGAAGTCTAACATAATAAGAGGCTGGATTTTTGG
TACTACTTTAGATTCGAAGACCCAGTCCCTACTTATTGTTAATAACGCTACTAATGTTGTTATTAAAGTCTGTGAATTTC
AATTTTGTAATGATCCATTTTTGGGTGTTTATTACCACAAAAACAACAAAAGTTGGATGGAAAGTGAGTTCAGAGTTTAT
ITCTAGTGCGAATAAT TGCACT T TTGAATATGTCTCTCAGCCTTTTCTTATGGACCTTIGAAGGAAAACAGGGTAATTTCAA
AAATCTTAGGGAAT I TGTGT I TAAGAATATTGATGGTTATTTTAAAATATATTICTAAGCACACGCCTATTAATTTAGTGC
GTGATCTCCCTCAGGGTTTTTCGGC TTTAGAACCATTGGTAGATTTGCCAATAGGTATTAACATCACTAGGTTTCAAACT
T TACTTGCTT TACATAGAAGT TATTTGACTCCTGGTGATTCTTCT TCAGGTTGGACAGCTGOTGCTGCAGCTTATTATGT
GGGITATCTTCAACCTAGGACTTTICTATTAAAATATAATGCGAAAATGGAACCATTACAGATGCTGTAGACTGTGCACTTG
ACCCTCTCTCAGAAACAAAGTGTACGT TGAAATCCTTCACTGTAGAAAAAGGAATCTATCAAACTTCTAACTTTAGAGTC
CAACCAACAGAATCTATTGTTAGATTTCCTAATATTACAAACTTGTGCCCTTTTGGTGAAGTTTTITAACGCCACCAGATT
TGCATCTGTTTATGCTTGGAACAGGAAGAGAATCAGCAACTGTGTTGCTGATTATTC TGTCCTATATAATTCCGCATCAT
ITTTCCACT T TTAAGTGT TATGGAGTGTCTCCTACTAAATTAAATGATCTCTGCTTTACTAATGTCTATGCAGATTCATTT
GTAATTAGAGGTGATGAAGTCAGACAAATCGCTCCAGGGCAAACTGGAAAGATTGCTGATTATAATTATAAATTACCAGA
TGATTTTACAGGCTGCGTTATAGCTTGGAATTC TAACAATCTTGATTCTAAGGTTGGTGGTAATTATAATTACCTGTATA
GATTGITTTAGGAAGTCTAATCTCAAACCTITTGAGAGAGATATTTCAACTGAAATCTATCAGGCCGGTAGCACACCTTGT
AATGGTGTTGAAGGTTTTAATTGTTACTTTCCTTTACAATCATATGGTTTCCAACCCACTAATGGTGTTGGTTACCAACC
ATACAGAGTAGTAGTACTITCTT ITGAACTTCTACATGCACCAGCAACTGTTIGCTGCGACCTAAAAAGTCTACTAATT TG
TTAAAAACAAATGTGTCAATTTCAACTTCAATGGTTTAACAGGCACAGGTGTTCTTACTGAGTCTAACAAAAAGTTITCTG
CCTTTCCAACAATTTGGCAGAGACATTGUCTGACACTACTGATGCTGTCCGTGATCCACAGACACT ITGAGATTCTTGACAT
TACACCATGTTCTITTTGGTGGTGTCAGTGTTATAACACCAGGAACAAATACTTICTAACCAGGTTGCTGTTCTTTATCAGG
ATGTTAACTGCACAGAAGTCCCTGTTGUCTATTCATGCAGATCAACTTACTCCTACT TGGCGTGTTTATTCTACAGGTTCT
AATGTTTTTCAAACACGTGCAGGUCTGTTTAATAGGGGUCTGAACATGTCAACAACTCATATGAGTGCTGACATACCCATTGG
TGCAGGTATATGCGUCTAGTTATCAGACTCAGACTAATTCTCCTCGGCGEGCACGTAGTGTAGCTAGTCAATCCATCATT
CCTACACTATGTCACTTGGTGCAGAAAATTCAGTTGCTTACTCTAATAACTCTATTGCCATACCCACAAATTTTACTATT
AGTGTTACCACAGAAATTCTACCAGTGICTATGACCAAGACATCAGTAGATIGTACAATGTACATTTGTGGTGATTCAAC
TGAATGCAGCAATCTTITTGTTGCAATATGGCAGTTTTTGTACACAATTAAACCGTGUCTTTAACTGGAATAGCTGTTGAAC
AAGACAAAAACACCCAAGAAGTTTTTGCACAAGTCAAACAAATTTACAAAACACCACCAATTAAAGATTITTGGTGGTTTT
AATTTTTCACAAATATTACCAGATCCATCAAAACCAAGCAAGAGGTCATITATITGAAGATCTACTTTTCAACAAAGTGAC
ACTTGCAGATGCTGGCTTCATCAAACAATATGGETGATTGCCTTGGTGATATTGCTGCTAGAGACCTCATTTGTGCACAAA
AGTTTAACGGCCTTACTGTT T TGCCACCTTITGC TCACAGATGAAATGATTGCTCAATACACTICTGCACTGTTAGCGGET
ACAATCACTTCTGGTITGGACCTTTGGTGCAGGTGCTGCATTACAAATACCATTTGCTATGCAAATGGCTTATAGGTTTAA
TGGTATTGGAGTTACACAGAATGTTICTCTATGAGAACCAAAAATTGATTGCCAACCAATTTAATAGTGUCTATTGGCAAAA
T TCAAGACTCACTTTICTTCCACAGCAAGTGCACTTGGAAAACTTCAAGATGTGGTCAACCAAAATGCACAAGCTTITAAAC
ACGCTTGTTAAACAACTTAGUTCCAATTTTGGTGCAAT T TCAAGTGTTTTAAATGATATCCTTITCACGTCTTGACAAAGT
TGAGGCTGAAGTGCAAATTGATAGGTIGATCACAGGCAGACTTCAAAGT ITGCAGACATATGTGACTCAACAATTAATTA
GAGCTGCAGAAATCAGAGUCTTCTGUCTAATCTTGCTGCTACTAAAATGTCAGAGTGTGTACTTGCGACAATCAAAAAGAGTT
GATTTTTGTGGAAAGGGUCTATCATCTTATGTCCTTCCCTCAGTCAGCACCTCATGGTGTAGTCTTICTTGCATGTGACTTA
TGTCCCTGCACAAGAAAAGAACT TCACAACTGCTCCTGCCATTTGTCATGATGCGAAAAGCACACTTITCCTCGTGAAGGTG
TCTTTGTTTCAAATGGCACACACTGGETTTGTAACACAAAGGAATTTTTATGAACCACAAATCATTACTACAGACAACACA
ITTTGTGTCTGGTAACTGTGATGT TGTAATAGGAATTGTCAACAACACAGTITATGATCCTTTGCAACCTGAATTAGACTC
ATTCAAGGAGGAGTTAGATAAATATTTITAAGAATCATACATCACCAGATGTTGATTTAGGTGACATCTCTGGCATTAATG
CTTCAGTTGTAAACATTCAAAAAGAAATTGACCGCCTCAATGAGGTTGCCAAGAATTTAAATGAATCTCTCATCGATCTC
CAAGAACTTGGAAAGTATGAGCAGTATATAAAATGGUCCATGGTACAT I TGGUCTAGGTTITATAGCTGGUCTTGATTGCCAT
AGTAATGGTGACAATTATGUT T TGUTGTATGACCAGT TGUTGTAGTTGTCTCAAGGGLCTGTTGTTCTTGTGGATCCTGCT
GCAAATTITGATGAAGACGACTCTGAGCCAGTGCTCAAAGGAGTCAAATTACATTACACATAA

SEQ ID NO: 7 is the amino acid sequence of a stabilized SARS-CoV-2 beta variant spike

protein with a double proline substitution.

MEVELVLLPLVSSQUCVNETTRTQLPPAYTNSEFTRGVYYPDRKVERSSVLOASTODLELPEFSNVIWEHATIOVSGINGTRKREA
NPVLPENDGVYFASTERKSNIIRGWIFGTTLDSKTOSLLIVNNATNVV IKVCEFQFCNDPEFLGVYYHKNNKSWMESEFRVY
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SSANNCTEFEYVSOPFLMDLEGROGNEFKNLREEFVERKNIDGYEPKIYSKATP INLVRGLPOGEFSALEPLVDLPIGINITREQT
LHISYLTPGDSSSGWTAGAAAYYVGYLOPRTFLLKYNENGT ITDAVDCALDPLSETKCTLRKSEFTVEKGIYQTSNERVQPT
ESIVREPNITNLCPEGEVENATRFASVYAWNRKRISNCVADYSVLYNSASESTFKCYGVSPTKLNDLCETNVYADSEVIR
GDEVRQIAPGOTGNIADYNYKLPDDEFTGCVIAWNSNNLDSKVGGNYNYLYRLERKSNLKPFERDISTEIYQAGSTPUNGYV
KGENCYEFPLOSYGFQPTYGVGYQPYRVVVLSFELLHAPATVCGPRKKS INLVEKNRKCVNENENGLTGTGVLTESNKKELPEQ
QEGRDIADTTDAVRDPQTLEILDITPCSEFGGVSVITPGTNTSNOQVAVLYQGVNCTEVPVAIHADQLTPTWRVY STGSNVE
QITRAGCLIGAEOVNNSYECDIPIGAGICASYQTOTNSPRRARSVASQS I IAYTMSLGVENSVAYSNNSIAIPTNETISVT
TEILPVSMTRKTSVDCTMY ICGDSTECSNLLLOYGSECTOLNRALTGIAVEQDRKNTQEVEFADVKOIYRKTPPIKDEGGENES
QILPDPSKPSKRSFIEDLLENKVTLADAGE IKQYGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTIT
SGWTFGAGAALQIPFAMOMAYRENGIGVIONVLYENQKLIANQENSAIGKIQDSLSSTASALGKLODVVNQNAQALNTLYV
KOQLSSNEFGALSSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVIQOLIRAAETIRASANLAATKMSECVLGOSKRVDEC
GRGYHLMSEFPOSAPHGVVELHVTYVPAQEKNFTTAPAICHDGKAHFPREGVEVSNGTHWEVTORNEFYEPQIITTDNTEVS
GNCDVVIGIVNNTVYDPLOPELDSEFRKEELDKYFRKNHTSPDVDLGDISGINASVVNIQKE IDRLNEVAKNLNESLIDLOEL
GRYEQYIKWPWYIWLGE IAGLIATIVMVTIMLCCMTSCUCSCLRGCCSCGESCCREDEDDSEPVLKGVRKLHYT

SEQ ID NO: 8 1s the amino acid sequence of a stabilized, double proline-substituted,
chimeric SARS-CoV-2 spike protein comprising the RBD of the beta variant and remaining

sequence from the Wuhan strain.

MEVELVLLPLVSSQCVNLTTRTQLPPAYTNSEFTRGVYYPDRKVERSSVLOSTODLELPEFSNVIWEHATIOVSGINGTKRED
NPVLPENDGVYFASTERKSNIIRGWIFGTITLDSKTOSLLIVNNATNVV IKVCEFQFCNDPEFLGVYYHKNNKSWMESEFRVY
SSANNCTEFEYVSOPFLMDLEGRKOGNEFKNLREEFVEKNIDGYEPKIYSKATPINLVRDLPOGEFSALEPLVDLPIGINITREQT
LLALHRSYLTPGDSSSGWTAGAAAYYVGYLOQPRTELLKYNENGT I TDAVDCALDPLSETRKCTLKSETVERGIYQTSNERY
QPTESIVREPNITNLCPEGEVENATREFASVYAWNRKRISNCVADY SVLYNSASESTEFRKCYGVSPTKLNDLCETNVYADSE
VIRGDEVROIAPGOQTGNIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLEFRKSNLKPEERDISTEIYQAGSTRPC
NGVRKGENCYFPLOSYGFOPTYGVGYQPYRVVVLSEFELLHAPATVCGPRKKSTNLVKNKCVNENENGLTGTGVLTESNKKE L
PFOQOQFGRDIADTTDAVRDPOTLEILDITPCSFGEGVSVITPGTINTOSNQVAVLYQGVNCTEVPVATIHADOQLTPTWRVYS TGS
NVFOQTRAGCLIGAEOVNNSYECDIPIGAGICASYQTOTNSPRRARSVASQOS I IAYTMSLGAENSVAY SNNSIAIPTNETL
SVITEILPVSMTKTSVDCTIMY ICGDSTECSNLLLOYGSEFCTQLNRALTGIAVEQDRNTOQEVEAQVRKOIYKTPPIKDFGGEE
NESQILPDPSKPSKRSFIEDLLENKVTLADAGE IKOYGDCLGDIAARDL ICAQKFNGLTVLPPLLTDEMIAQYTSALLAG
TITSGWIFGAGAALQIPFAMOMAYRENGIGVIONVLYENQKLIANQENSATIGRKIQDSLSSTASALGKLODVVNOQNAQALN
TLVKOLSSNFGALISSVLNDILSRLDPPEAEVOQIDRLITGRLOSLOTYVTOQLIRAAETIRASANLAATKMSECVLGQSKRY
DFCGRGYHLMSFPOSAPHGVVELHVIYVPAQEKNE TTAPATICHDGRAHFPREGVEVSNGTHWEVIQRNEFYEPQITITTDNT
FVSGNCDVVIGIVNNTVYDPLOPELDSFREELDKYFRKNHTSPDVDLGDISGINASVVNIQRKEIDRLNEVAKNLNESLIDL
OELGRKYEQY ITKWPWY IWLGE IAGLIATITVMVT IMLCCMTSCCSCLKGCCSCGESCCKEDEDDSEPVLKGVRKLHYT

SEQ ID NO: 9 is the amino acid sequence of a stabilized SARS-CoV-2 delta variant

spike protein with a double proline substitution.

MEVELVLLPLVSSQUCVNLTTTTQLPPAYTNSEFTRGVYYPDRKVERSSVLOSTODLE LPEFSNVIWEHATIOVSGINGTKRED
NPVLPENDGVYFASTERKSNIIRGWIFGTITLDSKTOSLLIVNNATNVV IKVCEFQFCNDPELDVYYHKNNKSWMKSEFRVY
SSANNCTEFEYVSOPFLMDLEGROGNEFKNLREEFVERKNIDGYEPKIYSKATP INLVRDLPHGESALEPLVDLPIGINITREQT
LLALHRSYLTPGDSSSGWTAGAAAYYVGYLOQPRTELLKYNENGTITDAVDCALDPLSETRKCTLKSETVERGIYQTSNERY
QPTESIVREPNITNLCPEGEVENATREFASVYAWNRKRISNCVADY SVLYNSASESTERKCYGVSPTKLNDLCETNVYADSE
VIRGDEVROIAPGOTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNY RYRLERKSNLKPEERDISTEIYQAGSTRPC
NGVQGENCYFPLOSYGFOPTNGVGYQPYRVVVLSEFELLHAPATVCGPRKKSTNLVKNKCVNENENGLTGTGVLTESNKKE L
PFOQOQFGRDIADTTDAVRDPOTLEILDITPCSEFGGVSVITPGINTSNQVAVLYQGVNCTEVPVATIHADQLTPTWRVYS TGS
NVFOQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTOTNSRRRARSVASQS I ITAYTMSLGAENSVAY SNNSIAIPTNETIL
SVITEILPVSMTKTSVDCIMY ICGDSTECSNLLLOYGSEFCTQLNRALTGIAVEQDRKNTQEVEAQVRKOIYKTPP IKDFGGE
NESQILPDPSKPSKRSEF IEDLLENKVILADAGE IKQYGDCLGDIAARDL ICAQKENGLTVLPPLLTDEMIAQY TSALLAG
TITSGWIFGAGAALQIPFAMOMAYRENGIGVTONVLYENQKLIANQENSATIGRKIQDSLSSTASALGKLODVVNOQNAQALN
TLVKOQLSSNFGALISSVLNDILSRLDPPEAEVOQIDRLITGRLOSLOTYVTOQLIRAAETIRASANLAATKMSECVLGQSKRY
DFCGRGYHLMSFPOSAPHGVVELHVIYVPAQERKNE TTAPATICHDGRAHFPREGVEVSNGTDWEVIQRNEFYEPQITTTDNT
FVSGNCDVVIGIVNNTVYDPLOPELDSEFREELDKYEFRKNHTSPDVDLGDISGINASVVNIQRKEIDRLNEVAKNLNESLIDL
QELGRKYEOQY IKWPWY IWLGEF IAGLIATIVMVT IMLCCMTSCCSCLRKGCCSCESCCREDEDDSEPVLKGVKLHYT

SEQ ID NO: 10 is the amino acid sequence of a stabilized SARS-CoV-2 gamma variant

spike protein with a double proline substitution.
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MEVELVLLPLVSSQUVNETNRTQLPSAYTNSEFTRGVYYPDKVERSSVLASTOQDLELPEESNVIWEFHATHVSGTNGTKRED
NPVLPENDGVYFASTERKSNIIRGWIFGTTLDSKTOSLLIVNNATNVV IKVCEFQFCNYPFLGVYYHKNNKSWMESEFRVY
SOANNCTEFEYVSOPFLMDLEGROGNEFKNLSEEVERKNIDGYPKIYSKATP INLVRDLPOGESALEPLVDLPIGINITREQT
LLALHRSYLTPGDSSSGWTAGAAAYYVGYLOQPRTELLKYNENGT I TDAVDCALDPLSETRKCTLKSETVERGIYQTSNERY
QPTES IVREFPNITNLCPEGEVENATREFASVYAWNRKRISNCVADY SVLYNSASEFSTEKCYGVSPTKLNDLCETNVYADSE
VIRGDEVROIAPGOTGTIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLEFRKSNLKPEERDISTEIYQAGSTRPC
NGVKGENCYFPLOSYGFOPTYGVGYQPYRVVVLSEFELLHAPATVCGPRKKSTNLVKNKCVNENENGLTGTGVLTESNKKE L
PFOQOFGRDIADTTDAVRDPOTLEILDITPCSEFGGVOSVITPGINTSNQVAVLYQGVNCTEVPVAIHADOQLTPTWRVYS TGS
NVFOTRAGCLIGAEYVNNSYECDIPIGAGICASYQTOTNSPRRARSVASQOSIIAYTMSLGAENSVAY SNNSIAIPTNETIL
SVITEILPVSMTKTSVDCTIMY ICGDSTECSNLLLOYGSECTQLNRALTGIAVEQDRKNTOQEVEFAQVRKOIYKTPP IKDFGGE
NESQLILPDPSKPSKRSEF IEDLLENKVILADAGE IKQYGDCLGD IAARDL ICAQKENGLTVLPPLLTDEMIAQY TSALLAG
TITSGWIFGAGAALQIPFAMOMAYRENGIGVTONVLYENQKLIANQENSATIGRKIQDSLSSTASALGKLODVVNQNAQALN
TLVRKOLSSNFGALSSVLNDILSRLDPPEAEVOIDRLITGRLOSLOTYVTOQLIRAAETIRASANLAATKMSECVLGQSKRY
DECGRGYHLMSEFPOSAPHGVVELHVIYVPAQERKNF TTAPATICHDGRAHFPREGVEVONGTHWEVTIORNEYEPQITITTDNT
FVSGNCDVVIGIVNNTVYDPLOPELDSEFREELDKYEFRKNHTSPDVDLGDISGINASEFVNIQRKEIDRLNEVAKNLNESLIDL
QELGRYEQY IKWPWY IWLGEF IAGLIAIVMVT IMLCCMTSCCSCLRKGCCSCESCCREDEDDSEPVLKGVKLHYT

SEQ ID NO: 11 is the amino acid sequence of a stabilized SARS-CoV-2 delta plus

variant spike protein with a double proline substitution.

MEVELVLLPLVSSQUVNLRTRTQLPPAYTNSEFTRGVYYPDRKVERSSVLOSTODLELPEFSNVIWEHATIOVSGINGTKRED
NPVLPENDGVYFASTERKSNIIRGWIFGTTLDSKTOSLLIVNNATNVVIKVCEFQFCNDPFLDVYYHKNNKSWMESGVYSS
ANNCTEFEYVOSQPEF LMDLEGROGNFKNLREFVEKNIDGYFKIYSKHTP INLVRDLPOGESALEPLVDLPIGINITREQTLL
ALHRSYLTPGDSSSGWTAGAAAYYVEGYLOPRTELLKYNENGTITDAVDCALDPLSETKCTLRKSETVERKGIYQOTSNERVQP
TESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADYSVLYNSASFSTEFKCYGVSPTKLNDLCETNVYADSEVL
RGDEVROIAPGOTGNIADYNYKLPDDE TGCVIAWNSNNLDSKVGEGNYNYRYRLERKSNLKPFERDISTEIYQAGSKPCUNG
VEGENCYPPLOSYGEQPTNGVGYQPYRVVVLSEFELLHAPATVCGPKKSTNLVKNKCVNENFNGLTGTGVLTESNKKELPE
QOFGRDIADTTDAVRDPQTLEILDITPCSEGGVSVITPGINTSNOQVAVLYOGVNCTEVPVATIHADQLTPTWRVYSTGSNY
FOTRAGCLIGAEOVNNSYRECDIPIGAGICASYQTOTNSRRRARSVASQS ITAYTMSLGAENSVAYSNNSIATPTNETISY
TTEILPVSMTKTSVDCTMY ICGDSTECSNLLLOYGSEFCTOLNRALTGIAVEQDKNTOEVEFAQVKQIYKTPP IKDEGGENE
SQLLPDPSKPSKRSE IEDLLENKVILADAGE IKQYGDCLGD IAARDLICADKENGLTVLPPLLTDEMIAQY TSALLAGTL
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