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Engineered influenza nearaminidase antigens

Cross Reference
This application clatms priovity to US. Provisional Patent Application Serial Ne.

627986295 filed March 6, 2020, incorporated by reference herein i s entirety,

Background

Influenza vivuses clmm countless lives and pose a significant public health and
cconomic urden globally every vear. The development of highly effective vaccines to overs
evolving influenza viruses has been a major public health priovity. There are two major viral

glycoproteins on the infheonza virfon, the bemagehutinin (HA ) and the nowraminidase (NA),
which facilitate viral entry and egress from host cells, respectively. NA is 2 homotetrameric,
type 1 integral membrane protedn, the N terminus of which s ovtented 1owards the huterior of
the virus. The C-terminal globular head domasin of NA contains six topelogicaily wdentical
heta sheets amranged i a propelier-like structre, comprises the discontinuous catabyiic site,
and is supported by @ stalk domai. NA cleaves terminal sialic-acid from glycans on the host
coll surface, thoreby releasing nascent viral particles. Additionally, 1t is belioved that NA
might play a role in virg! entry. These chamcteristics make NA an attvactive farget as g

vacohie mnnunogen, vel NA has hustorically been neglected in vaceine development.

Semnuary

In one aspect, the disclosare provides non-napwally occurring mutant neurammidass
{NA) polypeptides that improve expression andfor modifics the opew/closed etrameric
conformational state of the NA polypeptide. In one embodiment, wherein the polypeptide is

{a} gt loast T8%, B0%, 850, 0%, 9194, 92%, 93%, 4%, 95%, 96%, 97%:, 98%,
or 99% identical to the N1 NA polvpeptide of SEQ 1D NO:1, and wherein the none-naturally
secwrring polypeptide mnchudes 1, 2, 3, 4, 5,6, or all 7 of the following amino acid residues
relative to SEQ 1D NO:1 when aligned by prosocol 1 or protocol 2:
T61T/A, T0SA, 165, T66P, 1960, 203Y, 444V, or

(hy  atleast 75%, BOYG, 85%, D0%, $1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 9%, identical to the N1 NA polypeptide of SEQ 1D NOu | and wherein the non-naterally
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cccurring polypeptide includes 2, 3,4, 5,6, 7 8,9, 10, 11, 1213 13, 15, 16, oralt 17 ofthe
following amine acid residues relative to SEQ 1D NO:1 when aligned by protoeol | or
protocol 2:
T6TT/A/V/SIT, 1001, 408M, 419V, 99P 103N, 105A, 131Q/M, 1631/L, 165T/S/V/A/,
T66P 1771, 196037, 203, 2051, 4421, 444V,

In another embodiment, the polypeptide is

{a)  atleast 73%, BO%, 859, 90%, D%, 9%, 93, 4%, 95%, 963, 97%, 98%,
or 99% identical to the N3 NA polypeptide of SEQ ID NO:2, and wherein the non-naturally
cccuming polypeptide mcludes 1, 2, 3,4, 5, 6, 7, or all B of the following amine acid residucs
relative to SEQ 1D NO2 when aligned by protocol ©or protocol 2:
010, 131IM, [62P, 1685/T, 166V, 105Q), 202Y, 4438S; or

) at loast 73%, 80%, §5%, 90%, 81%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% tdentical to the N2 NA polvpeptide of SEQ ID NO:22, and wherein the non-naturally
osecwting polvpeptide includes 2,3, 4, 5, 6,7, 8.9, 184, 11, or all 12 of the following amine
acid residues refative to SEQ D NO2 when aligned by protocol 1 or protocol 2:
TOLCAA, TOIN, TOSA, 106V 131M, 162P, 1631, 1635/ TVAVL, 166V, 19502, 202, 4438,

In another embodiment, the polypeptide is

@) atlcast 7%, RO, 85%. 00%. 01%. 92%. 03%, 94%, 03% 06%4 97%. 98%.
or 99% identical to the N3 NA polvpeptide of SEQ ID NG:3, and wherein the non-naturally
securring polyvpeptide inchades 12,3, 4, 5,6, 7, 8,9, 10, oradl 11 of the following anuno
acid residuss relative to SEQ 1D NO:3 when aligned by protocol 1 or protocol 2:
FOIN, TOSS, 131Q/M, 157T, 16354, 166P, 196Q), 203Y 2051, 4438, 4453V, or

(hy  at least 73%., 8085, 8350, H0%:, 9194, 92%, 93%, 94%, 95%, Ba% 97%, 08%,
ot 99%; wdentica! fo the N3 NA polypeptide of SEQ D NO:3, and wherdin the mon-natarally
occurring polypeptide includes 2, 3,4, 5,6, 7,8, 9, 10, 11, 12, or all 13 of the following
amno acid residues relative to SEQ ID NO: 1 when aligned by protocol 1 or protocot 2:
3N, T0SS, 106V, 131Q/M, I5TT, 1631, LaSS/IVAA TO6P/V, 1960, 203Y, 2051, 4438,
45V,

In a further embodiment, the polypeptide is

(a)  atlenst 7%, 80%, B5%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to the N4 NA polypeptide of SEQ 1D NO4, and wherein the non-natarally
occurring polypeptide includes 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, ovall 16 of the
following amino acid residues relative to SEQ D NOw when aligned by protocol | or

protocol 2

PCT/US2021/020804
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FOOVIS/TIA, 409M, 102N, 104574, 105V, 112D, 130000, 1621, 1648 T/A/ 165P, 1761,
1950, 202Y, 2041, 4431, 445V o

fh)  atleast TH%., 0%, 8394, 0%, 9196, 92%, 93%., 949, 3%, 96%, 9794, 98%,
or 99% identical to the N4 NA polypeptide of SEQ 1D NOw4, and wherein the non-natually
occurring polvpeptide meludes 2,3, 4, 5,6, 7, 8,9, Hy, 11, 12,13, 1413, orall 16 of the
following aming acid residucs relative to SEQ 1D NOW when aligned by protocol 1 or
protocol
FOOV/SITIA, 409N LOIN, TO4S/A, 105V, 112D, {30000, 1621, 164S/ T/, 163P/Y, 1761,
TS, 2027, 2041, 4431, 445V,

in one embodiment, thie polypeptide 13

{a)  atleast T8%, RO%G, 83%, 90%,, 1%, 92% 9% 94%, 93%, 965, 47%. 8%,
or 99%; identical to the N3 NA polypeptide of SEQ 1D NO:S, and wherein the non-natually
secwrring polvpeptide inclodes 1,2, 3,4, 5,6, 7.8, 9, 10, 11, 12, or all 13 of the following
amino acid residues relative to SEQ ID NO:S when aligned by protocat 1 or protocad 2:
971, 410M. 96P, 984, 100N, 102574, 110D, 1280/M, 1601, 162V/A/L, 163V/P, 19307T,
4451 or

(b atlcast 75%. S0%, 884G, D0, 1%, 92%, 93%. 94%, 8%, 96%, 97%, 98%,
or 9% wenticsl to the N3 NA polypeptide of SE(Q D NO:S, and wherem the non-naturally
oceyrring polvpeptide meludes 203,04, 5,6, 7, 8,9, 16, 11, 12, 13, 14, 15, orall 16 of the
following aming scid residaes relative to SEQ D NOS when aligned by protocol | or
profocol 20
7L, 410M, 96P, 98A, KN, J02§/4, 103V, 110D, 128Q/M, 154T, 1601, 162V/AA/T,
163V, 1741 1930, 4451

H a furthet embodiment, the polypeptide is

fa)  atleast 75%5, RO%:, 83%%, 0%, 1%, 92%, 93%, 94%_ 93%, 96%, 97%, 98%,
or 99% identical to the N6 NA polypeptide of SEQ ID NQ:6, and wherein the nom-naturally
occutring polypeptide inchades 12,3, 4, 5,6, 7, 8,9, 10, or all 11 of the following amino
aeid residues rolative to SEQ HD NO:6 when aligned by protaeol 1 or protocol 2
OGP, LN, H13D, 13102, 1611 162P, 163L, InSS/T/V/A, 1960, 203Y, 4455 or

(b at least T8%., B0%, 85%, 909, $19, 02%, 93%, 94%;, 95%, 96%, 97%, 9R%,
or 99% identical to the N6 NA polypeptide of SEQ 1D NO:6, and wherein the non-natarally
octutring polypeptide includes 2, 3,4, 5,6, 7,8, 9, 10, 11, 12,13, 14, 15, orall 16 of the
following amino acid residues relative to SEQ 3 NO6 when aligned by protocol | or

protocol 2

Lo
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Qap_ TOAN, 1058, 106V, 113D, 131Q, IS7T, 1611, 162P, 1631/L, 165S/T/V/A/L, 166V/P,
19603, 203Y, 4438,

In one embodiment, the polypeptide is
{a} at feast 78%, ROV, §3%, 90%,, Q1% 92%, 939, 94%, 3%, 96%%, 97%, 98%,
or 99% identical to the N7 NA polvpeptide of SEQ ID NO:7, and wherein the non-naturally
opcurring polypeptide includes 1,2, 3,4, 5,6, 7, 8,9, 10, orall 11 of the following amino
seid residues relative to SEQ 1D NOYT when altaned by protocel 1 or protocol 2:
O8P, TH2N, (048, 112D, 130Q, 15367, 1621, 164V/AAS, 165V, 202Y, 448V or

(bl atleast 73%, 8094, 85U, G0%, 1%, 920, 93%, 94%;, 958%, Bals, 97%, 98%,
of 90% wdentical 1o the N7 NA polypeptide of SEQ H NO:7, and wheremn the non-paturally
ocourring polypeptide ncludes 2, 3.4, 5,6, 7,8, 8, 10, 11, 12, orall 13 of the following
anuno acid residues relative to SEQ ID NO:7 when aligned by protocol | or protocol 2:
SEP, LOIN, 1048, 112D, 130Q, 15367, 1621, 164V/A/L, 165V, 1761, 202Y, 4461, 448V.

In ancther embodiment, the polypeptide is

{x)  atlonst 7%, 80%, B5%, 90%, 81%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to the N8 NA polypeptide of SEQ I NO:S, and wherein the non-natarally
ocoarring polypeptide mcludes 1, 2, 3,4, 5,6, 7, 8, 9. 10, orall 11 of the following ammo
acid residues refative to SEQ 1D NO:R when aligned by protocol T o pristocol
408M, 101N, TO3A/S, 111D, 129Q, 161PAL, 1635/ TAVASL, 164V, 194Q, 201Y 4421 or

() atloast 7S%, 0%, B5%, Q0% 91%, U2%, 010, 94% YS%, 96%, 97%, Vi,

or 99% identical to the N8 NA polvpeptide of SEQ ID NOR, and wherein the non-naturally
ocenrring polypeptide ncludes 2, 3,4, 5,6, 78,9, 10, 11,12, 13, 14, ov all 15 of the
following anuno acid residues relative to SEQ 1D NO:E when aligned by protocol Tor
protocol 2:
9SL, 408M, 101N, 103A/S, 104V, 111D, 120Q/M. 161P/L, 163S/T/V/A/US/T, 164V/P, 1751,
19403, 201, 2031, 44231

I one embodiment, the polypeptide is

(3)  at loast 7%, 809, BEY, B0%, G10%, 02%, 93%, 94%, 05, V6%, 97%, 98%,
ar 99% identical to the NO NA polypeptide of SEQ ID NO:9, and wherein the non-naturally
occnrring polypeptideincludes 1, 2, 3,4, 5,6, 7. &8, 9, or all 10 of the following aniino actd
residues relative to SEC D NO:9 when aligned by protocel 1 or protocel 2
4P, 93L, 1005, 1260, 16UVIAL 161V, 191Q 108Y, 4395, 44V, wr

() atleast 75%, 80%, §5%, Q0% 9%, 2%, Q3% 04%, DI%,, 0%, 9T, V8%,
or 99% identical to the N9 NA polypeptide of SEQ 1D NG9, and wherein the non-natually

4
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occurring polypeptide includes 2, 3,4, 5,6, 7 8,9, 18, 11, 12, 13 or all 14 of the following
amino ascid residoes relative to SEQ 1D NO:% when aligned by protocol | or protocol 2:
4P, G531, O8N, 1008/A, 126Q0M, 1527, I58E 160V/AUT, 161V, 191Q, 188Y, 2001, 4395,
441V,

I one embodiment, the polypeptide is at least 75%, 80%, 85%, 90%, 91%, 92%,
3%, 04%, 95%, 9a%,, 97, 98%, or 99% identical to the N9 NA polypeptide of SEQ ID
NOG, and wherein the non-naturally ocowrring polypeptide includes a 1600 mmino acid
mutation relative to SEQ 1D NO@ when aligned by protocol 1, or may include a combination
of 160Q/E and 172V amine acid residues relative 1o 3EQ 1D NO:Y whenalizned by protocol
1 or protocel 2.

in a further cmbodiment, the disclosure provides compaositions, comprising ong or
mare of the polypeptides of any embodiment linked to a scaffold. In one embodiment, the
scaffold comprises a protein scaffold. Ina further ewbodiment, the polypeptide is covalently
linked to a protein subunit of the protein scafivdd o form a fusion protebn.

Invarious firther aspects, the disclosure provides nucleie acids encoding polypeptides
or fusion proteins of the disclosure; expression vector comprising the muleie acids of the
disclosare operatively Hoked to a suitable control sequence; host cells comprising nuacleie
acids, expression vectors, and/or pelypeptide ér fusion proteins of the disclosure, and
pharmaceutical compositions or vaccines, comprising

)y  one or more of the polypepudes, composition, mucleic acid, expression veetor,
and/or the host cell of the disclosure; and

thy  a phavmaceutically acceplable carrier.

In another aspect, the disclosure provides methods for treating or limiting
development of an inflecnza infection, comprising admirusiering © a sebject m need thereof
an amount effective to treat or himit development of the influenza mfection of a polypeptide,
fusion protein, composition, vaceine, mucleic acid, expression vector, host cell,

phanmaceutical composition, sudior vaceme of any preceding clamy

Description of the Figares

Figure 3{A-B). Overview of Infhuenza Newranunidase design and expression of
soluble NA protein. (A) Schematic representation (HINT California 09pdm) of (1) wild type
{WT) and two recombinant NA designs (2 and 3), that vary in anuino acid length. The stalk

donain of the WT was replaced by a 6xHis-tag, a hVSAP domain for protein tetramerization
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(TD)), o thrombin site and 2 GG Hnker. (B) Gel filtration chromatogrims of His-puified
HINI California 09pdm recorded at 280 nm wavelength.

Figure 2, Characterization of NA subtvpes. Different subtvpe NAs ditforentially
adapt to open and closed tetramers: A/Californmua/07,2009 HINT, ANew Caledonia/20/1999
HINI, AMichigan/482015 HINT, A/WSEN/ Y33 HINT and A/Sichuan262212014 HING
are open. A/Netherlands/219/2003 HIN7, Aliangxd-Donghus346-22013 HIONS and
AfAna/ 12013 HTNG are mixed opandclosed. AMWisconsin/672005 HAN2,
AfSwine/Missowrt/ 21245142006 H2N3, ARed knotDelaware Bay/ 3102016 H1ONS and
AfShorebird/Delaware Bay/30%2016 HIONS are closed.

Figure 3. Design process of A/California/07/2009 HINT N neuraminidase, from
foose to tight tetramers. Design 94 (SEQ 1D NO:T9  with ten different mutations resulted
45% tight tetramer particles. Design 113 (SEQ ID NO®RT) with 1] different nustations
resubted in 80-90% tight tetrmer particles. Design 188 (SEQ ID NO-13) with ten different
mutations resulted in 90~ LO0%: tight tetramer pacticles.

Figure 4. Design process of A/Michigan/572013 HINI NI neuraminidase, from
loose to tight tettamers based on ACalifornia07/2009 HINT N1 design. Destgn 30 (SEQ
1D WO 14 with fon mutations based on design 155 resalted in 75% tight tetramer particles.
Destgn 174 (SEQ 1D NO018) with one additional mutation resuited i 108% tight tetramer
particles. Three other distinet solutions for stabilizing mutations were found as well.

Figure 8. Design process of AFWENIO33 HINT NI newramimidase, from loose to
tight tetramers based on A/California® 772009 HINT NUdesign 135, Design 366 (SEQ 1D
N4 with 16 different mutations resulted tn 80% tght tetramer particles. Ten of those
fnstation are the same mutatons as b design o135 (SEQ D NOH133

Figure 6. Design process of A/Victnany' 1203/04 HSNT NI neuramindase, from loose
10 tght tetramers based ot A/California/072000 HINT N1 design ¢155. Desipn 348
resembles same mustations as design 155 Design 354 (SEQ ID NO4O) with 14 difforent
matations resulted by 10095 tight teteamer pavticles. Ten of those mutation are the same
maetations as in design ¢85,

Figure 7. Deésipn process of Adtiangsi-Donghud346-3/2013 HIONS N§
acuraminidase, from loose to tght tetramers based on A/California/07/2000 HINT NI
design. Design 285 (SEQ 1B NO36) with two space D mutations resalted in 100% tight
tetramer particles.

Figure 8. Design process of 8/ Wisconsin/67/2008 H3NZ N2 newraminidase, to-de-
stabilize the tight tetrameric particles based on A/Californiaf07/2000 HINI N1 design.

b
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Introducing two nudations i design 157 did not result in an open constract, Adding one
additional mutation 163Q resulted in 0% tight tetramer particles with some snassemblied
subanits,

Figure 9. BLASTp alignment of SEQ 1D NO:1 with other N1 strain sequences
that contain deletions or insertions. BLASTp alignment allows for residue positions of
reforence strains 1o be matched with corresponding residue positions in strains from the same
subtype, sven when sequences contsun arbitrary mumbsrs of insertions and deletions relative

o the reference strain.

Detailed Description

Al reforences cited are herein incorporsied by reference in their entivety. Within this
application, untess otherwise stated, the technigques utilized may be found in any of several
well-known references such as; Molecudar Claning: 4 Laboratory Mapual (Sambrook, et al.
1989, Cold Spring Harbor Laboratory Pross), Gene Expression Tecfinelogy (Methods in
Enzymology, Vol 185, edited by 1. Goeddel, 1991, Acadensie Press, San Dicga, CAY,
“Guide to Protein Purification” in Merhody in Ennmofogy (MP. Deatsheer, od., {1990
Academic Press, ey, POR Frotecols: A Guide to Methods and dpplications {Iinis, et al.

1990, Academic Press, San Dicgo, CAY, Cilivre of dnimad Cells: A Manual of Basic

Techoigiee, 27 £4 (R Freshnev, 1987, Liss, Inc. New York, NYY), Gene Trangfer and
Fxpression Frotecols, pp. 109128, ed. E.J. Murray, The Huwmana Press Inc. Chiffon, N1y,
and the Ambion 1998 Catalog (Astbion, Austin, TX),

As osed heredn, the singolar forms 2", "an” and "the” inclade plaral referents unless
the context clearly dietates otherwise.

As used herein, the anuno acid restdues are abbreviated as follows: alanine {Ada; Al
asparagine {Asn; N), aspartic acid {Asp; D), arginine (Arg; R). cysteine (Cys; Q) glufamic
actd (Gla; B, glutamine (Gln; Q), glyveine (Gly: G}, histiding (Hisy H), isolewcine (k) 1),
leuchne (Lew Ly, tysing (Lys: K}, methionine {Met; M), phemvialanine (Phe; F), proline
{Pro; Py, serime (Ser; 8), thweonne {Thyy T, tryptophan (Trp; W), tyrosime (Tye; Y, and
vabine (Val, V.

Al embodinents of any aspect of the disclosure can be used in combination, unless
the context clearty dictates othenwise.

Unless the context clomly requires otherwise, throughout the deseription sud the
claims, the words “comprise’, ‘comprising”, and the like are to be construed in an inclusive
sense as opposed (o an exelustve or exhaustive sense; that is o say, in the sense of

7
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“meluding, but wot Hieited o7, Words using the singular or plural number also include the
pharal and singelar number, respectively, Addiconally, the words “herein,” “sbove” and
“hebow™ and words of similar import, when used i this application, shall refor to thig
application as 3 whole and not to any particular portions of the application.

The disclosure provides nov-naturally ocourring mugant neoraminidage (NA)
pulypeptides that improves expression andfor modities the openiclosed terrameric
conformationat state of the NA polypeptide. As detatled in the examples that follow, the
inventors have produced recombinant WA polypeptides in which head domains comprising
stabilizing mutations are connected o etramerization domamms. We ininally found that many
wild-type sequences of beta propeller head domains from cerfain NA subtypes adopied
“open’ conformations in wiich the head domamns extended individually off of the stalk-hike
tetramernization domain, without fornuing the crystallographically observed “closed” tetramer.
Constructs comprising the head domabus from other NA subtypes formed closed tetramers
naturally, Shnilar consttucts from vet other subtvpes formed mixtures of open and elosed
tetramers. We identified specific mutations at multiple locations in NA sequences that dictate
the open or closed conformational state of NA tetramers, and wsed these mutations fo
generate closed, stabilized tetramers from multiple NA subtypes. We also converted a
naturatly closed NA tetramer to a fully open conformation by substitating residues that we
identified as pivotal for tetramer closare, confirming the importance of these residues for
deternuning the conformational state of NA. Monoclonal antibodies {mAbs) that bind across
the inferface of two neighboring profomers 1o the closed ~configrration bind better 1o closed
tetramers than open tetramers. The NA polypeptides of the discloswre are improved vaceine
autigens i cither sohudle form or when presented on scaffolds.

3 first aspeot, the NA polypeptides are:

fa)  atleast T5%, RO%:, 83%%, 0%, 1%, 92%, 93%, 94%_ 93%, 96%, 97%, 98%,
or 99% identical to the N1 NA polypeptide of SEQ ID NQ: 1, wherein the non-naturatly
occutring polypeptide inchades 1, 2, 3,4, 5, 6, or all 7 of the following amino acid restdues
relative to SEQ 1D NO:1 whoen aligned by protocol 1 or protocol 2:

FGTT/A, TOSA, 16574, 166D, 196Q, 203Y, 444V s or

(b atleast 75%, BO%, 85%, 90%, $1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to the N1 NA polypeptide of SEQ D NO: L, wherein the non-naturally
occurring polypeptide includes 2, 3,4, 5, 6, 7,8, 9, 10, 11, 12, 13, 14, 1§, 16, or L 17 of'the
following amino acid residues relative to SEQ 3 NOT when aligned by protocol | or

protocol 2
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YOIT/A/VIS/T, 1001, 408M, 419V _90P 103N, 105A, 1310/M, 1631, 165T/S/VIAL,
186R, 1771, 106007, 203Y, 2031, 4421, 444V,
n this fwst aspect, the N1 NA reference sequence is based on Nl reference strain

ACadifornia 072000 from HINL

L

JLQTGNIISIWISHSIQLGNONQIETCNQSVITYENNTWVNG

VY SVRLAGNS S LCPVSGWAIYSKDNSVRIGSKGDVEFVIREPFISCSPLE

CRTFFLTQGALLNDKHSNGTIKDRSPYRTLMSCPIGEVPSPYNSRFESVAWSASACHDGINWLT

IGISGPDNGAVAVLKYNGIITDTIKSWRNNILRTQESECACVNGSCFTVMTIDGPSNGQASYKIF

RIEKGKIVKSVEMNAPNYHYEECSCYPDSSEITCVCRDNWHGSNRPWVSEFNONLEYQIGYICSG

10 IFGDNPRPNDKTGSCGPVSSNGANGVKGFSFKYGNGVWIGRTKSISSRNGFEMIWDPNGWTGTD

NNESIRODIVEINEWSGY SESFVOHPELTGLOCIRPCFWVEL IRCGRPEENTIWISGSSISFCEY

NSDIVGWSWEDGARBLEFTIDE  (SEQ ID HO3i), wherein the bold region is the head

region of the N1 HA protein

o
Lo

As used throughout this appheation (for all NA eubtypes), “Protocot 1Y and “Protocol
27 both pernit aligament of polypeptide against the reference sequence (SEQ D NG inthe
above embodinent; SECQ D NQg:2-9 in ombodiments deseribed below), taking insertions
and deletions into account. Thus, the percent identity requirement is based on alignment with
the reference sequence while discowtting inscrtions or deletions relative to the reference

20 polvpeptide.

Protocol 1
i, Torana BLASTp alignment ondine, ase the Natonal Center for Biotechnology
iformation NCBI server {or sve the article
23 hitps:Awww nebindnunib govipmedanicles PMC 14691 7).

a.  hitpsdblastnchinlmoh. gov/Blast c g PAGE=Protoins

2. Sctupa BLAST alignmient using the following scttings:
-Use the option for "Adign two or more sequences”
-Enter the subtvpe-speeific reforence strain sequence for the relevant NA
30 subtype into the "Buter Query Sequence” section

~Enter any sequence of the same NA subtype into the "Enter Subjcet
Sequence” section

-Algorithm: blastp {protein~-protein BLAST}

-Expect threshold: 0.1

9
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s

“Cuery” sequence. Then wentify the corresponding residac position i the "Shyet

~Word stze: 6
-Max matches in g guery range: §
-Matrix: BLOSUMe62
-Gap costs:

-Existence: 11

-Extension; |
-Filter low complexity regions?: No
~Mask:

-For lookap table only: No

-Lower case letters’
Run the analysis by clicking the "BLAST" button
Chick on the "Alignmoents” fab to show the alignment between the two sequences

For sach sequence position of interest, identify the number according to the

]

sequence that has been aligned with the posttion of the "Query™ sequence,

Protocol 2

R

SN}

To ran a protein BLASTp aligrament on 3 personal compater or server, install
BLAST for command lne excoution or identify a computer or server that already
has 1t installed.
a. Directions for installation can he foand in the user manual:
“BLAST™ Conunand Line Applications User Manual”, National Center
for Biotechnology Tnformation (US). Bethesda, MDD, 2008,
https:/Awww nebi nimoath govibooks NBK 279690/
Generate a file 1 FASTA format that contains the desived subtype-specific
referenee strain for the relevant NA subtype. In the conunand below, this file will
be pamed “query.fasia”.
Generate a second file in FASTA format that contains an NA sequence of mterest
from the same subtype. In the command below, this file will be named
“shict. fasta”,
Execute the following command using a program such as Terminal, iTerm2,
Windows Console, Linux console or other similar ternanal ennlators, This will

senerate results in a file named “results.axt™

10
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blastp ~query query.fasta ~subject shijet.fasta ~-matrix BLOSUME? -evalue
0.1 «word_size 6 -gapopen B -gapextend 1 -out resalte
5. Open resudis fxt and view the section showing aligement of the teo seqaences.

For each sequence position of interest, identify the number aceording to the

LA

"Query” sequence. Then identify the corresponding residue position in the "Sbiet”

sequence that has been aligned with the position of the "Queny™ sequence.

In another embodiment of sy aspect, embodinent or combination of embodiments
described hevein {for all NA subtvpes), the percent tdentity is based on an alignment of the
16 polvpeptide to the reference scquence using any protocol, and fnsertions and deletiohs
relative to the reference polypeptide are not considered 1o deternuning percent identity. In a
further embodiment or combination of embodinents described herein, the percent identity is
based on an alignment of the polypeptide to the reference sequencs using any protocol, and
insertions and deletions relative to the refercnen polypeptide are considered in deternuning
15 percent identity,
Throughout the application (for all NA sebtyvpes), muotations that prinwrily improee
expression of the enginecred NA polypeptides are denoted in bold font.
Throughout the applicanon (for all NA sebtvpes), mutations that primarily destabilize
the engineered NA tetramers ave denoted in italicized font,
20 n one embodiment of this first aspeet, the polypeptides are
{a) at loast T5%, 808, 853%,, D%, 919, 92%,, 93%, 04%, 98%:, Ua%s, 975, 98%;,
or 99% identical to the N1 NA polypeptide of SEQ 1D NO:, and wherein the son-naturally
ocewrring polvpeptide tocludes 1,2, 3,4, 5, 6, or all 7 of the following anino acid residues
refative to SEQ 1D NO: T when aligned by protocol 1 or protocol 2:
25 (i) 161T/A, 105A, 157K, 165T/1, 166P, 196Q, 203Y, 444V or
(i1) 105A, 165T/1, 166P, 196Q), 203Y, 444V,

I another embodivnent of the fivst aspect, the polypeptides are
(h)  atleast 75%, B0%, 85%. 00%, G196, 025, 3%, 04%, 5%, 96%, 97%, 08,
300 or99% idestical o the N1 NA polypeptide of SEQ 1D NO:1 | and wherein the non-naturally
ocenrring polypeptide ineludes 2, 3, 4,5, 6, 7. 8,9, 10, 11, 12, 13, 14, 15, 16, orall 17 of the
following amine acid residues relative to SEQ D NO: T when aligned by protocol Lor

protoco] 2:
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(Y I6ET/A/VISIT, 106L, 408M, 419V, 99P, 13N, 105A, 131QM, 16311,
I6STISIVIAML 166P, 1771, 196CT. 203Y, 2051, 4421, 444V or

(i) 99P, 103N, 1054, 131QML 163, 165T/S/V/AML 166P, 1771 19607T,
Y, 2051, 4421, 444V

In a further embodiment of this fivst aspect, the polypeptides include one or more of
the following sets of amino acid residues refative to SECY ID NO- when aligned by protocol
1 or protocol 2
)
161V/172A;
100L/408M;
100L/408M/419V
103N/105A,;
1141/166P;
101C/164C;
101C/164C/174V;
101C/122V/164C/174V/444V;
122V/444V;
131Q/4421,
101 A/163L/444A;
131M/4421,
10TA/131M/1631L/4421/444 A,
100L/10TA/131M/163L/4421/444 A
131M/163L/4421/444A ;
100L/131M/163L/4421/444A;
SOPAIODLAGIVALGIS IR ATITHI06 T/ 2051408M/419V,
GOPICOLAGIVILEAS I T2AT TTII06 T O8MAT9V;
99P/100L/131Q/161V/163S/172A/1771/ 196 T/2051/1408M4 18V,
99P/100L/131Q/161V/165S/172A/1771/196 T/408MA4 19V,
99P/100L/10TA/131IM/T61V/E63L/165S/L 72 A/ 7T/ 96T/ 208 M408MAM TV 444 A
SOPAOOLOTAIIMAIGIVIEO3LA1635/1 72A/1T71/196 T/408M/4 19V /4421/444 A
BOPAIGIVIBSS I T2AA T TTIF I 96T 203,
SOPLGINAIOISAT2ANTTTII06T,
99P/131Q/161V/1655/172A/1771/196T/2051;

12
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QAP I IQITSIVAGSSAT2AN TTT 96T,

QORI AR IMASIVAIB3LA6SSI TRAM T T IOA T 20514421 4444
QORI A IMA LS IVAIGL OSS I T2AA L TTI 10T 21/ 444 A,
99P/196T;

99P/196T/2051;

S9P/1771/196T; andfor

GOPATTIIBET205L; or

{11}

103N/105A,;

1141/166P;

101C/164C;

101C/164C/174V;

101C/122V/164C/174V/444V

122V/444V;

131Q/4421;

10TA/T163L/444A

131M/4421;

10TA/131M/163L/4421/444 A,

100L/10TA/131M/163L/4421/444A

131M/163L/4421/444A;

HIOLA 3IMAA3LM421444 A,

QOPIBOLAGTVALOISA TZAAT TTI I 96T 205/ 4UBMA4 1 OV,

QAP LA IQARTVARSS I TIAAT T IRGT 2051408 M4 19V,
99P/100L/131Q/161V/1655/172A/1771/196T/419V;

QOP/TO0LAOT A/ IZIMAGIV/LGIL/IGSSAT2A/1TTI/196 T/ 2051/408M/419V/4421/444A
SUPAGOL A IMASIVAG3LAIGSSAT2A/1771/196 T/408M/419V/4421/444A
SUPAIGIVAI6SS/ITZAM T TTI 19672651,

SUPLGIVAISSSAT2ANTTI 96T,

GOPI3TQSIVTESSAT2AN 7T IOST 205,

QORI IR VAL6SSHT2AN TTTAUST,

QORGEAIS IMAIOIVIIO3L GSSAT2A T TIA196T/2051/4421/444 A
QORI A IMALBT VAL L6SSAT TRAMITTIF196T/4421/444A,
99P/196T;

99P/196T/205T;

PCT/US2021/020804
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QORI TTII96T andior
QP TTIAIO6T 2051

Invarious embodiments, of this firsst aspeet, the polypeptides inclodes 3,4, 5.6, 7. 8,
9 or more of the Rsted anuno acid residues relabive to SEQ 1D NQ:F when abigned by
protocel 1 or protoced 2,

in a forther embodiment, the polvpeptides further conmprises 1,2, 3,4 5, oralt 6 of
the following residues relative to SEQ 1D NGt when aligned by protocol 1 or protocol 2:
1038, 106V, 1631, 166V, 210G, 4428,

g stilf further eotbodiment of the fivst aspect, the polypeptides include one or more
of the following sets of amino acid residues relative to SEQ TR NOM T when aligned by
protocol 1 or protecol 2:

SUPAOOLASTVASSRAT2AN T I 96T/ 2051 408MINY,

SOPOOLAGIV LSS TRAMTTH IO T/ 408MAIOY,

GOPIBOL/I3TQAOTVABSS/ ITIAITTIIO6T/2051308M4 {9V,
99P/100L/131Q/161V/1655/172A/1771/196T/408M/419V;

99P/100L/ 101 A/13IM/161V/163L/165S/1 72A/1 7717196 T/2051/408M/419V/4421/444A;
99P/100L/10TA/131M/161V/163L/165S/172A/1771/196T/408M/419V/4421/444A;
99P/161V/165S/172A/177H/196T/2051;

99P/161V/165S/172A/1771/196T;

SUPIBTQAS INVAGSS T2 7T ID6T 2051,
QOPIITQAGIVAGSSIAT2ANTIVIONTY,

QAP A IMAGIVAIG3LAGSS I T2A/ L TTIF 196 T/2051/4421/444 A, and/or
QOPYHHAJIIMASIV/IO3L 163N TRATTIA196T/4421/444A.

in a still further embodiment, the polypeptides comaprises an amino acid sequence at
least 75%, 80%, R5%, B9, 910, 92% Y3%,, 94%, 954, 6%, 97%, O8%, or 99% wlentical
to the amino acid sefected from the groop consisting of N1 mutants listed in Table 1 (SEQ ID
MNQO:10-32 and 39-95), whoen aligned by protocel 1 or protocol 2, wherein the polypepiide

includes all of the restdues listod in Table 1 for an individual NI mutant histed in Table 1.

I a scoond aspect, the NA polypeptides are:
fay ot least 75%, BO%L, 83%, D0%, G1%, D2%, 3%, 04%, D3%, 26%, 9%, 98%,

or 99% identical to the N2 NA polypeptide of SECQ D NO:2, and wherein the non-naturally
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occurring polypeptide includes 1,2, 3,4, 5,6, 7, or all § of the following amino acid residues
refative to SEQ D NO2 when aligned by prowcol | or protocol 2:
101C, 131M, 162P, 1638/T, 166V, 193, 202, 4438 or

by at loast 75%, 80%, §58%, 0%, 919, 92%, 93%, 049, 958%, 6%, 97%, V8%,
or 99% identical to the N2 NA polvpeptide of SEQ ID NO:22, and wherein the non-naturally
avcurring polypeptide includes 2, 3.4, 5,6, 7, 8, 9, 14, 11, or all 12 of the following amino
zeid residues relative to SEQ 1D NO2 when ai.igxmd by protocol 1 or protocol 2:
TOICAA, TOIN, J05A, 106V, 1310, 1629, 10631, 1635/ T/AM, 166V, 1930, 202Y, 4438,

I this second aspect, the N2 NA reference sequence is based on N2 reference strain

AMWisconsin/aT20038 from HINZ

MMPNQHIITIGOVALTISTIOrFMOIATLIT

PRIGMT

TIBRNITEIVYL

THNTTIEER ICPHLARY RN SK PQCNI TGFARPF SEDN S TRLSAGGDIWVIRERYVSCOPDECNGFALEY
GTTLNNVHSNDTVHDRTPYRTLLMNELGVPFHLGTRKQVCIAWSSSSCHDGKAWLHVCVTGDDKNATAS

FIYNGRLVDSIVSWSKEILRTQESECVCINGTCTVVMTIDGSASGKADTKILFIEEGKIVHTSTLSGSA

QHVEECSCYPRYLGVRCVCRDNWKGSNRPIVDINIKDYSIVSSYVCSGLVGDTPRKNDSSSSSHCLDP

NNEEGGHGVKGWAFDDGNDVWMGRTISEKLRSGYETFKVIEGWSNPNSKLQINRQVIVDRGNRSGYSG

IFSVEGKSCINRCFYVELIRGRKEETEVLWISNSIVVFCGTSGTYGTGSWPDGADINLMPI  (SEQ

ID NO:2), wherein the highlighted residues are the head regicn

in one simbodinient of thus sceond aspect, the polypeptides are:

(1) atleast7 6: SO%5, RS%, 00%, 91%, 9294, 93%, 94%, 95%%, 96%, 97%, 98%,
or 99% identical to the N2 NA polypeptide of SEQ ) NO:2, and wherein the non-patarally
occurring polypeptide includes 1,2, 3,4, 5, 6, 7, or all 8 of the following anuno acid residucs
refative to SEQ ID NO:2 when aligned by protocol 1 or protocol 2:

T 131N, 1A2P, 16585/, 166V, 193Q, 202Y, 4435.

In another embodiment, the polypeptides are:

(hy  atleast 75%,, BB, 8594, 9%, $1%0, 92%, 93%, 94%, 95%, 96%, 97%, 98%
or 94% identical to the N2 NA polypeptide of SEQ 1D NO:2_ and wherein the non-naturally
ocourring polypeptide mehades 2, 3.4, 5,6,.7, 8, 8,10, 11, ov all 12 of the following amino
acid residues relative to SEQ 1D NO:2 when aligned by protocol T or pratocot 2

TOLCAA, TOIN, 108A, 106V 1310, 162D, 1631 1655/ TVAM, 168V, 193Q, 207Y, 4438,

S

[
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In another embodiment of dus second aspeet, the polypeptides include one or move of
the following sets of amino acid residues relative to SEQ ID NEK2 when aligned by protocol
1 or protocel 2:
103N/105A;
101C/164C;

INCAR4CATIV,
TOTASI3TM:
TOOLALAA3 M, andior
TOOLA3 M TB3L.

In various cmbaodiments of this second aspect, the polypeptides include 3, 4,5, 6, 7, 8,
4. or more of the listed amino acid residues relative to SEQ 1D NQ:2 when aligned by

protocol 1 orprotocol 2. In another embodiment, the polypeptides of this second aspect

comprises the anvno acid sequence at least 7355, RO, R8%G, 90%:, 919G, 92%%, 934, 94%,
95%, D6, 7%, 98%, or ¥9% ideatical to the amino acid sclected from the group consisting

of N2 mutants listed in Table | (SEQ 1D NO:33-34), when aligned by protocol 1 or protocol
2. wherein the polypeptide includes all of the residogs listed in Table 1 for an individual N2
mastant fisted 1 Table 1. In 2 il Auther embodiment of ihis sccond aspeat, the polypeptides
are ot loast T3%, 80U, 85%, 00%, $1%, B2%, 9386, 04%, 95%, 96%, G7%, 98%, or 99%;
identical to the N2 NA polypeptide of SEC 1D NG:2, and wherein the now-naturally
occurting polypeptide includes & I65CFE amino acid residues relative to SEQ D NO:2 when
aligned by protocol 1 or protocet 2, or includes 2 or 3 of FOSVE, 176V, 1938 amine acid

residues relative to SEQ 1D NO:2 when aligned by protocel 1 or protocol 2.

i a third aspect, the NA polypeptides are:

fa)  atleast T5%, RO%:, 83%%, 0%, 1%, 92%, 93%, 94%_ 93%, 96%, 97%, 98%,
or 99% identical to the N3 NA polypeptide of SEQ ID NQ:3, and wherein the nom-naturally
occutring polypeptide inchades 12,3, 4, 5,6, 7, 8,9, 10, or all 11 of the following amino
aeid residues rolative to SEQ HD NO:3 when aligned by protaeol 1 or protocol 2
TOIN, TOAS, 131Q/M, 17T, 16354, 166P, 196Q, 203Y, 205, 4438, 445V, or

(b atleast T8%, B0%, 85%, 909, $19%, 02%, 93%, 94%;, 95%, 96%, 97%, 9R%,
or 99% identical to the N3 NA polypeptide of SEQ 1D NO:3, and wherein the non-natarally
octutring polypeptide includes 2, 3,4, 5,6, 7.8, 9, 10, 11, 12, or afl 13 of the following

amino acid residues relative to SEQ 1D NO: when aligned by protacol | or protocol 2
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TOIN, 105S, 106V, 131QM, 157T, 1631, 165S/17V/A, 16GP/V, 1960, 203Y, 2051, 4438,
445V

o this third aspeet, the N3 NA reforence sequence is based on N3 reference sirain

AfSwine/Missourt/ 21245142006 from H2N3

MNENQRIITIGVVRNITLATIALL TGV ONLVENTVIHEKIGDHQIVTYPIITTPAVPNCSDTIITYNNT
VINNITTTIITEEERPFKSPLPLCPFRGFFPFHKDNAIRLGENKDVIVTREPYVSCDNDNCWSFALAQ

GALLGTKHSNGTIKDRTPYRSLIRFPIGTAPVLGNYKEICIAWSSSSCFDGKEWMHVCMTGNDNDASA

QIIYCGRMIDSIKSWRKDILRTQESECQCIDGTCVVAVTDGPAANSADYRVYWIREGKIIKYENVPKT

KIQHLEECSOYVD IDVYC I CRONWKGSNRPWMRINNETILETGYVCSKFESDTPRPADPSTMSCDSPS

NVNGGPGVKGFGFKAGDDVWLGRTVSTSGRSCGFEL IRVIEGWINS PNEVKS T TOTTVANNDWSGYSES
FIVKAKDCFQPCFYVELIRGRPNKNDDVSWISNSIVIFCGLDONEPGSGNWPDGSNIGFMER {Haad

region indicated by highlighting} (S ID WO 3}

In one embodiment of this thivd agpect, the polypeptides ave:

{2} at least T5%, 804, 5%, 90%%, D19, Q2% U3%,, V4%, 5%, V6%, 07%, 8%,
or 99% identical to the N3 NA polypeptide of SEQ ID NO3, and wherein the son~-naturally
ocourring polypeptide mncludes 1,2, 3,4, 3,6, 7.8, 9, 18, or all 11 of the following amino
acid residacs relative 1o SEQ 1D NOS3 when aligned by protocol 1 or protocel 2:

OAN, TOSS, 1I3LQAM, I5TT, 1685/, 1668, 196Q), 203Y, 2031, 4438, 4438V,

in another embodiment, the polypeptides are

B)  at loast T3%, &0%, BO%, 900, 1%, Y2%, 93%, 4%, U5%, 96%, 97%:, $i%,
ot 99% identical to the N3 NA polvpeptide of SEQ D NO:3, and whereln the nov-naturally
occurring polypeptide includes 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, ov all 13 of the following
amino acid residues refative 1o SEQ 1D NO:3 when aligned by protocal 1 or protocal 2

103N, 1058, 106V, 1310/, 1S7T, 1631, 165S//VIAL 166P/V. 1960, 203Y, 2051, 4438,
445V,

I another embodiment of dhas third aapeot, the polypepude includes one of more of
the following sets of amino acid residues relative to SEQ ) NO:3 when aligned by protocol
1 or protocel 2t
101C/164C;
101C/164C/174V,
101C/164C/174V/445V,

101 A/445V;

17
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10TAT3IMA4AS AL
I3IMA45A;
114171668,
TOEASIOIL445V;
A M3 L4484 andfor
I3IMIT63LA445A

In various further embodiments of thus third aspect, the polvpeptides includes 3, 4, 3,
6, 7.8, 9 or wore of the lsted amino acid residacs relative to SEQ 1D NO3 when aligned by
protocol 1 or protocol 2. In another embodiment, the polypeptideis at feast 73%,; 80%, 83%,
0%, 9%, 92%, 93%. 94%, 95%, 96%., 97%, 9R8%%, or ¥9%, identical to the N3 NA
polypeptide of SEQ 1D NO:3, and wherein the non-natwally occurring polypeptide inchudes
one or both of the following amino scid residues refative to SEQ 1D NO3 when aligned by

protocol 1 or protocol 27 1988, 165GVE.

In a fourth aspoct, the NA polyvpeptides are:

{a} af Teast T8%,, ROWG, R3%, 9055, Q1% 92%, 93%, 84%_ 93%, 965, 97%:, 98%,
or 99% identical to the N4 NA polypeptide of SEQ ID NOwA, and wherein the non-natally
occwring polypeptide inchades 1, 2,34, 5, 6,7, 8, 9,10, 11, 12, 13, 14, 15, or all 16 of the
following amine actd residues relative to SEQ 1D NOw4 when aligned by protocol 1 or
protocot 2
160VISITIA, 409M, 102N, 1048/4, 103V, 112D, 136Q/M, 1621, 16487T/A/L, 1635P, 176},
193Q, 202V, 204Y, 4431, 445V, or

by abloast TS, 8%, 85, 0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%
or 99%,; identical to the N4 NA polypeptide of SEQ D NOw, and wherein the m}n«uammliy
occurring polvpeptide nchades 2,3, 4, 5,6, 7, 8,9, 13, 11, 12,13, 14, 15, orall 16 of the
following anuno acid residucs relative to SE(Q I NO4 when aligned by protocol T ar
protocol 2
TOOVIS/T/A 409M, LOIN, 104574, 1OSV_ 112D, 1300/M, 1621, 16487T/AA, 163PV, 1761,
195Q, 202Y, 2041, 4431, 445V

ta this fourth aspect, the N4 NA reference sequence s based on N4 reference strain
Afruddy turostone/Dekiware Bay/ 14172016 from HION4.

MMPNGHIITIGAVAT ILTTVELLIITILCE IR SHYNQVAQTHEQPCSNNT TNY YNETEVNVTNVON

NYTTIAEPSAPDVVHYSSGRDLCPIRGWAPLSKDNGIRIGSRGEVFVIREPFISCSISECRTFFLTQG

18
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ALLNDKHSNGTVKDRSPFRTILMSCPIGVAPSPSNSRFESVAWSATACSDGPGWLTLGITGPDSTAVAV

LEKYNGIITDTLKSWKGNIMRTQESECVCODEFCYTLVTDGPSDAQAFYKILKIRKGKIVSMKDVDATG

FHFEECSCYPSGTEIECVCRDNWRGSNRPWIRFNSDLDYQIGYVCSGIFGDNPRPVDGTGSCNGPVNN

GROERYCVKGEFSPFRYGDGVWIGRTRSLESREGFEMVWDANGWVSTDKDSNGVQDIIDNDNWSGYSGSFES

23 IRGETTGRRCTVECFRVEMIRGOPEERTIWTSGS5SIAFCGVNSDTTGWSWPDGALLPFDIDK

{38y ID NO:4)

el S

Inong embodiment of this further aspect, the polyvpeptides me
{3y at least T8%, RO, 83%, 009, 918, 929, 03%%, 04%, 95, 9a%y, 7%, 98Y,
or 99% identical o the N4 NA polvpeptide of SEQH D W4, and wherein the non-naturally
My occurring polypeptide includes 1,2,3,4, 5,6, 7, 8,9, 16, 11, 12,13, 14, 15, orall 16 ofthe
following amino acid residues relative to SEQ 1D NO:4 when aligned by protocol 1 or
protocol 2:
{1 TOOV/SIT/A, 400M, 102N, 1048574, 105V, 112D, 130070, 1621, 16487T7A,
T3P, 1761, 19563, 202Y, 2041, 4431, 445V or
i35 () TO2N, 104874, 105V, 112D, 1300/M, 1621, 164S/T/A/L, 165P, 1761, 195Q,
202, 2041, 4431, 445V,

in another embodunent, the polypeptides are

20 b)Y mloast TS%, 80, 859, 90%, 91%, 925, 93%, 04, 9%, 96%, 97%, 98%,
or 99% 1dentical to the N4 NA polypeptide of SEQ D NQi4, and wherein the non-natumily
seanring polvpeptide includes 2, 3,4, 5,6, 7, &, 0, 10, 11,12, 13, 14, 15, or all 16 of the
following amine acid residacs relative to SEQ 1D Nx4 when aligned by protocol 1 or
protoced 2

) TOOV/SIT/A, 4090, LN, 104574, 1SV, 112D, 13000, 162, 1odS/TAAM,
L6SPAY, 1761, 1950, 202Y, 2041, 4431 445V, or

iy TOEN, HASAA TOSV, 1120, 130600, 16821, 1e4SITAAA, 1aSPIV, 176,
1930, 202Y, 2041, 4431, 443V,

iy A

1l
in

In another embodiment of this fourth aspect, the polypeptides inchude one or more of
30 the following sets of mmme acid rosidues relative to SEQ 1D NO:4 when aligned by protocod
1 orprotocol 2
{1
16OV/STIA;
160V/171A;

19
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TOINALD4A,
100C163C;
H0OCAI63CATIV,
100C/163C/173V/445V,
130Q/4431,
100A/162L/445A;
130M/443];
100A/130M/1621./4431/445A;
TIOMATO2E/44314434;
1761204,
OCAR2IVABICATIVASY, andior
12IVM448V o

(i)
T02N/104A;
100C/163C;
100C/163C/173V;
100C/163C/173V/445V,
130Q/4431;
100A/162L/445V;
130M/4431;
TOHOASTIOMI 162044314434,
PIOM/T621/44314454;
1761204k
T00CAI2IVAISIC/TTIVA4SY, andior
12IVi445V.

In various farther embodiments of this fourth aspect, the polypeptides include 3,4, §,
6,7, 8,9 or more of the listed amine acid residues relative to SEQ 1D NO:4 when aligned by
protocol 1 or protocel 2. 1o a further embodiment, the polvpeptides are at least 75%, 80%,
85%, S0%, G1%, 92%, 93%, 4%, 95%, 96%, 97%, 9R%, or 999% identicyl to the N4 NA
polypeptide of SEQ 1D NO4, and wherein the non-natueally oceurring polypeptide inclodes
1. or both of the following amino acid residuss relative to SEQ 1D NO:4 whien aligned by

profecol 1 or protocol 20 1640Q¥E, 1938,

In a fifth aspeet, the NA polypeptides are;

20
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() atleast T3, BO%, B304, 000, 9104, Y294, 93%, D49, 95%, 96%%, 07%,, 8%,
or 99%;, identical to the NS NA polypeptide of SEQ 1 NO:S, and wherein the non-natorally
ocenrring polvpeptide mchudes 1,2, 3,4, 5,6, 7,8, 9, 10, b1, 12, or all 13 of the following
amino acid residues relative 1o SEQ ID NO:S when aligned by protocol | or protacol 2:

978, 410M, 96P, URA, TOON, HI2S/A, 110D, 128N, 1601, T62V/AA, 163V/P 19307,
3451 or
thy  atleast 73%, BO%G, 859%%, S0%, ¢1%, 02%, 3%, 94%, 95%, Ba%s, 97%, O8%,

or 99% identical to the NS NA polypeptide of SEQ ID NOS, and whercin the non-naturally
cccuming polypeptide neludes 2, 3, 4.8, 6, 7.8, 9,10, 11, 12, 13, 14, 1S, ar all 16 of'the
foHowing amine acid residues relative to SEQ 1D NO:5 when aligned by protocol 1 or
protocol 2:
971, 4100, Q6P 9RA, 100N, 102874, 103V, 110D, 1280/M, 1547, 1601, 162VAANT,
TRIVIP, 1741 19307, 4451

In this fifth aspeet, the N3 NA reference sequenoes is based on N3 reference strain
AlgaliDelaware Bay/ 218201 6from HIONS,

SLALVVINILLEIASTVIGIIGVTIREIR

SVYRETVRLETITIFIRNNT

EPERINNTERPLONVSEFATVEKDNGIRIGSRGHVEVI REPFVACGETRCRTFPLIQGAL,
LNDNHSNNT VDRI Py RALMEVPLES S PNAYRARFESVANSATACHDGRRWLAVGI SGADDDAYAVIH
YEGMPTDVVRESWRKQITRTOES SCYCMKGNCYWYMTDGEANSOAS YK I FKSHKGMVTREREVEFQOGR
IERCSCYPNLGKVECVCRDNWNGMNR PVL T FOEDLNYEVEGYLEAGT PPDTERVODNSFIGSCTNAVGG

SETNNYCVEGFGRROGNSVHAGRTVS T SSREGFEILLVEDGHVETSKNVVERVEVLNNENUSGY SGA R
IIPTTMISROCLVPCERWLEMIRGKPEERTS INT S5 S8TVFCEVESEVPCHSHDDGATL PFD TORM

(OEDQ LD NO:

In one cyohadiment of this Bth aspect, the polypeptides are

(a)  atleast 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 89%, identical to the N3 NA polypeptide of SEQ 1D NO:§, and wherein the non-natarally
occurring polypeptide ineludes 1, 2. 3.4, 5,6, 7. 8,9, 10, 11, 12, arall 13 of the following
aming acid residues relative to SEQ 1D NO:§ when aligned by protocel 1 or protocol 2;

Y9T7L, 410M, 96P, SEA, 100N, 1H28/A, 110D, 128Q/M, 1601, 162V/A/, 163V/P,
O30T, 4455 or

() 9GP 98A | LOON, TO28/4, HIOD, 1280Q/M., 1601, 162V/A/T, 163V/P, 193Q)/T,
4451,

In another embodiment of tus fifth aspect, the polypeptides arg
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¢hy  atleast T5%, BOSG, 83%%, D0%, G134, 93%0, 93%, 949, 9590, 96%, 97%, 98%,
or 99%;, identical to the NS NA polypeptide of SEQ I NOS, and wherein the non-natorally
oconrring polvpeptide ncludes 2, 3, 4.5, 6, 7.8, 9, 10, 11, 12, 13, 14, 15 ov all 16 of the
following wino acid residues relative to SEQ 1D NO:S when aligned by protocol 1oy
profocol 2;

{i) Y7L, 4100, S0P, O8A, THON, 1925/A, 103V, 110D, 128Q/M, 134T, 1601,
TeIVAAST, 103V/P, 1741, 193Q0T, 4451 or

(i1} 6P, O8A, TOON, 102874, 103V, 110D, 128Q/M, 154T, 1601, 162V/A/IT,
TOIVP, 1741 193QFT, 445L

n other embodiments of this fifth aspect, the polypeptides include one or more of the
following scts of anuino acid residues relative o SEQ 1D NO:S when aligned by protocel | or
protocol 2:

®
97L/410M;
100N/102A;
98C/161C;
128Q/445I;
128M/4451,
98A/128M/4451/447A,
97L/98A/128M/4451/447 A,

P2ENA44SE4T A

7L/ TIRMA4S 447 A
96R/UIT,

1111/163P;
QOROITA02L;
YEPAT4I193T; or
SEP1 745193 T 02 or

(i)
100N/102A;
98C/161C;
128Q/4451,
128M/445T,;
98A/128M/4451/447 A
97L/98A/128M/4451/447A;
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128045147 A
OFLATIBMAM4ST447 A,
QEPAYIT;
1111/163P;
5 96P/193T/202I;
96P/ 174141937, andfor
QAP T IDAT202E
In further embodiments of this fifth aspect, the polvpeptides includes 3,4, 5,6,7,8,9
or move of the bsted amino aoid vesidues relative to SEQ 1D NO:S when aligned by protocol
1 1 orprotoecel 2, In a further embodbment, the polypepnides ave at least T5%, 80%, 83%, 9%,
G1%, GI%, 93%, 94%, 5%, 965, 97%, 98%, or 99% identical to the NS NA polypeptide of
SEQ 1D NOLS, and wherein the non-naturally ocouming polypeptide includes 1, or both of the
following amine acid residucs relative to SEQ D NO:S when aligned by protocol 1 or

protosol 2; 162 Q/E, 2008,

S

I asixth aspect, the NA polypeptides are:

(a)  af least T5%, S0%, &5%, B0%, 91%%, 92%, V3%, 04%, 95

DG, 9T, 98,
or 95% wdentical to the N6 NA polvpeptide of SEQ ID NG:6, and wherein the nop-naturally
occwrring polypeptide includes 1,2, 3,4, 3,6, 7.8, 9, 10, or all 11 of the following amino

H seid residoes relative to SEQ 1D N6 when aligned by protacol 1 or protocol 2:

QaP, TO3N, 113D, 131Q, Va1, 162P, 1631, 165RTIVIA, 1964}, 203Y, 4458, or

) arloust TS%, S0, 8590, 0%, 914, 92%, 93%, 04%, 95%, 96%, 97%, 98%,
or 99% 1dentical to the Né NA polypeptide of SEQ 1D NQ:6, and wherein the non-aatumlly
occurring polvpeptide inchades 2.3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, or all 16 of the

[
LA

follmwving aming acid residacs relative to SECG 1D NQ:6 when aligned by protocel Loy
protocot 2
9oP 103N, (038, 106V, 113D, 131Q), 1577, 1611, 162P, 163FL, 1658/ TIVAAL, 166V/P,
19603, 203Y, 4438,

fo this sixth aspect, the N6 NA reforonce sequence is hased on N6 reforence strain
30 Adchicken/Sichuan/NCIPL 2014 from HANSG.

S R T T A T T L T T A L TN T L R S DN N TN Y PR TS T T TN BOMN E
MNENOR ITO L CATEMP LV BML IGIANLGIM IS LEYEVEDSTNIN I PUMNETS PTTT T INREFQNNE

TH

BANE Y reR
NI VY

SHLINLITRPLOEYNSHETLSKDNATRIGEDART IVIREPYLSCDEQGCRMIALSQ
GTTLRGEHANGTIHDRS PFRALVIWEMCQAPS PYNTRVECICWSSTSCHDG I SRMSICISGPNNNASA

VVWYGGRPVTEIPSWAGNILRTQESECVCHGGICPVVMTDGPANNRAETKIIYFKEGKIKKIEELKGD

23
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AQHIEECSCYGASEMIKCICRDNWKGANRPVITIDPEMMTHTSKYLCSKILTDTSRPNDPTNGKCEAP

ITGGSPDPGVKGFAFLDGENSWLGRT ISKDSRSGYEMLKVPNAETDTQSGAISHQIIVNNONWSGYSG

AFIDYWANKECFNPCFYVELIRGRPKESSVLWTSNSIVALCGSKERLGSWSWHDGAEIIYFK (Head

samugnce highlighted) {(S8Q ID RO:4)

Lfu

I one smbadiment of this sixth aspeet, the polypeptides are:

(1) atleast 7S, BO%, BS%q, 90%%, 914, 0204, O3%, 4%, O8%, D6%, B7%,, 980,
or 99%, identical o the N6 NA polypeptide of SEQ 1 NO:6, and wherein the non-natorally
ocourring polypeptide meludes 1, 2, 3,4, 5,6, 7,8, 2, 10, orall 11 of the following amino

10 amid residues relative to SEQ 1D NO:6 when aligned by protocol 1 or protocel 2:
SOP,TO3N, 13D, 131Q, 1611, 162P, 1631, 1638/ T/VIA, 1960, 203Y, 4458,
In another embodiment of this sixth aspect, the polypeptides are
() atloast 75%, %0%, B3%, SO0, 91%, 92%, 93%%, 94%, 93%, 96%%, 97%, BR%,

or 99% identical to the N& NA polypeptide of SEQ 1D NO:6, and wherein the non-naturally

1S ocowring polypeptide includes 2, 3,4,.5, 6,7, 8,9, 10, 11, 12, 13, 14, or afl 15 of the
folowing amine acid residues relative to SEQ 1D NO:6 when aligned by protocol 1 or
protocol 2:
GOP 103N, 1085, 106V, 113D, 131Q, 1577, 1611, 162P, 16311, 16587 T/VAAT,
166V/P, 106 203Y, 4458,
26 In various further coabodiments of this sixth aspect, the polypeptide wclude one or

more of the following sets of amino acid residues relative to SEQ 1D NO:S when aligned by
protocol 1 or protocol 2:
101C/164C;
101C/164C/174V;

25 101C/164C/174V/447V,
122V44 TV
HATG3LE,
SUP/ 196 T, andior
QOPI9ET205L

3 In further embodiments, the polypeptides include 3,4, 5, 6, 7, 8, ¥ or more of the
fisted amine acid residues relative to SEQ 1D NO6 when aligned by protocol 1 or protucol 2,
I another embodiment, the polvpeptides ave at Toast 78%, 80%, 85%,, 9104, 9%, 2%, 93%,
G, 950, 96, V7%, 9894, or 89%, identival to the N6 NA polypeptide of SEQ 1D N8,

wherein the non-naturally occurring polypeptide ineludes a 163E amine acid wmutation

24
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refative 1o SEQ 1D NOR6 when aligned by protocol 1, and opuonally also ncludes & 177V

amino scid mutition relatve to SEQ D NO:6 when aligned by protoce! 1 or protocot 2.

In a seventh aspect, the NA polypeptides sver

{n)  atloast T5%, 80%, B5%, 00%, 9149, 9%, U3%, 949G, 98%., 6%, 97%, 8%,
or 99%; identical to the N7 NA polypeptide of SEQ ID'NOT, and wherein the non-naturally
ocenrring polypeptide includes 1,2, 3.4, 3,6, 7.8, 9, 10, orall 11 of the following aminn
acid residucs relative 1o SEC D NOT when aligned by protocol | or protocel 2:
98P, TN, 1045, 112D, 1300, 156T, 1621, 164V/A/L 163V, 202Y, 448V: or

Y anleast 75%, S0%, 889, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to the N7 NA polypeptide of SEQ ID NO:7, and wherein the non-naturally
accurring polypeptide meludes 2, 3,4, 5.6, 7,8, 9,10, 1 12, ov all 13 of the following
amino acid residues refative 0 SEQ 1D NO:T when aligied by protocol T or protocel 2
98P, LOZN, 1048, 1120, 1300, 1367, 102) 164V/A, 163V, 178l 202Y, 4461, 448V,

in this seventh aspect, the N7 NA feforence sequence is based en N7 reference strain

AdNetherlands 21972003 from HTNT.

MREMNERLYALEGVRIALEY LIGT SNVGELNVELHLKEKGPEQEENLTCTT INONNTTVVENT Y VNN

TTIITKGTDLKTPSYLLLNKSLCNVEGWVVIAKDNAVRFGESEQIIVIREPYVSCDPTGCKMYALHQG

TTIRNKHSNGTIHDRTAFRGLISTPLGTPPTVSNSDFMCVGWSSTTCHDGIARMTICIQGNNDNATAT

VYYNRRLTTTIKTWARNILRTQESECVCHNGTCAVVMTDGSASSQAYTKVMY FHKGLVVKEEELRGSA

RHIEECSCYGHNQKVICVCRDNWQGANRPIIEIDMSTLEHTSRYVCTGILTDTSRPGDKSSGDCSNPI

TGSPGVPGVKGFGFLNGDNTWLGRTISPRSRSGFEMLKIPNAGTDPNSRIAERQEIVDNNNWSGYSGS

FIDYWNDNSECYNPCFYVELIRGRPEEAKYVWWASNSLIALCGSPFPVGSGSFPDGAQIQYFS

(Head sequence highlighted) (SEQ ID NO:7)

In onc ewbodiment of this seventh aspect, the polypeptides are

fa)  atlenst T5%, BO%, 88%, 00%, 9%, 93%, 03%, 34%, 95%, YoM, 97%, 98%,
or 99% identical to the N7 NA polypeptide of SEQ 2 MO, and wherein the non-natarally
occurring polvpeptide includes 1,2, 3,4, 5,6, 7,8, 2, 10, ox all 11 of the following amuino
acid residues relative to SEQ 1D NO:7 when aligned by protocol 1 o protocel 2
UEP, LO2N, 1045, FI2D, 1300, 1567, 1621, 164V/A/], 165V, 202Y, 448V,

In avother ombodiment, the polypeptides are

(B atlcast TS0, 80%, B3%, S0%%, 91 %, 92%, 93%, 94%, 95%, 96%, 97%, 9R%,

or 99%, identical to the N7 NA polypeptide of SEQ D NOT, and wherein the son-natorally

I
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occurring polypeptide includes 2, 3,4, 5,6, 7, 8,9, 18, 11, 12, orall 13 of the following
amino ascid residoes relative to SEQ 1D NO:7 when aligned by protocol | or protocol 2:
98P, TO2N, 1048, 112D, 1300, 1567, 1621 164V/AGL 163V 1761, 202V, 4461, 448V,

In various further embodiments of this seventh sspect, the polypeptide includes one or
more of the following sets of amine acid residues relative to SEQ 1D NCRT when aligned by
protocol 1 or protocol 2:
100C/163C;
100C/163C/173V;
100C/163C/173V/448V;
99L/4461/448A;
98P/195T;
130Qy4461,

446174484,
URP/IBATA2041,
GRPATOII9ST andfor
Q8P 1 TAITUST204L

In further embodiments, the polypeptides mclude 3, 4, 8.6, 7, 8. 9, or more of the
Histed aming actd residues relative 1o SEQ 1D NOYT when aligned by protocel 1 of protocot 2,
I another embodiment, the polvpeptides are af least 7556, 80%, 8%, 9004, 01%, 22%, 93%%,
U4%, 5%, 6%, 97%, 98%%, or ¥9%, identival to the N7 NA polypeptide of SEQ I3 NOT,
and wherein the nen-natorally ocowring polypeptide inclades one or both of the Foiiown‘:ig
amino acid mutation relative to SEQ ID NO:7 when aligned by protocol 1 or protocet 2:
164Q0E, 1958,

n an eighth aspect, the NA polvpeptides are:

{a)  atleast T8%, BO%G, 83%, 00%, 91%, 92%, Y%, 94%, 93%, 96%, §7%, 98%,
or 99% identical to the N8 NA polypeptide of SEQ ID NG, and wherein the non-natually
socwring polyvpeptide mehades 1,2, 3,4, 5,6, 7, 8, 9,10, orall 11 of the following anuno
acid residues relative to SEQ 1D NOS when aligned by protocol 1 or protocol 2:

40808, TOIN, 103A5, 11D, 1200, 161/, 1635/ TAVAAT, 164V, 194Q 201Y, 4421 or

by at feast 73%, 0%, 85%%, 0%, O1%%, 9204, 93%:, 9496, 93%, 96%, 97%, 98%,
or 99%, identical to the NS NA polypeptide of SEQ 1D NOSR, and wheren the non-naturally

occurring polypeptide includes 2, 3.4, 5,6, 7.8, 4, 10, 11, 12, 13, 14, orall 1§ of the

PCT/US2021/020804
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folowing anuno acid residues relative to SEQ 1D NO:H when aligned by protocol | or
protocol 2
8L, 408M, 10IN, HO3A/S, 104V, 11D, 12900, 16IP/L, 1038/ TAVIANSIT, 164VIP, 1751,
1940, 201Y, 2031, 4431

In this-cighth aspect, the N8 NA reference sequence is based on N8 reference strain
Alanex{/IPBI3DA2013 from HIONS,

MNPROHITTIGSVELGLVILNILLEIVEITVY

LVLPGNGNNESCNETVIREYNETVRVEKVTOWHNT

NVIEYIERFENDHFMNNTEALCDAKGFAPFSKDNGIRIGSRGHVFVIREPFVSCSPTECRTFFLTQGS

LLNDKHSNGTVKDRSPYRTLMSVEIGQSPNVYQARFEAVAWSATACHDGKKWMT IGVTGPDAKAVAVV

HYGGIPTDVINSWAGDILRTQESSCTCIQGECFWVMTDGPANRQAQYRAFKAKRQGKIVGQAEISFNGG

HIEECSCYPNEGKVECVCKDNWIGTNRPVLVISPDLSYRVGYLCAGLPSDTPRGEDSQFTGSCTSPMG

NQGYGVKGFGFRQGNDVWMGRTISRTSRSGFEILKVRNGWVONSKEQIKRQVVVDNLNWSGYSGSFTL

PRELTKRNCLVPOFRWVEMIRGNPEEKTIWTSSSSIVMCGVDHEIADWSWHDGAILPFDIDKM (Head

segusnce highlighted) {(SED IO ND:g)

fy one embodiment of this cighth aspect, the polypeptides are:

(3) ot least T3%, 800G, 85%, B0%, G010, 2%, 03%, 04%, 95%, 6%, 87%, D&%,
or 9994 identical to the NE& NA polvpeptide of SEQ ID NO:E, and wherein the non-naturally
occurring polypeptide includes 1,2, 3,4, 3,6, 7 8, 9, 10, orall 11 of the following amino
acid residues relative to SEQ 1D NO® when aligned by protocol 1 or protocol 2:

{i) S08M, TOIN, HI3ASS, 111D, 1290, 160P, 1611, IA3S/TAVIAML 164V, 194Q,
201V, 4428 or

G TOIN, 03ASS, HHID, 129Q, 180P, 161L, 163S/T/V/A/L 164V, 194Q, 201Y,

By another embodiment, the polypepiides are

thi at least 73%, 80%, 85%, 0%, @194, 92%, 93%, 94%;, 95%, 9%, 97%,, 98%,
or 9% identical to the N8 NA polypeptide of SEQ D NO:K, and wherein the nos-naturally
ccouring polvpoptide tncluden 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, or all 13 of the
following wninoe acid residues relative to SEQ D NOR when aligned by protocol 1 or
protocol 2:

(i} O8L., J08M, 101N, 103A/S, 104V, 11D, 1200, 160P, 1611,
IO3STTAVIAUS/T, 164VIP, 1751 10403, 201 Y, 2031, 4421 or

Gy TOTN, TO3ASS, 104V, THID, 12000M, To0R 1611, 1638/ TV ANSS
164V/P, 1751, 194Q), 201Y, 2031, 4421

27
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Invanous further embodiments, the polypeptide tnclude one or move of the following

sets of aming aeid residues refative o SEQ 1D NO®R when aligned by protocol | or protocol

A

0]
98L/408M;
160P/1638S;
10IN/103A;
99C/162C;
99C/162C/172V;
129Q/4421;
99A/161L;
99A/161L/4421;
161L/4421;
129M/4421;
99A/1290M/161L/4421/444A
98L/99A/129M/1611./4421/444 A,
129M/161L/4421/444A;
O8L/129M/161L/4421/444A; and/or
1751/203L; or

(i)
160P/1638S;
10IN/103A,;
99C/162C;
99C/162C/172V:
129Q/4421,
99A/161L;
99A/161L/4421;
16114428,
129073421
GOAIZOMIIOILA4421/444A,
98L/99A/129M/1611./4421/444A;
120M/161L/4421/444A;
98L/129M/1611L./4421/444A; and/or
175172031

28
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I various embodunents, the polypeptide includes 3, 4, 5.6, 7,8, 9, or more of the
Histed amino acid residues relative to SEQ 1D NOS when aligned by protocol 1 or protocet 2.
I a further embodiment, the polvpeptides comprises the amine acid sequence at feast 75%,
BO%G, BS%0, 00, 919, 92%, 3%, 9494, 95%, 06%, 97%, 98%, or 99% identical to the amino
acid selected from the groep consisting of N mutants listed in Table 1 {(SEQ ID NO:3S-38),
when aligned by protocol 1, wherein the pelypeptide fncludes all of the residues listed in
Table | for an individual N8 mutant listed 18 Table |

In various further embodiments, the polypeptides are at feast 73%, 80%, 85%, 90%,
QY00 2%, 93%G, 04%, 98%, 9634, 9T%, 98%, ov 99% identical 1o the N& NA polvpepiide of
SEQ 1D NO:B, whetein the non-naterally occwrring polvpeptide inclades a 163E ansno acid
mutation relative to SEQ 1D NOSK when aligned by protocol 1, and firther may optionally

include a 1948 mutation relative to SEQ 1D NO:8 when aligned by protocol 1 or protocel 2.

Ina ninth aspeet, the NA polypeptides are:

{a)  atleast 75%, RO, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to the N9 NA polypeptide of SEQ I NOW, and wherein the non-natorally
ocoarring polypeptide includes 1, 2, 3,4, 5,6, 7, 8, 9, or all 10 of the following anmino acid
residues relative to SEQ ID NO:9 when aligned by protocel 1 or pristocad
G4P, 931, 1008, 12600, FOVIA, 161V, 191G, TORY, 4398, 441V; or

() atleast 75%, 8O0%, 85%, 9096, 9%, 92%:, 93%, 94%, U5%, 96%, 97%, 98%;,

or 99% identical to the N9 NA polvpeptide of SEQ ID KNO:9, and wherein the non-naturally
ocenrring polypeptide ncludes 2, 3,4, 5,6, 78,9, 10, 11,12, 13, orall 14 of the following
amning acid residues relative to SEQ 1D NO@ when aligned by protocol T or protocol 2:
4P, 95L, O8N, TIS/A, 126(WM, 1327, 138L 160V/A/TT, 161V, 191Q, 198Y, 2001, 4395,
441V,

In this minth aspect, the NY NA reference sequence 1s baged on N9 reference strain:
AfAnhai/1-YK_RG3%2013 from HING,

MMEPNOKILOTSATAI IGATAVLIGIARLGINIGLHLKPGCNCSHSQPETTNTSOQTIINNYYNETNITN

TOMEERTARNEFNNLTREGLOT INSWHIVGEDNAVRIGESSDVLVTREPYVSCDPDECRFYALSQGTITIR

GKHSNGTIHDRSQYRALISWPLSSPPTVYNSRVECIGWSSTSCHDGKSRMSICISGPNNNASAVVWYN

RRPVAE INTWARNILRTQESECVCHNGVCPVVFTDGSATGPADTRIYYFKEGKILKWESLTGTAKHIE

ECSCYGERTGITCTCRDNWQGSNRPVIQIDPVAMTHTSQYICSPVLTDNPRPNDPNIGKCNDPYPGNN

NNGVRGFSYLDGANTWLGRTISTASRSGYEMLKVPNALTDDRSKPIQGQTIVLNADWSGYSGSFMDYW

29
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ABCDCYRACEYVELIRGRPKEDRUVNHTSNS IVEMCSSTREFLGOUNWRDGARTEYEL  (Haad

e s -y

sguance 13 highlighted) (SBG ID NOG:®)

s

In one embodiment of thus ninth aspeet, the polvpeplides are:

{a)  atleast 7%, RO%, R3%, 90%, Q1% 92%, 93%, G4%, U3, 964, $7%. 98%,

Ly

or 99% identical to the N9 NA polypeptide of SEQ 1D NG9, and whierein the non-naturally

occurring polypeptide ncludes 1, 2,3, 4,5, 6, 7, 8, 9, or all 10 of the following amino acid

residues relative to SEQ 1D NO9 when aligned by protocel 1 or protocol 2:

4P, 9L, 1008, 1260/, 160V/AA, 161V, 19143, 198Y 4398 441V,

I andther embodiment, the polypeptides are:

HE (b} atleast 73%, 8094, 8345, 90%,; 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
ot 99% identical to the N9 NA polypeptide of SEQ D NO:9, and wherein the nove-naturally
occurring polypeptide mehudes 3, 3,4, 5,6.7, 8, 8,10, 11, 12, 13, ov all 14 of the following
anuno actd residues relative to SEQ ID NQ:% when aligned by protocot | or protocol 2:

4P, 951, 98N, 1060S/A, 126000, 1527, 158 160V/ATT, 16TV, 19163, 198Y, 2004,
18 4348 441V,
In various embodiments, the polypeptides inclode one or more of the following sets of
amino acid residues relative to SEQ 1D NO® when aligned by protocol | or protocol 2:
96 1 89C;
96C/159C/441V;
20 96A/441A;
SEASI26M/M391441 A,
OSLAOOA26M4301/44 LA
126MA301E41 A
QSLA26MM3OMAT A

25 o4PAIT
98N/100A; and/or
94P/191T/2001.

Invarious embodiments, the polypeptides relude 3.4, 5, 6, 7. 8, 9 of nore of the
listed amino acid residucs relative to SEQ 1D NO:9 when alighed by protocel 1 or protocot 2.

36 Inoa funther ambodinent, the polypeptides are is at least 75%, 80%, 85%, 90594, 91%%, 92%,

3%, 94, 93%%, 9650, 87 %, 9R%%, or 99% identical to the N9 NA podypeptide of SEQ (D

NGB, and wherein the von-natarally ocourring polvpeptide includes a 160Q amino acid

mutation relative to SEQ ID NO:9 when aligned by protocol 1, or may include a combination
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of 160QVE and 172V amine acid residues relative 1o SEQ 1D NORS when aligned by protocol
1 or protocol 2.

In another embodiment, the discloswre provides composition, conyirising one or more
of the non-nmanwally occurring polypeptides of any crabodiment or combination of
embodiments diselosed berein luked o a scaffold. Linkage to scaffolds permits a phoality
{2.3,4, 5,6, 7,8 9, 10, or more) of the polypeptides to be displayed, which may ephanee
the e response stimulated vpon adminmistration o a subject i neced thereof, as
described in the methods that follow. The compositions may comprise sy scatfold suitable
for an intended use. The one or more non-natuvally sccirring polypeptides mayv be linked
covalently or non-covalently to such a scaffold. In one enbodiment, the scaffold comprises a
protein scaffold; 1n this ewbodiment, the one or wore non-natually occumring polypeptides
may be covalently hinked to the protein scaffold, mcluding but vot limited to by being
expressed as a fusion protein with a protein component of the scaffold.

In anothor aspect the discloswre provides nucleie acids encoding the polypeptide or
fusion protoin of any embodiment or combination of embodiments of the disclosure. The
aucleic acid sequence may conpwise single stranded or double stranded RNA (such as an
mRNA) or DNA in genomic or cDINA form, or DNA-RNA byvbsds, each of which may
mclhude chemically or binchemically modified, non-naturad, or denivatized nueleotide bases.
Such nuclete acid sequences may comprise additional sequences useful for promoting
expression andfor purification of the encoded polypeptide, incloding bt not hanted to polyA
sequences, imodified Kozak sequences, and sequences encoding opitope tags, export signals,
and secretory signals, nuclear localization signals, and plasma membrane localization signals.
Tt will be apparent to those of skill in the ant, based ou the teachings herein, what macleie acid
sequences will encode the polypeptides of the disclosure.

in a further aspeet, the disclosure provides expression vectors comprising the nucleic
actd of any aspect of the disclosure operatively Huked to & suitable control sequence.
"Expression vector” includes vectors dhat operatively ok a nucleic acid coding region or
ene to any control sequences capable of cffocting expression of the gene prodwet. “Contrd
sequences” operably linked to the nucleic acid sequences of the disclosure are nucleic acid
sequences capable of effecting the expression of the nucleie acid molecules. The control
sequences need not be contiguous with the nucleie acid sequences, so long as they function o
direct the expression thereof. Thus, for example, intervening untranslated vt transcribed
sequences can be present between a promoter sequence and the nucleic acid sequences and
the promoter sequence can still be considered “operably lnked” to the coding sequence.
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Other such control sequences Include, but are not limited o, polvadenylaton signals,
termination signals, and ribosome binding sites. Such expression vectors can be of any type,
mchading bat not lmited plasmid and viral-based expression vectors. The control sequence
used to drive expression of the disclosed nucleie acid scquences in o manmalian system may
be constitutive {driven by any of a variety of promoters, inchuding but not imited to, CMV,
SVA0, RSV, actin, EF) r inducible {driven by any of a number of inducible promotors
including, but not hinsted to, tewacyehine, eedysone, steroid-responsive). The expression
vector mast be replicable in the bost orpanisms cither as an episome or by integration into
host chvomosomal DNAL In vanous embadiments, the expression vectos hiay conyprise a
plasmid, viral-based vector, or any other suitable expression ventor,

In another aspect, the disclosure provides host cells that comprise the nucleie acids,
expression vectors (b2 episomal or chromosomally integrated), non~-naturally occurring
polypeptides, fision protein, or compositions disclosed herein, wheretn the host cells can be
cither prokaryotic or cukarvotic. The cells can be transiently or tably engineered ©
incorporate the nucleie acids or expression vector of the disclosure, using techniques
mchading bot not limited to bacterial transformations, calenum phosphate co-precipitation,
clectroparation, or liposome mediated-, DEAE dextran mediated-, polycationic mediated-, or
viral mediated vranstection,

B amother aspect, the present disclosure provides pharmaceutical compositions,
comprising one or more polypeptides, fuston proteins, compositions, nacleie acids,
expression vectors, anddor host cells of the disclosure and 3 pharmaceutically aceeptable
carrier. The pharmacentical compositions of the disclosure can be used, for example, i the
methods of the disclosure described below. The phammaceutival composition may comprise
i addition to the polypeptide of the disclosure {a) a broprotectant; {b) a surfactant; () a
bulking agent; (d) a tonicity adjusting agent; {c}a stabilizer; (f) a preservative andéor (@) a
butfor,

I somse embodiments, the buffer 15 a Tris buffer, a histdine buffor_ a phosphate
md¥er, a citrate buffor o an sectate budter. The phanmaceutical composition may also
include a tvoproteciant, e suctose, sorbital or trehalose. In certain embodiments, the
pharmaceutical composition inchudes a preservative ¢ benzatkontum chloride,
benzethonium, chlorohexidine, phenol, m-cresal, benavi alcohol, methyiparaben,
propylparaben, chlorobutanol, o-cresol, p-cresol, chiorocresol, phenyvinmercuric mitrake,
thimerosal, benzoic acid, and various mixtures thereof. In other embodiments, the
pharmaceatical composition includes a bulking agent, ke glveine. In vet other embodiments,
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the pharmaceutical composition inclades a surfactant e.g., polysorbate-2(, polvsorbate-4i4,
polysorbate- 80, polysorbate-&3, polysorbate-80 polysorbate-&83, poloxamer- 188, sorbitan
monolaurate, sorbitan monopalmitate, sorbifan monostearate, sorbitan monooieate, sorbitan
trilaurate, sorbitan tristearate, sorbitan trioleaste, or 3 combination thereof. The
pharmaceutical composition may also include a tonicity adjusting agent, .., a compound
that renders the formulation substantially isotonic or iscosmotic with human blood.
Exemplary tonicity adjusting agents include sucrose, sorhitol, ghycine, metinonine, manattol,
dextrose, nositol, sodium chloride; arginine and arginine hydrochloride. In other
embodiments, the pharmaceutioal composition additionally inchdes a stabilizer. e, a
mprfeceke which, when combined wath g protein of intérest substantially prevents or reduces
chomical andfor physical instability of the protem of intevest in tvophilized or Hauid fonm,
Excmplary stabilizers include sucrose, sorbitol, glycine, inostiod, sodium cliloride,
methioning, arginine, and arginine hvdrochloride.

The polypeptides, fasion proteins, compositions, nucleic acids, expression veetors,
andfor host cells may be the sole active agent in the pharmaceutiond composition, or the
compostion or vaccine ny further comprise one or more sther active agents suitable for an
uended use.

The polypeptides, fusion protems, compositions, pharmaceuticsl compositions,
nueleic acids, expression vectors, andfor host cells of the diselosure may be used for any
surtable purpose; including but not mited to treat or Hmit development of influenza
infections. For oxample, the polypeptides, fusion proteins, compositions, pharmaceaiical
compositions, nucleic acids, expression vectors, andfor host cells may be used w elicit an
fmmue response to influenza vivus, Oue type of imnme response 15 a Becell response,
which resalts in the production of antibodies against the antigen that elicited the immune
response. While all antibodies are capable of binding to the antigen which elicited the
wmune response that resulted 1o anttbody production, preferred antibodies are those that
provide broad heterosubtypic protection agamst infloenza virus. Thus, the methods may elicit
antibodies that bind to an dlucney NA protein from a virus selected from the group
consisting of influenza A vivuses, influenza B viruses, and influenza € vireses, These
methods may clicit antibodics that bind to an influenza NA protein from an nthionza virus
selected from the group consisting of H1, H2, H3, H4, HS, He, H7, HE, HY, HI10Q, Hii, H12,
Hiz Hi4, HIS HIS, HI7 and HIR influenza A vivus, and influenza B virgs. The methods
may chicit antihodies that bind o an influenza NA protein from a strain of influenza virus
selected from the group consisting of influenza ACalifornia/0772009 (HINT),
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AMichigan/d3/°2015 H1IND, A/New Caledonia/ 2041999 (HINT ), ASWSNAO3Z 1IN,
A/Brevig Misdon/ 198 (HINT), AfViemam 12032004 (HINT), A'Wisconsin/67/2003
{HIN2Y, ASwineMissowri 21 245 1472006 (HINI), ARed knotDelaware Bay/ 3162016
{HION4), AfShorebird/Delaware Bay3092016 {HTONS), Adchicken/Sichuan/NCIPL1I2014
(HINS), A/Netherdands2 192003 (HTNT), AJlang/ IPB I3/ 2013 (HIONS), AfAntug/1-
YK RG392013 (HING), BPhoket 307372013, B/Colorado/06/2017 and antigonic vartaus

thereof.

Protective antibodics ehicited by methods of thus disclosure can protect against viral
mfections by affocting any step in the life cycle of the viras. For example, protective
antibodics may provent an infhienea vines from attaching o a cell, entering a cell, feleasing
viral ribonucleoproteins into the eytoplasm, forming new viral particles in the infected cell,
andor budding new viral particles fron the tnfected host ccll membrane. Antibodies elicited
by the methods of this disclosee preferably prevent influenza vires from attaching to or
enfering the host cell, provent fusion of vira! membranes with endosomal mombranes, o
provent relense of nowly formed virus from the infected host cell.

Che aspect of this discloswre is 8 vaccine composition {vaccing) comprising any
polvpeptide, fusion protein, or compesition disclosed herein, 1o protect subjects against
mfvenon by influensg vives. Vaceine of this disclosure can also contain other components
such as adjuvants, buffers and the bke. Exemplary adjuvants inclade alumiman phosphate,
bepzyvalkonium chioride, ubenimex, and QS21; genetic adjuvants such as the 122 gene or
fragments thereof, the gramdocyic macrophage colony-stinndating fctor {(GM-CSF) gene or
fragments thereof, the IL-18 gone or fragments thereof, the chemokine (C-C motif) Hgand 21
{CCL21} gene o fragments thereof, the L5 gene or fragments thereof, CpG, LPS, TLR
agomists, and other immaene stimdatory genes: protein adjuvants such 1L-2 or fragments
thereot, the granulocyte macraphage colowy-stimulating factor {GM-CSF) or frapments
thereof] 1L-18 or fragments thereof] the chemokine (C-C motif) Hpand 2V {CCL2 M or
fragments thereof, 16 or fragments thereof, CpG, LPS, TLR agonists and othet inmmune
stivudatory eytokines or fragments thereof) lipid adjavanty such as catione hposonmes, N3
{cationic lipid), monophosphoryl lipid A (MPL1Y; other adiuvants including cholera foxin,
entevotoxin, Fms-like tyrosine kinase-3 Hegand (FI-3L), bupivacaine, marcaing, and
levamisole.

The vaccines of this disclosure may incluede imnwmogeae portions of more that one
Type, Group, subtype, or strain of mfluenza virus. Such vaceine may comprise nanoparticles,
gach of which comprises immunogenic portions from NA proteins from more than one Type,
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Group, subtype, or strain of influenza virus. Such a vaceine is referred o as a nudovalem
vaceine. A mudtivalent vacome can comprise immumogenic portions from as many inflaenza
NA proteins as necessary to chclt production of an inwnane response sufficient to protect
apainst o desived breadih of virus Types, Groups, subtypes, or strains. In one embodiment, the
vacciie comprises imnmogemce portions of NA proteing from at least two differont influenza
strains {Le., a bivalent vaccing), or from at least three different influenzs strains {Le, a
trivalent vaceinel, or from at lenst four different influenza strains (1.0, a quadrivalem
vaceine), or from at feast five different influenza strains (Lo, a pentavalent vaceine). Inone
embodiment, the vaccine comprises munanogenic portons of NA proteins from at feast six
different mfloenza strains (hexavalenth

This disclosure provides methods of vaccinating a subject against influenza virus, the
method comprising admimistering a polypeptides, compositions, phammaeeutical
compostions, sacleic acids, expression vectors, andfor host cells to the sebject such that an
immung rosponse against influcnza viras is prodeced i the subjest,

The subject may be any suitable subjecy, including but not Himited to hurnans and
other primates, inchiding non-human primates such as chimpanzees and other apes and
monkey species: farm animals such as cattle, sheep, plgs, scals, poats and horses; domaestic
mammals such as dogs and cats; laboratory animals including rodents such as mice, rats and
guinea pigs; birds, mcheding domestie, wikd and game birds such ag chickens, tarkeys and
other gallinaceous birds, dacks, geese, and the bke.

in the vaceination methads of this discloswre, the subyjeet baing vaccinated may have
beerr exposed to influenza vivus. As ased heren, the torm “exposed” indicate the subject has
comne i contact with a person or animal that is known to be infected with an influenza vivus.
Vacetnes of this disclosure may be admimstered by any soitable techmique, by means
ncluding, but not limited to, fraditional syringes, needleless imjeetion deviess, or
microprojectile bombardment gene guns. Suitable routes of admuinistration include, but are
not Hmited to, paventeral delivery, such as inframascular, intradermal, subestaneous, of
infranweduliary injeetions, as well as mtrathecal, dircet itaventriculat, infravenous,
intraperitoneal, intranasal, or intrancular injection.

The description of embodimaents of the disclosure 1s not intended to be exhaustive or
fo Hoat the dischosure to the precise form disclosed. While the specific embodiments of, and
examples for, the disclosure are described herein for Hustrative purposes, various cquivalent
modifications are possible within the scope of the disclosure, as those skilled in the relevant

art will recognize.
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Examples

We provide sequences of recombinant NA proteins in which head domains
comprising stabilizing mutations are conuected to letramernization domains. We inttially
found that many wild-type sequences of beta propeller bead domans from certain NA
subtypes adopied “open’™ contormations in which the head domaing extended individually off
of the statk-like tetramenization domain, without forming the erystallograpbically observed
“closed” wiramer, Constrocts comprising the head domains from other NA subtypes formed
closed tetramers naturally. Similar constructs fom vet other subtvpes formed mixtures of
open and closed tetramers. We tdentified specific mutations at swiltiple focations m KA
sequences that dictate the open or closed conformational state of NA totramers, and used
these mutations o gencrate closed, stabilized tetramers from multiple NA subtypes. We also
converted a nanmrally closed NA tetramer to a fully apen conformation by substituting
residues that we identificd as pivotal for totramer closure, confinning the importance of these
residucs for determining the conformational state of NA. Monoclonal amttbodies (mAbs) that
bind across the inderface of two neighboring protomers it the closed configuration bind better
to closed telramers than open tetramers. The mudations we provide may be asehud for
stanlizing other NA proteins that naturally form open tetramirs when produced
recombinantly,

Together, the disclosure provides mutations at defined focations in N& proteins that
close the open structures of various NA tetramers. These stabilized NA struetures can be used

as vaceine antigens in either sohable form or when presented on scaffolds.

Materials and Methods

Protein desien and expression

NA constructs wore expressed by transient transfoction in Expi2®3F cells
{ThermoFisher Scientific) at a density of 2.5x106 cellsim! using ExpiFectamine™ 293
Transfection Kit {ThesmoFisher Scientific). The supermatants were harvested 5 days post
sransfection and contrifuged at 4000 rpm to remove cell debris. The calture supernatants were
sterile filtered prior to purtfication by bomobilized metal atfinity chromatography (IMAQ).
Clarified supernatant was incuhated for 2 h at room temperature with Ni Sepharose™ High

Performance histidine-tagued protein paification resin (GF Heabhoare) and separated
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through affinity chromatography. Bound protein was chuted with 300 mM midazele, 50 mM
Treig-HOT and 0.3 M NaCl. Eloted protein was farther porified by size exclusion

TN

chromatography into phosphate-buffered saline (PBS) using a Superdex™ 200 Increase

/3088 cobmmn (GF Life Sciences),

NA antigenic characierization

Several mAbs are known that can be used to assess the antigenicity or conformational
state of NA. We used multiple maAbs for this purpose, including CD6, o mADb that binds
across the intevface of two protomers i the closed, orystaliographically observed {4+
syounetric configuration (Wan et al, Not Conns, 6:6114), We found that CDé bound better
to recombinant NA protetns that formed closed tetramers than NA proteins that formed open
tetraynaers.

A fortéBio Octet™ HTX insinanent was used to measure binding of NA proteins to
antibodies that target several antigenic sites. All assays were porfonned in PBS supplemented
with 1% bovine serum albumin {BSA) to ninimize nonspecific nteractions. The final
volume for all sohutions was 30 wlfwell. Assays were parformed at 30 °C in solid black 384-
well plates. NA was loaded for 300-600 s on HISIK tips, which were then dipped to capture
mAbs for 660 s, mAbs were then allowed 1o dissociate for 300-600 5 in PBS + 9% BSA. Data
analysis was carried out using Octet software, version 11, High captore levels of protein
{same as reforence proteins or higher) were part of the selection process for EM analysis.

Binding of mAb to profein was the second step of the selection process for EM analysis.

NA achivily assavs

Neuramunidase activity was measered with the NA-Flyot Influenza Nearmnimdase
Assay Kit according to the manufactura”s protocol. Briefly, 50-100 pe/md of protein was
used as a stant coneentration and 2-fold dilutions were prepared in duplicate in & black 96~
well, flat bottom plate for each protein sample. The wells fn column 12 were keft empty for
controls. NA-Fluor Sebstrate was propared according to the profocol and added to cach well.
Plates were incubated for 1 & at 37 *C and reactions were stopped with NA-Fluor Stop
Solution. Plates were read using an exertation wavelength range of 350 mm to 365 nm and an
cmission wavelength range of 4464 am to 460 mm. Background control wells wore sabiracied
for cach protetn serial ditution. Finally, protein difutions wire plotted versus relative

fluorescence unit (RFU) values.
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Wi used negative stain electron microscopy and particle averaging 1o assess whether
the head domain of recombinant NA proteins adopied the open or closed struecture. Figure 2
shiotvs represemtative examples of two-dimensional class averages of recombinant NA
proteins that form open tetramers (N Toaos, Nisess, Nlwsss, Niwees and Nfsibeana ), mixtares
of open and closed tetramers (NFuros, NBwis, and NOawwins), and closed tetramers (N2wis,

« =
SUNS Ndpa koot Trlawsrel b, andd NJﬁhm‘chirdfl?k‘!nwa:ci'\'«}.

N3 By

Proteins were dituted to a concentration of about 0.02 mg/ml with buffer containing
10 md HEPES, pH 7.0, and 130 mM NaCl and adsorbed 1o a glow-dischavged carbon-counted
copper grid. The gnd was washed with a drop of the same baffer thiee times and stained with
£5.75% urany! formate. Images were recorded at a nominal magnification of 100,000 (pixel
size: .32 mm) using SerialEM software on an FEI Tecnai T20 electron sueroscope equipped
with an FE Eagle CUD camera and operated at 200 kY. Particles were selected from the
micrographs automatically using in-house software { Yaroslav Tsybovsky, unpublished) and
extracted into F28x128-paxel boxes. Reference-free 2D classification was performed using
Relion 1.4.

Results
Referring to Figure 1, thyee diffevent recombinant NA designs were expressed (Figure

LAY, purified by IMAC, and examived by size exclosion chromatography (SEC), In the first

recombinant

AfCaliformiai72008 (HINT NA (SEQ 1D NO: 1), comprising the nanve stalk and head

A configuration, an N-terminal 6xHis tag was appended fo residues 33-469 of
g ¥ P

domains. A second recombinant NA configuration was tested in which the evtosolic,
transmembrane, and stalk domains of the wild-type NA (fesidues 1-77 i SEQ IDNO: 1)
were replaced by a 6xHis-tag, an hVSAP domain to drive protein tetramerization (Xu etal, 1
Virol 82:10493-10801), a thvombin cleavage site, and a two-residue Ghe-Gly Hnker. A third
recombinant NA configuration was tested in wihich the ovtosolic, transmerbrane, and stalk
downains of the wild-tvpe NA {residues 1-82 in SEQ 1D NO: 1) was replaced by a 6xHis-tag,
s hVS AR domain, a thrombin cleavage site, and o two-residue Gly-Gly Hinket, Recombinant
NAs in which the head domain started st position 83 showed homogencous SEC profiles
{Figare 1B) with 2 major peak corresponding to the estimated moleondar weight of NA
tetraners, with nunitoal aggregation. Subseguent constructs ware designed with head

domains starting at position §3.
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Referring to Figure 2, purified recombinant NA proteins from a number of subtypes
were characterized structurally by negative stain EM. Representative NAs from the N2, N3,
N4, N3 subtypes formed closed totrameric stractarcs it which the head domain resembled the
Cd-gymmetric structure classically observed by X-vay crystallography. Representative NAs
from the N1 and N6 subtypes formed open tetramers in which the bead domains did not form
a single, compact stnuwhare, Represeotative NAs from the N7, N8, and N9 sabtvpes formed
nuxtures of open and closed tetramers.

Reforring to Figure 3, in one non-limiting example, we designed & series of
recombinant NA mutants based on the wild-type A/Califorma07/2000 GHINT)Y NA sequence
that reswdied o protem that formed a closed tetramer. Infroductng fen mutations it
A alifornia/07/2000 (HINT) NA {construct name 94 NI-Calt®_danfav? in Table ) SEQ
TR NG79) residied in 45% closed tetramers. Additional mutations and & reverse mutation
result 10 a protem {constract name 135 N1-Cali-c130 T453V 1n Table 1; SEQ ID NG:13)
that forims 90- 100% closed recombinant NA tetramers. The 99P, 1771, 1967 and 2051
nustations provide improved hydrophobice packing at the inter-protomaric interface. The 1658
autation helps stabilize the closed conformation of a loop that paticipates in the intor-
protoaeric inferface. The 161V and 172A mutations remove a oysteine and optimize packing,
which tmproves expression. The T, 408M and 419V mutations improve expression by
removing polar residues in a region of the protein that s partially hidden from solvent.

Referving to Figure 4, in another non-hiniting example, stabilizing nustations
introduced int the sequenes of AMichigan/d %2015 (HIND NA, which forms an open
etramer when the wild-type sequence for the head dopsain s ased, resalt i a protein
{constract pavne 174 NI-MiIS ¢135 T131Q in Table 1) SEQ ID NO: 18 that forms 10094
closed tetramers. The 13 1) mutation optimizes packing and helps stabilize the closed
conformation of a loop that participates in the inter-protomeric interface.

Referving to Figure 5, in another non-hiniiting example, stabilizing nustations
miroduced into the sequence of APWSNAUIZ (HIND NA, which forms an open tetramer
when the wild-type sequence fivr the head donaain is used, resaltin a profein {constract name
366 NI-WEN33 o155 GIOSS 1106V _AISTT VI631 AleaV RIIGG in Table 1) SEQID
NO:43Y that forms 80% closed tetramers. The 15377 and 166V sutations provide improved
hydrophobic packing at the iter-protoameric interface. The 210G ounstation removes
cloctrostatic repulsion at the inter-protomeric iterface, The 1038, 108V and 1631 mudations
help optimize packing 1o stabilize the closed conformation of a loop that participates in the
miter-protomeric interface.
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Referring to Figure 6, in another nonclimiting example, stabilizing mutations
introduced into the sequence of A/Vietnam/1203/04 (HINT) NA, which formss an open
tetramer when 1 stabilizing madations onginally identiticd in A/Califorma/07/20009 (HIND)
NAwre used, result in a protein bearing 14 bautations (constract name 354_N1-
VYNG4 ol 58 1106V _TI31Q VI3 A166V in Table I; SEQ ID NO:40) that forms 100%
closed tetramers, The 106V, 1310 and 1631 mutations help optimize packing to stabilize the
closed conformation of a loop that participates i the inter-protomenie interface. The 166V
mutation provides improved hydrophobic packing at the inter-profomerie inferface.

Referring to Figare 7, two matations introduced into the recosmbinant Addlangsi-
Donghu/346-2/2013 (HTONRy N& NA {constroct name 285 NS-Hangxi-Donghu2013 E162P-
Q1658 in Table 1; SEQ IDNO:36) rosulted in the formation of 0% closed tetramers. The
162P and 163S mutation help stabilize the closed conformation of & loop that panticipates in
the inter-protomeric interface.

Referring to Funwe 8, we introdused substitutions at positions that are critical for
stabihizing the closed tetrameric structare of NA into a naturally closed recombinant NA o
open wy the closed, compact stracture. Throe omutations at positions that had been identified
to stabilize open feframers resulted in the formation of exclusively open tetramers of the NA
from A/Wisconst'67/2005 (HIND) {construet name 235 N2-WishH3 VI6SQ {176V _TI9ES
w Table 1; SECQ ID NO:34). The 176V and 1938 mustations decrease the amount of integ-
protomeric hydrophobic packing that is natively present. The 1630 mutation allows for
increased flexability of & loop that participates m the inter-protomeric interfaee.

Referring to Pigure 9, a Basic Local Alignment Search Tool protein (BLASTp)
aligmment between reference sequences and any arbitrary sequence of the satme subtype
allows for wdentification of positions for the deacribed mutations i any NA sequence,
Sequence positions in arbitrary WA sequences are identified hased on alignment to
corresponding positions 1o reference sequences. Many sequence alignment tools are known to
those of skill in the art and can be used to align arbitrary NA sequences o the provided
reference sequences. Here we provide protocnds £y aligning sequences using the onfine
BLASTD tool provided by the National Institute of Health {protocol 1) as well as'a standalone
executable version of the BLAST software that can be nun Tocally on any computer (protocol
2}

Overall, we identified mutstions that result in recombinant NA proteins that adopt
closed, Cd-syrometric, or open, non-synumetrie conformations. Mutations that fill cavities in
NA are helpfil for terramer closare. In some non-limiting examples, engineered disulfide
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bonds are helpful for tetramer closure. Certain amino acid positions, including but not limited

to position 165, appear most relevant for dictating the open or closed conformational state of

NA tetramers. In addition, other mutations substantially improve overall protein expression

levels.

Table 1

Name

Sequence

Mutations
included

Mutations highlighted
in uppercase

%
Closure

94 N1-
Cal09 d
anfav2

VKLAGNS SLCPVSGWAPLSKDN
SVRIGSKGEVFVIREPFISCS?
LECRTFE_TQGALLNDKHSNGT
IKDRSPYRTLMSCPIGSVPSPS
NSRFESVAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCETVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGY
KGEFSZTKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNESIK
ODIVGINEWSGYSGSEFVMHPEL
TGLDCIVPCEWVELIRGRPKEN
TIWTSGSSISFCGVNSDTTGWS
WPDGAELPFTIDK (SEQ ID

NO:79)

N1
numbering:
99P/196T/20
51,
113E/1708,
1658,
100L/408M/4
19V, 453T

vklagnsslcpvsgwaPLskdn
svrigskgEvivirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmscpigSvpsps
nsrfesvawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcvcrdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfzygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
qdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgssisfcgvnsdtTgws
wpdgaelpftidk (SEQ ID
NO:79)

112 N1-
Cal09 d
anfavz
no-

space-B

VKLAGNS SLCPVSGWAPY SKDN
SVRIGSKGEVFVIREPFISCS?
LECRTFF_TQGALLNDKHSNGT
IKDRSPYRTIMSCPIGSVPSPS
NSRFESVAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVYNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSENQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGY
KGFSTKYGNGVIWIGRTKSISSR
NGFEMIWDPNGWTGTDNNFSIK
ODIVGINEHSGYSGSFVOHPEL
TGLDCIRPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTTGWS
WPDGAELPFTIDK (SEQ ID

NO:80)

N1
numbering:
99P/196T/20
51,
113E/170s,
1655, 453T

vklagnsslcpvsgwaPyskdn
svrigskgEvfvirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmscpigSvpsps
nsrfesvawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleyqgigyicsgifgd
nprpndktgscgpvssngangv
kgfsfiygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
qdivginewsgysgsfvghpel
tgldcirpcfwvelirgrpken
tiwtsgssisfcgvnsdtTgws
wpdgaelpftidk (SEQ ID
NO:80)

113 N1-
Cal09 D
F2TI

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGEVEFVIREPFISCS?
LECRTFEF_TQGALLNDKHSNGT
IKDRSPYRTLMSCPIGSVPSPT
NSRFESIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS

N1
numbering:
99P/1771/19
6T/2051,
113E/170T,
1658,
100L/408M/4
19v, 453T

vklagnsslcpvsgwaPLskdn
svrigskgEvfvirepfiscsp
lecrtffltqgallndkhsngt
ikdrspyrtlmscpigSvpspT
nsrfeslawsasachdginwlt
igiTgpdngavaIlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggasykifri
ekgkivksvemnapnyhyeecs

80-90%
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CYPDSSEITCVCRDNWHGSNR?
WVSEFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSZKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNFSIK
QDIVGINEWSGYSGSFVMHPEL
TGLDCIVPCEWVELIRGRPKEN
TIWTSGSSISFCGVNSDTTGWS
WPDGAELPETIDK (SEQ ID
NO:81)

PCT/US2021/020804

cypdsseitcvecrdnwhgsnrp
wvsfngnleyqgigyicsgifgd
nprpndktgscgpvssngangv
kgfsfiygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgssisfcgvnsdtTgws
wpdgaelpftidk (SEQ ID
NO:81)

114 N1-
Cal09 D
F2TT T1
708

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGEVFVIREPFISCS?
LECRTFFLTQGALLNDKHSNGT
IKDRSPYRTLMSCPIGSVPSPS
NSRFESTAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSZKYGNGVWIGRTKSISSR
NGEFEMIWDPNGWTGTDNNEFSIK
QODIVGINEWSGYSGSEVMHPEL
TGLDCIVPCEWVELIRGRPKEN
TIWTSGSSISFCGVNSDTTGWS
WPDGAELPETIDK (SEQ ID

NO:82)

N1
numbering:
99P/1771/19
6T/2051,
113E/170s,
1658,
100L/408M/4
19v, 453T

vklagnsslcpvsgwaPLskdn
svrigskgEvfvirepfiscsp
lecrtffltqgallndkhsngt
ikdrspyrtlmscpigSvpspsS
nsrfeslawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleyqgigyicsgifgd
nprpndktgscgpvssngangv
kgfsfiygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
qdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgssisfcgvnsdtTgws
wpdgaelpftidk (SEQ ID
NO:82)

100%

127 _N1-
CalO9 D
F2TI Cy
sKO no-
space-B

VKLAGNSSLCPVSGWAPYSKDN
SVRIGSKGEVFVIREPFISCS?
LECRTFFLTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPT
NARFESTIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCETVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNFEFSIK
QODIVGINEWSGYSGSEVQHPEL
TGLDCIRPCEWVELIRGRPKEN
TIWTSGSSISFCGVNSDTTGWS
WPDGAELPETIDK (SEQ ID
NC:83)

N1
numbering:
99P/1771/19
6T/2051,
113E/170T,
165s, 453T,
161V/172A

vklagnsslcpvsgwaPyskdn
svrigskgEvEvirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigSvpspT
nArfesIawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvghpel
tgldcirpcfwvelirgrpken
tiwtsgssisfcgvnsdtTgws
wpdgaelpftidk (SEQ ID
NO:83)

30-40%

128 N1-
Cal09 D
F2TI Cy
SKO_T45
3V

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGEVFVIREPFISCS?
LECRTFFLTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPT
NARFESTIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGESTKYGNGVWIGRTKSISSR

N1
numbering:
99P/1771/19
6T/2051,
113E/170T,
165s,
100L/408M/4
19v,
161V/172A

vklagnsslcpvsgwaPLskdn
svrigskgEvfvirepfiscsp
lecrtffltqgallndkhsngt
ikdrspyrtlmsVpigSvpspT
nArfeslawsasachdginwlt
igiTgpdngavaIlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfiygngvwigrtksissr

90-100%
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NGFEMIWDPNGWTGTDNNESIK
ODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID
NO:84)

PCT/US2021/020804

ngfemiwdpngwtgtdnnfsik
qdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO: 84)

130 N1-
cal09 D
F2TI Cy
SKO E11
3D T170
Y

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCETVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGEFSZKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNESIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTTGWS
WPDGAELPETIDK (SEQ ID
NO:85)

N1
numbering:
99P/1771/19
6T/2051,
16553,
100L/408M/4
19v, 453T,
161V/172A

vklagnsslcpvsgwaPLskdn
svrigskgdvfvirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigsSvpspy
nArfesIawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfiygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgssisfcgvnsdtTgws
wpdgaelpftidk (SEQ ID

NO: 85)

90-100%

131 _N1-
Cal09 D
F2TI Cy
sKO no-
space-

B E113D
_T170Y

VKLAGNSSLCPVSGWAPYSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSEFNQN_EYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGEFSZKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNESIK
QODIVGINEWSGYSGSFVQHPEL
TGLDCIRPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTTGWS
WPDGAELPETIDK (SEQ ID
NO:86)

N1
numbering:
99P/1771/19
6T/2051,
1655, 453T,
161V/172A

vklagnsslcpvsgwaPyskdn
svrigskgdvfvirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfesIawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfeygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvghpel
tgldcirpcfwvelirgrpken
tiwtsgssisfcgvnsdtTgws
wpdgaelpftidk (SEQ ID

NC: 86)

90-100%

134 N1-
cal09 D
F2TT Cy
sKO 516
5E_T453
V E113D
_T170Y

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGEVPSPY
NARFESIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGEFSZKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNFSIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS

N1
numbering:
99P/1771/19
6T/2051,
100L/408M/4
19v,
161V/172A

vklagnsslcpvsgwaPLskdn
svrigskgdvfvirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigevpspy
nArfesIawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleyqigyicsgifgd
nprpndktgscgpvssngangv
kgfsfeygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvMhpel
tgldeciVpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws

50%
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WPDGAELPFTIDK
NO:10)

(SEQ ID

PCT/US2021/020804

wpdgaelpftidk
NO:10)

(SEQ ID

140 N1-
Mil5 DF
27T

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGEVEVIREPFISCS?
LECRTFE_LTQGALLNDKHSNGT
IKDRSPYRTLMSCPIGSVPSPT
NSRFESTIAWSASACHDGINWLT
IGITGPDSGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYOMGYICSGVEGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKESIK
QDIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSSISFCGVNSDTTGWS
WPDGAELPEFTIDK (SEQ ID
NO:11)

N1
numbering:
99P/1771/19
6T/2051,
113E/170T,
1658,
100L/408M/4
19v, 453T

vklagnsslcpvsgwaPLskdn
svrigskgEvivirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmscpigSvpspT
nsrfesIawsasachdginwlt
igiTgpdsgavaIllkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdggqasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfeygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
gdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpeen
tiwtsgssisfcgvnsdtTgws
wpdgaelpftidk (SEQ ID
NO:11)

10-20%

141 N1-
Milb DF
2TI no-
space-B

VKLAGNS SLCPVSGWAPYSKDN
SVRIGSKGEVEVIREPFISCS?
LECRTFE_LTQGALLNDKHSNGT
IKDRSPYRTLMSCPIGSVPSPT
NSRFESTIAWSASACHDGINWLT
IGITGPDSGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYOMGYICSGVEGD
NPRPNDKTGSCGPVSSNGANGV
KGFSZTKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKESIK
QDIVGINEWSGYSGSFVQHPEL
TGLDCIRPCFWVELIRGRPEEN
TIWTSGSSISFCGVNSDTTGWS
WPDGAELPFTIDK (SEQ ID

NO:12)

N1
numbering:
99P/1771/19
6T/2051,
113E/170T,
1655, 453T

vklagnsslcpvsgwaPyskdn
svrigskgEvivirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmscpigSvpspT
nsrfesIawsasachdginwlt
igiTgpdsgavaIllkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdggqasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfrygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
gqdivginewsgysgsfvghpel
tgldcirpcfwvelirgrpeen
tiwtsgssisfcgvnsdtTgws
wpdgaelpftidk (SEQ ID
NO:12)

155 N1-
cal09-

c130 T4
53V

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNOQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGY
KGFSZKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNESIK
ODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID
NO:13)

N1
numbering:
99P/1771/19
6T/2051,
16583,
100L/408M/4
19v,
161v/172A

vklagnsslcpvsgwaPLskdn
svrigskgdvivirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfesIawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygigyicsgifagd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:13)

90-100%

300 Mil
5 cl155

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?

N1
numbering:

vklagnsslcpvsgwaPLskdn
svrigskgdvfvirepfiscsp
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LECRTFF_TQGALLNDKHSNGT | 99P/1771/19 | lecrtffltggallndkhsngt
IKDRSPYRTLMSVPIGSVPSPY | 6T/2051, ikdrspyrtlmsVpigSvpspy
NARFESTAWSASACHDGINWLT | 165s, nArfesTawsasachdginwlt
IGITGPDSGAVAILKYNGIITD | 100L/408M/4 | igiTgpdsgavallkyngiitd
TIKSWRNNILRTQESECACVNG | 19V, tikswrnnilrtgesecacvng
SCFTIMIDGPSDGQASYKIFRI | 161V/172A scftimtdgpsdggasykifri
EKGKIIKSVEMKAPNYHYEECS ekgkiiksvemkapnyhyeecs
CYPDSSEITCVCRDNWHGSNR? cypdsseitcverdnwhgsnrp
WVSEFNQNLEYQOMGYICSGVEGD wvsfngnleygmgyicsgvigd
NPRPNDKTGSCGPVSSNGANGV nprpndktgscgpvssngangv
KGFSTKYGNGVWIGRTKSISSR kgfsftygngvwigrtksissr
KGFEMIWDPNGWTGTDNKESIK kgfemiwdpngwtgtdnkfsik
QODIVGINEWSGYSGSEVMHPEL gdivginewsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPEEN tgldeiVpefwvelirgrpeen
TIWTSGSSISFCGVNSDTVGWS tiwtsgssisfcgvnsdtvgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:14) NO:14)
VKLAGNS SLCPVSGWAPLSKNN vklagnsslcpvsgwaPLskNn
AVRIGSKGDVFVIREPFISCS? Avrigskgdvivirepfiscsp
LECRTFFLTQGALLNDKHSNGT lecrtffltqgallndkhsngt
IKDRSPYRTLMSVPIGSVPSPY ikdrspyrtlmsVpigSvpspy
NARFESTIAWSASACHDGINWLT nArfesTawsasachdginwlt
IGITGPDSGAVAILKYNGIITD | N1 igiTgpdsgavallkyngiitd
TIKSWRNNILRTQESECACVNG | numbering: tikswrnnilrtgesecacvng
164 N1 | SCETIMIDGPSDGQASYKIFRI 99P/1771/19 | scftimtdgpsdgqasykifri
Mil5 ol EKGKIIKSVEMKAPNYHYEECS | 6T/2051, ekgkiiksvemkapnyhyeecs
55 D103 CYPDSSEITCVCRDNWHGSNR> | 1658, cypdsseitcvecrdnwhgsnrp | 80-90%
N S105A WVSFNQN_EYOMGYICSGVEGD | 100L/408M/4 | wvsfngnleygmgyicsgvigd
- NPRPNDKTGSCGPVSSNGANGV | 19V, nprpndktgscgpvssngangv
KGFSTKYGNGVWIGRTKSISSR | 161V/172A, kgfsfrygngvwigrtksissr
KGFEMIWDPNGWTGTDNKFSIK | 103N/105A kgfemiwdpngwtgtdnkfsik
ODIVGINEWSGYSGSEVMHPEL gdivginewsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPEEN tgldciVpcfwvelirgrpeen
TIWTSGSSISFCGVNSDTVGWS tiwtsgssisfcgvnsdtvgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:15) NO:15)
VKLAGNSSLCPVSGWAPLSKDN vklagnsslcpvsgwaPLskdn
SVRIGSKGDIFVIREPFISCS? svrigskgdIlfvirepfiscsp
LECRTFFLTQGALLNDKHSNGT lecrtffltqgallndkhsngt
IKDRSPYRTLMSVPIGSPP3PY ikdrspyrtlmsVpigSPpspy
NARFESIAWSASACHDGINWLT nArfesTawsasachdginwlt
IGITGPDSGAVAILKYNGIITD | N1 igiTgpdsgavallkyngiitd
TIKSWRNNILRTQESECACVNG | numbering: tikswrnnilrtgesecacvng
165 Nl- SCETIMTDGPSDGQASYKIFRI | 99P/177I/19 | scftimtdgpsdggasykifri
Mild el EKGKIIKSVEMKAPNYHYEECS | 6T/2051, ekgkiiksvemkapnyhyeecs
55 vIl4 CYPDSSEITCVCRDNWHGSNR? | 1655, cypdsseitcvecrdnwhgsnrp 100%
I V166D WVSFNON_EYOMGYICSGVEGD | 100L/408M/4 | wvsfngnleygmgyicsgvigd
- NPRPNDKTGSCGPVSSNGANGV | 19V, nprpndktgscgpvssngangv
KGFSTKYGNGVWIGRTKSISSR | 161V/172A, kgtsfrygngvwigrtksissr
KGFEMIWDPNGWTGTDNKEFSIK | 114I/166P kgfemiwdpngwtgtdnkfsik
ODIVGINEWSGYSGSFVMHPEL gdivginewsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPEEN tgldciVpcfwvelirgrpeen
TIWTSGSSISFCGVNSDTVGWS tiwtsgssisfecgvnsdtvgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:16) NO:16
167 Ni1- VKLAGNSSLCPVSGWAPLCKDN | N1 vklagnsslcpvsgwaPLCkdn
Mils ol SVRIGSKGDVEVIREPFVSCS? | numbering: svrigskgdvivirepfVscsp
55 ST01 LECRTFFLTQGALLNDKHSNGT | 99P/1771/19 }ecrtffltqgallgdkhsngt 1005
c T122V IKDRSPYRTLMSVPICSVPSPY | 6T/205I, ikdrspyrtlmsVpiCSvpspy
Gledc NARVESTIAWSASACHDGINWLT | 1655, nArVesIawsasachdginwlt
- — | IGITGPDSGAVATLKYNGIITD | 100L/408M/4 | igiTgpdsgavaIlkyngiitd
45
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F174V 8
444v

TIKSWRNNILRTQESECACVNG
SCFTIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR>?
WVSFNON_EYQMGYICSGVEGD
NPRPNDKTGSCGPVSSNGANGV
KGFSZKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKESIK
QDIVGINEWSGYSGSEVMHPEL
TGLDCIVPCEFWVELIRGRPEEN
TIWTSGSSIVFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID
NO:17)

19v,
161V/1724,
101¢/122v/1
64C/174V/44
v

PCT/US2021/020804

tikswrnnilrtgesecacvng
scftimtdgpsdgqasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcvcrdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
gqdivginewsgysgsfvMhpel
tgldeiVpefwvelirgrpeen
tiwtsgssiVicgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:17)

174 N1-
Mil5 cl
55 T131
Q

VKLAGNS SLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRQFFLTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESTAWSASACHDGINWLT
IGITGPDSGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSENON_EYQMGYICSGVEGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKESIK
QODIVGINEWSGYSGSEFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID

NO:18)

N1
numbering:
99P/1771/19
6T/2051,
1658,
100L/408M/4
19v,
161v/172A,
1310

vklagnsslcpvsgwaPLskdn
svrigskgdvivirepfiscsp
lecrQffltggallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfesIawsasachdginwlt
igiTgpdsgavallkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdggasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcvcrdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
gdivginewsgysgsfvMhpel
tgldeciVpefwvelirgrpeen
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:18)

100%

175 N1-
Mil5 cl
55 D103
N S105A
_T131Q

VKLAGNS SLCPVSGWAPLSKNN
AVRIGSKGDVFVIREPFISCS?
LECRQFFLTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESTAWSASACHDGINWLT
IGITGPDSGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSENONLEYQOMGYICSGVEFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKESIK
ODIVGINEWSGYSGSEFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID

NO:19)

N1
numbering:
99P/1771/19
6T/2051,
1658,
100L/408M/4
19v,
161V/172A,
103N/1054,
1319

vklagnsslcpvsgwaPLskNn
Avrigskgdvivirepfiscsp
lecrQffltggallndkhsngt
ikdrspyrtlmsVpig3vpspy
nArfesIawsasachdginwlt
igiTgpdsgavallkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdggqasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
gdivginewsgysgsfvMhpel
tgldeiVpefwvelirgrpeen
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:19)

90-1003%

176 N1-
Mil5 cl
55 V114
I V166P
_T1310

VKLAGNS SLCPVSGWAPLSKDN
SVRIGSKGDIFVIREPFISCS?
LECRQFEF_LTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSPPSPY
NARFESTAWSASACHDGINWLT
IGITGPDSGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTIMTDGPSDGQASYKIFRL
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?

N1
numbering:
99P/1771/19
6T/2051,
1658,
100L/408M/4
19v,
161v/172A,
1310,
114I/166P

vklagnsslcpvsgwaPLskdn
svrigskgdIlfvirepfiscsp
lecrQffltggallndkhsngt
ikdrspyrtlmsVpigSPpspy
nArfesIawsasachdginwlt
igiTgpdsgavallkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdgqasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcverdnwhgsnrp

100%
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WVSEFNQNLEYQMGYICSGVEFGD
NPRPNDKTGSCGPV3SNGANGV
KGFSTKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKESIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:20)

PCT/US2021/020804

wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfsygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
qdivginewsgysgsfvMhpel
tgldeiVpefwvelirgrpeen
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:20)

178 N1-
Mil5 cl
55 T131
Q 54421

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRQFEFLTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESTIAWSASACHDGINWLT
IGITGPDSGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSEFNON_EYQOMGYICSGVEGD
NPRPNDKTGSCGPV3SNGANGV
KGFSZTKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKESIK
QDIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSIISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:21)

N1
numbering:
99P/1771/19
6T/2051,
16583,
100L/408M/4
19v,
161V/172A,
131Q/4421

vklagnsslcpvsgwaPLskdn
svrigskgdvfvirepfiscsp
lecrQffltggallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfeslawsasachdginwlt
igiTgpdsgavallkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdggasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfrygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
qdivginewsgysgsfvMhpel
tgldeiVpefwvelirgrpeen
tiwtsgsIisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID

NO:21)

90-100%

181 N1-
Mil5 cl
55 T131
M_S4421

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRMFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESTAWSASACHDGINWLT
IGITGPDSGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSEFNON_EYQOMGYICSGVEFGD
NPRPNDKTGSCGPV3SNGANGY
KGFSZTKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKESIK
QDIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSIISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:22)

N1
numbering:
99P/1771/19
6T/2051,
1658,
100L/408M/4
19v,
161V/172A,
131M/4421

vklagnsslcpvsgwaPLskdn
svrigskgdvivirepfiscsp
lecrMffltggallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfeslawsasachdginwlt
igiTgpdsgavallkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdggasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfrygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
gqdivginewsgysgsfvMhpel
tgldeiVpefwvelirgrpeen
tiwtsgsIisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:22)

90-100%

182 N1-
Mil5 cl
55 D103
N S105A
_T131M_
54421

VKLAGNS SLCPVSGWAPLSKNN
AVRIGSKGDVFVIREPFISCS?
LECRMFE_TQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESTAWSASACHDGINWLT
IGITGPDSGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTIMTDGPSDGQASYKIFRIL
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYQOMGYICSGVEGD
NPRPNDKTGSCGPVSSNGANGV
KGEFSZKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKESIK

N1
numbering:
99P/1771/19
6T/2051,
1658,
100L/408M/4
19v,
161V/1723,
103N/105A,
131M/4421

vklagnsslcpvsgwaPLskNn
Avrigskgdvivirepfiscsp
lecrMffltggallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfesIawsasachdginwlt
igiTgpdsgavallkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdggqasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfrygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik

90-100%
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QDIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSIISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:23)

PCT/US2021/020804

gdivginewsgysgsfvMhpel
tgldeiVpcfwvelirgrpeen
tiwtsgsIisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:23)

183 N1-
Mil5_cl
55_5101
A T131M
T163L_
54421 S
4447

VKLAGNS SLCPVSGWAPLAKDN
SVRIGSKGDVEVIREPFISCS?
LECRMFE_LTQGALLNDKHSNGT
IKDRSPYRTLMSVPLGSVPSPY
NARFESIAWSASACHDGINWLT
IGITGPDSGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYQOMGYICSGVFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKESIK
QDIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSIIAFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID

NO:21)

N1
numbering:
99P/1771/19
6T/2051,
1658,
100L/408M/4
19v,
161v/172A,
101A/131M/1
63L/4421/44
1A

vklagnsslcpvsgwaPLAkdn
svrigskgdvivirepfiscsp
lecrMffltggallndkhsngt
ikdrspyrtlmsVpLgSvpspy
nArfesIawsasachdginwlt
igiTgpdsgavallkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdgqasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcverdnwhgsnrp
wvs fngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
gqdivginewsgysgsfvMhpel
tgldeciVpcfwvelirgrpeen
tiwtsgsIiAfcgvnsdtvgws
wpdgaelpftidk (SEQ ID

NO:24)

95-100%

185 N1-
Mil5 DF
271 V11
AT V166
P

VKLAGNS SLCPVSGWAPLSKDN
SVRIGSKGEIFVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSCPIGSPPSPT
NSRFESIAWSASACHDGINWLT
IGITGPDSGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYQMGYICSGVFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKE'SIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSSISFCGVNSDTTGWS
WPDGAELPEFTIDK (SEQ ID

NO:25)

N1
numbering:
99P/1771/19
6T/2051,
113E/170T,
1658,
100L/408M/4
19v, 453T,
1141/166P

vklagnsslcpvsgwaPLskdn
svrigskgEIfvirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmscpigSPpspT
nsrfeslawsasachdginwlt
igiTgpdsgavallkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdgqasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitceverdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
gdivginewsgysgsfvMhpel
tgldeiVpcfwvelirgrpeen
tiwtsgssisfcgvnsdtTgws
wpdgaelpftidk (SEQ ID
NO:25)

40%

194 N1-
Mil5 DF
2TT T13
10

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGEVEVIREPFISCS?
LECRQFFLTQGALLNDKHSNGT
IKDRSPYRTLMSCPIGSVPSPT
NSRFESTIAWSASACHDGINWLT
IGITGPDSGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTIMTDGPSDGQASYKIFRIL
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYOMGYICSGVEGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKE'SIK
ODIVGINEWSGYSGSEFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSSISFCGVNSDTTGWS

N1
numbering:
99P/1771/19
6T/2051,
113E/170T,
1e5s,
100L/408M/4
19v, 453T,
T131Q

vklagnsslcpvsgwaPLskdn
svrigskgEvivirepfiscsp
lecrQffltggallndkhsngt
ikdrspyrtlmscpigSvpspT
nsrfeslawsasachdginwlt
igiTgpdsgavallkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdgqasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcvcrdnwhgsnrp
wvsfngnleygmgyicsgviagd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
gdivginewsgysgsfvMhpel
tgldeiVpefwvelirgrpeen
tiwtsgssisfcgvnsdtTgws

70-80%
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WPDGAELPFTIDK
NO:26)

(SEQ ID

PCT/US2021/020804

wpdgaelpftidk
NO:26)

(SEQ ID

195 N1-
Mil5 DF
2TI D10
3N_$105
A T1310

VKLAGNS SLCPVSGWAPLSKNN
AVRIGSKGEVFVIREPFISCS?
LECROFEF_LTQGALLNDKHSNGT
IKDRSPYRTLMSCPIGSVPSPT
NSRFESTIAWSASACHDGINWLT
IGITGPDSGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYOMGYICSGVEGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKESIK
QDIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSSISFCGVNSDTTGWS
WPDGAELPEFTIDK (SEQ ID

NO:27)

N1
numbering:
99P/1771/19
6T/2051,
113E/170T,
16583,
100L/408M/4
19v, 453T,
103N/105A
T131Q

vklagnsslcpvsgwaPLskNn
AvrigskgEvivirepfiscsp
lecrOffltggallndkhsngt
ikdrspyrtlmscpigSvpspT
nsrfesIawsasachdginwlt
igiTgpdsgavaIllkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdggqasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfeygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
gdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpeen
tiwtsgssisfcgvnsdtTgws
wpdgaelpftidk (SEQ ID

NO:27)

50-60%

196 N1-
Mil5 DF
2TT V11
AT V166
P T131Q

VKLAGNS SLCPVSGWAPLSKDN
SVRIGSKGEIFVIREPFISCS?
LECROFEF_LTQGALLNDKHSNGT
IKDRSPYRTLMSCPIGSPPSPT
NSRFESTIAWSASACHDGINWLT
IGITGPDSGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYOMGYICSGVEGD
NPRPNDKTGSCGPVSSNGANGV
KGFSZTKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKESIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSSISFCGVNSDTTGWS
WPDGAELPFTIDK (SEQ ID

NO:28)

N1
numbering:
99P/1771/19
6T/2051,
113E/170T,
1658,
100L/408M/4
19v, 453T,
114I/166P,
T131Q

vklagnsslcpvsgwaPLskdn
svrigskgEIfvirepfiscsp
lecrQffltggallndkhsngt
ikdrspyrtlmscpigSPpspT
nsrfesIawsasachdginwlt
igiTgpdsgavaIllkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdggqasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfrygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
gqdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpeen
tiwtsgssisfcgvnsdtTgws
wpdgaelpftidk (SEQ ID
NO:28)

198 N1-
Mil5 DF
2TT T13
10 5442
I

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGEVEVIREPFISCS?
LECRQFELTQGALLNDKHSNGT
IKDRSPYRTLMSCPIGSVPSPT
NSRFESIAWSASACHDGINWLT
IGITGPDSGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYQOMGYICSGVEGD
NPRPNDKTGSCGPVSSNGANGY
KGFSZKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKFSIK
ODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSIISFCGVNSDTTGWS
WPDGAELPFTIDK (SEQ ID
NO:29)

N1
numbering:
99p/1771/19
6T/2051,
113E/170T,
1655,
100L/408M/4
19v, 453T,
T131Q/442T

vklagnsslcpvsgwaPLskdn
svrigskgEvivirepfiscsp
lecrQffltggallndkhsngt
ikdrspyrtlmscpigSvpspT
nsrfesIawsasachdginwlt
igiTgpdsgavallkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdggqasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
gqdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpeen
tiwtsgsIisfcgvnsdtTgws
wpdgaelpftidk (SEQ ID
NO:29)

20-30%

201 N1-
Mil5 DF

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGEVEVIREPFISCS?

N1
numbering:

vklagnsslcpvsgwaPLskdn
svrigskgEvivirepfiscsp
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2TI T13 | LECRMFFLTQGALLNDKHSNGT | 99P/177I/19 | lecrMffltggallndkhsngt
1M S442 [ IKDRSPYRTLMSCPIGSVPSPT | 6T/205I, ikdrspyrtlmscpigSvpspT
I NSRFESTIAWSASACHDGINWLT | 113E/170T, nsrfeslawsasachdginwlt
IGITGPDSGAVAILKYNGIITD | 1658, 1giTgpdsgavallkyngiitd
TIKSWRNNILRTQESECACVNG | 100L/408M/4 tikswrnnilrtgesecacvng
SCFTIMTDGPSDGQASYKIFRI | 19V, 453T, scftimtdgpsdgqasykifri
EKGKIIKSVEMKAPNYHYEECS | T131M/4421 ekgkiiksvemkapnyhyeecs
CYPDSSEITCVCRDNWHGSNR? cypdsseitcverdnwhgsnrp
WVSEFNQNLEYQOMGYICSGVEGD wvsfngnleygmgyicsgvigd
NPRPNDKTGSCGPVSSNGANGV nprpndktgscgpvssngangv
KGFSTKYGNGVWIGRTKSISSR kgfsftygngvwigrtksissr
KGFEMIWDPNGWTGTDNKESIK kgfemiwdpngwtgtdnkfsik
QODIVGINEWSGYSGSEVMHPEL gdivginewsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPEEN tgldeiVpefwvelirgrpeen
TIWTSGSIISFCGVNSDTTGWS tiwtsgsIisfcgvnsdtTgws
WPDGAELPETIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:30) NO:30)
VKLAGNS SLCPVSGWAPLSKNN vklagnsslcpvsgwaPLskNn
AVRIGSKGEVFVIREPFISCS? AvrigskgEvivirepfiscsp
LECRMFEFLTQGALLNDKHSNGT lecrMffltggallndkhsngt
IKDRSPYRTLMSCPIGSVPSPT ikdrspyrtlmscpigSvpspT
NSRFESIAWSASACHDGINWLT N1 nsrfesIawsasachdginwlt
IGITGPDSGAVAILKYNGIITD numbering: igiTgpdsgavallkyngiitd
202 Nl- TIKSWRNNILRTQESECACVNG 995/1771/19 tikswrnnilrtgesecacvng
Mil5 DF SCFTIMTDGPSDGQASYKIFRI 6T/2051, scft%mtdgpsdgqasykifri
57T D10 EKGKIIKSVEMKAPNYHYEECS 113E/170T, ekgkiiksvemkapnyhyeecs
3N S105 CYPDSSEITCVCRDNWHGSNR? 1655 cypdsseitcvcrdgwhgsnrp 20%
A T131M WVSEFNONLEYQOMGYICSGVEGD lOOL}408M/4 wvsfngnleygmgyicsgvigd
54421 NPRPNDKTGSCGPVSSNGANGV 16V, 4537 nprpndktgscgpvssngangv
- KGFSTKYGNGVWIGRTKSISSR lOBﬁ/lOSA; kgfsfxygngvwigrtksissr
KGFEMIWDPNGWTGTDNKESIK T131M/442T kgfemiwdpngwtgtdnkfsik
ODIVGINEWSGYSGSFVMHPEL gdivginewsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPEEN tgldciVpcfwvelirgrpeen
TIWTSGSIISFCGVNSDTTGWS tiwtsgsIisfcgvnsdtTgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:31) NO:31)
VKLAGNS SLCPVSGWAPLAKDN vklagnsslcpvsgwaPLAkdn
SVRIGSKGEVEVIREPFISCS? svrigskgEvivirepfiscsp
LECRMFF_TQGALLNDKHSNGT lecrMffltqgallndkhsngt
IKDRSPYRTLMSCPLGSVPSPT ikdrspyrtlmscpLgSvpspT
NSRFESIAWSASACHDGINWLT | N1 nsrfeslawsasachdginwlt
IGITGPDSGAVAILKYNGIITD | numbering: igiTgpdsgavallkyngiitd
203 N1- | TIKSWRNNILRTQESECACVNG | 99P/177L/19 | tikswrnnilrtgesecacvng
Mil5 DF | SCFTIMTDGPSDGQASYKIFRI | 6T/205I, scftimtdgpsdgqasykifri
2TI S10 | EKGKIIKSVEMKAPNYHYEECS | 113E/170T, ekgkiiksvemkapnyhyeecs
1A T131 | CYPDSSEITCVCRDNWHGSNR2? | 1655, cypdsseitcvecrdnwhgsnrp 90%
M I163L | WWSENQNZEYQOMGYICSGVEFGD | 100L/408M/4 | wvsfngnleygmgyicsgvigd
54421 | NPRPNDKTGSCGPVSSNGANGV | 19V, 453T, nprpndktgscgpvssngangv
S444A KGFSTKYGNGVWIGRTKSISSR | 101A/163L/T | kgfsfeygngvwigrtksissr
KGFEMIWDPNGWTGTDNKFSIK | 131M/442I/4 | kgfemiwdpngwtgtdnkEfsik
ODIVGINEWSGYSGSFVMHPEL | 44A gdivginewsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPEEN tgldciVpcfwvelirgrpeen
TIWTSGSIIAFCGVNSDTTGWS tiwtsgsIiAfcgvnsdtTgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:32) NO:32)
EYRNWSKPQCNITGEAPESKDN N2 eyrnwskpgcnitgfapfskdn
249 No— SIRLSAGGDIWVTREPYVSCD? numbering: sirlsaggdiwvtrepyvscdp 50%
Wis05 V DKCYQFALGQGTTLNNVHSNDT 1650 dkecygfalgggttlnnvhsndt | closed
1650 VHDRTPYRTLLMNELGQPFHLG (mutations vhdrtpyrtllmnelgQpfhlg (50%
TKQVCIAWSSSSCHDGKAWLHV tkqveciawsssschdgkawlhv | open)
CVTGDDKNATASFIYNGRLVDS | PYOmOte cvtgddknatasfiyngrlvds
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IVSWSKEILRTQESECVCINGT | open state ivsws<eilrtgesecvecingt
CTVVMTIDGSASGKADTKILFIE | of NA) ctvvmtdgsasgkadtkilfie
EGKIVHTSTLSGSAQHVEECSC egkivhtstlsgsaghveecsc
YPRYLGVRCVCRDNWKGSNRPI yprylgvrcverdnwkgsnrpl
VDINIKDYSIVSSYVCSGLVGD vdinizdysivssyvesglvgd
TPRKNDSSSSSHCLDPNNEEGG tprkndssssshcldpnneegg
HGVKGWAFDDGNDVWMGRTISE hgvkgwafddgndvwmgrtise
KLRSGYETFKVIEGWSNPNSKL klrsgyetfkviegwsnpnskl
QINRQVIVDRGNRSGYSGIFSV ginrqgvivdrgnrsgysgifsv
EGKSCINRCEYVELIRGRKEET egkscinrcfyvelirgrkeet
EVLWTSNSIVVECGTSGTYGTG evlwtsnsivvfcgtsgtygtg
SWPDGADINLMPI (SEQ ID swpdgadinlmpi (SEQ ID
NO:33) NO: 33)
EYRNWSKPQCNITGEAPEFSKDN eyrnwskpgcnitgfapfskdn
SIRLSAGGDIWVTREPYVSCD? sirlsaggdiwvtrepyvscdp
DKCYQFALGQGTTLNNVHSNDT dkecyqfalgqgttlnnvhsndt
VHDRTPYRTLLMNELGQPFHLG vhdrtpyrtllmnelgQpfhlg
TKQVCVAWSSS SCHDGKAWLHV tkgvcVawsssschdgkawlhv
CVSGDDKNATASFIYNGRLVDS N2 cvSgddknatasfiyngrlvds
IVSWSKEILRTQESECVCINGT mbering: ivsws<eilrtgesecvecingt
255 N2- | CTVVMTDGSASGKADTKILFIE 11125;%171% ctvvmzdgsasgkadtkilfie 0
Wis05 V [ EGKIVHTSTLSGSAQHVEECSC 1955' ! egkivhtstlsgsaghveecsc cloéed
1650 I1 | YPRYLGVRCVCRDNWKGSNRPI (mutations yprylgvrcvcrdnwkgsnrpi (1002
76V _T19 | VDINIKDYSIVSSYVCSGLVGD vdinizdysivssyvesglvgd
55 TPRKNDSSSSSHCLDPNNEEGG promOti . tprkndsssssheldpnneegg | “PS
HGVKGWAFDDGNDVWMGRTI SE ZEEEA? a%¢ | hgvkgwafddgndvwmgrtise
KLRSGYETFKVIEGWSNPNSKL klrsgyetfkviegwsnpnskl
QINRQVIVDRGNRSGYSGIFSV ginrgvivdrgnrsgysgifsv
EGKSCINRCEFYVELIRGRKEET egkscinrcfyvelirgrkeet
EVLWTSNSIVVECGTSGTYGTG evlwtsnsivvfcgtsgtygtg
SWPDGADINLMPI (SEQ ID swpdgadinlmpi (SEQ ID
NO:34) NO: 34)
HEMNNTEALCDAKGEFAPFSKDN hfmnntealcdakgfapfskdn
GIRIGSRGHVFVIREPFVSCS? girigsrghvfvirepfvscsp
TECRTFF_LTQGSLLNDKHSNGT tecrtffltggsllndkhsngt
VKDRSPYRTLMSVEIGSSPNVY vkdrspyrtlmsveigSspnvy
QARFEAVAWSATACHDGKKWMT gqarfeavawsatachdgkkwnmt
IGVTGPDAKAVAVVHYGGIPTD igvtgpdakavavvhyggiptd
282 NE- VINSWAGDILRTQESSCTCIQG vinswagdilrtgessctciqgg
Jiaﬁgxi ECFWVMTDGPANRQAQYRAFKA ecfwvmtdgpanrqaqgyrafka
KOGKIVGQAEISFNGGHIEECS | N8 kqggkivggaeisfngghieecs
BonghUZ CYPNEGKVECVCKDNWTGTNR? | numbering: cypnegkvecvckdnwtgtnrp 60%
013 016 VLVISPDLSYRVGYLCAGLPSD | 1635 vlvispdlsyrvgylcaglpsd
38 TPRGEDSQFTGSCTSPMGNQGY tprgedsqftgsctspmgnggy
GVKGZFGFRQGNDVWMGRTISRT gvkgfgfrqgndvwmgrtisrt
SRSGTEILKVRNGWVONSKEQI srsgfeilkvrngwvgnskegi
KRQVVVDNLNWSGYSGSETLPA krgvvvdnlnwsgysgsftlpa
ELTKRNCLVPCEWVEMIRGNPE eltkrnclvpcefwvemirgnpe
EKTIWTSSSSIVMCGVDHEIAD ektiwtssssivmegvdheiad
WSWHDGAILPFDIDKM (SEQ wswhdgailpfdidkm (SEQ
ID NO:35) ID NO:35)
HEMNNTEALCDAKGFAPFSKDN hfmnntealcdakgfapfskdn
585 NE- GIRIGSRGHVFVIREPFEVSCS? girigsrghvfvirepfvscsp
JiaHgXi TECRTFF_LTQGSLLNDKHSNGT tecrtffltggsllndkhsngt
N VKDRSPYRTLMSVPIGSSPNVY N8 vkdrspyrtlmsvPigSspnvy
Donghu? QARFEAVAWSATACHDGKKWMT numbering: garfeavawsatachdgkkwnmt 1002
013 El6 IGVTGPDAKAVAVVHYGGIPTD 1607, 1635 igvtgpdakavavvhyggiptd
0P VINSWAGDILRTQESSCTCIQG ! vinswagdilrtgessctciqgg
01638 ECFWVMTDGPANRQAQYRAFKA ecfwvmtdgpanrqaqgyrafka
KQGKIVGQAEISFNGGHIEECS kggkivggaeisfngghieecs
CYPNEGKVECVCKDNWTGTNR? cypnegkvecvckdnwtgtnrp
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VLVISPDLSYRVGYLCAGLPSD vlvispdlsyrvgylcaglpsd
TPRGEDSQFTGSCTSPMGNQGY tprgedsqgftgsctspmgnggy
GVKGTGFRQGNDVWMGRTISRT gvkgfgfrqgndvwmgrtisrt
SRSGZEIZKVRNGWVONSKEQI srsgfeilkvrngwvgnskeqgi
KRQVVVDNLNWSGYSGSEFTLPA krgvvvdnlnwsgysgsftlpa
ELTKRNCLVPCEFWVEMIRGNPE eltkrnclvpcfwvemirgnpe
EKTIWTSSSSIVMCGVDHEIAD ektiwtssssivmcgvdheiad
WSWHDGAILPFDIDKM (SEQ wswhdgailpfdidkm (SEQ
ID NO:36) ID NO:36
HEMNNTEALCDAKGEFAPFSKDN hfmnntealcdakgfapfskdn
GIRIGSRGHVFVIREPFVSCS? girigsrghvfvirepfvscsp
TECRTFF_LTQGSLLNDKHSNGT tecrtffltggsllndkhsngt
VKDRSPYRTLMSVPIGSSPNVY vkdrspyrtlmsvPigSspnvy
QARFEATAWSATACHDGKKWMT garfealawsatachdgkkwmt
288 NE- IGVTGPDAKAVAVVHYGGIPTD igvtgpdakavavvhyggiPtd
Jiaggxi VINSWAGDILRTQESSCTCIQG vinswagdilrtgessctcigg
B ECFWVMTDGPANRQAQYRAFKA N8 icfgvmtdgpan;qaqirafka
KOGKIVGOAEI SFNGGHIEECS L <qgkivggaeisfngghieecs
g;’ggg‘ié CYPNEGKVECVCKDNWTGTNR? rf‘;gﬂ;er ?612 i | cypregkvecvekdnwegtarp
0P VLVISPDLSYRVGYLCAGLPSD 1751' " | vlvispdlsyrvgylcaglpsd
01635- TPRGEDSQFTGSCTSPMGNQGY tprgedsqgftgsctspmgnggy
V1751 GVKGZGEFRQGNDVWMGRTISRT gvkgfgfrqgndvwmgrtisrt
SRSGZEI_KVRNGWVONSKEQT srsgfeilkvrngwvgnskeqgi
KRQVVVDNLNWSGYSGSETLPA krgvvvdnlnwsgysgsftlpa
ELTKRNCLVPCEFWVEMIRGNPE eltkrnclvpcfwvemirgnpe
EKTIWTSSSSIVMCGVDHEIAD ektiwtssssivmcgvdheiad
WSWHDGAILPFDIDKM (SEQ wswhdgailpfdidkm (SEQ
ID NO:37) ID NO:37)
HEMNNTEALCDAKGEFAPFSKDN hfmnntealcdakgfapfskdn
GIRIGSRGHVFVIREPFVSCS? girigsrghvfvirepfvscsp
TECRTFF_TQGSLLNDKHSNGT tecrtffltggsllndkhsngt
VKDRSPYRTLMSVPIGSSPNVY vkdrspyrtlmsvPigSspnvy
OARFEATAWSATACHDGKKWMT garfealawsatachdgkkwmt
289 N8- | IGVTGPDAKAVAIVHYGGIPTD igvtgpdakavalvhyggiptd
Jiangxi | VINSWAGDILRTQESSCTCIQG vinswagdilrtgessctcigg
- ECFWVMTDGPANRQAQYRAFKA NS ecfwvmtdgpanrqaqyrafka
Donghu2 | KOGKIVGQAEI SENGGHIEECS numbering: kggkivggaeisfngghieecs
013 El6 | CYPNEGKVECVCKDNWTGTNR> 1607, 1635 cypnegkvecvckdnwtgtnrp 70%
2P- VLVISPDLSYRVGYLCAGLPSD 1751' 203I, vlvispdlsyrvgylcaglpsd
Qle653- TPRGEDSQFTGSCTSPMGNQGY ! tprgedsqgftgsctspmgnggy
V176I- GVKGTGERQGNDVWMGRTISRT gvkgfgfrggndvwmgrtisrt
V2041 SRSGTEILKVRNGWVQNSKEQT srsgfeilkvrngwvgnskeqgi
KRQVVVDNLNWSGYSGSETLPA krgvvvdnlnwsgysgsftlpa
ELTKRNCLVPCEWVEMIRGNPE eltkrnclvpcfwvemirgnpe
EKTIWTSSSSIVMCGVDHEIAD ektiwtssssivmcgvdheiad
WSWHDGAILPFDIDKM (SEQ wswhdgailpfdidkm (SEQ
ID NO:38) ID NO:38
VILTGNSSLCPISGWAPLAKDN viltgnsslcpisgwaPLAkdn
SIRIGSKGDVFVIREPFISCSH N1 Sirigskgdvfvirepfiscsh
315 N1- | LECRMFFLTQGALLNDKHSNGT numbering: lecrMffltggallndkhsngt
BrevMis | VKDRSPYRTLMSVPLGSVPSPY 990/1771/19 vkdrspyrtlmsVpLgSVpspy
51918 ¢ | NARFESIAWSASACHDGMGWLT 6T/205T nArfesTawsasachdgmgwlt
155 8510 | IGITGPDNGAVAILKYNGIITD 1655 ! igiTgpdngavallkyngiitd
1A G105 | TIKSWRNNILRTQESECACVNG lOOL}408M/4 tikswrnnilrtgesecacvng 20-30%
S T131M | SCFTIMTDGPSNGQASYKILKI 19v scftimtdgpsngqasykilki
_V163L_ | EKGKVTKSIELNAPNYHYEECS l6l§/l72A ekgkviksielnapnyhyeecs
AleeV S | CYPDTGKVMCVCRDNWHGSNR? lOlA/131M}l cypdtgkvmeverdnwhgsnrp
4421 84 | WWSFDONLDYQIGYICSGVEGD 631,/442T/44 wvsfdgnldygigyicsgvigd
44A NPRPNDGTGSCGPVSSNGANGIL 1A, 1058 nprpndgtgscgpvssngangi
KGEFSTRYDNGVWIGRTKSTSSR ! kgfsfrydngvwigrtkstssr
SGFEMIWDPNGWTETDSSEFSVR sgfemiwdpngwtetdssfsvr
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QDIVAITDWSGYSGSFVMHPEL qdivaitdwsgysgsfvMhpel
TGLDCMVPCFWVELIRGQPKEN tgldemVpecfwvelirggpken
TIWTSGSIIAFCGVNSDTVGWS tiwtsgsIiAfcgvnsdtvgws
WPDGAELPFSIDK (SEQ ID wpdgaelpfsidk (SEQ ID
NO:39) NO:39)
VKLAGNSSLCPINGWAPLSKDN vklagnsslcpingwaPLskdn
SVRIGSKGDVEVIREPFISCSH sVrigskgdvfvirepfiscsh
LECRQFF_LTQGALLNDKHSNGT lecrQffltggallndkhsngt
VKDRSPHRTLMSVPIGSVPSPY vkdrsphrtlmsVpIgSVpspy
NARFESIAWSASACHDGTSWLT N1 nArfesIawsasachdgtswlt
IGITGPDNGAVAILKYNGIITD numbering: igiTgpdngavalIlkyngiitd
354 N1- TIKSWRNNILRTQESECACVNG 99p/1771/19 tikswrnnilrtgesecacvng
VNOd ol SCEFTVMTDGPSNGQASYKIFKM 6T/205T scftvmtdgpsnggasykifkm
55 1106 EKGKVVKSVELDAPNYHYEECS 1655, ’ ekgkvvksveldapnyhyeecs
v T1310 CYPNAGEITCVCRDNWHGSNR? 100L/408M/ 4 cypnageitcv;rd@whgsnrp 100%
V1631 WVSFNQNLEYQIGYICSGVFGD 19v, wvsfngnleyqigyicsgvigd
INU L NPRPNDGTGSCGPVSSNGAYGV 161V/172A nprpndgtgscgpvssngaygv
KGFSTKYGNGVWIGRTKSTNSR 1310 106& kgfsfcygngvwigrtkstnsr
SGFEMIWDPNGWTETDSSEFSVK 1631’ 166V, sgfemiwdpngwtetdssfsvk
ODIVAITDWSGYSGSFVMHPEL ! gdivaitdwsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPKES tgldciVpcfwvelirgrpkes
TIWTSGSSISFCGVNSDTVGWS tiwtsgssisfcgvnsdtvgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:40) NO: 40
VKLAGNSSLCPINGWAPLSKDN vklagnsslcpingwaPLskdn
SVRIGSKGDIFVIREPFISCSH sVrigskgdIfvirepfiscsh
LECRQFF_LTQGALLNDKHSNGT lecrQffltggallndkhsngt
VKDRSPHRTLMSVPIGSPPSPY vkdrsphrtlmsVpIgSPpspy
NARFESIAWSASACHDGTSWLT | N1 nArfesIawsasachdgtswlt
IGITGPDNGAVAILKYNGIITD | numbering: igiTgpdngavallkyngiitd
356 N1- [ TIKSWRNNILRTQESECACVNG | 99P/177I/19 | tikswrnnilrtgesecacvng
VN04_cl | SCETVMTDGPSNGQASYKIFKM | 6T/205I, scftvmtdgpsnggasykifkm
55 T106 | EKGKVVKSVELDAPNYHYEECS | 16585, ekgkvvksveldapnyhyeecs
V V1141 | CYPNAGEITCVCRDNWHGSNR? | 100L/408M/4 | cypnageitcverdnwhgsnrp 80%
~T131Q | WVSFNQNLEYQIGYICSGVEGD | 19V, wvsfngnleygigyicsgviagd
V163I_V | NPRPNDGTGSCGPVSSNGAYGV | 161V/172A, nprpndgtgscgpvssngaygv
166P KGFSTKYGNGVWIGRTKSTNSR | 131¢, 106V, kgfsfcygngvwigrtkstnsr
SGFEMIWDPNGWTETDSSESVK | 1631, sgfemiwdpngwtetdssfsvk
ODIVAITDWSGYSGSFVMHPEL | 1141/166P gdivaitdwsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPKES tgldeiVpcfwvelirgrpkes
TIWTSGSSISFCGVNSDTVGWS tiwtsgssisfcgvnsdtvgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:41) NO:41)
VKLAGNSSLCPINGWAPLSKDN vklagnsslcpingwaPLskdn
SVRIGSKGDIFVIREPFISCS? Nl sVrigskgdIfvirepfiscsP
LECRQFF_LTQGALLNDKHSNGT numbering: lecrQffltggallndkhsngt
VKDRSPHRTLMSVPIGSPPSPY 99p/1771/19 vkdrsphrtlmsVpIgSPpspy
357 N1- | NARFESIAWSASACHDGTSWLT 6T/205T nArfeslawsasachdgtswlt
VNO4 cl | IGITGPDNGAVAILKYNGIITD 1658 ! igiTgpdngavallkyngiitd
55 T106 | TIKSWRNNILRTQESECACVNG lOOL}408M/4 tikswrnnilrtgesecacvng
V_V114T [ SCETVMTDGPSNGQASYKIFKI Loy scftvmtdgpsngqasykifkI
~T131Q | EKGKIVKSVEMDAPNYHYEECS l61&/172A ekgkIvksveMdapnyhyeecs 70%
V163I V | CYPNAGEITCVCRDNWHGSNR? 1310 106& cypnageitcvcrdnwhgsnrp
166P sm | WWSFNQN_EYQIGYICSGVFGD 1631’ " | wvsfngnleyqgigyicsgvigd
allCal0 | NPRPNDGTGSCGPVSSNGAYGV ll4I}l66P nprpndgtgscgpvssngaygv
9pack KGFSTKYGNGVWIGRTKSTNSR 1260 210é kgfsfcygngvwigrtkstnsr
SGFEMIWDPNGWTETDSSFSVK 2571' 2621, sgfemiwdpngwtetdssfsvk
ODIVAITDWSGYSGSFVMHPEL 268M, " | gdivaitdwsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPKES tgldeiVpcfwvelirgrpkes
TIWTSGSSISFCGVNSDTVGWS tiwtsgssisfcgvnsdtvgws
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WPDGAELPETIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:42) NO:42)
VILTGNSSLCPIRGWAPLSKDN viltgnsslcpirgwaPLskdn
SVRIGSKGDVEVIREPFISCSH SVrigskgdvfvirepfiscsh
LECRTFELTQGALLNDKHSRGT lecrtffltgqgallndkhsrgt
FKDRSPYRTLMSVPIGSVPSPY fkdrspyrTlmsVpIgSVpspy
NARFESTAWSASACHDGMGWLT | N1 nArfesIawsasachdgmgwlt
366 Nl- IGITGPDDGAVAILKYNGIITE | numbering: igiTgpddgavaIlkynGiite
HSN33 TIKSWRKNILRTQESECTCVNG | 99P/1771/19 | tikswrknilrtgesectcvng
155 G10 SCFTIMTDGPSDGLASYKIFKI | 6T/205I, scftimtdgpsdglasykifki
53 1106 EKGKVTKSIELNAPNSHYEECS | 16553, ekgkviksielnapnshyeecs
v A1 | CYPDTGKVMCVCRDNWHGSNR2 100L/408M/4 | cypdtgkvmcverdnwhgsnrp 80%
V1631 WVSEFDONLDYKIGYICSGVEGD | 19V, wvsfdgnldykigyicsgvigd
2166V R NPRPKDGTGSCGPVSADGANGV | 161V/172A, nprpkdgtgscgpvsadgangv
210e KGFSYKYGNGVWIGRTKSDSSR [ 1055, 106V, kgfsy<ygngvwigrtksdssr
HGFEMIWDPNGWTETDSRFSMR | 157T, 163I, hgfemiwdpngwtetdsrfsmr
QODVVAITNRSGYSGSFVMHPEL | 166V, 210G gdvvaitnrsgysgsfvMhpel
TGLDCMVPCFWVELIRGLPEED tgldemVpcfwvelirglpeed
AIWTSGSIISFCGVNSDTVDWS aiwtsgsiisfcgvnsdtvdws
WPDGAELPEFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:43) NO:43)
VILTGNSSLCPIRGWAPLSKDN viltgnsslcpirgwaPLskdn
SVRIGSKGDVEFVIREPFISCSH SVrigskgdvivirepfiscsh
LECROFF_LTQGALLNDKHSRGT lecrQffltqgallndkhsrgt
FKDRSPYRTLMSVPIGSVPSPY Nl fkdrspyrTlmsVpIgSVpspy
NARFESTIAWSASACHDGMGWLT numbering: nArfesIawsasachdgmgwlt
367 N1- | IGITGPDDGAVAILKYNGIITE 995/1771/19 igiTgpddgavaIlkynGiite
WSN33 ¢ | TIKSWRKNILRTQESECTCVNG 6T/205T tikswrknilrtgesectcvng
155 G10 | SCETIMTDGPSDGLASYKIEFKI 1655 ! scftimtdgpsdglasykifki
55 I106 | EKGKVTKSIELNAPNSHYEECS lOOL;408M/4 ekgkviksielnapnshyeecs
V_T131Q | CYPDTGKVMCVCRDNWHGSNR= 1ov cypdtgkvmeverdnwhgsnrp
_A15TT_ | WWSFDONLDYKIGYICSGVEGD 161§/172A wvsfdgnldykigyicsgvigd
V163I A | NPRPKDGTGSCGPVSADGANGY 1310 105é nprpkdgtgscgpvsadgangv
166V _R2 [ KGFSYKYGNGVWIGRTKSDSSR 106V’ 157T' kgfsyzygngvwigrtksdssr
10G HGFEMIWDPNGWTETDSRFSMR | oo ! 166\/, hgfemiwdpngwtetdsrfsmr
QDVVAITNRSGYSGSFVMHPEL ZlOG, " | gdvvaitnrsgysgsfvMhpel
TGLDCMVPCFWVELIRGLPEED tgldemVpcfwvelirglpeed
AIWTSGSIISFCGVNSDTVDWS aiwtsgsiisfcgvnsdtvdws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:44) NO:44)
VILTGNSSLCPIRGWAPLSKDN viltgnsslcpirgwaPLskdn
SVRIGSKGDVEVIREPFISCSH SVrigskgdvivirepfiscsh
LECRQFFLTQGALLNDKHSRGT lecrQffltqggallndkhsrgt
FKDRSPYRTLMSVPIGSVPSPY NL fkdrspyrTlmsVpIgSVpspy
NARFESTAWSASACHDGMGWLT . nArfesTawsasachdgmgwlt
369 N1- numbering: - ;
WSN33 IGITGPDDGAVAILKYNGIITE 99p/1771/19 1gLTgpddgavaIlkynGllte
155 10 TIKSWRKNILRTQESECTCVNG 6T/205T tlkswrknllrtqesectgvng
55 1106 SCETIMTDGPSDGLASYKIFKI 1655 ! scftlmtdgpsdglasyklfkl
v 5131Q EKGKVTKSIELNAPNSHYEECS lOOL;408M/4 ekgkvtksielnapnshyeecs
A157T CYPDTGKVMCVCRDNWHGSNR? 19V, cypdtgkvmcv;rdywhgsnrp 70%
V163T A WVSFDONLDYKIGYICSGVFGD 161V/172A wvsfdgnldykigyicsgvfgd
166V R2 NPRPKDGTGSCGPVSADGANGY 1310 105é nprpkdgtgscgpvsadgangv
10G 144 | KGESYKYGNGVWIGRTKSDSSR 106v: 157T: kgfsy;ygnngigrtksdssr
0g HGFEMIWDPNGWTETDSREFSMR 1631, 166V, hgfemiwdpngwtetdsrfsmr
QODVVAITNRSGYSGSFVMHPEL 210G, 4423 gdvvaitnrsgysgsfvMhpel
TGLDCMVPCFWVELIRGLPEED ! tgldemVpcfwvelirglpeed
AIWTSGSSISFCGVNSDTVDWS aiwtsgsSisfcgvnsdtvdws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:45) NO:45)
371 N1- | VILTGNSSLCPIRGWAPLSKDN | N1 viltgnsslcpirgwaPLskdn 802
WSN33 ¢ | SVRIGSKGDIFVIREPFISCSH | numbering: SVrigskgdIfvirepfiscsh
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155 G10
55 1106
V V1141
T131Q
A157T V
1631 Al
66 R21
0G T442
s

LECRQFFLTQGALLNDKHSRGT
FKDRSPYRTLMSVPIGSPPSPY
NARFESTAWSASACHDGMGWLT
IGITGPDDGAVAILKYNGIITE
TIKSWRKNILRTQESECTCVNG
SCFTIMTDGPSDGLASYKIFKI
EKGKVTKSIELNAPNSHYEECS
CYPDTGKVMCVCRDNWHGSNR?
WVSFDON_DYKIGYICSGVEGD
NPRPKDGTGSCGPVSADGANGV
KGFSYKYGNGVWIGRTKSDSSR
HGFEMIWDPNGWTETDSRESMR
ODVVAITNRSGYSGSEFVMHPEL
TGLDCMVPCFWVELIRGLPEED
AIWTSGSSISFCGVNSDTVDWS
WPDGAELPETIDK (SEQ ID
NO:46)

992/1771/19
6T/2051,
1658,
100L/408M/4
19V,
161V/172A,
114I/166P,
1310, 1058,
106V, 157T,
163I, 210G,
1428

PCT/US2021/020804

lecrQffltggallndkhsrgt
fkdrspyrTlmsVpIgSPpspy
nArfesTawsasachdgmgwlt
igiTgpddgavallkynGiite
tikswrknilrtgesectcvng
scftimtdgpsdglasykifki
ekgkvtksielnapnshyeecs
cypdtgkvmeverdnwhgsnrp
wvs fdgnldykigyicsgvigd
nprpkdgtgscgpvsadgangv
kgfsy<ygngvwigrtksdssr
hgfemiwdpngwtetdsrfsmr
gdvvaitnrsgysgsfvMhpel
tgldemvVpefwvelirglpeed
aiwtsgssSisfcgvnsdtvdws
wpdgaelpftidk (SEQ ID

NO:46)

399 N1-
Cal09-

155 12
05V

VKLAGNS SLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESTIAWSASACHDGINWLT
IGITGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSENONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
NGEFEMIWDPNGWTGTDNNEFSIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID

NO:47)

N1
numbering:
99P/1771/19
6T, 1658,
100L/408M/4
19v,
161V/172A

vklagnsslcpvsgwaPLskdn
svrigskgdvivirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfesTIawsasachdginwlt
igiTgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifagd
nprpndktgscgpvssngangv
kgfsfiygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:47)

400 N1-
cal09-
€155 11
77V 120
5V

VKLAGNS SLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFE_LTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVP3PY
NARFESVAWSASACHDGINWLT
IGITGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSEFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
NGEFEMIWDPNGWTGTDNNEFSIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCEWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID

NO:48)

N1
numbering:
99P/196T,
1658,
100L/408M/4
19v,
161V/172A

vklagnsslcpvsgwaPLskdn
svrigskgdvivirepfiscsp
lecrtffltqgallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfesvawsasachdginwlt
igiTgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfiygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgssisfecgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:48)

401_N1-
Cal09-
c155 P9
91 1177
V T1953
1205V

VKLAGNS SLCPVSGWAILSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFEFLTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESVAWSASACHDGINWLT
IGISGPDNGAVAVLKYNGIITD

N1
numbering:
1658,
100L/408M/4
19v,
161V/172A

vklagnsslcpvsgwailLskdn
svrigskgdvivirepfiscsp
lecrtffltqgallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfesvawsasachdginwlt
igisgpdngavavlkyngiitd
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TIKSWRNNILRTQESECACVNG
SCETVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSENONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSZKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNESIK
QDIVGINEWSGYSGSEVMHPEL
TGLDCIVPCEFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID

NO:49)

PCT/US2021/020804

tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcvcrdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
qdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID

NO:49)

402 N1-
Cal09-
¢l55 P9
91 I177
V T1958
~I205V
no-
spaceB

VKLAGNS SLCPVSGWAIYSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFFLTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESVAWSASACHDGINWLT
IGISGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSENON_EYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNEFSIK
QODIVGINEWSGYSGSEFVQHPEL
TGLDCIRPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID

NO:50)

N1
numbering:
1653,
161v/172A

vklagnsslcpvsgwaliyskdn
svrigskgdvivirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfesvawsasachdginwlt
igisgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcvcrdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gdivginewsgysgsfvghpel
tgldeirpecfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID

NO: 50)

403 N1-
Cal09-
cl55 P9
91 1177
V_T195s
~I205V
no-
spaceB
V1141 v
leep

VKLAGNSSLCPVSGWAIYSKDN
SVRIGSKGDIFVIREPFISCS?
LECRTFEFLTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSPPSPY
NARFESVAWSASACHDGINWLT
IGISGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSENONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNEFSIK
ODIVGINEWSGYSGSEFVQHPEL
TGLDCIRPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID
NO:51)

N1
numbering:
1655,
161V/172A,
114/166P

vklagnsslcpvsgwaiyskdn
svrigskgdIfvirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigSPpspy
nArfesvawsasachdginwlt
igisgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gdivginewsgysgsfvghpel
tgldeirpefwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:51)

404 N1-
Cal09%9-
cl55 P9
91 _I177
V_T195s8
_I205V
no-
spaceB
T131Q

VKLAGNS SLCPVSGWAIYSKDN
SVRIGSKGDVEVIREPFISCS?
LECRQFEF_LTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESVAWSASACHDGINWLT
IGISGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRIL
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?

N1
numbering:
1658,
161v/172A,
1319

vklagnsslcpvsgwaiyskdn
svrigskgdvivirepfiscsp
lecrQffltggallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfesvawsasachdginwlt
igisgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
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WVSEFNQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPV3SNGANGV
KGFSTKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNESIK
QODIVGINEWSGYSGSFVQHPEL
TGLDCIRPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:52)

PCT/US2021/020804

wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
qdivginewsgysgsfvghpel
tgldecirpecfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:52)

405 N1-
Cal09-
cl55 P9
9T 1177
V T1958
1205V
no-
spaceB
V1141 T
1319 V1
66P

VKLAGNSSLCPVSGWAIYSKDN
SVRIGSKGDIFVIREPFISCS?
LECRQFEFLTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSPPSPY
NARFESVAWSASACHDGINWLT
IGISGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSEFNOQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPV3SNGANGV
KGFSZTKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNESIK
QDIVGINEWSGYSGSFVQHPEL
TGLDCIRPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:53)

N1
numbering:
1658,
161V/172A,
1141/166P,
1319

vklagnsslcpvsgwaiyskdn
svrigskgdIfvirepfiscsp
lecrQffltggallndkhsngt
ikdrspyrtlmsVpigSPpspy
nArfesvawsasachdginwlt
igisgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
qdivginewsgysgsfvghpel
tgldeirpefwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:53)

406_N1-
Cal0S-
cl55 P9
9I 1177
V_T1958
_I205V_
no-
spaceB
Y100L S
101A T1
31M Tl6
3L 8442
I s444A

VKLAGNS SLCPVSGWAILAKDN
SVRIGSKGDVEVIREPFISCS?
LECRMFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPLGSVPSPY
NARFESVAWSASACHDGINWLT
IGISGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSEFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPV3SNGANGY
KGFSZTKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNFSIK
QDIVGINEWSGYSGSFVQHPEL
TGLDCIRPCFWVELIRGRPKEN
TIWTSGSIIAFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID

NO:54)

N1
numbering:
16553,
161V/1723,
100L/101A/1
31M/163L/44
2I/444R

vklagnsslcpvsgwailAkdn
svrigskgdvivirepfiscsp
lecrMffltggallndkhsngt
ikdrspyrtlmsVpLgSvpspy
nArfesvawsasachdginwlt
igisgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfrygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvghpel
tgldeirpefwvelirgrpken
tiwtsgsIiAfcgvnsdtvgws
wpdgaelpftidk (SEQ ID

NO: 54)

407 N1-
Cal09-
cl55 P9
91 1177
V T195s8
_I205V_
no-
spaceB
Y100L S
101A V1
141_T13
IM Il163
L V1é6p

VKLAGNS SLCPVSGWAILAKDN
SVRIGSKGDIFVIREPFISCS?
LECRMFE_TQGALLNDKHSNGT
IKDRSPYRTLMSVPLGSPPSPY
NARFESVAWSASACHDGINWLT
IGISGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTVMTDGPSNGQASYKIFRIL
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGEFSZKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNFSIK

N1
numbering:
1653,
161V/172A,
114I/166P,
100L/101A/1
31M/163L/44
2I/444A

vklagnsslcpvsgwailAkdn
svrigskgdIfvirepfiscsp
lecrMffltggallndkhsngt
ikdrspyrtlmsVpLgSPpspy
nArfesvawsasachdginwlt
igisgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfrygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
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54421
S4441

QDIVGINEWSGYSGSFVQHPEL
TGLDCIRPCFWVELIRGRPKEN
TIWTSGSIIAFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:55)

PCT/US2021/020804

qdivginewsgysgsfvghpel
tgldcirpcfwvelirgrpken
tiwtsgsIiAfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:55)

408 _N1-
Cal09-
c155 V1
141 V16
6P

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGDIFVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSPPSPY
NARFESIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
NGEFEMIWDPNGWTGTDNNESIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID
NO:56)

N1
numbering:
99P/1771/19
6T/2051,
1658,
100L/408M/4
19v,
161V/1723,
1141/166P

vklagnsslcpvsgwaPLskdn
svrigskgdIfvirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigSPpspy
nArfesIawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleyqigyicsgifagd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvMhpel
tgldeiVpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID

NO: 56)

109 N1-
cal09-
€155 T1
310

VKLAGNS SLCPVSGWAPLSKDN
SVRIGSKGDVEFVIREPFISCS?
LECRQFEFLTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
NGEFEMIWDPNGWTGTDNNESIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID

NO:57)

N1
numbering:
99P/1771/19
6T/2051,
1658,
100L/408M/4
19v,
161V/1723,
1319

vklagnsslcpvsgwaPLskdn
svrigskgdvivirepfiscsp
lecrQffltggallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfesIawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitceverdnwhgsnrp
wvsfngnleygigyicsgifagd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gdivginewsgysgsfvMhpel
tgldeiVpefwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:57)

410 N1-
Cal09-
€155 V1
141 T13
10 V166
P

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGDIFVIREPFISCS?
LECRQFFLTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSPPSPY
NARFESTAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTVMTDGPSNGQASYKIFRL
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
NGEFEMIWDPNGWTGTDNNESIK
ODIVGINEWSGYSGSEFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS

N1
numbering:
99P/1771/19
6T/2051,
1658,
100L/408M/4
19v,
161V/172A,
1141/166P,
1319

vklagnsslcpvsgwaPLskdn
svrigskgdIfvirepfiscsp
lecrQffltggallndkhsngt
ikdrspyrtlmsVpigSPpspy
nArfesIawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcvcrdnwhgsnrp
wvsfngnleygigyicsgifagd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gdivginewsgysgsfvMhpel
tgldeiVpefwvelirgrpken
tiwtsgssisfcgvnsdtvgws

58

SUBSTITUTE SHEET (RULE 26)




WO 2021/178621

WPDGAELPFTIDK
NO:58)

(SEQ ID

PCT/US2021/020804

wpdgaelpftidk
NO:58)

(SEQ ID

411 N1-
cal0g-

cl55 s1
0lA T13
1M 1163
L s4421
S444A

VKLAGNS SLCPVSGWAPLAKDN
SVRIGSKGDVEVIREPFISCS?
LECRMFE_TQGALLNDKHSNGT
IKDRSPYRTLMSVPLGSVPSPY
NARFESTIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNFSIK
QDIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSIIAFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID

NO:59)

N1
numbering:
99p/1771/19
6T/2051,
lebs,
100L/408M/4
19v,
161V/172A,
101A/131M/1
63L/4421/44
4A

vklagnsslcpvsgwaPLAkdn
svrigskgdvivirepfiscsp
lecrMffltggallndkhsngt
ikdrspyrtlmsVpLgSvpspy
nArfesIawsasachdginwlt
igiTgpdngavaIlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygigyicsgifagd
nprpndktgscgpvssngangv
kgfsfrygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgsIiAfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:59)

412 N1-
cal09-
€155 s1
01A V11
41 T131
M T163L
V166P
54421 s
444n

VKLAGNS SLCPVSGWAPLAKDN
SVRIGSKGDIFVIREPFISCS?
LECRMFE_TQGALLNDKHSNGT
IKDRSPYRTLMSVPLGSPPSPY
NARFESTAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSZTKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNFSIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSIIAFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID

NO:60)

N1
numbering:
99P/1771/19
6T/2051,
1655,
100L/408M/4
19v,
161V/172A,
114I/166P,
101A/131M/1
63L/4421/44
1A

vklagnsslcpvsgwaPLAkdn
svrigskgdIfvirepfiscsp
lecrMffltggallndkhsngt
ikdrspyrtlmsVpLgSPpspy
nArfesIawsasachdginwlt
igiTgpdngavaIlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygigyicsgifagd
nprpndktgscgpvssngangv
kgfsfrygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgsIiAfcgvnsdtvgws
wpdgaelpftidk (SEQ ID

NO: 60)

N1-
Cal09 E

1658

VKLAGNSSLCPVSGWAIYSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSCPIGSVPSPY
NSRFESVAWSASACHDGINWLT
IGISGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNOQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGY
KGEFSYKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNESIK
ODIVGINEWSGYSGSFVQHPEL
TGLDCIRPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID
NO:o6l)

N1
numbering:
1658

vklagnsslcpvsgwalyskdn
svrigskgdvfvirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmscpigSvpspy
nsrfesvawsasachdginwlt
igisgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygigyicsgifagd
nprpndktgscgpvssngangv
kgfsY<ygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvghpel
tgldcirpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:61)
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N1-
Cal09 E
165T

VKLAGNSSLCPVSGWAIYSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFEFLTQGALLNDKHSNGT
IKDRSPYRTLMSCPIGTVPSPY
NSRFESVAWSASACHDGINWLT
IGISGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSENQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPV3SSNGANGV
KGFSYKYGNGVWIGRTKSISSR
NGEFEMIWDPNGWTGTDNNESIK
QDIVGINEWSGYSGSFVQHPEL
TGLDCIRPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:62)

N1

numbering:

165T

PCT/US2021/020804

vklagnsslcpvsgwaiyskdn
svrigskgdvfvirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmscpigTvpspy
nsrfesvawsasachdginwlt
igisgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsY<ygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvghpel
tgldcirpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:62)

N1-
Cal09 E
165V

VKLAGNSSLCPVSGWAIYSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSCPIGVVPSPY
NSRFESVAWSASACHDGINWLT
IGISGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSYKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNEFSIK
QDIVGINEWSGYSGSFVQHPEL
TGLDCIRPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:63)

N1

numbering:

le5V

vklagnsslcpvsgwaiyskdn
svrigskgdvfvirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmscpigVvpspy
nsrfesvawsasachdginwlt
igisgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsY<ygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvghpel
tgldeirpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:63)

N1-
Cal09 E
1652

VKLAGNSSLCPVSGWAIYSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSCPIGAVPSPY
NSRFESVAWSASACHDGINWLT
IGISGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPV3SNGANGV
KGFSYKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNESIK
QODIVGINEWSGYSGSFVQHPEL
TGLDCIRPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:64)

N1

numbering:

165A

vklagnsslcpvsgwaiyskdn
svrigskgdvfvirepfiscsp
lecrtffltqgallndkhsngt
ikdrspyrtlmscpigAvpspy
nsrfesvawsasachdginwlt
igisgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggasykifri
ekgkivksvemnapnyhyeecs
cypdsseiteverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsY<ygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
qdivginewsgysgsfvghpel
tgldeirpefwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID

NO: 64)

N1-
Cal09 E
1651

VKLAGNS SLCPVSGWAIYSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFF_TQGALLNDKHSNGT
IKDRSPYRTLMSCPIGIVPSPY

N1

numbering:

1651

vklagnsslcpvsgwaiyskdn
svrigskgdvfvirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmscpigIvpspy
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NSRFESVAWSASACHDGINWLT
IGISGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCETVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGESYKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNESIK
QODIVGINEWSGYSGSFVQHPEL
TGLDCIRPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:65)

PCT/US2021/020804

nsrfesvawsasachdginwlt
igisgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsYsygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvghpel
tgldeirpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID

NO:65)

N1-
cal09-
c155 s1
65T

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGTVPSPY
NARFESIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSEFNQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGEFSZKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNESIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:66)

N1
numbering:
99P/1771/19
6T/2051,
1e5T,
100L/408M/4
19v,
161V/172A

vklagnsslcpvsgwaPLskdn
svrigskgdvfvirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigTvpspy
nArfesIawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfeygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvMhpel
tgldeciVpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:66)

N1-
cal09-
c155 s1
65V

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGVVPSPY
NARFESIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGEFSZKYGNGVWIGRTKSISSR
NGEFEMIWDPNGWTGTDNNESIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:67)

N1
numbering:
99P/1771/19
6T/2051,
lebv,
100L/408M/4
19v,
161V/172A

vklagnsslcpvsgwaPLskdn
svrigskgdvivirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigVvpspy
nArfesIawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleyqigyicsgifgd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvMhpel
tgldeiVpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID

NO:67)

N1-
cal09-
€155 s1
65A

VKLAGNS SLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGAVPSPY
NARFESIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI

N1
numbering:
99P/1771/19
6T/2051,
1654,
100L/408M/4
19v,
161V/172A

vklagnsslcpvsgwaPLskdn
svrigskgdvivirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigAvpspy
nArfesTlawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
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EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGY
KGFSTKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNFSIK
QDIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPEFTIDK (SEQ ID

NO:68)

PCT/US2021/020804

ekgkivksvemnapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygigyicsgifagd
nprpndktgscgpvssngangv
kgfsfeygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID

NO: 68)

N1-
Cal09-
€155 sl
651

VKLAGNS SLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFE_LTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGIVPSPY
NARFESTIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGEFSZKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNFSIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPFTIDK (SEQ ID

NO:69)

N1
numbering:
99p/1771/19
6T/2051,
1651,
100L/408M/4
19v,
161v/172A

vklagnsslcpvsgwaPLskdn
svrigskgdvivirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigIvpspy
nArfesIawsasachdginwlt
igiTgpdngavaIlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsngqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcvcrdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfiygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:69)

N1-
CalO9 C
ysKO

VKLAGNSSLCPVSGWAIYSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGEVPSPY
NARFESVAWSASACHDGINWLT
IGISGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGEFSYKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNFSIK
ODIVGINEWSGYSGSFVQHPEL
TGLDCIRPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:70)

N1
numbering:
161v/172A

vklagnsslcpvsgwaiyskdn
svrigskgdvivirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigevpspy
nArfesvawsasachdginwlt
igisgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsY<ygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvghpel
tgldcirpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:70)

N1-
cal0g-

155 s1
0lC I12
2V G164
C F174V
_S444v

VKLAGNSSLCPVSGWAPLCKDN
SVRIGSKGDVEVIREPFVSCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPICSVPSPY
NARVESIAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV

N1
numbering:
99P/1771/19
6T/2051,
1658,
100L/408M/4
19v,
161V/172A,
101c/122v/1
64C/174V/44
4v

vklagnsslcpvsgwaPLCkdn
svrigskgdvivirepfVscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpiCSvpspy
nArVesIawsasachdginwlt
igiTgpdngavallkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
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KGFSZTKYGNGVWIGRTKSISSR kgfsfiygngvwigrtksissr
NGEEMIWDPNGWTGTDNNEFSIK ngfemiwdpngwtgtdnnfsik
ODIVGINEWSGYSGSFVMHPEL gdivginewsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPKEN tgldciVpcfwvelirgrpken
TIWTSGSSIVFCGVNSDTVGWS tiwtsgssiVicgvnsdtvgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:71) NO:71)
VKLAGNSSLCPVSGWAPLCKDN vklagnsslcpvsgwaPLCkdn
SVRIGSKGDIFVIREPFVSCS? svrigskgdIlfvirepfVscsp
LECRTFELTQGALLNDKHSNGT lecrtffltqgallndkhsngt
IKDRSPYRTLMSVPICSPPSPY N1 ikdrspyrtlmsVpiCSPpspy
NARVESTAWSASACHDGINWLT mbering: nArVesIawsasachdginwlt
N1- TGITGPDNGAVAI LKYNGIITD ggp/‘i%?%g igiTgpdngavaIlkyngiitd
Cal09- TIKSWRNNILRTQESECACVNG 6T/2051 tikswrnnilrtgesecacvng
cl55 V1 | SCFTVMTDGPSNGQASYKIFRI 1658 ! scftvmtdgpsnggqasykifri
141 Vle | EKGKIVKSVEMNAPNYHYEECS lOOL}408M/4 ekgkivksvemnapnyhyeecs
6P S101 [ CYPDSSEITCVCRDNWHGSNR? Lov cypdsseitcvcrdnwhgsnrp
C I122V | WWSENQNLEYQIGYICSGIFGD l6l§/l72A wvsfngnleygigyicsgifgd
_Gle4C | NPRPNDKTGSCGPVSSNGANGY 1141/166f’ nprpndktgscgpvssngangv
F174V_S | KGFSZKYGNGVWIGRTKSISSR lOlC/lZZV}l kgfsfrygngvwigrtksissr
444V NGEFEMIWDPNGWTGTDNNEFSIK 64C/174V/44 ngfemiwdpngwtgtdnnfsik
ODIVGINEWSGYSGSFVMHPEL v gdivginewsgysgsfvMhpel
TGLDCIVPCEWVELIRGRPKEN tgldciVpcfwvelirgrpken
TIWTSGSSIVECGVNSDTVGWS tiwtsgssivVicgvnsdtvgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:72) NO:72)
VKLAGNSSLCPVSGWAPLCKDN vklagnsslcpvsgwaPLCkdn
SVRIGSKGDVEVIREPFVSCS? svrigskgdvivirepfVscsp
LECRQFELTQGALLNDKHSNGT lecrQffltgqgallndkhsngt
IKDRSPYRTLMSVPICSVPSPY NL ikdrspyrtlmsVpiCSvpspy
NARVESTAWSASACHDGINWLT numbering: gAFVesIawsasachdgi§wlt
N1- IGITGPDNGAVAILKYNGIITD 99p/1771/19 igiTgpdngavaIlkyngiitd
cal09- TIKSWRNNILRTQESECACVNG 6T/2051, tikswrnnilrtgesecacvng
155 T1 SCFTVMTDGPSNGQASYKIFRI 1653, scftvmtdgpsnggqasykifri
310 S10 EKGKIVKSVEMNAPNYHYEECS 100L/408M/ 4 ekgkivksvemnapnyhyeecs
1C T122 CYPDSSEITCVCRDNWHGSNR? 19v, cypdsseitcvcrdnwhgsnrp
V Gledc WVSEFNONLEYQIGYICSGIFGD 161V/172A wvsfngnleygigyicsgifgd
F174v NPRPNDKTGSCGPVSSNGANGV 1310 ! nprpndktgscgyvssnggngv
S444v KGESTKYGNGVWIGRTKSISSR lOlC;lZZV/l kgfsfrzygngvwigrtksissr
NGEFEMIWDPNGWTGTDNNEFSIK 64C/174V/44 ngfemiwdpngwtgtdnnfsik
ODIVGINEWSGYSGSEVMHPEL v gdivginewsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPKEN tgldciVpcfwvelirgrpken
TIWTSGSSIVECGVNSDTVGWS tiwtsgssiVicgvnsdtvgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:73) NO:73)
VKLAGNS SLCPVSGWAPLCKDN vklagnsslcpvsgwaPLCkdn
SVRIGSKGDIFVIREPFVSCS? N1 svrigskgdIfvirepfVscsp
LECRQFEFLTQGALLNDKHSNGT numbering: lecrQffltggallndkhsngt
N1- IKDRSPYRTLMSVPICSPPSPY 995/1771/19 ikdrspyrtlmsVpiCSPpspy
Cal09- NARVESTAWSASACHDGINWLT 6T/2051 nArVesIawsasachdginwlt
c155 V1 | IGITGPDNGAVAILKYNGIITD 1655 ! igiTgpdngavaIlkyngiitd
141 V16 | TIKSWRNNILRTQESECACVNG lOOL}408M/4 tikswrnnilrtgesecacvng
6P T131 | SCETVMTDGPSNGQASYKIFRI 1ov scftvmtdgpsnggasykifri
Q sS101C [ EKGKIVKSVEMNAPNYHYEECS l6l&/l72A ekgkivksvemnapnyhyeecs
1122V | CYPDSSEITCVCRDNWHGSNR? ll4I/l66P, cypdsseitcvcrdnwhgsnrp
Gl64C_F | WWSENQNLEYQIGYICSGIFGD 1310 ! wvsfngnleygigyicsgifgd
174V 54 | NPRPNDKTGSCGPVSSNGANGY lOlC}lZZV/l nprpndktgscgpvssngangv
44V KGFSZTKYGNGVWIGRTKSISSR 64C/174V/44 kgfsfrygngvwigrtksissr
NGEFEMIWDPNGWTGTDNNEFSIK v ngfemiwdpngwtgtdnnfsik
QODIVGINEWSGYSGSFVMHPEL qdivginewsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPKEN tgldciVpcfwvelirgrpken
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TIWTSGSSIVFCGVNSDTVGWS tiwtsgssiVicgvnsdtvgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:74) NO:74)
VKLAGNS SLCPVSGWAPLCKDN vklagnsslcpvsgwaPLCkdn
SVRIGSKGDVEVIREPFISCS? svrigskgdvivirepfiscsp
LECRMFE_LTQGALLNDKHSNGT lecrMffltggallndkhsngt
IKDRSPYRTLMSVPLCSVPSPY N1 ikdrspyrtlmsVpLCSvpspy
NARVESIAWSASACHDGINWLT numbering: nArVesIawsasachdginwlt
N1- IGITGPDNGAVAILKYNGIITD 99p/1771/19 igiTgpdngavallkyngiitd
Cal09- TIKSWRNNILRTQESECACVNG 6T/205T tikswrnnilrtgesecacvng
cl55 T1 | SCFTVMTDGPSNGQASYKIFRI 1655 ! scftvmtdgpsnggasykifri
31M TI16 | EKGKIVKSVEMNAPNYHYEECS lOOL}408M/4 ekgkivksvemnapnyhyeecs
3L S442 | CYPDSSEITCVCRDNWHGSNR2 1oy cypdsseitcverdnwhgsnrp
I S444A | WSFNONLEYQIGYICSGIFGD 161&/172A wvsfngnleygigyicsgifgd
~S101C_ | NPRPNDKTGSCGPVSSNGANGY 131M/163L}4 nprpndktgscgpvssngangv
G164C F | KGFSTKYGNGVWIGRTKSISSR 12T/4442 kgfsfrygngvwigrtksissr
174V NGFEMIWDPNGWTGTDNNFSIK lOlC/l64é/l ngfemiwdpngwtgtdnnfsik
QODIVGINEWSGYSGSFVMHPEL T4V gdivginewsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPKEN tgldciVpcfwvelirgrpken
TIWTSGSIIAFCGVNSDTVGWS tiwtsgsIiAfcgvnsdtvgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:75) NO:75)
VKLAGNSSLCPVSGWAPLCKDN vklagnsslcpvsgwaPLCkdn
SVRIGSKGDVEVIREPFVSCS? svrigskgdvivirepfVscsp
LECRMFE_LTQGALLNDKHSNGT lecrMffltqggallndkhsngt
IKDRSPYRTLMSVPICSVP3PY Nl ikdrspyrtlmsVpiC3vpspy
NARVESIAWSASACHDGINWLT mbering: nArVesIawsasachdginwlt
N1- IGITGPDNGAVAILKYNGIITD 19“;?/?;;?% o | 19iTgpdngavallkyngiitd
Cal09- TIKSWRNNILRTQESECACVNG 6T/205T tikswrnnilrtgesecacvng
cl55 T1 | SCFTVMTDGPSNGQASYKIFRI 1655 ! scftvmtdgpsngqasykifri
31M 544 | EKGKIVKSVEMNAPNYHYEECS lOOL}408M/4 ekgkivksvemnapnyhyeecs
2I_s101 | CYPDSSEITCVCRDNWHGSNR> lov cypdsseitcverdnwhgsnrp
C I122V | WWSENQNZEYQIGYICSGIFGD 161&/172A wvsfngnleyqigyicsgifgd
_Gle4AC_ | NPRPNDKTGSCGPVSSNGANGV 131M/44ZI: nprpndktgscgpvssngangv
F174V_S | KGFSZKYGNGVWIGRTKSISSR 101c/122v/1 kgfsfrygngvwigrtksissr
444V NGFEMIWDPNGWTGTDNNFSIK 64C/174V/ 44 ngfemiwdpngwtgtdnnfsik
QODIVGINEWSGYSGSFVMHPEL v gdivginewsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPKEN tgldciVpcfwvelirgrpken
TIWTSGSIIVFCGVNSDTVGWS tiwtsgsIiVicgvnsdtvgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:76) NO: 76
VKLAGNS SLCPVSGWAPLCKDN vklagnsslcpvsgwaPLCkdn
SVRIGSKGDIFVIREPFISCS? svrigskgdIfvirepfiscsp
LECRMFE_LTQGALLNDKHSNGT lecrMffltqggallndkhsngt
IKDRSPYRTLMSVPLCSPPSPY | N1 ikdrspyrtlmsVpLCSPpspy
N1- NARVESTIAWSASACHDGINWLT | numbering: nArVesIawsasachdginwlt
Cal09- IGITGPDNGAVAILKYNGIITD | 99P/1771/19 | igiTgpdngavaIlkyngiitd
c¢l55 V1 | TIKSWRNNILRTQESECACVNG | 6T/205I, tikswrnnilrtgesecacvng
141 V16 | SCETVMTDGPSNGQASYKIFRI | 1655, scftvmtdgpsnggasykifri
6P T131 | EKGKIVKSVEMNAPNYHYEECS | 100L/408M/4 | ekgkivksvemnapnyhyeecs
M T163L [ CYPDSSEITCVCRDNWHGSNR? | 19V, cypdsseitcverdnwhgsnrp
54421 | WYSFNONLEYQIGYICSGIFGD | 161V/172A, wvsfngnleyqgigyicsgifagd
S444A S | NPRPNDKTGSCGPVSSNGANGY | 114I/166P, nprpndktgscgpvssngangv
101C Gl [ KGFSTKYGNGVWIGRTKSISSR | 131M/163L/4 kgfsfiygngvwigrtksissr
64C F17 | NGFEMIWDPNGWTGTDNNESIK | 42I/444A, ngfemiwdpngwtgtdnnfsik
v ODIVGINEWSGYSGSEFVMHPEL | 101C/164C/1 | qdivginewsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPKEN | 74V tgldciVpcfwvelirgrpken
TIWTSGSIIAFCGVNSDTVGWS tiwtsgsIiAfcgvnsdtvgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:77) NO:77)
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N1-
cal0g-
cl155 V1
141 V16
6P T131
M $442T
s10lc
T122V G
164C F1
74V_S44
av

VKLAGNS SLCPVSGWAPLCKDN
SVRIGSKGDIFVIREPFVSCS?
LECRMFEFLTQGALLNDKHSNGT
IKDRSPYRTLMSVPICSPPSPY
NARVESTAWSASACHDGINWLT
IGITGPDNGAVAILKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSENQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPV3SSNGANGV
KGFSTKYGNGVWIGRTKSISSR
NGEFEMIWDPNGWTGTDNNESIK
QDIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSIIVFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID

NO:78)

N1
numbering:
99P/1771/19
6T/2051,
1658,
100L/408M/4
19v,
161v/172A,
114I/166P,
131M/4421,
101c/122v/1
64C/174V/44
4V
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vklagnsslcpvsgwaPLCkdn
svrigskgdIfvirepfVscsp
lecrMffltggallndkhsngt
ikdrspyrtlmsVpiCSPpspy
nArVesIawsasachdginwlt
igiTgpdngavalIlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfrygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgsIiVicgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:78)

N1-
Cal09-
c130_T4
53V 120
5v

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESIAWSASACHDGINWLT
IGITGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSTKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNEFSIK
QDIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:87)

N1
numbering:
99P/1771/19
6T, 1658,
100L/408M/4
19v,
161v/172A

vklagnsslcpvsgwaPLskdn
svrigskgdvfvirepfiscsp
lecrtffltggallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfeslawsasachdginwlt
igiTgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvMhpel
tgldeiVpecfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:87)

Mil5 cl
55 1205
\Y

VKLAGNSSLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRTFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESIAWSASACHDGINWLT
IGITGPDSGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYQOMGYICSGVFGD
NPRPNDKTGSCGPV3SNGANGV
KGFSTKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKESIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:88)

N1
numbering:
99P/1771/19
6T, 1658,
100L/408M/4
19v,
161v/172A

vklagnsslcpvsgwaPLskdn
svrigskgdvfvirepfiscsp
lecrtffltqgallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfeslawsasachdginwlt
igiTgpdsgavavlkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdggasykifri
ekgkiiksvemkapnyhyeecs
cypdsseiteverdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
qdivginewsgysgsfvMhpel
tgldeiVpefwvelirgrpeen
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID

NO: 88)

N1-
Mil5 cl
55 T131
Q 1205V

VKLAGNS SLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRQFF_LTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY

N1
numbering:
99P/1771/19
6T, 1658,

vklagnsslcpvsgwaPLskdn
svrigskgdvfvirepfiscsp
lecrQffltggallndkhsngt
ikdrspyrtlmsVpigSvpspy
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NARFESTIAWSASACHDGINWLT
IGITGPDSGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCETIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSEFNQN_EYQMGYICSGVEFGD
NPRPNDKTGSCGPVSSNGANGV
KGESZKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKE'SIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:89)

100L/408M/4
19v,
161V/172A,
1310

PCT/US2021/020804

nArfesIawsasachdginwlt
igiTgpdsgavavlkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdggasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfrygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
gqdivginewsgysgsfvMhpel
tgldeiVpcfwvelirgrpeen
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:89)

N1-

Mil5 cl
55 5101
A T131M
T163L
S4421 S
4447 12
05V

VKLAGNSSLCPVSGWAPLAKDN
SVRIGSKGDVEVIREPFISCS?
LECRMFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPLGSVPSPY
NARFESIAWSASACHDGINWLT
IGITGPDSGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCFTIMTDGPSDGQASYKIFRI
EKGKIIKSVEMKAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQN_EYQMGYICSGVEFGD
NPRPNDKTGSCGPVSSNGANGV
KGEFSZKYGNGVWIGRTKSISSR
KGFEMIWDPNGWTGTDNKE'SIK
QODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPEEN
TIWTSGSIIAFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:90)

N1
numbering:
99P/1771/19
6T, 165s,
100L/408M/4
19v,
161V/172R,
101A/131M/1
63L/4421/44
A

vklagnsslcpvsgwaPLAkdn
svrigskgdvfvirepfiscsp
lecrMffltggallndkhsngt
ikdrspyrtlmsVpLgSvpspy
nArfesIawsasachdginwlt
igiTgpdsgavavlkyngiitd
tikswrnnilrtgesecacvng
scftimtdgpsdggasykifri
ekgkiiksvemkapnyhyeecs
cypdsseitcverdnwhgsnrp
wvsfngnleygmgyicsgvigd
nprpndktgscgpvssngangv
kgfsfeygngvwigrtksissr
kgfemiwdpngwtgtdnkfsik
gqdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpeen
tiwtsgsIiAfcgvnsdtvgws
wpdgaelpftidk (SEQ ID
NO:90)

N1-
VNO4 cl
55 1106
V_T131Q
V163
Al66V T
205V

VKLAGNSSLCPINGWAPLSKDN
SVRIGSKGDVEVIREPFISCSH
LECRQFFLTQGALLNDKHSNGT
VKDRSPHRTLMSVPIGSVPSPY
NARFESIAWSASACHDGTSWLT
IGITGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTVMTDGPSNGQASYKIFKM
EKGKVVKSVELDAPNYHYEECS
CYPNAGEITCVCRDNWHGSNR?
WVSFNQNLEYQIGYICSGVFGD
NPRPNDGTGSCGPVSSNGAYGV
KGEFSZKYGNGVWIGRTKSTNSR
SGFEMIWDPNGWTETDSSESVK
QODIVAITDWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKES
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID
NO:91)

N1
numbering:
99p/1771/19
6T, 1653,
100L/408M/4
19v,
161V/172A,
1319, 106V,
163I, 166V

vklagnsslcpingwaPLskdn
sVrigskgdvfvirepfiscsh
lecrQffltggallndkhsngt
vkdrsphrtlmsVpIgSVpspy
nArfesIawsasachdgtswlt
igiTgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggasykifkm
ekgkvvksveldapnyhyeecs
cypnageitcvecrdnwhgsnrp
wvsfngnleyqigyicsgvigd
nprpndgtgscgpvssngaygv
kgfsfcygngvwigrtkstnsr
sgfemiwdpngwtetdssfsvk
gqdivaitdwsgysgsfvMhpel
tgldeciVpcfwvelirgrpkes
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID

NO:91)

N1-
WSN33_c
155 G10
55 1106
V_AL57T
V163I
Al66V R

VILTGNSSLCPIRGWAPLSKDN
SVRIGSKGDVEVIREPFISCSH
LECRTFELTQGALLNDKHSRGT
FKDRSPYRTLMSVPIGSVPSPY
NARFESIAWSASACHDGMGWLT
IGITGPDDGAVAVLKYNGIITE
TIKSWRKNILRTQESECTCVNG
SCFTIMTDGPSDGLASYKIFKI

N1
numbering:
99P/1771/19
6T, 165S,
100L/408M/4
19v,
161V/172A,
1055, 106V,

viltgnsslcpirgwaPLskdn
SVrigskgdvfvirepfiscsh
lecrtffltggallndkhsrgt
fkdrspyrTlmsVpIgSVpspy
nArfesTawsasachdgmgwlt
igiTgpddgavavlkynGiite
tikswrknilrtgesectcvng
scftimtdgpsdglasykifki
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210G 12
05V

EKGKVTKSIELNAPNSHYEECS
CYPDTGKVMCVCRDNWHGSNR?
WVSFDONLDYKIGYICSGVEGD
NPRPKDGTGSCGPVSADGANGY
KGFSYKYGNGVWIGRTKSDSSR
HGFEMIWDPNGWTETDSRFSMR
QDVVAITNRSGYSGSFVMHPEL
TGLDCMVPCFWVELIRGLPEED
AIWTSGSIISFCGVNSDTVDWS
WPDGAELPEFTIDK (SEQ ID
NO:92)

157T,
leoVv,

163I,
210G

PCT/US2021/020804

ekgkviksielnapnshyeecs
cypdtgkvmeverdnwhgsnrp
wvsfdgnldykigyicsgvigd
nprpkdgtgscgpvsadgangv
kgfsy<ygngvwigrtksdssr
hgfemiwdpngwtetdsrfsmr
gqdvvaitnrsgysgsfvMhpel
tgldemVpcfwvelirglpeed
aiwtsgsiisfcgvnsdtvdws
wpdgaelpftidk (SEQ ID
NO:92)

N1-

WSN33 c
155 G10
55 1106
v T1310
_A157T_
V1631 A
166V R2
10G 120
5V

VILTGNSSLCPIRGWAPLSKDN
SVRIGSKGDVEVIREPFISCSH
LECRQFEF_LTQGALLNDKHSRGT
FKDRSPYRTLMSVPIGSVPSPY
NARFESTAWSASACHDGMGWLT
IGITGPDDGAVAVLKYNGIITE
TIKSWRKNILRTQESECTCVNG
SCFTIMTDGPSDGLASYKIFKI
EKGKVTKSIELNAPNSHYEECS
CYPDTGKVMCVCRDNWHGSNR?
WVSFDONLDYKIGYICSGVEGD
NPRPKDGTGSCGPVSADGANGY
KGEFSYKYGNGVWIGRTKSDSSR
HGFEMIWDPNGWTETDSREFSMR
QDVVAITNRSGYSGSFVMHPEL
TGLDCMVPCFWVELIRGLPEED
AIWTSGSIISFCGVNSDTVDWS
WPDGAELPFTIDK (SEQ ID
NO:93)

N1
numbering:
99P/1771/19
6T, 1658,
100L/408M/4
19v,
161V/172A,
1310, 1055,
106v, 157T,
1631, 166V,
210G

viltgnsslcpirgwaPLskdn
sVrigskgdvfvirepfiscsh
lecrQffltggallndkhsrgt
fkdrspyrTlmsVpIgSVpspy
nArfesIawsasachdgmgwlt
igiTgpddgavavlkynGiite
tikswrknilrtgesectcvng
scftimtdgpsdglasykifki
ekgkviksielnapnshyeecs
cypdtgkvmeverdnwhgsnrp
wvsfdgnldykigyicsgvigd
nprpkdgtgscgpvsadgangv
kgfsys<ygngvwigrtksdssr
hgfemiwdpngwtetdsrfsmr
gdvvaitnrsgysgsfvMhpel
tgldemVpcfwvelirglpeed
aiwtsgsiisfcgvnsdtvdws
wpdgaelpftidk (SEQ ID

NO: 93)

N1-
cal09-
cl55 T1
310 120
5v

VKLAGNS SLCPVSGWAPLSKDN
SVRIGSKGDVEVIREPFISCS?
LECRQFELTQGALLNDKHSNGT
IKDRSPYRTLMSVPIGSVPSPY
NARFESTAWSASACHDGINWLT
IGITGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNQNLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV
KGFSZKYGNGVWIGRTKSISSR
NGFEMIWDPNGWTGTDNNFSIK
ODIVGINEWSGYSGSFVMHPEL
TGLDCIVPCFWVELIRGRPKEN
TIWTSGSSISFCGVNSDTVGWS
WPDGAELPETIDK (SEQ ID

NO:94)

N1
numbering:
99P/1771/19
6T, 1658,
100L/408M/4
19v,
161v/1724,
1319

vklagnsslcpvsgwaPLskdn
svrigskgdvivirepfiscsp
lecrQffltggallndkhsngt
ikdrspyrtlmsVpigSvpspy
nArfesIawsasachdginwlt
igiTgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
kgfsfcygngvwigrtksissr
ngfemiwdpngwtgtdnnfsik
gqdivginewsgysgsfvMhpel
tgldciVpcfwvelirgrpken
tiwtsgssisfcgvnsdtvgws
wpdgaelpftidk (SEQ ID

NO: 94)

N1-
Cal09-
€155 s1
01A T13
1M 1163
L 4421
_S444n
1205V

VKLAGNS SLCPVSGWAPLAKDN
SVRIGSKGDVEVIREPFISCS?
LECRMFE_LTQGALLNDKHSNGT
IKDRSPYRTLMSVPLGSVPSPY
NARFESIAWSASACHDGINWLT
IGITGPDNGAVAVLKYNGIITD
TIKSWRNNILRTQESECACVNG
SCEFTVMTDGPSNGQASYKIFRI
EKGKIVKSVEMNAPNYHYEECS
CYPDSSEITCVCRDNWHGSNR?
WVSFNONLEYQIGYICSGIFGD
NPRPNDKTGSCGPVSSNGANGV

N1
numbering:
99P/1771/19
6T, 1658,
100L/408M/4
19v,
161V/1723,
101A/131M/1
63L/4421/44
1A

vklagnsslcpvsgwaPLAkdn
svrigskgdvfvirepfiscsp
lecrMffltggallndkhsngt
ikdrspyrtlmsVpLgSvpspy
nArfesIawsasachdginwlt
igiTgpdngavavlkyngiitd
tikswrnnilrtgesecacvng
scftvmtdgpsnggqasykifri
ekgkivksvemnapnyhyeecs
cypdsseitcvecrdnwhgsnrp
wvsfngnleygigyicsgifgd
nprpndktgscgpvssngangv
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KGFSZTKYGNGVWIGRTKSISSR kgfsfiygngvwigrtksissr
NGEEMIWDPNGWTGTDNNEFSIK ngfemiwdpngwtgtdnnfsik
ODIVGINEWSGYSGSFVMHPEL gdivginewsgysgsfvMhpel
TGLDCIVPCFWVELIRGRPKEN tgldciVpcfwvelirgrpken
TIWTSGSIIAFCGVNSDTVGWS tiwtsgsIiAfcgvnsdtvgws
WPDGAELPFTIDK (SEQ ID wpdgaelpftidk (SEQ ID
NO:95) NO: 95)
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100G T63C;
100CA163CATIV,
100CAI63CATIVAEY,
130Q/4431,

100A/162L/445V;

130M/4431;
100A/130M/162L/4431/445A;
130M/162L/4431/445A;
17612041,
100C/121V/163C/173V/445V; and/or
121V/445V.

3. The polypeptide of any one of claim 32-34, wherein the polyvpeptide nchudes three or
more of the listed anuno ackd residucs refative to SEQ 1D NG@ when aligaed by protocol |

ar protocol 2,

37, The polypeptide of any one of claim 32-34, wherein the polypeptide includes five or
more of the Hsted amino acid residues relative to SEQ 1D NO:4 when aligned by protocot 1

or protocol 2.

38 The polvpeptide of any one of clatm 32-34, wherein the polypeptide meludes seven or
more of the hsted anune acid residues velative to SEQ 1D NQ:4 when aligned by protocet |

or protocol 2.

39, The polvpeptide of any one of claim 32-34, wherein the polypeptide includes ning ar
more of the Hsted amino acid residues refative to SEQ ID NOi4 when aligned by protocol |

or protocol 2.

40, The non-naturally oceutring polypeptide of claim 1, wherein the polypeptide s at
lcast 75%, RO%,, 85%, 9%, 91%, 92%, 93%, D4%, 958%,, 96%, 97%, 98%, or 99% identical
to the N4 NA polvpeptide of SEQ 1D NO:4, and wherein the nos-natarally ocowring
polypeptide includes L, or both of the following amine acid residues relative to SEQ 1D NOH

when ahigned by protocel 1 or protocol 2: 164Q)E, 1958,
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41, The non-natarally ccowring polypeptide of claim 1, wherein the polypeptide is

fay  atleast TG, BO%, 835G, 0080, 9%, 9209, 934, 949, D3%, 0685, UT%,, 8%,
or 99% identical to the NS NA polypeptide of SEQ 1D NO3, and wherein the non-natarally
ocowrring polypeptide meludes 1, 2,3, 4, 5,6, 7, 8,9, 10, 11, 12, or all 13 of the following
anuno actd residues relative to SEQ 1D NQ:S when aligned by protocot 1 or protocol 2:
9TL, 4100, 96D, 9RA, 100N, 102544, 110D, 128Q/M, 1601, 162V/AA, 163V/P, 193Q/T,
4457 or

thi at feast 73%, 80194, 85%%, B0%, 919, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to the NS NA polypeptide of SEQ 1D NO&, and wherein the non-natarally
ocrurting polypeptide includes 2, 3,4, 5,6, 7, 8, 9,10, 11, 12, 13, 14, 15, orall 16 of the
following amino acid residucs relative to SEQ D NOUS when aligned by protocol 1 or
protocol 2:
7L, 410M 9aP 98A, 100N, 102574, 103V, 110D, 128Q/M, 154T, 1601, 162V/A/I/T,
1a3VP, 1741 193477, 4450

42, The polypeptide of claimdl, wherein the polypeptide is

{ad  atleast TE%, ROY, 839, 0%, D1%:, 92%, 93%5, 94%. 98%, Q6% 97%, 9R%,
or 9% wenticsl to the N3 NA polypeptide of SE(Q D NO:S, and wherem the non-naturally
occyrring polvpeptide meludes 1, 2,3, 4, 5,6, 7,8, 9,10, 11, 12, or all 13 of the following
amino actd residoes relative to SEQ 1D NQO:S when aligned by protocol | or protocol 2:

(1) OTL, 410M., 96D, Y%A, 100N, 1028/A, 110D, 128Q/M, 1601, 162V/A/L, 163V/P,
193QT, 44588 or

(i) Q6P ORA, TOON, 103844, 110D, 128Q/M, 1601, 162V/A/L, 163V/P, 193Q/T,
4451,

43, The polypeptide of claim 41, wherein the polypepude is

) at least 78%, R0%, 85%, 900, 91%, 92%, 930, 94%, 95%, 96%, 7%, OR%;,
or 99% identical to the NS NA polypeptide of SEQ 1D NQ:5, and wherein the son-naturally
occurriag polypeptide tocludes 2,3, 4, 5,6, 7 8,9, 10, 11, 12, 13, 14,15, orall 16 of the
following anine acid residues relative to SEQ D NO:S when aligned by protoeol 1 or
protocol 2

{1} 976, 410N B6P, ORA, LOON, TUIS/A, 103V, 110D, 128Q/M, 1547, 1601,
162V/A/UT, 163V/P, 1741, 193Q/T, 4451; or
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(i} 96P, 98A, TOON, 1028/A, 103V, 110D, 128Q/M, 154T, 1601, 162V/A/T/T,

163VIP, 1741, 193007, 4451

44, The palypeptide of any one of claim 41-43, wherein the polypeptide inchudes one or

more of the following sets of amino acid residues relative to SEQ 1D NCHS when aligned by

protocol 1 or protocol 2:
@

97L/410M;

100N/1024,;

98C/161C;

128Q/4451,;

128M/4451;

SRASTIRM/AST44TA;

O7LAOBAZRNY/4A51/dATA;

128074451847 A

Q7L TIRMM4SIA4T A,

DOP93T,

1163

SOERAGATAA0T,

S6P/1 7411937, andfor

96P/1741/193T/2021; or
(i1)

100N/1024,;

98C/161C;

128Q)/445I,

128M/4451;

9BA/128M/4451/447 A,

BTLOBAII 284451447 A,

T2BMAAS4TAG

OTLAEISM/A4STA4TA

96P/193T;

HTI/163P;

96P/193T/2021;

96P/1741/193T; and/or
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Q6P 17 1DAT202L

45 The polypeptide of any one of claim 41-43, wherein the polyvpeptide includes three or
more of the listed amino acid residues relative to SEQ 1D NO'S when aligned by protocal

or protocol 2.

46, The polypeptide of any one of claim 41-43, wherein the polyvpeptide includes five or
more of the listed anino acid residues relative to SEQ ID RO:S when aligned by protocot |

or protocol 2.

47.  The polypeptide of any one of clamm 4143, wherein the polypeptide includes seven or
maore of the lsted amino acid reswdues relative to SEQ I NOUS when aligned by protocol

or protocal 2,

48 The polypeptide of any one of clainn 41-43, wherein the polypeptide includes nine or
e of the Hsted amine acid residies relative to SEQ ID NQ:S when aligned by protocol |

of protocol 2.

49, The nownaturally occorring pobypeptide of claim 1, wherein the polypeptide is at
feast 75%, 800G, {5, V0%, 91%, 02%, Y3%, 0496, 9%, Y%, 979, 98%. or 999% identical
to the M3 NA polvpeptide of SEQ 1D NO:S, and wherein the non-natucally ocrurring
polypeptide inclodes 1, or both of the following aming acid residues relative 1o SEQ ID NO:S

when aligned by protocol 1 or protocol 20 162 (VE, 2008,

50, The now-paturally ocourring polypeptide of claim 1, wherein the polypeptide is

£a)  af least T8%, 8055, §3%, 0%, 019, 92%, U3%,, 949, 95%, 6%, 07%, 9%,
or 9% identical to the N6 NA polvpeptide of SEQ 1D NQu6, and wherein the non-naturally
accyrring polypeptide mchades 1, 2,3, 4, 5,6, 7,8, 9, 10, or all 11 of the following anuno
acid regidues relative to SEQ 1D NO:6 when aligned by protocol 1 or protocol 2
G9P, 103N, H13D, 131Q, 1611, 162P, 1631, 1685/T/V/A, 1960, 203Y, 4455, or

(b} atloast A%, S0%, 83%, 90%, $1%, 82%, 93%, 94%, B5%5, 9%, 97%, 98%,
ot ¥0%, identical to the N6 NA polypeptide of SEQ 1D NO:6, and wherain the non-naturally

-~
Fi

occurring polypeptide includes 2, 3, 4. 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, or all 16 of the
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folowing anuno acid residues relative to SEQ D NO:6 when aligned by protocol L or
protocol 2

S0P, 103N, 1038, 106V, 113D, 131Q, 1S7F, 1611, 162P, 163VL, 1aSS/TAVIAA, 166V/R,
196Q), 203Y, 445S.

51, The polypeptide of claim 56, wherein the polvpeptide is

{m)  at least TE%, 8O%, 8594, 00%, 91%, 92%, 9%, 9495, 955, 96%, 97%, 985,
or 99% identical to the N6 NA polypeptide of SEQ 1D NO:6, and wherein the non-naturally
cccuming polypeptide mcludes 1, 2, 3,4, 5, 6,7, &, 8, 1, or all 11 of the following amino
acid residues relative to SEQ ID NO:6 when aligned by protocol 1 or privocol 2:
SOP. 03N, 113D, 1310, 1610, L62P, 1631, [638/T/V/A, 1960, 203Y, 4458,

L
i

The polypeptide of clann 30, wherein the polvpeptide 15
(bl atleast 75%, B0%, 83%, S0, $1%, 92%, 93%, S4%, 858%, Do, ¥7%, OR%,
or H9%, identical to the No NA polypeptide of SEQ 1D NOw6, and wherein the nos-naturally
ocourring polypeptide includes 2, 3,4, 5, 6,7 8,9, 16, 11, 12, 13, B, orall 13 of the
following amine acid residues relative to SEQ D NO:6 when aligned by protocol 1 or
protocol 2:

99P, 103N, 105S, 106V, 113D, 131Q, 157T, 1611, 162P, 1631/L, 165S/T/V/A/,
166V/P, 196Q), 203Y, 445S.

33, The polypeptide of any one of clatm S0-32, whercin the polvpeptide includes one or
more of the following sets of aming acid residues relative to SEQ 1D NO:6 when aligned by
protocol 1 or protocol 2:

101C/164C;

101C/164C/174V;

101C/164C/174V/447V,

1229447V,

T01A/63L;

99P/196T; andfor

99P/196T/2051.

-3
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34 The polypeptide of ay one of claim 50-82, wherein the polypeptide includes dwee or
more of the Hsted aminoe actd residues relative to SEQ 1D NQO:6 when aligned by protocal |

of protocol 2.

85, The polvpeptide of any one of clatm 30-32, wherein the polypeptide inchades five or
more of the Histed aming acid residues relativi to SEQ 1D NO:6 when aligned by protocel |

or protocal 2

36. The polypeptide of anv one of clatm S0-32, wherein the polypeptids includes seven or
more of the histed amino acid restdues relative to SEQ 1D NO:6 when aligned by protocot 1

or protocol 2.

87, The polypeptide of any one of claim 50-32 wherein the polypeptide inchudes mine or
more of the listed anuno ackd residucs refative to SEQ 1D NGO when aligaed by protocol |
ar protocol 2,

38 The non-naturally ocowrring polvpeptide of claim 1, wherein the polypeptide is at
Teast 75%. R0%,. 839 00%. 91%, 2%, 03%,_ 4%, 95%, D6%, 07%. 98%, or 90%, identical
to the N6 NA polypeptide of SEQ ID N6, and whereln the nownaturally ocomring
polypeptide inchudes a 163E amino acid muetation relative to SEQ 1D NOG:6 when aligned by
protocel 1, and optionally alse includes a 177V amino acid ondation welative to SEQ 1D NO:6

when aligned by protocal T or protocal 2,

36 The nos-naterafly ocowrmg polypeptide of clam |, whorein the polypeptide is

{a)  atleast 7%, RO%. 83%, 0%, Q1% D209, 03%, 94%. 930, 06%, $7%. 98%,
or 99% identical to the N7 NA polypeptide of SEQ ID NQ.7, and wherein the nom-naturally
occurring polypeptide includes 1, 2, 3,4, 5,6, 7,8, 9, 10, or all 11 of the following anuno
aeid residues rolative to SEQ HD NO:7 when aligned by protocol 1 or protocol 2
ORP, LN, 104S, 112D, 130Q, 1567, 1621, 164VIAM, 165V 2020V, 448V, or

(b atleast T8%, B0%, 85%, 909, $19%, 02%, 93%, 94%;, 95%, 96%, 97%, 9R%,
or 99% identical to the N7 NA polypeptide of SEQ 1D NOT | and wherein the non-natarally
octutring polypeptide includes 2, 3,4, 5,6, 7.8, 9, 10, 11, 12, or afl 13 of the following
amino acid residues relative to SEQ 1D NO:7 when aligned by protacol | or protocol 2
URP, 102N, 1045, F12D, 130Q), 1567, 1621, 164V/AVE, 165V 1761, 202V, 4461 448V,
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&0, The polypeptide of chum 39, wherein the polyvpeptide is

fay  atleast 7590, 80%, R3%, 00% 91%,, 925G, 03%, 94%, 8%, 06, 97%, 8%,
or 99% identical to the N7 NA polypeptide of SEQ 1D NOT7, and wherein the non-natarally
ocourring polypeptide ncludes 1, 2,3, 4, 5.6, 7, 8,9, 10, orall 11 of the following anino
acid residues relative to SEQ 1D NO:7 when aligned by protocol 1 or protocol 2:
GRP,TO2N, 1045, 112D, 130Q, 1367, 1621, 164V/A/L, 165V, 202Y, 448V,

61, The polypeptide of claim 39, wherein the polypeptide is

(b atleast 73%, 8094, 85U, G0%, 1%, 920, 93%, 94%, 98%, Bals, 97%, 98%,
of 90% wdentical 1o the N7 NA polypeptide of SEQ H NO:7, and wherein the non-saturally
ocourring polypeptide ncludes 2, 3.4, 5,6, 7,8, 8, 10, 11, 12, orall 13 of the following
anuno acid residues relative to SEQ ID NO:7 when aligned by protocol | or protocol 2:

SRP, TOIN, 1045, 112D, 130Q, 1567, 1621, 164V/A/L 165V, 1761 202V, 446l 448V,

62, The polypeptide of any one of claim 3961, wheretn the polvpeptide includes one ov
e of the following sets of amino acid residies relative to SEQ ID NO:7 when aligned by
protocol 1 or protocol 2

1001630

100C/163C/173V;

100C/163C/173V/448V;

9944614484,

ORP/19AT,

1300 4461;

4461/448A;

Q8P/19ST2041;

SEPAATOE195T, andfor

GRPATO1A9ST2041

63, The polvpeptide of any one of clatm 5061, wherein the polvpeptide includes dwee or
more of the listed anuno acid restdues relative to SEQ 1D NO:7 when aligned by protocot |

or protocol 2.

-]

L



LA

HY

1N

o]
L4

WO 2021/178621 PCT/US2021/020804

&4 The polypeptide of any one of clainy 3961, wherein the polypeptide includes five or
more of the Hsted aminoe actd residues relative to SEQ 1D NQ:7 when aligned by protocal |

of protocol 2.

65, The polvpeptide of any one of clatm 5361 wheremn the polypeptide includes seven or
more of the Histed aming acid residues relativie to SEQ D NOT when aligned by protocel |

or protocal 2

66, The polypeptide of anv oupe of clatm 3961, wherein the polypeptids includes nine or
more of the histed amino acid restdues relative to SEQ 1D NO:7 when aligned by protocot 1

or protocol 2.

67 The non-nanwally occurring polypeptide of claim 1, wherein the polypeptide is at
least T3%, 80%%, 83%, G0%, 9150, 82%, 93%, 9406, W5%, 96%, 9T, W8%, or 99% identical
to the N7 NA polypeptide of SEQ 1D NO:7 | and wherein the non-naturally occutring
polvpeptide includes one or both of the followiny aminoe acid mutation relative to SEQ 1D

N7 when aligned by protocol or protocoel 20 164QVE, 1938

6%, The non-naturalty occurting polypeptide of claim 1, wherein the polypeptide is
{a}  atloast T8%, 8O%G, &5%, 909, $1%%, 92%, V3%, 945, 3%, V6%, 97%, 9%,
or 99% identical to the NE NA polvpeptide of SEQ 1D NOE, and wherein the non-naturally

ocenrring polypeptide includes 1,2,3,4, 5,6, 7 8,9, 16, orall 11 of the following amino
acid residues relative to SEQ D NO®R when aligned by protocol 1 or protocol 2:
408M, [OIN, BA/S, TTHD, 1290, 161P/L, 1838/ T/V/AAL 164V, 1944, 201Y, 4428 or

(by  atloast TSW B0%, 85%5, Q0% V1%, 929, Q3% D4l 9595, 9o%, 970, 98%,
or 99% identical to the N& NA polypeptide of SEQ ID NQ:E, and wherein the nom-naturally
occutring polypeptide inchades 23,4, 5.6, 7, 8,9 1, 11, 12,13, 14 orall 18 of the
fodlrwing anuno actd residacs relative to SEQ D NGO when aligned by protocol T or
protocol
O8L, 408N, 10N, TO3ASS, 104V, 111D, 1200/, 16T, T63STAVANSIT, 164ViP, 1751,
194Q, 201Y, 2031, 4421
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&9 The polypeptide of chum 68, wherein the polyvpeptide is

fay  atleast 7590, 80%, R3%, 00% 91%,, 925G, 03%, 94%, 8%, 06, 97%, 8%,
or 99% identical to the N8 NA polypepiide of SEQ 1D NO8, and wherein the non-natarally
ocourring polypeptide ncludes 1, 2,3, 4, 5.6, 7, 8,9, 10, orall 11 of the following anino
acid vesidues relative to SEQ D NO:S when aligned by protocot 1 or protocpl 2

{1 408M TOIN, 103A/S, 111D, 129Q, 160P, 1611, 163S/T/V/A/L, 164V, 194Q,
200Y, 4428 or

{11} FOIN, TO3AUS, 111D, 129Q, 160P, 161L, 163S/T/V/A/L, 164V, 194Q, 201Y,
4421,

T The polypeptide of claim 08, whercin the polypeptide is

by atloast 7S%. RO%, 8§59, G0%, 91%, 92%, 03%, 04%, V5%, 6%, 97%, 9¥%,
or 99% tdentical to the N8 NA polvpeptide of SEQ ID NO:R, and wherein the non-nansally
oecwting polvpeptide includes 2,3, 4, 5, 6,7, 8.9, 13, 11, 12, 13, B, ovall 13 of the
following anuno acid residues relative to SEQ D NOK when aligned by protocol L or
protocot 2:

£1) G8L., 408M, 101N, 103ASS, 14V, 111D, 129Q/M, 160P, 1611,
FOISTAASAT, 1o4VP, 1751 1040, 201Y, 2031, 4421 or

1y TOIN, IO3ASS, HMWY, 11D, 129Q¢M, 160R, 1611, 1638/ TAVIANST,
T64VAP, 1751, 194Q), 201Y, 2031, 4421

71, The polypeptide of any one of clatn 68-70, whercin the polvpeptide includes one or
more of the following sets of amine acid residues relative to SEQ 1D NO:® when aligned by
protocol 1 or protocol 2:
0]
98L/408M;
160P/163S;
TOTN/IOBA:
99C1e2C;
99CH620CN TRV
129Q/4421,
99A/161L;
99A/161L7/4421;
161L/4421;
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129858421,
SOAI2OM TS LLAE21/444 4,
OBL/OVA2OMI A 1LAM421 4444,
129M/T6 1 LA21 444,
SELI2OMTO I L4444 andfor
1751/2031; or

(i1)
160P/163S;
LOIN/103A,
99C/162C;
99C/162C/1 72V,
129Q)/4421,
99A/161L;
99A/161L/4421;
161L/4421;
129M/4421
99A/129M/161L/4421/444A,;
O8L/99A/120M/1611./4421/444A,;
120016 1L 444,
ORLI2OMY 1O LA4421844 A andior
TIST203E
72, The polypeptide of any one of clabm 6870, whereln the polypeptide includes dwee or
mene of the histed amine acid residues relative to SEQ 1D NOS when aligned by protoce 1

or protacol 2.

73, The polypeptide of any one of claim 6870, wheremn the polypeptide inclades five or
more of the Histed aming actd residaes relative to SEQ 1D NO:R when aligned by protocot {

or protocal 2.
74 The polypeptide of any one of claim 68-70, whervin the polypeptide includes seven or

more of the Hsted mnino acid residues relative to SEQ 1D NQOSK when sligned by prosocol 1

or protocol 2.

78
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75 The polypeptide of ay one of claim 68-70, wherein the polypeptide includes nine or
more of the Hsted aminoe actd residues relative to SEQ 1D NO¥ when aligned by protocal |

of protocol 2.

76, The non-naturally cccurring polypeptide of any one of claims 80-35, wherein the
pulypeptide comprises the amino acid sequence at fpast 75%, 80%, 858%, B0, 01%, 92%,
935, 3%, 9554, 96%, 9T7%, 98%%, or 99% identical to the anvino acid selected from the growp
consisting of N8 nnutants Hsted 1o Table ¥ {SEQ ID NO:35-38), when aligned by protocol §,
wheretn the polypeptide includes all of the sesidues lsted 1 Table § for an individual N&
omstant finted m Table 1

77, The noweaasturally occuming polypeptide of claim |, wherein the polvpeptide is at
least T3%,, R0%, 8545, 90%,, 01%%, 024, 93%:, G40, 95%, 96%, 97%, 98%, ar 99% identical
o the N8 NA polvpeptide of SEQ 1D NO¥, and wherein the non-naturatly occurring
polypeptide includes  163E amino acid nwitation relative to SEQ 1D RO when aligned by
protocol 1, and further may optiopally include a 1945 mation relative to SEQ D NS

when aligned by protocel 1 or protocol 2.

78 The non-naturalty occurting polypeptide of claim 1, wherein the polypeptide is

{a) ot least T8%, 8O, 3%, 009, 819, B2%, 93%,, 9404, 93%, Ua%,, 97%, 8%,
or 99% identical to the N9 NA polvpeptide of SEQ ID KNO:9, and wherein the non-naturally
ocenrring polypeptide includes 1,2, 3,4, 5,6, 7 8, 9, or all 10-of the following amino acid
residues relative to SEC 1D NG when aligned by protocol 1 or protocol 2:
4P, 031, 10085, 1260, 160VIAL 161V, 191Q, 198Y, 4395, 441V; or

(b} atleast TS%, 80%, 85%5, S0%, D1%, 92%%, 93%., 04%, 95%, 96%, 07%, 98%%,
or 99% identical to the N9 NA polypeptide of SEQ ID NG9, and wherein the nom-naturally
occutring polypeptide inchades 23,4, 5. 6,7, 8, 9 13, 11, 12,13, orall 14 of the following
atuno acid residues relative to SEQ 1D NO:% when aligoed by protocst T or protocad 2
O4P, GSL, O8N, TOOSAA, FISQMIS2T, ISRE 16OVIAUT, 161V, 1910, 1ORY, 2001, 4395,
441V,

79, Thepolypeptide of claim 78, wherein the polypeptide is
fay  atleast 7%, BO%, 3%, 00%, 91%, 92%, 93%,, 4%, 95%, 96%, 97%, 98%,
or 99% identical to the N9 NA polypeptide of SEQ 1D NG, and wherein the non-natually

79



LA

HY

1N

20

I=d
Lan

WO 2021/178621 PCT/US2021/020804

oceurring polypeptide includes 1,2, 3,4, 5.6, 7 &, 9, or all 10 of the following antino acid
residues relative to SEQ 1D NO:9 when aligned by protocol 1 or protocol 2:

4P O3L, HOOS, 1260M, 16UVIAL 161V, 191Q, 198Y, 4305, 441V,

8. The polvpeptide of clatm 78, wherein the polypeptide is

{by  atlvast TS0, 80%, BS%, Q0% 91%, 92%, 93%, 94%, 95%, 06%,97%, 98%,
or 9% identical to the N9 NA polypeptide of SEQ 1D N9, and wherein the nos-naturally
occurming polypeptide includes 2,3, 4,5, 6, 7, 8, 9,10, 11, 12, 13, or all 14 of the following
amino acid residues relative to SEQ 10 NOS when aligned by protocol T or protovol 2:

94P, 951, O8N, 1005/A, 1260Q/M, 1327, 1581, 160V/ATT, 161V, 191Q, 198Y, 2001,
4398, 441V.

Rl Thepolyvpeptide of any one of claim 7&-80 wherein the polypeptide tnchudes one or
more of the following sets of anunn ackl residues relative to SEQ 1D NO:® when aligned by
protocot 1 or protocol 2:

96C/159C;

96C/159C/441V;

96A/441A,

96A/126M/4391/441A;

95L/O6A/126M/4391/441 A,

126043044 T A

QSLAT2OMMII4T AL

G4PIOIT,

98N/100A; and/or

Q4RI T200L

82, The polypeptide of any one of claim 7880, wherein the polypeptide includes three or
more of the Histed aming actd residues refative to SEQ 1D NG9 when aligned by protocot {

or protocal 2.
&3 The polypeptide of any one of claim 78-80, wherein the polypeptide includes five or

more of the Hsted mnino acid residues relative to SEQ 1D NOJY when sligned by prosocol 1

or protocol 2.
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84, The polypeptide of any one of claim 78-80, wherein the polypeptide includes seven or
more of the Hsted aminoe actd residues relative to SEQ 1D NQOY when aligned by protocal |

of protocol 2.

85, The polvpeptide of any one of clatm 7&-80, wheremn the polypeptide includes mine or
more of the Histed aming acid residues relativie to SEQ 1D NO©@ when aligned by protocel |

or protocal 2

886. The non-natarally occurring polvpeptide of clatm 1, wherein the polypeptide is at
least 78%, BO%, B5%, 80%, 1%, 92%, 93%, 4%, 93%, 96%, 97%., 98%, or 99%; ideatical
to the NE NA polypeptide of SEQ 1D N9, and wherein the non-naturally occurring
polypeptide inchides a 1600 anuno acid mutation relative to SEQ 1D NOW9 when aligned by
protocol 1, or may include a combination of TAHE and 172V amine acid residues relative to

SEG ID NG9 when aligned by protocol | o protocol 2.

&7, A composition, comprising one or more of the polypeptides of any preceding clabm

linked to o scaffold.

38 The composition of claim 87, wherein the scaffold comprises a protein scaffold.

R The composition of claim &8, wherein the polypeptide is covalently linked to a protein

subunit of the protein scaffold to form a fusion prowin,

90, Anucleie acid encoding the polypeptide of any preceding clam, or the fosion protein

of claim RE.

1. Anexpression vector comprising the nucleic acid of claim 0 operatively linked to 3

suwitable contred sequence,

92, A hostcell comprising the nucleic acid of claim 90, the expression vector of elaim 91,

ardior the polypeptide of any preceding claio

93, A pharmaceutical composition, comprising

&1
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(a)  onc or more of the polypeptides, fusion protein, composition, nucleic acid,
exprression vector, mudior the host cell of any preceding claim; and

Y apharmaceutically aceeptable carvier,

LA

94, A vacoine comprising
{8}  on or more of the polypeptides, fusion protein, composition, nucleke acid,
expression vector, madfor the host cell of any preceding claimy; and

th) s pharmaceutically aceeptable camier.

1095 A method for treating or limiting development of an influenza infection, comprising
admnistering to a subjeet in need thercof an amount effective fo treat or ot development of
the influenza infection of a polypeptide, fuston protein, compasition, vaceine, nucleie acid,
expression vector, host cell, pharmageatical composition, andfor vaccine of any preceding
claim.
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