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We claim

1. A nos-nsturally cccurring onatad nowaminidase (NA) polypeptide that improves
expression and/or modifies the openiclosed tetrameric conformational state of the NA

polypeptide.

2. The non-natwrally occurring polypeptide of clabn 1, whergin the polypeptide is

{a)  atleast T8, RO%G, 83%, 90%, 1%, 92%, 93%, 9d%, 98%, 96%, 97%, OR%,
or 99%% identical to the N1 NA polvpeptide of SEQ ID NQO:1, and wherein the non-naturally
occwring polypeptide includes 1,2, 3,4, &, 6, or all 7 of the following amino acid residucs
refative to SEQ 1D NOr 1 when aligned by protocol 1 or protocad 27
TOIT/A, OSA, 165T/, 166P, 1963, 203Y, 444V or

(b} af least T, 8OO, 85%5, G0, D106, 920, 93%, 9494, 0595, 6%, 9T, 98%,
or 99% identical fo the N1 NA polypeptide of SEQ I NO: L, and wherein the non-natunally
occurring polvpeptide meludes 2,3 4,5 6, 7,8 @ 1 11, 12,13, 14,15, 16, ovall 1T of the
following aming acid residaes relative o SEQ 1D NO:Y when aligned by protocol 1 or
protocol 2
IGTT/ASVIS/T, 100L, J08M, 410V 00P 103N, 10SA, 131Q¢M, 1635L, 165TI8NVIAAL
166P, 1771, 1960/T, 03Y, 2051, 4421, 444V,

sr

The polypeptide of claim 2, wherein the polypeptide is

(8)  atleast 75%, S0%, 85%, G0%, 019, 92%, V3%, 4%, 95%, 6%, 97%, 98%,

ov 99% jdentical to the N1 NA polvpeptide of SEQ ID NO: 1, and wherein the now-naturally
ovcurring polypeptide inclades 1, 2,3, 4, §, 6, or all 7 of the following amine acid residuss
relative fo SEQ 1D NO:T when aligned by protocol [ orprotocol 2:

(i) T6IT/A, 103A, 187K, 165TH, 1066P, 196Q, 203Y, 444V, or

{1y LOSA, 16317, 166D, 1960, 203Y, 444V,

4, The polvpeptide of clatm 2, wheren the polypeptide is
(b atleast T8%, 80U, B5%, 90%, 91%, 92%;, 93%, 94%,, U5%;, 86%, 975, YR%,

ot 99% identical 1o the N1 NA polvpeptide of SEQ 1D NO: 1, and wherein the non-naturally
occwrring polvpeptide tncludes 2,3, 4, 5,6, 7,8, 9,10, 11,12, 13, 14, 15, 16, or all 17 of the
following anune acid residues relative to SEQ 1D NO:L when aligned by protocol or

protocol 2:
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(1) FOLT/A/VIN/T, 1061, 408M, 419V _00P, LOIN, 105A, 13 10M, 183171,
IEST/SAIAA, 166P 177, 1960T, 203Y, 20581, 4421, 44V or

(y  99P, TO3N, 103A, 131QVM, 163IFL, TOSTIS/V/AA, 166P, 1771 1960T,
203Y, 2051, 4421, 444V.

5. The polypeptide of any one of claim 2-4, wherein the polvpeptide inclades one or
more of the following sets of anuno acid residucs relative to SEQ 1D NO:1 when aligoed by
protocot | or protocol 2:
M
161V/172A,;
100L/408M,
100L/408M/419V
TO3N/105A;
1141/166P;
101C/164C;
101C/164C/174V;
101C/122V/164C/174V/444V
122V/444V;
131Q/4421;
101A/163L/444A4,
131M/4421;
10TA/131M/163L/4421/444A,
100L/101A/131M/1631L/4421/444 A
131M/163L/4421/444A;
HOOL/I3TMIVL 63 L4421 4444
SUPI0OLASIVASSSATIAN TTH VAT 2051 408N 19V,
SUPIOOLASIVARSSSAT2ANTTH IORTAH08MM IOV,
SOPAOOLAB QG IVAI OIS I TRAS ITTH ID6T/ 205/ 40804 19V,
GOPAIOOL I QALETVIIBSSA T2A L 7T 106 THORMAIOV,
GOP/OOL A LM MASTVAGILAGSS T TIATTVIO6T205 408N V442 /444 A |
QORGOLA0IAAZIMASIVAIGILAGSSATIA/LTTT/196 T/408M/419V/4421/444 A
QOPIGIVAIOAS I T2A/ITTIIORT205E,
9YP/ 161V I65S/1T2A/1771/196T;,
99P/131Q/161V/165S/172A/1771/196T/2051;
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QAP I3TQASIVAGSEIIT2AN TIIAI96T,
SOPAGTARIM/ISIVAIG3L/ 165K/ I T2 AA T TTIA0RT 20514421/ 444 4,
QORI AWM LIOIVAGILAGSS I T2ATTRIDAT A4 21/ 4444,
99P/196T;

99P/196T/2051;

99P/1771/196T; and/or

99P/1771/196T/2051; or

(i)

103N/105A;

1141/166P;

101C/164C;

101C/164C/174V;

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

122V/444V;

131Q/4421;

101A/TI63L/444A;

131M/4421;

101A/131M/163L/4421/444A;

100L/101A/131M/163L/4421/444A ;

131M/163L/4421/444A;

OLA 3 IMAASLA42E 4444,

Q0P ML GTVALOESA TZA TTH 96 TA20S 4NN OV,

QORI IOLAZT QAR IVAIRSS/ I TIAATTI 96T/ 205 408419V,
99P/100L/131Q/161V/1655/172A/1771/196T/419V;
QORAOOLAOLA/SIMAGIVAIGILAGSS/ A T2A/1TTT/196T/2051/408M/419V /44217444 A
SUPATOOLALA I IMAGIVARILAI6SSAT2A/1T71/196 T/408M/4 19V/4421/444A;
SUPAGIVAIOISAITZASTTTIIO6T 2051,

SOP LG IVARESAT2ANTTIIOET,
GOP/ITQASIVAGSSATIANTTHIOST208L,

GOPIRIQIIBI VeSS T2ZANTII 90T,
SOPACIAIIML6IVAGIL/6SE/ T2 A TTH196T/2051/4421/444A
SO A/ TS IVAIO3LA6SSA TRA/ T TTIF196T/4421/444 A,
9OP/196T;

99P/196T/2051;
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QORI TTIISET, andior
QR TTII96T 2051

6. The polypeptide of any one of claim 2-4, wherein the polypeptide includes three or
more of the listed amine soid residees relative to SEQ I3 NOW when aligned by protocod

or protocad 2.

7. The polypeptide of any one of claim 2-4, wherein the polypeptide includes five or
mare of the hsted apine acid restdues relative to SEQ ID NQ: 1 when aligned by protocot |

of profocol 2,

LS The polypeptide of any one of claim 2-4, wherein the polypeptide includes seven or
more of the Hsted amine acid residocs relative to SEQ 1D NO:T when aligned by protocol

or protocad 2.

Q. The polypeptide of any one of claim 2-4, wherein the polypeptide inchedes nine or
e of the Hsted amine acid residues relative to SEQ ID NQ:1 when aligned by protoced |

or profacol 2.

1 The polvpeptide of any one of ¢latm 2-9, wherein the polvpeptide further comprises 1,
2,3, 4.5, or gl 6 of the following residues refative to SEQ 1D NQ:1 when aligned by

protocot 1 orprotocol 2: 1038, 106V, 1631, 166V, 2100, 4438

11 The polypeptide of any one of claym 2- 10, wherein the polypeptide ineludes ane or
mune of the following sets of amine acid residues redative fo SEQ 1D NQ:1 when aliened by
protocol 1 or protocoel 2

SUPAOOLASIVATGSSAT2A/ T TH IOAT 20540804 1 9V,

9P OOLA GV RESSAITRAJL T I00 THOBMM L OV,

GOP/IOOL/ 13T I6IVAIBSS T2AA 7T 96T 205 408MA4 1OV
GOPI0OLA3TQAGINVABSS/ T TIAA TR IVET/H08MMA 19V,
99P/100L/101A/131M/161V/163L/165S/172A/1771/196T/2051/408M/419V/4421/444A;
99P/100L/101A/131M/161V/163L/165S/1T2A/1771/196T/408M/419V/4421/444 A,
99P/161V/165S/172A/1771/196T/2051;
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QAP IRIVAIESSATAITTI V6T,

SOPAMQASIVAIBASAT2AATTIORT205T;

QURAZIOAGIVAGASATIAATIIIOTY,

99P/101A/I3TIM/161V/163L/165S/172A/1771/196T2051/4421/4444; andior
5 99P/10IA/I3IM/161V/163L/165S/1T2A/1771/196T/44214444.

12, The non-naturally ocowrving polvpeptide of any one of claims 2-11, wherein the
pelypeptide corsprises the anuno acid sequence at least 75%, 8%, B8%, 90%, 91%, 92%,
9304, 9494, 95%6, 96%, 97%,, 9R8%G, or 99%, identical to the amine actd selected from the group
10 consisting of N mutants Bsted in Table 1 {(SEQ 1D NO:1Q-32 and 38-95), when aligned by
protocol 1 or protocel 2, wherein the polypeptide includes all of the residues listed 1n Table 1

for an individual N1 mutant listed 1n Table 1.

13, The non-naturally oocurring pulypuptide of claim 1, whersin the polypeptide is

15 {a} at foast 75%, RO%, 8%, 00%, 01%, 92%,, 03%, 949, 9554, 0a%, 97%, 985,
o 99%, identical to the N2 NA polypeptide of SEQ D NO:2, and wherein the non-patorally
ccoarring polypeptide includes 1, 2, 304, 5,6, 7, or all 8 of the followving aming acid residaes
relative to SEQ 1D NO2 when aligned by protocel 1 or protocol 2
L0, F3IM, 162P, 1655/, 166V, 195Q), 302Y, 443S; or

20 by  atleast 75%, 0%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to the N2 NA polypeptide of SEQ D NO:2, and wherein the non-naturally
ocourring polypeptide cludes 2, 3,4, 5,6, 78,9, 10, 11, orall 12 of the following amino
acid residues refative to SEQ D NO2 when aligned by protocol 1 or protocel 2

101C/A, 103N, 1034, 106V, 131M, 162P, 1631, 1655/T/A/, 166V, 195Q, 202Y, 4438,

o)
Lan

W The polypeptide of claim 13, wherein the polypeptide is
{1y o least T5%, 8056, 5%, B0%, 019, 92%, U3%, 9494, 953%, Ua%, 97%, 98Y%,
o 99% identical to the N2 KA polypeptide of SEQ ID NO:2, and wherein the son-maturally
ocourring polypeptide includes 1, 2,3, 4, 5.6, 7, or all % of the following muino seid residucs
36 relative to SEQ 1D NO:2 when aligned by protocol 1 or protocol 2:
TOIC, 13IM, 162P 16387F, 166V, 1953, 202, 4438,

15, The polypeptide of clatm 13, wherein the polypeptide is
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(hy  atleast 73%, BOSG, 833, O0%,, G19%, 0%, 939, 94%, 93%%, Da%, 9T, 98%,
or 99%, identical to the N2 NA polypeptide of SEQ 1D NO:2, and wherein the non~-naterally
occarring polypeptide includes 2, 3, 4.5, 6, 7.8, 9, 10, 11, or all 12 of the following amine
acid residues relative to SEQ ID NO:2 when aligned by protocol 1 or protocel 2
TOLCVAL TO3N, 1054, 108V, 131N, 162P, 1631, I05S/TAAAL, 166V, 195Q, 22Y, 4435,

16, The polypeptide of muy one of claim 13-15, wherein the polypeptide includes oneor
more of the following sets of amino acid residues relative to SEQ D NO:2 when aligoed by
protocol I or protocol 2:

103N/105A;

101C/164C;

101C/164C/173V;

A ER M

HIOLAGIA3 M, andbor

TOOLAI3EMTO3L.

17, The polypeptide of any one of claim 13-13, wherein the polypeptide includes three or
more of the lsied amino acid restdues relative to SEQ 1D 'NO:2 when aligned by protocol 1

or protocol 2.

1R, The polvpeptide of any one of clatm 13-15 wheretn the polypeptide includes five or
more of the hsted aming acid residues relative to SEQ 1D NQ:2 when aligned by protocot |

or protocol 2.

19, The polypeptide of any one of claim 13-15, wherein the polypeptide includes seven or
more of the Hsted amine acid residaes refative to SEQ 1D NO2 when aligned by protocol 1

or protocol 2.

20, The polvpeptide of any one of claim 13-15, wherein the polypeptide inclades nine or
more of the listed anuno acid residues velative to SEQ 1D NO:2 when aligned by protocot |
or protocol 2.

21 The non-naturally occwring polypeptide of any one of claims 13-20, wherein the

polypeptide comprises the amine acid sequence at loast 75%, 809, ¥5%, 8%, 919, 92%,
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Q3% D%, 9554, 96%, 97, 985, or 99% ideruical to the amino acid selected from the growp
consisting of N2 pvatants Hsted in Tabde 1 {SEQ (D NO:33.34), when aligned by protocel |
or protocol 2, wheretin the polypeptide includes all of the residues listed in Table | foran

wdividual N2 mutant bhisted in Table 1.

22, The not-naturally occurring ;}ﬁivpaptixﬁe of clatm I, wherein e polypeptideis at
least 75%, 80%,; 85%, 00%, 91%, 92%%, 3%, 94%, 98%,, 96%, 97%, 98%, or 9% identical
1o the N2 NA polypeptide of SEQ ID NG:2, and wherein the non-naturally occurring
polypeptide includes a 165Q7E amine acid residues selative to SEQ 1D NO2 when aligned by
protocot 1 or protocs! 2, or includes 2 o 3 of T63VE, 176V, 1935 amino acid residuces

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

23, The non-natnally occurring polypeptide of olaim |, whereis the polypeptide is

{a) ot loast T3%, BO%G, 85%, O0%, 91%%, G2%, 93%, 94%, F5%, 96%, 97%, 98%,
or H9% identical to the N3 NA pcivyu.,ptme of %FQ 0 NOL3, and wherein the nos-naturally
ocorrring polypeptide includes 1, 2,3, 4, 3 K810 orall 1 of the following aming
acid residues relative 1o SEQ ID NQ3 when ali gﬂc&i by pratocol 1 or protocol 2:
TOIN, TOSS, 131QIM, 1877, 1655, 166P, 196Q), 203Y, 2081, 4438, 448V, or

(b)Y atleast 75%, 80%, 83%:, G0%, 91%, 92%, 9395, 0%, U5%, 96%, 07%, YRY,
or 99%% identical to the N3 NA polvpeptide of SEQ ID NQ:3, and wherein the non-naturalty
apcyrring polypeptidde inclodes 2, 3,4, 5.6, 7,8, 9,10, 11, 12, orall 13 of the following
amino acid residues relative 10 SEQ 1D NOWT when aligned by protocol T or protocel 2
TO3IN, 1058, 106V, 13 H¥M, 157T, 1631, 163S//VIA, TaeP/V, 19683, 203Y, 2081, 4435,
445V,

24, The polypeptide of claim 23, wherein the polypeptide is

() atleast T5%, S0%, 5%, 901%, 9196, 92%, 93%, 0495, 95%. V6%, G7%, 9%,

or 99% tdentical to the N3 NA polypeptide of SEQ ID NQ:3, and wherein the nomqmmraliy
oecurring polvpeptide focludes 1, 2,3, 4, 3,6, 7, 8,6, 10, orall 11 of the following amino
aeid residues relative to SEQ 1D NO3 when aligned by protocel 1 or protocol 2:

TOIN, 1058, 131QM, 157T, 16354, 166F, 196Q, 203Y, 2051, 4438, 445V,

25, The polypeptide of clatim 33, wherein the polypeptide is
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(hy  atleast 73%, BOSG, 833, O0%,, G19%, 0%, U39, 94%, 030, Da%, 9T, 98%,
or 99%, identical to the N3 NA polypeptide of SEQ 1D NO3, and wherein the non~-naterally
ocourring polypeptide includes 2, 3,4, 5,6, 7.8, 9, 10, 11, 12, or all 13 of the followiny
anuine acid residues relative to SEQ ID NO:3 when aligned by protocol 1 or protogol 2
TO3N, 1058, 106V, 131Q/M, 137T, 1631, I6SS/IVAA T66P/V, 196Q), 203Y, 2051, 443§,
445V,

26, The polypeptide of sy one of clatm 23-25, wherein the polvpeptide includes oncor
mare of the following sets of anunoe acid residues relative to SEQ ID NO:3 when abigned by
protocol 1 or protocol 2

101C/164C;

101C/164C/174V;

101C/164C/174V/445V,

101A/445V;

101 A/131M/445A;

131M/443A,;

1141/166P;

10TA/1631/445V;

HHAJIIMAG3ILMA45A andior

TAIMATORLA45A,

27 The polypeptide of any one of clabn 23-25, wherein the polypeptide includes dwee or
aore of the isted aminoe actd residues relative to SEQ 1D NQO:3 when aligned by protocot |

or protocol 2.

28, The polypeptide of any one of claim 23-25 wherein the polypeptide includes five or
more of the Histed aming acid residees relative to SEQ ID NO3 when aligned by protocol 1

o1 pratocad 2.
29, Thepolvpeptide of any one of claim 23-25, wherein the polvpeptide includes seven or

maore of the Hsted aminoe acid residues relative to SEQ ID NQ:3 when aligned by protecel |

ot protocol 2,
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30, The polypeptide of any one of claim 2323, wherein the polypeptide includes nine or
maore of the lsted aminoe actd residues relative to SEQ D NQO:3 when aligned by protocal |

of protocol 2.

31, Thenownatwally occurring polypeptide of elanm |, wherein the polypeptide 1s at
least 75%, 80%, 85, $1%, 1%, 92%, 93%, 94%%, 95%, 96%, 97%, 8%, tr 99% identical
1o the N3 NA polypeptide of SEQ ID NO:3, and wherein the non-naturaily ocourring
polypeptide ncludes 1, orboth of the following anuno acid residues relative to SEQ ID NO:3

when aligned by protocol 1 or protocol 2: 1865, 165Q/E.

32, The nowenaturaily occurring polypeptide of claim {, wherein the polypeptide is

(a)  atlcast 75%, RO%, §3%, 0%, 91%. 927%, 93%, 94%. 93%, 96%. OT%. 8%,
or 99% identical to the N4 NA polvpeptide of SEQ ID NO:4, and wherein the non-naturally
pecuwting polvpeptide includes 1, 2,3,4, 5,6, 7,8, 9,10, 11, 12, 13, 14, 15, orall 16 ofthe
following amuno acid residues relative to SEQ H) NO4 when aligeed by protocol 1 oy
protocol 2:
TOOVIS/T/A S00M, LOZN, 1045/4, 105V, 112D, 1300/, 1621, 1648/ T/AL, 165P, 1761,
193Q 202Y, 2041, 4431, 443V, v

(b)Y atleast 75%, 80%, 83%:, Q0% 91%, 92%, 9395, 94%, U5%, 969, 97%, YRY,
or 99% identical to the N4 NA polvpeptide of SEQ ID NG, and wherein the non-naturally
asecirring polypeptide mctodes 2, 3,4, 5.6, 7,8, 0,143, 11,12, 13, 14, 13, orall 16 ot the
foltowing aming acid residues relative to SEQ 1D NO:4 when aligned by protocol Tor
protocol 2
TOOV/S/T/A, 4090, LO2N, 104574, 105V, HIZD, 1300006, 1621, 164STIAL, 103V 1761,
1950y, 202, 2041, 4431, 445V,

3]

The polypeptide of elaim 32, wherein the polypeptide is
{my  arloast T5%, 800, 88%,, B0%, 019, V2%, D3%, D4%, 08%,, 6%, 97%, 8%,
or 99% identical to the K4 NA polypeptide of SEQ ID NO:4, and wherein the non-naturally
occurring polypeptide mcludes 1, 2,3,4,3,6, 78,0, 1, 11 12083, 14, 15, or all 16 of the
following aminoe acid residues relative 1o SEQ 1D NO:4 when aligned by protocol 1 or
profocod 2:

() 160V/SITIA, 4090, 102N, 1048/A, 105V, 112D, 130Q/M, 1621, 1645/ T/A/L,
TSP, 176L, 19563, 202Y, 2044, 4431, 445V, or
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(i) TOIN, 104S/A, T0SV, 112D, 130Q/M. 1621, 164S/T/A/, 165P, 1761, 195Q,
202V, 2041, 4431, 445V,

34, The polypeptide of claim 32, wherein the polypepuide is

() atloast 759, 80, B5%, 90%, 91%, Y2%, 93%, 94%, U5%, 96%, 97%, Y8%,
o 99% identical 1o the N4 NA polypeptide of SEQ 1D KO:4, and wherein the non-naturally
occurring polypeptide includes 2, 3,4, 5,6, 7,8, 9,10, 11,12, 13, 14, 1S orall 1o of the
following amine acid residues relative to SEQ 1D NO:4 when aligned by protoce! 1 or
protocot 2:

{i} T6OV/S/T/A, 4090, TO2N, 1045/A, 105V, 112D, 130Q/M, 1621, 164S/T/A/,
FOSPA 1761, 1930 302V, 2041 4431, 443V or

(i) FOIN, TO4SAA, TOSV 1120 13000, 1621, 1648 T7AT, YeSB/V 1761,
19350, 2027, 2041, 4431, 445V,

35 The polypeptide of any one of claim 33-34, wherein the polypeptide includes one or
more of the following sets of amine acid residues rolative to SEQ ID NO:d when aligned by
protocol 1 or protocal 2
{i}
160V/S/T/A;
160V/171A;
T02N/104A;
100C/163C;
100C/163C/173V;
100C/163C/173V/445V,
130Q/4431;
100A/1621/445A;
130M/4431,
TOOASIIOMA T 020443144454,
T3OM/E62L/4431/4454;
17612041,
TOQCAIIV/EO3CTTIVAA4SV, andior
I2IV/448¥, o
(ii)
102N/104A;
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100C/163C,

1000/ 163CA T3V,
100C/163C/ 1 TIVI445V;
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 polvpeptide of any one of claim 32-34, wherein the polypeptide inchudes thres or
more of the listed amino ackd residucs relative to SEG I NO4 when aligned by protogol |

or protocol 2,

37 The polypeptide of any one of claim 32-34, wherein the pelypeptide includes five or
more of the lsied amino acid restdues relative to SEQ 1D 'NO:¢ when aligned by protocol 1

or protocol 2.

3R The polvpeptide of any one of clatme 32-34_ wheretn the polypeptide mchudes seven or
more of the hsted aming acid residues relative to SEQ 1D NO:4 when aligned by protocot |

or protocol 2.

39, The polypeptide of any ong of claim 32-34, wherein the polypeptide includes ning or
more of the Hsted amine acid residaes refative to SEQ ID NO4 when aligned by protocol 1

or protocoel 2.

40, The non-naturally ocourting polypeptide of claim 1, wherein the polypeptide is at
least 75%, S0%, B5%., Q0% 9%, 2%, 93%. 94%, 95%, 6%, 97%. 98%. or 99% identical
fo the N4 NA polypeptide of SEQ 1D NO:4, and wheroin the nos-natarally ocawring
polypeptide includes 1, or both of the following amine acid residues relative to SEQ 1D NOH

when aligned by protacel 1 or protocol 2: 164(QVE, 1958,
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41, The non-naturally ccowring polvpeptide of claim 1, wherein the polypeptide is

{ad  at least TH, BOY, B39, 00%, 01%, 2%, 934, 4%, 93%, 065, 074, U884,
or 99% identical to the NS NA polypeptide of SEQ 1D NOS, and wherein the non-natarally
ocourring polypeptide ncludes 1, 2,3, 4, 5,6, 7, 8.9, 10, 11, 12, or all 13 of the following
anuno acid residues relative to SEQ 1D NQ:S when aligned by protocol L or protocot 2:
OTL, 410M, 96P, SRA, TOON, 1025/4, 110D, 128Q/M, 1601, 162V/A/, 163V/P, 193Q/T,
4457 or

(b at least 7%, 809G, 85%, B0%, $1%, 92%, 93%, 94%, 95%. 96%, 97%, 98%,
or 99% identical to the N3 NA pﬂivpﬂpiiiia of SEQ D NOS, and whereln the non-natarally
ocpurting polypeptide includes 2, 3,4, 5,6, 7.8, 9,10, 11, 12, 13, 14, 18 orall 16 of the
following amino acid residucs relative to ':)?Q i NCES when aligned by protocol 1 or
protocol 2:
STL, 4180 0P 9RA 100N, 162544, 103V, 110D, 128Q/M, 154T, 1601, 162V/A/UT,
T63V/P, 1741, 193077, 4451

43, The polypeptide of claimdl, wherein the polypeptide is

{ay  ableast T8%, BO%., 8596, 0%, 91%, 9256, 9355, 94%., 95%, D6, 97%, 8%,
or 99%; identical to the N3 NA polypeptide of SEQ 1D NO:A, and whergin the non-natarally
securring polypeplide mchades 1, 2,34, 5,6, 7, 8.9, 10, 11, 12, or all 13 of the following
amano actd residues relative to SEQ ID NQO:5 when aligned by protocol 1 or protocot 2

() 97L, 410M_96P, 9RA 100N, H¥2S/A, 110D, 1280Q/M, 1601, 162V/A/, 163V/P,
193 T, 4451 or

(i} 96P, O8A, 1O0ON, 1028/A, 110D, 128Q/M, 1601, 162V/A/L, 163V/P, 193Q/T,
4451,

43, The polypeptide of clabi 41, wherein the polypepnde is

By at least 75%, 80%, 85%, 00%, 1%, 92%,, 03%, 94%, U5%, 96%, 7%, OR%;,
o 99% identical to the NS KA poivpcpzid:: of SEQ D NO:S, and wherein the non-naturally
oecurring polvpeptide ocludes 2,3, 4, 5,6, 7,8, 9,10, 11,12, 13, 14,15, orall 1o ofthe
folowing anuno acid residues relative to SEQ 1D NO:S when aligned by protocol 1 or
protocol 2:

{x} 978, 4TOM B6P, 98A, LOON, 1UIS/A, 103V, 110D, 128Q/M, 15477, 160K
162V/A/UT, 163V/P, 1741, 193Q/T, 4451; or
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() D6P, 98A, TOON, 1028/A, 103V, 110D, 128Q/M, 154T, 1601, 162V/A/T,

163VP, 174], 193007, 4451

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

more of the following sets of amine aeid residues relative to SEQ 1D NOLS when aligned by

protocol 1 or protocol 2:
(1)

97L/410M;

10ON/102A,;

98C/161C;

128Q/4451,

128M/445T;

ORASTIRM/S4S144TA;

G7LAOBAI28M/d45]/44T7 A

T28M/345 347 A

QTLAI2RMM4S144T7 AL

SoP193T:

HLO3P,

SEPA QAT 2T,

9P 741193 andior

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

1OON/102A,;

98C/161C;

128Q/445T,

128M/445T;

98A/128M/4451/447 A,

OTLAB AL 2RMA4 81447 A,

12804431447 A
Q71T ISMAMASTATA
96P/193T;

1H11/163P;
96P/193T/2021,;
96P/1741/193T; and/or
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Q6P 1T IRIT202L

45, The polypeptide of any one of claim 41-43, wherein the pelypeptide includes three or
mare of the listed wning acid residues relative to SEQ 1D NQ:S when aligned by protocol

or protocol 2.

46, The polypeptide of amy one of claim 41-43, whevein the polypeptide includes five or
more of the listed anuno acid residues relative to SEQ ID NO:S when aligned by protocol |

or protocol 2.

47.  The polypeptide of any one of clam 41-43, wherein the polypeptide inchudes seven oy
maore of the Hsted amino acid residues refative to SEQ I NQ:S when aligned by protocol 1

or protocal 2.

48 The polypeptide of any one of claim 41-43, wherein the polypeptide includes nine or
more of the listed amine acid residues relative to SEQ 1D NG:3 when aligned by protocot |

of protocol 2.

44 The non-naturally occwring polypeptide of claim 1, swhevein the polvpeptideis at
least 75%, 8010, R3%, 909, 91%, 92%, 939, 94%, 5%, B6%, 97%, 98%, or ¥9% identical
10 the M3 NA polvpeptide of SEQ 1D NO-S, and wherein the non-natueally ocourring
polypeptide includes 1, or both of the following aming acid residues relative to SEQ IDNQ:S

when aligned by protocol 1 or protoco! 20 162 (FE, 2008,

50.  The novenaturally ocourring polypeptide of claim |, wherein the polvpeptide is

oy o least T8%, 80%, 85%:, 00%, 01%, 2%, 93%, 9494, 958%, ue%y, 97%, 9R%,
or 999 identical to the N6 NA polvpeptide of BEQ ID N6, and wherein the non-naturally
accurring polypeptide mclodes 1, 2,3, 4,5, 6, 7,8, 9, 10, orall 11 of the following o
aeid residaes relative to SEQ (D NO6 when aligned by protocol 1 or protocol 2:
99P, TOAN, H13D, 15310, 1611 162P, 1631, 1688/TVVAA, 1060, 203Y, 4458 or

(b} at feast Ti%:, S0%, 8544, H0%:, 91%, 9%, 93%:, 94%, 85%5, D&%, 97%, 98%,
or 9% wdentical to the N6 NA polypeptide of 8EQ 1D NGOG, and whermin the non-naturally

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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following anuno acid residues relatve to SEQ D NO:6 when aligned by protocol 1 oor
protocot 2

S0P, TO3N, 1038, 106V, 113D, 131Q, 1577, 1611, 162P, 183KL, 16557T/VIAA, 166V/P,
196Q, 203Y, 4458S.

51, The polypeptide of claim 50, wherein the polypeptide s

{a) at least 75%, RO%G, 8556, 0%, 919, 9234, 03%, Bd%, 95%4, 96%, B7%, 98%,
or 99% identical to the No NA polypeptide of SEQ 1D NO:6, and wherein the non-naturally
cconrming polypepitde neludes 1, 2, 3,4, 3,6, 7,8, 9, 16, orall 11 of the following amino
acid residues refative to SEQ ID NO:6 when aligned by protocel 1 or pritocel 2:
GO LO3N, 113D, 131Q, 161, 162P, 1631, [635/T/VEA,| 1860, 203Y, 4458,

Ty
b

The polyvpeptide of claim30, wherein the polvpeptide ¥
(b atlcast T3%, 80%, BS%, S0%, G1%, 2%, 93%, G4%, O3%, B6%, 7%, 8%,

or H9% identical (o the No NA polypeptide of SEQ 1D NO6, and wherein the non-naturally
ocorrring polypeptide ncludes 2, 3,4, 5,6, 7.8, 9,160, 11, 12, 13, 14, orall 15 of'the
following amine acid residues relative to SEQ 1D NO:6 when aligned by protocol | 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 clatn $0-52, whereln the polypeptide includes one or
more of the following sets of amine acid residues relative to SEQ ID NO:S when aligned by
protocol 1 or protocol 2:

101C/164C;

101C/164C/174V;

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

122V 447V

TOLA/I63L;

9GP/ 96T, andior

99P/196T/205L.
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34 The polypeptide of any one of claim 5652, wherein the polypeptide inclades dwee or
maore of the lsted aminoe actd residues relative to SEQ D NO:6 when aligned by protocal |

of protocol 2.

LA

§5. The polypeptide of any one of clatm 50-32 wherein the polypeptide includes five or
more of the Histed aming acid residacs relative to SEQ 1D NO:6 when aligned by protocet |

or protocel 2

36, The polypeptide of any one of claim S0-32, wherein the polyvpeptide includes seven or
10 more of the listed amino acid residues relative to SEQ ID NO:6 when aligned by protocot i

or protocol 2.

87, Thepolvpeptide of any one of claim 50-32 wherein the polypeptide tnchedes mine or
more of the listed amino ackd residucs relative to SEG I NO6 when aligned by protogol |

15 orprotocol 2

38 The non-naturally ovcwiving polvpeptide of claim 1, wherein the polypeptide is at
foast 758%, 80%, 83%, 90%, G1%, 92%, 93%, 4%, 95%, 96%G, 97%, 98%, or 99% identical
to the N6 NA polypeptide of SEQ I N6, and wherein the now-naturally oceurring

20 polypeptide inchudes a 163E mnmino acid metation relative to SEQ ID NO:6 when aligned by
profocel 1, and optionally alse includes a 177V anino acid snation relative o SEQ 1D NO#6

when atigned by protocol 1or protocol 2.

39, The non-naterafly ocowrmg polvpeptick of elmm || wheren the polypeptide is

(2)  at least 75%. RO%. 85%, 0%, 91%. 92%. 93%, 94% 95% 06%. 97%. 98%.

(e}
A

or 99% identical to the N7 NA polvpeptide of SEQ ID NQ/7, and wherein the non-uaturally
occutring polypeptide inclades 1, 2, 3,4, 3,6, 7, 8,9, 10, or all 11 of the following amano
acid residucs rolative to SEQ HD NOT7 when aligned by protocol 1 or protocol 2
ORP, TOIN, 10485, 1121, 130Q, 1567, 1621, I64VIAST, 165V, 200Y, 448V, or

36 (bl atleast T5%, 8094, B5%, 9%, 91%, 2%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to the N7 NA polypeptide of SEQ HI NO:7, and whevein the non-naturally

-

ocourring polypeptide includes 2, 3,4, 5,6, 7.8, 9, 10, 11, 12, or all 13 of the following
amino acid residues relative to SEQ 1D NO:7 when aligned by protocol | or protocol 2:

GRP, TO2N, 1045, 112D, 130Q, 1567, 1621, 1e4AVAAUT 165V 1701, 202V 4461, 4458V,

98



LA

i

I

20

o)
Lan

WO 2021/178621

0. The polypeptide of clammn 389, wherein the polypeptide is

{ay  atleast %, B0%, R3%, 90U, U1, 92%, 934, 94%, 958%, 06%, U7%, U8,
or 99%, identical to the N7 NA polypeptide of SEQ 1D NOT, and wherein the non-naterally
occurring polypeptide mcludes 1, 2,3, 4.5, 6,7, 8,4, 10, orall 11 of the following amine
acid residues refative (o SEQ 1D NO:7 when aligoed by protocol T or protoep! 2
RP. LN, 1045, 112D, 130Q, 1367, 1621, 164V/A/L, 165V, 202Y, 448V,

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

(b at least 7%, B0%, 85, 90%, 9196, 92%, 3%, 94%, 050, Da%, 7%, 98%,
of 90% identical to the N7 NA polypeptide of SEQ I NO7| and wherein the non-natarally
occurring polypeptide meludes 3, 3.4, 5, 6.7, 8, 8,10, 11, 12, or all 13 of the following
anune acid residues relative to SEQ ID NO:7 when aligned by protocol | or protocol 2:

ORP, LOIN, 1045, 112D, 130Q, 1567, 1621, 164VIA/, 165V, 1761, 202V 446l 448V,

62, The polypeptide of any one of claim 3961, wherein the polvpeptide includes one or
more of the following sets of amine acid residues relative to SEQ ID NO7 when aligned by
protocol 1 or protecoi 2

100C163C;

100C/163C/173V;

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

994461 448A;

ORP/1YST,

130Qr4461;

4461/448A.;

Q8PIOST204E;

VEPATEI185T, andfor

URPAI7BI195T2041

43, The polvpeptide of any one of claim S%-61, wherein the polypeptide inclades thees or

more of the listed anuno acid residues velative to SEQ 1D NO:7 when aligned by protocot |

or protocol 2.
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&4 The polypeptide of any one of claim 5961, wherein the polypeptide mncludes five or
more of the lsted aminoe actd residues relative to SEQ D NQO:T when aligned by protocal |

of protocol 2.

LA

65, The polypeptide of any one of claim 561, wherein the polypeptide includes seven or
more of the Histed aming acid residacs relative to SEQ 1D NOT when aligned by protocet |

or protocel 2

66, The polypeptide of any one of claim 39-61, wherein the polvpeptide includes nine or
10 more of the listed amino acid residues relative to SEQ ID NO:7 when aligned by protocot i

or protocol 2.

67, The non-natually occurring polypeptide of claim |, wherein the polypeptide is at

lcast 75%, 80%, ¥5%, 90%, 91%, 92%, 93%, 94%, G5%, 96%, 97%, 98%, ur 9% identical
15 1o the N7 NA polypepiide of SEQ 1D NO:7 | and wherein the non-naturally ocoutring

polypeptide inclades one or both of the following amine actd mutation relative to SEQ 1D

NGT when aligned by protocol o protocoel 20 164QVE, 1958

6% The nownaturally occurring polypeptide of claim |, wherein the polyvpeptide is

20 {ay ot least T8%, 80%, 85%, 00, @15, 92%, 93%, 949, 93%, 96%, 97%, 98%,
or 99% identical to the N8 NA polypeptide of SEQ 1D NO:E, and wherein the non-naturally
oconrring polypeptide tocludes 1, 2, 3,4, 3, 6, 7,8, 9, 10, orall 11 of the following amino
acid residues refative to SEQ D NO® when aligned by protocol 1 or protocol 2
40BM, TOIN, HI3ASS, 11D, 1200, 161P/A., 183S/TAVAAAL 164V, 19443, 201Y, 4428 wr

(b} atleast TS%. RO%, §5%., 90%. 9196, 92%. 03%, 947, 98%, 96%. 97%, 98%,

(e}
A

or 99% identical to the NENA polvpeptide of SEQ ID NOuE, and wherein the non-uaturally
occutring polypeptide inchades 23,4, 5 6, 7, 8 @ 1, 11, 12,13, 14 or all 15 of the
following amine actd residues relative to SEQ D NG when aligned by protocol 1 or
protocol 3

360 9BL, 408N, 1OIN, TO3A/S, 104V 11D, 120000, 161TP/AL TE3STAVANSIT, 164V/P, 1751,
194Q, 201Y, 2031, 4421
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9. The polypeptide of claim 68, wheretn the polypeptide is
{ad ot least T840, 80%, RS9, 004, 91%, 92%, 03%, 9d4%, V8%, 9655, 97%, O8%,
or 99% identical to the N8 NA polypeptide of SEQ 1D NO:8, and wherein the non-naterally

occurring polypeptide mcludes 1, 2,3, 4.5, 6,7, 8,4, 10, orall 11 of the following amine

3 aoid residues refative to SEQ 1D NO:R when aligned by protocol 1 or protoept 2
() 408M, TOIN, 103AS8, 111D, 129Q, 160P, 1611, 1635/T/V/A/, 164V, 194Q,
201, 4428 or
By LOIN, FO3ASS, T1ID, 129Q, 160P, 1611, 1635/T/V/A/, 164V, 194Q, 201Y,
4421,
10

Tt The polypeptide of claim 68, wherein the polypeptide is
(b)  atleast TS%. 80%, §3%, G0%. 91, 92%, 03%. D4%, 9%, 96%. 9%, 98%,
or 99% identical to the N8 NA polvpeptide of SEQ ID NO:K, and wherein the non-naturally
9,010, 1 12, 13, 14, or all 15 of the

18 followmg anuno acid residues relative to SEQ D NO:S when aligned by protocol 1 or

seamrmg polvpeptide includes 2,3, 4, 5,6, 7,

protocol 2:
{1} 981, 408M, 1IN, 103A/5, 14V, 111D, 129Q/M, 160P, 161L,
FOISATAANUSIT, To4V/P, 1751 194Q, 201, 2031, 4421 or
Gy TOIN, HBASK, 14V 1D, 1254, 160P, 1611, 1638/ TAVANST,
200 164V/P, 1751, 194Q, 201Y, 2031, 4421

71 The polypeptide of any one of clatm 68-70, whereln the polypeptide includes one or
aore of the following sets of aming acid residues relative to SEQ ID NO:H when aligned by
protocol 1 or protocol 2:
25 (M
98L/408M;
160P/163S;
JOINAIO3A;
90C/162C,
360 99CHeRCATIV;
129Q/4421;
99A/161L;
99A/161L7/4421;
161L/4421;
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129873421

GOA2OMI IS TLA2T444,
SRLAOVA2OM/IATLA4421444 A,
12007161 1444214440,

5 GHL/I2ON/I61L/84214444 4, andior
1751/2031; or
(i)
160P/163S;
10IN/103A;

10 99C/162C;
99C/162C/172V;
1290/4421;
99A/161L;
99A/161L/4421,

15 161L/4421;
129M/4421
99A/129M/1611/4421/444A;
98L/99A/1290M/1611./4421/444A
1ZOMFTE LA 1444

20 SRLAI29MAIOILAA2E444 A andior
175172031

72, The polypeptide of awy one of clain 68-70, wherein the polypeptide includes three or

e of the hsted smune acid residyes relative to SEQ 1D NO:E when aligned by protocet {

23 orprotocol 2.
73, The polypeptide of any one of claim 6870, wherein the polypeptide includes five or
more of the Histed anmine actd residacs refative to SEQ 1D NO:§ when aligned by protoeol
or protocal 2.

36

74 The polypeptide of any one of claim 68-70, whersin the polypeptide includes seven or
mawe of the lsted mmiro acid residues relative to SEQ 1D NO:R when gligned by protocol |

ot protocol 2.
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75 The polypeptide of any one of claim 68-70, wherein the polypeptide includes nine or
maore of the lsted aminoe actd residues relative to SEQ D NO:¥ when aligned by protocal |

of protocol 2.

76, The nownatirally occurring polypeptide of any one of cliims R0-85, wherein the
pulypeptide comprises the amino seid sequence at feast 73%, 0%, 85, B0%, 91%, 92%,
93, D%, 9556, 96%, 7%, 98%, or 99% identical to the anino acid selected from the group
consisting of N& mutangs histed in Table 1 {(SEQ D NO:35-38), when aligned by protocot 1,
wherehn the polypeptide includes all of the residues listed in Table 1 for an individual N§

mutant Hnxted w Table 1.

7. The nownaturally occuring poiypep{iﬁe of claim 1, wherein the polypeptide is at
least T3%, 80%, 85%, Q0% G1%, 0%, U3%,, 949, 9% V&%, 97%, 98%, ar 99% identical
to the NS NA polvpeptide of SEQ 10 NO:E, and wherein the non-natueally ocourring
polypeptide includes 2 163E amino acid mutation relative to SEQ 1D NOR when aligned by
protocot 1, and farther may optionally include a 1945 mutation relative to SEQ D NOS

when aligned by protocael 1 or protacel 2

78 The non«namm}}y ocewring polypeptide of clatm 1, swherein the polypeptideis
{ay ot least T8%, 80%, 85%, 00, @15, 92%, 93%, 949, 93%, 96%, 97%, 98%,

ar 99% identical to the NO NA po iypcptidﬂ (afSEQ 1D KO, and wherein the non-naturally
oconrring polvpeptide socludes 1, 2, 3, 4,3, 6, 7,8, 9, or all 10 of the following amino acid
residues relative to SEQ 1D NG9 when aligneci by protocol 1 or protocol 2:
4P, 95L, 1005, 1260M, T60VIAL 16TV, 181Q, 198Y, 4395, 441V or

{by  atloast T5%:, 8%, 85%, 90%, B1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to the N9 NA polvpeptide of SEQ ID NOS, and wherein the non-uaturally
occutring polypeptide inchades 23,4, 5 6,7, 8 @ 13, 11, 12, 13, or all 14 of the following
amino acid residues relative o SEQ D MNO:9 when aligned by protocsd | or pratocet 2
04P, O5L, 98N, FOOS/A, 12600M, 1527, 1381, 160VIAUT, 16TV, 191Q, 198Y, 2001, 4395,
4TV

79, The polypeptide of claim 7¥, wherein the polypeptide is
{ay  otleast 78%, 805, §3%, 0%, G1%, 02%, 93%, 94%, 95%, 96%, 97%, 98%,

or 99%% wdentical to the N9 NA polypeptide of SEQ 1D NG9, and wharein the non-natunally
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oceurring polypeptide includes 1,2, 3,4, 5,6, 7 &, 9, or all 10 of the following anuino acid
residues relative to SEQ D NG9 when aligned by protocol 1 or protocol 2:

4P, 051, 1005, 1260/, 160VIAM 16TV, 181Q, 198Y, 4305, 441V,

B The polypeptide of claim 78, wherein the polypeptide is

() atleast T3%, 80%, B3%, G0%, 91%, 92%, 03%,94%, 95%, 96%, 97%, 98%,
or 99% identical to the N9 NA polypeptide of SEQ ID NO:9, and wherein the non-naturally
occurring polypeptide ncludes 2.3, 4,5, 6, 7 8.9, 10, 11, 12, 13 or all 14 of the following
amino acid residues relative to SEQ 1D NUOXS when aligned by protocol 1 or protocol 2:

O4F 951 O8N, T00S/A, 126Q/M, 152T, 1581, 160V/ANT, 161V, 1914, 198Y, 2001,
4398, 441V.

Ri. Thepolvpeptide of any one of claim 7880, wherein the polyvpepiide inchuides one or
more of the following sots of amno acid residucs refative to SECY 1D NO:9 when aligaed by
protocol | or protocol 2

96C/159C;

96C/159C/441V;

96A/441A,;

96A/126M/4391/441A;

95L/96A/126M/4391/441A;

P260A3BH44 T A

OSLIT26MMRI4T A

O4PIIUIT;

98N/100A; and/or

4P/ T200L

82, The polypeptide of any one of claim 7880, wherein the polypeptide includes three or
more of the Histed anmine actd residacs refative to SEQ 1D NO:9 when aligned by protoeol

or protocal 2.
83 The polypeptide of any one of claim 78-80, eheroin the polypeptide includes five or

mawe of the lsted mmiro acid residues relative to SEQ 1D NO:9 when gligned by protocol |

ot protocol 2.
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84 The polypeptide of any one of claim 7TR-H0, wherein the polypeptide inclades seven or
more of the lsted aminoe actd residues relative to SEQ D NO:Y when aligned by protocal |

of protocol 2.

LA

88, The polypeptide of any one of claim 7880, wheren the polypeptide ncludes mne or
more of the Histed aming acid residacs relative to SEQ 1D NO9 when aligned by protocet |

or protocel 2

886, The non-naterally ocowrring pobvpeptide of clatm 1, wherein the polypeptide is at

10 oast 78%, 80%, B3%, 90%, 91%,.92%, 93%0, $4%, 9554, 6%, 97%, V8%, or 99%, identical
to the NO NA polypeptide of SEQ 1D NOQ:9, and wherein the non~naturally occurring
polypeptide includes a 1600 amino acid mutation relative to SEQ 1D NO:9 when aligned by
protocol 1, or may include 8 combination of HOOO/E and 172V amino aaid residues rolative 1o

SEQ 1D NG9 when aligned by protocol | or protocol 2.

N
87, A composition, comprising one or more of the polypeptides of any preceding claim
linked to a scaffold.
8% The composition of claim 87, wherein the scaffold comprises a protein scaffold.
20
RS, The composition of claim &8, wherein the polypeptide i covalently linked to a protein
subuonit of the protein seaffold to form a fusion protein.
20, A nwleic sold cocoding the polypeptide of any proceding clatmn, or the fusion protein
25 of claim 89,

1. Anexpression vector comprising the nucleic acid of claim 90 operatively Binked to a

suttable contred sequence.

360 92 A host cell comprising the nucleic acid of claim 90, the expression vector of claim 91,

ardior the polypeptide of any preceding clain.

93, A pharmaceutical composition, comprising
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(&)  oneor move of the polvpeptides, fusion protein, composition, nucleic acid,
expression vector, audior the host cell of any preceding claim; and

{b) a pharmacegically acceptable carvier,

LA

94, A vaceine comprising
{3)  one or more of the polypeptides, fusion profetn, composition, aucleie acid,
expression vector, andfor the host cell of any preceding claim; and

{b)  apharmacecutically acceptable camer.

10 95 A method for treating or limiting development of an influenza infection, comprising
administering to.a subjeel in need thereof an amount effective to treat or ot development of
the influenza infection of a polypeptide, fusion protein, compasition, vaceine, nucleic acid,
expression vector, host cell, pharmaceutical composition, andfor vaceine of any preesding
clam.
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