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Baskground I nfluenza virus is a nenber of Othonyxoviridae famly. There
are three subtypes of 20 influenza viruses designated A, B, and C. The
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receptor-nedi ated endocytosis. In the acidic confines of internalized
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Summary of the Invention In a first aspect, the present invention
provi des pol ypepti des conprising an am no acid sequence according to

gener #ackeFdida | SR1- R2- Phe- R3- R4- R5- R6- R7- R8- R9- R1 0- Rl

1- R12- R13- R14- R15-R16 (SEQ I D NO 1), wherein Rl is selected fromthe
group consileflianga giruser menker opkkthopygoviridae fapuly. Theis ar@bgce sphtypesaf | Tyr,

0 300 RSB AN 1S Y SR M F e o
from tshese RIOA ReB@NS icdtddigg, @inong Wbitan @rdekias, hemagglutinin (HA) and neuraminidase
(NA). Influenza virus infection is initiated by the attachment of the virion surface HA protein to
a sialic acid-containing cellular receptor (glycoproteins and glycolipids). The NA protein
mediates processing of the sialic acid receptor, and virus penetration into the cell depends on
25  HA-dependent receptor-mediated endocytosis. In the acidic confines of internalized endosomes
containing an influenza virion, the HA2 protein undergoes conformational changes that lead to
fusion of viral and cell membranes and virus uncoating and M2-mediated release of M1 proteins
from nucleocapsid-associated ribonucleoproteins (RNPs), which migrate into the cell nucleus for
viral RNA synthesis. Antibodies to HA proteins prevent virus infection by neutralizing virus
30 infectivity.
Influenza presents a serious public-health challenge and new therapies are needed to

combat viruses that are resistant to existing antivirals or escape neutralization by the immune

System.



R5 can be any amno acid; R6 is selected fromthe group consisting of Met,

Phe, H's, Ile, Leu, @dn, and Thr; R7 is selected fromthe group consisting

of Arg, GvQ,201yE890@ n, and Thr; 15R8 is sel ected from tRreTgrsoup/oecansi sti ng

of Ile, Asn, @dn, Val, and Trp; RO is selected fromthe group consisting of
Met, dy, Ile, Lys, Leu, Asn, Arg, Ser, Thr, Val, H's, and Tyr; R10 is

sel ected fromthe group consisting of Trp and Phe; Rl1l is selected fromthe
group consisting of Ile, Phe, Ser, Thr, and Val; 20R12 is selected fromthe
group consisting of Tyr, Cys, Asp, Phe, H's, Asn, and Ser; R13 is selected

from tdwen@arHer meNsi&idond of Vval, Ala, Phe, Ile, Leu, Asn, @n, Thr, and
Tyr; R14 i1s 'selected fromthe group consisting of Phe, Qu, and Leu; R15 is

sel ect ed fdomfirktesprooube prossit stvienigoropromidas p@lypeptidgs contprisingadarBeo;acand
25R16 is selected fromth ro consi sting of Phe, Cys, His, Lys, Leu,
Vo CARRieREs ficoifing foinetaafhdlil,

, and Tyr. In one enbodi nent, the

pokypept i dR ICRDIPh FESRAR LRHKHBRS-FOL-R10-R11-R12-RRI-RI1BR R 1 KBS EGRIDRRO:
-R6-R7-R8-R9-R1 0-Rl1 1-R12-R13-R14-R15-R16-X1 -R17 (SEQ 30 ID NO 2),
wher ei n X1 l)svhergnami no acids in | ength, wherein each position can be any

am no aci d;, & 7PCT 2011/.0 4 715 \Phe r

I n anot her 1%tlslgg%lte é/t\% ﬁgghéélgégoﬁlg Cioﬁél/;éet#% Oonjs]ef)’r%l\g}f%& ﬁ%%ﬂ“y%’el\g? ILi gé %-%fr}glrni’si ng
an amvw, Bai shdsaspjence according to general fornmula Il

5R1- R2- R3- R4- R5- R6- R7- R8- R9- Al a- RLO- R11-Phe (SEQ ID NO 83), wherein Rl is
sel ect ed f Ronsanihs gy S0P sting of Phe and Val; R2 is selected fromthe

T T L R T A

[
Arg, Thr, a group consi st'i ng ;. and
Asp; 10R4 iRst isatlectd trofir thogtdup cgnostmgodisusihd®ye.of Asn, His, Ile, Lys, Leu,

\et, Arg, ?(eSr éan%rédany amino acid;

R6 is selected from the group consisting of Met, Phe, His, Ile, Leu, Gln, and Thr;
R7 is selected from the group consisting of Arg, Gly, Lys, Gln, and Thr;

15 R8 is selected from the group consisting of Ile, Asn, Gln, Val, and Trp;
R9 is selected from the group consisting of Met, Gly, Ile, Lys, Leu, Asn, Arg, Ser, Thr,
Val, His, and Tyr;
R10 is selected from the group consisting of Trp and Phe;
R11 is selected from the group consisting of Ile, Phe, Ser, Thr, and Val,;

20 R12 is selected from the group consisting of Tyr, Cys, Asp, Phe, His, Asn, and Ser;
R13 is selected from the group consisting of Val, Ala, Phe, Ile, Leu, Asn, Gln, Thr, and
Tyr;
R14 is selected from the group consisting of Phe, Glu, and Leu;
R15 is selected from the group consisting of Ala, Gly, Lys, Arg, and Ser; and

25 R16 is selected from the group consisting of Phe, Cys, His, Lys, Leu, Met, Asn, Gln, Arg,
Thr, Val, Trp, and Tyr.

In one embodiment, the polypeptide comprises or consists of
R1-R2-Phe-R3-R4-R5-R6-R7-R8-R9-R10-R11-R12-R13-R14-R15-R16-X1-R17 (SEQ
30 ID NO: 2), wherein

X1 is 4-8 amino acids in length, wherein each position can be any amino acid; and



Thr; R5 is selected fromthe group consisting of Leu, Phe, Ile, Met, Asn,
A@n, and Val; R6 is selected fromthe group consisting of Ala, Asp, Lys,
Met, Asn,wQ@2n12/04897 G u, and Val; 15R7 is sel ected frompPChaSgeiomped14

consi sting of Phe, Asp, Asn, and Tyr; R8 is selected fromthe group
consisting of Qu, Ala, Asp, Gy, H's, Lys, Leu, Met, Asn, Gn, Arg, Ser,
Thr, Val, and Trp; RO is selected fromthe group consisting of Leu, Phe,
e, Met, rid/ .Vﬁh; O is selected fromthe group consisting of Leu, Ile,
Met, and T%'; BAd°90RI is selected fromthe group consisting of Ser, Ala,
Gy, and Tyr; I n one enbodi nent, the polypeptides of general fornula
Il conprise or consist of

R1- R2- R3- R4n ReotRE-dRFedR8hRPrestd iRbAHGI proPities KoLyRitidRY BoriprifRigl alf 8BDo| d0idNC;
84), wherein 25 i“s%S- 151gorri ngat@ci ds in |l ength, wherein each position can
be any #H"Ho Al Y"e RiFFE LEEEt'ed from the group consisting of G@n, Tyr,
Phe, Met, ngszsmawiR@M-Rm@-Afa-ﬁm-muqﬂlef(SEglﬁNogprwh@@ﬂﬁi sting of
Tyr, Asp, Met, Asn, and Ser; X2 is any amno acid; and R14 is selected from
the group d&dnisiselestadfrom the grouprcgnsigting afy\Pic agd Valyp

2012/ 01890 / 46414 . her _ r invention
orovi des. payperiraetodahetiou symintrl AAh A AREE s PR FEET R At he
group consiprsd,i@Gig, Atg, (), MAINELL | L GDSL SAGYQVL AEFAWPFL L NKKWEKTSVVNASI SGDTSQQGL
ARLPALLK RV\X/LVELGGI\IDG_EG:QDQQTE?T[EES L QDVKAANAEP

5LLMQ RPPA RELAESAMYPREIEREPNsEer N Andidoy;

G HPNYEAQPH A ol h ]z%%) Hisl B
i\ (i of- Al H Lys. Leu, Met, Arg, Ser, and
A TR T DL AT e R et Roh R B i Bl ov: Mot Arg, Ser. an
GDVNKLSENI Ql@VRQLDSTI SKSVTPDSVYVYRLLNLDYLS SI TGFTREDLH
M_QQTNEGQYNSKL VLWL VMSNRI YRENGYSST(CL V! L I L ‘
10ELPKGT lﬁﬁeﬂ %f %“Pﬁ@%%%ﬁ%@?&%ﬁs@%%ﬁ%%ﬁvﬁ%a%ﬁéﬂ D NO
140); and (Ry)isNET&MI HERGEE %W%%@ﬁh,%ﬁ%%@ﬁ,@%ﬁ A Ihlland
RGCVVTSVESEEI}IL FEI | TADEVHYF TPKERT KAl SR ('SEQ’ I D NO " 217).
Val;
15 R7 is selected from the group consisting of Phe, Asp, Asn, and Tyr;
R8 is selected from the group consisting of Glu, Ala, Asp, Gly, His, Lys, Leu, Met, Asn,
Gln, Arg, Ser, Thr, Val, and Trp;
RO is selected from the group consisting of Leu, Phe, Ile, Met, and Val;
R10 is selected from the group consisting of Leu, Ile, Met, and Tyr; and

20 R11 is selected from the group consisting of Ser, Ala, Gly, and Tyr;

In one embodiment, the polypeptides of general formula II comprise or consist of
R1-R2-R3-R4-R5-R6-R7-R8-R9-Ala-R10-R11-Phe-X1-R12-R13-X2-R14 (SEQ ID NO: 84),
wherein

25 X1 is 5-15 amino acids in length, wherein each position can be any amino acid;

R12 is selected from the group consisting of Gln, Tyr, Phe, Met, Arg, Lys, and Gly;

R13 is selected from the group consisting of Tyr, Asp, Met, Asn, and Ser;

X2 is any amino acid; and

R14 is selected from the group consisting of Ser, Arg, and Lys.

30



15 In a third aspect, the present invention provides isolated nucleic
aci ds encodi ng the pol ypepti de of any enbodi nent of the invention. In a
fourth asweabi2/ikm®7present invention provides reconbi naRCTANPI1G@HSGIDN
vectors conprising the nucleic acid of the third aspect of the invention,
operatively linked to a suitable control sequence. In a fifth aspect, the
present 20 invention provides reconbi nant host cells conprising the
reconbi nant_ex hession ﬁectors.of t.he fourth as eg% of the invention., In a
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mor e pol ypépt Md3Thakd ¢slabhgA oY QM E AERSWPFohNEKIV SKRYMMas SINGIR B QQGL

methods. for tRBREATERGARBR T VL ARG B R TERT LR B LSRR R g
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limt the i ' ' W ' ; j ion
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progressi on OoRGAVVTEVHSPERLFRIIGADIDVHY FLQAATPK BRITEWIR A8REAER (SRE 1By esent
i nvention provides nethods for identifying candi date influenza vacci nes,
conprising 10N&)Ebhtacting test compounds with a pol ypeptide of the present
i nvention under conditions suitable for polypeptide binding; (b)

r ﬁoving unbound test compounds; and (c) identifying those test
conpounds tihathikd AgheétOthic pecsp iMp&Rioh PeovadestifiatbMyentic @bids wh@daigthsuch t est
conpounds are candidate influenza vaccines, 15ln an el eventh aspect, the

pr esemelipanieda ofeny srbeiiaecst abthe devention. Ingetourthybpegt. dimpricspat Bvesitgsounds f or
treatipng, limti . i ng. i o Welt sl

(2 comtig oSttty ERA LS AMS ARG, MR S PG O R GRRR TS,
pol ypéepidneen,afpetdiiecigrimkedito 4 si@blei controleg@inceonda fiftb aspestjiticappbent or bi ndi ng
of the HA protein to the polypeptide of . the present inventjon;

d
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conpounds r treating, mting, ] or “di agnosi ng influenza infection.
Descr isplectovelybintl he theipglypeptides of the invention.

In a seventh aspect, the present invention provides pharmaceutical compositions,

comprising one or more polypeptides according of the invention and a pharmaceutically
25  acceptable carrier.

In an eighth aspect, the present invention provides methods for treating and/or limiting an
influenza infection, comprising administering to a subject in need thereof a therapeutically
effective amount of one or more polypeptides of the invention, salts thereof, conjugates thereof,
or pharmaceutical compositions thereof, to treat and/or limit the influenza infection.

30 In a ninth aspect, the present invention provides methods for diagnosing an influenza

infection, or monitoring progression of an influenza infection, comprising



25Fig. 1. Overview of the design process. The flow chart illustrates key
steps in the design process for novel binding proteins, with thunbnails

il lustratwogopaakeogtep in the creation of binders that trargstoitiloesdss em of
the 1918 HA. Fig. 2. Design of HB36 and HB80, targeting the stemof the
1918 HA. (A) Surface representation of the trinmeric HA structure (PDB 3R2X)
fromthe 1918 pandem c virus. Broadly 30 neutralizing anti body CR6261 bi nds
a highly conserved epitope in the stemregion, close . to the virgl nenbrane
(bot fom . (8) EXPAHGEE Y lpede! v st S eecept e bgieact | WO
2012/ QARYMRGTH WazRhdR4B¢ It diRe lafiRRt SRRk &F %r@ﬁol bdfigss offiRk nveRfiget Site
on HA contains a groove |l1ned by nultiple hydrophobic residues. Loops on

ei t henundérdmnditionhsstahiedoopihdivigef groomlepcptidoios wrd M bmigin porssitrinithe access
to this I‘&?i on. Key residues on HA2 are noted in one-letter code. (C and D)
Front *¢TBW 81 t he desi gned interaction between HB36 (C) and HB80 (D) and
the target (g)‘ t e defechndolyp¥tids-virat BhesIndinpeompRRél y 60 relative to Fig.
2A. HB36 and HB80 residues are depicted as sticks, w th hotspot residues
not ed (F49 veisee B Prasencergaachabigding compleses mdipatea that gre suBROY haspainfducard ¢y,
the n t I n I fro L NS, ha n omtted. (E and F)
Fur ¢ napea f bloBftet FaRE: B AR o SR RaBEE” 2 and 180 () w th

1918/ H1 HAIn aGeramaspd)t, theifreseht tvardiongretaties tetho 48336 idetdifyamdcdnBiate( H)
designs_(before affinity maturation). 10 Wen incubated with 1 uM 1918 HA,
yeast HUHEaYIGHesHEOMNRBINgesi gned prot eins show an increase in fluorescent

APty mithr acPan R SRR RIRARE pO SR R RIS ] P rfhael oo

inity maturation. ease t Inity o
or i gi mahdidess gutsbledor fadydpadsbindag; as defici encies in nodeling the (A and
B) repul si vg):i nteractio HB36 Al a60Val (A), HB80 Met26Thr (B); (C and D)
el ect rost atPks HEBRVIASHB fgsgpom S8W36Lys (D): (E 15 and F) and

sol vation KB36 "P@&ﬁ?ﬁﬁ% tHo52 tesHBRSHARE A Vind B the BoRPepsdd dfith@fnk @Mtfonof
HB36.4 (G and HB80.3 (H) to 5C1918/ H1L HA as neasured by yeast surface

di spl ayheradn sedhetsstceppesmastare pandatatd influgnzapeniess. desi gn, Squares t he
scaffold protein fromwhjch the design is derive apd.crosses r sent
T8 desi gn RS e Rt auh B SabiReRA it Ghy MR aohY iR IRl o

st r uctedpo@idstBBReadm@dLAikBicHin CaTm @rosimalih tlahesinfhigioR! @eiprisaig of the
20comput at i onal design. (A) Superposition of the crystal structure of

HB36. 3- SC194)8/ HEOBIGAHIZ30 laﬂuertméﬂg orpsein atithoimeest gesipgundseand 4lika polgpeptide
agree i it . ! {:Ld { i sl i ght

7ot at oyl ity B bty Sondii Tt B BBHA Bt QB Pt P

usi ng pohgepth subeipictsit irhentiel;andty, only the HA fromthe crystal structure
is depicted here (the HA used for superposition of the design, which is
eRent i al | {P) deddsntidying ghosp Eesteaparoandsihat eutegranctoris PobasPdeEiey bindme tey ose
up of ] = i W I I a nt

L 3 e G R L S R s L T
or i entaed/oappgoosimam@uynzasnfeotiqnd) . (C) Unbi ased 2Fo-Fc (gray nesh, contoured
at la) and Fo-Fc (dark nesh, contoured at 3) electron-density nmaps for the
mai n recognition helix of HB36.3. The helix is oriented as in (B), with key
cont aqjest@pticw6FtRIFibgs! eft face of the helix in this view 30l abeled (the
right surface faces and interacts with the core of the HB36.3 protein).
Si2gni fRigadnOvgens oy theaissigh peaoessd Therflavoeltarioflusthases key geeps inddic dhsigmgroatsst he

i f i t.h . | udi o] 12/ / / ,
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here tgrgbd thtisitmadfehd heisrHAgr eement with the experinmental el ectron density,
maps were calculated after initial refinement of an HA-HB36.3 nodel wth

the f diig-Ani IPepign efd1BbapnsHBRUfameter the stannpd the 1P HoHpy (8} Syididenenment wi th
side ?gﬁ%&ﬁtaﬁroﬁ M rinkA? HARR YR ?PD%Z(Z)S%U& dy 9E§%andernic virus. Broadly

30 neutralizing antibody CR6261 binds a highly conserved epitope in the stem region, close to the

viral membrane (bottom). (B) Enlarged view of the CR6261 epitope , with CR6261 contact



5Fig. 5. HB80.3 binds and inhibits multiple HA subtypes. (A) Phyl ogenetic
tree depicting the relationship between the 16 influenza A hemaggl utinin
subt ypes.wohera18uwht ypes can be divided into two nain | PoEAgeEL1/0gFRUPS 1
and 2. CR6261 has broad activity against group 1 viruses. HB80.3 has a
simlar cross-reactivity profile and binds nultiple group 1 subtypes,

i ncl udi ng H1 and H5 (B) Bi nding data for HB80.3 and CR6261 Fab agai nst a
panel of +++ ndl cate relatiyv e of binding
(appr 6%11%&?@}0%6 2y Stwfé éfﬁlse{?ﬂgetl tegmnl%l CBRI3HE i 8Py meaﬁﬂ%ﬁmple i ndi cat es
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f usi omonﬁwpowcs tp ¢hib m/glqu@nmdues oh JIR2 kit nieted(in opepetveydeatid anHd)Vi et 04

| { at t d at
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HB8O. AV HA ifHotabdl apfroRhRYEN66° RitivE & ERA2 A0ABA6 AR HW¥BI re iR ARSdepided
retains the HAs in the protease-resistant, ﬁre fusion state (lane 2).
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surfa I rese S t he
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t he dewither dotaitshe iy @SRNCE imdéradtidng MerE”}Bt(ED McyHB% 216)1wiﬁaﬂ)918/H(D HAg@ e 7.
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i ntensi.ty. histograns .of HBSO. MP6T N36 HBSO 6T N36K, 454-95.
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vaist oty Wit g ASp R R ety Rip 1 E s PR bl febon offtbSe 1

het er geyhy PIB30I3 (M tH S QD 1 §/A1)HARBS ehedsifed By yedsBiRfade dﬁ?lagrcl\faes RptcentFor
both panels, circles are binding titrations of SC/ 1918/ HL HA and squares

the t ithe affingyrmepsyrad ﬂ@?igrvﬁqz@@&lwcqﬁﬁold Projeindrom whimhghe deséen is derived, and
SUSCGF%%sQés'I‘eﬁr%Fén@ﬂJ bdeE C L&{oéﬁ%ﬁhﬁmﬂﬁ) rea@‘& %%1918/ HL HA. (A) 5
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pr ot ease-suscepti bl e, post-fusjon conformation The | ower
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appr oxi mat ar ratio Presence o
HB36. 3elin wﬂtiea glegid rotatnen ofstheimabbdfethe prdjnd:mcdbmhﬁl tShmeqmsMen REN) menﬂ)mhbd usmgt he

t d out d t t |
Phose TiSBASRuPu g aSioppebaft BN Fimehy S huel Yabhre kdfarbetote 3 ar =
ratioQfd ﬁ@%&&pdsﬁldﬂ@f thé'@%% WS i90ssPhPlBGHENRa B RCEry iR RS SBus

condi tions tailed Description of the Invention 15A1 ‘references cited
ar2s hensited)i (ﬁ‘)cﬁlpmlal @fcthbfocﬂ %l‘é?eHénHB% A inteefaee, bighlighting thowtlok¢ agre¢rment

P angeor B T e o Bren et Einncoa R W o g A
Labor appoxidvaelyak if Gyroc Poks &Tdﬁ:' -Fc &P §iplcentoRfcdng 1 Siadioro-Eakpiat or y
Pr ess)bﬁ[r(%elne Egprésm on le'gchlgol og; Cl\;r]sgtﬁ%mse i r? IIIEnzym)I ogy, VoOI 85, edited

by D. nsbddatqurdb8Bo) Abademndcnsﬁhyew,s f@athe Diaggeco@ion Hebixi afddB30.BPr dhei n
helix is oriented as in (B), with key contact residues of the left face of the helix in this view
30 labeled (the right surface faces and interacts with the core of the HB36.3 protein). Significant

density was observed for most of the large side chains at the interface with HA, including F49,



20 Purification” in Methods in Enzynol ogy (MP. Deutshcer, ed., (1990)
Academ c Press, Inc.); PCR Protocols: A Guide to Methods and Applications
(I'nnis, evoab12/®8M0. Academ c Press, San Di ego, CA), CulpCurus2afi/oldiisral
Cells: A Manual of Basic Technique, 2' Ed. (R I. Freshney. 1987. Liss, Inc.
New York, NY), Gene Transfer and Expression Protocols, pp. 109-128, ed.
E.J. Murray, The Humana Press Inc., Cifton, N J.), and the Anbion 1998

Cat al n, 25TX).. .. . ed herein, uIar forms
"a" ?\g# A\g%%[l dsl%gi?c@ab‘é“@q}iﬂéﬁnsu”@?é g’ﬁlﬂge%‘% é‘fé“staﬁ%q%‘ﬁ’t t %l early
d' ct atlﬁl%tﬁenﬁél%gr‘%em ANelth @S ekﬁéﬂnaﬁﬂ%‘lé&trbﬁ dbﬂ&ﬁt?r ﬁQﬁé‘Q&%%b&ul&%&ldaﬂMt h "or”
unl ess expressly stated ot herw se. nbodi nents of any aspect

of t henitinhefin¢roentofan b\ -UBE.3 modd bihrthe lfQ:l]row1n|g1 Blés shaihetr@Betditetlanmkear | y

di ctates ot herw se. .\D. 1018907 U 46414 I n a first aspect, the
e PR i R R s B M S b ' oBE ] o e becence
aceor CF]%GS HBWEEhad atfcﬂhfﬂbit@-niultl le HA subt fes g- ) Phylogenetic tree de 1ct1n|g the

R1- R2 - R4- R5- R6- R7- R8- 10-R11- FEIZR R14-R15- R16 ( NG

wher eurﬂatsmhlpsbeé@wcth@ém mfbmz%hé hgmegglutininsuByperg diessrbtypss gan @Vldqids

Lys, , I yr CI d; R3 IS
sel ect té t¥vr omu% E"Qa& u@gﬁsﬁhg :% %R%qﬁ Bfoﬂﬁz% Ct?‘?;PY %%&%Pé/mﬁgl Vs ro; Ser,

and TYHB8(Rhassa ﬁﬁlhl@ﬁ&leds lfeaamntyhﬁoﬁlretma béie $mﬂtﬁple @réip 1Lmbt@re}§1 d?dsl@dmg(BHS can
be any am no_aci d; is selected fromthe group consisting a

Hi s, pdHYE8) Bl@dﬁlg délF?dfoﬁBSOﬁ?aquC%@@&aé@gﬁm&rﬁ Ranel ¢frfdp ‘é*d’néffé’f, iaﬁg of
Ar.g, 3 0 tgh of
9 ke ERear(eflivBREer 01 biffinks Tt ST Ry 100NN, ERARASELRS

consi sthikeg‘-‘0fndMates nGdy:tectlabE: bi]h@iﬁg atlthe highsst codgogiratSar test?ﬂl(],OOhM)a(C) H s, and

Tyr ; i S.sel.e ro Si sti f Tr and Phe lis
o ot it ah S PH RO s e it fgh i g MERRS: Gaghy Expotsle | o
sel ect@hvf ﬁH%hb@tsglrﬁgmlcﬂﬂs(kog}ﬂaﬂgl) afd M ViclMHs BP0 A6tcadd s%lsceﬁﬁﬂl’e and

Ser; i s sel ect fromthe rouE consisting of Val, Ala, Phe,
|l e, Istagg (Iawsnl), @hig H]ﬁstwnalatﬁmeg@mg@utral pH are highly resistant to trypsin (lane 3) Pre-

15  incubation of HB80.3 with H1 and HS prevents pH-induced conformational changes and retains
the HAs in the protease-resistant, pre-fusion state (lane 2).

Figure 6. Binding titrations of HB36 to SC1918/H1 HA as measured by yeast surface display.
Circles represent the computational design, squares the scaffold protein from which the design is
derived, and crosses represent the design in the presence of 1.5uM inhibitory CR6261 Fab.

20  Figure 7. Phycoerythrin (PE) intensity histograms for (a.) HB80 design and (b.) the scaffold the
design was derived from (PDB code 2CJJ). Dashed lines represent the population of yeast cells
displaying the design in the absence and dark lines the presence of 1TuM H1 HA.

Figure 8. Truncation after position 54 on HB80 M26T N36K increases mean surface display.
FITC intensity histograms of (a.) HB80 M26T N36K and (b.) HB80 M26T N36K A54-95. In

25  both cases, gray lines represent unlabeled cells, while black lines represent cells labeled with
anti-cmyc FITC.

Figure 9. Alanine scanning mutagenesis of key residues at the designed interface of HB36.3 (a.)
and HB80.1 (b.) completely abrogating binding. Binding was measured by yeast surface display

titrations



R14 is selected fromthe group consisting of Phe, GQu, and Leu; R15 is

sel ected fromthe group consisting of Ala, Gy, Lys, Arg, and Ser; and R16
i s sel ectwd 2broamsdohe group consi sting of Phe, Cys, Hi s, pCyaiS2aiaodediet , Asn,
@n, Arg, Thr, Val, Trp, and Tyr. 25In one enbodi nent, general fornmula I is
R1- R2- Phe- R3- R4- R5- R6- R7- R8- R9- R1O- R11- R12- R13- R14- R15- R16- X1-R17 (SEQ I D
NGO 2), wherein Rl through R16 are as defined above, and wherein X1 is 4-8
am no _gcids. in, length, wherein po n be an amnoald and R17
s Prdigireryh Voo latuolen ison ppe o 11 b 3BaTA WRSeE Todoh s s, x1
I's 4, _b'i_hdirﬁ% of’(A.PAB36 ar&gg)@ﬁaszlﬁs H&idrenGals, F& tﬁaﬂpé)ih%[s &Fél@sddr@%ﬂidm 1

conprises the amno acid Sequence -Arg-Z2-
V\hereitlﬁraZQnscsCS_Cyé%ﬁ/HAﬁA amhsijuaRestlee Bteatmtd@dl for W/ﬁw/lgﬁbifp COI’]SI sti ng of

Lys, Pr. hr. | di t b h

oF her TisysafrePbleanb MRt AR R P TR 0§ BRSO SELORRI A &Y o
- Rg- R7) B%Yﬁ@rﬂ%ﬁelckh&}vs iheé%ﬂe%t &y 3ol pA-tR tiReniRlarkt tryfsiRlidesBdn 6PEQ 1R NA  4) ,
wher ei n throu%g R17 and X1 are as defined above, wherein Al and/or Bl

are optansniMaesyopthedbhis coarerted to the promé}w@lsrc‘aembl% pagriisies corfermationdelny d

K) AVY
To (R Ry CSEn FbrRe s oy KePANat Redhe MR ol enee
(L/ A V3dtihafd R)ikl IABRE.B Ehliﬁ)@‘lﬁé(ﬂ@ﬁ@ﬂliﬂtrétﬁﬁ@ﬂd}) toNBe e&))efﬁhalt; ﬁp{ﬁdﬁbﬁﬁfaﬁ‘el}h ave
di scovered that %(él ypeptides conprising or_caonsisting am no _acid

sequeredagptigehBBa0-3te ) £resepeerh Rf@@OF%HmBﬁééanahe rﬁgctw& &w@@ tpRlagkr e
dehal lpd L B8 o%tc}f%iﬂ%’%hh OLBARGLL GRS Ea@m %ssﬁﬁﬂﬂgé&&t de@oRdRiohoN9

binders to In  uenza A rra gglutinin s 1 nfluenza viruses of
phyl ogémeicaldhggeased for Pm&)fbasa;h’egentadflht]?@é@ (Approknsedy dOrtipmolar ragiold& of t he

H1 or t t he eptl des can be used, for exanple, to treat
and/orﬁﬁ%ﬁf %55 F‘éggréﬁ%asé‘f)p ‘H%E’F Efl@ﬁtz‘ﬁld%tfh@%et‘i%‘ oS one enbodi ment, the
pol ypepti de conprises the pol ypeptide 20 SAFDLAVRI MN YVFAF (SEQ | D NO 7)),

SAFDLAMRI MN YVFAFKRPI PF (SEQ I D NO 8), or a variant including 1, 2, 3, 4,
5, 6, Dbtai&dD¢sc1iptioomfmlmh1waﬁbmnt positi ons or SEQ ID NOS. 7 or 8

di nb la |.. .oth |
eiBoai mont 1 fRERTRSHTTR ae S AP PRBe Hindrckin Wity JS TR B
sel ecty plhéalh@m Un&s OFHRUPisE MateldSthi A&hA qpé§@tafzfe@ hﬁhyd%rfbﬂlﬂﬂmfdh?l@f @@\teeﬂ wll-
par ent heses): 25DAFDLAVRI MWV YVFAFNRPI HB36 (SE

DAFDL ARRvmfoxgrags supias 1/eqérelopnmod L ymt@mpimm bmﬂwt\mllﬁw
7y AR SRRTMIPODER e s T Pl e AR ety ™
Vol. 185, edited by D. Goeddel, 1991. Academic Press, San Diego, CA), “Guide to Protein
20  Purification” in Methods in Enzymology (M.P. Deutshcer, ed., (1990) Academic Press, Inc.);
PCR Protocols: A Guide to Methods and Applications (Innis, et al. 1990. Academic Press, San
Diego, CA), Culture of Animal Cells: A Manual of Basic Technique, 2™ Ed. (R 1. Freshney.
1987. Liss, Inc. New York, NY), Gene Transfer and Expression Protocols, pp. 109-128, ed. E.J.
Murray, The Humana Press Inc., Clifton, N.J.), and the Ambion 1998 Catalog (Ambion, Austin,
25 TX).

As used herein, the singular forms an" and "the" include plural referents unless the
context clearly dictates otherwise. “And” as used herein is interchangeably used with “or” unless
expressly stated otherwise.

All embodiments of any aspect of the invention can be used in combination, unless the

30  context clearly dictates otherwise.



HAFDLAMRI HW YVFAF(SEQ | D NO 15); HAFDLAMRI HW YVFAFKRKI PF(SEQ | D NO. 16);
>HB36.4 s4 EO05 SAFDLAVRI | W YVFAY (SEQ I D NO 17); SAFDLAVRI | W YVFAYKRKI PF
(SEQ | D N©D 20B)0188H7>HB36. 4 s4 E06 SAFDLAMRI NW YVFAF ( SE@Cirmshidi/oid)4
SAFDLAMRI NW YVFAFKRPI PF (SEQ | D NO 20); >HB36.4 s4 EO7

SAFDLAMRI NW YVFAF(SEQ | D NO 21); 10SAFDLAMRI N\NYVFAFKRKI PF (SEQ I D NO
22); >HB36.4 s4 E08 SAFDLAMII HW YNFAF (SEQ | D NO 23)

SAFDLAMTI HW YNFAFKRKI PF (SEQ [ D NO. 24 6.4. s4 E09. 15SAFDLAMRI NW YVFAF
(SEQ I D Ngﬁyl@ e RNV Wﬁm@m@eﬁ g@@mﬂdﬁworamsmg)%m& E
SAFDLAMR| HW g@cgﬂfnétg AR NOuR7) ;. SAFDLANVRI HW Y1 FAFKRPI PF (SEQ ID NO. 28);
20 >HB36. 4 s4 DLAMRI HW YNFAF (SEQ I D NO. 29);

SAFDLAMR H\HIYRMKM -RE-RBRQ R BRRB9-BOY-; Rl:II—IBt%R313§44EK]25 BAG-BRERQRDHYOYNFAY
(SEQ I D NO: 258AFDLAI\/RI HW YNFAYKRTI PF (SEQ I D NO 32); >HB36.4 s4 El 3
SAFDLAMR H\}\P FU(SEQ ID NO 33); SAFDLAMRI HW YNFAFKRKI PF(SEQ | D NO 34);

>HB36. 4 s4 /Hl # selected from the group consisting of Ser, Ala, Phe, His, Lys, Met, Asn, Gln, Thr,
Val, Tyr, and Asp;
R2 can be any amino acid;
R3 is selected from the group consisting of Asp, Ala, Glu, Gly, Asn, Pro, Ser, and Tyr;
R4 is selected from the group consisting of Leu and Phe;

10 RS5 can be any amino acid;

R6 is selected from the group consisting of Met, Phe, His, Ile, Leu, Gln, and Thr;
R7 is selected from the group consisting of Arg, Gly, Lys, Gln, and Thr;
R8 is selected from the group consisting of Ile, Asn, Gln, Val, and Trp;
R9 is selected from the group consisting of Met, Gly, Ile, Lys, Leu, Asn, Arg, Ser, Thr,

15 Val, His, and Tyr;

R10 is selected from the group consisting of Trp and Phe;

R11 is selected from the group consisting of Ile, Phe, Ser, Thr, and Val,;

R12 is selected from the group consisting of Tyr, Cys, Asp, Phe, His, Asn, and Ser;
R13 is selected from the group consisting of Val, Ala, Phe, Ile, Leu, Asn, Gln, Thr, and

20 Tyr;

R14 is selected from the group consisting of Phe, Glu, and Leu;

R15 is selected from the group consisting of Ala, Gly, Lys, Arg, and Ser; and

R16 is selected from the group consisting of Phe, Cys, His, Lys, Leu, Met, Asn, Gln, Arg,
Thr, Val, Trp, and Tyr.

25 In one embodiment, general formula I is R1-R2-Phe-R3-R4-R5-R6-R7-R8-R9-R10-R11-
R12-R13-R14-R15-R16-X1-R17 (SEQ ID NO: 2), wherein R1 through R16 are as defined
above, and wherein

X1 is 4-8 amino acids in length, wherein each position can be any amino acid; and

R17 is Phe or Tyr.



30SAFDLAMRI HW YI FAF (SEQ I D NO 35); SAFDLAMRI HW YI FAFKRTI PF (SEQ I D NO
36); >HB36.4 s4 El 7 SAFDLAMRI HW YNFAF (SEQ I D NO. 37);
SAFDLAVRIWORYNFABHKRKI PF (SEQ | D NO 38); >HB36.4 s4 E 1P8T/US2011/046414
5SAFDLAMKI HW YNFAF (SEQ ID NG 39); SAFDLAMKI HW YNFAFKRTI PF (SEQ I D
NO 40); >HB36.4 s4 El 9 SAFDLAMKI HW YI FAF (SEQ I D NO 41);

SAFDLAMKI HW Yl FAFKRTI PF (SEQ I D NO 42); 10 HAFDLAVRI MN YVFAF (SEQ | D NO

44) ; SAFDLAMKI MW YVEAF. ( SE D 45) ;. SAFDLA W YVEA S I D NO 46);
SA%:DLAI\/RI NV YRS mé$@t%l lﬁ%o;i %ﬁ?ﬁiﬂ@}w %n@%@ 5@ , 48); 1?3
SAFDLAMBO M HEPAF dr3fiach BidNhing Sbid sSARBEAMRLMALYREAE0ERG fb NO: H0)
SAFDLAMRI MN YTFAF (SEQ I D NO 51); SAFDLAMRI YNFAF (SEQ 1D NO 52);
SAF DL ANRINNWZY BV ¢1SEQ., bl Kidis SBicted faom HARDLMVRMMAYYPAEKRPr®RRnIIEQ | D NO

P S AL SR B AR AL P (0
SAE DL AMR rYMbmYAR KRR BE -R SEQRLHD -NPR HR)-R 7-RS-IBARPOANRLIMA_ K EARKER] £R 16 SEQ
| D NO_ 60); SAFDLAVRI MW YLFAFKRPI PF (SE%I D NO 61);

SAFDL AVRRVIVBHTSECKHPNEE Psrterem Riothremsh R Spam A lrrenarde e PEIQSEQ | D

NO 63); | F | PF, (SEQ I D NO 64); 30 >HB36.4 (Asp47Ser,
Al a60\§/%]l ?H%WM’%@WMQWPCW US2011/ 046414

IVENAMDGQOQL Nlekdifr W 1 GdWpirTs €3G VAN GuEIRNEYETESAFDL A
MR MAL YVFAFKRP| PEPHAQKLARRLLEL K SSFE%Rpgﬁ (SEQ I D NO 65): >HB36. 1

( As p4 PSRN MIBNRIBAIENREMIEH AGAMEREIDHLAQIIAVY

NRBMA(VS]W% RRLLEH KQAASSPLPLE (SEQ I D NO 66); >HB36. 2
(Al ab60Va NRLLLEW GAWDPFGL GKDAYDVEAEAVL QAVYETEDAFDLA

MR MAI YVFARNRRINRFSEABIKARRL b5l KQMABSPLPLE (SEQ | D NO 67): >HB36. 3
( Asp47Ser, | YDVEAEAVL QAVYETESAFDLA
MR MAY WFA#W%@W%%%%%@ 13 have o3

IMENAMGI- DB 1WE§%@Y LGANVIERNEINELRId sequence of general
MRl HW YVFAFKRKI PFL LARRLLELKQAASSPLP (SEQ ID NO 69); 15 >HB36.4 s4 EO05
VSNAMDGODULNRderiFed GoamDPB e G<palBybad vk daaiNsBEpamached) form helices that

) S AT SRS LR ARy 2R T

of phylogenetic group I, preferably influenza A viruses comprising HA of the H1 or H5 subtype.

Thus, the polypeptides can be used, for example, to treat and/or limit development of an
influenza infection.
In one embodiment, the polypeptide comprises the polypeptide
20 SAFDLAMRIMWIY VFAF (SEQ ID NO:7), SAFDLAMRIMWIY VFAFKRPIPF (SEQ ID
NO:8), or a variant including 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more variant positions or SEQ ID
NOS. 7 or 8 according to any embodiment of general formula I. In other exemplary
embodiments, the polypeptide comprises or consists of a polypeptide selected from the group
consisting of (scaffold derived from noted in parentheses):
25 DAFDLAMRIMWIYVFAFNRPIPF (HB36.2) (SEQ ID NO: 9);
DAFDLAMRIMWIYVFAF (HB36.2) (SEQ ID NO: 10);
SAFDLAMRIMWIY VFAFNRPIPF (HB36.3) (SEQ ID NO: 11);
SAFDLAMRIMWIY VFAF (HB36.3 and HB36.4) (SEQ ID NO: 7);
SAFDLAMRIMWIY VFAFKRPIPF (HB36.4) (SEQ ID NO: 8);
30 >HB36.4 s4 EO03
HAFDLAMRIHWIYVFAF(SEQ ID NO: 15);

10



20 RI NW YVFAFKRPI PFVHAQKLARRLLELKQAASSPLP (SEQ I D NGO 71); >HB36.4 s4 EO7
VSNAVDGQQLNRLLLEW GAWDPFG.GKDAYDVEAAAVL KAVYETNSAFDLA

MRl NW YVRROKRKIREAHAQKLARRLLELKQAASSPLP (SEQ | D NO 72) pC¥HB3@.144644 EO8
25 VSNAVDGQOQLNRLLLEW GAVWDPFGL GKDAYDVEADKVL QAVYDTNSAFDLA

MT'T HW YNFAFKRKI PFLHAPKLARRLLELKLAASSPLP (SEQ I D NGO 73); >HB36.4 s4 EO09
MSNAVDGQQLNRLLLEW GAWDPFGL GKDAYDDEADRVL QAVYETNSAFDLAM

T RBBEE D, 19, 0 ¢ o o

2012/ Q389 PCH/ 152011/ 046414 MRl HW Yl FAFKRPI PFVHAQKLARRLLELKQAASSPLP ( SEQ
ID NO 75); >HB36.4 s4 E 1
VSNAVDGQQISKARID ILAEMREAVDPY B B AYDVENOAVI KAVYETNSAFDLA

VENANDCOOU I DR RO BBEABRA AN hsarpa  ° o0 =4 512

VR HWSYNERYAKRT | 1 VHAQKLARRLLELKQAASSPLP (SEQ ID NO 77); >HB36.4 s4 El 3
VBNAVDGQQLNRL LT EW GAVDPFGL GKDAYDDEAARVLKAVYATDSAFDLA 10
VRl HW YNFARKRIM AMIRNIYARA T EPIONASEP ) SEQ ID NO 78); >HB36.4 s4 El 4

ﬁ%%%%%‘%ﬁ%ﬁ%@@ﬁ&@ 5DAE8_A7 9): >HB36.4 s4 El 7

15 VSNAVIEIGA NRLEATEW GAWDPFG.GKDAYDYEADEVL KAVYATNSAFDLA
MRl HW YNFAFKRKI PFTHA! LARRLLELK%%SSF"LP (SEQ 1D NGO 80); >HB36.4 s4 E 1 8

VEBNAVDGQQSKRIR L AMREN WP PG ATKOK LBAVYETNSAFDLA
SaPR o R R P e RAVE DL Qv ATNSARDLA
VKI HWAHBHKRA | I HAQKLARRLLELKQAASSPLP (SEQ I D NO. 82). In various
o 11 eq. SO IEhOR BN YOR Mot HDRIE T3 1 owing i true: RLis Hs: R7 is
Lys; RO i SABBLAMTIHWIYNFAFKRKIPF (SEQ ID NO: 24);
>HB36.4_s4 E09
15 SAFDLAMRINWIY VFAF (SEQ ID NO: 25);
SAFDLAMRINWIY VFAFKRTIPF (SEQ ID NO: 26);
>HB36.4 s4 E10
SAFDLAMRIHWIYIFAF (SEQ ID NO: 27);
SAFDLAMRIHWIYIFAFKRPIPF (SEQ ID NO: 28);
20 >HB36.4 s4 Ell
SAFDLAMRIHWIYNFAF (SEQ ID NO: 29);
SAFDLAMRIHWIYNFAFKRKIPF (SEQ ID NO: 30);
>HB36.4 s4 E12
SAFDLAMRIHWIYNFAY (SEQ ID NO: 31);
25 SAFDLAMRIHWIYNFAYKRTIPF (SEQ ID NO: 32);
>HB36.4 s4 E13
SAFDLAMRIHWIYNFAF (SEQ ID NO: 33);
SAFDLAMRIHWIYNFAFKRKIPF(SEQ ID NO: 34);
>HB36.4 s4 El4
30 SAFDLAMRIHWIYIFAF (SEQ ID NO: 35);
SAFDLAMRIHWIYIFAFKRTIPF (SEQ ID NO: 36);

11



25 Asn, or H's; R13 is Phe, Leu, Thr, or Asn; and R16 is Trp. In another
enbodi nent, R10 is Trp. In a further enbodinent, R2 and/or R5is Ala. In a
further ewbadiwmstoy; RL7 is Phe. As wi || be appreciparas2dy/otdiose of
skill in the art, these are just exenplary pol ypeptides falling under the
scope of the claim The table bel ow provides per position allowable
substitutions on an HB36.4 scaffold. 30HB36.4: WO

2012/0%07@%’4# 011/ 046414 (1) Central helix recognition notif from
Serine al ani ne 63 (SAFDLAI\/RI MNYVFAF (SEQID NO 7)); Also Phe 69

out si de ofs AHFSILA LRI AGVIYINIORE (O T
( MBNAVDGQQLNRL LLEW GAVDPFGL GKDA DVEABAVL QAVYETESAFDL

5AMVRI MA YRAIEK RPVIREHMAGRIARAK R KLIROIZSTHD M@ I83EQ | D NO. 65) ) (2)
Al l oval ?i&éolpa t%](%gs were determ ned from yeast display selections of HB36.4
vari an é@:& /HL HA coupled to deep sequencing (see attached for

f ugt her dgtp@[j@)M@H@vmleﬁp@g]ng\mq\]@mgpre than 80% depl etion in the
frequency of a given nutant in the selection |ibrary after two sel ection

sorts by ﬁA@@LW@HWE$EKBEIREI(MHDMt O)ndi cate positions that nake
cont ac{ tHg%H‘n gEgﬁe HA surface. Table 1. Allowabl e substitutions on an
HB36. 4 Scaf ol osition HB36.4 Residue Allowable 47 R1L Ser

al a, phe, hiss\HD/SA MEITHASIVIGAR, (SRQ, I\DaNam) asp 48 R2 Ala All Amino Acids 49

Phe Phe S%A%%LAIBII(IHWIYIFAFI%{{TIPF (SEQ D NOTXz)

10 HAFDLAMRIMWIY VFAF (SEQ ID NO: 44);
SAFDLAMKIMWIYVFAF (SEQ ID NO: 45);
SAFDLAMRIHWIYVFAF (SEQ ID NO: 46);
SAFDLAMRINWIYVFAF (SEQ ID NO: 47);
SAFDLAMRIYWIYVFAF (SEQ ID NO: 48);

15 SAFDLAMRIMWIYFFAF (SEQ ID NO: 49);
SAFDLAMRIMWIYLFAF (SEQ ID NO: 50);
SAFDLAMRIMWIYTFAF (SEQ ID NO: 51);
SAFDLAMRIMWIYNFAF (SEQ ID NO: 52);
SAFDLAMRIMWIYVFAW (SEQ ID NO: 53);

20 HAFDLAMRIMWIY VFAFKRPIPF (SEQ ID NO: 55);
SAFDLAMKIMWIY VFAFKRPIPF (SEQ ID NO: 56);
SAFDLAMRIHWIYVFAFKRPIPF (SEQ ID NO: 57);
SAFDLAMRINWIYVFAFKRPIPF (SEQ ID NO: 58);
SAFDLAMRIYWIYVFAFKRPIPF (SEQ ID NO: 59);

25 SAFDLAMRIMWIYFFAFKRPIPF (SEQ ID NO: 60);
SAFDLAMRIMWIYLFAFKRPIPF (SEQ ID NO: 61);
SAFDLAMRIMWIYTFAFKRPIPF (SEQ ID NO: 62);
SAFDLAMRIMWIYNFAFKRPIPF (SEQ ID NO: 63);
SAFDLAMRIMWIYVFAWKRPIPF (SEQ ID NO: 64);

30 >HB36.4 (Asp47Ser, Alab0Val, Asn64Lys)

12



51 R4 Leu Phe 52 R5 Ala All amno acids 53 R6 Met Phe,H s, Ile, Leu, GLn, Thr
54 R7 Arg gly,lys,gln,thr 55 R8 Il e asn,gln,val,trp 56 RO Mt

Gy, Ille, Lye2he2ni8®n, Arg, Ser, Thr, Val , Tyr, Hi s 57 RLO0 Tr prPhassa@1Rids14 | e
phe, ser,thr,val 59 R12

MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAEAVLQAVYETESAFDLA
MRIMWIY VFAFKRPIPFPHAQKLARRLLELKQAASSPLPLE (SEQ ID NO: 65);
>HB36.1 (Asp47Ser)
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAEAVLQAVYETESAFDLA
s MRIMWIYAFAFNRPIPFSHAQKLARRLLELKQAASSPLPLE (SEQ ID NO: 66);
>HB36.2 (Ala60Val)
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAEAVLQAVYETEDAFDLA
MRIMWIY VFAFNRPIPFSHAQKLARRLLELKQAASSPLPLE (SEQ ID NO: 67);
>HB36.3 (Asp47Ser, Alab0Val)

10 MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAEAVLQAVYETESAFDLA
MRIMWIY VFAFNRPIPFSHAQKLARRLLELKQAASSPLPLE (SEQ ID NO: 68);
>HB36.4 s4 EO03

MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDDEAAAVLQAVYETNHAFDLA
MRIHWIY VFAFKRKIPFLHAQKLARRLLELKQAASSPLP (SEQ ID NO: 69);
15 >HB36.4 s4 E05
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAAAVLKAVYATNSAFDLA
MRITWIY VFAYKRKIPFAHAQKLARRLLELKQAASSPLP (SEQ ID NO: 70);
>HB36.4 s4 E06
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDFEADKVLQAVYETNSAFDLAM

20 RINWIYVFAFKRPIPFVHAQKLARRLLELKQAASSPLP (SEQ ID NO: 71);

>HB36.4 s4 E07

MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAAAVLKAVYETNSAFDLA
MRINWIYVFAFKRKIPFAHAQKLARRLLELKQAASSPLP (SEQ ID NO: 72);
>HB36.4 s4 EO8

25 MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEADKVLQAVYDTNSAFDLA
MTIHWIYNFAFKRKIPFLHAPKLARRLLELKLAASSPLP (SEQ ID NO: 73);
>HB36.4 s4 E09

MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDDEADRVLQAVYETNSAFDLAM
RINWIYVFAFKRTIPFAHAQKLARRLLELKQAASSPLP (SEQ ID NO: 74);
30 >HB36.4 s4 E10
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDYEADKVLQAVYETNSAFDLA

13



Tyr cys, asp, phe, hi s, asn, ser 60 R13 Val

R14 Phe G u,Leu 62 R15 Ala gly,lys,arg,ser 63 R16 Phe

cys, hi s, lye,20eun18®r, asn, gln,arg,thr,val ,trp,tyr 69R1l7 PlReTMBER011/DIN14 abl e
bel ow shows where single point nutants from HB36.4 15 ( SAFDLAMRI MN YVFAF
ID NO 7)) are shown to result in increased binding affinity. Thus,

(SEQ
ot her
rel at
2012/

enbodi nents, the pol ypeptide conprises am no acid substitutions

b b TibroRs QLA CEBL K Blah SRS I RE s < et show

i ncreagashdy Rgim @f finit Position HB36.4 Residue

10

15

20

25

30

MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEADAVLKAVYETNSAFDLA
MRIHWIYNFAFKRKIPFVHAQKLARRLLELKQAASSPLP (SEQ ID NO: 76);
>HB36.4 s4 E12

MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDDEADKVLQAVYATNSAFDLA
MRIHWIYNFAYKRTIPFVHAQKLARRLLELKQAASSPLP (SEQ ID NO: 77);
>HB36.4 s4 E13

MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDDEAARVLKAVYATDSAFDLA
MRIHWIYNFAFKRKIPFLHAQKLARRLLELKQAASSPLP (SEQ ID NO: 78);
>HB36.4 s4 E14

MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEADKVLQAVYATNSAFDLA
MRIHWIYIFAFKRTIPFIHAQKLARRLLELKQAASSPLP (SEQ ID NO: 79);
>HB36.4 s4 E17

MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDYEADEVLKAVYATNSAFDLA
MRIHWIYNFAFKRKIPFTHAQKLARRLLELKQAASSPLP (SEQ ID NO: 80);
>HB36.4 s4 E18

MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAAKVLQAVYETNSAFDLA
MKIHWIYNFAFKRTIPFVHAQKLARRLLELKQAASSPLPLE (SEQ ID NO: 81); and
>HB36.4 s4 E19

MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEADKVLQAVYATNSAFDLA
MKIHWIYIFAFKRTIPFIHAQKLARRLLELKQAASSPLP (SEQ ID NO: 82).

In various preferred embodiments, HB36.4 (SAFDLAMRIMWIY VFAF (SEQ ID NO:
7)) is modified such that one or more of the following is true: R1 is His; R7 is Lys; R9 is Tyr,
Asn, or His; R13 is Phe, Leu, Thr, or Asn; and R16 is Trp. In another embodiment, R10 is Trp.
In a further embodiment, R2 and/or R5 is Ala. In a further embodiment, R17 is Phe.

As will be appreciated by those of skill in the art, these are just exemplary polypeptides
falling under the scope of the claim. The table below provides per position allowable
substitutions on an HB36.4 scaffold.

HB36.4:

14
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Increased Affinity 47 RL Ser His 54 R7 Arg Lys 56 RO Met Hi's, Asn, Tyr 60

R13 Vval Phe, Leu, Thr, Asn 63 R16 Phe Trp Al'l of these
enbodi mrenwe 20exik®7conbi ned wi th any ot her enbodi nent, ®olrasgoiiloessdeont ext
clearly dictates otherw se. In a second aspect, the present invention

provi des pol ypepti des conprising an am no acid sequence according to
general fornula Il Rl-R2-R3-R4- R5- R6- R7- R8- R9- Al a- RLO- R11- Phe (SEQ I D NO

83), vvhe 1.Js selectedf g i sting of Phe and Val; R2
° el ectadrf ‘ﬁreﬂ%ée@gawnaﬁ% fgqmﬁaﬂ Ve dherylininend” Gy, Ile, Lys, Leu,
Met, Asn, RSRFDEAMRAINIYNFAF ?SEbYB'NoRﬁ% 1 815§ Phe6d §&ts ik 8MHabRc8EAHM
consisting of Gu, and Asp; R4 is selectéd fromthe group consisting of

Asn, His, maif Lys, Leu, Met, Arg, Ser, and
(MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAEAVLQAVYETESAFDL

5 AMRIMWIYVFAFKRPIPFPHAQKLARRLLELKQAASSPLPLE (SEQ ID NO: 65))
(2) Allowable positions were determined from yeast display selections of HB36.4 variants to
SC1918/H1 HA coupled to deep sequencing (see attached for further details). The threshold was
no more than 80% depletion in the frequency of a given mutant in the selection library after two
selection sorts by FACS. Positions listed in bold font indicate positions that make contact with
10  the HA surface.
Table 1. Allowable substitutions on an HB36.4 scaffold

Position | HB36.4 Residue | Allowable

47 R1 Ser ala,phe,his,lys,met,asn,gln,thr,val,tyr, asp
48 R2 Ala All Amino Acids

49 Phe Phe

50 R3 Asp Ala,Glu,Gly,Asn,Pro,Ser,Tyr

51 R4 Leu Phe

52 R5 Ala All amino acids

53 R6 Met Phe,His,lle,Leu,GIn, Thr

54 R7 Arg gly,lys,gln, thr

55 R8 Ile asn,gln,val,trp

56 R9 Met Gly,lle,Lys,Leu,Asn,Arg,Ser,Thr,Val,Tyr, His
57 R10 Trp Phe

58 R11 Ile phe,ser,thr,val

59 R12 Tyr cys,asp,phe,his,asn,ser

60 R13 Val Ala,Phe,lle,Leu,Asn,GIn, Thr,Tyr

61 R14 Phe Glu,Leu

62 R15 Ala gly,lys,arg,ser

63 R16 Phe cys,his,lys,leu,met,asn,gln,arg, thr,val,trp,tyr
69 R17 Phe Tyr

The table below shows where single point mutants from HB36.4
15  (SAFDLAMRIMWIY VFAF (SEQ ID NO: 7)) are shown to result in increased binding affinity.
Thus, in other embodiments, the polypeptide comprises amino acid substitutions relative to

HB36.4 as follows (singly or in combination):
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15Thr; R5 is selected fromthe group consisting of Leu, Phe, Ile, Met, Asn,
A@n, and Val; R6 is selected fromthe group consisting of Ala, Asp, Lys,
Met, Asn,wQ@2n12/0A897 G u, and Val; R7 is selected fromtlreTgsoup/oecmnsi sti ng
of Phe, Asp, Asn, and Tyr; 20R8 is selected fromthe group consisting of
GQu, Ala, Asp, Gy, H's, Lys, Leu, Met, Asn, dn, Arg, Ser, Thr, Val, and

Trp; RO is selected from the group consisting of Leu, Phe, Ile, Mt, and
Val ; Ile, Met, and Tyr;
and < ' ST ' and Tyr; 25
| n ondoskiondi rliﬁ% 4&9&@% flnereased Mﬁmgf

R1- R24RR R4- R5SeR6- R7- R8- RO-|Alia- RLO- R11- Phe- X1- R12- R13- X2- R14 (SEQ I D NO
84), |H&REi n |Rlrgt hr ough R11Iase as defined above, and wherein WD
2012/|688807PCIVIMS2011/ 0464 14iX1Adns THr 15 am no acids in length, wherein each

posi tlig@R @aN |bgyjany am no aghd; 1 FIFht g€l ected fromthe group qonsisting

Q

of & T3 R%r 4 g, MEUT AT, 5, ant gy, Ri3 s setected Tromthe group
consi DLI 119) of Tyt /—\a"p, Met-—AstT; atrel Ser—X2 S any atro—act u, and 5R14
is selected fromthe group consisti ng of Ser, Arg, and Lys. In

various enbodi ments, XL is 5, 6, 7, 9, 10, 11, 12, 13, 14, or_15 am no

acids in | e%%theqerﬁna?s)étrﬁ@}ts éaf?oll?o‘?ql?ﬂﬁlﬁed with é@hﬁhﬁ%@%quh@e%w%s%? d
seguer&gﬁtey\g@'{gm %gﬁw{sg,,EQ ID NO 85) where Z1 is Ala, Lys, Arg, Qy,
or I'n anot’her enb

Thr I ment, that can be conbined with any ot her
enbodi nents herein, 10 general fornmula Il is Al-
Rl1- R2- R3- R R5R6R7R8R9AI R1O- R11- Phe- X1- R12 3-X2- R14-B1 (SEQ I D
NO  86), mﬁe P SFIPIRASRYSE 6]&f‘gleef!?Phl%YﬁH“%1Pf8?”éie%E° HRgntideticompRyiRng Wé?@? 854

and/ orge lendd SccBRIih dn¥raPtes@ntn and wherein: Al conprises the
am no acid sequence 1- ASTRGSGRPW Z2 (SEQ I D NO. 87), wherein Z1 is absent

or is Met, RInRR2R3- Ré -RoeReR7eB8 RbMgROUR 1¢ dtisi(SEQIY NO: &)y wharegn  Lys, Asp
15 and t he am no. aci se e G ZI - TPEEVKKHYE (SEQ I D
NG 88), wher i S?fCtigE%r tfqe RIOPRSOPHVENR 2 g@%}] i scovered that pol ypepti des

conpri si ng RoNig s@lbtte® frafi e SRAPRDAL st &%@r@h Py, G alel Ly{ denl ved Ashom
HB80. 3, as described in nore detail in the attache form 20 helices that

recogni ze &t %lﬁleA%rT@hgmﬂl\f’?dlers to Influenza A hemaggl utinin. Thus, the
pol ypept i deRs3 ﬁ@ge ?d H%ﬁldthe gporup%ﬁ%gneg Oft(g)lut?{n%aAS and/or limt devel opnent of
ec

an influenza i'n
R4 is selected frorn the group consisting of Asn, His, Ile, Lys, Leu, Met, Arg, Ser, and

15 Thr;
RS is selected from the group consisting of Leu, Phe, Ile, Met, Asn, Gln, and Val;
R6 is selected from the group consisting of Ala, Asp, Lys, Met, Asn, Gln, Arg, Glu, and
Val;
R7 is selected from the group consisting of Phe, Asp, Asn, and Tyr;
20 R8 is selected from the group consisting of Glu, Ala, Asp, Gly, His, Lys, Leu, Met, Asn,
Gln, Arg, Ser, Thr, Val, and Trp;
RO is selected from the group consisting of Leu, Phe, Ile, Met, and Val;
R10 is selected from the group consisting of Leu, Ile, Met, and Tyr; and
R11 is selected from the group consisting of Ser, Ala, Gly, and Tyr;
25
In one embodiment, general formula II is R1-R2-R3-R4-R5-R6-R7-R8-R9-Ala-R10-R11-
Phe-X1-R12-R13-X2-R14 (SEQ ID NO: 84), wherein R1 through R11 are as defined above, and

wherein
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I n one enbodi nent, the polypeptide conprises the peptide FSENLAFELALSF ( SEQ
ID NO. 89), or a variant including 1, 2, 3, 4, 5, 6, 7, 8 9, 10, or nore
vari ant pwei2niamseef 25 FSENLAFELALSF (SEQ I D NO 89) aeconustog/oscigener al
formula I'l. In other enbodi ments, the polypeptide conprises am no acid
substitutions relative to HB80.3 as follows (singly or in conbination)
HB80. 3l ncreased PositionResidueAffinity 12 R-1 AyLys/Arg 14 R2 SerlLys/Arg
17 R5 LeuVal/lle 18 R6 Al aThr/Lys WD 2012/ 018907P /U82011/ 046414 21 RO
Leul | e 24Rt &ar lri}%m@g agyda ¢ &Pﬂ% W&%re%eraf@ml@n can be anynyjpp asidey enpl ary
embodi ment %lztlh‘ﬁelé’&éd/ﬁ%tthéigro%?%Bﬁélﬁﬁ‘r% AGIEONG BhS Mt &r%OQW%%HtGl?
selected fromthe group conSisting of FSENLAFELALA (SE

5>HB80. 3 s&RIBg¢ selmm&hﬁg@p (comiyting afidyr,919p; MfHB%@l a8ndsRerE82:

FSENVAFEI Al)gz % gZﬁD NO; . 9 >HB80. 3 s4 EB83: FREN AFEI ALYF (SEQ I D NG
93); >HB80 EI ALSF (SEQ ID NGO 94); >HB80.3 s4 E85:

FSENI AFELAIRYH i§ SEE té Db th Bioup cdfkist E&Qsérsa& E8f LsSENVAFELALYF (SEQ I D
NO 96); >HB80.3 s4 E87: FSEN AFELALY (SEQ | % NO: 97) >HB80. 3 s4 E88:
FKENLEFEI Alsrai@sQmipdNentogyl: is SHBgH 839sW, 8912, FSEMvAFE! ARSI (c8EM | D NO

PoEw AT A Y e S i dubiforlsy il ik PRI

102) ; (SEBAD.80s45)E0kre PSRNYALELALAE, GBEQr TERx NGO 103) ; >HB80. 3 s4 E94:
FSENVAFELALYF (SEQ | D NO 10% >HB80. 3 s4 E95: FSENVAFELALYF (SEQ I D NO
105); 20 3Ireeghe smbodgpentpiphdanbecambmed seth 41y aesr crderimentighgicia, s4 597

108 SO M ISR AR TR AR RGeS PR IR o

FSENVAREHBL SFEQ SEQI0 DR AYOvhdrzD)R | M&l@a@@(m@ as ASENIABBNALBEEBRQ | D NO
111) ép g 3 s5 E04, FSENVAEEIALSE (SEQ 1D NO 112); >HBB0.3 02:
FSENI ABEPH éﬁrﬁt@?é@nﬁﬁyw%l 80 3 16: FSEN AFEI ALSF (SEQ ID NO 114);

WO 2012/ 01890447 s'e’s?'ﬁ{éla%{lﬁd’f@éié@e ). Bl Q@RC%@HPW%@%@'ID NGiggThr,
Asn36Lys, Delt a54-95) FSENLAFELALSFTNKDTPDRWAKVAQYVS (SEQ I D NGO 115)i
wherein Z1 is absent or is Met, and Z2 is selected from group consisting of Gly, Arg, Lys, Asp

15 and
B1 comprises the amino acid sequence G-Z1-TPEEVKKHYE (SEQ ID NO: 88), where
ZlisRorK
The inventors have discovered that polypeptides comprising the amino acid sequence of
general formula II (derived from HB80.3, as described in more detail in the attached) form
20  helices that recognize and are strong binders to Influenza A hemagglutinin. Thus, the
polypeptides can be used, for example, to treat and/or limit development of an influenza
infection.
In one embodiment, the polypeptide comprises the peptide FSENLAFELALSF (SEQ ID
NO: 89), or a variant including 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more variant positions of
25 FSENLAFELALSF (SEQ ID NO: 89) according to general formula II. In other embodiments,

the polypeptide comprises amino acid substitutions relative to HB80.3 as follows (singly or in

combination)
HBS80.3 Increased
Position Residue Affinity
12R-1 Gly Lys/Arg
14 R2 Ser Lys/Arg
17R5 Leu Val/lle

I8 R6 Ala Thr/Lys

17



>HB80. 3 s4 E81: FSENVAFEI ALSFTNKDTPDRWKKVARYVR (SEQ I D NO 116); >HB80.3 s4
E82: FSENVAFEI ALSFTNKDTPDRWAKVARYVR (SEQ I D NO 117); 5 >HB80.3 s4 E83:
FRENI AFEI' WO YFBMHKEBIDPDRVWRKVARYVK ( SEQ | D 118); >HB80. BCIAISEBA/046414
FSENVAFEI ALSFTNKDTPDRWRKVARYVR ( SEQ | D 119); >HB80.3 s4 ES85:

FSENI AFELAL YFTNKDTPDRWGKVARYVR ( SEQ | D 120) ; >HB80.3 s4 ES86:
FSENVAFELAL YFTNKDTPDRWKKVARYVK ( SEQ | D 121); >HB80.3 s4 ES87:

FSENI AFELAL{ENK TPDRVWKKVAR (SEQ I D 122): 10 >HB80.3 s4 ES88:
FKENL EFEI AL SERRKDEBDRIKKVA (SEQ I D 123); >HB80.3 s4 E89:
FSENVAFEI AESRTRKIFFPDRWRKVARYVRT( SEQ | D 124); >HB80.3 s4 E9O0:
FSENVAFELAL YFBRKISHPDRWTKVARYWCE BEQ | D 125); >HB80.3 s4 E91:
FSENVAFELAL YFH#RKISEPDRWITKVARYVK/S(/BEQ | D 126); >HB80.3 s4 E92:
FSENVAFEI ALSFTNKDTPDRWRKVARYVR (SEQ | D NO 127) 15 >HB80. 3 s4 E93:

FSENVAFEL AIYP KDTPDR“%%%E% OG04 Sty -Gt ypeptid
FSENVAFELAE ¥orNK % Y@;& (SEQ ID NO 130); >HB80.3 s4 E96:
FSENVAFEI ALSFTNKDTP R (SEQ ID NO 131); >HB80.3 s4 E97:

FSENVAFEI AIRSENKOTEIDRARKVARMURNOSE): | D NO. 132): 20 >HB8O.3 s4 E98:

FSENVAFEI A D] 3) . >HB8D.3 s4 E9O:

FSENLAFELKE@@% W&@E@ @‘N@D@}il) >HB8O. 3 s4 E100:

FSENVAFEI ABISINKERT RBRVKIOIARY N KE( BESK @ Nl(35)2,) >HB80. 3 s5 EO1:

FSENVAFEI ALSFTNKDTPDRAWRKVARYVR ( S NO 136) . >HB8O. 3 s5 EO04:
Iéé.ﬂ_’% (SEQuUD

FSENVAFEI AESSONK S BERWEIRIRRME NBZH3); 25>HB8O. 3 02

FSENI AFEI A R >HB80. 3 16:

FSENI AFEI A@%émé @E% %(Egj h@@‘” FAENLAFELALSF (SEQ | D NO
141) ; FGEM:I‘H%B%&PE&SSE(SEMAI‘H(BLAJL@H (SEQ ENMORALSF (SEQ I D NO 143);

30FKENLAFELALSF ( SE 44) FRENLAFELALSF SEQ ID NO. 145):
FEENLAFEL AL OsEh | %EPMME PUANLGES R 8O:06E0 1D NO 147)

FSENI AFEL EQ I D NO 149);
SFSENLKFELAL |9(3SEQT§ %Lﬁ@%ELgﬁgéﬁSgQ I D NO 15%.);
FSENUAFELALYE (SEQ 1D e e S TNRDTPDRAKVARYS. (SEQ 1D
o 156) P ARSI RO SERURUAPIS D6 T No. 157

FSENL AFEL AR HNKT REFOVAIYAQYNIKES REQ H @%D W)um)
FSENLAFEL AL SFTRKDTPDRWAKVAQYVR (' SEQ |

FSENL AFEL AILSRONKBA FERWAKREAOYABEL SEQH SEQD M@D)l()l)
>HB80.3 s4 E92: FSENVAFEIALSF (SEQ ID NO: 102);

>HB80.3 s4 E93: FSENVAFELALYF (SEQ ID NO: 103);
>HB80.3 s4 E94: FSENVAFELALYF (SEQ ID NO: 104);
>HB80.3 s4 E95: FSENVAFELALYF (SEQ ID NO: 105);
20 >HB80.3 s4 E96: FSENVAFEIALSF (SEQ ID NO: 106);
>HB80.3 s4 E97: FSENVAFEIALSF (SEQ ID NO: 107);
>HB80.3 s4 E98: FSENVAFEIALSF (SEQ ID NO: 108);
>HB80.3 s4 E99: FSENLAFELALYF (SEQ ID NO: 109);
>HB80.3 s4 E100: FSENVAFEIALSF (SEQ ID NO: 110);
25 >HB80.3 s5 E01: FSENVAFEIALSF (SEQ ID NO: 111);
>HB80.3 s5 E04: FSENVAFEIALSF (SEQ ID NO: 112);
>HB80.3 02: FSENIAFEIALSF (SEQ ID NO: 113);
>HB80.3 16: FSENIAFEIALSF (SEQ ID NO: 114);

5%555555555
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15 FAENLAFELALSFTNKDTPDRWAKVAQYVS (SEQ I D NO. 161);

FGENLAFELAL SFTNKDTPDRWAKVAQYVS (SEQ I D NO 162)

FI ENLAFELWOIFBNIIPDRWAKVAQYVS (SEQ | D NO 163): PCT/US2011/046414
FKENLAFELAL SFTNKDTPDRWAKVAQYVS (SEQ | D NO. 164 :

FRENLAFELAL SFTNKDTPDRWAKVAQYVS (SEQ I D NO. 165): 20

FTENLAFELAL SFTNKDTPDRWAKVAQYVS (SEQ | D NO. 166 :

FVENLAFELALSFT. AQYV. , 167):

FSENI AFELAL %A%&?%%@E%%’B“m&n%xDelta54'95)

FSEWAFELA@%W@W&MK@A%V§@Q ID NO: 115);
FSENL KFELAL SFTNKDTPDRWAKVAQYVS (SEQ ID NO I70); 25

FSENL RFEL AEERONKBA FLRWERVAGWIS IASEG TNKINP DR K VARY VR (SEQ ID NO: 116);

FSENLAFSLAF SETNKOTEVARVAGAR S0 B RET RIS KVARYVR (SEQ 1D NO: 117

FSENL AFEL AIEEDINKRT RRRVWARYADXYEI1A SEQTNRINPDRWARKVARY VK (SEQ ID NO: 118);
FSENLAFELALSFTNKDTPDRV\AKV%@YVS (SEQ ID NO. 175);
RTNKDTEDRAR

5);
30FSENLAFEHASS AFRRIS. E@K@TR@{W‘%@}%RYVR (SEQ ID NO: 119);

2012/ 01660 BT USAO1D) 636814 PR ALEIvD SR ERAIRVA SR 0 130K
178) ;  FSENBARBLALSHTIKBE ERRASKSAQYVRTVSES FIIR WEK YAR)Y, VEBBQ INENQETHN);

MASTRGSGRPWDF SENL AEEL AL AFTNKDT PDRWANVAQYVSGRTPEEVKKHY. 5
El LVEDI KYPESS\REp @WF@W@WM&S@I@B@@W@WK@@R INEBd2Akn36Lys

ONYRTF
TRGSGRR) : 192
QKAI%?LVEDI KY%@P%R#%@EDE! EIKEéFf Rf N} ﬁQKI inLifEi 33 SiEan F %WN\C/)B (%%I;D Nhades
( Vet 26 Thr >HBR036 sy 589: FSENVAFEIALSFTNKDTPDRWRKVARY VR (SEQ ID NO: 124);
10MASTRGS SENLAFE TNKDT
E LVED! KT EES0 ST F WA DEKRE R SR P DR YA RSV 6350 D01 5
(Met 26 Thr 3Ly 59 IDEKERIAIETALYFTNKDTPDRWTKVARY VK gSEEQQ III[)) NN% 12@;3)_ 15

MASTRGSGRPVIDFSENL AFEL AL AF TNKDTPDRWAKVAQYVSGRTPEEVKKHYE (
>HBB80. 3 (ASIBSA p4 N2 PEERV ANBXISTANKIAEABBIWRK VBA Y ¥BASBQ)ID NO: 127);

VS TRGS G LA AT SEINBTHOMMAKV AR A VR f Soei1B N 13) ¢ 20
VAST RGSCREWRIBEN AFEIAAE SENNKORIFIDRWAKYRRDSSR RERAKIRXE K 11D NG 1346) ;

>HB80. 3 s4 E81 NASTRGSGRPVRFSENVAFEI ALSFTNKDTPDRWKKVARYVRGRTPEEVKKHYE ( SEQ
ID NO 187J1BYs3 stEel: BSENVEgELALYFTNKDTPDRWTKVARY VK (SEQ ID NO: 130);

UFBB0.3 o T WG TR B Per et AT R PR B R PR | S20
301 D NO  :8880.3 s4 E97: FSENVAFEIALSFTNKDTPDRWRKVARY VR (SEQ ID NO: 132);
20 >HB80.3 s4 E98: FSENVAFEIALSFTNKDTPDRWAKVARYVR (SEQ ID NO: 133);
>HB80.3_s4 E99: FSENLAFELALYFTNKDTPDRWAKVAYYVK (SEQ ID NO: 134);
>HB80.3 s4 E100: FSENVAFEIALSFTNKDTPDRWKKVARY VK (SEQ ID NO: 135);
>HB80.3 s5 E01: FSENVAFEIALSFTNKDTPDRWRKVARY VR (SEQ ID NO: 136);
>HB80.3 s5 E04: FSENVAFEIALSFTNKDTPDRWRKVARY VR (SEQ ID NO: 137);
25 >HB80.3 02: FSENIAFEIALSFTNKDTPDRWKKVAQY VK (SEQ ID NO: 138);
>HB80.3 16: FSENIAFEIALSFTNKDTPDRWKKVAQY VK (SEQ ID NO: 139);
FAENLAFELALSF (SEQ ID NO: 141);
FGENLAFELALSF (SEQ ID NO: 142);
FIENLAFELALSF (SEQ ID NO: 143);
30 FKENLAFELALSF (SEQ ID NO: 144);
FRENLAFELALSF (SEQ ID NO: 145);
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>HB80. 3 s4 E84 WD 2012/ 018907PCT/ US2011/ 046414
MASTRGSGRPWRFSENVAFE! AL SFTNKDTPDRWRKVARYVRGRTPEEVKKHYE (SEQ | D NO 190);
>HB80. 3 SWOBBR/IVEBTRGSGRPWEFSENI AFELAL YFTNKDTPDRWEKVARY YRERFREEMKIYE ( SEQ
5/D NO 191): >HB80.3 s4 E86
MASTRGSGRPWKFSENVAFEL AL YFTNKDTPDRWKKVARYVKGRTPEEVKKHYE (SEQ | D NO 192);
>HB80. 3 s4 E87 10 MASTRGSGRPWKFSENI AFELALYFTNKDTPDRWKKVARYVKGRTPEEVKKHYE

ﬁggRngMéﬁ%@@Eﬁg%m&ﬁ%\WAMMPEWKKWE (SEQ ID NO. 194); 15

>HB80. 3 s4 Pﬁ%%ﬁﬁﬁ@@ﬁi&g@ﬁﬁ\\(ﬁl‘:ﬂﬁ}YFTNKDTPDRWI'KVARYVKGRT PEEVKKHYE ( SEQ
D NO 196); >HB80. 3 s4 E92

MASTRGSGRP\REESHNYAERLAFSSERKIDIN RORWKVARYVRGRTPEEVKKHYE ( SEQ 201 D NO 198);

>HB80. 3 s4 ﬁ%@%&ﬁg@%ﬁ?gﬁw&:ﬂ_&]_YFTNKDTPDRV\EKVAQYVRGRTPEEVKKHYE ( SEQ

| D NO 199)"
AST RGSCRPVWKRSENARELALYF DRYWAISGARYVKGRTPEEVKKHYE (SEQ | D NO. 200);
>HBS0. 3 s4 E96 MASTRGSGRPVK| SENVAFEI AL SFTNKDTPDRVRKVAYYVRGRTPEEVKKHYE ( SEQ
| D NO 202)FSERJ-RIIHaBLIF 65E@HZ NO: 151);

WSTRGS@PW?%PS /ARYVRGRTPEEVKKHYE (SEQ WO

2012/ 01890 @E‘l}‘gﬁ?w 04); >HB80.3 s4 E99
MASTRGSGRP\NSESEM FSTEAIASTY FSHNKDD RORVWSKYAYYVKGRTPEEVKKHYE (SEQ I D NO  205); 5
>HB80. 3 s4 ElOO I\/ASTRGSGRPV\RFSEI\I\/AFEI)ALSFTNKDTPDRV\KKVARYVKGRT PEEVKKHYE ( SEQ

ID NO. 206)ESENIgEEBALEFERRQ ID NO: 1
gTK@WP%@E%ﬁWEMWWW%@EQ 10 1D NGO 207);
an

FSENLAFELALSFTNKDTPDRWAKVAYYVS (SEQ ID NO: 157);
FSENLAFELALSFTNKDTPDRWAKVAQY VK (SEQ ID NO: 158);
FSENLAFELALSFTNKDTPDRWAKVAQY VR (SEQ ID NO: 159);
FSENLAFELALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 160);
15 FAENLAFELALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 161);
FGENLAFELALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 162);
FIENLAFELALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 163);
FKENLAFELALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 164);
FRENLAFELALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 165);
20 FTENLAFELALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 166);
FVENLAFELALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 167);
FSENIAFELALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 168);
FSENVAFELALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 169);
FSENLKFELALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 170);
25 FSENLRFELALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 171);
FSENLTFELALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 172);
FSENLAFSLALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 173);
FSENLAFELALYFTNKDTPDRWAKVAQYVS (SEQ ID NO: 174);
FSENLAFELALSFTNKDTPDRWAKVAQYVS (SEQ ID NO: 175);
30 FSENLAFELALSFTNKDTPDRWAKVARY VS (SEQ ID NO: 176);
FSENLAFELALSFTNKDTPDRWAKVAYYVS (SEQ ID NO: 177);,
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>HBB80. 3 02 MASTRGSGRPVKFSENI AFEI ALSFTNKDTPDRVWKKVAQYVKGRTPEEVKKHYE ( SEQ | D
NGO 209). 15As will be appreciated by those of skill in the art, these are
j ust exempbani/qmedoypepti des falling under the scope of whe/usk@imedThe t abl e
bel ow provi des per position allowable substitutions on an HB80.3 scaffold.
(1) Central helix recognition notif from Phenyl al ani ne 13- Phenyl al ani ne
25; Also Tyrosine 40 that is outside of that recognition notif 20

Al owabT 6 SOUNIOHEL ES BT GREUPHAEANY S % Dot L@TURNay 581 ect i ons of - HEBD. 3
variants t oSHRIALHAL SArcRpnlEesk WA I0PRDYSRAIERO NG SPm)at tached for

further details). The threshold was no nore than 80% depletion in the
f r equedt38ofcR6dhven nutant in the selection library after two 25sel ection

cont st wt (P RECR AP PRSI A R ANKIFLR AR DB RS R8P B VB Bo s
scaf f didvRpaKiIBSGKRGF PR HEST e MK TomIt IR N BKIUL PtSEQYab N@: i) Ser

Al a, Phe,dy,Ile, Lys, Leu, Met, Asn, Pro, GLn, Arg, Thr,Vval 15 R3 Gu Asp 16 R4 Asn
Hi s, | PEIB8GsAsBSGLNREL | Ar g, Ser, Thr

MASTRGSGRPWDFSENLAFELALAFMNKDTPDRWAKVAQYVSGRTPEEVKKH
YEILVEDIKYIESGKVPFPNYRTTGGNMKTDEKRFRNLKIRLE (SEQ ID NO: 181);
>HBE&0.1 (Met26Thr, Asn36Lys)

10 MASTRGSGRPWDFSENLAFELALAFTNKDTPDRWAKVAQY VSGRTPEEVKKHY
EILVEDIKYIESGKVPFPNYRTTGGNMKTDEKRFRNLKIRLE (SEQ ID NO: 182);
>HBE&0.2 (Met26Thr, Asn36Lys, Delta54-95)

MASTRGSGRPWDFSENLAFELALAFTNKDTPDRWAKVAQYVSGRTPEEVKKHYE
(SEQ ID NO: 183);
15 >HBS80.3 (Asp12Gly, Ala24Ser, Met26Thr, Asn36Lys, Delta54-95)
MASTRGSGRPWGFSENLAFELALSFTNKDTPDRWAKVAQYVSGRTPEEVKKHYE
(SEQ ID NO: 184);
MASTRGSGRPWKFSENLAFELALSFTNKDTPDRWAKVAQYVSGRTPEEVKKHYE (SEQ
ID NO: 185);

20 MASTRGSGRPWRFSENLAFELALSFTNKDTPDRWAKVAQYVSGRTPEEVKKHYE (SEQ
ID NO: 186);
>HB80.3_s4 E8I
MASTRGSGRPWRFSENVAFEIALSFTNKDTPDRWKKVARYVRGRTPEEVKKHYE (SEQ
ID NO: 187);

25 >HB80.3 s4 ES2
MASTRGSGRPWKFSENVAFEIALSFTNKDTPDRWAKVARYVRGRTPEEVKKHYE (SEQ
ID NO: 188);
>HB80.3 s4 ES83
MASTRGSGRPWGFRENIAFEIALYFTNKDTPDRWRKVARYVKGRTPEEVKKHYE (SEQ

30 IDNO: 189);
>HB80.3 _s4 E&4
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17 R5 Leu Phe, Il e, Met, Asn, Gln, Val 18 R6 Al a Asp, Lys, Met, Asn, GlLn, Ar g, Val
2012/ 018907PCT/ US2011/ 046414 19 R7 Phe Asp, Asn, Tyr 20 R8 G u

Al a, Asp, Gvo,2bii2a01k903, Leu, Met , Asn, Gln, Ar g, Ser, Thr, Val , Tr pP21/UR01lLAwW414
Phe, 1l e, Met,Val 22 Ala Ala 23 R10 Leu Ile, Met, Tyr 24 R11 Ser

10

15

20

25

30

MASTRGSGRPWRFSENVAFEIALSFTNKDTPDRWRKVARYVRGRTPEEVKKHYE (SEQ
ID NO: 190);

>HB&0.3 s4 ES85
MASTRGSGRPWGFSENIAFELALYFTNKDTPDRWGKVARYVRGRTPEEVKKHYE (SEQ
ID NO: 191);

>HB80.3 s4 E86
MASTRGSGRPWKFSENVAFELALYFTNKDTPDRWKKVARYVKGRTPEEVKKHYE
(SEQ ID NO: 192);

>HB80.3 s4 E&7
MASTRGSGRPWKFSENIAFELALYFTNKDTPDRWKKVARYVKGRTPEEVKKHYE (SEQ
ID NO: 193);

>HB&0.3 s4 E88
MASTRGSGRPWKFKENLEFEIALSFTNKDTPDRWKKVAYYVRGRTPEEVKKHYE (SEQ
ID NO: 194);

>HB80.3 s4 E90
MASTRGSGRPWKFSENVAFELALYFTNKDTPDRWTKVARYVKGRTPEEVKKHYE (SEQ
ID NO: 196);

>HB80.3 s4 E92
MASTRGSGRPWKFSENVAFEIALSFTNKDTPDRWRKVARYVRGRTPEEVKKHYE (SEQ
ID NO: 198);

>HB&0.3 s4 E93
MASTRGSGRPWKFSENVAFELALYFTNKDTPDRWGKVAQYVRGRTPEEVKKHYE
(SEQ ID NO: 199);

>HB80.3 s4 E%4
ASTRGSGRPWKFSENVAFELALYFTNKDTPDRWAKVARYVKGRTPEEVKKHYE (SEQ
ID NO: 200);

>HB80.3 s4 E96
MASTRGSGRPWKFSENVAFEIALSFTNKDTPDRWRKVAYYVRGRTPEEVKKHYE (SEQ
ID NO: 202);

>HB&0.3 s4 E98
MASTRGSGRPWRFSENVAFEIALSFITNKDTPDRWAKVARYVRGRTPEEVKKHYE (SEQ
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Ala,dy, Tyr 25 Phe Phe 39 R12 @ n Tyr, Phe, Met, Arg,Lys, Gy 40 R13 Tyr

Asp, Met, Asn, Ser 42 R14 Ser Arg, Lys The tabl e bel ow shows where

si ngl e powvotorutiseers from HB80.3 are shown to result i npPCmarse@smdsdnd ndi ng
affinity. Thus, in other enbodi ments, the polypeptide conprises am no acid
substitutions relative to HB80.3 as follows (singly or in conbination). 5
Table 4. HB80.3 toint nutations that show increased bindin affinit Position
258863])@38 %143; Increased Affinity 14 R2 Ser Ala, Ay, Ille,Lys, Arg, Thr,Val 17

>HB80.3 s4 E99
MASTRGSGRPWKFSENLAFELALYFTNKDTPDRWAKVAYYVKGRTPEEVKKHYE
(SEQ ID NO: 205);
5 >HBS80.3 s4 E100

MASTRGSGRPWRFSENVAFEIALSFTNKDTPDRWKKVARYVKGRTPEEVKKHYE (SEQ
ID NO: 206);
>HB&0.3 s5 EO1
MASTKGSGKPWKFSENVAFEIALSFTNKDTPDRWRKVARYVRGKTPEEVKKHYE (SEQ

10 1D NO: 207); and
>HB&0.3 02
MASTRGSGRPWKFSENIAFEIALSFTNKDTPDRWKKVAQYVKGRTPEEVKKHYE (SEQ
ID NO: 209).

15 As will be appreciated by those of skill in the art, these are just exemplary polypeptides
falling under the scope of the claim. The table below provides per position allowable
substitutions on an HB80.3 scaffold.

(1) Central helix recognition motif from Phenylalanine 13- Phenylalanine 25; Also
Tyrosine 40 that is outside of that recognition motif.

20 (MASTRGSGRPWGFSENLAFELALSFTNKDTPDRWAKVAQYVSGRTPEEVKKHYE
(SEQ ID NO: 184))

Allowable positions were determined from yeast display selections of HB80.3 variants to
SC1918/H1 HA coupled to deep sequencing (see attached for further details). The threshold was
no more than 80% depletion in the frequency of a given mutant in the selection library after two

25 selection sorts by FACS. Positions listed in bold font indicate positions that make contact with
the HA surface.

Table 3. Allowable substitutions on an HB80.3 scaffold

Position | HB80.3 Residue | Allowable

13 R1 Phe Val

14 R2 Ser Ala,Phe,Gly,lle,Lys,Leu,Met,Asn,Pro,GIn,Arg,Thr,Val
15R3 Glu Asp

16 R4 Asn His,Ile,Lys,Leu,Met,Arg,Ser, Thr

17 RS Leu Phe,lle,Met,Asn,GIn,Val

18 R6 Ala Asp,Lys,Met,Asn,GIn,Arg,Val
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Il e, Val

18 R6 Ala Lys,Arg 20 R8 Gu Ser 21 R9 Leu Ile 24 R11 Ser Tyr

In various preferred enbodi nents, HB80.3 (FSENLAFELALSF (SEQ ID NO 89)) is
nodi fi ed wochizdisgo7one or nore of the follow ng is truePCRUS2G1AkGI4 A Yy,
Ile, Lys, Arg, Thr, or 10Val; R5 is Ile or Val; R6 is Lys or Arg; R8 is
Ser; ROis Ile; and/or R11 is Tyr. Al'l of these enbodi nents can be
conbi ned with any ot her enbodi nent, unless the context clearly dictates

ot herwi-se Fr—athird aspbct, the—invention—provides

pol y Res rPrhﬁnrl sing or % i¥o of a 15 polvneptide selected fiomthe
grou 2@&&, st |CHQ of >HB3 Ala,Asp,Gly,His,Lys,Leu,Met,Asn,Gln,Arg,Ser, Thr,Val, Trp

MADT L 211 LR$DSL $SAGUOM. AEFAVPFL| IMCSHWEMEEVMNAS| SGDTSQOGLARL PAL L
KQHQPRAVL VEL GEANG. EG-QPQQT EQ@ITE RQ LODVKAANAEPLLMQ RPPANYCRR WO
2012//0289Q7PC/d4S2011/ 0464141e Met, Tyr

YNEAK QIZ}JRYII-IKL AREF DVPLLPFFIVEE A\i&l@f HPNYEAQPFT ADVWWVAKQL QPLVNH (SEQ | D
NO 9‘3 e |vr-\|:||\|\||—|u_ 'ﬂb'\" VNKLS
5 ENI \a-[ Sksvr PDSV‘.""

VLWL D E;;lnlr‘vcc'rm \SG r

QQEVL 48HR YAVGTVEL qxqqaa | |A|SR\W Stﬂfn D NO_140): _and >HB78

MFT VIR IRIACL Ll KOGHT RKNWSVRKEFIATREDPAYL HYYYPL GYESPL GAl HLRGCVT

The table below shows where single point mutants from HB80.3 are shown to result in
increased binding affinity. Thus, in other embodiments, the polypeptide comprises amino acid

substitutions relative to HB80.3 as follows (singly or in combination).

Table 4. HB80.3 point mutations that show increased binding affinity

Position | HB80.3 Increased Affinity
Residue
14 R2 Ser Ala, Gly,lle,Lys,Arg, Thr,Val
17 R5 Leu Ile,Val
18 R6 Ala Lys,Arg
20 R8 Glu Ser
21 R9 Leu Ile
24 R11 | Ser Tyr

In various preferred embodiments, HB80.3 (FSENLAFELALSF (SEQ ID NO: 89)) is
modified such that one or more of the following is true: R2 is Ala, Gly, Ile, Lys, Arg, Thr, or

10  Val; R5islle or Val; R6is Lys or Arg; R8 is Ser; R9 is Ile; and/or R11 is Tyr.
All of these embodiments can be combined with any other embodiment, unless the

context clearly dictates otherwise.

In a third aspect, the invention provides polypeptides comprising or consisting of a
15  polypeptide selected from the group consisting of
>HB3
MADTLLILGDSLSAGYQMLAEFAWPFLLNKKWSKTSVVNASISGDTSQQGLARLPALL

KQHQPRWVLVELGGNDGLEGFQPQQTEQTLRQILQDVKAANAEPLLMQIRPPANYGRR
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10 SVESEENLFEI | TADEVHYFLQAATPKERTEW KAI QVASR (SEQ I D NGO 211). Each
of these pol ypeptides formhelices that recognize and are strong binders to
| nfl uenzaw® 2herag@hut i ni n. Thus, the pol ypepti des can becwamsdyiifosss1exanpl e,
to treat and/or limt devel opnent of an influenza infection 15In a fourth
aspect, the present invention provides a pol ypeptide conprising or
consisting of any helix comng froma peptide or a protein that docks and

nventy ShAEh PELERATR VAR ATBER o Kb SBBITHERRREAGRE St RkcoL

si m | aypiteNHNSELBEHNG: apsh. HBBO. 3 hel i ces di scl osed above As used throughout
the present application, fhe term’ ‘pol ypeptide” is used in its broadest 20
sense ttBYefer to a sequence of subunit amino acids. The pol ypeptides of

roci soURE TG ER TR GRSTIRRARY S oR A PN R TFPRS &SP o

D- 5an@NJQ@JQWIHQ@DSCHSKS’WPD@WRL@MM@SHMMM{ML@TNE kel ly

synt hesi zed or reco |nantf%mgxpressed The p0|€ﬁ}£tldes i nked to
ot her \CoYp&UHA4SNBIHRENGNES H 8E aad O RBIHLKL A TRAAY] ELEAYB@

PEGyI ‘%ﬁ Eégxé y be produced as
an Fc%é g?%hﬁggﬁkﬁ;<2¢ghunlz ]gﬁyg Vﬁk%?@%X# e coval ent or
non- coHBENt as i s understood by those of skill in the art In a further
enbodi nent

id f b f f
venMERCYAKGGEL KT NEs R RRag Sy Rk RERRA Yy Vel aléﬂ(ﬁ%?’lﬁc?%ﬁ?@tgce/VT

e apgkt EET%QI@EFIT ADRS/HPO( Aéx MeA SRS Ok @f@t d§, through
covalentE%on i ng, |nclud|ng§ ut not #Iﬂ]tgg 5% g%dl I d% zonding,
hydr ogen bdiadh nfjthesd pdypopsitiedt ﬁounﬂnehchsnkya,t recexgmzb andate strasg bmdamrsdo

confor tion bondi ernatlvel the ta can be |inked

pol ypé tlealéa%yh S in. TS AN BO e B AR ot TR SHPE I i ng
conpoqu&olﬁggh@hgﬂgﬁwgghnggﬂbﬂgat|ng tags to pol ypeptides are well known
to the skl?led artisan. Pol ypeptides conprising a detectable tag can be

used diagnostically to, for exanple, assess if a subject has been infected
with influ Vi,r us nmoni t or. the deve ession 0

Al uenza- g qe Bedt R PRsCTipt et B FR T RRul RERERT Db e o
5 det efghyRellN@ndih§ ifeaty p&ftide of b peiteintRAHIBI andeah d¥RBainklaNE VY epitopey MRy

al so be used for other detection and/or analytical and/or dlagnostlc

pur poseepgnizaq by tho pebynreptidesedthomventipne aln e adedimenicthe bglirgisBatl 7rssidegsni t ed
to en ehl I | um nescent
nater%ngéﬁhl%ﬁ%%?h%%gg%%gﬁacggﬁg glﬁﬁggp%%%?%@ébﬁ%ierlals positron

em tting nmetsalssd ttaogghoanthaghraaatdpyEcpian aha giret 'Ipolypeptaie"n@md il ke bioadestised

w || depend on the specific 10 detection/anal S|s/d|a nosi s techni ques

arf8/ osChstR HIS (0Seqqineh OhbURYAREM dide Hdine pegtl%ﬁsm Hy 1Byentiondidye)

Sa”p' %émgBEQE’ WO RGNS, I aﬂﬁ{oeafcﬁdscwnhlc‘ﬁ Pisfiehnt &SCanftYd QB éc?f(%ﬁ%fé%g% sOMN,

fl uoresc I mmunoassays, enzyme-linked | nmunosorbent assa

r adi oummmmanssazpmb(tﬁtmpf Dbhodbsayiso fads. Themmjyp@tld%adasmﬂo@alsls‘mmmay\best ern
bl otti I|c i on et c. . For i nmunohis m cal, stai of tissue
ol CRTBRE b PR or BEmbtAyiH EVRRE o S PyTecRgen e PR @i ocal
deposichhPuts t8 pARhAE hAM BeaREPRMELTife iIERIVITEScHE A6y T8 G Matb RN IHISHLMn] O

pol ypeptides to perntt their i munohi stochem cal’ visualization are well
kreown Paivieylation) gldeosytation agremayobe prioducedds ap Fedusoy pringleimesnieedsaiangd. kal i ne

hos t bet as gal act osi dase cose a ors pe oxi dase,
Pna” brasE ka8 b R DL BT S EE BB 3Ry AR ATR Pl sty
detectabl e Iﬁa@dmdr%n@bemadnmh@\?dlypégmwOﬁ@ tdebodlendrt edaeispes ofthd he art.
The 20pol ypepti des can be | ab d using colloidal gold or they can be
| abel devapFioh mediEhes sOOPESS 2 Bigetichss 3gpiccBblp Mty or qrapghtic agdy. The
Pol f tly or
|l ¢ S5 8 ik Xl B PO b BB, BAER Bhife R ARL T ST 6! Y
Wsen tdlmlﬂml byomel gl tﬂﬁﬁo@a‘n ttd‘mdmghvlecttoSmmCeh‘oﬁdmgeecdmlmnﬁﬂtduslmytamhet ric

detectiops, scan ser cyto ric det r fluorescent

i mmn&ﬁ%géi‘%mqahg ?& r@é fag(prcag aﬁlﬁﬁ%ﬂf thtﬁ%B?lm%Prt Rtaeannofi ge
variety of fluorophores useful for fluorescently |abeling the pol ypepti des
of the invention are known to the skilled artisan. Wen the pol ypeptides
are used for in vivo diagnostic use, the tag can conprise, for exanple,
magneti c resonance inmaging (MRl) contrast agents, such as gadolinium

di et hyl enetri am nepentaacetic acid, tx ultrasound contrast agents or to
X-ray contrast agents, or by radioisotopic | abeling. 30The pol ypepti des of
the invention can also be attached to solid supports, which are




particularly useful for in vitro assays or purification of influenza virus
or HA protein. Such solid WD 2012/018907PCT/ US2011/046414 supports m ght
be porouswonomrangmrous, planar or nonpl anar and i ncl udepChatS2@n @46104
limted to, glass, cellulose, polyacrylam de, nylon, polystyrene, polyvinyl
chl oride or pol ypropyl ene supports. The pol ypeptides can al so, for exanple,
usefully be conjugated to filtration nedia, such as NHS-activated Sepharose
or CNBr - actlv dS pur poses of afflnlt 5 chromat ogr. . They
o IO oL BNy R R e bejpceriaR spisiae es o BRFRIEeS ﬁwﬂ‘éﬁfﬁ%

bi ot i By ger®Rfcaak6lah. Pﬂhﬁé}ﬂﬁfeh 88mprififg FULOaPIRA LS INARNLE dMeRsLHERAlY oSRYrat i on
of influenza virus or protein from a sanple containing I nfluenza virus
or HAcpuamplei atssess\sf eammhaseb@anmfeqted Wethpmﬂn}q@epmrde@sr oénitdiehd dovelvpinent eran
usefull%/ be. att to the SHr &ce of Croafg,gfi Iat(ﬁg gr ELI SA. 10The
pol yp&pt§ &es"s ?eﬁéae?ﬂ‘ﬁmﬂec? RHB%P% addl“dc {PREF PREGUER RS B0

faei | ideRt@inRURd @ﬂf Gady ¢ gi FX PRI RSNtI B hiéﬁeHo@tﬂrerathéy Y alsometuged o9 ottehe
hexa- hi stidine tag, the myc tag or t The polypeptldes of
the i rﬁi@‘@ﬁ‘ﬂ@lbﬁldé%frﬁnbb’tlé@ir@ﬁld/@éﬂ@@n@%lcé’ﬁf@ﬁﬁﬁ g\@ﬁ sty ApteetPntyg £a1edq etine
syste bj e ugation
met hods” dlgg ?Et ﬂo‘%? 5111%8 tgm%%gl ets mﬁg%]t}s/co rggé ﬁfl&% 9 P%le{egltrag we 1?&%%1&\[1 in the

art amﬁhtmmi bétdumbigkceat elafmhlsl taﬂidaetﬁlvetmatetﬂﬂe pbeeroefeneftmgenétall kindg agents.
The pol ypep fide will bi nd to the influenza virus HA protein and the antigen
will |nﬁP1Eaid5’taé“‘é? prrgargnete metat i3l Thretag gpgiyt dependion fieispeditiei | i t at e

degt r l&%{elc &ﬂ%al}s‘fk@dlhgﬁdsﬁqmlq‘{feﬁ W/or AcAOQL DR s&élpa%qhﬁﬁﬂﬁohﬁfocﬂ&ﬁwgﬁ pect

her ei n, e present Tnvention provides retro-inverso 20 polypepti
corr espmndg nfj(tissuc) kamplos, ﬂnﬁpctﬁdmstrmfdeteheon svamtnglaser Retonwiriadeesion,

pol ypeptides of the invention ¢ i se or consist m no .aci ds
asserr%ﬁ’@ﬁesf’?’ilt HPRNRSY So?%@%#%%&ﬁﬁ%“%ﬁ“‘?ﬁnééﬁ Igéaﬁyﬁ@&lm&wmwons
of thqw&bme%aﬁ% gdl&ﬁdra%qoﬁaexfs) wfastém%ﬁhglaﬁpmtlsﬁse cRVES@Al | topol ogy
of t epolygeptl , and maintaining HA binding. In a fifth aspect, the

pr esenmniuwgkistochemigaloydigieg of Qsﬂuatsem:iphﬁl oted¢recddegdae emm@hsrtk}ﬁt&atzﬁ’zleol ypept i de

rada. o aomend, B GsbPion o AR P Fo g e el e

been nRNREpEds f&&\)lg\hhhﬁﬂhélr RARBbhiSIE R iDA I VigiaNkgioRiaée wEll Un&eflUedERR1dEbuthe
genonme or In c sequences. Such isol ated nucleic acid sequences may

conpr |a§@nqdwmltqddﬁmce@@@9bn@ée§a&@sékdnnqmswwgtheﬁﬁggem@%@@miu%a/ or
f ;
puri 'o%?&aké)%% agﬁﬁ p%ﬁﬁ%ﬁgg REAUELD (;Fé/gpc% Hg)s{?&e%& AR clidd™ d{ae&pwn{?&lag A

sequernces, ak sequen equences encodi ng-epl
t ags, véspby tetsitgbialpsoduandirssss %Dﬂqyoenmmbskﬂled@bleam id uheaftl Zati on signal s,
and pl asma nenbrape | ocalizatiogn signals. It wl

2022/ PLBOSMMETLUS20 EPrigd oaing caliyidrledold oigthen Baé’ebeolﬁb%lﬁ‘il Wllth irpipiseonsss Sudased
on thestpaehi n 53 1GhEI}, Fﬂlgé]epﬂ%!&é Sithe ﬁ&b&&%ﬂ%@%ﬁacﬁ%'té RRGREEdshe

polypeptldes o] ie I nventli I'n a sixth aspect e present 1 nvention
provi aﬂescmﬁmanthrﬂalmvwax pln@amgngemem wethodowpll ksowgirt the aitsol at ed nucl ei ¢

acid of an th ention operati yel Ii ked to SSUI tabl e
control oo VBREEE boReeibr AEIE eudPel SRRy Kt e Er et or e e
oper atlés\éﬁéﬁoﬂnb@i& RtRHEAL bENAGE b ROH a8y QM Ofag ohﬁbr@@foﬁ&&h{&é a
sequences capabl e of effecting expression of the ene roduct Cont'r ol

s equenbesphorse Aalidy Vlarlﬁk@cﬂ flugraphercs usdfel for Hoprdsesatiy »e G pohweptidesofi on
o€ TR 5o R S TRRR G Bl st S
t he nuedegRb&icAsk the tag can comprise, for example, magnetic resonance imaging (MRI) contrast
agents, such as gadolinium diethylenetriaminepentaacetic acid, to ultrasound contrast agents or
to X-ray contrast agents, or by radioisotopic labeling.
30 The polypeptides of the invention can also be attached to solid supports, which are

particularly useful for in vitro assays or purification of influenza virus or HA protein. Such solid
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10sequences, so long as they function to direct the expression thereof
Thus, for exanple, intervening untranslated yet transcribed sequences can
be presemwohetaaemw7a pronoter sequence and the nucl ei ¢ acrass@qoerces and
the pronoter sequence can still be considered "operably Iinked" to the
codi ng sequence. O her such control sequences include, but are not |limted
to, polyadenylation signals, termnation signals, and ribosone binding
sites. Such exHression 15 vectors can be oI anéEGXQQ kgpmm in Ehe grt,
i ncl udMPRPTISARIEALRC MY A dOPPASHS: @ 1aBREHOVAGRIADA Rl UG HOL HREET 00 The

cont r Qas$ RGHEIAGE paﬁy%elr_yqagmqé,in\y%l%mwgﬁénenp rihiehtiriie! R$ER prYpsIGEC acid
sequences in a mamial ifan system may be constitutive (driven by any of a

var i etsypfrtspTloempelgpeptidesneinidion fpriswamplot udefutiyt eoconpigaCing fifxmon nRE, sadt i n,

EF i i.bl ' b f i nduci bl .onot
Cel udt NS R RSP e SBY e iR s s PrSpB g
208 es RAfThaEraphkNTheP BT 414 LlideN yHe a@@s@ﬁe@&ls }p@famagﬁétwrﬁicmﬁ)h@t@@ typlcally by

transfecting prokaryotic cells is also we known in the art, and thus can
be acbirip-stenyidin Htepetinnal e poemsnhgirssan psutcd ppisolaliarpf wflusmprine lor

Frits | at] in. ecul . oni_ng, rat Lol d
Spr i ng haRRR YRR 8 bl Opua MRAC Tl Bl R P R fobBP Koy ey RO

Pr ot ogolypeptides of OR-ihvdhtior dan fsedullyMby dtayhedlioahdkuraida oPs assrotiree platdJiok f t on,

N. J.), and the Ambion 1998 Catal og (Anbion, 25 Austin, TX). The expression
vect oElpét be replicable in the host organisns either as an epi sone or by
i ntegrati orr ] I , the
eQ%ressionﬁ&%@%gpgg%#%%?gggﬂgggﬁgggyg?ﬁkg%gvg%%gf%@ﬁ?ﬁ%gﬁfﬁgﬁﬁﬁé i nt ended
t 0 i n@luufieatanhErareplps eshidoybut act @t dintitedtto,abe wexadqgstidiad @p} the uncttagposthe such
as vi%fl vectors. In a seventh aspect, the present invention provides host
cel | s '1284%8 have been transfected 30 with the reconbi nant expressi on vectors
di scl osed hgfg) W it iReerBalars ' a8lah8én REQKRF Ny the OF
eukaryotic. TEEB?S IsS?anebé%%rgngieﬁ%%@mgéﬁgggbly tggﬁggectéﬁgggu%h

t r ansfiwotune vy 20 2 3111 ¢8 90 WRCTY tiSpaly p¢ouie 45l adroinistorpt. € i ugatior mcthods fait o

k ti. d k ti | | i,shed yi t i
foun ety e P ap RSt b RSl SrE B R PEA"R ekl o By e
tr anSft&&ﬁ@hée?ﬁf%ros@ﬂin%ig%@g@ﬂ@smpé@ﬁ@é R4 Pint a6 tHRAnfl&Ines Vir@PARGIrbRM  Or
| i posone nedi at ed-, E dextran medi ated-, polycationic nediated-, or

vi ral angdheanggen mahintgde p dneell(atieek on e copmgpicdhatvoll dewlitate dsstongsion g thea
Laborqﬁ@ﬁ%>§@9&gl (Sanbrook, et al., 1989, Cold Spring Harbor Laboratory
Press; fure of Animal Cells: A Manual of Basic Techni que, 2' Ed. (R I
Freshney. 1R88othéd shodiment oleny ¥prekt, hebd),. thdpireedt i cafioppdides Fgroainverso

pol ypeptide. according to the invention is an additional part of the

i FPentPomertidrs cREemendiag ip ficqelyrenadesof fis igyentign. Ksfrounyssy relrrsetidesefor di ng
to thi j IO : it [ )

exepr oa B R R B b VR K o B ol L

expr ess@enpopgylppgtidd ecrsibne o€t petpeptides|dygolptd dmveathubmameoometiedofardm t he
cell free extract, but. preferably.they are recovered fromthe culture

medi uﬁ?pﬁ%ﬁyh‘b{cﬁe P%lyP%I’&@g’earnddB?l g s ﬁé ]?”P_ Récel | free extracts or culture
medi um ar e (MBI, the pkdInt TRREnaEH bl ek ol Alcleic hddPehBHBBLN aspect,
the present invention provides antibodies that selectively bind to the 15
paby papbipdpisdendf théyprepeny émchiden. Thveiselateld bodicssicbssqbencp maysoomaiss Righoc| onal

i badj. es,h d,.anti bodi es, f h f b d
i ng T Sn AN GREL B bl RELER s il PPl eiemg SRR RRMAE, ™

" sel egloiMal syrbinmtng ARAES apid8EQIABEs iakthdédmdhd®r of cDRA RftddeedySid i§disted

pol ypeptide of the invention, as opposed to one or nore other biological
nol ecuuelsic astd segpences may spmgrisq gdslatipnal seapences peefplfoppiomoting sxREEMN by t hose
O o5 Kishlyol BufifuBh be (R Bo Rl ARRRR 1l AG: RERSER DX SHLALLPT oV} des
phar maceut f cal conpositions, ‘conpfi sing bhe or nore d% peptides’ of the

i rreentmatifiahkozakplquionees dhd sajukbyceaeneyirdpitopatags,exxport Bgnplh aanidase @dtorry al
conpositions of the invention can be used, for exanple, in the nethods of
Cher | SEBAI B s ecp i Bang b anfla g B il%callzaé@ﬁﬁb%lia@i Bvikdy conpri se
in addition to the polypeptide of the invention (a) a |lyoprotectant; (b) a
surfactant; (c) a bul king, agent; (d) 25tonicity adjusting agent; (e) a
stabilizer; (1) a preservative and/or (g) a buffer. In sonme enbodi nents,
the buffer in the pharmaceutical conpositionis a lris buffer, a

hi stidincs, buffer, a phosphate buffex7, a citrate buffer or an acetate
buffer. The pharnaceutical conposition may al so i nclude a | yoprotectant,
e, g, sucrose, sorbitol or trehal ose, in certain enbodinents, the
pharmaceutical conposition includes a preservative e& benzal koni um

o Ly o o o o o



WO 2012/ 018907PCT/ US2011/ 046414 m xtures thereof. In other enbodi ments, the
phar maceuti cal conposition includes a bul king agent, |ike glycine. in yet
ot her enbwoi2oentisgo7t he phar maceuti cal conposition incl uages/is20i1gouddact ant
e.g., 'polysorbate-20, polysorbate-40, poiysorbate- 60, polysorbate-65,

' pol ysor bat e- 80 pol ysor bat e-85, pol oxani er-188, sorbitan nonolattrate,
sorbitan nonopal mtate, sorbitan 5rnonostearate, sorbitan rnonool eate,

sorbitan trilattra orbitan tri stearat orhitan tri.ol easte, or a
CaF S ST R

corbi FRP3TER P methsigt hexcd ap itaieaheRgs ST R-orhat Ryl 614 KATRIEs a
tOﬂICk%Meﬁgkﬂghéﬁ&yﬁaﬁmksOﬁmgﬂ“@ﬁn&@npound that renders the formnulation
substantially isotonic or isoosnotic with human bl ood. Exenplary tonicity
adj usti ng elgerstmsh hspettuthe pseseniosesntoo b tidds, reginwmatté exmesmromctr&$

r 3l anni t ol S 0osito sodi um chl or.i de n i ni ne
nyclr o GRIMGFHEE T hOaRH e Beibor AR R ihiF et bl Ll BBRa3R: Mo

addi t iseiedl¢ Yoritide baifliehced " RERIDihhE ExprEssthn, vedtolin€Ridb£vatirs that ¥hemiwpbi ned
W th angroteln of 1nterest substantially prevents or reduces chemi cal

and/ odinslynicled] adigheadibg Togtop WigchhE Pycoairal ssAugnseeeapsbleioh effwimgu li zed or
! bi. d
00! U SXEUBLAL 0B AP ELARN S NGL 8, SHEH Uheq RO AR Bl el ne.

hydr ogbdunteef tidihkent ol ay@ﬁwmd eSldeBq’uelﬁeest dapalsobLefietinyg ﬁleacg@fetsmbﬂ of e
phar maceuti cal conposi_tion, nposition may further conprise one or

nor e GUREIC 3t molsculge Aihs Cgmr@laﬁsﬂ@n%%nesﬁ nphbgsrnsigiouseyith tienyaicitcllit not
limt n a he present
R R e S L R il

i nf ectintervenmgnptrasdlatgd petmranssibed iseipehaesaas bbpsstnt |bntwuzead fréreoteoseqaence

therape tlcal 2 effectlv amount of one or } des f t he

i nventain lﬁ%’%actl‘ig grierees 86 fhsgaprastef prekigie cag rstlﬁﬁam%%s&f coé’lerab
corrpo%kb@ng thd QIR seqhihck! eRfterand! &fnttlol Bt dag idcdeUsinZee AdtfIREEdIQH; Wen
the method conprises treating an influenza infection, the one or nore

pol ypeptiadesylatron sagivisniesmaragdn sgndswdjréosomhhmdmgta?» ISGQ.]G?XIU@?@IDUI nf ect ed

8 BT RS B B A0S T MR

25neakRp@ssior Addt@teTh@Behtae Bajudhcedissd @d@id dxpdisios af thagilsr,cirt@ted hi@eis lébidECt is
Ilkely to have been infected with the influenza virus. As used herein,

"t r eatsequsncestip @anam@ahmﬁ@nbz@éﬁohwwﬁmqe oHevenbyry ©f efvarigly of @rqrm/wrﬁg (a)

d f
o | ol udiDE bUERE R, QULTEYUD R0 St £FLor hBloibi: Iy Ay et Phse ©
synpt aniibef df) 1nﬂlhdﬂ)lb iphgmeerspneuéng, g ndeiveltapioe tetraofclint u:caymné Qd‘[mroﬁlf- ter

i nfection; i nhibiting worsening of 30 flu synptons; %?I|n1t|ng or
przeveﬁﬁspﬁgw@c Uhe SABEIUSHOR PLCXPIGHBIOB YECIPTS fgwieéett@n%fﬁﬁtngv%? RtEsselns y
synpt t f i 4
e e A S T s
pol yp@p&mﬁbs Sambrandtnt nisslt, @and dpnaphyl: Mn:lecm@lrleomog A $abgrety Mmml'; €oklot

known to h been infected, t k of exposur e

e a2 g TR Rt 9, GO g g BH g PR i D2

i nf ectelyop Ji MusHP) B Budinad Prok 19t , Cnfibyen7 3 dn@ftRCAhBibn @%@htélbg(@ﬁb%e of
seasonal influenza 5outbreaks, virtually all subjects are at risk

ex2§os urustindFX). éBlst exatessien vagtor mustes roflidahls iy élwrhost@r@@msmat:ltkm @s R uI ar |y
hi d 65, d
i vioars Y P ERe T PR e En A b kR e BRI " Soase

or anyxpiRfodiedtdNBanPeiets £hlens. Ha;ta@véfethh @keenfbn Isatehfyediih@ildCahebe used
to treat any individual infected with |nfluenza 10vi rus, including but not

| i i t SHDICESIPIT SO HHt 4TV ©iQAUAYVAISTHTisions Suslt #hsViB] Veersi nf | uenza virus C. The
met hods ar Q%&%%ﬁ?%%%ctuﬁg %résg &%loh %M\}I'(ferﬁl%s&em Eh%% h%v%fb%&ti LT &&t's ed by
|nfluenza Vi ruses ar conprising HA of
t ke Hividr thH5e®Uibﬁr}6p€expressmn VAStOl:SdiSbldSleGhbfﬁn avhe'tehﬁé theteut ¢etlalchiybetitiect i ve
anount” refers to an ampynt of the pol ypepti de t hat ffective far

t r eat iDHYAEYRICSY PRyt gl crfeletinle FHSaHY oh Stahibféraaéﬁesﬁﬁgpﬁvﬁb%a%ﬁeéﬂ%
typically fornmul ated as a pharmaceutical conposition, such as those

di scl osed above, and can be adm nistered via any suitable route, including
orally, parentally, by inhalation spray, rectally, or topically in dosage
unit fornul ations containing conventional pharmaceutically acceptable
carriers, adjuvants, and vehicles. Th®8 term parenteral as used herein

i ncl udes, subcutaneous, intravenous, intra-arterial, intranuscular,
intrasternal, intratendinous, intraspinal, intracranial,



20 intrathoracic, infusion techniques or intraperitoneally. Dosage reginens
can be adjusted to provide the optinumdesired response (e.g., a

t her apeutwo 20r2/qas®phyl acti ¢ response). A suitabl e dosagecrarsge /vassls f or

i nstance, be 0.1 ug/kg-100 ny/ kg body weight; alternatively, it may be 0.5
ug/ kg to 50 ng/kg; 1 ug/kg to 25 ng/kg, or 5 ug/kg to 10 ng/ kg body wei ght.
The pol ypeptides can be delivered in a single bolus, or nay be adm ni stered
nore t han once

at t end AHPHHYE ‘gﬁ Eﬂ%s “’it‘hp’@g?rtyﬁ fify a‘é‘h%g@%%élﬁn%ﬁs ‘E%‘i‘g)e ?&F%ﬁ%@%@r@@ aglg’ dt Eg -

i nventtécqaﬂlcﬂ@q&%@h i Bhelaff {HRRER DUt Bl dtidhdt balliiiaPirtQforRftifgs, | i m ted
by any nechani sm of action, neutralizing activity may be achi eved by

i nhi bicaicnhgn phespbate 0b- Prévépitatibh Ldeetmpuratios, aiosdnec meqrinbtegiﬂeDEﬁ&E dheranar get ed
ceII,inIu a_ nmenbra f an i.ntracel]ul ar .co

cndos e Py RBR T Slgeoopfir e irBiseey PO RPURE an
HAs epl@l@@@gt NatabosaraBSERLuA] (SditbrBels tet £10T08D r@éld%ﬁhg ‘H&ﬂﬂﬁ%ab&laﬂﬁ# Ptlg HA
protei n conformational change |eads to f usi on, of the viral and cell ViD

2012/ G907 @ChivushGats: oﬁéﬂmaawrﬁmmrﬂéechmw 6eplt74’ dB IbFisehney. 1W7t ﬂeSSHJmc
pr ot ei rexf nt VA enbodi nment s,
the po ypgpo)tl% d%e nt\’%lé&l{'% n@/ E&%ee lde a?fﬁg% 553 g]ierlus ?gﬁjﬁ%a}gﬁf ecting
host addlitiondlypastof hl&’il&ifetﬁﬁ)% TE& mbﬂ’laafcoﬁ@%sesahe stegsaf (90 tudihg b dasitacBaUingat
| east 80% at | east, 75% at Ieast 70% at |east 60% at |east 50% . at |east
45% 4e thisapectaddhe igyentioasndammpdiions gepcuctysdp therexpressian oBtgpolypeptidest 259
at e 9 y

L B e R P el S B R R P O 2 Y, o
i nst anc@yeied froeathercet fies caesay hud ecefenablylthdyoarataoyeree dlonm daesltune madﬁdmenz a,
editegﬂbﬁ ‘g -X. Meslin, }Yl M K@ﬁj an and H. lﬁopro i 199 )., 4th edltlon
Chapt eY<hq@:. 19 FCoygh PYUYRERERE FOB SANTLABHS oeHRvGMe pdg th
accor ghpkkiiRdtiRend 4vention can bind to the HA protein WI t h any suitable
l0affinity constant (Kd value) that provides therapeutic or prTEEthyI actic
benefl t. | dnearighihsispaebdleti presensinvertion ikebwes @etlbosildemSel@dmaﬂlym m@he4 M

0* 10- 1, O* 1. 0* 1.0*10- 0*10-9 0*10-

118+ 18OB PRRsF o M A sn R e S QPPN ARTRES MR e
Usi Ng a8itibddas Candl fRgiRRAts RS e3TadHean be Ehade Bdin@REfQles RAGRNH RO dfiRkill idtHcows
for the analysis of real-time biospecific interactions b%/ det ecti on of

al t er dtti-ohsused herein. ebrledtysbyehing ampanrafsropfielHiindiag pf Gsanbendytatha x, for
|
exa”p r%%lyp‘éﬁﬁn{égofttﬂee n@lerﬁ%ﬂffgs (2%3%%%&%(4: PR %% 8rth§£~ 98?0%? A nfoReulds %%I%Lt?ﬁrs s

I hvent1 on provi hods
for dlcalgsmssu&g, o), dsrif gl ninderistobe oY itlasse oﬁBkﬂT@ﬂﬂtHeQdfﬂ ng progression of an
i nfl uenza |nfect|on conprising (a) contactlng a bi.ol ogical sanple froma
s#8j ect sudpadinh agrech A mgseahnyertioneneWdoorsfmatsutFel sPIRositioNsagnost i cal | y

eff ethbMﬁ ﬂg%ﬂ& f’&o@c}rﬁolgéeggﬁéseofﬂgé Mﬁz@ﬁﬁd de o Séhahggcehﬂyﬁﬂrtdca%témg‘%mer..

conditio itab ng o epo ype to a vir HA protein
pr esenftheiphatmieecstarap t@npgsitjons efithe ingentioh cambie psidy foe prardglc andhiometiadpbe; and

(c) d tectl e-vi.ral, HA bindin | exes, 25where the sence
o sudh BTG e e i et B e “PBOT s ey cnae e gaib R

i nf ect%%a Qe POV IHd8S A | @?@%@@u@&ﬁgr@§Is,9ﬁ¢c@tma(n » b Bfdugnzand pdect i on.

The rret hods of this aspect of the invention can be used to nore accurately

i @ent inbyciatdienits ff*éh@tt {eoaytabdizsuf Derirrgr fatiormakion fy hlefiza i nfection and to

t hus IOV de i nati on. trea

o S SR Gk TR L Ph Rt Qi R e SR SO P Bistie ar e
as demﬁw@qa haboue bulhe ARthodsfBan @l 8o ReWRedTEOPNDRL:L Qi ProaessLeN of
an influenza infection; in this enbodi nent, the subg ect is known to be

i nf ecti&dy, 2 Inachife A ErhgEg adaR e suctose, sorbitol or trehalose. It certain embodiments, the

pharmaceutical composition includes a preservative ¢.g. benzalkonmum chioride, henzethonium,
30 chiorshexidine, phenol, m-cresol, benzyl alcohol, methylparatien, propyiparaben, chlorobutanch,

o-cresol, preresol, chlorocresel, phenvimercuric nitrate, thimerosal, benzoic scid, and various
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WO 2012/ 018907PCT/ US2011/ 046414 be used, for exanple, as a data point for
an attending caregiver to determ ne whether to initiate, nodify, or

cont i nue woparzxdiswrzar course of therapy, such as treat meatr/vseaih/o46414
neur am ni dase or M2 protein inhibitors. The bi ol ogi cal sanpl e may
be any suitabl e biological sanple including, but not limted to 5bl ood,
serum nasal secretions, tissue or other biological material froma subject
at risk of infection .The s e may first be manipulated to make it
more SUFTEDI TS ﬁ@%{@f&*ﬂ%fﬁ%@?@E%m?&ﬁv.ym%%ﬁﬂmwﬁéﬁli-' u%f*@ﬁﬁ&%%% but is
not |ighdiechd 9 tiheahvBOhASAiRe BAMRIE: b SUCH 8 WYL RBE: Yudopl | uenza
virus in the Sanple will disintegrate into antigenic conmponents such as 10
pr ot eispgictipoloypaptidesioll.gpheritart4genieofrzghmossolthe-polrpheptided) of

the invention are contacted with the sanple under conditions which allow
the 1 aPRavBh-F SafRBuRE 85 sHet e bl e RE Rusen He Rt el Slhenr ) ensa
Vi BUS @080k 8e RS eO0NPeRaRls hheteofilhal simiabei-Raese Rt thg:Sanpt e.
The formation of such conplexes, if any, indicating the presence of

i nf | uérizatNiatigs hajcathd hs %Em@,cemsat penpgdtecteos ahdcdasivredbydisiingabl e

maansdVsnl“{cpgn?%@r%ggwgiﬂggi%gl? grepﬁ% ﬁ]ﬂ%uﬁgi’% nnb%%silmlztgnlit\ejgm&%a QP RGNS u\sﬂgnd
heteroéenéobs Birndi ng 1 nminoassays, SUCH &S rad?olnnunoassays E IK), ELI SA
i Mmunef:huatasceneanplmunehl stocherSht)ncHEACRCrBE ACERE! and iV st-gikionibk ot
anal yses. Suitable conditions to pronote binding of the test conpounds to
one orfBHE: BBTIEPEPUE  GPIERECT P tissH e BETHE IR By 1R AGSe of

Skip! | chfboliferl the AR AAcA R6mbEAEN AL ARNG iR uEY AELARLY RS dbfeol the
invention for use in thi's aspect nmay conprise a conjugate as disclose
abov e, which, jrhevicdmbaet! agthusgbtdin 6 Dintcacy sustaactlilyppreveahor gdeces whtralchle f or a

gi ven assay. The.tag.used wl|l depend on the specifi.c .

det cothaRT é?péﬁlif_i insfefjy ﬁgéﬂ.e@r?t@ewﬁ iRyt laﬁmp&?&?épﬁ ha@déglea.EX?ﬁg)%t hods
may betbalAtsGlclide SRELE] Rbitdd! o1y fife, R HBERSdi BB (HlorRi, fbRiddhYE BtdiARe Y be
bound or attached to a carrier or substrate, e.g., mcrotiter plates (ex:
f or Elar@mine hyduobhlarids 25and beads, etc. Carriers or substrates may be nmade

f gl , ti i | yst , l. harid | .\
i8rooel | uldgaolebEuiunalE SRR PRt BT T RRER P siign 95 ot §
Or porcgHpodfien Hay Fiyhc @BMPHEEH e SIS otHeh aQRR LBMO it for ePNHEddc@nSe,ar e

selected to identify test conpounds that bind to the pol ypeptide of the
i nventin@pding but not kenited [teanti-bldesnd adinNG. aptibodigs. M 1. 0*10-5M 1. 0*10- 3012m

In a twel ft nt I I 0 i fying
candi dat e W S0TSrwEse D5 AR FURBb TS TRANGR, RERULEE TRIAMS o Shibille
(a) conflwnka indedtiea) cobgiBiigndininistching tobytpeptin tedahertbita he@peuticallpvent i on
under conditions suyitable for polypeptide binding;, and . (b)

i d8nt iFiFPh AHIEE Ot @RFOTCRONS Sahispidraet Hedavangopnalth Hicoémoningatss thorot.

i nven : - candi: z nes.
P e e A R A G S A LG
t o t amgahodacontpAisepirtamg anhafludnga atfs@ion, tha ok opwste mdyfaptidet dro adihincdiande.
Thus, the poly tides ,of the_.invention.can be viewed as, specifi.c hinders
o an ASHRRG R R S betrrerieoe i F B nge Y “ERaErh & Sctigpom
Vacci Regmpfait (RIRGBIDEERt [iPed BXETI, FovdPYsoREthedk, I A cRITRIds, BRlgaai es (ie: 10
m not opes) that bind to an anti body specific to a viral epitope.” Thus, the

pr2ésentcakreshodiguoneed gacldscominrt)ngdioatmgdhatiter sibpest ket tedgvobeanhe

ip qufe|s 521#5!5[@@ glgéh: tﬁeg g{fﬁlren%ahvelru%h tAlsbu%gcy hérgin,s ”![%egt'aosrs'?%atgn%” Ingeearqg Iac]:cc%m%%rs"ﬁillng %;[we

or more of the following: (a) reducing influenza viral titer in the subject; (b) limiting any

increase of influenza viral titer in the subject; (¢) reducing the severity of flu symptoms; (d)
limiting or preventing development of flu symptoms after infection; (¢) inhibiting worsening of
30  flu symptoms; (f) limiting or preventing recurrence of flu symptoms in subjects that were

previously symptomatic for influenza infection.
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Sui tabl e conditions to pronote binding of the test conpounds to one or nore
pol ypeptide of the invention can be determ ned by those of skill in the
art, basesoaniztesoreachi ngs herein. The 15 pol ypepti des pofi/usb@ tiomsaent i on
for use in this aspect may conprise a conjugate as disclosed above, to
provide a tag useful for any detection technique suitable for a given
assay. The tag used will depend on the specific

det ecti on/ | ysi s/ di agnosi s techni ques_ and/ or. net hods used, as di scyssed
above. Thea‘%?%%a@ PANLLSPT kl@alqg?ﬂné{sﬂ%&nfzaﬁzfe%wnt%@ 86 Py BFR P‘H%sz‘é’}la%ﬁr t he

I nventh O/HBKtRE ﬁ%ﬂﬁ'ﬂa&fqaﬁ§ tRE Qfledt thalisGRdt kh&hn & haSdBstd A&icd@Bydhgpussed
above. Based on the teachings herein, it 20is within the level of sKill in
t he arbe at usklef @priure tsihe eiflucoze vimeh. isowed fiaeint Hanviag? ogsns tpdesit wifluenza

di agnostic assays di scl.osed.in this aspect of the invention. .In one
emboditNEFEor RHHEF aRESoldn Tishas Mo st The povies ot CorasalindiRat bind 1o
t he pouyRers deudly dIheibjdewednt homskWMicRpasuke avRhitat bR tilBapf Be$8arl 0 M 1. 0*
105M 1.0* 106M ]?,.0*_107‘M‘ 1.0* 1_08M3 1.0* 109M 1.0* 10'M 1.0*10-11M or
1. 0* 16irepn at paxpieaterly thech Bk inelvap eliitfien virrdep pes &8 parkpevst theegsofferdds, such
pol ypept.i 1 SVl i r i nant | ssed.
Recontunins T G1R Db 8L kb SRR ABe Hel AP RIS TR e
art, asntinsddfasa@dyabove. Such expression vectors can conprise bacterial or
viral expression vectors, and such host cells can be prokaryotic or

eukar yot i c.Thoyrtheasiof thegnyeiionicae &¢ upsddp dicatpnydpdigidupeinigeiad-wiffoiplucnza
t%“”!v%?ﬁin&ﬁdiﬁglbhﬁn& Tasifed tg’%ﬂlﬂﬂkéjviqu ,Ginﬂl%nzg%ﬂgé ﬂ?axﬁpiﬂﬂﬁ&&% ifdf C.
t echni ques, or dny conbi nation thereof, can i1 nclude natural and unnatural
am no Taeingdghoddrrapreéecatdyg ussied tfeat infle@izadevisyninfresoss cmyeddsy imtlacdarAd Boc
(Na- WO 201 8907PCT/ US2011/ 046414 ani no t ect -t - but yl oxycar bonyl )
am no VA&rd Orzf/é’g?]’-lﬁg%elnﬁ BEQWniel Y R ?rcfpg}ﬂ‘ﬁSW@%gggﬁ]ﬁgg} QN’ZE% SPOYRSupl i ng and
wash prot ool gsedherlifnNgafleRASRichBPIdRMNR aMoNRPFIERCILEn damount of the

f1 uorenyl met hoxycar bonyl (Fnoc) amino acids Both Fnoc and Boc Na-am no

pr ot eppbwepidatbatas ctfectyaroniecatibg andvedlimitong isflggnaa irdastomi dde pRbEeplidds arc
Bi.ocheni.c or ot her chem cal .. conpani es fam liar,.to those skilled in
o C anthicitly coff Bl o EMhGRY i eFaeRa it St B ho ol Sorsl APEW S oo

Na- pr atgetibegdgnoups stihsle UL, frﬁ[ﬂdﬁﬂgaér_aﬂﬂ, pahasalys P@'Fl: lihtRghtion sphiys redtdlly, S0l id
phase peptide synthesis may be acconplished by techniques famliar to those
i n t héopieallya %ﬁ%ﬁﬁi geid, fosmulatians ontaking canvcatanad dpkaymeersiéicalbt gcceptable
When t he. . o] : ri i | €S,..S ] i

pol yci°ansr SR RIS HANSHAANEC THE, BB gRRHET sl ek RN IR, tucons. o,
mur i néntiendusfintrdiertaivl] bothesculSy dhtrastdrndlp diteserclaoube immadgindly inved drankalpwn
met hods, such as described in Harl ow and Lane, Antibaqdies; A Laboratory

MEAU Al TERPTaciSn IO THAFBBIAUE S 96 B AcH loneplly  dpRseag reEmeBY camby, adjysiaskiy)
W : _ : . . : g
en tép'?&‘vﬁ@% C%Rﬁﬂgﬁre%qgﬁ{o‘ﬁ fé)é!?b Bl Larlid o ggﬁﬂﬁgﬁ@ﬁe rﬁgﬂ&ﬁe?%kﬁka%leac' S

may be 15 pro y any I tabl e’ neans,” such chem cal " synthesis. The
nucl eidosaeiraiszemagy, e iDAnwer b&NA ugded] (ayglie beingleehstaltamdéadelpyit daylbe ®.5

Simlarly, h i [ b ' | ticall :
syt hasikis Sl i B Sar il oAtk b mEdrs SN ity B elKeanddes | n
the archn bbidcRYAENES W ZaHIE BEIE,CH hy 88 aBdiifteél irhére BRAY SR (%.g%m@]asg,sor the

nucl eic acid may be purified prior to introduction into the cel'l. For
exanplnegre tiss hasoletdrmined lysangdiendiag physdi¢ired from a ni xture 20by extraction

with a sol vent_ or resi.n recipitation, .el ectrophoresi.s, .chronat.ography, or
5 conbi na HBrcratb eaBRRienB A RHaRYIRR s Tl SRR RERRU PG NZELER & no
or a MRt Whikot béiealindRd by Ay dhdhiiss 0 aclitd, hautsdmpbacvige@spbodg. Wien
t he test conpounds conprise co‘rrgounds‘ ot her than pol ypeﬁti des, anti bodi es,
or achjgredeseingthiiténg fusige of Hsripdusias vianaskthpapantiyncafhotargaed aedy i ety of

th . . 5 : hesi ‘
hi rt ashidind Qb e S ERNEHER) O Pl SUER SUEAoRIBET P PoryithiBes, g
candi ddtle iaosmodvtse feigriet eatargg an [HAepitopg, thanddtsentdh & psstsagnfonhhtiant a

infection, conprjsing (a) contactin n influenza. HA protein th (i) test
corrpo&h%&geaéam@i% Ha Heteypenn ?Iaéaﬂapgt an qsgcgﬁ? BSRME ttL%W,ralL?H\én fllconditions

suitable for binding of the HA protein to the 30pol ypeptide of the present
i nvention; and
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WO 2012/ 018907PCT/ US2011/ 046414 (b) identifying those test conpounds that
out conpete the pol ypeptide for binding to the HA protein, wherein such test
conpoundsweaneixas@rdat e conpounds for treating, |imtingCTarsdéioni@diagnosi ng
i nfluenza infection. In this aspect, the nethods identify test conpounds
that conpete with the pol ypeptides of 5 the invention for binding to HA
and thus such candi date conmpounds may be useful in any of the other nethods

of the inventio l.osed here Any, su1tab| t conpound c n be used,
s i SHBEEE BOBVEPTR e e AL h PSR SR e HEOR TERRGRICven TanloR pin |

gener glyioGOMRSIdithbMS, thé‘f%l?bé t18s bﬁh@%ﬁ%ﬁﬁ@r@' RYedTeaMEned vidis @é‘rﬁ%{fect‘{ﬁger ern
an HA conposition is adnm xed wth the polypeptlde(s) of the invention and

t he té@wxwﬂﬂbwahbenﬁa%beﬂﬁas85%eaebaﬁQG%omeeem86%1mdnmn80%@atb$ﬁ7é%mmounds

to be scr 0oco based LI are
et St T A e A ST S E R i R e by
nmay pﬂ&sf@@%hﬁ@ed@@iﬁ%%%ﬁ?ﬁ@% &fat 1dast 109y eitiveno Mfb&ionaHhoftdcREBY Nt s’ of

t est conpounds to be screened (e. ., 1:10, 1:20, 1:30, 1:40, 1:50, 1:60,

1: 70, inflgwza yirgpinghe qbszm@)offtm pq;lymldw I\bﬂtrﬂlilwowmbrfortlastawt be ﬁ@a&uaedt he HA
corpost kel I ALB L ETRAFHIRAL Binh 16 LOLYRERN Hebe i@l oM RybeY! on
and varyr'ng anoun Screened ‘ar e adim xeq ur|n
expos H.&Kdppowilie (H6g,anMp editibh (Ehap&lﬂsyl5llll7 twbﬂe Hialtle OrpoiizanieaNGean. be used

bi ndi ng. I'n_one enbodi nent, pepti de(s) of the invention are tagged

for detect 14 Pob@erfidse BESEa B . SR Iphee" BBoRINAE Praifie veith ButABRCT abel
l t t
ooy SRR (IRaREFRRNGS ey ﬁg%%aﬁé btvlﬁofaﬁacttﬁ ngs .. The reactivity

of the eptid I nvention sence o t est
conpoendoddemi, thesler vaduais lower than 0.ab1 6" BohtOrd0 > MPt @f‘m%\kﬂ yo*t(bmb,elt O’tll()ve

test ¢ s W yesent i C nhi bit specifjic. bi nding

e ool RaHIn L 10 M0 PHTEAN onllo SIERNE AR 2htv T iSo toF rbPabis by at
| east K& YrelMSife @u@zic%rp@é;hibn%o%ndeeaet aémcaﬁmnmﬁome{ AlAR! tyr ¢ at | east
75% to 90% or even greater. héﬂcondltlons for HA binding

st ud| avalysin OB@abamlbe@pwﬁc agerditaals é)sreidtelchon REsioanpl protaitheanchulitons

he ts/ d b .onpi ned wi-th
otier "ULBEADIBIBBGITER 1o BBt bHEE BSTRRORE Sl (o Erar BE CRer v Se. v
2012/Q%§ggzagm&g§2011/046414 Exanpl e 1. Design of proteins for binding to

i nfl uenza hena? glutinin Abstract 5W describe a general conputational
met hod for laesieyanthgsprcottes prssanh drvenfiendrravislas meedpfarcipgopsingee dbiengn a

arget TREOTRLSSHL o FRSRAR n L IARKhODRchabNasAy flfgnbod ed am no- acid

resi dues an ar ge ace are i o anchor de novo
desi gned i rfhecdnatiag thtﬂo@ieﬁlm@dlprRomaedbjea ﬁe@c@d opthatiag as itfhahzdi nd a
conserved surface patch on the stem of the influenza hena?glutlnln (HA

fr28m t he 1918111%9“%%‘#?@0\?‘[1?%5’ eff&rcfméﬁ‘rara?tfm Af 09° HDRCRONRSPLAD of W of t he

desi gned pr ot nmol ar

AR i R R AL R R R

i nduced at Iqwopmum%hanmlﬂﬁmmmpbtructure of HB36 in complex with 1918/ H1 HA

reveal ed t2€f t he. act ﬁg@dln |nt rface is nearly identical to that in

t he conput ?WEW”%EE}BHH quygﬁéﬂ E%Wgﬂednaroteins may be useful for

bot h di agnqgf §&GsctA f@qmmeﬁ@&emlmbﬁﬁlﬂ UGk on Mol ecul ar

recognition is central to b|0|08m, and high-affinity binding proteins, such
gly

agsant i bodivésre e orésanes afabehebin omipladicaigdates ¢t dmubﬁet kseotinfhengd ) |
Current net anti éelns that bind a

ot o S ont BF RO S bNE e RE LIRSS ER of 3P b BRE RRRUSL S Dar i s

gener at ed Ihetri@hdd¥IOfiEs SYREESN B mbyntidnhfaa b ﬁmtrﬁmtabﬂﬁaté@)lde&ffﬁ
conput er - based design of high-affinity binding proteins is a fundanenta
t est dptigrethetmap e sufferevesiternan mflusnza wéechng an¢ il thenpievidgimaya diferraed

ol ec lflle%g‘m{n%ﬁ&g Qf &ea(?l%eﬁtrb%tlohi bf HE S n"él Care\@wélr.d Individuals at risk of an influenza

30 infection are as described above. The methods can also be used to monitor progression of an

influenza infection; in this embodiment, the subject is known to be infected, and the methods can
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be a powerful conplenent to current |ibrary-based screening nethods since
it would allow targeting of specific patches on a protein surface. Recent
advances wo 20msdoat i onal design of 25protein interacti @eng/usave/oyésed ded
switches in interaction specificity (3), nmethods to generate
nodest-affinity conplexes (4, 5), two-sided design of a novel protein
interface (6), and design of a high-affinity interaction by grafting known
key r Sld onto an unrel ated _protein scaffold However, the

capabl UbSAL gy xampli s sl BPIRE £ .Wﬁé@il@%f@aglﬁ?rot@é#)ew@%%éh%%mr‘l%. ned
el usi ‘ﬁ@odlfyn&l sitiade E’b%%ﬁlfaﬁ c@ar%f‘ tR4apP WRtH & i vahaldueneigi Ao

t herapi es "are needed to onbat viruses that are resistant to existing
ant i viprettin iflgpitons. escape neut ralization by the i Mmune system Herraggl utinin

HA) i i i dat t t s the i
ViTal  nvadibrdreEa rar Hin vheREUEERERErY FraleindianPe bt TmRi 0w oo
bi Bd  thddhsertidPhabhlscWetidhsl ik Qb&Y @ARED o15AEL] 184 0d TrdnVasubidtg ah@kdbfr egi on of

HA, recently two antibodies, CR6261 and F10, were structurally
char adiféetiogred (9, 10) that b| nd to a region on the HA stem which is

conser ved ATRGlr ] ANPLL AL, HERAS PRLR A5 Abluic HBR: mihoflgor be

conputatio ern-protein i era I ons de novo,

and usietettien. rmetangaildtiont ﬁﬁ:ugilas hiugts @ft imﬂueti Yo beand@rtﬁe the shiplcdpBser ¥ edy st em 5
regi on on influenza HA ut ational design nethod In devising the
conputBtieBh #1lugess sgﬁlsw%a%agp ¢ Wl HsRERERs Bdo PEEECHICCOMPORMINSYS adi ssoci abl e

prigt ei 20%%%10%32%&% ol BAS e%iJ‘fr%gshﬁe‘%'té?)Thf? gégﬁ%éte lg%ﬁﬁ’&e'ﬂﬁoﬁ? ey On

aver a vent - exp sur I nterfaces
typi cabht)actred) irtithi the smv[ﬂe ahderesnditiess whiah ahmk@hdwfoghhtyomqﬂtanmonqﬂhmﬂmﬂwdm
Waal s, dr oge bona d electrostatic interacti th thg art ner
pr ot ei IFF YRﬁPé‘ ddﬂ Hore 56'?%%%%?1?168?@1’%@“&%‘5@6? that gy, b presed

bi ndi rhgﬂfers@ ¥. (rik@»}omga&n of Lirhe@Mpldrs icaRt ﬁfd%aﬁﬁg e rleatosr 1ﬁﬂuéﬂ%er faces
t hat have both high shape conpl enentarity "and a core region of highl

opt i mivzmd in thetsapple, Isithen dotssitadipmdinmeasungd by sngablamedise Rgéhmethodd ghlude fhuti t y
teractl q rad[ hshafJ) %Iﬁﬁlbr%%enentarltginto scaffold proteins in two
éps Hs¥ ‘I‘E‘?% ‘i)‘hl %fﬁsnea % ORI N D AR AT PREPHGS MR Ronput at i onal |y

doc kedadibinpRgidabRE (RIRGAEDEA, lilenundflG6es@HES, dbmuhohib@eiinibtyy enarget i cal |y

favorabl e confi ?uratl ons with the target surface; and (i)

shape-Bofms! Woptcanhlpt gpleses.Switabje cardifions t pporaeteibinding of thofasut ed t hat
h
sur £ ol aBbEydrdS o ks B RAR Do TRE EIn i AR SR BANIBLERR silin, IS o

a hydrtlm)dimbjasedgﬁahveeabllnags haeihl anked by two | oops that place severe steric
constraints_on binding to the epitope (Fig. 2A-B) (14)..In the first step
of20our desi g PEREERRES of Fl'}egnvep}lontf@rélsa il BV RPN P ONYYSA @ SENINEHAES t hr ough

CO”pUtd?stclo%Q@Lbc%%' 8& 'a.'%é gtfd} dn rd%f%cﬁcﬁgﬂeé’lﬂﬁ%lféli?u%bleW%%lg&gaé"%’f Fig.

1). HS'1, a Phe e ch n energetic avor a
ar omaﬂihne-t@ mekllwﬂj dlemmlramthe sm:cvﬁct detéttip@/andpsis’dmignos?s ethrtiiuees HAJ/OHARJhod HA

resi due er| corr onds.to,the H3. sub e. u ce- nunberin
oo BasRty B LRBRD i s prre Bob B RE] o B een ecpoval
make fiaued aibétﬁacymochedarrvmﬁr §uBs%ﬂ%r 86! hAnR ik bhudebh HIELIY fRRBRINGs 9r oove
and HS1 (Fig. 1). 30 In HS3, a Tyr Side chain forms a hydrogen bond to Asp

1850n ap\Deaghsdeto Ararderns W\awsﬁateﬁn@wéz@tmmyf@ash plastic fe. gepq)lxstmnmz The Tyr

in [es on fo ion Ty, 12 1 US201 46414
st adeSESERES: tioh R Hopne R e e S RO iy b oo
conpl &xp orohbgn&%@iugnb@aeﬂt@h@ea% bAOSMBSEMRAL, chlifichsi die §diecténioli ey
structures
test cornl(oounds that bind to the polypeptide of the invention with a K4 value lower than 0.2%10™
M, 1.0¥10°M, 1.0*10°M, 1.0*¥107M, 1.0¥10°M, 1.0*10°M, 1.0*¥107'°M, 1.0%10™'M, or 1.0%10°
30 M

In a twelfth aspect, the present invention provides methods for identifying candidate
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In the second step, we searched a set of 865 protein structures sel ected
for ease of experinental manipulation (16) for scaffol ds capabl e of
support i nyotzhe/ds®enbodi ed hot spot 5 residues and shapePcomgsb@memdasy to
the stemregion. Each scaffold protein was docked against the stemregion
using the feature-matching al gorithm PatchDockTM (17), identifying hundreds
of conpatibl e binding nodes for each scaffold (260,000 in total). These
coarse-grai ned bi ndi ng nodes were then refined using RosettaDockTM (18)
with at hYW&FdeW@%F6Wgthat favored configurations that maxinmzed the
conpat i by, cBMta@tfm%tlaﬁ c%ﬁ%%flﬁ’dsdmlﬁ{ 2h6lyPeRRk HPaE ichNindent RN dLORAURRAL

resi dues as possible. resi duesS fromthe hotspot-residue libraries
mere |ncorporan@bbdhrpdmhqmathMdg,Emtst for each Phe conformation in HS

1, scaffgld,r i th backbon t.0 i n _4A of he hot spot _resi due
wer o Pol gy R B oA aE Ge b R po e fa S b PR Rhe ety
pretein was phLiReeskt EOMPAINAS betecantiidhtctifBuddas khenfs of the hot spot, the
resi due was nodel ed explicitly, and the rigid-body orientation was

m ni mi zed. Asdispyssedabpye, dhepmerepiidescol1he pissant vagnierwelselepaaediwdaigat #ont act

W th | h C ot spot
was dggf%@tcgj%gg%tss%& {‘p‘ﬁ)@ P wfscghfogrﬁ)g ! ﬁal g‘ll@ngﬁgﬁ %EhefI%OI)f%? flI(%%]S ?ﬁf{é%@sa ected
and t hieveprios essbovaiswee pegiceidic bhaferedein HsA: epies, Wntilar Wantibodpbipdingrtomesi dues

were incorporated_at positions in the scaffold pr ot ein, fron1mh|ch t he HS2
i nt er ABEGIARSPIEARG! of apeinFseranibs g0 dusrd fPhear i by ctelecione il welarylet e ‘protein
sunfa t T g

ot o1 T g D AP YRS P EREP LTS, | e

| ar ge 1m\wﬂafes'ubstﬁtunmgrmmatmme$o@fpepmsdxﬁ ¢hepirasanntigidndfobtheantibodyenadch To
gener ate desj %ngl talnl aII t hree hotspot regions, we started by
superlﬁﬁﬁé?ﬁb f a??HP %V%F@WHmﬁn t he backbone of the Tyr residue in
HS3 (as forgyihsie %Bﬁ‘dl’fﬁis th PediAsEe LARBYEI S th¥st b aad KR o Aloré }SQIy {dei ons

on the scaffold protein that were nearest to residues in HS1 and E%g and

wer e logdte igerdion gae be tefetrhisad byT HeseObﬁcslnl i1 hagriviessed phére tsaamngs éan@uu sThe

deS|gne he the case of .H 1 and to nonpol ar residues .i case of
) é’FPté‘%é&f 8}?1%)(?“1‘651% bt %PQS‘E} R PERESE ifOtHE &l Sﬁla %PV? he

[ nt er ft@@ﬁ)v% 4 tag us«raf e hﬁiy @é’téﬁti%hﬂechﬁidu@%ﬂ?@l@ﬁﬂ U iR a@é’h@ﬂ é(g LR Rvia _
di stance of 10 of the HA. 30 Experinental and structural characterization

WO 20 Hepamguohpenyctisydeiaction@aalysis/diagnosss teghnifuss pndios mgHods 85qdg at dlacusigst

hot sp C u

el cotbir s onfitieBORCRR naRtEl pEh ' Bnk BORBHIERIGUP LEIRGIRE B0 B
scaf f dodsd andltadhdd tera darronor Bebssarf dodiscusyedaiboay eBage oh 1hmmaaﬁmgm&relﬁaﬂes
encodi ng.the designs were synthesized, clgned into a yeast-di splay_ vector,

ard t ianEhbrthelevekaiskibmdhe gt foglsicemye syciftsgondiviens foe&w%rha&a@%ﬂf t he

desi g n8§t§,la%'sa{}s'd cfysécp nat}ﬁ%qls@ Wt bP e GRlhriSh T dsiR e%%oanﬁélﬁ' %ﬂdgﬁhy\@ﬁn an
adhesi o nit o east protein and a G-term nal c-nyc tag.
Cells sel)epueéasmngtlﬁyet gumpmde that birblatb eleb palypeplide M b ilvcotiomwithtad< @01k918/ H1

it gyEaBy bR T KongarBa ot EREE PO N MEBN deaPobe i ads =

ant|-q(ﬁﬁgla@t&hpgmglawndlng was neasured by flow cytonetry with 10 the two
fl uorescent tags allow ng si mul taneous interrogation of binding to HA and
s Lilﬁf ace di s)’ﬁhaytheﬂest mm.dg pomprise polmptlémegnsn%rseclsmlfymp@dds wpy &yed, and

dre rod |nd| tivit .1 HA stem regi on (22)(for
model SromieE: et peel o kR haBfy ¥orkhet REETIRIT e e e
t wo- r @s¢ 1sh@d 64108 stardield Beuidds totht e, &AIivdléded aBoap Biick Rk pidisiGiOedcadrh 0dh
const ant ( of 200 15 nM 23) (Fi g. ZG, Fig. 6 The starting scaffold,
St r uctcam@ris jag or Yiggl gapreap@BErtys. aadspdt @Sﬁceﬂs Can kA BUIKARPHEOT on from B.

st ear ating
Chat B Ry REe e TR pERdal Rt uih oo Rkl by SRl MG o7,
HB8O, lqaetbﬁab@ ok bé}ﬁﬁieroeﬁddﬂﬁldiﬂbﬁnmque&mi aho wosibhAtiomtheravtadeh ync(lfdeglauﬁh-l)

The scaffold f onlmhlc i.s design was derived, the MYB domajn t he RAD
transd@pfl b‘f“il%hf pGrack o%fwo Jggueced ﬁeeeae%aeq*%w t(@zﬂ&?)ndaai'g% Nft-d not
bind the HA (Fig. 7). In the conputational nodels of the two designs
(Fig. 2CF), the hotspot residues are buttressed by a concentric
arrangenment of hydrophobic residues with an outer ring of polar and charged
resi dues as often observed in native protein-protein interfaces. Both

desi gns present a row of hydrophobi c Mesidues on a helix that fits into the
HA hydr ophobi ¢ groove. The conpl exes 25each bury approxi mately 1, 550A2
surface area (total), close to the nean val ue for dissociable protein
|nteract|ons (12) and sllghtly Iarger than t he totaI surface ar ea burled by

Y " A NN\ o o o




WO 2012/ 018907PCT/ US2011/ 046414 The conput ati onal design protocol is
far from perfect; the energy function that guides design contains nunerous
appr oxi mavpan/189y and conformati onal sanpling is incomrpraiseo1iésdused
affinity maturation to identify shortcom ngs in the design protocol.

Li braries of HB36 and HB80 variants were generated by single
site-saturation nutagenesis at the interface, or by error- 5 prone PCR

(epPCR),. and subjected to t rqunds of . sel ection for binding to HA using
yeast “8U¢ BO O i%sw%nﬁ) amino 3¢ reﬁBtVﬁﬂ_ﬁﬁ%‘idéFf’e PRGNS, t he
sel eCtjoQiRsiAR8Y.2bGRth M davaARd o fHIEBE ktaRlard YRR bt NORSniAd ?fotéc'ﬂ&ir@as e

affinity and provide 1nsight into howto inprove the underlying energy

f unct ifbrerengirethgoxyiverbkeyl (Eowey arbuoiagmls. Boththneocemd BypstNesmafo pratectsduheoul ar

i nteractions, are short-range 10r | sive interactions dye to atomc
i Ytk A R st e R A S A
the elcoRipR@ts RitiRdr tbade 3killed it aACt InQiagitivh! the @@lyﬁéﬂideé dased yalthkd The
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g g?st icbbhpbeitsrfet irexiag, liMRindesal/vratii@siay itfenpeingévion] danplikeh6 on HA2 (Fig.

(a) contacting an influenza HA protein with (i) test compounds and (i1) a polypeptide of
the present invention, under conditions suitable for binding of the HA protein to the

30 polypeptide of the present invention; and
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Wth inprovenents in the solvation nodel, the deleterious Asp residues

woul d not be present in starting designs. Table 6 Sel ected nutations at
Asp47 of wB2612a8%gn t hat increased binding affinity >1@cfralsdoiiBuahati ve to
original design. Approx Binding ConeMitation(s)Affinity* C D47S+++
C3D47H+++ CADATH, P7OS+++ D3D47N, G/S++ El DA7Y, GL9C++ A2DA7L, P68L, PTOL ++
ADATR, P7OL++ B6DA7W+ B3D47R+ B2D4A7E+ * Approxi mate binding affinity by

5-pt yeast fitration. , Kd-2-5 nM++ 5-1 5nM  + 15-40 nM The .favorabl e
substituti Shbidss ngghpierted camacts %ﬁ_i&ﬂ@Pﬂ@etﬁéhi‘ep@mPﬁsEa%@ﬂgaofi\ﬁs- tag
in E coli andapbicid, Sheldin kM8t cafbbitdsYrAOtdRiaflotiffolildd BPtreating,

chromat ography. The variant 20 HB36. 3, incorporating the Asp47Ser and

Al a60Val subshiniting, ankor dhagnodingonfhiChed BYfedtionA as confirnmed by surface

| asnbn resonance (SPR; LI, SA,. and co-el ytj,on on si,ze- excl usi.qn | umm
o ot - ARainsheb IS o s AR it (180 uF BaSHupptiad &°
Al 860V invedttbneNBibing to PRUREJ ks 2GdPdBidtdhtdHdnWouldemey 58 agifdtih @y 60Mmst ant
nmeasured by SPR of 22nM and WD 2012/ 018907PCT/ US2011/ 046414 an off-rate of

7. 10- ®ther methpslsjoé the)invepsion desglesed beicini ARy awtablelesisosmponmbombersd.atol i shed
bi ndi i hst.ent .with HB36.4 binding in close

pr oxi %C;O%?%Ql?%g%sgaﬂr:?e&es\iegﬁ)aesgf&gggléh%énv tl\éhHA. For the HB80 design, the
conbi nat i onn géndrilecahjdtitive ynhibicoe asmaguradtbatrhems of edusey vaididinas HEXpr essi on
on yeast, indicative of poor stability. Therefore, we excised a C

5t er micRAPOg PR s ahw Bl sheqrobgeptdyeinfithaig verfionsnd thsdspieominenndstotse

desi gn. i odi it L B i ch
Ror o ot s TRt PRHERAL 1SS cBpBLA (8o Rbh e PR s ALY
and AdaSalupen HIBSAB tretsudalsle fdrase & dict <8Bipblitrart sudiéd. 1n edrerioémboditheRtssere by

2boi ﬁ@%f%l%gﬁépéﬁpngé%gg%% i entign Wik HepEReo: f?%?églg@ng‘!"gfﬁ%%%i ndi ng
nmode. ¢dfened (e.g., 1:10, 1:20, 1:30, 1:40, 1:50, 1:60, 1:70, 1:80, 1:90 or 1:100) for a period of time
prior to applying to the HA composition. In other embodiments, the polypeptide(s) of the
15  invention and varying amounts of test compounds to be screened are admixed during exposure to
the HA composition. Any suitable detection means can be used binding. In one embodiment,
the polypeptide(s) of the invention are tagged for detection, as discussed above. In this
embodiment, the detectable label will decrease in the presence of competitive test compounds.
The reactivity of the (labeled) polypeptide of the invention in the absence of test compound
20  could serve as one suitable control. Preferably, competitive test compounds will, when present
in excess, inhibit specific binding of the polypeptide(s) of the invention to HA by at least 10%,
preferably by at least 25%, more preferably by at least 50%, and most preferably by at least 75%
to 90% or even greater.
Exemplary conditions for HA binding studies can be carried out as disclosed in the
25  examples that follow.
All of these aspects/embodiments disclosed herein can be combined with any other

aspect/embodiment, unless the context clearly dictates otherwise.

36



Table 7 Affinity and kinetic binding constants for specified design
variants. Al neasurenents were recorded using surface plasnon resonance.
Nunber s iwoparxngjeeses i ndi cate error associ ated with tireTrasasanesent .
Design Variant Kd [nM k.n [Mis-1] k off [s] H B36.3 (D47S, A60V) 29.00.6
1.20.1 e6 3.50.3 e2 H B36.4 (D47S, A60V, N64K) 22.30.9 3.20.2 e5 71 e3
HB80. 3 (D12G A24S, M26T, N36K) 382 1.00.2 e6 3.90.8 e2 Site-directed

al ani ta enesi s of several re positions on each afflnlty mat ur ed
desi gﬁze"&g} 21 BS}S‘%‘P 0'2 ¢ing &qrwlkﬁ’d‘(glégd“‘i miaemaﬁa%uﬂgnt Table 8 , Fig. 9)
supporting the conputatlonal nodel of the designed interfaces (26).

Furthernore, no nutations were uncovered during selection for higher
af fi niAbsttacat were inconsistent with the designed bi ndi ng nodes. WO

O Lo TS IR P i
patch of 1nterest on a target macromolecule. Favorable interactions between disembodied amino-
acid residues and the target surface are identified and used to anchor de novo designed interfaces.
The method was used to design proteins that bind a conserved surface patch on the stem of the
influenza hemagglutinin (HA) from the 1918 HIN1 pandemic virus. After affinity maturation,

10  two of the designed proteins, HB36 and HB80, bind H1 and H5 HAs with low-nanomolar
affinity. Further, HB80 inhibits the HA fusogenic conformational changes induced at low pH.
The crystal structure of HB36 in complex with 1918/H1 HA revealed that the actual binding
interface is nearly identical to that in the computational design model. Such designed proteins
may be useful for both diagnostics and therapeutics.

15
Introduction

Molecular recognition is central to biology, and high-affinity binding proteins, such as

antibodies, are invaluable for both diagnostics and therapeutics (/). Current methods for
producing antibodies and other proteins that bind a protein of interest involve screening of large

20 numbers of variants generated by the immune system or by library construction (2). The
computer-based design of high-affinity binding proteins is a fundamental test of the current
understanding of the physical-chemical basis of molecular recognition and, if successful, would
be a powerful complement to current library-based screening methods since it would allow
targeting of specific patches on a protein surface. Recent advances in computational design of

25  protein interactions have yielded switches in interaction specificity (3), methods to generate
modest-affinity complexes (4, 5), two-sided design of a novel protein interface (6), and design of
a high-affinity interaction by grafting known key residues onto an unrelated protein scaffold (7).
However, the capability to target an arbitrarily selected protein surface has remained elusive.

Influenza presents a serious public-health challenge and new therapies are needed to

30 combat viruses that are resistant to existing antivirals (8) or escape neutralization by the immune

system. Hemagglutinin (HA) is a prime candidate for drug development as it is the major player

in viral invasion of cells lining the respiratory tract. While most antibodies bind to the rapidly
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HA80. Bi ndi ng was neasured by yeast surface display titrations on two
separate days. NB marks no binding at |li.IMHA AAG was conputed fromthe
change i wBaoralisgorve to HB36. 3 at the assay tenperat ur @CofUS2@4/0k6415
Construct Kd [nM AAG [kcal /nol] HB36.3 (D47S, A60V) 5.00.5 HB36.3 F49A NB
>3.4 HB36.3 Mb3A 11535 1.80.2 HB36.3 Wo7A NB >3.4 HB80.1 (M26T, N36K) 7.51.0
HB80. 1 F13A NB >2.9

varying head region of HA, recently two antibodies, CR6261 and F10, were structurally
characterized (9, /0) that bind to a region on the HA stem, which is conserved among all group 1
influenza strains (/7). Here, we describe a computational method for designing protein-protein
interactions de novo, and use the method to design high-affinity binders to the conserved stem

5  region on influenza HA.

Computational design method
In devising the computational design strategy, we considered features common to
dissociable protein complexes. During protein complex formation, proteins bury on average
10 ~1,600A” of solvent-exposed surface area (12). Interfaces typically contain several residues that
make highly optimized van der Waals, hydrogen bonding, and electrostatic interactions with the
partner protein; these interaction hotspots contribute a large fraction of the binding energy (/3).
Our strategy thus centers on the design of interfaces that have both high shape
complementarity and a core region of highly optimized, hotspot-like residue interactions. We
15  engineer high-affinity interactions and high shape complementarity into scaffold proteins in two
steps (see Fig. 1): (1) disembodied amino-acid residues are computationally docked or positioned
against the target surface to identify energetically favorable configurations with the target
surface; and (ii) shape-complementary configurations of scaffold proteins are computed that
incorporate the key residues.
20
Design of HA-binding proteins
The surface on the stem of HA recognized by neutralizing antibodies consists of a
hydrophobic groove that is flanked by two loops that place severe steric constraints on binding to
the epitope (Fig. 2A-B) (/4). In the first step of our design protocol (Fig. 1), the disembodied
25 residues found through computational docking cluster into three regions (HS1, HS2, and HS3;
Fig. 1). In HS1, a Phe side chain forms an energetically favorable aromatic-stacking interaction
with Trp21 on chain 2 of the HA (HA2) (HA residue numbering corresponds to the H3 subtype
sequence-numbering convention). In HS2, the nonpolar residues Ile, Leu, Met, Phe, and Val,
make favorable van der Waals interactions with both the hydrophobic groove and HS1 (Fig. 1).
30 In HS3, a Tyr side chain forms a hydrogen bond to Asp18 on HA2 and van der Waals
interactions with the A-helix on HA2. The Tyr in HS3 resembles the conformation of a Tyr
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HB80.1 F25A NB >2.9 HB80.1 Y40A 14020 1.70.2 Crystal structure of the
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t he 5C19MoMAzuasmdonai n was 10 determined to 3. 1A resolpatriuspo11bfidies

nol ecul ar replacenment using only the 1918/ Hl1 HA structure as the search
nodel (approximately 86% of the protein mass in the crystal asymetric
unit), clear electron density was observed for HB36.3 near the target

surface he HA stemr nto whi ch HB36. 3 | e unanbi gyo
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SUgge%Eaﬁffélb!@%otelﬁ%B'pﬁa%e& Eﬁé&meﬁﬁ@u’ixitﬁ% Mﬁboﬂehﬁﬂ?&ﬁ&ﬁi& tRORS e WE'C“ on and
desi gn met hodol ogy capture essential features of 5protein-protein

inter amdetﬂd@ip@rldssamdéh@ngrdrhqdymnﬁahhm bias ovigimagadi Lfrmysterlc clashgheersur f ace
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onl'y ahdBfst Ibtspdhsvas HOerBel s1_LSAMIAREWIR, Sidvhar PESI. PHIWbaRHmMalbh diad gel@dtedHB36. 3
to A/South Carolina/1/1918(HIN1) and A/ W8N/ 1933(HLIN1) is readily detectable

i n solapd therpragesgafas fapeetedt Forrcach aeesesiovitls Hewnyonpakr ygsiducgyers igparagmiadi t y

Toy. WApRiiSRIR v L thE AR TR DR RotRS o R SR B L O
obt ai nedaintiérerf e gwaffald ppo@in diafaae aagthch ecdrbighbbaying RogeethDesign™ @Sl t s

8gest that HB80 al so binds to .the designed target surface, overl apping
h HB36 1gen@zgqtelré&h@é@a@mmg/HSﬁB@erasﬂw wgsIBoTS ehaliangig et thei ghl y

cr _Oss'l&g@ﬁﬁ %(ﬁ*}gnﬁhﬁﬁgné’\bﬁ%ﬂasﬂh@ﬂa@éﬁé A foYbel CQBS%%&O |y n%l%@eg(ie%&qé HS HA

(Fi to HL and Ho s types r interferonetry
(Fig. cBnbéa,rﬁi)g alﬁkmer%ﬂdtspot teiquat e started bjﬁlB&ﬁrlmpnslung thenscaffoldrotamt onothe CR6261
and bi ”Qk one o h%nytr Qeem reonllJ @IS]3 (I;éa‘?or the Phe HS1 residue above). We then searched for
two positions on the scaffold protein that were nearest to residues in HS1 and HS2 and were best
25 aligned to them. These positions were then simultaneously designed to Phe in the case of HS1
and to nonpolar residues in the case of HS2. RosettaDesign™ (/9) was then used to redesign the
remainder of the interface on the scaffold protein, allowing sequence changes within a distance

of 10 A of the HA.

30 Experimental and structural characterization
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20 tested, with no detectable binding to group 2 HAs. Ant i body
CR6261 inhibits influenza virus replication by bl ocking the pHinduced

r ef ol di ngwof20td18atii ch drives fusion of the viral envel epe/useaih/otdies
endosonmal nenbrane of the host cell. G ven extensive overlap between the
HB80. 3 and CR6261 binding sites and its high affinity for 5C1918 HA it
seened pl ausi bl e that HB80. 3 woul d aI so bl ock this conformational

change. Indeed, HBBO 3 inhibits duced conf rrratl opal chan es in
bt FL and® SAe cpiEpgUsiBEihcvy Oﬂ 13)16 C%‘lffﬁ@te?é‘fi Hdistgpe thﬁ?esreaﬂgrgn may

poss e8ndkpt rr%rert%rgcrealfblzﬂetralgam Méstg/nsaag@a&ﬁtedmnt TP UfrdrdHt pHRGAR SN Y RES
(27). References and Notes for Exanple 1.H Ledford, Nature 455, 437

(2008ﬁ1ffeﬂmrgﬂmzb®ﬁ®g®7mgallmwm @eneRendbdntguhndpslgmng@w Chem I nt Ed
Engl 45, 810
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Huang,2/y.. Ugen hﬁﬁ@aonstheldes %ﬁgé’@pm%’ll@ls&hﬁbl@éd ohfhe gﬁﬁﬁrfag@ﬁ)s? 3 fusff. bbtween an
Kar ani col as et al in press, (2011). 7. S. Liu et al., Proc Natl

Acad @ghesisgysubumsof @s:%’cgaémeﬂrs) progein pnd @Eiermmal emysitag. QGellsigpressined 362,

o mil R Enbyedincliogio Bl ol E01 e T Rbsshlh GEBRH EAREY 10 or the

16 HA (Blubit yaes ectldiliornbﬁl whhedHmd dd@|-1ab9led Miith, phylt@srythtid-cofugatdd Gtre S ddin 2
i ncl udes the remai ni ng% 6 subtypes: H3, H4, H7, H10, H14, and H15. 12. L. Lo
Cont e ang-flupyeseain-gonjygatodpthc- HavcmrlbWYanszsg Wéawaruigb@) floy gytometrg vk s on,

em 264,
14587 198%?“0(%%%%&%%%&@%%%%@ %‘3%315 %%éir g)?f@qfaﬁl Qﬁé*zgn&% erggd from
t he sidikptdyaifiise ddsgr ved in the crystal structures in their conformation or
identity. ch hot spot r Si .ue furt her versi d constructr ng all
cont or i | RSP H G SAEIBH 8¢ pRarFCEsPRERSRl Wi diHe FHDLS ot o
above.q,Fan §té}§?@%‘&?(22§ St rh&’r?ers khesig. @@@'@ﬁ@ﬂjesign #ilA BibvEr W(Ii@%’j%fsé@ﬁ% t hat

mat ched t he posi the aromatic ring and hyd rogen bond
di ver st,wbrr@satluedmtmoe@né @pumﬂt@db@lHa\ withan amar@adw@mtetmn@nstaoﬁi(d) oﬁ2®ac h

' elSI du 629)(}3 28°ivlsgp gt "Ilhl talat{ﬂgessc:affold Structural Genomics target APC36109, a protein
of unknown function from B. stearothermophilus (PDB entry 1U84), did not bind HA (Fig. 6 ),
indicating that binding is mediated by the designed surface on HB36. A second design, HB8O,
used the three-residue hotspot and bound HA only weakly (Fig. 2H). The scaffold from which
this design was derived, the MYB domain of the RAD transcription factor from 4. Majus (PDB

20 code: 2CJJ) (24), again did not bind the HA (Fig. 7).

In the computational models of the two designs (Fig. 2C-F), the hotspot residues are
buttressed by a concentric arrangement of hydrophobic residues with an outer ring of polar and
charged residues as often observed in native protein-protein interfaces. Both designs present a
row of hydrophobic residues on a helix that fits into the HA hydrophobic groove. The complexes

25 each bury approximately 1,550A% surface area (total), close to the mean value for dissociable
protein interactions (/2) and slightly larger than the total surface area buried by each of the two
neutralizing antibodies (9, /0). The helical binding modes in these designs are very different

from the loop-based binding observed in the antibody-bound structures.

30  Affinity maturation
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16. Proteins in the scaffold set contained no disulfides, were expressed in
E. coli, and were predicted to form nononers (see Suppl enent al
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WO 2012/ 018907PCT/ US2011/ 046414 Supporting Material Conputational Design
Met hodol ogy Figure 1 provides a flowhart overview of the approach. This
met hod i swa 2germasali zati on 50f a recently descri bed approaais2éiensdsmo- si ded
design of pairs of interacting proteins (Si). In that nethod surfaces of an
ankyrin-repeat protein and a target protein were sinultaneously nutated to
i ntroduce a hot spot region buttressed by a periphery of conpatible

i nter | O The .hot s n.in.th nmet hod conpr i se omati c residues
hat | TGPl LinOERHGE Eabiars @@%&5&@1@% .Slgwﬂeﬁﬁroo%@f?@ not make any
assunptions about the nature of the hotspot or the scaffold 10 protein. W

gener ate a hotspot region consisting of high-artini ty Interacting I’eSI dues

......................................................................................................................................................................................................................................................

These generailzatlons aliomrus to deS|gn blnders of """ potentlaily any proteln

(hereaﬂB}ﬂ referred to as HA) using RosettaDockTM (52206Kaaoomp fromthe

structgégsg ”"bound to-the antibody fragment (Fab)" "”261(83) """"" ) - R — ?
positi the .ydrophoblc resi.dues.Leu,..Val.,..lle,. Ph 0 I o o T .and. Tyr. .

agalnsHA&hém§QVﬂace of HA near Trp2l on HA2 (H3 HA sequenC|ng nunberlng as
o PrOﬁg¥%§ﬁ?§§gE@?Kﬁ&gfﬁ%gsvggyw3GBNYWWCﬁTYméﬁﬁfbfﬁﬁﬁi .......... §W6f ...... e Phé”meréi

able to sati-s actorg cont

resi duBB3&i(RBR6 Apfésern

conforﬂgnngggoqkaﬁ@g)mere sel ected that were roughly Q@ r ot at ed relatlve to
one angéger wi-t-h-respect-to-the-center—of the aromatic- rigg as- hotspot ~~~~~~~~~~~~~~~~~~ :
residu (HS. 1) . (Fig.. 1). To conmput e the p05|tF39 f_the second ;

hotspOHB$@emduEh6F52) we docked the same set of hydriapbobic residues §
agalnst é@ grface Wi th the two major Phe COthFﬁg“?OﬂSwaOWYHSI ““““““““““““ §
25p|ace% 0> ensure that the residues . that are selecte orm.energetically
f avor abB80 Met28Tac¥sodEydi th HA, as well as with HS 1..7This search y|eIded

| OV\I- enﬁéwAg&%em@@[‘h?fAéf’%HLYSVal .......... I|e ........ Pheand ..... %t%or ...... |_l82. .....................................................
Thi rd t-he T % .......... I-esi dues wer-e--docked-agai-nst--the-HA2- A_ hel i X

r egi on*@%ﬁr( §§0W4%5r(4‘ﬁpézc‘fb') A@&éf’ﬁﬁ Mf‘é?@mrn’(\frﬁﬁé‘/ hé B8 resi dues e

2012/0ﬁ§qugm“n 2011/046414 orientationtora Tyr~ mas ldentlfledmthat """"""""" %
f or med “the requisite- hydrogen bond; ~di-dnotbury pol-argroups at the- o
interface, 1%nd f abJ van der \Waal ont ac hel i x

(Bber 58 I LRt S8 iahs Rt ?1@esegféﬁentna&nﬁ?he%égﬁfg%@wﬁm%r e

di ver siof inRehdBy @B BFiginaNGesiAMRL SR e HREANRE istivdkdd BY0stéd OhdhReWithH IB3ghai n
atons nearest to the HA surface. These inverse 5 rotaners were expanded to

i ncl udBigr 3t hnBackbonemstineisiod, hevdvar, radilgvnelicved these dleshsasesultiogambigbei n t he

or "o afdide? Ry the sl B FPS T BT bl AR BB finpRiRa, 1 o

Mar ch b2 esitgireld ghé Staithe dbigh O Modulingsiowddehitavictthakfioridhaed no
di sul fides, RNA, or DNA nDIecuIes wer e sol ved béwx-ray cr stallography at

a PessPuiormaionefithe Tyhhgismot syidugy wtipealigingdiic sebshbion e a smaligreyded Fig E.

CO' b 3B). More direct incorporation of backbone minimization in the design algorithm should allow
identification of such favorable interactions from the start, whereas insuring that hotspot residues
are fully relaxed in the design would eliminate unfavorable interactions.

Electrostatics: In HB36, the substitution to Lys at position 64 places a complementary
15  charge adjacent to an acidic pocket on HA near the conserved stem region (Fig. 3C); in HB80, an
Asn36Lys substitution positions a positive charge 6.5A from the negative Asp18 on HA2 (Fig.

3D). These substitutions all enhance electrostatic complementarity in the complex. The lysines
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are predicted to be nononeric by the Protein Quaternary Structure

server (S5), and contain a single polypeptide chain of between 80 and 250
am no aciwe.20iasdorst was pruned at 70% sequence i denti PgT/USa@h/ogsdsnauct ure
was refined in the RosettaTM forcefield by full side-chain 15 repacki ng and
m nimzation. . Lowresolution docking of scaffold proteins against the
target epitope To obtain high shape-conpl enentary configurations of the

scaffold rot in wth ect ta we used t he Pat chDockT )
f eat ure! fﬁtjdew g e@lﬁﬁcelsebaﬂo syt @%P@emgﬂl @8@%%9%@
conf Oru'i‘f@lta'cf?&?s Riw&aomsaldiat dr Hﬁ&&géﬂjbéﬂaﬂ{g AR AL 14:PLIS rr@(ﬁfce&“ ﬁnESro-Ueﬁ%illt and

Thr41 on HA2. The surviving conformati ons were clustered at
r oot - é ée-deprmstatid eidak would CRIBD) Y, alker dériprddtvevasifinity tihddrs &eﬁahb start.

et fy T BOPAT BR Y CCRETSR AL POII B SPR Pt HOE SBBRE CTRA bhat mmy

acgommelaaﬂeorﬁaeomh@gnﬂm@éorﬂ;‘ﬁarédl@&ﬁe Bﬁgﬁ@pdesfgﬂf(ﬂ"glbl@% ); e GioHRot SpRdty r esi due
conmputed in the library inplies an approximate |ocation for a p05|t|on on

t he scubstintipngrast s 7 aerdhairingeasenbandingreifivity ehier hfad) TherdesignetanN vect ors.
For e%%?av%Ptb%eD& {%e% ﬁ&ifmf%%ﬁggsﬁéﬁp {em%' n‘?%ﬁ&er s‘??nautb ‘6“381% n eﬁé €

Scoril ng reS rain S Ccon | Ona con urations
t hat wostlof dbsvraitingrespp? 8¢ etieniphatic II@R (hDHAQQFl SE) (ﬂhte@bstlt\Mbns rerned this

2012/018907PCT/ US2011/ 046414 = m n[ (A +i4 - \h )[(k.c th A -a
f'ri FrPaby ropracse thg Asp with regiflues thﬁ@r%lewsrlx tq fesob@tfptnoa dinsfi er gy
f h al I
2, Ry e o e e i,

and N Vit irsprokeritiite irsthe isolgatt@nsbdelf the idsleaalrlbus; Aap rds;dusebvotlkd 1ot B¢ present i t he
m ni mum function ensuring that the restraint is negative or zero; the
quant iStAEE WP n the square brackets are the dot 10 products of the

rel evant vectors; and n =Ph - normalization constant. This form of the
restraint function reaches a m ni rum when the di stance between the Cfl of
t he hdiabhoé Scéesiadunutaiensat popit pOHBAA dehign thetinfrsksbd landingadinitie- 100ldf | and
C-1Hl vechovstoangimtichigd. Thus, a given restraint is best satisfied when a
potential grafting position ompphex Bisdinigf old is perfectly aligned with a
pr e- coGprteed hot Mdiatiomgsue. Affinith® orientati on of either of the two
vectorgqof positigpsi Wth respect to hotspot h is nore than 90, then Rih
is setcgo 0. A limgry of n hqtispot residues thus inplies n restraints.
Each regi due i ig4hemr@ssigned the smallest of these n restraints: 20 (Eq.

2)R = pgnh (R ) pga7n G7s o+
E1 D47Y,G19C ++
A2 D47L,P68L,P70L ++
A4 D47R,P70L e+
B6 D47W ++
B3 D47R +
B2 D47E +

*Approximate binding affinity by 5-pt yeast titration.
+++4, K4g~2-5 nM ++ 5-15nM, + 15-40 nM

The favorable substitutions were combined and the proteins were expressed with a His-
tag in E. coli and purified by nickel affinity and size-exclusion chromatography. The variant
20 HB36.3, incorporating the Asp47Ser and Ala60Val substitutions, bound to SC1918/H1 HA as
confirmed by surface plasmon resonance (SPR; ), ELISA, and co-clution on a size-exclusion
column (data not shown). The HB36.4 variant, which incorporates Asp47Ser, Ala60Val, and
Asn64Lys, bound to SC1918/H1 HA with a dissociation constant measured by SPR of 22nM and
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Equation 2 then assigns the mninmal restraint to each am no-acid position i
on the scaffold, so 25that each scaffold position is affected only by the
nost apprwprberEsfeot spot restraint at any given tine duPcmgseanfesmat i onal
sear ch. Since only the locations of the Cfl and the backbone atons
are required in evaluating Equation 2, the restraints can be conputed
efficiently during I owresolution Mnte- Carl 0 based docking of the scaffold

t t h t, f tant | t b
B usednatiriigo i h nt riloblin s Coraeron 41t ey RAPT ERERIBHIE. o
Hot's p%ndit%io‘iﬁ@H@l asg r@?}) cMBistaedithWiB T 4 HRHRRLn RIRE Bf‘d%ltrﬁl& ® @e848Pstem

scaf fol ds 1 hat i ncorporate the conmputed hotspots. The nore restrictive
desi g mpgopeame@y HAvcBorpbe HBG delsngeshh o@mbmtatlcute@ﬁ the efinftyyincreaningHB{ativd

2012/ 01 /[ US2011/.046414 Hf 3 %ﬂ?ﬂt ,Jlt% I ar I esi d(ﬁe for HS2);
the | €8 “CF §‘t TEETVE DT HE6 BB’P 1«¥8 R CRRE™ o ARG SXRShpST ar
resi dugnfii shSh ( A#92}f§f@it8p5‘d$s r(\;%ﬁﬁfa@@%ﬂﬁ@@ldcn%ftﬂ@&e%%twft@ﬁb dugifRhacement

for use in the differ st’'ages design. Each starts with
conf i dossatf bowirgf affihiey oaf§ ))IIdBM) 6t‘ehmhamoepqwds fhﬁmrmh&tt@rﬁ@mallwrthMe gui ded

For PP AP B eOIR R SRl et aaRuRoRy Rl § By i alELR Sy o™

scaf f ol th iy 'agyes PR WAk Riith Hﬁ%ﬂr&ﬂmmﬁhgmwﬁ&@é €R626\18Fﬁ> foRelieey to al ani ne
to increase the chances of accommopdating the hotspot residues. Method 1:

pl acembolished birdingstediBH). 4 (et Blanonsiéent widdhe designsd bindingimeda.0The resi dues
wi.thin the hotspot-residue |ibraries define configurations that are opti nal
for realizing the hotspot interaction. For a given interfacial scaffold
posi t itible VA fihi®y aidekinues birdial coistdntefon gpychijedidbippatria@si dUascasiretiats

|'i br aryer@R@ofdet akifg 3dade AR oAt BsdnBficcS O/ Bdrdl il RERhA S Mdasitd @ropl | gn it

per f egldopiapdd Witk e ok ®BlenPf the hotspot residue. Scaffold positions, for
whi ch the Cfl atom; are farther than 4 OA fromthe rel evant hotspot resi due

or g i dues

T i1y [
DeSIgn \'Iar|ar|: S L0 LU ‘n'kaM 51] ufflc I M shape

by

corrpl é‘W’éﬁ?a‘?VSoﬁQf’l guratl on of the2?9ﬁ96part nérzém% t hen3f%39% ze t he
ri gi d-HBaely (A7SAR0ENGSK) and t he si d@28 n dedrtkse>f freédleh of the placed
hot spoiBso.eshidGen24svaeT BeEged forceBdel d t hat 10\.3eeconsi deps.dd2e punitive
engrgy terns for van der Waals cl ashes and rotaneric energies. |If the
energy of the placed hotspot residue is higher than 1.0 Rosetta energy unit
20(R. e. u.) Siigedlifcicd ateainchingtagingsie pbpaveral core poslﬁonfh@n eashtaébaityomatuined

t wo-resi.due ho of des his s ace th hotspot
Feai o B B (R B LortTRleE Rrogk R o bitamed P 303l O, DuBrbind
t hr eecopudtiend &sddgnsf thedcdiged ihfeifBcs (L6t ngyhdrﬂlom as @mitditﬁ)nIWere( o3y ered 5
Met hod 2: placenent of a hotspot residue onto a scaffold pasition For
each idwiag pelegtion ferhiehe adfinbsinel were ngonmisisnhvite therdesigaed bigdmgmessof t he
ffold protein with respect to the target in the context of a single
restraint (Eq. 1) derived fromthe hotspot residue. Al other paraneters
and cutoffs are as in the previous section. W used this strategy to pl ace
H52 in the two-resi due hotspot designs. 30 Method 3: sinultaneous placenent
of multiple hotspot residues WD 2012/ 018907PCT/ US2011/ 046414 For each
hot spot-residue library, we identify a position on the scaffold protein
t hat produces the nost favorable restraint score as defined by Equation 1
conpared to the remai nder of the hotspot-residue libraries. Each such
scaffold position is then coupled to the appropriate
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hot spot-residue library. If not all hotspot-residue libraries are nmatched
to different scaffold 5 positions, the configuration of the scaffold with
respect twothe/tisgoget is di scarded. Upon success, we Si ROTIUB2E00$d4y4
redesign the identities of the relevant scaffold positions to those

am no-acid identities contained in their matched hotspot-residue |ibraries.
Si nce onIy a handful of positions are designed in this schene and the

i denti of the desjgned residues are. limted. pased, on t r

hot spi %\ﬁentwffahgmeeﬁ@%mmagﬁn%e QRe PGS e B Pﬁgh%é%sanrim 0
t he d&ﬁ‘%on Petrrsincas e by yer naifacy disrday tieasions oneve sdarahiayssiBene to

pl ace nHBls mtblmﬁﬁlg at huVhdAt AABew aseimthugednfoers plot chdegé igriSq relative ks HBBEG at

conf onimisson@inpsearrcbf 294 Khe desi gn of scaffol ds incorporating the

t heee-resi due hotspot 15Prelimnary trials using the three-residue

pl acement approach (incorporating HS I-3) revealed that this conbination of
residues inplies constraints on scaffol dyggoteins that are very rarely net

by protsh&&uct the scaffold sg,.[nM] i NCraaat/mbe chances of identifying
scaf f ol ds that may i ncor por at e t[he three resi due hotspot we used a

pr ot ocot =TTt |||Eu LIIE=S§=E T terms orpoth the backbone
conforFtﬁ?fgén(L 4T7ét %caffol d E‘r @Ens and thelr rigid-body orientations. 20
This i HPéf'\ @atl on was made ssi bl e b%rét he conput ati onal -effici ency

gai ns P8 My the sinmult addstis2pl acehii-4ret hod. For each

scaffo|,d 6% pent of the sc Eg‘ol d on the ,Tyr H53 residue was attenpted
and V\aﬁ8 Tswégﬁfsful i f £, | W hot spot residue's energy did not

sur pas e he Tyr fq Brred a hyer en bond with the Asp 19 backbone
car bon\H/ J- xt conducted 4 ials of r id- 25 body docking followed by
si mul t ) acerrent (of HS ing rrultaneous hot spot - resi due

i 6 wer e conducted to
i ncrease t he chances of successful placenent In retrospect, backbone
renmodeling is likely to have contributed little to the success of the

pl ace'@%ta@ﬁtrhﬂ%r@ﬁfﬁRCIIIBB@?S@{@is‘l{A EB8plas the backbone of this
redesi gned protein does not show significant differences fromthe starting

30wi | dtype Tslf@ﬂﬂ&(ﬁtéﬁﬁ@“%@f@@?@l&@@mM@dﬂS@%ﬁﬂAmé@m@ﬁWﬁS resi dues

e of .t the success u resi dues
b SFiePhisedfo et FeBRion | ARG PR b PSR SRR Bl AT AL Toet “Toa
f rom tshcthay @gahe fHadhahddR(Hpted@sicgnesds ustﬁaq)r&eﬁﬁht@ae&iegﬂﬂys(tﬁ&kymm{etdce t he
target protein side chains are allowed to repack. Ay, Pro and

5di sulupityelqar pleetgoredansisy was obseevaddpr HB363 rne@wee reeitsyHecesiadieHdestenthr ee
itera

R A R L S L

sof t - riégutikcsli tw ehepdismed aindirgndody, adthahd modﬁedeaﬁamﬂtln@mampebcsgnwmnttmhms The
| ast design step s.the default all-atomf rcefleld |ghts on
LHE s Paried e R heenibrsearum A FimnR) ¢ 5o eRetr et O I}%éty %fstheﬁeeﬂgne

resi dygs @QindQhe A% %u%@ﬁ&ﬂ%tﬂﬁh H@@%@Wé&tdeﬁ@éd P]lﬁﬁ)‘éﬁﬂ&xﬁ‘glﬂﬁﬁ%gdes' gn
sinmul ations, the side chains of the placed hotspo resi dues a i ased

t owar dasantuhlday ﬁomtdthe&teesromtdemm maieahdzentahcst@pmhmse&rdplmae@baqkrtes;tmmt B4 n the
hot spot - r esi ellbrar lar to the inplenentation in_ref Thi s
bi as i°&%Hp REved! a%raa%tp Hicgcgb 5k trﬂ%fielS&tééﬂﬁtaéW@arq%tré%ﬂ s,lé,a ethmtsm ee
at ons r f ' 1ing
fhe pIhasy: PSSy lEeidRE oh e HBUR R if PR R s Sl EEk0 B

pasi t iPhn4niTirp57, @hp@btanche@ iThs unhraget dqusioy eleacly Hmwsekartbése fomrhese at ons
woul d three carbon atons a ot of |c r| ngs
To. endBfoinuit KR ehis S oSt anabesians ftamed ripde R 48T AT

scaf f @hghn iabdnsls&nt HathMhSIAI M@ @k ¥C ), enmygd o@t&t&gmth%oﬁldrattoatd ﬁ’trtoand
the | ast packing and mnimzation step is carried out in the absence of

r est r dhqumgp. Eerccidésonly ivay wierelidd-ehagnudanydy W@&Db%ﬁf\fqdl Oeerel, theenmstiing to

conput e d bi ndin ne 10). ..bu ur f AGe ane
conp effsisre i &daf e b Ele B PES BHER BN BB intiomy
ener gia@g odfhedhRct ftdtiond SR e. u., surface areas of |ess than 1000A2, or
shape-conpl enentarity scores Iess than 0.65, were elimnated. At this
stage, designs were reviewed nmanual ly, and a subset was selected for nore
rigorous evaluation. After the subsequently described nodifications in the
designs, sone of the designs had statistics that failed
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25 these filters. Wile both HB36 (binding energy=-24, Sc=0.66, buried
surface area=1620A2) and HB80 (binding energy=-19, Sc=0.72, buried surface
area=1580w@noraas®wd t hese filters, other designs wth cecparsabhe4etati stics
did not. Mnimzing the nunber of residue changes at the interface 30For
each design that passed the abovenentioned filters, the contribution of
each am no- acid substitution at the interface is assessed by singly
reverting residyes to thejr wil d 2012/ 018907 /. US2011/ 046414

i dentiti es ANT! PESHIHEPY O%Pif&& Y i S plak WP b e HESUCEMP I BA DI ndi ng

ener 9¥arfidg 4iARitAL ftheheRt&1dval g@ﬁéﬁ@b&%é@ﬁl@%&%ﬁ@d‘aﬂd‘@( pegsgaRg residue
and the reverted one is |ess t 0 avor of the design, then

t he pdolstermoed HEBIGEEC12H8 Ha qdng)lw iS&etwmouldgmtgwnsi suggest@plaﬂt,tde@plteaﬂhblrr esi due

change s .produced and eac gest i ewed 5 man hi s
C age SBrEainy HecGPel et End et SRE Bl RO Betat ™ feflag of
typi C@lrd,tymLﬁM@hyﬁtgrmohmroductl on or renoval of peripheral charges to
better conpl enment the charged surface of HA and did not routinely involve

nore than 5 substitutions per design. An additional nmeans of

m ni m -ogélr&arlﬁoﬂgﬁnh‘i’nﬁlﬁﬁ ywﬂg@e of the original scaffold consisted of

i ntroduci ng sequence res uring all stages of design. Briefly,

mut ati ons ﬂmw&ﬁbdd&mw&d@m%s@%nm@eaﬁ lﬁgliﬂz_’;ﬂcbﬁﬁdveal(lﬁﬁ{ediiﬁl g of mokthei r
di st ance |n the BLOSUMG2 matrix (S12). The weight on these sequence
rest r &oHRs! Rz vIRuges SugEeEingdh gt @ﬁ%beyawal |ba@41%§0t| plyedpi Hy Hikst h ref

( %’ O) buf Do Qﬂh@f’Hﬁgsu% E9YIn ungidir%gﬁf Fﬂ%oun ﬂ!§ofuﬁ{ @&%ﬁng?ﬁl‘%ﬁf@({ﬂi ltl\ﬂﬁ afk

total system energy t he states. In eac
i nt er fAAB\ESN/E93 AN lmreachlyl doteth il ©inr sepaiok . byfget filitanen ( dead n&tshbwh) Iaywell

{aken 2 gtk e sty S S EBeRLRp pORE P By Do Sethgionka (% ng t ne

CCP4 g@gkage v.6.0.2 (513) using the sc program Experinmental
characterization Expression and Purification of BirA 25E. coli biotin
li gase (Bi r\’)&hlémzymf)al westes pf BES@dn amiplpsmilﬂli 24 hapnet brampblainsidnthkar to

t th N- t
Sl PG EREH e ap oty an roS S iey Tl KR Sy GG or s mor s
DE389 de8i necﬁtﬁigéﬁﬁirﬁﬁlt&@il@ﬁ@ﬁ@%ﬁ%@ﬁﬁ@ma@ﬁﬁéc@@ﬁ@ﬁ HBUcTad@ 3 (SEQ
ID NO 1 5)%@and DE39

(5' - agkpftekigdedagfdy @m@&fq@mvw@&a@dw@% h@@gﬁfﬁ@m oA/ Yigtgmy 1205219@’5 H397)).
The PER, d t t
Si reri | arl i E@ ﬁ%% %ﬁ;ﬁ%%@lagﬁgm B%%B\é K @q%gelé?tgg%glgt r ah :‘gr (r)red

i nt o BhRi{DER)pattern & HBO blmdhlglﬂmf@mhM |@R626Wand binds most of the group 1 HAs

2012/ 018907PCT/ US2011/ 046414 BL21( DE3)/ pDCEO95 cells were grown in
siake t$steds pdthing degrptadly hinding tegioym2ddA87C to an OD (600nm) of -0.7, then

shifted to gﬁﬁ)&l@ctlk%qﬁﬁb% ffubhe Bed 'réﬂh%gtl&{ b}l ﬁgg(mg the pH-induced

refolding of HA, which drives fusion of the viral envelope with the endosomal membrane of the
host cell. Given extensive overlap between the HB80.3 and CR6261 binding sites and its high
affinity for SC1918 HA, it seemed plausible that HB80.3 would also block this conformational

25  change. Indeed, HB80.3 inhibits the pH-induced conformational changes in both H1 and H5
HAs (Fig. 5C, Fig. 11 )({10), suggesting that this design may possess virus-neutralizing activity
against multiple influenza subtypes (27).
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(1 sopropyl - bet a- D-t hi ogal act opyranoside) to a final concentration of 1nmM
The culture was incubated at 23C for -16 hours after induction, then

har vest edwbyoransggorf ugati on (3000g, 10 5 minutes). The pelrlustoffinedma 1L
cul ture was resuspended in 50-100nL of lysis buffer (50nM Tris pH 8.0,
300nmM pot assi um chl ori de, 10mM i m dazole pH 8.0, with Roche EDTA-free
pr ot ease i nhi bitor cockt aiI tabl et) and the cells were |ysed and

hom)g n| ze sses i Fl exTM C-3 cel | disruptor
(15kP %ft%rLeEt}eé ’?&?&Q fry%&@gﬁ%@ # Qrgatu on (25,000g, -1 hour),
the su_gper nat KyricWse &2 URBE 88, 31 N DITAY F£AI R0 agen), 10 washed with

excess |lysis buffer, and bound proteins were eluted (wth 50mM Tris pH 8.0,
300nM4pot aé%llﬁdh@hﬂdndd@l&m 291 @429).e pH 8.0). After concentrating and

buf fer exc g{,;n t ot assi ym phQs 5, 5%glycerol, 0.1mM
di t hi ot hr ei tg b %‘IgT? JOPﬂﬁemg PAMRE: PRt g’t@g?ﬁ) @@ﬁ 56 col um’ (GE

Heal t fscar e)). RBEnRbIE ElaMMAY. @ezizimpﬁerss gradignt of 0-1M potassium chloride.

Bir A containing fractions were poole concentrated, and subjected to 15

gel filttratS & e%epfffq{&&ﬂ:ﬂf@i&léﬁ@ KA. 539 @0%7was appr oxi mat el y 10my/ L
and >95% p sses r |ed BirA protein was
conce%tsr at ta%%taga%%g?%%?%nédrﬁ%%?g p%—ﬁ#).l . 200mM pot assi um chl ori de, 5%
gl ycerol , al $ejuotedvarsrap: ModBei 16)2651(Q00%). ni trogen, and stored at -80C. 20
Cl oni n% Expression and Purifjcation of Hemaggl utinins Based on H3

i

nunberlng, [tENAKIGbe s fdReried &G @80 %ues 11-329 (HAL) and 1-176 (HA2) of

t i f | ue t‘n&g@&gl )su a p si gnal
pggtl e1 (an@ﬁg@éél se(%gteolrfl(@{eerﬁé(m N@%NKEHTSKM/ Al V%ﬂ%%S%IT:% ( SEQ
| D NO 212)a)1daﬁd tGroap Titcdudes el retainingg 6 xatityons: HdnEd,H 2B O 41 agl 1BY5.

I t 2 53). The tri i zati
S\C/)ﬁ’g.l aaand LH|L>° fvgeiﬁgﬁlélyﬁ%alrgpghswgﬁ?%@%ﬁﬁc@% mai)n byea ':Ihgg:ﬂlalzg on
cl eavage sitt €ladk@bn, i R WL ARG HA67, 383BIgo3)target biotinylation site
(ami no- aci d sequence: GGGELNDI FEAQKI EWHE (SEQ I D NO 213)) was inserted
bet wedd. t heMHA Bordmahe £ BipbEhirm 264.t1d58ThO8PBs Ul t i ng PCR pr oducts were
d t.ed fi d st f t

CRE1ds: RSB aRETOaEH oS (B adeRa) dR CRPRaN HE S e TR et o

( I nvi t I 0gentysa diridtiitds ﬂﬁth\é@rcﬁnﬂoﬁﬁgﬁtﬁibrhb{eﬂtﬁyaIEaEEﬁb!sﬁ@l Bdifud wedfubdem d DNA
into Sf9 cells using Cellfectin Il (Invitrogen). HA proteins were produced

by infecti rdgvem‘lgbmwgwg@ﬂ WSy mElions deicEnispeensaf YYb1Chl9P¥§1§ld@fi wighs

| I
ncubat i ng S SRR b FEPTRL B AR - RSty 8l R Rhritiplefie
clarified hyatthed th@ptrsdﬁomff theﬁlbmmugmglaﬁm hﬁcﬂro@&ﬁ&gldamﬂlsliﬁ)ve@ﬁﬁgat@h stepC. The

super natant, cont al ni ng. secreted,. sol concentrated, and buffer
exfhanged PHRBICF% 2 PRE, offiackbone pagitighs f?éte%ﬂh r&ﬂfiwnttpe BRI aphy usi ng
Ni - NT/}6r es'lj?otefﬁA"fn [(’M% s@af?@? IS&I c%gtaﬁ{éq nB_LHléuflg (‘Fég &Hﬂeteﬁ@f esd ih %q%l{ %gd fv&%‘fe

speci fic purposes OW ng sections stage, yiélds typically
vari ed fromprddidtedry formadepentirn@geauParpl¢thenttlAnfosmhiad¢re. Bi ot i nyl ati on and

Purificati Affinj rati on an i.ndi n t udj e OAfLt er
N NTATour b e TGO - e ST o Tl Tt AR £ 35!
concentr at q@@lpm 05p - 2- 5ng/nL total protein. The HAs were biotinylated by

the addition of 25ug BirA enzynme/ng total protein, in a buffer of the
f @51 ovling. doh@gyeﬁcdnJMdo?rMSBdngb(%OQm 10mMM ATP, 10nM MyOAc, 50uM

bi ot i Wt s th OniV h otinylation reactions were
incub;i?ed aq]%%%?taa? gaﬁ'&?frl\@g K% @0@ Jooi nt, some HAs were digested with
trypsi2o. ( NgwCAén, EngtsﬁafblBpo¢ahsey,@rbkwaﬂpﬁwspﬁwm9M961@1®t9ws at 170 to
generate the f usi on conpetent HAL/HA2 form while the majority were kept

undi gedt ed @QELhaner et ifglostle d HEYOMer e purified by size-excl usion

chr omghogr
Purlflgatlggﬁ%@(%ggﬁgﬁﬂﬁﬁgﬁégégnesﬁﬁﬁékpb“?%%qgﬁgkgkb“Egaggﬁahgq¥%qgeh6261
heavy and hmghﬂ&@mamﬂmdw@mmasymuhﬂ&mzﬁdﬂ(MmhtEeGRbZ6IBﬂgduhmumgefgpﬁam

si gnal peptlde and a C— rnlnal i s tag by overlap PCR  and .cloned into
pFast Bac DudPrtiel ARG g, efaégeték PeEuyt ﬁS‘ie’ﬁl I5&ER 106 A 38 S/t e Ow et i on
nmet hods, protein expression in H gh5 cells, harvesting, and N - NTA
purification was essentially as described above for HA. CR6261 Fab was
further purified by protein G affinity chromatography 25 (elution in
glycine buffer, pH 2.7); cation exchange chromat ography (MnoS resin,
sodi um acetate, pH 5.0, with a |inear47gradi ent from 0-500mM NaCl); and ge
filtration (10mMM Tris, pH8.0, 150mM NaCl). The final yield was

approxi mately 15ng/L. Bi nder screeni ng nethodol ogy



30Desi gned binding proteins were tested for binding using yeast-surface
display (S/5). Yeast codon-optim zed genes encodi ng designs were custom
ordered fwormGanswri pt WO 2012/ 018907PCT/ US2011/ 046414 pCRitscat avay4 NJ)
and subcl oned between Ndel/Xhol sites in an in-house yeast display plasmd
named pETCONTm pETCONTmis the original yeast display plasm d pCTCON(S16)
with the follow ng nodifications: (a) a franmeshift nutation in the CD20

encodi ng region; el restriction site iately d stream of the
Nhel site; eﬁﬁana(t%ﬂﬁ %ﬂ&ﬂ%ﬁ@réﬂ}%ﬁ%%%ﬁ wdiiRgetst gﬁ%%ﬂ%%@?@%p@hléam of the
BamHl  r est rj&kiyomdShittincdiiplefddbprodgdygmee i s avail abl e upon request.

Bi ndi ng studi eS were done essentially as described (S/5) using 1 ilMof a
bi ot i Yl at eddc Bconded idshcimign Dnstents domgitwo neue gpthodkdryetitrative df bithegamst e.
Secondary | abel s .wer nti.cm.c FI T ltenyi, Biotec, Auburn, CA) to

roni tor | Heston S Are DI R ARG Mt bs P TR B

(1BVi t r ogenmpeabemSRBesingAlrfhd prRytdnaesdianel. s Bkretibe diicRiphmyy iat ed 10
antigen. Binding signal was quantified as the mean pgycoerythri n

fl uor escen(@éteﬁilllm%lgdisbpﬂ“@?ﬁ petbodsaricasiremente desvadstarg yeass 88 fasmdiseéer f or
excitation S filter [ . en.ssi - propriately
conpensat eélﬁaﬁgl?snagzZlftt%ﬁ]élgglgj%@}%ggeﬁng S}lﬁlll—lfifl?g V&S}Y eld Sﬁggﬁé}gr an Accuri C6

fl ow oyt omel @ Stelbssones ul | Rier@mnés, ab4 f @006j.ndi ng was CR6261 scFv Phe54Al a.
The CR6261 scFv was 15constructed by a (Ay4Ser)3 linker joining the heavy

to thedtight RegrPaBrlerraypdieyd&pefigt He I0NKWRL0di ng CR6261 Fab (S17) as a
t | al-e. | 4. RkAghu e i i sgtes for
| i0ogr e on e ra R S bR DS PP IE g PR O PR, PR TR 7 ok
Phe54Al a aritB&].1 Pht 3¢ Phqitdi, add Tydat(Teble S4emd suptlcodueledsisls).t he nmet hod of

Kunkel S1 Affini turati gn HB36 Round 1: First- ation
b ose Hras Lyt e theldia WiRe hE adued staorpaeLeing Brpo BT I e por
(epPCR) on L& i88tchEasRey QRdffdng &Of iR BERY ardr HBRG. QUae SdrPUintilar

site-saturation nutagenésis at 22 out of the 27 residues that” are nodel ed
as bei ng widisspeiati@pcdnsigntsiaad kinetie bifsratwndt pil ey (Kigdds);, epPCR was done usi ng

a Strafage CeneMorphTm |1 random 25 nut agenesi s kit (Agilent, CA) and
e 200 RO EaiRs PR R HABPEE SRRt plshBed Biprgibaft
library si zgR¥8&tadRTHoé afiheifgdotltasidnbor @idbehipttymdihgd 501 X-afy yeast
di splay selection, with cells |abeled at 50 nM H£1-2 for sort 1 ang 10 nM

for sort 2diffggamxdasrgtsayeeoeidtctert thattarforhsynebrarondiasiasioad-ighsqureapr oved

affinity >1Q- T t i i . f t ound 2,
and was HB%garkg%%%'éeaE 8&? g%&fg% H?%k%]s%gﬂ@?ﬁg(gﬁgﬁgﬁ (Cg\é[géo%c@ig%ﬁer ation
| i braries woedisgesindutivetrd faotordiB3Gk. Bpgdied it dicRyorpPlita 8Bank (PDB) ad ¢S per
gene. A total of 4 yeast display sorts were taken on a library size of WO
2392/ 018907BETY- US2011/ 046414 5.4e6. For the 1st sort, cells were |abel ed
with 5 nMHAL-2 and gated to collect the top 5% of the popul ation. For the
second and third sorts, cells were labeled with 10 nM HAl-2 and then

t horoughly washed wi th phosphate buffer saline with 1 ng/nL Fraction V

bovi ne serum al bumin (Sigma, St. Louis, Md.). Cells were then incubated at
22C with 1 il Mof soluble HB36.3 for 40 5 min. A 4th sort was taken with an
off-rate incubation of 60 mn. Al clones selected fromthis round included
the nmutation Asn64Lys. HB80 Round 1: First-generation libraries were
constructed fromthe desi gned HB80 gene by epPCR using a nutational |oad of
21 mutations per gene. Alibrary of 1.6e6 transformants was subjected to
sel ection using a | abeling concentration of 1 ilMHA1-2 and three total
sorts.
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10 W recovered nutations Met26Val/ Thr and Asn36Lys, each of which inproved
affinity >10- fold. A gene encoding a conbination of these nutations HB80
Met 26 Thr wenatlogand a truncation after position 54 (nacedskB80462)4 was t he
starting sequence for the next round of selection. HB80 Round 2: Starting
with the HB80.2 gene, an epPCR library with a nutational |oad 15 of 21

mut ati ons per gene was transforned into yeast, yielding 2e4 transformants.
Cells were labeled with HA 1-2 at 3 nM (sort 1), and 5 nM (sorts 2&3) and
gated to collect the top 4-5%of cells. Al clones selected had a Aspl2dy
or a Auppading Mateialon. Prot ei n- desi gn expression and purification 20Genes
encodi . i oned (Ndel/Xhol) in a pET29b expression
vector%tlgﬁ%bgﬁwe&@a transforned into E. coli RosettaTM ( DE3)
chem cal | y Kgnpétpesitidssea flevcHartatvervicve spthesippactwaBhis nattioeds agemgalizagon
aut oi nducti o thod, of Studier (S20 Af t expression for 24 8C,
cobl s hereeepty fewahed ?@%ﬁ?ﬂﬁ@mlﬁ?@%w Polil inbgRcHE mEYe s SBotfinaca
PH 7. Hoth@NdiraeQ &%h%%&&n-Eadeaqﬁsteﬁﬁiﬂd_dws%a¥ Brotdii® WeRWiRg 14l BLLY nf AL PR DY
25centrifugati on, supernatant was applied to a N ckel columm for

pur i f ilctaaduga a hpispotetgion hettesssd yecbdophsityeyh cetpbtitde irderagims mihd Imitspme ol e i n

HBS. Si | uS] hr ormat h dex7 d
P SR P edd STy AR B T e PRRSAET RoB8ls T o £ ThoaE ™
(SPR) Glatappach a6 nssinakSOd 4ss@RRisiRtaBoRkE niteRAUTdRINAEhR oBilR G4 lADdEl

2000 (Biacore, Uppsula, Sweden). A streptavidin (SA)-coated chi P ?Bi acore)
wal8 cdaeteid Wagrnope Hhotapo regepenssting Pt kighREynisf intepgoting residues of all types

ol ank 1 Gt R B O Kb bG8 B A G ER RNy

wer e bseldras poegatily entcoiotsiobafacd50 i1 L of designed protein at a flowate
of 50 nUmn with a dissociation tine of 900 s was used throughout. At |east
8 var \FHrabHehefspefiiesiuet protein were used to determnine kinetic and

equi | ibrium,fi i:pdi [ ' : 18] : mui r
bimdi ng. gy B E et e OB e B R O B B L Pt
and 0.hsmapglotiniodhdroafyaretfayrbd theastH Ahusng RosattaBbtk MBSArsiaing ops theatruSweden)
to mni.m ze nonspeci fic adsorpti 0] chi p. Scrubber-2 software
(eo MBI PodaRESanbans BagmPin Ea R G 0 cibsfions it o foatelli

gl obalbydwsireg, whiandand, doubie hackyLueund (BuRlfaa6 beHAVRlap ?E)_z 133 1A D ?ﬁB
cross-reactivity studies by biolayér rnterferonetry i ndi ng of HB80. 3

and CRBE26dquEaping ouabgrangeds iofProteipridae Bank (RI2B HatiysEBIN g Onka sonfegnatioads b

bi ol ayer,interferonetr sikng an Octet .RedTM Jnstrunment, (EorteBio, lLnc.).
Bi ol a B PhOY S BleCER Y st b s MR B P AT R Sy e
I ©90NAEFE SmEX PEiIds BERdrfed poldrhiedma TwoddhiRark2eh forMb@sR Dl Phs wiehdidckddzst on a
surface and then exposed to potential binding partners in solution. The

bi ndi rFrefoughly 6 safated relpdvy mppbanethegwith BISBFG e hargrist efifhe aipmagigring as
propent| . ¢ g s, leading to a shift in the wavel ength of |ight
refl eé]ttolésggto éld{lﬁg(lﬁls@sd@%qzurface. This shift in wavel ength can be neasured
in real -ti M, coatputsrtha@ositien oeths Yewmmd hbtspbt @sidoc(82)pwe dockeditbsmicadct 6N
rates and, therefore, Kd. Biotiny|lated HAs, purified as descriped above,
ver e (EWPhobie &siquse againgt sha HameHeee ngheatWO-r&@mthepqogl?%@apﬁna fromiek i cs

butf eryfcbot 13 Q%ureqwatzcgél resﬁugél-t%dﬁﬁ@‘gel%gd %ﬁgﬁ%ﬁgﬁzﬁ\f}r B0 rabR iftct2A080, @It O

streptavidin coated bl osensors and i ncu arying concentrations of
HBS0. 3 ArasGRE6wiHaHSI rl'lse besr¢hoyicldad lovbiematigy gladathentsvef ke Mal, d&t Bble,and 25C.
The e egj nﬁgés conprised 5 steps: 1. Baseline acquisition (60 s); 2. HA

| oadi E\get. RtB°sensor (180 s); 3. Second baseline acquisition (180 s); 4.
Associ at i oy, thderyr, Asn, and Gln residues were docked against the HA2 A-helix region

spanning Thr41 (Fig. 1) again including the Phe HS1 residues. We required each docked residue
30 to form a hydrogen bond to the backbone carbonyl of Asp19 on HA2. Only a single dominant
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25desi gned binder for the nmeasurenent of kon (180 s); and 5. Dissociation
of the binder for the neasurenent of koff (180 s). 4-6 concentrations of
each bi nd&o 20eveasawsed, with the hi ghest concentrati on becmgSi@a/omdvi4
Basel i ne and di ssoci ation steps were carried out in buffer only. The
sequences of all proteins used in this work are avail able in FASTA for mat
as Table 10 beI ow. 30 WO 2012/018907PCT/ US2011/ 046414 Expression and

purificatian 36. 3. or cr | 1] ion . settaT 1/ DE3) cells
car ry.OHgn&aH%n AT e Wéﬁl&@qwﬁwﬁg Srae. G SoLET RO sal ¢
LB ma%’r staPth%'?ntQFP@&O aﬂ’c{ for&ea fRlorablCrant R8WSIN dnefid Wit Be /R (EQ%CI?d by
the addition of 1nM I PTG Cultures were incubated overnight at

prot ei n exp¥leskthonenformtams hdenti6sd byl Royetwork ™M wgtatdlmnmﬁ@i)by)g@nemmgn nut es) .
The pellet froma 1l culture. wa resu ended in SIS buf f er
(SomiiFee TR g ok TG P 16 e HRR AT A £ 1 ce
pr et eas@ncRhv &t eRpandeg td mklude ?&hﬁéﬂs o@e Gtah i d @eVibBo\BK &y frySaRe BAYE rotamers
honogeni zed by two passes through an Emul si Fl exTM C-3 cel | disruptor

( 15k P& Jhe Dynbesckdibearyi(Rg) itk theyRosees™ bgmuendlinctflagat-eoh-¢x25, 000g, -1 hour),
t he supernatant was incubated with 10 Ni NTA resin (Q agen), washed with
excess |lysis buffer, and bound proteins were eluted (with 50mM Tris pH 8.0,
300mMVIANGebf seitfuldVprodeidzol e pH 8.0). The eluted material was buffer
exchanged into 10mM Tris pH3.0, 50nmM NaCl, | oaded onto a M)nOQTM anl on
ex c hange coVaneicctethal s lofi BB Praiteips ﬁomuthfeBDBgﬁzM@rélm@OQ% HePBINGSO0 Peak
é cti @ggh ! {E%xé'cﬁ%@m% %d?suff%%'% ncgr ﬁﬁglrg ?ﬂﬁst egeeéolvédll{ rﬁitrbon

as an aren diner 5 | '0a concentrat i

(-10 rrgtysta)llpgbiphy et zuteedluasn aetfaio IFHEATED, 5&[@@ rdpord@eb ladve |b@mﬁéxpi@§@cei’mtE ablip ns
(<1lmg/ ), and the two far were in rapid equilibrium Fractions

cont a@FﬁIﬁfﬁ digisddo bemnems%bé&leal%ret%%@ﬁwat %fautheﬁ%ﬁv(ﬁé) alll%crra%m@n of
HB36. e on%ég%d%hag%%%’e&pgo A é)aédnh El'dQ.nFI%QF?%vI l\gw“%

purlflc HA was di geste tryp sin B| ol abs,
5l t rygpeinte plentitygEddh, strhibtuhowasrefined iGhe Rosgitadtiioce fighli Hyofiubt sydeexthem/ed
(HAL/HA2), and tq renove the trinerization domain and Hi s-tag. After
qdéncﬁ?ﬁ?@klﬂlﬁé‘n@ﬁ@@‘éméa%nth 2mM PMBF, the digested material was purified by
ani on exchange chromatography (10mM Tris, pH 8.0, 50-1M NaCl) and si ze
excl usi on chromat ography (10mM Tris, pH 8.0, 150mM NaCl). 25To prepare the
HB36. dldvCi&dhitivnnducking afrscaffyldtproteizseigabust thateget dﬂiﬁﬁe3 (appr oxi mately 5

HB36. 3 nol ecul es per trimer) was mxed with 5C1918. in 10mM
Tris pH 8. qbé%ﬁﬁf&na%@p%eom@l PRECY eﬂqggma;e%%@ﬁ f%rat?élf Sithaverst ght
at 4Cgh PIA@% %%&QQPEG%KDB&EW%htﬁf&m%EM’g%%@%&ﬁ 'G@&)eégﬁstﬂé(ﬁ{tﬁw%%&e@w' fied
from unbound HB36 by gel filtration Crystal'lization and structure

deper mrlmwtqooﬁ)rmfatlorltseaf H%ﬁs@ffsmmmgln—tilat@nmteme@et with [Trp2dt andnl Hré hon Havds

t t he HB SC1918/ H1 HA t
20121 01800TPOT CIDTH DIBIER 1 68 AT AEod PO TE G e B M somw

NaCl . PapthDogk™Ck ¥l itz @dthnpdrimadess. wer e set up using the automated R gaku
Crystal mati onTM robotic systemat the Joint Center for Structural Genonics

(web site JCSG org). Several hits were obtained, with the nmost prom sing
candi ﬂf EE 1? WFr é‘ﬂ -10% PEGB0O00 near pH 7. Optim zation of these
condi t1%§ AU i n diffraction Squality crystals. The crystals used for
data col | eqtheQtspei-fsidin®YWbrabi¥s hid&is&d ot it Odify CORigu/RME of the scaffold protein
with respect to HA that may accommodate the placement of these hotspot residues. Each hotspot
residue computed in the library implies an approximate location for a position on the scaffold
protein and an orientation for the Ca-Cf and the C-N vectors. For each hotspot residue 4 and
cach scaffold position i, we formulate scoring restraints R/” to bias conformational sampling to

30  configurations that would favor the placement of the hotspot residues:
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di ffusion nethod with a reservoir solution (100uL) containing 10% PEG3000,
200mMM magnesi um chl ori de, and 100mM Tris pH 7.0. Drops consisting of 100nL
prot ei n Aw0Q0roigroeci pi t ant were set up at 4C, and crystraraSappaasied w t hin
7-14 days. The resulting crystals were cryoprotected by soaking in well

sol ution supplenented with increasing concentrations of 10ethyl ene gl ycol
(5% steps, Smn/step), to a final concentration of 25% then flash cool ed
and stored in liquid nitrogen until data collection. Diffraction data
for the HB36. 3-5C1918/ H1 corrpl ex were collected at the Advanced Photon

Sour cep/ Al al m cery Qgﬁl t 1 A iv Team
(GM CAC’:AT)n%b"é§§{§@;r ¢ Ard 2 %ﬂgq]aﬂ d‘?or(gff or]?/ )T]T_ﬁ@&é[&
wege i ndexed in R32, 15 int egrat ed using HKL2000 (HKL Research) and scal ed

using XprepTM (Bruker). The structure was sol ved by nol ecul ar repl acenent

t o 3. Mhete A€solthe bamputsd higdPiganergyNby I82dpot re&rduarﬁpwtﬂlwwsewgatlveeanﬁl wassol ution

structure of the 1 HA was used _as the |n|t| rch el si ngl e

pr ot orfBPSSRAS bF ot E‘EPS{%éraé%ﬁ?étﬁl‘é And N, ?f%ﬂf 13AfeyP fgﬁéfﬁﬁ@ﬁ@ at this

stage r e distal
o FAPRLEE, SR RARRhU YR RaPaes ﬁ%ﬁ*’aﬁ’o%ﬁ?@éﬁfh%n R o

HB36. Snsubirigehguttse tostrphaic @cgiBB6 .08 ztry; thelqgaentitas withid theaqent busketg afeths dotTM

wer e unsuccessful (using various seargh m)de\} vderiwed fro PDB code 1U84).

Hofev erodughaditigreleynigyectoss; laad it |0, = 85, ﬂpf- %ﬁ@ F issymretric

unit) yielded maps with continuous density for HB36. 3, |ncI udi ng key

si de- dleainpliZagan gerssantThi s phasi ng m)del all owed HB36.3 to be fitted into

t he maps manu nd unanbi guously. Rigid-. 25 body and restrai ned
ref i nement T(hFSnfl@ cn?‘ rPHgIRpGioRERtchont PHnigHE Yreh herdranqalenyren it Cfiaz,

ot ﬁ&ﬁé‘%ﬂ{otﬂ?gﬁé o R £ Ul A BV SE B BB uns of

cel | s nugetbdf ahupraodieénreSHIAES Hbg? rgatwf@d lsml@n fapotantigl yre@isy |p@§1ﬁdn b\theand
addi ti onal el ectron densi t%was observed for glycans at_ all Er edi ct ed

gl cosgatiald rpesiogtby aligerd Syith a prstGopypptegrhotspet rqaidug, If Bteameatatlsng gjher of
30reS| t 0 sites,
densi ttgeu&gos\%tg&s V\gédgﬁ%o?l éﬁg} %u%%g%?})&%)lto?%\}\?( Ig%{:el} E%% %mﬁl "bui 6Iq(ﬁ(?ﬁg) The
hi gh réetibiadastyhabpdt hesidueh atus b liesverktraiatsaE W0 r2Qded ﬂi&&ﬁik@ﬁgﬂdd&ﬁ@lll 046414
aided in obtaining relatively good quality electron density maps at this
moder &pgll ?%@gfh?ﬁ?’@ﬁesfrﬁlﬁs were readily interpretable, particularly around
thg HB36.1-HA interface (see Fig. 4C ), despite high apparent Rsym and
B- val ues(S24). SStructur al anal yses Hydr ogen bonds and van der Waal s
cont a¢Es. Det weeR, =HEi%ﬁ,(B Jand SC1918/ H1 HA were cal cul ated usi ng HBPLUSTM
(S25) and CONTACSYMTm (826) respectively. Surface area burial was anal yzed
with RosettaTM (S27). MacPyMl Tm (DeLano Scientific) (S28) was used to

r ender, C ener al i I
coor arRr AL S SRR nififhel R PRCR BLn ERNRFh AR e MBI 0. 7
Wk ch thaehsldea il fasoion tiy At H2)y btirteas appopdaphbBpdt reytraagayny given Each

reaction (fontaln d 2.5 Ilg HA or -5 1ig binder-HA conplex and 1%
dodecyimfad 4t 98 O(r%“‘f}? V&1 aggregat i on of the post-fusion HA). Reactions

were set u 100 mM
buffer to gllﬁéesa%{pei&gkgg%&tg%?ﬁ 0?2& l%gg?é&{%a‘é@g %I?‘é@%t%dﬁ%g q&tﬁ%

r angeEghatfor 2, the destrithRSkSn lbblfcif)lﬁputbd) effjeitnbly 2utiag Yovd—r@bdltﬂihll\ﬁoﬂt%aﬂbi bﬁseﬂ and
above. Reactions were thorou m xed, centyrifuged at >12,6000g for 30
secondecking ohihessrlip!f sratra Y T@S%?@t wrheHponurisse Rparanty fltﬁrrei‘tF?élﬂFBﬁ%I}%

regcti f and the pH was neutralized
b%aad&&%}?o%ﬁ{ %8‘%12%%2&&18“lqgwagw%g%nﬁlﬁﬁm}gs added to all sanples

except control s, at a final ratio of 1:25 for the SC 1918/ Hl reactions, and
1: 50 for the Viet04/H5 reactions. 5C1918/ HlL and Vi et 04/ H5 sanpl es were
di gest ‘HsWe"r‘eﬁ'ﬁi@ﬁPhtcf@eHBur s) at 37 C and 17 C, respectively. Reactions
vere quenchedu by t%chﬂtfér‘é c}ﬁBto@QIQ’té @5&&1 %fo&@&ﬂh‘t‘hfc%fpo@ﬁ@tﬁ’é‘%o%p‘%%d' ed for -2

mn. Sanples were anal yze
hotspots. The more restrictive demgn strategy 1ncorporated three hotspot residues (Tyr for HS3,
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Limtations of initial binding screen; other potential binders One
i nportant conponent in the recovery of active binders from our design set
i s the chwocel2ofis®cr eeni ng system We chose the yeast skcTasesllniampd ay
assay as our screen because the systemallows rapid testing of many
designs, there was m ni mal non-specific adsorption of the 30 biotinylated
hemaggl utinin (at 1 uM on the yeast surface (low background), and the

screen, cqul e readily recanfi o.select for higher-affini
var e ol Panf & Raadudndre BEHER: IS0 IoNts 188 07PErP IS O OBt hat
bi ndi r}HSIddrﬁisa%‘d@Blai?fbsRRl@%ﬁ'TS@. W&dév@l(égg% %r@&ﬁbfﬁ@h?ﬁtr hQﬁb&Y%ﬁdMeeaSt di spl ay

titrations and in vitro neasurenents , We noted approximtely 10-fold
weak eplatficnti foy ufean thandifficranost§RR ofdas gn.dimeh sertasvithdhpeordgutation lod theeast

surface di.splay titrat,ions t. hough t her be ,many reasons, for e

o sor SEuf Bt bRk R po ShimRu A LS e PR B R bl ot

5i Bcr %ﬁsbﬁgrekifdae _liﬁfé@iles.lﬂ%c%ﬁ%@@_lyf, atd Q{M)disMﬁdéuﬁlﬁ&i?d _stfeth%h, ihfReradB] REidues
contribution to increased affinity on yeast is avidity effects between the
tri nerqnéh%%qaﬁfébirmpwﬂbwlth@rﬂé)égﬁﬁmit%@ targes eepteinvert rediery tealpainedo arrgeasp e

t hous f | . desi i.spl.ayed on the surface. Gven the test
conce%??%te?(%&%?hﬁoldg{\wg;&,% h\%{ejsigsﬂte?@% é that we were able to detect binding

for designs that displayed on the surface of yeast with an in vitro Kd < 25
ii.M 10Anat her inportant paraneter blocking the recovery of active designs

i s t heViesheddeplacement ok the seatfeld oppe e ideglizebhpisRot resdie ng affinity
mgpurati on @gf, r%ﬁ&ek'%ﬁﬁlir&th‘é‘%%%ggﬁl%g%ﬁé 1ibf’é[?ie%‘9éfﬁfé c%nggﬁﬂéﬁ&ls' tR&"d @éﬁh@ the
e ( sl gha or

mean phycoerythrin fluorescen at bindfng saturatio
sever dbr realiziggthe hotspot intrddtiog. Fora greaninsufatatecatfoRippaitionf wt lteratkesvey rach

vari an (dat.a .not shown).. This increase in PE sjgnal cqrrelated with

o ot s TR et Paaes infhs ﬁ%rasf PG TRE S e iR afife SERTOLEPRITH soris Oof

bi ndi i | Wes the:.: i ystem
can darERT TR R yBMRY RroBhitF ol oot LS St R R R R Y S e
can r eeanedre ffaraier chan 4005 frgm thetelatdnt hotsste rssidiralr viosé ace od Capl Ayestbishran in
vitro Kd < 25uM and a koff <10s-1. Several designs showed weak bi ndi ng

adbi vintiyalighed itk the hetappt repidies by mpge thap$0°”. [apsEiageth® vBrECcqRITPRiRLtha
' : . ' f
oot onER. AP AR TR uln bebO g By Sy LaGL LTSS, Bl v

designin’g e novo design o

i nt er dotly orisntatyh frdrttle pide¢hais @sgretd ofl fBecdositofuled pecdtiimtdpot esidne ired feduted
required fo isolate the bi nders reported_ here. A nuynber of technical
advané@@eéﬁé St galyegnpigers Weta\teeen@mysterfr%%f@w@hsieri"M&éﬁﬁ glpHys ppgrotameric

ZV?LL%H%J(%MSYH% e a'ftﬂélﬁﬁkééﬁlaoftgfi&@éé{due% higfler}fﬁﬁf.?%!séﬁaséhre; idi splay as

r fast scréening an nity maturation of binding Proteins, the
| o cdBte.of, wpehsecasd/thisy@sdesgenand the ability to customorder plasnmids from

comrerci al _saurces.  F typi.cal. de novo design al, we esti e that a
undr ed ¢ hdtoihfaEstrroe e KRR hobbelifeerent trg BRnerER FIUETHY dogen
candi %¥S?§t rfe%u@P]E@(HSﬁ‘? Rhdhe §c%%ld3ﬂoteﬂﬁ€lﬂtjﬁ@§$se o%%e‘ih?e@h@éﬁdﬁ@d{ suged here
renoves the | aborious steps needed for purifying each design and all ows
fast seeddi stgtegndo aket¢ et yrfHBaY. ati on. WO 2012/ 018907PCT/ US2011/ 046414

VWhile in this case two anti body-bound structures were avail able, the nmethod
made m nimal use of information contained in these antibodies, with only a

sizegl evibmbaRepldcemiedt'sf 4 RotsPeOrebidne oo a SdaffdtBpogiabmci ding Wi th a residue
on the antibodies. Only the structure of HL HA was_essential for the design

. Y A :
process. THer pesbepigriaciphicatfpldmesttion ye gueimize the coniigysatign ofdhsnaffald 5 t he
desig - high- L N i ti . Lns: this
et hodun sy BDERreL Y e diBhah FEECLARS of dohBPREATA PP SERRIER W
i mpor thatspet fidac. diiVethsepsahctofs qpd etiifiy agcafif ohdgrcfions shetion\Wie desi this
strategy to place HS2 in the two-residue hotspot designs.
30

Method 3: simultaneous placement of multiple hotspot residues
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The use of diverse protein folds was a crucial elenent in the success of
the design 10 nethod. Binding to the hydrophobic target site on HA is

hi ghly cometzneimem7due to fl anking pol ar and charged | oep3/isoa 1nesiidues
(Fig. 1). The backbones of both HB36 and HB80 are exquisitely suited to
this site with helices that sequester their backbone polar groups from
interacting with the apolar surface of HA, while the rest of the redesigned

proteins fgrmlittle if y. lnteractjons with. the fl anki HA . regi ons
(Figs. 1 &' ?acﬁﬁ@twvﬁsgwfbm,p%{d& Secheetionds S B ol (15 pos
has, tR&IREOHE mAREBRoKSY bardift 2od8S Id8indI BCREIBn 1NBRIpLd40 WAt mbBer
proteins in the scaffold set were solved as part of the NITH NIGVS Protein
St r uctofithee Hotspot-stsidpe LipRSics. husb sséht waffeldmiogitenns thegooiiled toi the apreepiRét /) and

HB36 derived..froma PSl .target prot.ein. of unkno function (APC36109
From BoRRpEisHERLPRBEHT gl toaSEirs PR T BieS rphr Erae AR ot scul ar
bi gl og¥sifibns tHelkonAb@Stioh of BlkALAMFAH WithTBdpect tBald @Fdeals dicatRUNTp& sires®! | Mes
unknown 20 function has been hotly debated by sonme (S31-33), we note that a
previ oustigulizeatsly irgsiesian thraidemtities of thetelssand seaftald pestipns tp Hase eméo-#d open
the r . . ' . N ot 1 ONS q: ri f . desi gned
or ot e GO SO REE I EnalRYY RO QPGP ek sivk? TRB L B80T S b EES on
hemaggkaitidsipingd (1584 scheve ahd the iialtitiss oo dedignedTeditheeshyslimptbdbised bagheon in
the stemin a manner that is rem niscent of the main recaognitiaon helices

obser Velgvans hpfseel-rsdug-aerya therddiion it offejoamericrroafasprtipnsdaiodhs gesigmgep

past - f: usd [ Qi d r f. r pi t ope
e L R A T e B B S U

hydr oploasbotcdesigng.ace novi ng away, providi ng uni npeded access to it. Against
this surface, a helical segnment from HA2 docks, burying the hydrophobic
surface 30 on the stemregion. Although several hydrophobic chem cal groups

from tijienstridd cBRldrna6R5] @R4rdNinSth@dedbn OF Mﬁn%némo}mgiﬁﬁitﬁf&dr@id%@ers )

the angul ar orientation of the HA2 helix, iIts

2012/ &POYPCT/ US2011/ 046414 |l ength, and the identities of other residues

preclude its use as .a tenplate fromwhich to generate binders e

DIEC1 Uit on PR Oar HvemEiEt Bet  RTHEC pireh S AR08 foedarel aShe)

i Nt ri gevdamdyths Weig esibingtied of ReidpAeRpIBS edhs@hinft dnehib1al profeiik eiay 6R3R}ty

wher eby evol utionarily unrel ated ;%r oteins present simlar chem cal groups
t

for birtighngetly rretetnsiih theaycgdeldspl fopegeass theaghiaacay of xsTfdegsraffelds thit acti ve

el PRI e Pl B saG e R ERBOERE ket gy s inerms

W YAFAFNRRI RERIrAQKhARRIE K QAASHRIPA (| PR ihDatNhe 2 1Y) d-bbBAG i chtdidhas0Val )
MSNANVDGOOQLNRLLLEW GAVWDPFGEL GKDAYDVEAEAVL QAVYETEDAFDLANMRI M )
W2OVF APRRP opEcpltga WiRRNpde pespiRlsdi the pomptesiensl-rebicioney Rains psqyids! by the

(ASPALHETItanfhR8AY & nent meth
IVBNANDGQq_all\IlRLLEIgEW PR DAY DVEAEAVL QAVYETESAFDLAVR M

W YVFAFNRPIHSF P ¢AQ<L AR b Bt ckihASSAL BeH ol SEQtHeD WEIS RiZRdu Oas kiB36ptdd and

Asp47Ser, Al a60Vval 64L o .
VENAVEESIERPES LR é&%ﬁwg&&ww@ﬁ%ﬁww NR.c-u. and the Tyr

=)
W WF%%%&W%W@M 3l Gord ERInL MR n8@kortddBRA £Bials of rigid-
MASTRGSGRPWDF SENL AFEL AL AFMNKDTPDRWANVAQYVSGRTPEEVKKHYE! LVE

DI2KY| BsdKJIprkingyiRTpaeIviCF DRKRERNISKIRIcR o SEOHD-NODudZg yimulta R8BS hivtsps Thr
MASTRGSGRP SENLAEELALAFTNKDTP EEVKKHYEI L 30
o Y O TR B R PR AR DR 113 e B e B8roRss B8 Ly s

chances of successful placement. In retrospect, backbone remodeling is likely to have

contributed little to the success of the placement of the hotspot residues on HB80 as the
backbone of this redesigned protein does not show significant differences from the starting

30  wildtype structure.
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MASTRGSGRPWDF SENLAFEL ALAFMNKDTPDRWAKVAQYVSGRTPEEVKKHYEI LVE

DI KYI ESGKVPFPNYRTTGGNMKTDEKRFRNLKI RLE (SEQ I D NO 181) 35 >HB 80 .1
(Met 26 ThrwoAs388903) MASTRGSGRPWDF PCT/US2011/046414
SENLAFELALAFTNKDTPDRWAKVAQYVSGRTPEEVKKHYEI LVE

DI KYI ESGKVPFPNYRTTGGNVKTDEKRFRNLKI RLE ( SEQ | D NO. 182) 40 >HB8O0. 2

(Met 26Thr, Asn36Lys, Del ta54-95)

MAST PWDFSENI. FELALAE%I\IKETPDRV\AKVAQYVSG?T PEEVKKHYE (SEQ | D NO. 183)
>HB80 Redesigp b rgsidues ontnidepl thehotspeh,  Asn3eLys, Delta54-95) WO

2012/ 01890@%@36&19%2@3- HQE8AEdlacement of residues from all hotspot-residue libraries
MASTRGSGRPWGFSENCAFELAL SFTNKDTPDRWAKVAQYVSGRTPEEVKKHYE (SEQ I D NO:  184)

>HB3 BcNAIT pbditiGBShSAGY AV ARAFIN NKKOBKTS Wi ASI SGRFROIELARE PAL L

VNEAF A PRA Db UL RRERDC HENVEALDE AT GpEUREY SEQ 1 D

NOs 1%fuifide-miBad NAEIMET@LMTW%& ¥R SHRMMNINS AKDIS edesign and
SPI NTPLRSANGDVNKL% ENI QEQVRQLDSTI SKSVTPDSVYVYRLLNLDYLS S | T GFTR%DLHNLQ

QTNE GUWVNigatign werarusrl (VBNREYRIENGYSISTey (stshacrPnity KItEREKET RIEAPHIEKEL TAYPG

T O TR o R T AL R el B S i e BRGRAR. The fes
SVESERMEE o ARS\HY FfRAATIPLITRT AL QVABRIdhSEQzh D ohhe 23r) cltheTald € 10

Sequences of HAs used in binding studies. The sequences listed bel ow
r epr eS@RMeipatrain e cnwRihAt thracdgned reHdeside nohasse MBIy $NEEREPIY ect or |

t Of t h 1 . 1 . 1 . . .
P NCsHOSEN Rt et MR A s chalpspf e Rlacedlosyot pesidues are bigsed
r enov eawalds thegoselinats afithe idealvied dofspotrresiduesraatprasentrie shochoespof-ABRIBE 1dtaryhe N-
25 terminus of HAl. The Cterm | iotinylation site, trinerization
domaj 1S lﬁatqﬁﬂe i mﬁ?fétl?%t%e?ég%n p pras ﬁméﬂwt&%&}amaﬁﬁw NL)
MVL VN@MWMW%M%M%EMMH %%W%T@Eﬁaﬁo in effect
DTVLEKNVTVT NL L EDSHNGKL CKLKG APLQLGKCNI AGALL CDLLLTASS W5YI VET

SNSEN@TTEREDFp By dRPOL 8's VS sSSHEKIOBRIRRETD ©VWSVIRNHETTHEW padtion with respect

DAV NI b EP AR B3 G T Sl AR YNt 1 T

SDAPVHMKW@N% T &Bufe tIthiPMicdd (HduBaYYRSIERL th3Rr position on the
RVATGLRNI PSI %EGLF | AGFI EGOAMGM DGOAY GYHHONEQGSGYAADK 5\|

Al DA Fripis\al mmmmmmmmmmwmﬁw paggmrand. DF HD
v SEEKTREER B OB B JRRAGHSCN PEAPRDGOAYVR
KDGEW/L L ST HaGhrrstdtig (hSiQl isRubdthatit2)ly AQered according to computed binding
20  energy(S/0), buried surface area, and shape complementarity (S//). Complexes that were
predicted to have binding energies of more than -15R .e.u., surface areas of less than 1000A%, or
shape-complementarity scores less than 0.65, were eliminated. At this stage, designs were
reviewed manually, and a subset was selected for more rigorous evaluation. After the
subsequently described modifications in the designs, some of the designs had statistics that failed
25 these filters. While both HB36 (binding energy=-24, Sc=0.66, buried surface areca=1620A%) and
HBS0 (binding energy=-19, Sc=0.72, buried surface area=1580A%) passed these filters, other

designs with comparable statistics did not.
Minimizing the number of residue changes at the interface

30 For each design that passed the abovementioned filters, the contribution of each amino-

acid substitution at the interface is assessed by singly reverting residues to their wild-type
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>A/ WBN/ 1933( HLN1) MVLVNQSHQGFNKEHT

SKMVSAI VL YVLLAAAAHSAFAADPGDTI CI GYHANNSTDTV

DTI FEKNVAVOHBMN1EBDRHNGKL CKLKG APLQLGKCNI TGALL GNPECDSL L PAREIS2011/046414

WSYI VETPNSENGACYPGDFI DYEELREQL SSVS SLERFEI FPKES SWPNHTFNGVTVSCS 45
HRGKSSFYRNL L W. TKKGDSYPKL TNSYVNNKGKEVL VL WEVHHPSSSDEQQSL YSN
GNAYVSVASSNYNRRFTPEI AARPKVKDQHGRVNYYWILLEPGDTI | FEATGNLI APW AFALSRGFESG | T

SNAS E . KC SIN S FONI HPVTI C PKYVRS. TKLRM WD
2012/ & %@f%%ﬁ%ﬁ% eﬁ%%&% t@ﬁ‘%@m@@% C%@?ﬁgﬁwegyﬁﬁm D
O GY H-IHME @ iﬁ;b§1d%r A E\}ée% Mesioned residue and the reverted one is less than

G TNKVNSI I EKMNTQFT. KRVENL NKKVDDGFLDI WYNAEL LVLLENE

RT L DF ORI YEROV S tELdNigAKEken @NGOsHEBR YiHKEDINE OVE vBURNGT YEYEKY
SEESKLNREKI DGVS NDL FEAQKI EWHERLVP Gyl EAPRD%?YVRKD 5
GEV\X/LLSTFLé—HQPm%KﬁB %gei%asgwﬁ%@[%‘ﬁ C 2 LNy B Vo)
SHRGE N LSKAMBAIs M ¥ VE EAMAISARAALIR (FAT1 (eh @GINNGT B duced. These typically

DTVLEKNVTVTHSVNLL EDSHNGKLCRLKG APLQLGKCNI AGN LGNPECESLLSERS 10
WBYI VI p REEESES tteyEpNTTROrAAR SHAGKS

IDYEENRED 05
SRR B LR URL R AR GO DEEARERT A OWRRAL O
SRGFGSG | TMNAGMHIT EEHRPEAh Mb z ol Ik 6yl i)/ fhle GEGIRIKYY RS hKlbriginal scaffold

RWTGLRNI PSI QSRG_FGAI AGFI EGCGM GV DGAY(GYHHQ\IEQBGYAADQ(S];@&I 15 .
Al NG PRSP ERfRA e NssAaR RN RN EN el Deses Bf dasisuaBriofly, mutations from

LENE “FEEY, v :

VP SR K DS RO E LRI R &I Ot PEACRBC AR O2 matrix
KDGEVWS 5T FhGibighit-bh (1SEQcDeriOrestdjnt2@asst W SR/ 90/ 1977( HINL) MVLVNQ S HQ
GFNKEHT S KW SAIl VLYVLLAAAAH SAFAADP GDTI C | GYHANN S TDTV
DTVLEKNVTVTHSVNL L EDSHNGKLCRLKG APLQLGKCNI AGW LGNPECESLFSKKS

WBYI Al ) REQL S SVS SFERFEI FPKERSWPKHNVTRGVTAS CSHKGKS
SFYRNﬁmEW@E@%E%NKEKEVLVLV\GVHHPSNI EDQKTI YR 25 KENAYVSWS
SNYNRRFTPETAERRKVRGEAG ($Y¥)\Ehd BREDE|chEfsANGENIdcARMHs the difference between the
AFALNRGFGSG | TSNASND%%DTK P NSSLPFONI HPVT| GECPKYVRSTKLRM

VIS RIPIBSYOSRGENEEA A m&@ﬁ@%@%@%@www were

G TNKYNSWEE %TM%%E&BN@E%W@%%/&@HM@%%@%&M three times
ERTL DFHDSNVKNL YEKVKSQL KNNAKEI GNGCFEFYHKCNN SVKNGTYDYPK 30
YSEESKhMREKIVESESGEEND FEAQKI EWHERL VPRGSPGSGY! PEAPRDGQAYVRKDG
EW/LLSTFLGHHHHHH ( SEQ I D NO 43) >A/ Beij i ng/ 262/ 1995( HIN1) MVLVNQ
SHQGFNKEHT SKMVSAI VLYVLLAAAAHSAFAADP GDTI Cl GYHANNSTDTV 35

DTVLE Wbﬁ&W%@LCRLKG APLQLGNCSVAGW LGNPECESLI SKES

WBY! VETPNPENGT CYPGYFADYEEL REQL SSVSSFERFEI FPKESSWPNHTVTGVTASCS HNGKS
SRYRNL LW TEkReg saonplesmgsmNkeskevinviodosiepEnCE dmarkagr e NASI A 9sBgtie &
RRFTEE&A%K%KVRGQE GRI NYYWILLEP GDTI | FEANGNLI APWYAF AL

SRGF NAPMNECDAKCQTPQGAI NS SLPFQNVHPVTI GECPKYVRSTKLRW 40

TGLRNI PSI QSRGLFGAI AGFI EGGWT GVIVDGWY GYHHONEQGSGYAADQKSTQNAI N

G TNKVNSVI EKMNTQFTAVGKEFNKL ERRVENL NKKVDDGFLDI WIYNAELLVLLEN ERTL DFHD
SNVKNIExprixsnt] chrrggtenizatiqeC FEFYHKCNNE CVE S VKNGTYDYPK

YSEESM%}C 2Fﬁﬁ%IﬁgglERLVF’RGSF’GSGYI PEAPRDGQAYVRKDG
EW/LL i ) 45 >A/ Sol onon | sl ands/ 3/ 2006( HLN1) WO
20182/ 01890 HCH: bin2in 1ikh 4@ e MYINANQ aSIEINCERITd purified in a manner similar to

SKWSAI VL.YVLLAAAAHSAFAADPGDTI Cl GYHANNSTDTV ] .
DTVL ERKR TOPHSRANESCERHNERT BRINS Pt e et gy A dnpperyas pgirEged from an £.

N e e e
RKFT PRE&KERXEIDa ter FCRE My tic hdaPe gabikich delg AieGiMit d -ARIRYEAQ FANCSREFGSnGDIHY90
R T MR RN RANE 2R
NGy TNIGYNAM RSV LAY FSEIMNKAG DAL NS KRGS &?%%e%ﬂ-ﬂ!—ﬁ@dﬁ@mb@

SNVKNLYEKVKS QLKNNAKEI GNGC FEFYHKCNDEC ME "SVI
This vector was transformed into BL21(DE3) cells for protein expression.
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10 KYSEESKLNREKI DSGGGGLNDI FEAQKI EWHERLVPRGSPGSGYI PEAPRDGQAYVRKD
GEW/LLSTFLGHHHHHH (SEQ I D NGO 274) >A/ Japan/ 305/ 1957( H2ZN2) MVLVNQ
SHQG-NKERVO3Kii@8d0vL YVL LAAAAHSAFAADPGDQ Cl GYHANNSTEKV 1 BCT/US2011/046414
DTI LERNVTVTHAKDI LEKTHNGKLCKLNG PPLELGDC SI AGALLGNPECDRLL SVPEW

SYI MEKENPRDGLCYPGSFNDYEELKHLLS SVKHFEKVKI LPKDRWITQHTTTGGSRACA V' S GNP
SFFRNWW. TEKG SNYPVAKG SYNNT S GE QWL | | WoVHHPNDETE QRTLYQNV

G WKTE GTL HR] TERUIOS FIVL SOATTEFINDAPAIE HHCaROSBRYS BRIVIA 50 G oL RWP

Q E_SRGLF (/b@Eﬂn GFVE)7 iYL/ B FRN (YR NG ety btk eﬁi-ﬁltgﬁ%_fIPTG
DG TNKVNSVI E EAVGKEF  SNLERRL ENL NKKMVEDGFL DV YNAEL L VL VE

NERTL WMWNWWDW EFViaK CDOBCMISYIINGTXDY TRIKYEEE: Sk NRNEI KS

o LA RS S G5 S PR PR SRR 0522 1

SKMVSahiWL YL %@AM@H@%&G&&M\! thd W 50 DOGENFINATEb M $5 0o ST
GKI CNNPHRI LDG DCTLI DAL L GDPHCDVF QNET FVERSKAF SNCYPYDVPDYASLRSLVAS

SGTL EdirseaROr P rocesacrrbesle3 d0rgvimidazole pH 8.0, with Roche EDTA-free

P““h?@%@@%@@%? A RO R SR AR e B e

SI I\/RSIﬂﬁBhQTﬁl BEGSTIRNGSI ENRSRRGNYMSH (ﬂ‘ﬁMKWiéQMEb.ﬂﬁLg%@MéEE
QTRGALFGAI AGFI ENGNEGM DGWY GFRHONSEGT GQAA Q@A
EKTNERFMO EREPSERRR0DL EWNEEFFR}WNREE [ngA N@Bfﬁh@ﬁﬂéﬂ%ﬂd@lagew

Voo T FERCKT VA LA B AR U LT Rl G Y (se0 10

NO 236)mdApotusskirzblohds,| 250aiM arhidasdle @1-148\6)) Alﬂer concentrating and buffer

MLV NKEHT Al VLYVLLAAAAHSAF HAVAN
vm%w 555 P& EBIBPHNY P e YoAgyhreitol (DTT),

DVFI E@?MYM%HE%%X%%%%W%E@E\EEEM YRENHRAARANNcar gradient of
VNDFFNRL NV VKSDGNAYPLONL TKI NNGDYARL Y1 WGVHHPS TDTEQT NLYKNNP

G?VTVQTKV{IMWWh@SRIEL \Bﬂg@@wmﬂacvamne\mmm@mmmmd qipjected to
) GrLBU Bt DRI T8 as BT A e B Eas R el LML and 235% pule o

Kar ani;eRkad WiSHS-PAAW Pur{PRld BirA Prdtéiassas(cdfdehirated2o Imglnl & 80m®t T, pH J Mol
Ri ot 331, 281 (2003). 5S3.D. C. Ekiert et al., Sci ence 324, 246 (20 9). <4
R L. Bu ﬂ@?@b&pot@,&smm whlogde. i slycnsel. alavered. smmfrozen3sdiquiignuggengand K.
Henrlcégyr %CThornton Trends Bi ochem Sci 23, 358 (1998). S6. D.

Schnei dnman- Du ovny, Y. Inbar, R Nussinov, H J. Wlfson, Nucleic Acids Res
33, WB63 (2005). 10 S7.C. AL Smth, T. Kortemme, J Mol Ri ot 380, 742
(2008). S8. B. Kuhlman et al., Science 302, 1364 (2003). S9. J. J.

H&0r afdrning, Eppgession ppdParificgtipn o8 Hempgglutinio) .

Based on H3 numbering, cDNAs corresponding to residues 11-329 (HA1) and 1-176
(HA2) of the influenza A hemagglutinin (HA) were fused to an N-terminal gp67 signal peptide
(amino acid sequence: MVLVNQSHQGFNKEHTSKMVSAIVLYVLLAAAAHSAFA (SEQ ID
NO: 212)) and to a C-terminal trimerization domain and His-tag by overlap PCR, essentially as
25 previously described(S3). The trimerization domain and His-tag were separated from the HA
ectodomain by a thrombin cleavage site. For biotinylated HAs, a BirA target biotinylation site
(amino-acid sequence: GGGLNDIFEAQKIEWHE (SEQ ID NO: 213)) was inserted between the
HA and the thrombin site. The resulting PCR products were digested with Sfil, and inserted into
a custom baculovirus transfer vector, pPDCE198. Recombinant bacmids were generated using the
30 Bac-to-Bac system (Invitrogen) and viruses were rescued by transfecting purified bacmid DNA

into Sf9 cells using Cellfectin 11 (Invitrogen). HA proteins were produced by infecting
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Begent, K. D. Wttru tein Eng Set 93 2004 7 o

Thr os i§95pé’f1518]il Cult%%%fp%i g 88‘3@@5 heco %’@antL %@@Pﬁé}og 'Yb/bnaco
W M ddh %W%ﬁﬂ'g, at USo@sha@fl{Eat 190 @‘M Lekdn 72 des, MRt dulBER A RC ElaNBAY bPdwo 4778
(1985). S19. T.” A Kunkel,” Proc Natl Acad Sci 'USA 82, 488 (1985). S20. F.

W St wdirsls of @«tmnéigatlcﬁxgrmmg pfidt10,00@7at 4280 The smff@zalantﬁconﬂalnlng Soycted, al ., J

Appl r 40 2 P, Act tattogr

ok ot BBl AT P resatiabe §ag Dty eBingon o an S pfiy 2 g Scot't

K. SCO\le:Hi‘nat&g} sﬁﬁgltmmw reRnRHAL Wty Sloalfled@ind @%ﬁé&ﬁn(h%pa&)e ulﬁ?d‘lfor

Dauter, Acta ystal D Ri ot Crystattogr 55, 1703 199@%@ 0825 . K
O

h/bDonép@Plﬁgpurippseﬂﬁmerf@ ving scqyions). EMdhis spge, Vighiy typiatyvari mg - l(z;hg/h ff,

: mth, J Ml Rot 197, 273 (1987). S27. R Das, D
Baker %%bﬂ%ilém%gi SER IISO 363 (2008). WD 2012/ 018907PCT/ US2011/ 046414
S28. W L. DelLano, DeLano Scientific, Palo Alto, CA USA, (2002). S29. V.
B. Chen et al., Acta Crystallogr D Biol Crystallogr 66, 12 (2010). S30. E.
T. Bodiptinylatien amléi@rifwatwn rf HAs foy Affinisy Matpeation andBinding $tudies’ 97, 10701

0% ook o A PR F o HASSH € gt i BP0l WA porentyee) | K
J. M dohartdef+ang/ML thtal BroeeineFhe 1545 eroebidtidylatdd By (HrC@d)tion of 25ug BirA
enzyme/mg total protein, in a buffer of the following composition: 100mM Tris pH 8.0, 10mM
ATP, 10mM MgOAc, 50uM biotin, with less than 50mM NaCl. The biotinylation reactions
were incubated at 37°C for 1-2 hours. At this point, some HAs were digested with trypsin (New
15  England Biolabs, 5SmU trypsin per mg HA, 16 hours at 17°C) to generate the fusion competent
HA1/HA2 form, while the majority were kept undigested as HAQ. Biotinylated HAs were

purified by size-exclusion chromatography, and concentrated down to ~5-20 mg/mlL.

Expression and Purification of CR6261 Fab

20 Genes coding for the Fab region of the CR6261 heavy and light chains were synthesized
(Mr. Gene), fused to the gp67 signal peptide and a C-terminal His tag by overlap PCR, and
cloned into pFastBacDual (Invitrogen) for expression in baculovirus. Virus production methods,
protein expression in High5 cells, harvesting, and Ni-NTA purification was essentially as
described above for HA. CR6261 Fab was further purified by protein G affinity chromatography

25  (elution in glycine buffer, pH 2.7); cation exchange chromatography (MonoS resin, sodium
acetate, pH 5.0, with a linear gradient from 0-500mM NaCl); and gel filtration (10mM Tris,
pH8.0, 150mM NaCl). The final yield was approximately 15mg/L.

Binder screening methodology

30 Designed binding proteins were tested for binding using yeast-surface display (S15).

Yeast codon-optimized genes encoding designs were custom ordered from Genscript
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Ala60Val/Thr mutations were recovered that improved affinity >10-fold. The best combination

was used for the start of Round 2, and was HB36 Asp47Ser Ala60Val (HB36.3).

30 HB36 Round 2: Second-generation libraries were constructed from HB36.3 gene using

epPCR at 2+1 mutations per gene. A total of 4 yeast display sorts were taken on a library size of
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HBS80 Round 2: Starting with the HB80.2 gene, an epPCR library with a mutational load

15 of 2+1 mutations per gene was transformed into yeast, yielding 2e4 transformants. Cells were
labeled with HA1-2 at 3 nM (sort 1), and 5 nM (sorts 2&3) and gated to collect the top 4-5% of
cells. All clones selected had a Asp12Gly or a Ala24Ser mutation.

Protein-design expression and purification

20 Genes encoding the designs were subcloned (Ndel/Xhol) in a pET29b expression vector
(EMD, Gibbstown, NJ) and transformed into E. coli Rosetta™ (DE3) chemically competent
cells. Protein expression was induced using the autoinduction method of Studier (S20). After
expression for 24 h at 18°C, cells were pelleted, resuspended into buffer HBS (20 mM Hepes,
150 mM NaCl pH 7.4), and sonicated to release cell lysate. Following clarification by

25  centrifugation, supernatant was applied to a Nickel column for purification. Proteins were eluted
by step elution at 250 mM imidazole in HBS. Size exclusion chromatography on a Superdex75

column was used as a finishing purification step into HBS buffer.
Surface-plasmon resonance (SPR) data and analysis

30 All SPR data were recorded on a Biacore model 2000 (Biacore, Uppsula, Sweden). A
streptavidin (SA)-coated chip (Biacore) was coated with 200 or 400 response units (RU) of
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30 washed, secondary | abeled with SAPE (I nvitrogen) and anti-cnyc FITC
(MItenyi Biotech), and sorted by fluorescent gates as outlined in Table
12. Cel | swoenp/memover ed overni ght at 2.5e5 col |l ect ed celirasspan/omds1EDCAA
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(stringent)
flowrate of 50 uL/min with a dissociation time of 900 s was used throughout. At least 8 varying

concentrations of protein were used to determine kinetic and equilibrium fits. Binding kinetics
5 were evaluated using a 1:1 Langmuir binding model. Proteins were in buffer HBS with

0.1%(v/v) P20 surfactant and 0.5 mg/mL carboxymethyl dextran sodium salt (Biacore, Uppsula,
Sweden) to minimize nonspecific adsorption onto the SA chip. Scrubber-2 software (see web
site cores.utah.edu/interaction/) was used to fit the data globally using standard double
background subtracted values.

10
Binder cross-reactivity studies by biolayer interferometry

Binding of HB80.3 and CR6261 Fab to a panel of representative HA isolates was assayed

by biolayer interferometry using an Octet Red™ instrument (ForteBio, Inc.). Biolayer
interferometry is conceptually similar to surface plasmon resonance experiments in that a protein

15  of interest is immobilized on a surface and then exposed to potential binding partners in solution.
The binding of analytes to the immobilized protein changes the optical properties of the
biosensors, leading to a shift in the wavelength of light reflected off the binding surface. This
shift in wavelength can be measured in real-time, allowing the measurement of association and
dissociation rates and, therefore, K4. Biotinylated HAs, purified as described above, were used

20 for these measurements. HAs at ~10-50 pg/mL in 1x kinetics buffer (1x PBS, pH 7.4, 0.01%
BSA, and 0.002% Tween 20) were loaded onto streptavidin coated biosensors and incubated
with varying concentrations of HB80.3 or CR6261 Fab in solution. All binding data were
collected at 25°C. The experiments comprised 5 steps: 1. Baseline acquisition (60 s); 2. HA
loading onto sensor (180 s); 3. Second baseline acquisition (180 s); 4. Association of the

25  designed binder for the measurement of ko, (180 s); and 5. Dissociation of the binder for the
measurement of ko (180 ). 4-6 concentrations of each binder were used, with the highest
concentration being 100 nM. Baseline and dissociation steps were carried out in buffer only.
The sequences of all proteins used in this work are available in FASTA format as Table 10
below.

30
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Expression and purification of HB36.3 for crystallization
Rosetta’™ 2 (BL21/DE3) cells carrying the pET29a-HB36.3 construct were grown in shake
flasks in low salt LB medium to an ODggo of ~0.7 at 37°C, then shifted to 18°C and induced by
the addition of ImM IPTG. Cultures were incubated overnight at 18°C for protein expression,
5  then harvested by centrifugation (3000g, 10 minutes). The pellet from a 1L culture was
resuspended in 50-100mL of lysis buffer (50mM Tris pH 8.0, 300mM NaCl, 10mM imidazole
pH 8.0, with Roche EDTA-free protease inhibitor cocktail tablet) and the cells were lysed and
homogenized by two passes through an EmulsiFlex™ C-3 cell disruptor (15kPSI). After
clearing the lysates by centrifugation (25,000g, ~1 hour), the supernatant was incubated with
10  NiNTA resin (Qiagen), washed with excess lysis buffer, and bound proteins were eluted (with
50mM Tris pH 8.0, 300mM NaCl, 250mM imidazole pH 8.0). The eluted material was buffer
exchanged into 10mM Tris pHS8.0, 50mM NacCl, loaded onto a MonoQ™ anion exchange
column, and eluted with a linear gradient from 50-500mM NaCl. Peak fractions containing
HB36.3 were pooled and subjected to gel filtration. HB36.3 eluted as an apparent dimer when
15  loaded at high concentrations (~10mg/mL), but eluted as a monomer when loaded at lower
concentrations (<Img/mL), and the two forms were in rapid equilibrium. Fractions containing

HB36.3 were pooled and concentrated to ~Smg/mL.

Isolation of HB36.3-SC1918/H1 HA complex for crystallization

20 Following Ni-NTA purification, SC1918 HA was digested with trypsin (New England
Biolabs, 5SmU trypsin per mg HA, 16 hours at 17°C) to produce uniformly cleaved (HA1/HA2),
and to remove the trimerization domain and His-tag. After quenching the digests with 2mM
PMSF, the digested material was purified by anion exchange chromatography (10mM Tris, pH
8.0, 50-1M NaCl) and size exclusion chromatography (10mM Tris, pH 8.0, 150mM NaCl).

25 To prepare the HB36.3/SC1918 complex for crystallization, excess HB36.3 (approximately 5
HB36.3 molecules per HA trimer) was mixed with purified SC1918 HA in 10mM Tris pH 8.0,
150mM NaCl at ~2mg/mL. The mixtures were incubated overnight at 4°C to allow complex

formation. Saturated complexes were then purified from unbound HB36.3 by gel filtration.

30  Crystallization and structure determination of the HB36.3-SC1918/H1 complex
Gel filtration fractions containing the HB36.3-SC1918/H1 HA complex were concentrated
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to ~10mg/mL in 10mM Tris, pH 8.0 and 50mM NacCl. Initial crystallization trials were set up
using the automated Rigaku Crystalmation™ robotic system at the Joint Center for Structural
Genomics (web site JCSG.org). Several hits were obtained, with the most promising candidates
grown in ~10% PEG8000 near pH 7. Optimization of these conditions resulted in diffraction

5 quality crystals. The crystals used for data collection were grown by the sitting drop, vapor
diffusion method with a reservoir solution (100uL) containing 10% PEG8000, 200mM
magnesium chloride, and 100mM Tris pH 7.0. Drops consisting of 100nL protein + 100nL
precipitant were set up at 4°C, and crystals appeared within 7-14 days. The resulting crystals
were cryoprotected by soaking in well solution supplemented with increasing concentrations of

10  ethylene glycol (5% steps, Smin/step), to a final concentration of 25%, then flash cooled and
stored in liquid nitrogen until data collection.

Diffraction data for the HB36.3-SC1918/H1 complex were collected at the Advanced
Photon Source (APS) General Medicine/Cancer Institutes-Collaborative Access Team (GM/CA-
CAT) beamline 23ID-D at the Argonne National Laboratory. The data were indexed in R32,

15  integrated using HKL.2000 (HKL Research) and scaled using Xprep™ (Bruker). The structure
was solved by molecular replacement to 3.10 A resolution using Phaser™ (S27). An
unpublished, 1.8 A resolution structure of the 1918 HA was used as the initial search model and
a single protomer was found in the asymmetric unit. Examination of the maps at this stage
revealed clear positive electron density around the membrane distal end of HA consistent with

20 the expected location and orientation of HB36.3. Attempts to place HB36.3 by molecular
replacement using Phaser™ were unsuccessful (using various search models derived from PDB
code 1U84). However, phasing using the HA only (~85% of the mass in the asymmetric unit)
yielded maps with continuous density for HB36.3, including key side-chain features. This
phasing model allowed HB36.3 to be fitted into the maps manually and unambiguously. Rigid-

25  body and restrained refinement (including TLS refinement, with one group for HA1, one for
HAZ2, and one for HB36.3) were carried out in Phenix™ (S22). Between rounds of refinement,
the model was built and adjusted using Coot™ (S23). The insect cells used for protein
expression produce fully glycosylated HA, and additional electron density was observed for
glycans at all 5 predicted glycosylation sites (NX(S/T) motifs) on the HA. A total of 5 sugar

30 residues were built at 2 of these sites (at the remaining three sites, density was too weak or

ambiguous to allow accurate model building). The high redundancy of the relatively weak data
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aided in obtaining relatively good quality electron density maps at this moderate resolution that
were readily interpretable, particularly around the HB36.1-HA interface (see Fig. 4C ), despite
high apparent Ryym and B-values(S24).

5  Structural analyses
Hydrogen bonds and van der Waals contacts between HB36.3 and SC1918/H1 HA were
calculated using HBPLUS™ (S25) and CONTACSYM™ (S26), respectively. Surface area burial
was analyzed with Rosetta™ (S27). MacPyMol™ (DeLano Scientific) (S28) was used to render
structure figures and for general manipulations. The final coordinates were validated using the

10 JCSG quality control server (v2.7), which includes MolProbity ™ (S29).

Protease susceptibility assay
Each reaction contained ~2.5 ug HA or ~5 pg binder-HA complex and 1% dodecyl-
maltoside (to prevent aggregation of the post-fusion HA). Reactions were set up at room

15  temperature and the pH was lowered by adding 100 mM buffer to all samples except controls.
Sodium acetate was used for pH ranges 4.9 to 6.1, PIPES buffer for pH 6.2 to 7.4 and Tris for pH
7.5 and above. Reactions were thoroughly mixed, centrifuged at >12,000g for 30 seconds and
allowed to incubate at 37 °C for one hour. After incubation, reactions were equilibrated to room
temperature and the pH was neutralized by addition of 200 mM Tris, pH 8.5.

20  Trypsin was added to all samples except controls, at a final ratio of 1:25 for the SC1918/H1
reactions, and 1:50 for the Viet04/H5 reactions. SC1918/H1 and Viet04/HS samples were
digested overnight (18 hours) at 37 °C and 17 °C, respectively. Reactions were quenched by
addition of non-reducing SDS buffer and were boiled for ~2 min. Samples were analyzed by
SDS-PAGE.

25
Limitations of initial binding screen; other potential binders

One important component in the recovery of active binders from our design set is the
choice of screening system. We chose the yeast surface- display assay as our screen because the
system allows rapid testing of many designs, there was minimal non-specific adsorption of the

30 biotinylated hemagglutinin (at 1 uM) on the yeast surface (low background), and the screen

could be readily reconfigured to select for higher-affinity variants. While it has been reported
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that binding dissociation constants are roughly equivalent between yeast display titrations and in
vitro measurements (S30), we noted approximately 10-fold weaker affinity for in vitro SPR
measurements as compared to the yeast surface display titrations. Although there may be many
reasons for the discrepancies between measurements (e.g. non-specific lectin adsorption
increasing the local HA concentration), we suspect that the major contribution to increased
affinity on yeast is avidity effects between the trimeric ectodomain of hemagglutinin used for
binding studies and the thousands of copies of designs displayed on the surface. Given the test
concentration of 1 uM HA, we estimate that we were able to detect binding for designs that
displayed on the surface of yeast with an in vitro Kg <25 uM.

Another important parameter blocking the recovery of active designs is the dissociation
rate of the HA-design complex. During affinity maturation of the HB36 & HBS80 designs, we
noted a marked increase in the mean phycoerythrin fluorescence (PE) signal at binding saturation
for several variants, controlling for mean surface display of the design variants (data not shown).
This increase in PE signal correlated with slower in vitro off-rates. Extrapolating the off-rate to
the limit of binding detection by PE signal, we estimate that the yeast display system can detect
binders with ko <1057

Thus our yeast display screen can recover from our design set all binders that surface
display with an in vitro Kq < 25uM and a ko <10s™. Several designs showed weak binding
activity in this screen; and include HB3, HB54, and HB78 (amino acid sequences are available in

Table 9, below).

On the usefulness of de novo design in generating specific binders

As de novo design of protein interactions may find many uses, it is instructive to note the
effort required to isolate the HA binders reported here. A number of technical advances
coalesced to facilitate this research, including the availability of highly parallel computing, of
yeast cell-surface display as a tool for fast screening and affinity maturation of binding proteins,
the low cost of gene synthesis, and the ability to custom-order plasmids from commercial
sources. For a typical de novo design goal, we estimate that a hundred thousand CPU hours
would be sufficient to generate several dozen candidates for experimental testing. The yeast-
display format used here removes the laborious steps needed for purifying each design and

allows fast screening and affinity maturation.
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While in this case two antibody-bound structures were available, the method made
minimal use of information contained in these antibodies, with only a single hotspot residue in
HBR80 (the Tyr of HS3) coinciding with a residue on the antibodies. Only the structure of H1 HA
was essential for the design process. The hemagglutinin target surface is very apolar, enabling

5  the design of high-affinity interactions. It remains to be seen whether this methodology could be

used to target more polar protein surfaces.

The importance of a diverse set of protein scaffolds for de novo design
The use of diverse protein folds was a crucial element in the success of the design

10  method. Binding to the hydrophobic target site on HA is highly constrained due to flanking polar
and charged loops and residues (Fig. 1). The backbones of both HB36 and HB80 are exquisitely
suited to this site with helices that sequester their backbone polar groups from interacting with
the apolar surface of HA, while the rest of the redesigned proteins form little if any interactions
with the flanking HA regions (Figs. 1 & 2). The diversity of protein scaffolds available in the

15  PDB has, therefore, been key to this design procedure. Nearly 40% of the proteins in the scaffold
set were solved as part of the NIH NIGMS Protein Structure Initiative (PSI; web site is
nigms.nih.gov/Initiatives/PS1l/) and HB36 was derived from a PSI target protein of unknown
function (APC36109 from B. stearothermophilus, PDB entry 1U84). While the utility to
molecular biology of structures of relatively small, bacterial proteins of sometimes unknown

20  function has been hotly debated by some (S3/-33), we note that a previously unanticipated

benefit of these structures is that they may open the road to the design of new protein functions.

Comparison of the designed proteins with post-fusion HA
Interestingly, the structure of post-fusion hemagglutinin (S34) reveals a helix bound to
25  the hydrophobic region in the stem in a manner that is reminiscent of the main recognition
helices observed in HB36 and HB8O0 although different in crucial details. The post-fusion
structure shows significant rearrangement of the target epitope compared to the pre-fusion form,
with the two loops that flank the hydrophobic surface moving away, providing unimpeded access
to it. Against this surface, a helical segment from HA2 docks, burying the hydrophobic surface
30  on the stem region. Although several hydrophobic chemical groups from this HA2 helix overlay

on similar groups in the two designed binders , the angular orientation of the HA2 helix, its
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length, and the identities of other residues preclude its use as a template from which to generate
binders to the pre-fusion form. We nevertheless find this coarse similarity to be intriguingly
suggestive of the phenomenon of structural mimicry(S35), whereby evolutionarily unrelated

proteins present similar chemical groups for binding to certain target epitopes.

Table 9 FASTA sequences of active designs and design variants

>HB36.1 (Asp47Ser)
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAEAVLQAVYETESAFDLAMRIM
10  WIYAFAFNRPIPFPHAQKLARRLLELKQAASSPLPLE (SEQ ID NO: 270)

>HB36.2 (Ala60Val)
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAEAVLQAVYETEDAFDLAMRIM
WIYVFAFNRPIPFPHAQKLARRLLELKQAASSPLPLE (SEQ ID NO: 271)

15
>HB36.3 (Asp47Ser, Ala60Val)
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAEAVLQAVYETESAFDLAMRIM
WIYVFAFNRPIPFPHAQKLARRLLELKQAASSPLPLE (SEQ ID NO: 272)

20 >HB36.4 (Asp47Ser, Alab0Val, Asn64Lys)
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAEAVLQAVYETESAFDLAMRIM
WIYVFAFKRPIPFPHAQKLARRLLELKQAASSPLPLE (SEQ ID NO: 65)

>HBS&0
25 MASTRGSGRPWDFSENLAFELALAFMNKDTPDRWANVAQY VSGRTPEEVKKHYEILVE
DIKYIESGKVPFPNYRTTGGNMKTDEKRFRNLKIRLE (SEQ ID NO: 273)

>HBS&0 Met26Thr
MASTRGSGRPWDFSENLAFELALAFTNKDTPDRWANVAQY VSGRTPEEVKKHYEILVE
30 DIKYIESGKVPFPNYRTTGGNMKTDEKRFRNLKIRLE (SEQ ID NO: 180)

>HB80 Asn36Lys
MASTRGSGRPWDFSENLAFELALAFMNKDTPDRWAKVAQY VSGRTPEEVKKHYEILVE
DIKYIESGKVPFPNYRTTGGNMKTDEKRFRNLKIRLE (SEQ ID NO: 181)

35
>HBE&0.1 (Met26Thr, Asn36Lys)
MASTRGSGRPWDFSENLAFELALAFTNKDTPDRWAKVAQYVSGRTPEEVKKHYEILVE
DIKYIESGKVPFPNYRTTGGNMKTDEKRFRNLKIRLE (SEQ ID NO: 182)

40 >HBS&0.2 (Met26Thr, Asn36Lys, Delta54-95)
MASTRGSGRPWDFSENLAFELALAFTNKDTPDRWAKVAQYVSGRTPEEVKKHYE (SEQ
ID NO: 183)

>HB80.3 (Asp12Gly, Ala24Ser, Met26Thr, Asn36Lys, Delta54-95)
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MASTRGSGRPWGFSENLAFELALSFTNKDTPDRWAKVAQY VSGRTPEEVKKHYE (SEQ
ID NO: 184)

>HB3
MADTLLILGDSLSAGYQMLAEFAWPFLLNKKWSKTSVVNASISGDTSQQGLARLPALL
KQHQPRWVLVELGGNDGLEGFQPQQTEQTLRQILQDVKAANAEPLLMQIRPPANYGRR
YNEAFSATYPKLAKEFDVPLLPFFMEEVYLKPQWMQDDGIHPNYEAQPFIADWMAKQL
QPLVNH (SEQ ID NO: 155)

>HB54

MAETKNFTDLVEATKWGNSLIKSAKYSSKDKMAIYNY TKNSSPINTPLRSANGDVNKLS
ENIQEQVRQLDSTISKSVTPDSVYVYRLLNLDYLSSITGFTREDLHMLQQTNEGQYNSKL
VLWLDFLMSNRIYRENGYSSTQLVSGAALAGRPIELKLELPKGTKAAYIDSKELTAYPG
QQEVLLPRGTEYAVGTVELSKSSQKIITAVVFKK (SEQ ID NO: 140)

>HB78
MFTGVIIKQGCLLKQGHTRKNWSVRKFILREDPAYLHYYYPLGYFSPLGAIHLRGCVVT
SVESEENLFEIITADEVHYFLQAATPKERTEWIKAIQMASR (SEQ ID NO: 211)

Table 10 Sequences of HAs used in binding studies. The sequences listed below represent the
full-length ORF as cloned in the baculovirus transfer vector. Most of the N-terminal signal
peptide MVLVNQSHQGFNKEHTSKMVSAIVLYVLLAAAAHSAFA (SEQ ID NO: 212)) is
presumably removed during secretion, leaving four non-native residues (ADPG) at the N-
terminus of HA1. The C-terminal biotinylation site, trimerization domain, and His tag are
retained on all.

>A/South Carolina/1/1918(HINT)
MVLVNQSHQGFNKEHTSKMVSAIVLYVLLAAAAHSAFAADPGDTICIGYHANNSTDTV
DTVLEKNVTVTHSVNLLEDSHNGKLCKLKGIAPLQLGKCNIAGWLLGNPECDLLLTASS
WSYIVETSNSENGTCYPGDFIDYEELREQLSSVSSFEKFEIFPKTSSWPNHETTKGVTAAC
SYAGASSFYRNLLWLTKKGSSYPKLSKSYVNNKGKEVLVLWGVHHPPTGTDQQSLYQ
NADAY VSVGSSKYNRRFTPEIAARPKVRDQAGRMNYYWTLLEPGDTITFEATGNLIAP
WYAFALNRGSGSGIITSDAPVHDCNTKCQTPHGAINSSLPFQNIHPVTIGECPKYVRSTKL
RMATGLRNIPSIQSRGLFGAIAGFIEGGWTGMIDGWYGYHHQNEQGSGYAADQKSTQN
AIDGITNKVNSVIEKMNTQFTAVGKEFNNLERRIENLNKKVDDGFLDIWTYNAELLVLL
ENERTLDFHDSNVRNLYEKVKSQLKNNAKEIGNGCFEFYHKCDDACMESVRNGTYDYP
KYSEESKLNREEIDGVSGGGGLNDIFEAQKIEWHERLVPRGSPGSGYIPEAPRDGQAYVR
KDGEWVLLSTFLGHHHHHH (SEQ ID NO: 12)

>A/WSN/1933(HIN1)
MVLVNQSHQGFNKEHTSKMVSAIVLYVLLAAAAHSAFAADPGDTICIGYHANNSTDTV
DTIFEKNVAVTHSVNLLEDRHNGKLCKLKGIAPLQLGKCNITGWLLGNPECDSLLPARS
WSYIVETPNSENGACYPGDFIDYEELREQLSSVSSLERFEIFPKESSWPNHTENGVTVSCS
HRGKSSFYRNLLWLTKKGDSYPKLTNSY VNNKGKEVLVLWGVHHPSSSDEQQSLYSN
GNAYVSVASSNYNRRFTPEIAARPKVKDQHGRMNYYWTLLEPGDTIIFEATGNLIAPWY
AFALSRGFESGIITSNASMHECNTKCQTPQGSINSNLPFQNIHPVTIGECPKYVRSTKLRM
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VTGLRNIPSIQYRGLFGAIAGFIEGGWTGMIDGWYGYHHQNEQGSGYAADQKSTQNAIN

GITNKVNSIHHEKMNTQFTAVGKEFNNLEKRMENLNKKVDDGFLDIWTYNAELLVLLENE

RTLDFHDLNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCDNECMESVRNGTYDYPKY

SEESKLNREKIDGVSGGGGLNDIFEAQKIEWHERLVPRGSPGSGYIPEAPRDGQAY VRKD
5  GEWVLLSTFLGHHHHHH (SEQ ID NO: 13)

>A/AA/Marton/1943(HIN1)
MVLVNQSHQGFNKEHTSKMVSAIVLY VLLAAAAHSAFAADPGDTICIGYHANNSTDTV
DTVLEKNVTVTHSVNLLEDSHNGKLCRLKGIAPLQLGKCNIAGWILGNPECESLLSERS
10 WSYIVETPNSENGTCYPGDFIDYEELREQLSSVSSFERFEIFSKESSWPKHNTTRGVTAAC
SHAGKSSFYRNLLWLTEKDGSYPNLNNSYVNKKGKEVLVLWGVHHPSNIKDQQTLYQ
KENAYVSVVSSNYNRRFTPEIAERPKVRGQAGRMNYYWTLLKPGDTIMFEANGNLIAP
WYAFALSRGFGSGIITSNASMHECDTK CQTPQGAINSSLPFQNIHPVTIGECPKY VRSTKL
RMVTGLRNIPSIQSRGLFGAIAGFIEGGWTGMIDGWYGYHHQNEQGSGYAADQKSTQN
15 AINGITNKVNSVIEKMNTQFTAVGKEFNNLEKRMENLNKKVDDGFLDIWTYNAELLVL
LENERTLDFHDSNVKNLYEKVKNQLRNNAKEIGNGCFEFYHKCNNECMESVKNGTYD
YPKYSEESKLNREKIDSGGGGLNDIFEAQKIEWHERLVPRGSPGSGYIPEAPRDGQAYVR
KDGEWVLLSTFLGHHHHHH (SEQ ID NO: 14)

20 >A/USSR/90/1977(HINI)
MVLVNQSHQGFNKEHTSKMVSAIVLYVLLAAAAHSAFAADPGDTICIGYHANNSTDTV
DTVLEKNVTVTHSVNLLEDSHNGKLCRLKGIAPLQLGKCNIAGWILGNPECESLESKKS
WSYIAETPNSENGTCYPGYFADYEELREQLSSVSSFERFEIFPKERSWPKHNVTRGVTAS
CSHKGKSSFYRNLLWLTEKNGSYPNLSKSYVNNKEKEVLVLWGVHHPSNIEDQKTIYR

25 KENAYVSVVSSNYNRRFTPEIAERPKVRGQAGRINYYWTLLEPGDTIIFEANGNLIAPWH
AFALNRGFGSGIITSNASMDECDTKCQTPQGAINSSLPFQNIHPVTIGECPKY VRSTKLRM
VTGLRNIPSIQSRGLFGAIAGFIEGGWTGMIDGWYGYHHQNEQGSGY AADQKSTQNAIN
GITNKVNSVIEKMNTQFTAVGKEFNKLEKRMENLNKKVDDGFLDIWTYNAELLVLLEN
ERTLDFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFY HKCNNECMESVKNGTYDYPK

30 YSEESKLNREKIDSGGGGLNDIFEAQKIEWHERLVPRGSPGSGYIPEAPRDGQAYVRKDG
EWVLLSTFLGHHHHHH (SEQ ID NO: 43)

>A/Beijing/262/1995(HINT1)
MVLVNQSHQGFNKEHTSKMVSAIVLYVLLAAAAHSAFAADPGDTICIGYHANNSTDTV

35  DTVLEKNVTVTHSVNLLEDSHNGKLCRLKGIAPLQLGNCSVAGWILGNPECESLISKES
WSYIVETPNPENGTCYPGYFADYEELREQLSSVSSFERFEIFPKESSWPNHTVTGVTASCS
HNGKSSFYRNLLWLTEKNGLYPNLSNSYVNNKEKEVLVLWGVHHPSNIGVQRAIYHTE
NAYVSVVSSHYSRRFTPEIAKRPKVRGQEGRINYYWTLLEPGDTHFEANGNLIAPWY AF
ALSRGFGSGIITSNAPMNECDAKCQTPQGAINSSLPFQNVHPVTIGECPKY VRSTKLRMV

40 TGLRNIPSIQSRGLFGAIAGFIEGGWTGMMDGWYGYHHQNEQGSGYAADQKSTQNAIN
GITNKVNSVIEKMNTQFTAVGKEFNKLERRMENLNKKVDDGFLDIWTYNAELLVLLEN
ERTLDFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNNECMESVKNGTYDYPK
YSEESKLNREKIDSGGGGLNDIFEAQKIEWHERLVPRGSPGSGYIPEAPRDGQAY VRKDG
EWVLLSTFLGHHHHHH (SEQ ID NO: 54)

45
>A/Solomon Islands/3/2006(HINT)
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-- 5.0E+05 3 H5 off-rate 2 HB80.4 3 nMH5 HA, 75 off with HB36.4 11%
5.0E+05 Library prep and sequencing WD 2012/018907PCT/ US2011/ 046414

Bet ween Iwodediymas®mt cells were resuspended in Sol ution PCTAnu1Resiear ch
yeast plasmd mniprep Il kit) with 25 U zynol ase and i ncubated at 37C for
4 hrs. Cells were then freeze/thawed using a dry ice/ethanol bath and a 42C
i ncubator. Afterwards, plasmd was recovered using a zyno research yeast

| asmi lrv uma
b 30 MY VRS %ﬁ@@é@&ﬁi‘?&ﬂwgﬁg@ﬁmﬂmﬁ&
(per ’R)TYFEKW VU‘s‘ L3 ERSHNEGRECRA b GWILGNPH §RES
exonuéVS‘é{BéE PGHFATYRRBEREQL S ¥ S SHERBEE RIGES HYPIRE FISFY 06 Shy
heat |PH‘&6ESSEYKMIGNLtT bEK NOL Y R SIS YBOONKEGK AL Wi W G PHE RN GDIQR Avb ¥ HK

separ ANAY ViSO SIHEY SREETPBM KRRKWRDQEGRIN X YW A ERPEOR THEXeNGPILEAPRY A

( Q ag@NLSRERGS GUBISNARM S BIfD ACRQIPEIG AINSS LSNPV TIGECPE SYRSA KNG M

Phusi anrGLRNIFSIGSRGIVFGA1AGK MHTRE WaEs NIMER; Whidd ¥ HBIgN smg@cmb&ﬂpl ify
the t eppiaieyRRY BRI 1O FTJAWK]@@NKE@MENEWED IDTRASYNREALVRILE

; a”R'g?\IﬁPP‘Eb 1519 W{ﬁiﬁ'ﬂ%\?ﬁ%ﬁm&ﬁ@ﬁhﬁ}& r EEME@%K@FGWD% using
mrairquf% %ﬁﬁw%re{}ggan | md@ﬁf %%BM{V%E%NA HS
kit (I 1 4 ng/uL. Sanples Were conbined in
an equi nol ar atlo romthls pool 0.4 15 fnol of total DNA was | oaded on

2 sep a?r%ﬁ'@@@ﬁ@@%?@z uenced using a Genome Analyzer IIx (lllumina) with
appropMV&W%%@@ﬁNW PRIV SAVitah bL ARAAHBHF >GPECT(Y H ¥g
rl'ﬁ me AT TLERIN VWT @M@E@NGIPPLELGDC SIAGWLLGNPECDRLLSVPEW

SYIMEKENPRDGLCYPGSFNDYEELKHLLSSVKHFEKVKILPKDRWTQHTTTGGSRACA
VSGNPSFFRNMVWLTEKGSNYPVAKGSYNNTSGEQMLIIWGVHHPNDETEQRTLYQNV
GTYVSVGTSTLNKRSTPEIATRPKVNGQGGRMEFSWTLLDMWDTINFESTGNLIAPEYG
FKISKRGSSGIMKTEGTLENCETKCQTPLGAINTTLPFHNVHPLTIGECPKY VKSEKLVLA
20 TGLRNVPQIESRGLFGAIAGFIEGGWQGMVDGWYGYHHSNDQGSGYAADKESTQKAF
DGITNKVNSVIEKMNTQFEAVGKEFSNLERRLENLNKKMEDGFLDVWTYNAELLVLME
NERTLDFHDSNVKNLYDKVRMQLRDNVKELGNGCFEFYHKCDDECMNSVKNGTYDY
PKYEEESKLNRNEIKSGGGGLNDIFEAQKIEWHERLVPRGSPGSGYIPEAPRDGQAY VRK
DGEWVLLSTFLGHHHHHH (SEQ ID NO: 275)
25
>A/Hong Kong/1/1968(H3N2)
MVLVNQSHQGFNKEHTSKMVSAIVLYVLLAAAAHSAFAADPGATLCLGHHAVPNGTL
VKTITDDQIEVTNATELVQSSSTGKICNNPHRILDGIDCTLIDALLGDPHCDVFQNETWDL
FVERSKAFSNCYPYDVPDYASLRSLVASSGTLEFITEGFTWTGVTQNGGSNACKRGPGS
30 GFFSRLNWLTKSGSTYPVLNVTMPNNDNFDKLYIWGVHHPSTNQEQTSLYVQASGRVT
VSTRRSQQTIIPNIGSRPWVRGLSSRISIYWTIVKPGDVLVINSNGNLIAPRGYFKMRTGKS
SIMRSDAPIDTCISECITPNGSIPNDKPFQNVNKITYGACPKYVKQNTLKLATGMRNVPEK
QTRGLFGAIAGFIENGWEGMIDGWY GFRHQONSEGTGQAADLKSTQAAIDQINGKLNRVI
EKTNEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMN
35 KLFEKTGRQLRENAEDMGNGCFKIYHKCDNACIESIRNGTYDHDVYRDEALNNRFQIKG
VSGGGGLNDIFEAQKIEWHERLVPRGSPGSGYIPEAPRDGQAY VRKDGEWVLLSTFLGH
HHHHH (SEQ ID NO: 276)

>A/duck/Czechoslovakia/1956 (H4N6)

40 MVLVNQSHQGFNKEHTSKMVSAIVLYVLLAAAAHSAFAADPGPVICMGHHAVANGTM
VKTLADDQVEVVTAQELVESQNLPELCPSPLRLVDGQTCDIINGALGSPGCDHLNGAEW
DVFIERPNAVDTCYPFDVPEYQSLRSILANNGKFEFIAEEFQWNTVKQNGKSGACKRAN
VNDFFNRLNWLVKSDGNAYPLQNLTKINNGDYARLYIWGVHHPSTDTEQTNLYKNNP
GRVTVSTKTSQTSVVPNIGSRPLVRGQSGRVSFYWTIVEPGDLIVFENTIGNLIAPRGHYKL

45  NNQKKSTILNTAIPIGSCVSKCHTDKGSLSTT (SEQ ID NO: 277)

69



AATGATACGGCGACCACCGAGATCT ACACcggct agccatatggettct (SEQ I D NO 216)
CAAGCAGAAGACGGCATACGAGATC AAGGTCAgat ccgeccccctcgag (SEQ I D NO 217)
CAAGCAGAAEOCEMSACTCGAGATA CGTACTCgat ccgeccccct cgag ( SEQrCIDyuUNGd1121@)4
CAAGCAGAAGACGGCATACGAGATC TTCTAAGgat ccgecccectcgag (SEQ I D NGO 219)
CAAGCAGAAGACGGCATACGAGATA CTATGACgat ccgecccectcgag (SEQ I D NGO 220)
CAAGCAGAAGACGGCATACGAGATG BC13 PCR77 rev BCl4 PCR77 rev BCl5 PCR77 rev
BC16 PCR77 rev BCl7 PCR77 rev BCl18 PCR77 rev BCl9 PCR77 rev BC2 PCR77 rev

BC3
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PCR77 rev BC30 PCR77 rev BC31 PCR77 rev BC32 HA77 fl f wd HA77 fl r ev
HA77 f2 f wd HA77 f2 r ev HA77 inde x PCR35 fw ACGITAAgat ccgcceccet cgag
(SEQ | D N©O 2821)18BAAGCAGAAGACCGCATACGAGATA CAAGATAgat ccgctaseatogaas ( SEQ | D
NO 222) CAAGCAGAAGACGGCATACGAGATG ACTAAGAgat ccgcceccetcgag (SEQ I D NGO

223) CAAGCAGAAGACGGECATACGAGATG TGICTACgat ccgeccccctcgag (SEQ | D NGO 224)
CAAGCAGAAGACGGCATACGAGATT TCACTAGgat ccgcceccetcgag (SEQ | D NO 225)

mgﬁﬁ@@m ORRCERAGEN & e CACERAORIEEED 1D No 227)
9@&99@%%@%;@9@212(@5@)' D NO 228)

\EACEAY
CAAGCAGAAGACGGCATACGAGATC % TTgat ccgcceccetcgag (SEQ'I D NO 229)
CAAGCAGAAGACECBATACKASAVIBIcTTRGCKGDy A itoge Ceackul dagd §SEQS MDD 7PI3EP00).

CAA GATG ccgcceccetcgag (SEQ I D NO 231)
%ﬁ@ﬁm@ m& ccgcceccetcgag (SEQ I D NO 232)

ﬁ%@c'fzg)g.catS&I@%ElTeﬁ,tA.(JSEéﬁlﬂnﬁkl\l@. T2BBhtHob€ AR CMiREE CRALCAL 16! D@0ES( SEQ | D

"~ S$33. J.M. Chandonia, S. E. Brenner, Science 311, 347 (2006).

S34. J. Chen, J. J. Skehel, D. C. Wiley, Proc Natl Acad Sci U S A 96, 8967 (1999).

S35. C.E. Stebbins, J. E. Galan, Nature 412, 701 (2001).

10  Example 2.

Yeast-displayed designs protect HA from undergoing pH-induced conformational change

SC1918/H1 HA was produced according to previous reports and was confirmed to be
cleaved to HA1 & HA2 using denaturing gel electrophoresis. H1 HA was chemically
biotinylated in PBS pH 7.4 at rt for 30 min using a 10-fold molar excess of sulfo-NHS-LC-biotin

15 (Pierce), after which time the protein was desalted into 10 mM Tris, 150 mM NaCl, pH 8.0 using
a desalting spin column (ThermoScientific) and stored at 4°C.

To determine whether HI HA could undergo irreversible conformational changes in the
absence of the protective effects of designs, 80 nM of H1 HA was incubated in a final volume of
100 uL at either buffer BBSF (20 mM BTP, 150 mM NaCl, 1 mg/mL Fraction V BSA, pH 7.4)

20  or buffer pHBSF (100 mM sodium acetate, 150 mM NaCl, 1 mg/mL Fraction V BSA, pH 5.2)
for 1 h at 37°C, after which the reactions were neutralized with 20 uL of 1 M Tris-HCI pH 8.0.
Reaction mixtures were vortexed, spun at 20,000 x g for 5 min, and the supernatant at 10-fold
dilution was used to label yeast cells displayed with either CR6261 scFv or affinity-matured
designs. Cells were labeled for 30 min at 22°C in buffer, washed, and secondary labeled for 10

25  min on ice with anti-cmyc FITC (Miltenyi Biotec, Auburn, CA) and streptavidin-phycoerythrin
(Invitrogen, Carlsbad, CA). After washing, cells were re-suspended in BBSF buffer and
fluorescence of 20,000 cells was quantified using an Accuri C6 flow cytometer. Both CR6261
scFv and the designed binders target an epitope on HA that is absent in the post-fusion

conformational change. H1 HA treated at pH 5.2 for 1 h had significantly lower fluorescence
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Ggccttcgaattggctttaagttttact aacaaagat (SEQ I D NO 235) Gatccgcccccctcgag
(SEQ ID NGO 236) WD 2012/018907PCT/ US2011/ 046414 dACACgat cggt gcct gggac
(SEQ | D N©O 2828)18907 CAAGCAGAAGACGCCATACGAGATT PER3AISR@/046414
TGCCTCAcaget t gat caat t ccaat aat ¢ ( SEQ BC201 D NGO 239)
CAAGCAGAAGACGGCATACGAGATT PCR35 rev CGITACGCcagett gat caattccaataatc (SEQ
BC21I D NO 240 CAAGCAGAAGACGGCATACGAGATT PCR35 rev

ATAGTT attccaat a SEQ B I.D ) . 241).

SRR A A et 5%5%&%%&%@3&@@&%%#&%5%% (SEQ
BC23| Rnb% o%@&ermble conformatld%m%@ﬁ Iﬁ&%%ﬂﬁdg%é tka¥ment
GGACATGcagct tgcttcaattccaataatc (SEQ BC241 D NO 243)

CAAGCAGANGAGGETATACSAGATA PCR35 rev GGTTGCTcagcttgcttcaattccaat aatc (SEQ
BC251 D NO.

4 AT ACEA
TATOCTGeag T b ST e TBoR) ie cg At 1T A finduced

CASCCAARENEHANINRERAGA TG BERI HA edas TG TERRgEdst Q&Is goadtadte (SEQ
BC271 D NO 246) CAAGCAGAAGACGGCATACGAGATA PCR35 rev

ATCCT@Be@?@étSt:@\a@rc%fﬁmtwmr%M%E@e@@@m pergdabeladfor 30 min at 22°C in 1 mL
CAACCARM DR Ao Gl eh & if M ASES95! pREF AR SEARLARMG 4 SEQ 1D

37°C for 1-24 h. Periodically, samples were withdrawn in 100 uL volume and neutralized with

20 uL. of 1 M Tris-HCI pH 8.0. Cells were pelleted, washed, and processed exactly as above.
10  Sequential timepoints up to 24 h of this process were assessed. Notably, yeast cells displaying

either the CR6261 scFv or the HB80.3 design show no significant difference in binding signal

between the cells incubated in low pH or neutral pH buffer, showing that these designs most

likely protect against the low-pH induced conformational change of HI HA. Yeast cells

displaying the HB36.4 design show no difference in binding signal between the low pH buffer
15  and neutral pH buffer incubation until the 24 h timepoint, when a slight decrease in binding

signal at the low pH incubation was seen.

Example 3. Profiling of the sequence-specific determinants of binding for designs using

20  selections coupled to next generation DNA sequencing.

Methods
Library Creation
Single site saturation mutagenesis libraries for HB36.4 and HB80.3 were constructed

25  from synthetic DNA by Genewhiz. Parental sequences are listed in Table 11 with mutagenic
region highlighted in red. Yeast EBY 100 cells were transformed with library DNA and
linearized pETCON (Science, 2011) using established protocols, yielding 1.4e6 and 3.3¢6
transformants for the HB36.4 & HB80.3 ssm libraries, respectively. After transformation, cells
were grown overnight in SDCAA media in 30 mL cultures at 30°C, passaged once, and stored in

30 20 mM HEPES 150 mM NaCl pH 7.5, 20% (w/v) glycerol in 1e7 aliquots at -80°C.
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BCA1INO 248) CAAGCAGAAGACGGCATACGAGATA PCR35 rev
CACACGTcagett gat caattccaat aatc (SEQ BC42I D NO. 249)
CAAGCAGAAEOCEMASACCGAGATA PCR35 rev TACGACTcaget t gat caarCrasatiaate 4 SEQ
BC431 D NO 250) CAAGCAGAAGACGGCATACGAGATA PCR35 rev
TCTTCGIcagcttgcttcaattccaataatc (SEQ | D BC44NO 251)
CAAGCAGAAGACGGCATACGAGATA PCR35 rev CATGTATcagcttgcttcaattccaataatc (SEQ

SO B0 2 Ry et i T SRS TR L,
CAAGCAtsrgAdeiciatsata T endaenrof drsigh sheaging equence ciase Ratre ip 8eld fos N 254)
Gat cgdudjedte srpgcof(sSmly $ifs JmratBENutieecgidaggcaaaaacat agat ccacat aat t ct cat gg
(SEQ I D NO 256) Acaagcagtat acgaaactgaatctgcatttgatttgg (SEQ I D NGO 257)

Cagct tgiitchat t ccaataatc (SEQ I D NO 258) Gattattggaattgaagcaagct (SEQ ID

NO  2%9ACGgatdm A0 TR TAUEDY Cagal GTTCandG A SEQCIC NI GCAGGCTAGTG

%S?tcg@@%ﬁ@@@%@ig&ﬁ%@gﬁ%@%&%ﬁ@@GAGGGTCGGCTAGC CATAT

Act cct@aag sl EaaaRaeaT ARCEHET (SEQAAL AT TEES) CAGAGI BGT HaTTOIGASTEE0 t ¢
( SEQ MY ANGT GZ8A)G GG AT CRTTTGHUTTGHG TAGXGATIRUTTATGACETEGAAGCCG
aaacytA ACUITG PRATAICA G GTATAACCAN RGTGXATCTGCATTTGATTTGGCCATGA
acaccagRhFaN eeTEHRRIOIAIRQY TGO @GNYMA GAGACCAATTCCTTTCCCACACG

agaac{(gﬁﬁfg RALERAGACHPATIORA T{%@.A@} §RlgReRTCAiagGcaaacc
(TStE Sgée(a%{r{m@z@ @ﬁ%@?ﬁ%@é&&&%&%éghd&@éc% TTTCTGAAGAGGA

Cet t t (GG T 4ATAEAGATETCESEQYHE Rk gadccgm
t rigagt t t t anaggcagt at acgngact ranyntgcttttg
act t ggEEBg(gRgaat t nkt ggatctatrwitttgecct wt a

agagamymesihaatc A SBATat ATACTARDA LNt GUTeCASHY T RCNOTCEST AGGCTAGTG
GTGGAGGAGGCTCTGGTGGAGGCGGTAGCGGAGGCGGAGGGTCGGCTAGCCATAT

GGCTTCTACTAGAGGTTCTGGTAGACCTTGGGGTTTTTCCGAAAATTTGGCCTT
20 CGAATTGGCTTTAAGTTTTACTAACAAAGATACACCAGACAGATGGGCTAAGGT

TGCACAATATGTATCTGGTAGAACACCTGAAGAAGTTAAAAAGCATTACGAAC

TCGAGGGGGGCGGATCCGAACAAAAGCTTATTTCTGAAGAGGACTTGTAATAGAG
ATCT (SEQ ID NO: 215)

25 Yeast display selections
Cell aliquots were thawed on ice, centrifuged at 13,000 rpm for 30 s, resuspended in 1¢7
cells per mL of SDCAA media, and grown at 30°C for 6 h. Cells were then centrifuged for
13,000 rpm and resuspended at 1¢7 cells per mL SGCAA media and induced at 22°C between
16-24 h. Cells were labeled with either biotinylated Viet/2004/H5 HA or SC/1918/H1 HA,

30  washed, secondary labeled with SAPE (Invitrogen) and anti-cmyc FITC (Miltenyi Biotech), and
sorted by fluorescent gates as outlined in Table 12. Cells were recovered overnight at 2.5¢5
collected cells per mL SDCAA media, whereupon at least 1¢7 cells were spun down at 13,000
rpm for 1 min and stored as cell pellets at -80°C before library prep for deep sequencing.

35  Table 12 Summary of selection conditions for yeast populations deep sequenced.
Labeling % Cells # Cells

Expt Sample Sort Library Condition Collected Collected

73



Sequenci ng Anal ysis Alignnent and quality filtering of the sequencing data
fromraw Il lum na reads were Streated essentially as described previously.

Each sequeocimyiswad was assigned to the correct
2012/ 018907PCT/ US2011/ 046414 pool
identifier (Table 13).
analysis and quality filtration.

Al

WO

PCT/US2011/046414
on the basis of a unique 8 bp barcode
pools were treated identically in sequence
Custom scripts were used to align al

paired-end reads with both reads abpve an average Phred quality score equal
or abple 20%°PH red- end féadg HiEF2 ali gned using a grobal Ne fan- Winsch
al gor | t hm| Dig&gds wi t hout | gapg HB3wer e--nmer ged into a siligl e seprEnee and
di ffergnce%lboq{d\(@g@e@)equemces H8g 9l @gjnmlﬁllﬁg the hi qlag% qual i 13+5¢0re for
t he read: equencing—technicat I theraye_t+brat catie t hat
the e mrnrj ih error foflthal 3&‘?2 (%N Izlnlsf‘énd seqgue zs”/"nn f9|2|§<E nderl a
poi ssph di|dtxtitdut i on; thetef qiB36bo )ﬁ@M%ﬁ)@Ang was SEH to estifid e
confidence Nguds@rval s for|erraommpal ysis. Al error listed is sde+bhe 95%
conf i genc ervat. 10 Affi 2] uratlon ana Speci it
Benef g at ﬂ.fs;féagti ORS “mi:ﬁct\éh%wy s u-t—i-A—hi ep 4. (ﬁdﬁ *X fzc'erJrgC 1918/ H1
HA wel & cqrhitnsdsiingeny a &2 ngl]d3phr ?9HM‘FHé{"DNA i bt &% for |eaHYesijgn was
const [ uct ediftirdam SCE PCR| asi ngirg68i 1@11&/{11[1 Hgo encodi begst he viarijeald e rlegi on.
Primefs anq{%gtdm%%) ar« ol sthqg&hn I@ﬁlfg Ho13, whil gt he DN @agwence for
t he | (braries—are +sted |ﬁ Fabte—t4—tibrartes—weretransftormedintd yeast
EBY100-an J'teprf ed to 4lsorttB34f \Hr yl ng st ri ngengy agai nsitl: i nJI at ed
5C191B82H /|HA.bind  Tabl e 14. DNR3séquéendBSHAf t he af fil¥ty natlatads on
| i brafpes |[aanskd ucted from t hemzphormati on 20 cont ained in thepdeep
sequeficin r| ment. >HB36 4 b GAC GATT GAAGGTAGATA CATAC GAC
GTTC CAGAGTRCTGEE TC TeoABBCTAGRS | onvHe, . 3% 9.0e+ta
GTGGAGGA CTGGT GGAGGCGETA! GGCEAAGHETHEIPPAGCCATATG 25
CACAT (&I CCAATIEGTAT GGAT GGT CAACAAIBRGAACAGATTGT TATTGGAATGGATC  GGTIGRETGGGAC CCT
ITT GG TTGI Gl AAA GAT GCT IALGT | RMaGAA GCC GAARVA GTT [TTA G GCA GTA
TAC GVMGAGT-RAMYMCGCATTTGAT "'1 GCCATGAGA AT MAKTGS I-\I\E TATTRW TTT
GCC T _AAGABE MG ATT TFE3 Al CAC 30 GCT_CAA_AZA TTG GCASAEA
AGATTAT TCGHARTTEAAGCAAGCT GZAT CHEGAECT FMBECART GGAACT CRAGGGG 6.0E+04
GGCGGATCCGAACAAAAGCTTATTT CTGAAGAGGACTIN GIT ANTAGHGATCT | (SEQ 1 D NO 201)
35>HBBU. GACGAT TG/ ACATTACCCATACGACGT TCCAGACT ACG bgv/-\uBCTAGTG
GTCI;A\C?‘A(YNI é‘?aWIy ""J AG‘EEII% ":(‘A(M:{:{"II (VM‘{:{:{“II A(?{"{" ’\TAT(" \M‘*S'(}E—lr
2012/ pA890 MRy US2011/ 046414 |EBFSFCT-ACT AGA GGI TCT 84T AGA WEI'STGG|RRG
TTT ARS GAAAADisMAyT RMG TTC GABIMIT| GCT TTA TMI TTT| ACT AAC ANE+GAT ACA CCA
GAC AGR TGG RVGiMAG G T YRS:dAT| GTA ARS GGl AGA[ARA CCT [GAA.GRA GIT AAA
ARG 3 H5 bind 1 HB36.4 | 10 nM H5 HA 30% 5.0E+05

3 No Gate 2 HB36.4 5.0E+05

3 H5 off-rate 2 HB36.4 | 3nM H5 HA, 3% 3.0E+05

20" off with HB36.4

3 No Gate 1 HB80.3 5.0E+05

3 Display 1 HB80.3 100% 5.0E+05

3 Good Display 1 HBS&0.3 9% 5.0E+05

3 Weak Display 1 HB80.3 20% 5.0E+05

3 H5 bind 1 HB80.3 | 10 nM H5 HA 37% 5.0E+05

3 No Gate 2 HB80.3 5.0E+05

3 H5 off-rate 2 HB80.4 | 3nM H5 HA, 11% 5.0E+05

75' off with HB36.4

Library prep and sequencing
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CAT TAC GAA 5 CTCGAGGGEGGEGECGGATCCGAACAAAAGCTTATTTCTGAAGAGGACTTGTAATAGAG ATCT
(SEQ I D NO 203) For the HB36.4 epistatic library, no dom nant |ineage was

conver gedwaf2evoigmar sorts 10 (Table 15). Prom sing coOn®PCTOISRE1MveF4e4

subcl oned (Ndel/Xhol) into the pET29b (Novagen) E. coli expression plasmd.
For the HB80.4 epistatic library, clones after four sorts converged to two

dom nant |ineages, each with at least 5 amno acid nutations fromthe

starting HB80.3 se nce (Tables 1 oms structs were suybcl.oned
"nto a cus RN HET T MM 1N8’é’¥91’>?ﬁ‘b‘1)135’n IR, SAHORR { LAV REREAS P PIERIc o

G-t er Hhiffhe IHI?K@Pmz%rt@lzwelag&arﬁﬁn&&a@edla'@%¢4@%rl4l HrY SENLHke bl e 15 FASTA
sequences of selected constructs fromthe HB36.4 epistatic |library after

f our dorersthanked ushgaesy me@maholdzamln hnyd od2°feinfdrator HBEBrYamds, plesast veur f ace

di sp ti t atl ons 20 >HB36 %?Sé EO%VL@RWI%+H4A%¥5E%IB§F?9{YCh frvine, CA) into
W WF%EKBN&EH@'%%L) RED LUKEAASEPLR  SEQ dddihdan oﬁ@ﬁl&l‘wﬁﬂp@@g&sed
VBNAVDGQQLNRLLLEW GAVDPFGLGKDAYD VLKAVYATNSAFDLAMRI |

W YVF/{Wm | BFEAHAQKhARRILIFROKQAASSRER (NGB, 1 DLN@nchaOéxothB&el(NEB),E@ﬁ 2uL
NRLLLEW COEAV\DPFG_ GKDAYDFEADKVL QAVYETNSAFDLAMRI N
w YVF pgnai” SRR PEMKOIAsPd by St ingstivesionyal the prmencs ag 40Epfer 30

e R R T

VBNAMDGREENRINEKEVIRGAMBRRI6GR GROAY 10V EARIOSL QAVY DENSAF DL vfig Phusion high ﬁdehty

r e A E e DI RGRLOE AR e i adsplo

W YVFAESIRES PPARKEORRILEL bfe dogfabd fideodN Tald 13. P&i@%@acﬁoé &aFl O
MBNAVDGQLNRL LLEW GAWDPFG_GKDAYDYEADKVL QAVYETNSAFDLANRI H

W Yl FAEKRRI RRWEAQKIZARRIUHEA MOMASSPPk( e@nlcmlman?@)s MAB%catdmg tgthel WO

2012/ 0189 7ELCT/ usz%i_l/ 0464&%&%\‘7{3&%&% ik Qi AGRISA HIS kit (Invitrogen)
W YNF/F&MBHMF\@TH\% bR oRfEidddlbh Pequifiblar rattdB3Rnt thsdpdal, 2.4
VBNAVDGQQLNRL L LEW GAVDPFGL GKDAYDDEADKVL QAVYATNSAFDLAVRI H 5

WLYNFAYKERT] PWQA@(WARR@QELKQ&AQMP lgrgEand gquenced pying HE3Gomesinaty zgr [1x

V\DPFGLGKDAYDDEAA TDSAFDLAl\/Rl H
YN K B AL R RASEPTBe s SEETY DG, 78)” SHESS. 4 s4 4 10
MSNANVDGQOLNRLLLEW GAVWDPFGELGKDAYDVEADKVL QA\VYATNSAFDLAI\/Rl H
W Yl FAFKRTI PFI HAQ(LARRLLELKQAASSPLP (SEQ I D NO 79) >HB36.4 s4 El 7

VENAMVEIELEE NRL LiStpf sHWDIREGE PIDAYDYEADEVL KAVYATNSAFDL AVRI H
W YNFAFKRKI PFTHAQKLARRLLELKQAASSPLP (SEQ | D NO. 80)

Primer
Name Sequence Use

AATGATACGGCGACCACCGAGATCT

PCR77 fw  ACACcggctagccatatggcettet (SEQ ID NO:

d 216) NG lib construction
CAAGCAGAAGACGGCATACGAGATC

PCR77 rev.  AAGGTCAgatccgecccectegag (SEQ ID

_BC1 NO: 217) NG lib construction
CAAGCAGAAGACGGCATACGAGATA

PCR77 rev CGTACTCgatccgecccectegag (SEQ ID

_BC10 NO: 218) NG lib construction
CAAGCAGAAGACGGCATACGAGATC

PCR77 rev  TTCTAAGgatccgeceecctegag (SEQ ID

_BC11 NO: 219) NG lib construction
CAAGCAGAAGACGGCATACGAGATA

PCR77 rev CTATGACgatccgeccccctegag (SEQ ID

_BC12 NO: 220) NG lib construction

PCR77 rev. CAAGCAGAAGACGGCATACGAGATG NG lib construction
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15 >HB36. 4 s4 El 8 MSNAVDGQQLNRLLLEW GAVWDPFG.GKDAYDVEAAKVL QAVYETNSAFDLAMKI H
W YNFAFKRTI PFVHAQKLARRLLELKQAASSPLPLE (SEQ I D NO 81) >HB36.4 s4 El 9
VBNANVDGQQ BIRL 1 AESTOGAVDPFGL GKDAYDVEADKVL QAVYATNSAFDLAMKI IAC2A782011/046414

W Yl FAFKRTI PFI HAQKLARRLLELKQAASSPLP (SEQ I D NO 82) Table 16. FASTA
sequences of selected constructs fromthe HB80.3 epistatic library after

four or five sorts. clones significantly outperform HB80.3 on

yeast e dis t| t ratl ons. 22@%&54 ES1
MASTRtas]gﬂéemlelrSENtV;I?\{i%iyr FRRESPRTSEAR PEEVKKHYE (SEQ I D NO 187)
>HB80. 3 s4 E82 M TRGSGRPWKFSENVAFEI AL SETNKDTPDRWAKVARYVRGRTPEEVKKHYE

(SEQ | D NO 188)CAH§§@X.@A1§@PE%@GCATACGAGATA
MAST RCBCRPVWGERENT AR EAAIAFETIKOTRORWRK VAROMKRCRTPEEVKKHYE (SEQ | D NO 189) 35
>HB80. 3B644 E84 NWGTRGRIGRPVRFSENVAFEI AL SFTNKDTPDRBRIVARYVIREREPEEVKKHYE ( SEQ
| D NO. 190) >HB&QGBJASC4AES}5XCGGCATACGAGATG

NASTRGﬁ@RmsEM@cFmM g\ BGRTPEEVKKHYE (SEQ 40 | D NO 191)
>HBB0. 33645 E86 w@ w< SENVA CAL YFTNKDT PDRAKHVARYVEKGREPEEVKKHYE ( SEQ

I D NG ~192) >HB

ATACGAGA
VRST ﬁggﬁﬁmﬁpmm (SEQ 1D NO 193) VO
2012/

MAST FKE PEMRI RS D NO 194)
>HB8O0. 3 s4 E89

SFTNKDFP ‘%E\?W%‘SE@@EQI{B 190 >HB8O 3 s4 E90
MASTRCB@PWFSEMFZQ_SALYFTNKDTPDR\MWARYVKGQTP KrpoEsir®ron D N0 196) 10

>HB80. 3 s4 E91 NASK QEELA@@K’GWPDRVWKVARYVKG?T PEEVKKHYE ( SEQ
| D NO PCBB) rev >HBBOG& Askake@@cccecctegag (SEQ ID
MVASTRGIBRPY\KFSENAFEIAL SFTNKDT PDRWRKVARYVRGRT PERUKKHnstr&itign 15 | D NO  198)
>HB80. 3 s4 E93 NASABGCIERRWKA GEOVARRLAG XERNKDTPDRWEKVAQYVRGRTPEEVKKHYE ( SEQ
| D NO pdR9) BAOTRCEE A& cccctega /& Y%
ASTRGS%‘M(F EN\{@(EEHO;I)Y NK TPDRV\ﬁ(% RYVKGRTPERYKKIYEnt Qb D NO 200)
CAAGCAGAAGACGGCATACGAGATG
PCR77 rev. CATAACTgatccgeeccectegag (SEQ ID
_BC2 NO: 228) NG lib construction
CAAGCAGAAGACGGCATACGAGATC
PCR77 rev TCTGATTgatccgecccectegag (SEQ ID NO:
_BC3 229) NG lib construction
CAAGCAGAAGACGGCATACGAGATG
PCR77 rev.  TAGCAGTgatcecgecccectegag (SEQ ID
_BC30 NO: 230) NG lib construction
CAAGCAGAAGACGGCATACGAGATG
PCR77 rev.  GATCATCgatccgeccccctegag (SEQ ID
~BC31 NO: 231) NG lib construction
CAAGCAGAAGACGGCATACGAGATG
PCR77 rev.  TGAACGTgatcegecccectegag (SEQ ID

_BC32 NO: 232) NG lib construction
HA77 fl1 f

wd Cggctagccatatggcttct (SEQ ID NO: 233) NG sequencing
HA77 fl r Gtgcaaccttagcccatctgtetggtg (SEQ ID NO:

ev 234) NG sequencing
HA77 f2 £ Ggccttcgaattggctttaagttttactaacaaagat (SEQ

wd ID NO: 235) NG sequencing
HA77 2 r

ev Gatccgeccccctecgag (SEQ ID NO: 236) NG sequencing
HA77 inde

X Ctegaggggggcggate (SEQ ID NO: 237) NG sequencing

PCR35 fw AATGATACGGCGACCACCGAGATCT NG lib construction
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>HB80. 3 s4 E95 MASTRGSGRPVKFSENVAFELALYFTNKDTPDRW KVARYVKGRTPEEVKKHYE ( SEQ
I D NO 196) 25 >HB80.3 s4 E96

MASTRGSGRPOKRBRANRAFEI AL SFTNKDTPDRWRKVAYYVRGRTPEEVKKHYE @EEQ@SkO1/M@41£202)
>HB80. 3 s4 E97 MA STRG S GRPWRF SENVAFEI AL
SFTNKDTPDRVWRKVARYVRGRTPEEVKKHYE ( SEQ 30 I D NO 190) >HB80.3 s4 E98 MA STRG
S GRPWRF SENVAFEI AL SFTNKDTPDRWAKVARYVRGRTPEEVKKHYE (SEQ | D NO 204)

>HB80. 3 s4 E99 SSQ&/éSTRGSG?PV\KF %ﬁbAﬁ%ﬁ YF TNKDTPDRWAKVAYYVKGRTPEEVKKHYE
(SEQ I H NO 205) SRICEIRICIEER56 PWRF SENVAFEI AL
SFTNKDTPDRVKKVARAAERTEEEMAECE (F@AI% H06) 40 >HB8O.3 s5 EO1
MASTKCBERPIKFSENNAFET QBSMWWMWTPEEVKKHYE (SEQ I D NO 207)
>HB80. 3BE€80 E04 NRSYAGEHPVWKFSENVAFEI AL SFTNKDTPDRBRKVARYVIRERTPEEVKKHYE ( SEQ
45 1 D NO 198) XHBRGCAGARAGATQCCATNGOATAATY US2011/ 046414
MASTRGECRBYKEGEN! GFEAAICTEIMEOT RIRVWKMAQYVYKGRTPEEVKKHYE (SEQ I D NGO 209)
>HBB0. 3pd61 MASTRESGBPYKHSENI AFEI AL SFTNKDTPDRVWKKNE@OV iR KKHYE (SEQ 5 1D
NO 209) Sol ubi l@AXGEAGRRTMCGGCATAEGAGA € ones sel ected fromthe

af fini pyrARt U at Aﬁ&Gﬁ@cgé%t(%%\ﬁ{ﬁ%“é&ﬁﬁgﬂag%g solubility in an E. coli

expr es(saheg syst% NEL BY, t ot assa |1 beCO%rgu from colonies in
deep 1 17' ve |nto eep wel | plates at
37Cfof’§r9 fo£ gﬁg@‘ﬁ% for 4 h at 37C. Foll ow ng

i nduct 8 35 g8y ‘P%tc%aaftf:%aé“k? Qmsdl a by centrifugation at 3,000
x g forB¢ €83 nin : stored as pellets overNOdHcoastrudoe The next
mor ni ng, pl ates %A@Ctﬁkﬁvﬁ/é@?&ﬁﬁ@éﬂgﬂméﬁﬂ@ést 15 min and 200 uL bi ndi ng
buf f er PCRGH miv HFPASA TIGRgotkgoNa@ttccpitha’c ®EQvas added to each well. The

pl at e wA€240oni cdDedOu243)g the 15 U trasoni ¢ Prod@dgocondBuasehl soni cat or for
3 mn at 70% pul GAAGREOMEAGNUGGYeatCGAaMATAuged for 4000 rpmfor 30 mn
at 4C. pErps et anGTRGCHROsdtRtecdittdibiagn (WBQ transferred to a dot bl ot

mani f ol gebk ni f olighilyb! 24Mhat man) and dr| ed onto RGtwsakirwieae menbrane for

5 m n. The nenbr, wanti - FLAG HRP conj ugat ed nouse
ant i boﬁ&R@?‘x@ @gGClT@éhgcttg Pl at at%"tg bzed wi th DAB substrate (Pierce).

20 _BC26 ID NO: 245) NG lib construction
CAAGCAGAAGACGGCATACGAGATG
PCR35 rev  TACAGTGcagcttgcttcaattccaataatc (SEQ
_BC27 ID NO: 246) NG lib construction
CAAGCAGAAGACGGCATACGAGATA
PCR35 rev  ATCCTGCcagcttgcttcaattccaataatc (SEQ
_BC40 ID NO: 247) NG lib construction
CAAGCAGAAGACGGCATACGAGATG
PCR35 rev TTATATCcagcttgcttcaattccaataatc (SEQ ID
~BC41 NO: 248) NG lib construction
CAAGCAGAAGACGGCATACGAGATA
PCR35 rev CACACGTcagcttgcttcaattccaataatc (SEQ
_BC42 ID NO: 249) NG lib construction
CAAGCAGAAGACGGCATACGAGATA
PCR35 rev.  TACGACTcagcttgcttcaattccaataate (SEQ
~BC43 ID NO: 250) NG lib construction
CAAGCAGAAGACGGCATACGAGATA
PCR35 rev TCTTCGTcagcttgcettcaattccaataatc (SEQ ID
_BC44 NO: 251) NG lib construction
CAAGCAGAAGACGGCATACGAGATA
PCR35 rev CATGTATcagcttgcttcaattccaataatc (SEQ
~BC45 ID NO: 252) NG lib construction
CAAGCAGAAGACGGCATACGAGATT
PCR35 rev CCACAGTcagcttgcttcaattccaataatc (SEQ
_BC46 ID NO: 253) NG lib construction

77



Tabl e 17 provides per position allowable substitutions on an HB36. 4

scaf f ol d. HB36. 4: Central helix recognition notif from Serine 47-
Phenyl al awDre12888408AFDLAMRI MW YVFAF (SEQ ID NO 7)) ; Al poTRise01694cud si de of
that recognition notif

( MSNAVDGQQLNRLLLEW GAVWDPFGA.GKDAYDVEAEAVL QAVYETESAFDLANMRI M 25

W YVFAFKRPI PFPHAQ(LARRLLELKQAASSPLPLE (SEQ ID NO 65)) (2) Al owabl e
positions were d sel ections of HB36.4 variants
to SC1918/ H1 HA ({i%(g%ég (ﬁ@?\ Gee attached for further

det ai | B§R3ITHeY t HMEEhEC coaredtepicartipwatepigdS @% depletion in the frequency of
a gi venB&fTant iIP NRe2%Bl ection library after tMWe lhetassrictionsorts by FACS.
Posi ti BAsS| flsfed in bold font indicate positions that nake contact with 30
t he HAwdur f ace. Qabigectheshd GiEYIR NUIESS) t ut | onNSGoqamctdig36. 4 scaf f ol d

Posi t i HA35B36r 4 TReghaligeaAbi@vigblceachthatdicsigs

al a, phgy hi s, l'ys, 55183 I@Nogi%t hr,val,tyr, 48 R2 XNG&chdnciNg no Aci ds
2012/ 0838 7PCF/ U203 %at%@%aﬁ@@tttég R3 Asp

WO

Sequencing Analysis

Alignment and quality filtering of the sequencing data from raw Illumina reads were

treated essentially as described previously. Each sequencing read was assigned to the correct
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Ala, Glyydy, Asn (QEQ I%OT¥57)5 NG sequencing

HA35 2 r

ev Cagcttgcttcaattccaataate (SEQ ID NO: 258) NG sequencing

HA35 inde

X Gattattggaattgaagcaaget (SEQ ID NO: 259) NG sequencing

Up-GS- Ggacaatagctcgacgattgaaggtagatacccata

pCons (SEQ ID NO: 260) Universal fwd primer

Down Cm  Caagtcctcttcagaaataagcttttgttc (SEQ ID NO:

yC 261) Universal rev primer

HBS80 front Tggtctaccggaacctctggtggatge (SEQ ID NO:

_Tev 262) Elibrary construction

HBS80 back Actcctgaagaagtcaaaaagcattacgaa (SEQ ID

_fwd NO: 263) Elibrary construction

HB80 klen

ow Ttcgtaatgctttttgacttcttc (SEQ ID NO: 264) Elibrary construction
Gceatccaccagaggttccggtagaccatggrrgttcarsga
aaacvttrmgtttgaamttgctttgtmttttacgaataaggac
acaccagatagatggrvgaaggttgcayrstatgtaarsggt

E80 agaactcctgaagaagtcaaaaagcattacgaa (SEQ

ultramer ID NO: 265) Elibrary construction

HB36 front Gtcataggcatctttacccaaace (SEQ ID NO:

_rev 266) Elibrary construction

HB36 back

_fwd Catgcccaaaagttggctaga (SEQ ID NO: 267)  Elibrary construction

HB36 klen

ow Tctagccaacttttgggcatgt (SEQ ID NO: 268) Elibrary construction
Ccttttggtttggptaaagatgcctatgackwtgaageccgm
trvagttttamaggcagtatacgmgactramymtgcttttg
acttggcaatgagaattmwktggatctatrwttttgcctwta

E36 agagammgattcctttcvyacatgcccaaaagttggctag

ultramer a (SEQ ID NO: 269) Elibrary construction



Phe 52 R5 Ala AlIl Amino Acids 53 R6 Met Phe,Hi s, Il e, Leu, Gln, Thr 54 R7 Arg
gly,lys,gln,thr 55 R8 Il e asn,gln,val,trp 56 RO Met

Gy, Ille, Lye2he2ni8®n, Arg, Ser, Thr, Val , Tyr, Hi s 57 RLO0 Tr prPhassa@1Rids14 | e
phe, ser,thr,val 59 R12 Tyr cys, asp, phe, hi s, asn, ser
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pool on the basis of a unique 8 bp barcode identifier (Table 13). All pools were treated
identically in sequence analysis and quality filtration. Custom scripts were used to align all
paired-end reads with both reads above an average Phred quality score equal or above 20.
Paired-end reads were aligned using a global Needleman-Wunsch algorithm, reads without gaps
were merged into a single sequence and differences between sequences resolved using the higher
quality score for the read. Sequencing technical replicates of the naive library indicate that the
enumeration error for the library prep and sequencing falls under a poisson distribution;
therefore, bootstrapping was used to estimate confidence intervals for error analysis. All error

listed is at the 95% confidence interval.

Affinity Maturation and Specificity

Beneficial mutations predicted to result in higher affinity for SC1918/H1 HA were
combined into a single library. The DNA library for each design was constructed from SOE
PCR using a single oligo encoding the variable region. Primers and sequences are listed in Table
13, while the DNA sequence for the libraries are listed in Table 14. Libraries were transformed
into yeast EBY 100 and subjected to 4 sorts of varying stringency against biotinylated SC1918
HI/HA.

Table 14. DNA sequences of the affinity maturation libraries constructed from the information
contained in the deep sequencing experiment.

>HB36.4_clibrary
GACGATTGAAGGTAGATACCCATACGACGTTCCAGACTACGCTCTGCAGGCTAGTG
GTGGAGGAGGCTCTGGTGGAGGCGGTAGCGGAGGCGGAGGGTCGGCTAGCCATATG
CACATGTCCAATGCTATGGATGGTCAACAATTGAACAGATTGTTATTGGAATGGATC
GGTGCCTGGGAC

CCTTTT GGT TTG GGT AAA GAT GCT TAT GMT KWT GAA GCC GAA RVA GTT TTA
MAG GCA GTA TAC GMG ACT RAM YMT GCA TTT GAT TTG GCC ATG AGA ATT
MWK TGG ATC TAT RWT TTT GCC TWT AAG AGA MMG ATT CCT TTC VYA CAC
GCT CAA AAATTG GCA AGA
AGATTATTGGAATTGAAGCAAGCTGCATCTTCACCTTTACCATTGGAACTCGAGGGG
GGCGGATCCGAACAAAAGCTTATTTCTGAAGAGGACTTGTAATAGAGATCT (SEQ ID
NO: 201)

>HB80.3_eclibrary

GACGATTGAAGGTAGATACCCATACGACGTTCCAGACTACGCTCTGCAGGCTAGTG
GTGGAGGAGGCTCTGGTGGAGGCGGTAGCGGAGGCGGAGGGTCGGCTAGCCATATG
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60 R13 Val Al a, Phe, Il e, Leu, Asn, GLn, Thr, Tyr 61 R14 Phe G u, Leu 62 R15 Al a
gly,lys,arg,ser 63 RL6 Phe cys, his,lys,|eu, net,asn,gln,arg,thr,val,trp,tyr
69R17 Phew®\yn12/018907 The tabl e bel ow shows where si nglpeTamskouti/onastiant s
from HB36. 4 ( SAFDLAVRI MN YVFAF (SEQ ID NO 7)) are shown to result in

I ncreased binding affinity. 5Table 18 HB36.4 toint nutations resultin in

I ncreased bindin affinity Position HB36.4 Residue Increased Affinity 47 Rl

Ser A & PR ATAGA GGT TCT GGT AGA CCT TGG RRG TTT ARS GAA AAT VIT RMG
TTC GAA MTT GCT TTA TMT TTT ACT AAC AAA GAT ACA CCA GAC AGA TGG RVG
AAG GTT GCA YDS TAT GTA ARS GGT AGA ACA CCT GAA GAA GTT AAA AAG
CAT TAC GAA
5  CTCGAGGGGGGCGGATCCGAACAAAAGCTTATTTCTGAAGAGGACTTGTAATAGAG
ATCT (SEQ ID NO: 203)

For the HB36.4 epistatic library, no dominant linecage was converged after four sorts
10  (Table 15). Promising constructs were subcloned (Ndel/Xhol) into the pET29b (Novagen) E.
coli expression plasmid. For the HB80.4 epistatic library, clones after four sorts converged to
two dominant lineages, each with at least 5 amino acid mutations from the starting HB80.3
sequence (Tables 16). Promising constructs were subcloned into a custom pET plasmid
(Ndel/Xhol) with an N-terminal FLAG tag and a C-terminal Hiss tag and subjected to a

15  solubility screen.

Table 15. FASTA sequences of selected constructs from the HB36.4 epistatic library after four
sorts. All clones significantly outperform HB36.4 on yeast-surface display titrations.

20 >HB36.4 s4 EO03
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDDEAAAVLQAVYETNHAFDLAMRIH
WIYVFAFKRKIPFLHAQKLARRLLELKQAASSPLP (SEQ ID NO: 69)
>HB36.4 s4 EO5
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAAAVLKAVYATNSAFDLAMRII

25 WIYVFAYKRKIPFAHAQKLARRLLELKQAASSPLP (SEQ ID NO: 70)
>HB36.4 s4 E06
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDFEADKVLQAVYETNSAFDLAMRIN
WIYVFAFKRPIPFVHAQKLARRLLELKQAASSPLP(SEQ ID NO: 71)
>HB36.4 s4 EQ7

30 MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAAAVLKAVYETNSAFDLAMRIN
WIYVFAFKRKIPFAHAQKLARRLLELKQAASSPLP(SEQ ID NO: 72)
>HB36.4 s4 EO08
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEADKVLQAVYDTNSAFDLAMTIH
WIYNFAFKRKIPFLHAPKLARRLLELKLAASSPLP (SEQ ID NO: 73)

35 >HB36.4 s4 E09
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDDEADRVLQAVYETNSAFDLAMRIN
WIYVFAFKRTIPFAHAQKLARRLLELKQAASSPLP (SEQ ID NO: 74)
>HB36.4 s4 E10
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDYEADKVLQAVYETNSAFDLAMRIH

40 WIYIFAFKRPIPFVHAQKLARRLLELKQAASSPLP (SEQ ID NO: 75)
>HB36.4 s4 Ell
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Lys 56 RO Met Hi's, Asn, Tyr 60 R13 Val Phe, Leu, Thr, Asn 63Rl6 Phe Tyr
The tabl e bel ow provi des per position allowable substitutions on an HB80. 3
scaf f ol d.wQ2oansal helix recognition notif from Phenylpalrarseoie/0i@14

Phenyl al ani ne 25; Al so Tyrosine 40 that is outside of that recognition
motif). 10 ( MASTRGSGRPWG-SENLAFELALSFTNKDTPDRWAKVAQYVSGRTPEEVKKHYE ( SEQ | D

NOl. 184)) Al | owabl e positions were determ ned fromyeast display
?§e§°Mﬁ%ﬁ@éGB?f&lﬁ#ﬂ%M@&bﬁgﬁfﬁ%ﬁﬂﬁaﬁéﬁﬁmﬁﬁf&ﬁﬁéﬁf@&
depl et WbANFAF AP ERISEQ IPDMEO0séfdection library after

tvvo 1%@3&:‘14561313]5?0” S b FACS P05| tions listed in bold font indicate
posi t IM&NAMBGQMREIJIQE%GA/W DRFOR G KHAATIM BB K VIADA ¥ YOI M ABIRANMRIH
subst IWIKINBAY KR 1&F VHBE0K B ARG fIf I KIQ RASSPLA(SERAD. SORES) due Al | owabl e 84
VO 20L2E¥E907RC US2011/ 046414 13 RL Phe Val 14 R2
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDDEAARVLKAVYATDSAFDLAMRIH
WIYNFAFKRKIPFLHAQKLARRLLELKQAASSPLP (SEQ ID NO: 78)
>HB36.4 s4 El4

10 MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEADKVLQAVYATNSAFDLAMRIH
WIYIFAFKRTIPFIHAQKLARRLLELKQAASSPLP (SEQ ID NO: 79)
>HB36.4 s4 E17
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDYEADEVLKAVYATNSAFDLAMRIH
WIYNFAFKRKIPFTHAQKLARRLLELKQAASSPLP (SEQ ID NO: 80)

15 >HB36.4 s4 EI8
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAAKVLQAVYETNSAFDLAMKIH
WIYNFAFKRTIPFVHAQKLARRLLELKQAASSPLPLE (SEQ ID NO: 81)
>HB36.4 s4 E19
MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEADKVLQAVYATNSAFDLAMKIH

20 WIYIFAFKRTIPFIHAQKLARRLLELKQAASSPLP (SEQ ID NO: 82)

Table 16. FASTA sequences of selected constructs from the HB80.3 epistatic library after four
or five sorts. All clones significantly outperform HB80.3 on yeast-surface display titrations.

25 >HBR0.3 s4 ES1
MASTRGSGRPWRFSENVAFEIALSFTNKDTPDRWKKVARYVRGRTPEEVKKHYE (SEQ
ID NO: 187)

>HB80.3 s4 ES§2

30 MASTRGSGRPWKFSENVAFEIALSFTNKDTPDRWAKVARYVRGRTPEEVKKHYE (SEQ
ID NO: 188)
>HB80.3 s4 ES83
MASTRGSGRPWGFRENIAFEIALYFTNKDTPDRWRKVARYVKGRTPEEVKKHYE (SEQ
ID NO: 189)

35 >HB80.3 s4 E84
MASTRGSGRPWRFSENVAFEIALSFTNKDTPDRWRKVARYVRGRTPEEVKKHYE (SEQ
ID NO: 190)
>HB80.3 s4 ES85
MASTRGSGRPWGFSENIAFELALYFTNKDTPDRWGKVARYVRGRTPEEVKKHYE (SEQ

40 IDNO: 191)
>HB80.3 s4 E86
MASTRGSGRPWKFSENVAFELALYFTNKDTPDRWKKVARYVKGRTPEEVKKHYE
(SEQ ID NO: 192)
>HB80.3 s4 E87

45  MASTRGSGRPWKFSENIAFELALYFTNKDTPDRWKKVARYVKGRTPEEVKKHYE (SEQ
ID NO: 193)
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Ser Al a,Phe, dy,lIle,Lys,Leu, Met, Asn, Pro, Gln, Arg, Thr,Val 15 R3 Qu Asp 16 R4
Asn H s, Il e, Lys, Leu, Met, Arg, Ser, Thr 17 R5 Leu Phe, Il e, Met, Asn, Gln, Val 18 R6
Al a Asp, Lye2vto18®n, GLn, Arg, Val 19 R7 Phe Asp, Asn, Tyr 2@CRAISEB10/046414

Al a, Asp,d vy, H s, Lys, Leu, Met, Asn, GLn, Arg, Ser, Thr, Val , Trp 21 R9 Leu

Phe, Il e, Met, Val 22 Al a

>HB80.3 s4 E8S8
MASTRGSGRPWKFKENLEFEIALSFTNKDTPDRWKKVAYYVRGRTPEEVKKHYE (SEQ
ID NO: 194)
>HB80.3 _s4 E&9
5  MASTRGSGRPWRFSENVAFEIALSFTNKDTPDRWRKVARYVRGRTPEEVKKHYE (SEQ

ID NO: 190)
>HB80.3 _s4 E90
MASTRGSGRPWKFSENVAFELALYFTNKDTPDRWTKVARYVKGRTPEEVKKHYE (SEQ
ID NO: 196)

10 >HBS80.3 s4 E91
MASTRGSGRPWKFSENVAFELALYFTNKDTPDRWTKVARYVKGRTPEEVKKHYE (SEQ
ID NO: 196)
>HB80.3 s4 E92
MASTRGSGRPWKFSENVAFEIALSFTNKDTPDRWRKVARYVRGRTPEEVKKHYE (SEQ

15 ID NO: 198)
>HB80.3 _s4 E93
MASTRGSGRPWKFSENVAFELALYFTNKDTPDRWGKVAQYVRGRTPEEVKKHYE
(SEQ ID NO: 199)
>HB80.3 _s4 E9%4

20 ASTRGSGRPWKFSENVAFELALYFINKDTPDRWAKVARYVKGRTPEEVKKHYE (SEQ
ID NO: 200)
>HB80.3 _s4 E95
MASTRGSGRPWKFSENVAFELALYFTNKDTPDRWTKVARYVKGRTPEEVKKHYE (SEQ
ID NO: 196)

25 >HB80.3 s4 E96
MASTRGSGRPWKFSENVAFEIALSFTNKDTPDRWRKVAYYVRGRTPEEVKKHYE (SEQ
ID NO: 202)
>HB80.3 _s4 E97
MASTRGSGRPWRFSENVAFEIALSFTNKDTPDRWRKVARYVRGRTPEEVKKHYE (SEQ

30 IDNO: 190)
>HB80.3_s4 E98
MASTRGSGRPWRFSENVAFEIALSFTNKDTPDRWAKVARYVRGRTPEEVKKHYE (SEQ
ID NO: 204)
>HB80.3 _s4 E99

35  MASTRGSGRPWKFSENLAFELALYFTNKDTPDRWAKVAYYVKGRTPEEVKKHYE
(SEQ ID NO: 205)
>HB80.3_s4 E100
MASTRGSGRPWRFSENVAFEIALSFTNKDTPDRWKKVARYVKGRTPEEVKKHYE (SEQ
ID NO: 206)

40 >HB80.3 s5 EO1
MASTKGSGKPWKFSENVAFEIALSFTNKDTPDRWRKVARYVRGKTPEEVKKHYE (SEQ
ID NO: 207)
>HB80.3_s5 E04
MASTRGSGRPWKFSENVAFEIALSFTNKDTPDRWRKVARYVRGRTPEEVKKHYE (SEQ

45  IDNO: 198)
>HB80.3 02
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Ala 23 R10 Leu Ile, Met, Tyr 24 R11 Ser Ala,dy, Tyr 25 Phe Phe 39 R12 A n
Tyr, Phe, Met, Arg, Lys,dy 40 R13 Tyr Asp, Met, Asn, Ser 42 R14 Ser Arg, Lys

The t abl ewbebwisfeows where single point nutants from HBBO/AB2a&mm4cmowWn t O
result in increased binding affinity. 5Table 20 HB80.3 toint mutations
resultin in increased bindin affinit Position HB80.3 Residue Increased
Affinity

MASTRGSGRPWKFSENIAFEIALSFTNKDTPDRWKKVAQYVKGRTPEEVKKHYE (SEQ
ID NO: 209)
>HB80.3 16
MASTRGSGRPWKFSENIAFEIALSFTNKDTPDRWKKVAQYVKGRTPEEVKKHYE (SEQ
5 1D NO: 209)

Solubility Screening
HBS8O0.3 clones selected from the affinity maturation library were screened by solubility
in an E. coli expression system using a dot-blot assay. Cells were grown from colonies in deep
10  well plates overnight, and diluted 25-fold into deep well plates at 37°C for 3 h, followed by IPTG
induction (1 mM) for 4 h at 37°C. Following induction, cells were separated from spent media
by centrifugation at 3,000 x g for 15 min at 4°C and stored as pellets overnight at -20°C. The
next morning, plates were thawed on ice for at least 15 min and 200 uL binding buffer (200 mM
HEPES, 150 mM NacCl, pH 7.5) was added to each well. The plate was sonicated using the
15  Ultrasonic Processor 96-well sonicator for 3 min at 70% pulsing power and lysate centrifuged for
4000 rpm for 30 min at 4°C. Supernatant at 100-fold dilution was transferred to a dot blot
manifold Minifold™ I (Whatman) and dried onto nitrocellulose membrane for 5 min. The
membrane was then labeled with an anti-FLAG HRP conjugated mouse antibody (Sigma, St.

Louis, MO) and visualized with DAB substrate (Pierce).

20
Table 17 provides per position allowable substitutions on an HB36.4 scaffold.

HB36.4:Central helix recognition motif from Serine 47- Phenylalanine 63
(SAFDLAMRIMWIY VFAF (SEQ ID NO: 7)); Also Phe 69 outside of that recognition motif
(MSNAMDGQQLNRLLLEWIGAWDPFGLGKDAYDVEAEAVLQAVYETESAFDLAMRIM

25 WIYVFAFKRPIPFPHAQKLARRLLELKQAASSPLPLE (SEQ ID NO: 65))

(2) Allowable positions were determined from yeast display selections of HB36.4 variants to
SC1918/H1 HA coupled to deep sequencing (see attached for further details). The threshold was
no more than 80% depletion in the frequency of a given mutant in the selection library after two
selection sorts by FACS. Positions listed in bold font indicate positions that make contact with

30 the HA surface.

Table 17 Allowable substitutions on an HB36.4 scaffold

Position | HB36.4 Residue | Allowable

47 R1 Ser ala,phe,his,lys,met,asn,gln,thr,val tyr,
48 R2 Ala All Amino Acids
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14 R2 Ser Ala, Gy, lle,Lys,Arg, Thr,Val 17 R5 Leu Ile,Val 18 R6 Ala Lys, Arg
20 R8 u Ser 21 RO Leu lle 24R11 Ser Tyr WD 2012/018907PCT/ US2011/ 046414
VW cl ai mwo 2012/048@al ypepti de conpri sing an am no aci d sequamse@imaecios di ng to
general formula | Rl-R2-Phe-R3- R4- R5- R6- R7- R8- R9- R1O- R1

1- R12- R13- R14- R15-R16 (SEQ I D NO 51), wherein Rl is selected from
the group consisting of Ser, Ala, Phe, H's, Lys, Met, Asn, d@n, Thr, Val

ant -

Tyr, rapd—Asp—R2 canbe any—amno—acid:
Phe Phe
50 R3 Asp Ala,Glu,Gly,Asn,Pro,Ser,Tyr
51 R4 Leu Phe
52 R5 Ala All Amino Acids
53 R6 Met Phe,His,lle,Leu,GIn,Thr
54 R7 Arg gly,lys,gln, thr
55 R8 Ile asn,gln,val,trp
56 R9 Met Gly,lle,Lys,Leu,Asn,Arg,Ser, Thr,Val, Tyr, His
57 R10 Trp Phe
58 R11 Ile phe,ser,thr,val
59 R12 Tyr cys,asp,phe,his,asn,ser
60 R13 Val Ala,Phe,lle,Leu,Asn,GIn, Thr,Tyr
61 R14 Phe Glu,Leu
62 R15 Ala gly,lys,arg,ser
63 R16 Phe cys,his,lys,leu,met,asn,gln,arg, thr,val,trp,tyr
69 R17 Phe Tyr

The table below shows where single point mutants from HB36.4
(SAFDLAMRIMWIY VFAF (SEQ ID NO: 7)) are shown to result in increased binding affinity.
5 Table 18 HB36.4 point mutations resulting in increased binding affinity

Position | HB36.4 Residue | Increased Affinity
47 R1 Ser His

54 R7 Arg Lys

56 R9 Met His, Asn, Tyr

60 R13 Val Phe, Leu, Thr, Asn
63 R16 Phe Tyr

The table below provides per position allowable substitutions on an HB80.3 scaffold.
(1 Central helix recognition motif from Phenylalanine 13- Phenylalanine 25; Also
Tyrosine 40 that is outside of that recognition motif).
10 (MASTRGSGRPWGFSENLAFELALSFTNKDTPDRWAKVAQYVSGRTPEEVKKHYE
(SEQ ID NO: 184))
Allowable positions were determined from yeast display selections of HB80.3 variants to
SC1918/H1 HA coupled to deep sequencing (see attached for further details). The threshold was
no more than 80% depletion in the frequency of a given mutant in the selection library after two
15  selection sorts by FACS. Positions listed in bold font indicate positions that make contact with
the HA surface.

Table 19 Allowable substitutions on an HB&0.3 scaffold
| Position | HB80.3 Residue | Allowable
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R3 is selected fromthe group consisting of Asp, Ala, Qu, Gy, Asn, Pro,
Ser, and Tyr; 10R4 is selected fromthe group consisting of Leu and Phe; R5
can be anyoanizms®@ci d; R6 is selected fromthe group comsirdaiseoig/oeds1dvet

Phe, His, Ile, Leu, Gn, and Thr; R7 is selected fromthe group consisting
of Arg, Ay, Lys, @n, and Thr; R8 is selected fromthe group consisting of
Il1e, Asn, GI n, Val, and Trp; 15R9 is selected fromthe group consisting of

Met (:l \l Lvs l oy Acn Ar oy CAar Thr \/al Hi < and v R10 H S
y Cyo, LCCu; 7\gil g0t T VA%

— LB ooyt To—1

sel e flérernr Bhea group cons aly ng of Trp and Phe: R11 is selected fromthe
group A& stliSe of |le, Pe\ladheGlydleLysddeuMet, AmnProGlaghegsTaiVal om t he
gr oup 16dkssi st|iGlg of Tyr, OJfs\spAsp, Phe, His, Asn, and Ser: 20RI13 is
sel egtléR4 r omAdne group condisile/igsdkuNadt ArdlSar, TRhe, 1l1e, Leu, Asn, @ n,
Thr, [anRIyr;| IR 1s sel ect|gghelliQMet,ASn GIANMAICONSI St1 ng of Phe, G u, |and
Leu; [RER¢S Sedigcred from Ihe r AN ERG: Gih ANVl Aa, dy, Lys, Arg, and

aie;; ‘Tét 7. | Phe, . R%?nl bm: %S%(;A‘ U | .[:EI)_[II the gr Uup (,Ullbl stTTig—of I-:LIS Cys,
S e, ivet, ASt, —Oyfi; .,, I Val T

ol beR Ha rfGl}'ll alm 1 whe PM A CIJX Ly% th Agﬁ gfn xrgaéerl:'.;[l‘hrz\ég’L ’1:@\ -R3

POl YRR €9

R4 RRLRS. p7le po. R1 0. R PhedloMgeYaki 4. R15- R16-X1 -R17 (SEQ LD NQ| 2),

wher i3 Ala X1 js 4-8/dfino acids in length, wherein each position
can hé3al anileo aci d; and [3RRUZ, Tw Phe or Tyr. 3. A polypeptide conprising
an ari2aR Eci d Sssequence accordufgyT9r general fornula 11
R1- R29R3- R4- RpR6- R7- R8- RO-{Alie- RIO- R11- Phe (SEQ ITD NO 83), wherein |WO
2012/ QLGP0 PR [IS20T1/ 0464 .Afﬁhg,mé,gqrgi&g,@lg,rom the group consisting of
Phe Yo RT3 ' | Tyr Asp,Met,Asn,Ser
42 R14 Ser Arg,Lys

The table below shows where single point mutants from HB80.3 are shown to result in

increased binding affinity.

5 Table 20 HB80.3 point mutations resulting in increased binding affinity

Position | HB80.3 Increased Affinity
Residue
14 R2 Ser Ala, Gly,lle,Lys,Arg, Thr,Val
17 R5 Leu Ile,Val
18 R6 Ala Lys,Arg
20 R8 Glu Ser
21 R9 Leu Ile
24 R11 | Ser Tyr
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R2 is selected fromthe group consisting of Ser, Ala, Phe, Gy, Ile, Lys,
Leu, Met, Asn, Pro, @n, Arg, Thr, and Val; R3 is selected fromthe group
consi sti nyoab12@isgo7and Asp; 5R4 is selected fromthe gr@eam/usengiosddiisng of
Asn, His, Ile, Lys, Leu, Met, Arg, Ser, and Thr; R5 is selected fromthe
group consisting of Leu, Phe, Ile, Met, Asn, An, and Val; R6 is selected
fromthe group consisting of Ala, Asp, Lys, Met, Asn, dn, Arg, Qu, and
Val ; R7. is selected fromthe group consisting of Phe, Asp, Asn, and Tyr;
RS is Weflied fromthe group consisting of Gu, Ala, Asp, Gy, Hs, Lys,
Leu, Met, Asn, G@n, Arg, Ser, Thr, Val, and Trp; RO is selected fromthe
group cohsispelipendide cempriphg an pmeno 3gd seqaprreigrordmedo genesd fegndd If r om t he

group consigst i f : : : n; ' om t he
group consi@t'il{%g)hgi‘R%g%R%# ijﬁéjR%ﬁgo'%ﬁrlfR%%'ﬁéﬁ %/Sgle{%@kﬁeé gﬁl\i ai m 3,
wher ei n gengrwheréi@armula 11 is Rl -R2-R3 -R4-R5 - R6- R7- R8- R9- Al a- Rl

0- R11- Phe- X1- R12- R13- X2-R14 (SEQ I.D.NO 84), wherein X1 is 5-15 am no acids
in | engt h, Rinigsereicd fom the graupsansistingd SshAlank s HigiLys. MeRrfsn, GingEhiact ed
from t\h% rowa&gpsisti ng of Gn, Tyr, Phe, Met, Arg, Lys, and Ay; R13 is
sel ected fromthe 'group consisting of Tyr, Asp, Met, Asn, and Ser; X2 is
any anm no &2 chn berdy Rimdna scidel ected fromthe group consisting of Ser, Arg,

and Lys. 298 W AROLYRSRL b a6 SOMILS A AR IS, RSN SSeRhed from

MARTLLI LGD%@@I%&EE&WREE@%@M& %'u%ﬁ@liﬁ%@&
ARL PAL L KQHQPRW/L VEL GGNDGL EGFQPQQTEQT LRQl LODVKAANAEP
LLMQ RPPANYERRYNEARSAMYRKAAKEFDVPL L PFFVEEVYL KPQAWMQDD

G HPNYEAQPE LVNH (SEO | D NO 5):. 30.. ]

5012 1690 TECT PUEIOT TP BABa B0 PP M BAGTE Crr TiARSL F i SRy vl YNYTNS
SPI NTPLRSANR 7EVYNKEte S6N tﬁg%ﬁgﬁ BiStnk! of ASGWT IPRs SHYAMARNLDYL S S I T G-
TREDL H ML NEGQYNSKLVLW.DFLMSNRI YRENGYSSTQLVS L AGRPI ELKL

ELPKGTKAAYI BtlTry ol ERRETEYAMERVEL lesksn.SlakV el IrAP: 5KK (SEQ | D NO
1%9) , and R9 is selected from the group consisting of Met, Gly, Ile, Lys, Leu, Asn, Arg, Ser, Thr,

Val, His, and Tyr;
R10 is selected from the group consisting of Trp and Phe;
R11 is selected from the group consisting of Ile, Phe, Ser, Thr, and Val;
R12 is selected from the group consisting of Tyr, Cys, Asp, Phe, His, Asn, and Ser;
20 R13 is selected from the group consisting of Val, Ala, Phe, Ile, Leu, Asn, Gln, Thr, and
Tyr;
R14 is selected from the group consisting of Phe, Glu, and Leu;
R15 is selected from the group consisting of Ala, Gly, Lys, Arg, and Ser; and
R16 is selected from the group consisting of Phe, Cys, His, Lys, Leu, Met, Asn, Gln, Arg,
25 Thr, Val, Trp, and Tyr.
2. The polypeptide of claim 1, wherein general formula I is
R1-R2-Phe-R3-R4-R5-R6-R7-R8-R9-R10-R11-R12-R13-R14-R15-R16-X1-R17 (SEQ
ID NO: 2), wherein
X1 is 4-8 amino acids in length, wherein each position can be any amino acid; and
30 R17 is Phe or Tyr.
3. A polypeptide comprising an amino acid sequence according to general formula I1

R1-R2-R3-R4-R5-R6-R7-R8-R9-Ala-R10-R11-Phe (SEQ ID NO: 83), wherein
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(f) MFTGVI | KQGCLLKQGHTRKNWSVRKFI LREDPAYLHYYYPLGYFSPLGAI HL

RGCVVTSVESEENLFEI | TADEVHYFLQAATPKERTEW KAI QVASR (SEQ I D NO 211). 10 6. The
pol ypept iwe 2anonsmrng to any one of clains 1-5, wherei npCaspaliyppapd i de
conprises a detectable tag. 7. An isolated nucleic acid encoding the

pol ypepti de of any one of clains 1-6. 8. A reconbi nant expression
vector conprising the nucleic acid of claim7, operatively 15linked to a

sui tabl e caontrol 9. A reconbi ant hos cell conprising the
reconblnant]éﬁﬁ?8@%&gﬁ“VﬁEﬁHFmdPn%ﬁ%H%ﬁé% cppd V, AL anti body that selectively

binds to the 1@9&1¥&@@?&Hﬁh9grcﬁl %oﬁﬁ?ar%! ofJei AW, BrS Gl e, ?%Q hat mceWdhcal

conposition, conprising on nmor e pol ypeptides accordihg to any one of
clai ns 1- 6 PandGla, phaflimcedtVaal |y acceptable carrier. 2012. A method for

treating a ng,an influenza infectiopn, conprising adm nistering
to a subjg€<msﬂeﬁgih q@?ggﬁ@gopﬁg} ]Pcﬂ¥#§geffectlve anount of one or
nose pol ypewtisdescted floletht By I‘?ltc'oﬁﬁstm%adft}ﬁsnt by, eef LysC 0B, Waat Bsg tdeer.gaf , or
phar maceuti cal conpositions thereof, to treat and/or limt thée influenza

i nfection. Thr; 13. A met hod for diagnosing an influenza infection, or

nmoni t ori ng eSS an 25i nf.l uen I nfecti on, . CONMPL| Sin )

Cont act i ng & Brofost B e B e tpPuMHE s e Lot SIS RASVRE an

i nfluenza iR¥ gstlcedd Wotdtha geiupaoasistingadfl Ala A Clyb Wi e ABAIGInOAr@ 8 u Qdndnor e

polypeptldes of the invention under conditions suitable for binding of the

polypeptldeftﬂ a viral HA protein present in the sanple; and 30(b)

2g%gfBhggogﬁ%%?%%%%?%P%Q@%%imﬁﬁgbggi fg?%?éﬁ%e gfmgffr bi ndi ng conpl exes

i ndi cates ﬂhﬁ@sékﬁﬁéﬂbnﬂméghﬁ@(ﬂﬂ&ﬁﬁ@kﬁﬁhﬂﬁAhﬂﬁsgﬂm@nﬂhpLy@ﬂ&ujMbsﬁam
measure prg re Si 3, %F |nfL@§nza infection. 14. A nmethod for identifying
candi dat e i En 28 VAE mprising 5(a) contacting test conpounds

with a pol mefsa@@[e@hohnﬁegf&@%hmgtm I ANPNGR! MeL Rl §i,pNS sui table for
pol ypepti de bindin novi n nbound test conpounds; ‘and (c)

identifyi ngthOhe)s@ectteisfromcth@gmgSonmamgmf Muﬂée M@, pol Typeptd de of the
i nventi on, ereHn %ﬁﬁh ﬁSt cong gﬁ ggpat%1 nfluenza vacci nes. 10
157 A neth Pﬁ?e?ﬁ% P %é“@ﬁﬁ i1 yfg} Yeating, limting,
and/ or di agneyoRGeptidd dremam 3, WiRedih géherélQ‘Bi}Mdl§ ng
R1-R2-R3-R4-R5-R6-R7-R8-R9-Ala-R10-R11-Phe-X1-R12-R13-X2-R14 (SEQ ID NO: 84),
wherein
X1 is 5-15 amino acids in length, wherein each position can be any amino acid;
20 R12 is selected from the group consisting of Gln, Tyr, Phe, Met, Arg, Lys, and Gly;
R13 is selected from the group consisting of Tyr, Asp, Met, Asn, and Ser;
X2 is any amino acid; and

R14 is selected from the group consisting of Ser, Arg, and Lys.

25 5. A polypeptide comprising an amino acid sequence selected from the group consisting of
(d) MADTLLILGDSLSAGYQMLAEFAWPFLLNKKWSKTSVVNASISGDTSQQGL
ARLPALLKQHQPRWVLVELGGNDGLEGFQPQQTEQTLRQILQDVKAANAEP
LLMQIRPPANYGRRYNEAFSAITYPKLAKEFDVPLLPFFMEEVYLKPQWMQDD
GIHPNYEAQPFIADWMAKQLQPLVNH (SEQ ID NO: 155);

30
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(a) contacting an influenza HA protein with (i) test conpounds and (ii) a

pol ypeptide of the present invention, under conditions suitable for binding

of the HAvpreot2i189015t 0 t he pol ypepti de of the present

i dentifying those test conpounds that outconpete the pol ypeptide for
binding to the HA protein, wherein such test conpounds are candi date

conpounds for treating, limting, and/or diagnosing influenza infection.

10

15

20

25

30

10.
11.

12.

13.

(¢) MAETKNFTDLVEATKWGNSLIKSAKYSSKDKMATYNYTKNSSPINTPLRSAN
GDVNKLSENIQEQVRQLDSTISKSVTPDSVYVYRLLNLDYLSSITGFTREDLH
MLQQTNEGQYNSKLVLWLDFLMSNRIYRENGYSSTQLVSGAALAGRPIELKL
ELPKGTKAAYIDSKELTAYPGQQEVLLPRGTEYAVGTVELSKSSQKIIITAVVF
KK (SEQ ID NO: 140); and

(f) MFTGVIIKQGCLLKQGHTRKNWSVRKFILREDPAYLHYYYPLGYFSPLGAIHL
RGCVVTSVESEENLFEINITADEVHYFLQAATPKERTEWIK AIQMASR (SEQ 1D
NO: 211).

The polypeptide according to any one of claims 1-5, wherein the polypeptide comprises a
detectable tag.
An isolated nucleic acid encoding the polypeptide of any one of claims 1-6.
A recombinant expression vector comprising the nucleic acid of claim 7, operatively
linked to a suitable control sequence.
A recombinant host cell comprising the recombinant expression vector of claim 8.
An antibody that selectively binds to the polypeptide of any one of claims 1-6.
A pharmaceutical composition, comprising one or more polypeptides according to any
one of claims 1-6 and a pharmaceutically acceptable carrier.
A method for treating and/or limiting an influenza infection, comprising administering to
a subject in need thereof a therapeutically effective amount of one or more polypeptides
of the invention, salts thereof, conjugates thereof, or pharmaceutical compositions
thereof, to treat and/or limit the influenza infection.
A method for diagnosing an influenza infection, or monitoring progression of an
influenza infection, comprising
(a) contacting a biological sample from a subject suspected of having an influenza
infection with a diagnostically effective amount of one or more polypeptides of
the invention under conditions suitable for binding of the polypeptide to a viral
HA protein present in the sample; and

(b) detecting polypeptide-viral HA binding complexes,
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where the presence of such binding complexes indicates that the subject has an influenza

infection, or provides a measure progression of an influenza infection.

14. A method for identifying candidate influenza vaccines, comprising

[

(a) contacting test compounds with a polypeptide of the present invention under
conditions suitable for polypeptide binding;
(b) removing unbound test compounds; and
(c) identifying those test compounds that bind to the polypeptide of the invention,
wherein such test compounds are candidate influenza vaccines.
10
15. A method for identifying candidate compounds for treating, limiting, and/or diagnosing
influenza infection, comprising
(a) contacting an influenza HA protein with (i) test compounds and (i1) a polypeptide
of the present invention, under conditions suitable for binding of the HA protein
15 to the polypeptide of the present invention; and
(b) identifying those test compounds that outcompete the polypeptide for binding to
the HA protein, wherein such test compounds are candidate compounds for

treating, limiting, and/or diagnosing influenza infection.
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