SOLUBLE FRAGMENTS OF INFLUENZA VIRUS PB2 PROTEIN CAPABLE OF BINDING RNA-CAP
TECHNICAL FIELD OF INVENTION 5The present invention relates to soluble fragments of the
Influenza virus RNA dependent RNA polymerase subunit PB2 and variants thereof, and crystallized
complexes thereof comprising an RNA cap analog. This invention also relates to computational
methods using the structural coordinates of said complex to screen for and design compounds that
interact with the RNA cap binding pocket. In addition, this invention relates to methods identifying

compounds; thai ingkte, 20282 Palypsatide fragmepts mmi@ap%%%ﬁg £ inding pogket,

preferably inhibit the interaction with RNA caps or analogs thereof, 2 polypeptide
fragments, preferably in a high-throughput setting. This invention also relates to compounds and

pharmaceutical compositions comprgipgiie iderifies enmraradsfenthe treatment of disease

conditions due to viral infections caused by ne%ative-sense single stranded RNA viruses. 15
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disease. Alternatively, other anti-lrgilx%fg&f Wgﬁg%ﬁmﬁdine and rimantadine target an

ion channel protein, i.e., the M2 protein, in the viral membrane interfering with the uncoating of the
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rapid development of resistant virus mutants (Magden et al., 2005). In addition, more unspecific viral
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mutant Influenza viruses are rapidly generated which escape the effects of vaccination. In the
light of the fact that it takes approximately 6 months to generate a new Influenza vaccine,
alternative therapeutic means, i.e., antiviral medication, are required especially as the first line of
defense against a rapidly spreading pandemic.
25
An excellent starting point for the development of antiviral medication is structural data of
essential viral proteins. Thus, the crystal structure determination of the Influenza virus surface
antigen neuraminidase (von ltzstein et al, 1993} led directly to the development of
neuraminidase inhibitors with anti-viral activity preventing the release of virus from the cells,
30 however, not the virus production. These and their derivatives have subsequently developed into
the anti-Influenza drugs, zanamivir (Glaxo) and oseltamivir (Roche), which are currently being
stockpiled by many countries as a first line of defense against an eventual pandemic. However,
these medicaments provide only a reduction in the duration of the clinical disease. Alternatively,

other anti-Influenza compounds such as amantadine and rimantadine target an ion channel
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Influenza virus as well as Thogotovirus belong to the family of Orthomyxoviridae which, as well 10 as
the family of the Bunyaviridae, including the Hantavirus, Nairovirus, Orthobunyavirus, and Phlebovirus,
are negative stranded RNA viruses. Their genome is segmented and comes in ribonucleoprotein
particles that include the RNA dependent RNA polymerase which carries out (i) the initial copying of
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The capped RNA fragments serve as primers for the synthesis of viral mMRNA. The polymerase is

composed“drtHIvE S HERiES: PBY{Bb)AvsrBe nheivTh s 1&YATK Petreaianeia ofvinflu s miseinasthe
endorgicle@skans fodyMerADe Betiias riBR2 20 Conin b el NracRin RIGIRE LR8I Be: to
polymerase complex seems. to be an approprigte antiviral drug target since it is essential for synthesis
Ot viral KRR G PPN ol OB A B PTG SR GRS RETO b BB Gcanty
different frdinectied agdimsindl fiferenstacgdtproteins (Magden et al., 2005). Thus, 25 for example, there have

been attempts to interfere with the assembly of polymerase subunits by a 25-amino-acid peptide

resembling the PA-binding domain within PBI (Ghanem et al., 2007). Furthermore, the endonuclease
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the PB2 protein subunit, particularly amina acid residue Trp552 ntial. interaction sjte, far. 15 the
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X-ray crystallography, (ii) computational as well as in vitro 20 methods, preferably in a high-throughput
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substituted 2,4-dioxobutanoic acid compounds has been identified as selective inhibitors of this

activity in Influenza viruses (Tomassini et al., 1994). In addition, flutimide, a substituted 2,6-
30  diketopiperazine, identified in extracts of Delitschia confertaspora, a fungal species, has been
shown to inhibit the endonuclease of Influenza virus (Tomassini et al., 1996). Moreover, there
have been attempts to interfere with viral transcription by nucleoside analogs, such as 2’-deoxy-
2’-fluoroguanosine (Tisdale et al., 1995) and it has been shown that T-7035, a substituted pyrazine

compound may function as a specific inhibitor of Influenza virus RNA polymerase (Furuta et al.,



The present invention allows for the first time for the precise definition of the PB2 RNA cap-binding site
within an independently folded domain. It has up to now been highly controversial where the site may
be located. It was a common believe that a functional cap binding site requires all three polymerase
subunits and possibly also viral RNA (Cianci et al., 1995; Li et al., 30 2001). The surprising

achievem the present inventors to recombinantly produce soluble.PB2 pol tide fragments
compriaing R ETAAT B LR T BTt ST S PR T TG St DR PER EBing
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screening and lead optimization. SUMMARY OF THE INVENTION In a first aspect the present
invention AASEETEPERNM e PAUNBEREE TN Whreh? ¥alaas SR Pt aphatrnity) dedidd from
the InfluenzadviiysddteAvaiepardenh RNA polymerase subunit PB2 or variant thereof and (ii) capable of
binding to a RNA cap or analog thereof. In a further aspect the present invention relates to a complex
comprising the soluble polypeptide fragments of the present invention and a RNA cap or analog
thereof. Sdmeaafusthenmspectethe:gresade invesitiodatelates RiNan tsplabédingysitc| dotidesepditig for an
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invention relates to a recombinant vector co prising the ISO atedapolynuclfeotlde 8%1%16 present
invention. (2622821 s oas fedenménpl d 88 BSinlicprisintdl sresnnt o€ ddAbrvantits tee RAGnpasing the

isolated pglyniclentidsrQhing RIBRENLIRYERIGR Yoifadacomipinant deplongbihe RigrRALINYBRon.  In

a further aspect'the present invention relates to a method for identifying compounds which associate
with all or [FHACSIRHETRREALE AdeBIHFAG prRUCHEPERIBIE OB S6tkés dia soBroasibRAfeitide
vr?riant, cqmm@iqg&&lsﬁa?ﬁ%qt ;{aaii@?mﬂty;ﬁ@#m acepragigier TRese), @f;h w&imﬂﬁ@r@&ﬁé@g,g@@wfed by
the structure coordinates of the complex qQf the present invention as shown in Figure, 18; selecting a
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database, and (iii) de novo ligand design of said compound; (c) employing computational means to

perform a fitting program operation between computer models of the said compound and the said
binding pdckedrirbiete ofalsr pvedentimesndigy imriivide d chighigesaiigiooisthie sui dvapiobadkNahe

binding 9955%@}% pocket of PB2 by X-ray crystallography, (ii) computational as well as in vitro
20  methods, preferably in a high-throughput setting, for identifying compounds that can bind to the
RNA binding pocket of PB2, preferably competing with RNA cap binding and thereby
interfering with RNA polymerase activity, and (iii) pharmacological compositions comprising
such compounds for the treatment of infectious diseases caused by viruses using the cap
snatching mechanism for synthesis of viral mRNA.
25
The present invention allows for the first time for the precise definition of the PB2 RNA cap-
binding site within an independently folded domain. It has up to now been highly controversial
where the site may be located. It was a common believe that a functional cap binding site
requires all three polymerase subunits and possibly also viral RNA (Cianci et al., 1995; Li et al,,
30  2001). The surprising achievement of the present inventors to recombinantly produce soluble
PB2 polypeptide fragments comprising a functional RNA cap binding pocket allows to perform
in vitro high-throughput screening for inhibitors of a functional site on Influenza virus
polymerase using easily obtainable material from a straightforward expression system. Previous

work on cap binding inhibitors has, for instance, used complete ribonucleoprotein particles



(d) evaluating the results of said fitting operation to quantify the association between the said
compound and the binding pocket model, whereby evaluating the ability of said compound to
associate with the said binding pocket. 5In a further aspect the present invention relates to a
compound identifiable by the in silico method of the present invention, under the provision that the
compound_is.not.m70, m7GMP, m/GTP,.m7 G, m7. p M7GpppA, m7GpppA 7GpppC,
m7GpppC%@?nP§g§86b%rir?}gﬁ%pw rﬁm - nﬁ)ﬁcl%%s-te%'iy?[%@4%; Pgﬁﬁﬁyﬁﬁ,‘é‘?&?ﬁ@%ﬁgﬁﬂ -6-one
or T-705 astthésusbieecdiisigstofifhe RNA cap hidaigppdeketidfie BR D thanwstthareafidaiowsucther
aspect the,pesrnhipeAIaE1BIERd0: eamnpund inARiliabiay, he Inslise sahadkolile prgsent
invention, under the provision that the compound iS not m70, m7GMP, m7GTP, m7GpppG,
m7GpppGHRMMZEIRIpA, m7GpppAm, m7GpppC, m7GpppCm, m7GpppU, m7Gpppum,
2-Ammno-7-benzy1-9-(4-hydroxy-butyl)-1,9-dihydro-purin-6-one or T-705 and is 15able to inhibit
binding between the PB2 polypeptide, variant thereof or. fragment thereof and the RNA cap or analog
thereof. In a further aspect the preseﬁHMﬁﬂ%ﬁ ?&&i@@%&“ﬁﬁ%‘éﬁ%‘for identifying compounds which
associate lith thet RipAceanebineiag pockeionf RBZondirgingeppekeisaiP B2 palypeptidedOsyriants,

comprisin t[F
recombingﬁ)

e steps of (i) contacting the,pol tide.fragment o present invention or the
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compgsition producible 25according to the in vitro method of the present invention. In a further aspect
the present invention relates to a compound identifiable by the in vitro method of the present invention,

under the Ipravisiber tspeeh e GrssRBAEVRNHOR A5 IGS AY7ENIPP g7 COTPrISiTEe s v biey PhbyRselife
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2-Amino-7-benzy1-9-(4-hydroxy-butyl)-1,9-dihydro-purin-6-one or T-705 and is able to bind to the PB2

polypeptide, variant thereof or fragment thereof.
In a further aspect the present invention relates to an isolated polynucleotide coding for an

15  isolated soluble polypeptide fragment of the present invention.

In a further aspect the present invention relates to a recombinant vector comprising the isolated

polynucleotide of the present invention.

20  In a further aspect the present invention relates to a recombinant host cell comprising the isolated

polynucleotide of the present invention or the recombinant vector of the present invention,

In a further aspect the present invention relates to a method for identifying compounds which
associate with all or part of the RNA cap binding pocket of PB2 or the binding pocket of a PB2
25  polypeptide variant, comprising the steps of
(a) constructing a computer model of said binding pocket defined by the structure coordinates of
the complex of the present invention as shown in Figure 18§;
(b) selecting a potential binding compound by a method selected from the group consisting of:
(i) assembling molecular fragments into said compound,
30 (ii) selecting a compound from a small molecule database, and
(iii) de novo ligand design of said compound;
(¢) employing computational means to perform a fitting program operation between computer
models of the said compound and the said binding pocket in order to provide an energy-

minimized configuration of the said compound in the binding pocket; and



In a further aspect the present invention relates to a compound identifiable by the in vitro method , of
the present invention under the provision that the compound is not m7G, m7GMP, m7GTP,
M7GpppG, m7GpppGm, m7GpppA, m7GpppAm, m7GpppC, m7GpppCm, m7GpppU, m7GpppUm,
2-Amino-7-benzy1-9-(4-hydroxy-butyl)-1,9-dihydro-purin-6-one or T-705 and is able to inhibit binding

between the PB2 pol tide, variant thereof or fragment thereof and the RNA cap or anglog thereof.
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invention for the manufacture of a medicament for treating, ameliorating, or preventing disease

conditions caused by viral infections with negative-sense ssRNA viruses. BRIEF DESCRIPTION OF

THE BRAWINGSfFIGed: istaies fulilengih RER.HD Ratshiialhinslionaites e the, RIBLsupunit of

the Influenza polymerase and potential RNA cap binding sites as predicted by the prior ar
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fragmentsabibeishidtedicl ®es sgabindiafepbices cCRBIE0GSa886 thet=kd9, Clone 16: 871 to 1452, Clone
15: q 1 to 1452, Clone 57: 844 to 1449, Clone 13: 844 to 1449, Clone 10: 832 to 1443, Clone 28: 805
to 1452, Clone 23: 805 to 1452, Clone 12: 723 to 1425, Clone 4: 706 to 1491, Clone 30: 706 to 1491,
Clone 07:1n06 forth4p Bspest Blopeeo®t 1060idn el SPQR Donenesg. PetifbkAshdwsia jimph
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filtration colymn. Thg; absorptign at 280 rimy in arbitrary units is platted versus the elution time and

fraction naMBAP-20 EEPPER BHERRPEBe ot S58RASt A SaPEAS-PASERS o GBERRE 2 M $3PBPthe PB2
polypeptidg’tiappuant (aminaAAsiden3}BIeARR Bfehasl filtrationy dthenralecsihar yyelghbnaskers have

sizes 116 - 66.2 - 45 - 35-25-18.4 and 14.4 kD. FIG. 3A shows the natjve crystals of the PB2
polybRptidlfr A RBIR Atniis Rete s Hi60 B399 %ffﬂa?exm%@?%ﬁﬁw%ﬁ%@wa%’ﬁcipitam
solution 116vM saslistratdsmaiae6f1 M citric acid pH 4.6. 5FIG. 3B shows the crystals of partially
seleno-methionylated PB2 polypeptide fragment (amino
In a further aspect the present invention relates to & method for identifying compounds which
associate with the RNA cap binding pocket of PB2 or binding pockets of PB2 polypeptide
20  variants, comprising the steps of (i) contacting the polypeptide fragment of the present invention

or the recombinant host cell of the present invention with a test compound and (ii) analyzing the

ability of said test compound to bind to PB2.

In a further aspect the present invention relates to a pharmaceutical composition producible

25  according to the in vitro method of the present invention.

In a further aspect the present invention relates to a compound identifiable by the in vitro method
of the present invention, under the provision that the compound is not m'G, m'GMP, m'GTP,
m7CrpppG, m7Gppme, m’ GpppA, m'GpppAm, m GpppC, m7GpppCm, m’GpppU,

30 m7GpppUm, 2-Amino-7-benzyl-9-(4-hydroxy-butyl)-1,9-dihydro-purin-6-one or T-705 and is
able to bind to the PB2 polypeptide, variant thereof or fragment thereof.

In a further aspect the present invention relates to a compound identifiable by the in vitro method

of the present invention under the provision that the compound is not m'G, m’GMP, m’GTP,



acids 318 to 483) in complex with m7GTP (5 InM) formed with precipitant solution 1.6 M sodium
formate, 0.1 M citric acid pH 4.6. FIG. 4 shows the X-ray diffraction pattern obtained on a native crystal
on beamline BM14 at the 10 European Synchrotron Radiation Facility. The diffraction pattern indexes
in space-group C2221 with cell dimensions a=92.2, b=94.4, ¢=220.4 A. The top right inset shows the
diffraction ts ipg tQ A _resolution. The bottom ri jI‘?lérilnset shows.the frozen arystal ysed far the
data coIIec%n?%?%h Fﬁg %?ng%roﬁon?a?gps%e 5?0’%0&% % 50) pEﬁPf.P% F%?%’%%%’\%vs A TbBoR diagram
of the strustureittie Rsamiolydebrivelffatiriodr¢aymbuty Belod Ghdo488)HA-complte TIH midGTP.
secondangslGUREITIANNE BERIBRERA AR BRI R A Al RAAEH Gra 18O

S n all and stic

with alpha helices in dark grey and beta-strands in'light grey. The GTP is as a S

model as &V therBideaepambgrphe323, Phe404 and His357. Significant loops, centered on residues
348 apd 420 are labeled, as are the N- and C- 20terminal residues visible in the structure (respectively
320 and 483). FIG. 6 shows an alternative view of the structure_of the PB2 polypeptide fragment
(amino acids®3IBHSUEPFHh MSnRsrsivHIVSRYeSrSIAS e iAY ARLDakY Z‘E‘?‘@ﬂ@é}?ﬁ%}é‘c{gq thé&olvent.
25 FIG. 7 diydicis dbmaianfoPB@tion and the unbiased, experimental electron density of m7GTP
surrounded by some of the amino acids that form the RNA cap binding pocket within PB2. The
electron density corresponds to a map obtained by RESOLVE using experimental phases and
non-crystdbcyfenisc speritbtrpraseragirgttontolatetiat @@ Emmap80El 6 tBedapsets threeotpamalog
m7 O epherdecitineRNAGAR BINAIG ALK G BRe BRAIERAld st g atamE e

hydrogen bonds are denoted by dotted lines. FIG. 9 shows an amino acid sequence alignment of the

PB2 RNA Bapnsidasiieo rfamsedipament o Fmtistanmalioadnsy Sriorsyaing Blissasd e emnisens0). The
secondary.s{tdg i e oh AisteH Bk Ieadsalciaiedmin PERE; (Holm and Sander, 1993)) is displayed

over the sequence alignment. The structure based sequence alignments were plotted with ESPRIPT
(http://espript.ibcp.fr/ESPript/cgi-bin/ESPript.cgi). Residues on a solid black background are identical

between the two sequences. ThBRIERPESTRIEAIOOP MTMANFRILWANGS interacting 5 with the cap
analog m7GTP. FIG. 10 shows an amino acid sequence alignment of the PB2 RNA cap-binding
dontiins ffdth infllvstrae B tiengtA RBEt oty DA OTEY, Bl naitd/ fed 0) Binsh Bufstiel thé fldmar/1/50).
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acceptor 15 in A. Hatched parts of spheres in dark grey indicate residues that are in van der Waals

contact wHIf¥hSIRFHHELS FHie QBLHIFT EbMESDIGHES B HHENTBIRCI AR tRaif BriTgh dfolFES T the
coopfnatemiefriadasr-atogednpjeriizsiindhelasymimeddpictal, (ehidhAoBedsaneh Fohgjue BiRilar
dlagrams yuth IO itefences b Isianoss ANFNa e AR R, TS VRS 130G LG,
Clone 15: 871 to 1452, Clone 57: 844 to 1449, Clone 13: 844 to 1449, Clone 10: 832 to 1443,
Clone 28: 805 to 1452, Clone 23: 805 to 1452, Clone 12; 723 to 1425, Clone 4: 706 to 1491,
Clone 30: 706 to 1491, Clone 07: 706 to 1491, and Clone 05: 706 to 1491 of SEQ ID NO: 25.
25
FIG. 2A shows a graph illustrating the purification of PB2 polypeptide fragment amino acids 318
to 483 on a Superﬁex 75 gel filtration column. The absorption at 280 nm in arbitrary units is

plotted versus the elution time and fraction number.

30 FIG. 2B shows a coomassie stained SDS PAGE gel of fractions 24-34 of the PB2 polypeptide
fragment (amino acids 318 to 483) after gel filtration. The molecular weight markers have sizes
116-66.2-45-35-25-184 and 144 kD.



FIG. 12 shows a coomassie stained SDS PAGE gel of the results of elution of indicated wild-type and
single point mutants of the PB2 cap-binding domain, after binding to a m7GTP Sepharose 4B resin at
4C. Mutants E361A, F404A, H357A and K376A failed to bind to the m7GTP Sepharose 4B resin under
conditions where wild-type protein binds, whereas F323A had 25 weak residual binding activity and

F325A bo sm n arl s well as w however, th b|nd|n act|V|t tic reduced
at 37C (cf. F?‘s %\Wﬁl mutant w%gya%}s%pr%% eYVEF%tfﬂe %lgstﬁls i %c%é &t this

position. Tmsliﬂtl?tawtth/as @iﬂﬁtﬁ@/ miyi¥iéumaed] ¥otnpreoipisars shghttyl dnﬁaliwdlbmdmgxt@eth@ IMGTP

Sepharose AR, resin.epmpared to wild-type. Mutant AVQ was generated by replacing residues

Val421-G1n426 by three glycines 30(420-loop) and shows cap-binding activity. FIG. 13 shows the
cap-binding activity of wild- type or mutant recombinant polymerase complexes. Cultures of HEIC293T

cells were pegstramsiprigdnyithye g §aa%PnEé%m1%d(@mr¢z@§ma Ul elaspyds

expressing PB1, PB2-His or mutant thereof and PA. Cell extracts were analysed by pull-down with
m7GTP-SEffRroL 1% 48) TR pRpferkde Ebﬁ%}it’ekégr%th.t?éa%a&m@a%ﬂt%wéwwéré Mvealed

by WestersodiohvidinB® spepifigientibridiess BN and E indicate input cell extract and eluted protein,
respectively. The position of the PA-specific band is indicated to the right and the mobility of molecular

weight markers is shown on the left. 5 Mutant AVQ was generated by replacing residues
Val4?21-GHifd Z6shythtbe KhyaindisA2Ddqepiert ibtaldeison grmh/mysthbwsumnﬁhmiﬂhﬁdtiadm@f the

W|Id mutant olymer Id- %1 t mini-RNPs were reconstituted in v
punfﬁed by At Hety cﬁo%i%a%grap %ll%NI %Q %P(r ag BroSE o RESER RS GRStidR %‘%aﬁt’o%‘é’ﬁ? é\?\%fé was
determinegikty Wiesigtieriiohd Q-tEElRy ari4RHA anwzantlm Praatiopdiizht Tha:dabametmaaeﬂaedaas
percent of the wild- A lue n%}ar es an L range of t enmen
generateof3 By rgp (%:El;r%e reﬁsf 3& i@fe@ rees% %?ge%%%’&“m? éa{l 5 1§ graph
that showsdhe:ifow]tihich hacEHp ippraciiviiy @i‘zauﬂﬂéd:wild-ﬁmﬁxo’t mutant 15 RNPs using ApG as
primer. The data presented are averages and ranges of two experiments. Mutant AVQ was generated
by replacing residues Val421-G1n426 by three glycines (420-loop). FIG. 16 is a graph that shows the
in vitr trmrip&hmﬂmﬂybeﬁmm@iadzwﬂdhwmmmmsmﬁmpﬁ@dmmaNﬁraﬁmmh The
data pres 0 d avera and ra f enment ant AVO w enerated b
replacing ?,eg? u% CuR) p i{nﬁgﬁé %pﬁﬁ-rpeegg ycma%g ﬁ)eme S are laQele Sgcalcugieg b?’

DSSP (Holm, L. and Sander, C., 1993), with alpha hehces in dark grey and beta-strands in light

grey. The GTP is shown as a ball and stick model as are the side-chains of Phe323, Phe404 and

His357. Significant loops, centered on residues 348 and 420 are labeled, as are the N- and C-

20  terminal residues visible in the structure (respectively 320 and 483).

FIG. 6 shows an alternative view of the structure of the PB2 polypeptide fragment (amino acids

318 to 483) in complex with m’GTP revealing that the 420-loop projects into the solvent.

25 FIG. 7 depicts the conformation and the unbiased, experimental electron density of m’GTP
surrounded by some of the amino acids that form the RNA cap binding pocket within PB2. The
electron density corresponds to a map obtained by RESOLVE using experimental phases and

non-crystallographic symmetry averaging contoured at 0.95 sigma.

30  FIG. 8 depicts the cap analog m’GTP embedded in the RNA cap binding pocket within PB2 with

potential interacting atorns. Putative hydrogen bonds are denoted by dotted lines.

FIG. 9 shows an amino acid sequence alignment of the PB2 RINA cap-binding domains from
Influenza A (strain A/Victoria/3/1975) and B (strain B/Lee/40). The secondary structure of

7



FIG. 17 is a graph that shows the ratio of ApG- versus P-globin mRNA-dependent in vitro transcription
activity of purified wild-type or mutant RNPs. The data presented are averages and 25 ranges of two
experiments. Mutant AVQ was generated by replacing residues Val421-GIn426 by three glycines
(420-loop). FIG. 18 lists the refined atomic structure coordinates for PB2 polypeptide fragment amino

acids 318 1w h pt Has.an acid.sequenece agcording
30 to SEQ%G%%gﬁﬁn@g?n%%é&ﬁ%gtﬁgﬁgﬁ%\sgaﬁr@(%g‘;}-rér]l%}ﬁ%l’-;t?ayn si‘r?egt‘ﬁ@}% g%]h%\{%er (ﬁn‘e?GTP).
There are fRiaighesetligagmimthd s winaendc hassdwieaudna aligrmentsEwere ThletRN Avihp B R0 T

m7GTP isﬁ%ﬁgﬁﬁwﬁ%}r&%@%@égﬁ}wﬁﬁﬁt% 293 wealed p}?'&%ﬁ&-éﬁ@&fiﬁ&@@aﬂdms

information about the structure refinement. "Atom" refers to the element whose coordinates are
measured i SFHERbBME M AR REIFRRSind SeHEnslsre HidiFAK SurrEPeipe §FidHes risdp@stive amino
acid i giventRact e amibg AlGiFequence position. The first 3 values in the line "Atom" define the
atomic position of the element as measured. The fourth value corresponds to the occupancy and the
fifth (last) value is the temperature factor (B factor). The occupancy factor refers to the fraction of the
moleculesHiGwihickheash:atanimcatipiesjthadadiiomapedifire BBD\RNA caprblinditesdAnsdisdioh' 1"

indicates tngh,gach 2lom has th sameRIRAoN, Lep e same Rositen, p albmalecylasg the
crystal. B is"a thérmal factor that measures movement of the atom around 1ts atomic center. The
anisotropidmetpesatisres faetble.dte given in the lines marked "ANISOU". This nomenclature
corrggponds to the PDB file format. LODETAILED DESCRIPTION OF THE INVENTION Before the

present invention is described in detail below, it is to be understood that this inventipn is not limited to

the particdiBé-nidtiserrsrsggalhyolepists didirsdgetinasdensBdiefitasanssaloday VA, ad 81ko to be
understoognipatipeiermunaien useshhaseimis iapthsariy BOsETof Glastsibo PaigHiah embadinents

only, and is not intended to limit the scope of the present 15 invention which will be limited only by the
appendec%‘?ﬁir}l’l‘é‘?%n%@éea’eﬁ?ﬁé 5that iﬁ?‘%‘fé@ﬁ?ﬁc&?‘é daélﬂeeﬁ'ﬁﬁ(t, t@ﬂ%gegg%dvﬁh%ﬁ%h% the
same meapirgs d$yapogaroiiydintde sitoatldo\domnel diherdittrthskilkimtsdawsenRyaier ahlyadbgpt@rms
used herein are defined as described in "A multilingual glossary of, 20 biotechnological terms; (TUPAC
s Gl WA B e A A L S R S R e

CH-4010 Bitbehe<Siigandr|dhd di2898).corresponds to the molecule with chain designation B in the co-
ordinate file. The four other molecules in the asymmetric unit (chains A, B, D and F) give
similar diagrams with minor differences in distances and water positions. The figure was made
using LIGPLOT (Wallace et al., 1995).

20
FIG, 12 shows a coomassie stained SDS PAGE gel of the results of elution of indicated wild-

type and single point mutants of the PB2 cap-binding domain, after binding to a m’'GTP
Sepharose 4B resin at 4°C. Mutants E361A, F404A, H357A and K376A failed 1o bind to the
m’GTP Sepharose 4B resin under conditions where wild-type protein binds, whereas F323A had
25  weak residual binding activity and F325A bound the resin nearly as well as wild-type, however,
this binding activity is drastically reduced at 37°C (cf. Table 3). A H357W mutant was also
made as influenzas B and C have this residue at this position. This mutant was solubly purified
and found to have slightly enhanced binding to the m’GTP Sepharose 4B resin compared to
wild-type. Mutant AVQ was generated by replacing residues Val421-Gln426 by three glycines
30  (420-loop) and shows cap-binding activity.

FIG. 13 shows the cap-binding activity of wild-type or mutant recombinant polymerase
complexes. Cultures of HEK293T cells were co-transfected with plasmids expressing PB1 and

PA (D) or cotransfected with plasmids expressing PB1, PB2-His or mutants thereof and PA. Cell



Throughout this specification and the claims which follow, unless the context requires otherwise, the
word "comprise", and variations such as "comprises" and "comprising”, will be understood to 25imply
the inclusion of a stated integer or step or group of integers or steps but not the exclusion of any other
integer or step or group of integers or steps. Several documents are cited throughout the text of this
specification, Each of the documents cited herein«{including all patents, patent applications,,scientific
pubIicationesfﬁr%cg%a’teargtﬁr}%lﬁge‘gg} léﬁc'i |%‘gﬁo%15{},1 Rstructiors. e é% ,a%vﬁﬁhgg%ﬁé%ggf i r%?%%cﬁeesreby
incorporatedabyedefadahded rwitie mcpiifewyerhl attalph bye M dsiem b e omidbr feédsascific adtitisdien Ihat the

invention i3t BRHIRE i arterAe . UhalsaaYR B ViEIR AIPrRY 3BURY o PATLABRPePtde

fragment” refers to a part of a protein which is composed of a single amino acid chain. The term
"protein” ceipdiksisisabEpteRhbprd tbs mabilitynhmeleadonuaighh medertris sbavetondhamigtt.
additignallyrefgr %ﬂ@&%@g&ﬁé&é@ﬁ? mgad@q&fi&feéemlm%ag E’tﬁm\i@% oS VS @11§HPJ~.' nits,

forming quartenary structures. The term "peptide" refers to short 5 amino acid chains of up to 50 amino
acids that do not necessarily assume secondary or tertiary structures. A "peptoid” is a peptidomimetic

that resultgigomuthe igshnBsiCc;Ree Tl of di- stipatfLie the einagpReSGs: iBolA PESRO W ild-

polypeptides are said to "corr nd" to each qther,if the residues. 510 %ccsau&?/ an %?alo ous position in
the polypeRt &S MRIRL LR RN I RS FRAPTTHEC 7 S ST8 R BEEi BX S RO BramGHess s e ptides
can be deteitmiNBH Ky AligaingetHEhp clypeptideseof eripes h #3¢Bsonaanitarasicdsky) Wexternbsttuctural

ilarities. " . S .
ZQ@‘%&S%%?“E%@@%%L%@W@M di é%?ﬁ’%??é%ﬁfﬁ%%%&%%&%& i%*é*%ﬁ%;?%%ﬁ?ﬁe
(http.//wwenebiracukyageio e/ aliegds 15 indexiferimering s twiag eprEFadiIsly fPIAtES
EM%OSS}&%@M@E%QW%egaggmgm%@@,o@ap Ext:nd 0.5. Those skilled in the art

understand that it may be necessary to introduce gaps in either sequence to produce a satisfactory
alignment. For example, residues 220 to 510 in the Influenza A virus PB2 subunit correspond to

residues 232 19 HklaanghRAKA0sBBsimhthe: ke EiphonGatinis RIB peifsiisldregrestinehand thus
generated alignment for thrre PB2 Zqieuaunits is d%%icted in Fig. esidue§in two or more

10.
Influthza SrUS BEBESHBINTS RIIE Eaid {5 CUP REFSRES iFTh & YRR e E B AR S SRS s uence
alignmentvukat'hak) seqyeneaal dyrgiitbe e ducbida Ball4idptde byideti gbaiasstii@ @ligrphent that
produces the largest number of aligned identical residues. The "region of best sequence alignment"

ends and, thus, determines the metes and bounds of the length of the comparison sequence for the
purpose dflthel ©5 degerphithaichofsHibesimitrityraremep ot ecdbdiyericeusifivlaritld-plesaramytigbntity,

between ioANGY SSANEACRARPS e sl 300 pRIEIREDIosnIlan 20%rAgle rRiRgably

less than overa’length of 10,20 or 30 amino acids, more preferably to less than 30% over a

lendif of ¢Rp2INERBOMWARL A SVaS sraaraiethyJerlesBREREEAIY B8 uthias sl¥rines
sequenc ﬁ,[gﬁwsnza A (as 315 to 498), B (aa 317 to 499), and C (as 327 to 516) PB2 subunits is
shown in 30Figures 9 and 10. The present invention includes soluble Influenza virus RNA-dependent
RNA polymerase PB2

FIG. 17 is a graph that shows the ratio of ApG- versus f-globin mRNA-dependent in vitro

transcription activity of purified wild-type or mutant RNPs. The data presented are averages and
25  ranges of two experiments. Mutant AVQ was generated by replacing residues Val421-GIn426 by
three glycines (420-loop).

FIG. 18 lists the refined atomic structure coordinates for PB2 polypeptide fragment amino acids
318 to 483 of SEQ ID NO.1 with Lys389. The fragment has an amino acid sequenece according
30 to SEQ ID NO: 11 in complex with the RNA cap analog 7-methyl-guanosine triphosphate
(m7GTP). There are five molecules in the asymmetric unit with chains A, B, D, E, F. The RNA
cap analog m’GTP is residue number 1 of each chain. There are 293 water molecules. The file
header gives information about the structure refinement. “Atom™ refers to the element whose

coordinates are measured. The first letter in the column defines the element. The 3-letter code of



subunit fragments, which are capable of binding to a RNA cap or analog thereof. The term
"RNA-dependent RNA polymerase subunit PB2" preferably refers to the PB2 of Influenza A, Influenza
B and Influenza C virus, preferably having an amino acid sequence as set out in SEQ ID NO: 1, 2 or 3.
"RNA-dependent RNA polymerase subunit PB2 variants" have at least 60%, 65%, 70%, 80%, 81%,

o %24 40 il 0 0 B O 0 B . RPRASAETL
line “Atom” define the atomic position of the element as measured. The fourth value corresponds
to the occupancy and the fifth (last) value is the temperature factor (B factor). The occupancy
factor refers to the fraction of the molecules in which each atom occupies the position specified

5 by the coordinates. A value of “1” indicates that each atom has the same conformation, i.e., the
same position, in all molecules of the crystal. B is a thermal factor that measures movement of
the atom around its atomic center. The anisotropic temperature factors are given in the lines

marked “ANISOU”. This nomenclature corresponds to the PDB file format.

10 DETAILED DESCRIPTION OF THE INVENTION

Before the present invention is described in detail below, it is to be understood that this invention
is not limited to the particular methodology, protocols and reagents described herein as these
may vary. It is also to be understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to limit the scope of the present
15  invention which will be limited only by the appended claims. Unless defined otherwise, all

technical and scientific terms used herein have the same meanings as commonliy understood by

one of ordinary skill in the art.

Preferably, the terms used herein are defined as described in "A multilingual glossary of
20  biotechnological terms: (IUPAC Recommendations)”, H.G.W. Leuenberger, B. Nagel, and H.
Kolbl, Eds., Helvetica Chimica Acta, CH-4010 Basel, Switzerland, (1995).

Throughout this specification and the claims which follow, unless the context requires otherwise,
the word "comprise", and variations such as "comprises" and "comprising", will be understood to
25  imply the inclusion of a stated integer or step or group of integers or steps but not the exclusion

of any other integer or step or group of integers or steps.

Several documents are cited throughout the text of this specification. Each of the documents
cited herein (including all patents, patent applications, scientific publications, manufacturer's
30  specifications, instructions, etc.), whether supra or infra, are hereby incorporated by reference in

their entirety. Nothing herein is to be construed as an admission that the invention is not entitled

to antedate such disclosure by virtue of prior invention.

10



5 the entire length of the fragment using the best sequence alignment and/or over the region of the
best sequence alignment, wherein the best sequence alignment is obtainable with art known tools, e.g.
Align, using standard settings, preferably EMBOSS::needle, Matrix: Blosum62, Gap Open 10.0, Gap
Extend 0.5, with the amino acid sequence set forth in SEQ ID NOs: 1, 2, or 3. It is preferred that when
a naturallyl%gc rring PB2 varant is aligned with a PB2. sybunit according 10 to SE(% DNO:1, 2 or3
that alignmentt%vﬁ_ggoo%gﬁﬁéaﬁl% e?e%lgf f%’ t[}\% %v‘?grf)rootgi §°a%‘8,‘t‘hd%g fRafthe a |gnomil\|3n?g%%re will
be determinddcorr thighbinsiEhét tsrhopretsen, sosuibkstpalprriideUragvaritnthaiagssompriseondary
C-terminalfhrirmiRALerdnieraal dalstions o rerditignzorids tipush Ma@r@-@r@%ﬂsfuﬁmsaéﬂth's
case only the best aligned region is used for the asséssment of the similarity and identity, respectively.

15 Prefer&BRNanic a$SEra RIS d B SRR SIL BRI GRGm e Warvarptiie trdses vashers show

the ingicateghsinaiaritnanddeaptity soespartivels Prefesaldy pwibinihe sedinr wLesieefor RNA-Gap
binding. Accordingly any ali c{;n,ment betw en_SE_(ngt[_}) NOs: 1,@)%%%%0[ a PB2 variant should
preferably*BYfHA Ahe? ca Birﬁ’ﬂmtﬁ?%&sﬁ Al TR £ QEBRBIEF AHRARY & Naentity,
respectivedybdatBELEHRING.: 1, 2, or 3 occurs at least over a length of 100, 110, 120, 130, 140, 150,
160, 165, 170, 180, 190, 200, 210, 220, 230, 240, 250, 300 or more amino acids, preferably
comprising the RNA cap binding pocket. Accordingly, in a preferred embodiment a RNA-dependent
RNA polyResidses subtwit BRorariaiyeasidisl casts6do 666685oND b ever atlemgihtbd 1&0daesino
acidigat 16380 80%: G002 A0 008 5 BaaPAULAR: BR04:06 FRYPGROY 90%
91%, 92%, 93%, 94%, 95%, 96%,

analogous positions inn two or more polypeptides can be determined by aligning the polypeptide
sequences based on amino acid sequence or structural similarities. Such alignment tools are well

known to the person skilled in the art and can be, for example, obtained on the World Wide Web,

e.g., ClustalW (www.ebiac.uk/clustalw) or Align (btip://www.ebi.ac.uk/emboss/align/
15  index.html) using standard settings, preferably for Align EMBOSS:needle, Matrix: Blosum62,
Gap Open 10.0, Gap Extend 0.5. Those skilled in the art understand that it may be necessary to
introduce gaps in either sequence to produce a satisfactory alignment. For example, residues 220
to 510 in the Influenza A virus PB2 subunit correspond to residues 222 to 511 and 227 to 528 in
the Influenza B and C virus PB2 subunits, respectively. A thus generated alignment for thire PB2
20  subunits is depicted in Fig. 10. Residues in two or more Influenza virus PB2 subunits are said to
"correspond” if the residues are aligned in the best sequence alignment. The "best sequence
alignment" between two polypeptides is defined as the alignment that produces the largest
number of aligned identical residues. The “region of best sequence alignment” ends and, thus,
determines the metes and bounds of the length of the comparison sequence for the purpose of the
25  determination of the similarity score, if the sequence similarity, preferably identity, between two
aligned sequences drops to less than 30%, preferably less than 20%, more preferably less than
10% over a length of 10, 20 or 30 amino acids, more preferably to less than 30% over a length of
10, 20 or 30 amino acids. A part of the best sequence alignment for the amino acid sequences of

Influenza A (aa 315 to 498), B (aa 317 to 499), and C (aa 327 to 516) PB2 subunits is shown in
30  Figures 9 and 10.

The present invention includes soluble Influenza virus RNA-dependent RNA polymerase PB2
subunit fragments, which are capable of binding to a RNA cap or analog thereof. The term
“RNA-dependent RNA polymerase subunit PB2” preferably refers to the PB2 of Influenza A,

11



97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: 1 over a length of
110 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%,
89%, 30 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably
sequence identity to SEQ ID NO: 1 over a length of 120 amino acids, at least 60%, 65%, 70%, 80%,
81%, Z%IISISQ/ 8 5% %86% 81% 0,,89%. 90% 1% 2%, 93%, 94%, 9 %, ?%‘::o
97%, 98% }%edgﬁaénr%?e SImITAr y,‘"ﬁ?é (Eﬁm%{ uenc%aﬂen%l%y to ql'ﬁrﬁi) 1 ot(\)/%r aqeng of
130 amindad¥8; bt Teersd 6(RY AG89pe i, %E%p@!b%‘é@z%@mt BU%oyBus14s" 3806, 861v6s870%,88%,
899%, 90% A BZ80053% 3446008 DA 406 0806, U0 SeIMCRES SikOUR Bnpr ez

sequence identity t6 SEQ ID NO: | dver a er:{gf of 140 amino aC|ds at least 60%, 65%, 70%. 80%,
81%, 82940 Hav8 8085 Y4 958590 V808 995> Se0nemosinitarto FY5 fopbk, sumiEryadEcntin, 09evs,

97%, §8%HE WrRERHSMST M ilaiiNeR'eiRARlY FeAUsNrA® dentitie AEG IR Qe kQY6E argrath of
150 amino acids, at least 60%, 65%, 70%, 80%, 81%,
best sequence alignment, wherein the best sequence alignment is obtainable with art known
tools, e.g. Align, using standard settings, preferably EMBOSS ineedle, Matrix: Blosum62, Gap
Open 10.0, Gap Extend 0.5, with the amino acid sequence set forth in SEQ ID NOs: 1,2, or 3. It
is preferred that when a naturally occurring PB2 variant is aligned with a PB2 subunit according
10  to SEQ ID NO:1, 2, or 3 that alignment will be over the entire length of the two proteins and,
thus, that the alignment score will be determined on this basis. It is, however, possible that the
natural variant may comprise C-terminal/N-terminal or internal deletions or additions, e.g.

through N- or C-terminal fusions. In this case only the best aligned region is used for the
assessment of the similarity and identity, respectively.

15
Preferably, and as set out in more detail below soluble fragments derived from these variants

show the indicated similarity and identity, respectively, preferably within the region required for
RNA cap binding. Accordingly, any alignment between SEQ ID NOs: 1, 2, or 3 and a PB2
variant should preferably comprise the RNA cap binding pocket. Thus, the above sequence
20  similarity and identity, respectively, to SEQ 1D NO: 1, 2, or 3 occurs at least over a length of
100, 110, 120, 130, 140, 150, 160, 165, 170, 180, 190, 200, 210, 220, 230, 240, 250, 300 or more
amino acids, preferably comprising the RNA cap binding pocket. Accordingly, in a preferred
embodiment a RNA-dependent RNA polymerase subunit PB2 variant has at least 60%, 65%,
70%, 80%, 81%, 82%, 83%, 84%, 84%, B5%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
25 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID
NO: 1 over a length of 100 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
sequence similarity, preferably sequence identity to SEQ ID NO: 1 over a length of 110 amino
acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 8§4%, 85%, 86%, 87%, 88%, 89%,
30 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably
sequence identity to SEQ ID NO: 1 over a length of 120 amino acids, at least 60%, 65%, 70%,
80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: 1
over a length of 130 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%,

12



82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: 1 over a length of 160
amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence 10 similarity, preferably sequence

identity to g o] % 0 % 81%, 82%,
83%, 8 4%%519%@0);(%7%%3? /%2’ 8%) E%agg% ?10%53%’ %%ﬁ%érﬁ O("/789/ § be%%, G TG,
99% sequmlmfyr%h@fmm@eﬁgmetmgﬁﬁ}lmq DHG: ldngtheofaliéhgthind 23@samtino

acids, at laggl 6, 85%, 7890, ff30 8%5/"8@%%8%0/%4@4%434%5§ %6‘?%?%(%87%“/(;888@6830/9 90%,
91%, 92%, 93%, 94%, 95%, 96%, 15 9796, 98%, 99% sequence Similarity, preferabysequence
identity to 5 1B'NG3T008¥e aH9E1 83%nTRY BRT6, srctisnse c00R 161376 PrOvs BB BEn6e 8206,

83%, 84%ideAfey ﬁﬁ&’s@ﬁﬁ@@%ﬁé%a&%@ﬁ&@% it 236, F3%sO60%, 33%, AP0 887708 B30,
99% seq NO: 1 over a length of 190 amino

ref identity to SE
acids, at |e§£s/f t%ﬂ? ogr%%b %%eng%}ﬁ%;/o 9&@8(%21(%1%50%‘%6%%79 75 85/0886%0,.900%,
%0 91%, 9?% 9,8%, 9%, %%n%%nﬁﬁ}ﬂf;yﬁﬁﬁéf,e%% 3eq1meac$emggtrﬁy S}/IQfemblboselqueﬁce 5000
entity to N 1 over 0 S e 0 %,
83%, 849 %ﬁ% D%%@ Hao Q?’JB/% gég ﬁ/%/a oo galﬂ%’@)/)" %ifﬁ 5%1% %, 66’%%4% (8%
99% sequé&btde 8ittilaRYs, p%é%reﬂﬂ%séd]%erﬂ%ﬁdéﬁmy fBSED W REH,19506r %%n@?%fﬁ@&mmo
aciiso SR SSHT0 0N, So A0 cBRILRAY. B4 S0MAR s B0 SR, R0

O% 1% 92% Y%, 94%, 95A) 96%, 97%, 98%, 99% sequence simifa préferably sequence
identity to!SEQPAYNGYe J0%. Shg %t B3tadito §ér@ssé%e§§¥/ﬁcﬁ%/os§w,76%w/@ 8909, 82%,

83%, 84% 840 BRY5386 %948 %588 %6989%7980980/8 199398 Y051 4190 Wre RO, OdchendBY0, 99%
sequence, S|m|Iar|ty Ereferab sequence |dent|tY to SEQ ID,NO: 1 over a length of 230 amino acids, at

least 60%6.9889% o35 GHING1 4,0y 8 bngth-of! Whaminn agidss e [essbh0%r 9 et e g5 0bb%: 9106,
92%, 93%52944%395%4%5%@9,7%*@&%99%@%%@/&@Wlmme@%&bﬂa%w@/&%%@sﬂ% to SEQ

ID N 240 aminQ at Ie 0% 5% 7Q%,.80%, %, 83%, 84%, 84%,
a3 o8 ot ot GosrIaRs, STOISas e GORO BuapEsS GRS 84 obALOAR sLlhcs
similarity, lprneferab)B8eopianceide rtiticast 3&‘2@, Iﬁ%OZ W@\B@"/@. I&%tkﬁ@‘ﬁﬁ%%ﬂﬁﬁ%a@m dB54t, least

60%, 5940970 s L o2 Y 21oB i B0 2D 000 90 2500, 50 SR
similarity, preferably sequence identity to SEQ ID NO: 1 over a length of 190 amino acids, at
least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%. 86%, 87%, 88%, 89%, 90%,
20 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence
identity to SEQ ID NO: I over a length of 200 amino acids, at least 60%, 65%, 70%, 80%, 81%,
82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: 1 over a
iength of 210 amino acids, at least 60%, 65%, 70%, §0%, 81%, 82%, 83%, 84%, 84%, 85%,
25  86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence
similarity, preferably sequence identity to SEQ ID NO: 1 over a length of 220 amino acids, at
least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence
identity to SEQ ID NO: 1 over a length of 230 amino acids, at least 60%, 65%, 70%, 80%, 81%,
30  82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: I over a
length of 240 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, §3%, 84%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence
similarity, preferably sequence identity to SEQ ID NO: 1 over a length of 250 amino acids or at
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94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: 1
over a length of 300 amino acids. 5 In a preferred embodiment a RNA-dependent RNA polymerase
subunit PB2 variant has at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%,

88%, 89%, 90%, 91%, 92%, 93%,
least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, §9%, 90%,

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence
identity to SEQ ID NO: 1 over a length of 300 amino acids.

5 In a preferred embodiment a RNA-dependent RNA polymerase subunit PB2 variant has at least
60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence identity

to SEQ ID NO: 2 over a length of 100 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%,

83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

10 98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: 2 over a length of
110 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%,

88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity,
preferably sequence identity to SEQ ID NO: 2 over a length of 120 amino acids, at least 60%,

65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,

15 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ
ID NO: 2 over a length of 130 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%,

84%, B4%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99% sequence similarity, preferably sequence identity to SEQ ID NO: 2 over a length of 140
amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%,

20  89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably
sequence identity to SEQ ID NO: 2 over a length of 150 amino acids, at least 60%, 65%, 70%,

80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ 1D NO: 2

over a length of 160 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%,

25  85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence
similarity, preferably sequence identity to SEQ ID NO: 2 over 2 length of 165 amino acids, at

least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,

91%, 2%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence
identity to SEQ ID NO: 2 over a length of 170 amino acids, at least 60%, 65%, 70%, 80%, 8§1%,

30 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO; 2 over a
length of 180 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%,

86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence
similarity, preferably sequence identity to SEQ ID NO: 2 over a length of 190 amino acids, at
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94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: 2
over a length of 100 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 10 98%, 99% sequence
similarity, preferably sequence identity to SEQ ID NO: 2 over a length of

least 60%, 65%, 70%, 80%. 81%., 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence

identity to SEQ ID NO: 2 over a length of 200 amino acids, at least 60%, 65%, 70%, 80%, 81%,

82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

9 97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: 2 over a

length of 210 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%,

86%, 87%, 8R%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence

similarity, preferably sequence identity to SEQ ID NO: 2 over a length of 220 amino acids, at

least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,

10 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence

identity to SEQ ID NO: 2 over a length of 230 amino acids, at least 60%, 65%, 70%, 80%, 81%,

82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: 2 over a

length of 240 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%,

156 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence

similarity, preferably sequence identity to SEQ 1D NO: 2 over a length of 250 amino acids or at

least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 8§4%, 85%, 86%, 87%, 88%, 8§9%, 90%,

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence
identity to SEQ ID NO: 2 over a length of 300 amino acids.

20
In a preferred embodiment 2 RNA-dependent RNA polymerase subunit PB2 variant has at least

60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence identity
to SEQ 1D NO: 3 over a length of 100 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%,
25  83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: 3 over a length of
110 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity,
preferably sequence identity to SEQ ID NO: 3 over a length of 120 amino acids, at least 60%,
30 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 50%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ
ID NO: 3 over a length of 130 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%,
84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% sequence similarity, preferably sequence identity to SEQ ID NO: 3 over a length of 140
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110 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably

sequence identity to SEQ ID NO: 2 over a length of 120 amino acids, at least 60%, 65%, 70%, 80%,
81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 15 93%, 94%, 95%, 96%,

150 aming e A TN b ARSI R Slon e b e bt o ot
89%, 90%?@%%{@@,%}%8‘9@%4%?@%%98@%9?@% §3%, 8%, 99% sequence similarity, preferably
sequence identity to SEQ ID NO: 3 over a length of 150 amino acids, at least 60%, 65%, 70%,
80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
5 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: 3
over a length of 160 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence
similarity, preferably sequence identity to SEQ ID NO: 3 over a length of 165 amino acids, at
least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
10 91%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, 99% sequence similarity, preferably sequence
identity to SEQ ID NO: 3 over a length of 170 amino acids, at least 60%, 65%, 70%, 80%, 81%,
82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: 3 over a
length of 180 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%,
156 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence
similarity, preferably sequence identity to SEQ ID NO: 3 over a length of 190 amino acids, at
least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, §7%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence
identity to SEQ ID NO: 3 over a length of 200 amino acids, at least 60%, 65%, 70%, 80%, 81%,
20  82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: 3 over a
length of 210 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 83%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence
similarity, preferably sequence identity to SEQ ID NO: 3 over a length of 220 amino acids, at
25  least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence
identity to SEQ ID NO: 3 over a length of 230 amino acids, at least 60%, 65%, 70%, 80%, 81%,
82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID NO: 3 over a
30  length of 240 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence
similarity, preferably sequence identity to SEQ ID NO: 3 over a length of 250 amino acids or at
least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, §5%, 86%, 87%, 88%, 89%, 90%,
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99% sequence similarity, preferably sequence identity to SEQ ID NO: 2 over a length of 140 amino
acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 20 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence
identity to SEQ ID NO: 2 over a length of 150 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%,

83%, 84% %%9 32%6386%, 52@80 0394509054 9 920, 93%,:940%0, 95% 0,900, 98%,
99% sequence s?r%ﬂagr?ty, pg;e erably* sg%uér?ge |dg$1ﬁ)fngt§f§ﬁ%3t’lﬁlﬁc§ ove eeﬁég gfsfggeg{ﬁ%mo
acids, at léaertégde, BHUI DN, Bove: 8lengtB2y3 W3vmiguaeid4%, 25 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence

identity to SEQ ID NO: 2 over a Ier&h of 165 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%,
83%, 84%AgAE BETReBESNYLY, BB TuS 96 0eMmesonTpd i 0 A5QIEHN G5 ds 276 98v,

99‘? @q?%@@ﬁ%ﬂm@agﬁ wgger@%wb@eqigaﬂ@m&aoﬂ&&gﬁgﬁgé%l%H%Qﬁagw&golﬁms?sea J§§9 @%@;no
acids, at leas Y, 65% 00 1%, 30.82% 0%, 84%, 84%, 85%, 86%, 87% 00 A
90%, 91%% %&%@%%Ofgt&& é%% RIS, BueRaT & SR S aspel S%atﬁﬁf%%%ﬁce
identity to SEESHDNDNDOVES as&ara@tkeﬁ&araﬁ seirncasidmmideasittfdns 6500 dDMnBRTY A2, 82%,

oo oA Yoa B Srtss) Ve 7 IRDEE; Tede) Vantd 535, B4 Tl sty Vil )

99% seque
and/or Ser497. In a preferred embodiment, said variants comprise one or more of the following

10 mutations: Val227Met, Arg251Lys, lle255Val, le255Thr, Ser271Ala, Gin288Leu, 1le338Val,
lle338Thr, Val344Leu, Arg355Lys, Ile373Thr, Leu374lle, Asn456Ser, Val46llle, and/or
Serd97Asn. Preferred variants of the Influenza A virus PB2 subunit comprise a mutation at
position 389 resulting in an amino acid exchange from arginine to lysine (e.g., SEQ ID NO: 11),
optionally combined with one or more of the afore-mentioned mutations. Preferred variants of

15  the Influenza B virus PB2 subunit, if SEQ ID NO: 2 is vsed as reference sequence, include
mutations at one ore more of the following amino acid positions: Thr254, Met261, 1e269,
Thr301, I1e303, Leul19, lle346, Lys380, Arg382, Met383, Lys385, Lys397, Asnd42, Serd56,
Glud467, Leud68, and/or Thr494, In a preferred embodiment the PB2 subunit variant comprises
one or more of the following mutations: Thr254Ala, Met261Thr, [le269Val, Thr30lAla,

20 IHe303Leu, Leu319Gln, He346Val, Lys380Gin, Arg382Lys, Met383Leu, Lys385Arg,
Lys397Arg, Asnd442Ser, Serd56Pro, Glud67Gly, Leud68Ser, and/or Thrd4%4ile. Preferred
variants of the Influenza B virus PB2 subunit, if SEQ ID NO: 3 is used as reference sequence,
include mutations at one ore more of the following amino acid positions: Leu311, Pro330, and/or

Ser436. In a preferred embodiment, said mutations are as follows: Leu311Pro, Pro330Gln,

25  and/or Serd36Thr,

The soluble fragments of the present invention are, thus, based on RNA-dependent RNA
polymerase subunit PB2 or variants thereof as defined above. Accordingly, in the following
specification the term “soluble polypeptide fragment(s)” and “PB2 polypeptide fragments”
30 always comprises such fragments derived both from the PB2 proteins as set out in SEQ ID NO:
1, 2, or 3 and fragments derived from PB2 protein variants thereof, as set out above, which are
capable of binding RNA cap or an analog thereof. However, the specification also uses the term
“PB2 polypeptide fragment variants” or “PB2 fragment vartants™ to specifically refer to soluble
PB” fragments, capable of binding to RNA cap or an analog thereof that are derived from RNA-
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similarity, preferably sequence identity to SEQ ID NO: 2 over a length of 190 amino acids, at least
60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID
NO: 2 over a Iength of 200 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%,

85%, 86% 48/% %@‘M@Q"/ 0% 910/ 920/ %, 94%, 5% E';B? 98%, 99% sequence
d |
similarity, pr era y sequén énleg?ﬁ'ltsy ﬁr&n ‘over al ﬁ’g th 2%6 rﬁfﬁ %c%g,pgﬁggst
60%, 65%iTME9Eo80Y8IS3 1620k, 839@134:9/0658@%31&5%@6%083%588% 8814508000 180y R0,

93%, 94% 5 f 0
00RO 2% R8% 52004 SPRYERCR SIALY. preferhly ﬁ@&ﬁ%&@bﬁﬁﬁﬁi%

NO: 2 over a length of 220 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%
8506, 866 HTIHS SHIRER ORI oM aridsubstptamsaioadh, Dbes.d60h, HRl Bdd%, 19996 sbhydnce

similagty, pretRiRbnERALEAGR M RER WPING: Qaversalengl) 9543Q Arigsacids, ajdeast
60%, 65% 50% 699 }27081?8% 8296, 83%, 8496, 84%, 85% 86%, 87%, 88%. 89%, 90% 91%, 92%,
Bo

93%, 94%S e 0800 s O e s T R 1 s S AP IS 1D
NO: 2 ovesimibiigih pleftBbiymiaquanidsidahiirgsied the 6afire TRUIBQYOIR 1 HasBat, B30, tﬁé%es%%,

85%, 15 86% 7% 8% 9% 0% 91{g 92% 3€ g%f 95%, 96%,.97%, 98%, 99% uence
similarity, pe%‘}era%l e e G A T ﬁ“ﬁ 5% SFTRSHRR aPoRBRhnBasy e[Sfeast
60%, 650/0561}@%538@9@1&1% 32%’[183% |e8adth 3494855 186%), 87 %}5}1%9/0}1&9%5%%1‘(9&%;1@3?/0

93%4 §4%,, x%f’e(%bgﬁ%}vi%%s9§£’d§39%2ﬁﬁ9“%8§:§1@'la@%m%;?%?r?@w & @nﬁj%r(} %EQ ID

NO: 2 over a length of 300 amino acids. 20 In a preferred ment a epen

polymerasénsimhagif FBrevagiseitiEd it e BOY6394, P0%, Iewanmc@mtmﬁsmm% 85%,

86%, 87%18310s<3P Hvalidn RikYoeStakisd AR, Ba¥D RO S Heri 987 AR WL GIENE %@Hla”ty’
preferably sequence identity tot 30 D NO: 3 over a Ierégﬂ)h of 100 amino acids, at least 60%, 65%,
i

70%. S0VETEYTESES6, soshoadditions) aming asids vaHwotdrEoRHIErasow, SARANCAENTISY, 16385 0406,
95%, 96%exQ¥ted&%m A0ocapailante siraibmpieierably. Sk uepeteidan tiyiodhia: | BiNEodeover a

Ieng of 11Q aming.acids, at least 60%, % 70%, 80%,,81%, 82%, 4% 4% %
5754 Baod S G, 0 TS Ao B e, 556 S SRR U ER D
preferablyN@gjliehoer idlentitystoo8&EQ 1nNDeB l@ﬁerlaﬂ,eh@hldﬂlmwrfﬁﬂomahéﬁtléast BHURBO 65%,
70%, 80%, {314,894, $3502 84 %5 $4%0, 309118 B8 BR e 98B AN s@lice of SEQ

ID NO: 1, 2, or 3, preferably comprises the RNA cap binding pocket.

20  In a preferred embodiment, the soluble PB2 polypeptide fragment variants comprise at least or
consist of the amine acid residues corresponding to amino acid residues 323 to 404 of Influenza
A virus PB2 (SEQ ID NO: 13) and have at least 80%, 81%, 82%, 83%m 84%, 85%, 86%, 8§7%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity,
preferably sequence identity over the entire length of the fragment using the best sequence
25  alignment and/er over the region of the best sequence alignment, wherein the best sequence
alignment is obtainable with art known tools, e.g. Align, using standard settings, preferably
EMBOSS::needle, Matrix: Blosum62, Gap Open 10.0, Gap Extend 0.5, with the amino acid
sequence set forth in SEQ ID NO: 13, more preferably the PB2 polypeptide fragment variants
comprise at least the amino acid residues corresponding to amino acid residues 318 to 483 of
30  Influenza A virus PB2 (SEQ 1D NO: 11) and have at least 70%, more preferably 75%, more
preferably 80%, 81%, 82%, 83%m 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence identity over the
entire length of the fragment using the best sequence alignment and/or over the region of the best

sequence alignment, wherein the best sequence alignment is obtainable with art known tools, e.g.
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93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence identity to SEQ ID
NO: 3 over a length of 130 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence
similarity, preferably sequence identity to SEQ ID NO: 3 over a length of 140 amino acids, at least
60%, 65%1% %, SO% ‘%0 cgg%o 83%, 84%, 849 %0 ..86%., 87%..88%, 89%, 9Q%, 1%%8&‘30,
5 t h > : i

o6, oave' 50 ‘506 IR S InER B VRS e by b Bk 09w iy o
NO: 3 ovefandrgend.550vaminvaauits acit senteBod/sc 6Bt TOGE QAU NEL0b | SR%e $B8fer 8190h84%,
8596, 86%p 3% 3889 80 A nS20m B0 A0 1 R5H AP DTS00 o R SHIOICE
similarity, preferably sequence identity to SEQ'ID NO: 3 over a length of 160 amino ac (fs, atleast

60%, 65%2 0% 2809558185 23096 4vef Bxtucrsacs BB PBRIS YD Wy guthharat Baskieihys,
93%, §4%mIRYprORMbIY B5v:I8Wre BN UhPRAIYEMNSE, SHasiB-RIRlerably SRIsRaedeNENs{0sTREQ ID
NO: 3 over aoleng;gh of 16035 aming aumds 0at Iez%st 60;%), 650%, 79% 800% %1%, §2% ﬂ83%084%é 84%,
8506, 86058796 58958605 300850 81%s, B30 88%000 Y0 196082 Y65 G794 Yoc¥t o 97 s ience
similarity, pgeferadily sequereesideniity fopRRQ D Nejudmeveiclangtbvel 1O amirolasids, &t past
60%, 65%, 70%, 80%, 8%%, gz%, 83%, 849, 84%. 859, 8690, 87%, 88%, 89%, 90%, 91%. 92%,
03%, a0 SRBEbAEA IE BEY, Serbsrice RIS SR, Srirdhsofoaan o dhe st RED) 1
NO: 3 ovesligtemgth oht8Matnikeshcidsicatdadsirbo, 859 aizaYbe 808 a8 106088 %0083%g SAUENS4%,
85%, A5 869 0 %,.89%, %A% 93%, 949 %, 960 % 98%, 99% seguence
iy, oot S Qe B BMACSHIE Mualn O iBstindy Ros o0 S RET

60%, 659 7end Bhowit s armp 8gv seuwRce49h fgthinddse By HOgdosmegmrefoublo te PG,
93%, 9494, SIATop A traR ikt AR U RO SEINEN GRS K MBI ETRr AN SEAUBRSEIRERENL IamELR 1D
NO: 3 over a length of 200 amino acids, at least 60%, 65%, 70%, 80%, 8‘:)L%, 20 82%, 83%, 804%,
84%, 8504HEM849,23848 Hgorf bebicraach doisPH3andhaye ablnpshsle.anore artsradyFs¥yuence
similarity, jaeefasritkyseanevicenide pdftabBEQID MID: Srevpibiy| 0w 80t 308w adds:;, dbksast
60%, 65%, 10%, 80%.81%,82%:33%..84%, 84%, 85%, 86%, 87%,, 88%, 89%, 90%, 91%, 92%,
o304 SR G0 b oS o Gl ot et i Satwdhtie S S, T Sroeate )
NO: 3 oveiirailengthpré 22byninpack sdattZh teasttb%ts deng0d/e 3086 {r8dHen82%ind 386, 400,
84%, 85%, 86%, 870 %, 899 0 9 %.¢93%, 949 %, 96%. 97%. 98%, 99% sequence
milarity, upiss Atfnmddt et ShEP o R Rt b Beleth WAht nlilr B0
60%, 659%6cPETsceaUANBEY i820bagRbic uih 8 oknEED, s, e @704 ligRoM B/ Stavi doIHNgR v,

93%, 94(V9¢§t@9§bl?6§’m§6%5:%%/ﬂie?%éﬁguﬁ%ﬁrﬁmi|QT£2/1(9;5€£9'1@%¥ 8RPUEREEJJERLI R FEQ ID
NO: 3 over a 30 length of 240 amino acids, at least 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%,

849608508 THROA I I UsBSE, SO bEbELEA Yy N4 - daoteisass YBbRduBuRsots,IshEnze gy it uence
similarity, FBgfemabhe neuenage e ilyaiasSEQID Meded awesaitenginptizd Graminmecidefansllleast
60%, 65%, 70%, 80%, 81%, 829%, 830, 84%, 84%, 8506, 86%, 87%, 88%, 89% 90%, 91% 92%,
93%, 940/‘01?‘5’5'3;6 o?’é%f‘%l,r@%@%?%,rﬁg% ge?fuerlfcaels?rshﬂarﬂlf/, preflé(r)aebl?/ seaugne‘évﬂ%%ﬁfﬁﬁ/ 0% QID
NO: 3 oveeskilengtthef 860mmihaS3.ID NO: 1: Val227, Arg251, He255, Ser271, GIn288, Ile338,

Val3d4, Argd5s, lle373, Leu374, Lys389, Asn456, Val 461, and/or Ser497. In a preferred
25  embodiment, said mutations are as follows: Val227Met, Arg251Lys, Ile255Val, Ile255Thr,
Ser271Ala, GIn288Leu, lle338Val, Ile338Thr, Val344Leu, Arg355Lys, 1le373Thr, Leu374lle,
Lys389, Asnd56Ser, Val461lle, and/or Ser497Asn. A preferred variant of the Influenza A virus
PB2 subunit fragment comprises a mutation at position 389 resulting in an amino acid exchange
from arginine to lysine (e.g., SEQ ID NO: 11), optionally combined with one or more of the

30 afore-mentioned mutations.

In a preferred embodiment, the PB2 polypeptide fragment variants comprise at least or consist of
the amino acid residues corresponding to amine acid residues 325 to 406 of Influenza B virus
PB2 (derived from SEQ ID NO: 2) and have at Ieast 80%, 81%, 82%, 83%m 84%, 85%, 86%,
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A large number of natural PB2 variants of sequences according to SEQ ID NO: 1, 2, or 3 are 5 known
and have been described in the literature. All these PB2 variants are comprised and can be the basis
for the soluble fragments of the present invention. Preferred examples for Influenza A, if SEQ ID NO: 1
is used as reference sequence, comprise mutations at one or more of Val227, Arg251, 11e255,

Ser271,0 '\ YA . 357918343 3{A, 56.val4p61, and/or Ser497, In a
preferred é&%@%?rn}%er%%?émmg%;m%ﬁi %ﬁo%r%%ﬁﬁzéﬁjl c?vﬁ h%gfé gr%%"f%‘f%n%f’éﬁ‘l‘?Z?Met,
Arg251Ly$rafeeabn vequenes2 BETHEy Suep 2ha kntBinzagtheof tkaIB¥alcrt1 w888 The, héall Sdflicote

ArGSSSL ST YR A o ASATORENRLARLIS ARHIRL SARTAS TP R Ted yariants of

the Influenza A virus PB2 subunit comprise a mutation at position 389 resulting in an amino acl
exchange 3H&RMsRjintnebiainpbisetly arsknovm feo)s138 oplieRamyiasrmisnieadnietioas orefrsrblnf the
afore-gnentipiROgvHgRs Npfefer sRymientesl Bpthe1mbuenza BadiusoRB 2y aybupitifirF LD NO:

2 is used as reference sequence, includ _mutations a or%(?fore maore of the following amino acid
positions: FAPSESE RFLEET. 17 S8 PNt 1 1m0t aalyotbe RBA @olyrepsige Arammentyianans
Lys385, LysnfisAandedr; terdnmoGitindfeéidues46iegravding hod@diny airefeitest smbesingenirthe
PB2 subunit,variant,camprj e or,more ollowing mutations; Thr2 la, Met261.T1u,
ereoval P AT P e T e TR 3L 2T i et O ltn PR KT Bt cu,

Lys385Arg 5%{9@9%@&3&3!414&@@; ,8%4@9,(63 Blov 87Dy § 5% 8685 A7 an 8RS, TN%OSDYe. Pfeferred
variagfs obhe b¥bienra P R 2ombu, 555G, SURHRR BrisiBicnes RRaueHGR, | clude

mutations at one ore more of the following amino acid positions: LeL_13 1, Pro3 r436. In a
preferred eyabdwieishe sagihabithsoliasaren hysIoBoRS b F30UPKs, PIEBBUD Brd2S avkl/dieSest6Thr,

The solublg tiroments flcthe RigseMdNvVRRtRmaIR thus sbasedoniBNA-Rerepran-BNARRImerase

subunit PB2 or variants thereof as defined abqve, Accordingly, in the foIIowigr?mg specification the term

"soluble pOgP&ptiaelragfertEantine B0/ e ShiR4 agieistaslo AMADS Bonspies’dach:
fragmentsBiesiviesh botp igprenthe. & BRAp iieins @S, seitbdidmbiQ ABd\NRiknde o6t F@ndifr a@Qamis
deriyed from PB2 protein. varjianis eof, as set out above, which are capable of thiLndin RNA, cap or
TP e b e R R T R
or "PB2 fragrhent aariapisidiogspe eifical lpadfecsidwss| @B 1o B agnheiitsnza Bablsio PHAddgitedRNA
cap or a”ﬁﬁi}%"gﬁ@ﬁﬁg%&'ﬁ Al ﬁ%@‘é‘f%ﬁi&r@ﬁ'}‘%@jﬁ&@%@ﬁi oY ﬁa%'%’ ?é?e??b?g%'%%,t Rbe
variants. The soluble PB2 fragments of the present invention thus, preferably comprise, essentially
consist oPedREIBlOT kg ueercerreferiiir 8Neo &dirritg it icnnh #4Pas Bitbu A "RBY % i88Ho k8%, also
envisionegthatdheg Pi3fragmenigiyarianls begheopantainanion, agid shbstitulionyat reRrabl¢, 5 6,
7,8,9,10, 11,12, 13, 14, 15 5 or more amino_acid positions, and have at least 60%, 65%, 70%, 80%,
819608205596 AAOR G dBe SPETRAETIEE0 0 Sen T ARt a RN §50BeY SSAN YIRS BT B ST %,
98%, 99% weqeneg: i ibAri: (eferblesaquapamdentityeesiar the Betiredgnaide oditperieagment
using the hest uence alignment and/or.over the region of the best sequence. alignment, wherein the
best sequ@ﬁ%@gﬁlgmﬁgﬁt isa%br?gl'r?g%'le égﬁﬁs’artelﬁiow/% dls,ugfagAllsgar?,d%%JngSg érr%%rdp §é}ﬁl|rra\1,é@
EMBOSS needle, Matrix: Blosum62, Gap Open 10.0, Gap Extend 0.5, with the amino acid
sequence set forth in SEQ ID NO: 2, more preferably the PB2 polypeptide fragment variants
25  comprise at least the amino acid residues corresponding to amino acid residues 222 to 511 of
Influenza B virus PB2 (derived from SEQ ID NO: 2) and have at least 60%, more preferably
65%, more preferably 70%, more preferably 75%, more preferably 80%, 81%, 82%, 83%m 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence
similarity, preferably sequence identity over the entire length of the fragment using the best
30 sequence alignment and/or over the region of the best sequence alignment, wherein the best
sequence alignment is obtainable with art known tools, e.g. Align, using standard settings,
preferably EMBQSS::needle, Matrix: Blosum62, Gap Open 10.0, Gap Extend 0.5, with the
amino acid sequence set forth in SEQ ID NO: 2. In preferred embodiments, the Influenza B virus

PB2 polypeptide fragment variants of the present invention comprise mutations, preferably
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10 preferably EMBOSS::needle, Matrix: Blosum62, Gap Open 10.0, Gap Extend 0.5, with the amino
acid sequence set forth in SEQ ID NOs: 1, 2, or 3. It is understood that PB2 fragments of the present
invention may comprise additional amino acids not derived from PB2, like, e.g. tags, enzymes etc.,
such additional amino acids will not be considered in such an alignment, i.e. are excluded from the

calculatio Qﬂgﬁ lognment I the above 15 indi d.alignment score
IS obtaineglw en)glhgning %hé%%ﬁ%%gﬁgé%ﬁéﬁg%%gﬁgﬁ@v%;%q 0E H?D%%%%lg,p §§ At leas %r\?ér a

length of 19CSEQADINE: Z3CTheatd 145t 2do 360,17 308011a 308, domi32 90118346, I3638U0ABS62260, or

270 aminavagisls, Whese) thesespectiva sestianse 6fulbR) IRUNEY, |afd/BF Spkeferably comuprises the
RNA cap binding pocket. 20In a preferred embodiment, the soluble PB2 olyr%eptlde fragment variants
comprise SMREMSPEo ML BREMEHMIAE AR d FRBRINSS eRir&SpSRRImdPTo hmifliawiag e aiaeTs23 to

404 05Inflm‘m&qa{im&tﬁ’m‘lﬁﬁ,m@z@m:lﬂkﬁ)m&;m@3&@@§L89%9@L%118%v&3%%3@6@#1n185%,
86%, 87%, 88%, 89%, 90%,.91%, 92%, 93%, 94%,.95%, 96%, 97%, 98%, 99% sequence similarity,
preferabl égg’%se |al\§ﬁfﬁ(§;/3 St tﬁé@%ﬁ' Rngtior e $ra Eﬁ?&?ﬁg t%ﬁ%rﬁéi’trg’eqﬁgh@jég"
alignmentlandf@Seyentiier FBgiiBé the best sequence alignment, wherein the best sequence
alignment is obtainable with art known tools, e.g. Align, using standard settings, preferably
EMBOSS::needle, Matrix: Blosum62, Gap Open 10.0, Gap Extend 0.5, with the amino acid sequence
set forth idrISEEIOTRNGMIB e fhefERbpphinre e Hetypraptiva dnagenoprivadblsasicompnze af least

the @\@inotﬁ&k%ﬁ%@Uﬁ%QHi?éP&ﬂfﬁ%%ﬁ%iﬂg‘{B%% LRRIdNERIAASHE 483 o 30 InduanzacA\yigys PB2
(SEQ ID NO: 1) and have at least 70%, more preferably 75%, more preferatg)#%?O%, 81%, 82%, 83%m

84%, 8598 WU TanuSESLY) NBss) arddiays o, lest 0§ momage gselsehly 5796, owes Podsrabbuence
similarity, qreferaiilyprertane ® sdeRtifnaer shaigntirevenatb ahthe framentusingiabesthsgduence

clgnmentanclolorer he egin ol the bestspRusnce Alonment, WG Rectssnce
variants comprise at least the amino acid residues corresponding to amino acid residues 330 to

15 301 of Influenza C virus PB2 (derived from SEQ ID NO: 3) and have at least 70%, more
preferably 75%, more preferably 80%, more preferably 85%, most preferably 90% sequence
similarity over the entire length of the fragment with the amino acid sequence set forth in SEQ

ID NO: 3, more preferably the PB2 polypeptide fragment variants comprise at least the amino

acid residues corresponding to amino acid residues 242 to 514 of Influenza C virus PB2 (derived

20  from SEQ ID NO: 3) and have at least 60%, more preferably 65%, more preferably 70%, more
preferably 75%, more preferably 80%, more preferably 85%, most preferably 90% sequence
similarity over the entire length of the fragment with the amino acid sequence set forth in SEQ

ID NO: 3, more preferably the PB2 polypeptide fragment variants comprise at least the amino

acid residues corresponding to amino acid residues 227 to 528 of Influenza C virus PB2 (derived

25 from SEQ ID NO: 3) and have at least 60%, more preferably 65%, more preferably 70%, more
preferably 75%, more preferably 80%, more preferably 85%, most preferably 90% sequence
similarity over the entire length of the fragment with the amino acid sequence set forth in SEQ

ID NO: 2. In preferred embodiments, the Influenza C virus PB2 polypeptide fragment variants of

the present invention comprise mutations, preferably naturally occurring mutations such as

30  mutations in one or more of the following amino acid residues when compared to SEQ ID NO:
3: Leu3d1l, Pro330, and/or Serd36. In a preferred embodiment, the fragment variants comprise

one or more of the following mutations: Leu311Pro, Pro330GIn, and/or Ser436Thr,
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Align, using standard settings, preferably EMBOSS::needle, Matrix: Blosum62, Gap Open 10.0, Gap
Extend 0.5, with the amino acid sequence set forth in SEQ ID NO: 11, more preferably the PB2
polypeptide fragment variants comprise at least the amino acid residues corresponding to amino acid
residues 235 to 496 of Influenza A virus PB2 (SEQ ID NO: 4) and have at least 60%, 5 more
preferably 65%, mare preferably. 70%, more preferably 75%, more preferably 8Q%, 81%, 82%, 83%m
A S i R RS SR ST 0
similarity, phigfanatiyaseifdenticsl idestinilay gt abininddetigin G5 ndr agmrentcdsigptmdse siradauience
alignment anglir Over,the, EROIAN 0 Ik Desi ARANENGR AIINRADT HyENSheehagauenC
alignment Is o’btaicina_blse’ with art kﬁﬁbols, e;ggiﬂgﬁi, 0 usiﬁg’ s%%gfrig) lé%?t'ﬁgg%l%%egfe%b ;/ze.
EMBOSS: Siddalcamiegraeigicsarhcierady byanel (solewins Earendins; whenyidaning drapidpbanuence
set fogh I@ﬁﬁf&@ﬁ%ﬁ@&%@fgﬁwﬂmﬁ %&ﬁ%}@f&a%é@gm&@wﬁs'gﬁféx@m%iﬁa ghlpast

u

the amino acid residues correspo_nciintho amino acid residues 220 to 510 of Influenza A virus PB2 and
have at le &St BHAFRBIREpRERETABINF o EUKMBYe Breratetbignions Thtorkifrdreratny isvicihirarpiefierably
80%, 81%xeG28heB3%emB4Y0, Sabehihp Sfis 8 @4, 83%i180, 0% hO1%oAA%0MB83R0, ®4dho, @590, 96%,
97%, 98%, 99% sequence i}nila ity, preferably sequence identity over the entire length of the
fragment l)‘é‘l‘r%? lea%?#% OeO(Jqsil WEL% fWeht and/or over the region of the best sequence alignment,
wherein the best sequence alignment is obtainable with art known tools, e.g. Align, using standard
settings, e ‘ S rix; 6 S G xtend.0.5, with the 20
amir?oa aci sge(g%%kzc%ﬂgi ohﬁ%g%%%’%@hé;%ﬁﬁﬁp?efi&; Bﬂ;r%go‘gla#]%%% %&nﬁ%ﬁk vi%lﬁs PB2
polypeptidiieearpiashtafigr et fingaipre sen tihvation eXMEItatioNs, Fenedeys ukadigr
occurring gilglig AHCRASHRUaHIRNGHY RiteLIpRIe ke dollowiemaming aciddesidues.yhan
compared to SEQ ID NO: 1: Val227, Arg251, 11e255, Ser271, 0In288, 11e338, \/a_iS44, Arg355,
11e373, LERsyuiratipaseiorsapalsss Y aryBy 1A Ghsarsef denatwrare sueh s gnapiiinnentrsais

mutationsegfe: @ febaveiad 2 TMglsodea? Trhkitend 1RASHV ackickl €25 %E o lDBIIR Y 1 MapieinaBBLeu,
11e338Vval, 11e338Thr, Val344l ey, Arg355Lys, 11e373Thr, Leu37411e, Lys389, Asn456Ser

Va b1 FEPERHR GRS A oo RGN R B B DR A L S SO P e
comprisestatnthdtaiipreaiqosiio prakatd gLitingimatam ahsachac iprexah fragméroris asgiistheutodysie (e.g.,
SEQID NOCI)J% .’%11 9 gg{ga}:%&on}gigggm 'Iteh ne or more of the 30afore-mentioned mutations. In a
preferred embo Iment, the'PB?2 po ypgétl e fragment variants comprise at least or consist of the
amino acid residues corresponding to amino acid residues 325 to 406 of Influenza B virus PB2

(derived fiqin SEQIRNOIANMAANE 46 1599 A1 %826, RAUHD 00 oB0 85 %ciP L% 5%
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% sequence similarity, preferably
seqdBncd fIBPRRYOYY SF PRI B HEIRG i BPIRS R SRR IRkt ageiidrcis FlgirabrRuRt/or
Ovir thekrﬁﬁﬁipﬂﬁﬁ?h%@@.ﬁt&%&l AegRlGHne ; gy,wﬁ@fﬁhedfpﬁ;@gﬁt&wwmm meffftds)ﬂbtaémable
with art known togls, e.g. Align, using standard settings,, preferably 5 EMBOSS::needle, Matrix:
Blosume P O T A R B T e A AL CALE SRR PEETE No: 2,
more preteralfiydhienBB2spolifaptitediafmexdmpidant deecmipbic puat, | east theferabip @dichse8iddes
corresponding.to ami id resi 20 za B.virys PB2 j r NO:
2y and heb D R My o S e B e
8698587%ryY8R4LZBANE, Ioibss IDos DOPGRY, g8 §4%, 195400Y6 oprdynhleg9l? 090, Kiimemue
similarity ;Rreigppbsse e enss epUbaouardbe.AeieREI malHRerAGMERS Reth ReRpReAUence

alignmen?and/or over the region of the best sequence alignment, wherein the best sequence
alignmenti&noikaisanlenofn RIRTRIABI SRS thery | Amgdnl diithostanaciriteitin g kieferdishp can
EMBOS SungedieyJUatipsdBlasiamGandan @eeilqleOfds gpokxiepafibatiith thedstingAicdhsrguence
set forth in SEQ |ID 15 NO: 2, more preferably, the PB2 pqlypeptide fragment variants comprise at least
the aminBRRITES AL I ASHR R BN B S ST E BYYA BBl uensa B virus PB2
(deBibed from SEQ ID NO: 2) and have at least 60%, more preferably 65%, more preferably 70%,

more preﬁq‘r gl 75%, mare preferably,80%, 819, 8294, 83% O%C% %,:86%, 879 ?80 £89%,
0%, 010t obir oo, BARE R Cor b PR RIS b el Relfondp ¥
present invention refers te a condition of proximity between a moiety (i.e., chemical entity or

compound or portions or fragments thereof), and a binding pocket of PB2. The association may
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20 sequence identity over the entire length of the fragment using the best sequence alignment and/or
over the region of the best sequence alignment, wherein the best sequence alignment is obtainable
with art known tools, e.g. Align, using standard settings, preferably EMBOSS::needle, Matrix:
Blosum62, Gap Open 10.0, Gap Extend 0.5, with the amino acid sequence set forth in SEQ ID NO: 2,
more pref ly the RPB2 palypeptide fragment variants 25 comprise a?tﬂllggls the amino acid residues
correspon ﬁgat% cg%?}%%aéf:d’ %%%ﬁglse %ﬁ%"%ﬁ%ﬁ RS \}lﬁ‘ﬁ%" ( errf\’félﬂ’ﬂ%hﬁ b No:
2) and haVecadiesseaos, Wiste plesfeoatoljc650hy dnepopieietetalyi3og/mmitonapbeferakibniZ 5%, more
preferably 80%, 81%, 82%, 83%m 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% sequence similarity, preferably sequence identity over the entire length of

the fragmelhteusig R HetorelsEuEh2 CaTtighvaare Anendoovidethccrshidrmoiifevestaleeiie nod

alignreent caiesiginthe 0ashs GRMARERIALGRMRERY I ORERIARRIA WIth A TIRRUMD toQlSsegnkignaising
standard settings, preferably EMBOSS::needle, Matrix: Blosum62, Gap Open 10.0, Gap Extend 0.5,

€ . S p Open 1U.0, Gap
with the ariii8&%cid ¥ fHeREE i3t Iged 9B K7 PonieartieniBediitatts iecliftidiza B
virus PI:32 paviprptigehilagonest w'@rﬁgda&ilyegﬂ?@ﬁﬁem ﬁﬁwn%jpla Wiﬁd%ﬁwtfftme%' Refeietly
naturally ocgyrring ations, at one ore more of the following amino acid positions compared to SEQ
B NG T KNE TidBE rHrs i Suaus o s e e S0 SR B
Lys385, Ly$3U¥AAsA 43l G 466y (31 T46athylegi468sian oG A 9dethy lagpestainedneombsidisphat; said
fragment vari MPLISE, ¢ 1Mo oy tations: 5 Thr254 et26IThr, 1le269Val,
ThrsqﬁAlgﬁﬁggggﬁw géﬁl%%g%“%ﬁi le %t%@g?t%@g 1?,%%‘?§2%’%§%@%%ﬁ%5ﬁ§§3§8 g,
Lys397 Arifirhespans drrides 406 RYenG Ng4 EPGpPRGL 4 Eesshy heusopstne4bnkad via sapidfdered’
embodimQﬂ%&%ﬁ@%ﬁ&@éﬁ%@&ﬁJgﬁgrﬁﬁmwﬁ@@%ﬁw@i@%ﬁﬁ%ﬁ%ﬁﬁ&ﬁeégﬁg&g?gﬁ%xﬁ nifo acid

residues corresponding to amino acid residues 335 to 416 of Influenza C virug P erived from SEQ
ID NO: 3) f&ﬁ@ﬁa&}@%@a&%%%@ (retetsphpamele BrifgeRAlensRins00n, HReerPrtarsiiylosos
sequencegsiiniaiitylpiked Hg £ptite Senghhrbae bageentustvihie amingacithserRUETE selifprh in
SE NQ.: 3, more preferably the PB2 polypeptide fr nt variants comprise at least the amino
0 Raiab O S B il R LRSS A8 SR 31 M BELESTE PRERt trivec
from SEQcHBdUI®: (B) Gpppay 6-atddabighasosimolialpbiranly’ 6% mipleprkierdiiyaB0 cpidiac
preferably 859 refer, % & imilay the entire length.of the fragment with
the aminongegl? I’gg‘gcé]{) u% r%%%e?%ﬁﬁ%ﬁog ég%ﬁﬁ?%%i%%%ﬁ%ﬁﬁ& EHE é‘ﬁ‘g"ﬁﬁeyé‘é%ﬁﬁqﬁggg ment
variants compriiebedpeate theidanito wdiline derrebike Sporibiv granasirm krfddeshkives 24230 514 of
Influenza C yirusnBB A {deHved 2RO ARRID MQh3)2ngkh %‘%‘iﬁ&iﬁ@?ﬁﬁ@%b&@%%@ﬁﬂ 65%,

0

more preferably 70%, more preferably 75%, more preferably 80%, more preferably 85%, most

prefefably Bewo1 cyrsheiEed sMRALI R Thée MEFEeR Ui S 5w SREREHSIRE SR Sramidhe
BN S o Ao i o b A e A g iy S
D55 (lor TS I i e o oG R Mot o by PR s T PR TR GRS bl
70%, morelgitaferhlely. 75% , If orelpostEmlky, 80% b fr@féahlyB3%, Mok, Prefardblywaessn
sequencesimilarity. over th irele r t i ino.aci guenc forth in
SEo b N B B et o

the #esetndivvehtibresofipheemirleations apramerin rdinkad\vsce kg merstiophysbedicseor
MULAIONS 3 RGABLKEF YRS HOHRCATNG A 4851 ShMaE" EOMPHRA RSERID NOS
Leu311, Prp330, and/ar Ser436. In a preferred embodiment, the fragment variants comprise one or
more of tﬁémiﬁb%gﬂﬁm: Leu311Pro, Pro33001n, and/or Ser436Thr. The term "sequence
similarity” means that amino acids at the same position of the best sequence alignment are identical or
similar, preferabl ,,ideTticacJ. ,','Simila‘ri Mino acids’” possess sigﬂlar characteristics, sach as polarity,
solubility, NydFoBniftefty AYarBnobict ﬁf%ﬂa?é%? &t &R RIHALF YT S QR BYES: VA Bircine,
isofé@iciner apdmyaline nptiensikddarase gy pdehian, Buanidy rysinmelysing], atgimine, dectdaidtidineg;
glutamic el angh ASRaris AR Y cingoaR0INGADE S TRe isopine  ARAIRINGL glytaine, and
methionine. The skilled person is well aware of sequence simifarity séarching tools, e.g., available on

the Worldxarers e 42, owvienbibsd. in Krrebrsgsand | Bakph A Rertisatem 2od158Id  ragmased
herein, refg{sianiRAlyRopsidentiaamentindtae, remaiRsih hssuPesnYan-aliehcratidugatiendor 30
min at 100,000 x g in an aqueous buffer under physiologically isotonic conditions, for example, 0.14 M
sodium chloride or sucrose, at a protein concentration of as much as 5 mg/ml in the absence of
denaturants such as guanidine or urea in effective concentrations. A protein fragment that is tested for
its solubility, is preferably 23



15 expressed in one of the cellular expression systems indicated below. It is particularly preferred that
the expression and, preferably, purification of such a protein fragment is carried out as set out in more
detail below in Example 2. The term "purified" in reference to a polypeptide, does not require absolute
purity such as a 20 homogenous preparation, rather it represents an indication that the polypeptide is
reiatively RHERIADR LI R AIALEAYARIL SaneTa.ACuIeRARER e ARy IRIARLRll free of
other proteins, lipids, carbohydrates, or other materials Wlﬁ'l WhiCH it IS naturally assotiate , preferably
at a functidfsigesidmitiealpesdlehnrdfileyaiple, 188Mast 85% pure, more preferably at least 95% pure,
most preferably at least 99% pure. The expression "purified to an extent to be suitable for 25
crystallization" refers to a protein that is 85% to 100%, preferably 90% to 100%, more preferably 95%
to 100% pths T8 a8 nckRtr dfErtothigHErhanSHENH Shrestarsuigrmemhey thenPolyRsgies, more
prefemblyshighehidan the M@mabnithouiHRreeip|tasip BiliskiRehariisarean My ify BB KP@RriigRdIsing
standard tecbq;‘lifgues for protein pu%ic ion. A substantially_gure Ppolypeptide will yield a single major
band on"a¥iH-FeELEIFS B RPN IR el ©30 Fhatiim S JESidHe® 458 et liphE'T antna atid
identifyingresidupotindswith tiemnethoas ofithehprBdentdnyéntiondaiges tardnconditieniahi@ioximity
between a,maiety (i, ical entity ox compound ar. pprtions or, fragments, thereof),.and a binding
pocket of P 8 e ion S b RO LE O R SR G o S B
favored byntdeexthengié, hizelr8Yeh-dapnblindingapodket\ A IS 2 lectiebtetc bpr Sindriophobieditsractions,
or it ygay %%gﬂxa@tﬁmeza%%@m& Sﬁ%éeé?&ép GRS IHRIS fannd pnibe BeRALOTABEHRNA

molecule and 5 confisists of a guanine nucleotide connected to the mRNA via an unusual 5' to 5'

triphosph R Rfesige . i g £eawneing MetRNterd kg s58iash. RNde £#R ciestidAS ifERude the
possible mefiuitationcREtthasd YRR RRNPsktie it phope sde Fscaidne arighd of the mMRNA.
"RNA cap analogs" refer to structures that resemble the RNA cap structure. Examples of RNA cap
analogs include 7-methyl-guanosine (m70), 7-methyl-guanosine monophosphate 10 (m7GMP),
7-methyl-JhanasitRiNahapdiaingdédiR H PBEtyleguiarthsingninké dolisephdtofagitiphasiitite

bridge to guanosine (m70 7-methyl-guanosine linked via a 5! to 5' triphaosphate bridge to
guaﬁgsingn r%e%@?a{f‘qé% gﬁ%%wlﬁgﬁﬁg%goﬁﬁg }qugget 7 ESB%%“?P?““n%e eyl-guanosine linked via
a 5' to 5' triphosphate bridge to adenosine (m7GpppA), 7-methylguanosine linked viaa 5' to 5'
triphosph idge: ' ylat e iti F 7 ),
R e e G SRS G IR B
7-methy|-BefrB sTABITMRERN ik smpliadidoBplYMEBdeR D KAIRR I?Fefﬁya)a‘t@ﬁ 5t @ter2r®@iyposition
of the ribqsg{ie@PREMmdamiethWrsiangsiredinkadyiaca Spipymdfiniiodebriekyidgrdaderidine

(m7GpppVl), 7-methyl-guanosine linked via a 5' {o &' triphosphate bridge to uridine methylated at the 2'
OH P RGP B GRS BEIR DU RIS TNA (TEIEeT oG AT A EheS e ention

the cap amalogimselesiede D golmeomsiainguaf REGnBEGMDPIN M7 G T lymdgapia, may

m7Gppp%(r)nn, yé/th(%raenNeni 5 2 ne%%leoqtgdedlggg%gr%ny, A, U, or C. In another preferred embodiment, the
RNA cap angﬂogs may Comprise adaltlonal, €.g., Ito 15 nucleotides, i.e., 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11,

12, 13, 14, or 15, wherein the nucleotides are preferably independently selected from the group

consisting-pf f.& Qe dfnidraandierl Ihgsa iwiharRuaiRetges ate Pigisrably Hakadida ferson

phosphoester, phophodiester or phosphotrieester bond or a non-hydrolyzable analog thereof to the
firs Cléaﬁ@éiﬁgiﬁlﬁﬁ%ﬁ?ﬂ‘@@ ﬁﬁ’?@ﬁbﬁ?@l‘ﬁf& phage vectors such as lambda phage, viral vectors

such as adenoviral or baculoviral vectors, or artificial chromosome vectors such as bacterial
artificial chromosomes (BAC), vyeast artificial chromosomes (YAC), or Pl artificial
chromosomes (PAC). Said vectors include expression as well as cloning vectors. Expression
vectors comprise plasmids as well as viral vectors and generally contain a desired coding
30  sequence and appropriate DNA sequences necessary for the expression of the operably linked
coding sequence in a particular host organism (e.g., bacteria, yeast, plant, insect, or mammal) or
in in vitro expression systems. Cloning vectors are generally used to engineer and amplify a
certain desired DNA fragment and may lack functional sequences needed for expression of the

desired DNA fragments.
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The term "nucleotide” as used herein refers to a compound consisting of a purine, deazapurine, 30 or
pyrimidine nucleoside base, e.g., adenine, guanine, cytosine, uracil, thymine, deazaadenine,
deazaguanosine, and the like, linked to a pentose at the 1' position, including 2'-deoxy and 2'- hydroxyl
forms, e.g., as described in Romberg and Baker, DNA Replication, 2nd Ed. (Freeman, San Francisco,
1992) and further include, but are not limited to, synthetic nucleosides having modified base moieties

anchor modified sugar moieties, e.g. described generally by Scheit, Nucleotide Analogs (John Wiley,
N.Y., 1980 Reprmtbimanttingting} Ppowskesed bfseintgedetiroe dieneeslichal errpriges damwhauidgotide that

polypeptide o dtaginants b thadovetinthe 6 imgrggwe‘.&?%@ﬁfﬁﬁgpg%ﬁ&f RRmdhebisyingdwith

amino acids that directly contact the RNA calg_or amino acid residues that position the amino acid
residues tHBEBAS AreRFBiCEhtheinTantee RINR ealyruskstidadyey & yesidhredpst il Ay332
and Ser33fe4§ aisgsubdolithalansihehinainginackebasaaminessies:the) RAGan akaig@ hereof
The RNA cap binding pocket of PB2 is defined by structure coordinates 10 originating from th

analysis ofﬂﬁe%%%‘ﬂ%ﬂ SRt endE A i to M5 S REIIBRH £BBLP A5 5d ’frﬁﬁ?ﬁ"eqﬁ‘cot'?oﬁ%p?ising
the RNA caplpindiagisie finc:sdR diAcapplifilagion e ths polbindisgide ckehe atsornitshitie sdaine bty
pockets of PB2 polypeptide fragment variants. The .term,"RNA cap binding domain,of PB2" refers to
a0l o R i S R A
three-dimdsibrel saudturecd reneiris otettgednitbl gotindy refératidepulyruciestitiesthatavere (i)
isolatert framdaairyaaiiiel enukanment (AR e by pelumsipsaISiaineartio. il woally of

partially synthesized, and means a single or doublé-stranded polymer of deoxyribonucleotide or 20

ribonuclectribsHals 88 SHEARTIITES DRAVEY RNAGHS Bes s Foplraeerlb dnipsastisstisshandd®. The
term compyisas i e 08 ARG AN PrecaRbIRARRN A ALphnusieelidermanisensishefian

entire gene, or a portion thereof The term "recombinant vector" as used herein includes any vectors
known to (RESkiffet BerSeP 28 AL BIRI Ve I COSIRY VL rEUpIRag ERRIBHS SKieRs
lambda pha{eK 39 astist HE Qe ias adethevikal or baculoviral vectors, or artificial chromosome vectors
such%s bacterial artificial chromosomes (BAC), yeast artificial chromosomes (YAC), or PI artificial
chromosomes (PAC). Said vectors include expression as well as cloning vectors. Expression vectors
comprise Plasseitibeasndibdswirairysetors Senistphaeilyeaon taimadesimdhcadityre® demneivoel and
appropriaie, PN SRONENSRSARPRARIARL e RIERaenOLlRRPaIARY inksd aaflRdiRegeqee ina

particular host organism (e.g., bacteria, yeast, plant, insect, or mammal) or In in vitro expression

systems. CleHpgSURICHEIE SHeCh ctfe AIRMabadristari i charkPasiiimg! Lheerism deesiet DA EgMent
and may lagkfunctignahsaaidensespeeded fasipxpigasion @i the desireddNA KAGREH Saentally

"Recombinant host cell", as used herein, refers_to hgét ce|l that comg{%ses a polynucleotide that

codéd forﬁrﬁﬁﬂ?ﬁeﬁfﬁ@hfgﬁféﬁ%ﬁﬁf‘éﬁ‘g&,q%‘f 4 B0 SEytae WREHAEI SF0Ra PSR of
accordingiégrithe imwboiiguaithisrpadymnosiedticdenmsay)bea faDndndrsidghenbdist Badbdilon the crystal

structure, a representation thereof such as a schematic representation thereof or a diagrammatic

representation thereof, or a data set thereof for a computer. In one aspect, the crystal is usable in
X-ray crystallography techniques. Here, the crystals used can withstand exposure to X-ray beams

25 and are used to produce diffraction pattern data necessary to solve the X-ray crystallographic
structure, A crystal may be characterized as being capable of diffracting X-rays in a pattern
defined by one of the crystal forms depicted in T. L. Blundell and L. N. Johnson, “Protein
Crystallography”, Academic Press, New York (1976).

30  The term “unit cell” refers to a basic parallelepiped shaped block. The entire volume of a crystal

may be constructed by regular assembly of such blocks. Each unit cell comprises a complete

representation of the unit of pattern, the repetition of which builds up the crystal.
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5 freely dispersed as such, (ii) incorporated in a recombinant vector, or (iii) integrated into the host cell
genome or mitochondria] DNA. The recombinant cell can be used for expression of a polynucleotide of
interest or for amplification of the polynucleotide or the recombinant vector of the invention. The term
"recombinant host cell” includes the progeny of the original cell which has been transformed,
transfected..or infected with the,polynucleotide or the recepmbinant vector 10 of the | tion. A
rocombina At STy FBLE B LB SR A SE I Ehy, cat oEf et £ ohece
Saccharongyess desigvigtiae trePishinlprtmrisdicprentheclitiioe itigmctne|isucthers SEdals Kifresits, or a
mammaliag, gl Frelprad ampies:CLmamiDa iR calnaEmbiRese BAMSIst AR (HONGRYS
green African monkey kidney (COS) cells, human embryonic kidney (HEK293) cells, HELA cells, and
the like. 15-egidgdthapERaraRteterm "crystal” or "crystalline” means a structure (such as a
three-gdimensional solid aggregate) in which the plane faces intersect at definite angles and in which
there is a regular structure (such as internal structure) of the constjtyent chemical species. The term
“crystal’ caMfnTie Sy BB U pryEIIRILFTs Ll YommrdiehighnspeHHneamie 25 Bi¥fared
crystal, a ciiysial siidiessicelewrabigdraneticacystah (haksdinthseemn dekysand/ date siaratdefioes
quaternary, structure .elemeng ), ?ZItD and/tor 3D0 ogﬂel based pn tpe cirFystaI tructure, a r%Pretsentation
thereof sugﬁea ARl e psfé'ps%ﬁfgtign thdreotora %Ilaglr%ﬁ\cr%gfic sresBHTATSN TRET 8f*Ot a data
set thereofdomersmmepiatéorinandeaspect;ithe Systaris usableaescraypeighilpgradHieteehigikes.
Here, ghe ?é}{ﬁ@'ié‘ﬁff GAMAINSIRRA SABRRHA QLD RAMR ARANGE Y %ﬁ%@ E%gpé?%%%t@gﬁrac“on
pattern data necessary to solve the X-ray crystallographic structure. A crystal may be characterized as
being cap&pRethhaipsrictifgrietayeah WipaedeygiARad By sreibmstargrs imruaeprerdingtys L.
Blundell apgh{ reéNdelARRROMmELQHRH GRSAHoYRRRM MR 8IS RFRSSiNEN YR 87 Bpir@hpe term

"unit cell" refers to a basic parallelepiped shaped block. The entire volume of a crystal may be
constructeRPEFR Gt ale MY BrstRIITORKS RALMANSERH e IrTintiansof leshifnde ng'%é%eh?ation of
the unit of patterA, sa® seReliliphofwhidbhuiistesup diediyaialskilhia thert spacs ghailpr. refers to the
arrar]d ement of symmetry elements of a crystal. In a space group designation the capital letter
indicates the lattice type and the other symbols represent symmetry operations that can be carried out
on the corffeatew thedsyrmetrizendevittion!t ciangitis ilguppeasandahd dibrtetim Ystamchiréhe
coordinates’ r a ' iti r . A id residues with
b A L L B R R e S e
structure dfeathflsditetoFpidremness (of ghic hrtestimn.cisrdipatasesanmpesudey Ritaar deiings the

occupancigglaifusiyiRl CRYEIRASS Conhg: Ho b RediieshanshstilLth N de RIGArbAideRIcR)
three-dimensional structures. A measure of a unigue set of structural coordinates,is the root mean

squé® deRASKEmH eI rosu s P askhens - of Sha QU SRR Porkr sl airsharshay

structuresikinspacieid ab@dhiaes dinienBRNhal 'S torapdéeabioeing: peckgiydhar deviate from one
another by a root mean square deviation of lessthan 3 A, 2 A, 1.5 A, 1.0 A, or 0.5 A may be viewed by
a person of ordinary skill in the art as very similar. 15 The term "root mean square deviation" means
the squardsovsadf thereimithheetionn e anrsfrtvting uaresrpiithe dedidtions!frdim the meatitdtiiz aandy to

EXpress t'li/ﬁa‘i'ﬁéﬂ@g %ﬂa‘?gs\fé‘ﬂf"ﬂﬁ'i‘eyuﬁé‘? aland %&’éﬁ%éﬁ% RUERP SRS Y %tl’i}}éﬁlﬂ&ilc’iﬁféﬂﬁéﬁﬁ?t mean

square deviation" definés the variation in the backbone of a variant of the PB2 polypeptide fragment or
RNAZap #iddpigracippcreteiertls fiam (faodalinsots b epoonyanfiopal Ausagsipibeied mokiedaherein
as definegpuiie SHCHALGOMHNAIASIOh thR BIEZ -l CORIRIBHACEHINT IRdigyrenbdifRa used

herein, the term "constructing a computer model" includes the quantitative and |
molecular mechanics models, distance geometry, and other structure-based constraint models.

The term "fitting program operation" refers to an operation that utilizes the structure coordinates
30  of a chemical entity, binding pocket, molecule or molecular complex, or portion thereof, 10
associate the chemical entity with the binding pocket, molecule or molecular complex, or portion
thereof. This may be achieved by positioning, rotating or translating the chemical entity in the
binding pocket to match the shape and electrostatic complementarity of the binding pocket.

Covalent interactions, non-covalent interactions such as hydrogen bond, electrostatic,
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gualitative analysis of molecular structure and/or function based on atomic structural information 25
and interaction models. The term "modeling" includes conventional numeric-based molecular dynamic
and energy minimization models, interactive computer graphic models, modified molecular mechanics
models, distance geometry, and other structure-based constraint models The term "fitting program
operation” refers_to an operati Sgiat utilizes the structure coordinates 30 of a chemical entity, Qinding
R 7 R S R B R
binding poeketpuisiec lkaogerebiageladipoipipaiconpbrtiangthdipaf Thisravdipise raghiévedpbynized.
positioning, fotati r trapslating. the. i ity in Q&?in in c h.the and
Cloctrostad e L s
such as hyelrdgenpooket; electrostatic, hydrophobic, van der Waals interactions, and
non-cgmplementary electrostatic interactions such as repulsive charge-charge, dipole-dipole and
charge-dipole interactions may be optimized. Alternatively, one may minimize the deformation energy

of binding HFthEERersiRas IR HE PRAHECD S&fEEt IS ALAgEBH WEIRTIFIES RAMPAEY Bk
refers to agrageipiee AN iSineiRGeMA0knGls MalaguleHiad o mMRIpsIihRbiribeingnested faeits abilty to

bind to the polypeptide fragment of interest, i.e., the PB2 polypeptide fragment. of the inyention or
vatiants thaFoS EoRIRFOL & HRTE ) ISCIRIFRORkSE TELLEonOeR Qe B Ao e

including, blidhgt pestécteltio cpapbdeds tenpeptaig sigeoly pediidag, rateins éstelctdih g aptidiies),
lipids,metals, nycleotides, nucleotide analg u Si ucleic acids, small organic or.inorganic
olel o PR T P e el SSRRARS, PR SR, SIGa el ARt

lipoproteinmaiigsoprotetsidearmynlsisacidalyocdl erasibesopulgsmiiesidenleombimitsnempdwdtyatives
thereof. T*%‘f‘eﬁ%ﬁ‘t‘sf%@@%ﬁ’n%%?”ﬂ&ﬁéﬁ@é?r&fﬂoﬂ}%&%ﬁ?%ﬁ%\é‘g&t@Oix%%(}%k%'iéi‘f%ig bt 899’&91'}&5?3 and

about 2,500 15 Daltons, preferably in the rangé of 200-80 tons. In addition, a test compoun

according t82echr a8t A HEERS nREISERtBFAIRPE AT kations raeda e vaH srs ShewsabbEle iHtTde, but

are not Iirgimmqnsxeléumﬁath%ilakawd@d&h@@&ﬁ@ﬁ@ﬁj&dmgegmlarﬁ@a@ﬁtuadse@ﬁ 6'@&1‘%@5@&%&@608m
compounds or metals, chemiluminescen u and biolyminescent compounds We|| known
2R Siondr st 3

methiods B el TRk i Tges OBh AT B4 ColFHSARR OIS 38988 4 pound
of the invehtipresemyiisotconmpysepdomfilexompriscasdofestbitdnipdsSscichbd exichas bondadniog

natural products, or the products of mixed. combinatorial syntheses. These cap alsq be tested and the
st R R R S e S R e R A
subsequentstepniesircowipburasndnnoaesivecbopsaialstethdrdrivliminiescof spmpetiedsr Natiral

compounglg, GAr 3R, 3y BINGIS ompapnddiiaries e GRIMeLeAlY eaaialiGdrem. Maybridge
Chemical Co. (Trevillet, Cornwall, UK), ChemBridge Corporation (San Diego, CA), or Aldrich

(MilgEuke®mRerng pRIbEANKEHHEB IRY MbiARPIEPHSE sXmpipeBitiehd Fiitlannest suchias @Ak,
DE). AlterpafiyeiveliRi@iasseidaivrat eRprRAMBES Mibe desmbiaasierahdwrea  TRRELandianimal cell

o s S e SKchal ot orepunds ok e el porece e
made usimgixorabinateiataehemistepisliatecrechtonnty eiam dse adeanddi nateeilektdal drgm libraries of
synthetic or natural compounds. For instance, synthetic compound libraries are commercially
25  available from Maybridge Chemical Co. (Trevillet, Cornwall, UK), ChemBridge Corporation
(San Diego, CA), or Aldrich (Milwaukee, WI). A natural compound library is, for example,
available from TimTec LLC (Newark, DE). Alternatively, libraries of natural compounds in the
form of bacterial, fungal, plant and animal cell and tissue extracts can be used. Additionally, test
compounds can be synthetically preduced using combinatorial chemisiry either as individual
30 compounds or as mixtures. A collection of compounds made using combinatorial chemistry is

referred to herein as a combinatorial library.

The term “in a high-throughput setting” refers to high-throughput screening assays and

techniques of various types which are used to screen libraries of test compounds for their ability

27



The term "in a high-throughput setting" refers to high-throughput screening assays and techniques of
various types which are used to screen libraries of test compounds for their ability to bind to the
polypeptide fragment of interest. Typically, the high-throughput assays are performed in a multi-well
format and include cell-free as well as cell-based assays. The term "antibody" refers to both

monoclonal and palyclonal antibadies, i.e., any 5.irnmunaoglobulin protein or portion thereof which is
capable oftPecgélé&r)litz(}/m %ﬁ%&ﬁﬁ%tﬁ rh% eéﬁ% igtf,l?heereﬁtN a{f) Pﬁd%ﬁ% lc%n'égﬁrﬁog é (%Srsgyf’)e%rﬁde
thereof Antigefnsiniritlimg maoitions nfiaiynbeapdodobed &flrEreoasoiredinsRblAbmel@issaps or by enzymatic or
chemical cleavage of intact antibodies. In some embodiments, antigen-binding portions include Fab,
Fab', F(abl)2, Fd, Fv, dAb, and complementarily determining region (CDR) fragments, single-chain
antibodies TheF¥rm1 0 “attiashit arafbisdies dweth dsanesienakeandntisbrrtonaliiasslrdietind bolysEptides

that centaifal I3astoBulR AR 69;%E‘HQR%?@ﬁt&%ﬁﬁﬂ@@aﬂ%@e@ﬂ%éﬂﬁﬁi@%ﬁ@ﬁgg&wmmﬁ? the
polypeptide. The term "pharmaceutically acceptable salt” refers tg a salt of a compound identifiable by

the 15 methoddoRMNE srefirding damai ot R0 mpbarRidt tHerprEsentigstdindine Sartipe may be
pharmaceisali@asepiabisbsalis iDslude:asichaeldisionysatisywhich trayhderexaralagbeformnad by
mixing a solutjon.of compounds, of the present inyention with.a salutjo phar, tically
ot T PSR RN A ST BOIOE RAFSTS BRSO by Seb, CEEn E . acetc
acid, benzdichaaid, @tﬂplaﬁ@tfha?n’gaqﬁamﬁ;_iagmgm m@@@pms,pﬁngk-ahiﬁh Entithainsdsel Where
the cpmpoynd Garma m%'aiasc'gﬁsml%%n&%@@'%%ﬁaqggﬁcﬁgﬂ&@%&%ﬁfgs ExeRls igrealmay nclude
alkali netal salts (e.g., sodium or potassium salts); al aline earth metaf’salts e.g., calcium or
magnesiuneashles pertidns e sato rensbogithtitsb rauBiejanfi i germder (engcifie diaRIMbigdag e
ammoniu @pﬁe mine cations formed using counteranions such as halide, hydroxide, carboxylate,

sulfate, phosphate, nitrate, alkyl 25 sulfonate and aryl sulfonate). Illustrative examples of
pharmaceutically acceptable salts include, but are not limited to, acetate, adipate, alginate, ascorbate,

aspartate, ienzenegiianateuirensoaies j2ieas hanatefhistdiatealbibadrasen it edhronasle, Byulysate,
calciym edetate, camphorate, camphorsulfonate, camsylate, carbgnate, chloride, citrate,§IaVL>Ianate,
cyclobndRERpidHate R TShaly SHHGrSih br G2 AN Ly Ry e, PREEP e e B LiBlSte.

esylate, 3ghathacasiciinatecfoarhiate]tiunmdndteciduckitiatesajis cdlidptomgtiyrgixmopletehegiutandate,
glycerophgsphate, glycolylarsanilate isulfate -hgpt h e, ylre inate
hydrabamil% e,%%‘?‘gbraorﬁ%%,l Ii/d(r?cifcﬁi%r ﬂ%?&o%%ﬁ%&ri@%%néﬂu fol%at%%ﬂgg of a

hydroxynaphhoasaticdidecisottitnagel Riches, hadrotitmimacidusatbriangitisimamicneidiaalsideate,
malonate, andglate, Mesylaie.fetanestiionate.methvisulfate. musateada, "apbihalengaulipnate,

napi%lste, nicotinate, nitrate, N-methylglucamine ammonium salt,_oleate,. oxalate, pamoate

(em atﬁ}oﬁalﬁ‘?%té?’ﬂan‘fb‘ﬂﬁ}é‘ﬁgt%iepe@?ﬁﬁteﬂ'ﬁer%‘f}ﬁﬁ?é‘,ng-;ﬂ"i‘é‘ﬁ?ﬂpr"’dblﬁﬁ’gfé, moiety, suitable

phosphate/rliphasniiaiey pietrita bl alale, prlyosaciyrandide PHIpIRNAIRaS L0yl Jeg steatais, sulfate,

bl s, FIRSI e Spsie (o eele indsnon ol an

(1977)). Thitttemimabéxoigient lighets (Sed demeiniistyieadetdiy andicatemalksdbstaeces insaformed

pharmaceﬁjstggga lcounteranions such as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, alkyl

25  sulfonate and aryl sulfonate). Illustrative examples of pharmaceutically acceptable salts include,
but are not limited to, acetate, adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate,
bicarbonate, bisulfate, bitartrate, borate, bromide, butyrate, calcium edetate, camphorate,
camphorsulfonate, camsylate, carbonate, chloride, citrate, clavulanate, cyclopentanepropionate,
digluconate, dihydrochloride, dodecylsulfate, edetate, edisylate, estolate, esylate,

30 ethanesulfonate, formate, fumarate, gluceptate, glucoheptonate, gluconate, glutamate,
glycerophosphate, glycolylarsanilate, hemisulfate, heptanoate, hexanoate, hexylresorcinate,
hydrabamine, hydrobromide, hydrochloride, hydroiodide, 2-hydroxy-ethanesulfonate,
hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate, lauryl sulfate, malate,

maleate, malonate, mandelate, mesylate, methanesulfonate, methylsulfate, mucate, 2-

28



formulation which are not active ingredients such as, e. g., carriers, binders, lubricants, 10thickeners,
surface active agents, preservatives, emulsifiers, buffers, flavoring agents, or colorants. The term
"pharmaceutically acceptable carrier” includes, for example, magnesium carbonate, magnesium
stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, 15methylcellulose, sodium
carboxymethé/ iulos W melting wax, coco like. The present inventors have

lil;gr?al € f(%l‘la?e naps nicotinat an?#t%ﬁndem% %camx e alt fate
found that TRETE A2 TPHUERZE Vit A-i’fgpena’entﬂ play CRase subunt PEB G fted Fagments,
which are sehligls padosipipidofabihdinlgic &, RhbActamae . presiagpthepenhbiad, pisnslnaplerfae.a
tallizatj j i i t indi tyGl ith bi t
Cry oA B e la 0Nt 20t SiRO gl Suen M desabinan

proteins. |thS ohe aspect e invention'to provi oluble polyp e fragment, wherein said

polypeptideutfagmevhaes (e evigstnftontaneatnf (HaE viles RIGA laeeisd drietRiRgidso  yRvisraseatt bunit
PB2 agd (ij,fapebis PHRIndNG.l0 AANALAR SranalagtbeseofphiieRNAdarandent Aia.pglymerase

subunit PB2 from which the soluble fragments of the invention are derived are preferably derived from
an Ianuen?éﬁPBb@&%Wus. The minimal length of the soluble fragment of the present invention is
determined by its ability to bind RNA cap or an analog thereof. Accordingly, it is preferred that the PB2

polypeptidg, fragment of the invention comprises at least or consists, of amino acid residues 323 to 404
br 320 10 455 LGRS TP AHLASETL S SIS 0 55 1) SUESTAF P55 HBRFERCAL Rl gment
variant; at feasilati@onsidth oiraninD agtice esighad®B82 0 06,08.320 teadeds, binders, lubricants,

10  thickeners, surface active agents, preservatives, emulsifiers, buffers, flavoring agents, or

colorants.

The term “pharmaceutically acceptable carrier” includes, for example, magnesium carbonate,
magnesium stearate, falc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth,

15  methylcellulose, sodium carboxymethylcellulose, a low melting wax, cocoa butter, and the like.

The present inventors have found that there are Influenza virus RNA-dependent RNA
polymerase subunit PB2 derived fragments, which are soluble and capable of binding to a RNA
cap or analog thereof and, thus, suitable for a crystallization to obtain structural information but
20  also to carry out binding studies with recombinant proteins, It is one aspect of the invention to
provide a soluble polypeptide fragment, wherein said polypeptide fragment is (i) derived from
the Influenza virus RNA-dependent RNA polymerase subunit PB2 and (ii) capable of binding to
a RNA cap or analog thereof. The RNA-dependent RNA polymerase subunit PB2 from which
the soluble fragments of the invention are derived are preferably derived from an Influenza A, B
25  or C virus. The minimal length of the soluble fragment of the present invention is determined by
its ability to bind RNA cap or an analog thereof. Accordingly, it is preferred that the PB2
polypeptide fragment of the invention comprises at least or consists of amino acid residues 323
to 404 or 320 to 483 of SEQ ID NO 1 or amino acids corresponding thereto, e.g. in PB2
polypeptide fragment variant; at least or consists of amino acid residues 325 to 406 or 320 to 484
30 of SEQID NO 2 or amino acids corresponding thereto, e.g. in PB2 polypeptide fragment variant;
or at least or consists of amino acid residues 335 to 416 or 330 to 501 of SEQ ID NO 3 or amino
acids corresponding thereto, e.g. in PB2 polypeptide fragment variant. On the other hand it has
been observed that the solubility of the fragments decreases if their length extends beyond

certain C- and/or N-terminal boundaries. For Influenza A type derived soluble fragments these
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30 of SEQ ID NO 2 or amino acids corresponding thereto, e.g. in PB2 polypeptide fragment variant; or
at least or consists of amino acid residues 335 to 416 or 330 to 501 of SEQ ID NO 3 or amino acids
corresponding thereto, e.g. in PB2 polypeptide fragment variant. On the other hand it has been
observed that the solubility of the fragments decreases if their length extends beyond certain C- and/or

N-terminal boundaries. Far, Influenza A ived solyble fragments.these boundarie with
reference B TS ROTHLTERTAER, ot el R A A S D M BRSO ST T eI 2 220 o
corresponamgtimretcdreareapamtiag dhfoe théQ-temmin usd ionthadld Shiros amaminodtild or an

Co”eSpO”%ﬂ%&h%%t%&éé%@’gfﬁgé-tﬁé’Je!pleEﬁr;%%?ﬂgY%r%ﬁ%%Qzﬁ% Jagel S e sRauadaries

are with reference to 2 prefera e N-terminus amino acid 222 or an antino acid

correspondhssethevaderiasatearithtrafricrneteSEQelNGs Antirferabiyl B1 therMreamimy asito acid
corresponading herelp inha Ve oondpliasa P efervashsoiuble fagments these Loyadaries

are with reference to SEQ ID NO: 3 preferably for the N-terminus amino acid 227 or an amino acid

corresponddRtiEnie #Fd TIPS BREF - 48rii KRRy dBHusDE of aWRE AT vadigoluble

correspongingniharelieds Bovataiés hrevemneiotablelbiS RS DONEXS IdsRiarhigdpaheRplaRinus

fragments, which are dissolvable at a.concentration of at least 0.1 mg/ml, solvent, more preferably at
ERb R TR T

least 0.5 MG, &7 RFEP-BR) 4t EHSFATHTH9 &Pt A8 SERTSPANa Hie
solvents areiblsil8rosysiammeaniprisimesgoighigliatreancentrations Thaging franufldFlitMine SoMext

preferably 0.05 M to 2 M, morg prefe 0, tQ. ef I t , more
prefg‘rgblyrre) 7 'f% %?ﬁgegéggoﬁtaf) Iﬁaﬂglg’g‘l’x’felg ﬁc%g%%%a%fg#c% (ggsr%%h%gﬁ&rne %(Iaa?g#? grl ?@EB?HCl
(Tris(2-carisbysimydrphisspriabie #yldreidShies/od) raers praferahivaaideast 1L maiinb Roreivefanahipatferred

embodiment,5aid BPIYRELUSIE IR HANELRPHUNSHL? aLEXIeRbLIRPR: R NGl GHRIRIEAIRMhS
Preferably has a purity of at least 95%, 96%, 98%, 99%, 99.1%, 99.2%, 99.3%, 20 99.4%, 99.5%,

99.6%, 99r70gingdTaus 0dd 3440 B VP reraiistdiAS AN M sesr iz abhnAd i ii¥aatintiddhg sDs
pO'Y%CMaﬁBfidﬁ %@f&lﬁﬁgggﬁmrwﬁg%g;ﬁwma‘&myw_stww %gdﬁ?;ﬁ@m)dstﬁgah@ﬁ;ghg&ﬁ nm. In
another preferred embodiment -terminys .of. said polypeptide fragment js ideptical to or
corréd onﬂ??oaémmgﬁf’dt o@ﬁ%ﬁ Qég)@g%gﬁlf’z‘ﬁbﬁg’%%@i@‘%&%ﬁ%@&“ %) 65,
270, 275, 2802853280029 mMQA6 28GbMV310, 315, 320, or 323, and the C-terminus is identical to or

corresponds to amino acid position 510 or lower, e.g. 505, 500, 495, 490, 489, 488, 487, 486, 485, 484

or 483, of the amino acid sequence of PB2 according to SEQ ID NO: 1, more preferably the
N-terminuincf pwifgred embodiment, said polypeptide fragment is purified to an extent to be suitable for

crystallization. Preferably has a purity of at least 95%, 96%, 98%, 99%, 99.1%, 99.2%, 99.3%,
20 . 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%. Purity of a protein can be assessed by standard

methods including SDS polyacrylamide gel electrophoresis and staining by silver staining or

HPLC and detection at 280 nm.

In another preferred embodiment, the

25 (i) N-terminus of said polypeptide fragment is identical to or corresponds to amino acid
position 220 or higher, e.g. 225, 230, 235, 240, 245, 250, 255, 260, 265, 270, 275, 280, 285, 290,
295, 300, 305, 310, 315, 320, or 323, and the C-terminus is identical to or corresponds to amino
acid position 510 or lower, e.g. 505, 500, 495, 490, 489, 488, 487, 486, 485, 484 or 483, of the
amino acid sequence of PB2 according to SEQ ID NO: 1, more preferably the N-terminus of said

30  polypeptide fragement is identical to or corresponds to amino acid position 220 and the C-
terminus is identical to or corresponds to amine acid position 510, 505, 500, 495, 490, 489, 488,
487, 486, 485, 484 or 483; more preferably the N-terminus of said polypeptide fragement is
identical to or corresponds to amino acid position 225 or higher and the C-terminus is identical

to or corresponds to amino acid position 510 or lower, in particular 505, 500, 495, 490, 489, 488,

30



30 polypeptide fragement is identical to or corresponds to amino acid position 220 and the C-terminus
is identical to or corresponds to amino acid position 510, 505, 500, 495, 490, 489, 488, 487, 486, 485,
484 or 483; more preferably the N-terminus of said polypeptide fragement is identical to or
corresponds to amino acid position 225 or higher and the C-terminus is identical to or corresponds to
amino acid pasii of lower, in particular.505, 500, 495, 490, 489, 488, 487,.486, 485, 484 or
333, more e g1 e R P e P e O TR PER- HESHENGS v
amino acidigositian® 30 eriripoed awditheCatedrpivsutors 236 ntidaktenaebthe Pponusnosamidentcad
position 510 gf lower, i AA 290 495,190, 48944 465, 434855 mare
preferably the N-ternﬁnus OEF gg@%%%/ﬁpg%t%g fragemeont§|3’ g’l%%ﬁ%g%?%% gf gﬁé@%bﬁ% fﬁog%rrﬁgé acid

position 23%8dr hfghdBandibtherctedimmiates pselgeaatir dheoNhtarsriesp oh dsidonmippadidisasitent 510 or
lower,8n pagigiar R0 QMLsASIABAARR. ARBpéSof 895 48 PidRe HAER FIRMAIRI ARM IR

N-terminus of said polypeptide fragement is identical to or corresponds to amino acid %)sition 240 or

higher and®r¥ €2 RARAS 1 FEdRRiacBSHIRY REIaY e dnimgca Hositioh 416 6Pfordt, #85;
particular 535, 488, 495, 42004393 A8rd Préferaki$6hd 80148k 43350801 Ppefeiablyahenbiigsminus

of said polypeptide fragement is identical to or correspo to amino agid paosition 245 or, higher and
tho C-tenmT T B AT B LS L EPURLES ARPUTACHD SOt SPSCETHES A CHaR e,
500, 495, 4901 489cspBBJARLiB6 ad B al3donr548 3y noke, prefarahliailie N\ 4einingis100,5684, 488,
polypeptide fra is jglentical 1o orr. S ino .acid position 250 or. higher and.the
C-telﬁr%?nusg |8fs}5’|dqe§r$gica 15 %;? ?),Irl fgﬁ’ersgé(r)%néég%g gﬁ m%ggacf ér?lgg?tl}%)snoz% léprqg%\t%%e, tl%%?? Glar ‘5655 500,

495, 490, 4848048 TCABEPABE, A INiI0483d pryiEiqar @firab by gher Mo thei{irtcohiuiel ip diigpEpalde
fragement s ideptical RN S ARERPRAISJQ AN I RESITIPPARR AL Bighenanb thede-taisninys is

identical to or corresponds to amino acid position 510 or lower, in particular 565, 500, 495, 490, 489,
488, 487, 486, 485 484 %488 At e RIFABRPH - Rvis iRy of el H BRAyepRiiNs fiERgs et 20
identical tqnEE4TeS RRAEESpERAND AnkhD GRIMOFHSHRPE JUGharigng the SdarminHmis ideatigaldo or
corresponds to amino acid position 510 or, lower, in particular 505, 500, 495, 490, 489, 488, 437, 486,
405 b4 O SE50TOR OSBRI LT SRR o BRRTHEA e A bR
correspondgnoddmidd hclddposiditl) e pluifgnahipnhktheteadnminissd denyisgitideofrageespands to
amino acid position 510 or lower, in particular 505,.500,495, 490, 489..438 487, 486, A85, 484 or
3353, more Y BRSAL  reSioeRES s PPN e s o2 e e S A el it
ami!n_o aci@pﬁﬁﬁﬁmﬁwwcmghe@ a¢id paei @acThfinudisen an et clar o5 reeh otids 480aAiRot&8id
position 530-orguversin ey tizukas 505,500 AR AN, 482-ABRAH s AT HRpARS RL 4B

preferably the N-terminus of said polypeptide fragement is identical to or corresponds to0 amino acid

posifiin 214 BMHGREM AT ErROEdt IR 8GHPRRLEPBE D o RishasHhis foriehminyadiddsadtmdn 510
or lower, it RREIHIGFHAS (SRRiHORi dHPOsi488 54881 4RWard B0 A4536.1484081 68498 4prekeatyy, the
N-terminus _of said palypeptide fragement is identical tq or cotresponds to amino gcid position 280 or
pigher and e e i leTUAR OEIES PR TS TS S HoRMORFET ISR
particular fiehti&0 0y 40 5pA0Ehohd9 1ol 8B iMBcid B sk, 28400 hifli3y molr¢hpréfemahibyuthie Nesioainus of
said polypeptide fragement is. identigal to,or c i j ition, 280,er highgy.and the
im0 S e o,

4952890, 4359 4868 438748861 4853; a8ucopHE3abhnrdpréferatipshel et ipeiynspolisithgrongpe pide
fragemeni s /Aentcalief-co5FRSROAHRH0 ARG ROSTUPRigRa AhNGRST AR & G iarmiBys is

identical 5 to or corresponds to amino acid position 510 or lower, in particular 505, 500, 495, 490, 489,
488, 487,'296 CABSSRABASIP ABUNAASHE PREFIRBIPIABINVE iRiRERIBH R Pot)Bepirid T dEhafdis
identical tgggr aeespRn s torarpiGracd RORitnN290 N-highataod i Gdleprits Bigentigalsto or
corresponbgés to %mino acidgosi jon 510Q or IO\ﬁerbin.Earé' lar,505, 50Q, 49& 490, 489, 488, 487, 486,
485, 484 BIFFES! {778 BYEFSPABH (RS RUGARAR BF &R %é?%’é%l?&@? BSeITFRInED RIS o o
corrgdpondstearmnipordsith positioarZ23msitibighidr aridwae @ -pertivinas 18308003 0460,cthvedptinds to
amino acig,pogi] 095! i ti , 1495490 488, 487 485, 484 or 4883;
more pref%ri’b?f ﬁ%?\%téﬁ%l%\lg §(%, gﬁ?ﬁ%@%ﬁ%ﬁ‘ﬁ?gﬁ%ﬁ?ﬁfé i%é?\%ga‘%%yg?%{)déggg er?gqsn;[? Samino
acid positiéenBem tr ¢rigaEe smeadh & @rermpsid pesHeRitHl 5 bisberraxshBisds-terammitolatdaniesition 510
or lower, {§ PREiRUlAbREIRnd RiddRitRS HBS L4k ﬁz@ﬁmﬂ%ﬁéﬁ%@&_ﬁ@@; moragyefegably the

N-terminus of said polypeptide fragement is identical to or corresponds to amino acid position 305 or
higher arPe BN STERPTD BIEOAEEBAC 16 SO Tt DESRBRRSED GRESHER 17
particular 505, 500, 495, 490, 489, 488, 487, 486, 485, 484 or 483; ; more preferably the N-terminus of
said polypeptide fragement is identical to or corresggnds to amino acid position 310 or higher and the
C-terminus is identical 20 to or corresponds to amino acid position 510 or lower, in particular 505,
500, 495, 490, 489, 488, 487, 486, 485, 484 or 483; ; more preferably the N-terminus of said
polypeptide fragennent is identical to or corresponds to amino acid position 315 or higher and the

C-terminus is identical to or corresponds to amino acid position 510 or lower, in particular 505, 500,
A0 A0N AQO0 A929 AQ7 AQAR ALK A2A nr A2 - mnre nreferahlv the N-terminiic of eaid nolvvnentide



(i)N-terminus of said polypeptide fragment is identical to or orresponds to amino acid position 222 or
higher, e.g. 225, 230, 235, 240, 245, 250, 255, 260, 265, 270, 275, 280, 285, 290, 295, 300, 305, 310,
315, 320, 325, and the C-terminus is identical to or corresponds to amino acid position 511 or lower,
e.g. 510, 505, 500, 499, 498, 497, 496, 495, 494, 493, 492, 491, 490, 489, 488, 487, 486, 485, or 484,
of the aming.agid seayense. f&iﬁ%@%@”&i&" %dﬁ&ﬁ%%oér%ﬁm%¥ea£&%%r§@{¥rmﬁd%@55%51%#1%1“ said
polypeptide Fragement is ideritical to or correspo% S to amino ac%lposmon 222 or higher and the
C-terminuddicantesabrd oiodanipe gordpsion atfires leigrpsshcsier 2308 493 490048098800,

499, 498, 437, 486, 489, A oA983 AR0né YledriBy ABNABBARY FRGi A B BEARL MERHRIRIaDlY

the N-terminus of said polypeptide fragement is identical to or corresponds to amino acid_position 225

or higher dfgPiir@ICoemRMTRsRendR iRicTIRS FiEPRSLINERO 18T BigRsIHE dchE SolsTBYSLIS dfarkiset, e.g.
510, 595, 290r 48%:H3Bd MR /a6, 4 Rbpdk Mo IR 4ORWAD LinARR A8 S4BT 5487495305435 NS4,
more preferably the N-terminus of said pol tide fragement.is ideptical to or cotresponds to amino
ety (et ol e e R e R R R
position 5identitaivier ot @riedforldSp H0Mind 398G YAV 299 61 295hed 94 483 CA4RPNANE, id nd8sl, 488,
487, 486, 485, or 484; more preferably the N-terminus of said pol ide fragermentds identical to or
corresponttjos%czgl’rrrrmtl"r“%]:c))b5;11cfsolI %%&%?gna? PoF l?grjlr%ellrgé)ﬁ ‘the' ntgr%%%%%ﬁgﬂl ’engﬁl%a t%’ é?@o%?géé%c?ﬁds to
to amino ad%d,pbihtidis B MBbaoRET; meresne{EasyShe, MIeriogs mﬁ,a@eplnggpm,fmgamgziﬁwl,
490, {p 483, 4881 48 4r 468 $BRa 01 BN ALSIELIRIGD G NisiHpinisRE said-RRlREPlgs dagement

is identical to or corresponds’to amino acid position 240 or higher and the C-terminus is identical to or
corresponHsMCRTSFRMI SO APEYIFSH PLERPIGAR LYYt BRIECY a0 A S008I %P 048%). 488, 404,

493, 492, 481, 486), 489448814873 ;486rA BRISESHhe Brecpratarably e Poiarepinus Phsaidnt is
polypeptide fragement is identical to or corresponds.to amino }Cﬁlg position 245 or_hi'%h,er_%%gn the
C-torminuS RTHENLAF 6B BRSSO AT 15 WA D OGRS PE 6 el RS 1o d59icaloo,
499, 498, 4Pk, dRfEsgOTIs404mia3 AdidhodAibrdD0), k3048 8n 431t chBG, AB5 500,484, #90e §iiet8Bably the
N-tegpinu said polypepiide fragement is identical to,or corresponds. to aming.acid-position 250 or
HighaPanc e e M Er o el B Or g L A gl
510, 505, B0Oti#IIp 498019770196 14 851iAQAcKIR SO U v bihes gaha 8B IABTURSE id@Bical 484,

more preferably he Nsi MK SACLBONRCRIS fiBdemeEntdsidantics! (9o $6419980R5 lg@mino

acid position 255 or higher and the C-terminus is identical to or corresponds to to amino acid position
511 or low&7.6*§654%P. 588, otd Ugomauspretrahlysthe - torminys of 598 PAIPIRSTe ABReemest in7,
486, 485, fgeﬁl@é&} W@O&ﬁd&g&@;ﬁ@% EB%Mhi@fﬁﬁiﬂ%ﬁfiﬁﬁiﬂlpﬁngﬂ%@ﬂﬁmhﬁﬂfﬁeriiiwe!ri@calr .
corresponds to amino acid posjtion 260 or hi 30,and the C-terminus is._ ical to or corresponds
o it A6 PESIRONPS1 FOPIOAH Y0810 008 St o H6RRAS ot 165, Hom 559 her
491, 490, 4880, 4883488 7481861 485, prmb3d pmfinahjyefier ablietingnis tef niiupadf saidde divipeptide s
fragement is identjcal to or corr nds to amino acid it r ki é c-termy IS
identical tbdg?%:é?r{é)s%ﬁ%etsg ?S%E%%n%%%g |%10sIIDt"?cE)éj}r?1 %nl%qog r Jfg\?lviég gé%n%%%e%gégéggs%gg{@%gpw?
496, 495, 1494 c498spr9Ps 49 amA90cid §O5i4ig8 A8 1T ASEe4 §5ptiadlar ASiS Met@falRiHE N 4B minus
of said polypenyge JE30ament iidentical Eﬂ&%&%fﬁéﬁ%gwﬁm_ief)ﬁﬁ%@g?@&m@@g&&ghﬁf and
r

the C-terminus is identical to or corresponds to to amino acid position 511 of lower, e.g. 510, 505, 500,
4992898, 4onticaby 2050UePORISIUYBInNOACid IS KISy, e BhorarI s (i ABUR A StddsRéA ably the
N-terminug af BosRishHily R RETETRRAEFIEHTLIS JUe It e, 9f PRRIEERPHUS, IS0BNIYE) 200 43951iES) 275 or
higher and the C-terminus is identical to or corresponds to to amino acid position.511 or lower, e.g.
570, 505, S0 To0 g1 HaposoB R IR0 AT e SR NG I BB o
more prefigainkathe di-termipusdsfisaichipolyprbpicktivadéhentighcdentit #id¢Carenoinespoiitsticahmino
acid positjon 280 or hil%etr and_ the -tern}inug' ideing%gl- Qreairespandsfo,in m 0, id
positon SorbF e R ot e TR R SR e AR B0 B S I 36, aes.
4873086,48354%7,484; #érer glSferably the N-terminus of said polypeptide fragement is identical to or
correspongs 1o AN At W%ﬁ@'}a@@ﬁe%ﬁ&gﬂ%%ﬁ@&tﬂeiﬁéﬁ%@ﬁiﬂH%F deetical QP eRAEESBRNdS to
to amino acid position 511 or lower, e.g. 510, 505, 500, 499, 498, 497, 496, 495, 494, 493, 492, 491,
490, 489 MASBOASR2ABAIHES, RS, Prefdif e R termifilis5P> 23S pofibeptiae
fragementgs ideotigas G py, CorseSpONSIssicaadnine @aiapinglien; 280 e higbetaisbbade ttermings is

156, 405 LRI HED, 0 oo HeS| A8 ma A 10w e S Ly ek s o

said polypeptide fragement is identical to or corresponds to amino acid position 295 or higher and the
C-terminus is identical to or corresponds to to amingp



20 acid position 511 or lower, e.g. 510, 505, 500, 499, 498, 497, 496, 495, 494, 493, 492, 491, 490,
489, 488, 487, 486, 485, or 484; more preferably the N-terminus of said polypeptide fragement is
identical to or corresponds to amino acid position 300 or higher and the C-terminus is identical to or
corresponds to to amino acid position 511 or lower, e.g. 510, 505, 500, 499, 498, 497, 496, 495, 494,
493, 492, 491, , 8,487 : or 484: more prefer e N-t rminubsExae |
polypeptide ragﬁg%é‘n ’ig ? éﬁ |c’a?1‘t§%lE gﬁ%saﬁ%lﬁlgsa 0 asfﬁﬁ%ng%f) posgll?gcnoggggotro high Ir%n t%é
C-terminustieriglgrefcaibly drecbrtespiondofcasi wiyrepitdd fogitioens 15 ideritead toeny c8EB085 KOO,
499, 498, ‘h%?iné%@id‘é?éﬁﬁ%%zﬁ‘?& et ok é%%&%&ﬁﬁ?aé%%ﬁ@%%%? DG EnMAE BIGIRERPlY the

N-terminus of said polypeptide fragement Is identical to or corresponds to amino acid position 310 or

higher andagié rosiéaninli 95 loeeticat 16 18k 88%r¥foABS B AMiP638%c P potoA%1 #Ur Bller, e.g.
510, 585, 339, 4819.44984£K) 48496 AP M pfS3rbR2HEN4ANIndSEs 4RBpaffe iRl A8RNA R4

more preferably the N-terminus of said polypeptide fragement is identical to or corresponds tQ amino

acid positidfFa4%blonRg FRTETRIMS © 2RI LIS BINTCAT 10 NiEre 2pd st TBUmYME Adsatisakition
511 or lowgy o8 @Rt o 30N adiaGhoARiBnA0a, dtbwehk.493,04985,49, 499, 489 49884937,

486, 485, 84 f ly £ -tegmi f i I tide f tis identical t
correspond2to S S T AR 0 ot RS PSR U of IOAMB g to
to amino agidl podytept bt freptowet ie gehticr] 505 500 c48Md4 98, 9o 408 d&id®23098, MERr491,
490, (89, BBt S80niI8R iﬁég‘%ﬁcﬁi&f e &@&a&?&%&%ﬁz}%@ﬁi Hatﬁgnséiq Bel¥Repiide Fagement

is identical to or corresponds to 5 amino acid position 325 or higher and the C-terminus’is Tdentical to

or correspdftisS it At abRY ptahi I 5 10 br 18t P2 395189608 B 36349874489, 487, 2063405,
494, 493, 402. 49 AR ARINABEBNARL ABGid By BEARE: (AL LN -1erMiRMS PfS8i-RRbBERIYR

fragment is identical to or corresponds to amino acid 10 position 227 or higher, e.g. 230, 235, 240,
245, 250, 98N Pesition?357es igherans b -SIminysJGENUCHH 1033ECHRIPIBE B39 HPE’S5, and
the C-termigidpisitantcaldoloneQgspondsor) seonPacidastions28erdowenx.g0h28152600,519,
518, 517, 516, 515, 514, 513, 512, 511, 510, 509, 508, 507, 506, 505, 504, 503, 502, or 501, af the
amin aciggéc‘]% nég}o?%38§g§c85f‘?.%%%&f@%ﬁ%db@%a%%?@!ﬁ?&@ra% yﬂ%éﬁﬁi’%é%r?rﬁ‘r?&%%?’géfd
polypeptidednaganment iotbsiclentidal dmino coidespotics 2étaonihiplxidpobitiGht@27 oshiglientrad the
C-terminus._is. i ical t rrespo ' i Siti I r 2 19,
16,517, Bt gy SRR e S AR R W S S R e e
preferably4fie #4effint@2of 8hid PP tide 48dgdhtens Is tadificaloms preéuaikiypbadstesnaininefacid
position 230 pphigher;a0 ¢ i el BTNIALR; 146 ICAI OB S IS SRARMSIII AL AL Pasitien 528
or 20 lower, e.g.525, 520, 519, 518, 517, 516, 515, 514, 513, 512, 511, 510, 509, 508, 507, 506, 505,
504 2803, st CSISTmiRBS ASASRUCA) P (e RITESRRANG LO0P SRPBGSP BTt Habe AT RS iBr@ntibd to or
COrresponsiss o amiunen AaiIR POsitiaes, 3 oy 49ghesnbthea O ;tanmings,ig $denstal is, ot reessands to

to amino acid position 528 or lower, e.g. 525, 520, 519, 518, 517, 516, 515, 514, 513, 512 511 510,
500, 505, B BETE0R BoA B at00 A Do o eyt SR AT SRR oeptde
frage.menmimwdaidﬁtmwﬁesmgﬁgt@drﬂm_@ammsiik)ideznﬁabﬁm igherespbtils ©-termnings is
identical t%ocg&gsﬁ‘i?oﬁpg’i‘fj3rt?o%9e?@,§%‘f‘@"%(P@%HB”453?49@,'%W?M@ﬁ%é@,%’i?%?,%z?351,5 516,
515, 514, 5137512, 511, 510, 509, 508, 507, 506, 505, 504, 503, 502, or 501 mote preferably the
N-te?finudB8f $&8d453 /o tide. frad&mmemresodemabhy teedY-tesrriaysoricaitbranineptidadrpersnim 1945 or

higher anglithe &ri@rBrigbRdspidRnRtical it a3 peHASRRIBIHILHRMIRG Reid Resitian 22Ristiewer, e.g.
525, 520, 519, 518, 517, 516, 515, 514, 513, 512, 511, 510, 509, 508, 507, 506, 505, 504, 503, 502, or

501; mordLPErFEBRCRS N’-f@ﬁﬁ}Hl?saﬁiﬂs,B‘?diB%WSlelpﬂﬂE’WﬁrgSrﬁeﬁ(%ssiﬁ%rﬁ?@aﬁ%go?%%r‘?gzpﬁ%s to
amino acighposiiond25a9y; highep@nidohes8 - uBMUBES 48 identgs) itoay mefeesppasNodmamineracid

position 528 or lower,.e.q. 525, 520, 519, 518, 517, 516, 515, 514, 513, 512, 511, 510, 509, 508, 507,
B0, 505 A oREPLT T e A R o SETRRREns B sid oslion 26 gp emer’
ideriizal tmdtlootiesponds toidemivel acick positiper 250w kigher and pbetGaté irhmusvsideptithd.to or
Co”espo'l‘g% 1340 ABMNRACIP0SELN1928 £140N¥8T, £/8). 274960489 % 5113651420 Ly D 1p k4 513,
512, 511,510, 509, 508, 507, 506, 505, 504, 503,502, or 501; more preféerably the N-5 terminus of
said polypeqradudieigbindin N-fgentive @b Wit opappplittsitassmand adiepistisn 2 eosesigiisrtand the
C-terminygnisdoRmndi pRL ISR Y G MEREIS:IR e miRenasich RORIERRCRIZS Of [AWEEp&hEs 82R Pdfhoo19,
518, 517, 516, 515, 514, 513, 512, 511, 510, 509, 508, 507, 506, 505, 504, 503, 502, or 501; more

preferabHePREH I A LHIVATE ﬁtﬁyf)gopé&é ’f?ggeﬁ?gnﬁ 18 dRAA2+4 %0y égf}re@ﬁ’oﬁa%’ &4nit acid
position 265 or higher and the C-terminus is identical to or 10 corresponds to to amino acid position
528 or lower, e.g. 525, 520, 519, 518, 517, 516, 5153514, 513, 512, 511, 510, 509, 508, 507, 506,
505, 504, 503, 502, or 501; more preferably the N-terminus of said polypeptide fragement is identical
to or corresponds to amino acid position 270 or higher and the C-terminus is identical to or
corresponds to to amino acid position 528 or lower, e.g. 525, 520, 519, 518, 517, 516, 515, 514, 513,
512, 511, 510, 509, 508, 507, 506, 505,



15 504, 503, 502, or 501; more preferably the N-terminus of said polypeptide fragement is identical to
or corresponds to amino acid position 275 or higher and the C-terminus is identical to or corresponds
to to amino acid position 528 or lower, e.g. 525, 520, 519, 518, 517, 516, 515, 514, 513, 512, 511,
510, 509, 508, 507, 506, 505, 504, 503, 502, or 501; more preferably the N-terminus of said

polypeptide Jxa igddengical to.0r correspan iN0_agj ition 280 20 orhigher and the
RS Nt L S R e L L L N
518, 517, Sd@twabtosacanespands H1anBGRcBDPoRES: BHY oshéeimsnzndchc Shgrmomsds Sientigabre

preferably the NAALEeinns & afidRAVREPHESRIAM SN identical to sscargspRNdsgoamingacid

position 285 or&t%?her and the C-terminus is identical to or corresponds to to amino acid position 528

or lower, e%§554%. 458, 4% 481490, 7881 885 1875486, U5 orgt & saye prefersbbngedbierapmsefs, 505,
504, 593, 503, RIRREHROR RskareRIYde M e B ahsait Be peRsideid 3aamant 7S isentisat to or
corresponds tg amino acid posijtion 290 or higher and the C-termi%ti; is jdengiil to or corres?lo(pds to
to amino atid B’Sgifﬁ%%sdf 15GRiieal 19 B SETIRSRONAS & o nIpAG] posiyen g j oElower, 68310, 5
509, 508, 307, 5WBK 450545044 S0 0 296) S 49RreRarefBrakigohesbl-43sniutrs a8&add halyEdptide
fragement is identical, 30 {0 orresponds to aming acid.position, 295 .0r higher and the C-terminus is
onticald B BB T A S aO N s R O T e B
515, 514, ah#)badd 5ositvne 80, Bekes0i, 506 -608B64s 5081562 topsatTHIEEprefarahiinthe

N-teiginug of 3aidpal¥PeRIdG fraaemens isdgestisalgs, a5§0skesnaRdsds agAingacid pagiiongoo or

higher and the" C-terminus is idenfica%nto or corresponds to to amino acid position 528 or lower, e.g.
525, 520, 5&%,@fs‘}%”&7“,%&6?%1’5,@14%1%?‘5@2?@1I?%&Ide%m%ﬁ,sﬁlﬁ;?&?%ﬂ@%ésﬁ@@ﬂ%@a?502, or
501; morejpgierpilyoiheNetetnius ahsaidnalypantsde freemerd:isddenticatdafneor esannrds to
amino acid position 305 or higher and tge C-,tern%';l%s iz identicalé%o orﬁgrrgsgg&%s‘;t to amingo acid
position 53V RFEPOBY. 1838 28U 846 ROTROB 7 | Pf0WTE Cef 4 18:50; 54 B4 5% Eo8 %08,

507, 5086, m,@@ﬁm&%o@nr@omﬁmmmr&ﬁmﬁ bt inuee gl sfzidihp p epiideiragefent is
identligal to or corres 9 dgto aminoS id ok i%i(g)grzczozmosr hi%ge and.the C- erminéJs' d’de tiic Ieto or
corresponsd'ﬁs1 SEHING ad ef)ndeéll iér%% o lower, e.g. ) ﬁﬁf&%i pg%%%g 5°fg], %%i, 513,
512, 511, &1hEEb|E081E07 ,i@ﬁi,cabs,csmrm,ns@m t@r@@il}pm@dgnpséfe_paﬂdw ohéoNererngirld.of said
polypeptidgfragamesy igddentical 6 ter srrasrongs oamiog agid PRgitias; 315.0ubigherand the

C-terminus IS ideritical to of corfesponds to to’amino acid position 528 or lower, e.g. 525, 520, 519,
518, 517,998, prebershly, the 3V darminys of s0d o pspBds frrgsmenbbs dsieas 68 05 G2ITEYESN4S fore

prefirabg/%;gﬁ&h%rﬁ&ufg%fmé@fm@wm&dggéag%ﬁﬁ_ ﬁh@i@%ﬁﬁ@ht@&éﬁﬁl{ﬁ%ﬁﬂm &5&@5&;&9)&238
posIton ) Or nigher an e C-termin IS IC 0 Or caorrespo (0] amino | osItion

or 15 owé'ﬁl%.lﬁ’.sgﬁl, %@0?‘5%9‘,’%’1%?5&%‘?’ éﬁ?%,eﬁ’fs?é%ﬂ?o?léggig?‘g%%%sig‘}’%& %%,(35%7%@6, 505,
504, 503, 432488,33Y, nﬂ%[awgfseMglg;ﬂoa}?ﬁﬁmﬁhz&a%?ﬂﬂa@ﬁ@@ﬁ%eﬁﬁdlﬁisg'dﬁeﬁin‘al éo or
corresponds to amino acl osition . O NI [ andt -ferminus | eptical to gr.conre s to
o armmne B o o L B S o B e CL By R S o
509, 508,607 c6065508s 504 5OGHI ppgian Adrergeaterabiy HE.NO20MEMANS BT, 4aid HBypeptide

fragement i idgntigs tadr £{Te3RORES IRAMIN0 AYLROSHIRAIARL PigheNANINe CrRrmiYS is
identical to or corresponds to to amino acid position 528 or lower, e.g. 525, 520, 519, 518, 517, 516,

5152814 ssiapeypemside Gagemeyy isdgentior! o, eurssBeRstysanie eideesigemife prevehshly the
E_'tﬁrmi”?&ﬁflﬁé@t@ﬂi}iﬁﬁﬁﬁ%éﬁﬂ%?ﬂﬁ@d@%@ Iﬁ&@hﬁ%fﬁ&ﬁ@_@@&ﬁ@_fﬁﬂmr_a@%ldaﬂée.sg't.i?m?% or
igher an the C-terminus IS Identic toorc espon to to amino | osSIto or 1o _er, e.g.
525, 520,5@i9,5%%8‘,‘%917‘,%18‘?%’1%?%&1“2?%5fgf%‘f%’f%% gf& %%%,%%’t%,@g?f‘ 66‘,{%5%0% 88% 502 or
501. In annthe pefhodimenisaichpolypephte fohgreantechagistepsienltatiyatan sistwoegamnésponds to
an amino acid sequence selected from the .aroun of amino aci nces according to SEQ ID 30
Mo 1 1o TEER A BASE e SR RAM IR € RIS B AR St
theRDf anddpedtiabid lardeeferred chbotimeRts 4195id PdIVEEptite Ay MehtdCortiisélatito

489, 488, 487, 486, 485, or 484; more preferably the N-terminus of said polypeptide fragement is
identical to or corresponds to amino acid position 315 or higher and the C-terminus is identical
to or corresponds to to amino acid position 511 or lower, e.g. 510, 505, 500, 499, 498, 497, 496,
495, 494, 493, 492, 491, 490, 489, 488, 487, 486, 485, or 484; more preferably the N-terminus of
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acid substitutions, insertions, or deletions, preferably naturally occurring mutations as set forth above.
Preferably the PB2 polypeptide fragment of the invention has or corresponds to the amino acid
residues 235 to 496 (SEQ ID NO: 4), 241 to 483 (SEQ ID NO: 5), 268 to 483 (SEQ ID NO: 6), 277 to
480 (SEQ ID NO: 7), 281 to 482 (SEQ ID NO: 8), 290 to 483 (SEQ ID NO: 9), 295 to 482 (SEQ ID NO:

10), 318 to 48 EQ | :11), 320.t0 483 (SEQ ID NO: 12), or 323 to 404 (SE 0:.13). 5In
anbiner asS O TR CHE ST LRI CE SRS WS PBD AR A hEhp e
described abdvie &httaniNA Cajsrticahi@l og dhrecgaindireferabhndeidgpanaiol issdisated gothe

Qroup CONSBNAUR BR6CJR 43N ThoB) UGS doRY AGDRRS JB1 FBBPEE. JRERGPARS RPN, o

m7GpppC, m?GpppCm, m7GpppU, and m7GpppUm.in one embodimerit of the present invehtion the
polypeptidenfreegpredatal tHbechnpiaiaus edisedara@ypeptitioltrgemnenus néentiedoiel ipigcrarsPads 6dD NO:
11 and;the 3R ANPGRS 905 orl B RABRIEME YVIBEHASSTYSIIR Aalins L By bR RIEUE I Bnino

coordinates as shown in Figure 18. In a preferred embodiment, any of the complexes of the invention
comprise £eBLHINE fIhPrIratehabs With WracdYyrbih @fzig%ﬁ)é%ﬁi%edr%ﬁrﬁ%}aﬁ%s‘*gfa‘;go@.z am,
b = 9.4 nma =428, Qgmudh 3488) oP4sterably said crystal diffracts X-rays to a resolution of 3.0 A or
higher, preferably 2.8 A or higher, more preferably 2.6 A or 15higher, most preferably 2.4 A or higher.
In one emBbdiment, the protein solution suitable for crystallization may include in aqueous solution the
PB2 polypéiatide Kagnraemnisosfveaid nidhvprpatiat feagmese idraleanal Song/mdtaRddagirimmefecably at 8

mg/m1 to 18 maq/ are prefer t C ntration
betvrv%%n ZP%%%%T%%T] ?nhﬁlé?]gr’e gr’%l@ 313 rJ?ﬂ{? %‘gg‘g’ rggﬁ?ir%jog?eb @%éggo4a£ﬁaa%g§ﬁm%%%’nany a
buffer systédfl,siftsh 2ETHEIHE20, a1 Bo e naidhsardndn & fimious isvdentend tpresferatsisponds W1 to 2

M, more preicraly Ppbiisd 5. AtBle? t%g‘?'ﬂﬁ’, Bifecablys pr! 41t Rirkd s ore prefeyably P17 to pH
9 and optionally a re ucmg agent such as dithiothreitol (DTT) or TCEP.HC1 (Tris(2-carboxyethyl)

phosphine AP RB& cHidride) ad 96 2tonethtralibno8t1 ANV YY-20f . arpiad Beid, seAERtr8 BEMment or
variant thesek@hthe EEOPIEXGOMP!ising WiefRapolypepiide fiagment glotpsipiithraeedndian RNA
et R o BTEAHAR LR S BTN, oot A e IR SPGB on
suitable fomctsysbgiﬁmtimh is mixednwidhidp@iioal S%Ltmbqwéa ﬁ}@(ﬂ@ﬁ,aﬂ(sdmi,cﬁi 8;15:?17,39(&5 shdium
omate 2B e P AR SR sty ARSI SPRITET e
crystallizatismimized withpelsirajitide fregeraiy e idralticad livme eissrsipiam svigtasidaepising’.5 to 2
M sodium jpimaie. apd .08 18 RhasMsCliia A% RH o AdGBlds 20 i AR LEMBRdIREE 16
PO ower, 6.6, 530,330, 310, 518, 517, 516, 315, 514, 313, 512 515 515, 509 508, 507 306, s04' "

504, 503, 502, or 501; more preferably the N-terminus of said polypeptide fragement is identical

to or corresponds to amino acid position 235 or higher and the C-terminus is identical to or

corresponds to to amino acid position 528 or lower, e.g. 525, 520, 519, 518, 517, 516, 515, 514,

513, 512, 511, 510, 509, 508, 507, 506, 505, 504, 503, 502, or 501; more preferably the N-

25  terminus of said polypeptide fragement is identical to or corresponds to amino acid position 240

or higher and the C-terminus is identical to or corresponds to to amino acid position 528 or

lower, e.g. 525, 520, 519, 518, 517, 516, 515, 514, 513, 512, 511, 510, 509, 508, 507, 506, 505,

504, 503, 502, or 501; more preferably the N-terminus of said polypeptide fragement is identical

to or corresponds to amino acid position 245 or higher and the C-terminus is identical to or

30  corresponds to to amino acid position 528 or lower, e.g. 525, 520, 519, 518, 517, 516, 515, 514,
513, 512, 511, 510, 509, 508, 507, 506, 505, 504, 503, 502, or 501; more preferably the N-
terminus of said polypeptide fragement is identical to or corresponds to amino acid position 250

or higher and the C-terminus is identical to or corresponds to to amino acid position 528 or
lower, e.g. 525, 520, 519, 518, 517, 516, 515, 514, 513, 512, 511, 510, 509, 508, 507, 506, 505,
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Crystals can be grown by any method known to the person skilled in the art including, but not 5 limited
to, hanging and sitting drop techniques, sandwich-drop, dialysis, and microbatch or microtube batch
devices. It would be readily apparent to one of skill in the art to vary the crystallization conditions
disclosed above to identify other crystallization conditions that would produce crystals of PB2
polypeptide fr. ents, of the,inventions. or,vyarants thereof alpne or | lex with ngd. Such
Varations B AL s SO e A e e S S b SR A R
temperature, ehapryinpptite igeartipopeidriticaitidnopsaighern andplcipitantinveds udengaldifferent

method for grystaliization, arninl aducyagasidides AuaRas desosgants (q)s RVREN 7 gnpnglaurate),
LDOA, Brij 30 (4 lauryl ether)), au%a%rés %e??.l,;%mcose, maltose), organic compounds (e.g., dioxane,
G -

dimethylfofthantitie) 3 ldnthkthid@%on8.o BnrOeoifodfds Mat AT erporsIairsrly HigHN-

throughputgeygiadlispdion Raspysimaiaberlen PeiserRDia 93 b NAIBY O LARHINAZIAGIBRIon 260
crystallization condition. Microseeding, m f‘gﬁfﬁ;ﬂjsed to increase the size and léa(iltg of crystals. In
I

brief, micr&TcA8ATs%fe BFLSHETM el 3287 SBTRTBANGHE SR ARIR PRUHAR AAfRE in
series. UsingverNegdie s gfass 508 61 Staiid Difdhair 5 as3mall 3amplesirpn 1¢ash il s 8nlgtionsgsadded

to a set of ilibrated drops contajning a pratejn concentration equal t less than.ga ..
concentat R o ey o e s o e DS Faf SR Renciet,
single seetbovystairtspindil| tacartonuatedeositystal growthighehemtdpe Themarsels Glesiadhitegahe

strucigre cQQrdinaias s SRS L{aﬁigugﬁs%ﬁegpmﬂ%gsv%&f 538, fsfqgrf#mtg%ﬁ@eﬂé,hﬁs,uﬂuy in

understanding the protein structure, as described herein, are commong/ understood by the ‘skilléd

person and By féferéhbe’td st 2P teXts stftth 493 Bertl. "B tpIédlorpestaireirak]y the N-

crystallographvuesEd peippipare Adveneadd s GHMbskés Nk YO HsiA99A8M phslien B7Gchulz
and R. H. Schirmer, "Princigles of Protein, Structure”, Springer erla?, New York (1985). For example,

X-ray diffrQEBEERANS HrsTaAEHTHAY, SHEPEELG R SRTPRIELD 2 M RRARSORAD B898 Fyeral)
crystals fregesrie. g0 K, ¥20. 5U8jr5d & BEambliaesas assynshaotor, fidility! Oy 20£0EIGENG06, 867 X-ray
sourgg. T the,phase lem is solve nerally knewn method, e.9.. multiwavelength
g I e Aty ot s S A R b e L
diffraction {SaDdomesproksc tiaamaplasanposi R Y79 e dighetranduties rialgine meslve ddgstinglSpiBE XD

(Schneideg and,, ShElArick, a002.BNReRH K aied it SHARP &Y osrbeinelal, 2006); andy
improved with solvent flattenlk%%and non-cr@allogag%lgc symmetry averaging (e.g., with RESOLVE

(Terwilliget1 2088, Rddél SutiBuifdihgOdn H¥deé Afith XRPy AR P prstBIaisebl . theode) and

refinemenfewitihug &F saREFNpEep il raipdaRY IOAEMTMED EDOFRsHIBEH Gl DEROpENAE S £Figure
18) qf the PB2 fragment pravided by the present invention are éjseful for the structure _det\(;érgination of

PB270lypEptiEEST gt rHBHIR ViR GR A AT SPBHBORAR 2 bt FE AT AR BREHRAVE iffino acid
substitutionsiedladgiicons, soa/otInsSesLions, udiagstte Tnetlsdd, 6fi 2)dletusa oy Spiaces) e, 150k, isenother
aspect of invention to provide an isolated polynucleqtide codi r the abgue-mentioned
B2 porea e A e e o
such isolate@memiespictalframmaine aaid gondien\2&howhighthapbtherCsiinaag thddentidel tamdard

molecularcm?éetgaﬁaa%m%ﬁﬁ@a% &;eiﬁ-oﬁgawr;'wlg!%czslasz@%i@,gs 73, LAkomipryManyal”, Cold
Sprlnlg Harbor Laboratory Press, Cold SE/)rlegg 15 Harbor, New York {1989), which’is incorporated
e

herdf by $&feréitee)! Fotléxathla O RNALail Beiolaldt Adin HAush2d Vil et dadt cDNA
generated apphingrrave Feybanst iplissRal riasr ghaioreaetipn (B kdPafMousinopeiiten r2oom

primers (e.g,, ,random hexamers of decamers) or primers specific for the %f‘a?gergtion of th f%agments

of interesP THE WA GRTHIs GFATRINE EaHtRERRH L SHES AR APERAGERP MR Specific
primers. lower, e.g. 525, 520, 519, 518, 517, 516, 515, 514, 513, 512, 511, 510, 509, 508, 507, 506, 505,

504, 503, 502, or 501; more preferably the N-terminus of said polypeptide fragement is identical
30  to or corresponds to amino acid position 295 or higher and the C-terminus is identical to or
corresponds to to amino acid position 528 or lower, e.g. 525, 520, 519, 518, 517, 516, 515, 514,
513, 512, 511, 510, 509, 508, 507, 506, 505, 504, 503, 502, or 501; more preferably the N-
terminus of said polypeptide fragement is identical to or corresponds to amino acid position 300

or higher and the C-terminus is identical to or corresponds to to amino acid position 528 or
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20 In a preferred embodiment the isolated polynucleotide coding for the preferred embodiments of the
soluble PB2 polypeptide fragments are derived from SEQ ID NOs: 23 (Influenza A), 26 (Influenza B),
or 27 (Influenza C). In a preferred embodiment, the isolated polynucleotide coding for the soluble
Influenza A virus PB2 polypeptide fragment or variant thereof is derived 25 from SEQ ID NO: 25 which

comprises m@p&!gﬁ@f&? hapoe,; oM ArgiRing 1o yging ,@@;@?P 339 whensgemp f%géosﬁsEQ ID

NO: 1. In an evén more preférred embodirhent; the’iSolafed polyhtcléotidé ‘coding for the Inflleriza A
virus PB2 péRspei3tid6%ragaid nsrs arpderebilidhe of fsarinve difeeid mibQemidedragementds identionl A

sequence eptimizeeipsiEs ilaadensaasstadhaiconiashedenvied dafersinihe fasidhat-P R ID
NOs: 23, 24, 25, 26, or 27 encode 30 the full-length PB2 polygzeigtldes and, thus, polynucleotides

coding for FYERSREMAPISIQHNBEFHERPIGIORALS CEANITEE deletor2ot 1he $18na 13- Shs Ut 4.
polynigleoticte aszesuiresti by 1be mpestivelps nuxled4? Banalgpeptide fTagsne PrefitBNE the N-
embodiment, the rserétin}é(,antio,bg r?{Iates toaracombsrnantvector comprising said isolated
polynuclec LRI SRSt TR LTS i PRI S ERRRTBRRS SR EETER AR RESHIBrA%on of
polynucleoatidbigsgiuantés df -ieteresisiitadaricrs ttalsocseespanib reoto eirtino 1 289 )pSudkn VG ars
include any vectars wi, to Wed persondngcludi asmjd.vectars, 5 cosmid.wectars, hhage
vectors su?:/%wgg’ & Il:g)?ig’ g%g’gé?%@;%\’/éjé%r?gﬂ glki:gé? %1‘{(:; gr%vsrg?’osr\{gagﬂ dv%r)e?l’ \?ggto%é?’ogr%g?tlsﬁgal
chromosom@dyéeto iHuphsas; et neferttlyi e NrtarmsomelSsiBING |y yeaitcaitifciabuhioidmticales

(YAG) or B grtifigial6uemasames RAGLsRAIE Yesorsibay e e RIassionyesiors fiaieJol;

prokaryotic or eukaryotic expression. Said plasmids may include an origin of replication (ori), a multiple
cloning sitECBFPBERIAIOPBIGASHE8YSEiRM S 10 19MFhSter fdnSBtitE-otifdticibf:tPdAsé tibtion
initiation sike3 rippsomal BINKiBgssIHLra0$CHPEORISFINALOR, SR, RRIvadeMdatigR-RicHIM, ARCN-
selection marker such as antibiotj rr%sistance_o%uxotrophic marker based on complemgntation of a

mutation GETRIBHHRE THORE AN HARTAFE IS MTOERRL er SOFEERME B RV AU ORI Fiiked to
the regulaterhigacuentds: (Stemanathiedmtihadimmant ceatdpedodno ugtianuclegiidaise fli8nees

coding for epitope-, tide-, or.prqtein, ili utificatign lypept of
interi%t. Sil?c e%ﬁil%pgggp%%ﬁé]e?f ﬁ%r%@ﬁé%%ﬁ%%ﬁﬁ%tggaég ’Iir%‘rl é%lgt% egr?n%aégeg% mi%b%mA-),
FLAG-, my§64a83poR2His 10y, mhrtaphetieby: theiStrasisus GERi! pobifostdsifiggronteicgiaP-),
NusA-, angl 20 thigreprdo 1290 fuRiaSesi sl ofeinaiags RUChasHenhanaad) 95 6B HOIPREGR
protein ((E)GFP), (enhanced) yellow fluorescent protein ({(E)YFP), red fluorescent protelrigﬁljslig) )
HP{GFP),

derived fréRTTEReRAOIN o RiEiR 39D SREHPB P ASRToREHc YRR R) #rat AudlBseEhct rd

anld the |ﬁ§ﬂ-?|,nﬁ2?f§i‘3[fr§q1(?G@?U@%W?mim-ﬁmm?ﬁ&f, pfhxoﬁiﬂr’]tﬁ@?g_cﬁ@zt’@%:&'}i‘@ﬂ@@mff the
poly ptl e ragmento Interest, for exampie, using a rotease suc St rompin, ac,tor s
pres8 {ssiGHTRHER gf?sﬂé%gafyaﬁa%fm@ﬁ% i saﬁaﬁ%}? &ﬁ&%ﬁ%ﬂﬁ? R é’%mmn to

the personrskdliaeriaribehar Crmaiinthes dvhddinent: thereeptaringludefimcticidap sstoesee sothat
ead to sefsion o 13¢ Rolypepyids fraqanobinersstin 1hs Al preimyg! e porabinant

host cells F into the periplasmic Spaceé of bactéria. Thé sighal Sequénce’fragiient usually encddes a
signal peptide e Ei2edof Bldrophotsicpasfirablacitis 30tevmiciislivé ki epsbiprentale dtapemenstésin from

the cell. The,proteip & elba-sRasatee-itg e Pouibmeslia @I BRFIHICOALIRNIRL X Itadbe

periplasmic space, located between the inner and outer membrane of the cellrg%gm-nelgatlve

bacttia). P RETEPHISAP AT doiR B ALFhGSHERN wHI K LIFHE Elered2tidPir? 1vd bk mithittd Bncoded

between #ey sianak peptide fragsnens@gcstre Seseims, ganesol) syikesaspect, the present invention
provides a recombinant host cell comprising said isolated polynueleotide or said recombinant vector.
The recombinant host cells may be prokaryotic cells such as archea and bacterial cells or eukaryotic

cells suchmaaryeiastcplantinieaesijdpohgraprdidragment consist, essentially consists or corresponds to
an amino acid sequence selected from the group of amino acid sequences according to SEQ ID

30 NO:4to 13 and variants thereof, which retain the ability to associate with an RNA cap or analog
thereof and are soluble. In preferred embodiments, said polypeptide fragments comprise amino

acid substitutions, insertions, or deletions, preferably naturally occurring mutations as set forth

above. Preferably the PB2 polypeptide fragment of the invention has or corresponds to the amino

acid residues 235 to 496 (SEQ ID NO: 4), 241 to 483 (SEQ ID NO: 5), 268 to 483 {(SEQ ID NO:
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5 cells. In a preferred embodiment the host cell is a bacterial cell such as an E coli cell. The person
skilled in the art is well aware of methods for introducing said isolated polynucleotide or said
recombinant vector into said host cell. For example, bacterial cells can be readily transformed using,
for example, chemical transformation, e.g., the calcium chloride method, or electroporation. Yeast cells

may be tra ff%%%fﬂ%r{,%@%@;%?ﬁ%qe%?"gggﬁ ! ?gﬁ&%fﬁbﬁ%’ﬁ‘@ﬁﬁg%@%%&r9 295 1

electroporatidn. er can be tr or example, usi mmerc‘iaﬂy avanable
liposome-biedEarIEIettohitd 1SuoH 8% (SBRfERtAIRINd IN20r0itt 83 ST HNr d il prod2d| abid4
Iipid-based(ggeqﬁgqg@pilgs_s such as Fugene (Roche Diagnostics), polyethylene glycol-based
transfection, calcium phosphate precipitation, gene gun (biolistic), electroporation, or viral infection. In
a preferred embodiment of the invention, the 15 recombinant host cell expresses the polynucleotide

fragment ofinte@st Apan, %Y@Hli?@ﬂﬁ@rpﬁﬁ‘éem@ﬁaeéﬂﬁﬁfém‘i‘ﬁﬁp?ﬁiﬂ§%ﬁf9§§i%llﬁﬁgﬁdﬁi’ S0Rle: as
polypeptide frg&rggnts of the invention. These polypeptide fragments can be purified using protein

d

purificatiorP FEHREASNER RLARNE 2 O& AXBIPBITIREE in RIS 6 AP RalaR g aalrarc Goithise
above-menjionedepitoipg- opeptlem GNIPOtaiFGERS R GiippiotheGaspest, tiGpgsenhifuspiionelates
to a method £qr identifying campownds which associate with all or part of the RNA cap binding pocket
of P52 or TOTRIRG JE R b SO Laa CRERE Bl ST RG he e b} Eoma ey
computer mhedeilmaai@tﬁnagmgprtﬁqt deﬁpbd bynthessoflrtunaioo ardih atgscot ¢heaodipteie &E€hown
in Figgre 1, @hsalecking tﬂezéai?oatﬁﬂggl RINFRg-SOmP AR RY %&U&%Qﬂ,é&ﬁ%{ﬁ& Ry ‘ﬁ?
consisting of: (i) assembling molecularfragments into said’compound, (i1) selecting a compound from a

small moledteyat seartingat agishaun i d igyand o daig misfazed evbpsbmsat. @pemiphsypagplexes
computatiopahieRBRISH PSR AL R Ag RO PRERIME P IS e TRUIS T30 INadeimAT dhe said

compound and the said binding pocket in order to provide an energy-minimized configuration of the
said compBiRRATIPHEbindnhg Bcket xhaa f svarihiifithe rdluREEETady gl diflaets Juantify
the associafigndatveeentbe sarlcdmpouaieanstéfeabindirty paskeizmodslowheeghyigyalmingrthe
abilit%/Pof said. com o%mdfto %fs?giegle V\hith};[he said binding pocket. For the first time, the present
invention &egrﬁ’ﬁ’s RE B8 Motectnar 1gsf‘}g’;]rﬁ techniques to identify, select, or design potential binding
partners for the RNA cap binding pocket of PB2 or RNA cap binding pockets of PB2 polypeptide

variants, pref inhibitors of indi r inates of said binding
Pocket Aot AT o gl

associatedUntPhe Epa RelbPrBYr tEegRS I thedrian thRI5 atcb speein igfapaetakisl¢bind to
said binding,Reckatrlrherder Porkisming sHusiue casrdinetesaisnerateddonthe RBAHalyReRtide

fragment in complex with the RNA cap analog it is necessary to convert the structure coordinates into
a thrd-diffeniBIo8 216 SAAGFEUHAL iSSheRvediM g H the i PBFeahime it Sirmbe Sofvare
that is capabfersiigeneidiingdhsestdimestisiannl grapticalyapie SathatioMzioHUbecules @r@AHONS

A AT e B (S A R R
HomologypEbftwaredepddtk ade 4 Insigh Ol (@7c0)rdfotbbuleil Sitautétid re dnasiporibdyed rSaniDiagent
such as dithiothreitol (DTT) or TCEP.HCI (Tris(2-carboxyethyl) phosphine hydroxychloride) at
25  a concentration of 1 mM to 20 mM. The PB2 polypeptide fragment or variant thereof or the
complex comprising the PB2 polypeptide fragment or variant thereof and an RNA cap or analog
thereof is preferably 85% to 100% pure, more preferably 90% to 100% pure, even more
preferably 95% to 100% pure in the crystallization solution. To produce crystals, the protein
solution suitable for crystallization is mixed with an equal volume of a precipitant solution such
30  as sodium formate, ammonium sulphate, polyethylene glycol of various sizes. In a preferred
embodiment, the crystallization medium comprises 0.05 to 2 pl, preferably 0.8 to 1.2 ul, of
protein solution suitable for crystallization mixed with a similar, preferably equal, volume of

precipitant solution comprising 1.5 to 2 M sodium formate, and 0.05 to 0.15 M citric acid at pH
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15CA)). One skilled in the art may use several methods to screen chemical entities or fragments for
their ability to bind to the RNA cap binding pocket of PB2 or PB2 polypeptide variants. This process
may begin by a visual inspection of, for example, a three-dimensional computer model of the 20 RNA
cap binding pocket of PB2 based on the structural coordinates according to Figure 18. Selected
fragments gr chemjcal compounds may then be os.itione%i}?ﬁ variety, of QJi ians or.docked within
the binding JScRAr DRI PR EE 3R EH PGSR E RIS i Ok My by
(Tripos AssotistesriSucidpis SMQA)Y) faNOEEHDHENhergy minimization and molecular dynamics with
standard molecular dynamics force fields such as OPLS-AA, 25 CHARMM, and AMBER. Additional
specialized computer programs that may assist the person skilled in the art in the process of selecting

suitable co&rmﬁtahd@mbﬁwnenby mG{udéthﬂdr b)qamrﬂe e m@&kﬂ@ﬁ( mbs.mmﬂ’séiﬂlaﬂau,not
"Autorgateg, DAckig ol RURSEALESi, rQIS}gT%eP% : E@g‘%ﬁ&ﬁﬂ?ﬂ%&&g'a@g&'fb?idsm}hbﬁw%
Genet., 8, pp. 195-202 (I990); AUTODOCK is available from The Scripps Research Institute, La Jolla,
CA) and (ilPiseseRe batchkdenices df. vaid eesrdilicappiseghdn @M&Eﬁiﬁ%r@c@%—ﬁfg%dw the
InteractiongyyslaiMiaki & Aondfibrt R 2B 082 idbMaE ol @i aalatiaon mdinbareity @buld

California, San Francisco, CA). Once suitable compounds ar fragments have been selected, they can

be designddIESSERBIE #iiE A RANGRP LSRR U lBY A ARSRA ABRRI O thereliflpng & n
performed desipdesafirdeofainas QusantaratiddiykiLikeiltpregramBrmicdng, thejskille e ssowim

connggting individual compounds, ot.fragments include, for example, (i), CAVEAT (P. A. Batrtlett. et al.,
AT R B T B B el e e el
Molecular 8déognitigpritmChedicihandiBiotogivaitRroftiernstaBizetial, Publivadisingeoidil @hewh 5
Soc., 78, pR. - (2989) | AuBditlehosAYEATH AP agilj Design
of Organi?d%/lgﬁ%éegfﬁ, 853_- %O){n%‘EE%UQ;\(ﬁ]IH {E)%gsa.l, 8, éb%blogéé%@%%&%ﬁ%}g%g@%g%%gg the
University @BesifIRIHe B RISHIC AR IS stab duexagatdime sudioaaamids Nmthangenieiforer
Systems, $a7-t&A0FohndS\iRVar ith YorfstMiatins3Ri D i@basah e arshingii i gsLaosiany J-
Med. Chem., 35, pp. 2145-2154 (1992)), and (iij)) HOOK (M. B. 10 Eisen et al., "HOOK: A Program for
Findity NS RS R ARIHRITSIE Fhar urds hreahiizidheradiifdrequirements of a
Macromolecule Binding Site", Proteins: Struct., Funct., Genet., 19, pp. 199-221 (1994); HOOK is
available frgm Molecular Simulatipns. Incorparated, San Diego, CA). 1 ther approach enabled by
R S S S R R e
bind in whetesbedotrt tzithe RiNgk cepdofediitignoddicesot P B&drsbimting ipatikits of: RBRpolyseptide

variants. 1 thig Seracninde NG Mdalinal, i ghav e eampaundsHRGRINgRG.PAckeiamay Pe udged

either by shape complementarity or by estimated interaction energy (E. C. Meng et al., J. Comp.

ChedP, 139ypibsesdsions 9UPHnDE ARENFHRICON AT BRI I9Rh i PRt A FONATEIRNGN 88ps8fnding
pocket of %Q@ezﬁéﬁiﬁﬁﬁﬁl‘y@ﬂﬂ&wﬁk@ﬁ&ﬁ&%%%@eb&ﬂﬁ@aﬁﬁaﬁ ke dasignedie smore ardhebasis of
e

the 3D structure of t )
that will act to nucleate crystal growth in the drop.

The manner of obtaining the structure coordinates as shown in Figure 18, interpretation of the
25  coordinates and their utility in understanding the protein structure, as described herein, are
commonly understood by the skilled person and by reference to standard texts such as J. Drenth,
“Principles of protein X-ray crystallography”, 2" Ed., Springer Advanced Texts in Chemistry,
New York (1999); and G. E. Schulz and R. H. Schirmer, “Principles of Protein Structure”,
Springer Verlag, New York (19835). For example, X-ray diffraction data is first acquired, often
30 using cryoprotected (e.g., with 20% to 30% glycerol) crystals frozen to 100 K, e.g., using a
beamline at a synchrotron facility or a rotating anode as a X-ray source, Then the phase problem
is solved by a generally known method, e.g., multiwavelength anomalous diffraction (MAD),
multiple isomorphous replacement (MIR), single wavelength anomalous diffraction (SAD), or

molecular replacement (MR). The sub-structure may be solved using SHELXD (Schneider and

39



PB2 polypeptide fragment in complex with the RNA cap analog according to Figure 18. There are
various de novo ligand design methods available to the person skilled in the art. Such 25 methods
include (i) LUDI (H.-J. Bohm, "The Computer Program LUDI: A New Method for the De Novo Design of
Enzyme Inhibitors", J. Comp. Aid. Mol. Des., 6, pp. 61-78 (1992); LUDI is available from Molecular

Simulationg,Incarpor, San Die A), (ii Y. Nishibata an Itai, Tetrahedron, 47, pp.
8985-8990%@%1%’@@%@??3&%%% ro(r"nr}tf\f/%%%g‘gr oo 8 ?ﬁtgpﬁg?af%ﬂ& BRI OB ),
(iii) LeapFregveavaiflabiningmatd pos@mb;gm,beﬁm%{}M @YeReirgP RQLW TWirh GRIESGLAIE
"SPROUT%(ﬂR\'}HﬂéQ{P i@rbno?rWHé? SAEHIRE cal G@;&?w“‘%%" QJitP%ﬁL{P7wRRP1§Yé&é§s(]e?%§)?

SPROUT is availaBle from the University of Leeds, UK), (v)) GROUPBUILD (S. H. Rotstein and M. A.
Murcko "GHS8PBamd: rafimeagsinie Ml a sel. Mdthbiror BaBydony UG Desiirthormaey . Enatucse pp.

1700-571Q.6LR83Ne A6 M FROMAEPED: MogranddMadd HPWR pleamidienRfsion RbRioRstiNe
Molecules; A Method for Receptor-Based De Novg Ligand Design", Proteins, Il, pp 314-328 (1991)). In

addition, se{RTAFFn SRIETTERHISH AR RENPIGRESYART B RIbETDIHRem Py ddAs 8575 At Alal B2
support thegqessprdskidernes thatakkie daiovactiesigetanibmo delnip o, podotiadfidnsapibindisg
pocket interacting compounds hf:lve been described and include, for example, N. C. Cohen et al.,
"Moleculaﬂﬁ%‘& Iﬂ?é”ggﬁVv%?éBBr?ﬁelWS 'ods for Medicinal Chemistry”, | Med. Chem., 33, pp. 883-894
(1990); M. A. Navia and M. A. Murcko, "The Use of Structural Information in Drug Design", Curr. Opin.

ot ol i&aRAnGORZA0 1 Bl dsell sRRIRRA €6 BBla RSIARRANEMBRER a0 a6

Computer sign' views In Computational Chemistry, Vaol. 5, K. B. Lipkowitz and D. B.

Boyd, EdsabwetmansnedoBpppdyresidel dSmegmentscadunigianto fthespelfof Sirmalaaisn diel mrug
Design”, GHEkn AR Bt ClorBiBkaittingPsub fsbBkedl 88dkotide fragments are generally known to the

person skilled in the art (for standard molecular biology methods see Sambrook et al., Eds.,
“Molecular Cloning: A Laboratory Manual”, Cold Spring Harbor Laboratory Press, Cold Spring
15  Harbor, New York (1989), which is incorporated herein by reference). For example, RNA can be
isolated from Influenza virus infected cells and ¢cDNA generated applying reverse transcription
polymerase chain reaction (RT-PCR)} using either random primers (¢.g., random hexamers of
decamers) or primers specific for the generation of the fragments of interest. The fragments of
interest can then be amplified by standard PCR using fragment specific primers.
20
In a preferred embodiment the isolated polynucleotide coding for the preferred embodiments of
the soluble PB2 polypeptide fragments are derived from SEQ ID NOs: 23 (Influenza A), 26
(Influenza B), or 27 (Influenza C). In a preferred embodiment, the isolated polynucleotide
coding for the soluble Influenza A virus PB2 polypeptide fragment or variant thereof is derived
25 from SEQ ID NO: 25 which comprises an amino acid exchange from arginine to lysine at
position 389 when compared to SEQ ID NO: 1. In an even more preferred embodiment, the
isolated polynucleotide coding for the Influenza A virus PB2 polypeptide fragment or variants
thereof is derived from SEQ ID NO: 26 which is a DNA sequence optimized for E. coli codon
usage. In that context, derived refers to the fact that SEQ ID NOs: 23, 24, 25, 26, or 27 encode
30  the full-length PB2 polypeptides and, thus, polynucleotides coding for preferred PB2 polypeptide
fragments comprise deletions at the 5° and 3’ ends of the polynucleotide as required by the

respectively encoded PB2 polypeptide fragment.
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15 A molecule designed or selected as binding to the RNA cap binding pocket of PB2 or a binding
pocket of a PB2 variant may be further computationally optimized so that in its bound state it
preferably lacks repulsive electrostatic interaction with the target region. Such non-complementary
(e.g., electrostatic) interactions include repulsive charge-charge, dipole-dipole and charge-dipole
interactionrf. S eci%&alfly, the Stlh? of all (telectro tatic | tteractions between the 20 binding comtgpolﬁt:nd
and the bi aiﬁﬁeps SEHRPE ot PEERES SRETFARTy aiRe B JEe BRIV SRTELSRIMBURER e
enthalpy ofsolatihgoBpedifigidenheteemeyshiilsithaticaareiawelicaavaenop cenhdideéo rmsedidor ehergy
and electrostatic interaction are avajlable | r..E I f suitable_ progr include (i)
Gaussian gf,gr ?/Elbor? C%i (lglrb%nﬁlg%ha%%e%é?fﬁgI%}fcéﬁr(%c%gé%tgﬁ%%%@&@ggf (ilaﬁéﬁﬁévaedféion

4.0 (P. A. KB¥PhabrabnicesesitynehdaliayiectSarkesver ntis bl A peinrQusinding oipsard e s ecular

Simulgliong, lGarRREMRN pARE DIREBrC Sei{1: Qﬁﬁ&ﬁﬁ.%%é LyiQraReRed s o Ls ERes figlds”,
Encyclopedia of Computational Chemistry, Schleyer, Ed., ifey, New York (1998) Val. 3, pp.
1056- 108 SPAHRYH ITESGFH|PDRESEH (BJRHICAHBT TR RS FER Ao BT Phese

programs eaychevinlemasiabHmbostanse;yust ¢ Biligaricitprhicmvsrkstatc ) RIgdHataqor IBM
RISC/6000 30 workstatipn model 550. thhggr hardware sg/stips and software pr?cééa es are known to
those skill ST ARSI E S LR DI PAPEBTI4S AEE<aDieR BB G aeR malf SEARBY
above, sulbstiudeons origin therepigcanad g oni s enneutifils etomng aitsided regidstonosapreiaénprdvasor
modify its Binding, Rropen '&?\aeG%P?{I?Alyﬁb’?éz,a'é%%%}{%{% 34 C&ﬂsﬁ{é’ a%e? hr%ax”k%;{ﬁ%%'acs%{gem
group wﬂlgpproxm { the same size, shap€, hydrophobicity and chargé as Re original group. It
should, of tcansrsiption terdenstiud sttt R iadondaiok imnalirradesaleaiios medenferehatio ansibintid be

avoided. %UQQM%F%%GHW%EH@PBM%@%E‘E@H&H&@&@W@%@&%@W&BHF {3 e RNA

cap 5 binding pocket of PB2 or a binding pocket of a PB2 variant by the same computer methods
described SFreRstEREAbIbE. PRIBHECKATISHITREIRNGE 198 ABERRSLdiSs RBEE I diRKRE oftHBSniWEATthe
RNA cap bigdingegocket of PB2 or a binding pocket of a PB2 polypeptide variant comprises amino
acidj he323, His357, 10 and Phe404 of PB2 according to SEQ ID NO: 1 or amino acids
corrésponding thereto. In another embodiment, said binding pocket comprises amino acids Phe323,
Phe404, RhadahePhabdlnend Rid363@adachtingtocBiid Beiiandeoradnipdoacipisopers espidiing
thereto. In another embagdiment,. said binding pocket comprises amino acids Phe323, His357, Phe404,
Pines25, PRAab S ani Lk e AR S B AR AR Bt St EiRber )
yet 15 anetntidemproptivteenttagaichGirddinep parckettdomiisd Seshemians latinis-RHE32 T IHIEB myPHer 04,

G1u361, apd Liys3/h arcafing: 18- RERRMQ Gk ohamINR QRS ¥&%?QHQQQ}§?%E%J@-YEM”N“H
embodiment; said binding pocket comprises amino acids Phe323, His357, Phe404, Ser320, Arg332,

Ser387, ahirrsdtngage iy ISR RIYIRID 2B SHRRiING alGBRREFRsSEAInGUeTesetat 1FTai§dther
emgodim@(rﬂ)cgﬁw, b(gﬂiaﬁcgg}:ls@@zm ﬂﬂs&%@mirp}cﬂgiﬂ%ﬂ)eﬁz% &B§3ﬂﬁo&@c8he%%ihg§ﬁ§9)
Arg355, Asn429, and Hjs432 according t ID NO: | or ami ids corresponding thereto. In
e CHAEEE OGP o GRS A s SSe oS e B B35,
Phe330, POEBL anGhdGikearid b yssiktrat corbidintenSER HpiddEe-1 jeptdei) @apidetctigspandiag
thereto. In,yet bodi id bindi t ' i ids Phe323. Hjs357,
hoaod, PREGSEIR BB g e B e A PR BRI o
1 or28minBagsitXeoPreSpissiaihg Tré meeicapey end Histhike e s Jenemmtiosastasifrdinech peRseETATiSes
amino acigsPRERS: IR heret9411EDER 4Re PRE3R0 aRRBS0 3nineRient A S SRR N thfeed

His432 according to SEQ ID NO: 1 or amino acids corresporpdizg thereto. In another embodiment, said
binding pStKiceahsprsasehad e a2 Isredon ofihaBylyprRtifdsdreemenial infuetdniadhes9laiy 332,

Ser337, angifatn406n30ransarding: tRCSESLID N Gitd aiapinslAsils saresIondisgdheriqidaaanother
embodiment, said pindin tpocl;fﬁt comé!ises aming acids Phe323, His %7, Phﬁ?OA, 01u361,,h$15376,
Lys339, AFGEEEC AHBT AL £I5UEE TR0 REL T R EH: Qhi g 2RSS PRES ot
the®o. Invhicbthiaeanizoskoneiin sHidhoipaingrp foke tico ol Jde amitmdsidiHehed28Hisdd Théhed 04,

Ser320, AIFAL nREl tml B Wi SRR E0es AR PeRIARHIFAR2 BESRIPIRANA P ER iRer
and outer membrane of the cell (gram-negative bacteria). Preferably there are processing sites,
which can be cleaved either in vive or in vifro encoded between the signal peptide fragment and

the foreign gene.
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NO: 1 or amino acids corresponding thereto. In another embodiment, said binding pocket comprises
amino acids Phe323, His357, Phe404, Phe325, Phe330, Phe363, G1u361, Lys376, Ser320, Arg332,
Ser337, and 01n406 according to SEQ ID NO: 1 or amino acids corresponding thereto. In another
embodiment, said binding pocket comprises amino acids Phe323, His357, 5 Phe404, Phe325,
Phe330, Phe363, G1u361, Lys376, Lys339, Arg355, Asn429, and His432 according to SEQ ID NO: |
or amino acids corresponding thereto. In another embodiment, said binding pocket comprises amino
acids Phe3panpiiu333p@hdaonrerint 3psnper BB 2H e 363 nsuraadhost feH ZoBurdang eichisohidd/s339,

Arg355, A ffﬁ%c?é&ﬂdé'%f‘%cﬁf&%#wﬂam oo BN Qe ch b RINMRRCISH RIS Oé}g el
another embodlment said binding %}gx ket 10 comprises amino acids Phe323] Hi he404,

G1u361, L§Helves asehepandbgaianakesiingr eykraotc FousSechnag 368t RIANS 1SsR PigERmadisrding
to SEQ ID @ 104 %F@f@ﬂﬂgzﬂiﬁbaas Efﬁ&ﬁoﬂhglﬂlsthﬁm?@ alrbaa@ﬂgrggmb@gggg% @Iwwruégl%m@sckgtz N
comprises amin e His357, Phe 7 er
ArgaaD, SEFSET A s 0 MR e R DA T B BE R A EL TS TGS e i
acids 15 cedid sppooulisigatiteretaotniaoodxid dmdiockiheRtr sexdhisienapeciebt mmmaﬁeseammlgmds
Phe323, His35 Ph 404, apd Met 1 accordi E DNO: 1 no aci rres

thereto. Ilr} anoéer é‘emubo ngérn AR Bin mglcp%% cg(lrg%rcl’gés? Emmo%c.é“”bﬁglsﬁﬂg e@‘ﬁ?ﬂ%%m
Phe325, RPie38poRitie863Y cast Mﬁmmxacdmdm@@ﬁdg IforN exatnplearnimmgatids lithimes powthiteg
therefg. InanoRIeh AIPRAIMENS: SAL BN RASHEL CRRRIRRSANIB AT APBRE I3 Hin3RY
Phe404, Phe325 Phe330, Phe363, 01u361, Lys376, and Met431 according to SEQ ID NO: 1 or amino
acids corr8S8nGREEREsalY |ﬁvaH6Wf’er1§rﬁ$5%ﬁrhéﬁ?é SEERTERTY pEekstebnipribiofasiareingids

Phe323, HisdahdR me%m@m aham RipeB6RcE IBhitedis3 16 SR s AFu3S% PRE3R7,
G1n406, and Met431 acig rgln D NO: 1§1 amino CIdS corr P7}pondmg thereto. In another

embodimeNPEeRHBHdR %%“%FFRH Gl 58 %‘é‘éﬁé’s BSPCPRLNA, BHRSDE!
Phe330, Rb%ﬁﬂcﬁ&a&@@&y&&?&ﬁa@%ﬁ&mﬁ%nSepaﬁérrﬁﬂemciinyﬁ&fﬁ hegiBbniisiN4RD,
H|s4§32 an tIAfSltaﬁgqr%qp to %eEsgslth nuc m%ra% aﬁlds corresp dlng ereto. In another
embodlmen TR ng p 6cke I?:omprlses N0 acids P %155 tI—Ilss 4%ﬁe§‘2§méclu36l
and LysSE@ﬁé@m@icﬂm@@t@E@ @d\l@ﬂ%ﬁl&ﬂﬁ@&@id@h@iﬁ@ﬂwmﬁgﬂﬁamnm eindtharventioodiment,

said bindigg Qo %fréslféytaéwé i graéﬁt@%cu@p%%’éae&%%g B tsR M RREAN 2R3 S dINGRGR, QLu361,

and Lys376 accordin D NO: 1 or amino acids corresponding thereto. In another embodiment,
said bindiHy RsERet & %H%%%st%m% SBlirnB e S g-dyantagh e othe cahpys mnentir RS sPBoRScording
to SEQ ID:Mdd., @ protem-agdds corresponding thereto. In another embodiment, said binding pocket
comprises amino acids Phe323, His357, Phe404, Phe325, Phe330, Phe363, 01u361, and Ser337
according to SEQ ID NO: | or amino acids corresponding thereto. In another embodiment, said
binding paekeiodem psjses ahmipﬁeaaﬁid’mklis%ﬂ rélhred 64 aRheBas, fod udéii S dempogaBlwhien337,
and Met431 accordl SE amin i e g thereto In an

embodlment sald%’l%%f’rslig pocket ?c%grﬁér{lg& ar %@%g%ggﬁ.ﬁf?% %3 %«%g"é‘f §ngLy5376
Arg332, 5SeRatide/stddit. lopsaBBing S StepsAll 00, consetng 2z aseepditg e BEQ Bidibnding amino
acids Corhm@mﬂéﬁgé@s et dhanathes sambadivest SHbRIGNG AOFKRFEAMPTiSes ARRa AL
Phe323, His357, Phe404, and Phe325 according to SEQ ID NO: 1 or amino acids correspondlng
theréRo. |RURBIRLPIBHRG ERmBAEIAY %maﬁb@iﬁe%mficfa?ﬂp%e%%m%a@ phe323, His357, Phe404,

and Glu:ig]a%ﬁm%gﬂge%&@ I@@,I,Qnas q&@g@ie(@@ﬁmrrespondmg thereto. In 10 another

embodiment, ald blnd compris Phe323, His357, Phe404, and Lys376
accordlné’fé) ’f@al\? ﬁr& %aj%B?T Lﬁ%ﬂ%ﬁ?\ Hr¥eto. In another embodiment, said

binding pgﬂl}@bmmmﬁlamlgﬁ eftidil PaB2&d:is357, Phe404, G1u361, and Lys376 according to
SEQ ID 10 aming acids corres ndln ther embodlm d bindin cket
comorisel b RIS o DN RS ST BN o 1
or a¥flino faemswfr@sp@ﬂdmgltmm@ mdaﬂ@tﬁétdehm@dﬁrmﬁk@ald lorddmtp preiédecempris@s-amino
acids PheggdniFAiaSondoeds. Shedzaiandhyesd® acardindin o@D MR d %@WAHQ{‘&&QS

corresponding thereto. Furthermore, in other embodiments, the above deflned inding pockets may

optlonalIf%ﬁ?p?%@é‘nf%8%@1%%%6’Hbfﬁ18‘%a§?ﬁ%‘%£%ﬂ8@%é€@rﬁ W4PNO: | or
amino acifigiaTesnendingel0ienetsy. tvaditenaspeel ol theiaboxgslercibasssoriBadiaf the
invention, RNA cap binding pocket of PB2 is defined by the structure coordinates of PB2 SEQ ID
NO: 1 arrsffﬂ @5% His357, and Phe404 according to Figure 18. In another embodiment, said
binding pocket is 25 defined by the structure coordinates of PB2 SEQ ID NO: 1 amino acids Phe323,
Phe404, 42



Phe325, Phe330, and Phe363 according to Figure 18. In another embodiment, said binding pocket is
defined by the structure coordinates of PB2 SEQ ID NO: 1 amino acids Phe323, His357, Phe404,
Phe325, Phe330, and Phe363 according to Figure 18. In yet another embodiment, said binding pocket
is defined by the structure coordinates of PB2 SEQ ID NO: 1 30 amino acids Phe323, His357, Phe404,
G1u361, and Lys376 according to Figure 18. In another embodiment, said binding pocket is defined by
the structure coordinates of PB2 SEQ ID NO: 1 amino acids Phe323, His357, Phe404, Ser 320,
Arg332, SreSHheahds01imk) 6 recoorsting it Eigonept8nits dhother efmimodinuéat, deaignbinchingyacicet is
defined by : u inat SE : ' j 323, Hi 04,
L350, ALTEE Ao ot T2ttt s ATk S K S o D
pocket is dBifecay HiedBieupaeisot difeerodfPBRIS Faiinty Qrafaabivointibiorh o8 RINHisas7,

Phe40d, Phgdnn, bAed3 FheAR3.S w&@&a@&%yaé%ﬁlaﬁ%oﬁqmttgcﬁ&a&&%lé g}_gg@ﬁ anetbry

embodimenté{ic,_a{d biggj;%pogéet ﬁefige%y@?&sﬁ%re cioordinat(;a&%é)fgb % ID FI\iIO: ;&?&rlnino
acids Phe3P S8 B AC PR B 3218 0P R , 635 EF39DARFGRIBD GEBEPARHATDARMU06
accogding f@s{?@trﬁtﬂﬁmbalyﬁi@?mlaemmmgiﬁih&hmﬁaﬁaiékﬁm9iﬂﬁ@rﬁlﬁkﬂhi§iﬁs1ﬁﬂ@%@éﬁﬁhﬁ &iﬁ@ﬁtwe
coordinates of PB2 SEQ ID NQ: | amino aci 32 is357, Phe404, Phe325, Phe330, Phe363,
o330, ASEBE ACHS, SORIUTE I Lo rY FEPA G (R B A RS-t BiFRfng
pocket is deRNite dabyatiadogtitidtunecesaidinatesneéf Bi2 SEQulice NOurdiamn dnmeidlireRiimdR30idis357,
Phe404, 0 1.L.ys376 [ 3 r 1nd40 rding. to Figure.18. In,another
embo ime%}}%%s%éi }%ngiﬁghﬁeggétze‘t%irﬁ{ G%ﬁr?}}g% S% t §ezgﬁ%%§ggl@og¥§§ng§gssg%gﬁﬁ gé‘é%sl ISaRFBZil:eloamino
acids Phe32scretingSirepidenedsional 33aphigel3rprasyneeony\ed 366 epiag 29 paritbkidhgraddoording to

Figure 18.4n apethrr.fmiRimeart, SidRinding Becket is Qcﬁﬂ'gasg.byr f}écﬂdmﬂi%ﬁt.%ﬂf PB2
SEQ ID NO: 1 amino acids Phe323, His357, 15 Phe404, Ser320, Arg332, Ser337, G1n406, Lys339,
Arg355, A8RAZ0, TanBlkndalto)a MetaRiglte Figure- 1879 kh 6IRER bashsamisarn itk msig et is

defined byHba SspeusRweeoisinaes OhFde B ER. NOvbiaminoseidnRie I3 bisaed, fiaed Mo,
Phe3§5, PA?eiBO, Phe363, G1u361, Lys376, Ser320, Arg332, Ser337, and G1n406 according to
Figu? 18 %A Another embodiment, said binding pocket is defined by the structure coordinates of PB2
SEQ ID NO: 1 amino acids 20 Phe323, His357, Phe404, Phe325, Phe330, Phe363, 01u361, Lys376,

Lys339, Arg355.. d His432 accordi [ 8..1n another.embodiment, said hinding
kot ia S TR R S P AR L B e BT PO
Phe404, Rivg230 bind380hPREZ6gSeirslae peeisa2f SB3e7P BA nalipepijde 3arimig3bas Anr429, and
}11s432 aﬁfw%gﬂxtgﬂgw@%&&nége%ﬁemﬂ@m@mtaw&b&ﬁmm@%@&' defingshby Hhéhe

structure 25 coordinates of PB2 SEQ ID NO: 1 amino acids Phe323, His357, Phe404, G1u361,
LysZfb, SRS oanadneadst of TRZobased e henrtueurah spavhnalry 1aceadine e &iging 1§ Figure

NO: | amin GCHS EEE%, 357, Phodod.breass, Pheauo, Fhoabs, GLUBGL Lycare. ceri20.
NO: | amino acids Phe323,.His357, Phe404, Phe325, Phe330,Phe363, G1u361, Lys376, Ser320,
Argaa2, SEFSET CHAB LS KR KPR SR R AR G0 MEb L R S anciher

embodiméhiagajciningibg! pdcketsiSdefomadsb thbogin, dtlide collrdindtes eldPB2rukiQiatNO atdamino
Pinding pa e e e e R S o LB hos
His3b7, PREAGAYIMheBd 5\MBERR 0N duliéaBn sperdalifst Smaete ahegresnsitharanes. aviahbghperson
embodimepiy &igh RINAing OReHRAREINSC R the STEYEE CONPIRRIESPIFBRents include, for
example, (i) AUTODOCK (D. S. Goodsell et al., “Automated Docking of Substrates to Proteins
by Simulated Annealing”, Proteins: Struct., Funct., Genet., §, pp. 195-202 (1990); AUTODOCK
is available from The Scripps Research Institute, La Jolla, CA) and (ii) DOCK (I. D. Kuntz et al.,
30 A Geometric Approach to Macromolecule-Ligand Interactions”, J. Mol. Biol., 161, pp. 269-288

(1982); DOCK is available from the University of California, San Francisco, CA).

Once suitable compounds or fragments have been selected, they can be designed or assembled

into a single compound or complex. This manual model building is performed using software
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SEQ ID NO: 1 amino acids Phe323, His357, Phe404, Phe325, Phe330, Phe363, G1u361, Lys376, and
Met431 according to Figure 18. In another embodiment, said binding pocket is defined by the structure
coordinates of PB2 SEQ ID NO: | amino acids Phe323, His357, Phe404, Phe325, Phe330, Phe363,
G1u361, Lys376, Ser320, Arg332, 5er337, 01n406, and Met431 according to 5 Figure 18. In another
embodiment, said hinding et is defined by the structure coqrdinates of. PB2 SEQ ID. NO: 1 amino
ccids Phedb Ais S AL S bt PRESIES G0 e CRIAT TSRS A, s en s ersy,
G1n406, Lyes@ouidy355agsent? Mdiidd,3Rr ananistAR1CACEAIIN (PLoAFIBantéet 8t bl AHOMEEAT: A
embodimegt, saigl be§%%1ﬂ9&k% 5&%@?&%&%%&%&5;59 8?%96[1%&%%3{ RERgeSFARNG: f,amino
acids Phe323,His357, Phe404, Phe325, 01u361, and 10°Lys376 according to Figure 18. In another
embodimeMoksidapiRenagniibukin (Shewbipad arsy Rindosinal Ried et dibpgeis dtubBoagimQReyN Ghamamino
acids Bhe3gR, His357, 18984841 589325 1708363 5 W 3BeRd-e/edT6 2Copilingd Fotg iden

another embodiment, said binding pocket is defined by the structure coordinates of PB2 SEQ ID NO: 1
amino acid@?ﬂ%%@@?ﬁ%%?f%@@ﬂ{%ku@@ﬁ%ﬂ%s@% d%or§inpto ERRUFL PRI S ANGA is
embodimegasaitt Hohingdingpeeket iF dafifadibyRbeistuciyqicosmdinaissselsPdins bet s Ngs 1
amino acid e323, His357,,Phe404 _Phe325, Phe330, Phe363,.Gly361, and Ser3 cording to
Figure 18.@@%oiﬂgmﬁéldﬁéﬁf%amiicﬁwﬁmé iSETREY BY Sﬁeétrggﬂg’co‘%édﬁﬁﬁgﬁﬁ PB2
SEQ ID NQedkchininin ddids Psigh7, Phd¢ddACiRne 325, 111236 3;11$431692)0g 382 (B 30D aid NRet431
accoxding {0 Figure,18. the e id bindi [ fi r re. 20
coorares P s I R B R KO e SRR P RS s,
Ser337, Met#BicalyugsSene JRBRIRmIn B0 ian & eisasolestto iindng Biglird meeing: avioter Funct.,
embodimegtysaiqd bi '.nggpsacﬁe&ﬂmgﬁm ihevalieoiRaeRidibales SERBASRQIRMRaddamino
acids Phe323, I—_||s3i5 " Phe404, and Phe325 according to Figure 18. In another embodiment, said
binding po%?ééplgegﬁefﬁ%ﬁ by the structure coordinates of PB2 SEQ ID NO: 1 25 amino acids Phe323,
His357, Phe404, and 01u361 according to Figure 18. In another embodiment, said binding pocket is
defined by the structure coordjna e§: OLAPBZ SEQ ID NO: | amino acids Phe323, i335Y, PT$4 4, and
hé By &

Lys376 acCBRNG IBPESEE 130 SILFESEIEHC SRR L SR RE Al rTay fructure
coordinateiabRER f&EQiPohi@s thanumnotanitin PHeB28; pis36 thORMMO4atindhi, i yS PR

coorainacss o i e R eEs TR e S RO, B B N
accordingenfigerds1®. thabidegcpoblseinmat, aitdeadisiiss cket seage fiensapbymprtasity coorby
coordinates;pf Rd Bk itk NOxl anaoneidsePIe328oh304nl el og, 553‘3@15(1@@%)}315376

according to Figure 18. Furthermore, in other embodiments, the binding pockets as defined above may
opti@rQaIIy be additionally defined by the structure coordinates of PB2 SEQ ID NO:1 amino acid Met43

| accordingieﬂg%@;,lgpliﬁeaﬁil %ﬁugﬁg ﬂa_ﬁrwieﬁ@nﬁlémmxd f ieﬁpﬂfmhﬂg@agﬁwm,rﬁemmﬁﬁ%naé_
screening.accordin the aboye-descriped met or compounds a 0 ociate wit inding
ookt (PR LR (B PR En el o s DO (o PSP R G £ L iD T ey e
embodiméiispidypapiads fresakchbindiogpeckettin ds: Rivdtoare amkguaredBygtioRi fuom it elhackbone
atoms of ami ids,Ph . Hi . : ' id 3 404, Phe

Phesa0, oo TR 3 i hoA e B e 0RA0 RAVRIVIR PRE RO Sble e R,
amirs acitrsthodeiecinds (iddE] hel Brhow 3B aaanufenPewstahiigladdSenbBEindfiy3by,

Phe404, Ser 320, &a%ﬁ%f%% ﬁm@b(ﬂa}pt}(}m&?ﬁm@. aisISTRRE 323 p His AT 188804 by R339,
Arg355, Asn429, and His432; of amino acids Phe323, His357, Phe404, F?he325 Phe330, Phe363,

G1u361, AKHIFYE3 Frem MolFRy ati o BHaES | ieamsrasidesdon Pheeds (Predtd, PREEDD <8320,
Arg332, Seiskdhtandd 408, ofantiseresids7PRp3288 5485867 (PheAMEEREER %s Rhakd: fhas63, 15
Lys339, Arg355, Asn4d29, and His432; of amino acids Phe323, . His357, Phe404, 01u361, 1 ys376,
Sovaz0, ARSI RiGRrr RS BUHE FrShoal LIsar e CAB T [ Rave,
Lys389, AgSiEssS419umd 5430 SPROWD GLidsIRheCd3, BRROVTPHeBOL Seifdp8imicy882,
Ser337, Glnd0e, LySp38,A19333. HRN4REs 27d @'.Sﬂf’ﬂa?i %Z{B%;aﬁ%%%e?ﬁzé%aﬁg%%;ﬁo%h%‘é04’ ,
Phe325, Phe330, Phe363, G1u361, Lys376, Ser320, Arg332, Serd37, and GIn406; of 20 amino acids
Phe323, Higi3erritpleé40adP kEQ2 5V FRR 930 IHREA8 85 Al J3B stcinyand 81| 4s3Bocha g S5sipRanid?9, and

His432; oharigmasitn acRithddisan b ReIO DRSS Pha3iPleRdd, ST, fraRgh erdar,
GIn406, L)§33 , Arg355, Asn429, and His432; of amino acids Phe323, His357, Phe404, Glu361,

Lys376, $b132%; Apd3e3) §8337, Githodias338, Wrg358°KEna o0 RRY R 199587 ffaRisfs htsds
Phe323, His357, Phe404, Phe325, Phe330, Phe363, 25 Glu361, Lys376, Ser320, Arg332, Ser337,
GIn406, Lys339, Arg355, Asn429, and His432, of gypino acids Phe323, His357, Phe404, and Met431,
of amino acids Phe323, His357, Phe404, Phe325, Phe330, Phe363, and Met431, of amino acids
Phe323, H15357, Phe404, Phe325, Phe330, Phe363, G1u361, Lys376, and Met431, of amino acids
Phe323, His357, Phe404, Phe325, Phe330, Phe363, 01u361, Lys376, Ser320, Arg332, Ser337,

G1n406, and Met431, of 30 amino acids Phe323, His357, Phe404, Phe325, Phe330, Phe363, Glu361,
| veR7A arR20 AraRRR?2 <arRRR7 CInd0R | veR29 ArAaREERE AcnAdA?20 Hicd2?2 and MetA21 of aminn



of amino acids His357, Phe404, Phe325, G1u361, Lys376, Arg332, Ser337, and Met431, of amino
acids His357, Phe404, Phe325, 0lu361, Lys376, Arg332, Ser337, Met431, Lys339, Arg355, Asn429,
and His432, of amino acids Phe323, His357, Phe404, and Phe325, of amino acids Phe323, His357,
Phe404, and 01u361, of amino acids Phe323, His357, Phe404, and 5 Lys376, of amino acids Phe323,

His357, Phe404, D1u36 nd, Lys376, of amino,agcids,Ph 3, Hig357, Phe404, Phe325, an lu361,
of amino acli g,e B’hees&%, ,@%fo,s%&s%ﬂsﬁ%aﬁgnﬁéoﬁ% %{,1 ?héegﬁgvé%%?ﬁ%s’azg Egr% ‘ltfga lons

optionally ii&#thihg amino acid Met431 according to Figure 18 of not more than 3 A. In another
embodiment, the said root mean square deviation is not more than 2 5 A. In another embodiment, the
said root mean square deviation is not more 10 than 2 A. In another embodiment, the said root mean

square deviatigtitiohsersrenhiasulas modalmaoasarisnasdamsditinprrremeb by resaAnsquE’t B@yiation
is not gnorethastlife B&@Bﬁ’tﬁﬁﬂé‘cﬂ‘fﬂoﬁﬁi@%@ti&hﬁ Sﬁi%r%&ig}ﬁﬁﬂdsﬁié%@iﬂb?\ﬂﬁﬂ‘a&ﬂﬁiﬁlokﬁ‘ﬂr%a@an 0.5
A.. In a preferred embodiment, m7GTP is sandwiched between E11s357 on the solvent side and a 15
cluster of fRIBYiRRYRiENiALES RS PrBRIATSIdEY priiseh AT PRES 28 hinf BR 464, BarR% Phéazs,
Phe330, andiRha:3G3, I'Mbisqiefaredtipmpuiiment aspaddibsés sgnitieniahieguanosmeIbasal is
principally achieved by G i en honding to N2 N1 positions of the guanine, which also
helps to né‘aiﬁ?ghzg%hegﬁe%c)gc%é%ga(%é?ghv tharg Bﬁhaél%%%&ﬁ% Oys%gﬁﬁgﬁe%%aggﬁ%adrogen
bond to thénfgniBhereiaieriwdas =S doredOpuridtiraatddi@l RgecAlEsIDONERGENd pdcBethahith

interagt with 01y3 6, 4 t.dir ith the i I nt layer
resideﬁes a%ie"pre eqr)zgﬁéégr%%BIé?QﬁgQ éeg?%gv&é%ﬂ% #y%%@ﬁ%%&gﬁég I—??s%%?rﬁ%g{ﬁn h?g%%gglgesna%londing

distance oftepnatishm Cheméstsy eltiobria Kvale dinbrtiireand SeM2BorhEfsr, MethyNgroe1&.iarvan der
Waals CO@?@W@TS‘W{?@?@P@@&‘: 08 d I Soranariie.caibomy oxygen afRhedfid (Sihd) isin
c

contact with the side chain of 25 Met431 slightly further away. In this embodiment, the triphosphate is
bent roundPiBlvdrd®tHé HA8E (H98)alpha-phosphate interacts with His432 and Asn429 and the
gamma-phosphate interacts with basic residues His357, Lys339, and Arg355. If computer modeling

' the methods described hereinabpve indic binding of a 30 dt NA
Dl pASRO BB IIEHTS B TE P EkEr BT E b2 b L e VAPRAC S PSP S AP A e
synthesizgdaed dptiGRAllytherabilify bef Saiblec@orpputat dmbndpiinsadd sintiagiposketimaytbe tested in

4 2P oo the fur - q d donal
contating el PR A
host cell ofome rmerranh (@gd IRASteED ontarmalinnihiatedagdrtsrrninbarge-elitieg. ofipale-éwaipound
to inhibit Qiﬂ&im#gﬁlmssﬁ %ﬁ@a@&%@@%ﬁ@&ﬁﬂﬁ@yﬁ@ﬁ%ﬁtcﬁ% SRELBIMA CaR L MA0GANRERRRI he

C

quality of fit of such compaunds to the binding pocket may be judged either by shape complementarity
or by ®stifiERs REFRAUBK dr e @inding gt dn, 3. RYRcH SEffemreitabhy B s ATG 9 5
Methods fraxshbibesizinBubiaie toafmpaihdsase wediknapecdiihemnpusapakiladsnheartoniauth

compounde e SRR A Srlalle Saae et BN S D6
of suitable programs include (i) Gaussian 92, revision C (M. J. Frisch, Gaussian, Incorporated,
Pittsburgh, PA), (ii) AMBER, version 4.0 (P. A. Kollman, University of California, San
25  Francisco, CA), (iii) QUANTA/CHARMM (Molecular Simulations Incorporated, San Diego,
CA), (iv) OPLS-AA (W. L. Jorgensen, "OPLS Force Fields", Encyclopedia of Computational
Chemistry, Schleyer, Ed., Wiley, New York (1998) Vol. 3, pp. 1986-1989), and (v) Insight
[I/Discover (Biosysm Technologies Incorporated, San Diego, CA). These programs may be
implemented, for instance, using a Silicon Graphics workstation, IRIS 4D/35 or IBM RISC/6000
30  workstation model 550. Other hardware systems and software packages are known to those

skilled in the art.

Once a molecule of interest has been selected or designed, as described above, substitutions may

then be made in some of its atoms or side groups in order to improve or modify its binding
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It is another aspect of the invention to provide a compound identifiable by the above-described 10
method, under the provision that said compound is not any of the RNA cap analogs selected from the
group consisting of m70, m7GMP, rri7GTP, m7GpppG, m7GpppGm, m7GpppA, m7GpppAin,
m7GpppC, and m7GpppCm, m7GpppU, and m7GpppUm or the small molecule inhibitors of RNA cap
binding 2-Aming:7-benzy1-9-(4-hvdroxy:but l\)-l 9-dihydro-purin-6-one (R00794233. Hooker et al.,
2003) or 7O e 2 GO oA TG TE S Shhneml BT
another asppog:iiveay dhepamipamichardchydwphebisipoambdbrnatfialihe byiginabiovp-deswidédt

method, undgrdheeuHaRi AsaitFRmARUAA IR LNl IR RNAGARARAGS RPIRGIeddEgm the
group consisting of m7G, m7GMP, m7GTP, m7GpppG, m7GpppGm, mGpppA, m7GpppAm,

m7GpppC. Saell AL RIRSCSREPcAL pRipRe aRE ARy BsBo Analvars Sonslsiensa b MiohsRISARNA cap
binding 2-AyRiiag /peeryds PB2-y dr exydrigbbklebo2Q GiBYFarRHfIBOIQatieTcéRpBRd HEable to
inhibit binding Il:?):%tt e%%thg PB2 polypeptide fragment and the RNA cap or analog thereof. Compounds
of the pres&Ht @B Sny agents including, but not restricted to, peptides, peptoids,
polypeptides, proteins (including antibodies), lipids, metals, nucleotides, nucleosides, nucleic acids,
small organic or ingrganic molecules, chemical compounds, elements, sa rides, isqiopes
i G R e A e B
polyaminesf &kd combimditip pocketicderRBipely tieptslof vEHenteromigises amole ealds Phefdd; Hishidlecules
that hgve 3 MIRCHRLVBISN REINEE T, DH:RNHABEYS 2000 RALARS iR IBARM bR (AT RERA0-800

Daltons. In addition, a test compound according to the present invention' may optionally comprise a

detectablestibefinent e fag kst comprgss|attae 16198 Fhpdtand ettt Bhefdisdteps Grand

radioactivep 69Mmpesads ofceISAIENtS, forescentsRIMP NS Q8 FRgiahs S amilBiNESeidther
compounds an%,biolumin scent compounds. In a further aspect, esent inventi rovides a

the pr tion
method foP RRAMRTRG CBINIBAES RRFER SUBRISE ﬁﬁH%é“ﬁﬁAPgﬁé%mﬁﬁﬁéiﬂo ARy
binding porkel X8 arfdBth¢RHYpepliding varBEQ HoMj@ising theistepd i (Hraspiading tHecR82n yet
polypeptide fragment ot.the recomhinant host cell of the invention with aes 0 d,(li
et oG T b e 8 A RS R R BB ar oL A ar U Bt thereof
5 In one efnvdbimant, lthes itaaoidnhEnSEENTRNPB2 pohipapstisadsagmeappodingrihetcthefaofeand a

test COmp%&ﬂ@%&@&aﬂﬂ@#ﬁ%&ngﬂ{a&gf%&éi %em%@ﬁ%ﬁgr SAAMPIRSUY PRI PolypERyde

fragment may be purified and may be immobi ized on beads. In one embodiment, the PB2 pqubeptide
fragment isE8BiREd dh Bedds it Pet¥ntaeaetintoiosiEih PNt Q) BREPSEIS FREE SHRERS
polypeptidgdragnaninSihbe BHHR d (At MW Rh i GIeiRe: BORYPERIdanHS 18RINeRs29! peatides, or

(ii) g, cell or tissue_extract, and hindin protejns, polypeptide fra n eptides may be verified
by pblyac | el(ﬁ%’s ec?r%g%fe%?g%ﬁ c@ﬁ‘i}#ﬁ?gﬁ \%?ﬁ?‘lgé%ﬁ’s%git@nﬁézo WedRRouisithg.
Unknown aindipgradaiin elisronay Iheaictahtifiechbydiness, spét thindéiy cpankdy sisnibbiseaniler acids
embodimept int ti W. e PB2.Ro ide.fr ent qr.variant thereof  a t
compoLng H B maA oot art St oo ook Do o DR T
experimemQn lope asmiibo dindé rrotisepPBIngolypelstide fiigmethen embridineehrannd ddedntimpesche

invention may he.immahilizad.opiibe suriace of A Fi4SPhpigte MRdRANPEISEWR A tegl.agmpound.

Binding of the test compound may be verified, for example, for proteins, 20 poiype[})éides, eptides,

and“pitoEriadgatcHinpRuAaor Mt SHIe SR JACHiL framrfarids HyBtmansinBdheprtBpEtae. These
an_t(ijbodie%ﬁamﬁkt @@wmﬁwme&ﬁﬁiﬁ;‘? smwme@ﬁﬁeﬁgmﬂimta@d@epﬁém[ymgﬁm,d?mmed to
sald enzyme that - In combination with the a opria ubstrates - carries out c umjnescent
reactions (B En SR ot G Earon A R E B GoMaRE DrOah AL o
another emtindimed, dindipgrafingSteampolmadsdtier canbeiifveriptectetinyinntiokie scorighisee
verified by [abels epfly:5qupied 4o (g ot ‘i%%‘i‘;‘?r%'%a ?‘éﬂ%‘e'?98'%”%%3”9&9?#%%@65,
radioisotopé or radioactive éompounds or elements; Gorescent cor‘npo%n $ or metals,
cheffiluminessdéng sobiid dRdS @ntl wiemininesiée praeippsiing shareanditraotieboubedins theaikst
compounglg, might e inmohilized aniihe EldsArials, and sontaaier i the solulie B B2 Retpeptide

fragment or variants thereof 30according to the invention. Binding of said polypeptide maﬁ/ be verified
by a PBZW%&:‘@H@”’ and His432 according to SEQ ID NO: 1 or amino acids corresponding thereto.
In another embodiment, said binding pocket comprises amino acids Phe323, His357, Phe404,

Ser320, Arg332, Ser337, Gin406, Lys339, Arg355, Asnd29, and His432 according to SEQ ID
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fragment specific antibody and chemilurninescence or colorimetric reactions as described above. In a
further embodiment, purified soluble PB2 polypeptide fragments may be incubated with a peptide array
and binding of the PB2 polypeptide fragments to specific peptide spots corresponding to a specific
peptide sequence may be analyzed, for example, by PB2 polypeptide specific antibodies, antibodies

that are dirgcted against an epitope-tag fused o the PB2 polypeptide fragment, .qr flugrescence
Sional ot by B DS EOBITD TP o aRt e S HD 541 Dl PEREr
embodimeatntbrisee conitrinandh dbe 2, ddisdfdinBhettide Breddht PheddfloR s ontaidesd witlysd tést

compounds Tl MaYR9 AV ARy SRABIRTHARSEP iSRS @ro?%%rﬁ)iﬁtgu&§mgﬁﬁﬁﬂ?gion of

interaction, for example, by flliofescence resonance’energy transfer (FRET) ol ‘
co-immundhitsémpilatrnether arebpdingnb saithbivding faskehisenarieas avinpasitishhel?belliodadded to

the mediumpypihe PREOIRDIPREINOTRES, Eﬁuﬁmt,engigm,tm?é@@g ANPIYNGtanenatatgmembranes
and bind to the PB2 polypeptide fragment may be, for example, verified by immunoprecipitation, of said
po|ypepud@ca?f&*9&ﬁﬁéﬁ(§ﬁ ARe brEARZE B MERSPIRSNS iR BB RO Eent said

above-desgiiaeg rpethed demiatptifvinthe aide UPiis 28hichs3S AsBheiate Wiiksise RiNAOaPhéddg
pocket of PB2 ar a bingdin et of 2 nalypeptide variant comprises.the further ste ding a
RA cap RN Ot A G Sl T Sat oD G i 18et P Bound
to bind to RBR ih presence @idaicbRdpoodingribaralog hemssher tmebabititgnof saill besdiognmooketd to
inhibjt-bindi i 0 0 24 ly c ng.i N to
R o A e AR e S e

molar con&8ntftidry 333 thed RN ASc dip et RN ¢ 4 | sgesydineréot v 2895NBY thSFeamin 35S by

more than4Q%,byamere.than. S0%anBiederalis BnaaresiiaboRiks RIsEREARYFSRO 8rllaN £G86.
- preferably by more than 80%,é)referabl% by more than 90%. In greferred embodiments, the

K
above-deddifiéd pUsddwhbedlis Rhgdesiidy PReES, G e -ﬁﬁﬁzfaﬁoﬁ?é’&ﬁitéﬁ&?éxﬁéf%énts
may be caplieeuL RS pragsrse AfrandR A R4SIIsHdRdMAbaSBIDhBIeof piefaiatlyaadsbeled
RNA cap structure gr analog thereof, res%n e orin ab{fePnc .ofateﬁttconé%gund. Inone_ .
embBRim AR RPN 1B OP al BB e SRS ERY SHS, G BA B SRR MBS 759
further enmitteditdeHis36&, RheAldaprdrMeeibhatverdofgscalided Iodwo mmitaartiyne ihidriditiospohdaigl test
compoun et.another e i , enf | deliti f said
test 30 co?lﬁ%)%gjéh glﬁn é%%éfé%%%(? ?ﬁ@édﬁ%ﬁeﬁy %ﬁga%%yg{;?‘%%%%%t%%@ggggtgc%ﬂr%%%n%i}%%%FQerfere

~ with the intbr48fioRtsA3 X BhedsRplisiés. fangnideitdl thectidiigion 358 ANACap oF saaieg teiieof may
be tested Qyincihatingmaidpolypertide: fagspemtithsZumsthyine TR RePPMISRABAIRSID Uefds

20  Phe323, His357, Phe404, Phe325, Phe330, Phe363, Glu3él, Lys376, and Metd431 according to
SEQ ID NO: 1 or amino acids corresponding thereto. In another embodiment, said binding
pocket comprises amino acids Phe323, His357, Phed404, Phe325, Phe330, Phe363, Glu36l,
Lys376, Ser320, Arg332, Ser337, Glnd406, and Met431 according to SEQ ID NO: I or amino
acids corresponding thereto. In another embodiment, said binding pocket comprises amino acids

25  Phe323, His357, Phe404, Phe325, Phe330, Phe363, Glu3él, Lys376, Ser320, Arg332, Ser337,
GInd06, Lys339, Arg355, Asnd29, His432, and Met431 according to SEQ ID NO: 1 or amino
acids corresponding thereto. In another embodiment, said binding pocket comprises amino acids
Phe323, His357, Phed404, Phe325, Glu36l, and Lys376 according to SEQ ID NO: 1 or amino
acids corresponding thereto. In another embodiment, said binding pocket comprises amino acids

30 Phe323, His357, Phe404, Phe325, Phe363, Glu36], and Lys376 according to SEQ ID NO: 1 or
amino acids corresponding thereto. In another embodiment, said binding pocket comprises
amino acids Phe323, His357, Phed404, Glu361, and Lys376 according to SEQ ID NO: 1 or amino
acids corresponding thereto. In another embodiment, said binding pocket comprises amino acids

Phe323, His357, Phe404, Phe325, Phe330, Phe363, Glu3e6l, and Ser337 according to SEQ ID

47



Healthcare) in presence or absence of said compound and comparing, preferably quantifying, the
amount of bound PB2 polypeptide fragment with and without said compound, e.g., on a coomassie
stained SDS PAGE gel or using Western blot analysis. 5The ability of the RNA cap or analog thereof
to associate with the PBZ fragment or variant thereof according to the present invention in presence or

absence o Sle%tr ound,is evaluated. In {08, mpodlm nt thr%éga},xcne achiey %?m g&et

. S Aot orre ofdin fb% ?1
fluorescein-la cap analo orestein-labeled met guanosrne monopho

(m?GMp),qmﬂmmmemmaronhas@awagﬁésaim bi»)rﬂéﬂéraﬂagﬁé@a‘?e@@mzﬁpﬂ@tﬁéﬁvely,
in another mhetimenidd pytese dckmad 'Qegsfw&%%%m@&a@%% ARSI GT Rasnay be

usedin a fluorescence spectroscopic assay as set forth by Ren et al. é1996 ). In a further embodiment,

radioactivelfipe|BackN AUBPE g BEMm At atEm Vit Thetide Bhisentie Paghet6r vaeddtthereof

in pregencep1A03RAnas 10faieh cARRaENA sHhor eI tpRsIRIYAcaR M@ oS BAdEs ROON 18r amino

concomitantly with, or after addition of the test compound. The cap binding reactign is UV- 15
crosslinkedS 48 AARFEA°LRE ] B?%'éqrqu’gﬁéfp‘?%\leﬁégae@%‘ﬁggr%@ hFITEEIES &Pine @), In

another erphesiig&lis3 e MB20dokpcplicde Sragordiis of SEQ ivendon saynhe initobitzsgoadiag
microtiter ate incubated with.a labeled RNA.cap or anal thereofl resence a test
compound%1 erefn ﬁﬁle%ﬁ{l ‘%‘a%‘!‘i“r"%ﬁafo yﬁlelr%%’lgrﬁ 'LBPQ Glo o) prior %0 cagr(récognﬁ‘? ? ?ﬁ?%r after
addition offthed §d staodrijiudnd aeemiding binBik{Y IQaN@Iyzedrbgwenfyimgsmermnwe!segrdbewmdlbabeI

afterfgorontrainaidic e, ianaldotensiizs oLt BAGRP RN vepsanplaaabaldn wells

with test compo to signal intensities of said label without test compound are compared and a

compound-i¥Ethsigersting iehiBHERNR HP-of RNAaﬁHBOaﬁ&l@’g BRERFRY IBIEd e F6ore BB more

than 50%..pieéarmkly, Rvimerithep K% BIsfeRb by dRelgs thasms79% preferakhohyenere than 80%,
preferably by more than 90% as described above. 25 In a preferred embadrment the above-described

method foW&é?ﬁlfﬁﬁ?Qréb‘?ﬁp&r%%ﬁ%h%@so]clﬁfe WA ERRAVEFIAING JRERS orpEtien
binding paskbbdifi 2 B3ip dikaiigeckarianhplrefe maliloi abidit Hliaaing 6isRNArtepsdo Pasato gadhereof,

is pe{gormgglmlcro (m{h L{ghg ésce#% %Idn anr preferred er eﬁzrrgae%%%%d me}gh gols f:arrleq}}out ina

multi-well iter p e as above’ usrng Mo po pep fragme S or
variants treesbodiarnordind) bodimzgrescan teimuerisisnasncbl abele #HRBEA, ddiss 1, heddds Rhetadfhd a

preferred epsoglimentitiedasicarRuns Aln deived [omAibiREe AL PSRRI e

compounds. For instance, synthetic compound libraries are commercially available from Maybridge

Chemical @ibodivessifet Contil, d9RYE B dRRKSST JORK I GRS D RgepEp)an amino  acid

corresponding to amino acid Met431 according to SEQ 1D NO: | or amino acids corresponding

20  thereto.

In a further aspect of the above-described method of the invention, the RNA cap binding pocket
of PB2 is defined by the structure coordinates of PB2 SEQ ID NO: 1 amino acids Phe323,
His357, and Phed04 according to Figure 18. In another embodiment, said binding pocket is
25 defined by the structure coordinates of PB2 SEQ ID NO: 1 amino acids Phe323, Phe404,
Phe325, Phe330, and Phe363 according to Figure 18. In another embodiment, said binding
pocket is defined by the structure coordinates of PB2 SEQ ID NO: 1 amino acids Phe323,
His357, Phed404, Phe325, Phe330, and Phe363 according to Figure 18, In yet another
embodiment, said binding pocket is defined by the structure coordinates of PB2 SEQ 1D NO: 1
30 amino acids Phe323, His357, Phe404, Giu361, and Lys376 according to Figure 18. In another
embodiment, said binding pocket is defined by the structure coordinates of PB2 SEQ ID NO: 1
amino acids Phe323, His357, Phed404, Ser 320, Arg332, Ser337, and GIn406 according to Figure
18. In another embodiment, said binding pocket is defined by the structure coordinates of PB2
SEQ ID NO: 1 amino acids Phe323, His357, Phe404, Lys339, Arg355, Asn429, and His432
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or Aldrich (Milwaukee, WI). A natural compound library is, for example, available from TimTec LLC
(Newark, DE). Alternatively, libraries of natural compounds in the form of bacterial, fungal, plant and
animal extracts can be used. Additionally, test compounds can be synthetically produced using
combinatorial chemistry either as individual compounds or as mixtures. The 5 RNA caps or analogs

thereof may be added jprior tq,,concomitantly,with, or after the addition of.the library compound. The
abilty of (SR BRI Bt kAR L BITLE iy i SO BNt e oA B B s ner
embodimectpttimitdsiwif PP 2 fREQ oMh B Qe htifiethe arigo Bhe3EA , t il ST ePlzat duBHEG A e Ryadd0may be
tested in apjo¥ Geap R0 GEIHAE Bl susceatibie fer inluearaii srBieRliaR UAR BRARTT
human em%}rlggﬁgii’:cﬁgé%@ gﬁﬁs, S%?:i?n-Darb§ ganin kidney ce%l%, or chicken embryct)’fibroblastsgmay

be infectecPoikit|ifidennedvirudha prastireccoprdsisicel Jf Ble JHEhERed Gonh paning. dpids frbedibd

embogimep;ike idgniiiecbremposneaPResasided foothersulreediumeidhaselhednyagods
concentrations. Viral plaque formation ma%be used as 15read out for the infectious capacity of the

Influenza ilg¥antbmiy Be cAhApsre4BR feefldhtinAnge PekshrEadelith Be e rtmsgre
compoundcaasdigelis tharRave Ot Iiendrentadind acfiythrae RboRiRTM Tt iriieition Phg 35t
compound applied in ft bove described methods,is a small mqlecule. In.a preterred
ebodime S SR A BT P57 oo SRR 0 X G HATSOITE TG brary. i
another ersdiddiimdéing, padicieist ddimpbbrdlis stpefoticl ecordinatesmil i B2pbéigriBdNCn Hoglmenscshid
peptide or in WY id oteip dbrary,4sa e ' t
abovﬁﬁdesﬁl%gé’n%% orzis O{E@g}m%ﬁlt%ag%n%ﬁgfgwgﬁ %ggh%%%srﬁ%ic{ﬁ%%g? ggr%%c‘}gﬁé‘é that
associate fighrehEBB RN Anedsindindipetkertst bisding poslsty pegeiiect &y rifsritocparisperdiesrdinh to the
invention gig/yHBiBItRNA GaRinding 18,554, hinding packes, wihaethodsfithes rompgisssthe

step of formulating the identifiable compound or ﬁé)harmaceutically acceptable salt thereof with one or
/

more pharfyiitédiea st pasRInsi e Atesy an by dn NRHeFtsF RO BRTLy st dipdine Jradishils
invention gegiieles 4R phacnge ldicaiay RASHRN PRYHUDIbleCACToifing tacide RfeB23NentvIrd

methad. A compoun cording tq t resent inyenti an_he administered alone but, in.human
thorelsy, Wt iy s SIS Ta In MM h s A BB A e e o RTBAHE e,
or carrier $égeatdd Viithnaeharcdtdddénate et modisgafoakieh inidtiftimhbaritiestamdard @hadinateeswtical
practice ( inafterk. In the as pytati li C ale] ingh artner
o the RN oL P e
introduce Tnte3 e SacielureliAtctess GhndichnihoiesrosdinattmBizne I8ndticathsr smheidisifietihat is
to be 5 admipisicied asaPhauBacEIIsa SR RXaR BB diRRY bemessble 1D RiduggiiRiagaemit

from the molecule of interest, chemical moieties that may not directI% affect binding of the molecule to

the Bfget Bl buivhich Rt e 3er Hdmile "5 ifé GTeTaH Jorshiftyortie mbkcae tir427:
pharmaceyficaty sreepiatig earignréhe bivavedebiibafithenthelrCbiedanopoctbe s Aeiydafitie:

mOIecule.Sgg&g}geggg}g?n%t%gdo%og%& rﬁpﬁ@!zing&?ﬂ% pa%?&?‘?ﬁ%??}’ ﬁ{s%,nﬁxleem,e f'}%fBQS,
Phe330, Phe363, Ser320, Arg332, Ser337, Gln406, Lys339, Arg355, Asnd29, and His432
according to Figure 18. In another embodiment, said binding pocket is defined by the structure

25 coordinates of PB2 SEQ ID NO: 1 amino acids Phe323, His357, Phe404, Glu36l, Lys376,
Ser320, Arg332, Ser337, Gln406, Lys339, Arg355, Asn429, and His432 according to Figure 18.

In another embodiment, said binding pocket is defined by the structure coordinates of PB2 SEQ

ID NO: 1 amino acids Phe323, His357, Phed404, Phe325, Phe330, Phe363, Glu36l, Lys376,
Ser320, Arg332, Ser337, Gln406, Lys339, Arg355, Asn429, and His432 according to Figure 18.

30  In another embodiment, said binding pocket is defined by the structure coordinates of PB2 SEQ
ID NO: | amino acids Phe323, His357, Phe404, and Met431 according to Figure 18. In another
embodiment, said binding pocket is defined by the structure coordinates of PB2 SEQ ID NO: 1
amino acids Phe323, His357, Phe404, Phe325, Phe330, Phe363, and Met431 according to Figure

18. In another embodiment, said binding pocket is defined by the structure coordinates of PB2
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10 interest can be found, for example, in "Goodman and Gilman's The Pharmacological Basis of
Therapeutics”, 86 Edition, L. S. Goodman, A. Gilman, T. W. Rall, A. S. Nies, & P. Taylor, Eds.,
Pergamon Press (1985); W. L. Jorgensen & E. M. Duffy, Bioorg. Med. Chem. Lett, 10, pp. 1155-1158
(2000). Furthermore, the computer program "Qik Prop" can be used to provide rapid predictions for

Ot inerest FR U S N DI B NG So DR R bl DA o Roear St e My
synthesizeendo¥isddihdsct@ding taphigkieet &lln Aduttor egnBelimdre\s312 Jipdind-RxkeOBJefiRed drams
itable for,ph .select o[l ies, K,
). (i Ca M o, DB
Oxford, UKine3 G HthpHarntduttichay sotepbaititth doetémpiatédh oindOerandnMenshtrmardineble
formulgtechip,yarify s enuchiaaniels, o8 B Poiie alab ARla s BbarRAREHICal

composition of the present invention may be in solid form such as in the form of tablets, pills, capsules
(including §8% g€k dies)! racity ERetS: IR, powtish, Bradtte dhsd 20 pRlsSitdriédudtin
f25liquid fompssueh s&mwafgmg@&izﬁﬁ, SHH&%{G%}%BM:,S:M@?E, sngméqus@,gliﬁhadmlmstraﬂon
orms may contain excipients such as microcrystalline cellulose, lactose, sodium citrate, calcium
carbonate “RBELTECRIEIEHT sk eREL Gl AR ARERGL 57 VLR RBKEb i SERREtH P e B ERarch),
disintegrantsosdiahtes @B BRIEh Ny ch latdncrasdaRhel iz BB SO AR (N Placy28) rGters b exd
silicatgs, and granulation binders su s polvvinylpvrralidone, hydroxypropylmethy] cellulgse (HPMC),
ey B, 8 B T B
mag n_esiuﬁﬁsté%@%dé@ﬁ@&tﬁcﬁ%ly&@@l &Matb aambtamdﬁdihb@ﬁqdﬂdéﬁ? Stied &orRpeitions of
a similar by {58y Gla9d1e sMRIgNesk asdliaisnosRliR CopSHemrlet b aHRiRIeUS o poard

include lactose, starch, a cellulose, milk sugar or high molecular Welghtéolri:ethylene glycols. For

aqueous RR§¥EshatoAliagd aoike spurbus PEinrsr KRANER B Qurmhimmwatsidh &t Tmpound
may be combined mibMAEMSEWRREENING T8 HoMeing: ageFiisureOl®ing MR OSrAYREMVH) said

emulsifying and/or suspending agents and with diluents, such as water, ethanal, propylene glycol, and
olycdiin, B BRTLbAS IREPEDS Philh EHROEE SREA OIS o e [IvElton ATFE i
release raihendalifities IACRIci4, RR:Q5cRAcAple Phydi6dxBudpymeltidrddi ulasedimethb\Higetuldse,
sodium Cafr?%sf{r?eer@%x'&?#'%%‘éﬁ ’5%5‘%%&8%“'088%3‘%69% SeAES e ol S}Q&%Q%%Lds%mwum’
Carbomer, ammonio methacrylate copofyﬁ@r, y rogenatedycastor oll, carnauba wax, paraffin‘wax,

cellulose dBetEs plahulate:;ids/Hiex§PrBbeHire Ryt ETIIERE6h eTs, AnsfideHd 3Gidrsbhisiddir, and
mixtures thereat, 12, TRgRPANNACeKIGR! cRmRAsiten ldhaRigssRnventieR By e insihedowm of

fast dispersing or dissolving dosage formulations (FbDFS) and may contain the following ingredients:

aspafamé&oaciatiiamk PtaSEnDchite aeitm e admBISEY s SaRMN . CFosdRdohve o Hie acid,
ethyl acrylgig; ethdeseitnloges4selatins Insdraxyprepymetioyl sl Hoss 2nagnesidnosaghatel gnannitol,
another embodiment, said binding pocket is defined by the structure coordinates of PB2 SEQ ID
NO: I amino acids Phe323, His357, Phe404, and Phe325 according to Figure 18. In another
embodiment, said binding pocket is defined by the structure coordinates of PB2 SEQ ID NO: 1
25 amino acids Phe323, His357, Phe404, and Glu36]l according to Figure 18. In another
embodiment, said binding pocket is defined by the structure coordinates of PB2 SEQ ID NO: 1
amino acids Phe323, His357, Phe404, and Lys376 according to Figure 18. In another
embodiment, said binding pocket is defined by the structure coordinates of PB2 SEQ ID NO: 1
amino acids Phe323, His357, Phe404, Glu361, and Lys376 according to Figure 18. In another
30 embodiment, said binding pocket is defined by the structure coordinates of PB2 SEQ ID NO: 1
amino acids Phe323, His357, Phe404, Phe325, and Glu361 according to Figure 18. In another
embodiment, said binding pocket is defined by the structure coordinates of PB2 SEQ ID NO: 1
amino acids Phe323, His357, Phe404, Phe325, and Lys376 according to Figure 18. Furthermore,

in other embodiments, the binding pockets as defined above may optionally be additionally
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20methyl methacrylate, mint flavoring, polyethylene glycol, fumed silica, silicon dioxide, sodium starch
glycolate, sodium stearyl fumarate, sorbitol, xylitol. For preparing suppositories, a low melting wax,
such as a mixture of fatty acid glycerides or cocoa butter, is first melted and the active component is
dispersed homogeneously therein, as by 25stirring. The molten homogeneous mixture is then poured

into convenient sized molds, allowed tg cool, and thereby to solidify. The pharmaceutical composition
of the presg?é}?ﬁgé?ﬁi%sﬁ}ﬁﬁféeﬁ?ﬁgofgﬁfér ?J@%I%@ aﬂ%rﬂ?b‘e %d%ﬁﬂi%f%?ﬁ%ﬁ%f 1esiie
aqueous soligiien8hich may contain other substances, for 30 example, enough salts or glucose to
make the solution isotonic with blood. The aqueous solutions should be suitably buffered (preferably to

a pH of from 3 to 9), if necessary. The pharmaceutical composition suitable for intranasal
administrafimnreradprdmihésprasint inydnhetapronideh e sneibliddradtmprwsatormal ot reehipp evedatingttaler or

an aenpsol,spray, oM & RIeSAUBE HSOBAIPEBYTHR. SRS AERMIRS WithihedieRalRusitgble

propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, a

hydrofluoroaikeiéstierRab cep rodingraesleth AR aqFndingAoTivE)Sy 18- In one embodiment said
1,1,1,2,3,3,3rhep'Sf uaopienan @ dEteAhd2 Aol Mda s taer digwisitorappthebatiiahie semsTde

pressurized container gum ,.SPray or 5 nebulizer may contain a solution or suspension of the active
compound®&§° %?éﬁﬁgf ErfixtdTS b e BMHAATE Peeproparidt Biedre:-ddieaht: fndtrmidir Riatshally
contain a |ehe®EsIto LaghimobitR IPHEOEQtHISIS ANPhae04 rRheaidif et B30, prab e ht 369 bliamiprontis a

compaundygieifiaple by ea,%‘ftﬁ?u‘%%dw depciibad Bbove, COMRIRING e Oﬁk?e%’&tc?fé‘err‘%@%z
polypeptide ragmen% or polypepti éafrrlagr%ent VAHARL O e present’inverition or a recombihant
host cell ofsttp3 PreSertiAvendotndlba tdsumampatidsl, Rhbia3 isHifbérenP e thBXRNA, cArgdfBlogs

selected fram she URYRFORSISINIALIY Geilld” BRI HRTE; "HGRPP GLI3ES PBRSIR THERPPA,
m7GpppAm, m/GpppC, m7/GpppCm, m7GpppU, and m7%ﬁ%§)Um, and the small molecule inhibitors

of cap 15 Kihtifl 20A frisdlG:8é ARMCRUl 333, BigyHl1 Raefy P beprirkBeddd Blodf 288 0Hooker
et al., 200)a81b TsB5 PR3 o2 AR PRAIS BRietD Hinglstn Pi&Aok) presofepackasperiathe

present invention relates to a compound identifiable by the methads described above, comprising the
step Bt cohtittiy é’l‘ﬁé‘?pdﬁ?ﬂg%%dé’ﬁa&ﬁéﬁ%’o%é}‘?&ﬁ?tﬁ@@%@@?%?ecﬁfﬁﬁﬁa%égﬁtgﬂmhe
present inygBME) B4tR28.I@skERINPBRM, i CHngdiftef amtfconith @ REZS cCHR 36 RIPRSI04, Glu36!,

Lys376, Lys339, Arg355, Asnd29, and His432; of amino acids Phe323, His357, Phe404, Ser320,
Arg332, Ser337, Gin406, Lys339, Arg355, Asnd29, and His432; of amino acids Phe323, His357,
Phed404, Phe325, Phe330, Phe363, Glu36l, Lys376, Ser320, Arg332, Ser337, and Glnd(6; of
20  amino acids Phe323, His357, Phed404, Phe325, Phe330, Phe363, Glu36l, Lys376, Lys339,
Arg355, Asnd29, and His432; of amino acids Phe323, His357, Phe404, Phe325, Phe330,
Phe363, Ser320, Arg332, Ser337, GIn406, Lys339, Arg355, Asn429, and His432; of amino acids
Phe323, His357, Phed04, Glu361, Lys376, Ser320, Arg332, Ser337, Gind06, Lys339, Arg3ss,
Asn429, and His432; of amino acids Phe323, His357, Phed404, Phe325, Phe330, Phe363,
25  Glu36l1, Lys376, Ser320, Arg332, Ser337, GInd06, Lys339, Arg355, Asn429, and His432, of
amino acids Phe323, His357, Phed404, and Metd431, of amino acids Phe323, His357, Phe404,
Phe325, Phel330, Phe363, and Met43], of amino acids Phe323, His357, Phed404, Phe32$,
Phe330, Phe363, Glu36l, Lys376, and Met431, of amino acids Phe323, His357, Phed(4,
Phe325, Phe330, Phe363, Glu36l, Lys376, Ser320, Arg332, Ser337, GInd06, and Metd3!, of
30 amino acids Phe323, His357, Phe404, Phe325, Phe330, Phe363, Glu361l, Lys376, Ser320,
Arg332, Ser337, Glnd06, Lys339, Arg355, Asn429, His432, and Metd431, of amino acids
Phe323, His357, Phe4(4, Phe325, Glu3él, and Lys376, of amino acids Phe323, His357, Phe404,
Phe325, Phe363, Glu3él, and Lys376, of amino acids Phe323, His357, Phe404, Glu36l, and
Lys376, of amino acids Phe323, His357, Phed04, Phe325, Phe330, Phe363, Glu361, and Ser337,
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20 selected from the group consisting of m7G, m7GMP, m7GTP, m7GpppG, m7GpppGm, m7GpppA,
M7GpppAm, m7GpppC, m7GpppCm, m7GpppU, and m7GpppUm, and the small molecule inhibitors
of cap binding 2-Amino-7-benzy1-9-(4-hydroxy-butyl)-1,9-dihydro-purin-6-one and T705 and is able to
inhibit binding between P82 and the RNA cap or analog thereof. 25 In another aspect, the present
invention provides an anti ogé chji ct éj against th é)i din %gg in{% 82..In a preferred
embodimef ,%fﬂoaﬁff%&;%‘? % gﬁ’fg %’r\gﬁﬁrﬁ&’céﬂ)‘mfﬁé& gﬁaaﬁ? gn&ﬁ egtf’d’é!fpﬁﬁﬁ% {%Br
variant of aftagmeindinHiezi@d BlosNd, iRipdRiculaiudele diga3ifTomahe 8o serdt polyfeeftidekydadthed by
SEQ ID NQ; 2, artic\ar, -said.antibod ifigf%y i t itQ QHNiSIpg one or
more of ak%l%llsr%i%g égirﬁ?ﬁzﬁé@? S, %avl\'/rﬁfégh %&?r?eﬁqt%e iﬁﬁ%&%%t&fh aﬁ;‘g%?gﬁ%%é‘ &fm

epitope haseitls aPhe3dghiisad TnBheiig, aand rbedflblpfretminaoasidst@hedlt 41350, aRtiet)hoiat]
prefergbly a4, & IR QfidsPrid:3Mings 36145 AGLOMINGY, HIEEIL85CBEARGS N E:BpiRAaY) Of 4

to 20, 5 to 18, preferably 6 to 16 or 7 to 14 amino acids and comprisé one or more of 5er320, Phe323,
Phe325, PHiE338, Rigsdh, Bhep3sy apd g6 hrgBamipnsanids Ehg3dd, PisdBb ey Shpheumad
01n406, Me§43is and/abodigthido Ao REQnbIMESnk 8hBosalie SRMMIKIYANHD QA8 d4ckins: antibrihgof the

present invention may he a monaqclonal oy polyclonal antibody or portjons thereof. Antigen-binding
portions m‘&fb%ﬁ?ré&&é@&tlﬁ?ofééb?ﬁtﬁadf‘Wﬁ’?éémﬂ g By SASVIRIARCEP SRRV AN AYe of
intact antibedigsrénizeniesefnladinoeiis cabbdanebindio gad rHion snesl udearabe HafionF@hd) hdrel, Fv, 5

dAb, . and com ntarity deteymining region .(CDR) fragments, single-chain antibogdies (sckv
e O S e R R I M st o
portion of ampgretibuayothiateis. stificint teot anden sigueificlaniation ininguioeHbapolyfeplidendther

antibody of fhe Bresenkinvention isaensralehassard N Hlardasd projocols. For example, a

polyclonal antibody may be generated by immunizing an animal such as mouse, 10 rat, rabbit, goat,
sheep, pig, cattle, or horse with the antigen of interest optionally in combination with an adjuvant such

as Freundiy GOpRHGI8EMMCIMNALS AWHTIARN, SRIBYi(Rdr 8P eRiineS hnOhtSE Rt side and 2

(immunostimulatinrg complexes ag:cording to standard methods well kngwn to the person skilled in the

art. The p&REIEn Al dhifsBRTAY GiARAsd 9y KsPIRER R BHBMNY dofiamh sPBEPralyhale
thereof is Bh¢alsedriieBs dheushiPiadlog . blieeding presacsificiathtidenindnypetifice deaoimidlon e seum (i)

may be used as.it is obtained from the,ani (ij immunoglopulin fraction m e obtained from
the sorumE G T e P e e KGR e R AT B Yoreor
may be pmhiiigddmii_m thbi@emlm.Wmmmaﬁnﬁbb@i@W@r@gh@m@wwwﬁ@nmmkﬁ@u Kiown to
the person sidhgdhe 2.ip RYgl.dos spimabismAesificeraltardnmynization.and el s and/or

splenic B célls are 20 immortalized by any means known in the art. Methods of immortalizing cells
inclife, bmedeeuisstiniitciesndnoskrs rhighrrmaritN BhEdy e S FEbtg RBYPR/RMt a9 toHESEENic
virus and ﬁﬁﬂﬂ%ﬂnggﬁ?ﬁlﬁwﬂ&(aﬁpﬁg&?ﬁﬂslé?% $@ﬁ§%\@wmmf&%@9dég%tﬁ?zsws@m?ﬂwm | and
carcinogenic or mutating com un‘gfs using them with, an jimmortali cell, e.g., a myeloma cell, an
inactivatinty SABFoP DIt ALS0r el AFEAR L BRI A GEFE i dRe N LHRE RRgA 15 ciher

water molecule or Ser320. The N7 methyl group is in van der Waals contact with the side-chain

of GIn406 (3.4 A) and the carbonyl oxygen of Phed404 (3.4 A) is in contact with the side chain of

25 Met431 slightly further away. In this embodiment, the triphosphate is bent round towards the
base. The alpha-phosphate interacts with His432 and Asn429 and the gamma-phosphate interacts

with basic residues His357, Lys339, and Arg355.

If computer modeling according to the methods described hereinabove indicates binding of a
30 compound to the RNA binding pocket of PB2 or the binding pocket of a PB2 polypeptide
variant, said compound may be synthesized and optionally the ability of said compound to bind
to said binding pocket may be tested in vitro or in vive comprising the further step of (e}
synthesizing said compound, and optionally (f) contacting said compound with the PB2

polypeptide fragment or variant thereof or the recombinant host cell of the invention and a RNA
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25 cap binding domain of P82 or a fragment thereof Cells that produce antibodies directed against the
RNA cap binding domain of PB2 or fragments thereof, e.g., hybridomas, are selected, cloned, and
further screened for desirable characteristics including robust growth, high antibody production, and
desirable antibody characteristics. Hybridomas can be expanded (i) in vivo in syngeneic animals, (ii) in
animals that lack an.immune system, e.g., pude mice, o (iii) in cell 30 Clr#_}l re.in vitro, Methods.qf
selecting, Wn?ﬁgaflglr% éx%g?\dﬁoﬁg tf/ rfggﬁﬁgsa lrlé%v%fl’lsﬁlrﬁso(\;/éﬁn TH6sE § ggr’b?ir'?énr%{/m iﬂfﬁtrVﬁ% %araThe
skilled perdiB2 npaly pefeidio SeancatdatekisicuBiNas ¢antibedids g Aticatydt atbry dvalityad? Bt ldhidosk and
D Lane, Eoga GRlASeIngHathetd-300re Al reeSubll SRiodyaRa. NewplarsdaaR)opich I

incorporated herein by reterence, for support regarding generation‘of antibodies. In another aspect,

the presentsiaioinienegbencrseey & ofa dmpctird-iderfaftiie G3eme Above-ddscabed &thods
that ismbleviariad 18- e BNRiGaRMINIRY RekeO LRI Ridia BNAingepRrkat BEAi M B RelyP&aRYde

variant and/or is able to inhibit binding of an RNA cap or analog 5 thereof to said hinding pocket, the

pharmace S8EREOTBENOE qeecried hhavaldlanExammiculroristote dandrivaminge e dBNA

manufactuggpdfiading Gitasnen; iftiadting icumetial atingoandy exendingsiseasamareitions caused by
viral infections with negative-sense single stranded RNA viruses, In a preferred embodiment, said
disease conditions are caused by viral infections with non-segmented negative-sense single stranded
RNA virusésisisaottive aspiert of the Mumbinegaviraléeds eamppsing tidenB Oabdeivid e, Ftidovhddseibed

RN viusésisianothe e of 8 humsineg ki, e N
< calRed By A e R peeen

Orthomyxdinulaks igedusirepunistenefaihlueny @Y Riras GRRuen ZGrBpfus: MADEPEa G ARERA,
Th OQOtOViW%W%%pﬂﬁé,f%ﬁ'iﬁﬁ@ﬁﬁ@ﬁé‘fﬁ?@%ﬁlﬁﬂdﬁéﬂ yAuigasn elweling.he gRngde 15

Hantavirus, Nairovirus, Orthobunyavirus, Phlebovirus, and To;\‘)s)okus. In an even more preferred

embodimeAhibiiersi e B EHIRIBAING C108ugny Bemfetibmvatre Birbdsheddy daaen-f8hs the
group congistiozpel Bomadttisaass. vinis) Matbwg uusEbala 200S) SRINGaibierus bMdIro REeVRNG

Meagles virus, Hyman respijra yncytial yirus, Turkey rhinotracheitis virus, Vesicular stomatitis
ol I8, KPR PR e 10, FRITES RIS e 2 B EGhal VEor Gt TR
hematopoidtaifieble dis thir ubpTdrdgotibuid ns;thotluenda e idiviiubarsaid vinuppimiue naas@ywifus,

preforably TS AR T v A i o B S T T TS

T
preferably Influenza A virus; Intluenza B virus, 1n Irus, more

preferabIWﬁﬂDEP@&MﬁﬁWMfIG@ﬁP&Mr@S{GHﬂP@M @ iR Grosh frermdbipdrnerprlmdtus. 25
For treating, amalirRing LipieMeRIpYRRIL diseasgirendiians hemedieamaenur e RigReat

invention can be administered to an animal patient, preferably a‘mammaliangtient, preferably a
hum@® paBieHEremRIRo BueRaIRy, Subthdidiys rbtanas oy PEaine PRy seRES i &glw%fﬁqauon,
via rectal migiasn OfREIRN IR V640 bE XA ahintET aeiposadly ointha e Bss ihviedtn 3enastesially,
intraperitoneally,. intrathecally, intraventricularly, intraurethrally, intrastem I‘% intracr.ani@l -
itramuscHRER B SO Er L dL TRy bR B BTEIG oy R RSB B PR L g
techniquesntibhidéeghdipitscenticl, cowipusitensuwidirdese seoleinvandio rsmmall dredomulatedgimiarious
ways wel KON SR ALPKURJIGR ok Rample,ihe plmaceleR Gampsalian of logeresen
invention IrIjrlfz)aL)(;Cbee_%hCsoﬁ?ﬁ‘or?n S_§8h as’in tﬁ%r}o?m of tablets, p?ﬁg]3 6apsu§e (incEﬁdinng@g;t el
cap@fies)lipepietinsio bisgBREN teinsl e 81BN ENgbF-s prtbsep pobitamiass.ortd rfumbitiesuendas 5in
the form QfBlixifSe SHULHRRSTRMEIE O IHRBRRSIABR s ALRIRISHAUCR O S R AMCABIGHD
excipients such as microcrystalline cellulose, lactose,, .

between 50 and about 2,500 Daltons, preferably in the range of 200-800 Daltons. In addition, 2

test compound according to the present invention may optionally comprise a detectable label.

Such labels include, but are not limited to, enzymatic labels, radioisotope or radioactive

30 compounds or elements, fluorescent compounds or metals, chemiluminescent compounds and

bioluminescent compounds.

In a further aspect, the present invention provides a method for identifying compounds which

associate with the RNA cap binding pocket of PB2 or a binding pocket of a PB2 polypeptide

53



sodium citrate, calcium carbonate, dibasic calcium phosphate, glycine, and starch (preferably corn,
potato, or tapioca starch), disintegrants such as sodium starch glyeolate, croscarmellose 10 sodium,
and certain complex silicates, and granulation binders such as polyvinylpyrrolidone,
hydroxypropylmethyl cellulose (HPMC), hydroxypropylcellulose (HPC), sucrose, gelatin, and acacia.

Additionally, lubricating agents such ag magnesium stearate, steari¢ acid, glyceryl behenate, and talc
may be incIAEERl: SUTEHEDRGBEHIGRS i SRS BEpi s ohel BEPA AR e P B
capsules. Braferetidogxtipidmteniivthisithgargincldpoantoas) Sidrchatyigcetalabaitmit sagatest high
e{é&éeigus su§gension§tsolut%ons, elixirs, and emulsions

molecular weight polyethylene glygals. fFor
o?%ougg%% I}g% %%%éﬁ%%)ag) R ma?/gg%egonﬁgﬁrjeaélW| B Various sweetening or flavoring

suitable for Ofal adminisnation the ¢ u
agents, coloring matter or dyes, with emulsifying and/or suspending agents and with diluents such as

water.cethapol, 20 pioRvlenc el Aa et ARERTBIVRLANS hElRRh: TR AhRIIRGRH G

composition of the invention may contain release rate modifiers including, for example,

hydroxyprdpiefhcipiapeandidaey metryslvend dsdosndring clodowrmyiee figsexunnecdit 852
cellulose aﬁ@lc?%l@ptﬁgﬁé}}i@ﬁ%iﬁi@@,ﬁ&ﬁﬁ@@&ﬁ%y%rb&%@éil%ﬂma%@ medacsHstRieapelymer,

hydrogenated castor oil, carnauba wax, paraffin wax, cellulose acetate phthalate, hydroxyp,rope(lmethyl
cellulose phthhRAePHhasnids i gREnt pBIghired o8 RS rBeYhRF o et Aok ARG AT ()
compositiomehthepiase proeienpeipaaidb e igihalainpoiiast (Hisp eibingeas f30iasg lytigpdpsag e
formylations (FDDFs) and confain the following ingredients: rtame, acesulfame potassium,
i g RC R e e e i e b I

gelatin, hytirgryispyinpetitidesetialobe, veratiert iyipottecndss)idrapeiitdlyamephytesietimeoyidioptiomt
flavoring, Ralyerhyle §i9'¥t991;,1gf&9%§tgﬁ, E!%&%%Q@?ﬂ&%w%ogmﬁ%ﬁt%v%@y%%?tﬁe sadim.gteary!

fumarate, sorbitol, xylitol. For preparing suppositories, a low melting wax, such‘as a mixture of fatty
acid glycefltes peelevpertie aedyigirst melted and the active component is dispersed homogeneously

therein, as by
15  In another embodiment, the interaction between the PB2 polypeptide fragment or variant thereof
and a test compound may be analyzed in form of an enzyme-linked immunosorbent assay
(ELISA)-based experiment. In one embodiment, the PB2 polypeptide fragment or variant thereof
according to the invention may be immobilized on the surface of an ELISA plate and contacted
with the test compound. Binding of the test compound may be verified, for example, for proteins,
20  polypeptides, peptides, and epitope-tagged compounds by antibodies specific for the test
compound or the epitope-tag. These antibodies might be directly coupled to an enzyme or
detected with a secondary antibody coupled to said enzyme that — in combination with the
appropriate substrates ~ carries out chemiluminescent reactions (e.g., horseradish peroxidase) or
colorimetric reactions (e.g., alkaline phosphatase). In another embodiment, binding of
25  compounds that cannot be detected by antibodies might be verified by labels directly coupled to
the test compounds. Such labels may include enzymatic labels, radioisotope or radioactive
compounds or elements, fluorescent compounds or metals, chemiluminescent compounds and
bioluminescent compounds. In another embodiment, the test compounds might be immobilized
on the ELISA plate and contacted with the soluble PB2 polypeptide fragment or variants thereof
30  according to the invention. Binding of said polypeptide may be verified by a PB2 polypeptide

fragment specific antibody and chemiluminescence or colorimetric reactions as described above.

In a further embodiment, purified soluble PB2 polypeptide fragments may be incubated with a
peptide array and binding of the PB2 polypeptide fragments to specific peptide spots
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stirring. The molten homogeneous mixture is then poured into convenient sized molds, allowed 5to
cool, and thereby to solidify. The pharmaceutical composition of the present invention suitable for
parenteral administration is best used in the form of a sterile aqueous solution which may contain other
substances, for example, enough salts or glucose to make the solution isotonic with blood. The

aqueous 10solutions, should be suitably buffered (preferably to a pH, of from 3 to 9), if necessary. The
pharmaceLﬁm388ﬂ‘iﬂ&m€rf§?ﬁ{§8|8€fgﬂﬁﬁeﬁ?ﬁgﬁq Rh R ERARGRCa Ry ﬁa?mmgtmﬁ%ﬁ%wﬁsva nis

best delivespekifidhenfitindied, asitibpdiedehidnhaledorandaasahnl sprayfiont aaprdasidizedicoreaper,

pump, spray er nebulizer with the use qf a suitable propellant, e.g., 15,dichlorodifluoromethane,

Hichioron AR AR SRR oL RETREIe: R SR b ARt ot AR e

1,1,1,2-tetrBBd ppphpinds (FEAEB4A.TM.) or 1,1,1,2,3,3,3-heptafluoropropane (HFA 227EA.TM.),

carbordioxide, or another suitable gas. The pressurized container, pump, spray or nebulizer may

contain a solution or suspension of the active compound, e.gi, using a mixture of ethanol and the
Bt

propellant &santhssiahedipseh hajcsemhion kesorihrreerdbintie riesaidaypRéentiicleaactethe

phafmﬁce%@ﬁ“ap&%P%ﬁ{WPfjﬁfﬁrﬁWﬂ@ ME@Q@Q@%@E%&%M%E QELp M&ﬁ@%@@éi?ﬁeiﬁides
subdivided into unit doses containing appropriate CEJantltles of the active component. The unit dosage

form can bE"d PEERERIE SFPLSFARERRLRY SXRRRNe RO AR AR TR AR RIS YO BB b R fidn,
such as pagketeihiabhoisecippatiles, mnshpmstdensbtidis, odiasanoulisl Al sesthempita@sags feem can
be a capsule, tablet, cachet, or lazenge itself, or it,can be th propria ber of any of these in
aaba s el R B R o R R o e e e R e o
the 30 pregemttimtentimbraray el bt cheaPfispety prpridaficignient gntty dbofot $800plegveefindtyy

preferably ﬁ%&%ﬁ@&pﬁ%ﬁ?ﬁ’ Wt L34 FO8/PAe RIS ING RS L BRRIIGAlNARd the potency of

the active component.

In a preferred embodiment, the above-described method for identifying compounds which
15  associate with the RNA cap binding pocket of PB2 or a binding pocket of a PB2 polypeptide
variant comprises the further step of adding a RNA cap or analog thereof In another
embodiment of said method, the ability of said test compound to bind to PB2 in presence of said
RNA cap or analog thereof or the ability of said test compound to inhibit binding of said RNA
cap or analog thereof to PB2 is analyzed. A compound is considered to inhibit RNA cap or RNA
20  cap analog binding if binding is reduced by the compound at the same molar concentration as the
RNA cap or RNA cap analog by more than 20%, by more than 30%, by more than 40%, by more
than 50%, preferably by more than 60%, preferably by more than 70%, preferably by more than
80%, preferably by more than 90%. In preferred embodiments, the above-described pull down,
ELISA, peptide array, FRET, and co-immunoprecipitation experiments may be carried out in
25  presence of an RNA cap structure or an analog thereof, preferably a labeled RNA cap structure
or analog thereof, in presence or in absence of a test compound. In one embodiment, the RNA
cap or analog thereof is added prior to addition of said test compound. In a further embodiment,
the RNA cap or analog thereof is added concomitantly with addition of said test compound. In

yet another embodiment, the RNA cap or analog thereof is added after addition of said test

30 compound.

In a preferred embodiment, the ability of the identifiable test compound to interfere with the
interaction of a PB2 polypeptide fragment of the invention to a RNA cap or analog thereof may

be tested by incubating said polypeptide fragment with 7-methyl-GTP Sepharose 4B resin (GE
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The compounds employed in the medical use of the invention are administered at an initial dosage of
about 0.05 mg/kg to about 20 mg/kg daily. A daily dose range of about 0.05 mg/kg to about 2 mg/kg is
preferred, with a daily dose range of about 0.05 mg/kg to about 1 mg/kg being most preferred. The
dosages, however, may be varied depending upon the requirements of the 5 patient, the severity of

the conditi ing treated, and the,compound being employed. Determinatjon .gf the praper dpsage
for  partc ER CREIdn T e SR e AR A T B RIS eSSt
smaller dosages; whidined RS2 thalppips dptinagmedosetdf ¢heé ceithoousaldT bergmited, the dosage is

increased lag %@@lé@g m%@@ ‘?Bp Am efte ggﬁr g [pstances is reached. For
convenience?the total g‘ai y dosage mg(f/ be%?\r}%ed an 10a§r§1i§i}§$téred in portions during the day, if

desired. EXAMPLES 15 The Examples are designed in order to further illustrate the present invention

and sejve qRefigliHNGetstaRaing ey MANPHORST oRsitedasiMitinpe aopneRidhedaygntion

in any way. Example 1: Generation of PB2 expression constructs 20 An E. coil codon optimized PB2

gene (GenBSFEPE BRSOISIREOI2 Bien BESSHRE ARKENtATi 18 REFarassEnekbstihmicthisatest compound is
ANictoria/3nhiaed 32 hRBen(Bedinbatnales ahayl H8NchseLlosnd intavnetorinEdiRe(NRMA0 Y

modified to infrodyce 5' Aatll/Ascl and 3 Nsjl/Notl restriction site pairs for directignal exonuclease Il
truncation A S B S LA BB R A R SOAE DGR g i cenee
GINDIFEAfQIek=Md - agkaliras desdiibedi bndi staratatienap| 0040, libharyanad yenarather featbodism@itend

(Targgdeay ?f@'se 2.91%7%8&?1']%0?%15595%%%%3%&9e%‘dspo%‘,ra&ﬁtfﬁ%é@é%ﬁﬁl%j%, reagliop. Linesrized

plasmids encoding inserts o amino ac ere I1so rom an agarose gel, religated and

used to trafisforsermeceieBrEEoRiCeramiigthdaiL plalemiciSrdiifnelrar Exgrerseiabrdisnsahing
using hybrighizatiorqf %MW@%@E%&@‘@@%M;‘%@%@ i RO RILBH I AFRRARAY &1\3kiadPO7)-

Clones were ranked upon their fluorescence signal and the first 36 tested for expression of purifiable

protein by RESPEMMBRSPEMO M ARRGFSA ] . 2TRRERRRIBAE NN den ALY carisagbraddsd rilRiding 7
unique costidiststindhevegion afiintesdridsad gutet Lompridat 1188 (an BiaGmO6adint £20v1449

( 1-483), nt 802-1449 268-483), nf 829-1440 277-480), nt 841-1446 281-482), nt
8%a8- 49 fﬁ %%6%8%3?% aél} ﬁg?{/gg%sgﬁhgfcuo(ﬁ%rems as Qgscrill e?!]by IA:IOO g}‘net aei. (2(?(@)”

In another embodiment, the PB2 polypeptide fragments of the invention may be immobilized on
a microtiter plate, incubated with a labeled RINA cap or analog thereof in presence or absence of
a test compound, wherein the RNA cap or analog thereof may be added prior to, concomitantly
with, or after addition of the test compound, and cap binding is analyzed by verifying the
20 presence of the label after thorough washing of the plate. Signal intensities of the RNA cap or
RNA cap analog label in wells with test compound to signal intensities of said label without test
compound are compared and a compound is considered to inhibit RNA cap or RNA cap analog
binding if binding is reduced by more than 50%, preferably by more than 60%, preferably by
more than 70%, preferably by more than 80%, preferably by more than 90% as described above.
25
In a preferred embodiment, the above-described method for identifying compounds which
associate with the RNA cap binding pocket of PB2 or a binding pocket of a PB2 polypeptide
variant, preferably inhibit binding of RNA caps or analogs thereof, is performed in a high-
throughput setting. In a preferred embodiment, said method is carried out in a multi-well
30  microtiter plate as described above using immobilized PB2 polypeptide fragments or variants
thereof according to the present invention and labeled RNA caps or analogs thereof. In a
preferred embodiment, the test compounds are derived from libraries of synthetic or natural
compounds. For instance, synthetic compound libraries are commercially available from

Maybridge Chemical Co. (Trevillet, Cornwall, UK}, ChemBridge Corporation (San Diego, CA),
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These PB2 polynucleotide fragments were generated by polymerase chain reaction (PCR) using the
synthetic gene as template and cloned into the expression vector pETM11 plasmid (EMBL) between
Ncol and Xhol sites. The pETMI | expression vector allows for expression of His6- tagged fusion
protein. The His6-tag can be cleaved off the fusion protein using TEV protease, 10 Example 2:

Identification .minimal cap-binding fragment PB2 palypeptide_ fragmenis 235:496,.241:48
268,455 S JEI AN Era B (UL RS o mpen P (e e, Sae o TBsR i 1
and the geh&fal @ikgpwassiOEaAnd purificetiyn 15 pretodfo hawstribent pouEda mplth8. firmasTdarwdrihiat
purified P nt 23b- is W,CQLE ti f r483
D465 a SR PYEL S A QRN STAP G Rl WNETIND, R WRCIR T ey
indicating 2@ btadingiee beimbiFupise shiemidns DM dndirohidl wemhoandy ones Boulures. The

7-metByl-GhPaSERR3r0sRIAR 1RSIty nalaea plionE ] QGH@&&E%‘%']\? Sttt Garfor RNCUREi AR
washing with buffer contalnln? 50 20. mM TrisHCI (pH 8.0),.200 mM NaCl, 2 mM DTT, the proteins

were elutet!by FeRtFRIBRATH WD ARAER pltbi FRIPRAG MR b i RINA #epr PinditednaY Aeastrised
SDS-PAGE;s Badeing:ghaysaurse of these experiments it was noted that a smaller degradation fragment
could also bind m7GTP arid this was identified by N-terminal sequencing and mass-spectroscopy to
be residues 318-483 and furthermore this fragment was proteolytically stable. The corresponding
polynucledide@fhfagntarii (rh) 3Re liddBlmysetfenad thtoifdefilikll campesctibedtin Bfasgtevirus

E e 2: . ) P Y , N E coil cell
g e B B o s Ry R
(StratageniafaetioB snehliasr?9ifchumpe wrigyeHe kidiar selion MedBcDaitly Gaimdvkidney cells, or

isopropy 14g;4Rj HRoRs e LR T6) ithe el armhanesiad and asisrengiechin 3ysls buffer
(50 mM TrisHC1 (pH 8.0), 300 mM NaC1, 5 mM 2- mercaptoethanol) and sonicated. After

centrifugaffmtidied Gempapns e D e hsdirrbihs erbiisdrepyradmachrrddsd efsarose
from GE HealiRcatedilgadgawite INiZ4 ionsdud Bendlint-aepRanosel resiiuwasaxtrasielypyasbedvith a
50 ni TrisFH&C’EIféﬁl? 8.% '1tM NaCl, 15mejr%i"drﬁﬁ)le1 5 mM 2-mercaptoethanol b‘ilJ fer, and then with
a 50 M T (BH78. 5 S8R TMRIRCT S8 N IRI L OHE, TIPS -Ree T CRBBE 2B AEYS The
protein wakdhieave hetecknathdonbh thivli dasifiddogphb8u0), 2ACatibkidabiie bt bbémicarale, 5 mM
2-mercaptoethanol buffer. The 5 purified protein was incubated for TEV protease cleavage overnight

at 10C. After dialysis against 50 mM TrisHC1 (pH 8.0), 200 mM NacCl, 15 rnM imidazole, 5 mM
2-mercapioethfathdsutiabodiswabraf nhsk diredingy: sheptoshsparforntedrplinshioventisitdbelsbeked TEV

protease. Jl1eHRRUPARIOHRIN WASICARYERE, aRdCoRFentRiadidanR AN o fahge! filiatian an
Superdex 75 column (GE Healthcare) in order to improve purity. The result g%%el filtration for PB2 10

polyB@ pticletragnian aHbD atits BT84 MORCESHNRH Ereary Alnanethet smbRTIEATh S9t19¥ 318 to

483) coulddipenaneent plesiap dopétng/hla Paefarudtyabsberiatelidyap wuabiagieddny S BSiRAGE
and coomassie staining (see Flj. 2B). A typical yield is 120 mg of pure protein per liter of bacterial
culture. 1?@?&1‘?8’[’3% é’-r&%? ﬂ?E 1on of PB2 and m7GTP For crystallization trials a protein solution
of PB2 fragment 318-483 at 11-15 mg/ml in 50 mM

In another embodiment of the above-described methods for computational as well as in virro
25  identification of compounds that associate with the RNA cap binding pocket of the PB2
polypeptide fragment or variant according to the invention and/or inhibit RNA cap binding to
said binding pocket, said methods further comprise the step of formulating the identifiable
compound or a pharmaceutically acceptable salt thereof with one or more pharmaceutically
acceptable excipient(s) and/or carrier(s). In another aspect the present invention provides a
30  pharmaceutical composition producible according to the afore-mentioned method. A compound
according to the present invention can be administered alone but, in human therapy, will
generally be administered in admixture with a suitable pharmaceutical excipient, diluent, or
carrier selected with regard to the intended route of administration and standard pharmaceutical

practice (see hereinafter).
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TrisHCI (pH 8.0), 200 mM NaC1, 2 mM dithiothreitol (DYE), 5 mM m7GTP (Sigma) was used. A robot
(Cartesian) was used to screen 576 crystallization conditions using the sitting drop vapor 20 diffusion
method, by mixing 100 pl of protein solution with 0.1 pl of different precipitant solutions. Crystals were
identified in two distinct conditions. These conditions were manually optimized using the hanging drop
vapor diffusion method with 1 pl of protein solution mixed with 1 RI of precipitant solution. The best
crystals were obtained with a precipitant solution comprising 0.1 M citric acid pH 4.6, 1.6-1.8 M sodium
formate. THestherpstais of exanpuspacel 28 ghdine ©222kewith ofit delidinpensioas far—tig: RN, tap 9.4

i o = 2200 3R & vRare.cl i rualeraysplsyeaincn e dlltasion wihagesgluion

of at least 2.4 A.Larger crystal e unusable Int re not smg e crystals. In the

second crydwinedeisrecentierstothenioak ppictisk Abtsor1tiba benabeiskfor7ammikcdecbatlimMa e 1, 0.1
M citrig acigpihridrHh M TR ik, Faisexaniion givesdhinalaiedisacnmialhebondsisrmined

space-grougﬁwnh evidence of diffraction to at least 3.3 A resolution, but the diffraction quality is much

inferior and é‘é@%&%fs‘%?étﬂﬂieﬁﬂ@bgﬂ"ﬁb?érﬂ}ﬁfe‘@yﬁ}%tp@ﬁﬁ% et IbndingephitisimeleBited
prgcgg;nSS%e;?elﬁmg&Jlmemﬁd f&%ﬁl&mwwd mﬁpmlwrbl M&mﬁlﬂtﬁ&%@s@ﬂﬂﬁpﬁh@&@&M%@duyned
1 . Since fully seleng-met rotejn did not crysta partially la rotein was, groduce
using 50 é’fﬁe &R %r'nrnlbfi ‘8???1’&?}??/ %E%‘stg 6}? 54 LE LS ReBonine.
Expressmnnlyswkar(dopmiﬁﬂaﬁm aodditeoinsisvése qsninrzn@%epphtmmaﬁaﬂ&g@mbkﬁé)n&hmmsqiﬁay

massPeaaReaRy NS st Wherass Yo LN SRIENEIINaISA PRSI AN 8 MV o1 3651

Daltons, correspo ing to met |nes being su partla Protein had an
average mbhsutawtioeight SHlitas78.(8.40eden, %%IBHBStTut‘é’d)RMHﬁn&l\hﬁ%lﬁpé'aﬂ"@)ﬂerngcbbtalned

for protein specigsvitas{-dbsaleqiums dgExampler: mirbake SRISNINRIOT AN refinemens The

structure was determined with the single wavelength anomalous diffraction (SAD) method usinh

partially seléfer-hheSHi2PRHAEBfictanicad s cOmmKe! prestam pfdls Proptisty e sse iomsavissyra
protein acw@ﬁ%ﬁ&%ﬁfﬂﬁﬁﬂﬁﬂ@mﬁ&@ﬁﬁlﬁiﬁfﬁ%ﬂﬁpﬁlﬂﬂ wiltphyebiativaidataiwas: psatiestathat 2.4 A

o3, S DS T AT S0 hel EGHRLEGEHENE BARE I Se O et e
labeled pratem-p:ryﬁtafstlmerame@smhesimd HoR@@atridO(A rasdliinskfet alctyetdve Dete MeatiRevand
cowved by B BAD Aehiod Lbito ROTOSHARE T veraan ot ol g b MR
positions \ﬁéﬁ@%lﬁﬁ@bﬂhb@iw@memeﬁh@p Reske Thp oV &epinitstRBRSIAE @wMgen@@OO}zmakmg
use of 4-fold NonCrysialRA HHUNCTY ERGIR- ASietpined retdhe ggignium positions, although it turned

out that there are actually five molecules in the asymmetrlc unit (solvent content 55%). These are
arraﬁ&ed in an unusual way. Four well-ordered molecules (average B-factor about 304.2), denoted

A-D are arangermfeyiiiA éa}dg@@iﬂbﬁmﬁf@waﬁbeaﬁfther@@&e@lwerﬁmﬁateﬁa?%aslﬂma@ﬁdhﬁ
tetramers in the ¢ stallo h|c c-directi lﬁ artlg_l disord reﬁl erage B- fagtor abm%l 51A2).
After trans‘f%‘?ﬁHﬁ "P?’a%s‘@% “"h%‘uv’éea" ?V %’f?gl%” % P},ﬁ@gm&%ﬂ &gy siion

automatlcaﬂymupnbmtm{eﬂmmuwtbe 1ﬁtlﬁﬂrdré&rdua;kcﬂiel;‘.tmntﬂe ity whsabhserpdth fantbdan 7GTP

e o SR RlesH s RalREman RSO (arRRT I SREMACMHRI kS 00 ia T

NCS restr Ints aJorl molecule nd TLS paramete ecule as a Whole
Thedfhal Rqﬂaétﬁrr{mﬁ@egsuml@@erw.@é@ww@ggqnat@mmm@ummﬁrmg to MOLPROBITY
(Lovell et al., 2003), the quality of the structure is excellent, as indicated by this server output:

Solid administration forms may contain excipients such as microcrystalline cellulose, lactose,
sodium citrate, calcium carbonate, dibasic calcium phosphate, giycine, and starch (preferably
corn, potato, or tapioca starch), disintegrants such as sodium starch glycolate, croscarmellose
30 sodium, and certain complex silicates, and granulation binders such as polyvinylpyrrolidone,
hydroxypropylmethyl cellulose (HPMC), hydroxypropylcellulose (HPC), sucrose, gelatin, and
acacia. Additionally, lubricating agents such as magnesium stearate, stearic acid, glyceryl

behenate, and talc may be included. Solid compositions of a similar type may also be employed
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REMARK 40 REMARK 40 MOLPROBITY STRUCTURE VALIDATION REMARK 40 MOLPROBITY
OUTPUT SCORES: REMARK 40 ALL-ATOM CLASHSCORE : 8.40 5 REMARK 40 BAD ROTAMERS:
3.4% 24/708 (TARGET 0-1%) REMARK 40 RAMACHANDRAN OUTLIERS : 0.0% 0/795 (TARGET
0.2%) REMARK 40 RAMACHANDRAN FAVORED : 97.7% 7771795 (TARGET 98.0%)

as fillers in gelatin capsules. Preferred excipients in this regard include lactose, starch, a

cellulose, milk sugar or high molecular weight polyethylene glycols.

For aqueous suspensions, solutions, elixirs, and emulsions suitable for oral administration the
5 compound may be combined with various sweetening or flavoring agents, coloring matter or
dyes, with emulsifying and/or suspending agents and with diluents such as water, ethanol,

propylene glycol, and glycerin, and combinations thereof.

The pharmaceutical composition of the invention may contain release rate modifiers including,
10 for example, hydroxypropylmethyl cellulose, methyl cellulose, sodium carboxymethylcellulose,
ethyl cellulose, cellulose acetate, polyethylene oxide, Xanthan gum, Carbomer, ammonio
methacrylate copolymer, hydrogenated castor oil, carnauba wax, paraffin wax, cellulose acetate

phthalate, hydroxypropylmethyl cellulose phthalate, methacrylic acid copolymer, and mixtures

thereof.

15
The pharmaceutical composition of the present invention may be in the form of fast dispersing or

dissolving dosage formulations (FDDFs) and may contain the following ingredients: aspartame,
acesulfame potassium, citric acid, croscarmellose sodium, crospovidone, diascorbic acid, ethyl
acrylate, ethyl cellulose, gelatin, hydroxypropylmethyl cellulose, magnesium stearate, mannitol,
20  methyl methacrylate, mint flavoring, polyethylene glycol, fumed silica, silicon dioxide, sodium

starch glycolate, sodium stearyl fumarate, sorbitol, xylitol.

For preparing suppositories, a low melting wax, such as a mixture of fatty acid glycerides or
cocoa butter, is first melted and the active component is dispersed homogeneously therein, as by

25  stirring. The molten homogeneous mixture is then poured into convenient sized molds, allowed

to cool, and thereby to solidify.

The pharmaceutical composition of the present invention suitable for parenteral administration is
best used in the form of a sterile aqueous solution which may contain other substances, for
30 example, enough salts or glucose to make the solution isotonic with blood. The aqueous

solutions should be suitably buffered (preferably to a pH of from 3 to 9), if necessary.

The pharmaceutical composition suitable for intranasal administration and administration by

inhalation is best delivered in the form of a dry powder inhaler or an aerosol spray from a
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The cap-binding domain of PB2 has a compact, well-ordered mixed a-5 fold with a prominent 10
anti-parallel beta-sheet comprising strands 51, 52, 55, 56 and 57 packed onto a helical bundle
comprising al, a2, a3 and a4, with the longest helices al and a3 being aligned roughly anti-parallel. The
connection between 52 and 55 is extended into a long beta hairpin, comprising strands 53 and 54 and
348-loop, wpécsqlgrg ses gver to the heslicgl s&}deﬂ gulﬁgerm%%g% e, Between g%tgfqd ar3d %lpogg ordered
loop, desig%a?e the 420" oop; jﬁ'tlglﬁito%g solvent Figures and“asf. 95 fnithe iidera A pE2
cap-bindindicldnaéhitecomFBasitstieh o toythophstisnsiatiororfserndtipnintdipdlya by dpvidugadlifroen 51,
more stackediagainst ihe (RARRK AR A (am e Coleimingl ohhelixalamaipSiaskedagainst

the base), but neither are exactly parallel to the base. These two aromatic residues are part of a

remarkabl@iE&erpricE e dipridhift apiBRI gt e 635 h EbS e o 1azaB 0oatRineh §1083. R XIS
solvery sidg:péither igancorthensABeNiRh i cospaisiad &Q&%&@@é&nﬁ&@m@ggﬁﬁﬂ@i@ alirhiRd b

residue type not previously observed in this role. The key acidic residue is Glu-361 which hydrogen
bonds to tERACARINDHERRTEYS B LS artPiShs 896 RIGIEBAHVOIRRIAN dadePEisartic-8 -
recognitioratis ta iédraetion with 06 (Figures 6, 7, and 10). Unusually for cap-binding proteins, there
are no direct interactions with either ribose hydroxyl. The triphosphate is bent round towards the base.
The alpha-phosphate interacts with 25 His-432 and Asn-429 and the gamma-phosphate interacts with
basic residueméiier35Thidis:@3% lenpr eyt 36 BerERampleidesMutatipoahdnddysiabiaihy SapHntididg site
30Topmeri tu \ ein-li interact j a invij -
Dincing, e e e o Seouh o e o v B A R
F404, H3PIKEPHYe Singmat GUieROMaHE P SIRendiHEadoM ot Fresie inag thesd geH e hsariessirgle
point MutaR{S B VIP 8 GERE eI QAVER G CRTRERE INEHR Gl A WV R WS SeR B RHIRY ability
to bind to m7GTP-Sepharo%\%gasin gt 4C (Table 4,;@%1& 12). The mutants,were purified as

described SPER&SIS e PTGy 08 BED: ML GEHE 36 SRPRG, (BS SOBRS 8 aiHBRR it TBVRBR YTty in E.
coli, presuniahppdyeGppstalding GsWamdot TGihspysid theMulanta HRETANEDGbA, H3%HA and

F40 d.well i luble f il i m7GTP-Seph

I Cc e Y SR e A e S e TR e
though pogri). e3igsamt TELINEF thetar etind. N2y adieibds thbiwdlth-BB2. We mhtuwrddasphig, thatant's
activity is lﬁ\}NE% 'Yn(%mﬂﬁ{?é}ért%%B%ﬂ%hﬁﬁa}ﬁé%tﬁiaﬁ%%ﬁmlﬂ?ﬁgHQQJ?‘K%%%E‘J%%@&9 R

consisten the expected imgroved stacking with the base, this mutant domain showed enhanced
m7GTP bihelifigp REseMaieeshBkA halrRgotide bagmenta variand hssaine sreondnmatibeshsallysis of

cap-binding aifinitysusingveriiasStinaraan (es90ancevRRASKIameRs: TR A AYAdRNAMAQES Alfitative
com§§1rison of the_binding affinity of the various mutants wg 15 performed surface plasmon resonance

(SPRY me¥iefiEEnE Rtk RHROBIRSERE b idth G’ dUmEid e T FeRms o8 HERR H & SPR2malysis
was perfofi@gppn &, Biatopepll 0 topshine, ealinpedwihiCMECpppEs, chijds (Riasnst Abblédppsala,
Sweden)..Wild-type and mutant PB2 cap-hindin ains were dj 50 ug/mL in 10 mM,sodium
cerate, HT R 8 R B o R R e R e B e AR 20
Activated/Ytemtil/stebls tnebitstibladmn s bevredend B arshibe Riwb daicbsenidd gliriers of m7GTP,
m7GpppG and GTP ranging from 0.47-1 mM were injected over the immobilized PB2 proteins and
reference surfaces at a flow rate of 30 gL/min. Running buffer was 10 mM Hepes, pH 7.4 containing

15049M Nia@nether BsasatDT . Prestatipendna cpsoyfdendpe Aalibedypdirepipirgiasi B BN M were
performe@i%§§%£§@w PBC. M AGHIEALESERSOMHATS YHRICaRDERFSRE2R HEINGJRMNe cap

referencing and the equilibrium dissociation constants were éietermined by steady state affinity

evaluatioR IS TRALBHE 79 B BYAT CRERCELMAIA Aba AR POt R AP S BRE o ciation
constantséisdied Suifade: girenpisif\palygdepidesdefirereniasiog avsNCatb twiltd imnpabiksddiorasduld
affect the v%kliJo%s. The. grars,are those associated with the fittin raesogeayl))orted g%atthg software

etw

T specliica 1nds 10 an epitope COmpris: 011€ or OVE ed amino acids
Variability e expenrﬁenrfs With diferent immobilzations o ’

30  which define the binding pocket. In that context, the term epitope has its art recognized meaning
and preferably refers to stretches of 4 to 20 amino acids, preferably 5 to 18, 6 to 16, or 7 to 14
amino acids. Accordingly, preferred epitopes have a length of 4 to 20, 5 to 18, preferably 6 to 16
or 7 to 14 amino acids and comprise one or more of Ser320, Phe323, Phe325, Phe330, Arg332,
Ser337, Lys339, Arg335, His357, Glu3él, Phe363, Lys376, Phed04, GInd06, Metd31 and/or
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30 proteins was < 25% (data not shown). Results for the apparent equilibrium disassociation constant
KD obtained at 25C (Table 1) show a trend consistent with the m7GTP-Sepharose binding results,
with the highest affinity being for the H357W mutant (KD = 24 3 uM) followed by the wild-type (KD =
177 34 pM), and the E361A and K376A mutants having the lowest affinity (KO>1500 uM). Table 1:

R U e e T
34 H357Way BergpepeoiRsalier pebsioua angbodr 9y pogaanvdiqragi Antigen-binding portions may
be produced by recombinant DNA techniques or by enzymatic or chemical cleavage of intact
antibodies. In some embodiments, antigen-binding portions include Fab, Fab', F(ab"),, Fd, Fv,
5  dAb, and complementarity determining region (CDR) fragments, single-chain antibodies (scFv),
chimeric antibodies such as humanized antibodies, diabodies, and polypeptides that contain at
least a portion of an antibody that is sufficient to confer specific anfigen binding to the
polypeptide. The antibody of the present invention is generated according to standard protocols.
For example, a polyclonal antibody may be generated by immunizing an animal such as mouse,
10  rat, rabbit, goat, sheep, pig, cattle, or horse with the antigen of interest optionally in combination
with an adjuvant such as Freund’s complete or incomplete adjuvant, RIBI (muramy! dipeptides),
~ or ISCOM (immunostimulating complexes) according to standard methods well known to the
person skilled in the art. The polyclonal antiserum directed against the RNA cap binding domain
of PB2 or fragments thereof is obtained from the animal by bleeding or sacrificing the
16  immunized animal. The serum (i) may be used as it is obtained from the animal, (ii) an
immunoglobulin fraction may be obtained from the serum, or (iii) the antibodies specific for the
RNA cap binding domain of PB2 or fragments thereof may be purified from the serum.
Monoclonal antibodies may be generated by methods well known to the person skilled in the art.
In brief, the animal is sacrificed after immunization and lymph node and/or splenic B cells are
20  immortalized by any means known in the art. Methods of immortalizing cells include, but are not
limited to, transfecting them with oncogenes, infecting them with an oncogenic virus and
cultivating them under conditions that select for immortalized cells, subjecting them to
carcinogenic or mutating compounds, fusing them with an immortalized cell, e.g., a myeloma
cell, and inactivating a tumor suppressor gene. Immortalized cells are screened using the RNA
25  cap binding domain of PB2 or a fragment thereof. Cells that produce antibodies directed against
the RNA cap binding domain of PB2 or fragments thereof, e.g.,, hybridomas, are selected,
cloned, and further screened for desirable characteristics including robust growth, high antibody
production, and desirable antibody characteristics. Hybridomas can be expanded (i) in vive in
syngeneic animals, (ii) in animals that lack an immune system, e.g., nude mice, or (iii) in cell
30  culture in vitro. Methods of selecting, cloning, and expanding hybridomas are well known to
those of ordinary skill in the art. The skilled person may refer to standard texts such as
“Antibodies: A Laboratory Manual”, E. Harlow and D. Lane, Eds., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York (1990), which is incorporated herein by

reference, for support regarding generation of antibodies.
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1277 120 E361A >1500 K376A >1500 Taken together, the above data confirm the functional
importance of these contact residues to m7GTP by the PB2 domain in vitro. Additional results for the
dinucleotide cap analogue, m7GpppG, and GTP binding to the wild-type cap-binding domain are
shown in Table 2. Table 2: Apparent equilibrium dissociation constants (KO) for interaction between
wild-type cap-binding domain of PB2 and different cap analogues determined by SPR at 25C,
compared to values for IC50 measured by inhibition of capped RNA cross-linking by cap analogues
(Hooker a &t. 2808y Awabitch<optRiont |DyonOm) viFiISPR RIB: MpE-difca] mm@T Rdentifiable by the

above-described methods that is able to bind to the RNA cap binding pocket of PB2 or a binding
pocket of a PB2 polypeptide variant and/or is able to inhibit binding of an RNA cap or analog
5  thereof to said binding pocket, the pharmaceutical composition described above, or the antibody
of the present invention for the manufacture of a medicament for treating, ameliorating, or
preventing disease conditions caused by viral infections with negative-sense single stranded
RNA viruses. In a preferred embodiment, said disease conditions are caused by viral infections
with non-segmented negative-sense single stranded RNA viruses, i.e., the order of
10  Mononegavirales, comprising the Bormnaviridae, Filoviridae, Paramyxoviridae, and
Rhabdoviridae families. In a more preferred embodiment, said disease condition is caused by
segmented negative-sense single stranded RNA viruses comprising the family of Orthomyxo-
viridae, including the genera Influenza A virus, Influenza B virus, Influenza C virus,
Thogotovirus, and Isavirus, the families of Arenaviridae and Bunyaviridae, including the genera
15  Hantavirus, Nairovirus, Orthobunyavirus, Phlebovirus, and Tospovirus. In an even more
preferred embodiment said disease condition is caused by an infection with a virus species
selected from the group consisting of Borna disease virus, Marburg virus, Ebola virus, Sendai
virus, Mumps virus, Measles virus, Human respiratory syncytial virus, Turkey rhinotracheitis
virus, Vesicular stomatitis Indiana virus, Nipah virus, Henda virus, Rabies virus, Bovine
20  ephemeral fever virus, Infectious hematopoietic necrosis virus, Thogoto virus, Influenza A virus,
Influenza B virus, Influenza C virus, Hantaan virus, Crimean-congo hemorrhagic fever virus,
Rift Valley fever virus, La Crosse virus, preferably Influenza A virus, Influenza B virus,
Influenza C virus, Thogoto virus, or Hantaan virus, more preferably Influenza A virus, Influenza
B virus, Influenza C virus, most preferably Influenza A virus.
25
For treating, ameliorating, or preventing said disease conditions the medicament of the present
invention can be administered to an animal patient, preferably a mammalian patient, preferably a
human patient, orally, buccally, sublingually, intranasally, via pulmonary routes such as by
inhalation, via rectal routes, or parenterally, for example, intracavernosally, intravenously, intra-
30  arterially, intraperitoneally, intrathecally, intraventricularly, intraurethrally intrasternally,
intracranially, intramuscularly, or subcutaneously, they may be administered by infusion or

needleless injection techniques.
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177434 113 GTP 1019100 550 30 To investigate the temperature dependence of binding between the
cap-binding domain and m7GTP we made SPR measurements of KD on wild-type and selected
mutant domains at various temperatures up to 37C (Table 3). The cap-binding affinity of all proteins
tested decreased significantly with increasing temperature. However, whereas the apparent Kb of the

wid-tyne ingreased by a acior of 2.7 betwesn 5 a0 31C, that of the 3208 mutgnt Increased by more
than 20 times. Moreover, thiike he wﬁa-tf/)pe ddmain, t eebln%ﬁlng a?(:tlvity]rcTﬁx e F3Bo A hitant
irreversiblyweltkaftemitrcotratidDsical Binte(akht& orateinplenjhp pbsomebly caleemtiveitioal afehapuestion. This
tempe:‘rat,“rﬁ&%‘ﬁ%ﬁ%‘#ﬁ@'iﬁfg’&ﬁcf’ﬂ?éﬂg?u?cﬁl£s° SEERHAIPRAIR IO G %Qg&ﬁé? iH&ﬁHi%@trgBﬁ' el .
cap-binding activity of the F325A mutant at 4C, both in the domain a_nd’_5 e trimer, andthe functional
impairmentafties - Sadstin ozaneed | prdeaso wder Criap s n pIO D) oTEB er3nTammg dpamu pach as
depenglence @ dissPsiRian CABRIAGKS, CSALRIHAEr asliRRskaiween m7GTP and different point mutants
of the cap-binding domain. KD (pM5
Solid administration forms may contain excipients such as microcrystalline cellulose, lactose,
sodium citrate, calcium carbonate, dibasic calcium phosphate, glycine, and starch (preferably
corn, potato, or tapioca starch), disintegrants such as sodium starch glycolate, croscarmellose
10 sodium, and certain complex silicates, and granulation binders such as polyvinylpyrrolidone,
hydroxypropylmethyl cellulose (HPMC), hydroxypropylcellulose (HPC), sucrose, gelatin, and
acacia. Additionally, lubricating agents such as magnesium stearate, stearic acid, glyceryl
behenate, and talc may be included. Solid compositions of a similar type may also be employed
as fillers in gelatin capsules. Preferred excipients in this regard include lactose, starch, a

15  cellulose, milk sugar or high molecular weight polyethylene glycols.

For aqueous suspensions, solutions, elixirs, and emulsions suitable for oral administration the
compound may be combined with various sweetening or flavoring agents, coloring matter or
dyes, with emulsifying and/or suspending agents and with diluents such as water, ethanol,

20  propylene glycol, and glycerin, and combinations thereof.

The pharmaceutical composition of the invention may contain release rate modifiers including,
for example, hydroxypropylmethyl cellulose, methyl cellulose, sodium carboxymethylcellulose,
ethyl cellulose, cellulose acetate, polyethylene oxide, Xanthan gum, Carbomer, ammonio
25 methacrylate copolymer, hydrogenated castor oil, carnauba wax, paraffin wax, cellulose acetate

phthalate, hydroxypropylmethyl cellulose phthalate, methacrylic acid copolymer, and mixtures

thereof.

The pharmaceutical composition of the present invention may be in the form of fast dispersing or
30  dissolving dosage formulations (FDDFs) and may contain the following ingredients: aspartame,
acesulfame potassium, citric acid, croscarmellose sodium, crospovidone, diascorbic acid, ethyl
acrylate, ethyl cellulose, gelatin, hydroxypropylmethyl cellulose, magnesium stearate, mannitol,
methy! methacrylate, mint flavoring, polyethylene glycol, fumed silica, silicon dioxide, sodium

starch glycolate, sodium stearyl fumarate, sorbitol, xylitol.

63



Temperature Wild-type H357W F323A H357A F325A 5C 100 20 12 2 168 29 394 26 170 44 15C
133 26 16 3 215 38

For preparing suppositories, a low melting wax, such as a mixture of fatty acid glycerides or
cocoa butter, is first melted and the active component is dispersed homogeneously therein, as by

stirring. The molten homogeneous mixture is then poured into convenient sized molds, allowed

5  to cool, and thereby to solidify.

The pharmaceutical composition of the present invention suitable for parenteral administration is
best used in the form of a sterile aqueous solution which may contain other substances, for
example, enough salts or glucose to make the solution isotonic with blood. The aqueous

10  solutions should be suitably buffered (preferably to a pH of from 3 to 9), if necessary.

The pharmaceutical composition suitable for intranasal administration and administration by
inhalation is best delivered in the form of a dry powder inhaler or an aerosol spray from a
pressurized container, pump, spray or nebulizer with the use of a suitable propellant, e.g.,
15  dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, a hydrofluoroalkane
such as 1,1,1,2-tetrafluoroethane (HFA 134A.TM.) or 1,1,1,2,3,3,3-heptafluoropropane (HFA
227EA.TM.), carbon dioxide, or another suitable gas. The pressurized container, pump, spray or
nebulizer may contain a solution or suspension of the active compound, e.g., using a mixture of

ethanol and the propellant as the solvent, which may additionally contain a lubricant, e.g.,

20  sorbitan trioleate.

The pharmaceutical preparation is preferably in unit dosage form. In such form the preparation is
subdivided into unit doses containing appropriate quantities of the active component. The unit
dosage form can be a packaged preparation, the package containing discrete quantities of
25  preparation, such as packeted tablets, capsules, and powders in vials or ampoules. Also, the unit

dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can be the appropriate

number of any of these in packaged form.

The quantity of active component in a unit dose preparation administered in the use of the
30 present invention may be varied or adjusted from about 1 mg to about 1000 mg per m’,

preferably about 5 mg to about 150 mg/m2 according to the particular application and the

potency of the active component.
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551 42 223 5525C 177 3424 3285 45831 44 419 99 37C 268 4545 6884 1401123 130
3787 1700 Example 9: Cap-binding activity of wild-type and mutant polymerase complexes To
investigate the relevance of the cap-binding site for the biological activity of influenza RNPs

The compounds employed in the medical use of the invention are administered at an initial
dosage of about 0.05 mg/kg to about 20 mg/kg daily. A daily dose range of about 0.05 mg/kg to
about 2 mg/kg is preferred, with a daily dose range of about 0.05 mg/kg to about 1 mg/kg being
most preferred. The dosages, however, may be varied depending upon the requirements of the
5 patient, the severity of the condition being treated, and the compound being employed.
Determination of the proper dosage for a particular situation is within the skill of the practitioner.
Generally, treatment is initiated with smaller dosages, which are less than the optimum dose of
the compound. Thereafter, the dosage is increased by small increments until the optimum effect

under circumstances is reached. For convenience, the total daily dosage may be divided and

10  administered in portions during the day, if desired.

EXAMPLES
15
The Examples are designed in order to further illustrate the present invention and serve a better
understanding. They are not to be construed as limiting the scope of the invention in any way.
Example 1; Generation of PB2 expression constructs
20

An E. coli codon optimized PB2 gene (Geneart) SEQ ID NO: 25, based on the amino acid
sequence of Influenza A/Victoria/3/1975(H3N2) PB2 (de la Luna et al., 1989), was cloned into
vector pET9a (Novagen) modified to introduce 5' AatIl/Ascl and 3' Nsil/Notl restriction site
~ pairs for directional exonuclease III truncation, and provide a 3' sequence encoding the C-
25 terminal biotin accepior peptide GLNDIFEAQKIEWHE. A first unidirectional {runcation
plasmid library was generated from the 3' end (Tarendeau et al., 2007), pooled and used as the
substrate for a 5' deletion reaction. Linearised plasmids encoding inserts of 150 to 250 amino
acids were isolated from an agarose gel, religated and used fo transform E coli BL21 Al
containing the RIL plasmid (Stratagene) for expression screening using hybridization of
30  Alexad88 streptavidin (Invitrogen) to colony blots (Tarendeau et al., 2007). Clones were ranked
upon their fluorescence signal and the first 36 tested for expression of purifiable protein by Ni**
affinity chromatography. Thirteen clones were identified and sequenced revealing 7 unique
constructs in the region of interest (see Figure 1)
nt 703-1488 (aa 235-496),
35 nt 721 -1449 (aa 241-483),
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we introduced the same mutations into full-length PB2 of influenza A/Victoria/3/75 and tested 20the
activity of the resultant trimeric polymerase or recombinant RNPs. None of the mutations altered the
accumulation of PB2 when expressed in the context of the polymerase complex, nor changed the
capacity of PB2 to form trimeric polymerase complexes (Table 4). For cap-binding of trimeric

polymerase Ié:g%ﬂ C re co-transfected with plasznids 25 pCMVPBL1 encoding the PHI
subunit, p(ﬂ%/l% s(%an%%%%%l(he PB2 wild-type subunit or mutants thereof, and pCMVPA encoding

the PA suburi2flth) kat 2diz480kus RNA polymerase and cell extracts were prepared 24 h
post-transfgpg'@p_.lI@@(ggtzrgpgwre prepared in a buffer containing 50 mM Tris-HCI, 100 mM NaCl1, 5
mM EDTA, 1 mM DI 1, 0.2% NPZ40, protein inhibitors (Roche, Complete cocktail) at pH 7.5 and
incubated Wi$tf Fd?rs2Yhafdde (GE 30 Healthcare) for 3 h at 4C. After washing with 100 volumes
of the sameg ygffers4pepressingefained was eluted with the same buffer containing 1 mM m7GTP and
was analysed by Western blot using PA-specific antibodies (Figure 13). Under these conditions

wild-type pbRYitier BSPREB AR TE BRI BEH BT SEbHaPSROIETFTaRT MR PSSO Benibdatings
wild-type, wHeeymabetit gineranteinpiuns aldatished intodirgerespbir 3e&aéy PRt RdamadniiroBby the
results the results qbt 'neg%t&:e_'sol d d}?ﬁ&i‘l Example 19: Rﬁ Iicapon and transcripfion
activities o?e\:mg?ﬁ/ﬁg Antmataft FEEEmBOmARt mini-5 RNPS h‘ée(r:eoﬁli%a ion é’étﬁ/’fﬁ/reésf o Wi l%?/'pe or
mutant poliaggediSesow aotestethbme tgurindtrieacetiniliibt dnsohRNRSH nange ToVilpnderssy stem in
vivo (grtega et at, 2000; Martin-Benito etal.,

Example 2: Identification of a minimal cap-binding fragment

PB2 polypeptide fragments 235-496, 241-483, 268-483, and 290-483 were expressed in £. coli
using the plasmid constructs described in Example 1 and the general expression and purification
165 protocol described in Example 3. It was found that purified PB2 fragment 235-496 is only
soluble at low concentration, whereas fragments 241-483, 268-483 and 290-483 are more soluble
and could bind specifically to a m’GTP sepharose column, indicating cap-binding activity, For
these assays 0.2 mg of protein was loaded onto 50uL of 7-methyl-GTP Sepharose 4B resin (GE
Healthcare) and incubated for 3 h at 4°C for binding. After washing with buffer containing 50
20 mM TrissHCI (pH 8.0), 200 mM NaC(l, 2 mM DTT, the proteins were eluted by centrifugation
with the same buffer containing 1 mM m’GTP and analysed on SDS-PAGE. During the course
of these experiments it was noted that a smaller degradation fragment could also bind m’GTP
and this was identified by N-terminal sequencing and mass-spectroscopy to be residues 318-483
and furthermore this fragment was proteolytically stable. The corresponding polynucleotide
25  fragment (nt 952-1449) was cloned into pETMI11 as described in Example 1.

Example 3: PB2 fragment expression and purification

Said plasmids were transformed in E. coli cells using chemical transformation. The protein was
30  expressed in E. coli strain BL21-CodonPlus-RIL (Stratagene) in LB medium. Aftera 16 to 20 h
hours induction at 25°C with 0.2 mM isopropyl-8-thiogalactopyranoside (IPTQ), the cells were
harvested and re-suspended in a lysis buffer (50 mM Tris«HC! (pH 8.0), 300 mM NaCl, 5§ mM 2-
mercaptoethanol) and sonicated. After centrifugation, the cleared lysate was directly loaded on a

nickel affinity column (Chelating sepharose from GE Healthcare, loaded with Ni* ions). The Ni-
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2001). For RNP reconstitution, HEK293T cells were co-transfected with plasmids pCMVPBI, 10
pCMVPB2His, pCMVPA, pPCMVNP and pHliclone23 using a calcium-phosphate precipitation protocol.
At 24 h post-transfection, extracts were prepared and RNPs were purified by chromatography over
Ni2+-NTA-agarose resin as described (Area et al., 2004). Western-blotting was carried out using
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affected in their ability to use 5-globin m as primer for transcription. All but one of the mutations
designed t5efLhasteHAL Gy activity abolished interaction with m7GTP-Sepharose, both as protein
domains and as mutant polymerase complexes (Table 4, Figures 12 and 13). The exception, F325A,

the A mEAE B PIEUG S OF A2 45 BeliLher i retained rensonable cap-bincing afty ot
4C (Figures 12 and 13) suggesting a possible temperature sensitive phenotype. Table 4: Summary of
biochemicgl and biglogical activity, of BB ¢ FaRsRIDF g, SHEMEIRAER-483 at 11-15 me/ml in 50 mM
TrissHC! (pH 8.0), 200 mM NaCl, 2 mM dithiothreitol (DTT), 5 mM m'GTP (Sigma) was used.
A robot (Cartesian) was used to screen 576 crystallization conditions using the sitting drop vapor
20  diffusion method, by mixing 100 ul of protein solution with 0.1 ul of different precipitant
solutions. Crystals were identified in two distinct conditions. These conditions were manually
optimized using the hanging drop vapor diffusion method with 1 pl of protein solution mixed
with 1 pl of precipitant solution. The best crystals were obtained with a precipitant solution
comprising 0.1 M citric acid pH 4.6, 1.6-1.8 M sodium formate, These crystals were of space
25  group C222,, with unit cell dimensions 2 = 9.2 nm, b = 9.4 nm; ¢ = 22.0 nm = 0.3 nm A. Some
of the smaller crystals resulted in X-ray diffraction with a resolution of at least 2.4 A. Larger
crystals were found to be unusable in that they were not single crystals. In the second
crystallization condition found, the precipitant solution comprises, 7% PEG6000, 1 M LiCl, 0.1
M citric acid pH 5.0, 10 mM TCEP HCL This condition gives thin plate-like crystals, of
30 undetermined space-group, with evidence of diffraction to at least 3.3 A resolution, but the

diffraction quality is much inferior and these crystals were not pursued.

Example 3: Preparation of seleno-methionine labeled protein.
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Seleno-methionated protein was produced in minimum M9 medium as described (Van Duyne,
1993). Since fully seleno-methionated protein did not crystallize, partially labeled protein was
produced using 50 mg/L. of selenomethionine and 5 mg/L of methionine, instead of 60 mg/l of
selenomethionine. Expression, lysis, and purification conditions were as for native protein
5 (Example 3). Electrospray mass-spectroscopy showed that, whereas the fully seleno-methionated
protein had a MW of 19654 Daltons, corresponding to 11/11 methionines being substituted, the
partially labeled protein had an average molecular weight of 19578 (9.4/11, i.e., 85% substituted)

with individual peaks being obtained for protein species with 7-11 seleniums.

10  Example 6: Structure determination and refinement

The structure was determined with the single wavelength anomalous diffraction (SAD) method
using partially seleno-methionylated protein as described in Example 5. Partially seleno-
methionylated protein actually gave rise to larger single crystals than wild-type. Native data was
15  collected at 2.4 A resolution on a small crystal (size 15 x 15 x 50 um3) of space-group €222,
and cell dimensions a=92.2, b=94.4, ¢=220.4 A on beamline BM14 at the ESRF (Figure 4).
Partially seleno-methionine labeled protein crystals were measured on ID29 at 2.9 A resolution
for structure determination and later at 2.3 A resolution on ID14-EH1 on a larger crystal for
structure refinement, The structure was solved by the SAD method using AUTOSHARP
20  (Vonrhein et al., 2006). 50/55 selenium atom positions were found. Phases and the map were
improved with RESOLVE (Terwilliger, 2000) making use of 4-fold non-crystallographic
symmetry determined from the selenium positions, although it turned out that there are actually
five molecules in the asymmetric unit (solvent content 55%). These are arranged in an unusual
way. Four well-ordered molecules (average B-factor about 30A2), denoted A-D are arranged
25  with 4-fold point symmetry. The fifth molecule mediates the packing of the tetramers in the
crystallographic c-direction but is partially disordered (average B-factor about 51A2). After
transferring phases to the native data, ARP/WARP (Perrakis et al., 1999) was able to
automatically build most of the structure. Clear residual electron density was observed for the
m’'GTP bound to each molecule. Refinement was performed with REFMAC (Murshudov, 1997)
30  using tight NCS restraints for the majority of each molecule and TLS parameters for each
molecule as a whole. The final R-factor (R-free) is 0.186 (0.235) with 293 water molecules.
According to MOLPROBITY (Lovell et al., 2003), the quality of the structure is excellent, as

indicated by this server output:
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REMARK 40

REMARK 40 MOLPROBITY STRUCTURE VALIDATION

REMARK 40 MOLPROBITY OQUTPUT SCORES:

REMARK 40 ALL-ATOM CLASHSCORE : 8.40

REMARK 40 BAD ROTAMERS : 3.4% 24/708 (TARGET 0-1%)
REMARK 40 RAMACHANDRAN OUTLIERS : 0.0% 0/795 (TARGET 0.2%)
REMARK 40 RAMACHANDRAN FAVORED : 97.7% 777/795 (TARGET 98.0%)

The cap-binding domain of PB2 has a compact, well-ordered mixed a-f fold with a prominent
anti-paralle! beta-sheet comprising strands Bl, B2, B5, B6 and B7 packed onto a helical bundle
comprising «l, a2, o3 and o4, with the longest helices al and a3 being aligned roughly anti-
parallel, The connection between B2 and B5 is extended into a long beta hairpin, comprising
strands B3 and B4 and 348-loop, which crosses over to the helical side of the molecule. Between
a2 and 03, a poorly ordered loop, designated the 420-loop, juts into the solvent Figures 4 and 5).
In the Influenza A PB2 cap-binding domain, the m’G sits on a hydrophobic platform formed
principally by Phe-323 (from B1, more stacked against the ribose) and Phe-404 (from the C-
terminal of helix a1, more stacked against the base), but neither are exactly parallel to the base.
These two aromatic residues are part of a remarkable cluster of five phenylalanines inciuding
also Phe-325, Phe-330 and Phe-363. On the solvent side of the ligand, the sandwich is completed
by His-357 (from the C-terminal of p4), a residue type not previously observed in this role. The
key acidic residue is Glu-361 which hydrogen bonds to the N1 and N2 positions of the guanine
and Lys-376 is also involved in base specific recognition via an interaction with O6 (Figures 6,
7, and 10). Unusually for cap-binding proteins, there are no direct interactions with either ribose
hydroxyl. The triphosphate is bent round towards the base. The alpha-phosphate interacts with
His-432 and Asn-429 and the gamma-phosphate interacts with basic residues His-357, Lys-339

and Arg-355.
Example 7: Mutational analysis of the cap-binding site

To verify that the structurally observed protein-ligand interactions are important for in vitro cap-
binding, we made alanine mutations of seven mTGTP-contacting residues (F323, F325, E361,
F363, F404, H357, K376) using the QuickChange site directed mutagnesis kit (Stratagene).
These single point mutants were expected to show reduced cap-binding activity, which was

assessed by their ability to bind to m’GTP-Sepharose resin at 4°C (Table 4, Figure 12). The
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mutants were purified as described in Example 3 for wild-type PB2. Mutant F363A expressed
poorly and with low solubility in E. coli, presumably due to misfolding, and was not further
pursued. Mutants H357A, E361A, K376A and F404A expressed well in soluble form but failed
to bind to m7GTP~Sepharose under the assay conditions, whereas F323A had weak binding
activity (Figure 12). Surprisingly, mutant F325A, though poorly expressed, bound the resin
nearly as well as the wild-type. We show that this mutant’s activity is strongly temperature-
dependent (Table 3). A H357W substitution was also made and consistent with the expected

improved stacking with the base, this mutant domain showed enhanced m’GTP binding. Results

are shown in Figure 12 and Table 4.

Example 8: Quantitative analysis of cap-binding affinity using surface Plasmon resonance

measurements

To provide a more quantitative comparison of the binding affinity of the various mutants we
performed surface plasmon resonance (SPR) measurements with immobilised cap-binding
domain and m’GTP as the analyte. SPR analysis was performed on a Biacore T100 machine
equipped with CMS5 sensor chips (Biacore AB, Uppsala, Sweden). Wild-type and mutant PB2
cap-binding domains were diluted to 50 pg/ml in 10 mM sodium acetate, pH 6.0 and
immobilized to the sensor surface wusing standard amine-coupling chemistry.
Activated/deactivated sensor surface served as reference. Two-fold serial dilutions of m’GTP,
m ' GpppG and GTP ranging from 0.47-1 mM were injected over the immobilized PB2 proteins
and reference surfaces at a flow rate of 30 pL/min. Running buffer was 10 mM Hepes, pH 7.4
containing 150 mM NaCl and 1 mM DTT. To test the effects of temperature upon binding, the
experiments were performed at 5, 15, 25 and 37°C. All acquired sensorgrams were processed
using double referencing and the equilibrium dissociation constants were determined by steady
state affinity evaluation with the Biacore T100 Evaluation Software. These are referred to as
‘apparent’ dissociation constants as the surface chemistry and molecular orientation associated
with immobilisation could affect the values. The errors are those associated with the fitting as
reported by the software. Variability between experiments with different immobilizations of
proteins was < 25% (data not shown). Results for the apparent equilibrium disassociation
constant Kp obtained at 25°C (Table 1) show a trend consistent with the m'GTP-Sepharose
binding results, with the highest affinity being for the H357W mutant (Kp= 24 £ 3 uM) followed
by the wild-type (Kp = 177 = 34 uM), and the E361A and K376A mutants having the lowest

affinity (Kp>1500 uM).
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Table 1: Apparent equilibrium dissociation constants (Kp) for interaction between m’GTP and

different point mutants of the PB2 cap-binding domain determined by SPR at 25°C.

 protein Ko {(uM)
Wild-type 177 34
H357W 24+ 3
F323A 285 4+ 45
F325A 418 + 99
H357A 831 £ 45
F404A 1277 £ 120
E2614A >1500
K376A >1500

Taken together, the above data confirm the functional importance of these contact residues to

. m’GTP by the PB2 domain in vitro. Additional results for the dinucleotide cap analogue,

m'GpppG, and GTP binding to the wild-type cap-binding domain are shown in Table 2.

Table 2: Apparent equilibrium dissociation constants (Kp) for interaction between wild-type cap-
binding domain of PB2 and different cap analogues determined by SPR at 25°C, compared to
values for ICsy measured by inhibition of capped RNA cross-linking by cap analogues (Hooker

et al. 2003)

ICso
Analyte Ko (M) |  (uM)
m’GpppG 171419 127
M GTP 177+34 113
GTP 1019£100 550

To investigate the temperature dependence of binding between the cap-binding domain and
m’GTP we made SPR measurements of Kp on wild-type and selected mutant domains at various
temperatures up to 37°C (Table 3). The cap-binding affinity of all proteins tested decreased
significantly with increasing temperature. However, whereas the apparent Kp of the wild-type

increased by a factor of 2.7 between 5 and 37°C, that of the F325A mutant increased by more
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than 20 times. Moreover, unlike the wild-type domain, the binding activity of the F325A mutant
is irreversibly lost after incubation at 37°C (data not shown), presumably due to thermal
denaturation. This temperature sensitivity therefore provides a consistent rationale for the
observed near normal cap-binding activity of the F325A mutant at 4°C, both in the domain and
the trimer, and the functional impairment of the F325A mutant polymerase at 37°C (c¢f. Example
10). |

Table 3: Temperature dependence of dissociation constants (Kp) for interaction between m’GTP

and different point mutants of the cap-binding domain.

Kp (1M)
Temperature | Wild-type H357W F323A H357A F325A
5°C 100+ 20 122 168 £ 29 394 £ 26 170 £ 44
15°C 133428 163 215+ 38 551 £42 223+ 855
25°C 177 + 34 24+£3 285+45 831+44 419 + 99
37°C 288 £ 45 45+ 8 884 £ 140 1123 £ 130 3787 £ 1700

Example 9: Cap-binding activity of wild-type and mutant polymerase complexes

To investigate the relevance of the cap-binding site for the biological activity of influenza RNPs
we introduced the same mutations into full-length PB2 of influenza A/Victoria/3/75 and tested
the activity of the resultant trimeric polymerase or recombinant RNPs. None of the mutations
altered the accumulation of PB2 when expressed in the context of the polymerase complex, nor

changed the capacity of PB2 to form trimeric polymerase complexes (Table 4).

For cap-binding of trimeric polymerase, HEK293T cells were co-transfected with plasmids
pCMVPBI1 encoding the PB1 subunit, pCMVPB2His encoding the PB2 wild-type subunit or
mutants thereof, and pCMVPA encoding the PA subunit of the influenza virus RNA polymerase
and cell extracts were prepared 24 h post-transfection. The extracts were prepared in a buffer
containing 50 mM Tris-HCI, 100 mM NaCl, 5 mM EDTA, 1 mM DTT, 0.2% NP40, protein
inhibitors (Roche, Complete cocktail) at pH 7.5 and -incubated with m’GTP-Sepharose (GE
Healthcare) for 3 h at 4°C. After washing with 100 volumes of the same buffer, the protein
retained was eluted with the same buffer containing I mM m’GTP and was analysed by Western
blot using PA-specific antibodies (Figure 13). Under these conditions wild-type polymerase was

not retained on a control Sepharose resin. Mutant H357W behaved as wild-type, whereas all
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- nd: not determined 25 Example 11: Cap-dependent transcription requires integrity of the 424-loop
We were intrigued by the conspicuously exposed 420-loop (Figures 5 and 6), whose sequence is
relatively well conserved between influenza A and B (Figure 9). To investigate the possible function of
this loop, we shortened it by replacing residues Val421-0In426 by three glycines 30 (mutant AVQ).

The |solated capt b| |n d ? arin this mu eha ?(% wilds ty e with respect t
m7GTP- Sep arose ng(;% 210?{\3” ye?ll—nguﬁé fﬁg@g gg%%rg‘n%{ lEr(zbata nbfgl xﬁown%i?‘ﬁgtﬁeésg%%t%ft of
the tnmencml;m@tamchfm treconddtirdadrRINPS, this mutant retained the ability to bind to

cap-analogue resins, albeit to a reduced extent, and yielded wild-type levels of replication and ApG

primed transcription activit i{/{ (Figures 14 and 15). In contrast, the mutant was unable to perform
p-globin-debempiad @aRerkenion anditrenseriptien ac vities A ovTidbepa prieutantresembinant isi

defectgye ik&AR-dependent transcription but not cap-binding. We speculate that this loop may play an
allosteric role in regulating the activity of the PB1 subunit. REFERENCES CITED Area, E. et al.,
(2004), "3D structure of influenza virus polymerase complex: localization of subunit domains”, PNAS

USA, 101, Pige 33r@didn activity of the wild-type or mutant polymerases was tested by measuring the

accumulation of RNPs in a recombinant system in vive (Ortega et al., 2000; Martin-Benito et al.,

2001). For RNP reconstitution, HEK293T cells were co-transfected with plasmids pCMVPBI,

10 pCMVPB2His, pCMVPA, pCMVNP and pHHclone23 using a calcium-phosphate precipitation

protocol. At 24 h post-transfection, extracts were prepared and RNPs were purified by

chromatography over Nit*-NTA-agarose resin as deséribed (Area et al., 2004). Western-blotting

was carried out using antibodies specific for PA and NP. Progeny RNPs were exiracted, purified

and their accumulation monitored using anti-PA and anti-NP antibodies. Most mutations did not

15 alter substantially the replication activity of the RNPs (Figure 14 and Table 4). Only mutations
F325A and K376A reduced partially the accumulation of RNPs.

The transcription activity of purified wild-type or mutant RNPs was tested in vifro using either
ApG or B-globin mRNA as primers, to reveal cap-independent or cap-dependent transcription,

20  respectively. For in vitro RNA synthesis, equal amounts of purified RNPs, as determined by
Western blot were incubated in 20 pl reaction mixtures containing 50 mM Tris-HCI (pH 8.0), 2
mM MgCl,, 100 mM KCl, I mM dithiothreitol, 0.5 mM each ATP, CTP, and UTP, 10 uM «-
2p_GTP (0.5 pCimmol), 10 pg/ml actinomycin D, 1 U/ml of human placental RNase inhibitor
and either 100 pM ApG or 10 pg/mli B-globin mRNA, for 60 min at 30°C. The synthesized RNA

25  was TCA-precipitated and recovered by filtration in a dot-blot apparatus. Incorporation was
quantified with a phosphorimager. Most mutant RNPs were fully active when primed with ApG
(Figure 15 and Table 4): Mutations H357A and F404A led to RNPs transcriptionally more
efficient than wild-type and only mutant F325A showed a strong deficiency.

30 In contrast, B-globin mRNA dependent transcription was severely affected for most of the
mutants, except mutations H357W and H357A that were fully and partially active, respectively
(Figure 16 and Table 4). The ratio of -globin versus ApG-primed transcription activity (Figure
17 and Table 4) shows that all mutants except H357W were strongly affected in their ability to

use B-globin mRNA as primer for transcription.
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25 Example 11: Cap-dependent transcription requires integrity of the 424-loop

We were intrigued by the conspicuously exposed 420-loop (Figures 5 and 6), whose sequence is
relatively well conserved between influenza A and B (Figure 9). To investigate the possible
function of this loop, we shortened it by replacing residues Val421-GIn426 by three glycines
30 (mutant AVQ). The isolated cap-binding domain bearing this mutation behaved as wild-type
with respect to m’GTP-Sepharose binding activity (Figure 12) and apparent K, {data not shown).
In the context of the trimeric polymerase and recombinant RNPs, this mutant retained the ability
to bind to cap-analogue resins, albeit to a reduced extent, and yielded wild-type levels of

replication and ApG primed transcription activity (Figures 14 and 15). In contrast, the mutant
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4.The polypeptide fragment of any of claims 1 to 3, wherein 15(i)the N-terminus is identical to or
corresponds to amino acid position 220 or higher and the C-terminus is identical to or corresponds to
amino acid position 510 or lower of the amino acid sequence of PB2 according to SEQ ID NO: 1,

(i) the N-terminus is identical to or corresponds to amino acid position 222 or higher and the

C-terminu i%% ntical te¢ o e nds to iNo aci sition 511 or 20lower of the amino .acid
sequence SSHD L i IO BE ST RO UrR B AEs el LGl B R
correspondspi- dhtnebidiBpusithoni2 2%, ephfgRedZdnd the C-terminus is identical to or corresponds to

amino acid position 528 or lower of the amino acid sequence of PB2 according to SEQ ID NO: 3 and
variants thereof, which retain the ability to associate with an RNA cap or analog thereof. 25 5.The
polypeptid&@eiim&ntCof €184, WhdratabassaSseTgprstitie Hagnissi Fas bri¥sheSshemdsid #8-amino
acid sgquenes.3gkerted from the group of amino acid sequences according to SEQ ID NO: 4 to 13 and
variants thereof, which retain the ability to associate with an RNA cap or analog thereof 30 6.A
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9. The complex of claim 8, wherein said complex has a crystalline form with space group 10 C2221
and unit cell dimensions of a=9.2 nm, h =9.4 nm; ¢ =22.0 nm ( 0.3 urn) 10. The complex of claims 8
and 9, wherein the crystal diffracts X-rays to a resolution of 3.0 A or higher, preferably 2.4 A or higher.
1511.An isolated polynucleotide coding for an isolated polypeptide of any of claims 1 to 5. 12. A
recombinant vector comprising said isolated polynucleotide of claim 11. 13. A recombinant host
cell comprising said isolated polynucleotide of claim 11 or said 20 recombinant vector of claim 12. 14.
A method fosridientifying cdmbeif)s vittreterd gizateiwithredebripdidiog thenfdinadcapthinttiragocket of

PB2 or the hinding :@ﬂﬁgﬁ%ﬂ{’?ﬁﬁ%%&?ﬁ@.‘?% \@(igg@,_@pmprising the steps of 25 (a) constructing a

computer model of said bindihg pocket defined by the structure coordinates of the complex of claim 8
as shown in Figure 18; (b) selecting a potential binding compound by a method selected from the

group Songifiingl &: () asaemipbng moleahigidragmentyipRmRigsomARURTLEN-aSlasN GO MPound
from a small molecule database, and 30(iii) de novo ligand design of said comﬁound; (c) employing

computatidHEFHSaAeas HEARaAsh BN SFoGRIfBpRRmGS Behimtate i) FISFEIBHPRe said

compoundcasnig 2heppatd bigeBng pocket in order to provide an energy-minimized configuration of the
said compound in the binding pocket; and (d) evaluating the results of said fitting operation to quantify
the association between the said compound and the binding pocket model, whereby evaluating the
ability of s®encompounid, td 1296acidfymisithe§aid firedisgpocketetypTiresnetrodlog chaidh 44,
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His357, and Phe404 of PB2 according to SEQ ID NO: 1 or amino acids corresponding thereto. 16.
The method of claim 15, wherein said binding pocket further comprises amino acids 10 Phe325,
Phe330, and Phe363 of PB2 according to SEQ ID NO: 1 or amino acids corresponding thereto.  17.
The method of claims 15 or 16, wherein said binding pocket further comprises amino acids G1u361,

and Lys376.0f PB2 a ogdi E,El ID NO: 1. or.aming acids corresponding 15theret . The
ethod of 38 AR Aetns s 1aoRy . Mt B G AR R R CRE .  Crano,
Arg332, SeeaBralmgt . Foanpc86P9 I he method of any of claims 15 to 18, wherein said binding pocket
further comprises amino acids Lys339, Arg355, Asn429, and 1-1is432 of PB2 according to SEQ ID

NO: 1 or amino acids corresponding thereto. 20. The method of claim 14, wherein said binding

pocket is défals:bYkhet siluctd¥ 25 chirbitiaie SbiEBERE YimsNaGNIcERiAD dvidd PRes?23 -His357,

and Plae40daesaigingde Figigidfb. Adenthenaating ofelapni2@4vpasgein said binding pocket is
further defined by the structure coordinates of P82 SEQ ID NO: 1 amino acids Phe325, Phe330, and

Phe363 30according to Figure 18. 22. The method of claims 20 or 21, wherein said binding pocket is
further defineddsyithelstetcilye 9eidifbikibiabhr & SEpQIDGPpLapiapeadins ehddnilcland loys376

according to Figure 18. 23. The methogd of,any of claims 20.or 22, whergin said binding pocket is
further oA S e OO o Ry S [ RG T RRAGS acre Rt ARGHas,
Ser337, arfthGdes . oriR8Rtb Figjlire 18. 5 24. The method of any of claims 20 to 23, wherein said
binding pocket is further defined by the structure coordinates of PB2 SEQ ID NO: 1 amino acids
Lys339, Arg355, Asn429, and His432 according to Figure 18. 10 25.The method of claim 20, wherein
the binding poékEkinfla B2 poIJBERtIcE RareintHidra Asettriukishsdpkikity dieatripmesisatfe tHackbone
atoms of therpmino asids PARE A0S ApbnathEREdeA, absajf bigdinggaocket of not more than 2.5 A.

26. The method of any of claims 14 to 25 comprising the further step of

Van Duyne, G. D. et al,, (1993), “Atomic structures of the human immunophilin FKBP-12
15 complexes with FK506 and rapamycin”, J. Mol. Biol., 229, pp. 105-124

Von Itestein, M. et al,, (1993), “Rational design of potent sialidase-based inhibitors of
influenza virus replication”, Nature, 363, pp. 418-423

20  Vonrhein C, et al,, (2006), “Automated Structure Solution With autoSHARP”, Methods Mol.
Biol., 364, pp. 215-30

Wallace, A. C. et al., (1995). “LIGPLOT: A program to generate schematic diagrams of

protein-ligand interactions”, Prot. Eng., 8, pp. 127-134.
25
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15 (e) synthesizing said compound and optionally formulating said compound or a pharmaceutically
acceptable salt thereof with one or more pharmaceutically acceptable excipient(s) and/or carrier(s). 27.
The method of claim 26 comprising the further step of 20(f) contacting said compound, said
polypeptide fragment of any of claims 1 to 4 or said recombinant host cell according to claim 12 and a
RNA cap or analog thereof to determine the abilify, id compound to inhibit binding between said
PB2 polypeptide fragment and said RNA cap or ana og thereof 2528.A compound identifiable by the
method of claims 14 to 27, under the provision that the compound is not m7G, m7GMP, m7GTP,

m7GpppGi M7GRPRGEle BoilzRBIRAL TAEHPROAVELE AR (RRAPL e THRRK Y HemprUm,
¢ pultp utyl)-1,9- d|h drro -purin- g&(})’g@eZT 705 ort:m7(53c|éoJg N)1.15, wherein N

2-Amino-7-benzy1-9-(4-hydroxy-b
is A, Am, @& ﬂﬁ/uemeeﬁro EEREEE e aﬁh@f’aaﬁ?eswtc%%%ﬂm@aﬁb £U1BB 4 variant

thered SO&Qaﬁzeom@&;ﬂg isleriiaiepyt thaigwehwebef claims 14 to 27, under the prOV|S|on that the
compound is not m70, m7GMP, m7GTP, m7GpppG, m7GpppGm, m7GpppA, m7GpppAm, m7GpppC,
M7GpppCm, m7GpppU, m7GpppUm, 2-Amino-7-benzyl1-9-(4-hydroxy-butyl)-1,9- dihydro-purin-6-
one, T-70%.0r m?f@@pqﬂ(srpﬁ:ti%fwgmaﬂtmﬂcisim Amh&eio raj Cpdymeptidy flapmantlispabifeetotanhibit

binding be ween n]q.} pkg%ta\ﬁyaqr& thereof or fragment thereof and the RNA cap or analog
thereof. 36.A method Tor it M}gllng compounds which associate with the RNA cap binding 5 pocket of

PB2 or binding pockets of PB2 polypeptide variants, comprising the steps of (i) contacting said

polyggptide fragwtpef)d I LiQuthenisaid feeambingnbhash gethagrorging.io £19im 1 Rwih a test
compound and i analy the ability of said test compound to bind to PB2. 10 31. The method of

claim 30, &6 mr%%%?%ﬂ.ﬁ%@ﬁm&& ORI4ARA8 o 'thBret SV YN 8BRBRLOf claim
31, wheretﬁeﬁeafablllty of said test compound to bind to PB2 or a variant thereof in presence of said
RNA cap or analog thereof or the ability of said test

4. The polypeptide fragment of any of claims 1 to 3, wherein

15 ) the N-terminus is identical to or corresponds to amino acid position 220 or
higher and the C-terminus is identical to or corresponds to amino acid position 510 or
lower of the amino acid sequence of PB2 according to SEQ ID NO: 1,
(ii)  the N-terminus is identical to or corresponds to amino acid position 222 or
higher and the C-terminus is identical to or corresponds to amino acid position 511 or

20 lower of the amino acid sequence of PB2 according to SEQ ID NO: 2, or
(iii)  wherein the N-terminus is identical to or corresponds to amino acid position
227 or higher and the C-terminus is identical to or corresponds to amino acid position
528 or lower of the amino acid sequence of PB2 according to SEQ ID NO: 3

and variants thereof, which retain the ability to associate with an RNA cap or analog thereof.

25
5. The polypeptide fragment of claim 4, wherein said polypeptide fragment has or
corresponds to an amino acid sequence selected from the group of amino acid sequences
according to SEQ ID NO: 4 to 13 and variants thereof, which retain the ability to associate
with an RNA cap or analog thereof.

30

6. A complex comprising the polypeptide fragment of any of claims 1 to 5 and a RNA

cap or analog thereof.
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15 compound to inhibit binding of said RNA cap or analog thereof to PB2 or a variant thereof is
analyzed. 33. The method of claims 31 or 32, wherein said RNA cap or analog thereof is added prior,
concomitantly, or after addition of said test compound. 20 34. The method of any of claims 30 to 33
performed in a high-throughput setting. 35. The method of any of claims 30 to 34, wherein said test

compound.is a small molecule, 25.36,The method of any of claims 30,te 34, wherein said test
compound’s » pophR ap ity g AR Sl GBS Reg R R, (o
method furtfiem’G, confphie sitie Ehe profGppridlativ G renwonmpSinmeér apGapmateutiigipppCeeptable

salt 30ther§g§\?@m%@m@’ RH@W@%%H%“V acceptable excipient(s) and/or carrier(s). 38.A

pharmaceutical composition producible according to the method of claims 27 or 37. 39. A compound
identifiable by the method of any of claims 30 to 37, under the provision that the compound is not

m7G, sn7GMP, nTHS ddtnplet QPRI B) AGRRRE Sid Db (s Piliic THALRRRABMS L GPRPSmINY GRPPCM,

m7GpppU, m7GpppUm, 2-Aming-7-henzy1-9-(4- hydroxy-butyl)-1,9-dihydro-purin-6- one, T-705 or
m7eppp(ﬁfﬁﬂ@99vﬁ%¢f%mg&r@§fé=éh i dﬁ&l@%m%%&%%%

polypeptidéde fuasibly thereatwrdiagantthasehtwAQn Rigampdund identifiable by the method of any of
claims 29 to 36, under the provision that the compound is not m7G, m7GMP, m7GTP, m7GpppG,
M7GpppGm, m7GpppA, m7GpppArn, m70pppC, m7GpppCm, m7GpppU, m7GpppUm,
2-Amino-79%enzyh@epniyd woxyabutl 1 Wwis Bidi hyidrocpylinx-Basper sl ho fm7 Spbopdde . dBuwherein N

IS A, M, GoSiMata flfledd GnkMLiARG IS A RHnRIbIbhinding bebypgy (g BRg,polypeptide, variant

thereof or fragment thereof and the RNA cap or analog thereof. 15 41.An antibody directed against the
RNA cap binding domain of PB2. 42.The antibody of claim 41, wherein said antibody recognizes a

polypeptidepfragm@niomplex of claims 8 and 9, wherein the crystal diffracts X-rays to a resolution of
3.0 A or higher, preferably 2.4 A or higher.

15 11.  Anisolated polynucleotide coding for an isolated polypeptide of any of claims 1 to 5.
12. A recombinant vector comprising said isolated polynucleotide of claim 11.

13. A recombinant host cell comprising said isolated polynucleotide of claim 11 or said

20  recombinant vector of claim 2.

14. A method for identifying compounds which associate with all or part of the RNA cap
binding pocket of PB2 or the binding pocket of a PB2 polypeptide variant, comprising the
steps of
25  (a) constructing a computer model of said binding pocket defined by the structure coordinates
of the complex of claim & as shown in Figure 18;
(b) selecting a potential binding compound by a method selected from the group consisting of:
(1) assembling molecular fragments into said compound,
(ii) selecting a compound from a small molecule database, and
30 (iii) de novo ligand design of said compound;
(c) employing computational means to perform a fitting program operation between computer
models of the said compound and the said binding pocket in order to provide an energy-

minimized configuration of the said compound in the binding pocket; and
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selected from the group of polypeptides defined by SEQ ID NO: 14 to 22. 20 43.Use of a compound
according to claims 28, 29, 39, or 40, a pharmaceutical composition according to claim 36, or an
antibody according to claims 41 or 42 for the manufacture of a medicament for treating, ameliorating,
or preventing disease conditions caused by viral infections with negative-sense ssRNA viruses.

2544.The s of claim 42, whreln-said diseass.candition s.aused uialinfeclions ofthey
Mononegavirales or grcompnsmg e Bornaviridae, Filoviridag, Paramyxoviridae, and Rhabdoviridae
families. com§otivbandahsfhitadimg4® chigieneiebaitidtbeapalvontibn #biddyoédasy thmBmnd to

Orthomyx%ggggﬁ@e.&{ﬁqﬂgi&g@gﬁgﬁéwggyidae families. 46. The use of claim 43, wherein said

disease condition is caused by a virus selected from the group consisting of Boma disease virus,
Marburg virus, Ebola virus, Sendai virus, Mumps virus, Measles virus, Human respiratory syncytial

virus, gurkgy rhingiachelis ofivsimMasisukaeistompttining kit NiRAMNS ablaodassrys, Rabies
virus, Bovinegs(reﬁhemeral fever viru§ Infectious hematopoietic necrosis virus, Thogoto virus, Influenza

A virus, InftiEh7a BdifRedbtins ?Ca\‘iﬁ?f&i%ma%%%iFQSP@M%%%WQO%%WS@BW& virus,

Rift Valleytfewasvirus, and La Crosse virus. 47.The use of claim 43, wherein said disease condition is
caused by a virus selected from the group consisting of Influenza A virus, Influenza B virus, Influenza

C virus, Thogoto virus, and Hantaan virus. :
16.  The method of claim 15, wherein said binding pocket further comprises amino acids

10  Phe325, Phe330, and Phe363 of PB2 according to SEQ ID NO: 1 or amino acids

corresponding thereto.

17.. The method of claims 15 or 16, wherein said binding pocket further comprises amino

acids Glu361, and Lys376 of PB2 according to SEQ ID NO: 1 or amino acids corresponding
15 thereto.

18.  The method of any of claims 15 to 17, wherein said binding pocket further comprises

amino acids Ser320, Arg332, Ser337, and Glnd06

20 19.  The method of any of claims 15 to 18, wherein said binding pocket further comprises
amino acids Lys339, Arg355, Asnd429, and His432 of PB2 according to SEQ ID NO: 1 or

amino acids corresponding thereto.

20. The method of claim 14, wherein said binding pocket is defined by the structure
25  coordinates of PB2 SEQ ID NO: 1 amino acids Phe323, His357, and Phe404 according to

Figure 18.

21.  The method of claim 20, wherein said binding pocket is further defined by the
structure coordinates of PB2 SEQ ID NO: 1 amino acids Phe325, Phe330, and Phe363

30  according to Figure 18,

22.  The method of claims 20 or 21, wherein said binding pocket is further defined by the
structure coordinates of PB2 SEQ ID NO: 1 amino acids Glu361, and Lys376 according to

Figure 18.
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23.  The method of any of claims 20 or 22, wherein said binding pocket is further defined
by the structure coordinates of PB2 SEQ ID NO: 1 amino acids Ser320, Arg332, Ser337, and

GIn406 according to Figure 18.

24.  The method of any of claims 20 to 23, wherein said binding pocket is further defined
by the structure coordinates of PB2 SEQ 1D NO: 1 amino acids Lys339, Arg355, Asnd29, and
His432 according to Figure 18.

25.  The method of claim 20, wherein the binding pocket of a PB2 polypeptide variant has
a root mean square deviation from the backbone atoms of the amino acids Phe323, His357,

and Phe404 of said binding pocket of not more than 2.5 A.

26.  The method of any of claims 14 to 25 comprising the further step of
(e) synthesizing said compound and optionally formulating said compound or a

pharmaceutically acceptable salt thereof with one or more pharmaceutically acceptable

excipient(s) and/or carrier(s).

27.  The method of claim 26 comprising the further step of
(f) contacting said compound, said polypeptide fragment of any of claims 1 to 4 or said
recombinant host cell according to claim 12 and a RNA cap or analog thereof to determine the

ability of said compound 1o inhibit binding between said PB2 polypeptide fragment and said
RNA cap or analog thereof.

28. A compound identifiable by the method of claims 14 to 27, under the provision that the
compound is not m’G, m’GMP, m’GTP, m’GpppG, m’GpppGm, m’GpppA, m’GpppAm,
m 'GpppC, m'GpppCm, m’GpppU, m’GpppUm, 2-Amino-7-benzyl-9-(4-hydroxy-butyl)-1,9-
dihydro-purin-6- one, T-705 or m7Gppp(N)l-15, wherein N is A, Am, G, Gm, C, Cm, U or Um
and is able to bind to the RNA cap binding pocket of PB2 or variant thereof.

29. A compound identifiable by the method of claims 14 to 27, under the provision that the
compound is not m'G, m"GMP, m’GTP, m’GpppG, m’GpppGm, m'GpppA, m’GpppAm,
m7GpppC, m’GpppCm, m7GpppU, m7GpppUm, 2-Amino-7-benzyl-9-(4-hydroxy-butyl)-1,9-
dihydro-purin-6- one, T-705 or mTGppp(N)g-ls, wherein N is A, Am, G, Gm, C, Cm, U or Um
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and is able to inhibit binding between the PB2Z polypeptide, variant thereof or fragment
thereof and the RNA cap or analog thereof.

30. A method for identifying compounds which associate with the RNA cap binding
pocket of PB2 or binding pockets of PB2 polypeptide variants, comprising the steps of (i)
contacting said polypeptide fragment of claims 1 to 4 or said recombinant host cell according

to claim 13 with a test compound and (ii) analyzing the ability of said test compound to bind

to PB2.

31.  The method of claim 30, comprising the further step of adding a RNA cap or analog
thereof.

32,  The method of claim 31, wherein the ability of said test compound to bind to PBZ or a
variant thereof in presence of said RNA cap or analog thereof or the ability of said test

compound to inhibit binding of said RNA cap or analog thereof to PB2 or a variant thereof is

analyzed.

33.  The method of claims 31 or 32, wherein said RNA cap or analog thereof is added

prior, concomitantly, or after addition of said test compound.
34.  The method of any of claims 30 to 33 performed in a high-throughput setting.
35.  The method of any of claims 30 to 34, wherein said test compound is a small molecule.

36. The method of any of claims 30 to 34, wherein said test compound is a peptide or

protein.

37. The method of any of claims 26, 27, or 30 to 36, wherein said method further
comprises the step of formulating said compound or a pharmaceutically acceptable salt

thereof with one or more pharmaceutically acceptable excipient(s) and/or carrier(s).

38. A pharmaceutical composition producible according to the method of claims 27 or 37.
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39. A compound identifiable by the method of any of claims 30 to 37, under the provision
that the compound is not m’G, m’GMP, m’GTP, m’GpppG, m7Gppme, m’GpppA,
m’GpppAm, m GpppC, m’GpppCrm, mTGpppU, m7GpppUm, 2-Amino-7-benzyl-9-(4-
hydroxy-butyl)-1,9-dihydro-purin-6- one, T-705 or m’Gppp(N)i.15, wherein N is A, Am, G,
Gm, C, Cm, U or Um and is able to bind to the PB2 polypeptide, variant thereof or fragment

thereof.

40. A compound identifiable by the method of any of claims 29 to 36, under the provision
that the compound is not m’G, m'GMP, m’GTP, m’GpppG, m'GpppGm, m'GpppA,
m’GpppAm, m'GpppC, m’GpppCm, m’GpppU, m’GpppUm, 2-Amino-7-benzyl-9-(4-
hydroxy-butyl)-1,9-dihydro-purin-6-one, T-705 or m’Gppp(N)y.1s, wherein N is A, Am, G,
Gm, C, Cm, U or Um, and is able to inhibit binding between the PB2 polypeptide, variant
thereof or fragment thereof and the RNA cap or analog thereof.

41.  An antibody directed against the RNA cap binding domain of PB2,

42.  The antibody of claim 41, wherein said antibody recognizes a polypeptide fragment

selected from the group of polypeptides defined by SEQ ID NO: 14 to 22.

43.  Use of a compound according to claims 28, 29, 39, or 40, a pharmaceutical
composition according to claim 36, or an antibody according to claims 41 or 42 for the
manufacture of a medicament for treating, ameliorating, or preventing disease conditions

caused by viral infections with negative-sense ssRNA viruses.

44,  The use of claim 43, wherein said disease condition is caused by viral infections of the

Mononegavirales order comprising the Bornaviridae, Filoviridae, Paramyxoviridae, and

Rhabdoviridae families.

45. The use of claim 43, wherein said disease condition is caused by the

Orthomyxoviridae, Arenaviridae, or Bunyaviridae families.

46.  The use of claim 43, wherein said disease condition is caused by a virus selected from
the group consisting of Borna disease virus, Marburg virus, Ebola virus, Sendai virus, Mumps

virus, Measles virus, Human respiratory syncytial virus, Turkey rhinotracheitis virus,
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Vesicular stomatitis Indiana virus, Nipah virus, Henda virus, Rabies virus, Bovine ephemeral
fever virus, Infectious hematopoietic necrosis virus, Thogoto virus, Influenza A virus,
Influenza B virus, Influenza C virus, Hantaan virus, Crimean-congo hemorrhagic fever virus,

Rift Valley fever virus, and La Crosse virus.

47.  The use of claim 43, wherein said disease condition is caused by a virus selected from

the group consisting of Influenza A virus, Influenza B virus, Influenza C virus, Thogoto virus,

and Hantaan virus.
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