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20 Influenza is responsible for much morbidity and mortality in the world and is

considered by many as belonging to the most significant viral threats to humans. Annual
Influenza epidemics swipe the globe and occasional new virulent strains cause pandemics of
great destructive power. At present the primary means of controlling Influenza virus
epidemics is vaccination. However, mutant Influenza viruses are rapidly generated which
25  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.
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
30  surface antigen neuraminidase (von Itzstein et al., 1993, Nature 363:418-423) led directly to
the development of neuraminidase inhibitors with anti-viral activity preventing the release of
virus from the cells, 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
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protein), PB2, and PA. For the cap-snatching mechanism, the viral polymerase binds via its
PB2 subunit to the 5° RNA cap of cellular mRNA molecules which are cleaved at nucleotide
10 to 13 by the endonucleolytic activity of the polymerase. The capped RNA fragments serve
25  as primers for the synthesis of viral mRNAs by the nucleotidyl-transferase center in the PB1
subunit (Li et al., 2001, EMBO J. 20:2078-2086). Finally, the viral mRNAs are 3’-end poly-
adenylated by stuttering of the polymerase at an oligo-U motif at the 5’-end of the template.
Recent studies have precisely defined the structural domain of PB2 responsible for cap-
binding (Fechter et al., 2003, J. Biol. Chem. 278:20381-20388; Guilligay et al., 2008 Nat.
30  Struct. Mol. Biol. 15:500-506). The endonucleolytic activity of the polymerase has hitherto
been thought to reside in the PB1 subunit (Li et al, supra).
The polymerase complex seems to be an appropriate antiviral drug target since it is

essential for synthesis of viral mRNA and viral replication and contains several functional

active sites likely to be significantly different from those found in host cell proteins (Magden

2



The pol ynerase conpl ex seens to be an appropriate antiviral drug target
since it is essential for synthesis of viral nmRNA and viral replication and
cont ai ns wewverwmilesodonnct i onal active sites likely to be sipgmiedre@anddigl

different fromthose found in host cell proteins (Magdenet al., supra).
Thus, fd t&rggta@t FQtd fat h e LB& L3S bl Y
of poI y%lra uf)rlhlrl%lE P@F%x a 5&3%1%%;6 acl 3 ?IS 8 I?I{eefégnilvﬁﬂn Fhe PA-%I ndi ng

domai n pM}nﬂrurasePBibuﬁ@hyerQﬁhmaio acid @eptide reseﬁibhmg 1heBRA7lﬁﬁd}n28:Bm)a1n Mitheover ,

h f |
nucl codie(GfarTgE, e g7 el oG 84iAs0b sbl YbGausTo deve el b Bhegerts o
1995, Aﬂt‘éﬁ@?e%ﬁlp =vué9§£‘ﬂs%nﬂﬁ§r{f9§ RGElcoside 2fndo?4nd) a@@’ddé(;x t?sﬂLQﬁgéha%BQﬁ@

that T-705, a substituted pyrazine conpound may function as a specific
i nhbbi t(?BrsddE: ctal.] U89y AntimicsobRMEepts| §imanctber. 69121464@%8) and jt I@urhear) shown

Fur t her por, he ndo cl ease activity of .the e. has, be et ed
and a ég*}q@o% i VGRS Pip W&B‘B’uﬁ’é‘ﬁ%ﬁ’ i’@%ﬁ%‘@ﬂ Oﬁiléﬁ
i dent i fyijed mAS;ﬁhﬁﬁ&ﬂay@ (FuMHabitt0! $usHn). tF\ir&leﬁﬁbieV ltﬁé/eﬁdbnhetfehseemal ldfbtﬁ@s

(Tomessini et al., 1994, Anti m cr ob. Agents Chenot her., 38:2827-28 7). In
addi t | eelymerase hasdeen tergetpd and asesiesid- mbﬁfettutﬁéu %dmolbetanm@qtd ¢qreRPUNAS

extracts De ri Spara has n_shown.to
it b 0% Rectisfiied a8 sEogN ARG r Bis HOMRy REBEb o RGeS TPGuERM L

ANt oM Gi.OP994AGEinG croBE AREME Chefthr. 1&@71%3)7) THevaitin, ﬂhhﬁldd’lhlsblbsitmﬁtyd
action of conpounds on the endonucl eolytic activity of the viral polynerase
was hi tedikstapineyazing ddenified in Wétré@ﬁpé@ltéwhaar@néqﬁtqm@r% @i fyagal cspé@?ﬁp % of

t he pol r e I e f alo} ast
wel | -ct%?%c@grgflnsgg mﬁ oughrgn%i?&% léalg e@ﬁ I?{rrpf{n?%a\t/ﬁ% (%l %ﬁ?ﬁcap g?dr?g and
endonucAasiercct A\gehtys, G&Ehi{é»thieepl 4@:at 8% 01 93ndHawe et} rmeerlﬁhlaito@r oatceaﬁ eof
activity. PA (716 residues in_ inf|luenza A).i s separabl e by trypsjnation at

r esi dugoRpgun thecadenycleplytis aqtivaty Q,frtp% vip! Relymerase avag theRo enlyestigipd|
twyst h'lﬁgﬁ c?)frx]réel)o(‘?‘ﬁpﬂl\é%ﬂtlfeot e?@jcohlil}}lé{@tﬂébglslﬁféh dde provided the first

structur I nto bot a large part e PA subunit, whose
function, hdihem sulslnntl df tlncemiymsrasmw faactionalg thldllea&txmﬂ-chmmresed;‘almmeglmf

the cri.tj i nt er-sup, I nt ctions (He et al., .200 Nat re.454:
1955 b tephugharetingiot taty Bt st et g ensd sivity SRNA Sy U Singe pad
nut at | QBn@I)V&QE’IZﬁ‘bVe%Qe mwl@u P (7164BEdRA iAThM@mEZE A 19 @bpaﬁlmalb@ tA@¥Mhation
i dentified residues inportant for protein stability, pronoter binding

cap bi m@wwgi@nﬂaeﬁdhgnmnéasbtmne\dq qrystaff stmélrp@lfyhfeﬁlatsenm@hm@ﬂn(dﬂlanfé’/’et
Q 80: 7789-7798
i 2R n DR o P Rt EPYOF oo b (ERCHRLPER wisnl i BOECT MRREPo e

been exiremsPXeupusit, wehose mﬂdﬁmweszevaf tshR rré@aﬂng unElsar) @hd FHeSedabl Iﬁitﬁu@ ofodéy
t he endonucl ease acti Vi ty of the PA subunit in the context of ol ypepti de

p
f r agmerd thogrdiéend infgr-sBnE HatsrsEPBD (e picalacd00¥i Notures i d123-1126; Obayasm et
al., 2008, Nature 454:1127-1131). Systematic mutation of conserved residues in the PA

amino-terminal domain have identified residues important for protein stability, promoter
25  binding, cap-binding and endonuclease activity of the polymerase complex (Hara et al., 2006,
J. Virol. 80:7789-7798). The enzymology of the endonuclease within the context of intact

viral ribonucleoprotein particles (RNPs) has been extensively studied.
However, hitherto it was not possible to study the endonuclease activity of the PA
subunit in the context of a polypeptide fragment possessing the endonucleolytic activity, since
30 it was not known which domain is responsible for said activity. The present inventors
surprisingly found that, contrary to the general opinion in the field, the endonucleolytic
activity resides exclusively within the amino-terminal region of the PA subunit. The inventors
have achieved to structurally characterize said domain by X-ray crystallography and identified

the endonucleolytic active center within the amino-terminal PA polypeptide fragment.
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nmbi nant vector conprising the
SUMMARY OF THE INVENTION

In a first aspect, the present invention relates to a polypeptide fragment comprising an
amino-terminal fragment of the PA subunit of a viral RNA-dependent RNA polymerase
possessing endonuclease activity, wherein said PA subunit is from a virus belonging to the

25  Orthomyxoviridae family.

In a further aspect, the present invention relates to an isolated polynucleotide encoding
an isolated polypeptide fragment according to the present invention.

In a further aspect, the present invention relates to recombinant vector comprising the
isolated polynucleotide according to the present invention.

30 In a further aspect, the present invention relates to a recombinant host cell comprising
the isolated polynucleotide according to the invention or the recombinant vector according to

the present invention.
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to a cogpRsndctsiaMg {0 aRl frebonttientidon, wherein said compound is able to modulate,
preferably inhibit the endonuclease activity of the PA subunit or variant thereof.

20 In a further aspect, the present invention relates to a method for identifying
compounds which modulate the endonuclease activity of the PA subunit or polypeptide
variants thereof, comprising the steps of (i) contacting the polypeptide fragment according to
the invention or the recombinant host cell according to the invention with a test compound
and (ii) analyzing the ability of said test compound to modulate the endonuclease activity of

25  said PA subunit polypeptide fragment.

In a further aspect, the present invention relates to a pharmaceutical composition
producible 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 according to the invention, wherein said compound is able to modulate,

30  preferably inhibit the endonuclease activity of the PA subunit or variant thereof

In a further aspect, the present invention relates to an antibody directed against the
active site of the PA subunit or variant thereof
In a futher aspect, the present invention relates to the use of a compound according to

the present invention, a pharmaceutical composition according to the present invention, or an
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with 2, 4-Di oxo-4- phen but anoi aﬁll d (DPBA). Thernmal shift assay with

di  f er eRt IRSFRIEAPIF S0F theuHFhipe ‘further stabilizes PA-Nter in the

presence Of MaGlire23: EFfHIST Rangdhd¥B on&hé @ﬁu&ﬁretmma%&kﬁ@% et Ui tp of
PA-Nter. 10 purified pan handl e was i ncubat ed with 13 mM

PA- N er spsictis. TThendecmdary strerej canigbief %(I‘gt@r ws)monﬁgreétlwb%cq)gfu&d@iehgr 20 mv
EGTA af t I 4 to 8, tively). As
a é&g%’ﬁ?ﬁﬁmﬁ%nééﬁ%ﬁﬁ%&%&&m nutes (| anes 0 respectively)

control was | n r 80 mnutes at 370C with only PA-Nter
(lane 1) onl FigvteCh:2A¢dagrod tRrnmat staBityt evithalyé Dvbd-2-phenydbiznondvh&GTBRPBR) e

W th ot HREhS D Pt AREre SoaE o ot HPTA A st B e Re R
endonucieis présENeEMmRCILI vity. In the
20 Figure 5: Time series of the endonuclease activity of PA-Nter. 10 uM purified pan-
handle RNA (ph-RNA) was incubated with 13 uM PA-Nter plus 1 mM MnCl;. The
incubation at 37°C was stopped by adding 20 mM EGTA after 5, 10, 20, 40, and 80 minutes
(lanes 4 to 8, respectively). As controls, ph-RNA was incubated for 80 minutes at 37°C with
only PA-Nter (lane 1) only MnCl, (lane 2) or PA-Nter and MnCl, plus 20 mM EGTA. The
25  reaction products were loaded on an 8% acrylamide/8 M urea gel and stained with methylene
blue.

Figure 6: Effect of divalent cations on PA-Nter endonuclease (RNase) activity. In the
top panel (A), purified ph-RNA plus PA-Nter were incubated at pH 8 in the presence of f3-
mercaptoethanol and 1.5 mM MnCl,, CaCl,, MgCl,, ZnCl,, or CoCl,. In the bottom panel (B),

30 ph-RNA and PA-Nter were incubated at pH 7 with 1.5 mM MnCl,, CaCl,, MgCl,, NiCly, or
CoCl,. After 30 minutes the reactions were stopped by adding 20 mM EGTA. Controls were
performed using either salts or PA-Nter alone as indicated. The reaction products were loaded

on 8% or 15% (for bottom panel) acrylamide/8 M urea and stained with methylene blue. Note
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top panel (A), purified ph-RNA plus PA-Nter were incubated at pH 8 in the
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ssDNA (aBY Mym%mm (la@as 3) eThe geartioR prodiiets Weredloadddon @<.8% ddaeospresande of

1 mVv vhd and increasing concentrations of DPBA (0, 6.5, 13, 20, 26, 40,
65, 13(§tal%ﬁ‘i1d"’li}®9@1%!}}1 bromidg. control, ph-RNA or ssDNA was i ncubated with 1

nM CI 2 alg? (9|. ?’Iﬂ'ﬁﬁl&&))l of. B}? Nt&aéﬁfoﬂﬂclﬁe{s@%ﬁ{n%{ Wr294 %Q)egi Rﬁéah)gf(%tg/goic

acr yI am de/ Grea and stained Wit yl ene or o
agar osecige(DRBW). Elaavagd ofiphRRISAh(A) onmMiBom18essDB)A (B) gjarPeA -Nder was tested at

Thr ee- dji_nensi onal,. structure of PA-Nt ram of the structur
Tt e C BB RHSS T Sre presencheth L ML Dbt s o ep oS ogy S

The keypmghiwessi i i(ﬁQBd&'@%Sarlgo' MY Rﬁioew) NAShicokirb e phateAt kDA Ragur e
11: Sequence al i gnment of polypeptide fragménts derived fromthe PA-subunit

of reprieembatedt with | miMubintd, stangi (anes AV)Vilde oeactiosy p@ABets hweranoadid2on b no

aCIZﬂ ' easclry alljnensdeZ]S M)urea and stained with methylene blue (A) or on a 0.8% agarose gel and

stained with ethidium bromide (B).

Figure 10: Three-dimensional structure of PA-Nter. Ribbon diagram of the structure of
influenza PA-Nter with a-helices (medium grey) and B-strands (light grey). The key active
site residues are indicated in stick representation.

25 Figure 11: Sequence alignment of polypeptide fragments derived from the PA-subunit
of representative influenza strains: A/Victoria/3/1975 (human H3N2; amino acid residues 1 to
209 of SEQ ID NO: 2), A/Duck/Vietman/1/2007 (avian H5N1; amino acid residues 1 to 209
of SEQ ID NO: 8), B/Ann Arbor/1/1966 (amino acid residues 1 to 206 of SEQ ID NO: 4) and
C/Johannesburg/1/1966 (amino acid residues 1 to 189 of SEQ ID NO: 6). The secondary
30 structure of A/Victoria/3/1975 is shown over the sequence alignment. The boxed sequences
indicate sequence similarity between the four sequences. Residues in a solid black
background are identical between the four sequences. The triangles indicate the key active site

residues.



209 of SEQ ID NO 2), A/ Duck/Vietman/1/2007 (avian H5N1; am no acid
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are identical between the .fou gguences. The triangles indicate the key
active SFUVeRr \/\g S %chlépgébqné%%ﬁq)ati on of PA-Nter shaded according

to residue cang@eMat ERtastatkasiehce HolehtalSETRILMNaE. Tht GhieR@tions BoMNini Fglregur e
11, with grey (not conserved) 5(S)i;;rey (equi val ent residues) and black (100 %
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consér veld) Eldcprggiatic sustacepatgntiad of RA-Ites ify thg @bseper efmeta] iogs The nofeatial seplg
ori ent at] i Std ! 12 : at .G i Nt er
in the arlgg rslcfgmgfldr'rgtk gf%ﬁé&g‘?ﬁ? ggﬁl{gﬁté%la éss‘%%k@ %g(ﬁgggtgﬁ gr%ad ligkéﬁ)aﬁﬂl('/ e
(medi um gregypasiacéstives Eps(Kdand AMHB)D) and G u(E)) to 3.0 kT/e (dark grey,

basi i d L d A R Ei 14:. Co i PA: it h
other nual oadaeih; 1), Copbante P ATISH P e BRIk PO e BRI
A), P. feupbr@ahisy. FObrhpaiRyn joff P-Nedt (s A &5 Guribsus HolRByeinhdetionl fbdtyaseriijdd| e,
B_) and E._coli EcqoRV restriction enzyme (PDB entry _ISTX, ]ﬁguct confgéex
i t 1 ODNAPRI chigh d GRES Tiqe. g} antofe. 5k dicoRY piesision ieomyri UTDR cabelorbd

core act i r i N i o 2.9 A
For 7 drbGct obipfei Wik W o ndnganfsf (A1 O S BOSHIEN) G OREn R

at oms ofcoRcamve sBe sonaara motif. (euretmeaenevaredeyiations ar2 B4y fore/ 710digned Rokey

active sjte i du i isCK _T. S i i : j he
e oanekfS gt P BHET a3 TS Wt SERISSARPEL Calnor! HEFoRY | stBh ) SR
(ol ecul eergnts hiefak in Pgusenid) with keyohdtivEed Yesidssks lin stidkanpresenyatien( pr oduct
conpl ex) (right, B). The active site elenments, and.resi dues are shawn
respect i vel ygé}ﬁurF’Sis'gPFtagF 8§th§rfaartgéfl?§ed?‘é§‘t‘(rf‘%'fo_f‘§ Wtr]i'cfﬁﬁlé_?tkveggt‘t&/of‘r“?lb‘ﬁqzﬁa.
Manganesga iNg8s (AL (18R] AFUh@E abfi E&Reedstition drRginb Nbayday: eblear k
grey spheres. The anonal ous difference map contoured at 3 s, cal cul ated

usi ng me(mighhde The adtiec gitaslementgtand xegdyes dirg shave respedively andishbaey Mases,
el B 5506 8L A8 Mg oG il kbR
t he exacmediomf pgyratd darkogrey hepheres.aThé ansmalods diffatercesindp cohtursl suBtéy
e SR ey S bhrE SR S B AR Shosbiy L
secondar garis tgkdiC tPUsIE helpRiveRé 34aNd0aChid/ 8.0S¢ fF@SMnesMIRemd(the dupatiedf Cys45
respectively. Note that in metal dependent nucleases, the exact configuration of the metal ions
and acidic side chains subtly depends on the reaction co-ordinate.
Figure 16: Superposition of the active sites of influenza PA-Nter and E. coli EcoRV
25  restriction enzyme. PA-Nter secondary structure elements and active sites residues (indicated
with PA) are shown in light grey with the manganese ions in medim grey. Superposed are the
equivalent elements of EcoRV (PDB entry 1STX) (Horton and Perona, 2004, Biochemistry
43:6841-6857) in dark grey (indicated with E) for the protein and dark grey for the
manganese ions. Key active site metal binding and catalytic functional groups of the two
30  proteins align.
Figure 17: Comparison of EcoRV product complex (B) and Pa-Nter with Glu66 from
a neighbouring molecule (A). The active site elements and residues of PA-Nter (molecule A)
are shown in light grey with manganese ions in medium grey and the Glu66 containing loop

of the adjacent molecule in light grey. In the same orientation, after superposition of the two
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with PA) are shown in light grey with the nmanganese ions in nmedi mgrey.
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met al Q. ndi n i G -fua i ) .
i gur o rUctud, BOGIFRLAY haripMILASRR, (FUIUREy @5 TX) SHOMan RhQ TeIats, S 6

f r om a inshaynbouddrk grepoivithithe D). . baFdseindighit geeysarntdethe Iranganesednus iresiediyas of
PA-Nter ( ecul e are sh in light grey with nganese i in medi um
grey amieX HEe ERBSEYLBREI PhgUSGEPHTmPHES Shj i Thanours TR BRevE oy,
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nol ecul’es o Pe crystal. Bi1s a thermal factor that neasures novenent of
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given in the |lines rked "AN SOQU'. This. nonenclature corresponds to.the
08 1 1T OV e DETAT L D 9EeRp A e PRl N B BEr S BT Rk
i nvent i 98 ghvenGaSRE i1REH mdik&rt ANISOBPOWhisl horhénclaulRecoirdpsriisaactht IPDB tie s
inventionis not limted to the particul ar nethodol ogy, protocols and

r eagentform@scri bed herein as these may vary. It is also to be understood
thakb the term nol ogy used herein is for the

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

25  purpose of describing particular embodiments only, and is not intended to limit the scope of
the present 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 commonly
understood by one of ordinary skill in the art.

In the following, the elements of the present invention will be described. These

30 elements are listed with specific embodiments, however, it should be understood that they
may be combined in any manner and in any number to create additional embodiments. The
variously described examples and preferred embodiments should not be construed to limit the
present invention to only the explicitly described embodiments. This description should be

understood to support and encompass embodiments which combine the explicitly described
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pr ef er dht DApslypgraderminga dEdapiotease. i s a preferred enbodi nent of the

! ti ¢ ) o ' X ; N
205 of the Aivteistly, M ERER Ledenet AUFEAL ROl SRR OBt LLSealy 0
pept i defbagedinalogical ermav@oPAJ Recoriend4iops)' yHaEphW deeuesbargera BT Rdgel; ahdase.
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mul til |H}d{‘§PL s s Hghvetier Chingica Ao (SR LY Bessl.mavitzerigph¢ Redonmendat i ons) ",
H G W Leuenllkbeﬁfg@ﬁce the PM@%ﬁli?v%glg?Hml@l(Ji’flerw_"r:sqsindicmhy&h'v&ﬁiqqal Hefidaéet a,

CH 4010 Basel ,” Switzerland, (1 To practice the present i1nvention,
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bi ochenmi stry, and.reconbi nant echniques a npl o whj ghy ar.

oot i e Brerafe i feca, R b g Maleeriar Girire: o Calpvatonh Uagtiioh 2" Edfiond: A
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and the cl aiThsowghioohthissrieoification ardtherrdaigswlish follogaiuntess Brerronigixg sequinge

wor,d "c rise, and,variati,ons, such as "conprises” and,. rksinng' il
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group of integers or steps. As used in this ) L
not the exclusion of any other integer or step or group of integers or steps. As used in this

specification and the appended claims, the singular forms “a”, “an”, and “the” include plural
referents, unless the content clearly dictates otherwise.

25 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 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.

30

DEFINITIONS
The term “polypeptide fragment” refers to a part of a protein which is composed of a
single amino acid chain. The term “protein” comprises polypeptide fragments that resume a

secondary and tertiary structure and additionally refers to proteins that are made up of several
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The "r ergsldtrﬁsoﬁ"hbemg@e@]ﬁr@sé eecallengpnwené’hdf@a%@; usudeteraings Hienastes gad
R A
pr ef er afphMariit§@bbre! I thd@iguese sirﬂﬂax@tbfl ﬁt@&dalﬂ?ﬁﬂt@ﬁt}@%etween 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. A part of the best sequence alignment for the amino acid
sequences of Influenza A (aa 1 to 209), B (aa 1 to 206), and C (aa 1 to 189) PA subunits is
25  shown in Figure 11.
For example, amino acids Tyr24, His41, Glu80, Arg84, Leul06, Asp108, Glull9,
Ile120, Tyr130, Glul33, Lys134, and Lys137 of the amino acid sequence set forth in SEQ ID
NO: 2 (Influenza A virus PA subunit) correspond to amino acids Phe24, His41, Glu8l,
Arg85, Leul07, Asp109, Glul20, Val121, Tyr131, Lys134, Lys135, and Lys138 of the amino
30 acid sequence set forth in SEQ ID NO: 4 (Influenza B virus PA subunit) and amino acids
Ala24, His41, Glu65, Arg69, Leu9l, Asp93, Glul04, Ile105, Tyrl15, Serl18, Lys119, and
Lys122 of the amino acid sequence set forth in SEQ ID NO: 6 (Influenza C virus PA subunit),

respectively.
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drops to less than 30% preferably Iless than 20% nore preferably | ess than
10% over a length of 10, 20 or 30 am no acids. A part of the best sequence
al i gnmentwpapiwdeesoam no aci d sequences of Influenza A (RETEPR@IR0LYH] B (aa
1to 206), and C (aa 1 to 189) PA subunits is shown in Figure 11. For
exanpl e, LAtS éfx{t?o‘b El2i8d Inflden 8 virf¥ B8 -absildeRt RRAPHEBmefdstIPA 9,
I'1el 20, Tymgp@% ul 3 slln34 and I_Cys §17 of the am no aci d sequence set
for'zi h subusHEQftaBmidfts 20£slesaﬁﬂlg|eawanmlvascuactﬁl,&ysuTinmlt@I)m c‘(‘ﬁtNésfiﬁtPﬁﬂdQ% BJﬁAno
aci ds Phe24, His41, 85 Leul | 9, | 20 Va 1 T rI
Cysi 347 S Psl iaEoTy RefetmioniSe 248 R ifelfube Aol

4 GhiMldnbi® CZAni werfa«sblgglaw@w Eﬂmﬂﬁ&b@@écﬁfén@@aﬁ&tlﬁhﬁ%SEdl 1$34mo G |4§5
Arg69 Leu91, Asp93 l'el G5, Tyrl |5, Serl 18, Lysl 19, and Loysl 22
of §heoa®i h&NAed@eeéamM@ postmérese: $nbunit SRQVanERIES: hage (at .lﬁalsu@héa6i%v 79%s PA

b 0
R de B ETTS BRve ST e S B L b b Dl EA 0% s
activi togo,, DB, tograngsEiNAode a6d sithAripg | prefefade sty idemRy avee fier airy

refers to the PA subunit of Influenza A, Influenza B, or Influenz C Vi rus,
pref er apigh héﬂienﬁgamer&rﬁsm the ihgsiswquenreealigameat ax@qﬁ)r PYFrSEQr?HIPINQf bept or

6. " RNA-dependent %
65% 709480 ‘%’i‘ax%m’s‘ﬁﬁqre%‘g‘@é B2, ?%HQ‘%% taé‘g@"g‘g‘é W@’%‘g A 903%@%901%
92% 93%., %ﬁ%’m 08fp s%?fmrr(]ﬁ?é%m%%rfﬁﬂﬂﬁyﬁ em;ﬁB@SS acemﬂé eMatryc, Rioedre62bGyp
sequence identity over the entire |ength of the fragne best
sequen@h’eallodh@mEﬁ?fd? &6, withthe h‘@“}"eﬁﬁ‘%?F%Fn‘i"rft?tf%g} “sépq(gihggo Ee‘brﬂ?rzﬁnt
kil Z} Sshﬁr G7dd Fad UANGe g'la'tlggﬂfrgcchﬁm bp A Q%Pi!n? 1¥V'aiognéﬁ it @ W tR8hisit
e.g., i'gh, using standard settings, prefera needl e, Matrix:
Bl osungcortimg tOSEQ IIDND: 2CG4 porHx thantheGlignment Wwilk Hmeowmthmeram: tbngﬁqtnfelhc tveget

forth in SEQ . ferred.t e tural |
occur r iPHfEIDA a}?gfﬁh&?rtt%?tsthﬁlal?‘éﬁ@ﬁanqlie ?fp El) 5‘{%%“@ ﬁ?ﬁ:ﬂ)ﬂﬁs IQSI?@WF “INO

2, 14 sébghﬂét thd Ra@d SARBRR m&‘ﬂl lcbmpis@¥¢eterth G/ RO HARal 6MGikdmAlfdeldiRnk 6o
pr ot ei s an that the alignnment score will be determined on this
basi s. adtlitioss, d‘@y\&wmgh Noss Coegminahfusidns. athis edse mﬂyahnbmyhmﬁ:neg@@ is
C-term nal LNt erm nal or rna letions or r N-
or Gt é}sts fon t E‘F FSyeSHRen I% sfrﬂﬁgmé'a d8ﬂ‘1“9’ feﬁgecﬁwgtjy ?Ire gkl ér"gi Pso%gl(gﬂgged
for th%&%%ﬁ?&bw%agmehﬂsareﬁddm itkaB tviatidnts sBoWanE livditated Eimiaertﬁlaha and
as set out in nore detail below, fragments derived fromthese vari ants show
t he i ndilenitnd respedtivalyi t prefamebly deithin \the resivac r9auEry , fo5r erdonyglegsenREBYIR - t he

d for ndon % Accor din
et Reer GRRITE Ny 2T bERR SEQAIL HOZ3E % s g BVA NeRITSRbuG
preferably comprise the endonuclease active site. Thus, the above sequence similarity and

identity, respectively, to SEQ ID NO: 2, 4, or 6 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 endonuclease active site. A large number of natural PA
25  variants of sequences according to SEQ ID NO: 2, 4, or 6 are known and have been described
in the literature. All these PA variants are comprised and can be the basis for the polypeptide
fragments of the present invention. Preferred examples of the Influenza A PA subunit, if SEQ
ID NO: 2 is used as reference sequence, comprise mutations at one or more of positions Phe4,
Ala20, Leu28, Glu3l, Val44, Tyr48, Asn55, GIn57, GlyS8, Val62, Leu6S, Asp66, Thr8s,
30  Gly99, Alal00, Glul01, Ile118, Ile129, Asnl42, Ile145, Glul54, Lys158, Aspl64, Ilel71,
Lys172, lle178, Asn184, and/or Arg204. In a preferred embodiment, said variant comprises
one or more of the following mutations: Phe4Leu, Ala20Thr, Leu28Pro, Glu31Lys, Val44Ala,
Tyrd48His, Asn55Asp, Gin57Arg, Gly58Ser, Val62lle, Leu65Ser, Asp66Gly, Thr85Ala,
Gly99Lys, Alal00Val, GlulO1Asp, Ile118Thr, Ile129Thr, Asnl42Lys, Ilel45Leu,
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preferably conprise the endonucl ease active site. Thus, the above sequence
simlarity and identity, respectively, to SEQID NGO 2, 4, or 6 occurs at

| east ovewoaoloawgdon of 100, 110, 120, 130, 140, 150, 16@CTEP2)09HTAG1 180,
190, 200, 210, 220, 230, 240, 250, 300 or nore am no acids, preferably

conpri e as ' T I e tu

% a??an?élﬂg?‘idggh u g 2%@é§’c 05%‘?1%1%5 Zlf(]; I BQINO%,gPUZ\L}gg r ﬁ%pfé r\{ahzll k n%\%{ql 8§§8r, have
been desarBéarg,i and/be Arg2@asuPe:feridd ;/ﬁﬂmeoPﬂnev?:ﬂuﬁluasBawimscbﬂmubaﬁd i@nd
can be is for the pol ypeptide fragnments of the present inventjon.
Pref er rsé%fgﬁgﬁfg:e{ 1p{s¢ch@s Ir?#weaéﬁzsaq%_nm DelydR i putahienspiPPHOROM e o WS ed
as 1 f GhRAGReSARNENER pfsAIs! TRrdlk3h8@Neredhs. OISR, HR1B0 OnddishElioRnn Ehes.

Al a20, Leu28, Q u3l, Tyr 48] Asnb5, ns7, y58, Val 62, Lel65,
Aspb66, prelesed embpdinenitial I00uetEauB @irns PAesubluBit vhtiatt2ompiised di; orl inetedd, the

G ul 54, 1 58, Aspl 64, | 71,, L 72, He 8, Asn| 84, and/or_ Arg20 In a
prgferrfg %Wﬁo@%ﬁ’t“,sz sq'ir%‘%]&r i%ﬁégmméf%léézﬁﬁe‘q&‘{%%’ (rﬁlsﬁ)ﬁ FolPPER ng
mut at i QRYH6 VhIe Prbbred | A6 the BHRRRLL C VHPA- ¥Sounifal D NY! ¢&Hs3d as
Asn55Asp, A n57Arg, dy58Ser, Val 6211 e, Leu65Ser, Asp66d'y, Thr85Al a,

G y99L ysferencels@peate, i®ludempggsions lakbné¢ offmore pf Ble2dithwingAaming2dcyd positions:

'l el 45Leu ul sL.h8d.n 64Val | el 71Val. Lysl.72Arqg,. |1el 78Vval ,
non 82l DAG Sk ARk SRRLD I S prtpafs b itiment eGP lions S Plens a
B M0 uSoféws Ui Nl Ala, LEusSNRt 58 st Gl5701800 argof ATANETRE Sequence, include
mut ati ons at_one ore nore of the follow ng am no acid positions: Thr60,

Asn86, Argl ddie pelypegideHfrgpmgms ahdhorpreseat ggventignaansy dhes; r ased nro RNANt

he | nf ' P I i ' f.. the.
ol 1 owdsHERERL RNA btSiethsE it e B Rhn S BERGrAS B REy o BOREe i oan
and/ or thd¢ efof6Wirlg spPecifieationd thearerait Spolfypéptile! Mapmeny e Cand ' RAIFidpudet

if SEQID NO 6 is used as reference sequence, include nmutations at one or
mor e ofTAZHEDEss| A WY SePraRRSSSush ifragpsaistdesiyed bey from the &i45 groteias gg setquy 7,

angkor I . bnya r I N ' | S I :
Tt 1 ATAT D As o o BB Al i GO BETEN FromSPAbrfl L, Befacoad R oY e
f r agmenbeve fpossessipg esdoriucicave attivaty. #osvevel)ube spifichtion aRidAukep el i FEMA

pol ynerase subunjt PA or varjants_thereof as defined above. Accqordingly, in
the f om°_§me Ij(?"s JeRgmant YABRSE 1 Bf*n@ra@%rwéﬁﬁmae P g&ﬁﬁf?@klx)re?%{n@ "

pol y petdgdfanfs aggyem@'t' AUNRN RSO R iBE tRH Chre f ARARBESmIRNAGELRALR RiNAN t he
PA proteins as set out in SEQID NGO 2, 4, or 6 and fragnents derived from
PA pr otpelymearase subtigit Phevaroings. dhe P4 polypepthioviesgnpas e thie pgesentimventiaathes

' A0me eGP IL R Eprits SsRROE b G TPt 8 SRete iy BPerBRE 4
fr agmerts sﬁlﬁﬁﬁt@,ls\gief@alﬁﬁi danusi-aasfisaA sibinit. TNRL haWevaShlsY RAvEsidaY that the
RNA- dependent R
PA fragment variants further contain amino acid substitutions at 1, 2, 3,4, 5, 6, 7, 8,9, 10, 11,
12, 13, 14, 15 or more amino acid positions, and have at least 60%, 65%, 70%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
25 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.,
Align, using standard settings, preferably EMBOSS::needle, Matrix: Blosumé62, Gap Open
10.0, Gap Extend 0.5, with the amino acid sequence set forth in SEQ ID NO: 2, 4, or 6. It is
30  understood that PA fragments of the present invention may comprise additional amino acids
not derived from PA, like, e.g., tags, enzymes etc., such additional amino acids will not be
considered in such an alignment, i.e., are excluded from the calculation of the alignment

score. In a preferred embodiment, the above indicated alignment score is obtained when

aligning the sequence of the fragment with SEQ ID NO: 2, 4, or 6 at least over a length of 70,
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pol ymerase subunit PA variants. The PA pol ypeptide fragnments of the present
i nvention thus preferably conprise, essentially consist or consist of
sequenceswof2orpategoal |y occurring viral PA subunits, prefPerairkeoolonfibuenza
virus PA subunit. It is, however, also envisioned that the PA fragnent

vari ant r ri160 I R@RAUHO 11&0S tigutys T8 ; 7,
g o 1 bg’l?@zl,lglgé(ﬁl@,o’ Tub01 5 180: g%infoﬁoééisgﬁ%ogot %’3?@ ackds, heein the
| east GOectHEtheqibe BEHQ BDWO 8294, B3I prddtplydEwn prieytheddtdonadegsedQtiye 90%
91% 92% 93% 94% 95% 96% 97% 98% 99% sequence simlarity, preferably
sequené&ei dentity over the entire length of the fragment using the best

sequence al iigRPREerr8d ehBhditRE, thOP AT RAVRPLAE fila | cRESahRtea}Re at icdstiBat |

wherein the best sequence alignnment is obtainable with art known tools,
e. g5, Anigeacidsesiduescarrdspoddingtto iamgeq agid e¢sidugb (1 yto ERBOEBlusaed AeyirugHtA ox:

Forth s aReacd eyl (o e elver mib R RE: I0aff bl RELERAL he
presentgibn\e2nt, i 839 By, G3IRI§696 S96 §89%89% 3909000 B6] 9B/6N93%0e49y eshqf Devs, PA,

like, e.g., tags, enzynes etc., such additional amno acids will not_ be
consi déK7&a 98P, He¥hseqnengei similenity, piefasably sequeage idgaty avieptherandire lengthl ofithen of

the alignment score, .ln a preferr. odi have- jndi
al i gnmat%gn%e@ ruémigst%?)btfeétl Ret whe ﬁflgfﬁ{?gﬁ?%“gf’ﬁg‘%sf etl&g:rﬁgl ggo(ff {h%ceji)e%?%gﬂgﬁf “with
SEQo! D aNghment, 4vhedéin Ghatbebte stfuefiee lignrh@ii gk lobedinatle 8dth 9A, ki tdols), e.4.20,

130, 140, 150, 160, 165, 170, 180, or 190 am no_ acids, wherein the

r espectANgn, Jetgeriendast seitings, prajerably EMBESSpneqgle Mptai Blegms (&p Open
endonuqyease, AELLYE0 S hfih dhflnd aa%sa{l]@sdl farwbmgfse Jeli€e B4 tBHhYIPSEQanf
fragnment "Varrants conprise Al feast the am no acid residues correspondi ng

t 0o am NYOazmoregréfdtabby the PA AdGpaitide ffdgieny earfants consprizd adleastahs aminawdcidm no

acid residues 1 to 196 (derived from SEQ I and have _at | east 8Q%
81% 82‘%1(1%%01‘1‘83%11218@(%) aqpYe .agllﬁ%emg%@)%l @&WumAgz@bs P%S% c%%t 0 5%@
96% 9 Rind8%d %%f%?@?hlgr%@agi'em&@ﬁ'ohy SEq]gﬁeN@bby aRE RHEOGL 1dadE bl Yodp¥ €T

the entire |engt ment using t best “sequence al i gnment and/ or
over t heefeehplyofS%i ntdne phefertablyeditén8 Eoa B2 Yn B8t S4Mh 586,808 Bes88%e§Bnce

et U1 o fistoo i Bty o 6% Kk 9505 fuSspmsnteLiimitefich St
Ext end s%%@né:%a&tmo& A6 | efhtifeS RinGHEST thet ﬂaéﬁ&tQIsirfIghﬂheSﬁﬁU%&ﬁ@n&eéliérﬁiénh in

SEQ I D , hore preferably the PA|6§0| ypepti de fragnent variants conprise
at | easndfdreventhasegien df the beshirequanse nligpoarfi wheret Beibest sgavence ebpmerf iy to

2050 TSP 45 oo, Rl 09a e i ey
nmor e pre¢eoEY: nedfldoM8iie BIddmaed3%apSaden 8890 GBP Kxtchd%.5 88U tRO%mino acid
residues 1 to 209 of the amino acid sequence set forth in SEQ ID NO: 2, more preferably the

PA polypeptide fragment variants comprise at least the amino acid residues corresponding to

amino acid residues 1 to 213 of Influenza A virus PA or consist of amino acid residues 1 to

25 213 (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%, 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

30 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 amino

acid residues 1 to 213 of the amino acid sequence set forth in SEQ ID NO: 2. In preferred
embodiments, the Influenza A virus PA polypeptide fragment variants of the present

invention comprise mutations, preferably naturally occurring mutations such as mutations in
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90% 91% 92% 93% 94% 95% 96% 97% 98% 99% sequence simlarity,
preferably sequence identity over the entire length of the fragnment using

t he best woequeviwesoal i gnnent and/ or over the region of tRETHPIWIHEYGENCE

al i gnnment, wherein the best sequence alignnment is obtainable with art known

Mt 1 x gty mdtessthe (Gtlding ARG G A AEL ARG PRGh BBk SERPHYRODE R,
resi duedsl?m,tloeu’ZBQ r(}?dﬁ?;g I,ta\h‘éalﬁm E;Miag m?fi,qﬂhﬁde Gslgis L‘?e;lﬁh, Leu;GISSE?st?,:\m;;?,t e
o o 4080, Rlaf abebretfar Db B HleigS: o AR RaleaPachlst 3SR, tovies 517,

| nfl uenz 1’/’2 \'IIJI% R@nlﬁ&ﬁ GRASH ?e& $64. 3NNGe il nfHid erabﬁm&%ﬁ%ﬁ nééy?rgﬂris%’d

from SE have at east 60% nore pre 65%
preber ainbyor 7:@% ofrtlmeéolﬂwwmgnmnhtyorisSWemueAﬁH?Qﬂ"br dthSIBOQ/GhEM‘Mys SPal4 8BRY

099% sech ML oS A 3Py DI Arer dti s JHEUIS, LRSS o BopOal, vt ble,

I engt h @f9smhiR, fr@gmaluswmdm%pbeﬂmmen%l@dmnm@qu/sor neYA¥Lduhe
regi on of the best sequence alignment, wherein the best sequence alignhent

i s obt &lnditEywi leislérS Inodsp 1648k, 1131 Valpl Lysl724egngllsk78Nahr cAsd84Bergs,

prefer need Matrix: Blosunb2, Gap Open 10.0, Gap Extend 0.5,
W th aﬁsﬁlﬁs%%@ 28%)“) 213 of the am no acid sequence set forth in

SE@I D NO  2n alpmeﬂafred embedinfiibaBé PRNSslypdphide FrabmeRiVadiafits\dofpisEAt least the
pol ypepti de fragnment variants ‘of the present invention conprise nutations,

pr ef er @&B1ipo pgid gesaduey cetrémomiwg teamaRg acid residues 5o 9P of luftuenzaBrdrusiPAver e of

A 'az0, Pty AT ReAGhlgRRT N RS RRTLERSRNIE) IDOER) bk Pls & jcasb RO
Asp66, 8Tbs, 85%,@3%9;4% &ﬂ%xaéo/a 871%) 88%) 89%) %) 91@%2@2%}33%494% D5%:486%,

A ul 54, (L{ysl 58, Ilel 71, Lysl72, He 178, Asnl 84, and/or Ar 204 In a
pr ef er 98¢ m@ﬁ%m?ﬁée?ﬁque%c&. simijafity apreferahly sPausace 1enBEy arsF thegmtifsisn

L AR R i A
i e s i e s St sy
o4 i, S St Ko SRSl M, RS Sip open
embodi @Y, Gap'ExtEifi 0] WRERKIIAS ainaeNENS. lvt%”%rﬁfsth@ R &8d §équ|eﬁ@e'3§et trhen

am no aci d residues corresponding to amno acid residues 1 to
| nf | uenz &ER 1 NGX 4pmage prederablyttho P Agprilyreptide fragmsntdvents Otomp:t@s a( htestl thed

S ve .at st 0 81% .82%.  83% _.84% 85% %
oo a0 reine SomesBuiPegs 5 San dind beiuch 45 s 5 Tl Bk iR it

SI m | arcohyist dira@difé abidyresi@tiseNee200@REVEd froMESEQND 1ROt 4y gnd RAGLA 1&st 15,

more preferably 75%, more preferably 80%, 81%, 82%, 83%, 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
25 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
residues 1 to 206 of the sequence set forth in SEQ ID NO: 4, more preferably the PA
polypeptide fragment variants comprise at least the amino acid residues corresponding to
30 amino acid residues 1 to 210 of Influenza B virus PA or consist of amino acid residues 1 to
210 (derived from SEQ ID NO: 4) and have at least 60%, more preferably 65%, more
preferably 70%, more preferably 75%, more preferably 80%, 81%, 82%, 83%, 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
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fragnent using the best sequence alignnment and/or over the region of the
best sequence alignnent, wherein the best sequence alignnent is obtainable
with art wWoow/te®bs, e.g., Align, using standard setti rG3/EPRooefoesiabl y
EMBCSS ::needle, Matrix: Blosun62, Gap Open 10.0, Gap Extend 0.5, with

6’\18 nz ag| Qer{ce%ilgﬁﬁéntlaﬁd@orlo%r e Fe@ﬁmaéﬁ R tR6 LqSaRYaMeAmRt iRl thob&kQ | D

re preferably the PA pol ypeptide fragrrent variants conprise at
| east tdequence adigament lsetmtzdnaizle cfoﬂrmrkmvmngoltsoe gmAi@gramsmgr%sndmtesetmngfo 206

Fr om st FBONCE M OSsraedlse VB BhofimBh ORGSR A ESeneby RghataRs' ¥

pref er aRid/ r@Rfdes §1¥0219256 th8 IWinS 4 2qlenc8G¥s fortin SBOH TBYO: HOYoprOkHed 92%
93% 94% 95% 96% 97% 98% 99% sequence simlarity, preferably sequence

i deft i tembndimenthe thenthinfleenzengt nires Pcf’hePOﬂymgtrémfrwmm varenkeof teqpreseoy
al i gnment nd/ or _over th e es guenc nnent . _wher ej.n
B g R e e e M e B
Align, tﬂélmuoﬁﬁ%r;ﬂﬁrnd ziiﬁ&tp‘o@lﬁ%ns @bﬁxfp@feabtbysmB@&Onaemh%o MadrigicX Argl05,
Bl osuni 62, Ga en 10.0 Extend 0.5, with the anino acid residues, 1 to

206 of A$dS8 wéﬁ@,ear@ézr Iied%hln. mps@ymm@dlmenmﬁénﬁu@ﬂér%mrys PAesybanit
pol ypep\;alrlggt (t,o Phnd 8F hx dé 3f 2 flb\% g%utéﬁ@? g1 A% ﬁghﬁj A%glbggfss

correspon m no aci d resi ues uenza
congi stAQﬂS&KmeH@Dé(L‘Ber esdduéle196Val. 210 (deri ved from SEQ ID NO 4) and
have at | east 60;% more preferably 65% nore preferably 70% nore

pr ef er abl y 789 prasred spbodimgitythg %P@I%PU@Q@BE‘%B@% variys emuprisseddeast/de
88% 89%ind A r?glgﬁek)s%@e e&(ﬁl@n(ggt% i %Rid36fued (%o 128%f 1R} 8&‘3%&@0?@&%
que

siml arlty, prefera entlty over the entire [engt
f r agnmendonsist offartine abehﬁesﬂqesehocel'aﬁ {dpnived froanSEQrIDoMEX: 6) laed heygd atnleardt 80Pig

i th arHORGRF ARG RaTe angfe PTAETAHRY SU% ABO PEEEPY Sate TRGGEe BB
EMBGSS the Ne&eH fenlfRlofitke Bl PRdth GindRe fliddles R RS Bmind héld

am no acid re5|dues 1 to 2I0 of the am no acid sequence set forth in SEQID
NO 4. dequgncefset foetdh mrﬂiiﬁd@ehiow trivee preff¢rablyzthe Bﬁvpolysewdepfnagm@ptwauents

f t t h tl t f
nat cr 1 SPTGEE 158t AP G Raidgh e BORGE B ATURG QI TR ARG el o
posi t i ORFluERANRKREs PR 0Pleehdi§? d¥@mido acid Mésbdhes AT0889 (dérdledFrom SR Nd:5d) O,

and/or 11el96. In a preferred enbodi nent the Influenza B virus PA subunit
var i antangohgyei adeash 18%o mersrmseistabihd SYo mergi nrgferabla 80%n gnorphprefRrrably 85%,

AsnB6Thr o / | el d
eriga s I BRIy 0 SRUSRE RS ofr it oA Bhech o RE Mlemel L Pl " ©
am no agiidirdsRitks Ues 1 8D6f Bgpaiits Agid tsoquiiicd setdoithl i SEQAIENIOL 6f Mote Pre@drably

' nfl uen%lg P% }\)lcl)lgl}lnjesptllcaléﬁggment variants comprise at least the amino acid residues corresponding
to amino acid residues 1 to 193 of Influenza C virus PA or consist of amino acid residues 1 to

193 (derived from SEQ ID NO: 6) and have at least 60%, more preferably 65%, more

25  preferably 70%, more preferably 75%, more preferably 80%, more preferably 85%, most
preferably 90% sequence similarity over the entire length of the fragment with amino acid

residues 1 to 193 of the amino acid sequence set forth in SEQ ID NO: 6. In preferred
embodiments, the Influenza C virus PA polypeptide fragment variants of the present
invention comprise mutations, preferably naturally occurring mutations such as mutations in

30 one or more of the following amino acid residues when compared to SEQ ID NO: 6: Thrll,

Leu53, Ser58, Gly70, and/or Alalll. In a preferred embodiment, said mutations are as

follows: Thr11Ala, Leu53Met, Ser58Asn, Gly70Arg, and/or Alal11Thr.
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consist of amno acid residues 1 to 178 (derived from SEQ ID NO 6) and
have at | east 80% nore preferably 85% nore preferably 90% nost

pr ef er ablWO2BMy®e@aence simlarity over the entire | engPRTHP20B0916BgMeNt
with amno acid residues 1 to 178 of the am no acid sequence set forth in
SEQ I D NG r b nal hae £ N\agrep ' rise
at | east thgnéﬂ?r?gntg%t?éﬁ%s#rgﬁ%gq%ﬁéﬁ@@’p%ﬁﬁ?% '?) 64 am no g%él/gg '?Z;Ssl%l%e@giﬂg to
189 of fraghlenemhichCeonisistssofPAnino axidh séssduesfl @n20foofithechmiesiadideseqlieha ds8&:t
(derived fro EQ LD NO .6) and have at |east % mnore preferably 759
more prigft r‘%g@ &)%O‘%Wétg&“e‘?@%aﬁ a@S‘@}B'teﬁ‘Bg’(a?gP% ref'ﬁbd\déémgdﬁg&@
sim larnypyjgver the entire length of the fragment with amno acid residues
1 to 189 o} the ami no acid sequence set forth in SEQ ED NO 6, nore
preberably tlfie IPA mdypepepe ifchgnfentgfiein preaentaimy entoonporpriseatoneeafsthet dbovani no
acid residues correapon(gi ng..to_am no t%Ci rﬁhSi dues l.go 193 of Inf u.enéa C
vi rus PRUgEdagHep agidgesidygsni ispreferrediha R o gmiecacid esidues ar¢ B SESST p
NO  6) e ileardspedtive BARENAOR) BNBY € vii§ PAr 5iBleyn 65% nore preferably 70%
more preferably 75% nore preferably 80% nore preferably 85% nost

pref erabl y Si%otemsyissquencsisimilarityt ynegnsthat Amineracidsat therggite pefsitidneofithabestnt
with anmino acid. residues. .0 193 of..the 1. ho aci d. sequence set. farth,in
SEQ | D REEIEE FigAEER; B ilbnliRgont R, eRErbly Mt LG BRind il
poligpeRioksts fsinRitredHaracdristibd, Ssueh dshpolprigs &blubility &Ry drephitionP! hyi@ophtbadityons,
preferably naturally occurring nutations such as nutatjions in one or _nore
of t he chatgeowirngizamSiailac i amines peide sargh ereferehiyadeusineg selougipeN@ndevahmg | |

, Leub3 \ r ks . refer: ] ; : i d
it at s R JYBOpn AL YRl ey vying;c AR ok EnE PORRE Heig 3,

Al al 1lafpdrtit acidpglyetiet ebshinef aidserfifeg sieBdnine|\eBpiragine, gloeaniiae,randRAetidine.
refers to a_ pol ypeptide fragnment which caonsists of amno acid resjidues 1 to
209 of ?h@esk&%drmrsa)@i ig vesdlftrene of seausaee sighitanity earghing folioe-9. ailblgen the
adqist i a4 dQGWél?{er:%W.éﬁ]!ﬁ%rukﬁooﬁs/simq\c{%&}%égEQ ID NG 19). If a PA

pol'ypeptide Tragnent ©f the present 1nventl ri ses one of the above
outlined amTie tamm Hsalelse’dwsised heriemn, pefefsaprageblypeptide imgmehewhshi ramansiiol

resi dues are not derived fromthe respecti |l uenza A, B, o virys PA
br ot ef e FHiiRERTh Alss GERRELSIM 105,10 o b A OBt & e Pufer, Wile o e
posi ti %Iy@ifol 119Q§5t0§i§0¢!ﬁlﬁfiﬁ)n§,l FEERipl&r®14 A2 oldfidh cBlorileor! Rlcrose, at a

preferably identical. "Simlar amno acids" possess simlar
char actprotest ¢ansentgaiion dsit haast20Q pg/nslo breférablyyof atyehsopdd Lkl preferably of at

h bi ci t h i ze, . Si.ml ] i d
a0 hae dsr i RErER T pRE B Rl AR REmBRs RSN RT SLRARY Patrhe.
| ysi ne,eveh Gidit peoferdaBl dfi s lléddt Aang/allUindBi srefeedtfly dRdt least 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 expressed in one of the cellular expression systems
indicated below.

25 The term "purified" in reference to a polypeptide, does not require absolute purity such
as a homogenous preparation, rather it represents an indication that the polypeptide is
relatively purer than in the natural environment. Generally, a purified polypeptide is
substantially free of other proteins, lipids, carbohydrates, or other materials with which it is
naturally associated, preferably at a functionally significant level, for example, at least 85%

30 pure, more preferably at least 95% pure, most preferably at least 99% pure. The expression
“purified to an extent to be suitable for crystallization” refers to a protein that is 85% to
100%, preferably 90% to 100%, more preferably 95% to 100% pure and can be concentrated
to higher than 3 mg/ml, preferably higher than 10 mg/ml, more preferably higher than 18
mg/ml without precipitation. A skilled artisan can purify a polypeptide using standard
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aspartic acid; glycine, alanine, and serine; threonine, asparagine,

gl utam ne, and nethionine. The skilled person is well aware of sequence
sim | ari twoesvwshiong t ool s, e.g., available on the Wrl ¢CWEpeo0ddMI6E. g. ,
www. ebi . ac. uk/ Tool s/simlarity.htm). The term "sol uble”, as used herein,
refers i ' j1&x{1iall9 Pk folly Peptitie wwillpgeldat ingle ahdjer
centri %éﬁg%lﬁrgﬁf%%?&%%ﬁlﬂﬂcg?%%sg%%ﬁg g%@ita?] ggu%ous b%fer un%er !

physi obagl aah hynirebicony lyaendamideres]l. f or exanpl e, 0.14 M sodi um chl ori de or

sucrose, at protein concentratian of at |easft . r f at
| east 500 i eI - @FSACIAf 'y apusgd 1e tcolnten)g/ ?ﬁt ! C?e?rr’g}cygg %;ng érg) Eiﬁ{’sg ‘@m )aftttlé)
| east 2,BHdY of tBY PResERY RivBRRSEFeliéls Yo @f catiditictast prxifpityribetvesearn maidy (i.e.,

preferably of at least 4 ng/m, nost preferably of at least 5 ng/m in the
abs&nc ehohicdleeriity oarsompound onporismsiadi fraemsnty thereoly apd fapgndgaucicase active

concentratiqgn A praotei.n fra nt | -f.or il | ubd Lty T

o of or a1 9F BEcPa QuBS) o AR ma 0 e B SoSEIEE 10 er uREhHRILYkNn i
bel ow. efétgeticIf faporet§ by dor leRampleg hgtfgeh-doadipg) yaeder Féaalgadectrostaticequi r e
absolute purity such as a honogenous preparation, rather it represents an
i ndi cahyéiephebit interactiensy pelmayee @vakkpht i vel y purer than in the natural
envi r onment a rified pol | ' b iab! §

ot her prot ei'rrlllg% a%l[ p%rlélé ?u(%gégggﬁ{}{él?}gt @;%g?ﬁ%dgcﬂ)g)rrﬁ%(?fgr a?ésﬁlt/?nq%) ﬁﬁmefkrlli& %ﬁaﬁt S
nator alabtyvigs sbidhatesdits i efeeclabagead thef phnsphatiestdrybasidgwithinc arpolyneekebiidé or
exanpl e, at |east 85% pure, nore preferably at | east. 95% pure, nost

pr ef er &B#ip- dp ﬂ’éag?m?éo/&f)db%.prﬁfé‘?e%ﬁ?‘g% dhe - prlypentidy f%é)’ﬁ?f’téxlf%ﬁ‘?sst 3 be
sui t abl takil i akhien; Ot €b1tht BBtynbisleSRI6 e, IR0 %
pref er gﬁ?éyﬁ%&%}%{% a%gg%’%n%rgﬂglsp@g%gbgﬁwt geé%%ht 0 100%B pa’;l e gnd ctgge be _e
concentpohipeptideofragigbets atémading togheriprespateingentiinyprafegaidy exhibit erglopggledlytieror e

preferably hi r th / 1 £ hout . preci pitation. kille rti,san
can puraF‘F‘ﬁ/‘tyah’g%ﬁ‘e‘Han%ég‘ug’?‘?%?a?r\;aﬁcﬁé?rﬂ‘gétﬁarﬂdgfﬂ@q%‘cgfs%ﬁéﬁ & ﬁméger Slqﬁngg i on.
A §5DStEagh i &IRNVA PUh $hib bYReR SR 1M thdnd¥d emdars thht\@bteeteRbPprelamisly @b st 3
non-reduci ng pol yacryl am de gel.” The term "associ ate"” as used in the

cont extnuoleofidisn pieffgrablky adeasd drmixslantidps, treremsefiserbly af leastel Hpeadegiides wWikwe i on

refers to a, condition. of proximty between lety (i, ' tity
or conﬁ{‘ﬁj rl?ﬁlyé’fl&ﬁfi?‘#ei Shan ef?%gﬁe%ﬁagg?%ﬁr‘eé’o ?{m%s%dg"g%édeﬁjdgrﬁﬁtg%;gg@&gg%i' ve
site ofpréfRRbRA thdBhtitnticledlytic asewiey af thepolyeptide fragmenty atandingito ¢he, predeat e
the juxtaposition is energetically favored by, for exa

. C ) npl e,
hydr ogénvansianiingot deppndeat omaggognitioneites.dst-apPefic apclrgiidcoisanences, but results
i n r aC | n . I i t e n H H n r
+etbondb BRI kel b BALARBNER chalil® FEERmAEARE ARRETED mif h 1P 1
t he cl eadagelaiytidactiios phqdigspade Heapthents hicordinpotoythecprestrit diavention by

incubating RNA or DNA substrates such as panhandle RNA or a linear or circular single

stranded DNA, e.g., the circular M13mp18 DNA (MBI Fermentas), with or without the
respective polypeptide fragment, for example, at 37°C for a certain period of time such as for

25 5,10, 20, 40, 60, or 80 minutes, and test for the integrity of the polynucleotides, for example,
by gel electrophoresis.

The term "nucleotide" as used herein refers to a compound consisting of a purine,
deazapurine, 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

30  2'-deoxy and 2'-hydroxyl forms, e.g., as described in Kornberg and Baker, DNA Replication,
2nd Ed. (Freeman, San Francisco, 1992) and further include, but are not limited to, synthetic
nucleosides having modified base moieties and/or modified sugar moieties, e.g., described

generally by Scheit, Nucleotide Analogs (John Wiley, N.Y., 1980).
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chain. In the context of the present invention, the pol ypeptide fragnents
possess an endonucl eolytic activity, which is preferably not selective for
t he pol yrmwolzemidicg@ot ype, i.e., the pol ypeptide fragnment ecampesdionget o t he
present invention preferably exhibit endonucleolytic activity for DNA and
RNA, pref er aflyiebArisdingh %p?r{u@ d&de O St% }n&flecﬁid@gltﬁats&éﬁnﬁ?%o@t@d
(ssRNA). In this context, estran ans that a stretch® of

pr ef er dhiny thzdir ﬂnaemt eIS/irmnieaQt(n)jMphﬁecbbg palyh;er?a;te cheiastadionyot @) wWlleBy onor e

pref erabl ast 0 ucleotld hin the | ynucl eot | de chai n, ar.
si ngl e Raptfally cféfat esized a@easagélr&i? Pééowﬁe-amﬁa PO le[ 4%&“%@3&? y,
the endﬂ%ﬁawﬁdeﬁb@s@& 'aiﬂi tchlQ(flest PRAPGhY mmlrg@lew@g%m §e1i’s@%'ﬁdé1ﬁgsetn§e t he

present invention is not dependent on recognition sites, i.e., specific
nucbeotstrdedss dhe armeeomprises cONA, tgnomlqjahlﬁe end r@ombemna@%f Appolymuglsotide i de

chai ns. For t he ski y test for endonucleolytic
act i vi % o‘fonﬁléf%aé’p‘ﬁ"&%g‘?qﬁa%%ﬂ?@ Oaéﬁ %‘{Tﬁg to the present invention by
i ncubating RWA @fmDMeohhaiitaiforswsusad earhanclligesRMy 9Ectars kS tOrthe
circular single stranded DNA, e.g., the circular M.3npl 8 DNA (MB

Fer rrentséuiy:d pérsan @mlwngwlﬁsnudlevep@gpe@qsmé vgeﬂquselmag@le/eptoawu@h as flambda

exarrpl rtain 60,
o 30, el LT YRt E B of' QsBSYikIcer beh i B, et eBitpygiRe
ex am)l Srectoys gﬁh aelbaetfigIpheficsal auoﬂibeorh@sr(rnA@yg«bmhrtﬁw‘ 1a;$u¢tﬁ@si>rﬂber(wr(:),
refers to a conpound consisting of a purine, deazapurine, or |m di.ne

nucl eosirdll Beificialechyomogeraes (RACYUSH n\@ct%gftnaféudf‘e eXRIFEIQN 25 twr;l fecloning
d 1I
€az aad\%@{ Re Eﬁﬂ%@%gﬂ gé‘&gﬁox ﬁipri‘:slg Q&a’éﬂﬁds sngl § \m‘aq @e&tgrsaaxﬂeégngléﬁg Q:ton%lﬂ{ea

position, 1nc y an roxy forns cribed in
Kor nberdgsidetc ddike sequbhdd d?ﬂpdppc@rlawDMdeecﬁﬂnce(sﬁfeemy foBﬂn: Epaessionadt, thd 992)
and further |nclude but are not I|n1t%d to, synthetic nucl eosi des havi ng

modi f i léwew&b/e ipkfdepding éTfHJ/eBFe i @i Parienlan et opgAndsm £&-8.» agteriag yeast papt.
genera 1h%c€3é)fy z{}@l{nﬁgtc{}'ﬁﬁ zﬁ%t}’(ﬂgxlﬁ@%&g e&xg{”tléﬁ(lh X»ecﬂyrs are g"e%gﬁ)l?/m@d kerm

"isolate refers to po eotldst at were I sol at ed

f rom t lkagimeeragnd ampbifiv areertamndesired i I)NAnﬁhgmcmdaddympy) |lgcke fiasdiondlasequences
reaction, whol r .partj al synt hesi zed, and neans a single or
doubl e- ‘?F?eéinfﬁgax 8?%911%? gs%%aﬁNgdeﬁéﬂ%&. de or ribonucl eotide bases and

i ncl udes DNARRBSh BINANITRLACHIRS asDRch BIESRE rBRes a@td 18888l ShataBstfiprisedeat erm
conpri ses cDNA, genom c DNA, and reconbi nant DNA. A pol ynucl eoti de may

con5| sEpOd»fnuahoem ithas agpdee foron pelypsptido fraghentof intPrest, tigr.ntherd mthmﬁde
o0 RS AR RS ST R AT, BvhiS-al B0 SRR
phage, iMdif@ theviasst Q€IS (i3 Bl ya@is i edions sikh, @) ibestpbaiedriala #e6in®ifint éctor, or
artificial chronpsone

(iii) integrated into the host cell genome or mitochondrial 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
25  progeny of the original cell which has been transformed, transfected, or infected with the
polynucleotide or the recombinant vector of the invention. A recombinant host cell may be a
bacterial cell such as an E. coli cell, a yeast cell such as Saccharomyces cerevisiae or Pichia
pastoris, a plant cell, an insect cell such as SF9 or Hi5 cells, or a mammalian cell. Preferred
examples of mammalian cells are Chinese hamster ovary (CHO) cells, green African monkey

30 kidney (COS) cells, human embryonic kidney (HEK293) cells, HELA cells, and the like.
As used herein, the term "crystal" or "crystalline”" means a structure (such as a three-
dimensional 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 constituent chemical species. The

term "crystal” can include any one of: a solid physical crystal form such as an experimentally
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vectors such as bacterial artificial chronosones (BAC), yeast artificial
chronosones (YAC), or Pl artificial chronbosones (PAC). Said vectors include
expr essi onoasiwvwbdooas cl oni ng vectors. EXpressi on vect oPSTEPA@EOI08BE6P] asm ds
as well as viral vectors and generally contain a desired codi ng sequence

and ap | e PF; I« bly
T nkod TG eh & SEUMFRGRGRERERARI ol ke BAFIRTEAAD Rpaldfy AELP
yeast , tgftiant and/os edternary starnmhl) elemehts),i a1 2Di drrddore3P mesdel daseslyert élns cry€labni ng
vectors are generally used to eEgin er and lify a certain 8§sired DNA

f r agmeMtrUSHES> ny TIPESkNEtAR ¢ thereefl ~ sWhudices 5?6}}5 8 FaresERBHer shsFFods Of n

desir eds; i i e-10 a
glg}@ﬁﬁ{aae g?%%s%ntatlgﬁ(%ﬂé}@bﬂ%?}a DR LetGBbreof fAS dgshidte mbpe age;gefcg ége

host ¢ at c rises a polynucleotide that codes for a pol ypept
f r agmentystdl is nsahlesn X-rayecrystatiegriphyp tichpigpes. deré,rthg weystalo usadacanawithstahdr e of

ding to the i tion. Thi | | ept. d b d inside th
nost carpogrs tq Saap pefins gait abosed G Rt e e Red PSRl Tiresarb KoM hant
Vect or {hOIXfdyl 'b])ysialnlaglgf;ﬁa&eéirdcﬂirg. {c«h@ryla@ﬂmagebé ea&][aefgﬁzg{ aS e egshblalof DNA.

The reconbi nant "cel | "can be used for "expression o l'ynucl eoti de of
i nt er estifftactiig X-ryplin #ipstemalefiord bhieongaifythe ctysiel farmsatepickasl ineb.drbBhwadell

vect or of, .t i,nvent.j.0on.. The rm"reconbi,nant,, hosf, cel |l i udes t he
or ogeny Bt (hab B R AMeine elafipBiehls ABHRE RSt Deferer 2t et e, or
i nfigct ed Wi tThettB@n PEhiY BeIC! RGErk A6 aasichsardlRIeHIBIdSHAbed BIOER! TR ertht® volume
invention. A reconbinant host cell may be a bacterial cell such as an E.

coli cealfla crestglanay be epnstrygied bysegalat asenhipcelssuch biagks Bashgmitmetlgoaprises
pastori_s . i C C . SF . Hi |8,
e R e Elation O o e i, Bl iebiEie e Bl .
ovary (CHO Tieltksn “spaeegrodip”irefens toDthis eyrakipeinent df et dlemenftu i @pdiilyoni ¢
ki dney (HEK293) cells, HELA cells, and.the like. As used herein, the term
"cryst dh'e space goyR dssignation the saritah lefier indicates the latticetyps and thscethrsianbalal

sol;izd [ ' ' e LNl - and
T i QEERAT EFhely WBLERob BaP LA B LATES b Rl St Db R e
const i twighwtut clesigingats appeaaese. The term "crystal” can include any one of: a

solid physical crystal form such n experimental | yprepared crystal, .a
Crystal 2t r ARedPEN QemHSruE GOrSIGRES TR 6 Baet OF Nelsaling CoBes M P PGy
tertiargheJRURE AR £ EYdRE WHEH MEGEnR! BRI R I ofaxdD ARALAE rdBrsRdedathased
on the crystal structure, a representation thereof such as a schematic

r epr esent thal defindsethe dhreordimentionpl stroeture of epnelseule ar imoleces &of., Cartesianlat a
set,.thereof for a conputer. In one aspect,.the crystal .is usable i -ray
o7 0 mobEhay EobfARE, fooig 88 QR PR s B R T P B et oY o
t o X-r ayodifédBn@ el Ambetiicdlyti@erticalihes - dinfehsiafdll seilciads! ArmesbatcoNeaBigaar y
to solve the X-ray crystallographic structure. A crystal may b

e
char actset pf stuefyrap goprlinsgrali theofoot mean square deviation of the resulting structure.

Structural coordinates that render three-dimensional structures (in particular, a three-
dimensional structure of an enzymatically active center) that deviate from one another by a

25  root mean square deviation of less than 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.

The term "root mean square deviation" means the square root of the arithmetic mean
of the squares of the deviations from the mean. It is a way to express the deviation or
variation from a trend or object. For purposes of this invention, the "root mean square

30 deviation" defines the variation in the backbone of a variant of the PA polypeptide fragment
or the enzymatically active center therein from the backbone of the PA polypeptide fragment
or the enzymatically active center therein as defined by the structure coordinates of the PA

polypeptide fragment PA-Nter according to Figure 18.
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diffracting X-rays in a pattern defined by one of the crystal forns
depicted in T. L. Blundell and L. N Johnson, "Protein Crystall ography",
Academni c wWoeasny/oehi@w York (1976). The term"unit cell" reCemP2000/009168Si C
par al | el epi ped shaped bl ock. The entire volume of a crystal nay be

construct ed Ayude@ e, &éf&@ﬁpl"bfoﬁm@ﬁ&@ alloRfiger HBGH" WRilidegaht quaRMaiises a

conpl ete representation of the unit of pattern, the repetition of which

bui | ds ang quiabtativg sinallysis Tifemplecwiat spucturegamdipr funstien dased pheaatemicasigestaat of
symmetry. el enents, of a cryst l.n a space gr.oup.designation.the capi.tal
Lt or WERETb 8% fefhsioy Sustels, dheneRnarodtiBE” AT Cn il pSBBHEE:
oper at ing8sl idddcuf@iyRemEA ahd @fe@yt m@MintinRioROMoaHs S iératthe: asypuet igraphidi t

w t hout changing its appearance. The term "structure coordi nates" refers to
a sbt ofodeld, nexlifissamoteetiian mechanigsompd¢lprdiganesngeogetnypprd athenstreciig-hased dues

wth refereri\cte L& system of axes. The termrefers to a data set that
def i neSCPHEIHPAE Y| mensi onal structure of a nol ecule or nol ecul es (e.qg.,

Cartesi an comedbmat ffting! HEPRKAbHErdRtCletrs to andpoativp dntivibiyes Gerstatuiral
coordi nates can be slightly nodified and sti]l render nearly identical

t hr ee- ¢pashnstesefi a shomisel grisisy, an enzymateally ackivg (ERGE Shindpie Rackel Maplggule
coordi nat es, | h viatj.on. e bt LUCtiL e.
St uct O ar ol Sorbgh FErAGHMEHECS QRS BFCAGRLAY il it e
pandi cehaymaticallpraeetdd o@mer, ol bindingupdokee nodleare en mutedularadomplectirvyeriemt er )
that deviate fromone another by a root nmpan squaye deviatiqn of .| ess, than
3 A 2 thereaf. hig may e achigyed Hympoaitiopingy EORHNERIGTH a&ﬂgé‘iﬁ‘s‘g}?nﬁ?al&flmynlaﬁbe

SKi 1| Iat il v Yot |1 e thBSHhBE Mnd " AXrdiBAR SHMAERCABUNALE ahe
means the square root of the arithnetic nean of the squares of the

devi at ieppgmiticatty tabéveneemrer. Covdlent antemyptions, espcesadert interhetiong sush aphydregemt i on

froma trend, or obj.ect.  Fo urposes of_this invention, ,the "root nean
squar e bd’égi _ﬂchﬁs"a{d%f ﬁ’ﬁ@é’p C’VS’F?aa‘?ro_EW?BHS t T g@Rﬁoﬁgd ofOTReEP :eglr?fl%ﬁ t he
EQ éEOl YReRbbEa: ihRHIBMs Sich Be r&dsv@ichaab oiade! iRICERbR! atd1@hiib-digden t he

bone of the PA polypeptide fragment or the enzymatically active center
t her ei rintsactiens mey Heyoptineized. rAkt¢rnatevetn omgi may exinisiize ke fxloppatjgrepndrge of

fragment PA- r accordi o.Figure 18.As used herein, the term
" const %‘&Cﬁ%g% eé’g%l??g?nqﬁ%éoe‘he e%@érflﬁtbcégytaﬁ@veqﬁeélﬁqri tative and qualitative
anal ysi s of APheaHeddinSthe Wt MestaRdeipRund Urgérs @0 ahaged compaistig € cahpowidyr al
I nformati on and interaction nodels. The term "nodeling" includes

conventrmheaeule.rrempaadetismsincightad f‘éryiﬁsaﬁ'?i_@t}’atﬁdnbiﬁértb? eﬁ‘i“?ﬂ“ﬁ*e?b}tticcﬂ?ﬁﬁﬁﬂ el s,
SR AR B e, T 0RO BRIk
variants thereof possessing endonucleolytic acitvity. Test compounds can be any agents
including, but not restricted to, peptides, peptoids, polypeptides, proteins (including
antibodies), lipids, metals, nucleotides, nucleotide analogs, nucleosides, nucleic acids, small
organic or inorganic molecules, chemical compounds, elements, saccharides, isotopes,
25  carbohydrates, imaging agents, lipoproteins, glycoproteins, enzymes, analytical probes,
polyamines, and combinations and derivatives thereof. The term “small molecules™ refers to
molecules that have a molecular weight between 50 and about 2,500 Daltons, preferably in
the range of 200-800 Daltons. In addition, a test compound according to the present invention
may optionally comprise a detectable label. Such labels include, but are not limited to,
30 enzymatic labels, radioisotope or radioactive compounds or elements, fluorescent compounds
or metals, chemiluminescent compounds and bioluminescent compounds. Well known
methods may be used for attaching such a detectable label to a test compound. The test
compound of the invention may also comprise complex mixtures of substances, such as

extracts containing natural products, or the products of mixed combinatorial syntheses. These
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The term"fitting programoperation” refers to an operation that utilizes
the structure coordinates of a chemcal entity, an enzymatically active
center, awbindvasgeopocket, nol ecul e or nol ecul ar conpl ex PCOEPR@ONIVAL

t hereof, to associate the chem cal entity with the enzymatically active
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non- conpl enentary el ectrostatic interactions such as reéepul sive

chas ge{Cteaillpe, @hrpwhid- dih| lemBridger deorgpratipe (Mmr@@gpon@%wrbéldnch
optim ter tlvel nim.z thedfor ti.0
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nol ecule or conplex that i1s being tested for its ability to inhibit the
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antibodies), lipids, netals, nucleotides, nucleotide anal ogs, nucleosides,
nucl ei dierdn asa C@nhmatoaablabra@ or inorganic nolecules, chem cal conpounds,

el ements, sagchari G, O%OE&pggeseﬁarIHQQx hal eas,cohg%qg 9wARA rodulates  the

| i poproteins, gl'ycoprotelns Zymes, anal ytica pol yam nes, and
conbi n&hd@n&le@ndwdedtivv@t’lm@s indrease adr. débhease epnaffetsbmllhhfml &xemmbhuwlecﬁlgns to

nol ecul es that have a npl ecul ar wej ght betwe g nd about 2,500 | t ons
pr ef er &BHYitY af thed 4 spRywitRr tb@)U“BbBN%ali‘ERfﬁgem% Rplymerase gr ¢ ¥apant § S?ﬁc':
acgQqrdi re t

PSR LR bk SRR, LR SOEREL Ay R it

r adi oi sabayie oowanaﬂithenebf und clorp ooh dwdokate | watertdy dbtmoseeﬂmemdocud‘p@uhds or

netal s, chem C corrpound nd bi ol.um n scent conmpounds. Wl | known
met hod LAY %‘P{’J‘r‘c %F%%Pﬁ@cgﬁﬁﬁlay%{agﬁng l9asEl to a test

conpound. Thﬁlet ?&ﬁl e RAna’ whith deuesel afie NEoALABOIGAOTICHS Ry E GHBIEXa
m xtures of substances, such as extracts containi ng natural products, or

t he pr mumognd)whmfb(@tr@@mﬁhn@mdommleéym arsivity of the Eacsubuait 96 thevird RNA- and

poI @O Pﬁ‘éd%PY %B{’@%%EAS% ?kilefe iy g&&%ﬁﬁ%ﬁé %nii%lr \égﬁlﬁngﬁtsthgrs qu%gﬁ E/ét ep

Test CQH&@ e&%racb@nbpeovterevmﬂm% piegtablyas) 70%evenhhare mefeddbls Pitdoet,icvenr
nat ur al corrpound For instance, synthetic conpound |ibraries are
conmer aghetel prefevalily diyl %0%; and wegss rrelgeabbn i 100% cgmpared to the endonucleolytic

activity of the PA subunit or a variant thereof without said compound but with otherwise the
same reaction conditions, i.e., buffer conditions, reaction time and temperature. It is most
25  preferred that the compound which decreases the endonucleolytic activity of the PA subunit
or a variant thereof inhibits said activity, i.e., decreases said activity by at least 95%,
preferably by 100% compared to the activity without the compound. It is particularly
preferred that the compound that decreases or inhibits the endonucleolytic activity of the PA
subunit or a variant thereof specifically decreases or inhibits the endonucleolytic activity of
30 the PA subunit or a variant thereof but does not inhibit the endonucleolytic activity of other
endonucleases such as RNase H or restriction endonucleases to the same extent, preferably
not at all. For example, the skilled person may set up the following samples with the same
buffer and reaction conditions as well as substrate and endonuclease concentrations: (1)

substrate such as panhandle RNA, endonucleolytically active PA polypeptide fragment or
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(Trevillet, Cornwall, UK), ChenBridge Corporation (San D ego, CA), or
Aldrich (M| waukee, W). A natural conmpound library is, for exanple,

avai | abl ewbrorwospeec LLC (Newark, DE). Alternatively, Ipchorzeéossoatl nat ural
conmpounds in the formof bacterial, fungal, plant and animal cell and

L1 ssue. gl oedtat Pt UL gaRknc URSK, CORBRIIIS, GayDRCve P
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act i vi timmafoglobul\ potbinnoi portioa thardofinthitings eapablarbf bedognizingl amantigen wr
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to t he hapenyl-¢y thg PAonelypeptide .pqsﬁeSF@gﬁ\dg?%?‘ﬂW?gﬁf‘y&ye?rr é%PePﬁQ? t he

coppoungl. Lok, denLRASE %ﬂﬁfod%xﬂéﬂtpﬂfesarﬁil%df Ademdeleest Bihding a6 tthey kA nPdtichitg PA

subunit or a variant thereof specifically decreases or Inhibits’the
endonuctmivinytlealyticallywi dcyivefcenter vAthis uheiPA polypeptider fragmenthen varfand thergofes

not inhjbit the. .endonuclealytic..activity of oth endonucl| suych as
RRase HBigeRRuading PPBions R4 i aTiReu ey, B Rrodbesh by fcembiags LN 1550 o
al 1. Foi Xaimhfdc tdrechekiddl REtaPEs 8N it an@ibodibs. ol ¢AvbdifheiRTRAB W t h
the sane buffér and reaction conditions as well as substrate and

endonudiindisg posimnerinelud¢ Fab.: Fqbl) Fehbsthdate, dabh and cpmpleamrmtasitridstermining
on8r 8V 1AAL it s FACOIR N ReL! GEFOL o hLAE! gl f o2,
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A antibody that is sufficient to confer specific antigen binding to the polypeptide.
The term "pharmaceutically acceptable salt" refers to a salt of a compound identifiable
by the methods of the present invention or a compound of the present invention. Suitable
25  pharmaceutically acceptable salts include acid addition salts which may, for example, be
formed by mixing a solution of compounds of the present invention with a solution of a
pharmaceutically acceptable acid such as hydrochloric acid, sulfuric acid, fumaric acid,
maleic acid, succinic acid, acetic acid, benzoic acid, citric acid, tartaric acid, carbonic acid or
phosphoric acid. Furthermore, where the compound carries an acidic moiety, suitable
30 pharmaceutically acceptable salts thereof may include alkali metal salts (e.g., sodium or
potassium salts); alkaline earth metal salts (e.g., calcium or magnesium salts); and salts
formed with suitable organic ligands (e.g., ammonium, quaternary ammonium and amine

cations formed using counteranions such as halide, hydroxide, carboxylate, sulfate,

phosphate, nitrate, alkyl sulfonate and aryl sulfonate). Illustrative examples of
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RNA, reference nucl eotide such as RNAse H, test conpound. After incubation
of the sawpl2enjoepdve skill ed person may anal yze t he substPcateP2000on9iexanpl e,
by gel electrophoresis. Test conpounds which result in cleaved substrate in

sanpl e S%%a%@&iéaﬂg%k?%wgts?ﬂ Sncl e BIPLR KAV 1iAlEd 6 CARLRE haiHhe dignBte, i n

hi gh-tl?roug put setti efers to high-throughput screeni ng assays and
t echni gsesbaé, wspnitoles beppmssulfunate, dreezapss dbicarbsnatee hishifiteabitagratd, barste,
conpounds for their abi]it

to inhibit th tivity af th
oD OUe! e o b s el S SRR G2 RSB ol o«
per for %ﬁﬁgida aciiitd | -dBldladafs MalycRpEnthArosiengie) | dfghrenae, WalHydaschloride,

cel | -based assays. The term "anfi body” refers to both nonocl onal and
pol §cl dodécydmilfatepdédetate,i edisylatenyestotatan egyleteul ¢thapsselfenate,o forpwita,i Hunarper eof

whi ch i s capabl e of. recogni zin n antigen or, hapten, .i_e. PA .

pol ype ‘i‘CBBtg‘?er aéh’éﬂ]?epg s §i"r‘f§n€tﬁ’doé]li€8?‘§ge1’ytg}yc?elg)gﬁ?mhﬂ?’ Ogly;cl }aaﬁéln%}%te’

t her eothemlidulfted" eepidnBote S MHOLANTRIY, | ﬁehzlr@ga)wiba@ly h§drebaaliee afydhibacthiig, t 0
the enzymatically (endonucl eolytically) active center within the PA

pol ypepyiiehloridgneydoiodide.i aRthydreyyeethaneaplfonpis - bhrdronynaphthaatsas wdidene

ti bod b d . b i i i
chen cdteptaegBaty EfPiotie, FERIGERN o Th, oFANE, BRSO hmaRha R RHIBLLE, O
ponbi Olsesyatd, UgeticalRsulforate, Hledylgudfatd-d mucute, dAnaplkthalenesubfonarent mapsylyte,

determ ning region (CDR) fragnents, single-chajn antibodies (SCFVL,
chi mer indcogingieh Bittaies slupaImiag i aEBORRE Bl Pledte. aralpisy pagoatg dgmbonate),

pol ypept | t i e rii ] o]
ot 71 ey BapERRAE, Beflinal AR BRE! 3 gl HproBbrlY, O GpbGhate,
" phar mpt@bte] qalilxteaguiyiatdehaonat,t ‘prombents saicylaal steafateg swdfapgusabacetate,
identifiable by the nethods of the present '.gventi on or a co ourdq OLikt he
pre_septsuP%%ﬁttPB‘Pﬁteaééﬁt%It%p"baﬁ%trtﬁ%}’é%t&t‘i”@ l‘Pé} %téB’é‘ﬁ?aé‘B_P@_’ yaleralc, jag Ib‘a %ci d
addist | 3%5?’50 te?ﬁﬂyﬁlecg. Wber%oert af X RhRacelfcdl Falt®d s ODhaHnx 589 68: 158 UbyP)). Of

conpou e pfesent 1Thvention wth a solution of a pharmaceutically
accept abl e dttiedtesmc'lexaipidmy'd mbehlwsed heein ds istandagr toc insli¢age atluswbstancescinga

mal ei ¢ acid, succinic acid, .acetic acid, benzpic acid, citric .aci

tartar ipg‘a%{’é?cﬁ_}‘t‘i"’jrtg%'iﬂeu% iwéi“_ arﬁ%’éﬁ_ﬁ%ﬁ Blgé%‘ﬁ?fﬁs etk ’f’is_eren%'r 8?“\ﬁﬁeg’éndteﬁsé
conpoungn§@hts GRicREnRE! HirfacEDichYY agshts! pRIservRfivesReRIKifiER! Ibnffess €Rivelhe
salts thereof may include alkali netal salts (e.g., sodium or potassium
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am?hni um angn%?nfeﬁ[él c%laFBﬁ%e“ﬁﬁfVeaccﬁgf‘a%% g%&%fe%ﬁ%‘f%??@uc% a{gé’,ﬁlgﬁ%@é,{lﬂn

hydr oXi@debongR! RAsHEsMiE steathtd, aile, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth,
methylcellulose, sodium carboxymethylcellulose, a low melting wax, cocoa butter, and the

like.

25 DETAILED DESCRIPTION
The present invention establishes for the first time a unique role for the PA subunit of
influenza virus polymerase and contradicts the widely held view that the endonuclease active
site is located within the PB1 subunit. The present inventors surprisingly found that a small
independently folded domain derived from the N-terminus of the PA subunit exhibits the
30 functional properties of the endonuclease reported for the trimeric complex, although this
activity was thought to be detectable only in the trimeric complex. Moreover, the inventors
found that this PA polypeptide fragment can easily be produced by recombinant means and
thus is suitable for in vitro studies on the endonucleolytic activity and and its modulation as

well as for crystallization to obtain structural information in particular on the active site.
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66: 1-19 (1977)). The term "excipient” when used herein is intended to
i ndi catrecognjtion fes Wibisthe SubstiatephypcliRqtids) f or mul ati on which are not

active ingr qg' ﬁ)?éférré&' gmbac‘flme%t Qhe p&lg?é tﬁirésfragﬁieﬂfjﬁrsﬁltaﬁlb' I%I‘ GPthiFization, i.e.,

t hi ckeners, ace active agents servatives, emulsifiers, buffeérs
flavori pagfea@gnt}e pobypeptilo fragisnt i§veystalizable lPacfnmbbu tthe enylslyilsanhwpablb Ifeom

ol . By YPIRE SegmepERSHORin S Ay erLiPh gL gBle P ATV B SR REir BoR of
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butter, | ke? DETAIL | PTI e present invention
est abl |thdlle§5 fmmrdnhcalbbs rasd prefembly are t@d@tlpolszéabﬂmnqugé tPApesmittumiore ran 85%

i nfluen raseadcntralct heI V|e
endonuc‘f &5@ ??tlg %I.H tengss af 588 “élan tpﬁ?t%ra%& gB? Btter{ O\I\fe‘tn}rgéelsBB{;I
I nvent Qi Oﬂémmghmﬂr&nw@nqa?@at a small i ndependent |y foI ded dOITB.I n
derived fromthe N-term nus of the PA subunit exhibhits the functional

properties dh arsecrebaibmant dbss pobypprtideefragmenttinerystallizable usigaesn agyeMsugh
Do e PR R AT, S s oL
be pr oduc@g/mly e EEGORB| 8265, TEas)s8, 815d 9, 9.5, or 10 mg/ml, preferably of 8 to 10 mg/ml in
a buffer system such as Tris-HCI at concentrations ranging from 10 mM to 3 M, preferably 10
mM to 2 M, more preferably 20 mM to 1 M, at pH 3 to pH 9, preferably pH 4 to pH 9, more
preferably pH 7 to pH 9 and (ii) a precipitant/reservoir solution comprising one or more
25 compounds such as sodium formate, ammonium sulphate, lithium sulphate, magnesium
acetate, manganese acetate, or ethylene glycol. Optionally, the protein solution may contain
one or more salts such as monovalent salts, e.g., NaCl, KCl, or LiCl, preferably NaCl, at
concentrations ranging from 10 mM to 1 M, preferably 20 mM to 500 mM, more preferably
50 mM to 200 mM, and/or divalent salts, e.g., MnCl,, CaCl,, MgCl,, ZnCl,, or CoCly,
30  preferably MnCl,, at concentrations ranging from 0.1 to 50 mM, preferably 0.5 to 25 mM,
more preferably 1 to 10 mM. Preferably, the precipitant/reservoir solution comprises Li»SO4
at concentrations ranging from 0.5 to 2 M, preferably 1 to 1.5 M, a buffer system such as

MES at concentrations ranging from 20 mM to 1 M, preferably 50 mM to 500 mM, more
preferably 75 to 150 mM, at preferably pH 4 to 8, more preferably pH 5 to 7, magnesium
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thus is suitable for in vitro studies on the endonucl eolytic activity and
and its nodulation as well as for crystallization to obtain structural

i nf or mat i WO 201W/068600i cul ar on the active site.lt is one RSpEPROGHO01E
present invention to provide a polypeptide fragment conprising an

am no- LelHNgq/d lﬂgﬁ’@%seogcertﬂf ab’ %oﬁé’blﬂﬁﬁiut)nsolfangm\g' fréh FRWv106 Rﬂm%éfe%

pol ymerase possessing endonucl ease activity, whéerein said PA subunit
from a foint Us tdne’lOon(Mngnd/or teltleyl@d gtympk(atncpnmaﬂam Irangingy dfoax didb yto 2®lé

ol ypepti bl.e ti T I th
b ho PBUFBLPEIAIE BYgHEnt TBITHIIE DR adht Tk aney SHEHTSe dEteh o e B £ s
abi i tXhérE’otCiseﬁ%?erﬂﬂ%' 395 k& abbee paRainiste PHeRrably PBVN N0 Pike OBV D€
stranded DNA, he m ni nal Penth of the Id%hetldels det er ni ned by

i t sSengoefarbbo®oite 180%d pure yn ther e’o/etah\izhyon sélntiemdionproduesserystelsi thet grofesn not

R, prarupa SR toi RiRiTEEHGR e Bl vilien Bk SRARRS O T Breckbant "

endonuGbRADA. ﬁ?tal yﬂefefreHSexﬁeédlﬂﬁﬁtertﬁ@rurys@ﬂh@@w fnbﬂmhﬁ@@ﬂl@h&ésoo OSIttoeS ¥, t hin
the substrate ynucl eotide. In a preferred enbodinent, the po ypeptlde

fr agrremefﬁlsibbug t8atb| 1e2 phrofargsimaselntion pwitpblg fas. crysrrﬁlbzaéwaunwfi et 3 [sypdt i de

f bl Pref
oot ypentiiop, S3H8ntGREpe B BAC Rebind ARpBERRCLD BP0 3 MELSOLA KT,

detigr minatnINMESS pHe. pal pHaRS,i iit’o i &h@ﬂ[&ﬂhgmiuﬂg aottdtaynd/oy siamighuge apbute,
Preferably, said crystals are greater than 25 m cron, cubes and preferably
are ra(ﬂléti & 43 sHhdenenglye®l- d® asether emhodEneyiq thegBrsipitant splbtion campEses,

conpl et GAEsS| %ssérﬁﬁl g%tﬁh%ts%ff P’ 835%9%%3{ PVELASO), RBLhR MES P

upon e posur 0 non romatic X—ra I'n one’e o1 nment, the péc(?ypeptlde

f r agmemhagngsiamysdetitd amdidd B0 tdl m@m{gar)esaracaqteepwferpblgt 16 mMs niagnesamn acetate, t he
crystal |I2atIO ol ut h a prot concentra on of .to 10

e 4., ’gé;gt ahiees lvpot, 7t ol Gygagdicmotes oy Rpmbprr arebTAPTy: o
0130 nggldmtiati @ns*?éﬂ; bELorika! 5N & F mPm] bloteii G0 AM GPRGANBI02L DO RIMIRATL, N9
from 10 nM fo §3‘c pre%oerab 'y 10 mw“?gsz’ “or e preferq%g ly’20 nMto 1M at
pH 3 tcanplﬂigml\ﬁ)m@lzably pH 4 to pH 9, nore preferably pH7 to pH 9 and
(ii) a preci t/reservoir solution conprjsing one nor e conpounds such
s Sodi tm { GFHAEB.caB RGPy A Mstiod R toh€ Br SRS sRefa fhe SRR, o
mangangse @felidited @ 1Rhbieehfd Hikiag! dropPidcaniues/, sdnd®idh- &Topl rulapélslt Iaﬁdl may
contain one or nore salts such as nonoval ent salts, e.g

L| a, pn@f@am o Mig@tubebatglodednes: &t Wowld hearﬁgdlh'gamatﬁﬂt 1@0mvpf gill IfMtfle art
0 SHECTD YO R Sl R, 1Y o0 R SRR
IVhCI 2, @hdEiRAS endtr wbilaNsrod@edinystalsr GMPA. ﬁoltypelﬁﬁlenMglﬁérﬁi of aht¢ Vin@nfioho 025
™ variants thereof alone or in complex with a compound. Such variations include, but are not
limited to, adjusting pH, protein concentration and/or crystallization temperature, changing
the identity or concentration of salt and/or precipitant used, using a different method for
25  crystallization, or introducing additives such as detergents (e.g., TWEEN 20 (monolaurate),
LDOA, Brij 30 (4 lauryl ether)), sugars (e.g., glucose, maltose), organic compounds (e.g.,
dioxane, dimethylformamide), lanthanide ions, or poly-ionic compounds that aid in
crystallizations. High throughput crystallization assays may also be used to assist in finding or
optimizing the crystallization condition.
30 Microseeding may be used to increase the size and quality of crystals. In brief, micro-
crystals are crushed to yield a stock seed solution. The stock seed solution is diluted in series.
Using a needle, glass rod or strand of hair, a small sample from each diluted solution is added

to a set of equilibrated drops containing a protein concentration equal to or less than a
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nore preferably 1 to 10 nM Preferably, the precipitant/reservoir solution
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t echni ques, sandw ch-drop, dialysis, .and mc t.G 1 ¢cr ot ube hatc
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conpound. ch yariations incl.ude, but | imt.ed t dj,ust i n S
O oS H By eSSt i R B bt 2onR oAU S8, B
| dent i tpyoPr CRRANBHL I 0639 8S). Mbdel BHOKNIdRE 6APIHeaBONISES, Wish NORB/WARP
different nmethod Tor crystallization, or introducing additives such as

det er geReakis eg.al., TOBENN20 $imastioBaok £1438-6DDard refingmay vith agnyREEMAKr) ) |
ST PRl ST Dk LA, ESRIRISS 10,2, ShOIRF prer
cryst al dah 2@t ith Strudrin@hcdobdinated prigukr Yyt &l inpaefor secariagy anatyis,anslading thsed
‘o aSSIdseier}nri]n;tilopldlo? gel(e)crtrostatic surface potential (see Figure 13), which aids in the
determination of side groups in test compounds, which are likely to interact with a surface
area of the PA of a given electrostatic potential, preferably in the active site. In order to use
25  the structure coordinates generated for the PA polypeptide fragment it is necessary to convert
the structure coordinates into a three-dimensional shape. This is achieved through the use of
commercially available software that is capable of generating three-dimensional graphical
representations of molecules or portions thereof from a set of structure coordinates. An
example for such a computer program is MODELER (Sali and Blundell, 1993, J. Mol. Biol.
30 234:779-815 as implemented in the Insight II Homology software package (Insight II (97.0),
Molecular Simulations Incorporated, San Diego, CA)). Such a three-dimensional graphical
representations can be use with suitable programs including (i) Gaussian 92, revision C

(Frisch, Gaussian, Incorporated, Pittsburgh, PA), (ii) AMBER, version 4.0 (Kollman,
University of California, San Francisco, CA), (iii) QUANTA/CHARMM (Molecular
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In a preferred embodiment, the polypeptide fragment according to the present
invention is purified to an extent to be suitable for crystallization, preferably it is 85% to
25  100%, more preferably 90% to 100%, most preferably 95% to 100% pure.
In another embodiment, the polypeptide fragment according to the invention is capable
of binding to divalent cations. Preferably, the polypeptide fragment according to the present
invention is bound to one or more divalent cation(s), preferably it is bound to two divalent
cations. In this context, the divalent cation is preferably selected form the group consisting of
30 manganese, cobalt, calcium, magnesium, and zinc, and is more preferably manganese or
cobalt, most preferably manganese. Thus, in a preferred embodiment, the polypeptide of the

present invention is present in complex with two manganese cations. In a preferred

embodiment, the divalent cations are coordinated by amino acids corresponding to amino
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representations of nolecules or portions thereof froma set of structure
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Furthernore, the structure coordi nates (Figure 183 of the Inf]luenza A virus
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vinygs qr g & the Fat'é o e%_\er A eﬁﬂéal tBro?fc%F@gﬂ&ﬁdg k§ a%{'&h?’%%aat% ﬂbﬁﬁ'&n Qéleeﬁed

vari ant t ereo he am no term na ragnent” conpris
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oS pO0TR WoBiSeT bt b B LT b
aci ds hnfifo 4did psitionel A48y t110f0t @‘38 RN'% dependend: RMAIRRE YITREARs 36

I nfl uenza A virus or variants thereof .e., amno acid residues 1 to 196,
1 to 20dentisal © arcopreSpanis tdran amunmacadlatlasequemeleqsdﬁ@m positions IB5IBGU’D NO,

2 20, £ TSR Bl 40P 8L YpEnu S5 180T iAo, A0

cryst aljoszavd,ans, poef B0y, 249,29 083%4,t112100%0 2 1Mp12e 5 P2 B, &5 A17YofHB&tahtind 00%
most praec"fdesre%g!ar%/ceg(?f%hg %Al 28g€n?tu£c%ordmg to SEQ ID NO: 4, preferably the N-terminus is
identical to or corresponds to amino acid position 15 or lower, e.g., amino acid position 15,
14,13,12,11,10,9,8, 7,6, 5, 4, 3, 2, or 1, and the C-terminus is identical to or corresponds
25  to an amino acid at a position selected from positions 195 to 217 of the amino acid sequence
of the PA subunit according to SEQ ID NO: 4; more preferably the N-terminus is identical to
or corresponds to amino acid position 15 or lower, e.g., amino acid position 15, 14, 13, 12, 11,
10,9, 8,7, 6,5, 4,3, 2, or 1, and the C-terminus is identical to or corresponds to an amino
acid at a position 195 to 206 of the amino acid sequence according to SEQ ID NO: 4, or (iii)
30 the N-terminus is identical to or corresponds to amino acid position 15 or lower, e.g., amino
acid position 15, 14, 13, 12,11, 10,9, 8,7, 6, 5, 4, 3, 2, or 1, and the C-terminus is identical to
or corresponds to an amino acid at a position selected from positions 168 to 200, e.g., amino
acid position 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183,
184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, or 200 of the
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I n anot her enbodi nent, the pol ypeptide fragment according to the invention
is capable of binding to divalent cations. Preferably, the polypeptide
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activity. In preferred embodiments, said polypeptide fragments comprise amino acid

25  substitutions, insertions, or deletions, preferably naturally occurring mutations as set forth
above.

In another preferred embodiment, the polypeptide fragment according to the present
invention consists of amino acids 1 to 209 of the amino acid sequence set forth in SEQ ID
NO: 2 and has the structure defined by the structure coordinates as shown in Figure 18.

30 In another embodiment, the polypeptide fragment according to the present invention
has a crystalline form, preferably with space group P432,2, with unit cell dimensions of
preferably a=b = 6.71 £ 0.2 nm, ¢ = 30.29 nm + 0.4 nm. In another embodiment, the crystals
according to the invention are hexagonal plates with preferred unit cell dimensions of a=b =

6.79 nm, ¢ = 49.4 nm, a = B = 90°, and y = 120° having preferably a trigonal or hexagonal
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f h i
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f ragnment haS[anneCé%Hoﬁﬂﬁémdﬁletp?e@m veaGdrfelsed &)Ci estohibiant Rectgr cotppsingni no
aci d sequences consi sti ng of amno acids 5 to 10 to 178, 15 to 1 8 20
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t o 178,saBl isplatedgolyryclegtidgd he psryop skitgd nz@hqa;’t !§8‘Qelbﬁwﬁlﬁé’fé‘?ﬁhﬁbl“5% pgpd

the incorporation of polynucleotide sequences of interest into vectors (also see Sambrook et
al., 1989, supra). Such vectors include any vectors known to the skilled person including
25  plasmid vectors, cosmid vectors, phage vectors such as lambda phage, viral vectors such as
adenoviral or baculoviral vectors, or artificial chromosome vectors such as bacterial artificial
chromosomes (BAC), yeast artificial chromosomes (YAC), or P1 artificial chromosomes
(PAC). Said vectors may be expression vectors suitable for prokaryotic or eukaryotic
expression. Said plasmids may include an origin of replication (ori), a multiple cloning site,
30 and regulatory sequences such as promoter (constitutive or inducible), transcription initiation
site, ribosomal binding site, transcription termination site, polyadenylation signal, and
selection marker such as antibiotic resistance or auxotrophic marker based on
complementation of a mutation or deletion. In one embodiment the polynucleotide sequence

of interest is operably linked to the regulatory sequences.
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sequence set forth in SEQID NO 6 and variants thereof, which retain the
endonucl eol ytic activity. In preferred enbodi nents, said pol ypeptide

f ragnent sWoafiwic8@oam no aci d substitutions, insertionspPCHEPIEVSIIIONS,
preferably naturally occurring nutations as set forth above. In another

preferred egp b&dmﬁeﬁ%a){@%Bétbﬂﬁlcfddegﬁw&otﬁﬁ%q@rﬁgs t&ih$ Cor¥pRSpa!
i nvention C0nSI StS (0] amno acids 1 to 20 of the amno acid sequence set

forth ipaptRiEQ) drDprbGin-aga ight rfashtataepmﬁmpmoé pdbybeplads fsygrnmts of injeresfs Such

coordlnates as sh wn in Figure 18 anot her ol t'd

f r agnme FPUSREo PERG -t OF Pfﬂ-f'e‘g t@%%m"m‘# é’ﬁ‘? a&h nﬂﬁ "IH?C% g"gpﬁi“f gut WR'I ©
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prese. KB LI RsoLbRhhohy, Miinpls, SR fvap il %%?%Sﬁ%?%%eﬁ“e%? n by
r e}‘ Ier erufghe Bﬁz’r premaepfeeogﬁhlén e ivelu- XeXaT;eeX-fGlorfﬁlbrr’ﬁdruwhmm/eray bafsyt ed
cells and ¢ gener at reverse t

eact | IRRICHCR Sanrige SoRREF Of BRATHIEHE THERGoR £ breb PG AR O e B
deganerdgh- %E(BF@ rrg\ln(? g' il fnotifdr e dBRART Rk ivePof indlite s fruAdivRal Seqiifnces

I nterest. interest can then be anplified by standard PCR
usi ng fthatgeahto sqneanofm(rf the |pnbapspt1dmfragrp¢1§qurln@desémmgdhmhktumhléedlgml oft the

pol ynucl eotj.de codi n for .t erred e of th o]

P F s mereoTabiay SPS s OF i Sl SR AF PR TAS Al pocpe R BRI O,

6 (| nf |déﬁ£l¥}ae@ode§ R §iBhA FPaHE domprided iof @drdphbBicSarhinot fddd adiic datctShe | D
1, 2, and 3 encode the full-| ength PA pol ypeptides_ and, thus

go: y nuckeerstipnl of th@drmgnaf}ﬁm ﬁh@fcélrl r Bl prteinliy sipen seratechgpe the gﬁ%%\}thc@ﬁ‘&fﬁ‘l se
e tlon at 5' I
th L; fe s%ga@f Pvgﬁve gﬁc%la@ dorglr&top (’5 ey g%%lgsgrgg @ﬁa([%o l&{l&'&f G&Wegx? R idrefl ldh& %qﬁé?y

membrane of the cell (gram-negative bacteria). Preferably there are processing sites, which

can be cleaved either in vivo or in vitro encoded between the signal peptide fragment and the
foreign gene.

In another aspect, the present invention provides a recombinant host cell comprising

25  said isolated polynucleotide or said recombinant vector. The recombinant host cells may be

prokaryotic cells such as archea and bacterial cells or eukaryotic cells such as yeast, plant,

insect, or mammalian 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

30 cells can be readily transformed using, for example, chemical transformation, e.g., the

calcium chloride method, or electroporation. Yeast cells may be transformed, for example,

using the lithium acetate transformation method or electroporation. Other eukaryotic cells can

be transfected, for example, using commercially available liposome-based transfection kits

such as Lipofectamine™ (Invitrogen), commercially available lipid-based transfection kits
p
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I n one enbodi nent, the present invention relates to a reconbi nant vector
conprising said isolated pol ynucl eotide. The person skilled in the art is
wel |  awarwoabioedoni ques used for the incorporation of porEreaoeeticte

sequences of interest into vectors (also see Sanbrook et al., 1989, supra).
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codi ng“f oteln ags hat® Y5Ci puri ation

of 1pol yeBmidrae ffdrﬂmﬁa@fth‘omiim\ﬁhﬁﬁceﬁﬁmly&tdﬂvﬁ‘ﬁht tpeeof, doairisite- the etreps of
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mal t os i P- R ti@g, or fluorescent
pr ot ei ﬁ) B’é’ggﬁ Suc é[gésrﬁ & r@{?et%}h e%ﬁn V%gfri%ﬁsgﬂent %?33 lglenl%((E) G-P) ,

( enhangbylgelgcing lepdtérumll astbetyt mptolathg cofmppiiiePhy ameethdd sdeesd énin ﬁreogreiqm
(RFP) deri,ved from Di scosoma species (DsRed) or nononeric (nmRFP), cyan

f1 uor esEBYIER Ot ein (CFP), and the like. In a preferred embodi nent, the
epijsope-, p?ﬁtakg?nbhn‘é REQNIS f?a%xﬁ‘&ﬁs 6RO sH8 cGnpaYRd of f the pol ypeptl de
fragnent of ‘Interest, or exanpl e, using a protease such as thronbin,

Fact or Xa, Enb@@@mg@momm@ﬁ@neasmallmequ}fﬁadatab@ee dadef er ably, the tag can

be cl eaved of. th a.TEV, prote The recognition sites for such proteases
are wel | cSw\yf&omBgﬁbdr@eé}%nsi’fsﬁa}de%?n?W“Pﬁe art. For exanple, the seven

am no ;ejT o @%H@u&%ﬁﬂr}ﬁ@arﬁftowﬁom fRIiRE pRBearh ©peEfbA bevesh cBmipSter

ad u- X- Ser, wherein X may be any amno acid and is in the
cont exthﬁCISt ¢fghpsaid @nmppnmiemd e spﬁedc@wabltgllr@rdem@mrmde T en@gg-migipizef y

ther e yector includes functional
gge 8@%‘%{})’? 8%'[&16 S%I% nglrp&mn% %e plg yp(gptl de fragment of interest
| nto the) ewdlidding tH@ﬁBsum of sdidn ﬁttﬁrfg?é]m%tltﬂﬂlb duastifyck lassoofatibn tbetvidea the said
periplasmic s(ﬁ)ace of bacteria. The signal sequence fragment .usually encodes

a si gnaompepeq @ad dbenaeiivesitomadehrwhersby evalnatng Hei dhiliiynel pridjcommoupg do

associate with the said active site.

Preferably, the modulating compound binds to the endonucleolytically active site
25  within the PA subunit or variant thereof. The modulating compound may increase or
decrease, preferably decrease said endonucleolytic activity.

In a preferred embodiment of this aspect of the present invention, the compound that
modulates the endonuclease activity of the PA subunit or a variant thereof decreases said
activity, more preferably said compound inhibits said activity. Preferably, the compound

30 decreases the endonucleolytic activity of the PA subunit or a variant thereof by 50%, more
preferably by 60%, even more preferably by 70%, even more preferably by 80%, even more
preferably by 90%, and most preferably by 100% compared to the endonucleolytic activity of
the PA subunit or a variant thereof without said compound but with otherwise the same

reaction conditions, i.e., buffer conditions, reaction time and temperature. It is particularly

33



secretion of the protein fromthe cell. The protein is either secreted into
the gromh nedia (grampositive bacteria) or into the periplasm c space,

| ocat ed bwOwewepdee | nner and outer menbrane of the cel PCTgPamMRegati ve
bacteria). Preferably there are processing sites, which can be cleaved
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abgye- %‘i%@f&%f’ sﬁd}iée&% utepgﬂiglrﬁﬁ is mDELERecwlta%assluh@emn@pbeJ Mepessl. the
present 1 nvention rel at a nmet hod for identifying conpounds whi ch

modul at284t7e-&hdsnmpleasdedin theilnsighif 11 Hmadogy software packagey(insight II (97.0),
RNA—de dent 0 rase ro nyxoviridae famly or a variant
t her eof" nl@&%??@?‘ﬂ%oﬂ% ‘é"t‘B‘Efge g%‘bﬁ‘%n‘émcu ng a conputer nodel of the
active site @iefJkied {B¥hd e nial1ude tsékfe@alQﬁ’éih&ﬂsrtats&%e@fzhédiheamlnyiﬁepﬁ frakements
fragnment according to the present invention shown in Figure

sel ect ifogthairpdiliy to modatats metey\dﬁ@m}ﬁ@ﬁpqﬁft@fﬁm P ‘ﬁf“huli*ﬂé?hg A Ié"i}’lé’é’fléﬂ
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a sm at abase, and
computer model of the endonucleolytically active site of PA based on the structural

coordinates according to Figure 18. Selected fragments or chemical compounds may then be

positioned in a variety of orientations or docked within the active site. Docking may be

accomplished using software such as Cerius, Quanta, and Sybyl (Tripos Associates, St. Louis,

25  MO), followed by energy minimization and molecular dynamics with standard molecular

dynamics force fields such as OPLS-AA, CHARMM, and AMBER. Additional specialized

computer programs that may assist the person skilled in the art in the process of selecting

suitable compounds or fragments include, for example, (i) AUTODOCK (Goodsell et al.,

1990, Proteins: Struct., Funct., Genet. 8: 195-202; AUTODOCK is available from The

30  Scripps Research Institute, La Jolla, CA) and (ii) DOCK (Kuntz et al., 1982, J. Mol. Biol.
161:269-288; 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 such as Quanta or Sybyl. Useful programs aiding the skilled person in
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(ti1) de novo ligand design of said conpound; (c) enploying conputational
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energy-mnimzed configuration of the said conmpound in the active site; and
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. 80, budibaile aemaBises BstScontRABHs Cnt Tcallinbuﬁhﬁh Wwholp @t phattrte .thé endahucleolytically
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t he endetive bitoplthe PAnsubupitiof astive ﬁléﬁsmf Ry patypeptste wripals %Fﬁ%?%‘?gat}

does i uafiC bP e o subRNthdouie BNARNUEKROIHL | Fafd gﬁd@édo&tmrh@i shape

endonu in particu mamal i an endonucl eas to the same

ext ent ,copipidreemadrity oroby astimbted iRteradtioa driergt (Weng et tahe 192 sEnCompy €heinon
permts the use of nolecul ar design techniques to identify, select, or
desi gn 1§f5Q,50§12é‘dunds potentially nodul ating the endonucleolytic activity of

thgsPA subung rﬁitn)égf ?&ttéltltahﬁlroaﬁfator%lsﬁfé RBotilge [dJéIJti‘\!"Itg of QHH ﬁA"h@bﬁﬁlt of

t he endonucle yt1 cdl active site according to Figure 1
pr edi ctdrpelypepide vmamathgedﬂf,epmferablghn inffibitpreottthe hedomlgbpb't@sa@bmtlatrew beth

the preparatjaon and test di S .t hat i bly
odul o ghaoryeh 51 GERSbE AR Tty b Tie PAT TR ugs fafenl RiroRiRE
coor di ngtresure §8ETRAE dref Pdridub @e PHVH ‘Pi@éﬁﬁkﬁ@ésh fh@ﬂﬂ'@ﬂhlable togh&1 pe86:s skijled O
convert the structure coordinates into a three-di nensi onal shape. This

achl eved thth pduhch methede insludeotinb B Ia(BohmaOR abl €om8pf Aiga Mok §§1C7§piazl e

onet bl SR ARSI SPHARNS oG EOAREESLEIANS b, ) Estitio o
(Nishibata and Itai, Tetrahedron 47:8985-8990; LEGEND is available from Molecular
Simulations Incorporated, San Diego, CA), (iii) LeapFrog (available from Tripos Associates,
St. Louis, MO), (iv) SPROUT (Gillet et al., 1993, J. Comp. Aid. Mol. Des. 7:127-153;
SPROUT is available from the University of Leeds, UK), (v) GROUPBUILD (Rotstein and

25  Murcko, 1993, J. Med. Chem. 36:1700-1710), and (vi) GROW (Moon and Howe, 1991,
Proteins 11:314-328).

In addition, several molecular modeling techniques (hereby incorporated by reference)
that may support the person skilled in the art in de novo design and modeling of potential
modulators and/or inhibitors of the endonucleolytically active site, preferably binding partners

30 of the endonucleolytically active site, have been described and include, for example, Cohen et
al., 1990, J. Med. Chem. 33:883-894; Navia and Murcko, 1992, Curr. Opin. Struct. Biol.
2:202-210; Balbes et al., 1994, Reviews in Computational Chemistry, Vol. 5, Lipkowitz and
Boyd, Eds., VCH, New York, pp. 37-380; Guida, 1994, Curr. Opin. Struct. Biol. 4:777-781.
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| nf or matdrkstatByrs trmde], 58arOthenhatdwareCGystemesvarslhwedtware paekagnas axpglgg)wrg to thosel.

Chem 3%&%45 2154), and (iii) HOOK (Eisen et al., 1994, Proteins: Struct.
Funct . thepagt. 71 9g. 221; HOOK is available from Ml ecul ar Si nul ati ons

| ncor por at edyncean HhREMe @)ntex@ﬂohﬂebe@pﬁél@@t@@ Snadigdb s t ddseribadv abdvedn,
is the conputational screening of small nol ecul e databases for conpounds

t hat casnbmtwabnsnnam then g mpécr un S@nc Iof itsrrdeme OF sisleyarpery inyorder foyEnRPYR Opf
Eﬁ‘l Iﬁ%xP F\{'n {ﬁlga}fgt Iy}/ogaf alﬁAh p@‘é‘%}g %B%%ggttlon%r Fl%%nEé sci\’/\}étlglg't Pe. |;m{he be
J udged r@;’)lﬁ&'@ﬁer@)gr&ﬁﬁ%l approx1mate the same size, shape, hydrophobicity and charge as the
original group. It should, of course, be understood that components known in the art to alter
conformation should be avoided. Such substituted chemical compounds may then be analyzed
for efficiency of fit to the endonucleolytically active site of the PA subunit or variant thereof
25 by the same computer methods described in detail above.

In one embodiment of the above-described method of the invention, the
endonucleolytically active site of the PA subunit or variant thereof comprises amino acids
corresponding to amino acids Asp108, Ile120, and Lys134 of the PA subunit according to
SEQ ID NO: 2. In another embodiment, said active site comprises amino acids corresponding

30 to amino acids Aspl108, Ile120, Lys134, and His41 according to SEQ ID NO: 2. In another
embodiment, said active site comprises amino acids corresponding to amino acids Asp108,
Ile120, Lys134, and Glu80 according to SEQ ID NO: 2. In another embodiment, said active

site comprises amino acids corresponding to amino acids Aspl08, Ile120, Lys134, and

Glu119 according to SEQ ID NO: 2. In another embodiment, said active site comprises amino
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conplenentarity or by estimted interaction energy (Meng et al., 1992, J .
Conmp. Chem 13:505-524). Alternatively, a potential nodulator for the
endonucl asPyedicea@di vity of the PA subunit or pol ypepti @ETERRI&QMM0916her eof ,
preferably an inhibitor of the endonucleolytic activity, may be designed de

novo on {yh&., %&dﬂfglgd“%ﬁ[ﬁ@r e%Eigi'F'gA%}ﬁ@B?fIletlf@ PA182! Yhent i Grsb! asaremnuil9

according toplél gure ari ous de novo 1igand design net hods
avai | alateoriingttheSHQR ITBoNGs KA. ITh et amothéreembodim8ot saideadiygssifergsimptises janinaJpi

(Bohm 1992, J . . Aid. M. 6:.61:78; | i bable f

bl ecUPBHS SORFPRATIOHE 0 AEGIDAr s P B I8y R, Hish R SR o

and 1t gyl gt dARAE O SEYY TBIRD: 8990 yet BEHE éibsiimieh@ibRl AdtRe sifel @espirives

Si mul ati"ons | ncorporated, San Di ego, CA ,g&(l i )06 Leai)Fro ) gaval | abl e from
IS

Tri pos asssoecids esrreondinguio samin)acidsi AJpl Gysl 4 kI Glu8@oGitully,

Conp. A (. . Des. 7. - ~. SP, I s.availaple fro ] Y | of
eods, R jooarBnphLrES PRIP: oty et e an a5 b S G

36: 170QmkrAd Qeids 3BFedpdndin b aRi@NAsf108ele 1099 Lys PsQtigisas, GRisBLH3AB) . I n
addi tion, several nolecul'ar nodeling techni ques (hereby incorporated by

r ef er erind) LawHA6 apgording 5orSEQ O pNOPs8n Iskyat| agthen emiodiment, Faih agliNg SHesi gn
and nodeling of potential podul ataors . / | ahibi t:herr:
endonudrEsryrs wutyEls BrsTRAY (el BP5RS APIUR 128, LialaBoHjeat, Gluso,
endonuakiae] 9 tan@ alyk 13 eddcbsing id SEQNBMEObeen gke aasihbeembodinent|saidieactive site
exampl e, Cohen et al,, 1990, J . Med. Chem 33:883-894; Navi a and %lrcko,
1992, ©amprisepiminockdsorresagdingtozming poids Asphes, ligl29) Lys1pgohlisike in

Conput at ;i I ' ' ht : K,
op. 37 ClEP apRAM Shigpordifl 1o SpQILPRER By AtInGRF embligiment Sha SFE I
dﬁsi g R%mgiissseairﬁmbeﬂicascohiemﬁnﬂgmgtto dnhiao enide Aspll @8 Net126 ALY si 3dc Hisdd, Silu&d, of

t he subunit or variants, thereo e further co tationally .optim zed
S0 t hatCHhl Puapdgloynla’ seseraing s SRAILHIG T dbkaroties AU LTEH o S GEHSE Fbe

| ”tl‘?sra%hgﬂis% AtinbiRids R8BI anith Hoilp o RIBDIRITEN! AYY1 140141, GlusO,

el ectrostatic) I nteracti onsp i nclude repul sive charge-charge, di pol edi pol e
and chablgéliTyore AngBérandtliewi86 aGpedingite SEQYID Nk 2s Imamsither] émbaidementosaidt i ¢

i nt eracti.ons. between the, binding c d d.th i ngdi i d
rat e, BT SHEBPP PHAREM eI oS PPIIBS 46 PERO e SR, 06 Che LaRCHAI py
of bi ndiRe;, GRSE d}hﬁlg,crrs}we BErGRN 99 HASL§s13Y abctRdiayab SEE B NOMROouhother

e

def ormation energy and €l ectrostatic interaction are available in the art.
Exanpl esnbyidimentt s ectpiesife aamprisesl amiao @pids camespoading 20 aming agidnAep08; llgch,

o S PRI PGPS e e AR B
( Mol eculcasrdirigtd|SBQ IDNG Iz or por at ed, San

In a further aspect of the above-described method of the invention, the
endonucleolytically active site of the PA subunit or a variant thereof is defined by the
structure coordinates of the PA SEQ ID NO: 2 amino acids Aspl108, Ile120, and Lys134
25  according to Figure 18. In another embodiment, said active site is defined by the structure
coordinates of PA SEQ ID NO: 2 amino acids Asp108, Ile120, Lys134, and His41 according
to Figure 18. In another embodiment, said active site is defined by the structure coordinates of
PA SEQ ID NO: 2 amino acids Asp108, Ile120, Lys134, and Glu80 according to Figure 18. In
another embodiment, said active site is defined by the structure coordinates of PA SEQ ID
30 NO: 2 amino acids Asp108, Ile120, Lys134, and Glul19 according to Figure 18. In another
embodiment, said active site is defined by the structure coordinates of PA SEQ ID NO: 2
amino acids Asp108, Ile120, Lys134, His41, Glu80, and Glul19 according to Figure 18. In
another embodiment, said active site is defined by the structure coordinates of PA SEQ ID
NO: 2 amino acids Asp108, 1le120, Lys134, His41, Glu80, Glul19, and Tyr24 according to
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D ego, CA), (iv) OPLS- AA (Jorgensen, 1998, Encycl opedi a of Conputati onal
Chem stry, Schleyer, Ed., WIley, New York, Vol. 3, pp. 1986-1989), and (v)
| nsi ght IwODnswweya®o (Bi osysm Technol ogi es | ncor por at ed, pEaEPE»8HI916LCA) .
These prograns may be inplenmented, for instance, using a Silicon G aphics

wor kst %tl 018! B 2t %lé)étﬁg‘r ShbdMeR, §gd6£:99e ‘éﬁé kSd i@ by RE lrubbf. cdkdiBites

hardvvar systens and software padkages are known to fhose skilled in the
art. OofRASERQIBNOe2 ammmacedteASpmsllbblﬂa ls'el?écﬁhsﬂloﬂ@@slcdhb@ aa@ Arg84

d bed ab '
i de. gREUBEREodagE 1 I aBPee ol e SRt By Bsa a0

Cener a'oba{pdlda'fest blpAS QE§ IHUKNICRNS a@kifo C&ﬂﬁﬁA‘dﬁiOWQlelQoeLysIﬁe Hieml acarsent
group wll proxi mate the sane size, shape, droghobl city and charge as

t heSor |Cguh1aﬂ agldol,lqmlobt acshuling to dTlgw@ui&eln peotherdembedisent, higid @SR SEALS

chem c4ertan e STy RefCRuRnE PA0SERDID &vOF 2R hiar i B et 0

endonuglygpi4) tHigal, [1ugE G e 1S dnd erB@@cRﬁ\dﬁlghﬂfﬁgureﬂSVBf asothert digb@idbelny t he
same conputer met hods described in detail ove. I n _one_enbodi ment of the

above- ?e@ﬁathedltqgs idefingst by 1be isHyelnEq wprdmméﬁd%ﬁcﬂ(édm\’&aﬁ P?“%Et??lé%
site of, t
corresﬁbﬁ%ﬁ%g I(S)Zléa%' rs]%&g%l Qli’l @Tﬁ%(%héﬁﬁ?l %@Hd?{yggé%gg ﬁ%uﬁA subunl t

acgor dlaﬂ@thbpelsE@hhﬁgN@aldzactﬂve sﬁlﬂgQ's hleﬁnedrbpdhcfmﬂmhqtumaadd»rcanatey ef $iAt BEQ ID
conprises ami no acids corresponding.to am no aci | 20, . Lysl 34,
and H ¥ hewsradids NP@@QW%Q\I@YSEM IFHs4h G11HEY- (glr%@g ?{[yslégﬁﬁf’(’é@f‘

site ¢ S res Asal

Cysi aa s I IRt AenT SERNRHCHE § Afleg EhS: enboeo‘?’r?é%‘?a*i%fd
act i ve PA tSEQ GDpNOs €5 amiinio acids | Algp 108y Tles2mndysig4t Hisdii €duli GhllAg,p[fGIBM

Il el 20, |
ermhodi . GAiLFUADE perding 85 Bl 1 bos Baisoaeradmest oo At Ak tsefastho

aCIlalO %’plh O strukbhft 20ordiytds3df A §ﬁb ¥ 892 afthoChdils |AsB1@8 A 1doN UL yE B4SEQ

I'n yet another enbodi ment, said active site conprises am no acids
cor r es isdi,nGluso, é}hlhl@ alcyirdiz0, A@bﬂ@ and dlya037 |lagedrding tq Eiure d8udo, angther | 9,

and Tyr ccordin S et anot he nbo tive
site C(fﬁ‘gﬂ?ié“é%ntam‘ &c’é%el 5@ Sofls é%egz% ngﬁlcr%rcg%ﬁ%iss ggg:le S%Q ﬁ?%aﬁ

Lys| 34, ankih§ 4dids QSF%B 1fel 2, Lﬁq,l341r1dlsAl,g@1418@cgw1d9nmym ﬁEgM Debi6, Ayri30,yet
anot her enbodi nen said active site conprises am no aci ds correspondl ng to

am no #eiud33,asdiLesl37 acepmiing tofieaw, 18+ s41, G u80, G ul | 9, and Leul Ob
cCoft 00 | S el s RSSO AR S,
Hl S41, decé@thg to the above-described method for compounds able to modulate and/or associate
with an endonucleolytically active site that is a variant to the endonucleolytically active site of
the PA subunit according to Figure 18. In one embodiment, said variant of said active site has
a root mean square deviation from the backbone atoms of amino acids Asp108, Ile120, and
25  Lys134, of amino acids Asp108, Ile120, Lys134, and His41, of amino acids Asp108, Ile120,
Lys134, and Glu80, of amino acids Asp108, Ile120, Lys134, and Glul19, of amino acids
Asp108, Ile120, Lys134, His41, Glu80, and Glul19, of amino acids Asp108, Ile120, Lys134,
His41, Glu80, Glul19, and Tyr24, of amino acids Asp108, Ile120, Lys134, His41, Glu80,
Glul19, and Arg84, of amino acids Aspl108, Ile120, Lys134, His41, Glu80, Glul19, and
30 Leul06, of amino acids Aspl08, 1le120, Lys134, His41, Glu80, Glul19, and Tyr130, of
amino acids Asp108, Ile120, Lys134, His41, Glu80, Glul19, and Glul33, of amino acids
Aspl08, Ile120, Lys134, His41, Glu80, Glul19, and Lys137, of amino acids Asp108, Ile120,
Lys134, His41, Glu80, Glul19, Tyr24, Arg84, and Leul06, of amino acids Asp108, Ile120,
Lys134, His41, Glu80, Glu119, Tyr130, Glul33, and Lys137, of amino acids Asp108, Ile120,
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G ull9, and Tyrl 30 according to SEQ ID NO 2. hi yet another enbodinent,
said active site conprises am no acids corresponding to am no acids Aspl08,
He 120, Lwel28t/06bios4l, G u80, A ul 19, and d ul 33 accor ¢cmEre@o8EDPeli D NO.
2. In yet another enbodi ment, said active site conprises am no acids

corres jAnois@ ag agy 08, 8420 eulass! B 361 s¥hd133GH a0 Ly 3t | 9,
and Lyg?w accor di néﬁ%bo’ %E%%lggsﬁé $’2.Ah‘gn anglt1 her Fgﬁbodi ment, said gg Ive
site caoprdisgdo diigwe kcpflsotc more spondlid gnt another rmbeodirent At @id reet mom

Lysl 34, Hi s41,. Gu80, Gul 19,  Tyr2 Ar.a84 nd Leul G i I D
N 2 saders Aetinger Brbeidnhan 221 & T ehvBespB0DaeRt (R, 356 ol b G
cor r es gEndiifdistfot HOre thad® ASInidtH? @mboinde, thé ¥4ill 3dot rrbrkhuarel deSlatiofdis|

19, Tyrl130, dul 33, and Lysl 37 according to SEQ ID NO 2. In_another

en‘pi(;di mehmoresthan 18cAi Ireansithes eothodihedsthg spidgoaemgan WF"e@@’éﬁtﬂnﬂ@ nOHMPKS no
aci ds 108, He 120, .Lysl 34,  Hi s41 0] | I
Tyrl 30:&%% IU‘SBI:? ang%r EV?P%’?IIC:;%’C%F éﬁﬁééo?tc% %%éq}l%e'lgg&g?n -frsynﬂogl}?%r?? l%gﬁfogg Sgcto,

of the abovef @eﬁl?niebadomtdgpdcd@idihgetoi theeniettods ddserilasid baneiiaboVey tindiedtey
t

active site of e PA subunit or a variant thereof .is defi nedcﬁg tPe )
struct bindieoof ¢ sempeurst te he pstizEGitePiNde BAasibiBitaer ds Vaant daerept efaih

and Lysl|l 34 accordi t ' Y- t ' , ' o It
(s aet FREECH] ThE) O SpEbdALE s, obBg, U EIRPTARG o EidmachhaLPt te
p ddpelbRO salt Wdradf, mapbeHf@Aulaed oviti pge too oGuplard8ceuticaldn atéeptable
enbodi r?;n_tp,ﬁi sais?zl actri ve sipte s defi neo}dbyg?h stlgﬂpture e;:oor.di @at s.of PA
SEQ | DeK@plent(ahprion 61gsr()k pihys, the ghoyg;depsrihe 4‘}16'%8 f@hg@ma%eoﬂlﬁ ﬁE‘hFB

Fi gure ) a . [ al y Sj | Sindefd
ot ruct b ehSRANELIATRRY Eithouitit JPhbS o Soriptbor 2
Lys| 34 phamshcehtidallyQacepmblti najt tthereofwith bBe om memet pharmeervtidalive recepsatilel

active site is defjned b he structure_ coordinates aof PA SE D NO .2

ani no SXFigeni(s)y) asv/orn | ?S_)Lyépg‘zlr,’at“ﬁ'r sHE, @%O,O?aﬁﬂdelcﬁppf&%c%r% nJ to
Fi gyre S%Qrmdc@u@éh@l hRkeRINE ABALreoSE 8 AFbinyiBatidrl Sretedf 46 M diRthtE)YpreReably
structure coordinates 'of PA SEQ ID NO 2 am no acids Aspl O, 11el 20,

Lys| 34 detiiesst] pre@enably, intlbid the @ndemstlenyyticsaciivityrodi the PAosubyaiteor pgriant thereof

th di nent , .said. acti ' b :

coor df DR GeeRAr wid phyrey SSmpriBels HEURESRed (I BrBbHHE iSemegung |

G u80, vAHkhelPA BHND tﬂﬁ4frgg‘aﬁ£)éﬁtdd')ﬂgaﬁ@t Rh@e6L ol Bhe kdtoartdidierhostbeliiofehe ,
y

said active site is define the structure coogrdinates of PA ng%il DW 2
ami no auyetionspd @edetemeing the abylity 3 saigjcempourny (p80) bing f theqctixg sitq and{@di

205915 Q0 DG o BN S BIRA Ry 84 B S B i 1o
Lys| 34, fradnsehi or Ghtidid, thédeof. THR, quatidy 39 fit 30 sadcasmipoumds do Fhayantyelste thay be
anot her, enbodi nment, ) . . .
judged either by shape complementarity or by estimated interaction energy (Meng et al.,
1992, J. Comp. Chem. 13:505-524). Methods for synthesizing said compounds are well
known to the person skilled in the art or such compounds may be commercially available.
25 It is another aspect of the invention to provide a compound identifiable by the above-
described method, wherein said compound is able to modulate the endonuclease activity of
the PA subunit or variant thereof. In another aspect, the present invention refers to a
compound identifiable by the above-described method, wherein said compound is able to
decrease, preferably inhibit the endonuclease activity of the PA subunit or variant thereof,
30 e.g., the PA subunit polypeptide or variant thereof according to the present invention.
Compounds of the present invention can be any agents including, but not restricted to,
peptides, peptoids, polypeptides, proteins (including antibodies), lipids, metals, nucleotides,
nucleosides, nucleic acids, small organic or inorganic molecules, chemical compounds,

elements, saccharides, isotopes, carbohydrates, imaging agents, lipoproteins, glycoproteins,
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said active site is defined by the structure coordinates of PA SEQ ID NO 2
am no acids Aspl 08, Ilel20, Lysl34, H s4l, GQu80, dul 19, and dul 33
accor di ngvoao/gedoe 18. | n anot her enbodi nent, said act iPC&/EPReg/0DB6tef i ned
by the structure coordinates of PA SEQID NO 2 am no acids Aspl 08, Ilel20,
Lysl 34, His4l ~ | - ' OatR :

ot her " EE S na R prifed, o R N AR A el Paded tited Tht e
coor di rfatheld nodledesSEE arOtdN@Iol& udesi that baoieds madgiu@r, weighkd Baweely S03d ddout} 1,
G u80, Qul_19, Tyr24, Arg84, and Leu ing to Figure 18. In another
erbod} e, Dalkins. Yecripbloe i e Egerat e hllot? Tncad o ol samedie "o
SEQ | DaNGrdinga8! e g?@s'eﬁltsirfeélﬁ)thcgismakflcﬁJti%Qalllg!—)éérhﬁﬂse i febtabfd 1BE). SacH!1abds
Tyrl 30, QG ul %3, and Lysl 37 according to Figure 18. |In another enbodi nent,
sai 6l adndlwde, dut erd sotdahited tb, nzymetic labgls nadioigoiope ion aadigacsive RANGERANAPOND, 2
am no acids Aspl08, I1lel20, Lys]34, His4 Gu80, Gul 19, Tyr24, . Arg84,
Leul O e%ﬁ‘qnés(ﬂ, flé“ﬁ?sc?,%t, SPPYRds 3708, ¢ e?%]?’ng#%‘“%ﬂ?%ceﬁé. CP*pS%dsasgIé(ﬁt,

t he pr e5§0hidddyen tcoRIpoRRAY 16 &S prf¢RidNeEbddinead BP Hicabbrapainds S¢cRedihfido the
according to the above-descri bed nethod for conpounds able to nodul ate
and/ or paessuicinsersion, the eomenudris dob a4 sybsttuted Adtaxpbutaneis acithta 4-substied ant
to the endonucl eol ytically acti it . bunj cordi. t

Fi gure 41@9’((5\?%&%}9& &Sodt r‘r‘e ut%,S tltgge:%ldaiﬂé&f)g%lf&%}%{%c@fa%my\%ae&gﬁ'?’g 1§1§e ecl)?r%ot
meap squagtﬁute@VFﬁtame-zf,s-amne heudlacdkbangindtgnanoN-Aydogaaki dgiddspt Gth N-
Il el 20, and Lysl 34, of am no acids Aspl 08, |lel20, Lysl34, and Hi s41l, of
ani no dwdepxymads. dn partispbap, ﬂ@y@l’@ﬂ?"ﬂ&ﬁéc‘@%é, top theg prgsenta d1VERIAR gF GOt 2

Il el 20, f ami no acids Aspld, Ilel20, Lysl34, Hi s41,
d u8o, °8ﬁ‘é’%@ﬁ?°°?g$n§°ug°rn&‘ﬁ%agci ds Aspl 08, Ilel20, Lysl34, His4l, dudQ
Gul 19, and Tyr24, of amno acids Aspld, Ilel20, Lysl34, H s41l, G udQ
Gul 19, and Arg84, of am no aci1ds Aspl 08, Ilel 20, Lysl 34, Hi s4l1l, d u80,
Gul 19, and Leul O, of am no a®Rys Aspl 08, Ilel20, Lysl34, H s4l, G udO
Gul 19, and Tyrl 30, of am no aci\ds @Elpl Qd, Ilel20, Lysl34, Hi s4l1l, d u80,
Gul 19, and G ul 33, of am no acyAds pl @8, Ilel?20, Lysl34, H s4l1l, d udQ
G ul 19, and Lysl 37, of G ds Aspl d, Ilel20, Lysl34, H s4l1l, d u80,
Gul 19, Tyr24, Arg84, a | O xetoam no m@ci gs Asph Od, 11el 20, Lysl 34,

H s41, dudO G ulRYY, D %ul 33, and F\zy:sg,&%\c;,%m@ﬂj Sfopfl ds Aspl Od,
e

|1 el 20, 3dLysl 34, HisMi, G180, ul 19, Tyr24, "Arg84, ul Q" Tyrl 30,

A ul 33, and Lysl 37 ackbr di ng to Bure 18 of not nore than 3 A |n another
enbodi ment, the said root nmean square deviation is not nore than 2.5 A In
andbher enbodi ment, the s&iosmplgdt nean square deviation is not nore than 2

A In anot heIB aet{mﬁgri agsg'ctt,’ th% gFesgl?ti igvén(t)l%h pmgessagfﬁ%{h%dq&v fd%ﬁhf}‘ﬂng gompounds

which bind to the endonucleolytically active site, preferably modulate, more preferably

decrease, most preferably inhibit the endonuclease activity of the PA subunit or polypeptide

variants thereof, comprising the steps of (i) contacting the PA polypeptide fragment according

20  to the present invention or a recombinant host cell according to the present invention with a

test compound and (ii) analyzing the ability of said test compound to bind to the

endonucleolytically active site, to modulate, to decrease, or to inhibit the endonuclease
activity of said PA subunit polypeptide fragment.

In one embodiment, the interaction between the PA polypeptide fragment or variant

25  thereof and a test compound may be analyzed in form of a pull down assay. For example, the

PA polypeptide fragment may be purified and may be immobilized on beads. In one

embodiment, the PA polypeptide fragment immobilized on beads may be contacted, for

example, with (i) another purified protein, polypeptide fragment, or peptide, (ii) a mixture of

proteins, polypeptide fragments, or peptides, or (iii) a cell or tissue extract, and binding of

30 proteins, polypeptide fragments, or peptides may be verified by polyacrylamide gel
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not nore than 1.5 A |In another enbodinent, the said root nean square
deviation is not nore than 1A. In another enbodi nent, the said root nean
square dewpapiogmios not nore than 0.5 A |f conputer no@€TiErgooamewsdi ng to
t he met hods described her ei nabove indi cates binding of a conpound to the

act i ve i 8&9%%& H{‘ Wit %8tk Qtstélnﬁ%ee; Wkl BRI ggcepta Ce

synt hesi ze tiona sal mpound or a pharmaceutic
sal t t hviiding pamyersbmajzd)e mﬁnaﬁedlbwnwss smtmmenm:mawsw maceutically acceptabl e
exci pi ent (s) and/ or caérler S) above- deicribed mef had

conprise t hdnfanofhes crabodiment, (ths i V’Fﬂ"ﬂ@% e%tWEf’"s they éoﬂﬁl?ﬁﬁﬂ“% g‘aéé%}‘/toﬁél ly
formul af,jing ﬁfé‘r&fcﬁﬁpcﬁu ekt Oéongqo%ﬁar magend '£1§iy|z¥d aiﬁc?(le‘n"il%Ifear§ %h&yﬁl@-@i‘hﬁ@(i

wi th one or nore pharmaceutl accept abl e "exci pi ent (s)
car bi en(nsr)unosqfrbemn&sbdw (Ehme!\)abaséd eypaimedi th omrpmbndlmﬂnt,olﬂled)A polypeptlde

pharmaceutlc ac a lt th reof ar of fornmul.ation heref t
odul aEEmSP P Ve e ansd ding torGr aBiepTpmAia e PHESRRGeho MEcTere of
acti vi tay Ellshhﬁa%nat&ufycﬁed%wa{el t@ﬂtcohﬁﬁ)hﬁ@f&ﬂ&%gbff the€fbeEbrhpbuidih®y BE i N
vivo conprising the further step of (f) contacting said conpound wi th the

PA pol wesfied.der txamplenfor proteiasi palypaptidess pepiadest el epitopetiagesdicompoundeby  of

the actrURo@rs SR SpTIR ol SolmpiuRbis b sBliaBElE. GRTRC UG fes, e B8 1

endonudirelly towpléttd M énzyie driRtdifedswhibi Al secRlapp@iitods chigddtai@enxyahé ant
thereof. The quality of fit of such conpounds to the active site may be

j udged tbatrw@rcombusaﬁ@pev@bﬁhpla@n@@nm gupstgatesyy carsies plt dgmillypineseent seactinns gy
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gl ycopr ot ei N§ aefizneEsmbadimki, paAfie® PADSSypdpRidy Iiighfests iy be athbaed vafia and
derivatives thereof. The term "smal|l nolecul es” refers to nol ecul es that

have a neplide wiray ord Jredingtefedie B\ medyneptide fragments to specific peptide spots
corresponding to a specific peptide sequence may be analyzed, for example, by PA

polypeptide specific antibodies, antibodies that are directed against an epitope-tag fused to the
25  PA polypeptide fragment, or by a fluorescence signal emitted by a fluorescent tag coupled to
the PA polypeptide fragment.

In another embodiment, the recombinant host cell according to the present invention is
contacted with a test compound. This may be achieved by co-expression of test proteins or
polypeptides and verification of interaction, for example, by fluorescence resonance energy

30 transfer (FRET) or co-immunoprecipitation. In another embodiment, directly labeled test
compounds may be added to the medium of the recombinant host cells. The potential of the
test compound to penetrate membranes and bind to the PA polypeptide fragment may be, for
example, verified by immunoprecipitation of said polypeptide and verification of the presence

of the label.
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2,500 Daltons, preferably in the range of 200-800 Daltons. In addition, a
test conmpound according to the present invention nmay optionally conprise a
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enbodi ment, the PA pol ypeptide fragnent i mobilized an beads. be

cont actr@bfnuF’GPt‘%@(ﬁhﬁPe{S_ rach I("1 Fasgnihe h%’tbSt;S*E}Piﬁql%tﬂlcgerogaﬁici‘f‘?npbﬁn%éﬁq’ dJhe
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peptides, or (ii a cell or tissue extract, and binding of proteins,
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an enzyafihd PAlssbunitpelmpeptido drgmantervarEntssmregfased experinent. In one
e”%d' rent, I%lhaepll‘:é'%erpeocf Xrggg&ilm%%t, the above-described method for identifying compounds

which associate with the endonucleolytically active site, modulate, decrease, or inhibit the

endonucleolytic activity of the PA subunit polypeptide fragment or variant thereof is

performed in a high-throughput setting. In a preferred embodiment, said method is carried out

in a multi-well microtiter plate as described above using PA polypeptide fragments or variants
25  thereof according to the present invention and labeled test compounds.

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), or Aldrich (Milwaukee, WI). A natural compound library is, for example,

30 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.
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fragnent or variant thereof according to the invention may be inmobilized
on the surface of an ELI SA plate and contacted with the test conpound.
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25 et G, S AP, REBHE: SRR 5l BEAT b il
another aspect the present invention provides a 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

25 intended route of administration and standard pharmaceutical practice (see hereinafter).

In the aspect of computational modeling or screening of a binding partner for the
endonucleolytically active site, a modulator, and/or inhibitor of the endonucleolytic activity of
the PA subunit polypeptide fragment or variant thereof according to the present invention, it
may be possible to introduce into the molecule of interest, chemical moieties that may be

30  beneficial for a molecule that is to be administered as a pharmaceutical. For example, it may
be possible to introduce into or omit from the molecule of interest, chemical moieties that
may not directly affect binding of the molecule to the target area but which contribute, for
example, to the overall solubility of the molecule in a pharmaceutically acceptable carrier, the

bioavailability of the molecule and/or the toxicity of the molecule. Considerations and
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fragnent and a substrate thereof such as panhandl e RNA or single stranded
DNA are contacted in presence or absence of varying anounts of the test
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accor di gepiea ﬁ?‘@g%ﬂflo‘? ﬂbéﬁtﬂrwnhme atg%’eliné}ﬁ b iy f‘ﬁkdoﬁﬁr&fﬁﬁl% as 1nntfn§ form
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synthetic or natural conpounds. For Tnstance, synthetic conpound [ibraries
are comgraruldsaldrysuppasitatsise of rioniquig bforelg sudbh esriis athe dorm( 7f @lixir.epolutions,

Cor nwal |, U% ChenBri.dge Corporation (San Diego, CA), or Aldrich

(M | waFRIHSIORG PT SRPEIYOPal conpound library is, for exanple, available from

Ti mTec LLC (JugeddinioEhtiordrak iadyl ¥&tdin dxiclpidits wchals MRkevredtaltingpelluldse, i n
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Addi ti deeipdey sodiggy cistaim salvaan carbasetes yhbasis Falaiufy PReHAEe gl gnd “Starch
cou "ty LT . SR e, A TR S Bt e |
| nf | uenzéscuinidifost | fodivgy,C hed r@taide copledsilivatas) amd \grammlaemt bingersAsead las| i ne
that | Spo?yvsig}sig;[/rir(t))llid%n];? rhydroxypropylmethyl 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
25  similar type may also be employed 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 compound may be combined with various sweetening or flavoring agents,
30  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 present invention may contain release rate

modifiers including, for example, hydroxypropylmethyl cellulose, methyl cellulose, sodium

carboxymethylcellulose, ethyl cellulose, cellulose acetate, polyethylene oxide, Xanthan gum,
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I nfl uenza virus infection such as 293T human enbryonic kidney cells,
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screening of a binding partne or the endonucl eol ytically actli Site,
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subunit pol ypeptide fragnment or variant thereqof according to the present
i nvent iSBES,taJ_%ICFS{né?\y amplasneed TS G5iaiRnse 4O ks ‘PRSOIPBdatienisrVith Plaads:
chem catheMRiubiLSolliticts VIR Ee REREIY BufferddOfpréer®l et h HH RRlrdS 3 & B if

adm ni stered as a pharnaceutical. For exanple, 1t 'may be possible to
i ntrodueeessaryo or omit fromthe nolecule of interest, chem cal noieties

0, ™ O ShEaCt o b, byt STk, b RSy SheF.
a phar nRagstiradn by REL8R6RRI R sCliveRH in tHtform 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., dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane,
a hydrofluoroalkane such as 1,1,1,2-tetrafluoroethane (HFA 134A.TM.) or 1,1,1,2,3,3,3-
25  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., sorbitan trioleate.

It is another aspect of the invention to provide a compound identifiable by the above-
30  described method, wherein the compound is able to modulate the endonuclease activity of the
PA subunit or variant thereof. In another aspect, the present invention refers to a compound
identifiable by the above-described method, wherein the compound is able to decrease,
preferably inhibit the endonuclease activity of the PA subunit or variant thereof, e.g., the PA

subunit polypeptide or variant thereof according to the present invention. Compounds of the
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bi oavail ability of the nolecule and/or the toxicity of the nol ecule.

Consi derati ons andnet hods for optim zing the pharnacol ogy of the nol ecul es
of i nter e8020em6b@of ound, for exanple, in "Goodnan and @CIFRR008/0TH61
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Laboratories, Ahbot Park. IL).. (ii) Catalyst (Bio- ., Mountain View,
Cay " Ao By isobd oRbBAechish ERRmPL, ) Yorp A Ve

pharmaceutical conposition contenplated by the present invention may be
fornmulated in various ways well known to one of skill in the art. For
exanpl e, the pharmaceutical copposition of the present invention may be in
solid formsuch as in the formo t33 ets, pills, capsules (including soft
gel capsul es), cachets, |ozenges// o es, powder, granules, or
suppositories, or in |iqurFhiar® such as in the formof elixirs, solutions,
enul si ons, or suspensi ong | i d “adnpyni st rgdii_op ,qurﬁﬁ may contain
exci pi ents such aggyi cr ok li/ne Ce||U|Q$§=m$ﬁ8&%§ﬁow§ byl Cl trate,

cal cium carbonate, diNasic calc¢#n1phosphate, gl'ycine, and starch
(preferably corn, potHto, or tapppga starch), disintegrants such as sodi um
starch glycol ate, croscarnell ose sodium and certain conplex silicates, and
granul ati on binders such &smpualayvi nyl pyrrol i done, hydroxypropyl net hyl

|1 ul HPMC hyd | cel.l ul FI PO, 1 tin,
ol o Ayl I GRAET YoP e e CREreTs, MYERED Lavich an Aihagy Sl tand R
st eari Gpaghiftica® Y&RAN of IR PR BUNRNE o FreferidB¥ntbRdinfkit WdeHanti®ldy decognizes

conpositions of a simlar type nay al so be enployed as fillers in gelatin
capsul dbe eRtoshideasedlomedi by eerognitiontdfiaspolypsatide fragienfeseleseddsun the gioup of 5

|1 ul 1. Lk ' i .ght I I &
aqueoud-iRepLe SRS byRRQ BANGT) Ritrale A s RS T SRR R NG T35
admi ni §b143t LN IHNGONHOTNEL BRYSHO IDOND): ey 86 lDVEBQ@UD NOLER)END0go 610
flavoring agents, coloring matter or dyes, wth enulsifyi n(g]' and/ or
sudSendShg Bysids Int0Tia MAI(SERADNOSR) AL Nat 12, CEING: Fopgp and3s

glycol, cRRAmINGEI 4113608 196 T8EBAD RRS: 141€5EP135 to 145 (SEQ ID NO: 17) of the
amino acid sequence as set forth in SEQ ID NO: 2. Preferably said antibody recognizes the
amino sequence PDLYDYK (SEQ ID NO: 20). In particular, said antibody specifically binds

to an epitope comprising one or more of above indicated amino acids, which define the active
20 site. In this context, the term epitope has its art recognized meaning and preferably refers to

stretches of 4 to 20 amino acids, preferably 5 to 18, 5 to 15, or 7 to 14 amino acids.

Accordingly, preferred epitopes have a length of 4 to 20, 5 to 18, preferably 5 to 15, or 7 to 14

amino acids and comprise one or more of Asp108, Ile120, Lys134, His41, Glu80, Glul19,

Tyr24, Arg84, Leul06, Tyr130, Glul33, and/or Lys137 of SEQ ID NO: 2 or one or more
25  corresponding amino acid(s).

The antibody of the present invention may be a monoclonal or polyclonal antibody or
portions thereof. 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, dAb, and complementarity determining

30 region (CDR) fragments, single-chain antibodies (scFv), chimeric antibodies such as
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The pharmaceutical conposition of the present invention nmay contain rel ease
rate nodifiers including, for exanple, hydroxypropyl nethyl cellul ose,

met hyl ceWbubwgw9cogodi um car boxynet hyl cel | ul ose, et hyl @€rErR@9M9I16El | ul ose
acet ate, polyethylene oxide, Xanthan gum Carboner, ammoni o net hacryl ate

copol yng an%Xﬁﬁ”a‘?ﬁBQ keddiapsdiey, é?ﬂdl ol??é’ﬁl&@ tHEX com@nhd 1dastVaXporfibh | o1l @se

acetate pht ate ydroxypropy rre | ul ose phthal ate, nethacrylic
aci d captibydyethat iasdffrient te esnfchepeerﬁc arifigen bhuhmatoetlht: |poaipep@dmd§1|etanoh0d»f t he
present invention nay be in the formof,.fa t SI ng ﬁ(a ﬁl ssol VI

dosage f dfuRTESNS HEY qﬁ'BBF%?) EEGRL ya°88rﬁit‘%§ Ip<59/\th gt eed‘flglﬁ

aspart 163 P EtiR b@gehdtiled Wyt imAuME] cm&@ﬁgmld%a §eoqlatumbbt
crospo@méﬁgne di ascm?}g a% d, eth fl acryl gg a,n et hyl cel ISuI olsle gel atlln

hy df ox \gpetpplydepepigy tattiedr dnlorssewtknﬁrgm@ggmﬁm@qmtoetlomﬂynntcgmbmaéltonwlth an

G o agtnEah sk b el SRBpRCo! BieE VG RUBLIRR M fnigp). 6F

xylit 0'13(:6@11 éﬁﬁﬁﬁﬁdéﬂﬂ&lﬁtw&ﬁﬁﬁl@iésg%cc&dir@wOrmAﬁdafm nidehods SMelhkaswa toitké ur e
of fatty acid glycerides or cocoa butter, is first nelted and the active

ﬁorrponentsowkdied petheeatt. hﬁm@ém@@wapnsmmedlrﬁcte&sag@wss thergndgpuclqase domainn
onogen { t
Coor B8 1 Ehghit Jubel 1§ S8R o, SO by BB Qi RE

pr @@entlmlrrﬂiiﬁiﬂ:ﬂ' eﬁﬂm&llll"lﬁbée@uﬁlo@i) payehd asal aadnisnotahined iffom ithe aaihalygigdan n
the formof a sterile aqueous solution which may contain ot her substa ces,
for exampunoglobulinkrastien maybeqbripekirom Wﬁl@ér%é’fsﬁﬂ)db? ghtibadigsoipeeifii {3

bl ood. tﬁch%n &;t%?eg e 38 Ud QR 8 m}uhg%rnsmﬁ%eé@f yn@ug %&fﬁeﬁpﬁ%eﬁﬁbkéfuﬁlo a

pH of from necessary arnmaceut 'cal ‘conposition suitable
for i nivManadaial aﬁhibdalnatm@t b@gemﬁe@ﬁmmmthmdsa\velbhndnyn tonthel perdomrskiliedbiasthe

delivered_ in_ the form qof wd ha)
pressuraiftzéftl bri¢fnthgiananal lﬁﬁ?%f)‘%cg‘bf“fg lg}r‘n‘:‘fg%%o?l;‘é‘ W‘P n‘t"ﬁf‘gs’ﬁt‘é‘sﬁ% étrﬂ%[%bl e
i Cﬁel ! ?tmmms 1zed%ﬁig%%k th%QH?ﬁéqﬁF%eﬂmB&lé:m ﬂrﬁ&ﬁ&l%@@éIRQH&ude but

Iorotetra uoro ydr of | uor oal kane such a
1, 1, 1, 2r¢ edt livhited ta)eltahsthalr(g—lﬂ%mlﬁﬁh\ omwgenos, infetting Qaesl @itB-an oncogenic virus

hept afI u topane, ( HFA 227 . ITM) a di ox not her .suit abl e
o A e DL GRAR Tadh e candrons i SAe? Ror ol e sl R R b S

sol uti %rd?ﬁo%%ﬁﬁﬂﬁriﬁﬁtﬁﬂn HlorhPourds! fu¥ite GREM SHithn Rarflostaltel RE112e. B, % neorh

et hanol and the propel l'ant as t he soﬁvent whi ch may additional | y contain a

| ubr i caetl, aml magtieatingiat tamor sippressoe gene:. Iinmantabizerbeel lsase sereerieds wsing thedi i on
to 28" 0% ng(e)nlilaclecas 8rlfllgi% (;rdae atlgl,nfleln l‘t)herecl)jfy Ceﬁs th%P BrO%glgeS gt{tibl?ﬁfés directed against the

PA endonuclease domain or a fragment 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., nude mice, or (iii) in cell

25  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”, Harlow and 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.

30 In another aspect, the present invention relates to the use of a compound identifiable
by the above-described methods that is able to bind to the endonucleolytically active site of
the PA subunit polypeptide fragment or variant thereof, and/or is able to modulate, preferably
decrease, more preferably inhibit the endonucleolytic activity of the PA subunit polypeptide

fragment or variant thereof, the pharmaceutical composition described above, or the antibody
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met hod, wherein the conpound is able to nodul ate the endonucl ease activity
of the PA subunit or variant thereof. In another aspect, the present

I nvent i orwoabhavmwodoo a conpound identifiable by the aboveciaresivbedenet hod,
wherein the conpound is able to decrease, preferably inhibit the

endon U;E)k ‘S]gf greéé}{t ' igiretrﬁt'ioﬂ ffof i MANSHOMA bf @meBEdmdH: hh&eag, athelioratinBeofA

subuni peptide or variant thereof according to the present invention.
Conpoupesenting Hispase senditiony emised bycyiral befeaignsayéhnsgativedsener sipgld witsoded f or

the insilic i pg .net pads. I n a pref d enbodi nent _of th d
e cor GRAA(ERBoR RS BiD: b DiHonty oo offhb eEes sotbogmets, Ut Fimg "
2- di oxQbhdiadN freahdd db"y Arad et tidndtveith faflieax® AW Aol rak4 B dnd; Miliehi4 ut ed

2, 4-di oxobutanoi ¢ acid, a pyrazine-2,6-dione or a substituted
pyrazi e ving- Bavines, suchhagotdvingsi M @s, even morg dradsaed emdofdnenty said disease

N- hydroxym.de. In ticular, the conpound.accordi 0 re .

| nvent FERHE st b s SR O e PR Pt 4 Foloh Sl @3ffine of
For mul gpfludn?a AR InfRSRALE vitubInALESANT virly, eidst prefErablyildfAtera Anirudody

di rected agai nst the endonucl ease domain of the PA sublUnit. lLh a preferred

enbodi ment , Foanirdating, ametigrating. o mrovesting said slissasrcqandiong shamgdisgmetcddht t i on

by SEOPFHERON oy @ RMapRRIRE o Afinld) Gaflbt BP9, AR sBead ®)
( SEQ | Brd¥eabh0d hurhan patidh, ¢BER BudchG, stblingBlly} mt:dBadaBiFQyia PuN@ondr routzd0 t o

110 (SEQ ID NG 13),. 107 to 112 (SEQ ID NGO 20), 115 to 125 g_SEQID j

14), 128ch @s1l lwleétgomvmre%l) roufesy qropargeteraliro fpH exgnples yntragierngsallyy 145
(SEQ I of. the am] | e or | EQahP NRtral-
Prefer E Wegé\@ly’anl{l %‘%gﬁg‘%@gogﬂ eer;iﬁ{]ﬁglrl‘%mﬁga@g%a&l hciernﬁajlgﬁr\l(%YKa( gEQ IrI% NO
20) . | nr@afalliyclntastermatly d istrdcrdndadly, Sipeeinisadardy &i sdscutancanslgpitieypsay be
conpri sing one ar re of abgve indicated am no acids, which define the

active administered RyHntusiomraeedielenineehign ehnINES-has it s art recogni zed
ma@?' ng and eef)ﬂéﬂ)l%éﬁtircglf @51%85§ti§ﬁsr 8F GheSor&ent ihRnéBn Tk Bedfdrhilated in
to 1 S5to 15 or 7 to 14

preferably , am no acids. Accordingly, preferred
epi t opearihayeaps welhgbhdwofo dnet af skil] ingthe ert B8d ap dedceibadhov®.t 0 15, or 7 to 14

am no aci ds _and .conpri se .one or.note 0 1.08, .1lel 20,. Lys] 34 i s

G uBo, "G ul 116, PR BeeuRg ARt & PR gn i pSE® SR o LR dPe seq
I D NO (ReiratfIh€ O 5ubiViBed FHibESHO M5 caithiting ahstopliate Thigantifits EdYe adctivbe
present invention nmay be a nonocl onal or polyclonal antibody or portions

t her eofcomionenfe Thpiundli depage foinp san hgya Packnged urerfraion: dbe PRTkAgAtCONRANING
tsg%@nggﬁ%z?t%ﬁ%itﬁgﬁﬁgg%%g%tﬁéi %%c%rgscp%lck&leg RES, c%fpsﬁlgé, e p%WdieROlﬂi ifls orN
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 present invention may be varied or adjusted from about 1 mg to about 1000 mg per m?,
25  preferably about 5 mg to about 150 mg/m? according to the particular application and the
potency of the active component.
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
30 mg/kg being most preferred. The dosages, however, may be varied depending upon the
requirements of the 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
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portions include Fab, Fab', F(ab')2, Fd, Fv, dAb, and conpl enentarity
determ ning region (CDR) fragnents, single-chain antibodies (scFv),

chi meri c wotiiwed@® such ashumani zed anti bodi es, di abodiPE€S/EP2a0E/009161

pol ypeptides that contain at |east a portion of an antibody that is

suf fi Cg‘r:c% 4fts Sonf e §]t51ﬁﬁh1fn' Sf@tundeN cRERititel @s tdRhED| Bdregnvesience) ehe
ant i body or? t?’ue present 1nvention is generated according to standard

pr ot oc adtsl. dafgrdosagenpaebe dividsidyand adminisisrddoo pprtinng doeing dhredays dlepiyed.

i mruni zi ng an ani mal such as nouse, rat, rabbit, goat, sheep, pig, cattle,
or horse with the antigen of interest optionally in conbination with an
adj uvant such as Freund' s conplete or inconplete adjuvant, RIBlI (nuranyl
di pzptides), or | SCOM (i nmmunostinul ati ng conpl exes) according to standard
met hods wel |l known to the person sEXﬁ@égLEﬁ the art. The pol ycl ona
antiserumdirected agai nst the endonucl ease domain of PA or fragnents

t hereof is abtaiaetbléy ere désigredi imabdrdoy tdfewlkirniflustrats abe ipfdsentnipvemiéon and

i muni zed animal. The serum (j) may be used as it,is ohtained from

ani mal SeTVEi 3 bgtier wdsryending ﬂ\eyr AEC PP rs?ﬁyc%lét%%’t af higyytipg otﬁ? ﬁﬁ@p%@?ﬂﬁ? or
(Thh) ¢ [ j specific for the endonucl ease domain of PA or
frggne%%nﬁﬁlg;@%w% be purified fromthe serum Monocl onal antibodi es may
be generated by nethods well known to the person skilled in the art. In
brief, the ani s sacrificed after imrunization and | ynph node and/ or
spl eni @2 O e ' XdMet t al i zed by any means known in the art. Methods of
inmortal i zi poy fgdrl Sedidifes Ul po Rt thar fniet adid RedRficé Qet ForBiNSd SEQ MD N Wi t h

oncogenes, infecting themwth an oncogenic virus and cultivating_ them
under ¢ARdictdriary 19 HafHEND)e ovas fwpressedon Farols anf pwifies bysafibiniy apd gek Rlémtion

carcinogeni ¢ or nutati.ng conpqunds, . f usi t h ! i i [,
SEI T R e S e O
| mor t %Eia?@‘éEﬁ@ésbﬁ cBhE, S00EeNed BRchén! BS7:PF9-298h0Mhe | ddssudkanaiattidty svas
fragment fhereof. Cells that produce antibodi es directed agai nst the PA

endonudéstessey therbationoit 33°€ ofdAarY RAdYteowithd OgtM ofyarip . subshatey) Al ed,

cl oned, d rther. scr edh. for e r t HCSypk { bust
ar ont ARGl GTESS B B QAT R PR AR SEEROLE Coaplpfl O
Hybri ldQﬂﬂﬁiﬁh@PAbﬁj’&X@_@mﬂﬂtcmlﬂﬂ@G@Ugdmg-Sigd@é@_em Nri &) Saitq( ki pl.j 2008,
animals that |ack an i mmune system e.qg., nude mce, or (iii) in ce

cuPPur Naturey434:823-R8Dn (Pé@h@ldleg &I\é‘ét@h@j,&éP cﬂ% iHg ,nu%lﬁ?f“gf péﬁ"b‘fi{ﬁ‘g et gy # %904@5
are wel { rqj i L% bl on
oy 1o YBPEI AR TR, ShoR G RRIY of 1 e o e bR

Har | ow aad 5’ lemde wifhds shorCinklerSpnd wiycidar binglel sitaoded DNA PVESsp18b (kker®enian)y

Har bor, New Yor 1990), which js incorporate erein by reference Qr.
suppor ftcrryét@Qr @fﬁgﬁ@g deradh 6‘?§Og‘¥t1°§n‘f"Frl§o%1§%‘§? _ Iaﬂ ZQ _n% ﬁ%’ efhehangme grtoﬁemﬁﬁfhgg ent
i nventiQpJ £hAias sbfitfoll 380 Mg/mI GRPDGHRATHS @RE 8.0! 260 M NaCl, and 2.5 mM

25 MnCl, and a reservoir composition of 1.2 M Li;SO4, 100 mM MES pH 6.0, 10 mM

magnesium acetate and 3% ethylene glycol. Diffraction data were collected on beamlines
ID14-4 and ID23-1 at the European Synchrotron Radiation Facility (ESRF). The structure
was solved by the single-wavelength anomalous dispersion (SAD) method using a gadolinium
chloride soaked crystal. Nine sites were found by SHELXD (Schneider and Sheldrick, 2002,
30 Acta Crastallogr. D. Biol. Crystallogr. 58:1772-1779) and refined with SHARP (de La
Fortelle et al., 1997, Methods in Enzymology 276:472-494). After three-fold NCS averaging
with RESOLVE (Terwilliger, 2002, Acta Crystallogr. D. Biol. Crystallogr. 58:2213-2215) an
interpretable map was obtained and much of the model could be built with ARP/WARP
(Perrakis et al., 1999, Nat. Struct. Biol. 6:458-463). Additionally, data were measured on a
35 native crystal at the manganese K edge (X-ray wavelength 1.89 A) to reveal the location and

identity of bound manganese ions through anomalous difference Fourier synthesis. There are
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by the above-described nethods that is able to bind to the

endonucl eol ytically active site of the PA subunit pol ypeptide fragnment or
vari ant twenewfs@nd/ or is able to nodul ate, preferablyPd@@Pe@s®0Ilnbr e
preferably inhibit the endonucleolytic activity of the PA subunit

pol ypept .86, it RUIEALHhO hspthb @t udin&Refd Al BeaRhar The ekithiCidh s&QERAS st b3
descri E&Jg %Bove or theS anti bodycl)f t he present I nvention for the

manuf acdefingd of malevel Aaffbntcrysmilogra@atq stefistieard suramariged by Tphlevetnd mgre

di sease, c ndlt s. caused b ions with negative-sense single
strandddt |$E§8§€%‘Fxﬂeﬁ‘5¥®gﬁln%lax9m8 %‘:{O%rryxow ridae. In a preferred
enbodi nent, said di sease conditions are caused by viral infections with

| nfl uenza A virus, Influenza B virus, Influenza C virus, |savirus, or
Thofot (T\ablrmb Datmcwecnmeandrmf@lemeef%wsél@s efPddVeent, said di sease condition

| S caysed—by—=an—+nfection W—F‘r{ﬂﬁmwma setectedTbates 7€ group
consi §ti ng of Influenza Alvirus, In g uenz bk ¥idd!s, | nfl danrsivhtive r us, [most
pref er cﬁgtgcbmétwmd AVviTuS. For treati ng, ame orating, or preventing
said 'ESihiife (ESRE} | 0TS t t'DLfE_(AI cament of |[52‘351 present T nygfyyon can be
adm nirs §ve‘fé1 ltHJ(@u antrred %-’§IIL pl efe a}Lg% aTTermTet dl1 db%[ e,

pr ef errgb Hre—pattenty—oratHy; uut,\,al f Y subtrnguat ntramasatty,
viap %ﬁglg(lo out es such .:Fq432\1/ inhalatio 43242 rectal r/?\‘l'rﬁ or

par ent| &edlldipengions exanpl e.| intracaver noséJ ly, intravenously,

i ntra-areebial¥)y, intraper|li@7ohdil1,\302i 9t | &7 Pe6A9) $00.8nt | 5Y & BV 8 30QA| v
i ntradr ethg,al °y i ntrast er (80.§,,90.H130L r ahid9QI0, 9.0 B@.PanusOAI0arP§.24090.0
subcut{ Rezelgiby (Ax hey nmay Hes0a2I061(2.96€r ed | 39-2.60 (256-817)r | 306U €.626)*

i nj ectli on techni ques. The jgh#®)aceuti cal |conpositions of the present

i nventligp,may be fornul at €d).056 EIQUS WaPD555DI48known 1 0.G58(0cH398Ki [ | j n
t he arltjygnd as described dbve(2.2he phar aesuRisyal preparats @m)i s
pr ef er@dpipltRnE8 Bp)005age [fggNgd H SUCh 1 oebm b®) Prepar aig7 @y98®H)Subdi vi ded

into UTRdd ﬂ8§ﬁ‘(§/ contai ni nq ApP(HeE) at € qUaHg B4y Of t ne 3a8d (3ves)conponent .
The urt—dosage formcam ge a packaged prepar ation, the[package contai nj ng

di scr etpefH&REAtt Tes of pr pdrd[lOﬂ suchfas packeted tabptets, capsules,| and

powder f or—anpout thre—ynmit—dosage formmcanm be a capsuyl e,
t abl et ,:RéchI Y'bﬁ,(k)or Iozenge%zlohfsb(gogr it [can be the apprfopriate nunber pf

any of T & T hRRG a/g:e% f‘éd}ﬁsm 7Equouulty of —actTve cynpoment 1T a unj t

dose pgrg tHOomn—adm st "§917 (b.27E USe of —the—present IIIVEIILIUII ey b
vari ed S off-a O&BGQL DO abotut—1060 Ty per et eferabty
about P ou.”.,UI Hg—tro—thepartiecutar—apptHecation—and
t he pqgted R AR actve cEzr.mcnent Thereorpounds—enptoyed—+n—the—rediral
use of_t—IEé ventiopnare st ered—attan—+ntt+al—desage—oef—about—0-0
my/ kg Loﬂéﬂﬁ‘/*“'mﬁt @n“alﬂszfé/ dai-ty dgse range—of —about—0-05

Average B-factors {A%)

All atoms 45.8
Chains A, B, D 41.5,40.0,57.0
R.m.s. deviations

Bond lengths (A) 0.014

Bond angles (°) 1.363
Ramachandran Plot**

Favoured (%) 98.1

Allowed (%) 99.8

Example 1: Cloning, Expression and Purification
The DNA coding for PA residues 1-209 of the amino acid sequence set forth in SEQ
ID NO: 2 (A/Victoria/3/1975 (H3N2)) was cloned into a pET-M11 expression vector (EMBL)
10  between the Ncol and Xhol sites. A polypeptide linker having the amino acid sequence
GMGSGMA (SEQ ID NO: 19) was engineered after the tobacco etch virus (TEV) cleavage

site to obtain a 100% cleavage by TEV protease. This vector was used to transform the

BL21(DE3)-RIL-CodonPlus E. coli strain (Stratagene). The protein was expressed in LB
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ng/ kg to about 2 ng/kg is preferred, with a daily dose range of about O0.05
ng/ kg to about 1 ng/ kg being nost preferred. The dosages, however, may be
vari ed dewendiomgoapon the requirenments of the patient, wrhe/EPewenidlgl of the
condition being treated, and the conpound bei ng enpl oyed. Determ nation of
the pr Weds Hiof BoPMUidrGHE@tion!l WHRLD. PRnNSis¥bioBy P iliBgakitbpyrhosidie

practiti g?\“én?. n%ra ly, treét ment1 is initiat edw%t Eys?ml I %r dog};ages, whi ch

are | egPAG)aiih¢ pwtcipiwanporified by ah immebilinep owetal . affihigy eclimar(IMAKS. dcseqd | s
i ncr eased mal | i ncr emen ntil the optinume der cjrc t ance
isr eai . gﬁggrwaééﬁéﬁ?‘gﬁéégr Ulﬁ%‘l’atht‘lé1ngo£#'ff%7ta§%%cgg§§’tn%ry9pe8§e’55 f\%?‘ﬁe:({o}g%\ﬁaf >
adm ni $fiesefh da PRSI0 HIMA (GRS caref. FiRsly, 8. prE¥RhESntBRI @ TD! es

are designed I1n order to further illustrate the present invention and serve
a bgtt értoufdeg/stlandi ng. They are not to be construed as liniting the scope
of the invention in any way. Summary of the Exanples PA-Nter, residues
1-209 of the am no acid sequence set forth in SEQID NO 2

(A Vi ctilghinde3?: FhonhdisiN)Assiyas expressed in E. coli and purified by
affinifty andl?el fiTtrati on chromat ography. The influence of netal iaqns on

t her mal = st adll ribgnuedgic peidtsulbistrates fsrargpnurdgase 85Mys Wers peiasd byt ingyitro bhoe,

Anal . Biochem 357;289-298).. clie actiMht¥: . b
i ncuba?ﬁaBﬁcrg)ttwﬁ?aé %ﬁsc%d ew&-ﬁﬁﬁe&}%g?# %08@1%?’0?' Meél)lrl'i %ﬁ)\é\/a% g%%gg%)f tht“éos:
Al yo RNAicthdd RWALidréagedf AUBRNY U1 dOmMmicteoditle cotprisings thei 4158 ENANf C.

al bi cans tRNA Asn, U-rich RNA (5! - GGCCAUCCUGY 7CCCU 1 1@,1 1%;%' . SE D
NC 18 Pysedocensehordhoshii zogm] regenitionseprtiels dS55 RN Aafmanblishe n%tﬁwm of
8 1 nu%&%dadﬁgicgﬁm&f‘seEorﬁbosedgo??ﬁ ’nuglme%'(u%ﬁ% ) ?sﬁ&l’ %ﬁl%ﬁﬁct).?j\b@ 'é_fsoﬁl@écﬁNA

of 36 nucl eoti1 des conprising jus e conserve an -ends wth a
short la nkefdinearich ci wstiuatural NgREAst rafhded Divic{edtidespl 8)U-(iEer nBMNAgS) .5°-

0o mEGEa AN G GUioT SisHch T VB T80 RSl s atre 1541358 "
}885 msggga%d &%@@Wﬁéﬁﬁ%@m& £SRIKALENE ATPREY LdrPmiORNA Zedthddt 3504,

mM nmagnesi um acet ate and 3% et hyl ene gl ycol .
Di f f r acitpanhamiti¢ RNxe (gh-BdIA )arft8d chusteotiden(Bavdin ¢4 1994 MBO2B-18: 358t Hé€5)

Eur opean .Synchrotro i ation Facili SRF) . Th tructure was. solyed b

Ehe. o At VOB Rt A S s PRRA 3F iy oo RA SRR HBC R0 AT oy

chl ori dgnsReked’ -Chub bakndsNVtE $ishes Inke (hspibisied Shiltil)) ( Pabradeaiclase

Shel dri ck, 2002, Acta Crastal I(glﬁjr D. Biol. Crystallogr. 58:1772-1779) and
qr

r ef i nedictivithwaHARP tsthd usingrovitallarsingle granded BIVA (MiBawd8) (Fermpnigiol ogy
2796472_ 494)RNIQf El%arlvatgtc1 §& ];)grlfgm%%sb?vlg&?&'uﬂg 13 uM PA-Nter with various RNA

substrates (all at 10 pM) at 37°C in a final volume of 50 pL. The reaction buffer was 20 mM

Tris-HCI pH 8, 100 mM NaCl, 10 mM B-mercaptoethanol, and 1 mM metal salts. Incubations
were stopped by addition of EGTA at a final concentration of 20 mM. The reaction products
were loaded on 8 M urea polyacrylamide gels (8% or 15%) and stained with methylene blue.
25  The effect of divalent cations on the RNAse activity of PA-Nter was tested at pH 8 (with B-
mercaptoethanol) and pH 7 (without B-mercaptoethanol) by incubating ph-RNA with PA-Nter
in the presence of different metal salts: MnCl,, CaCly, MgCl,, ZnCl, (or NiCl, at pH 7) and
CoCl,. For DNA cleavage, circular single stranded M13mp18 DNA was used. In the 10 pL
reaction volume (same buffer as for RNA), 100 ng/uL of purified plasmid M13mp18 was
30 incubated for 60 minutes in the presence of PA-Nter and 1 mM MnCl,. The reaction products
were loaded on a 0.8% agarose gel and stained with ethidium bromide. For endonuclease
inhibition by 2,4-Dioxo-4-phenylbutanoic acid (DPBA), PA-Nter and ph-RNA or single
stranded M13mp18 DNA were incubated in the presence of 1 mM MnCl, and increasing

concentrations of DPBA. Because DPBA is poorly soluble in water, a stock solution of
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with RESOLVE (Terwilliger, 2002, Acta Crystallogr. D. Biol. Crystallogr.
58:2213-2215) an interpretable map was obtai ned and much of the nodel could
be built WOh10ARRMWARP (Perrakis et al., 1999, Nat. Str ®RCT/EPBI09I009161

6: 458-463). Additionally, data were neasured on a native crystal at the
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Example 3: Thermal Shift Assay
Thermal shift assays were performed with 10 uM of PA-Nter in 20 mM Tris-HC] pH
7.0 or 8.0, 100 mM NaCl and a 5X dilution of SYPRO Orange dye (Invitrogen) as described
25  (Ericsson et al., 2006, Anal. Biochem. 357:289-298). The dye was excited at 490 nm and the

emission light was recorded at 575 nm while the temperature was increased by increments of
1°C per minute from 25 to 75°C. Control assays were carried out in the absence of protein or
dye to check that no fluorescence signal was recorded.
The thermal shift assay was performed to investigate the thermal stability of PA-Nter
30 in presence and absence of divalent cations. The experiments revealed a significant increase
in thermal stability (apparent melting temperature shifts from 44°C to 57°C) upon addition of
manganese ions and to a lesser extent upon addition of calcium and magnesium ions (Figures
1 and 2).Titrating the compound 2,4-dioxo-4-phenylbutanoic acid, a known inhibitor of

influenza endonuclease, to manganese bound PA-Nter increases the thermal stability even
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activity was also tested using a circular single stranded DNA ( ML3npl 8)
(Fernmentas). RNA cl eavage was performed by incubating 13 mM PA-Nter with
vari ous RMA2swmsbeoates (all at 10 mV) at 37C in a final peolmro®oodo1sD ni.
The reaction buffer was 20 mM Tris-HC pH 8, 100 mM NaCl, 10 niM
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wer e | datdbidordras 8o Mffactem mpetal free yhzama@atpenas Sb@%lbr 15% and stained with
met hyl ene bl ue. The effect of divalent cations on the RNAse activity of
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b- ”ErC%ﬁ_ﬂéﬂﬁ%U\btlkﬁﬁpﬁ%lﬁ&&nggﬁ{%ew@mﬁgNter in the presence of
different neta r NiCl2 at 7) and
CoCh2. For DAl éi&/algetra werecuk:candeém@ bnﬁ\imﬁd@dg&mﬂﬁf@ ODNAI medel | n

ol asmi d et rRt E4perd it incheP ShOpAr sPhoshRfitd °2

1M MGhag. 10THRI e B N MTrRCIQCH S 8WE 6 thRABRC] o i SreSéiica@arabsehcg of 1amiil
stai ned with ethidiumbrom de. For endonucl ease inhibition b

2, 4- deé@Ch Meamyasisive pllinticityovas qatymipagd using tecpurabgy qfﬁcWSdiéAsNﬁFgH% 209
t
e R o ST

a gpockyerelrdtdraed dioab 200 tBPEA was and eparaged ioveb@ighetdoasmutivhatansa).§ umi her

diluted so that only 1 nL of DPBA solution had to, be added to each reaction
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i n ethanol dyd @%({tﬁﬁ?n&?ecrt hgf apggéeéalﬁltgﬁﬁ% df&ﬂ%?@tw eiBdidafa agdidp on

of the same concentration of al fect on nucl ease

acti vi tspedtrtoshaewealedUs IS@lf&apa[ﬁclraiSé yin dtetivalt ecoméaht §estimagbd BN P tresidudsd be
denonstrated that PA-Nter,has infrinsic RNase activity that is dival ent
cat i on WpepaAditinn of kimMMns)(Figsshd) stent with the results on RNPs (Doan et
al 45 1999, Biochemistry 38:5612-5619, strong activity was observed at pH 8
W|t manganese and weaker activity with nmagnesiumions. At pH 7, the
PA-MerEmﬂwLHimﬁpmmmmyobserved with cobalt (Fi gure 6).

After 40 m ute cupati on h| str .
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conpl etely de raded, gwestl ng that the enzyne is singlestrand specific
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2, 4- di ox®nfM MnCl,. The reservoir composmon was 100 mM MES pH 6.0, 1.2 M Li,SO4, 10 mM

magnesium acetate, 3% ethylene glycol after refinement of the crystallisation condition.

Crystals appeared after 1-2 weeks and were typically of a volume of 50x50x15 pm’.
Crystals were frozen in liquid nitrogen in the presence of 22% ethylene glycol for
25  cryoprotection. Diffraction data were collected at 100 K on beamlines ID14-4 and ID23-1 at
the European Synchrotron Radiation Facility (ESRF) and all data were integrated and scaled
in the space group P432;2 using the XDS suite (Kabsch, 1993, J. Appl. Cryst. 26:795-800).
The best native data were collected to 2.05 A resolution at a wavelength of 0.976 A, after
soaking with additional 10 mM MnCl, for 2 minutes. Additionally, data was measured on
30 native crystals at a wavelength of 1.89 A (close to the manganese K edge) to reveal the
location and identity of any bound manganese ions. The structure was solved with a highly
redundant data set to 2.5 A resolution collected at a wavelength of 1.008 A from a crystal
soaked for 6 h in mother liquor containing 5 mM GdCl;. Three initial Gd sites were located
on the basis of their anomalous differences using SHELXD (Schneider and Sheldrick, 2002,
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phenyl but anoi c acid, a known inhibitor of influenza endonucl ease (Figure
9). The K for this conmpound is estimated at 26 mM in excellent agreenent
wi th the wa201vesp@dt ed for the sane conpound i nhi biti ngPCr&Re@g®owbl capped
RNA by the intact influenza virus polynerase (Tomassini et al., 1994,
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Wavel engt h scans were recor from 200 to 260 run and averaged over eight
consec ARR/avARR (Rertaliisetrah, il P29, S¥asnStruct. Biol e&Ad%rd63) resHHNS ih ARUE SORRIFISO
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20  structure, the final R-factor (R-free) is 0.233 (0.291). According to MOLPROBITY (Lovell et
al., 2003, Proteins 50:437-450), 97.5%, 99.8% are respectively in the favoured and allowed
region of the Ramachandran plot. The crystallographic details are summarized in Table 1.
There are three molecules in the asymmetric unit denoted A, B, and D. The metal ion
structure is best defined in molecule A. Different molecules have regions 69-74 and 134-143
25 more or less well ordered. 6 residues of the N-terminal tag and residues 204-209 are not
visible. Molecule D is the least well ordered overall (Table 1). In the described structure the
crystal contact between two of the molecules (B and D) exhibits multiple conformations
perhaps accounting for the relatively high R-factor of the native data for the resolution.
Structure figures were drawn with PyMOL (DeLano, 2002, available online at
30  http://www.pymol.sourceforge.net). The sequence alignment in Figure 11 was drawn with
ESPript (http:/espript.ibcp.fi/ESPript/cgi-bin/ESPript.cgi) (Gouet et al., 1999, Bioinformatics
15:305-308). The electrostatic surface (Figure 13) was calculated using DelPhi (Rocchia et
al., 2002, J. Comput. Chem. 23:128-137). Structural similarity searches were performed with
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(6 nmy/m) with 100 nL of well solution using a Cartesian robot.
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set to 2.05 A were_ then put Into
implicated in stabilizing the attackmg hydroxide nucleophile during catalysis. Thus PA-Nter

is a new member of the PD-(D/E)XK nuclease superfamily which encompasses a diversity of
enzymes involved in various aspects of DNA metabolism. In PA-Nter, the characteristic motif

25  occurs at 107-PDLYDYK (SEQ ID NO: 20), although the separation between the two acidic
residues is unusually short and the putative catalytically important lysine (Lys134) has
‘migrated’ to an alternative position, as in some other members of the superfamily. Within
this family, PA-Nter is unusual in that it is biologically functional as an RNase and has a
histidine in the active site.

30 To confirm that the conserved acidic residues of PA-Nter are metal binding residues
we calculated an anomalous difference map using data collected at the manganese K
absorption edge. Two manganese ions were identified in each active site as adjacent
anomalous peaks separated by about 3.8 A (Figure 15, left panel). The stronger peak (Mnl) is
co-ordinated by Glu80, Asp108 and two water molecules; the weaker site (Mn2) by His41,

55



ARP/ WARP (Perrakis et al., 1999, Nat. Struct. Biol. 6:458-463) resulting in
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influenza viruses, co-ordinate two manganese ions in a configuration consistent with a two-
metal dependent reaction mechanism as proposed for many nucleases (Figure 15, left panel).
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resol vases and type Il restriction enzynmes. The notif includes
catalytically inportant divalent netal ion binding acidic residues Asp33
and d ud4ewof20tymsoeepon whi ch Aspl B and A ul | 9 of PA- NPET/EP2@e0DH61
superpose. Structural alignnment of PA-Nter with type Il restriction
endonucl eases such as BanmH or EcoRVHjgyeals a simlar superposition of
active site elenents (Figure 14, right panel). Catalytically inportant

G u45, Asp74, Asp90 and Lys92 of EcoRV align with H s41, Aspl08, dul 19
and Lysl 34 of PA-Nter, respectively, although the si nes are _positioned
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supér f aobunit istironn a oo hylassieg tatheti Qehenyyovifidaerfamilgs i nvol ved in vari ous
aspects of DNA netabolism In PA-Nter, the characteristic notif occurs at
107- PDLYDYK (SEQ I D NO 20), although the separation between the two acidic
residues is HRUsHAldoYds habheRst ddif PUUBLE ¥ofidial ytically inportant |lysine
(Lysl 34) has 'migrated’ to an alternative position, as in sone ot her
menbers of the superfamly. Wthin this famly, PA-Nter is unusual in that
it is hjiologjcal ly funct.ional an e and. has a..hi.stidine in the active
Site. o contanamanas hestim R Cora Al Siudigiien ner are metal

bi ngdi ng resi dues we cal cul ated an anomal ous difference map using data

coll ected at_the manganese K absorption edge. Two nanganese ions were

i denti f4 ed iTheeppdypeptide {regmienteofpdaing} abéakt is snistatlizeble ysitga préginsakugian oy

about 3. I, QUL 5 ] )r+anT. r i .

co- or di%ng)tﬁ%%géuﬁgé,mk{sﬁd%? gﬁdd lto\goﬁ\%[/a e"lrrc(f %ﬁe?‘cgl%ggl; ‘(/M(?ég \a/l\lll/e(g er eIt
(M2) Bylutios 4bnAstiiO8E 1.GMILiLSG,, a0d niNEMES SIA6Y0, 10X1Ye haghedili|adbtate] Aad
cited residues are absolutely conserved in all influenza virus PA sequences
(except3% gthylgee ghwolihi ch is conservati vel y substituted) (Figure 11). The
twgsnetal sites correspond closely with those observed in restriction
enzynmes such as EcoRW (Figure 15, right panel). Hi s4l1 (positioned as d u45
i n EcoBW f rTim pudypeptid8 fragnmledt dfeanymperdfaidims i to dnfvdereim therfvh gamesteis from
speci ficjty, since nesi ym and cal ci bind | ess readily to histidine.
I\/anganégéu ﬁ§i=%g°5 ‘81T‘§4’I ‘%ﬁ&a@%%?eé tting stabilization of helix a3
coul d account for the additional helical content (estimted as 8-9

resi dues) detected upon incubating PA-Nter with nmanganese (Figure 3). In

t he cryst al , Thehpolypepdids dragment @if may emhebyf thinB9l o Spmdieten pheofimann tedinacdnt

Lecule. S it f DNA | f PA: Nt h
ChaD"t e nEGoRBRsnU Mok 150 EmEE Tt brds T 86RS, 725 SRuRP of thF ofar "t he
sci ssi g&p?ﬂﬁﬁpﬁlﬂkep(ﬂyﬁéﬁsé Bt Bifuend/ A virlBYSEQUD MOF Pt ure mimics a substrate
or product conpl ex.

7. The polypeptide fragment of any one of claims 1 to 6, wherein said polypeptide

fragment is purified to an extent to be suitable for crystallization.

25
8. The polypeptide fragment of any one of claims 1 to 7 to which two divalent cations
are bound, wherein the divalent cation is preferably manganese.
9. The polypeptide fragment of any of claims 1 to 8, wherein

30 @) the N-terminus is identical to or corresponds to amino acid position 1 and the

C-terminus is identical to or corresponds to an amino acid at a position selected from
positions 196 to 209 of the amino acid sequence of the PA subunit according to SEQ
ID NO: 2,
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Qur structural and biochem cal results conbined with previous observations
on the trinmeric polynerase provide conpelling evidence that PA-Nter is the
endonucl| eseeotidimbeoal eaves host nmMRNAs during cap-snat chi mgI/HPR009916he
domain has intrinsic RNA and DNA endonucl ease activity which is
preferentiall:y acft]j\e : . { RANGRinW to
reported f ordthe?lE/él Tﬁg&%g&s’ ‘{%@‘3‘3‘5}2%&"? HSS]%c ﬁg(l,iéjt hi sm\gﬂc%cimv{9 ﬁ&?ﬁs’@iaﬁﬁ?%? ted
by a conpour@tesmiws if ddeintiballib tor icofrkspends tceadamnus &ad et apbsitipn yeledted fom

nearly identical K (Figur . Third,. the domai.n cgntains, a structur

moti f - char aPP&fiPRE 19 B 295;‘819&’5@&?‘9? agid ssARense Oﬁrglﬂﬁ gﬁ‘ds Uit pecosding 10 1SEQ s
includi ng typenbl 46pdonucl eases. The active site features a cluster of
three acidic residues (A u80, AsplO and Gul 19) and a putative catalytic

| ysbne (Lysl(BY)) @Hiequin dlse Watetnninii$)s. identival kg ot basespendsdtioanmiss iadidepnsitiangket her
wi th His41, are alé absol utely conserved in i n# yenza Vi ruses, co-or.gi nat e
two mangane<89; R Ctsmanyso s 1d5RNCAl i 180T SALTEPRTR QAP AHinD i 13412 BRBERY ent
reaction meGhRBled @ pUsARAS 9T8! @ 18RBY i amars 88id (JelGétce dfSthe! A tsubunit
panel).Clains 1. A polypeptide fragnment conprising an am no-term nal
fragment of acerdmg te SEGHIR N§X: 6a viral RNA-dependent RNA pol yner ase
possessi endopucl eas ct.i.vi erein said PA subunit is froma virus
bel ongiaﬁg flrdargﬁgje@o ’h%ﬁflsﬁ}?lpit%%%n %chﬁeﬁlls.e af_%v ie pol ypepti de fragnent of
clapm 1, which is soluble. 3. The pol ypeptide fragnment of claim1l1 or 2,

which is crystallizable. 4. The polypeptide fragnment of claim3 which is
cryst all0i zabThe nedypegtide Fresmentriasy fneeh clpms 1itg S1whigh cansisty odaming agidss] pH

8.0, 1 . T r MO A Sel Ut Q- St of
0 B0 A8 SPh i els TR Sy SE0TP N8 Ul SRS b
gl ycol .termindlnmkpohasrngpthc denihs agdBajuente GMNGEOGMASEQADMNOL 19pant whithrhas n
the PA subunit is_from | nfluenza A B, or ‘%vi r,usF,or i, a variant thereof.
6. The thostyysage dgingd bipths sirughresaprdipaieyps tomig Figyrs 18.  wherein the ani no
terngi nal fragment corresponds to at least anmino acids 1 to 196 of the PA
subunit of the RNAdependent RNA pol ynerase of Influenza A virus (SEQ I D NO
2). 7. 1The phieypalypémelef fragmemtofodnyaone ofielanhs dl ti 48, Whemwirt saidiyelgpeptidai d
pol ypeptide fragnent is purified to an ex t.to be. sujtable.for o
ry et allfaeREnt B B SrySEHEIG) R FRAce B ERe 1oAYt SRl dBPeR U Al =057 1o
whi ch tgw Higvehiant =3ahioghs +ay £nfound, wherein the divalent cation is
preferably manganese. 9. The pol ypeptide fragnent of any of clains 1 to 8,
wher ei n

20 12. The polypeptide fragment of claim 10 or 11, wherein the crystal diffracts X-rays to a

resolution of 2.5 A or higher, preferably 2.1 A or higher.

13. An isolated polynucleotide coding for an isolated polypeptide of any one of claims 1
to 12.

25
14. A recombinant vector comprising said isolated polynucleotide of claim 13.
15. A recombinant host cell comprising said isolated polynucleotide of claim 13 or said
recombinant vector of claim 14.

30

16. A method for identifying compounds which modulate the endonuclease activity of the
PA subunit of a viral RNA-dependent RNA polymerase from the Orthomyxoviridae family,

comprising the steps of
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(i) the Nterminus is identical to or corresponds to amno acid position 1
and the C-termnus is identical to or corresponds to an amno acid at a
posi ti on WOl2ewkweeodr om posi tions 196 to 209 of the am n®CadPrdowoience of
t he PA subunit according to SEQID NO 2,(ii) the NNtermnus is identical

to or g@rcroﬁ&mﬁgg alcBnfite? el 8f e ktivO8iteldedndd bY ehCsthREdFt RUSrdiftdsdThd cal
to or rrespon to an amno acid at a position selected from positions

195 t o palpeptidet fremnzmit ndclaon d 096 gaewe & bigutenk8; PA subunit according to SEQ I D
NO 4, or (i).wherein the Ntermnus is i,dentical,to o rr.es ds to
i o’ 481 ablkding: Fopotgntgl bRl it 6] 4 ifnad ested BERP AR 1o

an am pEnading At a position selected frompositions 178 to 189 of the am no
acid sequence of the PA subunit according to SEQ 1D NO 6, and variants
t hefeof , whi(ig lassemtbding mdlecudardtapmeanésaisito sged Partnpgund1 0. The pol ypepti de

f t of f clains.1 t i ch i,sts of, am ids 1 to 209

A TR A et e R G R

ani not er m ngjii) ik RE RS ligad dedighhtf saidi dehpaahd, sequence GMGSGVA (SEQ I D NO 19)

and which has the structure defined by the structure coordjnates as shown

L\R Fi glﬁ¢)€en_]}§9}’1!l!|& pomn?t_apgna}p@%ﬁnis deperferghe rﬁt“m&ﬁ; PIRAIATY ARerafo P%IW?%H gomputep,
erein s | . . 2 u

4521 2 el I T ChinREud SRRE b 3R GO b B AAELIEAgPRRREES ]

nm 0 12 codfiguradry@Rrhé salé compgumbin thé activ siteléhdr 11, wherein the crystal
diffracts X-rays to a resolution of 2.5 A or higher, preferably 2.1 A or

hi gher (d1evalyaging sha wedis ofotaidhfiftingqnertionda iQH@mffgfrth%ﬁSSP%‘GP% gvsen ﬁf‘eﬁ‘t“?de
of any i : 3.0 ) j G, - b S| i

sl at Sopaftid She o adiledsitmol, \herGEPEABAMS e R RIS g
sai d i asdoataedwiiblthervatd saiviedieof claim 13 or said reconbi nant vector of
claim14. 16. A nethod for identifying conpounds whi ch nodul ate the
endonucl ease activity of the PA subunit of a viral RNA-dependent RNA

pohymengse frpMbdfod SHANKPVIE, daRrdiATsdid, aSREPTHiS! RBmbHSesS l/afiRo Ohéial
constructing a conputer nodel of the active site defined by the structure
coor di ratrepoodlinghte guoing peplisi Asp H08adled?Q, akd kysdBofGhad As lnehumit acchrdjug ¢o 18;
(b) selseé% hS'?sIOa 2Dot ential nodul ati ng conmpound by a nethod sel ected fromthe

group

18. The method of claim 17, wherein said active site further comprises amino acids
20  corresponding to amino acids His41, Glu80, and Glul19 of the PA subunit according to SEQ
ID NO: 2.

19. The method of claims 17 or 18, wherein said active site further comprises the amino
acids corresponding to amino acids Tyr24, Arg84, Leul06, Tyr130, Glul33, and Lys137 of
25  the PA subunit according to SEQ ID NO: 2.

20. The method of claim 16, wherein said active site is defined by the structure
coordinates of the PA subunit SEQ ID NO: 2 amino acids Aspl08, Ile120, and Lys134
according to Figure 18.

30
21. The method of claim 20, wherein said active site is further defined by the structure
coordinates of the PA subunit SEQ ID NO: 2 amino acids His41, Glu80, and Giul19
according to Figure 18.
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consisting of: (i) assenbling nolecular fragnents into said conmpound, (ii)
sel ecting a conpound froma small nol ecul e database, and (iii) de novo

| i gand de¥DgAL9aI d conpound; (c) enpl oyi ng conput at i BRAIEPAEANEI16D
performa fitting program operation between conputer nodels of the said

conpousq a.”%teh@eﬁlah & raghinée26 iok @ 11, Rtk élR sl aRifvRVdieisafir@Be definddl By The ed
configuration of the sald conpound in the active site; and (d) evaluating

t he resuhdtsreafoosdinates of thenBA cubusit ISEQ 110 NaAtanfigo apids dysHbiAnedonLodi0feen
the said ¢ u angd t active si nodel , whereby evaluating the ability
of sai éryélozﬁ)pngﬁ‘h@%t @‘gls)éggi?'élf%oré]ntgﬁoﬁeﬁ%urgigd active site. 17. The nethod of
claim 16, wherein said active site conprises am no acids corresponding to

am no acids Aspl 08, Ilel20, and Lysl 34 of the PA subunit according to SEQ
| D SO 22, 18CheThethodphddin21cwhenainithe agiies sterpfaal 4 suluniteolypentide fragment

conpri ses 1 no_aci ds _correspondin 0.an i | ul
To"br vaBeRReL R it cencabpg RREAN el 1 TR i it an g ABRAR L
or 18, 1¢es,eind 158134 edaid/ftive tske bBhbthabreabap2.59%es the ami no aci ds
corresponding to am no acids Tyr24, Arg84, LeulO Tyrl 30, Gul 33, and

Lysl 37 of the PA subunit according to SEQ ID NO 2. 20. The nethod of claim

16, wherein.said acti I q fie . oordi nates of the
PA subéréﬂ t "f‘iﬁﬁf{ﬁ)f’y%’y:%tcﬁ%@cl%ﬁé’ %C%Pgés}%q}e?%&%g%ﬁ I(_)ssl 34 according to
Fi ggre ééﬁ-syﬁﬁ}esi’ihg nidhosbnofouakiaiad 2 @ptivhalyei formalatingc saide compeund 6ur 4 her
defined by the structure coordi nates of the PA subunit SE Lfﬁ NO. 2 %ﬁﬂ no
aci ds mhammacedicaly, agesatabiey salt ghereeh MHtth nE oOTFIMTE PhaEMICEUtiGRly ASEIRRPISf

cl ai s ! aid active site is further defined by the
struct Sr%%pge(l})%(rg)é?nna gcéﬁj(i) (S?'he PA subunit SEQ ID NO 2 ami no acids Tyr24,

Arg84, Leul b, Tyrl 30, Gul 33, and Lysl 37 according to Figure 18. 23. The

nmet hod of claim 21, wherein the activ ite of a.PA subunit pol ypeptide
f r agmere: varTl}frFPethag OQCIP%E“I‘FBQW%H’&&E%?‘B@\W SEP8h from the backbone atons

of {khe i i ds | i ;. ; t
1 BoRfcfd 95 28RipBEnd HRd L3R pAPskpiide iddnRht SPd FCAIAMB Sid B2 6f sdi@
rmrg t r@n og. § A‘J.” 24. Tk’e met hod ofpany pléf clainms 16 I?_Io_ 23 conprising the
f ur t herreameipnaft host cell according to claim 15 and determine the ability of said compound to

modulate the endonuclease activity of said PA subunit polypeptide fragment.

26. A compound identifiable by the method of any one of claims 16 to 25, wherein said

20  compound is able to modulate the endonuclease activity of the PA subunit or variant thereof.

27. A compound identifiable by the method of claims 16 to 25, wherein said compound is
able to inhibit the endonuclease activity of the PA subunit polypeptide fragment of any one of
claims 1 to 12 or variant thereof.
25

28. A method for identifying compounds which modulate the endonuclease activity of the
PA subunit or polypeptide variants thereof, comprising the steps of (i) contacting said
polypeptide fragment of claims 1 to 12 or said recombinant host cell of claim 15 with a test
compound and (ii) analyzing the ability of said test compound to modulate the endonuclease

30  activity of said PA subunit polypeptide fragment.

29. The method of claim 28, wherein the ability of said test compound to inhibit the
endonuclease activity of said PA subunit polypeptide fragment is analyzed.
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(e) synthesizing said conmpound and optionally fornulating said conpound or
a pharmaceutically acceptable salt thereof with one or nore

phar maceWpPeQalWop9@8 cept abl e exci pi ent (s) and/ or carri er PEY/EP2®I/0THeL et hod
of claim24 conprising the further step of (f) contacting said conpound and
sai d p%IprepmedIﬁetfhgﬁlgf’faQﬁmOjg ]?érf&héhriﬁ ahigPihtdugpubitchg, ecombi nant host
cell according to claim 15 an etermne the ability of said conpound to
nodul at e the endonucl ease activity of said PA subunit polypeptide fragnent.

26. A cqonpoupd identifjable I he_ geth of any one of clains, 16 to :
wher oi 1 leh dl BofsatHe! SRKe Rl aRuCac PREEh GRu P SRBPARE 11 £y BT he
PA subypiitc@é, variant thereof. 27. A conpound identifiable by the nmethod of

claims 16 to 25, wherein said conpound is able to inhibit the endonucl ease
actbvity of the PA subunit polypeptide fragnent of any one of clains 1 to

12 or ria t her,eqf .. 28. net h fqr identifyi conmpounds_ whi
Todul atl t hel S BEHORIALATY ol o &9 37 e MRS ol RS BRSHIS T futiefloe o
vari antggofefter eof , conprising the steps of (i) contacting said polypeptide
fragnent of clainms 1 to 12 or said reconbinant host cell of claim15 with a
test conmpound and (ii) analyzing the ability of said test conmpound to
nodul at.g t henendonugl ease act |-vj L ni i nt.
20, The et nO BROLD o Wg5RE b alnks, 7 18 B 288 Ue ) KRERALAEL RARRFT
i nhobi teohlpeisen e e eats foratildtinigt $aidfcodgpodin®Aors allphatthaqeatiygibpheaptabliagaent
is anal yzed. 30. The nethod of clainms 28 or 29 perfornmed in a
hi gh-t ﬁ%’@e@mﬁh 0B Pt MAF, Phyrmaceyticalst arsaP@PlegxiPint(E) andier B30, wherei n
said test conpound is a snall nolecule. 32. The nmethod of any of clains 28
to 31, wherein said test conmpound is a peptide or protein. 33. The nethod
of any 3ane oA phhmarsutidal tanpésittordpd8dutible3iecondivey toithe mathsdbdrog ichaiis 2dior Bar
conprises the step of formulating said conpound or a pharmaceutically
acceptabl e salt thereof with one or nore pharnaceutically acceptable
exgikpi eyxt (s) ' I i sifi mogiigi bl e
noaor ding. o e A by e R B e et T ot by
t he metdoogpoahd &mblofo roddiilats tikBertdon@d easpraetiwitnobthe d Acbuoilod vikand itheseafo
nodul at e the endonucl ease activity of the PA subunit or variant thereof.
36. A conpound identifiable by the nethod of any of clains 28 to 33,
wher ei Besai da CpRd identalibR bP théhhdthdd toifengnsoRldhe 28 &oats, i Whér¥inOéaid he
PA subunit pol ypeptide fragnent

compound 1s able to inhibit the endonuclease activity of the PA subunit polypeptide fragment

20  of any one of claims 1 to 12 or variant thereof.
37. An antibody directed against the active site of the PA subunit or variant thereof.

38. The antibody of claim 37, wherein said antibody recognizes a polypeptide fragment of

25  alength between 5 and 15 amino acids of the amino acid sequence as set forth in SEQ ID NO:
2, wherein the polypeptide fragment comprises one or more amino acid residues selected from
the group consisting of Tyr24, His41, Glu80, Arg84, Leul06, Aspl108, Glull9, Iie120,
Tyr130, Glul33, Lys134, and Lys137.

30 39. Use of a compound according to claims 26, 27, 35, or 36, a pharmaceutical
composition according to claim 34, or an antibody according to claims 37 or 38 for the
manufacture of a medicament for treating, ameliorating, or preventing disease conditions

caused by viral infections with viruses of the Orthomyxoviridae family.
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of any one of clains 1 to 12 or variant thereof. 37. An antibody directed
agai nst the active site of the PA subunit or variant thereof. 38. The

ant i body W0 2010416087, wherei n said anti body recogni zes RCpaIPEe/091de
fragment of a length between 5 and 15 am no acids of the am no acid
sequencl as Bl udeYrlchinmMoShRetdth N d%eaé’m&fnﬁltfbn 19@&% hn?%mlhﬂ%efefzéam
conprises one or nore am no acid residues selected fronfthe group

consi sttheigroop copsi@ihg dfilaflicnz@AI8dys, Anfhdhza BetihudGanddmfllue®za Qvirbis.l 9, 11 el 20,
Tyrl1 30, dul 33, Lysl34, and Lysl37. 39. Use of a conpound according to
clainms 26, 27, 35, or 36, a pharnmaceutical conposition according to claim
34, or an antibody according to clainms 37 or 38 for the manufacture of a
medi canment for treating, aneliorating, or preventing di sease conditions
caused by viral infections with viruses of the Othonyxoviridae famly. 40.
The use of claim 39, wherein said disease condition is caused by a virus
sel ected fromthe group consisting of Influenza A virus, Influenza B virus,
and I nfluenza C virus.
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