": e3e, UPPQIRA” SBT6TT, Ucs5 Met hod for producing virus RNA pol ynerase
Technical field This invention relates to a nethod for producing virus 5

“ RNA pol ynegasessgbcRNA viruses, nore specifically, a method f mng
virus RNA pol ynmerases of RNA viruses isolated fromvirus gemmmmmm\vart
10 Conventional technology related to influenza virus RNA p se has
focused on the devel opment of methods to purify the pol ynerase f#8f virus
particles. Purification of the polynmerase is inportant because influenza
virus RNA pol yner aseMe&hole foggarddticangan s Rifite podvgeraiser anti viral
agents. 15 Froma nore basic scientific viewpoint, influenza virus RNA
polynersse is an interesting material in terns of the origin of its

bi ol ogi ¢ gwehuliican eeadse, unlike DNA-dependent RNA pol ynersse, the

RNA- dependent pol ynerase is considered to be involved in the proliferation
of RNA genore. BBEgi tivEntiisi Hetabes &f ot t BethednefHodPFeduei Ry civdrtus

purifigati ol e i I :real m

been eés:ta |sfofge%£{+§e‘§£§%£ revkﬁlg%sIvtﬁ,r%%s)éolbrﬁgggeg%ae\eéﬁﬁagg@gf %&Nﬁ@%h@ﬁ
pol yner as€owhi ghodasibpuvd rug grR® mpo 1idé raseisheo EeRNA fufatises dfsodiatesd 25
particles in a high concentration of cesiumchloride solution. Mreover, we
successf ulfFPTYVILES FEEFTEFe RNA pol yner ase- RNA conpl ex and rel eased both
RNA pol ynmerase and RNA in a cesiumtrifluoroacetate solution used by
centrifugati on. The RNA pol ynerase, however, was found to be significantly
i nacti vat &&i®¥ dwnti ng the purification process. Thus, this nethod was found

to be, inapplicahle_in, large-scal.e rificatiqns, of the al yner ase.

ES01- B6RCT 2.1 HOPHE L iBCRquer e TS 1 FPa8 TRinds® oft 18 THFSEA NEL by o RNA
ified gdyereded 0GR ycluded desthé uBeveDopReADSHIft e@hblde RNApurify

pol ynerase. In a_simlar study, Summers and his coll eagues of a U.

y , , , S
research §hGupPatymeragdespbredl yeerys arats eles el BeFbphor bR (FAGHRE o
separate rify ts i h t a reG i ed
Syorem of eRASEAT, dF prsRi e caie "R LERPR Trbt A, (iR ddd
al t hough tdam do¢i veppraes oand yahi mlteideatien bargstudicr wenpivitagd ddentishr ee

ki nds, of P, proteins separately from.cells infected w.t .
lg Fﬂ%m a nwre[%msic %cieﬂplfic viewpoing, 1A}luenza virus RNA

polymerase 1is an interesting material in terms of the origin

of its biologic evolution because, unlike DNA-dependent RNA
polymerase, the RNA-dependent polymerase is considered to be
involved in the proliferation of RNA genome. Despite

20 considerable efforts, no method for efficient purification of
the RNA polymerase tightly bound to viral genomic RNA has been

. established to date.

Previously, we <collected a complex of RNA polymerase

which was bound to genomic RNA by the centrifugation of virus

25 particles in a high concentration of cesium chloride solution.
Moreover, we successfully dissociated the RNA polymerase-RNA
complex and released both RNA polymerase and RNA in a cesium
trifluoroacetate solution used by centrifugation. The RNA
polymerase, however, was found to be significantly inactivated

30 during the purification process. Thus, this method was found

to be inapplicable in 1large-scale purifications of the RNA

BT

*G00002*

polymerase.



" 10 bacul ovirus and then reconstituted RNA polynerase with these proteins in
vitro. Simlar to the study conducted by Summers and his col | eagues, we

- were abl eggpiconkbrm t hat the reconstiputed system showed only a limted
activity. Thus, this nethod al so appeared to be inapplicable for

| ar ge-scal e 15 production of RNA pol ynmerase, and no ot her prom sing nethods
for this purpose are available to date. (Honda, A, Mikai gawa, J.,

Yokoi yama, A., Kato, A, Ueda, S., Nagata, K, Krystal, M, Nayak, D., and
| shi hama, A.: Pini theatsuwrseanemol studyy threet iedsf d?l\lAPpptgtreiase%mm

i nfluenza VI I Bi ochem 107, 624-6 19 and Kob
rochiva: RiriE el Bnd nixad) (ARHHER, R4 PRRbGO0T uLPORCP PRt Lok e
Vi rus RNARmI YBBRASe akeQM LAr gessHbuat §LaYP! €8ERMcUSI BAdI BGeMBLNARE gues
bacul ovirus system Virus Res. 22, 235-245(1992)). On the other hand,

Publ i cati @f of uﬁeﬁarﬁrﬁé@ambanég@u% Pétlémze;ippspesat oA Yersaiapide gel

descr|](?2)1Sgﬁegg(‘;‘logﬂgg:I gtsl un‘?&(a%g 2epl Int%a ‘Pﬂl#o%ﬂ&el\lg’frolt%l 29489

Irgoribonuc eot| s antiv agent's tIrng
expr essi ofhieyd heee meporxfdaderrzrmtyla u:secdriwteiranted hegeteni gbr thenmﬂr&cmedes
have been unsuccessful in pr OV|€§At hei r 30 anti vi raI effi cacy eca set%f

the diffiP4PEFLPS paRPFEEat #Bn t RYTENIE i \Rer £&F1 V10t

pr obl ems ta%t@%lrﬁgs%\geénﬁx; tlfiﬁllt%vient tﬁno@ng%ﬁayon% m&hqqédartﬁea\ewre%bl e
for isolating RNA polynerise directly fromvirusés. The content of

pol yneri s&iinalsa vifr u® parpiteliasi s sgparewetlyat firom s cgilflfsi ¢ dnfestieg pwrlltﬁ’ly

conveht | oRAFUHEUROHS. T oBUER . TSR SET L Rl B dlar Rhoutit 1 SRES o

.ier go r@&b@ellmctma&i@ﬁo Theief Ds£, tBO At B} OBLEQEEe@r ByC i@idirsy
avai l abl e for purification and isolation of functional RNA 10 pol yneri se.

.ins, to $8dye htiife pﬁQ)H%ﬁh%u%rr us¥8 aberfar &5k c @ CPREErMhi ER2Eherfhe
provi des Eﬂ%%to?: £l 28 +3Woss [SIWILdh P tahel?ﬂni‘dédgra%’\%hrlt Thus

Vi ruses, 15t hensel ves, produ ce onI prot el n” conponent s of e Vit usgenorré
and the vithis pmtthcn:d eahsooraqhmrtemi tbei beownpyel idaioleat fon. l@erg@maé)e st

as in all |iving g sns, but RNAs in ny viryses. Therefore,
cannotS s BERBHESOEa T b RUpe BRI 1R hoEa L O i T BIPRGS 06 * metnd
genoneand2@reeds ¢ ohr@Ws A @RJdi0aIH1N &Y a8 (R\Mfionda, A., Mukaigawa,
pol ynerise?. Onecritical requirenment for an antiviral agents is not

t ohaveany Ji-11 Yekiodwedaon #t-he Kadovi Val, élﬂdiagr&mhl\@gattr@e IKost Krysttigils M.,
reason, taqget her jth the f b RNA, pol y en
synt hesi zée S‘y RNA Vi rua'tsl}les %ﬁ%?mﬁsehagg% ﬁa§ gd %rif%éllar

target forstehicturant i A agenyashaglked bﬁozde\aeiﬂipmhzaThelsuéatmggR@f J.
ai m ng _devel o nt of anantiviral a ent targgqt q/}gathe pola/merl se has SO

f ar be2fun$do 18éca st~ &P dAP no2Belf Fhethobls - chiya,

havebeene@ta%gltlasheﬁ for ahgol akh oRaRs, perdUCtRé)ébx’Pét?tdﬁIé&?RWOHQJM'Hérﬂz%e
p‘?par ation which is’'the prerequi si te forsuchdevel opnment. Qur invention

vi des & imalsho®NPor pddatmier@sier hfirom pridiyleens sadplniidts oduese ssatew Ustiage

of devel ot 9% ant baculovirus system. Virus Res. 22, 235-245(1992)).

On the other hand, Publication of unexamined Japanese

25 Patent Application (Kokai) No.9-121867 and Publication of
unexamined application (Kokai) No.11-199489 describe
oligoribonucleotides as antiviral agents inhibiting protein
expression induced by influenza virus. However, these
oligoribonucleotides have been unsuccessful in proving their

30 antiviral efficacy because of the difficulty in purification

of the RNA polymerase.



FSOL- 256PCT 4 antiviral agents. The main subject of this inventionis to
provide a new nethod for producing a virus RNA pol yneri se conprising the
- steps of psepapsppceDNAs for the geneszfor the conponent 5 proteins of an
RNA pol ynmerise of RNA virus, integrating said cDNAs into a bacul ovirus
genone to construct reconbinant viruses, infecting insect cells with said
reconbi nant viruses, and expressing said cell to obtain RNA polynerise.
Using this nethod, it is preferred that cDNAs each for the genes for the 10
conponent Rne 0 antions are prepared, and said

each cDNAs are ‘ete ted nt o bacul ovi_ru no respectiye
construct roecortP Rt vohal esme’ifh%é"%near%s@ct RIS St ceeBy el o tan
kinds of peconbirasat diresesy TherdMNA vitusess prefraeablopntdduenga 1bhe

virus. In this nmethod, RNA polynerise may be tag | abeled to facilitate the
subsequenPOmeﬁiaéatFBnaIﬂkﬁ&ﬁﬁ?ﬁﬁ%ﬂcl%elﬁNﬂop Pymdliade Hayldedpbfiriéd by

h
i S i hvehti orP et S5 ol ox DU A2 20 Bt 1 1B i o R GaucEl S 6RePLPi ng

of the coopnbeminanotebpsany afi BhA pohyeatueeaafmBNAowsrusMOEéosekngRNA
i sol at ed frﬁanNA Vi rys genomc RNA he RNA V|ru§ IS prefer?b i nfluenza

virus andPPhETEEAPBnent prat eFRaLdf ﬁﬂ@ﬂﬁﬁ%ﬂEF?% may-“be aR@PRa2.
25 Brief dasetipht8n0On hee A AYdI Ebgttrleaétmvsmteraﬁoasprﬂee' Eﬁr?fently

i nfluenza virus expressed in i1nsect cells infected with reconbi nant

bacul ovi r agailebl i give PArigigaddldrs wede inbpestednwiah rfeceidiomadt RNA
bacul V|rus RBVH-PA (bacul ovirus having the gene for Hi stagged PA protein
hia yﬁﬁf fﬁultlpI|C|ty of infection) FSOL- 256PCT 5 of 2. After a

ay culture the cells were harvested and processed to prepare a cel

| ysate The cell lysate was centrifuged at 2,000 rpmfor 5 mn. The

resul ti ngMeaparhataadvestihegkrebigntasm fracti on) and the precipitate (PPT
or

Viruses are parasitic to a host which then provides most

of the substances required for the virus growth. Viruses,

15 themselves, produce only protein components of the virus
genome and the wvirus particle according to their own gene
information. Genomes exist as DNA in all living organisms, but
RNAs 1in many viruses. Therefore, a virus cannot use the
replication system of the host to replicate the genome and

20 needs 1its own RNA replication system (RNA polymerase). One
critical requirement for an antiviral agents is not to have

. any 1ill effects on the survival and growth of the host. For
this reason, together with the fact that RNA polymerase is the
sole enzyme synthesized by RNA viruses, RNA polymerase has

25 Dbeen considered as the target for which antiviral agents
should be developed. The strategy of aiming development of an
antiviral agent targeting the RNA polymerase has so far been
unsuccessful because, to date no effective methods have been
established for isolation or production of a virus RNA

30 polymerase preparation which 1is the prerequisite for such
development. Our invention provides a method for dealing with

such problems and introduces a new stage of development of



5 nucleus fraction) were fractionated by SDS PAGE. The gel was subjected to
i muno-blotting (Wstern blot) using anti-PA antibodies. [Figures 1B and C
Sf9 cell sragrexseptfected with three species of reconbi nant bacul oviruses
(RBVPB1, RBVPB2, and 10 RBVH-PA) at a nmoi (multiplicity of infection) of 2
for each virus. After a 4-day culture, the cells were harvested and
processed as described above. Both cytopl asm and nucl eus fractions were
i mmuno-blotted with anti-PB1l[B] or anti-PB2[C] antibodies. 15 Figure 2
shows theapuivireht&genbs.the 3P conplex frominsect cells infected with
reconbi nation b@gul ovirus.. [ Fi ur e ﬁﬁ] Tn5 cells were infecteg with
reconbi nation b %I%@+?u§u¥éﬁ$§¢% (FAh® DHVERC PR ht 2110t RFRE SPeRi BEYof
recombi nant bactiéewdd UF o REpREuc RRYPB2, viants RRNH PA)L yalerie 280br2sing
each virus, and the cells were cultured for 4 days. The supernat ant
fracti onstBEPFtePsw ePE@PRr i) aCONREr £aH xERe wieheRetiQT a§1¢ nFPPPrPBSRA,

and t I m lcu S re fr i.Qnat SDS- %_PA T :
ot ai ned WERCeEni ot BRI, Bl VAR SR Rt Rt i dig ei8,
i nfl uenzachNAss MAPRB; al anec@lovheusn darohe etoat eohsacticon Feoombinant

RBVH PA-infected cells; lane .3, the 3P_conplex isolated fromcells
coi nf ect edLiPERS t hiBECSh&BPed PEE e S5iSh éﬁxﬁﬁﬂ VFeoRmb Ly B15BFCEr 9

cel s (laggylixBreS8ongelladd(|@ia 2o Ib¥ele ﬁmnﬁsggﬁer%éh aliki£8 €8s
speci es of reconbi nant "bacul ovirus. After a 4-day culture, the 3P conpl ex

was i sol anethadd atalipzayedfeimstrilbeld abbhe. eachSFor2838RCTYsN g% gfipe 8he
sho del _tenpl at e- dependent syn sis_activity of .the 3P.conpl ex,
ol SEpmhAEeE CBREFPERASUr PRl 0Bl r B nEoF ERGkBrRan? Ty fus i-APBC: 4°

I I's or phepapeapspandi ngafidactdawh f raDNAWCksrd Nf etegreedds wASoexangthred

invitro for RNA synthesis activity in incubation in the presence of a

t enpl at e BRCYEQViFHfies IBNORE 5 TRfRREYIBeL¥53 L0 arfedntruct 7 raRAMBYNERE a
pri mer of an , , %?q} 7 | Obi; (1,au 114, a

8). The pyggﬁ%%é'mgﬁg%sgggrgfé y é?gg-%g9P%é£gB§§d[ﬁ?&%?egié o %8¢
synt hesi zedcbybihen8P wionpdesx. i n Thiee RNBsenom0f ishenefimaile; wH3l(kares

1-6 53 (I 7-12), t i , G (I 1-3 d 7-9 | obi
A 1Y anBriSe ld 10hhs) ReRapl: R e L RS oE | Beva Bisotrenl epehpa Tee”
resin- boundcRINAS o BT Qhree%@@l;@rmﬁioga@hﬂeat%nw e %HAGrelS the RNA

m gration position of a marker RNA 100 nucl eotides (nt) long is shown on
the | ef t. PFlyuptagdesians kenphat &1NADY it img agki @idspréenthe@perap the

tagged RNA polymerase.
Another subject of this invention is an complex, which is
20 artificially produced, consisting of the component proteins of
an RNA polymerase of RNA virus, existing isolated from RNA
" virus genomic RNA. The RNA virus is preferably influenza virus

and the component proteins of RNA polymerase may be PA, PBl

and PB2.
25
ief g N ] i .

Figure 1 shows the P proteins of influenza virus
expressed in insect cells infected with recombinant
baculovirus.

30 [Figure 1A] Sf9 cells were infected with recombinant

baculovirus RBVH-PA (baculovirus having the gene for His-

tagged PA protein (H-PA)) at a moi (multiplicity of infection)



conpl ex. The purified 3P conplex was incubated with 32P-| abel ed 20 v53
(lanes 1-3), c¢53 (lanes 4-6) or RNA with random sequence (lanes 7-9), and
- then irraggetiedsepth a Wlanp for crosslinking. The RNA-crosslinked
protei ns were anal yzed by urea-8g PAGE, and the gel was exposed to X-ray
film Figure 5 shows capped RNA-bi nding and cl eavage activities 25 of the
3P conplex. [Figure 5A] The purified 3P conplex (12 pnol/m or 3 (err)g/m;
lane 2, 5 (err)l; lane 3, 10 (err)l) and the isolated RNP (lane 4) were
assayed fof tZhe cApped RNAdbdadi mpldoties t theRMEMis hweadi destvedtted oangd2pP
only at the capped position was m xed.-with 30 the 3B conpl r._RNP and
Chen v AFareRbar FES WHERATE abt orotf GebriRSE w t IPF oMU o498t afie
ri bonucl eagpt Ai £hjedRAA- Cr, 09%- IipiketbProtRins VEKe asshyzegbgupeeaa8int
PAGE. The FS01- 256PCT 7 gel was exposed to X-ray film [Figure 5B] RNP
(lane 1), (BHR 3prcofpFerlefanesraciionindanfle EBfr eBpBRAPAGEFRactFBA f PEmM
nock- infe |1 5 e p 0, e
Each 11 actPonelE, fTaEBh) ke SASPIBier & PUOSPRRAN B nRy aras
cap-1 in shejabsedcetof f(hmnere-kidfitongpréWenternf bilbher fispnygl eantivBa
(lanes 3 and,4% or 1 prole of ¢c53 (lane 5) tenplate at 30C for 30 mn. The
resul ti ng®PhEBBELF8n mixture was analyzed for RNA. The gel was exposed to

an i magi ng pl at FFPegﬁfa'sghB, adRd ci0 §1® RIALS Wasrandd yEes-ved hy ot BABEREE
i mage anal yzer (Fuji). Description of the Enbodinents RNA viruses can be
cl assi fi edpeaiest wofcaregonbésanRNAberplsEirysesne (RBVEGdry BBNPBYAt hedidze

et rBerceRY, B Ao lRaron ¢ T SOAQURRY "Grt o RS palh

| ate ¢ARNA) | rAfther ppoteidasystbests, amd tdeslar aetal | et V¢ ttisd skhand
RNA viruses". RNA viruses of the other category can not utilize the genone
as the tecRPPEELESPR tde APIHLIRED SRNWfesi s, BOR (GHiRRBTe @RE gBHEAEES

informatie t CRIWY efERt Lo dat 94 eéﬂygiggy as,ih B2 S,
RNA virusega§? ?ﬁ?s l'atter Cé?%é%r€@%$% céFﬁe "n1nus-@¥ra%% %ﬁggeﬁruggi'
Host |ivi agtobgdnesns do not have any enzyne to catal yze transcription of

the %%9onic RNAFgguggngl%5$£h§r¥h§N%Mrification of the 3P complex from
insect cells infected with recombination baculovirus.

[Figure 2A] Tn5 cells were infected with recombination
baculovirus RBVH-PA (Lane 2) or with all three species of
recombinant baculovirus (RBVPB1, RBVPB2, and RBVH-PA) at moi

20 of 2 for each virus, and the cells were cultured for 4 days.

The supernatant fractions(SUP) of whole cell lysate were mixed

. with metal affinity resin, and the imidazole eluates were

fractionated by SDS-8% PAGE. The gels were stained with

Coomassie brilliant blue (CBB). ILane 1, RNP isolated from

25 influenza virus A/PR8; lane 2, the imidazole eluate fraction

from RBVH-PA-infected cells; lane 3, the 3P complex isolated

from c¢ells coinfected with three species of recombinant
baculovirus.

[Figure 2B] Sf9 cells (lane 1) or Snb5 cells (lane 2)

30 were coinfected with all three species of recombinant
baculovirus. After a 4-day culture, the 3P complex was

isolated and analyzed as described above.



25 RNA viruses of this latter category, however, have RNA pol ynerase in the
virus particle. RNA viruses of this latter category include those of
Par anyxovys t dags et honyxovi ri dae, Rhapdovi ri dae, Bunyavirus, and
Arenaviridae. This invention can be applied to production of RNA pol ynmerase
of all viruses 30 of this category. Wien this invention is applied to the
production of RNA pol ynerase of the influenza virus, the procedures are as
FSOL1- 256PCT 8 follows: (1) Preparation of three species of reconbi nant
bacul ovi ruses, Baghreof 3ihisbbhwisndepaat eritdnp lexiprebarmandaret oRNPhesyubbastis,
PB1, 5 PBZé and,_ PA oé inﬁ%uenza virus RNA pol ynerase. cDNA for PBl1 or PB
subuni t i 2CFhEOFBoPht BRCi RE 0CBERAFSYI rus genoni c DNA by homml ogous

reconbi nati on agri@htoOwsa] FiTied , 31 hestp LéhAsu Al £iédcorpar ehedrepbabliAent
internediate vector of E. coli to confirmtheir expression in E. coli
cel | s. Theseusniefaebedt €e1dsyvest othONASTaPEPPRALBIUdE@ MR t Freom mock-

bacul qvir j,nt t ll's t i I ns C S i
eIect?%po?ggggﬁé%r ?ﬁggsip%%gctﬁ%gﬁégﬁbd.qﬁ%nﬁ?ﬁ%%hs ﬁ%%o #%at%gﬁkﬁggxs
i nduced iactbeitel lis, bmcubdeiswesdht itie t paasénceedbagulteniplates of v53

containing_.the genes_for PBlL and PB2 are isolated, On the 15 qther hand,
cDNA of tﬁéaﬁ?ﬁerlfsu%unf’t, e g)s Pht Fé@ucéﬁ”’ﬂ‘?ﬁ 0%a downbt r@ﬁgn Pdgi I f Pom

a histidipe{fbe) okadge@b@larddrh), 19, the QH&TTfeCOtIQr%MI@iﬁNW (DgnERT3
| abel to express the PA protein in a fused formw th a sequence rich i nfi s
residues 4t fhe anrdeBii ndlTharrredusts ovdeeisepanateddopuriedcdt i DACHT t he

20 pol ynmerasg. from C expressing th ol.ynerase. This .

i tmdi ate veifbgufg i%%jerfdé\&ﬁsi n§§n§§gaig$?r§§pj@§e b;gh(ﬁ%‘\poged%sln the
&orrbi napreBehBeaotfafher tamplladle,t rdhatl dascribed ebovelf elahasertian, of
PB1 and PB2. 25 (2) Reconstitution of influenza virus RNA polynerase with
its three2PdptheeP¥ EEBUNIARS s{ haneantodsPRdexpPds 0 HiCRER oV Aaid anes

bacul ovi 1 sgs-Jud eqlged ynseglrgels Supt GRLhnsee! HaldAne, | pkeghed wih
t hree speci es of reconbi'nant bacul oviruses, each o ich®*fs constructe
for 30 expesirtbounfl BNAsofwdree réceecePedr ehdi mnaliyreid owyfurest G@nPaGhi.r us

FNA A Yrase, The sexpressian of, £ach, SHUN ok 5 £000} " I3, By cYERLe L p! ©f
long is shown on the left.
Figure 4 shows template RNA-binding activity of the 3P
complex.
The purified 3P complex was incubated with **P-labeled
20 v53 (lanes 1-3), ¢53 (lanes 4-6) or RNA with random sequence
(lanes 7-9), and then irradiated with a UV lamp for cross-
" linking. The RNA-crosslinked proteins were analyzed by urea-8%
PAGE, and the gel was exposed to X-ray film.
Figure 5 shows capped RNA-binding and cleavage activities
25 of the 3P complex.
[Figure 5A] The purified 3P complex (12 pmol/ml or 3
pg/ml; lane 2, 5 ul; lane 3, 10 pl) and the isolated RNP (lane
4) were assayed for the capped RNA-binding activity. RNA with
radioactivity of ¥P only at the capped position was mixed with
30 the 3P complex or RNP and then irradiated with a UV lamp.
After digestion with ribonuclease Tl and ribonuclease A, the

RNA-cross—linked proteins were analyzed by urea-8% PAGE. The



" FS01- 256PCT 9 i nmunoassay) . The cells are honobgeni zed with a honogeni zer
to prepare a nucleus fraction. Nuclei are treated with a detergent and

- centrifugedoato25@p800 rpmfor 2 hr. The resulting supernatant is mxed with
TALON netal affinity resin 5 (an adsorbent) to trap proteins |abeled with a
Hi s tag. The resin adsorbing proteins are treated with 100 nM i m dazole to
reduce the interaction between the resin and the H's tag and thus to elute
the proteins. The eluate is fractionated by SDS PAGE to anal yze the
expressedg@lpwasebnpsabdntDstyave§ﬂémn 10 blotting. In this invention, PA

alone is labeled_with t g.,Neverthel ess, .t he el uate ntain t
only His tagged?Eﬁ Bﬁtggl %Ehﬁ dhan ﬁBf)’Thﬁ% % E?ﬁagf?ﬁﬁs %Fgg
protein sHAdNithe aEEr EdFOMEDh@S £ 8a80MBh € rloar rm&akilhefé@&éwdcdﬂgrl llgellel n
this invention. 15 (3) Purification of the influenza virus RNA polynerase

expr essedd) nWeRe iafseriedef T sybeemaRpe B ur edonuetase s E@?hvﬁﬁ?cﬁl@ﬂude

extra i b d LM A Q of aﬁ
baculg%/lrﬁsg I g%?e FﬁSe qf%ﬁngéﬁ%nf¥ﬁg é§%QN & recons |P5tgngﬁAln
ponnerasEhesahseﬂaexbﬂs deaemlﬂxﬁbborepfﬁsﬁqmg|¢feé1$pemrﬁwpmele of

fractionated bﬁﬁSDS PAGE. Proteins in thei% are stained with Coonmssie
bl ue to c¥RPi HPPRE SuPndy 4f othd PTG AT £53The aRa Md TRt P s

25 inventicgp has aenfi mikd zté%lmﬁﬁq aupéﬁbéttf&n PheRenAg| Qasotanfaqg}%uorf%lr
protein conplex in terns of the ow ng four activities: (1) ténplate

RNA- depenB&Tﬁt RUkesyge hewbs sswiosad) ¥Q)apr |ln‘@rg~1@@pembm¢ﬂ Rmrsyghhesuasld

activ y host derlv - st.ruct ure-r.eco and

Wd.#g AEPEy Ly R a o AL o " La e BRSPS e: AR C IR ng RNA
FSOL- 256PCT 10 a specific site RNA pol ynerases of viruses in the

categories described above in this invention can be produced by the nethod
descri bed

RNA viruses can be classified into two categories. RNA
viruses of one category can synthesize RNA polymerase by
15 encoding the genomic RNA and infecting the host. In other
words, RNA viruses of this category can utilize the genome as
the template (mRNA) in the protein synthesis, and thus are
called "plus-strand RNA viruses”. RNA viruses of the other
category can not utilize the genome as the template in the
20 protein synthesis, but transcribe the genomic information onto
a complementary chain to use the chain as the mRNA. Thus, RNA
‘ viruses of this latter category are called "minus-strand RNA
viruses". Host 1living organisms do not have any enzyme to
catalyze transcription of the genomic RNA to complementary RNA.
25 RNA viruses of this latter category, however, have RNA
polymerase in the wvirus particle. RNA viruses of this latter
category include those of Paramyxoviridae, Orthomyxoviridae,
Rhabdoviridae, Bunyavirus, and Arenaviridae. This invention
can be applied to production of RNA polymerase of all viruses

30 of this category.
When this invention is applied to the production of RNA

polymerase of the influenza wvirus, the procedures are as



"5 Pratical exanples are shown bel ow to denobnstrate this invention, but not
to restrict this invention to the exanples. E~am~7.~ The practical exanples
- were carrigggdiadggbyrusing the 10 foll oging nmaterials. (i) Bac-to-Bac vector
(@BCOBRL Inc.) for construction of reconbination bacul oviruses (ii)

I nsect cells of established cell line (including Sf9 and Tn5) for
expression of virus proteins 15 (iii) TALON netal affinity resin (CLONTECH
Inc.) for purification of the proteins expressed by insect cells (iv)
Reagent s fod lpwasur enent of RNA pol ynerase activity The substrates for RNA
synt hesis (ATP, GIP, CTP, and UTP) (Pharmacia Inc.), and ApG and gl obin
MRNA to be used as the 20 priner (v) Reagents for preparing tenplate RNA

Vector pV33)f @repa@Radliiony dfen s :’é’)\@cﬁ@ﬁl d¥ RMAcRBH MEBEAER TAKARAR (VI )
Reagents for neasurenent of capped RNA cl eavage act|V|t¥ 25 Labellngf%gent

for the RRACBapfswhach| 4ngePRGURNtaNd CEREBISHESe RREMe fodhep subutitss

| nseots ooyl N a5k A0LEShed) (AL SRdAR! S 30 Lrbglperda L58) 800 pe

Trichoplusia’n Wer e use ection econbi nan

bacul ovi r ygge®PB Aumgiiaphas Cahcbeporatedclieac fodotieskriasis yenomi¢ ACNRVbwas
used for FSO1- 256PCT 11 constructi on of reconbi nant viruses. Reconbi nant

bacul ovi rBQQ@lPSPuéxp?W%ﬁlcﬁBlaénchﬂé?%re EbRSEr y(?t}\é’(?eascalg%%r iAFé&d
in PEhPL gié'g%%?@fa%@ | shed repert ioKegavathiceM veltWehi ¥t Kg, Nagata Ko
confirm their expression in E. coli cells. These intermediate

10 vector DNAs are introduced with the baculovirus DNA into host

. cells of an established insect cell strain by electroporation
or the lipofectin method. Homologous recombination is induced

in the cells, and the resulting transformed baculoviruses
containing the genes for PBl and PB2 are isolated. On the

15 other hand, cDNA of the other subunit, PA, is introduced into

a downstream region from a histidine(His) tag label (HAT) in

the pHAT vector containing the HAT label to express the PA

protein in a fused form with a sequence rich inHis residues at

the N-terminal and thus to facilitate the purification of the

20 RNA polymerase from the cells expressing the polymerase. This
intermediate vector 1s 1inserted into Dbaculovirus DNA by

. homologous recombination in a manner similar to that described

above for insertion of PBl and PB2.

25 (2) Reconstitution of influenza virus RNA polymerase with its
three P protein subunits simultaneously expressed by
recombinant baculoviruses-infected insect cell system

Insect cells are infected with three species of
recombinant baculoviruses, each of which 1is constructed for

30 expression of one of the three P protein subunits of influenza
virus RNA polymerase. The expression of each subunit is

confirmed by Western blot with the corresponding antibody (an



5 (1992) Virus Res. 22 235-245). For the construction of reconbinant virus
for expression of PA cDNA for PA was anplified by pol ynerase chain

- reaction fECR 28ppdcTnserted between the Ncol and Bglll sites of pAcHLT-B
(Pham gen). The resulting plasm d DNA (pAcHLTPA) was |inearized and co 10
transfected with baculovirus DNA into Sf9 insect cells by the |iposone

met hod. After 72-hr culture at 27C, the supernatant was harvested and the
reconbi nant viruses contained in the supernatant were infected into Sf9
cells . TheweubssseaysupeFhat aﬁﬂlmerham@tg@mizadd Wiié ta tkomofenezenbraant
Vi rus 15 RBVH- PA) _was dgt erm ﬁ?d % t he pI 32 assag. T{ge t{;tgr ofmglhe

vi rus LrBE On fas"168PEU 8%r cefts WkTe chfAreBt et W't h?t he
three Speﬁeeér éntecondi naaht bacuhedi rats a-so,aocm@i m 2 fo¥ eachr Aft erhe

adday culture_for the co-infection, 108 cells were collected from 20 the
cul ture aR@SYLEpRACEHPPENSLANTOL St HdXes |w1dihsr1}’p¥tci>bbrm%tﬁ# e? LTI RM FEPER

(o b e 0 A i pR SRy e Ry St Foey Pl i e PSR

Sigm). Thestel bslssmbpmgs|mnmd1mm'ngebree‘debywmshngO@ DU nCel d@nohentoer
and 25 centrifug at, 2,000 rpmfor 5 mn_to recover nyclei. The nuclei
ter e homoBEiRsEd s ST o FEEEn CEPRacaahT b e o he1 6w S Ghe

phosphat et QUET €5 ERHLE Phet YHALNMNY 56N INAG e anyl ?Pac@idﬁ@@f@di byhEDs

honogenat e was incubated with stirring in an ice bath for 30 mn and then
centrif ugBHGEt t30 @0abpder finef oexprégsedhé rmteimgsebpemétaw Vratksos

extr ) xed taI afflnlty Si o} ubat ed._f ar
g Lot BEPRELAS . bk BT AC BT TRERY o8P Al bofiia s (L IEbR S (b

washi sggbufiievertife Pdé spdtiun @h@ép@atenbai:ﬁer néphHor19) HESNtageagrPA00
mM NaCl and 5 mMimdazole until UV nmonitoring of the eluate showed no

det ect abl BUBr 8¢EPnEBn Ak FRArat hithd TBGat Sfasthatent e ubeBeqi PhrrREEsD
el ution bgﬁfvﬁﬁlﬁgnt gi-i ng)bJ:%Qn@M | mdazpl & opfhiee £ uF &y prt e Eﬁeweglrgltrxl d

anal yzed by SDS-8% PA the gels were stained wth Coonmassi e

bl ue( CBB) deFheiPegdr bhekthissépuentédnby SDS- PAGE were el ectro-blotted onto
PVDF nbranes in 10 mM CAPS buffer (pH 11) containing 10 10~ nethanol. The
blotted filters were incubated with anti-PA, anti-PBl, and anti-PB2

ant i bodi eg3f or phirridlat3da angk t hepew tlhfne@a&ladas;emﬁn umaﬁxedpamymeﬁ:a@al t
| gG The peroxidase activity was visualized by the reaction with

3, 3' di ani ABBEAZFARNELR ethghytR ¥Rt ociedd (EWB}eRDANN) neagereBenthefi5ips
pr ot ei ns. Ele ? i-P protein antibodies used in the detection of the
expressed pro ins had been raised in rabbits against the purified P
proteins over expresgsdd i exthactul tikr e dftHnedl i frrah| sa RhAmsyehhesi sodas
carried out for .60 mn_at 30C,in 5Q ~, 1 20 of a standard reactign m xture

in 56 %M FRPRBPKPANbuT P@Fuﬁﬁﬁlfu@_l%%eﬁ ng SR v &S - 5 mFREHnedPEm

acetate, 2x@WhBPE], rBcond® iFMreac kel ﬁ%@%méﬁgéeafy ﬁﬂ%ﬁffedlgguaesc¥gbe@
-32P] UTP, O. 25 MM ApG or 250 ng gl obi'n nRNA, unit RNasin (Pronega),

d Z pm)labQVev53 Bhe c331niddedd RRASCaMBNat £S ftx@qtrlan@ctﬁqotby SDS PAGE.

Proteins in the gel are stained with Coomassie blue to confirm
the purity of the P proteins. The method described in this
25 1invention has confirmed to offer a purified preparation of
functional P protein complex in terms of the following four
activities:
(1) template RNA-dependent RNA synthesis activity
(2) primer-dependent RNA synthesis activity
30 (3) host-derived mRNA cap (cap-1l) structure-recognizing and
binding activity

(4) activity to cleave cap (capl) structure-containing RNA at



" 25 were anal yzed by 10~ PACGE in the presence of 7Murea. The gels were
exposed to imagi ng plates and then anal yzed with a BAS2000 i mage anal yzer

. (Fuji). ng ﬁ_m?ggpg:gnpl ates (v53 and cf33) were synthesized by transcribing
pVv53 or p % pllasm d DNA using T7 RNA pol ynerase. 30 Radi oactive vRNA and

CRNA were synthesized by transcribing pV53 and pC53 DNA, respectively, by
using T7 RNA polynerase in the presence of radioactive substrates. In an
FSOL- 256PCT 13 RNA- bi ndi ng reaction m xture of 50 nM HEPES/ KOH buffer (pH
7.8) contai spprgif@@ siktNaCl, 5 nM magnesi um acetate, 2 nM DIT, and 10 ~, g
tRNA, 10 ~, 1 of _t he 3P conplex (a_conplex copsists of 3 species of protein)
and 10, 000 cpm BY%r RRloMaLHARES, 58T ¢BFUSES +8n %‘r% FRgEE] %5 - desrrired

sequence) ayBke | Agubahed | nriyddtidln VAtd® 1 SPrcadcé@’ B MRedl md@kodThe
reaction mxture was irradiated with a Wlanp for 30 mn. After the

addi ti on desamtbePBabovhe m xture was further incubated at 37C for 1 hr.
The mxture was_i ncubated w t rotein A-Sepharaose (Pharpacia), 10 for 2 hr
in an 1ce bath F5a§é88§7ere)fef{?rhr%suratrlengééﬂf" g%’r?;rﬂ“f bgay Wﬁ%%%? ex8d Sas
protein Aipepharess bakphexeso Thetpreteithid- $apBatase ¢onphexexawples.
washed once wth PBS and then subjected to SDS-80 PAGE. The gels were
anal yzed as descri bed above. 15 Cross-linking of capped RNA to the P
pr ot ei ns W&Ei ed out as described in the previously published report
(Honda A. ;| uno K., and Ishihama A (1998) Virus Res. 55 199-206). In
brief, globin nEha wasactetapbedxamng lreescapped foaroied cyalte by tussiaig ngha t h
vaccin a %i rl;ﬂs uanyl Itr,aﬁsferase (G bco BRL) 20 in the presence of

OLtRHY P@cﬁ‘ﬁ%@ﬁlﬁ Gbin MRNA with a cap structure |abel ed with32P

L@ 32F] GT A\ : .

&out 1, Q90 cpm-eplyadt ddecdr PornceLem@s Reubat edy Widdhd el Gomelrex
or viral nucleoprotein (RNP) in 50 nM HEPES/ KCH buffer (pH 7.6) containing
100 mVl NaCecoBbinpiraghedagmlavaraises 2 mM DTT and 1 25 unit of RNasin

(Promega) ,i.n,a-final v 50, ~1.a cfaorp 300.mn,.T i xtu was

i rradiat eci lvlvi)t hInasr%/H acO ﬂ?%r8%0e%itﬁ%l‘]'%leq%gN&-egrloglslﬂ? nkjé%gg?%}f%? né%\%eraéld
di gest ed wnth RYasexpramdiBNase Tiramrdpieringcubated with anti-PB2 at 37C
for 1 hr. The reaction m xture was incubated with protein A Sepharose 30

( Phartmci aliter 2TALONn Fetede bBEALRSLYr ecigsi it e (FRENARFHgent Bt} bodyT
i munoconpl.eXes hehiRd o FThE PLEGIHRL LA @ 48% JMashed qQRGR W (e jphosphat e
buffered saline (PBS) and then FSO1- 256PCT 14 fractionated on an SDS- 80
gel by el dévn opeagesits. fllre mgels uwemeartalofz &fRapodyveriased aattows .ty
The substrates for RNA synthesis (ATP, GTP, CTP, and UTP)
(Pharmacia Inc.), and ApG and globin mRNA to be used as the
20 primer
{(v) Reagents for preparing template RNA
" Vector pV53 for preparing template RNA and T7 RNA
polymerase (TAKARA)
{vi) Reagents for measurement of capped RNA cleavage activity
25 Labeling agent for the RNA cap-site, [a-**P]GTP, and

capping enzyme

Iest procedures
The 1insect cell 1lines -established from Spodoptera
30 frugiperda (Sf9) and Trichoplusia ni (Tn5) were used for
infection with recombinant baculoviruses. Autographa

california nuclear polyhedrosis virus (AcNPV) was used for



" The purified 3P conplex was incubated in 50 nmM HEPES/ KOH buffer (pH 7.8)
containing 100 MM NaCl, 2 mM DTT, 0.3%$ Triton 5 X-100, 0.25 nmg/m BSA, and
- capped gl ppn-pEb¥Ecor poly(A (with ajgap structure |abeled with about
2,000 cpmof 32P only at the 5 -position) for 30 mn at 30Cin a final
volunme of 50 ~,1. The reaction products were extracted with

phenol -chl orof orm precipitated with ethanol, and analyzed by 120 PACE in
the 10 presence of 7 Murea. The gel was anal yzed as descri bed above.

d i got ex (:dfr$Bnu(:1TiaQaraf msomhéledntovulheseeacti on mixture. The reaction
m xture was he ed t % 9 n. eat -t reat ed mx% (g?ggd
in an ice bath %?O ?’ﬁlﬂn afdcs ﬁlvr{lﬁ&lse\f/a Yher*BbT2at¢% P 1xt‘ﬂi‘Jrll

give a finakelScenseenttadi Oévsofdéél&lrﬂ\éd They nitkleUr @ re@s oustybapaslakhddC
for 10 mn and then centrifuged at 000 rpmfor 5 mn. The precipitate was
washed wi ERP2Ot mNKPLieyambE @’gfrf e'FSl{CﬁiHY/a 5K. coNegriend -1 mnEDRhipama \A.
Nadl , sand uspend st epil i l.l.ed
vvater.5a 9\?\3292(?P§§<€r ac%‘%% vvl?% en(r)?g fﬂ oro?i)rm %E)lr ecf%glﬂ (E'trﬁgltvl\n!o?lh

et hanol , asdomhénanatal ytedsbyf@AGEexpréquesmc@mf CIMAIr €ar e®al t waBor

t he expres n_of the three different P protein 25 subunits of influenz

vi rus RNAaﬁBE}ﬁéﬁgsebYre%%ﬂF%’éﬁe i PR MRt e @&@tr&é‘?ed%éﬁﬁ&eg
CDNAs f or ,x RMAef egIRN N ol gmdaﬁélﬁ %QQTe%' @ﬂ“%A&E@L@B@e%PEQﬁuE@h?_‘ PArhand
PH2 proteins, respectively. cDNA'for PA was inserted into the PACHLT vector

to expr esseshétPAGpr ptleispigs @NﬂuseﬂbﬁfcziﬂrﬁRmth wadi slmleamla@d(Hasyl t 89~

f _40 t h at Thi d
Faci 114 ot St REeRhPR: PEER AR b oy Bt SRS inst e g BT Bl e
t the Mb@é@]n@aheth'éém AFRRET 7Lb-rsequencer Of aE’AZVN@@ Nghel @\ﬁ@le‘fﬁ@lt'aﬂt
subuni t-subunit contact, the addition of the H s tag Wwas presuned to have

no i nhi bi Y8Fy RATERIESDn ke 5B erRGPNN R i VEERSeE FNBPENE}%rdéb thie
construct nb t ru fo r on of PB1 2
e tescr PEBghatARETOLERE, PREULEU UBARo| el et T b R TSRLNER
K., Nagat auernandnks masarnearve tI992) aMir theResite22 dZBSrédSI)\blantorvh.lrmm
the expre the P proteins ec in nt bacul oviru relnfe ed
nto 1§ o JBPPE-BRuerosarEaETEBeE0Rd: ERoNSL MG S Mol SoEel thjs ot Fer o
anal yzed b)lrh@‘“ﬁ@@ﬁb%'ﬂwﬁ Whakh 1@F)eﬁmhﬁl pol ycl onal anti bodi es agai nst each
P protein e case of Sf9 cells infected with the reconbi nant

bacul ovi rus RBVERPAcH ¢ifd %ebhﬁdwghgwcﬁgnée@rt@gls Widdrttlod GhrheaspiecRAsSwas

det ect ed | l%%t §& Ia%'g dox;]i‘r}:\{(;%J %fpi P_ﬂgct i ons gg]bsg);cgo Pﬁg@ﬁ%ﬁ gure

| A, | anes® emgralon s-tagge Ay Was slig
sl oner t haayt hatltufrealfbhrerthec deA iwifidadiitontii S-0°age( EsgueeelAplllane edl) fr]SIme
i munost ai ni ng detected no bands in the extracts of nockinfected cells

(Figui® 1Bhe] FRStUranpng  syegepgeds fff et of the cell disruption
buffer, 10 mM HEPES buffer (pH 7.6) containing 10 mM KC1l, 1.5

' mM MgCl,, 2 mM dithiothreitol (DTT), 0.1% TritonX-100 and 1 mM
phenylmethylsulfonyl fluoride (PMSF, Sigma). The cells
suspension was homogenized by using a Dounce homogenizer and

25 centrifuged at 2,000 rpm for 5 min to recover nuclei. The
nucleli were homogenized in 3 ml of the nucleus extraction
buffer, 10 mM sodium phosphate buffer (pH 7.0) containing 500
mM NaCl and 20% glycerol. The homogenate was incubated with
stirring in an ice bath for 30 min and then centrifuged at

30 40,000 rpm for 2 hr. The resulting supernatant (nucleus

extract) was mixed with metal affinity resin (Clontech) and

incubated for 1 hr at 4°C with constant rotation. The resin



20 wth the reconbi nant bacul ovirus RBVH P al one expressed neither PB 1 nor
PB2. In the extract of Sf9 cells coinfected with all the three reconbi nant
. viruses, RBYPHlg;sPBYPB2, and RBVH-PA, 1{tshe expression of PBl1 and PB2 in
addition to H PA was denonstrated by imunostaining with anti-PBl1 and
anti-PB2 25 (Figure 1B and C). PB1 and PB2 were again recovered in both of
the cytoplasm and nucl eus fractions. In order to exam ne whether the three
viral P proteins form conplexes in insect cells, Tn5 cells were coinfected
wi th the vhseevasgiersd ewith rdoonbashingbaowf Doty udds dt swmih f pho3Pheaeh

virus). Aft t he L |ysate was exampned b S: 80 P. all three P
prot ei ps%’éféeﬁetgﬁfeh'w | PSR LR B r?gﬁw ’Pﬁ 'i?%ecjcorapéseg%nﬂﬁglgﬁgﬁﬁ%ﬁes.
The maj orhhyi®f g@Chnias toegover &t HR01-ZhoKT 1énhowsd! ynbn tBecbyabeuds
fraction (Figure 1). To purify P protein conplex, the nucleus extract was

centrifugedoaeins, GO0 klpen Rdatehr &Mkt Kessbpevatt Bhenwed udiedecfith the
subjected to netal, atfinit Ln.puriftication. . T t.erial te ]
100 5 F?#Eg& ebﬁégegraéf)?lgﬁé & gbytlg S—g@nPﬁé%aan lt%ﬁe ge?{“%asg%wg%rgied
wi th Coonpgsteihsi |wépat dalef£HB) bylThsee-BandBABE e ated ecitedl (feilgur @eZA,

| ane 3). These hands.  showed crossreactivi t%g with anti-PB1, anti-PA and
anti- PB2 8heiDedi WsthnCopBagrder Pt Lhighht PoHe (SBB) PAGE showed that both

PBI and PB2 10 &Qam : M respepdL ej Ci ith
Viral RNP sor os (B BuPe S EE anebds AR BReSCa} PAGE MR e Tea T IBCR T

as the reontbi FAMEF Huebraveveriad 10 onMRBVHFA buflsri nidct B cebhsafRiggr e

2A, l.ane but.nore slogwy, th he. RNP- associ at ed _unt agged, PA_( Ei. e
on e 1hr RetomRet,e B lplaE enar: Lror Baa8te ohE P e Rat ana pas
ecul es,are_pasoci Aledamt § bphb S -rAQGRMGIIRA PESEEIN. hi Na@r defodt 0 £@NThEUCT
a high-level expression systemfor these influenza virus P proteins we
conpar ed VhEh| everexbiaserecenpidreeds aBXpreadtl i nla8. s diha weerpzdgaseel |

l'i nes, Zoaa?ﬁvgg Sf‘%as"‘hix(}f%ﬁ‘@{fz&f' tug d er the sang cor&gif ion% at _

27C. After epdarifircation by using a nmetal affinity resin, thréé P
protei ns dearidebeatallaceten dahyoBB chilairiidey WARDS{DERIINFtgudeta2B)r. theom

the staining intensity, it indicates that the 3P conplex thus isol ated
cont dihed®t hBTPRFEESP 25 BBt ePRELTH eHESFeéﬁDuﬁPE.lggfjﬁﬁé t H&FevdP of-Pene

3P conpl eycexpresnedoin e TR Edddy e pagrBighgs tHAR ivkdhe rafi% sl tiwre,
Tn5 was used for purification of the 3P conplex in a |large scale. Fromthe
CBB st ai nragbiissengiatipstt Hég/i phuified he PROtEIpISerOVRs expressed Ln Hae
about 5 ~ g from1_.X.,108 i.rus%g infected Tn5 cells. The influenza virus
RNA pol erE A5BLEOPELEri $84%F FEATFiral RNP cores shows RNA synt hesi s

activity if exoggRoysh¥haddedwas carried out for 60 min at 30°C in 50 ul
20 of a standard reaction mixture in 50 mM HEPES/KOH buffer (pH
7.6) containing 100 mM NaCl, 5 mM magnesium acetate, 2 mM DTT,
[ ] 0.25 mM each of ATP, GTP, and CTP, 4 uM UTP, 10 uCi [0~-¥P]UTP,
0.25 mM ApG or 250 ng globin mRNA, 1 unit RNasin (Promega),
and 1 pmol of v53 or ¢53 model RNA template. The transcripts
25 were analyzed by 10% PAGE in the presence of "M urea. The gels
were exposed to imaging plates and then analyzed with a
BAS2000 image analyzer (Fuji). The model templates (v53 and
c53) were synthesized by transcribing pV53 or pC533 plasmid DNA

using T7 RNA polymerase.,
30 Radicactive VRNA and CRNA were synthesized by
transcribing pV53 and pC53 DNA, respectively, by using T7 RNA

polymerase in the presence of radioactive substrates. In an



" FSOL1- 256PCT 17 nodel RNA tenpl ates which carry term nal conserved sequences
of viral RNA segnents. The RNA synthesis activity of the purified 3P

. conpl ex wagpexarigped usi ng two nodel tegqpl ates (vsense (m nus-strand) v53
and c-sense (plus-strand) c¢c53) and 5 two alternative priners (globin nRNA
and di nucl eotide ApG . Wen v53 was used as a tenplate, RNA products were
detected in both ApG and nRNA-prinmed reaction (Figure 3A, lanes 1 and 3).
One of the transcripts fromthe nmRNA-prined reaction (lane 3) was | onger

t han t he ANG&-pindedgt roesctiqh mixahoe &2 n$0 (mdheHEPES )Y KORheownfifd e us pH

extract o ck-infected cells was unable to synthesize RNA from either
Camrat e TeRd okt Al hinged tel gt Ve s Gl pdfeaten, scohater ng. B oiifeg

RNA synt hesiss 1ins irained h R e d, LN .S l-Rf ed
W th T ecombrnas: M reare i b ) HRETRL PHahBI T o coRBTeY, EBpsT ok B
cells. ScBncwadies3PoEoppPéring wWrabl 01 @0&yaPhesitz or athio RNAL When5gr verP3RNA

tenpl ate w.th rando q cLhis indicates that the 3P conplex, sim|ar
to th:Eg native VT4t n%’ﬁ& 3%@% astee,rn}ler%:aglgn?%gger\}ﬁﬁl}éx Wol:1 sjpne%kfrg)?%?%ﬁﬂera.
Wien c53 wasaused1amel &I §1 A HOdUG Samesedet egked 30 thant inGWtdirley

in the presence of_ ApG priner (F{Jgure 3A, lane 2), The_size of the major
transcri piafr drﬁrtaﬁlsatﬁﬁglﬁdjtﬁfr ett B ararAdepriteBireackfbarwibe RelpdFdon

shorter than e nt .tenpl.ate. This s .probabl y.due to.the..nternal
Tt ati onTaran BBl e R R e S AR AD LAY Re B Y Re g A
25 The acfThei mixdurg o RN gredredi thapsotephi dnSephalrowe dtharmadieqr

bands, of t Lpts, det t | t d h djt] I d
=it SR8 e Tl PR LA nipe e d YR | SRy S SEhs O RNATT e

(B gut® 3 . et & i

i eto dlahﬁéﬁb_o@l@plaﬂd\uﬁ%oﬁ?l@&@st N $Hd et iirO - SEPpHAVd e Nzl dsttss RNAhe
polynerase is interconvertible between transcriptase and replicase, but the
capped RNARIpitiesad Anferkarose ofcoRRASXESt Heere Wasieghi euee chdrtdct BB staing of

t he FS01,256P NSCr i S€,. he er ds he replicase form
of RNA po%&%t%rigbﬂ’gcééﬁsis%ergggt g%belglﬂ%%bl vgfdﬁl?n (%81% i iF Fat?%%%ﬁ%e%e &fovo
RNA synt hdgisg rdibieklodbotrei.ng pri mers because VRNA in virus particles retains
5' -triphosphate. The 3P conplex 5 purified frominsect cells infected with

reconb? nant bachFEFSTEdNELBINGE CaPRPHz ENRNACs Hieh&s P oitie e Walss sive 160
primers. Lher %fsoro%saﬁb@@pl%etﬁéaﬁgrwfoégl§05§%>@>fsﬁsaf £80E thBnda A.
I po nfl uenza virus poly

transcriptase formof viral RNA ynmerise.” | meri'se
recogni ze¥igpeeoi .o ldndefokhbasal cat(@®@®) SVirwndR8s.t 8bMil¥&-L060nserhred

sequences. of. VRNA .and cR which aact as transcription, pconoter and
enl Toati GG H it OBt TP LoeR AP RGPBRPhell SipRRRAL ERer pae; £ycle by
i ntrinsictaekitinlgy witenZpeR.inAGCovdi-ng! Yruaya Yaitidinddg «afa dche (8Pheemurgy to

VRNA and cRNA was exami ned. The 3P conplex 15 was incubated with a
r adi 029 abdhedhepdetegangs ares|ovbB] @RH. c5Bhe andcapnddnuRNALDf MRNS| miltar a

:i Egt f‘;t 2&%{ %g:ﬁ%%trﬁir% g d WAKC 2P LARLASSAY 0 XHil) € N A the 5'-
‘ position was incubated with the 3P complex or wviral
nucleoprotein (RNP) in 50 nmM HEPES/KOH buffer (pH 7.6)
containing 100 mM NaCl, 5 mM magnesium acetate, 2 mM DTT and 1

25 unit of RNasin (Promega) in a final volume of 50 ul at 30°C for

30 min. The mixture was irradiated with a UV lamp for 30 min.

The RNA-cross-linked proteins were digested with RNase A and

RNase Tl and then incubated with anti-PB2 at 37°C for 1 hr.

The reaction mixture was incubated with protein A-Sepharose

30 (Pharmacia) for 2 hr 1in an 1ice Dbath to precipitate the
antigen-antibody immunocomplexes formed. The precipitate was

washed once with phosphate buffered saline (PBS) and then



“irradiated with a Wlanp for 30 mn to pronmote cross-linking. Imrediately
after the Wirradiation, the m xture was 20 subjected to RNase di gestion.

- The di gestgg1pb9gpers were immunoprecipjtated with a conbination of anti-PB
1 and protein A The inmuno-precipitates were anal yzed by SDS-8~ PACGE. Both
VRNA (Figure 4, lanes 2 and 3) and cRNA nodel tenplates were cross-I|inked
to the 3P conplex(Figure 4, lanes 5 and 6), but 25 random RNA (Figure 4,

| anes 8 and 9)was not. These results indicate that the 3P conplex fornmed in
i nsect cefksactsonitad bpa e ST-8%alged rivg ENAchobyhereses. i sThadl gellowas
specifically_recqgni ze both VRNA and cRNA. One unique feature of influenza
virus gro@PRlYEeehas ABSET3BeEePPO¥Spped RNA is used as a source of primers
for initiation efevhhah et EANSSr IddARx FMAN MGl Kabky ., mrtharpREl/ wenza
virus RNA polynerise itself is able to cleave capped RNA at FSOL- 256 PCT
19 speci fbufpesi tlpding .Boarcarts Hiiapl 6P r vt ¥e€l, TRemdf PR, t Ae3bi Adilhgn

Conpl & 1 Kt At o8- eRaft ol B BERomie TR Dot IO R p R B o PR antrith

cl eavage acthpl kiteticti@ed 1a@Rflicdmuitls bRt 1,00 oen exainrednbexttbyhkhe
bi ndi ng activity of 3P conplex to capped RNA. For this purpose, rabbit
gl obi n nRRNA-pesapédnh tie a30 2RLGTRWa30(F epar @d Tnaly Vademsi #&i plsul.

guanyl yl t sf . . Th I (VA P t \AC it h
ecapped FA (T o BEP RS eey En g PR e | BTG URROR Y Bkl
t he i ncubprechpithéeni xtirle wihanoladi aneéd anallyzedV banpl Z0r PAGBssin | thieng.

Aft er, subsequent digestion with se and RNase T1, the 3P conpl ex was
gy CBERRERCETOR ThMaDEBRD] MRS SRC bf vah: FReREZSe; 4t SRRCHBrGI FPAYE and
| muno- pr echpi hateg a@)ﬁnal VR RY) SRS~ d8aERCEo ThenhBUCkREEtion
ce

extract from nock-infecte s produced no radi oactive bands at the P
protei n posktuees (Fhgurmedd idraneliijur8owhsotheplted3RcorPlExEqFi §0 HAn.

| anes 2 apd 3 d . R\P. (H qur | ane owever, .reyv .
radi oact i @?ltey)nae%r%t ﬁe@eﬁgs(ﬁ iqr(%)ir?&cugfr%r evé%%nﬁﬁéaego%ﬁh%%ﬂ;%%&géége% &slirt s
suggest 2@ntha Mh&a8R coapl ekepOSBRESEStH heheapidt NA- hondjing: ast ifdniay.
I'n the products extracted frominsect cells infected with reconbi nant

bacul bvi r gonceadireadeny oty SH&s M .so Thet Bdadyrien was |iapsroadied @ddid 1 ndlor

band mi gr gy r&giﬁasdtng then R o Ihiggdandt hovweyer res rBlrSOs detiect ed firfa
the nuclels extract from nock 25 infected cells, indicating that it
correspongsecdpa thiist wagr awishgdhogi thnsdct mdel Tw)s 3Gt ebufifevi ngpR Bi.Adi ng

activity to the capped RNA we exam neq for its capped. RNA_ cleava
activity, CGQ&H@“&H@ pﬂri fl‘%dl\gﬁ%brrpp& ant{a}ﬁ% P n@hﬁ?"bo?ﬁl%o aiif
gl obi n MRNA saRgeeARREN PObY{ Alnl kot hstbthl B2RJomlivtall 1lede waed. SRRNC kS,
were used as the substrates. Capped polfy (A) is a good substrate for
endom| eKfraetedeavhble Mhe@R-Ghgloroform, precipitated with ethanol,

and then analyzed by PAGE in the presence of 7 M urea.

o

Test results
For the expression of the three different P protein
25 subunits of influenza virus RNA polymerase, recombinant
baculoviruses were constructed using cDNAs for vRNA segments 1,
2, and 3, containing the genes for PBl, PA, and PBZ2 proteins,
respectively. c¢DNA for PA was inserted into the pAcHLT vector
to express the PA protein as a fused form with a histidine
30 (His) tag sequence of 40 amino acids in length at its N-
terminal. This procedure facilitated the purification of the

resulting 3P complex. From the fact that the N-terminal



" FS01- 256PCT 20 expected, incubation with RNP resulted in cleavage of the
capped poly(A) into fragnents of 10-13 nts in length(Figure 5B, lane 1).

. The cappegisRNA>wapcal so cl eaved by thedurified 3P conplex in the presence
of vb3 tenplate (Figure 5B, lane 4), 5 but not in the absence of tenplate
RNA (Figure 5B, lane 3). No cl eavage of the capped RNA was al so observed
with the correspondi ng extract from nock-infected cells (Figure 5B, |ane
2). It has been previously observed that capped RNA endonucl ease associ at ed
wi th RNA petuerrcasefi sPactwamt edtviimvil wddiing duburiiettsautplratte BNAtgHagen,
M, Chung, T.D., .Buytcher, J.A_, and Krystal, M 994)_ J. Virol . 68,

1509- 15150¢j adgifionped Fi’f }%.SCT]C,a% %%@sw%} E‘igbéYeE&%olﬁlhl%?,torY
5844-5852) £ rdetQUILrS UFIRK | §85chBIRY @Ind tMWMchﬁemNppfpgﬁg@@QaB@A The
endonucl ease was observed only with v53 tenplate. ¢53 was 15 virtually
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VRNA tran¥érigt Res- %8 %éérzﬂﬁﬂs possi bility, globin nRNA-prined
VRNA-transcri ptihQn t r eri i nsd kL Ana I e
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g the antigens against the whole particles
with all the three recombinant viruses, RBVPB1l, RBVPB2, and
RBVH-PA, the expression of PRl and PB2 in addition to H-PA was
demonstrated by immunostaining with anti-PBl1 and anti-PB2
25 (Figure 1B and C). PBl1l and PB2 were again recovered in both of
the cytoplasm and nucleus fractions.

In order to examine whether the three viral P proteins
form complexes in insect cells, Tnb cells were coinfected with
the three species o©of recombinant baculoviruses (at moi 2 for

30 each virus). After the cell lysate was examined by SDS-8% PAGE,

all three P proteins were detected by immunostaining with the

corresponding antibodies. The majority of each was recovered



" 20 or a conponent proteins) of the virus and the exploratory studies on
agents to interfere with physiol ogical functions of the conponents of the

- virus. Anpagithesbargets exam ned in sygh efforts, the only target left is
RNA pol ynmerase. The nethod for RNA pol ynerase production in a |arge-scale
25 established in this invention provides the base for the massscreeni ng of
i nhi bitors of RNA pol ynerases and drug di scovery from substrate anal ogues
for the RNA pol ynerase-nedi at ed reacti ons. Moreover, RNA pol ynerase
product i omok&dyl inaths nhelpust diracttionct (Figurserit)i.f i Fat poridly RNArotein

ol ynerases and ev 30 further drug di scovery based on the._i tifie
e 3B Ry TheoParLons; ekt Ak natnT ceonrEatases at Pyl BRgen” tor
pol yneri se CRAPrisd NGkHde stiRRhatfan¥ epaki ngi sEBOSyf osut heceenes d omdtha

conponent 5 proteins of an RNA polynerise of RNA virus, integrating said
cDNAs i nt 8fdibasy cvdsins penbhicableonst Fhet medegdsilnanliutigd useth LAPed® ng

i nsect. cel, i saj rgﬁgﬁgi. t,. Viruses ng. e Si said c

obt ai n5 RNA!m%o ﬁ?grei 2\&982. e lnn.%%toeod og) cl EP% g% %ﬁi g giai ghg{NA&é\:/il rh”gdsl S
i nfluenzast@iviedussith CThemasshed wfildizm lbdue2CBRher @hresni daffld\ were
polynerise is tag--|abeled. 4. The nethod of any one of clains 1-3, further

conpri si n§e&eStER of EpGRFRYI ?1%{ satPRNS Jpol ynERFEe bkg,argg$ ng?%’(”%s&lﬁérﬁ‘ to
|5 trap t%ﬁ&@%ﬁ%@g' MARILSBI, S-arfih BN Qﬂay@{ﬂi&%@thﬁt%aahgs in

produced, which is’int orm of a conplex consisting of the conponent
prot ei ns dheRM&kdeal yafemiserafi@NA \BDIr<sEAGKI showed | slod it bdthr 8B RAdyiBR2s

genom ¢ RNA. 20 6. The | ynerise of claims, er.ei n_said, Vi r, i's
o Uk 2 COrPIGTEERE SHth cBRBoeTAZ SHRAMHE afe B3R 81 anqopksted  with
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than the RNP-associated untagged PA (Figure 2A, lane 1). Thus
15 we conclude that at least some of the PBl1 and PB2 molecules
are assocliated with His-tagged PA protein.

In order to construct a high-level expression system for
these influenza virus P proteins we compared the levels of
these proteins expressed in cells of two 1insect cell lines,

20 Tn5 and Sf9, which were cultured under the same conditions at
27°C. After the purification by using a metal affinity resin,
" all three P proteins were detectable even by CBB staining of
SDS-gel (Figure 2B). From the staining intensity, it indicates
that the 3P complex thus isolated contained the three P
25 proteins in equal amounts. Since the level of the 3P complex
expressed 1in the Tn5 culture was higher than in the Sf9
culture, Tn5 was used for purification of the 3P complex in a
large scale. From the CBB staining intensity, the yield of the
3P complex was estimated to be about 5 ug from 1 X 10° virus-

30 infected Tnb5 cells.
The influenza virus RNA polymerase solubilized from viral

RNP cores shows RNA synthesis activity if exogenously added
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model RNA templates which carry terminal conserved sequences

of wviral RNA segments. The RNA synthesis activity of the

purified 3P complex was examined using two model templates (v-

sense (minus-strand) v53 and c¢-sense (plus-strand) ¢53) and

5 two alternative primers (globin mRNA and dinucleotide ApG).

When v53 was used as a template, RNA products were detected in

both ApG- and mRNA-primed reaction (Figure 3A, lanes 1 and 3).

One of the transcripts from the mRNA-primed reaction (lane 3)

was longer than the ApG-primed transcript by about 12 nt (lane

10 1). The nucleus extract of mock~-infected cells was unable to

. synthesize RNA from either template (Figure 3A, lanes 5-8).

These results indicate that the detected RNA synthesis 1is

mediated by the 3P complex formed in insect cells infected

with recombinant virus, but not by any cellular enzymes in the

15 insect cells. Scince the 3P complex is unable to synthesize

any RNA when given RNA template with random sequences, this

indicates that the 3P complex, similar to the native wviral RNA
polymerase, recognizes vRNA in a specific manner.

When ¢c53 was used as template, RNA products were detected

20 particularly in the presence of ApG primer (Figure 3A, lane 2).

The size of the major transcript from this cRNA-directed and

" ApG-primed reaction was, however, shorter than the 53 nt

template. This was probably due to the internal initiation at

an as yvet unidentified ApG-binding site within the ¢53 RNA.

25 The activity of globin mRNA-primed transcription was low, and

no clear bands of transcripts were detected at least under the

conditions employed (Figure 3A, lane 4). These results

indicate that only v-sense RNA may be able to direct capped

RNA-primed transcription.
30 Influenza virus RNA polymerase 1is interconvertible
between transcriptase and replicase, but the capped RNA-primed

initiation of RNA synthesis is a unique characteristic of the
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1 was 1ncubated with a -labeled médel templates, v53 and

c53, and random RNA of a similar size at 30°C for 30 min in the

transcription assay mixture without substrates, then

irradiated with a UV lamp for 30 min to promote cross-linking.

Immediately after the UV irradiation, the mixture was

20 subjected to RNase digestion. The digested products were

immunoprecipitated with a combination of anti-PB 1 and protein

" A. The immuno-precipitates were analyzed by SDS-8% PAGE. Both

vRNA (Figure 4, lanes 2 and 3) and cRNA model templates were

cross-linked to the 3P complex(Figure 4, lanes 5 and 6), but

25 random RNA (Figure 4, lanes 8 and 9)was not. These results

indicate that the 3P complex formed in insect cells, similar

to the natural virus RNA polymerase, 1s able to specifically
recognize both VvRNA and cRNA.

One unique feature of influenza virus growth is that host

30 cell capped RNA is used as a source of primers for initiation

of wviral transcription. Even more remarkably, the influenza

virus RNA polymerase itself is able to cleave capped RNA at
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Covas (FREH PR e ()0 m&io% l(r%efocy R0 B Rt abiaring,

(10%4| & (pet{OVM| &E( 3P &eﬁﬁmbmtaowb&e@) RNR( 1098 &thYs phHBOEOYdhBOEY-
(10%] & ()- (10%4] & ()- ' | H&( puvwkMB( ] %ﬂ&'() "1 H&((10%4] & () -

(10%4| & 910?100/@ &A(yfecapﬁ&((d |[&t~($ TR ma8|mleqm|&swg vagoanr&e() -
(109 & ( A QU & (rne- .33 kl:egqew RS 194b11GHp was

104|(10@&|&f() (10 4|&f() IH&((lO%&l&'() |&f() (10@&|&f()-
g<o_|[:W.pBen incubated with recapped RNA (w1th *p only at the cap-1
10 structure). Immediately after the incubation, the mixture was
. irradiated with a UV lamp for cross-linking. After subsequent
digestion with RNase A and RNase T1, the 3P complex was
immunoprecipitated with a combination of anti-PB2 serum and
protein A, and the immuno-precipitates were analyzed by SDS-8%
15 PAGE. The nucleus extract from mock-infected cells produced no
radioactive bands at the P protein positions (Figure 5A, lane
1}). Both of the 3P complex (Fig. 5A, lanes 2 and 3) and RNP
(Figure 5A, lane 4), however, revealed **P radioactivity at the
position corresponding to the PB2 band. These results suggest
20 that the 3P complex possesses the capped RNA-binding activity.
In the products extracted from insect cells infected with
‘. recombinant baculovirus, radiocactivity was also detected in at
least one additional band migrating faster than PB2. This band,
however, was also detected in the nucleus extract from mock-
25 1infected cells, indicating that it corresponds to a fast
migrating host(insect cells) protein having a binding activity

to the capped RNA,

Next, we examined for its capped RNA cleavage activity,
using the purified 3P complex . In this experiment, both
30 globin mRNA and capped poly(A), both with *P only at the cap-1
structure, were used as the substrates. Capped poly (A) is a

good substrate for endonucleolytic cleavage by RNP. As
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If the 3P complex formed in insect cells possesses the

20 catalytic activity as a transcriptase, these may include an

activity of polyadenylation coupled to vRNA transcription. To

‘ test this possibility, globin mRNA-primed vRNA-transcription

products were characterized in detail. Analysis of the RNA

products by 10% PAGE revealed diffuse radioactive bands above

25 the 65-nt-long transcript. To examine whether these slowly

migrating RNAs carry poly(A) sequences added to the newly

synthesized RNA, in wvitro transcripts were mixed with an

oligo (dT),, resin, and the resin-bound RNA was eluted by heat-

treatment in the presence of high concentrations of salt to

30 eluted RNAs, The eluate was analyzed by 6% PAGE in the

presence of 7 M urea. As shown in Figqure 3B, a radioactive RNA

was detected, which migrated more slowly than a size marker of
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Efforts to establish prevention and treatments of
influenza have been focused mainly on the development of the
immuno-therapy using the antigens against the whole particles

20 or a component protein(s) of the virus and the exploratory
studies on agents to interfere with physiological functions of

‘ the components of the wvirus. Among the targets examined in
such efforts, the only target 1left is RNA polymerase. The

method for RNA polymerase production 1in a large-scale

25 established in this invention provides the base for the mass-
screening of inhibitors of RNA polymerases and drug discovery

from substrate analogues for the RNA polymerase-mediated
reactions. Moreover, RNA polymerase production facilitates the

protein structure identification of RNA polymerases and even

30 further drug discovery based on the identified structures.
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1. A method for producing a virus RNA polymerase comprising
the steps of preparing cDNAs for the genes for the component
proteins of an RNA polymerase of RNA virus, integrating said
cDNAs into a Dbaculovirus genome to construct recombinant
viruses, infecting insect cells with said recombinant viruses,
and expressing said cell to obtain RNA polymerase.

2. The method of claim 1, wherein said RNA wvirus is influenza
virus.

3. The method of claim 1 or 2, wherein said RNA polymerase is
tag~labeled.

4., The method of any one of claims 1-3, further comprising a
step of purifying said RNA polymerase by using an adsorbent to
trap the tagged RNA polymerase.

5. An RNA polymerase artificially produced, which is in the
form of a complex consisting of the component proteins of RNA
polymerase of RNA virus, existing isolated from RNA virus
genomic RNA.

6. The RNA polymerase of claim 5, wherein said RNA wvirus is
influenza virus, and said component proteins are PA, PBl and

PB2.



