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10 Conventional technology related to influenza virus RNA pol ynerase has
focused on the devel opnent of nethods to purify the polynerase fromvirus
particles. Purification of the polynerase is inportant because influenza
virus RRAOpeky$pECESe can be regardedl as an ultimate targetqsf Qs viral
agents. 15 Froma nore basic scientific viewpoint, influenza virus RNA
polynerase is an interesting material in terns of the origin of its

bi ol ogi ¢ evol uti on because, unlike DNA-dependent RNA pol ynerase, the

RNA- dependent pol ynerase is considered to be _involved in the proliferation
of RNA genome. DesPpt&odofesneraerabre EfFspt BNANBOHBEREASEor effici ent
purification of the RNA polynerase tightly bound to viral genom c RNA has
been established to date. Previously, we collected a conplex of RNA

pol yrmer Mradh f bound to genom c RNA by the centrifugation of virus

25 particles [n.a high cancentration of cesiumchlqride solution._Mreover,
we successfulkglﬁiéﬁkﬁ€;ﬁ§9t?ﬁj%$@§ngyﬁhrﬂgggﬁﬂmgofoﬁﬁﬁé S r €itEYEed
bot hs RNANRO| preymsien bl BNA Hin aveeskBR), tiddd ugpeaceiahelgpl Winatysad by
centrifugation. The RNA pol ynerase, however, was found to be significantly
i nacti vaetd BRIty vhsupuriNA creilyreprsessNt TRUB, wHiusefet A681aA89f ound
to be i | e . ge-scale purifications of the RNA 7polynerase.
FSOl-ZSEg%$ yEQQSrQFHSE%E'In t he subsequent study, three kinds of P
proteins were purified and m xed together in a test tube to reconstitute
the RNA polynerase. In a simlar study, Summers and his col |l eagues of a
U S resgSESﬁ—SFEUp utilized SDS pol yacryl anide gel 5 electrophoresis (PAGE)

to jgpeparate apdnpuhii¥nbhese MRUGIAS- reThE¥aNAE [RPOLERYA! RALrE RNA
reconstituted systemof the purifie protei ns showed an RNA synt hesi zi ng

.'hctivitpoéymh@ggh the focused on the development of methods to purify

the polymerase from virus particles. Purification of the
polymerase 1is important because influenza wvirus RNA polymerase
can be regarded as an ultimate target for antiviral agents.
15 anﬁ a more basic sciéntific viewpoint, influenza viius RNA
polymerase 1is an ihteresting.material in terms of the origin
of its Dbiologic evolution because, unlike DNA-dependent RNA
polymerase, the RNA-dependent polymerase is considered to be
involved 1in the proliferation of RNA genome. Despite
20 considerable efforts, no method for efficient purification of
the RNA pplymerase tightly bound to viral genomic RNA has been
establiéggaﬁko‘date.— ' i _ |
Previously, we collected a complex of RNA polymerase
which was bound to genomic RNA by the centrifugation of virus
25 particles in a highVCOncentratioﬁ of cesium chloride solution.
Moreover, we successfully dissociated the RNA polymerase-RNA
cbmplei and released both RNA polymerase and RNA in a cesium
- trifluoroacetate solution wused by centrifugatiqp. The RNA
polymerase, however, was found to be significantly inactivated
. 30 during the purification process. Thus, this method was found
to be inapplicable in large-scale purifications of the RNA

polymerase.



activity was only limted. In our study, we purified the three kinds of P
proteins separately fromcells infected wth 10 bacul ovirus and then
reconstituted RNA pol ynerase with these proteins in vitro. Simlar to the
study cesdaevedroy Sunmmrers and his eol | eagues, we were ablg sp BeHf i rm
that the reconstituted systemshowed only a limted activity. Thus, this
net hod al so appeared to be inapplicable for |arge-scal e -15 producti on of
RNA pol ymerase, and no ot her prom sing nethods for this purpose are
avai l able to date. (Honda, A, Mikai gawa, J Yokoi yama, A., Kato, A

Ueda, S., Nagabathg SQQﬁﬁﬁ%ﬁnthﬁtuﬂﬁyathEﬁ kéﬁésl§ﬂiﬂ%nﬁroﬁﬁln5 were
Purificat, d I rase n Vi rus
Al PRB. ?hr‘l%.%@ St ST t%g e 1990) Bl gony aygﬁéhféﬁeﬂ,htﬁlgléﬁgygﬁe“
Nagat a, RKA, paidmeshiskanmaln A siRétenssitidyi oAunfieraf hnénhas ¢pddeaBNAsS

pol ymerase from three subunits ex resseq.using econbi nant . bac IOV|r
systenlga r@s %; f?se?§§g24gf?9§2)P gﬁzFﬁe 8PRer PRAX¥GCT &Bpﬁggtlgﬁ
unexgam %Q@c%%@@'ﬁ%%%s1%5 atcent Appkepathen GiekaiuriNe, 9cAdd86prardins .
Publication of = unexam ned application (Kokai)- No.11-199489 descri be

ol i gor i Bbeicheors depoadeshttinat a Jag@m%tmhw#tw@t%mo@& ﬁhee?b‘lré§§ﬁ6n
duced | h b
| nduced te'}_fn SUenag, Xiyru n. 'ﬁ% Syt réa[ez rfc#l %%ﬁg%u%% ‘a%h ayfebeen

unsuccess i proving t se o
d|ff|cuhbmlmﬂtguwakloaﬂyoﬂlmﬂteﬁhe RNAopﬁIyﬂndgseweFﬁQtaiE@BCthkStApem

2005 Prohlens to be resolved by the inventigon Conventional h ds )
avai | abkénEsr 0§b|§t|ﬁ§°ﬁﬁAnspoF?R§F§§ i r &ECRy F?&E§VIF8§§§% Bﬁtent

of {he pRGkMERIAS] Idhd ¥hEHS M&ﬂscﬂlecutseoﬁmﬂwpbh@&néﬂages Wi EA %ﬁbbe5 to
' purlfy the polynerase and to renopve undesirable
: proteins in vifro. Similar to the study condncted by Summers

and his colleagues, we were able to confirm that the
reconstituted system showed only a limited activity. = Thus,
this method also appearéd to be inapplicable forrlarge—scale

15 production of RNA polymerase, and no other promising methods "

| -for this purpose are available to date. (Honda, A.,‘Mukaigawa,
J., Yokoiyama, A., Kato, A., Ueda, 5., Nagata, K., Krystal; M.,
Navak, D., and Ishihama, Amf Purification and molecular
‘structure of RNA  polymerase from influenza wvirus A/PR8. J.

20 Biochem. 107, 624-628(1990) and Kobayashi, M., Tuchiya, K.,

Nagata, K., and Ishihama, A.: Reconstitution of influenza

¢ J( ' virus RNA polymerase from three . subunits expressed wusing

recombinant 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 .
oligoribonuclecotides as antiviral agents inhibiting pfotein
expression induced by | influenza virus. However, these
coligoribonuclectides have been unsuccessful in ﬁroving their
30 antiviral efficacy because of the difficulty'in'purification

of the.RNA polymerase.



contam nants by any of the conventional methods. Moreover, RNA  pol ynerase
in a small amounts tends to undergo rapid inactivation. Therefore, no
practi cal nethods are currently available for purification and isolation
of functP8hal>RRAT 10 pol ymerase. Medns to sol ve the probl emmpMidogses are
parasitic to a host which then provides nost of the substances required
for the virus growth. Viruses, 15 thenselves, produce only-protein
conponents of the virus genone and the virus partlcle according to their

. ig,all living organisms, but
y T use the replication system
of the host tOOne@httamaltfmethmmmm amﬂ %&aﬂaemﬂfatfo@wnlaNAateﬂblQamhon
system R critical requirenent for an antiviral agents

i s not ﬁny%FF%céﬁﬁbctgp%% tHECUEPYi val- A8 groWeRst (He hbde. For
this r e@%@gmekagst har avv'vtﬁ&%é@@icwais RMA RBLY PRIASE i Sid h&f%ﬂ&@l@nzy me

synthesi zed by RNA viruses pol ynerase has 25 been consi dered as
tardet for wburhfnntithe al roemerashouladicdhe &evel@p&dveTheusdeaLE@Wlaf

R e A A T T i S e

est abl i pbegmbensesolial i o) OEmALQUUGAMI arMhd4ls IBNA Ihqatgdrer ageid
preparation which is the prerequisite for such developnent. Qur invention

-prOV|de§nacﬁéYﬁ660F0r(ﬂQﬁﬁ@ﬁPWﬁdhnosdﬁwqﬁ%ﬂﬁkm@eﬁhﬁdﬁnﬁﬂ%ﬁu@@%r%nﬁéw
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first aspect t he pr Sent 1 nvent i on prOVI es a ne pro ucing an
RNA Qol pokymseasé.i nfl uenza virus conprising the steps of prepari ng cDNAs

? :;each for the genes for three

Means to solve the problems

Viruses are parasitic to a host which then provides most

of the substances requi‘red for the wvirus growth. Viruses,
15 themselves, produce only protein components of the wvirus -
genome and the virus particle according to their own gene

- information. Genomes exist as DNA in all living organisms, but
RNAs in many viruses. Therefore, a virus cannot use the
replication. system of the host to replicate the genome and

20 needs its own RNA replication system (RNA polymerase). One
critical requ1rement for an antiviral agents is not to have

‘any i1l 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 viruées, RNA polymerase has
25 been 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 preparatlon which 1is the prerequisite for such
development. Our J.nventlon prov1des a method for dealing with

such problems and introduces a new stage of development of



conponent proteins (PA PBl and PB2) of an RNA pol ymerase of influenza
virus, integrating said each cDNAs into each bacul ovirus genone
respectively to construct three kinds of reconbinant viruses, infecting

one insegkogebkepiclrh said three kindg of reconbi nant Vir“%%%gﬂ@ﬂ@S' :
expressing said cell at ‘the sanme tine to obtain RNA polynerase. Using this
nmethod, it is preferred that cDNAs each for the genes for the conponent
proteins of an RNA polynerase of a virus are .prepared, and said each
cDNAs are integrated into each baculovirus genone respectively to

const rucantéebnblnagentsiruses, and one insect cell is infected with al

ki nds of reconbinant viruses. The RNA virus is preferably influenza

virus. In thig muthod, a BN cpobyrenaserevynie tgdabsl egfrépidéack! hbahedt he
subsequent purification. Furthernore, the RNA polynmerase nay be purified
by using&F R behtItant RIP thfel Y tajre do RNA NfdiupReaasel r s seephdiasdpeact
of the presendipyentd r@ﬁg}_f%ﬂgs Ve 2 PR y.ff%éseuh%%ﬁﬂe'ss AdiLhekally -
produced and is in the Tormo conpl ex consisting o ree conponenF

pr ot ei ns cORRenRBL gido RBR) s of( PAn HRNA @l y @2as e Of annRNBenzal wdttsse of

exi sting.i sqlated from RNA virus nom ¢ RNA, and havi ng _an RNA pol ynerase -
activity 6f infirdenza" Wi us. 1T§eﬂﬁgglln§0055a4lafiA EAFrd &St ofthe BREBent

i nventi obapuQviviesisa gehbRE FSpddooEel 1O a0 BYAspelvrer ase. of yiinidsuepgza
virus conprising the steps of preparing cDNAs each for the genes for three
conponent eFPBPANAS Y PA Y PEE anth PB2Yied ane RNAsSgelty merldseriofh said uehzee

Nespocti veraore T eeoneth BRETE hrEEuk BRGSO cRRENRPRAN SoRUEREL a5 ckbPng

one i nseshmeellime th sditdinr ENGMpalamte NdydiSassiwxptiessi ng said cell at the
sanertin%mt%%%’ it is preferred that c¢DNAs each for the genes for the
- component proteins of an RNA polymerase. of a virus are
fuprepared, and said each cDNAs are integrated into each
baculovirus genome respectively to construct recombinant
viruses, and one insect cell is infected with all kinds of
recombinant viruses. The RNA virus is preferably influenza
virus. In this method, RNA polymerase may be tag-labeled to
facilitate the subsequent purification. Furthermore, the RNA
polymerase may be purified by using an adsorbent to trap the

tagged RNA polymerase.

e Al

A éecond'-aspecf 'of: the present invention provides an RNA
polymerase, which is artificially produced and is in the form of a
complex consisting of three component proteins (PA, PBl and PBZ) of an
RNA polymerase of influenza virus, existing isolated from RNA virus

genomic RNA, and having an RNA polymerase activity of influenza virus.



contacting the resultant conplex of the conmponent proteins with an
influenza virus or its essential noiety. Figure 1 shows the P proteins of

i nfluenza virus expressed in insect cells infected with reconbi nant

bacul ovirus. [Figure | Al Sf9 cells were infected with reconfix \"h?o 5

bacul ovi rus RBVH- PA (bacul ovirus having the gene for His- tagg’e E’A
protein(HPA)) at a nmoi (nultiplicity of infection) FSOL-256PCT 15 April
2005 of 2. After a 4-day culture, théacells were harvested and processed
to prepare a cell lysate. The cell lysate was centrifuged at 2,000 rpm for
5 mn. The resulting supernatant (SUP or cytoplasmfraction) and the '
precipitate (PPT or 5 nucleus fraction) were fractionated by SDS PAGE. The
gel was subjecteg; L - Bkott,iLn r : i i -

anti bodi ca. | P ory b 1BTERE e T OB RS ar o o ot il Sy F4 i eethoa
speci es dfor epoadilnany lbac HNGVipabese { RBYPBIf, iRBMRRzaamdi rdd BBMpirPAingt a
moi  (rul t‘élpe”%itteé;s()f L. nf ercti on)_of é éor eac \C/tirrus. After a 4-dz%)t/ cglture,
the cell s wer & “Farvedf ed Gif - W% cEEFEY a2 GRscribed Gb e Bot Ty FBEFEsm
and nucl etsnpdriact | ppstwens i(PaYneil obhad paiot)h @t hn PRERBlp OF yradit 4 s £BEC]
anti bodies._15 Figure 2 shows the purjfication of the 3P conpl'ex from

i nsect ceiNiSlusnatt ed WlEN r dddmsinrtingh baedlbovigash [ FPB&re 280 Tnsaghl | s

wer e i nf gegtet Wi degopbhbati RaculiQviyus gm(sa . W th all
t hree speci es of recg I nant gggﬁl O\Q/Tilérl S %%BQEE?HSE EZTE%é%)& M%A?%at
moi 20 ofreXdmdrimach wimssesnd ifecelds wetie cuhieced or14 wWays. sdbe
supernatant fracti onsv(.SUP of whole cell |ysate were m xed ,
recombinant virudes, expressing said cell at the same time, and
contacting the resultant complex of the component proteins with

an influenza virus or 1lts essential moiety.

Figure 1 shows +the P proteins of influenza virus
expressed "~ in = insect cells infected with J;ecombinant

baculovirus.

{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).



with netal affinity resin, and the imdazole eluates were fracti onated by
SDS- 8% PAGE. The gels were stained with Coonassie brilliant blue (CBB).
Lane 1, RNP isolated from 25 influenza virus A/PRB; |ane 2, the i m dazole
el uate fFEAACI2PFPCT om RBVH- PA-infected cells; lane 3, the 3R camyosx
isolated fromcells coinfected with three species of reconbi nant

bacul ovirus. [Figure 2B] Sf9 cells (lane 1) or Sn5 cells (lane 2) 30 were
coinfected with all three. species of reconbi nant bacul ovirus. After a

4 day culdupe, dhie P gonplay ves i 5ol 2ed and phalyzed go deseribedy

above. ril rgure oWs nodel te ependent

RNA syntdiesiesseact tyi tprabaitde a3Pceanpl eysatEl gur endAl cdhe 3R/ €0l @as
purified fromthe reconbi nant virus-infected cells or the corresponding
fracti of YGrhieEE o 7 P efPs RaliBranthed TRSMHEERG SO eRNA tant

synt hesi tivitydn batd in_tthe pres e of . .a; liat e 5
(I anes 1(,%0?,: g\y a%:xt%)p'l%%ﬁ%?r I%gﬂ“g?)z, . ,deﬁﬁ%nd?)g)e%é%g%t%ri(%e&’rwo%rApG
(1 anks hueus faraktAomr weodi Ara®hdofbhhnds by, SDE BAGE andTBe. g€he was

products re . separated by urea-8%,PAGE.,_10 [Fi gu ] RNAs synt hesi zed by
Phe 3P GHIHIAGESh e LRISEREAOG i 1 REErE. PRE Tl albane Ly 725
(l anes E&nkdbogianrd the prinmer, ApG (lanes 1-3 and 7-9) or gl obin nRNA

(lanes 4-6 and 10-12), were mixed with an oligo(dT)30 resih. The
" resin-bound RNASgWwEes A&covnst ddl arftf hireg i dweyeuceanforPadEwith frhaee

9 ! BRI O o e i et et sohen 3 b
conpd ex REWBE-PBRYridi ed 3Iicorphekiphscibgubdat ethfédti @2P- bdbe? edor each
3 virus. After a 4-day culture, the cells were harvested and
processed as described above. Both cyEoplasm and nucleus
fractions were immuno-blotted with anti-PB1[B] or anti-PB2[C]
antibodies. |
15 _ Figure 2 shows the purification of the 3P complex from-
insect cells infected with recombination baculovirus. ' 7
| [Figure 2A] Tn5 cells were infected with recombination
baculovirus .RBVH-PA (Lane 2) or with all three species of
recombinant baculovirus (RBVPB1l, 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 méEéEﬁuaffinity7 resin, and the imidazole eluates were
fractionated by SDS-8% PAGE. The gels were stained with
,Cdomass_ie brilliant blue (CBB). Lane 1, RNP isolated from
25 influenza virus A/PR8; lane 2, the imidazole eluate fraction
from RBVH-PA-infected celis; lane 3, the 3P complex isolated
from cells coinfected with three species of recombinant
baculovirus. _ .
{Figure 2B] 5f9 cells (lane 1) or 8Snb Célls {(lane 2}
30 were <coinfected with all three species of recqmbinant
baculovirus. After a 4-day culture, the 3P complex was

isolated and analyzed as_described above.



20 v53 (lanes 1-3), ¢c53 (lanes 4-6) or RNA with random sequence (I anes
7-9),. and then irradiated with a Wlanp for cross- Iinking The. _
RNA- cr oss| i nked protei ns were anal yzed by urea-8% PAGE, and the gel was

exposed BPH4BFGT I m Figure 5 showst capped RNA-bi nding a Iﬁj ?
activities 25 of the 3P conplex. [Figure 5A] The purified conmplex (12
prol/m or 3 gg/m; lane 2, 5i; lane 3, 10 I) and the isolated RNP(Iane

4) were assayed for the capped RNA-bi nding activity. RNA W th

radi oactivity of 32P gnly at the pped siti W t h t he 3P
conpl ex. or ngg N < hgn %’9"5%“ étioé%qw ?ﬁmg(z@bel aﬁﬁenaﬁfl g ATt h
ri bonuclme;ﬂ;y T thb@rudRgaRA, the RNA-cross-1li nked proteins were
anal yzed by urea 8% PAGE. The FS01-256PCT 7 15 April 2005 gel was exposed

to X-ray fil mlEigiger 23B] TRRp3F) &ﬁ@pal)ex Phe ifpego fyloax Hhieamesombipantand
h d
the cor askRIAINGIIRCI oM | 8 FReK ARG FH] Skl @Dfon Sk 08! Roggay

for the capped endonucease. s m Xe cappe
pol y3A) ircleelted V\IIdé"ll?‘nZPMﬂ y @tanbped | bn thetabsetfioe OfRN{qJ angm thred)i s0r

presence %f el t hey P v53 (lanes 3 and or rml e of c53 (I ane
5) tenplite d‘[tYSOJé"’fEJP gg ﬁﬁﬁn e F §u|ptrieﬁ§nicr‘?cdb%t F‘orF %SVE)
anal yzed ifs@les RNA 3Jhg, gelngag) exposesh t @18A5MBgI ng phat ean‘aveé)n' ghk &

10 the plate was anal yzed wi th a BAS2000 i mage anal yzer (Fuji1).
Descr i pPrdfest qmé*FEin@eﬁn@S RNA 9» r dsesingary )beorc| @absibin edRNAL ctlawes 3,

15 encoding thengesb o prePERauF Bk cHRHE S BRe K BR Y By Foerner bR R
virlges of thiigigakregamny] ceawmu bymhteh@zganme e Bipe daifpleat eih MRHA) in
. ‘the protein synthesis, and thus are
S presence of the template, v53 (lanes 1-6) or v53 (lanes 7-12),
and the primer, ApPG (lanes 1~3 and 7—9)- or“ globin mRNA ({lanes
4-6 and 10-12), were mixed with an oligo(dT),, resin. - The
resin-bound RNAs were recovered and analyzed by urea-6% PAGE.
" 15 The migration position of a marker RNA of 100 nucleotides (nt)
long is shown on the left.
Figure 4 shows template'RNArbinding activity of the 3P
complex,
The purified 3P complex was incubated with ¥P-labeled
20 v53 (lanes 1-3), b3 (lanesr4—6) or RNA with random Sequence
(langs 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
ng/ml; lane 2, 5 pl; 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 T1 and ribonuclease A, the

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




. called "plus-strand RNA viruses". RNA viruses of the other category can
not utilize the genome as the tenplate in the 20 protein synthesis, but
transcribe the genomic information onto a conplenmentary chain to use the
chai n a§SPhe2rRRAT Thus, RNA virused of * this latter categpppgscal | ed
"m nus-strand RNA viruses". Host living organi sns do not have ‘any enzyne to
"catalyze transcription of the genomc RNA to conplenentary RNA. .25 RNA
viruses of this latter category, however, have RNA polynerase in the virus

parti cl gelRwé‘sVE%gétE%dOftot his Lattgr category include those of
Y ony

Par anyxoviri dae, Xxovi ri'dae, . Rhabdovi ri dae, Bunyavirus, and
Arenavi ri dae. [Thgsrens®it | RNP cdahe app! i gde t 8Ppraadypdiason{ tdnddNA2-4) ,
pol ynerase of all viruses . 30. of this category. Wen this invention is
Pl 0d2Pg (VRO b9 RRREShAPGmir 06 RACK TS Srbna o7 r 45REne
proceduses yar@ assdafa 2POPCINEOld-pwed Hr\dhdod@¥oadd) PagRatahienoaf

three species of reconbi nant bacul oviruses, each q£ whi ch independently
expresswesoméxefl thidhs wiampnads pAEBI(A)S IRBEleathdvPy OF ¢hlvuehzeapitudnRNA

Genom ¢ kA By 5P boddeiegcohin nabt of BE TG vk, CETPEE, t PR Epfike ar o

. ce
genoni c onof 0g recont ows. FITs

i ncor pokateqikike Bhandntgr mrdijatmolecldr of3 B14Q i)t aengArfda Mt Rt
expression in E. coli_cells. These internedi ate 10 vector DNAs are
i ntrodufed Wt Mithe FACUIRAHHESITBNARGHRA T migtnge ovagnagat¥pershed

insect: ghl Stiil nydY GLECILQRUAL QD 95 tigl%g]iiﬂ%mmﬂé H%Pﬂﬁghww@gegous

reconbination 1s induced in‘the cells, and the resulting transforne

~ bacif) ovithespd ateontai anad yzkee ganbs af BASRPBUlandiaBB2 aaré vizeol dFedi)oOn the 15

- other hand, cDNA of the other subunit, PA is introduced into a downstream.
‘region froma histidine(H s) tag |abel (HAT) in

Description of the Embodiments

RNA viruses can' be classified into two categories. RNA

viruses of one categor'y 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 wviruses. 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 living Orgénisms-do not have any enzyme to
catalyze transcription of the genomic RNA to complement_ary RNA .
25 RNA viruses of this latter category, however, have RNA
polymerase in .the virus 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 .polyme-ra.se Qf all viruses

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

polymerase of the influenza virus, the procedures are as



t he pHAT vector containing the HAT | abel to express the PA proteinin a
fused formw th a sequence rich inH s residues at the N-termnal and thus
to facilitate the purification of the 20 RNA pol ynerase fromthe cells
expr essFR§lrrOOFSTynerase. This intérnediate vector is insgiffhdogto
bacul ovi rus DNA by honol ogous reconbination in a manner simlar to that
descri bed above for insertion of PBIl and PB2. 25 (2) Reconstitution of

i nfluenza virus RNA polynerase with its three P protein subunits

sinmulta eggsl .expressed by reconbinant bacul oviruses-infected insect cell
system IMiseft™cel I's are infected wi.th three species of reconbinant
bacul ovi ruses, each of which is constructed for 30 expression of one of
the three P protein subunits of influenza virus RNA pol ynerase. The
expressilon dfreRmreiEiBumt FareeorPerhed Bf VESeBPANBRSt PRCLACVREUSES,

corresp N i.bad i . .l e N kzedpwiit h a
Pormgen aa B e e e B, Do FLBeEd tar Ao
det eb gemB2ancireenkA) f afedndfiub@zA0F inmy fRNA Zpdit ymdhese r escDfA nfjor PB1L

supernatant_is m xed wi,th TALON netal affinity resin 5 (an adsor t) to
e D eninm par b he 1 i igorperakga e et Srlne, S REe o PRE" kit

treat ed haimbll LR TM- & P HRZRA LD akedupeLde, | NFeLaE! | Ahdar! Wwelling hariesi n
and the His tag and thus to elute the proteins. The eluate is fractionated

by SDS iPAGEPOGadiesl yAatiche tdepr dodedmediedeei wesiHouni ©f b -Wespdin 1o
blotting,. | hi.s i.nvention,_ PA alo i bel W t Hi g
Nevert,h%logsfsq,r&'t htfai-“:"eﬁrua"g[n)E L8%Sn 1aclmnglrrllo 'o%P;H/ilee:se‘eL?l §gge2hégf% 1%13,[53 rgnl%g%a]ggl and
PB210 Thivecitedi aaizes dhat ihbeotihicee Riphottidn batuiblowisuarmabiatoethoss a
conplex formby the method described in this inventjon. 15 &3) )
Purific&€ilef oFf tHe PRFPREAZRS AiSoRNA Gty nBFERED BYpréSSEdoPR Aivd Pnsect

cel | syghemand {Basief®NhePiod! S Homologous recombination is induced
in the «cells, and the resulting transformed baculoviruses
containing the genes for PB1 and PB2 are isolated. On the
15 other hand, ¢DNA 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 1is inserted into baculovirus DNA by
homologdﬁéﬁiécdmbinaﬁiOn in a manner similar to that described

above for insertion of PBl1 and PB2.

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

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



activity A crude extract is obtained froma honogenate of 20 reconbi nant
bacul ovirus-infected insect cells. Fromthe extract, reconstituted RNA

pol ynmerase is purified as described above. The purlfled specinen is

fracti of&0dd 2H6PSIS PAGE. Proteins i%h the gel are stained jyiaph 2ge9masSSsi e
blue to confirm the purity of the P protelns The net hod described in this
25 invention has confirnmed to offer a purified preparati-on of functional P
protein conplex in terns of the follow ng, four activities (1) tenplate

RNA- dependent  RNA synt SIS tivi ende t RNA synt hesis
not vi ©yRemens ot AR Se R i B TR EREr S PonGhRRI AL "ERe

bi ndi ng paddanied ¥ 8(4)mﬂﬂtéu\él t yratalgave capcieapl hrét r uebdtedcontghni ag RNA
at FS01-256PCT 10 15 April 2005 a specific site RNA pol ynerases of viruses

in the é%ﬁﬁﬁﬁﬂﬁnés @@§brﬁ@§@r1556@€ i #tt hP8, PAOentPBN %%ﬁ be producedtBy the
met hod ry %%dbﬁgfje\@}atﬂnac“ x Ct@@%fﬁn%ﬁéﬁ%@tgﬁ gwfaﬁl@ meashnate

this |nve i on to res s invention to the exa
Exanﬁl¢Qaﬁﬂnﬁ$mfmﬁmthltexamppexmuﬂeinsuléhdl@@twbyhualﬂpsheaglo The

following material s I ) Bac-1o0-Bac vector

Const 1 UGB GOST Rt RS FoH batbrobrFoses (Thor Tkt ciptdhgpie to
est abl | sheg:cel &hél mﬁtékaetyghn%éh%ealn%eTnéésiﬁ)r afUPHESSI s Ot ayi bug
proteins 15 (iii) TALON netal affinity resin (CLONTECH Inc.) for

purifi cdtiteh &f eheterihei peoegpresscthdyeingeetigefrgctionated by SDS
PAGE to analyze the expressed P protein subunits by Western

10 Dblotting. In this invention, PA alone is labeled with the His
‘tag. Nevertheless, the eluate contains not only His tagged PA,
put also PBLl and PB2. This indicates that the three P protein
subunits are obtained as a complex form by the method

described in this invention.

15
{3) Purification of the influenza wirus RNA polymerase
expreséed, in the insect cell system and measurement of its
activity |
A crude extract is obtained from a homogenate of
20 recombinant baéulovirus—infected insect cells. From the

extract, reconstituted RNA polymerase is purified as described
above.  The purified specimen is fractionated by 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 invention has confirmed to offer a purified preparation of
functional P protein complex in terms df the following £four
activities:
{1) template RNA-dependent RNA synthesis activity
{2) primer-dependent RNA synthesis activity
30 (3) host-derived mRNA cap {cap~l) structure-recognizing and
binding activity

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



(iv) Reagents for neasurement of RNA pol ymerase acti Vi ty The substrates for
RNA synt hesis (ATP, GIP, CTP, and UTP) (Pharnmacia Inc.), and ApG and .
globin MRNA to be used as the 20 prinmer (v) Reagents for preparing

t enpl at SRNANSRCAr pVS3 for preparih@ tenplate RNA and T7 4BMpy fags ymer ase

(TAKARA) (vi) Reagents for neasurenent of capped RNA cl eavage activity 25
Label ing agent for the RNA cap-site, [a-32P]GIP, and <capping enzyne Test
procedures The insect cell |ines established from Spodoptera 30 frugi perda
(Sf9) and Tri chopl usia ni (Tn5) were used for infection with reconbi nant
bacul ovi% lﬁ{?é:l TASt 6dt&pha california nucl ear pol yhedrosis virus (AcNPV) -

was used for ralsle sl 90 APl 1205 ﬁ?n%h(eucééﬂél%&héﬁ%‘%b%%d

Vi ruses. Reconblnant acuIOV|ruses for expressi on of 1 and PB2 were
const r ucthedreas Jdvesdlhltﬁed inveriel gor evdaous|ye puptdédheed repor theKogeyhohi M,

Tsuchiy t , and Ishihama A 5 (1992) Virus Res. 22 235-245).
For the%%%ﬁg?%ﬁ%? g Sf reconbi nant virus for expression of PA CcDNA for

PA was anpli fore@ibuipotyimsBse Ghal Nsheret tRNWPCRy andhdiiserdied thekween
the Ncol and Bglll sites of pAcHLT-B (Phami gen). The resulting plasm d DNA

( pACHLTPARVERds ani ndati »ed &Ad restractr &hdFedDEENHLOR §acEP6CKAEPBRA-i nt o
Sf9 insect cells by the |iposone nethod. After 72-hr culture at 27C, the
supernatant was harvested and the reconbi nant viruses contained in the
super natfampieyse infected into Sf9 cells . The culture supernatant was

harvested, and_the titer of reconhi nant virus 15 CszVH-P was det ergl ned
by the plaque 5@%a@raq$%9?}t(§x%ﬂp were carrie using the

10 following materials.
(i) Bac-to-Rac vector (GIBCO-BRL 'Inci) for construction of
recombination baculoviruses
{ii) Insect cells of established cell line (including Sf9 and
) Tn5) for expression of virus proteins
15  {iii)} TALON metal affinity resin (CLONTECH Inc.) for
purification of the proteins expressed by insect cells
(iv) Reagents for measurement of RNA polymerase activity
The substrates for RNA synthesis (ATP, GTP, CTP, and UTP)
{Pharmacia Inc.), and ApG and giobin mRNA to be used as the
20 primer '
(v) Reagents for preparlng template RNA
Vect5£ pV53 for preparlng 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

The insect c¢ell 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




virus preparation was 10 PFUm . Tn5 or Sf9 cells were coinfected with the
three species of reconbinant baculovirus at a noi of 2 for each. After a4-
day culture for the co-infection, 108 cells were collected from 20 the

cul ture Bl sifspiitled in 5 nl of theléell disruption buffefsahlogy! HEPES
buffer (pH 7.6) containing 10 MM KC1, 1.5 nmM MyCl2, 2 mMdithiothreitol
(DTT), 0.1% TritonX-100 and 1 mM phenyl net hyl sul fonyl fluoride (PMSF,
Sigma). The cells suspension was honpgeni zed by using a Dounce honogeni zer

and 25 centrjfuged at 2,000 rpmfor 5 mn to recover nuclei. The nuclei
wer e honBgRHT &S P r‘%ﬁm‘ﬁkﬁ]élml‘@d?%‘?&'racti on buffer, 10 nM sodi um

phosphat e buf fifcdniinard K906 BbPL PEs S0 roM R ANG 2 05F OblEeLRly Phe

honogenate was incubated with stirring in an i'ce bath for 30 mn and then
centri f USRER atcBG YIB! r g f desgribedThanr ehet | previpes hat anblisledus

extract) 1 ] al aftini. r.esi ntech) _and . i ncubat for
1 hr at ﬁ%'{nhﬁ%g%%\%%%%f at ?gn.c?”%’)ﬁ(‘e K?'ésiq?f_“(‘g%‘gi- gsapé’f‘glztsf%%ﬂﬂﬁ ;392005
was Washemad it h wihmasvafeang 2f f @35-5Q 57 sodiram pties phades thwdd edn (RdE 7. 0)

containing 300, MM NaCl and 5 nmMim dazole wuntil UV nonitoring of the
el uat e et A e T3 0CEPAESEAORNeOdl uBPe. TREAr e5Ph BB tfieh

el uted w i ti huffer, c L Ni ik p-dazo T: d
pr ot ei n\glg\}\%rleﬂgencgl ?zyejdlp%yrlyg%é—ﬂ?%(% P%\ﬂ ?hangg?%gg(g)g}\ﬂs (%gg %I?%i nlﬁﬁﬁ&
Coomassiketddn i Gt Nbaé( @BB) .BJIHE Fsjrex eofis pdepidiTabte d BhanSRSrPAGE Tier e

el ectro-bl ott.ed onto PVDE. ranes | nmM CAPS _huf f er. H 11 :
Cont i iU EE e OBl i "BHRC RS RCHETER) [ e vdnbemd il cdil ¢ o~
ant L oPA, tatid fi¥led aftti@nbhcRBavaphkbofines ity drdr inked?Ccandst Bgn tMd h

~ peroxi dase-conjugated anti-rabbit 1gG . The peroxidase activity was
Vi sual i ZedPdgpmehanatdard i oflieh 328hr culture at 27°C, the supernatant

was harvested and the recombinant viruses contained in the

supernatant were infected into Sf9 <cells . The culture

_ supernatant was harvestéd, and 'the titer of recombinant wvirus

15 (RBVH-PA) was determined by the plague assay. The titer of the’
virus preparation was 10° PFU/ml.

Tn5 or Sf9 cells were coinfected with the three species

-of recombinant baculovirus at a moi of 2 for each. After ad-

day culture for the c0-¥infect10n, 10° cells were collected from

20 the culture and suspended in 5 ml of the cell  disruption

buffer, 10 mM HEPES buffer (pH 7.6) containing 10 mM KCl, 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

nuclei were homogenized in 3 ml of the nucleus extraction

buffer, 10 mM sodium phosphate buffer (pH 7.0) containing 500

mM NaCl and 20% giy_cerol. The homogenate was incubated _with

. stirring in an ice bath for 30 min and then cén—trif_uged at

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

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

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



di am nobenzi di ne tetrahydrochloride (DAB) (DAJINto detect the 15 P
proteins. The anti-P protein antibodies used in the detection of the
expr essed P proteins had been raised in rabbits against the purified P
prot ei ngrsoder2seamTessed in the cultuze of E coli cells. RyAgyiohesis was
carried out for 60 min at 30Cin 50 1 20 of a standard reaction mxture in
50 mM HEPES/ KOH buffer (pH 7.6) containing 100 mM Nad, - 5 nmM nagnesi um
acetate, 2 mM DIT, 0.25 nM each of ATP, GIP, and CTP, 4 (1M UTP, 10 C
[a-32P] UTP, 0.25 nmM ApG or 250 ng globin nRNA, "1 unit RNasin (Prorrega)
and 1 pigIS ovaghedomidiy HB@eIWWI{%n?P&f@r:Th@tﬁlﬁns%@@m 2331

anal yze 0% t o’ T eks d to
i magi ng%p at es %ﬁ@%hecﬂ aggfl@/ggggﬂ th a %A%Z]ggsll nmgigcg gna zer l:é jlee The
nodel temrtllai egI\»( vSRoraintb riohB) oer etisynt bksazed- bjowednsani bld'eg:epjt&%1@
pC53 plasm usi Bg T7 RNA pol ynerase., 30 Radl oactl ve VRNA and ¢

a

wer e syﬁ’trt?gﬁ%d W HPPafdd3ing 3 T&5d T (%3S DRy &IFHGET vEE§D tﬁheum ng

T7 RNA nQlihy a3R firet Ne. Riesenee of JadiRCtineiSUPS f at espd n Aited
FS01- 256PCT 13 15 April 2005 RNA-bi nding reaction m xture of 50

HEPES/ KEMobgfisr wWpHe 7283lyvoedaibi n@Dﬁo@%mvPﬂé@I anei tnlagnemlﬂn atsgteat e,

2 mM DT, f t.h P (a conpl ex consists of 3
speci es ofa pr%tel r??’ %%860 cf)Lr%lo n% r(g)(t 'v53 c53 5 or random RNA
(TW 3' -terni make 9e@uerneehsv\eepah:awb1ab@d SIBS—@AGE @l ev @/l rof-id tHled or
30 mn at 30C. _The reaction mxture was irradiated with a UV lanmp for 30

mn. Af PBLO VR ImErBRINEE At | 1@’8@“ tFRPS RRALerwadPH ut t heconf@ipdined at
37G for 1%%h&ethyﬁ%1m X&HéebW@%teacg?i‘ftégs%gep&ﬂE%%Qtéds%ﬁt&%r Q3 i-Pa,

(Phar macia) 10 for 2 hr 1n an ice to recover e resulting antigen-
- anti-PB1, and anti-PB2 antibodies for 1 hr at 37°C and then
with peroxidase-conjugated anti-rabbit IgG.. The peroxidase
activity was visualized by the reaction with ~3,3'-
diaminbbenzidine tetrahydrochloride (DAB) (DOJIN)to detect the
15 P proteins. The anti-P protein antibodies used in the
detection of the expressed P proteins 'had_ been raised in
rabbits against the purified P proteins over expressed in the
culture of E. coli cells.
RNA synthesis was carried out for 60 min at 30°C in 50 pl
20 of a-standard reaction mixture in 50 mM HEPES/KOH buffer (pH
7.6} contalnlng 100 mM NaCl 5 mM magnesium acetate, 2 mM DTT,
0.25 mM each of ATP, GTP, and CTP, 4 gM UTP, 10 uCi [a-*P]UTP,
0.25 mM ApG or 250 nq globin mRNA, 1 unit RNasin (Promega) ,
and 1 pmol of v53 or c¢53 model RNA template. The transcripts
25 were analyzed by 10% PAGE in the presence of 7M urea. The gels
were exposed to imaging plates and then analyzed with a
BAS2OQO imade analyzer (Fuji). The model templates (¥v53 and
c53) were synthesized by transcribing pV53 or pC53 plasmid DNA
using T7 RNA polymerase.
30 Radioactive vRNA and CcRNA were’ Synthesized by
transcribing pv53 and pC53 DNA, respectively, by using T7 RNA

polymerase in the presence of radicactive substrates. In an



“ant i body i nmunoconpl exes as protein A-Sepharose conpl exes. The protein
A- Sephar ose conpl exes were washed once with PBS and then subjected to
SDS- 8% PAGE. The gels were anal yzed as described above. 15 Cross-|inking
of . cappexb(RNR3dpdthe P proteins was garried out as descri bﬁ%ﬁa Mwdobe

previ ously published report (Honda A., Mzuno K, and Ishi (1998)
Virus Res. 55 199-206). In brief, globin nRNA was decapped.-and recapped
for one cycle by treating with vaccinia virus guanylyltransferase (G bco
BRL) 20 in the sence of [a-32P] GTP. The recapped globin nRNA with a cap
structur@ﬁ‘éﬁacg@% rR3ZPLPAbAUX TLI0D0 odpnyOomly HEPEREKSH- lp@ﬁfﬂormﬁas '

i ncubat P r u in i

HEPES/ Kg étl)yluf%b rﬁ“ﬁcg)rmj 3@1%?%% 'ng 11618 Wﬁlaa%ﬁ ﬁ%ﬁ%ne?l 3‘% acerat e,
2 M DThandid (2p A, ofo RNesén ke oBRgabmpied flhnabmpalin® oofs i%Q splofat
30" C for, 30 mn. The mxtyre was_irradiated wth a UV lanp for 30 m n.

The RNA-LrERECIEHKked proteind itk 4P gReP eGPR f RR@dtoaChive RRdse CFS and
thensi neybatedauh t RNaNt (eMyB23 al e 4 401 éet}ﬁency{'eu{e%mi&@uﬂéﬁé&” §n\Was

i ncubated wth protein A— Sepharose 30 (Pharnacia) for In an ice bath
to pr ECprlrIEﬁ]I evdihee ant iffenlanfobadly miamuocddid .exdhef okt i obhanixture

precipitate wa sh d once phosp ate uffered lin PBS) . .and then
FS01- 2585CT 314”1% "f‘ngé’u Gt 6 'on> An"Sbs- 8&1?8 %i?(e 2daitl

el ectr opfyorfgis-phhe t@f‘ej m%%ux%n%asz%ﬁeqeaqfd@%%e@%\te 37PRepYrifhed 3P
conpl ex was incubated in 50 mW HEPES/KOH buffer % containing 100 nM
NaCl, 2 The ovixtureggars i irmibated methopzetﬁgnmA" smham@eca(ﬁﬁx@@n@%

R y6A h c st fu Wit 0 f,.327
on:\l£0at f%(h}l ¢ )h]'fog%%lt |agln) il?e Hg %Sat?% %&%1 éc % na gﬁl%”r%@ . The
" Feact i orarridebutt anumrmo@xdprlmct%d as tﬁrqdjmnolpz—cSﬁpﬂracﬁaHerncoquM@ fat/ec with

et hanol , r{d .anal yzedhb))_( 12% PAGE in the
ein A=SephaTose complexes were washed once with PBS and

then subjected to SDS—S% PAGE. The gels were analyzed as
described above.

15 Cross—linking of capped RNA to the P proteins was carried
out as described in the previously published report {Honda A.,
Mizuno K., and Ishihama A. (1998')' Virus Res. 55 199-206). In
brief, 'globin mRNA was decapped and recapped for cone cycle by
treating with wvaccinia wvirus -guanyiyltransferase {(Gibco BRL)

20  in the presence of [a~*P]GTP. The recapped globin mRNA with a
cap structure labeled w1th p (about 1,000 cpm) only at the 5'-
p051tlon ‘was -7 1ncubated w1th the 3P complex or viral
nucleoprotein. (RNP) in 50 mM HEPES/KOH buffer (pH 7.6)
containing 100 M NaCl, 5 mM magneésium acetate, 2 mM DTT and 1

25 unit of RNasin (Promega) in a final volume of 50 pl .at .30°.C for
30 min. The nmixture 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- proteih A-Sepharose
30 (Pharmacia) for 2 hr in an ice bath to precipitate the
antigen-antibody immunoéomplexes‘ formed. The precipitate was

washed once with ~phosphate buffered saline (PBS) and then -




- Mirus Res. 22 235-245). To con C
‘feconbi nant  Badgbbdekr uded ver e(Takaotled was 0 SiQedel ke uttler vaeictisn

10 presence of 7 Murea. The gel was anal yzed as descri bed above. digotex
(dT) 30 (Takara) was added to the reaction mxture. The reaction m xture
was heated at 75C for 10 min. The heat-treated m xture was placed in an

i ce bat lFfMir-Z6AaT, and 5 M NaCl was4athen added to the m Xtsung Jdofs i ve a
final 15 concentration of 500 MM The m xture was incubated at 37C for 10
mn and then centrifuged at 2,000 rpmfor 5 mn. The precipitate was
washed with 10 nmM Tris-HC1 buffer (pH 7.5) <containing 1 nM EDTA, 0.5 M
NaCl , and 0.05% SDS and resuspended in 0.1 ml of sterilized distilled

wat er. RNRGHEHS0 ke S TH? pithobYcRILEE6EOPRPTEEAEI-pi Thtededi Was

et hanol dden %1%%'@%71%%@%1;%%5 in the presence of 7 Murea. Test

results For e expression of the three different P protein 25 subunits of
i nfluenza vir theRNamdiye r3s e;onemrbiasni ncllagubdvi nu$6s me M FESYKOHLCt ed

sing c for egnents. 1 2 nd_ 3, caontaining_the genes faqr PBI1,
II;AI, gnd%eﬁr o?m,g) ?‘é‘é‘ﬁt@’r?%‘?ywﬁﬂ 6L A%d@q?ﬁggrtgd:ai%nt%lttﬁ@

PACHET vectqw, d.@=xRfess fdie Pﬁc@reagb@daélébiﬂsﬁﬂbm%@ Wik @) hi Gliicgi ne.
30 (His) tag sequence of 40 amno acids, in length at its N "termnal. This

© procedurde dagridtinumtare Hahrirdd iveidih orb@it t 2000 ecpiftt ©Ag* BPodiyplagx Lhier om

the fact.,that .the N-termpal FESO1-256PCT 15 15 April 20Q5 sequence of PA
was not 1 NSO s n?ﬁ-é"d@un‘?‘"{z Sgga&f‘, 3t heRaddiv & qofhggHruslt ag
was presiredréactbye peodukithi tweye eiftacicsean wivh agpsemdllyandragory,ty of
RNA pol ynergse. The construction of reconbi nant_ bacul oviruses for

pr oduct IFFFOP5EEE At PBE RS Ues cAPBed ! ¥aRs ph¥vi bA%| §AGEDI 1shéde
repopt ptRgavaslic My Euall Yenk golagabaala:y20d L8MhBaaR;feal 18902,

expresston o proterns,

mixture. The reaction mixture was heated at 75° for 10 min.

The heat-treated mixture_was placed in an ice bath for 5 min,

and 5 M NaCl was then added to the mixture to give a final

15 concentration of 500 mM. The mixture was incubated at 37°C for
10 min and then centrifuged at 2,000 rpm for 5 min. The
precipitate was washed with 10 mM Tris-HCl buffer {(pH 7.5)
"containing 1 mM EDTA, 0.5 M NaCl, and 0.05% SDS and
resuspended in 0.1 ml of sterilized distilled water. RNA was
20 extracted with.,phenol—chlorofdrm, precipitated with ethanol,

and then_g@alyzed by PAGE in the presence of 7 M urea.
Test results

For the expression of the three different P protein -

25 subunits of influenza wvirus RNA polymerase, recombinant -
baculoviruses were constructed using cDNAs for VRNA segments 1,
2, and 3, containing the genés for PE1, PA, and PB2 proteins,
respectively. cDNA for PA was inserted iﬁto‘the PACHLT vector

_ to express the PA protein as a fused form with a histidine
30 (His) tag sequence of 40 amino aCids[ in léngth' at 1its N-
terminal. This procedure facilitated the purification of the

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



10 conditions, and the whole cell |ysates were anal yzed by i munost ai ni ng
with specific polyclonal antibodies against each P protein. In the case of
Sf9 cells infected with the reconbinant bacul ovirus RBVH PA al one, a band
show ng s@r-assspaeaction with anti-PA was detected in bot ms%pi%bﬁsm and
15 nucl eus fractions by SDS-8% PAGE (Figure IA lanes 2 and 3). The

m gration of H PA (H s-tagged PA) was slightly slower than -that of
authentic PA without His-tag (Figure | A, lane 1). The inmunostaining

~ detected no bands in the extracts of nock- infected cells (Figure 1A |anes

4 and 5)se@tdgee| PE B eweed W wiinholiedr dgonbithuni thavbbovir eomRBMHE P

al one e S .. neither .nor_PB2. In_the extract of Sf9 .cells.
SOt cot DAE SR C I (PR 00k ag Bhac! BrblinER 18° halleHlo B tory
RBVH- PA, e f frctexpors shen ofsdibll \angndBactivadei td OMRER HoRPAmw@ase. The

denonstrated by imunostaining with anti-PBl1 and anti-PB2 25 (Figure 1B and
C). PBl HIFPBELEE 2dai ﬁe?@g%%?’éﬁ DRBPIY Igusame Teyt opredns R nuel eus
fracti onsgy | ghQr gk t XQ9% ne; t her L{al ;Qt.elns..,

conpl exes i n iInsect ggﬁsfsegérﬁgl%@e Igﬁmetiﬂeéec%?%?g%%{ée%ﬁwpgﬁglg gb{t ﬁfre e&r{n
speci es Gfogammtbi nant Bavohbdyar Bses NegateodK 2, f and 30sbabbmei Aus) (1982 )er
the cell,lysate wa 1 T by SDS-8% PAGE, all three P proteins were

det ect e'(}hb%lﬁ rﬁﬁﬁ'o?tzg%}elga)t’h the corresponding antibodies. The majority
of each was reepvayed mS0Ehe edHidd HPrthe2@0prREting, tddigdiued aus
fraction (Figure 1). To purify protein conplex, the nucleus extract was
centri f RRGPIAVIAIED Mg orinfegfiedand ntise reald| wisladi r etipous

oo B ErkRaTa e Tk GRS L e do e ae B A nea

~Mi th Codmesgices taridirigntwitihue (SgRB)L fithr e lharidmaler entdeietitead (gt 2A,

| ane 3). These bands showed cross- . .
each P protein. In the case of Sf9 cells infected with the

recombinant baculovirus RBVH-PA alone, a band showing a cross
reaction with anti-PA was detected in both cytoplasm and
15 nucleus fractions by SDS-8% PAGE (Figure 1A, lanes 2 and 3}.
The migration of H~PA (His-tagged PA) was slightly slower than
that of authentic PA without His4tag (Figure 1A, lane 1). The
immunostaining detected no bands in the extracts of mock-
infected cells (Figure 1A, lanes 4 and 5). Sf9 cells infected
20 with the recombinant baculovirus RBVH-P alone expressed
neitherlﬁﬁ&l nor PB2. In the extract of Sf9 cells coinfected
with ali_igﬁe fhree “récoﬁbinant viruses, RBVPB1l, RBVPB2, and
RBVH-PA, the expréssion of PB1 and PB2 in ad&ition.to H-PA was
demonstrated by immunostaining with antifPBl and anti-PB2
25 (Figure 1B and C). PBl1 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, Tn5 cells were coinfected with
the three_speciés of recombinant baculoviruses {at moi 2 for
30 each virus). After the cell lysate waé examined by Sb5-8% PAGE;
all three P proteins were detected by immunostaining with the

corresponding antibodies. The majority of each was recovered



reactivity with anti-PBl, anti-PA and anti-PB2 antibodies in the order of
m gration. SDS-PACGE showed that both PBL and PB2 10 co-mgrated with the
corresponding P protein associated with viral RNP cores (Figure 2A |ane
1). On teppigelserdre H PA migrated asefast as the recombi namtaphJofs -
recovered fromRBVH PA virus-infected cells (Figure 2A, lane 2), but nore
slowy than the RNP-associ ated untagged PA (Figure 2A, tane 1). Thus: 15 we
conclude that at |east sone of the PBl1 and PB2 nol ecul es are associ ated

wi th H s-tagged PA protein. In order to construct a high-Ievel expression

syst em fmsrstihdde Ghef [ehHAasyi e R gy of i Arrewel confar ennidey 1R ualatein

t hese pr I e e .n.c i lLines, Sf9,
i oh weRRE o e IR BT AR, LEREELF8LY oA, 08, St L
purificadti @r byndsi tige a smicdnafdritni wpasr esliimectalyl shbéecPepr ot@i NsetvEl
detectabl e even by CBB staining of SDS-gel (Figure 2B). Fromthe staining
i nt ensi 3ELEL G grestsPurhbicehtonp cdhpl @etarisl ptated vohbailfdd Hhe

three P 2o Q5181 Ngakn Pﬂé@%i@r@%ﬁsbyﬂ 9991-%_%9 pEYE! Hfd t hee3Py69M)LX
expressed 1n the Tn5 culture was highér than in the Sf9 culture, Tn5 was
used f orsiminied cuitlon Cobmiase 18P ol s nbauel(§B§e .s cHiree FhemdshevaBB

i ni ng, 1.0t ensj ty,..the yigld he . 3P coppl tinated to be about
S G 11 oM BETgh VPRATdoBhn chehl TS col TRCSAneeAER ucBR OF e R

pol yner asexcaalwiliy i weeh f oamiviesal, SR <o esnghowst RVBSYALBEBbE @Gt Mty
i f exogenously added FS01-256PCT 17 15 ril 2005 nodel RNA tenplates which
carry tdhf mildomeriEdraetrrnc S JIAGH r o Seghekesh FRd @Al PB2

A e G L R
- two al t erinatli VRNPr icoees (OF bdpire nBNA anaheli ducl eodn dehAp@el, the H-PA
migrated as fast as the recombinant H-PA recovered from RBVH-
PA virus-infected cells {Figure 2A, lane 2), but more slowly
than the RNP-associated untagged PA (Figure 2A, lane 1). Thus
15 we conclude that at least some of the PBl and PB2 molecules’
. are associated 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 pfoteins expressed in cells of two insect cell Ilines,

20 Tn5 and 5f£9, which were cultured under the same conditions at

27°C. Af

er the purification by using a metal affinity resin,
all three“%mprbteiné weré detectable even by CBB staining of
SDS—gel (Figure 2B). Frbm the staining intensity, it indicates
that the 3P complex thus isclated contained the three P
25 proteins in equal émounts. Since the level of the 3P complex
expressed in the Tnd 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 pg from 1 X 10 virus-

30 infected Tn5 cells. |
The influenza virus RNA polymerase solubilized from viral

RNP cores shows RNA synthesis activity 1if exogenously added



When 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 nRNA-primed reaction (lane 3) was |onger than the
ApG pri s t-2&eP0T pt by about 12 nti¢lane 10 1). The ”UC|%H§mﬁﬁhb ct of -
nock-infected cells was unable to synthesize RNA fromeither "tenplate
(Figure 3A, lanes 5-8). These results indicate that the detected RNA
synthesis is nediated by the 3P conplex formed in insect cells infected
wi th reconbinant virus, but not by any cellular enzynmes in the 15 insect

cel I's. S9dede R tPrpbabrex whiahmaBRETYo teymtimedi zeonaayvalA sswrengiosen
RNA te te;with d nces hi .indi.cates that .the 3P _conpl ex,
siml a;@t% ?ﬁﬁg%atﬂ&%{; \%.glr’@tsﬂﬁgvx pgfl%ne%%e,s%é:gloe&ﬁ‘lszegc\%ﬁm%yn %fs Sific
manner . pivErf ies ARascnpdexawaenptatine®Nis pi@dued smpeee deipibeds A& -
particularly in the preseq&g of ApG prinmer (Figure 3A lane 2). The size
of the n‘sﬁn% t FEHREFTHE 30 m hds 2RMA-Gn S8tE e d (RABS - AS&2BA) me@® 3 kadtidon

was, 5 howeMer a1 888K €1 vd haR itae 53 (§iobl BMUME. ATAi S /5 cPEOPABLY 1gieg to

the internal initiation at an as yet unidentified Ap inding site wi'thin
the c53WRRA V25 Wes astEdviasy afteubiie MRRMRpproddctsansce gieitectwas inow,

and no.cl.eary n f anscripis were detected at_least under the
condi t i g%éz%er%ﬁ%%y%%# Four & réLKfeDC# ane S%Onl'hglg]eg?%% u?‘%s ?ﬁaﬁéaﬁe at“EiatB)onl y
V- sense ORNA omytie ebdesdwigh £ eetorapped mHRA-gFinRy 63066 P AR 39

I nfl uenza virus RNA pol ynerase is interconvertible between transcriptase
and r epMeSad®nIsit theme theh fRE INERRG RN eF Rt PYnabpuRNA2s Pt Hdene i s a

Ui D3 eake IO S Sl fECT AR Ao e POS AL IRER L E |
be invobysd¢hesitke BNA t Faomoreidfhexde tropdaRNA sFInesi SAN t hanks usi-8g .
prlnersT%%%%usgegu slr}ndicate that the detected RNA synthesis is
mediated by the 3P complex‘ forméd 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 viral RNA
polymerase, recognizes VRNA in a speéific‘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—priﬁ;ah{feabtionA-Was}" however, shorter than the 53 nt
template. This was probably due to the internal initiation at
an‘as yet unidentified ApG-binding site within the <53 RNA.

25 The actiﬁity of g;obin 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



virus particles retains 5 -triphosphate. The 3P conplex 5 purified from
insect cells infected with reconbi nant baculovirus did not catal yze RNA
synthesis in the absence of priners. Therefore, we propose that the 3P
conpl ex FEIr-@s@ACT the transcriptasgsformof viral RNA polx ﬁﬁ%ﬁ5‘
I nfl uenza virus RNA pol ynerase recogni zes specific 10 sequences located at
5 - and 3'-termnals conserved sequences of VRNA and cRNA/.which act as
transcription pronoter and replication origin, and its bounding to these
sequences exerts its intrinsic activity of enzynme. Accordingly, the
bi ndi ng GRS PIRsCoNp| & tiday RN @i dhaRlR, weBe exgnilhedseTeraP odompllex 15
was inc it radi Q= e | . at.es, Vv and.,c53,. and
Fandom Revarrass s L BOhB1URRHE TS SRR BN S, e AREET B PBn s say
- m xture de t houd SHAStIwitsesihenithohadiwd gty Worhmary Ibeandsy IANAI nd 0
promote cross-linking. Imediately after the Wirradiation, the mxture

was 20 SUdi%ct @dttd e IH GRS o' THERIGEBAE pr odFdss Wit e complex

| MMUBOPERE iFilal ed rpbhh ajaeEBENatien of anftabBd angd {f of idyorfys
innuno-gﬁg%iSipates wer e 3na|yzed by SDS—8%)ﬁ%GE. Both ~VRNA (ﬁ%%ﬁéggi
| anes 2 baeilgvigmg ohNh notelcaterimzat RNAesgntbeeds- liimkele t ebshac8Pof

conpl ex(Fi.qure 4, . lanes. 5 and 6), but 25 rand Rgﬁp Fi guyre 4, |anes 8. ahd
5y e Fot RS o ThBRET P2 i Rt E I RE SRR C ORI d P HeR b
cells, sih¥ tafansi@iphasratioral of s RANANRO! sd.s able to
specifically _recognize both vRNA andcRNA. e uni que feature of influenza

virus growth r8THEPZRostVIBES ceRNAcaRly™INRSS usegogsiaesourspecdific
L SSRGSl sl SaL, LB LALpIn, B IREE A e
" “FSOL- 256RCTVRNA 150Abr cRN2Q05wEpehi fact pes t tpansaeaptiba Spraaptst reeidr e.

Ther ef Orreeplti%%tifoinn%irg itnr:atan% ijésn mdfr?g | gos%g\égeasse%u%gcgesr efx%l;:ts

. its intrinsic activity o_f enzyme. -Accordingly, the binding of

the 3P complex to vRNA and cRNA was examined. The 3P complex

15 was incubated with a radio-labeled model templates, v53 and

€33, and random RNA of a similar size at 730°C for 30 min in the

tr&inscription assay mixture without substrates, then

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

| Tmmediately after the UV irradiation, the mixture was

20 subjected to RNase digestion. The digested products were

immunopre_ci_pitated with a combination of anti-PB 1 and protein

A. The-—”ﬂl‘;ﬁho—breciéitaté's were analyzed by SDS-8% PAGE. Both

VRNA (Figure 4, lanes 2 and 3) and cRNA model templatres were

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

25 randém 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, is able to specifically

recognize both VRNA and.cRNA. '
. One unique feature of influenza wvirus growth is that host
30 cell cappéd RNA is used as a source of _primeré for initiation

of viral transcription. Even more remarkably, the influenza

wvirus- RNA polymerase itsel_‘fi is able to cleave capped RNA at




transcription by the 3P conplex indicates that the 3P conplex has both
capped RNA bi nding and cl eavage activities. To 5 confirmthis prediction,
we exam ned next by the binding activity of 3P conplex to capped RNA. For
this purfsise2denar t gl obin nmRNA retaped with [a-32P] GTP “ﬁﬁ;ﬂﬁﬁﬁ@red
usi ng vaccinia virus guanylyltransferase. The 3P conpl ex or V|raI RNP was
then incubated with recapped RNA (with 32P only at the cap-1 10 structure).
| medi ately after the incubation, the mxture was irradiated with a Wl anp
for cross-linking. After subsequent digestion with RNase A and RNase Ti,
the 3P %@%WS%WW@@W@& &f Wath ateerbrnat i ofherednre, PRhser um
and pr o] ip S n zed b 8%

PAGE. Tﬁlge nug@eus ext%ra%t omﬂn%g %)e(]ft%edv% Ieg S‘%%dugedigr?RgFadl%og:ctl ve
bands awnﬂnsd?qmﬁnqnrbymﬁhelGﬁscbﬁpguxerhﬁldanﬁs fihat Boeh30f ddagl e3P

conpl ex ,(Fi | anes .2 d RNP Fi gure 5A, | ane however,
recgale 2§§ng§§|oS€PP9?ty£§g 3%%1:HH§|ﬁ g@ﬁ@?ﬁ@nd?ﬁ§lﬁb%ﬁﬁé PBZTEhnd
Thesg regftisnSUGnas! 2@cbidtibhe 3ReCOoMRARKNPQSSESSES Bie GaPPed ng

RNA- bi nding activity. In the products extracted frominsect cells |nfected
Wi th r@@&malrtarmoﬂoa?cmmmw teadiaraad AN, wloraltéd sdeawiose i wagbilteast
one addltlgpal fasL #rgﬂPPBZ Thi s bag? .however,. was

al so det®%d nBeR PECPAFECt ¥§iog vaccinia

i ndi cat Iwig:utshacyuamyl‘,plt:eam)@ﬂdﬁais@ a frast HPgchilrip]@:Jméf(lﬂ&%qt REP| $as
protein having a blndlng activity to the capped Next, we exam ned for

its cappEFrRNAGHRY 9%%ewégplﬁﬁ%ﬂpp%%lﬁﬁﬂtﬁyﬁ&ﬁlf?e&néy(ﬁﬁmFbﬁ Tl his
Tne e e, SRR Y A R AR Blan TR i AP Sy
" .good subSKWQu@tB@rveﬂdonudW%olyMpcfoteavage—ﬂynRNBg AsAE$@r-%5®B@ﬁu%®w15
Aprll Z%Qgestlon ‘with RNase A and RNase T1, the 3P complex was
immunoprecipitated with a combination of anti-PB2 serum and
protein A, and the immunb—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. 54, lanes 2 and 3) and RNP
(Figure 5A, lane 4), however, revealed *P radiocactivity 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
recomblngﬁgfbaculov1rus, radloactlvity was also detected in at
least one additional band migrating faster than PB2. This band,
however, was also detected in the nucleué extract from mock-
25 infected cells, indicating that it corresponds to a fast
migrating host (insect cells) protein having a binding activity
to the capped RNA. v
Next, we examined for its capped RNA cleavqge activity,
using the purified 3P complex . In this éxperiment, 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



expected, incubation with .RNP resulted in cl eavage of the cappéd pol y(A)
into fragnments of 10-13 nts in length(Figure 5B, lane 1) . The capped. RNA
was al so cl eaved by the purified 3P conplex in the presence of v53

t enpl at e -G EB, [ ane 4), 5 but pgt in the absence of tﬁﬂ%ﬁ :
(Figure 5B, lane 3). No cleavage of the capped RNA was al so bserved wth

the corresponding 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 polynerase is activated via 10 binding to the tenplate RNA (Hagen,
M, Churﬁg(pe'bﬂied,, Bdmchblatioﬂa AﬂitiancRN@ ysteadyl tdd ( 1894y 1dav¥geol of 6&he
1509- 1515; L|

5844- 5853FP dré’ &}?(Avs’u f{-: 32 q‘tdr’rg} g’%né’rﬁserféhtjl%g’f@ FAERR 171-24,

endonucliease 1S obrer \é@@p@ﬂl RNA t%ﬁélb@ﬁ@l%ta%edcﬁ%g VBSe 1§u\f41rft1@a| I3p
|nact|ve in the activity this regulatory function of = RNA pol ynerase

act i vat iCORFRiegur &1 5Bhe| ﬁ@sﬁ}lceﬂ%‘sev5§s@|eﬂ@lad¢@m@q1m€e $Br tlhoef i4)st
timegth cri s et n N S c-Se %NAS
If the %&’l corrp‘]3 g(ﬁgnee%sleglﬁsenséﬂ%%%l E pofysi@gs e %e%fg’odlc%rt‘%l gfl c™°

activi t ylasvade ansir itfHaseaphese rey i wekudalan abbkyiveW Ofwith  the
pol yadenyl atl on coupl ed to VRNA transcription. To_  test_ this possibility,

gl obi n R NIRRT AR S o r FBPRoOBKodBERSTRRr ecehh? act BYTURRI 138
detail . 1%@@ ysis OfIﬁh%ﬁ\lAbe@ﬁogé‘fé\‘?lgﬂsi?%m‘fe%’e ha¢ dbé;%ﬁé

radi oacti ve bands above 25 the 65-nt-long Transcript. o exam V\/net
t hese sle@ﬂoyluqihe@rsaat | mgs Rt edr Wy tpol BNAN) peéymeness achjedctmvahednew.ay

syn{ hes |nV|t trapscripts re mxed th an Ilg
r es#ﬁ Ib gl%t T5i %h%o{‘-jﬁﬁpizﬁﬁ w&gﬁel (ﬁ{a\’f&?r’dy Pﬁte’at &??%at ﬁ:e %(‘{qﬂ%l
pr esenCEI @f. hlag]hi CRYERRLL,at. or(a9<9f4 sal.t wigo30 eyt Q¢0|§N&$15Th(i.le| pate was

anal yzed by 6% PAGE in the resence of 7 Murea. As shown in Figure 3B a
radi oacFeORRA  Bwels- deBet EFudnhiBA ni §12P8Y MIBO sTowly st it dr 55520 -

marker g, our surprise, ‘however, the enhancement of capped RNA
endonuclease was observed only with v53 template. ch3 was
15 wvirtually inactive in the aétivity this regulatory function of
RNA polymerase activation{Figure 5B, lane 5). These results
demonstrate for the first time that the | 3P complex

| discriminates between v-sense and c-sense RNAs.
If the 3P complex formed in insect cells possesses the
20 catalytic activity as a transcriptase, these may include an
act1v1ty1Qfﬂpolyadenylatlon coupled to vRNA transcription. To
test this p9551b111ty, globin mRNA-primed vRNA-transcription
products were characterized in detail. Analysis of the RNA
'products by 10% PAGE revealed diffuse radiocactive 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 vitro +transcripts were mixed with an
- 01ligo(dT),, resin, and the resin-bound RNA was eluted by heat-
- treatment in the presénce of high concentratioﬂs‘of salt to
30 eluted RNAs. The eluate was analyzed by 6% PAGE in the
presence of 7 M urea. As shown in Figure 3B, a radioactive RNA

was detected, which migrated more slowly thén'a size marker of



FSOL- 256PCT 21 15 Ap612005 about 100 nt in length. The average size of

ol i go(dT)30-bound RNAs was greater for nmRNA-prinmed transcripts (Figure 3B,
lanes 5 and 6) than for ApG primed transcripts (Figure 3B, lanes 2 and
3). Thesesoeszddprt ndicate that at |east some of the RNA 5 pradughs forned
on the VRNA nodel tenplate in the presence of either ApG or mMRNA priners
contain poly(A) sequences. On the other hand, nost of the cRNA-directed
transcripts did not bound to the oligo(dT)3, resin. After treatnment of the
VRNA transcripts with RNase A and RNase Tl, sone nucl ease-resistant 10 RNA
noi et | erliie HeP eet ednby egaithel ediroptioeesds. sThesef wdiigo (6 Juerwurgbt

likely tg oly e uch. | yadenyl at i on ,of. VRNA-dj rect ed
transcr ilﬁvggivgaéanéﬁ%?&ggﬁ%?amgi E{:i“%‘ggnxérﬁﬂ?éﬁépkﬁné%ilg}frgsg ¢i ateFSi th
the trahsandpbasehahd Askvanpagpoifeaf feehnseiriphe i (rienitsoN3Ef f ophest @
‘establish prevention and treatnments of influenza have been focused mainly

on the el dhrentheie t hesul keunBdirakapyhadi i thra st $eBAsCaganes Rivhe
whol & paitdfl@ss 26 Qfed GRMPRACRRNMA AfRid)( S_Qem[%).l];]a%%eiﬂ' EHS ?g%sgﬁ%e

exploratory studies on agents to Interfere w ysi ol ogi unct ioofns of
t he conpoiddms APGthe MRNAS prAmeng tdmitairgepslexBi seduencesuch Oaf fidrd s,

the only target left is ol.ynera The nethod for RNA pol rase
pr oduct iooiﬁlef[g &aln l’gelf‘gﬁg!Ng)§5 _ aﬁ%ﬁéﬁgdrleﬁtfaﬁi sgfﬂ{}@ﬁf?Bﬁgpr%{}?dé’é}q he
base fombdiifl NBS§StheClEEYGPf,, | Rlishint or sppfc RNArpaleBrases and dirug

di scovery from substrate anal ogues for the RNA pol ynerase-nedi at ed

react i oFanRsiTeGeT Wikgha [BEasaret agedpRBaaet Tén Fadiel inustles seeegirdiraitn

o 48t BRSSPI o0 BN pndidst e A

moieties were most likely to be poly({A) sequences. Such
polyadenylati‘on of vRNA-directed transcripts is  another
characteristic and unique function associated with the
transcriptase.

15

\dv il

Efforts to establish pré-vention ~and treatments of
influenza have been focused mainly on the development of the
immuno-therapy using the antigené against the whole particles

20 or a component protein(s) of the virus and the exploratory
studie-s‘_gr}_aqents to inte;fere with physiological functions of
the compor;;‘nts" of t'l-'lel virus. Among the targets examined in
such efforts, the only target left is RNA polymerase. The
method for RNA polymerase production in '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.



22 CLAIM5S 1. A nmethod for producing an RNA pol ynerase of influenza virus
conprising the steps of preparing cDNAs each for the genes for three
conmponent proteins (PA, PBl and PB2) of an RNA pol ynmerase of influenza
virus, integrating said each cDNAs into each bacul ovirus gefo{gRisqos -
respectively to construct three kinds of reconbinant viruses, infecting one
I nsect cell with said three kinds of reconbi nant viruses, and expressing
said cell at the sane tine to obtain &NA polynerase_ 2 . A nethod for
produci ng an RNA pol ynerase of influenza virus conprising the steps of
prepari ng cDNAs each for the genes .for three conponent proteins (PA, PB 1
and PB2) of an RNA polynerase of influenza virus, integrating said each
cDNA i nt 61L&dBdIS bacul ovi rus genone respectively to construct three kinds of
reconbi nant viruses, infecting one insect cell -with said reconbi nant
viruses, expressing said cell at the same tinme, and contacting the

resul tang, conpl ex &fméﬂh%d%maa&ﬁggﬁqkmm @fse igffihflaeAga Wikdss or its
essential noiety. 3. The nethod of aim1l or wherein the subunit PA of

sai d RNAcqopyisarzashei stepagof @mep@nnat cDPA\eaghnforakhe sgenpse forethere of
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whi ch i sy@ib) finte dﬁ’ngargﬂi&edaéﬁchNA@ e d@hm Picdorious! @enoansi Sting
of three conponent proteins t(hA PB1L and PB2) of an RNA pol ynerase of

i nf | uenzzespertiwslyebol eanstguetsdinge deinidsorh Feeauilingst vgarssi SIRRADSAARE havi ng
an RNA po's\én?ceeif t'V kx.*egfkmﬁg P%Q&)?ﬂﬁ’ﬁl%ﬂ% viruses, and expressing said

cell at the same time to obtain RNA polymerase.

2. A method for producing an RNA polymerase of influenza virus
compnising the steps of preparing cDNAs each for the genes for three
.component proteins (PA, PB1 and PB2) of an RNA polymerase of influenza
virus, integrating said each ¢cDNA into each baculovirus genome respectively
to construct three kinds of recombinant viruses, infecﬁng one insect cell
with said recombinant viruses, expressing said cell at the same time, and
contacting the resultant complex of the component proteins with an

influenza virus or its essential moiety.

3. The method of claim 1 or 2, wherein the subunit PA of said RNA
polymerase is tag—labeled at the N-terminal.

4. The method of claim 3, further comprising a step of purifying the RNA
polymeré.se by using an adsorbent to trap the tagged RNA p_olymerasé.

5. . - An RNA polymerase, which is artificially produced and is in the
form of a complex consisting of three component proteins (PA, PB1 and PB2)
of an RNA polymerase of influenza virus, existing isolated from RNA virus
genomic RNA, and having an RNA polymerase activity of inﬂuc_apza virus.



