Title: PROCESS FOR PRODUCI NG VI RAL RNA POLYMERASE Abstract: A process for
producing a viral RNApol ynerase of an RNA virus. More particularly, a
process for producing an RNA polynerase free fromviral genom c RNA. The
processrE0L-PE6HATI ng a viral RNA pollymerase conprises consfsrAigtigag CDNA
to the RNA pol ynerase constitutive protein gene of an RNA virus,

I ntegrating the obtained cDNA into a bacul ovirus genone to -thereby give a
reconbi nant virus, then infecting insect cells with this reconbi nant virus
and t hus expressing the RNA pol ynerase. | Met hod for producing virus RNA
pol yner ase Technic&?thpélﬁo#hP§O¢HGéH9iHHrPélgyésp?BY%eﬁ%Fﬁod for produci ng
virus 5 RNA pol ynerases of RNA viruses, nore specifically, a nethod - for
produci ng virus RNA-pol ynmerases of -RNA viruses isolated fromvirus
genonesIePhinacadr fi#@dConventi onal technol ogy related to influenza virus

RNA - polyneragg, has foci98d ol devsl oPnentndh PN &t ' P rus
5 RNA polymerases of RNA viruses, more specifically, a method
for producing virus RNA polymerases of RNA viruses isolated

from virus genomes.

Prior art
10 " Conventional technology related to influenza wvirus RNA
- polymerase has focused on the development g_f 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 Froni a more basic sciéntific viewpoint, influenza vijfus 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
o the RNA p_ol_ymerase tightly bound to viral genomic RNA has been
\w establisr,rl:;;i- .‘ﬁto ‘date. o _ |
' Previously, we collected a complex of RNA polymerase
which was bound to genomic RNA by the centrifugation of virus
25 particles in a high 'c'onlcentration' of cesium chloride solution.
Moreover, we successfully dissociated the RNA polymerase-RNA
c'omplex' 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.




the pol ynerase fromvirus particles. Purification of the polynerase is
i nportant because influenza virus RNA pol ynerase can be regarded as an
ultimate target for antiviral agents. 15 Froma nore basic scientific

vi ewpoi mso1-ablegerza virus RNA pol y@erase is an interesting J¥ptgpsal in
terms of the origin of its biologic evolution because, unlike

DNA- dependent RNA pol ynerase, the RNA-dependent pol yner-ase-is considered
to be involved in the proliferation of RNA genone. Despite 20 considerable
efforts, no nethod for efficient purification of @ the RNA pol ynerase
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activity although the activity was only limted. In our study, we purified
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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

0 J( ' virus RNA poiymeraée‘ 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.



and his coll eagues, we were able to confirmthat the reconstituted system
showed only a limted activity. Thus, this nethod al so appeared to be
i nappl i cable for |arge-scale 15 producti on of RNA pol ynerase, and no ot her
prom si K§OAeeRBEST for this purpose dre available to date. {sHndmosA.
Mukai gawa, J., Yokoiyama, A, Kato, A, Ueda, S', Nagata, K, Krystal, M,
Nayak, D., and Ishihama, A.: Purification and nol ecul ar structure of RNA
pol ymerase frominfluenza virus AAPRB. J. 20 Biochem 107, 624-628(1990)
and Kobayasghi N .,cp',. 'F | shi hama., A.:
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i nddl i vabilgmerdberefore, no practical nethods are currently available for
purification and isolation of functional RNA 10 pol ynerase. Means to sol ve

:”the probl ens

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 requirement 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 ,preparationrlwhich is the prerequisite for such
development. Our ihvention providés a method for dealing with

such problems and introduces a new stage of development of



Viruses are parasitic to a host which then provides nost of the substances
required for the virus gromh. Viruses, 15 thenselves, produce only
protei n conponents of the virus genone and the virus particle accordirng to
their owgsgengsgppfror mati on. Genones gxi st as DNA in all Ihguggu@Pganisns,
but RNAs in many viruses. Therefore, a virus cannot use the ‘replication
system of the host to replicate the genone and 20 needs its. own RNA
replication system (RNA polynerase). One critical requirenment for an
antiviral agents is not to have any ill effects on the survival and growh
of the hastivFpal &bestseason, together with the fact that RNA pol ynerase
is the sole enzynme synthesized by RNA viruses, RNA pol ynerase has 25 been
consi dered as A e ds gespd o whi eheaplricicndl BBARINS ors hoHb 61 Bes devabeped
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produci ngaan 1BNA el YgEhase OfedpiddtienZBy Vids c6Q8RELSENGthide $ligRs Of ¢
preparing cDNAs each for the genes for three conponent proteins (PA PBL
and . PB2) T6F°BR1RRAR tpdliyiteresise b s afin@neneviingscti medgr ity samid ehcke

CDNAs in C i get especti v . construct_ three kjnds
of reco%gﬁﬁgnFﬁ;?&%%%@?iéﬁigc??ggggﬁé ?ﬁgtc é% %gﬁfghsgaﬁdcfﬁﬁeéﬁ:k#ﬁas
of .reconbanant imer tsesptand &N esdivigrsaiel adinq@ttliihe same tinme to

obtal n RNSBOTasE, LBLRO-LDh RN Otlt d2PrRTET (kY LDRLOPMS fach
- component proteins o¢of an RNA polymerase of a virus are
'uprepared, 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.



conponent proteins of an RNA polynerase of a virus are .prepared, and said
each cDNAs are integrated into each bacul ovirus genone respectively to
construct recomnbi nant viruses, and one insect cell is infected with al

ki nds of reconbinant viruses. The RNA virus is preferably 1%’1{;3“%?53 _
virus. In this nethod, RNA polynerase nmay be tag-labeled to acilitate the
subsequent purification. Furthernore, the RNA polynerase may be purified
by using an adsorbent to trap the .#agged RNA pol ynerase. A second aspect
of the present invention provides an RNA polynerase, which is artificially
produced and is in the formof a conplex consisting of three conponent
proteins (PA PBl and PB2) of an RNA pol ynerase of influenza virus,
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respectively to reconstruct three kinds of reconbinant viruses, infecting
one insect™cetinAd t VAN, r SOt i r 8988, es@ilessPRlRsaiidteel | eacht he
same timg,, andyGAd aglhbgdet BEspeSYL RN Q9¥pL§éOREtEHStC%%Q%QGQEdﬁi&tSkns
with an influenza vifus or its essential noiefy. Frguré shows' the P

pr ot ei ns refcdmifinemmza wiruses expreSseding i msectigebts iedert edivht hsaid

r econbi nant Ilrgja.cul QVi r.us.%lzli gure IA], SF9 cells were infected with
r ecombi ndftS O BEAABvi T I—I-Elgﬁi”v’(eo%%(ﬂ%v??h% Fabt ngt t Hee gedee f bimpy sand
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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 inféct‘ed with recombinant
baculovirus RBVH-PA (baculovirus having the gene for His-

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




15 April 2005 of 2. After a 4-day culture, the cells were harvested and
processed to prepare a cell lysate. The cell |lysate was centrifuged at
2,000 rpmfor 5 min. The resulting supernatant (SUP or cytoplasmfraction)
and t he Fi0dciZ5ioF&tfe (PPT or 5 nucleu® fraction) were fracti@nakeshoby SDS
PAGE. The gel was subjected to inmuno-blotting (Wstern blot) using
anti-PA antibodies. [Figures 1B and C] Sf9 cells were coinfected with
three species of reconbinant bacul oviruses (RBVPBI, RBVPB2, and 10

RBVH PA) at o2 ol (il 41 pligisycof it ection) .of 2 (8 ceagh yiLpsy Mipr o

Ir
4- day cit ufe, e cel s vestet angd processe escripbed "above.

Bot h cyinploasBeandtpuchesisard r act icens wegyeatauunoThkot €Ul Wil satd i wBB1[ B]
or anti-PB2[C] antibodies. 15 Figure 2 shows the purification of the 3P
conpl ex FardRl fiugesciateced 140q et 89 wPt BiFecorBRnAEEYA CHROUISOWSIS Lot gur e

2A] TnS5 S Mere.] d wi recqnbi [ bacul Gy A ne
2) or V\,i(?)ﬁiﬂal Iowfh?gg% %éf:s:ﬁleswg%%trlg)glgnbiang%]t %glaecu?%\l(/éic? slt%%Be\sEB’(l , RBVPB2,
and RBVERAews fmict2®mrdf wefor feachivhatsd &yd e RARGEs wWBhe gellt weed f or

4 days. he supernatant fractions(.SUP) whol e |l .lysat.e were mnmi xed
i L1 e RO 1 o ed AR O TR, Ao i a D08 ey SRt 1OV 24 by
SDS- 8% RAEELhoHIegel s were stained with Coomassie brilliant blue (CBB).

Lane 1, RNP isolated from25 influenza virus A/PRB; |ane 2, the im dazole
~eluate fracti difighrem RBVIAIRAGInf i dekl § sweraneodnfertedpwidhpltdree

S0 ebeekUC ) S SRLRLTEEY, WL N RS LSRRI, g
coi nf ecRBVHAMPA) adi Bhmee $petteslotitecatbi hafdct bacul o rusfoAf tearcha
A day e s gcor SRy "R, S 20, 202E A8 082800y
above. F3FHS25eRETtEr a ¥ ,
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-
o 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 (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
D 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
| baculovirﬁs. After a 4-day culture, the 3P complex was

isolated and analyzed as_described above.



15 April 2005 Figure 3 shows nodel tenplate-dependent RNA synthesis
‘activity of the 3P conplex. [Figure 3A] The 3P conplex purified fromthe
reconbi nant virus-infected cells or the corresponding fraction fromnock
5 inf ect&Pced316PGlas exanined in vitro for RNA synthesis acg;iA/dgiwoogn
i ncubation in the presence of a tenplate of v53 (lanes 1, 3, '5, and 6)
c53 (lanes 2, 4, 7, and 8) and a prinmer of ApG (lanes 1, 2, 5, and 7) or
gl obin mRNA (lanes 3, 4, 6., and 8). The products were separated by

- 8% PAGE. 10 [Fi 3B] . RNAs hesized hy the 3 lex in th
or coence of t RATBLI 4t SIS (OB 1967 LoF yASPERGRDE ) Svrmeste

priner, AaG{ilBnes the @wd conPlex. gl obin nRNA (lanes 4-6 and 10-12), ver e

m xed with an oligo(dT)30 resin. The resin-bound RNAs were recovered and
anal yzed by urldd9ggepAég. TheTRE sPgpderopusddiiedofrom &heamesominast 100

nucl eot i - o] t {squr e | at
RNA b nd| e oaar G EIRE Thel Wor gpord Y PefaSERYE ERER' ol
i ncubat dohfisicttied32Rdldlze| eths 20exandieéd@nesnl- 3} rre53 folran@Had- Gyn@heBNA W th

dom sequence | ane -9),. and then irradiated with-a Wl a for cross-
|t o S S D erPAR Lt o HRE RARS SRR 250 by SHRIA I OPAGES and

the gel M&&eéxpp,seg,t@,x-arrﬁy b | B Rigtur @18n880v5 C%,Dped RN& biyndhpg %nd
cl eavage activities 25 of the 3P conplex. [Figure 5A] The purified 3
conpl ex PEEReFel Ab@r(lanemy/ kit ; 21 afe 2nd 1); dmneldhinOmRYAaddanke 3,

i sol ate P (Laneq4) e for the cappe A- bi ndi ng ivity.
GRS RS ) 8t 1 %%iia‘g%}%% ‘é%r?h%e%%ﬁgg‘agp%{gﬁﬁf8ﬂ bBPPAER g W i
- 30 1he 3P conpFexyuee BER armiNAfegynthadiatad by ttha YUY |@fplesAf 1€ the
‘digestion with ribonucl ease T1 and ribonucl ease A, the_ RNA-cross-I|inked

3

~“prot ei nBTREPBCENAITYFBE tPmiRlet o PRGE(LaRs FE0d) 28BPEF37 (lanes 7-12),
and the primer, ApG (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 'RNA—binding activity of the 3P
complex,
The purified 3P complex was incubated with ¥P-labeled
20 v53 (lanes 1-3), b3 (lanesr‘4—6) or RNA with random Sequence
(lan_es 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




.15 April 2005 gel was exposed to X-ray film [Figure 5B] RNP (lane 1), the
3P conplex (lanes 2-4), and the corresponding fraction from nock-infected
cells (lLane 5) were assayed for the_capped RNA endonucease. Each fraction
5 was ntx8d-&PPRC&apped pol y(A) |abelled with 32P only at¢uyggp4ﬂm5the
absence of (lanes 1-2) or presence of either. 1 pnole of v53 { anes 3 and

4) or 1 pnole of ¢c53 (lane 5) tenplate at 30C for 30 mn: The resulting
i ncubation m xture was anal yzed for RNA The gel was exposed to an i nagi ng
pl at e oyerni.ght 0.the_pl -was anal yzed with a BAS2000 i mage
analyze%E%Fh??)?xﬁegﬁésgkigt?g%t%%&?ﬁe Enbodi nre RNA viruses can be
classified i n{Biguwpec&HBIgOrRER. (RMAe \i)r,ustse ofiPorengdtesgot yaroan 8y Al hesi ze

RNA pol ynerase by 15 encodin he genom ¢ RNA and infectipg t hgst. In
other . BBP0Lher e rs SRES bOt fr 6oL SPBaap e AT A et Jgehbmo 18RSt he
tenpl at &) (RN ddh4 81 PESECReS WA | v hddmscdd £ . CahtRAFrakbYsoat r and

RNA viruses". RNA vituses of the other category can not uti |lize the genomne
as the wespraked witthe Prsditr iy Hintlwdsilsd pitth rahserl beatheapehoic

i nformation qnt a l.enent ar y, chain_to _useé the:chaip as .t . Thus,
RNA i hgesa%osfeglq%iégrgtltaglr%scg e2 or?ra té:'e‘csa%ceed Qfm' %ggﬂg r:;:tlngkﬁ?-i@ﬂ)f
Vi rusesys3HqsbinklsV 3NANGr AN QL JFaVE RN A2 HTE tenp 1GAicalatz & 0°C
transcription of the genomc RNA to conplementary RNA. .25 RNA viruses of
this | afPér 3Qatdgor y,T%Wov@/%%l,t%elWatp’d?Wn‘é%’é’é‘ér‘? nw%‘ﬁea(}?m%eﬁalff’ircl e.
RNA Vi T gg@S Ofpdi §o] abLEr o GRIRAP Yo | B! Yda &S § Ol Lapaayx oy €] daga
Ot honyxovi ri dae, ~ Rhabdoviridae, Bunyavirus,” and "Arenaviri dae. i S

i nvidht i ahe paatkewappkned yzedpwidhcti 8ASA0O0RNAmpgley mprdyeeof (AljiVi.ruses

- 30. of this category. Wen this invention is applied to the production of

""RNA  polynerase of the influenza virus, the procedures are as FS01-256PCT

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



follows: 15 April 2005 (1) Preparation of three species of reconbi nant
bacul ovi ruses, each of which independently expresses one of the subunits,
PB1, 5 PB2, and PA, of influenza virus RNA pol ynerase. cDNA for PB1 or PB
subuni t FSO1i-rS&EEAr at ed i nto bacul ovifrus genom ¢ DNA by  hopl oS -
reconbination as follows. First, these cDNAs are incorporated into the
internmedi ate vector of E. coli to confirmtheir expression-in E. col
cells. These internediate 10 vector DNAs are introduced with the

bacul ovir DNA into host cells of an established insect cell strain by
electr058ﬁipﬁ@n or the Iipofectin method. Homol ogous reconbination is
induced in the cells, and the resulting transforned bacul oviruses
containing the genes for PB1 and PB2 are isolated. On the 15 ot her hand,
CcDNA of(ﬂaeﬂﬂﬁﬂﬁr%ﬁﬂﬁﬂﬂQ§ Pacee sSpeEioBueéd rEREBPIRABOWRSCIAEMLEEGESA from

a histidi,ng(Hi t. LXQ@I [ T _vec nt.ai.ni t hggKIAT
| abel t%agﬁpﬁgighf%%‘ﬁ 5?%?%%%1yﬂegbpggggéfgﬁ%l&?:ﬁ%% %ggggggg'r?gﬁ'inHis
resiflue®nat, drite PAt eof nalflaerdzbhwd rie fRNA | pd hireet diee purchiiRatoon PBIL t he

20 RNA polynmerase fromthe cells expressing the polynerase. This
" nt er me@Tats VO WL 5 P ndBfOEROF AL ARt OR T TRIA 1y SRRt ©gBlE DY

recombi RakloABdohsA PEERES 1S4 FLdRI ak0 AdWlowlescr rhedt, ahouad oFpiAs elricon of
PBI and PB2. 25 (2) Reconstitution of influenza virus RNA pol ynerase with

its thidseopporstteich dateni tthesi dnteamestisite execdoged By Erecmbilnaie
bacul oviLiisessl Mealed.Lsect; 6811, syst am Lnagqh cel haane shateaked Wil h
t hree speci és of ~ Teconbi nan ‘bacu ovi ruses, “each “of I'ch i's constructed
f or10 30 vexfoes INAE chronenotoliieetihveehP reotied duarbimid SDNA intbudnza
virus RNA_pol ynerase. The exgression of each subunit is _confirmed b

Vest er nSBidS W% haRhesEBPLESBEHdiLAG &1 | Body -‘E*éﬁﬂ%ﬁo&é?&%@??ﬁét')éﬂ s
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: 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



resulting supernatant is mxed with TALON netal affinity resin 5 (an
adsorbent) to trap proteins labeled with a H's tag. The resin adsorbing
proteins are treated with 100 mMim dazole to reduce the interaction
bet ween B 1286R¢Tand the His tag and thus to elute the prgtgjises The
eluate is fractionated by SDS PACE to anal yze the expressed protein
subunits by Western 10 blotting. In this invention, PAalone is |abeled
with the Hs tag. Nevertheless, the eluate contains not only H s tagged
PA, but, also PB1 and P, 2 Thi.s indi ates t hat the. three P Brot +
P SO ER AT B2 TS Lk cates, ORI NG LN e BBt ab ety co.

i nventi epaidfnaFﬂﬂuéﬂéﬁﬁltﬁraﬁtﬂﬁ@ i nf iuenza vakds Rwéap@aynmnaae a
expressed in the insect cell system and neasurenment of its_ activity A

crude eﬂﬁ@%ﬁgqn§ olstg} negnftrd aeﬁonﬁéenépeOBP R r eERFbi hantt - he
bacul ovi s iy tsf‘?fbé(fftﬁaq:%gxtce_té SnifE @M PR 868 Che éfc%ﬂh&nge‘}.e@%

polynerase I's p escri be above e purl |ed specinen is

fracki on(airedadbs'oﬁli)&tBAEo tPapt epmstezmst hbalgele@relshalanédlw thgCooffhssi e
blue to conflrnt the rity of the P tqm% des r|b d in this
25 | nverfaT 1 EOLB { BFa h0rLE e ol N LER 02 PAAEY £nal P

prOte'”ﬁéHﬂHé”%h@ EﬁEHEaetlbﬁeb%QUé@M'Ehef?@élnaﬁhuVMHéﬂﬁlé1ia§eﬁﬂbate
RNA- dependent RNA synthesis activity (2) prinmer-dependent RNA synthesis

acti vi t yIs® (3) ¢kmtedemevedOhﬁ&mscameeapluytst1acfnaetteee§ﬁﬂz bg S&fd
bi ndi t t RNA
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in the ¢AlAGAMES d@ﬁ&ﬂnbednvﬁnnmbnrtExn§1¢mweﬂ§|Dﬂbeaedbelﬁnodueeﬂiby t he
!,?EthOd'tag. Nevertheless, the eluate contains not only His tagged PA,
but also PBl 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 baeulovirus—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 ef 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



described above. Pratical exanples are shown below to denonstrate this

i nvention, but not to restrict this invention to the exanples. Exanples
The practical exanples were carried out by using the 10 follow ng

mat er i alB801(H256Ba0- t 0- Bac vector (GBLOBRL Inc.) for constysygtiseps of
reconbi nati on baculoviruses (ii) Insect cells of established cell Iine
(including Sf9 and Tnb5) for expression of virus proteins 15 (iii) TALON
nmetal affinity resin (CLONTECH Inc.) for purification of the proteins
expressed by insect cells (iv) Reagents for neasurenment of RNA pol ynerase
activit P PRESHIS Sd€s for RNA synthesis (ATP, GIP, CTP, and UTP) -

(Pharmacia In ’ziHQméH% oky iR yHRNA u I (v
Reagents for ger%Lparl ng tenﬁ%tgkal\fAﬁVectorhgvggef %ﬁ%ﬁ%gé?g%lhggg RNA

and T7 RX&evepoliymerdsies ( TAKKRALAYI )cReadent spfoiupedsubgnehheof meghpdd RNA
cl eavage, acti.yi t 25 Labeling agent for the RNA cap-site, [a-32P] GTP, and
cappingc%ﬁ%?ﬁém$%§P°8F0cedures The insect cell lines established from

Spodgptera 3@rhtughperdaam ey and TshewoPbeSion Nto( ot eatusednfiar
infection with reconbi nant bacul oviruses. Autographa california nuclear
poIyhedﬁ%ﬁﬁ%ﬂﬁﬁqmusb@AcNPV)t@a§e§§§é0¢oﬁhFSCPnY§BP€¢n1Iol$hﬂpﬁﬁﬁmﬁé@§-
construction of reconbinant viruses. Reconbi nant bacul oviruses for
expression of PBlL and PB2 were constructed as described in the previously
publ i shékampdmey t (Kogayashi M, Tsuchiya K, Nagata K, and Ishihama A 5
(1992) Virus R%s. 22 235-245). For. the constructi| ocp of .
The practical ‘examples were carried out by 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 polymérase activity
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
Veétot 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

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

t




reconbi nant virus for expression of PA, cDNA for PA was anplified by

pol ynerase chain reaction (PCR) and inserted between the Ncol and Bgl Il
sites of pAcHLT-B (Pham gen). The resulting plasm d DNA (pAcHLTPA) was
lineari ZB¥0ERP@YTO transfected withlbacul ovirus DNA into $fQidtegct cells
by the |iposone nethod. After 72-hr culture at 27C, the supernatant was
harvested and the reconbi nant viruses contained in the supernatant were
infected into Sf9 cells . The culture supernatant was harvested, and the
titer of reconbinant virus 15 (RBVH PA) was determ ned by the plaque assay.
The tit eFORBTLTHELRA Us T Ha3%n Wafé“?ﬁ)s PFU M . Tn5 or Sf9 cells were

coi nfected W tHeddMbIHUIRE SHEE1EFirtes €EOIDINHLAGH OYF I BB 8bind N2 OF 2
for each. After a4- day culture for the co-infection, 108 cells were _

col | ect éE¥¢ 0 ZG T tAad t @se drgcsubpdnded i bhe npreoviowelyelpukliisthed i on

T i 1 hi ORI  DROTOITE o5, TEEEBABIE0 A ae T RpheAYFnackY Rl dhyi

fl uoi5i de{1¥NBF, Sirgim) ReEhe ©F | £3552938NSi ONFYAS HIOED oM e dyi s NYF a
Dounce honobgenj zer. and 25 centrifuged at 2,000 rpmfor 5 mn to recover
nucl ei . H%fe i Wt homfenXedessionm oéf Fhe nGBNBusf@kt rket ivers

buffer, &S00 Wy PRAIRARLS AU Eﬁagﬁpg%éemeﬁsm foERNI 208 ifﬂ\éebh%d and

20% gl ycerol . The honbgenate was i ncubat stirring in an 1ce bath
for 30 rbetweah tbesn Neoir ehugdiblahl 39i Zds 000 pRoHILA-B2 (Bhanflgemesul Thag

(0 ont echeS S P ohaitd T opta "TPBRAERRR) | BB StdReardesh ofnd TR esin
FS010256fhsledied\niith 2008uvesivashefiawititd hersvashkagt bebt ¢k, b0 ¢
sodi um phosphate buffer (pH 7.0) containing 300 MM NaCl and 5 nmMi m dazol e

S until UV-iRsrdamsy iketledd ¢ heABtemt é2showedliordetdct2ifilCe  Yhrotsinerratarie
eluate. JIE hasllsras then el elotbhBihlfeS #lHIdOD P8 oeant B nidig 100

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



proteins were anal yzed by SDS-8% PAGE, and the gels were stained with
Coomassie brilliant blue(CBB). The P proteins separated by SDS-PACE were
el ectro-blotted onto PVDF nenbranes in 10 nM CAPS buffer (pH 11)

cont ai niFs®1-L&HEEE net hanol . The bl ot2ed filters were incubgted sMoth
anti-PA, anti-PBl, and anti-PB2 antibodies for 1 hr at 37C and then with
per oxi dase-conjugated anti-rabbit 1gG . The peroxidase activity was
visualized by the reaction with 3,3 - di am nobenzi di ne tetrahydrochl oride
(DAB) (DAJINto detect the 15 P proteins. The anti-P protein antibodies
used i n“@Fe Washedt ivdrifhof thie wagddxs eBubLgrot eths Mads Py r Hihasphiate
rabbits st e i fi . NE Ot ei o] e kn e. tur.e of
£ ool | PRaon R it ne et ARt BT Mo TE BEPLCRRRY 7 D anfidai® %
of a stamdand rBacmentmxing e ¢h StheaM SERESE KOshbwifier nppHdetem)table
containing,1Q0 m NaCl, 5 _mM nmagnesjum acetate, 2 pnM DTT, 0,25 nM each of
ATP, GT@F%%&“@TP}M%?MWWIO d{'h?a-rﬁfﬁws 6188 AMUARS oF 1580 the

gl obgn RNAionl Wit ANAYIgh HaRmarROa)L00 angs 1 MDia0f1 /53 0fpe53 JRERIG RNA
tenplate. The transcripts 25 were analyzed by 10% PAGE in the presence of
7M ur eaPTPi€iges swewer cakxpvzsed thy i a8 pPAGEs aaddt hdee arggyedasia h a

BAS2000 i l,yz Fuji.). ,.Th | . t.enpl s (v53 and ¢53) were
synthesF%e g%§93§§%%§%¥%P%§lﬁv§ lggq%%géhﬁfggﬁg%sDNA using T7 RNA

pol ymer ase. 3@hBa®i paoticiasvBNAazadccRNA \BBI5e PRGE!L hegiez @d dodt rd-arsaiddi ng
pV53 and pC53 DNA, respectively, by USi(gngW RNA pol ynerase in the
presenc@iSP (BXRHaRErbE28EEstitht 8¢S M GRPFSBRESsspdPiI3lll Somtairdes

100" T Rt M e i gn e P U aGEr a0 £ TS Chtt DRt e LS 6o VAR RO AP the
-3P conplexit&BionpeX eans-BE ofntdirepkicdes fot dr ohei r) aBTPclOafA0 tem of
radioach&%% Vggro§§gase~conjugated anti-rabbit IgG.. The peroxidase
activity was visualized by the reaction with ~3,3'-
diaminobenzidine 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} containing 100 mM NaCl, 5 mM_mégnesium acetate, 2 mM DTT,
0.25 mM each of ATP, GTP, and CTP, 4 yM UTP, 10 uCi [a-"P]UTP,
0.25 mM ApG or 250 ng 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, respectivély, by using T7 RNA

polymerase in the presence of radicactive substrates. In an



'5 or random RNA (TW 3'-terminal sequence) were incubated in a final
volunme of 50 RI for 30 mn at 30C. The reaction mxture was irradiated
with a UV lanmp for 30 mn. After the addition of anti-PBl, the m xture was
further pgmHsaterdmt 37C for 1 hr. The mixture was |ncubat%qt\ | $das Pr ot ei n
A- Sepharose (Pharmacia) 10 for 2 hr in an ice bath to recover U he resultl ng
antigen- antibody i munoconpl exes as protein A-Sepharose- conpl exes. The
prot ei n A- Sepharose conpl exes were washed once with PBS and then subjected
to SDS-8% PAGE. The gels were anal yzed as described above. 15

Cross- | |W‘t¥gm§¥lf¥%p§@§CRWt duiHaare podt ebfs mhhs HEBESV E@H defder de@(ﬁl bed

(To08) \iils Htta B TEP AREPARICL | TR0HR Mool AHNA-ra e 2,00 TG

recappedarfcprlmqa; cyrze, byo firegfi ﬂﬂev\ephcmp%ﬂl JaVicoup 1asappnditstansgfrer ase
(G bco BRL) 20,in the presence of [a-32P] GTP. The recapped, gl obin nmRNA with
a cap st reReGteS | AbePe@tRiitn3 ARG aB%u?O 608 P TRt 92eEiTReVE3: Sosi tion

Enc t h e r 0 ei n;50
FEPES KT by b RS (ENCOTT il GeuBlEb oR e b S

2 MM DT Eiard 2humenidf dfo I?Nasﬁcn: (30 anbgagt i RO f i male welaots oof rEGtulreat

30'C for__ 30. M n,. The, m xt.ure irradiated with a | a for m n.
The RNA-Gross: ﬁa%]kaetfdpr%%%lf n% elaa‘ip i Qi PA” RNa tﬁrg% ™ and

then ingahfd WHI aHd iRt udle 345 foIrthefH 1nc-[1|$%tre%acat’d QI"PEE‘ ¥bYre Was

_incubated with prot ei n A- Sepharose 30 (Pharmacia) for in an ice bath
to premTphet dtecite %ﬁzﬁ|wﬂ%$¢%ouythnﬁﬁﬁ§eéﬁpﬂeﬁe§hﬁ§p@€d {Phggmacia)

pre it h phas f e P then

Pote D5 aReT 1 Mo Aut Fo0D6er 1ttt ond: e S SOE ghfgaf Chp kit

~electr opmmémdsz ﬁhmmmﬂomﬁsxe%nalsymbt&&rd%e;ﬂm&c@mmmﬁ}@(mri fiibed 3P
conpl ex i.ncubated in 50 nM HEPES/ KOH buffer (pH 7.8) cont al ni ng 100 nvi
Nadl , Prﬁﬂsfﬁﬂ DT3RRITRON BRLPFES 0W95° A Aon%‘f"ld “Wdhet?

"RNA or ﬂ?ﬁa‘n&/(é\hbﬁ%tgd to SDsS-8% 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 -
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- and activity of RNA pol ymerase. construct
“bacul ovi ruses Oﬂ@gopeadudﬁl’rdao of(fll-'almla)andnra%z a@@edestol b&tiei n relaetion

a cap structure | abeled wth about 2,000 cpmof 32?7 only at the
-position) for 30 mn at 30Cin a final volune of ‘50 |. The reaction
products were extracted with phenol-chloroform precipitated with ethanol,
and analBsEd-A56PI2% PAGE in the 10 ptesence of 7 Murea. The Aggloohes
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 mn. The
heat-treated m xture was placed in an ice bath for 5 min, and 5 M Nad was
then added to the m xture to give a final 15 concentration of 500 mM The
f? ot% 96lnbH ghectrerhesrsiist-ugdbeayed, GG rpm

for 5 m E% shed with 10 nM Tris-HC1L buffer (pH 7.5)
cont ai nlér%lg vl %S‘?’ge@ﬁ%%d\&%é %and 0.05% SDS and resuspended in 0.1 m
of sterili zed Tdiespudidd edatdr .cRWA avasw2 extulasted wnt BOp e GlERES/e0ef or m
preci pi tat and. t hen anal yzed by PAGE in the presence of 7
M ur ea. tbfgefgfs reé{h ?Lh%orc‘?]ﬂ'éa%Qb?‘és%pﬁnt‘f Natd 1t 1r B dPEFer Ent °PT§rl(Fl°@i n

25 sgbuni-timmf ¢34 wenza vsszus AR @%p{@&raﬁsblﬁeﬁﬁﬁn' B%flbollg;a(%}' QUi es
were constructed Usi ng cDNAs for VRNA segnénts 1, , d 3, “containing the

- genes f& @Bl sEACtane IﬂBQDe}irQﬁ e ab@@pe%;tﬁ’%lqpmcmazf’opn@é( WS the

inserted., nto.the pAc ctor press the _PA protein as form
with a %’lstloc?lﬁéo {% aé'uéleq%fengé ec:)f 130 2anf hB2aciv@dumen ¢ 5 it its
N ternmTm . ré’ﬁltslcmOm@wue:tfsaméréate@ﬂ:ﬁahfteldurwitlﬁzabrﬁlhdlf-dlﬂ%rdf%&ﬂﬂti ng
3P conplex. Fromthe fact that the N-term nal FS01-256PCT 15 15 April 2005
sequenc ®XSCHPA tRd&eh ot Lty SR hedaly saBtnianadmast t P¥ont et PAGEhelAddbE on

of {he HiedAQ RS @rﬁsu%% toTﬁév e@owhghé9é1?£¥d §£f88%é QBeBthB‘T?ée”bl y

on O I‘ECO I nant

previ ousl.y pubI i shed re (Koga%ashl , Tsuchjya .Nagata K., and
| shi hamd# A Pag2) hevix St o0 8Eeoygp, heated “at %1590 20x 16 min.

The heat-treated mlxture was placed in an ice bath for 5 nin,

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 analyzed by PAGE 1n 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



“centrifuge
~ Subj ect eidnunartiniraf f wiittty rsgsiol fiur i fpodq;talmnalThemmﬂ;efdJads elagagichan t h

To confirmthe expression of the P proteins, reconbi nant bacul oviruses
were infected into Sf9 cells under various 10 conditions, and the whol e
cell lysates were anal yzed by i munostaining with specific polyclonal

anti bodiesorgeaarstr each P protein. §p the case of Sf9 cellgdpfRgsed with
the reconbi nant bacul ovirus RBVH PA al one, a band show ng a cr 0SS

reaction with anti-PA was detected in both cytoplasm and 15- nucl eus
fractions by SDS-8% PAGE (Figure IA lanes 2 and 3). The mgration of H PA

- (His-tagged PA) was slightly slower than that of authentic PA w thout

Hi s-tag q@iﬂgmcee | AL |Rfhewa§. MiHe lhwedmedt aimi agbuelécsadundtbarmdscdat t he

extracts fet c ure_ 1A Iae 4. and Sf9c||s
i nf ect edtrg% éﬁ)@ rg r]gco |ﬁ53 t % ?8vPF8§uﬁ§ 5 glavﬁer%&
nei t her a&écmroﬁBzhel ddwntelt r acd attdhItgelds RI@AanQEfﬁl@raWet.h altﬁethe

t hree reconbi nant, viruses, RBVPBI, RBVPB2, and RBVH PA, the expression of
PB1 and BB TTHGIAR | 64 t beFPPALRRRL Wﬁ‘?ld%‘b‘%ﬁsoyfpﬁrnm%%@%ﬁi iy W% h

ant'SPB%ﬂﬁfdaﬁ&t@BBBgﬁg§ §ELgps e&Blﬁn§ f@gl nglfBﬁuﬂgﬁ%h@&allport

recovered in both of the cytoplasm an nuc eus rac I'n or
exam ne (fmtatemshtihait hr @suchigh E.pr dbgats X.or namdnpbbibsmanAi.nsEcdozel | s,

Tn5 cell coi jt.h the three species of reconbi nant
bacul OVI\?LFS%%%(Q %%’%"oz\r%%b each virus). After the cell |ysate was
exam ned by SBY &%rAGm @hé &tRpLEsHidH 0bei BV §rdfleadisgd Mbombinant

i mmunostaining with the corresponding antibodies. The majority of each was
r ecover RERSPLIIBERET 1@11% Apy thZ’(FbSlm%ltlﬁﬁ% a4 Fuclundse  r agy ionis

(Fig reé't:)ndil-g.f[iojbusr'fy rpm tei Pcﬁl%anC%)jI gg%clseu%?gr%% l\rflv(azse[qyby

OI’ uper nat an

100 MM 5 dazol e was fractionated by SDS-8% PAGE and the gel was stained
W th Coditdsi B BEPEFLEN  HiiietCREr=oPhbe BAAS VD LA SErad E hgUrte oA

lane 3) .relhads Rands, SAOVSH SIPSRBVE-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

neltherrPB 1 nor PB2. In the extract of Sf9 cells coinfected

with ali_ Eﬂe three recoﬁbinant viruses, RBVPBl, 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 species of recombinant baculov1ruses {at moi 2 for

30 each virus). After the cell lysate was examlned by SDS-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 t#mwigelserde H-PA nmigrated asefast as the reconbi nagty H—% :
recovered fromRBVH PA virus-infected cells (Figure 2A |ane 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

w th H s-tagged PA protein. In order to construct a high-1level expression
syst em mgst gltyhége G IneHlAsy | e TR Qay ot i iz evel oonar annidey |Rvelatein

t hese proy e e C n Sf9,
whi ch were Clrh%i u)r(blleH %Lgﬁé%e%%ﬁaegéoﬁ t?%ﬁgggFﬁsliéC?ltA??)érO%%hgi}% afodr
purificdti om byndsi tige a smicatnafdritni tysr esiimectalyl thbgecPepr otei Nty e

det ect abl e even by CBB staining of SDS-gel (Fiqure 2B). Fromthe staining
i ntensi 3£ llr’clq%dlf%%’t%spufﬁg%c?ﬁéo%P coRpl e tatudy HEEed vhhhailhdy Whe

threg P io QIR NGakn Pﬂ&'@%l@:’i@%ﬁsbys' Be8-Bhe paRYE! Hq ! hee3Pyc@MRIAX

expressed 1n the Tn5 culture was highér than in the Sf9 culture Tn5 was
used f orstm;mefd cai thn Cobrialse 18P wonpl Baat nbauel(€BFe .scHiese FbemdsheveaRB

i ni the d of the .3P | timmted to be about
S o 1r oMt SE gt VFAOAEdofhn kel TS col RCSHneo TRRF ucBR OF & R

pol yner asyalwiltiy i eeh f emivieeal, £NP - esnghows: RVRZyRhRebbaiast imity
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

:t del
tonbPar co gzl LERE o Todd SR SO RS P LBE A aRE LInaes
~ two al tezrlnaﬂj vRNBrlammes (¢ odpare NRAA arecheli hlicl eddn déehAp@el, Wibe Vb3PAvas

used as a prod ts wer e _det ect ed |n bot h and
nRNA—prlnHéH:ar tq%n ¢E gﬁ?e . Jegeabifiagy By recoveAgg 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 wvirus 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. After the purlflcatlon by using a metal affinity resin,

all three P protelns were detectable even by CBB staining of
SDS—-gel (Figure 2B). From 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



One of the transcripts fromthe nRNA-prined reaction (lane 3) was |onger
than the ApGprinmed transcript by about 12 nt (lane 10 1). The nucl eus
extract of nock-infected cells was unable to synthesize RNA from either

t enpl at &#(AI-QHe@C3A, | anes 5-8). These results indicate th@%@ﬁﬁﬁ getected
RNA synthesis is nediated by the 3P conplex formed in insect ce Ps
infected wth reconbinant virus, but not by any cellular enzynmes in the 15
insect cells. Scince the 3P conplex is unable to synthesize any RNA when
given RNA tenplate with random sequences, this .indicates that the 3P
conpl ex mosiadi | BA t epRéakasi vl ialy aFaRA trommimerlaseonsecvgdi zesiueRNAS N a

speci fi 1 used t I ) roduct s, were_detect ed
20 partﬁgﬂﬁggféliﬁﬂ?ﬂeggagégﬁgé ofTﬁéG]gﬁgngﬁg?Eggﬁfg §ﬂ%1F&E¥ 23? %#ﬁ%

si ze of phd fiimdor3 Rt rcamgpdreixptwas o drui sed RNAL G 1 e@besicdad tARGIPHeREd v—
reaction was, however, shorter than the 53 nt tenplate. This was probably
due to &St EPHRALSTHIEIRA) o 2dt 2B &% SRASni(BeRErBtE@NAYG BP RN @§Ssi te
Wi thn tthe coBr &Nt 2Pe The ARl (410514l ltii TRYA- R ARSI Lo ENSET pidhon wals
low, and no clear bands of transcripts were detected at [east undér 'the
condi t | #eneVHiSoyed (URiefues I temmbatly, ARBsprodsatsswendi dattectledt ionl y

V-sense be I o_di.rect capped - primegd transcription. 30

| nf | uen?% rg%\é; Rﬁ&%go ynla"lpe]fsléaei% 5 %)ée%?:'c%rh\%g%?% g%Et BfiSt aﬁ‘élgir iB'gt'ase
and reploneass, thd . tifescanpes RNAmPiihEe hRNAHEH Bld PN 5 c RSy NEResizg is a
uni que characteristic of the FSOL-256PCT 18 15 April 2005 transcriptase .
On the 8&FerloRgRds theRe thep ARGIRY imadn Branp@rinb| hierheuti d2cofsidened to
be jmvolhved ipp iy, 1d aty) e 0 : t i i 1 ho iLn

o h o acades VAT AR of TR e TR M e M D UhaBIL B0
‘¢onpl ex snghesficed ENoNfropecti el s tenpdeted Widurecashi nhates b&e@dlqvi r us
did notT atal yze syn%g§§is in tRe absence of priners. Therefore, we
propose £5€ 1 759 %oﬁﬁ} q&ﬁﬂ | st e detecte 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 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).

- t‘&“' T

| The size of the major transcript from this cRNA-directed and
:i;' ApG-primed reabtionA-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



t he transcri ptase formof viral RNA pol yner ase. |nfluenza virus RNA
pol ynerase recogni zes specific 10 sequences |located at 5 - and
3'-termnals conserved sequences of VRNA and cRNA, which act as

transcriggdioreggr@mter and replicatien origin, and its boup p onbﬁ these
sequences exerts its intrinsic activity of enzyne. Accordingly,

bi nding of the 3P conplex to VRNA and cRNA was exam ned. The 3P conpl ex 15
was incubated with a radio-label ed nodel tenplates, v53 and ¢53, and
random RNA of a simlar size at 30C for 30 min in the transcription assay
m xt ur e SHARERIPEGSST r-at €8 therrther dupnded v\hehrachaﬁp ff@lﬂfm3©meNP£0 '

pr onot e Ki el e h irra .m xt

was 20 ?Q{)j ect]'Jeagré P%N‘é‘s’léggﬁgkégg (?ré) al% 38%’82‘3’%‘(1 prg’%ﬁ on o

i munopraei potat BMAW 4y theoidi pathontofusitd - PBikeasd m:rcﬁatﬁsen vaThel
i mmuno- pr., ECI£I t at %s wer e anal yzed by SDS-8% PAGE. Both VvRNA (Figure 4,

| anes 2 Varkd* TCRRE medda sl R dsr hasPhatass- | | fbsd (B t komgpex
Conpbex(dﬂr%frl%d”f lFapps S5iaRdc-P) . bWii125 random BNA (ﬁtgﬂfﬂorms dn#eS g and

9) was not. These results 1ndicate that the 3P conpl ex d'n i nsect
celI's, $adulgvirug tdied naotr glateilvre RN pelypitbease, dis &bt eabsence of

speci fi rec n|z bot h VRNA an n uefeture of mfluenzé
Vi rus g%%j\ﬂln%ﬁss' tﬁg‘t Pfs? Fer 3¢ ORS a%%mgbg ége(‘fog'? £5s REE S tS
primers ther tirainsicatib®aseoftotid df tWiaSCRNA i yreteizeTor e renarkably, the
influenza virus_ RNA polynerise itself is able to cleave capped RNA at

FSOL- 256PCT 19n13UgBFZR| 20059:SpelNRi ¢ RRoomaeRse neaecm@lse%a@pﬁqnmre

Thet gf or. fi h I.obl % r
irander ooty dhaeipd ik, 807 AT E ot FR BpREs TRl Talet
- :capped RMA bRﬁHl raglcandRNE?seavagm:hctac/tt laes. t¥an5cedptiom thwenetedi @nidon,

we exam neg .next. by the bindin activity, of 3P conplex to capped RNA For
this purs8dCardshi Prl@lélm r?lﬁlgwﬂe*e% 1Wt1%°[£h§§9] EFEURRS S5r EF&TES

usi Ng vaee Mirdrivsids Luanyl oy téﬁ“éﬁ@&ﬁé? AB8-BR1£QTIP! exnher pihtahRYF was
| 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
_ 1mmunopre01p1tated with a combination of anti-PB 1 and protein
A. The 1mnfu110 prec1p1tates 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 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




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 cefil-@6aseT i nmunoprecipitated with a combination ofs %@gﬂ' B2 serum
and protein A and the inmuno-precipitates were anal yzed by gﬁ) 15
PAGE. The nucl eus extract from nock-infected cells produced.no radioactive
bands at the P protein positions (Figure 5A, lane 1) . Both of the. 3P
conplex (Fig. 5A lanes 2 and 3) and RNP (Figure 5A, |ane 4), however,
reveal e&p%ifrlédlw%¢wli® Bearh&hepdzitgaon sbrretponadi nghesetasepBLisand.

These r 2 AP canplex ess t he
RNA- bi ngﬁng a | Vi ty $l&?€|]g pggguct sgggtdr acsfz—)celﬁ]S ro%néi n!s;ec ce%gs i rﬂ‘ ect ed
with rdommsEarapt iwec bpvihes 3Pr adnpdetxi Virtdi csas=al sleadetket 8@ icomatl dseast

one addi.ti | .band m gr.at] faster than PB2.. This band, . however, was
al so deth@& eg it tﬁ@pﬁggl extt n?r&ﬂcﬁoglle??algﬁf cBEL4VEELPS - To

i ndi gat Idwlﬂﬂie:t ithiGOr peeReRds ohy awbastxHhohali NGehOSty Nserd %%'ﬂoﬁ)n
protein havi a binding activity to the capped RNA. Next, we exam ned for

its cappédi Ycloé”'a\ﬁége?@émllaﬁ t§o cappedy RN¥fe pdioirf |tédS3IPwtm4$Ieex rablyitt hi s

experiment . .bot 30 ob nd,, A), both with 32P only at
the cap-Jto&HHA %q%af sms??ﬁeﬁggggt Y"gFegr(feéé’p”S@d Uusaig C’R)quénél
good subsitrmat egﬁ@myb@ﬂbﬂ&n@kﬁ@faééc clmavage yord¥Rx AsrFSAk=256RH 2515

April 2005 e ected i ncubation with .RNP resulted in cleavage of the
capped A&?n? W94 aftht LsaPRRY RN 5 (Wi Bheng® hepilgurat 5Bhe  (cams 11)

Thel@apr?ﬁ:(iu%r S a'ﬁ&eﬁl%%\é% 4131'}41'8 tE%{'iﬁ@ﬁlbg’E)l ﬁonﬂhgxm'lgtpg}% W ence

. of v53 tenplate (Figure 5B, |ane not In e absence o terrp ate
© RNA (Fi gimeddBteldand t3) .a N0V thwpvége ofosheldapped.RNAfhes alubeecohsertyed

mnth thﬁ- coréﬁ%gfgglg ggg%%gé$5roqin§®%€%£2 ted, ﬁellfp(F'%Eﬁiﬁ?B Iane
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



endonucl ease associated with RNA polynerase is activated via 10 binding to
the tenplate RNA (Hagen, M, Chung, T.D., Butcher, J.A , and Krystal, M
(1994) J. Virol. 68, 1509-1515; Li, ML., Ramrez, B.C, and Krug, R M
(1998) EMBA-bseplr 5844-5852). To opp surprise, however, t Mgecenent

: Yol
of capped RNA endonucl ease was observed only with v53 tenp atre.- c53 was 15

virtually inactive in the activity this regulatory function.of RNA

pol ynmerase activation(Figure 5B, lane 5). These results denonstrate for
the first time that the 3P conplex discrimnates between v-sense and

C- sense €Rasttdd, t hecBPatappl ewifior WP i rdmsldeid ceéhl 5cbeasagse50f hetheZO

catalytic act'vity a _transcriptase, ese i ncl ude activit

pol yaderfii oclé’u‘gﬁe&qt(? \ril%lé}ﬂmterng:ﬁ @rf1[ th &?nar%;t(? 31 Dc% (Frf&”s‘ieolﬁéft Y,
gl obin rmm«.rmy medTNENApHAAS RNAPIAH aRE8UA I RS %fh@ﬁécb%rﬂlﬁ@d' Bp
detail. Analysis of the RNA products by 10% PAGE reveal ed diffuse

r adi oacﬁ%lbﬁhdisﬂ abb®e PXeseRce6 R int v dnFempdader | Higums eRBni Aenghetiher

theS§esl %‘H 19{ aéﬂenga Lae w@lya(@ E&ﬁgugkrﬁﬁ%ea%d iﬁ?%%?glr“e%ov

synt hesi zed Invitr ranscripts were m xe
resin, aﬂféamm}er esif- btchmd diYpahs FHTAIt edaby heab- bbeatRed witdhhe the
presence of hi %h concentrations of salt to 30 eluted RNAs. The el uate was

anal yze& Yy R 9 neph&achr eSEREe BPCh-iRhreEedACEhbin (R Pigfur ©88B, a

radi oactjigies R wagtdeiect gd by g5 e 0 th [
ke o R o AL enm%os aboﬁt§’1g°5{%§’ue;dl\§%tth ée(gvéf{?qéqge

si ze of edidoge(dFR3G- b@ﬁﬁmlm wathgrféﬁepOﬂ.amewRNA prs nedtivahedr ivites

(Figure | anes 6) .t han r G ri NSCr i (Fi re 3B,
Ianggl 2]:’%2‘5jl et éh gsm%hl?g 'ﬁglg‘ca c—{eﬁ)s(t t Iéﬁ@f‘ SO%E tEﬁ’g:‘%‘@R
~ product g .far, rradldormyhﬁaw?\m nqdeI94t)ermpl atiedin tgsg rlrs@s_aea@quf Ligl ther, ApG
or nMRNA priners contain pol sequences. On the "ot her hand, nost of the

CRNA- di P@E‘tléc?ztfraﬁls(éfq p8Bddi Uﬁ@t R3bund 1988} hEMRG gb( d1Y3, 84415858 ter
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nucl ease-resi st ant ,
endonuclease was observed only with v53 template. ch3 was

15 wvirtually inactive in the activity 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



10 RNA noi eties were detected by gel electrophoresis. These npieties were
nost likely to be poly(A) sequences. Such pol yadenyl ation of vVRNA-directed
transcripts is another characteristic and unique function associated with
the trampsorigBeser 15 Advantageous effect of the inventionysbffonhs to
establish prevention and treatnments of influenza have been focused nainly
on the devel opnent of the inmuno-therapy using the anti-gens agai nst the
whol e particles 20 or a conponent protein(s). of the virus and the
exploratory studies on agents to interfere with physiol ogical functions of
t he conpdidHt s1@f pheini dgagtAnonFheheaveraes ssexanphiedliigo (sifoh,dfchord s,

t he only; I i p. erase, .The _nethod faqr..RNA pal rase

br oduct VR HRls | Gient @ HOr DRRURRL T Re P on TR 8 e VA B0 P e he
base for5 térdmass-thser eent NBpEfpr Dhedi takansefr iBNA patiEfases, andndsu®
di scove:%_ld Wm substrate anal ogues for the RNA pol ynerase-nedi at ed

reactio eoVErSSRNPE Pdl {FretBLECRESd G oR YT akga sk as@Bet RE theotRdiA
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di scovery based on the identified structures. 15 Apri
met hod feirt 1o difeG ngr anRRRAppdimerer asmtodin npélehZp seguencesnpr Osi righet he
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t hree ki nds of reconbinant viruses, infecting one insect cell with said

t hree kitfdassir ipd@ontithafiNage L&egr}daﬁﬂaéﬁpﬂgssismesamla@eaq—r@tsitst@rgane
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,Of nfl lf)% Zy%denylati‘on of vRNA-directed transcripts is another
characteristic and unique function associated with the
transcriptase.

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 wvirus and the exploratory

studie-s‘_gr}_aqents to inte;fere with physiological functions of
the compor;;i;ts" 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.



virus, integrating said each cDNA into each bacul ovirus genome respectively
to construct three kinds of reconbi nant viruses, infecting one insect cell
wi th said reconbi nant viruses, expressing said cell at the sane tine, and
contacting the resultant conplex of the conmponent proteins WAdﬂ,z%as :
I nfluenza virus or its essential noiety. 3. The nmethod of claim1l or 2,
wherein the subunit PA of said RNA polynerase is tag-Ilabeled at the
N-termnal. 4. The method of claim 3, 44rther conprising a step of
purifying the RNA pol ynerase by using an adsorbent to trap the tagged
RNApol ynerase. 5. An RNA pol ynerase, which is artificially produced and is
in the formof a conplex consisting of three conponent proteins (PA PBlL
and PB2) CLAIMHEH RNA pol ynerase of influenza virus, existing isolated from
RNA virus genom ¢ RNA, and having an RNA pol ynerase activity of influenza
Vi rus. ' ,

1. A method for producing an RNA polymerase of influenza virus

comprising 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 c¢DNAs into each baculovirus genome

respectively to construct three kinds of recombinant viruses, infecting one

insect cell with said three kinds of recombinant 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
polymerzigé —{g:;cag-iabeled“at' the N-terminal.

4. The"r'néthod 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.





