Speci fication Method for Produci ng Reconbi nant Virus [ Techni cal
Fi el d] [0001] The present invention relates to a nethod for
produci ng a reconbi nant virus having an intended purity; to a
transfer vector for producing the reconbinant virus; and to a nethod
for producing the transfer vector. Mre particularly, the present
invention relates to a nethod for ragﬁcin. a reconbinant virus, in
whi ch generation of an unintende&wf 1 i s suppressed upon
production of a reconbi nant baculovirus; to a transfer vector for
produci ng the reconbinant virus; and to a nethod for producing the
transfer vector. [Bagkgyound Ar 0002 Ther ave been known
virus particle geLegﬁaﬁﬁgﬁ g%ﬁ %%Sé%ﬁin% ?8F8W8hnﬁﬁﬁu§658ﬁic protein
in the formof fusion antigen on virus particles, including
bacul ovi rus gp64 gene, vesicular stomatitis virus glycoprotein gene,

human i"gﬁ%%ﬂ&ﬂk:ﬁ?@ﬁ¥ﬂy rus type 1 glycoprotein gene, human
respiratory syncyti al V|ﬂus menbr ane gl ycoprotein gene, influenza A
Vi rus henaggILﬁddHﬂ] gene, influenza B virus hemaggl uti ni n gene,

her pes sinplex virus glycoprotein gene, and nurine hepatitis virus S

protein gene. Tl'{eo%%sent in\élrrgc%ovr{ag:gl%ggsvet&ef%l 4 ecti{cg%gi%ucing

i nmmunogeni ¢ protei'n antigens nes agal nst )

cancers, getoonIHatd R AR A gﬁg@«:&ﬂédﬁ@gyﬁr S Wik er

Mycobact eri um tubercul osi s anti gem, VI rus

fever vigugant irgen o, Aenaue f eyer féicfo‘rﬁni@ﬁﬂtg%rdﬂ: VA Q9P ofde¥iod

antigen, leishmania“antigen,” trypanosone anti gen, |eucocytozoon

anti gen, raRd GRRBERNH ndNtHICRT oHdFR 2Ly Wioranga MAGEy11ReLe baxe
al so been known i mruniogenic proteins formed by fusion between a

forei gn pLrEUReGEeNnGRAle RadeReaARd 3 RR&JOTERA RIS & J-
IL-2, IL-12, IL-6, or IFNy) present in the human body. A fusion

anti gen eBtampetahiftr QUEsEXRMESHIIh Qlend rildSicRN JFetade & isitehde Vi I us
particle gene and an i mmunogeni ¢ gene has been used for vaccines.

[0004] recomMaanwhi lig, sROPERISSeeXRRES HARHRYEHNE IRl BEdhbinant
bacul ovi rus have been used for industrial production of proteins of

i nt er est babnlbegenls ;year 3, thagulfew resthas faeeprafaaui o thieansfer a
foreign gene into insect cells and also into mamual s, and has been
found torsepwdiaangd RAL€ELI ahdveet ar nkahogefort heiody-ing the transfer
vector.
[Background Art]

[0002]

There have been known virus particle genes which can
present a foreign immunogenic protein in the form of fusion
antigen on virus particles, including baculovirus gpé4 gené,
vesicular stomatitis virus glycoprotein gene, human
immunodeficiency virus type 1 glycoprotein gene, human
respiratory syncytial virus'membrane glycoprotein gene,
influenza A virus hemagglutinin gene, influenza B virus
hemagglutinin gene, herpes simplex virus glycoprotein gene,

and murine hepatitis virus S protein gene.



[ 0005] For exanpl e, Patent Docunent 1 discloses a reconbi nant
bacul ovi rus expression vector containing a plurality of independent
pronmoters including a DNA region including, in a pronoter derived
froma baculovirus early gene, a gene encoding a virus nonstructural
protein, and a DNA region including, in a pronoter derived froma
bacul ovi rus Ig&ﬁngﬁne, a gene encoding a virus structural protein

[ 0006] ent” Docunent 2 discloses a nethod for producing a

protein, by Al ATl s, nSeArNA, NS s, ALV o1
ercod o AL ol Jaresl pdhe et i sl an e oo
Wi th vi “i%o%{&:ﬂng ‘gr_%élan & WSy par i 18R 4 hri‘g}(]ls]?%ﬁﬂe‘%éi{ otein is

fused are recovere the protein Is separat romthe virus

parti cl eg/?}cty% 1 EAVALS 4 ] 5 antigﬁ,egﬂ%%c%u%%{,oﬁ@

nmet hod f I nproved transgene expressiomn, the netho

optim zi RY 1heAMG! gAlh e LRAQR SIS e PRABNAMS-[NALG Al eryBpdon
usage to that of a host cell type in i ch the exogenous sequence

is to be %fﬁﬁrg;%?ﬁe%cw(%trﬁﬁ EXRY@F S 1R QIR iy edf, It RI8-sdnik t he
host ceIFﬂ [ OOé] Paf%ﬁ% Doéhnent 4 disé%%ses sfﬁ{hefic

pol ynucl eeitides) ,eneddg td2¥é3H bntWheiel Ridd @ PRI UG eRfd e S At as

free frominternal transcription termnation signals that are

recogni zegaby wragstand@nmhdiaveTheens 8a¢ena0pbi peaadrhetmhighuheyehic
expression in a yeast cell, which polynucl eotides are provided for

produci Nngroby ikse fefrmeen sl AUt ha@@CES £oeiles SethunoddMHLL1
genes, which have been associated with cervical cancer. [0009]

Pat ent Dpeuient getiesaindses gargetivad sarg tdeminge (eorg.optinmzi ng.-az,
nucl eoti de sequence for the purpose of expressing a protein, and a

codon optrriezairon et hogdrebkhablia tae Buhast neall systes d®rantigen
expr essi on.
obtained through expression of a fusion between such a virus
particle gene and an immunogenic gene has been used for
vaccines.

[0004]

Meanwhile, protein expression systems employing
baculovirus have been used for industrial production of
proteins of interest. In recent years, baculovirus has been
shown to transfer a foreign gene into insect cells and also
into mammals, and has been found to serve as a potential
vector for gene therapy.

[0005]

For example, Patent Document 1 discloses a recombinant
baculovirus expression vector containing a plurality of

independent promotexrs including a DNA region including, in a

promoter derived from a baculovirus early gene, a gene



[ 0010] Pat ent Docunent 6 discloses a reconbinant Plutella

xyl ostel |l a baculovirus for use as an insecticidal agent, which has
incorporated within its genone a gene encodi ng an insecticidal toxin
and a signal sequence of a nonhonol ogous peptide; and an expression
cassette encoding an insecticidal toxin wherein a codon-optim zed
gene encqgj ; | nsectd ¢l i D8aN; su jtut .k D

al t er nat %ié:rzgiolérgﬁ &lt h%m%%ésq{n%?éetfeﬁﬂeﬁ%%zq y ut |I?'i g‘?ﬁwd b% @ﬁp’:’% c(?ﬂ'cel I
protein. J0Q01Ying, in RALGMY Mwiyecf“ﬁ%ﬁscf%&%m@&@afﬁte _
nucl eic acid nol ecul e encoding a fusion proteln Ich 1's expressed in
a listerigRacterddin dihediud & orasid fohaoilsl Retading a first

pol ynucl €oti de encodi ng a si gnal sequence of a peptide native to the
bacterium in wigdy the first polynucl eotide is codon-optim zed for
expression in the bacterium and a second pol ynucl eoti de encoding a
pol ypepti de ofpa-drft edgiunddtid ILMi4 4dn Ik € e thier 1568 onsh POk yaue] £t 4 de
is in the sanme translation reading frame as the first pol ynucl eoti de,
wher ei N thetdiet gbinats MiclLidgerand it rﬂé&ﬁz\ﬂi@amafe@ﬂtﬁi@n
protein containing the signal sequence of the peptide and the

pol ypept isdfyl A rRX R essh-Gasket i whiacti@id WAGo i AidedY gene
expression vector; and a vaccine conposition containing the

bact eri ums Dausmdpalce gderumidodlsp dimaasias of riecumisantciuicl ei c
acid nol ecul e wherein the second pol ynucl eoti de encodi ng a

pol ypept iré@udftamtf @eiigh addegerns isadoedpid nMzeskdppdiessign in
the bacterium Thus, genetic codon substitution has been

per f or megricare inhd puwheoForaf dihdredas) Monsad rweidhic ivigish gpsentpireEisss Orthe
efficiency of a protein of interest in a host. [0012] The
present ivivent pas tHave spweiiowdliciprdpaed e it ansfRrsadkedmy by
fusing a pol ynucl eoti de encodi ng the am no acid sequence of an

i mmunogemecoyeatel;n amd the pologeic] dct ispaareded] fyrdrhechm otietus of
virus particles of an expression cell, and have reported that a
reconbi n@atrtiicles prhepagdd ddyeahveras .ogous reconbi nati on with the DNA
of a virus of interest (e.g., baculovirus) is used in a

phar maceut i cal[0®®¥#dosition (e.g., a vaccine) (Patent Document 8).

[ Rel ated Art Document] [Patent Docunent] [0013] [Patent Docunent 11
Japanese Pat edatiat IZEBRERNY Patdsic D freh tmethQgIiP- 7o 00 25826 3

[ Pat ent Docunent 3] WO 2006/ 024867 panphl et
transgene expression, the method including optimizing the

nucleotide codon usage of exogenous DNA to alter codon usage
to that of a host cell type in which the exogenous DNA
sequence is to be expressed, so as to express a protein of
interest in the host cell.

[0008]

Patent Document 4 discloses synthetic polynucleotides
encoding HPV31L1l, wherein the polynucleotides are free from
internal transcription termination signals that are
recognized by yeast, and have been codon-optimized for high
level expression in a yeast cell, which polynucleotides are

provided for producing, by use of yeast, protein products



[ Pat ent Docunent 4] WD 2004/ 084831 panphl et [Patent Docunent 53 WO
2004/ 059556 panphl et [Patent Document 6] WD 1999/58705 panphl et
[ Pat ent Docunent 7] WD 2005/071088 panphl et

expressed by HPV3I1L1l genes, which have been associated with
cervical cancer.

[0009]

Patent Document 5 discleses a method and device for
optimizing a nucleotide sequence for the purpose of
expressing a protein, and a codon optimization method
suitable for a host cell system for expression.

[0010]

Patent -Document 6 discloses a recombinant Plutella
xylostella baculovirus for use as an insecticidal agent,
which has incorporated within its genome a gene encoding an
insecticidal toxin and a signal sequence of a nonhomologous
peptide; and an expression cassette encoding an insecticidal
toxin wherein a codon-optimized gene encoding the
insecticidal toxin has been substituted with an alternative
codon that is more effectively utilized by an insect cell
protein.

[0011]

Patent Document 7 discloses a recombinant nucleic acid
molecule encoding a fusion protein which is expressed in a
listeria bacterium, the nucleic acid molecule including a
first polynucleotide encoding a signal sequence of a peptide
native to the bacterium, in which the first polynucleotide is
~codon-optimized for expression in the bacterium, and a second
polynucleotide encoding a polypeptide of a foreign antigen,
in which the second polynucleotide is in the same translation

reading frame as the first polynucleotide, wherein the



[ Patent Docunent 8] WD 2007/091624 panphlet [Sumrary of the

I nvention] [Problens to be Solved by the Invention] [0014] An
obj ect of the present invention is to provide a nethod for producing,
at high purity, a reconbinant virus (in particular, a reconbinant
bacul ovi rus) which exhibits intended i munogenicity and is useful for

a pharmaceuti cal . 9., -a.vacci.ne), b uppr.essjn eratioqn of an
i nt endad FEEAMA Rt s Apoh SRR G GIShE netunth dtein
bacul ovi rus.__Anat her_.obj ect af the prese invention is t rovide a
met hod f S PFOaIATFHE (F S e SETSE Sl e PFG i fd];?(c)t i'"6h of the
reconbi ngnt, . virus.. [ ns | Vi Prob] ens 0015] . _JAs
descri be rg)a veé:",{%T%e[éN%r eseel?t(?crelsn\c%éjrﬂ orl%sé%&é_‘vel ’Ol?sﬁ)yaéézﬁépli]iué% C:zimpta ehron

a_transf ef, SGLMLOR SANEXAESS, Job LD dASREL Sold 8. a0 ining

vertebrate c usion protern of @ toreign imunogenic pro

of interest and.a.nLof el ?}%%;ﬁ}lgr@ny gBEuB%hEi %l%a@i‘\%?%@%';st gy be

referred T 0 as "Viruspar mng protein

reconbi “%’Oétco%‘i&‘l'aga)‘@_ %\%\r}%ﬂ%&% B 11436, 10 ufl-léq:etirrgrlﬁ-f Cls MHLT

(Pat ent cunent en a reconbli nant bacul ovirus is

roduced I f.er. we I r . .
p g%:[i %.%l%ot.tllafe te'h%%%ll?x WS ﬁ%rﬁ%%%n%g%n antigen is

reconbi n acul ovi rus may contal reco nant

bacul ovi 'E:!é%loinrlo\tﬁ@i%ﬂz%dj%ﬂ ‘”e&'?%s%fio% genenepding e foreign
i mmunogeni ¢ protein of iInterest has been deleted (hereinafter the

uni nt ended reeepRi Nnaplny (‘cU'c@ddﬂi%d@s\ti%ﬁi%r?rﬂa&ﬁ_ﬂéér@?pé'%ﬁ%d for
virus"), which may cause a problemin that the purity of a

PQSL ggge%lecghr@%teabrfi N6 o3 226 YD I He RRAHPO VHHU B Qfr d S iR St 1S
-efficiency of a protein of interest in a host.

[0012]

The present inventors have previously prepared a
transfer vector by fusing a polynucleotide encoding the amino
acid sequence of an immunogenic protein with a polynucleotide
encoding the protein of virus particles of an expression
cell, and have reported that a recombinant virus prepared by
homologous recombination with the DNA of a virus of interest
(e.g., baculovirus) is used in a pharmaceutical composition
(e.g., a vaccine} (Patent Document 8).

[Related Art Document]
[Patent Document]

[0013]

[Patent Document 1] Japanese Patent No. 3366328

[Patent Document 2] JP-A-2002-253263

[Patent Document 3] WO 2006/024867 pamphlet

[Patent Document 4] WO 2004/084831 pamphlet



[ 0016] In order to solve such a problem the present inventors
have conducted extensive studies, and as a result have found that
when t he pol ynucl eoti de sequence of a gene encodi ng a
virus-particle-formng protein, the gene contained in a fusion gene
which is included in a transfer vector, is nodified so as not to

o ier the am nBAcket igshges. SOl Uiy R G sapgRdo netvial 1y
sequence of (NSNS |5 LI &4 SGl Nach ortd gl e ant o ol
protein i el ke LAY, £yt SUBLIG: LE IS LSt o

of or ement | oned AL iR o Pe RN als cupagassed. and Lhus

[ 0017] [Sﬂm"@%%’cz)rf)? r{%ey&r{\n%%ht%;? ent invention provides the

fol |l owi ng or producing a transfer vector

whi ch iwf&Q%n{§1%roei% %Jfl%%icf)% TR %R;eﬂﬁgﬂd}ﬂ at | east one gene

encoding a virus-particle-formng protein and a ‘gene encoding a
foreign i munoggnig protein, the method conprising nodifying the

pol ynucl eoti de sequence of the gene encoding the . .
virus-particl guf UENG RIOUHD HIQ AN 0tnddhidl el d he JRRAacT 4
residues constituti'ng a corresponding naturally occurring _

Vi rus- pardditfr frRMANGRIANR N ANHih R NG the el epthde (in
sequence of the gene so that" a portion of the ami no acid residues
const i t UtisRg itch aRat W Hdbn@E Gt B MUIHS RN i@ QMg gy otein

i s deleted. _ 2) A nethod for producing a transfer vector which

i ncl udes jhherRidd dn$icRRrdeNe CANAIIRN MEadul St LHhLOeRRLRGAHINY
a virus-particle-formng protein and a gene encoding a foreign

i MunogenieC gnr, oke v i ) Te R0 GLeRRIdsSineg g@difatitg W an unintended
pol ynucl eoti de sequence of the gene encoding the

Vi r us- pakieiceh@r-ihem® RE fisotgich $2odudtdion @faldier ddtendinmaci d
residues constituting a correspondi ng naturally occurring

Vi r us- pabhictilesfietus.ngapoohetrnobject o) tAenpibednacaeardhagonoit) to
above, which conprises the following steps (a) to (c) and/or (d) and
(e): profddeaastmephold Mod fopodgdiher poltyrucifeat ivide tequamdeyaid tiwer
gene encoding the virus-particle-formng protein so as not to alter

t he am npradudtiesi difesheonrsicicittinagta vdeanrsespondi ng natural |y
occurring virus-particle-formng protein, and obtaining the nucleic
aci d sequeéreasi bar Baillvamgotthe Paopdeciséot i de i ncl udi ng the gene

encodi ng the virusparticle-form ng protein; (b) a step of
synt hesi zi ng tl@145dl ynucl eoti de on the basis of the nucleic acid
sequence information obtained in step (a); (c) a step of

ligating or iAsedsistyiba @lbdve pdhenuriessritde erttes zekvinwstlap
(b), a polynucleotide of the gene encoding the foreign i munogenic
protei n; applied gdpagesttepnoft $yanisdsivz viegterpoihyinic|oas iedwrersodiing
a partial polypeptide of the naturally occurring

vi r uspar betheingemtngepast énd gBraehadtencedds . dél duisdenoboretsdnt icdh a
of the am no acid residues constituting the naturally occurring .

Vi r us- pakerefenf rmungIenadcePFoteina oo Lyt galesdt ifgél whdsetedguémaaing
has been nodified so_as not to alter the am no acid residues

const i t uVilEyst RaTpacLiesl (peryppepiicgs; naydbe referred to as "virus-

particle-forming protein"), as well as a recombinant
baculovirus produced by use of the transfer vector (Patent
Document 8). However, when a recombinant baculcovirus is

produced by use of the transfer wvector, the thus-produced



(e) a step of ligating or inserting, into the polynucl eotide

synt hesized in step (d), a polynucleotide of the gene encoding the
forei gn i munogeni ¢ protein. 4) A nethod according to 1) or 2)
above, wherein the fusion gene includes, upstreamthereof, a

pol ynucl eoti de encodi ng a signal sequence derived fromthe

2) abover SRR SUEHE BT A Lo b (O vy ded
tein i .of |.ovi, 64 , icul titi
Vi s o) JESHTR BN G e PR ThiGtoR ey A LS Jpoepe

gl ycoprotei n gene, _.a human respiratory .syncytial virus nenbrane

o1 yoopr B e, BT ER SRBR dRbrstn (9 g s been
i nfluenz i rus,.hemaggl ut i ni ene, . a herpes. si.npl e iru .

o ycopr ofss Gohe PERR R o b s BRI Pifevizus
6) A met pn% PeC gfre%iefr:}gretd) tjc) - "%)ut%.%ocv%' r%sel)ei Qvl’}ihc% %%ln C%QJ.CsOediang
the virus-particle-Tormng protern s a bacul'dvirus gp gene.”

7) A et hods gegondi 09,40 e g)rur%_)tf%%v % ‘M;é%%{dé& %ﬂe%nﬁéﬁ%& a
the forergn rnmunogenic protein’is a gen or an antigen selecte
from ano ri.a j , | Nfl Vil | gen, a
Nycobactggfgﬂ??ugggbu géﬁgﬁgﬁ??géﬁ?léh%%ﬁ%g'dﬁ%ﬁﬁQgﬁ#%gen, a \West
Nile fever vir ]Qﬂtigen, a dengue fever virus antigen, an HV
antigen, an HCV antigen, a |eishmania antigen, a trypanosonme anti gen,

a | eucocyt ozool, aftddeno ah A GARGLTs PRGN, Und 073 B, US5,A0

antigen of a cytokine and at | east one gene sel ecte romthe group

of theseyaRll JRARRRENH extensivl®) AUBI AL YMINGd1Y H¥ve?)Found
above, wherein, in the transfer vector, the fusion gene is ligated to
the downsteamneh &ndUYo1RMAAIRI iRleRIRR AL J9h IJaR! iRf-Qemeen a
pronoter capable of functioning in vertebrate cells and a bacul ovirus
pronot er i rus-par®h oA TEHHAE nAC §RotA6 ,t @13 RRRY &orharRId ey
pronot er capable of functioning in vertebrate cells is selected from
anong a eykaoRIdkeNd kWS bl QRO eIC] udRaSY40 aPaiRister &dc@igrOViilgls
pronoter, a netallothionein pronoter, a heat-shock protein pronoter,
a CAG pr el €hi edaoelbengatl @ haeker tha RRAMRY elcidireaiduspr onot er,
a ubiquitin pronmoter, an al bumn pronoter, and an MHC cl ass pronoter;
and the kaaglkavutisng Br edeiresponddele tlatthriznam ameg 4 neokihed- n
pronoter, a plO pronoter, an |IEl pronoter, a p35 pronoter, a p39

pr onot er paaind caegiodmphgmpreitein and/oci0xhé melllyonhdleotdded geidigrae
transfer vector containing a DNA region of a gene encoding a foreign
i mmunogenitc theoteine, iltshecblAikegison theitng pasericed diettlee Bmdincu s dNA
regions including at | east one gene encoding a virusparticle-formng
pr ot ei n, rebeédneshadnsaipuicdingg thed nby g 14 yp aoyedieet mdeuseguende 1@f-
an N-termnal and/or C-termnal virus DNA region fused with the DNA
regi on oforhengepeotrdiadilsg defietkdr, eifgi liowmedin bye mice tpragisdier tsort hreft

t he pol ynucl eoti de sequence exhibits reduced identity to a naturally
occur ri nghpokyansifeot ivée tseqaadc baghilole regn®Nd lomscDNAseegi aglls,
and/ or nodi fying the pol ynucl eoti de sequence so that a portion of the
anm no acgdnegstdoes ofobei phoregentdoneds potdingg vidatugr glalny beccurri ng
virus-particle-formng protein is del eted. 11) A nethod for

pr oduci ngoasidesablyastrbaesised r andc thpsi & g complioningg ba culavsfrars
vector which includes therein a fusion gene containing at |east one
gene encodi aAgtareptuspar becksotiveridngtphowdi puaidya gene encoding a
forei gn i munogeni ¢ protein, the nmethod conprising co-transfecting,
into an insectl08351 cell, bacul ovirus DNA and the transfer vector
produced by nodifying the pol ynucl eoti de sequence of the gene
encodi ng t he WCEEFIREGLYe| ENFoPFAaSGISr Gheiemtd@a Lot das gﬂﬁ%r t he

am no acid residues constituting a corresponding naturally occurring
following 1) to 21}.

1) A method for producing a transfer vector which



protein, and/or nodifying the polynucl eoti de sequence of the gene so
that a portion of the amno acid residues constituting the naturally
occurring virus-particle-formng protein is deleted. 12) A
transfer vector which includes therein a fusion gene containing at
| east one gene encoding a virus-particleform ng protein and a gene
encodi ng ,a n innunogf i C .protein, rein the1£1l nycl eoti de

f i wh
Sequence L0 HE &S TElodh TGt IRE: GG SPATA T G Gitm Y St G (9

nodi fied so not taq alter the. amno acid residues c nstituti@&:%r
cor r espofitiHG RS G Ay SoEARTiHE VT sa mE e c?ﬁ# Mg Prvt &g
and/ or the poI.nucLe%{i%Fege uencgepf tQﬁFgen IS quifLed so that a
portion &f TRETER A8 R S &L Rohs Ui The Ay
occurring vi.r.us-particle-form.ng. protein is del . 13)..A
Cranst er RpRiEgA RN R BT R P b asmeHoH R

| east ong,geng encading A vidys:hayr thelehor mng profeid, and. 4 ggpe
encodi ng a forei gnTi mmnogeni ¢ pr@i n, erel nthe polynucleoti de
sequence _qf._th n i.n VI us-part ] - j iR
o 11 oa 0d TR0 et Es SRR Bl LY Y A G BB
correspongdi - rr i -partij.cl.e-f i .

14) A {1 Sacpar i ant RE el el U DR ehldTdto ey, he
per f or mi %%&Wﬁ.cﬁ%blt‘i\@e“%e%% Sl A bl Ger@dn A0k Hed) LU LS)on B the
step of ying the polynucleotide sequence of t he“gene encodi ng
the virugnpart helie- tRLTHG PLALEIN 30 188 Rek La-ahlan f heangaci d
residues constituting a corresponding natural ['y occurring

Vi r us- pagt ik gkephetang -REheng 3R eqbl qisniRg dig nucleic acid
sequence infornation of a polynucleotide including the gene encoding
the viruspartixl & R0 RFORIdEucing a tiddnsFed R HorSWHiRESI zi ng
the pol ynucl eotide on the basis of the nucleic acid sequence

i nformat iae]obkal REdreAnSkeRubdbn gene coh®hidi®ieR tofl dais@atonRy @he
inserting, into the polynucleotide synthesized in step (b), a _

pol ynucl gatbedengf at be raeneaereediend ct-ie ngo Heicte 1 M0 G Ric P kAlc®iding
(d) a step of synthesizing a pol ynucl eotide encoding a parti al

pol ypept kd€oetithe inaliubakhy cogediteling ¢heumeaholdC lcembarimimg protein
obt ai ned through deletion of a portion of the am no acid residues
consti t unbag fiyiagnaher gbllynaeteotide weguenpear bifC keef affien @npodtieion,

or a pol ynucl eoti de whose sequence has been nodified so as not to

al ter thehanvheuacpdriésilduEsradnst birotietn she apanbitaltgpallypeptihde;

and (e) a step of ligating or inserting, into the
pol ynucl eatihdeasydt hesizdedsi poasept(d)ingaapebyrechentide oktulraldene
encodi ng the foreign i munogeni c protein. 15) A transfer vector

accor di ngctort2hgorvii8p-abeatéclehépeminghprbtusian gene i ncl udes,
upstreamt hereof, a polynucl eotide encodi ng a signal sequence derived
fromthe viru$)par metchedf ecriomglipgottel A.) above,l6hikht rcangfrers ase dther
according to 12) or 13) above,
following steps (a) to (¢) and/or (d) and (e):
(a) a step of modifying the polynucleotide sequence of
the gene encoding the virus-particle-forming protein so as
not to alter the amino acid residues constituting a
corresponding naturally occurring virus-particle-forming
protein, and obtaining the nucleic acid sequence information

of a polynucleotide including the gene encoding the virus-

particle-forming protein;



wherein the gene encoding the virus-particle-formng protein is any
of a bacul ovirus gp64 gene, a vesicular stomatitis virus glycoprotein
gene, a human i mmunodeficiency virus type 1 glycoprotein gene, a
human respiratory syncytial virus nmenbrane gl ycoprotein gene, an

i nfluenza A virus hemaggl utinin gene, an influenza B virus

hemaggl Utinin G9NSs & diSTaeSe SOMLEKS ME Ul YEOP QL LD 90%r A0t 2

muri ne hepatitis virus protei n gene transter vector
accor di nq;aisqsl%)f q;rhel%)uatgavce,aefmrseécglérrz?e gl%ﬁﬁac@lddr%ﬁ{&ned in
virus-particle-formng proteinis | ovirus gp64 gene 18)
A transfeﬁxﬁecggr according to 12) or 13) above, wherein the gene
encodi ng theé forelgn i nmunogeni ¢ protein is a gene for an antigen

sel ected from gong - 4@l & | B A 98 ahddfd Zai Yt & Ushantigen, a
Nycobacterlun1tubercuf%§|s anﬁ?ﬁ%JQ?a#TSAPS vf%ﬁg 5ht|gen a West

Nl e feveyolymis eittiicensyra Hanoe fiaveitad rugs an igenman ddMde of
antigen, an HCV antigen, a | eishmania antigen, a trypanosone antigen,

a | eucocye? eRimea RN @RTINAMhe GANGERIN Al gRiYerllic pasneid or a fusion
antigen of a cytokine and at | east one gene selected fromthe group

of these antiggl) genfssp of synths i IHANS fRs1 Mt DEc LT &hdsa iy 12)
or 13) above, wherein the fusion gene is ligated to the domnstrean1of
a dual pperetien poapgeeditdy afhitd grituak gt weehi@-ipipRpiris capabl e
of functioning in vertebrate cells and a bacul ovirus pronoter.

20) A tr aesfrercleedioamiaec @rdited i @bk)i b wdromier eidl et iidie gF enot er
capabl e of functioning in vertebrate cells is selected fromanong a
cyt onegalanitrivs: pfondicermmian SEG preanuhers cdrsatirtoadimes fiteomdtarsaldy
met al | ot hi onei n pronoter, a heat-shock protein pronoter, a CAG

pr onot er ocamrelimgy atiirors - geadttiar] d -& cpmanet grrnotaimgctdm grpaintercleotide
ubiquitin pronoter, an al bum n pronoter, and an MHC cl ass pronoter;
and t he baogkoveruengeo ptsebaes seldidtied facomsamaiy to pdlbdreditien amino
pronoter, a pl0 pronoter, an |El pronoter, a p35 pronoter, a p39

pr onot er acadd raésgpe4 sprromsttatut ing thel pak tirdn gfodypegdticle ;c @mtdai ni ng
a DNA region of a gene encoding a foreign i nmunogenic protein, the
DNA regi on beiltgd isnsderedbhatisdning rars iDNErtegiconsiite it ng at

| east one gene encoding a virus-particle-formng protein, wherein a
pol ynucl eegwe@e@@eﬁ?@e syt sizesr sinngiteanddor. 6 Pelyvimglagtrige pA
region fused with the DNA region of the gene encoding the foreign

i munogefhe FEseerACPsimgditheed o¥e ighati MimaogsMituETedEide sequence
exhi bits reduced identity to a naturally occurrlng pol ynucl eot i de
sequence of tHé @aﬁ’@t\hq%§ngx Fe&g &9, lan@ror2 )t PPy itharsim deie
sequence is nodified so_that a portion of the am no acid residues
consti t ufMAGOR EEPLeIPSRYINRSG nAPFLACR sdeieqinga polynucleotide
virus-particle-formng protein is deleted. [Effects of the Invention]
[0018] ©nCOdiRgnat ﬁégeeéneeeﬁle@eet G Ta Chd THe &R VilFvENERGTt Licd e -
enpl oyed, generation of mutant virus DNA (which is generated through
del etion S%mén@NRrPE5FBn of a gene encodlng a foreign inmunogenic
protein) can he suppr ssed on .co-transfectiqn for the roducti on of
a reconbi nant > SI % F%?%éﬁdﬁﬁﬁ'gch&inFﬁg Girbi ein the

t echni que, and th rec Eblnant vi rus .of terest can be pr,oduced from
a target SEBFI BEORLBA phF wrufheerttlﬁ&ep?eﬁﬂeg. pishtien Pedtized 3
effect|v§ E Eductlon of a reconbi nant, virus mt_jﬁartlcular

r econbi n&ATY 83&F8§|98§f ﬁﬁpgh Psvﬁ§eFH#anF éF&ﬁeUP| and/ or
prophyl ac ic dru . nfect.li

PP o v EaRPEai Be ey & Bl drdpstlsig St viTts hviee 1

dlseasesglgéog%g ghnfgén%?ll hﬂ%g%p¥e%£1¥% %E@esgggg%%%i'virus

membrane glycoprotein gene, an influenza A virus

hemagglutinin gene, an influenza B virus hemagglutinin gene,



[Brief Description of the Drawi ngs] [0019] [Fig. 1] Fig. 1 shows a
decrease in purity of a baculovirus and an increase in anount of

mut ant virus DNA t hrough subculture. [Fig. 2] Fig. 2 shows that
the nutant virus present in a virus solution is a gp64 gene mutant
virus. [Fig. 3] Fig. 3 shows that a nmutant virus is not

det oot S Prgipell gl V.08 SR US) S FETSLaL o o o

gron enc VIT US-pa g protein has been

nodi fi ed h%gya Y S04 ter i -q.[’rig%q}é’;\ci d residues constituting the
0 % ithe

protein, in a fusion construc udi ng a DNA regi on obtained

t hrough del etion 0f td : f-or i ir r.egi on.
o ! et ien £in i LSnpalad e atey S e i R el

[Fig. 4] egardl ess of the type o

antigen geng, o i@{éqt [t):\fl\% %ﬂ%—%e{)ﬁﬂi‘&ﬂé-ﬂcﬁ}nﬁ%ﬁ‘:(ﬁdﬁﬂéﬁl fiusipn

construct 1 ncludi ng regi on-obtal ned t etion of a

portion ef; &1 /fi4s PG encoding a virus-particleform ng
protein. [Fig. 5] Fi'g. 5 shows that a reconbi nant bacul ovirus

of high purity) s Madeedddbfipi Q) ©ONSt rUCtaddiavhi gl B Mi Iiise DNA
region encoding a virus-particle-formng protein has been nodified so

as not t gedlel @ndRA MR FGrd LS HRmdgRIStd tBHdtd d hes R fedid, £
in a fusion construct including a DNA region obtained throug

del eti ona0f v tReQll @2 1Qictidie iRl g enaftdrivs BPWAJagi ah [Fig.

6] Fig. 6 shows that a nutant virus is generated whether a

singl e prefueh-ar v3 réidalarriefemt ern MRl @@dun tuberculosis
antigen, an SARS virus antigen, a West Nile fever virus
antigen, a dengue fever virus antigen, an HIV antigen, an HCV
antigen, a leishmania antigen, a trypanosome antigen, a
leucocytozoon antigen, and a cancexr antigen; or a gene for a
fusion antigen of a cytokine and at least one gene selected
from the group of these antigen genes.

8) A method according to 1) or 2) above, wherein, in
the transfer vector, the fusion gene is ligated to the
downstream of a dual promoter prepared through ligation
between a promoter capable of functioning in vertebrate cells
and a baculovirus promoter.

9) A method according to 8) above, wherein the promoter
capable of functioning in vertebrate cells is selected from
among a cytomegalovirus promoter, an SV40 promoter, a
retrovirus promoter, a metallothionein promoter, a heat-shock
protein promoter, a CAG promoter, an elongation factor 1o
promoter, an actin promoter, a ubiquitin promoter, an albumin

promoter, and an MHC class promoter; and the baculovirus
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[Fig. 7] Fig. 7 shows that a fusion protein derived froma gene
of interest and a gp64 gene can be expressed even in a bacul ovirus

i ncorporating a gp64 gene whose pol ynucl eoti de sequence has been

nodi fied so as not to alter the am no acid residues constituti ng GP64

protein. [Fig. 8] Fig. 8 shows that no nutant virus is
generate g r.ecq cul Qvi rus sho in F| Modes f
CarryinggEﬁF1 e |nV§hI%§% ]among r%ﬁﬂ%a rﬁ?%)t%ﬁﬁru)égo

her i h c%‘% ‘m%ec g “l‘éif)pi%i %%O?HEOS:U%QE or sf?%ﬁk%ﬁ Fam A,

Bi ochem ¢ } J. Biochem, 138: 9 (1984)],
"GU|deI|ne ring §becifications, etc. I ncl udi ng Nucl eoti de
Sequences or 0! N J

t hose conventl ona y useogle { décelq‘f%oé; i fﬂ&n%eq%%lgda%er el n
the term," | e IS C GRS S ] ed DNA
and al so SI ng e %gﬁng)edabﬂlgﬁ%se%glggx%?l an%d or ?ﬁl ggﬁ{égloﬁe{rgl%) whi ch

forms doghﬂou %rae@ll%dnm%e drd e 915; e‘z%%é%ét%%éxﬁﬁ&&*(hmm

Ther ef or nl'ess ot herw se speC|f| ol ynucl eot | _
mol ecul e)-oef; Jhie 191&:%%%91 BenidQh %ﬂfeoque@)% 2B 4 RPARgeni ¢

protein enConpasses doubl"e-stranded DNA™(i ncl udi ng genom ¢ DNA),

si ngl e- sphanded (ONAS RS @ roitiednd) the Gty s g AR iy anded

DNA (antisense strand) having a sequence conplenmentary to the sense

strand, ?h nhellecbie aRduen2@MH S Iilﬁrteefmr{aqo%%ﬂd/or C- tRAS SR

her ein, e term "pol ynucl'eotide" or "DNA nolecule" is not defined by

a functi izl BHiAOReqgath GARelNGlitde tie MBAStrQRrOlofAR RXRfEESI ONn
suppression region, a coding region, a |eader sequence, an exon, and

an introencoding AheUFeeelgheihmunRleriiuc aelidede)’ sonahagdesHaNA and

DNA. A polyp eptide having a specific amno acid sequence or a
polynucleotide sequence exhibits reduced identity to a
naturally occurring polynucleotide sequence of the same virus
DNA region; and/or modifying the polynucleotide sequence so
that a portion of the amino acid residues constituting a
corresponding naturally occurring virus-particle-forming
protein is deleted.

11) A method for producing a recombinant baculovirus

comprising employing a transfer vector which includes therein
a fusion gene containing at least one gene encoding a virus-
particle-forming protein and a gene encoding a foreign
immunogenic protein, the method comprising co-transfecting,
into an insect host cell, baculovirus DNZA and the transfer
vector produced by modifying the polynucleotide sequence of
the gene encoding the virus-particle-forming protein so as

not to alter the amino acid residues constituting a

corresponding naturally occurring virus-particle-forming

11



pol ynucl eoti de having a specific DNA sequence includes fragnments,
honol ogs, derivatives, and nutants thereof. Exanples of the nutant
DNA include naturally occurring allelic mutants, non-naturally
occurring nutants, and nutants whi ch have undergone del eti on,
substitution, addition, or insertion. [0023] As used herein,

the term"nutant vir DNA". .may. particularly refer, 1o an unexpecte
POR pr BBt A GERUEIEE b TR stsh SHTGc S hé,
which a DNA regi on of _a_gene encadi a f.oreign j mmunogeni c protein
s bean SRR ER Lk SPERTRASILAL. batn PSP o ey of
producin% a regp ina@&Fyir s.of {nterest .from.a transfer vectar by a
honol ogo O STREN - e |5&e1. Y[(?(‘f’ﬂlj g VA su%’@d:thlé:rltﬁ ) g
"p0|ynUC|e%&£ﬁ%_%%9%@&%3555 nodi fied so as not to alter the am no
acid res?ﬁhes constituting ‘a protein” refers to the case where
identity of a &%' yycleard de «?etecqct%%“%%i'c% rjt‘?%i%e@eﬁj%h%sre”i% 4 %l LG
the ami no aci dresidues constituting a protein. i 8§ case can be
done, fo a - i_t ahl el ecti C ; di it ur.alil _
oo i ng meia it dehal o e TR A A AR e
for exa .a.C .abl r hapi | el I f
comput or TSeingr SRS A ahe O JEREN ARG SEREIHD DoniE R Rt

pol ynucl g%it@&n%_eq;%%%&nwitm ESINRLILORR AR SRANRACE HPlidhe

natural | y occurring virus-par e-formng protern. wil |

be describedqgting ﬁ:h@n%fi%svg‘é%&cqfe-%@nﬂ%%%tieri\ﬁeqtsi %di%e‘@%lfsjo a%

the reconbinant “virus (i1 n particular, recorfbinant bacul oviru t he

present hpyeRbi @9teh002R] amino alh@® WednSh@ls \Reis?fi tf ithie Jpr esent
invention is a plasmd which contains therein a fusion géne

cont ai ni aar%tesb%ﬁatingn%a;%&aﬁ?c%@bﬁ&ﬁn\g R SuRAE G @1 Qe ng
protein and a gene encoding a foreign i munogeni C protein, and which

cont ai NSprefetine anBybi-eameaie1§aes bbtaMeOts e nces logn tgl%n@«ﬁn@ [INA

fragnent capabl e of under goi ng honol ogous reconbi nati on wt

bacul ovi meaiBNAG Ehethednsf porveenObiMisle eanhadl Roids re@spieet er, at
| east a bacul ovirus pronoter capable of being expressed in insect

cell's. ThenktanstehgVehkbohafyadont diciudrSingdhve riserairer cles- faraidalg
pronot er produced through ligation between a vertebrate pronoter

(mamual | ppopeoADtier delle@edan pronoter) and a bacul ovirus pronoter.

[ 0026] Exanpl es of the vertebrate pronoter (i.e., pronoter

capabl e of functi enitargnisitevevkelivat ehdeld shdlnelagde e rrEmmal ifaksion

pronoter and an avian pronoter. Exanpl es of the manmmalian pronoter

(i.e., pgenstepntapalhg et flensti enengene eaawelingnacelikrsks -pacitidd ea

cytonegal ovirus (CW) pronoter, an SV40 pronoter, a retrovirus

pr onot er foamiregablrothionend pr gankeencadieat asfocle ignotiemunpyemiter |

a CAG pronoter, an elongation factor |la pronoter, an actin pronoter,

a ubi qui pratpionowberean dhbupbhyprcietérdeaseqaeniECofl ddse gene
encoding the virus-particle-forming protein is modified so as
not to alter the amino acid residues constituting a
corresponding naturally occurring virus-particle-forming
protein.

14) A transfer vector according to 12) above, which is

produced by performing the following steps (a) to (¢) and/or
(d} and (e):

(a) a step of modifying the polynucleotide seqguence of

12



pronoter. Exanpl es of the avian pronoter include an actin pronoter, a
heat - shock protein pronoter, an elongation factor pronoter, a
ubiquitin pronoter, and an al bumn pronoter. [0027] Exanpl es
of the bacul ovirus pronoter include a polyhedrin (Polh) pronoter, a
pl0 pronoter, an IE1 pronoter, a p35 pronoter, a p39 pronoter, and a

64 prompter. [0028 ) The dual prommter_is preferably, for
owanpl e, then s, & P TG S o Gl B A b 38

pr onot er .q., cyt gal qvi rus_, pronoter, a CAG pronoter
(pr epar e@%%h%é’uﬁgrtieﬁb%g&ewoo@q C{B"reoﬁ*ré‘toé’r%*fltdjrt LBt quitin
(UBB) praomoter bound to enhance&} and _.a bacul vjrus:%gonnter
(e.g., aPoiyhEsH nﬁ:’&ara]f)u% CE TR I IS TP S Nar e at e
promoter _(in particular, a_mm lLian pronoter). s ligated.tq a .
bacu ovi FEOtsarm et et s oot e it s B do fpat ion
pronot ers y_b irectly Jigat .Q_each ot her, or DNA.sequence
my be pPoVEIEE A AT e TR ISa e dp SN, el ogfhaih s VIS
When a v %&%9%%%9fQﬁ959%F r&k%iggrticular, a mammal i an pronoter) is
ligated 0 a baculoviru g?onntef, any of these pronoters nay be
provi ded cl osef\t r i t regi qn.
t he Exanpl es dggc%%%% %ﬂgﬁigﬁﬁ§é§§{éﬁﬁfgﬁkgF%#@?@E%é?&#%%é&géj%g
that a baguliavijrusHr e d %c&ﬁo\é'e%% RS i QDG Bg 1
expressed than a manmmal | an pronoter. 8’§b] e sequence of a
gene encgding @,virus-particleformng protein, which is included in
t he fusion S%ne DNA of the present invention, can be specified by a
pol ynucl eot i de; Sequencs, id¥ Wil iMiclsotides-thawe begn, i fied so as
not to alter the amno acid residuées constituting a correspondi ng
nat ur al | $o9¢euENiRE 1 Wel WnRakE:Glker fier MtRg A9t elanpAYyricleotide of
pol ynucl eoti de sequence in which nucl eoti des have g%en nodi fi ed so
that a pehtl gRnef chidesamigne hatirdreagindyatueRehilutdRa dike natural ly
occurring virus-particle-formng protein is deleted (the
pol ynucl eot i dgggequenes By dyttReri Aegedidd18gnsa &t i dricliRf a
the am no acid residues constituting the naturally occurring
Vi rus- paphireliaif gpniypeppideeof) the083thrally oMediriieat varuel- a
pol ynucl eoti de sequence encoding a virus-particle-formng protein
(i ncl udi pgraipaetifabrnpolypeptiede obtained through delletiion of a
portion of am no acid residues of the protein) so as not to alter the
am no acpérrésnduves thensainihot brgda reetidespordnag itatune ltheo tGtiirand v
virus-particle-formng protein may be carried out by conparing the
pol ynucl eetudeingquence -paetudi rg farwings pPAciegi er engpadiyagicd eotide
protein capabl e of being a conponent of virus particles with the
pol ynucl ebbisde seggeeneehber bekba natiifdkldy socawr hiotgto alter the amino
virus-particle-formng protein. Mdification is preferably carried
out so thetidt mesidenti tpnsnienting tbhel patritdelspgliepepticdeweamnd he
nodi fied and

(e} a step of ligating or inserting, into the

polynucleotide synthesized in step (d), a polynucleotide of
the gene encoding the foreign immunogenic protein.

15) A transfer vector according to 12} or 13) above,
wherein the fusion gene includes, upstream thereof, a
polynucleotide encoding a signal sequence derived from the
virus-particle-forming protein.

16} A transfer vector according to 12) or 13) above,
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unnodi fi ed pol ynucl eotides is adjusted to 85%or |ess, nore
preferably 80% or |ess, even nore preferably 70% or |ess, for

determ nation of pol ynucl eotide sequence information, fromthe

vi ewpoi nts of suppression of generation of nutant virus DNA (which is
generated through deletion of a DNA region of a gene encoding a

forel an WREHA0eLE, REOLPIANON, 69l ASheckion, And pradyet ton of o

pr
recombi ndn V|ru§q%5%|§% puri e presen

the id Jt t | ti : det . .

hrough, TForiore i A, 4 St ST s et ST s
1985 . T i ti I | at. ) P

(1555)) . o Pt e e s it sl v

i nf ti i f t j .SGf
Devel oprinE 5 e T IeE Y, S B G P 28 Y YR R g et 1o

2. [0032 isus-particle-f rotgi.n.Js a
baculovibﬁ¥¢?§ﬁﬁ¥ﬁg§br ?gﬁﬁl?é.g%ﬁ’b%%hﬁggﬁgﬁgggggﬁRﬁfggéin), since a
nat ural | ygeednting ; iNGesRquUenc %n(ﬂ%%%%n%u%i\ﬂ:'uréﬁleogyégﬁlw‘?ﬂ%)gene,

encoding the protein 1S present in the genom c DNA tthe virus,

pol ynucl g0t je9e 3 QUaRG @ ITRM I iC 3h kR IRLH. 1BE BT | @hOUl ohfHiQpoh

conpari son with the polynucl eoti"dé sequence so that no alteration
occurs i Relhe 1237NQiaGisd of e3l-ddes eepgtituting the naturally
I

occurring virus-particleformng prétein, to thereby reduce identity

in entire nucleot ixde $eHRNCE MY RIRB I HP Hdha geng sequenes d or
the naturally occurring virus-particle-formng protein. [0033]

Modi fi catinerredh Ruel gehikdesndoninie taene iseaueRee ifdlk the-malguAldiein
occurring virus-particle-formng protein so as not to alter the am no
aci d sequgngenatutlbeipfiet gipgangynbe visually specified with reference
to a known gene code, or may be specified, through use of software,
etc., by the palynueheeisfde Sequencediordigene viose @xprPsHbdvd,n
human cells (i.e., a subject to which a pharnaceutical conposition is
admi ni st ghedpins tbengegder edcodibe ihpr dveedighOGdtlunogenicli@otein is
pol ynucl eoti de sequence of a fusion gene containing the

pol ynucl eotjede fegquenceanahteinnedlthiedg! rondiafictat iao madfh riuc keatiigdes
in the gene sequence for the naturally occurring

Vi rus- paahi ¢héihenmbngipuet annigenas anotydobaalticers unh e udnaraw 1aci it
sequence of the protein may be, for exanple, the pol ynucl eotide
sequenceanti8EQ, | BnNSARS4 vsirawn ant iEeanpke WestThie lied Eertvietry vafrutshi s
pol ynucl eoti de sequence is reduced to 77% or |less after nodification.
I n this easegeprodudengneofenetrant ruer astbNAnt heou§iiVdelnétigemn , ofana HCV
DNA region of an inmunogeni c gene can be nore reliably suppressed
upon cot gahsfest i enleantimanfiasrofipeot ebn topenoesoest avaridgea, a
expressed on virus particles (see Exanples 7, 8, and 10). [0035]

As used heunepaytoagenesntdesnar engodi Fragesoantigen port togeok e a
am no acid residues constituting a virusparticle-formng protein is
del et ed" fueienpsansigsdi Pcat Fyhokdheaapdl phudeesti gacsoguenselested
to produce a pol ypepti de (Eartial quypeptide) t hrough del etion of a
portion &FomhEh&nPKOURCPE EBSFEEUBBLEERBt BEOESAg t he
virus-particle-formng protein; for exanple, deletion of a portion of
nucl eoti des ofi%a AatdpASIEErovegtrrngcrorfing &6t ilde &icddinghoye .
virusparticlejfornin% protein. The thus-nmodified pol ynucl eotide
sequenceWhayeitr Fher IBE1RBIPEPBd180lag2R6E L6 &hfefOWRETLaRPRO C4crd

resi dues constituting the part.i al polﬁpeptide.
dual promoter prepared through ligation between a promoter

capable of functioning in vertebrate cells and a baculovirus
promoter.

- 20) A transfer vector according to 19) above, wherein
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[ 0036] No particular limtation is inposed on the partial

pol ypeptide, so long as it can be expressed as a protein capable of
bei ng a conponent of virus particles in insect cells. The parti al
pol ypepti de may be, for exanple, a polypeptide which is obtained

t hrough del etion of N-term nal am no acids of a

virus-particle-formn rot.ein i.ch.has .a lLenqth of. for .
e SR ALER

t hat of ful |1 t ' j f ein.
parti ol Fetssustl dEors ARl BRSNS S s R
full-len ence .qf, : i ' ogeni r-qtgi M

pol ypept ggg)r@%g ds%d a %tr%‘;ﬂrﬁow%v%qﬁggbéer} ’dt;%s lé"%t%el %%Ihﬂéoé%sl\ép\ﬁn%ﬁa&t e
vi ruspar ti ¢l.e+f Qi ng Ln.i ovir ei.n. :
describe% %ﬁgfh%%gkg Igé%ﬁgrgﬁ%ﬂgﬁﬁa’%%cgﬁzgggégﬂ%ﬁéréﬂ%ﬁé%ngatlon
full-length, am [ uence _of_.th rotein is 512 am.no _acid

Fesi dues PR Pendtn EAEEoarng s St S iance o ag it Hldrpter
resi dues obnohgnghfy) prafgobhe AlNAraGkE SaqueNcEonldtf A Yhe

i mmunogeni ¢ protein’is 330 am no acid residues”in |ength, en
”UC|eOt'Q%cﬁ@@b&kﬁ%tb?%mb%eﬁg&%'%@1%%Ee%9ﬁ¥$ﬁ_éﬂ&%gr%$$dW§ﬂéd&H§!0”

product contains a polypeptide of 261 amno acid résiddes”in |ength

(519 or pachekkrePhl g8 00hrBRcREN0 ARCITE 1N 3R, N &l 878t B dd¥er, a
generation of nutant virus DNA can be consi derably suppressed, and a
DNA fUS'@B9&EQ@M%EeQﬁ_hﬂHEBd i @RoRitisty can be produced.

Ther ef or e, en the virus-particle-formng protein is bacul ovirus
GP64 protei n, shhe apaktanadlf POk¥ReRl ¢@ritSiditly XN e PAGH & gene
pepti de obtained through deletion of 251 or 446 N-term nal am no acid
resi duesehtoe@ihfeaaibreigal dmnesiodéas o proteinl2xheonsin triélikg tReng
GP64 protein (exclusive of a signal sequence (amno acid residues 1
to 20)); ineeetepebktiveahl yiraspant akgpepki daclodied eft driare aeied
residues 272 to 512 or amno acid residues 467 to 512. The

am no acgedneegnendenal aGRG4uprpheitichas fartenBapkoaedess wheredmber of
AAAG66758 (SEQ ID NGO 62). [0037] The gene encodi ng the

Vi rus- papbilgheecfiepnidg peatenrei f far Nexampliealaageieredcaerminal
protein capabl e of being a conponent of virus particles. Specific
exanpl esvatushBNgemegiinal fideedeweshf ahebatidl ecegion GE64 her geaen
(GenBank Accession No. L22858), vesicular stomatitis virus

gl ycopr oeBcndn@VEYE fCGrrBgnk iAutesgioncNoproR1h65), mhdrifesdsisopltéat
virus glycoprotein (KOS: GenBank Accession No. KO01760), human

i munodethei pad¢ynuciastiypestéqyphze eGbnBank AecdessdondNotity7783x,
human respiratory syncytial virus nmenbrane gl ycoprotein (GenBank
Accessi onaNoraMBg65tFrurirafipupnianAcieris dresagyeoceniof fhet same virus
(GenBank Accession No. U38242), etc.; and genes for envel ope proteins
of virusENAcregepyirahdied tbet helbavgleorids. sepuehese 1sangdadipdr so
bacul ovirus GP64 protein is preferred. [0038] The

pol ynucl ebefde Bprihenapsdr EhentmdnedagéderefédlicAgcrnetituting a
virus-particle-formng protein can be readily produced_and obtai ned

t hr ough, CPEFCERARPILBY BphtKasdily CEREKTERD DNAUSYRERESICIP-RTIMABIDaSI s
of the nucleic acid_information of a pol ynucl eoti de obtai ned through
nodi fi caPFehedn thedpbeiififc] eoti de sequence of a gene encoding the
am no acid sequence of a_corresponding naturally occurring

vi ruspar tEEF8CESr RE NGl Br STE¥PARTABAs not to alter the amino acid
residues constituting the naturally occurring virus-particleformng
protein, or alB8l¥hucl eotide encoding a partial pol ypeptide of the
naturally occurring virus-particle-form_ng_ protein obtained . thrqugh
del etion of a"p6PtFBR SFaPRESINVRGLRE &Ly g#d@é@@&ﬁstlﬂv@ﬁtﬁ(j’nt Hé

naturallg occurring virusparticle-formn Brotein (i ncluding a
mployed, 8enerat on of mutant virus DNA (which is %enerated

through deletion of a DNA region of a gene encoding a foreign
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[ 0039] The pol ynucl eoti de sequence of a gene encoding a foreign
i rmunogeni c protein, which is included in the DNA of the fusion gene
of the present invention, can be specified by the naturally
occurring nucleic acid information of a pol ynucl eoti de sequence
encodi ng the foreign i munogeni c protein. However, simlar to the

case of t.he aforenentioned virus-particle-formn rotein, th .
pol ynuc| SSFTEGRET DE P S n e s FERIESE bttt & e Hpotion
nodi fied sa not_t |.ter the am no.acid residues constituti a
Cor 1 esportditng MG 158 G itnd T8 B oo e BRETest Bh
t he pol y@luocl %%tioqle cargzob srea ine roduced aar}ﬂ bet aienced t.hrao hVilt or
exanpl e, S)ﬂ?t &lss(rc?he C S J‘r%lsei's)l}) % e%ascfngbjtﬁ the'tTUs
nucl ei ¢ id_informatjon.of the I cl eqti.de seguence. 04

The pol y%%lcllélo%lr&es_r@edc?&erﬁ?e 5 dépcgeé&/ngureoﬁﬂcoaditr?grgt%e cae%clnpaéag}lc?%
sequence of ;3 .f Or &},gQ 'Eﬁ‘éngggﬁ' fePEALELR S SF rggﬁ'i‘;'egate'f%gc%ﬁve

nucl eoti des i n 't he polynucl €0 Fae SEqUeNce so as not to alter the

am no aci j S Sstit QFB e f. j .$QN99§W pr.otei n may
be vi sua %frdg%g%% [ ggov%\n %rlﬁac%e e?lé—’%{él'e ‘{lg:r% 8@5{ gene o €, “or may be
speci fi ed,s L4k u f f r : Desi rfggyg_ %&)Fﬁﬂﬁ'
Designerg@httpgi %ﬁ&ﬁ%ﬁ%&ﬁ%%%%@iﬁgégﬁgﬁb?paégﬁﬁ& o% StEm zer
(http:// gepgups LERTIMARR Jeo:8t Gor Rl POl i le
sequence o?ga 95#%¥’ QSE express!oﬁ)Vn ;@??%%r te ‘cells _ (e.g.,
(speci fi gahlayi MBARELAM CE! hSibd Rt AYLiiC Ul HUAN 8 S)edrter,
considered to be inproved. [0041] In the present “invention, the
forei gn- LA AeRMIeC 1 iRERIRISN - @ACQAIIH198RE TN 10&hdrin A R cithe
gene encoding an antigen protein of, for exanple, aninfection in a
mammel  syelg@shuman, cattle, horse, pig, sheep, nonkey, nouse, dog,
or cat; or a gene for an antigen of, for exanple, an infection in an
avi an suqiaras rCe@ken ptdwek o PitgRO Mrakidilg®), guinea fow, or parrot
(e.g., avian influenza S antigen). As used herein, "foreign" gene
refers to a gemeitgjansferred into a cell fromoutside thereof (even
if the sanme gene is present in the cell). Pathogen genes which have
been reported {tradhe 1]

and

Fig. 1 shows a decrease in purity of a baculovirus and
an increase in amount of mutant virus DNA through subculture.

[Fig. 2]

Fig. 2 shows that the mutant virus present in a wvirus
solution is a gpé4 gene mutant virus.

[Fig. 3]

Fig. 3 shows that a mutant virus is not detected or is
difficult to detect in a fusion construct in which a virus
DNA region encoding a virus-particle-forming protein has been
modified so as not to alter the amino acid residues
constituting the protein, or in a fusion construct including
a DNA region obtained through deletion of a portion of the

aforementioned virus DNA region.
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associated with infections in the aforenenti oned manmmal s and avi ans
are readily available from organi zati ons havi ng public databases
(e.g., GenBank) in which pathogen genes are regi stered. Specific
exanpl es of the gene encoding an antigen protein associated with an
infection, etc. in a mammal include genes encodi ng antigen proteins

serving as innﬁﬂﬁﬂeqa i n i munot herapy (including vaccine therapy)
for the prevention ot treatnment of infections (e.g., nmalaria,

infl , tub | 0Si ' di N

00a2) " B YEnd SRESH T (o G AT o BN
2 - Bidples _ i o o e

protern, SREPY i Beirne NG E STl AR A e, and

AMAL pr ot & ’}.trh%‘%“%]nc@&adﬂ%'gf% %Np{ he. iy a%[}%ﬁq{e@ JiS .dirH;eglaecc!idon of

sequence Of an i nfluenza vitrus antig e genesen

pr ot ei ns . nt . ngqg}- | ni igen),. antj.gen .
(neuram R E’ggtg:lg%t ilage%) s}l%g&a(r]#th?&gen (llr% %I{%o?%{[gg%n)%r%g%%&aﬁf NP
anti gen &g&ﬁh&gpé&%ﬁ%ﬁngntigen). [ 0044] Exanpl es of the gene encodi ng
t he am no acrd~sequence of an antigen protein for tubercul osis
i ncl ude genes ?ﬂ..dﬁﬂg proteins such as H5P65 (65-kDa heat-shock

i ge

protein), a an ns (Antigen 85A, Antigen 85B, and Antigen 85QC),

M Db72f, NOP-1piESAE @hdWRBYha tMDE ol idthrh IMAZv MBS s andhy
M bl . [0045] Exanpl es of the gene encoding the amno acid

sequenceyf-iay a%t(ﬁ%@au%at & o G GRREC Vlordhehide 1GEReS Encodiihs pra
proteins"such”as , W1, MAGE, HER2/ neu, and SART. [0046]
region encoding a virus-particle-forming protein has been
modified so as not to alter the amino acid residues
constituting the protein, or in a fusion construct including
a DNA region obtained through deletion of a portion of the
aforementioned virus DNA region.
[Fig. 6]
Fig. 6 shows that a mutant virus is generated whether a
single promoter or a dual promoter is employed.
[Fig. 7]
Fig. 7 shows that a fusion protein derived from a gene
of interest and a gpé4 gene can be expressed even in a
baculovirus incorporating a gp64 gene whose polynucleotide
sequence has been modified so as not to alter the amino acid
residues constituting GP64 protein.
[Fig. 8]
Fig. 8 shows that no mutant virus is generated in the
recombinant baculovirus éhown in Fig. 7.

[Modes for Carrying Out the Invention]
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In the present invention, no particular limtation is inposed on the
f or ei gn-i nmunogeni c- pr ot ei n-encodi ng gene, so long as the gene is
transferred fromoutside. The foreigni nmmunogeni c-protein-encodi ng
gene nmay enconpass, in addition to genes encoding the aforenentioned
i mmunogens present outside of the human body, cytokine genes present
i nside of the ﬂﬁﬁﬁﬂ body (e.g., an IL-12 gene, an IL-6 gene, an IL-6
receptor gene, L-2 gene, an |IL-18 gene, an |IFN-7 gene, and an

M CSF gene), f usi Qn. genes_ obt ai ned by fusing any antigen having

i munogeni ci t T Og?s He B2 fhit %n&?lgalﬁltc?eg%'n Ib"f‘%fee?nﬁlcg%nes

t hrough a _genetic reconbi.natian techni que, 0p47]. . The

0l ynucl SSEUREes B, ST DS G 1 e T QAR TR 1P e
limted | -1 enqth seq f | ynucl eqt.i de sequence .
encod ng T RO bt A N o S S e et S e i
havi ng i iL.city. | ang ot ein, havi amnQ .aci-d
sequenceﬁgﬁ%%%ggt%feghgﬁ%Bl92u§ﬁ2§?¥§g’sgﬁﬁ%n§% @gﬁ?gﬂfs "Su ¥ ne
ant | 9ent Gbl prbhe Aol Ml agidle seencs. M dind ol saldde
sequence encoding a partial amno aci'd sequence or repeated parti al
ant no A LGREAUECEy A A ANMILLOIAR SCUNCOENODNAA RELA)
am no aci d 'sequence obt ai ned throu fision betwee partial amno
acid sequencescat cRbtlonii08ked 1n crbhg aturally occurring
pol ynucl eot1 de sequence of & gene encoding any of the aforenmentioned
foreign i munogei;q proteins, or a polynucleotide sequence which has
been nodified so as not to alter the am no acid residues constituting
the foreign i MURRIRNIHe Q! CithdeAe adidd pdiced and Qe ned
by synthesizing a DNA fragnment corresponding to the pol ynucl eotide
sequencechebrpheal dONBISYREhasIcRl DRPOGWE 12073 Pfsitla Nl RO hde
sequence may enpl oy a comon genetic engi neering teéchni que [see, for
exanpl e, (Maheeukak-aEa0BhNantngehde sEH6hATPRIMGHHER: IRMbIR-€SS
(1989); or Zoku Sei kagaku Ji kken Koza "Ildenshi Kenkyvho I, II, II1I"
edited byttrhasdapanase aBdochemoeall iBacisat by 1986)1kndt®@49%herefore,
Exanpl es of the nmethod for synthesizing the pol ynucleotide include
chem cal uayekBesiheRdge, speeh faed, he nghesphaie leoitasieer(DMa hed cand e)
t he phosphate amidite nethod [J. Am Chem Soc., 89, 4801 (1967); J.
Am ChenvfSeae, p2tsedd50n(2269pbn Seiceddeg BS5Forki8n( 19mdhogenic
Tetrahedron Lett., 22, 1859 (1981); and Tetrahedron Lett., 24, 245
(1983) 1, pandedanbhnatipassesf dohede -pethoded Mire (dpediukdicg lgendrie
pol ynucl eoti de may be chem cal ly synthesi zed through the
phosphor BNR{i, t eingflkodtaantire DNRedtenskrethadnddr (Tay e isgntdpei)zed
by means of a commercially avail abl e aut omat ed ol i gonucl eot i de

synt hesi sénglA-doubhdest PHAdddntiagmert strapnbe Gbivdnged lpquence
synt hesi zing a conpl enentary strand and anneal i ng the conpl enentary
strand webhpaewvhsbbcyl kp $hat sesseedtsiangl, e synithed 1en@diA, apmdopr i at e
condi tions, or adding the conplenentary strand and an appropriate
primer séyagmesteothheecliem cally synthesized single strand by use of
DNA pol ynmerase. [0050) The pol ynucl eoti de of a gene encoding a
natural |y occdPPi2&d foreign i mmunogenic protein may be produced

t hrough a genetic engineering technique. Mre specifically,
product i on of Ashusgdl yiereliact tde ey peodiviived eoitidsy wredd™NAng a
CDNA library, through a customary nethod, from an appropriate origin
i n whi chmphecpéeynigl Beti defoneghbygandunstapppdssegdioandapy can
selecting a_clone of interest fromthe cDNA library by use of an

appr opr i aPelpeebatcérrESPORE A§ D EHPTPRALION EHPPGEREioN AGIASMI/bEdy
to an expression product of the gene [see, for exanple, Proc. Natl.
Acad. ScCOAipE regiongsa3leadsy) segheserends, exop, g EIOGBYFION.

0051
[ ] As used herein, "polynuclectide" includes RNA and DNA.

A polypeptide having a specific amino acid sequence or a
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Exanpl es of the aforenentioned origin of genomc DNA include cells

and tissue in which the DNA of the

f or ei gni nmunogeni c- prot ei n-encodi ng gene is expressed; and cultured
cells derived therefrom The origin is particularly preferably, for
exanple, an extract of cells infected with influenza virus, an

LR SR I A AL L
OO bR AR R AP SRR O
ouL " UL, VRN ROl nadSlaieied abore.
Gene. T 118 59 KR s PY0.RLie PN LG (0l ot Mo
obLal e UG AL e EARKACHEN o AL AU LD R

of the ¥.;he carried out by use of a phage library prepared
throughDEﬁg%?bﬁlowjng procedure: nMRNA is extracted fromany of the

af or ement i oned jggygynogens; poly A is added to the RNA; the poly
A-added RNA is collected; cDNA is produced by use of a reverse
transcriptasepd ealdd HdyQ rENPHE ke S@fteAdded-J0 hgih nands of
the cDNA; and the cDNA is incorporated into a phage. [0053] No

part'CU'ﬁhrkﬁ%hhéEu%”r%%e&”ﬁ%ﬁ%%.%&e&@%c%%bh@%Rf%&o%%k%eWHﬂ%h1Wdﬂﬂd
the cDNA |i brary, the DNA of the foreigni nmunogeni c-protein-encoding
gene, angthBigiser 8eNiee ctREDe nedhbhe drlut iRy aueh 13 GRSTeMar YoNa

met hod. Specific exanples of the screening nmethod include a nmethod of
sel ecti ngegicar bESROBENRY cEPNA 60 Re FHHQUEN NPT iC JlroT&i@L HalkJ
enpl oying a specific anti body (e.g., anti-malaria anti body,

anti-inf beenzaeleres  afhicbedy, pebdakti HWieebaeheratld WkeRC Wey f
anti body) against a protein produced by the cDNA;, a plaque

hybri di zgtbaociaghad reephdyinagca vii-ake ofhiieh egelsectrireal ¥ Rirags fla- a
DNA sequence of interest; a colony hybridization nethod; and

conbi nat weasotrheyeafl homddodbus recotib@nphebecenplioyed i n any of the
af orenenti oned hybridi zation methods is generally, for exanple, a DNA
fragnent chemfoakly synthesized on the basis of the DNA sequence
informati on of the foreign-inmunogeni c-protei nencodi ng gene. The DNA
sequence of the akedatherebtai nedlivonelgot inde regencepriat eiaatidhniecaisg
gene or a fragnent thereof nmay be advantageously enpl oyed as the

af orementeBonetd probéteEuthkenmine, athd pesbhduespkoyeditort inke a

af orenenti oned screening nmay be a sense prinmer or antisense priner
desi gnedponteha"basiferef tbhehBNAasequwbece iidborntti off ef the foreign
i rmunogeni ¢ gene. [0055] The DNA fragnment (nucleotides)

enpl oyedpasynhelppobdei sequparei ak DRAutedgsenes( not! sot pdésy the
correspondi ng to the DNA sequence of the foreign i nmunogeni c gene,
and has amiheastidsresadueat ceashathedngdes prptefiorabThlat cheascanQbe
consecutive nucleotides, nore preferably at |east 30 consecutive

nucl eot i dese. Afposerpmelel oh¥ Pudshblyvorepesddaungodpasatoceddms oned
DNA nmay al so be enpl oyed as the probe. [0056] For preparation
of the DNAtBraih¥ PEFErEANDNARUABGeRrdpPr sESLALERC 58rAYIfeNd SuBRemeans
DNA/ RNA anEIification met hod t hrough PCR [ Sci ence, 230, 1350 (1985)]
may be sHitBbF§Lerpnegeto. PAPYI EHREPLE  WHeFOPQN LREAGLhOEDNA i s
difficult to obtain fromthe library, for exanple, the RACE nethod

[ Rapi d apFhpnégtion 6FlepRingnBy; MepkRReRL| gaREULEY E6FLwa%e(1694)],
in particular, the 5 -RACE nethod [M A. Frohman, _et a/., Proc. Natl.
Acad. Sckher . regucgodgepiypy) 1nj snsuFEabPy YBHFILEPEdde sequence

with respect to the gene sequence for a naturally occurring

virus-particle-forming protein.
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[ 0057] A primer enployed for PCR may be appropriately designed
on the basis of the DNA sequence information of the

f or ei gni nmunogeni c- prot ei n-encodi ng gene, and synt hesi zed t hrough a
custonmary net hod. As described in the Exanpl es hereinbel ow, the
primer enployed nay be DNA portions (SP6 pronoter priner and T7

term nator priper) added to, both _ends of the of the

forei gn-i m"run(%\geg?ﬁ) c‘"flgrq't)?:'eq f%Hcod td'é%etlfaﬁbs%\%brva‘?cétﬂgﬁ Mo P%ect or

pl asm d. 005%& | solatio /purification&%ﬁ t he DNA fragnment
P

anpl i fi ed R oUgH BERTHET bé S AFrited SodthS M5 oty Wét hod

(e.g., gel el.ect,ropharesis).. he .t hus- o i.ned _DNA qor DNA

f ragnent 51 l?%éaggré%ﬁﬁFﬁﬁﬁﬁE-eﬁ%EPéFBP&Fﬁ5e6§%3¥ﬁbf’§ﬁ§nﬁay be
sequenceq 5@%%Q% a customary nethod; for exanple, the dideoxy nethod
[Proc. Natlo Acad" Sci., USA., 74, 5463 (1977)1 or the Maxam G | bert
met hod [thhoﬁagigfimynnlogy, 65, 499 (1980)1, or conveniently by
means of a co rcirally avail abl e sequencing kit. [0059] The

pol ynucl eot | dangeqishe f it Juion e e oD e RGN, 1iyent | on
may be a pol ynucl eoti de sequence fornmed by directly Tigating the two
enes of f S| e a r. rpnativel vy,

Pr agment PaayTae MR e e TheRels p, UETCR Uk Yo adilino

do““5tre@@h&%n%n%ngfhgeeﬂ?%%&%%”bg%ﬁ%u%U?%rQ%JIQQ%%%qdig-%%d%@iﬁ;%%g

cause frameshifting). Preferably, the antigen-presentin main o

forei gn LnpuRRIERGRNE! & B2k it %ﬁfﬁhoig%nfilésgfio\eﬁe_tﬁ,a_and which

virus-particle-formng protein. "Thereforé&, the“foreign i nmunogenic
protei n ebntAtgEesbnMusl be-errbayvadd Aothethenm off Reinguused Q)
the virus-particle-formng protein (i.e., wthout separation of "these
prot ei nsaf baA ezefnehiethpablet Be ﬁﬁ@%ﬁ!’?;b&;ﬁgi h¥hiod $g@X@MRelcbn®d ria 1 on
this enbodinent, the N term nus of baculovirfus GP64 protein is
exposed {@thhBaeullsk-deuel DRAVI I'tige PaFihsier P8dtbhenbst e6BhPHSn, as a
thereof is exposed to the inside of the particle. Therefore, when a
forei gn pronbegeni atprekeknaobacutlefestisi ?rbtﬁ&@dzﬂ\/icbbabll% Nt @eiingus
of the GP64 protein, the entirety of the foreign i nmunogenic protein
i s exposeflprassadcanAponeattotelilbus Tt tehrStet ovébeopuhsi deontathea
particles in insect cells. This structure further facilitates antigen
pr esent akiingleapdomeets,t be nequilepedhotelr prvdcciede tpi-odudt 1igA8EGHh
Preferably, the fusion gene of the present invention, which includes
at | eastbeheegane vacodbngta prowstpar t(nehmebddianhngrpmotern candvd agene
encodi ng a foreign i munogeni c protein, includes, upstreamthereof, a
pol ynucl ppbindeeehcading kasugosbirpseppirdeoctergnal sequence) which
pronotes secretion of an expressed protein to the outside of a host.
The signal seduéméé is preferably a signal sequence of the
virus-particle-formng protein to be expressed, but nay be a signal
sequence of aEppwpées odp&bkevefrtkbmetiopirogotercdlil.e.i,npuomcitex r us
replication can occur.

capable of functioning in vertebrate cells) include a

mammalian promoter and an avian promoter. Examples of the
mammalian promoter (i.e., promoter capable of functioning in
mammalian cells) include a cytomegalovirus (CMV) promoter, an
SV40 promoter, a retrovirus promoter, a metallothionein
promoter, a heat-shock protein promoter, a CAG promoter, an

elongation factor la promoter, an actin promoter, a

ubigquitin promoter, an albumin promoter, and an MHC class
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When the signal sequence is derived fromthe virusparticle-formng
protein to be expressed, the fusion gene of the present invention may
have a structure in which the pol ynucl eoti de sequence of a gene
encodi ng a foreign i Mmunogenic protein is provided (inserted) between
t he pol ynucl eoti de encodi ng the signal sequence and the

I I id f th 1cadi h . .
AT ST TR AR ——
t o ti f bl t. t in which.th ,
M L R SN R A ——

protein LS. | rte t. the pol ynucl eqtj de encadi.ng .t he signal
sequencelp%fol"{z%:a{/i %uls?l(-:b&\zgﬁﬁintc ne-pfIgorrnnc‘l%ﬁagff’praé]tdei‘—’lﬁ1 :}‘:Péjfm dTgrPngi“hOZE i ‘gnal
sequence) and vﬂﬁrﬂolynucleotide encodi ng the virus-particle-formng
protein, wherein nucleotides of a naturally occurring pol ynucl eotide
sequence encodi fudl.- s i e
virus-particl ?’%rﬁnll%ﬁsg Cg'lr ottl—%aele%%hnl(a:cwul i n%%%ﬁ%gﬁgﬁ?csﬁé%éen%ce) have
e OOl heR-1a5 (00 Al dihe AP Athibics! UeSrsoRRldHd N0
a corresponding naturally occurring virus-particle-formng proteln.

I n ot her S oot nsf v f.t r.e i i
encorrpasg\tla\%%g & ansfttee:ra}vzic‘?g’r9 ??ﬁ%t%rﬁggg%ﬁ% #ﬁgeaé}gene
encodi ng a forgjgy)i Mmunogeni c protein inserted between virus DNA
regions including at |east one gene encoding a virus-particle-formng
protein, whereify the PY SOt e, 384608, Ofs dihe:Niterdr nal and/ or
C-termnal virus DNA région fused wth the region of the

forei gni gruhegen erEel-@idnteReRENNd 198RS drs Rdidded SR Adhadrlthe

pol ynucl eoti de sequence exhibits reduced identity to a naturally
occurri ngrpaloyReC| (@0l de oS @GR aalbviikesS B ionNA L, eGl @IACS)
and/or so that a portion of the am no acid residues constituting a
cor r espopgiongteat Ypalelhk re@C Hhricghy i ps-oR@iein®! &ff @ha RIDRRIJ 18 |
del eted. [0061] For incorporation of the aforenentioned fusion
gene intext heubhignsiten ERROr prohetee youslkeeld de careemee ceir)t Bed a
fusion gene of the present invention may be forned in advance,

f ol | onedbhyuilBedt-per sricadtel t(ke gpgl ynpehebilidae ns dan) e privh@tieie .
vector. Alternatively, the polynucl eotide sequence of one of the
genes of the flu®i2@) gene may be incorporated into the vector,

foll owed by incorporation of the pol ynucl eoti de sequence of the other
gene into thewhea ar vetrt ebhrerteb pricoroeirh g ifnugaorn igener,n & ranredticnm

[ 0062] In the transfer vector of the present invention, the

af or enenprrometietriisienldggneeis thi gabeduf oviiresdpmosttteam ahea singl e
bacul ovi rus pronoter, or a dual pronoter prepared through |igation
bet ween movgntiebratedpr seguiencesnofathiesel awe prommrelisamagr deot er)
and a bacul ovirus pronoter. The transfer vector of the present
i nvent i odimagthy prigdbeddtpheeghhothert oblrow BYApsegeence: may be
commercially avail abl e expressi on vector containing a pronoter region
(i.e., aptowpeadnbeteechetheah¥Pesevuences Pér tbrarpbeomatesst.ebr at e
pronoter (in particular, a manmalian pronoter) or a bacul ovirus
pronot er) andWaepokyWg&tebriade pyguenes digodengigular, a mammalian
virus-particle-formng protein is provided; and the pol ynucl eotide
sequencePsPMateysi 6f gégatpd tAsar paguilpvéruferEPoniey . r egvoriothese
vector through, for exanple, optional cleavage by use of a .
restri ct P6ANERSYFe™BY PACBYPYidefoRlefeansohar Iph6nmbtebe expregsedn in
gene contai ning a gene encoding a foreign i munogenic protein of

i nt er est 2aRYCTAECHS 6EEHABRAL i oFe d-® di Rl Qe nde e barRdghereinbelow, a
virus-particleform ng protein of the present _invention (i.e., a

pol ynuc| @82i dBTARBE6T séfuBRERaKgS BeehRAbdR PEEUIEVATUSoPTOHOt e L6y

the am no acid residues constituting a correspondin% naturally_
provided closer to a gene to be expressed than a mammalian

promoter.
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For ligation of the above-nodified gene encoding the
virus-particle-formng protein to the aforenenti oned foreign-

i nmmunogeni c- prot ei n-encodi ng gene (including a pol ynucl eoti de whose
sequence has been nodified so as not to alter the amno acid

resi dues constituting the foreign i munogenic protein), a necessary
conponent may gﬁxhgcorporated by, for exanple, inserting the

f or ei gn-i mmunogeni c- prot ei n-encodi ng gene into the N-term nal region

'n the presenti PRI ©DIbaRln ARSI N A SURCHTES T hat

e an SnteTBAEE PSR R A PR O G e D

Bvai | abl o7 AT OB At o MR A3E LRl e
o popt | QSRR S5 DPol R oy iRy NS FRs b ar € Ty oy HoE €

enzyne injyeht ehrate ¢el la%i%] QQ8Alsues coddt it J.tnr%aré.s fdr cg{diq{g

t he present 1 nvention, an enhancer for 1 ncreasi ng transcri ption

acti vi ty pigh 48N §OIRAUR 1 G8IHS iyt atﬂtqwl%r-fdg?{m}goi &8l )oYy be

provi ded on the upstream of the pronoter regi term nati on of

transcri E)Enﬂ?glﬁ%ﬁe\b%ritdeebrs%tq%etrﬁemi@@WiJhBMe@%igies AP Yden

0- gl obul i nator) which is effective in vertebrate cells nay be
provi dedpgpritrhe sddewnshiean Hord igeNet @ Hee e RN¢ edyeRrad.

[ 0065] An exanpl e of the transfer vector of the present

i nventi o@ontd thitangyl @heV eGlkiraNayl R ch T e d pElMAING Forming
protein is deleted (the polynucleotide sequence may further
be modified so as not to alter the amino acid residues
constituting the naturally occurring virus-particle-forming
protein) .

[0031]

Modification of a polynucleotide seguence encoding a
virus-particle-£forming protein (including a partial
polypeptide obtained through deletion of a portion of amino
acid residues of the protein) so as not to alter the amino
acid residues constituting a corresponding naturally
occurring virus-particle-~forming protein may be carried out
by comparing the polynucleotide sequence including a wvirus
DNA region encoding a protein capable of being a component of
virus particles with the polynucleotide sequence for the
naturally occurring virus-particle-forming protein.

Modification is preferably carried out so that the identity

in entire nucleotide sequence between the modified and
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CAG pronoter (i.e., a vertebrate pronoter; in particular, a manmalian
pronoter) ligated to a polyhedrin (Polh) pronoter (i.e., a
bacul ovi rus pronoter), and, on the downstreamthereof, a fusion gene
containing an influenza virus antigen gene or a falciparummlaria
antigen gene (the polynucl eoti de sequence thereof may be nodified so

as not t | ter. .t am no aci d residues constiiuting.a correspondin
nat ur al | 31 n%‘co (gﬁ rfrj‘le% H‘OOT ryél?lgc?]l e|On’rrlu°‘f31eosgelnsi ca%'uoststeel&n;{oan a Cfgrp % e’nemoreq

whose polymyeleqti e seqyence has. heenandidl sl o0 45 10l 40 RIS for

the amn ues constit'utin ene ‘encodi N

partial palunentide of PG Qhhained Rleti n, 0l & ROY L 00, of
Tori p n

the am no acid residues ¢ uting g T udi'ng a gernie whose
e e L e R A e
oCaP. HAL DT ot Ay Toa SRS BT i SER AR 2O S ABHAL) Vf &t e 373 OF 2
DCAP. AL T 67 SRR A TV o S SEBGa 1T Gom ©o”

pCAP- 00/ %%%@fela%%hq%%%/p%d@ﬁo%cm GBI A nHME RMGhROtd 8,5 g1

sequences of particularly preferred transfer vectors of these
exanpl es kg tdescri bed bel ow (Table 1). [0066] [Table 1] Transfer
vect or ucl edti de sequence/ (size Foreign i mmunogenic protein bp)

Virus-particl en ffdMgi@ ! Sifyend @l diRPliditity between
polynucleotide sequences may be determined through, for
example, the Lipman-Pearson method (Science, 227, 1435,
(1985)) .  For example, identity is calculated through
analysis by use of a homology analysis (search homology)
program of genetic information processing software Genetyx-
Win (Ver. 5.1.1, Software Development Co., Ltd.), with ktup
(unit size to compare) being set to 2.

[0032]

When the virus-particle-forming protein is a
baculovirus-forming protein (e.g., baculovirus GP64 protein},
since a naturally occurring DNA sequence (endogenous virus
DNA sequence) encoding the protein is present in the genomic
DNA of the virus, polynucleotide sequence modification must
be carried out through comparison with the polynucleotide
sequence so that no alteration occurs in the amino acid
residues constituting the naturally occurring virus-particle-
forming protein, to thereby reduce identity in entire

nucleotide sequence with respect to the gene sequence for the
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PCAP- HAL/ Vi et nanf 272 GP64 (1-20) 60 bp SEQ ID NO 53 HA/ Vet (17-346)
990 bp SEQ ID NO 54 GP64 (272-512) 723 bp SEQ ID NO 59
pCAP- HAL/ Vi et nanf 467 GP64 (1-20) 60 bp SEQ ID NO 53

naturally occurring virus-particle-forming protein.

[0033]

Modification of nucleotides in the gene sequence for
the naturally occurring virus-particle-forming protein so as
net to alter the amino acid sequence of the protein may be
visually specified with reference to a known gene code, ox
may be specified, through use of software, etc., by the
polynucleotide sequence of a gene whose expression in human
cells (i.e., a subject tc which a pharmaceutical composition
is administered) is considered to be improved.

[0034]

The polynuclectide sequence of a fusion gene containing
the polynuclieotide sequence obtained through modification of
nucleotides in the gene sequence for the naturally occurring
virus-particle-forming protein so as not to alter the amino
acid sequence of the protein may be, for example, the
polynucleotide sequence of SEQ ID NO: 34 shown in Example 1.
The identity of this polynucleotide seguence is reduced to
77% or less after modification. In this case, production of
mutant virus DNA through deletion of a DNA region of an
immunogenic gene can be more reliably suppressed upon co-
transfection, and a fusion protein of interest can be
expressed on virus particles (see Examples 7, 8, and 10).

[0035]

As used herein, '"nucleotides are modified so that a
portion of the amino acid residues constituting a virus-

particle-forming protein is deleted" refers to modification
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HA/ Vet (17-346) 990 bp SEQ ID NO 54 GP64 (467-512) 138 bp SEQ I D NO
60 pCAP- HAWi et nam OG GP64 (1-20) 60 bp SEQ ID NO 53 HA/ Vet (17-346)
990 bp SEQ ID NO 54 GP64 (21-512) 1476 bp SEQ ID NO 61

pCAP- CQO ful | / OG GP64 ( 1- 20)

of a polynucleotide sequence so as tc produce a polypeptide
(partial polypeptide) through deletion of a portion of the
amino acid residues constituting the virus-particle-forming
protein; for example, deletion of a portion of nuclectides of
a naturally occurring polynucleotide encoding the wvirus-
particle-forming protein. The thus-modified polynucleotide
sequence may further be modified so as not to alter the amino
acid residues constituting the partial polypeptide.

[0036]

No particular limitation is imposed on the partial
polypeptide, so long as it can be expressed as a protein
capable of being a component of virus particles in insect
cells. The partial polypeptide may be, for example, a
polypeptide which is obtained through deletion of N-terminal
amino acids of a virus-particle-forming protein and which has
a length of, for example, 55 to 1%, preferably 35 to 1%, more
preferably 15 to 1%, of that of the full-length amino acid
sequence of the protein. The partial polypeptide is
preferably a polypeptide shorter than the full-length
sequence of a foreign immuncgenic protein to which the
polypeptide is fused.

Now will be described the case where the virus-
particle-forming protein is baculovirus GP64 protein. As
described in the Examples hereinbelow, in the case where the
full-length amino acid sequence of the protein is 512 amino
acid residues in length (including a signal sequence of 20

amino acid residues in length), and the amino acid sequence
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60 bp SEQ ID NO 53 PfCSP (1-397) 1191 bp SEQ ID NO. 55 GP64 (21-512)
1476 bp SEQ ID NO 61 pCAP-00/ 76/ 0G GP64 (1-20) 60 bp SEQ ID NO 53

Pf CSP (76-373) 894 bp SEQ ID NO 56 GP64 (21-512) 1476 bp SEQ I D NO

61

of a foreign immunogenic protein is 330 amino acid residues
in length, when nucleotide modification is carried out so
that the resultant fusion product contains a polypeptide of
261 amino acid residues in length (51%) or a polypeptide of
66 amino acid residues in length (13%), generation of mutant
virus DNA can be considerably suppressed, and a DNA fusion
product of intended high purity can be produced.

Therefore, when the virus-particle-forming protein is
baculovirus GP64 protein, the partial polypeptide is, for
example, a partial peptide obtained through deletion of 251
or 446 N-terminal amino acid residues from the amino acid
residues (21 to 512) constituting the GP64 protein (exclusive
of a signal sequence (amino acid residues 1 to 20)); more
specifically, a partial peptide formed of amino acid residues
272 to 512 or amino acid residues 467 to 512.

The amino acid sequence of GP64 protein has a GenBank
accegsion number of AAAG66758 (SEQ ID NO: 62).

[6037]

The gene encoding the virus-particle-forming protein
is, for example, a gene encoding a protein capable of being a
component of virus particles. Specific examples of the gene
include genes for baculovirus GP64 protein (GenBank Accession
No. L22858), wvesicular stomatitis virus glycoprotein G (VSVG:
GenBank Accession No. M27165}, herpes simplex virus
glycoprotein (KOS: GenBank Accession No. K01760), human
immunodeficiency virus type 1 gpl20 (GenBank Accession No.

U47783), human respiratory syncytial virus membrane
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pCAP- 00/ 205/ 0G GP64 (1-20) 60 bp SEQ ID NO 53 PfCSP (205-373) 507 bp
SEQ ID NO. 57 GP64 (21-512) 1476 bp SEQ ID NO 61 pCAP-00/ 76/ 467 GP64
(1-20) 60 bp SEQ ID NO 53 PfCSP (76-373) 894 bp SEQ ID NO 56

glycoprotein (GenBank Accession No. M86651), influenza A
virus hemagglutinin protein (GenBank Accession No. U38242),
etc.; and genes for envelope proteins of viruses closely
related to the baculovirus. Of these, a gene for baculovirus
GP64 protein is preferred.

[0038]

The polynucleotide of the aforementioned gene encoding
the virus-particle-forming protein can be readily produced
and obtained through, for example, synthesis (chemical DNA
synthesis) on the basis of the nucleic acid information of a
polynucleotide obtained through modification of the
polynucleotide sequence of a gene encoding the amino acid
sequence of a corresponding naturally occurring virus-
particle-forming protein so as not to alter the amino acid
residues constituting the naturally occurring virus-particle-
forming protein, or a polynucleotide encoding a partial
polypeptide of the naturally occurring virus-particle-forming
protein obtained through deletion of a portion of the amino
acid residues constituting the naturally occurring virus-
particle-forming protein (including a polynucleotide obtained
through modification of the polynucleotide sequence so as not
to alter the amino acid residues constituting the partial
polypeptide) .

[0039]

The polynucleotide sequence of a gene encoding a
foreign immunogenic protein, which is included in the DNA of

the fusion gene of the present invention, can be specified by
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GP64 (467-512) 138 bp SEQ ID NO 60 pCAP- HAL/ Anhui /272 GP64 (1-20) 60
bp SEQ ID NO 53 HA/ Anh (17-345) 987 bp SEQ ID NO 58 GP64 (272-512)
723 bp SEQ ID NO 59 pCAP- HAL/ Anhui /467 GP64 (1-20) 60 bp SEQ I D NO
53

the naturally occurring nucleic acid information of a
polynucleotide sequence encoding the foreign immunogenic
protein. However, similar to the case of the aforementioned
virus-particle-forming protein, the polynucleotide may be a
polynucleotide whose sequence has been modified so as not to
alter the amino acid residues constituting a corresponding
naturally occurring foreign immunogenic protein, and the
polynucleotide can be readily produced and obtained through,
for example, synthesis (chemical DNA synthesis) on the basis
of the nucleic acid information of the polynucleotide
sequence.

[0040]

The polynucleotide sequence of a gene encoding the
amino acid seguence of a foreign immunogenic protein, or
modification of nucleotides in the polynucleotide sequence so
as not to alter the amino acid residues constituting the
foreign immunogenic protein may be visually specified with
reference to a known gene code, or may be specified, through
use of software (Gene Designer (DNA 2.0: Gene Designer:

https://www.dna20.com/index.php?pageID=220) or Optimizer

(http://genomes.urv.es/OPTIMIZER) ), etc., by the
polynucleotide sequence of a gene whose expression in
vertebrate cells (specifically, mammalian cells; in
particular, human cells) is considered to be improved.
[0041]
In the present invention, the foreign-immunogenic-

protein-encoding gene may be, for example, a gene encoding an
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HA/ Anh (17-345) 987 bp SEQ ID NO 58 GP64 (467-512) 138 bp SEQ I D NO
60 pCAP- HAVAnhui / OG GP64 (1-20) 60 bp SEQ ID NO 53 HA/ Anh (17- 345)
987 bp SEQ ID NO 58 GP64 (21-512) 1476 bp SEQ ID NO 61 [0067]

antigen protein of, for example, an infection in a mammal
such as human, cattle, horse, pig, sheep, monkey, mouse, dog,
or cat; or a gene for an antigen of, for example, an
infection in an avian such as chicken, duck, pigeon, turkey,
guinea fowl, or parrot {e.g., avian influenza S antigen). As
used herein, "foreign" gene refers to a gene transferred into
a cell from outside thereof (even if the same gene is present
in the cell).

Pathogen genes which have been reported to be
associated with infections in the aforementioned mammals and
avians are readily available from organizations having public
databases (e.g., GenBank) in which pathogen genes are
registered. Specific examples of the gene encoding an
antigen protein associated with an infection, etc. in a
mammal include genes encoding antigen proteins serving as
immunogens in immunotherapy (including vaccine therapy) for
the prevention or treatment of infections (e.g., malaria,
influenza, and tuberculosis), autoimmune diseases, cancer,
etc.

[0042]

Examples of the gene encoding the amino acid seguence
of a malaria antigen include genes encoding proteins such as
CSP protein, MSP1l protein, LSAl protein, SERA protein, TRAMP
protein, and AMAl protein.

[0043]

Examples of the gene encoding the amino acid sequence

of an influenza wvirus antigen include genes encoding proteins
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Thus, the transfer vector of the present invention can be produced.
An exanpl e of a production process therefor includes the follow ng
steps (a) to (c) and/or (d) and (e): (a) a step of nodifying the
pol ynucl eoti de sequence of a gene encoding a virus-particle-formng
protein so as not to alter the amno acid residues constituting a

corr espondl n%tAur %]Itll%e%cc (r?rmlan 1\{1Itl’ us-part ti. cle%(;];forl\g réqltgrgoetnel n,

r
and obtalnlng £hend aci ence’in or

pol ynuel gl denls A UdLN e agne vencoding o g NbrusRAahe farmdg

protein; esi Zi he

basi s of Egepgughehge%pk%u%e% %&%%el%f%?ﬁﬁ%%?ﬂ obtained in step (a);

(c) a step 0 gat ng or 1| nse e 'pol ynucl eoti de
synt hesi zed |q ? (b), a ponnucIeotlde of a gene encoding a
forei gn i nmunogeni ¢ protein,; (d) a step of synt hesi zing a

pol ynucl eot i d%xgprﬁﬁggg)fat@g#eq{e ROl R l},g;[ Uhela 1{1}?00[}?%]}&3% ence

occurring virusparticle-form protein o on of

a port'OBfOBntQﬁtﬁgh_ %%Eglke%bqu%%ﬂ%g%%kuﬁ%'H%cﬁ@%en%ﬁﬁmég'éhcodlng

occurring virus-part e formng protein, or a polynucleotide whose .

sequence Q%%e BENe gl Gised ?}%SaS(G%Otthaoh e %’Po’%%l%' doyesidues

constituf ing e par peptide;

|'i gatingaQE;LBSEr t(hﬂgﬂ.g'eﬂt eshhemelw@ac lseqt,i eedsmttfl%@rze@d n $ePof,
(d), a polynucleotide o6f the gene encoding the forei gn i munogenic

protein. vp@088] EsaT-¢, TREREECOMIBAR!, PREY OV Iip3ef, MRl esent

i nvention nmay be produced by co-transfecting the aforenentioned
transfermysgetor and bacul ovirus DNA into a host cell. [0069]
Bacul ovi ruses are entonopat hogenic viruses that infect insects and a
group of DNA wbmuses_(baculovirus famly)

Examples of the gene encoding the amino acid sequence
of an antigen protein for cancer include genes encoding
proteins such as CEA, WT1l, MAGE, HER2/neu, and SART.

[0046]

In the pregent invention, no particular limitation is
imposed on the foreign-immunogenic-protein-encoding gene, so
long as the gene is transferred from outside. The foreign-
immunogenic-protein-encoding gene may encompass, in addition
to genes encoding the aforementioned immunogens present
outgide of the human body, cytcokine genes present inside of
the human body (e.g., an IL-12 gene, an IL-6 gene, an IL-6
receptor gene, an IL-2 gene, an IL-18 gene, an IFN-y gene,
and an M-CSF gene), and fusion genes obtained by fusing any
antigen having immunogenicity with any of the aforementioned

antigen protein genes through a genetic recombination

technique.
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havi ng circul ar doubl e-stranded DNA as a gene. Anbng bacul oviruses, a
group of viruses called "nucl eopol yhedrovirus (NPV)" produce an

i ncl usi on body called "pol yhedron” in the nucleus of infected cells
at a late stage of infection. Even when a foreign gene to be
expressed is inserted into cells instead of a pol yhedron gene, such a
bacul ovi rus |n¢eq£ﬁ the cells, proliferates therein, and produces a

| ar ge anount o oreign innunogenic gene product of interest

ecent |y appl HGt B TRE pIAOUICT G 1Ie Drotet Wt b Ghest: 21 T70)

Exanpl es .of su ténlaylﬁgc%tow g ust(e@%q:% Atgr@yqx pha (halslequlrer}{ccea of a

EELnglg nug?bopo rovirus Dyx .

nu copori Rt N SRR 0 R %tl# B Gny of tne
P 7). .

et ﬁSﬁSﬁ%‘%ﬁ% b ST ek Seins, dn b it gl S8

so |ong as2} YIRIR 'ih%%'n%g rrrﬁ%‘%{@w ; USE%I{C% tégf‘céc{eac{‘%fr

vector o e present |nvent| on. acu

| d-t h
\tl)macul ogprugn%m%ﬁpﬁ%% %mle@@%?%g%?gla y av ltﬁ e prodiuct for
I t
exanpl e, B%l%%ti%bt%teals g&e&lfyeo w\% & Iggciﬁ t Orefa&! yhedldp, gene

from AcNPV, “such as BacVect or 1000 2000 DNA" (pr oduct
of “bvaggﬂkodlh%OEZbartlal af@nd RUUE 1R RO QWS eated pﬁﬁ&&al

reconbi nation, preferably, the transfer vector and bacul ovirus

are ”lxegmﬁhoaabéﬁ!%eENgW%bghBIOfy;; @ﬁ%@@@@ﬂidea@@ﬁﬁéhce %ﬂﬁbdﬂﬁgﬂa

10 : 1. [0073] particular Iimtation is inposed on the
net hod f gk ricRGAr BAfabl BGiHhe dfRRle bpteGhRld iRt Gols i8] lbetdfeen
well as the nethod for transforning the host cell with the vector,
and vari gugtganekal nandcgenyeliucarals Bt Bogs-oMelih known in the art
may be enpl oyed. Incorporation or transformation may be carried out
t hrough, for exaaglle, a commopn genetic reconbination techni que (see,
for exanple, Science, 224, 1431 (1984); Bi ochem Biophys. Res. Conm,
130, 692 (198%Fhe omthredlyNaidcurAcaty poliynddSAotitie SRMLAASHN .a
Expression of the transfer vector may be carried out through the
met hod ofefBnenebdiahg, ahfangakiel alfkermEnhetioneld ¥dftieigrKdnsekiodrsn,c
Sai bo Kogaku Bessat su, Ji kken Protocol Series, 1997, Shujunsha.™
Gener al peochrigeesoirnal pdilggubdeditidg ekegurseet weldhs hage hetarc
reconbi nation, and co-transfection nmay be those simlar to well-known
met hods Mmodipiedasbngsancécambiedart riheusmino asdct reelildsigsYoshi haru
Mat suura, Tanpaku Kakusan Koso, 37, 211-222 (1992), and Yoshi haru
Mat suur agoBakthont38g( 2he3@o34igR00Mnunogenic @orcttedms fregt ben resylile
carried out by neans of a comrercially avail able vector transfection
kit (BacWecotioredr andf ebtiadneki by, spnsdect zdhigNev dFén )t ragoendi ng to
t he manual attached to the vector transfection kit.

corresponding to the polynucleotide sequence {(chemical DNA

synthesis). Production of the polynucleotide seguence may
employ a common genetic engineering technigque [see, for
example, Meclecular Cloning 2nd Ed., Cold Spring Harbor Lab.
Press (1989); or Zoku Seikagaku Jikken Koza "Idenshi Kenkyuho
I, II, III" edited by the Japanese Biochemical Society
(1986)1.

[0049]
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[ 0074] More specifically, the above-produced transfer vector
and bacul ovi rus DNA whi ch under goes honol ogous reconbi nati on
therewith are co-transfected into a host cell; for exanple, insect
cells such as Sf9 cells or Sf21 cells derived from Spodoptera

frugi perda, or Tn5 cells derived from Trichoplusia ni (H gh Five

cells, product_of lnvitr n). 075] fter co-transfection of
Che transer VEGTE S hadth vt heE thor e ela R R ang

subsequent |t uring,.pl. s, of .t he resul.tant r.econbinant_ vi.rus are
or opar cartromE it AU el PR R R i S R

culture i, and e il %ﬁeqh%delaﬁ{%t};%g{e%o;%%a Al R UM B hoq

vortex,_ Yy cgntrl u_ga 1 ONn, produce a So U 1 ON
cont 119U g ROl o Sharpl e cappongian
b o SN RS s RO S 22
PO e Al AL ST, oY Ve A%he

PCAP- HAl (W glinaid: Os REFARHEDS Wdtidas PCRBRQ/ E?{aggﬁfie%ﬁg(?%%%/ 0G,
or pCAP-00/76/467) may be cotransfected into SI9 Insect Célls, to

t her eby %%1@ortqma§a®e Q@@Hi%\é@lrly R ARV AR M &tam
AcNPV- CAPHA1/ Vi et nanm 51, cNPV- CAP- HA1/ Vi et nanf 101, AcNPV- P-

HA1/ Vi et %@1@5 r oG NR FeCARHHAY WretihataQ Ll s AGNRNHERARHAYVinghnad 272,
AcNPV- CAP- HAL/ Vi et nanm 467, AcNPV- CAPHAI / Anhui ,

AcNPV- CABvHANAR R 242 meAGNPY%rCAPddiv{cA41/146 Gvailable automated
ACNPV- CAP- HAl / Vi et nanT OG, AcNPV- CAP-CO/ ful |/ AcNPV- CAPOO/ 76/ 0G,

AcNPV- CAB1Q00202/1 @6t idle AsNRY=EAR=R0/ 7R/ 46¥1E08¥Fhnded fragﬂent may
a

addition to the aforenentioned nethod, there may be enpl oye
reconbi naat cbacuhev bys sphetestizamgnet kethplrnaitelya staeidmrgene is

effectively inserted, in Escherichia coil cells, into a phagem d
(bacm d) ahnealporatheag coh® leflentae ryacithevid us tgeromhdi dasq yof a
transposon. According to this nethod, a reconbi nant bacul ovirus can
be readi bynphediced aitglel keected bhwyder wpepxopaditeg conddanicths, or
containing a virus gene frommcrobial cells, and transfecting the
bacm d i adddsgctheeklsple@®@nhrThus rankde aaldower pirpduged atreapefiater
vector and bacul ovirus DNA may be co-transfected into insect cells
such as Skfueekks tot aheheheby cpldguesgnd hesdardl samy leacilrevid by, use
of DNA polymerase.
[0050]
The polynucleotide of a gene encoding a naturally
occurring foreign immunogenic protein may be produced through
a genetic engineering technigue. More specifically,
production of the polynucleotide may be carried out by
preparing a cDNA library, through a customary method, from an
appropriate origin in which the polynucleotide of the gene is
expressed, and by selecting a clone of interest from the cDNA

library by use of an appropriate probe corresponding to the

DNA of the gene or an antibody to an expression product of
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The t hus-produced reconbi nant bacul ovirus may be purified through any
known virus purification nethod. For exanple, a virus stock
(generally 1 x 107-8 pfu/nlL) produced through the aforenentioned
reconbi nant bacul ovi rus production nethod is inoculated (0.5 to 1.0
m.) into insect cells such as Sf9 cells (1 x 107 cells/10cmdi sh),

and, several days (4 day after .infection, the resultant, culture
super nat [ I{eo [I(Sé’(’,at'e(fSC?th‘?é?aé”zH]teer FRAGud el 1 LDbt2Hived Yt ought -

centrifugation 5,,000 r . 60 m nutes,. 40, are suspended in a buffer
such as %%é?’ 'I(tjr%%rlés"ulotrar%glfﬁ’s?ﬁen lé(?11 i’s Ssu fEbégcat) d to 10 to 60%

sucrose gradiﬁn%ﬁﬁgntrifugation, and the resultant virus band is
col l ected. The -col l ected product is further suspended in PBS,

foll owed by centrifugation.. The resultant rified recombi nant vifyus
pel | ots are SCEPRIPIT £bUTi% ST EL PBEhCHGin of Sengpic DN
infectiviity-titer qf the Qve-praoduced purifi re i hant_ .

bacul ovi AIEIHAF 5E 08 B ok S ot B ire L 57 (RE R sh90 cov
4t h Editi. . -3 of i nsect I.ls such _as

Cells. [ oORufbactlcirotath Rl IORE SR BRET A Sy s

cul tur ed c%aliﬁ%u%l@riv%ﬁstt%@e\frm.hogh TBE?QQQ § Qi §a§‘&h&ﬂi%@9 a fusion
product of "a foreign | mnogeni ¢ pro?eln nd a-vrrus-par |cVe-forn1ng

protein g)iréagegra%)si?ée%%'ro%x%&]n%ﬁ Ct S0f eBJE%J&P%?‘.c%%@ 121;#{51: HGAdH

(accunul reted) | e or outsi i nsect or ‘on

the Ce"1ﬁ§ﬁ%&?&%-vEQ%§Q]an extrhlde TRdig t%&E%%%%% P%& QNG my

be appropriately selected, depending on the ty e host ce

enpl oyed n [0 ente ) i t s e
mpl oy g&fa@,&@di 19 HALHOUS +GARY-ERlE g@?d%ré%%gmﬁ@#ﬁrﬁ%{hhdglﬁg y

be carri out under conditions suita _ ( e host cell.
The pres@&%rhﬁ%%%h‘%ﬂ&“s%ba&%&&oheo@e%%&%Qe%NMPcﬁD@@@Q%E%ﬂ ey, of

exanpl es, which are given only for the illustration purpose and

shoul d ngkiBencoRehEYae 188 Lnd Huld £1Re tiohY & @il NeREGnment and
cloning of ¢cDNA, or a similar process may be carried out
through a customary method.

[0052]

As described above, production of the DNA of the
foreign-immunogenic-protein-encoding gene may be carried out
by use of the cDNA library of any of the aforementioned
immunogens {(i.e., any of the aforementioned extracts)
obtained through extraction, separation, and purification of
mRNA from the tissue or cells of the immunogen.
Alternatively, production of the DNA may be carried out by
use of a phage library prepared through the following
procedure: mRNA is extracted from any of the aforementioned
immunogens; poly & is added to the RNA; the poly A-added RNA

is collected; cDNA is produced by use of a reverse

transcriptase; restriction enzyme sites are added to both
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[ Exanpl es] [0081] Exanple 1: Transfer vector plasm d and production
met hod therefor (1) Production of transfer vector plasmd
pBACsurf-HA1/ PR8 (1.1) Construction of plasm d pBACsurf-Hsp65

PCR was performed by use of the genom c DNA of tubercule virus H37Rv
as a tenplate, primer phsp65-F1 (5 -

AATAATAGATCTAAT GACAATT ACGACGAAGA-3' (SEQ ID N 1): Egli'
site undé&M %@&%Wfﬁ SR (Jf?l-inco(rpogatemnt a phage.
AATCCAATGirfixﬁﬁﬁgﬁﬁATTCEATTCCTGCAGEWCAGAAATCCATGCCACCCATGWCG CC 3
(SEQ ID NO 2)° i underlined). After purification, the PCR

“N’LSF':CtanSf ? LQ%&%@%&% :'t eidz#fq%%? D Foge et £

Chzymos. BAFAFARE NBEE™ (8% RE B0y CoReb T DAt JOBNAT GBS,

PR was UL el S LIRS0 490 YRS, WP AR ALY Siay ve

TACGACCARBAGLEE, 50 SERTBNG ChY Sl Rga A I o ShACERoR “Srpgles of
derli f - | , .

phsp6s- @%ﬁ%&é@‘%ﬁﬁ%@&%@?&%ﬁf%@%%@% b NO

4): Xmal S| AW ' [

gés ch;‘ggé&%%F%%S@rﬁ%%? BN BRS Broatat g T TR aos e i bhe s

1 gmont L Y RERy FodPEnTe ehCearr CaR(Yo<nias o i ok agy e

161-70, 2003) iﬁfgirle Rnhad heen ‘AEQ%%B%& dvviorrh ém%%t—%fctdg%k %éé%‘fs Pst |

and Xmal, to t y construct plas pBACsur f - Hsp (1.2)
Constructh o 0f, 1p)a3m.e R BA r%;’&éﬂs@'?% BroteinF d%c%‘&)%én%ﬁl%m of
VDCK I a r

cells infected with 1 nfFuen vi rus PR8/ 34, was extracted by
means of -GAama MhBigEkUhe LYty aBRon ek ndel @ealoyangQxAGENbe WHiRER
was perforned byM&sg of ?’he obt ai ned RNA, prinmer I—yl%fg(%S -
CCTGCAGCEATEARTHADACTRASTEETE DA GeERehileNGr ShitePRislt ;Sial @clony
underlined), and prinmer HA-r (5'- TGCATATTCTGCA-3' (SEQ'ID
NO 6): Bbblighikatusdemkicned);. ahle corbliverzang tusriddrgene fragment
was cloned into pCR-Blunt I1-TOPO (product of Invitrogen). The
t hus- obt ai ned [plogam d was denom nat ed pCR-Bl unt-HA. PCR was perforned
by use of pCR-Blunt-HA as a tenplate, priner pHA-F1 (5'-
CACCGAATTCGACAGAA DA TG RA BACEGTAQCATCER 3 o f $HR [ NMBmefftidmaRl site
underlined), and prinmer pHA-RL (5' -
CCCCECCARCHET AR TCOAT MeABSIAATE- FeneSBQIKD) MOr xamiiTel, @ DHA
underlined). The obtained HLN1/ HA1 gene DNA fragnment was di gested
wi th resfragiean ehzpieslEgoRynahdsXael, oandhieh®alsragentc hea HNA
inserted into pBACsurf-Hsp65 which had been treated with restriction
enzynes EegRenandiXffarmatdonherfebecdpnseigat- iphaswoenic-protein-
pBACsur f - HA1/ PR8. [ 00831

encoding gene. The DNA sequence of the already obtained

foreign-immunogenic-protein-encoding gene or a fragment
thereof may be advantageously employed as the aforementioned
probe. Furthermecre, the probe employed for the
aforementioned screening may be a sense primer or antisense
primer designed on the bagis of the DNA sequence information
of the foreign immunogenic gene.

[0055]
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(2) Production of transfer vector plasm d pCAP-HAl/ PRS PCR
was performed by use of pBACsurf-HAL/PR8 as a tenplate, Polh-f Rsril
GGGCGGACCGGATAATTAAAATGATAACCATCTCG 3' (SEQID NO 9): Rsrill site
underlined), and GP64-r Dralll

( 5f GGGCACTTAGTGATATTA CTATTACGGTTTCTAATC-3'" (SEQ ID NG 10): Dralll

L e R B LM BRSPS e
1800) R R R Y 8 o
b Ml B AR B M R e
e L S P B 0 B
artl 11 ot BPCQBHE SBRchEsY SERTFbREY £ TRAEToyiR IEHTRE R ves

(5 - cacreil At ekeonfrtlal o5 “ 1367 PR £150: BEBfiing Tt ”

e L D G TSR IGEITIC, 4360 1010

wWith restri cti[(brbs%r]zymas Pstl and Xmal was inserted into pCAP- HAl/ PR3
whi ch had been treated with restriction enzynes Pstl and Xmal. The

v coneLrucked Rhav e, A s A Ll e PR e

- TR GRC A THACCTTETGTAES ek 59 (Dol
through PCR [Science, 230, 1350 (1985)] may be suitably
employed. Particularly when full-length cDNA is difficulﬁ to
obtain from the library, for example, the RACE method [Rapid
amplification of ¢DNA ends; Jikken Igaku, 12 (&), 35 (1994)],
in particular, the 5'-RACE method [M. A. Frohman, et al.,
Proc. Natl. Acad. Sci., USA., 8, 8998 (1988)] is suitably
employed.

[0057]

A primer employed for PCR may be appropriately designed
on the basis of the DNA sequence information of the foreign-
immunogenic-protein-encoding gene, and synthesized through a
customary method. As described in the Examples hexreinbelow,
the primer employed may be DNA portions (SP6 promoter primer
and T7 terminator primer) added to both ends of the DNA of
the foreign-immunogenic-protein-encoding gene incorporated
into a vector plasmid.

fao58]
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GACTCCCCGGGTGGAAATCACCATCGTGGAGACG- 3' (SEQ ID NG 14): Xmal site
under | i ned), gp64(101)-f (5' - GACTCCCCGGGATTTGCTTATGT GGAGCATCAGG- 3!

(SEQ I D NO

Isolation/purification of the DNA fragment amplified
through PCR may be carried out through a customary method
(e.g., gel electrophocresis).

The thus-obtained DNA or DNA fragments of the foreign-
immunogenic-protein-encoding gene may be seguenced through a
customary method; for example, the dideoxy method [Proc.
Natl. Acad. 8Sci., USA., 74, 5463 (1977)}] or the Maxam-Gilbert
method [Methods in Enzymology, 65, 499 (1980)], or
conveniently by means of a commercially available seguencing
kit.

[0059]

The polynucleotide sequence of the fusion gene of the
present invention may be a polynucleotide sequence formed by
directly ligating the two genes of the fusion genes to each
other. Alternatively, a DNA fragment may be provided between
these two genes (in this case, the downstream gene and the
upstream gene must be located so as not to cause
frameshifting). Preferably, the antigen-presenting domain of
a foreign immunogenic protein of interest is fused with a
virus-particle-forming protein. Therefore, the foreign
immunogenic protein of interest must be employed in the form
of being fused with the virus-particle-forming protein (i.e.,
without separation of these proteins from each other). In
the recombinant virus exemplified in this embodiment, the N
terminus of baculovirus GP64 protein is exposed to the
outside of a virus particle, and the C terminus thereof is

exposed to the inside of the particle. Therefore, when a
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15): Xmal site underlined), gp64(154)-f(5'-
GACTCCCCGGGCGCACCACACGTGCAACAAATCG 3' (SEQ ID NO 16): Xmal site
underlined), gp64(201)-f (5" -

foreign immunogenic protein of interest is fused with the N
terminus of the GP64 protein, the entirety of the foreign
immunogenic protein is exposed, as a component of virus
particles, to the outside of the particles in iﬁsect cells.
This structure further facilitates antigen presentation, and
meets the requirement for a vaccine product.

[0060]

Preferably, the fusion gene of the present invention,
which includes at least one gene encoding a virus-particle-
forming protein and a gene encoding a foreign immunogenic
protein, includes, upstream thereof, a polynucleotide
encoding a signal peptide (signal sequence) which promotes
secretion of an expressed protein to the outside of a host.

The signal sequence is preferably a signal seguence of
the virus-particle-forming protein to be expressed, but may
be a signal sequence of a protein capable of functioning in
cells in which virus replication can occur.

When the signal seqguence is derived from the virus-
particle-forming protein to be expressed, the fusion gene of
the present invention may have a structure in which the
polynucleotide sequence of a gene encoding a foreign
immunogenic protein is provided (inserted) between the
polynucleotide encoding the signal sequence and the
polynucleotide sequence of the gene encoding the wvirus-
particle-forming protein. Specifically, the fusion gene of
the present invention preferably has a structure in which the

rolynucleotide sequence of the gene encoding the foreign
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GACTCCCCGCGGACACTGTCCTTCATCGAGACGEC-3' (SEQ ID NO 17):  Xmal  site
underlined), 9.1064(272)-f (5 - GACTCCCCGGGTCGAGCACCGAGTICAAGAAG 3!
(SEQ ID NO 18): Xmal site underlined), or gp64(467)-f (5'-
GACTCCCCGCGGACATCACTTCCATGCCTGAA- 3" (SEQ ID NG 19): Xmal site
underlined). Each of the obtained DNA fragnents was digested with

tricti, Xmal d Dralll t t ' ted
|t pOARTIATI AR i HAHHE: it T S R e et erogr?ez%s
Xmal and Drall.l. e thus-constructed m ds. were denon nat ed .
Cap- s i e eails it B R S Sigming
BCAP—HAI/Vi%&panQZOI CFAP-H%}/VLetn m 272 ang pCQF-HAl/Vietnan1467,
fgre it (Tnegiiing The LG dedierCo S ihiber of ¢ he

respecti&% : . .

S, SR s PR L LAY g et

transfer Xxeeﬁ_’teqr %ﬁ@oﬁd&%%f‘ﬂ /ré@ .a’ll %Aﬁ%’ﬂ! '@{y;%%claenodci =

pCAP-HAlF’n G4 roman amno aci d seguence 0 t region o
sequence encoding the full-length amino acid seguence of the
virus-particle-forming protein (including the signal
sequence) have been modified so as not to alter the amino
acid residues constituting a corresponding naturally
occurring virus-particle-forming protein.

In other words, the transfer vector of the present
invention encompasses a transfer vector containing a DNA
region of a gene encoding a foreign immunogenic protein
inserted between virus DNA regions including at least one
gene encoding a virus-particle-forming protein, wherein the
polynucleotide sequence of the N-terminal and/or C-terminal
virus DNA region fused with the DNA region of the foreign-
immunogenic-protein-encoding gene is modified so that the
polynucleotide seguence exhibits reduced identity to a
naturally occurring polynucleotide sequence of the same virus
DNA region(s) and/or so that a portion of the amino acid
residues constituting a corresponding naturally occurring
virus-particle-£forming protein is deleted.

[0061]

For incorporation of the aforementioned fusion gene
into the transfer vector, the polynucleotide seqguence of the

fusion gene of the present invention may be formed in

38



hemaggl utinin of influenza virus H5NL/ Anhui/1/05, an artificial gene
sequence (SEQ ID NO 21) was synthesized. PCR was perforned by use of
the artificial sequence as a tenplate, AR-FI

(5" - CAGTCTGCAGGACCAGATTTCGCATC-3' (SEQ ID NO 22): Pstl site
underlined), and AHR4 (5 - CAGICCCGEGECTCTCTTGCGCCTGC- 3" (SEQ I D NO

23): i i Th hus- ai f .

di zges'i( (rarg | "'H?%regg drér%’lrlé{qr‘]ve ?ﬁ"z ﬂe%téjr%z:’(r% ér?jhln%%a:%,}lﬁeaéﬁt ner%%e%féjrﬁs was
i d i h _of P- HAL./ Vi et CAP- HALl/ Vi et 272 .

L CAD. AL PR A Qe Yiat Weon At FEARSH HECK. 1 5OEr POLYBHCARDT e
Pst | d I h - I 1, d e _d 1 nat

ponp. i Pamenet Bk Be Frst L S Tid sEn e, A be

respect | el brporared bt AL e GenBanks a3l 0 UL af, dhe e

am no aci gquence of hemaggl utinin‘o uenza virus

|5 ABD28190. 0BG L3 dCPRRLLUGHION Of T Aafer rSl Al g d 10

whi ch a gene~of “interest 1's n gene nstruction

of pCAP- 0 d .use of - -q%%ql
(product le(o ltIoﬁ\?i ttroogenr\ggir g%t&fénrrrpt%t g%flé%\/\/éq%éleg%?ﬁ%c Pst |
F189- 105 (ACT; GATGTCGITTACTTTGACCAACAAG (SEQ ID NG 24), and
reverse prinmer bGl _Rev (Dra3) ACTGCACTTAGIGITTTTGACACCAGACCAACTGGH)

(SEQ ID N0 25), rFRe trhyseraht ger&%p% RO Mas ¢LANRG Ret wagn

the Pstl and Dralll sites of pCAP-HAI/Anhui.” The thus-cons tr'uct ed
plasm d ;was-deperbrateduREAR- Beak [Q08 4k RS iU ¢ie0 Rt o RCARTRIJC &

single baculovirus promoter, or a dual promoter prepared
through ligation between a vertebrate promoter (in
particular, a mammalian promoter) and a baculovirus promoter.

The transfer vector of the present invention may be
produced through the following procedure: a commercially
available expression vector containing a promoter region
{i.e., a component of the transfer vector; for example, a
vertebrate promoter (in particular, a mammalian promoter)} or
a baculovirus promoter) and a polynucleotide sequence
encoding a virus-particle-forming protein is provided; and
the polynucleotide sequence of a fusion gene is inserted into
the cloning region of the wvector through, for example,
optional cleavage by use of a restriction enzyme or
incorporation of another promoter, the fusion gene containing
a gene encoding a foreign immunogenic protein of interest and
the aforementioned modified gene encoding the virus-particle-
forming protein of the present invention (i.e., a

polynucleotide whose sequence has been modified so as not to
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PCR was perfornmed by use of pRL-SV40 (product of Pronmega) as a
tenplate, forward prinmer Rluc F Pstl F189-134

( ACTGCTGCAGATGACTTCGAAAGTTTATGATCC) (SEQ I D NO 26), and reverse
primer Rluc R Dralll F189-134 ( ACTGCACTTAGIGITATTGITCATTTTTGAGAACT)
(SEQ ID NGO 27). The thus-obtained DNA fragnent was cl oned between

the Pstl and Dralll_sites af pCAR-HAI/Anhui.. The thus-construct ed
ol asmi d UL BoRSH TP FAe: R S B0BBT Kar et Tt o O AR

PCR was perfornmed by use .of pLuc-MCS (praduct of. Stratagene) as a
ol at e RS JECHEY e G R g Feu i BrOLeTny o
(ACTCCT O@AT%;%‘;AC%@%AAT‘EC%GCTTGQ % EQ-I D !2& Zgga an% Fr everfe
primer Gc¥ReVZ SEt81 o1 (O R ( SEQ
ID NO 2 t - [ f. t I d,.bet Pst |
and Or ai PPZSHOBs S ESER Oh Padhe It LS B3RS Cor et "STagHa uas
d i JAP- L 0 tl .Qf - AEP . R
por for et By E S, Ao Y, S O A R R 10 BRIy
t | at R . R- E _F189- :
(ACBoeT BAEBET R R R SRR P SPAS BG5S S67DeF Paveisen

i - R F189-12 SAAT - TCA SE
'D o 31T O TRE Rus 5o S S0 DL T aerert uks "o oned batugen the -
Pst | d L y$is - HAl ' - tyh - I id
wes donon Ratas SCRE. ALS. Broban] Eondbeniiron ol BekeRest envP ERER
was perfQoaed;Ry 'é%ﬁ_eOfofp%Q@Aér%@aat( REQENE R YdinR9eMe 38 1Ris-
tenpl ate, forward™prinmer Neo-F Sbfl F189-105

M@Is%E. 4

(ACTGCCT @@E@éﬁ@%@ﬁﬁ%lﬁ%ﬁ) beSERCCP NP t34) indid o
pri mer Neo-Rev2 F189-127 [ ACTGCACTTAGIGTCAGAAGAACTCGICAAGAAGS) ( SEQ

D NO 33h afkentBUszobt &haedeclNAh-agRit tas relrenes Rekveery<Rstd
and Dralll sites of pCAP-HAl /JAnhui. The thus-constructed plasm d was

denom napedtRCAPoReantk@@81] mafbbePnodueleldon oo Her aivefigh odege®le. The
pl asm d pCAP-HAl / Vi et nanml OG (6. 1) Production of transfer vector

pl asm d peAPnGEleotide sequence encoding a polypeptide of any of the

aforementioned antigen proteins having immunogenicity is not
limited by the full-length sequence of the polynucleotide
sequence. So long as a protein having an amino acid sequence
encoded by the polynucleotide sequence exhibits antigenicity,
the polynucleotide sequence may be a polynucleotide seguence
encoding a partial amino acid sequence or a repeated partial
amino acid sequence, or a polynucleotide sequence encoding a
partial amino acid sequence obtained through fusion between
partial amino acid sequences of a protein.

[0063]

For ligation of the above-modified gene encoding the
virus-particle-forming protein to the aforementioned foreign-
immunogenic-protein-encoding gene {(including a polynuclectide

whose sequence has been modified so as not to alter the amino
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pCAP- HAI / Vi et nam was digested with restriction enzynes Spel and
Dralll. Into the fragnent, a synthesized artificial gp64 gene
sequence (SEQ ID NO 34) digested with restriction enzynes Spel and
Dralll was inserted, to thereby construct a plasnmd. The plasm d was
denom nated pCAP-OG [0092] (6.2) Production of transfer vector

pl asm d pCAPHAI / Vi et naml OG _ . . _pCAP- /[ Mi et nam was di gested w1
restricti®on el%tqoraﬁqtdl%r?g tt&lﬁH#e‘?’%%fgﬁrbrjé‘B‘é%O%e %gﬁ?ﬁ?ﬁelnm’
containing _an  HAl. gene. The fra nt, was insert i nt CAP-

Shich had BEe LR SRS CF R 1101 SRS B chRl SHAS Hive
t hus- const rsue%tt%q}golt%sem Mas denom nat ed pGAP-HAI / Vi et nam OG [ 0093]
(7) Pr oduction of® tvanster vect or pﬂaqsrﬁ SWJ&)’%IH? 1o ikl

pCAP- 00/ 0G - 00/ 205/.0 - 76{ 467 From.an

am no aCch-( esgqt}%%g'n%fq %I—Ijlocgj ﬁafg%rrl%gﬁgjrﬁ)]fo%ecc{ pqaerrhem %tffdlanr? o

artifici @iﬁ%%?%%ﬁ%q%éﬁﬁ%i E)llg(gei?h& Pf CSP(3D7) _opt) was

synt hesi zé was perforne y use of the artificial sequence as a
tenpl ate, and : "r - GCcAf T TACTG 3':
Pstl site undeﬁ ﬁge&%%@f%%%%%an G&%ﬁ_opt-rég%;) %@ 2 e
CGAT - ..Sit rljned, SEQ
S N%E%%%%%@%@E%& erfBY i it} 1 AEMET ]

GACTCTGCA et site. e
Mo 58 A EEaEi PR LGOI Ese BY larPldt 4P P2k FiRUSEn

CCATCCCEEHEE E ECHEGA ECEHRACARA E EL A ET AARATGAT TAGE 13111 2B Imatinlefl i an
underlined, SEQ ID NO 39); or PfCSP_opt-f(205) (5'-

GACTCT U 635 R ingshe SE
A Gggﬁgﬁd e P_Opt%%@?;ﬁfﬁ%ﬁa Rrdrle 1t 118 MPQRF i nashe SEQ

CGATCCCCHBEEhE G ET ACAAA: TEHGAA AFRAGC-3' o PHdn S
under | i ned, SE%TF’:IE)%’%N(%5 '?%9). gﬁ%f -Et he ?&E%Eéé@gmﬁ%‘? agmennt%sit \%altlse

di gest ed Pl rBsien ta i rXle pARGHtiE Vidca@¥ent was inserted into
pCAP- HAl / Anhui or pCAP-HALl/ Anhui / 467 whi ch had been treated with Pstl

and Xmal. The THusmEieRs tadict et flaanid dF werRedeniimat 6k provided
pCAP- CO ful | , pCAP-00/76, pCAPCO/ 76/ 467, and pCAP- 00/ 205,

respecti ¥elrycleaving tiNet @ulshan HhetcanBagk sac eessme il rkeft «frdtdie
am no aci d sequence of CSP of Plasnodiumfalciparum 3D7 is NC 000521.
[ 0094] Exenplse 2: Reconbi nant bacul ovirus of the present invention
and production nethod therefor

[00E4]

In the transfer vector of the present invention, an
enhancer for increasing transcription activity in vertebrate
cells (in particular, mammalian cells) may be provided on the
upstream of the promoter region. For termination of
transcription, a vertebrate terminator region (e.g., a rabbit
B-globulin terminator) which is effective in vertebrate cells
may be provided on the downstream of a gene to be fused and
expressed.

[0065]

An example of the transfer vector of the present

invention is a transfer vector having a structure including a
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By nmeans of a reconbi nant bacul ovi rus production kit (BacVector-2000
Transfection Kit, Novagen), reconbinant bacul oviruses were produced

t hrough co-transfection of Sf9 cells with BacVector-2000 DNA and each
of the transfer vectors constructed in Exanple 1: pBACsurf-HAl/ PR8,
pCAPHALl/ PR8, pCAP- HAI / Vi et nam pCAP- HALl/ Vi et nam 51,

S e ot S G R gt
D0 N 4 S PN, P L 101 P
nonv ot e PR R e N LA s rea

BV g oot R SO AT M it i
Y L e R ORI o s
AcNPV- CAR, i . CAP-HAl. P o
AGNPV- CAS—E%I{%@;@[H ﬁ{# égpﬁjéeﬁ%ﬁi\# 6A°‘\Fé>i- ?é;%%ﬁﬁ’%ﬁﬁﬁ@%@ amine
respecti ¥Rli¥s residuesSicdrz®! il itHele é@&ﬂ#ﬁiﬁﬁ%@ 1

concentration was adjusted to 2 x 107 cell

cul ture oRlclreinglHdr@N.grP et odn K idry UM )t IR Bekgld4 & whose
Ltd.), and the célls were infectéd with each of the aforenentione
recombi naRt yRRAeU IR 1S @ cilerfdHald Rdeli baffidd ecd i0n Rfc akoPUliter
0.1. After culturing for days, the culture liquid was recovered by
centrifugall emigb HQiC0eg iddACHt 122t I lOWRhd¥encoding
centrifugation by neans of a Beckman ultra-centrifuge ( 8 Swi ng
Rotor) at 22:@081r palgneptEde0io OQGpEndiesidd HefRYh IROMEloY iIdius
particles. [0095] Exanple 3: Subculture of reconbi nant bacul ovirus

In a manpettiom bdr the Bhdhoofdieamelsa ded ursfachitmgvagpgeer f or med
wi th each of the reconbi nant bacul oviruses produced in Exanple 2 by
means of (danBacMecow- 200@ KihiosEp pedyeiiclfe oid ey ef)guaeNdee hail Iddén ng
for 5 days, the supernatant was recovered, and plaque purification
was perfopdedied ee. as not Akt erltiche thec amd npukidiicc atdsdmuesf 9 cel | s
inoculated to a 48-well plate were infected with the isolated pl aque.
Af t er cukbtuositngutongs ttey partiels ppdypepaitienas meeaver edpebigicel |'s
inoculated to a 25-cnR2 flask were infected with the supernatant at a
mul ti pl i ekeyppéesi nhedtiden pCRPaBdAY VO etnafl/Bar, EOAPHHAY et nAndayd,,

t he supernatant was recovered (the recovered supernatant was enpl oyed
as P2 vipGaPsHAEKYieshem¢abls weA®-HalYNéetnafgead wWAAP-the P2 virus
stock at a nultiplicity of infection of about 0.1, and the culture
super nat HAL /Véebueméad 73f t pEAP-Ha) g Vielnamd 468s ©EAPoyad /asnhRd ,vipOas-
stock. During transfection and infection in the 48- well plate, a
BacVect oHALASBERLCRIR , MPEARMHARY dabist /46 TNopE3@N HALLY ietplaoy €, pCAP-
during plaque purification, a 1.3x5f90011 nedi um (product of

| nvi t r og€RY £ihs/ efpl BFRAB-CAAd 64 OBNVPFAPHRSOEE05¢O, mudi p@APpr oduct of

Bect on Di cki nson) was enpl oyed during infection in the 25-cn2 fl ask.
CO/76/467. The nucleotide sequences of particularly

preferred transfer vectors of these examples are described

below (Table 1).

[0066]
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[ 0096] Exanpl e 4: Recovery of genom c DNA from reconbi nant

bacul ovi rus, and PCR anal ysis of virus DNA To each virus
solution (50 p,L), a DNA extraction buffer (50 nM Tris-HC1 (pH 8.0),
20 mM EDTA, 0.1 M NaCl, and 1% SDS) (400 'AL), and 20 ng/nL

protei nase K (8 RL) were added, and the m xture was incubated at 50C
for 3 hour T%h q: g sol ution was cool ed to roomtenperature and then
treated wit enol -chlorof orm (TE-saturated phenol : chloroform=1

1, Wako Pure Chem cal Industries, LtHNudedtidd8eqionce/Tsize bpnom ¢ DNA

of the | I uSTrawesferneciver ed % a:{Hhe suplej‘reighanmuhbgemgf et Viewsoparticle-

precipifation. [0097] (1) $ of vipgrggeiONA forehy\Bi®tein
per forne %Cm‘ HﬁﬁWl@fnahﬂ@?Z G@P6 ﬂr(QQO enomagvedty 346Nn9) Ol dpaa (!72—9@2)33
a tenpl a cll gowps 9 forgg m nutes, 30 By¥¢hHes of 98C

for 10 <>econds GOC for 3( S%QC@W@ 53an@E@8[B N]@rsép m nut GS%Q thd)oggzd

by 4C.
o agar 405 HAPIL SePrLs or%giﬁ%g N e
g o

brom de| The conbi nati ons -%.—t he P( eNC:)‘S
AANATA 1 DN

f ol | ows —=erwart-prrer—Pel

NO. 41) ) PRAR TP WFOBMAPRE GPE3I1RAD) (3 (t ﬂﬁ}rwoxﬁggg R¥8E8 D
NO 42)): forward primer (ﬁé-tﬁ:sel (s 204 RBTTATTAATAGTAAT 80P SEQ 1D
NO 43) ] —and reverse pri m:ISE@?IE)AN@? 3\5§ E SATTTGHE

ID NO  48CAP-CERIQe war d piGPRE(1128) h{ Ef (—'lcﬁRTCTCGCAAﬁPMM@A 3
(SEQ I D|NO 41) and rever s&08pi ner GP(541 bp 1476 bp

( 5r CATCGECCACGATTTGT TGCAC- 3'SEQIBNDO TENOSEQAP)NOT $H098] SEQ IR MQR61

product | pEAPEXYTEHOGed fr om@Phée (&G8) ose PHEP (7B338Yh i rr adiPad i(Aly51he
et hi di um brom de-stained géDbpith UV | 8ghbp cutting a DNAZ&GBpd of
interest{, and extracting DSBOIIDOMD: 53 | §ED IDWODESHS of & SERAQUNOK6 el

Extract | poaKico/ieerocuct off GRe4ACEND) PFCSP (205-373) GP64 (21-512)
60 bp 507 bp 1476 bp
SEQ ID NQ: 53 | SEQ ID NO: 57 SEQ ID NO: 61
pCAP-CO/76/467 GP64 (1-20) PfCSP (76-373) GP64 (467-512)
60 bp 894 bp 138 bp
SEQ ID NO: 53 | SEQ ID NO: 56 SEQ ID NO: 60
pCAP-HA1/Anhuif272 GP&4 (1-20) HA/Anh (17-345) GP64 (272-512)
60 bp 987 bp 723 bp
SEQ ID NQ: 53 | SEQ ID NO: 58 SEQ ID NO: 59
pCAP-HA1/Anhuif467 | GP64 (1-20) | HA/Anh (17-345) GP64 (467-512)
60 bp 987 bp 138 bp
SEQ ID NO: 53 | SEQ ID NO: 58 SEQ ID NO: 60
pCAP-HA1/Anhui/OG GP64 (1-20) | HA/Anh (17-345) GP64 (21-512)
60 bp 987 bp 1476 bp
SEQ ID NO: 53 | SEQ ID NO: 58 SEQ ID NO: 61
[0067]

Thus, the transfer vector of the present invention can
be produced. An example of a production process therefor
includes the following steps (a) to (¢} and/or (d) and (e):

(a) a step of modifying the polynucleotide sequence of
a gene encoding a virus-particle-forming protein so as not to

alter the amino acid residues constituting a corresponding
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Sequenci ng of the PCR product was perforned through extracting a
PCR-anplified target DNA fromthe gel and enploying the extract as a
tenpl ate for sequence analysis. Alternatively, the extract was cl oned
by neans of a Zero Blunt TOPO PCR doning Kit (product of Invitrogen)
and then enployed as a tenplate for sequence analysis. Cycle reaction
was perf ]%( . § - I ; | e
Ter m nat g{a@s%al%ﬂ pr%(;%ﬁ'{:l:t of A\gﬁﬂ% eg%egg%/lsé??%ﬁﬁ% ecr%p gg'ec%{ 1’g%)iymers
wer e Pol E (35 CERAAAT -3 ) nd Pol
Af (5 | e T (%%ng s %O&cé%ﬁgmm%a %rf‘% oyed
sequencegomu%q@dtq@@imﬁﬁqﬁ ROk HEnsld L AR e iR pduct - of
Appl i ed Biosystens). [0099] Subsequent |y, dene fragnments for
produci n@agtq@%_tﬁxq%@c?ﬂ&girﬂ;cti on enzyme-treated virus DNA
fragnents in Southern bl'of analysis perfornmed in the Exanpl es

her ei nbel ow wey amplddy ek tRAAUAE RORg The B Gatudrahesidese as
follows: an HAl/VN probe (which can det'ect a fusion gene of an
antigen @eRrasHAF amd quGNGA JeRE)d s @REEDHIR rindt iTh Gt Heittirm
fusi on gene of an antigen gene HAl and a gp64 gene, a gene (mutant
virus DNAxeformgd through renoval of the antigen gene fromthe fusion
gene, and an endogenous gp64 gene); and a pronoter probe (which can
detect a fusior)genstelp &f Anidgehgene i¥ertandy ,a igaa# gene and a
gene forned through renoval of the antigen gene fromthe fusion

gene) . Thelphoaadtert igkeokenvhe sprreduded stsipno@)it,he afcarenelidariet ¢rbh
probe cannot bind to a virus DNA fragnent which includes a

pol ynucl genedenebtidinged tfhredgn mothiicgatiien pafotaipgl ynucl eot i de
sequence of a naturally occurring gp64 gene, or a virus DNA fragment
whi ch incl udedda polsyrgclogotsyahe hetstiadimed a hrcdyghucsieartiets renddaei oA
sequence of the gp64 gene. The concentration of each anplified gene

f ragment paas im@apolegpepandet o fthagmerminadd yvuseduas iagprdbmis-n an
anount of 50 to 100 ng with respect to 10 nL of hybridi zation buffer.
[0100] (RprPicdectionivg probesnewpiteyieed mhEcagh eedetlion of aln
order to produce a DNA fragnent of the HAl/VN probe, PCR was

per f or negobyigsecsdf the pwihor warid peisrsuegNcp2sti'tuting the naturally
GT'GTCCAGCGCCTGCCCCTACCAGG 3' (SEQ I D NO. 45)), 10 pMreverse primner
VN- R3 ( 50cCutTACTCEAGTSCPEACTTEATEOIMINSEQrDEND., 48) |, paddmacleotide
transfer plasm d pCAP-HAl/vietnamas a tenplate DNA. In order to
pr oduce Wﬁésgpﬁﬁqﬁﬁﬁﬁé, hpeRbEEs FELRSAREd SBy ags 8Os TP agMefrotligr @mino
primer GP64-271-F (5' - ACCGAGTCAAGAAGCGCECC-3', (SEQ_ID NO, 47)), 10 pM
reverse BELAerepdfuast cepstiAGRABICABRTRET PO lyBERCREENOa4Y) ) |
and a transfer plasm d pCAP-HALl/ PR8 as a tenplate DNA. Through the
above PCR prod&dupestegerd fLAGGFERGs ol nsregddeiohg iptehddianer e

obt ai ned. The nucl epti de sequences of the DNA fragnments are shown in
SEQ I D Neglynyglgpgige synthesized in step (d), a polynucleotide of

the gene encoding the foreign immunogenic protein.

[00&8]

The recombinant baculovirus of the present invention
may be produced by co-transfecting the aforementioned
transfer vector and baculovirus DNA into a host cell.

[0069]

Baculoviruses are entomopathogenic viruses that infect

insects and a group of DNA viruses (baculovirus family)
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The probes were produced fromthe gene fragnents by neans of a kit;
an Al kPhos Direct Labeling and Detection System (GE Heal thcare).
[0101] (3) Production of probes enployed in Exanple 8 (I1) The
same HAI/ VN probe and gp64 probe as enployed in Exanple 5 were used.
I'n order to produce the promoter probe, PCR was perforned by use of

(3010 KB 48T U%dﬁé@gf S e e S S L i

CTTGCTTGB% ng}rfw EEAA o% (OSzEQllx%%% ADeg and a transfer

plasmd p S a terrp ate Through t he above

procedur &y, [ NR JyAGHRIM AU & N /"V'i&rwd%}?;% anf {t0e apch Fﬂ&g}%caﬁﬂ%d

a gene fragnent "for producing the prom)ter probe were obtaine

nucl eot | G‘%oi?%‘é%ﬁ%@ﬁ qfy %@@n@%é&@%ﬁ@rﬁfe@t"eé%é b SEQlde NGt age
50, 51, and he probes were produced fromthe gene

fragment g by RS . aElﬂqu wﬁ@nAlak?BQél%r @Ehel-ﬁgebbngxﬁ'ﬂ@s@%ﬁeﬁts' on
System (product of GE Heal thcare) 01 In a manner simlar

to that ghsexarpl @nto RAAEIRAHE S @S pMARS RGN ddied s & he
amount of produced virus DNA was determ ned through PCR Through

Vestern bhef:1arahy® SnfecdisORheN RXAES Pro idmite Ofc e dedffjetand
anti gen was observed. In order to confirmthe cause for the drop in

expressi @&oami@@@t a RERgeasmpRefmftoFed HbreSerofinthiddgeRii ¢ eferted product
anplify a region including a pronoter sequence and an anti gen

sequenceofCAGtErEse! wanthoiRt4aa)ngantyV preblganonirae Bhifopeepar ed
fromeach virus as a tenplate (5 1.11). After PCR, the PCR products
wer e anabyzedotfitrasgk agaeodecge reeleatlinophpldsids tATEharddurthich of
1, an unexpected band (Il ower) was observed at a size different froma
deduced sai peoteppen). ifhiesesnexpected band was cut fromthe gel, and
was subjected to sequence anal ysis, whereby a sequence containing no
antigen gene i[@owilch a pronoter sequence was |ligated to a sequence
of the gp64 gene was identified. This sequence suggests that the
reconbi nant viExasples wdesuahmat drtcuiowisusackialgicen Aantogerpigene.
[ 0103]
californica multiple nucleopolyvhedrovirus (ACNPV), Bombyx
mori nucleopolyhedrovirus (BmNPV), Orgyia pseudotsugata
multiple nucleopolyvhedrovirus (OpNPV), and Lymantria disper
multiple nucleopolyhedrovirus (LANPV).
[0071]
No particular limitation is imposed on the baculovirus
DNA employed in the present invention, so long as it can
undergo homologous recombination with the transfer vector of
the present invention. The baculovirus DNA may be wild-type,
mutant, or recombinant baculovirus DNA.
The baculovirus DNA employed may be a commercially
available product; for example, a product obtained through

deletion of a polyhedrin gene from AcNPV, such as BacVector-

1000 DNA or BacVector-2000 DNA (product of Novagen) .
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As a positive control, plasm d pCAP-HALl/ PR8 was enpl oyed (|l anes 1 and
2). \Wen the genomc DNA (100 ng) derived from Sf9 cells was

enpl oyed, no such unexpected band was observed (lane 8). Thus, the
obt ai ned unexpected band was thought to be attributable to a

reconbi nant bacul ovirus. Therefore, the reconbinant virus, which also
serves as an aﬁ&}%ﬁ i ngredi ent of a nedicanment, was confirned to be

| owered in purity. In the agarose gel electrophoresis, an

Content was & 5T S0P AL T oRi G Rhriee B T Stb ey

1 shows I f i ; i f .
| ane 1, LF%% pro i%?rvoﬁﬁé%g@ﬁﬁﬂﬁ%slﬁb&%éﬁﬂl ﬁpeeRsrﬁPL é;dneléﬁ;aoﬁ:é%@l%

product f50m0.g0 PG 0f RlALACAP-JHNPRS; . |ang 3310 eqyl ar; wei ght
mar ker (1%@ PléngNA | adder (pgggﬁbt of Invitrogen) fﬂpgne 4, PCR
product from vjggissDNA prepared from P2 virus stock; and each of

|l anes 5 to 7, PCR product from DNA of virus prepared through

subcul turing Wd Ysm.aMhoned 1 i @6 dh oNe e dpy fed Roh WHAISnstRsK) for
[ 0105] Exanple 5: Detection of mutant virus through Southern bl ot

anal ysi s incorpoatiiids tfHeomi a3 Widds:Stioftde &f Hapomdnantas well
bacul ovi rus ACNPV- CAP- HAl i Vi et nam obt ai ned t hrough subculturing in

Exanpl e 3gnvases mReddiRd: e dMvenidy ARd M dthuss1obtaitied nd risotor,
virus DNA (0.2 jig) was recovered and digested with restriction

enzymes andl veNEBusaR@néall ENEBlconthetitola tiederid 0 Rl 10 kidwiaish
subj ected to agarose gel electrophoresis. [0106] The gel was
treated whicha@t2maM HEl eaplldticen, UaBakpoaktbnbukf ekrahBrbribNaCH, may
1.5 MNad), and neutralization buffer (1 MTris-HC1L (pH 7.5), 1.5 M
Nadi ). The DNAri@sl tlansfercuect,t dor ke Ry otars: eferseclir bo
Bl otter (product of Whatnman) and fixed through UV cross-Iinking
(1200x10@egjombiRpt il @&chnique (see, for example, Science, 224, 1431
(1584); Biochem. Biophys. Res. Comm., 130, 692 (1985); or
Proc. Natl. Acad. Sci. USA, 80, 5990 (1983)). Expression of
the transfer vector may be carried out through the method of
Ohno et al., "Tanpaku Jikken Protocol 1 Kino Kaiseki-hen,
Saibo Kogaku Bessatsu, Jikken Protocol Series, 1997,
Shujunsha." General technigues including handling of insect
cells, genetic recombination, and co-transfection may be
those gimilar to well-known methods for preparing a
recombinant virus in insect cells (Yoshiharu Matsuura,
Tanpaku Kakusan Koso, 37, 211-222 {(1992), and Yoshiharu
Matsuura, Saibo, 33 (2) 30-34 (2001)).
Co-transfection may be carried out by means of a
commercially available vector transfection kit (BacVector

Transfection Kits, product of Novagen) according to the

manual attached to the vector transfection kit.
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Subsequently, the nenbrane was i mrersed in a hybridization buffer, to
t her eby perform prehybridization (hybridization buffer 10 nL/6x11 cm
menbrane) at 65C for 30 m nutes. The hybridi zation buffer

enpl oyed was a hybridi zation buffer included in a kit; Al kPhos Direct
Label i ng and Detection System (product of CGE healthcare), and used
according to a{b 4;]tructr on attached to the kit. [0108] The
HAI / VN probe o 4 probe produced in Exanple 4 was added to the

Eﬁﬂiédbfafbﬁgeré@'&egﬂﬁ@ﬁ% B S P R Bl By 9 e
g‘e‘?g(r:??gr?reagent (pr uct osﬁ%brﬁf%}%%e%d llf‘%'C%C%C,%Z;ter tectrtolnor1

per 1 of mod 1 ek o I B T T hdanr. pr KeT i e Hadl KeaeLe:
pr oduced 1%.4@83%1&% & dP a%i Uss 9 %\é‘ﬁk sa%iersﬂﬂ QUG Q{eﬁ%& rAgG0)

(20 to 100 ng) by neans of a kit; Phos Direct Labeling and

Detectio p%&%&rg rﬂq;bg

si zes of%h ancf(sao The rpesuqa?sdaé??lgqhg\?\%ﬁi)sn &I%l;x}@ciz(p\ a%ﬁ%ﬂ%}ﬁ&%
[0109] i (pih Fire 2oi), oMb asilti flediie case in vhich

t he HA1/ VN probe was used, shows t he results of the case in
whi ch the gp64dyohe was used. | ane 1, clone 1 of
AcCNPV- CAP- HA1/ Vi et nam | ane 2, another clone (clone 2) of

ACNPV- CAP- HAl /nMitedyn a8 - d vl e c il £ QM alh e 1 s e ks dikharig us  DNA
| adder (product of Invitrogen)); lane 4, clone 1 of

AcNPV- CABeldi/ovietmamNa areod.irdedte c210fs AP \euARIAldN etuiaiix iahf),
| ane 6, nol ecul ar wei ght marker (1kb plus DNA | adder (product of

| nvitrog@nhues of thA® IR HahtFir@ccAnaritheriHAgene WemateTtBthm
at the expected size. In Fig. 2(B), a band attributed to a fusion

gene of the HALtgere same e gnbdangeraspandieal Bandmtdgdbutidddre t he
endogenous gp64 gene (both bands being attributed to non-nutant

Vi rus) weieeliaserswned thlen viiirqs (B luadiamd-cat ttheh diced: tredihen gp64
gene (Il acking HAl _ gene) was al so observed (the band being attributed
t o mut antroritexs) follusied hy presendegeft immutantthareds, iprddueeyiar us
solution was confirned. [0110] Exanple 6: Southern anal ysis of

nodi f i ed spilodions cohtgp®d ngerdef orecombieriitng igemser ati on of nut ant

Vi rus

[00786]

For example, according to the aforementioned
recombinant baculovirus production method, baculovirus DNA
and a transfer vector (e.g., pCAP-HAl/Vietnam, pCAP-
HAl/Vietnam/51, pCAP-HAl/Vietnam/101, pCAP-HAl/Vietnam/154,
pCAP-HAl/Vietnam/201, pCAP-HAl/Vietnam/272, pCAP-
HAl/Vietnam/467, pCAP-HAl/Anhui, pCAP-HAl/Anhui/272, pCAP-
HAl/Anhuil/467, pCAP-HAl/Vietnam/OG, pCAP-CO/full/0G, pCAP-
C0/76/0G, pCAP-CQ/205/0G, or pCAP-CO/76/467) may be co-
transfected into S£f9 insect cells, to thereby produce a

recombinant baculovirus of AcNPV-CAP-HAl/Vietnam, AcNPV-CAP-

HAl/Vietnam/51, A¢NPV-CAP-HAl/Vietnam/10l, AcNPV-CAP-
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Since the presence of the aforementioned nutant virus has been
confirmed, the transfer vector produced in Exanple 1 (i.e., a plasmd
vector having a pol ynucl eoti de sequence having a reduced identity of
about 7796 with a pol ynucl eoti de sequence encodi ng the am no acid
resi dues constituting the naturally occurring GP64 protein so as not

to alter e, am id, resi )¢ INSE Lkt 1.1 at curring
GP64 pr ot%qréﬂv%%%gﬁ r{§1 S%ye?éa@{g%n%% iqﬁl :Lpertg%l J']i 62[‘% O]?' gﬁp‘%\?‘%%gﬁ
preventi t. AL A e plLasm ect or,
a recorrbi@%élt %%ﬁ%ﬁds%ﬂ?%%ﬁh%%ﬂrﬁéé Fr\j\é/as pr%‘ﬁced.

For the r-p f f o fine | S ’Zﬁﬁﬂﬁr— j £l U

of GP64 av%%%ﬁdaﬁﬁﬁﬁyciﬁtﬁp{iw%uc eot 1 de e%ﬁﬂr%ﬂgl\ﬁ/%&’
subj ecte O j | j-m n _ B i fiC Y, n M V/
vere 1 ecoverad oo R U A A R A e
Exanpl e i I DG ASNRHCAR HAH t Jgﬁﬁbégyygygg I et nam
AcNPV- CA%O %deé?'ng%i 51, I%),%f?:NPV- CAP-%A%’/ \%A%%n%vﬁm, !

AcNPV- CAPHAL/ Vi gi-ngm 154, AcNPV- CAP- HAL/ Vi et nam 201,

AcNPV- CAPHAL/ Vi et nanf 272, and AcNPV- CAP- HA1l/ Vi et nani 467, in a nmanner
as enployed i nPRpie h RAGHY | 1S d Ve SYNEH &S, thER may be
anal ysis enploying relevant prinmers. Fig. 3 shows the results. ﬁ6111]
In Fig. Zmdhanedl sShewndHRIreC Haai 1Weiights Brdelctibd Py which
| adder (product of Invitrogen)); |lane 2 shows a band attributed to
ACNPV- CAR- HALeVige! RRMOG oV idids ddNRie 1hANS =2 1S haNsig-padt 1d i edb 10
ACNPV- CAP- HALl/ Vietnam virus DNA;, |ane 4 shows bands attributed to
ACNPV- CABehAY/, Viietrarl phademist ON&cnliane incsiurhands tid rdrhuited to
ACNPV- CAPHAL/ Vi et nam 101 virus DNA; | ane 6 shows bands attributed to
AcNPV- CABadloviietragehothey byusidJINAE laaneah s bandsoatit hgbubedhtie
ACNPV- CAP- HA1/ Vi et nam 201 virus DNA; | ane 8 shows bands attributed to
- ACNPV- CAReHADLAYI et frarchbd nanitu HalhAovdnths aze Deshessiidbaibduced and
attributed to AcNPV- CAPHAL/ Vi et nam 467 virus DNA. [0112] As is
cl ear frewlBegted, byubally extusmcdsgyiar baaliyl eormtenpligielsy virus gene
undetected in the cases of AcNPV- CAPHAI/Vietnaml 0G (i.e., a nodified
product dbbai médrbpirddaeilig ,t enabantndZécdthiag déwt idaendfd time insect
pol ynucl eoti de sequence of the gp64 gene with the pol ynucl eoti de
sequencecenddsdi ng the am no acid residues constituting naturally
occurring GP64 protein so as not to alter the am no acid residues
constituting tl@78dturally occurring GP64 protein) and
ACNPVCAP- HA1l/ Vi et nanf 272 and AcNPV- CAP- HAl/ Vi et nam 467 (i .e.

modi fi ed prodidns . olphe médviey pyaduiced yramsfieenivay tgpb4argenes, in

whi ch the pol ynucl eoti de sequences were nodified so that a portion of
t he ami nbaguildviswisditd oelsbet goi-yagrdschest dintgonds seaitetcsd 134 $%4ch
and 87% am no aci d sequences del eted, respectively)). [0113] Exanple
7: Sout h@BnS&Ralgdils  otonbleredy products aofregeebigems feiCugoaniantsi-ng

generation of nutant virus As clearué_described above, generation of

mut ant The thus-produced recombinant baculovirus may be
purified through any known virus purification method. For
example, a virus stock (generally 1 x 10°"® pfu/mL) produced
through the aforementioned recombinant baculovirus production
method is inoculated (0.5 to 1.0 mL) into insect cells such
as Sf9 cells (1 x 107 cells/10cm-dish), and, several days (4

days) after infection, the resultant culture supernatant is

collected. Thereafter, virus pellets obtained through
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viruses can be prevented or suppressed by constructing a transfer
vector for a nodified product by nodifying the polynucl eotide
sequence of the gp64 gene so as not to alter the amno acid residues
constituting the naturally occurring GP64 protein; or by constructing
a transfer vector for a nodified product by partially shortening the
gp64 gene, in which the pol ynucl eoti de sequence was nodified so that

a porti oF SEEHMFHIRR &G THS I dREs Ybisiutfs ndt EP6ALs SUSPsIRes in
[ anst er AV EHEE Gl M kd BSA0EC Lrabr, SRPEFR) SRorLkHeg =
0t 1 uenz £oam §En ek it hE MR Sl U SRR I h e ver e
Eﬁg%leree%efs{uﬁc aE1 | ﬁ)&rr%“%?@&?%@?egﬁ%ﬁmougﬁes RS R A

MNPV CABR A £ Ao, G i 1257, “Afd owed by

ViTus DNASIAS UBScred « 8 RCR A o PRy e PO Rne e
ot ecul PSR Th TRk LAY Sl S g e

I nvitrogen)); Jiane r2r30WS RANS: At td# Byt R AGNRY ARy f:‘b.[ﬁfénc?am
virus DNA; | ane 3 shows bands attri buted to AcNPV- CAP- HA1/*Vi et nant 272

Vi rus DNAe gl rdrdn 8- AaRds-al de‘ﬂee%é&r%ﬁl}‘loe\& %Prdﬂ% N %Fl’lﬁﬂe“m
virus DNA; lane 5 shows bands attr “i buted to AcNPV- CAP- [ Anhui
virus DNAsslhang ré e benwsy dandsvatddy hgied 4o pﬁpNa\é—-%FfH&Jdo%hw 2 of
virus DNA; |ane 7 shows bands attributed to AcNPV- CAP- HA1/ Anhui / 467
Vi rus DNApskare o&13R0ws panrds s3td rddyuteed t o AcNPV- CAP- HAI / Vi et nam
(mutant virus previously confirnmed, positive control); each of |anes
9 to 13 shows [@oyand for DNA obtai ned by PCR enploying, as a tenplate
t he genomi ¢ DNA of bacul ovi rus AcNPV- CAP-bGal , AcNPV- CAP- R- Luc,

AcNPV- CAP- Luc Thac NV=CAR-oAId e D It ANBAR: Neu IesiRass inkg) Yoe
produced by use of a transfer vector in which the gp64 gene was not

| i gat ed toleagkdt ahgelghere REANIGame thGAR- RrHeoupgGAPhLEC culturing,
pCAP- AFP, or pCAP-Neo); and | ane 14 shows a nol ecul ar wei ght marker
(1kb pl ua BNAibadgebdiptoddct doraivrt riagembgeni@libjotein =481 iaS
clear fromFig. 4, AcNPV-CAP-HALl/ Vi et nam 272,

AcNPV- CAR4i MA%- Yeetnaik4EormAcPYrCARiMAL/iARhYI X2 esaidn product of
AcNPV- CAP- HA1/ Anhui / 467, in which the N-terminal am no acid sequence
| engt h oEh€&PEdspoat genelas ssipoodeced by ceitdude tE8/oiygeredednesl)) inside
.exhibited a clear decrease in bands derived from nmutant viruses

(I anes 3prdpubsade of, iasectmpaldd ,wiorh cnhéheormsfiduatesmkinanshi ch t he
N-term nal am no acid sequence | ength of GP64 protein was not
shortened. | n [@98i0di on, when five clones (lanes 9 to 13) having a
gene encoding a foreign i nmunogenic protein with which the gp64 gene
was not fusedTher eedésme gmpdeyade I aritcardtturings meas feteaqrapriately
Furt hernore, when the i munogenic protein was changed to ot her

i nf | uenz&edpctgdns dependinganenyithgs tie @bt sbeediost] rld] empdimpies.8:
Detection of amounts of reconbi nant virus and nutant virus through
Sout her nfi5PBt 2mRABY ¥RE 19suSODNAR tiena 1lyc ovedeetiam r EubRBIrABRAL may
bacul ovi ruses obtai ned through subcul turing P3 _virus stock obtained

t hr ough B@b&artapingurnuBRdgisprrendi tipsisu §uigardRPYCAPIHAWN etfhadie
AcNPV- CAP- HA1/ Vi et nanf 272, AcNPV- CAPHAL/ Vi et nant 467,

AcNPV- CAROFR| £9i-ét nam OG, and wi | d-type bacul ovirus (AcNPV). Each of
the virus DNA was digested with restriction enzynmes Swal (NEB) and

Xbal (NEB) and@PSUBFEEERY (HVESAIcTe Wil deadt PSpisssgibed 1n more

detail by way of examples, which are given only for the

illustration purpose and should not be construed as limiting
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[0117] Specifically, virus DNA (2 4g) was digested with a
restriction enzyne Swal (NEB) and Xbal (NEB), follwed by ethanol

preci pitation. The thus-obtained pellets were dissloved in a TE
buffer, and the digestion product was separated by 0.896 agarose gel.
[0118] Subsequently, the gel was treated with 0.25 M HCl

sol ution, denaturation buffer (0.5 MNaCH, 1.5 M Nad ), and

neutral i 286 RVEIAER FPeWieF9-s-HCL (pH: 7.5), 1.5 M Nadl). The DNA
containeg in the gel was transferred to a nenbrane by neans of a
Turbo Bl dBE8FPAFSdduct of Whatman) and fixed through W cross-1inking
(1200x100 uj/ﬁg?g. Subsequently, the nenbrane was inmmersed in a
hybri di zati on r, to thereby perform prehybridi zation

(hybridi zation buffer 10 nli/6x11 cm menbr.ane t 65C far_ 30 i hut es.
Thahy br FAPIREEO b PER R Sy i SR A FHSH T S uded
ina kit; Al kPhos Direct Labeling and Detection System (product of GE
heal t hcaF8fTe4Rd used according to an instruction attached to the

Kit. The pronoter probe produced.in anpl.e 4 a t e
Sbi i di 24t o ErRHaT ot o RIS RN SR, BIATRG halt AdEh e
hours or ,Longer., Af ter c | et.ion.af..h i.di i on, bands were
detected(gyggsgogﬁt§u85ﬁpé §F gg%&%?ﬁgﬁB%égﬁéﬁ¥+%%}oduct of CE

Ith . f i ' BRI
Heal thcare). | erwa'r%’ytb‘%rrcﬁ% edt hgn Qe %J?qleﬂes {%e?“ﬂré)tﬂ kb pl us

per formed. AnGt Zatih on-“was performe use o

Cosul 15 SPBREhanE PEehigERdhy TR gt et VIR (BOF,
ol oo d LRa T A A e o WY T,
attribot B9 °06 TrrelGPREa ey el AR BB H Y 3°082 n) -l ane

4 shows aphapdadbbtcbebetcha s ridadridse aeHi-avahasdhiicdare B rarea
shows bands attributed to AcNPV- CAP-HAl / Vi et nam OG virus DNA; | ane 6

shows bapgs jat tsBUTedhe AGNPY-EAPUHA Y gld@m vi rus DNA; | ane 7
shows bands attri buted to ACNPV- CAP- HAl/ Vi et nant 272 virus DNA; and

{8230]8 shows hards ulriifitRdd) AGPY AR ITRMAG L WadNA

digested with restriction enzymes BglIT and NotI, and the
obtained fragment was inserted into pcDNA3.1{+) (product of
Invitrogen) which had been digested with restriction enzymes
BamHI and NotI, to thereby construct plasmid pcDNA-Ighspé65s.
PCR was further performed by use of pcDNA-Ighspé5 as a
template, primer phsp65-F2 (5'-

CACCCCTGCAGG [ACTACAAGGACGACGATGACAAG] GAATTCATGGCCAAGACAATTGCG
TACGACGAAGAGGCC-3" (SEQ ID NO: 3): S55e8387I site and EcoRI
site underlined, and flag sequence enclosed with [ 1), and
primer phspé65-R2 (5’ -CCCGGGCGAAATCCATGCCACCCATGTCGCCGCCACC-3"
(SEQ ID NO: 4): XmaI site underlined), and the obtained Hspé5s
gene DNA fragment was cloned into pENTR/D-TOPO (product of

Invitrogen). The clone was digested with restriction enzymes
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As is clear fromFig. 5 no nutant virus was detected in the cases of
t he reconbi nant bacul ovi rus (AcNPV- CAPHAI/ Vi et nani 0G, in which the
pol ynucl eoti de sequence encodi ng GP64 protein was nodi fied so as not
to alter the am no acid residues constituting the naturally occurring
GP64 protein; and a nodified product (AcNPV-CAP-HALl/ Vi et nam 467), in
which an N-term nal portion of the am no acid sequence constituting
GP64 pr ot IR @éﬁgi}‘aﬁhbl%ﬂ%ﬁﬁﬁ drigmae 13 Proas ¥l ng
within the scope of the present invention. However, bands attributed
to nut anPBAGSEs Gt e YRR £ i1 heé/ i in 3 YeNARICARL HA 984 Jet nam
and AcNPV- CAPHAL/ Vi et nan] 272. . .Then, the amount of expressed

nut ant  viNHSTIAE G Paan EISANSE 1Bt MSTEd SR ShaeEs it VIt i o

of the bands for non-nutant virus, mutant, virus, and control plasm d.
Tabl e 2 sHBWe 1R THERARY% CqPrtEtcy Rifsnis PRAStSIHE IR {90

AcNPV- CAP- HAl / Vi et naml OG ND AcNPV- CAP-HAI / Vi etnam 9. 1

AcNPV- CAP- HA1/ M %t4ant 272 0. 8 AcNPV- CAP- HA1/ Vi et nant 467 ND

{(1.2) Construction of plasmid pBACsurf-HAl/PRS

From a supernatant of MDCK cells infected with
influenza virus PR8/34, RNA was eXtracted by means of QIAamp
MiniElute Virus Spin Kit (product of QIAGEN). RT-PCR was
performed by use of the obtained RNA, primer HA-f (5'-
CCTGCAGGTATGRAAGGCAAACCTACTGGTC -3’ (SEQ ID NO: 5): SbfT site
underlined), and primer HA-r (5’ -GCCCGGGCGATGCATATTCTGCA-3/
(SEQ ID NO: 6): SbfI site underlined}. The influenza virus
HA gene fragment was cloned into pCR-Blunt II-TOPO (product
of Invitrogen). The thus—obtained plasmid was denominated
PCR-Blunt-HA. PCR was performed by use of pCR-Blunt-HA as a
template, primer pHA-F1 (5'-
CACCGAATTCGACACAATATETATAGGCTACCATGCG-3" (SEQ ID NO: 7}):
EcoRI site underlined), and primer pHA-R1L (5'-
CCCGGGCACCTCTGGATTGGATGGACGGAATG-3' (SEQ ID NO: 8): Xmal site
underlined). The obtained HIN1/HAl gene DNA fragment was
digested with restrxiction enzymes EcoRI and Xmal, and the
fragment was inserted into pBACsurf-Hspé65 which had been
treated with restriction enzymes EcoRI and Xmal, to thereby
construct plasmid pBACsurf-HALl/PRS.

[0083]

(2) Production of transfer vector plasmid pCAP-HA1l/PRS
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ND: No detection [0122] As is clear from T Table 2, the nutation
was observed in about 9% of viruses in the case of

AcCNPV- CAP- HAl / Vietnam in which the identity of the pol ynucl eoti de
sequence of the gp64 gene had not been reduced, and in 0.8% of
viruses in the case of AcNPV-CAP-HA1l/ Vi etnanf 272, in which only an
N-term nal am no acid sequence of GP64 protein had been shortened. In
addition, in tHeR RPNV AP I Vi RRMHEFH G Bt/ FR8 as a
AcNPVCAP- HA1/ Vi et nani 467, in which an N-termi nal am no acid sequence
of GP64 M@%%a@%rﬁ doitsidel®bl y shortened, the anbunt of nutant
virus was_under the detection |imt (marked W|th ND (no detection) in
Tabl e 2) CHEEHCCCCATARTTARANLG ALGHG It @Y HMNO: 9): Rsrll
AcNPV- CAPHAI/\/ ef nand 0 and AcNPV- CAP- HA1/\/ e nanl 467 were

suppr esséd, etﬁ’é"%W fr & N6h&FPdcduti®& substance contai ning as an

E}E?ﬁ;g} Ing;l%rG dra unt. f%x sjlgﬁrj p%gg@@r@e; v :.:tl en,
i chi Hrarather e Ry 5?5 | : oBEadbeh pitoeeng 5}&8 R3BUri Ly
Thus, |t h& HREAIDE ea-‘fffie?sr SCIP Re e de T BB e

i nsuf f! Cgﬁr}l V\E.\Lve( dmc(?:u%l}' %%Q/Jagt%h SOflIi[ ‘c%rcf) § C!:tl eme}&%n

accordin en I nvention orene |one prob em can

| ved. I Sf9
Tnf ec %# 61acu OVI ru ge\%Stde\‘ﬂt at’i O%q:a Lotch etnz b ke g

infected W't T anou genera

mut ant V'Lfr‘é%l‘ﬁ’as INyest r er vector
has a sSingle prtorm?‘e%r eg) d S{{hrreﬁ%agﬁ%%ﬁn\e%rag e‘Che tra sfer vector has
a dual pronotefygga] Reconbl nant bacul ovi rus AcNPV- Pol - HAl/ PR8
havi ng a single pronoter and reconbi nant bacul ovi rus

ACNPV—CAR?MA%QBB%IQ%%hQ%.%fd%%%D%E%QD%%%thngyééMyé% dﬁ?ﬂﬁﬂiﬂvletnam

Exanpl e 2, were used to produce plaques case, eight plaques

were col begipeeia ?@B%ﬁ:%%%i/ﬁél S%)%A@eli-ﬂpﬁ/%"e%da'ﬂ%lbl 18t b a 48-wel |

plate (product of Corni ng) culturéed. The cultured Sf9 cells were

i nf ect edpwht/Rrid cP@fl/16a , ofpdAfiﬁH@Jle)zwe%naﬁi/\ze 1daysepaf e Anfeidndd 72,

the supernatant was removed, and Sf9 cel remai ni ng on the plate was

|l yzed w bl&d}é@@ﬁ mqpmeQ%faWQS(75 M Tri s HCl (pH 7.0), 20%
gl ycerol SDS, 0.004% BPB ( Bronophenol Blue), and 10% 2-

ner capt oet hanglgom Ehe sefldo $Rlid isermisted I shies ted teqinEpgendor f
tube, followed by boiling for five m nutes.

hemagglutinin of influenza virus H5N1/Vietnam, an artificial

gene seqgquence (SEQ ID NO: 11} was synthesized. PCR was
performed by use of the artificial sequence as a template,
VN-F1 (5'-CAGTCTGCAGGACCAGATCTGTATC-3’ (SEQ ID NO: 12): PstI
site underlined), and VN-R4 (5’ -CAGTCCCGGGCTCTCTTCTTCCTGC-3’
(SEQ ID NO: 13): Xmal site underlined). A fragment digested
from the PCR product with restriction enzymes PstI and Xmal
was inserted into pCAP-HA1/PR8 which had been treated with
restriction enzymes PstI and Xmal. The thus-constructed
plasmid was denominated pCAP-HAl/Vietnam. PCR was further

performed by use of pCAP-HA1/PR8 as a template, GP64-r Dralll
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[ 0125] The solution was subjected to SDS-PAGE. Proteins were
transferred to an | nmubil on-P nenbrane (product of MIIlipore), and
Western bl ot analysis was perforned by use of an anti GP64 anti body
(product of e-Bioscience, 5 000-fold diluted) and a secondary

anti body, Goat Anti-Muse |1gG (H+L) HRP Conj ugate (product of BI ORAD,

5,000-fol d d'g{c#'ad to thereb etect a fusion protein of GP64 and
an anti ge', %@&@W‘é@ TFHE T T THAE wer e R L AANO

SDS- PACE el.ectr resis bu co tai ning 25 Tris, 192 nM

gl yci ne, Z2Hd %%gss%ebl%’cc{‘?ﬁg‘ frer® %{Ef\?ﬂg) ‘4% M Tris (pH:
9.2), 39 ano and, as a

det ecti O#WMQ%V%‘#D%% neg%%c@ dBt ec]t‘% ng gl

pl us (prod ct hcar hovvs the results of Wstern
anal ysi s. l{(ﬁ Rl i) Ingt% ldf:]t pfho(tograph of Fig. 6, lanes 1 to

froma fbﬁﬁ%@%@ﬁ%&‘%%&@wﬁ hd e R
clones 1 4 u%f eﬁ%@d nagﬁtlD 4! us, A%NP\_é Pol - HA1/ PR8 produced from a
Erans{er et oF havi ng y rlr% pr o ter as a si ngl e pronoter.
0127

I f
the resul¥$7S gﬁ%r%i ysi W&%c%%gpa %IrIgnI%chhqm  SHR

above- |sgll%%e%# aif_?! shgk%é(lm P& -and Iovver phot ogr aphs of

Fig. 6, lanes a nol ecu ar wei ght marker; | anes 18 to

24 show ¢ C%d@‘E;A% ‘%L dT"G“C%‘ﬁ*EA G‘Acrdé?: %GNP(r\éE%A‘Pﬂ% PRS, ﬁﬁﬁd

froma tra ns e'l““VEfC‘tOI’ aving a pronot er i'ncl udi ng cI

whi ch wasg, ;@@ eved-1iih )0t Refs at @St Res 28 to 34 show clones 2 to
8 of recor%bl nant vi rl 6@2\ PoI 1/ﬂP produced froma transfer

vector hawdg@RRIMRAEAARRIGh@ES A 35/ oYy :er d)NOtyma)
i ncl udi ng cl ome—t,—whi ch was enpl oyed I n angt@r% t est ]] anes m2‘525 ésnl ©

35 show @mﬁ@&lltlln\é@ cora,trr Qfpesan¢yaness26 and 36 show a negative
control. is clear from FI g. 6, both AcNPV- CAP-HAl/ PR8 and

AcNPV- Po bnbﬁa&@e@@@m%@bmmm&sgs (2gand 8gs. ofs)t.neriapes iafe

pronot er .
underllned) Each of the obtained DNA fragments was digested

with restriction enzymes Xmal and DralIll, and the product was
inserted into pCAP-HAl/Vietnam which had been treated with
restriction enzymes Xmal and DraIITI. The thus-constructed
plasmids were denominated pCAP-HAl/Vietnam/51, pCAP-
HAl/Vietnam/101, pCAP-HAl/Vietnam/154, pCAP-HAl/Vietnam/201,
pCAP-HAl/Vietnam/272, and pCAP-HAl/Vietnam/467, respectively.
Note that the GenBank accession number of the amino
acid sequence of hemagglutinin of influenza wvirus
A/Vietnam/1203/2004 (HS5N1) is AAWS0717.
[0085]
(4) Construction of transfer vector plasmids pCAP-HAl/Anhui,
PCAP-HAl/Anhui/272, and pCAP-HAl/Anhui/467

From an amino acid sequence of the HAl region of
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Exanpl e 10: Analysis of characteristics of gp64 gene codonnodified
bacul ovi rus by use of a baculovirus to which human nal ari a
(Plasnmodi um fal ci parum) CSP anti gen was i ncorporated

Reconbi nant bacul ovi ruses containing a nmalaria antigen (obtained

t hrough subcul turing P3 virus stock); AcNPVCO full/COG
AcNPV- 00/ 76/ 0G_. AcNPV- 00/ 205/0G and AcNPVCO/ 76/ 467, re purified
and t hen BRGNS TAN 1P XSHS UShBR & 1B é*r5.N1VH‘éﬁﬁ+3dd\L,?§0c5 e

subj ected tq SDS-PAGE, transferred to nenbrane, and i mmunqst ai ned

with an FFGliEsssla@sso AFFBRICSER 18 Bi%s dldncis 55000191 8d -

di luted) and a secondar nti body, sheep ant,i-nmouse |1gG (H+L) HRP
Conj ugat & EoHGREETHOTEIGRAY, EDGY: 1o iR (TR A ect
a fusion proﬁgin of GP64 and an _antigen, and _an endogenous, P64

pr ot e n. EEBP LB i ARG ini G SeER A NI G e ST Ro MR
wi th an anti-CSP_ant.i bod - 183 . (MR4,. 10, 000-fqol d diluted) and a
secondar féﬁt ipﬁ(?&ry,s%ﬁeé%‘dﬁwﬁlfms’e FGGARY §3RP conj ugate (product

o2 o A Al L0l SE AL R

| t f 4 i nj f.th i -GP64 anti body. I
Cesa! 2 R TTAnaeha) 1o, ByueeBbshas A CERL:R0. aaTks cRagckenes
ti body. ,AcNPV- CAR- full/OG |.0ad I d
ACNPV. CABLGH) FBF0C e ToSHad o s 5ok AP RN A e
| oad I 7, - CAP 6/ I
'anes 4 anao8 oo 1B, AR e PR AR el M TRy QR th 272,
GP64- ant | i i l-at j t h f
R O R Rl i
GP64- ant i f: usis ' i in.th
CPod. At LASR-TUSLER DLOLAED WARIOUSRY Yok AL ChORERLpRKEN-tRathe
der t : . . . . ] -
TR o SR A R S S R
PCR by U%ﬁdOECB@LHﬂJVABEhHg%XQDdr@%be%tﬁv%ﬁgﬂer- Fig. 8 shows the
results: lane 1, |kb Plus |'adder; lane 2, PCR product from
ACNPV- CAP- CO il @Bat! 3 BerfBERKP RS i PAERY-FARO/ 465
| ane 4, PCR product from AcNPV- CAP-00/205/0G |ane 5, PCR product

from ACNR¥1 GAB=@UEABEAEE heaRgglutRERNPLFAUSH 1iicdPa virus
AcNPV- CAPHAI / Vi et naml 0G as a negative control; and |lane 7, PCR

product AyasnAgARMuCARsHARDYIsalsnam as a positive control. Except the
positive control, no nutant virus was detected. Clains [Caiml]

A nmet hod for pgnodwgi ng a transfer vector which includes therein a
fusion gene containing at | east one gene encoding a

Vi rus- pantih ctenkerochgopr efeictankdea gereoengadisidda i0meligh a gene
i mrunogeni ¢ protein, the nethod conprising nodifying the

pol ynucl eft idecgegueneenot theedgemdt@neodinsg tkae
virusparticle-formng protein so as not to alter the amno acid

resi duesceanstriittutibngod panredpandi ng natural ly occurring
virus-particle-form ng protein and/ or nodifying the pol ynucl eoti de
sequence of tpergene perifvaimed POr tisen oFf Pdve-FRORT-PU=d r@FicEhes of
constituting the naturally occurring virus-particle-formng protein
i s del et #edvigp€bgem 2hs a template, forward primer bGal-F PstI F189-

105 (ACTGCTGCAGATGTCGTTTACTTTGACCAACAAG) (SEQ ID NO: 24), and

reverse primer bGal Rev (Dra3)

ACTGCACTTAGTGTTTTTGACACCAGACCAACTGG) (SEQ ID NO: 25). The
thus-obtained DNA fragment was cloned between the PstI and

Dralll sites of pCAP-HAl/Anhui. The thus-constructed plasmid
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A method for producing a transfer vector which includes therein a
fusi on gene containing at | east one gene encoding a
virus-particle-formng protein and a gene encoding a foreign

i mrunogeni ¢ protein, the nethod conprising nodifying the

pol ynucl eoti de sequence of the gene encoding the

virusparticle-form ng protein_so as not to alter the amno acid

r esi dues "ESh SERORRT 4 R FedHdi ng natural Iy occurring
virus-particle-formng protein. [Caim 3] A nmet hod according to
claim1l1, which rises the following steps (a) to (c) and/or (d)

and (e): a), a step of di fying the pol ynucl eoti de sequence of
t he genecgﬁfgﬂﬁ%GAFWbCGfﬁﬁggﬁ' YTie-forming protein so as not to
alter the am ng, acid residues nstituti C esponding naturally
Sccurring vir USTDdAT Gt A prEieiH Bk SH G, RO THe Sticl of ¢
acid sequence information of a p nucl eoti.de including the gene
ancod: ng FERERFRY udtnrt IEMEIrSa 5 prbrimer i o e df IR 134

synt hesi zi ' |\S 1 ejc acid
ctquence THRSTHGT S S e e ar g trdt® Ged N M 6 "5t
ligating_or inserti.ng, into | eotide synthesized in ste
(L?, ; gngﬁEEFeEFF IbFHtcbgggﬁgﬁgﬁgoi%%ﬁabﬁé fgreignlfnnuhogenig

protein; (ACTGCA&%%&?G@?%&T@T@WG@%& PO(IS%.’HJCfDe%d de,-.gncoding

a partial ‘polypepti he nat urally ocCcurri ng

viruspar theleotonTiag BAA! Sl AR B TIED ARl RILOR RS AL dordh] P

of the amnd aci resi aues co uting the naturally occurring

Vi rus- pay ég#ﬁ;%g%%%“%fp QU an 10 Q'y@HglEHEEQ%oHQQ%QSEEQUEQQSmid

has been no SO as not to al'ter the am no aci resi

constit utia9bRemR AL Il RaRtd de; and (e) a step of

ligating or inserting, 1nto the pol ynucl eotide synthesized in step
(d), a pol ynuglgetgjde of the gene encoding the foreign immunogenic
protein. [C aimd4] A nmet hod according to claiml or 2, wherein

t he fusi epngeRecitRehUEES nclpSEReam t hereof, a pol ynucl eoti de encodi ng
a signal sequence deriveg fromthe virus-particle-form ng protein.
[C ai m 5] PCR was performed by use of pLuc-MCS (product of
Stratagene) as a template, forward primer Rluc F PstI F189-
105 (ACTGCTGCAGATGGGAGCTCGAATTCCAGCTTG) (SEQ ID NO: 28), and
reverse primer Rluc-Rev2 F189-127
(ACTGCACTTAGTGTTACAATTTGGACTTTCCGCCC) (SEQ ID NO: 29). The
thus-obtained DNA fragment was cloned between PstI and Dralll
sites of pCAP-HAl/Anhui. The thus-constructed plasmid was
denominated pCAP-Luc.
[0089]
Construction of pCAP-AFP
PCR was performed by use of pQOBI25-fAl (product of MB
Biomedical) as a template, forward primer AFP-F F189-77

(ACGCCTGCAGGCTAGCAAAGGAGAAGAACTCTTCA) (SEQ ID NO: 30), and

reverse primer AFP-Rev2 F189-127
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A met hod according to claim1 or 2, wherein the gene encoding the
virus-particle-formng protein is any of a bacul ovirus gp64 gene, a
vesicular stomatitis virus glycoprotein gene, a human

i mrunodeficiency virus type 1 glycoprotein gene, a hunan respiratory
syncytial virus nenbrane glycoprotein gene, an influenza A virus

hemaggl utj ni n._gene an |anuenza B virus he gg ut|n|n a her pes
si npl ex vd éh R o o] i3 1r%%)8 The
protein [Cla|n16] nethod accordi to claim1l1 or

Wherei n 1 sgalpetaeiﬁtecsﬂd T A 8 (6 Qe g?%ﬁ‘f?gerbr"g‘lf‘el?ﬁ?% apd

bacuIOV|rus en m hod accordln to claiim1
or 2, whéFd gtgeeﬂn@%r&@op AT ol GHe TRCGeeE T éﬂ plasTid
gene for an t| en ct f anong a mal ari a antlgen

i nfl uenzd &7 %&&@Hﬂ%&f pa%c%ggnct erium tubercul osis anti gen, an
SARS vi rus anthﬁﬁﬂﬂ a West Nile fever virus antigen, a dengue fever
virus antigen, | V antigen an HCV antigen, a |leishmania antigen,

a trypan%sogl o |l%%n Ofa &pr%é/qt ozoon anti gen, and a cancer anti gen;

orla gegef o1 ta T uston ant i'gen" 0f a cytokine and at |east one geng
sccording o A A o %o%%ﬁieaﬁ'“%%e%e@%s%ﬂ iR e
fusi on 9‘%‘[91%1ttﬁcgﬁ'eg§t ed .0 té?nﬁz&%gct"&“tfoﬁg.l;gbﬁ rrfeu Y QTOLEET AT

t hrough 't ga tween a p €r ca nc ioning in

v <br i s g de B PO e | S s 22, B0

according to ¢ e pronoter cap n

vert ebrat e eeldes 55 38! edpk/ P amngA cytonegal ovirus pronoter,
an 8V40 pronoter, a retrovirus pronoter, a netall othionein pronDter

a heat - She@kRHRTHAGTRIIRIA R TR RLIDIR!), @EE!19NgRT ofsf ackpk

| a pronpter, an actin pronoter, a ubiquitin pronoter, an albunln

pronot er +13Rd MR MACL IRES AR wANd it DT UssPF Y Srd ST
sel ected fromanong a pol yhedrin pronoter, a plO pronoter, an IE1l

ngnnter51%e%3%fp&@ﬁEL@maﬁ%ﬂ§ﬂi prQHEtEhusaEGnétgﬁéﬂeBrgﬁakﬁﬁd fElsal m

denominated pCAP-Neo.

[0091]
(6) Production of transfer vector plasmid pCAP-HAL/Vietnam/0G
{6.1) Production of transfer vector plasmid pCAP-0G

PCAP-HAl/Vietnam was digested with restriction enzymes
Spel and DralIlIl. Into the fragment, a synthesized artificial
gpé4 gene seguence (SEQ ID NO: 34) digested with restriction
enzymes Spel and Dralll was inserted, to thereby construct a
plasmid. The plasmid was denominated pCAP-0G.

[0092]
(6.2) Production of transfer vector plasmid pCAP-
HAl/Vietnam/OG

pPCAP-HAl/Vietnam was digested with restriction enzymes

PstI and Xmal, to thereby prepare a fragment containing an
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A nmethod for producing a transfer vector containing a DNA region of a
gene encoding a foreign i nmunogeni c protein, the DNA regi on being
inserted between virus DNA regions including at | east one gene
encoding a virus-particle-formng protein, the nethod conprising

nodi fyi ng a pol ynucl eoti de sequence of an N-term nal and/or

C-term nal,.vi us region fused w t.h _th \_regi of. .t he .gen
encodi nqutA}'ule gfe(l%lree'?g;lﬁhiem%mr% ggﬁi%cwﬁrso gf’r?rgga{\ﬁgttot ﬁ’gﬂgéloﬁnﬁ%’llg%[ ?1(%1
sequence.exhi bj.ts reduced.i dentity .t.o _a naturall cur

ol ynuct Sac AR S R Ui el SO i oh A T The
modi fyin e Mq”ﬁ! i : ion..of ;1. '
acid resigt h%s cg%lnstl l}t%%]&q g"‘%@ﬁ@%ﬁ% ndze%n%ﬂ naattaeudr)g(f}%}pg?gﬂr‘%lrbﬁcg%% )
virus-particlergégﬂﬁ ng protein is deleted. [Caim 11] A et hod
for producing a reconbi nant bacul ovirus conprising enploying a

transt er wactonio il Rl Yl BT S b U100 IR GANIGS YL Als,

| east one geneé encoding a viruspartic m ng pro and ‘a géne

encodi ngaGI/G (T ARANICE RIH/RId), e JEBiENO% LRI N

co-transfecting, into an I nsect host ce ul ovitus DNA and the

Lransfer vect arndit dycatt by Jiodi faddigddie Pol oWl eos] densenypnee of

t he gene encoding the virus-parti ormng protein so as not to

al ter theamme A6 @_ﬂvﬁsia(ﬂy%sr_tq%sctiiailugéa& %éﬂé&%ooggﬁdﬂgm%fd&r ad y

occurring virus-particle-formng protei'n, and/or nodifying the

pol ynucl @qtds@ﬂamqu%_ Had herenRe ised.habch RALt pbeRrekmbACHPTLRE of
acid residues consfituting thé naturally occurring

Vi I us- pakhieClag+figiding peRflintd Sidel elrth1 dtd aiafdl Hrcsp opthf (57 -
transfer vector which includes therein a fusion gene containing at

| east oneagenecencadicaGeannnusTeRiddagirefer 8/ ng mytat @it ARthR e 4,
encodi ng a foreign i munogeni c protein, wherein the pol ynucl eoti de

sequence sgb trive Ngena sgneedi FE ddre opig-us-3mamt i@’e-forming protein is
nodified so as not to alter the am no acid residues constituting a
COr I €S PoNdRTg CratECATITY: ACTRWOAGAG AGCARScraIddadlae-3f or s Ryiddeei n

and/ or the polynucl eoti de sequence of the gene is nodified so that a

porti on ohdeté iamidno S&Q dDr &®i:ddgs ; RE@SH idpat-igehheg siat ural |y

occurring virus-particle-formng protein is deleted. [C aim 13]

A transf eacrertarcahiceadocerrades Tohaacaioa ra -3 i :0Psan e iten taida g radd ,

| east one gene encoding a virus-particleformng protein and a gene

encodi ngSECf GbeNgn B#nuaoge BHECSHr ofdi-r, (3@3er €i5d -t he pol ynucl eot i de
sequence of the gene encoding the virus-particle-formng protein is

nodi f i ed C&ATESCREGCCH TAINCEATCHE AQ@AAG TAICH TTESIANTAT CRAITHAT - | :ngKnea T

correspondi ng naturally occurring virus-particle-formng protein.

[ A ai m 14ftA undesflenedectS d&cdCdi 3G )tio oal MEMSE2 opwhifcl2 058 (57 -
GACTCTGCAGAATGCAAACCCAAATGCCAATCCARAACGC-37 : PstI site
underlined, SEQ ID NO: 40} and PfCSP opt-r{(373) (5’-
CGATCCCGGGCCTTCTCCATCTTACAAATTTTCTTTTCAATATCATTAGC-3 : Xmal
site underlined, SEQ ID NO: 39}). Each of the obtained DNA
fragments was digested with PstI and XmaI, and the fragment
was inserted into pCAP-HAl/Anhui or pCAP-HAl/Anhui/467 which
had been treated with PstI and XmalI. The thus-constructed
plasmids were denominated pCAP-CO/full, pCAP-CO/76, pCAP-

Co/76/467, and pCAP-CO/205, respectively.
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produced by performng the followi ng steps (a) to (c) and/or (d) and
(e): (a) a step of nodifying the polynucl eoti de sequence of
the gene encoding the virus-particle-formng protein so as not to
alter the ami no acid residues constituting a correspondi ng naturally
occurring virus- particle-forning protein, and obtaining the nucleic
aci d sequence i nformatio ol.ynucl eotj de incl udi ng the gene
encodi ng the \Nq‘q_%ﬁa[t[ c ptot et i on nurgbeY b‘?fga g gnigpo
synthe3|zkﬁg%the ol nuc eotlde 0 the asis_of the nuclelc acid

sequence iGréd 9 Shasgpqayum falcipaiym éﬁ5of
Ilgatlng rtlng, |nto t he polynucleotlde synt hesi zed in step
(b), Sﬁinﬁgﬁi%hlde of the gene encoding the foreign i nmunogenic
proteln 0& Q]a step of synthesizing a pol ynucl eoti de encodi ng
a partial pon% de of the naturally occurring

vi ruspar tJ_cl orm rot.ein obtain ed .t hrou el etion of .a 1 on
of the a%xno%am & re%%coueslnt%ln_‘s%atc |Or¥gertlﬁe O%gttglr alqrfseg% "Pentlo

Vi rus- part, dpb% |gpfy%'g&&%% H &é%cﬂplynucleotlde whose sequence

has been nnd so as not er the am no acid residues

constltutlng t ol EQRE!
i gatn ng or er“[%“aarrI 68|fn?io ]%/ e p ql;?ar?utglrbgaciﬂfglsﬁ/éﬁel%sn zecgzo% n St

(d), Q%%%lc%%% % of fedene iepcedicng I\fd%,%cgf hel e 'C
proteln transfer vect'or accor |ng to a|n112 or
13, wher gjy| %u&%%l %nw@%epfa | ades . HRslgi ey ectlon of SE9
pol ynucl eoti de enco |ng a signal sequence “derive ron1t e

virus- pagkihgletarm R Rl 2@ PR 18l each o ttm%nscfx%rns\f%&t or
according to claim 12 or 13, wherein the gene encoding the

Vi r us- pakielelbesl UG REREIR EafM 0f 2 JRACWH AW HAS GRGA RN - a
vesicular stomatitis virus glycoprofein gene, a human

i munodetinGi/@RGY BC®S Ha e 1 E telavC ORAlre A 198Nt rAndyWTBN gc@gpi rat ory
syncytial virus menbrane gl ycoprotein gene, an influenza A virus

hemaggl utinni/Rrigenam/am 1i, nflcaenza 1 Bw iefws myamag g odaenin 198t riud)eries

si npl ex virus glycoproteln gene, and a nurine hepatitis virus S

protein gen®-HAl/Vietnam/272, pCAP-HAl/Vietnam/467, pCAP-HAl/Anhui,
pCAP-HA1l/Anhui/272, pCAP-HAl/Anhui/467, pCAP-HAl/Vietnam/0G,
pCAP-bGal, pCAP-Rluc, pCAP-Luc, pCAP-AFP, and pCAP-Neo.

The thus-produced recombinant baculoviruses were
denominated AcNPV-Pol-HALl/PR8, AcCNPV-CAP-HA1l/PR8, ACNPV-CAP-
HAl/Vietnam, AcNPV-CAP-HAl/Vietnam/51, AcNPV-CAP-
HAl/Vietnam/101l, AcCNPV-CAP-HAl/Vietnam/154, AcNPV-CAP-
HAl/Vietnam/201, AcNPV-CAP-HAl/Vietnam/272, AcNPV-CAP-
HAl/Vietnam/467, AcCNPV-CAP-HAl/Anhui, AcNPV-CAP-HAl/Anhui/272,
ACNPV-CAP-HAl/Anhui/467, AcCNPV-CAP-HAl/Vietnam/0G, AcNPV-CAP-
bGal, AcNPV-CAP-Rluc, AcNPV-CAP-ILuc, ACNPV-CAP-AFP, and
ACNPV-CAP-Neo, respectively.

Sf9 cells were cultured sco that the cell concentration

was adjusted to 2 x 10’ cells/plate (150-mm cell culture
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[Claim17] A transfer vector according to claim112 or 13,
wherein the gene encoding the virus-particle-formng proteinis a
bacul ovi rus gp64 gene. [ ai m 18] A transfer vector according
to claim12 or 13, wherein the gene encoding the foreign i munogenic
protein is a gene for an antigen selected fromanong a nalaria
antigen, an influenza virus antigen, a Mcobacteriumtubercul osis

T e ot he m t i gart g, 447
;ﬁgsgnggff:%%r?ﬁln' g%}? .ene fc?]g\ijf&%i’e n%1 %&iﬁ fz%?%qkjﬁ}jd
oo o el i Skeliitennit e o el ietetis
Lheroin BREFud dn GRRBereCrl Earehot aoRns Hiuhe: FoRnEu cuPhdiauia

pronoter prepared through |igation between aﬂprormt er capabl e of
functi oni irﬁC\Pé’ﬁr@&g)(eC@é} I Rt B @ A AR a6t ér € Eerafm

20 A f t di, t o .cl ai 19. wh i h

o ot r MAREERS B by A LR 0o (B8 Y St I ) Ao
| i. t . \4.0 1 , t i

P oot or A TR ARG Ge! (ST FSLEE, B thaat Ao dox J5toraith tbrioferor

2 CAG pr gDy, elangald;an, f 3LAL, J.3 Loipier.. an et n promter.

a ubi qui f'in proonotér, a n pronoter, ‘cl ass
pronoter; and acul ovirus pronoter is selected fromanong a
pol yhedrin pronoter, a plO pronoter, an | El pronoter, a p35 pronoter,

a p39 pr%@é&hﬁs&e and 3 IRE4 IO 8lacdrid A2 Haculovirdd transfer

vector contafning a DNA region of a gene encoding a foreign

i munogeni ¢ priof @ s dRe- ¥R eGl R, Re{NY diserdgsh bet wasn nd Fdis: A

regions including at | east one gene encoding a virus-particle-formng

protein, yuhepreh-?3mRel ¥AYE @Alhde S efue Ree i 1AV tRIJIIRAl RRA/OT
C-terminal virus DNA region fused with the DNA region of the gene

encodi ngpt-heulanei gn exampIegenins RedtRl B & MRdhided8g ddwatkilhe
pol ynucl eoti de sequence exhibitS reduced identity to a naturally

occurri ngpReknbdc beoticda geaguenseref thersaiBgVvEsussDhAyEegtas;
and/ or the polynucl eoti de sequence is nodified so that a portion of

the am nguperdatasitduas eersikirdl, Ngnd $AELESP AT dadtiviakias
occurring virus-particle-formng protein is deleted.
performed twice.
After the second purification, Sf9 cells inoculated to
a 48-well plate were infected with the isolated plaque.
After culturing for 5 days, the supernatant was recovered.
Sf9 cells inoculated to a 25-cm® flask were infected with the
supernatant at a multiplicity of infection of about 0.1.
After culturing for 7 days, the supernatant was recovered
(the recovered supernatant was employed as P2 virus stock).
Sf9 cells were further infected with the P2 virus stock at a
multiplicity of infection of about 0.1, and the culture

supernatant recovered after 7 days culture was employed as P3

virue stock. During transfection and infection in the 48-
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SEQUENCE LI STI NG <110> O suka Pharnmaceutical Co., Ltd. <120> Met hod
for producing reconbi nant virus <130> 0P0060 <150> US 12/705, 317
<151> 2010-02-12 <160> 62 <170> Patent In version 3. 1 <210> 1 <211>
42 <212> DNA <213> Artificial sequence <220> <223> d i gonucl eoti de as
PCR priner phsp65-F1 <400> 1

well plate, a BacVector Insect Cell Medium (product of
Novagen} was employed; during plaque purification, a
1.3xSf900IT medium (product of Invitrogen) was employed; and
a TNM-FH Insect cell medium (product of Becton Dickinson) was
employed during infection in the 25-cm® flask.

[0096]
Example 4: Recovery of genomic DNA from recombinant
baculovirus, and PCR analysis of virus DNA

To each virus solution (50 puL), a DNA extraction buffer
(50 mM Tris-HCl (pH: 8.0), 20 mM EDTA, 0.1 M NaCl, and 1%
SDS) (400 uL), and 20 mg/mL proteinase K (8 uL) were added,
and the mixture was incubated at 50°C for 3 hours. The
solution was cooled to room temperature and then treated with
phenol-chloroform (TE-saturated phenol : chloroform =1 : 1,
Wako Pure Chemical Industries, Ltd.} (458 uL). The genomic
DNA of the virus was recovered from the supernatant through
ethanol precipitation.

[0097]
(1) PCR analysis of wvirus DNA

PCR was performed by use of the recovered genomic DNA
(1 ng) of the virus as a template.

PCR cycle was 94°C for two minutes, 30 cycles of 98°C
for 10 seconds, 60°C for 30 seconds, and 68°C for 5 minutes,

followed by 4°C. An aliquot (10 uL) of the PCR reaction

mixture was subjected to agarose gel electrophoresis, and DNA
was stained with ethidium bromide.

The combinations of primers employed in the PCR were as
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aat aat agat ctaatggcca agacaattgc gtacgacgaa ga42 <210> 2 <211> 63
<212> DNA <213> Artificial sequence <220> <223> digonucl eoti de as
PCR prinmer phsp65-Rl1 <400> 2 aatccaat gc ggccgcggga attcgattcc

t gcaggt cag aaat ccatgc cacccatgtc60 gcc63 <210> 3 <211> 74 <212> DNA
<213> Artificial sequence

follows: forward primer Pol h-F (5’ -CCATCTCGCAAATAAATAAGTA-3'
(SEQ ID NO: 41)) and reverse primer Pol A-f (5'-
AGAAGTCAGATGCTCAAG-3' (SEQ ID NO: 42)}); forward primer CAG-F-
Fsel (57 -CTAGTTATTAATAGTAAT-3’ (SEQ ID NO: 43)) and reverse
primer GP64-R2 (5’ -CATCGCCACGATTTGTTGCAC-3’ (SEQ ID NO: 44));
and forward primer Pol h-F (5’ -CCATCTCGCAAATAAATAAGTA-3' (SEQ
ID NO: 41) and reverse primer GP64-R2 (57 -
CATCGCCACGATTTGTTGCAC-3" (SEQ ID NO: 44)).

[0098]

A PCR product was extracted from the agarose gel
through irradiating the ethidium bromide-stained gel with UV
light, cutting a DNA band of interest, and extracting DNA
from the gel by means of a QTAquick Gel Extraction Kit
(product of QIAGEN} .

Sequencing of the PCR product was performed through
extracting a PCR-amplified taxrget DNA from the gel and
employing the extract as a template for sequence analysis.
Alternatively, the extract was cloned by means of a Zero
Blunt TOPO PCR Cloning Kit (product of Invitrogen) and then
employed as a template for segquence analysis. Cycle reaction
was performed by use of DNA (5 to 300 ng) as a template and
Bighye Terminator v3.1 (product of Applied Biosystems). The
employed primers were Pol h-F (5’ -CCATCTCGCAAATAAATAAGTA-3'
(SEQ ID NO: 41)) and Pol A-f (5'-AGAAGTCAGATGCTCAAG-3' (SEQ
ID NO: 42}).

The employed sequeﬂcer was Applied Biosystems 3130x1l

Genetic Analyzer (product of Applied Biosystems).
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<220> <223> digonucl eotide as PCR priner phsp65-F2 <400> 3
cacccctgca ggactacaag gacgacgatg acaaggaatt catggccaag acaattgcgt 60
acgacgaaga ggcc74 <212> DNA <213> Artificial sequence <220> <223>

A i gonucl eotide as PCR primer phsp65-R2 <400> 4 cccgggcgaa atccatgcca
cccat gtcgc cgccacc37 <210> 5 <211> 30

[0099]

Subsequently, gene fragments for producing probes to
detect restriction enzyme-treated virus DNA fragments in
Southern blot analysis performed in the Exampies hereinbelow
were amplified through PCR. The target probes were as
follows: an HA1/VN probe {(which can detect a fusion gene of
an antigen gene HAl and a gpé4 gene); a gpé4 probe (which can
detect a fusion gene of an antigen gene HALl and a gpé64 gene,
a gene (mutant virus DNA) formed through removal of the
antigen gene from the fusion gene, and an endogenous gpé4
gene) ; and a promoter probe (which can detect a fusion gene
of an antigen gene HAl and a gpé64 gene and a gene formed
through removal of the antigen gene from the fusion gene).
The promoter probe was produced, since the aforementioned
gp64 probe cannot bind to a virus DNA fragment which includes
a polynucleotide obtained through modification of a
polynucleotide sequence of a naturally occurring gpé4 gene,
or a virus DNA fragment which includes a polynucleotide
obtained through shortening the DNA sequence of the gp64 gene.
The concentration of each amplified gene fragment was
measured, and the fragment was used as a probe in an amount
of 50 to 100 ng with respect to 10 mL of hybridization buffer.

[0100]

(2) Production of probes employved in Example 5 (I)

In order to produce a DNA fragment of the HA1/VN probe,

PCR was performed by use of 10 uM forward primer VN-F2 (5'-

GTGTCCAGCGCCTGCCCCTACCAGG-3’ (SEQ ID NO: 45)), 10 UM reverse
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<212> DNA <213> Artificial sequence <220> <223> digonucl eotide as
PCR prinmer HA-f <400> 5 cctgcaggta tgaaggcaaa cctactggtc30 <210> 6
<211> 23 <212> DNA <213> Artificial sequence <220> <223>

A igonucl eotide as PCR prinmer HA-r <400> 6 gcccgggcga tgcatattct
gca23

primer VN-R3 (5’ -CCGTACTCCAGTTCTGACTTCATG-3’ (SEQ ID NO: 46)),
and a transfer plasmid pCAP-HAl/vietnam as a template DNA.

In order to produce the gpé4 probe, PCR was performed by use
of 10 uM forward primer GP64-271-F (5’ -ACCGAGTCAAGAAGCGGCC-3'
(SEQ ID NO: 47)), 10 UM reverse primer pol A-f (5'-
AGAAGTCAGATGCTCAAG-3" (SEQ ID NO: 42)}, and a transfer
plasmid pCAP-HA1l/PR8 as a template DNA. Through the above

PCR procedures, gene fragments for producing probes were
obtained. The nucleotide sequences of the DNA fragments are
shown in SEQ ID NOs.: 50 and 51.

The probes were produced from the gene fragments by
means of a kit; an AlkPhos Direct Labeling and Detection
System (GE Healthcare).

fo101]

(3) Production of probes employed in Example 8 (II)

The same HA1l/VN probe and gp64 probe as employed in

Example 5 were used. In order to produce the promoter probe,

PCR was performed by use of 10 uM forward primer CAP-PromF

F213-22 (5’ -GCCTCTGCTAACCATGTTCATGC-3’ (SEQ ID NO: 48)), 10
uM reverse primer CAP-PromR F213-22 (5'-
CTTGCTTGTGTEGTTCCTTATTGAAGCC-3" (SEQ ID NO: 4%}}), and a
transfer plasmid pCAP-HAl/vietnam as a template DNA.
Through the above procedure, DNA fragments of the
HA1/VN probe and the gpé4 probe, and a gene fragment for
producing the promoter probe were obtained. The nucléotide
sequences of each DNA fragments are shown in SEQ ID NO: 50,

51, and 52.
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<210> 7 <211> 37 <212> DNA <213> Artificial sequence <220> <223>

A igonucl eotide as PCR prinmer pl-1A-Fl1 <400> 7 caccgaattc gacacaat at
gt at aggcta ccatgcg37 <210> 8 <211> 32 <212> DNA <213> Artificial
sequence <220> <223> digonucl eotide as PCR priner pHA-RL

The probes were produced from the gene fragments by
means of a kit; an AlkPhos Direct Labeling and Detection
System (product of GE Healthcare).

[o1o02]

In a manner similar to that of Example 3, recombinant
viruses were subcultured, and the amount of produced virus
DNA was determined through PCR. Through Western blot
analysis, a drop in expression amount of a target antigen was
observed.

In order to confirm the cause for the drop in
expression amount, PCR was performed by use of a primer set
to amplify a region including a promoter seguence and an
antigen sequence (CAG-F-Fsel and GP64-R2), and virus genomic
DNA prepared from each virus as a template (5 pL). After PCR,
the PCR products were analyzed through agarose gel
electrophoresis. As shown in Fig. 1, an unexpected band
{(lower) was observed at a size different from a deduced size
(upper). This unexpected band was cut from the gel, and was
subjected to sequence analysis, whereby a sequence containing
no antigen gene in which a promoter sequence was ligated to a
sequence of the gp64 gene was identified. This sequence
suggests that the recombinant virus includes a mutant virus
lacking an antigen gene.

[0103]

As a positive control, plasmid pCAP-HAL1l/PR8 was
employed (lanes 1 and 2). When the genomic DNA (100 ng)

derived from Sf9 cells was employed, neo such unexpected band
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<210> 9 <211> 35 <212> DNA <213> Artificial sequence <220> <223>

A i gonucleotide as PCR prinmer Polh-f Rsrll <400> 9 gggcggaccg

gat aattaaa atgataacca tctcg35 <210> 10 <211> 37 <212> DNA <213>
Artificial sequence <220> <223> A igonucl eotide as PCR primer 6P64-r

Draill

<400> 10

was observed (lane 8). Thus, the obtained unexpected band
was thought to be attributable to a recombinant baculovirus.
Therefore, the recombinant virus, which also serves as an
active ingredient of a medicament, was confirmed to be
lowered in purity.

In the agarose gel electrophoresis, an aliguot (10 uL)
of the reaction mixture, in which the template content was 5
uL/50 pL, was loaded on agarose gel.

[0104]

Fig. 1 shows the results of PCR employing an annealing
temperature of 60°C: lane 1, PCR product from 5 pg of plasmid
PCAP-HA1/PR8; lane 2, PCR product from 0.5 pg of plasmid
PCAP-HALl/PR8; lane 3, molecular weight marker (lkb Plus DNA
ladder (product of Invitrogen)); lane 4, PCR product from
virus DNA prepared from P2 virus stock; and each of lanes 5
to 7, PCR product from DNA of virus prepared through
subculturing virus employed in lane 4 once more (P3 virus
stock) .

[0105]

Example 5: Detection of mutant virus through Southern blot
analysis

A virus from the P3 virus stock of recombinant
baculovirus AcCNPV-CAP-HAl/Vietnam obtained through
subculturing in Example 3 was subcultured once more. From
the thus-obtained virus, virus DNA (0.2 ug) was recovered and
digested with restriction enzymes Swal (NEB) and Xbal (NEB).

The whole digestion product was subjected to agarose gel

65



gggcacttag tgatattgtc tattacggtt tctaatc <210> 11 <211> 990 <212> DNA
<213> Artificial sequence <220> <223> Artificial gene synthesized
based on Hemaggl utinin HAL domain of the influenza virus, HS5NL/ Vie
<400> 11 gaccagatct gtatcggata ccacgccaac aacagtaccg gagaagaatg

t gaccgt gac ccacgcccag gatatcctgg ctgtgcgatc tggacggcgt gaagcccctg
atcct gcgeg & %ﬁ§$F a.;accctatgtg cgacgaattt atcaacgtgc gagaaggcta
accccgtgaaeigac gczﬁaccccggag ct gaagcatc tgctgtcaag gattaaccac

tt cgagaaga agc(ggﬂ%ct cccacgaggc ctcactggga gtgtccagcg tcaagcttct
tt cgcaacgt ggtg ggctg atcaagaaga aagaggt cct acaacaacac caaccaggaa

gacctgetgg ccoapl gfecc HGLO8A0H: 4AGGRAICT Y W ASCRUARAG: s ggcaccagea

ggccagt ccg ttcgagagca gattccacca cccat gggcg gagfgcccca ccacagaggg

cact gaac tg gtc t. tc acgt gaa
R rdGeacAga a@é HF 3{GRAINLC LoALEAAG! C A

agagacgcag gcgcctggtg attttt g catcgccccc agaact ggadg cagcat gcca

gt ccaacagn. 43a9a39a9:f thadaal CQ ILALGLRES AP 1RGIGEARL, ) |

ttccacaaca ctggtgctgg ccaccagatc caaagt gaac agcccaatga tgccat caac

acaagat t ¢t 032 3RIY ¢ rHAFACERA tF IC eRERM AL (R} Gfdls IAC ARG

ctaccggact gcgcaattcc
Blotter (product of Whatman) and fixed through UV cross-

linking (1200x100 uj/cm?®)

[0107]

Subseguently, the membrane was immersed in a
hybridization buffer, to thereby perform prehybridization
(hybridization buffer 10 mL/6x11 cm membrane) at 65°C for 30
minutes.

The hybridization buffer employed was a hybridization
buffer included in a kit; AlkPhos Direct Labeling and
Detection System (product of GE healthcare), and used
according to an instruction attached to the kit.

[0108]

The HAl/VN probe or gpé64 probe produced in Example 4
was added to the hybridization ligquid, and hybridization was
performed at 65°C for 4 hours or longer.

After completion of hybridization, the membrane was
washed, and bands were detected by use of a CDP-star
detection reagent (product of GE Healthcare).

After detection of signals, re-probing was performed.
Another hybridization was performed by use of a 1kb plus DNA

ladder probe, which had been produced by labeling a 1kb plus
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660 720 780 840 900 960 990 <210> 12 <211> 25 <212> DNA <213>
Artificial sequence <220> <223> A igonucleotide as PCR prinmer VN F1
<400> 12 cagtctgcag gaccagatct gtatc25 <210> 13 <211> 25 <212> DNA
<213> Artificial sequence <220> <223> A igonucl eotide as PCR pri ner
VN- R4 <400> 13 cagtcccggg ctctcttctt cctgc25 <210> 14 <211> 34 <212>

DNA < > ifjci < >
2:|'3DI\T'?3A\r ELlafddCelral (psi:% u%q:ceof 21211%itrogen) (20 to 100 ng} by means of

a kit; AlkPhos Direct Labeling and Detection System (product
of GE Healthcare), to thereby determine the sizes of the
bands. The results are shown in Figs. 2(A) and 2 (B}.

[0109]

In Fig. 2, (A) shows the results of the case in which
the HA1/VN probe was used, and (B} shows the results of the
case in which the gpé64 probe was used: lane 1, clone 1 of
AcCNPV-CAP-HAl/Vietnam; lane 2, another clone (clone 2) of
AcNPV-CAP-HAl/Vietnam; lane 3, molecular weight marker (1kb
plus DNA ladder (product of Invitrogen)); lane 4, clone 1 of
AcNPV-CAP-HAl/Vietnam; lane 5, clone 2 of AcCNPV-CAP-
HAl/Vietnam; and lane 6, molecular weight marker (1kb plus
DNA ladder (product of Invitrogen)).

As shown in Fig. 2(A), the HA gene was detected at the
expected size. In Fig. 2(B), a band attributed te a fusion
gene of the HAl gene and the gp64 gene, and a band attributed
to the endogenocus gpr64 gene (both bands being attributed to
non-mutant virus}) were observed. In Fig. 2(B}, a band
attributed to the gpé64 gene (lacking HAl gene) was also
observed (the band being attributed to mutant virus). Thus,
the presence of a mutant virus in the wvirus solution was
confirmed.

10110]

Example 6: Southern analysis of modified products of gpé64
gene for preventing generation of mutant virus

Since the presence of the aforementioned mutant virus
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<223> digonucl eotide as PCR prinmer gp64(51)-f <400> 14 gactccccgg
gt ggaaat ca ccatcgtgga gacg34 <210> 15 <211> 34 <212> DNA <213>
Artificial sequence <223> digonucleotide as PCR priner gp64(101)-f
<400> 15 gactccccgg gatttgctta tgtggagcat cagg34 <210> 16 <211> 34
<212> DNA <213> Artificial sequence <220> <223> digonucl eoti de as

PCR priner gp64(154)-f <400> 16 3actccccgg gcgcaccaca cgtgcaacaa
atcg34 <b®es> Neppf igmedy 1 b 2F3fer NaGQHAK PACSKHiteide Bxample 1

(i.e., a plasmid vector having a polynucleotide sequence
having a reduced identity of about 77% with a polynucleotide
sequence encoding the amino acid residues constituting the
naturally occurring GP64 proiein so as not to alter the amino
acid residues constituting the naturally occurring GP&4
protein) was employed as a modified product of gpé4 for
preventing generation of mutant virus. By use of the plasmid
vector, a recombinant baculovirus (AcNPV-CAP-HAl/Vietnam/OG)
was produced. For the purpose of further refined analysis,
some modified products of GP64 having a partially shortened
GP64 nucleotide sequence were subjected to PCR in a similar
manner.

Specifically, virus DNAs were recovered from P3 virus
stock obtained through subculturing in Example 3, including
ACNPV-CAP-HAl/Vietnam/0OG, AcNPV-CAP-HAl/Vietnam, AcNPV-CAP-
HAl/Vietnam/51, AcNPV-CAP-HAl/Vietnam/101, AcNPV-CAP-
HAl/Vietnam/154, ACNPV-CAP-HAl/Vietnam/201, AcCNPV-CAP-
HAl/Vietnam/272, and AcNPV-CAP-HAl/Vietnam/467, in a manner
as employed in Example 4. Each virus DNA was subjected to
PCR analysis employing relevant primers. Fig. 3 shows the
results.

[0111]

In Fig. 3, lane 1 shows a molecular weight marker (1kb
plus DNA ladder {product of Invitrogen)); lane 2 shows a band
attributed to AcNPV-CAP-HAl/Vietnam/OG virus DNA; lane 3

shows bands attributed to AcNPV-CAP-HAl/Vietnam virus DNA;
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<220> <223> Aigonucl eotide as PCR prinmer gp64(201)-f <400> 17
gactccccgg gacactgtgc ttcatcgaga cggc34 <210> 18 <211> 31 <212> DNA
<213> Artificial sequence <220> <223> digonucl eotide as PCR pri ner
gp64(272)-f <400> 18 gactccccgg gtcgagcacc gagtcaagaa g3l <210> 19
<211> 31 <212> DNA <213> Artificial sequence <220>

lane 4 shows bands attributed to AcNPV-CAP-HAl/Vietnam/51
virus DNA; lane 5 shows bands attributed to AcNPV-CAP-
HAl/Vietnam/101 virus DNA; lane 6 shows bands attributed to
ACNPV-CAP-HALl/Vietnam/154 wvirus DNA; lane 7 shows bands
attributed to AcNPV-CAP-HAl/Vietnam/201 virus DNA; lane 8
shows bands attributed to AcNPV-CAP-HAl/Vietnam/272 virus
DNA; and lane 9 shows a band attributed to AcNPV-CAP-
HAl/Vietnam/467 virus DNA.

[0112]

As is clear from Fig. 3, mutant virus was virtually or
completely undetected in the cases of AcNPV-CAP-
HAl/Vietnam/OG (i.e., a modified product obtained by reducing
to about 77% the identity of the polynucleotide sequence of
the gp64 gene with the polynucleotide sequence encoding the
amino acid residues constituting naturally occurring GP64
protein so as not to alter the amino acid residues
constituting the naturally occurring GP64 protein) and AcNPV-
CAP-HAl/Vietnam/272 and AcNPV-CAP-HAl/Vietnam/467 {(i.e.,
modified products obtained by partially shortening gpé64 genes,
in which the polynucleotide sequences were modified so that a
portion of the amino acid residues constituting GP64 protein
was deleted (49% and 87% amino acid sequences deleted,
respectively)) .

[0113]

Example 7: Southern analysis of modified products of gpé4
gene for preventing generation of mutant virus

As clearly described above, generation of mutant
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<223> digonucl eotide as PCR prinmer gp64(467)-f <400> 19 gactccccgg
gacat cactt ccatggctga a3l <210> 20 <211> 37 <212> DNA <213>
Artificial sequence <220> <223> A igonucl eotide as PCR prinmer GP64-r
Drain <400> 20 gggcacttag tgatattgtc tattacggtt tctaatc37 <210> 21
<211> 987 <212> DNA <213> Artificial sequence <220> <223> Artificial
gene synt hesi zed based on the am no acid sequence of Hemaggl utinin
HAL domaiVi Y88 &h &3 Rty SFEY SR TS CTHARRARRRSY A5 constructing a

transfer vector for a modified product by modifying the
polynuclectide seqguence of the gpé4 gene so as not to alter
the amino acid residues constituting the naturally occurring
GP64 protein; or by constructing a transfer vector for a
modified product by partially shortening the gp64 gene, in
which the polynucleotide sequence was modified so that a
portion of the aminc acid residues constituting GP&4 protein
was deleted.

Then, generation of mutant viruses was studied when a
transfer vector for a modified product (i.e., partially
shortened gp64 gene), in which the immunogenic protein was
changed to other influenza antigens, was employed.

Specifically, wvirus DNAs were recovered from P3 virus
stock obtained through subculturing in Example 3, including
AcCNPV-CAP-HAl/Vietnam, AcNPV-CAP-HAl/Vietnam/272, AcNPV-CAP-
HAl/Vietnam/467, ACNPV-CAP-HAl/Anhui, AcNPV-CAP-HAl/Anhui/272,
and AcNPV-CAP-HAl/Anhui/467, in a manner as employed in
Example 4. Each virus DNA was subjected to PCR analysis
employing relevant primers. Fig. 4 shows the results.

[0114]

In Fig. 4, lane 1 shows a molecular weight marker (ikb
plus DNA ladder‘(product of Invitrogen)); lane 2 shows bands
attributed to AcCNPV-CAP-HAl/Vietnam virus DNA; lane 3 shows
bands attributed to AcCNPV-CAP-HAl/Vietnam/272 virus DNA; lane
4 shows bands attributed to AcNPV-CAP-HAl/Vietnam/467 virus

DNA; lane 5 shows bands attributed to AcNPV-CAP-HAl/Anhui
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<400> 21 gaccagattt gcatcggata ccacgccaac aacagcaccg agcaggtcga

t accat cat g60 gagaaaaacg tgaccgtcac ccacgctcag gacatcctgg agaagactca
caat ggaaagl20 ctctgcgacc tggacggcgt gaaacccctc atcctgagag attgttctgt
ggccggat ggl80 ctgctgggaa accccatgtg cgatgaattt atcaacgtcc cagagtggag
ttacat cgt g240 gagaaggcca accctgccaa cgacctgtgt taccccggca acttcaacga

ctacgaggQgggg gﬁ%aa c t Gag d teocagatt at
ccct aagt ct ag ’gg%gjtceg éa%g{f%sggbg%g]&csggaticcggc egd% é—tg%cg c{ g cctgtccata
ccagggca 2@}%5 . L cagagacgt tetggct ]Qgﬁﬁ? ' ta
ccccacca?%géguggg'gaagﬁ%‘acaacadcgguggéﬁcaggég gacc g%%ca cc g?%%gg
aat ccacca 1260940119400 A GRARAIGLL ] 3F CARRA G LRfrccaccta
cat ct ccgt g600 ggaacaagca ccctcaacca gcgcct'ggt g cccaagat'cg ctacacgatc

aaaggt gaae60 1 99eCAql L GONERAGGH 988 Alitdd Lt IgnASER! GALGA gﬁ%@&a&lﬁgﬂz

cgccatcaat 720 tttgagtcta atggcaactt ‘catcgccccc gagtacgctt acaagat cgt

caagaaag@af3drmed, positive control); each of lanes 9 to 13 shows a
band for DNA obtained by PCR employing, as a template the
genomic DNA of baculovirus AcNPV-CAP-bGal, AcCNPV-CAP-R-ILuc,
ACNPV-CAP-Luc, AcCNPV-CAP-AFP, or AcNPV-CAP-Neo, respectively,
produced by use of a transfér vector in which the gpé64 gene
was not ligated to each target gene (pCAP-bGal, pCAP-Rluc,
pCAP-Luc, pCAP-AFP, or pCAP-Neo); and lane 14 shows a
molecular weight marker (1kb plus DNA ladder (product of
Invitrogen)) .

[0115]

As is clear from Fig. 4, AcCNPV-CAP-HAl/Vietnam/272,
ACNPV-CAP-HAl/Vietnam/467, AcNPV-CAP-HAl/Anhui/272, and
ACNPV-CAP-HALl/Anhui/467, in which the N-terminal amino acid
sequence length of GP64 protein was shortened by 51% or 13%
(gene level), exhibited a clear decrease in bands derived
from mutant viruses (lanes 3, 4, 6 and 7), as compared with
the constructs in which the N-terminal amino acid sequence
length of GP64 protein was not shortened. In addition, when
five clones (lanes 9 to 13) having a gene encoding a foreign
immunogenic protein with which the gpé4 gene was not fused
were tested, no such mutant virus was detected. Furthermore,
when the immunogenic protein was changed to other influenza

antigens, no mutant virus was detected.
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gactccgcca tcgtgaagtc cgaggtggag tacggcaact gcaacaccaa gtgccagacc840
ccaattggag ccattaactc cagtatgccc ttccacaata tccacccact gacaattggc900
gaat gcccca aat acgt gaa aagcaacaaa ctggtcctgg ctaccggact gcgcaacagc960
cccctgcgecg agcgcaggcg caagaga987 <211> 25 <212> DNA <213> Artificial
sequence <220> <223> digonucl eotide as PCR priner AH F1 <400> 22
cagtctgcag gaccagattt gcatc25 <210> 23 <211> 25 <212> DNA <213>
Artificial seq <220>

Example 8: Detection of amounts of recombinant virus and
mutant virus through Southern blot analysis

Virus DNAs were recovered from recombinant
baculoviruses obtained through subculturing P3 virus stock
obtained through subculturing in Example 3, including AcNPV-
CAP-HAl/Vietnam, AcCNPV-CAP-HAl/Vietnam/272, AcCNPV-CAP-
HAl/Vietnam/467, AcCNPV-CAP-HAl/Vietnam/0G, and wild-type
baculovirus {(AcNPV). Each of the virus DNA was digested with
restriction enzymes Swal (NEB} and Xbal (NEB) and subjected
to agarose gel electrophoresis.

[0117]

Specifically, virus DNA (2 ug) was digested with a
restriction enzyme Swal (NEB)} and Xbal (NEB), follwed by
ethanol precipitation. The thus-cbtained pellets were
dissloved in a TE buffer, and the digestion product was
separated by 0.8% agarose gel.

[0118]

Subsequently, the gel was treated with 0.25 M HCl
solution, denaturation buffer (0.5 M NaOH, 1.5 M NaCl), and
neutralization buffer (1 M Tris-HCl (pH: 7.5), 1.5 M NaCl).
The DNA contained in the gel was transferred to a membrane by
means of a Turbo Blotter (product of Whatman) and fixed
through UV cross-linking (1200x100 uj/cm?).

Subsequently, the membrane was immersed in a

hybridization buffer, to thereby perform prehybridization

(hybridization buffer 10 mL/6x1l cm membrane) at 65°C for 30

72



<223> digonucl eotide as PCR prinmer AH R4 <400> 23 cagtcccggg
ctctcttgcg cctge25 <210> 24 <211> 34 <212> DNA <213> Artificial
sequence <220> <223> digonucl eotide as PCR priner bGl-F Pstl
F189- 105 <400> 24 actgctgcag atgtcgttta ctttgaccaa caag34 <210> 25
<211> 35 <212> DNA <213> Artificial sequence <220> <223>

A i gonucl eotide as PCR priner bGal Rev(Dra3) <400> 25 actgcactta
gt gttttt&&n&%@aga%a 53?@@%2%’2199 bgrisrsmpioysdr WapnA <213>

Artifici ence
%ybr %zatlon buffer included in a kit; AlkPhos Direct

Labeling and Detection System (product of GE healthcare), and
used according to an instruction attached to the kit.

The promoter probe produced in Example 4 was added to
the hybridization liguid, and hybridization was performed at
65°C for 4 hours or longer.

After completion of hybridization, bands were detected
by use of a CDP-star detection reagent (product of GE
Healthecare) .

After detection of signals, re-probing was performed.
Another hybridization was performed by use of a 1lkb plus DNA
ladder probe, to thereby determine the sizes of the bands.
The results are shown in Fig. 5 and Table 2.

[0119]

In Fig. 5, lane 1 shows a band attributed to 1 x 10%
copies of pCAP-HAl/Vietnam plasmid (control) (0.84 ng); lane
2 shows a band attributed to 3 x 10’ copies of the control
plasmid (0.252 ng); lane 3 shows a band attributed to 1 x 107
copies of the control plasmid (0.084 ng); lane 4 shows a band
attributed to a wild-type baculovirus DNA; lane 5 shows bands
attributed to AcNPV-CAP-HAL/Vietnam/OG wvirus DNA; lane 6
shows bands attributed to AcNPV-CAP-HAl/Vietnam virus DNA;
lane 7 shows bands attributed to AcNPV-CAP-HAL/Vietnam/272
virus DNA; and lane 8 shows bands attributed to AcNPV-CAP-
HAl/Vietnam/467 virus DNA.

[0120]
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<220> <223> digonucleotide as PCR priner Riuc F Pstl F189-134 <400>
26 actgctgcag atgacttcga aagtttatga tcc33 -7- <210> 27 <211> 35
<212> DNA <213> Artificial sequence <220> <223> A igonucl eoti de as
PCR prinmer Rluc R Dralll F189-134 <400> 27 actgcactta gtgttattagt
tcatttttga gaact 35 <210> 28 <211> 33 <212> DNA <213> Artificial

sequence <220> <223> Aigo ucl%gtide as PCR priner, Rlhuc F Pstl
F189- 105 As 1s clea rom Fig. 5, no mutant virus was detected

in the cases of the recombinant baculovirus (AcNPV-CAP-
HAl/Vietnam/OG), in which the pélynucleotide sequence
encoding GP64 protein was modified so as not to alter the
amino acid residues constituting the naturally occurring GP&4
protein; and a modified product (AcNPV-CAP-HAl/Vietnam/467),
in which an N-terminal portion of the amino acid sequence
constituting GP64 protein was considerably shortened, the two
products falling within the scope of the present invention.
However, bands attributed to mutant viruses were detected in
the cases of AcNPV-CAP-HAl/Vietnam and AcNPV-CAP-
HAl /Vietnam/272.

Then, the amount of expressed mutant virus was
guantitatively determined based on the density ratio of the
bands for non-mutant virus, mutant virus, and control plasmid.

Table 2 shows the results.

[0121]
[Table 2]
Mutant ratio (%)
ACNPV-CAP-HA1/Vietnam/0G ND
BeNPV-CAP-HAL/Vietnam 9.1
ACNPV-CAP-HAl/Vietnam/272 0.8
ACNPV-CAP-HAl/Vietnam/467 ND

ND: No detection

fo122]
As i1s clear from Table 2, the mutation was observed in
about 9% of viruses in the case of AcCNPV-CAP-HAl/Vietnam, in

which the identity of the polynucleotide sequence of the gpé64
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<400> 28 actgctgcag atgggagctc gaattccagc ttg33 <210> 29 <211> 35
<212> DNA <213> Artificial sequence <220> <223> digonucl eoti de as
PCR priner Rl uc-Rev2 F189-127 <400> 29 actgcactta gtgttacaat
ttggactttc cgccc35 <210> 30 <211> 35 <212> DNA <213> Artificial
sequence <220> <223> digonucl eotide as PCR priner AFP-F F189-77

<400> 30 2eQC HaGC %t PeRQC 3226 FROAGRACH ¢f 12a3F AMedl il Inuse
of AcCNPV-CAP-HAl/Vietnam/272, in which only an N-terminal
amino acid sequence of GP64 protein had been shortened. In
addition, in the cases of AcCNPV-CAP-HAl/Vietnam/0G and AcNPV-
CAP-HALl/Vietnam/467, in which an N-terminal amino acid
sequence of GP64 protein had been considerably shortened, the
amount of mutant virus was under the detection 1limit (marked
with ND (no detection) in Table 2).

[0123]

In other words, since mutation of AcNPV-CAP-
HAl/Vietnam/OG and AcCNPV-CAP-HAl/Vietnam/467 were suppressed,
the purity of a pharmaceutical substance containing as an
active ingredient a recombinant baculovirus expressing a
fusion product of an immunogenic antigen gene and the gpé64
gene can be maintained. A drop in amount of expression of an
immunogenic antigen, which is a member of the fusion product,
caused by decrease in purity results in a reduced
sensitization level of an administered antigen. Thus, the
therapeutic effect by the antigen is problematically
insufficient. However, through application of the production
method according to the present invention, the aforementioned
prcoblem can be solved.

[0124]
Example 9: Western blot analysis of Sf9 cells infected with
baculovirus

Variation in amount of generated mutant virus was

investigated in the case where the transfer wvector has a
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<212> DNA <213> Artificial sequence <220> <223> digonucl eotide as
PCR priner AFP-Rev2 F189-127 <400> 31 actgcactta gtgtcaatcg
atgttgtaca gttca35 <210> 32 <211> 35 <212> DNA <213> Artificial
sequence <220> <223> digonucl eotide as PCR priner Neo-F Sbfl
F189-105 <400> 32 actgcctgca ggtgattgaa caagat ggat tgcac35 <210> 33

<211> < <213> ficial <2
211> 35 Zlae %¥%mg%g§ J§ I1n(%ﬁ% ég;ue iSIat e transfer vector has

a dual promoter.

Recombinant baculovirus AcNPV-Pol-HALl/PR8 having a
single promoter and recombinant baculovirus AcNPV-CAP-HA1l/PRS8
having a dual promoter, which were produced in Example 2,
were used to produce plagques. In each case, eight plaques
were collected. Separately, Sf2 cells were inoculated to a
48-well plate (product of Corning) and cultured. The
cultured Sf9 cells were infected with a portion of the
plagues. Five days after infection, the supernatant was
removed, and Sf9 cells remaining on the plate was lyzed with
2xSDS sample buffer (5 mM Tris-HCl (pH: 7.0), 20% glycerol,
4% S8DS, 0.004% BPB {(Bromophencl Blue), and 10% 2-
mercaptoethanol). The cell solution was transferred to an
Eppendorf tube, followed by boiling for five minutes.

[0125]

The solution was subjected to SDS-PAGE. Proteins were
transferred to an Immubilon-P membrane (product of Millipore),
and Western blot analysis was performed by use of an anti-
GP64 antibody (product of e-Bioscience, 5,000-fold diluted)
and a secondary antibody, Goat Anti-Mouse IgG (H+L) HRP
Conjugate (product of BIORAD, 5,000-fold diluted), to thereby
detect a fusion protein of GP64 and an antigen, and an
endogenous GP64 protein.

There were used an SDS—PAGE electrophoresis buffer
containing 25 mM Tris, 192 mM glycine, and 1% SDS, a blotting

buffer containing 48 mM Tris (pH: 9.2), 39 mM glycine, 0.038%
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<223> digonucl eotide as PCR priner Neo-Rev2 F189-127 <400> 33
actgcactta gtgtcagaag aactcgtcaa gaagg35 <210> 34 <211> 1639 <212>
DNA <213> Artificial sequence <220> <223> Artificially synthesized
gp64 gene digested with Spe | and Dra Ill restriction enzynes and
subcl oned into pCAP-HAl/ Vi etnamthat had been digested with Spe |I and
Dra Il restrictjaqn.enz S <400> 34 acta aat_cagtcacacc aaggcttcaa
aagganc e A6k diin M PR g L it 6t (19 SR AT ARG T ogdbgt go
CgthaCt%%ﬁ¥¥éﬁé¥¥¥: ﬁgﬁ¥f%¥¥ﬁg%%g%ce detecting ECL plus (product of

GE Healthcare). Fig. 6 shows the results of Western analysis.

[0126]

In the left photograph of Fig. 6, lanes 1 to 8 show
clones 1 to 8 of recombinant virus AcNPV-CAP-HAl/PR8 produced
from a transfer vector having a dual promoter; and lanes 2 to
16 show clones 1 to 8 of recombinant virus AcNPV-Pol-HAL/PRS
produced from a transfer vector having a polyhedrin promoter
as a single promoter.

[0127]

The right photographs (upper and lower) of Fig. 6 show
the resulits of PCR analysis of virus DNAs prepared from the
above-isolated clones. In the right upper and lower
photographs of Fig. 6, lamnes 17 and 27 show a molecular
weight marker; lanes 18 to 24 show clones 2 to 8 of
recombinant virus AcNPV-CAP-HA1l/PR8 produced from a transfer
vector having a dual promoter {(not including clone 1, which
wag employed in another test); lanes 28 to 34 show clones 2
to 8 of recombinant virus ACNPV-Pol-HAl/PR8 produced from a
transfer vector having a polyhedrin promoter as a single
promoter (not including clone 1, which was employed in
another test); lanes 25 and 35 show a positive control; and
lanes 26 and 36 show a negative control.

As is clear from Fig. 6, both AcCNPV-CAP-HAl/PR8 and
ACNPV-Pol-HA1/PR8 generated mutant viruses, regardless of the

type of promoter.
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ct acaaggac gacgat gaca aggaattcgc ccgggcggag cattgcaacg cacagat gaal80
gacagggccc tataaaatca agaacctgga tattactcca cccaaagaaa cactgcaaaa240
ggacgttgag attaccattg tggagactga ctataacgag aacgtgatca ttggctataa300
aggttactac caagcatatg cctataacgg cggaagcttg gaccccaaca ctcgggttga360
agaaaccat g aaaactctca acgtggggaa ggaggacttg ctgatgtgga gtataagaca420
ccgcgacaac caﬂgagééat aaagat gt at cgacgccgaa aagtatgatt ccttatcaaa

caacgacatt gag t ¢ gaagtacacg cat gtatgag actgaacaac tggaaatctt

oaattt eotrartgmagaonidiga el ERe et st R oatarpgY Gecaatoten- .'
o ot {calp GrGRA BRI SR e Phofoge i IPERRGR 3 At oo
agt ot cagR Peadc dELRETRGH T, £ A AR ST AT RS GRetdRiig ted
cggcaaccaa t g3agalgan, cctialool, gealal cele comceeacas acaceaadt £,
acgt cgagtt cgagcgget g cgaaatttgg togeagecan tegt aatt ¢t casgggaa

 azgact gEqaeas 93 GHOARRA AR A0S BT OBGY Mgaa! o

cagecagt g6 /. 9990%S ¢ A M- /A% 0399 GNERACFL @I, C arld W RHRfAC
co/76/467, were purified and then denatured with 2xSDS sample
buffer. The product was subjected to SDS-PAGE, transferred
to membrane, and immunostained with an anti-GP64 antibody
(product of e-Bioscience, 5,000-fold diluted) and a secondary
antibody, sheep anti-mouse IgG (H+L) HRP Conjugate (product
of BIORAD, 5,000-fold diluted), to thereby detect a fusion
protein of GP64 and an antigen, and an endogenoug GP64
protein. For attaining high sensitivity, immunostaining was
performed with an anti-CSP antibody MRA-183 (MR4, 10,000-fold
diluted) and a secondary antibody, sheep anti-mouse IgG (H+L)
HRP Conjugate (product of BIORAD, 5,000-fold diluted), to
thereby detect a fusion protein of GP64 and the antigen.

[0129]

In Fig. 7, lanes 1 to 4 show the results of
immunostaining by use of the anti-GP64 antibody; and lanes 5
to 8 show the results of immunostaining by use of the anti-
CSP antibody. AcCNPV-CAP-CO/full/0G was loaded on lanes 1 and
5, ACNPV-CAP-CQO/76/0G was loaded on lanes 2 and 6, AcCNPV-CAP-
C0/205/0G was loaded on lanes 3 and 7, and AcNPV-CAP-

Co/76/467 was loaded on lanes 4 and 8. As shown in Fig. 7,
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gagttggt ga agat gcggca gaat gccagg gttctgcacc caaatcaaag agggagcact
aaattcaaca tggcggcata atgcacatcc atgcacgccc aaagtcgatg tcagatgata
tacaataact attgatttct accatcggca gctcaacaga act tccctga ttcatgttcg
tgcatgatcc 480 aacgacagaa540 tcagtacctc600 tgtatatcct660
gggacggagt 720 ccgcctgect 780 gcct gatt ga840 ggt gt at caa900 acgt acgcgc960

aggaagag%tljt%%%g%t %thtea%%l%%]ﬁ%%o o %qi%%t—%%tt]i]glle% fusion proteins relative
to the amount of endcocgencus GP64 protein vary depending on
the type of antigen, expression of GP64-antigen fusion
protein was observed in all clones, even in the éases where
codons of the gpé4 gene were substituted.
[0130]
In order to confirm that these recombinant viruses
generated no mutant virus, the genomic DNA was prepared from
" each virus and subjected to PCR by use of Pol h-f primer and
Pol A-f primer. Fig. 8 shows the results: lane 1, 1kb Plus
DNA ladder; lane 2, PCR product from AcNPV-CAP-CO/full/0G;
lane 3, PCR product from AcNPV-CAP-CO/76/0G; lane 4, PCR
product from AcNPV-CAP-C0O/205/0G; lane 5, PCR product from
AcNPV-CAP-CO/76/467; lane 6, PCR product from AcNPV-CAP-
HAl/Vietnam/OG as a negative control; and lane 7, PCR product
from AcNPV-CAP-HAl/Vietnam as a positive control. Except the

positive control, no mutant virus was detected.

L3
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cctttttgcect 1200 ccatttacaal260 ctaattacaal320 atactacgtal380
agagt aacct 1440 gt gacatcacl500 gccatgttgt 1560 ggaacagaaal620 1639
<210> 35 <211> 1191 <212> DNA <213> Artificial sequence

Claims
[Claim 1]

A method for producing a transfer vector which includes
therein a fusion gene containing at least one gene encoding a
virus-particle-forming protein and a gene encoding a foreign
immunogenic protein, the method comprising modifying the
polynucleotide sequence of the gene encoding the virus-
particle-forming protein so as not to alter the amino acid
residues constituting a corresponding naturally occurring
virus-particle-forming protein and/or modifying the
polynucleotide sequence of the gene so that a portion of the
amino acid residues constituting the naturally occurring
virus-particle-forming protein is deleted.

[Claim 2] |

A method for producing a transfer vector which includes
therein a fusion gene containing at least one gene encoding a
virus-particle-forming protein and a gene encoding a foreign
immunogenic protein, the method comprising modifying the
polynucleotide sequence of the gene encoding the virus-
particle-forming protein so as not to alter the amino acid
residues constituting a corresponding naturally occurring
virus-particle-forming protein.

[Claim 3]

A method according to c¢laim 1, which comprises the
following steps (a) to (c) and/or (d) and (e):

{a) a step of modifying the polynucleotide sequence of

the gene encoding the virus-particle-forming protein so as
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<220> <223> Pol ynucl eoti de sequence of PfCSP(3D7) oot as artificial
gene <400> 35 atgatgcgaa aattggccat actgtcagtc agcagcttct tgttcgtgga
ggccct gttt 60 caggaatacc agtgctatgg ttccagctct aatacgcgag ttctgaacga
gctgaactacl20 gataacgccg gcaccaacct ctacaatgag ctggagatga attactacgg
caagcaggagl80 aattggtact cactcaagaa gaactccaga agtctcgggg agaacgacga

cggaaal agl 240 9agacaasy. AaRARs!d A0, AAAACECART. GACAANGRRS | gaaacaace

t gccgat ggt 300 aat cct'gat ¢ ctaat gcaaa cccaaatg g gaccccaa dg aaccccaa

gt coat CCA3A0. SA60EORAAGE G B Q0 LCl R g&ﬁ%ﬁgga&
cgcg a ccccaacg ctaa

tgccaaccca420 acgccaacc caaacgctaa cccc gaa

cgccaat ceHARQ% {at galpalit LGAAHHCARR HLELLLAC AL 1 RAd

cgcaaacccCt 540 aacgcaaacc ccaatgccaa ccctaacgcc aacc gaatg ccaatcctaa
tgt ggacceHbQ) polynuclieotide including the gene encoding the virus-

particle-forming protein;

(b) a step of synthesizing the polynucleotide on the
basis of the nucleic acid sequence information obtained in
step (a);

{c) a step of ligating or inserting, into the
polynucleotide synthesized in step (b), a polynucleotide of
the gene encoding the foreign immunogenic protein;

(d} a step of synthesizing a polynucleotide encoding a
partial polypeptide of the naturally occurring virus-
particle-forming protein obtained through deletion of a
portion of the amino acid residues constituting the naturally
occurring virus-particle-forming protein, or a polynucleotide
whose sequence has been modified so as not to alter the amino
acid residues constituting the partial polypeptide; and

(e) a step of ligating or inserting, into the
polynucleotide synthesized in step (d), a polynucleotide of
the gene encoding the foreign immunogenic protein.

[Claim 4]

A method according to c¢laim 1 or 2, wherein the fusion
gene includes, upstream therecf, a polynucleotide encoding a
signal sequence derived from the virus-particle-forming
protein.

[Claim 5]
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aacgccaatc
aacgccaacc
aat gcaaat c
aat gcaaacc
cagggacat a

cgaat gcaaa
ct aat gct aa
ccaat gcaaa
ct aat gcgaa
at at gcct aa

cccaaat gcc
t ccgaat gcg
t ccaaat gcg
t cccaat gca
t gaccct aac

aat ccaaacg
aat ccaaatg
aacccgaatg
aaccccaat a
aggaacgttg

ct aat cct aa
ct aacccgaa
ct aaccct aa
agaat aat ca
at gagaacgc

cgccaacccc660
cgctaatcca720
t gcaaat cct 780
gggaaat ggc840
gaat gcgaac900

tctgct gt aa agaacaacaa. caat gaagag ccctccgata aacatattaa t at ct 9960
aat aagat cc agggc"tl%c:rtl?d g%%‘f‘g%%%lag ?%g?g%%gcf %Ift ‘tg‘f%%%e%? %%t%%%ﬁozo
ggaat cca t.caa cgqgcagt. gccaac C_Ccaaaggacga gctc t.acl1080
dot aat gat  PHE R0 AR GHE SRR TR FEAR 1140
gt caacag : t t tt CCttt 1 ; <210> 36
<211> 34%%"2%;‘23&}5%%%2%24 %raet i1 ¢ éféésle%leanrg eét%%%aé:gl tg%ﬁ];lw& .

a igonuc@%%&dﬁ%&g%ﬂﬁjééﬁgJﬂg ﬁﬁﬁgﬂ{éﬁﬁﬁﬂo&g¥¥giéﬁ%y virus type 1

glycoprotein gene, a human respiratory syncytial virus

membrane glycoprotein gene, an influenza A virus
hemagglutinin gene, an influenza B virus hemagglutinin gene,
a herpes simplex virus glycoprotein gene, and a murine
hepatitis virus S protein gene.

[Claim 6]

A method according to claim 1 or 2, wherein the gene
encoding the virus-particle-forming protein is a baculovirus
gp64d gene.

[Claim 7]

A method according to claim 1 or 2, wherein the gene
encoding the foreign immunogenic protein is a gene for an
antigen selected from among a malaria antigen, an influenza
virus antigen, a Mycobacterium tuberculosis antigen, an SARS
virus antigen, a West Nile fever virus antigen, a dengue
fever virus antigen, an HIV antigen, an HCV antigen, a
leishmania antigen, a trypanosome antigen, a leucocytozoon
antigen, and a cancer antigen; or a gene for a fusion antigen
of a cytokine and at least one gene selected from the group
of these antigen genes.

[Claim 8]
in the

A method according to claim 1 or 2, wherein,

transfer vector, the fusion gene is ligated to the downstream
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gactctgcag atgatgcgaa aattggccat actg34 <210> 37 <211> 39 <212> DNA
<213> Artificial sequence <220> <223> digonucl eotide as PCR pri ner
Pl CSP_opt-r(397) <400> 37 cgatcccggg cattgaggaa cagaaaggaa
agaaccat g39 <210> 38 <211> 35 <212> DNA <213> Artificial sequence
<220> <223> digonucl eotide as PCR priner PfCSP_opt-f(76) <400> 38

gact ct gca% %a%%ﬁg%araomac}taeart %%%rcea?qg?r%ugh ligation between a
promoter capable of functioning in vertebrate cells and a
baculovirus promoter.

[Claim 9]

A method according to claim 8, wherein the promoter
capable of functioning in vertebrate cells is selected from
among a cytomegalovirus promoter, an SV40 promoter, a
retrovirus promoter, a metallothionein promoter, a heat-shock
protein promotef, a CAG promoter, an elongation factor 1la
promoter, an actin promoter, a ubiquitin promoter, an albumin
promoter, and an MHC class promoter; and the baculovirus
promoter is selected from among a polyhedrin promoter, a pl0
promoter, an IE1l promoter, a p35 promoter, a p39 promoter,
and a gp64 promoter.

[Claim 10]

A method for producing a transfer vector containing a
DNA region of a gene encoding a foreign immunogenic protein,
the DNA region being inserted between virus DNA regions
including at least one gene encoding a virus-particle-forming
protein, the method comprising modifying a polynucleotide
sequence of an N-terminal and/or C-terminal virus DNA region
fused with the DNA region of the gene encoding the foreign
immunogenic protein so that the polynucleotide sequence
exhibits reduced identity to a naturally occurring
polynucleotide sequence of the same virus DNA region; and/or
modifying the polynucleotide sequence so that a portion of

the amino acid residues constituting a corresponding
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<210> 39 <211> 50 <212> DNA <213> Artificial sequence <220> <223>

A i gonucl eotide as PCR primer PfCSP_opt-073) <400> 39 cgatcccggg
ccttctccat cttacaaatt ttcttttcaa tatcattagc50 <210> 40 <211> 39 <212>
DNA <213> Artificial sequence <220> <223> digonucl eoti de as PCR
primer PfCSP_opt-f (205) <400> 40 gactctgcag aat gcaaacc caaatgccaa

t ccaaacyeddivzhly, bl ctdddind & i pad A ekFoMidd Al e Spauence
deleted.
[Claim 11]

A method for producing a recombinant baculovirus
comprising employing a transfer vector which includes therein
a fusion gene containing at least one gene encoding a virus-
particle-forming protein and a gene encoding a foreign
immunogenic protein, the method comprising co-transfecting,
into an insect host cell, baculovirus DNA and the transfer
vector produced by modifying the polynucleotide sequence of
the gene encoding the virus-particle-forming protein so as
not to alter the amino acid residues constituting a
corresponding naturally occurring virus-particle-forming
protein, and/or modifying the polynucleotide sequence of the
gene so that a portion of the amino acid residues
constituting the naturally occurring virus-particle-forming
protein is deleted.

[Claim 12]

A transfer vector which includes therein a fusion gene
containing at least one gene encoding a virus-particle-
forming protein and a gene encoding a foreign immunogenic
protein, wherein the polynucleotide sequence of the gene
encoding the virus-particle-forming protein is modified so as
not to alter the amino acid residues constituting a
corresponding naturally occurring virus-particle-forming
protein and/or the polynucleotide sequence of the gene is

modified so that a portion of the amino acid residues
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<220> <223> digonucl eotide as PCR priner Pol h-F <400> 41 ccatctcgca
aat aaataag ta22 <210> 42 <211> 18 <212> DNA <213> Artifici al
sequence <220> <223> digonucl eotide as PCR priner Pol A-f <400> 42
agaagt caga tgctcaagl8 <210> 43 <211> 18 <212> DNA <213> Artifici al
sequence <220> <223> digonucl eotide as PCR priner CAG F- Fsel

constituting the naturally occurring virus-particle-forming
proteéin is deleted.
[Claim 13]

A transfer vector which includes therein a fusion gene
containing at least one gene encoding a virus-particle-
forming protein and a gene encoding a foreign immunogenic
protein, wherein the polynucleotide sequence of the gene
encoding the virus-particle-forming protein is modified so as
not to alter the amino acid residues constituting a
corresponding naturally occurring virus-particle-forming
protein.

[Claim 14]

A transfer vector according to claim 12, which is
produced by performing the following steps (a) to {(c) and/or
(d) and (e):

(a) a step of modifying the polynucleotide sequence of
the gene encoding the virus-particle-forming protein so as
not to alter the amino acid residues constituting a
corresponding naturally occurring virus-particle-forming
protein, and obtaining the nucleic acid sequence information
of a polynucleotide including the gene encoding the virus-
particle-forming protein;

(b) a step of synthesizing the polynucleotide on the
basis of the nucleic acid sequence information obtained in
step (a);

(c} a step of ligating or inserting, into the

polynucleotide synthesized in step (b), a polynucleotide of
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<400> 43 ctagttatta atagtaat18 <210> 44 <211> 21 <212> DNA <213>
Artificial sequence <220> <223> digonucl eotide as PCR prinmer 0P64-R2
<400> 44 catcgccacg atttgttgca c21l <210> 45 <211> 25 <212> DNA <213>
Artificial sequence <220> <223> A igonucl eotide as PCR primer VN F2
<400> 45 gtgtccagcg cctgccccta ccagg2sb <210> 46 <211> 24 <212> DNA

<213> ArtiHd Getle s@ttetey B9 >foreign immunogenic protein;

(d) a step of synthesizing a polynucleotide encoding a
partial pclypeptide of the naturally occurring virus-
particle-forming protein obtained through deletion of a
portion of the amino acid residues constituting the naturally
occurring virus-particle-forming protein, or a polynucleotide
whose sequence has been modified so as not to alter the amino
acid residues constituting the partial polypeptide; and

(e) a step of ligating or inserting, into the
polynucleotide synthesized in step (d), a polynucleotide of
the gene encoding the foreign immunogenic protein.

[Claim 15]

A transfer vector according to claim 12 or 13, wherein
the fusion gene includes, upstream thereof, a polynucleotide
encoding a signal sequence derived from the virus-particle-
forming protein.

[Claim 16]

A transfer vector according to claim 12 or 13, wherein
the gene encoding the virus-particle-forming protein is any
of a baculovirus gp64 gene, a vesicular stomatitis virus
glycoprotein gene, a human immunodeficiency virus type 1
glycoprotein gene, a human respiratory syncytial virus
membrane glycoprotein gene, an influenza A virus
hemagglutinin gene, an influenza B virus hemagglutinin gene,
a herpes simplex virus glycoprotein gene, and a murine
hepatitis virus S protein gene.

[Claim 17]
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<223> digonucl eotide as PCR prinmer VN-R3 <400> 46 ccgtactcca
gttctgactt catg24 <210> 47 <211> 19 <212> DNA <213> Artificial
sequence <220> <223> digonucl eotide as PCR priner 6p64-271-F <400>
47 accgagtcaa gaagcggccl9 <210> 48 <211> 23 <212> DNA <213>
Artificial sequence <220> <223> digonucl eotide as PCR priner

CAP- Pront F213% 22- 14002 48 g6t CA@SSPAACS A JLE LRI h 0L230r 13, wherein
the gene encoding the virus-particle-forming protein is a
baculovirus gpé64 gene.

[Claim 18]

A transgsfer vector according to claim 12 or 13, wherein
the gene encoding the foreign immunogenic protein is a gene
for an antigen selected from among a malaria antigen, an
influenza virus antigen, a Mycobacterium tuberculosis
antigen, an SARS virus antigen, a West Nile fever virus
antigen, a dengue fever wvirus antigen, an HIV antigen, an HCV
antigen, a leishmania antigen, a trypanosome antigen, a
leucocytozoon antigen, and a cancer antigen; or a gene for a
fusion antigen of a cytokine and at least one gene selected
from the group of these antigen genes.

[Claim 19]

A transfer vector according to claim 12 or 13, wherein
the fusion gene is ligated to the downstream of a dual
promoter prepared through ligation between a promoter capable
of functioning in vertebrate cells and a baculovirus
promoter.

[Claim 20]

A transfer vector according to claim 19, wherein the
promoter capable of functioning in vertebrate cells is
selected from among a cytomegalovirus promotexr, an SV40
promoter, a retrovirus promoter, a metallothionein promoter,
a heat-shock protein promotexr, a CAG promoter, an elongation

factor lo promoter, an actin promoter, a ubigquitin promoter,
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<210> 49 <211> 27 <212> DNA <213> Artificial sequence <220> <223>
A i gonucl eotide as PCR primer CAP-PronR F213-22 <400> 49 cttgcttgtg
tgttccttat tgaagcc27 <210> 50 <211> 425 <212> DNA <213> Art <220>
<223> DNA <400> 50 gtgtccagcg at caagaaga gacctgctgg taccagaacc
cctagaat cg acaatcctga ificial sequence fragnent of HAI/VN probe

L0t Ol 0000 St P b R foan i
_C(lli_ccagafkfé&ﬂ%ﬁ&tﬂﬁ@%ﬂﬂ&ﬁ@&t CY SOCGSa 9A- Y Gt as S4 GAAGREER
promoter, a pl0 promoter, an IEl promoter, a p35 promoter, a
P39 promoter, and a gp64 promoter.
[Claim 21]

A transfer vector containing a DNA region of a gene
encoding a foreign immunogenic protein, the DNA region being
inserted between virus DNA regions including at least one
gene enceoding a virus-particle-forming protein, wherein a
polynucleotide sequence of an N-terminal and/or C-terminal
virus DNA region fused with the DNA region of the gene
encoding the foreign immunogenic protein is modified so that
the polynucleotide sequence exhibits reduced identity to a
naturally occurring polynucleotide sequence of the same virus
DNA region; and/or the polynucleotide sequence is modified so
that a portion of the amino acid residues constituting a

corresponding naturally occurring virus-particle-forming

protein is deleted.
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ttcgcaacgt ggtgtggctg acaacaacac caaccaggaa ctgccgaaca gaccaagctg
cact gaacca gcgcctggtg gccgcatgga atttttctgg at ggaaactt catcgccccce
120 180 240 300 360 tacgg425 gagacactgc atttgctgaa tgcacgacct
acaact ctgt atccgccggc tggccaacac acgacgacgt aagatgccag agaacaccaa
gcgaattggc tattaattgt aagtlgQifiNGd k3TdNGt cac tcatgaagcc tagtgtgttg
t aaaacat ca cataacccct acacaccagt ggactcgtcg cgagttttgg cggctggtcg
gt t t §J¢dyc Ok gutaaBhanmmgcgatical ot ik caggt gc aaat accact ccttgagcat
gaattttttg gaatgagtat tggggcctct aattgctaca caatgcatag atcccgacca
tttafd é%c Mgt@ﬁ?a&wowmsgmmbtrta@ttawgnsa aggct gcct a gagat cgat ¢
ctgag@g@%gob®@ﬁtctcac ttggtttaga aaacgggtct gccacaacgt atattcaaga
at gc t gagcg acgacacgtt acaacagcat attttagcaa tcggcaacac

aaca g8t g tgtttggtca tgattagaaa tcagaaggtg tttttccctc
gcta%aggggzgfgggngég gtttggcaac tagagccaag ggagctgatg caacaagcta
tttgattyge tgatg ctacaaagaa ctacaaggaa gacctatcac caacctcata

b

cat cagpjccghot agt taac ccgtaataga gtggctggtg tgccaaaaat gaaatttatt
at at gggdgg " at at gcccat

170> Patentln version 3.1

210> 1

Q11> 42

<212> DNA

<213> Artificial sequence

£220>
<223> O0ligonucleotide as PCR primer phsp65-F1

<4005 1
aataatagat ctaatgecca agacaattgc gtacgacegaa ga 4?

210> 2

211> 63

<212> DNA

<{213> Artificial sequence

<220>
<223> O0ligonucleotide as PCR primer phsp65-R1

<400 2
aatccaatgc gecceceega attcgattce tgcaggtcag aaatccatge cacccatgte 60

ECC 63
210> 3

Q11> 74

212> DNA

213> Artificial sequence

220>
223> O0Oligonucleotide as PCR primer phsp65-F2

<400 3
caccccteca geactacaag gacgacgatg acaaggaatt catggccaag acaattgegt 60

acgacgaaga ggce 74

210> 4
Q> 37

60



t acacagagg tacgaaaacg aacaat atgc aatctcatga ccgtgcacca gggcgttggg
ctagcaattg gacagttgga accaccatgg atggctgaag tttgtaatta caatatcact

t ggccaat gc tatggggaca ttcattgcaa gcaaatcatt atgtaactag 60 120 180
240 300 360 420 480 540 600 660 720 780 840 900 960 1020 1050 <210>
52 <X212> 2BNA<212> DNA <213> Artificial sequence <220> <223> DNA

fr ag@hd> oArpifdede brsepuertse <400> 52 gectctgeta accatgttca tgecttcttce
tttttcctac agctcctggg caacgtgctgb0 gttattgtge tgtctcatca ttttggcaaa
gaat C ggaccggat a attaaaatgal?20 taaccatctc gcaaataaat aagtatttta
ct gt € tOgﬁﬂwyﬁﬂﬁﬂgd@éﬁtB@ﬁ&é@mgbpﬂ&ﬂﬁﬁﬁéaat acggatctat gctactagta
aatc%ghﬁec4accaaggctt caat aaggaa240

cccggeceaa atccatgeca cecatgtcge cgeccace 37

210> 5

211> 30

<212> DNA

<{213> Artificial sequence

{2200
<223> Oligonucleotide as PCR primer HA-f

400> 5
cctgcaggta tgaagegcaaa cctactgete 30

210> 6

211> 23

<212> DNA

213> Artificial seauence

<2207
<223> Oligonucleotide as PCR primer HA-r

<400> 6
geeccgegecga tgcatatict gea 23

Al

21> 37

<212> DNA

<{213> Artificial seauence

220>
223> Oligonucleotide as PCR primer pHA-F1

400> 7
caccgaattc gacacaatat gtataggcta ccatgce 37

<210> 8§

211> 32

<212> DNA

{213) Artificial sequence

220>
<223> (ligonucleotide as PCR primer pHA-RI

<400> 8
cccgegecace totgegattee atggacggaa tg 32



cacacaagca ag252 <210> 53 <211> 60 <212> DNA <213> Artifici al
Sequence <220> <223> Codon-Optim zed GP64 Si gnal sequence <400> 53
atggtatcag caattgtttt gtatgtactt ctcgcagctg ccgctcactc agctttcgec60
<210> 54 <211> 990 <212> DNA <213> Artificial Sequence <220> <223>
Codon-CEginized HAL( Vi et naM sequence <400> 54 gaccagatct gtatcggata

ccac cdaacagt accg aacaggt gga caccattat g60 gagaagaat g t gaccgtgac
ccac &Eég3 atatcctgg agaagaagca caacggcaaal20 ctgtgcgatc tggacggcgt
gaagd i fCt gcgcg att gct cht ggccggat ggl80 ct gct gggca accct at gt g
cgac Ast cfdgdat SekeYRat ggag ttacatt gt g240

{2207

223> Ollgonucleotlde as PCR primer Polh-f Rsrll

<400> 9

gggcgrgacce gataattaaa atgataacca tetcg 35

210> 10

211> 37

<212> DNA

213> Artificial sequence

220>

223> O0ligonucleotide as PCR primer GP64-r Dralll

<400> 10

gggeacttag tgatattegte tattacegtt tctaatc 37

<2100 11

<211> 990

<212> DNA

<213> Artificial sequence

Q20>

<223> Artificial gene synthesized based on the amino acid sequence of
Hemagglutinin

HA1 domain of the influenza virus, H5N1/Vietnam

400> 11
gaccagatct gtatcggata ccacgecaac aacagtaccg aacagetgga caccattate 60

gagaagaatg tgaccgigac ccacgcccag gatatcctgg agaagaagca caacggcaaa 120
ctgtecgatc tggacggcet gaagecccig atcctecece attgctecgt geccgeatee 180
ctectggeca accctatgig cgacgaaitt atcaacgtge ccgaatggae ttacattgte 240
gagaaggcta accccgigaa tgacctgtec taccccggag acticaacga ctacgaagag 300
ctgaagcatc tgctgtcaag gattaaccac ttcgagaaga tccagattat tcccaagtcet 360
agctggagct cccacgagee ctcactggga gtgtccages cetgeccceta ccagggcaag 420
tcaagettct ttcgcaacet geigtegcte atcaagaaga atagtaccta ccccacaate 480
aagaggtcct acaacaacac caaccaggaa gacctgcteg tgcteigeee aatccatcac 540

cccaatgacg ctegccgaaca gaccaageig taccagaacc caactaccta catcagcgte 600

..3_



gagaaggcta accccgtgaa tgacctgtgc taccccggag act tcaacga ctacgaagag300
ct gaagcatc tgctgtcaag gattaaccac ttcgagaaga tccagattat tcccaagtct 360
agct ggagct cccacgaggc ctcactggga gtgtccagcg cctgeccccta ccagggcaag420
tcaagcttct ttcgcaacgt ggtgtggctg atcaagaaga atagtaccta ccccacaat c480
aaga@gtecragss SEACY AT ACACRLCAgg@a c gtrpat bod @0adeh it aaggeimanccat 660540
cccaat gacg ctgccgaaca gaccaagctg taccagaacc caactaccta catcagcgt g600
ggcacgacast ccacgoggaiegageiddt gtgegacaatagben agcomateadatcatraaagt g2kt 660
-16- ggccagtccg gccgcatgga ttcgagagca at ggaaactt gattccacca

t cat géaga&ﬁgcwettgggwg t ceaticeaeance spigegenic anaaggt Aetytegasaangac agaddfy
agagacgcag atttttctgg acaatcctga catcgccccc gaatacgcct agaactgga

t acg@@hHHa ce&gtﬁattgaﬁagm 15295 6887¢a  peBsddta ghadtageRy Bl gecagaabaag @@

<210> 55 <211> 1%91
cccatggece ccatcaactc cagcatgcca ttccacaaca tccatccact gaccatcgec 900

gagtgeccca agtacgteaa gtccaacaga ctggtgcteg ctaccegact gegcaattee 960

cCacagagee agagacgcag gaagaagaga 990

210> 12

211> 25

<212> DNA

<213> Artificial sequence

220> '
<223> O0ligonucleotide as PCR primer YN-F1

<4007 12
cagtctgcag gaccagaict gtatc 25

210> 13

211> 25

<212> DNA

<?13) Artificial sequence

220>
<223> Oligonucleotide as PCR primer VN-R4

<4007 13
cagtccceeg ctetettett cetgc 25

210> 14
211> 34
<212> DNA
213> Artificial sequence

220>
<223> Oligonucleotide as PCR primer gp64(51)—f

<4007 14
gactccccgr gtggaaatca ccatcetegea gace 34

210> 15

211> 34

<212> DNA

213> Artificial sequence

<2207



<212> DNA <213> Artificial

Sequence <220> <223> Codon- Opti m zed CSP

sequence <400> 55 atgatgcgaa aattggccat actgtcagtc agcagcttct

tgttcgtgga ggccctgttt 60 caggaatacc agtgctatgg ttccagctct aatacgcgag
ttctgaacga gctgaactacl20 gat aacgccg gcaccaacct
at t aci2d8pg 0d aeguedemiyieOanRCR gutinet spéd{iddhgha
agaaé%acga cggaaat aat 240 gaggacaacg aaaaacttag

t gaa

gccgat ggt 300 aatcctgatc ctaatgcaaa

ct aa@@@t@@cégtEﬂj&ﬂ&@:@%bﬁtﬁ&g@ﬁh&@&ﬁ ct aat gt gga
cgaat ccgaa tgccaaccca420 aacgccaacc caaacgctaa

ct aat aa
caaaﬁ%%ééa

<212
213>

<2207
223>

<400>

gccaat ccc480 aatgctaatc ccaat gcgaa
éggcaaaccct540

DNA
Artificial sequence

Oligonucleotide as PCR primer gp64 (154) -f
16

gactccccgg geegcaccaca cgtgcaacaa ateg

<210
211y
<212
Q13

<2207
<223

<400

17

34

DNA

Artificial sequence

Oliegonucleotide as PCR primer gp64(201)-f
17

gactccecgg gacactgige ttcatcgaga cesc

<210
<211y
<212
Q13

<2207
223>

<400>

18

31

DNA

Artificial sequence

Oligonucleotide as PCR primer gp6d (272) -f
18

gactcccceeg gicgagcacce gagtcaagaa g

<210

<400>

19

31

DNA

Artificial sequence

Oligonucleotide as PCR primer gp64 (467)-f
19

gactcccceg gacatcactt ccatggctga a

ct acaat gag
gaact ccaga
aaaacccaaa
cccaaatgtg
t cct aacgcc
ccccaacgcg
ccct aacgct

ct ggagat ga
agt ct cgggg
cacaagaaac
gaccccaat g
aat ccadacg
aaccccaacg
aat cccaacg

34

34

31

31



aacgcaaacc ccaatgccaa ccctaacgcc aacccgaatg ccaatcctaa tgtggacccg600
aacgccaat ¢ cgaat gcaaa cccaaatgcc aatccaaacg ctaatcctaa cgccaacccc660
aacgccaacc ctaatgctaa tccgaatgcg aatccaaatg ctaacccgaa cgctaatcca720
aat gcaaat ¢ ccaat gcaaa tccaaatgcg aacccgaatg ctaaccctaa tgcaaatcct 780
aat gsdidxc Act bbitcde baseatiemozaat gca aaccccaat a agaat aat ca gggaaat ggc840
cagggacata atatgcctaa tgaccctaac aggaacgttg atgagaacgc gaat gcgaac900
tctggﬁggia agaacaacaa caatgaagag ccctccgat a aacat attaa ggagt at ct g960

aat a c Odgeontcteatidgtas H6R quamegdPéocBrabitlt ct gt gac gt gt ggt aac1020
ggaat c @gg t aaggat caa acccggcagt gccaacaagc caaaggacga gctcgattacl080
-17-<4§ agpgata ttgaaaaqga aatttgtaag at ggagaagt gcagct ccgt
at t c#8BeA1adoiegd bt agEdt tapgRtilgdeiaateat cat ggtt ctttcctttc tgttdttcaa
t1191 <210> 56 <211> 894 <212> DNA <213> Artificial Sequence

210> 21

211> 987

<212> DNA

<213> Artificial sequence

2207

223> Artificial gene synthesized based on the amino acid sequence of
Hemagglutinin

HA1 domain of the influenza virus, H5N1/Anhui/1/05.

<400> 21
gaccagattt gcatcggata ccacgecaac aacagcacce agcaggtcga taccatcatg 60

gagaaaaacg tgaccgtcac ccacgctcag gacatcctgg agaagactca caatggaaag 120
ctctegcgace tggacggegt gaaaccectc atcctgagag attgtictet geccegatgg 180
ctgctgggaa accccatgtg cgatgaattt atcaacgtcc cagagtegag ttacatcetg 240
gagaaggcca accctgecaa cgacctgtet taccccgeca acttcaacea ctacgaggag 300
cteaagcacc tgctctcace catcaaccac ticgagaaga tccagattat ccctaagtcet 360
agttegagtg accacgaggce cagttccgec gtegicctete cetgtecata ccagggcaca 420
cccagtttct tcagaaacgt cetctggcte atcaagaaga acaacacata ccccaccatc 480
aagcgaagtt acaacaacac caaccaggag gacctcctca tcctgtgees aatccaccac 540
tctaacgacg cteccgaaca gacaaagcte taccagaatc ccaccaccta catctecetg 600
ggaacaagca ccctcaacca gegcctggty ceccaagateg ctacacgatc aaaggtgaat 660
ggccagtcce geageatgea cittttcigg accatccica aacccaacga cgecatcaat 720
tttgagtcta ategcaactt catcecccec gagtacgctt acaagatcgt caagaaagea 780
gactccgcca tcgtgaagtc cgagetegag tacggcaact gcaacaccaa gtgccagace 840
ccaattggag ccattaactc cagtatgcce ttccacaata tccacccact gacaattgec 900
gaatgcccca aatacgigaa aagcaacaaa ctegtccteg ctaccegact gcecaacase 960

cCCCtgcece agcgcagece caagaga 987

210> 22



<220> <223> Codon-Optim zed CSP sequence <400> 56 gacgacggaa
gaaact gaaa60 caacctgccg

at aat gagga caacgaaaaa cttagaaaac
atggt aat cc tgatcctaat gcaaacccaa
at ccgaacgc gaaccctaat gtggatccta
accc&2atyc 2baacccaaac gctaacccca
at cc&@42yc DNAat cccaat gcgaacccta
accct@adyc Ashiblded e heagenteaccct a

accc gc caat ccgaat gCaaacccaa
acccgg%c iaaCCC aat, cta bCCga
at cc c 04 heanye %s&tldgcaasa BRa%a
at cct aaccct aat gcgaat cCcCa
atggégﬁ 2

c
cat aat at.q.cct aat gacc
cag tgt%cag gaccagatQt gca"i‘c g

23

25

DNA

Artificial sequence

210>
<211
<212
NP

€220
<223>

<400> 23
cagtcceegeg ctectettgee cotee

<210
Q11
12y
213>

<2207
<223

<400

24
34
DNA
Artificial sequence

24

ccaaacacaa
at gt ggaccc
acgccaat cc
acgcgaaccc
acgct aat cc
acgccaaccc
at gccaat cc

at gcgaat cc
m%&a@gabccc

at gcaaaccc
ct aacaggaa

Oligonucleotide as PCR primer AH-R4

actgctegcag atgtcgtita ctttgaccaa caag

25

35

DNA

Artificial sequence

<210
Q11
212>
213>

<220
<223

<400> 25

actgcactta gigtttttea caccagacca acteg

<210
<211
212
213>

<220
223>

<400>

26

33

DNA

Artificial sequence

26

actgctgcag atgacttcega aagtttatega tce

_7_

caat gctaacl20
aaacgcgaat 180
caacgct aat 240
caacgcaaat 300
gaat gccaat 360
aaacgct aat 420
aaat gct aac480
gaat gct aac540
caat aagaat 600
cgtt gat gag660

Oligonucleotide as PCR primer bGal-F Pstl F189-105

Oligonucleotide as PCR primer bGal_Rev (Dra3)

Oligonucleotide as PCR primer Rluc F Pstl F189-134

cccaacgt cg
ccgaat gcca
ccgaacgcca
ccgaacgcaa
cct aat gt gg
cct aacgcca
ccgaacgct a
cct aat gcaa
aat cagggaa

29

25

34

35

33



aacgcgaat g cgaactctgc tgtaaagaac aacaacaatg aagagccctc
attaaggagt atctgaataa gatccagaac tccttgtcta ccgaatggtc
gt gacgt gt g gt aacggaat ccaggtaagg at caaacccg gcagtgccaa
gacgagctcg attacgctaa tgatattgaa aagaaaattt gtaagatgga
57 <211> 507 <212> DNA <213> Artificial Sequence <220>

cgat aaacat 720
cccctgttct 780
caagccaaag840
gaag894 <210>
<223>

Codon- Opti m zed CSP sequence <400> 57 aat gcaaacc caaat gccaa

t ccasda

¢
aat g&akt c

at gcgaat ¢ at gcct aat g aacaacaaca aactccttgt

gtcc%ﬁﬁﬁgt ccggcagt gc caacaagcca tttgtaagat ggagaag
<223> Oligonucleotide as PCR primer Rluc R Dralll F189-134

<400> 27
actgcactta gtegttattet tecattttiga gaact

210> 28

211> 33

<212> DNA

213> Artificial sequence

{220>
<223> O0ligonucleotide as PCR primer Rluc F Pstl F189-105

<400> 28
actgctgcag atesgagete gaattccage ttg

<210> 29

211> 35

<212> DNA

<213> Artificial sequence

220>
<223> O0ligonucleotide as PCR primer Rluc—RevZ F189-127

<400> 29
actgcactta gtgttacaat ttggactttc cecce

<210> 30

211> 35

<212> DNA

213> Artificial sequence

220>
<223> O0ligonucleotide as PCR primer AFP-F F189-77

<400> 30
acgectgeag geotagecaaag gagaagaact cttca

210> 31

11> 35

<212> DNA

{213> Artificial sequence

220>
<223> O0ligonucleotide as PCR primer AFP-Rev2 F189-127

_8._.

t 2dat cct aacg ccaaccccaa cgccaaccct 60 -18- aatgctaatc

aggat caaac

&3 35
gaaaéﬁ% aDN&gaat gcgaa tccaaatgct caaatgcgaa cccgaatgct ccaat gcaaa
cccce gAattidchal #§0ueregt t gat at gaagagce ct ccgat aaa ctaccgaat g

35

33

35

35



aacccgaacg aaccctaat g aataat cagg gagaacgcga catattaagg tctgtgacgt
aaggacgagc ctaatccaaa tgcaaatccc caaatcctaa tgcaaaccct gaaatggcca
gggacat aat at gcgaactc tgctgtaaag agtatctgaa taagatccag gtggtaacgg
aatccaggta tcgattacgc taatgatatt <210> 58 <211> 987 <212> DNA <213>
Artificial Sequence <220> <223> Codon-Optim zed NM (Anhui) <400> 58
gacc&dgldx t 3gcat cggat a ccacgccaac gagaaaaacg tgaccgtcac ccacgctcag

ct ct gepaeac tt g riehoaajicegateddetatacgttoget gggaa accccat gt g cgat gaat 85
gagaaggcca accctgccaa cgacctgtgt ctgaagcacc tgctctcacg catcaaccac
agtt t g _accacgaggc cagttccggc cccagtttct tcagaaacgt cgtctggctg
aagc§ t 24caacaacac caaccaggag tctaacgacg ctgccgaaca gacaaagctg

ggaa aD ct caacca gcgcctggtg ggccagtccg gcaggatgga ctttttctgg
tttg a { caactt catcgccccc gactccgceca tcgtgaagtc cgaggt ggag
ccaaltgirag Ak gﬁ?é%ﬁﬁ@“ﬁ%ﬁ?atgccc gaat gcccca aat acgt gaa aagcaacaaa
<21022§@><211> 723 <212> DNA <213> Artificial Sequence <220>

<223> O0ligonucleotide as PCR primer Neo-F Shfl F189-105

<400> 32

actgecctegca getgattgaa caagategat tgcac 35

210> 33

211> 35

<212> DNA

<213> Artificial sequence

220>

<223> O0ligonucleotide as PCR primer Neo-Rev? F189-127

<400> 33

actecactta gtgtcagaag aactcgtcaa gaagg 35

<210> 34

211> 1639

<212> DNA

213> Artificial sequence

220>

223> Artificially synthesized gp64 gene digested with Spe | and Dra 111

restriction

enéyges and subcloned into pCAP-HA1/Vietnam that had been digested with Spe |
and Dra

|1l restriction enzymes
<400> 34

actagtaaat cagtcacacc aaggcttcaa taaggaacac acaagcaaga tggtatcagc 60
aattgtttte tatgtacttc tcgcagctec cectcactca getticscce atctgcagea 120
ctacaaggac gacgatgaca aggaattcsc ccgegcggag cattgcaace cacagatgaa 180
gacagggece tataaaatca agaacctgea tattactcca cccaaagaaa cactgcaaaa 240
geacgtteag attaccattg tggagactea ctataacgag aacgtegatca ttggctataa 300
aggttactac caagcatatg cctataacgg cggaagcttg gaccccaaca cteeggtiga 360
agaaaccatg aaaactctca acgtggegaa ggaggactte cteatgteea gtataagaca 420

_9_



<223> GP64
actt ggcgcc
ct gat gcat a
ctgatgcatg
gccaaggt gg

sequence <400> 59 gtcgagcacc gagtcaagaa gcggccgccc
acaacgttag agccaagtac60 acagagggag acactgccac caaaggcgac
tt caagagga gctgatgtacl20 gaaaacgatt tgctgaaaat gaacattgag
cgcacat caa caagctaaacl80 aatatgctgc acgacctgat agtctccgtg
gagcgttt gattggcaat240 ctcatgaaca actctgtttc ttcaacattt

ac
t t gt AFGEEH SR B iLELRABEy BEGRAG 6L J08A isgese dsaeat agge cajgaatec ttacc 4§0 aat

t gct acaaca acagcat cta caaagaaggg360 cgttgggtg
8841 422L58A A 538 gg

t gcateGaEICAL RAAREE6SAL: B

_‘I U__

ccaacacgga ctcgtcgcaa
edegangEachEagt t t 15g§at c
ccagcgg ct ggt cgttt

e G R L DR e g T T
R D e e R R
tact g8t kel ABRACER " BHRBCA (6lheacace attctecace zzeaceeagt 720
aagtatgatt ctcaagcaga agtccaccti cacaacaaga caaatcaaag ccgectecct 780
ccttatcaaa gacgataaga ataacccaga gtccgtgact agegagcact gectgattga 840
caacgacatt tatgatctct ccaaaaatac atggaattgc aaattcaaca ggtgtatcaa 900
gagaaaggic gagcatcges tgaaaaagcg ccctectace tegcgecata acgtacecge 960
gaagtacace gaggeagata cggcaaccaa aggtgacctc atgcacatcc aggaagaget 1020
catgtateag aacgaccttc tgaagatgaa tattgaactt atgcacgccc atattaacaa 1080
actgaacaac atgcttcaceg accttatcet gtctetgect aaagtcgatg agaggctcat 1140
tggaaatctt atgaacaaca gegtatcctc tactttccte tcagatgata cctttttect 1200
gateccatgt actaacccac cggcccacac atctaactgt tacaataact ccatttacaa 1260
agaaggtcgg tggetegecca acaccgactc cagecagtge attgatttct ctaattacaa 1320
geaactceca atcgateacg acgtcgagtt ctggatccca accatcesca atactacgta 1380
ccacgatagt tgmaaggatg cgagcgectg gicttttatc ectcaacaga agagtaacct 1440
tatcacaact atgeagaata cgaaatttesg gegceteesc acticcctea gtgacatcac 1500
ctccatgect gagegagage tcgcagecaa gttgacctee ttcatgttes gecatgttet 1560
gaatttcett attatcctea tcgtaattct ttttctctac tecatzatcc ggaacagaaa 1620
tcgacagtac cactaagte 1639
<210y 35
211> 1191
<212> DNA
<213> Artificial sequence
<2202
<223> Polynucleotide sequence of PfCSP(3D7) _opt as artificial gene
<400> 35
atgatgcgaa aattgeccat actgtcagtc agcagettet tgttcegtgea ggecetgtit 60
caggaatacc agtgctatgg ttccagetct aatacgegag ttctgaacga geteaactac 120



tat 723 <210> 60 <211> 138 <212> DNA <213> Artificial Sequence <220>
<223> 0P64 sequence <400> 60 gacatcactt ccatggctga aggcgaattg
gccgctaaat tgacttcgtt catgtttggt60 catgtagtta actttgtaat tatattaatt
gtgattttat ttttgtactg tatgattagal20 aaccgtaata gacaat at 138 <210> 61
<211=eatageccglgracDhvicd2d BacaAt gaef ic tiadga Bemad hoet ac2@ aagcaggag 180

aattggtact cactcaagaa gaactccaga agtctceeee agaacgacga cggaaataat 240
gaggacaacg aaaaacttag aaaacccaaa cacaagaaac itgaaacaacc tgccgatgst 300
aatcctegatc ctaatgcaaa cccaaatgtg gaccccaatg ctaaccccaa cetcgatcecg 360
aacgcgaacc ctaatgtsga tcctaacecc aatccaaace cgaatccgaa tgccaaccca 420
aacgccaacc caaacgctaa ccccaacgcg aaccccaacg ctaatccgaa cgccaatece 480
aatgciaatc ccaatgcgaa ccctaacect aatcccaacg caaatccgaa cgcaaaccct 540
aacgcaaacc ccaatgccaa ccctaacgcc aacccgaatg ccaatcctaa tetggaccee 600
aacgccaatc cgaatgcaaa cccaaatgcc aatccaaacg ctaatcctaa cgccaaccee 660
aacgccaacc ctaatgctaa tccgaatgce aatccaaatg ctaacccgaa cgctaatcca 720
aatgcaaatc ccaatgcaaa tccaaatgce aaccceaatg ctaaccctaa tgcasatcct 780
aatgcaaacc ctaafgcgaa tcccaatgca aaccccaata agaataatca geggaaategc 840
caggeacata atatgcctaa tgaccctaac aggaacgtte ateagaacec gaatgcgaac 900
tctectgtaa agaacaacaa caatgaagag ccctcceata aacatattaa ggagtatctg 960
aataagatcc agaactcctt gtctaccgaa tegtccccct gticigtgac gteteetaac 1020
ggaatccagg taaggatcaa acccegcagi gccaacaage caaaggacga getcgattac 1080
gctaatgata tteaaaagaa aatttgtaag ategagaagt geagctccgt attcaatgtg 1140
gtcaacagct caattgegcct catcatgett cttteetttc tgitcectcaa t 1191
<2107 36

211> 34

<212) DNA

213> Artificial sequence

{2200
223> Oligonucleotide as PCR primer PfCSP_opt-f

<400> 36
gactctgcag atgatgcgaa aattegeccat actg 34

210> 37

Q11> 39

<212> DNA

<213> Artificial sequence

<2207
<223> Oligonucleotide as PCR primer PFfCSP_opt-r (397)

_]1_



<223> Codon-Optim zed GP64 sequ ence <400> 61 gagcattgca acgcacagat

gaagacaggg ccct at aaaa tcaagaacct ggatattact 60 ccacccaaag aaacactgca

aaaggacgtt gagattacca ttgtggagac tgactataacl20 gagaacgtga tcattggcta
t aaaggttac taccaagcat atgcctataa cggcggaagcl80 ttggacccca acact cgggt
tgaag% B2 c ¥t gaaaact c t caacgt ggg gaaggaggac240 ttgctgatgt ggagt ataag
acaad®gtegcegaaenit §agrnaacrEAgasrR aggaacad@t gg300 ggct ccgata gt gat d8ct g
cttccgcgac aacgaaggtc gaggccagtg ggt caaggga360 aaagagttgg t gaaacgaca

gaac ac .cattttgcac accacacatg taataagagc420 tggagatgcg gcat cagtac
ctca gJfat tccagat tggagtgtca ggacgacact 480 gat gaatgcc aggt gt at at
cctc CS aggcaacc ccatcaacgt tactgtggac540 accgttctgc accgggacgg
agta g Et tcagqé agaagt ccac cttcacaaca600 agacaaatca aagccgcctg
cctcc chh hd&é@ T et aaccc agagtccgtg660 act agggagc actgcct gat

tgacqggggc atttatgatc tctccaaaaa tacatggaat 720
<223> Oligonucleotide as PCR primer PFCSP_opt—f {76)

<400> 38
gactctgcag gacgacggaa ataatgagga caace 35

<210> 39

11> 50

<212> DNA

<213> Artificial sequence

<2200
<223> Oligonucleotide as PCR primer PFCSP opt-r (373)

<400> 39
cgatcceegg ccttctecat cttacaaatt ttcttttcaa tatcattage 50

<210> 40

11> 39

<212> DNA

213> Artificial sequence

220>
<223> Oligonucleotide as PCR primer PFfCSP_opt-f (205)

<400> 40
gactctgcag aatgcaaacc caaatgccaa tccaaacgc 39

210> 41

211> 22

<212> DNA

<{213) Artificial sequence

<2200
<223> Oligonucieotide as PCR primer Pol h-F

<400> 41
ccatctececa aataaataag ta 22

210y 42
211> 18
<212> DNA

_T 2_



tgcaaattca acaggtgtat caagagaaag gtcgagcatc
acgt ggcgge at aacgtacg cgcgaagtac acggagggag
ctcatgcaca tccaggaaga gctcatgtat gagaacgacc
cttatgcacg cccatattaa caaactgaac aacatgcttc
gct a&ddsL g Ast bhigaabaeaueitaeggaaat ct t at gaaca
ct gt g ataccttttt gctgatgcca tgtactaacc

R e oT Gl s B g s

f:

ccaa cg gcaatactac gtaccacgat agttggaagg
atcg%éggggag g ccttatcaca actat ggaga
ggca gi@?g cacct ccatg gct gagggag

tccttcatgt tcggccatgt tgtgaatttc gttattatcc
tact gepjgasgccggaacag aaatcgacag taccacla7eé

Q11> 18
<212> DNA
213> Artificial sequence

<2207
223> Oligonucleotide as PCR primer CAG-F-Fsel

<400> 43
ctagttatta atagtaat

44

21

DNA

Artificial segquence

<210
11
<212
<23

{220>
<223> Oligonucleotide as PCR primer GP64-R2

<400> 44
catcgecacg atttgttgea ¢

€210,
211>
<212
213>

220>
<223> O0Oligonucieotide as PCR primer VN-F2

<400> 45
gtgtccageg cectgccccta ccagg

45
25
DNA
Artificial sequence

<210y
<211
212>
213>

2200
<223> Oligonucleotide as PCR primer VN-R3

<400> 46
cecgtacteca gttctgactt catg

46
24
DNA
Artificial sequence

_]3_

gggt gaaaaa
at acggcaac
ttct gaagat
acgacctt at
acagcgt at c
caccggccca
ccaacaccga
acgacgt cga
at gcgagcgg
at acgaaat t
agct cgcagc
t gat cgt aat

gcgccctcct 780
caaaggt gac840
gaat at t gaa900
cgtgtctgtg960
ctctactttcl020
cacat ct aac1080
ctccagccagll40
gttctggatcl1200
ctggtctttt1260
t9999909i§1320
caagttgactl1l380
tctttttctcld40

18

21

25

24



<210> 62 <211> 512 <212> PRT <213> Autographa californica

nucl eopol yhedr ovi rus <400> 62 Met Val Ser Ala Ile Val Leu Tyr Val
Leu Ala Ala Ala Ala Hi s 151015 Ser Ala Phe Ala Ala Qu H's Cys Asn
Ala An Met Lys Thr Ay Pro 202530 Tyr Lys Ile Lys Asn Leu Asp Ile
Thr F2d0Prd7Lys G u Thr Leu G n 354045 Lys Asp Val Gu lle Thr Ile

Tyr

Al a
Thr é;ﬁ/aﬁ@ﬁ@hﬂﬁﬁ%?@t Lys Thr Leu Asn 859095

220>
<223> Oligonucleotide as PCR primer Gp64-271-F

<400> 47
accgagtcaa gaageggcce

210> 48

211> 23

<212> DNA

<213> Artificial sequence

220>
<223> O0ligonucleotide as PCR primer CAP-PromF F213-22

<400> 48
geectetgeta accatgttea tec

<210> 49

211> 27

<212> DNA

<213> Artificial sequence

<2207
<223> Oligonucieotide as PCR primer CAP~PromR F213-22

<400> 49
cttgcttete tgttecttat tgaagcc

210> 50

<211> 425

<212> DNA

213> Artificial sequence

220>
223> DNA fragment of HA1/VN probe

<400> 50
gtgtccageg cetgccccta ccaggecaag tcaagettet ttcecaacet getgteegcte

atcaagaaga atagtaccta ccccacaatc aagagetcct acaacaacac caaccaggaa
gacctgetge tectgtgese aatccatcac cccaatgacg cteccgaaca gaccaagcteg
taccagaacc caactaccta catcagcetg ggcaccagea cactgaacca gegectgete
cctagaatcg ccaccagatc caaagtgaac geccagtccg gecgcatgga attittoteg

acaatcctga agcccaatga tgccatcaac ttcgagagca atggaaactt catcgeccee

_.1 4_

P
val 2%1ﬁhﬂ9Asp Tyr Asn G u Asn Val 505560 Ile Ile Ay Tyr Lys Ay
' Tyr Ala Tyr Asn Ay Ay 65707580 Ser Leu Asp Pro Asn

19

23

27

60
120
180
240
300
360



Gy Lys Qu Asp Leu Leu Met Trp Ser Ile Arg Gn Gn Cys Qu
100105110 Val dy Gu Qu Leu Ile Asp Arg Trp Ay Ser Asp Ser Asp Asp
Cys 115120125 Phe Arg ASP Asn Qu Ay Arg Ay Gn Trp Val Lys Ay Lys
G u Leu 130135140 Val Lys Arg A n Asn Asn Asn H's Phe Ala H's Hs Thr
Cys /eaatagacci4s0mea betceaSaaageo gat (rcay& Qloytddant Seqgaibteslgr Lyg0 Met
Tyr Ser Arg Leu G u 165170175 Cys G n Asp Asp Thr Asp Gu Cys G n Va
Tyr 113688eu Asp Ala G u 180185190 Ay Asn Pro Ile Asn Val Thr 494l

Val

Asp Thr Val Leu H's Arg ASP A Y
<210> 51
211> 1050
<212> DNA
{213> Artificial sequence
{2207
<223> DNA fragment of GP64 probe
<400> 51
acceagtcaa gaagcgecce cccactteec eccacaacgt tagagccaag tacacagage 60
gagacactgc caccaaagec gacctgatec atattcaaga ggagctgatg tacgaaaacg 120
atttgctgaa aatgaacatt gagctgatec atgcgcacat caacaagcta aacaatatsc 180
tgcacgacct gatagtctcc giggccaage tegacgagee tttgattgec aatctcatga 240
acaactctgt ttcttcaaca tttttgtcgg acgacacgtt tttgcteate ccgtegcaccea 300
atccgeegge acacaccagt aattgctaca acaacagcat ctacaaagaa ggecgttgee 360
tegccaacac ggacicetcg caatgcatag attttagcaa ctacaaggaa ctagcaattg 420
acgacgacgt cgagitttegg atcccgacca tcgscaacac gacctatcac gacagttgea 480
aagatgccag cgectegteg titattzcce aacaaaaaag caacctcata accaccatge 540
agaacaccaa gtttggcggc gtcgecacca gtetgagesga catcacttce ategcteaag 600
gcgaatigece cectaaatte acttcgtica tegtttegtca tgtagttaac tttgtaatta 660
tattaattgt gattttattt ttegtactgta tgattagaaa ccetaataga caatatcact 720
aagtgattaa cctcaggtec aggctgccta tcagaagetg gtgectegte tegccaatge 780
cctggctcac aaataccact gagatcgate tttttecctc teccaaaaat tatgeegaca 840
tcatgaagce ccttgageat ctgacttcts gctaataaag gaaatttatt ttcattecaa 900
tagtgtetty gaatttitte tgtctetcac tcggaageac atatgggaes geaaatcatt 960
taaaacatca gaatgagtat tteetttaga gtttgecaac atatecccat atgtaactag 1020
cataacccct tggggectet aaacgesgtet 1050
210> 52
211> 252
<212> DNA
213> Artificial sequence
220>

_‘l 5_



195200205 Val Ser Met lie Leu Lys G n Lys Ser Thr Phe Thr Thr Arg G n
Il e 210215220 Lys Ala Ala Cys Leu Leu Ile Lys Asp Asp Lys Asn Asn Pro
A u Ser 225230235240 Val Thr Arg Qu His Cys Leu Ile Asp Asn Asp Ille
Tyr Asp Leu Ser 245250255 Lys Asn Thr Trp Asn Cys Lys Phe Asn Arg Cys
e L$23Ar PNAy bragaen pad2ee@indeGinrobes Arg Val Lys Lys Arg Pro Pro Thr
Trp A i s._Asn Val Arg 275280285 Ala Lys Tyr Thr Gu Ay Asp Thr Ala
Thr L U@»:?As Leu Met His 290295300 Ile Gn Gu Gu Leu Met Tyr Gu
Asn te t@eikqg;gtkﬁﬁ tgecttelee tttttectac agctccteees caacgigcte 60

gttattgtec tetctecatca ttttegcaaa gaattegatc sgaccegata attaaaatga 120
taaccatctc gcaaataaat aagtatttta ctettttcet aacagttttg taataaaaaa 180
acctataaat acggatctat gctactasta aatcagtcac accaaggctt caataageaa 240
cacacaagca ag 2h2
<210> 53

211> 60

<212> DNA

213> Artificial Sequence

220>
<223> Codon-Optimized GP64 Signal sequence

<400> 53
atggtatcag caattgtttt gtatetactt ctcecagetg ccectcactc agetttegec 60

210> 54

<211> 990

<212> DNA

213> Artificial Sequence

220>
<223> Codon-Optimized HA1 {Vietnam) sequence

<400> 54
gaccagatct gtatcggata ccacgccaac aacagtaccg aacaggtgga caccattate 60

gagaagaatg tgacceteac ccacgcccag gatatcctee agaagaagea caacggcaaa 120
ctgtgceatc tggaceecet gaageccety atcctecgcg attectceet geccgrateg 180
ctectgeeca accctatgte ceacgaattt atcaacgtgc ccgaatggag ttacattgtg 240
gagaaggcta accccetgaa tgacctgtec taccccesag acticaacga ctacgaagag 300
cigaagcatc tgctegtcaag gattaaccac ttcgagaaga tccagattat tcccaagtet 360
agctegaget cccacgagge ctcactegea gtgtccageg cetgecccta ccagegcaag 420
fcaagcttct ttcgcaacgt egtetggcte atcaagaaga atagtaccta ccccacaatc 480
aagaggicct acaacaacac caaccaggaa gacctgcteg tectgtgeee aatccatcac 940
cccaatgacg ctgccgaaca gaccaagetg taccagaacc caactaccta catcagcetg 600

ggcaccagca cactgaacca gegcctegte cctagaatcg ccaccagatc caaagtgaac 660

_.‘] 6_



305310315320 G u Leu Met His Ala His Ile Asn Lys Leu Asn Asn Met Leu
Hi s Asp 325330335 Leu Ile Val Ser Val Ala Lys Val Asp Qu Arg Leu Ile
Ay Asn Leu 340345350 Met Asn Asn Ser Val Ser Ser Thr Phe Leu Ser Asp
Asp Thr Phe Leu 355360365 Lets Met Pro Cys Thr Asn Pro Pro Ala His
‘Thr SBCCABHCEBCCEEAtaEa aBliddnbemacaatccter ascecamiealigccatenad y A28 Trp

Val a _Asn Thr, Asp Ser Ser 385390395400 G n Cys Ile Asp Phe Ser Asn

Tyr d@g@%%e%t?&&lﬂgaqtltecmﬂcﬁ\%ﬁﬁ Raptargoat asaseattat gaaaaaagec 780
gattccacca tcatgaagtc agaactgeag tacggcaact gtaacaccaa gteccagact 840
cccateggeg ccatcaactc cageatgcca ttccacaaca tccatccact saccatcgec 900
gagtgcccca agtacgtgaa gtccaacaga ctegtactge ctaccegact gegcaattee 960
ccacagageg agagacgrag gaagaagaga 990
<210 55
211> 1191
<212 DNA
<213> Artificial Sequence
<2207 -
<223> Codon-Optimized CSP sequence
<400> 55
atgatgcgaa aattgeccat actgtcagtc agcagettct tgttcetgea ggcoctattt 60
caggaatacc agtgctatge ttccageict aatacgcgag ttctgaacea geotgaactac 120
gataacgcce gcaccaacct ctacaatgag ctesagatga attactaces caagcaggag 180
aattegtact cactcaagaa gaactccaga agtctegege agaacgacga cggaaataat 240
gaggacaacg aaaaacttag aaaacccaaa cacaagaaac tgaaacaacc tgcceatest 300
aatccteatc ctaatgcaaa cccaaatgtg gaccccaatg ctaaccccaa cegtcgatccg 360
aacgcgaacc ctaatgtega tcctaacgcc aatccaaacg cgaatccgaa tgccaaccca 420
aacgccaacc caaacectaa ccccaacgeg aaccccaacg ctaatccgaa cgccaatcce 480
aatgctaatc ccaatgegaa ccctaacgct aatcccaacg caaatccgaa cgcaaaccct 540
aacgcaaacc ccaateccaa ccctaacecc aacccgaatg ccaatcctaa tetggaccee 600
aacgccaatc cegaatgcaaa cccaaatgec aatccaaacg ctaatcctaa cegccaacece 660
aacgccaacc ctaatgctaa tccgaatgcg aatccaaatg ctaacccgaa cectaatcca 720
aatgcaaatc ccaatgcaaa tccaaatgcg aaccceaatg ctaaccctaa tgcaaatcct 780
aatgcaaacc ctaatgcgaa tcccaatgca aaccccaata agaataatca gegaaatgge 840
cagggacata atatgcctaa tgaccctaac ageaacgtty atgagaacec gaatgceaac 900
tctectetaa agaacaacaa caatgaagag ccctcogata aacatattaa ggagtatctg 960
aataagatcc agaactcctt gtctaccgaa testccccct gttctgtgac gtgtggtaac 1020
ggaatccagg taaggatcaa acccggcagt gccaacaage caaaggacga gctceattac 1080

_‘] T_



420425430 Trp Lys Asp Ala Ser Gy Trp Ser Phe Ile Ala Gn G n Lys Ser
Asn 435440445 Leu Ile Thr Thr Met Gu Asn Thr Lys Phe Ay Gy Val dy
Thr Ser 450455460 Leu Ser Asp Ile Thr Ser Met Ala Qu Ay Gu Leu Ala
Al a Lys Lev 465470475480 Thr Ser Phe Met Phe Gy His Val Val Asn Phe
Val Ile Ile Leu Ile 485490495 Val I1le Leu Phe Leu Tyr Cys Met Ile Arg
Asn Aftpaigatatjeananeeg aajdostrasategagaagt geageteegt attcaatgte 1140

gtcaacaget caattgegcct catcatggtt ctitcctite tgttectecaa t 1191

<210> 56

211> 894

<212> DNA

213> Artificial Sequence

{2200
<223> Codon-Optimized CSP sequence

<400> 56
gacgacgegaa ataatgagga caacgadaaa cttagaaaac ccaaacacaa gaaactgaaa 60

caacctgcceg atgetaatcc tegatcctaat gcaaacccaa atgtegaccc caatgctaac 120
cccaacgtcg atccgaacec gaaccctaat gtegeatccta aceccaatec aaacgcgaat 180
ccgaatgeca acccaaacge caacccaaac getaacccca acgcgaacce caacgctaat 240
ccgaacgeca atcccaatge taatcccaat gegaacccta acgetaatcc caacgcaaat 300
cCeaacgcaa accctaacgc aaaccccaat gccaacccta acgccaacce gaatgecaat 360
cciaatgtgg acccgaacge caatccgaat gcaaacccaa atgecaatce aaacgctaat 420
cctaacgcca accccaacgc caaccctaat gctaatccga atgegaatce aaatgctaac 480
ccgaacgcta atccaaatge aaatcccaat gcaaatccaa atgegaacce gaatgctaac 540
ccfaatgcaa atcctaafgc aaaccctaat gegaatccca atgcaaacce caataagaat 600
aatcagggaa atggccaggg acataatatg cctaatgacc ctaacaegaa cgttgatgag 660
aacgcgaatg cgaactctge tgtaaagaac aacaacaatg aagagccctc cgataaacat 720
attaaggagt atctgaataa gatccagaac tccttgtcta ccgaaigetc ccectegttet 780
gtgacetete gtaacggaat ccaggtaage atcaaacccg gcagtgccaa caagccaaag 840
gacgagctcg attacgctaa tgatattgaa aagaaaattt gtaagatgga gaag 894
210> 57

211> 507

212> DNA

<213> Artificial Sequence

220>
{223> Codon-Optimized CSP segquence

<400> 57
aatgcaaacc caaatgccaa tccaaacgcet aatcctaacg ccaaccccaa cgccaaccot 60
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aatgctaatc cgaatgegaa
aatgcaaatc caaatgcgaa
aatgcgaatc ccaatgcaaa
atecctaatg accctaacag
aacaacaaca atgaagagcc
aactccttgt ctaccpaatg
ageatcaaac ccggcagtgc

gaaaagaaaa tttegtaagat

<210y 58

11y 987
€212>  DNA
213>

<220,
223>

<400> 58
gaccagattt

gagaaaaacg
ctctecgace
ctectgggaa
gagaaggcca
ctegaagcace
agttggagtg
cccagtttet
aagcgaagtt
tctaacgacg
ggaacaagca
ggccagtcesg
tttgagtcta
gactccgcca

ccaattggag

gcatcgsata
tgaccgtcac
tggacggcet
accccatete
accctgecaa
tectctcaceg
accacgagec
tcagaaacgt
acaacaacac
ctgccgaaca
ccctcaacca
gcaggatgea
atggcaactt

tcgtgaagic

tccaaatect
cccgaatgct
ccccaataag
gaacgttgat
ctceegataaa
gtccecctat
caacaagcca

ggagaag

Artificial Sequence

ccacgecaac
ccacgctcag
gaaacccctc
cgatgaattt
cgacctetat
catcaaccac
cagttccesc
cgtcteects
caaccageag
gacaaagctg
gegectegte
ctttttctag
catcgecece

cgaggtggag

ccattaactc cagtatgcce

aacccgaaceg
aaccctaats
aataatcage
gagaacgceega
catattaagg
tctetgacat

ddg8acgagc

Codon-Optimized HA1 (Anhui) sequence

aacagcaccg
gacatccteg
atcctgagag
atcaacgtce
taccccgeca
ttceagaaga
gtgtcctetg
atcaagaaga
gacctectcea
taccagaatc
cccaagatcg
accatcctca
gagtacgett
tacggcaact

ttccacaata

gaatgcccca aatacgtgaa aagcaacaaa ctggtecteg

_‘l g_

ctaatccaaa
caaatcctaa
gaaatggcca
atgcgaactc
agtatctgaa
gtegtaaceg
tcgattacec

agcaggtcga
agaagactca
attgtictat
cagagtggag
acttcaacga
tccagattat
cctgtecata
acaacacata
tcctegteeese
ccaccaccta
ctacacgatc
aacccaacga
acaagatcst
grcaacaccaa
tccacccact

ctaccggact

tgcaaatcce
tgcaaacccet
gggacataat
tgctgtaaag
taagatccag
aatccaggta

taatgatatt

taccatcatg
caatggaaag
geccggatge
ttacatcegte
ctacgaggag
ccctaagtet
ccagggcaca
ccecaccate
aatccaccac
catctcegtg
aaaggtgaat
ceccatcaat
caagaaagga
gtgccagacce
gacaattgec

gcgcaacage

120
180
240
300
360
420
480
207

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



ccccigerce agcecagecg caagaga

<210
211
212>
<213

<2207
223>

<400>

59

723

DNA

Artificial Sequence

GP64 sequence
59

gicgagcacc gagtcaagaa gegeccgece acttggegee acaacgttag agcocaagtac

acagagggag acactgccac caaaggcgac cteatgeata ttcaagagea gctgatgtac

gaaaacgatt tgctmgaaaat gaacattgag cigatgcate cecacatcaa caagctaaac

aatatgctgc acgaccigat agtctccgts gecaaggtee acgagcettt gattgecaat

ctcatgaaca actctgttic ttcaacattt ttgtceeaceg acacgttttt gcteatgcce

tgcaccaatc cgccggecaca caccagtaat tgctacaaca acagcatcta caaagaages

cettegeter ccaacacgea ctegtegcaa tgcatagatt ttagecaacta caaggaacta

gcaattgacg acgacgtcea gttttegatc ccgaccatcg gcaacacgac ctatcacgac

agttggaaag atgccagegg ctegtegttt attecccaac aaaaaageaa cctcataace

accatggaga acaccaagtt tgecegcgtc gecaccagtc tgagegacat cacttccatg

gctgaagecy aattgeccec taaattgact tcgttcatgt ttegtcatgt agttaacttt

gtaattatat taatigteat tttattttte tactetatga ttagaaaccg taatagacaa

tat

<210>
<211
<212
Q13

<220
223>

<400

60

138

DNA

Artificial Sequence

GP64 seauence
60

gacatcactt ccatggctga aggceaatte gccectaaat tgacttcgtt catgttigst

catgtagtta actttgtaat tatattaatt gtgattttat ttttgtacte tatgattaga

aaccgtaata gacaatat

210>

61
~90-

987

60
120
180
240
300
360
420
450
540
600
660
720
723

60
120
138



<211
212
<P

<220,
223>

<400> 61
gagcattgca acgcacagat gaagacageg ccctataaaa

1476
DNA
Artificial Sequence

Codon-Optimized GP64 sequence

ccacccaaag aaacactgca aaaggacgtt gagattacca

gagaacgtga tcattgecta taaaggttac taccaagcat

ttegacccca acactceeggt tgaagaaacc atgaaaactce

ttectgatet ggagtataag acaacagtet gaagttgeeg

gectcceata gtgatgactg cttccgceac aacgaaggtce

aaagagttgg tgaaacgaca gaacaacaac cattttgcac

tggagatgcg gcatcagtac ctcaaagatg tattccagat

gatgaatgcc agsgtgtatat cctceacece gaaggcaace

accgttcetgc accgggacge agtaagtatg attctcaagc

agacaaatca aagccgcctg cctecttatec aaagacgata

actaggeage actgcctgat tgacaacgac atttatgate

tgcaaattca acaggtgtat caagagaaag gicgagcatce

acgtggcggce ataacetace cgcgaagtac acggagegag

ctcatgcaca tccaggaaga gctcatetat gagaacgacce

cttatgcace cccatattaa caaactgaac aacatectte

ateagagect cattggaaat cttatgaaca

ataccttttt

gctaaagtce

ctetcagate gctgatgcca tegtactaacce

tgttacaata actccattta caaagaaggt cegteegtee

tgcatigatt tctctaatta caaggaactc gcaatcgatg

ccaaccatcg gcaatactac gtaccacgat agtteggaage

atcgctcaac agaagagtaa ccttatcaca actatggaga

gecacttcec tgagtgacat cacctccatg gectgagegag

tccttcatet tcegccatgt tgtgaattte gttattatce

taccac
_2‘]_

tactgcatga tccegaacag aaatcgacag

tcaagaacct
ttgteggagac
atgcctataa
tcaacetegg
aggagetgat
gaggccagte
accacacatg
tegagtetca
ccatcaacgt
agaagtccac
agaataaccc
tctccaaaaa
gegtgaaaaa
atacggcaac
ttctgaagat
acgaccttat
acagegtatc
caccggccea
ccaacaccga
acgacetcea
atgcgageesg
atacgaaatt
agctcgcage

tgatcgtaat

geatattact
tgactataac
CEECRRAALC
gaaggaggac
ceatagatgg
ggtcaaggea
taataagasc
geacgacact
tactgtggac
cttcacaaca
agagtccgtg
tacatggaat
gegcectect
caaagetgac
gaatattgaa
cgtgtetete
ctctacttic
cacatctaac
ctccagecag
gttctegate
ctggtcttit
tegegecete
caagitgacc

tetttticte

60
120

180

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1476



210> 62
211> 512
<212> PRT

<213> Autographa californica nucleapolyhedrovirus

<400> 62
?et Val Ser Ala

Ser Ala Phe Ala
20

Tyr Lys lle Lys

35
Lys Asp Val Glu
50

[le Ile Gly Tyr

65

Ser Leu Asp Pro

Val Gly Lys Glu

100

Val Gly ? Glu

lu

15

Phe Arg Asp Asn
130

Val Lys Arg Gin

145

Ser Trp Arg Cys

Cys GlIn Asp Asp
180

Ile Val Leu Tyr Val Leu Leu Ala Ala Ala Ala His
5 10 15

Ala Glu His Cys Asn Ala Gin Met Lys Thr Gly Pro
25 30
Asn Leu Asp lle Thr Pro Pro Lys Glu Thr Leu Gln
40 45
tle Thr Ile Val Glu Thr Asp Tyr Asn Glu Asn Val
55 60

Lys Gly Tyr Tyr Gln Ala Tyr Ala Tyr Asn Gly Gly
70 75 80

Asn Thr Arg Val Glu Glu Thr Met Lys Thr Leu Asn

85 90 95

Asp Leu Leu Met 162 Ser Ile Arg GIn ? Cys Glu

In

10

Leu Iie Asp Arg Trp Gly Ser Asp Ser Asp Asp Cys
120 125

Glu Gly Areg Gly GIn Trp Val Lys Gly Lys Glu Leu
135 140

Asn Asn Asn His Phe Ala His His Thr Cys Asn Lys
150 155 160

Ile Ser Thr Ser Lys Met Tyr Ser Arg Leu Glu

Gly
165 170 175

Thr Asp Glu Cys GIn Val Tyr [le Leu Asp Ala Glu
185 190

_22_



Giy Asn Pro 1le Asn Val Thr Val Asp Thr Val Leu His Arg Asp Gly
195 200 205

Lys Ser Thr Phe Thr Thr Arg GIn ile

Val Ser Met lle Leu Lys Gin
215 220

210

Lys Ala Ala Cys Leu Leu !le Lys Asp Asp Lys Asn Asn Pro Glu Ser
225 230 235 240

Val Thr Arg Glu His Cys Leu |le Asp Asn Asp |le Tyr Asp Leu Ser
245 250 255

Lys Asn Thr Trp Asn Cys Lys Phe Asn Arg Cys lle Lys Arg Lys Val
260 265 270

Glu His Arg Val Lys Lys Arg Pro Pro Thr Trp Arg His Asn Val Arg
275 280 285

Ala Lys Tyr Thr Glu Giy Asp Thr Ala Thr Lys Gly Asp Leu Met His
290 295 300

|le GIn Glu Glu Leu Met Tyr Glu Asn Asp Leu Leu Lys Met Asn |le
305 310 315 320

Glu Leu Met His Ala His lie Asn Lys Leu Asn Asn Met Leu His Asp
325 330 335

Leu Ile Val Ser Val Ala Lys Val Asp Glu Arg Leu lle Gly Asn Leu
340 345 350

Met Asn Asn Ser Val Ser Ser Thr Phe Leu Ser Asp Asp Thr Phe Leu
355 360 365

Leu Met Pro Cys Thr Asn Pro Pro Ala His Thr Ser Asn Cys Tyr Asn
370 375 380

Asn Ser Ile Tyr Lys Glu Gly Arg Trp Val Ala Asn Thr Asp Ser Ser
385 390 395 400

GIn Cys Ile Asp Phe Ser Asn Tyr Lys Glu Leu Ala |le Asp Asp Asp
405 410 415

Val Glu Phe Trp Ile Pro Thr Ile Gly Asn Thr Thr Tyr His Asp Ser
_23_



420 425 430

Trp Lys Asp Ala Ser Gly Trp Ser Phe Ile Ala GIn Gln Lys Ser Asn
435 440 445

Leu Ile Thr Thr Met Giu Asn Thr Lys Phe Gly Gly Val Gly Thr Ser
450 455 460

Leu Ser Asp |le Thr Ser Met Ala Glu Gly Glu Leu Ala Ala Lys Leu
465 470 475 480

Thr Ser Phe Met Phe Gly His Val Val Asn Phe Val lle Ile Leu Ile
485 490 495

Val Ile Leu Phe Leu Tyr Cys Met Ile Arg Asn Arg Asn Arg Gin Tyr
500 505 510
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