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TI TLE RECOVBWGWSIB1RAP!I LLOVA VI RUS L1 FI ELD OF THE | NVENTI ON TH&: AW&
relates to the L1 protein papillom 5 viruses. In particular,

i n¢gention relates to reconbi nant papilloma virus L1 protein and its use for
detecting and treating papilloma virus infections. BACKGROUND OF THE

| NVENTI ON Papi | |l oma viruses infect a range of hosts including man, cattle,

sheep, dogs and cats. For a nore conplete listin see "Papillom 10
Virus Infections in Aninmals" by J. P, Sundbelbﬁl chis descrl bed in

Papi |l oma Viruses and Human D S@aS$NMB W?‘QPIIEFOM ArUSR§", L. G ssman and

L. G Koss, Spl’l nger Verlag, 1987. Hunman papilloma vi ruses I nduce beni gn
hyperproliferative | esions of the cubtitidd@F BHE INVENTEHON:pithelia. O the

70 different virus 15 type mans re t han 20 are
associ ated with anogenital 3% ?@HERI&%& é&?teﬁéﬁgt L\ pratein ggapilioma
4898-4903). Pagg || owmruseg Uﬁﬁpaﬂﬁéul%rathé%\}%@ﬁani‘é@%‘s' tétrSSoMbﬁﬁanébﬂHﬁ] d)}?

s. Human pa oma virus types 16 and 18 have been associ at
gf nﬁﬁggrer of cervi cgqulmptean épﬂt’ﬂﬁé#sleafgf ﬁ%@ﬁlﬂﬁa@@ traatn@ Eapl"nmmanufmtelceons
cervix (Lancaster et al., 20 D , Bk AV 6653- 6664 and
Pfister, 1987, Adv. Cancer Res. : es are small
DNA vi ruses encodi ng up to ei §apilloma ylrlasat iniectl atrengen@fshogtbelnbmg)@ﬁﬁ
L1 and L2 code for

cattle, sheep, dogs and cats. For a more complete listing, see "Papilloma

10 Virus Infections in Animals" by J. P. Sundberg which is described in
Papilloma Viruses and Human Diseases, edited by K. Syrjanen, L.
Gissman and L. G. Koss, Springer Verlag, 1987.

Human papilloma viruses induce benign hyperproliferative

lesions of the cutaneous and mucosal epithelia. Of the 70 different virus

15 types which infect humans, more than 20 are associated with anogenital
lesions (de Villiers, 1989, J. Virol. 63 4898-4903). Papilloma viruses have
also been associated with various forms of cancers. Human papilloma
virus types 16 and 18 have been associated with a number of cervical
intra-epithelial neoplasias and carcinomas of the cervix (Lancaster et al.,

20 1987, Cancer Metast. Rev. 6 6653-6664 and Pfister, 1987, Adv. Cancer
Res. 48 113-147).

Papilloma viruses are small DNA viruses encoding up to
eight early and two late genes. The late genes L1 and L2 code for
structural proteins which assemble into a capsid within the cell (Galloway

25 ef al., 1989, Adv. Virus Res. 37 125-171). A single virus capsid is a T=7d
icosahedron composed of 360 pentameric capsomers, each of which
contains five molecules of the major capsid protein L1 (Baker et af., 1991,
Biophys. J. 60 1445-1456 and Finch et al., 1965, J. Mol. Bio. 13 1-12).
The minor capsid protein L2 is present at approximately one-tenth the

30 abundance of L1 (Doorbar et al., 1987, J. Virol. 61 2793-2799).

Propagation of human papilloma viruses in vifro has not
been achieved (Taichman et al., 1984, J. Invest. Dermatol. 83 25) and
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1988, Virol ogy 164V4@l,; 68l 2¢33;08clineideraGadiche7et al., 1888, Gancsr Reg 4832069,
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Gen. Virol. 69 126%—Méyotﬂﬂexpressioh-sysfb&90$ing.re&ambindnt vhccinia vinsgBrowne
and Zhou et al., 1991,

expression system GPaf-.k'iglﬂrB?lif égﬂi‘%gdz ‘%1 225537'%3?& mﬁcaj%%ééﬁégn-a\‘i@h f1a
543-555). As' L1 pr CAEPIZID HAEZhalier . 3ont, YiBay es ¥z, Bla pbculovinus
10 expression system (Park ef al., 1993, J. Virol. Meth. 45 303-318) and in a
bacterial expression system (Strike ef al., 1989, J. Gen. Virol. 70 543-555).
As L1 protein is the major capsid protein, it has been used as
the basis for the development of vaccines for protection against papilloma
virus infection. Zhou et al. immunized mice with synthetic HPV16 virus-like
15 particles (VLPs) using a vaccinia virus doubly recombinant for the L1 and L2
proteins of HPV16. The murine anti-VLP anti-sera recognised HPV16 |
capsids by ELISA and baculovirus recombinant HPV16L1 and L2 protein on
immunoblot. The murine anti-VLP anti-sera, however, failed to recognise
" two peptides that were recognised by anti-HPV16L1 monoclonal antibodies
20 raised against a recombinant L1 fusion protein (Zhou ef al., 1992, Virology
189 592-599). . These researchers concluded that the immunoreactive
epitopes of HPV16 defined using virus-like particles differ significantly from
those defined using recombinant HPV16L1 fusion proteins.
To overcome problems of presentation, vaccines were
25 developed using virus-like particles. VLPs were formed intracellularly from
recombinant L1 or L1 and L2 proteins encoded by recombinant vaccinia
virus (Zhou et al., 1991, Virology 185 251-257; Zhou et al., 1991, Virology
181 203-210 and International Patent Specification W0O93/02184). These
vaccines using synthetic virus-like particles have a number of
30 disadvantages. Firstly, the recombinant L1 or L1 and L2 genes are
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15 particles (VLPs) using a vaccinia virus doubly reconbinant for the L1
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recombinant vaccinia viruses is comparatively expensive.

Similar disadvantages apply to the use of the virus-like
particles produced from recombinant vaccinia viruses for the detection of
antibodies in the sera of patients.

15 SUMMARY OF THE INVENTION
The present invention results from the surprising discovery that

a recombinant papilloma virus L1 protein can form multimeric structures
extracellularly and elicit an immune response that recognises native
papilloma virus capsids.
20 Thus it is an object of the present invention to provide a
recombinant papilloma virus L1 protein that can form an immunogenic
\ multimeric structure.
In one aspect, the invention is a recombinant papilloma virus
L1 protein which has an N terminal amino acid sequence including (His),.
25 (His)s represents six linked histidine residues.
The recombinant papilloma virus L1 protein may have an N
terminal amino acid sequence which includes:
MetArgGlySerHisHisHisHisHisHisGlyMetAlaSerMetThrGly
GlyGInGInMetGlyArgAsplLeuTyrAspAspAspAsplLysAsp.
30 The recombinant papilloma virus L1 protein may be derived
from any papilloma virus type. The recombinant papilloma virus L1 protein
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vacci nes. Fourthly, virus-like particles may only be partially purified
because of the need to retain their integrijy and hence correct epitope
presentation. Consequently, other proteins or matter associated with the
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and elicit an i mTun res on e th recE n| seg&aﬁi ve papilloma virus
capsids. 20 papl pfqe'f"ésé Wi the present invention to

provide a reconbinant papi *I'h@'ﬁ%ni(lnb%sh&nﬁ 8iicied tS fHe feBnibdhtPapilloma
i mmunogenic nmultinmeric structure aspect, e invention is a
reconbi nant papi Vvirasnk1vproteinLhay et an nnﬁh@dy]remmma bir aar antibodyaresponse i d

sequence includin err hi sti di ne

t |
resi dues. The re ?falﬂ'thpépp?“ dﬁﬁd‘%ﬁ“ﬁg rgéer%ﬁs)t X I n%ﬁ‘g\)'@saﬂ"ﬁ’ "B nal
d
ﬁ/g]t ,ralfg?;c;/ 18 aﬂgﬁl’ésﬁ‘épmﬁegﬁ Sﬁﬁl@ﬂ%dﬁf ngtlvwafplllo&'la virus VLP L1 protein. The

antibody response is where antibodies are ralsed against the recombinant

papilloma virus L1 protein and these antibodies recognise papilloma virus
VLP L1 protein. The cell mediated and humoral response may include T
cells, large granular lymphocytes, mononuclear phagocytes, neutrophils,
15 eosinophils, basophils, mast cells, various tissue cells, platelets,
complement, inflammatory mediators and cytokines including interferons,
interleukins, colony s_timulating factor, tumor necrosis factor and
transforming growth factor B. The cell mediated and humoral response may
result from being primed and challenged with recombinant papilloma virus
20 L1 protein. An example of a cell mediated and humoral response is
delayed type hypersensitivity.
In a second aspect, the invention is a multimeric structure
comprising a plurality of recombinant papilloma virus L1 proteins; each of
Said recombinant papilloma virus L1 proteins having an N terminal amino
25 acid sequence including (His),, One or more of the recombinant papilloma
virus L1 proteins may have an N terminal amino acid sequence as described
above.
The multimeric structure may be any size but preferably it is a
pentameric structure. A multimeric structure may be a VLP. The term VLP
30 includes papilloma virus virions and recombinant VLP. The multimeric

structures are preferably formed after the recombinant papilloma virus L1
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r éconbi-nant papilloma virus L1 protein may be derived frorREggl N or%a -
virus type. The reconbinant papillom virus L1 protein 4M\

enti-re or partial amno acid sequence of a papilloma virus L1 protein. The

reconbi nant papi I loma virus L1 protein nmay an am no acid sequence codi ng
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10  recogni se reconbi nant &ﬂmsmwbewh%w@ teqampinant DNAFnelesule
The anti bodyg reswﬁﬁ é\ﬂ%ro\gggfﬁre%ram it g%gﬂ qﬁné Qirg§ 139@1 estacwl%ln o the

reconbi nant papi ese an recog

papi | | oma virus \ﬂrEtbépeut@fmmmvﬁhﬁoneﬂ'herredombmiammmmmeajlemwenmmay
include T cells, g&ge gr. anul ar Iyrrphocri/t es, . nononucl ear l'é‘aoc ytes,
neutrophils, 15 4 ama iirys Ld fretein thatii Hd?$ gRitepes

cel S At e tth'Ele;? er eu ﬁ%ln%%h %Wf@&?@rﬁl ng%&"{n or, uﬁo‘r’LP‘

|nclud|ng i nterferons,
necrosis factor amérhamy,ahei regombinant DNA imolecule Thay beld syrohyaicus BNA

hunoral response may . . . . .

0 sequence that codes for said recombinant papilloma virus L1 protein or said
part of said recombinant papilloma virus L1 protein. The recombinant DNA
molecule may encode a sequence that can hybridise under standard
conditions to a sequence encoding said recombinant papilloma virus L1
protein or said part of said recombinant papilloma virus L1 protein. The

15 recombinant DNA molecule which encodes the recombinant papilloma virus

L1 protein may have a 5 nucleotide sequence which includes six repeats of
the trinucleotide sequence CAT. The recombinant DNA molecule which
encodes the recombinant papilloma virus L1 protein may preferably have a
§' nucleotide sequence which includes:

20 ATGCGGGGTTCTCATCATCATCATCATCATGGTATGGCT
AGCATGACTGGTGGACAGCAAATGGGTCGGGATCTGTA
CGACGATGACGATAAGGAT.

A suitable recombinant DNA molecule is shown in FIG. 1.
A fourth aspect of the invention is a method for preparation of

25 a multimeric structure comprising a plurality of recombinant papilloma virus

L1 protein, said multimeric structure is able to induce an immune response
that recognises papilloma virus VLP including the steps of:-

()] expressing a recombinant DNA molecule which

encodes a recombinant papilloma virus L1 protein from

30 a bacterium;

(i)  substantially purifying the recombinant papilloma virus
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~reconbi nant papilloma virus L1 pr {el n$ may have an N terminal anino acid
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VLP. The mnul tine hqf ant
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mul timeric str ucseqmcrmthat dﬂldludessadasjgl él' mNrtemiriauamncyacnd sequemeemay
buffers. Further, the multineric structure is able to induce an imune
response that ret!'l‘)!j-m%es papilloma virus VLP. A third aspect of the

invention is a reconbi nant yfhiA g@&QGHJIIQHQHIS hisHis6 SerVRAPRIGIYant

papilloma virus L1 protein acc to the I rst aspect of the invention.

The Irfaconbl nant DNA nol ecuGly@mﬁlnMetquAﬁgﬁmpheWMpksmpéspLymﬁp
papilloma virus L1 protein_that in that . elicit ani
response whi ch recogni ses Easchew@ ‘Tﬁy&& qgc&'e méy b8 construdled fEM'S

10 suitable source of papilloma virus DNA such as a human papilloma virus or

a bovine papilloma virus using standard cloning and/or PCR techniques.
The recombinant DNA molecule may also include an expression vector. The
expression vector may be a plasmid, cosmid, phagemid or a virus. A
suitable expression vector encodes (in the following order) an ATG site,
15 (His)s peptide, and then a cloning site wherein papilloma virus L1 protein
DNA sequence may be inserted in the correct reading frame so that a fusion
protein of (His)-L1 protein results from translation. A preferable expression
vector- is any one of plasmids pTrcHisA, pTrcHisB and pTrcHisC. A suitable

host is a E. coli strain.
20 The preferred expression system is a bacterial expression
system with E. coli and plasmid pTrcHisB. Introduction of the recombinant
" DNA molecule into a suitable host may be achieved by any suitable method
including transfection and transformation. A preferable recombinant DNA
molecule is the complete DNA sequence of HPV6Eb L1 protein inserted into
25 pTrcHisB in a correct reading frame orientation to form pTrc6bL1. The
recombinant DNA molecule pTrcebL1 is preferably transformed into E. coli

strain DHS.

Following expression, the expression system may be disrupted.
Where the expression system is a cell system, the cell may be lysed with
30 suitable techniques and agents such as sonication in a buffer containing

guanidinium hydrochloride. The recombinant papilloma virus L1 protein may
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Sequence that codes for said reconbinant papilloma viru protein or said
part of said reconbinant papillom virus L1 protein. The reconbi nant DNA |
nof ecul e may encode a sequence that can hypridi se under standard conditions !
to a sequence encodi ng said reconbi nant papilloma:-virus L1 protein or said '
part of said reg® Béea ant

DNA nol-ecul e whi c?”ﬂod@@%gbﬂgﬁgfﬁnr agg%ﬂclﬁoﬂnlg Vi ru(irﬁi‘llecf)rBo'([?"gF.I may

have a 5 nucl eoamsdenea[unoteesmtab@clnmmaldgﬁaphlmpmpdames ofhe rnr.ombmant
trinucleotide se nce CAT. {11 conbi DI\IA@E ecul \é\QI ch des t he
reconbi nant pagP? i ama, Virys ETP %Y Wa*a € P tHsWQwﬁ/ §p5 BT'B/ot i de
sequence which 4

ATGCGGGGTTCTCATCATCAT%T é? with & nickel column. Additional purification steps may
AGCATGACTGST GGA@M&MEMMAEMMOJ@S&EATGACGATAAGGAT. A suitable

reconbi nant DNA nol ecul e | s own i Fl G A fourth aspect.of, the.

i nvention is a nethod for‘ @‘BE?S(PPF{:FP%'F“’ ion p':'?"ff{ﬂst? H@E"‘é‘siﬂ Hf&?ém
conprising a plyegrbb¥ned of}g@‘gmhg@ﬁ{,spapl | loma virus LI protein, said
multinmeric structure is able to induce an i Mmune response that recognises

papi | | oma virus VLP i ncl uthegnethed maydetect the pieseage rof paipiltpnea virus il nant
DNA nol ecul e whi ch .encodes reconbi a oma virus L rotein from 30
et ey Lum ( BrpleiB B Samblel (G Bnfibdi Bied, a08Rst A pap g MR A T T e

10 protein. The method may employ ELISA, RIA or other immunoassay

techniques. The method may include the steps of:-

(1) coating the wells of a microtitre plate with a sample
which putatively contains papilloma virus L1 protein;

(2) adding antisera raised against the recombinant

15 papilloma virus L1 protein to form a papilloma virus L1

protein-antibody complex; and

(3) detecting the presence of the papilloma virus L1
protein-antibody complex with a detection agent.

With respect to step (1), the wells of the microtitre plate may

20 be initially coated with antisera raised against the recombinant papilloma
virus L1 protein prior to the addition of the sample. The detection agent may
be an a'n'tibody or other suitable ligand conjugated with a suitéb!e label. A
suitable label may include any suitable enzyme label such as horseradish
peroxidase, a radioactive isotope or a fluorometric molecule.

25 In a sixth aspect, the invention provides a method for detecting
the presence of antibodies specific for papilloma virus L1 proteins in a )
sample using said recombinant papilloma virus L1 protein.

The method may employ ELISA, RIA or other immunoassay
techniques. The method may include the steps of:-

30 (i) coating the wells of a microtitre plate with the

recombinant papilloma virus L1 protein;
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The net hod may use nultinmeric structures conprising reconbinant papill o
virus L1 proteins which has an Ntermnal amno acid 5 = sequence that

i ncludes (His)6. The N terninal am no acid gequence may i ncl ude:
Met Ar gd ySer Hi sHi sHi sHi sHi sHi s yMet Al aSer Met Thrd y i

A yd nd@ nMet A yAr gAspLeuTygAsp @‘ep 2 BRI %!Eg cul e |
. may be constructed froma q@s A%ﬁ#@@ﬁ%%@@%‘eﬂho p‘?}%u r?g f/gllrr'us Jj)guch '
~as a human papilloma virus or aspesific cfopapapilloma virusud 1uprotgirs ttenfermd a
cl oning and/or PCR techni ques. The reconbi nani DNA nol ecul e may al so
i ncl ude an expressi on vector. W@Hﬂ@siﬂﬂﬁ’m"’é‘@ oY'nl‘ﬁayE‘Ee péoﬁ%?ﬁf'g?dy
cosm d, phagemd or a virus. A é&h RR! §ngXpression vector encodes (in the

1 ?erf?

foll ow ng order) an ATG site, pepti de, and then a cloning site
wher ei n papsl | oma virus LIy ot detectididgthecpresence oforgcombinand papilona vings

correct reading frame so that a fusion protein of [efr rotein results

fromtranslation. A preferable Emgs%ﬁomeiﬁw'{hé#%ﬁ@ﬁ@%mm asmi ds

plrcH sA pirch sB and P! gih Sverfth 34pbeP e MdehtiorPpRvidesd kit fo! déteBting
ys ac t .

The preferred expression s emis a erial expression systemw
coli and pl asm dtheTpresérsde of paplllothecviiusiL toprotdire inr @ samplerand intidde santibodye
into a suitable host may be achi eved, by any, suitabl e nethad including

transfection andfai$%ﬁ1§96inﬁﬁ§ai9rf9°§lmﬁmPﬁéﬁ"@mﬁ 18 SUUN
10 In an eighth aspect, the invention provides for a kit for

4
1

detecting the presence of antibody specific for papilloma virus L1 protein in
a sample and includes said recombinant papilloma virus L1 protein.
In a ninth aspect, the invention provides for a prophylactic or
therapeutic vaccine including said recombinant papilloma virus L1 protein.
15 The vaccine may include a suitable adjuvant such as ISCOMS, alum,
Freunds Incomplete adjuvant, Freunds Complete adjuvant, Quil A, other
saponins, Aluminium hydroxide algammulin, and pertussigen. Alternatively,
the vaccine may not include adjuvant where the recombinant papilloma virus
L1 protein is immunogenic without adjuvant.
20 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates the DNA nuclectide sequence and amino acid
sequence of HPVEbL1HEXAHIS protein; and
FIG. 2 is an electron micrograph of pentameric structures of

HPV6bL1 HEXAHIS protein aggregates.
25 Reference may now be made to various preferred

embodiments of the invention. In these preferred embodiments, it should be
noted that the references to specific papilloma viruses, vaccines and
constructs of recombinant DNA molecules are given by way of example only.
| EXPERIMENTAL
30 EXAMPLE 1: Production of HPV6b L1 HEXAHIS protein
Construction of pTRC6bL1
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mol ecul e is the conpl ete DNA sequence of HPV6b L1 pr ot eigig xed | 5
pTrcHi$B in a correct reading frame orientation to form@wsg

reconbi nant DNA nol ecul e pTrc6bLl is preferably transformed into E coli
strain DH5. Fol | owi ng expression, the expregsion system may be disrupted.
Where the expression systemis a cell system the cell may be lysed with 30

sui tabl e techniducs and aofftS UpbndBadffy fiaeor EVELPWES oA RIS

guani di ni um hydrochl ori de e reconbi nant papilloma virus L1 protern
7 be partially oclinicahisalatel yy polymerase clainiréaction usingas primershi eved by

sing any one or nore le C to ' [oC res h nbi nant
lSalpi Igl orré/t virus L1 pr@m&&ﬁgﬁ‘ﬁé@%ﬁgﬁg%ﬁéﬁ&%g@{ﬁ%G'
chromat ogr aphy witdh a nickel colum. Additional purification steps may 5

i nclude preparative gel electrophoresis. In a fifth aspect, the invention

provi des a fethod forCGRGCERETIAGCITIIAGET BTGRLCTCGOT MCGITTTINGGEL hod
anti body rai sed’ againet SaTiF BEHNGarkeAC TPl was ciemedat Bamanthod
el ude the. st opomel eneeiShetfint HRLARTAROGE Bk E0 REGITEafoy Wit |,
sanpl e whi ch puttheiplesnyid pTRCHISSB (lavitrtogemir The resultantd bresombinant plasmid

was pTRC6bL1 and encodes a protein sequence:

10 Met.Arg.Gly.Ser.His.His.His.His.His.His.Gly.Met.Ala.Ser.Met. Thr.Gly.Gly.
GIn.GIn.Met.Gly.Arg.Asp.Leu.Tyr.Asp.Asp.Asp.Lys.Asp. (HPV6b L1 aas 1-
520).
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(2). adding antisera raised agai nst the reconbi nant 15

papi | | oma WY protein to forma papillonma virus L1 protREMAEAs0023dy
conpl ex; and (3) detecting the presence of the papillom virus L1

protei n-anti body conplex with a detection agent. Wth respect to step (1),
the wells of the mcrotitre plate may 20 P? initially coated with

anti sera rai sed agai nst the reconbinant papillom virus L1 protein prior to

- the addition of thg [Wf?acl_% gﬁé&qﬁd% 519_@@5 LWE@H@EFW%} 1nbody or other
suitable |igand conjugated w a sul Sul bel may

- include any suitable enzyne 1Qims @u%‘ﬁ'l'amoﬂibf‘tﬁeﬂmdtysmope.r tRinigyeast 5 mg

radi oacti ve i sotop, 0 th

aspect, the i nventﬁgﬁﬁb&d{%'ﬂg{g g‘“h@ ﬁ%gﬂkﬁggé‘g@é@f’ﬁg} Oto H@Q’%‘P vg%snlggcﬁl‘afe&(

anti bodi es speci fiwithd0 m@lﬁbhéompfui dsflbacténa)(E)tobWrMiS)rfrm gmm stsoknarHel d

reconbi nant papilloma virus L1 tein. The ne ELI SA, RIA or

ot her i munoa8say ‘t"t‘!@ﬁﬁWégcuﬁ%gﬁ%@%&wﬂﬁﬁ)ﬁqrﬁﬁ'ﬂm%d/%@gf%ﬁ B?UTS 30

(i) <coating the wells of a c?:rg{étroep Byt ebmhh é&?‘ﬁalhﬁﬁo H ona

virus L1 protein; (i) a t he sanp I ch putative on?al S
anti body specific ¢tmceptrptld>m aeg ug/ni)swailnmu!a;edn with thersix duouedﬁrrbl culture.

pap| 'l oma virus I‘]‘I'Iri)r &l Lllrg WY |'ngu0t9§te8 %Erg&eé wifh éjeratlon at 120 rpm overnight.
800 mis of 2YT broth containing Ampicillin (final

10 concentration 100 pg/mi) was inoculated with the 200 ml-overnight culture.
The culture was incubated at 37°C with aeration at 120 rpm until the
absorbance reached between 0.6 - 0.8 O.D. units at 600 nm (usually 2-3
hours). The HPV6b L1 HEXAHIS protein was induced by addition of 0.5
mM IPTG for 4-6 hours.

15 The bacteria were pelleted by centrifugation (Beckman JA14
rotor centrifuged at 5000 rpm for 10 minutes at 20°C). The pellet was
washed in 50 ml of phosphate buffered saline by resuspending the
bacterial pellet in a 50 ml centrifuged tube. The washed bacteria were
repelleted by centrifugation (Beckman TJ-6 at 3000 rpm for 10 minutes at

20 20°C). The supernatant was discarded. The pellet was stored at -20°C
or -70°C until needed.

Purification of HPVEb L1 HEXAHIS Protein
The bacteria were resuspended and lysed in 50 ml of
Guanidinium lysis buffer (6M Guanidinium hydrochloride and 5.8 miflitre of

25 solution A [177 mM NaH,PO ,and 5M NaCl] pH 7.8 using HCI). The
suspension was sonicated at 30% output for two minutes. The cell debris
was pelleted by centrifugation (Beckman JA21 rotor at 10000 rpm for 30
minutes at 4°C). The supemnatant which contains the HPV6b L1
HEXAHIS protein was retained.

30 The HPVEb L1 HEXAHIS protein was substantially purified
by essentially a two step purification procedure.

The supernatant containing the HPVEb L1 HEXAHIS protein



5 (iii) detecting the presence of reconbinant papilloma
virus LI-afY®B¥¥7&onpl ex with a detection agent. |n-a severnmdr/suyamez t he
i nvention provides a kit for detecting the presence of papillom virus L1
protein in a sanple and includes anti body raised agai nst said reconbi nant
papilloma virus L1 protein. 10 I;n an ei ghth aspect, the

I nvention provides for a kit for detecting t]he presence of anti body

specific for papi 'mgdéd%ﬂﬁ"lﬁfg‘%‘.@in% d?nﬁl (é%m,h-? gut.i‘%kt@ S BORAD

reconbi nant papilloma virus n a nint I'nventi on
provi des for a pr@ﬁ@h@syﬁematﬁw aﬁefmredoadmglthesupmhatbm,gheamtumn was

reconbi nant papil | us_ L e v.acgcin I ncl ude a
sui t abl e adj uvant “ﬁ%}?&a&’ éﬂ N% bﬁ%ﬂ mBH&?r eﬁénﬁ%fq\,%gwpnses
Freunds Conpl ete &M waa!s. aleéthe soldtion Aqwmlmm NéﬂmpaﬁmdﬁWN@wudw
al gammul in, and pertussigen. Alternativel vaccine not include

adivant wher® t henlsAgEERIHien Bdagplmmrmazﬁﬁ%amqsm NG At RH 7/ husiog HGic

wi t hout adj uvant. | G
1l illustrates the bgiﬂ’enh"e ae(%alsdae sequence Wr%ﬁgggagc% g@?u@ﬁ?}e%g@gl
HPVEbL1HEXAH S pr m:bhnmn atndnd- Ini/mibutes 210 enlefractinms mvereo goligobed fin maseatiher | C
structures of HPV6b HEXAHI S in,a ates. 25

Ref erence may now® 'HHE%W%‘"S%‘%“@ ag B?WBF@BM?&WW thrugh the
invention. In theggluhs§ Affe?dne %hpéma@éﬁtauas loaiegutHé elumAtviss Washed With

references to specific papillom viruses, vaccines and constructs of

reconbi nant INA miVB:buffes ahadlow tate of Pneayl/minuis.a NB uffercpmprisesi@ MewreaL
and 100 misl/litre of solution A [177 M NaH,PO, and 5 M NaCl] at pH 4.0

using HCI before urea is added. The column was washed with NB buffer

according to thie procedure in Table 1 where lowering of the pH gradient

removed cbntaminating proteins. 10 ml fractions of the eluent were
15 collected.

The fractions containing HPVEb L1 HEXAHIS protein were
determined by either dot blot, direct ELISA or SDS PAGE. After the
fractions were identified, the washing of the column continued with 100%
NB buffer until the pH levelled off. The column was then washed with NA

20 buffer. (The column was stored in 20% ethanol.)

The fractions containing HPV6b L1 HEXAHIS protein were
pooled and dialysed against five litres of dH,0 or 10 mM Tris HCI pH 7.5
for overnight at 4°C (or two hours at room temperature). The protein was
then precipitated with acetone in a 8:2 acetone to sample ratio, for two

25  hours at -70°C or overnight at -20°C. The protein-acetone solution was
centrifuged (Beckman TJ-6 at 3000 rpm and at 4°C for 20 minutes). The
supernatant was discarded. The pellet was dried under a flow of nitrogen
gas for five minutes to remove any remaining acetone.

The pellet was resuspended in 1 ml of ddH,O and 4-5 mis of

30 4 x loading buffer [1.0 ml of 0.5M Tris pH 6.8, 0.8 ml of glycerol, 1.6 mi of
10% SDS wiv, 0.1 g of DTT 1% wiv, 0.2 mi of 0.1% wi/v bromphenol blue
and 4.4 mil of dH,0]. The resuspended pellet was heated at 65-70°C for



30 EXAMPLE 1: Production of HPV6b L1 HEXAH S protein Construction of
PTRC6bL1 WOPSBRF6L.1 open readi ng frame of HPV6b was cl onedPEFAHIH0RPT ni cal
i sol ate by pol ynerase chain reaction using as prinmers:

GCGGATCCAGAT GT GECGGCCTAGCGACAGCACAGTATATG and 5 :

CGCCCGGGTTACCTTTAGI TTTGGCCTCCCTTACGTTTTAGG, éhe resulting 1.5kb PCR product
was cl eaved wth BanHl and Smal and cl oned |1 to a BanHl/ kl enow bl unted Eco

Rl si d wi h' I
site create within he, p aHirEg'hQ‘TﬁgﬁBs Ié]gé en) The resultant L1

reconbi nant pl asnil a pro el n sequence: 10
Met. Arg. G y. Ser. Hs. HI s. Hi STHESreHJSpMServgadVMadéHaorﬂeral‘mom Riep. Gelf .

an GV\?) gwg; 3?4¥6Arc%m%s‘n%m|§eg 1T %o sepgrath gA? I?4":'}/ 'Aflsigh b&'f\é%bd” ?aig& 38)2
10 Growth of Bact g} at5kGRAGEL4ICAE hidhVBP4lehn biaividted. M Piep Cell was ran at
5 12W constant power.
When the dye front of the gel reached 2 cm from the bottom,
.10 ml fractions at a 1 ml/minute elution rate were collected. Fractions
were tested for HPV6b L1 HEXAHIS protein by either dot blot, direct
ELISA or SDS PAGE (with the Phast system). Positive fractions were
10 tested on SDS PAGE and those found to have a single HPV
6bL1HEXAHIS protein band were pooled. The pooled fractions were
dialysed against 5 litres of ddH,0 to remove giycine. Dialysis occurred
overnight at a temperature of 4°C and using two changes of ddH,0.
. The dialysed HPV6Eb L1 HEXAHIS protein was precipitated = -
15 with acetone to remove SDS. A 8:2 acetone to sample ratio was used
either for two hours at -70°C or overnight at -20°C. The protein-acetone
solution was centrifuged (Beckman TJ-6 at 3000 rpm and at 4°C for 20
minutes). The supernatant was discarded and the pellet was dried under
a flow of nitrogen gas for five minutes to remove any remaining acetone.
20 " The protein was then able to be resuspended in a buffer of
choice and its concentration determined. This protein was subsequently
demonstrated to form capsomers by purifying the HPVEb L1 HEXAHIS
protein as described , gradual removal of urea by dialysis against 10 mM
Tris HCI pH 7.5, and examination of the resultant immunoprecipitate by
25 scanning electron microscopy. FIG. 2 shows the typical pentameric
structures of HPV6b L1 HEXAHIS protein aggregates.

EXAMPLE 2: Demonstration of antibody production against HPV6b

L1 HEXAHIS protein .
To produce antibody against HPVEb L1 HEXAHIS protein,

30 mice (strain C57BI/6) were injected subcutaneously twice at a four week
interval with 50 pg protein/fmouse following the experimental protocol in
Table 2. Two weeks after the second injection the mice were bled.



10 m's of 2YT broth (16 ng tyrptone, 10 ng yeast, 5 ng NaCl) containing
Anpi ci | | | WQ 933476 concentrati on 100 pg/m) was inocul ated wamadds/doesyr | of
one | oopful of bacteria (E coli DH5) from glycerol stock. The 5 culture
was i ncubated at 37[err] with aeration at 120 rpm for six hours. 200 m s of
2YT broth containing Ampicillin (final conc§$tration 100 [err] was

I noculated with the six hour-10 m culture he culture was i ncubat ed at

ATbiCi 111 (1 ot SeHn Was e RNl Sffacictbiofl it delugtidrdoddiibR. " 00
m -overni ght culture. The cVhéwetumawas Hestedtfod thd paadmotmnmfamtmcdinsw 120

rpomuntil the absorbance ch bet ween 0. units at 600 nm
(usual |y 2-3 hour EPVERe! ﬁ%%é\?ﬁgf mwlggwrgpé&f]erﬁagam%nged by addition

of 0.5 nM I PTG for 4 6 hour$pe lsepum was tested againSt l%aﬁhﬁfahapéﬁllﬁmaewrﬁé ed
by centrifugation (Beckman JA14 rotor centrifuged at 5000 rpm

m nutes at 26[ er r HPV6Bheapsid peaparatiorniathe gefum was diluted iihb@pﬁﬂﬂ %nd)tﬁsll%fﬂ ed

| b 0 f
The vashad bact or FetSt B RRES| EpsY pisBatdiion i MEAber B0 M IERCIIT,
rplmI f ?r 10 mt (r)"rjfe S‘E ?EQ rg(ﬁ)n Elr)'rrAQSBmMNaOlh&"/osdqmuydmlam 1Wfrlt¢n?6aﬂdﬁ?.2mgb
ellel was S - _QI’- UI’IIaI0n0
L1 HEXAH S Pr otelﬁoﬁﬂé%% ini; gedd 'F‘S'%Mdjg‘emﬁ‘g%%‘é gugen Beecipitates
Guani di ni um | ysi Wg%%o&%b wsﬁmwgadafsmgcmeqwﬁmuaneorﬁ &éﬁ:éldfftﬁ@ of

25 solution A and 5M Nad ] usi ng
suspensi on -b@s somoune coaple0od’ betnbeseﬂCGrOftHBVﬁb thgtelrrn@smtect&dbmﬂs

rabbit anti-HPV6b L1 antibody. The presence of HPVEb L1 protein
' indicates anti-HPV6b L1 antibody was produced in the mouse against

6bL1HEXAHIS protein. Groups A, B, C, D,E and F gave positive resuits.
Serum was also tested by western blot analysis with HPVV6b

15 L1 produced from baculovirus. A positive result indicates anti-HPV6b L1
antibody was produced in the mouse against HPV6b L1 HEXAHIS protein.
Groups A, B, C, D, E and F gave positive results with the best result
demonstrated when aluminium hydroxide was used as adjuvant. The
control groups A, B, C, D and E gave negative resuits.

20 The serum was tested by dot blot and ELISA using standard
techniques against bovine papilloma virus L1 protein. The best result was
achieved with serum from group D mice (i.e. when aluminium was used as
an adjuvant) with a OD reading of 0.96. This was followed by serum from
group C (i.e. with Freund's complete adjuvant) with OD reading of 0.70,

25 serum from group E (ie. with algammulin) with OD reading 0.34, then
serum from group B (i.e. boiled in 1% SDS and cooled) with OD reading
0.24 and serum from group A (no adjuvant) with OD reading 0.34. All
control groups had an OD reading of 0.05.

The testing of the serum against three different antigens

30 showed that the HPV6b L1 HEXAHIS protein was immunogenic and
produced anti-HPV6b L1 antibodies when used as an antigen with or

without adjuvant.
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measured on day 13 and day 14. Mice that gave a positive response on
day 14 were killed and the histology of the ear was examined.

It was demonstrated in this example that HPV6b L1
HEXAHIS protein without adjuvant induced good delayed type
hypersensitivity with initial doses of 50 pug/mouse but not at 5 pg/mouse.
However, mice needed to be pertussigen treated to induce a delayed type
hypersensitivity response.

With respect to the three examples, it has been shown that
HPV6b L1 protein expressed and isolated in the method of Example 1
formed capsomeric aggregates, and the HPV6b L1 protein capsomeric
aggregates without further adjuvant were immunogenic producing an
antibody response and a cell mediated response. Therefore, HPV6b L1
HEXAHIS protein would serve as a suitable basis for a vaccine designed
to prevent human papilloma virus infection by induction of neutralising
antibodies or to treat existing lesions through the induction of L1 protein
specific cell mediated immunity. Examples 1 to 3 have used HPVEb L1 -
protein as an example to demonstrate the immunogenicity of the
preparation and, as an example, the invention is not restricted to this
example and any papilloma virus L1 protein can be used.
EXAMPLE 4: Demonstration that antibodies raised to HPV6b L1
HEXAHIS protein recognise HPVEb L1 virus-like particles (VLPS)

Wells of plates were coated at 0.2 pg protein/well with either
HPV6b L1 HEXAHIS produced from E. coli, HPV6 VLP-L1 produced from

baculovirus, and baculovirus and E. coli preparations (cell fermentation



15 coll ected. The fractions containing HPV6b L1 HEXAH S protein were
det’'er mi ned W9 9¥3MA€r dot blot, direct ELISA or SDS PAGE. Af tRCT/AUS5/00292
fractions were identified, the washing of the columm continued with 100% NB
buffer until the pH levelled off. The colum was then washed with NA 20
buffer. (The colum was stored in 20% ethangl;, ) The fractions containing
HPV6b L1 HEXAHI S protein were pool ed and di al'ysed against five litres of

[err] or 10 mM Trig rﬂaﬁatﬁm\,\; aé ﬂfro@vﬁ{ PR&M ﬂ%?\%%ﬁ& feﬂt n&%ﬁté o@%rrg&ﬁm

tenperature). The Ppro ptecl prtat ace one
acetone to sanpl e atatoom témpertamreZSOne \krasln wvad condicted vmthanHB?gla pH 7-20C.

The protei n-aceto sol ut n s centrifu Be at 0 and
at 4C for 20 mi nut %ﬁ'sf’?ﬂ g ¥ashlo 9@&?’&%‘%@5‘1 t'ﬁ@%@? lwétg &éée’zpf). ed
under a fl ow of nlégsgg%rgqﬁ,uf—g{rgdny%mé@{lgg to renove any remai ni ng

acetone. The pellet was resuspended in gerr and 4-5 ms of 30 4

x | oadi ng buf!’per [1.0 m of Rabbin HPV@bM HE%AHJ Eﬁﬂﬂsetﬁ WQFMI“’ each 6ff of
10%) %Dso:‘N/ \[/er r] ]. q?gfewra-e[%u%)é%e '-%vgtb p‘hEé&% 25”9 Qp[}(é)lr?%"@gd
95/ 31476 prepared controls or E. col: prepared controls (p?erraraugs/dupnme)l antis
e 0 U € ity sl BT b0 R 15 A Heral il SRS s
A/PR-8 was used as a negative control. Sera raised against HPV VLP-L1
10 was used as positive control on HPV VLP-L1 plates. Plates were
incubated for 1 hour, at room temperature, and were then washed three
times with PBS containing 0.05% (v/v) Tween 20 at pH 7.2. Goat-rabbit
lgG-HRP conjugate was added to each well and plates were incubated
. and washed as before. Specific binding of antisera to antigen was
15 detected using TMB. The reaction was stopped after 5 minutes using
0.5M HCL
Results
The results of the experiment are shown in Table 4. Both
, HPV6b L1 HEXAHIS protein and HPV6 VLP-L1 complexed with antibody
20 raised against HPV6b L1 HEXAHIS protein indicating that HPVEb
HEXAHIS L1 correctly presents in vivo one or more epitopes presented by
HPV VLP-L1.© The sera raised against HPV6 L1 protein was also
negative in the baculovirus or E. coli wells demonstrating the specificity of
the reaction. This provides support for the use of HPVL1 HEXAHIS as a
25 vaccine immunogen suitable for inducing antibody which can interact with
and potentially neutralise virus. Further, this example provides support for
an immunoassay for the detection of papilloma virus L1 protein
demonstrated by the coating of various proteins in wells and the use of
antibody raised against recombinant HPV6 L1 HEXAHIS protein. Wells
30 containing either HPV6b derived antigen gave a positive result. This
example also provides support for an immunoassay for the detection of

antibody specific for papilloma virus L1 protein demonstrated by the



conprising a 10% separating gel (4.5 cmhigh by 4 cmdianeter) with a 4%
stacki ng geWo(943u476hi gh by 4 cmdianeter). The Prep Cel|l wasPCHAUS4/00392

12W const ant power. \Wen the dye front of the gel reached 2 cmfromthe
bottom 10 ml fractions at a 1 m/mnute elution rate were coll ected.
Fractions were tested for HPV6b L1 HEXAH S pr. gtel n by either dot blot,
direct ELISA or SDS PAGE (with the Phast sys . Positive fractions wer e
10 tested on SDS P t e found to h 1HE

protei n band were 68%'%° &Wwf)' o 8 19, %ﬁﬁv@ﬁ%‘“ﬂ%g "ﬁ?f‘xél_ﬂ‘e
litres of [err] tousersrserd karﬁe@@gaialsainﬂeeﬁzmmAmk-e\ewdrwatra@éd gainst
tenperature of 4[err] and using two changes ofE%err] The dj al ysed HPV6b L1

HEXAH S prot ei n waslifi¥&&i1pHE Sierotein. i InHhis gasth avells cniaiingssera raigsed
acetone to sanple %?fi'n TheVBLLSlelqERAWPrétQTn éé% é‘ﬁbgtﬁvéiesuﬁwrﬁl ihagf‘alsed

overni ght at -20[er rotel n-acetone solution was centri
(Beckman TJ- 6 &t 3agenmmﬂuenaamruamsn1egabve 20 m nutes). The supernatant
was di scarded and ol . )

five mnutes to reffoy

was then able to bmd|ﬁmmﬁﬁ&ufa.@tw%om§|ah0| ce and its concentratlon
deternmined. This protein was subsequently denponstrated to form capsoners by
purifying the HPV6b L1 HEXAHWesSem: bloh aiid ELEA jexperimgnisdware conduetedoas
urea by dialysis a n

. p| s X%%Mb}?&fb@wuﬂ s?ar% @ cehirds .%Eﬂﬁ%&ez

resul tant i munopr CI scan ron m croscopy.
shows the typiocal pssdaywas condﬂctedbwﬂmsfaﬂbvﬁﬂmmhoﬂ -HEXAHI' S protein

aggregates. EXAVPLE 2: Dermn(sﬁr até Onr'n]or(\)gclgrgllab(%%der (')T%jOLA(i)t hs) spegﬁilcni%r VPV6b
was used to coat the wells of a microtitre plate;
(2) HPV VLP L1 protein was added and incubated under
suitable conditions and washed with PBS containing
15 . 0.1% Tween 20 at pH 7.4;
(3) antibodies raised against various immunogens

(shown in column 2 of Table 5) in various animals
(shown in column 1 of Table 5) was added; and
(4) suitable detection agents (in the case of rabbit
20 antisera, goat-anti-rabbit peroxidase conjugate was
used) were added to detect multimeric structure/VLP-

antibody complex.
Results
The amount of captured recombinant papilloma virus
25 HEXAHIS per well is given in Table 5. These experiments demonstrate

that the antisera raised against recombinant papilloma virus L1 HEXAHIS
proteins elicit an immune response which recognises papilloma virus VLP

including L1 protein.



) _ : IZsr v Vvl YRS L
L1 HEXAH S protein To produce antibody agai nst HPV6b L1 I ot ei 9 199
mce ('strain C57B1/6) were injected subcutaneously tw ce
interval with 50 pg protein/nmouse follow ng the experinmental protocol in I,
Table 2. Two weeks after the second inject il@/'i the m ce were bl ed. WO
95/ 31476. PCT/ AU95/ 00292 13 .Serum =

was obtai ned fromthe extr . k rocedir es.. - erum
was tested for the product ﬂ'g%%%p%%f?@%ﬂ&gn?%ﬁﬁ%@%%r@?ﬁ_@éhﬁ%rbmﬁgﬁ%
using three diff pagptinsanivhith vec e papilisata VirkiseVLRIRdIng b rBtein
papilloma virus 5  HPV6GB capsid preparation. The serumwas diluted at 1
in 200 and t est efPQEasH LOrecHreseiation dob appsepriate nepitopespA Baeonsbingpd v

00: "0 2596 sos: 1A o PENGTYS e o AREYORRNATE B il Sybfure
preci pi t at e wer fesponsenwhiehh FSddghies papitiomiai vieus MEPsNifcludigIL1Cpraiement s
of the 10 I mmune conpl ex. The presence of HPV6b L1 protein was detected

with rabbit anti RerembinantGST papiflomerys k1 prateinoreqqmiinantMd2 papilloma
bL1HExAH & pr ot U L Rfieh B e B b ibma it 8 T BHIF MR ot ane
was al so tested pmunet RIspohk@twhichl sestognidethpaiNéraa lvirus VLP iongdiagdLf rom
bacul ovirus. A positive result indicates anti-HPV6b L1
protein. All VLPs to date have been produced intracellularly with the
10 expression of papilloma virus L1 or L1 and L2 genes. The recombinant
papilloma virus L1 protein of the present invention correctly presents one or
more epitopes to elicit an immune response which recognises papilloma
virus VLP including L1 protein. The recombinant papilloma virus L1 protein
of the present invention can form the multimeric structures or VLPs
15 extracellularly. ltis believed that the multimeric structures of VLPs formed
from the recombinant papilloma virus L1 protein correctly presents one or
more epitopes to elicit an immune response which recognises papilloma
virus VLPs including L1 protein. Therefore, the invention provides a
recombinant papilloma virus L1 protein which can form extracellularly a
20 multimeric structure or VLP which can elicit an immune response which
reoognisés papilloma virus VLP including L1 protein wherein said multimeric
structure comprises a plurality of recombinant papillbha virus L1 proteins.
The fact that the multimeric structures or VLPs can be formed
extracellularly overcomes a number of problems associated with intracellular
25 VLP formation. These problems include low VLP levels, the possibility of
incorporating DNA in the VLP and the possible loss of integrity of the VLP

with purification.
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anti body waa,gos)r ﬁg‘y’ced in the nouse agai nst HPV6b L1 HEXAHI S protein. G oups
A B, C D Claa - gave positive results with the best resulPCTPS08292at ed
when al um ni um hydroxi de was used as adjuvant. The control groups A B, C
D and E gave negative results. 20 The serum was tested by dot
bl ot and ELI SA using standard techni ques agaijgst bovine papilloma virus L1
protein. The best result was achieved with serumfromgroup D mce (i.e.
when al um ni um was t@Ideds a ' i i ; IS was
foll owed by serum from g?bupp@%@é&%&%@ﬁﬁ‘rﬁé@%@?%%%%ﬁ W th
QD reading of 0.70, 25 serumfromgroup E (ie. with algammulin) with OD
reading 0.34, then serumfromgroup B (i.e. boiled in 1% SDS and cool ed)
with OD reading 0.24 and serumfromgroup A (no adjuvant) with OD readi ng

0.34. Al control geaupns_had an D roadipg o Ihe tecting of th
serum agai nst threg 30 howed t hgt Vb L1
HEXAHI S pr ot ei n waj—+Fraroegett—€ u..btsg.f{;duwd Pt ::PVC% '?_él%‘u:rbsd%cs wHien
used as an antigenjwith or wthgut adjuvant. WO 95/ 31476

PCT/ AU95/ 00292 14
(and confirmantib
Del ayed type hyper§

ANP - penonstracion o el ayed type _nypers
dy productiod@ in nice by HPVEb L1 HEXABIS protein
ensitivity i3tz%ol ves cell ngdiated i muRs,

310 100
320 100 i
330 100 j




reactions ago\??)ég,lgs sone hunoral imune reactions. Mce (strain 5

BALB/ c) wer {84 (intraperitoneal injection) with HPV6b RAT/ABYHNRE
protein under a variety of conditions outlined in Table 3. On day 11 the
ear -was chal l enged by intradernmal injection) with HPV6b L1 HEXAH S protein
or another HEXAHI S protein. The thickness of ;ghe ear was neasured on day 13
and day 14. ‘M ce that gave a posr ti ve response on 10 day 14 were killed

and the histol ogy &f @m@
exanpl e that HPV6b -JRsi Httg %‘H v@éuv |n\guce§ goo%%ﬁllgyed
oses 0 €

type hypersensrtrvrty vvrth initra rr]/rmuse but not at 5
[err]/nouse. However, mce needed to be pertussigen treated to induce a
del ayed type 15 hypersen5| t| vity response. Wth respect to the three

exanples, it has ':-:_: ___________________________ - in
t he met hod of Exa for |c cggregat V6b L1
protein capsoneri cl egat es ﬁiédrer adj uvame?\%gpgﬁ? nogeni c
produci ng an 20 ' ul?ody rle cell nediated response.
Therefore, HPV6b L —HEXAH S dr em would derve as g suit a
vacci ne designed t f' pr e)Aent Huran pq_pr I'l omg ,\y¢ EHﬁvéﬁ'tf ection by i nduct i ohr of
neutralising anti b dres—ot —treat—extrsttg—tesrons—tihrough—the—treuetf on
of L1 protein specrfl c Agell redl ated i nmuniltNo affiweantl es 1 to 3 have use
HPVEb L1 25 pr Oliel nas an |exanple to defonstrate the |m*runog?en| CIty

the preparation anfl._asBan edanple *he inydeiledin 1% SBS andegaled eq { o h| s

exanpl e and any papil |« Vi rfus !_1 protein l(b%ﬂiaen ‘l'&oegbs%ﬁ%él' n

Denonstration that g oH—+
c - + with Freund's complete adjuvant

" C, - with Freund's complete adjuvant 4'
" D + absorbed to Aluminium hydroxide

" D, _- absorbed to Aluminium hydroxide

II E + with Algammulin

" E, - with Algammulin “
“ F + with L2 (50 ug) and no adjuvant ll




HEXAH S prog%ia%qugcogni se HPV6b L1 virus-like particles (VLPS) 30 _
Wl I's of plat e coated at 0.2 pg protein/well with eithecTEooio
HEXAHI S produced fromE coli, HPV6 VLP-L1 produced from bacul ovirus, and
bacul ovirus and E. coli preparations (cell. fernentation WO 95/ 31476
PCT/ AUQ5/ 00292 15 supernatants) as controls, in PBS at pH 7.2 and left to
i ncubate overni ght at roomtenperature.l®ne wash was conducted with PBS at

pH 7.2. Non-specifi s_hlocked _incubat:i4 e D es wWith 1%
(wv) casein for 1 Hour at foom tenperajurf. b bit HPV6b
L1 HEXAHI S anti ser afjwasgdddéd o pacp of the el s coated wiijth HPV6b L1
HEXAHI S, HPV VIgP- 1, libacdljovijrupg pjepprefd cpntfolp o . clol i par ed
controls (prepged ijn dé&}l i ¢atp ang was _kerlghly Hiluted [ down t he
plates. Sera ra sedjlagaP)sf] i@ |,‘ﬁ3§3 v| r8k ARGt 8 ®fed las [ negative
control. Sera fkgise E ns{ HPVVLP-L1 [0 {va‘§ us S jpogi tifve control
on HPV VLP-L1 @ ated. c Blat ¢s /verg I hcupat pd for} 1 houk, Jat jro
tenperature, agtl welje n yaspedjthfee|tipesiw th PBY cont g nijng 0. 05%
(v/iv) Tween 204t p 9] pat}rabbi} 1 G HRP| cohj ugatle \(zlas added to each
wel | and pl at e wer miiba ed] anp WAShEd RS petpref Jpech 1 1iCc ndi ng of
antisera to ang genfwg 15 et ectpd psi g [MB Thq\re tijon s stopped
after 5 m'nutegusi 9. I\A:r--lﬁ ("g ~ SN sl R gl

T £a o o <t o D <] 2 o~

' <T

3

P 5

> o

= @ ]+ o of ] ¥ o #] #} #]| <} +] +

= 3

‘@ t

o D

g o

(0]

Q. ©

> ry

z 18

S s |35 i} B4 [ B! ! ] B [ I

T |

& (3]

[

o c OJ

g s | 99999 2 | 999

(3] = a| ©| o] o] o] © o ol o ;T Q

3 c of Wl 0] ©| vl O 0 0| V| O O

B <o

(o]

a

L

o =l =

8 t = 35 3

o ] ol ol =4 H

o > ~ A <) €] <

s 2 | v v v » | o] < « = = =l =

- T | o o] @l @] @] o] o] w| w| 3| 3] 51 35

[ < |alajajlolalalal O O Cl O Cl O

5 -

£ =~ o| o @ o

g = IS Q| U | | R | B B ] B A &

wl | o= N D w w

<

3 2

w g3l | oo of <] 0] O ~ o @ 2 T} M @

2 =6

-

SUBSTITUTE SHEET (Rule 26)



Resul ts Thg,J&sylfs of the experinent are shown in Table 4. Both HPV6b L1
HEXAHI S protein and HPV6 VLP-L1 conpl exed with anti body 20 PCTAZONB(F92
agai nst HPV6b L1 HEXAHI S protein indicating that HPV6b HEXAH S L1 correctly

presents in vivo one or nore epitopes presented by:*HPV VLP-L1.
rai sed agai nst HPV6 L1 protein was al so negative in the bacul ovirus or

The sera

E

coli wells denonstrating the”$pecificity of the reaction: This provides
support for the TABLEf4:HPReEUHESAELE A Bsing2Bbbit HPYEH NEHEXRMIS $Rllssryi t abl e
for inducing antibody which can interact with and potentially neutralise
virus. Further, this exanple provides support for an inmunoassay for the

detection of pa
vari ous protein

r econbi nant HPV%

roterm e
use of a

T ome viTus LT
in wells

onstrated—by—tihe—coatt+rg

ELIDAWSINGBABRIRiHRVED L1

f

derived antigen
for an i nrmunoasy

virus L1 protei
PCT/ AU95/ 00292
protein and the

rai sed agai nst

rai sed agai nst

rai sed

L1 HEXAH S protein. Wells{30 HEXAHIS ANTISERAer HAV6D
gave a p | sult. Th{s exanpl € al SO proviges stgpport
tay for tﬁé%é%l@%i‘l on of an ?@0@9’?&?@& imits &13499% | | dma

deno WJ 955,31 .

riﬁi‘?‘iﬁ!’@“"@ﬁ « whiizEdiie 000 o HEXAHI S
usracafoviras 2oneblysrdpagitionst | 0)63!46073@W:-4050 A/ PR-8 and sera
PVt HEAH-Sproter -t hts—ease—wet-s—eoenrtal-Ri-fg sera
HPV6 &. Tofiesnirplprepatation gavp042p08.00i@et 460801 t whi | st |t hat

[ 1Y



5 L'againt I nfl uenza virus was negative. EXAMPLE 5: ELI SA capture assay

dénonstrati

"% ormation of multineric structure-anti bodypcg9

West ern bl ot and ELI SA experinments were conducted as previously

or follow ng standard procedures.

conducted by the follow ng nethod: -

HPV VLP L1 protein was added and i ncub

washed wi th PBS containing 15

(3)

(1)

ailed under

An ELI SA capture 10
a nonocl onal
specific for VLPs was used to coat the wells of a mcrotitre plate;

sfob292

escri bed

assay was
anti body (noAb 8)

(2)

sui tabl e conditi ons and
0.1% Tween 20 at pH 7. 4;

anti bodi es rai sed against various inmmunogens (shown in colum 2 of

Table 5) in various animals (shown in colum 1 of Table 5) was added; and

(4) suitable dete
antisera, goat-anti
detect nultineric g
captured reconbi narn
Tabl e 5. These exps€
reconbi nant papilld
whi ch recogni ses psa

Results of experiments conducted in Example 5

H-eragerts—H—fhe—casp—of—rgbbht—26
roxi dag(e conjlgate Jas jused) re
P; ant g body cpnpl ex.] Rgsults The a
B+Vi rug 25 HEXAHIIS~er- wel I} ¢-s ¢
r nmdnstrate th the gntilsera r4i sed
1 HEXAH S profeins dlidit an ifrmung
u rus VLP including LA priotein.
o5
ZI .
%t: ] I I o o~ o~ ¥
H R + +
o
55|808|868|568|le e
85| w®r|c®c O | Z| = =
==
22|57 ¢ e2|808l o3| | 88| 1
wel| =4SN0 |80978| a0 |~ |92 §
%:} wo|~ ~{o c < o <} +
Zx
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=2 5|+ + +
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=
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<
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i S |S g |55 |8
o ) 0 w§g 128 2] 3E
o I I LoSIIIZ =2
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25 5. |3. |3o |8]8 |3
=3 g5 (88 [82 (3|3 |%
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16/1 The ability of a papilloma virus L1 protein to elicit an i mune
Fesponse WMOOB3r4g6ogni ses papilloma virus VLP including L1 PCODAEPHORZUI I €S
correct presentation of appropriate epitopes. Reconbinant papilloma virus
L1 .proteins that do not form VLP do not induce an inmune 5 response

whi ch recogni ses papilloma virus VLPs inclyuding L1 protein. Reconbinant GST
papilloma virus L1 protein, reconbinant I\/g papilloma virus L1 protein and
denatured papilloma virus L1 protein dq_ NB@ cit an i mmune response which
recogni ses papilloma virus VLP includi tein. All VLPs to date have
been produced i mfaBLEl2ul arly with the 10 expression of papilloma virus
L1 or L1 and L2 genes. The reconbi nant papilloma virus L1 protein of the
present invention corgaSbaroumpERiGe CONRaS IPUNTBICE epit opes to elicit an

| Mmune response snhi chyy qORXIGASPERLdih WWEs \ddifistérBd | 41050 figh BrotdinPpét i n.
The reconbi nant papilloma virus L1 protein of the present invention can
formthe multbneric gtousst ures or VLPs 15 extracellularly. It is believed
that the mul ti maﬂ} Eg uctures of VLPs formed fromthe reconbi nant

papi |l | oma virus b ein correctly presents one or nore epitopes to

elicit an i mune resmgs%hgbt défereos BayC mipe (68102yi r us VLPs i ncl udi ng
L1 protein. Therbefore, the invention _provides g reﬁrﬁ#mt gapil onma Vi rus
L1 protein which can |-f1oﬂﬁﬂ‘étﬁ§r@¥béﬂlﬂﬁgﬁl‘vsaprﬁ?'” angd nates drglevante or
VLP which can elicit l-?é‘)().\w?"gt%téiﬁsloonse whi ch recogni ses papillonma virus

e

VLP including L1 protern ein said nmultimeric structure conprises a
~plurality of10econbi RBS ipgpiosphate buifiened Iszlipe @ndi GEA is complete Freund's

adjuvant
4 6b L1 HEXAHIS protein was administered at 10 pg in a maximum
volume of 2 pi
° 30 pg of pertussigen was added
15 ! Ear measurements (um x 10)
TABLE 5
ND: technically cannot be determined

FIGURE 1
DNA nucleotide sequence and amino acid sequence of HPV6b L1

20 HEXAHIS protein

FIGURE 2
Electron macrograph of pentameric structures of HPV6b L1 HEXAHIS

protein aggregates



- Whié b\ a \I l

: ' Vv e
The fact that the nultineric structures or VLPs can be foreepNVED 2 9 MAR
extracel lularly overcones a nunber of problens associ at W

intracel lul ar 25 VLP formation. These problens incl udg_lg\ALMLP_Level—s———
the possibility of incorporating DNA in theg,VLP and the possible |oss of

J
Yot

b obvon s T o orbecar o or o aa-tnens cHINTN AL AN

E 1:
buf f er Time(M% % NB Buffer 0O

0 30 0 300 100 310
100 320 . 100 330 o 100
WO 95/ 31476 1. A recombinant papilloma virus L1 protein whicbOTas\epsN deaninall 8

TABLE 2: Experinenta %m%ﬁﬁé%equgme WcFudtilJlg a_h ce with 6b L1 HEXAH S

protein to produce an
5 2. A recombinant papilloma virus L1 protein which has an N terminal

amino acid sequence including:
MetArgGlySerHisHisHisHisHisHisGlyMetAlaSerMetThrGlyGlyGInG
InMet _
GlyArgAspLeuTyrAspAspAspAspLysAsp

10 3. A recbmbinant papilloma virus L1 protein which has an amino acid
sequence shown in Figure 1.

4. A multimeric structure comprising a plurality of recombinant papilloma

virus L1 proteins wherein each of said recombinant papilloma virus
L1 proteins is a recombinant papilloma virus L1 protein as claimed in

15 any one of claims 1, 2 or 3.

5. A multimeric structure as claimed in claim 4 which is able to induce
an immune response that recognises papilloma virus VLP.

6. A multimeric structure as claimed in claims 4 or 5 wherein the
multimeric structure is a pentamer.

20 7. A recombinant DNA molecule encoding a recombinant papilloma

virus L1 protein and having a &' nucleotide sequence which includes
i six repeats of the trinucleotide sequence CAT. |
8. A recombinant DNA molecule having a nucleotide sequence selected
from any one of the following:

25 (@) A nucleotide sequence encoding a recombinant papilloma
virus L1 protein and having an §' nucleotide sequence
including:
ATGCGGGGTTCTCATCATCATCATCATCATGGTATGGCT
AGCATGACTGGTGGACAGCAAATGGGTCGGGATCTGTA

30 CGACGATGACGATAAGGAT

(b)  Anucleotide sequence that is complementary to the sequence

AMENDED SHEET
IPEA/AU



M ce Addi tion of

protein[err] A
No adj uvant B

————tedte. T W 4

w — @ aem

Q her conditions G ouRECEIVED L1 HEIAMAR 1996
+ No adjuvant [err]
+ boi | ed i n 1% SDS and cool e err

boiled in 1% SDS and cool ed C with Freu
adj uvant [err] wth FrQéund s conpl ete ag, mﬁ Q’ J!'l
La

+ absorbed to Al um n( l,;m haldrom de [err]
to Al um ni um hydroxi de E in (@); an

with Algammulin F

WD 95/ 31476
[err] WD 95/ 31476
PCT/ AU95/ 00292
5
0,
10.
10
15
11.
12.
20 . .
13,
5
14.
30 15.

with A gammlln [err]

——

(c) A nucleotide sequéﬂéeﬁhhgts(asgyﬁ@ryéﬁ%%%%fgg E‘gé [err]

sequence in (a).
(d) A nucleotide sequence that is hybridizable under standard
conditions with the nucleotide sequence in (a).
A recombinant DNA molecule as claimed in claim 7 wherein the
recombinant DNA molecule has a nucleotide sequence as shown in
FIG. 1.
A method for preparing a multimeric structure as claimed in any one
of claims 4, 5 or 6 including the steps of:
(i) expressing a recombinant DNA molecule which encodes a
recombinant papilloma virus L1 protein from a bacterium;
(ii) substantially purifying said recombinant papilloma virus L1
protein; and '
(iii) fonniﬁg said multimeric structure extraceliularly.
A method as claimed in claim 10 wherein the recombinant DNA
molecule is the recombinant DNA molecule claimed in any one of
claims 7, 8 or 9.
A method as claimed in claim 11 wherein the nucleotide sequence
encoding the papilloma virus protein is inserted into pTrcHisB in a
correct reading frame with respect to expression of the papilloma
virus protein and the papilloma virus L1 protein is produced by a
strain of E. coli.
A method for detecting the presence of papilloma virus L1 protein in
a sample using antibody raised against one or more muiltimeric
structures as claimed in any one of claims 4, 5 or 6.
A kit for detecting the presence of papilloma virus L1 protein in a
sample including antibody raised against one or more multimeric
structures as claimed in any one of claims 4, 5 or 6.
A method for detecting the presence of antibody specific for papilloma
virus L1 protein in a sample using multimeric structures as claimed in

AMENDED SHEET
IPEA/AU



; : —_———l v Vv VMV QY
20° TABLE 4: Results of ELISA using rabbit HPV6b L1 HEXA Lr S MAD
ANTI GEN ELI SA USI NG RABBI T HPVEb L1 HEXAHI S %ﬁh V6 2 9 MAR 133
VLP-L1 > 4.0 exceeds limts @1:4000 HPV6b L1 HEXAHI S 2.12

0. @1:4000 bacul ovirus control preparati 0.63 0.01 LN -
control preparation 0.12 0.00 @ 1:4000 % WO 95/ 31476 fgmmgmﬂmuumuhllll
[err] WD 95/ 31476 *

PCT/ AU95/ 00292 22 LEGBMEer@™ 4 50r@ach group of nice contains four

nice b 6b L14gEXAA RithioP deidtiitgIng PreseribeantbodiPspetific o Phsillomae’ 5

nouse.

virus L1 protein in a sample including one or more multimeric
structures as claimed in any one of claims 4, 5 or 6.

5 17. A vaccine including multimeric structures as claimed in any one of
claims 4, 5 or 6.

AMENDED SHEE
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TABLE 3 am?ggﬁ%)s consist of 4 to 6 Bal b/C m ce (68-102) b L1 denotes
pr ot

6b L1 HEXA

ein and | RR denot &5+ fief evant HEXAH S pridtésposig29

PBS i s phosphate buffered saline and CFA is conplete Freund's adjuvant d

6b. L1 HEXAHI S protein was adm nistered at 10 [err]

in a maxi num vol une of 2

[err] 30 [err] of pertussigen was added /g f Ear nmeasurenents ([err] X

10) TABLE 5 ND:

technically cannot be determ ned FI GURE 1 DNA nucl eoti de

sequence and ami no aci d sequence of le‘lZO HEXAHI S protein FI GURE 2
ruc

El ectron macrograph of pentameric st

aggr egat es

papilloma virus L1 protein which has an N term nal

es

of HPV6b L1 HEXAH S protein

A A\ Bder 23 1. A r econbi nant

i ncl udi ng [ er r A\TGCGGGGTTCTCATCATCATCATCATCATGGTATGGCTAGCATGACTGGTGGACAGCAA

MetArgGlySerHisHisHisHisHisHisGlyMetAlaSerMetThrGlyGlyGlnGln

ATGGGTCGGGATCTGTACGACGATGACGATAAGGAT
MetGlyArgAspLeuTyrAspAspAsSpAsSpLysAsp

HPV6BL1

5820 ATGTGGCGGCCTAGCGACAGCACAGTATATGT
TACACCGCCGGATCGCTGTCGTGTCATATACA

MetTrpArgProSerAspSerThrValTyrval
5880 -

GCCTCCTCCTAACCCTGTATCCAAAGTTGTTGCCACGGATGCTTATGTTACTCGCACCAA
CGGAGGAGGATTGGGACATAGGTTTCAACAACGGTGCCTACGAATACAATGAGCGTGGTT

ProProProAsnProValSerLysValValAlaThrAspAlaTyrvValThrArgThrAsn
5940

CATATTTTATCATGCCAGCAGTTCTAGACTTCTTGCAGTGGGACATCCTTATTTTTCCAT
GTATAAAATAGTACGGTCGTCAAGATCTGAAGAACGTCACCCTGTAGGAATAARAAGGTA
IlePheTyrHisAlaSerSerSerArgLeuleulAlaValGlyHisProTyrPheSerIle
6000

AAAACGGGCTAACAAAACTGTTGTGCCAAAGGTGTCAGGATATCAATACAGGGTATTTAA
TTTTGCCCGATTGTTTTGACAACACGGTTTCCACAGTCCTATAGTTATGTCCCATAAATT
LysArgAlaAsnLysThrValValProLysValSerGlyTyrGlnTyrArgValPheLys
6060

GGTGGTGTTACCAGATCCTAACAAATTTGCATTGCCTGACTCGTCTCTTTTCGATCCCAC
CCACCACAATGGTCTAGGATTGTTTAAACGTAACGGACTGAGCAGAGAAAAGCTAGGGTG

ValValLeuProAspProAsnLysPheAlaLeuProAspSerSerLeuPheAspProThr

6120
AACACAACGTTTAGTATGGGCATGCACAGGCCTAGAGGTGGGCAGGGGACAGCCATTAGG

TTGTGTTGCAAATCATACCCGTACGTGTCCGGATCTCCACCCGTCCCCTGTCGGTAATCC
ThrGlnArgLeuValTrpAlaCysThrGlyLeuGluValGlyArgGlyGinProLeuGly

6180
TGTGGGTGTAAGTGGACATCCTTTCCTAAATARATATGATGATGTTGAAAATTCAGGGAG
ACACCCACATTCACCTGTAGGAAAGGATTTATTTATACTACTACAACTTTTAAGTCCCTC

valGlyValSerGlyHisProPheLeuAsnLysTyrAspAspValGluAsnSerGlySer

SUBSTITUTE SHEET (Rule 26)

am no aci d sequence



5 2. A reconbi nant papilloma virus L1 prote| n which has an N term nal
antno aci dwgeqaﬁé'ﬁée I ncl udi ng: PCT/AU95/00292
Met Ar g@ ySer Hi sHi sHi sHi sHi sHi sG yMet Al aSer I\/Et Thrd yd yd nG | nMet _
G yAr gAspLeuTyr AspAspAspAspLysAsp 10 3. A reconbi nant papillonma virus
L1 protein which has an am no acid sequepgge shown in Figure 1. 4. A
mul timeric structure conprising a plurality of recombinant papilloma virus

L1 protei ns wheé2édn each of said reconbi nant papl I I orra VI rus L1 proteins is
a reconbi nant R 1tbgL 3 E any one
o a1 2 el RS ity %ﬁﬁ%ﬁ%ﬁ%ﬁ%@?&cl ai m 4
which is able to |nduce an i nmune response that recognises papilloma virus
VLP. 6. A mulSLYGRyAERPIOGE YNASRASAAT QYR BASRi el G LyMeY AsPRYr Les@InTBrGiner ei n t he
mul tinmeric structure is a pentaner. 20 7. A reconbi nant DNA nol ecul e
encodi ng a rec@ste nant papilloma virus L1 protein and having a 5'

nucl eoti de seq MMCMGGG‘NGM‘I‘GT@I@Gc@TXTG@g@mcmmsssmms'i‘madmt | de
sequence CAT. &PATACATAGCARCRTARAGRCCEREGAARICE GTC@TWWTchﬁT@FEHAFde sequence

sel ected from apycyanerwhci I\QPIJ:QM‘O'ﬂguGl 81unisTrpclylfsk] Bl got i de
sequence encodi ngY[ag reconb]{t‘r?asmt papi | orré Vi rusrpL ypf%;t’é@r? and havi ng an 5'
nucl eot i de sa&ace I ncl udi ng: ATGCGGGGTTCTCATCATCATCATCATCATGGTATGGCT

AGCATGACTGGT A AL TR Ao CCCGCCCTTAGAACT TATTACCAGTCTTAT
ATGATTATGTGGACATGTCCGACCACTGACGGGCGGGAATCTTGAATAATGGTCACAATA

ThrAsnThrProvalGlnAlaGlyAspCysProProLeuGluLeuIleThrServallle

6420 .
ACAGGATGGCGATATGGTTGACACAGGCTTTGGTGCTATGAATTTTGCTGATTTGCAGAC
TGTCCTACCGCTATACCAACTGTGTCCGAAACCACGATACTTAARACGACTAAACGTCTG
GlnAspGlyAspMetvalAspThrGlyPheGlyAlaMetAsnPheAlaAspLeuGlnThr
6480
CAATAAATCAGATGTTCCTATTGACATATGTGGCACTACATGTAAATATCCAGATTATTT
GTTATTTAGTCTACAAGGATAACTGTATACACCGTGATGTACATTTATAGGTCTAATAAA
AsnLysSerAspValProlleAsplleCysGlyThrThrCysLysTyrProAspTyrLeu
6540 .
ACAAATGGCTGCAGACCCATATGGTGATAGATTATTTTTTTTTCTACGGAAGGAACAAAT
TGTTTACCGACGTCTGGGTATACCACTATCTAATAAAAAAAAAGATGCCTTCCTTGTTTA
GlnMetAlaAlaAspProTyrGlyAspArgLeuPhePhePheLeuArgLysGluGlnMet
6600
GTTTGCCAGACATTTTTTTAACAGGGCTGGCGAGGTGGGGGAACCTGTGCCTGATACACT
CAAACGGTCTGTAARARAAATTGTCCCGACCGCTCCACCCCCTTGGACACGGACTATGTGA
PheAlaArgHisPhePheAsnArgAlaGlyGluvalGlyGluProvalProAspThrLeu
6660
TATAATTAAGGGTAGTGGARATCGCACGTCTGTAGGGAGTAGTATATATGTTAACACCCC
ATATTAATTCCCATCACCTTTAGCGTGCAGACATCCCTCATCATATATACAATTGTGGGG
IlelleLysGlySerGlyAsnArgThrServalGlySerSerIleTyrvValAsnThrPro
6720
GAGCGGCTCTTTGGTGTCCTCTGAGGCACAATTGTTTAATAAGCCATATTGGCTACAAAA
CTCGCCGAGAAACCACAGGAGACTCCGTGTTAACAAATTATTCGGTATAACCGATGTTTT

SerGlySerLeuValSerSerGluAlaGlnLeuPheAsnLysProTyrTrpLeuGlnLys

SUBSTITUTE SHEET (Rule 26)



L3

30.- CGACGATGACGATAAGGAT (b) A nucl eoti de seqiyence that is
compl enent¥PP8Y¥7 he sequence. in (a); and (c) A nucl eotBfA TRce

that is a synonynous sequence to the sequence in (a). (d) A nucleotide

sequence that is hybridizable under standard 5 condi tions

with the nucl eotide sequence in (a). 9. 34A reconbi nant DNA nol ecul e as

claimed in claim7 wherein the reconbi nant DNA nol ecul e has a nucl eoti de
sequence as shem® in FIG 1, 10. A nethod for oreﬁ%{i‘i ng a nultimeric

structure as ClE O e R\ 1 ol udi ng
the steps of: (1 KPP 65 I'ng a reconpl nant nol ecul e I ch encodes a
‘reconbi nant papldclaciyHYsAshasiGly DYetysTrpGl yAsnG tnlieatheVal Thrvalvalhsp
substantially purifying said reconbi nant papilloma virus L1 protein; and 15
(iii) formngesgid nultinmeric structure extracellularly. 11. A nethod as

cl ai med in cl arAbcAGaotereRicoaidaecA@ToNiTToeRTICCEMNACTREAZCTICEACATACKE I econbi nant
DNA nol ecul e CATEGHETECCNCATGGTTATACTATAATACAGETABGCAITGATATAGARBGTGTATAEG hod as

210 11 1 b et Rl LS U SSRGS Moy o700 10 Lhe

papil |l oma virus pro I nser

6900

CAATTCTGATTATAAAGAGTACATGCGTCATGTGGAAGAGTATGATTTACAATTTATTTT
GTTAAGACTAATATTTCTCATGTACGCAGTACACCTTCTCATACTAAATGTTAAATAAAA
AsnSerAspTerysGluTeretArgﬁisValcluGluTyrAspLeuGlnPheIlePhe
6960

TCAATTATGTAGCATTACATTGTCTGCTGAAGTAATGGCCTATATTCACACAATGAATCC
AGTTAATACATCGTAATGTAACAGACGACTTCATTACCGGATATAAGTGTGTTACTTAGG
GlnLeuCysSerIleThrLeuSerAlaGluvalMetAlaTyrIleHisThrMetAsnPro
7020

CTCTGTTTTGGAAGACTGGAACTTTGGGTTATCGCCTCCCCCAAATGGTACATTAGAAGA
GAGACAAAACCTTCTGACCTTGAAACCCAATAGCGGAGGGGGTTTACCATGTAATCTTCT
SerValLeuGluAspTrpAsnPheGlyLeuSerProProProAsnGlyThrLeuGluAsp
7080

TACCTATAGGTATGTGCAGTCACAGGCCATTACCTGTCAAAAGCCCACTCCTGAAAAGGA
ATGGATATCCATACACGTCAGTGTCCGGTAATGGACAGTTTTCGGGTGAGGACTTTTCCT
ThrTyrArgTyrValGlnSerGlnAlalleThrCysGlnLysProThrProGluLysGlu
7140

AAAGCCAGATCCCTATAAGAACCTTAGTTTTTGGGAGGTTAATTTAAAAGAAAAGTTTTC
TTTCGGTCTAGGGATATTQTTGGAATCAAAAACCCTCCAATTAAATTTTCTTTTCAAAAG
LysProAspProTyrLysAsnLeuSerPheTrpGluvalAsnLeulysGluLysPheSer
7200

TAGTGAATTGGATCAGTATCCTTTGGGACGCAAGTTTTTGTTACAAAGTGGATATAGGGG
ATCACTTAACCTAGTCATAGGARACCCTGCGTTCAARAACAATGTTTCACCTATATCCCC
SerGluLeuAspGlnTyrProLeuGlyArgLysPheLeuLeuGlnSerGlyTyrArgGly
7260

ACGGTCCTCTATTCGTACAGGTGTTAAGCGCCCTGCTGTTTCCAAAGCCTCTGCTGCCCC
TGCCAGGAGATAAGCATGTCCACAATTCGCGGGACGACAAAGGTTTCGGAGACGACGGGG
ArgSerSerlleArgThrGlyValLysArgProAlaValSerLysAlaSerAlaAlaPro

TAAACGTAAGCGCGCCAAAACTAAAAGGTAA 7291
ATTTGCATTCGCGCGGTTTTGATTTTCCATT

LysArgLysArgAlaLysThrLysArgTer
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correct gq% 2 with respect to expression of the papillona virus
prétein and € paplllona virus L1 protein is produced by aPST/ANPH0GP2E
coli. 13. A method for detecting the presence of papilloma virus L1
pretein in 25 a sanpl e using aqé body raised against one or nore
mul tinmeric structures as clained in any 8ne of clains 4, 5 or 6. 14. Akit
for detecting the presence of papilloma virus L1 protein in a sanple

i ncludi ng anti body rai sed agai nst gne _or npore nultineric structures as
claimed in any one of clainms 4, 5 §f]{f; 307 15. A nethod for detecting
the presence of antibody specific for papiTloma virus L1 proteinin a
sanple using multineric structures as clainmed in any one of clains 4, 5
or 6. 16. A Kkit for detecting the pregence of antibody specific for
papi |l oma virus L1 pereln | B8 sanpk ne or nore nmultineric
structures as clai med™ n.affy:8 5 17. A vaccine

I ncluding multinmeric s&ruetuf ' bf+clains 4, 5 or 6
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(54) Title: RECOMBINANT PAPILLOMA VIRUS L1 /
(57) Abstract

This invention relates to a recombinant papilloma virus L1 protein which can elicit an immune response which recognises papilloma
virus VLP including L1 protein and can form extracellularly a multimeric structure or VLP wherein the multimeric structure comprises a
plurality of recombinant papilloma virus L1 proteins. This invention also includes the use of the recombinant papilloma virus L1 protein
to detect the presence of papilioma virus and can form the basis of a vaccine for prophylactic and therapeutic use.
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