- TI TLE " MODI FI ED PAPI LLOVA VI RUS L2 PROTEIN AND VLPs FORMVED THEREFROM' FI ELD
= OF NVENTION THI'S I NVENTION relates to a nodifi.ed papilloma virus L2
protein and VLPs fornmed therefrom in particular, antigens and vacci nes
containing said VLPs that may be effecfive in treatment of infections ,
caused by such viruses. PRI OR ART Papilloma viruses (PV) infect both humans
~and animals (see for review "Papillo \é rus Infections in Aninmals" by J.
P. Sundberg which is described in Pa ma Vi ruses and Human Di sease,
edited by K Syrjarf@énQDIFIEG BARHAOKAIVIRUS. L KeROTEIN ANQer - Ver | ag 1987) .

Human papill oma viruses are fam f_smal | DNA viruses which induce
beni gn hyperproliferative |¥EF6%@%&E&EH58§§HQMS and nmucosal epithelia.
O the 70 different virus typegg\y e @%@,@g “identified, nore than 20
are associ ated with anogenital "Tesi ilers, 1989. J. Virol. 63
4898-4903). In parti cTHES INMEMTION selatesowi atrddifiethpapibomal vigrsmb? and

mal i gnant di seases of .t nito-urina tract, and in particular, with
g protgin and Vpigsg?ormed there{rgm, ?n particular, Igm‘tigens and

vaccines containing said VLPs that may be effective in treatment of
infections caused by such viruses.
PRIOR ART

Papilloma viruses (PV) infect both humans and animals
(see for review "Papilloma Virus Infections in Animals" by J. P.
Sundberg which is described in Papilloma Viruses and Human Disease,
edited by K. Syrjanen, L. Gissmann and L. G. Koss, Springer-Verlag
1987). Human papilloma viruses are a family of small DNA viruses
which induce benign hyperproliferative lesions of the cutaneous and
mucoéal epithelia. Of the 70 different virus types which have been
identified, more than 20 are associated with anogenital lesions (de
Villiers, 1989. J. Virol. 63 4898-4903).

In particular, HPV16 is associated with pre-malignant and
malignant diseases of the genito-urinary tract, and in particular, with
carcinoma of the cervix (Durst et a/., 1983. P.N.A.S. 80 3812-3815;
Gissmann et al/., 1984. J. Invest. Dermatol. 83 265-285). The
detection of antibodies against HPV 16 fusion proteins (Jenison et al.,
1990. J. Virol. 65 1208-1218; Kdéchel et a/., 1991. Int. J. Cancer 48
682-688) and synthetic HPV16L1 peptides (Diliner et a/., 1990. Int.
J. Cancer 45 529-535) in the serum of patients with HPV 16 infection
‘confirms that there are B epitopes within the capsid proteins of HPV,
though few patients have HPV 16L1-specific antibodies identified by
these techniques. There is no system for PV propagation in vitro, and
human genital lesions associated with HPV16 infection contain few
PV particles and low levels of viral structural proteins. Thus further

studies on papilloma viruses have been limited.



carcinoma of the cervix (Durst et al., 1983. P.N. A S. 80 3812-3815;
-G'ssmann et al., 1984. J. Invest. Dermatol. 83 265-285). The detection of
anti bodi es agai nst HPV1 6 fusion proteins (Jenison et al., 1990. J. Virol.
~ 65 1208-1218; Kochel et-al., 1991. Int. 2.] Cancer 48 682-688) and synthetic
HPV16L1 peptides (Dillner et al., 1990. 7Int. J. Cancer 45 529-535) in the

serum of patients with VG dnf ection. confi . t a | topes
within the capsid prot g?ﬁséag%giﬁvgamﬁéhq eé/vng%{%{'\gn?égﬁgg% Eﬁv@t&rgl
16L1- speci f i prateins)odesignateentiif amd UB, wWrdsk drechssambled dhes & IDNARO system

for PV propagation in vit and humgn [tal |esions asgsociated with
HPV16 i nf ect PEATCELAPRIPE® 'WB&P{{L@1'e&e£éTdApUW\4'M%S-O$7v1i3f%l17§ﬂ-ructural

proteins. Thus didsilkheirust $8bsRi Q8 Rapt L HaMBeyd Héﬁ hRy¥mdined |dsmAed. 2
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1456; Finch et a/., 1865. J. Mol. Biol. 13 1-12). The minor capsid
protein, L2, is present ét approximately 1/10 the abundance of L1
(Doorbar et a/., 1987. J. Virol. 61 2793-2799) and has an unknown
structural role. L1 protein is directed to the nucleus by a C-terminal
nuclear localization signal (Zhou et a/., 1991. Virology 185 625-632);
virus assembly occurs in the nucleus {Orth et a/., 1977. J. Virol. 24
108-120; Pfister et al., 1987. Papilloma viruses: particles, genome
organisation and proteins, p. 1-18 /n K. Syrjanen, L. Gissmann, and L.
G. Koss (ed.), Papilloma viruses and human disease. Springer-Verlag
KG, Berlin). Recombinant L1 protein self-assembles into particles
resembling virus capsids (Zhou et a/., 1993. J. Gen. Virol. 74 763-
768), but assembly is enhanced in the presence of L2 protein, which
may be required for assembly of infectious virions {Hagensee et a/.,
1993. J. Virol. 67 315-322; Zhou et a/., 1991. Virology 185 251-
257). '

Recombinant PV L1 protein and the combination of
recombinant PV L1 and PV L2 proteins have formed the basis of
vaccines for the prevention and treatment of papilloma virus infections
and used as antigens for the detection of papilloma virus {International
Patent Application Publication No. W093/02184). The presence of
the PV L2 protein increases the immunogenicity of the vaccine (Zhou
et al., 1991. Virology 185 251-257).

Subseq.u'ent to International Publication No.
WQ093/02184 and the published researéh by Zhou and others (Zhou et
al., 1991, \/irology 185 251-257), other workers have developed

expression systems for the expression of human papilloma virus VLPs.



pent aneri c capsoneres, each of which contains five iequLes. oL, Q«%ﬁq or
capsid protein, L1 (Baker et al., 1991. Biophys. J. e nch et
al., 1965. J. Mol. Biol. 13 1-12). The m nor capsid pr ' l |J pr esent

at approximately 1/ 10 the abundance of L1 (Doorbar et- il Vi rol
61 2793-2799) and has an unknown structulal role. L1 protein is directed to

t he nucl eus ' uc, al d | signal ~-al ., 1991.
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Spri nger - Ver | : ' Reconbi nant L1 protein self-assenbles into
particles res%‘ﬁ ngﬁ\e/ﬁét}g)néaps_i ds (zZhou et al., 1993. J. Gen. Virol. 74
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treat ment of Kupbabeneat\a/r,uldoR RNASN89 12180). Two other International
Patent Application Publications, namely wQ094/00152 and
WO094/05792, were directed to recombinant papilloma virus L1
proteins and their use as vaccines and for diagnostic purposes.

One problem, however, with VLP formation which

includes PV L2 protein is the incorporation of DNA into the capsid.
The inclusion of DNA in the capsid of papilloma virus VLP is not
desirable for the vaccines comprising these VLPs. Indeed, in some
countries, there are legislative requirements limiting the amount of
DNA allowed in a vaccine shot. The level of 10 picograms of DNA
per shot has been typically used as an upper limit. This requirement
may be due in part to fears of infection from introducing foreign DNA
into a healthy individu.al. The concern with vaccines comprising
native L2 protein is that amounts of DNA exceeding this level may be
included.

SUMMARY OF THE INVENTION

Thus it is an object of the present invention to provide a
virus-like particle that incorporates a substantially minimal amount of
DNA.

A further object is to provide a vaccine which overcomeé
the aforementioned problem.

The invention, therefore, in one aspect, includes a
method for production of one or more papilloma virus-like particles
(VLPs) which incorporates a substantially minimal amount of DNA

including the steps of:-



and used as antigens for the detection of papilloma.vigus.(lRternational
Pat ent Application Publication No. W93/ 02184). The PN f2 ot Bl °'&°£‘£v L2
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protein and said papilloma virus L2 pro'tein is
expressed and said VLPs are formed therefrom.

The term "a substantially minimal amount of DNA"
covers the situation where essentially no DNA is bound by the PV L2
protein or where there is 10 picograms of DNA or less per vaccine
shot or other DNA limit set by legislation.

It will be appreciated that a second aspect of the
invention lies in the recombinant DNA molecule which encodes said
papilloma virus L2 protein. "

| Further, another aspect of the invention resides in said
papilloma virus L2 protein. The L2 protein is preferably modified so
that any one or more of the 1-12 amino acid residues adjacent the N-
terminal end of the L2 protein are different compared to the wild type
L2 protein.

Most preferably the invention includes within its scope
L2 mutant(s) shown hereinafter in FIG. 4.

in another aspect, the hpresent invention resides in the
novel papilloma virus VLP formed from the said papilloma virus L1 and.
L2 proteins. The L2 protein forming the VLP preferably has a minimal
number of amino acid modifications |

The invention, in another aspect, includes a vaccine
containing the papilloma virus VLPs with or without a suitable
adjuvant.

In relation to step (1), the recombinant DNA molecules
are suitably constructed from a source of papilloma virus genome
whereby the L2 gene may be amplified by PCR amplification using

suitably designed primers. The recombinant DNA molecules are
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af orenenti oneéd phdbL2ngenes may be transcribed from any mammalian or viral
promoter with a mammalian or viral polyadenylation signal. Preferably
-the L1 and L2 genes are transcribed from any vaccinia virus promoter
which may be an early promoter or a late promoter as considered
appropriate. A list of such promoters is given in Davidson & Moss,
1989, J. Mol. Biol. 210 749-769 and 1989, J. Mol. Biol. 210 771-
784. A suitable promoter from which to initiate transcription of the
L2 gene is the vaccinia virus late promoter 4b.

The L1 and L2 genes may be encoded' on separate
vectors or on the same vector. Suitable vectors include plasmids,
cosmids and recombinant viruses. Preferably the recombinant DNA
molecules are contained in one or more recombinant viruses -which
may transfect those cells. Suitable viruses that may be used for this
purpose include baculovirus, vaccinia, sindbis virus, SV40, Sendai
virus adenovirus, retrovirus and poxviruses. Suitable host cells may
include host cells that are compatible with the above viruses and
these include insect cells such as Spodoptera frugiperda, CHO cells,
chicken embryo fibroblasts, BHK cells, human SW13 cells, drosophila,
mosquito cells derived from Aedes albopictus or monkey epithelial
cells. it will also be appreciated that other eukaryote celis may
comprise yeast cells or other mammalian cells.

Suitable expression systems include prokaryotic
expression syste'rhs including £. coli and any plasmid or cosmid
expression vector or eukaryotic systems including host cells described
above in combination with a recombinant virus vector or alternatively,

yeast cells and yeast plasmids.



The i nvention, therefore, in one aspect, includes a ThstSIh&dHafBea{ ld&inNg one
:or' nore virus-like particles conprising a papilloma’ vtmﬂum n and a

papilloma virus L2 protein, wherein said papillom vi does
not bind DNA or has a substantially Qubstitute she
impaired ability to bind DNA conpared to wild-type papilloma V|rus L2

protein, said rret hod i MtleudLRy rhbg tné ebSalﬂéd-fréri:)theCmﬂkfmbdrt{hllsaby
reconbi nant _DNA | ecul e ¢ a DNA sequence encodi ng said
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host cell; (3) expressing said pap oma Vi rus protern’in Salrd host
cell in the pWosSia2184. saleepa\dLPiiomwlbmscdﬂabmen ewitht arfyorsuitiide or nore

virus-like- paE}dealn éuc?h as ISCOMS, alum, Freunds Incomplete or Complete
Adjuvant, Quil A and other saponins or any other adjuvant as

described for example in Vanselow, 1987, S. Vet. Bull. 57 881-896.
Reference may now be made to various preferred
émbodiments of the invention as illustrated. In these preferred
embodiments, it should be noted that the specific papilloma \)iruses,
VLPs and specific constructs of DNA recombinant molecules are given

by way of example.

EXPERIMENTAL

1. CONSTRUCTION OF A MODIFIED PAPILLOMA VIRUS L2
PROTEIN
Materials and Methods

Plasmid construction: For expression in VV, the open
reading frame corresponding to the 474-amino-acid HPV16L2 coding
region was amplified by PCR from a plasmid containing the HPV16
genome. The 5’ primer introduced a BamHI site upstream from the L2
open reading frame ATG and the 3’ primer introduced a Smal sited
beyond the termination codon. The amplified L2 fragment was
recovered by elution from an agarose gel, cut with BamHI| and Smal,
and ligated into RK19 (Kent, 1988. Ph.D. thesis. University of
Cambridge, Cambridge, England), creating RK19/16L_2, in which L2
expression is driven by the VV late promoter 4b. The HPV16L2 and
4b promoter were then transferred to the VV expression vector pSX3
{Zhou et a/., 1991. Virology 185 251-257) for rVV construction.

To create the simplified vector pUC18/4b16L2 and

facilitate transfer of mutant L2 genes between vectors used for VV



(4) recovering said one or nore.virus-like-particles fromsaid cell.
-Preferably, the reconbinant DNA nol ecul e al so conprises another DNA" :
sequence encoding said papilloma virus L1 protein, wherein said anot her DNA
sequence is operably linked to a pronoter. Alternatively, the papillom
virus L1 protein is encoded and expressed froma different reconbi nant DNA

mol ecul e t hagyb i sichG ATRIHIV- K SIABSIVE, m%&&{rﬁgttg@gﬁykﬁéww rus L2

protein. Preferably the method further includes I ntroduci ng
i nt o sai d hoptoroetdr anditheewhale rHRYiBL2aopedNbadirige franee coaprdleaver a DNA
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common 5’ primer (M13RSP) (Zhou et a/., 1991. Virology 185 625-
632) and a panel of 3’ primers introducing stop codons (TAA) at
codons 374, 384, 394, 404, and 414. To create N-terminal
truncation and point mutations, we used a panel of 5° primers. N-
terminal deletions (a1-2, a1-3, a1-4, a1-5, a1-6, a1-7, a1-8, a1-9,
a1-10, a1-11, a1-12, a1-13, a1-14, 41-15, 21-20, a1-40, a1-60,
21-80, and a1-100) were created by using the set of primers which
introduced ATG codons at positions corresponding to amino acids 2,
3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 20, 40, 60, 80, and 100,
respectively. For N-terminal point mutations (designated H3P; K4P;
2,4,5,N; R5P; S6N; S6P; A7P; K8P; R9P; and 8,9N), amino acids 3,
4,5, 6, 7, 8, and 9 were changed to either proline {(Pro) or asparagine
(Asn) by the mismatched-primer method (Zhou et a/., 1991. Virology
185 625-632). All mutations were confirmed by direct sequencing of
the expression plasmids.

Cells and virus. = CV-1 cells were maintained in
Dulbecco’s modified Eagle’s medium (GIBCQ) supplemented with 10%
fetal or newborn bovine serum (CSL, Melbourne, Australia). Plaque-
purified isolates of rVVs were propagated in CV-1 cells grown in
Dulbecco’s modified Eagle’s medium supplemented with 2.5% fetal
bovine serum (CSL, Melbourne, Australia).

rVV construction. We wused previously described
methods (Zhou et a/., 1991. Virology 185 251-257) for rvV
construction.  Briefly, plasmids including the HPV16L2 gene with

various mutations driven from the VV late promoter 4b, the



“of nucl éotides 1- 36 fromthe 5 end of. the DNA sequence encod| ng oL
Substitute sheet - 15/12/97 .5 the papilloma virus. L2 protein. Changes are.
preferably by del etl on or.- substitution. A I'i st of: t he nost preferabl e.

primers for anplification are |listed bel gv (see FL.GS. 6, 7 and 8). The DNA |

sequence .encodi ng t-he papil'loma virus L2 roteln and t-he anot her

sequence encodisBohBEER! bbPEnk! (il ool o1 dBEoE 8 V13! ﬁg.e from

~any mamal i an or Vi ra pro rram’ra'l’ ian or-vir nyﬁ ation
signal.. - Prefeerabl 1988uch. \Dieh @qmamms&saneas rarsetsdtable i'mamee,n;nd '

vacci ni a. virus, pronoter which b arly pronoter or a. late pronoter
"~ as consi der ed ?5‘5?% f{%grgenﬁ Iqqa{h%sl ﬁ BrBﬁ’E? dikotyal gﬁtvéﬁ i P8Bvidtson: &

\oss, 1989, vkl 636006080 6 9P, 1980l Wen. VIBL 76293.2839) £F1-784. -

A suitable pronoter from to-rnitiate transcri:ption o
sequence encodhyoidine ﬁxa'pidel ¢TK) vgenes werqortoaresfacted fihto \WAVYCcMiRastrairus | at. e

prom)t er 4b. _'l;rrllfeecrtggong d?nLFBNAﬁquIc%ﬁP Evrqay cells " E)Iys%a cnﬁ?nc pll:losphate
' prec1p|tat|on Virus plaques: were purtﬂed tw:ce m CV-1 cells in the- '
presence of mycophenohc acud at a concentration of 25 ug/mi.
| _ tmmunoprecnpntatnon of L1 and L2 protems CV-1 cells -
: were mfected w:th HPV16L1 rvV or HPV1 6L2 rVV at a multiplicity of
infection of about 20 PFU per cell At 4_8 h, 5 x 10° infected cells
were lysed with RIPA buffer (150 mM NaCl, 1% Nonidet P-40, 0.5%
._deoxychdlate,'O.I1°/o-_ sodium dodecyl sulfate [SDS], 50 mM Tris [bH- ,
'8.0]). Lysed cells were’ eentrifuged briefly at 12.000 x g, and the
supernatant was used for mmunoprecnpltatlon Immunoprecipitation
were carried out wnth a 1:20 dilution of monoclonal anti-HPV16L1
antibody (Mclean et a/., 1990_. J. Chn. Pathol. 43 488-492) or a'
1:2,000 dilution of r_abbit.'anti-'HPV1_6_L2. anti'b_ody {provided by D. A.
Galloway).' The br_ecipitated L1 or L2 protein was collected with
protein A-Sepharese beads and washed four times in RIPA buffer.
Proteins were removed from protein A-Se_pharose beads by boiling in
polyacrylamide gel electrophoresis (PAGE) -sample buffer and
separated by SDS-PAGE for analysis.
| Southwestern assays. The Southwestern (DNA-protem)
assays were based on previously published procedures (McCall et a/.,
1991. J. Invest. Dermatol. 97 111-114; Moreland et a/., 1991. J
Virol. 65_1168—1176)._ Immunoprecipitated HPV16L1 and HPV16L2
proteins were separated on a SDS-10% polyacrylamide gel and
~transferred to a nitrocellulose filter by electrobletti'ng.- Filters were
blocked with blocking buffer (10 mM Tris [pH 7.5], 5% nonfat skim
milk, 10% glycerol, 2.5% Nonidet P-40, 0.1 mM dithiothreitol [DTT],
150 mM NaCli at- 4°C fot 12 h. The filters _.v_vere _then_washed with



Sui tabl e vectors include plasnmids, cosmids and reconbinant viruses.
Preferably, the reconbi nant DNA nol ecul e conpri-ses a reconbi nant virus
‘which may transfect the host cell. Suitable viruses that may be used for -
t hi s purpose include bacul ovi rus, .v_a-cci-.n'iga, "sindbis virus, SV40, Sendai

" virus adenovirus, retrovirus and.poxviruses. Suitable host cells my S

include host: geld:isatih [ GNP A b kh t,he aho iru and . t hese
i ncl ude i nsectBﬁ'lcde"Iﬁ?smgt%'ﬁ(gqg%ag‘ps?wwf?Eg%@gpﬂ\gMglﬁz') lice'l%ﬁlz,@@ﬂf‘cben _ -
enbryo fi brobiat BTTBI@celyicsrolh Orha5s W\skimemilr). PR saletgprotesdneie cel s

derived from Aedes .al hopj ctus.or nmonkey epithelial - cells. - It will also be
appreci ated t ﬁggeattﬂet?'"amgat?'flg% %'é:r INEuBRfiopowas icoatinugdfor & hath ° Gt her

manmmal i an cel ke fiRbisSiabi Wakkhedt Wanh el kALY ot Agerel | . -
such as an Es(;-hgr.i|chi a coli. cel-le;,-\?'ﬁg @EES&%{?%‘?‘%%&@HQ r_orr'n tAﬁ@eP Lot
“transfected cékeing biy dried, shieyalvees nwappedfanmliekposext twmX-ray filraf.erttgye.

provi ded i h vvPopBHUeRHY (pboee Ry abFel PBR PRl dhnt 6 e
| ~serum and '*I-protein A to confirm protein transfer. - P
' Binding ."sp'e_éific-it_y _assay. DNA sequénces binding
specifically to L2 _W_eké selected from a pool of double_;stranded, 76-
mer oligonucleotides (R?G)_ containing a éentral- stretch of 2_6 random
- base pairs, flahked by two Unidueléeque'nce.s o_f 25 bp each ’(Sorge_r_ et R
“al., 1986. J. Mol. Biol. 191 639-658). The sequences of these
oligonucleotides were:- I o S
" R76 | ._
5'-CAGGTCAGATCAGCGGATCCTGTCG (N)zg
GAGGCGAATTCAGTGCATGTGCAGC-3'
Forward primer 5'-GCTGCACATGCACTGAATTCGCCTC-3"
Back primer 5'-CAGGTCAGATCAGCGGATCCTGTCG-3’
Random oligonucieotide-binding assays were performed
esSentially as des_cribed previously (Treaéy et al., 1991. Nature 350
577-584). Briefly, L1 and L2 proteins purified by immunoprecipitation
were electrophoresed on an SDS-PAGE gel (10% polyacrylamide) and
transferred to a nitrocellulose filter. Filters were incubated for 4 h at
4°C in buffer A (20 mM N-2-hydroxyethylpiperazine-A’-2-
~ethanesulfonic acid [HEPES]-HCI [pH 7.9], 1 mM DTT, 10% glycerol,
0.01% Nonidet P-40) containing 50 mM KCI and 5% skim milk. The
32p_jzbelled pool of random oligonucleotides Was prepared by primed
- synthesis with the forward primer annealed to the random _76¥mer
oligonucleotide template, added to fhe filter, and incubated overnight
at 4°C. Washes were performed at 4°C in buffer A adjusted to 100
mM KCI {two 10-min washes) and fhen in buffer A adjusted to 200

mM KCI (one 10-min wash). Filters were autoradiographed, the area



Substitute sheet - 15/12/97 6. invention lies in the reconbl nant - DNA . o
.nol.ecul-e whi ch encodes said papillom virus L2 proter n. Further, anot her
~aspect of the i nvention resides in'sai'd papillonma virus L2 protel n. The
~papilloma virus L2 protein preferably hqg one-or: more am no acid residues
in the N-terminal region thereof which are nodified or del-eted conpared to

Wil d-type papifl thaemhilter rcosrdspoptingitd). boinid BINA wadiexpried], [aRthe DA L2 o

protein is characterlzed in that one or nore of anino_acid residues 1

“through 15 ofWaA&!LiEduRNAeatng #iE0 R in water. afdtteg PNAcwas amplifiedd.
Preferably, | £ h
T, S 0 pRURR Ry ko B4 KBS B nRE™ [5

sequences o erred 0 as P, K4P :

(2, 4, 5N) . SEiN, 2%8 Bgardse QBDS For s’kﬂi\é)equéﬂat 1ouihd§|\bf bimnling 6thd 07.6- béN)
Accordi ng to a further 38 the invention resides in a nucIeotr3 :
sequence encd&qu’g'cf heagigpel WW“@L@VE?%P&%CH Y theorreseane i A P-

labelled nucleotlde, as descrlbed prevrously (Sorger et al., 1986. J
Mol. Biol. 191 639 658). ‘DNA from the fifth round of selection which
remained bound to L2 after washmg n buffer A was eluted and___
amplrfred as descnbed above cloned into pUC18 and sequenced.
Immuno-DNA bmdmg assay Extracts from HPV16L2
rVV-infected cells were prepared and rmmunoprecnprtated as descrlbed'_'
above lmmune complexes attached to protem A- Sepharose beads'
were incubated with BamHI-Pstl- dlgested HPV16 DNA for 2 h at 4°C
in DNA -binding buffer (10 mM Tris [pH 7.4], 100 mM NaCl, 1 mM
MgCl,, 1 mM EDTA 8% glycerol, 1 .mM DTT, 5% skim milk).
Following incubation, the beads were washed five times with the
same buffer ‘at roorn terr\perature Protein-DNA complexes were
eluted in l% SDS S mM EDTA at 65°C. DNA was extracted with
| phenol twice and precrpltated with ethanol. Samples were run on a
1.5% agarose gel and blotted onto nylon membranes. _The DNA
bound to the membranes were detected by Southern blotting with 32p.
labelled HPV16 DNA digested with Pstl-BamHI. '

. DNA sequencing.  Dideoxy DNA sequencmg was
performed with tneSeque_nase version 2.0 kit (U.S. Blochemu_:als.
Cleveland, Ohiol.. To denature double-stranded-DNA for sequencing, |
we incubated 2 yg of DNA for 30 min at 37°C in 200 mM sodium
hydroxide. DNA was ethanol precxpltated and sequencing camed out
as specrfled by the manufacturer.

_ RESULTS
HPV16L2 protein binds DNA. .To investigate the DNA-
binding activity of PV structural proteins, we 'eXpres_sed _HPV16L1 or

HPV16L2 in euka'r'yotic cells by using rVV. L1 and L2 proteins were



I n anot her aspect, .the present invention resides in the novel papillom

- Virus VLP forned fromthe aforenmentioned nethod. The L2 protein forming the
VLP preferablyfhasFa m ni mal nunber of amino acid nodifications. The

i nvention, in another aspect' i ncl udes gqvacci ne’ contalnlng ‘the above .

“papilloma virus VIPs with or without a suitable adjuvant. In-this regar.d,

the VLPs may duiffedfrione el ty*sawwumrﬂbh%%&m%n Sséphrated B¢yBBs-al um -

Freunds | nconpl ete or Conpl.ete Adj uvant ot her -saponi ns or. any
ot her adj uvaftAGE (8% pelydcramistelansi tranglersed da, nitgwelluseVvittersaul | . 57

the i nvent | oiEnGREFplHedf broin iR oA WAL BeRoBled S SRIBREIRIS 4 e

~noted that trmoamgzwum Sfmabéuemapw gerseric DN/-SW baclttee:oehegb A DN'>A12/ 97

_'6/ Lo in a buffer contamlng 40 mM NaCI HPV16L2 protem bound both 1
HPV genomlc DNA and. A DNA (FIG 1B, lanes 2 to 5). HPV16L1
protein, in contrast falled to bind any Iabelled DNA (FIG. 1A, Ianes 2

* to 5), although the punf;e_dlL]_ protein was dete_ctable on the filters by
using an anti- H'PV16L1 'mo'n'o'clo'nal antibody (FIG. 1A lanes 1 and 6).

. Further expenments in buffers containing up to 150 mM NaCl showed
no binding of DNA to HPV16L1 (data not shown). These results
suggest that HPV16L2 ‘protein, but not HPV‘IGL‘I protein contains'
.DNA-bmdmg sequences and that the recognition of DNA by HPV16L2
'may not be sequence specific..
| HPV16L2 N terminus is important for DNA binding. To
identify the protein sequence responsible for_binding of L2 to DNA,
we first checked for DNA-binding motifs in th'e_ predicted amino acid
sequence of HPV16L2. HPV16L2 has two highly eharged regions,
rich in lysine and arginine. The_first makes up the N terminus of the
protein (MRHKRSAKRTKR) from amino acids 1 to 12; the second lies

" within-the C terminus (RKRRKR) from amino acids 456 to 461.
To determine whether either ehatged region was involved
-in DNA binding to L2, we made a series of deletion mutants with
mutations in HPV16L2. - Constructs encoding V_arious C-terminal or N-

~ terminal mutations of HPV16L2 protein were inserted into plasmid
pSX3, which had been previously shown to efficiently direct tbe
synthesis  of 'the_HPV16L.1 proteins in rVVs (Zhou et a/., 1991.

" Virology 185 625-632). CV-1 cel_ls were infected with rVV containing
each- mutant L2 .gene, and | 'cell lysate was analyzed by

" immunoprecipitation with a rabbit anti-HPV16L2 antibody. The

~expected relative size Of_ea.ch mutated protein was confirmed by.

comparing the electrophoretic mobility Qf truncated proteins with wild-



VLPs and -specific constructs of. DNA reconbi nant nol ecul es are given by vvay
of exanpl e. - EXPERI MENTAL 1. CONSTRUCTI ON OF ‘A MODI FI ED PAPI LLOVA VI RUS
L2 PROTEIN Materials and:Met hods Pl asmi d- construction: For expression in.
. W, the open readi ng frame: correspond| ng;50 t he 474-am no-acid HPV1L 612 -
- coding region wvas. anplified by PCR froma plasm d conta| hing the HPV1I 6

‘genone. The SI%LEﬁSJo'tﬁW@AVQ?\@t%hg 'site upstreamfromthe L2 open.

r eadi ng frarre primer. in roduced a Smal sited beyond the

termi nati on codon. - The Tangptielfetion tritan sy were: ermnmedofmrbnhdm abuPon f.rom
an agarose gel, cut

h BanmH and_| i ed I'nt 0 Ken
1 1988. Ph.D. -{3helled, HDS“\@I%PPV“BSD@QYTBW%e So F?@é’é p’EﬁS?’HFFd;' EEF eati ng
- RK19/16L2, in [ [ t e ARl b.. . The
TVt 605 ana SRS oS AR Al Gindirig S niiv 12 POTEE. ABIC TBiRinat
- pSX3 (Zhou et daletionl Adlitantsr destpg, 18&clading223)74f owhisl - beds theictangest To

o e el oG oL LR PCoPafbr R 1S 2k RBLEL 8
nmmunoreactrve L2 protem present lFIG 2 lane 2374). To delmeate_
the contribution. of the N termmus of L2- to DNA binding, we -
constructed N- termmal deletlon mutants of L2 'THree mutants, i in

. which the first 60 80 and 100 amino acids of L2 were deleted, each |
failed to bind HPV DNA {FIG. 2 lanes A1 60 through A1 ‘lOO) To
.'further charactenze the N- termmal DNA- bmd:ng regron we tested a
senes of smaller deletlons between amino acids 1 and 15 for their
DNA-binding actnvuty Each of these, including the smallest deletion
lwhlch was. mlssmg only the arginine residue at position 2}, failed to
bind DNA (FIG. 3A lanes a1-2 to a1-15). These results suggested
that critical DNA-binding sequences were in the N terminus of L2 and
that binding was dependent on charged amlno acrds including the
arginine at posmon 2. _

L2 protem uses an arginine-rich motif for DNA binding.
The amino acid sequence of the N termlnus for HPV16L2, starting
from"position 1, is MRHKRSAKRTKR (one-letter code with charged
amino acids underlinedl. The role of the N terminus of L2 protein in
DNA binding was further assessed by site-Specific rnutagenesis. ‘Ten
substitution mutants w’i-th. mutations of the first 9 amino acids were
expressed by r\/V, and their DNA-binding activities were examined by
: Southwestern blotting with 32P-labe|led'HPV16 genomic DNA. Similar

| amounts of the varidus' mutant L2 proteins constructed were available |
for DNA binding, as” determined b'y analysis of immunoreactive L2
protein on the blots, w_ith 'the exception_ of K8P (FIG. 3B, lower panel).
‘Mutation '.of some charged amino’ acid residues (Lys-4, Lys-8, Arg-9)
to Pro or Asn (K4P and 8,9N) abolished DNA binding (FIG. 38, lanes

W expression vector .



7 expression, a Klenowblunted Mul-EcoR fragnment carrying the W 4b
pronoter and the whol e HPV16L2 open reading frane was cleaved from

. RK19/16L2 and inserted into pUC18. This plasmd was used as the DNA

tenpl ate for PCR anpl |f|cat|ons with prim&s designed to create C-ternnal
truncations of L2. = Mitants err] Eerr] and [err] C terni nal 'y truncated to
* residues 374, K48 armb.B,9Nd4 whilg) sy at-brtrqm@ﬂ_@rgyﬁov\eﬂn PrOeMtreﬂblcyd wer e

oo 655- "baz) Uhahg RERE RrReFY ARG ittt odradiiveried o

codons 374, 3%R9FI9Had 49¢ . eféect 6h4DNA biRGRRY ﬂahlet aam naMmdtatibrabf Ocneand |
poi nt nutations, we used a panel of. 5" primers. N--termnal deletions [err]

, [err] and [emeqtra\!ea@m @&tdﬁjbswagn et kes-&¢9 dﬂswsmlamu eﬁechpnoduced _'

o 10, 11 1, BEB-biriiitg SHESCOMAgb8, WiRingE e L seh. AoglpTedp

“N-term nal IOOI%rdmtﬁbﬂnetléde&fgﬁm-eﬂ $8P6, Kdi  Ala-7 for Pro had been

| ' produced showed bmdrng of DNA comparable to that wrth wild-type :
12 (laneslHSP,_ SGP, and A7P): in contrast, changrng Ser-6 to Asn 'j

. {S6N) abolished DNA bin'di:n.g {lane S6N). These results suggest that
.the four charged arninc .acid clusters are 'i'm'portant for DNA. binding.
In each of these charged amino acid clusters, retentlon of at least one
charged ammo acid appears necessary for DNA binding. A flexible
secondary structure might also be rmportant fcr L2-DNA interaction’
because' substitutio_n'-of Ser-6 with Pro and of Arg-5 and Arg-9 did not
abolish the DNA 'binding, whereas the substitdtion of Ser-6 with Asn
removed the L2 DNA-binding function. A summary of L2-DNA
| rnteractron results is given in FIG. 4. |

L2-DNA interaction has no DNA sequence specificity.

We used a lnbrary of oligonucleotides and bound these to purified
"HPV16L2 protein to select for any. high-affinity target DNA
sequences. The oligonucleotides'were random at 26 positions and
were flanked by primer and cloning sequences. After incubation of L2
with a pool of these oligonucleotides, oiigonucleotides bound to L2
protein were eluted'and amplified by PCR for subsequent rounds of
selection. Selection and amplification were carried out six times..
DNA clones recovered after the selection rounds 5 and & were
'sequenced. Probabrhty theory predrcts that among 52 random 26-mer
sequences, any trinucleotide would be found in 20 clones (95%
confidence interval, 15 to 26) and any specified sequence of 4
nucleotides would be found in 5 of the 26-mers (95% confidence
interval, O to 9). Among 52 26-mer clones were observed -that' the

most commonly observed trinucleotide (GGG) was present in 24



'2,4,5,N, R5P;. S6N; S6P; A7P, K8P; ROP; and 8,9N), anmino acids 3, 4, 5, 6,

.7, 8, and 9 were changed to either proline (Pro) or asparagi ne (Asn) by _the
m smat ched- prinmer net hod  (zZhou et al ., 1991. Virtol ogy 185 625- 632) Al l

mut at-i-ons were confirmed by direct. sequegfci ng of the expression -plasnids.

Cell's and virus. - CV-1 cells were maintained in Dulbecco's nodified -
Eagl e"s nedi glorEes! Bﬁi@):esuprﬂ ethreeednvds fin 10f)6 fiepdathaeiagt neddwidie serum
(CSL,. Mel bour ne, %t;all Pla ue-- purified isolates of rWs were .
proopagat ed i ﬁe@?ﬁi’ Phservedoms 8 rlanes-ed husgthers wasinm

suppl-enent ed gyj hBAVH

constructi on. &J\;\%C%ugég pﬁgvpgus?aeggégﬁe(@ggh ﬁégggé%ﬁgﬂwt’a%ﬂ&l%l
Virol ogy 185ti2ése 230es anoré/\frequeritiyicthiann wouldi bé| gxpedtednbes chastedi ng -
t he HPV166L2 ene ¥th vari ous mut atlons driven fromthe W:late pronoter

4b, the rhezonp Mpfe somplevsgngervad pucleoliggpateanns wera- 10;
Fal kner et abbseﬂv%%s by’ us\qd %ltan@%dlgéau&ﬁg’él)alﬁﬁn‘?er&ela%ﬁrgmse TRHESS an___d N

results suggested that- h;gh affnmty bmdmg.between L2 and DNA is a _
‘DNA  sequence- mdependent process - Two -édd'itional expelrime'nts .
" confirmed this observation, ‘First, extract from cells infected with
HPV16L2 rVV was im_rnunopre‘_t:ibitated wi.th anti-L2 antibody, and the
precipitated .protein'-a'ntibody cdmplexes, attached to Sepharose
beads, were-alloWed to bind to a mixture of restriction fragments from
HPV16 genom‘i'c DNA. After unbound DNA .was washed away,
bound DNA fragments were -'r_esolved on. an agarose gel and detected

by Southern blotting with *?P-labelled HPV16 DNA. An HPV16L2-
containing extraét, bound'.to Sepharose beads .with anti-L2 antibody,
~retained each of t_he-HPV16 DNA fragments (FIG. 5, lanes 3, 6, and
7), whereas none. of these fragments were bound by.an L1 rVV-
infected cell extract bound to the bead with anti-L1 antibody (data not
shown) or by wild-type VV-infecfed cell extract bound to the beads
with L2-specific antibodies (FIG. 5, lane 2). Second, a fixed amount
of L2 protein was incubated with 32P-labelled HPV DNA fragments, in
the presence of a 100-fold I(Iane 4) or 1,000-fold (lane 5) excesé of
unlabelled A DNA; and L2, together with. any bound DNA, was
immunoprecipitated from the mixture by antibody to L2. Phage A
DNA was able to prevent binding of HPV DNA. We conclude that L2
does not interact with DNA ,inla DNA sequenée-specific manner by

each of these criteria. : | _
2. PRODUCTIOIV OF VIRUS-LIKE PARTICLES WITH MODIFIED :
PAPILLOMA VIRUS L2 PROTEIN

Virus-like particles formed with the modified papilloma

virus L2 protein’ can  be produced by the procedures outlined in



flank| ng fragrrents of the W BZ4R gene (Kotwal et-al., 1989. J. Virol.. 63
600-606; Smith et al., 1989.. J. “Gen. Virol. 70 233- 2343) or. thym di ne

ki nase (TK) gene were transfected into W WR stral n- -infected (0.05 PFU"
per cell) CV-1 cells by cal'cium phosphatm precipitation. Virus plaques

wer e purlfled tw ce in C\/—l cells in the presence-of mycophenolic acid at a

concentr at i on \MO9Z/02384.. ' IAmauitabie anpticd ifon e plodutidr? d¥ Qlrk ke CV-1
‘cells were mfec%lF W|th Hpéle 6L1l?rW or HPV1 6L2 rW at a multiplicity of .
i nfection of eSS YLD el

lysed with R PA buffer (@0 '%h?%edé% Wnde+ {? 4%6??";' yse C%Lfl]ﬁggt e,

0.1 % sodi um dodecyl sulfate |err] wer e
“centrifuged bréariditions at 327D ik ag, atmeispHere D EHNC03d 289 % hfludhcy

mu t.at | t d out th 1:2 R
T oot PriReR R bieck S 1R HEdiAg B acte s Mediym  (beaprccsh) Supplsamntad G i n.
Pat hol . 43 488\;v€r92l)0%rfo%tél al %@r | V1 i_body

) t‘}'l'n Edi9nnog t.ggl?{ f[ult%%jfa@ﬁ é&ﬁs Ak |

(provi ded by D. A Galloway). he. precipitate protérn was
collected wit hthpnotnédmeﬁk-\setphérmsa piedcs! aﬁdembmn‘tmcdlmleaﬂrusﬂBLﬁ’A

R ol R e TR

_ Dulbecco s modrfaed Eagle’ s medium supplemented with 2, 5% foetal

" calf serum. Mycophenollc ac:d ‘was added to the medrum at a final
concentration of 25 ug/ml The cell culture was’ mcubated for a.

- further 48- 60 hours. - Cells_- were then scraped_from the tissue culture
flask and pelleted by' centrifugation 1,500 x g at 4°C for ‘l'O. r_r'lins.
The pellet wes dissol\_/_ed and the cells were resuspended in 20 mi of -
phosphate buffered eallne (pH 7.4) cbntain'lng.z mM PMSF (protease
“inhibitor). The cell suspension was stored at 4°C or frozen at -20°C

~when the purlflcatlon procedure was interrupted. |

| The cell suspensron was then placed in a Wheaton glass
_Dounce homogeniser ‘and’ kept on ice for 10.m|ns. Cells were
disrupted by 50 strokes of the Dounce homogeniser A small sample
of the resuspensnon was checked by . mncroscopy to determme

' whether the cells were dlsrupted Homogenization was continued
until all the cells'were drsrupted _

The lysate was centrifuged at 1500 x g for 10 mins at

4°C. The cloudy supernatant was discarded and the pellet was

| resuspended: by aspiration in 20 m! of phosbhate_buffered saline (pH
7.4) containing 2 -mM PMSF. The-resuspended material was then
sonicated (Vibra Cell Sonicator from  Sonics Materials Inc. USA,
setting 80) for 30 sec on ice in order to release viral particles from the
nuclei. The sonicate was diluted to 60 ml with phosphate buffered

(pH 7.4) saline contammg 2 mM PMSF.

ln each of four 38 mi ultra clear centnfuge tubes, 15 ml

Y Wiy agexample: [err] |nfected cells were



separated by SDS- PAGE for analysis. Southwestern assays. The Sout hwest er n
(DNA-protein) assays were based on previously published procedures (McCall
et-al., 1991. J. | nvest. Der matol .. 97 111-114; Moreland et al., 1991. J.

Virol. 65 1168- 1176) . | mmunopr eci pi t at e gfPV16L1 and HPV16L2 pr ot ei ns were’
separated on a SDS-10% polyacrylam de- gel and transferred to a

ni trocel.lul osg fééds%n@!d%@%dl@@d?ﬁéétegwa@ th{/6fedl BRMOPbOP D thives ke
bl ocki ng buffer-- (10 MM Tri's [p 1, 5% nonfat skimmlk, 10% gl ycerol,

2. 5% Noni det &1d0200%" 1wm\/|s@|ucrma>nmersmha[toqufferseosafmer\rémﬁ)7eﬁ) [dhg for

el 10" nidncol W BRILERoosbon gt MARR! oflh A 1 ° 10

i™mnl

[err] probes yegeirpgddew-be itoe nuwéa%i:ernataﬁﬂahacsdmbs@mmsdmatdéwed for ._
4 h at [err] The filters:-were washed w t-h five changees of "bi ndi n buffer

After being aanddheerdella’th‘e@smpehmapgbdpmspl@gp@g ned seling (pii] They
_ were subsequeo,heyper“% Wé’éa geé’ﬂsp@n%%'m'fd/ %I%flp%s&m& tﬂP f@r@d aqme' (pH
o ' 7.4) contarmng 2 mM PMSF by sonlcatron (Vibra Cell Somcator from
Sonics Materials Inc USA semng 80) for 60 sec on ice.. The
: resuspensron was drluted to 20 mi with phosphate buffered saline (pH
' 7.4) contammg 2 mM PMSF. Cesrum chlorrde was added at 0.481
g/ml to a final’ volume of 23 mi. The resuspension was centrifuged at
220000 x g (mid-tube) for 18 hours at 21°C in a SW-41 rotor. After
| centrifugation, two bands were observed "An upper band was
: observed approxnmately 1 cm below the menlscus whereas a lower
- pand was noted approximately 1.cm below the upper band. Both
bands contained .virus-like perticfes-. '. _Bo_th bands were removed by
.aspir'ation. The virus-like particles in the upper band were often lnot_
as well formed .as tl're.'viriJs-like particles from the lower band. The
bands were dialysed against 5 litres of 'phosphate buffered saline (pH
7.4) for 2 hrs at room temperature or up to 24 hrs at 4°C. The virus-
like particle preparations Were stored at -20°C.
(a) Detection of L1 and L2 proteins N
| Samples of cesium chioride purified preparations of virus
like particles were diluted (1:10) in 5x reducing buffer {0.05 M (final
concentration) Tris-Cl (pH 6.8), 10% glycerol, 10% sodium dodecyl
sulphate (SDS), 10%: 2-B-mercaptoethanol f0.0S%) and' made up with
water to 100%). The diluted samples were loaded on to SDS-PAGE
(10% polyacryla.mide_) gel and electrophoresed. Standard procedures
and conditions were followed (Towbin et a/., 1979, Virology 175 1-
9). '
'Molecutar weight det_ermirfatian of proteins: Following

electrophoresis, the gel was stained for 1-24 hours with coomassie



serumand [err]-protein Ato confirmprotein transfer. Binding specificity
assay.’ DNA- sequences binding specifically to L2 were selected froma
pool of doubl e-stranded, 76- ner oli gonucl eotides (R76) containing a .
central stretch of 26 random base pairs, -}I anked by two uni que sequences of -
25 bp each (Sorger et al., 1986. J. Ml. Biol. 191 639-658). The sequences

of these ol i ggRICLRM i(E86maRER: brildRt BlueCACEALABTCMEREAS TR Cedtad I | -
GAGGCGAATTCAGIGCATGTGCAGC- 3" Forwar.d--pri mer. 5' - GCTGCACATGCACTGAATTCGCCTC- 3
Back pri mer 5acmw@@&TmT@’g§rws demaowolmgmm-egend@ciﬂ ndi ng

To01 "Nt ur e $8bSTaG% edrdot, T804 SRR STRRL AR HanghCRiy P ol
| munopr eci pi haur®andedried ect rophoresed on an SDS- PAGE gel (10%

pol yacryl ani de) and transferred to a . nitrocellulose filter. Filters were
i ncubated for 4 h at 4oddentificasion @f Lhan@zbZ prgteins: -.On a separate but

o ol BErFptte, B SRR ABREieRCk A T el i, bt 00
skim m | k. Th%nalysed by western blottlng to determine whether the L2 protem was '
present on the virus like partlcles Standard western ‘blotting
techniques were employed (Harlow and Lane,. 1988 Immunoblottmg
(Chapter 12) !n Antibody - A’ laboratory manual, Harlow and Lane.
| (Eds.), Cold Spnng Harbour Laboratory Press) _

Protems from the SDS-PAGE gel were transferred to a
nitrocellulos_e filter .paper.__- ‘The nitrocellulose filter paper was cut rnto '
strips and blocked with pho'sphaté buffered saline (pH 7.4) containing

- 5% s.kim milk 'poWdér at 4°C* overnight. The prirnary antibody was.
incubated wrth the mtrocellulose paper strips in phosphate buffered
saline (pH 7.4) contammg 5% mnlk powder for 1.5 hours ‘at room
temperature " with agitation. - " The primary - antibody included
monoclonal mouse 'anti'-HP_VTGLT antibody'and polyclonal rabbit anti-
HPV16L1 antibody for the detection of HPV16L1 protein and
polycional rabbit anti-HPV1 6L2 antibody for the detection of HPV16L2
protein. Following incubation with the .primary antibody the
nitrocellulose paper strips were washed three times (10 mins per
wash) in phosphate buffered saline (pH 7.4) containing 0.05% tween _
20. A second antibody was incubated with the nitrocellolose paper
strips in phosphate buffered saline (pH 7.4) containing 5% skim milk
powder for 1 hr at room temperature with agitation. The second
antibody was either hor'oe radish peroxidase anti-rabbit or horse radish
peroxidase anti-mouse immunoglobulin. Three washes as described
above were 'rep'eated. The nitrocellulose paper strips ‘were rinsed'for
30 sec to 1 min with phosphate buffer (pH 7.4). The nitrocellulose -

paper strips were developed after placing them in- a solution



[err] pool ‘of random ol i gonucl eoti des was prepared by primed synthesis-with |

‘the forward primer annealed to the random 76-ner oligonucl eotide tenplate;
added 'to the filter, and incubated overnight at [err]. Washes were
performed at [err] in buffer ‘A adj usted t® 100 [err] KC (two 10-mn
washes) - and then in buffer A adjusted to 200 mM KCl (one 10-nmin wash). - .
Fil ters were contairidgodd ampihE&B tmeamlramenadl@e)on'Z Imi dﬁ bbmpha:tert&sﬂﬁandl ng

ot or 21 i et PR oot PR oty e, e bl o F ol bian "

backward pri n@é.%m 6" hbled 8c 28 a&ar%%&\lgsé stheF;Haggnuggg%P&t Fgygnds of

bi ndi ng, the 76-bp product was | abelled 8 cycle In the presence
of [err] Iabehitmtaﬂutdseqtam stassdfesr@rmbmtj m:ﬁvwmtsky:n(i&l]rghr et al., 1986 '

J. Mol. Biol. 191 639-6 fromthe fifth r election which - . -
remai ned bound to L2 af?@%aivﬁ%f’ﬁ‘g etermpination: A eg Fgéaﬁ?me%nfﬁf"i“fled as'

descri bed aboygeh {dediiff d:lﬂbﬂd@L&Ja%ierﬂnﬂuﬁﬁGHeMraﬂné’ﬁ“WQS %I\}%é&d'f&g
assay Extracts from HPV1 6
' . the total amount of protem present by BCA protem assay reagent as -
described by the manufacturer (Pierce}. o '
.(b)_ a o “Detection’ af wrus—ltke parrlcle farmatlon
o A sample (approxnmately 0.05 ml) of a vnrus-llke particle
preparat:on that had been punfled by centrlfugatlon on a cessum.
chlorlde_ gradlent and dialysed agamst_ 0.1 M to 0.5 M Tris-HCI for at
‘least 2 h.rs' but',_preferab_ly'24 hrs at 4°C to remove the cesium _
chloride from the’ _pfeparation was placed onto a f'orm\_rar coated__EM |
grid and'. negativ'ely staihed ‘with either 1‘_’/_6 or 2% ammonium
molybdate (pH 6.5). The grids containing the .sampies were examined

usihg a Hitachi H-800 transmission electron microscope.



rW-infected cells were prepared and i munopreci pitated as described above.
| mune conpl exes attached to protei n A-Sepharose beads were incubated with
BanHl - Pst | - di gested HPV16 DNA for 2 h at [err] in DNA- binding buffer (10 mM
Tris [pH 7.4], 100 MM Nadl, 1 mvl[err] 1 rgt\)ll EDTA, 8% glycerol, 1 nM DITT,
5% skimm’-lk).-FoIIowi ng incubation t he “beads were washed f|ve times, W|th

the sane buffer at roomterrperaturqq%!ﬁg)tgd;@p?‘%A conpl exes were eluted.in -
1% SDS-5 nM EDTA at [err] DNA was €xtracte phenol tw ce and . o

preci pitated Wt Et hanol . “Sanpl es" were run on a 1.5% agarose gel and '
blotted onto on nenbr.anes., b et ect ed
by Sout-hern bl%b?ﬁaﬁéeweitl?"[ e? hﬁ\éggﬁl 38‘& nd, h%ﬁ%e@ei’%‘t nding

Pst | - BamH . %t.ﬁmumpweL1 aaudnpwd@wpréemgenﬁbng ORRIHEE dfgasr wigrwth

t he Sequenase version 2:.0-kit (U .S:- Biochem cals, U eveland,.
denat ure doubl eellst, r avated lmmurfqnfeswgeentu hy; Lie onchbfspedlfu: amrtjodnésDNA

| ];)(r)recﬁgl {n a’? egt a%eog %Eﬁfgrt?cz‘,’?% ?‘gﬁ(geda%% tgérgé‘gﬂggl 19 éﬂtrﬂﬁefﬂgs?mnﬂ‘f“éﬁmr er.
RESULTS HPVlGL&ePé FeRaturbd ﬁﬁ&)l@ﬁl@ingT@uﬂférV eshiiahg OirT Q’\\K\'lncubated with

”P labelled DNA from HPV16 (lane. 2) HPV6b (lane 3), HPVH (lane
4), or phage /_\__(lane 5). Lane Cis the rmmunoprecrptate from wt VV-
infected ceile' ' Unbound DNA was’ ‘removed, and DNA-binding
proteins were detected by autoradnography The positions of the L1
and L2 protems, determmed by mmunoblottrng, are shown (lanes | .
and 6). I

FIG. 2 _ : _
Def:nmon of the HPV‘IGLZ DNA- bmdmg regron L2 proteins were
separated by SDS-PAGE, transferred to a nitrocellulose filter, and
probed with 2p_jabelled HPV16 DNA (A) or L2-specific antiserum (B).
C-terminal amino acid deletions are designated as follows: amino
acids 374 to 4.74 as 2374, 384 to 474 as 384, 394 to 474 as
2394, 404 to 474 as 2404, and 414 to 474 as 2414. Removal of
amino acids up to 100 from the C-terminal end had no effect on DNA
binding. N-terminal amino acid deletions were designated as follows:
‘amino acids 1 to 60 as a1-60, 1 to 80 as a1-80, and 1 to 100 as a1-
100. Removal of any N-terminal se‘_quence diminished DNA_ binding
.markedly. The L2 bands are_indicated by arrows.

" FIG. 3 | | |

HPV DNA L2 protein interéctions defined by using mutants with L2 N-
terminal _mutati'ons.. (A) N terminus-truncated L2 proteins, with

| deletions indicated above each lane, were separated by SDS-PAGE,
transferred to nitrocellulose membranes, and incubated with 3?P-
labelled HPV16 DNA (upper panel). The 3215 labelled DNA was
removed -and. the filter was reprobed with a rabblt anti-HPV16L2



~binding activity of PV structural proteins, we expressed HPV16L1 or HPV16L2

i'n eukaryotic cells by using rW. L1 and L2 proteins were purified from

cell. lysates by i mmunoprecipitation, separated by SDS- PAGE (10% -

- pol yacryl am de), and transferred to ni tg cel lul ose filters. Binding of
these proteins to DNA was |nvest|gated y -Sout hwestern blotting with

[err]-1abel | eghtiBdagersimhaamiatn obanber 2 GRBedR HoWbA dahed. DY 8bnds
.containing 40 mM NaCl . .HPV16L2: protei n bound both HPV genom ¢ DNA and A DNA

(FIG 1B, |araég "zdtp@tqs; bvmwaapddnelmularrmassnm@mers feg irsticatedbdmd any

IabeIIedDNA | t otelnwas..
det ect abl e oﬁ gf f?’e sit‘tﬁg%ﬁg%ﬁa@ﬁtwﬂg gPLTB'n%%]&&SﬁL& PVBody '
(FIG 1A lanesach aemtb GWerEUTﬁdWatwmIthm RibelleQUHPRIS GRsorhiei DIVAIP O
150 -mM NaCl showed no binding of DNA to HPV1 6L1 (data not shown). These_

results suggégppﬁhaﬂnﬂbﬂ&'ﬁh ﬁ?BP'élarﬁm HEV 1682 apNasLm Pewesinanedont i ns
O 10 SRR b Do 6 Moo ket Bl R, 70
_ shown on the left.. Subsntut:ons are. coded as follows WT, w:ld -type '

-VV H3P, His- 310 Pro KaP, Lys -4 to Pro; 2,4, SN 'Arg-2 to Asn, Lys-.”_.
4 1o Asn, Arg-5. 1o Asn RSP Arg-5 to Pro S6N, Ser-6 1o Asn; SGP _
Ser 6 to Pro; A7P, Ala-7 to Pro; K8P Lys-8 to Pro, ROP, Arg -9 to Pro,
8,9N, Lys-8 to Asn Arg -9 to Asn L

. FIG. 4 | _ o N
Binding of mutant L2 proteins to HPV DNA. For each ‘mutant, the
sequence of the protein is given (sin'gle-le'tter. codé; _with.conserv_ed
amino acids shown as daShés) and the b_i'nding.'of DNA to the protein

' by Southwestern blot analysis is indicated by { + or-).

FIG.5 o |
DNA-binding assay for HPV1 6L2 protéins from rVVs. L2 protein was

.irr'\munoprecipitated with anti-L2 antib'ody. Equal amounts of L2
protein were incubated with Pstl-BamHi-cleaved HPV16 genomic
DNA. The bound DNA fragments were eluted with 1% SDS and
subjected to Southern blotting with 32P-labelled HPV16 DNA (lanes 3,
6, and 7). In somé experimenfs,.a 100-fold {lane 4) or 1,000-fold
(lane B) molar excess of phage A DNA waé_. added to the initial
incubation of HPV DNA with L2 protein. ‘Mock asséy of a control
precipitate from wild-type VV-infected cells is also shown (lane 2.
On the left the input DNA fragments are labelled from A to G. A
linearized map of the HPV16 DNA is shown below. Restriction sites
are Pstl (p) and BamHl (b), and the corresponding fragments are
labélled A to G according to size. . o |
FIG. 6 | | |
Amino acid sequence of wild type HPV16L2 _protéin



identify the protein sequence responsible for binding of L2 to DNA we .
first checked for DNA-binding notifs in the predicted am no acid sequence
of HPV16L2. HPV16L2 has two highly charged regions, rich in Iysihe and
~arginine. The first makes up the N term 8ds of the protein ( MRHKRSAKRTKR) .
fromamno acids 1 to 12; the second lies wthin the C term nus ( RKRRKR) -
from am no aciFl8. 756 to 461. To determ ne whether either charged region was

i nvolved in bi ndi n ) L2 we ac Seri f et O tants with
mut ations i n%‘%@2"%&&3@%’?'J‘cﬁ?.%%dﬁfn&‘ﬁ@a&%&aﬂﬁt@?ﬁ%ﬁ “or N
term nal mutatggng -of HPV 1 6L2 protei-n were inserted into: plasmd pSX3, . .
whi ch had been previously shown to efficiently direct the synthesis of the
"HPV16L1 pr ot eiNucleotide seauenee aft the PCRipgmerg usedotp, copstryot HRI0L Ly 1
cells were inf ec{e with rWw.containing each nutant L2 gene, and cell

| ysate was _ _ _ _
anti body. . Theegxmeiakedeletionlsi ve size of each nmutated protein was confirmed

by conparing the el ectrophoretic nobili tz of truncated protegj r? Wl th wld- -
' - _ The PCR amplified 4b promoter/L2 fragments were cut.with Smal and i

cloned into pSX'3'_(thu_-_et ";_el., 1990. J. Gen. Virol. 71 '21:85-21__90)_
to create v_acci'nia'_:"e'_X'preSsidn'. plasmids. R | o
N-terminal mutations | R _ _ .

The restriction enzyme éamHl and Smal sites _ére underlined'and_'s.tart :
codons ATG and sfop _codon's'TA_A_'a're in bold. The émpiified'_PCR
- products were digestejd".with 'Bar.r_)Hl.and Smal and_éloned into the
RK19 BamHl/Smal sites .(Kent, 1_.98_8). Thé y'égcinia 4b promoter and
.L2 mutant ORF was cloned into pSXS‘_ (Zhou et al., 1990) to produce

‘vaccinia expressing plasmid containing various L2 mutant ORF.

Y% by i mmunoprecipitation with a rabbit anti-HPVL 6L2



12 type L2 protein (data “not shovvn? + 12 The del etion nut ants wer e, exam ned
for binding to [err] nomi ¢ DNA by t: . -
- procedure under conditi n m wi.t h bi ndi ng of
" All Ctermnal-deletio d, -B&cludi ng [er [mnl E&myu ﬁ'l

| ongest del eti-on, bound HPV DNA in proportion-to ot

i m"runoreactlv&LlH;’\_’tﬁoteln present . (FIG 2, Iane [err]) To delineate t he

NTer i nal deltat | on mut dnPebtforfd virsiis Bt 8 a0t T BIbONA of 60,
80 and 100 ammweelsﬂmswénwlw\&mnmlaem%t eraDlNA ailed to bind HPV DNA.

. (FIG 2, lanes [err]. through [err] ). To further characterize the
N-t er mi nal’ DN&-bi ndi ng rRgPapiliofpa t‘éfs!-ised-% ROt¢ins asf claimederin dOlaiti ohs

‘bet ween ani no A% Q ei, r ndi. J Vi these
i ncl udi ng the srr%r?’ es d&l ;efﬁrénéf( | gh‘%@'ﬁ?s%ﬁ'ﬁgegﬁ ﬁfﬁa%ﬁ'ar &\en&
resi-due at pogétrhinval ahd dfatHec2 tprotdin drOWodifib& ordsletetnes [err] to [err].

These results suggested that .critical DNA-bi nding. sequences were in the N :
terminus of L3B-and that %rﬂﬂﬂ'“@"ﬂe‘é‘"&ﬁebgnﬂ@?ﬁ%ﬁsﬁﬂm'@lﬁ?lﬂmablcmsZ :

i ncluding the yhergin the N- terminal sequence of the L2 protem comprrses any one -

of the- sequences outhned in FIG 4 - _ o
4, - An amino. acrd sequence compnsmg any one . of the
sequences outlined in FIG. 4, _ o
5. AL gene encodmg the paprlloma virus L2 proteln as_
_clarmed in Claims 1, 2 or 3. s
6. A DNA sequence encodmg an. amlno acrd sequence as
claimed in Claim 4. _ _
7. A method of producing one or more virus-like particles
which incorporates a substantially _minimal amount of DNA including
~ the steps of:- . - -
(1) con’structing a reco,mb.inan't DNA molecule which
enccdes a papilloma virus L2 protein that binds a
substantially minimal amoun_t'of- DNA; and
(2)  introducing said recombinant DNA molecule into .a
suitable ‘host cell so that a papilloma virus L1
protein and said paprlloma virus L2 protein rs
expressed and said vrrus-hke partrcles are formed
therefrom. -
8. A method of producing one or more virus-like particles as
claimed  in Claim 7 wherein said recombmant DNA molecule also
encodes the papilloma virus L1 protern
9. ' A method as cla_lmed in Claim 7 wherein said papilloma
virus L1 protein is encoded on a different DNA molecule than the .

recombinant DNA mclecule encoding the papilloma virus L2 protein.



.'argl ni ne at’ p05|tT|h hﬁtﬂdﬁ ®&d USES an argi ni ne-ri cb,mbvf»—fvr‘mﬁ
~ binding. The" amno of the Ntermnusfor HPV/ m
- frompesition 1, (one l-etter code-with: cm m‘a\ '

t e ¢ DI ndi

under i ned).. The roI e of erminus g4 L2 protein in mg swas
further assessed by site-specific nutagenesis. - Ten- substitution nutants™

Wi th nut ationdOof the fArmtigoétmfrmodOcﬁh‘g U0 Br AGCHPESHIRY Paviiglednd t he| r_-.:: o

DNA- bi'ndi.ng act Lyitie 8 &xam ned by Sout hwest'ern blotting w th

~ 32P-| abel I-ed ﬁ\ﬁ% ?A

~ proteins consm-,wqh@d,dgercg"aval | abl e f or..DNA bi ndi ng, ‘as. det ermi'ned by
anal ysi s of: i munoreactive L2 protein on the blots, with'the exception of-.

DNfRe'%!Prﬁ'I'%Pf MRerPNAcmolerules are introduced L2 - -

K8P (FI'G " 3B, Thower panb!ir)ls |ii¢l¢tmntmﬂembrm&mltuednmmaﬁ%llﬂnfe@isirﬂUeS,

(Lys-4, Lys-8, Arg-9 Asn (K4P and- 8,9N). ‘abol.i shed. DNA- bi ndi ng -
(FIG 3B, Ian%'éyo e%’éﬁ’ 8:9N) whil'e substitution of Arg-5 with Pro-

'(A\RSP) re;tlﬁcgdml nding- apl |\,\yct:u~,e( 'lﬂeﬁd%_’éa)_v:rﬁ'hEé’.nﬁéﬁﬁ:tles Ségj-sél'antn!i'eé on of "
rg-9-w ro B ake oin T
: Clanm 11 : S s L . _

| 13. A vaccme mcludmg -a pap:lloma virus L2 protem as
clalmed in Clalms 1, 2 or 3. h



(R9P) had no effect on DNA brndrng (lane ROP). Mutation of the neutral

am no aci ds between the. Lys- Arg. clusters-had | ess effect .on DNA- brndlng

activity. Mutations terntned H3P, . S6P, and A7P, - i-n whi ch: substituti-on of

“His-3, Ser-6, and Al a- 7 for Pro had been produced ‘showed" brndrng of DNA
conparable to that with: mnld type L2 (1 anes -H3P, S6P and -A7P); in- -
contrast, changing Ser-6 to Asn- (S abollshed DNA - bi hdi ng (I ane. 86N)
“These results suggest t hat: t he four éharged am no.-acid clusters are - -

i npor t-ant for DNA binding..-I'n.each of these charged .am no- acid cl.usters,

.. retention of at |east  one- charged am no ‘aci d appears necessary for DNA

"~ binding. A flexible secondary structure night also be inportant for L2- DNA

- interaction because substitution of Ser-6.with Pro and of Arg-5 and Arg-9"
“did not abolish the DNA bi ndi ng, mhereas t he substrtutron of Ser-6 with Asn g

~_renoved the L2 DNA-bi nding.function. A summary of L2-DNA interaction '
‘results is glven in FLG 4..12- DNA interaction has no DNA. sequence

specificity. W used a I|brary of ollgonucleotldes and bound these to
purified HPV16L2 protein to select -for any high-affinity target DNA

' .sequences. The ol i gonucl ect i des- wer e randontat 26 positions and were-

f1 anked by prlner and. cIonlng sequences After i ncubation of L2




————"—__’ . .
W th a pool" of these oligonucleotides, olrgonucleotrdes bound to L2 protern

were el uted and anplified by PCR for. subsequent 1ounds -of selection.
Sel ection and anplification were carried out 'six tines: DNA cl ones
-‘recovered after the selection rounds 5 and 6 wer.e’ sequenced Probabrlrty
t heory predicts that ampng 52 random 26- ner . sequences any-trinucl eotide
woul d be found in’20 clones .(95% confidence interval, 15 to 26) and any
speci fi ed sequence of 4 nucleotrﬂ g woul d be found .in 5 of the 26-ners- (95@6”
confi-dence interval, 0 to 9). Annng 52.26-ner -cl ones mere observed that the
nost connDnIy observed trrnucleotrde (GEG) was present in 24 “cl ones
(twice in 5 three times in 1), whereas the npst.comon series of 4bp :
(GEEG) was observed in 8 clones, Thus there was no evidence-that any’ short
nucl eoti de sequence was. represented anohg 't hese. cl ones nore frequently t han .
woul d be expected by chance al'one.. Further, no nore conplex .conserved.
'nucIeotrde patterns were observed by using standard:sequence al i gnment

programs. These results suggested that hrgh affrnrty brndrng betmeen L2'and3d
DNA is a. '




_:DNA sequence-lndependent process Two addi tional experlnents conflrned _
“this . observation.. First, extract fromcells infected w.th HPV16L2" rW- was
.|nnunopre0|p|tated with anti-L2 antibody, and the precipitated-

. protei.n-anti body conplexes ‘attached to Sépharose beads, were allowed to..
~bind to a mixture of restrlctlon fragnents from HPV16 genomi c DNA. :After
~unbound DNA was washed away, . bound - “fragments were resol ved on an
“agarose gel--and det'ected by Souther Iottlng wi'th [err]-IabeIIed HPV16 .-
DNA. An HPV1 6L2- containi-ng: extract, bound to Sepharose beads with anti-L2
ant i body, retai ned each of the HPV16 DNA fragnents- (FIG 5, lanes 3, 6, and
7), whereas none of these- fragnents wer € ‘bound by an- | rW- infected cel
extract bound to the bead with anti=L1 . anti body (data not shomm) or by
wild-type W-infected cell ‘extract bound to the beads with L2-specific
antibodies*(FIG 5, |ane. 2) Second; a fixed ambunt. of L2 protein was

i ncubat ed with [err]-label ey r a0nENhsS .0 I A tdpeop nce of a
100-fold (lane 4) or 1,009%0 gg%ﬁ):}eg%&%&ofu ‘4. -gg A DNA, “and
L2, together mnth anyuhp (t !

manner by



each of these criteria. .2.. PRODUCTI ON OF VI RUS-LI KE PARTI CLES WTH
'MODI FI ED PAPI LLOVA VI.RUS: L2 PROTEIN Virus-like particles formed with the
nodi f.i ed paplllona virus L2 proteln can ‘be produced: by the procedures
outlined in- 15 Vw93/02184 A suitabl'e method for the productlon -of
virus-like particles is given below by way of exanple [err] --cells were
grown under standard-cell- culture-capggtions at [err] in an atnnsphere of .
5% [err] to.a 80% confluency in Dulbecco's npdified Eagle' s ne

or -CSL) suppl.enented wth 10% foetal calf serum (CSL) in a tPg%Sﬁlg%&T%re .

flask Cells were then inf reconblnant

vacci ni a virus ﬁﬁﬁﬁ.%%rr]Méﬁ%ggég%ﬁg$%§%?gégg%#gégétF?Es [err] ~ (Rkgptl9
[err] in Dul beccg's nodified Eagle"s ‘nedium suppl enented with 2. 596foeta|i
calf serum W henol'i ¢ ‘acid was added to the nediumat a flnal

_concentratlon of1§5 [err] The ceII culture was |ncubated for a

 R2p -E

"H3P ¢ —-P

K4P =P

2,4,5N  —N-NN

RSP . ———-P _ —— ' I

S6N  ~——==-N

s6p —————P- —_— .

ATP P _ o .

K8P P ' =

ROP - Pm—mm .

8,9N . : NN - -

6,10N L | -

11,12N - NN———- -

6,10, 14N ~—N——=N———N-- -




.further 48 60 hours Cells were then scraped -fromthe tissue cul ture flask
“and pel | eted by centrlfugatlon 1,500 x g-at [err] .for 10 mns. The pell et
was di ssol ved and ‘the cells were resuspended in 20 -m. of - phosphate buffered.
.saline (pH 7. 4) contai ning 2 nvl PMSF: (protease inhibitor). The cell _
suspension was-stored at ‘[err] or frozen at [err] when'the purlflcatlon
“procedure was interrupted... The cell suﬁpen5|on was. then -placed in a Wheat on
gl ass Dounce hoanenlser and kept on ice-for 10 mins.,  Cells were disrupted

by 50 strokes of the Dounce honogeni ser . A snal | - sanple of "t he resuspen3|onﬂ-'

was checked by microscopy to deternine whether the .cell's were disrupted. .
Hormogeni zation was continued until all the cells were di srupted. The Iysate

was centrifuged at 1500 x g for 10 nins at [err] The cl oudy- supernatant ‘
was discarded and the peIIet was resuspended by aspiration: in 20 nl of -
phosphat e buffered saline (pH 7.4) .con i g qan?PNBF The resuspended .
mat eri al was -t hen soni cat ed (V'braitel 'qa --from Sonics Mterials -

Inc. USA, setting 80) for 30 g¥e&x X
frontthe,nuclel, The soni.cate
(pH 7.4) saline containing 2_

th phosphate buftered

. maQr7

-0
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o
0
gi:
o
o

%
9 3696 4730

FIG;_' 5

rel ease viral particles .



In each of four 38 . uItra clear centrlfuge t ubes,

resuspended. i ce col d sonicate was |l ayered on-top of 231ﬂmmﬁaHﬁmdﬂk
W v. sucrose i n phosphate buffered saline (pH 7. 4y

centrlfuged at 95000 x g (rotor
- rotor. The supernatant and sucrosg/8ere. dlscarded and t-he

- with phosphate buffered saline (pH 7.4).

m of phosphate Avdfdsy eds sabi sex @pHLZ'sA;)rgcmm a.lyajmgr RlargePMBR2 b¥5-soni cat i on-'.'-
(Vibra Cel16 SoniGlat gu ﬂ‘VOrhYSoﬂ?fc i

on ice. -
saline (p
g/m- to-a i

AF%

5

%igpf‘g

Bk

vol une of: 23

ot

i

er esus

15

m

The s
n1dp0|nt) for 2 hrs at |

Hoth dhd.

m‘yzdew@&oaﬂ@led 78t 0. 481

L
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n Wﬂﬂsh% i

The- peIIet was resuspended in 10

Ofor
gfered
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AeepeERe T %oanﬂ’ B

approxi mey £ ¥rh. e ipg 6 U o ‘@ad serl onerhbasyt 1es 136t ed
-appr-oxi mat &8 yrht THn bet cmvrtm mppehrb!amdhladtlh Leu Ass:. Ile Asn _Asn_ 150

151 “Thr val Thr Thr val Thr Thr His Asn Asn Pro.Thr7Phe Thr Asp-165
166 Pro Ser Val Leu Gln Pro Pro Thr Pro Ala Glu Thr Gly Gly His 180
181 Phe Thr Leu Ser Ser Ser Thr Ile Ser Thr His. Asn Tyr Glu Glu 195
196 Ile Pro-Met Asp Thr Phe Ile Val Ser Thr Asn Pro Asn Thr Val 210
211 Thr Ser Ser Thr Pro Ile Pro Gly .Ser Arg Pro Val Ala Arg Leu 225

226 Gly Leu Tyr Ser Arg Thr Thr Gln Gln.Val Lys Val Val Asp Pro 240
241 Ala Phe val Thr Thr Pro Thr Lys Leu Ile Thr Tyr Asp Asn Pro 255
256 Ala Tyr Glu Gly Ile Asp Val Asp Asn Thr Leu Tyr Phe Ser Ser 270 .
271 Asn Asp Asn Ser lle Asn Ile Ala Pro Asp Pro Asp Phe Leu Asp 285"
286 Ile Val Ala Leu His Arg Pro Ala Leu Thr Ser Arg Arg Thr Gly 300

301 Ile Arg Tyr Ser Arg Ile Gly Asn Lys Gln Thr Leu Arg Thr Arg 315
316 Ser Gly Lys Ser Ile Gly Ala Lys Val His Tyr Tyr Tyr Asp Leu 330
331 Ser Thr Ile Asp Pro Ala Glu Glu Ile Glu Leu Gln Thr Ile Thr 345
346 Pro Ser Thr Tyr Thr Thr Thr Ser His Ala Ala Ser Pro Thr Ser- 360
361 Ile Asn Asn Gly Leu Tyr Asp Ile Tyr Ala Asn Asp Phe Ile Thr 375

76 Asp Thr Ser Thr Thr Pro Val Pro Ser Val Pro Ser Thr Ser Leu 390
%91-5e§ Gly Tyr Ile Pro Ala Asn Thr Thr Ile Pro Phe Gly Gly Ala 405
406 Tyr Asn Ile Pro Leu Val Ser Gly Pro Asp Ile Pro Ile Asn Ile 420
421 Thr Asp Gln Ala Pro Ser Leu Ile Pro Ile Val Pro Gly Ser Pro 435
436 Gln Tyr Thr Ile Ile Ala Asp Ala Gly Asp Phe Tyr Leu His Pro 450

"451 Ser Tyr Tyr Met Leu Arg Lys Arg Arg Lys'Arg-Leu Pro Tyr Phe 465
466 Phe Ser Asp Val Ser Leu Ala Ala Ter . . _ 474

FIG. 6

ensi-on was centrlfuged at - 220000 T



bands cont ai ned Vi rus-1i ke particles. Both bands were renoyéd b

aspiration. The virus:like particles in the upper band

wel | formed as the virus-like particles fromthe |ower b Were
~di al ysed agai nst 5 litres ‘of phosphate buffered sali. ne ( ERiNan

‘at roomtenperature :or up ta 24 hrs at_[err] The virus- 1iKe: partlcle
preparations were stored at [err] (a-?l/8 ~ Detectionof L 1 and L2 - -
pr ot ei ns "Sanpl 1e%T@écmemmﬁmmdcumm&bu@baf@dawwwfmwﬁw ke -
particl es wer& ACATRCAAACAGGEAGTACATRIOCRCITCAORTTARACCTARGOTTBAAGCCARRAGTE 120

"J’

concentratio "FF"F%C an GESTCTATIRTT @ﬁ'!{gﬁpme Tsd:ﬁ hate
.

The d| | ut ed sanp es wer e oad .onto

et al., 197935"\/4'%c

opo yacry

electr ophor esed TCBEM&T%?&GTMTWTBWGGBMMGTWWEC&GMM ( "ESWbl n

prot ei ns: Foﬁgp\@cgw %

WI th coomassig

601
661
721
781

- 841

- 901

~ 961,
1021.

- 1081
1141

1201
1261
1321
1381

TTTACACTTTCATCATCCACTATTAGTACACATAATTATGAAGAAATTCCTATGGATACA

TTTATTGTTAGCACAAACCCTAACACAGTAACTAGTAGCACACCCATACCAGGGTCTCGC 
CCAGTGGCACGCCTAGGATTATATAGTCGCACAACACAACAGGTTAAAGTTGTAGACCCT

CCTTTTGTAACCACTCCCACTAAACTTATTACATATGATAATCCTGCATATGAAGGTATA
GATGTGGATAATACATTATATTTTTCTAGTAATGATAATAGTATTAATATAGCTCCAGAT

'CCTGACTTTTTGGATATAGTTGCTTTACATAGGCCAGCATTAACCTCTAGGCGTACTGGC
ATTAGGTACAGTAGAATTGGTAATAAACAAACACTACGTACTCGTAGTGGAAAATCTATA-

GGTGCTAAGGTACATTATTATTATGATTTAAGTACTATTGATCCTGCAGAAGAAATAGAR
TTACAAACTATAACACCTTCTACATATACTACCACTTCACATGCAGCCTCACCTACTTCT
ATTAATAATGGATTATATGATATTTATGCAGATGACTTTATTACAGATACTTCTACAACC
CCGGTACCATCTGTACCCTCTACATCTTTATCAGGTTATATTCCTGCAAATACAACAATT

CCTTTTGGTGGTGCATACAATATTCCTTTAGTATCAGGTCCTGATATACCCATTAATATA
ACTGACCAAGCTCCTTCATTAATTCCTATAGTTCCAGGGTCTCCACAATATACAATTATT
GCTGATGCAGGTGACTTTTATTTACATCCTAGTTATTACATGTTACGAAAACGACGTAAA

CGTTTACCATATTTTTTTTCAGATGTCTCTTTGGCTGCCTAG

G, 7
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17 bl ue" stain ('coorfas"'s'i e brilliant blue (1 g/1), 40% net hanol : io%'a'c-e_t'-i'-cf;
- taci diand 50% vvater) The gel” was ‘dest ai.ned- i n imet hanol - acetic -acid sol ution®.
- (40% et hanol , 10% acetic acid and- 50% vvater) for 1:24 hours. and dri ed.

Identlflcatlon of L1-.and L2 pr otei.ms: -On a separate-but identical SDS- PAGE

gel the protein specié&s contained there| n were anal ysed- by west ern bl ott| ng - g

to deternine whether.the L2 protelm/a/vas present. onithe virus. like:

particles.. Standard western blotti ng teéchni ques: viere errpl oyed- (Harl ow and
‘Lane, 198&1&83!1&&9.@&51&@ (Chapter 12)-In: .Antibody --A | aboratory. manual ,

Har | ow and Lane (Eds.), Cold Spring Har bour Laboratory Press). Proteins -
fromthe SOSOMMENEBIMERr e transferred to a nitrocellul ose filter:

paper -
‘The ni trodél3RFPose 9'FREEABARSCAIAICAGt into. strips and bl ocked with - -
: phosphate buffered saline (pH 7. 4) cont a| ning 5% ski m m | k powder at. [err].

ht .3 PRIM trocel | ul
RNt £ ﬁ fﬂr ”:@gr%e
1.5 hours: 4roomt FREETT ATGTA
i ncl uded | éﬁﬁ

Goovvder for.
BYAERE Tsént i body :
a §C| onal $rEHEECERETT AQ AALH‘ YTEPL 4:95{]@} t anti-

ad14: . 5 CGCCCGGGTTAACCTGATACTAAAGGAATATTGTATGCACC

' -TERMINAL MUTATIONS

- PRlMERS FOR DELETION MUTATION

a1-2: -5 GCGGATCCATGCACAAACGTTCTGCAAAACGC
21-3: 5'GCGGATCCATGAAACGTTCTGCAAAACGCACAAAACG
21-4: . 5'GCGGATCCATGCGTTCTGCAAAACGCACAAAACGTGC -
a1-8: © 5'GCGGATCCATGTCTGCAAAACGCACAAAACGTGCATCGG
21-6: 5'GCGGATCCATGGCAAAACGCACAAAACGTGCATCGGC
21-7: " 5'GCGGATCCATGAAACGCACAAAACGTGCATCGGCTACC
21-8: - 5'GCGGATCCATGCGCACAAAACGTGCATCGGCTACCC
a1-9: '5'GCGGATCCATGACAAAACGTGCATCGGCTACCCAAC
21-10: . 5'GCGGATCCATGAAACGTGCATCGGCTACCCAACTTTATAAAAC
a1-11: . 5'GCGGATCCATGCGTGCATCGGCTACCCAACTTTATAAAAC
a1-12:  °  5'GCGGATCCATGGCATCGGCTACCCAACTTTATAAAAC
21-13: 5'GCGGATCCATGTCGGCTACCCAACTTTATAAAACATG
al-14: 5 GCGGATCCATGGCTACCCAACTTTATAAAACATGC
a1-185: 5'‘GCGGATCCATGACCCAACTTTATAAAACATGCAAACAGG
21-20: 5'GCGGATCCATGACATGCAAACAGGCAGGTACATGTCC
s1-40: 5'GCGGATCCATGATTGCTGAACAAATATTACAATATGG
" a1-60: 5'GCGGATCCATGGGAACAGGGTCGGGTACAGGCGGACG
" 21-80: . 5'GCGGATCCATGACAGCTACAGATACACTTGCTCCTG
21-100: 5 GCGGATCCATGTCTGATCCTTCTATAGTTTCTTTAG
5 PRIMERS FOR POINT MUTATIONS:
" H3P: 5'GCGGATCCATGCGACCCAAACGTTCTGCAAAACG
K4aP: 5'GCGGATCCATGCGACACCCACGTTCTGCAAAACG _
2,4,5N: 5'GCGGATCCATGAATCACAATAATTCTGCAAAACGCACAAAACG
R5P: 5'GCGGATCCATGCGACACAAACCTTCTGCAAAACG
S6N: 5'GCGGATCCATGCGACACAAACGTAATGCAAAACGCACAAAACG
'S6P: 5'GCGGATCCATGCGACACAAACGTCCTGCAAAACG
- A7P: 5'GCGGATCCATGCGACACAAACGTTCTCCAAAACGCAC
K8P: 5'GCGGATCCATGCGACACAAACGTTCTGCACCACGCACAAAACG
ROP: 5 GCGGATCCATGCGACACAAACGTTCTGCAAAACCCACAAAACG
8,9N: - 5'CGGGATCCATGCGACACAAACGTTCTGCAAATAACACAAAACGTGC

3’ COMMON PR!MER
L2-END: 5 CGCCCGGGCTAGGCAGCn.AAAGAGACATCTGAAAAAAAATATGG



HPV16L1 anti body for the’ det ectl on of HPV1 6L1 protein and poI ycI onal
rabbit anti-HPV1 6L2 anti-body" for -the detection of- HPVL 6L2 protein.
. Fol | owi ng i ncubation wi-th:the: prl mary anti body thé nitrocellul ose paper. .-
"strips were. washed three tinmes (10 mns per wash) in phosphatie buffered :
saline (pH 7. M&I ning.0.05% tween 20. A second anti body. was |ncubat ed '

with the nitrocellul ose paper strips i. nE‘pPPosphate buf.f er ed SZW: i neg&ﬂ-{
cont ai ni ng - 5%TSALEA GF ENYENFEON :o MOD L ati on o
The second anti body was elther hor@@ ViSRS T ---rabblt or horse

radi sh peroxi dase anti - | .obulin. Three S d . =
- above were repeated. Th '}V(?g‘gu Bsgnﬁ Eﬁ?recé‘t 1% éﬁ@%g%z ﬁ% Z’gﬁoér)&% seC' 3
to 1 ninwth Bﬁ%@t\ﬂr@lfﬁﬂpr@&ﬂ viichTBBesi A6OahHUDIER @ﬁnﬂlﬁd§tél ps

.were devel opeg after placing them .in-a solution - - ¢ontaining 18 DAB
(D ani nobenaetubegantmﬂvmmmmq@rmpuat of MAer pranea}-onasrﬁ!sg CB%CT%Q)baI t

chloride and 30 [err dr ogen per O\ Hich Soon
as t he:band aﬁﬁearg' tL?ﬁe ﬁ ?ro&@ém%g%% g‘é Stﬁl s %%rtrﬁ?'%ge WI th . -
wat er and d“ ‘?ﬁ’corporates a substantially mmnmal amount of DNA and the virus- hke -

partncles produced therefrom '

Figure 6 of ‘the draw1ngs should accompany the abstract when.
publ:.shed Do _



INESY 2 /-“l SLUVENRIN L DT,

5%’1‘ SPAEYLET PO &
i Sé,yaswjlr S ng
pr ot ei ssa

manuf act I“@Wﬁsl ercPé?“ (b)to page
on a cesiumchl oride gradi ent and

ﬁ\ sanpi e (approxi mat el yHC} 05 mt%
ad beenDAWE| OFcRECEKIR® R
di al yséd ag 'OHCI Pubjication eblor WRISA2Q137 ef®rabl y
o g TR SR DL R ST RIS, 1
or 2% ammuoandntheproductionpef 6IIEF)s i tﬁf—grlmctmlé nisingg teh basabpviess ver e
F URE. LeceRIRrdbefdn 80Rberhs, 0o [ Lot on of CHPVIGLL (&) and HEVE BL2 (B)
DNA- bi ndi ng As well, the formation of capsids following expression of
L1 and L2 in mammalian cells and insect cells were disclosed in two .
research articles (Hagensee et al., 1993, J. Virology 67 315 and
Kirnbauer et a/., 1992, PNAS 89 12180). Two other International
Patent Application Publications, namely WO094/00152 and
W094/05792, were directed to recombinant papilloma virus L1
proteins and their use as vaccines and for diagnostic purposes. ’
_ One problem, however, with VLP formation which
includes PV L2 protein is the incorporation of DNA into the capsid.
The inclusion of DNA in the capsid of papilloma virus VLP is not
desirable for the vaccines comprising these VLPs. Indeed, in some
countries, there are legislative requirements limiting the amount of
'DNA allowed in a vaccine shot. The level of 10 picograms of DNA
per shot has been typically used.as an upper limit. This requirement
may be due in part to fears of infection from introducing foreign DNA
into a healthy individual. The concern with vaccines comprising
native L2 protein is that amounts of DNA exceeding this level may be
included. | '

Té\'al‘

chl ori

[err] sanples fromeach cesium
hon was anal ysed for the total anount of
reagent as descrlbe

ection of viraubstitute |§HP§TCI1§/1 &%kt i on

_a vBrus-like particle preparation that

RY OF THE IN 1

Th.t.ls it is an object of the bresent invention to provide a
virus-like particle that incorporates a substantially minimal amount of
DNA. |

A further object is to provide a vaccine which overcomes
the aforementioned problem.

The invention, therefore, in one aspect, includes a method
of producing one or more virus-like particles comprising a papilloma
virus L1 protein and a papilloma virus L2 protein, wherein said
papilloma virus L2 protein does not bind DNA or has a substantially



Al

activity. HPV16L1 and HPV16L2 proteins, fromrW-infected CV-1 cells, were
| mmunopreci pitated by L1- or L2-specific antibodies, separated by SDS-PAGE,

and transferred to nitrocellul ose. Proteins were ured i n. bl
buffer containing DIT and i ncubated with [err]-I a{B‘BB? For#‘il%
(lane 2), HPV6b (lane 3), HPV1 1 (lane 4% or phage A (I ane 5). Lane Cis

the immunopreciptate fromw W- infected cells. Unbound DNA was renoved,
and DNA- bi ndimpaijred: ability mmd@NAxedmp,aradttormldsmmqopapmama ndmig LBns of

and 6). Fi POty BAR mithoA MGy shE BRSO N0 20T on L2 proteins
wer e separated by SDS- PNGE, conatrsictinged ao aecomhinant ul &NAT i | maleculed

& tormi nal amno acid del et COMPHIE0acE oBNAT 38GRshHS . BhaRBING . Rl a7a
to 474 as [err] 384 to 474 papjlloma ifiss L2 pibteirs wieenejn 4aid iseqdiéhcesis| err]
Cterminal end had no of f ecPPRrATREEIGS PRABI ol am no aci d

del etions were desi gnaf2ll aintroducing said necambitsarit IINAOrmﬂet{:@!er intd 8o 80
as [err] and 1 to 100 as [er utable host cell;

(3) - expressing said papilloma virus L2 protein in said
host cell in the presence of said papilloma virus L1
protein to form one or more virus-like-particles; and

(4) recovering said one or more virus-like-particles from

- said cell. _

Preferably, the recombinant DNA molecule also comprises
another DNA sequence encoding said papilloma virus L1 protein,
wherein said another DNA sequence is operably linked to a promoter.
Alternatively, the papilloma virus L1 protein is encoded and expressed
frqm a different recombinant DNA molecule than the recombinant
DNA molecule encoding the papilloma virus L2 protein.

Preferabl_y the method further includes the step “of
introducing into said host cell a different recombinant DNA molecule
comprising a DNA sequence encoding said papilloma virus L1 protein,
wherein said sequence is operably linked to a promoter.

In relation to step (1), the recombinant DNA molecule

may be constructed from a suitable source of papilloma virus genome.
In such a case, the DNA sequence encoding the papilloma virus L2
protein may be amplified from this source by PCR amplification using
suitably designed’ primers. - Preferably, the DNA sequence is amplified
from a suitable plasmid containing the papilloma V|rus genome or part
thereof. A preferred genome is the HPV1 6 genome.

Preferably primers include those that change one or more
of nucleotides 1-36 from the 5' end of the DNA sequence eﬁcoding



100.. Renoval of any N-term nal sequence di m ni shed DNA bi ndi ng markedly..
The L2 bands are indicated by arrows. FIG 3 HPV DNA L2 protein

i nteractions defined by using mutants with L2 N- term nal nmutations. (A

N term nus-truncated L2 proteins, with del etions i fiibstitet® stheete £5A2/0dne,
were separated by SI S-PAGE, transferred t® nitrocellul ose nenbranes, and

I ncubated with [err] |abelled HPV16 DNA (upper panel). The [err]-|I abel | ed

%Aa\r/:’?.sbg S;m!ﬁé émllohiaevfruktm ptBteih £PChBAgew dre prefek&bly by tdelétidA @r2

i ndi cat ed bysHE’F t?t'lé'tnd&I it Lﬂ"‘g]ﬁ‘r?égéﬁﬁg?t bp%g’é'?fémgrrsn é!if'lﬁ_%t'gﬁggr%e? {e

(B) Substit uihs@éu BelaW! seel FIGS. p6017€aﬁ1é B)aSThaomnat gdqaénee ernddihgthe were

i ncubated with [err]-1abelled HPV16 m r panel W

bt ont 1 RPpIAMbHITS b2 BroteuaRdaine nothet 1TRA sPalen Pc%ﬁ%é'ﬂp

arr ovs degngskpgl lf*p(;ém;gnahﬁ URGs ypkaf@teﬂﬁerﬁs@%@ntmcm&a frohst iahyt i ons
mammalian or vnral promoter with a mammalian or viral.
polyadenylation signal. Preferably such DNA sequences are
transcribed from any vaccinia virus promoter which rhay be an early
promoter or a late promoter as considered appropriate. A list of such
promoters is given in Davidson & Moss, 1989, J. Mol. Biol. 210 749-
769 and 1989, J. Mol. Biol. 210 771-784. A suitable promoter from
which to initiate transcription of the DNA sequence encoding the
papilloma virus L2 protein is the vaccinia virus late promoter 4b.

The recombinant DNA molecule may comprise a vector.
Suitable vectors include plasmids, cosmids and recombinant viruses.
Preferably, the recombinant DNA molecule comprises a recombinant

~virus which may transfect the host cell. Suitable viruses that may be
used for this purpose include baculovirus, vaccinia, sindbis virus,
SV40, Sendai virus adenovirus, retrovirus and poxviruses.

Suitable hoé_t cells may include host cells that are
compatible with the above viruses and these include insect cells such
as Spodoptera frugiperda, CHO cells, chicken embryo fibroblasts, BHK

- cells, human SW13 cells, drosophila, mosquito cells derived from
Aedes albopiétus or monkey epithelial cells. It will also be
appreciated that other eukaryote cells may comprise yeast cells or
other mammalian cells. Alternatively, the host cell may be a
prokaryotic cell such as an Escherichia coli cell.

The VLPs may be obtained from the transfected cells by
any suitable means of purification. A preferable method of production
and purification of papilloma virus-like particles is provided in
wO093/02184.

It will be appreciated that a second aspect of the




W, H3P, Hs-3 to Pro; K4P, Lys-4 to Pro; 2,4,5N, Arg-2 to Asn, Lys- 4 to

ﬁig ﬁlrg-S to Asn; R5P, Arg-5 to Pro; S6N, Ser-6 to Asn; S6P, Ser-6 to Pro;
, a-7 to Pro; K8P, Lys-8 to Pro; ROP, Arg 9 to Pro; 8,9N, Lys-8 t

Asn, Arg-9 to Asn. FIG 4 Binding of nmutant L2 protb§éityte ?WtDl\i%;%I%§7

each mutant, the sequence of the proteirgis given (single-letter code, with

conserved am no aci ds shown as dashes) and the binding of DNA to the

protein by BbAMES IR iRk dniBinant DNAH iniéleedid Xvhithoenchdek! $aid5
DNA- bi ndi ng assay for HPV16L2 proteins fromrWs. L2 protein was

i mmunopr eci papitamawitys hatproteinant i body. Equal ampunts of L2 protein were

incubated with Pstl- Bfi’ﬂﬂr?]é}' canherddectcppiHe MVentidl® resides said
fragments were eluted wih 1 % SDS an sub{ ected to Southern bl oth&g W th
0

3|2P—I abel | epapiflorpanrirug L2 peoteins, Thapapilloma visks ek preteipnpeefegablyo- 1 ol d
the i niti ol oRcang: St dre”firie, dE FeaiEa i fhe gl MoKt R i ol
preci pi t at e whici aré dnodifiedvor ideletad:¢ompared; to wvild-typepagillama yjruson t he
| eft the i n}tlitp%iﬂ'ragrrents are labelled fromAto G A -
Suitably, the papilloma virus L2 protein is characterized in
that one or more of amino acid residues 1 through 15 of the sequence .
outlined in FIG. 6 are modified or deleted.
Preferably, the N-terminal sequence of the L2 protein is
selected from the group consisting of the sequences of FIG. 4 referred
to as A2, A15, R2P, K4P, (2, 4, 5N), S6N, K8P, (8, 9N), (6, 10N),
(11, 12N), and (6, 10, 14N). |
According to a further aspect, the invention resides in a
nucleotide sequence encoding the papilloma virus L2 protein of the
invention.
In another aspect, the present invention resides in the
novel papilloma virhs VLP formed from the aforementioned method.
The L2 protein forming the VLP preferably has a minimal number of
“amino acid modifications. ' | o
The invention, in another aspect, includes a vaccine
containing the .a_bdve papilloma virus VLPs with or without a suitable
adjuvant. _
_ In this regard, the VLPs may be combined with any
suitable adjuvant such as ISCOMS, alum, Freunds Incomplete or-
Complete Adjuvant, Quil A and other saponins or any other adjuvant
as described for example in Vanselow, 1987, S. Vet. Bull. 57 881-
896. - |
Reference may now be made to various preferred -
embodiments of the invention as illustrated. In these preferred
embodiments, it should be noted that the specific papilloma viruses,



|l i'neari zed map of the HPV16 DNA is shown bel ow. Restriction sites are Pstl
(p) and BanHl (b), and the corresponding fragments are labelled Ato G
according to size. FIG 6 Amno acid sequence of wild type HPVL 6L2 pratein
21 FIG 7 Deoxyribonucleic acid sequence of Wild ty3bsH %Nﬂfﬁifle ento/12/87 8
Nucl eoti de sequence of the PCR prinmers gged to construct HPVL 6L2 mut ant s.
C-term nal deletions The PCR anplified 4b pronoter/L2 fragnents were cut

with Smal ang p§ @?ﬁﬂsbééﬁm"&ﬁ'st"moﬁbhm recéﬁ'&ﬁnaﬂt nm&lecuMs ate gitden

2185-2190) to create vaccinia expression plasmds. Ntermnal nutations The
restriction hwWawobexampled Smal sites are underlined and start

EXPERIMENTAL

1. CONSTRUCTION OF A MODIFIED PAPILLOMA VIRUS L2 .
PROTEIN '
Materials and Methods

Plasmid construction: For expression in VV, the open
reading frame corresponding to the 474-amino-acid HPV16L2 coding
region was amplified by PCR from a plasmid containing the HPV16
genome. The 5' primer introduced a BamHlI site upstream from the L2
open reading frame ATG and the 3' primer introduced a Smal sited .
beyond the termination codon. The amplified L2 fragment was
recovered by elution from an agarose gel, cut with BamHI and Smal,
and ligated into RK19 (Kent, 1988. Ph.D. thesis. University of
Cambridge, Cambridge, England), creating RK19/16L2, in which L2
expression is driven by the VV late promoter 4b. The HPV16L2 and
4b promoter were then transferred to the VV expression vector'psxs _
(Zhou et al., 1991. Virology 185 251-257) for rVV construction.

-To create the slmpllﬂed vector pUC18/4b16L2 and
facilitate transfer of mutant L2 genes between vectors used for VV



codons ATG and-stop._codons TAA are in bold. The anplified PCR products were
est ed vmt BamH and Smal and cloned into the RK19 BanH / Smal sites

géigt(zﬁiﬁ% II!MHIII!EFE U oot cars, S2mt 2Bmeist heea i 27 g

various L2 nutant S 25. CLAIMNS 1.22. A papilloma virus L2 protein
whi ch does not bind DNA or which has a substantially inpaired ability to’
bi nd DNA cognggm%§to wi | d- type papilloma virus L2 protein. 2. The
papi | | oma virus protein,

h
resi dues inthe N-terd Papil Pdﬂ“ﬂ%t?egélol %ﬁ'& (radﬂng%her}q ”"a#‘g'r BMeqred
conpared t 0 which h¥Bea mmdtbﬁﬂauwmp%mea abilitgi to bind DNA cofhpareditbl ona

virus L2 protein of claim 2, in one or nore of ami no acid residues 1
t hrough 15 wldﬁupgmmao\aws LgoPrPﬁe'Pl G 6 are modified or deleted. 4.

The papillonmp virus LZrg ¢apilforAh ¢iras M2 proféineon dléien N having one or
more amino acid residues in the N-terminal region thereof which are .
modified or deleted compared to wild-type papilloma virus L2 protein.

3. The papilloma virus L2 protein of claim 2, wherein one or
more of amino acid residues 1 through 15 of the sequence outlined in
FIG. 6 are modified or deleted.

4. The papilloma virus L2 protein of claim 2, wherein the N-
terminal sequence of said L2 protein is selected from the group
consisting of ‘the sequences of FIG. 4 referred to as A2, A15, R2P,
K4P, (2, 4, 5N), S6N, K8P, (8, 9N}, (6, 10N}, (11, 12N), and (6, 10,

14N). .

5. A nucleotide sequence encoding the papilloma virus L2
protem according to any one of claims 1-4.

6. A method of producing one or more virus-like particles

comprising a papllloma virus L1 protein and a papilloma virus L2
protem, wherein said papilloma virus L2 protein does not bind DNA or
‘has a substantially impaired ability to bind DNA compared to wnd-type
papilloma virus L2 protein, said method including the steps of:-
(1) constructing a recombinant DNA  molecule
B compri'sing a DNA sequence encoding said
papilloma virus L2 protein wherein said sequence is
operably linked to a promoter;
(2) introducing said recombinant DNA molecule into a
"suitable host cell;
(3): expressing said papilloma virus L2 protein in said
- host cell in the presence of said papilloma virus L1
- protein to form one or more virus-like-particles; and
{4) recovering said one or more virus-like-particles from '



term na1 sequence of said |2 protein is selected fromthe group consisting

of FIG 4 referred to as [err] K4P, (2, 4, 5N) S6N, K8P,
3, 0 Eiliﬂ T NG T

clainms 1-4. 6. - A met hod of produ23ng one or nore Vvirus- I|ke .
particles conpr|5|ng a papilloma virus L1 protein and a papillom virus L2
protein, wherein said papildatdrgelli rus L2 protein does not bind DNA or has a

STERTS o el v Y i B By PR S phenia i) o
Sapr ﬂiggl CI prbteibNAas cmeﬂl :cv\uhhel;garl:m:bsaag mswnesmabncN-Mwuahgemand
pr onot er ; ég'e"?quz % rdodifierag ﬁﬁ&ﬁ%ﬁ%%gﬁ%ﬁég% :?Yl 2 adag@ﬁ.p %l o
Ihgst hgel Iresé,gaé,esegfzrmemg said papill oma virus L2 protein in said host cell
virus- | Pke & ticl ezalﬂpé%ﬁe{rliooﬂf tlaiih 61 Whalethsdif SSBTbARE vitus™2° .
protein is characterized in that one or more of amino acid residues 1
through 15 of the sequence outlined in FIG. 6 are modified or deleted.
9. The method of claim 6, wherein the N-terminal sequence
of said ‘L2 protein is selected from the group consisting of the
sequences of FIG. 4 referred to as A2, A15, R2P, K4P, (2, 4, 5N),
S6N, K8P, (8, 9N), (6, 10N), (11, 12N), and (6, 10, 14N).
10. The method of claim 6, wherein said recombinant DNA

molecule also comprises another DNA sequence encoding said
papilloma virus L1 protein, wherein said another DNA sequence is
operably linked to a promoter. |

11. The method of claim 6, wherein said papilloma virus L1
protein is encoded and expressed from a different recombinant DNA
molecule than the recombinant DNA molecule encoding the papilloma
virus L2 protein. |

12. The method of claim 6, further including the step of
introducing into said.host cell a different recombinant DNA molecule -
comprising a DNA sequence encoding said papilloma virus L1 protein,
wherein said sequence is operably linked to a promoter.

13. Virus-like particles produced by the method according to
any one of claims 6-12.

14. A vaccine comprising the virus-like particles of claim 13
with or without a suitable adjuvant.

15. A vaccine comprising the papilloma virus L2 protein of
claim 14 with or without a suitable adjuvant.



(4) . recovering said one or nore virus-like-particles from Substitute
sheet - 15/12/97 23 said cell. 7. : The nethod of claim6, wherein
said papilloma virus L2 protein has one or nore anino acid residues in the
N-term nal region thereof which are nodified or deleted conpared to

wi |l d-type papilloma virus L2 protein 8. The Suhstisdateosheats hAl 2/97
wherein said papilloma virus L2 protein is characterized in that one or
nore of am no acid residues 1 through &Zgof t he sequence outlined in FIG 6
are nodified or deleted. 9. The het hod of claim 6, wherein the

N-term nal sequgnge %frgsu@lsd:,yz AQ@O!;@A A1k SLy3ehes irRd L,fsom.s b@aggauma 15
consi sting of tiseTieGARMCRS THF 1u4 cyefigisr eth tA@azmy rdys R&fa P4 P,30( 2,
4, 5N), S6N, K@P A%s JI19Nile £la Glu1Ghy IlgQ 45

The nmethod of ¢fak @;‘C&{? gtb §§ g&q ol ng‘%@ %ﬁ%@eg osélgor%rl ses

anot her DNA sequence enco

76 Gly Thr Arg Pro Pro Thr Ala Thr Asp Thr Leu Ala Pro Val Arg 90
91 Pro Pro Leu Thr Val Asp Pro Val Gly Pro Ser Asp Pro Ser Ile 105
106 val Ser Leu Val Glu Glu Thr Ser Phe ile Asp Ala Gly Ala Pro 120
121 Thr Ser Val Pro Ser Ile Pro Pro Asp Val Ser Gly Phe Ser Ile 135
136 Thr Thr Ser Thr Asp Thr Thr Pro Ala Ile Leu Asp Ile Asn Asn 150

151 Thr Val Thr Thr val Thr Thr His Asn Asn Pro Thr Phe Thr Asp 165
166 Pro Ser Val Leu Gln Pro Pro Thr Pro Ala Glu Thr Gly Gly His 180-
181 Phe Thr Leu Ser Ser Ser Thr Ile Ser Thr His Asn Tyr Glu Glu 195
196 Ile Pro Met Asp Thr Phe Ile Val Ser Thr Asn Pro Asn Thr val 210
211 Thr Ser Ser Thr Pro Ile Pro Gly Ser Arg Pro Val Ala Arg Leu 225

226 Gly Leu Tyr Ser Arg Thr Thr Gln Gln Val Lys Val val Asp Pro 240
241 Ala Phe val Thr Thr Pro.Thr Lys Leu lle Thr Tyr Asp Asn Pro 255
256 Ala Tyr Glu Gly Ile Asp Val Asp Asn Thr Leu Tyr Phe Ser Ser 270
271 Asn Asp Asn Ser Ile Asn Ile Ala Pro Asp Pro Asp Phe Leu Asp 285
286 Ile val Ala Leu His Arg Pro Ala Leu Thr Ser Arg Arg Thr Gly 300

301 Ile Arg Tyr Ser '‘Arg Ile Gly Asn Lys Gln Thr Leu Arg Thr Arg 315
316 Ser Gly Lys Ser Ile Gly Ala Lys Val His Tyr Tyr Tyr Asp Leu 330
331 Ser Thr Ile Asp Pro.Ala Glu Glu Ile Glu Leu Gln Thr Ile Thr 345
346 Pro Ser Thr Tyr Thr Thr Thr Ser His Ala Ala Ser Pro Thr Ser 360
361 Ile Asn Asn Gly Leu Tyr Asp Ile Tyr Ala Asp Asp Phe Ile Thr 375

376 Asp Thr Ser Thr Thr Pro vVal Pro Ser Val Pro Ser Thr Ser Leu 390
391 Ser Gly Tyr Ile Pro Ala Asn Thr Thr Ile Pro Phe Gly Gly Ala 405
406 Tyr Asn Ile Pro Leu Val Ser Gly Pro Asp Ile Pro Ile Asn Ile 420
421 Thr Asp Gln Ala Pro Ser Leu Ile Pro Ile Val Pro Gly Ser Pro - 435
436 Gln Tyr Thr Ile Ile Ala Asp Ala Gly Asp Phe Tyr Leu His Pro 450

451 Ser Tyr Tyr -Met Leu Arg Lys Arg Arg Lys Arg Leu Pro Tyr Phe 465
466 Phe Ser Asp Val Ser Leu Ala Ala Ter , _ 474

FIG. 6



papil |l oim virus L1 protein, wherein said another DNA sequence is operably
| inked to a pronoter. 11. The nethod of claim6, wherein said
papilloma virus L1 protein is encoded and expressed froma different
reconbi nant DNA nol ecul e than the reconbi nant DNA nol ecul e encodi ng the
-papi | | oma virus L2 protein. 12. The: met hod ofSubissitetessheeatr+ hgﬂ 2/97

I ncluding the step of introducing into said host cell a different

reconbi nant DNA nol ecul e conprising a DNAS TARfluence encodi ng said papillom
virus L1 protein, wherein said sequence is‘operably |inked to a pronoter.
13. . Virus-like particles produced by the nmethod according to any one
of clains 6-12. 14. A vaccine conprising the virus-like particles of

claim 13 wi t h DATECEAGAIAARCEMICTEEA A ASE CAMARCCTCTATCGGCTACACRATTAEAAA. 60
conpri si ng t hey paprECARNCACGCACGTACAISTRERCCTGACAT T AT IXA T GAKTBGCRAA St 180
sui t abl e adj 12 NI TGCTGAACAAATATTACAATATGGAACTATGGGTGTATTTTTTGGTGGGTTAGGAATT 180
181 GGAACAGGGTCGGGTACAGGCGGACCCACTGGGTATATTCCATTGGGAACAAGGCCTCCC 240
241 ACAGCTACAGATACACTTGCTCCTGTAAGACCCCCTTTAACAGTAGATCCTGTGGGCCCT 300

301 TCIGATCCTTICTATAGTITTCITTAGTGGAAGAAACTAGTTTITATTGATGCTGGTGCACCA 360
361 ACATCTGTACCTTCCATTCCCCCAGATGTATCAGGATTTAGTATTACTACTTCAACTGAT 420
421 ACCACACCIGCTATATTAGATATTAATAATACTGTTACTACTGTTACTACACATAATAAT 480
481 CCCACTTTCACTGACCCATCTGTATTGCAGCCTCCAACACCTGCAGAAACTGGAGGGCAT 5S40
541 TTTACACTITICATCATCCACTATTAGTACACATAATTATGAAGAAATTCCTATGGATACA 600

601 TTTATTGTITAGCACAAACCCTAACACAGTAACTAGTAGCACACCCATACCAGGGTCTCGC 660
661 CCAGTGGCACGCCTAGGATTATATAGTCGCACAACACAACAGGTTAAAGTIGTAGACCCT 720
721 GCTTTTGTAACCACTCCCACTAAACTTATTACATATGATAATCCTGCATATGAAGGTATA 780
781 GATIGTGGATAATACATTATATTTTITCTAGTAATGATAATAGTATTAATATAGCTCCAGAT 840 .
841 CCTGACTTTTTGGATATAGTTGCTTTACATAGGCCAGCATTAACCTCTAGGCGTACTGGC 900

901 ATTAGGTACAGTAGAATTGGTAATAAACAAACACTACGTACTCGTAGTGGAAAATCTATA 960
961 GGTGCTAAGCTACATTATTATTATGATTTAAGTACTATTGATCCTGCAGAAGAAATAGAA 1020
1021 TTACAAACTATAACACCTTCTACATATACTACCACTTCACATGCAGCCTCACCTACTTCT 1080
1081 ATTAATAATGGATTATATGATATTTATGCAGATEACTTTATTACAGATACTTCTACAACC 1140
1141 CCGGTACCATCTGTACCCTCTACATCTTTATCAGGTTATATTCCTGCAAATACAACAATT 1200

1201 CCTTTTGGTGGTGCATACAATATTCCTTTAGTATCAGGTCCTGATATACCCATTAATATA 1260
1261 ACTGACCAAGCTCCTITCATTAATTCCTATAGTTCCAGGGTCTCCACAATATACAATTATT 1320
1321 GCTGATGCAGGTGACTTTITATITACATCCTAGTTATTACATGTTACGAAAACGACGTAAA 1380
1381 CGTTTACCATAT!TTTTTICAGATGTCTCTTTGGCTGCCTAG .- 1422

FIG. 7



