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TITLE
"MODIFIED PAPILLOMA VIRUS L2 PROTEIN AND
VLPs FORMED THEREFROM"
FIELD OF INVENTION
THIS INVENTION relates to a modified papilioma .virus L2

protein and VLPs formed therefrpm, in particular, antigens 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.
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PV caﬂpsids comprise two virally encoded structural
proteins, designated L1 and L2, which are assembled onto a DNA-
protein complex (Galloway et a/., 1989.' Adv. Virus Res. 37 125-171).
A single virus capsid is a T=7d icosahedron 6omposed of 72
pentameric'capso_meres, each of which contains five molecules of the
major capsid protein, L1 (Baker et a/., 1991. Biophys. J. 60 1445-
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.
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International Patent Application Publication No. W094/20137 is
directed to the expression of the L1 protein of human_papilloma virus
and the production of VLPs in Sf-9 insect cells using a baculovirus
e.xpression system. _

As well, the formation of cépsids 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 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:-
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(1) constructing a recombinant DNA molecule which-

encodes a papilloma virus L2 protein that binds a

substantially minimal amount of DNA; and

(2)  introducing said recombinant DNA molecule into a
suitable host cell so that a papilloma virus L1
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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preferably amplified fror_n' a suitable plasmid containing the PV genome

or pért thereof. The preferable genome is HPV16 genome.
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Preferably primers include those that' change one or rﬁore
of the bases 1-36 from the 5’ end of the L2 gene. Changes are
preferably by deletion or substitution. A list of the most preferable
primers for amplification are listed below (see FIGS. 6, 7 and 8). The
L1 and L2 genes 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 systems 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.
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The VLPs may be obtained from the transfected cells by
any suitable means of purification. A preferable method of productlon
and purification. of papilloma virus-like particles is provided in
W093/02184. 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 és
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
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expression, a Klenow-blunted M/ul-EcoRI fragment carrying the VV 4b
promoter and the whole HPV16L2 open reading frame was cleaved
from RK19/16L2 and inserted into pUC18. This plasmid was used as
the DNA template for PCR amplifications with primers designed to
create C-terminal truncatio_ns of L2. Mutants a374, 2384, a394,
2404, and 2414, C-terminally truncated to residues 374, 384, 394,
404, and 414 of the L2 protein, respectively, were created by using a
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



Eschench/a c:oh gpt gene (Coupar et al 1988. _Gerie"68._1—1_0_; 'Fal_kner
et al., 1988 J. VII’0| 6__2 1849- 1__854) as a -seiee_table'"rr'\arker,_'_and_ 3
flanking fragments of th'e“'VV' B24R -ge'rte "(KetWaIf:e't'al' 1989. .J |
;VITOI 63 600- 606 Smrth et a/ 1989 J. Gen Vrrol 70 233 2343) or._-
"thymrdrne krnase (TK) gene ‘were transfected mto \YAY WR strain-
infected (0 OS PFU per cell) CV-1 cells by calcium’ phosphate
_' precrpltatlon Virus plaques: were purtﬂed twrce m CVv-1 cells in the- '
presence of mycophenohc acrd at a concentration of 25 ug/mi.
| _ tmmunoprecnprtatron of L1 and L2 protems CV-1 cells -
: were mfected wrth 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.i"/o-_ sodium dodecyl sulfate [SDS], 50 mM Tris [pH- ,
'8.0]). Lysed cells wer'e'eentrifuged briefly at 12,000 x g. and the
supernatant was used for immunoprecipitation.'_ Immunoprecipitation
were carried out W_ith a 1:20 dilution of monoclonal anti-HPV16L1
antibody (Mclean et a/., 1990_. J. Clin. 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 pr_ecipitated L1 or L2 protein was collected with
protein A-Sepharpse 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 for 12 h. The filters _.v_vere _then_washed with
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';._bmdlng buffer (10 mM Tns [pH 7.5], 40 mM NaCI 1 mM EDTA 1
~ mM DTT, 8% giycerol, 0.125% skam milk). 32P-labelled probes were
“added to bmdmg buffer, and mcubataon was contunued for 4 h at 4°C.

_'The filters. were washed wuth five changes of blndmg buffer. After

bemg air- dned they were wrapped and exposed to X-ray films. They : o
. were subsequently reprobed w:th anti- HPV16L1 or anti- HPV16L2 anti-

'_ serum and '%I- proteln A to confurm protein transfer.
' Bmdmg. spe_cxflc-nt_y _assay. DNA sequences binding
specifically to L2 weke selected from a pool of double-stranded, 76-
mer clugonucleotndes (R76) contammg a central stretch of 26 random
- base pairs, flanked by two unique sequences of 25 bp each (Sorger et
“al., 1986. J. Mol. Biol. 191 639-658). The sequences of these
oligonucleotides were:- I o o
" 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 described previously (Treacy 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



of the fllter correspondmg to bound DNA was excnsed and the DNA.

~was eluted by heatmg at 100°C in water Eluted DNA was ampltfled
- by 30 oylcles .-of PC_R__\_(wth forward and backwa_rd primers and punf_led o

. on 2% agarose ‘gels.” For subseduent' "rounds.i_of binding, the 76-bp
~product was- labelled’ by 18. c‘yole's of PCR. in' the presence of 32p-

labelled nucleotlde, as descrlbed prevnously (Sorger et al., 1986 J .

Mol Biol. ‘!91 639 658). ‘DNA from the fifth round of selection wh:ch

remained bound to L2 after washmg in buffer A was eluted and___

ampllfled as descnbed above cloned into pUC18 and sequenced.
Immuno-DNA bmdmg assay Extracts from HPV16L2
rVV-infected cells were prepared and lmmunoprempltated as descnbed'_'
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-bmdmg 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 terrlperatur’e Protein-DNA complexes were
eluted in l% SDS S mM EDTA at 65°C. DNA was extracted with
| phenol twice and preupltated 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. o
. DNA sequencing.  Dideoxy DNA sequencmg was
performed with theSeqde_nase version 2.0 kit (U.S. Biochemicals,
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 specified by the manufacturer. _
|  BESULTS
HPV16L2 protein binds DNA. .To investigate the DNA-
binding activity of PV stfuctuml proteins, we 'eXpres_sed _HPV16L1 or

HPV16L2 in euka'r'yotic cells by using rVV. L1 and L2 proteins were
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: purlfled from cell Iysates by rmmunopreclpltatlon, separated by SDS— '
PAGE (10% polyacrylamude) and transferred to nltrocellulose filters.
Blndlng of ‘these protelns to DNA was mvestlgated by Southwestern
blottrng wrth 32p. Iabelled PV’ genomrc DNA and bactenophage A DNA ,
in a buffer contamlng 40 mM NaCI HPV16L2 protem bound both
HPV genomic DNA and 4 DNA (FIG. 1B, lanes 2 to 5). HPV16L1
protein, in contrast falled to bind any Iabelled DNA (FIG. 1A, lanes 2
* to 5), although the purlf;e_dlL]_ protein was detectable on the filters by
using an anti- H'PV16L1 'mo'noclo'nal antibody (FIG. 1A lanes 1 and 6).
. Further experlments 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 charged 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 oharged 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 the
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 of truncated proteins with wild-
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tvpe L2 protem (data not shown)

The deletzon mutants were exammed for bmdmg to. 32P- o

";'labelled HPV16 genomlc DNA by . the Southwestern procedure under
conditions assocrated wrth bmdmg of nat:ve L2. proteln All C- termmal
deletion mutants tested mcludmg A374 whrch had ‘the longest
| deletlon bound HPV DNA . in proportlon to the amount- of
"rmmunoreactrve L2 prote:n present lFIG 2 lane 2374). To delineate
the contribution’ of the N termmus of L2 to DNA bmdlng, we.-
constructed N- termmal deletron mutants of L2 'THree mutants, in
 which the first 60 80 and 100 amino acids of L2 were deleted, eaoh _ |
failed to bind HPV DNA {FIG. 2 lanes A1 60 through A1 ‘lOO) To
.'further charactenze the N- termmal DNA- bmdmg regnon we tested a
senes of smaller deletlons between amino acids 1 and 15 for their
DNA-binding actlvrty 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 acnds 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"posit'ion 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 mutagenesis. ‘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 various' 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 cha_rged amino acid.residues (Lys-4, Lys-8, Arg-9)
to Pro or Asn (K4P and 8,9N) abolished DNA binding (FIG. 3B, lanes



K4P and 8,9N). while substitution of Arg-5 with Pro (RSP) reduced.
: binding activity'(lane R5P) In contrast, substltutlon of Arg -9 with Pro

";',_-(R9P) had no. effect on DNA brndmg (lane R9P) Mutatlon of the

neutral ammo acrds between the Lys Arg clusters had less effect on .
DNA- blndmg actrvrty Mutanons terrmned H3P, S_6P, and A7P, in .
which substitution of - Hi's3"'-'Se'r-6 :and Ala-7 for Pro had been -

: produced showed bmdmg of DNA comparable to that wrth wild-type :

L2 (lanes H3P 'S6P, and’ A7P); in contrast, changrng Ser-6 to Asn 'j

. {S6N) abolished DNA bmdlng {lane S6N). These results suggest that

the four charged amino acid clusters are rm'portant for DNA binding.
In each of these charged 'a“min_o acid clusters, retention of at least one
charged arnino acid appears n_ecessarV for leA' binding. A flexiblle
secondary structure might also be important for 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 substitutio'n of Ser-6 with Asn
removed the L2 DNA-binding function.. A summary of L2-DNA
| mteractron results is given in FIG. 4. |
L2-DNA interaction has no DNA sequence specificity.

We used a lrbrary 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 predscts 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
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clones (twuce in 5 three times in- 1) whereas the most common
senes of 4bp (GGGG) was observed in 8 clones ‘Thus there was no

ewdence that any short nucleotlde sequence was represented among

~ these clones more frequently than would be expected by ‘chance

~ alone. Further, no more complex cons_erved nucleotide patterns were o

_' observed by using’ standard . se"que_n.ce ‘alignment programs. These
results sugg’ested that high 'affin'it'y b.inding.between L2 and DNA is a
‘DNA  sequence- mdependent process - Two -eddltional experlments .
' confirmed this observatlon -First, extract from cells infected with
HPV16L2 rVV was im_rnunopre_crpltated with anti-L2 antibody, and the
precipitated .protein'-a'ntlbody complexes, attached to Sepharose
beads, were-alloWed to bind to a mixture of restriction fragments from
HPV16 genom‘l'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 extraot, bound'.to Sepharose beads .with anti-L2 antibody,
~retained each of t_he-HPVls 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-infected cell extract bound to the beads
with L2-specific antiboclies (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) excess 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 sequence-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
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jWOQ';"‘./OZ'lBtl» A surtable method for the productron of vrrus-lrke--
) -'partlcles rs grven below by way of example
| CV 1 ells were grown under standard cell culture |
ondrtlons at 37°C m an atmosphere of 5% COZ toa 80% conﬂuency
'_ in Dulbecco’ s modrfled Eagle s medrum (Glbco or CSL) supplemented :
_wth 10% foetal calf serum (CSL) m a trssue culture flask. Cells were'
- then mfected wrth 1to 2 pfu/cell of recombrnant vaccinia virus 16L1
(pSX16L,) and recombmant vaccmla virus lGL2 a7 (Rkgpt19 al -7) in
_ Dulbecco s modrfred Eagle s medium supplemented with 2.5% foetal
" calf serum. Mycophenolrc acrd ‘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 ‘lO mms
The pellet was dlssolyed and the cells were resuspended in 20 mi of -
phosphate buffered sallne (pH 7.4) ccntainlng.z mM PMSF (protease
“inhibitor). The cell suspension was stored at 4°C or frozen at -20°C
~when the purlfrcatlon procedure was interrupted. |
| The cell suspensron was then placed in a Wheaton glass
_Dounce homogeniser ‘and’ kept on ice for lO.mrns. Cells were
disrupted by 50 strokes of the Dounce homogeniser. A small sample
of the resuspension was checked by .'microscopy 10 dete_rmlne
'.whe.ther the cells. were 'diSrupted. Homogenization was continued
until all the cells'were dlsrupted _
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 ml of phosphate_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 centrifuge tubes, 15 ml
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- 'f':resuspended ice cold sonioate Was layered' on top' of 23 mi of |ce
| cold -20%: w/v sucrose in phosphate buffered saline (pH 7. 4). The
.sonlcate was centnfuged at 95000 X g (rotor mndpomt) for 2 hrs at
_4°C ln a SW-28 rotor The supernatant and sucrose were discarded
'and the pellet was washed wrth phosphate buffered saline (pH 7.4).
The pellet was resuspended in 10 mi of phosphate buffered saline (pH
7.4) contalmng 2 mM PMSF by sonrcatlon (Vibra Cell Somcator from
Sonics Materials Inc USA settmg 80) for 60 sec on ice.. The
: resuspensnon was dlluted to 20 mi with phosphate buffered saline (pH
~7.4) containing _.2 mM PMSF. Ces;um _chlonde was added at 0.481
g/rh_l to a final volume of 23 ml. ‘The re.suspen.'sion was cehtrifuged 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
band was noted approximately 1. cm below ‘the upper band. Both
_bands contained .virus-like particles. '. _Bo_th bahds were removed by
aspiration. The virus-like particles in the upper band were often lnot_
as well formed .as the.'viEUS-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 chloride 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 (0.05%) and' made up with
water to 100%)_. The diluted samples were loaded on to SDS-PAGE
{10% polyacrylamide) gel and electrophoresed. Standard procedures
and conditions were followed (Towbin et a/., 1979, Virology 175 1-
9). '

'Molecular weight det_ermirlation of proteins: Following

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



' blue stam (coomassre br:lllant biue (1 g/ll 40% methanol 10% acetlc. :
acid and 50% water) The gel was destamed in methanol-acetlc acnd,
. solution :(40% methanol_,, 10% acetic acid and 50% _water)-.for 1-24
hours and dried. - . |
ldentlf‘ catlon of L‘l and L2 protems .On a- separate but-
|dent|cal SDS PAGE gel the protem specnes contamed therein were
_ analysed by western blottlng to determlne whether the L2 protem was.
present on the virus like partlcles ‘Standard western ‘blotting
techniques were employed lHarlow and Lane,. 1988- Immunoblottlng
(Chapter 12) 'ln' Antibody - A’ laboratory manual, Harlow and Lane.
| (Eds.), Cold Spnng Harbour Laboratory Press) _
Protems from the SDS-PAGE gel were transferred to a
nltrocellulos_e filter .paper.__- ‘The nitrocellulose filter paper was cut lnto '
strips and blocked with pho'sphate buffered saline (pH 7.4) containing
- 5% s.kim milk 'pOWder at 4°C* overnight. The prirnary antibody was.
incubated wrth the mtrocellulose paper strips in phosphate buffered
saline (pH 7.4) contalnmg 5% mnlk powder for 1.5 hours ‘at room
temperature " with agitation. - " The primary - antibody included
monoclonal mouse 'anti'-HP_VTGLl 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 seoond antibody was incubated with the nltrocellolose 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'se 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
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_'contarnlng 18 mi DAB (Dr amrnobenadrne) 27 ml of phosphate buffer' E

(pH 7.6),.3 ml O 3% ‘cobalt chlonde and 30 ul of 30% hydrogen
'peroxrde for 10 90 sec” or’ ‘as soon as- the ‘band . appears. “The
nrtrocellulose paper strlps were nnsed wrth water and dried.
Total protem determmatlon Three 5 ul samples from

'each cesium chlorrde gradrent purrfred preparatron was- analysed for '
. the total amount of protern present by BCA protern assay reagent as -
described by the manufacturer (Pierce). '
.(b)_ B “Detection’ af wrus—lrke parrrcle farmatron

o A sample (approxrmately 0.05 ml) of a vrrus-llke particle
preparatron that had been purrfred by centnfugatron on a cesrum.
chlorlde_ gradlent and dialysed agamst_ 0.1 M to 0.5 M Tris-HCI for at
‘least 2 h.rs' but',_preferab_ly'24 hr's at 4°C to remove the cesium
chloride from the’ _preparation was placed onto a formvar coated EM |
grid and negatively stained ‘with either 1‘_’/_6 or 2% ammonium
molybdate (pH 6.5). The grids containing the .sampies were e_xamined

using a Hitachi H-800 transmission electron microscope.



19-.
. FIGURE L EGENDS

FIG. 1 A

Characterization of HPV16L1 lA) and' HPV16L2 (B) DNA- blndlng
actrvnty HPV'I6L1 and- HPV16L2 protelns, from. rVV-mfected Cv- ‘l.-
cells, were mmunoprecnprtated by L1- or L2 speclflc antibodies, |
separated by’ SDS PAGE and transferred to nitrocellulose Proteins
were renatured in blockmg buffer containmg DTT and mcubated wnth'
_32P labelled DNA from HPV16 (lane. 2) HPV6b (lane 3), HPVll (lane
4), or phage /_l__llane 5). Lane C is the lmmunopremptate from wt VV-
infected celle'- ' Unbound DNA was’ ‘removed, and DNA-binding
proteins were detected by autoradiography The positions of. the L1
and L2 protems, determmed by mmunoblottmg, are shown (lanes | .
and 6). I

FIG. 2 : _
Defrnmon of the HPV‘lGLZ DNA- bmdmg regicn 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 interactions defined by using mutants with L2 N-
terminal mutatlons (A) N terminus-truncated L2 proteins, with
| deletions indicated above each lane, were separated by SDS-PAGE,
transferred to nitrocellulose membranes, and incubated with 32P-
labelled HPV16 DNA (upper panel). The 32P labelled DNA was
removed -and. the filter was reprobed with a rabblt anti-HPV16L2



20_-. _
antibody for quantltat:on of the L2 protem (Iower panel) L2 bands
are mdncated by arrows and molecular mass markers are indicated on
the left. (B); Substttutlon mutants of L2 protems, as mdncated above
_éac.h'-la_ne, were incubated with 32p- Iabe_lled ;,HEV‘!G_ genomic .DNA,-'__'
- (upper panel) or. with rabbit 'a'nt.i'-.HP'V1"._6L2_'an_:ti.s'_.effdrh {lower panel). L2

' .banda' are indicated by-.__arrov_vs[ a'nd'the.. 'rholec_bzlar.: mass- markera ara

shown on the left. : :Substitutions are. coded as fbllows" WT wild typ'e '
-VV H3P, His- 3 to 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 '

. FIG. 4

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 _ - .
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 soma experimenfs,.a 100-fold {lane 4) or 1,000-fold
(lane B) molar excess of phage A DNA waa_. added to the initial
incubation of HPV DNA with L2 protein. ‘Mock assay 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
labelled A to G according to size. . ' o |

FIG. 6 | | |
Amino acid sequence of wild type HPV16L2 _protéin
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FG. 7

Deoxyrrbonuclerc acld sequence of wrld type HPV16L2 gene
FIG. 8 R '

Nucleotide sequence of the PCR pnmers used to construct HPV16L2 -

mutants.

[ _terminal deletions

The PCR amplrfred 4b promoter/LZ fragments were cut wrth Smal and
cloned into pSX3 (Zhou et al 1990. J. Gen. Virol. 71 2185 2190)_
to create vaccinia expressuon plasmlds -

N-terminal mutations R - _ .

The restriction enzyme éamHl and Smal sites _ere underlined'and's‘tart :
codons ATG and stop codon's'TAA ‘are in bold. The empiified.' PCR
- products were dlgested “with BamHl and Smal and cloned into the
RK19 BamHl/Smal sites (Kent 1988) The vaccmra 4b promoter and
L2 mutant ORF was cloned into pSX_3_ (Zhou et al., 1990) to produce

‘vaccinia expressing plasmid containing various L2 mutant ORF.
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i 'CLAIMQ

B A papllloma wrus L2. protem whlch does not blnd DNA or
N bmds a substantlally mmlmal amount of DNA o o

2. o A papllloma vnrus L2 prote:n as clanmed m Clalm 1

' _wherem one or. more of the 1 12 ammo aczd resndues adjacent the N- _

termmal end of the’ L2 protem are modlfled or deleted

: 3-._' - A papalloma vnrus L2 protem as clalmed m Clalm 1 or 2 -

-wherein the N- termmal sequence of the L2 protem compnses any one.._ -

of the sequences outhned in FIG 4

4, : An amino. ac:d sequence comprlsmg any one . of the
sequences outlmed in FIG. 4, - o o
5. AL gene encodmg the papnloma virus L2 proteln as_
_clalmed in Claims 1, 2 or 3. o '
6. A DNA sequence encodmg an. amlno acnd 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:- B - -
(1 con’structing a reco,mb.inan't DNA molecule which
encodes 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 papllloma virus L2 protein IS
expressed and said vurus-hke partlcles 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 protem
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 molecule encoding the papilloma virus L2 protein.
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10 A method of producmg one or more vnrus hke partncles as .

: clalmed in Claim 9 wherem one or more DNA molecules are mtroduced’-_ M

mto the host cell

i _11 _ erus Inke partxcles produced by the method as clanmed in -

a any one. of Clanms 7-10 o o _ _

12, . .- A vaccine mcludmg virus- llke partxcles as. clalmed :n__"
Claim 11. N | ]_ "'. | | o
13. o A vaccme mcludmg -a pap:lloma virus L2 protem as

clalmed in Clalms 1, 2 or 3.



