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Identification of early proteins of the human papilloma viruses
type 16 (HPV 16) and type 18 (HPV 18) in cervical carcinoma cells
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We have sequenced 1730 bp of human papilloma virus type
18 (HPV 18) DNA containing the open reading frames (ORW)
E6, E7, the N-terminal part of El and, additionally, 120 bp
of the N-terminal part of Li. Based on these sequencing data,
together with the human papilloma virus type 16 (HPV 16)
DNA sequence published recently, we identified and cloned
the ORF E6, E7, El and Li of HPV 18 and the ORF E6,
E7, El, E4, E5, L2 and Li of HPV 16 into prokaryotic ex-
pression vectors. The expression system used provides fusions
to the N-terminal part of the MS2 polymerase gene control-
led by the heat-inducible lambda PL promoter. Using the
purified fusion proteins as immunogens we raised antisera
against the proteins encoded by the ORF E6, E7 and El of
HPV 18 as well as those encoded by the ORF E6, E7, E4 and
Li of HPV 16. By Western blot analysis we could show that
the E7 gene product is the most abundant protein in cell lines
containing HPV 16 or HPV 18 DNA. It is a cytoplasmic pro-
tein of 15 kd in the SiHa and the CaSki cell lines which con-
tain HPV 16 DNA, and 12 kd in the HeLa, the C4-1 and the
SW756 cell lines which contain HPV 18 DNA. These results
were confmned by in vitro translation of hybrid-selected HPV
16 and HPV 18 specific poly(A)+ RNA from SiHa, CaSki and
HeLa cells. Additionally, these experiments led to the iden-
tification of an 11-kd E6 and a 10-kd E4 protein in the CaSki
cell line as well as a 70-kd El protein in HeLa cells.
Key words: HPV 16 and HPV 18 early proteins/human cervical
carcinoma cell lines/expression vectors/antibodies

Introduction
DNA of human papilloma virus (HPV) type 16 and type 18 has
been found in the majority of human genital carcinomas suppor-
ting the concept that papilloma viruses are a key factor in the
etiology of these tumors (for review see zur Hausen and
Schneider, 1987). HPV DNA has also been detected in cell lines
derived from cervical cancers: HPV 16 DNA in the cell lines
CaSki and SiHa, HPV 18 DNA in HeLa, C4-1 and SW756
(Boshart et al., 1984; Schwarz et al., 1985; Yee et al., 1985;
Pater and Pater, 1985). Since tissue culture systems susceptible
to transformation by human papilloma viruses are not presently
available, these cell lines provide unique systems to study the
expression of HPV 16 and HPV 18 genes in cells derived from
human tumors.
The complete DNA sequences of several papilloma virus

genomes [e.g. HPV la, HPV 6b, HPV 11, HPV 16 and bovine
papilloma virus type 1 (BPV 1)] have been reported recently
(Chen et al., 1982; Danos et al., 1982; Schwarz et al., 1983;
Seedorf et al., 1985; Dartmann et al., 1986). These viral genomes

have been divided into an early and late region by analogy to
the polyoma and Simian virus 40 genome. The late region con-
tains two open reading frames (ORF) LI and L2 which code for
viral structural proteins (reviewed by Danos et al., 1984).

Information about the function of early genes of papilloma
viruses originates almost exclusively from in vitro transfection
experiments with BPV 1: the ORF E6 and E5 have been shown
to encode transforming proteins (Schiller et al., 1984; Yang et
al., 1985; Schiller et al., 1986). Transforming activity of BPV 1
DNA is also influenced by ORF E2 which encodes a trans-
activating factor (Spalholz et al., 1985). Genetic studies using
a mutated ORF of BPV 1 indicate that the El gene product ap-
pears to maintain BPV 1 DNA in the episomal state, while the
E7 gene product controls replication of the episomes to a high
copy number (Lusky and Botchan, 1984; Sarver et al., 1984;
Lusky and Botchan, 1985). Recently two gene products of the
ORF E4 have been demonstrated as a 16/17-kd doublet in warts
induced by HPV la (Doorbar et al., 1986). The E6 protein of
BPV 1 has been identified in the nuclear and membrane frac-
tions of mouse cells transfected with cloned BPV 1 DNA, while
an E5 protein could be demonstrated in the cellular membrane
fraction (Androphy et al., 1985; Schlegel et al., 1986).
However, no early human papilloma virus protein could be

demonstrated in papillomas, carcinomas, cell lines derived from
carcinomas or in premalignant lesions, with the exceptions of
the E4 protein from HPV la (Doorbar et al., 1986) and the E7
protein from HPV 16, which was recently identified in the CaSki
cell line as a 20-kd protein (Smotkin and Wettstein, 1986). The
failure to detect additional viral proteins has been hampered by
the lack of viral propagation systems and appropriate antisera.
Here we report the identification of an E6, E7 and E4 protein

of HPV 16 and an E7 and El protein of HPV 18. To identify
these gene products from the early and late regions of HPV 16
and the HPV 18 genomes we subcloned the ORF E6, E7, El,
E4, E5, L2, LI of HPV 16 and E6, E7, El and LI of HPV 18
into prokaryotic expression vectors and raised antisera against
selected proteins expressed in Escherichia coli. We used these
antisera to characterize viral gene products in cell lines derived
from cervical carcinomas.

Results
Nucleotide sequence ofthe early region ofHPV 18 and identifi-
cation of open reading frames
Since the general organization of the HPV 18 genome was known
(for details see Boshart et al., 1984), we cloned four fragments
[the 1.5-kb and 2.7-kb XbaI, the 2.5-kb BamHI-HindIlI and
the 1.3-kb BamHI fragments (see Figure lb)] into the plasmid
pUC19. Progressive deletions of the 1.5-kb fragment were ob-
tained by Bal31 digestion, after opening the plasmid at the 5'
end of the inserted XbaI fragment. Subsequently these deleted
fragments were recloned, after cleavage with HindIfl, into
plasmid pUC8. Following this strategy overlapping sequence data
were generated starting at the CAT-box defined as position 1
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I ATACTAATTGTAATTTAATGAT A-

1a A ArACTTTC TAACTTTTAACGT AAAAAGGGAGTGACCGAAACGGT CGGGACCGAAACGGTGTATT;ATAGATGTGAG

1 01 AACACACC,ACAATACTATGGCGCGCTT TGAGI.:ATCCAAC'ACGGCGACCCTACAAGCTACCTGATC TGTGCACGGACTGACACTTCACTGCAAGACATM@tA(8ArgPh@G(uA5oP,roThrAr,QAr,ProTvrLv,L.uPr,oASoL.uCvsThrGIuL.uAsnThrS.rL.uGinAsoII. Al

20 1 AGJAA-ATAACCTGTGTATATTGCAGACAGTATTGGAACTTACAGJA<XATTTGAATTTGCATTTAAGATTTATTTGTGGTGTATAGAGACAGTATACCG
GluIIeThrCvsVaITvrCvsLvsThrVetLeuGguL.uThrGluValPheGluPheAlaPheLvsAsoL.uPh.Va VaTvrAr,gASergIIPro RI

Xbal
301 CATGCTGCATGCCATAATGTATAGATTTTTATTCTAGAATTAGAGAATTAAGACATTATTCAGACTCTGTGTATGGAGACACATTGGAAACTACTA

HI sAl ^AI CvsHz sLv^ysCvsIeAsoPh*TvrS*rArgi IeArgGluL*uAraH sTvrS*rAsoS#rVaITvrGIvAsDThrLouGluLvsLouThrA&n RI

4 01 ACACTGGGTTATACAATTTATTAATAA3Gk-TGCCTGCGGTGCCAGAAACCGTTGAATCCAGCAGAAACTTAGACACCTTAATGAA^CGACGATTTCA
ThrGILeuTvrAsnL.uL.uII*AraCvsLeuArqCvsGInLvsProLuAsnProAIaGIuLvsL.uArgHisL.uAsnGIuLysArgArgPheHas RI

S O1 CAACATAGCTGGGCACTATAGAGGCCAGTGCCATTCGTGCTGCACCGAGCACGACAGGAbCGAC TCCAAACGACGC CG TATATATTAA
Asni I AIGIGvHisTvrArgGIvGInCvsHisSOrCvsCvSASnArgAlaArgGInGIuAr9LOuGInArgArgArgGIuThrGlnVoI_ Rl

E7'-. .
60O1 GTATGCATGGACCTAAGGCAACATTGCAGACATTGTATTGCATTTAGAGCCCCAATGAATTCCGGTTGACCTTCTATGTACCT TTAACGA

M.tHsGIvProLvsAI6 ThrLuGI nASDI I*VIL@uHi5sLuGIGuProGInnA6nGIuII6Pr oValAsoLLuLuCysiGUGluGInL@uSrASP R3

TOl1 CTCAGAGCGGA GATGAATAGATGGAGTTAATCATCAACAT TTAC-CAGCCCGACGAGCCG^ACCAr-AACGTCACAC^TGTTGTGTATGTGTTGT
SerGIuGIuGIuAsnAsoGIuI I*AsoGIvValAsnH4isGInHi4sL.uProAI&Ar9Ar9At*GIuProGInAr gHisThrMetLeuCysMtCysCvs R3

o 1 ^AGTGTGAGCCAGAATTGAGCTAGTAGTACAG<CTCAGCAGACGACC TTCG^GCAT TCCAGCAGCTG TTTCTGAACACCCTGTCCTTTGTGTGTCCGT

L SCvsCluAIaArg ileGIuLOuVaIvIIGIuS.rS.rA.AspASOL@uAraAlIaPhGinGinLuPhLuAsnThrLuS*rPhVICysProTr R3

El01
gol GGTGTGCATCCCAG.CAGTAAGcACAATe..CTGATCCAGAGETACAGACGGGGAGGGCACGGGCTTGTACGGCTGGTTTTATGTACAACTATTGTAG

CysAIaS*rGinGltleTh,M@tAiaA oPr@GiuGIyThrAsGIyGIuGIvThrGIvCysAmnGIvTroPh*TvfVIlG_nAII _eVeIA R3

1 0 0 CAAAACAGGAGATGTATATCAGATGACGAGGACGGAACAAGCAACAGA TGGATCG CTTT GATT CACATTTTGT
LvsLvsTh rGivASoV6I I.*SerAsOASDGIuADoGIuASnAI6ThrASoThrIGvS@VA*SOMtV6IASoPh@I I*AS&ThrGlnGIyThfPhCyS R3

I 1I0 1 GACAGGCAGAGCTAGAGACAGCACAGGCATTGTTCCATGCGCACGGGGTCCACATGATGCACAGTGT TGCATGTTTTA^CGCATTTGCAGGAG
.i uG I nA *G I uL*uGI uTh rAt .aG nAl L*LuPh*H1 i sAI*CI nGI We I H A*AnA*oAI *CI nVa I L*uH sV& I L*uLy*At 9LysPh*Al*I yCIvGy R3

1 2 01 GCAGCACAGAACAGTCCAT TAGGGG;AGCGGCTGGAGGTGGATACAGAGTT^AGTCCACGGTTACAGAATATCTTTTAAATAGTACC
SetThrGIuASnS.rProL@uGIyGIuAr9LuGIGuVOIAsoThrGiuL@uS@rProArgLeuGIAnGuI IeSerLuAsnSGIGyCIGnLySLySAl* A3

1 3o A1 AAGGCGGCTGTTTACATATCAG^TAGTGGCTATGGCTGTTCTGAGTGGAGCAACACAGAT TCAGGTACTACAATGCCCACATCCGCAACT
LvsArgArgL.uPh.ThrIlIeSerAIoSrIGyTyrGIvCvsS*rVGluVICIGuAl ThhIGnII.IGnV.ITrT(hAAnGlyGIuHisGlyGlyASn R3

1 40O1 GTATGTAGTGGCGGCAGTACGGAGGC TATAGAcAcGGGGGCAr-AGAGGGCCAACAACACAGTGTAGACGCTACAA TGACATAGCAATATAGC^TG
VaCvySeSrGvGiySe rThrGI uAIll AsDAsnGlyGvIvThrGIuCIGVAsnASnSrS@frV IAsoGI vThrS@rA SAnS.rASnfIIeGIuASnVOI R3

1 S O1 TAATCCACAATGTACCATAGCACATTAAGACTTGTTAAAAGTAACA^GATACGGGCTAT ISTTAGCAGTATTTAAA^CACAT^TC CTATC
AmnProGinCvsThr IlAilGInLLuLvsASoLuL@uLvsVUIAInASnLvSGlLnGvAI oMIYLAuAI V aIPheLyeAsDThrTyrGIyL*uS r A3

1 60 1 ATTTACAGATTTAGTTAGA^TTTTAAGTGATAACCACGTGCTACAGATTGGGTTACAGCCTATAT T TGAGTAACCCAACTACACGGT TTT
Ph*ThrAsoL.uV.iAr,gAsnPh.LV,SSrAsoLysThrThrCvsThrA,DTroV OIThrAl I I*PheGIvVaIA*nProThr I 1eAI*GIuGIyPh* R3

Xbal
1O01 AACACTAATACAGCCATTTATATTATATGCCCATATTCATGTCTAGA

LvsThIr L@uIIGIlnProPhI I*L@uTvrAHI8HsII*GIfnCvSL@u R3

PRINTOUT FOR EO/E?/E1 (66/4/049)
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Fig. 1. (a) Nucleotide sequence and derived amino acid sequence of the early region of HPV 18 (1730 bp). The numbering system was chosen by analogy to
other HPV DNA sequences based on alignment via the CAT-box region. The ORF E6, E7 and El are underlined, the corresponding translation initiation
codons are marked by the name of the particular ORF (E6, E7 and El). Stop codons are marked by black bars, reading frames are indicated by RI and R3.
Vertical arrows correspond to the 5' boundary of the ORF introduced into the expression vector. Brackets demonstrate splice donor and acceptor sites deduced
from cDNA sequences (Schneider-Gadicke and Schwarz, 1986). Two TATA boxes (position 19 and 66) upstream from the E6 translation initiation ATG are
boxed by dashed lines. (b) Alignment of HPV 18 DNA with HPV 16 DNA according to nucleotide sequence homologies. On top the distribution of the ORF
is shown. For partial sequence analysis restriction fragments of HPV 18 DNA generated by cleavage with BamHI (B), HindlIl (H) and XbaI (X) were used.
The 1.5 kb XbaI fragment was digested from the 5' end with exonuclease Bal31 resulting in progressive 5' deletions (2-11). The complete DNA sequence
information for the first 1730 bp was generated by overlapping sequencing as indicated by arrows.
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Table I. Open reading frames expressed in E. coli

ORF Position of the Position of the Antibodies
first nucleotide last nucleotide obtained

HPV 16
E6 110 556 +
E7 585 855 +
El 1240 2811
E4 3399 3617 +
E5 3869 4097
L2 4139 5654
LI 5692 7152
L112 5692 6819 +
L1232 6819 7152 +

HPV 18
E6 112 571 +
E7 616 897 +
El 1045 1730 +
LlI 5754 7152

ORFs of HPV 16 and HPV 18 expressed as fusion proteins in E. coli
C600/537. The numbering system for the HPV 16 ORFs was taken from
the DNA sequence published recently (Seedorf et al., 1985), for E6, E7
and El of HPV 18 as indicated in Figure 1.
aThe numbering system was chosen analogous to HPV 16 after homology
comparisons.
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Fig. 2. Identification of HPV 16 and HPV 18 specific fusion proteins in cell
extracts of transformed E. coli C600/537. The fusion proteins were enriched
by differential extraction from E. coli cells (see Materials and methods) and
separated on a 12.5% polyacrylamide gel (10 jtg protein/lane). The position
of HPV specific fusion proteins is indicated by arrows. M = mol. wt
standard, L1232/16 = C-termninal fragment of the late protein LI of
HPV 16; L112/16 = N-terminal fragment of LI of HPV 16; E1/18 =

early protein El of HPV 18, etc.

by analogy to other papilloma viruses, up to position 1730 (see
Figure 1). Additionally, 120 bp of the N-terminal part of the LI
ORF ofHPV 18 were sequenced (data not shown). The sequen-

cing reaction was performed according to the dideoxy chain ter-
mination method (Sanger et al., 1977) with modifications for
double-stranded DNA as template (Seedorf et al., 1985). This
sequence information together with homology comparisons to the
HPV 16 DNA sequence recently published (Seedorf et al., 1985)
allowed us to identify the ORF E6, E7, El and LI of HPV 18.

Expression of open reading frames ofHPV 16 and HPV 18 in
E. coli and preparation of antisera
Based on this sequence information we cloned the ORF E6, E7,
El, LI of HPV 18 and E6, E7, El, E4, E5, L2 and LI of
HPV 16 into pUC8 or pUC 19. In most cases we used blunt-ended
fragments which were cloned into the HinclI site of the poly-

linker. After confirming the sequence of the 5' ends of the in-
serts, appropriate sticky-end fragments were recloned into
expression vectors (see Table I). The expression vectors used
were derivatives of plasmid pPLc 24 (Remaut et al., 1981,
1983a,b) modified by introducing a polylinker fragment with the
restriction sites for EcoRI, BamHI, Sall, PstI, BgllI, XbaI and
HindIII in three reading frames with respect to the amino ter-
minus of the MS2 polymerase. Details of construction will be
published elsewhere (H.Krafft, G.Krammer, K.Seedorf,
U.M.Schatzle and W.G.Rowekamp, in preparation). E. coli
C600/537 was transformed with the recombinant plasmids, syn-
thesis of the fusion proteins was induced and the fusion proteins
were purified as described in Materials and methods.

Following this procedure we were able to express and purify
large amounts of protein (the yield from a 1 litre culture was
in the range of 5-20 mg protein) for E6, E7, E4 and LI of
HPV 16 and E6 and E7 of HPV 18 (see Figure 2).

Subequently high-titre antisera were raised in rabbits against
the fusion proteins from these recombinants (see Figure 2 and
Table I). All antisera were purified by ammonium sulphate
precipitation and immunoaffinity chromatography on columns
with proteins bound which had been extracted from induced
E. coli cells containing the parental expression vector.
Detection ofHPV proteins in carcinoma cell lines by Western
blot analysis
From studies on the integration of HPV 18 and HPV 16 DNA
into the cellular genome it is known that the 3' part of the early
region is either deleted (HeLa, C4-1 and SiHa) or interrupted
(SW756 and CaSki) by the integration event (Schwarz et al.,
1985; M.Durst, personal communication). HPV 18 cDNA
sequence information from HeLa, SW756 and C4-1 cells
(Schneider-Gadicke and Schwarz, 1986) and HVP 16 transcripts
mapped in the CaSki cell line (Smotkin and Wettstein, 1986) sup-
ports these findings and suggests that proteins from the early
region can only be expected from the ORF E6, E7, El and
possibly E4. Therefore, in our first Western blot experiments
specific antisera were used to identify these proteins in total cell
extracts from cell lines derived from cervical carcinomas. In the
lines containing HPV 18 DNA, i.e. HeLa, C4-1 and SW756,
a very strong 12-kd signal became visible with antibodies raised
against the E7 fusion protein ofHPV 18. This 12-kd protein band
is specific for these three cell lines and was not detected in other
lines (see Figure 3a). A similar result was obtained with antisera
against the E7 fusion protein of HPV 16. In this case a specific
15-kd protein band can be identified in total protein extracts from
the SiHa and CaSki cell lines (see Figure 3b). This 15-kd pro-
tein is more abundant in the CaSki line than in the SiHa line cor-
relating with the viral RNA levels in these cell lines (Schwarz
et al., 1985). Cell fractionation into membrane, cytoplasmic and
nuclear proteins indicated that the E7 protein is a cytoplasmic
protein (data not shown).

In contrast, with antisera directed against E6, E4, El and LI
we were not able to identify specific proteins in any of these cell
lines.
In vitro translation of hybrid selected viral poly(A)+ RNA
prepared from cervical carcinoma-derived cell lines
The failure to detect E6, E4 and El proteins might be due to
the limited sensitivity of the Western blot analysis. To exclude
the possibility and to confirm that the E7 specific 12-kd and 15-kd
proteins are indeed encoded by HPV 18 and HPV 16, respec-
tively, we isolated viral-specific poly(A)+ RNA from HeLa SiHa
and CaSki cells by hybrid selection. These RNAs were translated
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Fig. 3. Identification of E7 specific proteins of HPV 16 and HPV 18 by Western blot analysis in different cell lines. 50 jig of total cell proteins were
separated on a 12.5% polyacrylamide gel, transferred by Western blotting to a nitrocellulose filter, 'immunolabeled' with HPV 18 E7 specific antibodies (a)
and HPV 16 E7 specific antibodies (b) followed by incubation with 1 'tCi 1251-labeled protein A in both cases. Cell lines: 1 = HT-3 (control), 2 = C4-1,
3 = SW756, 4 = HeLa, 5 = CaSki, 6 = SiHa and 7 = C-33A (control). Filter a (probed with E7 HPV 18 antibodies) was exposed for 24 h, filter b
(probed with E7 HPV 16 antibodies) for 9 days. The E7 specific signals (12 kd and 15 kd) are indicated by arrows.

-21

-12

in a rabbit reticulocyte system. After immunoprecipitation with
the corresponding antisera and isolation of the immunocomplexes
with protein A-Sepharose we detected specific protein bands
for E7 (12 kd) and El (70 kd) of HPV 18 and for E6 (11 kd),
E7 (15 kd) and E4 (10 kd) of HPV 16 in 12.5% polyacrylamide
gels according to Laemmli (1970) (see Figure 4). No proteins
were detected with antisera raised against E6 ofHPV 18 and LI
of HPV 16.

Discussion
Northern blotting data from HeLa, SW756 and C4-1 as well as
DNA sequence information obtained from HPV 18 cDNA clones
suggest that the early region ofHVP 18 is transcribed into three
differentially spliced mRNA species containing cellular sequences
at the 3' end (Schneider-Gadicke and Schwarz, 1986). In HeLa
cells these three early mRNAs can give rise to complete E6, E7
and possibly a complete El, as well as a shortened version of
an E6 protein. An analogous situation can also be considered
in the case of SW756 and C4-1 cells, with the exception of
El-specific mRNA which is mainly spliced at the major splice
donor site (Schneider-Gadicke and Schwarz, 1986).
The transcription data of Schneider-Gadicke and Schwarz

(1986) and our Western blotting and in vitro translation data in-
dicate that the HPV 18 early mRNAs must be transcribed as
polycistronic RNA. The sizes of the E7 protein (12 kd) and the
El protein (70 kd) estimated from polyacrylamide gels after
hybrid selection or from Western blot experiments are consis-
tent with the sizes predicted from the DNA sequence.

Also, in the CaSki cell line only parts of the HPV 16 early
region are transcribed. Detailed mapping data of these transcripts
suggest that they all code for a complete E7 protein. A complete
as well as two shortened versions of an E6 protein can be
generated by differential splicing. The ORF E2 is interrupted
by splicing preventing synthesis of a complete E2 protein but
allowing the expression of a complete E4 polypeptide (Smotkin
and Wettstein, 1986). These results are confirmed by the iden-
tification of an E7 protein, as well as translatable mRNAs for
E6 and E4 proteins in the CaSki cell line. The predicted sizes
for E7 (12 kd) and E4 (10 kd) proteins are nearly identical to

142

the values found on polyacrylamide gels. Since a complete E6
ORF would code for a 19-kd protein we assume that the E6 pro-
tein found in CaSki cells (11 kd) is generated by a splicing event.
The most abundant protein in cell lines containing HPV 16 or

HPV 18 DNA is the E7 protein. This is in agreement with the
fact that in the cell lines HeLa, C4-1, SW756 and CaSki all ear-
ly transcripts contain a complete E7 ORF (Schneider-Gadicke,
1986; Smotkin and Wettstein, 1986). Genetic studies on the func-
tion of an E7 protein in BPV have shown that this gene product
is involved in the maintenance of plasmids at a high copy number
(Lusky and Botchan, 1985). Since neither HPV 16 nor HPV 18
DNA have been identified as episomal plasmids in these cell lines
an additional function for this protein has to be postulated. A
similar argument can be applied to El where published data sug-
gest an involvement of the BPV El protein in plasmid
maintenance in transformed mouse cells (Lusky and Botchan,
1984). Amino acid comparisons between the putative El gene
products of papilloma viruses (BPV 1, HPV la and HPV 6b)
and the large T protein of polyoma and Simian virus 40 show
significant homologies in two blocks in their carboxy-terminal
halves. These homologous regions correspond to sites involved
in the ATPase and nucleotide binding activities suggesting an in-
volvement in DNA replication (Clertant and Seif, 1984).

Since an E4 protein has been recently suggested to be involv-
ed in viral particle maturation, its function in the CaSki cell line
remains unclear.
The identification of an E6 gene product in transformed cell

lines containing HPV 16 or HPV 18 DNA could be important,
because the E6 protein of BPV has been shown to function as
a transforming protein in DNA transfection experiments (An-
drophy et al., 1985). In fact, we find a E6 protein in the CaSki
cells just above the detection limit of the hybrid selection method,
thus not excluding the possibility that in HeLa and SiHa cells
an E6 protein is also present but at even lower levels.
Based on the results reported here, HPV 16 and HPV 18

specific proteins (E7 E6, E4 of HPV 16, and E7 and El of
HPV 18, respectively) can possibly now be isolated by im-
munoabsorption and thus assayed for their biological functions.
It has to be shown whether we can identify any of these proteins

--
--
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Fig. 4. Identification of the early proteins E6, E7, E4 of HPV 16 and E7
and El of HPV 18 after in vitro translation. Hybrid-selected poly(A)+ RNA
isolated from SiHa, CaSki (containing HPV 16 DNA) and HeLa cells
(containing HPV 18 DNA) was translated in vitro in a rabbit reticulocyte
lysate containing [35S]methionine and [35S]cysteine. Viral polypeptides were
obtained by successive rounds of immunoprecipitation with specific antisera
and protein A-Sepharose. The order of immunoprecipitation was E7, E6,
E1, E4 and LI (L1232 and L1 12). The immunoprecipitated proteins were
separated on a 12.5% polyacrylamide gel. Specific proteins are indicated by
arrows. Lane 1-3 and 10-12 were exposed for 3 days; lanes 4-9 for
3 weeks. (M = marker.) The schematic evaluation of this experiment is
shown on the right.

in HPV 16 or HPV 18 infected tissues (e.g. cervical carcinomas,
vulvar and penile cancers, premalignant lesions). This should give
us further insight into the different steps of the development of
human cancer related to HPV infections. Expressed fusion pro-
teins may also be useful in determining antibody titers in patients.
Our results may thus permit a wide spectrum of basic and clinical
applications.

Materials and methods
Bacterial strains, plasmid vectors and cell lines
Plasmid preparations and transfections of bacteria were performed as described
by Maniatis et al. (1982). The ORFs of HPV 16 and HPV 18 used for sequenc-
ing were subcloned into the plasmids pUC8 or pUC19 and transformed into E. coli
strain HB 101. The original expression vector pPLc24 (kindly supplied by
E.Remaut, Gent) allows the expression of inserts fused to the first 98 amino acids
of the MS2 polymerase under the control of the lambda PL promoter (Remaut
et al., 1981, 1983a,b). The vector pPLc24 was modified by us as described
elsewhere (Krafft et al., in preparation). The appropriate host E. coli C600/537
was a gift from H.Schaller, Heidelberg. This strain harbours a temperature-sensitive
CI repressor gene of phage lambda on a multicopy plasmid conferring kanamycin
resistance.

Cells of the cervical carcinoma lines HeLa, C4-1, SW756, SiHa, CaSki, HT-3
and C-33A (originally obtained from the American Type Culture Collection and
kindly supplied by L.Gissmann, Heidelberg) were grown in monolayer cultures
in DMEM minimum essential medium containing 10% fetal calf serum.

DNA sequencing
The DNA sequencing reaction was performed according to Sanger et al. (1977)
with modifications for double-stranded DNA as template (Seedorf et al., 1985).

Track Antibody used Identification Mol. wt
for immuno- of specific
precipitation proteins

I HeLa E7 HPV 18 + 12 kd
2 CaSki E7 HPV 16 + 15 kd
3 SiHa E7 HPV 16 + 15 kd
4 HeLa E6 HPV 18
5 CaSki E6 HPV 16 + I Ikd
6 SiHa E6 HPV 16
7 HeLa E1 HPV 18 + 70 kd
8 CaSki E4 HPV 16 + 10 kd
9 SiHa E4 HPV 16 -

10 HeLa LI HPV 16a -

11 CaSki LI HPV 16a -
12 SiHa LI HPV 16a -

aA mixture of antibodies directed against L112 and L1232 was used.

EJxpression and purification offusion proteins
ORFs ofHPV 16 and HPV 18 (see Table I) were subcloned into pUC8 or pUC 19,
in most cases by blunt-end cloning into the Hincd site of the polylinker sequence.
Sticky-end fragments were then recloned into the correct expression vectors after
sequencing the 5' ends of the inserts. The E. coli strain C600/537 was transfected
with the expression vectors carrying the indicated HPV sequences. Growth of
the cells and induction was essentially as described by Remaut et al. (1981). After
3 h of growth at the restricted temperature, the cells of a 1 litre culture were
collected and suspended in 40 ml of 8% sucrose, 50 mM EDTA, 50 mM
Tris-HCI pH 8.0, treated with lysozyme (200 jig/ml, final concentration) for
30 min and lysed by addition of 0.1% Triton X-100. After sonication and stir-
ring for 15 min at 37°C the lysate was cleared by centrifugation at 40 000 g for
15 min. The resulting pellet was successively extracted with 25 ml of PBS con-
taining 0.1 % Triton X-100, then with 25 ml 1 M urea with sonication, further
stirring at 37°C and centrifugation as described before. The fusion proteins could
be purified from the 1 M urea residue by 7 M urea extraction yielding prepara-
tions which normally contained between 70 and 90% fusion protein. The overall
yield from a 1 litre culture was in the range of 5-20 mg protein for most of
the expressed fusion peptides.
Antisera and affinity chromatography
Antisera were raised by immunizing rabbits (Herbert, 1973). Purification of the
antibodies was performed as described by Goding (1983). The sera were further
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purified by affinity chromatography on a Sepharose column containing MS2 and
E. coli proteins covalently linked. Activation of CNBr-Sepharose and protein
coupling were performed according to the manufacturer's instructions (Pharmacia,
Uppsala).
Total cell extracts and Western blot analysis
About 108 cells were collected (after trypsination), washed twice with PBS,
resuspended in 200 M1 PBS and lysed by adding 200 M1 of a two-fold concen-
trated Laemmli sample buffer. About 50 Ag of total cell protein prepared from
the cell lines were separated on a 12.5% polyacrylamide gel (Laemmli, 1970)
and transferred by Western blotting to nitrocellulose (Schleicher and Schiill, BA
85) as described by Towbin et al. (1979). The filters were coated by incubation
in 1 x PBS, 5% milk powder, 0.02% Tween 20 for 1 h. The antibody reaction
(dilution of the antisera was 1:200) was carried out overnight followed by three
washes with the following buffers: PBS + 0.1% Triton X-100, PBS + 0.5%
Triton X-100, PBS + 0.4 M NaCl. Staining with Staphylococcus aureus pro-
tein A (1 ytCi 125I-labeled protein A from Amersham, Braunschweig) was car-
ried out for 3 h in PBS + 5 % milk powder, followed by the washing procedure
mentioned before. Filters were exposed to X-ray films with an intensifier screen.

RNA isolation, hybrid selection and in vitro translation of virus specific poly(A)+
RNA
Total cellular RNA from _ 107 cells was isolated using the guanidine thiocyanate
method according to Chirgwin et al. (1979). Poly(A)+ RNA purification and
hybrid selection of viral RNA starting with 30 Ag of poly(A)+ RNA, was per-
formed according to Maniatis et al. (1982). The viral enriched poly(A)+ RNA
(5 ,Ml) was translated in 40 M1 of a rabbit reticulocyte lysate (Amersham,
Braunschweig) with 40 MCi [35S]methionine and [35S]cysteine each for 45 min
at 30°C. The reaction was stopped by adding RNase (10 Mg/ml) and EDTA
(20 mM final concentration). Incorporation of labeled amino acids was monitored
by TCA precipitation. Immunoprecipitation of viral specific proteins was per-
formed overnight at 4°C after addition of 200 M1 of PBS + 5% milk powder,
30 IM1 protein A-Sepharose (Pharmacia) and 30 Mt1 antiserum diluted 1:20 in PBS.
Immunocomplexes bound to protein A -Sepharose were collected by centrifugation
(5 s, 5000 g). The pellets (protein A-Sepharose-antigen-antibody complexes)
were washed three times with the buffers already mentioned (see Western blot
analysis). The last pellet was resuspended in 30 ,ul Laemmli sample buffer and
after incubation at 100°C for 5 min the proteins were separated in a 12.5% poly-
acrylamide gel. After electrophoresis the proteins were fixed wth 10% acetic acid
(30 min), incubated for 30 min in Amplify (Amersham), dried and exposed at
-700C.
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