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We have constructed and functionally tested a cassette-vector-
system for the transcription and translation of open reading
frames (ORFs) in cells of higher eukaryotes. The vectors are
derived from the plasmid pBR322 and can be selected and
amplified in Escherichia coli. Alternative eukaryotic pro-
moters can be inserted between the restriction sites SphI and
KpnI, translation initiation motifs between KpnI and BglII,
linkers for the adjustment of the translation reading frame
and the insertion of genes or gene segments between Bglll
and HindlIl, followed by a HindIII- EcoRI segment with
splicing and polyadenylation signals derived from SV40. A
prototype vector system, pORFEX1l, 12 and 13, contains the
strong cytomegalovirus immediately early promoter and a
10-bp motif of the SV40 T-antigen translation start.
Polylinkers derived from pUC18 permit the insertion of ATG-
less ORFs downstream from the ATG of the vector. Either
of the three alternative polylinkers adjusts the appropriate
translation frame. A similar construct contains the regulatable
promoter of the Drosophila heat shock gene 70. We inserted
genes or gene segments, that code for the bacterial chlor-
amphenicol acetyltransferase, the bacterial gene conferring
resistance against hygromycin, and the ORF E7 of the human
papillomavirus type 18 into these vectors. After transfection
of mouse L fibroblasts, all proteins and functions were ex-
pressed in accordance with the prediction. In transiently
transfected L cells, the E7 protein expressed from pORFEX12
constitutes -2.0% of total cell protein. This E7 protein could
be localized by immunocytochemistry as a cytoplasmic com-
ponent.
Key words: human papillomavirus/expression vector/transfection/
translation initiation

viral or genomic exons, lack their genuine translation initiation
signals, most of all their ATG codon. These gene sequences can
only be expressed by fusing the available fragment to the N-
terminal part of a well characterized protein. To plan and con-
struct such a fusion gene is normally very time consuming and
leaves the experimenter with fusion genes and fusion proteins
of poorly predictable characteristics.
To overcome these technical limitations we have constructed

a vector system and tested the predictions about its properties.
We found it particularly desirable to have a versatile system where
singular restriction sites flank the relevant elements of the vec-
tor and make their separate exchange feasible (Figure 1). Thus,
any promoter can be inserted in the form of an SphI- KpnI frag-
ment. This can be easily obtained by excising it from pUC18
(Yanisch-Perron et al., 1985) after initially inserting it into the
SnaI site of this plasmid. An adjacent 73-bp segment contains
an ATG within a motif designed according to the translation in-
itiation motif of the SV40 T-antigen gene and a polylinker, which
was modified by insertion of one or two additional bases to give
all three translation fragments relative to the ATG. Nine singular
restriction cuts in this segment permit a new design of the transla-
tion initiation motif, modifications of the N-terminus of the ex-
pressed protein and the insertion of ATG-free or ATG-containing
genes and gene segments.
We approached this technical objective with an interest in the

functions of the proteins coded by the human papillomaviruses
(HPV) type 6, 11, 16 and 18, which are associated with benign
and malignant neoplastic lesions most often found in the genital
tract of man (for a review see Gissmann, 1984). In unpublished
experiments we found that after transfection of these viral DNAs
in various mouse or human cell lines no or only aberrant trans-

CASSETTE-VECTOR-SYSTEM FOR THE EXPRESSION OF
EUKARYOTIC OPEN READING FRAMES

Introduction
It has become a standard technique for genetic engineering to
fuse a well-defined promoter sequence with a DNA segment that
codes for a gene product of interest. After transient or stable
transfection of cell cultures the gene products, mRNA and pro-
tein, are expressed and can be analyzed or their function ex-
ploited. This approach permits the expression of bacterial genes
in eukaryotic cells (Mulligan and Berg, 1980), the separation of
genetic units of complex viral genomes (Nakabayashi et al.,
1983), the expression of genes whose own promoter is limited
to function in cells of a particular differentiation type (Hsiung
et al., 1984), or the expression of genes on cDNA clones
(Okayama and Berg, 1982). This technique finds its limits when
open translation reading frames (ORFs) on cDNA clones, or on
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Fig. 1. Conceptual design of a cassette-vector system.
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cripts can be obtained (H.U.Bernard, unpublished) and no pro-
teins are detectable with antibodies raised against HPV-fusion
proteins made in Escherichia coli (Seedorf et al., 1987). Our
vector system was designed to make each HPV-protein in-
dividually expressable. We show data of overexpression of E7,
one of - 10 ORFs of papillomaviruses, which opens an avenue
to study the function of the gene products of these complex
genomes (for a review see Pfister, 1984).

Results
Construction ofpORFEX]], 12 and 13
p297 (P.Gruss, unpublished) is a 4212-bp plasmid (Figure 2)
that consists of a 2295-bp segment derived from pBR322 coding
for replication and selection properties in E. coli. A 323-bp seg-
ment with the early promoter elements of SV40 is linked through
a BglII site to a 848-bp BglII- BamHI segment with the SV40
t-splice and a 746-bp BamHI-EcoRI segment with the late SV40
polyadenylation signal. These DNA elements are also present
in commonly used plasmids of the pSV2-type (Mulligan and Berg,
1980). We eliminated the BamHI site by fill-in with Klenow-
polymerase and blunt-end ligation, and replaced the Pvull -BglI
segment with the SV40 promoter by a synthetic 34-bp
oligonucleotide shown in Figure 2 to give a construct termed
pATG. The oligonucleotide contains a 10-bp motif designed ac-
cording to the SV40-T-antigen start. This is flanked 5' of the
ATG by a SphI and a KpnI and 3' by a BglII and HindIII site.
We isolated the immediate early promoter of the cytomegalovirus
(CMV) (Boshart et al., 1985) as a 656-bp HincIl -AvaIl frag-
ment (with 55 bp downstream of the cap site) from plasmid
pCM5028 (M.Boshart, unpublished) and the Drosophila heat-
shock protein 70 promoter (hsp) (Steller, 1985) as a 335-bp
EcoRI- HindIll fragment (encompassing 85 bp downstream of
the mRNA cap site) from plasmid pUC8-hsp70 (B.Hovemann,
unpublished). Both fragments were made blunt-ended with
Klenow polymerase, inserted into the SinaI site of pUC19, and
recloned from inserts with the appropriate promoter orientation
as SphI-KpnI fragments into pATG to give the vectors
pORFEX1O (CMV promoter) and pORFEX20 (hsp promoter).
The orientation of the promoters had been determined with the
help of three asymmetrically located Bgll sites on the CMV-
promoter fragment and an XhoI site on the hsp-promoter frag-
ment (data not shown). Transcripts that initiate from these pro-
moters do not contain an ATG translation initiation codon before
reaching the ATG on the synthetic insert, a prerequisite for effi-
cient use of this ATG in a eukaryotic translation system (Kozak,
1978). Any DNA segment that starts with an ORF can be in-
serted in the BglII and HindIII sites of pORFEX1O and 20 with
the prediction that in cells transcription would occur from the
vector promoter and translation from the vector ATG if the in-
serted gene comes in the appropriate translation frame.

Subsequently, we aimed to increase the versatility of these vec-
tors by making fusions in all three translation frames possible
and by increasing the numbers of useful restriction sites. To do
this, we eliminated the SphI-BamHI segment of pORFEX10
and its singular EcoRI site by restriction enzyme cleavage,
Klenow-polymerase fill-in and blunt-end ligation. Between the
BglII and the HindIH sites of the resultant plasmids we inserted
three alternative modified pUC18-polylinkers (W.Rowekamp, un-
published) whose sequences are given in Figures 2 and 6. Figure
6 depicts the possible use of translation frames and the conse-
quences for the N-terminus of expressed proteins in the resul-
tant vectors pORFEX 11, 12 and 13 as exemplified for EcoRI
or BamHI insertions.
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CGT A CGCCA T G$G3T T T CT A CCT A:T CT A GAT T CGA A CT A G

ICMV-Promoter Frame-shiftt-polylinker (57-59 bp)

670 bp EcoR Sma BamH Xba Sal SphI

Fig. 2. Construction of pORFEXIO (no frame-shift polylinkers) and
pORFEXi 1, 12 and 13. For a complete sequence of the frame-shift
polylinker see Figure 6 and Yanisch-Perron et al. (1985). All restriction
sites deleted in the final constructions are indicated by brackets.

Table I. CAT enzymatic activity in transiently transfected L cells

Plasmid CAT converted
(%)

_ 0
pSV2CAT 12.4
pORFEX1O-CAT 3.0
pORFEX1O-CAT-AATG 60.9

Table II. Hygromycin-resistant clones after stable transfection of 106 mouse
L cells with 1 Ag of frameshift-ATG-Hmr plasmids

Plasmid Number of
colonies

0
pHMR272 290
pORFEXIO 0
pORFEX1O-Hmr16 0
pORFEXIO-Hml9 11 (small)
pORFEX1O-Hm24 220
pORFEX10-antisense-Hm24 0

Chloramphenicol acetyltransferase (CAT) enzymatic activity is
strongly expressed by transcription from the CMV promoter
To obtain qualitative and quantitative information about the func-
tion of the CMV promoter on pORFEXIO and its derivatives,
we decided to insert the gene coding for the bacterial CAT into
this plasmid and to compare its expression with that from
pSV2CAT (Gorman et al., 1982) after transient transfection of
mouse L cells with either of the plasmids. A HindU -HpaI frag-
ment ofpSV2CAT contains the complete CAT coding sequence
plus 36 nucleotides upstream of its ATG and downstream of the
gene a segment with the SV40 splice signal corresponding to the
BglII- HpaI segment of p297. This segment was inserted into
pORFEX10, cut with HindIll and HpaI, to give pORFEX10-
CAT, a plasmid with an ATG on the vector in front of the CAT-
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Fig. 3. Fusion of the HPV18-E7-ORF 3' terminal to a sequence coding for the phage MS2-polymerase. This E. coli expression vector was used by Seedorf et

al. (1987). In comparison to Figures 2 and 6, the sequence illustrates the in frame insertion of E7 as a BamHI-HindIll fragment in pORFEX1O, and as an
EcoRI-HindIlI fragment in pORFEX12.

ATG, but in a different translation frame. The ATG of pORFEX-
10 was deleted from this construct by cutting pORFEX10-CAT
with KpnI and HindIll and by fusing the overhanging single
strands with the oligonucleotide 5'-AGCTTGTAC-3'. This
plasmid was termed pORFEX1O-CAT-AATG. Table I shows that
this plasmid stimulates about 5-fold higher CAT expression than
the comparable construct based on the SV40 early promoter on
pSV2CAT giving an estimate of the strength of the CMV pro-
moter. The expression from pORFEX10-CAT, the plasmid with
a second out-of-frame ATG in front of the CAT gene, is reduc-
ed by a factor of 20. The residual CAT activity most likely
represents the infrequent use of the second ATG for translation
initiation.
Gene expression from pORFEX1O is dependent on the transla-
tion frame
We have published the construction of BamHI-linker insertion
mutations in the region of the N-terminus of the bacterial gene
coding for resistance against hygromycin (Hm) (Bernard et al.,
1985), work that led to the expression of this gene in mammalian
cells under the influence of the Herpes simplex thymidine kinase
promoter from the plasmid pHMR272. Three of these mutants
contain the BamHI linker in either of the three translation frames.
We have inserted these three mutants as BamHI- HindIII
segments (Bernard et al., 1985) into pORFEX1O cleaved with
BglII and HindHI and transfected the resulting plasmids into L
cells. Table H shows the colony count after two weeks of selec-
tion for hygromycin resistance. Only pORFEX1O-Hm24 where
the vector ATG and the Hmr-gene are in the proper frame gives
a number of resistant clones comparable to pHMR272. No clones
were obtained with pORFEX10-Hml6, and only a few very small
ones with pORFEX1O-Hml9. The latter construct still contains
the genuine ATG of the prokaryotic gene, but in a different frame
from the ATG of the vector and the appearance of some small

1 2 3 4 5 6 7 8

-30 kDa

-21,5 kDa

- 12,5 kDa

Fig. 4. Western blot analysis of protein from L cells (slots 2-7) transfected
transiently with pORFEX-HPV18-E7 vectors, and of HeLa cell protein. The
blots were probed with a rabbit anti MS2-HPV18-E7-IgG described by Seedorf
et al. (1987). Autoradiography was done after reaction with 125I1-labeled
protein A. Slot 1: HeLa cell protein; slot 2: no DNA; slots 3-5: HPV18-E7
in pORFEX II, 12 and 13; slots 6 and 7: pORFEX20-HPV18-E7, slot 6
without, slot 7 with heat-shock; slot 8: size markers; slot 1 is exposed 10
times as long as slots 2-7. pORFEX1O-HPV18-E7 gave a protein of
identical position and intensity as in slot 3.

clones seems to reflect the occasional usage of a second ATG
on a eukaryotic message (Kozak, 1978). No clones were obtain-
ed with the expression vector alone or, with a construct, where
the CMV promoter points into the opposite direction from the
Hmr-gene.
Expression of the HPV 18 reading frame E7
Prokaryotic vectors that bear a strong and often regulated pro-
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BGLII EcoRl BAMHI H ,,I
PORFEX11 ATG GAT AGA TCT GIA ATT CGA GCT CGG TAC CCr GIG ATC CTT ........

MET-ASP-ARG-SER-GLY- LE-ARG-ALA-ARG-TYR-PRO-GLY- ILE-LEU-

BGLII EcoRI BAMHI HINDIII
V *V V I

PORFEX12 ATG GAT AGA TCT CGG AAI TCG AGC TCG GTA CCC GGG GAT CCT.

MET-ASP-ARG-SER-ARG-ASN-SER-SER-SER-VAL-PRO-GLY -ASP-PRO-

BGLII EcoRI BAmHI HINDIII

PORFEX13 ATG GAT AGA TCT CCG GM TTC GAG CTC GfT ACC CGG GGA TCC .......

MET-ASP-ARG-SER-PRO-GLU-PHE-GLU-LEU-GLY-THR-ARG-GLY-SER-

Fig. 6. N termini of fusion proteins expressed from pORFEXl1, 12 and 13
as determined by the restriction site and the frameshift linker.

C

Fig. 5. Immunocytochemical visualization of HPV18-E7 protein in L cells.
To contrast the cytoplasmically diffuse pattern obtained with HPV18-E7 (A),
L cells were independently transfected with a plasmid expressing SV40-TAg
and stained with an anti TAg-antibody (B). (C) cells stained with an anti
H2k monoclonal antibody to exemplify plasma-membrane staining.

moter (e.g. Bernard et al., 1979) and determine the N-terminal
part of a fusion protein (e.g. Remaut et al., 1981) have been
useful for the overexpression of proteins in E. coli. Vectors of
this type were used for the expression of numerous ORFs of the
HPV type 16 and 18 and rabbit antibodies against these fusion
proteins were raised (Seedorf et al., 1987). One of these an-

tibodies was directed against a fusion protein containing at its
N terminus 97 amino acids of the phage MS2 polymerase and
its C terminus 94 amino acids of the HPV18 reading frame E7
(full size of E7: 105 triplets). The gene fusion was made with
the help of an oligonucleotide linker with a BamHI and an EcoRI
site (Figure 3 and Seedorf et al., 1987). In the BamHI se-

quence, 5'-GGATCC-3', the TCC triplet is in frame with the
ORF of E7, a situation encountered at the BglII site of
pORFEX1O and 20. In the EcoRI sequence, 5'-GAATTC-3', the
AAT triplet is in frame just as it is in pORFEX12, but not in
pORFEX1 1 or 13. We inserted the E7-ORF as an 1 00-bp
BamHI- Hindu or EcoRI- HindTl segment into these five vec-

tors. L cells were transiently transfected, lysed and applied to
a Western blot analysis. In the case of the construct
pORFEX20-HPV18-E7, the cells were kept for 48 h at 37°C,
and for 5 h at 42°C before lysis. Figure 4 shows that a 14-kd
protein was detected by the rabbit anti MS2-HPV18-E7 antibody

with the pORFEX1O and pORFEX12 constructs, but not with
the 'frameshift-mutant-plasmids' pORFEXI1 and 13. Also, no

protein was detected in control cells and in cells transfected with
a construct with opposite orientation of the CMV promoter. In
the case of pORFEX20, the same band but with much weaker
intensity was seen, and this only after heat-shock, not in the con-

trol cells kept at 37°C.
In HeLa cells which contain 10-50 endogenous copies of

HPV18 (Schwarz et al., 1985), the same antibody detected a

smaller band of a mol. wt of 12.5 kd. This mol. wt is close to
the size expected from the sequence which predicts an E7-protein
with 105 amino acids in HeLa (Seedorf et al., 1987; Seedorf,
1986), while pORFEX10-HPV18-E7 codes for one with 99
amino acids. Quantitative analysis by scintillation counting of E7
bands from a Western blot revealed that 100 times more E7 pro-
tein was expressed from pORFEX1O-HPV18-E7 from the
average L cell of the transfected plate than from the endogenous
HPV18 copies of a HeLa cell (data not shown).

The HPV18-E8-protein is located in the cytoplasm oftransfected
L cells

To visualize the intracellular location of the E7 protein made from
pORFEX1O-HPV18-E7, immunocytochemistry of transiently
transfected L cells was done. While -50% of the cells were

unstained like untransfected control cells, the other cells revealed
a cytoplasmically diffuse staining pattern (Figure SA). To exclude
artefacts stemming from the transfection or immunocytochemical
procedures, we transfected control cells with a plasmid containing
the SV40 early region (pBSV3x; Banerji et al., 1981) followed
by reaction with the anti-SV40-LT monoclonal antibody PAbl619
(Ball et al., 1984). Figure SB shows the resulting nuclear stain-
ing pattern. Similarly, the monoclonal antibody H100-27.R55
(Lemke et al., 1979) against the mouse H-2k protein revealed
the location of this protein in this plasma membrane (Figure SC).
We conclude, that the majority, if not all, of the E7 protein ex-

pressed from pORFEXO0-HPV18-E7 is located in the cytoplasm.

Discussion
We have designed and tested a plasmid vector system for the
expression of genes and gene segments in transfected eukaryotic
cells. In this publication in particular, we have aimed to docu-
ment how a gene not containing its genuine promoter and
nucleotide triplets coding for the N terminus of its protein pro-

duct can be easily expressed from elements contributed by vec-
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tor sequences. Beyond this, it was a particular strategy of our
constructions to design this vector as a cassette-system where
individual elements of a functionally understood and tested con-
struct can be exchanged without disintegrating the whole genetic
unit. To exemplify this, we exchanged a strong constitutive pro-
moter against a regulatable heat shock promoter and compared
their gene expression potential. Numerous restriction sites per-
mit further modifications of this vector, e.g. to exchange the
translation initiation region, or to obtain different N-terminal
amino acids on fusion proteins such as peptides that would con-
tain export signals (von Heijne, 1983). Figure 6 lists the N-
terminal segments of proteins expressed after inserting genes into
the singular EcoRI or BamHI sites of the polylinker 3' of the
vector ATG. Further possible modifications include the elimina-
tion of the ATG for the expression of gene segments containing
their genuine ATG, and of the insertion of translation termina-
tion signals into the HindIll site of these vectors. At this time,
we do not present quantitative data on the expression of genes
from pORFEX plasmids in stably transfected cells. But we are
following a line of experiments where we maintain these plasmids
on an episomal vector derived from bovine papillomavirus,
pCGBPV9 (Matthias et al., 1986) or Epstein - Barr virus, p205
(Yates et al., 1985).
Our experiments are one approach within a project towards

the analysis of the gene products of HPV. Numerous of the more
than forty HPV types identified so far cause severe benign neo-
plastic lesions or are associated with malignant carcinomas (for
reviews see Pfister, 1984; Gissmann, 1984). Many of these HPV
types have very low levels of gene expression in natural biop-
sies and no cell culture systems for their amplification is broad-
ly available (for recent progress see La Porta and Taichman, 1982
and Kreider et al., 1985). These limitations reduce drastically
our technical abilities to understand the relationship between the
10 or so ORFs common to all sequenced papillomavirus genomes
(Chen et al., 1982; Danos et al., 1982; Schwarz et al., 1983;
Seedorf et al., 1985) and the biological properties of their pro-
tein products. To approach this aim we have expressed the ORF
E7 of HPV18 from our expression vectors. Western blot analysis
with a rabbit anti-HPV 1 8-E7 antibody of transiently transfected
L cells reveals an - 100-fold higher expression of E7 protein
from CMV promoter plasmids and 10-fold higher expression
from the hsp promoter than found in HeLa cells, which contain
- 10-50 endogenous HPV1 8 copies under the control of the
HPV promoter (Schwarz et al., 1985). Western blots with
MS2-E7 protein expressed in E. coli, whose concentration was
known, led to an estimate of the amount of E7 protein in HeLa
cells close to 0.01 % of total cell protein (Seedorf, 1985). Since
only 50% of all L cell transfectants showed immune staining with
anti-E7-antibody, and the total cell population had - 100-fold
more E7 protein than HeLa cells, the average E7 positive trans-
fectant should contain 2% of its total cell protein as E7 protein.
We do not know why this E7 protein shows a slightly higher

molecular weight in transfected L cells than in HeLa cells. To
exclude DNA cloning artefacts, we have sequenced by Maxam -
Gilbert techniques a DNA segment between a BstNI site within
the CMV promoter segment and a Hinfl site in the E7 ORF.
This experiment confirmed a continuous sequence spanning 20
3' terminal nucleotides of the CMV promoter, 18 nucleotides
from the pUC 18 linker and the synthetic oligonucleotide con-
taining the ATG and 36 nucleotides from the 5' terminal part
of E7 (data not shown) and proves the correct construction of
a fusion gene as predicted by the DNA-ligation protocol outlin-
ed in this paper. The observation of at least two E7 bands in

long exposures of Western blots of HeLa cell protein (not visi-
ble in Figure 4) suggests the possibility of modifications of the
primary gene product, which may be different in mouse
fibroblasts than in human epithelial cells. An unexpectedly low
electrophoretic mobility was also observed for the recently iden-
tified protein E7 of HPV16 (Smotkin and Wettstein, 1986).
The anti-E7-antibody was not sufficiently sensitive to detect

the E7 protein in HeLa cells fixed for immunostaining
(K.Seedorf, unpublished). After overexpression of E7 from
pORFEX vectors we found a diffuse immune staining in the cyto-
plasm of transfected L cells. It seems unlikely that this represents
an unnatural pile-up of E7 protein at the site of translation, since
cells with a low concentration of E7, e.g. after expression from
the hsp promoter, showed a similar pattern of intracellular
localization. We cannot exclude the possibility that the exchange
of 11 N-terminal amino acids of E7 on the HPV18 genome by
five amino acids coded by pORFEX vectors or the modifications
that lead to the changed mol. wt also changed the biological pro-
perties of this protein. We suggest that pORFEX vectors should
be a useful technique to approach the question for intracellular
localization and biological function of further products from HPV
ORFs and other genes of interest.
While research towards this publication was in progress a paper

described a plasmid with a potential for similar purposes (Shyam
et al., 1986) without presenting data about its experimental ap-
plication.

Materials and methods
DNA and DNA cloning procedures
All mentioned plasmids are either generally available or their source is mention-
ed in the text. All enzymes were from commercial suppliers and used according
to the supplier's specifications. Oligonucleotides were synthesized with an Ap-
plied Biosystems 380 A DNA synthesizer and purified by protocols described
in a manual from Applied Biosystems.
Culture, transfection and transfection analysis
Mouse LTk- fibroblasts were maintained in Dulbecco's modified Eagle medium
(DMEM) supplemented with 10% fetal calf serum, 10 mM Hepes (pH 7.4) and
100 ig/ml penicillin/streptomycin. For transient DNA transfections 3 x 106 cells
were plated out on a 10-cm dish, washed 24 h later twice with DMEM, then
10 jAg of plasmid DNA were added in 2 ml DMEM containing 200 ug/ml
DEAE-Dextran (0.5 Md, Sigma) and 0.1 mM Chloroquin. After 5 h at 37°C,
the cells were washed twice with DMEM and then kept for 48 h in DMEM with
the supplements given above. In case of the use of the hsp promoter, heat shock
was for 5 h at 42°C at the end of this period. Analysis of transfected cells by
CAT assay (Gorman et al., 1982; 5 yg protein were reacted with 62.5 juCi
[14C]chloramphenicol) and Western-blotting (Burnette, 1981) followed publish-
ed procedures. For immunocytochemistry cells were replated 24 h after DNA
application on autoclaved glass slides. Twenty-four hours later the slides were

washed in phosphate-buffered saline (PBS). The cells were fixed for 5 min in
ice-cold methanol and for 2 min in acetone. Immunocytochemistry was performed
using rabbit antisera against an MS2-HPV18-E7 fusion protein (Seedorf et al.,
1987; Seedorf, 1986) and a commercially available detection system (Amersham).
The slides were first incubated for 1 h with the above anti-E7 antibody diluted
1:50-1:200, washed three times in PBS, incubated for 1 h with a biotinylated
antirabbit antibody (diluted 1:50), washed again, incubated with Streptavidin-
biotinylated peroxidase complexes (diluted 1:100) for 1 h.
3-Amino-9-ethylcarbazole (0.02%) in 50 mM acetate buffer pH 5.2 containing
0.93% H202 was used as substrate for the color reaction. All incubations were

done at 37°C. Stable transfection and selection for resistance against hygromycin
has been described by Bernard et al. (1985).
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