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ABSTRACT 

In order to characterize the protein product of the major 

capsid protein gene of Bovine Papillomavirus Type 2, 93% of 

the Ll open reading frame was cloned into two different 

expression vectors. This coding sequence produced a hybrid 

product when cloned into the expression vector pKK233-2, 

which interacted weakly with anti-BPV antisera and proved 

unable to elicit neutralizing antibodies. When the 

sequence was qloned into the expression vector pRAlO, a more 

native form of the major capsid protein was produced, which 

intereacted well with anti-BPV sera. Antisera raised 

against this cloned product was able to neutralize BPV in a 

tissue culture transformation assay. The 3' end of the Ll 

open reading frame was cloned into pRAlO in order to 

characterize the immunogenic potential of the carboxy 

terminus of the major capsid gene. The carboxy terminus 

proved to have no greater ability to interact with anti-BPV 

antisera, showing that the immunogenic epitopes of the 

protein are probably evenly distributed along the linear 

sequence. 
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INTRODUCTION 

Significance 

Genus papilloma virus 

family, which also contains 

belongs 

the 

to the papovaviridae 

genus polyomavirus. All 

members of papovaviridae are non-enveloped, double-stranded, 

supercoiled DNA-containing viruses of icosahedral shape. The 

two genera differ by size, genome organization and 

biological activity. 

Polyomavirus and simian virus 40, the most thoroughly 

studied members of the genus polyomavirus, have a diameter 

of 45 nm and contain a genome of 3.3 x 106 d. The many virus 

types of the papillomavirus genus are generally 55 nm in 

diameter and contain a genome of 4.5 - 5.0 x 106 d. 

Genus polyomavirus genomes are divided into early and 

late regions, so named for the time they are transcribed 

post-infection. The polyomavirus late region has three open 

reading frames coding for three different capsid proteins, 

while the early region codes for enzymes involved in the 

replicating and transforming functions of the viruses. In 

polyomavirus, three so-called tumor antigens are ~~quired 

while SV40 function is facilitated by two. (Ito et al, 1977; 

Ito and Spurr, 1977). Papillomaviruses are organized quite 

differently, although they too contain so-called early and 

late regions. These designations originated by defining 

which portion of the genome was required for transformation. 
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The late region of all papillomaviruses contains two 

open reading frames that code for coat proteins. The early 

region contains seven to eight open reading frames of 

various sizes, many overlapping. This region codes for 

proteins required for viral replication and cellular 

transformation, although the precise function of the 

product of each reading frame has not yet been established. 

Sequencing of these open reading frames has shown that while 

polyomaviruses transcribe both DNA strands, the 

papillomaviruses use only one (Pfister, 1982). 

All viruses reproduce during a lytic infection cycle. 

The virus enters an appropriate host cell and, with varying 

degrees of help from cellular machinery, reproduces itself 

to generate more infectious particles. Lytic infection of 

natural hosts appears to produce no ill effect in the case 

of polyomavirus, which infects mice, or SV40, which infects 

monkeys. Papillomavirus lytic infection takes the form of 

benign epithelial or fibroepithelial lesions called warts. 

These occur in many warm blooded 

susceptible to infection by a 

virus. 

animals, and each host is 

species-specific type of 

Warts are the .only source of papilloma virus particles, 

as this genus cannot be made to reproduce in cell culture. 

Polyomavirus and SV40 are easily propagated in mouse and 

monkey cells respectively. Such complete viral reproduction 

in vitro takes place only in the type of host cell called 

2 



permissive. For the papillomaviruses, no such permissive 

tissue culture cell type has ever been found. In vivo, 

papillomaviruses reproduce only in the highly keratinized 

outer layers of skin, a state that investigators have never 

been able to duplicate under laboratory conditions and that 

is apparently essential for a productive infection (Taichman 

et al, 1983; La Porta and Taichman, 1982). 

The papovaviridae are also capable of cellular 

transformation. Oncogenic viruses infect non-permissive cell 

types, which results in transformation of the cell 

characterized by changes in growth control. When this 

phenomenon takes place in vitro, tissue culture cells become 

immortalized, change phenotypically to spindle shaped cells 

that pile up to form foci on plastic surfaces, require less 

serum growth factors and grow anchorage independently, with 

the ability to form colonies in soft agar. These cells may 

also cause tumors when injected into certain animals. 

The molecular characteristics of cellular transformation 

caused by members of papovaviridae again differ according to 

genus. Cellular transformation is accompanied by integration 

of the SV40 viral genome into the host cell DNA (Botchan et 

al, 1976), while bovine papillomavirus types 1 and 2 exist 

as independently replicating episomes (Moar et al, 1981). 

In polyoma transformed cells, both integrated and non

integrated viral DNA have been observed in the same cell 

line (Tooze, 1981). For both genera, it has been established 
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that only the early region genes are required for 

transformation (Lowy et al, 1980; Lancaster and Jensen, 

1987; Graessmann et al, 1980). 

All members of papovaviridae can induce tumors 

experimentally; however, only the papillomaviruses are 

onc:ogenic in their natural hosts. In an experimental 

context, SV40 and polyomavirus are only mildly oncogenic and 

must be injected in large amounts into susceptible animals 

in order to produce tumors that usually do not metastasize. 

Bovine papillomavirus can induce fibrosarcomas, chondromas, 

fibromas and meningiomas in a variety of animal species when 

injected into the appropriate site (Gordon and Olson, 1968; 

Morgan and Meinke, 1980). Unlike polyomavirus induced 

tumors, these often metastasize (Roble and Olson, 1968). 

Tumors that arise in the natural host due to 

papillomavirus infection have long been studied in rabbits 

(Shope and Hurst, 1933). More recently, occurrences of 

malignant conversion have been found in mice (Muller and 

Gissmann, 1978), cattle (Campo et al, 1980; Spradbrow and 

Hoffmann, 1980) and humans (zur Hausen, 1977; Mounts et al, 

1982; Jablonska and Orth, 1985). Bovine papillomavirus can 

also cross the species barrier to cause squamous cell 

carcinoma in sheep (Vanselow and Spradbrow, 1982) and 

fibroid sarcomas in horses (Lancaster et al, 1977). 

The papillomaviruses are differentiated according to 

host range. Humans, cattle, deer, elk, sheep, horses, 
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rabbits, dogs, pigs, several bird species, elephants and 

mice are all susceptible to infection by species-specific 

papillomaviruses (Olson, 1987). Within species, the best 

characterized viruses are those that infect cattle and 

humans. These are separated into types based on liquid phase 

DNA cross-hybridization experiments. All members of the 

genus cross-hybridize under low stringency (Law et al, 

1979). Criterion for separation into types has been 

established as less than 50% cross-hybridization under 

conditions of high stringency (Coggins and zur Hausen, 

1979). 

At this time over 50 human papillomavirus types have 

been classified. These can be separated into groups 

according to clinical manifestations of the lesions with 

which they are associated (Lancaster and Jensen, 1987). 

Types of lesions are often caused by viruses that are 

related at the molecular level. Human papillomaviruses 

associated with benign lesions, having little or no 

oncogenic potential, are HPV 1-4 and 29, found in plantar 

and common warts; HPV 7, which causes so-called butcher's 

warts, found in meat handlers; HPV 9, 10, 12, 14, 15, 17, 

19, 21-25, 36, 47 and 50, found in patients with the skin 

disease epidermodysplasia verruciformis; HPV 13, 26-28, 37 

and 49, found in focal epithelial hyperplasias, flat warts 

and keratoacanthomas. Types associated with mild dysplasias, 

which rarely become malignant, are HPV 6, 10, 11, 31, 34, 
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35, 39, 41-45 associated with condyloma acuminata and 

bowenoid papu1osis, dysplasias of the ano-genital region. 

Epidermodysplasia verruciformis lesions have long been known 

to have the potential to undergo malignant conversions, and 

HPV 5 and 8 are associated with this process. Recently, HPV 

16 and 18 have been implicated in cervical dysplasia, which 

evolves into cervical carcinoma. HPV 16 and 33 are found in 

Bowen's disease lesions, and HPV 30 has recently been 

associated with exophytic condyloma and laryngeal carcinoma. 

HPV 38 has been detected in a malignant melanoma lesion 

(Pilacinski et al, 1984). 

The six types of bovine papillomavirus thus far 

characterized fall into two distinct groups. BPV types 1, 2 

and 5 cause cutaneous fibropapillomas in vivo (Pfister, 

1982). Type 1 has been isolated from skin and the 

paragenital area; type 2 has been found in lesions of the 

skin and alimentary tract and has recently been associated 

with bladder cancer (Campo et al, 1987). Type 5 appears to 

cause ••rice-grain" papillomas of the teats. This group is 

also characterized by its genome size of 5.0 x 106 d. BPV 

types 3 and 4 have smaller genomes of 4.4 x 106 d, and type 

6 is placed in this group based on hybridization kinetics. 

This group is associated with purely epithelial lesions. 

Type 3 has been isolated from atypical epithelial 

proliferation of the skin (Pfister et al, 1979), while type 

4 has been isolated from the alimentary tract and may play a 
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role in the development of cancer at this site (Campo et al, 

1980). BPV 6 can be isolated from frond epithelial 

papillomas on the skin of the udder (Jarrett et al, 1984). 

The genomes of bovine papillomavirus types 1 and 2 show 

about 45% cross-hybridization and many restriction sites in 

common. BPV 5 is more distantly related, with only 5% DNA 

homology to BPV 2 DNA. 

Although serology plays no role in papillomavirus 

taxonomy, some antigenic relatedness has been demonstrated 

among the capsid proteins of various viruses. Immunization 

with whole virus elicits a type-specific response (Pfister 

et al, 1979). However, when virions are disrupted by 

detergent, antibodies raised against denatured molecules 

show wide ranging cross-reactivity to various members of the 

papillomavirus family (Jensen et al, 1980). 

A more recent method of classifying papillomaviruses has 

resulted from the molecular cloning of whole virus genomes, 

mapping of RNA transcripts, delineating of open reading 

frames (ORFs) and sequencing of putative genes. So far, nine 

papillomavirus genomes have been mapped and sequenced, 

revealing many common organizational features. The most 

thoroughly studied sequences are those of bovine 

papillomavirus type 1 and human papillomavirus type 1a, and 

these have become the standards for the entire genus. 

As mentioned previously, the papillomavirus genome is 

divided into early and late regions. There is also a 
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oncoding region that contains the promoters and some of 

the enhancing sequences necessary for regulation of viral 

replication and transcription. 

The late region of all papillomaviruses contains two 

open reading frames on one DNA strand. These L1 and L2 ORFs 

of BPV 1 have been cloned and proteins expressed in 

Escherichia coli (Pilacinski et al, 1984). Two results of 

this experiment give evidence that these proteins are 

components of the virus coat: antibody raised against native 

BPV proteins reacts with the cloned product of the L1 ORF 

and antisera to both L1 and L2 products inhibit the ability 

of BPV to transform cells in culture. Most recently, the L1 

gene product has been used as a vaccine in vivo (De Lorbe et 

al, 1987). The ORF E4, (located in the early region), is 

transcribed and translated, like L1 and L2, only in 

differentiated keratinocytes and may actually be a .. late .. 

gene. E4 function is unknown, and inactivation by mutation 

appears to have no effect on the viral ability to replicate 

in transformed cells (Neary et al, 1987). 

The organization of the early region is more complex. 

Mutants created in vitro, which inhibit one or more ORFs, 

have helped clarify some functions. Computer analyses of 

gene sequences have shown homology between BPV ORFs and the 

genes for other viral proteins and some enzymes. 

The sequence of E1 is highly conserved within the genus, 

and its carboxy terminus shows some homology with the large 
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T antigens of polyoma, SV40 and BK virus (Seif, 1984). The 

two factors (separable by mutant studies) encoded by E1 

have been designated R (for replication) at the 3' end, 

which positively influences viral genome replication, and M 

(for modulation) at the 5' end extending into the non-coding 

region, which modulates viral replication (Lancaster and 

Jensen, 1987). The protein or proteins encoded by Rand M 

have not been identified (Lusky and Botchan, 1986). 

The E2 ORF appears to contain more than one function as 

mutations internally and 

different results. E2 codes 

act in trans with an 

transcription, 

transcription 

competitively 

while the 

(Spahlholz 

inhibiting 

at either end produce strikingly 

for a product that appears to 

enhancer element required for 

may inhibit 

possibly by 

3' 

et 

the 

portion 

al, 

binding 

alone 

1985), 

of the transacting 

molecule. Neither activator nor inhibitor has been isolated. 

E2, though having no intrinsic transforming abilities, can 

induce several host cell proteins and may be a determining 

factor in transformation or tumorigenesis by altering 

cellular gene expression and influencing the expression of 

viral replication genes. 

Cellular transformation is the direct result of E5 and 

E6 activity. E5 produces a small hydrophobic trans-membrane 

protein and seems to be important in the induction of the 

dermal aspects of fibropapilloma. E6 produces a protein of 

molecular weight 15.5 kilodaltons (Kd), which can be 
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isolated from the nuclear and non-nuclear membrane fractions 

of the transformed cells. 

All the aforementioned genes are important in human 

papillomaviruse induced , with the exception of E5. The HPV 

E5 gene is not homologous to the BPV ORF and does not appear 

to have transforming ability. 

All papillomaviruses sequenced and studied so far seem 

to follow this general pattern of organization. It may be 

that slight differences at the genetic level cause 

variations in the type of lesion produced by a particular 

type of virus. 

The complex functions of the many open reading frames of 

papillomaviruses are controlled in the non-coding region, a 

sequence of about 1000 base pairs that separates the early 

and late regions. Three TATA boxes (TATAAA sequences 

associated with promoters and the 5' end of transcripts) 

have been found in the region. Two enhancers, sequences 

associated with promoters, appear to be active in viruses 

associated with transfo~.Jed, as opposed to productively 

infected, cells (Pettersson et al, 1987; Stenlund et al, 

1985). The two enhancers have both been characterized by 

mutant studies to be critical for BPV 1 gene expression 

(Lusky et al, 1983), and one appears to act in trans with 

the E2 product, as previously mentioned. 

Several cisacting elements are required for normal 

replication. Two independent origins of replication have 
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been located, as well as two 

characterized "negative control 

(Lancaster and Jensen, 1987). 

putative, still poorly 

of replication" elements 

To study the products of papillomavirus gene expression, 

investigators turned to cells transformed by the virus in 

culture. Although BPV was shown to transform cells as early 

as 1963 by Black et al, the genes and gene products 

controlling this process, as well as the in vivo production 

of papillomas, fibropapillomas and carcinomas, w~re poorly 

characterized until the advent of recombinant DNA, DNA 

sequencing and in 

Nevertheless, much 

vitro gene expression techniques. 

was learned just by studying the process 

of transformation in tissue culture. An effort has been made 

to apply the events in tissue culture to the understanding 

of the mechanisms of papillomavirus-induced carcinogenic 

progression. Although this may be a somewhat tenuous 

analogy, tissue culture transformation has become a standard 

assay system for the study of papillomaviruses and their 

transforming abilities. 

Tissue culture studies of the papovaviridae began with 

polyomavirus, SV40 and the cotton-tail rabbit 

papillomavirus. Bovine papillomavirus was shown to have the 

ability to transform fetal bovine conjunctival cells as 

well as mouse and hamster embryo cells. A truly successful 

system, in which transformed cells met all requirements of 

foci formation, anchorage independent growth and 

11 



tumorigenicity, was developed when Dvoretsky et al (1980) 

transformed the mouse fibroblast line NIH3T3 and the mouse 

epithelial line C127. Unlike primary cell cultures, which 

appear to respond slowly and erratically to BPV 

transformation, these established cell lines can be 

transformed quickly and repeatably. The efficiency of 

transformation appears to depend on some still undefined 

host cell factors, which may enhance transformation, and 

which are certainly required for immortalization (Levenson 

et al, 1987; Smith et al, 1987). 

Transformation of cultured cells by human papillomavirus 

has recently been achieved by the method of DNA 

transfection, as infection with viral particles is 

impractical due to limited supply. True transformation of 

mouse and rat cells has been achieved. Human cell lines 

containing HPV DNA have been established from tissues 

transformed in vivo. ---
Although nothing is known at the current time about the 

cell receptor for papillomaviruses, the intracellular 

mechanisms of transformation are beginning to be understood. 

Once the virus enters the cell, the steps toward 

transformation appear to follow a somewhat different path 

from that of polyoma and SV40. Early attempts to find a 

tumor antigen like large T of polyomavirus failed (Breitburd 

et al, 1981). Only the cloning for expression of the early 

region open reading frames has allowed the elucidation of 
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the viral proteins involved in cellular transformation. 

For BPV, this technique was first employed by Androphy 

et al (1985) to investigate the product of the E5 ORF. The 

product of E6 has also been characterized (Schlegel et al, 

1986), and these two genes are now considered to be 

independent oncogenes, capable of transforming C127 and 

NIH3T3 cells. Their protein products are quite different 

structurally from a T-like antigen, and they will probably 

be found to differ functionally as well. 

HPV transformed cells show a slightly different 

arrangement of proteins involved in transformation and 

perhaps oncogenesis (Howley, 1987). Especially notable is a 

truncated E6 protein called E6*, produced by a unique splice 

in the E6 transcript found in cervical carcinoma cells. 

The in vitro expression of these proteins has been 

helpful in understanding their function. Application of this 

knowledge in the area of development of probes for the 

detection of HPV antigens and DNA sequences in pre-cancerous 

and cancerous tissue has an ultimately commercial purpose, 

but there has been a side benefit. Antibodies to HPV 

antigens, as well as specific DNA probes, have detected an 

interesting sequence of gene expression in carcinogenic 

progression, as well as established those types of HPV most 

highly associated with cancer (Chow et al, 1987; Pater and 

Pater, 1985). Although interest lies mainly in the 

expression of early genes, some investigators have applied 
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the same techniques to late genes. These studies have 

confirmed that late gene expression is unnecessary for the 

development of the transformed phenotype. However, late gene 

transcripts and protein products may be useful as markers. A 

group-specific antigen, probably representing a portion of 

the L1 ORF, has been detected in condyloma tissue (Nakai et 

al, 1986). The disappearance of late gene expression, as 

occurs in HeLa cells transformed by HPV 18, could 

theoretically be used as a marker for genome integration, 

which occurs in the later stages of carcinogenesis and takes 

place within the L1 ORF. 

A tissue culture system designed to study late gene 

expression has recently been developed by Jensen et al 

(1987). Using a murine leukemia virus promoter in place of 

the non-functional BPV late region promoter in NIH 3T3 

cells, these investigators are beginning to elucidate the 

mechanisms for late gene transcriptional regulation. 

Understanding the complicated switching between early and 

late gene expression as well as the role of host cell 

factors will be key to understanding papillomavirus 

replication and oncogenesis. 

The practical application of inducing 

expression is the development of a vaccine 

late gene 

to protect 

against viral infection. As the connection between human 

papillomavirus and cervical intraepithelial neoplasia (CIN) 

and invasive carcinoma becomes clear, the development of a 
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human vaccine is not out of the realm of possibility. 

However, the long latent period between papillomavirus 

infection and the development of CIN, as well as the 

connection between invasive carcinoma and only a few 

distinct HPV types, makes early detection, characterization 

of infecting virus type, and surgical removal of 

papillomatous tissue a more viable clinical response. 

Development of a vaccine for BPV is of interest to the 

cattle industry and perhaps more beneficially to those who 

raise expensive horses, to prevent the development of 

debilitating equine sarcoids. 

A first attempt at synthetic vaccine development has 

been made by Pilacinski et al (1984) and De Lorbe et al 

(1987). Late region genes of BPV type 1 were cloned into 

E.coli to produce -galactosidase fusion proteins. The L1 

hybrid was immunoprecipitated by antiserum to BPV 1. 

Antiserum to the synthetic protein reacted with whole 

virions in an Enzyme Linked-Immunosorbent Assay (ELISA) and 

was also able to neutralize BPV tissue culture 

transformation to a limited extent. Clinical trials using 

heat inactivated E.coli containing milligram quantities of 

the L1- gal fusion protein as inoculum were 20-60% effective 

in protecting cattle from a later BPV type 1 challenge. 

Synthetically produced L1 protein, which was not fused to 

-galactosidase, was a much more successful vaccine, 

protecting 70-90% inoculated. Along with other recently 
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reported evidence, this tends to confirm the theory that 

some fusion proteins make very poor immunogens, perhaps due 

to changes in native protein folding which mask those 

epitopes required to induce neutralizing antibodies (Nayak 

et al, 1988; Hilleman, 1985; Coleman et al, 1984). 

To date, no product for the Ll gene of BPV 2 has been 

produced in vitro, and Pilacinski has reported less cross

reactivity than expected between BPV 1 induced protection 

and BPV 2 challenge during clinical testing. Although 

disrupted viral capsids of BPV 1 have revealed a so-called 

by several virus types, this 

little to do with virus 

group specific antigen shared 

epitope may of course have 

neutralization, and a specific 

developed for each type of virus. 

vaccine may have to be 

Specific Aims 

To widen the scope of a potential vaccine for BPV, the 

Ll gene, which codes for the major coat protein of the 

virus, must be cloned and studied. The Ll gene of BPV 2, 

which had not been characterized, was in this study. An 

attempt was made to define the possible immunogenic sites of 

the protein product. The project outlined in this 

dissertation had the following objectives: 

1. The Ll ORF of BPV 2 was subcloned into the expression 

vectors pKK233-2 and pRAlO. 
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2. The protein products of these clones expressed in 

E.coli were tested for reactivity to antisera raised against 

whole BPV virions and reduced and alkylated viral proteins. 

3. The recombinant proteins were used to immunize 

rabbits. 

4. Antisera raised against synthetic proteins were tested 

for ability to interact with the whole virus in an ELISA 

assay and with viral proteins in a Western blot assay. It 

was tested for the ability to neutralize BPV in a tissue 

culture transformation assay. 

5. A subclone containing only the 3' end of the Ll gene 

was used to produce a synthetic protein encompassing the 

carboxy terminus of the protein. This protein was tested for 

reactivity to antisera to BPV. 
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METHODS 

Cloning of L1 Open Reading Frame into pKK233-2 

Isolation of L1 ORF 

The L1 ORF of BPV 2 was isolated by restriction 

endonuclease digestion from the plasmid pHP85 (Potter and 

Meinke 1985), which contains the entire BPV 2 genome cloned 

into pBR322 at the Hind III site. When pHP85 was cut with 

the restriction 

DNA fragment 

Comprising 93% 

enzymes Hinc II and Hind III, a blunt-ended 

of 1361 base pairs (bp) was generated. 

of the L1 ORF, this fragment had a 5' blunt 

end and a 3' end with the 5' tetranucleotide extension of 

the Hind III cut. Enzymatic reactions were carried out using 

standard techniques (Maniatis et al, 1982). Enzyme digestion 

was halted by the addition of a stop solution (10mM disodium 

ethylene diamine tetraacetate [EDTA], 1% sodium dodecyl 

sulfate [SDS], 20% glycerol and 0.02% bromphenol blue). 

Purification of the L1 Fragment 

Following restriction digestion, DNA fragments of pHP85 

were separated on a 5% polyacrylamide gel using TBE 

electrophoresis buffer (89rnM Tris-borate and 89rnM boric acid 

pH 8) according to the method of Maniatis et al, (1982). The 

gels were stained with ethidium bromide (0.5 microgram [ug)/ 

ml) for viewing under ultraviolet illumination. The 1361 bp 
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band was excised following identification by comparison with 

a molecular weight marker consisting of the plasmid pBR322 

cut by Rsa I which yields fragments of 2117, 1565 and 680 

bp. The gel slices containing the DNA fragment of interest 

were placed in a dialysis bag in TBE and the dialysis bag 

itself was overlaid with running buffer in a Hoeffer minigel 

apparatus. DNA was eluted from gel slices by passage of a 

current of 50 rnA through the dialysis bag for three hours at 

4°C. DNA was purified on a NACS column (Bethesda Research 

Laboratories). DNA was precipitated from TBE by addition of 

0.1 volume 3M sodium acetate (NaAc) and two volumes cold 

ethanol. The mixture was incubated a -70°C for 30 min, then 

centrifuged in a Beckman microfuge for 30 minutes. Pelleted 

DNA was suspended in a minimal volume of TE buffer (10rnM 

Tris base pH 8, 1rnM EDTA pH 8), which had been made SOOrnM in 

sodium chloride (NaCl) for the purpose of loading onto the 

column (binding buffer). The column was washed several 

times with binding buffer and the DNA was eluted in a 

minimal volume of elution buffer (TE pH 8, 2M NaCl). DNA was 

precipitated by addition of 2.5 volumes cold ethanol and 

pelleted as above. For storage, DNA was suspended in a small 

volume of TE buffer. 

Preparation of pKK233-2 

The expression vector pKK233-2 (Brosius et al, 1985) was 

obtained from Pharmacia. This plasmid was designed with a 
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trc promoter (a combination trp-lac promoter) and the lacZ 

ribosome binding site followed by an ATG initiation codon 

contained within a unique Nco I restriction site. Digestion 

with Nco I allows for ligation and expression of insert 

without fusion to another protein sequence at the 5' end. 

The 3' end of the insert is ligated to a portion of the 

ribosomal protein 5S gene, which is preceded by 

transcription termination signals. The plasmid was double 

digested with Nco I and Hind III, and its ends were 

dephosphorylated to prevent re-circularization and 

facilitate insertion of the Ll ORF, which remains 

phosphorylated. Since linear DNA molecules are rapidly 

degraded upon entering host cells, this treatment was used 

to optimize the uptake of circular recombinant molecules. 

Plasmid ends were modified with calf intestinal phosphatase 

(CIP, Boerhinger Mannheim). The precipitated enzyme was spun 

down in the microfuge and the pellet was dissolved in 1M TE 

pH 8. One tenth of a volume of CIP was added to the Nco 

I/Hind III digestion vial following restriction. The 

mixture was incubated for 30 min at 37°C. De-phosphorylated 

plasmid DNA was purified by phenol/ether extraction. One 

volume of phenol was equilibrated by vigorous mixing with 

25X NTE (250mM Tris HCl pH 8, 2.5M NaCl and 25mM EDTA) 

followed by centrifugation at 2000 x g in a Sorvall 

superspeed centrifuge using an SS-34 type rotor to separate 

the phases. The aqueous phase was discarded, and the phenol 
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was re-extracted with lX NTE. One volume of equilibrated 

phenol was added to the DNA/enzyme vial. Following vigorous 

vortexing, the aqueous and organic layers were separated by 

centrifugation in the microfuge. The aqueous layer was 

removed to a fresh vial and re-extracted with a volume of 

phenol, then twice by a double volume of ether. All organic 

phases were back-extracted with TE buffer. Aqueous phases 

were pooled and NaAc/ethanol precipitated. Pelleted DNA was 

suspended in TE. 

Preparation of Linkers 

Linkers containing the Nco I restriction site 

(Pharmacia) were phosphorylated according to the method 

provided by International Biotechnologies, Inc. (IBI). Sixty 

picomoles (pmoles) DNA were incubated with 100 u of T4 DNA 

kinase in kinase forward reaction buffer (250mM Tris HCl pH 

8, SOmM MgCl2, 75mM dithiothreitol (DTT], 50 uM 

deoxyadenosine tri-phosphate [dATP]) at 37°C for 30 minutes. 

Phosphorylated linkers were frozen at -20°C until required 

for ligation. It was determined that a linker 12 bp in 

length would, when ligated to the 5' end of the Ll fragment, 

place the L1 ORF in the correct reading frame with the 

pKK233-2 promoter and provide an ATG start codon 4 amino 

acids 5' to the beginning of L1. 

Ligations 

21 



Linkers were blunt-end ligated to the Hinc II cut blunt 

end of the L1 fragment by the method described by IBI and 

New England Bio-Labs (NEBL). Picomoles of ends of linker and 

insert DNA were determined by the formula: 

2(N + 1) x 106 1 MW d = pmole ends I ug DNA 

where N=nurnber of restriction sites 

and MW d=molecular weight of the DNA 

Fifty pmoles of linker ends were incubated with one pmole of 

insert (Ll ORF) ends in 5X ligation buffer (250mM Tris base 

pH 7.6, 50rnM Mgcl2, 25% polyethylene glycol (PEG] 8000, 5rnM 

ATP, 5rnM OTT) with concentrated ligase (1000 u, NEBL), in a 

beaker of slushy ice, which was allowed to slowly come up to 

room temperature overnight. Following ligation, DNA was 

digested with Nco I and excess linker DNA was removed by 

NACS column purification. 

Insert was directionally cloned into the plasmid by 

ligation under the conditions described above with the 

exception of DNA concentrations: insert and plasmid DNA were 

present in a ratio of 3:1, with the total amount of plasmid 

DNA being 0.2 ug. 

Calcium Dependent Transformation of E.coli 

By the method of Kushner (1978), bacteria from an 

overnight Luria broth (LB), 1% Bacto-tryptone, 0.5% yeast 
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extract and 1% NaCl, pH 7.3) plate of E.coli. strain JM105 

was inoculated into L-broth and grown with shaking at 37°C 

to Klett 70 (signifying a cell density of around 5 x 107 

cells/ml). This strain, known as a lacrO host, is essential 

for proper expression of any gene cloned behind a trc 

promoter (Amann et al, 1983). It contains a repressor for 

the promoter, which is active until the vector is induced by 

addition of isopropylthio-B-D-galactoside (IPTG). Two ml of 

cell suspension, which contained about 1 x 108 bacteria were 

centrifuged at 5000 x g for 5 min. The supernatant was 

discarded and pelleted cells were suspended in one ml Buffer 

A (10mM morpholinopropane sulfonic acid [MOPS] pH 7 and 10mM 

RbCl) and centrifuged as above. Pelleted cells were 

suspended in one ml Buffer B (100mM MOPS pH 6.5, 50mM CaC12, 

10mM RbCl) and chilled on ice for 30 min. Cells were 

centrifuged, and tubes of pelleted cells were drained 

thoroughly. JM105 was suspended in 200 ul Buffer B and DNA 

from ligation mixture was added along with 3 ul dimethyl 

sulfoxide (DMSO). Cells were again incubated on ice for 30 

min, then heat shocked for 45 sec at 43oc. Five ml warm Z

broth (0.16% nutrient broth, 0.1% peptone and 0.02% glucose 

pH 7.5) were added and cells were incubated at 37°C for one 

hour. Small aliquots (25-250 ul) of cell suspension were 

spread on L plates made 50 ug/ml in ampicillin (amp) and 

plates were incubated overnight. The plasmid pKK233-2 

contains an intact ampicillin resistance S-lactamase gene, 

23 



while the host bacteria is ampicillin sensitive. Only those 

bacteria containing the plasmid should grow on L-amp plates. 

Miniscreens 

To identify those bacteria containing the plasmid with 

insert, a rapid screening method was required. An adaptation 

of the protocol described in Practical Methods in Molecular 

Biology, (1981) was used. Colonies of ampicillin resistant 

bacteria picked from transformation plates were replated on 

L-amp and numbered. Clones were grown overnight in 2 ml L-

amp broth in sterile serum tubes then transferred to 

microfuge tubes. Cells were pelleted by centrifugation and 

suspended in miniscreen buffer (8% sucrose, 0.5% Triton X-

100, 50mM EDTA, 10mM Tris pH 8). Lysozyme was added to a 

final concentration of 1 mg/ml, and tubes were boiled 40 

sec. Insoluble bacterial proteins and chromosomal DNA were 

pelleted in the microfuge and discarded. Supernatant, 

containing soluble nucleic acids including plasmids, was 

precipitated by addition of NaAc/ethanoi. The mixture was 

incubated 5 min at -20°C, and plasmid DNA was pelleted by a 

5 min microfuge spin. DNA was suspended in TE and samples 

were electrophoresed on a 0.8% agarose gel (Maniatis et al 

1982) with appropriate molecular weight standards. Clones 

were picked that migrated between pKK233-2 (4602 bp) and 

the plasmid pRR2-12 (6000 bp), as pKK233-2 plus the 1361 bp 

L1 insert would have a length of 5963 bp. These plasmids 
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were selected for further study. 

Orientation 

Possible recombinant plasmids were propagated in a 

modification of the large scale method outlined by Maniatis 

et al (1982). Cells were inoculated from an overnight plate 

into 100 ml L-amp broth and grown overnight at 37°C with 

shaking. Bacteria were pelleted by centrifugation at 5000 

rpm in the Sorvall Superspeed centrifuge for 5 min, then 

suspended in one ml solution I (50rnM glucose, 25rnM Tris pH 

8 and 10rnM EDTA). All subsequent incubations were carried 

out on ice. Lysis was achieved by addition of lysozyme to a 

final concentration of 5 mg/ml followed by alkaline 

treatment in solution II (0.2N sodium hydroxide and 1% SDS). 

Proteins were further denatured and the solution was 

neutralized in solution III (2.5M potassium acetate pH 4.8). 

Denatured bacterial protein and the majority of chromosomal 

DNA were pelleted by centrifugation at 15K rpm for 30 min at 

4°C. Plasmid DNA and RNA were 

by addition of 0.6 volume 

nucleic acid pellets were 

precipitated from supernatant 

of isopropanol. Precipitated 

drained thoroughly and dried 

briefly under vacuum. DNA was suspended in TE buffer for 

removal of RNA. RNA was digested by addition of DNase-free 

RNase to a final concentration of 50 ug/ml and incubation at 

37°C for 30 min. Following phenol/ether extraction and 

NaAc/ethanol precipitation, pelleted plasmids were suspended 
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in TE and electrophoresed with concentration standards on a 

0.8% agarose gel to determine approximate DNA concentration. 

Recombinant DNA prepared as above was double-digested 

by Nco I and Hind III in an attempt to isolate the Ll 

insert. This process required a sequential digestion, as 

simultaneous digestion was inefficient. DNA was digested 

first by Nco I, then precipitated by addition of 

NaAc/ethanol. A phenol/ether extraction was not found to be 

necessary for this particular double digest. Following 

cutting by Hind III (or Rsa I, another enzyme with a 

digestion pattern that identifies the presence of insert), 

the restricted DNA was electrophoresed on a 5% 

polyacrylamide gel with the appropriate molecular weight 

marker (pBR322/Rsa I) and those clones exhibiting the 

presence of the insert were named with the prefix pLlJ. 

Propagation of Clones 

In order to obtain clones in large quantities 

uncontaminated by chromosomal DNA and RNA, a large scale 

plasmid preparation was performed. Using this method 1-5 mg 

plasmid DNA can be isolated from a liter (l) of culture. Ten 

ml L-amp broth was inoculated with a single clone colony and 

incubated with shaking at 37°C overnight. The overnight 

culture was added to 500 ml L-amp in a Klett flask and grown 

to a Klett value of 120-140. Since pKK233-2 is a derivative 

of the plasmid pBR322 and carries the ColE1 replicon, it can 
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be amplified in the presence of chloramphenicol. Addition 

of this antibiotic retards the host cell growth while 

allowing the plasmid to multiply. Chloramphenicol (34 mg/ml 

in ethanol) was added to cultures to a final concentration 

of 170 mg/1 and amplification was allowed to proceed 

overnight during incubation with shaking at 37°C. Bacterial 

cells were harvested and lysed by the same procedure 

outlined in the mini-plasmid prep protocol with the 

exception of RNase digestion. Precipitated nucleic acid was 

suspended in TE buffer and 1.1 g of solid cesium chloride 

(CsCl) was added for every ml of DNA solution. Final density 

was adjusted to 1.55 g/ml using a refractometer. Ethidium 

bromide (EtBr) was used for future visualization of banded 

nucleic acid. A 10 mg/ml solution of EtBr (in water) was 

added in the proportion 0.8 ml for every ml of DNA solution. 

The gradient was set up and DNA was banded during a 36 hour 

centrifugation at 35K rpm in a Beckman L5-65B 

ultracentrifuge using an SW50.1 rotor at 20°C. Under uv 

illumination, plasmid DNA can be seen to band at the middle 

of the gradient, while chromosomal DNA bands above it and 

RNA pellets at the bottom of the tube. Plasmid DNA was 

collected in a syringe attached to a 19 gauge needle 

inserted through the side of the tube. EtBr was removed by 

severa~ extractions with isoamyl alcohol. The aqueous phase 

was dialyzed against TE buffer with several changes over two 

days. DNA was NaAc/ethanol precipitated and suspended in TE 
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for determination of concentration. This was measured in a 

Farrand System A4 fluorometer against a standard curve of 

salmon sperm DNA. Plasmid DNA concentration was adjusted to 

1 ug/ul in TE. 

Storage of Clones 

To store bacteria containing recombinant clones, all 

strains were inoculated on L-amp plates and grown up 

overnight at 37°C. A sterile loop was used to transfer 

colonies into 1 ml freezing solution (30rnM CaCl2 and 10% 

DMSO; V. Gage, personal communication) in a Nunc Cryo-vial. 

Tubes were stored at -7ooc. 

Induction of pL1J Clones 

Induction 

Plasmids were induced by the method outlined by Amann 

and Brosius (1985). JM105, transformed by either pKK233-2 or 

the recombinant plasmid pL1J105 was inoculated from an 

overnight plate into L-amp broth and grown with shaking at 

37°C to Klett 70. At that point, IPTG was added to a final 

concentration of 1rnM. One ml aliquots of each clone were 

removed at 2, 4 and 6 hrs post induction. Cells were 

pelleted in the microfuge and stored at -20°C for future 

SDS-PAGE analysis to determine optimum induction time. 
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SDS-Polyacrylarnide Gel Electrophoresis (SDS-PAGE) 

Frozen pellets from one ml aliquots of cells containing 

either pKK233-2 or recombinant plasmid were suspended in 50 

ul of lysing solution (1% SDS and 1rnM EDTA) then boiled for 

two min. An equal volume of SDS-PAGE sample buffer (625rnM 

Tris base pH 6.8, 10% glycerol, 5% 2-mercaptoethanol [2-ME] 

and 2.3% SDS) was added and samples were boiled for 5 min. 

Twenty ul samples were loaded onto a 10% SDS-polyacrylarnide 

gel constructed according to Mishell and Shiigi (1980). 

Vertical gels were poured between two glass plates and 

consisted of a 10 x 15 x 0.075 ern resolving gel (10% 

acrylarnide, 0.1% SDS and 375rnM Tris base pH 8.8) overlaid 

with a 4 x 15 x 0.075 ern stacking gel (3% acrylarnide, 0.1% 

SDS and 125rnM Tris base pH 6.8). Samples were loaded into 1 

ern wide wells created by insertion of a ten-well comb into 

the stacking gel just as it was poured. Separation of 

proteins according to molecular weight is achieved by 

addition of SDS to all gel solutions, which modifies protein 

charges such that, at these pHs, all proteins carry a 

negative charge. Samples were electrophoresed about 3 hours 

using SDS-PAGE running buffer (25rnM Tris base, 192rnM glycine 

and 0.1% SDS pH 8.15). Following electrophoresis, gels were 

stained in Coornassie Blue R-250 (50% methanol, 10% acetic 

acid and 0.2% Coornassie Blue) for 15 min with shaking at 

room temperature, then destained in a several changes of a 

5% methanol and 10% acetic acid solution. 
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Gel Storage 

Destained gels were incubated in a 10% glycerol solution 

overnight with shaking. Gels were placed between two sheets 

of porous cellophane membrane (Hoeffer) that had been 

thoroughly soaked in 10% glycerol. Air bubbles were 

extruded, and enveloped gel was clamped onto a glass plate 

and placed in a fume hood with the exhaust fan on overnight. 

Gels dried between cellophane could be stored indefinitely 

without cracking and were convenient for autoradiography. 

Immunoprecipitation 

35s-Methionine Labeling 

Following induction as described above for 2.5 hrs, 10 

uCi 35s-methionine (New England Nuclear) was added to one 

ml aliquots of clones and controls in an eppendorf tube, and 

cells were incubated at 37°C with shaking for 10 min. During 

this time, bacteria actively metabolize the methionine and 

incorporate the label 

Since the cloned product 

induction, much of the 

into their constitutive proteins. 

is being overexpressed under IPTG 

bacterial cellular machinery is 

geared towards its production, and it will incorporate most 

of the label during the short labeling time. An added 

advantage for this project is that the Ll ORF contains ATG 

codons for six internal methionines, and should be heavily 

labeled. For these reasons, it was not considered necessary 
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to starve the bacteria in methionine-free medium before 

addition of label. After labeled samples were analyzed by 

SDS-PAGE, gels were dried between sheets of cellophane, as 

described, and then placed in a DuPont X-ray cassette with 

intensifying screen under Kodak X-ray film which, was 

exposed one to three days at -70°C. X-ray film was developed 

in Kodak solutions according to manufacturer's instructions. 

Immunoprecipitation 

Labeled cells were pelleted and washed 3 times in 1 ml 

10mM Tris pH 8. Cells were lysed by boiling 2 min in lysing 

solution. Solubilized bacteria was added to 650 ul TSET 

buffer (SOmM Tris HCL pH 8, 150mM NaCl, 0.1mM EDTA, 2% 

Triton X-100, 1nu~ phenylmethyl-sulfonyl fluoride [PMSF] as a 

proteinase inhibitor), vortexed, and clarified by a one min 

centrifugation in the microfuge. Half of the solubilized 

bacterial proteins were immunoprecipitated by antiserum 

raised in rabbits to whole BPV (anti-BPV wv), the other half 

by antiserum raised against reduced and alkylated viral 

proteins (anti-BPV r&a). Portions were treated similarly. 

Antisera (25 ul) and support protein (human serum albumin) 

were added to clarified bacterial protein, and mixture was 

agitated at 0°C for 30 min. Protein A-sepharose (Pharmacia, 

100 ul), which contains the Staphylococcus aureus protein A 

bound to sepharose beads, was added to the mixtures and 
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another incubation with agitation at 0°C for 30 min was 

carried out. Protein A strongly binds the Fe portion of many 

immunoglobulin Class G (IgG) molecules, and it is used to 

precipitate the antigen-antibody complexes. Following 

incubation, sepharose beads were centrifuged and washed in 

sepharose washing buffer (100rnM Tris HCl pH 8.8, O.SM LiCl 

and 1% 2-ME) 3 times. immune complexes were eluted from 

beads by boiling in SDS-PAGE sample buffer for 5 min. 

Samples were loaded onto a 10% 80S-polyacrylamide gel and 

electrophoresed as described. 

Reduction and Alkylation 

Isolation of Cloned Product 

The 110 kilodalton (Kd) product of the clone of choice, 

pL1J105, was electroeluted from 80S-polyacrylamide gels in 

the same manner as that described for DNA fragments, with 

the exception that SDS-PAGE running buffer was used, with 

1rnM PMSF, SOmM e-amino-n-caproic acid (EACA) and 1rnM sodium 

azide added as proteinase inhibitors. The eluted protein was 

concentrated in an Arnicon Minicon concentrator. 

Reduction and Alkylation 

Concentrated protein was denatured by overnight dialysis 

against 8M urea at room temperature. Reduction was carried 

out in SOrnM Tris HCl pH 8.2, which was 20rnM in DTT, for one 
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hour at room temperature. The solution was made 50mM in 

iodoacetamide, and proteins were alkylated for one hour in 

the dark at room temperature. The reduced and alkylated 

protein was dialyzed against SDS-Tris buffer (20mM Tris HCl 

pH 6.8 and 1% SDS) at 4°C overnight, and then analyzed by 

SDS-PAGE. 

Solubilization Studies 

SDS 

As described for SDS-PAGE analysis, pelleted bacteria 

were suspended in lysing buffer and boiled 2 min before 

addition of SDS-sample buffer. 

Triton X-100 

TSET buffer described previously was used with the 

exception of an increase in detergent concentration to 5%. 

Cells were incubated in TSET for 30 min on ice. Clarified 

supernatant was treated as above. 

NP40 --
Pelleted cells were suspended in NP40 lysis buffer (20mM 

Tris Base pH 8, 150mM NaCl, 5% NP40, 50mM EACA and 1mM 

PMSF). The mixture was incubated on ice with frequent 

vortexing for 30 min. Solubilized bacteria were clarified by 

centrifugation in the microfuge for 10 min. The supernatant 
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was treated as above. 

Brij 58 

According to the method of Watabe et al, (1983), 

pelleted cells were lysed in Brij 58 lysis buffer (50mM Tris 

HCl pH 7.6, 10% sucrose, 1mM DTT, 300ug/ml lysozyme, 1mM 

EDTA and 1mM PMSF) by incubation on ice 5 min. A 10% 

solution of the detergent Brij 58 was added to a final 

concentration of 0.1% and the mixture was incubated further 

on ice for 40 min. Samples were frozen in a dry ice/acetone 

bath followed by thawing in a 30°C water bath. This 

procedure was repeated three times. NaCl was added to a 

final concentration of 0.8M and the mixture was placed in a 

Beckman SW50.1 rotor to be clarified by ultracentrifugation 

at 45K rpm for 90 min. Supernatant and pellet were analyzed 

by SDS-PAGE. 

Sonication 

Pelleted cells were suspended in sonication buffer (50mM 

Tris Base pH 8, 10% sucrose, 10mM 2-ME, 100 ug/ml lysozyme, 

1mM PMSF and 50mM EACA) and sonicated in a Heat System 

sonicator 3 times for 1 min each. Supernatant obtained by 

microfuge clarification was analyzed as above. 
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Antigen Preparation 

Cloned Protein 

Western Blots 

The 110 Kd protein product of clone pLlJ105 was 

electroeluted from SDS-polyacrylamide gels and concentrated 

as described. Antiserum was designated anti-110. 

BPV 

BPV 2 was purified from fibropapillomas by the 

method of Morgan and Meinke (1980). Briefly, 5 g of coarsely 

minced tissue was homogenized in 50 ml virus extraction 

buffer (SOrnM Tris HCl pH 7.5 and 1M NaCl) in a Virtis 

apparatus at 50,000 rpm for 2.5 min at 4°C. Cellular debris 

was removed by centrifugation in the Sorvall Superspeed at 

BK rpm for 20 min at 4°C. Pelleted material was further 

homogenized, while supernatant was centrifuged at 15K rpm 

for 30 min at 4°C. The extraction and clarification 

procedure having been repeated 3 times, the resulting virus 

suspension was placed into Beckman Ti60 tubes and 

ultracentrifuged at 25K rpm for 2.5 hrs at 4°C. Pelleted 

virus was collected and homogenized in CsCl (at density 1.33 

g/ml in a solution of 20mM Tris HCL pH 7.5 and lmM EDTA). 

The homogenate was centrifuged 5 min at 15K rpm at 4°C, and 

the resulting supernatant was placed in Beckman SWSO.l tubes 

and ultracentrifuged at 35K rpm for 24 hrs at 25°C. The 

resulting density gradient contained two visible bands. The 
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upper, representing empty (no DNA) capsids and the lower, 

representing full capsids, were collected separately through 

a 20 gauge needle inserted into the bottom of the 

ultracentrifuged tube. CsCl was removed by dialysis against 

several changes of TE buffer. Antiserum produced by 

inoculation with whole virus was designated anti-BPVwv. 

BPV Reduced and Alkylated Viral Proteins 

Full BPV virus particles prepared as above were 

denatured, reduced and alkylated in 8M urea, dithiothreitol 

and iodoacetamide as previously described. The resulting 

proteins were dialyzed against lX phosphate buffered saline 

(PBS, lOrnM P04 and 150mM NaCl) prior to immunization. 

Antiserum was designated anti-BPVr&a. 

Immunization 

Antisera were produced by immunization of New Zealand 

White rabbits. Antigens were mixed with an equal volume of 

Freund's complete adjuvant for the primary injection to a 

total volume of two to five ml, and injected subcutaneously 

and intramuscularly. Three booster injections, using 

Freund's incomplete adjuvant, were administered every two 

weeks for the next six weeks. Animals were bled before 

immunization to get pre-immune (PI) sera, then 10 days after 

every booster injection. 
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Western Blots 

Proteins were electrophoresed on 10% SDS-polyacrylamide 

gels as described. Following electrophoresis, blotting onto 

nitrocellulose was performed according to the method 

described by Tsang et al (1983). Whatmann 3MM blotting paper 

and pure nitrocellulose membrane (Bio-Rad), were cut to the 

size of the gel to be blotted and soaked in transfer buffer 

(25mM Tris base pH 8.35, 193mM glycine and 20% methanol). 

The gel was wet briefly in transfer buffer and positioned 

onto one double thick layer of blotting paper. 

Nitrocellulose was laid over the gel and air bubbles were 

carefully extruded. More blotting paper was laid over 

nitrocellulose, and the blot 11 Sandwich 11 was placed in a 

cassette made of ventilated plastic with Scotch-Brite pads 

included as a cushioning support. Transfer of protein was 

achieved by electrophoresis in a Bio-Rad Trans-Blot chamber 

in a large volume of transfer buffer at 4°C overnight via a 

current of 100 rnA. Nitrocellulose blots were washed 4 times 

with shaking at room temperature in 100 ml PBS-Tween (1X 

PBS and 0.3% Tween 20), then incubated with the appropriate 

antisera diluted from 1/100 to 1/2500 in PBS-Tween. Blots 

were washed in warm (56°C) PBS-Tween, then incubated in 

horseradish peroxidase (HRP)-labeled goat anti-rabbit IgG 

(American Qualex) diluted 1/8000 in PBS-Tween as secondary 

antibody. Blots were washed as above, followed by a 5 min 

wash in PBS alone. The substrate diarninobenzidine (DAB) was 
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prepared at 5 mg/ml in PBS, with the addition of cobalt 

chloride and nickel ammonium sulfate to a final 

concentration of 0.25% and 0.20% respectively to enhance 

color. Blots were incubated in DAB for 10 min with shaking 

at room temperature, at which time 30% hydrogen peroxide was 

added to a final concentration of 0.01%. Blots were agitated 

in the developer until bands reached optimum intensity with 

minimal background interference, then were washed thoroughly 

in double distilled water and stored in the dark. 

Enzyme-Linked Irnrnunosorbent Assays 

ELISAs 

By the method of Fields et al (1982), antigens, either 

whole BPV particles or electroeluted, concentrated 110 Kd 

protein, were diluted in carbonate buffer (50rnM Naco3 pH 

9.6) to a final concentration of 100 ug/ml. Aliquots of 100 

ul, each containing 10 ug of protein, were added to wells of 

Irnrnulon 2 microtiter plates. Plates were incubated overnight 

at 4°C, then washed 3 times one minute each with PBS-Tween 

(1X PBS pH 8.2 and 0.5% Tween 20), followed by a one minute 

wash with double distilled water. Primary antibody, either 

anti-BPVwv or anti-110, was diluted in PBS-Tween from 1/50 

to 1/6400. Each dilution was added to duplicate wells for a 

one hour incubation at room temperature, followed by washing 

as above. Secondary antibody, HRP-labeled goat anti-rabbit 
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IgG, was diluted 1/8000 and was added for a one hour 

incubation at room temperature, and plates were washed 

again. A substrate solution of 1rnM citrate-ABTS (2,2'

azinobis [3-ethylbenzthiazoline sulfonic acid]) was prepared 

by addition of 0.01 volume 30% hydrogen peroxide, and 100 ul 

was added to each well. Color was allowed to develop for 10 

min at room temperature. Absorbance was measured on a 

MicroTech ELISA plate reader at optical density (OD) 405 nm. 

Transformation Inhibition 

Virus Preparation 

BPV 2 virus particles in TE 

described, were treated for 

contaminants by incubation with 

buffer, prepared as 

removal of bacterial 

volume of an equal 

chloroform for 1 hr at room temperature with shaking (W.J. 

Meinke, personal communication). Aseptic virus solution, 

separated from the organic phase by centrifugation, was 

diluted in Dulbecco's modification of Eagle's medium (DMEM, 

Gibco) to a concentration of 2 x 109 particles/ml. Antisera 

(anti-110 or anti-BPVr&a) were treated for inactivation of 

complement by incubation at 56°C for 30 min. One half ml 

aliquots of virus (containing 1 x 109 virus particles) were 

incubated with an equal volume of antiserum, which had been 

diluted from 1/10 to 1/500, in DMEM at 37°C for one hr. All 

virus-antiserum mixtures were prepared in triplicate. 
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Tissue Culture Cell Transformation 

According to the method of Dvoretsky et al (1980), the 

mouse epithelial cell line C127 (a gift of Dr. Peter M. 

Howley) was seeded onto 10 em tissue culture petri dishes 

(Falcon) at a density of 1 x 105 cells per dish in DMEM with 

10% fetal calf serum (FCS, Flow Laboratories} added as 

supplement. Cells were incubated overnight and for the 

following 4 weeks at 37°C under a 5% co2 atmosphere. The 

next day, cells were washed in DMEM without serum, and 

viral particles that had been incubated with antisera were 

added in DMEM without serum. Virus was allowed to adsorb 45 

minutes. Mock-infected (MI) dishes were treated with medium 

alone, while positive control dishes were treated with 

virus in DMEM that had not been incubated with antisera, 

and pre-immune serum was used on one triplicate set of 

dishes at a dilution of 1/100. Following adsorption, DMEM 

supplemented with FCS was added to dishes without removal of 

virus, and dishes were incubated overnight. The tissue 

culture medium was changed the next day, a procedure that 

was repeated every four days for the next three weeks. 

Visualization of Foci 

Following final removal of media, dishes were washed by 

addition of 10 ml 1X PBS with gentle agitation. Cells were 

fixed almost instantaneously by addition of 3 ml methanol. A 

1% solution of Giemsa stain in methanol was added for 3 min, 
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followed by several changes of methanol to destain (Todaro 

1969). 

Cloning of L1 ORF into pRA10 

Jsolation of L1 ORF 

The L1 ORF was isolated from pHP85 by Hinc II 

restriction digest. This enzyme cuts the plasmid such that 

the L1 ORF is included in a 1972 bp fragment, which has the 

same 5' end as the fragment cloned into pKK233-2, but 

includes the stop codon for L1 at the Hind III site intact. 

However, the amount of the L1 ORF to be expressed still 

comprises 93% of the gene. 

Purification of L1 Fragment 

The Hinc II digested pHP85 DNA was loaded onto a 0.8% 

agarose gel and fragments were separated, stained and 

visualized as described previously. DNA was extracted from 

agarose by the following method (C. Wheeler, personal 

communication). The agarose gel slices containing the 1972 

bp fragment were crushed thoroughly, then mixed with an 

equal volume of equilibrated phenol and vortexed vigorously 

for one minute. After a 15 min incubation in a dry 

ice/ethanol bath, phases 

and the agarose-organic 

buffer, following the same 

were separated by centrifugation 

phase was back extracted with TE 

procedure. Aqueous phases were 
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pooled and extracted once 

precipitated by addition of 

suspended in TE. 

Preparation of pRA10 

with chloroform, and DNA was 

NaAcjethanol. Pelleted DNA was 

The expression vector pRA10 (Mallon et al, 1986) was a 

generous gift of Dr.Robert G. Mallon. The plasmid utilizes 

several features of the bacteriophage lambda, including the 

pL promoter and ribosome binding site, followed by a short 

stretch of N/cro gene, 39 bp of the 5' end of the CII 

gene, including the ATG start codon and finally a polylinker 

cloning site contributed by the plasmid M13mp19. For this 

study, pRA10 was cut at the unique Sma I site in the 

polylinker region and the resulting blunt ends were 

dephosphorylated by CIP. Blunt-ended DNA requires a more 

vigorous application of phosphatase than the method 

described previously for "sticky'' ends. CIP was prepared as 

described and incubated with linearized DNA at 37°C for 30 

min, followed by incubation at 56oc, also for 30 min. Fresh 

phosphatase was added and the procedure was repeated until 

dephosphorylation was complete as determined by the Sigma-

104 phosphatase assay: when active, phosphatase produces a 

yellow color reaction when it contacts the substrate p

nitrophenyl phosphate (Sigma), while enzyme that has become 

exhausted makes no color change and the solution remains 

clear. Once de-phosphorylation was determined to be 
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complete, the incubation mixture was purified by 

phenol/ether extraction and NaAc/ethanol precipitation. DNA 

was suspended in TE buffer for further use. 

Ligation 

The 1972 bp insert was blunt-end ligated into the Sma I 

digested plasmid using the vector-insert ligation method 

described previously. 

Isolation of Clones 

The ligation mixture was used to transform the E.coli 

host strain DC646 for the purposes of miniscreening, which 

was carried out as described. Clones carrying a plasmid of 

7422 bp, as compared to molecular weight markers pRA10 (5450 

bp) and pHP85 (12263 bp), were prepared for orientation by 

the mini-plasmid prep method. Orientation was determined by 

a Hind III digest. This drops the 1361 bp of the L1 ORF out 

of the expression vector (if the insert is in the correct 

orientation) by cutting 5' to the L1 ORF within the 

polylinker site and 3' at the end of the ORF. Those clones 

displaying correct orientation were picked for the induction 

process. Hind III digests of suspected recombinants were run 

on 5% polyacrylamide gels with pBR322 cut with Rsa I as a 

molecular weight marker. 
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Induction 

Heat Induction 

The correctly oriented clones were used to transform the 

bacterial host strain MZ-1, which carries a lambda lysogen 

that produces the temperature sensitive repressor ci857. 

This molecule is active at 30°C, but becomes inactivated 

when the temperature is shifted to 42oc. When the repressor 

drops off, the promoter is turned on, such that the gene 

cloned down stream is constituitively expressed. Clones were 

inoculated into L-amp and grown with shaking at 30°C to 

Klett 60. At that point, one half of the culture was shifted 

to 42°C, and both 30°C (uninduced) and 42°C (induced) 

cultures were grown with shaking for one hour longer. 

Following induction, one ml aliquots were collected for 

analysis. 

SDS-PAGE Analysis of Induction 

Aliquots of uninduced and induced MZ-1 cells transformed 

by pRA10 or the recombinant clone, designated pBDI3-2, were 

pelleted and solubilized. SDS-PAGE analysis was performed as 

described. The same group of samples was labeled with 35g_ 

methionine and analyzed on SDS-PAGE. 

Western Blot Analysis of Induction 

The aforementioned group of samples was blotted onto 
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nitrocellulose and probed with polyclonal anti-BPVr&a, which 

had been thoroughly absorbed with whole untransformed MZ-1 

cells, as well as a solution of MZ-1 soluble proteins, and a 

monoclonal antibody to the lambda CII protein. 

Western Blots 

Immunization 

The 56 Kd product of the pBDI3-2 clone was electroeluted 

from SDS-polyacrylamide gels, concentrated and injected into 

a rabbit to raise antibodies by the schedule described. 

Western Blots 

Bacterial cell lysates were blotted onto nitrocellulose 

and probed with antisera to BPVwv (at a dilution of 1/1000) 

or BPVr&a (at a dilution of 1/500), which were absorbed as 

described. 

Viral proteins blotted onto nitrocellulose were 

incubated with pre-immune or immune anti-56. Both were 

diluted to 1/500. 

Hemagglutination Inhibition 

Hemagglutination 

To define the concentration of virus particles in each 

virus preparation, a hemagglutination assay devised by Favre 
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et al (1974) was used. Virus preparations were serially 

diluted in 1X PBS in microtiter wells, then mixed with a 1% 

solution of Balb/c mouse red blood cells. Plates were 

incubated for 3 hrs at 4°C. A positive reaction is described 

as a 11 lawn .. of RBCs, held together by virus particles, as 

opposed to a negative .. button .. in the bottom of the well, 

signifying a lack of enough virus particles to keep the RBCs 

suspended. Hemagglutination (HA) titer was read as the 

reciprocal of the dilution of the last well in the series 

that gives a positive reaction. For BPV, the HA titer of 

the preparation is multiplied . by 1.5 x 108 to give the 

number of particles/ml. 

Inhibition 

Antisera raised against BPV or surface components of BPV 

can inhibit the hemagglutination process. The 

hemagglutination inhibition titer (HAI) was determined for 

anti-BPVr&a, anti-110 and anti-56, as well as their pre

immune counterparts. Antisera were serially diluted in 1X 

PBS in microtiter wells and incubated at 37°C for 30 min 

with 4 HA units of BPV 2 per well. A 1% solution of Balb/c 

mouse RBCs was added to each well, and the plate was 

incubated at 4°C for 3 hrs. HAI titer of each antiserum was 

read as the dilution of the last well in which a negative 

reaction was observed. 
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Enzyme Linked Irnrnunosorbent Assays 

BPV 2 was coated onto ELISA plates in carbonate buffer 

at a concentration of 0.02 ug per well and incubated 

overnight at 4°C. Antisera to BPVwv and BPVr&a were titered 

in this assay, as were antisera raised against the cloned 

products 110 and 56, along with their pre-immune 

counterparts, at dilutions ranging from 1/50 to 1/6400. 

Cross-Reactivity of 110 and 56 Kd Proteins 

Bacterial cell lysates of plasrnids pL1J105 and pL1C1 

that express the 110 and 56 Kd proteins respectively were 

run on a 10% SDS-polyacrylarnide gel and blotted onto 

nitrocellulose. Anti-110 was used to probe the clone 

expressing the 56 Kd protein, while anti-56 was used to 

attempt to detect the 110 Kd protein. 

Cloning of 3' Portion of L1 ORF 

Restriction Digest 

The plasmid pBDI3-2 was cut with the restriction enzyme 

Barn H1, which drops out one half of the L1 ORF encompassing 

the 5' end. This leaves the 5' portion of the new ORF 

fragment in frame with the lambda CII coding sequence, 

including its ATG start codon. 
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Ligation and 3' Clone production 

Bam H1 restriction digest was 

recircularization, without physical removal 

insert, by phenol/ether extraction and 

precipitation as described. Pelleted DNA was 

prepared for 

of dropped-out 

NaAc/ethanol 

suspended in a 

ligation solution, including buffer and enzyme, and ligation 

was allowed to proceed overnight. Ligation mixture was used 

to transform DC646 for screening. Clones of the proper size 

(4464 bp), which migrated on a 0.8% agarose gel between 

pRA10 (5450 bp) and pBR322 (4363 bp), were selected for 

transformation of MZ-1 and induction. 

Induction 

Aliquots of MZ-1, transformed by either the original 

pRA10 plasmid or the new 3' clone designated pL1C1, were 

heat induced and analyzed by SDS-PAGE and Western blotting. 

Blots were probed with absorbed anti-BPVr&a. 

ELISA Assays of Three Cloned Products 

Preparation of Antigens 

To improve on the assay described previously for the 110 

Kd protein, antigens were prepared differently. Protein 

products of plasmids pL1J105 (110 Kd), pBDI3-2 (56 Kd) and 

pL1C1 (30 Kd) were eluted from 80S-polyacrylamide gels in a 

Laemmli tube gel apparatus. Following SDS-PAGE, control 
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lanes only were stained with Coomassie blue R-250. Unstained 

gel slices corresponding to the appropriate protein were 

excised and loaded into Pasteur pipettes that had 

previously been blocked at the narrow end with a 1% agarose 

plug. Dialysis tubing was placed over that end of the 

pipettes, and the whole assembly was placed into the tube 

gel apparatus and covered with SDS-PAGE running buffer. 

Proteins were electroeluted from gel slices through the 

agarose plug and into the dialysis bag under a current of 50 

rnA. Collection required three to eight hours of 

electrophoresis, depending upon the molecular weight of the 

protein. 

Removal of SDS 

Concentrated protein solutions were loaded onto 

Extracti-gel D columns (Pierce), which had been equilibrated 

with phosphate buffer (20mM NaPo4 pH 7.1). Proteins were 

eluted from the column in about 5 ml phosphate buffer, while 

SDS remained bound to the resin. Proteins were concentrated 

in Amicon Minicon chambers. 

Lowry Protein Concentration Determination 

Protein concentration was determined by the method of 

Lowry (1951). An aliquot of the antigen was incubated in a 

solution of 2% copper sulfate and 4% sodium tartrate, then 

3% sodium bicarbonate in 0.1N sodium hydroxide for 10 min, 
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followed by addition of Folin-Cocteau reagent and further 

incubation for 30 min at room temperature. The absorbance of 

samples and human serum albumin standards was determined at 

(OD) 660 nm in a Beckman DU-7 spectrophotometer. 

ELISA 

The cloned product antigens were coated into ELISA wells 

at a concentration of 10 ug/well. Anti-BPVwv was serially 

diluted from 1/50 to 1/6400 and incubated with antigen in 

duplicate wells. Secondary antibody and substrate were added 

as described. 

Checkerboard Assay 

To establish a standard activity for anti-BPVwv in an 

ELISA against which to measure the inhibitory capacity of 

the three antigens, a checkerboard assay was performed as 

described by Fields et al (1982). In what was essentially a 

capture assay, microtiter wells were coated with bovine 

anti-BPV IgG. This antibody had been prepared by a 50% 

ammonium sulfate cut of serum from a BPV infected cow to 

isolate gamma globulin fraction. IgG was purified on DEAE 

sephadex and Sepharose G-200 columns. In duplicate wells 

stretched horizontally across the microtiter plate, 

dilutions in PBS-Tween of whole BPV 2 at 1/8000 to 1/128000 

were incubated one hour at room temperature. Dilutions of 

anti-BPVr&a in PBS-Tween from 1/200 to 1/6400 were added to 
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duplicate wells in a vertical fashion and incubated one hour 

at room temperature. Substrate was prepared and added as 

described. Plates were read following a 10 min incubation at 

room temperature. The dilution of virus and anti-BPVr&a 

giving a reading of 1.0 at OD 405 nm was chosen as a 

standard for the inhibition assay. 

Inhibition ELISA 

The parameters for the inhibition ELISA set by the 

checkerboard assay were as follows: bovine anti-BPV IgG at 

10 ug/well, whole BPV 2 at 1/32000, anti-BPVwv at 1/800. 

During the hour long incubation of virus on the plate, a 0.5 

ml aliquot of the correctly diluted anti-BPVwv was incubated 

with serial dilutions of each of the three cloned proteins, 

starting at 1 mg/ml, at 37°C, and then used in the bovine 

IgG-BPV coated wells as in a regular ELISA. 

Transformation Inhibition 

Inhibition of BPV 2 in a C127 mouse cell transforming 

assay was performed as described above, with the exception 

that anti-56 was used in place of anti-110 and both 

dilutions were carried out to l/2500. 
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RESULTS 

Cloning of L1 Open Rea.ding Frame into pKK233-2 

Isolation of L1 ORF 

The L1 ORF is located between the noncoding region and the 

L2 ORF on the BPV genome (Fig. 1). It was subcloned from the 

plasmid pHP85, which contains the entire BPV 2 genome 

ligated into pBR322 at the Hind III site. Following Hinc 

II/Hind III double digestion, the 1361 bp fragment 

containing 93% of the L1 coding region was identified from 

among ~he eight fragments generated on a 5% polyacrylamide 

gel by comparison with the pBR322-Rsa I cut molecular weight 

marker. To visualize DNA, it must be stained with ethidium 

bromide (EtBr), a substance that intercalates into the 

structure of the DNA and can be mutagenic. All cloning 

procedures appeared to suffer if the DNA to be used was 

stained with ethidium bromide, then exposed to short wave 

ultraviolet (UV) light for any length of ~· ~~me. The formation 

of thymidine dimers, which is enhanced by both EtBr and uv 

light, is an inescapable consequence of this procedure. 

These mutations prevent the DNA from being properly 

transcribed or even ligated. This problem was circumvented 

by use of stained control lanes to cut unstained DNA from 

gels. When this proved impractical, DNA was stained with 

EtBr but exposed to long wave UV light only, for a very 

short period of time. This procedure seemed to eliminate a 
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Fig. 1. Genome Organization of BPV Type 1. Open 
reading frames are lettered E for early region and L for 
late region and are numbered according to size. The genome 
exists as supercoiled circular DNA in virus particles- and as 
a circular, independently replicating episome in transformed 
cells. All open reading frames are found on one strand. A 
non-coding region which contains transcriptional control 
elements inhabits a 1000 base pair stretch between the 3' 
end of Ll and the 5' end of E6. 
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number of problems in the otherwise simple cloning protocol 

and increased efficiency enormously. 

The appropriately sized DNA was removed from the gel by 

electroelution, a procedure always used if the fragment was 

being purified from a polyacrylamide gel. Electroelution 

from agarose produces polysaccharide contamination of the 

DNA, which is difficult to remove and can interfere with DNA 

modifying enzymes and ligase. Though polyacrylamide does not 

contribute these polysaccharide contaminants, DNA removed 

from gels in this fashion is still too impure to be used 

efficiently. Purification on a NACS column followed by 

NaAc/ethanol precipitation seems to eliminate any 

problematic contaminants. Under low salt conditions (0.5M 

NaCl) DNA binds strongly to the resin in these columns, and 

impurities can be washed away before DNA is eluted by 

application of a high salt buffer (2M NaCl). Only DNA free 

of excess salts, phosphates, polysaccharides, and especially 

of organic solvents such as phenol or ether, can be used for 

cloning. 

Ligations 

Any blunt-ended ligation, including linker-ligation, 

proved to be much less efficient than so-called "sticky-end" 

ligation, 

overhanging 

where fragments 

ends. Blunt-end 

are joined through compatible 

ligation of any size fragment 

requires special conditions. Linker ligation in this cloning 
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scheme occurred with relatively low efficiency, perhaps 

because of the fragile nature of the very short (8bp) linker 

required to place the 

with the plasmid. Since 

insert in the correct reading frame 

small oligonucleotides have a very 

low melting point, it was deemed necessary to keep reaction 

components on ice at all times. The use of an extremely 

concentrated solution of ligase (1000U/ul) provided by New 

England BioLabs was essential. 

The proportion of correctly modified insert to vector was 

found ideally to be 3:1. At this ratio, the formation of 

recircularized parent plasmid was discouraged, as was 

duplication of insert (Perbal 1984). Of all the ligation 

times and temperatures recommended, from overnight at 4°C to 

16 hours at 16°C to 1 hour at room temperature, the most 

effective conditions seemed to be incubation in slushy ice, 

which was allowed to slowly reach room temperature. Since 

ligase is rather unstable at room temperature, the starting 

temperature of 10-12°C keeps the enzyme in a slow but active 

mode, giving time for a proper linear orientation of 

fragments or fragments plus linkers. As the ice water bath 

slowly warms to room temperature overnight, the reaction 

speeds up as all available fragments are ligated before the 

enzyme becomes inactivated. This protocol, recommended for 

linker ligation, proved effective for vector-insert ligation 

as well. Likewise, the addition of polyethylene glycol to a 

final concentration of 25% in the ligase buffer appeared to 
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optimize ligation of linkers by ordering the short fragments 

into a linear arrangement. Again, this procedure seemed to 

work just as well for vector-insert ligation. 

Though linkers proved difficult to work with, they were 

eventually added to the 5' blunt end of the L1 ORF by the 

procedure described, and the properly modified and purified 

fragment was ligated into pKK233-2 (Fig. 2). 

Orientation Screening 

Recombinant plasmids of approximate molecular weight 

5963 bp, as measured on miniscreen gels, were purified by 

mini-plasmid prep for orientation. This method purified the 

DNA enough for restriction enzyme analysis, which was not 

the case with the miniscreen protocol. The presence of a 

large amount of contaminating protein in the miniscreen DNA 

proved to be a source of nucleases that became active when 

the DNA was placed at 37°C for 1 hour, the usual conditions 

for restriction enzyme digestion. Once the relatively pure, 

nuclease-free DNA was obtained, it was cut with Nco I and 

Hind III to drop the 1361 bp insert out of the recombinant 

plasmid. Since the insert was directionally cloned, with Nco 

I at the 5' end and Hind III at the 3' end, the orientation 

was assumed to be correct if an insert of the proper size 

could be removed. On agarose gels, this double digest 

produced only linear bands of approximate molecular weight 

5963 bp. Thus it appeared that a double digest was 
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FIG.2. CLONING SCHEME A. The Ll open reading frame (93%) was 
prepared for subcloning from the pBR322-BPV-2 hybrid plasmid pHP85 
by means of a double liinc II/ Hind III digest and blunt-end Nco I linker 
ligation. The fragment was directionally cloned into the expression 
vector pKK233-2 to create the plasmid pL1J105 which produced a 
fusion protein of molecular weight llOKd. 
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impossible to achieve. Since Nco I and Hind III sites should 

be unique in the recombinants, the plasmids were cut singly 

with either Nco I or Hind III to see if each was capable of 

linearizing the plasmid. On a 0.8% agarose gel, uncut, 

supercoiled DNA will migrate faster through the gel than its 

linearized counterpart. Thus, it can be determined if a 

plasmid has been cut at a single site by running the two 

forms of DNA next to each other. When this was done with the 

pLlJ recombinants, it was found that both Nco I and Hind III 

linearized the plasmids, which, when combined with molecular 

weight evidence, was taken as proof of Ll insertion. To 

confirm this, recombinants and the plasmid control were cut 

with the restriction enzyme Rsa I, which gives 2 bands for 

the plasmid, 4 for the recombinant. The results of this 

digest were counted and sized on a 5% polyacrylamide gel and 

six of those recombinants showing the expected pattern were 

picked for induction studies. 

Induction of pLlJ Clones 

SDS-PAGE 

To see if any of the recombinant plasmids could be made 

to produce a novel protein, clones were grown up in L-amp 

broth with shaking at 37°C to Klett 70, a cell density of 

about 5 x 107 cells/ml. At that point, IPTG was added to a 

final concentration of lmM. This compound is an analogue of 
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the inducing compound for a-galactosidase (a metabolite of 

lactose) and causes the de-repression and induction of any 

lac operon present in a laciQ host. The plasmid pKK233-2, 

containing a combination trp-lac promoter, called the tac 

promoter, responds even more strongly to IPTG stimulation. 

This promoter is stabilized by the insertion distal to the 

polylinker region of several efficient transcription 

termination signals. Amann et al (1983) claim production of 

recombinant protein of up to 30% of total cellular protein 

under optimal conditions. One of the six plasmids picked 

for the induction study, pL1J105, was induced for 6 hours 

total, with aliquots of cells removed for analysis at 0, 2 

and 4 hours post-induction (addition of IPTG). When these 

cells were lysed and proteins run on a 10% 80S

polyacrylamide gel, a novel protein band of approximate 

molecular weight 55 Kd was expected to appear, corresponding 

to the major capsid protein of BPV (Fig. 3). Instead, a band 

of molecular weight 110 Kd was observed (Fig.4). This was an 

unexpected result. The protein was determined by 

densitometer scan to comprise 8% of total cellular protein. 

Immunoprecipitation 

To see if the novel band was present in all the 

correctly oriented recombinants and if it would be 

recognized by antiserum to BPV 2, the induced cells were 

labeled with 358-methionine. Cell lysates were either 
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Fig. 3. Polypeptides of BPV 2. Cesium chloride gradient 
purified viral particles of BPV 2 were solubilized by 
boiling in SDS-PAGE sample buffer and loaded onto a 12% 50S
polyacrylamide gel. The major capsid protein, putative 
product of the L1 ORF, can be seen to run with a molecular 
weight of 55 Kd. Other bands which consistently 
appear on SDS-PAGE preparations of purified virus are the 
75Kd. protein, now known to be the product of the L2 gene, 
and the 50 and 98Kd bands, of as yet unknown origin. 
Cellular histones which associate with viral DNA, can be 
seen migrating between 12 and 15 Kd. 
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Fig. 4. Induction of Recombinant pKK233-2-Ll Product. 
Single colonies of JM105 containing either pKK233-2 or 
pL1Jl05 were inoculated into LB medium in the presence of 50 
ug/ml ampicillin, and grown with shaking at 37° C. At Klett 
70, IPTG was added to a final concentration of 1 mM. One ml 
aliquots of cells were removed at 2, 4 and 6 hours post 
induction and analysed on a 10% SDS-polyacrylamide gel. 
Arrow shows L1 gene fusion product of apparent molecular 
weight 110 Kd. 
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electrophoresed directly on SDS-PAGE, or immunoprecipitated 

with antisera plus protein A-sepharose. Lysates and immune 

complexes were electrophoresed on separate gels, which were 

stained, dried and exposed to x-ray film for 24 hours at-

700C. The cold temperature reduces photon scattering 

produced by high energy radiation amplified by enhancing 

screens and produces a sharper film image. The results (Fig. 

5) show that the 110 Kd band was produced by five of the six 

clones chosen for analysis and that this protein was 

specifically immunoprecipitated by either anti-BPVwv or 

anti-BPVr&a. No novel band of molecular weight 56 Kd could 

be observed in the labeled total cell lysate. 

Reduction and Alkylation 

One phenomenon of synthetic protein production by 

genetically engineered organisms is that the rapid 

overproduction of induced protein often results in inter

as well as intra-peptide bonds. The molecular weight of the 

novel protein product of pL1J105, 110 Kd, is double the 

molecular weight of the protein that would be produced by a 

coding region of 1361 bp. To eliminate the possibility that 

the novel band was running on SDS-PAGE as a dimer, a 

reduction and alkylation was performed on protein that had 

been electroeluted from the SDS-polyacrylamide gels. Once 

denatured by dialysis against 8M urea, reduced by incubation 

62 



ont I BPV- J ( r&a) lantiBPV 

Fig. 5. Immunoprecipitation of Ll gene Product. Clones 
were grown and induced as described. After 2. 5 hours of 
induction, 1 ml aliquots of cells were pelleted and lysed in 
1% SDS; 1 mM EDTA by boiling. Clarified lysates were 
suspended in TSET buffer (50 mM Tris pH 8, 150 mM NaCl, 0.1 
mM EDTA, 2% Triton X-100 and immunoprecipitated by addition 
of antisera (to whole BPV 1 or reduced and alkylated BPV 1) 
followed by incubation with Protein A-sepharose (Pharmacia). 
Precipitates were analysed on a 10% SDS-polyacrylamide gel. 
Arrow indicates precipitated 110 Kd. protein. Standards are 
94, 67, 43, 30 and 20 Kd. 
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with dithiothreitol and alkylated by iodoacetamide, the 110 

Kd protein was analyzed by silver stain of an SDS-

polyacrylamide gel. This extremely sensitive staining method 

detects proteins at the nanogram level, a 1000-fold increase 

in sensitivity over the more commonly used Coomassie blue 

stain. The reduced and alkylated recombinant product still 

banded strongly at 110 Kd on the resultant gel, with only 

minor degradation products banding at lower molecular 

weights (Fig. 6). When protease inhibitors were added for 

the overnight dialysis against urea, most of these minor 

components were eliminated and only the intact 110 Kd 

protein was left. From these results it was assumed that an 

inadvertent fusion protein had been created, a fact that 

was confirmed by later study of the pKK233-2 sequence. It 

was discovered that the transcription termination signals 

provided by the plasmid had been removed during the 

restriction digest of the plasmid. This caused the L1 ORF to 

line up in frame with a sequence of ribosomal ss protein, 

-which created a hybrid product. 

Solubilization Studies 

In order to get the 110 Kd protein purified for ELISA 

analysis, it was necessary to remove SDS. This proved 

difficult, as the protein was found to be insoluble in any 

other detergent (Fig. 7). NP40, which works well on 
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Fig. 6. Reduction and Alkylation of 110 Kd. Protein. 
Protein was electroeluted from an SDS-polyacrylamide gel and 
concentrated. Overnight dialysis against 8 M urea was 
followed by incubation with one volume iodoacetamide to a 
final concentration of 50 mM. Resulting product was analysed 
by SDS-PAGE using Bio-Rad silver stain to pick up any 
significant component polypeptides. Although a number of 
breakdown products were detected, only the original 110 Kd. 
protein could be observed in quantity. 

65 



s 2 3 5 

Fig. 7. Detergent lysis of pLlJlOS. JM105 transformed 
by either pKK233-2 (lane 1) or pL1J105 (lane 5) were lysed 
by addition of 1% SDS, 1mM EDTA as described. Arrow points 
to 110 Kd protein. Alternate lysing of pL1J105 utilized 
detergents NP40 (lane 2) or Triton X-100 (lane 3), or 
sonication following incubation with 300 ug/ml lysozyme 
(lane 4) . Note absence of 110 Kd protein in these lanes. 
Standards (S) were 94, 67, 43, 30 and 20 Kd. 
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eukaryotic cells, was quite inefficient at breaking open the 

bacteria, even under increased detergent concentrations. 

Triton-X 100, which is used in the miniscreen protocol, was 

ineffective without prior incubation in lysozyme, which was 

held to a low concentration to avoid later harm to 

immunoglobulins. Brij 58 and sonication effectively lysed 

the cells, but the recombinant product consistently 

separated into the insoluble fraction when the lysate was 

clarified by centrifugation. 

western, Blots 

Although antisera to BPV 2 immunoprecipitated the novel 

110 Kd protein, any attempt to repeat this recognition by 

western blot failed unless antiserum was diluted at very low 

levels (1/25 to 1/100). When the antiserum dilution was 

pushed up to 1/500, very little specific interaction between 

anti-BPV and the 110 Kd protein was observed. 

When the recombinant protein was injected into a rabbit, 

the resulting antiserum did specifically recognize the 55 Kd 

major capsid protein of BPV 2 on western blots, titering out 

at a dilution of about 1/500 (Fig. 8). 

Enzyme-Linked Irnrnunosorbent Assays 

ELISA results closely followed those of the western blots. 
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A. PI anti-110 s 8
·anti-BPVwv anti-BPVr&o 

Fig. 8. pLlJlOS Western Blots. A. Viral proteins of 
BPV 2 were blotted onto nitrocellulose and probed with 
antiserum to the 110 Kd cloned product (anti-110) or its 
pre-immune (PI) counterpart. Arrow denotes 55 Kd major 
capsid protein. B. Antisera to either BPV whole virus (anti
BPVwv) or reduced and alkylated viral proteins (anti-BPVr&a) 
was used to probe blots of pL1J105 cell lysates. Arrow 
denotes position of 110 Kd protein. Standards (S) were 94, 

~ 67, 43, 30 and 20 Kd. All antisera dilutions were 1/500. 
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When BPV 2 was used as the antigen, anti-110 reacted 

strongly, mimicking the reaction of anti-BPVr&a. However, 

when the electroeluted, concentrated 110 Kd protein was 

placed in the ELISA as antigen, it was poorly recognized by 

anti-BPVr&a. Inhibition by the presence of SDS in the 110 Kd 

sample did not appear to inhibit the anti-110 from 

recognizing its own antigen.(Fig.9). 

Transformation Inhibition 

All components of the transformation inhibition assay, 

positive and negative controls as well as dilutions of 

antisera, were done in triplicate so that numbers of foci 

could be averaged. Although results were not absolutely 

duplicated from dish to dish, when foci were counted and 

averaged, it was clear that the 110 Kd protein had been 

ineffective at inducing production of neutralizing 

antibodies in the anti-110 serum. The lack of immunogenicity 

was reflected in the ineffectiveness of anti-110 in the in 

vitro assays. The neutralization titer of each antiserum was 

taken to be the dilution at which half the number of foci 

could be counted as for the positive control. This titer 

was between 1/25 to 1/50 for anti-110, while the 

neutralizing ability of anti-BPVr&a was not reached even at 

a titer of 1/500 (Fig. 10). 
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Pig. I. ba~-Liake4 l..uaoaorbeat ADal7aia of Cloae4 
110 U. Pzroteia. Whole virua (BPV 2) and cloned protein 
were coated onto ELISA platea and incubated with antisera to 
BPV or to 110 Kd. protein. Serial dilution curves show 
antiaerum to BPV reacta with the cloned product, although to 
a limited extent. Antiserum to 110 Kd. protein reacts 
strongly to BPV, in a manner comparable to its interaction 
with its own specific antigen. The ELISA data supports the 
Western blot data as expected. 
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Fig. 10. Cellular Transformation Inhibition by Antisera 
to BPV and to the cloned 110 Kd. Protein. Ten ern dishes 
containing 50% confguent mouse epithelial C127 cells were 
inoculated with 10 particles of BPV 2 that had been 
previously incubated with serial dilutions of complement
inactivated rabbit antisera to BPV 2 (cross-hatched bars) or 
to the 110 Kd. protein (diagonally shaded bars). Cells were 
allowed to reach confluence, then were maintained in 
Dulbecco's Modified Eagle's Medium (Gibco) supplemented with 
10% fetal calf serum for three weeks. At that time, foci 
consisting of clumps of transformed cells were counted. 
Neutralizing titer of serum was taken as the dilution which 
inhibited the formation of foci by less than 50% that of the 
positive control. Neutralizing titer of anti-BPV 2 was 
greater than 1/500 while that of anti-110 was between 1/25 
and 1/50. 
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Cloning of L1 ORF into pRA10 

Isolation and Cloning of Ll ORF 

In order to create a recombinant L1 product that was not 

a fusion protein, the L1 ORF was again isolated from pHP85 

for cloning into the expression vector pRA10. A blunt-ended 

1972 bp fragment containing the 93% region described above 

was obtained by Hinc II digestion of pHP85. This fragment 

contains intact the in-frame transcription termination 

signal provided by the BPV sequence itself. DNA was isolated 

from an agarose gel rather than polyacrylamide, where it 

migrated too closely to a 2012 bp band for efficient 

separation and purification. The larger pore sizes of the 

0.8% agarose cause large differences in migration of even 

such closely sized fragments, making isolation possible. 

Purification of DNA away from agarose required an 

alternative to the usual method, as electroelution from 

agarose was to be avoided. The fragment was too large for 

efficient elution by the crush-soak method of Maxam and 

Gilbert (1977), which employs an ammonium acetate buffer to 

elute fragments of less than 1200 bp from minced agarose 

slices. For the 1972 bp sequence, the organic (phenol) 

extraction protocol was used. This method is effective even 

for large DNA fragments and resulted in a 50% recovery of 

DNA from agarose (as compared to about 80% for 

electroelution). 

72 



Once isolated, the fragment was blunt-end ligated, under 

the conditions described, into pRA10, which had been 

linearized by Sma I digestion of the polylinker cloning 

region. This left four "stop" codons, one provided by the 

BPV sequence and three provided by the plasmid, intact 3' to 

the coding sequence (Fig. 11). 

The recombinants were picked by size on miniscreen gels, 

and DNA was amplified and purified by the mini-plasmid prep 

procedure for orientation analysis. 

Orientation Screening 

The 1972 bp insert contained a Hind III site at the 3' end 

of the L1 ORF while another was present in the polylinker 

region, 5' to the insert. Thus, a Hind III digest of a 

recombinant with the insert in the correct orientation would 

isolate the 1361 bp L1 ORF. As expected, about half of the 

correctly sized clones had insert in the forward 

orientation, as determined by this method. One of these 

recombinants, pBDI3-2, was chosen to transform the E.coli 

host MZ-1 for induction studies. 

Induction 

SDS-PAGE 

Induction in this system was achieved by incubating the 

cells at 42°C. At this temperature, the mutant repressor 
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Fig. 11. Cloning Scheme B. The L 1 gene (93%) prepared by Hinc II digestion was subcloned from pHP85 
into the expression vector pRA 10 which had been linearized by Sma I digestion. After blunt end ligation, the L 1 
gene was preceded by 39 nucletotides of the polylinker region and the Cll gene with the start ATG codon 
provided by Cll. The recombinant plasmid pBDI3-2 produced a novel protein of molecular weight 56Kd. 



ci857 produced by a lysogen present in MZ-1 cells, detaches 

from the lambda pL promoter on pRA10, and the genes cloned 

behind the promoter are constituitively expressed. The 

mutant repressor is active at 30°C, the temperature used as 

a control. Aliquots of MZ-1, transformed by either the 

original plasmid pRA10 or by the recombinant pBDI3-2, were 

collected after hour long incubations with shaking at either 

the permissive or non-permissive temperatures for analysis 

by SDS-PAGE (Fig. 12). No novel band could be observed at 

the expected molecular weight of 56 Kd, or in any other area 

of the recombinant lysate. It was decided that the area 

between 50 and 60 Kd was heavily populated by bacterial 

proteins that may have masked the recombinant product, so 

cells were labeled with 35-S methionine. 

35-S Methionine Labeling 

Cells were grown as described for SDS-PAGE analysis. At 

the end of the one hour induction period, one ml aliquots 

were labeled for 10 min at the appropriate temperature with 

shaking. The very fast labeling time enabled only those 

proteins being actively produced, such as the recombinant 

product, to be labeled. An added benefit for detection of 

the L1 ORF product was the presence of codons for six 

internal methionines. After cells were labeled, they were 

washed free of labeling medium, lysed and loaded on to an 

SDS-polyacrylamide gel as described. The gel was stained, 
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Fig. 12. SDS-PAGE Analysis of pBDI3-2 clone. Aliquots 
of MZ-1 transformed with pRA10 (lanes 1&2) or pBDI3-2 (lanes 
3&4) were analysed in either induced (lanes 2&4) or 
uninduced (lanes 1&3) state on a 10% SDS-polyacrylamide gel. 
Induction was achieved by incubation with shaking at 42°C, 
while uninduced clones were incubated at 30°C. Arrow shows a 
novel band of 56 Kd. was located in the induced pBDI 3-2 
clone. 
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dried and exposed to X-ray film overnight at -70°C. When the 

film was developed a novel band of molecular weight 56 Kd 

could be observed in only the lane containing the induced 

recombinant lysate (Fig. 13). 

western Blots 

pBDI3-2 Blots 

To determine if the 56 Kd protein was a product of the 

cloned Ll open reading frame, analysis using antisera to BPV 

2 was required. Irnrnunoprecipitation was rejected for two 

reasons. The western blot analysis was much more sensitive, 

and the unavoidable presence of a large amount of 

immunoglobulin heavy chain present in the irnrnunoprecipitate 

would mask or distort the novel 56 Kd protein, which 

migrates in the same area. 

Duplicate western blots were made of the SDS-

polyacrylamide gel, described previously, and probed with 

two different antibodies. One was provided by anti-BPVr&a 

serum, the other by mouse ascites fluid containing 

monoclonal antibody to the CII protein of lambda. Thirteen 

amino acids of this protein are fused onto the amino 

terminus of the recombinant product if an insert is placed 

into pRAlO in the correct reading frame. Both of these 

antibodies specifically recognized the 56 Kd product of 

pBDI3-2, although anti-BPVr&a had to be thoroughly absorbed 
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Fig. 13. Labeling of Bacterial Proteins by 35-S 
Methionine. Clones and controls were grown as previously 
described. After one hour of incubation at 30°C or 42°C, one 
ml aliquots of cells were incubated with shaking at the 
appropriate temperature with 10 uCi of 35-S methionine (NEN) 
for 10 minutes. Aliquots were analysed by SDS-PAGE as 
described. Arrow shows a novel band of molecular weight 56 
Kd. in the lysate of clone pBDI3-2. 
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with MZ-1 bacterial 

activity. (Fig 14). 

BPV 2 Blots 

proteins to remove non-specific 

To test the ability of the 56 Kd protein to elicit anti

BPV antibodies, rabbit antiserum raised against it was used 

as a probe of a western blot of BPV 2 proteins. The highest 

titer antiserum strongly bound the 55 Kd major capsid 

protein, even at a dilution of 1/2500 (Fig. 15). It also 

bound the 97, 50, 43 and 30 Kd minor components often seen 

in SDS-PAGE preparations of BPV proteins, although to a much 

lesser extent. It did not recognize the 70 Kd product of the 

L2 open reading frame. 

Enzyme-Linked Immunosorbent Assays 

In an ELISA, the titer of anti-56 was observed to be much 

higher than anti-110 against BPV 2 (Fig. 16), as was 

expected from western blot results. Though not as high as 

anti-BPVwv, anti-56 ran parallel to anti-BPVr&a at lower 

dilutions (1/50-1/800) but titred out much faster. However, 

its titer was almost double that of anti-110. These ELISAs 

used BPV 2 at 0.02 ug/well, a concentration much lower than 

that used in the ELISA described in Fig. 9 1 and a substrate 

incubation period of 10 min, a much longer and more 

reproducible time. This ELISA was repeatable and therefore 
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Fig. 14. Western Blot Analysis of pBDI3-2 Clone. 
Cellular lysates of pRA10 and pBDI3-2 clones were blotted 
onto nitrocellulose. Polyclonal antisera to BPV 2 absorbed 
with an MZ-1 bacterial lysate and a monoclonal antibody to 
the ~CI I gene product were used to probe the blots. Both 
antisera reacted only with the 56 Kd. protein expressed in 
the induced pBDI3-2 clone (lane 4). Lane 1: MZ-1 uninduced, 
lane 2: MZ-1 induced, lane 3: pBDI3-2 uninduced. 
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Fig. 15. Western Blot of viral proteins using anti-56. 
Viral proteins of BPV 2 were blotted onto nitrocellulose and 
probed with antiserum raised against the 56 Kd product of 
clone pBDI3-2 as well as its pre-immune counterpart. 
Antisera dilutions were at 1/2500. 
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Fig. 16. Comparison of Anti-56 and Anti-110 to Anti-BPV. 
Whole BPV 2 virus particles were coated into microtiter 
wells at a concentration of 0.02 ug/well. Primary antibody: 
anti-BPVwv (open circles), anti-BPVr&a (closed circles), 
anti-56 (open triangles) and anti-110 (closed triangles) 
were serially diluted from 1/50 to 1/6400 and added to 
duplicate wells for a one hour incubation. Secondary 
antibody was HRP labeled goat-anti-rabbit IgG and substrate 
was citrate-ABTS. The antisera raised against the cloned 
proteins had a lower titer than that raised against native 
viral proteins as expected. The anti-56 titer was comparable 
to the anti-BPV sera at the lower dilutions and was much 
higher overall than that of anti-110. 
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more accurate than the one described previously. 

Hemagglutination Inhibition 

Antisera to BPVr&a, 110 and 56, as well as their pre

immune counterparts, were tested for the ability to inhibit 

the hemagglutinating activity of BPV 2. Although this is a 

much less sensitive assay than western blot or ELISA, it 

does utilize a specific activity of this virus to titer 

antisera. The antiserum to 110 did not appear to contain 

much more inhibiting ability than that non-specifically 

provided by the pre-immune sera. Anti-56 inhibited 

hemagglutination to the same extent as anti-BPVr&a (Table 

1), again showing the superiority of the 56 Kd protein in 

eliciting an antibody that can specifically interact with 

the whole virus. 

Cross-Reactivity of 110 and 56 Kd Proteins 

In order to determine if the two recombinant products, 110 

and 56, contained common epitopes, the two proteins were 

blotted onto nitrocellulose and probed with each other's 

corresponding antiserum (Fig. 18). At a dilution of 1/500, 

there was little cross-reactivity. At this dilution, anti-

110 appeared to recognize the 56 Kd protein somewhat, while 

anti-56 did not seem to recognize 110. 
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Fig. 17. Western Blots of clone lysates using anti-BPV. 
a. Cell lysate of pL1J105. Arrow denotes 110 Kd protein. b. 
Cell lysate of pBDI3-2. Arrow denotes 56 Kd protein. Blot 1. 
Anti-BPV r&a at dilution 1/2500. Blot 2. Anti-BPV wv at 
dilution 1/1000. Blot 3. Anti-BPV r&a at 1/500. Besides 
utilizing a lower dilution of antiserum, this blot was 
incubated in substrate three times as long (15 min) as blots 
1 and 2 for maximum exposure. 
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Fig. 18. Cross-reactivity of antisera to cloned proteins. 
Anti-56 was used to probe the cell lysate of pL1J105 which 
expresses the 110 Kd protein, while anti-110 was used to 
probe the lysate of pBDI3-2 which expresses the 56 Kd 
protein. The faint reactions are noted by arrows. 
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Cloning of the 3' Portion of L1 ORF 

Creation of pL1C1 

To see if the difference in exhibition of BPV epitopes 

between the 110 Kd fusion protein and the 56 Kd protein was 

due to some masking of carboxy terminus amino acids by the 

attached 5S protein, the 3' end only of the L1 ORF was 

cloned into pRA10 (Fig. 19). This was achieved by removing 

the 5' end of the sequence during Barn H1 digestion. The 

shortened, linearized plasmid was recircularized and 

recombinants were chosen by miniscreen analysis. A shortened 

plasmid, pL1C1, was chosen for induction. 

Induction and Analysis 

The plasmid pL1C1 was cloned into MZ-1 and induced under 

the conditions described. Clones were analyzed by SDS-PAGE 

for presence of a 30 Kd product of the 3' sequence, which 

was observed in the induced pL1C1 lysate only. This protein 

was specifically recognized when a western blot of the same 

gel was probed with anti-BPVr&a (Fig. 20). 

ELISA Assays of Three Cloned Products 

Anti-BPV ELISA 

To test the antigenicity of the three cloned products, the 

110 Kd fusion protein, the 56 Kd mostly native form of the 

86 



PL N/ero 
en 

pBDI3-2 
7422bp 

Bam H1 
Hind III 

Bam H1 
Smal 

Ll gene 

Bam HI digest 
Dropout 750bp at 5' end 
Re-circularize 

PL N/ero 
en 

Bam H1 
3' end of Ll gene 

Smal 

Fig. 19. Cloning Scheme C. To express the carboxy terminus of 
the L 1 protein, 7 50bp of the 5' end of the gene were removed by Bam 
H1 digestion of the plasmid pBDI3-2. The resulting plasmid pi3CI 
produced a novel protein of molecular weight 30Kd. 
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Fig. 20. SDS-PAGE and Western Blot Analysis of pi3Cl 
Clone Product. Aliquots of MZ-1 transformed by pRA10 (lanes 
1&2) or pi3C1 (lanes 3&4) in the induced (lanes 2&4) and 
uninduced (lanes 1&3) state were analysed on a 12% SDS
polyacrylamide gel and on a Western blot probed by antiserum 
to BPV as previously described. A novel band of molecular 
weight 30 Kd. was observed in the cell lysate of the induced 
pi3C1 clone (lane 4). This protein interacted strongly with 
the antiserum to BPV. 
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protein, and the 30 Kd carboxy terminus were electroeluted 

from unstained SDS-polyacrylamide gels and concentrated. 

Since SDS may distort the antigenic sites by neutralizing 

charges and masking epitopes, and may inhibit the formation 

of antigen-antibody complexes, it was removed by passing 

proteins over an extractigel-D column. Protein concentration 

was determined by the method of Lowry to ensure equal 

amounts of antigen (10ug/well) were used. Following coating, 

antigens were incubated with either anti-BPVr&a or its pre

immune counterpart (Fig. 21). The anti-BPVwv serum strongly 

and specifically interacted with the 56 and 30 Kd proteins, 

at a titer about 2/3 that of its interaction with whole BPV. 

Interaction with 110 protein was about 1/3 of the control 

level. This marked an improvement over the result 

summarized from the data presented in Fig. 9 1 presumably due 

in part to the removal of SDS. However, the trend of the 110 

Kd protein exhibiting much less antigenicity than the more 

native forms of the major capsid protein continued. 

Inhibition ELISA 

All three protein antigens inhibited the binding of anti

BPVwv to whole virus in an ELISA to some extent (Fig. 22). 

Incubation of antiserum with whole virus inhibited it almost 

completely, while incubation with an unidentified E.coli 

protein, eluted from SDS-polyacrylamide gels and purified by 

the same method as the specific antigens, gave a control 
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Fig. 21. Anti-BPV ELISA. SDS was removed from 
recombinant proteins which had been electroeluted from 
unstained SDS-polyacrylamide gels and concentrated. Whole 
BPV 2 particles (open circles) as well as recombinant 
products 30 Kd. (open triangles), 56 Kd. (closed circles) 
and 110 Kd. (closed triangles) were coated into microtiter 
wells at a concentration of 10 ug/well. Primary antiserum 
was anti-BPVwv and secondary was HRP labeled goat-anti
rabbit IgG. Substrate was citrate-ABTS. As expected, anti
BPVwv recognized the BPV particle best, followed by the 30 
Kd. and the 56 Kd. protein which were strongly recognized on 
an equal basis. The 110 Kd. protein was weakly recognized. 
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Fig. 22. Inhibition ELISA. Serial dilutions of the 
proteins: E.coli protein (open circles), 110 Kd. (closed 
circles), 56 Kd. (open triangles), 30 Kd. (closed 
triangles), and whole BPV 2 particles (open squares), 
beginning at a concentration of 1 mg/ml were incubated with 
anti-BPVwv prior to its introduction as primary antibody in 
an ELISA. The standard OD 405 of the well following addition 
of secondary antibody HRP labeled goat-anti-rabbit IgG and 
substrate citrate-ABTS had been set at 1.0 during a previous 
checkerboard assay. Strongest inhibition was achieved by 
addition of BPV 2 while the cloned products inhibited to a 
lesser extent, with the 30 Kd. and the 56 Kd. proteins being 
more efficient than the 110 Kd. protein. 
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level for non-specific inhibition. Of the three recombinant 

products, the 56 and 30 Kd proteins inhibited the antiserum 

with about 1/3 the efficiency of whole virus, while the 110 

Kd protein was less effective. 

Transformation Inhibition 

To test the antiserum to the 56 Kd protein for 

neutralizing antibodies, 
~ 

a transformation inhibition 

experiment similar to that described for anti-110 was 

performed, with the exception that the antisera dilutions 

were carried out to 1/2500 (Fig. 23). The neutralizing titer 

of anti-BPVr&a was determined to range from 1/1000 to 1/2500 

while that of anti-56 was about 1/250. 

Comparison of 110 and 56 Kd Proteins 

Lysates of pL1J105 and pBDI3-2 were electrophoresed on 

SDS-PAGE and blotted onto nitrocellulose. The 110 and 56 Kd 

proteins were analysed for reactivity to anti-EPVwv and 

anti-BPVr&a. As previously described, a strong interaction 

was observed with the 56 Kd protein even at dilutions of 

1/1000 to 1/2500. The 110 Kd protein weakly attached both 

antisera even at a lowered dilution of 1/500 with an 

increased substrate incubation time (Fig. 17). 
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Fig. 23. Transformation Inhibition. Crosshatched bars 
repr~sent anti-BPV 2 while diagonally shaded bar represents 
anti-56. Foci were counted on each dish and results were 
averaged and converted into a percentage of the average 
number on the control dishes. Neutralizing titer was defined 
as the dilution of antiserum which results in a 50% 
reduction of foci from control. Anti-BPV 2 neutralizing 
titer was about 1/5000 while that of anti-56 was 1/250. 
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Antiserum 

Anti-BPVr&a 

Anti-110 

Anti-56 

Pre-Immune 

1 I 16 

1 I 32 

1 I 16 

Immune 

1 I 256 

1 I 64 

1 I 256 

Table 1. Hemagglutination Inhibition Titers. Following 
incubation of 1.5 x 108 particles of BPV 2 with serial 
dilutions of each antisera, Balblc mouse red blood cells 
were added and incubated at 4°C for 3 h. Inhibition was read 
as the highest dilution of serum giving a negative reaction: 
a button in the microtiter well signifying the inability of 
the virus to bind RBCs due to interference by antisera. 
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DISCUSSION 

Production of Fusion Protein 

When 93% of the L1 open reading frame of bovine 

papillomavirus type 2 was cloned into the expression plasmid 

pKK233-2, it was assumed that the 1361 base pair fragment 

would produce a protein product of about 55 Kd in molecular 

weight. Following IPTG induction, a novel band of 110 Kd 

appeared on SDS-PAGE gels for five of six recombinant 

plasmids, which had been designated pL1J. The non-producing 

clone was eliminated from further study, while one of the 

other five, pL1J105, was chosen for closer examination. No 

novel band appeared in the expected 50-60 Kd region. 

However, the 110 Kd protein was irnrnunoprecipitatable with 

antisera raised against either whole BPV or reduced and 

alkylated viral proteins, so the presence of BPV epitopes 

within the protein was suspected. 

To rule out the presence of a double insert, plasmid DNA 

was measured against molecular weight markers for proper 

size. All clones producing the 110 Kd product were shown to 

migrate no slower than a 6000 bp control on agarose gels. 

The proper length of pKK233-2 plus 1361 bp insert would be 

5963 bp while a double insert would cause a recombinant to 

migrate at 7324 bp. Restriction enzyme analysis also showed 

probable presence of only one insert. 
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One phenomenon observed when 

recombinant product is achieved 

rapid overproduction of a 

is the formation of bonds 

between peptides as well as those internal bonds required 

for proper folding. Thus covalently bonded multimers can 

sometimes be seen on SDS-PAGE in addition to the expected 

monomer. The tac promoter of the pKK233-2 plasmid is 

considered to be quite strong, and by SDS-PAGE it could be 

seen that large amounts of recombinant protein were being 

produced within the E.coli host (8% of total cell protein by 

densitometer scan). Because the size of the recombinant 

product was exactly double the expected size of the insert 

product and might represent a dimer, a reduction under 

extremely strong conditions (8M urea) was performed. This 

proved quite ineffective in breaking the protein into 50-60 

Kd components, and the 110 Kd product remained intact. 

The next possibility was the formation of a fusion product 

with some coding sequence provided by the plasmid 3' to the 

insert. This was at first considered unlikely, for though 

the stop codon for the L1 open reading frame itself had been 

destroyed during digestion and ligation, the plasmid 

provided several. Upon obtaining the DNA sequence of pKK233-

2 from Pharmacia, it was discovered that the above 

assumption was true only if the insert was cloned into the 

Nco I site of the plasmid. The directional cloning scheme 

used to create the pL1J recombinants required a double 

digestion of the vector, which removed the stop codons 
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located between the two restriction sites. Thus it was 

determined that the 110 Kd protein was in fact a fusion 

product, as this cloning scheme placed the L1 insert in 

frame with a portion of the ribosomal protein SS coding 

sequence, and out of frame with any nearby stop codon. 

Immunogenicity of the Fusion Protein 

Though a hybrid protein is probably not the most ideal 

immunogen, a similar protein had been used when the L1 ORF 

of BPV 1 was cloned by Pilacinski et al (1984) and expressed 

as a B-galactosidase fusion product. Hybrid proteins have 

also been used to produce experimental subunit vaccines to 

rotavirus (Flores et al, 1984), influenza virus (Nayak et 

al, 1984) and herpes simplex virus (Amann et al, 1984) with 

varying degrees of success. 

The 110 Kd protein was used to immunize a rabbit in an 

effort to produce neutralizing antibodies to BPV 2. The 

resulting product did in fact recognize the denatured form 

of the major capsid protein of BPV 2 by the sensitive 

western blot method, and it interacted relatively strongly 

with whole virus in an 

This showed that the 

enzyme-linked immunosorbent assay. 

antibody raised against the cloned 

product could specifically recognize BPV epitopes, both in 

disrupted and in native form. 

This was encouraging enough to set up a transformation 
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inhibition assay, in which anti-110 was used in an attempt 

to neutralize BPV 2 so that it could not attach the receptor 

of mouse C127 cells and thus enter and transform them. As 

is true whenever a polyclonal antiserum is used in such an 

experiment, the fact that anti-110 recognized BPV epitopes 

was no guarantee of the presence of neutralizing antibodies. 

The result of the transformation inhibition assay 

illustrated this. The antiserum was ten times less effective 

than anti-BPVr&a in neutralizing the virus. Though this was 

a disappointing result, it did parallel those obtained by 

Pilacinski et al with antisera to both fusion and non-fusion 

products. Low antibody titer to hybrid proteins produced in 

E.coli was also described by Nayak et al (1984). 

A disturbing western blot result foreshadowed the ultimate 

uselessness of the fusion protein as an immunogen. Antisera 

raised against native capsid protein, present on the surface 

of whole virus, did not recognize the 110 Kd protein on a 

western blot at a standard antiserum dilution of 1/500. A 

slight positive result could be picked up if antiserum 

dilution was lowered to 1/50, but it was felt that this 

practice compromised the sensitivity of the assay, and the 

result could be from non-specific binding (Fig. 25). 

The non-recognition phenomenon could perhaps be explained 

by the denaturing process of reduction and SDS-binding that 

occurs when proteins are electrophoresed on 80S

polyacrylamide gels. A denatured, improperly folded protein 
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may simply lack the tertiary structure required for antibody 

recognition, especially antibody raised against whole, non

denatured virus. However, this was probably not the case as 

the non-recognition was repeated when antiserum raised 

against reduced and alkylated viral proteins was used as a 

probe in the western blot analysis. This antiserum should 

contain antibodies even to those internal epitopes hidden 

when the capsid protein is folded and assembled into a viral 

coat as well as denatured, linear type epitopes (Novotny et 

al, 1987). It should depend less for recognition on natively 

folded or surface epitopes, and it should be able to 

recognize even BPV epitopes not conventionally presented, 

which is presumed to .be the case with the hybrid protein. 

However, once again at a dilution of 1/500, no specific 

interaction between anti-BPVr&a and the 110 Kd protein could 

be observed. A slight positive reaction of a somewhat 

greater magnitude than that observed for anti-BPVwv was seen 

when serum dilution was lowered to 1/50. This result was 

repeated when the 110 Kd protein was used as an antigen in 

an ELISA (before SDS had been removed), and anti-BPVr&a was 

used as the primary antibody. 

A significant change in the charge of BPV specific 

epitopes by the SDS-PAGE process could explain these results 

if those types of epitopes are present on the major capsid 

protein and are critical for stimulation of antibody 

production. SDS is used to modify the charged areas of the 
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proteins it binds so that in the SDS-PAGE buffer system, all 

globular molecules move toward the anode carrying a negative 

charge. According to amino acid analysis, the major capsid 

protein of BPV has a strong net negative charge with a pi of 

2.37 (Appendix A). However, it has no outstanding groups of 

highly charged amino acids as seen for the BPV L2 protein 

sequence. 

Additionally, empirical evidence shows that even when SDS 

is removed from the 110 Kd protein, only a slight increase 

in recognition by anti-BPV sera is observed. A long blotting 

time (over 16 hours) in transfer buffer is known to remove 

the SDS electrophoretically from the protein on the blot, in 

some cases causing renaturation to an extent dependent on 

the nature of the protein. Complete blotting of the 110 Kd 

protein required a minimum of 36 hours, often with a change 

of buffer, because of its large size, so SDS may have been a 

negligible presence once the hybrid was attached to 

nitrocellulose. Active removal of SDS by extracigel r~sin 

was later shown to have a slight effect on ELISA, where the 

titer of anti-BPVr&a against the 110 Kd protein improved 

somewhat. 

As reported, positive interaction did occur when the 110 

Kd protein was imrnunoprecipitated by anti-BPV sera, but this 

procedure required a tremendous dilution of the protein 

source (clone cell lysate, which had been obtained by 

boiling in a 1% SDS solution), as SDS is known to interfere 
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in antigen-antibody complex formation. Dilution may have 

caused enough renaturation of the protein to render it 

recognizable to anti-BPV. However, it must also be mentioned 

that the sensitivity of this procedure was much lower than 

that of the standard western blot, as antisera was used at a 

titer of 1/20. 

Though the presence of SDS could not explain completely 

the seemingly non-BPV identity of the 110 Kd protein in both 

western blot and ELISA, it may have had an important impact 

on the avidity of the anti-110 serum. The protein was 

injected into the rabbit in the presence of a high 

concent~ation of SDS, which may have altered the antigenic 

and immunogenic determinants enough to account for the low 

reactivity of the resultant antisera against BPV and the 

lack of production of neutralizing antibodies. A similar 

result was reported when SDS-denatured polyoma virus protein 

was used to produce antisera that interacted weakly with 

intact virions (McMillen and Consigli, 1977). Other reasons 

for the unworkable nature of the 110 Kd protein as antigen, 

and stimulus of the immune response may lie in the nature of 

the hybrid protein itself, and this will be explored in a 

later section. 

Production of an Ll ORF Protein 

To circumvent the problems introduced by use of a fusion 
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protein as an immunogen, the L1 ORF was cloned by a 

different method into the expression plasmid, pRA10. This 

time the stop codon of the L1 was left intact and was 

backed up by stop codons provided by the plasmid just 3' to 

the insert. 

Contrasting Characteristics of Recombinant Proteins 

The use of a plasmid with a lambda pL promoter should have 

given a comparable rate of recombinant protein production to 

that seen with the trc promoter system; however, this was 

not found to be the case. The new clone, pBDI3-2, produced a 

56 Kd novel protein as expected under temperature induction, 

but at a proportion of 1-2% of total cellular protein, a 

third of the rate of the pL1J105 clone. Though this result 

was sufficient for scaling up production and isolating 

enough protein for use in immunization and characterization, 

the drop off from the level promised by plasmid designers 

Mallon et al was quite severe, about one sixth the amount 

that should have been obtained under optimum conditions. The 

amount of recombinant protein produced by any plasmid is 

often a reflection of the nature of the protein itself 

rather than that of the vector or host. Like other 

eukaryotic proteins expressed in 

product of pBDI3-2 may have been 

prokaryotic cells, the L1 

somewhat lethal to the 

host. This can lead to limited expression due to either 
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degradation of recombinant product or to an actual drop in 

the population of productive cells, which may lyse due to 

overproduction of foreign proteins. It has been speculated 

that addition of prokaryotic sequences to eukaryotic open 

reading frames may protect both host and product: the 

foreignness of the recombinant protein is muted, so it is 

less likely to become a target for degradation. Meanwhile, 

the host cell, dealing with a recognizable protein, can 

tolerate its overabundance more easily. The differences 

between the level of expression of the two L1 recombinants 

may reflect.such a difference in structure. 

A characteristic of the fusion product, which may also be 

a reflection of its hybrid nature, is its insolubility as 

compared to the more native form of the protein. It has been 

documented (Firzlaff et al, 1987) that many recombinant 

products, especially those attached to prokaryotic protein 

sequences, are often so insoluble as to be difficult to 

purify without the presence of a large percentage (0.5-1%) 

of SDS or a high molarity (SM) of salt or denaturing agent 

(6M urea). The presence of these substances makes further 

characterization problematic. Interestingly, while the L1 

hybrid studied in this project had the classic insoluble 

profile, and was always isolated in the membrane 

protein/chromosomal DNA portion of any fractionated lysate, 

the 56 Kd protein proved to be quite soluble, even when 

Triton X-100 was used as detergent rather than SDS. Thus, 
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the un-fused recombinant product was much easier to handle 

despite its susceptibility to degradation. Whether 

characteristics of stability, overproduction or insolubility 

are inter-related and a consequence of the hybrid nature of 

the 110 Kd protein, it was decided that those advantages are 

far outweighed by the disadvantage of non-immunogenicity. 

Immunogenicity of the Nonhybrid Recombinant Protein 

Like the 110 Kd protein, the 56 Kd protein was able to 

induce production of an antiserum that interacted with the 

major capsid protein of BPV 2 on a western blot and with the 

whole virus itself in an ELISA. However, the differences in 

antiserum titers required for this recognition was striking. 

The highest dilution of anti-110, which gave a positive 

western blot reaction, was 1/500, while that of anti-56 was 

five times higher, at 1/2500. The titer of anti-56 on ELISA 

with BPV as antigen was twice that of anti-110. 

In the critical transformation inhibition assay, anti-56, 

while only half as effective as anti-BPVr&a, was five to ten 

times better at neutralizing virus than anti-110, a marked 

improvement over both the previous experiment and the result 

reported by Pilacinski et al (1984). 
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Explanation of Differences in Immunogenicity 

The reason for the increase in immunogenicity of the 

native protein recombinant over the fusion product was 

puzzling, though results to some follow-up experiments did 

aid in the development of an explanation. The western blot 

experiment, which failed with the 110 Kd protein, worked 

quite well with the 56 Kd protein. Antisera to both BPVr&a 

and BPVwv reacted strongly and specifically to the 56 Kd 

protein on a western blot at dilutions up to 1/1000. This 

was in marked contrast to the result obtained with the 110 

Kd protein. Even when the antiserum dilution was dropped, 

and the incubation in substrate was increased, blots of the 

110 Kd protein never interacted strongly with anti-BPV sera. 

To see if the two proteins shared any epitopes, a cross

reactivity experiment was performed, in which each cloned 

product was reacted with the other's specific antiserum. At 

any dilutions from 1/50 to 1/500, anti-110 recognized the 56 
-

Kd protein slightly, while anti-56 did not seem to recognize 

the 110 Kd protein at all. This perhaps could be expected 

from other western blot and ELISA results, where anti-56 

mimics anti-BPV, as it does in this case, by not recognizing 

the 110 Kd protein. 

It seems that the 56 Kd protein is in a more native form 

and, therefore, does elicit more antibodies liable to 

recognize native BPV epitopes, including neutralizing 

• Q 
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antibodies, than is the 110 Kd protein. Even the presence of 

SDS in the mixture used to immunize the rabbit does not seem 

a negative enough factor to counteract the positive 

presentation of BPV epitopes by the 56 Kd protein. This 

leads to the idea that it is more than just the presence of 

SDS that caused the 110 Kd protein to behave as a poor 

immunogen. It was decided that it might be necessary to 

create another clone that would tell something about the 

structure of and differences between the recombinant 

proteins. 

The most obvious area 

the two proteins is at 

of difference in structure between 

the carboxy terminus of the L1 

product, where the SS protein attaches in the hybrid. To 

see if there are any distinct antigenic sites in this area, 

a computer analysis of the amino acid sequence was 

performed. A hydropathy plot similar to that devised by Kyte 

and Doolittle (1982), progressively evaluates the 

hydrophobicity and hydrophilicity of a protein along the 

length of its amino acid sequence. In most soluble, globular 

proteins, there is a definite correspondence between 

interior portions of the molecule and stretches of 

hydrophobic amino acids. Conversely, surface areas appear to 

contain largely hydrophilic domains and peaks. Thus, 

determination of the antigenic sites of many proteins was 

logically begun by examining areas of high hydrophilicity, 

since accessibility to the antibody molecule is the 



107 

essential property of these entities. The hydropathy plot of 

the L1 ORF, however , shows no discreet "peak" values where 

a portion of the molecule would be expected to extend itself 

as an antibody target. Even a somewhat distinctive 13 amino 

acid stretch at the carboxy terminus seems statistically 

insignificant when it can be observed that many such 

hydrophilic areas are scattered all along the length of the 

sequence. This is a common feature of many globular 

proteins, presenting a "whole surface" type antigenicity 

according to this particular computer program. 

Though somewhat useful as a starting point, there is an 

obvious limitation to determining antigenicity by ~imple 

hydrophilicity analysis. Even though obvious hydrophilic 

peaks have been found by direct experimental evidence to 

correlate to antigenic determinants, not all hydrophilic 

peaks are antigenic. Conversely, not all antigenic 

determinants are hydrophilic (Hopp, T.P. and K.R. Woods, 

1981). Indeed, most, if not all, surface oriented regions 

are non-antigenic. It has been shown for native proteins 

that during an immune response, antibody reactivity is 

confined to only a few immunodominant regions of the 

molecule, about one site per 5000 daltons of protein 

(Lerner, 1982). The other hydrophilic surface areas are 

considered to be immunorecessive or "silent" (Schinnik et 

al, 1984). 

The program designed by Welling et al (1985) began with 
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these types of empirical observations. The emphasis placed 

on certain amino acids was arbitrarily manipulated in order 

to find a particular kind of sequence that is favored for 

antibody binding. The percentage of each amino acid present 

in known antigenic determinants was compared with the 

percentage of the amino acid in the average composition of a 

large number of proteins. The program analyzes overlapping 

heptapeptide sequences down the length of the protein. It 

was determined that areas rich in histidine, lysine, 

alanine, leucine, aspartic acid and 

likely to interact specifically 

determined by immunoprecipitation 

neutralization. 

arginine were more 

wi~h antibodies as 

and antibody 

When the Ll ORF of BPV 2 was analyzed in this way, quite a 

different result was obtained, compared to the hydropathy 

plot. The majority of the molecule appeared to be neutral or 

non-immunogenic. The only truly "antigenic" site of the 

protein is in fact in the stretch of amino acids at the 

carboxy terminus (Appendix B). This may also be significant 

in another way. In several proteins, including a structural 

component of Maloney leukemia virus, C-termini have been 

described as being quite immunogenic. This may be because an 

untethered C-terminus is relatively free to rotate and could 

be thought of as a kind of hapten carried by the rest of the 

molecule. 

Any analysis that defines antigenicity cannot guarantee 
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that antibodies, which are induced by and that bind that 

region, are those required for prophylactic effect. This 

phenomenon was observed when a rabies virus subunit vaccine 

was 1000 fold more reactive to polyclonal antisera raised 

against the native protein than even the native protein 

itself, but was utterly incapable of stimulating and immune 

response (Malek et al, 1984). Up to this point, the terms 

immunogenic and antigenic have been used interchangeably. 

Strictly speaking, an antigenic determinant binds antibody, 

·while an immunogenic determinant induces antibody 

production. Perhaps the 110 Kd protein, while able to 

present BPV specific antigenic determinants, is unable to 

stimulate an immune response due to the lack of, or more 

probably the masking of, an immunogenic determinant. 

Despite the acknowledged limited predictive ability of 

amino acid computer analysis, the antigenicity plot of the 

L1 ORF did show a positive area in the carboxy terminus 

which overlapped a hydrophilic peak. This evidence, coupled 

with the empirical data supporting the nonimmunogenicity of 

the L1 protein fused at the carboxy terminus to a bacterial 

protein, was a basis for narrowing the area of study of the 

L1 protein. 

It was decided to clone a portion of the 3' sequence of 

the L1 open reading frame in order to produce a peptide 

that contained only the carboxy terminus of the protein, to 

see if this peptide interacted more or less strongly with 
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the anti-BPV sera than did the other two recombinants. 

The peptide was recognized on western blots by anti-BPV 

serum, like the 56 Kd, but unlike the 110 Kd protein. In an 

ELISA in which the antigen was cloned protein (with SDS 

removed), the 30 Kd carboxy terminus peptide reacted to 

anti-BPV in a manner similar to, though not better than, the 

56 Kd protein. Both interacted to a much greater extent than 

did the 110 Kd protein. 

Similar 

where both 

anti-BPVwv 

results 

56 Kd 

before 

were obtained in 

and 30 Kd proteins, 

interaction with 

an inhibition assay, 

when incubated with 

whole virus, bound up 

enough antibody to make a difference in antiserum titer. The 

110 Kd protein was much less inhibitory. These experiments 

unfortunately could not pinpoint the rather large portion of 

the carboxy terminus cloned as the most immunogenic part of 

the major capsid protein. That might require the production 

of a set of synthetic peptides stretching over the sequence 

of interest, followed by analysis of corresponding antiserum 

foe production of neutralizing antibodies. This sort of 

experiment has been done for other viruses. For influenza 

and foot-and-mouth disease virus, synthetic peptides have 

been shown to induce neutralizing antibodies (Bittle et al, 

1982). 

Apart from its application in the area of vaccine 

production, the synthetic peptide approach has widened the 

scope of understanding of the interactions of "neutralizing" 
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epitopes and production of corresponding antibodies. 

Although useful for the study of whole viruses or proteins, 

polyclonal antiserum, with its mixture of antibodies of 

diverse reactivity, may overwhelm subtleties of protein 

interaction. Synthetic peptides, along with monoclonal 

antibodies, have been useful both in understanding the fine 

points of antigen-antibody complexes and in narrowing the 

parameters of the search for a truly effective vaccine. 

Although a general conclusion cannot be made upon the 

basis of this inquiry into the nature of one viral surface 

antigen, experimental results of other researchers do 

support some of the conclusions that can be drawn from this 

project. The practicality of the trend towards use in a 

clinical situation of synthetic peptides of 20 amino acids 

or shorter is reflected in these results. Though the 

shortest recombinant protein could not be said to be more 

interactive with antibodies to BPV, the largest protein was 

certainly less recognizable by those same antibodies. This 

is not a reflection of size, of course, but of the quality 

of the epitopes presented. It is likely that though BPV 

epitopes do exist on the 110 Kd protein, they are rather 

well masked by the presence of the fused ss protein, either 

by an actual physical covering up of epitopes, or by 

creation of new and completely foreign epitopes by a radical 

change in protein folding and tertiary structure. Of course 

there may be a combination of both phenomena. 
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For most globular proteins, it appears that immunogenic 

determinants are conformation dependent. Shorter peptides, 

which are successful in eliciting neutralizing antibodies 

probably mimic the shape of the important discreet surface 

areas of proteins that interact with antibody. Introduction 

of extraneous sequences at the theoretically critical 

carboxy terminus by the hybrid protein may have been enough 

of a disturbance to the putative immunogenic site to render 

it unrecognizable by anti-BPV sera. This defeats the main 

purpose of the creation of a vaccine: to produce an antigen 

sufficiently similar to a structure within a native molecule 

to enable immunological cross reaction (Macfarlan et al, 

1984). However, fusion proteins incapable of inducing a 

strong immune response may prove useful as "priming" 

molecules, readying the immune system for a later boost by a 

truly immunogenic protein (Enger-Valk et al, 1984). 

For this project, success was defined by the creation of a 

synthetic version of the major capsid protein, which would 

result in production of antiserum able to neutralize BPV. In 

fact, this was achieved with the 56 Kd product of pBDI3-2, 

and with better results than previously reported. 
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Conclusions 

This was an investigation into the nature of the major 

capsid protein of bovine papillomavirus. The study of this 

protein is not just of clinical interest. To date, no 

mechanism for the binding of a cellular receptor has been 

described for any papillomavirus. This is the next step in 

defining the activity of the major capsid protein of BPV. 

The antigenic site that binds a cellular receptor would be 

the most likely candidate for stimulation of a neutralizing 

antibody. Though only supported by negative data in this 

study, i.e., the non-immunogenicity of the hybrid protein, 

and by a computer analysis,it can be speculated that this 

region may reside in some portion of the carboxy terminus of 

the protein. 

The major capsid protein gene of BPV 2 was cloned by two 

different methods, one of which proved to be immensely 

superior to the other. The idea of use of a hybrid protein 

as a synthetic vaccine is slowly losing favor as problems 

are encountered with low immunogenicity and stimulation of 

undesired, non-specific antibodies. Both these phenomena 

were observed during the course of this project. Though an 

unfused protein is often more labile than ita hybrid 

counterpart, it more often produces the desired in vivo 

response. The movement in vaccine technology is toward 

subunit and even peptide vaccines, and this direction seemed 
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to be most promising for this system. Though this project 

studied possible use of a synthetically produced protein as 

a vaccine, the problems encountered and solutions applied 

could be useful to any project that requires cloning and 

expression of a eukaryotic gene in a prokaryotic system. 
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