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ABSTRACT 

Mouse L thymidine kinase-deficient (LTK ) cells were trans-

fected with recombinant plasmid DNA containing the herpes simplex 

virus type 1 (HSV-1) TK gene by calcium phosphate coprecipitation. 

Several subclones capable of growth in TK+ restrictive medium (HAT 

medium) were obtained. The HSV-1 TK gene was localized in one sub

clone to the distal portion of an isochromosome of mouse chromosome 5 

(iso 5) by in situ hybridization. Using the same method, the gene 

was localized to a short acrocentric chromosome in a second subclone 

and to a medium acrocentric chromosome in a third. Blot hybridization 

analysis revealed that the HSV-1 TK gene was present as a single copy 

in all subclones examined. These results indicate that in situ 

hybridization can be used to localize single-copy viral sequences to 

eukaryotic chromosomes following transfection, that donor sequences 

integrate at a single site in a given subclone, and that integration 

is not site-specific. 

viii 



CHAPTER 1 

INTRODUCTION 

History of Gene Mapping 

Although Mendel postulated the existence of units of inheri

tance, which he called "factors," in the 1860's, it was not until 

the turn of the century that Sutton (1903) and Boveri (1904) showed 

that Mendel's factors are carried on chromosomes. Beginning in 1910, 

Morgan and his colleagues, particularly Sturtevant, provided evidence 

that these factors, now called genes, are arranged linearly along chro

mosomes. It became apparent that genes could be placed in linkage 

groups, and that genes on the same chromosome belonged to the same 

linkage group. Furthermore, the relative distance separating two 

genes on a chromosome could be inferred from the frequency of recombina

tion of traits determined by the genes, as observed in the offspring of 

parents with known genotypes. This latter observation provided the 

basis for extensive mapping of genes in various eukaryotic organisms. 

(See Levine 1971, Peters 1959, and Voeller 1968, for collections of 

relevant historical papers.) 

The first human gene to be mapped was the gene for color blind

ness, assigned to the X chromosome by E.B. Wilson in 1911. However, 

mapping of human genes by recombination analysis (using pedigrees) 

was a slow process, hindered by such problems as small family size and 

the inability to conduct the proper testcrosses. Thus, during the 

1 
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period between 1911 and 1967, only around 100 genes were localized to 

the X chromosome of man, with very few autosomal genes being mapped 

(McKusick 1971, McKusick 1975). The mapping of genes from certain other 

organisms such as corn (Neuffer and Coe 1976) and mouse (Miller and 

Miller 1972) progressed more quickly due to the ability to manipulate 

crosses. 

In addition to pedigree analysis, mapping data has been obtained 

by correlating the segregation of a morphologically distinguishable 

chromosome with a particular genetic trait. For instance, Donahue 

et al. (1968) showed that an enlarged human chromosome 1 segregated 

consistently with Duffy (Fy) blood group genes in several families, 

thereby localizing these genes to chromosome 1. Similarly, deletion 

mapping has been used to correlate the coincident absence of a gene 

with the presence of a chromosomal deficiency. Mayeda et al. (1974) 

used this method to localize the lactate dehydrogenase B gene to the 

short arm of chromosome 12 in humans. While these methods have provided 

mapping data for a number of genes, they are limited by the availabil

ity of suitable markers and deletions for analysis. 

Important breakthroughs in the last fifteen years have led to a 

marked increase in the number of mapped genes (McKusick and Ruddle 1977, 

Shows, Sakaguchi, and Naylor 1982). In the early 1970's, Caspersson, 

Lomakka, and Zech introduced improved chromosome banding techniques 

that greatly facilitated the identification of specific chromosomes. 

In addition, the so-called parasexual technique of somatic cell hybrid

ization began to provide an alternative means for localizing genes. 
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Somatic cell hybridization takes advantage of the ability, first 

observed by Barski, Sorieul, and Cornefert (1960), to produce true 

heterokaryons by fusing somatic cells from different species. Fusion 

was shown to be facilitated by the presence of inactivated viruses 

(Okada 1958), including Sendai (Harris and Watkins 1965), and by certain 

chemical agents such as polyethylene glycol (Pontecorvo 1975) . These 

agents appear to promote a weakening or partial degradation of cell 

membranes as well as the formation of cytoplasmic bridges between cells. 

Once fusion has been accomplished, it is necessary to establish selec

tive conditions which allow only hybrid cells to exist while eliminating 

unfused cells (Littlefield 1964). Initially, the nuclei of hybrid 

cells contain the chromosomes of both parents. However, during sub

sequent cells divisions, most of the chromosomes of one species are 

lost, leaving a more or less complete complement from one parent and 

only a few chromosomes or chromosome fragments from the other. For 

example, in mouse-human hybrids, human chromosomes are preferentially 

lost, while mouse chromosomes are retained (Weiss and Green 1967). 

Once obtained, somatic cell hybrids provide a means for correlating a 

particular phenotype with a specific identifiable chromosome. 

For rapid chromosomal assignment of genes in somatic cell 

hybrids, a clone panel, comprised of a collection of hybrids containing 

specific combinations of chromosomes, can be used (Ruddle and Creagan 

1975). After a gene has been assigned to a specific chromosome, its 

localization within that chromosome must be determined. Regional 

mapping has been carried out mainly by cytogenetic analysis of hybrids 

containing translocations or deletions of specific chromosomes. 
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Chromosome-breaking agents have been employed to increase the number of 

deletions available for study (Law and Kao 1978). These methods, how

ever, rely upon expression of the gene of interest. Recombinant DNA 

technology circumvents this problem by allowing detection of specific 

genes without the need for their expression. Purified radiolabeled 

cDNA clones corresponding to the gene of interest can be used to probe 

DNA from interspecies hybrids by the blot hybridization method of 

Southern (1975). This approach was first used to localize the g-globin 

gene complex to human chromosome 11. Refined regional mapping of this 

gene complex was accomplished by Gusella et al. (1979) using a series 

of human-CHO cell hybrids containing various deletions of chromosome 11. 

The gene was assigned to region Ilpl205-llpl208. Other gene assignments 

have recently been made using this approach (Owerbach et al. 1980, 

Owerbach et al. 1981, Puck and Kao 1982). The major disadvantage, how

ever, of mapping genes by somatic cell hybridization is that regional 

chromosome assignment can be accomplished only by using hybrids with 

various rearrangements or deletions. The method is, therefore, somewhat 

impractical for refined mapping. 

An effective method for localizing genes to specific sites on 

chromosomes is in c-itu hybridization. In this technique, whole metaphase 

chromosomes fixed to microscope slides are probed with radiolabeled RNA 

or DNA sequences corresponding to the gene of interest. Preparations 

are exposed to autoradiographic emulsion to detect silver grains formed 

as a result of g-emissions from the radiolabeled probe. The grain 

distribution over the chromosomes is determined in order to localize 
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the specific gene being mapped. Preparations are stained to facilitate 

identification of specific chromosomes. 

Initially, only highly repetitive sequences could be localized 

using iji situ hybridization. In an early study using this method, 

radiolabeled ribosomal RNA was hybridized to corresponding extra-

chromosomal DNA sequences in cytological preparations of Xenopus 

oocytes (Gall and Pardue 1969). Mouse satellite DNA was subsequently 

localized to the centromeric heterochromatic regions of mouse chromosomes 

(Pardue and Gall 1970, Jones 1970). In man, satellite DNAs (Saunders 

et al. 1972, Jones et al. 1973, Gosden et al. 1975), ribosomal RNA 

cistrons (Steffensen, Duffey, and Prensky 1974, Evans, Buckland, and 

Pardue 1974, Chandler and Yunis 1978), and histone genes (Wilson and 

Melli 1977, Yu et al. 1978, Chandler and Yunis 1979) were localized in 

this manner. In addition, multiple-copy structural genes were localized 

to euchromatic regions of human chromosomes by probing with radio

labeled mRNA sequences (Yunis and Chandler 1977, Chandler and Yunis 

1979). In Drosophila, in situ hybridization was used to localize genes 

on salivary gland polytene chromosomes, in which genetic loci had been 

amplified several hundredfold (Pardue et al. 1977). 

In the early 1980s, improvements in the sensitivity of the 

technique led to the localization of single-copy genes by in situ 

hybridization. Wahl, Stern, and Stark (1979) showed that 10% dextran 

sulphate could accelerate the rate of hybridization of randomly cleaved 

double-stranded DNA probes to immobilized nucleic acids by as much as 

100-fold. Harper and Saunders (1981) subsequently used dextran sulphate 
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in conjunction with in situ hybridization to map a cloned 14.9 kb'human 

DNA fragment present in 1 or 2 copies per haploid genome to band p36 of 

chromosome 1. Specifically, when dextran sulphate is mixed with probe 

DNA, it promotes the formation of probe networks which increase the 

hybridization signal. Recently, numerous investigators have reported 

the localization of single-copy genes on eukaryotic chromosomes by this 

method (Harper, Ullrich, and Saunders 1981, Gerhard et al. 1981, Harper, 

Barrera-Saldana, and Saunders 1982, Trent , Olson, and Lawn 1982, 

Hardin et al. 1983, Bonner et al. 198A, Morton et al. 1984). 

At present, data from all of these mapping techniques— 

recombination analysis, marker and deletion mapping, somatic cell 

hybridization, and in situ hybridization—are being combined to reinforce 

and extend current knowledge of eukaryotic genomes. The future of 

eukaryotic gene mapping, particularly localization of human genes, 

appears promising. 

History of Transfection Using the HSV-1 TK 
Gene and TK-Deficient Eukaryotic Cells 

Transfection involves the uptake of foreign DNA sequences by a 

recipient cell, followed by the integration of those sequences into the 

recipient cell genome and the subsequent expression of the donor pheno-

type by the recipient cell. It is, thus, a means of modifying the 

heritable genotypic and phenotypic content of a cell. Transfection of 

eukaryotic cells is a throwback to bacterial transformation, which 

signaled the dawn of molecular biology (Avery, MacLeod, and McCarty 

1944). Successful transfection requires the following: 1) an effective 
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method for introducing a foreign gene into recipient cells; 2) competent 

cells that are stably deficient for the particular phenotype specified 

by the foreign gene; and 3) an unambiguous method of selecting for trans-

fected cells among the many cells which have not taken up the foreign 

gene. Transfection of TK-deficient eukaryotic cells with the HSV-TK 

gene by calcium phosphate coprecipitation meets all of these criteria 

and has proven to be a useful model system for the study of transfection. 

In 1962, Szybalska and Szybalski reported a novel selective 

system christened HAT (for hypoxanthine, amlnopterin, and thymidine), 

which they had devised to isolate rare HPRT+ cells among HPRT 

recipients that had been transfected with the HPRT gene (HPRT = 

hypoxanthine-guanine phosphoribosyl transferase). In 1971, Munyon 

et al. demonstrated that the TK gene of HSV could rescue mouse L 

TK-deficient cells in HAT selective medium. The biochemical basis 

for this observation involves pyrimidine biosynthesis. Aminopterin 

(or methotrexate), which is contained in HAT medium, blocks the de novo 

pathway for thymidylate (dTMP) synthesis by inhibiting the conversion 

of dihydrofolate to tetrahydrofolate by dihydrofolate reductase. 

Thus, in order to survive in HAT medium, cells must make dTMP by the 

salvage pathway, which requires active TK. 

It was subsequently shown by several groups that the HSV-TK 

gene could be transferred into TK-deficient mouse L cells by the calcium 

phosphate coprecipitation method described by Graham and van der Eb in 

1973 (Wigler et al. 1977, Minson et al. 1978, Maitland and McDougall 

1977, Bacchetti and Graham 1977). This method of gene transfer was 
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initially devised to improve the uptake of animal virus DNA by animal 

cells during infection. DNA is mixed with aqueous solutions of calcium 

and phosphate ions, which form a precipitate when mixed. The DNA 

molecules are trapped (or coprecipitated) in the matrix. This copre-

cipitate is readily taken up by a variety of cells, and the DNA is 

protected from enzymatic degradation and mechanical shearing. Wigler 

et al*. (1977) showed that the addition of carrier DNA greatly enhanced 

the transfection frequency using this method. They also demonstrated 

that Bam Hl-cleaved viral DNA produced TK+ colonies and that the 

enzymatic activity resided on a 3.4 kb fragment. In 1978, they went 

on to show that the DNA isolated from transfected cells could transfer 

TK activity in secondary transfection. 

Initial efforts to localize the HSV-TK gene in transfected 

cells were published in 1978, when Smiley et al. reported the site 

of integration of the gene in the mouse genome as determined by somatic 

cell genetics. Using a series of hybrids between a TK-deficient 

Chinese hamster cell line and a transfected mouse cell line ex

pressing the HSV-TK gene, Smiley's group correlated the TK+ phenotype 

with the terminal portion of the long arm of a specific murine marker 

chromosome. Also, in 1978, Pellicer, Wigler, and Axel used reassocia-

tion kinetics to show that the HSV-TK gene was present in transfected 

mouse L TK-deficient cells at a frequency of one copy per chromosomal 

complement. In addition, the gene was stably integrated in the DNA 

of all transfected cells, and integration was not site-specific, 

occurring at different loci in the DNA of all cells examined. 
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Due to the ease of selection of the TK+ phenotype in transfected 

TK-deficient cells, cotransfection experiments were soon attempted, in 

which cells were transfected with both HSV-TK and a nonselectable gene. 

Wigler et al. (1979) showed that eukaryotic cells could be transfected 

with nonselectable 0X174, pBR322, and rabbit ft-globin sequences con

comitantly with selectable HSV-TK sequences. Blot hybridization studies 

revealed the presence of multiple copies (from one to more than 50) of 

foreign DNA in these transfected cells. 

Further attempts to localize the HSV-TK gene in transfected 

cells soon followed. Kit et al. (1981) used a human-mouse hybrid 

clone in conjunction with the blot hybridization technique of Southern 

(1975) to determine the site of integration of the HSV-TK gene in 

transfected HeLa cells. The gene was shown to reside in human 

chromosome 5 and to be integrated at a single site. Also in 1981, 

Huttner et al. reported the transfer of the HSV-TK gene into mouse re

cipient cells in the absence of whole cell carrier DNA. One subclone 

was shown by blot hybridization to contain multiple copies of the HSV-TK 

gene. In fact, it was estimated that up to 60 kb of foreign DNA were 

present per cell. When this subclone was examined by in situ hybridi-

125 
zation using an I-labeled probe, the HSV-TK gene was localized with 

high resolution to a single site on the apparently normal chromosome 15. 

In situ hybridization was also performed by Robins et al. (1981), 

who examined TK-deficient Buffalo rat liver cells that had been cotrans-

fected with the HSV-TK gene and a variant human growth hormone (HGH). 
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Donor DNA sequences were localized to host metaphase chromosomes from 

four independent cotransfected cells known to contain from 5 to 100 HGH 

genes. The results confirmed those of other investigators: donor DNA 

sequences ultimately reside at a single site in the recipient cell 

genome, no unique chromosomal locations were apparent, and different 

lines were shown to contain the foreign DNA on different chromosomes. 

Interestingly, in 2 of the h cell lines examined, foreign DNA resided 

at or near the site of gross chromosomal rearrangements. In one line, 

the foreign DNA resided near a rDNA site and, in another, near the 

middle of an apparently normal chromosome. 

Because several studies reported the presence of multiple 

copies of the TK gene in recipient cells following transfection, re

searchers began to address the question of copy number more specifical

ly. Perucho, Hanahan, and Wigler (1980) provided evidence from blot 

hybridization data that, during transfection, the host cell ligates 

donor DNA sequences into concatameric structures that may be as large 

as 2000 kb in size. They were unable to determine, from blotting 

data alone, whether these structures were chromosomal in location. 

However, the work of Scangos and his colleagues (1981) further 

elucidated the nature of these concatamers. 

After foreign DNA has been taken up by recipient cells, pri

marily by phagocytosis, large amounts of the calcium phosphate-DNA 

coprecipitate can be visualized in the cytoplasm of virtually all the 

cells (Loyter, Scangos, and Ruddle 1982). Very few cells have detect

able foreign sequences in the nucleus. Different DNA sequences included 



in the same precipitate are covalently joined by the host cell to form 

large molecules which Scangos referred to as "transgenomes" (Scangos 

et al. 1981, Scangos and Ruddle 1981). Initially, transgenomes are 

unstable and tend to be lost at a rate of 1 to 10% per cell division. 

However, under selective conditions, transgenomes eventually integrate 

into host cell chromosomes, yielding stable transfectants (Scangos 

et al. 1981). 

In 1982, Reyes, McLane, and Hayward provided evidence from blot 

hybridization data for amplification of viral and adjacent cellular DNA 

sequences subsequent to transfection of mouse L TK-deficient cells with 

the HSV-TK gene. Most cell lines examined contained a single viral DNA 

fragment covalently joined to host DNA. However, in two early passage 

lines, the TK gene had integrated into host cell DNA followed by 

amplification of both viral and flanking cellular sequences. The total 

repeat was found to be greater than 23 kb in size in one case. Upon 

subsequent passaging, even in HAT medium, the amplification unit was 

unstable and decreased to-only three or four copies per haploid genome. 

A recent study by Small and Scangos (1984) provides evidence 

that the copy number of transfected genes in recipient cells may be a 

function of the amount of foreign DNA added to the cells during trans

fection. Low concentrations (50 nanograms) of the HSV-TK gene and a 

gene for neomycin-resistance were transferred into mouse L TK-deficient 

cells, and transfectants were selected on the basis of neomycin resis

tance alone. Neomycin-resistant colonies were then examined by blot 

hybridization for the presence of the TK gene. Of 18 transfectants 
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examined, 15 contained the TK gene. Thirteen of those had one to five 

copies of the gene. In addition, 13 of 15 neomycin-resistant cells 

were able to survive in HAT medium, indicating expression of the TK 

gene. The authors concluded that introduction of low concentrations of 

foreign DNA lowers the copy number of integrated genes without affecting 

the overall number of recipient cells that express the donor phenotype. 

In summary, the calcium phosphate coprecipitation method is an 

effective means for introducing foreign genes into recipient cells. 

Transfer of the HSV-TK gene into TK-deficient eukaryotic cells provides 

a convenient model system for study since competent recipient cells are 

readily available and the presence of foreign sequences in recipient 

cells can be easily selected using HAT medium. Also, nonselectable 

genes can be readily cotransferred with HSV-TK. Studies using this 

system have shown the following: 1) The TK gene may be present in 

multiple-copy or single-copy form in recipient cell chromosomes 

following transfection. Integration of multiple copies apparently 

is a result of ligation of donor DNA into large concatameric structures 

by the host cell during transfection. There is some evidence that the 

copy number of amplified integrated sequences may decrease as cells 

are passaged. There is also some evidence that copy number is related 

to the amount of DNA applied to cells during transfection. 2) The 

HSV-TK gene integrates at a single site in a given subclone. 3) Inte

gration is random and not site-specific. 
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Localization of the HSV-1 TK Gene In Mouse L TK-Deficient 
Cells Following Transfection: Summary of Findings 

In the work performed for this thesis, subclones of the 

established TK-deficient mouse cell line LMTK were transfected with 

the HSV-1 TK gene. Subsequently, the HSV-1 TK gene was localized in one 

subclone to the distal portion of an iso 5 marker chromosome by in situ 

hybridization. A high frequency (73%) of all chromosomal grains 

localized to the iso 5 chromosome. Coupled with previously mentioned 

reports of the integration of concatamers into host DNA following 

transfection, these results suggested that the incorporated gene might 

be present in multiple copies. However, blot hybridization analysis of 

the same subclone used for in situ hybridization showed that the gene 

was present as a single copy. In a second transfection experiment 

using the same donor DNA and recipient cell line, the HSV-1 TK gene 

was localized, in one transfected subclone, to a small acrocentric 

chromosome and, in a second, to a medium acrocentric chromosome. Again, 

the frequency of grains localized to one site in each of these sub

clones suggested the integration of multiple gene copies. However, as 

before, blot hybridization analysis showed that the gene was present 

as a single copy in both of these subclones, as well as in two others 

from the same transfection experiment. 

This thesis is the first report of localization of single-copy 

HSV-1 TK sequences in transfected mouse L TK-deficient cells by in situ 

hybridization. In addition, these results support previous findings 

that donor DNA sequences ultimately reside at a single site 

in recipient cell chromosomes and that integration is non-specific. 



CHAPTER 2 

MATERIALS AND METHODS 

Cell culture 

Mouse LMTK cells were a generous gift from Dr. L.A. McReynolds 

(New England Biolabs, Inc. , Beverly, MA) and were maintained in 

Dulbecco's modified Eagle's medium (DME) supplemented with 10% fetal 

calf serum (FCS). LTK+ subclones derived by transfecting LTK cells 

with plasmid DNA were maintained in DME supplemented with 10% FCS, 

15 yg/ml hypoxanthine, 1 yg/ml aminopterin, and 5 pg/ml thymidine (HAT 

medium) (Szybalska and Szybalski 1962). 

Plasmid DNA 

Plasmid pEP3.6, obtained from Dr. L.A., McReynolds, was con

structed by inserting a 3.6 kb TK-containing Bam HI fragment of HSV 

type 1 DNA into the unique Bam HI site of plasmid pBR322 (Manos et al. 

1983). Plasmid DNA was then cloned in E_^ Coli and purified according 

to the alkaline lysis method described by Birnboim and Doly (1979). 

Transfection and Isolation of Transfected Subclones 

Transfection was performed according to the calcium phosphate 

coprecipitation method described by Graham and van der Eb in 1973 and 

modified by Graham et al. in 1980. Briefly, mouse LTK cells in DME 

5 
supplemented with 10% FCS were seeded at 2 to 5 x 10 cells per 60 mm 

14 



dish one day prior to transfection. One hour before transfection, the 

DNA precipitate was prepared by adding carrier (salmon sperm) DNA to 

0.25 ml of CaCl^ solution (250 mM CaCl^, 25 mM Hepes, pH 7.1) while 

mixing gently, followed by the addition of plasmid DNA and further 

mixing. The total amount of DNA added was 20 yg. The above mixture 

was then added to 0.25 ml HeBS (25 mM Hepes, 280 mM NaCl, 1.5 mM Na2HP0^, 

pH 7.1) with mild agitation. The resultant mixture was then allowed to 

sit undisturbed at room temperature for 30 min. At the end of this 

time, the DNA precipitate was again mixed gently and added to mouse 

LTK cells at final concentrations of 0.5, 0.2, and 0.1 Pg/ml. Cells 

were then incubated 4 to 8 hours at 37°C, washed with phosphate 

buffered saline (PBS), refed with DME/FCS, and incubated overnight. 

Selection for TK-positive transfectants was initiated the following 

day by adding HAT selective medium to cells, with fresh HAT medium 

being added every 3 days for approximately 2 weeks. At the end of this 

time, 5 to 10 discrete TK-positive subclones were visible on each dish. 

Six of these were isolated by trypsinization within a cloning cylinder, 

reseeded in separate microtiter wells, and grown in HAT medium for 

approximately one week. Subclones were subsequently transferred to 

T-25 tissue culture flasks, where HAT selection was continued in order 

to prevent loss of foreign DNA by transfected cells. 

Chromosomal Analysis of Transfected Subclones 

Preparation of Chromosomes 

One hour prior to harvesting, colchicine and actinomycin D 

were added to mouse L cells at concentrations of 10 ^ M and 0.1 yg/ml 
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respectively. The cultures continued to incubate at 37°C for the 

remaining hour. Cells were subsequently washed with PBS and removed 

from the flask by treating with lx trypsin in PBS for 10 min. at 37°C. 

Cells were then placed in a 15 ml tube and centrifuged for 5 min. at 

800 RPM in a Sorval tabletop centrifuge. The supernatant was dis

carded and the remaining pellet resuspended in 0.075 M KC1 at 37°C for 

12 min., followed by centrifuging for 5 min. and again discarding the 

supernatant. The pellet was next resuspended in 5 to 7 ml of fresh, 

cold Carnoy's fixative (3:1 absolute methanol to glacial acetic acid) 

and placed in a -20°C freezer for at least 30 min. At the end of this 

time, cells were washed twice more with cold fixative, then resuspended 

in 0.2 to 0.5 ml of fixative, depending on the total pellet size 

(Floyd Thompson, Arizona Health Sciences Center, personal communication, 

1982). 

In some cases, cultures were treated with thymidine in order to 

increase the mitotic index. Thymidine was added to culture medium at a 

final concentration of 2.5 mM and cells were incubated at 37°C for 24 

hours. Following incubation, cells were washed twice with fresh media 

to remove the thymidine. Colchicine was then added at a concentration 

of 10 7 M for 15 hours. (Treatment with actinomycin D was eliminated.) 

Cells were subsequently washed with PBS and treated as previously de

scribed. 

3 
Preparation of H-Labeled Hybridization Probe 

Recombinant plasmid DNA was labeled by nick translation 

according to the method of Rigby et al. (1977) using 0.05 mCi 



3 
H-labeled dTTP (New England Nuclear) per reaction. Following lyophi-

lization of the label to remove alcohol, the other components of the 

reaction mixture were added, including nick translation buffer, cold 

dNTPs, translation grade water, and DNase I (all from New England 

Nuclear). Five-point-forty-five units of E.' Coli DNA polymerase I 

(Boehringer Mannheim Biochemicals) and 0.5 yg of the HSV-1 TK-containing 

plasmid pEP3.6 were also added. The reaction was incubated for 90 

min. in a 14°C water bath. At the end of this time, 50 pi of water 

was added to the mixture to stop the reaction. The labeled DNA was 

separated from unincorporated nucleotides by column chromatography on 

Sephadex G50 in 10 mM Tris/1 mM EDTA, pH 8.1-8.3. Specific activities 

7 
of approximately 10 cpm/yg of DNA were routinely obtained. Prior 

to use as a probe in in situ hybridization experiments, labeled plasmid 

DNA was diluted to a concentration of 1 yg/ml in formamide/20% dextran 

sulphate. 

In Situ Hybridization 

The in situ hybridization procedure utilized in this study was 

that of Trent, Olson, and Lawn (1982). Briefly, prior to hybridization, 

endogenous RNA was eliminated by incubating slides at 37°C for 60 min. 

in RNase (Sigma) at 100 yg/ml. Slides were then passed through four 

rinses of 2 x NaCl/Cit, pH 7.0 (1 x NaCl/Cit is 0.15 M NaCl/0.015 M 

sodium citrate) and a graded series of ethanol solutions (70%, 80%, 

and 90% expressed vol/vol) for 2 min. each. DNA on the slides was then 

denatured using 70% (vol/vol) formamide in 2 x NaCl/Cit, pH 7.0, for 



2 min. at 70.5°C. Slides were then rinsed in 70%, 80%, and 90% ethanol 

for 1 min. and allowed to dry. A desired volume of hybridization mixture 

was then prepared by adjusting to a fractional volume of -|th probe, 

•|th 1.2 M NaCl/0.15 M sodium citrate/0.2 M sodium phosphate at pH 6.8, 

j^th unlabeled carrier DNA and \ formamide/20% dextran sulphate. Probe 

DNA used in the hybridization mixture was prepared at an initial con

centration of 1 pg/ml, while dehydrated salmon sperm DNA (Sigma) used 

as a carrier was at 5 mg/ml and sheared by passage through a 27-gauge 

needle. Approximately 12 Pi of this hybridization mixture was then 

placed onto each slide, and a 22 x 22 mm cover glass was mounted and 

sealed with rubber cement. All hybridizations were carried out with a 

final probe DNA concentration of 0.2 pg/ml. Slides were incubated for 

14 to 16 hours in a moist chamber at 37°C. After the cover glasses were 

removed, slides were rinsed three times in 50% formamide/2 x NaCl/Cit, 

pH 7.0 at 39°C. Finally, they were passed through a series of ethanol 

solutions (70%, 80%, and 95% vol/vol) and allowed to dry. 

Autoradiography 

The procedure followed was that of Durie and Salmon (1975) as 

modified by Trent et al. (1982). Slides were dipped into an aqueous 

dilution (1:1 wt/vol) of NTB-3 photographic emulsion (Kodak) containing 

0.8% final volume Tween 80, a detergent that aids coating of the 

slides by the emulsion. Slides were then placed into dark boxes con

taining dessicant, wrapped with aluminum foil, and placed into black 
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plastic bags for storage at -80°C for 21 days. Slides were developed 

with D-19 developer (Kodak) at 17°C for 3 min., rinsed with distilled 

water for 10 sec., fixed for 3 min., rinsed with cold water for 15 

min., and allowed to dry. 

Staining, Photography, and Printing 

After autoradiography, staining of mouse chromosomes was per

formed using 0.25% Wright stain diluted 1:4 in 0.06 M sodium-potassium 

phosphate buffer, pH 6.8 (Chandler and Yunis 1978). Mainly C-banding 

was obtained, despite variations in the time of staining. Grains were 

identified directly under the microscope and data were transferred to 

a previously prepared karyotype of mouse L cell chromosomes. Repre

sentative examples of grain localization to metaphase chromosomes were 

photographed through a Zeiss Universal II photomicroscope. Kodak tech

nical pan 2415 film at ASA 13 was used, with development in HC-110 

(dilution F) (Kodak). Prints were made on Kodabrome II RC paper using 

a Kodak instant print processor. 

Molecular Analysis of Transfected Subclones 

32 
Preparation of P-Labeled Hybridization Probe 

The purified 3.6 kb fragment containing the HSV-1 TK gene was 

labeled to high specific activity by nick translation as described by 

Rigby et al. (1977). The total volume of reaction mixture was generally 

10 y1 and consisted of lx nick translation buffer (10 x nick translation 

buffer is 0.5 M Tris-HCl, pH 7.2/0.1 M MgS0^/l mM dithiothreitol/500 Mg 

per ml bovine serum albumin, BSA Pentax Fraction V); 25pM each of cold dCTP, 
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dGTP, and dTTP; 7.5 x 10 ̂  yg of diluted DNase (prepared by diluting a 

0.75 mg/ml stock solution 1:10,000 in lx nick translation buffer/50% 

32 
glycerol); 1.25 units of E_^_ Coli DNA polymerase; 2 yM of a- P-labeled 

dATP with a specific activity of approximately 800 Ci/mM; and 0.1 yg 

of DNA to be labeled. The reaction was incubated in a 1A.5°C water 

bath for one hour and subsequently stopped by the addition of 0.25 M 

EDTA (pH 8.0) to a final concentration of about 40 mM followed by 

heating for 5 min. in a 65°C water bath. The labeled product was sep

arated from unincorporated nucleotides by column chromatography on 

Sephadex G100. Column buffer consisted of 1 mM Tris and 0.25 M EDTA, 

pH 8.0. The final product consistently had a specific activity in 

g 
the range of one to A x 10 cpm/yg. 

Blot Hybridization 

Blot hybridization was performed according to the method of 

Brandsma and Miller (1980) for rapid quantitative screening of mam

malian cell lines for viral DNA. Prior to the experiment, cells were 

trypsinized, counted using a hemocytometer, resuspended in 50% glycerol/ 

50% Hanks' balanced salt solution (HBSS), and stored at -20°C until 

needed. Immediately prior to use, cells were washed once in HBSS 

and resuspended at a concentration of 10^ cells per 5 ml of the same 

solution. 

Filters were prepared by applying 5 VI samples, containing 

serial replicate dilutions of plasmid DNA ranging from 1 ng to 7.8 x 

-3 5 2 
10 ng mixed with 10 mouse LTK cells, to 1-cm areas on a nitro

cellulose filter. There were nine such spots, including a control 



lacking plasmid DNA. Underneath these spots, mouse L cells transfected 

with pEP3.6 were applied to the filter in eight decreasing concentrations 

6 3 
beginning with 10 cells in the first square and 7.8 x 10 cells in the 

last. The filter was soaked in 0.5 M NaOH for 7 min., twice in 0.6 M 

NaCl/1 M Tris-HCl at pH 6.8 for 1 min., and once in 1.5 M NaCl/0.5 M 

Tris-HCl at pH 7.A for 5 min. For these operations, the filter was 

placed spotted side up on a piece of Whatman 3MM chromatography paper 

saturated with solution and transferred with a forceps. The filter 

was then air-dried for 20 min., floated onto 95% ethanol, and air-dried 

for 15 min. After a final rinse in 0.3 M NaCl, the filter was again 

dried, taped between two sheets of chromatography paper, and baked at 

80°C for 18 hours. The baked filter was stored at -70°C until needed. 

All hybridization and washing operations were performed in a 

65°C oven. The filter was sealed in a Seal-a-Meal bag, cut open, and 

resealed for each step. The method used was a modification of that 

described by Jeffreys and Flavell (1977). The filter was first washed 

for 30 min. in 3 x NaCl/Cit and then treated for 3 hours with 0.2% ficoll 

0.2% polyvinylpyrollidone, and 0.2% bovine serum albumin in 3 x NaCl/Cit 

(1 x NaCl/Cit is 0.15 M NaCl, 15 mM trisodium citrate, pH 7.0). The 

above solution was then replaced with the same solution supplemented 

with 50 pg/ml low molecular weight denatured (boiled for 10 min.) salmon 

sperm DNA and 0.1% sodium dodecylsulphate. The incubation was continued 

for one hour followed by transfer of the filter to 12 ml of an identical 

6 32 
hybridization solution containing approximately 5 x 10 cpm of P-

labeled denatured pEP3.6 DNA. (The DNA probe was labeled to a specific 



Q 
activity of 6.2 x 10 cpm/pg by nick translation.) The filter was in

cubated at 65°C for A8 to 92 hours while shaking. After hybridization, 

the filter was soaked at 65°C for a total of 40 min. in six changes of 

32 
complete hybridization solution (only P-labeled DNA omitted). The 

filter was then washed for 30 min. with 0.1 x SSC containing 50 Pg/ml 

denatured salmon sperm DNA and 0.1% sodium dodecylsulphate. Finally, 

the filter was rinsed with 3 x NaCl/Cit and blotted dry. The filter 

was exposed to XAR Kodak film with an intensifying screen for about 20 

hours at -70°C. 

Restriction Enzyme Digestion of 
Plasmid DNA and Recovery from Agarose 

The HSV-1 TK fragment was recovered from plasmid pEP3.6 by 

restriction enzyme digestion using Bam HI followed by electroelution 

into a dialysis bag as described by McDonell, Simon, and Studier (1977). 

The digested DNA was run on a 0.8% agarose gel at 40V overnight. The 

band containing the HSV-1 TK fragment was subsequently localized using 

a long-wavelength UV lamp and excised using a scalpal. The gel piece 

was then placed in a dialysis bag with electrophoresis buffer. The bag 

was tied and immersed in an electrophoresis tank. An electric current 

was passed through the bag at 100V for three hours, during which time 

the DNA was electroeluted out of the gel and onto the inner wall of the 

dialysis bag. At the end of 3 hours, the polarity of the current was 

reversed for 2 min. to release the DNA from the wall of the bag. The 

bag was opened, and the DNA-containing buffer surrounding the gel slice 

was removed. The DNA obtained was then purified and recovered by pas

sage through DEAE-Sephacel, phenol/chloroform and ethanol. 
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Extraction of Mouse DNA 

Mouse L cells in tissue culture were first washed two to 

three times with PBS. Lysis buffer consisting of 100 mM NaCl, 20 mM 

Tris-HCl (pH 8.0), 10 mM EDTA (pH 8.0), 0.5% SDS, and 200 yg/ml pro

teinase K. was then added, and cells were incubated at 37°C with gentle 

swirling overnight. The DNA was extracted once the following day with 

phenol alone, once with 50% phenol/50% chloroform, and once with chloro

form alone. Two volumes of cold isopropyl alcohol were then added to 

the DNA-containing phase, resulting in the appearance of a white 

fibrous precipitate. This DNA precipitate was recovered using a curved 

pipet tip and dissolved in Tris-EDTA (pH 8.0). 

Restriction Enzyme Cleavage of Eukaryotic DNA 

Mouse cell DNAs were digested with 25 units Bam HI per Ug of 

DNA under conditions specified by the supplier (BRL): 100 yg/ml BSA, 

20 mM Tris-HCl (pH 8.0), 7 mM MgCl^, 100 mM NaCl, and 2 mM mercapto-

ethanol at 37°C overnight. At the end of the reaction period, 0.05 M 

EDTA was added to a final concentration of 10 mM. The samples were then 

electrophoresed on a 0.8% agarose slab gel (10 yg DNA per slot) at 40V 

overnight in a buffer system of 1 x TBE (10 x TBE is 0.89 M Tris, 0.89 

M boric acid, 28 mM EDTA, pH 8.25). 

Southern Blotting 

The gel was first stained in 0.5 x TBE with 0.5 pg/ml (final 

concentration) ethidium bromide and photographed under ultraviolet 

light. The gel was then placed in a plastic tray on a shaking platform 



and washed twice for 15 min. in each of three solutions: 1) 0.25 M Hcl; 

2) 0.5 M NaOH, 1.0 M NaCl; and 3) 0.5 M Tris-HCl, 1.5 M NaCl (pH 7.0-

7.5). The DNA fragments were subsequently transferred to a nitrocellu

lose filter over a period of four hours in 6 x NaCl/Cit (20 x NaCl/Cit 

is 3 M NaCl, 0.3 M sodium citrate, pH 7.0) as described by Southern 

(1975). Following DNA transfer, the filter was dried overnight at room 

temperature and then baked at 80°C for two hours under vacuum. To pre

vent nonspecific binding of DNA during hybridization, the filter was 

sealed in a plastic bag with 20 ml of prehybridization solution and 

placed in a 65°C shaking waterbath for two hours. The syringe-filtered 

prehybridization solution consisted of 6 x NaCl/Cit, 5 x Denhardt's 

(50 x Denhardt's is 1% ficoll, 1% polyvinylpyrrolidone, 1% BSA), and 

0.5 SDS with 100 yg/ml boiled salmon sperm DNA. At the end of two 

hours, the prehybridization solution was removed from the bag and 10 ml 

of hybridization solution was pipetted into the bag. The hybridization 

solution, also syringe-filtered, consisted of 6 x NaCl/Cit, 5 x 

Denhardt's, 0.5% SDS, and 10 x dextran sulphate with 100 yg/ml boiled 

32 
salmon sperm DNA, 10^ cpm/ml P-labeled lambda phage DNA. The bag was 

sealed and placed in a 65°C shaking waterbath overnight. When the bag 

was removed from the waterbath the following day, the hybridization 

solution was pipetted out and 100 ml of prewarmed (65°C) 2 x NaCl/Cit 

and 0.1% SDS was placed in the bag for five min. This first wash was 

then pipetted out, the bag cut open, and the filter was placed in a 

pyrex dish with 500 ml of the same solution prewarmed to 65°C. Shaking 

was carried out at 65°C for 30 min. Two more washes were then carried 



out in 500 ml of 0.1 x NaCl/Cit and 0.1% SDS with shaking again at 65°C 

for 30 min. each wash. Finally, the filter was blotted dry and exposed 

to XAR Kodak film with an intensifying screen for 96 hours at -70°C. 



CHAPTER 3 

RESULTS AND DISCUSSION 

This thesis asked three major questions: 1) Given a recipient 

eukaryotic cell line that has been transfected with a donor viral 

sequence, can the viral sequence be localized to a specific site on 

a specific eukaryotic chromosome by in situ hybridization? 2) Does the 

viral sequence integrate at consistent sites in the eukaryotic genome? 

3) Are multiple copies of the transfected viral sequence present in re

cipient eukaryotic cells? 

In order to answer these questions, mouse L TK-deficient cells 

were analyzed by in situ hybridization and blot hybridization subsequent 

to transfection with the HSV-1 TK gene. This system was chosen because 

numerous studies have shown that mouse L cells readily take up foreign 

sequences during transfection and that selection for active TK may be 

readily performed using HAT medium. 

Localization of the HSV-1 TK Gene in Transfected 
Mouse L Cells by In Situ Hybridization 

The HSV-1 TK gene was transferred into mouse L TK-deficient 

cells by calcium phosphate coprecipitation in an initial transfection 

experiment (transfection #1). Transfected LTK+ subclones were isolated 

following selection for active TK using HAT medium. Figure 1 illustrates 

a typical G-banded metaphase spread of a mouse LTK cell following 

26 



Figure 1. Typical G-banded metaphase chromosome spread from a 
transfected mouse LTK+ cell with two copies (arrows) of 
the iso 5 marker chromosome. 

27 
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transfection. The arrows indicate two copies of a specific marker chro

mosome which has been identified as an isochromosome of //5 (iso 5). 

Chromosome 5 is the only mouse chromosome with distinct dark bands in 

the middle, and a faintly-stained G-band at the terminal end, of the 

long arm (Committee on Standardized Genetic Nomenclature for Mice, 

1972). Importantly, the iso 5 marker chromosome can be readily 

identified in non-banded mitoses on the basis of size and arm length 

ratios. 

One LTK+ subclone, designated subclone A, was examined by 

in situ hybridization at passage 5 after transfection in order to 

determine the integration site of the HSV-1 TK gene. Of 37 cells 

examined, 54% had a grain on the iso 5 chromosome. Thirty-two percent 

of the total grains were on this chromosome, with 85% of these located 

distally (Table 1). All other grains were randomly distributed, and 

the background was low (2.7 grains per cell). These results indicate 

that the HSV-1 TK gene is integrated into the distal portion of the 

iso 5 marker chromosome (Figure 2). 

The frequency of grains localized to the iso 5 chromosome (32%) 

suggests that the gene might be present in multiple copies. This notion 

is based upon a report by Reyes, McLane, and Hayward (1982) which pro

vided evidence that integrated HSV-TK sequences may be amplified in 

transfected cells immediately following transfection. However, as 

Reyes found, the number of copies of the integrated gene may decrease 

as cells are passaged, even in HAT medium. For this reason, subclone 

A was reexamined by in situ hybridization at passage 15. If the 
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Table 1. I_n Situ Hybridization Analysis of Subclone A from Transfection 

It 1. 

Passage 5 Passage 15 

Total Cells 37 30 

Percentage of Cells with Grain on Iso 5 54% 73% 

Grains per Cell 2.7 1.9 

Total Grains on Iso 5 32 27 

Percentage of Grains on Iso 5 32% 47% 

Percentage of Grains on Iso 5 that are Distal 85% 56% 
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Figure 2. Typical metaphase chromosome spread from
3
transfected mouse 

LTK subclone A hybridized in situ with H-labeled HSV-1 TK 
DNA. Representative grain (arrow) on the distal portion 
of the iso 5 marker chromosome. 



phenomenon observed by Reyes et al. had occurred in these cells, a sig

nificantly lower frequency of grains might be expected to localize to 

the iso 5 chromosome at passage 15 as compared to passage 5. This, 

however, was not the case. Of 30 cells examined, 73% had a grain on 

the iso 5 chromosome. Forty-seven percent of all grains were on this 

chromosome, with 56% of these located distally (Table 1). Again, all 

other grains were randomly distributed, and the background was low 

(1.9 grains per cell). These results confirm the observation that the 

HSV-1 TK gene stably integrated into the distal portion of the iso 5 

marker chromosome. There was no indication that copy number had de

creased between passages 5 and 15. In fact, as before, the results were 

consistent with the possibility that multiple copies of the gene might 

be present. 

Determination of Whether the HSV-1 TK Gene 
Integrates at Consistent Sites in the Mouse Genome 

A second transfection experiment (transfection #2) was performed 

using the same donor sequence and recipient cell line. Transfected LTK+ 

subclones were again isolated following selection for active TK using 

HAT medium. I_n situ hybridization was performed on two of these sub

clones, designated B and C, to determine whether the HSV-1 TK gene 

integrates at consistent sites in the mouse genome. If the gene does 

integrate at consistent sites, it would again be expected to localize 

to the distal portion of the iso 5 marker chromosome in these subclones. 

This was not observed. Of 31 cells examined from subclone B, 81% had 

a grain on a short acrocentric chromosome. Sixty-eight percent of all 



grains were localized to a short acrocentric chromosome (Table 2, Figure 

3). Of 32 cells examined from subclone C, 78% of all grains localized 

to a medium acrocentric chromosome (Table 3, Figure 4). Although it 

was not possible to identify these chromosomes more specifically, the 

results indicate that the HSV-1 TK gene integrates randomly in the 

chromosomes of mouse L cells rather than at specific sites. 

In summary, these experiments show that a donor viral sequence, 

specifically the HSV-1 TK gene, can be localized to a specific site on 

a specific eukaryotic chromosome by in situ hybridization. Analysis of 

three independent LTK+ transfected subclones (A, B, and C) showed that 

the gene integrated into the distal portion of the iso 5 marker chromo

some in subclone A, to a small acrocentric chromosome in subclone B, 

and to a medium acrocentric chromosome in subclone C. These results 

confirm observations of other researchers that transfected HSV-1 TK 

sequences integrate at random sites in the mouse genome (Pellicer, 

Wigler, and Axel 1978, Robins et al. 1981). And, finally, the fre

quency of grains localized to specific chromosomes in each of these 

subclones suggests that the gene might be present in multiple copies. 

There was, however, no evidence of a decrease in copy number between 

passages 5 and 15 in subclone A. 

Determination of Copy Number of the HSV-TK Gene in 
Transfected Mouse L Cells by Blot Hybridization 

The question of whether the HSV-1 TK gene was present in 

multiple copies in transfected mouse L cells examined by in situ 

hybridization was answered using blot hybridization analysis. There 
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Table 2. In Situ Hybridization Analysis of Subclone B from Transfection 

n. 

Passage 8 

Total Cells 31 

Percentage of Cells with Grain on Short Acrocentric 
Chromosome 81% 

Grains per Cell 1.7 

Total Grains on Short Acrocentric Chromosome 34 

Percentage of Grains on Short Acrocentric Chromosome 68% 



Figure 3. Typ!cal metaphase chromosome spread from
3
transfected mouse 

LTK subclone B hybridized in situ with H-labeled HSV-1 

34 

TK DNA. Representative grain (arrow) on a small acrocentric 
chromosome. 
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Table 3. In Situ Hybridization Analysis of Subclone C from Transfection 
# 2 .  

Passage 8 

Total Cells 32 

Percentage of Cells with Grain on Medium Acrocentric 
Chromosome 78% 

Grains per Cell 1.7 

Total Grains on Medium Acrocentric Chromosome 39 

Percentage of Grains on Medium Acrocentric Chromosome 71% 
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Figure 4. Typical metaphase chromosome spread from
3
transfected mouse 

LTK subclone C hybridized in situ with H-labeled HSV-1 TK 
DNA. Representative grain (arrow) on a medium acrocentric 
chromosome. 



were several reasons for believing that multiple copies of the gene 

might be present. Multiple copies of the HSV-TK gene had been reported 

by other researchers following transfection of mouse L TK-deficient 

cells with the gene (Wigler et al. 1979, Huttner et al. 1981, Robins 

et al. 1981, Reyes, McLane, and Hayward 1982). A mechanism for 

integration of multiple copies, in which the host cell ligates foreign 

DNA into large concatameric structures, had been described by Perucho, 

Hanahan, and Wigler (1980) and Scangos et al. (1981). In addition, the 

frequency of grains localizing to a given chromosome in iji situ hy

bridization experiments was also consistent with the presence of 

multiple copies of the gene. 

The blot hybridization method of Brandsma and Miller (1980) 

was used to analyze subclone A from transfection #1. (The gene was 

localized in this subclone to the distal portion of the iso 5 marker 

chromosome by in situ hybridization.) This blot hybridization method 

involves spotting whole cells onto a nitrocellulose filter in known 

32 
amounts and, after lysing the cells on the filter, probing with a P-

5 
labeled sequence. As a control, 10 mouse LTK cells were spotted onto 

the filter in 9 squares along with known amounts of plasmid DNA ranging 

-3 
from 1 ng to 8 x 10 ng (Figure 5). Underneath the row of control 

spots, LTK+ cells were spotted in 8 squares in amounts ranging from 

6 3 
1 x 10 to 8 x 10 cells per square. After the filter was probed with 

32 
P-labeled HSV-1 TK DNA and autoradiography was performed, the control 

spots appeared as expected. That is, the intensity of each spot 



Control: 

105 LKT- Cells 
+ 

HSV-1 TK DNA 
(ng) 
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(x 10 ) 
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1 • 5 

.25 .125 .063 .031 .016 .008 

.25 1.25 .063 .031 .016 .008 

Figure 5. Blot hybridization analysis of transfected mouse LTK+ subclone A. 
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correlated with the amount of HSV-1 XK present. However, no spots were 

visible in the row of LTK+ cells. Because this blot hybridization method 

is generally not sensitive enough to visualize less than three copies of 

a gene in the size range of HSV-1 TK, these results suggested that fewer 

than three copies of the gene were present in subclone A. However, a 

more sensitive method had to be employed in subsequent blot hybridiza

tion experiments. 

The blot hybridization method of Southern (1975) is a sensitive 

method for visualizing single-copy DNA sequences. Using this method, 

mouse DNA was first cut with restriction enzyme Bam HI, since the HSV-1 

TK gene is flanked by Bam HI sites within plasmid pBR322. The DNA was 

then run on a 0.8% agarose gel and transferred directly from the gel 

32 
onto a nitrocellulose filter. P-labeled HSV-1 TK DNA was then used 

to probe the filter, followed by autoradiography (Figure 6). In the 

first lane, 4 x 10 ' ygm of the HSV-1 TK gene were run. This corre

sponds to the amount of HSV-1 TK DNA that would be present in 10 pgm 

of mouse cell DNA if the gene were present as a single copy. In lanes 

4* 
2 through 5, 10 ygm each of four independent subclones of mouse LTK 

transfectants (designated B, C, D, and E) were run. Lane 6 contains 

a Hind III digest of lambda bacteriophage DNA that was included to pro

vide size markers. The HSV-1 TK gene is 3.6 kb in size. 

Information can be obtained from Southern blot analysis by 

observing the number of bands, the distance bands migrate, and the 

intensity of bands. In this experiment, all four subclones show a 

band which has migrated the same distance as the HSV-1 TK control in 
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LTK+ Subclones 

lambda 
HSV-1 TK B c D E Hind III digest 

4.2 kb 

3. 6 kb 

2.2 kb 

Figure 6. Southern blot analysis of transfected mouse LTK+ subclones 
B, C, D, and E. 



lane one, indicating that these bands are 3.6 kb in size and that they 

most likely correspond to the integrated HSV-1 TK gene. The fact that 

there was only one band per subclone indicates that the gene was 

excised completely at the flanking Bam HI sites and that no permuta

tions of the gene occurred during transfection and integration. 

Finally, the intensities of the bands seen in the four subclones are 

similar to the intensity of the control HSV-1 TK band. This indicates 

that the gene is present as a single copy in each of the four subclones. 

Blot hybridization results, therefore, show that the HSV-1 TK 

gene is present as a single copy in five independent subclones isolated 

from two transfection experiments. It is interesting to note that copy 

number does not appear to be a function of the amount of foreign- DNA 

applied to cells in this case. Small and Scangos (1984) reported that 

50 ng of HSV-TK DNA transferred into mouse L cells resulted in the 

integration of one to five copies of the gene, whereas transfer of 

larger concentrations of the gene resulted in the integration of 

multiple copies. However, in this study, 0.1 to 0.5 yg of HSV-1 TK 

DNA were applied to cells followed by the integration of single copies 

of the gene. 



CHAPTER 4 

SUMMARY AND CONCLUSIONS 

Transfer of HSV-TK sequences into mouse L TK-deficient cells 

by calcium phosphate coprecipitation, followed by selection for active 

TK in recipient cells using HAT medium, provides a convenient model 

system for the study of transfection. This system was used in con

junction with in situ hybridization and blot hybridization to answer 

three major questions. First, it was demonstrated that in situ 

hybridization can be used to localize a viral sequence to a specific 

site on a specific eukaryotic chromosome. The HSV-1 TK gene was 

localized by in situ hybridization in three independent mouse LTK+ 

subclones following transfection. Specifically, the gene was localized 

to the distal portion of the iso 5 marker chromosome in subclone A, 

to a small acrocentric chromosome in subclone B, and to a medium 

acrocentric chromosome in subclone C. Secondly, the fact that the 

gene localized to different sites in these three independent subclones 

indicates that the gene integrates randomly, rather than at consistent 

sites, in the mouse genome. Finally, blot hybridization analysis showed 

that the HSV-1 TK gene is present as a single copy, not in multiple 

copies, in all five subclones examined. This thesis represents the 

first report of localization of single-copy HSV-1 TK sequences to the 

chromosomes of transfected mouse L TK-deficient cells by iji situ 

hybridization. 
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