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ABSTRACT

The DNA blot hybridization technique was used to study the inte­

grated adenovirus type 12 (Ad 12) DNA sequences in three cell lines

established by transformation of baby rat kidney cells with the leftmost

16.5% of the Ad 12 genome. The cell lines 702-C1, 702-C2, and 702-C3

contained respectively 3 - 4, 9, and 4 copies of the DNA used for trans­

formation, integrated at 1, 9, and 4 distinct sites in cellular DNA.

Partial copies of the transforming fragment were detected at additional

integration sites. Methylation of CCGG sequences at the viral integration

sites was investigated, using the methylation-sensitive restriction endo­

nuclease Hpa Il and its methylation-insensitive isoschizomer Msp I. In

lines 702-C2 and 702-C3 some integrated copies of the viral DNA were

methylated at all CCGG sequences while other copies were methylated at

only some of these sequences. In line 702-C1 no viral CCGG sequences were

methylated. Limited DNase I digestions of transformed cell nuclei were

used to examine the chromatin conformation of the methylated and unmethyl­

ated viral DNA. A correlation was found between the absence of methylation

at viral CCGG sequences in lines 702-C2 and 702-C3 and preferential cleav­

ages by DNase I of the chromatin around these sequences. Results reported

here suggest that these preferential DNase I cleavages occur at sites which

are hypersensitive to DNase I. If so, the cleavages may be unrelated to the

DNase I-sensitive nucleosome structure which has been associated with

transcriptionally active genes.

~

iii



(

\
I
I

i

ACKNOWLEDGEMENTS.

I wish to thank my supervisor, Dr. S. Mak, for his advice

and ass~stance, Dr. S. Bayley and Dr. J. Smiley for critically reading

this manuscript, and Mr. Sheldon Girvitz for help with the photography •

.~

I gratefully acknowledge the financial support of the Medical

Research Council of Canada.

,

" ,

,



TABLE OF CONTENTS

Page

~'j
INTRODUCTION 1

1. Cellular Differentiation

II. A. Chromatin 2

B. Chromatin Structure of Active Genes 4

III. DNA Methylation 7

IV. Viral Genes in Transformed Cells 12

MATERIALS AND METHODS 16

I. Cell Lines 16

II. Virus and Viral DNA 16

III. In Vitro Labelling of Viral DNA with 32p 17

IV. Isolation and Limited DNase I Digestion of Nuclei 18

V. Preparation of DNA from Transformed Cells 19
.

VI. Restriction Endonuclease Digestions and Agarose

Gel Electrophoresis 20

VII. Blot Hybridization 21

RESULTS

1. Viral Integration Sites in 702-Cl and 702-C3 Cells

A. Line 702-Cl

B. Line 702-C3

v

23

23

25

27

!



TABLE 0» CONTENTS (cont'd)

C. Controls and Assumptions

Page

28

II. Cytosine Methylation in Transformed Cell DNA and

in Ad 12 Virion DNA 29

III. lipa II /Msp I Recognition Sites in Ad 12 DNA 31

IV. Methylati~n of Viral Sequences in Ad 12-transformed

Cells 34

A. Hpa II, Msp I, and Sal I Blot Hybridization

Analysis 34

iii. High Resolution Analysis

iv. Sal I Analysis

B•. Methylation of Viral DNA at Different Integration

\

1.

i1.

Line 702-Cl

Line 702-C3

3S

37

38

40

Sites

ii. Line 702-C3

C. Line 702-C2

i. Line 702-Cl

41

42

42

45

47

49

49

51

51

53

55Line 702-C11.

ii. Line 702-C2

iii. Line 702-C3

DNase I Digestions

A. Sequence-Specific Cleavages by DNase I

D. Methylation Patterns of Viral Hind Itl Fragments

i. Line 702-Cl

V.

vi



TABLE OF CONTENTS (cont'd) /

ii. Line 702-C2

iii. ~ine 702-C3

iv. Controls

B. DNase I Sensitivities of Viral Eco RI Fragments

C. Hind III Analysis of DNase I sensitivities

i. Line 702-Cl

ii. Line 702-C2

iii. Line 702-C3

iv. DNase I-specific Bands in Hind III Digestions

v. Control Digestions

DISCUSSION

I. Patterns of Integration

II. Patterns of Methylation

III. DNase I Analysis

IV. Summary

REFERENCES

. Page

55

57

57

58

61

62

64

66

67

67

70

70

72

82

87

90



LIST OF FIGURES

Page

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

1,
t .....
I Figure 7
f

/
,-

Figure 8

I

'1

Figure 9

The transforming region of Adenovirus 12 DNA

702-Cl and 702-C3 DNA fragments containing

integrated Ad 12 sequences

Hpa II and Msp I digestion patterns of trans-

formed cell DNAs and of Ad 12 DNA

Hpa II cleavage patterns of Ad 12 DNA

Hpa II, Msp I, and Sal I digestion patterns

of integrated Ad 12 DNA in 70Z-Cl and 702-C3

cells

Hpa II and Msp I cleavages of the Eco RI and

Bam HI viral integration fragments of 702-Cl
1

and 702-C3 DNAs

Restriction endonuclease digestion patterns

of viral sequences in 702-C2 cells

Hpa II and Msp I cleavage patterns of the Hind

III viral integration fragments of transformed

cell DNAs

DNase I sensitivity of viral Eco RI fragments

24

26

30

33

36

43 '

46

48

Figure 10

~/

in nuclei from lines 702-Cl, 702-C2, and 702-C3 I 54
/

Relative pNase I sensitivities of total

cellular DNA and of integrated viral sequences

in transformed cell nuclei

viii

56



Figure 11

Figure 12

Figure 13

LIST OF FIGURES (cont'd)

DNase I seDsitivities of viral sequences

in purified 702-C3 DNA

DNase I sensitivity of viral Hind III and

Hind III + Hpa II fragments in nuclei from

lines 702-C1, 702-C2, and 702-C3

DNase I sensitivities of viral Hind III

integration fragments in purified DNA from

702-C2 and 702-C3 cells

Page

59

63

68

•

, .



INTRODUCTION

J

I. Cellular Differentiation

The processes of cellular differentiation in higher eukaryotes

give rise to populatlbns of cells which show distinctive patterns of

gene expression. In each differentiated cell type a specific subset of

the genome is expressed as proteins, while the proteins associated with

other cell types are absent. These altered patterns of gene expression

~re stable, in that they persist in the absence of the stimuli which gave

rise to them, and heritable, in that the altered phenotype persists in the

descendants of the cell which originally underwent differentiation.

The mechanisms which bring about and then maintain the specific

patterns of gene expression are not known. There is abundant evidence

that this does not result from selective degradation of mRNAs or proteins,

but from altered patterns of ttanscription. Nor does differentiation

result from deletion of those genes which are not expressed in the differ-

~

entiated cells. Evidence for this comes from nuclear transplantat\on ex-

periments which showed that nuclei of differentiated Xenopus cells, when

placed into Xenoeus oocytes, allow some of the oocytes to differentiate

normally into mature frogs (Gurdon and Woodland, 1968). The presence of

inactive genes in differentiated tissues has also been demonstrated direc-

tly by nucleic acid hybridization experiments. Globin genes are present

in oviduct DNA (Weintraub and Groudine, 1976) and ovalbumin genes in

1
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erythrocyte DNA (Garel and-Axel, 1976).

Differentiated cells might inactivate genes which they do not

need by minor changes ip base sequences (i.e. at control regions), or by

gene rearrangements. Gurdon's experiments-suggest that this is not the case,

but such specific changes might be reversible, and proof muat await the

sequencing of genes and control regions cloned from differentiated cells.

Direct alterations of DNA base sequence would ensure stable in-

heritance of differentiated phenotypes. However, ·prokaryotes·modulate

gene expression through regulatory proteins which bind to specific DNA
~

sequence~ and prevent or permit transcription. Similar sequence-specifi~

in~eractions between DNA and protein may directly control the expression of

vertebrate genes; as yet none have been identified.

In eUGaryotic nucle! the DNA is compacted with proteins into the

ordered structures of chromatin. The organization of chromatin is extreme­
~.

1y ~omplex, and is understood only at the most basic level. The chromatin

~

structure of.eucaryotic genomes is likely to playa major role in the control

of gene express~on in differentiated cells.

~t the si~plest level of chromatin 'structure, eukary~~e DNA is

o~ganized into regular repeating nucleoprote~n sttbnits c~lled nucleosomes.

Each nucleosome contains about 200 base pairs of D~A; 140 base pairs of

this is tig~tly coiled around a core histone octamer (two each of his tones

.!
I-
f

J
'I

1

II. A. Chromatin

,H2A, H2B, H3; and H4), ~hile the remai~fng variable length of DNA, loosely
, .

bound to histone Hl_ acts as a linker between adjacent cores (reviewed by
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Fe1senfe1d, 1978). The overall nucleosome repeat length can be both

species-specific and tissue-specific. Histone variants have been iden-

"', tified, as have post-synthetic histone modifications such as acetylation

and phosphorylation. Although some of these show tissue specificity, in

general the his tones appear too invariant to be responsible for tissue-

specific patterns of gene expression.

There are many non-histone chromosomal proteins; high-resolution
,-'

anaiysis of HeLa chrom~tin revealed 450 distinct polypeptides (Peterson

and McConkey, 1976). The functions ~f these proteins are not known.

Some may playa role in gene regulation, and others must ge involved in the

higher-order structures of chromatin.

The nucleosome is only the first level of chromatin organization ..
Linearly compacted\,nuc1~form the 100~-wide " t hin filaments"

(l~orce1, .1977), and solenoidal supercoils of t-hese may make up the 300R

" t hick fibres" (Carpenter et a1, 1976). The thick fibre is the major form

of chromatin found in interphase nuclei, and probably represents the native

conformation of inactive DNA sequences (Cham~on, 1977).

The chromatin fibre is known to be further organized into loops

or domains. Each loop contains 50,000 to 100,000 bpse pairs of DNA. Whep
(
\

histone-depleted mammalian chromosomes are examined b~ electron microscopy,

a~l the DNA is seen ~~ojecting as radial loops from a protein chromosome

scaffold (Laemm1i et aI, 1977). Laemmli has' proposed a model for the

organization of mammalian chromosomes, in which a chromosomal scaffold

organizes the DNA into loops, and histones compact the loops of DNA into

nucleosomes, filaments, and fibres, with the degree of comp~~tion of the

DNA (and perhaps of the scaffold) depending on the transcriptional, status
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of the sequences in the loop, and on the stage of the cell cycle.

II. B. Chromatin Structure of Active Genes

Nucleosomes or similar Structures have been detected in association

with transcriptionally active chromatin both by electron microscopic

visualization and by their characteristic pattern of nuclease sensitivity.

This has been demonstrated for both transcribed sequences in general and for

the globin and ovalbumin genes in particular (Lacy and Axel, 1975; Gottes-

feld and Melton, 1978). There is some E.M. evidence that very active

transcription units. in particular the rRNA genes, may have more widely

spaced nucleosomes or may lack them altogether (Franke and Scheer, 1978).

The apparent absence/of a beaded morphology during transcription may result

from an opening out of the nucleosome octamer, with the his tones remaining

bound to the DNA and causing it to retain the patterns of nuclease sensi-

tivity which are characteristic of nucleosomes (Weintraub et aI, 1977) .

. Attempts have. been made to fractionate chromatin preparations into

transcriptionally active and inactive components. FractiJ~ation of

chromatin after digestion with micrococcal nuclease (Bloom and Anderson,

1978; Levy-Wilson and Dixon, 1979) or DNase II (Gottesfeld, 1978) can give,

up to 7-fo1d enrichment in sequences complementary to cytoplasmic polyaden-

ylated RNAs and to tissue-specific mRNAs. These procedures have the advan-

tage that t\e active chromatin fraction can be re~overed for further

analysis, but few results have been obtained to date.

The majority of the information on the chromatin structure of

active genes has come from studies which utilize the sensitivity of active
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chromatin to digestion by DNase T. In the original experiment. (Weintraub

and Groudine. 1976) chick erythrocyte nuclei were incubated with pancreatic

deoxyribonuclease (DNase I) until 10 - 20% of the DNA was degraded to acid

soluble fragments. The remaining DNA was purified, and analysed for

globin sequences by solution hybridization to a globin cDNA probe. The

DNase I-resistant DNA was found to be depleted in globin sequences. The

globin gene chromatin did not show this DNase I sensitivity when erythro­

cyte nuclei were replaced with nuclei from fibroblasts or brain cells. in

which the globin genes are not transcribed. Ovalbumin~chromatinwas

similarly resistant in erythrocyte nuclei. Other experiments have con­

firmed that preferential DNase I digestion is a general feature of trans­

criptionally active chromatin. independent of the frequency of transcrip­

tion; both extremely active and rarely transcribed genes appear ta have

similar nuclease sensitivities (Weintraub and Groudine, 1976).

Miller et al (1978) studied the DNase I sensitivity of globin genes

in mouse erythroleukemia cells (Friend cells); which can be induced to

produce large amounts of globin mRNA. The globin genes were in a highly

DN~se I-sensitive chromatin conformation in uninduced as well as in induced

cells, in a non-inducible cell line, and in a lymphoblast cell line. This

result suggests that the DNase I-sensitive conformation of the globin genes

is acquired early in erythroid diffetentiation and is indicative of the

potential for transcription, while the actual rate of transcription is

dependent on su~sequent differentiation steps. This conclusion is supported

by experiments by Weintraub and Groudine (1976) on globin genes in mature

erythrocytes. and by Palmiter et a1 (1977) on ovalbumin sequences in the

hormone-withdrawn oviduct. In both cases transcription of the gene under
























































































































































































































