
INFORMATION TO USERS

This manuscript has been reproduced tram the microfilm master. UMI films

the text directly from the original or copy submitted. Thus. some thesis and

dissertation copies are in typewriter face, while others may be trom any type of

computer printer.

The quallty of thls reproductlo~ is dependent upon the quallty of the

copy submltted. Broken or indistinct print, colored or poor quality illustrations

and photographs, print bleedthrough. substandard margins. and improper

alignment can adversely affed reproduction.

ln the unlikely event that the author did not send UMI a complete manuscript

and there are missing pages, these will be noted. Also, if unauthorized

copyright material had to be removed. a note wiU·indicate the deletion.

Oversize materials (e.g.. maps, drawings, charts) are reproduced by

sectioning the original. beginning at the upper left·hand comer and continuing

tram left to right in &quai sections with small overlaps.

Photographs induded in the original manuscript have been reproduced

xerographically in this copy. Higher quality 6- x 9- black and white

photographie prints are available for any photographs or illustrations appearing

in this copy for an additional charge. Contad UMI directly to arder.

ProQuest Information and Leaming
300 North Z8eb Road. Ann Arbor, MI 48106-1346 USA

800-521.Q600





•

•

Studies on the inhibition of establishment of stable
transfection by a cloned human sateUite DNA

By

Djenann Saint-Die

Department of Microbiology and Immunology
McGill University. Montreal

August. 1999

A thesis submitted to the Faculty of Graduate Studies and Research in partial fulfillment
of the requirements for the degree Doctor of Philosophy

©Djenann Saint-Die. 1999



14-1 National Library
of Canada

Acquisitions and
Bibliographie 5eNïces
395 Welington Street
anawa ON K1 A ON4
canada

Bibliothèque nationale
du Canada

Acquisitions et
services bibliographiques

395. rue Wellington
Ottawa ON K1 A 0N4
canada

The author has granted a non...
exclusive licence allowing the
National Library ofCanada to
reproduce, 1030, distnbute or sell
copies of this thesis in microfonn,
paper or electronic formats.

The author retains ownership of the
copyright in tbis thesis. Neither the
thesis nor substantial extracts nom it
MaY be printed or otherwise
reproduced without the author's
penmSSlon.

L'auteur a accordé une licence non
exclusive pennettant à la
Bibliothèque nationale du Canada de
reproduire, prêter, distribuer ou
vendre des copies de cette thèse sous
la fonne de microfiche/film, de
reproduction sur papier ou sur format
électronique.

L'auteur conserve la propriété du
droit d'auteur qui protège cette thèse.
Ni la thèse ni des extraits substantiels
de celle...ci ne doivent être imprimés
ou autrement reproduits sans son
autorisation.

0-612-64659-9

Canadl



ABSTRACT

Eukaryotic genomes possess significant amounts of highly tandemly-arrayed

repetitive DNA sequences in their constitutive heterochromatin. Heterochromatin bas been

involved in processes, such as position-effect variegation (PEV), that disrupt normal

expression ofeuchromatic genes. The role of highly repetitive DNA sequences, also tenned

satellite DNAs, in gene silencing has therefore aroused a great deal of interest. Previous

plasmid transfection studies into rk-/neo- human cells had shown that the location (in cis) of

a 1.797 kb human satellite II DNA sequence next to the 5' end of the neo gene. exerted a

severe negative effect on the recovery of stable lkïneo· transfectants, in the presence of

HAT and G418 drugs. As shown in this thesis. positioning of the same satellite II DNA

sequence al another location, between the 3' ends of the lk and neo genes, led to the loss of

this negative etTect. To identify a possible size limit to the silencing effect exerted by the

satellite Il DNA. fragments of 813 and 983 bp of the 1.797 kb DNA sequence were aIso

inserted near the 5' end of the neo gene. These sequences were still able to exert a drastic

negative effect on the recovery of stable lk·/neo· ttansfectants. The effect was found to he

dependent on the orientation of the satellite ([ DNA fragments relative to the marker genes.

Further reduction in the size of the satellite II DNA sequence, to fragments of354 to 620 bp,

revealed a significant reduction in the negative effect. Selection of the transfected ceUs in

media containing single drugs (i.e. HAT or 0418) showed that the neo gene in the plasmids

was more affected than the tk gene. Analysis of the integration pattern of the plasmid vector

and a plasmid containing the 1.797 kb satellite II DNA indicated that the satellite Il DNA

did not influence the plasmid site of integration.



RÉSUMÉ

Le génome des eukaryotes contient dans 1,hétérochromatine constitutive une

importante quantité de séquences d'ADN hautement répétitives organisées en tandem.

L'hétérochromatine a été impliquée dans des processus, tel que le PEY ("position-etfect

variegation"), capables de perturber l'expression normale de gènes euchromatiques. Le rôle

de séquences d' ADN hautement répétitives. aussi appelées ADN satellite, dans la

défectuosité de l'expression de gènes a donc suscité un grand intérêt. Des études de

transfection de plasmides, dans des cellules humaines rk-/neo-. ont précedemment démontré

que remplacement (en cis) d'une séquence d'ADN satellite Il humain de 1.797 kb près du

gène neo a eu un effet néfaste sur le rendement de transfectants stables, en présence des

composés HAT et 0418. Il est demontré dans cette thèse que l'insertion de cette même

séquence d' ADN satellite Il à un emplacement différent, entre les extrémités 3' des gènes

neo et tk, a conduit à l'élimination de l'effet néfaste. Pour déterminer s'il y a une limite de

grandeur quant à l'effet créé par l'ADN satellite Il, des fragments de 813 et 983 pb de la

séquence d'ADN de 1.797 kb ont aussi été insérés près de l'extrémité 5' du gène neo. Ces

séquences ont encore pü exercer un effet néfaste sur le rendement de transfectants stables

rkïneo·. Cet effet s'est avéré dépendre de l'orientation des fragments d'ADN satellite II par

rapport aux gènes marqueurs. Une réduction additionnelle de la taille de la séquence d'ADN

satellite II en des fragments de 354 à 620 pb a démontré une grande atténuation de l'effet

négatif. La sélection des cellules transfectées en présence de milieux contenant chacun des

composés. HAT ou 0418 individuellement a montré que le gène neo des plasmides était

plus affecté que le gène rk. L'analyse du mode d'intégration du plasmide vecteur et d'un

plasmide contenant l'ADN satellite II de 1.797 kb a indiqué que l'ADN satellite lIn'a pas

influencé le site d'intégration du plasmide.
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CONTRIBUTIONS TO ORIGINAL KNOWLEDGE

1. By transfection of a pSVL-based plasmid. containing a 1.797 kb EcoRI human satellite

II DNA sequence inserted between the 3' ends of the neo and tk genes, 1 have shown

that a severely negative effect on transfection efficiency is not observed, as opposed to

the effect obtained when this sequence is located at the 5' end of the neo gene.

., By transfection of various plasmid constructs. 1 have shown that satellite II DNA

fragments of 813 bp and 983 bp. inserted near the 5' end of the neo gene in the

plasmids. are capable of exerting the same negative effect on the recovery of stable

transfectants observed with the 1.797 kb satellite II DNA sequence.

3. By translèction of the various plasnlid constructs containing satellite II DNA sequences

of 813 and 983 bp. 1 have shown that the severely negative effect exened by satellite II

DNA is only observed with particular orientations of the fragments relative to the

Marker genes in the plasmids.

4. By translèction of several plasmid constructs containing satellite II DNA fragments of

354. 364. 458 and 620 bp. [ have sho\vo that the very severe effeet produced by the

satellite Il DNA on the recovery of stable transfectants starts to disappear with these

smaller satellite Il DNA sequences.

5. 1have sho"n that plasmids containing 354, 458. and 620 bp satellite II DNA fragments

display an orientaùon..dependent effect on the recovery of stable transfectants from

transfection experiments.

6. By subjecting transfected eells to the presence of single drugs (HAT or 0418), 1 have

shown that the neo gene. in plasmids containing the full size or fragments of the 1.797

v



kb satellite II DNA sequence~ is more affected than the tk gene by the effect produced by

the satellite II DNA~ as indicated by transfection efficiencies in media containing G418.

7. [ have examined, by Southern blotting, the integration pattern of the transfeeted plasmid

vector pSVL and the plasmid containing the 1.797 kb satellite Il DNA sequence in

various celilines. [have sho\\n that there was not a specifie site in the plasmids used

for integration~ and that integration occurred at different chromosomal locations.
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CHAPTERI

INTRODUCTION

1.1. OrganizatioD of Chromosomal DNA

Eukaryotic cells possess a weil developed membrane system. They have evolved a

nucleus that contains most of the ceU's DNA, keeping it separate from the other contents of

the ceU present in the cytoplasm. The chromosomal DNA is divided into separate

molecules. each packaged in an individual chromosome. A eukaryotic celrs genetic

matenal is very extensive. The human haploid genome contains about 3x109 nucleotide

pairs carried on 23 chromosomes (Felsenfeld. 1985). The human karyotype therefore

consists of a total of 46 chromosomes. Ali chromosomes are linear and possess at each end

a telomere. and located more centrally. a single centromere. which appears as a constriction

in Metaphase. The chromosomes are packed and organized in the nucleus by a complex of

proteins that together constitute the chromatin. A specially condensed fonn of chromatin.

knO\\iTI as heterochromatin, has been identified al the centromere and telomeres (Brown,

1966). Euchromatin, which is less condensed.. constitutes the rest of the chromatin (Figure

1.1 ).

The euchromatin can be separated into its principal constituents that comprise both

unique and moderately repetitive DNA sequences. Unique DNA sequences contain the

genetic coding material. along with a variety of diverse regulatory elements. These

sequences are interspersed with the moderately repetitive DNA sequences, which represent

the tandem arrangement of unit DNA sequences aver long uninterrupted stretches. Based

on the length of these stretches and their proportion in the genome.. repetitive DNA

sequences have been separated into two main classes: moderately repetitive sequences,



Figure 1.1. Simple representation of an eukaryotic chromosome showing ilS basic

chromatin organization. Heterochromatin is located at the centromere (center) and

telomeres (ends). Euchromatin is found at the chromosome anns.
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located bet\veen genes in euchromatin and dispersed in heterochromatin, and highly

repetitive sequences mainly present in heterochromatin (Miklos. 1985; Smit, 1996).

1.1.1. Moderately Repetitive DNA Sequences

Transcribed genes exhibiting dosage repetition such as tRNA, ribosomal RNA

(rRNA) genes (Long and Dawid, 1980) and histone genes (Kedes. 1979) are represented

among moderately repetitive DNAs. However. in mammalian genomes. the majority of

these sequences. which comprise 30% of the human genome (Smit. 1996), are composed of

retroposons. They consist in two main families: the LINEs (long interspersed elements) and

the SINEs (short interspersed elements) (Singer. 1982). LINEs in mammalian genomes are

represented by the LINE-l (L 1) tàmily. which is thought ta have originated as a mobile

gene. and presents tèatures of a processed pseudogene (Fanning and Singer. 1987). The unit

sequence of the LI elements measures around 6.000 base pairs (Adams et al.. 1980) (Table

1.1). It is present at a level of 105 copies per haploid genome. Other members of LINEs.

more than 100l tàmily members in total. contain deletions or rearrangements in their unit

sequence which also encompasses 6.000 bp. LINEs encode a reverse transcriptase (Mathias

et ClI.• 1991) as weIl as an endonuclease (Feng et al.. 1996; Jurka, 1997). Active LI

elements were identified in human (Dombroski et al.. 1991) and mice (Martin, 1991) by

detection of de novo insertions of truncated Lion a human X chromosome and the presence

of ribonucleoprotein particles. containing LINE-I RNA. in a mouse embryonal carcinoma

cell line. Expression of these sequences is part of the retrotransposition process that has

produced the high copy number of the LI element in mammalian genomes.

The most prominent SINEs of the human genome are the Alu elements consisting of

repeat units of 80 to 400 base pairs (Singer. 1982). There are nearly 106 copies of Alu

elements per haploid genome (Schmid, 1996). The Alu family. a10ng with the rodent BI

families of S~'Es. is derived from a component of the signal recognition particle (SRP), the
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Table 1.1. Classitication ofdiverse repetitive DNA sequences present in mammalian
genomes.

Moderately repetitive Highly repetitive DNA Simple repeated
DNA sequences sequences DNA sequences

UNEs SINEs Satellite DNA Minisatellite Microsatellite
(L 1) (eg. Alli. (Bcridze. 1986) DNA DNA

BI)
(Singer. (Singer. (Tautz. 1993) (Tautz. 1993)

1981) 1981)
Complex Simple

satellite DNA satellite
DNA

Size of 6.000 80-400 100-1400 1-10 9-100 1-6
repeat

unit (bp)

Capy 10' IOn 10j-1O~ 103-1 O~ 1-hundreds 5·100
number

per
haploid
genome

Location dispersed disperscd centromere centromere dispersed dispersed
in

genome
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7SL RNA (Ullu and Tschudi, 1984; Weiner, 1980). Members of the Alli tàmily are

flanked by short direct repeal sequences. These flanking direct repeats are aIso found in

LINEs (Jurka. 1997). Other families of SINEs are derived from tRNAs, and possess a 5'

region homologous to tRNA, a middle tRNA-unrelaled region and a 3' A-rich tract

(Ohshima et al.. 1993; Okada, 1991). Mammalian-wide interspersed repeats (MIRs)

constitute prominent tRNA-derived SINEs in humans. and are tound in ail mammalian

genomes (Jurka et al.. 1995). Small cytoplasmic transcripts of Alli and BI elements have

been observed (Maraia and Sarrowa, 1995). However. uniike LINEs. SINEs do not encode

a reverse transcriptase or an endonuclease, tàctors that could he provided to them by LINEs

(Okada et al., 1997). In tàct. severa! pairs of SINEs and LINEs were shown 10 have the

same tail sequence at their 3' ends (Okada et al.. (997). The 3' ends of several families of

SINEs are derived l'rom the 3' ends of corresponding LINEs, present in the same organisms

(Ohshima el al.. 1996).

1.1.2. Highly Repetitive DNA Sequences

Two main types of heterochromatin are kno~n in mammaIs: the constitutive

heterochromatin present on homologous chromosomes (Heitz. 1928) and the facultative

heterochromatin resulting from the inactivation of one of the two X chromosomes in

tèmales (Barr and Bertram. 1949; Grant and Chapman, 1988). Constitutive heterochromatin

is tound around the centromere of chromosomes, al telomeres, and on the Y chromosome

(Miklos. 1985; Yunis and Yasmineh. 1971). The peculiar property of the constitutive

heterochromatic portion of the genome is that it remains condensed throughout the whole

cell cycle. including interphase, replicates late in S...phase, and is usually not transcribed.

The constitutive heterochromatin is composed to a large extent of highly repeated DNA

sequences \\ithout any protein-eoding capacity (Miklos, 1985). However, in Drosophila,

heterochromatin contains a number of genes located within regions of high or middle
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repetitive DNAs (Gatti and Pimpinelli, 1992), sorne of which have vital functions (Hilliker

et al.. 1980). The highly repetitive fraction of the genome is designated, around the

centromere. as satellite DNA (Yunis and Yasmineh, 1971). Satellite DNAs are currently

defined as tandemly repeated DNA sequences present in 103 to lOi consecutive repetitions at

each locus (Tautz. 1993).

Based on the length of the basic repeat unit. satellite DNAs can he separated into

complex or simple sequence satellites. Complex satellite DNAs are composed of long unit

sequences (Table 1.1). The aJphoid satellite DNA is one example of a cornplex satellite

DNA. In the African Green Monkey, alpha satellite DNA has a monomeric unit length of

172 bp. ln Drosophila melanogaster. the unit is 359 bp. Sometimes the repeat units of

complex satellite DNAs may he even longer. for instance in the amphibian. ,;renopus laevis.

where it is around 740 bp (Beridze. 1986). These long monomeric unit sequences are

usually not intemally repetitive. Simple sequence satellite DNAs are defined by their

shorter unit sequences. varying between 2 and 10 bp (Table 1.1). Examples of simple

satellite DNAs include the 5 bp 5'-TfCCA-3' unit of human satellite DNA Il (Beridze,

1986: Sol et al.. 1986). or the 4 bp 5'-TAGG-3' unit of the hermit crab satellite DNA [

(Beridze. 1986). Within each category. cornplex or simple satellite DNAs usually consist of

repeat units of different base composition. which may or may not he represented on all the

chromosomes.

There is a distinction to be made between simple sequence satellite DNAs and tVlO

other classes of simple repeated DNA sequences: the minisatellite and the microsatellite

DNAs (Table 1.1). Minisatellite DNA sequences consist of longer repeat units of the range

of 9 to 100 bp (Tautz. 1993). These units have a moderate degree of repetition, forming

stretches of about two to severa! hundred units at each locus. Minisatellites are more

dispersed throughout the genome and are found interspersed in the euchromatic regions of

the genome of vertebrates, fungi and plants, with a tendency to cluster near telomeric
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regions in humans (Royle et al., (988). [n addition, minisatellite sequences are highly

variable in their array size. tending to he associated \Vith length polymorphisms, contrary to

simple sequence satellite DNAs that are much less variable. Microsatellite sequences are

also composed of arrays of short unit sequences 1 to 6 bp in length. The microsatellite

arrays tluctuate between 5 to about 100 repetitions at each locus (Tautz. 1993). They are

found scanered throughout the vertebrate. insect and plant genomes. [n humans, there are

about 30.000 microsatellite loci and they are located in the euchromatin (Charlesworth et

al.. 1994).

1.2. Discovery and CharacterizatioD ofSatellite DNA

Density gradient ultracentrifugation was the tirst tool that allowed scientists to

observe the dual state. comprised of unique sequences and repetitive fractions, of higher

eukaryotic DNAs. The tirst eukaryotic DNA to he analyzed in CsCI density gradients, calf

thymus DNA. showed an asymmetrical distribution that was an indication of heterogeneity

(~Ieselson et al.. 1957). This asymmetry \Vas sho\\n to he due to the difference in density

between the main DNA fraction and a satellite component. Using the same type of

gradients. later observations from a number of animais revealed minor tractions separate

from the main band of DNA (Figure 1.2). These separate fractions were tenned "'satellite"

DNA by Kit (1961). The basis of the observed discrepancy was demonstrated to lie in the

different Ge contents of the DNA fractions, the density of DNA in CsCI being directly

proportional to this parameter. DNA preparations containing fractions of sheared DNA

fragments \\tith a different base composition will, in such gradients, separate into severa!

bands. Theretore. depending on whether the different satellite DNAs are poorer or richer in

GC base pairs than the main DNA band, they would appear as separate peaks around il.
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Figure 1.2. Presence of satellite DNA fractions around the main DNA peak fol1owing

CsCI density gradient ultracentrifugation.
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There aIso exist so-called ··hidden" satellite DNAs that migrate with the major DNA

fraction in CsCl gradients (Beridze~ 1986). These satellite DNAs can he separated using

heavy metal ions (e.g. Ag· or Hg·) in C~SO~ gradients because Cl ions inhibit the binding

of the heavy metaI ions to the DNA (Corneo et al. ~ 1971). Reassociation kinetics studies

have shown that there was a very rapid reannealing of a particular region of the separate

DNA chains of higher organisms and that this was due to the high l'epetition of the DNA

(Britten and Khone, 1966; Waring and Britten~ 1966). This l'egion was found to he made of

satellite DNA. Following these observations, satellite DNA was detined not oruy as a minor

fraction of chromosomal DNA giving a separate band in CsCI gradients, but also as a

fraction \Vith tandemly arranged highly repetitive short sequences. It was also found to he

specifie to eukaryotes, as it was not observed in prokaryotic organisms.

An additional property of satellite DNAs is the ladder of fragments they generate,

often over a smear of total DNA, upon digestion of total nuclear DNA by particular

restriction endonucleases (Pech el a/.. 1979a). These fragments. which are observable after

gel electrophoresis. are multiples of the basic repeat unit which is found in enough

repetitions to fonn several apparent bands of various sizes. One fragment \vill he obtained

tOI' every repeating unit in which the restriction site occurs. As will he seen later, mutation

events cause the elirnination of certain restriction sites along the sequence. leading to the

occurrence of larger fragments which are multimers (dimers, trimers, etc.) of the basic

repeat unit. Because of the high degree of repetition of satellite DNA sequences, a large

number of fragments of identical or aImost identical size are created, leading to the

appearance of sharp bands.

The restriction enzyme pattern of satellite DNAs constitutes one basis for their

classification. Satellite DNAs 1to IV are the major classes of satellite sequences in humans,

along with the alphoid satellite DNA (Beridze. 1986). One of the features that distinguishes

satellite I. II and III DNAs is their digestion pattern with Hinjl. The smallest fragment
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produced by digestion of satellite [ DNA with Hinfl is 770 bp, whereas satellite Il and III

DNAs are almost completely digested with the same enzyme, yielding 10 to 80 bp and 15 to

250 bp fragments respectively (Frommer et al., 1982). [n addition, what distinguishes

satellite Il DNA from satellite III DNA is the presence of TaqI sites in the fonner and their

absence in the latter (Frommer et al., 1982).

1.3. Particular Features oC Satellite DNA

1.3.1. Quantity oC Satellite DNA in Eukaryotic Genomes

Although the proportion of satellite DNA contained \vithin eukaryotic genomes

varies bet\veen species and between organisms, it is generally represented in fairly high

quantities from plants to higher eukaryotes. Plant satellite DNAs were discovered in 1967.

slightly after those of most animals (Beridze et al.. 1967). The amount of satellite DNA was

tbund to vary between closely related higher plant species, like those of the bean genus

Phaseolus which range from 0 to 300/0 of the genome (Beridze. 1972). Among the

invertebrates. the Nematoda class of wonns has been more frequently analyzed in tenns of

satellite DNA. In this group. the percentage of satellite DNA varies between less than 1%

for C"enorhabditis e/egans (La Volpe et al.. 1988) to 800/0 for Parascaris equonlm (Moritz

and Roth, 1976). In two other nematode species. Ale/oidogyne hap/a and J\1e/oidogyne

incognit". two satellite DNA families were shown together to make up 5% and 2.5% of the

genome. respectively (Pioue et al., 1994). In total. the amount of repeated DNA in

/v/e/oidogyne represents 200/0 of the genome (Pableo and Triantaphyllou, 1989), with other

classes of satellite DNAs, plus middle repetitive elements, contributing to this number. In

another example. the satellite 1and Il DNAs of the mealwonn Tenebrio obscurus constitute

36% of the genome (Ploh! and Ugarkovic, 1994).

Satellite DNAs of insects have a1so been weil studied. The satellite DNA sequences

oftenebrionids (beetles) represent 30 to 50% of the total genome (Davis and Wyatt, 1989).
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[n the darkling beetle~ Alisolampus gOlldoti~ two different satellite DNA families were

demonstrated to be present in about 70,000 and 120.000 copies per haploid genome (Pons et

a/.~ 1993). and a satellite DNA from the floue beetle Tribolium confllsum was shown to

make up about 400/0 of the genome. representing 577,000 copies (Plohl and Ugarkovic,

1994). In the cave cricket~ Dolichopoda schiavazzi, one species-specific satellite DNA

family was shown to contribute about 30% to the entire genome (Bachmann et al, 1996).

Among the arthropods~ the Drosophila genus has been extensively studied in tenns of

satellite DNA. although these studies began later because of underreplication of the satellite

DNA during polytenization. These studies have revealed that about 250/0 of the D.

melanogaster genome are made of satellite DNA (Peacock et al.~ 1978). In D. virilis.

satellite DNA constitutes 41 % of the total DNA in diploid tissues (Gall et al.~ 1971).

Satellite DNAs of mammals have also been much studied. The proponion of

satellite DNA in the mammalian genome varies between 10 and 20% (Beridze~ 1986).

rvlouse satellite DNA is one of the satellite DNAs studied in most detail. It was discovered

by Kit ( 1961). during density ultracentrifugation analysis. The mouse genome was found to

contain about 9%J satellite DNA (Beridze~ 1986). Among primates~ 20 to 25% of the

African Green tvlonkey genome is made of a major c1ass of satellite DNA~ the alphoid

satellite DNA (Kurnit and Maio. 1974). Although this satellite DNA is not considered as a

"c1assicar' satellite DNA because it does not form a separate band in ultracentrifugation

gradients. il is still c1assified as a satellite DNA because of ils highly repetitive organization.

Finally. it is known that 20% of the human genome is heterochromatic (Beridze, 1986).

Although the heterochromatic panion of the genome is not entirely made of satellite DNAs,

these sequences represent about 10% of the genome. The human satellite DNAs 1 to IV

together constitute 6%. and the alpha satellite DNA 0.750/0 of the genome (Beridze, 1986).

There exist other classes of satellite DNA in humans, such as satellite DNAs A, B and C

that are less weIl characterized than the other human satellite DNAs.
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1.3.2. Genetic and Epigenetic Aspects of Satellite DNA

One tèature that distinguishes satellite DNA from the other DNA sequences in the

eukaryotic genomes is its difTerent base composition. Schildkraut et al. (1962) have derived

a fonnula to detennine the GC content of DNA molecules on the basis of their buoyant

density in CsCI [p=1.660 + 0.098 (GC)]. Based on the densities determined by Kit (1961)

tor the mouse main DNA component and its satellite DNA~ the proportion of GC amounts

to 41.80/0 and 30.6%~ respectively. However. calf thymus satellite DNA is comprised of

54% Ge. whereas the main DNA is composed of ooly 39% GC base pairs (Schildkraut et

al.. 1962). On the other hand~ some classes of satellite DNAs such as the human satellite l­

Il. III and IV DNAs~ are A+T-rich compared to main band DNA (Coroeo et al.~ (972). The

base composition pattern therefore varies according to the species and the c1ass of satellite

DNA under consideration.

At the level of chromatin structure~ there is a noticeable difference bet\veen

centromeric regions and other parts of the chromosomes. This ditTerence is displayed in the

cond~nsed appearance of heterochromatic regions. The DNA molecules of chromosonles

are packed by proteins kno\'m as histones. which help organize the DNA into nucleosomes.

The nucleosome consists of 146 bp of DNA wound around a histone octamer composed of

t\VO each of histones H2A. H2B. H3. and H4 (~1cGhee and Felsenfeld, 1980). A fifth

histone. HI. mediates the folding of the lioker DNA between adjacent nucleosomes (Wolffe~

(992). Chromatin in transcriptionally-acùve genes is deficient in HI. and addition of this

histone to active chromatin greatly reduces transcription (O'Neill et al., 1993; Zlatanova and

Van Holde. 1992).

Upon doser examination. it has been found that histone H4 acetylation is

nonuniform along human metaphase chromosomes (Jeppesen et al., 1992). Histones in

heterochromatic regions of diverse species are underacetylated. The centric and telomeric
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Upon doser examination, it has been found that histone H4 acetylation is

nonunifonn along human metaphase chromosomes (Jeppesen et al., 1992). Histones in

heterochromatic regions of diverse species are underaeetylated. The centric and telomerie

heterochromatin in human and mouse show underacetylation of the N-terminal lysine

residues of histone H4 (O'Neill and Tumer~ 1995). The same pattern is observed for the H3

and H4 histones on the heteroehromatin of the inactive X chromosome (Belyaev et al.,

1996: Jeppesen and Turner, 1993). Conversely, inereased levels of histones H3 and H4

acetylation are found in CpG islands (Tazi and Bird, 1990), a concentration of dinucleotides

(1000 to 2000 bp long) found in selected regions of the genome (Bird~ 1987). These CpG

islands are found at the promoters of "housekeeping genes". that encode proteins essential

lor cell viability and are expressed in most cells. and at promoters of sorne tissue-specifie

genes. Inereased levels of histones H3 and H4 aeetylation are found in regions of the

genome enriched in expressed DNA sequences (Holmquist 1987: O'Neill and Turner~

1995). It is postulated that acetylation is a landmark for genetic transcriptional activity~

whereas underacetylation defmes regions of the genome that are transcriptionally silent

(Jeppesen and Turner, 1993). Underacetylated regions would he targetted for

heteroehromatin fonnation (Figure I.3A). Histone underacetylation has also been observed

in silent cassettes in yeast Saccharomyces cerevisiae. whieh indieates the link of

heteroehromatin hypoaeetylation to silencing (Braunstein et al.. (996). [n addition,

triehostatin A (TSA)~ a specifie inhibitor of histone deacetylase interferes with the

repression of marker genes in eentromeric heterochromatin in fission yeast (Ekwall et al.,

1997).

The frequency of methylated cytosine residues (msC) in eukaryotic DNA has been

reported to he greater in highly repetitive DNA sequences than in other fractions of the

genome. High methylation of satellite DNA bas been shown in a number of organisms,

including humans (Miller et al.. 1974) and higher primates (Sehnedl et al., 1975). In the
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Figure 1.3. Models representing A) underacetylation (Inspired by Braunstein et aJ.~

1996) or B) hypermethylation of heterochromatic regions of eukaryotic genomes

associated with genetic inactivation (second panels).
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somatic ceUs of the bovine genome, up to 20% of cytosines, usually of CpG

dinucleotides,of satellite DNA are methylated, as opposed to less than 3% in the rest of the

genome (Pech et al.. 1979b). The high level of cytosine methylation has been found to be

associated with somatic tissues as 0pPQsed to germ ceUs in bovine and mice (Adams et al.,

1983; Feinstein el al.. 1985), humans (Miller et al.. 1974), and higher primates (Schnedl et

al.• 1975).

The significance of higher methylation patterns in somatic cells has been proPQsed

to reside in the prevention of recombination (Hsieh and Brutlag, 1979a). Methylation

would prevent the binding of proteins involved in recombination (Figure 1.38). Il has been

shown that hypomethylation of satellite DNA in ICF syndrome (Immunodeficiency,

Centromere instability, Facial abnormalities) favors recombination (Miniou et al., 1994). In

these cases. highly demethylated satellite DNAs are preferential targets for breakpoints of

rearrangements such as deletions or duplications. In addition. decondensation of

heterochromatin was also observed. although hypomethylation of satellite DNA was not

thought to he the sole culprit. Hypomethylated satellite DNA may therefore contribute to

the formation of abnormal chromatin structure and genome instability. In the case of ICF

patients. hypomethylation of satellite 2 and alpha satellite DNAs revealed a correlation

between the extent of hypomethylation and the degree of malignancy (Qu et al.• 1999a). In

addition. these same hypomethylated satellite DNAs in Wilms tumors were linked to

chromosome aberrations (Qu et al., 1999b), indicating that DNA hypomethylation in

pericentromeric and centromeric regions is related to rearrangements. Additional studies

have sho'A'n that DNase l-hypersensitive sites of chromosomes. which are considered to be

genetically active. are less methylated than inactive regions (McGhee et al., 1981).

Methylation of satellite DNA could play a role in the reguJation of gene expression by

controlling or preventing the binding of cenain proteins (Ehrlich and Wang, 1981) (Figure

1.38). However, there are cases where the cytosine in satellite DNAs is not methylated, for
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example in Drosophi/a me/anogas/er~ where mSe is not detected at aIl in the genome (Hsieh

and Brutlag. 1979b).

1.4. Sequence and Evolution of Satellite DNA

[n mammaIs. the different families of satellite DNAs show a certain divergence

bet\veen their tandem repeats (Southem. 1970). However. one feature of satellite DNA

sequences that is olten observed is the internai repetition in long repeat units9 usually

accompanied by variations in the sequence of the units (Pech. 1979a and 1979b; Southem9

1975a). The variations are believed to he the result of mutationaI events. Several

mammalian satellite DNAs therefore seem to he constructed from repeats that have arisen

trom shorter sequences. For instance. the major satellite DNA of the mouse (J'v/us musculus)

consists of a predominant monomeric fragment of 234 bp (Southem. 1975a). Analysis of

the DNA sequence of this 234 bp monomer shows that it must have been generated by

duplication of a 120 bp unit. within which two further subunits can be identified. A more

thorough analysis reveals that a 9 bp sequence would have constituted the basis for the

fonnation of the 120 bp satellite DNA sequence. However. the reiteration of a short basic

sequence within long repeating DNA unilS is not always observed. and constitutes the main

characteristic of complex satellite DNAs. The mouse minor satellite DNA. for instance. is

made of a repeating DNA unit of 130 bp that does not show any internai repetition (Pietras

el al.. 1983). The occurrence of a sequence of mutational events over a long period of time

might be responsible for masking or eliminating shorter DNA repetitions. There may also

exist other events responsible for the formation of complex satellite DNAs from longer

DNA repeating units.
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1.4.1. Saltatory Replication

The basic principle of formation of satellite DNAs seems to consist in the

amplification of a repeating unit or a group of units to generate a large number of identical

tandem copies. Such a process is designated as ·"saltatory replication" (Beridze, 1986) and

is thought to he the initiating step. This event is thought to occur through two mechanisms:

a strand ··slippage" event during the DNA polymerization reaction'l or/and a ·'rolling drcle"

event (Beridze. 1986; Charlesworth et al., 1994). The slippage event May be important in

the initial fonnation of satellite repeats, resu1ting in the amplification of short units

(Charlesworth et al., 1994) (Figure l.4A). As repeating units are amplified by this process,

mutations. base substitutions including insertions of one or a few bases. take place in such a

\vay that smaller amplified repeats give rise to longer repeating units. The final repeating

units are the results of a succession of such events.

The rolling circle mechanism is thought to occur only after a short sequence has

been preliminarily amplified.. since a large enough piece of DNA is needed to fonn a drcle

(Beridze. 1986). Extra·chromosomal circular sequences of an unstable human alphoid-like

DNA have been observed (Kiyama et al.• 1987), suggesting that extra-chromosomal rolling

circle replication followed by reinsertion into the genome may occor with long satellite

DNA repeats (Figure 1.4B). Long satellite DNA repeats present on chromosomes could

also he subject to homologous recombination between direct repeats in their sequence,

followed by excision and reintegration ioto another repeat unit containing identical or

similar DNA sequences (Figure I.4C). This event would explain the variations observed

within and between classes of satellite DNAs. Simple satellite DNAs are thought to have

originated through a two-step amplification mechanism (Walker, 1971). The process would

have started by the formation of a relatively long segment from a short basic sequence,

followed by the appearance ofa highly repeating unit by amplification of the long segment.
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Figure 1.4. Models for the occurrence and evolution of satellite DNA sequences. A)

Slippage event during the DNA polymerase. B) Rolling circle replication of a long

satellite DNA sequence followed by integration into the genome. C) Homologous

recombination between repeats of a satellite DNA sequence fol1owed by excision and

integration within another satellite DNA sequence. D) Unequal crossing-over between

repeats on homologous chromosomes.
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1.4.2. Unequal Crossing-Over

[n satellite DNAs containing higher--order (longer) repeating units, the process of

unequal crossing-over appears to he responsible for the amplification event (Smith, 1976;

Warbunon el al.. 1993). This process would occur because the repetitive nature of satellite

DNA could lead to frequent misalignments between tandem clusters of identical or nearly

identical repeats on homologous chromosomes (Southem, 1975a) (Figure 1.4D).

Theretore. pairing prior to recombination would involve repeating units that do not have

exactly corresponding locations in their clusters. A recombination event occurring within

the unevenly paired region would result in one recombinant carrying a longer cluster of

repeats. and the other having a shorter cluster. The accumulation of several such deletions

and tandem duplications during a specifie period of lime results in the formation of

repetitive DNAs. In the case of complex satellite DNAs. Southem (1975a) also proposed a

t\vo-step mechanism of formation similar 10 that intèrred tor simple satellite DNAs. In this

case, the tirst stage involves saltatory replication. while the second stage occurs through

unequal crossing-over.

1.4.3. Conc:erted Evolution

[t is thought that satellite DNAs may have evolved in eukaryotes in response to an

increase in genome size (Yunis and Yasmineh, 1971) since it is not found in prokaryotes.

The earliest organisms in evolution to contain satellite DNA appear ta he the higher protists

(algae. protozoa fungi, slime molds). It is not known in which order the development of the

nucleolus (\vhere packaging of ribosomes takes place), centromere, heterochromatin, and

satellite DNA has occurred. Nonetheless, the study of the nuclei of primitive unicellular

eukaryotes (such as slime molds for instance) seems to indicate that sorne repetitive DNAs

could have evolved prior to the emergence of the centromere and heterochromatin. Such

organisms do not possess kinetochores, which represent the structure thraugh which
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replicated chromosomes bind to the mitotic spindle microtubules; they also do not contain

heterochromatin. but have a nucleolus and repeated DNA sequences (Britten and Khone,

1968; Dupra\v. (970).

The amounts of repetitive DNA vary in quantity between species, but show little

variation in copy number within populations (Jabs el al., (989). It has been observed that

the selection for amounts of repetitive DNA varies with life history (Charlesworth el al.,

(994). It is tempting to believe that slowly developing species would accumulate larger

quantities of repetitive DNA sequences. since a larger genome size would he required by

large cells to lead to low rates of cell division. However. il can aIso he argued that the

occurrence of excess DNA served to prevent the slow development that would result from

the appearance of larger cells (Cavalier-Smith. 1980).

Not only is there a difTerence in the size of the repeating DNA anays, but there is

also a difference. between species. in the sequence of repeating units. Repetitive DNA

sequences seern to show patterns of '''concerted evolution" (Zimmer el al.. 1980) which is

detined as 'lhe nonindependent evolution of repetitive DNA sequences resulting in a

sequence sirnilarity of repeating units that is greater within than among species" (Dover el

al.. 1982). This concept reflects the fact that all or most members of a family evolve

together. However. conservation of satellite DNA sequences within a genus can also be

observed. as in the case of four species of Coleoplera (Mestrovic el al.. 1998). Four A+T­

rich satellite DNAs were found to he present in ail four species. These satellite DNA

sequences were highly conserved in teons of the sequence. monomer length and tandem

repeat organization. The species were said to share a "library" of conserved satellite DNA

sequences.

The intraspecific homogenization described by Dover et al. (1982) is helieved to

take place through mechanisms of molecular drive.. achieved by inducing concerted

phenotypic changes in a population. [n other words. the effect of mutations on the
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phenotype does not necessarily affect the organisms fitness~ and thus goes unrecognized by

natural selection because it is appearing in concert in a whole population. Molecular drive

imparts cohesiveness to a population. lt englobes those processes that induce a particular

sequence to perpetuate itself and spread through the genome (Dover et al., 1982). These

processes include unequal crossing-over~ replicative transposition followed byamplification

ofa particular sequence. and gene (or sequence) conversion (Eider and Turner. 1995; Roizes

and Pages. 1982). Gene conversion retèrs to a process in which nonnal cross-over and

repair mechanisms result in the replacement of one DNA sequence by another (Eider and

Turner. 1995).

Repeated DNA sequences are thought to use a combination of unequal crossing­

over. slippage replication and gene conversion to evolve. since unequal crossing-over alone

eventually leads to the loss ofsequences. [n addition.. random genetic drift and selection can

aIso have a strong etTect on the accumulation of tandem repetitive DNA sequences in the

genome (Charles\vorth et al.. 1994). Selective pressure is assumed to he very weak or

nonexistent in satellite DNAs. Since they do not seem to code for any proteins. these

sequences cao tolerate more mutations than euehromatin. Mutations occurring in satellite

DNA do not display any obvious phenotypic effects. and numerous mutations would he

needed to impair the roles that have been proposed for these sequences (Yunis and

Yasmineh. 1971). This property of satellite DNA renders it more apt to degenerate and

consequently require replacement.

1.5. Rotes Attributed to Satellite DNA

Because highly repetitive DNA does not possess any protein-coding capaeity and in

generai does not generate any rnRNA transeript it has long been considered as '''junkn

DNA. This term retlects the idea that this portion of the genome does not have any real

funetion. [n this line of thought~ repetitive DNA has been referred to as '''selfish'' DNA
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(Cavalier-Smith, 1980; Orgel and Crick, 1980), which does not make any contribution to the

fitness or the phenotype of the organism. [n addition, its survival in the genome bas been

compared to the spread of a parasite in its host (Orgel and Crick, 1980), in the sense that it

exploits its presence in the genome as a way to perpetuate and propagate itself without

conferring any advantage or causing any hann to the cell or the organism. Because of its

ability not to cause any phenotypic disturbance, satellite DNA would evade elimination and

persist in the genome. Satellite DNA, which is by nature highly repetitive, inevitably faIls

within the junk or selfish DNA category. However, ooly about 3% of the human genome

has protein-eoding capacity (Nowalk, 1994) which would, if the junk DNA theory holds

true. leave a major portion of the genome without function. Considering that ooly a portion

of the higher eukaryotic genome bas been functionally defined, it cannot he ruled out that

this major part of the genome, the highly repetitive DNA. May in fact be of sorne

importance to the organism. The host organism could have used sorne selfish DNA

sequences for its own purPQse. especially if these sequences give the organism a selective

advantage by preventing it from growing too slowly (Cavalier-Smith, 1978). Middle

repetitive DNA sequences. being interspersed with genes. are thought to contain the

regulatory regions which reside outside the protein-eoding sequences (NowaIk, 1994). The

evolution of complex higher organisms must have required the development of new control

sequences for different sets of genes (Wilson, 1976). Satellite DNAs, on the other hand,

because of their pericentrorneric location. are thought to participate in the structure of the

centromeric region, a role that could he related to the function of the centromere.

1.5.1. Ceotromere Structure

The main idea that emerges upon consideration of the constitutive heterochromatin

is that satellite DNA, which is mainly located in the regions of the centromere and

telomeres, participates actively in the fonnation of this special type of chromatin. Satellite
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DNA has been shown to bind to severa! centromeric proteins, as will he discussed later.

The sequence of human satellite II and III DNA has been recognized with high specificity

by HeLa nuclear proteins (Fouquet and DuBow, 1992a; Grady el al., 1992). Two members

of the high mobility group (HMG) family of nonhistone chromosomal proteins, HMG..I in

mammalian eeUs and DI in Drosophila melanogasler (Alfageme el al., 1980; Lund el al.,

1983). were found to interact speeifically with highly repetitive A+T..rich satellite DNA.

These proteins were localized to heterochromatin and eentromeres (Alfageme el al., 1980;

Disney el al.. 1989). Drugs binding A+T-rich DNA. sueh as distamycin or Hoechst 33258,

displace HMG-( from DNA and disrupt the structure of centromeres (Lica el al.. 1986),

indicating that HMG proteins localized to heterochromatin May play an important role in

heterochromatin condensation. ft still remains to he determined whether it is the satellite

DNA sequence itselfor a higher order structure that Mediate the protein binding.

lt has been documented in severa! studies that various satellite DNAs adopt a

sequence-induced curved contonnation (Barcelô el al., 1997: Martinez-Balbas el al.• 1990;

Radie el al.. (987). Long tracts of adenine residues.. which have been described as inducers

of curvature (Koo and Crothers.. 1988), seem to he the structural elements responsible for

the curvature of satellite DNAs (Barcela el al.. 1(97). The A+T-rich sequences commonly

observed in satellite DNA are very prone to bending. However. satellite DNA sequences

lacking repeated A-tracts were shown to he curved in Tenebrionids {beetles} (Barcel6 el a/..

1998). Other sequence elements must therefore participate in the DNA bending. It is

possible that the condensation of heterochromatin originates from a higher-order structure.

Satellite DNA curvature could provide the element necessary to attain this structure. ft has

also been suggested that DNA curvature could account for the positioning or phasing of

nucleosomes by the inability of the curved DNA to he packed into nucleosomes, or by

providing a confonnation prone to interaction with nuclear proteins (Drew and Travers,

1985).
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Mouse ceUs treated with distamycin A, a drug with a binding preference for AT-rich

DNA. which results in apparent straightening of the satellite DNA curvature. showed

impaired chromosome condensaùon and elongated centromere regions (Radie et al., 1987).

The same effect was seen with mouse cells grown in the presence of Hoechst 33258, also an

AT-specitic drug. which inhibited centromeric heterochromatin condensation (Lica et al.,

1986: Vig and Willcourt. 1998). In these cases, satellite DNA seemed to resist compaction

because of a reduced capacity to bend that would, as was suggested, affect its interaction

\\'ith specifie proteins. In addition. aberrations in the pattern of chromosome separation

were observed (Vig and Willcourt. 1998), indicating that the structure of pericentromeric

satellite DNA must play an important role in this process. These experiments support the

hypothesis that satellite DNA may represent an important. or even essential. structural

element involved in centromeric heterochromatin condensation. It has aIso been shown that

sorne satellite DNAs. despite their high content in adenine and thymine. display

conformations other than curvature (Plohl and Ugarkovic. 1994). It is theretore not

excluded that other satellite DNA higher-order structures. apart from curvature. could

participate in heterochromatic and centromeric chromatin condensation.

I.S.2. Anchorage to the Nuclear Matrix

Due to their base composition and resulting curved conformation. satellite DNAs

could also serve as sites of attachment of DNA to the nuclear matrix. The nuclear matrix

structure appears to he the structural framework responsible for higher order chromatin

organization (Nickerson et al.. 1989). Sites of attachment to the nuclear matrix have been

defined as matrix-associated or scatfold-associated regions (MAR or SAR) (Gasser et al.,

1989). These sites generally contain 70 to 75% (A+n. Short repetitive simple sequences

containing blocks of As and Ts and displaying a curved contormation (Homberger, 1989)

are the main part ofnuclear matrix-associated DNA regions (Vogt~ 1992). The involvement
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of satellite DNAs, which are AT-rich and also adopt a folding structure, is suggestive of the

development of a specific chromatin folding structure participating in the nuclear matrix

attachment sites. A human nuclear matrix protein complex binding to alpha satellite DNA

y/as identified (Enukashvily et al., 1999). The association, observed in vitro, was seen to

implicate two proteins binding directly to alpha satellite DNA, and a third component

enhancing the binding of the two others.

1.5.3. Satellite DNA as a Spacer

It has been suggested that satellite DNA may serve as a spacer around the nucleolar

organizer where the cluster of ribosomal RNA (rRNA) genes is found (Yunis and

Yasmineh. 1971). Such a spacer would protect the ribosomal RNA cistrons from mutation

and cross-over to preserve their evolutionary conservation. by either spacing individual

cistrons (Bimstiel el al.. 1968: Lima-de-Faria. 1969) or by fonning a heterochromatic shield

around them (Lima-de-Faria. 1969). This protective role of satellite DNA would come into

play because of the reduced frequency of genetic recombination observed in the region of

centromeres (Charlesworth el al.. 1986). [n addition, sequence similarities are found

between human satellite DNA [ sequences and the centromere DNA element Il (CDE Il) of

yeast centromeres that is enriched in A+T sequences (Grady el al., 1992). This region is

responsible tor the spacing of the CDE [ and CDE III domains. ft has been suggested that

human satellite DNA 1 could perfonn a similar spacing function in human centromeres

(Vogt. 1992). OveralL satellite DNA could fulfill important structural functions such as

maintaining a specific nuclear organization as well as protecting the integrity of important

regions.
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1.5.4. Binding to Specifie Proteins

Satellite DNA seems to olTer the sequences necessary for the binding and

accumulation of specifie proteins. Several centromere proteins (CENPs) have been

identified from autoimmune sera of patients with CREST syndrome (Calcinosis, Raynaud's

phenomenon. Esophageal dysmotility, Sc1erodactyly Telangiectasiae) (Moroi et al., 1980).

Autoantibodies reacted with these proteins, which appeared to he tightly bound to DNA and

located at the kinetochorc. Alpha satellite DNA. which is the major DNA detected at the

primary constriclion of ail human chromosomes (Willard, (990). has been shown 10 be

tightly associated with centromere proteins throughout the cell cycle (Masumoto et al.,

1989b). More speci ficalIy. a direct interaction has been demonstrated between CENP-B. the

most abundant human centromere protein (Eamshaw et al.. (987), and a 17 bp sequence of

the human a satellite repeat unit (Masumoto et a/.. 1989a). A CENP-B box was also tound

in the mouse minor satellite DNA (Willard, 1990).

Although the DNA binding domain ofCENP·B is able to bind the CENP-B box as a

monomer (Kitagawa et al.. 1995), the protein appears to torm a stable dimer al its COOH

terminus in mammalian ceUs. This dimer was tound in vitro to bind two molecules of a

satellite DNA: a binding which could occur intra· or inter-chromosomally (Yoda et al.•

1992). An internai domain of CENp·B responsible for the protein's self-association was

identitied (Sugimoto et al.. 1994). The mutual association of the CENP-B proteins al the

centromere may help bring the CENP-B boxes in close proximity. The interaction at the

dimerization domains of!Wo CENP-B proteins will further stabilize this overall structure

(Figure 1.5). The association May mediate the assembly or packing of the centromeric

heterochromatin and help organize a higher order chromatin structure (Muro et al., 1992).

The possibility of CENP-B playing an important role in the assembly of higher order

structures at the human centromere was suggested by Yoda et al. (1998). The CENP-B

dimer was seen to assemble two alpha satellite DNA fragments each containing a CENP-B
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Figure I.S. Compaction and association of chromosomes through joining of satellite

DNA regions mediated by binding of CENp·B proteins to CENP·B boxes. (Adapted

from Sugimoto et al.. 1994)
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box. Intramolecular interactions of the CENP-B dimer were aIso observed~ with the

formation of DNA loop structures. CENP-B was shown to induce nucleosome positioning

between pairs of CENP-B boxes implying that it may establish a particular centromeric

pattern of nucleosome positioning. lt has been noticed that the dimerization and DNA­

binding domains of CENP-B are perfectly conserved hetween human and mouse (Sullivan

and Glass. 1991). The central domain is aIso conserved perfectly hetween these two species

(Kitagawa et al.. 1995). Although these observations suggest that CENP-B might perfoon

an important function. this protein was recently found not to he essentiaI in mice (Kapoor et

al.. 1998). Mice null for the cenpB gene were produced. These mice were viable and did

not present any apparent defect in growth or morphology. The centomere and kinetochore

were tound to he intact.. and mitosis was not atTected. These observations suggested that

CENP-B is not required for the assembly of heterochromatin or the kinetochore, and that it

may not he essential for mitosis.

1.5.5. Centromere Fun.:tioD

One of the important properties that centromeres are known to possess in eukaryotic

cells is the responsibility of the accurate segregation of chromosomes (Miyazaki and Orr­

Weaver. 1994). The centromeric protein CENP-B was found to have an acidic serine-rich

region similar to the one found in the yeast CTf 13 protein (Doheny et al., 1993). [n yeast..

this protein has been found to he responsible for chromosome segregation (Goh and

Kilmartin. 1993). Among the other immunologically detined centromere proteins, CENP-C

and CENP-D were found to he associated with the kinetochore domain (Cooke et al.~ 1990;

Willard. 1990) (Figure 1.6A). CENP-C is the centromere protein most closely associated

with the kinetochore (Willard, 1990). This protein bas been shawn to he essential for

mitosis after anti-CENP-C antibodies inhibited mitotic progression (Bernat et al., 1990;

Tomkiel et al., 1994). In additio~ CENP-C was detected in the functional, but not the
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Figure 1.6. Association of centromeric proteins with the primary constriction. A)

Binding of CENP-C. CENP-D and CENP-E at the kinetochore region. B) Binding of

lNCENPs and CLIPs at the inner centromeric region and of a protein fonning a ring

around the primary constriction. (Adapted from Willard'l 1990)
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1.S.6.

1.S.6.1.

inactive~ centromere of dicentric chromosomes (Eamshaw et al.~ 1989; Page et al.~ 1995;

Sullivan and Schw~ 1995). CENP-C may have DNA binding properties~ as was inferred

from analysis of its cDNA (Saitoh el al., 1992), but the exact centromeric DNA sequences

to which it binds are currently unknown. Simple sequence satellite DNAs could he a target

for CENP-C binding~ but this still remains to be ShO\\l1. CENP-D has been shown to be a

regulator of the onset of chromosome condensation (Bischoff el al., 1990)~ and CENP-E bas

been characterized as a kinesin-like protein (Thrower et al., 1995; Yen et al., 1992)

important for chromosome movement (Lombillo el al.. 1995).

[n addition to the CENP antigens. other proteins have been localized at the primary

constriction of chromosomes (Willard.. 1990). These proteins, called INCENPs (inner

centromere proteins) or CLIPs (chromatid linking proteins)~ are presumably involved with

sister chromatid association (Figure 1.6B). but their DNA binding sites are unknown. An

antigen fonning a ring around the centromere was also recently identified (Holland el al..

1995) with a possible function of holding the sister chromatids together. imparting physical

stability to the centromere (Figure 1.68). The identitication of the DNA sequences to which

these proteins bind may reveal satellite DNAs as active players in these centromeric

processes.

Chromosome Segregation

The Use of Mammalian Artifi(ial Chromosomes to Derme Centromeri(

Elements

ln aiming at developing vectors that can be used in important applications such

as gene therapy. much effort has been focused on the construction of human or mammalian

artiticial chromosomes (HACs or MACs) (Harrington et al., 1997; Schlessinger and

Nagaraja. 1998; Willard, 1998b). In order to achieve this goal, a detailed understanding of

structural and functional elements of the chromosomes of complex eukaryotes is required.
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Extensive studies in yeast have established that at least three chromosomal elements are

needed to produce a linear mitotically stable chromosome: a centromere, telomeres at each

end. and origins of replication (Clarke and Carbon. 1980; Murray and Szostak, 1983). The

molecular and genetic requirements for each of these chromosomal elements have been weil

defined in yeast (Bloom and Carbon. 1982; Marahrens and Stillman. 1992; Shampay et al.,

(984). In mammalian chromosomes, the principal missing link appears to he the

centromere. This part of the chromosome is considered resPOosible for directing the

formation of the kinetochore and mediating attachments to and movements of the

chromosome along the spindle apparatus (Willard. 1998a). Ho\vever. the full nature of the

DNA sequences competent to provide complete centromere function in multicellular

eukaryotes is still not fully understood.

1.5.6.2. Satellite DNA and the Definition of Centromere in Multicellular

Eukaryotes

As descrihed earlier. the centromeres of Many eukaryotic organisms are known

to consist of megabase-sized anays of tandemly repeated satellite DNA. Alpha satellite

DNA. being the best characterized of the centromeric satellite DNAs and the only one to he

tound to the centromeric regions of all nonnal human chromosomes (Murphy and Karpen.

1998). has been used in studies with MACs. Anays of alpha satellite DNA are found in

association \\lith centromere function. and it is known that as little as about 200 kb of alpha

satellite DNA from the Ychromosome can sustain nonnal mitotic segregation (Helier et al..

1996). Most recently. the construction and functional reintroduction into human cells of the

first MAC was reported (Harrington et al.. 1997). In this study, microchromosomes were

fonned using synthetic alpha satellite DNA anays produced through the muitimerization of

a single alpha satellite repeat unit. These microchromosomes were shown ta he mitotically

stable and ta bind the centromeric proteins CENP...C and CENP-E.
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Ikeno el al. (1998) have constructed MACs using yeast artificial chromosomes

(YACs) which they combined with about 100 kb ofhuman alpha satellite DNA in addition

to telomeres. These constructs were introduced into human cells and the resulting

minichromosomes were seen to behave as natural chromosomes by replicating and

segregating with high fidelity. AlI the chromosome rearrangements examined to date retain

at least 140 kb of alpha satellite DNA~ which strongly suggests that this sequence plays a

key role in centromere function (Heller el al.. 1996). Human artificial chromosomes

constructed trom 1 Mb yeasl artificial chromosomes, containing alpha satellite DNA along

\vith human telomeric DNA and origins of replication, were observed to bind CENP-E and

found to be mitotically stable for close to 100 generations (Hennig el al.. (999). Although

there is evidence suggesting that alpha satellite DNA is implicated in chromosome pairing

and movement. the question remains as to whether il is necessary and sufficient for

centromere function.

Deletion studies using a Drosophila minichromosome (Dpl/87) have shown that

200 kb or more of heterochromatic DNA. which contains AATAT satellite sequences, are

required for full transmission (Murphy and Karpen. 1995). These satellite DNA sequences

by themselves are not sufficient for centromere activity. but their requirement led to the

suggestion that they are responsible for sister chromatid cohesion and the assembly of a

fully functional kinetochore. whereas the central core mediates the attachment to spindle

microtubules (Figure 1.7). The tlanking heterochromatin could affect kinetochore function

at a distance and play an accessory role in optimizing kinetochore formation through

chromatin modification. or it could stabilize or regulate interactions with the spindle.

Recently. murine pericentric satellite DNA was shown to participate in the fonnation of a

stable murine chromosome (Telenius el al., 1999). The constructed MAC was seen to

support stable expression of a beta-galactosidase reporter gene over a period of months in
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Figure 1.7. Participation of flanking satellite DNA sequences in the assembly and

stabilization of sister chromatids and of a functional kinetochore. These flanking satellite

DNA sequences may contribute additional factors helping in the organization and stability

of the kinetochore. (Adapted from Murphy and Karpen~ 1995)

39



f· _. -. _. _...;~ :~:;:-;_.!I&I-. _. _.~

_ = flanking satellite DNA

I=:l = centromeric DNA

""'""'-~' = kinetochore

= spindle microtubules

<> = satellite DNA binding proteins

40



murine. bovine and human cell lines. Il therefore appears that functional MACs can he

produced using pericentromeric satellite DNA, at least from mice.

ft has been observed that noncentromeric DNA can acquire centromere function.

Rearranged human marker chromosomes have been identified that do not contain detectable

alpha satellite DNA (Blennow et al., 1994; Vance et al., 1997; Voullaire et al., 1993).

Although sorne of these chromosomes lack a primary constriction, others possess one. ln

addition. a positive reaction with CREST antiserum is observed with sorne of these

chromosomes. Mitotic dysfunction of one marker was observed, but the regular

transmission of another marker indicated the presence of a functional centromere. These

observations seem to indicate that sequences that are normally euchromatic can assemble a

kinetochore. Neocentromeric activity is also seen with acentric derivatives of the

Drosophi/a Dpl187 minichromosome (Murphy and Karpen. 1995). Although these

acentrics lack elements associated with the centromere, they are transmined weil in males,

indicating that the DNA sequences required for chromosome inheritance differ between

sexes.

··Centromere activation" is the process describing the appearance of a centromere at

a new position on a chromosome (Brown and Tyler-Smith, 1995). The mechanism of

appearance of a centromere at a new position remains unknown. Il has been proposed to

occur through a change in the DNA sequence by transposition of a functional sequence

element from a pre-existing centromere (Brown and Tyler-Smith. 1995). Other

explanations involve mutational processes leading to the increase in the length of a

tandemly repeated DNA sequence to form an array that functions as a centtomere (Brown

and Tyler-Smith.. 1995). Another possibility is that centromere function is determined by an

epigenetic system that activates a non-centromeric sequence. This epigenetic mechanism

would involve an activation step that ·"imprints" the DNA, subjecting il to a self-replicating

modification (Karpen and Allshire, 1997). Cytosine methylation may he such a
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modification; underacetylation of histones could he another. In fact, aberrant centromeric

acetylation patterns in fission yeast are correlated with abnonnal centromere function

involving chromosome loss (Ekwall et ai., 1997). The centromere activation mechanism

may involve an initial activation event biased towards a particular characteristic of alpha

satellite DNA. A recurring motif like the A+T·richness. repetitiveness of the DNA, or a

shared higher order structure like curvature could play a role in specifying an epigenetic

mechanism for centromere activity (Murphy and Karpen. 1998) (Table 1.2). DNA

sequences responding to these criteria could be able to fui fi Il the role ofa centromere. It has

been shown that the presence of centromeric DNA does not necessarily support kinetochore

formation and function. The major satellite DNA of the Drosophi/a Dpl187 centromere is

found in regions that do not fulfill centromere activity (Murphy and Karpen. 1995).

Therefore. primary sequences of centromere-associated satellite DNA may not he important

tor centromere function.

ln neocentromere formation. the disappearance of the nonnal centromere IS

alleviated by the activation of other sequences. though perhaps at a lower frequency. Il

should be noted that neocentromere fonnation is a rare event occurring in particular

situations such as chromosome rearrangements. It has been suggested that the acquisition of

centromere function by acentric chromosomes might require proximity to a normal

centromere (Karpen and Allshire. 1997; Williams et al.• 1998), involving the spreading of

centromere function or proteins from the normal centromere into adjacent regions, or their

action in Irans. Although the functional elements required for providing a centromere in

mammals have not been fully defined, alpha satellite DNA appears to he an important

component of centromere function. Other satellite DNA sequences, flanking and

interrupting alpha satellite DNA arrays, May also play a role in or contribute to centromere

activity.
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Table 1.2. Possible events implicated in the acquisition of centromere

function by acentric chromosomes.

Genetic events

Transposition of functional
sequence l'rom another centromere

(Brown and Tyler...Smith, (995)

[ncrease in length of
tandemly repeated sequence

(Bro\vn and Tyler...Srnith, 1995)

Repetitiveness of a sequence
(Murphy and Karpen, (998)

DNA composition
(e.g. A+T rich)

(Murphy and Karpen, 1998)

Epigenetic events

Increased cytosine methylation
(Brown and Tyler-Smith, (995)

Histone underacetylation
(Brown and Tyler-Smith, 1995)

Secondary structure
(e.g. curvature)

(Murphy and Karpen, 1998)

Spreading of centromeric
factors from normal centromere

(Karpen and Allshire, 1997)
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1.5.7. Satellite DNA Transcription

Most satellite DNAs are transcriptionally inactive. However, satellite DNA

transcription has been demonstrated in certain organisms such as the newt, iVolophthalmus

viridescens. (Diaz et al., 1981) and amphibian, .-'(enopus laevis, (Jamrich et a/., 1983). ln

addition. the rare transcription of a 33 bp centromeric satellite DNA on lampbrush

chromosomes of the newt Tri/urus cristatus cristalliS (Baldwin and Macgregor, 1985) was

shown. Lampbrush chromosomes represent meiotically paired chromosomes, in growing

oocytes. that are covered with newly transcribed RNA packed into RNA-protein complexes

(Callan. 1982). The rare transcription of satellite DNA was suggested to occur by read­

through from adjacent normally transcribed sequences. This phenomenon is presumed to

occur sometimes with satellite DNA sequences that are located in close proximity to

transcribed regions (Diaz el al.• 1981 ~ Varley el a/.. 1980).

Studies done \\';th the satellite 2 DNA of the newt Triturus, which consists of 300 to

350 bp repetitive DNA dispersed throughout the genome. have shown that this satellite

DNA sequence does generate transcripts (Coats et a/.• 1994). The satellite 2 DNA has the

particularity of possessing a promoter which contains two functional domains, the proximal

sequence element (PSE) and the distal sequence element (DSE). with similarities to the

promoters of vertebrate small nuclear RNA (snRNA) genes. The entire promoter of the

.fenopus U1b2 gene can he replaced by the Tritllrus satellite 2 promoter. without loss of

function. Although it is not clear if this satellite 2 DNA has a cellular function, it contaios a

functional RNA domain that is a self-cleaving hammerhead, an extended secondary

structure. which appears to he involved in the production of satellite 2 monomer RNAs in

the liver and testes (Epstein and Coats. 1991). In addition, a newt ribozyme was assembled

using the satellite 2 RNA (Luzi el al.. 1997). and it was shown to he capable of cleaving a

target RNA. which suggests that it could retain the function of processing other cellular

RNAs. Il remains to he determined whether other satellite DNAs have the ability to carry
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similar or related functions. Most recently. satellite DNA transcripts were observed in

hymenopterans (Renault et al., 1999). The transcripts were not polyadenylated, and one

major transcript of 1.9 kb was accompanied by several smaller transcripts. The function of

these transcripts. if any, remains to he detennined.

1.6. Effects Observed with Repetitive DNA Sequences

Although much remains to be done in tenns of defining the function and

importance of satellite DNA sequences. observations have been made that provide

important intonnation on the behaviour of these sequences. As many studies have revealed.,

there are hannful consequences of having euchromatic genes positioned in the vicinity of

heterochromatic sequences.

1.6.1. Position...EtTect Variegation

Position-effect variegation (PEV) was first described in Drosophila

melanogaster by Muller (1930). Muller observed cell-to...cell variations in expression of the

white- (w·) gene. responsible for red eye color. caused by a chromosomal rearrangement.

This euchromatic gene was displaced from its nonnal euchromatic location by an inversion.

and placed in the vicinity of heterochromatin. These rearrangements resulted in red and

white patches in the adult eye. The variable inhibition was heritable, being maintained

through multiple cell divisions. and provided the characteristics of silencing by epigenetic

mechanisms. In another example. an inversion of the Drosophila X chromosome placed the

white gene in the vicinity of heterochromatin. giving rise ta a mosaic appearance of red and

white eye color (Henikoff., 1990). In mammals., the tirst reports of PEY were describing X

chromosome inactivation. Translocations have been identitied in the mouse between the X

chromosome and autosomes (Russell and Cacheiro. 1978; Russell and Montgomery., 1970).

For example. a translocation involving the X chromosome and chromosome 8 containing
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the brown (br) locus gave rise to female mice with mottled black and brown coat color~ the

functional br gene producing black coat color and a mutant or an affected gene producing

brown coat color.

One of the most popular models to expIain the underlying basis of PEY involves the

packaging of DNA being extended, in rearranged regions, from heterochromatin into

adjacent euchromatic genes (Kellum and Schedt 1991) (Figure l.8A). In other words, the

effect would reside in the cis..spreading of a condensed, heterochromatic chromatin state

past the rearrangement breakpoint (Elgin. 1997; Wakimoto, 1998). The altered chromatin

confonnation would prevent access of the transcriptional machinery to the genes and result

in transcriptional repression. Variegation could he accounted for by variations among cells

in the extent of linear spreading. A number of modifiers of PEY have been identified

(Grigliani. 1991). Suppressor [SU(VAR)] proteins repress euchromatic gene expression

whereas enhancers [E(VAR)s] are viewed as transcriptional activators (Wakimoto. 1998).

Mutations in the E(var) 7 locus have been observed to enhance variegation (Lindsley et af.,

1960). Deletions of the Su(var)205 or Su(var)J.. ï loci suppress PEY of a classical

variegating rearrangement involving inversion of a region of the X chromosome,

""'hitemottled-l (Reuter el al., 1987; Spofford, 1976) (Figure 1.8B), while overexpression of

those genes enhances the variegation phenotype (Eissenberg et al., 1992; Reuter et al.~

1990). Additionally. insertion of an Y chromosome. wmch is entirely heterochromatic in

Drosophila. is seen to decrease PEY of euchromatic genes, presumably because of

competition for heterochromatic factors (Gowen and Gay, 1933). The products of the

Su(var)205 gene~ HP-l. and ofSu(var)J.. ï are good candidates for structural components of

heterochromatin (Elgin. 1997). HP-l localizes predominantly to the chromocenter, which

corresponds ta the aggregation of centromeric regions of chromosomes, in salivary gland

nuclei of Drosophila (James et al., 1989). While having numerous binding sites throughout

euchromatin, HP-I is enriched in heterochromatin (Kellum et al., 1995). SU(VAR)3-7 is
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Figure 1.S. Model showing disturbance of gene expression induced by DNA

rearrangements and spreading of heterochromatin (A). B) Mutations in suppressor of

variegation [SlI(varJ] genes or addition of an Y chromosome can decrease the negative

effect created by the rearrangements by decreasing the amount of heterochromatin

proteins available; whereas mutations in enhancers of variegation [E(var)] increase the

variegation phenotype.
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cytologically associated with centromeric heterochromatin and co-Iocalizes there with HP-l

(Cléard et a/.~ 1997).

l'vlore observations, in favor of changes in chromatin structure in PEY, come from

cytogenetic studies showing that the euchromatin adjacent to the rearrangement breakpoint

undergoes visible changes in its banding pattern in Drosophila polytene chromosomes

(Wakimoto. 1998). The variegation can aIso he modified by changing histone gene dosage

or levels of histone acetylation. Gene inactivation, associated with PEY in mammaIs, is aIso

thought to correlate with a closed chromatin configuration. This is illustrated by elimination

of DNase 1 sensitivity in a variegated transgene located within pericentromeric

heterochromatin in mice (Festenstein et a/., 1996).

The cis-spreading of heterochromatin does not expIain ail the features of PEY

observed in Drosophila. Some rearrangements creating heterochromatin-euchromatin

breakpoints induce the variegation of genes located several megabases away from the

breakPOint (Weiler and Wakimoto. 1995). The severity of the variegated phenotype can he

influenced by the position of the breakpoint and the distance of the euchromatic genes

relative to the heterochromatic block. InterchromosomaI interactions (Henikoff and

Dreesen. 1989) aIso influence the variegation. The brown eye pigment locus undergoes cis­

silencing when it is juxtaposed with heterochromatin. However, silencing is aIso observed

with the homologous copy, a case of dominant variegation (Henikoff and Cornai, 1998)

(Figure 1.9). This example indicates that trans-inactivation can occur. A rearrangement

causing variegation of the white gene is also seen to produce trans-inactivation of a white

transgene on the homologous chromosome (Martin-Morris et al., 1997).

Long-distance effects could he explained by associations bringing the rearranged

gene region in trans close to pericentromeric heterochromatin (Henikoff and Comai, 1998).

This is the case for the Drosophila brow"Dominant (bwD) heterochromatic insertion.

Insertion ofa heterochromatic block near the bw gene effectively silences this gene when
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Figure 1.9. Model for trans-inactivation of a gene following DNA rearrangements.

Inactivation of the homologous copy of a gene (X) from a rearranged chromosome

presenting a block of heterochromatin adjacent to this gene. (lnspired from Henikoff and

Cornai. 1998)
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the homologous chromosome carries a rearrangement that brings the gene in trans close to

pericentromeric heterochromatin (Henikoff and Cornai, 1998). A nuclear compartment

model has aIso been proposed to explain the variable and long-distance features of PEY

(Wakimoto, (998). This idea originated from the fact that Drosophila chromosomes al

interphase have their centromeres and the bulk of heterochromatin at one end of the nucleus

and the telomeres at the opposite end. This feature could explain the cell-to-cell variable

phenotype observed in PEY4where the presence of the displaced gene within a particular

nuclear compartment would vary. The same effect could occur with genes located

megabases away from the breakpoint. Cytological studies have shown that a displaced

region of heterochromatin variably associates with other regions of heterochromatin in

certain cell types (Csink and Henikoff, 1996).

The effects observed in PEY are in contradiction with the behavior of genes

normally located \vithin heterochromatin (Zuckerland and Hennig4 1995). Heterochromatic

genes appear to require the proximity of heterochromatin for their expression (Hilliker.

1976). Position effects on heterochromatic genes placed in an eucbromatic environment

have been observed. This type of effect is exemplified with the roUed (rI) gene of

DrosophilCl, which is located deep in centromeric alpha heterochromatin (Eberl et al., 1993).

Position effects on the ri gene depend upon the size of the black of heterochromatin

associated with the displaced gene, as weil as the distance from other heterochromatic

regions. The above examples illustrate that the general context in which a gene resides is

very important for the proper behaviour of this gene. Changes in the normal environment of

a sequence can bring about perturbations that are difficult to dissect.
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1.6.2. Position Effects Observed with Isolated Genes and/or SateWte DNA

Sequences

The effect of centromeric heterochromatin on euchromatic genes has also been

analyzed in systems where exogenous genes are intraduced inta eukaryotic cells. Following

introduction of foreign DNA molecules inta cells. a series of events OCCUI'S. There is a

period of time during which the introduced DNA sequences remain unintegrated. Ligation

of DNA molecules with each other may then occur. leading to the formation of

concatameric stnlctures (Perucho et al.. 1980). Expression of genes present on the DNA

sequences can usually occur before integration of these sequences ioto the genome (Milman

and Herzberg. 1981). A tèw DNA sequences become stably integrated (Pellicer el al.,

1980). Butner and Lo (1986) have shown that tk· mouse cellline transfonnants, obtained by

microinjection of lk- cells with a plasmid containing the herpes viral thymidine kinase gene

(lk) (Lo. 1983). presented a high frequency of DNA rearrangement at the site of integration

of the exogenous gene. They related this instability to the host environment flanking the

integrated gene. which was shown to consist of pericentromeric satellite DNA. In light of

the property of satellite DNA to be highly unstable. the effect observed was presumed to he

propagated by the presence ofthese large blocks ofrepetitive DNA. Foreign DNA has not

yet been demonstrated. in mammalian cells. to integrate into homologous sequences at a

high frequency. Kato et al. (1986) conducted a study in which mice Ltk- cells were

transformed \vith the herpes simplex virus type 1 (HSV-1) thymidine kinase gene and

pBRJ22 DNA. The cellular DNA at the integration sites was found to consist mostly of

repetitive DNA elements. indicating that foreign DNA integrates preferentially into these

sequences. Il was suggested that there may he cellular mechanisms protecting unique

protein coding sequences by preventing integration into them.

In a similar study. a transfected HSV-1 tk gene was shawn to display phenotypic

instability when co-transfected \\oith mouse satellite CNA (Talarico et al., 1988). Co-
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transfection with satellite DNA was seen to he less efficient than co-transfection with total

or main band DNA. [n addition, the tk gene and satellite DNA were physically linked in the

transfonnants~ and were preferentially located in centromeric or telomeric regions. The

instability of the Tl( phenotype was displayed in the fact that tk- cell lines could he readily

recovered from tk- cells~ and rerevertants to the tk- phenotype were also seen to occur at a

high frequency. The phenotypic switching was assumed to he the resuJt of the influence of

the adjacent highly repetitive DNA sequences. Due to the analogy with PEY events,

satellite DNA was suggested to influence the expression of the adjacent genes by promoting

alterations in their chromatin structure.

Analysis of the site of integration ln exogenous DNA has previously been

investigated for a polyoma-derived vector containing rodent repetitive DNA sequences

(Wallenburg et al.. 1987). It was found that integration occurred pretèrentially within the

repetitive sequences present in the transfected DNA. The etTect of repetitive DNA

sequences on adjacent DNA was aIso studied in a heterologous system (Maiorano et al.~

1997). Hexamers of a telomeric AT-rich satellite DNA from the brine shrimp Artemia

franciseana were jlLxtaposed to a laeZ reporter gene~ and analysis of laeZ expression was

performed in SClcearomyces cerevisiae. The functionality of the reporter gene was seen to

be affected~ decreasing progressively with the increase in repetitive DNA sequences present

in its proximity. In this case~ the orientation of the repeats aIso seemed to play a role.

A similar situation, where a satellite DNA sequence is positioned in cis with Marker

genes. has been studied in human cells (Fouquet and DuBow, 1992b). The satellite DNA

used was a human 1.797 kb EcoRI satellite II DNA isolated from HeLa ceUs (Sol et al.,

1986). This satellite Il DNA was estimated to represent about 20/0 of the genome, and to

reside mainly on chromosomes 7~ 12~ 14. 15. 16, and 22 (Sol and DuBow, 1992).

Transfections with plasmids containing the 1.797 kb satellite Il DNA sequence were

perfonned into tk-/neo- human ceUs (Fouquet and DuBow, 1992b). It was observed that the
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satellite DNA~ placed at a particular position in the plasmid, next to the 5' end of a neo gene

(plasmid pCFDl), was exerting a dramatic effeet on the recovery of stable tk~/neo·

transfectants. The transfeetion effieiency was consistently found to he lower or equal to

one. On the other hand, the plasmid containing the satellite DNA sequence next to the 5'

end of the tk gene did not produce such a negative effeet on transfeetion efficiency. The

satellite DNA sequence was in ditTerent orientations, based on the position of base pair 1 of

the sequence. relative to the neo or tk genes, in these difTerent plasmids. It was proposed

that the satellite Il DNA was either interfering with the transfected genes expression, or that

it was afTecting the site of plasmid integration. In addition, it was suggested that the satellite

DNA was exerting its negative effect in a location and/or orientation-dependent manner.

As inferred trom the above studies. it appears that satellite DNA sequences tend to

exert negative etfects on euchromatic genes. In certain cases. satellite DNA-directed

heterochromatinization seems to he responsible for the effects observed. In other situations,

the cause of the negative effects is not fully defined. Additional investigations into the

mode of action of satellite DNA sequences will help in gaining a hetter understanding of

this part of the genome.
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t.7. Outline of the Thaïs

In an effort to understand how the presence of satellite II DNA sequences affect

transfection efficiency or/and gene expression, the present study was undertaken. As

outlined above. previous observations made with the human 1.797 kb human satellite II

DNA sequence indicated that its presence caused a severe negative effect on transfection

efficiency (Fouquet and DuBow. 1992b). The purpose of this thesis was to further these

results and to begin to understand how the satellite Il DNA sequence exerted its effect. In

Chapter 2. the Materials and Methods used are described. A presentation of the results is

made in Chapter 3. Dudines of the transfection studies with the satellite II DNA sequence.

studies designed to detennine the mode of integration of the transfected plasmicis, and

studies into the short-tenu expression of the tk gene present in the plasmids. are presented.

A discussion of the signiticance of the results and suggestions lor future studies are

presented in Chapter 4.
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CHAPTER2

MATERIALS AND METRons

2.1. Plasmids

2.1.1. Restriction Enzyme Hydrolysis and DNA Modifications

Restriction enzyme hydrolysis of most plasmids was perfonned, using three units of

enzyme per microgram of DNA, at 37°C in digestion buffer composed of 10 mM Tris­

acetate (pH 7.5), 10 mM magnesium acetate, 50 mM potassium acetate and 100 mg/ml

bovine serum albumin (BSA, Pentex Fraction V) (Sigma, Oakville, ON). AIl restriction

enzymes were obtained from Amersham Phannacia Biotech (Baie d'Urfé, QC), Bethesda

Research Laboratories (Burlington, ON), Boehringer Mannheim (LavaL QC) or New

England Biolabs (Mississauga, ON).

Hydrolyzed DNA molecules were purified prior to modification of any 5' or 3'

extensions. After restriction enzyme hydrolysis, the total DNA volume was brought up to a

volume of 200 J.LL with lxTE [10 mM Tris-Hel (pH 7.5), 1.25 mM EDTA]. Phenol

extraction of the DNA was performed using an equal volume of phenol. followed by an

equal volume of chloroform (CHel]): Isoamyl alcohol (24:1, v/v). The DNA was then

precipitated by the addition of 0.1 volume of 2.5 M ammonium acetate and 2.5 volumes of

absolute ethanol. The precipitation was allowed to proceed for 1 hour at -70°C. The DNA

was collected by centrifugation for 30 min at 4°C. and the DNA pellet was resuspended in

deionized water.

To produce billOt ends for DNA ligation reactions, recessed 3' termini created by

hydrolysis with severa! restriction enzymes were backfilled as follows: the large fragment of

Escherichia coli DNA polymerase 1 (Klenow fragment) from GIBCO-BRL (Burlington,

ON) was used. The reaction was performed at 25°C for 60 min in 50 mM KHzPO.. (pH 7.5),

3 mM MgCl:!. and 1 mM 2-mercaptoethanol, in the presence of 40 J.LM of each of the
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required deoxynucleotides (dNTPs). To suppress self-ligation of cloning vectors, the S'·

phosphate groups from the hydrolyzed vector DNA were removed using 1 unit of calf

intestinal alkaline phosphatase (ClAP) (GIBCO..BRL. Burlington, ON) per milligram of

DNA. The reaction was perfonned at 37°C tor 30 min in 1 M diethanolamine buffer, 10

mM 4..nitrophenyl phosphate, and 0.25 mM MgCI~ (pH 9.8). The ClAP was removed using

a phenol extraction procedure as described above.

2.1.2. Isolation of DNA Fragments

Separation of the DNA Molecules of a given restriction endonuclease hydrolysis

reaction was pertonned by electrophoresis through agarose (0.7S%) or polyacrylamide

(PAGE) (S..70/0), and staining of the gels in an ethidium bromide solution. The butfer used

for electrophoresis was either TAE (40 mM Tris-acetate. 20 ~I glacial acetic acid. 1 mM

EDTA. pH 7.5) for agarose gels or TBE (90 mM Tris-borate. 1 mM EDTA. pH 7.5) for

PAGE. Gel slices containing the desired DNA fragments were purified either by the

Geneclean procedure (Bio101. Mississauga. ON) for agarose gels. or by the crush·and-soak

procedure tor polyacrylamide gels (Sambrook el al.. 1989). The Geneclean process was

performed according to the manufacturer's specifications. The crush·and-soak protocol was

performed as tollows: PAGE gel slices were incubated al 37°C ovemight in crush-and-soak

buffer [500 mM ammonium acetate, 10 mM Magnesium acetate, 1 mM EDTA, and 0.1%

(w/v) SDS]. The incubation \vas followed by centrifugation at S.OOO x g for 10 min at room

temperature. The DNA in the supematant fluid was precipitated in absolute ethanol by

incubation at -70°C for 20 min. and centrifugation al 14,000 x g for 30 min at 4°C. The

DNA pellets were resuspended in 2.S M ammonium acetate and absolute ethanol, followed

by freezing. centrifugation and resuspension of the pellets in deionized waler. After a third

purification, the final pellets were resuspended in 10-20 J.lL of IxTE.
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2.1.3. DNA LigatioD

DNA ligation reactions were perfonned using a ratio of 3:1 (DNA fragment insert:

plasmid vector), with the total amount of DNA not exceeding 1 ~g in a volume of 10 J.1L.

The reactions were allowed to proceed al 15°C for 20 hours in the presence of 2 units of T4

DNA ligase (GIBCO-BRL, Burlington, ON), in ligation buffer [50 mM Tris-Hel (pH 7.6),

10 mM MgCI!. 1 mM ATP, ImM DIT, 5% (w/v) polyethylene glycol 8,000].

2.1.4. Screening of the Desired Plasmid Constructs

Ligated DNA molecules were introduced by electro-transfonnation (Dower et al.,

1988) ioto competent cells of E. coli DHI (supE44, hsdRl7, recAl, endAI, gyrA96, thi-I,

relA 1). Competent cells were prepared by inoculating 1 L of Luria-Benani (LB) broth [1 %

(w/v) Bacto tryptone. 0.5% (w/v) Bacto yeast extract, 0.17 M NaCl, 3 mM NaOH]

(Sambrook et al.. (989) with 1/100 volume of a fresh ovemight culture. The cells were

grown at 37°C to an optical density (~) of 0.5 to 1, chilled tor 15 to 30 min and

centrifuged al 4.000 x g for 15 min at 4°C. The cell pellets were resuspended in 1 L of cold

water. tollowed by centrifugation as above and resuspension in 0.5 L of cold water. Pellets

were centrifuged again and resuspended in 20 ml of 10% (v/v) glycerol. This was followed

by a final centrifugation and resuspension in 2.5 ml of 100/0 (v/v) glycerol. Aliquots of 80

flL were frozen and stored at -70oe.

For electro-transfonnation, cells were thawed at room temperature and placed on Îce.

A total of2 ~L ofDNA (0.15-0.2 flg) was mixed with the cell suspension and placed on ice

for 1 min. The mixture was transferred to a cold electroporation cuvette with a 0.2 cm

electrode gap (Bio-Rad Laboratories, Mississauga, ON) and pulsed at 25 flF, 2.5 kV and

200 n in a Gene Pulser (Richmond, CA). The electroporation mixture was then removed

and added to 1 ml of superbroth (2% Bacto tryptone, 0.5% Baclo yeast extraet, 10 mM
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NaCI. 2.5 mM KC1, 10 mM MgCI2• 10 mM MgSO.., 20 mM glucose). The cell suspension

was incubated at 37DC for 1 hour and plated on selective medium (containing 40 flg/mL of

ampicillin) to select for the presence of the b/a (ampicillin resistance) gene.

T0 identify the desired plasmid constructs, bacteria! transfonnants were streaked as

patches on plates containing ampicillin. The next day, half the patch was Iysed in

'''cracking'' butTer [50 mM Tris-Hel (pH 7.5), 2 mM EDTA, 1% (w/v) SDS, 0.4 M sucrose,

0.010/0 (w/v) bromophenol blue] (Sambrook et a/.. 1989) at room temperature for 15 min.

Cellular debris were separated from the DNA by centrifugation at room temperature for 15

min at 14.000 x g, and the supematant fluid was electrophoresed through a 0.75% (w/v)

agarose gel.

2.2. Origin of Plasmid Vectors and DNA IBserts

2.2.1. Plasmid Vecton

The vector used for construction of ail plasmids. pSVL (Fouquet and DuBow,

1992b) (Figure 2.1), is a derivative of pSV2neoKT (Goring and DuBow. 1985) and was

previously constructed by Claire Fouquet. It contains an ampicillin resistance gene (b/a) to

allow selection in bacterial ceUs, plus two selectable eukaryotic markers: the prokaryotic

neo (neomycin resistance) gene. controlled by the SV40 early promoter (Southem and Berg,

1982). which confers resistance in mammalian cells to the aminoglycoside antibiotic G418,

and a 3.6 kb BamHI fragment containing the HSV-l tk (thymidine kinase) gene which

provides resistance against HAT (hypoxanthine, aminopterin, thymidine) (Littlefield, (964).

The pSVL vector can he propagated in bacterial ceUs because il contains a ColE1 origin of

replication, but can ooly he propagated in eukaryotic ceUs that express the SV40 LTAg,

such as simian COS cells (Gluzman, (981).
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Figure 2.1. Plasmid vector pSVL used for construction of the various plasmids.

The arrows indicate the direction of transcription in the bla, neo, and tk genes. The

location of BamHI. BgnI. HindIII, HpaL iVdeI. and Stul restriction sites in the plasmid is

indicated. (Adapted from Fouquet and DuBow. 1992b)
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2.2.2. DNA Inserts

The 1.797 kb satellite Il DNA fragment used as an insert was obtained from the

plasmid pKS36 (Sol et al., 1986) (Figure 2.2). This satellite DNA fragment was isolated

tollowing hybridization of the Drosophi/a repetitive and mobile P-element to EcoRI cleaved

HeLa DNA. The satellite DNA fragment contains tandem copies of the pentameric

sequence 5'-TfCCA-3' including variations of this motif. A region encompassing 49 bp

(nucleotides 324-372). devoid of the pentameric DNA motif, is also present. The satellite II

DNA fragment was isolated from pKS36 by digestion with EcoRI. The recessed 3' termini

of the DNA tragments were backfilled using the Klenow fragment of DNA polymerase 1as

indicated in section 2.1.1. The DNA fragments were then purified through agarose gels

tollowing the Geneclean procedure as previously described. Following digestion of pKS36

with EcoRl and purification of the 1.797 kb satellite Il DNA sequence, two smaller DNA

tragments of 813 bp and 983 bp were obtained from digestion of the purified satellite DNA

sequence with Cial. The 813 bp and 983 bp DNA fragments were isolated by

electrophoresis through 5% polyacrylamide gel (PAGE). and purification by the crush-and­

soak procedure (Sambrook el al.. 1989).

Satellite Il DNA fragments of 364 bp and 620 bp were obtained from digestion of

the purified 983 bp sequence with Rsai. Fragments of 354 bp and 458 bp were obtained

from digestion of the purified 813 bp sequence with Hpall. These DNA fragments were

isolated by electophoresis through 8% polyacrylamide gel, and purification by the crush­

and-soak. procedure.
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Figure 2.2. Nucleotide sequence of the 1.797 kb EcoRl human satellite Il DNA. The

sequence is composed of tandem repetitions of the pentameric repeat unit 5'-TTCCA-3 "

including variations of this sequence. The boxed section indicates a region of 49

nucleotides (49-mer) devoid of the pentameric repeat unit sequence. (Adapted from Sol

et al.. 1986) (GenBank accession number M25636)
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321 CC1TAAC'l'AA C'l'CCI\ACCAC 'J'CCACTCC(~C AATCCATt 'TT AC('<"["I'( 'CTT CCTT:TACTC l:A'J''l'CCACTI: C'J'CTCCACTC

401 CACGCCAATC CATTCAATTC CATTCCACTC CATTCCATTC CAATCC/\fI.TC CATTC'l'ACTC TTCTCCAGTT TACTTCACTT

481 CA,!,'I'CCA'!'TC 'J'AT'['CCTT '!''!' GATGCCA'J''l'C GATTlTGTTC G/I.TTO:/l.ciTC AATGCCCTTT GA'j"I'CCATTC CATTCGATTC

561 CAT'I'CCATTC TAC'I'CCTTTC CA'I'TCCATTA CATTC(:ATTC' CiATTCCATTA CATTGAAGTA CATTCCA'J'TC CAGTCCATTC

641 CATTCCATTC AAT'j"J'CA'J''I'C CAGTCCATTC CATTCCA(iTG CATTC(:ATTC AAGTCCATT'l' CATTCG/\G'I'C CA'J"J'CCAT'fC

721 CAT'J'CCA1'TC CA'I''J'CCGTTC GATTTCATTC CA'!"I"J'liTliTC CATTCCA'J'CC GACTCCATCC GATTAC/\TTC CATTCCCTTC

801 CA'!"l'CCA'I'TC C/\T'l'CCA'J''J'C CAC'J'CCACTC CACTCCATTC ATT(:CATTCC ACTCCACTCC GTTCAATTTC TC'fCAATTCA

881 AC'I'CCAT'I'AC ATTTCATTCC AT'I"I'CATTCC T'I'T/\CAC'['(~A TTTCI:ATTt:C AGTCCAC'J'CC ACTGCACTAC ACTCCG'J'TCA

961 f,TTCCA'j"I'CC 'l'AACCAT'J'CC AATCGATTTC AC'J'C:CAA'['IT ACTC< 'A'J''J'CC ACTCCATTCA ATTCCAT'I'TC ACAACATTCC

1041 A'j"I'CCACAGC A1'TCCA'J'TCC ACTCCATTCC I\CTliCAT'I'CC TI',TTTATGGC ACTCCATTCG ATTCCATTCG ATGT'I'CAC'fC

1121 G'J''J''J'CCA'j''J'C CA1"J'CGATTC AAT'J'CCTTTT GAGT(:'I'ATTC CTT'J'CCATTC CATTTCCATT TGATTCCATT CCA'I'TCAAGT

1201 CCA'J'TCA'I'GC CAG'l'TAAT'l'C CA'l''I'CCAGTC CTTTCCATTC TACTCCATTC CATTGGATTC CATTCCATTA TACTCTA1'TC

1281 CTTTCAA'I"J'C CATCCATTTG ATTCCCTTCC AT'l'CTACTCA ATTCCATTCG AT'J'CCACTGC J\'I'TCGAGTCC A'l'TCCAAT'J'G

1361 GAGCCC'I'1'CC ATTCCTG'J'CC AT1'CCTCTCC AG1'CCA'I'TCC A'I'TCGAGTCC AT1'CCA'I'TCC ATTCCATTCC A'l'TTGAGTCC

1441 GG'I'TAAT'I'CC ATGCCATTCC ACTTTTGTCC ACTCCTCTCC ATTCCACTCC ATTCCATTAC ATTCCACTCC CTTCTATTCA

1521 AT'I'CAAC'rCC ATTCAA1'TCA ACTCCA'J'TCC AATCCG1''J'CC Al..TTCATTCC A'J'TCCA1"1'Ce ACTCCATTCC AT'J'CCATTCC

1601 GTGGATTTCA 'j"I'CCA1"I'C'J'A 'J'TCTAT'J'CCA '[''J'CCA'J'TC'l'A TGCAA1''l'GCA TTCCATTTGA G'('TCAT'l'CCA TTCCAGTCCA

1681 TTTAT'l'CGAG TCCTTTCCAT TCCATTCCAT TCCATTTCAT 1'CCAT1'CCAT TGCATTCGA1' TGTAATCCAT TCC'I'1'TCCAA

1761 TCCTTTCCAT TCCATTCCAT TGCATTCCAT TCGAATT
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Ali DNA inserts were introduced into the StuI site of the pSVL vector~ following bacldilling of

the recessed 3' tennini using the Klenow fragment of DNA polymerase I. The 5' phosphate

groups of the plasmid vector were removed using ClAP prior to ligation to the fragments. The

1.797 kb satellite II DNA fragment was also introduced into the HpaI site of pSVL, between the

3' ends of the fk and neo genes~ yielding the plasmid pDH 1. The pDSL 1 control contained a

604 bp Sud bacteriophage À. DNA fragment inserted into the Stul site of pSVL. The pCFDI

plasmid construct which contains the 1.797 kb satellite DNA sequence at the SluI site of pSVL

next to the 5' end of the neo gene, was constructed previously (Fouquet and DuBow, 1992b).

The pCFl.8 size control containing a 1.8 kb Ndei bacteriophage À. DNA fragment at the Ndel

site of pSVL was also obtained from a previous construction done by Claire Fouquet (Fouquet

and DuBow. 1992b).

2.3. Isolation of Plasmid Constru~ts

2.3.1. Small-S~ale Rapid Isolation of Plasmid DNA

Transfonned bacterial cultures containing the desired plasmids were grown ovemight

and subjected to centrifugation at 4,000 x g for 15 min at room temperature. The cells were

lysed by resuspension in Iysis buffer [50 mM glucose, 25 mM Tris-HCI (pH 8.0), 10 mM

EDTA. 4 mg/ml lysozyme] and incubation for 30 min on ice. An a1kaline solution (0.2 N

NaOH. 1°A» SDS) was added, and incubation was allowed to proceed for a further 15 min at

room temperature. Proteins, high molecular weight RNA and chromosomal DNA were

precipitated by the addition of 7.5 mM sodium acetate (pH 4.8) for 30 min on ice. Following

centrifugation at 14.000 x g for 5 min at 4°C, the plasmid DNA in the supematant fluid was

precipitated with absolute ethanol. The DNA pellet was resuspended in deionized water

following centrifugation at 14,000 x g for 5 min at 4°C. After 5 min on ice, absolute ethanol

was added again and the mixture centrifuged for 5 min at 4°C. The pellet was dried and

resuspended in lxIE.
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2.3.2. Large-Scale Isolation of Plasmid DNA

Bacterial celis, containing the desired plasmid, were grown in 1 L of LB broth at 37°C

until the culture reached an optical density (AS50) of 0.5 to 1. To selectively amplify the

plasmids. 75 J.lg/mL of chloramphenicol was added, and the culture was allowed to incubate

further at 37°C for 16 hours. Plasmid DNA extraction was then performed according to the

alkali lysis procedure of Sambrook et al. (1989). The DNA was purified by equilibrium

centrifugation at 39.000 rpm in a cesium chloride..ethidium bromide gradient for 40 hours al

18°C. using a Beckman Ti-75 rotor in a Beckman L8-70 ultracentrifuge (Palo Alto, CA). The

resulting plasmid DNA band was removed from the gradient using a 21 gauge needle.

Ethidium bromide was extracted from the DNA solution by three extractions with an equal

volume of isopropanol saturated with 40xSSC (6 M NaCI. 0.6 M sodium citrate. pH 7.0). The

DNA solution was dialized against IxTE for two days at 4°C.

2.4. Cell Culture

2.4.1. The AK1438 Cell Line

AK143B (ATCC CRL 8303) is a transformed human tibroblastic cell lîne. This cell

lîne. which is thymidine kinase..deficient, is a lk- derivative of line R970-5 transformed by a

murine sarcoma virus (Rhim el a/.• (975).

2.4.2. Media Used for Propagation ofCeIl Lines

Cells were propagated in Dulbecco's modified Eagle medium (DMEM) (high glucose,

L-glutamine. pyridoxine hydrochloride, sodium bicarbonate) (GIBCO-BRL, Burlington, ON),

supplemented with 10% (v/v) fetal bovine serum (FBS, GIBCO-BRL, Burlington, ON), 100

units/mL penicillin.. 100 J.lg/mL streptomycin (Pen-Strep) (GIBCO-BRL, Burlington, ON) and

2.5 flglmL amphotericin B (Fungizone) (Squibb, Montreal, QC). For cells containing the HSV-
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1 lk gene or/and the neo gene, HAT mixture (hypoxanthine, aminopterin, thymidine) (Sigma,

Oakville, ON) was added to a final concentration of 18 flg/mL, and G418 (Geneticin) (GIBCO­

BRL. Burlington. ON) was used at a final concentration of400 flglmL.

2.4.3. Culture Environment

Cells were grown in tissue culture flasks (260 ml; 80 cm1
) (GIBCO-BRL, Burlington,

ON) or tissue culture dishes (l00x20 mm or 150x20 mm) (GIBCO-BRL, Burlington, ON).

They were incubated at a temperature of 37°C in a humidified 50/0 CO:! atmosphere.

2.4.4. Preservation of Cell Lines

For preservation. cell Iines were grown to 750/0 confluency. washed and detached with

0.060/0 trypsin (Ditèo Laboratories, Detroit. MI) [625 flg/mL in versene (0.2 mg/ml EDTA in

phosphate buffered saline (PBS»]. Trypsin was diluted by the addition of DMEM containing

FBS. Pen-Strep and Fungizone at the concentrations indicated above. The ceUs were coUected

by centrifugation at 5,000 x g for 5 min at room temperature and were resuspended in ice-cold

FBS. Buffered DMSO [500/0 dimethyl sulfoxide (v/v), 500 mM Trizma base, 73 mM dextrose,

174.9 mM citric acid, pH 6.7] was added to a final concentration of 16.6% (v/v). The cell

suspension was transferred to -70°C and stored after 1 houc in liquid nitrogen.
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2.4.5. Subculturing or Cells

For propagation, cells were briefly washed with PBS (137 mM NaCI, 3 mM KCl, 8 mM

Na:!HPO", 1 mM K.H:!PO", pH 7.3) and detached with trypsin as described above. Cells were

resuspended in DMEM, containing FBS, Pen-Strep, Fungizone and the appropriate selective

drug(s) (HAT and/or G418) when required. An aliquot of the resuspended ceUs was diluted

into fresh DMEM medium.

2.5. ElectroporatioD orthe AKl43B Cell Line

2.S.1. Plasmid DNA Purification

CsCI-purified plasmid DNA (0.5-1 mg) was precipitated in 0.1 volume of 2.5 M

ammonium acetate and 2.5 volumes of absolute ethanol. The precipitate was allowed to form

tor 1 hour at -70°C and the DNA was recovered by centrifugation at 14,000 x g for 30 min at

4"C. The pelleted DNA was resuspended in 250 J.1L of lxTE, and then mixed with 125 ~L of

50% glycerol. The DNA/glycerol mixture was placed on a 10 ml Sephacryl~ S-IOOO column

(Pharmacia Fine Chemicals, Uppsala, Sweden) to separate plasmid DNA from chromosomal

DNA. The column was prepared by filling a 10 mL pipette with a solution ofSephacryl S-lOOO

beads, allowing the beads to setde and washing with 1xTE. This procedure was repeated until

the level of the settled beads reached 10 mL. The tlow-through was coUected as 250 flL

fractions. The collected DNA fractions were subjected to 0.750/0 agarose gel electrophoresis to

identify fractions containing pure plasmid DNA. The selected fractions were used for further

experiments. The plasmid DNA concentration was evaluated UV spectrophotometrically at a

wavelength 01'260 ont with 1OD260 equalling 50 J.Lg/mL ofdouble sttanded DNA.
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2.5.2. Electroporation Procedure

Plasmids were introduced into the AK143B cellline by electroporation (Saint-Die and

DuBow. 1995) according to the following procedure: one clay prior to transfection, an average

of I.Oxl06 AKl43B cells per flask (260 ml; 80 cm2
) was seeded in order to attain 50 to 75%

confluency the next day. The cells were incubated ovemight in DMEM supplemented with

FBS, Pen-Strep and Fungizone at the concentrations specified in section 2.4.2. The next day,

the ceUs were briefly washed with cold PBS and detached with trypsin as described in section

2.4.4. The trypsin was diluted with DMEM containing FBS, Pen-Strep and Fungizone and the

cells were resuspended and collected by centrifugation for 5 min al 5 000 x g at room

temperature. Pelleted cells were then washed twice with ice-cold HEPES-buffered saline (HBS)

[140 mM NaCI. 5 mM KCI. 0.75 mM Na:!HPO...2H20. 6 mM dextrose, 25 mM HEPES ([eN

Biochemicals. Cleveland, OH). pH 7.05] by resuspension and centrifugation. Following a

second wash. cell numbers were detennined using a hemocytometer.

A total of 3x106 ceUs were centrifuged at 5,000 x g for 5 min al room temperature, and

resuspended in 0.5 ml of ice-cold HBS. The cell suspension was transferred into an ice-cold

electroporation cuvette with a 0.4 cm electrode gap (Bio-Rad. Mississauga, ON). A total of 1.5

pmol of plasmid DNA was added to the cuvette and the mixture was a110wed to stand for 10

min at room temperature. The DNNcell suspension was electroPQrated at 250 V and 500 ~F in

a Bio-Rad Gene Pulser (Richmond, CA). Immediately foUowing the electric pulse, a volume of

1.4 ml of DMEM containing FBS, Pen-Strep and Fungizone, at the concentrations specified io

section 2.4.2. was added to the cuvette. Resuspended cells were seeded ioto non-selective

medium in five 100x20 mm petri dishes, to a concentration of 105 cells/mL in each dish, for

subsequent selection for resistance in HAT and 0418. When doing resistance selection against

single drugs (HAT or 0418), ceIls were seeded ioto six dishes, and the different drugs, HAT

and 0418, HAT or 0418 alone, Ylere subsequently added separately to two dishes (Figure 2.3).
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Figure 2.3. Outline of the transfection and drug selection protocol used for plasmid

introduction and maintenance into AK143B human cells. A) Following electroporation, ceUs

were separated into five petri dishes and subjected to the presence of both HAT and 0418.

B) To gro\v cells in the presence of individual drugs. they were separated into six dishes, in

media containing HAT aJone (two dishes), 0418 aJone (two dishes) or HAT and G418 (two

dishes).
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2.S.3. Drug Selection and Colony Staining

Twenty-four hours post-ttansfection, the non-selective medium was replaced by fresh

non-selective medium. Forty-eight hours post-transfection, the non-selective medium was

replaced by a medium containing the selective drugs (HAT and G418) to final concentrations

specified in section 2.4.2. Ta select for resistance against single drugs, a medium was added

containing HAT alone at a concentration of 18 J.lg/mL or G418 alone al a concentration of 400

J.1g/mL. The selective medium was replaced by fresh selective medium every three days.

Fourteen days following electroporation. the plates were washed with PBS, and 10 ml of 100/0

buffered fonnalin phosphate (pH 6.9-7.1) [4% (v/v) fonnaldehyde, 0.40/0 (w/v) methanol] was

added ta each cell culture dish. Petri dishes were incubated for 1 to 12 hours at room

temperature. The fixative was removed and replaced by 5 mL of Giemsa stain [500/0 (v/v)

glycerol. 50% (v/v) methanol. 1% (w/v) GiemsaJ per dish diluted just before use [1 :50 (v/v)

with deionized water]. The stain was [eft for 1 ta 12 hours at room temperature. Petri dishes

were rinsed with deionized water and the colonies were counted.

2.6. Propagation of Cell Lines from Individual Colonies

To propagate cell lines derived from individual colonies. the selected colonies were

gently scraped (Goring et a/., 1987). Detached cells were then aspirated with a Pasteur pipette

containing a few drops of the appropriate selective medium, and transferred to a 3.5xl.O cm

multi-well plate containing DMEM medium with the corresponding drug (HAT and/or G418).

The plate was incubated at 37°C until cells became confluent. The celis were transferred to

successively larger plates as they multiplied.
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2.7. Southem Blotting

2.7.1. Isolation of Total Genomic DNA from Ruman Cells

Cell monolayers were detached by trypsinization as described in section 2.4.4. Cells

were washed with PBS~ transferred to 50 ml disposable conical tubes (Fisher Scientific~

Whitby. ON) and subjected to centrifugation at 2.000 x g for 10 min al room temperature. The

cell pellet was washed with PBS and resuspended in 10 ml of lxTE. Autodigested pronase

(Boehringer Mannheim. Laval. QC) (20 mg/ml in 10 mM Tris-HCL pH 7.6) and 100/0 (w/v)

sodium dodecyl sulfate (SDS) were added to fmal concentrations of 1 mg/ml and 0.5%~

respectively. The mixture was incubated with gentle agitation for 5 to 8 hours at 37°C. The

genomic DNA was then extracted by adding one volume of phenol and one volume of

chloroformlisoamyl alcohol (24: 1. v/v). The phenol extraction was repeated using one half

volume of phenol. followed by two (one volume) chlorofonnlisoamyl alcohol (24: 1. v/v)

extractions. The genomic DNA suspension was dialyzed against 1xTE for 2 to 3 days.

2.7.2. Southem Blotting Technique

Genomic DNA (1 0 ~g) was hydrolyzed as described in section 2.1.1 with ten units of

the following enzymes per microgram of DNA: BglII. HindIII. Hpal. or Sacl. The DNA used

as a marker was the plasmid pSV2neotk hydrolyzed with BClmHI. BglII, and lVdeI (Goring et a/.,

1987). The hydrolyzed DNA was subjected to electrophoresis through a 0.750/0 (w/v) agarose

gel. The DNA was transferred to a Hybond-N nylon membrane (Amersham Phannacia

Biotech. Baie d'Urfé, QC) following the method described by Southem (l975b). The DNA

was fixed to the membrane by UV crosslinking in a Stratalinker UV Crosslinker (1800 mJoules,

30 sec) (Stratagene, Aurora. ON). The prehybridization reaction was perfonned using

prehybridization solution [0.5 M NaH!PO.. (pH 7.2), 1 mM EDTA, 1% (w/v) bovine serum

albumin (BSA.. Pentex Fraction V) (Sigma, Oakville, ON), 7% (w/v) SOS] at 60°C for 4 hours.

DNA hybridization was perfonned al the same temperature for 20 hours in hybridization buffer
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[30% (v/v) deionized fonnamide, 0.2 M NaH2PO-t (pH 7.2), 1 mM EDlA (pH 8.0), 1% (w/v)

BSA, 7% (w/v) SDS]. Approximately Ixl09 CPm/flg of denatured radioactively-labelled DNA

(tk.. neo or bla genes) (see section 2.9) was added to the hybridization buffer prior to incubation.

The membranes were washed in 40 mM NaH2PO-, (pH 7.2), 1 mM EDlA (pH 8.0), 1% (w/v)

SOS. four times at 60°C. and exposed to Kodak XAR-5 autoradiographie film (Rochester, NY)

at -70oe for 8-10 days. Altematively, membranes were exposed to a Phosphorimager

Intensifying Sereen (Sunnyvale. CA) for 2448 houcs.

2.7.3. Removal of Radioactively-Labelled DNA Probes from Southem Blots

To remove rk or neo DNA probes from the nylon membranes used in the Southem

blotting technique. a boiling solution of 0.1% SDS was poured onto the membranes. The

solution was left to cool to room temperature for 15-20 min. These two steps were repeated

t\vice. The membranes were rinsed briefly in 2xSSC and. arter lightly drying between t\vo

sheets of Whatman 3MM paper. they were stored in plastic bags a14°C until further use. The

membranes \Vere re-hybridized ""ith the b/a (ampicillin resistance) gene following the

procedure described in section 2.7.2.

2.8. Northem Blotting

2.8.1. Isolation of Total RNA

Follo~ing electroporation.. ceUs were trypsinized as described in section 2.4.4, at 0, 24,

48 and 72 houcs. Total RNA was extracted From pelleted eells using TRIzol Reagent (GIBCO­

BRL. Burlington. ON) according to the manufacturer's instructions. The RNA concentration

\Vas detennined by spectrophotometry al a wavelength of 260 nm with 1 A260 unit equalling 40

J.lg/mL of RNA. The RNA was stored at -70°C.
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2.8.2. RNA Gel Electropboresis

To render them RNase-free, ail solutions used were treated with 0.1% (v/v) diethyl

pyrocarbonate (DEPC) (Sigma, Oakville, ON) by mixing for several hours and autoclaving 20

min. Samples containing 10 J-lg of RNA were mixed with 20 J,LL of RNA loading buffer

containing 0.5 J-lL of 10 mg/ml ethidium bromide. The RNA loading buffer was composed of

500/0 deionized formamide, lxMOPS [40 mM MOPS (pH 7.0), 10 mM sodium acetate, 1 mM

EDTA]. 6.70/0 fonnaldehyde, 0.03% (w/v) bromophenol blue, 0.030/0 (w/v) xylene cyanol, and

60/0 (v/v) glycerol. Samples were heated at 65°C for 10 min and cooled on ice for 5 min prior to

loading. Electrophoresis was perfonned using 1.2% denaturing agarose gels containing

lxMOPS and 20/0 fonnaldehyde, in a running buffer consisting of IxMOPS and 3%

fonnaldehyde. An RNA ladder (0.24 to 9.5 kb) (GIBCO-BRL, Burlington, ON) was used as a

molecular size standard. Following electrophoresis. the gel was photographed under UV trans­

illumination.

2.8.3. Northem BlottiDg Technique

The RNA was transferred onto a nitrocellulose membrane (Protran) (Xymotech, Ville

Mont-Royal. QC) by laying the gel onto three sheets of Whatman 3MM paper previously

soaked with 20xSSC. The gel was covered with a nitrocelluJose membrane, that had been pre­

soaked for 5 min in deionized water and 7 min in 2OXSSC. The membrane was followed by 3

sheets of pre-soaked Whatman 3MM paper, layers of paper towel (2 inches) and a weight.

After a transfer time of 15 to 24 hours, the RNA was fixed to the membrane by UV

crosslinking, as previously described.

The prehybridization and hybridization procedures were performed in 50% deionized

formamide, 5xSSC, 2x Denhardt's reagent [0.04% (w/v) Ficoll, 0.04% (w/v)

polyvinylpyrrolidone, 0.04% (w/v) BSA], 0.10/0 (w/v) SDS and 100 J.1g/mL of denatured
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salmon spenn ONA (GIBCO-BRL, Burlington~ ON). The prehybridization reaction was

perfonned by incubating the membrane at 42°C tor no more than 4 hours, after which the

solution was replaced and the radioactively-labelled DNA probe (tk gene) (section 2.7.2) was

added. The hybridization reactioo was perfonned ovemight at 42°C. The membranes were

washed in 2xSSC~ 0.50/0 (w/v) SOS for 20 min at room temperature~ followed by two

incubations for 10 min in 1xSSC~ 0.1 % (\\'/v) SOS at room temperature. with a final wash in

O.2xSSC. 0.1 % SOS for 5 min at 65°C.

2.8.4. Preparation of Poly(A)~RNA

Poly(Af RNA was isolated from total RNA using 0ligo(dn!5 Dynabeads (Oynal Inc.~

Lake Success. NY) according to the following procedure: aliquots containing 45 flg of total

RNA were mixed with deionized water in a total volume of 500 J,lL. The samples were placed

al 65° C for 2 min. and mixed \\'ith \vashed Oynabeads. Oynabeads were washed by

resuspension once in 500 JlL of2x binding butTer (20 mM Tris-Hel. pH 7.6. 1 M LiCI, 2 mM

EOTA). The RNAlDynabeads mixture was allowed to stand al room temperature for 3 to 5

min. Beads \Vere magnetically precipitated~ and washed twice with 500 f.1L of washing buffer

(10 mM Tris-HCL pH 7.6. 0.15 M LiCI. 1mM EOTA). The poly(Af RNA was eluted by

resuspension in 10 f.1L of deionized water. and heating at 65° e tor 2 min. The RNA was

magnetically separated from the beads.

2.8.5. Removal of Radioactively-Labelled DNA Probes from Nortbem Blots

T0 remove the tk DNA probe from the nitrocellulose membranes. a boiling solution of

1xsse and 0.1% SDS was poured ooto the membranes. The solution was left to cool to rcom

temperature for 15-20 min. These two steps were repeated twïce. The membranes were lightly

dried between two sheets of Whatman 3MM paper and stored at 4°C in plastic bags. The
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membranes were re-hybridized with a metallothionein-II gene (Karin and Richards, 1982) (see

section 2.9) following the procedure described in section 2.8.3.

2.9. Construction of Radioactively-Labelled DNA Probes

The fk gene. used as a probe in Southem and Northem blotting reactions, was isolated

through restriction endonuclease hydrolysis of the pSV2neoKT plasmid (Goring and DuBow,

1985) \\'ith BamHI. The resulting 3.6 kb fk fragment was separated from the rest of the DNA

through a 0.750/0 agarose gel. and was recovered by the Geneclean procedure. The 762 bp

fragment of the neo gene. used as a probe in Southern blotting reactions. was purified as above

after restriction endonuclease hydrolysis of pSV2neoKT with PVlIlI. The 2.0 kb fragment

containing the bla gene which was used as a probe in Southem blots was isolated after

restriction endonuclease hydrolysis of the pSVL vector (des.:ribed in section 2.2.1) with EcoRI

and N"del. This DNA fragment was recovered as described above for the tk DNA fragment.

The metallothionein·1I fragment used as a probe in Northern blotting reactions measures

approximately 350 bp. It was isolated by digestion ofplasmid pAG62 (Guzzo el al.~ 1994) with

EcoRI and Hindi II. The desired DNA fragment was isolated by electrophoresis through 50/0

polyacrylamide gel. and purification by the crush-and-soak procedure.

The probes were labelled via DNA random priming using Ready-To...Go DNA labelling

beads (~CTP) (Amersham Phannacia Biotech. Baie d~Urfé. QC). The reaction was perfonned

according to the manufacturer~s instructions using 50 ng of DNA fragments and [a_3!p] dCTP

(3000 Cilmmole) (Amersham Phamlacia Biotech, Baie d'Urfé, QC) in a total volume of 50 J.1L.

The probes were cleaned on Sephadexll G...50 colurnns (Amersham Phannacia Biotech, Baie

d~Urfé. QC) constructed in 1 ml syringes (Becton Dickinson & Co., Franklin Lakes, NJ). The

syringes were prepared with a solution of Sephadex G-50 beads. The beads were allowed to

settle by centrifugation at 5,000 x g for 2 min al room temperature. The process was repeated

until the level ofbeads reached 0.8-1 ml. The labelled DNA fragments were then mixed with
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50 J.1L of lxTE and 100 J,lL of50% (v/v) glycerol to bring the total volume of the sample to 200

J.1L. The mixture was added to the prepared columns. Purified radioactively-Iabelled DNA

molecules, free of unincorporated dNTPs, were collected by centrifugation at 5,000 x g for 2

min at room temperature.
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CHAPTER3

RESULTS

3.1. Frequency ofTransfection ofPlasmid Constru.:ts Containing Satellite Il DNA

Sequen.:es

3.1.1. Plasmids Contaming the 1.797 kb Human Satellite Il DNA Sequen.:e at

Different Lo.:ations

Previous studies concerning the effect of the 1.797 kb satellite II DNA sequence on

plasmid transfections had been perfonned with two plasmids containing this sequence in

diffèrent locations (Fouquet and DuBow. 1992b). Plasmid pDHl was therefore constructed

with the satellite II DNA sequence in a third plasmid location. This plasmid was

constructed by inserting the 1.797 kb human satellite II DNA sequence into the HpaI site of

pSVL. between the 3' ends of the neo and tk genes (Figure 3.1). [n the original plasmid

pCFD1. previously constructed by Claire Fouquet, the satellite DNA sequence had been

inserted at a Stu[ site, near the 5' end of the neo gene, \-vith base pair 1 of the sequence

(Figure 2.2) close to the 5' end of this gene. In pDH1, this satellite DNA sequence is

inserted in the same orientation, as compared to its orientation in pCFD1, with base pair 1

close to the 3' end of the tk gene.

The dramatic negative effect that was observed on the recovery of stable tk+/neo+

transfectants from AK1438 cells (Fouquet and DuBow, 1992b) with the pCFDl plasmid

was confrrmed when the cells were grown in media containing HAT plus G418. The

pCFD1 plasmid yielded a transfection efficiency lower than 1% (Table 3.1). The

transfection efficiencies correspond to an average of the percentage ofcolonies obtained. A
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Figure 3.1. Plasmid pDHI, containing a 1.797 kb EcoRI satellite II DNA sequence.

The satellite DNA sequence has been inserted between the 3' ends of the tk and neo

genes. The arrows indicate the direction of transcription in the b/a, neo, and tk genes, and

the direction of insertion of satellite DNA (bp 1 close to the 3' end of the tk gene). The

location of Ndel and StuI sites within the plasmid map is indicated.
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Table 3.1. Frequency oftransfection (± standard deviation) with plasmids containing
the 1.797 kb EcoRI satellite II DNA sequence at the Siul and Hpal sites into media
containing HAT+0418. Plasmid control pCF1.8, which contains a 1800 bp À. DNA
fragment. is aIse represented. The orientation of the satellite DNA sequence is indicated
(with respect to bp 1 at the beginning of the arrow), as is the number of experiments
performed (N).

Plasmid Satellite DNA Satellite Average N
insert DNA transfection

location orientation efficiency (%)

pSVL 100 ±27.8 14
pCFDl Stul +--- <1 ± 0.6 7
pDHl HpaI .-- 28 ±5.5 5
pCFI.8 66 ±35.7 7
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presentation of the different values obtained is shown in the appendix. The plasmid vector

does not contain any satellite II DNA sequence. Transfection of AK143B ceUs with

plasmid pDHI yielded a 28% transfection efficiency, which is higher than the value

observed with pCFDI (Table 3.1). Plasmid pCF1.8, previously constructed by Claire

Fouquet.. which contains a 1.8 kb fragment ofbacteriophage À. DNA (Fouquet and DuBow,

1992b). was used as a size control. A transfection efficiency of 66% was observed when

pCF1.8 was used to transfect the AKI43B cells. which corresponds to only a 1.5 fold

reduction as compared to pSVL (Table 3.1).

3.1.2. Transfection Efficiencies with Plasmids Containing an 813 bp or 983 bp

Fragment of the 1.797 kb Satellite Il DNA Sequence

To identify the minimal size of the satellite DNA sequence which can produce a

negative etTect on the recovery of stable transfectants, smaller fragments of the 1.797 kb

satellite Il DNA sequence were inserted in pSVL at the same location (Slul) for which the

negative etTect had been initially observed (Fouquet and DuBow, 1992b). These fragments

were generated by digestion of the 1.797 kb EcoRi satellite II DNA sequence with Cial (see

Materials and Methods). Plasmids pDSDI and pDSD2 contain, near the 5' end of the neo

gene, an 813 bp fragment from the 1.797 kb satellite II DNA sequence in the two possible

orientations (bp 984 away from or close to the 5' end of the neo gene, respectively) (Figure

3.2A). In addition, plasmids pDSD3 and pOS04 contain a 983 bp fragment from the fust

part of the satellite DNA sequence, also in the two possible orientations (bp 1 away from or

close to the 5' end of the neo gene, respectively) (Figure 3.2B). Transfection ofpDSD2 or
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Figure 3.2. Constructed plasmids containing either the 813 bp (A) or 983 bp (B)

fragments of the 1.797 kb EcoRI satellite Il DNA sequence. At the top of the figure, the

position of the fragments within the 1.797 kb satellite DNA sequence is indicated. Each

of the smaller satellite DNA fragments has been inserted at the Slui site of pSVL, in the

two possible orientations, yielding plasmids pDSD1 and pDSD2 for the 813 bp fragment

(A), and pDSD3 and pDSD4 for the 983 bp fragment (8). The arrows indicate the

direction of transcription of the b/a, neo, and Ik genes, as weil as the direction of insertion

of the satellite DNA fragments (bp 1 or bp 984 at the beginning of the arrow for the 983

bp fragment and the 813 bp fragment, respectively). The location of the Ndel and SluI

sites within pSVL is indicated.

85



Cial

1 983 1797 bp
1

,
~

Satellite DNA

/ ~/aI digestion

l 983 bp 984 1797 bp
~ 1 ~ ~

983 bp 813 bp

\ Insertion int~
Stul site

bla

tJ:

neo

NdeI

1791

Sat DNA 813 bp

984

llc

neo

983

1 \
D) bla A) bla

tic NdeI

pDSD3 pDSDl
10.283 kb 984 10.113 kb

Sat DNA 813 bp

1791

neo neo

bla bi"

86



pDSD3, in their circular confonnation, and growth in media containing HAT plus G418,

yielded the same results as was observed with pCFDI (Table 3.2). Transfection

efficiencies of less than 1% were obtained. However, transfection \vith either pDSD1 or

pOSD4 showed a much higher frequency of stable tk+/neo+ transfectants, producing 250/0

and 22% transfection efficiency, respectively. Sînce linear plasmids have been shown to

produce higher stable transtèction efficiencies (Chu et al., 1987; Toneguzzo et al., 1986)"

plasmids pDSD l '1 pOSD2, pOSD3 and pOS04 were linearized and used in the transfection

experiments. An increase in transfection efficiency of 1.9 and 1.5 fold was seen with

plasmids pOSDl (470/0 transfection efficiency) and pOS04 (32% transfection efficiency),

respectively, as compared to results obtained with the circular plasmids (Table 3.2).

However'l oruy a very slight increase (from less than 1% to 2% transfection efficiency) was

observed when pOS02 was linearized, and no increase was seen with pDSD3. A similar

pattern of transfection efficiency was therefore observed for circular and linear plasmids,

with a very negative effect obtained using pOSD2 and pOSD3. In addition, the transfection

efficiency in both cases also appears to be dependent on the orientation of the satellite DNA

fragments within pSVL.

3.1.3. Transfection Efficiency witb Plasmids Containing even Smaller Fragments of

the 1.797 kb Satellite Il DNA Sequence

Since two of the plasmids containing 805 bp and 983 bp fragments of the 1.797 kb

satellite Il DNA sequence were still producîng a very low number of stable tk·lneo·

transfectants (pDSD2 and pDSD3), more plasmids were constructed with smaller DNA

fragments to detennine if there is a size limit to the negative effect observed with the
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Table 3.2. Frequency of transfection (± standard deviation) by plasmids containing
either the 813 bp or 983 bp satellite DNA fragments. ioto media containing HAT+0418.
Circular plasmid control pCF1.8, which contains a 1800 bp À DNA fragment, is also
represented. The orientation of the satellite DNA fragments is indicated (with bp 1 for
pOS03 and pOSD4, and bp 984 for pOSDI and pDSD2, at the beginning of the arrow).
The number of experiments performed (N) is also indicated. Ali plasmids were
Iinearized at the Ndei site.

Plasmid Plasmid Satellite Satellite Average N
conformation DNA ONA transfection

size (bp) orientation efficiency (0/0)

Circular pSVL 100 ± 22.6 10
pOSOI 813 - 25 ± 9.3 5
pOSD2 813 4- <1 ± 0.3 5
pOS03 983 - <1 ± 0.3 5
pOSD4 983 4- 22 ± 16.9 5
pCF1.8 66 ± 35.7 4

Linear pSVL 100 ± 18 5
pDSDI 813 - 47 ± 37.9 5
pDSD2 813 4- 2±2.9 4
pDSD3 983 --.. <1 ± 0.5 5
pOSD4 983 4- 32 ± 30.9 5
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satellite II ONA sequence. Four different fragments of 620, 364, 458 and 354 bp were

obtained by restriction endonuclease hydrolysis of the larger 1.797 kb satellite IlONA

sequence (Figure 3.3). Insertion of each of these fragments, in both possible orientations,

into the Siul site of pSVL, yielded a series of different plasmids (Figures 3.3 and 3.4).

Plasmids pSAl and pSA2 contain the 620 bp EcoRI-RsaI fragment (bp I-bp 620) of the

1.797 kb satellite 11 DNA sequence, inserted in both orientations (bp 1away from or close to

the 5' end of the neo gene. respectively) (Figure 3.4A). Plasmids pSB1 and pSB2 contain

the 364 bp Rsal-Clal satellite II DNA fragment (bp 621-bp 983) in the two ditTerent

orientations (bp 621 away from or close to the 5' end of the neo gene, respectively) (Figure

3.48). Plasmids pSC 1 and pSC2 contain the 458 bp Cial-Hpall DNA fragment (bp 984-bp

1442) in both orientations (bp 984 away from or close to the 5' end of the neo

gene.respectively) (Figure 3.4C). Plasmids pSDl and pSD2 contain the 354 bp HpalI­

EcoRi satellite Il DNA fragment (bp 1443-bp 1797) in the twO different orientations (bp

1443 away from or close to the 5' end of the neo gene, respectively) (Figure 3.40).

Transfection efficiencies obtained for each of these circular constnlcts in AK143B

celis, and growth in media containing both HAT and 0418, are presented in Table 3.3. In

general, the transfection efficiencies obtained with these plasmids increased more than two

fold as compared to the results obtained with the previous plasmids containing larger

satellite DNA inserts (Table 3.2). Transfections using plasmids pSA1, pSB1, pSB2, pSCI,

and pSDl yielded transfection efficiencies ranging from 56 to 97% (Table 3.3). Atypical

values that were omitted (e.g. for pSB1 and pSC2) correspond to single values isolated from

the range of frequencies obtained for a given plasmid. Sorne plasmids, such as pSB1 and

pSDI, produced values (790A» and 97%, regpectively) that were very close to the control,
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Figure 3.3. Size and position of restriction fragments from the 1.797 kb satellite Il

DNA sequence and plasmids obtained following insertion into the Sud site ofpSVL.

Arrows indicate the direction of insertion of the fragments with respect to the 5' end of

the neo gene in the plasmids [the end of the arrow points towards (~) or away (+-) from

the 5· end ofthis gene].

90



RsaI Cial HpaII
1 620 983 1442 1797 bp
I---I"'---.......I_--..I-~I

Size (bp) 620 364 458 354

Plasmids pSAl pSBl ~ pSCl pSDI
-.. ~ -.. -..

pSA2 pSB2 ~ pSC2 ~ pSD2..... ..... ..... .....

91



Figure 3.4. Plasmid constructs containing small restriction fragments from the 1.797

kb satellite Il DNA sequence inserted into the Stul site of pSVL. A) Plasmids containing

the 620 bp satellite Il DNA fragment with bp 1 away from (pSA 1) or close to (pSA2) the

5· end of the neo gene. B) Plasmids containing the 364 bp DNA fragment with bp 621

away from (pSB 1) or close to (pSB2) the 5' end of the neo gene. C) Plasmids containing

the 458 bp DNA fragment with bp 984 away from (pSC 1) or close to (pSC2) the 5' end of

the neo gene. D) Plasmids containing the 354 bp DNA fragment with bp 1443 away from

(pSO1) or close to (pSD2) the 5' end of the neo gene. Arrows indicate the direction of

transcription of the bla, neo, and lk genes, in addition to the direction of insertion of

satellite DNA fragments.
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Table 3.3. Frequency of transfection (± standard deviation) by plasmids
containing small fragments of the 1.797 kb EcoRI satellite II DNA, ioto
media containing HAT+G418. Plasmid control pDSL 1, containing a 604 bp
À DNA fragment, is also represented. The orientation of the satellite II
DNA fragments is indicated with respect to the 5' end of the neo gene, as is
the number of experiments performed (N).

Plasmid SateOite Satellite Average transfection N
DNA size DNA efficiency (%)

(bp) orientation

pSVL 100 ± 61.3 20
pSAI 620 ---+ 56 ± 33 5
pSA2 620 +-- 4 ±4.3 8
pSBI 364 ~ 79 ± 35.3 5*
pSB2 364 .-- 77±29 9
pSCI 458 ~ 76 ± 27.1 6
pSC2 458 ..- 17 ± 16.3 8*
pSOI 354 ~ 97 ±47.3 5
pSD2 354 ..- 27 ± 17.5 9
pDSLI 75±26.1 9

*, One experiment was excluded as atypical (eg. 6 - 1 = 5)
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pSVL. However, three plasmids, pSA2, pSC2 and pS02, still yielded lower transfection

frequencies (4%, 170/0, and 270/0, respecùvely). In these cases, the effect on transfection

efficiency appeared to he satellite II DNA orientation·dependent. To confmn that this effect

on transfection efficiency was not due to plasmid size, plasmid pDSL 1 was constnlcted, that

contains a 604 bp À. DNA fragment in pSVL at the SluI site (Figure 3.5). A transfection

efficiency of 75%) was obtained with pOSLI (Table 3.3).

3.1.4. EtTeet on the Reporter Genes

[n order to establish which of the two reporter genes contained in the pSVL·based

plasmids (tk or neo) was the most affected by the effeet exerted by the satellite DNA

sequences, the cellular growth following transtèction was evaluated in media containing

only one of the two drugs. HAT or 0418. Transfections perfonned with pCFDl, which

contains the complete 1.797 kb satellite II DNA sequence (Fouquet and OuBow, 1992b),

demonstrated only a 5°10 transfection efficiency when G418 was used for the selection of the

neo gene (Table 3.4). However, in the presence of orny HAT, which selects for expression

of the tk gene, a significant increase in the transfection efficiency (69%) was observed

(Table 3.4). [n both cases, the frequency of transfectants in media containing orny one of

the selection drugs is higher than that seen when both HAT and G418 are used.

As seen with pCFD1. transfections with plasmids containing either the 813 bp or the

983 bp satellite DNA fragment, yielded a lower transfection efficiency in G418 selection

(2% to 43%) as compared to the results seen with selection by only HAT (76% to 113%)

(Table 3.4). Plasmids pOSD2 and pDSD3, which produced a very low frequency of

transfectants « 1%) in media containing bath HAT and G418, also exhibited a very low

transfection efficiency (20/0) in the presence of G418 alone. However, media containing
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Figure 3.5. Construction of plasmid pDSL 1 used as size control, containing a 604 bp

fragment from bacteriophage À DNA inserted at the Stul site of pSVL. Arrows indicate

the direction of transcription of the bia, neo, and tk genes. The location of the Ndel and

Stul sites in pSVL is indicated.
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Table 3.4. Frequency of transfection (± standard deviation) by pCFDl. which contains the
1.797 kb satellite (( DNA sequence. and by plasmids containing 813 bp and 983 bp satellite
DNA fragments, in media containing HAT+G418. HAT or G418. Plasmid control pCF1.8.
which contains a 1.8 kb À DNA fragment is also represented. The orientation of the satellite
DNA sequences is indicated [with the arrow pointing towards (-+) or away (+-) from the 5' end
of the neo gene in the plasmids]. The number of experiments performed (N). in each type of
media. is also indicated.

Plasmid Satellite Satellite Average transfection NHAT-Go&II'

DNA DNA efficiency NHAT, N(j.&11
size (bp) orientation (%)

HAT+0418 HAT 0418

pSVL 100 ± 33.8 100 ± 32.1 100 ± 43.1 5,5,5
pCFDl 1797 4-- <1 ± 0.6 69±23 5 ± 5.3 7,6*,7
pDSDI 813 ~ 33 ± 4.2 113±27.8 43 ± 37.6 4,4,4
pDSD2 813 +-- <1 ± 0.3 102 ± 34.9 2 ± 1.6 4,4,4
pOS03 983 ~ <1 ± 0.3 76 ± 38.3 2 ±1.8 4,4,4
pOSD4 983 +-- 24 ± 20.5 107 ± 17.4 21 ± 9.5 3,3,3
pCF1.8 66 ± 35.7 58 ± 14.7 101 ± 17.2 7,4,4

• , One experiment was excluded as atypical.
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HAT aIone did not appear to have a significant effect on the recovery of stable tk"

transfectants, yielding transfection frequencies of 102% and 76% for pOS02 and pOS03,

respectively. Plasmids pOSD1 and pOS04, which were able to produce stable transfectants

in media containing both HAT and 0418 (33% and 24%, respectively), yielded transfection

efficiencies of 430/0 and 21 %, respectively, in the presence of 0418 aIone. However, no

negative effect was observed with HAT aIone (1130/0 and 1070/0 for pDSO1 and pOS04,

respectively). The plasmid control pCFl.8 shows transfection efficiencies of 580/0 and

101% in the presence of HAT or 0418 aIone, respectively.

Plasrnids containing the smaller satellite II DNA inserts aIso demonstrated a lower

frequency of neo· transfectants in selection media containing G418 alone as opposed to

HAT alone (Table 3.5). For example, plasrnids pSA2 (620 bp satellite II ONA fragment)

and pSC2 (458 bp satellite Il DNA fragment) yielded low transfection efficiencies of 8%

and 170/0, respectively, in the presence of both HAT and G418. In the presence of 0418

alone, the transfection efficiency again remained low at 130/0 and 190/0, respectively.

However. in the presence of HAT alone, the transfection efficiency rose to 126% and 113%

for pSA2 and pSC2, respectively. A noticeable difference in transfection efficiencies with

different media was aise seen when pSAI (620 bp satellite II DNA fragment) was used

(Table 3.5). Although a transfection frequency of 64% was observed in media containing

both HAT and G418, the value dropped to 20% in the presence of G418 alone. Conversely,

the transfection efficiency in media containing HAT alone reached 162%.

With the remaining plasmids, pSB1 and pSB2 (364 bp satellite II DNA fragment),

pSCl (458 bp satellite DNA fragment), and pSOl and pSD2 (354 bp satellite II DNA

fragments), transfection efficiencies ranging from 5001Q to 90% were obtained in the
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Table 3.5. Frequency of transfection by plasmids containing various small fragments of
the 1.797 kb EcoRi satellite ([ DNA in media containing HAT+0418, HAT or G418.
Plasmid control pDSL 1, containing a 604 bp À. DNA fragment, is also represented. The
orientation of the satellite DNA sequences is indicated [with the arrow pointing towards
(~) or away (~) from the 5' end of the neo gene in the plasmids]. The number of
experiments performed (N), in each type of media, is also indicated.

Plasmid Satellite Satellite Average transfection
DNA DNA efficiency (%)

size (bp) orientation

HAT+G418 HAT G418

pSVL 100 ±44.2 100 ± 38 100 ± 39
pSAI 620 --+ 64 ± 32.6 162 ± 34.6 20 ±6.7
pSA2 620 +-- 8±3.4 126 ± 29.8 13 ± 5.7
pSBI 364 --+ 78 ± 13 114 ±24.5 60 ± 22.5
pSB2 364 +-- 84 ±21 115±28.9 78 ± 3.8
pSCI 458 --+ 105 ±46.5 96 ± 16.4 72 ± 22.5
pSC2 458 +-- 17 ± 4.9 113 ± 32.1 19 ± 9.3
pSDI 354 --+ 136 ± 29.7 115±39.4 90 ± 16.7
pSD2 354 +-- 30 ± 23.9 96 ± 33.4 50 ± 14.5
pOSLI 75 ±26.1 113 ± 31.3 97 ± 24.9

• , One experiment was excluded as atypical.
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4,4,4
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presence ofG418. However, with these same plasmids, higher values (trom 96% to 115%)

were obtained in the presence of HAT aJone (Table 3.5). With the plasmid control pOSL1,

the difference in the frequency of transfectants, in the presence of HAT or 0418 alone, is

nol as pronounced (Table 3.5). Values of 1130/0 and 97% are produced with media

containing only HAT or G418, respectively.

3.2. Analysis of Plasmid Insertion Pattern into Cbromosomal DNA

[n order to detennine if the effects on stable transtèction efficiency caused by the

satellite DNA were due 10 a particular site(s) of plasmid insertion, Southem blot analyses of

selecled stable transfectants were perfonned. Total cellular DNA from each of the stable

transfectanl cell lines was digested with the restriction endonucleases BgnI,

HindIII. or HpaI present on the plasmid DNA. The HindIII and HpaI sites are unique

within the plasmid DNA, whereas there are two BgnI sites present each into the neo and tk

genes. In addition, the total cellular DNA was also digested with SacI, for which no

restriction endonuclease site was present within the plasmid DNA. CeUs transfected with

either pSVL or pCFOl, which contains the 1.797 kb satellite II DNA sequence, were

subjected to Southem blot analysis.

3.2.1. Southern Blotting witb Cells Transfected with pSVL

Cell line SVLG-I cell line, consisting of AK143B cells stably transfected with

pSVL, was grown in a medium containing 0418. Total cellular DNA was extraeted (see

Materials and Methods), transferred to a nylon membrane and probed with either a tk probe

(Figure 3.6A) or a bla probe (Figure 3.6B). The DNA used as a marker CM) in bath panels
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Figure 3.6. Southem blot analysis of total cellular DNA from the SVLG-I cell lïne.

(A) Hybridization of the Southem blot with the lk probe. (8) Hybridization of the

Southem blot with the bla probe. (C) Putative integration pattern of the pSVL plasmid

within the SVLG-l cellular DNA: (i) tandem insertion of pSVL; (ii) corresponding

restriction endonuclease pattern of total cellular DNA from SVLG-l hybridized with the

tk probe; (iii) corresponding restriction endonuclease pattern of total cellular DNA from

SVLG-l hybridized with the bla probe. The sizes (in kb) indicate the bands obtained in

the blots. M, marker DNA: pSV2neork plasmid digested with BamHI, BgflI, and NdeI

and hybridized with the rk probe; B, BgnI; H, HindIII; S, SacI.
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is a mixture of fragments resulting from digestion of the pSV2neotk plasmid with BamIn,

BgIII and Ndel (Goring et al., 1987), and hybridized with the tk gene (Iane M). Plasmid

pSV2neotk differs from pSVL in that it possesses BamHI sites at both ends of the tk gene,

whereas the BamIn site at the 3' end of the fk gene in pSVL was previously eliminated by a

backtill procedure (Fouquet and DuBow. 1992b). Of the three rrstriction endonucleases

used to digest the total cellular DNA, there is no Sad restriction site present within the

integrated plasmid, and therefore this enzyme shouJd digest within chromosomal DNA.

Digestion with HpaI is not represented because il was unsuccessful. The hybridization

pattern obtained with the SacI digestion helped to determine the number of copies of the

inserted plasmid. ln the case ofSVLG-l, only one band was obtained (Figure 3.6A, lane S).

Assuming that digestion of the total cellular DNA was complete, the intensity of the band

and its large size (19 kb) suggest that !wo plasmids May have integrated in tandem, since the

plasmid pSVL alone measures only 9.3 kb. Figure 3.6C (i) illustrates a diagram of a

potential pattern of integration of the plasmid into the cbromosomal DNA. The two bands

produced by HindlIl with the tk probe (9.3 and 12.7 kb) (Figure 3.6A, lane H), also support

the hypothesis that two plasmids are present within the cellular DNA in tandem [Figure

3.6C (H)]. ln addition, the hybridization pattern observed from the DNA digested with Bgnl

aided in the determination of the site of insertion of the plasmid. Digestion by this enzyme

produced three fragments with the b/a probe (3.9, 5 and 9.3 kb) (Figure 3.68, lane 8),

which suggests that the plasmid has integrated by a recombination event either within its bla

gene, or at a site very close to this gene [Figure 3.6C (i) (Hi)].

The hypothesis for the method of plasmid insertion would expect three bands to he

generated upon digestion of the DNA with BgnI and after probing with the fk gene.
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However, ooly two bands were observed (Figure 3.6A, lane B). This result may be

explained by the fact that the three expected fragments would he very close in size (4.4, 4.8,

and 4.8 kb) [Figure 3.6C (ii)]. Three bands were also expected after HindIII and BgflI

digestions and probing with the b/a probe [Figure 3.6C (Hi)]. Of the three bands obtained,

one was very faint (Figure 3.6A, lanes H, B). These faint bands might be the result ofweak

hybridization.

The SVLG·6 cellline also consists of AK143B cells stably transfected with pSVL,

and grown in the presence of 0418. The hybridization pattern of SVLG·6 is shown in

Figures 3.7A and B. [n this case, it appeared that ooly one copy of the plasmid has been

integrated. since only one band was observed following digestion with Sac[ (14.5 kb) and

probing with either the tk or b/a probes (lane S, Figures 3.7A and B, respectively). The two

bands resulting from digestion with HindIII and hybridization with the tk probe (6.4 and

10.2 kb) (Figure 3.7A, lane H) suggest that in this cell line, the plasmid bas integrated

through a site near or within the tk gene [Figure 3.7C (i)]. The number of bands generated

by hybridization with the fk probe in the Bgfll lane (4 and 5.2 kb) and Hpal lane (11.1 and

13.2 kb) (Figure 3.7A, lanes B and Hp, respectively) were aIso suggestive of insertion

within the tk gene [Figure 3.7C (ii)]. The pattern of hybridization obtained with the b/a

probe (Figure 3.78) generated single bands whose sizes (l0.2, 5.2 and 13.2 kb for HindIII,

BgnI and Hpal, respectively) coincided with bands observed following hybridization with

the tk probe [Figure 3.7C (Hi)]. This data supported the postulated pattern of single plasmid

insertion [Figure 3.7C (i)].
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Figure 3.7. Southem blot analysis of total cellular DNA from the SVLG-6 cell line.

(A) Hybridization of the Southern blot with the tk probe. (8) Hybridization of the

Southem blot with the b/a probe. (C) Putative integration pattern of the pSVL plasmid

within the SVLG-6 cellular DNA: (i) single insertion of pSVL; (ii) corresponding

restriction endonuclease pattern of total cellular DNA from SVLG-6 hybridized with the

tk probe; (iii) corresponding restriction endonuclease pattern of total cellular DNA from

SVLG-6 hybridized with the b/a probe. The sizes (in kb) indicate the bands obtained in

the blots. M, marker DNA: pSV2neotk plasmid digested with BamHI, BgfiI, and NdeI

and hybridized with the tk probe; B, BgnI; H, HindIII; Hp, HpaI; S, Sacl.
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The SVLH-6 cell line also consists of AKl43B cells transfected with the pSVL

plasmid, but was selected in medium containing HAT. Since hybridization with the tk

probe was not successful (data not shown), a probe consisting of a fragment ofthe neo gene

was used (Figure 3.8A), in addition to the bla probe (Figure 3.8B). The unique band

obtained from hybridization following digestion with SacI (12.1 kb) (lane S, Figures 3.8A

and 3.8B) suggested that a single copy of the plasmid was integrated. The single band

observed (7.7 kb) fol1o\\;ng digestion with HindIII and hybridization with either the neo or

bla probes (lane H, Figures 3.8A and 3.8B) supPOrted this hYPOthesis. The presence of

single bands following BgnI digestion, and hybridization with either the neo (5.6 kb) or the

bla probes (4.7 kb) (lane B, Figures 3.8A and 3.8B, respectively), suggested that the point of

integration in the plasmid has occurred within the region between the 3" ends of the neo and

fk genes [Figure 3.8C (i)]. The size of the band obtained following hybridization with the

bla probe (4.7 kb), was similar to the band containing the bla gene within the plasmid (4.4

kb) [Figure 3.8C (iii)], and also supported the pattern of integration indicated. The identical

size of the bands following HpaI digestion and hybridization with either probe (13.8 kb)

[Figure 3.8C (ii) (iii)] also supPOrted the proposed pattern ofintegration.

Growth of AKl43B cells transfected with the pSVL plasmid, in a medium

containing both HAT and G418, bas produced the stable SVLHG cell lines. The pattern of

hybridization of SVLHG-2 total cellular DNA with either the tk or the bla probe is shown in

Figures 3.9A and 3.98, respectively. The single band resu1ting from hybridization of SacI

(13.4 kb) and HindIII (6.2 kb) digests (lanes S and H, respectively), suggested tbat a single

copy of the pSVL plasmid had been integrated. Hybridization following HpaI digestion,
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Figure 3.8. Southern blot analysis of total cellular DNA from the SVLH-6 cell line.

(A) Hybridization of the Southern blot with the neo probe. (B) Hybridization of the

Southern blot with the bla probe. (C) Putative integration pattern of the pSVL plasmid

within the SVLH-6 cellular DNA: (i) single insertion of pSVL; (H) corresponding

restriction endonuclease pattern of total cellular DNA from SVLH-6 hybridized with the

neo probe~ (iii) corresponding restriction endonuclease pattern of total cellular DNA from

SVLH-6 hybridized with the bla probe. The sizes (in kb) indicate the bands obtained in

the blots. M. marker DNA: pSV2neotk plasmid digested with BamHI, BgnI, and NdeI

and hybridized with the neo probe; B, BgnI; H. HindlII; Hp, HpaI; S, Sacf.
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Figure 3.9. Southern blot analysis of total cellular DNA from the SVLHG-2 cellline.

(A) Hybridization of the Southern blot with the tk probe. (B) Hybridization of the

Southem blot with the b/a probe. (C) Putative integration pattern of the pSVL plasmid

within the SVLHG·2 cellular DNA: (i) single insertion of pSVL; (ii) corresponding

restriction endonuclease pattern of total cellular DNA from SVLHG·2 hybridized with the

tk probe; (iii) corresponding restriction endonuclease pattern of total cellular DNA from

SVLHG..2 hybridized with the b/a probe. The sizes (in kb) indicate the bands obtained in

the blots. M, marker DNA: pSV2neotk plasmid digested with BamHI, BgllI, and NdeI

and hybridized with the tk probe; B, BgnI; H, HindlII; Hp, HpaI; S, SacI.
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with either the lk or the b/a probe, also produced a single band (10.9 kb) (lane Hp), as did

hybridization with the b/a probe following BgIII digestion (4.6 kb) (Figure 3.9B, lane D).

These results suggested that the plasmid bas not integrated at the region of the plasmid

containing the bla gene. Instead, it was hypothesized that integration had occurred within

the region between the 3' ends of the Ik and neo genes as illustrated in Figure 3.9C (i). This

hypothesis was supported by the identical size of the bands obtained upon hybridization

\\'ith either probe following HindIII (6.2 kb) and Hpal (10.9 kb) digestions [Figure 3.9C (ii)

(Hi)]. The band obtained following BgIII digestion and hybridization with the b/a probe

(Figure 3.9B, lane B) had a size of 4.6 kb which is similar to the size of the BgIII fragment

in the plasmid (4.4 kb) [Figure 3.9C (iii)]. One of the two bands resulting from

hybridization with the lk probe (4.6 kb) fo110\\1ng BgIII digestion (Figure 3.9A, lane B) a1so

corresponded in size to the band observed following hybridization with the b/a probe

[Figure 3.9C (ii)], thus reinforcing the proposed plasmid integration pattern [Figure 3.9C

(i)J.

Analysis of SVLHG-4 DNA, from another stable SVLHG cell line, is shown in

Figure 3.10. The t'vo bands obtained following HindIII digestion (10.1 and 10.9 kb)

suggested that in this cellline pSVL has integrated in two copies (lane H, Figures 3.10A and

B). The hybridization pattern with BgIII suggested that the two pSVL plasmids have

integrated at different sites within the chromosomal DNA, with one plasmid being inserted

between the 3'ends of the Ik and neo genes, and the other between the b/a and neo genes

[Figure 3.10C (i)]. Three bands were observed from digestion with BgIII, following

hybridization with the tk probe (5.1, 6 and 13.6 kb) (Figure 3.10A, lane D). This pattern

was in accordance with the proposed sites of integration, since two of the fragments
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Figure 3.10. Southern blot analysis of total cellular DNA from the SVLHG-4 cell line.

(A) Hybridization of the Southern blot with the tk probe. (8) Hybridization of the

Southem blot with the bla probe. (C) Putative integration pattern of the pSVL plasmid

within the SVLHG-4 cellular DNA: (i) double insertion of pSVL; (ii) corresponding

restriction endonuclease pattern of total cellular DNA from SVLHG-4 hybridized with the

rk probe; (iii) corresponding restriction endonuclease pattern of total cellular DNA from

SVLHG-4 hybridized with the b/a probe. The sizes (in kb) indicate the bands obtained in

the blots. M.. marker DNA: pSV2neork plasmid digested with BamHI, BgnI, and NdeI

and hybridized with the tk probe; B, BgnI; H, HindIII; Hp, HpaI; S, Sad.
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produced by digestion of the plasmid with BglII are close in size (4.4 kb and 4.8 kb) and

probably hybridized as one band [Figure 3.l0C (H)]. Hybridization with the bla probe

following BgllI digestion produced two bands (5 and 6 kb) (Figure 3.10B, lane B), with the

same size as two of the bands from hybridization with the tk probe [Figure 3.1 OC (H) (iii)].

This hybridization pattern correlates with the postulated plasmid integration pattern. Two

bands would he expected from hybridization with either the tk or bJa probe following SacI

digestion, according to the proposed pattern of integration [Figure 3.IOC (ii) (iii)]. However,

one strong band and two faint bands were observed (Figures 3.IOA and B, lane S) which led

to the suggestion that the strong band was due ta incomplete digestion. On the other hand,

the two faint bands could he products of overdigestion. In this instance, the bands resulting

from the inserted plasmids would coincide, since one band was observed (17 kb). The HpaI

digestion produced a single band (13.8 kb) following hybridization \\Iith either probe

(Figures 3.l0A and B~ lane Hp), when two bands would he expected from the proposed

pattern of integration [Figure 3.10C (ii) (iii)]. The HpaI hybridization pattern obtained

would suggest that the two expected bands are close in size and therefore coincide. Despite

the discrepancies in the SacI and HpaI digestions, the model proposed is at this time the

most plausible.

The hybridization pattern obtained for yet another stable SVLHG cell (ine DNA,

SVLHG-S, suggested that one copy of the pSVL plasmid bas integrated into the

chromosomal DNA (Figures 3.1 lA, B). A single band was obtained following

hybridization with the tk and bla probes following digestion with Sacl (13.5 kb) or HindIII

(7.7 kb) (lanes S and H, respectively). The size of the band resulting from hybridization

with the bla probe following Bg/lI digestion (4.5 kb) (Figure 3.11B, lane B), suggested that
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Figure 3.11. Southern blot analysis of total cellular DNA from the SVLHG-5 cellline.

(A) Hybridization of the Southern blot with the tk probe. (B) Hybridization of the

Southem blot with the bla probe. (C) Putative integration pattern of the pSVL plasmid

within the SVLHG-5 cellular DNA: (i) single insertion of pSVL; (ii) corresponding

restriction endonuclease pattern of total cellular DNA from SVLHG-5 hybridized with the

tk probe; (iii) corresponding restriction endonuclease pattern of total cellular DNA from

SVLHG-5 hybridized with the b/a probe. The sizes (in kb) indicate the bands obtained in

the blots. M. marker DNA: pSV2neotk plasmid digested with BamHI, BgnI, and NdeI

and hybridized with the tk probe; B, BgnI; H, HindIII; S, SacI.
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the plasmid bas integrated between the 3' ends of the lk and neo genes [Figure 3.l1C (i)

(iii)]. Hybridization with the rk probe following BgHI digestion produced two bands (9.6 kb

and 4.5 kb) (Figure 3.11A, lane B), which was expected from the proposed pattern of

integration [Figure 3.11C (H)]. The 4.5 kb band coincided with the band obtained with the

bla probe [Figure 3.11C (ii) (iii)].

3.2.2 Cells Containing the pCFDI Plasmid

Stable cell lines transfected with the pCFD1 plasmid, that contained the 1.797 kb

satellite DNA sequence next to the 5' end of the neo gene, were also studied. The pCFDI

plasmid has a total size of Il.1 kb. Cell lines grown in the presence of G418 alone are

referred to as DIG. Total cellular DNA isolated from DIG..2 ceIls was studied through

hybridization with the neo and bla probes (Figures 3.12A and B, respectively). The DNA

used as a marker (M) was a mixture of fragments resulting from digestion of the pSV2neotk

plasmid with BamHI, BgHI and lVdel, and hybridized with the neo probe. As suggested, by

the size of the single band obtained following Sacl digestion and hybridization with either

probe (13.4 kb), ooly one copY of the pCFDI plasmid was integrated ioto the chromosomal

DNA (lane S, Figures 3.12A and B). The two bands, resulting from hybridization with the

neo probe following Hindill digestion (8.3 and 10.2 kb) (Figure 3.l2A, lane H), suggested

that a duplication of pan of the neo gene may have occurred [Figure 3.l2C (i) (ii)]. A single

band (7 kb) was obtained following hybridization with the b/a probe (Figure 3.12B, lane H).

The size of this band did not coincide with any of the two bands resulting from

hybridization with the neo probe, suggesting that plasmid integration bas occurred into the

region between the 3' ends of the neo and Ik genes [Figure 3.I2C (i) (H) (iü»). Based on this
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Figure 3.12. Southern blot analysis of total cellular DNA from the DIG-2 cellline.

(A) Hybridization of the Southern blot with the neo probe. (B) Hybridization of the

Southem blot with the bla probe. (C) Putative integration pattern of the pCFD1 plasmid

within the Dl G-2 cellular DNA: (i) single insertion of pCFD1; (ii) corresponding

restriction endonuclease pattern of total cellular DNA from Dl G-2 hybridized with the

neo probe; (iii) corresponding restriction endonuclease pattern of total cellular DNA from

DIG-2 hybridized with the bla probe. The sizes (in kb) indicate the bands obtained in the

blots. M~ marker DNA: pSV2neolk plasmid digested with BamHI, Bgnl, and Ndel and

hybridized with the neo probe; B, Bgnl; H, HindlIl; S, Sacl.
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pattern of integration, two bands would he obtained follo\\ing Bgal digestion by

hybridization with the neo probe [Figure 3.12C (ii); Figure 3.12A, lane B] (5.7 and 13.7 kb

bands). Dnly one band should result from hybridization with the bla probe [Figure 3.12C

(iii)], however two bands of 4.7 and 9.3 kb were observed (Figure 3.12B, lane B). The 9.3

kb faint band could result from non-specifie hybridi2ation. Moreover, the 4.7 kb band

should have a size of about 6.2 kb because of the presence, in the plasmid, of the satellite

DNA sequence. Although the proposed model of integration appeared the most plausible,

the discrepancy observed with the BgIII hybridization pattern suggested that another event

had likely occurred.

The hybridization pattern of DNA from the DIG-3 stable cell line is shown in

Figures 3.13A and 8. The single band. obtained following SacI digestion and hybridization

with either the fk or bla probe (15 kb), suggested that only one copy of the pCFD1 plasmid

was integrated (lane S. Figures 3.13A and B). Two bands appeared to be present following

BgnI digestion and hybridization "ith the bla probe, suggesting that integration may have

occurred within the bla gene or the region adjacent to it [Figure 3.138, lane B; Figure 3.13C

(i)]. Following this integration model, digestion with BglIl, and hybridization with the tk or

b/a probe. would produce two bands [Figure 3.13C (ii) (iii)]. Of the two bands observed

fol1owing hybridization with the lk probe, the 5.2 kb band, is close in size to the 4.8 kb BgIII

band of the plasmid [Figure 3.13C (ii)]. The band produced with the bla probe following

HindIII digestion (14.5 kb) (Figure 3.138, lane H) had an identical size to the band obtained

with the fk probe (Figure 3.13A. lane H). However, two bands would he expected, from the

proposed model of integration, following hybridization with the bla probe [Figure 3.13C

(iii)]. The two bands might therefore he similar or close in size. Digestion with HpaI, and
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Figure 3.13. Southem blot analysis oftolai cellular DNA from the DIG-3 cellline.

(A) Hybridization of the Southem blot with the rk probe. (B) Hybridization of the

Southern blot with the bla probe. (C) Putative integration pattern of the pCFD1 plasmid

within the Dl G-3 cellular DNA: (i) single insertion of pCFD 1~ (ii) corresponding

restriction endonuclease pattern of total cellular DNA from DI G-3 hybridized with the tk

probe: (iii) corresponding restriction endonuclease pattern of total cellular DNA from

Dl G..3 hybridized with the b/a probe. The sizes (in kb) indicate the bands obtained in the

blats. M. marker DNA: pSV2neotk plasmid digested with BamHI, BgnI, and NdeI and

hybridized with the tk probe: B. BgnI~ H, HindIII; H. HpaI~ S. Sacl.
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hybridization to the tk probe, produced a 14.5 kb band (Figure 3.13A, lane Hp).

Hybridization with the b/a probe also produced a 14.5 kb band, but a second band (5.7 kb),

though faint, also appeared to he present (Figure 3.138, lane Hp). The presence of these

two bands correlated with the proposed pattern ofintegration [Figure 3.13C (iii)]. The faint

bands observed trom hybridization \\rjth the bla probe following BgllI and HpaI digestion

could result from weak hybridization (Figure 3.138, lanes 8 and Hp, respectively).

Stable cell lines containing the pCFD1 plasmid and grown in HAT.containing

medium are designated DIH. DNA from cell line DIH·2 was hybridized with either the

neo (Figure 3.14A) or the bla probe (Figure 3.148). The hybridization pattern shown in

Figures 3.14A and B suggested that a single copy of the pCFDl plasmid has integrated. A

single band was obtained with both probes following digestion with either SacI or HindIII

(14 and 12.8 kb, respectively) (lanes S and H, Figures 3.14A, and B). The size of the

hybridization bands obtained following HindIlI digestion was identical with both probes

(12.8 kb). However, the sizes of the bands following HpaI digestion and hybridization were

different with the neo (8.7 kb) and bla (12.1 kb) probes, suggesting that plasmid integration

has occurred within the satellite DNA sequence of the plasmid [Figure 3.14C (i) (ii) (iii)].

The hybridization pattern and size of bands obtained following BgllI digestion with the neo

and bla probes (5.1 and 11.5 kb, respectively) supported the suggested site of integration

[Figure 3.14C (ii) (iii»). Hybridization following HpaI digestion produced a single band of

8.7 kb with the neo probe (Figure 3.14A, lane Hp)~ and 12.1 kb with the bla probe (Figure

3.148, lane Hp). These bands of different sizes correlated with the proposed integration

pattern [Figure 3.14C (H) (iii)].
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Figure 3.14. Southem blot analysis of total cellular DNA from the DIH-2 cellline.

(A) Hybridization of the Southern blot with the neo probe. (B) Hybridization of the

Southern blot with the bla probe. (C) Putative integration pattern of the pCFDl plasmid

within the Dl H-2 cellular DNA: (i) single insertion of pCFD 1; (ii) corresponding

restriction endonuclease pattern of total cellular DNA from Dl H-2 hybridized with the

neo probe: (iii) corresponding restriction endonuclease pattern of total cellular DNA from

Dl H-2 hybridized with the b/a probe. The sizes (in kb) indicate the bands obtained in the

blots. M. marker DNA: pSV2neotk plasmid digested with BamHI, Bgnt and NdeI and

hybridized with the neo probe; B, BglII; H, HindIII; H. HpaI; S, SacI.
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DNA from a ditTerent DIH cell line, 0IH-3, was hybridized with the lk and b/a

probes (Figures 3.15A and B). Hybridization with either probe, following SacI digestion,

revealed that there was likely only one integrated copy of the pCFD1 plasmid, since a single

band of 14 kb was obtained (1ane S, Figures 3.15A and B). A single band was aise

observed following HindIlI digestion and hybridization with the lk probe (9.3 kb) (Figure

3.15A, fane H). However, hybridization with the bla probe produced two bands (7.5 and 9.3

kb) (Figure 3.15B, fane H), which suggested that integration has occurred within the b/a

gene or the region adjacent to it [Figure 3.ISC (i) (iH)]. According to this pattern of

integration.. two bands would be obtained following BgnI digestion and hybridization with

the fk probe [Figure 3.I5C (ii)]. Iwo bands were observed in the blot (5.6 and 7.5 kb)

(Figure 3.15A, fane B). Hybridization with the b/a probe following Bgnl digestion aise

produced two bands (5.6 and 13.7 kb) (Figure 3.15A, fane B). Of the two bands observed,

the 5.6 kb band coincided with the 5.6 kb band from the fk hybridization (Figure 3.15A, lane

B). Il therefore appeared that the 7.5 kb band observed after hybridization with the Ik probe

corresponds to the BgnI fragment of the plasmid [Figure 3.l5C (H)]. However, in the

plasmid.. this fragment has a size of only 4.8 kb. Despite this discrepancy, the proposed

pattern of plasmid insertion was the most probable. Hybridization with the lk probe

following HpaI digestion appeared to produce a single band (13.7 kb) (Figure 3.15A., lane

Hp). This is the pattern expected from the proposed integration event [Figure 3.15e (ii)].

Two bands would aise be expected following hybridization with the bla probe [Figure

3.15C (Hi)]. There appeared to be a single band on the blot (13.7 kb) (Figure 3.158, lane

Hp), which could result from two bands that are close or identical in size.
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Figure 3.15. Southem blot analysis oftotaI cellular DNA from the DIH-3 cellline.

(A) Hybridization of the Southern blot with the tk probe. (B) Hybridization of the

Southem blot with the bla probe. (C) Putative integration pattern of the pCFD 1 plasmid

within the Dl H·3 cellular DNA: (i) single insertion of pCFD 1; (ii) corresponding

restriction endonuclease pattern of total cellular DNA from DIH-3 hybridized ~ith the tk

probe; (iii) corresponding restriction endonuclease pattern of total cellular DNA from

DI H-3 hybridized with the b/a probe. The sizes (in kb) indicate the bands obtained in the

blots. M. marker DNA: pSV2neolk plasmid digested with BamHI, BgfiI, and NdeI and

hybridized with the tk probe; B, Bg/lI; H, HindIII; H, Hpal; S, Sacl.
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3.3. Analysis of Short-Term Expression of the Transfected tk Gene

In an attempt to detennine if the negative effect observed fo11owing transfection of

pSVL-containing satellite II DNA occurred prior to or after integration into the

chromosomal DNA, the short-tenn expression of the transfected genes was analyzed

through Northem blotting. Hybridization, with the fk probe, of the total RNA extracted

from cells over a short period of time fo11o\\ling transfection (0 to 72 hoW'S) is shown in

Figure 3.16. Three different cell lines were analyzed which had been transfected with

plasmids pSVL, pCFD1 and pOSD2. Plasmids pCFD l, eontaining the 1.797 kb satellite II

DNA sequence, and pDSD2, eontaining an 813 bp fragment of the satellite II DNA, had

produced a very low frequency of stable transfectants «1%) (Tables 3.1 and 3.2). Total

cellular RNA from mock-transfected Al(1438 eells was used as a control (Figure 3.16A,

lanes 13-16). As seen with plasmids pSVL, pCFDl and pDSD2, no fk RNA was detected al

ohours. as expected (lanes 1, 5, 9). At 24, 48 and 72 hours post-transfection, a smear was

observed for ail three plasmids (lanes 24, 6-8. 10-12). Hybridization of the same

membranes with a metallothionein..11 gene present in the genome had indicated that the

smears were not due ta degradation of the total cellular RNA extracted from ceIls

transfected with any of the plasmids. as a single band was observed (Figure 3.168, lanes 1­

16).

In order to try to enhance the sensitivity of the hybridization reaction, the Northem

analysis was repeated using only poly(Af RNA (Figure 3.17). No signal was observed

following hybridization with the rk probe (Figure 3.17A). Hybridization with the

metallothionein..II gene (Figure 3.178) showed that the poly(Af RNA, al various time

points, was not present in sufficient quantity (1anes 3..6, 8..13, 15, and (6), for severa!

131



Figure 3.16. Northem blot analysis of total RNA from cells transfected with plasmids

pSVL, pCFDl or pDSD2. The (-) sign indicates the mock-transfected AK143B cells.

Times of RNA extraction are indicated in hours. (A) Hybridization of total RNA with the

tk probe. (B) Hybridization of total RNA with a probe from the metallothionein-II gene.

M represents the RNA ladder used as a Marker.
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Figure 3.17. Northem blot analysis of poly(Af RNA from cells transfected with

plasmids pSVL, pCFDl or pDSD2. The (-) sign indicates the mock-transfected AK143B

cells. Times of RNA extraction are indicated in hours. (A) Hybridization of poly(A)'"

RNA with the fk probe. (B) Hybridization of poly(Af RNA with a probe from the

metailothionein-ll gene. M represents the RNA ladder used as a marker.
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plasmid-transfected cells and two of the mock-transfected AK143B. In the other cases,

plasmid pSVL at 0 and 24 hours, pCFOI at 48 hours, and AK143B al 24 and 48 hours

(lanes 1, 2, 7, 14, and 15), a signal was detected following hybridization with the

metallothionein-II gene.
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CHAPTER4

DISCUSSION

A cloned 1.797 kb human satellite II DNA sequence (PCFDI) was previously

observed to exert a very severe negative effect on the recovery of stable tk·/neo·

transfectants «1% transfection efficiency) (Fouquet and DuBow, 1992b). This effect was

observed with the satellite Il DNA sequence positioned next to the 5' end of the neo gene in

the plasmid vector in which it was inserted (PSVL). The present study bas confrrmed that

the observed negative effect is in fact related to the position of the satellite II DNA sequence

relative to the neo and rk marker genes in the plasmide For example, plasmid pDH1, which

was constructed with the satellite Il DNA sequence between the 3' ends of the neo and tk

genes, did not exert as negative an effect on the transfection efficiency as plasmid pCFD1

(28% as opposed to <1%) (Table 3.1). The location of the satellite Il DNA sequence away

from the 5' end of the neo gene therefore appeared to attenuate the negative eftèct on

recovery of stable tkïneo· transfectants. However. the proportion of transfectants recovered

was stilliower as compared to the vector pSVL. The size control pCFl.8, which contains a

fragment from bacteriophage À. DNA ofsimilar size to the satellite DNA, has shown that the

larger plasmid size did not affect transfection efficiency to the same extent (Table 3.1).

Therefore. there appears to he an event specifie to the satellite Il DNA sequence, that is

involved in affecting the recovery of stable transfectants. The effect seemed nonetheless to

he predominant with the satellite II DNA sequence in close juxtaposition to the neo gene.

When satellite II DNA fragments of 813 bp and 983 bp were used in place of the

1.797 kb fragment, a negative effect on transfection efficiency was still observed (Table
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3.2). These smaller derivatives of the 1.797 kb satellite DNA sequence displayed an

orientation·dependent effect, with the two different orientations of the fragments relative to

the neo gene producing different effects. The linearization of the plasmids containing these

satellite Il DNA fragments had not eliminated the severe effect observed with pDSD2 and

pDSD3. each containing a 813 bp or a 983 bp DNA fragment, respectively. However, it did

produce an increase in the proportion oftransfectants with the pDSDI and pDSD4 plasmids,

which were producing higher values than pDSD2 and pDSD3 in the circular confonnation.

The increase in transfection efficiency observed with linear plasmids (Chu et al., 1987;

Colbere·Garapin el al.. 1979) has been anributed to the fact that free ends of DNA

molecules are more recombinogenic (Subramanian. 1979; Wilson et al., 1982). However,

transfection studies with linear pCFD1. which contains the full size 1.797 kb satellite Il

DNA sequence. previously demonstrated only a very moderate increase in transfection

efficiency (from <1% to 1%) (Fouquet and DuBow, 1992b), as was observed with pDSD2.

Using smaller satellite Il DNA fragments ranging from 354 bp to 620 bp eliminated

the severe negative effect ohserved with the larger sequences (Table 3.3). However, in the

case of three of these satellite DNA fragments (354, 458, and 620 bp) an orientation­

dependent effect was still observed, with lower transfection efficiencies observed with one

of the two orientations of the satellite DNA fragments. Again, a control size plasmid,

pDSL 1 demonstrated that the larger plasmid size did not affect transfection efficiency.

There is therefore something particuJar to the satellite DNA fragments, or their specific

orientation, which produces an effect on recovery of stable transfectants. The particularity

of the 620 bp satellite DNA fragment consists in the presence of a 49 bp region devoid of

138



the pentarneric repeat unit 5'-ITCCA-3~ (Figure 2.2). The other small fragments do not

present specifie features, other than their similar AT base pair content (-60%).

This study bas also shown that the recovery of stable neo~ transfectants, from

plasmids containing various sizes of the satellite DNA sequence, was particularly affected,

as shown by the lower transfection efficiencies observed in the presence of G418 a1one, as

compared to HAT (Tables 3.4 and 3.5). These results suggested that the neo gene was

affected the most from the presence of the satellite Il DNA. In addition, the frequency of

transfection, in the presence of single drugs, was higher than the value observed in the

presence of both HAT and 0418. The presence of both drugs in the selective media likely

poses a greater constraint on the transfected ceIls. as it selects for cells that have successfully

integrated the transfected plasmids and are stably expressing both the neo and tk genes.

The event(s) responsible for the severe negative effect observed with the cloned

satellite II DNA may reside in the nature of the satellite sequence itself. Their original

location within heterochromatin. the very compact region of chromosomes, suggest that the

satellite II DNA sequences used in these experiments are prone to heterochromatînization.

This proeess would cause the binding of specifie proteins to the repetitive DNA sequences

present in the satellite DNA. thus leading to condensation of the DNA. A

heterochromatinization event could have taken place either prior to. or after, chromosomal

integration of the transfected plasmids, thus causing lower expression of either the neo or tk

genes. which would ultimately lead to deereased transfection efficiency.

Satellite Il DNA sequences May, themselves, possess recognition sites for proteins

involved in heterochromatînization. The presence of initiator sites in heterochromatic

domains was proposed in the boundary model of Tartof et al. (1984). If those recognition
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sites are present in the satellite II DNA sequences located in the plasmids, they would he

able ta initiate a heterochromatinization process, as has been observed for the phenomenon

of position-efTect variegation (PEV). These sites could he present in both the 813 and 983

bp fragments of the satellite II DNA sequence, since both fragments produced a severe

negative effect on the recovery of stable transfectants. Due to their repetitive nature, these

satellite DNA sequences could he recognized by proteins involved in heterochromatin

formation. If such a heterochromatinization process initiates at the satellite DNA, it could

possibly spread to the neo gene, due to its close juxtaposition, interfering with the access of

transcriptional factors. Therefore, the neo gene would appear to he part of heterochromatin

and not he efficiently expressed. As explained in Chapter 1, expression of euchromatic

genes placed in the vicinity of heterochromatin components can he negatively affected.

Impaired expression of the neo gene could thus explain the low recovery of stable neo"

transfectants. Because of the presence of satellite Il DNA sequences adjacent to the neo

gene in the transfected plasmids, heterochromatinization of this gene could even take place

at eucbromatic chromosomal sites of integration. As the 813 and 983 bp fragments of the

satellite DNA sequence showed an orientation-dependent effect, it is possible that there is

direction to the heterochromatinization process. As proposed by Tanof el al. (1984), the

compaction of heterochromatic domains may occur by polarized spreading. Recognition

sites for heterochromatinization could he present in both the 813 and 983 bp fragments, but

initiate spreading in opposite directions (Figure 4.1).

There appeared to he a limit to the size at which satellite Il DNA sequences can exert

a negative effect, since the recovery of transfectants seemed to he less affected with

fragments of less than 813 bp. However, as previously mentioned, the orientation of the
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Figure 4.1. Proposed direction of heterochromatinization in the 983 and 813 bp

fragments of the 1.797 kb satellite DNA sequence. The direction changes depending on

the orientation of the fragments in the plasmid relative to the 5' end of the neo gene.
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satellite DNA fragments, relative to the genes in the plasmid still appeared to he an

important factor. Therefore, the theory of direction of spreading for heterochromatinization

could still hold true with these smaller satellite II DNA sequences. As the 354, 458 and 620

bp fragments were associated with lower transfection efficiencies in only one of the two

orientations (Table 3.3), initiator sites could be present in these three sequences (pSA1 and

pSA2. pSCl and pSC2, pSDl and pSD2 plasmids) (Figure 4.2B). Conversely, since the

364 bp DNA fragment did not induce low transfection efficiencies (Table 3.3), there may

not he initiator sites in this sequence (pSB1 and pSB2 plasmids) (Figure 4.2B). The

direction of heterochromatinization in pSC2 (458 bp satellite DNA fragment) and pSD2

(354 bp satellite DNA fragment) would correlate with the direction in pDSD2 (813 bp

satellite DNA fragment), as shown in Figure 4.2A, B. However, the direction would not

seem to correlate in pSA2 (620 bp satellite DNA fragment) and pDSD3 (983 bp satellite

DNA fragment) (Figure 4.2A.. B), which both produced a low transfection efficiency

(Tables 3.2 and 3.3). Therefore, heterochromatinization might not he solely responsible for

the effect observed with these satellite DNA sequences. A higher order structure of the

satellite DNA sequences may also play a role.

The search for curved regions in the 1.797 kb satellite II DNA sequence was

performed using the Bend-it program of Gabrielian et al. (1998). Curved motifs usually

have curvature values between 5 and 25° per helical tum, and straight motifs give values

helow 50 per helical turne The degree of curvature was not found to he very pronounced in

the different regions of the 1.797 kb satellite II DNA sequence. The most curved region,

located within the 620 bp DNA sequence, reached 9° per helical tum, while the other curved

motifs, scattered throughout the 1.797 kb DNA sequence, were approximately 6.50 per
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Figure 4.2. Proposed direction of heterochromatinization in the various fragments of

the 1.797 kb satellite DNA sequence. The direction changes depending on the orientation

of the fragments relative to the 5~ end of the neo gene in the plasmids.

144



A)

8)

Il

Il

Il

Rsal CIal Hpall
1 620 983 1442 1797 bp
1

......• 1 , •...... 1 ....... ,
620bp 364bp 458 bp 354 bp

983 1797 984, .......
!

....... ......• ,
pDS03 pDSOI

......• 983 984 1797
! ! ....... ....... !

pDSD4 pDS02

620 1985 621 1442 986 1797 1443
1 Il Il 1

pSAl pSBl pSCl pSDl

620 621 983 984 1442 1443 1797
....... Il 1 1 Il •••••.• 1

pSA2 pSB2 pSC2 pSD2

. .....• = proposed direction of heterochromatinization

=no heterochromatinization initiator site

-+- = neo gene

145



helieal turn (Figure 4.3). The 49 bp region, devoid of the 5 bp satellite DNA rePeat unit,

could he implicated in the higher degree of curvature observed for the 620 bp sequence.

The various effects seen with different orientations of the satellite II DNA sequences could

relate to the positioning of the eurved motifs, creating different confonnations of the

fragments. These different confonnations eould have distinct effects on

heterochromatinization of the fragment, or on the binding of transcription factors. However,

the partieular confonnations of repetitive DNA sequences involved in the binding of

hetorochromatin proteins have not been identified to date.

Whether or not the size of the satellite Il DNA sequence present in the plasmids is

sufficient to produce the negative etTects observed should also be considered. A previous

study indicated that a 1Mb heterochromatic segment was insufficient to induce detectable

PEY on adjacent genes located tàr from heterochromatin (Tolchkov et al., 1997). However,

a study implieating telomeric satellite DNA~ as low as 1356 bp in total, has shown that this

amount of DNA can greatly affect the expression ofa flanking gene (Maiorano et al., 1997).

It was also shown previously (Fouquet and DuBow, 1992b), and in this study that a 1.797

kb satellite II DNA sequence was able ta produce severely negative effects on stable

transfeetion of adjacent genes. Our results suggest that satellite DNA sequences, as smalt as

813 bp are able to exert the same negative effect.

The establishment of stable eell lines involves the integration of the transfected

plasmids into ehromosomal DNA (Scangos et al., 1981). The presence of satellite II DNA

sequences in the plasmids may favor a mechanism for targeting integration from a panicular

site in the plasmide Examination ofcelllines transfected with plasmid pCFD1 indicated that

the satellite II DNA sequence in the plasmid is not necessarily a target for integration, but is
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Figure 4.3. Representation of the position ofcurved regions in the various fragments of

the 1.797 kb satellite DNA sequence. The curvature is expressed in degrees e) per helical

turn.
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used as an insertion site for the DIH-2 cell line (Table 4.1). Due to the very low

transfection frequency in the presence of G418, the neo gene could he expected to he a

target site for the integration event. Cell lines grown in medium containing 0418 atone,

however. would indicate the stable transfectants capable of expressing the neo gene. In our

studies~ celllines grown in the presence of HAT atone, such as DIH-2 and DIH-3, did not

seem to possess a pCFDl plasmid integrated within the neo gene. In these cell lines,

integration appeared to have occurred within the satellite Il DNA, for Dl H-2, or within the

region encompassing the bla gene, for DIH-3 (Table 4.1). For the DIG-2 cell line,

duplication of part of the neo gene may have resulted during integration of the pCFD1

plasmid [Figure 3.12C (i)]. This indicated that rearrangements May he associated with the

presence of the satellite II DNA. Moreover~ the postulated pattern of integration was

difficult to ascertain for celllines DIG-2 and DIH-3, suggesting that rearrangements May in

fact occur with the integration of satellite DNA-containing plasmids. For example, in the

Dl H-3 cell lîne. a band that was larger than expected was observed, indicating that

amplification or insertion of a sequence May have oceurred [Figure 3.15C (ii)]. DNA

transfection, however, is not usually associated with a high frequency of spontaneous DNA

rearrangements (Perucho and Wigler, 1981), although, DNA rearrangements have been

observed following integration of transfected sequences into mice cells (Butner and Lo,

(986). The nature of these rearrangements was postulated to consist of amplification and

deletion events. In addition, interspersed between copies of integrated DNA, unidentified

sequences were observed.

The most common site of integration among the eell lines examined appeared to he

between the 3' ends of the neo and lk genes in the transfected plasmids (Table 4.1). Results
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Table 4.1. List of the copy number and sites of integration of integrated
plasmids in various celllines.

DIG-2

Copy number of
integrated plasmids

1

Plasmid site of
integration

between 3' ends of
neo and tk

DlG-) 1

DlH-2 1

DlH-) 1

SVLG-l 2 (adjacent)

SVLG-6 1

SVLH-6 1

bla or adjacent region

Sat DNA

bla or adjacent region

b/a or adjacent region

tk gene

between 3' ends of
neo and tk

SVLHG-2

SVLHG-4

SVLHG-5

1

2 (separate)

1

150

between 3' ends of
neo and tk

between )' ends of
neo and tk;

between bla and neo

between 3' ends of
neo and tk



from the cell lines analyzed indicated that integration in the marker genes in the plasmids

was avoided. This is to he expected for ceUs grOm} in medium containing both HAT and

G418~ such as the SVLHG celllines. Integration outside the neo and tk genes was also seen

for celllines grown in the presence ofone drug or the other~ to the exception of the SVLG·6

cell line which was PQstulated to contain the pSVL plasmid integrated through the tk gene

[Figure 3.7C (i)]. If integration of the transfected plasmids did not occur through the marker

genes~ the negative effect observed with the presence of satellite DNA sequences could he

of an epigenetic nature. The satellite II DNA sequence could have greatly affected the

expression of the transfected genes (more specifically t~e neo gene as indicated above) by

directing integration of the transfected plasmids into repetitive DNA sites in the

chromosome. as was seen in previous studies (Talarico et al., (988). If integration occurred

into highly repetitive DNA or heterochromatin, a heterochromatinization process would

have impaired the expression of the transfected genes, as described above. However, if neo

gene expression was affected in this manner~ the tk gene would likely also have suffered

because of the proximity of the two genes. Transfection resuJts indicated, though, that the Ik

gene was not significantly atfected (Table 3.4). Another hypothesis could involve insertion

of the transfected plasmids in a euchromatic chromosomal site. A process of trans..

inactivation. as described in section 1.6.1 (Henikoff and Comai~ (998), may then he

responsible for the impaired expression of the neo gene. The satellite II DNA sequence in

the plasmids may have associated with a heterochromatic site on a different chromosome, or

in a region of the genome rich in heterochromatin. Gene expression might therefore have

become affected due ta the proximity of this gene next ta this heterochromatic environmen~

leaving the more distally..located Ik gene less atTected.
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The copy number of plasmids inserted into chromosomal DNA did not necessarily

reflect the level of transfection efficiency. Cell lines containing the pSVL plasmid~ which

did not contain satellite II DNA sequences~ did not necessarily possess more copies of

integrated plasmids. However~ the SVLHG-4 cell Hne seemed to contain two separate

copies of pSVL (Table 4.1), and SVLG·l contained two adjacent copies of this plasmid.

Ligation of exogenous transfected DNA sequences before integration bas been observed

previously (Perucho et al., 1980). Nonetheless~ single plasmid insertions seemed to prevail

among the cell lines studied. [n our studies~ electroporation was used as a method of

transtèction because it can result in less copies of integrated DNA per recipient cell than the

calcium phosphate transfection procedure (Ausubel et al., 1990). Another advantage of this

method is the production of a high frequency of pennanent transfectants (Chu et al., 1987).

The evaluation of expression of the transfected neo and Ik genes, through transfection

efficiency. was therefore generally made based on a similar number of genes.

Analysis of the short-term expression of transfected genes was undertaken to try to

detennine whether the satellite II DNA sequences were able to induce their effect prior to

integration. Total RNA from AK143B cells transfected with pSVL, pCFDl or pOS02

produced a smear uPOn hybridization with the tk gene (Figure 3.16). Since hybridization

with the metallothionein-II gene showed that the smears were not due to degradation of the

RNA~ low specificity of the rk probe to the total RNA could be reSPOnsible for the smears

observed. [n this case, the actual tk poly(Af RNA would he masked by the observed

smears. However~ lighter exposure of the blots did not show the presence of a band al the tk

poly(Af RNA region (1.4 kb) (data not shown). Altematively, transcripts ofvarious sizes~

containing the tk region, May have been produced from the transfected plasmids. This may
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indicate that prior to integration, transcription of the genes in the plasmids proceeded

heyond the transcriptionai stop sites. Integration of the plasmids rnay he required to help

stabilize the expression of these genes. No differences in the level of expression of the tk

gene from either the plasmid vector (PSVL) or the plasmids containing satellite II DNA

sequences (pCFD1and pDSD2) could he detected.

Hybridization of the poly(Af RNA, with the tk gene, from cells transfeeted \vith

pSVL, pCFDl or pDSD2 was aIso atternpted. In this case. the presence of a signal was not

detected (Figure 3.(7). Although the isolation of poly(Af RNA was not successful in ail

cases. the presence of metallothionein·II poly(Af RNA in sorne of the samples suggested

that. in these cases, there was not a large amount of tk mRNA being produced. There may

not have been enough tk mRNA produced, or this mRNA may not have been present in

sufficient quantity to allow it to be detected. Transient HSV..1 tk mRNA levels have

previously been examined following transfection of Hela ceIls with the tk gene (Gelman

and Silverstein. (985). It was shown that transfected cells accumuJated very little tk mRNA

48 hours post..transfection. The amount of tk mRNA produced in our assay may therefore

he below the limit of detection. In addition, it has aIso been observed that the neo gene can

act as a transcriptional silencer, by exening acis-acting negative effeet on expression from

promoters in plasmid or retroviral vectors transfected ioto marnmalian cells (Anlet et al.,

(991). This observation may aIso expIain the low level of short·term tk mRNA expression.

Another explanation may he that the method used to isolate the PQly(Af RNA was not

successful in purifying the tk poly(Af RNA. These short-tenn expression studies did not

help in detennining whether the satellite IlONA exerts negative effects on gene expression

prior to plasmid integration ioto the chromosome. These analyzes were nonetheless
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attempted in the hope that they would help in gaining a better understanding of the

phenomenon observed with satellite Il DNAs.

Future experiments could include analysis of the pattern of integration of plasmids

such as pDSD2 and pDSD3, which had also displayed a severe effect on the recovery of

stable transfectants. This analysis would provide more infonnation on plasmid integration

sites. In addition, the chromosomal DNA site ioto which transfected plasmids have

integrated could he examined, in order to determine whether integration occurred into a site

rich in repetitive DNA sequences or in a euchromatic site. This would help in obtaining a

better understanding of the effects sustained by transfected genes. ln situ hybridization

would provide a direct way of identifying the chromosomal site of insertion of the

transfected plasmids. Il would also he interesting to examine the sequence of the integrated

genes, to determine if mutational events are involved io the negative effects observed. In

addition, a change in the satellite DNA sequence present in the transfected plasmids would

help determine whether it is the particular DNA sequence used which creates the negative

effects observed on the marker genes. Another human satellite DNA sequence containing a

different base composition, and a diffèrent periodicity, could he used. Transfections with

the new constructs would hopefully reveal whether the effects observed are due to the DNA

sequence of the 1.797 kb human satellite Il DNA. Satellite DNA sequences from other

mammalian species could also he used to determine if there is a species·specificity to the

negative effect observed, or if any satellite DNA sequence positioned next to the neo gene

acts in the same manner.

The studies presented in this study support the observation that the presence of

satellite II DNA sequences, part of the repetitive fraction of the human g~nome, can he
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disruptive to the expression of euchromatic genes. Whether this behavior is correlated with

genetic or epigenetic events is not clear. Further studies will hopefully help in a better

understanding of the effects observed with satellite II DNA sequences.
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Appendix 1

Frequency of transfection using plasmids containing the 1.797 kb human satellite Il DNA

sequence at the S/uI (pCFD 1) or HpaI (pDH1) sites, in media containing HAT and G418.

Plasmid pSVL is the plasmid vector used as a reference (l000/0). The vertical Hne (1)

indicates the average.
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Appendix2

Frequency of transfection using plasmids containing fragments of 813 bp (pOSO 1 and

pDSD2) and 983 bp (pDSD3 and pDSD4) from the 1.797 kb human satellite Il DNA

sequence in media containing HAT and G418. Circular and linear conformations of the

plasmids were used. Plasmid pSVL is the plasmid vector, used as a reference (100%).

The vertical line (1) indicates the average.
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Appendix 3

Frequency of transfection using plasmids containing fragments of 354 bp (pSDl, pSD2),

458 bp (pSC 1. pSC2), 364 bp (pSB 1, pSB2). and 620 bp (pSA 1, pSA2) from the 1.797 kb

human satellite II DNA sequence in media containing HAT and G418. Plasmid pSVL is

the plasmid vector, used as a reference (100%
). The verticalline (1) indicates the average.

The boxed values were excluded as atypical. Averages exclude the boxed values.
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Appendix 4

Frequency 0 f transfection using plasmid pCFD1 containing the 1.797 kb human satellite

II DNA sequence or plasmids containing fragments of 813 bp (pDSDl, pDSD2) and 983

bp (pDSD3. pDSD4) tram the satellite II DNA sequence, in media containing HAT plus

G418. HAT. or G418. Plasmid pSVL is the plasmid vector, used as a reference (100%).

The vertical line (1) indicates the average. The boxed values were excluded as atypical.

Averages exclude the boxed values.
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Appendix S

Frequency of transfection using plasmids containing fragments of 354 bp (pSD l, pSD2),

458 bp (pSCl, pSC2), 364 bp (pSBl, pSB2), and 620 bp (pSAl, pSA2) from the 1.797 kb

human satellite II DNA sequence in media containing HAT plus G418, HAT. or G418.

Plasmid pSVL is the plasmid vector, used as a reference (100%). The vertical line (1)

indicates the average. The boxed values were excluded as atypical. Averages exclude the

boxed values.
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Appendix 6

Frequency of transfection using control plasmids containing fragments of 1.8 kb (pCFI.8)

or 604 bp (pDSL 1) from bacteriophage À. DNA in media containing HAT+G418, HAT, or

G418. Plasmid pSVL is the plasmid vector, used as a reference (100%). The verticalline

(J) indicates the average.
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