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ABSTRACT

Our laboratory has produced six Iines of mice harbouring the polyomavirus Large

T-antigen (PVLT) transgene. Mice of aIl lines express PVLT in testis and duee Iines

deve10p testicular adenomas. However, mice of a single line, designated MTPVLT-8,

express PVLT exclusivcly in testis and eardiac tissue. These miee develop cardiac

hypertrophy and die prematurcly. We hypothesize that expression of PVLT in eardiae

cells is a coneequenee of trangene integration near a cardiac specific enhancer element.

To support this hypothesis, DNA flanking the !ransgene was isolated and tested for

inclusion of any possible regulatory clements. A restriction map of genomic DNA

surrounding the trangene integration site was constructed as a starting point. A lambda

clone containing 5-10 Kb of tt.c 5' flanking DNA was isolated and used for a sequence of

experiments. This DNA sequence did not cross-hybridize with DNA isolated from other

species and appears to be mouse specific. Northem analysis demonstrate a sequence

homology to a single RNA transcritp appearing to be expressed in a wide variety of

mouse tissues. A gene-bank comparison on a sequenced part of the clone resulted in an

89% sequence homology match with human gualadyn gene sequence. Although a

regulatory clement was not evident in the preliminary work, we are now in a position to

atlemp cloning various parts of the clone into expres~iün veetors containing easily

assayable reporter genes. Due te lack of appropriate cell Iines, in vivo experimentation

must be performed.
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RESUME

Six lignées de souries possédant un transgène pour l'antigènc grand T du virus du

polyôme(PVLT) ont été produites dans notre laboratoirc. Lcs sourics cxprimcnt Ic

transgène dans les testicules ct trois de ces lignées ont dévcloppécs un adénômc

testiculaire. Cependant, une lignée (MTPVLT-8) exprime Ic l'VLT cxclusivcmcnt dans

les testicules et le muscle cardiaque. Ces dernières ont développées une hypcrtrophic du

coeur et sont décédée prématurément.Nous émettons comme hypothèse quc l'cxprcssion

du PVLT dans les cellules cardiaques est dû à l'intégration du transgènc près d'une

séquence enhancer cardiaque. Afin de vérifier cette hypothèse, l'ADN cntourant le

transgène a été isolé pour identifier l'intégration possible d'un élément dc régulation.

Comme point de départ, Une carte de restriction de l'ADN génômique entourant le site

d'intégration du transgène a été eonstruite.Un clone lambda, contenant de 5 à 10 Kb dc la

région 5' flanquante de l'ADN, a été isolé et utilisé pour des expériences de séquence.

Cette séquence d'ADN n'hybride avec aucun autre ADN isolé de différentes espèccs ct

semble donc être spécifique à la sourie. Des analyses Northern ont démontré une

homologie de séquence pour un seul transcrit qui s'exprime dans une grande variété de

tissus de souries. Le séquençage d'une partie de ce clone a démontré une homologie de

89% avec le gène gualadyn humain suite à une recherche sur "GENE-BANK". Bien qu'un

élément régulateur n'ait pas été mis en évidence dans ces travaux préliminaires, nous

planifions cloner différentes parties de ce clone dans un vecteur d'expression qui

contiennent des gènes rapporteurs. En raison d'un manque de lignées cellulaires

adéquates, des expériences in-vivo devront être entreprises.
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INTRODUCTION



• INTRODUCTION

ln recent years genetic screenillg and gene therapy arc slowly becoming

components in preventing and treating diseases. Researeh today is foeused on

understanding the mechanisms of genetie control on growth and devclopment.

The study of transeriptional regulation is at the heart of this researeh. From the

moment we are conceived to the time we die our bodies are eonstantly und~rgoing genetie

change. Although ail eells in our bodies contain identieal chromosomes. the genes they

express arc signifieantly different. These differences result in the formation and

maintenance of the diverse organs of the human body.

Transcriptional regulation, mediated by promoters, enhancers, and cellular hinding

factors, is responsible for the normal life cycle of ail living cells. By identifying and

understanding the principles of gene regulation we will bc much c10ser to devcloping

therapies for cancer and illness resuiting l'rom deregulation of normally cxpressed genes.

The use of transgenic animais to study transcriptional regulation has been

extremely valuable in identifying transcriptional clements such as promoters, enhancers

and cellular binding factors and their possible roles.

In our laboratory we developed a transgenic mouse line (MTPVLT-8) containing

the polyomavirus large-T antigen (PVLT) driven by the mouse metallothioncin promoler.

These mice develop a cardiomyopathy resuiting in premature death. This phenotype is the

direct result of PVLT expression in heart tissue. Evidence suggests that expression in the

heart is due to integration of the transgene, containing the PVLT, close to a

cardiac-specific endogenous enhancer.
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/\ eardiae-speeifie enhaneer ean be a very important tool used to direct cxpression

of genes exclusivcly in the heart tissue, with major implications to possiblc gene therapies

direeted to eardiae abnormalities.

1.1: Formation of transgenic animais

Techniques for introducing functional genes into host organisms have proven to be

powerful tools for probing complex biological processes. The use of gene transfer is

invaluable for studying long lived diploid organisms where c1assical genetic approaehes

are impractical. Over the past 24 years a variety of methods have been developed to

introduce foreign DNA into both somatie and germ cells of mammals. These techniques

include direct microinjection of foreign DNA sequences into fertilized eggs, direct

delivery of a transgene into the blastecoel cavity, and retroviral infection or transfection of

transgene sequences into embryonic stem ccIls (Hogen et al. 1986, Jaenisch 1988).

Direct microinjection of DNA into the pronucleus has been the method most extensively

used. Microinjcction was tirst auempted in the late 1970s when existing methods were

adapted for microinjection of mRNA, and later DNA, into mouse eggs (Brinster et al.

1980. 1981 a). The first successful microinjection of DNA leading to stable transgenie

mice was published in the latter part of 1980 (Gordon et al. 1980) and within a few

months four other research teums reported similar success in integrating foreign DNA into

the mouse genome. It was shown that in sorne cases the foreign genes could be expressed

(Brinster ct al. 1981 b. Wagner et al. 1981) and that not only were the genes incorporated

into somatic tissues. but were also in the germ line (Constantini et al. 198 l,Gordon et al.

1981. Stewart ct al. 1982). Moreover, the transgenes were transmitted and expressed in

the offspring of founder animais in a stable manner (Pa1miter et al. 1982).

The offspring constitute a transgenic line, whereby each animal earrying the

transgene is identical to the founder animais in that it contains the transgene in the exact

chromosomallocation as its predecessor.
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1.1.1: Pronuclcar microinjcction

Pronucliar microinjcction of c10ned DNA into fertilized eggs has oeeome the most

prevalent technique for introdueing genes into the germline. Thousands of tmnsgenie

miee. as well as a few transgenie sheep, goats. pigs, rats. and rabbits have been prmlneed

by this method (Hammer ct al. 1985). One of the great advantages of this teehnique is that

any c10ned DNA ean be used. Injection of linear DNA into the pronuc1ei yiclds abont

25% newborn miee whieh carry one or more copies of the injeeted DNA (Brinster et al.

1985). The term "transgenie" refers to those animais that have stable integration of a

foreign gene, known as "transgenes". into their genomes. Since transgene integration oflen

occurs prior to DNA rcplication in the one-ccli embryo, about 70% of founder transgenic

animais carry the transgene in all thcir cclis, inc1uding the germ cclls. Integmtion occurs

after one or more rounds of replication in the remaining 30% of the mice; henee, only a

fraction of the cells in the founder animais contain the transgene and the animais are

chimerie.

The exact mechanism of integration of microinjectcd DNA is still unknown.

However, the injected DNA often integrates as multiple copies in a tandem head-to-tail

array at a single ehromosomal site (Gridley ct al. 1987). However, other arrangements

have been documented (Hammer et al. 1985, Palmiter ct al. 1983a). There is no evidence

for site direeted integration (Brinster et al. 1985) and many belicve that the integration

event occurs randomly in the chromosomes. Integration occurs on many different

autosomes (Krumlauf et al. 1985, Lacy et al. 1983) as well as sex Iinked chromosomes

(Lo et al. 1986). One hypothesis for the integration mechanism (Brinster ct al. 1985) is

that randomly generated chromosomal breaks are the rate-limiting step for integration

which may explain the predominance of single integration sites. At thcse breaks the

injected DNA molecules initiate integration which may accourtt for the observed fivefold

increase in integration elIiciency with linear vs. circular DNA. Many believe that

homologous recombination may oeeur among the injected molecules explaining the

prevalence of tandem arrays, however, at present no evidence of homologous

3



rccombination bctwccn injcctcd and host DNA scqucnccs has bccn found, possibly as a

rcsult of diffcrcnrcs in chromatin structurcs bctwccn thc injcctcd and chromosomal

DNAs. Although this is a plausiblc mcchanism, no substantial cvidcncc has bccn found to

support il.

Duc to thc random naturc of DNA ir.tcgration, diffcrcnt lincs of mice isolated

from thc samc injcction cxpcrimcnt, and injectcd with thc samc forcign DNA fragment,

arc gcnotypically and oncn phcnotypically differcnl. In general, thc DNA elemcnt

inlcgratcs at diffcrcnt chromosomal locations and in various copy numbers. The

inlcgration complcxes diffcr not only in copy numbcr, but sorne may contain inverted

rcpcats or diffcrent sorts of fusions. These rearangements can include internai portions of

two copics of thc forcign DNA (rearrangements). Junction points betwcen the array and

thc chromosomes gcncrally involve sequences intcrnal to the foreign DNA (Covarrubias

ct al. 1986, 1987; Wilkie et al. 1987). In sorne cases arrays may contain DNA fragments

from clsewhcre in thc genome or from unknown sources (Wilkie et al. 1987). Finally,

small mutations such as deletions or nucleotide substitutions my occur during the

intcgration proccss. In gcneral, once the DNA has successfully integrated, stable

transmition for many generations is possible with no evidence of rearrangements;

although in a few cascs, partial deletions or amplifications were reported (Wilkie et al.

1987)

1.2: Expression offoreign genes in transgenic animaIs

Thc transfer of foreign DNA to produce transgenic animaIs has been extensively

documcntcd. In thc majority of gene transfers in mammaIs the foreign DNA is expressed

in the host. A large number ofdiverse transgenes have been expressed in mice including

DNA from chickens, Drosophila, humans, pigs, rats, rabbits as weil as viral and bacterial

DNA. Sorne examples oftransgene expression in mice include the rat a-actin gene in

skcletal and cardiac muscle, the human and rabbit beta-globin gene expressed in erythroid

cclls. and the human insulin gene expressed in ~-cells (Ottesen et aI. 1994). ln the
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majority of cascs thcsc cxogcnous DNAs arc slightly modificd to lilcilitlltc thcir

idcntification from thcir cndogcnous countcrparts. The expression of sueh genes hllve UISll

shown diversity in thcir pattcrn of exprcssion. They lire either expressed in nllttly tissues.

localizcd tissues or in cells of a specific Iineage.

By producing transgenic mice containing genes of interest and then assaying the

various tissues for mRNA or protein. it becomes possible tll clucidute the neeessary

genetic elements for tissue-specific gene expression. Il is. however. important to modify

the integrated gene to identifY its products over the endogenous counterpart.

Modifications may include use of genes from other species. or modification where a few

nucleotides have been inserted or deleted.

The use of "reporter" genes is also very common. In this technique hybrid genes

are constructed whereby control clements of genes of interest arc Iinked to a reporter gene

and regulate its expression. Il is then possible to assay for the reporter gene that codes for

an easily identifiable enzyme which is not endogenous to mice, a hormone which

produces pronounced physiological effects, a polypeptide that is easily identifiable

immunologically, or an oncogene that could lead to tumors in the ccII types where it is

expressed.

1.2.1: Gene expression in ceUs and tissues

Some genes are expressed in many cell types. Examplcs include genes transcribed

from the mouse metalothionein (MT-1), collagen, and various viral promoters. Gcnes

which are normally expressed in several cell types have also been testcd in transgenic

mice. Examples include the alpha-fetoprotein gene which is initially induced in yolk sac,

fetal liver, and gastrointestinal cells but later expression declines in ail of these ccII types.

The transferrin gene, expressed predominantly in Iiver, testis, and brain is another

example of a gene thats expression is restricted to a fcw cell types (McKnight et al. 1983).

In both cases these genes have been expressed in their appropriate cells in transgcnic
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micc. Othcr gcncs normally cxprcsscd in a single ccII type have been studied. The

immunoglobulin K gene (Brinstcr ct al. 1983, Storb ct al. 1984) and an clastase-! gcnc

(Swift ct al. 1984) werc the first examples oftissuc-specific gene expression;

subsequently, other globin genes such as the myosin Iight-ehain-2, a-actin, a-crystallin,

insulin, as weil as several others have been expressed in a tissue-specifie manner.

Trunsgcnic mice have been produced which cxpress these gencs predominant1y, if not

exclusivcly, in the ccII types specific for their endogenous counterparts.

As u gencral rule, it appears that if a tissue-specific transgene is expressed, it is

cxpressed in the appropriate tissue, apparent!y independent of its chromosomal integration

sitc. This implics that trans-acting proteins responsible for tissue-specific expression are

capable of finding thcir target sequences at almost any chromosomal location and initiate

transcription. Howcver, expression levels of a particular gene among founder animaIs

varies greatly (Chada ct al. 1986, Ornitz et al. 1985, Townes et al. 1985, Swift et al. 1984)

suggesting that chromosomal position can influence accessibility of the genes to

transcription factors. Sorne mice may not express the gene at ail which, among other

possible factors, may be due to its intcgration into heterochromatin domains.

Since transgenes integrate in multiple copies, usually in a tandem array, there is no

way of knowing how many of them may be functional templates for transcription.

Moreover, there is a very poor correlation between gene expression and copy nurnber

(Ornitz et al. 1985, Swift et al. 1984) which suggests that only a subset of the integrated

gcnes is expressed or that the entire array is very sensitive to chromosomal position. For

scveral difTerent transgenes the levcl of expression in sorne mice approaches or exceeds

that of the endogenous genes, which indicates that optimal expression may not depend on

the normal chromosomal position or that the transgene construct omitted regulatory

control clements. It is worth noting that the signaIs for tissue-specific expression, and

their recognition appear to be evolutionary conserved between species, since many hurnan

genes for example have been appropriately expressed in mice.
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1.3: Factors that influence transgene expression

Il is very unlikc1y that any two founder miee injeeted with the same trunsgenie

eonstruet will exhibit identieal expression patterns. Though sorne will Imve similar

loealization of expression and perhaps rc1ativc1y similar levels of expression, others will

have very notieeable differenees. These differenees may be inappropriute expression in

one or more tissues, overexpression, underexpression or even u totul luek of expression.

These differenees arc almost eertainly a result of mutations that may oeellr dllring the

integration proeess rendering the gene inoperative, integration into ehromosonml

locations that adversely affect transcription, or possible integration neur endogenolls

enhaneers that ean lead to overexpression or inappropriate expression.

1.3.1: lnsertional mulagenesis

The insertion site of foreign DNA into the host chromosome is probably random,

although it may be possible that integration oeeurs preferentially into "open" ehromatin. Il

is therefore probable that oeeasionally the foreign DNA will disrupt the funetion of an

endogenous gene or its control e\ements. If the foreign DNA eontains an

enhaneer/promoter, it is also probable that it may lead to the expression of endogenous

genes whieh are near by. Most insertional mutations are reeessive and, thus, thcir effeet

ean only be notieed following inbreeding of the transgenie offspring. The overall

frequency of insertional mutations inc1uding visible mutations and prenatal lethality in

transgenic lines has been estimated to be between 5% and 10% (Palmitcr et al. 1986,

Weiher et al. 1990).

It is often easy to identify insertional mutations sincc the affected host gencs nank

the transgenic sequence and therefore can be isolated. After sequencing the host nanking

region, investigators are able to determine whether the mutation is a result of disruption of

a functional endogenous gene or possible mutations which occur to the transgene ilself

upon integration. Many reports of deletions, duplication and rearrangemenls around the

7



site of integration have been described (Wilkie ct al. 1987). In fact, the frequeney of

insertional mutations is higher in transgenie miee that were produeed using mieroinjeetion

techniques as compared with those podueed using retroviral insertion. This difference is

most likely the result of large regions of ehromosomal DNA being deleted or duplieated

during integration of microinjectcd DNA, whereas retrovil'l1ses insert properly, with

duplication of only a few base pairs ofhost DNA at the integration site.

1.3.2: Chromosomal position effect

Chromosomal position effect refers to altered transgene expression from that

antieipated due to the insertional site and the influence of the DNA around il. AI-Shawi et

al. (1990), found that after foreign DNA was injeeted into miee and 5 lines established, 4

lincs expressed the transgene in the target tissue, whereas one line did not express the

gene. To deterrnine whether this laek of expression was due to mutations rendering the

gene nonfunctional, or the result of the localization of the transgene, researchers

recovered the foreign gene from the primary transgenic mouse and reinjeeted il into new

mouse embryos by pronuclear microinjection to produce secondary transgenie mouse

lines. If the Jack of expression in primary animais resulted from mutations affeeting the

transgene, then the same non-expressional pattern in the secondary lines would be

expected. If, on the other hand, the laek of expression resulted from the Jocalization of the

transgene in the host DNA, then expression in the secondary mice similar to the original

findings, most expressing the transgene in tissue, would be expeeted. The results

indicated that most miee expressed the trangene, aceourdingly the authors demonstrated

that reintegration of th:: reeovered trangene DNA into new foundee animais restored

expression to that originally expeeted. Integration of the reisolated DNA into the

secondary mice oecurred randomly and the probability of reinsertion in the same location

as the original founder animal was extremely low. Furtherrnore, in these experiments

flanking DNA was also introduced into the secondary mice, thus the positional effeet

must have been due to influences originating from more distant parts of the chromosome.

8



• Chromosomal position elTect may also be allributcd to inuppropriate or

ovcrcxpression of genes in various tissues. In this case the transgene may integrnte close

to an endogenous enhancer/promoter clement whieh controIs the foreign gene expression

(Hamada 1986, Gossler ct al. 1989).

1.4: Transcriptional enhanccrs

1.4.1: Definilion andfimclion

Regulation of transcription in prokaryotes as weil as eukaryotes is controlled by

short promoter sequences usually 10-35 bases upstre?-m of the transcriptionul start site.

Many eukaryotie promoters consist of a conserved sequence, TATAAA, -20 to -30 base

pairs(bp) upstream known as the TATA box. Some also contain an additional upstream

element GG(T or C)CAATCT known as the CAAT box. These short sequences serve as

contact points for the binding of RNA polymerase and help position the polymerase on

the transcriptional start site (reviewed by Rosenberg and Court 1979). In prokaryotes

deletion of these promoter sequences abolishes transcription, however this is not the case

in many eukaryotic systems. Early studies using the histone H2A genc showed that

de1etion of the TATA box did not neeessarily abolish expression (Grosschedl and

Bimstiel 1980a), and that DNA sequences positioned several hundred base pairs away

l'rom the transeriptional start site eould positively alter transcription (Grossehedl and

Bimsteil 1980b). Moreover, these sequences were functional even in an invcrted

orientation.

Experiments with the simian virus 40 (SV40) early region demonstrated that the

TATA box was not required for early gene expression (Benoist & Chambon 1980),

however deletion ofa sequence about ISO bp upstream ofthe transeriptional start site

adverse1y affected gene expression. Thus, DNA sequences located considerably far l'rom

the transcriptional start site ean significantly affect transcription. Not only did these

sequences affect transcription of their indigenous genes but, in the case ofSV40, they

9



were also able to affect transcription of other genes. Transcription of the ~-globin gene

inereased by 200 fold when linked to a 366 bp DNA segment of the SV40 promoter

region (Banerji ct al. 1981). Transeriptional enhaneement oeeurred only when the SV40

sequence was present in cis, did not depend upon DNA replieation, and eould oeeur when

the sequences were placed in both orientations either 1400 bp S'or 3300 bp 3' of the gene.

Enhaneers arc defined by the observed properties of these viral transcriptional

control clements, specifieally the ability to: (a) inerease transcription of cis-linked

promoters. (b) operate in an orientation- independent manner, (c) exert an effeet over

large distances independent of position, and (d) enhanee the expression of heterologous

promoters (Atehison 1988).

Following identification of these enhaneer elements in viral genomes, cellular

enhaneers were also diseovered. Sorne of the most wt:1l eharaeterized cellular enhancers

arc those of the immunoglobulin genes (Banerji et al. 1983, Gillies et al. 1983, Mereola et

al. 1983). Banerji et al. (1983) demonstrated enhaneed expression of a -globin promoter

linked to a several hundred bp segment derived from the 19 heavy chain locus whieh

funetioned in an orientation and position independent manner. The enhaneement oeeurred

only when the sequence was linked in cis and did not depend on DNA replieation.

Furtherrnore, it was shown that enhaneement oecurred only in Iymphoid cells suggesting a

tissue-specifie mechanism.

1.4.2: Organization ofenhancer elements

As studies into enhancer activity progressed it beeame obvious that enhancer

activity was not dependent on a single DNA sequence motif, but rather on a combination

of motifs each with specifie function. This concept of an "enhancer effect" is a product of

several sequence motifs (modules), each of which contribute to the overall activity of the

enhancer (Serf1ing et al. 1985).
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These sequence motifs arc generally binding sites for trans-acting nueleur liletors.

Thus, enhuncer aetivity is not dependent only on the presence of DNA sequence motifs

but on the binding factors which regulate activity as wcll. Furthermorc. sorne sequence

motifs are able to bind several different trans-acting factors which may be present in only

particular eell types. Sorne tissue-specific factors may be present in one or several cell

types in an inactive form and later beeome active al'ter post-transcriptional modifications.

The transformation of trans-acting factors into thcir active statc by cellular agents is most

likely the basis oftissue-specific and developmental control of transcription.

Similarly, it is also possible to have negatively acting sequences whereby the

binding of trans-acting clements prevents expression of sorne genes in certain ccli types.

Therefore, mutations to these sequence motifs leading to inability to bind trans-acting

factors, or mutations to the trans-acting factors normally bound to enhancer moti fs

rendering them unable to bind, may lead to altered expression. Enhanccr activity is

therefore dependent on the presence of cis-dependent DNA sequence motifs, the presence

and state of trans-acting cellular factors, and the interaction between them.

1.4.3: Enhancer localization (enhancer trap)

Transgenie mice can be used to effeetively identilJ cis-acting control clements

responsible for tissue specifie expression. They are also the only means of:

1> Loealizing control elements in cells that cannot be cultured.

2> Demonstrating exclusive expression in the appropriate cell type.

3> Observing their expression during normal development.

Tissue-specifie control elements (enhaneers) have been loealized to areas adjacent to their

promoter, many kilobases upstream or downstream of the promoter, or even within the

genes they regulate. Sorne cases of promoters which appear to behave in a tissue-specifie

manner have also been reported (Sternberg et al. 1988).
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Usc of transgcnic micc to idcntify possiblc tissue-specifie clements is straight

forward, but onen tricky. First a transgene consisting of a promoter-reporter gene

construct is uscd to produce transgenic mice. Tissues and cells are then assayed for

unusual cxpression of the reporter gene. If for example, expression is significantly higher

in muscle eells compared to other cell types it may be possible that the transgene had

integrated close to a muscle specifie enhancer. The second step is to isolate the transgene

and the endogenous DNA flanking it. By using the isolated DNA to produce new mice or

transfccting into cells that can be cultured, it is possible to determine the presence of a

possible enhancer. If transcriptional levels in transgenic animaIs, or cultured cells, are

approximatcly equivalent to those expected, then the majority of ail the necessary

ci.l'-acting clements are probably present. If levels are low or absent, then either one or

more important transcriptional elements may be absent either by deletions, mutation, or

chromosomal position effect may may be of influence. If normal expression is achieved,

thcn strategies using mutational analysis can be used to locate the cis-acting elements

important for tissue-specifie expression. Mutational analysis may work weil for

identiJYing single elements, but is often difficult to implement if transcription is

influenced by multiple factors working in a cooperative manner.

To prove that a tissue-specifie enhancer element was isolated, it must be shown

that it appropriately controls a heterologous promoter regardless of orientation (Serfling et

al. 1985).

1.4.4: Muscle-specifie enhancers

An underlying principle of cellular differentiation is specifie gene expression. The

preferential expression of cellular genes allows not only differentiation, but also cellular

regulation and development. Preferential expression involves cell or tissue-specifie

binding factors which often bind tissue-specifie enhancers allowing the transcription of

specifie cellular genes. In skeletal muscle, a host of muscle specifie factors such as MyoD

(Davis et al 1987), myogenin, myf-4 (Edmondson & OIson 1988), myf-5 (Braun et al.
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1988), and MRF-4/hcrcuHnlmyï·6 (Miner & Wold 1990) have oeen identitied. These

basic hclix-Ioop-helix proteins arc exclusively exprcssed in skcletal muscle, IInd they lire

believed to control each others expression as well liS the expression or muscle structurul

proteins.

Many muscle specifie genes normally activated during myogenesis hllve oeen

identified, some include the chick u-skeletal actin gene (Gricnik et al. 1986), troponin 1

genes (Konieczny ct al. 1985), the myosin heavy chain gcne (Medll.: ct al. 1983) among

others.

One of the best characterized tissue-specifie enhancers arc those controlling

expression of the muscle creatine kinase (MCK) gene (Johnson ct al. 1989). Two skcletal

muscle-specific enhancers, have been identificd and charactcrized one located

1026-1256bp upstream of the MCK start site and anothcr within the first intron or the

MCK gene. In addition, an enhancer which upregulates both skclctal and cardiac muscle

gene expression has been identified.

Identification of the 5' enhancers was achieved by performing dclction analysis on

a large portion of the 5' flanking region of the MCK gene fused to the reporter genc CAT.

CAT expression was then measured in different cell types in vi/ro as well as in transgenic

mice (Johnson et al. 1989). Such analysis identified a major MCK muscle specifie

enhancer located 1020-1256bp upstream of the transcriptional start site. This cnhancer

upregulated MCK expression 200 fold when present in the correct orientation, and a 20

fold increase when the enhancer was inverted or placed at variable distances as compared

to expression with the promoter aJone. Moreover, high levels of expression exclusive to

muscle ceU types was found in both in vi/ro and in vivo. Furthermore, if this clement was

fused to a heterologous promoter it again conferrd elevated expression predominantly in

muscle ceU types.
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1.4.5 Known cardiac-spccific cnhanccrs.

The identification of a cardiac specifie enhancer was published shortly after the

undcrtaking of the present projcct (Parmacek ct al. 1992). The slow/cardiae troponin C

gene (eTnC) is continuously expressed in cmbryonic and adult eardiac myocytes and only

transicntly in embryonic fast skcletal myotubes. Analysis has demonstrated the presence

of two enhaneer sequences, one eontroIling eardiae specifie expression and the other

conlrol1ing expression in skcletal myotubes. The funetion of the cardiac enhancer located

between -124 to -32 bp of the cTnC gene is independent of the skeletal muscle enhancer

located within the first intron of the gene (bp 997 to 1141).

Identification of the cTnC cardiac specifie enhancer was carried out using deletion

analysis. An initial construct containing 2.2 Kb of 5' cTnC sequence linked to the CAT

reporter gcne driven by the cTnC promoter was used to transfect primary cultures of rat

neonatal cardiac myocytes. Results obtained showed an 80-100 fold increase in CAT

activity over the promoterless CAT vector. Inclusion of additional intragenic and 3'

tlanking sequence showed no increase in CAT activity, suggesting that ail regulatory

clements required for high expression was included within the 2.2 Kb fragment. Deletions

up to base pair -124bp had no effect on transcriptional levels. However, further deletion

up to -79bp resulted in a 90% drop in CAT activity.

To determine whether this particular region contained a cardiac specifie enhancer

rat.'ler than a cardiac specifie promoter clement, a 69bp fragment (bp -124 to -56) was

isolated. Two new constructs, one containing the cTnC promoter-CAT construct without

the fragment and the same construct containing the fragment 3' of the CAT gene, were

again transfected into celIs. CAT activity in those celIs that did not contain the 69bp

fragment wasjust above baseline, but expression was restored to 80-100% above baseline

in those celIs that contained the fragment 3' of the CAT gene. Moreover, this fragment

increased expression independent of position and orientation, characteristic of a true

enhancer clement.
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Constructs cOlltaining the 69bp fmgment 3' of the CAT gene driven hy cÎther the

minimal SV40 and herpes simplex virus thymidine kinase promoler clements were used

to test whether expression could be aehieved using heterologous promoters. In hoth cases

the eardiae enhaneer failed to inerease transcription from both promoters in cardiae

myoeytes. Il thus appears that this enhancer requires the endogenous cTnC promoter.

'1'0 test the specificity of the isolated promoter/enhaneer the construet eontaining

bp -124-CAT and a promoterless control were transfeeted into various ccII types.

Comparisons showed an increase of CAT aetivity by 90 fold over the promoterless

control plasmid in primary cultures of neonatal eardiae myoetyes. No aetivity was

observed in C2CI2 skeletal myoblasts, C2CI2 skcletal myotubes, and ail non-muscle eell

lines tested inc1uding primary eardiae fibroblasts.

Cardiae myocytes have the ability to take up and express exogenous DNA injectcd

direetly into the left ventrieular wall in vivo (Acsadi et al. 1991. Lin ct al. 1990). '1'0

determine whether this enhancer element has comparable funetionality in vivo, severai

eTnC-CAT plasmid eonstructs were injeeted into the left ventricular walls of 6-week-old

Sprague-Dawley rats. Five days post injection, the animais were sacrificed and eardiae

homogenates were assayed for CAT activity. Results similar to those in vitro were

obtained. The 1S6bp S' flanking cardiae-specifie promoter/cnhancer increased CAT

aetivity about 70-fold in vivo. Dcletion from base -124 to -79 abolished transeriptional

activity. Again. introduction of the 69bp fragment (-124 to -79) downstream of the CAT

gene restored transcriptional levels in vivo.

These observations confirm the identity of DNA sequence fragment immediatcly

upstrearn of the cTnC gene which posses ail the required characteristies of an enhancer

element and appears to be genuinely cardiae specifie.
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• 1.5: Physiological consequence 0: ~ransgene expression

ft is now possible 10 redirect genes encoding regulatory proteins 10 novel ccli

lypes. Redirecling exprcssion of sccrelcd proteins to organs such as Iiver, can dramatically

increase the lcvds of protcin in the circulation. In the ncw target organ this expression

may lack any normal regulatory feedback eol1!rol meehanisms. The ability to express

genes in helerologous tissues, overexpress certain products, or express them prematurely

is a valuable tool in understanding the funetions of eomplex systems that may not be

possible in vitro.

1.5.1 :Growth control

Several studies have been conducted on transgenes eneoding growth control

genes. For example, rat, bovine, or human growth holmone (GH) under the control of a

heterologous promoter (usually MT) to allow elevated and ehronic production has

produced miee up to twiee the normal size.

1.5.2: Cancer

The introduction of several oncogenic constructs into mice was shown to produce

tumorigenic or other pathologicaI changes. For example, transgenie mice with an

integrated SV40 enhancer and carly region (coding for large and small T antigen) often

devdop choroid plexus tumors (Brinster et al. 1984, Palmiter et al. 1985). In sorne cases

only the SV40 large T antigen is sufficient to cause tumorigenesis. If, however, the SV40

enhancer surfers from deletions the incidence of tumors is greatly reduced and those that

develop arc ran:ly of choroid plexus origin. Furthermore, if promoter/enhaneer clements

of tissue-specifie genes are fused to the SV40 T-antigen, tumors devdop in the cell types

spccified by the enhaneer. For example, the promoter/enhancer region from the insulin

gene directs tumors exc1usively to the heta-eells of the panereatic islets (Hanahan 1985),

whereas the promotcr/enhancer region of thl' elastase-J gene directs tumors to the acinar
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• cclls of thc pancreas (Ornitz ct al. 1985b). In similar experiments. tumorigenesis lUIS heen

dircctcd to lactotroph cells. somatotroph cells. and the lens.

1.6: Mctalothionein transcribed gcnes.

Expression of the eodogenous mouse MT-I gene occurs in virtual\y every cciI.

although the levcl of expression may vary. Expression may also be affected by a variety of

indueers such as glucocorticoids, mctals, inflammatory signais and interferon. hut again

response varies among different tissues (Palmiter et al. 1986). MT-I fusion genes arc

expeeted to be expressed in ail cells as long as the required cis-acting regulatory clements

are present, however, this is seldom the case (Palmitcr et al 1983). The expression of

MT-I fusion genes is genrally high in liver, intestines. kidney, hcart, pancreas, and testis,

but the expression varies widcly among tissues and among founder animais.

Oceasionally dbtorted expression occurs in some mice relative to the endogenous

gene, for example, very high expression in kidney or pancreas with virtually no

expression in Iiver (Palmiter et al. 1983). Whether the normal tissue distribution of MT-I

gene expression is a consequence of the various inducable elements (such as the metal

regulatory elements) or whether an enhancer acts independently of these clements is

unclear (Palmiter 1986). The variability of expression among mice and tissues may

suggest that the MT-I promoter is very sensitive to chromosomal position. Thus, if an

enhancer is tissue-specifie the location will only affect the levels of expression in that .:cil

type, whereas with an enhancer/promoter that functions in many cell typcs, the influence

of ehromosomal position may vary in the different cell typcs, and l'rom one animal to the

other depending on the integration site. While many genes express their effects normally

in transgenie animaIs, in sorne genes the effects are not expressed or are expressed in

negligible !eve!s. Metallothionein fusion genes arc the bcst documented for lack of

expression. Many transgenic mice generated carrying the mouse MT-! promoter fused to

beta-galactosidase, human factor IX, or rat alpha-tumor growth factor failed to express

any of the genes in the !iver. However, in each case the gene eonstruets were shown to bc

17



funclional when inlroduccd inlo tissue culture cells. Il was shown that the

MT-bela-galactosidase construct was very active following microinjection into fertilized

eggs, and aclivily persisted for several days ofdevelopment. In the case ofMT-hepatitis B

surfaee-anligen gene, expression is very low, but upon substitution of the mouse albumin

promoler/enhaneer for the mouse MT-l sequence, normal expression was observed.

Thercforc, a plausiblc conclusion would be that during development something oeeurs

which renders these genes inexpressable in the adult liver.

1.7: Polyomavirus large T antigen

The polyomavirus Large T antigen (PVLT) is one of three early genes transcribed

by the polyomavirus (PV), a smail double stranded virus belonging to the papovavirus

family. PVLT is a DNA-binding phosphoprotein with ATPase and helicase activity. The

presence of PVLT is required for suceessful viral DNA replication and transcriptional

regulation.

PVLT has the ability to disrupt normal cell growth and differentiation. Il is a

known immortalizing gene able to confer an immortalized phenotype in rodent primary

cells (G1aiehenthaus et al. 1985, Rassoulzadegan et al. 1982, 1983). Many different cell

types become deregulated following PV infection where PVLT may have a significant

role (Dawe et al. 1987, Eddy et al. 1982, Freund et al. 1987, Gross 1970, Rockford et al.

1990). The precise mechanism by which the polyomavirus alters cellular phenotypes is

not yel completely known, however, PVLT is known to bind the product of the

retinoblastoma (Rb) gene, a protein involved in cellular control of proliferation, possibly

altering ils function and allowing altered cellular control and growth.

Expression of PVLT may lead to latent tumor formation (Bautch et al. 1987),

inhibition of differentiation (Giep et al. 1989), cardiomyocyte hypertrophy (Chalifour et

al. 1990) and hyperplasia of Leydig cells (Chalifour ct al. 1992).
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• 1.8: Line 8 transgenie animais used in this study

The mouse transgenic tine dcsignated MTPVLT-8 \Vas primarily used in this

study. C57 BI/6 x Balb/e mousc embryos were injceted \Vith a mOllsc metalothioncin

promoter (MT) element tinked to the polyomavirus large T anligen (l'VLT) gene and a

SV40 poly-A tail eoding region. The cmbryos were then reimplanted in pselldopregnant

CD-I females. The resulting offspring \Vere assayed for transgene incorporation und

positive founder unimals were latter crossed with normul C57 bl/6 x Balb/e mice to

produce F2 hybrids. Six tines were selected for this study of which one, designated

MTPVLT-8, produced mice phenotypically di fferent from ail others. Line 8 mice were

shown to develop testicular adenomas similar to that observed in two other tines,

MTPVLT-IO and MTPVLT-II, but were the sole transgenic mouse tine to also devclop

cardiae hypertrophy. Typically, tine-8 mice develop cardiac hypertrophy and die

prematurely within 6 to 12 months as a result of cardiac failure. Post mortem examination

revealed heurt sizes 3 to 5 fold larger than normal with both ventricular and urtrial

hypertrophy observed. At the cellular leve1, it was reported that the individual

cardiomyocytes enlarge and that there is no significant increase in cell number (Holder et

al. 1995). Furthermore, at the molecular level PVLT mRNA was detected in heart tissues

of Hne 8 transgenic miee while none was detected in heurt tissues of any other MTPVLT

Hnes (Holder et al. 1995).

1.9: Aims

We hypothesized that the observed cardiac hypertrophy in Hne 8 transgenic mice

is due to the expression of the MTPVLT transgene in heurt tissue. This expression may be

controlled by chromosomal position effect since no other transgenic mice harboring the

exact trangenie sequence express the gene in heurt. Transgene integration in the vicinity

of a cardiac speeifie enhaneer is the most plausible explanation of the observed heart

specifie nature of expression. Tissue specifie transgene expression due to integration near

enhancers have been weil doeumented (Hamada 1986, Sternberg 1988).
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• The aim of this projeet was to isolate, eharaeterize, and identify any potential

eardiae specifie enhaneers nanking the integration site from line-8 miee.
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• MATERIALS

2.1: Restriction and modifying enzymes

Restriction enzymes and modifying enzymes were purehased from Pharmacia with

the exception ofNsi 1purchased from New England Biolabs.

2.2: Thermostable polymerases and helper products.

Taq was purchased from Promega, PFU from Stratagene, and Vent DNA

polymerase from New England Biolabs. Taq Extender, and Perfect Match DNA

polymerase enhancer were purchased from Stratagene.

2.3: PCR and random priming reagents

Random primers and nucleotides were ail purchased from Pharmacia. Klenow was

purchased from either Pharmacia or Promega. Ali PCR primers were synthesised by

Sheldon Biotechnologies (Montreal, QC) with the exception of the anchor primer,

external and internaI primers which were synthesized by National Biosciences (Plymouth,

MN).

2.4: Membranes and blotting reagents.

GeneScreen Plus and co1ony lift membranes were purchased from NEN/Dupont.
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• 2.5: Radioactivity & autoradiography

Radioactive [32P]a-dCTP and Clp]y-ATP were purchased l'rom either Amerehum

or NEN/Dupont. Film and scrccns used for autoradiography werc either X-üMAT lilm

l'rom Kodak or NENlDupont Reflections autoradiography film.

2.6: Kits

Sequencing was performed using thc l'mol DNA Sequcncing System l'rom

Promegu. The Sephaglass bandPrep kit l'rom Phur, '1acia was used to puri l'y extraeted

DNA l'rom agarose gels. The Epicurian Coli kit l'rom Stratagene and TA c10ning kit l'rom

Invitrogen were used in the bacterial minilibrary and c1one-6 subcloning respeetively.

2.7: Other reagents

Agar, agarose, NaCL, SDS, borate, were purchased l'rom ICN. Dcxtran Sulfate

was purchased from Pharmacia, Tris base l'rom Boehringer Mannheim and guanadinium

isothiocyanate l'rom BRL. Ali other reagents were purchased either l'rom BDI-I or

Anachemia.

2.8: Equipment

The following equipment was used in most of the research. Sequencing was

conducted using the BRL Model 52 sequencing apparatus. Agarose gels were

electrophosed using a BioRad electrophoresis apparatus. Power supplies used were the

Pharmacia GPS 200/400 and ECPS 3000/150. Densitometry and gel analysis was
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• performed using cither the Molecular Dynamics' PhosporImager SI and/or the Personal

Dcnsitometer SI.

2.8: pMTPVLT

The transgene in MTPVLT-S miee originates from the pMTPVLT clone. Most

l'VLT specifie probes were made using this plasmid as template. A schematic of the

plasmid and some of the important restriction sites as shown in figure I.
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•

Figure 1

A schematie of the pMTPVLT. Restriction sites within the t~ansgene arc indiellted.

PCR primers used to produee probes to the transgene arc indieated by lIrrows.
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• METHODS

3.1: Isolation of genomic DNA

Tissue was extracted and immediately frozen on dry ice. Genomic DNA was

isolated from a transgenic mouse (Designation 8121531Ixl-l) exhibiting both the

enlarged heart and seminal vesicle/testis phenotype. Lung tissue (0.5445 g) was ground

using a mortar and pestle and suspended in 1.2 ml Digestion Suffer (IOOmM NaCI; 10

mM TrisooCl, pH 8; 25 mM EDTA, pH8; 0.5% SDS) per 100 mg of tissue. Proteinase K

was added at O.lmg/ml for 6 hours and again for 17 hours at 55°C. The solution was then

extracted twice with phenol/chloroform and once with chloroform. RNase was added to

the supernatant to a final concentration of 10ug/mi for 30 minutes at 37°C. One more

phenol extraction was performed followed by a single chloroform extraction. The DNA

was precipitated using 2.2 volumes of 95% ethanol, spooled, washed in 70% ethanol and

allowed to air dry for 20 minutes. It was then resuspended in distilled water overnight at

4°C.

3.2: Digestion of genomic DNA

A total of 20ug of MTPVLT Line-8 positive transgenic and CD-I non-transgenic

mouse genomic DNA was digested with various restriction enzymes. DNA was digested

in a 2ml eppendorf tubes consisting of 20ug genomic DNA, the appropriate volume of

10X buffer, 60ul of spermidine (10mM) and distilled water in a final volume of 600ul.

The reaction rnix was heated to 65°C for 30 minutes and allowed to cool to room

temperature. To each tube 100 Units ofeach restriction enzyme was added and incubation

proceeded overnight at 37°C. An additional 100 units was added the following clay and

allowed to react for 2-4 hours. The digested DNA was then precipitated with 1/10 volume

of 3M ammonium acetate (pH 5.2) and 2.2 volumes of ethanol overnight at 20°C. The

DNA was recovered by centrifugation then rinsed in 75% ethanol. The pellet was vacuum
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• dried and resuspended in 40ul ofdistilled water. A 10ui alliquot of each digest was run on

a small agarose gel to detennine if complete digestion was achicved.

3.3: Random priming of DNA and RNA probes

Radioactive probe was generated using a standard random priming reaction

(Asubel et al. 1993). Approximately 100-200ng oftemplate ONA was mixed with 1ul of

random primers (pdN6, 5.0 uglul) and the volume was brought up to 14ul with distilled

water. The reaction tube was heated at 95°C for 3 minutes then placed immediately on icc

for 2 minutes. A complete reaction mix cOlltained 2.5ul ofa dNTPs (0.5mM of dATP,

dOTP, and dTTP), 2.5 ul Klenow Buffer (O.5M Tris-CI pH 7.5; O.IM MgCI2; 10mM

OTT; 0.5mglml BSA), 5ul 32Pa_dCTP (3000cilmMol Amersham) and 1ul Klenow (5u1ul,

Promega) in a final reaction volume of25ul. The labelling reaction was carried out at

37°C for 3 hours. The reaction was stopped by the addition of75ul ofTE (IOmM Tris-CI;

\.0 mM EOTA) and the unincorporated radioactive dCTP was removed by centrifugation

through a Sephadex 050 spin column. The DNA probe was denatured by adding 0.1

volumes of 1 N NaOH for 5 minutes followed by neutralization using an equal volume of

1N HCL A 5ul aliquot of the final product was subjected to scintillation counting to

measure the amount of incorported nucleotides.

3.4: Southern blotting

3.4.1: Gel preparation and electrophoresis

Approximately 15ug of digested genomic ONA was loaded into a 0.8% agarose

gel (0.8g agaroseilOOmllxTBE) and electrophoresis was perfonned ovemight at 25 volts.
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• 3. 4. 2: SoU/hem transfer

The gel was submerged in a 0.25N HCI solution for approximately 20·30 minutes

and then neutralized in OAN NaOH for 20 minutes. The ONA was transferred onto a

Gene Sereen Plus membrane using a downward eapillary protocol (Ausubel et al. 1994)

with OAN NaOH transfer buffer for 3 hours. The membrane was then neutralized in

2xSSC and air dried.

3.4.3: Prehybridization and hybridization

The tilter was prehybridized in 40 ml of prehybridization solution (10% Oextran

Sulfate; 1% SOS; lM NaCI) and 100uglmi Herring sperrn ONA for IWO hours. The

prehybridization solution was disearded and 25 ml of hybridization solution

(prehybridization solution containing IxlO' cpmlml of probe) was added. Hybridization

was carrled out ovemight in a 65°C rotating oven.

3.4.4: Washing and autoradiography

The tilter was washed with 2xSSC twice for 5 minutes followed by IWO 30 minute

washes at 65°C with IxSSC; 1% SOS. A final wash was earried out for 10 minutes using

0.1 xSSC. The filter was then wrapped and placed for autoradiograph exposure.

3.4.5: Strippingfllters

Filters were stripped using O.lxSSC; 1% SDS. The SSC-SOS solution was heated

to boiling and added to the tilters. The tilters were shaken on an orbital shaker for 15

minutes. The procedure was repeated twice. The membranes were then exposed for 48hrs

and ehecked for any remaining signal.
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• 3.5 Din'ct PCR cloning of f1anking DNA

3.5./ Digestion and purification ofgenomic DNA.

Line-8 mouse genomic DNA, 10-IS ug, was digested with a. Nsi 1 restriction

endonuclease to create 3' overhang DNA fragments. The DNA was size separated on a

0.8% agarose gel in TAE. DNA fragments ranging in size from 4.9Kb, the el'pectcd sizc

of the S' flanking sequence, were cut out of the gel and purified by spinning through glass

wool.

3.5.2 Ligation ofanchor primer

Ligation of the anchor primer to the size fractionated DNA and Sug total genomic

DNA was performed in a 10ui reaction mil' (1ul ligation buffer; 1ul 10mM ATP; SOuM

anchor primer; 8 Weiss units of T4 DNA ligase). The DNA was heated to 6SoC for IS

minutes prior to adding the ligase to dissociate any annealed ends. Ligation was

performed at ISoC ovemight. The ligatlon mil' was then brought up to a final volume of

SOul, heated at 6SoC for IS minutes, and spun through a Sephadex GSO column to rcmovc

unligated prilners.

3.5.3 PCR amplification

PCR was performed using Taq DNA polymerase, PFU polymerase, or Vent DNA

polymerase with their provided 10x polymerase buff~r and 10x MgCI2 solutions.

Reactions were performed in either SO or 100 ul final volume. Primer concentrations were

fixed at SOuM while dNTP concentration varied from 2-SmM and MgCI2 concentrations

varied from 0.S-2X. Where applicable 1u1 of either Perfect Match DNA polymerase

enhancer or Taq extender was added along with the appropriate buffer. PCR was

performed using a Perkin Elmer Cetus DNA Thermal Cycler. The reaction mix was
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• heated at 95°C for 10 minutes prior to addition of the polymerase to denature the DNA.

Cycling was performed for 31-38 cycles at 95°C for 30 seconds, 55-58°C for 30 seconds,

and noc for 1 minute per Kb amplification product.

3.6 Subcloning of genomic DNA into pUC18

Total MTPVLT-8 genomic DNA was digested with Eco RI and separated on an

agarose gel. To minimize unwanted DNA fragments, DNA within 6-8 Kb was excised

from the agarose and isolated by spinning through glass wool (See Figure 8). This DNA

was then cloned into a PUCI8 c10ning vector and transformed into competent bacterial

cells. Bacteria were grown on plate containing 50ug/ml ampicilin at 37°C ovemight.

Colony lifts were performed, and probed using a PVLT specifie probe.

3.7: RNA isolation

RNA was isolated from CD1 mouse tissues. Between 0.4-0.5 grams of each tissue

was homogenized in 5ml denaturing solution (4M guanidinium thiocyanate; 2.5mM

sodium citrate, pH 7.0; 0.5% sarcosyl; O.IM beta-mercaptoethanol) in a 50ml conical tube

(Falcon) for 30 seconds. To the homogenate the following was added: O.5ml 2M sodium

acetate (pH 4.0), 5ml water saturated phenol, and 1ml chloroform/isoamyl alcohol (49:1).

The suspension was vortexed for 10-15 seconds and ice cooled for 15 minutes followed

by centrifugation for 20 minutes at 7500 rpm at 4°C. The aqueous phase was collected

and transferred into a 13ml screwcap tube (Starsted) followed by the addition of 5ml of

j 00% isopropanol. The RNA was precipitated for 1 hour at -20°C and recovered by

centrifugation at 7500 rpm at 4'C for another 20 minutes. The supematant was removed

and the RNA pellet resuspended in 3ml of denaturing solution. The RNA was again

precipitated using 1 times volume 100% isopropanol at -20°C for an hour followed by a

20 minute spin as above. The pellet was washeri in 75% ethanol for 10-15 minutes and

subjected to a final 20 minutes spin. The pellet was then allowed to air dry for 1-2 hours
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• and was resuspended in 1 ml TE (IOmM tris-CI; O.lmM EDTA, pl-I7.4). The RNA

suspension was stored at 80°C until needed.

3.8: Northern blotting

3.8.1: Loading and e/ectrophoresis

Total RNA, 10ug, was suspended in a final volume of 20ul in water. Loading dye

(Bromophenol Blue, Xylene Cyanol) was add.ed and the sampIes were subjected to

electrophoresis at 107 volts in a 1% denaturing agarose gel consisting of 1X MOPS

solution (0.02M MOP8; 5mM sodium acetate; ImM EDTA, pH7.0) and 10%

formaldehyde for 3 hours. The gel was then stained with ethidium bromide to verify the

presence of the 288 and 188 RNA species.

3.8.2: Northern transler

The gel was then washed in water for 20 minutes prior to vacuum blotting

(BioRad model 785) using a 50mM sodium hydroxide transfer solution for 1.5 to 2.0

hours.

3.8.3: Membrane staining

The membrane was removed from the blotting apparatus and neutralized in a 2X

88C solution for 5 minutes. It was then subjected to an RNA staining solution (0.02%

methylene blue; 0.5M sodium acetate) for 30 minutes to visualize the 288 and 188 RNA

species. The bands were marked and a photograph taken. The filter was then destained for

15 minutes in Wash A (lx88PE; 20% ethanol) and 15 minutes in Wash B (0.2x88PE;

1%8D8) until the filter was free of any dye.
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• 3.8.4: Probing northern blot

The membrane was prehybridized at 63°C in prehybridization solution (5xSSPE;

5xOenhart's; 0.5% SOS; 100ug/ml herring sperm ONA) for 3 hours. To the solution 2-2.5

x 10' cpms probe/ml was added. Hybridization was performed at 63°C for 19 hours.

3.8.5: Washing

Following hybridization the filter was washed in 2xSSC; 0.1 % SOS twice for 15

minutes at room temperature followed by two 15 minute washes at 63°C in lxSSC; 0.1%

SOS. The filters were then subjected to autoradiography. If necessary additional washings

were performed at 63°C in O.lxSSC; 0.1% SOS for 15-30 minutes depending on the

background signal.

3.9: Sequencing

3.9.1:End Labeling ofOligonucleotide Sequencing Primer

Sequencing oligonucleotides were synthesized by Sheldon Biotechnology. The

Iyophilized primer was resuspended to fmal concentration of 1ug/ul. Labeling was carried

out in a 10 ul reaction containing 3.5 ul Primer (20ng/ul), 1ul PNK buffer (Supplied), 4.5

ul J2p_dATP (>SOOOuCi MMol), and luI ofPNK SUlul at 37°C for 1 hour. The enzyme

was deactivated by heat at 95°C for 2 minutes.

3.9.2: Sequence primer extension. electrophoresis and transfer.

Sequence primer extension was carried out as per instructions using the finol ONA

Sequencing System. FoUowing a 2 minute denaturation step at 95°C, the samples were

subjected to 30 cycles at 95°C for 30 seconds, 42°C for 30 seconds, and 70°C for 1
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minute. The samples were loaded onto a 6% acrylamide gel and two later loadings were

carried out. The gel was then transferred to Whatman paper, dried under vacuum and heat.

and exposed by autoradiography for 2-3 days. Ali sequence acquisition was done

manually and confirrned by 2 or more persons.
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• RESULTS

The use of transgenes to identify enhnacers is weil documented (Hamada 1986, Gossler et

al. 1989). The transgene itself serves as a locator in the host genome. To identify an

enhancer the genomic DNA flanking the integration site must be cloned and

characterized. Southem b10tting is useful in creating a restriction map of the DNA

surrounding the transgene of known sequence. Information oblained from Southem blots

can then be used to clone the flanking sequences. Northem blotting can be used to identify

possible endogenous genes in the area. Finally, sequencing the DNA flanking the

transgene integration site would be essential to identify potential enhancers or promotors.

4.1: Restriction mapping.

Because transgene integration occurs at random the genomic DNA surrounding

the transgene following stable integration is often unknown. The use of Southem blots is

an effective and easy way to identify the arrangement of the transgenic DNA in terms of

copy number, orientations and whether major mutations had occurred. An appropriate

procedure is to digest genomic DNA from transgenic mice with various restriction

enzymes and use a probe specific to the transgenic sequence (Figure 2). Bands

corresponding to repeated fragments are expected to appear, due to the tandem

arrangement of inserted transgenes, as weil as bands corresponding 10 the 3' and 5'

flanking fragments.

Total genomic DNA from a line-8 trasgenic mouse was digested with various

rexstriction enzymes and a Southem membrane prepared. The membrane was probed

using radiaoactive DNA sequences specific to the entire transgene (Figure 2A). The

banding patterns observed correspond to 5' and 3' flanking DNA fragments, transgene
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• repeat elements and possible banding to the the endogenous mouse MT gene. To identify

the S' flanking DNA fragments (Figure 48), the Southern filter was stripped and

rehybridized with a MT precific radioactive probe (Figure 28). The banding patterns

observed correspond to S'end flanking fragments, repeat elements that contain parts of

the MT sequence, and possible banding to endogenous MT DNA. To elemintate the any

possible banding to endogenous MT DNA and still identify S' flanking DNA fragments

the filter was stripped and rehybridized with a peR probe specifie to base pairs 175-926

of the PVLT cDNA (Figure 48). The banding pattern observed is thus representative of S'

flanking fragments and possible repeat elements (Figure 2C).

In a similar fashion the 3' flanking sequences can be determined. The filter was

again stripped and reprobed with a radioactive probe specifie to a Apa 1- Hinc II fragment

located at the 3' end of the transgene (Figure 48). The resulting banding pattern

corresponds to 3' end flanking fragments and possible repeat elements (Figure 2D).

With the information provided by this differential probing technique it is possible

to identify the S', 3' and repeat elements, as in the example for Nsi 1shown in Figure 3.

Due to the tandem nature of transgene integration, intense banding corresponing to

hybridization to multiple copies of the transgene repeat element is expected and indeed

observed. By quantifying the intesity of the bands corresponding to the repeat elements to

those of the flanking fragments, a crude estimate of the transgene copy number can be

assertained (Figure 4C). Densitometric analysis suggests that line-8 mice have integrated

2 to 3 copies of the transgene (Figure 4D).
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Figure 2

Digested genomic MTPVLT-8 DNA probed with MTPVLT random primed probe.

Total genomic DNA isolated from a MTPVLT !ine 8 transgenic mouse was digested with

various restriction enzymes. The DNA was subjected to electrophoresis on a 0.8% agarose

gel and transferred to GeneScreen plus membrane.

Panel A: The membrane probed using a randomly primed radioactive probe to the entire

transgenic sequence.

Panel B: The membrane probed using metallothionein as probe.

Panel C: The membrane probed using a PCR probe specifie to PVLT from

positions 175-926 (see figure 4B).

Panel D: The membrane probed using 3' end Apal/HinclI fragment of the transgene (see

figure 4B).
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Figure 3

Indentifieation of S'and 3' flanking fragments for Nsi 1

by differential Southern blotting

Total gcnomic DNA from a transgenic line-8 mouse was digested with Nsi 1and southern

blotting was pcrformed. In the first panel a probe specifie to the 5' end of the transgene

was uscd. The fiiter was then stripped and reprobed with a 3' end specifie probe shown in

the second panel. The 5' and 3' end fragments are indicated as weil as the characteristic

rcpeat fragment of expected size.
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Figure 4

Trllns~cnc orginizlition lInd copy numbcr

l'anel 1\: 1\ schemllting of the MTI'VLT transgene with sorne severai restriction sites

marked.

1'1Incl B: 1\ schematie representation of the transgene within the mouse genome.

l'ancl C: DNI\ banding pattern as seen by Southem blotting of genomic DNA of a

transgenic mouse digested with Eco RI and probed with radioactive probes

specifie to the entire transgene. Vol-4 and 3represent DNA nanking fragments,

Vol-2 is the expeeted size of the lepeated clement, and Vol-I is the 3' nanking

fragment

l'ancl D: Gmphieal representation ofdensotometric measurrnent of band intensity

corresponding to eaeh reetangular region. Rect-3 corresponding to the repeat

clement appears to be t\\;ce as intense as the otbers, suggesting tbe presence of

two intact copies of the transgene.
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4.2: Cloning the flanking regions

4.2.1: 8y direct l'CR

A technique to dircctly amplify the DNA Ilanking the transgene by PCR for

subsequent c10ning was successfully demonastrated by MacGregor and Overbeek (1992).

The technique involves digestion of mouse genomie DNA with a restriction enzyme to

crcate a 3' overhang. A small DNA fragment is then ligated to the free ends and serves as

a primer template. With one PCR primer specifie to the transgene and the other to the

primer templatc it is now possible to PCR amplii)' the unknown Ilanking DNA between

them (Figure 5).

In the case of line-8 mice, the use of the restriction enzyme NSI 1 results in a 3'

overhang approximately 6-8Kb from the 5' end of the transgene. A 24mer primer template

was synthesized with the last 4 bases complementary to the NSI 1 overhang. Total

genomic DNA was digested and separated on an agarose gel. DNA between 4-9Kb was

excised (Figure 6A) and purified by spinning through glass wool. The anchor primer

template was then Iigated to the free ends. A primer specifie to a portion of the transgenic

MT gene and the complementary sequence primer to the anchor template were used in the

PCR reaction.

Figure 68 shows that no PCR amplification between the MT primer and the

anchor template was obtained using either size fractionated or total genomic DNA (Ianes

2&3). However, DNA amplification was obtained using standard primers for MTPVLT

transgene (Iane 6) in both the size fractionated and total genomic DNA (Ianes 4&5)

confirming the presence of the desired DNA fragment.
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• To test ligation efficieney and the binding of both internai lInd externll\ primers li

control experirnent was devised. Plasrnid 1'213, li l'ML derivlltive, eontllining the entire

pVLT gene WliS digested with Nsi 1 to generate li Iinellr DNA fragment lIpproximlitcly

8.3Kb with 3' overhllngs. The external primer was ligllted lInd severai l'CR rellelion were

donc. The resu1ts arc shown in figure 7. Lanes 2 & 6 show li l'CR lIlllplilied fruglllent of

expeeted size eorresponding to the use of a primer specifie to l'VLT starting lit position

175 and the primer eomplementary to the anehored linker lIsing l'FU and Taq

polyrnerases, respeetively. Lanes 3 & 7 show the lack of an expected 7.3kb fragmcnt

using a pVLT primer starting at position 926 and the same complementary primer to the

anchor using l'FU and Taq, respeetivcly. Lanes 4&5 resu\ts in an expected 751 control

fragment and the 160bp fragment respeetivcly. From this data it ean be eoncluded thlit the

Iigation of the anchor is efficient and the l'CR primers were proper\y synthesizcd.
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Figure 5

Schematie representation of Direct PCR technique.

40



•
--~121 Digested genomic DNA with 3' overhang

"Anchor" primer having complementary overhang sequence.

Transgene specifie PCR primer.

PCR primer complementary to "Anchor" oligo.

------------1&77 Z)

_ ... ----J./z /1

MW2 7 a

..... ==
M' 1 1 1

• Z Z 71

....II--------------1Z:::21
Mt Z Z ;a

5' end genomic fragment with
3' overhang.

Ligate "anchor" ollgo to
digested 3' overhangs.

Denature DNA, Transgene
specifie Primer blnds.

Template elongation following
the addition of TAO

... M' 7 7 1

• 7 7 71

....II--------------CZl
~

Anehor specifie primer binds.

... • 2 1 II

Ml 7 Z )

Elongation of anchor specifie
primer.

Denaturation, anhealing,
elongation.

•
~ ZI

..... 71

..... 1 d

Figure 5
Schematic of direct PCR technique



•

Figure 6

PCR amplification of sizc fractionatcd gcnomic DNA.

Pancl A: Excision ofNsi 1digested MTPVLT·8 genomie DNA containing S'end

nanking fragment as determined by southern blotting (see Figure 3)

Pancl B: PCR results performed on both size fractionated and total genomic DNA

fol1owing Iigation of the anchor primer. Lane 1 is the lambda/Hind III marker.

Lanes 2 and 3 show the absence of any amplification product between the

anchor template PCR primer and the transgenic internai primer in the size

fractionated and total genomic samples respectively. Lanes 4 & 5 represent

PCR producls expected using the 175-926 PVLT specifie primers in the size

fractionated and total genomic samples respectively. Lane 5 is a PCR control

using the 175-926 primers on the plasmid pMTPVLT.
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Figure 7

Determination of anehor template Iigation, primer binding and peR amplification.

PCR amplification was performed on an Nsi 1digested p213 plasmid containing the entire

PVLT coding region in a PML derivative. Total plasmid size was estimated at 8.3Kb.

Internai primers specific to PVLT and starting at the position indicated were used in

conjunction with other internai primers or an external primer which is specific to the

anchor primer template. Lane 1 is the lambda/Hind III marker. Lanes 2 & 6 represent

PCR products resulting in using the 175 internai primer and the externa1 primer using

pru and Taq respectively. Lanes 3 & 7 represent PCR products using a 926 internai

primer and the external primer using PFU and Taq respectively. Lane 4 is a PCR reaction

using two internal PVLT primers starting at 175 & 926. Lane 5 is a PCR reaction using an

internai primer starting at position 2090 and the externa1 primer.
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Sevcral altcmpts wcrc made to amplify the flanking DNA by PCR using various

paramctcrs. A range of annealing tcmperaturcs, nucleotide and magnesium chloride

concentrations wcrc tcstcd. Polymerases such as Taq, PFU, and Vent DNA Polymerase

wcrc tcsted along with PCR hclpcr products such as Taq Extcnder and Pcrfcct Match

DNA polymcrase cnhanccr. However, no amplification of DNA within the expected size

range (4-9Kb) was cver observed.

4.2.2: Construction and Screening ofMTPVLT-8 mini-/ibrary

Cloning DNA fragments into bactcrial plasmids is a standard and quick method

for arnplifying DNA for analysis. This technique can also be used as a mini Iibrary where

multiple DNA fragments are c10ned into bacterial plasmids which are later screened for

the presence of specifie DNA fragments.

A bacterial Iibrary was constructed using the 4.5-9Kb range of Eco RI digested

fragments containing the 5' flanking regions as determined by Southem blotting. Figure 8

shows the genomic DNA following extraction and purification. This DNA was c10ned

into pUC 18 c10ning vectors and used in the transformation ofcompetent E.coli cells. The

bacteria were plated and colony lifts were performed.

To isolate the 5' flanking region, the filters were probed with a PCR specifie probe

to the PVLT region 5' of the EcoRI site. Figure 9A shows a filter with a potential

bacterial colony containing the flanking region. Severa! areas of the colony as weil as

surrounding growth were replated and rescreened as before (Figure 9B). A single colony

from the second screening was used for a final screening (Figure 9C). Ali but colonies J

carne out positive following probing. It appears that streak G in the second screening

contained a mixture of positive and negative colonies. In the third screening G appeared

positive, but in a subsequent trial it was negative (Data not shown).
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• Minipreps of eaeh eolony were prepared and digested with the restriction enzyme

Eco RI and run on an agarose gel (Figure 1DA). It is obvious that there was incomplete

digestion. It ean be postulated that colonies A-F and H, 1originated l'rom the sllme initial

eolony. Colonies G, J arc identieal but different l'rom the others. The top band is Iikcly

E.coli genomic DNA, the second, third and finh bands reprcsent the 3 fonns of Illlcut

plasmid DNA as eompared with clone E whieh was undigested. Bands 4 and 6 represellt

the two plasmid fragments.

Figure lOB is a Southem blot using the S'end PCR probc to PVLT. Il shows tlmt

clones G, J and the randomly ehosen control plasmids came out negative for a PVLT

specifie insert. The other lanes appear to contain the same cloned plasmid and have

homology to the PVLT specifie probe indieating a potential inscrt.
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Figure 8

Excision and purification of Eco RI digcstcd DNA

Panel A: Excision of Eco RI digested total MTPVLT·8 mouse genomic DNA between

4.5-9Kb.

Panel B: Sample of DNA recovered either by spinning through Glass Wool, or by using a

scphaglass purification kit (Pharmacia).
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Figure 8
EcoR1 size fraction extraction and purification
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Figure 9

First, second and third sereening of the mouse mini-Iibrary

l'anel A: l'rohing the eolony lifts using a specifie PVLT probe identifies a potential

positive eolony.

l',IOeI ll: 2nd sereening using muhiple streaks from the primary eolony and its

surrounding area.

l'anel c: 3rd sereening using pieks of a single eolony from the second sercening.
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Figure 10

Eco lU digcstion of plasmid clonc and Southcrn blotting

Panel 1\: Plasmid preps were grown using a single colony from the 3rd sereening. Lanes

I\-J represent plasmids of the clones digested with Eco RI. Both Controllanes

represent other plasmids from the lab also digested with Eco RI. E-Uneut is

clone E plasmid that was not digested, and MTpVLT is uneut pMTpVLT run as

a hybridization control sampIcs were run on a 1% agarose gel.

Panel B: Southem blot of gel in Pancl B following probing with a pVLT specifie l'CR

probe.

47



• A

23 130

9416
6557

4361

2322
2027

F G H J

~§
.~

~

B
"!Ji
~ A C 0 E F G H Jtri

"

'. .~ . '". .'.

.•.:.~.;: ......•.;..:. ...
o 'J .

~ , :, > .
" . ~

···U;~··~..:., ..• -0-.0 •.

. .
• ,~ J

',' -

·0
".,'

.olo' ~ • • • ,_ _ ... ~." ••• _" .. '~ .. ' .....~ \" .' .'__._: ••- .......... '''" •

... n"-- _ • ---"

... ~~~<' ,-,-:

,-... -

..
. ,.. -..

.~:~~~-

..:

, - ..
~ .~" .'.' - -, ~;

.--.. _.- ,~- ~-~ .,~ ............... _.. ~ ._-
.... . ._-~ ..,. --

,~ _ r •.

j ..... '.

·-.~~l~: ~ .~:

·_~:trk.· J

2322
2027

4361

23 130

9416
6557

•
Figure 10

Screening of minipreps



• 4.3: Isolation and verification of 5' flanking region from a phage

library.

A phage clone (designated clone 6) was isolated from a MTPVLT-8 genomie

DNA phage library by a eolleague using a MTPVLT specifie probe. To verify the

presence of the transgene within c1one-6 sequeneing analysis was performed. A primer

specifie to PVLT was used to sequence 100 bases of c1one-6 and the control plasmid

pMTI'VLT. Sequence data was eompared and found to be identieal. Southern blot analyis

eomparing DNA fragments obtained from c1one-6 to DNA from transgenie mice were

consistant with DNA 5' to the transgene (Figures 2 and 11).

4.4 Use of Clone-6 to identify 5' restriction sites.

Southem blotting using c1one-6 digested genomie DNA was earried out to identi!)'

restriction sites flanking the transgcne. The same filter was probcd, stripped and reprobed

with four diffcrent probes, a random primed probe of MT coding region, a PCR probe

using 175·926 primcrs for LT, a PCR probe using 1540-2090 primers for LT, and a

random primed probe of a ApaIlHincII fragment specifie to the 3' end of the transgene

(Figure 11). Taking Eco RI as an example in panel 1 of figure II. it can seen that the MT

probe detects a 5' flanking fragment of approximately 9 Kb. Similarly the 175-926 probe

detects the same fragment, this is expected since the Eco RI site within the transgene falls

3' to probe sequences (Figure 1 and 4). When probing with the PCR probe 1540-2090 two

bands are observcd, this is duc to the fact that the PCR probe is specifie to DNA sequence

5' and 3' to this restriction site (Figure 1). Probing with the ApaIlHincII probe which is 3'

to the internaI Eco RI site binds the 3' end flanking fragment exclusively. The 3' end

fragment in this particular experiment eontains lambda vector DNA and is of no

importance in this case.
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4.5 Use of c1one-6 to determinc possible genc renrrnngements

surrounding the trnnsgene integrntion site.

Major insertional mutations sueh as gene rearangements. insertions und dclelions during

transgene inlegration cun greatly innuence trungene expression. '1'0 identîly uny mujor

mutations to the mouse genome during trangene intcgrulon c1one-6 whieh rcprescnls

DNA nanking the integration site of MTl'VLT·S transgenic miee was used. This clone

was used as a genetic probe to restriction dig"sts ofMTPVLT-S and wildtype CDlmouse

genomic üNA. Comparisons between digested CDI and MTPVLT-S genomic DNA cun

then be made by Southem blots (Figure 12). We observed identical bunding pullerns

between CD-I and transgenic mice. These results suggest lhat the DNA surrounding the

trangene is identical to that of wildtype DNA and that no major alteration occured. If

major deletions or insertions occured different banding pullems would have been

expected.

4.6: Determining whether the flanking DNA codes for an expressed

gene.

Expression of the polyomavirus in line-S heart tissue suggests that the transgene

had integrated close to an enhancer or promoter region. Most likely an endogenous gene

would be present in the relative area. The possibility of integration near or even within an

endogenous gene is possible. '1'0 identify such a possibility Northem blotting was

performed. Total RNA from various mous.. t::;sues was isolated and run on a denaturing

gel. A random primed probe using the entire c1one-6 as template was used. A single bund

was observed in ail tissues (Figure \3). No band was observed in Jung tissue due to

degradation of the RNA in this case. However, this experiment was repeated with similar

rcsults including expression in lung tissue (data not shown). Il is, therefore, likely that the

DNA flanking the 5' end of the transgene does in fact contain part of a gene which is

expressed in normal tissues.



• 4.7: Homology with othcr spccics

To determine whether or not the transgene had integratcd into a region of the

mouse genome that may be eonserved within speeies Southern blotting was performed.

Total genomie DNA from non-transgenie Mouse, Human, Monkey, Dog, Chieken, and

Dro.Wlphila was digested with Hind III restriction enzyme and separated on an agarose

gel. The DNA was transferred to a membrane and a Southern blot performed. A probe to

the entire clone 6 fragment was used in the hybridization. Homoiogy was observed only in

the case of the mouse DNA (Figure 14A).

To test the integrety of the DNA, the filter was stripped and reprobed uS;;lg a

~·actin probe (Figure 14B). Actin·speeifie bands were observed in ail DNAs indieating

that the DNA was present on the blot and capable ofhybridizing in ail species.
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Figure 11

Southem blots of Clone-6 differentially probed with MTPVLT fmgments

Column A: Blots probed with a random primed radioactive label specifie to the MT

portion of the transgene.

Column B: Blots probed with a PCR primed radioactive label specifie to the protion

of the PVLT cDNA falling within sequence bp 175-926.

Co1umn C: Blots probed with a PCR primed radioactive label specifie to the portion

of the PVLTcDNA falling within sequence bp 1540-2090

Column d: Blots probed with a random primed radioactive label specifie to a portion

of the 3' end of the transgene consisting of the Apa1/Hincll fragment.
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Figure 12

Southem blot comparison of transgenic and non-transgcnic mousc DNA surrounding the

transgene integration site

Transgenic mouse DNA and non-transgenic CD-I mouse DNA was digested with Eeo RI

and Barn HI. The Southem blot was probed with a random primed radioactive labcd using

Clone-6 as template.
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Figure 12

Southern blot comparison of transgenic and non-transgenic
mouse DNA surrounding the integration site
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Figure 13

Northern blot of mRNA from MTPVLT-8 miee using c1one-6 liS probe.

Panel A: 28 and 18S bands as seen following electrophorcsis on Il 1% dcnuturing gel.

Panel B: 28 and 18S bands as seen following staining of membrane with Methylene Blue.

Panel C: Northern blot following a 3 day exposure using a random probe specifie to ail of

clone-6.
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Figure 14

Clone-6 sequence homolo~ \Vith other spccies

Pm.eI A: Hind III digested Mouse. Rabbit. Chicken. Dog. Monkey. and IJrosllfllli/t1

genomic DNA run on a 0.8% agarose gel.

Panel B: Southern blot of gel in panel A using random prirned probe specifie to the entire

sequence of elone-6.
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4.8: Scqllcncing

To determine if any DNA markers muy identify the integrution site. sequeneing of

approximatc1y 750bp of the DNA fragment eontnined in clone 6 wus perlimned. Figure

15 eontains the entire sequence and sequencing primers used. Seurehes of the the

EMBUgenebnnk databuses indieute thut some homology between the Immun guunlllin

gene is present (Figure 16).

55



•

Figure 15

I>NA sequence of c1one-6 starting at the T3 promoter (5') end. Ali subsequent

sequence primers have been underlined. The fourth and reverse primer arc

eomplementary sequences.
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1 CACAGAGATT CAGGAAAATT TCAGGAAACC TCATGGGGCT TCAACATCTT
51 TGCACCAGAC ACGTGGGCTG CATGCACTCT CATTGATGCC CTGTGGTCTG

101 ATAAACACTG TCATAACCTG CCACTAGTAA GTGTCAGCCA CCTGATAATG
151 GGCTCATCAG TTTATACCTG ~ACTAGCTAC ATGGGTCCCA GGCAGGAAGC
201 AAGGTGGAGC TGAGTTTCAG AGCATCTGAG TCCAATGACA GATTCCAAGG
251 TCCTTGATTC AAGCTGAATT TCCAGGACAT ACAACCAGCC CAACCTGACA
301 CACCACTATG GGTGGGCACA TGGAGCTAGC CTGAGGGGGT TAGAAGCTCT
351 GGAGTAGAAA TGCCACT~ TCTATCCTAb ATCCTTGGGT ACTTTCCTTC
401 CAGATGCAGA AAGCCCTCCT GAGCAGTCCA CTGTGGTGGT GGGCAATGGC
451 CATGGCTTGC TGCTGTCGCT CCAGCTGACA CACTGCTGCC TGCTGGTGCC
501 ACACGAACCA GAACCTACGC AAAbGCTGCT GCTCTGC~ ~P~TATAGCC

551 TGAGGCAAGG GTGGGAGGAA ACAGAACAAG TCCAGGAASG AGAGACAGTT
601 CAGAGGCTGG AGGAAATCTG TGACCAGCAA AAGAGATCCT CCCCGAGCAG
651 CTGCTTATGA ACTGAGCTGA CAACAGACAT CAATGTCTGG ATTTTCCAGG
701 TCTGTCTTCG CAG

GGCTCATCAGTTTNrACCTGC Second Sequencing Primer

CACTCTATCCTAAATCCTTGGGTA Third Sequencing Primer

MAGCTGCTGCTCTG,'CTGC Fourth Sequencülg' "?rimer

TTTCGACGACGAGACGGACG Reverse Sequencing Primer

Figure 15
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Figure 16

Results of a B1ast EMBL/genebank sequence eomparison seareh to the S'end

sequencing data obtained from c1one-6
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gbIM95174IHUMGU~~YLA Human guanylin mRNA, complete cds.
Len",-::h ~, 567

Plus Strand HSP~:

Score = 124 (3~.3 bits), Expect = 6.1, P = 1.0
Identities = 28/32 (87%), Positives = 28/32 (87%), Strand = Plus

/ Plus

Query:

Sbjct:

592 GAGACAGTTCAGAGGCTGGAGGAAATCTGTGA 623
1111 1 11111111111111111111 III

269 GAGA~ACTTCAGAGGCTGGAGGAAATCGCTGA300

Figure 16
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DISCUSSION

Wang ct al. (1991) showed that the presence of the complete po\yomuvirus carly

region gene causes numerous tumors of mesencymu\ origin specilicully vuscu\ur und bone

tumors in mice. Although the miee did not develop t.:sticuiur udenomus, RNAs of l'y

Large-'1' antigen (Ll'), MT, and smull '1' antigen RNA were present in tumors us weil us

testis. [n two of three lineages studied by Wung ct ul., expression of the tmnsgene, by

RNA protection unulysis, was limited to unaffected testis und tissues lhut devcloped

tumors. [n both lineages tumor formation ineluded osteasarcumus und rare occurrences of

librosarcomsa and hemangiomas. The third lineuge expressed the transgene in testis and

unaffected tissues including spleen, liver, kidney as weil us in ostosareomas,

hemangiomas and Iymphangiomas.

Of the six lines of transgenie mice harboring a Polyomavirus Large-T untigen

transgene produced in our lab, ail express the transgene in testis, three devclop testieular

adenomas, but only one line expresses the gene in both testis and heart. This unique line

of mice (MTPVLT-8) develops both testicular adenomas as weil as cardiomyopathies

which leads to premature death (Chali/our et al. [990, (993). The underlying cause of this

phenotype is the expression of polyomavirus large-T (PVLT) antigen in cardiac

myocytes. Expression of polyomavirus RNA in testis was not surprising as it is very

common in transgenic mice harboring a po[yomavirus transgene (Wang ct al. 1991).

It may be hypothesized that the exclusive expression of l'y LT in heurt, regarding

expression in testis as a common phenomenon, is duc to chromosomal position eITect.

The transgene's restrieted expression to the heart is most likcly duc to the presence of a

positively acting regulatory element driving its expression in heurt. This clement, being

either an enhancer or promoter, would have to be cardiac specific, otherwise wc would

expect to see PVLT expression in other tissues as weil.
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5.1 Isolation of DNA flanking the transgene in MTPVLT-S mice

To ùetermine the presence of a possible enhancer clement driving the expression

of LT in MTpVLT·8 transgcnic miee, in a similar fashion used to identify the cTnC

carùiac enhanccr, the DNA surrounding the integration site must first bc isolated and

examincd. Several techniques to isolate the DNA Ilanking the transgene were attempted.

5././ Direct PCR:

The technique of directly l'CR amplifying DNA Ilanking the transgene was

successfully used by MacGregor and Overbeek (1991) to clone a 2.IKb fragment.

Although simple and straight forward in its application, in our trials it proved problematic

in many areas. The requirement of a 3' overhang was essential and the distance between

the transgene and the overhang is a variable of the DNA flanking the transgene. In our

case the smaHest fragment obtained using a restriction enzyme providing a 3' overhang

sequence was in the order of6-8Kb. This size was desirable because of the range ofwhich

an enhancer can operate away from the promoter sequence. However, with many

modifications to the original protocol to accommodate a larger fragment the process

proved unsuccessfuI.

Control experiments for each step were carefully carried out to determine which

process may be problematic. The amplification of a PCR product using transgene specifie

'pri"mers'ëônflrmed fiS presence in'the size fraction (Figure 6 ). Tests for ligation efficiency

and primer binding were carried out using a test plasmid. The plasmid was digested with

Nsi 1and the anchor primer was ligated to the overhangs. The presence of a PCR product

using the 175 PVLT specifie primer and that to the anchor sequence demonstrates that

Iigation was effective and that both primers bind (Figure 7). This control experiment

demonstrated the plausibility of this technique with amplification of a fragment of

approximately 1.8Kb. However, using total genomie or size fractionated genomic DNA

has inherent variables that cannot be directly examined. The presence of numerous

unwanted genomic DNA fragments competing in a11 reactions reduce the possibility of
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succcss. Therc is no means of determining whether or not the anchor template Imd

succcssfully Iigatcd to the l1anking DNA. and evcn with successlùlligation. amplilication

using the l'CR technique was difficult because of the sizc of the piece bcing ampli lied.

Even with pure plasmid DNA. l'CR trial runs failed to amplify fragments exceeding 6Kb

(Figure 7). The use of various polymerases and helper products such as Tml Extender.

l'erfect Match did not prove usefu!.

5./.2 Mini Genomic Library

In order to facilitate restriction mapping, sequencing and dcletion analysis il was

preferrable 10 clone the l1anking DNA into plasmids. l'Iasmids were also desiruble for

their ease ofbeing manipulated and reproduced.

Standard c10ning procedures were uscd where size fractionated EcoR1 digested

MTl'VLT-8 genomic DNA was ligated to a predigested EcoRI overhang l'UC-18 veclor.

l'rior to ligation the size fractionated DNA was analyzed for the presence of the 5'

overhang using l'CR amplification on known l'VLT sequence. EcoRI was ehosen

primarily because of its availability and price as weil as the faet that southern analysis

dernonstrated that the 5' fragment was of relativcly large size.

Screening using MTl'VLT speeific probe identified a potential clone which was

later analyzed for an insert (Figures 9 & 10). Southern analysis of positive clones showed

hornology to MTl'VLT specifie -probes. However, after carcful observation it was

discovered that these clones did not contain a pUC ; il c10ned fragment. but in fact they

had integrated the MTl'VLT plasmid frequently used in the laboratory. Comparing the

undigested E clone with MTl'VLT used as a binding control, identical binding patterns

were observed (Figure 10). Furthermore, the two fragment produced by the partial

digestion with Eco RI when added together result in the same sized fragment

approxirnately 6.4Kb expeeted from a Iinear MTl'VLT plasmid. Il can therefore be

concluded that MTl'VLT was recloned, and this must have resuIled from a contaminant in
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one of the solutions. The project was terminated aftcr thc successful isolation of the 5'

t1anking region in a Line-8 phage genomic Iibrary by a colleague in the laboratory.

5./.3 From a MrpVLT-S gcnomic Iihrary

Total genomie DNA l'rom MTPVLT-8 was digested and a genomic Iibrary was made by

cloning into Lambda/Zap phage vectors by a co-worker. Screening the Iibrary with

MTPVLT specific probe identified several potential clones. One clone, designated

elone-6, was purified and demonstrated to have strong homology to MTPVLT probes.

5,2 Restriction mapping of5' flanking DNA

Southem blotting of c1one-6 digested DNA suggests that il contains a full copy of the

transgene and 6-IOKb of 5' t1anking genomic DNA. The 3' end of the transgene is

t1anked by the lambda vector and so is the far 5' end of the clone. Using Southem blots of

digcsted MTPVL-8 genomic DNA together with the results of Southem blots of similarly

treated clone 6 DNA (Figures 2 & Il ) it was possible to construct a rough restriction map

of the DNA sl1rrounding the transgene (Table 1).

5.3 Potential gene rearrangements surrounding the trangene integr.~"(i.)n

site.

Southern blots comparing digested wildtype CDI and MTPVLT-8 mouse genomic

DNA probed with clone 6 demonstrates identical banding patterns (Figure 12). This

observation suggests that no major alterations of the DNA sequence flanking the

transgene occurred during integration. Although these observations rule out major genetic

changes such as large gene rearrangements, deletions and insertions, they cannot identify

point mutations or small gene alteration which can only be resolved by sequencing.
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Table 1

Size fragment determination from Southern blot resliits

Column 1 represents the restriction enzyme used to determine the size fragment, eO\lImn 2

is the size of the fragments as observed l'rom the SOllthem blot resllits, collimn 3 is thc

known distance of the restriction site within the transgene l'rom the 5' end of the

transgene, collimn 4 is the aetllal size of the 5' flanking fragment corresponding to mOllse

genomie DNA.

A sehematie of the order and approximate location of the restriction sites 5' of the

transgene is also illllstrated.
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TABLEl

Restriction Obscrvcd Disl. from 5' end of Actual 51 llanking fragment
Enzyme Fragment transgenc to rest. site corn:sponding to mOllse gemomic

Kb within the transgene DNA.

Eco RI 8.9 1.5 7.4
Nsi 1 7.5 1.8 5.7
Sea 1 3.8 0.8 3

BgIIl 4.5 0.4 4.1

BgII 2.7 0.15 2.55

Hae Il 2.2 0.2 2
Apa 1 4.6 2.3 2.3

Sac 1 2.2 0.4 1.8

Pst 1 3 2.2 0.8

XbaI 9.2 2.2 7

Sph 1 3.6 1.5 2.1

BamHI 4 3.1 0.9

Hind III 3.2 : 0.4 2.8

.,

•

Eco RI
Xbal



5.4 Evidence of a potential endogenous gene near the transgene

integra~ion site.

On the premise that gene expression in cardiac tissue is duc to an endogenolls

enhancer driving the MT promoter. if follows that an endogenous gene could also be near

the integration site. 1'0 determine the presence of an endogenous gene. total RNA from

various organs of a CD 1 mouse was extracted for Northern analysis. Clone-6 which

represents about 6-IOKb of the 5' flanking DNA was used as a probe. [fthe coding area of

an endogenous transcribed gene was present within the clone-6 it would hybridize with

tissue mRNi\.

The results obtained through Northern analysis showed homology to a single band

present in ail tissues assayed. Taking unequal loading into consideration there appears to

be no signifieant difference in band intensity among the different tissues. The data

obtained was consistent and reproducible. This finding was surprising sinee trangene

l'VLl' RNA was shown to be present only in testis and cardiae tissue (Chalifour ct al.

1990). This gene appears to be eonstitutively expressed in ail tissues.

These results do not rule out the possibility of a cardiae specifie enhaneer. This

gene may be located in the vicinity of a eardiae specifie gene and transcribed from

independent transcriptional maehinery. Furthermore, the enhaneer may be located 3' of the

transgene, a possibility that is not eurrently being investigated.

5.5 Homology and sequence comparisons

The DNA flanking the 5' end of the transgene, clone 6, was used to probe digests

of genomic DNA from different species. Of ail the species used, this partieu[ar piece of

DNA bound on[y to mouse DNA. This result was consistent in a second sereening using

a differcnt restriction enzymes. Moreover, in two trials there was no apparent banding, but

rather a smear ofhomologous DNA. (Figure 14). However, when the same probe was
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used 10 compare lransgenic and non-transg~nie miee banding \Vas evident above Ihatol'

Ihe background smcar (Figure 12). Reprobing the tilter using a eonserved I\-m~tin sho\Vs

unique and distinci bands in ail animaIs. This may suggestthat Clone-Cl is truly specitie 10

mouse ONA. Il also implies Ihallhis pieee of ONA may be homo\ogolls to a tllluily of

genes Ihal arc repealed Ihroughoulthe mouse genome. leading 10 the observed smearing.

5.6 Sequence comparisions

A gene-bank sequence eomparison us:ng 750bp of Ihe 5' end of clone-Cl malehed

26bp of the human guanalin gene \Vilh 87% homology. The 11lIman guanylin gene is

bclieved 10 be a member of a family of genes eonslilualivcly expressed in many tissues

whieh appears to be consistent with the Northem b10t data showing the expression of a

constitative gene in several mouse tissues. Il can be poslulated Ihal there is homology

belween the mouse and human guanylin gene. More experimentalion musl be donc 10

conclude if in facl a mouse ana10g of human guanylin or a close relative \Vas found or

whelher there is only a small sequence of coineidental homology.

5.7 Future experiments

ldentifiying enhancer sequences is often a long and tedious undertaking. To

c1assif)' a sequence element as an enhancer the following criteria musl be met. An

enhancer sequence must show an ability to increase transcription of cis-linked promolors.

operate in an orientation independenl manner, and exhibit ils effecl over large dislances

independent of position (Ateheson 1988). Standard techniques for identifying enhancer

elements has been to insert a sequence of ONA, presumed to contain the enhaneer

element, downstream of a promoter-reporter gene eonstruet (Parmacek ct al. 1992). This

construet once introdueed into appropriate cells would produce an assayable gene. If an

enhaneer element is present the amount of produet should signilicantly bc higher than that

without an upstream insert. To identify the exact region of the enhancer dcletions arc

introdueed from one end of the insert until expression is observed to decline. ln our
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partieular cuse standard techniques arc diflicult duc 10 the Jack of an appropriate eardiae

ccII line. lit present therc arc no known eardiac ccII lines available for this type of

analysis. Furthermore, it is onen observed that expression in culture is not representative

of that in vivo.llccordingly, expression must be analy7.ed in vivo direetly. 1'0 achieve this,

il is essential 10 produce new transgenie m:ce harboring the DNII insert with a potential

enhaneer linked to l: n:adily a~saYl:ble marker in the tissues. Il visible marker such as

B-gal has bcen used in similar experiments (III Moustafa ct al. 1992). If an enhancer

clement is present, precise isolation of the sequence would entail dcletions to the original

insert and reintroduction of the new constructs into new transgenie mice. Inherent

problems in this technique is the time factor for proper growth and development of the

.mice before assaying and the likelihood of transgene integration expressional differences

oceuring. Presently there is enough information on the 5' l1anking region to attempt sueh

experiments.
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