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ABSTRACT 

The human groivth hormonelchorionic somatomammotropîn (GWCS) gene family 

offers an interesting mode1 to study mechanisms involved in tissue-specitic transcriptional 

regufation of genes. Despite their high sequence homology, the members of GH/CS gene 

family are predominantly expressed in two different tissues: the GH-N gene is expressed in 

pituitary, whereas the CS-L, CS-A, GH-V and CS-B genes are expressed in placenta. A 

senes of highly conserved regions w i i n  the GWCS gene locus were identified by other 

investigators and were suggested to play a role in the differentiai and tissue-specific 

transcriptional regdation of the GWCS genes. Presented here is the characterization of 

sequences/elements residing within the GWCS locus, as weil as those found in the 

flanking regions. 

Previous work in our laboratory identified PSF (PSF-A/-B) elements which are 

involved in the pituitary repressor mechanism for the CS/GH-V genes. Part of the present 

thesis work is aimed at the identification of the PSF-DNA binding proteins using 

conventional protein purification methods combined with PSF-specific DNA affinity 

chromatography. Characterization of partidiy p d e d  proteins usuig southwestern bloning 

suggested that PSF proteins could be in the molecular range of 50-70 kDa Further analysis 

of the PSF-DNA sequence revealed that these elements are recognized likely by nuclear 

factor- 1 (NF- 1) or NF- 1-like proteins. NF-1 belongs to a family of proteins whose 

molecular sizes range £iom 50 to 70 kDa. Thus, these characteristics strongly suggest that 

PSFs could be NF- 1 or NF-1 -1ike. 

An AP-1 elernent is identified in the upstrearn sequences of the GWCS genes using 

DNase 1 protection assays. Attempts were also made to characterize the role of this AP-L 

element through the use of transient transcription analysis. 

The enhancerfenhancer-Iike seqwnces located downstream of CS-L, C S A  and CS- 

B genes were shoun to contain multiple eiernents for transcriptional enhancer factor4 
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(TEF-L). The presence of these sites implicated TEF-1, which is expressed ubiquitously, 

and TEF-S1 which is expressed abundantly in placenta, in modulahg the placenta-specific 

expression of the CS genes. A series of deletion mutants coding for truncated forms of 

TEF-L and TEF-5 were generated and were tested in transient transfections ~hesekudies 

reveal a HeLa (human cervical carcinoma) cell-specific potent transcriptional activator in the 

forrn of a truncated TEF- 1. 

Finther work on the characterkation of remote sequences in the upstream as welI as 

downstream flanking sequences of the GH/CS gene locus was done. Structural analysis of 

hypersensitive sites i and II, which are located -1 5 kilobases upstream of the GH-N gene 

and fom part of the GWCS locus control region, led to the suggestion and identifickm of 

the involvement of the pituitary-specific transcription factor, growth hormone factor-1 

(GHF- 1 )/Pit- L in the pituitary-specific enhancer activity associated with these regions. 

Characterizabon of far-downstream sequences ofthe GWCS gene loci reveaied the location 

of two ubiquitously expressed genes: BAF6Ob (a gene coding for a subunit protein of 

SWSNF protein cornplex) and TRIP- 1 (thyroid hormone receptor interacting protein- 1). 

The pattern of this arrangement of genes, GH-BAFLOb-TRIP-1, appears to be 

evolutionarily conserved among several species of vertebrate animals. A mode1 is proposed 

to sipi@ the presence of these ubiquitously expressing genes downstream of the GWCS 

genes. 
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CHAPTER 1 

1.1. GENERAL INTRODUCTION 

The main focus of  this piece of work is to present more insights into molecular 

regulatory mechanimis involved in the transcription and regulation of members of the 

human (h) growth hormone/chorionic somatomarnrnotropin (GWCS) gene family. More 

emphasis is given to placenta1 growth hormone genes as transcriptional regulatory 

rnechanisms for the pituitary-specific growth hormone (GH-N) gene are well studied. 

This thesis deals with multiple possible mechanisrns involved in control of GWCS 

gene expression. The regulatory sequences present inside and outside the GWCS gene 

locus and their possible sequence-specific binding proteins are dealt with separately. The 

thesis is wrïtten with a broad "introductory chapter" detailing a historical perspective of 

growth homone, brief introductions to each of the genedproteins of the GH/CS family, 

their differential expression patterns and their physiological importance. in addition, the 

process of transcriptional regdation as well as some of the transcription factors involved in 

growth hormone gene expression are introduced. All general methodologies used in this 

study are included in the "Matenals and Methods" section and some specific details are 

dealt with in individual subsections. With regard to Chapters detailing results, these are 

presented as a combination of '*Results and Discussion**. Most of the experiments were 

repeated at Ieast twice, and representative results are presented in the thesis. A chapter titled 

"Final Comments" was written in an effort to combine al1 the results and ideas generated 

during the assembly of this thesis, and ends with the "Future perspectives" of this research 

work. Some of the references included in the thesis were not available in the library and 

were collected fkom other references or reviews. These references were included with a 

view to recognize the work of these authors- 

Findly, "reSEARCHW is an endless process, and we always end up with 

inconclusive work which paves the way for a m e r  search. This thesis details several 



pieces of such work and 1 have tried to bring an essence of completion to each and evety 

aspect by proposing a next step. 



1.2, GROWTH HORMONE - HISTORICAL BACKGROUND 

According to religîous beliefs, the world was first populated by a race of giants 

who were the product of divine and human mating. An early view was that modern man 

represents a degraded form of this original stronger and more noble race (reviewed by 

Daughaday, 1992). It is not an exaggeration to -te that men and women of unusual height 

(gigantic or dwarf) have always attracted attention nom the earliest days of human 

existence. 

In 1886, Dr Pierre Marie, a French neurologist, described pituitary enlargement in 

acromegalic patients and postulated that the pituitary plays an important role in the 

pathogenesis of this disease (reviewed by Daughaday, 1992). This observation laid the 

foundation for studies of pituitary physiology. The importance of the pituitary gland with 

regard to Linear growth came h m  observations made by Dr. Harvey Cushing at the Johns 

Hopkins Hospital in the early 1900s (as reviewed by Strobl and Thomas, 1994). In 

addition, bovine pituitary gland extracts were shown to promote growth in normal rats 

(Evans and Long, 1921 and as reviewed by Strobl and Thomas, 1994). However, it was 

the hormone prolactin, which was identified as a lactogen, that was thought to be the 

somatogen, because of the impure nature of the pituitary extracts (as reviewed by Cooke 

and Liebhaber, 1995). Bovine growth hormone (WH) was f is t  purified to homogeneity 

by Li and Evans (1944) and human growth hormone @GH-N) followed later (Li and 

Papkoff, 1956; Li, 1957; Raben, 1957 references fiom the review by Strobl and Thomas, 

1994). Although, bGH was somatogenic for rats, only primate growth hormones 

stimulated longitudinal growth in primates, and this was atmbuted to the biochemical 

differences between the primate and nomprimate growth hormones (Li, 1957). 

Although prolactin Like substances were extracted nom placentas b y many 

investigators in the late 195OYs, their nature was revealed only in the early 1960's 

(reviewed by Tyson, 1972). Chorionic somatomamrnotropin (CS) was initialiy identified 

as placental lactogen (PL) (Josimovich and MacLaren, 1 962) and/or chorionic growth 
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hormone-prolactin (CG-P) (Kaplan and Gnrmbach, 1964). In 1967, the name "chorionic 

somatomammotropin'* was couied to signifjr the origin and known biological properties of 

the PL or CG-P (Tyson, 1972). 

Amino acid sequencing of hGH-N (Catt et al. 1967; Li et al. 1969a; Sherwood, 

1967), prolactin (Jacobs and Niall, 1975; Shome and Parlow, 1977), hCS (Catt et ai. 

1967; Li et al. 197 1: Niall et al. 1971; Sherwood, 1967) and ovine prolactin (Li et al. 

L 969b,c) led to the identification of common structural features among these proteins, and 

this strongly suggested that these genes originated fkom a common ancestraI gene. 

Furthemore, these polypeptides also share biological fûnctions and show cross- 

immunoreactivity (Niall et al. L973). Thus, these genes were grouped into a superfamily. 

1.3. THE GROWTH HORMONE AND PROLACTIN GENE 

SUPERFAMILY 

The growth hormone (GK) and prolactin (PRL) gens appear to have evolved fiom 

a common ancestral gene in many species of vertebrate animals. In primates, the family 

consists of GH, GH-like chononic somatomammotropins (CS) and PRL genes, whereas in 

non-primates the family is GH, PRL and PRL-like placental lactogens (Table. 1.1). Based 

on the amino acid and gene organization, two other members, proliferin and somatolactin, 

were included in the GWPRL gene family (Linzer and Nathans, 1 985; Ono et al. 1990; 

Takayarna et al. 199 1). The GH, PRL and somatolactin genes are exclusively expressed in 

the pituitary gland. There are four members of the G W S  gene family which are expressed 

during pregnancy in the placenta (Parks, 1989). The proliferin gene is expressed in 

proliferating murine fibroblasts and placenta (Linzer and Nathans- 1985; reviewed by 

Wallis et al. 1992). Recent studies report the presence of two GH-N gene alleles in the 

genomes of sheep and goats (Wallis et al. 1998). However, a variation was observed 

among strains of sheep for the presence of duplicateci GH genes, and it is not known 

whether this duplication is equivalent in sheep and goat (Wallis et al. 1998). 



Table. 1-1- GH/PRL gene superfamily 

Gene 

GH-N 
GH-Variant 
CS-A/-BI-L 
GHz-N 
GHz-Z 
gGH2 
gGH3 

Prolactin 
P L 4  
P L 4  
PL-1 variant 
Proliferin 
PRP 
f LP-A/-BI-C 
PL 
PRP-1 to VI 

Most vertebrates 
Human (Primates) 
Human (Primates) 
Sheep 
Sheep 
Goat 
Goat 

Teleost fish 

Most vertebrates 
Mouse, rat 
Mouse, rat, hamster 
Rat 
Mouse 
Mouse 
Rat 
Cow, Sheep 
Cow 

Tissue of ex~ress ioq  

Anterior pituitary 
Placenta 
Placenta 

? 
? 
? 
? 

Pituitary 

nterior Pituitary 
.acenta 
,acenta 
acenta 
.acenta, some proliferating cells 
acenta 
acenta 
acenta 
acenta 

PL, placental lactogen; PLP, Prolach-like protein; PRP, prolaetin-related protein. 

1.4.1. STRUCTURAL FEATURES OF GWCS GENE FAMILY 

The GH gene is specific to vertebrate animals. With the exception of primates, most 

animal species possas only one GH gene. Primates have a cluster of physically-linked five 

genes on the same chrbmosome. In humans, the GH/CS genes are located on the long arm 

of chromosome 17q22-24 and span 48 kilo bases (kb) (Barsh et al. 1983; Chen et al. 

1 989; George et al. 1 98 1 ; H i a  et al. L 987; Owerbach et al. 1980 ). These five genes, nom 

5 * to 3 ', are pituitary growth hormone (GH-N or GH 1 ), chorionic somatomammotropin- 

Like (CS-L or CSHL I or CS5 or PL-1), CS-A (CSHI or CS 1 or PL+, GH-Variant (GH- 

V or GH2), and CS-B (CSHZ or CS2 or PL-3), in that order (Fig. 1.1). However, 



according to HGMW-approved gene nomenclature, these genes are now to be 

represented as CH-N, CS-L, CS-A, CH-V and CS-B. Through~utthestudythis 

nomenclature was used. 

Fig. 1.1. The human GWCS gene locus on chromosome 17. All 
five genes are shown with mow heads indicating the transmcnptional orientation 
of the genes. The intergenic distances are ako shown. Scde 1 inch = 10 kb 

GH-N CS-L CS-A GH-V CS-6 
e * m w b 

The entire nucleotide sequence (66 kb) of the GWCS gene cluster has been 

described (Chen et al. 1989). These genes are arranged in the same transcriptional 

orientation and are highly homologous, sharing 9 1-99% nucleotide sequence identity both 

in their primary transcripts and irnmediate S'-fi anking regions (Chen et al. 1989; Hùt et al. 

1987; Seeburg, 1982). Furthemore, these five genes also share common genomic 

s&cture in tenns of exon and intron organïzation. Each gene consists of five exoas and 

four introns with a primary traascript of about 1.6 kb (Barrera-Saldana et al. 1982; Chen et 

al. 1989; DeNoto et al. 198 1 ; Hirt et al. 1987; Miller and Eberhardt, 1983; Seeburg, 1982). 

Despite their sequence similarity, the GWCS genes are expressed in different tissues. The 

GH-N gene is expressed efficiently in the somatotrophs of the anterior pituitary gland 

(Nelson et al. 1988; Pelletier et al. 1978; Simmons et al. 1990) and the CS/GH-V genes are 

expressed in syncytiotrophoblasts of the placenta (McWilliams and Boime, 1980; Parks, 

1989). GH-N/CS-L and GH-VKS-B genes are separateci by intergenic distances of 6.0 to 

6.5 kb , whereas CS-UCS-A and CS-NGH-V genes are interspersed with 13 kb of DNA 
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Chen et ai (1 989), while presenting the sequence data for the G W S  gene locus, 

identified some interesting regions, including both highiy repetitive as well as conserved 

domains within the locus, and suggested these regions might be Uivolved in the differential 

and tissue-specific regulation of GWCS genes. The following is a list of putative 

regdatory regions including those discussed by Chen et al. (L989): 

1. Approximately 2 L% of the GHXS Locus contains 48 copies of the 300 bp Alu middle 

repetitive DNA elements. It was thought that the repeat sequences are responsible for the 

duplication of the human GH-N gene. 

2. Another repetitive region with a high- consert-ed sequences is the "P-region". A 1.0 kb 

element which was localized to a region 1-7-21 kb upstream of the CS-L, CS-A, GH-V 

and CS-B genes, and is absent fiorn the 5' upstream sequences of the GH-N gene (Fig. 

1.2). As this sequence is prirnarily associateci with the placental GH genes, the region was 

named the "P-region". It was suggested that this P-region may contriite to the exclusive 

placental expression of the placental GH gena. 

Fig. 1.2. P-sequence region is located upstream of the placenta- 
specific CSfGH-V genes. Al1 five GWCS genes are shown. The P-region 
is shown as filled dot boxes, Scale I inch = 10 kb 

GH-N CS-L CS-A GH-V CS-B + * w * e 
- -- - 
3. A 30-50 bp long poly-purine (A,,G) \vas ideatified upstrearn of CS-L, CS-A i d  CS-B 

genes. These poly-purine sequences were suggested to affect the chromatin stnicture 
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(Gross and Garrad 1988 as reviewed by Chen et al. 1989). 

4. A KpnI repeat elanent (-200 bp) located in the 5'-flanking sequences of the CS-B gene, 

was suggested to contribute to the reduced expression of the CS-B gene. 

5. Another characteristic element includes a 50 bp CCCCA-nch sequence located 650 bp 

upstream of the transcription start site of the GH-V gene. A shorter version of this 

sequence is also located in a similar location upstream of the CS-L gene, suggesting their 

possible role in the significant lower expression of these genes compared to CS-A and CS- 

B genes, and 

6. Although not identified by Chen et ai (1989), the CS-L, CS-A and CS-B genes are aiso 

characterized by the presence of another 1.0 kb sequence with 95% homology, 

approximately 2.2 kb downstream of these genes which has been characterized as an 

enhancer region (Walker et al. 1990). 

1.4.2, STRUCTC'RAL FEATURES OF THE PROLACTIN GENE 

nie human prolactin (PRL) gene is unique in the haploid genome and is located on 

chromosome 6 (011-erbach et ai. 1 98 1 )- The PRL gene is aiso similar to GWCS genes in 

terms of genomic organization with five exons (Cooke et al. 1980; 198 1). Rodent and 

ruminant animal species contain a family of PRL-related genes (reviewed by Wallis et 

d. 1 992). Many of these genes are exclusively expressed in the placenta (Table. 1.1). 

1.5. EVOLUTIOS OF TEE GH/PRL GESES 

The GH and PRL gens were groupeci into a common fàmily based on their protein 

sequence similaritytY shared biological iùnctions and immune-crossreactivity. Cornparisons 

of mRNA sequences for rat GH (Seeburg et al. 1977) and PRL (Cooke et al. 1980; 

Gubbins et al 1980). human GH (Martial et al. 1979; Roskam and Rougeon, 1979) and CS 



(Shine et aI. 1 977)- as weli as bovine GH (Miller et al, l98Oa) and PRL (Miller et ai 1 %Ob; 

Nilson et al. 1980), not only confimed earlier grouping, but also strongly suggested that 

these genes might have evolved f?om a common ancestral gene. In humans, GH-N and 

PRL share 35% homology at the amino acid Ievel (Bewley et al. 1972; Shome and Parlow, 

L977), whereas these genes show 41% homology at the mRNA level @Er& et aL 1 987). It 

was estimated that the GH-N and PRL genes could have duplicated h m  an ancestral gene 

over 350 million years ago (Barsh et al. 1983; Cooke et ai. 1980; Miller and Eberhardt, 

1983). This duplication resulted in two separate precursors, one for PEU and the other for 

the GWCS gens  in humans. These precursors then segregated onto two different 

chromosomes, hence, the GWCS and PRL genes are present on chromosome 17 and 6, 

respectively, in humans (Chen et al. L989; Owerbach et ai. L98 1). This segregation event 

appears to have occurred in al1 specïes of vertebrate animals. 

The notion that a common ancestral gene existed for the GH and PRL genes was 

m e r  supported with the identification of the somatolactin (SL) gene in the pihiitaries of 

teleost fish, including saimon and cod (Cho et ai- t 990; Takayama et al. 1991)- Amino acid 

sequence revealed that somatolactin is 24% identical to the GH-N and PEU hormones of 

the fish (Ono et al- 1990). Interestingly, this gene aiso has a five-exon structure which is 

similar to GH-N and PEU gene organization. It  was suggested by Takayama et a1 (1 99 1) 

that somatolactin may be the ancestral gene or have originated fiom an ancestrai gene, 

which preceded the divergence of GH-N and PRL genes (Fig. 1.3). These hdings also 

support the suggestion that duplication of GK-N and PRL occurred before the di&rgence 

of fish and tetrapods (Cooke et al. 1980; 198 1). However, the fiinetion of somatolactin is 

still not known. 

From the above observations, it is evident that the GHiPRL and somatolactin genes 

originated nom an ancestral gene. Since the transcriptioa factor GHF- Wit-L is important 

for expression of ai1 these genes, the conservation of this factor in the pituitary in d l  

species of vertebrate anîma.is also signifies a close relationship between these genes (Cohen 

et al. L 996; Takayama et al. 199 1). 



Fig. 1.3. EvoIutionary mode1 for growth hormone (GH), prolaetin (PRL) 
and Somatolactin (SL) genes. An ancestral gene was formed by shuffling of five 
prototype exons and a regdatory element Subsequent duplication and divergence of the 
ancestral gene generated GH, PEU and SL genes before the divergence of vertebrates. 

ANCESTRAL EXONS 

SHUFFLING OF EXONS 

GENERATION OF AN ANCESTRAL GENE 

DUPLICATION AND DIVERGENCE 

PRL 



1.6. DUPLICATION OF THE PRIMATE GH PRECURSOR GENE 

Afier the evolution of primates fiom other mammals. the primate GH piecursor 

gene, in a peculiar event involving three duplications and a gene non-reciprocal cross-over, 

gave rise to five different GWCS genes, which bear high sequence homology (Barsh et al. 

1983; Hirt et al. 1987; Seeburg, 1982; Selby et al. 1984). It is believed that the CS genes 

arose afier divergence of rodents and primates $0 million years ago (Moore et d. 1982) and 

as recentIy as 10-15 million years (Barsh et al- 1983: Chen et al. 1989). As stated earlier, 

this duplication is peculiar to primates with the exception of caprine species (Wallis et al. 

1998). During the evohtionary process, the primate GH precursor gene acquired the A h  

middle repeat sequences and it was proposed that the presence of these sequences might 

predispose the locus to duplication events, resulthg in the GH-N, CS-L, CS-& GH-V and 

CS-B genes (Chen et al. 1989). Furthemore, during the duplication process, other sets of 

repetitive sequences such as P-region and CS-enhancer sequences were inserted ïnto the 

G WCS locus (Chen et al. 1989). It was suggested that the CS-A gene is the most recent in 

origin among the GWCS genes (Chen et al. 1989)- 

Although duplication of the GH gene and the presence of the CS genes in the 

rhesus macaques was suggested earlier (Parks, 1989), it was Golos and CO-workers 

(Golos et al. 1993) that were the f h t  to isolate and characterize the five GWCS genes 6rom 

the rhesus monkey pituitary and placenta. These genes also follow a similar pattern of 

expression as that of the hGWCS genes. However, the chromosomal localization and 

genome organization of the monkey GWCS genes are unknown, and so the extent of the 

similarity between the monkey and human genomes is yet to be deterrnined. 

Interestingly, it was speculated that the GWCS gene duplication occurred more 

rapidly than was necessary for a similar duplication process of the human beta-like globin 

gene farnily (Barsh et al. 1983). However, the major advantage and requirement of the 

GHKS gene duplication in primate species is still not clear, as the physiological role and 

essentiality of the CS hormones are still uaknown. 

L 1 



1.7. GH/CS GENE EXPRESSION AND THE POLYPEPTIDE PRODUCTS 

The GH-N gene is expressed prïmarily in the somatotroph in the anterior pituitmy 

gland, whereas the GH-N related CSfGH-V genes are exclusively expressed in the 

placental villi syncytiotrophoblasts. According to sequence information available, the GH- 

N, CS-L, CS-A, GH-V and CS-B genes will encode a si~nilar size heterogenous primary 

transcript of 1650 nucleotides which is M e r  processed into a mature mRNA 800 

nucleotides in Iength (Chen et al, L989; DeNoto et al. 198 1). It was observed that multiple 

foms of mRNA fiom GH-N (Cooke et d. 1988a; DeNoto et al. 1981), CS-NCS-B 

(MacLeod et al. 1992), GH-V (Cooke et al. 1988a, b; MacLeod et al. 1991) and CS-L 

(Misra-Press et al. 1994) &se due to alternative splicing. The GWCS transcripts were 

shown to have a poly (A) tail of 80 nucleotides at the 3'-end (Boime and Boguslawski, 

1974; Boime et al. 1975) and 60- and 100 bp untranslated regions (UTR) in their 5'- and 

3 '- ends (Seeburg, 1982). 

1.7.1. The pituitary GH-N 

The GH-N gene encodes predominantly. a protein of 22 kDa in the pituitary, 

consisting of a 191 amiao acid polypeptide (Li et al. 1971; Niall et al. 1971). The 

biologically active conformation of hGH-N is maintained by two diSulfide bridges (Li et al. 

1971; Nidl et al. 1971). However, 10% of the GH-N transcripts undergo aitemate 

splicing, resulting in a 20 kDa protein that has an amino acid sequence identical to 22 kDa 

hGH except for a 15 amino acid intemal deletion nom residues 32 to 46 (Chapman et al. 

198 1; Lewis et al. 1978; Lewis et al. 1980; Sin& et al 1974). Both 22 and 20 kDa GH-Ns 

are capable of stimulating growth in ~iuisgenic rnice (Stewart et al. 1992). However, the 20 

kDa fom does not bind to GH receptors with high affùiity in human liver (Strobl and 

Thomas, 1 994). 



1.7.2. The placental CS-A and CS-B 

The CS-A and CS-B g e n s  express essentially an identical protein (~arrera-saldana 

et al. 1 983). However, the CS-A and CS-B mRNA and theu corresponding cDNAs bear 

nucleotide differences, which were utilized to differentiate the levels of expression of these 

genes in the term placenta it is now well established that dere is a switch in the relative 

levels of these gene transcripts from early pregnancy (8 weeks), where both CS-A and CS- 

B levels are equal. to terni where CS-A Ievels are six times higher than CS-B (Barrera- 

Saldana, L998; Chen et al. 1989; MacLeod et al. 1992; Martinez-Rodrlguez et al. 1997). 

CS is the major polypeptide hormone produced in placenta accounting for 10-20% of the 

total placental protein production (Seeburg et ai. 1977; Barrera-Saldana et al. 1982). 

S ynthesis of CS messenger RNA is generalfy considered as a b c t i o n  of gestation (Boime 

et al. 1976). The structure of the polypeptide is simïlar to GH-N protein. Alternatively 

spliced forms of mRNA for CS-A and CS-B genes were also reported (MacLeod et al. 

1992). In these low abundance splice vmiants, intron 4 is retained resuiting in a transcript 

size of 1250 nucleotides (MacLeod et al. 1992). 

1.7.3. The placental GH-V 

The GH-V gene was initially assurned to be a pseudogene (Seeburg, 1982). 

Frankeme et al. (1987) were the k t  to provide evidence for GH-V expression in the 

placenta. Later the GH-V cDNA was isolated fiom a placental library (Chen et al. 1989; 

Igout et al. 1988). GH-V is also expressed as a 22 kDa protein in the placenta (Igout et al. 

1989). An alternative form of the GH-V transcript, GH-V2, which represented 30% of 

total GH-V transcripts, was also reported (Cooke et al. 1988a, b; MacLeod et al. 1991). 

GH-V2 retains intron 4 resulting in a 1250 nucleotide transcript, and the size of the protein 

was predicted to be 26 kDa (Cooke et al. 1988a, b; MacLeod et al. 1991). During 

pregnancy, GH-N in the matemal circulation is replaced by GH-V and the. GH-N 

completely disappears by rnidpregnancy (Frankeme et al. 1990; Hennen et al. 1985; Jara et 

al. 1989; Mirlesse et al. 1993). 



1-7.4. The placental CS-L 

The CS-L gene is a pseudogene (Hirt et al. 1987). Aithough the CS-L specific 

mRNA was detected in the placenta (Chen et al. 1989), the corresponding CS-L pmtein is 

yet to be identified. The CS-L gene undergoes a complex set of alternative splicing events 

generating at least five major splice varîants (Misra-Press et al. 1992). It was suggested that 

the majority of processed CS-L mRNA is non-hctional (Misra-Press et aI. 1992). It is 

intriguing to observe that the promoter for CS-L is a s  active as the CS-A and CS-B 

promoters in vitro (Selvanayagam et al. 1984). Both C S  L and GH-V genes are expresseci 

at very low levels relative to CS-A/-El genes in the placenta (Chen et al. 1989). 

1.8. PHYSIOLOGICAL IMPORTANCE OF PITUITARY GH-N 

The fünctional significance of pituitary GH-N is very obvious. Being a vertebrate 

hormone, the GH-N is requued for the linear growth of an individual. However, GK-N is 

not an essentid hormone for life itself, because a complete deletion of the GH-N gene 

results in only short stature for an individual. Furthemiore, GH-N is not required during 

pregnancy and is not involved in normal intrauterine growth and development of the fetus 

(Curran et al. 1998; Gluckman et al. 198 1 ). However, GH-N is present in the fetal 

circulation fiom the 12th week of gestation, and by rnidpregnancy plasma concentrations 

are in the 100 ng/ml range and then fall late in gestation (Comblath et al. 1965). Decipite the 

abundance of GH-N in the circulation, the hormone is not thought to play a major role in 

fetal growth because pituitary aplasia and congenital hypopituitarism do not cause severe 

growth retardation (Goodman et al. 1968; Lovinger et al. 1975). it is also known that GH- 

N can not cross the placental barrier (Fholenhag et al. 1994). In contrast, the role of GH-N 

in postnatal growth of an individual is well known 

GH-N regulates growth through effects on tissue differentiation, ce11 proliferation, 

and protein synthesis (reviewed by Strobl and Thomas, 1994). These effects bring either 



hypmphy, hyperplasia or both in target tissues like bone, cartiiage and skeletai muscle. 

Furthemore, GH-N can exert its effects directly or through the actions of a mediator, 

insulin-like growth factor4 (IGF-I), which is primarily produced in the Liver. GH-N also 

elicits many metabolic effects such as stimulation of Iipolysis, protein synthesis and 

modulation of carbohydrate metabolism and fluid electrolyte balance, Growth hormone has 

an anti-insulin diabetogenic effect, 

Previously, it was thought that GH-N stimulates the expression of IGF-I fiom 

liver, and via IGF-1, promotes Iinear growth by stimulating the prechondrocytes in the 

epiphyseai plate. However, later it was proved that the GH-N can act directly or stimulate 

local production of IGF-1 at epiphyseal plate as weli as increase somatic growth (Isaksson 

et al. 1987). GH-N also stimulates the differentiation of preadipocytes to adipocytes 

(Hauner et al. 1992)- In children and adults, GH-N initiates Iipolysis (reduces the fat 

deposits) and increases Lean body mas .  GH-N also stimulates many genes including IGF-I 

(reviewed by Isaksson et ai. 1985), c-fos and c-jun (Slootweg et al. 199 l), serine protease 

inhibitor (Yoon et al. 1987) and serum response factor and Elk-1 (Liao et al. 1997). 

Regulation of expression of these genes by GH-N occurs through GH-receptor signaLing. 

GH-N is also expressed in lymphocytes (Lytras et al. 1993; Weigent et al- 1988) 

suggesting a role for GH-N in immunological responses. However, GH-N-deficient 

patients do not exhibit gross deficiencies in irnmunological responses (Spadoni et al. 

1991). GH-N also has a rote in normal human reproduction (Reviewed by Katz et al. 

1993). 

1.9. PHYSIOLOGICAL SIGNlFICANCE O F  PLACENTAL CS/GH-V 

Although the physiological importance of GH-N is known, the absolute 

requirement of placental GHKS during pregnancy has not been established. However, 

there are many suggestions regarding the role of CSIGH-V proteins in fetal growth and 

metabolism. Very hi& levels of CS in the matemal versus fetal circulation strongly 

suggests a higher tendency of CS secretion into the matemal circulation than into the fetal 



circulation. However, detection of CS in the fetal circulation suggests a possible anabolic 

role for CS (Hill et al. 1988). CS, like GH-N, will also increase insulin secretion, impair 

glucose tolerance and cause retention of nitrogen during pregnancy (reviewed by Hill, 

1992). CS is also lipolytic and this may be a rescue mechanism in matemal starvation 

(Williams and Coltart, 1978). The fetal tissues express CS-specific-receptors and CS is 

able to stimulate amino acid uptake and glycogenesis in fetal tissues (Freemark et al. 1988; 

Freemark and Comer, 1989; Hill et al. 1985; 1986; 1988). CS protein secretion is not 

pulsatile like that of GH-N, however, spontaneous variations in the levels ofCS hormones 

during pregnancy were reporteci (Vigneri et al. 1975). The physiological relevance of this 

nature is not known. 

The physiological role of placental growth hormone (GH-V) is poorly understood. 

The GH-V does not cross the placentaIfetal barrier and is not detected in the fetus or in cocd 

blood of the newbom (Frankeme et al. 1988). As stated earlier, GH-V completely replaces 

pituitary GH-N in the materna1 circulation during pregnancy by the 25th week (Frankenne 

et al. 1990; Hennen et al. 1985; Jara et al. 1989; Mirlesse et al. 1993). OH-V is also 

nonpulsatile (Erikson et al. 1989), unlike GH-N which is highly pulsatile. The level of 

GH-V in the matemal circulation plateaus by the 35th week of pregnancy and rapidly 

disappears with the onset of labor (Mirtesse et al. 1993). Recombinant GH-V (22 kDa) had 

sirnilar somatogenic effect on rabbit and rat cells as that of GH-N, but had a different 

lactogenic activity on the rat (Igout et al. 1995). 

Both CS and GH-V were shown to have somatogenic and lactogenic properties 

(Friesen, 1966; Hill et al. 1985; 1988; MacLeod et al. 1991; Nickel et al. 1990a; Tyson, 

1972 and references within). Specific-receptors for these hormones in fetal tissues were 

identified (Freemark et al. L988; Freemark and Corner, 1989; Hill et al. 1985; 1986; 1988), 

suggesting their role in fetal growth. However, the actual physiological significance of 

these homiones is yet to be detennined. 



1-10, GROWTH HORMONE RECEPTOR AND SIGNALING 

To exert its biological functions, GH-N has to bind to receptors on the target cells. 

The cDNA encoding the growth hormone receptor (GH-R) was cloned by Leung et al. 

(1 987). The human GHOR is a singIe polypeptide receptor with an unique transmembrane 

domain (reviewed by Goffin and Kelly, 1996). The PRL receptor (PRL-R) was also 

cloned and found to be similar to the GH-R (Boutin et al. 1988; 1989)- The GH-R and 

PRL-R belong to the class 1 type of cytokine-receptor superfamily (reviewed by 

Moutoussamy et al. L998 and refecences therein)- The Class L receptors are characterimi 

by four conserved Cys residues in the amino-terminal part of their extracellular domain and 

the presence of a consened W S W S  (Trp-Ser-Xaa-Trp-Ser) motif in the C-terminal part 

In several species of animais, the extracehiar domain of the GH-R exists as a soluble 

receptor in the circulation and is known as GH-bùiding protein- The GH-N/GH-R complex 

had been crystallized and the complex contained a molecuie of GH interacting with a 

homodimer of GH-R. 

Once GH-N binds to the receptor, rapid induction of phosphorylation of several 

cytoplasmic proteins occurs. Although GH-R is not a tyrosine kinase receptor, the 

phosphorylation is initiated by the activation of specific-receptor associated kinase, JAK2, 

which belongs to a f d y  of kinases known as Janus kinases or ' ~ u s r  another kinase" 

(JAKs). Furthemore, the GH-R activated JAK2 phosphorylates a set of transcription 

factors known as signal transducers and activators of transcription (STATs). GH-N 

activates STAT1, STAT3 and STATS (both a and b isofoms). STATs are phosphorylated 

on their Tyr and Ser residues by JAKs and phosphorylated forms are translocated into the 

nucleus, where they modulate the expression of GH-N target genes. STATs bind to DNA 

elements with a consensus sequence of TïCCNGGAA 

It was largely thought that IGF-1 is the mediator of CH-N physiological hct ion.  

However, it is still not clear how GH-N and GH-R signaling induces transcription of the 

IGF-1 gene. 



Prolactin (PEU), which belongs to GWPRL hormone superfamily, aIso binds to a 

class 1 type of cytokine receptor. In most speciest GH-N binds to somatogen recepton and 

PRL binds to lactogen receptoa (Ray et al. 1990). However, hGH-N is an exception, 

since it binds to both somatogen and lactogen receptors (Shiu et al. 1973). Although, it was 

originally thought that the binding of GH-N to its receptor was restricted to iiver, it was 

found that the GH-R is expressed in a wide variety of cells (reviewed by Kelly et al. 1993). 

Similady, the PRL recepton (PRL-Rs) are widely distn'buted in severai cells and tissues of 

mammals (reviewed by Kelly et al. 1993). At Ieast thne foms of both GH-N and PRL 

receptor proteins were identified (Fig. 1.4). Although distinct receptors for CS were 

identified in fetal tissues (Freemark et al. 1988; Freemark and Comer, 1989; H i l  et al. 

1985; L986; l988), their functional role is yet to be characterized. GH-V was aIso shown 

to bind to both somatogenic and lactogenic receptoa, however, with different affinities 

than that of GH-N (Ray et al. 1990): 

Fig. 1.4. Structure of growth hormone and prolactin receptor famiiy. 
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An interesting obsewation was also made with the genes encoding GH-N and PRL 

receptors. Both the GH-R and PRL-R genes CO-localize to chromosome Sp13-14, 

suggesting that these proteins may be encoded by a cluster of related genes that evolved 

fiom a common ancestral gene, in a ntanner consonant with that of theù ligands (Arden et 

al. 1990; Barton et al. 1989). 

It was reporteci that the GH-R receptor c m  also translocate into the nucleus, but the 

functionai signincance of this is yet to be elucidated (Lobie et al. 1994 a, b). This 

observation is simiiar to that obsemed with other cytokines and growth factors (reviewed 

by Jans and Hassan, 1998). 

1.11. GENE DELETIONS IN THE H G m S  GENE CLUSTER 

A deletion of the GH-N gene can be recognized immediately by looking at the 

appearance of an individual. Several cases of GH-N gene deletion in a 7.5 kb GH-N gene 

deletion or a 45 kb hGWCS gene deletion were reported (Akinci et al. 1992; Braga et al. 

1986; Cacciari et al. 1994; Ghizzoni et al. 1994; Mullis et al. 1992). Although rare, several 

cases of complete to very low materna1 concentrations of CS/GH-V hormones were 

reported and in al1 these cases the babies bom were healthy and the pregnancy progressed 

without any obvious complications (Alexander et al. 1982; Alsat et al. 1997; Barbieri et al. 

1986; Borody and Carlton, 198 1; Frankenne et al. 1986; Gaede et al. 1978; Giarnpietro et 

al. 1984; Hubert et al. 1983; Nielsen et al. 1979; Sideri et al. 1983; Simon et al. 1986; 

some of these references are fiom Rygaard et al. 1998). Furthemore, analysis of the 

genomic DNA from some of these individual cases revealed various types of deletions in 

the GWCS gene cluster (Alsat et ai. 1997; Nielsen et al. 1979; Parks et al. 1985; Rygaard 

et al. 1 998; Simon et al. 1 986; Wurzel et al. 1 982). Recently, a case with a complete lack of 

the CS-A/-B and GH-V genes but with intact GH-N and CS-L genes resulted in a sevecely 

growth retarded but othenuise normal baby (Rygaard et al. 1 998). This is the oaly clinical 

report where severe growth retardation was reported. In another case with a sïmilar type of 



deletion, the pituitary GH-N gene was shown to be expressed in the placenta (Akat et al. 

1997). However, Rygaard et al (1 998) did wt discuss GH-N gene expression. In both 

cases, no CS-L transcript in the placenta or CS-L protein in the matemal circulation was 

detected (Alsat et al. 1997; Rygaard et al. 1998). 

1 . 12. TRANSCRIPTIONAL REGULATION OF THE CH-N GENE 

1.12.1. General principles involved in transcriptional regulatory 

mechanisms 

During the evolution of multicellular organisms, different cell types and tissues 

acquired some characteristics and peculiarities that allow them to carry out specialized 

functions. In general t a s ,  a fiinction or characteristic is the result of the action of a 

protein or set of proteins, which in tum idare the products of genes. Therefore, these cells 

or tissues express a gene or set of genes in a cell or a tissue-specific manner as well as in 

spatial and temporal manner. Although al1 cells in an individual possess the same genetic 

material, there are several regulatory mechanisms including transcriptional, post- 

transcriptional, translational and post-translational which can play an important role in the 

expression and function of a particular gene. With the recent developments in molecular 

biology, it is now evident that the expression of a particuiar gene is primarily regulated at 

the transcriptional level. 
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The genes which code for a protein are minscribed by RNA polyrnerase II 

(RNAPII), and the regulatory mechanisms involved in this process are weU studied. 

Generally, the information necessary to regdate the expression of a particular gene is 

present in the sequences imrnediately upstream of the transcriptional initiation site of a 

gene. These sequences are classified into core-promoter and enhancer/silencer regions. 

Analysis of these sequences for many genes revealed various regulatory elements. Further 

studies on these regulatory sequences led to the identification of both general and cell- or 

tissue-specific transcriptional mechanisms involved in the expression of a gene. 



Core-promoter elements are 'minimal DNA sequences required for accurate 

transcription ifiitiation by RNAPII in reconstituted ce l l -w  systems' (Roeder, 1996). Most 

of the core-promoter sequences contain a TATA box (consensus TATAdtAdt) located 30 

bases upstream of the transcription initiation site. Furthemore, an initiator element (IN, 

consensus YYANt/aYY) located near the transcription initiation site was dso  s h o w  to be 

important for transm-ption initiation of some genes (revÏewed by Roeder, 1996). However, 

the core-promoter of some genes contain both initiator sequences and the TATA box, 

whereas some promoters contai-n ody the Initiator sequence or the TATA box, and some 

contain neither of these two elements In spite of these variations in the core-promoter 

sequences, transcription nom al1 these promoters is initiateci by the same set of generai 

transcription factors (GTFs) which include RNAPII, TFIID (which is a complex of T A A -  

binding protein, TBP, and TBP associated factors known as TAFs), and TFIIB, TFIIE. 

TFIIF, TFIIH. These factors bind in a sequential manner to the core promoter elements 

(specifically to the TATA box) and initiate accurate transcription (Fig. 1.5). However, 

recent results indicate that the RNAPII exists as a "holoenzyme** complex which is 

comprised of some of the above mentioned GTFs, a group of transcriptional mediator 

proteins, chromatin remodeling factors, coactivators and corepressors (reviewed by 

Bjorklund and Kim, 1996)- 

In contrast, the enhancer/siIencer regulatory elernents are recopnized by sequence- 

specific-DNA binding proteins or transcriptional activators. These elements are either 

proximal or distal promoter elernents depending on their distance fiom the transcription 

initiation site of the particuiar gene. Several proximal promoter regions are characterized by 

the presence of GC-rich, AP-1 and CCAAT elements which are important for activated 

transcription of a gene in a cell. Many of the tissue-specific genes also possess these 

elements as well as elements which are recognized by the tissue-and sequence-specific 

activator factors. Examples of some ubiquitous activator proteins are the GC-box bindiag 

Sp 1 (Briggs et al- 1986), AP- 1 (Angel et al. 1987; Lee et al. 1987), NF-KTF-1 (Jones et 

al. l987), c/EBPs (Landshultz et al. L988), whereas GHF-l/Pit-1 (Bodner et al. 1988; 

Ingraham et al. 1988) is a classic example of a tissue-specific activator protein. 



Fig. 1.5. Mode1 for preinitiation cornplex (PIC) formation and initiation of 
transcription of a typical RNA pol~merase II dependent protein coding 
gene. (Redrawn fiom the review article by Roeder, 1996). 
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Identification of most of the elements involved in transcription was based on in 

vitro studies using naked DNA. Although, these studies are necessary to identim the gene 

promoter sequenceslelements and their respective regulatory factors, many times the 

information obtained is insufficient to understand the underlying stringent transcriptional 

controls. At present, many investigators are unraveling the transcriptional mechanisms 

involved at the level of DNA ui its native chromatin conformation in the nucleus. 

Transcription fiom class II genes involves complex protein-protein interactions 

arnong generai (basal) transcription factors and sequence-specific transcriptionai activators 

to bring a synergistic effect. Regulation of these transcriptionai events involved in the 

initiation process are an area of intensive study. Except for the housekeeping genes, which 

are constitutively expressed in a cell, the initiation of transcription of the class II genes 

occm in response to both developmental and envkonmental signais. Results nom many 

laboratories had demonstrated that the transcriptional activators interact with TAFs, and this 

interaction enhances the recruitrnent and/or stabilization of TFlID on the promoter. 

Furthemore, there is evidence that another set of proteins, known as 'coactivators and 

corepressoa' are also involved as adaptors between activators and basal transcription 

factors. 

There are many components of the nucleus that are involved in the transcriptional 

process. They include chromatin structure, modifications of nucleosomes, nuclear ma&, 

enhancers and the locus control regions associated with the gene. 

1.12.1.1. Interplay between chromatin structure and transcription 

in an eukaryotic cell, the DEiA is compacted into chromatin structure. The primary 

component of chromatin structure is the nucleosome which is a cornplex of histone proteins 

(Hl and core histones HU, H2B, H3 and H4) and DNA. Chromatin structure is always in 

a dynamic state. An inactive gene in the ground state exists as a transcriptionally repressed 

chromatin structure that may be folded or compacted and inaccessible to transcription 



factors, as well as tesistant to nuclease treatments. In contriut, an active gene possesses a 

more open state, nucleosome structure is altered due to modifications of the core histones, 

histone HI may be depleted and the DNA is accessible to transcription factors as well as 

sensitive to nucleases (reviewed by Paranjape et al. 1994). The location of nucIeosomes in 

vivo is typically at specific positions dong the DNA (reviewed by Simpson, 1991) and 

alterations in the positioning of nucleosomes are responsible for transition of inactive 

chromatin to a transcriptionally competent state. Recent studies have shown that an 

important function of promoter- and enhancer-binding factors is to relieve chromatin 

mediated repression of transcription. Furthemore, at the chromatin Level, activated 

transcription of a gene is several thousand fold higher when the DNA is presented in a 

chromatin structure as opposed to being "naked" (Komberg and Lorch, 1995). 

1.12.1.2. Current principies o f  activation and repression of transcription 

It is clear now that hyperacetylation of the NH+rminal tails of histones H3 and H4 

is one of the major nucleosome alterations that occurs in transcriptionaliy active chromatin 

domains (Davie and Hendzel, 1994). The enzymes catalyzing histone acetylation and 

deacetylation were shown to be coactivators and corepressors- These findings are 

consistent with the notion that alterations in nucleosorne conformation ailow increased 

accessibility of the target gene promoters to the transcriptional machinery (reviewed by 

Bjorklund and Kim, 1996; Davie, 1998; Kingston et al. 1996; Komberg and Lorch, 1995; 

Maldonado and Reinberg, 1995; Nikolov and Burley, 1997; Paranjape et al. 1994). Many 

transcrip tional coactivators which act as histone acetyItransferases (HATs), include yeast 

GCNS (Brownell et al. 1996), p300KBP (Bannister and Kouzarides, 1996; Ogryzko et al. 

1996), PCAF (Yang et aI. 1996; Blanco et al, 1998), ACTR (Chen et al. 1997), TAF,,250 

(Miuen et al. 1996) and SRC-1 (Spencer et al. 1997) have been shown to interact with 

sequence-specific transcription factors and thus target specific genes. 

Recently, corepressors such as mSïn3 were identifid in the complexes formed with 

histone deacetylases (HDAC 1 and HDAC2), nuclear hormone receptor corepressors (N- 



COR and SMRT) and sequence-specific transcription factors (reviewed by Torchia et al. 

1998). Although, it is known that CBPlp300 proteins interaft with severd transcription 

factors, some of the examptes of transcription factors which are either activators or 

repressors, or both, foming complexes with HATs andlor HDACs, include the Mad 

family of transcription factors (Ayer et al. 1995; Schreiber-Agus et al. 1995), CREB 

(Kurokawa et al. 1998; Korzus et al. 1998), STAT-1 (Kurokawa et al, 1998; Korzus et al. 

1 W8), yeast gcn4 and herpes virus VP 16 (Utley et al. 1998), NFAT (Garcia-Rodriguez 

and Rao, 1998), AP-1 (Lee et al. 1998), GHF-1Pit-1 (Xu et al. t998), Myo-D (Puri et al. 

1997), p53 (Gu et al. 1997), Ets-1 (Yang et al. 1998), NF-Y (Cume, L998) and nuclear 

hormone receptors (Heinzel et al. 1997; Chai et al. 1997; Kurokawa et al. 1998; Komis et 

al. 1998; Nagy et aI. 1997; Torchia et al. 1997)- Some of these transcriptional activators 

which form complexes with HATs and HDACs are also important for cell and tissue 

development and differentiation. 

The erythroid-specific transcription factor EKLF interacts with HATs such as CBP 

and p300. It undergoes post-translational acetylation suggesting a mechanism by which 

EKLF is able to alter chrornatin structure and induce beta-globin expression within the beta- 

like globin cluster (Zhang and Bieker, 1998). A p3 00KREB binding protein-related protein 

p270 was identified as a component of mammalian S W S N F  complexes, suggesting the 

presence of both chromath remodeling and histone-modiwng enzymes at transcription 

sites (Dallas et al. 1998). Recently, analysis of the PCAF histone acetylase complex 

revealed the presence of polypeptides which were identical to TAFs (Ogryzko et al. 1998). 

Patients with dermatornyositis have a hi& mdignancy rate. It was recently reporteci that the 

dermatomyositis-specific autoantigen MiZP exists as a protein complex which contains both 

histone deacetylase and nucleosome remodeling activities (Zhang et al. 1998). These 

observations emphasize the importance of these protein complexes in gene expression both 

in normal and disease conditions, 



1.12.1.3. The rote of the nuclear matrix and cytoskeleton in gene 

expression 

Initial studies had suggested that the nuclear mat* provides the scaffolding 

structure for the chromatin. However, it appears more appropriate to regard the nuclear 

matrix as a dynamic entity. The nuclear matnx divides the chromatin into subnuclear 

domains where the replication and transcription occurs. Nuclear mat* is aiso involved in 

gene localization, the concentration and targeting of regdatory factors and the processing of 

RNA transcripts (reviewed by Cardosa and Leonhardt, 1998; Schul et al. L 998; Stein et al. 

1996, 1998; Stenoien et al. 1998). There is strong evidence to support a Iuikage between 

the cytoskeletal structure, chromatin and nuclear architecture in the signaling pathways that 

modulate gene expression both in normal and abnormal cellular conditions (reviewed by 

Holth et al, 1998). 

Studies of the nuclear matrix have led to the identification of topoisornerase 1 as a 

major component of the matrix. Furthemore, the nuclear matrix proteins bind to specific 

DNA regions known as matrix attachment regions (MARS). It seems that transcription 

factors, coactivators (HATs) and co-repressors (HDACs) are also associated with MARS 

(Holth et al. 19%). The histone acetyltransferase activity is also associated with the nuclear 

matrk (Hendzel et al. 1994). However, it is yet to be detennined whether it is the general 

transcriptional regulatoty mechanimi by which MARS locdize and target regdatory factors 

for gene activation or silencing. 

1.12.1.4. Unification of al1 nuclear processes involved in gene expression 

through protein-protein interactions 

RNAPII is the key player in gene expression. It is evident that RNAPII is not only 

involved in transcription but also in the post-transcriptional processing of the transcrïpt- 

RNAPII forms complexes with the splicing (McCracken et al. 1997), CAP (Cho et al. 

1997) and polyadenylation (Hirose and Manley et al. 1998) machinery. These complexes 



are f o n d  concentrated in nuclear speckles which are sites for RNA processuig (reviewed 

by Schul et al. 1998)- 

ïhese observations strongly suggest that al1 nuclear processes are unified by 

forming complexes through protein-protein interactions. The whole cellular architecture 

including the cytoskeletal and nuclear matnx and their dynamic nature seems to play an 

important role in gene expression (Holth et al. 1998). Kowever there are many bdamental 

questions, including identification of cellular and biological controls that aid dynamic 

modifications in cellular architecture resulting in the intraceliular trafficking of regdatory 

factors to effect gene expression, that are yet to be answered, 

In this context, it is interesthg to note that GHF-lmit-l, which is one of the tissue- 

specific factors identified, also forms complexes with coactivators and corepressors (Xu et 

al. 1998)- GHF- l/Pit- 1 is essentiai for the pituitary-specific expression of growth homone 

and prolactin genes. 

1.12.1.5. The role of the enhancers in gene expression 

Enhancers were originally defined as cis-acting DNA-elements that enhance the 

transcription of a gene in a rnanner that is independent of their orientation and distance 

relative to the transcription initiation site. Oc~asionally~ as the Drosophila cut gene, these 

enhancers c m  be located as far as 85 kb upstream of a gene promoter . In contrast, some 

enhancers Lie within the gene such as the immunoglobulin Hp core enhancer which lies 

within the second intron of the transcription unit (reviewed by Blackwood and Kadonaga, 

1998). Another interesting phenomenon known as "transvection" was observed in 

Drosophila with j-ellow gene enhancem. In transvection, upon chromosome pairing, an 

active enhancer on one chromosome activates transcription from the homologous promoter 

on the other chromosome. (Ed Lewis coined the tenn 'transvection' in 1954; Morris et al. 

1998)- 



In spite of this, the nature of enhancer activity is still not clear. It was suggested that 

enhancers either uniformly increase the amount of transcription in a ce11 in a continuous 

manner. or increase the probability of transcription but not the amount of transcription 

(reviewed by BIackwood and Kadonaga, 1998). Enhancers may function through the 

complex protein-protein interactions between coactivators and sequence-specific DNA 

binding proteins, bound to both enhancer sequences and promoter elements, and brought 

together by DNA-looping. 

1.12.1.6. The role of locus control regions in gene expression 

The identification and bctional role of fàr-upstr~am sequences on gene expression 

was first reported through -dies of a 15 kb region associated with the human p-globin 

gene cluster (Fig. 1.6; Grosveld et al. 1987). This cis-acting transcriptional regdatory 

element is known as a locus control region (LCR) (reviewed by Grosveld et al. 1998). It is 

becoming increasingly evident that a LCR is required for the tissue- and developmental- 

specificity of the transcription of genes in the P-globin gene cluster. The globin LCR is 

characterized by the presence of five DNase 1 hypersensitive sites (HSs). In stable 

transformation assays, the LCR confers position independent and copy number-dependent 

expression to genes with which it is linked- Each HS was characterized and the LCR was 

found to contain a plethora of recognition sites for sequence-specific transcription factors 

including GATA- 1, NF-E2/AP- 1, Sp L/EKLF/CACBP, LCRF 1 I N d ,  YY 1, SSP, USF, 

TALl/SCL (reviewed by Hardison et al. 1997). The mechanism by which the LCR 

functions remains ta be determined although two models were proposed for the activation 

of gene transcription afier chromatin activation of a locus (Grosveld et al. 1998). Ln one 

mode1 the sole function of distal elements is to generate a favorable chromatin structure 

which allows the promoter to bind transcription factors in a stochastic f i o n .  The second 

mode1 involves an interaction between the LCR and individual P-globin promoters, 

interacting with one gene at a time (Grosveld et al. 1998). A multicornponent LCR for the 

GWCS genes was identified recently (Jones et al. 1995). However, the sequence of the 

LCR and factors recognizing these regions are yet to be determined. 



Fig. 1.6. Human fi-globin switching and mode1 showing locus control 
region involvernent in activation of p-globin genes nt different stages. SmalI 
arrow heads indicated the hypersensitive sites (HSs) 1-5) in LCR and large arrow heads in 
the upstream regions o f  the genes indicate interaction of silencing factors to these regions 
(not drawn to scale). A mode1 is presented indicating interaction between LCR and 
individual genes at different stages of devebpment 
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1.12.2- PITUITARY-SPECIFIC EXPRESSION OF THE GROWTH 

HORMONE GENE 

1.12.2A, Role of GHF-l/Pit-1 

The founding members of the GWPRL gene superhily,  the GH-N and PRL 

genes are predominantly expressed in the pituitaries of vertebrate animals from fish to 

human (Takayama et al. 199 1). However, these two genes are expressed in two different 

ce11 types in the pituitary- Therefore, both the GH and PRL genes are excellent models to 

study transcriptional regulatory mechanisms involved in both ce& and tissue-speci fic 

expression. Many laboratories were involved in the characterization of pituitary-specific 

regulatory elements present in both the proximal and distal upstream sequences of these 

genes. Initial studies with the rat GH-N and PRL (Nelson et al. 1986) as well as the human 

GH-N (Cattini et al. 1986; Lefevre et al. 1987) promoter sequences resulted in the 

suggestion that these sequences c m  support pituitary-specinc expression. The physical 

evidence for the presence of pituitary-specific elements in the hGH-N promoter was h t  

provided by Lefewe et al (1987). This observation and identification of pituïtary-specific 

AT-rich elements led to the identification and isolation of GHF- l/Pit- 1, a transcription 

factor belonging to a family of proteins which contain a POU-homeodomain (Bodner et al. 

1988; Ingraham et al. 1988). The GHF- [Rit- 1 factor is necessary for transcription of both 

GH-N, PRL and thyrotropin-p (TSH-p) gene promoters (Bodner et al. 1988; Day et al. 

1990; Ingraham et ai. 1988; MangaIam et al. 1989; Steinfelder et al. 199 1). GHF-l/Pit-1 

was also shown to be absolutely required for the determination of the pituitary celi lineage 

as well as development of the pituitary gland (Dolle et al. 1990; Li et al. 1990; Sùnmons et 

al. 1990). Furthemore, the pituitaries tiom the Snell and Jackson dwarfmice, which bear 

mutations in the GHF-l/Pit-1 gene, are charactenzed by the absence of GH, PRL and 

TSH-P gene expression as well as hypoplasia of the somatotrophs, lactotrophs and 

thyrotrophs (Cohen et al. 1995; Li et al. 1990; Pfame et al. 1992; Radovick et al. 1992). 

However, in the Snell dwarf mouse, both GHF- l/Pit-1 independent and GHF- 1IPit-L 

dependent TSH-p gene expression and thyrotrophs proliferation was observed (Lin et al. 



During mouse embryonic development, GHF- 1 Pit-  1 transcripts are initially 

detected in the neural tube and neural plate on ernbryonic day (e) 10 to 1 1. By e15, the 

GHF-l/Pit-1 transcripts are present in al1 five ce11 types of the pituitary gland (Dolle et al. 

1990; Simmons et ai. 1990). However, GHF-Wit-1 protein is only detected in the 

somatotrophs, lactowphs and thyrotrophs, preceding GH-N and PRL gene expression 

(Dolle et al. 1990: Simmons et al. 1990). Both the P O U 4  and POU-homeodomain of 

GHF- 1Pit- 1 are necessary for hi&-aety  DNA binding as weU as Pit-1-Pit-1 interactions 

on the GH-N and PRL genes (Ingraharn et al. 1990; reviewed by Andersen and Rosenfeld, 

1994). GHF-I/Pit-1 is also important for thyrotropin-$-subunit (TSH-p) gene expression 

(Steinfelder et al. 1991). Recentiy, a novel, tissue-specific, paired-like homeodomaùi 

transcription factor. terrned Prophet of Pit-1 (Prop-1) was shown to be important for initial 

pituitary lineage detennination and an apparent fglure of this step resulted in the Ames (df) 

d w d s m  (Somson et al. 1996). 

The rat GH promoter contains bvo GHF-l/Pit-1 sites, at a proximal (-96/-70) and 

distal (- 134/- 106) location; the hGH-N promoter also contains two GHF- 1IPit- 1 sites 

(Lefevre et ai, 1987: Nelson et al. 1988). The human and rat PRL genes contain at least 

eight GHF-L/Pit-1 sites, of which four sites are present in the proximal promoter sequences 

and the other four GHF- l/Pit- 1 sites are present in a distal enhancer region (Ingraham et al. 

1988; Peers et al. 1990). Expression of GHF-1Pit-1 in heterogeneous ce11 .lines is 

sufficient to partially transactivate the PRL and OH-N promoters (Fox et al. 1990; 

ingraham et al. L 988: Mangdam et al. 1989; data/results in this thesis). 

GHF-l/Pit-1 binds to the DNA as a dimer (Ingraharn et al. 1990) as well as a 

heterodimer (Voss et al. 199 1)- However, under certain conditions GHF-l/Pit-1 binds 

preferentially as a monomer (Rosenfeld, 199 1). Furthemore, GHF- 1 /P it- L was shown to 

exhibit an unique promoter spacing requirement for activation and synergism (Smith et al. 

1995). It was also reported that GHF-IiPit-1 stimulates transcription in vitro by influencing 



pre-initiation cornplex assernb ly (Sharp, 1995) 

The GHF- 1 /P it- 1 gene autoregulates its own expression as a consequence of GHF- 

l/Pit-1 binding sites in its own promoter (Chen et al. 1990; McCormick et al. 1990). 

Furthemore, a tissue-specific enhancer, in the GHF-l/Pit-1 gene, containhg four GHF- 

1 Pit- l sites confets enhancer activity (Rhodes et ai, 1993). GHF-LRit-1 is also upregdated 

by CAMP and thk is thought to be one of the mechanisms by which CAMP regulates GH-N 

gene expression (McCormïck et al. 1990). Phosphorylation of the GHF-l/Pit-I and 

subsequent enhanced or lowered GHF-l/Pit-1 binding activity is dependent on the 

sequences in the GHF- LIPit-L DNA elements (Fischberg et al. 1994; Kapiloff et al. 199 1 ; 

Okimura et al; 1 994; Steinfelder et al. 1992). However, it was aIso shown that GHF- l/Pit- 

1 undergoes a M-phase-specific phosphorylation, perfomxd by a ce11 cycle-regulated 

protein kinase, which inhibits GHF-l/Pit-1 fkom binding to DNA (Caelles et al. 1995). 

Furthemore, it was shown that activïn inhibits GHF-1/Pit-1 binding to the GH-N 

promoter by increasing phosphorylation and decreasing the stability of GHF-1IPit-1 

(Gaddy-Kurten and Vde, f 995; Struthen et al. 1992). There is evidence that the GHF- 

1IPit-1 gene is dowmegdated by AP-1 and Oct-1 (Delhase et al. 1996) and repressed by 

NF-1 (Rajas et al. 1998). 

1.12.2.2. Other transcription factors invoived in the expression of GH-N 

Initial studies with rat and human GH-N promoter sequences suggested that the 

information for pituitary-specific activity of these promoters resides in the proximal 

promoter sequences. However, in these studies it was revealed that the two GHF-1IPit-1 

binding sites alone may not confer full promoter activity (Nelson et ai. 1986; Cattini et al. 

1986). Furthemore, in a transgenic mouse, trawgenes under the influence of these two 

GHF-Wit- 1 cis-active regions (-145/+1 of rat GH promoter) were expressed at extremely 

low levels in the pihiitary gland, although the sequences supported piniitary-specific 

expression (Lira et al. 1993). However, addition of 35 base pairs of 5'-flanking 

information, contriiuting other elements including a thyroid homione/re~oic acid response 
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element, resulted in much higher Ievels of transgene expression. Sequences Located 

upstream (-3 10 bp) of this se-ment contributed to a M e r  5- to 10-fold activation (Lira et 

al. 1993). Thus, these resutts suggest that other transcription factors along with the GHF- 

l/Pit- L are necessary to activate the GH-N prornoter synergistically in a pituitary-specific 

manner (Bradfbrd et al. 1997; Lira et al, 1993). 

In the case of rat GH-N and PEU genes other transcription factors, along with the 

GHF- 1 Pit- 1, were shown to be important for transcription. These include, Zn4 5 (Lipkin 

et al. 1993), thyroid/retinoic acid receptor (Brent et al. 1989; Lira et aL 1993; Schaufele et 

al. 1992; Ye et al. 1988), estrogen receptor (Kim et al. 1988; Nowakowski and Maurer, 

1994; Peers et al. 1990; Simmons et al. 1990), glucocortïcoid receptor (Treacy et al. 1991) 

Sp- 1 (Schaufele et al. 1990), CCAATEnhancer-binding Protein alpha (CEBPalpha; 

Schaufele, 1996), and ets-1 (Bradford et al. 1997; Howard and Maurer, 1995). 

Furthemore, binding elements for these factors are present in the promoter sequences. 

Although CAMP was shown to enhance GH-N gene expression, a consensus CRE was not 

identified in the rat GH-N promoter. Furthmore, synergism reporteci between the thyroid 

hormone receptor and GHF-l/Pit-1 (Schaufele et al. L992) was not confinned by other 

investigators and the thyroid hormone stimulation of rat GH-N was shown to be 

independent of GHF-l/Pit-1 (Suen and Chin, 1993). The hGH-N gene promoter is also 

activated by the ras oncogene (Pe te r se~  et al. 1997) and this effect was sunilar to that 

observed with the rat PRL promoter (Bradford et al. 1996). However, the hGH-N was not 

stimuiated by ras in placental EG-3 cells (Petersenn et al. 1997). 

Like the rat GH-N gene, the hurnan GH-N gene follows a similar pattern in that 

minimal GH-N promoter sequences with two GHF-L/Pit-1 sites is not sufficient for 

efficient activity in viîro (Cattini et al. 1986). Several transcription factor binding sites were 

observed within 400 bp of the hGH-N promoter (Table. 1.2)- Although the transcription 

factor Zn45  was shown to be important for GH-N gene expression, the equivalent 

transcription factor is yet to be characterized fiom the hurnan pituitary and more 

importantly, the Z box to which the Zn-15 binds has variations in the hGH-N promoter 
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(Lipkin et al. 1993). A consensus thyroid hormone receptor (m) bhdhg sequence is not 

present in the hGH-N promoter (Lipkin et al. 1993), despite the report that TR binds to 

defined regions in the hGH-N gene (Barlow et al. 1986). However, in stabty or transient 

trmsfected cells, thyroid hormone negatively regulated the hGH gene ( C a m  et al. 1986a; 

Zhang et al. 1992). Two glucocorticoid receptor binding regions were identified ui the 

hGH-N gene. One ofhigh affinity is located in the first intron (Eliard et al. 1985; Moore et 

al. L985; Rousseau et al. 198% Slater et al. 1985) and one of low affinity in the Y-flanking 

sequences (Dana and Karin, 1989; Rousseau et al. 1987). Furthemore, these sites were 

shown to stimulate transcription. However, it was aIso shown that glucocorticoids increase 

GH-N secretion (Mulchahey et ai. 1988) as well as stabilization of GH-N mRNA (Paek 

and Axel, 1987). Regulation of the GH-N gene expression by ghcocortïcoids was also 

studied in transgenic mice (Selden et al. 1989). The GH-N gene also possesses Sp-1 

(Lemaigre et al. 1989a; b; 1990), NF-1, AP-2 (Courtois et ai. 1990) and upstream 

stimulatory factor (USF) (Lemaigre et al. l989a; b) binduig sites, and dl these sites were 

shown to stimulate GH-N gene transcription in vitro. However, a synergism between 

GHF- 1 Rit- 1 and any of these factors is yet to be reported- 

Table, 1.2. Location of various transcri~tion factors' binding sites in 

proximal Dromoter seauences o f  the hGEf-N geue 

FACTOR 

GHF- 1 Rit- 1 (proximal) 
GHF- UPit- 1 (distal) 
SPI 
AP-2 
NF- 1 
USF 
GR (hi& affinity) 
GR (low affinity-) 
TE2 

--- 

OSITION (nueleotide ~o#itionsl 

-95/-66 
- 1301-107 
-140/-116 
-2901-262; -1 68/- 142 
-290/-262 
-267/-253 
+ 1 15/+86 
-2 24/-2O 8 - 1 59/91 44; -7O/-50; -6Z-48 



1.13. REQUIREMENT FOR A LOCUS CONTROL REGION FOR 

PKTUITARY-SPECIFIC EXPRESSION OF THE HUMAN CH-N GENE 

In vilro transfection studies clearly indicated that pituitary somatotroph-specific 

expression of rat GH-N or hGH-N can be achieved with 200 to 250 bp of 5'-flanking 

sequences of the transcription start site (Casanova et ai. 1985; Cattini et al. 1986; Crew and 

Spindler, 1986; Nelson et al. 1986). in order to study the role of these sequences in vivo, it 

is necessary to integrate these regulatory sequences dong with reporter genes into cellular 

chromatin. Two methods that are popularly used are grneration of either stable ce11 lines or 

transgenic mice. Even before the identification of the GH gene regulatory sequences, 

attempts were made to target the expression of reporter genes using the 5'-flanking 

sequences of the rat GH-N gene or the hGH-N gene in transgenic rnice, but these studies 

resulted in no expression of the target gene in the transgenic mouse pituitary (Hammer et al. 

1984; Palmiter and Brinster, 1986). It was reasoned that vector sequences in the transgene 

kagments injected were intetfering with the expression of the reporter gene (Lira et al. 

1988). However, M e r  studies with reporter genes (hGH-N gene) fused to the rat GH-N 

gene 5 -flanking sequences (devoid of vector sequences) as transgenes revealed that even - 
180 bp of the 5Lflanking sequences were sufficient to confer the pituitary somatotroph- 

specific expression of the target gene (Lira et al. 1988). However, a low level of reporter 

gene expression was observed in the thyrotrophs and lactotrophs which are generally GH- 

N negative (Lira et al. 1989). Furthermore9 different levels of the reporter gene expression 

were observed among transgenic mice generated with different lengths of rat GH-N gene 

5 '-flanking sequences (-1.7 kb to -145 bp) (Lira et al. 1993). It was reasoned that 

combinatonal interactions involving both cell-specific and general transcription factors 

determine the quantitative level of GH-N gene expression in somatotrophs (Lira et al. 

1993). The higher levels of reporter gene expression observed in the -1.7 kb rat GH-N 

transgenic mouse could be due to the presence of a TRE at nucleotide -180 bp and a CRE at 

nucleotide - 1256, as well as the formation of an unusual secondary structure (cruciforni 

and 2-DNA) within the - 1.7 kb flanking sequences (Thomas et al. 1990 as reviewed by 



Lira et al. 1993)- 

However, when transgenics were generated using either 2.6 kb of human genomic 

sequences containing the GH-N structural gene, dong with 0.5 kb of the hGH-N gene 5; 

flanking sequences (wvhich in vitro conferreci somatotmph-specïfïc expression; Cattioi et al. 

1986; Lefevre et al. 1987) or a 43 kb hurnan genomic fiagrnent including the GH-N, CS-L 

and CS-A structural genes as well as 5.0 kb of GH-N 5 -flanking sequences as transgenes, 

none of the msgenes were expressed in the pituitary (Hammer et al. 1984; Palmiter and 

Brinster, 1986). Recentiy, s i d a r  transgenic studies using either the 2.6 kb of human GH- 

N genomic sequences or a human genomic fiagrnent containuig the GH-N as weii as 7.5 

kb of GH-N 5 :flanking sequences were performed, but the expression of the target gene 

(hGH-N) in transgenic mouse pituitaries appeared to be inconsistent (Jones et al. 1995). 

Thus, these studies suggested that the proximal promoter (-0.5 kb) a d o r  more distal 

sequences (-7.5 kb) 5hpstrea.m of the hGH-N gene are insufficient to establish 

appropriate expression in vivo (Jones et al. 1995). These observations dso suggest the 

requirement of more information and possibly a locus control region (LCR) for hGH-N 

gene expression in the pituitary. Subsequently, m e r  snidies led to the identification of a 

multicomponent LCR (Jones et al. L 995). Therefore, in contrast to the rat GH-N gene, the 

hGH-N gene seems to require a more complex transcriptional regulatory mechanism. The 

LCR of GWCS genes has some sirnilarities with that of the &globin gene in the presence 

of five HSs and in possessing enhancer activity (Fig. 1.7; Jones et al. 1995). Among these 

HSs, the HSs 1 and II are pituitary-specific, act as enhancers and are located in imrnediate 

5'-flanking sequences of the B-lymphocyte-specific CD79b gene or 15 kb upstream of the 

GH-N gene transcription initiation site (Bennani-Baiti et al. 1 W8a; b; Jones et al, 1995). 

The HS IV is placenta-specific whereas HSs III and V are present in both the pituitary and 

placenta tissues, and these HSs are located in the introic sequences of the muscle-specific 

SCN4A gene (Bennani-Baiti et al. 1995; Jones et ai. 1995). The role of the placenta- 

specific HS IV is not yet characterized- However, at present the sequence information and 

the factors responsible for generation of HSs as well as the LCR f'wiction are yet to be 

elucidated. 
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Fig. 1.7. The GWCS gene locus control region and location of- the 3'- 
hypersensitive site. The five HSs I-V of the GWCS gene LCR and locationof the 3.- 
HS are indicated a vertical arrow heads. The GWCS upstrram genes and the approximated 
distances in kilobases (kb) are shown. Transcriptional orientation of SCN4A, CD79b and 
G W S  gens  are indicated by horizontal arrow heads. 

GH/CS LCR 

1.14. GH GENE TRhYSCRIPTIOX IN VI= INFECTIONS 

de la Torre and Oldstone (1 992) ïeported an interesting phenomenon with regard to 

the pitui taq-specific expression of the GH-N gene. Lymphocytic chorïomeningitis virus 

(LCW?. a noncytoiytic virus, can pmistentiy infect a rat pituitary ceii line. Although the 

infected cells remain fke of structural darnage, the virus markedly interferes with GH-N 

transcription, but only minimally interferes with PRL transcription. It was suggested that 

the virus interferes with GHF-L/Pit-1. However, it is unclear how the LCM virus 

selectively disrupted the GH-N aanscnpaon machinery. 

1-15. REGULATION O F  PLACENTA-SPECIFIC CSfGH-V GENE 

EXPRESSION 

1.15.1. Possible role for GHF-1fPit-1 



Although the CS genes are highly expressed, Iittle is known about the placenta- 

specific transcriptional regdatory mechanisms for the GH-N gene-like CSIGH-V genes- 

With the recent identification of the GHF-l/Pit-1 gene expression in human placenta and 

placenta1 cells (Bamberger et a1.1995; Schanke et al. 1997), it is possible that similar 

transcriptional rnechanisms may be operating in placenta as was seen in the pituitary. The 

CS-L, CS-A, GH-V and CS-B genes are expressed at different Ievels in the placenta (Chen 

et al. 1989). The CS-A/-B genes are expressed at higher (> LOO0 times) levels than the CS- 

UGH-V genes (Chen et al. 1989). The sequences contained in 0.5 kb of the CSIGH-V 5 - 
flanking DNA resemble (> 90%) the equivalent region of the GH-N gene, but show 

differential GHF- L/Pit- L binding activities with rat pituitary nuclear proteins (Lemaigre et 

al. 1989; Nickel et al. 1991). Furthermore, it was noticed that this differentiai GHF-l/Pit-1 

binding might be responsible for the diffeiential expression of the CS-A and GH-V genes 

as observed in the placenta in vivo (Nickel et al. 1990). When the the intact hGH-V and 

hCS-A genes (containing 0.5 kb of 5 =flanhg sequences as well as the structural genes) 

were stably integrated into rat pituitary (GC) ceils, expression of the CS-A gene was more 

than that of the GH-V gene (Nickel et al. 1990). This suggested that the subtle sequence 

differences in the 5.-flanking region of these genes could be responsible for differential 

expression in vivo. Although GHF-L/Pit-I was identified in placenta and placental tumor 

cells, GHF-I/Pit-1 binding to the CS/GH-V promoter elements in placenta is yet to be 

assayed. 

1.15.2. Other transcription factors involved in CS/GH-V gene expression 

The placenta-specific expression of the CS and GH-V genes is also modulated by 

thyroid hormone (Nickel and Cattini, 1991; Tansey and Catanzaro, 1991). The CS 

promoter absolutely requires the Sp- 1 element for maximal and enhancer-stimulated 

promoter activity in placental and non-placental cells (Fitzpatrick et al. 1990; Jiang et al. 

1995; Tansey and Catanzaro, 1991). The role of other elements such as NF-1, AP-2 and 

USF in the transcriptionai regdation of CSGH-V genes is not known. Furthermore, an 
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enhancer element with multiple TEF-like sites was s h o w  to be essential for the high 

placenta-specific stimulatory activity of the CS-B gene (Jacquemin et al. 1994a; b; Jiang 

and Eberhardt. 1997; Rogers et al. 1986; Walker et al. 1990). 

1.15.3. Role of enhancer elements in CS/GH-V gene expression 

Analysis of the 3 -flanking sequences of the CS-B gene revealed the presence of  an 

enhancer element (Rogers et al. 1986). Although, homologous sequmces were associated 

with the CS-A and CS-L genes, these were shown to possess ody  weak stimulatory 

activity in *o. The acnial role ofthese enhancer sequences in CS gene transcription is yet 

to be established in vivo. Recently, the placenta-specific expression of the CS-A gene was 

studied in a transgenic mouse placenta (Jones et al. 1995). The transgenics were generated 

using a 15 kb genomic DNA hgment containing CS-A structural gene with 5.4 kb of 5'- 

and 7.2 kb of 3 '-flanking DNA which contains the enhancer sequences. Although the CS- 

A gene was expressed in mouse placenta, the expression was not coordinated in a copy 

number dependent manner (Jones et al. 1995). At present it is not known whether this 

phenornenon was due to repeat induced heterochromatin formation as was reported with 

other transgenes (Garrick et al. 1998) or if it was due to the inability of the regulatory 

fl anking sequences of the CS-A gene to overcome the integration event However, the 

authors concluded that the latter possibility is the reason for uncoordinated expression of 

the CS-A gene in the mouse placenta (Jones et al. 1995). 

1.15.4. Possible role of chromatin structure in CS/GH-V gene expression 

Identification of placenta-specific HSS, one 5'-HS (HS IV of the GWCS gene 

LCR) and the other 3 '-HS (24 kb downstream of the CS-B gene) (Cooke and Liebhaber, 

1995; Jones et al. 1995) raises the possibility that these HSs might play a role in creating a 

favorable chromatin structure to influence CS/GH-V expression in the placenta. Similarly, 

with a view to identify regulatory elements responsible for this placental-specific 

expression of CS/GH-V genes, Jimenez et al (1993) mapped and compared the DNase 1 
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HSs present at the hGH gene cluster in two placental cell Iïnes, BeWo that expresses the 

hGH-V and hCS genes, and JEG-3 that does not express the hGH-V and hCS genes. This 

cornparison revealed a very sirnilar pattern of placenta-HSs, suggesting that the sites 

detected are established before the onset of transcription. These resuIts indicate that the 

transition to an active hGH/CS locus in placental cells requires multiple alterations in 

chromatin structure, and provide a fhmework for the molecular analysis of  the regdatory 

elernents and mechanisrns mediating such processes. 

1-16. THE MAJOR PARGDFGM ASSOCIATED WITH THE EIGH/CS 

GENES 

Although the GHKS genes are highly related structuraliy and fiinctionaily, the 

CS/GH-V genes are not expressed in the pinùtary. A possible repressor mechanism was 

identified for restriction of the expression of the CS/GH-V genes in the pituitary (Nachtigal 

et al. 1993). Part of the present work was to identify the factor (s) binding to these 

repressor elements. 

Another enigma associated with the CS/GH-V genes is the physiological 

importance of these hormones during pregnancy. Furthemore, it is yet to be determineci 

why the GH-N gene is not expressed in the placenta. Interestingly, the hGH-N gene 

sequences code for another protein (Labarriere et al. 1995). The hGH-N promoter 

sequences fiom -294/- 177 contain a poteritid TATA box (-2291-223) as well as an USF site 

(-2661-253), and was found to be active as a promoter in cell-fiee transcription assays 

(Courtois et al. 1992). Further studies revealed that this segment acts as a promoter for a 

transcript that codes for a protein of 107 residues (Labarriere et al. 1995). This transcript 

was observed only in pituitary and placental cells. The corresponding protein acts as a 

potent transcriptional activator (GH gene-derived transcriptional activator, GHDTA) in 

these cells (Labarriere et al. 1995). This could be one of the reasons multiple placenta- 

specific HSs were observed in the vicïnity of the GH-N gene promoter and-may be 

responsible for inhibition of GH-N gene transcription in the placenta (Jones et al. 1995). 



The essential role of GHDfA and the role of these HSs is yet to be deteranine& 



1.17. RATIONALE AND OBJECTIVES OF THE RESEARCH PRESENTED 

IN THIS THESIS 

Transcriptionat regdation is the primary controliïng mechanism in gene expression. 

Although, it was proposed initially that sequences immediately upstream of the 

transcription start site of a particular gene are sufficient for regulating gene expression in a 

temporal and spatial manner, present studies suggest that mechanism of control is far more 

complex. There is increasing evidence that a complex network of DNA-protein and 

protein-protein interactions, as welI as modifications of chromath structure (in terms of 

euchromatin and heterochromatin) play an important d e  in gene expression. If a single 

gene is controlled in such a manner, then the complexity magnifies to almost unimaginable 

levels to control a family of physically linked and highly homologous genes such as 

hGWCS genes. The primate GWCS genes offer a good mode1 system to study this 

complexity at the transcriptional level involving two different tissues. The major 

hypothesis of this thesis is that human GWCS genes are controlled by a 

complex network of transcriptional mechanisms which involve DNA 

sequences not only within the locus but locited remotely upstream or 

downstream of the locus. 

The transcriptional regulatory mechanisms involved in the expression of the 

placental mernbers of the hurnan GWCS gene family are poorly understood. Our laboratory 

has a longstanding interest in developing an understanding of these mechanisms. Despite 

the high sequence homology among the GWCS genes, the GK-N gene is expressed in the 

pituitary and the CS/GH-V genes are expressed in the placenta. On the basis of seqwncing 

anal ysis, several putative regulatory sequences or regions were identi fied in the GWCS 

gene locus (-66,000 bp), and have been suggested to play a role in the differential 

expression of the GWCS genes. Such sequences or regions include the P-sequences 

which are specific to placenta1 members of the GWCS gene family as well as the 

CCCAACC-rich sequences (C-sequences) which are present in the upstream sequences 

of the GH-VKS-L genes. Furthemore, an enhancer region(s) which is specific to CS- 



L, -A and -B genes was shown to play a role in CS-B gene expression. Part of this thesis 

deals with the partial characterization of P- and C- sequences as well as enhancer regions 

and the possible DXA-binding factors recognizuig the elernents in these regions. 

Previous work f'kom our laboratory had identified a pituitary-specific repressor 

mechanism associated with P-sequences. Two elements, PS F-A and PS F-B, were 

identified and were implicated in the repression mechanism. Identification, 

purification and characterizatioii of the proteins recognizing these elements 

constitutes the fint and a major objective of the thesis work presented The rat antenor 

pituitary -or GC ce11 line was used as the source of the PSFs. Various pudication 

methods including ion-exchange and DNA-&ty chcomatography were applied to puri@ 

the P S Fs to near homogeneity . The UV-crosslinking and southwestem blotthg were 

performed to detemine the size of the PSF proteins. Attempts were made to develop mode1 

systems to study the fimctional importance of the suggested interaction between the 

pituitary-specific factor, GHF- l/Pit-1 and PSF proteins- 

A second objective was to study the role of C-sequences in the 

differential regulation of the GH-VKS-L genes in placenta. The functional and 

structural charactenzation of the C-sequences was done using transient transfections, gel 

mobility and nuclease protection assays. 

Previous work fiom several laboratories including ours emphasized the importance 

of the enhancer sequences on CS gene expression in the placenta. The enhancers are 

present in the 3 '-flanking sequences of the CS genes and it was shown recently that these 

CS enhancers contain multiple recognition elements for TEF-1 or TEF-like proteins. 

Fuahermore, the CS enhancers act as süencers in rat pituitary GC cells in vitro. TEF-1 or 

TEF-like factors are ubiquitous in nature. Thus, these observations suggest that the TEF 

proteins form tissue-specific complexes with other regulatory proteins resulting in 

enhanced or repressed gene expression. Thus, the third objective of this thesis was devoted 

to the functional characteruation of TEF factors. Expression vectors containing 



different deletion mutants of TEF cDNAs were constnicted, and tested for their ability to 

influence the transcriptional activity of diffaait promoters in a tissue-fcell- specific manner. 

In contrast to these sequences that lie in relatively close proximity to the 

transcription initiation site, recent studies revealed the importance of Far upstream LCRc 

in the regulation of a gene or a family of genes. These regions are characterized by DNase I 

hypersensitive sites (HSs). Recentiy, analysis of the GWCS gene sequences Led to the 

identification of five far upstream HSs and a downstream HS. These HSs were either 

pituitary-specifk (HSs 1 and II) or placenta-specinc (HSs N and the downstream HS). The 

upstream HSs (HSs 1, [I, III and V) constitute a LCR for the GWCS genes. Furthemore, 

these HSs were mapped to the inter or intragenic regions of the adjacent SCN4A and 

CD79b genes (Fig. L.7). These genes are physically liaked to GH-N gene in several 

species of animals including human and rat. However, the sequence information and the 

factors responsible for LCR activity are not known. Furthemore, the GWCS downstream 

HS is also not characterized. Thus a fourth objective of this thesis was an attempt to 

isolate and characterize far-upstream and for-downstream sequences of the 

GHfCS gene locus containing both the G K S  LCR and downstream HS. 

This was done 

a) using P 1 clones to obtain DNA bgments containing HSs 1 and II as weU as III to V, 

b) The AT-rich sequences of the HS L and II were tested for their ability to bind GHF-1/Pit- 

1 antibodies raised against GHF-L/Pit-1 in "nupershifk" assays to assess a possible role of 

GHF- 1 Rit- 1 in GH/CS LCR hction, 

c) transient transfections to characterize the hctionai  role of the placenta-specîfic HS IV, 

and 

d) DNA blotting, PCR and sequencing to characterize sequences the region downstream of 

the GWCS genes and containing placenta-specific HS. 



CHAPTER 2 

MATERIALS AND METHODS 

2.1. Chemicals, reagents and equipment 

Most of the chernicals and reagents, restriction enzymes and other molecular 

biology reagents, cell culture products, radioactive materials and kits used in this study 

were obtained ftom Amersharn Canada Ltd, Oakville, ON; Amicon Div, Beverly, MA; 

Anachemia science, Winnipeg, MB; BiolCan Scïentific, Mississauga, ON; BioRad, 

Mississauga, ON; Boehnnger Mannheim Canada, Laval, QC; Fisher Scientific, Nepean, 

ON; Gibco-BRL, Burlington, ON; ICN Biomedical Canada, Mississauga, ON; Invitrogen 

Carlsbad, CA; Mandel Scientific, Guelph, ON; Millipore Canada Ltd Mississauga, ON; 

New England Biolabs, Mississauga, ON; Pharmacia Biotech, Baie d'Urfe, QC; Qiagen 

Inc, Mississauga, ON; Rose scientific Ltd, Edmonton, AB; Sigma-Aldrich Canada Ltd, 

Oakville, ON. 

Centrifuges (Bechan, J2-2 1; IEC-HNS; IEC-CL; HBI microfige and Hermle 

microcentrifuge) were obtained from Bechan  Instruments Canada Inc, Mississauga, ON; 

Mandel Scientific. Guelph, ON; Fisher Scientific, Nepean, ON). 

PCR machine (PTC-100, Programmable thermal cycler) was purchased fiom MJ 

research Inc, Watertown, MA. 

Laminar flow hood (SterilGAEtDhood) is fiom Baker Company, Sanford, ME. 

Water jacketed ce11 culture incubators were fkom Fisher Scientific, Nepean, ON. 

Hybridization incubators (Model ZOO0 microhybridization incubator ) were purchased fiom 

Robbin Scientific Corp. Sunnyvale, CA. 

Al1 oligonucleotides used in this study were synthesized by the University Core 
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DNA seMces, University of Calgary, Calgary, AB. 

2.2. Cell lines and cet1 cuIture 

Several ce11 lines of different tissue and species ongin were used in these studies. 

They include: rat anterior pituitary tumor GC (Tashjian et al. 1968); human 

chonocarcinorna BeWo (Pattillo et al. 1968), JAR (Pattillo et al. 197 1) and JEG-3 (Kohler 

and Bridson, 197 1); human cervical epitheiial adenocarcinorna HeLa (Gey et al. 1952) and 

a c a n  monkey kidney, SV40 transf~nned~ COS4 ( G l u a n e  L98 1) cell lines. The GC, 

HeLa, JEG-3 and COS-1 celIs were grown in Dulbecco's modified ~ a ~ l e ~  medium 

(DMEM), JAR ceLls were maintaineci in RPMI 1640 medium and BeWo celk were grown 

in Ham's FI2 medium. Al1 media were supplemented with 845% FBS and 50 U/ml 

penicillin, 50 pdml streptomycin and 500 pM glutamine. AU ceII lines were grown on 100 

mm disposable sterile tissue culture dishes in a 100% humidified atrnosphere with 5% 

carbon dioxide/95% air at 37' C.  The growth media were changed every 24-48 h. Cells 

were visualued using inverted microscope to determine coduency of the ce11 monolayer. 

Depending on the ce11 line and the number of cells represented at 80400% 

confluency, cells fiom a single 100 mm culture dish were subcultured to four to five 100 

mm dishes. Harvesting of cells was done by was-hing the monolayer with 10 ml of 

prewarmed, sterile calcium and magnesium fiee phosphate buffered saline (PBS-CMF) and 

subsequent incubation at 37 ' C  in 1 ml of 0.05% (v/v) trypsin/0.53 mM 

ehtylenediamuietetraaceticacid (EDTA) for 1 to 2 minutes. A f k  observing detachment of 

the cells f?om the dish, 2 to 3 ml maintenance medium was added to the the dish, cells were 

collected by repeated manual pipetting using a sterile Pasteur pipette and transferred to a 

sterile 15 ml polystyrene tube. Cells were then pelletai by centrifugation at 3000 rpm for 2 

to 3 minutes at room temperature using HN clinical centrifuge. The supernatant was 

aspirated into a conical flask containing bleach, and the ceIl pellet was resuspended in 5 ml 

of culture medium and distributed as 1 ml diquot to 5 culture dishes containing 9 ml culture 

medium. 



For storage and tiozen stock purposes, the cells were grown to 80% confluency, 

and harvested as descnbed earlier. The ce11 pellet was resuspended in fieezïng medium 

containing 10% (v/v) dimehyl sulfoxide (DMSO) in FBS, to a finai concentration of 1-2 X 

10 6 cells per ml and were aIiquoted as 2 ml per a Coming cryogenic vial. The c e k  were 

left at room temperature for 5 minutes and fuaher incubated on ice for 20 minutes before 

transferring to a -70' C freezer. 

Culniring of cells fiom fiozen stocks was done by quickly thawing the cells by 

immersùig the via1 in 37 'C water bath and t r a n s f d  to the culture dish containhg 9 ml of 

culture medium. Afier allowing cells to atiach to the culture dish (approximately 8 h after 

seeding), the culture medium is replaceci with 10 mi fi-esh medium, 

2.3. Preparation of nuclear protein extracts 

Cnide nuclear protein extracts fiom different ce11 Iines were prepared according to 

the method described by Dignarn et al (1983). in detail, the cells being rnaintained as 

monolayers on 100 mm culture dishes were harvested as done in the earlier section. Cells 

fiom each dish w s  seeded to a L50 mm dish containing 18 to 20 ml of culture medium. A 

minimum of 20-25 dishes (150 mm) were rnaintained for preparation of nuclear protein 

extract. Once the cells reached 80% confluency, monolayers were washed with 15 ml of 

PBS-CMF and the cells were harvested with 4 ml of PBS-CMW 1 mM EDTA by scraping 

the cells with a rubber policeman. The celis were pooled into 50 ml polystyrene tubes and 

were pelleted as described earlier. The number of cells and packed ce11 volume (PCV) of 

the pellet was recorded. The ce11 pellets were fiozen and stored at -70 OC if not processed 

immediatet y. 

The following steps of nuclear extract preparation was done at 4 OC. The ceus were 

resuspended in 5 X PCV of ice cold hypotonie buffer "A" (10 mM HEPES- (N-2[- 



mM KCI, 0.5 mM dithiothreitol and 1 mM phenylmethylsulfonyl fluorkie (PMSF)) 

and were incubated for 10 minutes on ice for swelling. Afier centrifugation at LOO0 x g for 

10 minutes, the supernatant was carefùlly pipetted out, and the pellet was resuspended in 

two packed ce11 volumes of  buffer "A" and transferred to a Dounce homogenizer. Using 

either "hard/pestle A" (for JEG-3 or J A R  cells) or 'bloose/pestle B" ( for GC and HeLa 

cells), the ce1 1s were homogenized (at least 15-20 strokes) until the nee nuclei dong with 

disrupted ce11 membranes were observed under microscope. The homogenate was 

transferred to a 30 ml Oak Ridge tubes. The nuclei were pelleted with an initial 

cenaifùgation at 1000 x g for IO minutes and carefid aspiration o f  supernatan& followed by 

24,000 x g for 20 minutes. The nuclear pellet was resuspended i n  buffer "C" (20 rnM - - _- -- 
HEPES-KOH pH 7.9.25% v/v glycerol, 420 mM NdI-; -1:s nx.$'Mg~1, 0.2 -k&ï EDTA, 

0.5 rnM DïT and 1 mM PMSF) at the rat? of 3 mV -109 c e k  and homogenized in Dounce 

homogenizer using either pestle "A" or "B". The suspension was transferred to a Oak 

Ridge tube and mixed on nutator for 30 minutes. The nuclear suspension was centrifûged 

at 14,000 rpm for 30 minutes and the supernatant was collected and dialyzed in a 

Spectrapor dialysis tubing (698,000 Dalton cutsff)  against two changes of at least 50 

volumes of buffer " D  (20 mM HEPES-KOH pH 7.9,20 % v/v glycerol, 100 mM of KC1, 

0.2 mM EDTA, 0.5 m M  Dm, and 1 mM PMSF) for 3-5 h. The material was cokcted 

fkom the tubing into a Oak Ridge tube and centrifiiged at 24,000 x g for 30 minutes and the 

nuclear protein extract (supernatant) was aliquoted in 50-100 pl volume and quick h z e n  in 

a dry ice-ethanol bath and stored at -70 OC. Protein concentrations were determined by 

Bradford assay (BioRad) using BSA as the standard (Bradford, 1976). 

A rapid method of nucfear extract preparation tiom srnd nurnbers of ceus was done 

according to the method detailed by Andrews and Faller (199 1). Ail centrifugations were 

done for 30 seconds and were performed at room temperature; between the steps, the 

samples were placed on ice. The ceils (5 x 10' to LOT) were scraped into 1.5 mi microfuge 

tube, pelleted and resuspended in 400 pl of cold buffer A (10 mM HEPES-KOH pH 7.9; 

1.5 mM MgCL; 10 m M  KCI; 0.5 mM D m  0.2 rnM PMSF) by flicking the tube. The cells 

were allowed to swell on ice for 10 minutes, and then mixed for 10 sec. Samples were 
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centrïfirged for 10 seconds, and the supematant fiaction was discarded. The nuclear pellet 

was resuspended in 20-100 pI (according to starting nurnber of cells) of cold buffer C (20 

rnM HEPES-KOH pH 7.9; 25% glycerol; 420 m M  NaCI; 1.5 mM MgCl,; 0.2 mM EDTA; 

0.5 mM Dm, 0.2 m M  PMSF) and incubated on ice for 20 minutes for high-sait extraction. 

Cellular debris was removed by centnfugation for 2 minutes at 4 OC and the supematant 

fiaction was stored as nuclear extract at -70 OC. Before using in gel-mobility shift or 

nuclease protection assays, the nuclear extract was diluted by adding three volumes of 

buffer D (10 mM HEPES-KOH pH 7.9, 20 % v/v glycerol, 100 rnM of KCl, 0.2 mM 

EDTA, 0-5 mM DTT, and 1 rnM PMSF). 

2.4. Procedures used in the purification of PSFs from CC nuclear exhacts 

2.4.1. Heparin agarose fractionation 

The nuclear extracts were fraftionated ushg h e p a ~  agarose either in mini scale 

using Costar Spin-X centrifuge filter units (fitted with 0.45 pM of cellulose acetate f3ters) 

or in large-scale using 50 ml tubes. All the foilowing steps were performed at 4 OC in cold 

room. 

2.4.1. 1. Mini scaie fractionation of GC nuclear extract 

Approxirnately, 200 pl (settied bed volume) of heparin agarose (KA) resin was 

equilibrated with bufEer D that was used in nuclear extract preparations. The slurry was 

taken into a 15 mi polypropylene tube (Corning) and centrikged for 2 minutes at 2,000 x g 

in a clinical centrifuge. The supematant was discarded and the resin was mixed with 5 ml 

of buffer D on a nutator for at least 30 minutes. Repeated centrifugation and treated again 

with buffer D. Approxhately 6-8 mg of nuclear proteins were incubated with 200 pi of 

pre-equilibrated hepmin agarose-resin in a rnicrofuge tube and rnixed on a nutator for 1 h- 

Afkr incubation, the tube was centrifiiged for l minutes at 15,000 x g in a microfûge. The 

supematant was removed and stored as flow-through. The resh was added with 200 @ of 
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buffer D, mixed and transferred to the upper charnber of a Spin-X column and again rnixed 

on a nutator for LO minutes. The column was centrifugeci for 30 s and the filtrate nom the 

lower charnber was collected as O. 1 M KCI wash. The resin was mixed with 200 pl of 

buffer D containing 0.2 M K I  on a nutator for 15 minutes. Afier repeating the 

centrifugation, the 0.2 M eluate was collected nom the lower chamber- Furthexmore, the 

nuclear proteins were eluted fiom the resin by centrifugation essentially as  descnaed above, 

using 200 pl of buffer D containing increasing concentrations of KCI fiom 0.3 M to 1 .O M. 

MI eluates (and O. 1 M KCl wash) were collected and stored at -70 OC until m e r  use or 

diaiyzed against buffet D on 0.025 pM Millipore filters floatuig in a 150 mm petndish with 

LOO ml of buffer D. Dialysis was done for 1 h and diaiyzed samples were stored at -70 OC 

until M e r  use. 

2.4.1.2. Large scale fractionation 

A sîmilar procedure was followed for Iarge scale preparations. The amounts of 

buffers used for elutions are detaiIed in the results and discussion section in Chapter 3. 

Finally, the eluates were placed in Spectrapor dialysis tubing (6-8 K MW cut off) and 

dialyzed agauist two changes of 50 volumes buffer D. 

Protein estimation in each sample was done using Bradford (1976) assay and the 

PSF binding activity in HA fractions were detected by nuclease protection assay using 5-10 

pg of nuclear protein h m  each hction. 

2.4.1.3. Phosphocellulose and hydroxylapatite column purification 

GC nuclear extracts were also fiactionated using either phosphoceIlulose or 

hydroxyIapatite resins essentially as descri'bed in mini scde hctionation of nuclear extract 

with HA resui, 



2.4.2. Preparrtion of DNA-affinity columns 

DNA-afiity columns were prepared d g  PSF-B, PSF-A or D8 double stranded 

oligodeoxynucleotides (ODNs) representing the corresponding binding sites. Designing of 

ODNs, subsequent preparation of ODNs and resin for affinity column were done 

essentially according Kadonaga (199 1). ïhe following are d B i t  steps in the preparatïon 

of a DNA-afEnity column. 

2.4.2.1. 5=Phosphorylation of the ODNs 

Approximateiy 250 pg of sense or antisense ODNs representing each of the binding 

element was dissolved in 32.5 pl of TE and mked together in a 1.5 ml microfige tube. To 

the ODN solution, 10 pl of 10X T4 polynucleotide kinase buffer ( 5 0  mM Tris-Cl, pH 

7.6, LOO mM MgCI,, 50 mM DTT, 1 mM EDTA and 1 mM speRnidine) and was incubated 

at 88 OC for 2 minutes, 65 OC for 10 minutes, 37 "C for 10 minutes and then at room 

temperature for 5 minutes. These steps allow the ODNs to anneal together and to form 

concatemers because of the 5'-GATC overhangs. To the ODN solution, 3 pl of 100 mM 

ATP pH 7.0, 1.0 pl of DTT, 10.5 pl of water and 5 F i  of [y-j2P]~TP, 100 uni& (10 pl, 

10 unit+) T4 polynucleotide kicase and incubated at 37 "C for 2 h to phosphorylate the 

5'-ends of the ODNs. AAer incubation, to the ODN soIution 50 pl of 10 M ammonium 

acetate and 100 pl of water were added, mixed and heated to 65 O C  for 15 minutes to 

inactivate the kinase. After cooling the ODN solution to room temperature, the ODNs were 

precipitated with 750 pl of ethanol, mixed by inversion and DNA was pelleted by 

centrifugation for 15 minutes at L5,Oûû x g. n i e  DNA pellet was dissolved in 225 pl of TE 

by mixing, extracted once with 250 ~l of phenoI:IAC (24: 1 of chlorofonn and isoamyl 

alcohol) and once with 250 pl OOIAC, each time mixing for a minute and centrifiging for 5 

minutes. Finally, the DNA was precipitated with the addition of 25 pl of 3 M sodium 

acetate pH 5.2, and 750 p1 of ethanol. The DNA was pelleted aod washed once with 75% 

ethano1 and dried under vacuum- 



2.4.2.2. Ligation of ODNs 

The DNA fiom earlier step was dissolved in 65 pl of water and added with L0- pi of 

1OX linker-kinase buffer (660 mM Tris-Cl, pH 7.6, 100 mM MgCl, 150 mM DTT, and 

10 mM sperrnidine). To this solution, 4 pl of 100 mM ATP pH 7.0; 1 pl of 1.0 M DTT 

and 32 units (4 pl, 8 uni&/@) of T4 DNA ligase wece added. The iigation ceaction mixture 

was made up to LOO pl with the addition of water and uicubated for the ligation at room 

temperature for 16-20 h. The extent of ligation was detennined by loading 0.5 pi of the 

reaction mixture in a 3% agarose gel and subsequent electrophoresis. 

2.4.2.3. Preparation of ligated DNA for coupling to Sepharose CL-2B 

The ligation reaction (100 pl) was extracteci once with 1 volume of pheno1:IAC and 

once with IAC. The DNA was mixed with 33 pl of 10 M ammonium acetate and 

precipitated with 133 pl of isopropanol by ïncubating at -20 OC for 20 minutes. The DNA 

was pelleted by centrifugation at 15,000 x g for 15 minutes at 4 OC. The pellet was 

dissolved in 225 pl of TE, added with 25 pL of 3 M sodium acetate, pH 5.2, and 

precipitated with 750 pl of ethanol. DNA was pelleted as descrïbed earlier and the pellet 

was washed hKice Mth 750 pl of 75% ethanol and drïed under vacuum. Finally the DNA 

was dissolved in 50 pl of g las  distilled water (at this step, use of TE as solvent was not 

recommended as it was observed that TE might interfere with coupling reaction, Kadonaga, 

199 1). 

2.4.2.4. Preparation o f  Sepharose CL-2B for coupling 

Approxhately 10-1 5 ml (settled bed volume) of Sepharose CL-2b was extensively 

washed with glas  distilled water (at least 500 ml) in a coarse sintered glass -el. The 

rnoist resin (10 ml) was tramferreci to a 25 ml graduated cylinder and made to 20 ml with 

the addition of water. The slurry was transfmed to a 150 ml beaker in a water bath 

equilibrated to 15 OC placed over a magnetic stirrer in a fume hood. In the fume h d ,  1.1 g 
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of cyanogen bromïde (CNBr) was dissolved in 2 ml of N,N-dimethyIfonnamide in a 25 ml 

of Erlenmeyer tlask. Carefully, the CNBr solution was added to the stirring slurry, drop 

wise and over a minute in the fiune hood. Afier adding the entire CNBr solution to the 

Sepharose slurry, the slurry was mixed imrnediately with 18.8 ml of 5 M NaOH, drop 

wise over 10 minutes. Again, immediately afker this step, 100 ml of ice cold water was 

added to the slurry, poured into a 60 ml couse-sintered glass funnel and the resin was 

slow& filtered by applying suction by taking care not to dry the resin while suction 

filtering. The resin was washed four times with 100 ml of ice cold water followed by twice 

with 100 ml ice cold 10 mM potassium phosphate pH 8.0 (1 M KHJQwas used to adjust 

1 M of K2HP04 to pH 8.0). Five mi of the above Cm-activated resin was transferred to a 

15 xni polypropylene tube and made to a thick slurry with 2 ml of 10 m M  potassium 

phosphate pH 8.0. The DNA was mixed immediately with the slurry, placed on a nutator 

and mixed ovemight at room temperature, to aUow the DNA to couple to the resin. Next 

day, the resùi was transfmed to a 60 ml coarse-sintered glass funne1 and washed twice 

with 100 ml of water, followed by a wash with LOO ml of 1 M ethanolamine-HC1 pH 8.0 

(15 ml of ethanolamine (FW 61.08) in 200 ml of water and pH was adjusted to 8.0 with 

HCI and volume was made to 250 ml). At this stage the DNA coupling to the resin was 

monitored by comparing the level of radioacàvity with the rein and with the wash. The 

resin \-as transferred to a 15 ml polypropylene tube, added with 1 M ethanolamine-HC1, 

pH 8.0. to form a smooth slurry and mixed on the nutator for 4 to 16 h at room 

temperature. The resin was washed with 100 ml of 10 mM potassium phosphate pH 8.0, 

100 ml of 1 M potassium phosphate pH 8.0, LOO ml of 1 M potassium chloride, 100 mi of 

water and finally with 100 ml of column storage buffer (10 m M  TrisHC1, pH 7.6; 1 mM 

EDTA: 300 mM XaCl and 0.04% sodium azide). The resin was stored in this buffer at 4 

OC. 

2.4.3. Purification of partiaiiy purified CC nuclear extract on DNA oWmity 

columns 

Heparin agarose purified GC nuclear protein fractions positive for PSF binding 
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activity were firther punfied using either PSF-8, PSF-A or D8 affinity resins. Al1 steps 

were done at 4 OC. For small scale purifications 5.0 ml cryovials and for large scale 

purifications 15 or 50 ml polypropylene tubes were used to let the PSF proteins to bind to 

the DNA-resin- 

The DNA-affinity resin was equilibrated with buffer Z (0.1 M KCI, 25 mM 

HEPES-KOH, pH 7.6; 6.25 mM MgCl, 0.1 M KCI; 20% (vlv) glycerol; O.L% (v/v) NP- 

40 and 1 mM DIT). Required amounts of resin (200 pl for srnail scale and 1 ml for large 

scale purifications) was incubated with 10 voIumes of buffer Z/O. 1 M KC1 for 10 minutes 

on a nutator and cen-ged at 10,000 x g for 10 minutes and the supernatant was carefidiy 

removed. This step was repeated one more time and the resin was collected. 

The protein fractions were incubated with non-specific competitor DNA, poly 

[dIdC] at the rate of 1.25 pg of poly [dIdC] to 100 pg of nuclear protein for 10 minutes 

and the insoluble DNA-protein complexes were pelieted by centrifugation at 12,000 x g for 

10 minutes (1 -5 ml microfige tubes for small quantities or Oak Ridge centrifùge tubes for 

large quantities of nuclear protein were used for this step) . 

In case of srnall scale purifications, 3 mg/2 ml of partially purified GC nuclear 

protein was incubated with 200 pl of DNA-affinity resin in a 5 ml cryovial (Nunc), and 

rnixed on a nutator for 1 h. After incubation, the tube was briefly centrifuged at 2,000 x g 

for 5 minutes and the supernatant was collected as flow-through. The resin was then 

washed with 1 .O ml buffer 2/0.1 M KCI by repeating mixing and centrifiigation as done in 

the earlier step. The supematant was stored as 0.1 M wash. Subsequently elutions were 

performed with successive additions of 200 pl of buffer Z containing 0.2, 0.3, 0.4, 0.6, 

0.8 and 1.0 M KCI. The resin was mixed with the elution buffers for 15 minutes on the 

nutator and centrifuged as done earlier. The supematant £?actions were collected as their 

respective salt eluted hctions. To identiQ the PSF binding activity in these fractions, the 

fractions were dialyzed against LOO ml of buffer ZAl.1 M KCl for 1 h on a 0.025 ph4 

Millipore filter discs floating on the buffer in a 150 mm petridish. Afker 1 h, the fiactions 
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were collected and 12.5 pl of each hction was used for the nuclease protection assay as 

described earlier. However, in the fwtpnnt assay, initial DNNprotein binding reaction was 

done without the addition ofpoly [dIdC] and MgC&. 

For large scale purification on the DNA affinity resin, 1.0 mi the resin was loaded 

ont0 a BioRad 2.0 ml Poly-Prep column and equilibrated with buffer Zlû.1 M KCI as was 

done as detailed in earlier section AAer 1 h incubation to allow the binding of the GC 

nuclear protein matenal to the DNA affinity resin, the column was fïxed to a stand and 

height was adjusted in such a way that the flow rate due to gravit. fiom the column was 15 

myh The flow-through was collected and the resin was washed four times with 2 ml of 

buffer Z/0- 1 M KC1. Proteins were eluted fkom the resin with successive addition of 1.0 ml 

portions of buffer Z containing 0.2, 03,0.4, 0.6, 0.8 and 1.0 M by maintaining the flow 

rate at 15 mm. Elution with buffer Z11.0 M KCl was repeated one more tirne. The fiactions 

were collected, placed in separate dialysis tubings (Spectrapor dialysis tubing 6-8 K MW 

cut off) and dialyzed against 100 volumes ofbuffer WO. 1 M KC1 at least for 3 h. Footprint 

reactions were done to determine the PSF binding activity in the purified fiactions as 

descriied earlier. 

2.4.4. Regeneration of the DNA-afCinity resin 

The DNA-affinity resin c m  be reused a maximum of 10-1 5 times without a change 

in the binding capacity of the resin (Kadonaga, 199 1). The follbwing steps were done at 

room temperature to regmerate the DNA &ty resh 

Five ml of regeneration buffer (10 mM TrkHCI pH 7.8; 1 mM EDTA; 2.5 M 

NaCl; 1% (v/v) NP-40) was added to the resin and mixed with a narrow siliconized glass 

rod and allowed the buffer flow out of the column. The treatment was repeated with 

regeneration buffer one more time and the resin was equilibrated twice with L5 ml of 

column storage buffer with fieshly added sodium azide and stored in tbis buffer at 4 OC. 



2.5. Sodium dodeeyl sulfate-polyaerylamide gel eleetrophoresis (SDS- 

PAGE) 

Separation of proteins depending on their molecular size was accomplished by 

hctionation of proteins in a denahiruig gel according to the method described by Laemmli 

(1 970). Either standard size (14 cm x 14 cm) or mini size (6 cm x 8 cm) gel was used in 

this study. Afier assembling the glas-plates and spacers of required thiclmess (most of the 

times 1 mm spacer was used), required amount of separating gel solution (for 10% gel- 5 

ml of 3 0% (wk) aaylamide/0.8% (w/v) bisacrylamide stock, 3 -75 mi of 4 x separating gel 

buffer (1.5 M Tris.Cl pH 8.8/0.4%SDS), 6.25 ml of water, 50 pl of 10% (w/v) 

ammonium persulfate (APS) and 10 pl of N, N, NT N'-tetramethylethylenedi&e 

(TEMED), swirled gently to mix. ïhe acrylamide solution was then poured between the 

glas  plates sandwich to a height so that thae is at least 1-2 an of stacking gel for standard 

gels or 0.5 cm for mini gels beh~een the bottom of the well and top of the separating gel. A 

Iayer of water saturated-isobutyl alcohol was gently layered over the separating gel and the 

gel was allowed to polymerize for 2 -12 h. The water saturated-isobutyl alcohol solution 

was discarded and the top of the separating gel was rinsed with 1 x Tris.CVSDS pH 8.8 

solution. A 4% polyacrylamide stacking gel (0.65 ml of 30% (wfv) acrylamide/0.8% (w/v) 

bisacrylamide stock, 1.25 ml of 4 x stacking gel buffer (0.5 M Tris-Cl pH 6.8/0.4% SDS), 

3.05 ml water, 25 pl 10% APS and 5 pi of TEMED) was layered over the separating gel 

and appropriate teflon comb was inserted into the stacking gel. The geI was allowed to 

polymerize for 1 h at room temperatwe. Once the gel was ready, the comb was removed 

gently, and the wells were washed with water and the gel assembly was inserted intu the 

tank containing ninning buffer (3 g of Tris base, 14.4 g of glycine, 1 g of SDS in 1 L). 

The upper chamber was also filled with sufficient amount of running buffer. 

Protein samples were prepared by adding 1 6  th volume of 6 x protein sample 

preparation buffer (7 ml of 4 x stacking gel buffer, 3 ml of glyceml, 1 g of SDS, 0.93 g 

DTT, 1.2 mg of bromophenol blue), heated for 3-5 minutes at 100 O C  and loaded onto the 

gel. Pres tained-protein-molecular-weight standards were treated according to supplier's 



instructions and loaded dong with the protein sarnples. 

The gel was nui at IO mA (constant cment), until the bromophenol blue kackïng 

dye enters the separating gel. Then the current was increased to 15 mA. The electrophoresis 

was stopped once the dye reached the bottom of the gel. At this stage, the gels were stained 

with silver stain or prepared for nansfer ont0 a nitrocellulose or a PVDF membrane. 

For protein sequencing purpose, the separating gel was preran for a minimum of 3 

h and then the stacking gel was layaed over it 

2.5.1. Silver-staining of SDS-PAGE gels 

The gels were handled with care and wearing gloves. The gel was placed in a glass 

container containing 100 mI of fixing solution (50% (v/v) methanol, 10% (vfv) acetic acid, 

40% water) and agitated slowly for 30 minutes on a shaker. The fixing solution was 

replaced with destaining solution (5% methanol, 7% acetic acid and 88% water) and treated 

for 30 minutes. The destaining solution was pured out and the gel was covered with 50 ml 

10% glutaraldehyde and apitated slowly for 10 minutes in fume hood. The gel was washed 

several times with water for 2 h and finally the gel was soaked in LOO ml of 5 pg/d of 

DTT solutior, for 30 minutes. After discarding the DTT solution, 100 r d  of 0.1% silver 

nitrate solution was added to the gel and agitated for 30 minutes-The silver nitrate solution 

was poured out and the gel was washed with small amounts of water and smaU amounts of 

carbonate developing solution ( O S  ml 37% formaldehydeL and 3% (w/v) sodium 

carbonate). Then the gel was soaked in 100 ml of carbonate developing solution and 

agitated slowly until desired staining was achieved The staining reaction was stopped by 

adding 5 ml of 2.3 M citric acid to the 100 ml carbonate developing solution for 10 minutes 

and agitated sIowLy. The gel was washed several times with water for 30 minutes and the 

gel was dried using BioDesignGelWrap. 



2.6. Protein (Western) blotting 

The gels after electrophoresis was equilibrated with transfer buffer (dissolved 3.1 g 

of Tris base, 14.4 g of glycine in 800 ml of water and made to 1ûûO ml with 200 ml of 

methanol) for 30 minutes at room temperature- Nitrocellulose or P M F  membrane as well 

as two pieces of Whatman 3 paper was cut to the gel size. The niaocellulose membrane 

was treated with water, whereas the sequi-grade PVDF membrane was treated bneff y with 

100% methanol and then the membranes were equifibrated with transfer buffer for 15 

minutes. The gel, membrane and the filter papers were assembled in the following order. 

From the cathode side of the plastic transfer cassette, placed the sponge, gel, membrane, 

two Whatman filter papers, and the sponge, in that order. The cassette was closed and 

inserted into the tninsfer tank containing the transfer buffer. Transfer of proteins fiom the 

gel to membrane was done by applying 100 V (constant voltage) for 1-2 h at 4 OC. Mer the 

transfer the membrane was either used for southwestern blotting or stained with Coomassie 

brilliant blue R-250 and sent for microsequencing. 

2.7. Southwestern blotting 

For south western blotting, mini gels were used for protein separation. After the 

transfer, the nitroceUu1ose membrane was placed in a container containing buffer H (25 

rnM HEPES-KOH pH 7.9, 1 m M  MaCl., 10 mM KCI, and I mM DTT) and washed 

briefly. The membrane was then treated with 30 ml of buffer H containing 6 M guanidium 

hydrochloride or urea and incubated at 4 OC for 5 minutes with gentle shaking. This 

incubation was continued for another 5 minutes with 30 ml of fiesh buffer H contahhg 6 

M guanidium hydrochlonde or urea. The membrane was then sequentially treated for 5 

minutes each time with buffer H containing 3 M, 1.5 M, 0.75 M, 0.375 M guanidium 

hydrochloride or urea, and finally the membrane was washed with 2-3 times with bu& H. 

The membrane was blocked with buffer H containing 5% Carnation nonfat milk powder 

for 1 h at 4 OC with gentle shaking and then was washed twice with buffer H containhg 

0.25% Carnation nonfat miik powder. For Southwestern hybndization, the membrane was 
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incubated with 10 ml buffer H contaking 0.25% Carnation nonfat milk powder, 10 pg/rnl 

sonicated denatured cal€ thymus DNA, 1 x 106 cpm/ml of probe. The membrane was sealeci 

in a hybridization bag and incubated for Id h at at 4 OC with gentle shaking. Afier 

incubation, the membrane was washed with buffer H containing 0.25% Carnation nonfat 

m i k  powder for 5 minutes and washings were repeated four more times- The membrane 

was drïed and exposed to X-ray film- 

2.8. Elution-renaturation of PSF-binding proteins separated by SDS- 

polyacrylarnide gel electrophoresis 

This method was applied to estimate the size of the PSF factors in the GC nuclear 

extracts- Approximately, 2.0 mg of heparin-agarose fiactionated 0.4 M KC1 fraction, 

which had show very high PSF binding activity, was concentrated 100 pl using a 

Centricon concentrator. The protein solution was placed in the concentrator and centrifbged 

at 5,000 x g until the volume of the protein solution was reduced to LOO pl (approximately 

it took 30 minutes). This materîal was treated with 25 pl of 6 X sarnple preparation b a e r  

and incubated at 37 OC for 10 minutes. The proteins were separated on a SDS- 10% PAGE 

gel as detailed under SDS-polyacrylamide gel electrophoresis method. 

Elution and renaturation of proteins from the gel was done according to the method 

described by Ossipow et al. (1993). Afier electrophoresis, the gel lane with nuclear 

proteins was sliced into 8 equal size of pieces with a razor blade. Each gel piece was placed 

into a 1 -5 ml microfige tube containing three volumes (per weight of the polyacrylamide 

gel slice; 300 pl/ 1 O0 mg of gel piece) of elution-renaturation buffer (1 % Triton X- 100; 20 

mM HEPES pH 7.6; 1 mM EDTA; LOO mM NaCl; 5 m g h l  of BSA; 2 m M  DTT; 0.1 mM 

PMSF; 0.1% aprotinin) and homogenized with a smali plastic homogenizer. After a four 

hour incubation at 37 O C ,  the residual polyacrylamide was sedimented in an microfbge 

( 1 5,000 x g for 1 5 minutes) and the supernatant (approximately 75 pi) was transferied into 

a new microfuge tube. Nuclease protection assay was performed with 15 @ of each 

hction without the addition of poly [dIdC]. 
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In a repetition of above experiment, a mini PAGE gel was used instead of standard 

gel to fractionate the GC nuclear proteins and the lane was sliced into 1 1 equal size pieces. 

Elution and renaturation of proteins were peifonned as done above. 

2.9. Screening of cDNA clones encodimg DNA-biading proteins 

Complementary DNA expression libraries prepared from rat pituitary GC (A-ZN), 

human placental (k Uni-ZAP) and mouse fibroblast (kgtl l ) were screened with either a 

PSF-B (3-bïnding sites) hgment, radiolabelled by Klenow end fiiling or a PSF-B Iigated 

concatemerized ODNs, radiolabelled b y nick translation method for double strand DNA 

(vinson et al. 1 988). E-coli strains XL Blue (for ZAP library) and Y 1090 (for gt 1 1 hbrary) 

were used as hosts. 

2.9.1. Uniform labeling o f  DNA by nick transhtion 

Concatemenzed and ligated PSF-B ODNs that were used in the preparation of 

affinity column were used as double strand DNA for nick translation. Approximately 500 

ng of DNA was mked with 2.5 p1 of 500 pM dNTPS-dATP, 2.5 pl of 10 x E-coli DNA 

polymerase 1 buffet (500 rnM Tris-CL pH 7.5, 100 mM MgCl,, 10 mM DTT, 0.5 mglml of 

BSA). 10-20 pl of 3000 Ci/mmol [a-:"P]dATP (1 00-200 pCi), 1 pl of DNase I (O. 1 ng), I 

pl of E-coli DNA polymerase 1 (10 U)). The total reaction volume was made to 25 pl with 

water and incubated at 14 "C for 30 minutes. The reaction was stopped by adding 1 pl of 

0.5 M EDTA, 3 pl of 10 rng/ml tRNA and 100 pl of TE. The reaction mixture was 

extracted once with pheno1:IAC and the aqueous phase was purified on a Sephadex G-50 

column. The 1 pl of labeled DNA was counted and the remainder was used as probe to 

screen the libraries. 

2.9.2, Preparation of nitraceliulose replicas 

The hosts were grown ovemight in Luria broth (LB: 10 g of bactotryptone, 5 g of 

60 



yeast extract and 5 g of NaCl in 1 L) supplemented with 0.2 % maltose and LO mM Mg 

SO,, ovemight at 37 OC. For each plating, 0.5 ml of overnight bacterial culture was mixed 

with 3-5 x 10 plaque fonning units of the library in a tube and incubated at 37 O C  for 15 

minutes to allow the phage to adsorb to bacteria. To the tube, 9 ml of top agarose (0.7% 

agarose in LB, sterile, melted and cooled to 50 "C) was added, mixed and immediately 

poured ont0 150 mm LB agar plates. Plates were incubated for 3 h at 42 "C till tiny plaques 

appeared and then moved to 37 OC innibator. Meanwhile 132 mm nitrocellulose filters were 

impregnated with IPTG by imrnersing the filters in 10 mM IPTG solution for 30 minutes 

and air dned at room temperature for 1 h. These nIters were overlayed onto each plate and 

the plates were hrther incubated at 37 O C  for 6-8 h. The plates were cooled for 10 minutes 

at 4 OC and the filter positions were marked with needle holes. The filters were carefully 

lifted, placed in a deep dish containing BLOTTO (5% Carnation nonfat milk powder, 50 

mM Tris-Cl pH 7.5,50 mM NaCI, 1 mM EDTA, 1 m M  Dï"T') and incubated for 1 h at 

room temperature. Filtea were transferred to a di* containing binding buffer (500 d l  O 

filters, BLOTTO without rnilk powder) and incubated for 5 minutes at room temperature. 

This washing was repeated twice and the filters were left in the bindiiig b e e r  for ovemight 

at 4 OC. 

2.9.3. Screening of nitrocellulose filter replicas 

Heat denatured calf thymus DNA was added to the binding buffer to 5pglm.I final 

(25 ml of binding buffd10 filters) and the radiolabelled probe was added at 1-2 x 106 

cpdml.  The filter replicas were added to the probe-binding buffer and incubated with 

gentle shaking for 1 h at room temperature- The filters were washed 4 tirnes (7.5 minutes 

per wash, 30 minutes total) at room temperature with 500 ml binding buffer/lO filters. 

Filters were blot dried, covered with plastic wrap and exposed to X-ray film with an 

intensi@ing screen at -70 OC. X-ray films were developed and viewed for positive signals. 

Modifications in binding conditions were also introduced in Later screenings. 



Buffer-D that was used in nuclear extract preparations was used by replacïng the Tris bas& 

binding buffer. 

2.10. Growth and maintenance of bacteria, plasmid DNA purification and 

construction of plasmid vectors 

Growth and maintenance of the bacteria, preparation of plamiid DNA (either smdl 

or large scale) used in this study were done according to standard protocols as desmieci in 

Ausubel et a1 (1994)- 

Al1 ligaîion reactions were perfomed in 20 pl reaction volumes using 50 -100 ng of 

plasmid vector and 100-300 ng of insert (depending on the size of  the insert) in the 

presence of 4 U of ligase. Incubations for ligase were done at room temperature for 16 h. 

2.10-1. Preparation of competent bacterial ceils 

Comptent bacterial cells were prepared using CaCl, method (Maniatis et al. 1982). 

An aiiquot of Escherichia coli fiom the bacterial glycerol stock (strain DH1 or DHSa) was 

inoculated into 5 ml of LB and grown at 37 OC for 16 h in a shaker incubator. From this 

overnight culture, 2 ml was inoculated into LOO ml of LB and the bacteria were grom at 37 

O C  in a shaker incubator till the optical density was about 0.6 at &.The bacteria were 
e 

transferred into a stede centrifuge tube and pelleted at 3000 x g for 10 minutes. ?lie pellet 

was resuspended in 34 ml of sterile, ice cold 0.1 M CaCIz and left on ice for 1 h. The 

bacteria were pelleted again as mentioned above, and the pellet was gently resuspended in 

10 ml of ice cold O. 1 M CaCl, containing 15% (v/v) glycerol. The bactena were left in this 

solution for 1 2 h on ice and aliquoted as 1 00 pl into 1.5 r d  micro fuge tubes and stored at - 
70 OC. 



2.10.2. Transformation of bacteria with plasmid DNA 

The competent bacterial celIs were thawed on ice for 15 minutes. For 

transformations 20- 100 ng of plasmid DNA or ligation teaction mixture in 10-20 pl volume 

was added to the bacteria, mixed with gentle flicking of the tube and left on ice for 45 

minutes. Then the bacteria were exposed to 42 OC for 2 minutes, added with 1 mi of LB 

and placed in 37 O C  incubator shaker with gentle shaking (LOO rpm) for 1 h. Either 100-200 

pL of the culture was plated onto 1.5% agar-LB plates containing required amount of the 

antiiiotic m a r k  (moa of the plasfnids used in this study have ampicillin resistant gene and 

LOO pghl of ampicillin was used both in LI3 and LB agar plates). The plates were 

incubated at 37 OC overnight, 

2.10.3. Small scale preparation o f  plasmid DNA 

Plasmîd DNA fiom bacteria was prepared according to alkali lysis method. Once 

the individual colonies are seen on the plate, each colony was picked up by a sterile tooth 

pnck, inoculated into 2 ml of LB containing ampicillin and grown overnight in 37 O C  

shaker incubator. Approxirnately 1.5 ml of the bacterid culture was transfecfed hto a 1.5 

ml microfuge tube and centrïfuged briefly for 45 seconds at 15,000 x g. The supernatant 

medium was aspirated into bleach and the pellet was resuspended in 100 pl of solution 1 

(25 mM Tris-Cl, pH 8.0, 50 mM glucose and 10 mM EDTA) and kept on ice B r  5 

minutes. Alkali lysis of bacteria and denaturation of DNA were done with the addition of 

freshly prepared 200 pl of solution 11 (0.2 M NaOH, 1% SDS) and m e r  incubated on ice 

for 5 minutes. Selective circular plasmid DNA renaturation was accomplished by the 

addition of 150 pl of neutrdization solution III (3 M sodium acetate, pH 5.2). After mixing 

by inverting the tube several times and the tube was incubated for 15 minutes on ice. The 

bacterial debns dong with chromosomal DNA was pelleted by centrifugation at 15,000 x g 

for 10 minutes and the supernatant (400 pl) was transférred to a fiesh tube. This aqueous 

solution was extracted once with 1 : 1 of pheno1:IAC and the plasmid DNA in aqueous phase 

was precipitated with 1 ml of ice cold ethanol. The DNA was pelleted by centrifugation at 
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15,000 x g for L 5 minutes and the DNA pellet was washed once with 70% ethanol. DNA 

pellet was dned under vacuum and was dissolved in 20-40 pl of TE (10 mM Tris-Cl pH 

8.0, 1 mM EDTA)_ 

Largemale plasmid DNA purification was done using Qiagen plasmid preparation 

kit P 1 plasmid DNA was also prepared according to suppliers instructions. 

2.11. Electrophoretic Mobility Shift Assay (EMSA) 

Gel mobility shift assays were perfonned as descnied by Baldwin (1990). 

Different types of probes (either end-labeled ODNs or Klenow end filled DNA hgments) 

were incubated with various nuclear protein extracts prepared fiom different ce11 lines or 

tissues. DNA-protein Interactions were carriai out by incubating nuclear protein extracts 

(2- 15 pgreaction) with O. L to 1 ng of radiolabelleci (- 10,000 cpm) DNA probe in binding 

buffer (20 rnM HEPES-KOH pH 7.9, 20 % v/v glycerol, LOO mM of KC1, 0.2 m M  

EDTA, 0.5 mM DTT) along with 2 pg of poly dIdC and 6.25 mM of MgCl, on ice for 15 

minutes. For competitions, the cornpetitor ODNs were added to the binding reaction along 

with the DNA probes. The DNA-protein complexes were resolved through a 4% non- 

denaturing gels- The gel was pre-run for 60-90 minutes at 150V in 0-5X TBE (1X TBE- 

0.089 M Tris-base, 0.089 M boric acid, 0.002 M EDTA). Afier loading the binding 

reactions into the wells, the gel was run at 25 Mgel.  A tracking dye mixture containing 

0.125% bromophenol blue and 0.125% xylene cyan01 was also loaded into a sepaiate well 

along with the samples. Depending on the size of the probe used, the gels were nm until 

the bromophenol blue reached the desired length. The gels were dned and the complexes 

were assessed b y autoradiography- 

2.12. Nuclease (DNase 0 protection assay 

Most of the DNA fiagrnents, in pUC19 plasmid, used to detect the DNA~ protein 

interaction by nuclease protection assays, were isolated as EcoRI-HindIII fragments. 
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Depending on the size of the hgment to be Iabelled and to get 100-200 ng of the hgrnent, 

sufficient amounts of plasmid DNA were digested with EcuRI. The EcoRI site was 

radiolabelled by f i l h g  reaction using [a-'?,P]dATP, 250 p M  each of  dTTP, dCTP and 

dGTP, and the large (Klenow) fiagrnent of DNA polymerase I for 2 h at 37 OC. 

Subsequently, the radiolabelled fragment was released with HNidLII and purified nom 

agarose gels (1.2% agarose gels depending on the size of the bgment), by ninning the 

fiagrnent into a well made in the gel and filled with 4X TBE. The DNA was extracteci once 

with L : 1 a mixture of phenol and IAC and then precipitated with 2 volumes of 95% ethanol 

after the addition of 300 rnM of sodium acetate pH 5.2, The DNA was pelleted, the dried 

pellet was dissolved in water as I ngpi and 1 pl was counted in a beta counter to determine 

the amount of radioactivity- Radiolabelled DNA (10,000 cpm or 0.1-0.25 ng) was 

incubated with or without nuclear proteins (5-25 pg) in a 20 pl reaction volume for 15 

minutes on ice. Each reaction contained radiolabelled DNA, 1 pg of poly dIdC, 6.25 mM 

MgCl,, requùe amount of nuclear extract and the volume was made to 20 pl by adding 

buffer-D used in nuclear extract preparations. Afkr incubation, the DNA was digested with 

DNase (0.1 to 0.2 Wreaction; Promega) contained in 24 pl reaction mix of 5 mM CaC1, 

and 10 rnM MgCl, for 60-90 seconds at 26 O C .  The reaction was stopped by the addition of 

160 pl of a buffer containing 100 pl of 2X proteinase K buffer (200 mM Tris.HC1 pH 7.5, 

25 mM EDTA, 300 mM NaCl, 2% (v/v) SDS), 2 pI of yeast tRNA (IO pg/p.i), 10 jtl of 

proteinase K (10 p@@) and 48 pl water). Samples were extracted once with phenol:IAC, 

and then precipitated with ethanol. The pelleted DNA was resuspended in 5.0 pi of 

sequencing gel loading buffer (90% (vlv) formamide, 1X TBE, 100 mm NaOH, O. L % 

(w/v) bromophenol blue and xylene cyanol), heated at 90 O C  for 3-5 minutes, placed on ice 

and then loaded onto a sequencing gel. The samples were fkactionated in a 7 M urea-6% 

polyacrylarnide gel (1 1.4 g of acrylar&de, 0.6 g of bis-acrylamide, 100 g of urea and 20 ml 

of 20 X TBE in 100 ml) which was pre-nin at 45 W for 30 minutes and run with samples 

tiU the bromophenol blue migrated to the required distance. The gel was taken off the plate 

ont0 a Whatman 3 filter paper, dried under vacuum at 80" C and the protected regions were 

assessed by autoradiography. 



2.13. Chernical (Maxam-Gilbert) sequencing 

The radiolabelled DNA used in the nuclease protection assays was used in the 

chernical sequencing method (Ausubel et ai. 1994). DNA equivalent of 10-50,000 cpm/lO 

pi was distnbuted in to four 1.5 ml microfige tubes Iabelled as "G", '%+A'', "T+C" and 

"C'. To the G tube Two hundred pl of dimethyl sulfate (DMS) reaction buffer (50 mM 

sodium cacodylate pH 8.0; 1 m .  EDTA) was added to the G tube, and 10 and 5 pl of 

water was added to the T+C and C tubes. An additional 5 pl o f 5  M NaCl was added to the 

C tube. Base specific modifications were per60rmed by adding 1 pl of DMS to the G tube, 

25 pl of fomùc acid to G+A tube and 30 pl ofhydrazhe to T+C and C tubes. Each reaction 

was done at 25 O C  for different timings (4 minutes for G, 5 minutes for G+A, 8 minutes for 

T+C and C). The reactions were stopped by adding 50 pi of DMS stop buffer (1.5 mM 

sodium acetate pH 7.0; 1 -0 M &mercaptoethanol; fiIter sterilized and added with 1 O0 pghl 

of tRNA) to the G tube. Whereas the other reactions were stopped with 200 pl of hydrazine 

stop buffer (300 mM of sodium acetate pH 7.0; 0.1 mM EDTA, filter sterilized and added 

with 25 p@ tRNA). The DNA in aU tubes was precipitated with 750 pl of chilled 100% 

ethanol, imrnersed in a bath of dry icefethanol for 5 minutes and was pelleted by 

centrifigaion at 15,000 x g for 5 minutes. The pellet was washed twice with 70% ethanol 

and the trace amounts of any reagents were completely removed by reprecipitating the 

DNA. The strand scission at modified bases was performed by incubating the DNA with 

70 pl of 10% piperidine for 30 minutes at 90 M. The piperidine was removed by vacuum 

drying and furtherrnore, the traces of piperidine was removed by evaporating the sample 

twice fiom 20 of water. The samples were resuspended in 10 pl of formamide loading 

buffer (80% formamide; IO mM NaOH; 1 mM EDTA; 0,1% xylene cyanol; 0-1% 

bromophenol blue) and heated for 2-3 minutes at 90 OC and loaded onto sequencing gels 

dong with the footprinted DNA samples. 

2.14. Transient transfer of plasmid DNA into ceils 

Gene transfer into eukaryotic ce11 lines was done using calcium phosphatelDNA 
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precipitation method (Howley et al. 1983). Generally cells were seeded at the density of 

either 0.5 x L06(for GC and HeLa) or 1.0 x 106(for JEG-3 and JAR) 24 hours prior to 

transfections. Usually a 250 p1 mixture of 10 -15 pg of plasmid DNA (hybrid CAT gene 

constnrcts) and 250 m M  of CaCl, was added drop by drap to 250 pi of a 2 x HBSS (280 

rnM NaCl, 50 mM HEPES (FW 238.3) and 1.5 mM Na2HP0,, dibasic) inspirated with a 

steady Stream of sterile air, in a 15 ml polystyrene tube (Falcon). The mixture was briefly 

mixed and Left at room temperature for 30 minutes to allow to fonn the DNAKaPO, 

precipitate. 

Memwhile, the cells to be transfected were fed with DMEM supplemented with 8% 

FBS as 9 ml per 10 cm dish. The DNA precipitate was bnefly rnixed, and was distn'buted 

unifomily across the entire culture dish by gentle swirhg. The DNA precipitate was left in 

contact with cells for 16-24 hours. M e r  this incubation the, the cells in the dish were 

washed twice with 5 ml of PBS, and refed with the appropriate medium (GC, HeLa and 

JEG-3 cells were fed with DMEM-8% FBS; whereas JAR cell was fed with RPMI40% 

FBS). Most of the times transfection of cells with the test plasmids (hybrid CAT gene 

constmcts) and appropriate expression vectors were done in triplicate unless otherwise 

stated. Amounts of reporter and expression constructs were detailed in the respective 

sections in the results and discussion. 

For treatment with either forskolin (Sigma), 8-Bromo-cyclic adenosine 

monophosphate (8-Bromo-CAMP; Sigma)) or phorbol-12-myristate-13-acetate (PMA; 

Sigma), the transfected cells were washed with 10 ml of PBS 24 h afier transfection and 

refed with 5 ml of the respective medium or medium containing either 10 pM of forskolin, 

1 mM of 8-Bromo-CAMP or 100 nM of PMA. 

2.15. Stable introduction of plasmid DNA lnto eukaryotic cell chromatin 

Stable introduction of Pit-1 expressing plasmid DNA into JEG-3 and JAR cells was 

essentially perfonned as described by Cattini et al (1986a). A vector containing the gene 

67 



coding for neomycin resistance (pKOneo) under the control of simian virus (SV) 40 

promoter was used to select the stably transformed cells. Approximateiy 10 pg CCM-Pit-1 

plasmid DNA was precipitated along with lpg of pKOneo, and transfections were 

perfonned as described earlier. AAer leaving the plasmid DNAs on the c e k  for 24 h, the 

cells were fed wïth appropnate growth medium containing O S  mglml of Gd18 (Geneticia; 

Gibco-BRL). The cells were fed once in two days with this medium untiI discrete colonies 

appear to grow- Once the individual colony reaches approximate size of 2-3 mm, each 

colony was harvested fiom the plate by placing a sterile Whatman 3 filter paper soaked in 

trypsin solution. Each filter disc containing cells was then placed into separate wells in a 

24-well culture dish containing 1 ml of the above medium. The ceIls were dowed to grow 

to optimum number, then harvested and grown in larger dishes. Once nifncient number of 

dishes with cells were cultureci, fiozen stocks of cells were prepared as described earlïer or 

the cells were continued to grow for f.urther analysis such as detection of the stably 

integrated gene- 

2.16. Chloromphenicol acetyl transferase (CAT) assay 

CelIs transientl y tram fected wit h reporter (hy brïd CAT gene constructs) plasrnid 

DNA were harvested 48 h afier the addition of the DNA to the celIs. The monolayers were 

washed once with 5 ml of PBS-CMF and lified from the dish by the addition of 4 ml of 

PBS-CMF containing 1 m M  EDTA. The cells were transferred to a 15 ml tube (Coming) 

and pelleted by centrifiigatîon at 1500 x g for 3 minutes at room temperature. The cell pellet 

was resuspended in 300-500 pi (depending on size of the ceil pellet) of LOO rnM Tris.HCI 

pH 7.8/0.1% (dv) Triton X-100 (TT buffer), transferred to a 1.5 ml microfuge tube and 

incubated for 15 minutes on ice. The cewnuclear debris was sedimented by centnfiiging at 

15,000 x g for 15 minutes at 4 OC. ïhe supernatant was t r a n s k e d  to a new 1.5 ml 

microfuge tube. An aliquot (1-2 pl) nom the supernatant was used to determine the protein 

concentration using Bradford (1976) assay. The ce11 extracts were either used immediately 

for the CAT assay or stored at -20 "C until use. 



Analysis of CAT activity was determined by a two-phase fluor dimision assay 

(Neumann et al. 1987). Protein extracts (50-1 00 pg) were made to a final volume of 200 pi 

with the addition of ï T  buffer in a t -5 ml microfbge tube. The samples were heated to 70 

O C  for 15 minutes to inactivate the acetyltransferase inhibitors present in the ceIl extracts. 

The samples were cooled to room temperature for 10 minutes and transfaed to a 7 ml 

scintillation counting via1 containing 75 pl a 'H-acetyl cave A cocktail (0.5 pCi of3H- 

acetyl coenzyme A/L mM chloromphenicoV300 mM Tris.HC1 pH 7.8). The mixture was 

shaken well and in da& 3 ml of organic-phase counting, ScintiLene cocktail (Fisher) was 

slowly and carefiilly layered ont0 the aqueous mixture. The tubes were capped and c o v d  

with aluminum foi1 to avoid exposure to light, and incubated for 30 minutes at 37" C. The 

rate of conversion of chloromphenicol to 'H-acetylated chloromphenicol was measured 

using a Beta counter. At least 5 complete cycles of 1 minute counting per tube was 

performed to mesure the CAT activity. The CAT activity was calculated by plotting the 

cpm per minute by regression andysis to find the slope, and then determining the cpm per 

minutes per mg of proteh 

2.17. Luciferase assay 

In al1 transfections, a luciferase expressing CMVp-Luc constmct was wnsferred 

into the cells along with hybrid CAT gene constructs and the luciferase expression was 

assayed. For luciferase assay, 20 pl of above ce11 extracts was taken into a 12 x 75 mm 

borosilicate glass tubes, and the luciferase activity was meawed in a photon counting 

luminometer (ILA9 1 1 Luminometer, Tropix hc ,  Bedford, MA) in the presence of 100 pl 

of iuciferase substrate (Promega Luciferase w a y  system) solution per sample. 

2.18. Measurement of protein concentrations in samples (Bradford assay) 

Protein concentrations of nuclear protein and ceU extracts were rnea~u~ed using the 

Bradford assay (Bradford, 1976). Bovine serum d b u .  @SA)-Fraction V was used as 

standard. For the assay, 1-5 pl of the protein extract was taken into 12 x 75 mm 
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borosilicate glas  tube and the volume was made to 800 pl with water. Similarly, BSA (1 

mghi) was added to the glass tubes at the concentration of 2 , 4  6, 8 and 10 pg and the 

volume was made up to 800 pl with water. ML samples are briefly mixed and 200 pl of 

Bradford's reagent (BioRad) was added to al1 samples including standards, were 

thoroughly mixed by mixing and were kept at room temperature for 10-15 minutes. 

Meanwhile the spectmphotometer (Hitachi U-100) was wamied up at 595 nm wavelength. 

The protein concentrations of the samples were measured by transfeg the solution to a 

cuvette and reading the opàcal density at 595 nm. Calcuiation of protein concentrations 

were done by plotMg the vaIws against the BSA standard. 

2.19. Isolation of total RNA 

Total RNA from cells or tissue was extracted according to Chomczynski and 

Sacchi (1 987). The monolayers were washed once with 10 ml of ice cold PBS and added 

with 1.8 ml of GITC solution (4 M guanidinium isothiocyanate; 25 mM sodium citrate pH 

7.0; 0.5% (v/v) sarcosyl; 100 m M  &rnercaptoethanol). The cells were scraped into a 15 ml 

polypropylene centrifuge tube (Falcon) using rubber policeman. To this ce11 lysate, 180 pl 

of 2 M sodium citrate pH 4.0, 1.8 ml of phenol saturated with water and 360 pl IAC (24:1 

of chIorofonn and isoamyl alcohol) were added and vigorously mixed. This was 

maintained on ice for 30 minutes, and the phases were separated by centrifugation at 

12,000 x g for 15 minutes at 4" C. The aqueous (upper) phase was collected and added to a 

new tube and mixed with 1 volume of isopropanol and the RNA was precipitated by 

centrifugation at 11,000 x g for 15 minutes at 4 OC. The pellet was resuspended in 400 p l  

of TE and then transferred to a L.5 ml rnicrofuge tube and added with 400 pl of phenol 

saturated with water, 40 pi of 2 M sodium acetate pH 4.0 and 80 pi IAC. The tube was 

vigorously mixed and then centrifbged at 15,000 x g for 10 minutes at 4" C. The 

supernatant was precipitated with 1 volume of isopropanol and the RNA was pelleted by 

centrifugation at 15,000 x g for 10 minutes at 4 O C ,  the pellet was washed once with 70% 

ethanol, dried under vacuum and then resuspended in 100-200 pl of stede distilled water. 

To dissolve the pellet, the RNA was heated at 65 OC for 10 minutes. Quantification of RNA 
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was done spectrophotomecrically reading absorbency at A260 and quality of RNA was 

detemined b y measuring the ratio of absorbancies at A260 and A28O. Generally the RNA 

was stored as 50400 pz aliquots mixed with 2.5 volumes of ethanol with 300 mM of 

sodium acetate pH 3.0. 

Total cellular RNA fiom tissues was also prepared essentially as descnied above- 

Approximately, 1 g of the tissue was minced welI in 9 ml of GITC solution. This was 

distnîuted in 1.8 ml aliquots and then RNA extracteci as descnbed above. 

2.20. Fractionation of total RNA 

Total RNA was subjected to size hctionation in a fomaldehyde gel according to 

the method described by Mani-atis et al (1982). A 1.5% (w/v) agarose gel was made by 

dissolving 3.75 g of agarose in 205 ml of MOf S solution pH 7.0 (20 mM 3-IN- 

morpholino] propane-sulfonic acid, 5 rnM sodium acetate, 1 mM EDTA). When the 

agarose solution was cooled down to 50 "C, 45 mI of 37% (dv) formaldehyde (22 M final 

concentration) was added and mixed. The gel was poured in a fume hood and left to 

solidifjr. 

Meanwhile. the RNA samples fiom -70 OC were taken out and pelleted. The RNA 

pellet was resuspended in 40 pl of RNA reaction mixture (2 pl of a 1OX MOPS solution, 7 

pl of 37% (v/v) formaldehyde, 20 pl of de-ionized formamide, 9 pl of sterile water and 2 

pl of 0-4 p@pl ethidium bromide). The samples were heated at 65 OC for 20 minutes to 

dissolve the RNA pellet and mixed with RNA loading dye (50% (v/v) glycerol, 1 mM 

EDTA, 0.4% (w/v) bromophenol blue, 0.4% (w/v) xylene cyanol). The samples were 

loaded into the gel and electrophoresed in MOPS solution at 25-30 V 12-16 h. The gels 

were photographed to mark the migration of 28s (4.8 kb) and 18s (1.8 kb) ribosomal 

RNA (Maniatis et al. 1982). This information was used to detexmine the approximate size 

of the RNA detected fiom hybridization and subsequent autoradiography. 



2-21, RNA (Northern) transfer and hybridization 

Transfer R'1A fiom the agarose gel to a nitrocellulose membrane was done 

according to the method of Maniatis et al (1982). A glass trough was filled with 300-500 

ml of 20X SSC (3 M sodium chloride and 0 3  M sodium citrate) and overlaid with a glas 

plate and a Whatman 3 filter paper. The filter paper was let to soak with 20X SSC by 

capillary action. The gel was marked to identiQ the top and bottom, and laid on the top of 

the filter paper, followed by a layer of nitrocellulose membrane (cut to the exact size of the 

gel and presoaked in 6X SSC), 3 layers of Whatman 3 filter papers and 10 -15 cm 

thickness of stack of papa towels. A weighted glass plate was put on the top of ihe paper 

towels and transfer was then allowed to proceed for 16 h. AAer the transfer the membrane 

was soaked bnefly in 6X SSC, air drïed, and then bdced for 40 minutes at 80 OC under 

vacuum. The blot \\-as store at -20 O C  until use. 

DNA fragments were used as probes to detect the specific-RNA transcripts in the 

blots. Probes were routinely Labelled using random priming kit (Prime-a-Gene kit, 

Promega), to a specific activity greater than 1 x 10' cpdpg of DNA. Either [a-J'PIdATP 

or -dCTP (Amersham) was used to label the DNA The cDNA probes used in these studies 

were hGH-N (Martial et al. 1979) and Pit- 1 (Ingraham et al. 1988) . 

The blot with RNA was inserted into a hybndization chamber and incubated at 42 

OC for 3-12 h, with 20 ml of prehybridization containing 50% formamide, 5X SSC, 5X 

Denhardts solution ( 50X = 1% (w/v) FicoI1, 1% (w/v) polyvinyl pyrollidone, L% (w/v) 

BSA), 50 mM sodium phosphate pH 6.5,0.1% SDS, 100 pghl yeast tRNA and 25 pghl 

salmon spem DNA. Mer preincubation, the solution was diçcarded, and replaced by 10- 

15 ml hybridization solution (50% (v/v) formamide, 5X SSC, 5X Denhardts solution, 50 

mM sodium phosphate pH 6.5, 10 pgml yeast tRNA, 25 pgml salmon spemi DNA and 

10% (w/v) dextran sulfate). Radiolabelled DNA probes were denatured by heating to 95 O C  

and added immediately to the hybridization solution. Hybridization was done for 16-20 h at 

42 "C and then the membranes were washed 3 times for 15 minutes in 0.1X SSC, 0.1% 
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(v/v) SDS at 65 "C and exposed to Kodak XAR-2 X-ray film usîng intensifying screens 

(Dupont) at -70 "C. 

2.22. DNA (Southern) transfer and hybridization 

Genomic DNA (5- 10 pg) was digested with appropriate restriction enzymes and 

fiactionated in a 1% agarose gel. Gel electrophoresis was performed at 30-40 V for 12-16 

h. Once the tracking dyes had migrated to the desired distance in the gel, the gel was 

photographed and top or bottom of the gel was marked. The gel was then subjected to 

treatments to denature the DNA in the gel. The gel was placed in a g l a s  trough containing 

sufficient amount of denaturation buffer (1.5 M NaCl; 0.5 M NaOH) for 30 minutes with 

gentle shaking. The buffer was replaced with a fiesh one and the treatment was continued 

for another 3 0 minutes. Subsequently, the gel was treated with a neutralization buffer (3 M 

NaCl; 0.5 M Tris.CI pH 7.0) similady as done earlier. 

Transfer of DNA ont0 nitrocellulose membrane and hybridization of DNA with 

different probes was sùnilar to that was describecl with RNA transfer and hybridization. 

2.23. Polymerase chah reaction (PCR)-DNA sequencing 

Double strand DNA sequencing was performed using the h o 1  sequencing kit 
a 

(Promega). Approximately 1 pg of template (plasmid containing DNA of interest) DNA 

was used for sequencing. The sequencing reaction mixture was prepared by mVUng 1 pl (1 

pg) of DNA with 2 pl (20 ng) of primer, 10 pl of 5 x DNA sequencing buffer, 1 pl of [a- 

''Pld~lT and 0.5 pl 92 U) Taq DNA polymerase and water was added to make the volume 

to 16 pl . Four 0.5 ml microfuge tubes were labeled as A, C, G and T and nom the kit, 2.0 

pl of ddATP, ddCLP, ddGTP and ddTTP mixture was added to their respective 0.5 ml 

tube. To each of these tubes, 4.0 pl of the sequencing reaction mixture was added and the 

tubes were placed in the thexmal cycler. The PCR conditions were an initial step of 95 OC 

for 4 minutes and sequencing reaction was perfiomied for 30 cycles each cycle consisting of 

73 



a denaturation step of 91 OC for L minutes, an annealing step of 55 OC for 30 seconds and 

an extension step of 72 OC for 1 minute. The reactions were stopped by adding 3 pi of stop 

solution and treated at 95 OC for 3 minutes and loaded on to a 7 M urea-6.8% 

polyacrylamide sequencing gels and electrophoresed at 45 W constant power supply. Once 

the the tracking dyes reach the desired Iength fkom the top of the gel, the gel was removed 

fiom the plates using a Whatman 3 paper, dried and exposed to an X-ray film 

2.24. Statistical analysis 

The data fiom CAT assays were analyzed using the statistical program Instat 2.03 

(GraphPad Software). Analysis of  varÎance (ANOVA), Student's 'Y and andogous 

nonparametric tests such as alternative Welch, nonparametric Mann-Whitney, paired and 

unpaired tests were used for detennination of statistical significance. The data were 

considered significant only when the probability of variance among groups upon 

cornparison was Iess than 5% (~0.05).  



3.L PARTIAL PURIFICATION AND CHARACTERIZATION OF THE 

PROTEINS RECOGNIZING THE PSF ELEMENTS 

3.1.1. General introduction to purification of the DNA-binding proteins 

Many investigators are studying DNA-binding proteins because of their 

involvement in cellular processes such as replication, recornbination, transcription and 

bacteriophage and kiral integration (Kadonaga, 199 1). The advent of recombinant DNA 

technology, and isolation of several biologically important genes has led to a common 

interest in how these genes are regulated at the transcriptional level and especiaily, in a 

temporal or tissue-specific manner in response to environmental and deveIopmental signals. 

Subsequentl y, characterization of the DNA sequences responsible for this regul ation 

necessitated the identification, isolation and characterization of the proteins recognizing 

these regulatory DNA sequences. With the M e r  understanding of the mechanisms 

involved in the transcriptional regdation of the genes, it is now evident that the factors that 

recognize the proximal promoter elements. such as general transcription factors. as well as 

the proteins that bind to distal sequences ("action at a distance", Hochschild, 199 1) are also 

important in gene expression. 

To understand the role of these factors in biological processes and to study their 

biochemical properties, it is necessary to puri@ the proteins to homogeneity. The major 

difficulty in the isolation of the DNA-binding proteins is their characteristic very low 

abundance in the cells (wïth levels as low as 0.001% of cellular protein; Kadonaga and 

Tjian, 1 986). However, investigaton are still able to identify these factors using various 

methods to isolate and purie the DNA-binding proteins. 



3.1.2. Methods applied in isolation and purification of DNA-binding 

proteins 

1. The majority of the DNA binding proteins were identified by conventional protein 

purification methods coupled with sequence-specific DNA-aEnïty chromatography (?able. 

3.1). In this method, the nuclear protein extracts would be subjected to series of 

fiactionations by column chromatography, such as gel filtration andor ion-exchange 

chromatography. These partïally purified proteins would be further purïfied to near 

homogeneity by using their specific recognition sequences bound to an agamse resin as in 

DNA-affhity chromatography (Kadonaga and Tjian, 1986). Once the factor is identified 

and purified to homogeneity, the protein is subjected to microsequencing. From this 

sequence information, oligodeoxynucleotides (ODNs) would be synthesized and used as 

probes to screen cDNA libraries to idenw the gene eacoding the DNA-binding protein. 

Table: 3.1. Some important mammalian sequence specific DNA-binding 
proteins purified by DNA affinity technique 

Factor m Reference 

Sp- l HeLa Bnggs et aI. 1986 
CTF/NF- 1 HeLa Jones et al. 1987 
AP- 1 HeLa Lee et al. 1987; Ange1 et al. 1987 
AP-2 HeLa Mitchel et al. 1987; Imagawa et al. 

1987 
NF-kB Namalwa Kawakami et al. 1988 

HeLa Baeuerle and Baltimore. 1989 
PUF- 1 /GHF- l/ GH3/GC Cao et al. 1988; Casûillo et al. 1989; 
Pit- 1 Mangalarn et al. 1989 
TEF- 1 HeLa Davidson et, 1988 
SRF/CBF HeLa Prywes and Roeder- 1987; Boxer et 

al- 1989 
UBF- 1 HeLa Bell et al. 1988 
- 

2. The second most popular method of isolating a DNA-binding protein is by saeening a 

cDNA expression library (southwestern screening) using the specific binding site as a 

probe (Table. 3.2; Singh et al. 1988). 
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Table: 3.2. Some important mammalian sequence specific DNA-binding 
proteins isolated from a cDNA expression tibrary screened with a specific 
binding site (~Kgonucleotide) 

Factor Bindiqg sitef~robe 

MBP- 1 GGGGATTCCCC 
Oct-2 ATGCAAAT 
oct- 1 ATGCAAAT 
Pit- I GAITbCATGAATATTCATGA 
NF-E 1 CCTCCATC 
1991 
TEF- 1 GTGGAATGT 
CREB TGACGTC 

- 

m i i i s m  . 
Hurnan 
Human 
Hurnan 
Rat 
Human 

Hunian 
Human 

- -  - 

ll&m4sx 
Singh et al, 1988 
Clerc et ai. 1988 
Stunn et al. t 988 
Ingraham et ai. 1988 
Park and Atchison, 

Xiao et al. 1991 
Hoefner et al. 1988 

3. A variation of the above method is the one-hybrid system of screening cDNA expression 

libraries using yeast genetics as a tool (Wang and Reed, 1993). The olfactory neuronal 

transcription factor Olf-1 was the nrst factor to be identified by this method. The yeast 

provides the n a d  eukaryotic environment and is capable of modifling the protein post 

translationdly. These modifications may be important for the interaction between the 

protein and the DNA. 

4. Tissue-specific variants of a known DNA-binding protein or transcription factors with 

highly conserved DNA binding domains can be identified by screenhg Liraries with these 

consewed regions as DNA probes or by polymerase chah reaction using prïmers designed 

to these conserved regions to isolate the variant cDNA. Some of the homeodomain 

containing transcription factors, tissue-specific members of GATA and TEA-DNA binding 

domain-containing transcription factors were identified by this method. 

5.  The DNA-binding proteins not only bhd  to theïr specific DNA sequence, but also 

interact with other DNA-binding proteins to exert their influence on transcription. This 

principle can be utilized to identie factors interacting with a known DNA-binding protein 

in a yeast two-hybrid system of screening cDNA libraries (Fields and Song, 1989). 
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3.1.3.1. Role of the PSF-A and PSF-B recognition factors in the 

transcriptional regulation of the human growthlehorionic 

somatomammotropin gene famiiy 

The human growth homione (GH) gene family presents an unique mode1 to study 

tissue-specific regulation of highly homologous genes, which are transcribed specifically in 

two different tissues. The GH-N gene, probably the most ancestral gene of the family, is 

specifically expressed in the somatotroph ce11 lineage of the pituitary (Nelson et al. L988; 

Pelletier et al. 1978; Simmons et aI- 1990)- AU other species of  vertebrate animals possess 

only one GH gene, which is expressed predominantty in the pituitary. The pihiitary- 

specific transcription factor, varïously known as GHF-I/Pit-1 was shown to be the sole 

important factor for the pituitary- and somatotroph cell-specific expression of the GH-N 

gene (Ingraham et al. 1988; Lefevre et al. 1987). However, the GH-N related CS-L, CS- 

A, GH-V and CS-B genes, which are characteristic only to the primates, are exclusively 

transcrïbed in the syncytiotrophoblastic villus epithelial ceU Iayer of the placenta during 

pregnancy (McWilliarns and Boime, 1980, Parks, 1989). Initially, it was thought that the 

placental CS/GH-V genes were also regulated at the transcriptional level in placenta, in a 

sirnilar way as that of the pituitary GH-N gene owing to the miking sequence similarity. 

However, it was believed that placenta does not express the GHF-l/Pit-1 transcription 

factor (Bodner and Karin, 1987) and therefore, it was assurned that the regulatory 

mechanisms involved in the expression of the placental CS/GH-V genes may be under the 

control of different transcription factors which could be related to the GHF-l/Pit-I 

proteins. Although it was reported that the CS-L, CS-A and CS-B genes possess an 

enhancer region in their 3 '-flanking sequences (Rogers et al. 1986; Walker et al. 1990; 

Jacquemin et al. 1994a), the regulatory mechanisms involved in the placenta-specific 

expression of the CS/GH-V genes are still not clear, and this will be discussed in detail in 

later sections. 

The transcriptional regulation of a partïcular gene is the primary controlling 

mechanism in gene expression. It is an interesting situation, with regard to the GWCS 



genes, wherein highly homoIogous genes are expressed in two different tissues. Thus, a 

study of the regdatory mechanisms of these genes might determine how this tissue- 

specificity was achieved. Generally, a careful analysis of the genomic sequences Located 

immediately upstream of  these genes will reveal the important attniutes involved in this 

specific transcriptionai regulation. One of the advantages with the GWCS gene cluster is 

that a11 five genes are tandemly arranged as a single locus on chromosome 17, and the 

complete genomic DNA sequence (66,495 bp) is known (Chen et al. 1989). These five 

genes share more than 92% sequence similarity in their primary transcripts and in the 

immediate 5'-flanking proximal promoter (-1 to -500 bp) DNA (Chen et al. 1989). The 

latter mises the possiiiiity that these promoters can bind the same transcription factors and 

can be active in the pituitary somatotrophs, at Ieast in vitro. Indeed, the ability of GHF- 

1/Pit-1 to bind to the GWCS promoter regions was demonstrated by DNase 1 protection 

assays (Lemaigre et al. 1989; Nickel et al. 199 1). 

An extensive pdymorphism in the GH-N promoter was reported (Giordano et aI. 

1997). The Chi-like sequences (GCTGGTC), which are known to be involved in DNA 

rearrangernents and gene conversions, are present in the GH-N promoter (at nucleotide 

position -4- 10; Giordano et al. 1997 and references within). In these studies, it was 

revealed that whole stretches of the GH-N gene promoter sequences were replaced by 

homologous DNA stretches from the CSIGH-V genes by repeated gene conversion-like 

events without affecting GH-N gene transcription. These observations suggest that 

proximal promoter sequences of GH/CS genes are equally competent in the human 

pituitary, but still the CS/GH-V genes are not expressed in vivo. 

The major drawback in studying transcriptional regulation of these primate genes, 

has been the unavailability of cell lines of primate pituitary ongin. Initial characterization of 

the rat GH, prolactin (PRL) and human GH-N promoter sequences led to the identification 

of the pituitary-specific transcription factor, GHF- 1 /Pit- 1 (Cattllii et al. 1986; Lefevre et al. 

L 987; Nelson et ai. L 986). Comparative anaiysis of the proximal promoter sequences of the 

human and rat GH-N gene revealed homology as well as conservation of the presence of 



the two GHF- L/Pit-1 sites (Bodner and Karin, 1987; CatthÜ et al. 1986; Lefevre et al. 

1987; Nelson et al. 1986; West et al. 1987). Furthemiore, it was noticed that the proximal 

promoter sequences of the rat GH is sufficient for the efficient pituitary+qxcific expression 

both in ce11 culture (Nelson et al. 1986) and in the transgenic mouse (Behringer et al. 1988; 

Lira et al. 1988, 1993). Subsequently, it was shown by Lew and Elsholtz (1991) that the 

cDNA coding for hurnan GHF-l/Pit-1 has a high degree of similarity (>96%) with rat 

GHF-l/Pit-1 and very high degree of hornology was also revealed at the protein level. 

Because of these observations, one would expect a similar mechanism for transcriptional 

regulation of the human GWCS and PRL genes in the pituitary. Wiîh the availabiliîy of the 

rat pituitary somatotroph (GC), lactotroph (235-1) and somatoIactotroph (GH3 and 

GH4C 1) hunor ce11 lines, many investigators used these cells successfully to study the 

transcriptional regulation of the primate GWCS as well as PRL genes. Indeed, the 

fùnctional characterization of the proximal promoter sequences (+l to -496) of the GH-N 

and CS-A genes, revealed that both promoten are equally active in rat pituitary 

sornatotroph GC celIs afier gene transfer (Cattini and Eberhardt, 1987). Furthermore, it 

was shown that CS-A promoter (CS-Ap) activity was dependent on the binding of the 

GHF- I /Pit- 1 factor, since activity was abolished once the GHF- 1 Fit- 1 site(s) were deleted 

(Nachtigal et al. 1989)- These observations as well as the hi& level of sequence similarity 

between the human and rat GHF- l/Pit- 1 factors suggest that human GHF- l/Pit- 1 should be 

able to activate both GH-N and CS genes in the pihiitary, aIthough CS and GH-V genes are 

not expressed in that tissue. Thus, it does not seem that the ability of the human CS-A 

grornoter to function in rat GC cells c m  be easily explained by the minor structural 

differences between human and rat GHF-1Pi-t-1. In this context it is noteworthy, that 

many transcription factors with similar Gr even slightly less sequence similarity are 

interchangeable and substitutable for similar fùuctions among species ranging h m  yeast to 

humans. For example, the human transcriptional enhamer factor- 1 (TEF-1) and Drosophila 

scalloped (sd) factors belong to a farnily of proteins that have a evolutionady conserveci 

TEA-DNA binding domain (TEA-DBD) (Burglin, 199 1; Davidson et aï. 1988). Both these 

factors share -98% homology in theu TEA-DBD and only -50% sirnilarity in their 

activation domain. It was obsenred that human TEF-1 can substitute for sd fwiction in 
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Drosophila (Deshpande et al. 1997). Similarly, the human transcriptional rnodulator, T m -  

L/SUG-1 could substitute for a homologous gene in yeast (Lee et al. 1995b). Thus, it is 

possible that the activation of the placental CS genes in rat pituitary GC cells, as was 

observed by Cattini and Eberhardt (1987) and NachtigaI et al. (1989), was not an artificial 

phenornenon. Hence, this raises the question- whut are the possible mechunisms for 

the dvferential regulotion und restriction of the expression of the CS/GH-V 

genes ln the pituitary? 

Thee  are several possible mechanisms that codd account for tissue-specific 

regdation of GWCS genes. These include: (1) differential methylation of gene sequences, 

(2) chromatin structure and configuration, (3) presence of locus control regions, (4) 

presence of eiîher pituitary-specific or placenta-specinc repressor or negative regdators, 

and (5) other mechanisms such as differential responsiveness of GWCS genes to 

environmental stimuli, 

The available sequence information for the hGWCS gene cluster reveals the 

absence of HTFfCpG island sequences in the imrnediate upstream or dowastrearn flanking 

sequences of the each member of the GWCS gene farnily (Bird, 1986; Chen et al. 1989). 

The cytosine residues of the HTF/CpG sequences are methylated and this methylation 

process was shown to be essential for differential expression patterns of many genes (Bird, 

1986 and references therein). Furthemore, analysis of the relative levels of cytosine 

rnethylation in GWCS gene locus in both GH/CS gene expressing and nomexpressing 

tissues revealed that the extent of methylation of Hpa II and Hha 1 sites in the GH and CS 

genes ivas leukocyte~~pituitary~placenta=hydatidifo mole (Hjelle et al. 1982). At that 

time it was thought that the leukocytes do not express the GH gene, but later studies 

revealed some low level GH gene expression in peripheral blood leukocytes and 

lymphocytes (Lytras et al. 1993; Melen et al. 1997; Weigent et al. 198 8). Hydatidiform 

mole, a fom of trophoblastic neoplasm expresses little or no CS mRNA (Kjelle et al. 1982; 

Lytras et al. 1993; Mochizuki et al. 1976). Hence, these studies did not reveal a correlation 

between gene expression and the observed rnethylation pattern (Hjelle et al. 1 SM), dius a 



d e  for differentai (hypo or hyper) methylation of the GWCS genes in the pituitary and the 

placenta in the control of GWCS gene expression and, more specifically, restriction of 

CS/GH-V gene expression in the pituitary is not supported by available data. However, 

hypomethylation of the GH-N pcomoter region was shown to be partially responsible for 

the overexpression of the GH-N gene in human somatotrophinomas (Huttner et al. 1994). 

It is possible that the differences in the chromatin structure of the GWCS gene 

locus in the pituitary and the placenta might be responsible for their expression in two 

different tissues. in this context, it is interesting to obsme that the expression of the GH 

and PRL genes in pituitary, although controkd by the GHF-L/Pit-L, is restricted to two 

different ce11 types in the pituitary. The GH and PRL genes are expressed in the 

somatotrophs and the Iactotrophs (Pelletier et al. 1978), respectively. Moreover, the 

majority of the lactotrophs were s h o w  to be derived from the somatotrophs (reviewed by 

Andersen and Rosenfeld, 1994). However, the PEU gene expression is also regulated by 

estrogen (Maurer, 1985; Sb11 and Gorski, 1 985; Simmons et al. 1990)- Recently it was 

shown that possible differences in chromatin configuration, and as reflected in changes in 

DNase 1 sensitivity are responsible for this cell-specific expression of these two genes 

(Aizawa et al. 1996)- However, DNase 1 sensitivity assays on the nuclei isolated fiom 

human pituitary revealed that the chromatin of the CS/GH-V gens is as sensitive as that of 

the GH-N gene, suggesting the open configuration of the GWCS genes in the pituitary 

(Nickel and Cattini, 1996). These findings suggest that this decondensed chromatin 

structure at the GWCS gene locus would be accessible to DNA-binding factors including 

GHF- LPit- 1. In this scenario, the open chromatin structure of the CS/GH-V genes would 

also be accessible to some repressor factor(s) involved in the piniitary-specific restriction of 

these genes. Therefore, our laboratory investigated this possibility and searched for the 

presence of a repressor mechanism. 

3.1.3.2. Identification of  PSF sequences 

As stated earlier, the cornplete sequence information of the GWCS gene cluster is 



known (Chen et al. 1989). Dr. Seeburg's group had identified several interesting and 

characteristic sequence regions in the Banking sequences of the CS/GH-V genes. ln the 5'- 

upstrearn flanking regions, a highly conserved element of a 1.0 kb repeat sequence located 

1.7-2.1 kb upstream of the placental genes was identified (Chen et al. 1989). This 

sequence is absent for the GH-N gene. As this region is characteristic of placentai CS/GH 

genes. it was designated as P-sequence (Chen et al. L989). It was thought that insertion of 

P- sequence might have occurred during the duplication process of the GH-N ancestral 

gene in the human genome. It was fùrther suggested that the P-region rnay harbor the 

transcriptional regulatory elements which could influence the expression of the placental 

CSIGH genes in either the placenta or pituitary (Chen et al. 1989). 

Our laboratory investigated the P-sequence region and the initial functiond 

characterization of a 2.4 kb fiagrnent comprising the P-sequence (2.4P) repressed both the 

GH-N and CS-A promoter activities in pituitary GC cells afier gene transfer (Nachtigal et 

al. 1993). This was the first study that revealed the presence of a pituitary specific 

repressor mechanism associated with P-sequences (Nachtigal et al. 1993). Furthermore, 

detailed analysis of this sequence led to the localization of repressor activity to a 263 bp 

hgment (263P) (Nachtigal et al. 1993). Subsequently, determination of sequence-specific 

protein binding activity on the 263P fiagrnent using deoxyribonuclease 1 (DNase 1) 

protection assays identified two footprint regions, Nequence EactorEootpnnt (PSF)-A 

and PSF-B. This 263P fiagrnent possessed the pituitary-specific repression activity in the 

forward but not reverse orientation, and this was similar to the repression seen With Che 

2.4P hgment (Nachtigal et al. 1993). These binding elements were reported to be "novei" 

elements as the PSF-A and PSF-B sequences had not been reported previously (Nachtigal 

et al. 1993). Hence, it was proposed that the factors (PSFs) recognizing the PSF-A and 

PSF-B elements are responsible for the pituitary-specific repression of the placentai CS/GH 

genes (Nachtigal et al. 1993). Furthermore, it was also observed that the PSFs are 

ubiquitous with the exception of the human placenta and are evolutionarily conserved 

(Nachtigal et al. 1993). At this juncture, the role of these ubiquitous factors in other cells 

and tissues and of course in other species of animals is not known. This necessitates one to 



identiffy and purifil the PSF factors and subsequently isolate the genes encoding these 

factors to characterize and answer the fùnctionaiity of these evolutionarily highly consend 

factors. 

Purification of the PSF (A and B) protein(s) was camed out by the two widely used 

methods. The first approach was purimng the protein (s) h m  nuclear extracts by a series 

of ion-exchange and DNA-affinity chromatography, to near homogeneity, and 

subsequently attempting to microsequence the protein to get N-teminal amino acid 

sequence- This information can be used to synthesize the oligonucleotides to screen cDNA 

libraries. The second method attempted was screenîng the expression cDNA libraries with 

radioactively labeled concatemerized PSF recognition elements- 

3.2. PURIFICATION OF PSF-A AND PSF-B FACTORS 

3.2.1. Source (ce11 or tissue) of the PSF-A and PSF-B proteins for 

purification 

The factors recognizing the PSF-A and PSF-B elernents of the P sequence were 

shown to be expressed in a wide variety of cells and tissues of different species origin 

(Nachtigal et al. 1993). The initial identification and the role of the PSF factors were 

studied in the rat anterior pituitary tumor GC cells (Nachtigal et al. 1993). In addition to 

this, GC cells were also the source of GHF-1IPit-1 purification (Castrillo et al. 1989). 

GHF-1IPit-I was the first tissue-specific transcription factor to be isolated and more 

importantly it is the transcription factor involved in pituitary-specinc expression of the GH- 

N gene. Hence, GC cells were used as the source to puri@ the PSF proteins. These celIs 

are usually grown as monolayers. Although it was reported that the GC cells can grown in 

suspension (Bodner and br in ,  1987). our initial trials to repeat this were not successfil. 

Thus, we chose to purify PSF-A and -B factors from GC cells grown as 

monolayers in 150 mm culture dishes. The cells were harvested at 70% of confiuency (12- 
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15 x 106 celldplate). Each the, cells h m  a batch of 20 culture dishes were hmested and 

stored at -70 OC. Nuclear protein extracts were prepared according to established protocol 

(Dignam et al. 1983). After processing the GC cells with hypotonie buffer-A and 

subsequent Dounce homogenization, the cytoplasmic fraction was discarded after a low 

speed centrifugation, and the nuclear pellet was extracted with a buffer-C contaùùng 420 

mM NaCl and dialyzed against buffer-D (Dignam et al. 1983). Approximately, 220 mg of 

crude nuclear protein was obtained fiom 300 x 150 mm culture dishes. The protein content 

was estirnated by Bradford's (Bio-Rad) assay (Bradford, 1976). Every batch of nuclear 

extract was assayed for the preser;ce of PSF-A and -B bindixîg activity by the DNase I 

protection (footprints) assay on the 263P hgment of the P-sequence containing the PSF-A 

and -B elements (Nachtigai et al. 1993). 

Many investigators used an ammonium sulfate (40% to 53%) precipitation step 

(Bnggs et al. 1986, Karsenty et al. 199 1) to concentrate and differentially precipitate the 

crude nuclear proteins before sepatation by sequential column chromatography. Although 

we did not use the ammonium precipitate step, attempts were made to puri& the PSFs 

using heparin agarose, gel-filtration, phosphocellulose, hydroxylapatite and finally DNA- 

af£ïn.ity columns. 

3.2.2. Heparin-Agarose Chromatography 

Initially, on a pilot scale, fiactionation of the GC nuclear protein extract was 

performed with 12.5 m g 5  ml of protein. The extract was incubated with 1.5 ml bed 

volume of the heparin agarose (HA) resin for 1 h at 4 'C to allow nuclear proteins to bind 

to the resin. Fractionation of the nucIear proteins was done by serially treating the bound 

resin with 1.5 ml each of 0.2 M, 0.4 M, 0.6 M, 0.8 M and 1-0 M KCI-buffer-D as was 

describeci by Dynan and Tjian (1983) and as detailed in Materials and Methods section. The 

eluted samples were dialyzed against buffei-D and were tested for the presence of PSF (A 

and B) factors. At Ieast 5-10 pg of each of the dialyzed fkactions was incubatèd with 

radiolabelled 263P fiagrnent containing PSF-A and -B elements. Subsequently the probe 
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was digested with DNase 1 as detailed in the Materials and Methods section. The majority 

of the PSF (A and B) recognizing factors were eluted at 0.4 M and 0.6 M KCI (Fig. 3.1). 

AAer confirming the elution profile ofthe GC nuclear proteins fiom the HA resîn, a 

large scaie purification of the GC nuclear proteins was peifonned. Approximately 125 mg 

of GC nuclear proteid50 mi+ was mixed with 15 ml bed volume of KA resin and the 

nuclear proteins were fiactionated as indicated above. Twenty milliliters of each KC1 

concentrations were used for e1utions. From the protein estimations, it was deterrnined that 

fiom the startïng materiaf of approximately 125 mg of GC nuclear protein, an amount of40 

mg of protein was seen in the flow-through and approximateIy 6-10 mg was eluted at 0.2 

M KCI. Significant amounts of protein, 28 and 30 mg were observed at 0.4 and 0.6 M 

KCl, respectively. Finally, 12 mg of protein was eluted at 1.0 KCI concentration (Table. 

3.3.). After didysis and bringing the KCI concentration to 0.1 M in all eluted samples, the 

samples (5-10 pg) were tested for the presence of PSF proteins. As observed with the 

small scale purification, the PSF (A and B) factors were present in the 0.4 M and 0.6 M 

KC1 fiactions (Fig. 3.2). 

Table. 3.3. Amounts of protein recovered from the Heparin-Agarose 
chromatography 

Sarnpie Protein in mg of Recoverv 

Load 125 100.0 
Flow-through 40 32.0 
0.2 M KCI 10 8.0 
0.4 M KCI 28 22.4 
0.6 M KCI 30 24.0 
1 .O M KCl - 12 9.6 



Fig. 3.1. Heparia agarose fkactionation of GC ceil nucleu estract. Rat 
pituitary tumor GC cell nuclear proteins were hctionated ushg heparin agarose resin as 
descriied in Materials and Methods section. The eluted fiactions were tested for the 
presence of PSF-A and PSF-B factors using nuclease protection assay on the radiolabelled 
2631 hgment, Lanes represent the DNase 1 pattern generated h m  the 263P hgment in 
the absence of GC ceU nuclear protein (a, i and j) or in the presence of GC ceU nuclear 
protein used as load on to the resin (b), flow-through f?om the min (c), 0.2 M (d), 0.4 M 
(e), 0.6 M (f),0.8 M (g) and 1.0 M (h) KCl eluted GC cell nuclear protein hctions h m  
the resin. Two regions, PSF-A and PSF-B, protected by the nucIear proteins are indicatd 

PSF-B 

PSF-A 



Fig. 3.2. Large scale hepatin agarose fractîonation of GC ceU nuclear 
extract. Rat pituitary -or GC ce11 nuclear proteins were hctionated using heparin 
agarose resin as described in Materials and Methods section. The eluted hctions were 
tested for the presence of PSF-A and PSF-B factors ushg nuclease protection assay on the 
radioIabeIled 263P kgment Lanes represent the DNase 1 pattern generated nom the 2631 
fiagrnent in the absence of GC celi nuclear protein (a, b and i), or inthe presence of GC cell 
nuclear protein used as Ioad on to the resin (c), flow-through nom the resin (d), 02 M (e), 
0.4 M (f), 0.6 M (g), 1.0 M (h) KC1 eluted GC ce11 nuclear protein hctions fiom the 
resin. Two regions, PSF-A and PSF-B, protected by the nuclear proteins are ùidicated. 

a b c d e f g  h i 



At a later tirne, a second batch of GC ce11 (150 mg) and severai mal1 scale 

purifications of the HeLa ce11 nuclear extracts were also performed using HA 

chromatography. Sîrnilar yields and hctionation profiles were obsemed with each batch of 

purification. 

Other chromatography techniques were also employed to fiactionate the GC nuclear 

protein, such as phosphocellulose or hydroxylapatite (Prywes and Roeder 1987) resins 

(descnbed in the Materials and Methods section). An amount of 10 mg of nuclear extract 

was incubated with 1 mi of settied bed tesin of either phosphocellulose or hydroxylapatite 

resins and the proteins were eluted with increasing salt concentrations. Similar to the HA 

resin fiactionated GC nuclear proteins, the protein fiactions fiom phosphocellulose or 

hydroxylapatite resins were tested for the PSF binding actiiity using 2631 DNA fkagment 

in nuclease protection assays (Figs. 3.3; 3.4). It was observed that the phosphocellulose 

resin has very low binding capacîty as was evidenced by the presence of the PSF proteins 

even in the flowthrough fiaction (Fig. 3.3; lane: c). In contrast, the PSF factors bound very 

strongly to the hydroxylapatite resin and could not be eluted by increasing salt 

concentrations as was reveded by nuclease protection assay (Fig. 3.4). Gel fiItration 

chromatography was aIso employed to detemine the approximate molecular size of the 

PSF factors by applying LOO mg of GC nuclear extract on to Sephacryl S-300 High 

Resolution grade resin (Phamacia). However, glycerol(20%) associated clogging of the 

column was encountered. Hence, these chromatography techniques were not employed in 

subsequent purification steps. Ody heparin agarose resin was used to fractionate ihe GC 

nuclear proteins, as heparin agarose had a very high binding capacity and gave a very clear 

fractionation. 



Figs. 3.3 & 3.4. Nuclease sensitivity assay of 263P fragment with GC ceil 
nuclear proteins fraetionated on Phosphoeellulose and Hydroxylapatite 
resins. a) and i) represent the DNase I pattern generated fiom the 263P fiagrnent in the 
absence of GC cell nuclear protein b) GC cell nuclear ptein used as load on to the resins, 
C) flow-through n o m  the resins, 6) 0.2 M, e) 0.4 M, f) 0.6 M, g) 0.8 M and h) 1.0 M KC1 
eluted GC cell nuclear proteins h m  the resins. Two regious, PSF-A and PSF-B, protected 
by the nuclear proteins are i d . . ~ t e d ,  

PSF-B [ 

PSF-A 

PSF-B 

PSF-A 

Fig. 3.4 



3 -2.3. DNA-affinity chromntography 

- In order to purifl the PSF-A and PSF-B proteins sepanitely, we prepared DNA- 

affinity columns using their correspondimg binding sites (Table. 3.4), as were identifiai by 

Nachtigal et al. (1993). 

Table. 3.4 Sequences of ~Iigonucleotides (from -5' to -31 used in the 
preparation of DNA-affiiity columns. 

PSF-A(S=S~)  

PSF-A (antisense) 

PSF-B ( sense )  

PSF-S (antisense) 

D8 (sense) 

D8 (antisense) 

PSF-Bmt (sense) 

PSF-~mt(antisense) 

gatcTTTTCAATG~TTC;CCAACACCACTGCCAACCACTTCTAG 

gat CCTAGAAGTGGTTGGCAGTGGTG-CCAA~TTGAAAA 

gat cAAGTGGGGAGATGGCAGGGCCCCAGCATTCACATCCTAGGCC 

gatcGGCCTAGGATGTGAATGCTGGGGCCCTGCCATCTCCCCACTT 

gatcCGATCCAAGAATGTTmCACCTTTAGATCTG 

gat cCAGATCTAAAGGTGTTmCATTCTTGGATCG 

g a t c A A G T G G C A G A A G T A T T C G T A G G C  

gatcCCTGTGGCCTAGGATGTGCAGCTACGAATACTTCTGCCACTT 

The affinity columns were prepared using Sepharose CL-2B resin as was descrîbed 

by Kadonaga (199 1 ) and detailed in the Matenals and Methods section. The PSF-A and -B 

(both sense and antisense) oligodeoxynucleotides (ODNs) were synthesized with-a 5; 

GATC overhang, so that annealing of ODNs would lead to concatemerization. Subsequent 

ligation of these concatemers resulted in a ladder as visualized in agarose gel 

electrophoresis. The quality of an aflhity col- mainly depends on the ability of the 

majority of the population of the ODNs forrnïng concatemers representing multiple binding 

sites. It was suggested that when 21 or 42 bp are used to prepare affinity columns, the 

ODNs tend to bend or kink and subsequently circularke on ligation (Kadonaga, 199 l), 

thus affectkg the quality of the column. Therefore, the length of each sense and antisense 

ODN of both PSF-A and PSF-B was selected to 42 bases and added a GATC overhang to 



the S'-end of each ODN. A similar strategy was dso used to prepare columns with 

the Dg (33 bases + GATC) and mutant PSF-B (42 bases + GATC) ODNs. The D8 binding 

site was previously identifieci in the distal sequences of the human PRL gene (P&rs et al. 

1990) and was characterized as a repressor element (Leite et  al, 1996; Peers et al. 1990) 

and bears a high level of sequence similarity with the PSF-A element (Fig. 3.5, Nachtigal 

et al. 1993). 

Fig. 3.5. Sequence similarity between PSF-A and D8 elements. Sequenceof 

the sense saand is shown. The palindromic sequence is underlined. 

PSF-A (sense)  T?uM'CAA'I'G~~CAACACCACCMZTCAACCACTTCTAG 

D8 ( s e n s e )  CGATCCAAGAATGTTGCAACACC?"rTAGATCTG 

TGTTG t t g  CCAACA (PSF-A) 

TGTTG (ZAACA (D8) 

Approximately 250 pg of both sense and antisense ODNs were used for preparing 

5 ml (settled bed resin volume) of affinity resin. The extent of DNA bound to the column 

was monitored by the level of radioactivity associated with the resin. 

Protection of the PSF-B site on the 263P hgment was consistently stronger, 

therefore, it was assumed that the factor recognizîng the PSF-B had a higher afnnity for the 

DNA element than with that of PSF-A. Thus, initial attempts were made to identie the 

factor recognizing the PSF-B site. DNA-affinity columns were prepared with PSF-B 

elements, 

3.2.3.1. Purification on a PSF-B affrnity column 

Initially, a srnall scale purification of the 0.4 M and 0.6 M HA fiactions of the GC 
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nuclear extract was perfomed on PSF-B affinity resin as detailed in the Materials and 

Methods section Appmximately, 3 m g 2  ml h m  each HA fractions was incubated with 36 

pg of poly [dIdC] for 10 minutes on ice and the nonspecific and insoluble complexes were 

pelleted. The supernatant was mixed with 200 pi of PSF-B afhï ty  resin and proteins were 

eluted with 200 pl of 0.2 M, 0.3 M, 0.4 M, 0.6 M, 0.8 M and 1.0 M KCl-buffer-Z. These 

fractions were dialyzed agaimt buffer-Z on a 0.0025 j M  Millipore filters floating in a 

petridish w&h 1 00 ml of buffed. From these didyzed samples, 12.5 pl of protein hction 

was used for footprint analysis to identifjr the PSF-B a d o r  PSF-A binding activities in the 

fractions. Interestingly, both the PSF-B and PSF-A binding activities were observed in the 

same Salt eluted fractions with both 0.4 and 0.6 M heparh agarose samples (Fig. 3.6). 

From the footprinting analysis of the PSF-B afbity purified GC nuclear extract, it was 

observed that the 0.4 M KCl eluted fraction of the 0-4 M HA material (Fig, 3.6, lane: e) 

and both the 0.3 and 0.4 M KCI eluted fiactions of the 0.6 M HA material (Fig. 3.6, lanes: 

f and g) were positive for both PSF-A and PSF-B binding activities. More interestingly, 

the PSF-A region was better footprinted with 0.3 M eluted sample (Fig. 3.6, lane: f). 

Thee results indicate the possibility ofco-purification of the PSF-A and PSF-B factors or 

their close association andlor also raise the possibility that the same factor may be 

recognizing both elements. Similarly, 12.5 pl of above fractions were also analyzed on a 

SDS-PAGE and the proteins were silver stained. From these gels (Fig. 3.7) it was noticed 

that the proteins in the molecular mass range f?om 45 to 70 kDa were e ~ c h e d  by afhïty 

purification .To further characterize the proteins interacting with PSF-A and P SF-B, the 

partially fiactionated GC nuclear materhl was fiirther purified on both PSF-A and PSF-B 

and as well as the PSF-A related D8 afnnity columns. The HA fiactionated, dialyzed, 28 

mg18 ml of 0.4 M KCl heparin-agarose fraction was preincubated with 365 pg of poly 

[dIdC] for 10 minutes at 4' C and centrifugeci at 12,000 x g to pellet down the non specific, 

insoluble complexes. The resulting supernatant from the GC nuclear extract was divided 

into three aliquots of 6.0 ml and was fiirther purified by DNA-affhity chromatography on 

PSF-A, PSF-B and D8 specific affinity resins. The nuclear extract (-9 mg/6.0 ml) was 

mixed with 2 mI each of either PSF-A, PSF-B or D8 affinity resin and purified as was 

described in the Materials and Methods. The proteins were eluted with 2 ml each of 0.2 M, 



0.3 M, 0.4 M, 0.6 M, 0.8 M and 1.0 M KC1-buffer 2. The eluants were bmught to 0.1 M 

KCI by dialysis against buffer 2, and 11.5 pl of each fiaction was used to test binding 

activity of PSF factorsby footprint anaiysis as described earlier. The PSF-A and PSF-B 

binding activities were present in the same hctions eluted fÏom both the PSF-A and PSF- 

B affinity columns. The majority of the PSF binding activity was observed in the 0.4 M 

fraction of P S F h  (lane: f) and the 0.3 M and 0.4 M KCI fiactions of PSF-B (lanes: n and 

O) affinity columns (Fig, 3.8). 

However, anempts to puri& PSFs on the D8 affrnity resin did not give encouraging 

results, as no PSF-A and PSF-B binding activity was observed in any of the fractions. 

This elution profile of PSFs h m  the D8 afEnity column suggests that the factor binding to 

D8 and the PSFs may be different. Similarly, the PSFs bound very poorly to the PSF-Bmt 

affinity resin and the PSF binding activity was observed both in flow-thn,ugh and 0.1 M- 

buffér Z wash. 

Approximately, 12.5 pl of the above purified bctions fiom either the PSF-A or the 

PSF-B resins were dso analyzed on a SDS- 10% PAGE. The silver stained protein gels 

revealed similar pattern as was shown in Fig. 3.7, in that e ~ c h m e n t  of proteins in the 

range of 45 kDa and above was seen. 

The PSF-B affinity column was used for fürther purification of the HA hctionated 

GC nuclear extract largely becausi of the more readily observed footprht with GC nuclear 

extract. The material 30 mg/20 ml fkactionated with 0.6 M HA was concentrated to 

approxirnately 6 ml using a Centricon concentrator with molecular weight cutoff of 3 kDa 

by centrifuging for 1 h at 5,000 x g. This material was preîncubated with 400 pg of  poly 

[dIdC] to remove insoluble complexes and was purified on a PSF-B affinity column, 

essentially as was done above. From this purification step, most of the PSF-A and PSF-B 

proteins were eluted in the 0-4 M KCl fiaction, 



Fig. 3.6. Srnail scale purification of heparin agarose hctionated (0.4 M 
and 0.6 M) GC ceïi nuclear extract on a PSF-B affhity resin. Hepari. agarose 
(HA) hctionated PSF-A and PSF-B positive (0.4 M and 0.6 M) rat pituitary tumor GC 
ce11 nuclear protein hctions are purZed separately on a PSF-B DNA afEnity resin as 
descnied in MateriaIs and Methods section, The eluted fkctions were tested for the 
presence of PSF-A and PSF-B factors using nuclease protection assay on the radiolabelled 
2631 nagment. Lanes: a) represent the DNase 1 pattern generated h m  the 263P hgment 
in the absence of GC cell nuclear protein, b) GC cell nuclear protein (0.4 M of HA), c) 
fl ow-through of the 0.4 M HA hctions h m  the PSF-B affTnity rai* d) 0.3 M, e) 0.4 M 
fiactions from PSF-B affinity resin using 0.4 M HA material as load, f) 0.3 M, g) 0.4 M 
&actions fkom PSF-B afnaity resin using 0.6 M HA material as load, h) and i) 0.6 M HA 
material tested for PSF binding activity &er concentrating using Centricon (MW 3,000 
cutoff) concentrator. Two regions, PSF-A and PSF-B, protected by the nuclear proteins 
are indicatd The extended PSF-A fmtprint in 0.3 M fbction (f) was indicated by a line 
with m o w  heads. 



Fig. 3.7. Silver stained protein gel of the PSF-B affinity purified fractions 
reveals that proteins between 50 and 70 LDa recognize the PSF-A and PSF-B 
bioding sites. Approximately 12.5 pi of 0.3 M (a), 0.4 M (b) fkactiom fiom PSF-B affinity 
resin using 0.4 HA GC nuclear material and 0.3 M (c), 0.4 M (d) fractions h m  PSF-B affbity 
resin using 0.6 HA GC nuclear mataial were hctionated on a SDS-10% PAGE and silver 
stained- Protein-mokcular weight marker sizes are indicatd 



Fig. 3.8. Purification of heparin agarose fractionited (0.4 M) GC ceU 
nuclear extract on PSF-B and PSF-A affinity resins. Heparh agarose (HA) 
bctionated PSF-A and PSF-B positive (0.4 M) rat p i t u i t q  -or GC cell nuclear protein 
fraction is purifiecl separately on PSF-B and PSF-A DNA affSnity resins as describecl in 
Materials and Methods section. The eluted hctions were tested for the presence of PSF-A 
and PSF-B factors using nuc1ease protection assay on the radiolabekd 2631 hgment 
Lanes: a), j) and s) represent the DNase 1 pattern generated h m  the 2631 Eragment in the 
absence of GC ceIl nuclear protein, b) and k) GC ceU nuclear protein (0.4 M of HA). 
Lanes c) to i) correspond to the hctions eluted h m  PSF-A aff?nity co1umn and lanes 1) to 
r) represent the fiactions eluted nom PSF-B affinity tesin. c) and 1) flow-through fiom the 
afnnity resùis, d) and m) 0.2 M, e) and n) 0.3 M, f) and O) 0.4 M, g) and p) 0.6 M, h) and 
q) 0.8 M and i) and r) 1 .O M salt eluted fictions fiom resins. Two regions, PSF-A 
and PSF-B, protected by the nuclear proteins are indlcated, 



Al1 the hctions (a totai of 6 ml) nom the above purification steps (hm both PSF- 

A and PSF-B affinity purified) were pooled and subjected to a second round of affinity 

purification on the regenerated PSF-B resin- The nuclear protein (3 ml each time) was 

preincubated with 50 pg of poly [dIdC], bound to the regenerated PSF-B resin (1 ml bed 

resin volume) and eluted with 1 ml each of 0.2 M, 0.4 M and 0.6 M KCbbuffer Z- 

Subsequently afier dialysis of the fractions against buffer 2, footprint and SDS-PAGE 

analysis of protein fiactions followed by siiver-staining were also performed. At this stage 

only the 0.4 M fraction was positive for PSF binding activity (Fig. 3.9, lane: c). The 

positive fractions, a totai of 2 ml, fkom both 0.4 M elutions were pooled and subjected to 

another round of purification on the PSF-B affinity column. The nuclear materid was 

preincubated with 50 pg of poly [dIdC] and M e r  purifications steps were followed as 

mentioned earlier. This third round ( 1 ml hctions) of purification resulted in '%ery clean" 

footprints of the PSF-A and PSF-B sites (Fig. 3.9, lane: g). However, silva stained gels 

reveded negligiile amounts of proteins. Finally, the 1 ml fiaction was concentrated to 

approximateiy 200 pi using 200 pi of PSF-B affinity resin by eluting with 200 pl of 0.4 M 

KC1-buffer Z. Each round of purification resulted in the detection of four to five bands 

suggesting low amounts of proteins as was obsened in the silver stained SDS-PAGE gels 

and gave very clear footprints of PSF-A and PSF-B (Fig 3.9). By the fourth round of 

purification, we were unable to observe any binding activity except the generation of a 

hypersensitive site that is characteristic of PSF-A region (Fig- 3.9, lane: k)- 

However, the nuclear protein fiaction that was used for footp~ting showed at least 

four major protein bands in the range of 6-70 kDa (Fig. 3-10). Thus, it is possible that the 

PSF proteins might be present at very low amounts or degraded in this fiaction- A M e r  

batch of GC cell nuclear extract was prepared to generate more material for the protein 

microseq~encing~ 



Fig. 3.9. Detection of PSF binding activity h the GC celi nuclear extract 
after four rounds purification on the PSF-B affdty column. Partiallypudïed 
GC celI nuclear extract was purifieci on PSF-B affiniîy resin as descnbed in the Materials 
and Methods. The eluted fiactions were tested for the presence of PSF-A and PSF-£3 
factors using nuclease protection assay on the radiolabe1Iexf 263P hgment. Lanes: a), b), 
1). m) and n) represent the DNase I pattern generated fiom the 263P fiagrnent in the 
absence of GC ce11 nuclear protein, c) correspond to PSF positive fiaction nom second 
round PSF-B aiEnïty purifid materid used as load for third round purification. Lanes d) to 
g) and h) to k) represent the fiactions eluted fiom PSF-B affinity column d e r  third and 
fourth rounds of purincation, respectïvely. Lanes d) and h) flow-through from the affimty 
resin, e) and i) 0.1 M wash, f )  and j) 0 2  M and g) and k) 0.4 M salt eluted fkacti0n.s fkom 
PSF-B afEnïty resin. Two regioas, PSF-A and PSF-B, protected by the nuclear proteins 
are indicated. -me hypersensitive site characteristic O~PSF-A is indicated by an m - w  head. 



Fig. 3.10. PSF-A and PSF-B 
binding activity is associated with 
proteins in the molecuiar range of 
50-70 kDa as revealed by the 
presence of four bands in 4 t h e s  
purified GC ceM nuclear extract on a 
PSF-B affinity column. Protein 
hctions fkom the fourth round purifIed GC 
nuclear extract from a PSF-B afflnity resin 
were fiactionated on a SDS- 1 O%PAGE gel 
and silver stained. Lanes a) and b) are 
protein-moiecular weight markers. Lane c) 
0.2 M, d) 0.4 M, and e) 0-6 M KC1 e1uted 
GC nuclea. protein hctions. 

A second batch of GC nuclear extract was subjected to HA fkactionation and PSF-B 

a E t y  purincation. instead of processing the 0.4 M and 0.6 M heparin agarose samples 

separately, we pooled and purified the hctions on the PSFB aflhity column. The nuclear 

protein was subjected to only tbree rounds of purification on PSF-B affinity column. This 

time the PSF binding activity was observed in both 0.4 and 0.6 M KC1-buffer Z fractions 

(Fig. 3.1 1; please see page # 102). By the third round of PSF-B affinity purification, the 

GC nuclear material was approximately 1 ml. Usuig this material in the DNase 1 protection 

assay revealed prominent PSF-A and PSF-B footpnnt regions on the 263P fiagrnent 

indicating purification of the PSF factors (Fig. 3.1 1) 

The affinity purified materials fiom the £kst (200 pi and four times purified) and 

second batch (1 mi and three times purifid) of purifications were pooled and concentrated 

to -70 pl using a Centricon concentrator with 3 kDa molecular cutoff by centnfuging at 

5,000 x g. This sample was processed for microsequencing. The sample was treated with 

25 pl of 4 X protein sarnple preparation buffer and loaded ont0 a SDS-10% PAGE gel. 

Afier electmphoresis. the proteins were transferred to a Bio-Rad protek sequencuig grade, 



PVDF membrane. Coomassie-blue staining and subsequent destaining of the membrane 

revealed two prominent bands with other three or four minor bands in the region of  50-70 

kDa range (Fig. 3.12). Based on the intensity of staining, it was estimated the amount of 

protein in each band on the membrane could be in the range of 0.5 to L pg. After destaining 

the membrane, the membrane was submitted for microsequencing. Though the 

microsequencing revealed some amino acid composition, we were infonned that the 

arnount of protein was not sufficient for sequencing, requinng 4-5 pg protein per band. 

Fig. 3.12. PSF-B DNA affinity 
purified CC ce11 nuclear protein 
fraction analyzed for protein 
microsequencing. OC nuclear extract 
purified on a PSF-B aff?nity column was 
fractionated on a SDS-7.5% PAGE, 
transferred to a sequencing grade PVDF 
membrane and stained with Coomassie-blue 
stain. Lanes a) and c) are prestaÏned-protein 
molecular weight markers. Lane b) PSF-B 
purified GC fell nuclear protein. Two 
prominent protein bands are uidicated by 
arrow heads. 

It was found fkom thomugh search ofliteraîure that the amounts of nuclear material 

that were used as the starting material to puri@ the PSFs was far less than what was used 

to puri@ many transcription factors (Table. 3.5). The year 1988 c m  be considered as the 

year of transcription factor as many ubiquitous DNA binding factors were purified Ui that 

year. Many investigaton had starteci with as much as 500 mg of nuclear extract and after a 

series of chromatography procedures including DNA a-ty columns, the yield of the 

protein of interest was only 1-5 pg- Many proteins in the above cited examples (Table. 3.5) 

were purifiai from the cells that grow as suspensions and large arnounts of nuclear matezial 

can be prepared nom these cells. GC ceils grow as monolayers. 



Fig. 3.11. Detection of PSF binding activity in the GC eeïï nudear extract 
after three roands purification on the PSF-B affdty  column. Pzddypurïfïed 
GC cell nuclear extract was purifiecl with the PSF-B afkity resin as desaibed in the 
Materials and Methods. The eluted fiactions were tested for the presence of PSF-A and 
PSF-B factors using nuclease protection assay on the radiolabeiled 263P hgment- Lanes: 
a), l), and n) represent the DNase 1 pattern generated from the 263P fiagrnent in the 
absence of GC ce11 nuclear protein. Lanes b) and g) correspond to PSF positive hction 
fiom first and second rounds PSF-B aff?nity purified maten-d used as load for second and 
third rounds pudication, respectively- L&& c) to f) and h) to k) represent the hctions 
eluted fkom PSF-B af£inïty column after second and third rounds of purification, 
respectively. Lanes c) and h) flow-through fkom the affTnity resin, d) and 3 0.2 M, e) and 
j) 0.4 M and f) and k) 0.6 M salt eluted hctions h m  PSF-B afflnity resin. Lane m) HeLa 
cmde nuclear extract. Two regions, PSF-A and PSF-B, protected by the nuclear proteins - 
are indicated- 

PSF-B 

PSF-A 



Table. 3.5. Amounts of near homogeneous DNA-binding proteins obtained 
from the nuclear protein extracts. Several DNA-biding proteins were puïfied nom 
the nuclear protein extracts prepared fkom diEerent cells/tissues. Amounts of starting 
material as nuclear extract (NE) in milligrams (mg) and the nnal product in micrograms 
(pg) are indicated. For some DNA-binding proteins either cells or tissue in grams (g) were 
used. 

AP-2 1000 30 Mitchel et al. 1987 

A f-EBP ----- 1830 -- .--/- 2 1 Prywes and Roeder, 1987 

pEBP-E 60 g tumor 3 - - - - - - - - - Peterson et al. 1988 

GAGA Biggin and Tjian, 1988 

Zeste ---  7- 

800  15 -- - Biggin et al. 1988 

* * deno tes a mixture of proteins 

WCE-whole cell extract 



3.3. DETERMINATION OF THE MOLECULAR WEIGET(S) OF THE 

FACTORS RECOGNIZING THE PSF ELEMENTS 

Several attempts with different approaches were made to detennine the approximate 

molecular weight of the factors binding to the PSF-A and PSF-B elements. In spite of 3-4 

rounds of purification on a PSF-B oligo affinity column, the PSF-A as well as the PSF-B 

was protected in a footprint analysis of the 263P h g m e n t  Thus the data supporteci the 

possibility of a single factor o r  factors which copurify recognizing both the elements (Figs. 

3 -6, 3.8, 3.9, 3.1 1). The following methods were used to identi@ the PSFs molecular 

sizes. 

3.3.1. Attempts to identify the PSF proteins from SDS-PAGE fractionated, 

eluted and renatured protein samples 

The partially purified (HA fiactionated) GC cell nuclear matenal, 2 mg/2 ml, was 

first concentrated to LOO pl using a Centricon concentrator with 3 kDa cut off by 

centnfiiging at 5,000 x g This matezial was separated on a SDS-10% PAGE gel. The gel 

lane with the nuclear material was cut into 8 equal size pieces and the proteins were eluted 

and renatured as descnbed in the Materials and Methods section. The renatured proteins 

(L 5/75 pl) were used to detect the PSFs binding activity by footprint anaiysis, without the 

addition of the non-specific cornpetitor poly [dIdC]. No binding activity of the PSFs in any 

of the renaîured proteins fractions was observed in footprint reactions (data not shown). 

However, the incomplete elution or renaturation of the proteins fiom the gel pieces could 

not be mled out. Subsequently, it was found that the amount of sarnple used for the 

footprint analysis did not show the presence of proteins when separated on a SDS-PAGE 

minigel (data not shown). 

In a repetition of above experiment using a minigel for SDS-PAGE gel 

electrophoresis. The gel lane with GC nuclear extract was cut into 1 1 mal1 pieces and the 

elution and renaniration steps were repeated. Approximately 15 pl of the extracteci fiaction 



was used in gel shift binding reactions in the presence of 2 pg of poly [dIdC]. Although 

shifted compIexes were obsmed in mobiiity shift assays using both the PSF-A and PSF-B 

elements as probes (Figs. 3.13A, 3.13B), the PSF specific complexes could not be 

detected as al1 hctions resulted in complex fonnation with varying intenàties. However, 

the 5th fraction which corresponds to a gel piece between 50-70 kDa resulted in a 

prominent complex boâh with PSF-A and PSF-B probes suggesting that PSFs may be in 

this size range. Moreover, prominent complexes were also observed with protein hctions 

eluted fkom gel pieces 3 and 4 correspondhg to and above 106 kDa The molecular size of 

the PSFs was dm deter-ed by W crosslinbg experiment 

Fig. 3. 13. Size-fractionated GC CeU nuclear proteins eluted from a SDS- 
PAGE gel form complexes with radiolabelled PSF-A (A) and PSF-B (B) 
elements in gel mobïlity shift assays. GC nuclear extract was fractionated on a 
SDS-7.5% PAGE and the gel was ait into 11 equal size pieces and proteins ftom each gel 
piece were eluted and renatured as describeci in the Materials and Methods. Gel mobility 
shift assays were perfonned with renatured protein fhctions using radiolabelled PSF-A and 
PSF-B elernents. Lane a) represent radiolabelled PSF-A or PSF-B probes without the 
addition of proteins. Lanes b) to 1) are representative of gel pieces 1 to 1 1 respectively. 
Lane m) represent the GC nuclear protein complexes formred either PSF-A or PSF-B 
probes. Gel pieces 1,2 and 3 contain proteins of above 106 kDa, piece 4 is representative 
of 106-80 kDa, pieces 5 and 6 correspond to sizes between 50 and 80 kDa and gel pieces 7 
to 1 1 contain protein of below 50 kDa. 

a b c d e f a h i  i klrn 



3.3.2. Crosslinking of PSF proteins to the PSF-B3 DNA element 

The persistent problem encountered wïth the popular native polyacrylamide gel 

pieces containing the shified complexes, was loading the gel piece into the wells of a SDS- 

PAGE gel. To circumvent this difficulty, the vertical 4% native polyacrylamide gel was 

replaced with a horizontal 0.5% low meiting point (LMP) agarose gel and the cross-linked 

compIexes were separated at 4 "(3. Approximately 40 pi of GC ce11 nuclear extract (0.3 M 

fiaction PSF-B affinity purified, positive for PSFs binding activity) was incubated with the 

PSF-B3 element (Fig. 3.14; which is shorter in length than the PSF-B and comprises the 

sequences of the f o o t p ~ t  region as was mapped by Nachtigal et al. 1993) as a probe (1 x 

1 OI cpm, 0.1- 1.0 ng) and the binding reactions were done as described in the mobiiity shift 

assay (Materials and Metthods), 

- - 

Fig. 3.14. Sequences of PSF-B and 8-3. The nuclease protected regions in PSF-B 

sequence was shown as upper case letters- The sequence of PSF-B3 in PSF-B is 

underlined, 

PSF-B 5'-aaagtgGGGAGATGCtCAC~~CCCAGC4TTCACatcctaggccacagggg-3~ 

PSF-B3 5 * -aTGGCACXiGCCCCAGCA-3 

Incubations were done for 15 minutes in a 96-well polystyrene plate with U-shaped 

wells. The plate was placed on ice and was exposed to ultra-violet rays by inverting W 

transilluminator (302 nm, Spectorline transillurninator, Mode1 TR-302) for 30 minutes. The 

distance between the top of the well to the transilluminator was about 5 cm. The cross- 

Iinked complexes were loaded ont0 the 0.5% LMP agarose gel and separated at 4 'C. The 

wet gel was exposed to an X-ray film overnight. The autoradiogram (Fig. 3.15) wasused 

as a template to mark the complexes and fiee probe locations on the gel. The PSF-B3 probe 

revealed only one complex (Fig. 3-15). The pieces carrying these complexes and the fkee 

106 



probe were put into separate tubes and protein sarnple preparation buffer was added before 

heating to 65 OC for 3 minutes and Loading onto a SDS-10% PAGE gel. Subsequent 

exposure of the drkd gel and autoradiography revealed a complex size larger th& 142 kDa 

(Fig. 3.16). Hence, results fiom above two experiments suggest that PSFs fonn large s k e  

protein complex (Figs. 3.13, 3.16). It is not known whether this very large protein 

complex represents PSF rnultimer or an association between PSFs and other factors 

including, possïbly GKF-l/Pit-i (Nachtigal et ai. 1993). f o  assess these possibilities, it is 

essential to isolate and p- the PSFs. 

Figs. 3.15 and 3.16. Determination of molecular size of the protein 
recognizing the PSF-B3 element using UV-erossünking and subsequent 
size fractionation of the crosslinked complex. 

Fig. 3. 15. PSF-B affinity purified GC nuclear extract positive for PSF binding activity 
was UV crosslinked with a radiolabelled PSFB3 element and the complexes were 
separated in a 0.5% low melting agarose gel. The wet gel was exposed to X-ray W. 
Using autoradiogram as template, the gel pieces containhg the DNA-protein complex (lane, 
a; boxed) as weil as probe (Iane, b; boxed) were isolated, treated with protein sample 
preparation bu& and heated for 5 min at 95 OC. 

Fig. 3.16. The UV crossiinked PSF-B3 DNA and GC protein complexes were fractionated 
on a SDS-7.5% PAGE, gel was dried and exposed to X-ray film. Lanes a) represent the 
PSF-B3/GC nuclear protein complex and lane b) is radiolabelIed PSF-B3 DNA without 

b, b a b a b  

Fig. 3.1 5 

107 

Fig. 3.1 6 



3.3.3. Southwestern blotting 

As described in earlier sections, it was not possible to correctly estimate the size of 

the PSFs using the SDS-PAGE elution and renaturation and UV-cross Linking assays. 

Since the prospects for successful isolation of a clone for a aven sequence specific DNA 

binding protein is greatiy enhanceci if the native protein can be detected by southwestem 

blotting using a DNA probe (Singh, 1993), a senes of southwestern blotting assays were 

atternpted Many trials gave non-specific recognition of several proteins by the PSF probes 

(data not shown, Nachtigal, 1993). However, when the nitrocellulose membrane canying 

the heparin-agarose hctionated GC nuclear material (50 pg of each fiaction) was subjected 

to a senes of denaturation and renaturation steps in the presence o f  guanidium 

hydrochloride (as detailed in Matenals and Methods section) and then probed with a 

radiolabeiled 90 bp fiagrnent containing both PSF-A and PSF-B elements (or a similar 

probe but carrying a PSF-A mutation), a protein of -54 kDa was detected (Fig. 3.17A, 

3.178). This signal was observed only in GC NE (load ont0 HA), 0.4 M and 0.6 M HA 

fiactions which were positive for the PSF binding activîty as determineci by the footprint 

analysis. This result is particularly interesthg as in a previous experirnent a prominent 

complex was formed with proteins eluted h m  a gel piece corresponding to sizes 50-70 

kDa (Fig. 3.1 3). A protein of 55 kDa was observed previously using the 2638 hgment as 

a probe (Nachtigal, 1993). The molecular sizes of other proteins recognized by the 263P 

probe were 29,27, 19 and 17 kDa and these proteins could be seen with both the GC and 

HeLa crude nuclear extracts (Nachtigal, 1993). Several weaker signais (about 66,40,35 

D a )  were also observed with GC nuclear extracts (Nachtigal, 1993). The detection of 

several proteins interacting with 263P could be of non-specific nature because of the large 

piece of the DNA used as a probe. Interesthgly, in footprint assays these non-specific 

interactions were not observed even in the presence of very low amounts of poly [dIdC] (1 

pgrnl). It is known that different DNA binding proteins can recognïze the same element (an 

example of such a DNA element is CCAAT which is recognized by clEBP, NF-I/CTF, Y 

box factors, CDP, NF-Y or HSP-CBF (Mantovani, 1998) and several protem bands 

observed might represent some of these protek. In the present study, HA hctionated 



nuclear material was used as opposed to the crude nuclear extraft as used by Nachtigal 

( 1993). This fiactionation may elirninate most of the non-specific interactions. Secondly, 

the probe was a only a bgment (90 bp) of 263P which would be expected to d u c e  the 

nurnber of non-specific recognitions. Finaily, the proteins bound to nitrocellulose were 

subjected to denaturation and renaîuration steps and it is possible that during this process 

the protein of interest was brought to a near native conformation and this aliowed the 

identification of the protein by southwestern blotting. Regardless, given the detection of a 

54 kDa protein (Fig. 3.1 7) a cDNA library was screened to isolate a PSF clone. 

Fig, 3.17. Determination of Motecalar size of the factors recognizing PSF- 
A/-B etements. South western blottùig was performed using a radiolabelled 90 bp DNA 
fiagrnent containing PSF-A and PSF-B (A) or containing PSF-A mutant and PSF-B (B) 
binding sites. GC celi nuclear extract was hctionated on heparh agarose (HA) resin, 50 
pg ofeach sait eluted fiaction was subjected to size separation in a SDS-7.5% PAGE and 
transferred to a nitrocellulose membrane. Southwestem blotting was done using 
denaturation and renaturation procedure as desmied in the Materials Methods section, 
Lane: a) GC ceII nuclear protein used as load to fiactionate on HA, b) flow-through, c) 0.1 
M wash, d) 0.2 M, e) 0.4 M. f )  0.6 M and g) 1 .O M salt eluted HA hctions. The location 
of the prestained-protein-molecular weights were indicated. 



3.4, SCREENINC OF TEiE cDNA EXPRESSION LIBRARIES 

During the process of purification many attempts were made to identifl the PSF 

protein by screening cDNA expression Iibrarïes. As the PSF proteins were widely 

expressed in different cells and tissues of various species ongin (Nachtigal et al. 1993), we 

chose at least two different cDNA libraries generated fiom rat pinùtary (in Lambda ZAP U 

vector, Stratagene; the GC tumor ce11 Iine was treated with estrogen to induce in vivo tumor 

formation, then adapted to tissue culture) and the mouse fibroblast 3T3 ce11 line. The 

screening of librarïes was done according to the method detailed by Singh et al (1988). A 

minimum of half-a-million plaques were screened- 

Two types of probes comprising PSF-B binding elements were used to screen 

libraries- The PSF-B binding element was subcfoned as a 3 mer (a concatemer with 3 

tandem repeats of the PSF-B recognition site) in the pUC 19 vector, and used as a probe. 

For probe preparation, this fiagrnent (-50-100 ng) was isolated as EcoRI and Hindm 

fragment and the ends were Klenow filled using [a-"PIdATP. The second probe was the 

concatemerized and then ligated PSF-B oligonucleotide with multiple repeats of PSF-B 

binding sites used for the preparation of the affinity columns. The mixture of these 

concatemerized ODNs were radiolabelled by a double-strand DNA ~ c k  translation method 

(Vinson et al. 1988). 

Though the southwestern blonuig reveded the PSFs may be -54 kDa proteïns, the 

denaturation and renaturation method with guanidium hydrochloride was not used to screen 

the library. Another reason for not ident iwg a cDNA clone could also be due to lack of 

proper conformation or post-translational modifications of the DNA-binding protein. It is 

still not known whether the 54 kDa protein band detected in the southwestern blotting is 

PSF. However, during the process of PSFs purification using affinity columns, 

enrichment of protehs in the range of 43-70 kDa was -dways observed It is possible that 

one of these bands correspond to the 54 kDa protein. The praence of other proteins in the 

affinity purified samples suggests that these proteins may also be involved in PSF DNA 



binding and the PSFs may be a heteromer of these proteins. This is dso supported by the 

appearance of the large DNA-protein complex (> 142 kDa) in the cross linking studies 

(Fig. 3.16)- 

3.5. ATTEMPTS TO GENERATE MODEL SYSTEMS TO STUDY THE 

FUNCTIONALITY OF TEE INTERACTION BETWEEN GHF-1fPIT-1 

AND THE PSF PROTEINS 

As stated earlier, Nachtigal et al. (1993) suggested that PSFs and GHF-I/Pit-1 

proteins participate in a common interaction. In the competition mobility shift assay, the 

GHF- 11Pit- 1 element competed the pituitary nucIear complexes fonned on the PSF-A or 

PSF-B elements, whereas in a competition DNase 1 protection assay on the 263P m e n &  

the PSF-A and PSF-B footprint regions were competed out by a GHF- l/Pit- 1 element in a 

dose dependent matmer (Nachtigd et al. 1993). Furthemore, the antibodies raised against 

GHF- l/Pit- 1 protein recognized the pituitary (GC cell) nuclear complexes fomed on the 

PSF elements in a 'Tfar-supershift" assay (unpublished data). These observations Ied to the 

suggestion that PSFs and GHF- 1 /P it-1 interact, and this leads to inactivation of GHF- 1/P it- 

1 and the piniitary-specific restriction of CS/GH-V gene expression. This observation was 

the basis for the repression observed in GC cells with the CS-A promoter when the PSF 

sequences (263P) were placed upstrearn of the CS-A promoter in the hybrid CAT gene 

construct, CS-Ap.CAT.Enh (Nachtigal et al. 1993). Hence, it was hypothesized, in a novel 

way, that introduction of an excess number of PSF-A and PSF-B elements into GC cells 

could "squelch" GHF-1IPit-1 activation of a promoter and, thus, be monitored by 

repression of GHF-LRit-1 dependent target gene activation. 

3.5-1. Objective 

It was proposed that in a pituitary somatotroph, the interaction between the PSFs 

and GHF-1IPit-1 fonns an inactive complex, thereby restricting the pituitary expression of 

CS/GH-V genes (Nachtigal et al. 1993). As stated earlier, as no human pituitary cell lines 



are available, rat p i~ i ta ry  GC cells were used as a pituitary mode1 systern to study 

transcriptional regulation of hGWCS genes* In this context, the question asked was if the 

PSF and GHF-I/Pit-1 f o m  an inactive cornplex, can GHF-1IPit-L mediated CS-A 

promoter activity be repressed in the presence of excess amounts of  PSF 

elements in CC cells? 

3.5.2. Experimental design 

Hybrid CAT gens  (-163kI) or (-133/+l) CS-Ap-CAT as welI as the GC tell fine 

with stably integrated CS-Ap.CAT (-133/+l of CS-A promoter) were descnïed by 

Nachtigd et al (1989). The stable cells were selected with G-418 (100 @ail) upon seeding 

and were maintaïned in growth medium. The double stranded oligodeoxynucleotides 

(ODNs) representing the GHF-Wit-1, PSF-A, PSF-B and TEF-1 binduig elernents or the 

pUC 19 constructs carrying these elernents as inserts were transiently tninsfected into the 

GC cells by calcium phosphate method. Approxirnately 0.3 x 106 cells were plated onto a 

60 mm culture dishes and, afier 16 hours, 30 pg (1 O pg/ml of medium) of the double- 

strand oligonucleotides or 15 pg of each pUC 19 construct were transfected into these 

cells. The cells were harvested 48 hours after the nucleic acids transfer and CAT assay was 

performed- 

3.5.3. Results and Discussion 

3.5.3.1. C S  promoter in its chromatin configuration is hîghly and pituitary- 

specifically active 

Transient transfections with (- 163/+l) or (- 133/+l) CS-ApCAT constmcts 

revealed that these proximal promoter sequences of the CS-A gene poorly activate 

transcription in GC cells in vitro (not shown, n=3). These results were similar to those 

observai with rat GH-N as weil as hGH-N gene proximal promoter sequences (Cattini et 

al. 1986; Nelson et al, 1986). 



Initial studies to unravel the mechanimi of the pituitary-specific expression of the 

growth hormone and prolactin genes led to the identification of the pituitary-specific cis- 

elements in the proximal promoter sequences of both rat and human genes ( C a m  et al. 

1986; Nelson et al. 1986). Both the rat and human GH-N genes appear to depend on theV 

proximal -235 bp of 5'-flanking DNA for pituitary-specific activity, while a deletion to - 
181 bp almost abolished this activity (Cattini et al. 1986; Nelson et al. 1986). Further 

analysis revealed that both the rat and hurnan GH-N genes possessed two GHF-l/Pit-1 

binding sites (proximal and distal) within the region -L40/+l of the prornoter sequences, 

and that GHF-l/Pit-1 was responsible for the pituitary-specific expression of these genes 

(Lefevre et al. 1987; Nelson et al. 1988). However, although these GHF-IPit-L sites are 

necessary, they are not sufficient to support pihiitary-specific activity of the rat or human 

GH-N promoters (Cattini et al. 1986; Nelson et al. 1986). 

Cornparison of the proximal promoter sequences from -140/+l bp of GH-N, GH-V 

and CS-A genes reveals that the GH-V gene includes only the distal GHF- LPit-1 site and 

the CS-A gene contains only the proximal GHF-l/Pit-1 binding site (Fig. 3-18). This 

physical binding of GHF- l/Pit- 1 protein to the two binding sites in GH-N, to the distal site 

in GH-V and to the proximal site of the CS-A genes was demonstrated by footprint 

analysis with GC nuclear extracts (Lemaigre et al. 1989; Nickel et ai. 199 1). Furthemore, 

the fllnctionality of the CS-A promoter as weli as the necessity of the GHF-lmit- l binding 

elements was established by stably integrating different deletion constnicts of CS~AP-CAT 

into the chromatin of the rat pituitary GC cells (Nachtigal et al. 1989). Transient 

transfections performed with -163/+l or - 1 W+l  CS-Ap-CAT constructs did not result in 

efficient CAT gene expression. This raises the possibility that upstream sequences are 

important It was suggested that, unliks the GH-N gene sequences (Cattini et al. 1986), the 

fiagrnent from -486/-134 bp of the CS-A gene may contain putative repressor elements as 

the - 133/+ 1 CS-Ap.CAT was expressed more efficiently after stable integration (Nachtigal 

et al. l989), suggesting a positive influence through the reniiting chromatin codigkratioa 



Fig. 3.18. Comparison of Sr-flanking sequenees (-150f-6) of GHfCS 
genes. The CS/GH-V gene promoten were compared with GH-N gene promoter. The 
sequences comesponding to Sp- 1 and GHF- I/Pit- 1 elements were underlined. (:) denotes 
similarity in sequence. (-) was introduced in the sequence to enhance the probability of 
hornology. 

SPI Distal GHF-1fPit-1 
GH-N CATGATCCCA GCATGTGTGG GA-AGCTTC TAAATTATCC ATTAGCACAA 

CS-B --...---.- - o . - - . . - . -  ,.-...- - 0 -  
- . - , - - - - O  - , - . - . - - - a  -...-..--- C::::::::: :::::::::: 

CS-L - -  - - * ..., :Cr::: r::::::::: :::::::::: C::::::::: :::::::::: 

Proximal GHFWPit-1 
GH-N GCCCGTCAGT GGCCCCATGC ATAAATGTAC ACAGAAACAG GTG-GGGGCA 

CS-A - - . * O * - . - -  * . . - - O - * . .  . . . O  - - O * * - -  -,,,....,, . .  . .  :::::::::: :::G::TCA: 
CS-B :::::::::: :::::::::: TT:::::::: C::::::::: :::G::TCA: 

GH-N ACAGTGGGAG AGAAGGGGCC AGGTATAAAA A-GGGCCCAC AAGAGACCAG 

CS-A G:::G:A::: ::::CT:::: :::GTAT::: :A:::::::: ::::::::G: 
CS-B G:::G:ZI::: ::CT::: :::GTAT::: :A:::::::: ::::::::G: 
CS-L ::::C:A::: :::::::::: :::GTAT::: :A:::::::: :::::::::: 
GH-V G:::C:A::: :::::::::: :::::::::: - - - - . - - - . -  - - - . - - . o - -  . . O - . . . - *  - O - . . - . * - .  

When the GC cells with stably integrated CS-Ap.CAT (- 1 33/+ 1 of CS-A promoter) 

were used in M e r  experiments, a very high level of the CAT gene expression was 

revealed in these cells (Figs. 3.19, 3.20). It was known nom the earlier experiments 

perfonned by Nachtigal et al (1989) in GC cells that stable integration of different lengths 

of the CS-A promoter (chromatin configuration), resulted in promoter activity several 

magnitudes greater than to that observed afier transient transfection of -1 63/+I or - 133/tl 

CS-Ap-CAT constructs (naked DNA configuration) (Figs. 3.19, 3.20; Nachtigal et al. 

1989). This high level of activity represents the additive transcriptional enhancernent effect 
114 



brought about by the chromath structure (Komberg and Lorch, 1995). These results 

indicate that the CS-Ap constnxcts could overcome the effect of the site of ïntegration and 

suggests that at least one GHF- 1 Pit-1 site could be sufficient for pituitary-specific activity 

of the GWCS promoters. Similarly, the rat GH proximal prornoter sequences containing 

onIy the two GHF-L/Pit-1 sites (-145/+l) supported pituitary-specific reporter gene 

expression in transgenic mice (Lira et al. 1988; 1993). However, hrther enhanced 

expression of the reporter gene was observed by addition of upstream sequences (up to - 
1 -7 kb) to the transgene (Lira et al . 1988; 2 993). Hence, these results suggest GHF- 1ff it-L 

aione and in conjmction with basal transcription factors can support the pituitary-specific 

expression of GH gene in vivo. 

3.5.3.2. Provision of PSF binding elements did not influence the activity 

of the stably integrated CS promoter 

In a novel approach and andogous to the antisense technology and cornpetition 

assays perfomed to titrate the transcription factors (Colantuoni et al. 1987; Guerin et al 

1992; Scholer and Gruss, 1984; Seguin et al. 1984), attempts were made to titrate the 

GHF- 1Pit-1 factor. In this experiment, the GC cells with stably integrated -lW+ 1 CS- 

Ap.CAT were used as mode1 system to unravel the fiinctionality of the interaction between 

GHF-l/Pit-1 and PSFs. As stated, the objective was to test if the interaction between GHF- 

1Rit-1 and PSFs can be used to squelch GHF-I/Pit-1 and whether this can be monitored 

by the level of expression of a GHF-1IPit-1 dependent CAT gene. 

Approximately 48 hours afier introduction of either the GHF-IRit-1, PSF-A, and 

PSF-B binding sites or GHF- l/Pit-1, PSF-A, PSF-B and TEF-1 elements in a pUC 19 

vector, the GC cells were harvested and the ce11 extract was used to measure the CAT 

activity. Interestingly, the endogenous transcriptional activity of the - 1 33/+ 1 CS-Ap.CAT 

was unaltered in the presence ofeither the PSF-A and PSF-B binding sites (ODNs) or their 

corresponding pUC 19 constnicts (Figs. 3.19, 3.20). Furthennore, no influence on the 

activity of - lW+l  CS-Ap was observed even in the presence of the GHF-l/Pit-1 binding 



elements which were thought to titrate the GHF-UPit-1 ahd thenby influence the 

endogenous GEIF- l/Pit- 1 dependent promota activity (Figs. 3.19.3.20). 

F i .  3-19 and 
3-30. A st ib ly  
iatcgrated CS-A 
promoter (-133f.i-1) 
activity in GC wrs 
noc influeaced by 
the provision of 
cxccss amouats of 
PSF-A, PSF-B and 
P i t - 1  D N A  
e l e r n e n t s ~  
A p p t o . ~ t c l y  0.3 x LU 
GC cefls, wwith stably 
I n t w c d  (-133 -[)CS- 
Ap-C.42, wete plated 
onto a 60 mrn culture 
dish and wcrt 
tramfectcd with cithet 
double stranded 
ot igadco~ynuci~adedcs 
(O DM) :orresjoading 
ro PSF-A. PSF-B. 
GHF-1: Pit- 1. TEF-L 
p L 9 CO nrtructs 
bearing rhese ricments 
by the calcium 
phosphate rnechod For 
=ch ODS or alasmici 
consmct, at f&t thtee 
cuiture dishes were 
ustd- -3rnouxs of  
0DSs;'cuInue diih tuseci 
wcrc indicatcd in 
parenthesis and 15 
pg culnue dish or' each 
of the p K 1 9  corutnict 
or püCL9 alone werc 
used in trausfecuons. 
Forty eight houn after 
transfections. ce11 
extracts were prcpared 
and assayed for C.4T 
gcnc cxprirssioa. CAT 
units aré expresscd pcf 
miNigram of protein- 
Error bars indicate 
standard crror of  rhe 
mean, 



Similar kinds of al1 or none phenomena were dso observed in several antisense 

experïments while trying to influence expression of a paaicdar gene (Wagner, 1994). The 

doses of binding elements (10 pg/ml) used in th-s study were comparable with the doses 

that were used in antisense studies (Goodchild et al- 1988; Matsukura et al, 1989), 

therefore, it was assumed that 'no influence' of the ODNs was not due to the use of too 

low doses, but could be due to degradation or not being translocated to nucleus in this 

study. To overcome the degradation and nuclear translocation problems, the plasmid 

constructs containing the binding elements were used for fkther studies. However, this 

was aiso unsuccessfiil and did not reved any influence on the activity of the CS-A 

promoter (Fig. 3-20}. At present, it is not clear why the pUC 19 constructs with the binding 

elements did not show any effect- 

It was shown by others that SV40 enhancer binding factors, which are present in 

limiting concentrations, were competed out by transfecting the enhancer elements (as 

plasmid constructs) into cells by effectively working as 'cornpetitors' and thereby 

influencing SV40 enhancer activity (Scholer and GNSS, 1984). Similady, other 

investigators were able to compete out regulatory factors using their corresponding 

elements as a plasmid construct, and thereby influencing target genes such as, 

metallothionein gene (Seguin et aI. 1984), retinol-binding protein gene (Colantuoni et al. 

1987) and rat growth hormone gene (Guerin et al. 1992). This squelching effect appeared 

to be specific since provision of either SV40 promoter or TATA elements did not affect the 

enhancer activity (Scholer and Gruss, 1984) indicating that the factors recognizing these 

elements are not present in limiting arnounts. This might explah why GHF-l/Pit-1 protein 

was not competed out with GHF-l/Pit-1 elements and no influence on the CS promoter 

activity could be observed. Indeed, it was suggested that in rat pi tui tq  tumor ce11 lines, 

GHF- 1 /Pit-1 might not be the limiting factor (Fox et al. 1990; Shepard et al. 1994) and 

furthemore, that GHF-IIPit-1 elements should be considered as promoter but not as 

enhancer elements (Sittler and Reudelhuber, 1990). In the above studies, the dose of 

plasmid constructs containing the regulatory elements used as competitors was 10-50 

pg/100 mm culture dish, and was comparable to the doses used in the present study (5 



pg/m1 of culture medium or 15 pg60 mm culture dish). 

The reason these studies did not establish a fwictional interaction between GHF- 

1ffit-1 and PSFs could be due to the high levels of GHF-1IPit-1 in these -or ce11 lines 

(Fox et al. 1990; Shepard et al. 1994) as well as enhanced transcriptional mechanisms 

operating on a gene at the chromatin level (Kornberg and Lorch, 1995). In the above 

exarnples cited (Colantuoni et al. 1987; Guerin et al 1992; Scholer and Gniss, 1984; 

Seguin et al. 1954), the cornpetition assays were perfonned using transiently introduced, 

naked reporter constnrcts. As stated earlier, regdation of a gene may be diffkrent when 

considered at the level of chromatin. AIthough initial transient transfection experhents 

were performed with (-163/+l) or (-133/+l) CS-Ap.CAT constnicts in a similar way as 

was done in the cited examples, these constructs were not active in GC cells (data not 

shown), hence the stables were used as a model system. However, it was reported recently 

that genes integrated into cellular chromatin are resistant to the activator mediated- 

squelching effect (Natesan et al. 1997) and failure to see any modulation of CS-Ap activity 

in stable celis could aiso be attrïiuted to the resistance of the CS-Ap.CAT gene- 

Regardless, different model systems were developed in an attempt to study the 

pnmary objective of detennining the functionality of any GHF-l/Pit-1 and PSFs 

interaction. 

3.6. DETECTION OF THE FACTORS RECOGNIZING PSF-A/-B 

ELEMENTS IN EUMAN PLACENTAL (JEG3) CELLS 

3.6.1. Introduction 

In spite of theîr described fiinction in pituitary cells, PSF-A and PSF-B factors are 

expressed in pituitary as well as various cells and tissues of different species origin 

(Nachtigal et al. 1993). The protection of PSF-A and PSF43 regions were identical with 

nuclear extracts prepared fiom human cervical (HeLa), breast (MCF-7, MDA-MB23 l), 



prostate (Du145, PC-3) ceIl lines, rat lateral prostate tissue and green monkey kidney 
O 

(COS-1) cells (Nachtigal et al. 1993). However, it was noted that these ubiquitously 

expressed and evolutionady conserved PSF-DNA binding factors were not detectable or 

were absent in nuclear extracts from human placenta or a ce11 line (JEG-3) derived fiom 

human placenta (Nachtigal et al. 1993). Even in the presence of three times the amount of 

the placenta ce11 nuclear protein material to that of rat pituitary GC ce11 or human pituitary 

tissue nuclear extract, the placental nuclear proteins could not protect the PSF-A and PSF-B 

binding sites in a DNase I protection assay (Nachtigal et al, 1993). It was suggested that 

the placenta cells may express the PSF factors at very low Ievels or that these factors rnight 

be present, but in a modified form or that the accessory cc-factor necessary for the PSF 

factors to bind to their recognition elements may be deficient in placenta (Nachtigal et ai 

L 993). It was suggested that with the possible exception of the placenta, PSFs rnay belong 

to a family of ubiquitous factors, conserved among various species, but al1 sharing a 

common DNA binding domain (Nachtigal et al. 1993). In this context, it is interesting to 

note that there are a number of transcription factors such as the TEFs, that al1 contain the 

TEA-DNA binding domain, which would represent one such f d l y  of transcription 

factors, which recognize similar sequences and show some tissue-specificity in distriiution 

(Jacquemin et al. 1996a; 1997; 1998). 

3.6.2. Results and Discussion 

3.6.2.1. PSFs are expressed in the placenta1 JEG3 ceUs 

During the course of purification and characterization of the nuclear protein extracts 

prepared from various cells, an interesting observation was made. The nuclear extracts 

prepared fiom the human placenta (JEG-3) cells protected the PSF-A and PSF-B regions in 

a similar marner to that of nuclear material h m  GC and HeLa cells (Fig. 3.2 1 ; please refer 

to Fig. 3.30). These results were fiirther confirmeci by gel-mobility shift assays perfomed 

with placenta1 (KG-3 and JAR) and non-placental (GC and HeLa) nuclear extracts (please 

refer to Fig. 3.29). Thus, this result extends and reconfirms the earlier observation that 



PSFs are ubiquitous in nature (Nachtigal et al. 1993)- 

Fig. 3-21. Detection of P S F d  and PSF-B binding activity in human 
choriocarcinoma JEG3 celis. DNase 1 protection assay of the radiolabelied 263P 
hgment. Lanes: a) GC cell nuclear protein (10 pg), b) JEG-3 ceII nuclear protein (1 O pg) 
and c) represent the DNase 1 pattern generated fiom the 2631 hgxuent in the absence o f  
nuclear protein. Two regions, PSF-A and PSF-B, protected by the nuclear proteins are 
indlcated. 

PSF-B 

PSF-A 

- - -  
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The presumption of an ubiquitous nature for PSFs could be due to the recognition 

of PSF-A and PSF-B binding sites by the same factor or multiple distinct factors present in 

cells o f  different tissue and specia ongin. This is one of the major themes in the study of  

eukaryotic transcriptional control mechanisms. There could be a positive or negative effect 

on the transcription of  a particular gene depending on the factor recognizing the the same 



motif (Diamond et al. 1990). Examples of such motif% being rrcognized by different factors 

include CCAAT element which c m  be recognized by either c/EBP CCAATIgnhancer 

hinding potein, Landshultz et al. 1988; Umek et al. 1991), CTFNF-1 (ÇCAAT 

-@anscription factor, Jones et al. 1985), Y box factors (Didier et al. 1988 ), CDP CCAAT 

displacement protein, Barberis et al. 1987; Superti-Furga et al. 1988), HSP-CBF (Lum et - 
al. 1990), or NF-Y (also known as CBF, alpha-CPI, and CP-1, Dom et al. 1987). 

Similarly, the ubiquitous NF-Al, now known as Oct-1 (Singh et al. 1986) and the 

lymphoid-specific NF-A2, also known as Oct-2 (Staudt et al. 1986) bind the octarner 

motif, ATGCAAAT, It was also shown that the symmetrical sequence 

TGGGGATTCCCCA in an MHC class I gene enhancer (Baldwin et al. 1990) is 

recognized by distinct transcription factors including H Z F  1 (Baldwin and Sharp. 1987), 

NF-kB (Baldwin and Sharp. 1988), KBFl (Tsrael et al. 1987) and EBP-1 (Clark et al. 

1988). GATA elements (Ko and Engel, L993), ets motifs (Sharrocks et al. 1997) and 

multiple sites in the SV40 enhancer region (Davidson et al. 1986) are recognized by 

different tissue-specific factors. Similarly a 25 bp fiagrnent located upstream of the 

proliferin gene can be recognized selectively by both the glucocorticoid receptor and by AP- 

1 depending on the physiological context Moreover, these factors exert opposite effects on 

prolifenn gene expression (Diamond et al. 1990). It is also known that the nature of a 

transcription factor, for example phosphorylation, can bring a positive or a negative effect 

on the regulation of gene expression (Lamph et al. 1990). Thus, PSFs could be the same or 

different proteins present in GC, JEG-3 and HeLa cells recognizuig the same DNA 

sequence. 

Interestingly. based on their sequence similarity with PSF-A or the region adjacent 

to PSF-B, two additional regulatory elements RF-1 and DF-1 were identified in our 

laboratory (Lytras and Catthi, 1994) within the 1-80 bp of the 240 bp sequence of the 

placental lactogen transcriptional enhancer (Walker et al. 1990). These PSF-related 

sequences are present in a reverse orientation within this 1-80 bp region (Fig. 3.22; Lytras 

and Cattini, 1994). 



Fig. 3.22. Sequence comporison of PSF-A and PSF-B with seguences (RF- 
1 and DF-1) in the 1-80 bp fragment. Sense strand of PSF-A and PSF-B elements, 
whereas antisense strand of RF4 and DF-1 elements are compared for sequence similarity. 

PSF-B 5 ' -AAGTGGGGAGATGGCAGGGCCCCAGCATTCASîTÇCTA~C- 3 ' 
D F - 1  5 ' -AGAAAACATC-ATCTC-3 ' 

PSF-A 5 ' - T T C A A T G T T G G T T ~ C T G C C A A C C A C T T C T - 3  ' 
RF-1 5 ' -GCCGTCC :ACACCAAGTTGATGAG-3 ' 

It was also suggested that these elements are recognized by factors, RF-1, a 

repressor and DF-1, a derepressor (Lytras and Camni, 1994). Subsequently, by gene 

transfer expenments, mutations in the RF4 element reveaied that the repressor activiîy 

could be abolished both in the human placenta JEG-3 and cervical HeLa cells, suggesting a 

generalized fiinction for the RF4 element (lytras and Cattùii, 1994)- Furthemore, RF-1 

and DF- L regions were protected with nuclear extracts fiom both the placental (tissue, 

BeWo and JEG-3) and non-placental (HeLa and rat pituitary, GC) cells (Jacquemin et al. 

1994a, Jiang and Eberhardt, 1994) in footprïnt analysis. However, the boundaries of the 

footprints were different in both studies. Hence, it is possible that similar ubiquitous 

factors are present in these cells types as well as in human and rat tissues recognizing the 

elements in both the PSF and CS-B enhancer- Thus, the identification of PSFs in the 

placenta strongly emphasizes that they may play a role in hGWCS gene transcriptional 

regdation, possibly in a tissue-specific marner or in tissues where the hGH/CS genes are 

expressed. As was suggested earlier by Nachtigal et ai. (1993). the PSFs and GHF-1Pit-1 

may interact to elicit the pituitary-repression of the placental CS/GH-V genes. 

3.7. ROLE OF FACTORS RECOGNIZING PSF ELEMENTS AND EFFECT 

OF OVER-EXPRESSION OF THE PITUITARY SPECIF'IC, GHF-l/PIT-1 

TRANSCRIPTION FACTOR IN PLACENTAL CELLS 



3.7.1, Introduction 

From the above footprint analysis of the 263P hgment and gel shift anal& with 

placenta1 nuclear extracts, it was established that the PSFs are also expressed in human 

placental JEG-3 cells (Figs. 3.21,3.30). For a long time it was believed that the pihùtary- 

specific transcription factor GHF-LIPit-1 was not expressed in the placenta (Bodner and 

Karin, 1987). As was discussed earlier, a possible interaction between the PSFs and GHF- 

1Rit- 1 could result in the pituitary-repression of the placental CS/GH-V genes (Nachtigai et 

al. 1993). DNase 1 sd t iv i ty  assays revealed that the CS genes are as equdy open as the 

pituitary GH-N gene in the pituitary (Nickel and Cattini, 1996)- Thus, the pssibility exÏsts 

that the chromatin structure of the CS/GH-V gens  are same in these tissues (Nickel and 

Ca&, 1996). This structure would increase the chances of the PSFs to recognize the PSF 

elements in the pituitary. B a d  on these assumptions, ai l  components fi>r repression except 

GHF- mit- 1 would be present in a placental cell. 

3.7.2. Objective 

On the basis that PSF factors are expressed and GHF-1Rit-l is absent in placental 

cells, experiments were designed to test whether overexpression of GHF-l/Pit-1 in 

placenta1 JEG-3 cells will stimulate the CS promoter activity as well as whether the 

combination of transfected GHF-IIPit-1 and endogenous PSF, (together with 

corresponding DNA elements) can repress the CS promoter activity as seen in pituitary GC 

cells (Nachtigal et al. 1993). 

3.7.3. Experimental design 

The design and construction of reporter vectoa CS-Ap-CAT, CS-Ap.CAT.Enh and 

PSF-CS-Ap.CAT.Enh (Fig. 3.23) were detailed by Nachtigal et al. (1 993). The expression 

vector CMVp-Pit-1 was a gift fiom Dr Maria Vrontakis (Winnipeg, MB). The growth and 

culturing conditions for human placenta JEG-3 cells, the calcium phosphate precipitation 



methoci ofgene transii and detection of CAT gaie expression (CAT assay) are des&bed 

in the Materiais and Methods section, 

Fig. 3.23. Hybrid CAT gene constructs. CAT gene was fused to the CS-A gene 
proximal promotef sequences (496/+l) genaating CS-Ap-CAT. The CS-B enhancer (210 
bp) fiagment \vas Ligated into dowmstream sequences of CS-Ap.CAT resulting in the CS- 
Ap-CAT-Enh. The PSF-CS-Ap.CAT consmct was generated by inserthg 263P hgment 
upstrearn DXA of the CS-Ap-CAT-Enh c o ~ c t .  

CS-Ap CAT gene 

n 
26SP CS-Ap CAT gene 

265P CS-AD CAT aene CS-B Enh 

3.7.1. Results and Discussion 

3.7.4.1. Activation of the C S  promoter by GHF-1IPft-1 

Transient gene nansfer of the CS-A prornoter (496/+l) into the human placental 

(IEG-3) cells revealed that the CS-A promoter is usuaiiy not very active (Fig. 3.23A). In 

rat pituitary GC cells, the CS-A promoter is more active than the GK-N promoter 

(Nachtigal et al. L993). although the CS-A promotër has only the proximal GHF-UPit-L 

site o f  the two present in equivalent sequences of the GH-N gene (Lemaigre et al. 1989, 

Nachtigal et al 1989, Nickel et al. 199 1). The 1ow lwel of CS-A promoter activity in 

placental JEG-3 cells is consistent with the possibiiity that GKF-[Rit-1 may b+ the S i t i n g  

factor and thereby responsible for the weak activity wociated with the GHKS promoten. 

When 3 pg of the expression vector C-MV-Pit-1 was CO-transfected with 15 pg of CS- 



ApCAT constmct into JEG-3 (1 X Io') c d s  in 100 mm cuitutt di& an -30 fold incrcase 
f 

in CS-A promoter activity comparai to control (no GHF-1Pit-I) was obsmved (n=5, 

p<0.000 1 ) (Fig. 3 .?3A). Similarly GHF- I/Pit-1 -dependent traasactivation of the OH-N, 

PRL and CS-A promoters was observecl in non-GW-1Pit-1-expressing HeLa and green 

monkey kidney CV-I cells ( Fox et ai. 1990; Ingraham et al. 1990; Mangalam et al. 1989; ' 

please refa to ~ i ~ s .  3.27 and 3-28). These obswvtions strongly suggested tbat GHF- 

1Pit-I is the sole important transcription fictor required for pituitary-specific expression of 

GH-N and PRL genes and can activate GHF-LlPit-l-dependent GH-N and PRL promoters 

in non-GHF- l/Pit-1 expressing ceiir 

Fig. 3.23A. Overexpression of 
GHF-1IPit-1 activates CS-A 300- 
promoter activity in huuman placenta1 
choriocarcinoma JEG-3 cells. f 250- 
Approximately 1 x 10' JEG-3 cells p a  100 
mm culture dish were transfected wfth 15 g 200- 
pg of CS-Ap.CAT (CS-A) dong with or 
without 3 ug of a Pit-1 overexpressing 

E - V) 150- 
CMVp-Pit-1 (Pit-1) consauct Fow eight œ -- 
hours afier cransfections, ceil extracts were 3 100- 
prepared and assayed for CAT gene l- 

expression. The CS-A promoter was 5 50- 
stimulated over -30 fold @<0.0001) in the 
presence of GHF-1:Fit-1. The mean vaiue 0- 
in CAT units per milligram of protein is 5 
shown and was derïved fiom at l e s t  five 
detenninations. Error ban indicate standard 

8 
error of the mean- (A DNA fragment 
containing nucleotides fiom 496 to +l of 
the CS-A gene was used as CS-Ap). 

3.7.4.2. Effeet of GHF-1IPit-1 overexpression on CS-B enhaneer activity 

In order to unravel the importance and the functionaiity of the suggested physical 

interaction between the GHF-1/Pit-1 and PSFs (Nachtigal et al. 1993), sirnilar CO- 



transfection experimcnts were done in JEG-3 c e k  with 1s W of either CS-Ap.CAT.Enh 

or PSF-CS-Ap-CAT-Enh gaies and 3 w of  CMVp-Pit-1. AS reportai carlin, the CS- 

B erihancer-dependent CS-A promoter activity was not affected by the presen& or the 

absence of PSF sequences in placental JEG-3 cells (Fig. 3.23B. Nachtigal et al. 1993). 

Surprisingly, however, the ovmxpmsion of GHF-PPit-1 dramatically repressed the CS- 

B enhancer associated stimulatory actitity (Fig. 3.138; n=6 peO.000 1). Interestingly, this 

repressor activity was independent of the presence of the PSF sequences (Fig. 3.23B; n=6 

p<0.000 1)- The CAT gene expression was measured in tmns of CAT UIIlwmg of protein. 

Although. an expression vector CMVp.luciferase wu used to n o d i z e  the 

tmsfection efficiency, this CMV pmmoter activity was also represd  by over-expression 

of the GHF-Mit- L (data not shown). Analysis of the CiMV immediate eady gene promota 

sequences (GenBank .4ccession Xumber: XO3921) revealed the presence of a consensus 

GHF- L Pit-1 binding site. At present it is not knom whether GE-1;Pit-1 binds to these 

sequences. Regardless the CMV promoter appears to be influenceci by GHF- liPit-1 levels. 

Kencc the CAT activity was sandardized to protein. 
----.- 

Fig. 3.236. Don-nregulatiou of  
s timulato ry activity associated with 
CS-B enhancer by o~trexpression of 
GBF-1: Pit-1 in humon placental 
choriocarcinorna JEG-3 eells. 
Approximatety I x 10' JEG-3 ceils pcr 100 
mm culnue dish u-ere nansfected uith 15 
pg of CS-Ap.CAT.Enh (CS-Enh) or 
P S F . C S - A ~ . C A T . E ~ ~  [P-CS-Enh). 
with or without 3 ~3 of a Pit-1 
overexpressing CMVp. Pit-1 (Pit-1) 
coostruct. Forty eight hours after 
crans f'ctions. ce11 estracts werc prepared 
and assayd for CAT gene expression. The 
CS-B cnhaxtcer-associatcd stirnuIatocy 
activity was downregutated in a ~ e r y  
significant rnanner lpc0.000 1 )  in the 
presence of GHF-LPit-l. niere was no 
significuit diifetencc (pO-1) in the CAT 
gene expression in the ptcsmce or absence 
of PSF sequcnccs. nie rncui value in CAT 
mirs per rnillignm of protein is shown and 
wss dcrived t'rorn at kast six 
detenninations. Enor bats indiate standard 
crror of the mean- Ch D'CA fiagrnent 
containing nucleotides h m  -496 to +l of 
the CS--+ gene was used as CS-Ap and a 
240 bp kagrnent was ued as an CS-B 
enhancer) - 



These resuIts indicate that GHF- l/Pit- 1 influenced repression of the CS promoter is 

independent of PSF sequences. Although this present study did not establish an interaction 

between PSFs and GHF-l/Pit-1, the results suggest a novel interaction between GHF- 

1Pit-1 and the factors recognizïng the placenta1 CS enhancer elements. It is possible, as 

observed with the squelching experhents in a placenta ce11 environment, it may not be 

possibIe to study the fiinctionality of the interaction between the GHF-l/Pit-1 and the 

PSFs. However, it is interesting to note at this junchire that the CS-B enhancer sequences 

possess R F 4  and DF-1 elements which resemble sequences containhg PSF-A or 

associated with PST-B binding sites (Lytras and Cattini, 1994). Thus, it is possible that 

these elements/factors may be interacting with GHF-1/Pit-1 and result in the repression. 

[nterestingly, it was reported that a nuclease protected region comprising part of the RF4 

sequences was non-functional in placental cells (Jacquemin et al. 1994b). However, the 

effect could require a cornbinatonal mechanism and the PSFs may play some role in a 

pituitary environment. Thus, the above observations may not be reflective of non- 

participation of the PSFs in the repression, as was seen in the pituitary GC cells by 

NachtigaI et al- (1993). 

However, a major limitation in transient gene transfer systems is the degree of 

transcriptional regulation of the naked DNA, which could be typically very low unless 

enhancers are used? whereas the extent ofactivation in vivo may be a thousandfold or more 

(Komberg and Lorch, 1995)- Thus, the chromatin structure enables additional levels of 

regulation and may be required for faithful reproduction of the nahual process (Komberg 

and Lorch, 1995). Moreover, it is difficult to monitor transcriptional regulation of the 

transfected genes in transient transfections assays (Nakayama et al. 1998). Hencq the 

GHF- l/Pit- 1 cDNA was stably integrated into placental JEG-3 and JAR cells, to examine 

the effect of GHF-1 'Pit-1 on endogenoüs hGWCS gene transcriptional regulation. As 

stated in the earlier section, at the t h e  of undertaking these experiments, it was assumed 

that the GHF-l/Pit-1 was not expressed in placenta. Furtherrnore, the hGH/CS genes 

excluding the GH-X gene are in an open-chromatin configuration in the placenta as these 

genes are expressed in this tissue (Nickel and Canini, L996). 



It is noteworthy that many transcription factors originally described as activaton 

have subsequently been shown to repress under certain conditions. The activator can inhibit 

its own activity (self-interfërence) or that of heterologous activators in transient transfecton 

experiments (Gill and Ptashne, 1988; Berger et al. 1990). It was suggested that this 

'squelching effect' was a result of titration of one or more general transcription factors 

(GTFs; Hwang et al. 1993; Orphanides et al. 1996). Furthemore, it was noticed that some 

transcription factors can repress promota activity independent of their binding site in the 

promoter sequences, i-e., repression of heterologous activators (Gill and Ptashne, 1988). it 

was mggesteci recently that the reason for the traoscriptiond squelching is not on& due to 

the Limited supply of GTFs, but is also restrkted to episomal target genes, because genes 

integrated into cellular chromatin are immune to the squelching effect (Natesan et al. 1997). 

3.7.5. Generation of JEG-3 and JAR ceiis stably expressing GHF-L/Pit-1 

Placental JEG-3 and JAR cells (1 x 1 06/ 1 0 cm culture dish) were transfected with a 

mixîure of 10 pg of CMVp-Pit-1 and 1 pg of pDX.neo expression plasmids using the 

calcium phosphate-DNA precipitation method- Maintenance and selection of stable ce11 lines 

were detailed in the Materials and Methods section. Afier G418 selection with different 

doses for 15 days, individual clones with JAR and JEG-3 cells were identified, grown 

separately into 24 well culture dishes. Once a sufficient number of cells tiom each clone 

was grown, the cells were harvested and maintained on Iarger sized dishes and finally each 

stable ce11 line was established and fiozen as stocks in 90% FBS-10% DMSO medium at - 
70 OC. 

3.7.5.1. Detection of GHF-l/Pit-1 mRNA in the JEG-3 and JAR cells 

stably expressing GHF-l/Pit-1 

The GHF-l/Pit-1 stable JEG-3 and JAR clones were grown to -70 % confluency 

on 100 mm culture dishes. Total RNA was prepared nom at least ~ w o  LOO mm culture 
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dishes for each clone accoding to established protocols (Chomczynski and Sacchi, 1987) 

and 100 pg of total RNA of each sarnple was fiactionated on a formaldehyde-1.5% agarose 

gel as detailed in Materials and Methods. Mer transfer of the RNA ont0 a nitroceilulose 

membrane, the membrane was probed with rat Pit-1 cDNA m e n t  (-1 and lQnI) fkom 

the CMVpPit-1 expression vector. From two clones o f  JAELGHF-l/Pit-1 stable Iines, 

only one (#2) showed a GHF-l/Pit-1 specific transcrïpt (Fig. 3.24A), whereas one (#7) 

out of ten clones fiom JEG-3.GNF-l/Pit-L was positive for GHF-l/Pit-1 (Fig. 3.24B). 

Expression of GHF-l/Pit-1 was not observed in control JEG-3 and JAR ceils (Fig. 3.24). 

Fig. 3.24A and 3.24B. Expression of Pit-1 in human placenta 
choriocarcinoma JAR and JEG-3 cells stabiy expressing Pit-1. Clones o f  ceII 
lines (human cervical HeLa, human placentai JAR, JEG-3 and rat pituitary GC) were generated and total 
RNA was prepared h m  these clones as d e s c n i  in the Materials and Methods section. Approxhately 100 
j ~ g  of total RNA was hctionated in a 1.5% agarose-formddehyde gels and transferred to a nitroceUufose 
membranes. Membranes were probed with the radiolabelied Pit-1 cDNA and after washmgs enposeci to X-ray 
film. Both the autoradiogram and RNA gel pictures were shown, Fig. 3.24A. Lanes represent RNA 
fiorn: a) HeLa, 6)  GC, c) JAR, d) JEG-3 e)HeLaPit-1, f )  GCJit- 1, g) JARPit-1 clone # 1, h) JAILPit- 1 
clone #2, and i) JEG-3Pit-1 clone # 1- Fig. 3.24B. Lanes represent RNA fiom: a) HeLa, b) HeLaSit-1, 
c )  JEG-3, d) JEG-3.pit-1 clone # 5 e)JEG-3.pit-1 clone # 6, and f) JEG-3.pit-1 clone # 7, 

a b c d e  f g h  i 



Nuclear extracts were also prepared fiorn these cell lines according to a rapid 

method described by Andrews and Fdler (1 99 1) and the presence of GW- l/Pit- 1 bindiag 

activity was detemined by gel mobility shifi assays (Figs. 3.25. 3.26). However, no 

differences were obsen-ed in the binding activities and complexes fonned on a radio1abelIed 

GHF-1Pit- 1 binding element (sense strand 5 XGTCAGTGGCCCCATGCATAAATGTA 

CACAGAAACAGGTG-3', Lefevre et al. 1987) with nuclear extracts prepared h m  the 

control JEG-3 and JAR or their corresponding GHF- l/Pit-1 stables. Furthermore, these - 

complexes were specificaily competed by excess amounts of unlabelled GHF-l/Pit-1 

bindhg element (Fig. 326).  InitiaLly, it was assumed that the binding activity observed 

with nuclear extracts k m  both the control and GHF-l/Pit-I stables was due to the binding 

of Oct-1, which was known to recognize the GHF-l/Pit-1 elements (Aumra and Hem, 

1992). Oct-1 is also a homeodornain protein and was known to form heterodirners with 

GHF-l/Pit- 1 (Voss et al. 199 1; Vemjzer et al. 1992), However, the reason for no 

differences in binding activity has become evident, since GHF-l/Pit-1 was shown to be 

expressed in the placenta (Bamberger et al. 1995; Schanke et al. 1997). 

Fig. 3.25. Detection of GHF-1IPit-1 DNA binding activity in human 
placental JAR and JEG3 ceU nuclear extracts. Nuclear extracts were prepared 
fkom GC, JAR, JAR.Pit-1, JEG-3 and JEG-3.Pit-1 ceUs by rapid method and were used in 
gel mobility shift assays with a radiolabeUed GHF-1Rit-1 binding site as a probe (LOO 
pg/10,000 cpm). The complexes formed on GHF-l/Pit-1 element were separated in a 
4%PAGE gel. The gel was dried and exposed to X-ray h. Laues: a) GHF-l/Pit-1 probe 
without nuclear extract, b) GC (2 pg), c) GC (5 pg), d) JAR (10 pg), e) JAILPit-1 # 2 (10 
pg), f)  JEG-3 (10 pg), and g) IEG-3.Pit-1# 7 (10 pg). 



Fig. 3.26. Detection of GHF-lmit-1-specifk complexes in nuclear extracts 
prepared from human placental JAR and JEG3 cells stably expressing Pit- 
1. Nuclear extracts were prepared fiom GC, JAR, JARSit- 1, JEG-3 and JEG-3Pit-L 
cells by rapid method and were used in gel mobiiity shiA assays with a radiolabelled GHF- 
UPit-1 binding site as a probe (LOO pg/10,000 cpm). The complexes formed on GHF- 
l/Pit-1 element were competed in the presence of either 50 or 100 ng of GHF-l/Pit- 1 
element DNA-protein complexes were separated in a 4%PAGE gel. The gel was dried and 
exposed to X-ray film. Lanesr a) GC (5 pg), b) GC (5 pg) + GHF-l/Pit-1 element, (50 
ng), c) GC (5 pg) + GHF-l/Pit-1 element (100 ng), d) JAR-Pit-l # 2 (10 pg), e) JAR-Pitt 
1 # 2 (1 0 pg) + GHF-l/Pit- 1 element (50 ng), f )  JARPit-1 # 2 (1 0 pg) + GHF-l/Pit- 1 
element (100 ng), g) JEG-3Pit-1 # 7 (10 pg), h)JEG-3.Pit-1 # 7 (10 pg) + GHF-l/Pit-I 
element (50 ng), i)JEG-3.Pit-1 # 7 (10 pg) + GHF-l/Pit-1 element (100 ng) and j) GHF- 
1Pit-1 probe without nuclear extract, 

3.7-5.2. Influence of GHF-1fPit-1 on endogenous GHKS gene expression 

in the stable JEG-3 and JAR celis overexpressing GHF-1IPit-1 

The effect of GHF- 1 /P it-1 (over)expression on endogenous GWCS gene 

expression in IEG3  and JAR cells was assessed. Approximately 100 pg of total RNA 

from these stable (=7 JEG-3.GH.F- 1IPit-1 and #2 JAR.GHF-1Pit-1) and control (JEG-3 . 

and JAR) cells iras subjected to RNA (northem) blotting af'ter fiactionation on a 

forrnaldehyde gel. and the membrane was probed with the hGH cDNA. Surprisingly, no 

GWCS positive transcrïpts were detected in any of the samples including the GHF-l/Pit-1 

stables (data not shown). Initially it was assumed that the expression of GHF-1/Pit-l in 

these cells led to the general repression of the placenta1 growth hormone genes, as the 



pIacental cells express the PSFs and the factors recogninng the CS enhancer elements. 

Previous experiments strongly suggested the possibiliw of an interaction between the 

GHF-1IPit-1 and factors binding to the CS enhancer elements, which could result in 

repression of CS promoter activity (Fig. 3.23B). However, control cells without 

transfected GHF-l/Pit-1 were aiso negative for GWCS transcripts. Although the JEG-3 

and JAR cells were initially isolated as placental lactogen (CS) expressing cells (Kohler and 

Bndson, 197 1 ; Pattillo et al. 197 l), subsequent reports indicate that these cells produce 

very low- to undetectable levels GH/CS transcripts (Jimenez et al. 1993; Nickel and Cattini, 

199 1; Quinu et aI- 1996; Yamashita et al. 1987)- 

Consistent with this idea of a change in the pattern of GWCS gene expression, it 

was reported that the phenotype of placentai cells undergo a rapid drift and this will result 

in variations in the transcriptional acbvity in these cells (Jacquemin et al. 1994b). Indeed, 

this was the case =<th rat choriocarcinoma, Rcho cells, which change their placental 

lactogen (these proteins are more Iike PRL) gene expression pattern with continuous 

differentiation r e ~ d ~ g  from senai passaghg of cefls (Soares et al. 199 1). Interestingly, it 

was suggested that JEG-3 cells may possess similar regdatory tramacting properties to 

human pituitary cells (Kohler and Bndson, 197 1). In support of this notion, in one study, 

after gene transfer, the transfected hGH-N gene (2.6 kb EcoRI hgment) was expressed in 

JEG-3 cells and this expression was responsive to treatment with 8-Bromo-CAMP and 

hydrocortisone (Yamashita et al. 1987). Furthemore, GH-N expression was inhibited by 

IGF-1, which is a typical feedback inhibition of  GH gene expression (Yamashita et ai. 

1987). This suppression of GH-N gene transcription is analogous to the reduction of 

human GH-N mREiA seen with IGF- 1 treatment human pituitary tumor cells (Yamashita et 

al. 1986). However. non transfected JEG-3 cells, with 10 pg of poly (A-) RNA did not 

exhibit hybridization of rnWA to the hGH cDNA probe m a s h i t a  et al. 1987) 

suggesting the absence of CS gene expression in these cells. Expression of the transfected 

GH-N gene was also detected in JEG-3 cells (Rogers et al. 1986a.. as reffered in 

Yamashita et al. 1 98 7). Surprisingly, no induction of endogenous placental CS/GH-V 

could be detected in these cells even afier treatment with 8-Bromo-CAMP and 



hydrocortisone (Yamashita et al. 1987)- 

Although JEG-3 celk were first isolated as CS producing cells (Kohler and 

Bridson, 197 1) and as these cells were of tumor ongui, one can expect possible changes in 

terms of sequence deletions and gene reacrangements in the GWCS locus in these ceils, 

that could account for deficiency in CS gene expression. The GWCS gene locus is 

comprised of at least 48 regions of Alu sequence repeats which are hown to be involved in 

gene duplications and rearrangements (Chen et al. 1989). To assess the possibility of gros 

rearrangements, genomic DNA was isolated fiom these cens and digested with BamHI, 

BgCII, EcoRI, XbaI and XhoI, the fragments were separated on a 1% agarose gel and 

transferred to a nitroceUulose membrane. Subsequent hybndization with hGH-N cDNA 

(Martial et al. 1979) revealed the expected restriction sizes specific to the GHKS genes 

(please refer to Fig. 5.9) and agreed with the sequence information available (Chen et al. 

1989) as well as corroborated published results fiom other investigators ( L m  et ai. 1993; 

Nickel and Cattini, 199 1; Vnencak-Jones et al. 1988). Similarly, the insertion of the GHF- 

l/Pit- 1 gene in these stable cells did not alter the arrangement of the G W S  genes as was 

confirmed by sirnilar Southern hybridizations of the genomic DNA fiom these stable celi 

lines, 

The lack of response seen with JEG-3 cells was also noticed with other gene 

systems unrelated to the GWCS gene family. in many ce11 lines, fibronectin (FN) gene 

expression is semm responsive and this was reflected in the semm induced binding of 

proteins to the CAMP responsive element (CRE) as was detected h gel retardation assays. 

However, in JEG-3 cells, FN gene expression was not serurn responsive and 

concomitantly, there was no senim induced proteins binding to the CRE in these cells 

(Dean et al. L990). However, the essential components required for a CAMP response are 

available in a JEG-3 cell, as 8-Bromo-CAMP stimulates the a and P subunit mRNAs for 

human chorionic gonadotropin (Johnson et al. 1997), Bcl-2 (Sakuragi et al. 1994) and 

GHF-l/Pit-I (Schanke et al. 1997) in these cells. It is also known that CAMP plays a 

critical role in syncytial trophoblast formation (Wice et al. 1990; Strauss et al. 1992). 



A combination of more sensitive RT-PCR of the RNA fiom the JEG-3, JAR and 

BeWo cells, with subsequent restriction digestion analysis of the PCR products, revealed 

that these cells also express GH-V, C S A  and CS-B genes, but at different ratios (Lytras et 

al. 1994). In this snidy, it was also shown that hydatidiform moles express the CS genes 

(Lytras et al. 1994): but initially it was suggested by other investigators that in patients with 

hydatidiform molar pregnancy, the abnomal trophoblasts do not express the CS genes 

(Mochiniki et al. 1976; Hjelle et ai. 1982). However, it is yet to be codkned whether the 

CS/GH-V RNA levels in these cells (Lytras et al. 1994) correlate with corresponding 

protein levels. 

As indicated earlier, GHF-1Pit-L mRNA was detected in placental cells 

(Bamberger et ai. 1995; Lee et al. 1996; Schanke et al. 1997) by RT-PCR. In addition, the 

same investigaton identified GHF- l/Pit- 1 protein in these cells by immunohistochemistry 

and western blotting (Bamberger et al. 1995; Schanke et al. 1997). Surprisingly, as stated 

earlier, no GHF-l/Pit-1 transcripts were detected in these cells by northem blottllig (Fig. 

3.24A, B). Low levels of GHF-1IPit-1 expression were detected in both the early and the 

tenn placenta relative to those obsewed in human pituitary. The levels in JEG-3 ceUs were 

even lower than seen in the placenta (Bamberger et al. 1995). hterestingly, the GHF-lPit- 

1 transcript and protein levels were increased upon treatment with 8Bromo-CAMP in IEG- 

3 cells (Schanke et al. 1997) which is similar to the GHF-L/Pit-L gene upregulation 

observed in the pituitary (McConnick et ai 1990). The renin promoter contains a GHF- 

1 Fit- 1 binding site which is essential for the promoter activity (Catanzaro et al. 1994). 

Further studies shon-ed that the renin promoter is active in pituitary GC, human placental as 

well as kidney juxtagiomerular cells. Initidly it was thought that renin promoter activity in 

non-pituitary cells was due to recognition of the GHF- L/Pit-1 elexnent by either GHF- 1 /Pit- 

L related or Hox proteins (Catanzaro et al. 1994). However, at Least in placental cells the 

renin promoter activïty could be due to binding of placental GHF-l/Pit-1. 



3.8- ROLE OF FACTORS RECOGNIZING PSF-A AND PSF-B 

ELEMENTS AXD THE EFFECT OF PITUITARY SPECIFIC GHE-l/PLT-1 

TRANSCRIPTION FACTOR OVEREXPRESSION IN NON-PITUITARY 

AND NON-PLACENTA, HeLa CELLS 

3.8.1. Introduction 

The functiondity of any physical interaction between the GHF- I/Pit- 1 and PSFs 

could not be established using both pituïtary and placental cells. This may be due to the 

complex ceIl (pitultary and placenta) environments. Furthermore, these cells originate fkom 

tissues where members of the GWCS gene family are expressed It is possible that a better 

understanding of these control mechanisms can be achieved with cells of other tissue 

ongins in which the GWCS genes are not expressed. The factors recognïzing the PSF-A 

and PSF-B elements are present whereas GHF-lmit-1 is absent in human cervical 

carcinoma HeLa ceils, Hence, these cells were used for fürther studies. 

3.8.2. Objective 

As PSF factors are expressed in HeLa cells, it was hypothesized that 

overexpression of GHF-l/Pit-1 in HeLa ceils will stimulate CS promoter activity but 

dom-regulate CS promoter activity in the presence of PSF elements in a similar way to 

that observed in pituitaxy GC celis (Nachtigal et al. 1993). 

3.8-3. Results and Discussion 

3.8.3.1. Examination of the interaction between GHF-l/Pit-1 and PSFs in a 

cellular environment 

This experiment was performed to detect the influence of a possible physical 

interaction between GHF-l/Pit-1 and the PSFs (Nachtigal et al. 1993). Although the PSFs 



are ubiquitous, it was suggested that their role as pituitary-specific repressors was due to 

the interaction of these factors with the pituitary-specific factor, GHF- LIPit-1 (Nachtigal et 

al. 1993). HeLa ceils are deficient in the GHF-UPit-1 factor and it was already 

demonstrated by other investigators that the provision of GHF- l/Pit- l alone is sufficient to 

activate the GH promoter in HeLa cells (Fox et ai. 1990; Ingraham et al. 1990). Thus, in 

order to simulate the pituitary envuonment in the HeLa cells, the expression vector, 

CMVp-Pit- 1 was introduced into these cells. Hence, in this environment, the activity of 

CS-Ap-CAT-Enh should be repressed if a 263P fkagrnent harboring the PSFA and PSF-B 

elements was present upstream of the CS-AI, driven reporter gene. Approlrimately 5 X los 

HeLa cells in a 100 mm culture dish were aansiently transfected with 15 pg of CS- 

Ap.CAT.Enh or PSF-CS-Ap.CAT.Enh. Co-transfections were also carried out with 5 pg 

of CMVp.Pit-1 expression vector. Extracts prepared fiom the HeLa cells transfected wi-th 

either the CS-Ap-CAT-Enh or the PSF-CS-Ap.CAT.Enh alone did not show any 

significant CAT enzyme activity (Fig. 3.27; n=6). This indicates that the CS-A promoter is 

not active in these cells. There was a GHF-1/Pit-1 dependent activation of the CS promoter 

upon overexpression of GHF- 1lPit- 1 in HeLa cells (Fig- 3 -27; n=6, p<O.000 1)). 

However, no repression of CS-A promoter activity was observed in the presence of PSF 

(263P) sequences in HeLa ceiis upon CO-transfection with GHF- l/Pit- L (Fig. 3 -27; n=6). 

Although the PSFs did not repress CS-A promoter activity in the presence of GHF- 

l/Pit-1 in HeLa cells which were imitating a pituitary environment (as the CS-A promoter 

could be activated), it was not known whether the amount of GHF-l/Pit-1 being expksed 

in HeLa cells in this experiment was appropriate (too low or too high) to show the 

repression. It was observed in several studies that subtIe differences in the amount of 

transcription factors (either the amount could be low or high) c m  bring differential effects 

both in vivo and in vitro (Grosveld et al. 1998; Hwang et al. 1993). If this is the case, the 

type of interaction between the PSFs and GHF-IIPit-1 that was suggested in pituitary GC 

cells may be difficult to achieve. To address this problern, different amounts of CMVp-Pit- 

1 expression vector ranging between 0.1, 0.3, 1 .O, 3.0 and 10 pg per culture dish were 

used along with 15 pg of the reporter constructs as stated earlier, in a M e r  round of 



transient transfection experïments. ALthough, a GHF-IIPit-1- and dose-dependent 

activation of the CS-A promoter was obsewed in HeLa cells with v q  significant activation 

at 3 pg of CMVp-Pit-1 (Fig. 3.28; n=3, ~ 0 . 0 5 ) .  the CS-A promoter alone was activated 

better than that of C S 4  promoter accompanied by enhancer sequences. However, as seen 

in the previous experiment (Fig. 3.27), there was no significant difference between the 

activities of CS-A.CAT.Enh and PSF-CS-ACAT Enh, suggesting the presence of PSF 

sequences did not bring any significant repression (Fig. 3.28; n=3). A sirnilar reduction in 

the GH promoter activity at higher doses (10 pg) was aiso observed in experïments done 

by Fischberg et al (1994). These results indicate that this approach may also not be 

appropnate to study the hctionai importance of the interaction between the GHF-I/Pit-1 

and the PSFs. It is possible that the complete reconstitution of a pituitary environment was 

not achieved in this study except for the activation of CS promoter by GHF- l/Pit-1. In this 

context it is interesting to observe that in the presence of GHF-IIPit-1, the CS- 

Ap.CAT.Enh was repressed both in pituitary GC and placental JEG-3 cells (results fiom 

this study; Jiang and Eberhardt, 1997). suggesting an interaction between GHF-lffit-1 and 

the factors (possibl y TEF-like factors) recognizïng the CS-B enhancer elements. In 

contrast, overexpression of GHF- l/Pit- 1 in HeLa cells did not result in similar repression 

of the CS-Ap.CAT.Enh construct, insfead there was stimulation (Fig. 3.27). However, the 

magnitude of CS promoter activation in the presence of CS* enhancer sequences was less 

than that of the CS promoter alone (Fig. 3.28). This observation does raise the possibility 

that tissue-specific mediators exist and interact with the GHF-1IPit-llenhancer factors 

thereby eliciting either a positive or negative efféct. It was reporteci recently that GHF-l/Pit- 

1 foms complexes with positive or negative regulaton of transcription (Xu et al. 1998). 

Furthmore, the results fkom the above experiments, which were done to establish 

the functionai importance of any interaction between GHF-1IPit-1 and PSFS, supports the 

hypothesis that transcription factors act cooperatively and combinatoridly. These results 

also suggest that it may be difficdt sometimes to recreate an in vin0 phenomenon, such as 

interaction between GHF-I/Pit-1 and PSFs, in vivo. These assumptions were also 

supported by many trials of targeted disruption or aiterations in the levels of the 



transcription facto= in mice, which ofken rrsuItcd in onIy moderate reductions in target 

gene expression (Duncan et al. 1998). 

Fig. 3.27. GHF-llPit-1 dependent CS-A promoter actlvity In HeLa cells b 
not influenced h the presence of PSF sequences. ~pproximately 0.5 x 10' HeLa 
cells per LOO mm cutnire dish were transfecrcd with 15 ~g of CS-Ap.CAT.Enh (CSp.E) 
or PSF-CS-Ap.CAT.Enh (P.CSp.E) and with or without 5 pg of a Pit-1 
overexpressing CMVp-Pit-1 (Pit-1) consmct. Forty eight hours aRer hmsfections, ce11 
extracts were prepared and assayed for CAT gene expression. The CS-A promoter was 
stimulated very significantly in the presence or absence of PSF scquences (p<0.0001) 
when GKF-I/Pit-1 was overexpressed The mean vdue in CAT unit5 per milIigram of 
protein is shown and was denved h m  at Least six detenninations. Error bars ipdicate 
standard moi of the mean. (A DNA hgnent containing nucleotides firom 496 to +l of 
the CS-A gene was used as CS-Ap and the number in parenthesis indicates the amount of 
Pit-1 expression vector usai). 



Fig. 3.28. Modulation of GHF-LIPit-1 C O Q C ~ Q ~ ~ ~ ~ ~ O U  in HeLa cells still 
activates the CS-A promoter in a GHF-l/Pit-l- and dose-dependent manner, 
but thh activation of C S 4  promoter i~ not hfluellced in the presence of 
PSF sequences. .i\pproximateIy 0.5 x 10' HeLa celis pet 100 mm culture dish were - 
transfected with 15 pg of each CS-Ap-CAT (CSp), CS-Ap.CAT.Enh (C-Sp.E) or 
PSF.CS-Ap.CAT.Enh (P.CSp.E), with orwithout 0.1,0.3. 1.0, 3.0 and LO pgofa  
Pit-l overexpresting CMVp.Pit-1 (Pit-i) constmct. Ferry eight hours after aansfections, 
cell extracts were p r q d  and assayed for CAT gene expression. There was a significant 
stimulation (pcO.05) of CS-A promoter when 3 pg of CWp-Pit-1 was cotransf~ted, 
however there was no significant difference @>O.OS) among the groups with other 
concentrations of CWp.Pit-1. The mean value in CAT units per m i i l i m  of protein is 
shown and was derived fiom at Ieast thrct detenninations. Error bars indicate standard 
error of the mean. (A DNA fragment containing nucieotides nom 496 to +1 of the CS-A 
gene was used as CS-Ap and the numbers in parenthesis indicate the amounts of 
C~vNp.Pit-i used in wnsfectiono). 

1 so, 





TCGTAGGTGCGCCAACCACTTCTAG-3') or PSF-Basmt (antisense, mutant 5'- 

CTGTGGCCTAGGATGTGCAGCTACGAATAmCTGCCAm-3 ') oligonucleotides 

as pnmers, approximately 90 bp PSF hgments (PSFAIS, PSF-mt, PSFamt/B and 

PSFAmt/Bmt) were generated by PCR. 

Using different pairs of primers (PSF-Asl-Bas; PSF-AsABasmt; PSF-Asmu-Bas; 

PSF-AsmtbBasmt), 100 pl PCR reactions were performed. After the initial step at 94 OC 

for 3 minutes for amplification ( 100 ng of plasmid with 263 P insert in 1 O mM of Tris-Cl 

pH 8.0, 1.5 mM MgCI, 50 mM KCl, 200 pghl geIatin, 200 pM dNTPs,  300400 nM 

each primer and 2 U of Taq polymerase in a final volume of 100 pl), the reactions were 

perforrned for five cycles with each cycle consisting three 30 seconds steps of denaturation 

at 92 OC, annealing at 37 OC and extension at 72 OC. The reactions were fiirther continueci 

for another 30 cycles with similar three 30 seconds steps but the annealing temperature was 

raised to 55 OC. A final step of LO minutes extension at 72 OC was includd 

The PCR products (-90 bp) were isolated afler gel electrophoresis. The ends of 

these products were blunted by the Klenow-end filling method. The fiagments were 

subcloned into the SmaI site of the p K 1 9  plasmid. The fiagrnentsfmutations were 

confirmed by PCR sequencing. These 90 bp fragments were used to stmcturally 

characterize the PSFs by mobility shifi and nuclease protection assays. To prepare the 

probes, the pUC 19 constructs were first digested with EcoRI and this site was labeled with 

radioactive [a-"PIdATP as desmied for labelling the 263P ffagment. Finally, the 

radiolabelled 90 bp hgments were reIeased by HinmII digestion and then isolated. 

3.9.2. Gel-mobility shift assays with the 90 bp PSF fragments - 

Gel mobility shift assays were pdormed with 5-10 pg each of GC, HeLa, COS- 

1, JEG-3 and JAR nuclear extracts. Assays were done essentiaIly as detailed for gel 

mobiiïty shift assay in the Materials and Methods section. The nuclear proteins recognized 

by the 90 bp PSF DNA fkagments were different in each ce11 as reflected by different 
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complex shift patterns (Fig, 3 -29)- The placental cell, JEG-3 and JAR, nuclear extracts 

resutted in similar complexes suggesting that the complexes were, at least, tissue-specific 

(Fig. 1.29). However, no detectable variations in the binding patterns among different 

probes comprising mutant sites were observed (Fig. 3.29). Aithough it is d i f f id t  to 

interpret these results, some of the complexes could be non-specific in nature due to 

binding of proteins to the DNA probe. It is surprishg that these complexes were obsefved 

in the presence of 2 pgîreaction of non-specific competitor, poly [dIdC]. Therefore, it was 

decided to perform footprint analysis on these probes. Sometimes shifts can be observed in 

a non-specific manqer in mobiIity shift assays. In a nuckase protectr'on assay, the DNase 1 

can destabilize these non-specific interactions and thus result in specinc-protected regions. 

Fig. 3.29. Characterization of 90 bp PSF fragments by gel mobility shift 
as s ay. Gel mobility shifl assays of 90 bp DNA hgments containing PSF-Awtr-Bwt (Ianes: a-f in A), 
PSF-Awtl-Bmt (lanes: g-1 in A), PSF-Amil-Bwt (ianes: a-f in B) and PSF-Amtf-Bmt (1anes:g-l in B) were 
performed using 5-10 pg each of GC @mes : b and g), Cos-1 (lanes: c and h), HeLa (lanesr c and i), JEG-3 
(Ianes: d and j) and JAR (lanes: e and K). Lanes a and 1 represent represent the respective 90 bp PSF 
hgments in the absence of nuclear protein. The DNA probes used in the assay had a specinc activity of 
10,000 cpm/250 pg. Location of the PSF elements in îhe 90-mer DNA Eragments ana the the radiolabelIed 
ends were shown. 

Probes 

a b c d e f g h i  j k l  



3.9.3. DNase I protection assays on 90 bp PSF fragments 

Nuclease protection reactions were perfonned as describeci in nuclease protection 

assay in the Matenals and Methods section, using 10 pg each of GC, JEG-3 and HeLa 

nuclear extracts. The tnuicated fragment containhg the wild type PSF-A and PSF-B 

regions essentially gave similar protected regions as was observed with 263P hgment 

including the formation of a hypersensitive site characteristic of the PSF-A region (Fig. 

3.30). Nuclear extracts fiom a l l  three ce11 types resulted in shnilar patterns of protection. 

However, the presence of either mutated PSF-A or the mutated PSF-B region did not affect 

the binding activity in the other region (Fig. 3-30), suggesting that the PSFs binding 

activities are independent of each other and this corroborates the repressor activities 

associated with the individual elements (Nachtigal et al. 1993). Furthermore, there was a 

complete loss of these footprints when both regions were mutated (Fig. 3.30). 

3.9.4. PSFs possess weak modular repressor ictivity in GC and HeLa, but 

not in placenta1 cells 

Previous work by Nachtigal et al. (1993) had revealed that PSFs were repressors in 

pituitary but not placental cells, thereby showing some tissue-specificity Furthermore, it 

was suggested that the PSFs could exert their fùnction only on homologous promoters 

such as CS and GH as the PSFs need to interact with GHT-1/Pit-1 to exert the repressor 

activity (Nachtigal et al. 1993). The modular nahue of individual PSF elements, either 

PSF-A or PSF-B, as repressors was also studied (Nachtigal et al. 1993). Although, these 

results suggested that PSFs could only act when associated with their homologous 

promoters, no data was available on the effect of PSF sequences on a heterologous 

promoter such as the virai promoter for Kerpes Simplex thymidine kinase (TK). 



Fig. 3. 30. Characterization of 90 bp PSF fragments by nuclease protection 
assays. Nuclease protection assays of 90 bp DNA hgments containhg PSF-AwtLBwt 
(lanes: a-d), PSF-Awtl-Bmt (lanes: e-h), PSF-Amt/-Bwt (ianes: i-1) and PSF-Amtl-Brnt 
flanes: m-p) were ptdormed using 10 pg each of GC (ianes : b, f, j and n), JEG-3 (lanes: 
c, g, k and O) and HeLa (Ianes: d, h, 1 and p). Lanes a, e, i and rn represent represent the 
DNase 1 pattern generated fiom the respective 90 bp PSF fragments in the absence of 
nuclear protein. The DNA probes used in the assay had a specific activity of 10,000 
cpm/250 pg- Location of  the PSF elements in the 90-mer DNA fragments and the the 
radiolabelled ends were shown. 

Probes 



3.9.4.1. Ob jeetive and experimental design 

In this study, attempts were made to determine the modular nature and effect of 

PSFs on K promoter activity in GC, HeLa, JEG-3 and JAR cells after gene tramfer- The 

263P fiagrnent was isolated as EcoRI and HindFLI fiagrnent and the ends were blunted. 

This £kagrnent was subcloned into the SmaI site of the TKCAT constnict resulting in 

PSF-TK-CAT (this constnict was generated by Nachtigai MW). Growth and maintenance 

of cells, gene transfer and CAT gene expression assays were demibed in the Materiais and 

Methods section. 

3.9.4.2. Results and Discussion 

The hybnd CAT gene constructs TKCAT and PSF-TK-CAT (10 Wplate) were 

transiently transfected into GC, HeLa, JEG-3 and JAR cells. Expression analysis of the 

CAT gene revealed that in the presence of PSF sequences, the TIC promoter activity was 

downregulated by at l e s t  55% in GC, which was not quite significant (n=3, p=0.06), 

whereas in HeLa cells there was significant PSF associated repressor activity (-72%) (n=3, 

p=0.0018) on TK promoter (Fig. 3.31). However, no effect of PSF sequences was 

observed on iX promoter activity in placental JEG-3 and JAR cells (Fig. 3.3 1; n=3). in 

JAR cells, the PSF sequences stimulated TK promoter. These are the first results which 

show repressor activity outside of the pituitary ce11 environment. Furthemore, these results 

suggest that PSFs can also act independently of GHF-l/Pit-1. 

The pattern of complexes formed on the PSF elements was different in placental 

versus non placental cells and suggests that related but ciiffirent factors with ssimilar binding 

specificities might be binding to PSF elements in these ce11 types (Fig. 3.29). For example, 

partial purification analysis of Sp 1 fiom human placental nuclear extracts revealed that the 

active DNA binding species was a polypeptide of approxùnately 40 kDa rather than the 105 

and 95 kDa proteins purified from HeLa cells (Bnggs et al. 1986). Interestingly, this 

species of Sp l from the placenta displayed the same affinity and specificity as that of the 



Sp 1 protein from HeLa cells for binding to SV40 Sp 1 recognition elements, but had a 

lower potency with regard to transcriptional activlty. This suggests that the lower molecular 

weight Sp 1 might be a proteolytic product with an incornpiete activation domain and thus, 

incapable of making complete interactions with other tmmaîptional apparatus (Briggs et al. 

1986). It is possible that a similar situation occurs wîth PSFs in placenta explaining why 

the P-sequence or 263P fiagrnent did not repres the CS prornoter activity in placental cells 

after gene transfer (Nachtigal et al. 1993). 

It is also possible that protein-protein md protein-DNA interactions, as well as pst 

translational modifications of the DNA-binding factors may be different in the placentd and 

nomplacental cells. This would be reflected in the patterns seen in gel mobility shifi assays 

and non-fiinctional nature of PSFs in placentd ceils. However, it is yet to be deterrnined, 

whether PSFs are recognized by the same factors in both GC, HeLa, COS-1, JEG-3 and 

JAR cells. This would best be accomplished by the identification and purification of the 

PSFs, thereby aliowing the determination of whether the same factor@) is recognizing the 

sequences in vivo. 



Fig. 3.31. Heterologous promoter activity Es repressed in the prtsence of 
PSF sequences in rat pituitary GC and human cervical carcinoma HeLi but 
not in human placental chorioearcinorna JEG-3 and JAR cells. Approximately 
0.5 x 10' GC or KeLa. 1.0 x 10' JEG-3 or JAR cells per 100 mm culture dish were 
transfected with 15 pg of each (-109/+53)TKp.CAT (TKp)or 
PSF.(-109/+53)TKp.CAT (PSF-TKp). Forty eight houa after rransfections, ceII 
extracts u-ere prepared and assayed for CAT gene expression. The presence of PSF 
sequences downiegulated TK promoter activity very significantly in HeLa (n=3. 
p=O.OO 18). not rhat significantly in GC (n=3, p=0.06) but there was no effect in IEG-3 
and JAR (n4, pS0.05) cells. The mean value in CAT uniu per milligram of protein U 
shown and was derived Eoom at Ieast three determinations. Emor bars indicate standard 
error of the mean. 

HeLa 

TKp PSF.TKp TKp PSF-TKp 

JAR 

TKp PSF-TKp TKp PSF.TKp 
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3.10. POSSIBLE UBIQUITOUS FACTORS RECOGNIZING THE PSF 

ELEMENTS 

Multiple approaches to characterize the factors binding ta the PSF element were 

performed. Initial purification attempts to isolate near homogeneous PSFs h m  GC nuclear 

extracts were sufficiently successfiù, in that at lest two protein bands corresponding to the 

sizes approximately 50 and 65 kDa were identifieci. However, the amounts purÏfied were 

not sufficient to sequence the PSF proteins. Furthemore, the southwestern blotting 

revealed that the PSFs may uiclude a 54 kDa protein. In addition, crosslinking experiments 

provided evidence that GC celIs protein of >l4î kDa interacts with the PSF-B element. 

Previous r d t s  h m  our laboratory also suggested that PSFs could be 30-40 kDa proteins 

(Nachtigal, L993; Nachtigal et al. 1 993). Structurai characterization of the the PSF elements 

by gel mobility shift assays and footprint andysis, reveaied that binding events on each of 

the PSF elements were independent of each other. These results also raisecl the possibility 

that PSFs are being recognized by a single factor as PSF-A and -B were copurified on one 

of the DNA a m t y  columas. Consistent with the latter, the PSF-A and -B were shown to 

compete for common complexes (Nachtigal, 1993). However, dl these attempts could not 

help us to achieve the original objective of identifying the PSF proteins. 

There have been recent developments iq and availability of computationaf prognuns 

(such as MatInspector) to allow analysis of DNA sequences for the search of possible 

regdatory regions and the DNA-binding proteins recogniang these elements (Quandt et al. 

1995). Using this approach, the ubiquitous factor, Nuclear factor4 (NF- l)/CCMT- 

binding transcription factor (CTF- 1) was identified as a possible candidate for both PSF-A 

and -B. NF4 was originaliy identified as adenovirus replication protein (Nagata et al. 

1982). Purification and charactenzation of the CTF, the CCAAT-binding transcription 

factor revealed that NF-1 and CTF are the same proteins (Jones et ai. 1987). Many 

eukaryotic promoters contain a CCAAT motifwith variations in the recognition sequences, 

and this element and NF-l/CTF-1 were shown to be important for RNA polymerase II 

dependent transcription (Jones et al. 1987 and references therein). nie consensus sequence 



for NF-VCTF was derived after analyzîng 75 mlated sequences and is 

"NNH(A/C/T)TGGCNNNNNNCCNNN'* (Jones et al, 1987; Quandt et al, 1 995; Osada et 

al. 1996). Chicken NF4 proteins were purifieci î50m liver nuclear extracts as TGGCA 

sequence recognizing protein (Rupp and Sippel, 1987). A haifsite with just TïGGCA 

could also bind NF4 with high affinity (Osada et al. 1996). However, variations in the 

binding sequences has led to the classification of N F 4  elements as high, medium and low 

affinity binding sites for NF-1/CTF (Jones et al. 1987). The high &ty binding site was 

TGGC (N),GCC AA whereas O ther sequences with only half sites were classîfied under 

medium and low affinity sites (Jones et aL 1987). The footprinted region in the PSF-B 

element, 5'-HTGGCAGGGCCCC-3' (PSF-B 5'-AAGTGGGGAGATGGCAGGGCCCC 

AGCATTCACATCCTAGGCC-3 '), has the core NF- 1 consensus sequence, 5 '- = 
ATGGCNNNNNNCC-3'. Whereas, PSF-A has two TGGCA elements (PSF-A 5'- 

TTCAATGTTGGTTGCCAACACCACTGCCAACCACTTCT-3 3. 

The NF-l/CTF factors purïfied fkom HeLa ce11 nuclear extracts were shown to 

consist predominantly of a family of polypeptides with molecular masses between 52 and 

62 kDa, although an unidentified L20 kDa protein was dso CO-purifieci (Jones et al. 1987). 

Diffley and Stillman (1986) have reported the identification of a 160 kDa polypeptide in 

highly punfied preparations of NF-1. Generation of multiple forms of CTFMF-1s were 

shown to be due, in part, to alternative splicing of RNA (Santam et al. 1988; Mermoâ et al. 

1989). However, in chicken, the NF-1s were shown to be encoded by at least four 

independent genes, NFI-A, NFI-B, NFI-C and m l - X  (Rupp et al. 1990; Knise et al. 

1 99 1 ) . CTF/NF- 1 proteins can f o m  homo or heterodimers, even in the absence of DNA 

(Apt et al. 1993; Knise and Sippel, 1994; Mermod et ai. 1989). NF-1 contains a proline- 

rkh activation domain (Mermod et al. 1989) and this domain was shown to contain amino 

acid sequences sllnilar to repeat unîts of the C-terminal domain (CTD) of the largest subunit 

of RNA polyrnerase II (Kim and Roeder, 1994). 

Although, NF- 1 is an activator of transcription, there are a few examples indicating 

NF- 1 might act as a repressor (Osada et al. 1997). Furthemore, the repressor activity was 
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localized to the C-terminal region of the NF4 A (Osada et al. 1997). However, the NF- LA 

repressor domains did not interact with transcription factor IIB, TATA-binding protein 

(TBP), or TBP-associated factors in vitro (Osada et ai. L997), as was shown for many 

transcription factors which act as repressors including TEF-I (Jiang and Eberhardt, 1995). 

3.10.1. 'Supershift' assays to determine PSFs are N F 4  

In an attempt to examine whether the PSFs are being recognized by NF-1, 

commercially available NF4 anti'bodies were obtained and used in a C6supershiff' assay 

with PSF elements and nuclear extracts fiom GC and HeLa cells. This was uasuccessfûl. 

However, during a subsequent effort to obtain an alternative source of NF4 a n t i i e s ,  we 

became aware that several investigators were unable to get the NF4 ant i i . ies  nom Santa 

Cruz to work in a g'nipershift" assay (personal communication of Dr. Naoke Tanese, NW 

Medical Center, C S A .  to Dr. Peter A. Ca-). A supershifi of complexes formed on 

PSF-B sequences with a GC nuclear protein was observed when NF4 antibodies, 

provided by Dr. Tanese, to the C-tenninai half of NF-1 were used. The result of this 

experiment performed by Ms. Y. Jïm is show in Fig. 3.32. 

Fig. 3.3 2. NF-1 specific antibodies supershifi protein bound to PSF-B3 element. 
Radiolabelled PSF-B3 DNA probe (250 pg; 1x1 04 cpm) was incubateà with 2 pg of poly 
(dI-dC) in the presence (a) of pituitary GC ce11 nuclear extract, with (b) NF4 specific 
antisenun, or (c) normal rabbit senun (NU). "Supershifted" bands detected with NF-1 
antibodies &er gel electrophoresis and autoradiography are indicated with an arrowhead 
(This experiment was done by Ms Jin). 

a b c  



It will be interesting to see whether purined NF-1 proteins can shift or protect the 

PSF-A and PSF-B regions, which wodd indicate PSFs are NF- IM-1-like. Furtherm~re~ 

a 54 kDa protein observed in southwestern (Fig. 3-17)? enrichment of 50-70 kDa proteins 

in p h a l  purification (Figs. 3.7, 3.1 O, 3.12) and formation of a prominent complex with 

proteins (50-70 kDa) eluted fiom a protein gel (Fig. 3.L3A, B) are consistent with 

properties of NF-1MF- 1-like factors. Perhaps more important than these molecular sizes, 

the presence of a N F 4  binding conseasus sequence in the PSF etements indicates that NF- 

1MF-I -1ike factor is the most probable candidate for PSFs. Interestingly, results fkom gel 

shiR analysis of proteins eluted fiom SDS-PAGE gel pieces (Figs. 3.13A, B) and the 

crosslinking experiments (Fig. 3.16) dso support this suggestion as a large complex 

(H42.0 kDa) on the PSF-B DNA was seen with GC nuclear extracts aod other 

investigators have reported the presence of high molecular weight proteins (120-1 60 kDa) 

in purïfied NF4 fiactions (Diffley and StilIman, 1986; Jones et al. 1987). In this context it 

is interesting to note a few cited examples, where NF-l has been shown to act as a 

repressor. 

3.10.2. Repressor activity associated with NF-1 

3-10.2.1. In pituitary 

Interestingly, the rat GH-N prornoter (proximal -237 bp) is active not only pituitary 

cells, but also in fibroblasts and kidney ce11 lines (Larsen et ai 1986). These proximal 

sequences contain GHF-l/Pit-I sites. Kowever, f i d e r  analysis of upstream sequences led 

to the identification of non-pituitary cell-type repression elements between -237 and -554 

bp of the rat GH-N gene (Larsen et al 1986). Furthemore, these sequences were shown to 

be responsible for one of the two mechanisms for the extinction of rat GH-N gene 

expression in hybrid ceUs denved fiom the fusion of rat pituitary GH, and mouse fibrobiast 

L cells (Tripputi et al. 1988). It was niggested that a protein or proteins binding to these 

two similar sequences near nucleotide positions -300 and -500 were responsibie for this 

mechanism (Tripputi et al. 1988). Characterization of these sequences led to a strong 



indication that NF-1 like nuclear proteins may recognize these sequences as these 

sequences bear very high sequence homology to the NF-1 consensus (Roy et al. 1992; 

Guenn et al- 1992). However, crosslinki-ng studies with one of the silencer regions, 

silencer-1 (-327/-290 bp) reveded that the protein was 45 kDa and, thus, not a size 

associated with NF4 (Roy et al. L992)- Further analysis of their data reveals these authors 

mistakenly did not subtract the molecuiar size of the probe nom the crosslinked protein 

cornplex. This could be important since it was also reported by some investigators that 

variants of NF4 of molecular size 30.0 (rat Iiver, Paonessa et al. 1988), 36.0 (porcine, 

Meisteremst et al. 1989) and 36.8 to 29.8 kDa (Chicken liver, Rupp and Sippel, 1987) are 

also present. 

Recently, it was reported that the PSF-A and PSFB elernents and rat GH silencer-1 

(-327/-290 bp) bear similarities to NF-1-like binding sites (Leclerc et al. 1997). 

Furthermore, rat GH silencer-1 \vas shown to bind NF-1-like factor suggesting that PSF 

elernents may also bind the same (or a very similar) combination of nuclear protein in Mno 

(Leclerc et al. 1997). 

Although it was reported earlier that the repressor activity of the rat GH silencer-l 

region was specific to non-pituïtary celIs (Larsen et al 1986; Tnpputi et al. l988), later 

studies with this silencer element alone revealed that it was du, a repressor in pihiitary cells 

(Roy et al. 1992). The same upstream region of the rat GH gene was also identified as a 

repressor element in pituitary cells by other investigators (Pan et ai. 1990). 

Previous studies in transgenic mice showed that 15 kb of the 5'-flanking DNA of 

the GHF-l/Pit-1 gene is necessq to target expression to the anterior pituitary gland (Lew 

et al. 1993; Rhodes et al. 1993). Analysis of the 15 kb upstream regions of the human 

GHF- 1/Pit- 1 promoter revealed two regulatory, proximal (- 7.11-2.3) and distal (-1 1.8/- 

10.9), enhancer regions (Rajas et al. 1998). Interestingly, the distal region was also found 

to possess silencer activity and two NF4 binding sites in that region were shown to be 

responsible for this repressor activity in pituitary cells (Rajas et ai. 1998). Both NF-1 sites 



had variations fiom the NF4 consensus sequences. One of the NF4 sites was 

TTGGC(N,)GtCAA and the O ther was TTtGt(N,)GCCAt, where the Iower case letter 

indicates variations (Rajas et al. 1998)- 

However, in contrast to the above observations of repressor activity associated with 

NF- 1 in the pituitary, a NF4 consensus sequence in the proximal promoter sequences of 

ail hGWCS genes does not appear to act as a repressor (Fig. 3.33, Courtois et al. 1990). 

NF-1 binding activity in this region was detennined by gel mobility shift ~ O O Q M ~ ~ U ~  and 

methylation interference assays with both GC and HeLa nuclear extracts. This NF-1 site 

could aiso support transcription ui ceIl-fke transcription assays (Courtois et al. 1990). 

Fig.3.33. Location of the NF-1 core sequence upstream of the GEifCS 
genes. Precise location of the NF4 element (underlined) in the G K S  genes is indicated 
by the nucleotide positions upstream of the transcription start site for the individual gene. 
The numbm in parenthesis represent the nucleotide positions according to the GWCS gene 
sequence published by Chen et al (1989). 

GH-N ACCATGGCCTGC-CAGAGGGC -2891-267 (487414896) 
CS-L ............ T .......... -2901-268 (12452/12474) 
CS-A .A.. ....... .A.. ........ -2911-269(27118/27140) 
GH-V ,.......... .T.. ........ -2891-267(41731/41813) 
CS-B ............ T ..-....... -29 1/-269 (49942f49964) 

Similarly, the GH-N gene promoter sequences fiom nucleotide position -496 to - 
180 containing the NF4 element were shown to be necessary for GH-N prornoter activity 

in pituitary cells in transierit transfection (Cattini et al. 1986), However, a region -496/-164 

containing the NF- 1 sequences of the CS-A promoter was shown to possess repressor 

activity (Nachtigd et al. 1989). Thus, funher experiments are needed to establish a 

differential role for NF-1 in the proximal promoter sequences of the hGWCS genes. 



3-10.2.2. Extra pituitiry 

Recently, a naturally occurrïng tnincated isoform of human NF4 B, NF-1 B3, was 

identified which forms heterodimers with other members of the N F 4  family of 

transcription factors, and reduces the affinity of these factors to bind DNA, thereby 

repressing transcription (Liu et  al. 1997). The abundance of NF-1B transcripts varÎed 

significantly between different human ceiI Iines and tissues, suggesting a potential 

involvement of these factors in the complex mechanisms that genecate ceii type specificity 

(Liu et al. 1997). Furthemore, it was reporteci that histone HL isofonns can also bind non- 

specifically to the NF-1 recognition sequences and bruig a generalized transcriptionai 

repression (Gao et al. 1998). NF4 was also suggested to be involved in the expression of 

the human alpha-gtobin gene. An e x d a t i o n  of organization of the promoter region of the 

a-globin gene in vivo in two established ce11 lines, cervical carcinoma HeLa and 

erythroleukemic K562, which express alpha-globin differentially, revealed differences in 

NF-1 binding (Rein et al. 1995). Aithough both cell lines express NF-1, in HeLa cells, in 

which alpha-gIobin is repressed, the NF- 1 site of the alpha-globin promoter appeared 

occupied, whereas, the same region was fiee of proteins in K562 cells (Rein et al. 1995). 

Therefore, it suggests that distinct forms of NF4 may repress the alpha-globin 

transcription in HeLa ceils (Rein et al. 1995). NF4 also acts as a silencer of the cartilage 

matrïx protein (CMP) gene promoter in mesenchymal cells (Szabo et al. 1995) and is a 

repressor of the KE3V (hepatitis B virus) enhancer (Spandau and Lee, 1992). Reifel-Miller 

et al. (1991 and 1994) reported binding of a NF-1-like transcription factor, BK virus 

enhancer factor-1 (BEF- l), to an ubiquitous repressor binding site. This site has core 

similarity (5'-TGaNNNNNNAGCCA-3 ' on one strand and 5 '-TGGNNNWNGCCCA- 

3' on the other strand) with the NF01 consensus sequence, and the complexes formed on 

the BEF-1 site could be competed by an NF4 binding site with very high affinity (Reifel- 

Miller et al. 199 1). 

In view of these cited examples, NF-1 's role as a repressor seems to be real and a 

case to confinn a role for NF- 1 in the regulation of expression of hGWCS gene locus can 



be made. 

3.10.2.3. The PSFs coald also be reeognized by other factors 

The above attributes of NF4 and the preliminary physical chatacterization of PSFs 

and their reported repressor activity, strongly suggest that PSFs may belong to the NF-1 

family of transcription factors. However, the possibility of PSFs being a different type of 

pro tein can not be mled out. The sequence, TGGCAG in the PSF-B binding site is present 

in urokinase plasminogen activator (uPA) as TG(A/G)CAG (Fig. 3.34) and was shown to 

be recognized by a factor known as uPA enhancer factor 3/nuclear inhi'bitory protein 

(UEF3/NIP; Berthelsen et al. 1996). Attempt to purify this protein fiom HeLa ceus (10 " 
cells= 4556 mg of nuclear extract) yielded 20 pg of protein with 5000 tirnes purification 

and was found to a very low abundance factor (Berthelsen et al. 1996). This is similar to 

the yields we obtained with PSFs as well as what was obtained with NF-kB factors 

(Hansen et al. 1994). In ou .  attempts to puri* PSFs, sirnilar fol& of purification after 

affinity column chromatography were predicted. The molecular sizes of the UEF3NI.P 

were 64.0, 50.0 and 40.0 KDa (Berthelsen et al. 1996) and simiiar sizes were seen with 

PSFs purification. Tryptic digestion of the 64.0 kDa protein yielded a 17 amino acid 

sequence which was noveI (Berthelsen et ai. 1996). The N P -  element (TGGCAG) was 

also recogm-zed by purifieci UEF3. The NIP element binds an unknown factor which acts 

as an AP-1 dependent repressor of a transcription factor in the IL-3 promoter (Mathey- 

Prevot et al. 1990). The UEFJ binding site has homology to the ICK-I element (Fig. 3.34) 

of human LD-78 gene promoter (Norniyama et al. 1993) and its murine counter pan, MIP- 

1A gene (Ritter et al. 1995). 

Fig. 3.34. Cornparison of sequences of NIPIUEF-3, ICK-1 and PSF-B 

binding sites. 



The identity of the factors that recognïze the PSF elements can only be verified, 

once the PSFs are fully characterized. 



CHAPTER 4 

4.1. ROLE OF CHORIONKC SOMATOMAMMOTROPIN GENE 

ENHANCER SEQUENCES IN TEE PLACENTA-SPECLFLC EXPRESSION 

OF GEKS GENES 

Placenta is an unique organ, by being the only tissue that normally develops and 

differentiates in the later part of an adult animal's life. More ùnportantly, the placenta 

provides an enviromnent for another life (fehis) and is a rich source of many growth factors 

and hormones. One of the major polypeptide hormones produced in the placenta 

syncytiotrophoblast is chorïonic somatomammotropin (CS). While there has been a 

considerable advance in our knowledge of the molecu1ar mechanisms involved in pituitary- 

specific expression of the GH-N gene, this is not the case for primate- and placenta-specific 

placental GH genes. 

4.1.1. Ontogeny o f  CS in placenta 

CS was first defined as placentai lactogen which is present in human placenta 

extracts and the matemal circulation. More importantly it possessed immunocrossreactivity 

with pituitary GH-N (Josimovich and MacLaren, 1962). The presence of CS protein in the 

syncytiotrophoblast can be detected as early as 5-10 days after implantation (reviewed by 

Walker et ai. 199 1). The prerequisite for efficient expression of the CS gene in p1a6enta is 

the formation of fully differentiated syncytiotrophoblast (Hoshina et al. 1982). 

Interestingly, it was observed that the amount of CS mRNA in a syncytiotrophoblastic ce11 

remains constant during the entire period of pregnancy, and the increased amount of total 

CS mRNA during pregnancy could be attributed to the increase in the nurnber of 

syncytiotrophoblasts (Braunstein et al. 1980; Hoshina et al. 1982; Pierce and Midgley, 

1963 as in reviewed by Walker et al. 199 1). During the third trimester, the CS protein 

levels reach 10-20% of total placental protein and as much as 1-3 g/day is synthesized. 

Thus, CS can be considered a polypeptide homione produced in the highest arnounts in the 



body (Kaplan et al. 1968). Concomitantiy, CS mRNA accounts for 540% of the total 

RNA in the placenta (Barrera-Saldana et al. L982; Seeburg et ai. 1977). The CS protein is 

rapidly cleared from the maternai circulation ùnmediately after delivery ( re~ewed by 

Walkeret al, 1991)- 

4.1.2. Variations In the expression of GH-V and CS genes in placenta 

The above observations were drawn by collectively detecting the CS-A and CS-B 

proteins and CS/GH-V mRNAs. However, the placental GHs are expressed in a 

differential pattern. Although, the CS-A and CS-B mRNAs can be identified separately by 

their gene-specific oligonucleotide probes, they essentiaiiy encode the same CS protein in 

the syncytiotrophoblast of placenta (Bmera-Saldana et al. 1983; Hoshina et al. L982). The 

CS-ALB account for the major part of total GH-VKS gene and protein expression in the 

placenta. The GH-V mRNA was suggested to be 0.00 L to 0.06% (Chen et al. 1989; Cooke 

et al. 1 NB), whereas the CS-L mRNA was 0.0 1% of the total placental mRNA (Chen et al. 

1989). Initially, the GH-V (Seeburg, 1982) and CS-L (Hirt et al. 1987) genes were 

considered as pseudogenes. However, several studies confirmed the presence of GH-V 

specific proteh in the placenta and maternai circulation (Alsat et ai 1997, 1998; Frankeme 

et al. 1987, 1990; H e ~ e n  et al. 1985; Jara et al. 1989; Liebhaber et al. 1989). AIthough 

CS-L specific aanscripts were detected in the placenta as well as in a placental cDNA 

library, M e r  analysis revealed these CS-L transcripts were incomplete due to defective 

splicing (Chen et al. 1989; Hirt et al. 1987; Misra-Press et al. 1994). It is still not clear 

whether CS-L produces a functional protein. A possible method to increase our 

understanding of the difîerential expression pattern is to unravel the transcriptional 

regdatory mechanimis associated with these genes. 

4.1.3. Regulation of expression of placenta1 growth hormones in the 

placenta 



4-1.3.1. Possible role of an enhancer 

Much is known about the transcriptional regdation of pituitary GH-N gene. The 

striking similarity among the genes, CS, GH-V and GH-N, with 93-95% homology in 

îheir primary uanscripts and proximal promoter sequences (Chen et al. f989), suggests that 

very sirnilar mechanimis should operate both in the pituitary and the placenta regdakg the 

expression of these genes. However, until recently it was strongly believed that GHF- 

1Pit-1 was not expressed in the placenta (Bodner and Karin, 1987). Furthemore, unlike 

in the pituitary cells, the proximal promoter region (-496/+l) of the GWCS promoters are 

weakly active in placental tumor cells in transient transfection assays (Fitzpatrick et ai. 

1990; results f?om this thesis), suggesting the importance of other flanking sequences to 

achieve high levels of CS gene expression and mRNA levels in placental 

syncytiotrophoblasts. 

Indeed, by analysing the flanking sequences of the hGWCS genes, Rogers et al 

(1986) identifiai a transcriptional enhancer in a 3.9 kb 3pflanking region of the CS-B gene. 

Furthermore, deletion analysis localized the enhancer activity to a 1 .O kb hgment located 

approximately 2.0 kb downstream of the CS-B gene (Rogers et al. 1986). The bctional 

studies suggested that the CS-B enhancer is not tissue specific, but is more active in human 

placenta1 cells than pituitary 18-54,SF cells (Rogers et al. 1986). The CS-B enhancer 

requires the CS promoter region nom -142 bp to -129 bp for its stimulatory activity 

(Fitzpatrick et al. 1990). Based on the sequence analysis, this CS promoter region was 

shown to contain a Spl site, suggesting an interaction between Spl and the proteins 

binding to the CS-B enhancer sequences to exert the activity (Fitzpatrick et al. 1990). 

Using transient transfections and progressively deleted regions of the 1.0 kb CS-B 

enhancer, the enhancer activity was fûrther Iocalized to a 138 bp region fiom nts 101 to 241 - 
(Walker et al. 1990). This enhancer (1- 241 bp of the 1.0 kb hgment) typically like other 

enhancers, functions independently of orientation and positipn and is active with both 
-.- 

homologous and heterologous promoters (Fitzpatrick et al. IWO; Jacquemh et al. 1994a; 

b; Jiang and Eberhardt, 1994; Lytras and Cattini, 1994; Rogers et al. 1986; Walker et al. 

159 



4.1.3.2. Transcription Enhancer Factor4 (TEF-1) recognizes multiple 

elements in the CS-B enhancer 

Walker et al (1990) locaiized the full CS-B enhancer activity to a 138 bp region, 

which maps to nts 10 1-24 1 of the 1.0 kb fiagrnent (identified by Rogers et al. 1986). 

Furthemore, the same investigators identified a ubiquitous nuclease protected 22 bp region 

between nts IL5437 of the 1-241 hgment, which encompasses a TEF-1 motif 

(TGGAATGTG) located at positions 126- 13 3 (Walker et al. 1990). ~owevei,  recent 

reports indicate multiple fmtprint regions in the 1-241 fhgment (Jacquemin et al. 1994a; b; 

Jiang and Eberhardt, 1994) and andysis of some of these protected sequences suggested 

interaction of TEF-1 with these sequences. Sequences in the 241 bp CS-B enhancer bear 

sequence similarïty to SV40 enhansons (Jacquemin et aI. 1994% b; Jiang and Ebe~hardt, 

1994)- Thus, a TEF-1 like protein was shown to be important for the transcriptional 

activity of CS-B enhancer (Jacquemin et al. 1994a,b; Jiang and Eberhardt, 1994; Lytras 

and Cattini, 1994; Waker et al. 1990). TEF-1 is an ubiquitous factor with the exception 

that it is not present in Lymphocytes (Xiao et al. 1987; Davidson et al. 1988). These 

observations raise the question of how the CS-B enhancer, with multiple TEF-1 sites, 

could achieve this high stimulatory activity in the placenta1 cells- Recently, TEF-5, a TEF- 

l-like protein or gene was identified in human placenta or placental ceii lines, implic,ating its 

possible role in CS enhancer activity (Jacquemin et al. 1997). 

4.1.3.3. CS-B enhancer-like sequences also exist in the 3'-flanking 

sequences of the CS-A and CS-L genes 

The five genes of human GHKS locus are presumed to have arisen h m  a common 

ancestor by three duplications and a nonreciprocal crosssver event (Hirt et al, 1987). 

These events also resulted in duplication of intergenic sequences (Chen et al. 1989). Thus, 

the sequences responsible for CS-B enhancer activity might also be expected to reside in 



similar regions of the other two CS genes (CS-L and CS-A). Meed, examination of the 

GWCS gene sequences revealed the presence of highIy homologous sequences at the same 

reiative location, 2.2 kb 3'- to the CS-A and CS-L genes (vvalker et ai. 1990)- More 

importantly, the 22 bp TEF-l site, whîch is responsible for CS-B enhancer activity, was 

intact in both regions associated with the CS-A and CS-L genes, suggesting that these 

regions also serve as enhancers to theu respective genes, CS-A and CS-B. However, these 

regions were shown to posses very weak to no activity (Rogers et al. 1986; iacquemin et 

aI. 1994a). 

There is increasing evidence that the CS-A gene is expressed as much as 6 t h e s  

higher than the CS-B gene in t e m  placenta (Barrera-SaIdana, 1998; Chen et al. 1989; 

MacLeod et al. 1992; Martinez-Rodriguez et al. 1997). The CS-L gene, although 

considered a pseudogene, is expressed at very low levels due to a mutation affectkg 

transcnpt splicing and subsequent cytoplasmic translocation (Chen et al. 1989; Kirt et al. 

1987; Misra-Press et ai. 1994). tnterestingly, initial studies by Rogers et al (1 986) revealed 

that the highly homologous and CS-B enhancet-like region of CS-A gene possessed no 

enhancer activity. However, fùrther studies with a 309 bp fragment taken fkorn the 3'- 

flanking sequences of the CS-A and CS-L genes which bear very high sequence similarity 

to the CS-B enhancer, showed very weak activity in transfected JEG-3 cells (Jacquemin et 

al. 1994a). However, it was suggested that the DNA-protein interactions on these CS-A- 

/CS-L-specific regions were representative of those seen on the CS-B enhancer sequences 

with ~ & a ,  JEG-3 and placentai extracts (Jacquemin et al. 1994a). Thus, no clear 

explanation was given for the weaker activity of the CS-A and CS-L enhancer-like regions. 

Furthemore, this weak activity does not coxrelate with in vivo expression levels of CS-A 

and CS-B, where CS-A mRNA levels are more than CS-B mRNA levels (Barrera-Saldana, 

1998; Chen et al. L989; MacLeod et al. 1992; Martinez-Rodriguez et al. 1997). 

nie reiative strengths of the enhancer-like regions of CS-A, CS-L and CS-B genes 

were deduced fiom hctional studies by transient transfections using human placental ce11 

lines including chotiocarcinoma JEG-3. JAR and BeWo cells. However, these placenta1 



cell lines may not provide a "good" physiologicd and transdptionai environment needed 

for GH-V/CS gene expression, as it was noted that these ce11 lines either express very low 

levels or no endogenous CS (limenez et al. 1993; Nickel and Cattini, 1991; Nickel et al. 

1993; Quinn et al. 1996; Yamashita et al. 1987). However, these ceil hes have retained dl 

the necessary transcriptional machinery for CS-B enhancer activity as was revealed by the 

transient transfection studies fkom various laboratories (Fitzpatrick et al. L990; Jacquemin 

et al. 1994a; b; 1 996a; b; 1997; Jiang and Eberhardt, 1994; 1995; 1996; Jiang et al. 1995; 

1997; Lytras and Cattini, 1994; Lytras et al. 1996; Rogers et al. 1986; Walker et al. 1990). 

One possible explanation for this discrepancy in the expression of these genes codd be the 

stages of differentiation represented by each of these placental ceUs lines. As noted earIier, 

a fully differentiated syncytiotrophoblast is requüed for efficient CS gene expression 

(Hoshina et al. 1982). The factors associated with enhancer sequences (such u TEF-1) 

might not be dependent on the developmental status of the placental trophoblast Recently it 

was reported that the human placenta and placental ce11 lines express TEF-1, but there was 

no correlation with the CS gene expression (Quinn et al. 1996). Thus, this does not explain 

why the CS enhancers possess differential activities. 

To address this problem, Jacquemin et al (1996b) used primary cultures of 

trophoblasts generated £iom term placenta These studies revealed the presence of enhancer 

activity associated with the CS-A and CS-L gene 3 '-flanking sequences (309 bp). Also, the 

activity of CS enhancers was shown to be dependent on the differentiation of the 

cytotrophoblast to syncytiotrophoblast. However, the CS-B enhancer still possessed 

stronger activity than the CS-A and CS-L enhancer-like sequences (Jacquemin et al. 

1996b). The contradictory nature between in vivo and in vitro observations might be due to 

1) insufficient sequences used in the transient traasfection studies, 2) an inability of 

transient transfection experiments to reflect the in vivo situation, or 3) the involvernent of 

factors other than TEF-L or TEF like DNA-bindiag proteins in CS enhancer activity. It is a 

well known phenornenon that the transcriptional regdation at the chromatin level in vivo is 

very different fiom that which occurs with naked DNA, as would be the case following 

transient transfections (Komberg and Lorch, 1995). It was also reported that the 



transcriptional activity of promoters and regdatory sequences tlsed to a reporter gene 

measured in vitro by transient trmsfection, may not reflect the activity of the prornoter- 

regulatory sequences-reporter construct in vivo (Renwen et al. 1998). However, species- 

dependence and site of integration may also play a role in the regulation of a transgene. 

Sirnilar observations were also made when a 15 kb genomic hgment of the human CS-A 

gene including 5.4 kb of 5: and 7.2 of kb 3 '-flanking sequences, was used for generating 

a transgenic mouse- This transgene contains both the PSF and the enhancer-like sequences 

present in the CS-A fl anking DNA. This resulted in variable levels of expression of the CS- 

A gene in the mouse placenta (Jones et al. 1995). However, the matornicd differences 

between primate and murine placentas might play a role in this variable expression. 

4.1.3.4. Upstream sequences of the 22 bp TEP1 element are responsible 

for the differential activities associated with the CS enhancers 

The above observations raise the possibility that flanking sequences around the 22 

bp TEF-1 elexnent may play a role in modulating the CS-B enhancer as well as CS-A and 

CS-L enhancer-like regions. Hence, the role of upstream flanking sequences of the TEF-1 

site in the 241 bp hgment of the CS-B enhancer were examined. Initially, based on the 

sequence similarïty to PSF sequences, Lytras and Cattuii (1994) identified RF-I and DF-1 

elements. Subsequent studies revealed another region, AF-1 (Lytras et al. 1996), which 

was contained in a modulatory domain of about 8 1 bp located upstream of the TEF-1 site. 

Furthemiore, a homology cornparison of the 241 bp CS-B enhancer region with the 

equivalent region of the C S 4  sequences revealed the existence of  three nucleotide 

differences in the 8 1 bp regulatory region mentioued earlier. Che nucleotide change was in 

the DF-1 region and the other two were in the AF-1 region (Lytras et al. 1996). Therefore, 

it was hypothesized that these sequence differences were responsible for the very minor 

enhancer activity of the CS-A 241 bp region in placental ceUs compared to the potent CS-B 

enhancer. InitiaIly, the variant DF-1 region of the CS-A gene was mutated to the DF-1 

sequence in CS-B (Lytras and Cattllii, 1994). The 'kpaired" CS-A enhancer produceci a 70 

fold stimulation over the "wild" type CS-A enhancer (Lytras et al. 1996). However, this 



enhancer activity was still l e s  than the CS-B enhancer activity- Thus, the remaining two 

different nucleotides in the variant AF-1 region of the CS-A enhancer were repaired to 

resernble the AF-1 site on the CS-B enhancer. This resulted in a stimulation by the CS-A 

enhancer region which was equivalent to the CS-B enhancer in placental ceils. These 

results suggested that the 81 bp modulatory domain with RF-1, AF-1 and DF-1 are 

important for the potent CS enhancer activity, Previously, the structura1 and hctionai 

activities of the RF- 1 and DF- 1 regions of the 8 1 bp regdatory domain of the CS-B 

enhancer were characterized in our laboxatory (Lytras and Cattini, 1994), but the identity of 

the R F 4  and DF-1 factors is still not knom However, according to Jacquemui et al 

(1 994a, b; 1997), the DF-1 element might be recognized by TEF-like factors. Aithough, 

the repair of either the AF-1 or the DF-1 element in the CS-A enhancer sequences imparted 

stimulatory activity to the CS-A enhancer, a full CS-A enhancer activity comparable to the 

CS-B enhancer activity was observed only when both the elements were repaired (Lytras et 

al. 1996)- However, the modular nature of the AF- 1 element as well as the factors 

recognizing the element are not known- Further work was done to understand the 

fiinctiondity of the AF- 1 element. 

4.2. Characterization of the AF-1 region of CS-B enhancer 

4.2.1. Objective 

Repau of the variant AF-1 region in the CS-A enhancer sequence revealed the 

importance of the AF-1 region with regard to CS-B enhancer activity. A five nucleotide 

mutation of the AF-1 region resulted in complete loss of stimulatory activity of the CS-B 

enhancer. However, characterization of this region was not done- The objective here was to 

detemine whether the AF-1 element on its own has any modulatory hction. 

4.2.2. Experimental design 

The hybrid CAT gene, SVp.CAT.TEF, directed by the SV40 promoter and 



containing TEF- 1 sequencw was descnbed previously (Lytras and Cattini, 1994). A 25 bp 

AF- 1 (AF- 1 sense 5 '-CGGCAATTTCTGCAAATTTGAG-3 ' and AF- 1 antisense 5'- 

CTCAAATITGCAGAAATTGCC G-3 *) and a 2 1 bp DF-1 (DF- L sense 5'-GAGATGCCT 

TTACGGTTTTCT-3 ' and DF- 1 antisense 5 '-AGAAAACCGTAAAGGCATCTC-3 ') 

element were generated by annealing these oligonucleotides. The AF-1 eIement was 

inserted into SVp.CATTEF at the blunted BamHI site upstream of the TEF-1 element, to 

generate SVp-CAT-AF-1.TEF-1. Furthemiore, a consmift SVp.CAT.AF-1 was generated 

by inserthg the AF-1 element into the blunted Ba1 of SVP-CAT. The forward orientation 

of the AF-I element in these constnicts was confTrmed by sequencing. A SVP-CATM- 

1 .DF-1 was generated by inserting the DF-1 element into a blunted SphC site downstream 

of the AF- 1 element in SVpCATM-1. Maintenance of JEGJ ccils, gene transfer assay 

and reporter gene analysis were describeci in the Materiais and Methods section. 

4.2.3. Results and Discussion 

4.2.3.1. The AF-1 element alone does not possess any modulatory effect 

and AF-1/DF-1 together form a functional element 

In order to examine the rnodular nature of the AF-1 region, the constmcts 

SVp.CAT.AF-1 and SVp.CAT were used to transiently transfect JEG-3 cells. A 

comparïson of CAT activity firom these constructs revealed that the AF-1 could not 

stimulate transcription over basal levels seen with the SVP-CAT gene (Fig. 4.1; n=4; 

p=0.9). Interestingly, no activity was also observed when the DF-1 region was tested in 

the same manner (Lytras and Cattini, 1994). Furthemore, similarities were also observed 

between the DF-1 and AF-1 at the structural level. Although DF-1 has a consensus TEF-1 

sequence, it was shown that it may be recognizing a different placenta protein as the DF- 

Uprotein complex was not competed by a 35 bp double-strand oligonucleotide containing 

the 22 bp TEF-1 eIement (Lytras and Cattini, 1994). Similar obsemations were also made 

with the AF-1 element (Lytras et al. 1996). InterestingIy, the AF-Uplacenta protein 

complex could be competed by the DF-1 element, although with very low affinity (Lytras et 



al. 1996). Howwer, the TEF-1 elanent could compete for the major DNA protein complex 

formed on the 8 1 bp modulatory domain, that inchdes RF- 1, AF-1 and DF-1 (Lytras and 

Cattini, 1994). This suggests that TEF-1 rnight bind to these sequences and the individual 

regions, RF-1, AF-1 and DF-1 might be lacking a complete nucleotide sequence required 

for TEF-1 binding (Jacquemin et al. 1997). However, the SV40 promoter was signifïcantly 

activateci by more than two fold when both the AF-1 and DF-1 elements were placed 

downstream of the CAT gene as in the construct SVP-CAT-AF-LSF. 1 (Fig. 4.1; n=4, 

p-0.022). These resdts show that both AF-1 and DF-1 bùlding sites together fonn a 

fhctional eIemeat- 

Fig. 4.l. AF-1 sequences alone do 
not possess any modulatory effect, 
but forms a functional element with 1 .a- 
DF-l binding site. Approximately l .O x 
106 JEG-3 cells per 100 mm culture dish , 1.5 
were transfected with 15 pg of either -àj 
SV4Op.CAT (SVP), SV40p.CAT.AF- 5 
1 (SVP-AF-1) or SV40p.CAT.AF- 1.2- 
1.DF-1 (SVp.AF-1.DF-1) constnicts. To 3 
detemine the transfection efficiency, 250 ng 3 - 
of a luciferase expression vector en 
CMVp.Luc construct was introduced E 
along with each of the above constructs. 5 0.6- 
Forty eight hours after transfections, ceil + 
extracts were prepared and assayed for CAT 3 0.3- 
gene expression. The presence of AF-1 
element done did not influence the SV40 
promo ter activity (n=4, p=0.9), whereas O 
AF- 1 and DF-1 together stimdated SV40 
promoter (n=4, p=0.022). CAT uni& are P cn 
expressed per rnilligram of protein and were 
corrected with luciferase units per ng of 
protein. Error bars ùidicate standard m r  of 
the mean- 

4.2.3.2. AF-1 is a weak repressor and represses the TEF-1 enhancer 

activity 

The 'repair' of the variant AF-1 and the variant DF-1 elements in the 241 bp 



sequences of the CS-A eahanca region d t e d  in a very strong stimulation of enhanca 

activity in JEG-3 celIs (Lytras et al. 1996)- Thus, the effect of the AF-1 element on the 

enhancer adivity of the TEF-1 elexnent was determineci. The 22 bp TEF-1 alone possesses 

enhancer activity, although this stimulatory actlvity was less than the fuli length 241 bp CS- 

B enhancer (Lytras and Cattini, 1994). The activities of SVp.CAT.TEF-1 and 

SVP-CATM- 1 -[TF- I were measured after gene transfer into EG-3 celb. Interestingly, 

AF-1 had a repressor effect on TEF-1 enhancer activity which was reduced signifïcantly by 

35% (Fig.S.2; n=5, p=O.OIO). These results suggest that AF-1 is a weak repressor. A 

similar, 50% repression effect of RF-1 on N - 1  enhancer activity was also obsenred 

(Lytras and CattZni, 1994). 

Fig. 4.2. AF-1 seqaences 
downregulate the stimulatory 12- 
activity associated with 22 bp TEF-1 
element. Approximately 1 .O x 106 JEG-3 .- c 
tells per LOO mm culture dish were aa - 9- 
transfected with 15 pg of either 
SV40p.CAT.TEF-1 (SVP-TEF- 1) or 

g 
aa 

SV40p.CAT.AF-1 .TEF-l (SVpAF- 
1-TEF-1) constructs. To determine the 3 6- 
transfection efficiency, 250 ng of a 
luciferase expression vector CMVp.L uc s! - 
construct was introduced dong with above 3 

constmcts. Forty eight hours after 
tram fections, ce11 extracts were prepared 

2 3- 
O 

and assayed for CAT gene expression- AF- 
I sequences downregulated (-3 5%) the O 
stimulatory activity associated with 22bp - 
TEF- 1 element in a statistically signincant li 
manner (n=S, p=0.01). CAT units are W 

expressed per miIligram of protein and were k 
corrected with luciferase units per ng of P V) 
protein. Error bars indicate standard error of 
the mean. 

Although, the influence of DF- 1, which is a derepressor, on the TEF-1 enhancer 

activity was not tested (Lytras and Cattini, 1994), these results suggest that testing 

individually the effect of RF- 1, AF-1 and DF- 1 elements might not determine their actual 

role. However, a 134 bp fiagrnent containhg the 8 L bp modulatory domain, and thus RF- 



1, AF-1 and DF-I elements retained onIy 2.4% of the stimulatory activity of the fiill Iength 

CS-B enhancer (Walker et al. 1990). One possibIe reason for the complete loss of 

stimulatory activity of the 241 bp CS-B enhancer with an AF-1 mutation (5 nucleotide 

alteration) (Lytras et al. 1996) could be due to the creation of a binding site in the AF-I 

region by mutations themselves. Although a search did not reveal that a known 

transcription factor can bind this mutated AF-L site, the AF-I mutant element was 

recognized by an unknown factor present in the EG-3 nuclear extracts (data not shown). 

Similady, complete Ioss of the CS-B enhancer actïvity was also observed with a mutation 

ofthe DF-1 region (5 nucleotîde alteration) (Lytras and Catani, L994), however, the mutant 

DF- L element still possessed similar binding activity to that of wild type DF-1 element, 

albeit with lower affiity (Lytras and Cattini, 1994). Thus, creation or alteration of the 

buiding activities by these mutations affected CS-B enhancer activity. Further studies 

revealed that the M-1 element is recognized by a major 38.0 and a minor 28.0 kDa 

proteins present in the placental celi nuclear extracts (Lytras et al. 1996). 

However, the placenta-specific complexes f o d  on the 8 1 bp regulatory domain 

of the CS-B enhancer were competed by the 22 bp TEF-1 element (Lytras and Cattini, 

1994), suggesting this region is recognized by TEF-1 or TEF-1-like factors. Thus, 

combining these observations and results, there is a strong suggestion that the TEF-1 or 

TEF-1-like factors recognize multiple elements on the CS-B enhancer. This multiple 

element binding events appear to be responsible for high stimulatory activïty of the CS-B 

enhancer in placental cells. fhe  CS-B enhancer possesses at least six potential TEF-like 

sites (lacquemin et al. 1997; Jiang et al. 1997). This could be one of the reasons for the 

weaker enhancer activity assoàated with CS-A enhancer-like sequence because this region 

bears sequence differences with CS-B enhancer region, these differences exist in either 

TEF-like sites or in the adjacent sequences which were shown to be involved in TEF 

binding (Jacquemin et al. 1997; Jiang et al. 1997). Interestingly, Jiang et a1 (1997) 

suggested that although an enhancer with a mutation in 22 bp TEF element was devoid of 

stimulatory activity, a constnict containing two copies of this mutated enhancer restored 

enhancer activity in placental cells. This observation provides M e r  evidence that multiple 



TEF sites are essentid for enhancer activity. However, in nuclease protection assays, 

similar protein-DNA interactions were observed on CS-A and CS-B enhancer sequences 

both with the placenta1 and non-placental ce11 nuclear extracts (Jacquemin et al. 1994a; 

Jiang and Eberhardt, 1994). This suggests that the enhancer DNA-binding proteins are 

ubiquitous and k t h e r  these factors could resist subtIe nucleotide differences and still be 

able to bind enhancer DNA elements. However, these studies do not expIain why the in 

vitro enhancer activities do not reflect the in vivo expression levels of CS-A (highly 

expressed) and CS-B (six times l e s  than CS-A) genes in the placenta- 

4.3. The CS-B enhancer aIso possesses repressor activity 

Interestingly, in this study, the CS-B enhancer sequences repressed CS prcmoter 

activity consistently in rat pituitary GC cells (Fig. 4.3; n=3, p=O.OOL 1; Fig. 4.4; n= 3, 

p=0.0023). Furthemore, it was obsexved recently that the CS enhancers form a composite 

silencer in GC celis, in viho (Jiang and Eberhardt, 1997). Dom-replation of the CS-B 

enhancer associated stimulatory activity was also observed in JEG-3 cens when the reporter 

consmict was cotransfected with a GHF- l/Pit-1 expression vector (Fig. 3 ZB). 

Paradoxicaliy, TEF-I is abundant in these cells and has been suggested to be responsible 

for enhancing or silencing effects of the CS enhancers (Jacquemin et al. 1994a,b; 1996; 

1977, Jiang and Eberhardf 1994; 1995; 1996; Jiang et al. 1995; 1997; Lytras and Cattini, 

1 994; Lytras et al. 1996; W&er et al. 1990). 



Fig. 4.3. The CS-B enhancer is a potent 
repressor of CS-A promoter activity in rat 
pltuitary CC ceîls. Approximately 0.5 x IO6 GC 
cells per LOO mm culture dish were transfected with 
15 pg of CS-Ap.CAT ( C S )  o r  CS- 
Ap.CAT.Enh (CS .Enh) constructs. Forty eight 
hours after transfections, ceil extracts were prepared 
and assayed for CAT gene expression. CS-A 
promoter activity was significaatly repressed in the 
presence of 241 bp CS-B enhancer (n=3, 
p=0.0011). The mean value in CAT units per 
milligram of protein is shown and was detïved fiont 
at least three detennhations- Error bars indicate 
standard e m r  of the mean. (A DNA hgment 
containing nucleotides fiom -496 to +1 of the CS-A 
gene was used as CS-Ap and a 240 bp hgment was 
used as an CS-B enhancer). 

4.3.1. CS-B enhancer associated rat pihiitary CC cell specifie repression 

can be retieved by overexpression of antisense TEF-1 or TEF-5 

The repression associated with the CS43 enhancer in GC ceus in vitro suggests that 

TEFs may play a role in this hction. To valîdate this assumption, antisense expression 

vectors of TEF-1 and TEF-5 cDNAs were constructed. The TEF-1 cDNA was isolated as 

an EcoWBgILI hgment and was iigated into BamHI and EcoRI sites of the pCDNA-3 

plasmid resulting in a TEF-1 antisense over expression vector. Similady, the TEF-5 cDNA 

isolated as an EcoWXhoI hgment was initidy blunted at S O I  site and this hgment was 

ligated into BamHI (blunted) and EcoRI sites of pCDNA-3, generating the TEF-5 antisense 

overexpression vector. These vectors (0.1,O.S and 2.5 pg/100 mm culture dish) were co- 

trmsfected with CS.CAT.Enh (10 pd100 mm cdture dish) into GC ceiis. Subsequently, 

CAT gene expression analyns revealed that the antisense TEFs could derepress the CS-B 

enhancer associated repression in a dose dependent manner (Fig. 4.4; n=3, p<O.OS). A 



more pronounced effect was observed when 0.5 pg of antisense TEF-5 was CO-transfectd 

These preliminary resuits iadicated that TEFs in GC celk participate in a negative regdation 

of gene expression, 

Fig. 4.4. Derepression of the repressor activity associated with the CS-B 
enhancer by overexpression of antisense TEF-1 and TEF-5 in rat pituitary 
GC celis. Approximatefy 0.5 x 106 GC ceiis per 100 mm culture dish were transfected 
with 15 pg of CS-Ap.CAT (CS) or CS-Ap.CAT.Enh (CSEnh) constmcts. Along 
with CS-Ap.CAT.Enh different amormts (0.1,0.5 and 2.5 pg) of either TEF-1 or TEF- 
5 antisense constructs were also transfected into GC cells- Forty eight hours after 
trm~fections~ ceIl extracts were prepared and assayed for CAT gene expression. The CS-B 
enhancer-associated pituitary-specific repression was relieved signincantly in the preseace 
of excess amounts of TEF-1- or TEF-5-specific antisense RNAs (n=3, ~ 0 . 0 5 ) .  The mean 
value in CAT uni& per müiigram of protein is shown and was dexïved fFom at least three 
determinations. Error bars indlcate standard error of the mean- Amounts of antisense 
constructs used in transfections are indicated in parenthesis. (A DNA fiagrnent containuig 
nucleotides f?om -496 to +l of the CS-A gene was used as CS-Ap and a 240 bp fiagrnent 
was used as an CS-B enhancer), 



However, the CS enhancer was uùtidly characterked as a non-tissue-specific 

enhancer, because stimulatory activity was also (Rogers et ai. 1986) observed in a human 

pituitary 18-54,SF ce11 line (Wyche and Noteboom, 1979)- The CS-B enhancer also acts 

positively in monkey kidney COS4 cells as a strong enhancer (Jiang and Eberhardt, 

1995), and in human cervical HeLa cells as a weak enhancer (Jiang and Eberhardt, 1997; 

Lytras and Cattini, 1994). The SV40 enhancer, with which the CS enhancer shows 

similarity in possessing multiple GTIIC or sph elements (Jiang and Eberhardt, 1994), also 

acts as a repressor in rat pituitary GC cells (Nachtigai et al. 1993a). Therefore, these 

observations explain the ciifferences observed in the activity associated with the CS-B 

enhancer between the cells of rodent and primate origin. However, these differential 

enhancer activities could also be due to diffefential interactions between the TEF- l/TEF-like 

and certain transcriptionai CO-factors which act as positive or negative regdators. These co- 

factors rnight be species- or cell-specific, as TEF-l was shown to be highly conserved 

among several species (Blatt and DePamphilis, 1993; Majumder et al. 1997; Swartz et al. 

1998; Kaneko and DePamphilis, 1998). Therefore, characterization of TEF- 1 or TEF-1 

related factors is likely to prove very usefil in our understanding of these variations in 

transcriptional outcornes. 

4.4. Characterization of Transcriptiond Enhancer Factor-1 (TEF-1) 

As stated earlier, although the CS-B enhancer is very active in placentai cells, the 

possible mechanisms responsible for this are stili not clear. Dismption of a TEF- 1 Gte in 

the CS-B enhancer resulted in a complete loss of activity, thus establishing the involvement 

of TEF- 1 in the CS-B enhancer activity (Walker et al. 1990). n F - 1  protein is also present 

in placental cells (Jacquemui et al. 1994a,b; 1995; 1996a; b; Jiang and Eberhardt, 1994, 

1995, Jiang et al. 1997; Walker et al. 1990). Although the TEF-1 protein was shown to 

have higher affinity for the elements in CS-B enhancer (Jiang et al. 1997), involvement of a 

3 0 kDa protein, chononic somatomammotropin enhancer factor- 1 (CSEF- l), was 

suggested to mediate the CS-B enhancer function (Jiang and Eberhardt, 1995). CSEF-1 

was reportai to be distinct from TEF- 1 and present in Ascan monkey kidney COS- 1 cells, 
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and therefore consistent with the high stimulatory activity of the CS-B enhancer in these 

cells (Jiang and Eberhardt, 1995). Recently, a variant of TEF-1, TEF-5 was also identified 

(Jacquemin et al. 1996% 1997). TEF-5 is highly expressed in placenta, raising the 

possibility of a role for this factor in CS enhancer activity in placenta (Jacquemin et al. 

L996a, 1997). CSEF-1 could be another variant of TEF-1, because it also recognizes the 

TEF-1 element. It was suggested that CSEF-1 may be a proteolytic product of TEF-5 

(Jacquemin et al. 1997). Thus, it is possible that variations in the availability of TEF-1, 

TEF-5 and CSEF-L, might be respoosible for modulating the CS-enhancer activity in 

placental celis, 

TEF- 1 is the founding member @ a d s o n  et al. 1988; Xiao et aI. 199 1) of a novel 

farnily of transcription factors containhg the TEA/ATTS DNA-binding domain (DBD) 

(Andrianopoulos and Timberlake, 199 1; Burglin, 199 1). Transcription factors containing 

the TEA DNA-binding domain were shown to play a very important role in various 

developmental processes in différent species of living organisms including yeast Examples 

include, yeast TECl (Laloux et al. 1990) for pseudohyphal growt. (Gavrias et al. I996), 

Aspergillus nidulans AbaA (Mirabito et al. 1989) in conidiophore development 

(Andrianopoulos and Timberlake, 1994), Drosophila scalloped (sd) in development of 

wing and central nervous system (Campbell et al. 1992; Inamdar et al. L993), mouse TEF- 

1 in heart development (Chen et al. 1994). 

In mamals, multiple variants of TEF factors have been reported. At least four 

such genes, TEF-1, TEF-3, TEF-4 and TEFJ were isolated (Azakie et al. 1996; Davidson 

et al. 1988; Hsu et al. 1996; Jacquemin et al. 1996a; 1997; 1998; Kaneko et al. 1997; Xiao 

et al; L 99 1; Yasunarni et al. 1995, 1996; Yockey et al. 1996). The TEFs are closely related 

not only in the TEA-DBD, but also in the C-terminal half of the protein. In contrast, the N- 

tenninal region preceding the TEA domain, and the proline-rich region following the TEA 

domain, are more divergent (Jacquernin et al. 1996a; 1997; 1998). Interestingly, various 

TEF transcripts of sizes 13.0, 12.0, 8.1.3.5,3.2 and 1.7 kb as well as few splice variants 

(non-DNA binding) were reported to be present in various cells (Jacquemin et al. 1997; 



Jiang and Eberhardt, 1997; Quùui et ai. 1996; Xiao et aL 1991). This niggests generation 

of both full length and mincated forms of TEF proteins in celis. CSEF-1 could represent 

such a form of trwzcated TEF isoform. 

The TEF factors bind to a consensus sequence 5'- (m(A/G)(AIG)NATG(Crr) 

(G/A)-3 ' or 5'-(CIT)(G/A)CATN(T/C)(TfC)(T/A)-3 ' containhg a conserved ATG or CAT 

core sequence. However, other van-ations in the recognition sequences have been reported 

(Jiang et ai. 1997). TEF-binding sites have been identifieci in many regdatory sequences 

apart fiom SV40 and CS enhancers. The TEF sites are present in cardiac and skeletd 

muscle genes, such as a- and gmyosin heavy chain, skeletal a-actin and cardiac troponin T 

and 1 genes (Farrance et al. 1992; Larkin et al. 1996; Mar and Ordhal, 1990; Shimizu et ai. 

1993) which are referred to as M-CAT elements. The keratinocyte-specific human 

papilloma virus-16 E6E7 enhaacer dso possesses TEF sites (Davidson et al. 1988; Ishiji et 

al. 1992). The presence of TEF sites in these tissue-specific genes correlates with the 

expression of variants of TEFs in numerous tissues, but with some TEFs being tissue- 

specific (Jacquemin et al 1996a, 1997, 1998; Kaneko et al. 1997; Nothias et al. 1995). 

TEFs have not, as yet, been detected in lymphoid tissues (Davidson et al. 1988; Xiao et ai. 

1987). 

4.4.1. Objective 

TEF-1, TEF-5 or CSEF-1 ai i  recognize the TEF element in the CS-B enhancer and 

have been linked to the stimulatory activity of the enhancer in placental ceUs. The presence 

or absence and variations in the amounts of these proteins in various cells (JEG-3, HeLa 

and GC) might be responsible for various degrees of activation or repression of the CS-B 

enhancer seen in these cells in in v im gene tramfer assays. It was hypothesized that the 

CS-B enhancer sequences can finction as both an enhancer or a repressor of gene 

transcription depending on the relative 1eveIs of TEF-1 and TEF-5 or the proteolytic 

products of these proteins such as, CSEF-1. In order to study the possible role of mincated 

forms of TEFs, TEF-LAC, TEF-SAC (long and short), TEAl and TEAS were generated 



and bear deletions and encode tnincated foms of TEFs (Fig. 4.5). 

Fig. 4.5. Different forms (deïetions) of TEF-IiTEF-5 proteins. TEF-1 and 
TEF-5 represent fidi length proteins. TEF-IAC, TEF-SAC (long and short), TEAI-DBD 
and TEAS-DBD represent various tnincated forms generated fbm respective fbll length 
proteins. Amino acid residues containing these regions or domains an indicated. 

4.4.2. Experimental design 
J 

The expression vectors, canying fidi length cDNAs of TEF- 1 (aa 2/426) and TEF-5 

(aa 21435) genes in plX40 plasrnid were kùidly supplied by Dr Irwin Davidson (France). 

The expression vectors TEF-LAC (aa 2/166), TEF-SAC (long) (aa Z269) and TEF-SAC 

(short) (aa 211 39) were generated from TEF- 1 and TEFJ vectors (Fig. 4.5). The TEF-1 

vector was digested with BarnHi and Bgm to release the - 780 bp fiagrnent coding the 

region aa 1671426. ïhe vector with remaining TEF-I cDNA was isolated and religated to 

generate TEF- IAC. The TEF-SAC (long) was constructed by digesting the TEF-5 vector 

with BgiII and XhoI which releases a - 500 bp fiagrnent keeping 1-808 bp of TEF-5. To 
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generate TEF-SAC (short), the TEF-5 vector was digested with Pst1 and BoI, releasing a 

vector with 1 4  17 bp off EF-5 sequence. Vectoa fiom both digests were isolated, and the 

ends were blunted by either trimmïng or filhg reactions using Klaiow enzyme. These two 

vecton were ~e l~l iga ted  to generate the long and short fonns of TEF-SAC expression 

vectors. 

Two primers for the TEA domain of TEF-1 and TEF-5 were designed to isolate the 

TEA-DBD of TEF-1 and TEF-5. An initiation codon, ATG sequence to the TEA (forward) 

primer (Sr-gtcgaattcATGGATGC[AG]GA[AGlGG[GC]GT[CG]TGGAGC-3 3 and a 

terminator codon, TGA seqyence to the TEA (reverse) primer (Se-gtcgaattcTCArC]TTC 

[~T[TC]C~Gl[GA]GC[A~AGAACCTG-3 3 as weU as a EcoRI site, were added to the 

primer sequences. The PCR generated TEA 1 (aa 3O/l O 1) and TEAS (aa 301 10 1) sequences 

encoding their respective TEA-DNA binding domains were cloned into the EcoRI site of 

the pCDNA-3 vector (Invitrogen) to generate expression vectors TEAL and TEAS (Fig. 

4.5). The hybrid CAT gene reporter construct SVP-CAT (pCAT-promoter plasmid) was 

obtained fkom Promega, and generation of SVp.CAT.Enh bearing the 241 bp CS-B 

enhancer fkagment and SVp.CAT.TEF having the 35 bp TEF-L element were described 

earlier (Lytras and Cattinï, 1994). Generation of CS-Ap-CAT and CS-Ap.CAT.Enh was 

detailed b y Nachtigal et al ( 1989). TKp.CAT contains the TK promoter correspondhg to 

the region -109 to +53 bp sequences. Ce11 culture, gene transfer and reporter gene 

expression andysis were described in the Materiais and Methods section. 

4.4.3. Resuks and Discussion 

4.4.3.1. Stimulatory activity related to the TEF element or CS-B enhancer 

sequences is repressed by overexpression of either TEF-1 or TEF-5 in both 

JEG-3 and HeLa cells 

The 241 bp CS-B enhancer or the 22 bp TEF-1 element of the CS43 enhancer are 

modular in nature and work very well with both homologous and heterologous promoters 
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(Jacquemin et al. 1 9 9 4 ~  Jiang and Eberhardt 1994; Lytras and Cattini7 1994; Walker et ai. 
I 

1990). TEF-L was isolated from HeLa cells as a transactivator because of its capacity to 

bind to to GTIIC and SphI enhansons of the SV40 enhaacer, and its ability to activate in 

vitro transcription (Davidson et al. L988). f EF-5 is not expressed in HeLa ceus, whereas 

both TEF- 1 and TEF-5 are present in placenta and placental celIs (Jafquemin et al. 1996a; 

Quinn et al. 1996; Jiang et al. 1997). Although there was a suggestion of more TEE-5 than 

TEF- 1 protein in the placenta1 cells, the absolute amounts of each protein are not known 

(persona1 communication of Dr. Irwin Davidson, Istitut de Genetique et de Biologie 

Molecdaire et CeIldaire, ColIege de France, France tu Dr. Peter A Catthi). It is known 

that concentration gradients in a particular transcription factor or set of factors is very 

important for both gene expression and developmental processes in Drosophila and 

Xenopus (Drake et al. 1997; Ross et al. 1996; Ryan et al. 1996; Zecca et al. 1995). 

Therefore, in order to create a concentration gradient, various amomts ranging from O. 1 to 

3-0 pg of the TE-1 and TEF-5 expression vectors were CO-transfected with LO pg of each 

of the hybnd CAT gene constnicts per 100 mm culture dish carrying 1 X 1O6 (JEG-3) or 

0.5 X 1 O6 (HeLa) cells to determine the influence of these proteins on target gene 

expression. 

4-43.?. Both TEF-1 and TEF-5 reprcss the 22 bp TEF element associated 

stimulatory activity in JEG3 and EeLa ceils 

Initially, the effect of overexpression of TEF-1 or TEFJ on the 22 bp TEF 

element-induced stimulatory activity was detennined both in placental JEG-3 and non- 

placental HeLa cells. Interestingly, in both cells types, the TEF element induced activity 

was repressed, in a dose dependent marner, by both TEF- 1 and TEF -5 (Fig. 4.6A, Fig. 

4.6B; n=3, pc0.05). However, more pronounceci repression was observed in EG-3 celIs, 

whereas, in HeLa cells, at lower doses (0.1 pg) both TEF-1 and TEF-5 had a stimulatory 

effect. This type of transient stimulation with lower doses of TEF-1 was observed in HeLa 

cells in a previous study (Hwang et al. 1993). However, at higher doses, both TEF-1 and 

TEF-5 acted as potent repressors. These results suggest that both TEF- 1 and TEFJ have 
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Figs. 4.6 and 4.7. TEF-1 and TEF-5 cepress stimulatory activity assodated 
with 22 bp TEF-1 element as well as 240 bp CS-B enhancer both in 
placenta1 JEG-3 and cewical HeLa ceîïs in a dose-dependent manner- 
Approxhately 0.5 x 106 HeLa or 1.0 x l(r JEG-3 cek  per 100 mm culture dish were 
transfected with 10 pg of SV40p.CAT.TEF-1 (SVp35) or SV4Op.CAT.Enh 
(SVp240) dong with different amounts (0.1, 0.5, 1 .O and 3.0 pg) of either TEF-1 or 
TEFJ constructs. A construct SV40p.CAT was also transfected into these cells as 
controi. Forty eight hours after transfections, ceil extracts were prepared and assayed for 
CAT gene expression. Both 22bp TEF-1 elemeat- and 241 bp CS-B enhancer-associated 
stimulatory activity was repressed by overexpression of either TEF-1 or TEF-5 very 
significantiy and in a dose-dependent manner in both HeLa and JEG-3 c e k  ( ~ 3 ,  ~ 0 . 0 5 ) .  
The mean value in CAT d t s  per milItmilItgram of prote* is shown and was derïved nom at 
least tbree detenninations. Emr bars indicate standard error of the mean Amounts of TEF- 
1 and TEF-5 coastructs used transfkctions are ïndicated in parenthesis. 

60th TEF-1 and TEF-5 repress the stimuhtoiy 
activity of the 22 bp TEF-1 element in JEG-3 cells 



60th TEF-1 and TEF-5 repress the stimulatory 
activity of the 22 bp TEF-1 element in HeLa cells 

In this study the 22 bp TEF element was used, which is the major detexminhg 

regdatory sequence for the CS-B enbancer activity (Walker et ai. 1990). However, this 

sequence does not impart the full enhancer activity seen with the 241 bp C S B  enhancer 

fragment, suggesting the involvement of flanking sequences in the enhancer activity 

(Jacquemin et al. 1994a; b, 1996b; Jiang and Eberhardt, 1994; 1995; Jiang et al. 1995; 

1997; Lytras and Cattini, 1994, Lytm et al. 1996). Indeed, these flanLing sequences were 

also show to contain multiple TEF elements, but TEF has different binding affinities for 

each of these TEF elements (lacquemin et al. 1994a; b; 1996a; b; Jiang and Eberhardt, 

1994; 1995; Jiang et al. 1997). Hence, it was possible that these multiple TEF elements, 

with different affinities for TEFs, might be necessary to reveal differences in enhancer 

activity related to TEF-1 versus TEF-5 binding. 



4.4.3.3. Both TEF-1 and TEF-5 repress the 241 bp CS-B enbancer- 

assoeiated stimuiatory activity in JEG3 and EeLa ceUs 

Further experiments were Wormed using constructs containhg the 241 bp CS-B 

enhancer* Co-transf-ion of TEF-i and TEF-5 were done essentiaily as descnied above. 

However, nom these reporter gene expression assays, TEF-1 and TES5 factors again 

acted as repressors (Fig. 4.7A, Fig* 4-7B; n=3, p4.05), which was similar to what was 

seen with the previous assessrnent of the 22 bp TEF element The repression occurred in a 

dose dependent manner as was dso seen in the previous experiment (Fig- 4.6). These 

results indicated that the presence of multiple TEF elements did not reved the subtIe 

differences associated with transcnptional regdation by TEF-1 vasus TEF-5. 

60th TEF-1 and TEF-5 repress the 240bp 
CS-B enhancer activity in JEG-3 cells 



Both TEF-1 and TEF-5 repress the 240 bp 
CS-B enhancer activ'i in HeLa cells 

This type of repression by overexpressing an activator of transcription is not 

unusual. The phenornenon, generally h o w n  as 'squelching' was b t  descnied by Gill 

and Ptashne (1988). Many examples o f  this squelching effect by various activators have 

been cited (Berger et al. 1990; Natesan et al. 1998; Orphanides et al. 1996). Even in work 

related to this thesis, overexpression of GHF-l/Pit-1 repressed the stimulatory activity of 

the CS-B enhancer in placental cells but not in HeLa ceils (Figs. 3.23By 3.27), although 

GHF-l/Pit-1 stimulateci CS promotei activity in the absence of enhancer sequences in both 

placental JEG-3 and non-placentavnon-piniitary HeLa cells (Figs. 3.23A. 3.27, 3.28, Fox 

et al. 1990; Ingraham et al. 1988). Furthemore, it was shown that TEF-1 down-regulates 

SV40 enhancer and CS-B enhancer activities afta transfecton (Xiao et al, 199 1; Ishiji et al. 

1992; Hwang et al. 1993; Jiang and Eberhardt, 1995; 1996; Talcahashi et al. 1995). 

Although it has been suggested that TEF-5 repressês CS-B enhancer activityy no data for, 

or about the nature of this repression was reported (Jacquanin et al. 1997). 



The squelching effect was assumed to be due to titration of one or more general 

transcription factors (Brou et al. 1993; Ishiji et al. 1992; Hwang et al. 1993; Orphanides et 

al. 1996; Xiao et aI. 199 1). However, it was reported that TEF-I can repress any promoter 

independent of the presence of its binding site, by titrating the TATA-binding protein 

(TBP) or TBP-associated factors (Brou et al. 1993; Jiang and Eberhardt, 1995; 1996). It 

was shown that the C-terminal region of TEF- 1 interacts with TBP (Jiang and Eberhardt, 

1996). Furthemore, many examples, including Dr1 (Yeung et al. 1994), p53 (Chen et al. 

1993; Fanner et al. 1996; Chesnokov et al. 1996; Sang et al. 1997). even skipped (Um et 

al. L995; Li and Manley, 1998), glucocorticoid receptor (Meyer et al. 1997), adenovims 

E 1 A (Song et al. 1995; Parker et al. 1997), human papilloma virus E7 (Massirni and 

Banks, 1997), Msx-1 (Zhang et al. 1996), Knippel (Sauer et al. 1995), human 

cytomegalovinis XE2 (Lang and Stamrninger, 1994) and human T-ce11 leukemic virus Taxl 

(Caron et al. 1993) were reported to exert transcriptional repression on either homo (in the 

presence of a binding site) or hetero (in the absence of a binding site) activators by 

squelching away the TBP and other general transcription factors (GTFs). How these 

interactions give rise to a negative regulation is still not clear. Recently, Natesan et al 

(1 997) proposed that transcriptional squelchhg can be overcome by integrating the target 

genes into cellular chromatin, thus limiting the transrepression to only episomal target 

genes. 

However, it was suggested that CSEF-1 was actually 'the CS-B enhancer bindiag 

factor and was responsible for stimulatory activity, whereas TEF-1 was the general 

transrepressor (Jiang and Eberhardt, 1995; 1996). Furthemore, it was also observed that 
- CSEF-1 was present even in monkey kidney, COS-1, cells and hence, was able to 

stimulate CS-B enhancer activity in these cells (Jiang and Eberhardt, 1995). Therefore, 

given the possibility that CSEF-1 could represent a breakdown product of TEFs 

(Sacquemin et al. 1997), it was interesthg to determine any role for tnmcated TEF proteins 

in transcriptional regulation in various cells. 



4.5. Role of truncated TEF proteins in transcription 

4.5.1. Identification of a BeLa cell-specifie activator domain in TEE4 

As discussed earlier, TEFs are also present in tnincated forms in the cell, but their 

apparent fûnctional relevaace is not known except for the CSEF-1 which is yet to be 

isolated, characterized and to be confimeci as a TEF related protein. Truncated versions of 

TEF- 1 and TEF-5 cDNAs, including TEF-IAC, TEF-SAC (long), TEF-5AC (short), TEAl 

and TEAS were generated and assessed for function. The inauence of these proteins on 

CS-A promoter with CS-B enhancer sequences was studied by transient transfections in 

HeLa and JEG-3. 

Initially, 2 pg of either TEF- LAC, TEF-SAC (long) or TEF-SAC (short) expression 

vector dong with 10 pg of CS-Ap.CAT.Enh per LOO mm culture dish were transiently 

transfected into JEG-3 and HeLa cells. Analysis of CAT gene expression revealed that the 

C-terminus deleted TEFs also downregulated the stimulatory activity associated with the 

CS-B enhancer in JEG-3 cells (Fig. 4.8A; n=3-6, p<O.05). This negative regdation was 

similar to that seen with full-length TEFs in ail cells (Figs. 4.6A, 4.7A). [nterestingly, the 

TEF-1AC protein in HeLa cells positiveIy upregulated the CS-A promoter several fold, 

suggesting the presence of an activation domain between aa 2 and 166 in TEF-1, which is 

HeLa cell-specific (Fig. 4-88, n=3, pcO.05). However, both the TEF-SAC (long) and 

TEF-SAC (short) did not show similar enhancement to that seen with TEF-LAC (Fig. 

4.8B; n=3-6). 

Fig. 4.8. Overe~pression of truncated forms of both TEF-1 and TEF-5 
repress the stimulatory activity associated with the CS-B enhancer in JEG3 
ceiis, whereas truncated TEF-1 is a potent aetivator of CS-A.Enh in HeLa 
ceiïs. Approximately 1.0 x 1O6 JEG-3 or 0.5 x IO6 HeLa cells per 100 mm culture dish 
were transfected with 1 O pg of CS-Ap.CAT.Enh (CSEnh) dong with 2.0 pg of either 
TEF-1 (TEF-LAC) or TEF-5 (TEF-SAC long (L) or short) (S)) truncated constructs. In 
JEG-3 cells, al1 enincated forms TEF-LAC, TEF-SAC (L) or TEF-SAC (S) significantly 
downregulated the CS-B enhancer activity (n=34, p<0.05). In HeLa cells, only TEF-LAC 
enhanced the CS-Ap.CAT.Enh activity by several fold (n=3, p<O.OS). Forty eight hours 
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after transfections, cell extracts were prepated and assayed for CAT gene expression. The 
mean value in CAT unis per miIligram of protein is shown and was deriveci nom at least 
three determinations. Error bars indicate standard emr of the mean. (Note: The CAT 
values obtai-ned by overexpression of TEF-SAC (S) were not shown as both TEF-SAC (S) 
and TEF-SAC (L) showed similar effect in JEG-3 as weU as HeLa ceiis). 

HeLa 

4.5.2. Differentid regulation of the CS-A promoter with or without the CS- 

B enhancer sequences by TEF-1AC in HeLa cells 

The above results indicate that the C-te&us deletions of TEF-1 and TEF-5 have 

differentid transactïvation hctions in HeLa cens. However, to examine whether the TEF- 

1AC activity is dependent on the presence of TEF binding sites, M e r  transient 

transfections in HeLa ceus m e  done using CS-A-CAT and CS-A.CAT.Enh constructs 

along with the ïEF-I AC expression vecm Analysis of CAT gene expression revealed an 

exciting result. The inactive CS promoter was activated by several fold by over expressing 
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the TEF-1 AC (Fig. 4-91. hterestingly, the tnincated TEF-1 AC stimulated the CS promoter 

dmost 3.5 fold more than that of the CS promoter with enhancer sequences (Fig. 4.9; 

n=4, pcO.05). These results suggest that the HeLa-specific transactivation associateci with 

the TEF-1 AC does not require a TEF binding site. Fmther experiments to characterize the 

TEF-IAC were performed using the CS-ACAT construct, 

Fig. 4.9. Transactivation of CS-A 
promoter by LEF-1AC in H e u  ceils 
does not require TEF-1 (consensus) 
DNA elements. Approximately 0.5 x IO6 
HeLa cells per 100 mm culture dish were 
transfected with 10 pg of CS-Ap.CAT 
( C S ) O r CS-Ap.CAT.Enh (CSEnh) 
dong with 2.0 pg of TEF-IAC construct. 
Forty eight hours after transfections, ce11 
extracts were prepared and assayed for CAT 
gene expression. CS-A promoter was 
activated by several fold upon 
overexpression of TEF-IAC both in the 
presence or the absence of CS-B enhancer 
sequences (n=4, p<O.OS). The mean vaIue 
in CAT units per milLigram of protein is 
shown and was derived fbm at least four 
detenninations. Erra bars indicate standard 
error of the mean. (A DNA fiagrnent 
containhg nucleotides nom -496 to +l of 
the CS-A gene was used as CS-Ap and a 
240 bp fiagrnent was used as an CS-B 
enhancer) . 

4.5.3. Dose-dependent activation of  the CS-A promoter by TEF-lAC in 

HeLa cells 

Activation of the CS-A promoter to such a high level by a tnmcated TEF4 protein 

in HeLa cells is very interesthg as this promoter is either not or sometimes v e y  weakly 
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active in HeLa and placental c e k  and needs an enhancer to be active in placental cells. In 

the previous e$perïment, expression of 2 pg of TEF-IAC &ted in high levels of CS-A 

promoter activity in KeLa cells, which is uncharacteristic of the CS-A promoter. This 

prompted an investigation of whether th-s activation was dose dependent. Transient 

hansfections were repeated in HeLa cells using simiIar conditions as describeci above, but 

using different amounts (0.5, 1 .O, 2.0 and 5.0 pg) of the TEF-LAC expression vector for 

cotransfection. As indicated in Fig. 4-10, the CS promoter activity in HeLa ceLL was 

dependent on the amount of TEF-LAC ( ~ 3 ,  p<O.05), This M e r  confïrms the earlier 

result that a potential transactivation domain exists between aa 2 and 166 in TEF-1, which 

is HeLa ceU-specinc. It should also be noted that CS promoter activation was io t  due to 

subtle changes in the concentration gradient of the nransCnption factors assesd, based on 

the dose dependent activation observe& 

Fig. 4.10. Dose-dependent 
activation of CS-A promoter by 
TEF-1AC in HeLa cells. 
Approximately 0.5 x 106 HeLa cells per 100 
mm culture dish were transfected with 10 
pg of CS-Ap.CAT (CS) dong with 0.5, 
1.0, 2.0 and 5.0 pg of TEF-LAC construct. 
Forty eight hours after transfections, cell 
extracts were prepared and assayeti for CAT 
gene expression. The mean value in CAT 
units per mifigram of protein is shown and 
was derived from at least three 
detenninations. Emr bars indicate standard 
error of the mean. Amounts of TEF-1AC 
constmct used is indicated in parenthesis. 
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4.5.4. The TEF-1 activation domain from aa 2 to 166 possesses promoter- 

specificity 

This surprising result of activation of the CS promoter in a TEF site independent 

manner might be due to generation of a non-specific transactivator in the fonn of TEF-l AC. 

This positive effect could be due to the influence of tnuicated TEF-L (EF-LAC) on g e n d  

transcription factors (GTFs). Hence, the influence of the TEF-IAC region on the 

îranscnptional activity of SV40 and TK promotea was tested dong with CS promoter in 

HeLa. JEG-3 and GC cells. Interestingly, only the CS and TK promoters were activated by 

this region in HeLa celIs, whereas a down-regulation of SV40 promoter actiYity was 

observed in the presence of TEF-I AC Fig. 4.1 1 A, n=3-6, p<0.05). However, none of 

these promoters were activated by TEF-1 AC in JEG-3 and GC cells. Indeed, ai l  promoters 

were downregulated (Figs. 4.1 1 B, C). 'ïhese results suggest that there is not only a c d -  

specific, but also a promoter-specific effect of TEF-LAC. 

Charaçterization of the hctionality of the different domains of TEF-1 was carrieci 

out by Hwang et al (1993). In these experiments, the influence of the different TEF-1 

deletion mutants was determined in terms of their ability to interfere with the activity of the 

endogenous TEF-1 on the stimulated expression of a hybrid CAT gene- This hybrid CAT 

gene was under the influence of TK promoter with eight TEF-1 bindhg sites (Hwang et al. 

1993). It was concluded that with the exception of the full-length and mutants containhg a 

C-texminal region nom aa 402 to 426, none of the other C-terminus deleted mutants 

interfered with the endogenous TEF-1 stimulatory activity (Hwang et al. 1993). 

Surprisingly, a mutant with deletion of the TEA-DBD, interfered with endogenous TEF-1 

stimulatory activity, suggesting site-specific DNA binding by TEF-1 is not required to 

influence transcription (Hwang et al. 1993). Our assays using only TEAl and TEAS 

expression vectors, which encode ody the TEA-DBDs of TEF- 1 and TEF-5, respectively, 

did not show any influence on the transcription of CS, SV and TK promoters (data not 

show). The TEA-DBDs of TEF-1 and TEF-5 have only one amino acid difference at 

amino acid position 100 and this reflects a conservative change involving lysine to arginine 
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residues (Jacquemin et al. 1997). HoweverF the TEA-DBD domain was still able to bind to 

DNA (Hwang et al. 1993). Furthemore, it was also shown that üie s d o p e d  (sd) gene 

whose TEA-DBD dîffers by ody a single amino acid fiom that of TEF-1, did not 

efficiently bind to the TEF site in vitro, although it was suggested that DNA bin'dhg is 

rnoduiated by other regions ofTEF-1 (Hwang et ai. 1993). The efféct of TEAl or TEAS on 

CS-B enhancer activity has not been studied- 

Fig. 4.11. TEF-IAC transactivates CS-A and TK promoters but mot SV40 
promoter only in HeLa cells. ApproxhateLy 0.5 x 10' HeLa or GC and 1.0 x l(r 
JEG-3 ceus per 100 mm culture dish were transfecteci with 10 pg o f  CS-Ap.CAT (CS), 
SV40p.CAT (SV) or TKp.CAT (TK) dong with or without 2.0 pg of qF-LAC 
construct, Forty eight hours afta transfections, ceil extracts were prepared and assayeù for 
CAT gene expression. Both CS-A and TK promoters were transactivated by TEF-lAC 
(n=3-6, p<0.06). The mean value in CAT UT.& per millignim of protein is shown and was 
derived fiom at lest three detenninations, Emr bars indkate standard error of the mean, 

Effect of TEF1 AC on CS, SV, TK promoters 
in HeLa cells 



CAT Unitshng protein 
O ô 8 8  

CAT Unitshng protein ! 



This could be one possible explmation for the difference in transcriptional influence 

seen between TEF-1 and TEF-S. Afthough, the TEF-1 and TEF-5 have a highly conserveci 

TEA-DBD, there are amino acid sequence differences in the aa region I - L66 which codd 

be responsible for the HeLa cell-specific and TEF-1-specific activation domain (Fig. 4.12, 

Jacquernin et al. 1997). Using heterologous DBD fused to different regions of TEF-1, 

three regions of TEF-1 were shown to contribute to its activation bc t ion ,  but 

interestingly, none of these regions were shown to function as autonomous activahg 

domains (Hwang et al. 1993). The resdts of our study show that the region comprishg aa 

2-166 of TEF-l c m  hct ion not ody  as an autonomous activation dom* but also in a 

site-independent manner* as weil as a ceIl-specinc and probably promoter-specific manner. 

Recently it was suggested that transactivation h c t i o n  can be ceU-specific and t6is is 

detemiined by the availability of ceII-specific factors interacting with the transactivation 

domain (Corton et al. 1996). 

The promoter-specificity of TEF-1 AC observed in these shidies only in HeLa cells 

could be explained by the possible differentïal interaction between the basal core promoter 

factors and activation domains on TEF-LAC. The basal core promoter composition of 

mammalian genes is highly variable; some contain TATA boxes, some contain initiator 

(Inr) elernents, and others contain both or neither of these basai elements. TATA-conaining 

and Lnr-containing core promoters direct transcription initiation by sllnilar rnechanisrns. 

They both use the TFIID complex, which contains TBP and TAFs (reviewed by Roeder, 

1996). In spite of this similarity, there are strikïng differences in relative strengths of each 

type of promoter and their response to different activators (Emami et al. 1995). 

Furthemore, different activation domains in the activators stimulateci the TATA-containing 

and Inr-containing core promoters differentidy, suggesting that the core promoter structure 

found in a given gene may reflect a prefmence of the regdators of that gene (Emami et al. 

1995). However, the transcription initiation complex has now been shown to exist as a 

'holocomplex', containhg as many as 42 polypeptides, which include RNA polymerase II, 

the GTFs. CO-activators, negative regulators and chromath rernodelling factors (reviewed 

by Bjorkfund and Kim, 1996). One of the TAFs in Drosophila, dTAFK1 50, recognizes the 
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1n.r element (reviewed by Verrijzer and Tjian, 1996)- However, Inr element recognition is 

facilitated by other DNA-binding protek, including W 1 (Seto et al. 199 l), TFiT-I (Roy et 

al. 1993), and USF (Du et al. 1993), suggesting their possible role in differential 

modulation of a partïcular gene core promoter. The proximal elements, including the TATA 

box and the Inr element Iocated between nucleotide -15/+l of the CS promoter are 

necessary for full basal and CS enhancer-associateci stimulatory activity (Jiang et al. 1995). 

Interestingly, this Inr element was shown to be recognized by different factors in a tissue- 

specific manner (Jiang et al. 1995). A 70 kDa protein was found in placental cells, whereas 

a minor 70 kDa and two major 30 and 20 kDa proteins were bound to the Inr element in 

GC cells (Jiang et al. 1995), indicating a differentid role for these factors in regdating the 

CS promoter activity in these two ceil types. Although we do not know the nature of HeLa 

cell-specific proteins recognizïng these elements, we c m  speculate, in view of the present 

results obtained with the truncated TEF-I (TEF-1AC) activation domain, that there may be 

a tissue-specific factor recognizing the Inr element, and this protein may be respoosible for 

this TEF-1AC-associated stimulation of transcription seen with the CS-A and TK 

promo ter% 

In the TEF-1 protein, the region containing aa 1 to 45 is very rich in serines (9145) 

and acidic (1x45) residues, whereas the region between aa 143 and 204 contains 16 

prolines making it a proline-rich domain (Table. 4, 1) 

Table. 4.1. Structural features of TEF-1 protein 

a a residues Structural feature 

2-45 Serine rich region 
2 1-44 Acidic region 
30-97 TEA-DBD 
55-121 Basic region 
143-204 Proline rich (1 6/42) region 
167436 Transactivaîing domain 
300-328 Serinelthreonine and tyrosine rich region 
402-4 1 9 Putative Zinc-finger domain 

- 



The equivalent regions from TEF-I and TEFd possess amino acid differences, 

particularly in the nurnber of serines and acidic amino acids (Fig. 4.12). Certain amino 

acid-rich regionq such as glutamine-rich, acidic (aspartic- and glutamic acid-rich) domains 

and proline rich-regions in many transcription factors were shown to contribute to 

activation function. There are many classical transcription factors that fa11 into these 

categones. These include, glutamine-rich regions in Sp 1 (Courey et al. L 988, 1989), Oct- 1 

and Oct-2 (Tanaka and Hem, L990), OTF-2 (Gerster et al. 1990), HNF-1 (Raney et al. 

199 1); acidic domains in GAL4 (Gill and Ptashne, 1987), glucocorticoid receptor 

(Danielsen et al. 1987), JUN ( S t d , ,  1988), VP 16 (Cress and Trienzenberg, 199 l), Oct- 

2 (Tanaka and Herr, 1990), PU.1 (Fisher et al. 1998; Klemsz and Maki, 1996); and 

proline-rich residues in NF-1/CTF (Memiod et al. 1989), AP-2 (Williams and Tjian, 

1 99 1 ), GHF- I /Pit- 1 (Theili et al. l989), Oct-2 (Tanka and Hem, 1 990) and HNF- 1 (Raney 

et al. 199 1). Therefore, the proline-rich and acidic regions in the TEF- 1 protein may 

contribute to the transcriptional activation hction of TEF- 1. Furthemore, the presence of 

serine-rich residues, which are potential sites for phosphorylation, rnay also play an 

important role. The phosphorylation state of TEF-I was not characterized, but 

phosphorylation of many transcription factors such as AP- I and CREB, was shown to play 

a crucial role in transcription (reviewed by Karin and Smeal, 1992). Probe-rich regions of 

NF-IKTF were shown to interact with histone H3 a d o r  oligomers of histones H3 and 

H4 both in transiently or stably transfected mammalian cens, and this interaction was up- 

regulated by TGF-beta in vivo, thus regulatïng gene expression (Aievizepoulos et al. 

1995). Sometimes synergistic activation of transcription in a cell-specific manner occurs 

through cooperative interaction between two different activation domains present on the 

same transcription factor (Tanaka et al. 1994). Furthexmore, it was suggested that a 

species-specific interaction of the activation domain of an activator with the TBP correlates 

with the ability of the activator to activate transcription (Emili et al. 1994). However, a 

homopolymer of as many as 10 to 30 glutamines or about 10 prolines is sufficient to 

activate transcription to a maximum in ceil transfections (Gerber et al. 1994). 
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Fig. 4.12. Amino acid sequenee cornparison behveen TEF-1 and TEF-5 
factors. (A) Region N-terminal (a a residues 1129); (B) region C-terminal (a 
a residues 102/166 for TEF-1, 102fL72 for TEF-5) to the TEA-DBD were 
shown. (:::) denotes similarity in sequence and ( O - )  is introdueed to 
enhance the simitarity. Acidic (Glu and Asp), Ser and Pro residues in TEF- 
1 factor are undertined. 

A. Amino acids 1-29 

TEF-I Giu Asn Met Glu Arg Met Çer Açp Ser Aïa Açp Lys Pro, 
TEF-5 ::: Ala Arg ::: Asp Glu Pro Glu Gly Leu  ::: ::: G l y  

TEF-1 Ile Ass Asn 
TEF-5 Leu r:: ::: 

B. Amino acids 102-166/172 

TEF-1 S e s  Arg Aça Phe His Ser Lys Leu Lys --- --- --- --- 
TEF-5 Val ::: Glu Tyr G l n  V a l  G l y  Ile ::: 

TEF-1 G l u  Gln Thr Ala Lys L y s  Aia Leu G h  His Met Aïa 
TEF-5 ::: ::: Val Ser ::: ::: ::: ::: ::: ::: S e s  ::: ::: 

TEF-1 Ala Met Ser Ser Ala Gin Ile Val Ser Ala Thr  f i a  Iïe 
TEF-5 S e r  ::: ::: ::: ::: ::: ::: ::: ::: ::: Ser Val Leu 

TEF-1 His Asn Lys Leu  Gly Leu  Pro G1y --- Ile P r o  Arg Pro 
TEF-5  ln ::: ::: Phe Ser Pro P r o  Ser Pro L e u  ::: G i n  Ala 

Thr Phe Pro Gly Ala Pro Gly Phe Trp Pro Giy --- Met 
Val ::: Ser Thr Ser Ser Arg ::: ::: Ser Ses P r o  P r o  

TEF-1 Ile Gln Thr Gly G l n  Pro 
TEF-5 L e u  Leu  G l y  G l n  ::: ::: 



Using the truncated form of TEF-1, a potentid activator function was observed, 

which is a novel phenornenon, strongly suggesting the participation of acidic and serine- 

nch and part of the proline-rich regions in this tùnction- A region of TEF-1 containing the 

sequences fiom aa 135 to 426 was shown to contain the strongest capacity to bind TBP 

(Jiang and Eberhardt, 1996) and this bindîng seerns to be responsible for squelching of 

TBP and subsequent transrepression by TEF-1 (Jiang and Eberhardt, 1996). However, 

according to Hwang et al. (1 993) the mutant TEF-1 protein fiom aa 1 to 402 did not self- 

interfere with endogenous TEF-I stimulated transcriptional activity, suggesting the 

presence of a putative inhibitory domain in the region containhg aa 403426 of TEF-1. 

Interestingly, a region from aa 343426 of TEF-1 did not bind to TBP (Jiang and 

Eberhardt, 1996) suggesting this region rnay not be responsible for negative transcriptional 

regulation. Thus, these two studies did not explain the possibIe mechanisrns involved in 

~ransrepression by TEF- 1. However, although these studies were perforrned with TEF-1, 

Hwang et al (1993) used HeLa ceUs whereas Jiang and Eberhardt (1996) used placental 

cells, raising the possibility of tissue-specific regulatory mechanisrns associated with TEF- 

1 fùnction. 

We know some of the target genes that are transcriptiondy regulated by TEFs, but 

there may be more genes that respond to TEFs in a cell, and some of these target gene 

products may in tum regulate TEF activity. This regulation might not exist in a 'homal" 

situation, but is only recapitulated when the equilibrium is disturbed by overexpressing the 

exogenous TEFs. These changes seems to have an adverse effect only on naked DNA 

ternplates and are independent of a DNA bindùig site. This mechanism could be applicable 

to al1 activators which have been shown to have a squelching effect. The squelching was 

observed only when higher doses of activator-expression vectors were used and the 

transrepression was specific-binding element independent (Hwang et al. 1993). AU vecton 

used so far in transient transfections to express the TEFs in cells possess very strong 

promoters of virai ongin. Hence, transrepression was observed following overexpression 

of either TEF-1 or TEF-5 in JEG-3, JAR, HeLa and GC cells. A possible mechanism 

responsible for the HeLa cell-specific transcriptional activation by TEF-1 AC is not clear at 



present. However, it is possible. that in each of the cells there is a specific target gene 

regulating the fünction of an activator, but that this inhibitor is expressed only at certain 

conditions such as overexpression of the activator. Once these inhibitor proteins are 

expressed, they may bind to different regions of the activator and inhibit both the 

endogenous and the exogenous activator proteins. This inhiiition is refiected in negative 

regulation of the activator-dependent transcription on a naked DNA template. In the case of 

HeLa cells, the inhibitor protein might be binding to the C-terminal region of TEF-1. 

However, TEF-LAC, which itselfis a potent activator, may not be able to upregulate the 

inhibitor in HeLa cens. Altematively, activation ofan miil'bitor by TEF-LAC d l  occurs, 

but the &'bitor may not bind to TEF-IAC, because the C-teminal domain is deleted. 

Recentiy, a mechanism for the regulation of transcriptional response to heat shock was 

proposed (Shi et al. 1998). In heat shock, the heat shock factor 1 (HSFL) transcription 

factor is converted to an active form and this results in elevated expression of the heat 

shock proteins (HSP7O and HDJ1). These proteins in turn bring rapid attenuation of this 

response by binding directly to the activation domain of HSF1, resulting in inactivation. 

(Shi et al. 1998). In paralleI, repression was observed with TEF-1 in al1 cells, and this 

effect could be due to the presence of an inhibitor protein. It is possible that like HSPs, 

which are targets of HSF 1, the inhi'bitor could be a target gene for TEF- 1. In fact, a HeLa 

ceLl factor (NEF-1) was identified which negatively regulates transcriptional activation in 

vitro by TEF- 1 (Chaudhary et al. 1995). However, the nature and achial identity of NEF- 1 

is yet to be determined. 

4.6. Possible implications of transcriptional activators like TEF-1AC 

Chromosomal translocations of genes and especially transcription factors and ce11 

cycle regulators (BCL-1, BCL-2, cyclin Dl,  ETS, MYC, PAX, ERBL, FGFRl, MO2 and 

CBP) are characteristic of neoplasia of many ce11 types and particularly in luekaexnias 

(reviewed by Heerema, 1998 and references therein; Roth, 1996; Borrow et al. 1996). 

These translocations result in the generation of completely new types of fusion proteins 

possessing regulatory domains of transcription factors. These fusion proteins with newly 



acquired transcriptional characteristics may lead to aberrant expression of several genes 

including oncogenes and, hence tumorigenesi-S. An example of this mechanism is the h- 

fiame MOZ-CBP fusion transcripts combïning MOZ zinc finger motifk and a putative acetyl 

transferase domain with a largely intact CBP, suggesting the MOZ-CBP fusion protein 

could mediate leukamegenesis via aberrant chmatin acetylation (Bomow et ai, 1996)- It 

is tempting to speculate that the tnincated fom of TEF-1, the ïEF-LAC, with its high 

transcriptional activation finction, might play a role in tumorigenesis, similar to that of 

MOZ-CBP- The TEF-1AC may aberrantly transactivate some of the oncogenes. 

Furtherxnore, the transactivation hction of TEF-LAC is HeLa celi-specinc and these cells 

were originally isolated nom a human cervical epitheliai ce11 carcinoma, Further studies to 

decipher the mechanism of this transactivation associated with TEF-LAC and detection of 

the transcriptional activators interacting with the TEF-LAC protein in HeLa cells could be 

very infoxmative. Another interesthg aspect would be to identify the endogenous target 

genes, including GWCS genes, for their activation in HeLa cells ~raasfected with TEF- 

IAC. This will help to answer the question about the role of TEFIAC at the chromatin 

level as well as reveal whether this kind of activator c m  overcome chromatin-associated 

repression. 

4.7. Naturally occurring truncated forms of transcription factors 

Many naturally occurring tmncated or shorter versions of several transcription 

factors have been identified. Examples include Spl @riggs et al. 1986; Persengiev et al. 

1 999, NF- 1 B (Liu et al. 1997), nuclear receptors such as xFFlrA (Ellinger-Ziegelbauer et 

al. 1995), N u l  (Castille et al. 1998), and Stat6 (Patel et al. 1998). However, many of 

these truncated proteins, although exhibiting similar DNA binding e t i e s ,  possess less 

activation potential, or formed complexes with their full length couterparts and had a 

negative effect on transcription. At present we do not know whether TEF-LAC is a 

naturally occurring truncated fom of TEF-1 factor. Identification of different splice 

variants of TEFs in several ce11 types (Xiao et al. 1991; Jacquemin et al. 1996a, Jiang and 

Eberhardt, 1997) suggests the possible existence of tnincated f o m  of TEFs in a cell. 



CHAPTER 5 

5 . 1  CHARACTERIZATLON OF FAR-UPSTREAM AND FAR- 

DOWNSTREAM SEQUENCES OF THE HUMAN GROWTH HORMONE 

GENE FAMILY ON CBROMOSOME 17 

5.1.1. introduetioa 

The human growth honnone/chorionic somatomammotropin ( G E $ )  locus 

consists of five genes spanning 46,728 base pairs (bp) (Chen et al., 1989) on chromosome 

17q22-24 (George et al., 198 1). These five genes are arranged in the same transcriptional 

orientation and are, from 5' to 3', pituitary growth hormone (GH-N), chononic 

somatomammotropin-like (CS-L), chononic somatomarnmotropui-A (CS-A), placental 

growth hormone variant (GH-V) and chorionic somatornammotropin-B (CS-B). The 

GWCS genes share the same genomic organization with five exons and four introns as 

well as high nucleotide sequence similarity (92-98%) in their immediate flanking, 

intervening, and coding sequences (Seeburg, 1982). It is predicted that this gene cluster 

has evolved through a recent duplication of an ancestrai GH gene in primates (Barsh et al., 

L983). The gene cluster is interspersed with as many as 48 repetitive Alu sequences (Chen 

et al., f 989) suggesting a possible role of Alu sequences in the duplication process. Al1 

other mamrnals possess only one GH gene. The significance of this duplication in primates 

is still not clear. Despite the high degree of homology and conserved genomic organization, 

the GH-N gene is expressed specifically in the pituitary while the GH-V and CS genes are 

expressed in the placenta (Chen et al., 1989). It shouId be noted that the CS genes are 

peculiar to primates, and should not be confbsed with the structuralIy distinct placental 

lactogens found in other mammals, which show more similari@ to PRL than GH-N 

(Soares et al., 199 1). 

Efforts to elucidate the mechanisms underlying tissue-specific expression of the 



GHKS genes have focused largely on regulatory elements located in the proximal fianking 

sequences of the GH-N and CS-B genes. It is now clear that regdation of gene expression 

at the chromosomal level can involve DNA elements located at a distance of tens of 

thousands of base pairs @p) fkom its transcription initiation site. These remote sequences 

may be important for d e l h e a ~ g  the boundaries of a gene locus and/or participate in 

exposing regulatory elements located more proximally to the promoter, sucb as those 

responsible for tissue-specificity and enhanced or repressed activities (Grosveld et al. 

1998). Tnus, these remote sequences wouid be expected to play an important role in the 

spatial and tempord expression of a gene or locus. These remote sequences, representïng 

locus control regions (LCRs), are characterked by the presence of altered chromatin 

structure resulting in deoxyribonuclease 1 hypersensitive sites (HSs) (Elgin 1988). 

Aithough these sequences may exist in intergenic spaces, fbrther analysis revealed that they 

can also reside in the exonic or intronic sequences of adjacent genes (Vyas et al., 1992; 

Jones et al., 1995). More recently, nuclease sensitivity assays of chromatin reflecting both 

upstrearn and downstream flanking sequences of human GWCS or rat GH-N genes, 

revealed a series of HSs (Aizawa et ai., 1995; Jones et al., 1995; Kazahari et ai , 1997a)- 

These HSs were shown to either have enhancer activity or comprise a LCR controlling 

pituitary-specific expression of the hGH-N gene (Aizawa et al., 1995; Jones et al., 1995). 

Characterization of the upstream regions flaukuig the GH-N genes led to the identification 

of the skeletal muscle-specific sodium channel a-subunit (SCN4A) gene and B- 

lymphocyte-specific CD79b gene both in the human (Bennani-Baiti et al. 1995; 1998a) and 

rat (Kazaharï et al. 1997a; Nakazato et al. 1998) genomes. Furthemore, the HSs of the 

hGH/CS gene LCR were contained in or associated with these genes (Jones et al. 1995; 

Bernani-Baiti et al. 1995; 1998a). Clearly identification of gene Loci that are adjacent to a 

particular gene locus of interest can provide essential information. The presence of 

sequence information in one gene influencing the expression of a gene immediately 

upstream or downstream, suggests a physical Linkage between these gena. 

The hGWCS LCR is comprised of five (1-V) HSs of which HS 1 and II are 

pituitary-specific and HS IV i i  placenta specific, whereas HS III and V are present in both 



tissues (Fig. 1.8; Jones et al. 1995). Although the role ofthe LCR, specifically of the HS I 

and II regions in the piniitary-specific regulation of expression of GH-N gene as an 

enhancer was characterized in vivo using transgenic mice, no sequence information 

including the DNA-elements and their correspondhg factors responsible for the creation of 

HSs in a pituitary-specific manner was made available (Jones et al. 1995). The sequence 

information of this region is very valuable and necessary to understand the underlying 

mechanism to study the enhancer activity associated with these HS regions. Furthermore, 

the role of placenta-specific HS IV as well as ubiquitous HS III and V regions and their 

sequence information was not available. However, approximate locations of these HS 

regions were detennined (Jones et al, 1995)- The HS 1 and II were localized to a 1.6 kb 

BgfII fiagrnent which coordinates at -14.5 and -15.4 kb, whereas HS III to V were 

localized at coordinates -275 and -32.5 kb relative to GH-N transcription start site (Jones 

et al, 1995). Further studies fiom the same laboratory reveaied that the HS I and II were in 

the vicinity of 5'-flanking sequences of the B-lymphocyte-specïfic C079b gene (Bennani- 

Baiti et al. l998a). whereas HS III to V were localized to the intronic sequences of the 

skeletal muscle-specific sodium chamel a-subunit (SCN4A) gene (Bennani-Baiti et al. 

1995)- 

In contrast to upstream sequence, those downstream of the GH-N gene have 

received relatively less attention. Duplication of the GH-N gene in primates resulted in the 

insertion irnmediately downstream of four placenta-specific genes (GH-V, CS-A, B and L) 

(Barsh et al. 1983). A placenta-specific HS was also identifid 24 kb downstream of the 

CS-B gene, but was not characterized (Cooke and Liebhaber, 1995). In the equivalent 

regions downstream of the rat GH-N gene, less cell-specific HSs were observed (Kazahan 

et aI. 1997a). Further analysis of these HS regions led to the identification of BAF6Ob and 

Sug-l/TRIP-1 genes downstrearn of the rat GH-N gene (Kazahari et al. 1997b; Nomoto et 

al. 1997). 



5.1.2. Objective 

With a view to characterïze the sequences both far-upstrream and fatdownstream of 

the human GWCS locus, Pl clones containing hGH/CS genomic sequences as well as 

both upstream and downstream sequences were isofated and analyzed- It was hypothesired 

that the sequence information obtained by characterizing these clones will help to determine 

the mechanisms involved in LCR fiinction as welI as the role of hGWCS downstream 

sequences- 

5.1.3. Isolation and cbaracterization of P l  clones 

5.1.3.1. Isolation of the Pl clone containing GH sequences 

A Pl library containing human genomic DNA was screened by polymerase chain 

reaction (PCR) using a 160 bp fiagrnent generated with the pnmers, 5'- 

CAGCCTCTGATCTCAAGG AAG-3' (co~~esponds to nucleotides 203712057; 865 11867 1 

and 45890/45910 of the hGWCS locus sequences according to Chen et al. 1989) and 5'- 

GTGGGGTTGAGGACGATCAC-3 ' (corresponding to nucleotides 2 l77/2 196; 

879 1/88 10 and 46030/46049 of hGWCS genes). Three P 1 clones (P 1-1, P 1-2 and P 1-3) 

were obtained (Genome Systerns Inc., St. Louis, MO, USA), 

5.1.3.2. Determination of boundaries of the human genomic inserts in the 

P l  clones 

P 1 DNA was prepared according to suppliers instructions as described in Materials 

and Methods. Partial sequencing of the P l  clone was done using T7 (5 ' -  

CCGCTAATACGACTCACTATAGGG-3 3 and SP6 (5'-GGCCGTCGACATITAGGTG 

ACAC-3 ') prima which correspond to sequences flanking the BamH 1 site containing the 

genomic (cloned) fragment. The sequences obtained were searched for similarity in the 

GenBank using the BLAST program (Altschul et al., 1990) and the boundaries were 



determined. Furthetmore, the P 1 clone DNAs were digested with BamHI or EcoRI and 

blotted ont0 nitroceilulose membrane and probed with the hGH-N cDNA probe as 

described in Materials and Methods- These resuIts further confirmeci the GWCS genomic 

sequences in the inserts, 

It was generally believed that P 1 clone genomic Iibraries contain approximately > 

70 to 80 kb inserts. As s h o w  in Fig. 5-1, the P 1-1 clone contains all hGWCS genes 

except the CS-B gene with one end of sequences ending after GH-V gene sequence, but the 

sequence of the other end of the P l 4  genomic insert revealed a novel region. However, 

Southem analysis of the BglII digested P M  DNA with a 1.6 kb Bgm fkagment 

corresponding to the HSs 1 and II sequenca revealed that this region of the hGH/CS gene 

LCR (Fig. 5.2) and therefore, the CD79b gene is present in the insert- 

The P 1-2 clone genomic insert starts fkom nucleotide 958 1 of GWCS gene locus 

(according to the nucleotide sequence designation in Chen et al. 1989) thus, comprising 

CS-L, CS-A, GH-V and CS-B genes and extending tens of kbs downstream (Fig. 5.1). 

Finally, the Pl-3 clone includes sequences fiom exon 9 (nucleotide 135) of the 

SCN4A gene and extends into the enhancer sequences in the 3 '-flanking region of the CS- 

B gene, thus, comprising al1 components of hGWCS gene LCR (HSs 1 to V) and CD79b 

and GWCS genes and their known regdatory elements (Fig. 5.1). 

For M e r  characterization of LCR sequences as weli as to isolate the HSs regions, 

the P 1-3 clone was used, whereas to map the genes downstream of the CS-B gene and to 

detemine a possible mechanism involved in the formation of the GWCS gene downstream 

placenta-specific HS (3 '-HS), the P 1-2 clone was used. 



Fig. 5.1. Mapping of genomic DNA iserts in the Pt  clones. The PL clone (Pl- 
1, P 1-2 and P 1-3) plasmid DNA was prepared and sequenced using ff and SP-6 primas. 
The partiai sequences obtained Corn each clone were BLAST searched in GenBank - 
Database for secpence similarity. This information was used to map the genomic inserts. 

? v GH-V 

SCN4-A (exon-9) CS-B Enh 

Fig. 5.2. Detection of 1.6 kb BglIL 
fragment containing hypersensitive 
sites (HS) 1 and II of the GWCS 
locus control region @CR) in Pl-1 
clone genomic insert. P 1-1 Clone DNA 
was digested with BglII,  the DNA 
fragments were separated in a 1% agarose 
gel and transferred onto a nitrocelIulose 
membrane. The membrane was probed 
with a radioIabelled 1.6 kb BgAI DNA 
fkagment containing HSs 1 and II. of GWCS 
LCR Lanes: a) undigested P 1-1 DNA and 
b) BglII digested P 1-1 DNA. Â-HiindIII 
digested DNA molecular markers (in kilo 
bases) and the 1.6 kb fiagrnent were 
indicated as arrow heads. 



5.2. THE HUMAN GE GENE FAMILY IS PmSICALLY LINKED TO 

TWO UBIQUITOUSLY EXPRESSED GENES, THE BAF6OB GENE, A 

SUBUNIT OF SWIISNF COMPLEX AND THE TKYROID HORMONE 

RECEPTOR LNTERACTLNG PROTEIN-1 (TRIP-1) GENE O N  

CHROMOSOME 17 

5.2.1. Introduction 

As stated earlier, in rat and hurnan genomes, a physicd Mage among GH-N, 

CD79b and SCN4A genes was observed (Bennani-Baiti et al. 1995; 1998a; Kazahari et al. 

1997a; Nakazato et al. 1998). Based on the location of the GH-N and SCN4A genes on the 

same chromosome 1 I in mouse (Ambrose et al. 1992; Jackson-Gnisby et al. 1988) it was 

thought that these genes are physically linked among several species (Beme-Baiti et ai. 

1995). Recently, the BAF60b and Sug- 1 /proteasorne p45 genes were mapped dowostream 

of the GH gene in the rat and thus suggested that these genes are also physically linked 

(Kazahari et al. 199%; Nomoto et al. 1997). Thus, the SCN4A, CD79b, GH-N, BAF60b 

and Sug-l/proteasome p45 genes are tandemly arranged on the same chromosome with 

Sug-1 being in opposite transcriptional orientation to that of al1 other genes and are 

physically Linked (Kazahari et al. L997a, b; Nakazato et al. 1998; Nomoto et al. 1997). 

However, in primate species, duplication of the GH-N gene resulted in the insertion 

immediately downstream of four placenta-specific genes (GH-V, CS-A, B and 4) (Barsh et 

al. 1983). Thus, it was interesting to analyze whether the insertion of the placental GHs in 

human genome had any effect on the localization of the BAF6Ob and Sug-1 genes 

downstream of the CS-B gene on chromosome 17. In addition, such a study would 

inevitably charactenze sequences in the vicinity of the downstream placenta-specific HS, 

which was shown to be 24 kb downstream of CS-B gene (Cooke and Liebhaber, 1995). 

5.2.2. Objective 

Mapping of genes downstream of the hGH/CS gene locus was done by 



characterizhg the P 1-2 clone. To M e r  extend the sequences downstream of the CS-B 

gene, fiom nucleotide 66,495 (Chen et al. 1989), sequencing of the P f-2 clone was 

performed with a primer corresponding to the 3= end of the GWCS locus. 

5.2.3. Experimental design 

5.2.3.1. Designing of primers for extension of sequence downstream of the 

GH/CS locus 

Primers were designeci to extend the SeQuence of the GWCS locus downstream and 

included: GHP 1,s'-GCACTGCAGGATGGAATTC-3 '; GHP2,S '-GGGCGGACACAA 

GGCAAGAG-3'; GHP3,S'-GCCAATGACTCTGGTGAGGA-3 '; and GHP4,5'-GGCA 

TGGTGATGCGTGCCT G-3'. PCR sequencing was perfonned using the h o 1  

sequencing kit (Promega). 

5.2.3.2. Designing of primers for extension of sequence downstream of the 

TRIP-1 gene and to identifi the BAF60b gene 

Partial sequencing of the P L 2  clone to extend the sequence downstream of the 

TRIP- 1 gene was done using the following primers: TPP4 (5'-GAAGTGAGTGGACAGC 

CTTTG-3 ', nucleotides 1233/1253 in the TRIP-1 cDNA (Lee et ai. 1995) TPPS (5'- 

CCTCAGGCCATGCTAGAGAA-3 3, TPP6 (S'CCAGCAGCAAGGCTGGGCTTGTAG- 

3 ') and TPP7 (5'-GGGGGGCAGAGGAGGCATCTGC-3 '). 

5.2.3.3. Ce11 lines and ce11 culture 

Growth and culturing conditions to maintain the rat anterior pituitary tumor GC, 

hurnan cervical carcinoma HeLa, A ~ ~ C Z U L  green monkey kidney COS-7 cells are describeci 

in the Materials and Methods section. 



5.2.3.4, Isolation of genomie DNA 

Genornic DNA was isolated according to established protocols (Nickel and Cattini, 

199 1). Briefly, cells were washed once with phosphate buffered saline and then harvested. 

The cells were pelleted, resuspended in lysis buffer (1 ml per 10' cells; 10 mM Tris-CI, pH 

8.0, 1 O rnM EDTA, LOO mM sodium chloride (NaCl), 0.5% sodium dodecyl sulfate (SDS) 

with 100 pg/d Proteinase TC) and ïncubated at 55 OC for 16 hours. Genomic DNA was 

precipitated d e r  phenol, chioroform and isoamyl dcohol extraction- Finally the pellet was 

dissolved in 10 rnM TrisCl pH 8.0, 1 mM EDTA b s e r  and the concentration of DNA 

was determined. 

5.2.3.5. Polymerase chah reaction 

Primers were designed based on the sequence information available for the TRIP4 

cDNA (Lee et al., 1995a, b). These included: TPP 1 (5'-GTGACACCCAATTGCCGGGT- 

3 -, nucleotides 34O/3 60 in TRIP- 1 cDNA), TPP2 (5 TITGGGCTGAGCAATGCCCA-3 ', 
nucleotides 55 1/57 1 in TRIP- 1 cDNA), TPP3 (5 '-AAAGGCTGTCCACTCACTTC-3 *, 

nucleotides l 2 W  1253 in TRIP- 1 cDNA). The prima, BAF 1 (5 'GAGCGGGAGTACAT 

CAACTGC-3', nucleotides 1305/1325 in the BAF60b cDNA) and BAF2 (Sr- 

ATGTGCCTGCCTACTGCTI'CC-3 ', nucleotides L 792/l772 in the BAF60b cDNA) were 

designed based on the sequence information available for the BAF6Ob cDNA (Wang et al. 

1996). Polymerase chain reactions (PCR) were done using human genomic (1 00 ng) and 

P 1-2 DNAs, and Pwo DNA polymerase enzyme (Boehrïnger Mannheim, Laval, PQ). 

Initial denaturation was for 4 minutes at 94 OC, followed by 30 cycles with each cycle 

consisting of 90 OC for 30 seconds, 55 OC for 30 seconds and 72 OC for 2 minutes, as well 

as a final step of 72 OC for 8 minutes. 

5.2.3.6. First strand synthesis 

Isolation of RNA fiom ceHs or tissues was describeci in the Materials and Methods 
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section First strand synthesis or reverse transcription of RNA was done using the Gibco- 

BRL kit. For reverse transcription, approxhately 1 pg of total RNA in 1 pl was mixed 

with 2 pl of 5 x RT buufer, L pl of 0.1 M DTT, 1 p l  of Moloney murine leukemia virus 

reverse transcriptase (200 U/@) (MMLV-RT), 2 pl of 2.5 mM dNTPs, 1 pl of random 

hexamer (pdN6; Pharmacia), 1pI of 0.1% BSA, 0.5 pl of RNA guard ( 30 ZIlpI; 

Phannacia) and incubated for 2 h at 37 OC. Canine tracheal smooth muscle RNA treated 

with reverse transcriptase was a generous gift from Dr. N.L. Stephens (University of 

Manitoba, MB). These samples were arnplified by PCR as described above, and the 

products were anaIyzed in 1- IS% agarose gels. 

5.2.3.7. DNA (Southern) blotting 

DNA (Southeni) transfer was descnbed in Materials and Methods. Membranes 

were probed with either the GH-N cDNA (Martial et al., 1979) or a 1.8 kb TRIP-1 gene- 

specific probe generated by PCR using TPP L and TPP3 with P 1-2 DNA, or a 1.1 kb 

BAF6Ob gene-specific probe generated by PCR using prirners BAF 1 and BAF2 with P 1-2 

DNA. Probes were radiolabelled by random priming (Prime-a-gene; Promega Inc) to a 

specific activity of 10'40' c p d p g  of DNA. Hybridilations were carried out in 50% 

formamide solutions at 42 OC for 16 hours. The membranes were washed with O, LX 

SSC/O. I % SDS (20x SSC, 3.0 M NaCI, 0.3 M sodium citrate) at 65 O C  for 10-15 minutes 

and the washings were repeated (2x), before autoradiography. 

5.2.3.8. RNA (northern) blotting 

Fifty micrograms of total RNA was fiactionated in a L.5% formaldehyde-agarose 

gel and transferred ont0 nitrocelidose membrane as describeci in the Materials and Methods 

section. A 23 1 bp hgmeat of the human TRIP-1 cDNA was generated as a probe by PCR, 

using TPP 1 and TPP2 prirners with Pl-2 DNA, and radiolabelled to a specific activity of 

1x109 cpmlpg DNA. Hybridization and washing conditions were as described above. 



5-2.3 -9. Pulse-field gel electropboresis 

Pl-2 DNA was prepared according to suppliers instructions. The DNA \vas 

digested with restriction endonucleases for 16 hours at 37 OC. The restricted hgments 

were separated in a 1% agarose gel in O. 1 M Tris, 0.1 M boric acid and 2 mM 

ethylenediaminetetraacetic acid (EDTA) at 200 rnA with 5 second pulses for 20 hours at 8 

"C . 

5.2.4. Results 

5.2.4.1. The Pb2  clone contains part of the GH gene locus and the TRIP4 

gene 

Partial sequence from both ends of the cloned insert in Pl-2 was obtained using 

SP6 and T7 primers, respectively. These primers complement sequences flanking the 

cloning site in the pAD lOSacBII (P 1) vector. The sequence obtained with the SP6 but not 

the T7 primer consisteci of a region of the GWCS locus. As a result, the upstream end of 

the cloned P 1-2 insert corresponded to nucleotide 9,58 1 using the nurnbering systcm for 

the GWCS locus reported by Chen et al., (1989). Previously, Chen et al. (1989) reported 

the sequence (nucleotides 1-66,495) containhg the five members of the GWCS gene 

fanily. A primer sequence at the 3 '-end of the GWCS locus corresponding to nucleotides 

66,477166,495 was selected to confinn the presence of this DNA in the P 1-2 clone and, at 

the same time, extend the sequence of the locus. Additional primers were synthesized based 

on the sequence generated and, as a result, the 3 '-end of the locus was extended by 1,120 

bp to nucle&de position 67,6 15 (Fig. 5.3; GenBank Accession MF037360). 



Fig. 5.3. Sequence of the DNA downstream of CS-B gene. Pl-Zplasmid DNA 
was prepared and sequenced using prhers GHP 1-4. A total o f  1 120 bases was submitted 
to GenBank Database (Accession #AF037360). 

tttgcccacc 

ccccagcact 

gaccatcctg 

ataagctggg 

gaggcaggag 

attgtgccac 

aaaaaaaaaa 

aaccagagac 

gagaacagga 

caaaagacct 

ccacttggga 

ccagcctgac 

gccaggcatg 

cagagaatca 

tgccattgca 

acaaacaaaa 

ttccctccac 

acatggaatt 

tgagttttct 

agtagtgctg 

tgagttttct 

agtagtgctg 

gacttggcca 

tgaaccacat 

aatcgttgaa 

tgcactccag 

aaaaaaaaat 

ccaaataaat 

aacctgccct 

gtcaattggc 

cttgaaccca 

ctccatcctg 

aaaaactgta 

ctatcatctt 

atggagttct 

ttaagaaggt ctcaattcca ctgggtcctg 

cagttgacca cgcactgcag gatggaattc 

ttaagaaggt ctcaattcca ctgggtcctg 

cagttgacca ctagggactg tccaaactcc 

aatagaaacc tcaaacaact cttccgggac 

cgcctgtaat 

gaggcgggcg gacacaaggc aagagatcaa 

tgaaaccccg tctctattaa aagtactaaa 

cacgctgtaa tcccagctac tcgggaggct 

cccaggaggc agaggttgca gtgagccggg 

cctggcaaca gagccaggac tccatctcaa 

gaaccacata tgccaatgac tctggtgagg 

acagaaccta ttctatctag ttccaggtta 

gaaaaaaaag gttcagacaa ccagacagga 

cgggcggggt ggttcacgct gtcatcctcc 

ggcggatcac ccgaggttgg aagttagaga 

aaacccgtct ctactaaaaa tacaaaatta 

cctgtaatcc agctactcag gaggctgagg 

ggaggcagag gttgcagtga gttgagattg 

ggcaacaaga gtgaaactcg actcaaacaa 

gttaacaagt tagctctgat ttcaccacta 

tcttgagaac ttgaattctc tattagtatc 

Since sequencing suggested that the P 1-2 insert originated at nucleotide position 
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9.58 1 and extended, presurnably. beyond the downstream boundary of the GWCS locus, 

it would be expected to contain the CS-L, CS-A, GH-V and CS-B, but not the pituitary 

GH-N gene. To test this assumption, PL2 DNA was digested with BarnHi and EcoRI, - 
blotted and probed with the GH-N cDNA probe. This probe will detect GH-N, CS-L, CS- 

A, GH-V and CS-B sequences with equal sensitivity due to the 92-98% homology shared 

by these genes (Seeburg, 1982). These digests were used because they were shown 

previously to reveal distinctive patterns reflecting the presence of each individual member 

o f  the GWCS gene family in huma. genomic DNA (Nickel and Cat- 199 1). The pattern 

generated by BamHI digestion showed the presence of four but not five GWCS genes; the 

3.8 kb band associated with the GH-N gene was absent (Fig. 5.4). SimilarIy, EcoEü 

digestion wodd be expected to release two h p e n t s  of 2.9 kb containing the CS-A and 

CS-B genes, and two hgments of 2.6 kb containing the GH-N and GH-V genes as well 

as a single 9.5 kb hgment containing the CS-L gene (Nickel and Cattini, 199 1). The 

intensity of the CS versus GH bands suggested that only one of the GH genes was present 

in the P 1-2 clone (Fig. 5-4). 

Fig. 5.4. Characterization of Pl-2 clone DNA for the presence of humin 
GH/CS gene family members. Pl-2 DNA was digested with BarnHI or EcoRI, 
resolved b y electrophoresis, transferred to nitrocellulose membrane and probed with a 
radiolabelled human GH-N cDNA. The hgment sizes and their (GH/CS gene) identity are 
indicated. Note, the expected 3.8 kb fkagrnent correspondhg to the GH-N gene afier 
BamHI digestion is absent, and the intensity of 2.6 kb GH bands are reduced relative to the 
2.9 kb CS bands after EcoRI digestion- 

8.3- CS-L CS-L 
5.3 + CS-B 

CS-A 

3.0 + GH-V CS-- 
GH-V 

1.2- GH-V 



Cornparison of the P L-2 sequence obtained ushg the T7 primer with the contents of 

EiMBLiGenBank Data Libraries revealed a strüang homology with the human TRIP4 (Lee . 
et al., L995a,b) and the porcine TBP-IO cDNAs (Leeb et al., 1996) as weU as  with other 

SUG-1 homologues fiom rat (Kazaharï et al., 1997b) and mouse (vom Baur et al., 1996) 

(Fig. 5.5). The human TRIP-1 gene was localized recentiy to chromosome 17 (Hoyle et 

al.. 1997). Based on a cornparison of the Pl-2 and human TRIP-1 cDNA sequences, the 

TRIP- 1 gene is located in the reverse transcriptionai orientation relative to each member of 

the GWCS gene cluster on the Long-ami of chromosome 17 (Surabhi et al. 1998). 

Fig. 5.5. Comparison of Pl-2 clone DNA sequence with human TRIP- 
l/SUG-1 cDNA and other homologous genes from different species. P L 2  
clone DNA was sequenced using the T7 primer, and the partial sequaice obtained was used 
to search for similarity in GenBank using the BLAST program. Identical nucleotides are 
represented by (:). 

5.2.4.2. Partial sequencing of the Pl-2 clone revealed the presenee of 

BAF60b gene immediately downstream of the TRIP-1 gene 

A primer (TPP4) corresponding to the 3'-end of the TRIP4 cDNA and 

encompassing the stop codon (Lee et al- 1995a), was used to extend the sequence in the 
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P L -2 clone, downstrearn of TRIP- 1 gene and ïnto the intergenic region that lies between the 

CS-B and TRIP-L genes on chromosome 17 (Surabhi et al. 1998). Based on the sequence 

obtained, three additional primers, TPPS, TPP6 and TPP7, were designed and 975 bp of 

sequence was generated (Fig- 5.6). These sequences were used to search the GenBank 

database using the BLAST program (Altschul et a l  1990) and homology to the BAF60b 

cDNA was detected. Further analysis revealed that the BAF60b gene is in the reverse 

transcriptional orientation relative to the TRIP-1 gene and, thus, in the same direction as the 

GWCS genes. The distance between the plyadenylation sites of BAF6ûb and TRIP-1 was 

detemined to be o d y  93 bp (Fig. 5.6). The distance between these 2 sites in the rat 

genome is 92 bp (Fig. 5.6; Nomoto et al. 1997). An examination of the previoudy reporteci 

sequence for the porcine TRIP-1 (TBP-IO) gene on chromosome 12 (Leeb et al., 1996), 

revealed the presence of the BAF60b gene, again, 93 bp downstrearn of the TNP-1 gene 

(Fig. 5.6). fhus, this sequence analysis of the PL2 cIone has not only helped to map the 

human BAF60b gene precisely between the GWCS gene cluster and TRIP- 1 gene locus on 

chromosome 17, but also the porcine BAF60b gene on chromosome 12 (Surabhi et al. in 

press). 

5.2.4.3. Partial restriction endonuclease mapping o f  the TRIP4  and 

BAF60b genes in PL2 

Although the genomic organization of the porcine TRIP4 homologue, the TBP- 

10126s proteasorne subunit gene, is known, this is not the case for the hurnan TE&'-1 

gene. Based on the available sequence information and cornparisons with TRIP4 

homologues nom different species (yeast SUG-1 and porcine TBP- 1 O), two primers, 

TPP 1 and TPP2, which could ampliS. a conserved 23 1 bp fiagment (conesponding to 

exon 6 in the porcine TBP-IO gene and nucleotides 340157 1 in the human TRIP-1 cDNA) 

were synthesized. A third primer, TPP3, was generated to sequences present in the hurnan 

TRIP- 1 cDNA but in the 3 '-untranslateci region. The TPP 1 primer was used in combination 

with TPPZ or TPP3 to compare the genornic organization of TRIP-1 sequences in himan 

genornic versus P 1-2 clone DNA by PCR, and identical pattems were obtained (Fig. 5.7). 



Amplification with TPPl and TPPZ resulted in a 23 1 bp flagment, whereas TPP l and 

TPP3 gave rise to a 1.8 kb product (Fig. 5.7). To obtain a fiagrnent containing ail the 

TRIP- I coding sequences available in the P 1-2 clone, the TPP3 and T PP2 primers were * 

- 
used for PCR in combination with the T7 primer corresponding to vector sequences. 

Products of 3.9 kb and 2.4 kb were observed with the TPP3 and TPPZ prhers,  

respectively (Fig 5-7). 

Fig. 5.6. Partial sequence of the human BAF60b gene and comparison of 
the region containing the BAF6Ob and TRIP-1 polyadenylation sites in the 
human, porcine and rat genomes. A region (975 bp) of the P b 2  genomic clone 
insert was sequenced and shown to contain both BAF6ûb and TRIP4 gene sequences 
(nucleotides numbered from position 1 to 975). The direction of transcription for the 
BAF6Ob and TRIP- I gens  are indicated with an arrow. The polyadenylation sites for both 
BAF60b and TRIP- 1 are identifieci and underlined. Identical and mismatched nudeotides 
between human (Hum) and porcine (Pig) or rat sequences are indicated by uppercase and 
10 wercase characters, respectively. Colons (:) were inserted in the sequences to increase 
their sïrnilarïty. The numbering for the porcine and rat sequences are as previously reported 
by Leeb et al. (1996) and Nomoto et al. (1997), respectively. GenBank accession number 
for human sequences is AFO68245. 



Similarly, the relationship between the human and rat BAF60b cDNAs suggested 

by their 97% homology at the amino acid level (Nomoto et aL 1997), r a i d  the possibility 

that this similarity would extend to the exon-intron organization between the genes. To 

examine this possibility, two primers, BAF 1 (5 '-GAGCGGGAGTACATCAACTGC-3 ', 

nucleotides 1305/1325 in the hBAF6Ob cDNA) and BAF2 (Sr-ATGTGCCTGCCTACTGC 

TTCC-3 ', nucleotides 1792f1772 in the hBAF60b cDNA) were designed, which would 

map to sequences in exons 8 and 12 in the rat BAF60b gene, respectively (Nomoto et al. 

1997). Based on rat BAF60b gene sequences, the BAH and BAF2 pnmers would be 

expected to ampli@ a 1.1 kb product nom rat DNA by PCR. Assessrnent of P 1-2 clone 

and human genomic DNA both resulted in a 1.1 kb product (Fig. 5.7), suggesting common 

exon-intron organization between the human and rat BAF60b genes, at least for those 

exons and introns Iocated between exons 8 and 12. These resuits also indicated that the 

sequences containeci between exons 8 and 12 in the P L 2  clone are also present in human 

genomic DNA without any gross rearrangement- 

Both TRIP- 1 specific (1 -8, 2.4, and 3.9 kb) and BAF60b specific genomic (1 -1 

kb) Eragments generated by PCR were cut with several restriction endonucleases (Fig. 

5.8). This information was used for M e r  andysis of the P 1-2 clone and genomic DNA 

and an estimate of the distance between the GWCS, BAF60b and TRIP-1 gene Loci. 

5.2.4.4. Both the BAF60b and TRIP-1 genes are mapped to a region +30 to 

+40 kb downstream of the CS-B gene 

We were unable to generate a single DNA band which could be recognized by both 

GH-N cDNA, BAF60b and TRIP4 probes after DNA blotting of the P 1-2 DNA, since use 

of restriction endonucleases, which are known to cut genomic DNA very rarely, gave more 

than one band (Fig. 5.8). DNA (Southern) blotthg analysis of human genomic and P 1-2 

clone DNAs digested with BamHI, Bgm, HindIIi, XbaI and Hi01 was carrïed out using 

either the GH-N cDNA, 1.1 kb BAF60b (PCR-generated) or 1.8 kb TRIP4 (PCR- 

generated) genomic fiagrnent as probes. Some identical bands were detected in P 1-2 and 



Fig. 5.7. PCR analysis of TRIP4 and BAF6Ob genomic seguences. PCR 
was performed with différent combinations of the primas f PP 1-3 as weil as BAFl and 
BAF2 using either human genomic (EG-3 or JAR cell) or P 1-2 clone DNA. The PCR 
products were gel electrophoresed and photographecl. The primer pairs use& the source of 
DNA, and the hgment sizes are indicated. A mixture of UHindII and rnX L74/HaeIII - 
digested DNAs w&e used as markers- 



Fig. 5.8. Partial restriction endonuclease mapping of BAF60b and TRIP-1 
genomic DNA fragments. PCR generated, TRIP-1 (1 -8 kb, 2.4 kb and 3.9 kb) and 
BAF60b (1.1 kb) genomic DNA hgments were digested with BamHC (B), BgfII (G), 
EcoRI (R), KindIIï (H), Xbal (X) and XhoI (O). Afier digestion, the fragments were 
separated in electrophoresis and were photographed. Undigested (U) hgments are also 
shown. A mixture of MindIII and @XL74/HaeIII digested DNAs were used as markers. 

1.8 kb fragment 2.4 kb fragment 3.9 kb fragment 

1.1 kb fragment 



genomic DNA with the GH-N probe with ail digests. Furthemore, the 1.1 kb BAF60b or 

the 1.8 kb TRIP4 probe detected similar bands after digestion with BgZIl, HindnI, XbuI 

and B o 1  or BgUI and XbaI, respectively, suggesting the integrïty of the GWCS, BAF6Ob 

and TRIP-1 genes in the P L-2 clone (Fig. 5.9). The detection of different fiagrnent lengths 

after digestion with BamHI, with the BAF60b probe, or BamHl (shorter in P 1-2 DNA) 

and XhoI (longer in P 1-2 DNA) with the TRIP-1 probe, reflects the presence of these sites 

in the P I vector. 

Salf or NotI digestion of Pl -2 clone DNA reSuIted in 3 (72.5,20.0 and 10.0 kb) or 

2 (82.5 and 20.0 kb) hgments, respectively (Fig. 5.10). Subtraction of the P 1 vector size 

(. 17 kb) results in an approximate size of 85.5 kb for the genomic inseh Given the location 

of the GWCS genes in this fÎapent bbased on sequence Uifonnatiûz, we esthnate that the 

TRIP4 gene is located about 40.0 kb downstream of the CS-B gene and thus placing 

BAF60b gene immediately in the viclnity of the 'TRIP- 1 gene. 

However, M e r  Southem analysis was done with these hgments using GH-N 

cDNA and BAF60b as probes to unravel the distance between the CS-B and BAF60b 

genes. The GH-N cDNA probe hybridized with the 82.5 (NotI) and 72.5 kb (San) bands 

(Fig. 5. IO). The 1.1 kb BAF6Ob specific probe detected 20.0 kb and 20.0 as well as 10.0 

kb in NotI and SaLi digests, respectively (Fig. 5.10). Restriction digestion of BAF60b 

PCR genenited 1.1 kb genomic hgment with NotI and Safi revealed the presence of a San 

site (not shown), which would explain why two bands were detected in Safi digestd DNA 

with the BAF60b specific probe. The presence of the other San site in the BAF60b gene 

was confïxmed by analyiring the BAF60b cDNA sequence (Wang et al. 1996). As stated 

earlier, a strong possibility of common genomic organization exlsts between the human and 
- 

rat BAF6Ob genes, and thus, the sizes of the both genes could be same. As the sUe of the 

rat BAF6Ob gene was reported to be approximately 9.5 kb (Nomoto et al. 1997), this 

localizes the human BAF60b gene at 30 kb dowmtream of CS43 gene. 



Fig. 5.9. Integrity o f  genomic insert in the Pl-2 clone. Bothhumangenomic 
and Pl-2 clone D&4s were digested with BanrH1 (B), BgOI (G). HinmII (H), XbaI (X) 
and XhoI (O), electrop horesed and blotted to nitrocellulose membrane. Membranes were 
probed with either radiolabelled human GH-N cDNA (A) or 1.8 kb TRIP-I genornic DNA 
Gagment (B) or 1.1 kb BAF60b genomic DNA fragment (C). 

B G H X O  kb B G H X O -  kb 
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Fig. 5.10. Estimation of genomic insert size and detection of BAF60b and 
GHKS genes in the P l 4  clone by pulse-field gel*electrophoresis and DNA 
blotting. Esthates of  genomic insert size and distance fÎom the CS-B gene were obtained 
by digesting the P 1-2 clone DNA with NotI and S a 4  and separating the hgments by 
pulse-field gel electrophoresis (A). Lane: a, MiciRange PFG marker I (New England 
Biolabs Inc. MïssÏssagua, ON, Canada); b, UHindIII marker DNA; c, control P 1 vector 
DNA/NotI; d, control P l  vector DNALSan; e, Pl-2 clone DNNNorI; and f, Pl-2 done 
DNAfSulI. Afier eIectrophoresis, the DNA fragments were blotted to nitrocellulose 
membrane. Membranes were probed with a radiolabelleci human GH-N cDNA or BAF60b- 
specific (1.1 kb) probe as indicated (B). The 'lnarker" sizes (arrowheads) correspond to 
the migration of a MidRange PFG marker I (New England Biolabs inc. Mississagua, ON, 
Canada). 
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5.2.4.5. Assessrnent of expression of TRIP4 and BAF60b genes 

RNA (50 pg) fiom pituitary (GC), placenta1 (JEG-3, JAR) or non 

pituitary/placental (HeLa and COS-7) cells was electrophoresed, transferred to 

nitroceIlulose and probed with the 23 1 bp TRIP-1 exon 6 fragment. A transcript of the 

predicted size, 1-4 kb, was detected in ail samples (Fig. 5.1 1). 

Reverse transcriptase-PCR (RT-PCR) as w e l  as RNA blotting was done to 

examine the pattern of TRIP-1 gene expression and determine any tissue- or species- 

dependence. More specificdy, given the predominantly pittütary and placental e&ression 

of members of the GWCS family, we assesseci whether the BAF60b and TRIP-1 genes 

were active in pituitary (human, rat GC), placental (human JEG-3 and/or JAR) or non 

pituitary/placental (human HeLa, canine tracheal smooth muscle a d o r  monkey COS-7) 

ceus. RT-PCR was performed using the primers BAFLIBAF2 or TPP 1ITPP2. A BAF60b 

gene specific 487 bp or TRIP-1 gene specific 23 1 bp fkagments were observed with dl 

samples tested (Fig. 5.1 1). The TRIP4 gene specific 23 1 bp product was absent nom 

those samples not treated with reverse transcriptase, and reflects no of genomic DNA 

contamination (Fig. 5. L 1). 

5.2.5. Discussion 

The human GHKS gene cluster, including 5' to 3 *, GH-N, CS-L, CS-A, GH-V 

and CS-B, was tocdized to chromosome 17q22-24 (George et al 198 1) and was one of the 

first large human genomic DNA regions to be sequenced (Chen et al. 1989). ALthough the 

TRIP4 gene was mapped to chromosome L7q24-25 (Hoyle et al. 1997), its fine 

localization 10 kb downstrearn of the C S B  gene and the extension of Alu repeats into their 

intergenic sequences, was made possible with the analysis of a P 1 (P 1i2) clone performed 

in this study- 



Fig. 5.11. Detection of TRIP-1 and BAF6Ob RNA in pituitary, placental 
and non pituitary/placental c e k  (A) Total RNA (50 pg) was fiactionated under denaturating 
conditions and transferred ont0 nitn>celluIose membrane- The membrane was probed wih radiolabefled 23 1 
bp TRIP-1 specific PCR fiagrnent and a 1-4 kb transcnpt was detected. The source of total RNA and 
electrophoretic mobilities of the 28s and 18s ribosomd RNA bands are indicated, (B) PCR was perfiormed 
using TPP LiTPP2 primer pairs to ampl ie  a 23 1 bp ûagment fiom RNA samples treated with (+) or 
without (-) reverse transcriptase and isolated h m  human pituitary tissue (h pit), JEG-3 (JEG), HeLa, GC 
and canine tracheal smooth muscle (smmus) ceiis. (C) PCR was done ushg BAF 1/BAF2 primer pairs to 
amplie a 487 bp kgment 6om human ceMcai HeLa. placenta1 JEG-3, placental BeWo, human placenta (h 
plac), human pituitary (h pit) and rat GC ceIVtissue samples. The "marker" s h  indicated by arrowheads 



The data presented also show that the TRIP-1 gene is present in the reverse 

transcriptional orientation reIative to al1 the GWCS genes (Surabhi et al. 1998). Similarly, 

the sodium channel a subunit, SCN4A, gene Iocated on chromosome 17q23.1-253 

(George et al. 199 L), was accurately mapped to a region 21 -5 kb upstream of the GH-N 

transcription start site by analyzing yeast artificial chromosome and cosmid clones 

(Bennani-Baiti et al. 1995). Subsequently, M e r  analysis of these clones led to the 

identification of the B-lymphocyte specific, CD79b gene, placed equidistantly, between 

GHKS and SCN4A gene loci (Bemani-Baiti et ai- 1998). Extension of sequences fiorn the 

3'-end of the TRIP-1 gene in the genomic insert of the P 1-2 clone revealed the presence of 

the human BAF60b gene, placing it between the GWCS gene cluster and TRIP-1 gene 

locus (Fig. 5.6). Our data also show that the BAF60b gene is present in the reverse 

transcriptional orientation relative to the TRIP4 gene and, thus, in the same direction as al1 

the GWCS genes (Fig. 5.6). The "tail to tail" arrangement between the TRIP-1 and 

BAF60b genes is such that their polyadenylation sites are separated by only 93 bp. This 

arrangement appears to be conserveci between species. When we examined the sequences 

reported for the porcine TRIP4 (TBP- lO/Sug- l/p4S) gene (Leeb et al. 1 W6), we found 

evidence for the BAF60b gene 93 bp upstream of the TRIP-1 gene (Fig. 5.6). Recently, it 

was reported that a similar arrangement also occurs between these two genes in the rat 

genome (Nomoto et al. 1997). Thus, these data provide evidence for a physical linkage 

between the GH-N gene (GWCS locus in humans), BAF60b gene and the TRIP-1 gene 

based on theù mapping to the same chromosome in the human, porcine and rat genomes 
f 

(Hoyle et al. 1997; Leeb et al. 1996; Nomoto et al. 1997; Surabhi et al. L998; Surabhi-et ai. 

in press; Thomsen et al. 1 990). 

5.2.5.1. Linkage of nine genes on haman chromosome 17 

Genorne analyses and chromosomal mapping of genes adjacent to GH-N gene 
7 

revealed the existence of synteny between the s C N ~ A , C D ~ ~ ~ ,  GWCS, BAF60b and - - -_ 

TRIP- 1 gene loci in humans (Bennani-Baiti et al. 1995; Surabhi et al. 1 @8j, &d~pcecisely 

maps nine genes in a 150 kb region of humaa chromosome 17, in the order: SCN4A, 



CD79b. GH-N. CS-L, CS-A, GH-V, CS-B. BAF60b and T N P 4  (Fig. 5.12). The 

relatively recent duplication of  the GH-N gene in primates, which resulted in the CS-L, 

CS-A, GH-V and CS-B genes (Barsh et al. 1983), would predict a five gene anairgement 

(SCN4A, CD79b, GH-N, BAF60b and TRIP-1) in other vertebrates. Indeed, thÏs pattern 

of genes is seen in the rat genome (Kazaharï et al. 1997; Nomoto et al. 1997; Nakazaio et 

al. 1998). The extent of the evolutionary conservation of this gene arrangement is M e r  

suggested by the common chromosome allocation for at least 3 of the 5 genes to 

chromosome I I  in the mouse (SCN4A, Arnbrose et al- 1992; GH-N, Jackson-Gmsby et 

al. 1988; TRIP-1, Hoyle et al. 1997) and chromosome 12 in the pig (GH-N, Thomsen et 

al. 1990; BAF60b, Fig. 5.6; TRIP-1; Leeb et al. 1996). The presence of the CS-L, CS-A, 

GH-V and CS-B genes between the GH-N gene and BAF60b gene in humans, and 

presumably other primates, indicates that the GH-N gene duplication (Barsh et al. 1983), 

did not adversely affect this arrangement, 

Fig. 5.12. Schematic representation of the GHfCS locus on human 
chromosome 17 and the relative position of adjacent genes including those 
coding for SCN4A, CD79b, BAFSOb and TRIP-1. The mapping is based on the 
present study and previous reports by Bennani-Baiti et al. (1995; 1998a) and Surabhi et al. 
(1998; in press). The large arrowheads indicate the direction of transcription for each of the 
9 genes, and intergenic distances are also shown. 
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5.2.5.2. BAF60b and TRIP-1 genes are highly conserved across species 

Unlike members of the the GH/CS family where synthesis is restricted largely to 

cells of the pituitary and placenta, we confimed that BAF60b and SUG-l/TRIP-1 RNA 

expression occurs in many mammalian cells and tissues, generating a tnuiscript of about 

1.4 kb (Fig. 5.1 1; Lee et al., 199%; KazaharÏ et ai., 199%)- The detection of the BAF60b 

gene-specific 487 bp and TRIP-I gene specific 23 1 bp Oikely exon 6) fhgment by RT- 

PCR and 1-4 kb TRIP4 transcrîpt across species (human, monkey, dog and rat) also 

suggests that these genes are highly consened. Indeed, a gene h m  the tobacco hacboth 

which shares 92% sequence similarity with human TRIP-1 was shown to be expressed in 

al1 tissues examined (Sun et al., 1996). BAF60b genes fiom human, mouse and rat are 

highly similar (Wang et al. 1996; Nomoto et al. 1997). Our data also suggest that the 

genomîc organization of these genes is very similar in many species, since generation of a 

1.4 kb transcript in case of the TRIP-1 gene, and 487 bp RT-PCR product as well as 1.1 

kb genomic hgment in the case ofthe BAF6Ob gene agrees welI with the avdable porcine 

(TRIP-1) and rat (BAF60b) genomic organization (Leeb et al., 1996; Nomoto et al. 1997). 

5.2.5.3. BAF6Ob and TRIP-1 genes possess properties of housekeeping 

genes 

The requirement for SUG-1 in yeast is well documented (Swaffield et al., 1992) 

and the same may also be hue for other eukaryotes based on its stBicturaVsequence 

conservation. Functional data suggest that human TRIP4 can substitute for SUG-1 in 

yeast as a transcriptional rnodulator (Lee et al., 199%)- TRIP- 1, takes its name from its 

ability to interact with the thyroid hormone receptor, a nuclear receptor/DNA binding 

protein (Lee et al., L995a). The amino acid sequence of TRIP-1 reveds a highiy conserved 

ATPase domain, which would be expected to participate in the ATP-dependent gene 

activation process (Fraser et al. 1997; Kim et al. 1994; Weeda et al. 1997). In the case of 

the TRIP- 1 homologue in the tobacco hackrnoth, there was an upregulation of this gene 

both at the mRNA and protein levels in tissues or cells that were undergoing apoptosis 



(Sun et al., 1996). With these properties and its ubiquitous name, TRIP-1 may be 

considered a "housekeeping" gene, which would be consistent with a possible open 

chromatin structure in both the pituitary and placenta (Fig.6.11). 

The BAF60b gene was initially identified as a gene coding for a subunit of the 

S W S N F  multi-protein complex (Wang et al. 1996). The role of SWVSNF complex in 

remodeling chromatin structure is now well established et al. 1996). The data aiso 

confimis that the BAF60b gene is widely expressed using RT-PCR and samples of hurnan 

pituitary, placenta, cervical carcinoma tissudcells (Kg. 5.1 1; Wang et al. 1 996). This is 

consistent with the observation of ubiquitous BAF60b expression in the rat (Nomoto et al. 

1997). The level of rat BAF60b expression was correlated with Sp 1 levels, as the TATA- 

less promoter of the BAF60b gene was suggested to depend mostly on this transcription 

factor (Nomoto et al. 1997). Also, a 487 bp BAF6Ob-specific RT-PCR product was 

detected with both rat and human RNA using the same prhers, corresponding to 

sequences in exons 8 and 12, which indicates the conservation of this gene across both 

species (Fig. 5.1 1). A 1.1 kb product was observed by PCR usine the exon 8 and exon 12 

primers with either human genomic or P 1-2 clone DNA. This is also consistent with 

conservation of the genomic organization of the human and rat BAF60b genes, since an 

examination of the published rat BAF60b gene sequences reveals that a 1.1 kb Eragment 

would-also be generated with these primers and rat genomic DNA (Nomoto et al. 1997). 

5.2.5.4. Possible functional significance of the presence of BAF60b. and 

TRIP4 genes downstream of GHfCS locus 

The physical linkage observed between the SCN4A, CD79b, GH-N (GWCS in 

humans), BAF60b and TRIP-1 genes suggests this arrangement has functional 

significance. This idea is reinforced by the presence of HSs both upstream and downstream 

of the GH-N (GWCS) gene locus in human and rat chromath (Jones et al. 1995; Kazahari 

et al. 1997a). An examination of deoxyribonuclease 1 HSs associated with regions 

upstream of the human GWCS locus revealed both pituitary- and placenta-specific as well 



as ubiquitous HSs (Jones et al. L995). Furthennore, regions of the human genome 

containing these HSs were show to function in vivo as a LCR in transgenic rnice (Jones et 

al. 1995). Subsequently, the two ubiquitous sites (HS III and V) and a placenta-specinc 

site (HS IV) were localized to an intron of the skeletai muscle specific SCN4A gene, and 

the two pituitary-specific sites (HS I and II) were localized to the 5'-flanking DNA of the 

B-lymphocyte specific CD79b gene (Bennani-Baiti et al. 1995 and L998a). Similarly, 5'- 

HSs were also detected in distal sequences upstream of the rat GH-N gene (Kazahari et al. 

1997a), placing them in the Mcinity of the recently mapped rat SCN4A and CD79b genes 

(Kazaharî et al I997a; Nakazato et al 1998). With regard to the presence of HSs 

downstream of the human GWCS locus, a placenta-specific site was reported 24 kb k m  

the CS-B gene (Cooke and Liebhaber, 1995). The results presented here would suggest 

that this 3'-HS is located in the Y-flanking DNA of the ubiquitous BAF6Ob gene. 

Interestingly, less cell-type specific and scattered HSs were detected in regions 22/27 kb 

and 42/43 kb downstream of the rat GH gene locus, where the rat BAF6Ob and TRIP-1 

(sug-l/p45) genes are located (Kazahari et al. 1997a,b; Nomoto et al. 1997). Given the 

absence of placenta-specific CS genes in the rat GH-N locus, the relevance of these sites to 

GH-N gene expression, at least in the pituitary, is unclear. The pIacement of regdatory 

regions in adjacent genes is not peculiar to the GH-N locus. The HSs associated with 

elements controlling or-globin gene transcription were also show to be located in the 

sequences of the adjacent, "- 14 gene" that is expressed ubiquitously and is constitutively 

r 
active (Vyas et al. 1992 and 1995). Taken together, these observations suggest that the 

HSs harboring transcriptional control elements for a gene locus can reside in adjacent 

tissue-specifically or ubiquitously expressed genes. 

There is Uicreasing evidence that the members of GWCS gene farnily can be 

expressed outside the pituitary or placenta, albeit at low levels? in lymphocytes, ovary, 

testis and mononuclear cells (Lytras et al. 1993; Schwarzler et al. 1997; Untergasser et ai. 

1997; Melen et al. 1997). Similar extra-pituitary expression of the GH-N gene has been 

reported in other species (Weigent et al. 1988; Lacroix et al. 1996; Yoshizato et al. 1998). 

A necessary component of this expression would be that the genes are not completely 



closed down in an inactive chromatin structure- The presence of euchromatin and 

heterochromatin structures are associated with decondensed (active or poised) genes and 

highly condensed (inactive genes), respectively (Eissenberg et al. 1995). The DNA in 

heterochromatin was shown to consist almost entirely of repetitive sequences, and enwde 

relatively few genes (Spofford, L 976). In Drosophila and mammais, closely linked repeats 

or arrays of three or more transgenes induced formation of heterochromatin due to paùing 

of repeats (Dorer and Henikoff, 1994; Garrick et al. 1998). The human GWCS locus 

harbors 5 highly (94%) homoIogous genes, generated by gene duplication, and 48 Alu 

repeat sequcnces (Chen et al. 1989) and, thus, would be a candidate to form an inactive 

heterochromatin structure. However, based on nuclease sensitivity data, the chromatin 

containing the placenta-specific CS genes and pituitary-specific GH-N gene appeared 

equally "open" in the pituitary (Nickel and Cattini, 1996). Thus, unlike the GH-N gene that 

is active, the CS genes would be poised niere is evidence to support the idea that the 

chromatin structure in one region can influence its conformation in an adjacent region. In 

yeast as weli as Drosophila, genes juxtaposeci to heterochromatin are kquently inactivated 

due to spreading of heterochromatic state to the adjacent regions dong the chromosome 

(Wilson et al. 1990). Although the opposite effect, it is possible that the presence of 

actively expressed genes upstream (GH-N) and dcwnstream (BAF60b and TRIP-I), 

possessing an "open" chromatin structure, have a negative influence on any 

heterochromatic tendency of the GWCS locus. Altematively, the CS genes are open in the 

pituitary because their chromatin fds  under the influence of the mechanism controllhg the 

GH-N locus. In both instances, a mechanism would have arisen to maintain the CS genes 

in a poised state, and transcriptional repressors have been proposed that could serve this 

function (Nachtigal et al. 1993; Lytras and Cattinî, 1994; Jiang and Eberhardt. 1997). In 

the human placenta, an independent mechanism to allow placental expression of the CS but 

not GH-N genes appears to have arisen, based on the presence of placenta-specific HSs 

among the CS genes as well as associated with flanking genes (SCN4A and BAF6Ob 

sequences; Jimenez et d. 1993; Jones et al. 1995; Cooke and Liebhaber 1995). However, 

it was reported recently that the pituitary-specific GH-N gene was expressed in the placenta 

of a woman with a total deletion of the CS-A, GH-V and CS-B genes (Alsat et al. 1997). 



Although the extent of this deletion into do~l l~~fearn  sequences is unknown, it is possible 

that the placenta-specific HS was brought hto proximity of the GH-N gene and contnbuted 

to its expression- Alternatively, this positive effect on the GH-N expression could result 

nom a change in the constitutively open configuration in the ne ighbo~g regions harboring 

ubiquitously expressed BAF60b and TRIP4 genes, which wouId be brought into close 

proxirnity. An extension of this latter possibility, is that the open chromatin organisation 

(euchromatin) associated with the BAF6Ob and TRIP-1 genes might influence expression 

of the GH-V and CS gens  in the intact genorne. Thus, the reported expression of GWCS 

genes outside the pituitary and placenta codd reflect the presence ofnearby HSs, possibly 

in widely expressed genes, Wre BAF60b and TRIP-1, that could exert local perturbations in 

the chromatin structure? thereby innuencing the regdation of expression of nearby genes. 

However, to go beyond this poised state and be expressed, these genes would still require 

activation by local transcription factors. 

The placenta-specific 3'-HS could also be acting as an insulator. The placenta- 

specific CS-B enhancer element is present in the 3'-flanking sequences of the CS-B gene 

(Rogers et al. 1986). "Classical" cis-acting enhancers are known to influence the 

expression of a gene independent of their orientation and distance (including distances 

greater than 85 kb; reviewed by Blackwood and Kadonaga, 1998). Thus, the CS-B 

enhancer might also infiuence the neighboring BAF60b gene in the placenta. However, it is 

possible that the influence of the enhancer on gene expression is limited to the GWCS 

genes alone and the presence of the 3'-HS in the vicinity of the BAF60b gene may aid in 

this limitation by fiinctioning as a boundary elernent or an insulator. These possibilities are 

yet to be investigated. 

In summary, the BAF60b gene and the TRIP4 gene are located downstrea. of 

human GWCS gene locus and, more specifically, in the region +30 to +40 kb 3 ' to the CS- 

B gene. The BAF60b gene exists in the same transcriptional orientation relative to GWCS 

genes and in the reverse direction compared to the TRIP-1 gene. Thus, the human GWCS 

gene locus is flanked by a muscle-specific, SCN4A, and a B-lymphocyte specific, CD79b, 



genes and two widely expressed, BAF60b and TRIP-1, genes within a 150 kb stretch of 

DNA on chromosome 17. The conservation of this arrangement, SrSCN4A, CD79b, GH 

gene(s), BAF6Ob, TRIP-1-3- in the human and rat genomes as welI as common 

chromosornal assignment for different pairs of these genes in the pig and mouse, kdicates 

physical linkage of these genes. Also, the ability of regions associated with these flanking 

genes, identified by HSs, to influence GH-N gene expression, indicates a hc t îona l  

significance for thïs anangement- 

5.3. ISOLATION AND CHARACTERIZATION OF SEQUENCES 

C O N T A ~ G  HYPERSENSITIVE SITES L AND n AS WELL AS III AND 

V OF TEE GWCS GENE LCR 

5.3.1. Introduction 

The human GH gene was shown to be regulated by a multicomponent LCR (Jones 

et al. 1 995). The GWCS gene LCR consists of five hypersensitive sites (HSs), 1 to V, 

which are localized between -14.6 and -32.5 kb upstream fkom the transcription initiation 

site of the GH-N gene (Jones et al. 1995; Be~ani-Baiti et al. 1998b). The HSs 1 and LI are 

characterized as pituitary-specific, whereas HS N is placenta-specific in nature (Jones et al. 

1995). The rernaining HSs III and V were observeci with chromatin h m  both placenta and 

pituitary nuclei (Jones et al. 1995). Further studies to localize these HSs resulted in 

mapping of HSs I and LI in the 5'- flanking sequences of the B-lymphocyte-specific CD79b 

gene (Bennani-Baiti et al. 1998a), whereas the HS III to V were localized to intronic 

sequences of the skeletal muscle-specific SCN4A gene (Bernani-Baiti et al. 1995). 

Furthemore, the fiuiction of HSs 1 and II as a pihiitary-specific enhancer for the GH-N 

gene was well established using transgenic mice (Jones et al. 1995; Bennani-Baiti et al. 

1998). When a fiagrnent including the HSs III and V region was fused to the 2.6 kb GH-N 

structural gene (with 0.5 kb of S~-flan.king sequences of GH-N gene) and used as 

transgene, the GH-N gene was expressed in the transgenic mouse pituitary, albeit LOO 

times less than that of a transgene that included HSs 1 and II (Jones et al. 1995). 



Interestingly, in the same transgenic mouse, very hi& levels of GH-N gene expression 

were observed in the kidney (Jones et al. 1995). However, none of the transgenic mouse 

which included placenta-specific HS N sequences resulted in GH-N expression in mouse 

placenta (Jones et al. 1995). This couId be due to anatomicd differences between the 

placentas of human and mouse. Also the GH-N gene is not expressed in the placenta and 

the GH-related CSIGH-V genes are peculiar to primates. However, no sequence 

information about these HS regions was made available in these studies (Jones et al. 1995). 

5.3.2. Objective 

Isolation and subsequent sequencing of the HS regions has the potential to reveal 

elements involved in both the generation and the fiinctional activity of HSs in vivo. 

Furthemore, in viiro characterization of these regions could increase the understanding of 

transcriptional mechanimis involved in GH and CS gene expression in their respective 

tissues. 

5.3.3. Experimental design 

A 1.6 kb BgAI (I.6G) fiagment containing the HSs I and II regions and a 10 kb 

Ba1 (10X) fragment which includes the sequences of HSs III to V were isolated fiom the 

P 1-3 clone by agarose gel electrophoresis as described in the Materials and Methods 

section. The 1.6G fragment was subcloned into the BglII site of pSP73 and the 10X 

hgment was subcloned into the XbaI site of pBS. 

The complete sequencing of the 1.6G fragment was done in our laboratory. 

Furthemore, nuclease protection assays on subfkagments of 1.6G fragment revealed a 

large pituitary-specific DNaseI protected region of 133- 1 36 bp corresponding to 

nucleotides 1344/1476 of the 1.6G. From this 136 bp sequence (Fig. 5-13), three 

overlapping hgments corresponding to nucleotides l343/ 1424, l377/14l 1 and 141 Y146 1 

containing AT-rich elements were designed. 



Fig. 5.13. Sequence of the nucIease protected region (nucteotides 
1343/1478) of the 1.6G fragment. Putative GHF-L/Pit-L sites were double 
underlined, 

ctgaacatc tgacagct t t tcagagaaa~tggaacatc tggaaacaaga 

aagaacatctggggctgcc 

Oligonucleotide 1343/1424 

atgggcctcaagctgacctcag~atgtttas+ttctgagcta~atqaa 

ctgaacatctgacagcttttcaga 

Oligonucleotide 1413/1461 

cagcttttcagagaaaIp+t+ttttcatttggaacatctggaaacaagaa 

Oligonucleotide 1377/1411 

t t tc tgagct-aactgaacatctg 

These oligonucleotides were characterized for th& ability to bind GHF-1Pit-1 by 

gel mobility shi fi as weil as C C ~ p e r s W '  assays with pituitary GC nuclear protein. 

5.3.3.1. Gel mobility and supershift assay 

Initial binding reactions for gel mobility shift assay were done by incubating 5 pg 

of pituitary GC nuclear protein with 2 pg of poly dIdC, 7.2 mM MgCl, and 3?-Iabeled 

DNA fragments (100-250 pg; 5-7x104 cpm). Reactions were done in binding buffer (20 

mM HEPES-KOH pH 7.9; 20% glycerol; LOO mM KCI; 0.2 mM EDTA; 0.5 mM DTT) for 



15 minutes at 4 OC, followed by 5 minutes at room temperature. For cornpetition, 

corresponding double stranded oligonucleotides were added dong with radiolabelleci DNA. 

The "specific" GHF-l/Pit-1 competitor, corresponding to the proximal site in the GH-N 

gene promoter, and "non-specific" RF-I competitor, corresponding to a region in the 3 - 
flanking region of the CS-B gene were used. For supershifi assays, after the initial 

incubation, 3 pl of either rabbit GHF- 1 antisenmi or noxmal rabbit serum was added to the 

binding reaction (23 pl final volume) and incubated for 2 h at 4 OC. Antibodies to the 

carboxy termina1 region (amino acids 274-285) of GHF-1 (lot # 5032-2 and # 5033-3) 

were kindly provided by Drs M. Karin and CCaeUes (University of California, San Diego, 

La Jolla, California). ïhe DNA-protein complexes were resolved in non-denaturing 4% 

polyacxyfamide gels as d e s m i  in the Matenals and Metbods section. 

5.3.3.2. Generation of hybrid CAT gene eoastructs eontaining sequences 

of the HSs I I I 4  

The isolated 1OX hgmen t  was digested with HindIII and the resulting XbaI- 

HindIII (3.5 and 4.2 kb) and HindII-HindiII (2.2 kb) fragments (Fig. S. 14) were gel 

isolated and subcloned into the respective sites of pUC19. The 10X and BuI-HindiII as 

well as HindiII-HindXI fkagrnents were also subcloned into the respective sites of CS- 

Ap.CAT or CS-Ap.CAT.Enh constnicts. Growth and maintenance of ce11 lines, aansient 

transfections, reporter gene analysis and PCR sequencing were detailed in the Materials and 

Methods section. 



Fig. 5.14. Restriction map and subfcogmento of the 10X fragment. The 10 kb 
XbaI-Xbai (10X) fragment containing the HSs [II-V of the GWCS gene LCR and the 
resulting subhgments with digestion of  HindIIi (H) are shown. These fhgments were 
Iigated into the respective sites of CS-Ap-CAT or CS-Ap-CAT-Enh constructs, generating 
1 OX-CS-Ap-CAT, t OX-CS-Ap-CAT-Enh, 3SX-H-CS-Ap-CAT, 3 SX-HSS-  
Ap.CAT.Enh, 2.2H-CS-Ap-CAT, 2.2H.CS-Ap-CAT-Enh, 4.2H-X-CS-Ap-CAT and 
4.2H-X.CS-Ap.CAT.Enh. These constructs were used in transient transfections dong 
with CS-ApCAT and CSAp.CAT.Enh to detemine the role of HSs III-V of the GWCS 
gene K R .  

Xbal Xbal 

5.3.4. Results and Discussion 

5.3.4.1. GHF-IIPit-1 reeognizes the AT-rich sequences present in the 1.6G 

(HSs 1 and ID fragment 

The 1.6G fiagment was characterized as a pituitary-specific enhancer in the 

transgenic mouse (Jones et al. 1995; Bennani-Baiti et al. 1998). Initial studies by Cooke et 

al (1997) localized the KSI and II activity to 3 -- half of the 1.6G fkagment. Although, Our 

laboratory had fint submitted the complete sequence of the 1.6G hgment to the GenBank 

Data Library (Accession Number: AF0 1 O B O ) ,  recently Bennani-Baiti et al (1 998b) ais0 

published the sarne sequence (Accession Number: AF039413) and locaiized the enhancer 

activity to a 400 bp region in the 3kequences of the 1.6G fiagment. Furthemore, the 

functional characterization using transient transfection assays led to localization of the 
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enhancer activity to a 264 bp subhgrnent (nucleotides 134211605) in our Iaboratory (Y. 

Rn and P.A. Cattini, unpublished observation). Furthemore, DNase 1 protection assays 

revealed a large region of 133- 136 bp (nucleotides 1 344/ 1478) protected with pituitary GC 

ce11 nuclear extracts. Examination of this region revealed three AT-rich sequences at 

positions 137511367, 1388/l396 and MO/ 1438 (Fig. 5-13), suggestïng the possibility of 

GHF- L/Pit-1 binding in the the large pituitary-specific protected region (nucleotides 

1344/ 1478). 

niree overlapping hgments conespondhg to nucleotïdes I 343/ 1424, W7/I 41 1 

and 14 13/ 1 46 1 containing AT-rich elements were designed. These oligonucleotides were 

used as probes as well as cornpetitors in gel mobility shift assays with pituitary GC nuclear 

extracts. Complexes were aiso competed with a (consensus) GHF-1IPit-1 element fiom the 

hGK-N proximal promoter (nucleo tides - 1 W6O; 5XGTCAGTGGCCCCATGCATAAA 

TGTACACAGAAACAGGTG-3') (Lefevre et al. 1987) or unrelated RF4 element fkom 

the CS-B enhancer 24 1 bp region (nucleoàdes 14/36; S-CTCATCAACITACGTCGGAC 

GGC-3 3 (Wallcer et al. 1990; Lytras and Cattïni, 1994). For the region 1343/1424, which 

contains two putative GHF- l/Pit-L sites at nucleotides 1 36711 376 (TGATGTITAT) and 

1388/1398 (TM'ATTCCATG), 6 specific complexes ( a l 4  corresponding to both low and 

high mobility bands, and refiecting both "largef' and bbsmallei' complexes were observed 

and competed effectively with non radiolabeled 1343/ 141 1 fragment (Fig. 5.15). 

Cornpetition of complexes al  and a2 was also seen with the GHF- IPit-1 element but none 

of the complexes were cornpeted with unrelated RF-1 element. A major (b 1) and minor 

(b2) complex was observed with the fragment corresponding to nucleotides 1377/1411 

(Fig. 5.15). The sequences 13 7Vl4L 1 are contauied withh the l343il424 fiagrnent but 

include oniy one of the two putative GHF- LPit- 1 sites at position 1388/ 1398. Complex b 1 

was specific and competed with unlabeled 1377/l4 1 1 m e n t  and, to a greater extent, b y 

the longer 1434/1424 hgment. In contrast, there was little evidence of cornpetition with 

either the GHF-l/Pit- 1 element or the l4l3/146l fiagrnent containing putative GHF-l/Pit-1 

site (Fig. 5. LS), as well as the RF4 element (Fig. 5-15}. For the region 1413/1424, which 

contains a putative GHF- 1Pit- 1 site at nucleotides 14301 144 1 (TTM"ITCAT?T), at least 



ten complexes (cl -10) ranging in mobilitykize were detected (Fig 5-15). Cornpetition was 

observed with udabelled 141 3/l424 but not l377f 14 1 L or the RF-1 element- In contrast, 

cornpetition of c3-5 was observed w*th the GHF- [Rit-I oligonucleotide. The inability of 

any hgment other than the 14 L 3/ 146 1 region to compete effectively for c7 suggests this is 

a highly specific as well as high af£ïnity interaction. 

Gel mobility shift assays used in combination with a GHF-l/Pit-1 element as a 

competitor indicated the presence of GHF-l/Pit-I binding sites in Eragments corresponding 

to nucleotides 1343/ 1424 and 141 3/ 146 L. Anti'bodies to GW- 1 were used to obtain a more 

direct assessrnent of the participation of GHF-1/Pit-1 in complexes formed at these 

locations in the 1.6G fragment More specificaliy, complexes formed with nucleotide 

regions 1343/1424, l37Wl4Il and 1413/1461 were assessed for their ability to be 

'supershifted' with antibodies to GHF-1 in a gel mobility shift assay. Supershifieci bands 

(open arrowheads), observed in the presence of GHF-1 antibodies but not normal rabbit 

serum, were detected with fragments corresponding to nucleotides I343/ 1424 and 

1413/1461 but not 1377/1411 (Fig. 5.16). 

These results suggest that GHF-l/Pit-1 is involved in the in vivo enhancer-like 

activity of the HSs 1 and II regions. Furthemore, GHF- 1IPit- 1 binding to these regions 

may also account for the generation of pituitary-specific HSs. As stated earlier, our 

laboratory localized the enhancer activity associated with 1.6G fkagment to a 264 bp 

subfiagrnent. However, using both 5'- and 3 '-deletions of the 1.6G as transgenes, the 

pituitary-specific activity associated with 1.6G was locaiized to a 3'- region of 406 bp 

hgment (nucleotides 1 1 98/16O2) in 'transient transgenic' experiments (Bennani-Baiti et al. 

1998b). This 406 bp fiagrnent includes the 264 bp subfkagment identified in our 

laboratory. However, no structural characterization was done on this 406 bp fiagrnent and 

fkom their sequence analysis of 1.6G hgment the authors concluded that the 406 bp 

hgment does not contain any GHF-l/Pit-1 related elements (Bennani-Baiti et al- 1998b). 



Fig. 5.15. Multiple complexes are associated with AiT-rkh regions in the 
136 bp nuclease protected domain. Pituitary GC ce11 nuclear extract (2 pg) was 
incubated with 2 pg of poly (dI-dC) and 3LP-1abelled DNA probes (250 pg). For 
cornpetition assays, cornpetitor double stranded oligonucleotides were added with the 
radiolabelled fiagrnent (A): 134411425 probe, (a); probe/pituitary protein extraa (b) in the 
presence of 50 (c), 100 (d) and 200 (e) pM excess 1344/1425 hgrnent, or 50 cf), 100 (g) 
and 200 (h) pM excess GK-N Pit-I/GHF-I oligonucleotide, or 50 (i) and 100 0) pM 
excess RF4 elernent (B): 1378/1412 probe, (a); probelpituitary protein extract @) in the 
presence of 50 (c) and 100 (d) pM excess GH-N Pit-IIGHF-1 oligonucleotide, or 200 (e) 
and 400 (f) pM excess 1344/1425 hgment , or 100 (g) and 200 (h) pM excess l 3WM 12 
hgment, or 50 (i) and 100 0) pM excess 141611455 hgment. (C): 141611455 probe (a); 
probdpituitary protein extract (b) in the presence of 50 (c) and 100 (d) pM excess GH-N 
Pit- IIUHF- 1 oligonucleotide, or 200 (e) and 400 (f) pM excess 1344/1425 fiagment, or 
100 (g) and 200 0) pM excess 137811412 fragment, or 50 (i) and LOO 0) pM excess 
14 161 1455 fkagment, or 50 (k) and LOO (1) pM excess RF-I element. Multiple complexes 
generated with each of the fragments and detected after gel electrophoresis and 
autoradiography are indicated- 
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Fig. 5.16. Pit-1fGHF-1 is assoeiated with AIT-rich regions in the 136 bp 
nuekase protected domain. RadioIabelled DNA probes (250 pg; L xl O' cpm) 
corresponding to (A) 1 MM425, (B) 13781 1412 and (C) 14161 1455, were incubated with 
2 pg of poly (dI-dC) in the absence (a) or presence (b) ofpituitary GC ce11 nuclear extnict, 
with (c) nomial rabbit senun (NRS) or (d) GHF-I antiserum (Ab). "Supershifted" bands 
detected with GHF-1 ancibodies after gel eelectrophoresis and autoradiography are indicated 
with open arrowheads. 



Although, Bennani-Baiti et al (1998b) faüed to identiQ GHF- !Rit-1 elements in 

this region, the activation of reporter transgene expression (used human GH-N gene as 

reporter) with constructs consisting of HSs 1 and II was observed between embryonic days 

15.5 and 16.5 in the transient transgenic mouse pituitary (Bennani-Baiti et al. 1998b). This 

expression pattern coincides with the GHF-I/Pit-1 activation of endogenous mouse GH 

gene in the pituitary. Thus, these results strongly supports the present finding that AT-rich 

elernents in the HSs 1 and II region are recognized by GHF-Wit- 1 proteh 

5.3.5. Funetional characterization of HSs In, IV and V regions 

The HSs III to V were located withh a 10 kb XbaI kgment (Bennani-Baiti et al. 

1995; Jones et al. 1995). Aithough transgenic mice with transgenes bearing these HSs 

could suppoa low-level pituïtary as well as high-level kidney expression of reporter GH-N 

gene, none of the transgenics expressed GH-N gene in their placentas even though the 

human placenta-specific HS was also present in the transgene (Jones et al. 1995). 

However, it is not known whether this HS was reestablished in mouse placenta; 

reestablishment of HS 1, LI and III, but not HS V was observed in transgenic mouse 

pituitary (Jones et al. 1995). 

Hence, the functional relevance of human placenta-specific HS IV was studied 

using human placental choriocarcinoma EG-3 and JAR cells. Although it is known that 

HSs will function only in in vivo or in stably integrated form, it was shown that the 

stimulatory activity associated with HS 1 and II of GWCS gene LCR could be studied in 

transient transfections (unpublished results fiom our laboratory; Bennani-Baiti et al. 

1998b). Similarly the entiancer-like fiinctions of the HS2 and HS3 of the p-globin LCR 

(reviewed by Hardison et al. 1997) and the HSs present within -2.0 kb of rat GH gene 

(Aizawa et al. 1995) were also studied in transient transfections. Thus, transient 

transfection assays were chosen to study the hctionality of HS III, N and V in human 

placenta1 JEG-3 and JAR cells. As indicated earlier, different CS-Ap.CAT and CS- 

Ap.CAT. Enh constmcts consisting of the 1OX fkagment or v ~ o u s  10X subhgments 



(Fig. 5. 14) were used in transient aansfections. However, preliminary transient 
* 

transfection assays did not reveal any fimcti0na.l activity associated with these fragments in 

the presence or absence of CS-B enhancer elements (data not shown). Furthemore, several 

attempts to stably integrate the I OX-CS-Ap-CAT or 1 OX-CS-Ap.CAT.Enh constructs into 

JEG-3 and JAR cells resulted in the detection of G4l8 resistant clones. Two clones, one 

for each constnict, LOX.CS-Ap.CAT or  10X.CS-Ap.CAT.Enh, was positive for CAT 

gene on Southern analysis of the genomic DNA from these clones (data not shown), 

However, none of these clones expressed reporter CAT gene (data not shown). 

Further studies are required to detect the DNA-protein interactions associated with 

these regions. This wili help to identify the elements and their respective DNA-binding 

proteins. This in tum will help unravel the in vivo kidney- and pituitary-speàfic 

transcriptional mechanism associated with the HS III and V regions. It is surprishg to note 

that this region did not support the expression of the transgene in the mouse placenta and 

this might be due, perhaps, to anatornical differences between the mouse and human 

placenta. However, the human placental chorionic gonadotropin gene fêmily when used as 

a transgene was expressed in mouse placenta (Strauss et ai. 1994) suggesting the moqse 

trophoblasts can suppoa expression of a human placental gene. Further studies by Jones et 

a1 (1995) using a 15 kb fiagrnent containhg the CS-A structural gene accompanied by -5.4 

kb 5'- and +7.2 kb 3 '-flanking sequences as a transgene, resulted in placenta-specific 

expression of the CS-A gene in mouse placenta. The transgene contains the CS-A proximal 

promoter, the pituitary-specific repressor PSF sequences (Nachtigal. et al. 1993) in the 5.4 

kb 5'-flanking as well as the enhancer elernent (Jacquemin et al. 1994a) in the 7.2 kb 3'- 

flanking sequences. However, the expression of the CS-A gene in different lines of 

transgenic mice with varying copy numbers was not copy nwnber dependent (due to 

different integration events). Thus, these resuits indicate that the proximal elements were 

insufficient to drive the target gene in a reproducible manner (Jones et al. 1995). Similar 

conclusions were also drawn with transgenes containing the GH-N structural gene 

accompanied by either -0.5 kb or -7.5 kb of 5-flanking sequences, although there was 

pituitaryspecific expression of the GH-S gene in the transgenic mouse (Jones et al. 1995). 



Initial trials to generate transgenic mice with either rat or human GH-N genes dong 

with their flanking sequences resulted in no expression of GH-N transgene in the mouse 

pituitary (Hammer et aI- 1984; Palmiter and Brïnster, 1986)- However, it was revealed later 

that the proximal sequences of the rat GH gene as short as - 145 bp were sufficient to target 

expression of transgenes to the anterior pituitary gland in the mouse (Lira et al. L993). 

However, when the -145 target gene (transgene) was fuseci with rat GH gene upstream 

sequences (-1 -7 kb/- 146 bp), enhanced expression of the transgene in the mouse pituitary 

was obsenred (Lira et al. 1993). In this study, it was afso noted that the transgene 

expression was not copy nurnber dependent in some transgenic h e s  (Lira et al. 1993). 

This type of position effect variegation was also obsmed with the kglobin LCR (oniy 

when individual HSs were deleted) in transgenics (Grosveld et al. 1998). It was thought 

that heterochromatin had an effect on LCR activation leading to severe reduction in 

expression (Grosveld et al. 1998). Previously, it was shown that the HS2 and full LCR of 

p-globin are equivalent: finction as classical enhancers in transient transfection assays, 

increase the number of expressing clones when stably integrated in cell lines, and confer 

position independence and high level expression in transgenic mice (Pawlik and Townes, 

1995; reviewed by Reik et al- 1998). These observations are in contrast to the results 

obtained with the LCR deletion transgenics, where the transgene expression was sensitive 

to site of integration even in the presence of an intact HS2 (Grosveld et al. 1998). In 

contnist to the earlier notion that the kglobin LCR sequences are necessary for keeping p- 

globin genes in an open chromatin structure, it was shown recently that the open ckkornatin 

structure c m  still be maintained in the absence of HSs 2 to 5 of the Bglobin LCR (Re& et 

al. 1998). Furthemore, it was shown by transgenic studies, that developmental regulation 

of hurnan y- and kglobin genes could stiU be observed even in the absence of the LCR 

sequences (Starck et al. 1994). These observations indicate that both the LCR and adjacent 

sequences may fonn a euchromatin structure that are necessary for 8-globin gene 

expression. Indeed. erythroid-specific transcnpts fkom LCR sequences were detected 

(Ashe et al. 1997; Tuan et al. 1992). Thus, these possibilities also agree well with the 

suggested influence of euchromatin (in the form of presence of constihitively active 



BAF60b and TRIP4 genes) on the CS/GH-V gene expression in the placenta. 

Interestingly, the footprinted region of the HSs 1 and II of the GWCS gene LCR also 

contain a TATA element (Fig. 5.13) and this was recognized by GHF-l/Pit-1 (Fig. S. 13). 

The B-lymphocyte-specific CD79b gene is located downstream of these sequences 

(Bennani-Baiti et al. 1 998a). Furthemore, both pituitary- and placenta-specific transcrïpts 

were detected that were initiated fiom the GH-N gene promoter sequences (Courtois et al. 

1990; Labarriere et al. 1995)- 

It is well known that the transaiptiod regulation of pituitary-spacific expression of 

GH-N gene is highly conserved in vertebrates (Argenton et al. 1993; Yowe and 

EppingJ995). Interestingly, the rat GH-N gene is also flanked both upstream and 

downstream by similar genes to those observeci in the hGWCS gene locus (Bernani-Baiti 

et al. 1995; 1998a; Kazaharï et al. 1997a; b; Nakazato et al. 1998; Nomoto et al- 1997; 

Surabhi et al. L 998; Surabhi et al. in press). However, as seen with hGH-N gene, no HSs 

were noticed in the vicinity of the CD79b or in the intronic sequences of SCN4A genes 

(Kazahari et ai. 199?a), except for the presence of HSs within a 2.0 kb region upstream of 

the GH-N gene transcription initiation site (Aizawa et al. 1995). These HSs could be 

mapped to a region 1.5 kb downstream of CD79b gene, as in the rat genorne. The 

intergenic distance between the CD79b and GH-N genes is 3.3 kb (Nakazato et al. 1998). 

Interestingly, as stated earlier, 1 -7 kb of upstream flanking sequences containllig these HSs 

were show to enhance the rat GH-N transgene expression in the mouse pituitary (Lira et 

al, 1993). 

Thus, at present it is not known whether the region consisting of HSs 1 and II have 

any effect on the adjacent B-lymphocyte-specific gene. Tt is dso not clear why the human 

GWCS gene locus acquired a LCR as the homologous regions of rat genome do not 

possess HSdLCR (Kazahari et al. 1997a). Furthemore, as stated above, the 

transcriptional regulation of pituitary-specific GH gene expression in vertebrates is highly 

conserved (Argenton et al. 1993; Yowe and Epping, 1995). It is yet to be demonstrated 

clearly that the GHF-I/Pit-1 sites present in the HS 1 and 11 region are responsible for the 



enhancer activity- It would be interesting to investigate whether other primate GWCS gene 

clusters possess a similar LCR. Interestingly, a 60 bp region (nucleotides 9461 1005) Sto 

the HS 1 and II in the 1.6G hgment is a highly consend sequence (90-98%) in many 

human chromosomes. Although this region is not needed for pituitary-specific enhancer 

activity (unpublished resuIts from our Iaboratory; Bennani-Baiti et al. l998), its ubiquitous 

presence indicates it may have a role in vivo. However, unlike the human $-globin LCR, 

the factors recognuing the HSs in hGWCS gene LCR are still not known. Although much 

is known about the human kglobin LCR it is stiIl not clear how the LCRs activates these 

genes. It has been suggested that activators such as NF42 bound to the LCR sequences 

may interact with TBP and TAFIT30 and mediate long-range activation of the a- and p 

globïn gene loci (Amrolia et al. 1997). Fwthermore, the LCR may interact with individual 

promoters, interacting one gene at a tirne (Grosveld et al. 1998). Thus, fuaher studies are 

required to understand the role of HSs and LCRs in gene expression. 
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FINAL COMMENTS 

CEAPTER 6 

AND FUTURE PERSPECTIVES 

The mechanism of transcriptional conaol of a gene expression is ofken presented in 

a very simple manner with the necessary information for this process localized in the 

proximal sequences upstream of the transcription initiation site of the gene. Much of the 

research work has focused on these sequences. This asswnption holds good not only in 

vitro but also in the vivo situation for most cases of gene expression. Similarobservations 

were also made with the hGWCS promoters described in this thesis. Although, the 

minimal - l33/+ l CS-A promoter with one GHF-l/Pit-1 element was not active in vitro in 

GC cells, it was sufficient to support the pituitary-specific transcription of a reporter gene 

when the gene was integrated into GC ce11 chromatin- These results also corroborated 

observations by others that activated transcription of a gene in its chromatin structure 

occurs at several fold higher levels than that of a gene in its naked fonn. 

In vitro studies using the proximal promoter sequences of a gene have been very 

usefil in the identification of regulatory elements, and subsequently this has led to isolation 

of the sequence-specific DNA-binding proteins. However, several laboratories are ûyir~g to 

understand the role of these transcription factors in gene expression at the chromatin level. 

Many of these studies have identifiai protein complexes which contain both general and 

sequence-specific transcription factors as well as mediators of transcription, chromatin 

remodeling and modiwg  enzymes. Identification of such complexes suggest that a gene 

c m  be regulated either positively or negatively depending on the specific transcription 

factor and other proteins present in the complex. This specific complex formation appears 

to be modulated by the ce11 environment and external signais. 

In this thesis, attempts were made to isolate the PSF-sequence-specific factors 

which are responsible for the pituitary repression of the human placental GH genes. 

Recently the pituitary-specinc GHF-l/Pit-1 factor was suggested to f om both negative and 



positive transcriptionai complexes. Our laboratory had made an observation the GKF- LIPit- 

1 and PSF factors participate in cornmon complexes. These observations are very 

interesting and it is possible that the complex containing the GW-1/Pit-1 and PSFs is a 

negative regulating complex. This thesis work suggests that the PSFs are NF-1-like factors 

and NF-1-like factors were shown to possess even a negative regdatory effect in pituitary 

cells, especially on GH-N gene expression. Recently, we had obtained the ?JI?-L cDNA 

clone fiom Dr Tjian, University of California, Berkeley. Thus part of future studies will 

be to understand the mechanism of interaction between GKF- I/Pit-1 and NF- 1 as well as 

idenri@ complexes which contain histone deacetyiase activity- This will allow an încreased 

understanding of CS/GH-V gene tepression in a pituitary environment. 

However, it is well known now that far-upstrearn as well as far-downstrearn 

sequences play an important role in gene expression. The factors binduig to the far- 

upstream sequences or LCRs appear to interact with factors recognizing the proximal 

promoter sequences by DNA looping and thus affect expression of that particular gene. A 

LCR region for the hGWCS gene family was reported recently. This region was isolated 

and partially characterized as part of this thesis. The suggestion fiom this thesis work is 

that the sequences associateci with pituitary-specific HSs 1 and iI of the LCR are recognized 

by GHF-L/Pit-1. This is very exciting and enhances one's understanding about the 

transcriptional regdation of hGWCS gene farnily. It is known that the GHF-IIPit-1 is 

expressed in human placenta and placental celi lines. This observation suggests that GHF- 

l/Pit-1 may not be the sole factor involved in the generation of the pihiitary-specific HSs 1 

and II. It is possible that in a placental environment, GHF-LIPit-1 is not fomiing a protein 

complex which contains the chromatin rernodeling enzymes, thus the HSs I and II are not 

generated in placenta. Thus, m e r  work is needed to be done to characterize the GHF- 

lffit-1 protein compIexes in the placenta. It is also necessary to identiQ other factors 

recogninng the LCR sequences- 

Furthemore* it is also known that the expression of a gene is infiuenced by the 

neighboring chromatin structure. One of the possible mechanisms suggested for LCR 



fùnction in the erythroid-specifzc expression of the $-globin genes is that the LCR and the 

intergenic sequences between the egene and LCR are transmied in an erythroid-specific 

marner. Under these circumstances, these sequences may form an open chromatin 

structure in the vicinity of the B-globin genes. structure may be responsible for 

generation of HSs as well as aid in the transcription of the gglobin genes in -id ceHs. 

It is interesting to note that HSs 1 and II of the hGWCS gene LCR are localized in the 

immediate upstream sequences of the B-lymphocyte-specific CD79b gene, whereas the 

region containhg the HSs DI to V is located in the intronic sequences of the skeletal muscle 

specific SCN4A gene. Hence, fbture work will focus on revealing the transcriptionai status 

of the CD79b and SCN4A gene in both pituïtary and placental tissues. Furthemore, 

CD79b presurnably forms an open chromatin structure in Lymphocytes, and this could 

contribute to GWCS genes expression in these cells. However, fÛrther work needs to be 

done to unravel the transcriptionai status of the GWCS genes both in lymphocytes and 

skeletal muscle cells and this may provide an interesting insight into the influences of 

neighboring chromatin structure on gene expression. 

Furthemore, in thîs thesis, characterîzation of the downstrearn sequences of the 

hGWCS gene loci revealed two constitutively and ubiquitously expressed genes, 

specifically BAF6Ob and TRIP- 1. It was suggested that the presence of an open chromatin 

structure downstream of GWCS genes may be responsible for the generation of placenta- 

specific 3 '-HS, which in turn prevents the formation of a heterochromatin structure of the 

highiy repetitive GWCS gene sequences. However, further work needs to be done to 

characterize the intergenic sequences between the CS-B and BAF60b genes to characterize 

the 3 *-HS as well as to verify the absence of any placenta-specific gene in these sequences. 

The ce11 architectwe including cytoskeletal and nuclear matrix structures are known 

to be involved in gene expression. Due to the dynamic nature of these structures, which 

respond to both intemal and external stimuli, many hvestigators are now suggesting that 

even mechanical stimuli also ïnfiuence the gene expression. Placental tissue is known to 

express many genes and some at very high levels. The mechanical stimuli brought about by 



both contractions of the utenis and movements of the fetus could influence Ieveis of 

expression of the CS genes in placental cells. Furthemore, nuclear localization patterns of 

the chromatin are also known to influence gene expression. The dynamic nature of the 

nuclear matrix and cytoskeletal structures in placental as weii as pituitary cells may 

differentidly localize the GH-N and CSIGH-V genes in their nuclei. This differentiai 

subnuclear localization may be responsible for differentid expression of these genes in 

these tissues. Hence, M e r  work may be aimed at the identification of the nuclear ma& 

regions of the hGWCS gene loci in pituitary, placenta and non-pituitaryl-placenta tissues. 

This information will be usefil to understand the transcriptiond control mechanisms 

involved in GWCS gene expression. Interestingly, the 1 -6G fiagrnent compnsing the HSs 

1 and II, contains a highly conserved 60 bp fkagment, which has homology with many 

human chromosomal sequences. This suggests that this sequence may have a common 

hctional role in vivo. Analysis of these sequences might reveal their hction. 

As part of this thesis, a potent transcriptionai activator in the form of a tnincated 

TEF-1 was identifie4 and a role for this type of factor in gene expression was suggested. 

Further work needs to be done to characterize the nature of the interaction of this truncated 

form of TEF with other transcription factors or regdators both in HeLa and other cells of 

different tissue origin. 

Finally, by combining results nom various aspects of this thesis relaüng to 
d 

hGWCS gene expression, and with the antïcipated r d t s  from the suggested friture .work, 

this will go a long way to address the original hypothesis that the hGWCS genes, for 

that matter any gene, are controlled by a compler network of transcriptional 

mechanisms which invoive both proximal, Car-upstream and far- 

downstream sequeaces as well as the neighboring chromatin structure and 

the nuclear matrix regions. 



A.1. EFFECT OF PUTATIVE C-SEQUENCES ON THE EXPRESSION OF 

PLACENTA-SPECIFIC EXPRESSION OF TEE HUMAN PLACENTAL 

GROWTH HORMONE GENES 

The four placental members of the GWCS gene family are CS-L, CS-A, GH-V and 

CS-B. These genes are located as a single locus dong with GH-N gene on chromosome 17 

(Chen et al. 1989). The placental GH genes are expressed o d y  in the syncytiotrophoblasts 

of placenta duriag pregnancy (Cooke and Liebhaber, 1995; McWiUiams and Boime, 1980; 

Parks, 1989). Although CS-A, CS-B and GH-V genes are expressed in the placenta and 

released into the materna1 circulation (Barrera-Saldana et al. 1982; Igout et al. 1988; 

Josimovich and MacLaren, 1962; Seeburg et al. 1977). the CS-L gene has been reporteci to 

be a pseudogene (Hia et al. 1987) and capable of produdg transcripts (Chen et al. 1989; 

Misra-Press et ai. 1992) but no protein. However, there is both a placenta stage-dependent 

and an individual gene-dependent differential expression pattern among these four genes in 

the placenta. The CS mRNA is almost 4 times greater in the total RNA fiom terni placenta 

than in total first trimester RNA (McWilliams et al. 1977). Furthermore, it was observed 

that 10% of the placental mRNA is fiom C S - N C S S  relative to 0.01% and 0.001 % for the 

CS-L and GH-V mRNA, respectively. This was revealed during screening and quaatitation 

of individual clones in a cDNA library prepared nom terni placenta, hybridizing to gene 

specific probes (Chen et al. 1989). However, Cooke et al. (1988) observed that the 

population of GH-V mRNA in the placenta is approximately 0.06% of the total RNA. 

Regardless both these studies had suggested a lower level of GH-V and CS-L gene 

expression as compared with the CS-A and CS-B genes in the syncytiotrophoblast. Since 

these genes share greater than 90% sequence similarity in their stnicturai and flanking 

DNA, the mechanism by which these genes are differentially regulated in the same ce11 

during pregnancy is particularly intriguing. Although the GHfCS promoters were shown to 



be active in GC cells after gene transfer, CS-A promoter (-496/+l) activity is consistently 

stronger than GH-V promoter (-496kl) activity (Nickel et al- L990b). Unfominately the 

suggestion of a weaker GK-V prornoter carmot be tested in placental cells, as the GWCS 

promoters (-496/+1) are poorly active in placental ce11 lines after gene transfer (Fitzpatrick 

et ai. 1990, and resdts fiom this thesis). ïhus, there is a possibility of the presence and 

involvement of additional regulatory elernents associateci with GWCS genes for expression 

in placental cells. These regulatory sequences may, for CS-UGH-V genes, act as 

repressors, or in the case of the CS-NCS-B genes, act as enhancers. As discussed in 

Chapter 3, our laboratory identifiai the PSF elements, present m the P-sequence regions of 

the placenta1 genes, as represson and showed that the PSFs were responsible for 

repression of placental memben of the G W S  gene locus in the pituitary (Nachtigd et al. 

1993). Examination of the GWCS gene flanking sequences also revealed cytosine-rich 

region, "C" sequences, of about 50 bp located between nucleotides (nts) position -680 and 

-620 of the GH-V, and of about 20 bp located between the nts -639 and -619 of the CS-L 

genes (Fig. AJ), but not CS-A and CS-B genes (Chen et al. 1989). Hence, it was 

hypothesized that these C-sequences contribute to the low level expression of GH-V and 

CS-L versus the CS-A and CS-B genes in the placenta. 

A.2. Functional characterization of the C-sequences 

A.2.1. Objective 

The C-sequences in the 5'-flanking sequences of the CS-L and GH-V contain 

regulatory elernents that are responsible for low level expression of these genes in the 

placenta. Hence, in the presence of the C-sequences, the activity of the GWCS promoters 

would be repressed in the placental cells. 



Fig. A. 1. Comparison of SLflanking sequences of GHlCS genes. The GH-N 
(-614/496), the CS-A and CS-B (-6251-496), the CS-L (-638f-496) and GH-V (-685/- 
496) S=flanking sequences were compared. The sequences corresponding to Cytosine- 
rich sequences were doubIe-underlined. (:) denotes similarity in sequence- (-) was 
introduced in the sequence to enhance the probability o f  homology- 

GH-V c S c c ç ç c C C A  CC C A -- a 
CS-L 

CS-A 
CS-B 
GH-N 

GH-V 

CS-L 

CS-A 
CS-B 
GH-N 

TGTTCCCTCT AGTGGTCAGT ATTAGCACTG 
G:::--.--. * - - . * .  

G::::::::: 
G::::::::: 
G::G:A:::: 

GH-V 
CS-L 
CS-A 
CS-B 
GH-N 

G::::::::: 
G::::T:::: 
G::::T:::: 

GH-V ------ CXGG 
CS-L ACTCAG : T : : 
CS-A ACTCAG:T:: 
CS-B ACTCAG:T:: 
GH-N ACTCAG::T: 

A.2.2. Experimental design 

A 290 bp SmaI fragment, corresponding to -783/-496 region of the GH-V gene 

containing the putative C-sequenees, was isolated and subcloned into the Sm1 site of 

pUCl9 in our laboratory. The putative C-sequence (300 bp) fiagment was released by 

SmaI digestion and gel isolated. This fiagment, in both orientations was inwduced into 
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blunted HindIII site of  either GH-Np-CAT, GH-NpCAT-Enh, CS-Ap.CAT, CS- 

Ap-CAT-Enh, GH-Vp-CAT and GH-Vp-CAT-Enh t-ectors resulting in constructs C- 

seq.promoter.CAT or C-seq.promoter-CAT-Enh (Fig.4.2). These hybnd genes were 

transientiy transfected into either human placental chonocarcinorna EG-3 or rat pituitary 

turnor GC celIs to detemine the influence of these putative C-sequences on the GH-N, CS- 

A and GH-V promoter activity. Approximately 15 pg of each plasmid was used per 100 

mm culture dish. The CAT activity was expressed as CAT unitslmg o f  protein. 

Fig. A.2. Eybrid CAT gene constructs containing the putative C- 
sequences. The CAT gene was placed downstream of the proximal promoter sequences 
(-496/+I) ofthe GH-N, CS-A and GH-V genes. C-sequences were Introduced upstream to 
the G WCS promoters. Constnicts were also generated containing CS-B enhancer 
sequences, 

GH-NplCS-AplGH-Vp CAT aene 

C-seq GH-NpICS-AdGH-VD CAT aene 

GH-Np/CS-Ap/GH-Vp CAT gene CS-6 Enh 

A.2.3. Results and Discussion 

A.2.3.L. The putative C-sequenees specifically repressed the GH-V 

promoter activity in the rat pituitary GC ceils 



Initially. the influence of the putative C-sequences on GH-V promoter was 

detemined as the C-sequences were found upstream of thïs gene (Chen et ai. 1989). The 

GC cells were transfected with constnicts without enhancer sequences whereas the IEG-3 

cells were transfected with al1 constructs. From the analysis of CAT gene expression, in 

GC cells we observed the GH-V promoter activity was repressed in the presence of 

putative C-sequences by more than 60% and was statistically significant (Fig. A.3; n=3, 

p=O.OO 18). intaestingIy, the putative C-sequence did not have any significant effect on the 

CS-A promoter activity (Fig. A.3; n=3, p0.05). However, the activlty of CS-A promoter 

was consistentiy higher than that of GH-V promoter and this is in accordance with earlier 

observations made in our laboratory (Nickel et al. 1990). These preliminaqr results siggest 

that the putative C-sequences may harbour a repressor element Furthemore, the putative 

C-sequences may also participate in restrichg the pituitary expression of the GH-V gene, 

possibly in combination with PSF elements. 

Fig. A.3. GH-V but not CS-A 
promoter activity is downregulated 
in the presence of putative C- 
sequences (C) in rat pituitary GC 
cells. Approximately 0.5 x 1O6 GC celk 
per LOO mm culture dish were transfected 
with L5 pg of each GH-Vp.CAT (GH- 
V), C.GH-Vp.CAT (C-GH-V), C S -  
Ap.CAT (CS-A) or C.CS-Ap.CAT 
(C-CS-A). Forty eight hours after 
kansfections, celï extracts were prepared 
and assayed for CAT gene expression. The 
activity of GH-V promoter was signincaatly 
repressed in the presence of putative C- 
sequences (n=3, p=0.00 18), whereas there 
was no significant ciifference in the CS-A 
promoter activity in the presence or the 
absence of putative C-sequences @=3, 
p>0.05). The mean value in CAT uni& per 
milligram of protein is shown and was 
denved fiom at least three determinations. 
Error bars indicate standard error of the 
mean. (A DNA fragment containing 
nucleotides fiom 496 to +1 of the GH-V or 
CS-A gene was used as GH-Vp or CS-Ap, 
respec tively). 



A.2.3.2. The putative C-sequenees speei€ieaIly stimulated CH-V promoter 

activity in the placental cells 

In contrast to GC cells, the putative C-sequences enhanced (ranging from 3.5 to 10 

fold) GH-V promoter activity in placental JEG-3 cells (Fig- A.4; n=5, p=0.0064). 

Furthemore, a similar but more modest (-1 -9 fold) stimulatory effect was seen with GH-N 

promoter activity (Fig, A-4; n=3, p=0.0044)- Kowever, the putative C-sequences did not 

significantly influence CS-A promoter acbvity (Fig, A.4; 6, p=0.5797), 

Fig. A.4. GH-V and GH-N but not CS-A promoter activity is upregulated 
in the presence of putative C-sequences (C) in human choriocarcinoma 
.JEG-3 cells. Approximately 1.0 x 10' JEG-3 cells per 100 mm culture dish were 
transfected with 15 pg of each GE-Vp.CAT (GH-V), CGH-Vp.CAT (C-GH-V), 
GH-Np.CAT (GH-N), C-GH-Np.CAT (C-GH-N), CS-Ap.CAT (CS-A) or C.CS- 
Ap-CAT (C-CS-A). Forty eight hours a h  transfections, ceil extracts were prepared and 
assayed for CAT gene expression. Effect of C-sequences are expressed as  fold stimulation 
over the respective prornoter activities in the absence of C-sequences. The activities of GH- 
V promoter (n=3, p0.0064) and GH-N promoter (n=3, p=0.0044) were significantIy 
enhanced in the presence of putative C-sequences, whereas there was no signifiant 
difference in the CS-A promoter activity in the presence or the absence of putative C- 
sequences (n=3, p=0.57). Error bars indicate standard error of the mean. (A DNA 
filagrnent containing nucleotides fiom -496 to +l of the GH-N, GH-V or CS-A gene was 
used as GH-Np, GH-Vp or CS-Ap, respectively). 



A.2.3.3. Differential regulation of GA-VKS-A promoters by the putative 

C-sequences in the presence of CS-B enhancer region in placental cells 

Additional transient transfection assays in JEG-3 cells with GH-V and CS-A 

promoter constxucts bearing CS-B enhancer elements were performed. These assays 

revealed a differential regulatory effect of the putative C-sequences. In theu original 

orientation, the putative C-sequences had a significant repressor effect on CAT gene 

expression which was now under the influence of the CS-B enhancer and GH-V promoter 

(Fig. AS; n=6, p~0.0001). The GH-V gene differs from CS genes by the Iack o f  an 

enhancer in its 3'-flanking sequences. However, this repressor activity in the preence of 

CS enhancer could reflect an important transcriptional regulatory event as the CS-A 

enhancer is located upstream of the putative C-sequence region of the GH-V gene in the 

context of the GEVCS locus on chromosome 17. 

The putative C-sequences did not have any effect on CS-A.CAT.Enh activity (Fig. 

AS; n=6, p=0.65). However, GH-N.CAT.Enh was 2.4 thnes more active in the presence 

of the putative C-sequences (Fig. AS; n=6, p=<O.OOOI). These differential effects of the 

putative C-sequences on the GWCS promoters were unexpected and this prompted an 

investigation of the factors binding to the putative C-sequences. These results aIso raised 

the possibility of an interaction between the factors binding to the elements in the GWCS 

promoters and the putative C-sequences, which in turn might be responsible for the 
1 

differential activities of individual GWCS gene promoters. In terms of their activity in rat 

pituitary GC cells, CS-Ap is more active than GH-NI>, as well as GH-Vp (Nachtigal et al. 

1993; Nickel et al. 1990). Until recently it was believed that GHF-I/Pit-L was not 

expressed in placenta (Bodner and Karin, 1987), however, recent studies nom three 

separate groups have detected GHF-l/Pit-1 in human placenta, chonocarcinorna JEG-3 

cells and rat placenta (Bamberger et aI. 1995; Lee et al. 1996; Schanke et al. 1997). This 

suggests a role for GHF-l/Pit-1 in GHKS a d o r  rat placentai Iactogen gene expression in 

the placenta. Therefore, it might be possible that GHF-lffit-1 recognizes the corresponding 

elements in the GWCS promoter seqwnces in placenta and placental cells. 



Fig. AS. Differential regulation of C S 4  enhancer-associated GHfCS 
promoter aetivity in the presence of the putative C-sequences (C) in human 
choriocarcinoma JEG-3 cells. Approximately 1.0 x 106 JEG-3 cells per LOO mm 
culture dish were transfected with 15 pg of  each GH-Vp.CAT.Enh (GH-V-Enh), 
C-GH-Vp.CAT.Enh (C-GH-V-Enh), GH-Np.CAT.Enh (GH-N-Enh), 
C-GH-Np.CAT.Enh (C-GH-N. Enh), CS-Ap.CAT.Eah (CS-A. Enh), or C.CS- 
Ap-C AT.Enh (C.CS-A.Enh),. Effect o f  C-sequences in reverse orientation was also 
tested in these experiments. Forty eight hours after trmsfections, cell extracts were 
prepared and assayed for CAT gene expression. The influence of the presence o f  putative 
C-sequences on the CS-B enhancer-associated GH-V and GH-N promoter activities was 
highly significitllt (n=6, ~ 0 - 0 0  I). The mean value in CAT uni& per mitIigrarn of protein 
is shoivn and was derived fkorn at least six determinations. Error bars indicate standard 
error of the mean. (C-squence fiagment in reverse orientation was indicated as "Ci' in the 
figure. A DNA fkgment containing nucleotides fiom -496 to +l of the GH-N, GH-V or 
CS-A gene was used as GH-Np, GH-Vp or CS-Ap, respectively). 

C C C  
E C C  
W W W  

t r  
C C C  
W W W  



Nuclease protection andysis of the the GWCS promoters with rat pituitary GC cell 

nuclear extracts revealed differentiai GHF-l/Pit-1 binding to these promoters (Lemaigre et 

al. 1989; Nickel et al. 199 1). The GH-N promoter typically has two, proximal and distal, 

GHF-1Pit-1 elements, whereas CS-A has ody the proximal and the GH-V contains only 

the distal GHF-l/Pit-1 site (Lefevre et al. 1987; Lemaigre et al. 1989; Nickel et al. 1991)- 

This couId be one of the reasons for the differential activities observed with CS-A, GH-N 

and GH-V promoters in GC cells as well as in this study in the presence of the putative C- 

sequences and the CS-B enhancer in EG-3 c e k  

Furthemore, the differences in the location of GHF-l/Pit-1 binding sites on these 

promoters may vary the distances between the putative C-sequence regulatory elernents and 

GHF- 1 /Pit- 1 sites, and this may impart different interactions among these factors, which 

would be reflected in terms of the differentid influence of the putative C-sequences on the 

GWCS promoter activities. Indeed, this could be the reason an effect of the putative C- 

sequences was observed on both GH-V and GH-N promoters (Figs. A.3, A.4, AS) as the 

distal GHF-1Rit-1 binding element in these promoters was 'closer" to the putative C- 

sequences. In pituitary GC cells, the GH-V prornoter was repressed (Fig. A.3) due to a 

possible interaction between the GHF-l/Pit-1 and the factors recognizing the elements in 

the putative C-sequences. However, the lack of an effect of the putative C-sequences on 

CS-A promoter activity (Fig. A.3) could be due to the inability of GHF- l/Pit-1 to interact 

with the putative C-sequence factors. The CS-A promoter has o d y  the proximal GHF- 

Wit-1 site and it is possible that the changes in the distance between the putative C- 

sequence elements and the proximal GHF-I/Pit-1 site does not permit the interaction. A 

sirnilar situation might also exist in placental cells. The effect (the repressor activity on GH- 

V promoter or the enhancing effect on GH-N promoter) was almost abolished when the 

putative C-sequences were placed in reverse-orientation (Fig. AS, n=6). However, the 

GWCS promoters in this experïment are under the influence of the CS-B enhancer. Again 

and consistently the putative C-sequences did not affect CS-A promoter activity (Fig. AS, 

n=6). ïhese r d t s  also suggest the presence of the regulatory elements at the 3 '-end of the 



putative C-sequences. Furthemore, this also indicates the distance between the putative Co 

sequence regulatory element(s) and GHF-IPit-1 element may be an important determinhg 

factor, as the putative C-sequences did not influence CS-A promoter activîty. Hence, a 

possible mechanisrn govemhg this differential regdation could be due to distance- 

dependent interactions between the factors recogninng the putative C-sequences and the 

factors recognizing the promoter elements, possibly GHF- [Rit- L - Distance-dependent 

interactions among regulatory elements and their role in promoter activity are well kuown. 

One of the exampIes of th& type of regdation Incfudes ~e &kt ofan interaction between 

basal, CAMP and thyroid hormone response elements in nit gmwth hormone promoter 

activity (Tansey et al. 1993). In additîon, GHF-[mit-1 was shown to exhibit an unique 

promoter spacing requirement for activation and synergism (Li et al. 1993; Smith et al. 

1995). However, the differential effects observed in these experiments in pituitary and 

placenta1 cells could dso be attributed to the nature of GHF-l/Pit-l in these ceus. Recently 

it was suggested that the activity of GHF-1IPit-1 is determined by a regulated balance 

between a CO-repressor complex and a CO-activator complex (Xu et al. 1998). 

'Ihus, it is important to localize and identiw the regulatory elements in the 290 bp 

putative C-sequence fkagment to understand the distance-dependeiit interactions between 

the factors recognizuig the putative C-sequences and the factors recognizing the promoter 

elernents. 

A.3. Structural characterization of the putative C-sequenees 

A.3.1. Objective 

To identify the regulatory elements in the putative C-sequences and their possible 

binding factors in order to decipher the regulatory mechanimis associated with putative C- 

sequences. 



A.3.2. Experimental design 

The S m 1  and EcoRi hgment (290 bp) containhg the putative C-sequerices was 

released fiom a pUC 19 plasrnid and was gel purified. To generate a putative C-sequence 

probe, the EcoRi site was Klenow filled with [a-3'P]dATP and was used in both mobility 

shift and DNase 1 protection assays. Nuclear extracts from JEG-3, GC and HeLa cells 

were used in gel shifi and fmtprint reactions. 

A.3.3. Results and Discussion 

A.3.3.1. The putative C-sequence fragment is not the Sr-flanking region of 

the CH-V gene and does not contain the Cytosine-rich sequences 

In gel shifts only a low mobility complex was observed with GC, JEG-3 and HeLa 

nuclear extracts due to the large size of the bgment (Fig. A.6), and this ciid not allow us to 

identify the number of complexes and possible number of binding elements present in the 

putative C-sequences. Therefore, the DNase 1 protection assay was chosen to map the 

protein-DNA binding sites on the putative C-sequence h g m e n t  The probe was încubated 

with 10 pg each of JEG-3, GC and HeLa nuclear protein extracts and treated with DNase 1. 

The probe was also subjected to the Maxam-Gilbert (1977) method of chernical sequencing 

to identiQ the sequences, if any, protected by these nuclear extracts. This assay revealed 

the presence of a protected region in the putative C-sequences and the footprint was 

obsenred with all nuclear extracts used in the assay (Fig. A.7). This suggested an 

ubiquitous factor and the region protected corresponded to an Al?-1 site. Surprisingly, the 

chemical sequencing reactions @+A, C+T, C) performed with the labelled putative C- 

sequence fragment did not reveal the presence of the repeat units of CCCCA sequence. At 

this stage fiirther sequencing analysis of this hgment, which was previously isolated as 

GH-V C-sequence was perfionned. A homology search of the sequences obtained identified 

this fiagrnent as the sequence present -497 bp upstream of the CS-A gene transcription 

initiation site and in the same location as that of C-sequences of the GH-V gene. However, 
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these CS-A upstream sequences are devoid ofthe C-rich sequences. This sequence has a 

very high homology with upstream sequences present in the quivalent location of a l l  

GHKS genes (Fig A.9). 

Fig. A.6. The putative C-seqaenees are recognized by nuclear proteins 
from various cens. Gel mobility shifi assays were perfonned using a C-sequence probe 
(1 0,000 c p d i  ng) without (a) and with nuclear extracts £iom rat pituitary GC (b), human 
placental JEG-3 (c) and human cervical HeLa (d) cells non-pituitary and non-placental 
nuclear extracts. Ali types of nuclear extracts resulted in a very low mobility DIVA-protein 
complexes. The DNA-protein complexes are indicated by armw heads. 



Fig. A.7. Presence of AP-1 element in the apstream fianking sequences of 
CS-A gene. A DNA hgment correspondhg to nucleotides -625/496 upstream o f  the 
CS-A transcription initiation site was radiolabelled and nuclease protection assay was 
performed in the presence o f  10 pg each of  JEG (lanes: a and d), GC (lanes: b aad e) and 
HeLa (lanes: c and f) nuclear proteins. The nuclease protection assays were perfonned in 
the presence of either 1 pg (lanes a, b and c) or 2 pg Oanes d, e and f) of poly [dIdC]. 
Lanes g and h represent the DNase 1 pattern generated fiom the -625/496 hgment in the 
absence of nuclear proteins- 



Previously, the C-sequence and P-sequence regions were isolateci in our laboratory 

fkom a 5.0 kb EcoRI fiagrnent which was misidentified as the upstream sequences of the 

GH-V gene (Nachtigal et al. 1993). The present study reveals that the P-sqences are dso 

nom the upstream sequences of the CS-A gene, and not ofthe GH-V gene as was reported 

earlier (Nachtigal et al. 1993). Although this information does not alter the sequence of 

PSF-B element, but it does change the PSF-A sequence by one nucleotide (Fig. A.8). 

Regardless, fragments containing either CS-A or GH-V-specific PSF-A sequences 

possessed repressor activity (Nachtigal et al. 1993). However, this revelation brought 

about a complete change to the objective related to the CCCCA- nch Sequace, as this motif 

is not present in the sequence investigated. 

Fig. A.8. One nucleotide difference in PSF-A sequence of P-region located 
upstream of the C S 4  and GH-V genes. (:) denotes similarity sequence. 

A.3.3.2. Presenee of an AP-1 element in the upstream sequences of the 

GHKS genes 

Further examination of this sequence upstream of the CS-A gene reveded that the 

footprint region has the consensus sequence of a AP-1 site (Fig. ~ - 7 1 -  This provides a 

possible explanation for the footpnnt which could be observed with all nuclear extracts 

tested, because AP-1 is an ubiquitous factor. This AP-1 site (TGACTCA) is present in al1 

GWCS genes including the GH-N gene in the same (upstream) region, with a 

nucleotide change in the crucial core sequence (TGtCTCA) in the region 

upstream of the GH-V gene (Fig. A.9). 



Fig. A.9. AP-1 eore sequence loeated in the upstream sequences -of the 
GHlCS genes. An AP- 1 element is present at nucleotide positions -53 1/-525 (with 
respect to transcription initiation site of individuai gene) of GWCS genes. AP-1 sequence 
is underlined and the one nucleotide variation Ïn  the AP-1-like sequence of the GH-V gene 
is indïcated b y lower case- 

GEX-N TGCATCAGC-GGTGGG 

CS-C TGCATCAGCTGACTCAGGTCGG 

CS-A TGCRTCAGCTGAÇrCAiGGTGGG 

GH-V TGCATCAGCTGtCTC-AGGTGGG 

CS-B TGCATCAGC-GGTGGG 

The presence of an AP-1 site upstream of the GHKS genes has not been reporteci 

previously. Many laboratories investigating the GWCS promoters, worked with the - 
496/+l proximal sequences which can be isolated easily as a EcoRI (-496) and BamHI 

(+l ) fragment. Furthemore, this -496/+ 1 promoter region itself was sufficient to confer 

the pituitary-specific activity of GH-N (Cattini et al. 1 986), and also the equivalent regions 

of the CS-A and GH-V genes were shown to be active in rat pituitary GC cells ( C a m  and 

Eberhardt, 1987; Nachtigal et al. 1993; Nickel et al. 1990). 

'Ihis discovery of an AP-1 site upstream of the GWCS genes might also contriiute 

to Our understanding of transcriptional regdatory mechanisms involved in the expression 

of these genes. One possible explmation for low levels of expression of the GH-V gene in 

placenta could be due to the presence of a modified AP-1 element, and a resulting effect on 

AP-1 binding. Further studies were performed with the AP-1 sequence of CS-A to 

determine the role of AP- 1. 



A.4. ROLE OF THE TRANSCRIPTION FACTOR AP-1 IN GWCS GENE 

EXPRESSION 

A.4.l. General introduction 

AP-1 was initially identifieci as a transcription factor binding to the phorbol ester, 

12-O-teradecanoylphorbol-13-acetate (TPA) responsive elernents (TREs) in several 

promoters (Angel et al. 1987; Lee et al. 1987). AP-1 responds to protein kinase C, which 

is in tum is stimulateci by the phorbol esters (T'FA), thus linkiag the signals from plasma 

membrane to the transcriptional machinery (Ange1 et aL 1987; Lee et al. 1987). 

Furthemore, AP- 1 was shown to be a homodimer of proto-oncogene jun (Ange1 et al. 

198 8; Bohmann et aL 1 98 7) or heterodimer of fos and jun proteins (Sassone-Corsi et al. 

1988qb)- This dimerization occurs through the basic-leucine zipper sequence present in the 

fos andjun proteins (Sassone-Corsi et al. 1988b). Fos and jun are proto-oncogenes and are 

the earEest genes to respond to many mitogens (Larnph et ai. L988). Autoregdation ofjun 

gene transcription occurs in response to TPA, and reflects the presence of an AP-1 site in 

the jun promoter region (Angel et al. 1988). This positive regdatory loop is likely to be 

responsible for prolongkg the transient signals generated by activation of protein kinase C 

(Ange1 et al, 1988). 

It was noticed that AP- 1 can also be activated by c-AMP, protein kinase A and, 

fiuthennore, AP-1 can bind to c-AMP responsive elements (CREs) (Beard et al. 199 1; de 

Groot and Sassone-Corsi, 1992; Hoeffler et ai. 1989; Masquilier and Sassone-Corsi, 1992; 

Sassone-Corsi et al. 1990). The CRE consists of a palindromic sequence (TGACGTCA) 

and is recognized by CRE binding protein (CREB; Yamamoto et al L988; Gomalez et al 

1989). The CRE sequence is similar to that of TRE (TGA(C/G)TCA; Sassone-Corsi et al. 

1990). However, transcription directed by the CRE is stimulated by CAMP and not TPA, 

although the basal expression mediated by this element was augmented by endogenous 

protein kinase-C activity (Hoeffler et al. 1989). In contrast, the TRE mediates 

transcriptional responses to both CAMP and TPA, and the two agents together give 



synergistic responses (Hoeffler et al. 1989). The simifarity between T E  and CRE 

elements may involve an interplay in transcriptional regulation and 'cross-talk' between 

components of the two major signai transduction pathways- This type of cross-taik was 

also observed with the transcription factor AP-2, which mediates induction by protein 

kinase C and CAMP signal-transduction pathways (Imagawa et al. 1987). 

A.4.2. The role of AP-1 sequences in C E S  gene expression 

The GWCS constmcts, with or without the AP-1 sequences, were tested for their 

inducibility in the presence of phorbol ester (PMA, which induces the PKC and AP-l), 

forskolin (whîch increases adenylyl cyclase levels) and &Bromo CAMP (a stable analogue 

of CAMP) in placenta JEG-3 cells. Twenty four hours &er gene tramfer, îhe cells were 

supplemented with medium containing either 10 pM forskolin, 100 nM PMA or L .O mM 8- 

Bromo CAMP. The cells were exposed to these agents for another twenty four hours and 

cell extracts were prepared for CAT activity- 

A.4.3. Results and Discussion 

A.4.3.1. No influence of phorbol esters on GHfCS promoter activity in 

placental celis 

Interestingly, CAT assays reveded that only forskolin and 8-Bromo CAMP had an 

effect on CS-A and GH-V promoter activity. The CSA promoter activity was increased by 

4.5-8 fold by both forskolin and CBromo CAMP (Fig. A-LOA; n=3, p<0.05), whereas the 

GH-V promoter activity was increased by only 2-3 fold by bo t -  agents either in the 

presence of or the absence of AP-1 sequences (Fig. A-LOB; n=3, peO.05, note- the two 

fold actîviîy of the AP-1. GH- V. OIT in the presence of forskolin was not quite statisticolly 

significant, p=0.09). However, the presence of AP-1 sequence had an enhancing effect 

only on the GH-V promoter as stated earIier, but not on the CS-A promoter activity (Fig. 

A-4). Furthemore, PMA did not influence the basal promoter activity in the presence or 



absence of AP-1 sequence (Fig. 4.10; n=6). 
* 

=======------------===------------====---==----------= 

Fig. A-IOA. The presence of AP-1 element did not influence forskolin- and 
8-Bromo-CAMP-dependent stimulitory activity as well as did not confer 
phorbol ester (PMA) stimulation of GH-V and CS-A promoters in human 
choriocarcinoma JEG3 celis. Approximately 1.0 x 10' JEG-3 cells per 100 mm 
culture dish were transfected with 15 pg of each CS-Ap.CAT (CS-A) O r 
AP-1.CS-Ap.CAT (AP-1 .CS-A). Twenty four hours afker transfections, cells were fed 
with medium containing 10 pM forskolin (For), 1 .O mM 8-Bromo-CAMP (8-BrcAMP) and 
100 n M  PMA and the cells were exposed to these reagents for 24 h. AAer this incubation 
time, ce11 extracts were prepared and assayed for CAT gene expression. The results were 
presented as fold induction of CS-A promoter (with or *thout AP-I sequences) activity by 
forskolin, B-Bromo-CAMP and PMA over the respective promoter activities in the absence 
of above reagents. (A DNA kgment containing nucleotides nom 496 to +l of the CS-A 
gene was used as CS-Ap). Note: The deSignation "'C-sequences" (C) is replaced by "W- 
1" in the constmcts as the C-sequence fiagrnent is an AP-1 containing upstream flanking 
DNA of the CS-A gene. 



Fig. A-LOB. The preseace of AP-1 eïement d M  not inffuence focskoh- and 
S-Bromo-CAMP-dependent stimulatory activity as welï as did not confer 
phorbol ester (PMA) stimulation of GH-V and CS-A promoters in human 
choriocarcinomr JEG-3 ceUs. Approximately 1.0 x L06 IEG-3 cells per 100 mm 
culture dish were transfected with 15 pg of each GE-Vp.CAT (GH-V) or AP-LOCH- 
Vp.CAT (AP-1.GH-V). Twenty four hours afier transfectîons, celIs were fed with 
medium containing 10 pM forskolin (For), 1.0 m M  843mo-CAMP (8-BrcAMP) and 100 
nM PMA and the cells were exposed to these reagents for 24 h. After this incubation the, 
ce11 extracts were prepared and assayed for CAT gene expression. The redt s  were 
presented as fold induction of GH-V promoter (with or without AP-L sequences) activity 
by forskolin, 8-Bromo-CAMP and PMA over the respective promoter activities in the 
absence of above reagents. (A DNA hgment containhg nucleotides h m  -496 to +I of the 
GH-V gene was used as GH-Vp). Note: The designation "C-sequences" (C) is replaced 
by "AP-1" in the constructs as the C-squence fragment is an AP-1 containhg upstream 
flanking DNA of the CS-A gene 



In vitro structural studies confîrmed binding of a factor to the AP-1 element, which 

could be  AP-1, however, the failure to see a P M  response after t-ent ~ s f e c t i o n s  

would not be consistent with induction of AP-L and AP-I binding. Thus the presence of a 

consensus sequence is not sufficient to assign a regulatory event, at lem in this instance, 

even though it was s h o w  an AP-1 elernent alone c m  confer TPA inducible activiîy on 

either genes possessing these elements or heterologous promoters (Ange1 et al. 1987; Lee et 

al. 1987). However, there are several lines of evidence that the presence of an AP- 1 

element alone may not be sufficient for phorbol ester-induced promoter activity. Although 

the collagenase gene has an AP-1 element in its promoter region, the 19-1 sequence alone 

is insufficient for phorbol induciiity (Auble et al. 199 1). Phorbol responsiveness could be 

achieved when other sequence elernents within the collagenase promoter were present 

(Auble et al. 199 1). There are also examples where the AP-1 site is essential for basai 

expression of a gene but not necessarily for TPA-inducïoility (Buttke et al. 1991). 

Furthemore, it was also shown that, in some cases, TPA induced gene expression is 

dependent on combinatonal interactions between positive and negative regulatory elements 

in a promoter (Harris et ai. 1998). A DNA binding protein known as MDBP can counteract 

the stimulation of transaiption by AP- 1lCREB like proteins when the binding sites of these 

proteins are present contiguously (Asiedu et al. 1994). Furthemore, glucocorticoids 

antagonize the AP-1 induced gene activation without affecting AP-1 binding activity (Jonat 

et al. 1990: Konig et al. 1992) and this antagonipng mechanism explains the anticancer and 

antiinBammatory functions of glucocorticoids (Jonat et al. 1990)- Tseng and Verma (1995) 

showed thar AP- 1 elements in the intronic regions ofthe ornithine decarboxylase gene are 

unresponsive to TPA. It was suggested that the flanking sequences of the Al?- 1 site in the 

introns possess negative regulatory elements and may be crucial to determine whether the 

AP- 1 site is accessible to the TPA-induced transcriptional factor(s) (Tseng and Vema, 

1995). 

Similarly, it was shown that the purified AP-2 protein could bind hGH promoter 

sequences at nucleotide positions -270/-280 and -1501- 160 by footprint assay (Imagawa et 

al. 1987), but later it was concluded that it was a non-functional bindïng event @ana and 
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The presence of one nucleotide difference in the consensus AP-1 binding site, 

TGA(C/G)TCA. to TGACTCc, could cause the AP-1 site to be unrespowive to phorbol 

esters, and this could be due to subde differences in affinity for AP- 1 proteins (Timmers et 

al. 1990). Although different TRE elements bind a common factor, they have the abiüty to 

bind to different subsets of a family of related transcription factors, because the bZip 

protein dimers (fos and jun) differ in their ability to tolerate variations nom the canonical 

TRE sequence (Smith et ai. 1993). In GH-V, the upstream equivalent AP-1 binduig region 

contains a nucleotide change in the core AP-l consensus sequence (Fig. A.9). Whether this 

sequence binds AP- L is yet to be detennined. Aiso the mechanism by which upstrearn CS- 

A sequences containing the AP-1 were able to stimulate GH-V promoter activity in 

placental cells is yet to be elucidated. The lack of any PMA response suggests that AP-1 

aione might not be involved in this mechanism- 

A.4.3.2. The role of CAMP in GH gene expression 

Results fiom the above experiments suggest that both forskolin and 8-Bromo- 

c&W have a stimulatory effect on the CS/GH promoters. Many genes are modulated by 

CAMP at the ûansaïptional level and these transcriptional effects are mediated by the CAMP 

response element binding protein (CREB) (Yamamoto et al 1988; Gonzdez et al 1989). 

Mer activation of CAMP-dependent protein kinase A (PKA), the catalytic subunits of PKA 

phosphorylates numerous cytoplasmic and nuclear substrates. Arnong these substrates, the 

phosphorylation and activation of CPSB is very important (Gonzalez and Montmony, 

1989). Cyclic AMP is known to stimulate both GH-N secretion and GH-N gene 

expression, to play an important role in somatotroph differentiation, and to stimulate 

somatotroph proliferation (Struthers et al. 199 1; Bertherat, 1997). Generally, in all species 

of vertebrate animals, the cnntrol of GH-N gene expression in anterior pituitary 

somato trophs requires CAMP. Gro wth hormone releasing hormone (GHRH) positively 

regulates the level of GH-N mRNA by stimulation of GH-N gene transcription (Barinaga et 



al. 1983) and also GH-N secretion. GHRH binds to a G-protein-coupled seven membrane 

receptor (GHRHR) and activates adenylyl cyclase through the G-as subunit, which 

catalyses CAMP production (revïewed by Mayo et al. 1995). Somatostatin. on the other 

hand, inhibits GH-N release, and binds to a G-protein-coupled receptor (G-cli), but inhibits 

adenylyl cyclase and protein kinase-A (reviewed by Eberhardt et al. 1996). 

As stated earlier, the major CAMP-responsive transcription factors are CREBIATF, 

AP-1 and AP-2 (Beard et al. 199 1; de Groot and Sassone-Corsi, 1992; Gonzalez et al 

1989; Hoeffler et a1.1989; Imagawa et ai. I98T; MascpÏIier and Sassone-Corsi, 1992; 

Sassone-Corsi et al. 1990; Yamamoto et al 1988). Among these factors, the importance of 

CREB in GH-N gene expression was established through a transgenic mouse model. 

Overexpression of an inactive, non-phosphorylatable CREB mutant fonn in a transgenic 

mouse resulted in severe somatotroph hypoplasia and dwarfism (Srnithers et al. 199 1). 

Furthemore, the GHF-1/Pit-1 gene was stimulated by CAMP at the transcriptional level 

(McConnïck et al. 1990). GHF- l/Pit-1 not oniy regulates expression ofthe GH-N gene in 

somatotrophs, it positively controls GHRH receptor gene expression (Lin et al. 1992). It is 

dso hown that CAMP positiveiy reguiates the GH-N gene through a non-canonical CAMP- 

responsive region (Copp and Samuels, 1989; Shepard et al. 1994). Although GHF- l/Pit-1 

binding sites are important, additional elements seem to be required for full CAMP 

stimulation of the GH-N promoter (Copp and Samuels, 1989; Shepard et ai. 1994). 

However, while strong CAMP-responsiveness was observecl with both hGKN md ffiH- 

N promoters, interestingly, none to a very weak response was noticed with highly sùnilar 

hCS promoters in pituitary cells (Cattini et al. 1988; Shepard et ai. 1994). A possible 

explanation for this discrepancy may be in the rninor variations in promoter sequences 

between the GH-N and CS genes. According to Shepard et al. (1994). two CGTCA motifs 

in hGH-N promoter sequences (nts -L87/-183, distal and -99/-95, proximal) were 

suggested to be core CAMP-responsive elements. Although expression of the rat GH-N 

gene was also upregulated by CAMP (Barinaga et al. 1983; 198S), the promoter sequences 

do not have the CGTCA motifs. The CS promoter possesses only the proximal CGTCA 

motif, whereas the distal (CaTCA) motif is varïed by one nucleotide and this was thought 



to account for the CS-A promoter unresponsiveness to CAMP (Shepard et al. 1994). 

Several g e n s  were shown to possess this CAMP-responsive CGTCA motif (Shepard et al. 

1 994 and references therein). However, the CS-A promoter is more active than the GH-N 

promoter in pituitary GC cells (Nachtigal et al. 1993) and in pre!iminary studies, upon 

activation with forskolin, the OH-N promoter responded better than the CS-A promoter in 

pituitary GC cells (Fig. A.11; n=3; p=c0.05). Although, the CS-A promoter was activated 

by forskolin (two fold), the values for the CAT gene expression under the influence of the 

GH-N promoter activated by forskolin and that of the CS-A promoter without forskolin 

were simIlar (Fig. A. 1 1; n=3). 

Fig. A. 11. Differential stimulation 
of GH-N and CS-A promoter 
activity by forskolin in rat pituitary 
GC ceus. Approximately 0.5 x 106 GC 
cells per 100 mm culture dish were 
transfected with 15 pg of each GH- 
Np.CAT (GH-N) or CS-Ap.CAT (CS- 
A). Twenty four hours afier transfections, 
the cells were fed with medium containing 
10 pM forskolin (For) and exposed for 24 
h. Afier this incubation tirne, ce11 extracts 
were prepared and assayed for CAT gene 
expression. Although forskolin stimuiated 
both GH-N and CS-A promoters (n=3, 
p<0 -OS), there was no significance 
difference between the GH-N promoter 
activity in the presence of forskolin and the 
CS-A promoter activity in the absence of 
forskolin. The mean value in CAT units per 
milligram of protein is shown and was 
derived fiom at Ieast three detenninations- 
Error bars indicate standard error of  the 
mean. (A DNA fragment containing 
nucleotides fiom -496 to +l of the GH-N or 
CS-A gene was used as GH-Np or CS-Ap, 
respectively), 



Furthemore. it was suggested that downstream sequences in the CS-A gene (the 

primary transcript anaor 3.- flanki-ng sequences) may be important for CAMP and phorbol 

ester responsiveness in pituitary cells (Camni et al. 1988). In a study, it was noted that the 

CS-A promoter responds better than GH-N promoter to thyroid hormone in vitro in GC 

cells (Cattini and Eberhardt, L987). In vh-O, the CS genes are not expresseci in the pituitary 

and the C S A  promoter contains only one GHF-l/Pit-1 site (Lemaigre et al L989; Nickel et 

al. l99 1). At present it is not known why the CS-A promoter is consistently more active 

than GH-N promoter in pitui-tary cells as observed in transient transfections. 

In the current study, h t h  the CS-A and GK-V promoters were activated by CAMP 

modulators (forskolin and 8-Bromo-CAMP) in the presence or absence of AP-1 element in 

choriocarcinoma JEG-3 cells (Fig. A.10). These results contrast with the results of earlier 

studies (Cattini et al. 1988; Shepard et al. 1994). However, these earlier studies were 

performed in pituitary cells, and possibly the lack of response of the CS promoter may 

account for one of the pituitary restricting mechanisms of the human placenta1 growth 

hormone genes. Although there were reports about the essential role of CAMP 

(Handwerger et ai. 1973; Harman et al. 1987; Wu et al. 1988; Golos et al. 1992 ), and 

protein kinase-C (Karman et al. 1986; Wu and Handwerger, 1992) on primate placental 

growth hormone release and expression in placental cells, the regulatory elements 
* 

responsible for these effects were not elucidated. Recently, Oury et al. (1 997) identified 

both CAMP and phorbol ester response elements upstrearn of the CS-A and CS-B genes. 

This element was not similar to the AP-1 element identifieci in this study. The AP-1 element 

was present in the region of -532/-525 in ail GWCS genes with a point mutation in the AP- 

1 element associated with GH-V (with respect to their transcription initiation site, +l), 

whereas the CF!! and TRE elements were localized to - 12 1 01- 1059 ( L 52 bp sequence) 

sequences of the CS-A gene (Oury et al. 1997). However, these elements endorsed both 

CAMP and PM. response to the CS promoters in primary aophoblasts, JEG-3 and non- 

placental HeLa celIs, suggesting that the mechanisms involved are not cell-specific. It was 

also shown that two Sp l/Sp3 sites as well as additional elements directly adjacent to these 

si tes contribute to trophoblast-specific CAMP-responsiveness of the rnonkey GH-V 



proximal promoter (Schanke et al- 1998)- Furthemore, CAMP stimulation resulted in a 

variable response for hCS secretion in first and third trimester trophoblasts (Kato and 

Braunstein, 1989; 1990). In this context, it is interesting to observe that GHRH, which is 

important for pituitary regulation of GH-N gene expression and GH-N secretion, was also 

identified in human (Losa et al. 1990, Berry et al. 1992), rat (Meigan et al. 1988; Nogues 

et al. 1 997; Perez-Riia et al. 1 997) and sheep (Lacroix et al. 1996) placenta- The presence 

of placental GHRH suggests its possible role in the regulation of placental GH gene 

expression in the placenta in similar way to GHRH regulation of GH-N gene expression in 

the pituitary- However, the fiinction of GKRH in placentas of rat and sheep is not 

understood clearly. 

The present study suggests the fimction of the AP- 1 site might be redundant with 

regard to regulation of GWCS gene expression, as this element was not responsive to 

either CAMP or phorbol ester in placental cells- Existing data, as discussed earlier, also 

support the non-specific nature of other TRE and CREs present upstream of the CS-A gene 

( 0 u . r ~  et al. 1997) and the variable responsiveness of the endogenous CS genes to CAMP in 

placental cells (Kato and Bramstein, 1989; 1990). In this context, it would be interesting to 

study other regulatory rnechanisms involved in the placenta-specific expression of the GH- 

V/CS genes. It is possible that the tissue-specific expression of these genes might have 

been achieved by the combination of several of the above responses and the presence of 

enhancer mechanisrns. 

AS. POSSIBLE ROLE OF C- AND UPSTREAM SEQUENCES OF THE 

GH-V GENE 

Although this study was started with the objective of investigating the role of C- 

sequences, unfortunately, the fragment thought to contain the C-sequences was found to be 

another region of the GWCS locus. However, it is stili possible that the presence of the 

CACCC sequences in the 5'-flanking sequences of the GH-V gene may have a dennite role 

in the lowered expression of GH-V gene in the pIacenta. Altematively, these sequences 



may be harbouruig positive regdatory elements as  GK-V is the only placental GH gene 

which does not have an "'enhancer" sequence. There are at les t  four CACCC and CCAC 

sequences clustered withùi a 35 bp region of the upstream sequences of the GH-V gene at 

nucleotide position -674/-630. Several CACCC binding factors, including Sp 1 (Li et al. 

1998), Erythroid KruppeI-like factor (EKLF) (Miller and Bieker, 1993). BKLFITEF-2 

(Crossley et al. 1996) Lung ffippel-like factor (Anderson et al. 1995) and other 

uncharacterired factors (Sabath et al. 1996) were identified. Bindïng of EKLF to the 

CACCC element was shown to be important for reguiathg $-globin gene expression 

(Antoniou and Grosveld, 1990; Hartzog and Myers, 1993; Reddy and Shen, 1993). 

Studies to umavel the role of C-sequences still need to be done. 
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