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ABSTRACT

DEVELOPMENT OF A NON-IMMUNOLOGICAL SYSTEM FOR 

THE STUDY OF THE CELLULAR LOCALIZATION OF BRCAl GENE

PRODUCT IN LIVING CELLS

TOLGA ÇAĞATAY 
M. S. in Molecular Biology and Genetics 
Supervisor; Assist. Prof. Işık G. Yulug 

August 1997, 92 Pages

BRCAl, is a familial breast and ovarian cancer susceptibility gene that has 
been cloned and shown to be either lost or mutated in families with breast and ovarian 
cancer. BRCAl, has been postulated to encode a tumor suppressor, a protein that 
acts as a negative regulator of tumor growth. To explore the biolo^cal function of 
BRCAl, several studies have been performed for the identification of cellular 
localization of BRCAl gene product. Results obtained from these immunofluorescent/ 
immunohistochemical studies generated two opposing views, cytoplasmic localization 
versus nuclear localization. Here, we describe a non-immunological system employing 
the Eukaiyotic Green fluorescent Protein (EGFP) tag for the study of the cellular 
localization of BRCAl gene product in living cells.

Proteins carrying the green fluorescent protein (GFP) of Aequorea victoria 
provide a powerful system to analyze protein expression and targeting in living cells. 
Fusion proteins containing the GFP tag are therefore valuable tools to analyze nuclear 
trafficking in living cells. Here, we reporte the use of a mutant GFP, namely 
Eukaryotic Green Fluorescent Protein (EGFP), as a marker for the protein import into 
mammalian nuclei. We have analyzed the behavior of a protein domain of the 
BRCAl, that contains five putative nuclear localization signals (NLSs), in vivo using 
a chimera constructed from this polypeptide and the EGFP. This in vivo studies 
showed that EGFP was distributed uniformly throughout the cytoplasm and the 
nucleus. When EGFP was fused to NLSs containing domain of the BRCAl protein, 
fluorescent was predominantly detected in the nucleus, showing that these potential 
NLSs consensus sequences may destínate the full-lengh BRCAl producy into the 
nucleus of mammalian cell. This study has also shown that EGFP can be used as a 
potential fluorescent tag for visualization of gene expression and cellular protein 
localization in living cells.
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ÖZET

BRCAl GEN ÜRÜNÜNÜN

HÜCRE İÇİNDEKİ LOKALİZASYONUNU İNCELENMEK İÇİN 

NON-İMMÜNOLOJİK BİR SİSTEMİN GELİŞTİRİLMESİ

TOLGA ÇAĞATAY
Yüksek Lisans Tezi, Moleküler Biyoloji ve Genetik Bölümü 

Tez Yöneticisi: Yardımcı Doçent. Dr. Işık G. Yuluğ 
Ağustos 1997, 92 sayfa

Ailesel meme ve ovaryum kanserinden sorumlu olan BRCAl geni klonlanmış 
ve meme ile ovaryum kanseri olan ailelerde genin ya mûtasyona uğradığı yada 
kaybolduğu gösterilmiştir. BRCAl geninin, tümör büyümesinde negatif düzenleyici 
olarak rol alan bir tümör baskılayıcı proteini kodladığı ileri sürülmüştür. BRCAl'm 
biyolojik işlevinin incelenmesi için BRCAl gen ürününün hücre içi yerinin 
belirlenmesini amaçlayan bazı çalışmalar yapılmıştır. Bu immünoflöresan/ 
immünohistokimyasal çalışmalardan elde edilen sonuçlar gen ürününün sitoplasmada 
veya hücre çekirdeğinde olduğuna dair iki karşıt görüş ortaya çıkarmıştır. Bizde, canlı 
hücrede immünolojik olmayan bir sistemde çalışarak BRCAl gen ürününün hücre 
içerisindeki yerini tammiıyoruz.

Aequerea Victoria' mn yeşil flöresan protein (GFP) taşıyan proteinler, protein 
sentezin ve hedeflenmesinin canlı hücre içinde analizi için güçlü bir sistem sağlarlar. 
Bu yüzden GFP içeren füzyon proteinler canlı hücrede çekirdek trafiğini analiz etmede 
değerli bir araçtırlar. Bu çalışmada ökaryotik yeşil flöresan protein (EGFP) olarak 
bilinen bir çeşit mutant GFP' nin, memeli hücre çekirdeğine taşınan bir proteininin 
işaretlenmesindeki kullamlıım rapor edilmiştir. BRCAl proteinin beş adet çekirdek 
lokalizasyon sinyalini (NLSs) içeren parçasının EGFP ile birleştirilmesiyle yapılan 
kimerik proteinin canlı hücre içerisindeki davramşı incelenmiştir. Yapılan in vivo 
incelemenin sonucunda, EGFP'nin tek başına sentezlendiğinde sitoplazmaya ve 
çekirdeğe eşit bir şekilde dağıldığı gözlenmiştir. EGFP'nin BRCAl proteinin NLSs 
içeren parçasıyla birleştirildiğinde flöresan sinyal dominant bir biçimde hücrenin 
çekirdeğinde tespit edilmesi ise bu NLSs sekanslarinin tam uzunliktaki BRCAl 
proteinini hücre çekirdeğinde lokalize edebileceğini gösterilmiştir. Aynca bu çalışmada
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CHAPTER 1. INTRODUCTION

1.1. Hereditary Breast and Ovarian Cancer and BRCAl (Breast Cancer 1) Gene

Breast cancer is the most frequent malignancy in women. The total lifetime 

risk for developing a breast cancer in the general population is estimated to be 10% 

(Wooster et al., 1995). Breast cancer has been estimated to be one of the most 

common hereditary malignant diseases. Before the identification of BRCAl (BReast 

CAncer susceptibility gene 1), pedigrees have been used in breast cancer risk 

estimations. Familial cancer clinic studies have identified that a woman who has breast 

cancer case(s) in her first degree relatives (mother, father, aunts, uncles, etc.) has an 

elevated risk of disease and that the younger the age of diagnosis in her relatives, the 

higher the risk. The families showed the epidemiological characteristics of familial, 

versus sporadic breast cancer, younger age at diagnosis, frequent bilateral disease, and 

frequent occurrence of disease among men. Epidemiological studies have also shown 

that genetic, hormonal and environmental factors have a role in the etiology of breast 

cancer (Langston et al. ,1996).

1.2. Linkage analysis and cloning of the BRCAl gene

Skolnick et al (1990) identified a region on the long arm of chromosome 17 

by linkage analysis; thel7q21 region appeared to contain a gene for inherited



susceptibility to breast cancer in families with early-age onset of breast cancer (Hall et 

a/.,1990). Subsequently, several gene-hunting studies were performed to find a 

candidate gene for familial breast cancer within this region. Finally in 1994, the 

BRCAl gene that affects the tumorogenesis of breast and ovarian cancer or both, has 

been identified from a large, genetically defined 17q21 region by positional cloning 

(Miki et al. ,1994, Brown et al. , 1995, Harshman et al., 1995, Tonin et a l., 1995).

1.3. Genotype-phenotype correlation and mutations in the BRCAl gene

Inherited mutations in the BRCAl gene in female carriers have been implicated 

in a predisposition to breast cancer with 87% lifetime risk, and families who have 

breast/ovarian cancer in their family history have a 44% risk of developing breast 

cancer. Furthermore female carriers have a 4-fold increased risk of colon cancer, 

while male carriers face a 3-fold increased risk of developing prostate cancer 

(Durocher et al. 1996, Futreal et al. 1994).

Cytogénie studies have shown that the most common genetic abnormality in 

breast cancer (as in most tumors) is loss of heterozygosity (LOH) besides gene 

amplifications. The frequency of loss of heterozygosity in the BRCAl region is 

between 40% - 80% among sporadic breast cancer and varies between 30% - 60% in 

sporadic ovarian cancer cases (Rowell etal. ,1994). More than 70 distinct germ-line 

mutations have already been identified through the screening of the BRCAl gene 

(Friedman et al. ,1995, Berman e t a l .,  1996, Eisinger et al. ,1996, Inoue et al. ,1996, 

Hogervorst etal. ,1995 Struewing e t a l , 1995). Penetrance oîBRCAl is incomplete



and depends on both age and gender so not all carriers of germ-line mutation will 

develop a breast cancer.

Alterations in the BRCAl gene can be listed as frame shift mutations, non­

sense mutations and splice or regulatory region alterations. These mutations account 

for approximately 85% of the cumulative BRCAl mutations, while the remainder are 

due to missense mutations (Miki et al. ,1994). More than 75% of these mutations 

result in the truncation of the BRCAl protein.

1.4. Structural analysis o f the BRCAl gene

Miki et al. (1994) elucidated the structure of the BRCAl gene . The BRCAl 

gene spreads over approximately 100 kb of the long arm of chromosome 17. The 

genomic structure of the BRCAl gene is composed of 24 exons, 22 of which encode a

7.8 kb mRNA (Figure 1).

Figure 1. The human BRCAl cDNA as described by Miki et al (1994).



Alternative splicing has been observed both in normal and malignant mammary 

tissue and placenta, but the significance of this is not known (Xu et al. ,1995). The

7.8 kb mRNA is abundant in the mammary gland and placenta and also in the testis 

and thymus, but BRCAl expression is not restricted to these tissues; it is also 

expressed in lymphocytes and hepatocytes although at a very low level

The BRCAl gene encodes a 7.8 kb mRNA transcript and this transcript 

encodes a 1863-amino acids protein, so approximately 73.2 % of the complete 

transcript is the coding sequence.

Lu et al. (1996) have reported four splice variants of the BRCAl in 

nonmalignant and tumor-derived breast cells by sequence analysis of reverse 

transcribed, PCR-amplified trancripts; the fiall-length5i?C47 {BRCA1\ ,̂ 7.8 kb), the 

internally deleted sequence leading to a protein lacking amino acids between 264 and 

1366 of5i?C4/L (^7?G47s , 4.4 kb), and two very minor variants lacking exons 9 

and 10, referred to a sBRCAl^f’̂  ̂ and BRCAls^'^^. All variants contain the N- 

terminal RING motif, the C-terminal acidic activation domain (Jensen et al., 1996) 

and BRCAl C Terminus (BRCT) tandem repeats. Moreover, BRCAl s and BRCAl s' 

lack the putative nuclear localization signal (NLS) localized within the exon 11. In 

other words BRCAls and B R C A l v a r i a n t s  have in-fi'ame deletion of the 3309 

nucleotide from exon 11 but retain 118 nucleotides from the 5’ end of exon 11. These 

splice variants are found on polysomes and are predicted to encode 80-85 kDa 

BRCAl-derived proteins beside the full-length BRCAl gene product (Lu et al,

1996).



The BRCAl gene appears to be conserved in mammals, however the presence 

of the BRCAl gene in the genome of other species is one of the open questions should 

be handled. The mouse Brcal gene, which maps on chromosome 11 and specifically 

on the 1 ID region, has 75% identity of coding sequence with human BRCAl 

sequence at the nucleotide level and 56% identity at the predicted amino acids 

sequence.

Multiple BRCA1 proteins, approximately 245, 185-220, 160,, 100, 52, and 

38 kD in size, have been identified in both human and mouse cell lines by 

immunohistochemical methods (Chen et al. ,1995, Rao et al. ,1996) and all these 

proteins are phosphoproteins. It is not known whether they are the isoform of BRCAl 

protein or its related proteins. These conflicting results arise from the usage of 

different immunofluorescent and immunohistochemical methods. -

The wild-type BRCAl allele is often lost in cancers that arise within breast 

cancer families, presumably leaving the cell without any functional BRCAl protein. It 

has been shown that when chromosomal loss is defined in breast and ovarian tumors 

from patients who carry the BRCAl predisposition alleles, the wild-type copy of the 

gene is constantly lost while the mutant allele is kept (Munn et al. ,1996, Neuhausen 

et a l., 1994 and 1996). This is the familiar pattern expected from the loss of function 

of a tumor suppressor gene. Therefore, the gene product of BRCAl is thought to be a 

tumor suppressor gene. The tumor suppressor function of the BRCAl gene product 

has been demonstrated by inhibition of endogenous BRCAl expression with antisense



RNA in mouse fibroblast cells that resulted in neoplastic transformation (Rao et al. 

,1996), and by expression of wild-type BRCAl gene in breast cancer cell lines which 

resulted in growth retardation and tumor inhibition (Holt et a l., 1996).

1.5. Structural and functional analysis o f the BRCAl protein

Conceptual translation of the BRCAl cDNA (Genbank accession no:

HSU14689) reveals an open reading frame (ORF) beginning at nucleotide 119 and 

encoding a protein of 1863 amino acids (Appendix 1). According to analysis done 

with a computer based peptide analysis program(P,SQ/?7’ - protein analysis program, 

http://psort.nibb.ac.jp), the BRCAl protein seems to have five nuclear targeting 

sequences at the positions of amino acids 502, 503,504, 603 and 650 with 0.7000/1 

certainty and the protein has no obvious membrane spanning regions or N-terminal 

signal sequence. The BRCAl protein is highly charged; 5% of the total protein 

sequence is composed of negatively charged amino acid residues, while approximately 

11% is positively charged. The excess negative charge is particularly concentrated 

near the C-terminus ( ExPASy-Pro/Pam/w : Protein primary structure analysis 

computer program, http://expasy.hcuge.ch/sprot/protparam.html).

Studies on the physiological function of the BRCAl protein and its role in 

breast and ovarian carcinogenesis have accelerated with the identification of the 

mouse homologue of breast cancer associated gene, Brcal. Specific and dynamic 

expression oiBRCAl protein during differentiation and embryogenesis was studied on 

animal models and an absolute requirement iot BRCAl protein has been

http://psort.nibb.ac.jp
http://expasy.hcuge.ch/sprot/protparam.html


demonstrated. Differentiation and proliferation of mouse mammary epithelial cells is 

directly correlated with the level of BRCAl expression( Lane et al. ,1995) and it has 

been reported that inactivation of Brea I gene in the mouse embryo (mutant Brcal

resulted in either neural tube defects at E9.5 (Gowen et al, 1996) or the failure of 

differentiation and formation of the egg cylinder (Liu et al, 1996). Interestingly, the 

one woman homozygous for a germ-line BRCAl mutation who was identify by Boyd 

lead to an expectation that a BRCAl'^' or Brcaf'' mutant would be viable ( Boyd et

al , 1995). A new biological function of the BRCAl protein as an inducer of 

apoptosis has been speculated in a recent report in which it was shown that 

lack/decreased level of functional BRCAl protein results in a decreased response to 

apoptotic stresses in mouse fibroblast cell lines and human breast cancer cell lines 

( Shao et al. ,1996).

Despite the accumulated data, the function oïBRCAl in either normal 

development or tumorigenesis remains unknown. So far, several searches for 

functional domains in the BRCAl sequence have come up with the discovery of four 

different conceptual consensus sequences. These functional motifs are an N-terminal 

RING-finger (C3HC4 type zing finger) or A-box domain, a C-terminal acidic blob 

domain ( Miki et al. ,1994, Futreal et al. ,1994), a granin consensus at the central 

region of the protein ( Jensen et al. ,1996), and a globular domain within the C- 

terminal of the protein called BRCT that contains an analogous region of a human 

p53 binding protein 1 (53BP1; Koonin et al. ,1996).



Beyond the determination of these sequences by computer sequence homology 

and alignment programs, Jensen et al (1996) have shown that the BRCAl protein is 

secreted and present in breast milk, and that it shares many biochemical characteristics 

of the granin-1 family of proteins such as heat stability, acidity and vesicle localization 

( Jensen, et al, 1996).There are also reports that support the granin feature of the 

BRCAl protein as a regulated secretory protein. These reports show that BRCAl is 

upregulated during pregnancy ( Lane et al. ,1995) and its expression is induced by 

estrogen ( Gudas et al ,1995). However, the recent article by Hakem et al (1996) 

has suggested that BRCAl protein may act as a transcriptional regulator. They have 

shown that homozygous BRCAl mutant-mice embryos (BRCAl ’̂ ") die before 7.5

days of embryogenesis due to the reduced cell proliferation coupled with the 

decreased expression of cyclin E (one of the key components of the Gl/S transition of 

cell cycle) and mdm-2 (a negative regulator of p53 activity), and they also noticed 

significantly increased expression of a cyclin-dependent kinase inhibitor, p21 ( Hakem 

etal ,1996).

Another important evidence about the physiological function of BRCAl 

protein has recently come from the study of Wu et al (1996) They identified a novel 

protein that interacts with BRCAl under both in vitro and in vivo conditions. Yeast 

and mammalian two hybrid system, and immunoprécipitation analysis have shown that 

this BRCAl-associated RING domain (BARDl) protein specifically forms a stable 

heterodimer complex through binding with the BRCAl 1-184 amino acid residues 

where the cystein-rich RING motif is found. Further molecular and biological analysis 

of BARDl protein has shown that BARDl is transcribed from chromosome 2 and



two major BRADl transcripts have been observed in several breast and ovarian 

cancer cell lines ( e.g., ZR-75, T-47D, BT-483). BARDl protein contains an N- 

terminal RING motif, three tandem ankyrin repeats and a C-terminal sequence with 

significant homology to the BRCT domains of the C-terminus of BRCAl. More 

interestingly, it has also been shown that the C61G and C64G missense mutations of 

BRCAl, which are directly related to breast cancer susceptibility, prevent the 

formation of the BRCAl/BARDl complex (W ueia /., 1996).

The C-terminal region of BRCAl has a highly conserved stretch in both 

mouse and human BRCAl sequences (Abel et al, 1995). Different germ-line 

mutations (Ala- 1708—>· Glu, Gin- 1765 C+, Met- 1775-> Arg and Try- 1858—> stop) 

have been reported in patients with breast or ovarian cancer ( Futreal et al., 1994, 

Langston et al., 1996, Gayther et al., 1995 and Serova et al., 1996). Monteiro et al. 

have investigated whether the C-terminal region of BRCAl is able to activate 

transcription by using both mammalian and yeast two- hybrid systems and they have 

reported that the C-terminal acidic region spreading the exonsl6- 24 (aa 1560- 1863) 

is able to activate transcription, and the region comprising exons 21-24 (aa 1760- 

1863) is the smallest region required for sufficient transactivation function of BRCAl 

(Monteiro e/a/., 1996).

Studies for the identification of the biochemical and biological functions of 

BRCAl, which is a large gene with probably many functional domains, have found 

entirely different properties of the gene. Two recent striking data come from Scully 

et al. (1997). In their first study they reported that Brcal binds to human Rad51



(homologous of bacterial RecA), a protein that is involved in the integrity of the 

genome. The human Radi had an ability promote ATP-dependent homologous 

pairing and strand-transfer iv vitro, but precise function(s) of the mammalian Radi 

protein is not clear yet. BRCAl immunostaining displayed distinct nuclear foci during 

the S phase of the cell cycle, like the human RadSl protein. These two proteins were 

colocalized in vivo on the synaptonemal complexes (junction between meiotic 

chromosomes, necessary for homologous recombination) in meiotic cells, and were 

found on asynapsed (axial) elements of human synaptonemal complexes. A 

coimmunoprecipitation study revealed that BRCAl residues 758-1064 are required 

for formation of RadSl-containing complexes in vitro (Scully et al, 1997).

The second study by Scully et al. (1997) proposed that the BRCAl protein 

product is a transcriptional factor which processes RNA polymerase II holoenzyme 

(pol II)-bound protein, and it has also been shown that the C-termihal 11 amino acid 

residues of BRCAl which have an identified role in trans-activation function 

(Monteiro et al., 1996 and Chapman et al., 1996) are important for holoenzyme 

binding,

1.6. Subcellular localization o f the BRCAl gene product

One of the hot topics in BRCAl studies is the identification of the BRCAl 

protein function. As cellular localization can provide clues about protein function, 

subcellular localization of the BRCAl protein is studied intensively. Two conflicting 

points of view about BRCAl subcellular localization have been generated by Chen et
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al. (1996) and Jensen et al. (1996) so far. Results obtained by Chen et al. have 

indicated that while BRCAl protein in normal cells is destined to the nucleus in 

breast and ovarian tumor cell lines the BRCAl protein is aberrantly localized to the 

cytoplasm (Chen e /a / . , 1995, Chen e / a / . , 1996). Subsequently, Scully e/a/. (1996) 

suggested that nuclear distribution of the BRCAl is a general characteristic of the 

cell, regardless of whether it is normal or not (Scully et al. , 1996). Their work seems 

to agree that BRCAl is a 220 kD protein localized in the nuclei of breast epithelial 

cells.

Jensen et al. (1996) have recently described results that contravenes 

substantially those of Chen et al. (1996) and Scully et al. (1996). They defined 

BRCAl as a 190 kD granin-1 type protein which is localized to membrane vesicles 

regardless of the cell type (Jensen et al. , 1996).

More recently, in an attempt to characterize the subcellular localization of 

BRCAl in more detail, Wilson et al. (1997) have studied the subcellular localization 

of both full-length BRCAl (5.7 kb) and an exogenous BRCAl spliced variant, namely 

BRCAl-Al lb (previously described as BRCAlg by Lu et a l., 1996).Their results 

have shown that full-length BRCAl protein product was a nuclear protein, whereas 

BRCAl-A 1 lb was localized to the cytoplasm. They also reported that unlike the full- 

length protein, over expression of the protein encoded by splice variant did not appear 

to be toxic to the cell. Another interesting result of Wilson et al. is that the expression 

of BRCAl-A 1 lb was reduced or completely absent in several breast and ovarian 

tumor cell lines (Wilson et al., 1997).
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All these subcellular localization analyses were carried out by using 

commercially available variety of antibodies raised against the C-terminal, N-terminal 

and exon 11 of BRCAl proteins. Chen et al. (1996) , Scully et al. (1996), Jensen et 

al (1996) and Wilson et al. (1997) have used the same antibodies such as C-20, N- 

25, D-20,1-20 but surprisingly their results were different. Since they employed 

either immunoflourescent or immunohistochemical methods in their analysis, the 

cross-reactivity capacity of the antibodies, the genotype and the phenotype of the host 

cell line, and features of the specimen fixation might have resulted in artifacts that give 

rise to a false-positive results. Likewise, C-20 antibody has the problem of cross­

reactivity since it recognizes both human epidermal growth factor receptor (EGFR) 

and HER2 as well as the BRCAl protein (Wilson et al. , 1996). Therefore the 

specificity problem of antibodies is the most important disadvantage of 

immunoscreening techniques in the clinical and molecular analysis*of the BRCAl 

protein.

1.7. Practical approaches to the structural and functional analysis of a protein

Several methods are available to monitor gene activity and protein distribution 

within cells. These include the formation of fiasion proteins with coding sequences for 

a reporter gene such as, firefly or bacterial luciferase, and P-galactosidase( Old et al, 

1994 , Brown, 1993). Because such methods require exogenously added substrates 

or cofactors, they are of limited use with living tissue. Another application called the 

epitope tagging of protein is the combination of fusion protein and
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immunofluoresence or immunohistochemical methods. Tagging of a known sequence 

of 8-12 amino acids, called an epitope, (for example; flag myc) in frame with the 

sequence of protein of interest overcomes the need for antibodies specific for each 

studied protein. Tagged wild-type or mutant form of the sequence of interest can be 

introduced into the cultured cell to allow identification of in vivo localization and 

functional analysis of a whole protein or specific domains (Pierre, 1996).

Nowadays the most commonly used technology is to tag the protein of interest 

with green fluorescent protein (GFP) which is the bioluminescent protein of jellyfish 

Aequorea victoria. GFP can either be used in immunofluorescence (or -histochemical 

methods) as an epitope or can be directly visualized with the fluorescence microscope 

( Peters et a l , 1995, Amsterdam et a l , 1995, Webb C. D ., 1995, Olson et a l , 1995, 

Ogawa et al, 1995, Wang étal , 1994). Wild-type GFP is a protein o f23 8 amino 

acids having a chromophore structure that absorbs blue light (395-470 nm) and emits 

green light (509 nm). Chromophore formation is not species-specific and occurs either 

through the use of ubiquitous cellular components or by autocatalysis (Chalfie et al. 

,1994). GFP has several ideal characteristics over the other tag proteins as it requires 

neither an additional gene from Aequorea victoria nor exogenous additional substrate 

and cofactor. GFP persists after formaldehyde treatment in specimen fixation required 

analysis, and the most important characteristic is that GFP combined with the protein 

of interest preserves both the fluorescence of GFP and all the targeting and function 

of the protein of interest (Chalfie et a l , 1994, Cubitt et a l , 1995 and Olson et a l , 

1995)
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1.8 AIM AND STRATEGY

This project aims to establish a non immunological model system that permits 

kinetic studies of subcellular localization of BRCAl protein in a living eukaryotic 

system. In order to set up such a system, we used a novel genetic reporter system that 

employs the green fluorescence protein under the fluorescence microscope. When 

expressed in prokaryotic or eukaryotic cells and illuminated by blue light, GFP yields 

a bright green fluorescence. Additionally, detection of GFP can be performed with 

living tissues instead of fixed sample. The use of GFP in these capacities provides a 

“fluorescent tag” on the protein, which allows for in vivo localization of protein.

In the course of this project 2316 bp coding sequence of the putative tumor 

suppressor 7 gene was cloned into pEGFP-N2, Eukaryotic Green Fluorescence 

Protein -N terminal fusion protein vector The BRCAl fragment codes for amino acids 

of 1 to 772 of the full-length BRCAl protein. This region harbors the 5 nuclear 

localization signal (NLSs) patterns localized in N-terminal region at position of amino 

acids 502, 503, 504, 609 and 650, and the RING finger domain at position of amino 

acids between 25 to 64. The chimera constructed from this peptide and EGFP was 

tranfected into MCF-7 breast cancer cells to observe where the 2316 bp fragment 

destínate the BRCAl protein. The strategy was as follows:

• the nucleotide and the conceptual amino acid sequence of BRCAl was analyzed 

with computer programs to determine the protein localization sites on BRCAl
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• the sequence that contains the NLSs (BRCA1 (53. 2436)) was isolated from the full- 

length BRCAl construct (pLXSN-BRCAl) by restriction endonuclease 

digestions;

• the isolated DNA fragment was cloned into pEGFP-N2 eukaryotic expression 

vector to create a fiision protein containing the fluorescent GFP at the C-terminus 

of the BRCAl protein which was a valuable tool to analyze subcellular trafficking 

in living cells;

• pEGFP-N2 vector and the new construct, pEGFP-BRCAl( 83-2436), were 

transfected into MCF-7 cell line by electroporation;

• subcellular localization of the BRCAl (83 - 2436)-GFP fusion protein was monitored 

with fluorescent microscopy.
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CHAPTER 2. MATERIALS AND METHODS

2.1 MATERIALS

2.1.1 Reagents

All laboratory chemicals were analytical grade from Sigma Biosciences 

Chemical Company Ltd. (St. Louis, MO, U.S.A) with the following exceptions: Tris- 

base was from Stratagene (La Jolla, CA, U.S.A). Ethanol was from Delta Kim Sanayi 

ve Ticaret A.S (Turkey). Midi-prep kit and Qiaex kit (for recovery and extraction of 

DNA from agarose gel) were from Qiagen (Chatsworth, CA, U.S.A). Tryptone and 

yeast extract was obtained from Gibco, BRL Life Technology Inc. (Gaithersburgs, 

MD, U.S.A). Agar, ampicillin were from Sigma. Kanamycin was from Appligene- 

Oncor (Illkirch, France).

2.1.2 Bacterial strain

The bacterial strain used in this work was:

E. coli, DH5a: F-, (f80dE(/acZ)M15), recAl, endhX, gyrA96, thi\, hsdM l, 

(r-km-k), supEAA,relA\, deoK, E(/acZYA-ar gF)U169
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2.1.3 Enzymes

Restriction endonucleases, Klenow fragment of E. Coli DNA polymerase I 

and T4 DNA Ligase were purchased from MBI FERMENT AS Inc. (NY, U.S.A). The 

Kpn I endonuclease that was obtained from Stratagene GmbH (Heidelberg,

Germany). DNase free RNase was from Promega (Madison, WI, U.S.A)

2.1.4 Nucleic adds

DNA molecular weight standard was supplied by Gibco BRL. Ultrapure 

deoxyribonucleotides were from Boehringer Mannheim GmbH (Mannheim, 

Germany). Eukaryotic cloning and expression vector pEGFP-N2 (C-terminal protein 

fusion vector) was purchased from CLONTECH Laboratories, Inc. (CA,U.S.A). 

Retroviral expression vector containing the BRCAI cDNA (nucleotides 85-5711), 

pLXSN-BRCAl was a gift from Dr. Tim Crook (Institute of Cancer Research 

Haddow Lab., Surrey, England).

2.1.5 Oligonucleotides

The sequencing-primer used for cycle sequencing reactions was synthesized in 

the Beckman Oligo lOOOM DNA synthesizer (Beckman Instruments Inc. CA. U.S.A) 

at the Bilkent University, Faculty of Science, Department of Molecular Biology and 

Genetics, (Ankara, Turkey).
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2.1.6 Electrophoresis and Photography

Electrophoresis grade agarose was supplied from Sigma Biosciences Chemical 

Company Ltd. (St. Louis, MO, U.S.A). Horizontal electrophoresis apparatuses were 

from Stratagene (Heidelberg, Germany) and E-C Apparatus Corporation (Florida, 

U.S.A). The power supply Power-PAC300 was from Bio Rad Laboratories (CA, 

U.S.A). Imagemaker used in agarose gel profile visualizing was from Herolab except 

for the video graphic printer/UP-890CE and UPP-110 paper which were obtained 

from Sony Corporation (Japan).

2.1.7 Tissue culture reagents and cell lines

Dulbecco’s modified Eagle’s medium (DMEM), fetal calf serum was obtained 

from Sigma Biosciences Chemical Company Ltd. (St. Louis, MO, U.S.A). L- 

glutamine, gentamycin, calcium and magnesium-free phosphate buffered saline (PBS) 

were obtained from Gibco BRL. Penicillin / Streptomycin mixture was from 

Biological Industries (Haemel, Israel). Tissue culture flasks, petri dishes, 15 ml 

polycarbonate centrifuge tubes with lids and cryotubes were purchased from Costar 

Corp. (Cambridge, England).

MCF-7 (ATTC no: HTB-22), human breast epithelial pleural efihision cell line 

was provided by Prof Mehmet Ôztürk.
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2.2 SOLUTIONS AND MEDIA

2.2.1 General solutions

IX Tris-acetic acid-EDTA (TAB): 40mM Tris-acetate, ImM EDTA

Ethidium bromide: 1 0  mg/ml in water (stock solution), 

30 ng/ml (working solution)

lx Gel loading buffer; 0.25% bromophenol blue, 0.25% xylene 

cyanol, 50% glycerol, ImM EDTA

Solutions for plasmid DNA isolation :

Solution I 50 mM Glucose, 25 mM Tris.Cl, pH 8.0, 10

M EDTA. Sterilize in autoclave.

Solution II 

Solution III

0 .2  N NaOH, 1 % (wt/vol) SDS 

3 M Potassium acetate, pH 4.8

2.2.2 Microbiological media and antibiotics

Luria-Bertani medium (LB)

Glycerol stock solution

Per liter: 10 g bacto-tryptone, 5 g bacto- 

yeast extract, 1 0  g NaCl. For LB agar plates, 

add 15 g/L bacto agar.

65% glycerol, 0.1 M MgS0 4 , 0.025 M 

Tris.Cl, pH 8 .0
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Ampicillin

Kanamycin

10 0  mg/ml solution in double-distilled water, 

sterilized by filtration and stored at -20°C 

(stock solution).

1 0 0  |J.g/ml (working solution)

300 mg/ml solution in double-distilled water, 

sterilized by filtration and stored at -20°C 

(stock solution). 30 {xg/ml (working solution)

2.2.3 Tissue culture solutions:

H33258 fluorochromo dye

4% paraformaldehyde 

DMEM

1 mg/ml solution in double-distilled water and 

stored at -2 0  °C. 300 ng/ml (working solution). 

0.04 g/ml solution in PBS. Stored at 4°C 

For 500 ml DMEM; 2mMJFetal calf serum, 

100 U/ml Penicillin, 50 mg/ml Streptomycinand 

and 1 mM L-Glutmanine.

Stored at -4 °C.
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2.3 METHODS

2.3.1 General methods

2.3.1 . 1  Transformation of E.coH

Transformation of plasmid DNA into E.coli was achieved by using calcium 

chloride method. The following procedure is based on Ausubel et al. (1991). 

Preparation of competent cell

500 pi of DH5a glycerol stock solution was inoculated into 5 ml of LB 

medium containing selective agent and cells were grown at 37°C, shaking at 200 rpm 

to an optical density at 590 nm (OD 590) of 0.4 (approximately for 3 h). 1.5 ml of 

growing cells were centrifuged at 13,000 rpm for 1 min at 4°C and gently 

resuspended in 500 pi ice-cold 50 mM CaCb. After preparation, competent cells were 

used within 24 h or stored at -80°C for future use.

Transformation

Competent cells were suspended with 500 pi ice-cold 50 mM CaCb and 

centrifuged at 13,000 rpm for 1 min at 4°C. The pellet was resuspended gently in 10 0  

pi of ice-cold 50 mM CaCb. 1 pi plasmid (Ing/pl) was mixed with the competent 

cells and incubated on ice for 30 min. The competent cells were heat shocked at 42°C 

for 90 seconds and the cells were then incubated on ice for 2 min. 1 ml of LB 

medium was added onto competent cells and incubated at 37°C, 2 0 0  rpm for 1 h to 

allow the expression of antibiotic resistance gene before plating. After the incubation, 

200 pi of transformation mixture was plated onto LB agar plates containing 100 

pg/ml ampicillin or 30 pg/ml kanamycin to provide a selection for positive colonies

21



carrying the newly introduced antibiotic resistance gene via transformed plasmid and 

incubated at 37°C overnight for the selection of antibiotic resistant tranformants.

2.3.1.2 Growth and storage of bacterial strains

A single bacterial colony picked from either an agar plate or a loopfull of 

bacterial glycerol stock was inoculated into 5 ml LB broth in 15 ml screw capped 

tubes. The tubes were incubated at 2 0 0  rpm at 37°C overnight in a rotator-incubator.

Bacterial strains were stored at -70°C in LB medium containing 50% bacterial 

glycerol stock solution for long term storage. Recombinant clones were stored under 

the same condition in media containing the appropriate antibiotic. Strains were 

maintained as isolated colonies on LB agar plates at 4°C for short term storage. 

Bacterial strain used in this study is defined in section 2.1.2.

2.3.1.3 Plasmid DNA preparation

Small scale isolation of plasmid DNA (mini-prep)

This protocol is based on the alkaline lysis method of Bimboim and Doly

(1979).

The transformant bacteria strain containing the plasmid of interest was grown 

in 5 ml LB medium containing 10 0  pg/ml ampicillin at 37°C, while shaking at 2 0 0  

rpm overnight. 1.5 ml culture was pelleted in 1.5 ml microfiage at 13,000 rpm for 2 

min. After removal of supernatant, the cell were resuspended in 100 pi ice-cold 

Solution I and stored at room temperature for 5 min. Freshly prepared 200 pi of 

Solution n  was added and mixed in by inverting the tube very gently and then placed 

on ice for 5 min. Bacterial chromosomal DNA and cell debris were precipitated by
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the addition of 150 jil of Solution III. The mixture was then stored on ice for 5 min 

and centrifuged for 5 min at 13,000 rpm, 4°C to pellet the host DNA and proteins. 

Supernatant was transferred into a new eppendorf tube, mixed with 800 pi ice-cold 

absolute ethanol and the mixture was incubated at -20°C for an hour. The plasmid 

was recovered by centrifugation at 13,000 rpm for 15 min at room temperature. The 

pellet was washed with 300 pi 70% ethanol and centrifuged for 15 minutes at 13,000 

rpm, at room temperature. Ethanol was aspirated and the pellet was dried under 

vacuum. The pellet was resuspended in 20-30 pi sterile distilled H2O containing 10 

pg/ml RNase A and incubated at 37°C for an hour. The sample was stored at 4°C for 

short-term or at -20°C for long-term. This procedure yields approximately 1-1.5 pg of 

DNA.

Purification of plasmid DNA using the Qiagen Kit

The Qiagen 100 kit was used for large scale isolation of pure plasmid DNA. 

The method is based on the “midi-prep” instructions supplied with the QIAGEN 

Plasmid Midi Kit (Cat. No. 12145) by Qiagen (Germany).

This procedure yields approximately 60-150 pg of plasmid DNA for 100 ml 

initial LB culture.

2.3.1.4 Extraction and precipitation of DNA

Extraction and precipitation of DNA from aqueous solution were achieved by 

using phenol extraction and ethanol precipitation methods.
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Phenol extraction

The DNA solution was mixed with an equal volume of 25:24:1 

phenol/chloroform/isoamylalcohol and vortexed vigorously. The aqueous and organic 

phases were separated by centrifugation at 13,000 rpm for 2  Min. The top (aqueous) 

phase was transferred to a new tube. In order to improve the recovery of DNA 

(especially in cases where DNA concentration is < 1 pg), the organic phase was re­

extracted with 10 0  pi double-distilled H2O and the second extract was pooled with 

the first extract.

Ethanol precipitation

DNA solution or the aqueous phase collected from phenol extraction was 

mixed with Vio volume of 3 M sodium acetate, pH 5.2 and mixed by vortexing 

briefly. After the addition of 2 volume of ice-cold absolute ethanol, the sample was 

left at -20°C for an hour. The pellet was recovered by centrifugation at 13,000 rpm 

for 20 min and washed by 1 ml of 70% ethanol. The pellet was air-dried and 

resuspended in 30-50 pi sterile distilled water.

2.3.1.5 Quantification and Qualification of Nucleic Acids

Concentrations and purity of the double stranded nucleic acids (plasmid 

DNAs, restriction endonuclease fragments and constructs) and oligonucleotides were 

determined by using the Beckman Instruments Du Series 600 Spectrophotometer 

software programs (ds DNA and Oligo DNA Short methods) on the Beckman 

Spectrophotometer Du 640 (Beckman Instruments Inc. CA. U.S.A).

When the new plasmid was available, 500ng of the plasmid DNA was 

transformed into E.coli DH5a strain to obtain permanent stock. First, transformants
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were selected according to their characteristic antibiotic resistance (kanamycin 

resistance for pEGFP-N2 and ampicillin resistance for pLXSN-BRCAl). In order to 

confirm the presence of the transformed plasmid in the positive colonies, mini-prep 

plasmid DNA isolation was performed . After the digestion with proper restriction 

endonuclease(s), their restriction endonuclease maps were compared to known 

profile of the original plasmid stock.

2.3.1.6 Restriction enzyme digestion of DNA

Restriction enzyme digestions were routinely performed in 10-70 pi reaction 

volumes and typically 2-10 pg DNA were used. Reactions were carried out with the 

appropriate reaction buffer and conditions according to manufacturer’s 

recommendations.

Digestion of DNA with two different restriction was performed in the same 

reaction buffer to provide the optimal condition for both restriction enzymes.

If no single reaction buffer could be found to satisfy the buffer requirements of 

both enzymes, the reactions were achieved sequentially. First, DNA was digested with 

one of the enzymes completely and then the digested DNA was recovered by ethanol 

precipitation (section 2 .3.1.4) followed by digestion with the second enzyme.

2.3.1.7 Agarose gel electrophoresis of DNA

DNA fragments were fractionated by horizontal electrophoresis by using 

standard buffers and solutions. DNA fragments less than 1 kb were generally 

separated on 1 .0  % agarose gel, those greater than 1 kb (up to 1 1  kb) were separated 

on 0 .8  % agarose gels.
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Agarose gels were completely dissolved in lx TAE electrophoresis buffer to 

required percentage in microwave and ethidium bromide was added to final 

concentration of 30 |ig/ml. The DNA samples were mixed with one volume loading 

buffer and loaded onto gels. The gel was run in lx TAE at different voltage and time 

depending on the size of the fragments at room temperature.

Nucleic acids were visualized under ultraviolet light (long wave, 340 nm) and 

Standard DNA size marker, 1 kb DNA ladder, was used to estimate the fragment 

sizes. Fragment sizes of the 1 kb DNA ladder were as follows;

12.2, 11.2, 10.2, 9.2, 8.1, 7.1, 6.1, 5.1,4.1, 3.1, 2.0, 1.6, 1.0, 0.5, 0.4, 0.3 and 0,2 kb

Extraction of DNA fragments from agarose gel

DNA fragments were extracted from agarose gels by using the QIAEXII 

(150) gel extraction kit according to the manufacturer’s instructions.

Gel purification with the QIAEX II kit yields 60-70 % recovery of DNA 

fragments between 1 .0  kb to 6 .0  kb in 1 0 -2 0  |xl volume.

2.3.2 Computer analysis of DNA sequences

Restriction endonuclease maps of the plasmid DNAs and the BRCAl cDNA 

were analyzed by using The WebCutter program (designed by Max Heiman, 1995, 

maxwell@minerva.cis.yale.edu) available for free and public use at 

http;//www.medkem.gu.se/cutter and http://firstmarket.com/firstmarket/cutter.

Oligonucleotide for sequencing was designed by using the primer programs 

‘Trimer Designer- Version 2.0 (Scientific and educational software, 1990-91)” and
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“Amplify for analyzing PCR experiment (Bill Engels, 1992, University of Wisconsin, 

Genetics, Madison,U.S.A,WREngels@mace.wisc.edu)”.

The annealing temperature for a sequencing primer was calculated using the 

Tm determination program provided by The Alces WWW Server, Virtual Genome 

Center (VCG) at http://alces.med.umn.edu/rawtm.html (stew@lenti.med.umn.edu).

Protein sorting signal analysis of the BRCAl protein was done by using the 

PSORT, Server for Analyzing and Predicting Protein Sorting Signals Coded in Amino 

Acid Sequence, version 6.3 (WWW) program {http://psort.nibb.ac.jp) KentaNakai, 

Osaka University (nakai@nibb.ac.jp).

2.3.3. Construction of the pEGFP-N2-BRCAl( 83 - 2436) eukaryotic expression 

vector

2.3.3.1 Eukaryotic Green Fluorescence Protein-N-Terminal protein fusion 

vector, pEGFP-N2

pEGFP-N2 (ClonTech) vector encodes a variant of the Aequorea victotia 

green fluorescent protein (GFP) that has been optimized for brighter fluorescence and 

high expression in mammalian cells. pEGFP-N2 allows genes cloned into the multiple 

cloning site (MCS) upstream of the EGFP coding sequences to be expressed as 

fusions to the N-terminus of EGFP. The unmodified vector will express EGFP in 

mammalian cells. The Genebank sequence of the pEGFP-N2 vector was given in 

Appendix 2 .

pEGFP-N2 vector was used for cloning of the 2353 base pairs (bp) long 

fragment of the BRCAl gene. The vector DNA was double digested with the EcoAl
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Ill and Kpn I restriction enzymes. Map ad the multiple cloning site of the vector was 

given in figure 2 .
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Figure 2. Restriction map and multiple cloning site of pEGFP-N2. (Unique 
restriction sites are in color or bold.) The Not I site follows the EGFP stop codon.
The Nhe I site cannot be used for fusions since it contains an in-ffame stop codon.
The Xba I site (*) is methylated in the DNA provided by CLONTECH. If you wish to 
digest the vector with this enzyme, you will need to transform the vector into a danf 
host and make fresh DNA.

Double digestion of pEGFP-N2 vector was performed in two sequential 

reactions. The following reagents were added into an eppendorf tube in order for the 

first digestion reaction:

5.52 pi pEGFP-N2 (10 pg)
2 pi lOx Green Buffer (MBI)
2 pi 10 mg/ml BSA (0.1 pg/pl final concentration)
1 pi EcoAl III (lOU/pl)

0.48 pi of sterile distilled water
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The reaction was incubated at 37°C for 4 h. The digestion mixture was run on a 

0.8% gel and the 6188 bp EcoAl III fragment was isolated from agarose gel and used 

for the second digestion reaction:

20 |il 4737 bp linearized pEGFP-N2 
3 pi 1 Ox Optimal buffer #1 (Stratagene)
1 pi is:/?« I (25 U)
5 pi sterile distilled water

The digestion mixture was run on a 0.8% gel and 4684 bp Kpn I fragment was 

isolated from agarose gel and recovered in 10 pi dH20 by using the QIAEX gel 

extraction kit.

2.3.3.2 pLXSN-BRCAl vector

The 2353 bp fragment of BRCAl, namely BRCA 1(83 - 2436), that includes the 

83 - 2436 nucleotides oiBRCAl and the ATG start codon at position 120 nucleotide 

was prepared by digesting the retroviral expression vector, pLXSN-BRCAl (Holt et 

a l, 1996) containing the full length of BRCAl with Ehe I and Kpn I restriction 

endonucleases. The double digestion profile of the pLXSN-BRCAl was visualized 

on 0.8% agarose and the 2389 bp fragment (BRCAl83 - 2436) was purified from 

agarose gel by using the QIAEX gel extraction kit.

Double digestion of pLXSN-BRCAl was performed in single reaction mixture 

within the common buffer Y (MBI). The following reagents were added into an 

eppendorf tube in order for Ehe I and Kpn I digestion reaction of pLXSN-BRCAl;
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5 jil pLXSN-BRCAl ( 1 0  pg)
2 III lOx Yellow Buffer (MBI)

0.2 |il 10 mg/ml BSA (0.1 mg/ml final concentration)
2^il£;/ıeI(10U )
1 [il Kpn I (25 U)

9.5 |il sterile distilled water

The mixture was incubated at 37®C for 4 h

The digested DNA was run on a 0.8% agarose gel and the 2389 bp pLXSN-

BRCAl fragment (BRCAl (83. 2436)) was isolated from agarose gel and eluted in 10 pi

sterile distilled water.

2.3.3.3 Construction of vector encoding a 2316 bp fragment of BRCAl fused 

with the N-terminal of the EGFP

The molar ratio of 1 ;3 (vector;insert) was used to clone the 2389 bp

BRCAl (83 - 2436)
into 4684 bp pEGFP-N2. The reaction conditions were as follows:

2 pi pEGFP-N2 4684 bp fragment 
5 pi BRCAl 2389 bp fragment
1 pi 1 Ox Ligation buffer
2 pi T4 DNA ligase (2 Weiss units/ml)

The digested vector itself was used as a control for the ligation reaction. The 

ligation reaction for the control was as follows:

2 pi pEGFP-N2 (vector, 270 ng)
5 pi sterile distilled water
1 pi 1 Ox Ligation buffer
2 pi T4 DNA ligase (2 Weiss units/ml)
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Both reactions were incubated at room temperature for 4h and transformed 

into E.coli DH5a strain as described in the section 2.3.1.2. The recombinant colonies 

were picked and analyzed. Large scale plasmid DNA preparation was performed to 

of the positive recombinants (named Nls) as described in the section 2.3.1.3.

2.3.3.4 Klenow treatment of Nls

Isolated Nls DNAs were digested with Kpn I and ethanol precipitated. The 

precipitated DNA was treated with Klenow fragment to remove the 4 bases of 3’- 

protruding ends which were created by Kpn I digestion. The following reagents were 

added in order:

15.5 |il Kpn I digested Nls (12 pg)
1 pi 10 mM dTTP
1 pi 10 mM dATP
1 pi lOmMdCTP
1 pi 10 mM dGTP
2.3 pi lOx Klenow incubation buffer
0.5 pi Klenow fragment (10 U/ml)
0.7 pi sterile distilled water

After 30 min of incubation at 37°C, Klenow enzyme was heat inactivated at 

75°C for 10 min. The DNA sample was run on 0.8% agarose gel and extracted from 

the gel by using the QIAEX gel extraction kit.

Klenow treated and purified DNA was self ligated to create the pEGFP-

BRCAl (83  - 2436)
construct. The following reagents were added to the ligation reaction:

16 pi Klenow treated Nls DNA 
2 pi 1 Ox Ligation buffer 
2 pi T4 DNA ligase (2 Weiss units/ml)
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Reaction was incubated at room temperature for 4 h and transformed into 

DH5a as described in the section 2.3.1.2. The positive transformants that carry the 

pEGFP-BRCAl^ 83 - 2436) construct were subjected to large scale plasmid DNA 

isolation as described in the section 2.3.1.3.

2.3.4 Automated DNA sequencing

Sequencing of the 3’-ligation junction of the pEGFP-BRCAl(83. 2436) construct 

was performed at Bilkent University, Department of Molecular Biology and Genetics, 

(Ankara, Turkey).

Midi-prep DNA of pEGFP-BRCAl( 83 - 2436) was linearized with Ab/1 

digestion and sequenced by using the ABI PRISM Dye Terminator Cycle Sequencing 

Ready Reaction kit (Perkin Elmer, U.S.A) on the ABI PRISM 377 Automated DNA 

Sequencer (Perkin Elmer, U.S.A). Following reverse sequencing primer was used:

TC-102 (reverse); 5’-TCG ACC AGG ATG GGG CA-3’

2.3.5 Tissue culture techniques

2.3.5.1 Cell line

MCF-7 tissue was used as a model cell line in the eukaryotic expression 

studies. The characteristics of the MCF-7 was obtained from http://www.attc.org web 

site (Table 1).
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Table 1: Characteristics of MCF-7 cell line

ATCC Niimb6^ % 
Name:

. '* ’/* №V7

'H e taM arJce isp I

'MorphoIogy^f|^:3 
AntigenExp:-;^g
Pro^ucts:/i':i‘it^S'7

- . V , ,, ^ ,

Growth:'*- î’"̂'
References;7§|^i i

li. :.. .viCv

HTB-2 2

MCF7
Mammary gland; breast; adenocarcinoma; carcinoma; pleural 
effusion; cancer
Human; 69 year old; female; Caucasian
Estrogen
no
wnt7h +
The stemline chromosome numbers ranged from hypertriploidy to 
hypotetraploidy, with the 2S component occurring at 1%. There 
were 29 to 34 marker chromosomes per S metaphase, of which 
24 to 28 markers occurred in at least 30% of cells, and generally 
one large submetacentric (Ml) and 3 large subtelocentric (M2, 
M3, and M4) markers were recognizable in over 80% of 
metaphases. No DM were detected. Chromosome No. 20 was 
nullisomic and X was disomic 
Epithelial
Blood Type O; Rh+
Insulin like growth factor binding proteins (IGFBP) BP-2; BP-4; 
BP-5
Monolayer
J. Natl. Cancer Inst. 51:1409-1416, 1973; Cancer Res. 43:2831- 
2835, 1983; Science 230:943-945, 1985; Cancer Res. 50:2997- 
3001, 1990; Cancer Res. 53:5193-5198, 1993; Int. J. Cancer 
55:453-458, 1993
Minimum essential medium Eagle with 2 mM L-glutamine and 
Earle's BSS adjusted to contain 1.5 g/L sodium bicarbonate, 0.1 
mM non-essential amino acids and 1.0 mM sodium pyruvate and 
supplemented with 0.01 mg/ml bovine insulin, 90%; fetal bovine 
serum, 10%.
2 to 3 times weekly 
A ratio of 1:3 to 1:6 is recommended 
The MCF7 line retains several characteristics of differentiated 
mammary epithelium including ability to process estradiol via 
cytoplasmic estrogen receptors and the capability of forming 
domes; the line may harbor B or C type virus genomes and 
should be handled as a potentially biohazards agent; contains the 
Tx-4 oncogene; growth of MCF7 cells is inhibited by tumor 
necrosis factor alpha (TNF alpha); secretion of IGFBP's can be 
modulated by treatment with anti-estrogens.
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2.3.5.2 Growth conditions

Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% PCS, 

1 mM glutamine and penicillin and streptomycin (50 mg/ml) was used to culture the 

MCF-7. The cells were incubated in at 37°C in an incubator with an atmosphere of 

5% CO2  in air.

The cells were passaged before reaching confluence. The growth medium was 

aspirated and the cells were washed once with calcium and magnesium-fi'ee PBS . 

Trypsin was added to the flask to remove the monolayer cells from the surface. The 

fresh medium was added and the suspension was pipetted gently to disperse the cells. 

The cells were transferred to either fresh petri dishes or fresh flasks using different 

dilutions (from 1:2 to 1:10) depending on requirements.

All media and solutions used for culture were kept at 4°C (except stock 

solutions) and warmed to 37°C before use.

2.3.5.3 Cryopreservation of cell lines

Exponentially growing cells were harvested by trypsinisation and neutralized 

with growth medium. The cells were counted and precipitated at 1500 rpm for 5 min. 

The pellet was suspended in a freezing solution containing 10% DMSO, 20% PCS 

and 70% DMEM at a concentration of 4x10^ cells/ml. 1 ml of this solution was
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placed into 1 ml screw cap cryotubes. The tubes were left at -70°C overnight. The 

next day, the tubes were transferred into the liquid nitrogen storage tank.

When frozen stocks were recovered from liquid nitrogen, the tubes were 

incubated at 37°C waterbath. When the solution was thawed, the cells were 

transferred into a 15 ml centrifuge tube and 10 ml fresh DMEM was added gradually. 

The sample was centrifuged at 1500 rpm for 5 min. The supernatant was aspirated 

and the precipitated cells were resuspended with 5 ml fresh DMEM and transferred 

into 25 cm  ̂flask.

2.3.5.4 Transfection of eukaryotic cells using electroporation

The MCF-7 cells were plated into a 75 cm  ̂flask the day before the 

electroporation to obtain 60-90% confluence on the day of transfection. 30 pg 

supercoiled the pEGFP-BRCAl^33. 2436) construct and the pEGFP-N2  plasmid were 

ethanol precipitated and washed with 70% ethanol. The samples were dried in the 

sterile hood and dissolved in 2 0  pi sterilized distilled water.

Sterilization of glass coverslips

In a tissue culture hood, coverslips were placed into 95% ethanol. The excess 

ethanol was removed from the coverslips and flamed to sterilized them. The 

coverslips were then placed into 12 multi-well tissue-culture dishes.
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Electroporation

The MCF-7 cells were harvested by trypsinisation and washed twice with ice- 

cold IX calcium-magri esium free PBS. Harvested cells were counted by using a 

haemocytometer and centrifuged at 1500 rpm for 5 min. The pellet was resuspended 

in 800 ml ice-cold IX calcium-magnesium free PBS at a density of 4x10^ cells/ml. 30 

pg of the supercoiled pEGFP-BRCAl^ 33. 2436) construct or pEGFP-N2 plasmid were 

added into the cell suspension and mixed well. The DNA-cell mixture was transferred 

to 0.4 cm electroporation cuvette and incubated on ice for 10  min. The samples were 

then transferred to the BioRad Gene Pulser (BioRad) and placed into the chamber. 

The cells were electroporated at 950 mF, 0.22 kV/cm (t=19-22 ms). The cuvettes 

were then incubated on ice for 10  min and the cells were transferred into a tube 

containing complete DMEM at a density of 2x10^ cells/ml. 1x10* cells were plated in 

1 2  multi-well culture dishes containing coverslips and allowed to incubate at 37°C.

2.3.5.5 Fluorescence signal detection

The coverslips were carefully removed from the culture dishes, placed onto 

slides and washed gently with IXPBS solution twice. The slides were immediately 

examined by fluorescent microscopy. The fluorescence signal was detected with 

FITC filter set (Filter I: 450-490 nm for GFP and Filter II: BP-365 nm for H33258 

staining),(ZEISS). The FITC signal was visualized using a Zeiss MC80/Axioskop 

fluorescent microscope camera system.
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Expression of green or blue fluorescence was examined 24 hours after the 

transfection within 12 h intervals.

Fixation of cells for staining

After 24 h incubation, culture medium was removed by aspiration and the 

coverslip was washed twice with PBS. The coverslips were placed onto the slides 

and 2 ml of fi'eshly made 4% paraformaldehyde solution was directly applied. The 

coverslips were incubated at room temperature for 30 min at dark. The coverslips 

were then washed twice with IXPBS and 500 pi of 1/100 dilution of fluorochrome 

dye H33258 (Img/ml) was applied. Samples were incubated at room temperature for 

10 min at dark and then washed with IXPBS twice. The excess PBS around the edges 

of the coverslip was removed with a clean tissue and then the samples were examined 

by fluorescent microscopy.
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CHAPTERS. RESULTS

3.1. Computer analysis of the B R C A l sequence

3.1.1 Computer analysis of the BRCAl protein sequence

The human BRCAl protein sequence (Genbank accession no: HSU 14680) 

was analyzed by using PSORT computer program to determine the possible protein 

localization sites within the protein sequences (Appendix 1).

The result of the PSORT analysis of BRCAl protein is given in Table 2. The 

PSORT determines the candidate localization-sites for prediction as listed below:

Cytoplasm, mitochondria (outer membrane, intermembrane space, inner 

membrane and matrix space), microbody (peroxisome), nucleus, endoplasmic 

reticulum (lumen and membrane), Golgi body, lysosome, plasma membrane and 

outsite. At the end of the analysis the conclusive prediction, i.e. the top five probable 

localization sites with their certainty factors (ranging between 0.00 and 1.00) is given 

finally. The data obtained from the PSORT has shown that the most probable protein 

targeting sequences were nuclear localization sequences (NLSs). This NLSs were 

localized to amino acids residues between 502 to 650. So we decided to clone a 2316 

bp fragments oi BRCAl cDNA into 5’ end of the EGFP sequence.
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Table 2: The results of the PSORT computer analysis for BRCAl sequence

Nucleus KRKR, amino acid position: 502 

RKRR, amino acid position: 503 

KRRP, amino acid position: 504 

NRLRRKS, amino acid position: 609^ 

KKKK, amino acid position: 650

0.70

"^Consensus sequence already defined by Chen et al, 1995

3.1.2 Computer analysis of the pLXSN-BRCAl construct

The restriction endonuclease map of the pLXSN-BRCAl construct was 

obtained by using the WebCutter computer program to find two single cutter 

endonucleases which create a fragment including the NLSs conserved sequences on 

the BRCAl cDNA sequence and also allow to directional cloning of the fragment into 

the pEGFP-N2 eukaryotic expression vector.

According to the restriction map of the pLXSN-BRCAl construct (Appendix 

3), double digestion with the Ehe I and Kpn I restriction endonucleases was used for 

digestion of both pLXSN-BRCAl construct to obtain the BRCA1(S3 -2436) fragment 

containing the five putative nuclear localization signals (NLS) sequences and a highly 

conserved N-terminal RING finger domain (C3HC4 zinc-finger domain) (Bienstock et 

al. (1996).
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3.2 Qualification of the pLXSN-BRCAl and pEGFP-N2

The undigested- pEGFP-N2 vector isolated from kanamycin resistant 

transformants was run on 0.8 % agarose gel. After this primary selection, plasmid 

isolated from candidate colonies were double digested with Not I / EcoK I 

endonucleases for further characterization of plasmid and subjected to 0.8 % agarose 

gel electrophoresis where Not I / EcoK I digested original pEGFP-N2 plasmid was 

used as control. The expected 3061 bp and 776 bp fragments were only detected in 

mini-prep plasmid DNA of the nl colony (Figure 3, lane 5). Not I / EcoK I double 

digestion profile is shown at Figure 3.

3.0 k b

1.0 k b

0.5 k b

Figure 3. Not I / EcoKl double digest profile of pEGFP-N2 and mini-prep 
plasmid DNA of nl, n2, n3 colonies.
i l i  1 kb DNA ladder, 2; undigested pEGFP-N2, ^  Not I / EcoKl digested pEGFP- 
N2, undigested nl, ^  Not I / EcdRl digested nl, ^  undigested n2, 7; Not I / 
iscoRI digested n2, ^  undigested n3, Not I / & 0 RI digested n3)
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The same procedure was applied to ampicillin resistant pLXSN-BRCAl 

transformants and Sac I endonuclease was used to analyze the restriction 

endonuclease profile of candidate colony, IT3. Expected fragment sizes for Sac I 

digestion profile of the original pLXSN-BRCAl plasmid were 5707 bp, 3124 bp and 

2713 bp. Results are shown at Figure 4.

tncb, , ; t e l g ; : :  ■ 3 5 f 4 a a |

2.0 kb

Figure 4. Sac I digestion profile of the original PLXSN-BRCAl and mini-prep 
plasmid DNA of the IT3 colony on 0.8% agarose gel.
(A undigested original plasmid, 2i Sac I digested original plasmid, 5/undigested 1T3 
and 4i_ Sac I digested IT3)

3.3. Endonuclease digestion of the pLXSN-BRCAl and pEGFP-N2

3.3.1 Eco4tl III and Kpn I double digestion of pEGFP-N2 vector

Two step double digestion was performed. The pEGFP-N2, was first digested 

with EcoM III restriction endonuclese. The expected fragment size after EcoAl III
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digestion was; 4737 bp (linearized vector). The 4737 bp fragment was isolated from 

gel in 20 pi sterile distilled water.

The isolated 4737 bp fragment was used for the second, Kpn I, digestion. 

Expected fragments were 4684 bp and 53 bp respectively. The 4684 bp fragment was 

isolated from the gel and resuspended in sterile distilled water with 135 ng/pl final 

concentration (Figure 5). However, the 53 bp fragment could not be observed on 

0.8% agrose gel since the percentage and the run time of gel was not suitable to 

observe the bands smaller than 500 bp.

3 .1  k b — ►

Figure 5. EcoAl III and Ehe I double digestion profile of pEGFP-N2 vector on 
0.8% agarose gel.

3.3.2 Kpn I and Ehe I double digestion of pLXSN-BRCAl

Single reaction mixture was prepared for Kpn I and Ehe I digestion of the 

pLXSN-BRCAl. The common Yellow Buffer (MBI) was used. The expected 

fragment sizes after Kpn I and Ehe I digestion were; 3837, 3124, 2389, 1175. 985 and
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34 bp (Figure 6). The 2389 bp fragment that contains the five NLSs were isolated 

from the gel in sterile distilled water witha final concentration of 68 ng/pl.

4 .1  k b

2.0 k b

Figure 6. Kpn I and Ehe I digestion profile of pLXSN-BRCAl.
Yellow arrow indicates the 2389 bp fragment from pLXSN-BRCAl digestion and 
cyan arrow shows the 4684 bp EcoAl III / Kpn I digested pEGFP-N2. (/; pLXSN- 
BRCAl, 2; pEGFP-N2)

3.4 Construction of the pEGFP-BRCAl( ss. 2436) eukaryotic expression 

vector

3.4.1 Ligation reaction

The BRCAl (83 - 2436) fi'agment was cloned into pEGFP-N2 vector as described 

in section 2.3.3.3 and “no insert” control ligation was performed to test the self 

ligation of cut vector. The vector: insert molar ratio was determined according to the 

data obtained from both the quantitative analysis of insert (B RCA 1(83 -2436)) and
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vector (pEGFP-N2 ) as described in section 2.3.1.5 and ethidium bromide intensities 

dotted on agarose plate that was illuminated by ultraviolet light (Figure 7).

Figure 7. Ethidium bromide 
intensities of the BRCAl(83 - 2436) 
fragment (insert) and the pEGFP- 
N2 (vector) dotts under ultraviolet 
illuminator.

3.4.2 Selection of positive colonies after transformation

After transformation of recombinant pEGFP-N2 into £.coli DH5a strain, 

transformants were subjected to kanamycin selection overnight. The following day, 17 

colonies from ligation plate and 20 colonies from “no insert” ligation control plate 

were obtained. DNAs were isolated from all colonies in the ligation plate and one 

colony from the control plate. All samples were digested with EcdK I restriction 

endonuclease (Figure 8). The mini-prep plasmid DNA of candidate Nls3, Nls4 and 

control ligation colony2 colonies were fiirther characterized by EcoK I / Not I double 

digestion analysis. Result is shown at Figure 9. The Nls4 colony was selected for the 

following steps of the cloning study and glycerol stocks was prepared.
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4 .1  k b
3 .1  k b

0 .5 k b

Figure 8. EcoR 1 digestion profile of the positive colonies (Lane number 4 to 20).
lj_ 1 kb DNA ladder,^  undigested pEGFP-N2 vector, ^  EcoK I digested pEGFP-N2 
Lane 4 - 20: EcoR I digested Nls DNA samples (samples 1 to 17) 2J_i EcoK I 
digested control ligation colony 1. 22: EcoK I digested control ligation colony2.

Ikb 1 2 3 . 4 " 5

3 .1  k b

1.6  k b

1.0 k b — ►

Figure 9. Not I / EcoRl double digest profile of mini-prep plasmid DNA isolated 
from the NIs3, Nls4 and the control ligation colony!.
(/; undigested pEGFP-N2, 2i linearized pEGFP-N2 with Not I digest, ^  Not I / 
EcoKl digested Nls3, 4i Not I / EcoKL digested Nls4, 5: Not I / EcoRl digested 
control ligation colony2.)
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3.4.3 Klenow treatment of the Nls4 construct

The recombinant pEGFP-N2 construct containing the BRCAl(83-24 36), named 

as Nls4, (Figure 10) was isolated from the Nls4 colonies by using QIAGEN Plasmid 

Midi kit.

Figure 10. The recombinant pEGFP-N2 construct, Nls4 (7076 bp).
The Eco41 III / Kpn I digested BRCAl (83 - 2436) fragment was ligated into Ehe I / Kpn 
I digested pEGFP-N2 vector.

The Nls4 construct was subjected to the Klenow treatment. After ligation of 

BRCAl (83 - 2436) fragment into pEGFP-N2 vector, the I junction between 3’- 

terminus of BRCAl (83-2436) and 5’- terminus ofEGFP had a frame shift in the 

transcription ofBRCAl(83 - 2436)-EGFP fusion protein. Therefore, the Nls4 construct 

was digested with Kpn I and treated with Klenow enzyme to remove 4 bases from the 

5’-protruding end of the BRCAl coding sequence.
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Following the Klenow treatment, the blunt ends of the Nls4 construct was 

ligated and transformed into DH5a competant cells. Schematic representation of the 

Klenow treatment and self-ligation steps of the construct is given at Figure 11.

The transformants were grown on kanamycin plate and four positive colonies 

were obtained (Nlsl^’’"', Nls2^‘’"', NlsS*̂ ’’”' and Nls4^‘’"'). Mini-prep DNAs were 

prepared and digested with Kpn I enzyme to check the presence or absence of Kpn I 

sites in the constructs. Two colonies (NlsS^’’”' and Nls4^‘’"‘) can not be digested with 

Kpn I enzyme. The Kpn I site was successfiilly destroyed in these colonies. The Kpn I 

restriction enzyme analysis of these four clones are shown at Figure 12. The new 

construct obtained by removal of the Kpn I site from Nls construct was named as 

pEGFP-BRCAl (83 - 2436).

BRCAl Kpn I EGFP

5’ ATT TCA TTG GTA CCG CXXi GCC: CXiG GAT CCA CCG GCC GGT CCX: CAC CAT GGTG 3’ 
3’ TAA AGT AAC CAT GGC GCC CGG GCC СТА GGT GGC CGG CCA GCG GTG GTA CCAC5’ 

I S L V P R A R D P P A G R H  H G

(The Kpn I jmiction of Nls4 Construct witli out-fraine nucleotide and amino acid sequences)

K le n o w  treatm ent &  S e lf  lig a tio n

T
5’ ATT TCA TTG CGC GiiG CCC GGG АТС CAC CGG CCG GTC GCC ACT: ATG GTG3’
3’ TAA AGT AAC GCG CCC GGG CCC TAG GTG GC:C GGC CAG CGG TGG TAC CAC 5’

I S L  R G P  G I  H R  P V A T M V
(START)

(The Kpn I junction o f pEGFP-BRCAl (8З - 2436) constmct with in-frame nucleotide and amino acid sequences )

Figure 11. Schematic representation of the Klenow treatment and self ligation 
steps in the construction of pEGFP-BRCA 1(83 -2436).
Blue letters indicate the sequence of the BRCAl (83 -2436) fragment and green letters 
represent the sequence of EGFP. Capital letters in black are used to show the amino 
acid encoded sequences and red ‘M’ denotes the start codon of the EGFP.

47



, l k b l , 2  J 4 5 6 7 8,  9 lOí?.
i  Mí "̂M‘4' '"'í'

6.1 kb

Figure 12. Kpnl digestion profile the Klenow treated NIŝ **" colonies on 8% 
agarose gel
(¿i undigested Nls4 without Klenow treatment, 2  ̂Kpn I digested Nls4 without 
Klenow treatment, ^  undigested N lsl’̂ ’’”', 4j_ Kpn I digested Nlsl^’’"', ^  undigested 
Nls2’̂ ’’"·, ^  Kpn 1 digested Nls2^’’"·, 7; undigested NlsS*̂ ’’"', ^  Kpn I digested NIsS^p"’, 

undigested N1s4^p"·, Kpn I digested N1s4®̂p"·)-

3.4.4 Automated sequencing of Kpn I junction of the BRCA1(83 2436)-EGFP 

fusion sequence

The Nls4^‘’"‘, pEGFP-BRCAl(83-2436) construct was partially sequenced with 

TCI02 sequencing primer by using Perkin Elmer 377 Automated Sequencer. TCI02 

primers lies on the 3’-upstream of the Kpn I junction, within the vector sequence. The 

pEGFP-BRCAl(83-2436) contruct DNA was prepared by Qiagen midi-prep kit. The 

DNA was linearized by Not I digestion and used for cycle sequencing reaction.

The partial sequence of the pEGFP-BRCAl(83 - 2436) construct was analyzed by 

Sequence Navigator computer program and shown that Klenow treatment had 

removed the Kpn I site successfully (Figure 13) . The actual sequencing result is given 

in Appendix 4.
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Figure 13. The sequencing result oiKpn I junction.
The given electropherogram shows the cyan highlighter box including the removed 

I junction at nucleotide 129. ( 8ETOLGA: the reference sequence,
3 19*NLS4/TC 102: the sequence of the Nls4’̂ '’"' plasmid DNA).
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In summary, this cloning strategy which was confirmed by DNa sequencing 

resulted in the in-frame fusion of the carboxy terminus of 772 amino acid fragment 

of BRCAl protein with at the carboxy terminus of EGFP. This vector, namely 

pEGFP-BRCAl(83-2436), contains a Kozak consensus translation initiation site and 

immediate early promoter of human cytomegalovirus (CMV) to increase the 

translation efficiency in eukaryotic cells.
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3.5 Expression Analysis of the pEGFP-N2 vector and the pEGFP- 

BRCA1( 83 - 2436) Construct in Eukaryotic System

The MCF-7 human breast adenocarcinoma cell line was used for all 

transfection experiments (Figure 14) . MCF-7 breast cancer cell line has very low 

expression of BRCAl mRNA and BRCAl protein (Jensen at al, 1996).
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Figure 14. Phase-contrast microscopy apperance of MCF-7 cells (200x 
magnification)

3.5.1 Transfection of MCF-7 by Electroporation

The pEGFP-BRCAl(83 - 2436) construct and pEGFP-N2 were transfected into 

MCF-7 by electroporation method (Section 2.3.5.4). The efficiency of the 

transfection was determinated by counting the cells that express EGFP which emits
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green fluorescent signal versus the cells having non fluorescent signal under 

fluorescence microscope. The transformation efficiency for the pEGFP-N2 

electroporation was 52.69% and for the pEGFP-BRCAl(83-2436) construct 

electroporation was 48.87%.

3.5.2. Expression analysis of the EGFP vector in living cells

The MCF-7 cells were transfected with pEGFP-N2 vector both to asses the 

transfection efficiency of the cells and to set up the maximal experimental conditions 

to observe the expression of EGFP.

The expression analysis of EGFP was observed 24 h after transfection under 

the fluorescence microscope with FITC filter set (Filter 1; 450-490 nm). It was shown 

that the EGFP protein spreads all over the cell (Figure 15). The EGFP protein was 

very stable and green fluorescence signal could be observed 10 days after the 

transfection.
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Figure 15. Unfixed MCF-7 cells transfected with EGFP-N2 
(600x magnification).
(a) Phase-contrast microscopy photograph of the unfixed EGFP-N2 transfected 
MCF-7. (b) Unfixed EGFP-N2 transfected MCF-7 cells were photographed under 
450-490 excitation fitted fluorescence microscope.
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3.5.3 Monitoring the expression and the cellular localization of £GFP-

BRCA1( 83 - 2436) fusion protein

Monitoring the cellular localization in living cell

The expression and localization analysis of the EGFP-BRCA1( 83 - 2436) fusion 

protein in living MCF-7 cells was accomplished with 450-490 excitation fitted 

fluorescence microscope. The strongest green fluorescent signal was observed within 

the nuclei of MCF-7 breast cancer cells transfected with EGFP-BRCAl(g3 - 2436) 

construct. This high fluorescent activity suggested the nuclear localization of the 

EGFP-BRCA1( 83 - 2436) fusion protein (Figure 16). The expression of the fusion protein 

started 48 h after the transfection.

Monitoring the cellular localization in fixed cell

The double-labeling experiment was performed with the EGFP and 

fluorochrome dye H33258 to clarify the nuclear localization of the EGFP-BRCA1( 83 - 

2436) fusion protein. The fluorochrome dye H33258 has a blue fluorescent emission at 

365 nm and binds to DNA content of the dead cells. The DNA-binding fluorochrome 

dye H33258 was used to specify the nucleus of the fixed MCF-7 and examined by 

shifting the FITC fluorescence filter to the BP-365 filter (Filter 2). Results are shown 

at Figure 17.

54



Figure 16. Unfixed MCF-7 cells transfected EGFP-BRGAl(83 - 2436)
(400x magnification).
(a) Phase-contrast microscopy photograph of the unfixed MCF-7 cells transfected 
with EGFP-BRCA1(83 - 2436). (b) Unfixed MCF-7 cells transfected with EGFP- 
BRCA1( 83 - 2436). were photographed under 450-490 excitation fitted fluorescence 
microscope.
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Figure 17. Fixed MCF-7 cells transfected EGFP-BRCAl(83-2436)(400x magnification).
(a) Phase-contrast microscopy photograph of the fixed MCF-7 cells transfected with EGFP- 
BRCA1(s3.2436). (b) Apperance of the fixed MCF-7 cells transfected with EGFP-BRCA1 (83. 
2436) under both visible light and 4 5 0 - 4 9 0  excitation fitted fluorescence microscope ( c )  Fixed 
MCF-7 cells transfected with EGFP-BRCA1( S3.2436) were photographed imder 4 5 0 - 4 9 0  

excitation fitted fluorescence microscope, (d) Fixed MCF-7 cells transfected with EGFP- 
BRCA1(83-2436) were stained with H 3 3 2 5 8  and photographed imder fluorescence microscope
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Figure 17 (coni’d). (c), (d) Fixed MCF-7 cells transfected EGFP-BRCAl(83 - 2436)
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3.5.4 Effect of EGFP and EGFP-BRCA1 ( 83-243«) fusion protein over expression

in MCF-7 cell line

The EGFP and EGFP-BRCA1( 83-2436) expressing cells were monitored 

through 96 h within a 12h intervals and observation was started at 24 h after 

transfection to determine the percentage of the cell survival. Cell counting was 

performed as mentioned in section 3.5.1. Over expression of the EGFP in MCF-7 has 

no significant toxic effect on cells and cell counting data were given in Table 3. 

However, a clear decrease in percent survival was observed in MCF-7 cells that over 

express the EGFP-BRCAl(83 - 2436) (Table 4). The total % of the death within a 96 h 

period after transfection was 51.19% (Figure 18).

 ̂ Counting time..j|ft̂ r^  ̂ ; · ' % survival of green flüd|fi^ceii|pö^ 
cells over expreß'ifihe'Elöl^^

24 h 52.69
36 h 50.61
48 h 51.23
60 h 50.78
72 h 49.89
84 h 49.81
96 h 49.67

Table 3. Percent (%) survival of MCF-7 cells that over express EGFP,
(Percent (% ) survival was calculated as the ratio of green fluorescent positive cells to total

cells within a xmit area).

ä̂i .ojf green fluorescent positi#iells^^^over'. 
X PÄ  the

24 h 48.97
36 h 40.87
48 h 38.15
60 h 31.72
72 h 30.25
84 h 25.47
96 h 25.08

Table 3. Percent (%) survival of MCF-7 cells that over express the EGFP-BRCA1(83-
2436)· (Percent (%) survival was calculated as the ratio of green fluorescent positive cells to 
total cells within a unit area).
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Percent survival 
(%)

□  MCF-7 cells expressing 
BRCA1(83-2436)-EGFP 
fusion protein

□  MCF7 cells expressing 
EGFP

Counting time after 
transfection 

(hours)

Figure 18. Effect of EGFP and EGFP-BRCAl(83 -2436> expression on viability of 
MCF-7 cells.
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CHAPTER 4. DISCUSSION

The green fluorescent protein (GFP) of the jellyfish Aequeorea Victotia has 

attracted widespread interest since the discovery that its chromophore is generated by 

the autocatalytic post-translational cyclization. This permits fusion of the DNA 

sequence of GFP with that of any protein whose expression and transport can then be 

readily monitored by sensitive fluorescence methods without the need to add 

exogenous fluorescent dyes. GFP fusion can provide enhanced sensitivity and 

resolution in comparison to standard antibody staining techniques and the GFP tag 

eliminates the need for fixation, cell permeabilization, and antibody incubation steps 

normally required when using antibody tagged chemical fluorophores. In this study. 

Eukaryotic Green Fluorescent Protein (EGFP) was used instead of wild type GFP. 

EGFP encodes a protein which has a single, red-shifted excitation peak and fluoresces 

with about 35 times more intensity than wild type GFP. The coding sequence of the 

EGFP contains more than 190 silent base changes that correspond to human codon- 

usage preferences for maximal translation efficiency in mammalian cells.

Results represented here demonstrate that the EGFP, encoded by the 

Eukaryotic Green Fluorescence Protein-N-Terminal protein fusion vector, is an 

effective reporter for studying the subcellular localization of any protein, especially for
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the proteins which are newly characterized and have no highly specific antibodies. We 

have used this vector to analyze the effect of the five native and putative nuclear 

targeting sequences oîBRCAl gene product on the celluar localization BRCAl.

Our utilization of EGFP for understanding the importance of these five NLS 

in targeting of whole BRCAl protein has supported the previously reported concept 

that the whole BRCAl protein is a nuclear protein (Chen et al, 1995 and 1996,

Scully eta/., 1996, Wilson et ¿r/., 1997, RuSher eta/., 1997, Coeneeta/., 1997). The 

fusion protein, EGFP-BRCA1( «3 - 2436), carrying the 2389 bp fragment of BRCAl 

cDNA sequence, which contains the four SV40 like NLSs and one steroid hormone 

like NLS, mostly accumulated and was retained in the nucleus as evident by its co­

localization with nuclear DNA that was stained with fluorochrome dye H33258. By 

contrast, EGFP lacking the BRCA1( 83-2436) fragment at its N-terminus was found 

both in the nucleus and the cytoplasm. This is to be expected ,because the PSORT 

analysis of EGFP was shown that there is no defined or evident eukaryotic protein 

sorting sequences in the sequence of EGFP protein and there are also published data 

that confirm the uniform distribution of EGFP all over the eukaryotic cell (Ogawa et 

a /.,1995, Olson e ta l, 1995, Levy e ta l, 1996, Zolotukhin et al, 1996).

The EGFP-BRCA1(83-2436) transfectants showed no major morphological 

alterations compared to the parental MCF-7 cells. Here, we also report that there was 

a notable decrease in the percent survival of the MCF-7 breast cancer cell line 

transfected with EGFP-BRCA1( 83 - 2436). In order to investigate whether this toxic 

effect could be due to over expression of the exogenous EGFP, we analyzed the 

endotoxic effect of the mere EGFP expression in MCF-7 cells. The results showed 

that overexpression of the mere EGFP had no toxic effect in MCF-7 cells.
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One explanation for these observations might be the instability of fusion 

protein coding plasmid, which leds to loss of of the chimera construct after several 

cell divisions. The half-life of the fusion protein might be another criteria that should 

be taken into account to explain the decrease in positive fluorescent signal. On the 

other hand, if we contemplate this decrease as a function of a toxic affect of the 

fusion protein, we can say that the 2316 bp coding sequence of the putative tumor 

suppressor 7, that contains the potential structural cystein rich RING finger 

domain, is likely either to cause a growth inhibition as stated by Holt et al. (1996) or 

to induce a apoptosis in MCF-7 cells (Shao et al., 1996). Nevertheless, even to reach 

a such conclusions additional studies are necessary to define the role of the potential 

functional domains of the BRCAl gene product.

Perspectives

The system described here could be used for efficient characterization and 

expression of genes in cells of mammalian origin. Visualizing intracellular protein 

localization as done with the EGFP-BRCAl(g3 . 2436) should also allow experiments to 

be designed to address important biological questions. For example, an immediate 

application would be the study of subcellular localization and trafficking of the full- 

length BRCAl gene product and its spliced variants.

In this study we demonstrate that the NLSs consensus sequences of the 

BRCAl protein might target the EGFP-BRCA1( 83.2436) fusion protein into the nucleus. 

We should also provide evidence supporting the expression of the EGFP-BRCA1(83- 

2436) fusion protein by using either immunohistochemical or immunohistofluorescence 

technique, suggesting that the EGFP was successfully fused to the NLSs of the
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BRCAl protein and was targeted into the nucleus of the MCF-7 cells by using 

antibody against either N-terminal of the BRCAl protein or EGFP.

Another exciting question would be opened up for new studies based on 

observations that was reported in the literature (Shao et al, 1996, Gowen ei al, 1996 ) 

and in this study; one of the candidate functional domain, a cystein rich RING finger 

may induce cell death. Besides this suggestion, involvement of the BRCAl protein in 

the cellular proliferation process has been recently reported (Hakem et al, 1996, 

Hakem et al, 1997 Scully et al, (b) 1997 and Scully et al, (c) 1997). Taking these 

new studies into consideration, physiological and biochemical function of BRCAl 

protein and its spliced variants in cellular proliferation processes will be studied in 

different mammalian cell lines that have different genetic contents in terms of 

candidate proteins that are expected to correlate with the BRCAl protein.
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APPENDIX 1.

Human BRCAl cDNA and protein sequence, Genbank HSU14680
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S k o ln ic k ,M .H .

D ir e c t  S u b m issio n

S u b m itte d  ( 1 4 -S E P -1 9 9 4 )  M a r k  H. S k o ln ick , M y r ia d  G e p e tic s  Inc. a n d

th e U n iv e r sity  o f  U tah , 4 2 1  W akara W a y , Su ite 2 0 1, S a lt L a k e  C ity , U T  8 4 10 8 ,

U S A

L o ca tio n /Q u a lifie rs

1 ..  5 7 1 1

/o rg a n ism = & q u o t;H o m o  sap ien s& q u o t;

/n o te = & q u o t;F o r  sequence o f  a ltern atively  sp lice d  e x o n  4, see  

G e n B a n k  A c c e s sio n  Nxunber U 1 5 5 9 5 & q u o t;

/ch ro m o so m e = & q u o t; 17 & q u o t;

/ m a p = & q u o t;1 7 q 2 1 ;  spans D 1 7 S 8 5 5 & q u o t;

1 . .  1 1 9

1.. 100 
/n u m b e r = l

1 0 1 . .  19 9  

/n u m b er= 2

12 0 .. 5 7 1 1

/ g e n e = & q u o t;B R C A l& q u o t;

12 0 .. 5 7 1 1

/g e n e = & q u o t;B R C A l« & q u o t;

/n o te = & q u o t;in flu e n ce s su sceptib ility  to  breast a n d  o varian  ca n ce r& q u o t;  

/co d o n _ sta rt= l

/d b _ x r e f= & q u o t;P ID ;g 5 5 5 9 3 2 & q u o t;

/ t r a n s la t io n = & q u o t;M D L S A L R V E E V Q N V I N A M Q K I L E C P I C L E L I K E P V S T K C D H I F C

K F C M L K L L N Q K K G P S Q C P L C K N D I T K R S L Q E S T R F S Q L V E E L L K I I C A F Q L D T G L E Y A

N S Y N F A K K E N N S P E H L K D E V S I I Q S M G Y R N R A K R L L Q S E P E N P S L Q E T S L S V Q L S N L G

T V R T L R T K Q R I Q P Q K T S V Y I E L G S D S S E D T V N K A T Y C S V G D Q E L L Q I T P Q G T R D E I S L

D S A K K A A C E F S E T D V T N T E H H Q P S N N D L N T I E K R A A E R H P E K Y Q G S S V S N L H V E P C G T

N T H A S S L Q H E N S S L L L T K D R M N V E K A E F C N K S K Q P G L A R S Q H N R W A G S K E T C N D R R T P
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S T E K K V D L N A D P L C E R K E W N K Q K L P C S E N P R D T E D V P W I T L N S S I Q K V N E W F S R S D E L

L G S D D S H D G E S E S N A K V A D V L D V L N E V D E Y S G S S E K I D L L A S D P H E A L I C K S E R V H S K

S V E S N f f i D K I F G K T Y R K K A S L P N L S H V T E N L I I G A F V T E P Q I I Q E R P L T N K L K R K R R P

T S G L H P E D F I K K A D L A V Q K T P E M I N Q G T N Q T E Q N G Q V M N I T N S G H E N K T K G D S I Q N E K

N P N P I E S L E K E S A F K T K A E P I S S S I S N M E L E L N I H N S K A P K K N R L R R K S S T R H I H A L E

L W S R N L S P P N C T E L Q r o S C S S S E E I K K K K Y N Q M P V R H S R N L Q L M E G K E P A T G A K K S N

K P N E Q T S K R H D S D T F P E L K L T N A P G S F T K C S N T S E L K E F V N P S L P R E E K E E K L E T V K V

S N N A E D P K D L M L S G E R V L Q T E R S V E S S S I S L V P G T D Y G T Q E S I S L L E V S T L G K A K T E P

N K C V S Q C A A F E N P K G L I H G C S K D N R N D T E G F K Y P L G H E V N H S R E T S I E M E E S E L D A Q Y

L Q N T F K V S K R Q S F A P F S N P G N A E E E C A T F S A H S G S L K K Q S P K V T F E C E Q K E E N Q G K N E

S N I K P V Q T V N I T A G F P W G Q K D K P V D N A K C S I K G G S R F C L S S Q F R G N E T G L I T P N K H G

L L Q N P Y R B P P L F P I K S F V K T K C K K N L L E E N F E E H S M S P E R E M G N E N I P S T V S T I S R N N

I R E N V F K E A S S S N I N E V G S S T N E V G S S I N E I G S S D E N I Q A E L G R N R G P K L N A M L R L G V

L Q P E V Y K Q S L P G S N C K H P E I K K Q E Y E E W Q T V N T D F S P Y L I S D N L E Q P M G S S H A S Q V C

S E T P D D L L D D G E K E D T S F A E N D I K E S S A V F S K S V Q K G E L S R S P S P F T H T H L A Q G Y R R

G A K K L E S S E E N L S S E D E E L P C F Q H L L F G K V N N I P S Q S T R H S T V A T E C L S K N r E E N L L S

L K N S L N D C S N Q V I L A K A S Q E H H L S E E T K C S A S L F S S Q C S E L E D L T A N T N T Q D P F L I G S

S K Q M R H Q S E S Q G V G L S D K E L V S D D E E R G T G L E E N N Q E E Q S M D S N L G E A A S G C E S E T S V

S E D C S G L S S Q S D I L T T Q Q R D T M Q H N L I K L Q Q E M A E L E A V L E Q H G S Q P S N S Y P S I I S D S

S A L E D L R № E Q S T S E K A V L T S Q K S S E Y P I S Q N P E G L S A D K F E V S A D S S T S K N K E P G V E

R S S P S K C P S L D D R W Y M H S C S G S L Q N R N Y P S Q E E L I K W D V E E Q Q L E E S G P H D L T E T S Y

L P R Q D L E G T P Y L E S G I S L F S D D P E S D P S E D R A P E S A R V G N E P S S T S A L K V P Q L K V A E S

A Q S P A A A H T T D T A G Y N A M E E S V S R E K P E L T A S T E R V N K R M S M W S G L T P E E F M L V Y K F

A R K H H I T L T N L I T E E T T H V V M K T D A E F V C E R T L K Y F L G I A G G K W V V S Y F W V T Q S I K E R

K M L N E H D F E V R G D W N G R N H Q G P K R A R E S Q D R K I F R G L E I C C Y G P F T N M P T D Q L E W M V

Q L C G A S W K E L S S F T L G T G V H P I V W Q P D A W T E D N G F H A I G Q M C E A P W T R E W V L D S V

A L Y Q C Q E L D T Y L B P Q I P H S H Y & q u o t;

e x o n  20 0 ..253 / g e n e = & q u o t;B R C A l& q u o t;  /num ber=3

e x o n  2 5 4 ..3 3 1  / g e n e = & q u o t;B R C A l& q u o t;  /n um ber= 5

e x o n  3 3 2 ..4 2 0 / g e n e = & q u o t;B R C A l& q u o t;/ n u m b e r = 6

e x o n  4 2 1 ..5 6 0  /g e n e = « & q u o l;B R C A l& q u o t; /n u m b er= 7

e x o n  5 6 1 ..6 6 5  / g e n e = & q u o t;B R C A l& q u o t;  /num ber=8

e x o n  6 6 6 ..7 1 2  / g e n e = & q u o t;B R C A l& q u o t;  /num ber= 9

e x o n  7 1 3 ..7 8 8  / g e n e = & q u o t;B R C A l& q u o t;  /n u m b er= 10

e x o n  7 8 9 ..4 2 1 5  / g e n e = & q u o t;B R C A l& q u o t;  /n u m b e r= l 1

e x o n  4 2 16 . .430 2 / g e n e = & q u o t;B R C A l& q u o t;  /num ber=  12

e x o n  4 3 0 3 ..4 4 7 6  / g e n e = & q u o t;B R C A l& q u o t;  /n u m b er= 13

e x o n  4 4 7 7 . .4603 / g e n e = & q u o t;B R C A l& q u o t;  /n u m ber=  14

e x o n  4 6 0 4 ..4 79 4  / g e n e = & q u o t;B R C A l& q u o t;  /n u m b er= 15

e x o n  4 7 9 5 ..5 1 0 5  / g e n e = & q u o t;B R C A l& q u o t;  /num ber=  16

e x o n  5 1 0 6 ..5 1 9 3  / g e n e = & q u o t;B R C A l& q u o t;  /n u m b e r = 17

e x o n  5 1 9 4 ..5 2 7 3  / g e n e = & q u o t;B R C A l& q u o t;  /n u m b er= 18

e x o n  5 2 7 4 ..5 3 1 0  / g e n e = & q u o t;B R C A l& q u o t;  /n u m b e r= 19

e x o n  5 3 1 1  ..5 3 9 6  / g e n e = & q u o t;B R C A l& q u o t;  /num ber= 20

e x o n  5 3 9 7 ..5 4 5 1  / g e n e = & q u o t;B R C A l& q u o t;  /n u m b e r= 2 1

e x o n  5 4 5 2 ..5 5 2 6  / g e n e = & q u o t;B R C A l& q u o t;  /n u m ber= 2 2

e x o n  5 5 2 7 ..5 5 8 6  / g e n e = & q u o t;B R C A l& q u o t;  /n u m ber= 2 3

e x o n  5 5 8 7 . .5 7 1 1 / g e n e = & q u o t;B R C A l& q u o t;  /n u m b er= 2 4

B A S E  C O U N T  19 5 6  a  10 99 c  1 2 7 4  g  1 3 8 2 1  

O R I G I N

I a g c tc g c tg a  g a c ttc c tg g  a c c c c g c a c c  a g g c tg tg g g  g tttc tc a g a  ta a c tg g g c c  

6 1  c c tg c g c tc a  g g a g g c c ttc  a c c c tc tg c t c tg g g ta a a g  ttca ttg g a a  c a g a a a g a a a  

1 2 1  tg g a ttta tc  tg c tc ttc g c  g ttg a a g a a g  tacaaaatgt ca ttaa tgct a tg c a g a a a a  

1 8 1  tc tta g a g tg  tccca tctg t c tg g a g ttg a  tca a g g a a cc  tg tctcca ca  a a g tg tg a c c  

2 4 1  a c atattttg  ca aattttgc  a tg c tg a a a c  ttctcaacca g a a g a a a g g g  c c ttc a c a g t  

3 0 1 g tc c ttta tg  taa g aatg at ata acca aaa g g a g c c ta c a  a g a a a g ta c g  a g a ttta g tc
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3 6 1  a a c ltg ttg a  a g a g c ta ttg  aaaatcattt g tg c ttttc a  g c ttg a c a c a  g g tttg g a g t  

4 2 1  a tg c a a a c a g  ctataatttt g c a a a a a a g g  aa aa ta actc  tc ctg a a ca t cta a a a g a tg  

4 8 1  aagtttctat ca tcca aa g t a tg g g c ta c a  g a a a c c g tg c  c a a a a g a ctt c ta c a g a g tg  

5 4 1  a a cccg a a a a  tccttccttg  c a g g a a a c c a  g tc tc a g tg t  c ca a ctctc t aa cxttg g aa  

6 0 1 c tg tg a g a a c  tc tg a g g a c a  a a g c a g c g g a  ta c a a cctca  a a a g a c g tc t g tcta cattg  

6 6 1  a a ttg g g a tc  tgattcttct g a a g a ta c c g  tta a ta a g g c  a a c n a ttg c  a g tg tg g g a g  

7 2 1  atca agaa tt gtta caa atc  a c c c c tc a a g  g a a c c a g g g a  tg a a a tc a g t ttg g a ttctg  

7 8 1  c a a a a a a g g c  tg c ttg tg a a  ttttc tg a g a  c g g a tg ta a c  aa a ta ctg a a  catca tca ac  

8 4 1 cca g ta ataa  tg atttg aa c a c c a c tg a g a  a g c g tg c a g c  tg a g a g g c a t c ca g a a a a g t  

9 0 1 a tc a g g g ta g  ttctgtttca  a a c ttg c a tg  tg g a g c c a tg  tg g c a c a a a t a c tca tg cca  

9 6 1  gctca tta ca  g c a tg a g a a c  a g c a g ttta t tactcacta a  a g a c a g a a tg  aa tgta gaaa  

1 0 2 1  a g g c tg a a tt ctgtaataaa a g c a a a c a g c  c tg g c tta g c  a a g g a g c c a a  cataacagat  

10 8 1 g g g c tg g a a g  ta a g g a a a ca  tg ta a tg a ta  g g c g g a c tc c  c a g c a c a g a a  a a a a a g g ta g  

1 1 4 1  a tc tg a a tg c  tg a tc c c c tg  tg tg a g a g a a  a a g a a tg g a a  ta a g c a g a a a  c tg cca tg ct  

12 0 1  c a g a g a a tc c  tag a ga tact g a a g a tg ttc  cttg g a ta a c  ac ta a a ta g c  ag ca ttca g a  

1 2 6 1  a a g tta atg a  g tg g ttttc c  a g a a g tg a tg  a a c tg tta g g  ttc tg a tg a c  tc a ca tg a tg  

1 3 2 1  g g g a g tc tg a  atca aatg cc  a a a g ta g c tg  a tg ta ttg g a  cg ttcta aat g a g g ta g a tg  

1 3 8 1  a a ta ttctg g  ttcttca g a g  a a a a ta g a ct ta c tg g c c a g  tg a tc c tc a t g a g g cttta a  

1 4 4 1  tatg ta aa ag  tg a a a g a g tt c a ctcca a a t c a g ta g a g a g  taatattgaa gacaaaatat  

1 5 0 1  ttg g g a a a a c  c ta tc g g a a g  a a g g c a a g c c  tcccca a ctt a a g c c a tg ta  actgaaaatc  

1 5 6 1  taa ttatag g  agcatttgtt a c tg a g c c a c  ag a ta a ta ca  a g a g c g tc c c  ctcacaaata  

1 6 2 1  a a tta a a g c g  ta a a a g g a g a  c c ta c a tc a g  g c c ttc a tc c  tg a g g a tttt  atca a g a a a g  

16 8 1  c a g a tttg g c  a g ttca a a a g  a c tc c tg a a a  tg ataa atca  g g g a a c ta a c  c a a a c g g a g c  

1 7 4 1  a g a a tg g tc a  a g tg a tg a a t attactaa ta  g tg g tc a tg a  gaa ta a a a ca  aa ag g tg att  

18 0 1 ctattcag aa  tg ag aa aa at c c ta a c c c a a  tag a a tca ct c g a a a a a g a a  tctgctttca  

1 8 6 1  a a a c g a a a g c  tgaa ccta ta  a g c a g c a g ta  ta a gcaata t g g a a c tc g a a  ttaaatatcc  

1 9 2 1  acaattcaaa agca ccta a a  a a g a a ta g g c  tg a g g a g g a a  g tcttcta cc  a g g ca ta ttc  

19 8 1  a tg c g c ttg a  acta g ta g tc  a g ta g a a a tc  ta a g c c c a c c  taattgtact g aa ttgca aa  

2 0 4 1 ttg a ta g ttg  ttcta gc ag t g a a g a g a ta a  ag a aa aa aaa g ta ca a cca a  a tg cca g tca  

2 1 0 1  g g c a c a g c a g  aa accta caa c tc a tg g a a g  g ta a a g a a c c  tg c a a c tg g a  g c c a a g a a g a  

2 1 6 1  g ta a c a a g c c  a a a tg a a ca g  a c a a g ta a a a  g a c a tg a c a g  c g a ta ctttc  c c a g a g c tg a  

2 2 2 1  agttaa caa a  tg c a c c tg g t  tcttttacta  a g tg ttc a a a  ta c c a g tg a a  cttaaagaat * 

2 2 8 1  ttgtcaa tcc ta g ccttcca  a g a g a a g a a a  a a g a a g a g a a  a c ta g a a a ca  gtta a a g tg t  

2 3 4 1  ctaa ta atgc tg a a g a c c c c  a a a g a tc tc a  tg tta a g tg g  a g a a a g g g tt  ttg ca aa ctg  

2 4 0 1 a a a g a tctg t a g a g a g ta g c  agta tttca t tg g ta c c tg g  tactgattat g g c a c tc a g g  

2 4 6 1  aa agtatctc  g tta c tg g a a  g tta g c a c tc  ta g g g a a g g c  a a a a a ca g a a  ccaaataaat  

2 5 2 1  g tg tg a g tc a  g tg tg c a g c a  tttg a a a a cc  c c a a g g g a c t  a a ttca tg g t tg ttcca a a g  

2 5 8 1  ata ataga aa  tg a c a c a g a a  g g c ttta a g t  a tc c a ttg g g  a c a tg a a g tt a a ccac ag tc  

2 6 4 1  g g g a a a c a a g  ca ta g a a a tg  g a a g a a a g tg  a a c ttg a tg c  tca g ta tttg  cagaatacat  

2 7 0 1  tc a a g g tttc  a a a g c g c c a g  tc a tttg c tc  cg ttttcaa a  tc c a g g a a a t g c a g a a g a g g  

2 7 6 1  a a tg tg c a a c  attctctg cc  c a c tc tg g g t  cctta a a g a a  a c a a a g tc c a  aaagtcactt  

2 8 2 1  ttg a a tg tg a  a c a a a a g g a a  g a a a a tc a a g  g a a a g a a tg a  g tcta a ta tc  a a g c c tg ta c  

2 8 8 1 a g a ca g tta a  tatcactg ca  g g c tttc c tg  tg g ttg g tc a  g a a a g a ta a g  cca g ttg ata  

2 9 4 1  a tg c c a a a tg  tagtatcaaa g g a g g c tc ta  g g ttttg tc t a tc a tc tc a g  ttc a g a g g c a  

3 0 0 1 a c g a a a c tg g  actcattact c c a a a ta a a c  atg g ac U tt a c a a a a c c c a  tatcgtatac  

3 0 6 1 caccactttt tc c c a tc a a g  tcatttg tta  a a a cta a a tg  taa g aaa aa t c tg c ta g a g g  

3 1 2 1  aaaa ctttga  g g a a ca ttca  a tg tc a c c tg  a a a g a g a a a t g g g a a a tg a g  aacattccaa  

3 1 8 1  g ta c a g tg a g  ca caattag c  c g ta a ta a c a  tta g a g a a a a  tgtttttaaa g a a g c c a g c t  

3 2 4 1  ca ag caa tat taa tga agta  g g ttc c a g ta  c ta a tg a a g t g g g c tc c a g t  attaatgaaa  

3 3 0 1  ta g g ttc c a g  tga tg a a a a c  a ttc a a g c a g  a a c ta g g ta g  a a a c a g a g g g  ccaaaattga  

3 3 6 1  a tg cta tg ct ta g a tta g g g  g ttttg c a a c  c tg a g g tc ta  ta a a ca a a g t c ttcc tg g a a  

3 4 2 1  g taa ttg ta a  g c a tc c tg a a  a ta a a a a a g c  a a g a a ta tga  a g a a g ta g tt ca ga ctgtta  

3 4 8 1  ata cagattt ctctccatat c tg a tttc a g  a ta actta g a  a c a g c c ta tg  g g a a g ta g tc  

3 5 4 1  a tg ca tctca  g g tttg ttct g a g a c a c c tg  a tg a c c tg tt  a g a tg a tg g t  g a a a ta a a g g  

3 6 0 1 a a g a ta c ta g  ttttgctga a a a tg a ca tta  a g g a a a g ttc  tg ctg ttttt a g c a a a a g c g  

3 6 6 1  tc c a g a a a g g  a g a g c tta g c  a g g a g tc c ta  g c c c tttc a c  cca ta ca ca t ttg g c tc a g g  

3 7 2 1  g tta c c g a a g  a g g g g c c a a g  a a a tta g a g t c c tc a g a a g a  g a a ctta tct a g tg a g g a tg  

3 7 8 1  a a g a g c ttc c  ctg cttcca a  c a cttg tta t ttg g ta a a g t aaaca atata  ccttctca gt
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3 8 4 1  c ta c ta g g c a  ta g c a c c g tt g c ta c c g a g t  g tctg tcta a  g a a c a c a g a g  gagaatttat 

3 9 0 1 tatcattgaa  g a a ta g ctta  a a tg a c tg c a  g ta a c c a g g t  aa tattg g ca  aa ggcatctc  

3 9 6 1  a g g a a c a tc a  c c tta g tg a g  g a a a c a a a a t g ttc tg c ta g  cttgttttct tcaca g tg ca  

4 0 2 1  g tg a a ttg g a  a g a cttg a ct g c a a a ta c a a  a c a c c c a g g a  tcctttcttg  attggttctt  

4 0 8 1 cca a a c a a a t g a g g c a tc a g  tc tg a a a g c c  a g g g a g ttg g  tc tg a g tg a c  a a g g a a ttg g  

4 1 4 1  tttca g a tg a  tg a a g a a a g a  g g a a c g g g c t  tg g a a g a a a a  taatcaagaa g a g ca a a g ca  

4 2 0 1  tg g a ttc a a a  ctta g g tg a a  g c a g c a tc tg  g g tg tg a g a g  tg a a a ca a g c  g tctctg a a g  

4 2 6 1  a c tg c tc a g g  g cta tcctct c a g a g tg a c a  ttttaaccac tc a g c a g a g g  gata ccatg c  

4 3 2 1  aa cataa cct g a ta a a g c tc  c a g c a g g a a a  tg g c tg a a c t a g a a g c tg tg  tta gaa cagc  

4 3 8 1  a tg g g a g c c a  g c c ttc ta a c  a g c ta c c c tt  c ca tca ta a g  tgactcttct g c c c ttg a g g  

4 4 4 1  a c c tg c g a a a  tcca g a a c a a  a g c a c a tc a g  aa a a a g ca g t attaacttca caga aa agta  

4 5 0 1  gtgaataccx: ta ta a g c c a g  a a tc c a g a a g  g c c tttc tg c  tg aca ag ttt g a g g tg tc tg  

4 5 6 1  c a g a ta g ttc  ta cca g ta a a  a a ta a a g a a c  c a g g a g tg g a  aaggtcatcx: ccttctaaat 

4 6 2 1  g c c c a tc a tt a g a tg a ta g g  tg g ta c a tg c  a c a g ttg c tc  tg g g a g tc tt  cagaatagaa  

4 6 8 1  a c ta c c c a tc  tc a a g a g g a g  c tc a tta a g g  ttg ttg atg t g g a g g a g c a a  c a g c tg g a a g  

4 7 4 1  a g tc tg g g c c  a c a c g a tttg  a c g g a a a c a t ctta cttg cc  a a g g c a a g a t c ta g a g g g a a  

4 8 0 1 c c c c tta c c t g g a a tc tg g a  a tc a g c c tc t tc tc tg a tg a  c c c tg a a tct gatccttctg  

4 8 6 1  a a g a c a g a g c  c c c a g a g tc a  g c tc g tg ttg  g c a a ca ta cc  atcttcaacc tctgca ttga  

4 9 2 1  a a g ttc c c c a  a ttg aa ag tt g c a g a a tc tg  c c c a g a g tc c  a g c tg c tg c t catactactg  

4 9 8 1  a ta c tg c tg g  g ta ta a tg ca  a tg g a a g a a a  g tg tg a g c a g  g g a g a a g c c a  g a a ttg a ca g  

5 0 4 1 c ttc a a c a g a  a a g g g tc a a c  a a a a g a a tg t c c a tg g tg g t  g tc tg g c c tg  ac c c c a g a a g  

5 1 0 1  a a tttatg ct c g tg ta c a a g  tttg c c a g a a  aa cacc acat cactttaact aatctaatta  

5 1 6 1  c tg a a g a g a c  tactcatg tt g tta tg a a a a  c a g a tg c tg a  g tttg tg tg t g a a c g g a c a c  

5 2 2 1  tgaaatattt tc ta g g a a tt g c g g g a g g a a  a a tg g g ta g t  tagctatttc tg g g tg a c œ  

5 2 8 1  a gtctattaa  a g a a a g a a a a  a tg c tg a a tg  ag ca tg a ttt tg a a g tc a g a  g g a g a tg tg g  

5 3 4 1  tc a a tg g a a g  a a a c c a c c a a  g g tc c a a a g c  g a g c a a g a g a  a tcc c a g g a c  agaaagatct  

5 4 0 1  tc a g g g g g c t  a g a a a tc tg t tg c ta tg g g c  ccttc acca a  c a tg ccca ca  g a tc a a c tg g  

5 4 6 1  a a tg g a tg g t  a c a g c tg tg t  g g tg c ttc tg  tg g tg a a g g a  gctttca tca ttca cccttg  

5 5 2 1  g c a c a g g tg t  cc a c c c a a tt g tg g ttg tg c  a g c c a g a tg c  c tg g a c a g a g  g a ca a tg g ct  

5 5 8 1  tc ca tg ca a t tg g g c a g a tg  tg tg a g g c a c  c tg tg g tg a c  c c g a g a g tg g  g tg ttg g a c a  

5 6 4 1  g tg ta g c a c t  c ta c c a g tg c  c a g g a g c t g g  a c acctacct g a ta c c c c a g  atccccca ca  

5 7 0 1  g c c a c ta c tg a
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APPENDIX 2.

Cloning vector pEGFP-N2 with enhanced green fluorescent protein gene, complete 
sequence. Genebank U57608

L O C U S  C V U 5 7 6 0 8  4 7 3 7  b p  D N A  circu la r  S Y N  1 4 -S E P -1 9 9 6

D E F I N I T I O N  C lo n in g  v e c to r  p E G F P -N 2  w ith  e n h a n ce d  g re e n  flu orescen t p ro tein  g en e, com plete  

sequence.

A C C E S S I O N  U 5 7 6 0 8  

N I D  g l5 4 3 0 6 9

K E Y W O R D S

S O U R C E  C lo n in g  v e c to r  p E G F P -N 2 .

O R G A N I S M  C lo n in g  v e c to r  p E G F P -N 2  a rtific ia l sequ ence; c lo n in g  vectors.

R E F E R E N C E  1 (bases 1 to  4 7 3 7 )  A U T H O R S  C o rm a c k ,B .P ., V a ld iv ia ,R . a n d  F a lk o w ,S . T I T L E

F A C S -o p tim iz e d  m u tan ts o f  th e  gre e n  flu o rescen t protein  (G F P ) J O U R N A L  G en e  

(1 9 9 6 ) In  press

R E F E R E N C E  2 (bases 1 to 4 7 3 7 )  A U T H O R S  K itts ,P .A . T I T L E  p E G F P -N 2  co m p le te  sequence  

J O U R N A L  U n p u b lish e d

R E F E R E N C E  3 (bases 1 to 4 7 3 7 )  A U T H O R S  K itts ,P .A . T I T L E  D ir e c t  S u b m ission  J O U R N A L  

S u b m itted  ( 0 6 - M A Y -1 9 9 6 )  P .A .  K itts , C L O N T E C H  L aboratories, In c., 1020 E ast  

M e a d o w  C ir c le , P a lo  A lto , C A  9 4 3 0 3 -4 2 3 0 , U S A  

C O M M E N T  T h is  v e c to r  ca n  b e  o b ta in e d  fro m  C L O N T E C H  L abo ratories, In c., 10 20  E ast

M e a d o w  C ir c le , P a lo  A lto , C A  9 4 3 0 3 -4 2 3 0 , U S A .  T o  p la c e  an  order ca ll (4 15 )  

4 2 4 -8 2 2 2  or (800) 6 6 2 -2 5 6 6 , e x te n sio n  1. In tern ational custom ers, p le ase contact  

yo u r lo ca l distributor. F o r  te ch n ica l in form atio n , c a ll ( 4 1 5 )  4 2 4 -8 2 2 2  or (800) 6 6 2 -  

2 5 6 6 , exte n sio n  3. T h is  seq u e n ce h as b e e n  c o m p ile d  from  in form atio n  in  the  

seq u en ce databases, p u b lish e d  literatu re a n d  oth er sources, to ge th er w ith  partial 

seq u en ces o b tain e d  b y  C L O N T E C H . I f  y o u  su sp ect th ere is  an  error in  th is  

sequence, p le ase co n ta ct C L O N T E C H 's  T e c h n ic a l S e rv ic e  D e p a rtm en t at (4 15 )  

4 2 4 -8 2 2 2  or (800) 6 6 2 -2 5 6 6 , e x te n sio n  3 o r  E -m a il  

T E C H @ C L O N T E C H .C O M .F E A T U R E S

F E A T U R E S  L o catio n /Q u a lifie rs  

source 1 ..4 7 3 7

/o r g a n ism = " C lo n in g  v e c to r  p E G F P -N 2 "

C D S  683.. 14 0 2

/gene="egQ3''
/co d o n _ sta rt= l

/p ro d u ct= "E n h a n ced  G re e n  F lu o re sce n t P rotein "

/d b_ xref= ”P I D :g l3 7 3 3 2 2 "

/tr a n sl_ ta b le = ll

/ t r a n s l a t i o n = " M V S K G E E L F T G W P I L V E L D G D V N G H K F S V S G E G E G D A T Y G K L T L K F I C T T G K L  

P V P W P T L V T T L T Y G V Q C F S R Y P D H M K Q H D F F K S A M P E G Y V Q E R T I F F K D D G N Y K T R A E V K F E  

G D T L V N R I E L K G I D F K E D G N I L G H K L E Y N Y N S H N V Y I M A D K Q K N G I K V N F K I R H N I E D G S V Q L  

A D H Y Q Q N T P I G D G P V L L P D N H Y L S T Q S A L S K D P N E K R D H M V L L E F V T A A G I T L G M D E L Y K "  

g e n e  6 8 3.. 140 2  

/ge n e= "egl|)"

C D S  2 6 3 3 ..3 4 2 7  

/co d o n _ sta rt= l

/p ro d u ct= ”n e o m y cin  p h osp h otran sferase"

/d b _ x r e f^ " P ID :g l 3 7 3 3 2 3 "

/tran sl_ ta b le = l 1

/ t r a n s la t io n = " M I E Q D G L H A G S P A A W V E R L F G Y D W A Q Q T I G C S D A A V F R L S A Q G R P V L F V K T D L

S G A L N E L Q D E A A R L S W L A T T G V P C A A V L D W T E A G R D W L L L G E V P G Q D L L S S H L A P A E K V S I

M A D A M R R L H T L D P A T C P F D H Q A K H R I E R A R T R M E A G L V D Q D D L D E E H Q G L A P A E L F A R L K A
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S M P D G E D L W r a C D A C L P N I M V E N G R F S G F r o C G R L G V A D R Y Q D I A L A T R D I A E E L G G E W A D

R F L V L Y G I A A P D S Q R I A F Y R L L D E F F "

B A S E  C O U N T  1 1 4 0  a  1 2 8 7  c  12 4 8  g  1 0 6 2 1

O R I G I N

1 tagtta tta a ta g ta a tc a a  t ta c g g g g tc  attagttcat a g c c c a ta ta  tg g a g ttc c g  

6 1  c g tta ca ta a  c tta c g g ta a  a tg g c c c g c c  t g g c tg a c c g  c c c a a c g a c c  c c c g c c c a tt  

1 2 1  g a c g tc a a ta  a tg a c g ta tg  ttccc atag t a a c g c c a a ta  g g g a c tttc c  a ttg a c g tc a  

1 8 1  a t g g g t g g a g  ta ttta c g g t a a a c tg c c c a  c ttg g c a g ta  c a tc a a g tg t a tca ta tg cc  

2 4 1  a a g ta c g c c c  c c ta ttg a c g  tc a a tg a c g g  ta a a tg g c c c  g c c tg g c a tt  a tg c c c a g ta  

3 0 1  c a tg a c c tta  tg g g a c tttc  c ta c ttg g c a  g ta ca tcta c  g ta tta g tc a  tcg cta tta c  

3 6 1  c a tg g tg a tg  c g g ttt tg g c  ag ta catcaa  t g g g c g tg g a  ta g c g g m g  a c tc a c g g g g  

4 2 1  a tttc c a a g t c tc c a c c c c a  ttg a c g tc a a  tg g g a g tttg  ttttg g c a c c  a a a a tc a a c g  

4 8 1 g g a c tttc c a  a a a tg tc g ta  a c a a c tc c g c  c c c a ttg a c g  c a a a tg g g c g  g ta g g c g tg t  

5 4 1  a c g g t g g g a g  g tcta ta ta a  g c a g a g c tg g  ttta g tg a a c  c g tc a g a tc c  g c ta g c g c ta  

6 0 1 c c g g a c tc a g  a tc tc g a g c t  c a a g c ttc g a  a ttc tg c a g t c g a c g g ta c c  g c g g g c c c g g  

6 6 1  g a t c c a c c g g  c c g g t c g c c a  c c a tg g tg a g  c a a g g g c g a g  g a g c tg ttc a  c c g g g g t g g t  

7 2 1  g c c c a tc c tg  g t c g a g c t g g  a c g g c g a c g t  a a a c g g c c a c  a a g ttc a g c g  tg tc c g g c g a  

7 8 1  g g g c g a g g g c  g a tg c c a c c t  a c g g c a a g c t  g a c c c tg a a g  ttca tctg ca  c c a c c g g c a a  

8 4 1 g c t g c c c g tg  c c c tg g c c c a  c c c tc g tg a c  c a c c c tg a c c  ta c g g c g tg c  a g tg c ttc a g  

9 0 1 c c g c ta c c c c  g a c c a c a tg a  a g c a g c a c g a  cttc ttc a a g  tc c g c c a tg c  c c g a a g g c ta  

9 6 1 c g tc c a g g a g  c g c a c c a tc t  tcttc a a g g a  c g a c g g c a a c  ta c a a g a c c c  g c g c c g a g g t  

1 0 2 1  g a a g ttc g a g  g g c g a c a c c c  tg g tg a a c c g  c a tc g a g c tg  a a g g g c a tc g  a c ttca a g g a  

10 8 1 g g a c g g c a a c  a tc c tg g g g c  a c a a g c tg g a  g ta c a a c ta c  a a c a g c c a c a  acgtctatat  

1 1 4 1  c a tg g c c g a c  a a g c a g a a g a  a c g g c a tc a a  g g tg a a c ttc  a a g a tc c g c c  a c a a ca tcg a  

12 0 1 g g a c g g c a g c  g tg c a g c tc g  c c g a c c a c ta  c c a g c a g a a c  a c c c c c a tc g  g c g a c g g c c c  

1 2 6 1  c g tg c tg c tg  c c c g a c a a c c  a c ta c c tg a g  c a c c c a g tc c  g c c c tg a g c a  a a g a c c c c a a  

1 3 2 1  c g a g a a g c g c  g a tc a c a tg g  tc c tg c tg g a  g ttc g tg a c c  g c c g c c g g g a  tc a c tc tc g g  

1 3 8 1  c a tg g a c g a g  c tg ta c a a g t a a a g c g g c c g  c g a c tc ta g a  tca ta a tca g  cca ta cca ca  

1 4 4 1  tttg ta g a g g  tttta cttgc  tttaaaaaac c tc c c a c a c c  tc c c c c tg a a  c c tg a a a ca t  

15 0 1  a a a a tg a a tg  c a a ttg ttg t tgttaa cttg  ttta ttg c a g  c tta ta a tg g  ttacaaataa  

1 5 6 1  a g c a a ta g c a  tcaca a a ttt ca caaa taaa gcattttttt c a c tg c a ttc  ta g ttg tg g t  

1 6 2 1  ttg tc c a a a c  tca tc a a tg t a tctta a g g c  gta a a ttg ta  a g c g tta a ta  ttttgttaaa  

16 8 1  a ttc g c g tta  aa tttttgtt a a a tca g c tc  attttttaac c a a ta g g c c g  a a a tc g g c a a  

1 7 4 1  a a tccctta t a a a tc a a a a g  a a ta g a c c g a  g a ta g g g ttg  a g tg ttg ttc  c a g tttg g a a  

18 0 1 c a a g a g tc c a  cta tta a a g a  a c g tg g a c tc  c a a c g tc a a a  g g g c g a a a a a  ccg tcta tca  

18 6 1 g g g c g a t g g c  c c a c ta c g tg  a a cca tca cc  cta a tc a a g t tttttg g g g t  c g a g g tg c c g  

1 9 2 1  ta a a g c a c ta  a a tc g g a a c c  c ta a a g g g a g  c c c c c g a ttt  a g a g c ttg a c  g g g g a a a g c c  

19 8 1 g g c g a a c g t g  g c g a g a a a g g  a a g g g a a g a a  a g c g a a a g g a  g c g g g c g c t a  g g g c g c tg g c  

2 0 4 1 a a g tg ta g c g  g tc a c g c tg c  g c g ta a c c a c  c a c a c c c g c c  g c g c tta a tg  c g c c g c ta c a  

2 1 0 1  g g g c g c g t c a  g g tg g c a c tt  t tc g g g g a a a  tg tg c g c g g a  a c cccta ttt gtttattttt 

2 1 6 1  ctaa ataca t tc a a a ta tg t a tccg ctca t g a g a c a a ta a  c c c tg a ta a a  tg cttca ata  

2 2 2 1  ata ttg a a a a  a g g a a g a g tc  c tg a g g c g g a  a a g a a c c a g c  tg tg g a a tg t  g tg tc a g tta  

2 2 8 1 g g g t g tg g a a  a g t c c c c a g g  c tc c c c a g c a  g g c a g a a g ta  tg c a a a g c a t g catctcaa t  

2 3 4 1  ta g tc a g c a a  c c a g g t g t g g  a a a g tc c c c a  g g c tc c c c a g  c a g g c a g a a g  ta tg c a a a g c  

2 4 0 1 a tg c a tc tc a  a tta g tc a g c  a a cca ta g tc  c c g c c c c ta a  c tc c g c c c a t  c c c g c c c c ta  

2 4 6 1  a c tc c g c c c a  g ttc c g c c c a  ttc tc c g c c c  c a tg g c tg a c  taattttttt tatttatgca  

2 5 2 1  g a g g c c g a g g  c c g c c t c g g c  ctc tg a g c ta  ttc c a g a a g t a g t g a g g a g g  cttttttgga  

2 5 8 1  g g c c ta g g c t  tttg c a a a g a  tcg a tc a a g a  g a c a g g a tg a  g g a tc g tttc  g c a tg a ttg a  

2 6 4 1  a c a a g a tg g a  ttg c a c g c a g  g ttc tc c g g c  c g c t tg g g t g  g a g a g g c ta t  tc g g c ta tg a  

2 7 0 1  c tg g g c a c a a  c a g a c a a tc g  g c tg c tc tg a  t g c c g c c g tg  t tc c g g c tg t  c a g c g c a g g g  

2 7 6 1  g c g c c c g g t t  ctttttg tca  a g a c c g a c c t g t c c g g tg c c  c tg a a tg a a c  tg c a a g a c g a  

2 8 2 1  g g c a g c g c g g  c ta tc g tg g c  tg g c c a c g a c  g g g c g ttc c t  t g c g c a g c tg  tg c tc g a c g t  

2 8 8 1 tg tc a c tg a a  g c g g g a a g g g  a c tg g c tg c t  a ttg g g c g a a  g t g c c g g g g c  a g g a tc tc c t  

2 9 4 1  g tc a tc tc a c  c ttg c tc c tg  c c g a g aaag t  a tc c a tc a tg  g c tg a tg c a a  tg c g g c g g c t  

30 0 1 g c a ta c g c tt  g a tc c g g c ta  c c tg c c c a lt  c g a c c a c c a a  g c g a a a c a tc  g c a tc g a g c g  

3 0 6 1 a g c a c g ta c t  c g g a t g g a a g  c c g g tc ttg t c g a tc a g g a t g a tc tg g a c g  a a g a g c a tc a  

3 1 2 1  g g g g c t c g c g  c c a g c c g a a c  tg ttc g c c a g  g c tc a a g g c g  a g c a tg c c c g  a c g g c g a g g a
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3 1 8 1  tc tc g tc g tg  a c c c a tg g c g  a tg cctg ctt g c c g a a ta tc  a tg g tg g a a a  a tg g c c g c tt  

3 2 4 1  ttc tg g a ttc  a tc g a c tg tg  g c c g g c t g g g  tg tg g c g g a c  c g c ta tc a g g  a c a ta g cg tt  

3 3 0 1 g g c ta c c c g t  g a ta ttg c tg  a a g a g c ttg g  c g g c g a a tg g  g c tg a c c g c t  tc c tc g tg c t  

3 3 6 1  tta c g g ta tc  g c c g c t c c c g  a ttc g c a g c g  c a tcg ccttc  tatcg ccttc  ttg a c g a g tt  

3 4 2 1  c ttc tg a g c g  g g a c t c t g g g  g ttc g a a a tg  a c c g a c c a a g  c g a c g c c c a a  c c tg cca tca  

3 4 8 1  c g a g a tttc g  a ttc c a c c g c  cg ccttcta t g a a a g g ttg g  g c ttc g g a a t c g ttttc c g g  

3 5 4 1  g a c g c c g g c t  g g a tg a tc c t  c c a g c g c g g g  g a tc tc a tg c  tg g a g ttc tt  c g c c c a c c c t  

3 6 0 1 a g g g g g a g g c  ta a ctg a a a c  a c g g a a g g a g  a c a a ta c c g g  a a g g a a c c c g  c g c ta tg a c g  

3 6 6 1  g c a a ta a a a a  g a c a g a a ta a  a a c g c a c g g t g ttg g g tc g t  ttgttcataa a c g c g g g g tt  

3 7 2 1  c g g t c c c a g g  g c tg g c a c tc  tg tcg a ta cc  c c a c c g a g a c  c c c a ttg g g g  c c a a ta c g c c  

3 7 8 1  c g c g tttc tt  c c ttttc c c c  a c c c c a c c c c  c c a a g ttc g g  g tg a a g g c c c  a g g g c tc g c a  

3 8 4 1  g c c a a c g tc g  g g g c g g c a g g  c cctg cca ta  g c c tc a g g tt actcatatat actttagatt  

3 9 0 1 g a ttta a a a c  ttcattttta  a ttta aa agg a tcta g g tg a  agatcctttt tg ataa tctc  

3 9 6 1  a tg a c c a a a a  tc c c tta a c g  tg a g ttttc g  ttc c a c tg a g  c g tc a g a c c c  c g ta g a a a a g  

4 0 2 1  a tc a a a g g a t c ttc ttg a g a  tcctttm t c tg c g c g ta a  tctg ctg ctt g ca a a ca a a a  

4 0 8 1 a a a c c a c c g c  ta c c a g c g g t  g g tttg tttg  c c g g a tc a a g  a g cta c c a a c  tctttttccg  

4 1 4 1  a a g g ta a c tg  g c ttc a g c a g  a g c g c a g a ta  cca a a ta ctg  tccttctagt g ta g c c g ta g  

4 2 0 1  t ta g g c c a c c  a c ttc a a g a a  ctctg ta g ca  cc g c c ta c a t a c c tc g c tc t g c ta a tc c tg  

4 2 6 1  tta c c a g tg g  c tg c tg c c a g  tg g c g a ta a g  tcg tg tctta  c c g g g ttg g a  c tc a a g a c g a  

4 3 2 1  ta g tta c c g g  a ta a g g c g c a  g c g g tc g g g c  tg a a c g g g g g  g ttc g tg c a c  a c a g c c c a g c  

4 3 8 1  t tg g a g c g a a  c g a c c ta c a c  cg a a c tg a g a  ta ccta ca g c  g tg a g c ta tg  a g a a a g c g c c  

4 4 4 1  a c g c ttc c c g  a a g g g a g a a a  g g c g g a c a g g  ta tccg g ta a  g c g g c a g g g t  c g g a a c a g g a  

4 5 0 1  g a g c g c a c g a  g g g a g c ttc c  a g g g g g a a a c  g c c tg g ta tc  tttata gtcc tg tc g g g ttt  

4 5 6 1  c g c c a c c tc t  g a c ttg a g c g  tcgatttttg  tg a tg c tc g t c a g g g g g g c g  g a g c c ta tg g  

4 6 2 1  a a a a a c g c c a  g c a a c g c g g c  cttttta cgg  ttc c tg g c c t tttg c tg g c c  ttttg ctca c  

4 6 8 1  a tg ttctttc  c tg c g tta tc  ccctgattct g tg g a ta a c c  g ta tta c c g c  c a tg c a t
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APPENDIX 3.

Restriction endonuclase map of the pLXSN-BRCAl eukaryotic expression vector.

pLXSN-BRCAl (11544 base pairs)

GAATTGCTAGCAATTGCTAGCAATTGCTAGCAATTCATACCAGATCACCGAAAACTGTCCTCCAAATGTG B a s e  p a i r s  
CTTAACGATCGTTAACGATCGTTAACGATCGTTAAGTATGGTCTAGTGGCTTTTGACAGGAGGTTTACAC 1 t o  70

TCCCCCTCACACTCCCAAATTCGCGGGCTTCTGCCTCTTAGACCACTCTACCCTATTCCCCACACTCACC B a s e  p a i r s  
AGGGGGAGTGTGAGGGTTTAAGCGCCCGAAGACGGAGAATCTGGTGAGATGGGATAAGGGGTGTGAGTGG 71 t o  1 4 0

GGAGCCAAAGCCGCGGCCCTTCCGTTTCTTTGCTTTTGAAAGACCCCACCCGTAGGTGGCAAGCTAGCTT B a s e  p a i r s  
CCTCGGTTTCGGCGCCGGGAAGGCAAAGAAACGAAAACTTTCTGGGGTGGGCATCCACCGTTCGATCGAA 1 4 1  t o  2 1 0

AAGTAACGCCACTTTGCAAGGCATGGAAAAATACATAACTGAG№TAGAAAAGTTCAGATCAAGGTCAGG B a s e  p a i r s  
TTCATTGCGGTGAAACGTTCCGTACCTTTTTATGTATTGACTCTTATCTTTTCAAGTCTAGTTCCAGTCC 2 1 1  t o  2 8 0

AACAAAGAAACAGCTGAATACCAAACAGGATATCTGTGGTAAGCGGTTCCTGCCCCGGCTCAGGGCCAAG B a s e  p a i r s  
TTGTTTCTTTGTCGACTTATGGTTTGTCCTATAGACACCATTCGCC7\AGGACGGGGCCGAGTCCCGGTTC 2 8 1  t o  3 5 0

AACAGATGAGACAGCTGAGTGATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCGGG B a s e  p a i r s  
TTGTCTACTCTGTCGACTCACTACCCGGTTTGTCCTATAGACACCATTCGTCAAGGACGGGGCCGAGCCC 3 5 1  t o  4 2 0

GCCAAGAACAGATGGTCCCCAGATGCGGTCCAGCCCTCAGCAGTTTCTAGTGAATCATCAGATGTTTCCA B a s e  p a i r s  
CGGTTCTTGTCTACCAGGGGTCTACGCCAGGTCGGGAGTCGTC7\AAGATCACTTAGTAGTCTACAAAGGT 4 2 1  t o  4 9 0

GGGTGCCCCAAGGACCTGAAAATGACCCTGTACCTTATTTGAACTAACCAATCAGTTCGCTTCTCGCTTC B a s e  p a i r s  
CCCACGGGGTTCCTGGACTTTTACTGGGACATGGAATAAACTTGATTGGTTAGTCAAGCGAACiAGCGAAG 4 91  t o  5 6 0

TGTTCGCGCGCTTCCGCTCTCCGAGCTCAATAAAAGAGCCCACAACCCCTCACTCGGCGCGCCAGTCTTC B a s e  p a i r s  
ACAAGCGCGCGAAGGCGAGAGGCTCGAGTTATTTTCTCGGGTGTTGGGGAGTGAGCCGCGCGGTCAGAAG 5 6 1  t o  6 3 0

CGATAGACTGCGTCGCCCGGGTACCCGTATTCCCAATAAAGCCTCTTGCTGTTTGCATCCGAATCGTGGT B a s e  p a i r s  
GCTATCTGACGCAGCGGGCCCATGGGCATAAGGGTTATTTCGGAGAACGACAAACGTAGGCTTAGCACCA 6 3 1  t o  7 0 0

CTCGCTGTTCCTTGGGAGGGTCTCCTCTGAGTGATTGACTACCCACGACGGGGGTCTTTCATTTGGGGGC B a s e  p a i r s  
GAGCGACAAGGAACCCTCCCAGAGGAGACTCACTAACTGATGGGTGCTGCCCCCAGAAAGTAAACCCCCG 7 0 1  t o  7 7 0

TCGTCCGGGATTTGGAGACCCCTGCCCAGGGACCACCGACCCACCACCGGGAGGTAAGCTGGCCAGCAAC B a s e  p a i r s  
AGCAGGCCCTAAACCTCTGGGGACGGGTCCCTGGTGGCTGGGTGGTGGCCCTCCATTCGACCGGTCGTTG 7 7 1  t o  8 4 0

TTATCTGTGTCTGTCCGATTGTCTAGTGTCTATGTTTGATGTTATGCGCCTGCGTCTGTACTAGTTAGCT B a s e  p a i r s  
AATAGACACAGACAGGCTAACAGATCACAGATACAAACTACAATACGCGGACGCAGACATGATCAATCGA 8 4 1  t o  9 1 0

AACTAGCTCTGTATCTGGCGGACCCGTGGTGGAACTGACGAGTTCTGAACACCCGGCCGCAACCCTGGGA B a s e  p a i r s  
TTGATCGAGACATAGACCGCCTGGGCACCACCTTGACTGCTCAAGACTTGTGGGCCGGCGTTGGGACCCT 911  t o  9 8 0

GACGTCCCAGGGACTTTGGGGGCCGTTTTTGTGGCCCGACCTGAGGAAGGGAGTCGATGTGGAATCCGAC B a s e  p a i r s  
CTGCAGGGTCCCTGTVAACCCCCGGCAAAAACACCGGGCTGGACTCCTTCCCTCAGCTACACCTTAGGCTG 9 81  t o  1 0 5 0

CCCGTCAGGATATGTGGTTCTGGTAGGAGACGAGAACCTAAAACAGTTCCCGCCTCCGTCTGAATTTTTG B a s e  p a i r s  
GGGCAGTCCTATACACCAAGACCATCCTCTGCTCTTGGATTTTGTCAAGGGCGGAGGCAGACTTAAAAAC 1 0 5 1  t o  1 1 2 0

CTTTCGGTTTGGAACCGAAGCCGCGCGTCTTGTCTGCTGCAGCGCTGCAGCATCGTTCTGTGTTGTCTCT B a s e  p a i r s  
GAAAGCCAAACCTTGGCTTCGGCGCGCAGAACAGACGACGTCGCGACGTCGTAGCAAGACACAACAGAGA 1 1 2 1  t o  1 1 9 0
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GTCTGACTGTGTTTCTGTATTTGTCTGAAAATTAGGGCCAGACTGTTACCACTCCCTTAAGTTTGACCTT B a s e  p a i r s  
CAGACTGACACAAAGACAT7\AACAGACTTTTAATCCCGGTCTGACAATGGTGAGGG7\ATTCAAACTGGAA 1 1 9 1  t o  1 2 6 0

AGGTCACTGGAAAGATGTCGAGCGGATCGCTCACAACCAGTCGGTAGATGTCAAGAAGAGACGTTGGGTT B a s e  p a i r s  
TCCAGTGACCTTTCTACAGCTCGCCTAGCGAGTGTTGGTCAGCCATCTACAGTTCTTCTCTGCAACCCAA 1 2 6 1  t o  1 3 3 0

ACCTTCTGCTCTGCAGAATGGCCAACCTTTAACGTCGGATGGCCGCGAGACGGCACCTTTAACCGAGACC B a s e  p a i r s  
TGGAAGACGAGACGTCTTACCGGTTGGAAATTGCAGCCTACCGGCGCTCTGCCGTGGAAATTGGCTCTGG 1 3 3 1  t o  14 00

TCATCACCCAGGTTAAGATCAAGGTCTTTTCACCTGGCCCGCATGGACACCCAGACCAGGTCCCCTACAT B a s e  p a i r s  
AGTAGTGGGTCCAATTCTAGTTCCAGAAAAGTGGACCGGGCGTACCTGTGGGTCTGGTCCAGGGGATGTA 14 01 t o  1 4 7  0

CGTGACCTGGGAAGCCTTGGCTTTTGACCCCCCTCCCTGGGTCAAGCCCTTTGTACACCCTAAGCCTCCG B a s e  p a i r s  
GCACTGGACCCTTCGG7\ACCGAAAACTGGGGGGAGGGACCCAGTTCGGGAAACATGTGGGATTCGGAGGC 1 4 7 1  t o  1 5 4 0

CCTCCTCTTCCTCCATCCGCCCCGTCTCTCCCCCTTGAACCTCCTCGTTCGACCCCGCCTCGATCCTCCC B a s e  p a i r s  
GGAGGAGAAGGAGGTAGGCGGGGCAGAGAGGGGGAACTTGGAGGAGCAAGCTGGGGCGGAGCTAGGAGGG 1 5 4 1  t o  1 6 1 0

TTTATCCAGCCCTCACTCCTTCTCTAGGCGCCGGAATTCGTTAAGTCGAGTCTAGAGGATCCCCCCTCTG B a s e  p a i r s  
AAATAGGTCGGGAGTGAGG7\AGAGATCCGCGGCCTTAAGCAATTCAGCTCAGATCTCCTAGGGGGGAGAC 1 6 1 1  t o  1 6 8 0

CTCTGGGTAAAGTTCATTGGAACAGAAAGAAATGGATTTATCTGCTCTTCGCGTTGAAGAAGTACA7\AAT B a s e  p a i r s  
GAGACCCATTTCAAGTAACCTTGTCTTTCTTTACCTAAATAGACGAGAAGCGCAACTTCTTCATGTTTTA 1 6 8 1  t o  1 7 5 0

GTCATTAATGCTATGCAGAAAATCTTAGAGTGTCCCATCTGTCTGGAGTTGATCAAGGAACCTGTCTCCA B a s e  p a i r s  
CAGTAAT TACGATACGTCTTTTAGAATCTCACAGGGTAGACAGACCTCAACT AGTTCCTTGGACAGAGGT 1 7 5 1  t o  1 8 2 0

CAAAGTGTGACCACATATTTTGCAAATTTTGCATGCTGAAACTTCTCAACCAGAAGAAAGGGCCTTCACA B a s e  p a i r s  
GTTTCACACTGGTGTATAAAACGTTTAAAACGTACGACTTTGAAGAGTTGGTCTTCTTTCCCGGAAGTGT 1 8 2 1  t o  1 8 9 0

GTGTCCTTTATGTAAGAATGATATAACCAAAAGGAGCCTACAAGAAAGTACGAGATTTAGTCAACTTGTT B a s e  p a i r s  
CACAGG7W\TACATTCTTACTATATTGGTTTTCCTCGGATGTTCTTTCATGCTCTAAATCAGfTGAACAA 1 8 9 1  t o  1 9 6 0

GAAGAGCTATTGAAAATCATTTGTGCTTTTCAGCTTGACACAGGTTTGGAGTATGCAAACAGCTATAATT B a s e  p a i r s  
CTTCTCGATAACTTTTAGTA7\ACACGAAAAGTCGAACTGTGTCCAAACCTCATACGTTTGTCGATATTAA 1 9 6 1  t o  2 0 3 0

TTGCAAAAAAGGAAAATAACTCTCCTGAACATCTAAAAGATGAAGTTTCTATCATCCAAAGTATGGGCTA B a s e  p a i r s  
AACGTTTTTTCCTTTTATTGAGAGGACTTGTAGATTTTCTACTTCAAAGATAGTAGGTTTCATACCCGAT 2 0 3 1  t o  2 1 0 0

CAGAAACCGTGCCAAAAGACTTCTACAGAGTGAACCCGAAAATCCTTCCTTGCAGGAAACCAGTCTCAGT B a s e  p a i r s  
GTCTTTGGCACGGTTTTCTGAAGATGTCTCACTTGGGCTTTTAGGAAGGAACGTCCTTTGGTCAGAGTCA 2 1 0 1  t o  2 1 7 0

GTCCAACTCTCTAACCTTGGAACTGTGAGAACTCTGAGGACAAAGCAGCGGATACAACCTCA7\AAGACGT B a s e  p a i r s  
CAGGTTGAGAGATTGGAACCTTGACACTCTTGAGACTCCTGTTTCGTCGCCTATGTTGGAGTTTTCTGCA 2 1 7 1  t o  2 2 4 0

CTGTCTACATTGAATTGGGATCTGATTCTTCTGAAGATACCGTTAATAAGGCAACTTATTGCAGTGTGGG B a s e  p a i r s  
GACAGATGTAACTTAACCCTAGACTAAGAAGACTTCTATGGCAATTATTCCGTTGAATAACGTCACACCC 2 2 4 1  t o  2 3 1 0

AGATCAAGAATTGTTACAAATCACCCCTCAAGGAACCAGGGATGAAATCAGTTTGGATTCTGCAAAAAAG B a s e  p a i r s  
TCTAGTTCTTAACAATGTTTAGTGGGGAGTTCCTTGGTCCCTACTTTAGTCAAACCTAAGACGTTTTTTC 2 3 1 1  t o  2 3 8 0

GCTGCTTGTGAATTTTCTGAGACGGATGTAACA7\ATACTGAACATCATCAACCCAGTAAT7\ATGATTTGA B a s e  p a i r s  
CGACGAACACTTAAAAGACTCTGCCTACATTGTTTATGACTTGTAGTAGTTGGGTCATTATTACTAAACT 2 3 8 1  t o  2 4 5 0

ACACCACTGAGAAGCGTGCAGCTGAGAGGCATCCAGAAAAGTATCAGGGTAGTTCTGTTTCAAACTTGCA B a s e  p a i r s  
TGTGGTGACTCTTCGCACGTCGACTCTCCGTAGGTCTTTTCATAGTCCCATCAAGACAAAGTTTGAACGT 2 4 5 1  t o  2 5 2 0

TGTGGAGCCATGTGGCACAAATACTCATGCCAGCTCATTACAGCATGAGAACAGCAGTTTATTACTCACT B a s e  p a i r s  
ACACCTCGGTACACCGTGTTTATGAGTACGGTCGAGT7\ATGTCGTACTCTTGTCGTCAAATAATGAGTGA 2 5 2 1  t o  2 5 9 0
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AAAGACAGAATGAATGTAGAAAAGGCTGAATTCTGTAATAAAAGCAAACAGCCTGGCTTAGCAAGGAGCC B a se  p a i r s  
TTTCTGTCTTACTTACATCTTTTCCGACTTAAGACATTATTTTCGTTTGTCGGACCGAATCGTTCCTCGG 2 5 9 1  t o  2 6 6 0

AACATAACAGATGGGCTGGAAGTAAGGAAACATGTAATGATAGGCGGACTCCCAGCACAGT^AAAAAAGGT B a s e  p a i r s  
TTGTATTGTCTACCCGACCTTCATTCCTTTGTACATTACTATCCGCCTGAGGGTCGTGTCTTTTTTTCCA 2 6 6 1  t o  2 7 3 0

AGATCTGAATGCTGATCCCCTGTGTGAGAGAAAAGAATGGAATMGCAGAAACTGCCATGCTCAGAGAAT B a s e  p a i r s  
TCTAGACTTACGACTAGGGGACACACTCTCTTTTCTTACCTTATTCGTCTTTGACGGTACGAGTCTCTTA 2 7 3 1  t o  2 8 0 0

CCTAGAGATACTGAAGATGTTCCTTGGATAACACTAAATAGCAGCATTCAGAAAGTTAATGAGTGGTTTT B a s e  p a i r s  
GGATCTCTATGACTTCTACAAGGAACCTATTGTGATTTATCGTCGTAAGTCTTTCAATTACTCACCAAAA 2 8 0 1  t o  2 8 7 0

CCAGAAGTGATGAACTGTTAGGTTCTGATGACTCACATGATGGGGAGTCTGAATCAAATGCCAAAGTAGC B a s e  p a i r s  
GGTCTTCACTACTTGACAATCCAAGACTACTGAGTGTACTACCCCTCAGACTTAGTTTACGGTTTCATCG 2 8 7 1  t o  2 9 4 0

TGATGTATTGGACGTTCTAAATGAGGTAGATGAATATTCTGGTTCTTCAGAG/W\ATAGACTTACTGGCC B a se  p a i r s  
ACTACATAACCTGCAAGATTTACTCCATCTACTTATAAGACCAAG7\AGTCTCTTTTATCTGAATGACCGG 2 9 4 1  t o  3 0 1 0

AGTGATCCTCATGAGGCTTTAATATGTAAAAGTGAAAGAGTTCACTCCAAATCAGTAGAGAGTAATATTG B a s e  p a i r s  
TCACTAGGAGTACTCCGAAATTATACATTTTCACTTTCTCAAGTGAGGTTTAGTCATCTCTCATTATAAC 3 0 1 1  t o  3 0 8 0

AAGACAAAATATTTGGGAAAACCTATCGGAAGAAGGCAAGCCTCCCCAACTTAAGCCATGTAACTGAAAA B a s e  p a i r s  
TTCTGTTTTATAAACCCTTTTGGATAGCCTTCTTCCGTTCGGAGGGGTTGAATTCGGTACATTGACTTTT 3 0 8 1  t o  3 1 5 0

TCTAATTATAGGAGCATTTGTTACTGAGCCACAGATAATACAAGAGCGTCCCCTCACAAATAAATTAAAG B a se  p a i r s  
AGATTAATATCCTCGTAAACAATGACTCGGTGTCTATTATGTTCTCGCAGGGGAGTGTTTATTTAATTTC 3 1 5 1  t o  3 2 2 0

CGTAAAA.GGAGACCTACATCAGGCCTTCATCCTGAGGATTTTATCAAGAAAGCAGATTTGGCAGTTCAAA B a s e  p a i r s  
GCATTTTCCTCTGGATGTAGTCCGGAAGTAGGACTCCTAAAATAGTTCTTTCGTCTA7\ACCGTCAAGTTT 3 2 2 1  t o  32  90

AGACTCCTGAAATGATAAATCAGGGAACTAACCAAACGGAGCAGAATGGTCAAGTGATGAAT^TTACTAA B a se  p a i r s  
TCTGAGGACTTTACTATTTAGTCCCTTGATTGGTTTGCCTCGTCTTACCAGTTCACTACTTATAATGATT 3 2 9 1  t o  3 3 6 0

TAGTGGTCATGAGAATAAAACAAAAGGTGATTCTATTCAGAATGAGAAAAATCCTAACCCAATAGAATCA B a s e  p a i r s  
ATCACCAGTACTCTTATTTTGTTTTCCACTAAGATAAGTCTTACTCTTTTTAGGATTGGGTTATCTTAGT 3 3 6 1  t o  3 4 3 0

CTCGAAAAAGAATCTGCTTTCAAAACGAAAGCTGAACCTATAAGCAGCAGTATAAGCAATATGGAACTCG B a s e  p a i r s  
GAGCTTTTTCTTAGACGAAAGTTTTGCTTTCGACTTGGATATTCGTCGTCATATTCGTTATACCTTGAGC 3 4 3 1  t o  3 5 0 0

AATTAAATATCCACAATTCAAAAGCACCTAAA7\AG7\ATAGGCTGAGGAGGAAGTCTTCTACCAGGCATAT B a s e  p a i r s  
TTAATTTATAGGTGTT7\AGTTTTCGTGGATTTTTCTTATCCGACTCCTCCTTCAGAAGATGGTCCGTATA 3 5 0 1  t o  3 5 7  0

TCATGCGCTTG7\ACTAGTAGTCAGTAGAAATCTAAGCCCACCTAATTGTACTGAATTGCAAATTGATAGT B a s e  p a i r s  
AGTACGCGAACTTGATCATCAGTCATCTTTAGATTCGGGTGGATTAACATGACTTAACGTTTAACTATCA 3 5 7 1  t o  3 6 4 0

TGTTCTAGCAGTGAAGAGATiDiAAGAA/W\AAAGTACAACCAAATGCCAGTCAGGCACAGCAGAAACCTAC B a s e  p a i r s  
ACAAGATCGTCACTTCTCTATTTCTTTTTTTTCATGTTGGTTTACGGTCAGTCCGTGTCGTCTTTGGATG 3 6 4 1  t o  3 7 1 0

AACTCATGGAAGGTAAAGAACCTGCAACTGGAGCCAAGAAGAGTAACAAGCCAAATGAACAGACAAGTAA B a se  p a i r s  
TTGAGTACCTTCCATTTCTTGGACGTTGACCTCGGTTCTTCTCATTGTTCGGTTTACTTGTCTGTTCATT 3 7 1 1  t o  37 80

AAGACATGACAGCGATACTTTCCCAGAGCTGAAGTTAACAAATGCACCTGGTTCTTTTACTAAGTGTTCA B a se  p a i r s  
TTCTGTACTGTCGCTATGAAAGGGTCTCGACTTCAATTGTTTACGTGGACCAAGAAAATGATTCACAAGT 3 7 8 1  t o  3 8 5 0

AATACCAGTGAACTTAAAGAATTTGTCAATCCTAGCCTTCCAAGAGAAGAAAAAGAAGAGAAACTAGAAA B a s e  p a i r s  
TTATGGTCACTTGAATTTCTTAAACAGTTAGGATCGGAAGGTTCTCTTCTTTTTCTTCTCTTTGATCTTT 3 8 5 1  t o  3 9 2 0

CAGTTAAAGTGTCTAATAATGCTGAAGACCCCAAAGATCTCATGTTAAGTGGAGAAAGGGTTTTGCAAAC B a s e  p a i r s  
GTCAATTTCACAGATTATTACGACTTCTGGGGTTTCTAGAGTACAATTCACCTCTTTCCCAAAACGTTTG 3 9 2 1  t o  3 9 9 0

81



TGAAAGATCTGTAGAGAGTAGCAGTATTTCATTGGTACCTGGTACTGATTATGGCACTCAGGAAAGTATC B a s e  p a i r s  
ACTTTCTAGACATCTCTCATCGTCATAAAGTAACCATGGACCATGACTAATACCGTGAGTCCTTTCATAG 3 9 9 1  t o  4 0 60

TCGTTACTGGAAGTTAGCACTCTAGGGAAGGCAAAAACAGAACCAAATAAATGTGTGAGTCAGTGTGCAG B a s e  p a i r s  
AGCAATGACCTTCAATCGTGAGATCCCTTCCGTTTTTGTCTTGGTTTATTTACACACTCAGTCACACGTC 4 0 6 1  t o  4 1 3 0

CATTTGAAAACCCCAAGGGACTAATTCATGGTTGTTCCAAAGATAATAGAAATGACACAGAAGGCTTTAA B a s e  p a i r s  
GTAAACTTTTGGGGTTCCCTGATT7\AGTACCAACAAGGTTTCTATTATCTTTACTGTGTCTTCCGAAATT 4 1 3 1  t o  4 2 0 0

GTATCCATTGGGACATGAAGTTAACCACAGTCGGGAAACAAGCATAGAAATGGAAGAAAGTGAACTTGAT B a s e  p a i r s  
CATAGGTAACCCTGTACTTCAATTGGTGTCAGCCCTTTGTTCGTATCTTTACCTTCTTTCACTTGAACTA 4 2 0 1  t o  4 2 7 0

GCTCAGTATTTGCAGAATACATTCAAGGTTTCAAAGCGCCAGTCATTTGCTCCGTTTTCAAATCCAGGAA B a s e  p a i r s  
CGAGTCATAAACGTCTTATGTAAGTTCCAAAGTTTCGCGGTCAGTAAACGAGGCAAAAGTTTAGGTCCTT 4 2 7 1  t o  434  0

ATGCAGAAGAGGAATGTGCAACATTCTCTGCCCACTCTGGGTCCTTAAAGAAACAAAGTCCA7W\GTCAC B a s e  p a i r s  
TACGTCTTCTCCTTACACGTTGTAAGAGACGGGTGAGACCCAGGAATTTCTTTGTTTCAGGTTTTCAGTG 4 3 4 1  t o  4 4 1 0

TTTTGAATGTGAACAAAAGGAAGAAAATCAAGG7\AAGAATGAGTCTAATATCAAGCCTGTACAGACAGTT B a s e  p a i r s  
AAAACTTACACTTGTTTTCCTTCTTTTAGTTCCTTTCTTACTCAGATTATAGTTCGGACATGTCTGTCAA 4 4 1 1  t o  4 4 8 0

AATATCACTGCAGGCTTTCCTGTGGTTGGTCAGAAAGATAAGCCAGTTGATAATGCCAAATGTAGTATCA B a s e  p a i r s  
TTATAGTGACGTCCGAAAGGACACCAACCAGTCTTTCTATTCGGTCAACTATTACGGTTTACATCATAGT 4 4 81 t o  4 5 5 0

AAGGAGGCTCTAGGTTTTGTCTATCATCTCAGTTCAGAGGCAACGAAACTGGACTCATTACTCCAAATAA B a s e  p a i r s  
TTCCTCCGAGATCCAAAACAGATAGTAGAGTCAAGTCTCCGTTGCTTTGACCTGAGTAATGAGGTTTATT 4 5 5 1  t o  4 6 2 0

ACATGGACTTTTACAAAACCCATATCGTATACCACCACTTTTTCCCATCAAGTCATTTGTTAAAACTAAA B a s e  p a i r s  
TGTACCTGA7W\TGTTTTGGGTATAGCATATGGTGGTGAAAAAGGGTAGTTCAGTAAACAATTTTGATTT 4 6 21  t o  4 6 9 0

TGTAAGAAAAATCTGCTAGAGGAAAACTTTGAGGAACATTCAATGTCACCTGAAAGAGAAATGGGAAATG B a s e  p a i r s  
ACATTCTTT.TTAGACGATCTCCTTTTGAAACTCCTTGTAAGTTACAGTGGACTTTCTCTTTACGCTTTAC 4 6 9 1  t o  4 7 6 0

AGAACATTCCAAGTACAGTGAGCACAATTAGCCGTAATAACATTAGAG7\7W^TGTTTTTAAAGAAGCCAG B a s e  p a i r s  
TCTTGTAAGGTTCATGTCACTCGTGTTAATCGGCATTATTGTAATCTCTTTTACAAAAATTTCTTCGGTC 4 7 6 1  t o  4 8 3 0

CTCAAGCAATATTAATGAAGTAGGTTCCAGTACTAATGAAGTGGGCTCCAGTATTAATGAAATAGGTTCC B a s e  p a i r s  
GAGTTCGTTATAATTACTTCATCCAAGGTCATGATTACTTCACCCGAGGTCATAATTACTTTATCCAAGG 4 8 3 1  t o  4 900

AGTGATGAAAACATTCAAGCAGAACTAGGTAGAAACAGAGGGCCAAAATTGAATGCTATGCTTAGATTAG B a s e  p a i r s  
TCACTACTTTTGTAAGTTCGTCTTGATCCATCTTTGTCTCCCGGTTTTAACTTACGATACGAATCTAATC 4 901  t o  4 970

GGGTTTTGCAACCTGAGGTCTATAAACAAAGTCTTCCTGGAAGTAATTGTAAGCATCCTGAAATAA7\AAA B a s e  p a i r s  
CCCAAAACGTTGGACTCCAGATATTTGTTTCAGAAGGACCTTCATTAACATTCGTAGGACTTTATTTTTT 4 9 71  t o  504  0

GCAAGAATATGAAGAAGTAGTTCAGACTGTTAATACAGATTTCTCTCCATATCTGATTTCAGAT7\ACTTA B a s e  p a i r s  
CGTTCTTATACTTCTTCATCAAGTCTGACAATTATGTCTAAAGAGAGGTATAGACTAAAGTCTATTGAAT 5 0 4 1  t o  5 1 1 0

GAACAGCCTATGGGAAGTAGTCATGCATCTCAGGTTTGTTCTGAGACACCTGATGACCTGTTAGATGATG B a s e  p a i r s  
CTTGTCGGATACCCTTCATCAGTACGTAGAGTCCAAACAAGACTCTGTGGACTACTGGACAATCTACTAC 5 1 1 1  t o  5 1 8 0

GTGA7\ATAAAGGAAGATACTAGTTTTGCTGAAAATGACATTAAGGAAAGTTCTGCTGTTTTTAGCAAAAG B a s e  p a i r s  
CACTTTATTTCCTTCTATGATCAAAACGACTTTTACTGTAATTCCTTTCAAGACGACAAAAATCGTTTTC 5 1 8 1  t o  5 2 5 0

CGTCCAGAAAGGAGAGCTTAGCAGGAGTCCTAGCCCTTTCACCCATACACATTTGGCTCAGGGTTACCGA B a s e  p a i r s  
GCAGGTCTTTCCTCTCGAATCGTCCTCAGGATCGGG7\AAGTGGGTATGTGTAAACCGAGTCCCAATGGCT 5 2 5 1  t o  5 3 2 0

AGAGGGGCCAAGAAATTAGAGTCCTCAGAAGAGAACTTATCTAGTGAGGATGAAGAGCTTCCCTGCTTCC B a s e  p a i r s  
TCTCCCCGGTTCTTTAATCTCAGGAGTCTTCTCTTGAATAGATCACTCCTACTTCTCGAAGGGACGAAGG 5 3 2 1  t o  5 3 9 0

AACACTTGTTATTTGGTAAAGTAAACAATATACCTTCTCAGTCTACTAGGCATAGCACCGTTGCTACCGA B a s e  p a i r s  
TTGTGAAC7\ATAAACCATTTCATTTGTTATATGGAAGAGTCAGATGATCCGTATCGTGGCAACGATGGCT 5 3 9 1  t o  5 4  6 0
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GTGTCTGTCTAAGAACACAGAGGAGAATTTATTATCATTGAAGAATAGCTTAAATGACTGCAGTAACCAG B a se  p a i r s  
CACAGACAGATTCTTGTGTCTCCTCTTAAATAATAGTAACTTCTTATCGAATTTACTGACGTCATTGGTC 54 61 t o  5 5 3 0

GTAATATTGGCAAAGGCATCTCAGGAACATCACCTTAGTGAGGAAACAAAATGTTCTGCTAGCTTGTTTT B a se  p a i r s  
CATTATAACCGTTTCCGTAGAGTCCTTGTAGTGGAATCACTCCTTTGTTTTACAAGACGATCGAACAAAA 5 5 3 1  t o  5 6 0 0

CTTCACAGTGCAGTGAATTGGAAGACTTGACTGCAAATACAAACACCCAGGATCCTTTCTTGATTGGTTC B a se  p a i r s  
GAAGTGTCACGTCACTTAACCTTCTG7\ACTGACGTTTATGTTTGTGGGTCCTAGGAAAGAACTAACCAAG 5 6 0 1  t o  5 6 7 0

TTCCAAACAAATGAGGCATCAGTCTGAAAGCCAGGGAGTTGGTCTGAGTGACAAGGAATTGGTTTCAGAT B a se  p a i r s  
AAGGTTTGTTTACTCCGTAGTCAGACTTTCGGTCCCTCAACCAGACTCACTGTTCCTTAACCAAAGTCTA 5 6 7 1  t o  57 4 0

GATGAAGAAAGAGGAACGGGCTTGGAAGAAAATAATCAAGAAGAGCAAAGCATGGATTCAAACTTAGGTG B a se  p a i r s  
CTACTTCTTTCTCCTTGCCCGAACCTTCTTTTATTAGTTCTTCTCGTTTCGTACCTAAGTTTGAATCCAC 5 7 4 1  t o  5 8 1 0

AAGCAGCATCTGGGTGTGAGAGTGAAACAAGCGTCTCTGAAGACTGCTCAGGGCTATCCTCTCAGAGTGA B a se  p a i r s  
TTCGTCGTAGACCCACACTCTCACTTTGTTCGCAGAGACTTCTGACGAGTCCCGATAGGAGAGTCTCACT 5 8 1 1  t o  5 8 8 0

CATTTTAACCACTCAGCAGAGGGATACCATGCAACATAACCTGATAAAGCTCCAGCAGGAAATGGCTGAA B a se  p a i r s  
GTAAAATTGGTGAGTCGTCTCCCTATGGTACGTTGTATTGGACTATTTCGAGGTCGTCCTTTACCGACTT 5 8 8 1  t o  5 9 5 0

CTAGAAGCTGTGTTAGAACAGCATGGGAGCCAGCCTTCTAACAGCTACCCTTCCATCAT7\AGTGACTCTT B a se  p a i r s  
GATCTTCGACACAATCTTGTCGTACCCTCGGTCGGAAGATTGTCGATGGGAAGGTAGTATTCACTGAGAA 5 9 5 1  t o  6 0 2 0

CTGCCCTTGAGGACCTGCGAAATCCAGAACAAAGCACATCAGAAAAAGCAGTATTAACTTCACAGAAAAG B a se  p a i r s  
GACGGGAACTCCTGGACGCTTTAGGTCTTGTTTCGTGTAGTCTTTTTCGTCATAATTGAAGTGTCTTTTC 6 0 2 1  t o  6 0 9 0

TAGTGAATACCCTATAAGCCAGAATCCAGAAGGCCTTTCTGCTGACAAGTTTGAGGTGTCTGCAGATAGT B a se  p a i r s  
ATCACTTATGGGATATTCGGTCTTAGGTCTTCCGGAAAGACGACTGTTCAAACTCCACAGACGTCTATCA 6 0 9 1  t o  6 1 6 0

TCTACCAGTAAAAATAAAGAACCAGGAGTGGAAAGGTCATCCCCTTCTAAATGCCCATCATTAGATGATA B a se  p a i r s  
AGATGGTCATTTTTATTTCTTGGTCCTCACCTTTCCAGTAGGGGAAGATTTACGGGTAGTAATCTACTAT 6 1 6 1  t o  6 2 3 0

GGTGGTACATGCACAGTTGCTCTGGGAGTCTTCAGAATAGAAACTA.CCCATCTCAAGAGGAGCTCATTAA B a se  p a i r s  
CCACCATGTACGTGTCAACGAGACCCTCAGAAGTCTTATCTTTGATGGGTAGAGTTCTCCTCGAGTAATT 6 2 3 1  t o  6 3 0 0

GGTTGTTGATGTGGAGGAGCAACAGCTGGAAGAGTCTGGGCCACACGATTTGACGG7\AACATCTTACTTG B a se  p a i r s  
CCAACAACTACACCTCCTCGTTGTCGACCTTCTCAGACCCGGTGTGCTAAACTGCCTTTGTAGAATGAAC 6 3 0 1  t o  637  0

CCAAGGCAAGATCTAGAGGGAACCCCTTACCTGGAATCTGGAATCAGCCTCTTCTCTGATGACCCTGAAT B a se  p a i r s  
GGTTCCGTTCTAGATCTCCCTTGGGGA.ATGGACCTTAGACCTTAGTCGGAGAAGAGACTACTGGGACTTA 6 3 7 1  t o  64 4 0

CTGATCCTTCTGAAGACAGAGCCCCAGAGTCAGCTCGTGTTGGCAACATACCATCTTCAACCTCTGCATT B a se  p a i r s  
GACTAGGAAGACTTCTGTCTCGGGGTCTCAGTCGAGCACAACCGTTGTATGGTAGAAGTTGGAGACGTAA 6 4 4 1  t o  6 5 1 0

GAAAGTTCCCCAATTGAAAGTTGCAGAATCTGCCCAGAGTCCAGCTGCTGCTCATACTACTGATACTGCT B a se  p a i r s  
CTTTCAAGGGGTTAACTTTC7\ACGTCTTAGACGGGTCTCAGGTCGACGACGAGTATGATGACTATGACGA 6 5 1 1  t o  6 5 8 0

GGGTATAATGCAATGGAAGAAAGTGTGAGCAGGGAGAAGCCAGAATTGACAGCTTCAACAGAAAGGGTCA B a se  p a i r s  
CCCATATTACGTTACCTTCTTTCACACTCGTCCCTCTTCGGTCTTAACTGTCGAAGTTGTCTTTCCCAGT 6 5 8 1  t o  6 6 5 0

ACAAAAGAATGTCCATGGTGGTGTCTGGCCTGACCCCAGAAGAATTTATGCTCGTGTACAAGTTTGCCAG B a se  p a i r s  
TGTTTTCTTACAGGTACCACCACAGACCGGACTGGGGTCTTCTTAAATACGAGCACATGTTCAAACGGTC 6 6 5 1  t o  6 7 2 0

AAAACACCACATCACTTTAACTAATCTA*ATTACTGAAGAGACTACTCATGTTGTTATGAAAACAGATGCT B a se  p a i r s  
TTTTGTGGTGTAGTGAAATTGATTAGATTAATGACTTCTCTGATGAGTACAACAATACTTTTGTCTACGA 6 7 2 1  t o  6 7 9 0

GAGTTTGTGTGTGAACGGACACTGAAATATTTTCTAGGAATTGCGGGAGGAAAATGGGTAGTTAGCTATT B a se  p a i r s  
CTCAAACACACACTTGCCTGTGACTTTATAAAAGATCCTTAACGCCCTCCTTTTACCCATCAATCGATAA 67 91 t o  6 8 6 0
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TCTGGGTGACCCAGTCTATTAAAGAAAGAAAAATGCTGAATGAGCATGATTTTGAAGTCAGAGGAGATGT B a s e  p a i r s  
AGACCCACTGGGTCAGATAATTTCTTTCTTTTTACGACTTACTCGTACTAAAACTTCAGTCTCCTCTACA

GGTCAATGGAAGAAACCACCAAGGTCCAAAGCGAGCAAGAGAATCCCAGGACAGAAAGATCTTCAGGGGG B a s e  p a i r s  
CCAGTTACCTTCTTTGGTGGTTCCAGGTTTCGCTCGTTCTCTTAGGGTCCTGTCTTTCTAGAAGTCCCCC 6 9 3 1  t o  7 0 0 0

CTAGAAATCTGTTGCTATGGGCCCTTCACCAACATGCCCACAGATCAACTGGAATGGATGGTACAGCTGT B a s e  p a i r s  
GATCTTTAGACAACGATACCCGGGAAGTGGTTGTACGGGTGTCTAGTTGACCTTACCTACCATGTCGACA 7 0 0 1  t o  7 0 7 0

GTGGTGCTTCTGTGGTGAAGGAGCTTTCATCATTCACCCTTGGCACAGGTGTCCACCCAATTGTGGTTGT B a s e  p a i r s  
CACCACGAAGACACCACTTCCTCGAAAGTAGTAAGTGGGAACCGTGTCCACAGGTGGGTTAACACCAACA 7 07 1  t o  7 1 4  0

GCAGCCAGATGCCTGGACAGAGGACAATGGCTTCCATGCAATTGGGCAGATGTGTGAGGCACCTGTGGTG B a s e  p a i r s  
CGTCGGTCTACGGACCTGTCTCCTGTTACCGAAGGTACGTTAACCCGTCTACACACTCCGTGGACACCAC 7 1 4 1  t o  7 2 1 0

ACCCGAGAGTGGGTGTTGGACAGTGTAGCACTCTACCAGTGCCAGGAGCTGGACACCTACCTGATACCCC B a s e  p a i r s  
TGGGCTCTCACCCACAACCTGTCACATCGTGAGATGGTCACGGTCCTCGACCTGTGGATGGACTATGGGG 7 2 1 1  t o  7 2 8 0

AGATCCCCCACAGCCACTACTGATGTTAACGGGGATCCTCTAGAGTCGAGGATCCGGCTGTGGAATGTGT B a s e  p a i r s  
TCTAGGGGGTGTCGGTGATGACTACAATTGCCCCTAGGAGATCTCAGCTCCTAGGCCGACACCTTACACA 7 2 8 1  t o  7 3 5 0

GTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTA B a s e  p a i r s  
CAGTCAATCCCACACCTTTCAGGGGTCCGAGGGGTCGTCCGTCTTCATACGTTTCGTACGTAGAGTTMT 7 3 5 1  t o  7 4 2 0

GTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAG7\AGTATGCAAAGCATGCATCTCAAT B a s e  p a i r s  
CAGTCGTTGGTCCACACCTTTCAGGGGTCCGAGGGGTCGTCCGTCTTCATACGTTTCGTACGTAGAGTTA 7 4 2 1  t o  7 4 9 0

TAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATT B a s e  p a i r s  
ATCAGTCGTTGGTATCAGGGCGGGGATTGAGGCGGGTAGGGCGGGGATTGAGGCGGGTCAAGGCGGGTAA 7 4 9 1  t o  7 5 6 0

CTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATT B a s e  p a i r s  
GAGGCGGGGTACCGACTGATTiWAAAAATAAATACGTCTCCGGCTCCGGCGGAGCCGGAGACTCGATAA 7 5 6 1  t o  7 6 3 0

CCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTTGGGCTGCAGGTCGAGGCG B a s e  p a i r s  
GGTCTTCATCACTCCTCCGAAAAAACCTCCGGATCCGAAMCGTTTTTCGAACCCGACGTCCAGCTCCGC 7 6 3 1  t o  77  00

GATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACiADLGATGGATTGCACGCAGGTTCTCC B a s e  p a i r s  
CTAGACTAGTTCTCTGTCCTACTCCTAGCAAAGCGTACTAACTTGTTCTACCTAACGTGCGTCCAAGAGG 77 01 t o  7 7 7  0

GGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCC B a s e  p a i r s  
CCGGCGAACCCACCTCTCCGATAAGCCGATACTGACCCGTGTTGTCTGTTAGCCGACGAGACTACGGCGG 7 7 7 1  t o  7 8 4 0

GTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATG B a s e  p a i r s  
CACAAGGCCGACAGTCGCGTCCCCGCGGGCCAAGAAAAACAGTTCTGGCTGGACAGGCCACGGGACTTAC 7 84 1  t o  7 9 1 0

MCTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGA B a s e  p a i r s  
TTGACGTCCTGCTCCGTCGCGCCGATAGCACCGACCGGTGCTGCCCGCAAGGAACGCGTCGACACGAGCT 7 9 11  t o  7 9 8 0

CGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCT B a s e  p a i r s  
GCAACAGTGACTTCGCCCTTCCCTGACCGACGATAACCCGCTTCACGGCCCCGTCCTAGAGGACAGTAGA 7 9 81  t o  8 0 5 0

CACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGG B a s e  p a i r s  
GTGGAACGAGGACGGCTCTTTCATAGGTAGTACCGACTACGTTACGCCGCCGACGTATGCGAACTAGGCC 8 0 5 1  t o  8 1 2 0

CTACCTGCCCATTCGACCACCMGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCT B a s e  p a i r s  
GATGGACGGGTAAGCTGGTGGTTCGCTTTGTAGCGTAGCTCGCTCGTGCATGAGCCTACCTTCGGCCAGA 8 1 2 1  t o  8 1 9 0

TGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAG B a s e  p a i r s  
ACAGCTAGTCCTACTAGACCTGCTTCTCGTAGTCCCCGAGCGCGGTCGGCTTGACAAGCGGTCCGAGTTC 8 1 9 1  t o  8 2 6 0
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GCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATA'i;CATGGTGG B a s e  p a i r s  
CGCGCGTACGGGCTGCCGCTCCTAGAGCAGCACTGGGTACCGCTACGGACGAACGGCTTATAGTACCACC 8 2 6 1  t o  8 3 3 0

AAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGC B a s e  p a i r s  
TTTTACCGGCGAAAAGACCTAAGTAGCTGACACCGGCCGACCCACACCGCCTGGCGATAGTCCTGTATCG 8 3 3 1  t o  84 00

GTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGT B a s e  p a i r s  
CAACCGATGGGCACTATAACGACTTCTCGAACCGCCGCTTACCCGACTGGCGAAGGAGCACGAAATGCCA 8 4 0 1  t o  8 4 7 0

ATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCT B a s e  p a i r s  
TAGCGGCGAGGGCTAAGCGTCGCGTAGCGGAAGATAGCGGAAGAACTGCTCAAGAAGACTCGCCCTGAGA 8 4 7 1  t o  8 5 4 0

GGGGTTCGATAAAATAAAAGATTTTATTTAGTCTCCAGAAAAAGGGGGGMTGAJ^GACCCCACCTGTAG B a s e  p a i r s  
CCCCAAGCTATTTTATTTTCTAAAATAAATCAGAGGTCTTTTTCCCCCCTTACTTTCTGGGGTGGACATC 8 5 4 1  t o  8 6 1 0

GTTTGGCAAGCTAGCTTAAGTAACGCCATTTTGCAAGGCATGGAAAAATACATAACTGAGAATAGAGAAG B a s e  p a i r s  
CAAACCGTTCGATCGAATTCATTGCGGTAAAACGTTCCGTACCTTTTTATGTATTGACTCTTATCTCTTC 8 6 1 1  t o  8 6 8 0

TTCAGATCAAGGTCAGGAACAGATGGAACAGCTGAATATGGGCC7W\CAGGATATCTGTGGTAAGCAGTT B a s e  p a i r s  
AAGTCTAGTTCCAGTCCTTGTCTACCTTGTCGACTTATACCCGGTTTGTCCTATAGACACCATTCGTCAA 8 6 8 1  t o  8 7 5 0

CCTGCCCCGGCTCAGGGCCAAGAACAGATGGAACAGCTGAATATGGGCCAAACAGGATATCTGTGGTAAG B a s e  p a i r s  
GGACGGGGCCGAGTCCCGGTTCTTGTCTACCTTGTCGACTTATACCCGGTTTGTCCTATAGACACCATTC 8 7 5 1  t o  8 8 2 0

CAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCGGTCCAGCCCTCAGCAGTTTCTA B a s e  p a i r s  
GTCAAGGACGGGGCCGAGTCCCGGTTCTTGTCTACCAGGGGTCTACGCCAGGTCGGGAGTCGTCAAAGAT 8 8 2 1  t o  8 8 9 0

GAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAATGACCCTGTGCCTTATTTGAACTAACCA B a s e  p a i r s  
CTCTTGGTAGTCTACAAAGGTCCCACGGGGTTCCTGGACTTTACTGGGACACGG.AATAAACTTGATTGGT 8 8 9 1  t o  8 9 60

ATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAA-AGAGCCCACAACCCCT B a s e  p a i r s  
TAGTCAAGCGAAGAGCGAAGACAAGCGCGCGAAGACGAGGGGCTCGAGTTATTTTCTCGGGTGTTGGGGA 8 9 6 1  t o  9 0 3 0

CACTCGGGGCGCCAGTCCTCCGATTGACTGAGTCGCCCGGGTACCCGTGTATCCAATAAACCCTCTTGCA E a s e  p a i r s  
GTGAGCCCCGCGGTCAGGAGGCTAACTGACTCAGCGGGCCCATGGGCACATAGGTTATTTGGGAGAACGT 9 0 3 1  t o  9 1 0 0

GTTGCATCCGACTTGTGGTCTCGCTGTTCCTTGGGAGGGTCTCCTCTGAGTGATTGACTACCCGTCAGCG E a s e  p a i r s  
CAACGTAGGCTGAACACCAGAGCGACAAGGAACCCTCCCAGAGGAGACTCACTAACTGATGGGCAGTCGC 9 1 0 1  t o  917  0

GGGGTCTTTCATTTGGGGGCTCGTCCGGGATCGGGAGACCCCTGCCCAGGGACCACCGACCCACCACCGG E a s e  p a i r s  
CCCCAGAAAGTAAACCCCCGAGCAGGCCCTAGCCCTCTGGGGACGGGTCCCTGGTGGCTGGGTGGTGGCC 9 1 7 1  t o  924 0

GAGGTAAGCTGGCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAG B a s e  p a i r s  
CTCCATTCGACCGACGGAGCGCGCAAAGCCACTACTGCCACTTTTGGAGACTGTGTACGTCGAGGGCCTC 9 2 4 1  t o  9 3 1 0

ACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGAC7\AGCCCGTCAGGGCGCGTCAGCGGGTGTTG E a s e  p a i r s  
TGCCAGTGTCGAACAGACATTCGCCTACGGCCCTCGTCTGTTCGGGCAGTCCCGCGCAGTCGCCCACAAC 9 3 1 1  t o  9 3 8 0

GCGGGTGTCGGGGCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGTATACTGGCTTAACTATGCG B a s e  p a i r s  
CGCCCACAGCCCCGCGTCGGTACTGGGTCAGTGCATCGCTATCGCCTCACATAT3ACCGAATTGATACGC 9 3 8 1  t o  9 4 5 0

GCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGT7y\GGAGAA B a s e  p a i r s  
CGTAGTCTCGTCTAACATGACTCTCACGTGGTATACGCCACACTTTATGGCGTGTCTACGCATTCCTCTT 94 51 t o  9 5 2 0

AATACCGCATCAGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCG B a s e  p a i r s  
TTATGGCGTAGTCCGCGAGAAGGCGAAGGAGCGAGTGACTGAGCGACGCGAGCCAGCAAGCCGACGCCGC 9 5 2 1  t o  9 5 9 0

AGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAAC B a s e  p a i r s  
TCGCCATAGTCGAGTGAGTTTCCGCCATTATGCCAATAGGTGTCTTAGTCCCCTATTGCGTCCTTTCTTG 9 5 9 1  t o  9 6 6 0

ATGTGAGCAAAAGGCCAGCA7W\GGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGC B a s e  p a i r s  
TACACTCGTTTTCCGGTCGTTTTCCGGTCCTTGGCATTTTTCCGGCGCAACGACCGCAAAAAGGTATCCG 9 6 6 1  t o  9 7 3 0
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TCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATA B a s e  p a i r s  
AGGCGGGGGGACTGCTCGTAGTGTTTTTAGCTGCGAGTTCAGTCTCCACCGCTTTGGGCTGTCCTGATAT 9 7 3 1  t o  9 8 0 0

AAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGA B a s e  p a i r s  
TTCTATGGTCCGCAAAGGGGGACCTTCGAGGGAGCACGCGAGAGGACAAGGCTGGGACGGCGAATGGCCT 9 8 0 1  t o  987  0

TACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTT B a s e  p a i r s  
ATGGACAGGCGGAAAGAGGGAAGCCCTTCGCACCGCGAAAGAGTATCGAGTGCGACATCCATAGAGTCAA 9 8 7 1  t o  9 9 4 0

CGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTT B a s e  p a i r s  
GCCACATCCAGCAAGCGAGGTTCGACCCGACACACGTGCTTGGGGGGCAAGTCGGGCTGGCGACGCGGAA 9 9 4 1  t o  1 0 0 1 0

ATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGT B a s e  p a i r s  
TAGGCCATTGATAGCAGAACTCAGGTTGGGCCATTCTGTGCTGAATAGCGGTGACCGTCGTCGGTGACCA 1 0 0 1 1  t o  1 0 0 8 0

AACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCT B a s e  p a i r s  
TTGTCCTAATCGTCTCGCTCCATACATCCGCCACGATGTCTCAAGAACTTCACCACCGGATTGATGCCGA 1 0 0 8 1  t o  1 0 1 5 0

ACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAG B a s e  p a i r s  
TGTGATCTTCCTGTCATAAACCATAGACGCGAGACGACTTCGGTCAATGGAAGCCTTTTTCTCAACCATC 1 0 1 5 1  t o  1 0 2 2 0

CTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGC B a s e  p a i r s  
GAGAACTAGGCCGTTTGTTTGGTGGCGACCATCGCCACCAAi^AAAACAAACGTTCGTCGTCTAATGCGCG 1 0 2 2 1  t o  1 0 2 9 0

AGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACT B a s e  p a i r s  
TCTTTTTTTCCTAGAGTTCTTCTAGGAAACTAGAAAAGATGCCCCAGACTGCGAGTCACCTTGCTTTTGA 1 0 2 9 1  t o  1 0 3 6 0

CACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATG B a s e  p a i r s  
GTGCAATTCCCTAA7\ACCAGTACTCTAATAGTTTTTCCTAGA2iGTGGATCTAGGAAAATTTAATTTTTAC 1 0 3 6 1  t o  104  30

AAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAG B a s e  p a i r s  
TTCAAAATTTAGTTAGATTTCATATATACTCATTTGAACCAGACTGTCAATGGTTACGAATTAGTCACTC 1 0 4 3 1  t o  1 0 5 0 0

GCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTA B a s e  p a i r s  
CGTGGATAGAGTCGCTAGACAGATAMGCAAGTAGGTATCAACGGACTGAGGGGCAGCACATCTATTGAT 1 0 5 0 1  t o  1 0 5 7  0

CGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCC B a s e  p a i r s  
GCTATGCCCTCCCGAATGGTAGACCGGGGTCACGACGTTACTATGGCGCTCTGGGTGCGAGTGGCCGAGG 1 0 5 7 1  t o  1 0 6 4 0

AGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAG7y\GTGGTCCTGCAACTTTATCCGCC B a s e  p a i r s  
TCTAAATAGTCGTTATTTGGTCGGTCGGCCTTCCCGGCTCGCGTCTTCACCAGGACGTTGAAATAGGCGG 1 0 6 4 1  t o  1 0 7 1 0

TCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACG B a s e  p a i r s  
AGGTAGGTCAGATAATTAACAACGGCCCTTCGATCTCATTCATCMGCGGTCAATTATCAAACGCGTTGC 1 0 7 1 1  t o  1 0 7 8 0

TTGTTGCCATTGCTGCAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTC B a s e  p a i r s  
AAC7\ACGGTAACGACGTCCGTAGCACCACAGTGCGAGCAGCAAACCATACCGAAGTAAGTCGAGGCCAAG 1 0 7 8 1  t o  1 0 8 5 0

CCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAA^iAAAGCGGTTAGCTCCTTCGGTCCTCCG B a s e  p a i r s  
GGTTGCTAGTTCCGCTCAATGTACTAGGGGGTACAACACGTTTTTTCGCCAATCGAGGAAGCCAGGAGGC 1 0 8 5 1  t o  1 0 9 2 0

ATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTA B a s e  p a i r s  
TAGCAACAGTCTTCATTCAACCGGCGTCACAATAGTGAGTACCAATACCGTCGTGACGTATTAAGAGAAT 1 0 9 2 1  t o  1 0 9 9 0

CTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTG B a s e  p a i r s  
GACAGTACGGTAGGCATTCTACGAAAAGACACTGACCACTCATGAGTTGGTTCAGTAAGACTCTTATCAC 1 0 9 9 1  t o  1 1 0 6 0

TATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAACACGGGATAATACCGCGCCACATAGCAGAACTTTA B a s e  p a i r s  
ATACGCCGCTGGCTCAACGAGAACGGGCCGCAGTTGTGCCCTATTATGGCGCGGTGTATCGTCTTGAAAT 1 1 0 6 1  t o  1 1 1 3 0
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AAAGTGCTCATCATTGGAA7\ACGTTCTTCGGGGCG7\AAACTCTCAAGGATCTTACCGCTGTTGAGATCCA B a s e  p a i r s  
TTTCACGAGTAGTAACCTTTTGCAAGAAGCCCCGCTTTTGAGAGTTCCTAGAATGGCGACAACTCTAGGT 1 1 1 3 1  t o  1 1 2 0 0

GTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTG B a s e  p a i r s  
CAAGCTACATTGGGTGAGCACGTGGGTTGACTAGAAGTCGTAGAAAATGAAAGTGGTCGCAAAGACCCAC 1 1 2 0 1  t o  1 1 2 7 0

AGCA7\AAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATA B a s e  p a i r s  
TCGTTTTTGTCCTTCCGTTTTACGGCGTTTTTTCCCTTATTCCCGCTGTGCCTTTACAACTTATGAGTAT 1 1 2 7 1  t o  1 1 3 4 0

CTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAAT B a s e  p a i r s  
GAGAAGGAAAAAGTTATAATAACTTCGTAAATAGTCCCAATAACAGAGTACTCGCCTATGTATAAACTTA 1 1 3 4 1  t o  1 1 4 1 0

GTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGA B a s e  p a i r s  
CAT7\AATCTTTTTATTTGTTTATCCCCAAGGCGCGTGTAAAGGGGCTTTTCACGGTGGACTGCAGATTCT 1 1 4 1 1  t o  1 1 4 8 0

AACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTTCAA B a s e  p a i r s  
TTGGTAATAATAGTACTGTAATTGGATATTTTTATCCGCATAGTGCTCCGGGAAAGCAGAAGTT 1 1 4 8 1  t o  1 1 5 4 4
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The en2ymes cutting at least 1 times, and at most 6 times are listed below;

A a tl 3 2 4 3 ,6 1 2 3 ,  7 6 6 0 ag g /cct

A a t ll 9 8 5 , 22 4 0 , 1 1 4 7 4 gacg t/c

A c c l O I 4 8 6 1, 1 1 0 3 2 agt/act

A c c l6 I 7 9 6 6 , 1 0 7 7 4 tge/gea

A c c 6 5 I 6 50 , 40 24, 90 70 g/gtacc

A c c B 7 I 20 9 2, 7 2 5 8 cca n n n n /n tgg

A c c B S I 5 7 9 , 12 8 5 , 8480, 8 534 , 9 5 9 5 , 1 1 3 9 6 g a g e g g

A c c I  2 2 4 4 4 6 4 8 , 5 4 3 2 , 9 4 3 1 gt/m kac

A c lN I 9 0 0 ,3 5 8 3 , 5 1 9 8 a/ctagt

A f e l 1 1 6 3 age/get

A f i n 20 8, 12 4 6 , 3 1 3 0 , 8625 c/ttaag

A f l i n 26 90 , 9 6 5 9 a /ciy g t

A h d l 1260 , 9 1 1 5 , 9 1 6 1 ,  10 5 5 2 gacn n n /n n gtc

A lw 4 4 I 9 4 7 5 , 9 9 7 3 , 1 1 2 1 9 g/tgeae

A m a 8 7 I 4 1 5 ,  6 4 6 , 7 2 1 2 ,  9000, 90 3 3, 9066 c/ye grg

A o c I  10 2 1 12 5 8 , 3 2 5 2 , 4983 cc/tn agg

A o r S lH I 1 16 3 age/get

A p a l 70 2 3 g ggee /e

A p a L I 9 4 7 5 , 9 9 7 3 , 1 1 2 1 9 g/tgeae

A s c l 6 1 7 gg /e g e g e e

A s e l 1 7 5 5 , 4 8 4 2 , 4884 , 10 7 2 4 at/taat

A s n l 1 7 5 5 ,  4 8 4 2 , 4884, 10 7 2 4 at/taat

A s p 7 1 8 I 6 5 0 , 40 24, 9070 yg/gtaee

A s p E l 1 2 6 0 , 9 1 1 5 , 9 1 6 1 ,  10 5 5 2 gacn n n /n ngte

A v a l 4 1 5 ,  64 6, 7 2 1 2 ,  9000, 9 0 33, 9066 c/ye grg

A v i l i 7 9 6 6 , 1 0 7 7 4 tge/gea

A v r i l 7 6 6 1 e/etagg

B a ll 8 3 2 ,1 3 5 1 ,  3008, 7 9 4 6 tgg/eea

B a m H I 16 6 7 , 5 6 5 0 , 7 3 1 3 ,  7 3 3 0 g/gatee

B b e l 1 6 4 1 , 7 8 6 7 , 9042 g gege /e

B b u l 18 5 5 , 74 0 9 , 7 4 8 1 , 8269 gcatg/e

B c g l 1 1 0 7 9 egan n n n n n tge

B e ll 1800, 7 7 0 5 t/gatea

B c o l 4 1 5 ,  6 4 6, 7 2 1 2 ,  9000, 9 0 3 3, 9066 c ^ e g r g

B frI 208, 12 4 6 , 3 1 3 0 , 8625 e/ttaag

B g l l 3 6 9 1, 7 6 1 4 ,  10 6 7 2 geen n n n /n gge

B g l l l 2 7 3 1 , 3 9 5 5 ,  3 9 9 5, 6 3 7 9 , 6 9 8 7 a/gatet

B ln l 7 6 6 1 e/etagg

B lp I 2 6 4 7 , 5 2 6 7 ge/tn age

B p m l 17 9 8 , 3 7 4 3 , 4 8 8 1, 5 9 3 5 , 8 5 7 8 , 10 642 c tg g a g

B p u l l0 2 I 2 6 4 , 5 2 6 7 ge/tn age

B s a A I 8 16 8 , 9 4 13 yae/gtr

B s a B I 7 7 2 3 gatnn/nnate

B s a M I 2 7 4 2 , 28 4 9 , 4 9 5 6 ga a tge

B s a O I 9 6 7 , 7 7 7 3 ,  9 5 7 5 , 9 99 9, 10 9 2 2 , 1 1 0 7 1 egry/eg

B s a W I 13 8 , 7 8 9 5 , 9 8 6 5, 10 0 12 , 10843 w /e e g g w

B s e l l 8 I 8 1 8 3 , 8 36 4 , 10 6 3 2 r/eeggy

B s e 2 1 I 1 0 2 1 , 12 5 8 , 3 2 5 2 , 4983 ee/tnagg

B se8 I 7 7 2 3 gatnn/nnate

B seP I 56 6 , 6 1 7 ,  8 2 6 1, 8986 g /e gege

B s g l 2 4 7 1 ,  4 1 3 0 , 5 6 1 3 , 7 1 4 4 g tg c a g

B s h l2 8 5 I 9 6 7 , 7 7 7 3 ,  9 5 7 5 , 9 99 9, 10 9 2 2 , 1 1 0 7 1 c g iy /e g
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B s h l3 6 5 I 7 7 2 3 gatnn/nnatc

B s iE I 9 6 7 , 7 7 7 3 ,  9 5 7 5 , 9999, 10 922 , 1 1 0 7 1 c g iy /c g

B s il 6 4 7 9 , 6 7 0 6 , 8 4 6 1, 9 8 3 7, 1 1 2 2 1 ,  1 1 5 2 8 c tc g tg

B sm I 2 7 4 2 , 28 4 9 , 4 9 5 6 g a a tgc

B s o B I 4 1 5 ,  6 4 6 , 7 2 1 2 ,  9000, 9033, 9066 cyycgrg

B s p l2 0 I 7 0 1 9 g /g g ccc

B s p l4 0 7 I 1 5 2 2 , 4 4 6 8  6 7 0 5 t/gtaca

B s p l7 2 0 I 2 6 4 7 , 5 2 6 7 gc/tn agc

B s p l9 I 6 6 6 3 , 7 5 6 8 , 8296 c/catgg

B s p C I 10 9 2 2 cgat/cg

B sp H I 3 0 1 9 , 3 3 6 7 , 10 3 7 9 , 1 1 3 8 7 , 1 14 9 2 t/catga

B s p L U l l I 26 90 , 9 6 5 9 a/catgt

B s p M I 3 7 3 5 , 6 0 3 8, 7 6 9 3 , 7 7 6 5 , 8 12 8 ac ctg c

B s p T I  208 12 4 6 , 3 1 3 0 ,8 6 2 5 c/ttaag

B srB I 5 7 9 , 12 8 5 , 8480, 8534, 9 5 9 5 , 1 13 9 6 g a g c g g

B srB R I 7 7 2 3 gatnn/nnatc

B s r D I 6 5 9 5 , 8 0 95, 1 0 6 1 1 ,  10 793 g c a a tg

B srF I 8 1 8 3 , 8 3 6 4 , 10 6 32 r/ccggy

B s r G I 15 2 2 , 4 4 68 , 6 7 0 5 t/gtaca

B s s A I 8 18 3 , 8 3 6 4 , 10 6 3 2 r/ccg©^

B ssH II 56 6 , 6 1 7 ,  8 2 6 1, 8986 g /c g c g c

B ssS I 6 4 7 9 , 6 70 6 , 8 4 6 1, 9 8 3 7, 1 1 2 2 1 ,  115 2 8 ctc g tg

B s t l l 0 7 I 4 6 4 9 , 9 4 3 2 gta/tac

B st9 8 I 208, 12 4 6 , 3 1 3 0 , 8625 c/ttaag

B s tD 1 0 2 I 5 7 9 , 12 8 5 , 8480, 8534, 9 59 5, 1 13 9 6 g a g c g g

B s tD S I 1 5 1 ,  9 3 4 , 6 6 6 3 , 7 5 6 8 , 8296 c/crygg

B stE II 1 3 2 7 , 5 3 1 2 ,  6 8 6 5, 7 2 0 7 g/gtn acc

B stI 1 6 6 7 , 5 6 5 0 , 7 3 1 3 ,  73 3 0 g/gatcc

B s tM C I  9 6 7 7 7 7 3 ,  9 5 7 5 , 9999, 10 922 , 1 1 0 7 1 c g iy / c g

B stP I 1 3 2 7 , 5 3 1 2 , 6 8 6 5 , 7 2 0 7 g/gtn acc

B s tX I 1 7 9 2 , 5 7 0 8 , 7 1 5 2 ,  7 1 8 1 ccan n n n n /n tgg

B stZ I 9 64 , 7 7 7 0 c /g g c c g

B su 3 6 I 1 0 2 1 , 12 5 8 , 3 2 5 2 , 4983 cc/tn agg

C e l l l 2 6 4 7 , 5 2 6 7 gc/tn agc

C fr lO I 8 1 8 3 , 8 3 6 4 , 10 6 3 2 r/ccggy

C fr4 2 I 15 4 c c g c /g g

C fr9 I 6 4 6 , 9066 c /c c g g g

C p o l 8380 c g /g w c c g

C sp I 8380 c g /g w c c g

C v n I 1 0 2 1 , 12 5 8 , 3 2 5 2 , 4983 cc/tn agg

D r a l 4 8 1 9 ,1 0 4 1 8 ,  10 4 3 7 , 1 1 1 2 9 ttt/aaa

D r a m 18 2 4 cacn n n /gtg

D rd I 7 8 9 1 , 9 3 5 4 , 9 7 6 7 gacn n n n /n n gtc

D s a l 1 5 1 ,  934 , 6 6 6 3 , 7 5 6 8 , 8296 c/cryg g

E a g I 9 64 , 7 7 7 0 c /g g c c g

E a m llO S I 1 2 6 0 , 9 1 1 5 , 9 1 6 1 ,  10 5 5 2 gacn n n /n n gtc

E C İ13 6 II 5 8 5 , 6 2 9 2 , 9005 gag/ctc

E cIH K I 12 6 0  9 1 1 5  9 1 6 1  10 5 5 2 gacn n n /n n gtc

E c lX I 964 , 7 7 7 0 c /g g c c g

E C O İ4 7I 3 2 4 3 , 6 1 2 3 , 76 6 0 agg/cct

E c o 2 5 5 I 4 8 6 1, 1 1 0 3 2 agt/act

E c o 3 2 I 3 1 1 ,  3 8 7, 8 7 3 3 , 8808 gat/atc

E C 0 47III 1 16 3 agc/gct

E c o 5 2 I 964, 7 7 7 0 c /g g c c g

E c o 8 1 I 1 0 2 1 , 12 5 8 , 3 2 5 2 , 4983 cc/tn agg

E co 8 8 I 4 1 5 ,  6 4 6 , 7 2 1 2 ,  9000, 9033, 9066 c/ycgrg

E c o 9 1 I 1 3 2 7 , 5 3 1 2 ,  6 8 6 5 , 7 2 0 7 g/gtn acc
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E c o IC R I 58 5 , 6 2 9 2 , 9005 g a g /ctc

E c o N I 10 24 , 16 3 2 , 3 2 3 7 , 5 5 6 7 cctn n /im n a g g

E c o 0 6 5 I 1 3 2 7 , 5 3 1 2 , 6 8 6 5 , 7 2 0 7 g /g tn a cc

E c o R I 16 4 4 , 2 6 18 g/aattc

E c o R V 3 1 1 , 3 8 7 , 8 7 3 3 ,  8808 gat/atc

E c o T 2 2 I 5 1 3 7 , 7 4 1 1 , 7 4 8 3 atgea/t

E h e l 16 3 9 , 7 8 6 5 , 9040 g g e /g e e

E s p l3 9 6 I 20 9 2 , 7 2 5 8 cca n n n n /n tg g

F a u N D I 9482 ca/tatg

F b a l 1800, 7 7 0 5 t/gatca

F sp I 79 6 6 , 1 0 7 7 4 tge/ge a

G s u l 17 9 8 , 3 7 4 3 , 4 8 8 1, 5 9 3 5 , 8 5 7 8 , 10 6 4 2 c tg g a g

ff in d ll 19 5 2 , 3 8 1 6 , 4 2 2 2 , 6 6 4 9 , 7 3 0 7 , 110 9 3 gty/rac

H in d lll 7 6 7 7 a/agett

H p a l 3 8 1 6 , 4 2 2 2 , 7 3 0 7 gtt/aac

K a sI 1 6 3 7 , 7 8 6 3 , 9038 g /g e g e e

K p n l 6 5 4 , 4 0 28 , 9 0 74 g g ta c/c

K s p 2 2 I 1800, 7 7 0 5 t/gatca

K s p I 15 4 c c g c / g g

M a m I 7 7 2 3 gatn n /n n atc

M fe l 1 1 , 2 1 , 6 5 2 1 , 7 1 2 8 , 7 1 7 9 c/aattg

M lu N I 832, 1 3 5 1 ,  3008, 7 9 4 6 tg g /c c a

M p h l 5 1 3 7 ,  7 4 1 ,1  74 8 3 atgea/t

M r o N I 8 364 g /c e g g e

M s c I 832, 1 3 5 1 ,  3008, 7 9 4 6 tg g /cca

M s p C I 208, 12 4 6 , 3 1 3 0 , 8 6 2 5 c/ttaag

M u n i 1 1 , 2 1 , 6 5 2 1 , 7 1 2 8 , 7 1 7 9 c/aattg

M v a l2 6 9 I 2 7 4 2 , 28 4 9, 4 9 5 6 g a a tg c

N a e l 8 36 6 g c c / g g c

N a rl 16 3 8 , 78 6 4 , 90 39 g g /e g e e

N c o l 6 6 6 3 , 7 5 6 8 , 8 29 6 c/c a tg g

N d e l 9482 ca/tatg

N g o A I V 8 364 g /c e g g e

N g o M I 8 364 g /c e g g e

N h e l 6, 16 , 2 6 , 20 3, 5 5 8 8 , 8620 g /cta g e

N s il 5 1 3 7 , 7 4 1 1 , 7 4 8 3 atgea/t

P a e l 18 5 5 , 74 0 9 , 7 4 8 1 , 8 26 9 g ca tg /c

P flM I 20 92, 7 2 5 8 c ca n n n n /n tg g

P le l9 I 10 9 2 2 e g a t/cg

P m e 5 5 I 3 2 4 3 , 6 1 2 3 , 7 6 6 0 a g g /cct

P p u lO I 5 1 3 3 , 7 4 0 7 , 7 4 7 9 a/tgeat

P p u M I 50 2, 1 4 5 9 , 4380, 6 0 3 1, 8923 r g /g w c c y

P s h A I 7 5 1 ,  2 2 4 0 gacn n /n n g tc

P sh B I 1 7 5 5 ,  4 8 4 2 , 4884, 10 7 2 4 at/taat

P s p l2 4 B I 5 8 7 , 6 2 9 4 , 90 0 7 g a g ct/c

P s p l4 0 6 I 1 0 7 7 8 , 1 1 1 5 1 aa/egtt

P spS II 50 2, 1 4 5 9 , 4380 , 6 0 3 1 , 8 923 rg /g w c c y

P s p A I 6 4 6, 90 6 6 c /c e g g g

P s p A L I 648, 9068 c c c / g g g

P sp E I 1 3 2 7 , 5 3 1 2 ,  6 8 6 5 , 7 2 0 7 g/g tn acc

P s p O M I 7 0 1 9 g / g g c c c

P stN H I 6, 16 , 2 6 , 20 3, 558 8 , 8620 g/ctag e

P v u l 10 9 2 2 e g a t/cg

R e a l 3 0 19 , 3 3 6 7 , 1 0 3 7 9 , 1 1 3 8 7 ,  1 1 4 9 2 t/catga

R srII 8380 c g / g w e e g

S acI 5 8 7 , 6 2 9 4 , 9 0 0 7 g a g ct/c

S a cII 15 4 c c g c / g g
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S e a l 4 8 6 1 , 1 1 0 3 2 agt/act

S e x A I 1 4 5 5 , 38 2 6 , 4 0 2 7, 5 5 2 6 , 7 4 2 8 a /ccw g g t

S fil 7 6 1 4 g g c cn n n n /n g g cc

S fr3 0 3 I 15 4 c c g c / g g

S m a l 6 4 8 , 9068 c c c / g g g

S p e l 900, 3 5 8 3 , 5 1 9 8 a/ctagt

S p h I 18 5 5 , 74 0 9 , 7 4 8 1 , 8 26 9 g catg /c

S se B I 3 2 4 3 , 6 1 2 3 , 7 6 6 0 a g g /cct

S s p B I 1 5 2 2 , 4 4 68 , 6 70 5 t/gtaca

SstI 5 8 7 , 6 2 9 4 , 90 0 7 g a g ct/c

S s tll 15 4 c c g c / g g

Stu I 3 2 4 3 , 6 1 2 3 , 7 6 6 0 ag g /cct

V a n 9 1 I 2 0 9 2 , 7 2 5 8 ccan n n n /n tgg

V h a 4 6 4 I 20 8, 12 4 6 , 3 1 3 0 , 8 6 2 5 c/ttaag

V n e l 9 4 7 5 , 9 9 7 3 , 1 1 2 1 9 g/tgeae

V s p I 1 7 5 5 ,  4 8 4 2 , 4884 , 10 7 2 4 at/taat

X b a l 1 6 6 1 , 6 3 8 2 , 7 3 1 9 ,  8 8 8 7 t/ctaga

X c m l 7 0 4 5 ccan n n iu i/n n n n tgg

X m a l 6 4 6 , 9066 c /c e g g g

X m a i n 9 64 , 7 7 7 0 c /g g e e g

Z sp 2 I 5 1 ,  3 7 , 7 4 1 1 , 7 4 8 3 atgea/t
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APPENDIX 4.

The partial sequence of the pEGFP-BRCAl(83-2436) construct analyzed by Sequence 
Navigator computer program.
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