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    1. Introduction

Cell and tissue differentiation is thought to be the result of selective expression of

genes in a regionally, temporally, or environmentally specific manner (Sargent,

1987). Epithelial differentiation is characterized by polarized morphology, that is

revealed by separation of extracellular compartments of different compositions with

tight junctions as a barrier preventing the penetration of macromolecules into the

intercellular space. This polarity is characterized by a selective insertion of different

proteins and lipids in two different cell membranes and is maintained through-out the

cell cycle. The mediators of protein and lipid sorting as well as polarity formation are

not well characterized. Isolation and characterization of such polarized, differential

genes that are in particular involved in transport and sorting protein pathways is a

fundamental key to understanding the biological processes such as cellular growth,

organogensis, apoptosis and various related diseases.

The present study was designed to identify and characterize the genes that are

implicated in the expression of a polarized epithelial cell phenotype as well as to

assess the genes contributing to cell polarity maintenance. For this purpose the

epithelial cell line, Caco-2, a spontaneously differentiating colon carcinoma cell line,

was chosen to isolate polarity-associated genes. Upon differentiation, Caco-2 cells

acquire a strict polarized morphology characteristic of the apical and basolateral

membrane domains and express specific intestinal protein markers, such as the

disaccharidases, sucrase-isomaltase and lactase-phlorizin hydrolase and the

peptidases, dipeptidypeptidase IV (CD26) and aminopeptidase N, the receptor for

corona virus in the small intestine.

The experimental approach used was the extremely powerful technique of

subtractive hybridization. This technique allows one to select even those genes

expressed in very low abundance within a cDNA library (Rhyner et al., 1986).
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The study included two parts:

1- Construction of the subtracted cDNA library from polarized Caco-2 cells.

2- Identification of new or uncharacterized genes that are involved in transport and

    sorting pathways.
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    2. Review of the literature

2.1. Some aspects of polarized intestinal epithelial cells and sorting
pathways

The functionally differentiated epithelium of the small intestinal mucosa plays a key

role in the absorption of nutrients and in their vectorial transport to the circulation.

These functions require the presence of specialized structures, the villi, whose role is

to provide a large increase in luminal surface to maximize nutrient uptake. The villus

epithelium is composed of a monolayer of polarized cells: the most abundant cell

type is the enterocyte, while goblet and entroendocrine cells are fewer and

interspersed within the epithelium (Madara and Trier, 1987). A limited number of

stem cells, actively undergoing mitosis, are present within mucosal invaginations at

the villus base, and are termed crypts. Such progenitor stem cells are concentrated

in the mid-crypt region and give rise to the differentiated cell types of the villus

epithelium that undergoes constant renewal in the adult. Poorly differentiated crypt

cells migrate upwards along the villus axis while expressing progressively more

differentiated characteristics and becoming mature cells that are extruded into

intestinal lumen when they reach the villus tip (Gordon, 1989). Downward migration

of stem cells towards the crypt base gives rise to Paneth cells, the only polarized

epithelial cell type present in the crypt (Cheng, 1974). The villus-crypt unit therefore

represents a functional differentiation unit in the adult intestine, as it contains cells at

all intermediate stages of epithelial differentiation.

The plasma membrane of polarized epithelial cells lining the small intestine (Figure 1)

is characterized structurally and functionally into two distinct domains, separated by a

tight junction: the apical domain (luminal surface), which consists of a layer micovilli

and collectively forms the brush border that increases the intestinal absorptive

capacity, and the basolateral domain, which faces neighbouring cells and underies

the basal surface of connective tissue (Mostov and Cardone, 1995). Both domains
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contain different enzymes and permeases that facilitate the movement of digestive

products from the intestine to the blood.

Figure 1: Biosynthesis and sorting of membrane and secretory proteins.

After protein synthesis and transport into the endoplasmic reticulum (ER) the proteins

migrate to the Golgi apparatus where further processing and sorting to the apical and

basolateral membranes take place. Drawing by H. Al- Bayati 2000.

Molecular studies of intestinal gene expression have resulted in the isolation of

several mammalian genes that are specifically expressed in mature enterocytes. The

majority of these genes encode proteins involved in nutrient metabolism and

structural components of the enterocyte cytoskeleton or are regulatory genes that are

expressed in development and differentiation stages of the intestine (Al-garin et al.,

1993; Gordon, 1989; Traber et al., 1992; Barila et al., 1994). Although these studies

have resulted in the identification of upstream regions necessary for transcriptional
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regulation during enterocyte regulation, the mediators of protein and lipid sorting as

well as polarity formation have not yet been well characterized.

In the past few years, several investigations have been conducted in different

laboratories to trace the protein transport pathways and to answer the questions that

have arisen during the postransitional modifications. Protein translocation occurs on

ribosomes either in the cytoplasm or on the membranes of the endoplasmic reticulum

(RER). Once the nascent peptide chain has reached a length of about 70 residues, a

sequence of hydrophobic amino acids emerges from the ribosome. This so-called

signal sequence (Gierasch, 1998), which is generally located on the N-terminus of

the nascent protein, can be recognized by the signal recognition particle (SRP; Muller

et al., 1982), which transports the nascent chain into the lumen of the ER for

translocation. Proteins must be unfolded to cross the ER membrane; a cytosolyic,

ATP-dependent unfolding enzyme is required for transitional import into the ER

(Deshaies et al., 1988; Chirico et al., 1988). Although proteins synthesized in the

cytoplasm remain unglycosylated, the majority of proteins that are secreted to or

destined for the membranes are glycosylated. The latter are synthesized on

ribosomes attached to the outer membrane of RER. About 1% of the human genome

codes for genes involved in glycosylation processes as described by Freeze (1998).

At the start of translation, translocation across the membrane occurs. On the other

side of the membrane, a multimeric enzymatic complex, oligosaccharyl transferase

(OST), recognizes a glycosylation consensus site with the motif Asn-x-ser/Thr and

attaches a preassembled oligosaccharide to asparagine to form the N-glycosylated

protein (Marquardt and Freeze, 2001). O-glycosylated proteins can form by binding

short sugar residues with the serine or threonine residues of the nascent protein in

the Golgi apparatus.

There has been considerable investigation of the polarized sorting of the plasma

membrane proteins that accomplish the migration of proteins to the appropriate

membranes, the apical and to the basolateral domains (Hoefsloot et al., 1988;



6

Mostov et al., 1992). Proteins move from the ER via membrane-bound vesicles to the

Golgi apparatus, where a number of additional modifications occur; some of which

are to target the protein to its final destination. For instance, the secretory pathway of

the proteins first described by Palade (1975) and recently modified by others,

suggests that, after synthesis, the secretory proteins localized in the ER and

surrounded by membrane-bound vesicles first migrate to the cis face of the Golgi

membrane complex, where modification (mainly of carbohydrate chains) occurs: e.g.

the addition of the first N-acetylglucosamine residues of O-linked oligosaccharide

(Tooze et al., 1988) and the phosphorylation of mannose-rich residues in the N-

linked oligosaccharide enzymes. The proteins then migrate to the Golgi, where

additional modification takes place. Proteins are also sorted in the trans-Golgi

vesicles for transport to lysosomes.

2.2. Sucrase-isomaltase (SI) and colon adenocarcinoma cell line
(Caco-2) as models for studies on differential expression of genes

The sucrase-isomaltase (SI) gene, which encodes an enterocyte brush border

disaccharidase, has served as a model protein for study of intestinal-specific gene

expression and differentiation. Sucrase isomaltase is an enzyme complex

responsible for the final steps in starch and glycogen digestion and is a major

heterodimeric type II membrane-bound glycoprotein of the intestinal brush border,

comprising two strongly homologous subunits, sucrase and isomaltase (Hunziker et

al., 1986). These domains originate from a large polypeptide precursor, pro SI, by

tryptic cleavage occurring in the intestinal lumen, and ultimately maintain strong

association by means of noncovalent ionic interactions (Hauri et al., 1979; Naim et

al., 1988).

This enzyme complex is heavily N- and O-glycosylated and is sorted to the apical

membrane through O-linked glycans and through association with membrane

domains (Al-Falah et al., 1999; Jacob et al., 2000). Human SI is synthesized as a
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single polypeptide (Naim et al., 1988), the earliest detectable form of which is a 210-

kDa mannose-rich ER form that is transported at a relatively slow rate to the Golgi

apparatus, where it is processed to a complex glycosylated protein (about 245 kDa).

O-glycosylation of pro-SI occurs mainly in a Ser/Thr-rich stalk domain located close

to the membrane in the isomaltase subunit (Jacob et al., 2000).

A deficiency of sucrase isomaltase (CSID), which is an autosomal recessive disease,

results in osmotic-fermentative diarrhoea upon ingestion of di- and oligosaccharides

(Treem, 1995). Six different phenotypes of sucrase isomaltase in CSID have been

identified (Naim et al., 1988; Fransen et al., 1991; Jacob et al., 2000) . Phenotypes I

and II are characterized by intracellular accumulation of mannose-rich SI in the ER

and the Golgi, respectively. In phenotype III a transport-competent, but enzymatically

inactive SI is expressed. Phenotype IV expresses a misfolded, mannose-rich SI

molecule that is misdirected to the basolateral membrane. Phenotype V codes for an

SI species that undergoes intracellular degradation leaving behind the isomaltase

subunit that is correctly targeted to the brush border membrane, and phenotype VI

expresses an active enzyme processed by a cleavage of pro-SI in ER.

The biosynthesis and expression of sucrase isomaltase have been much studied.

Most of these studies were successfully established using colon tumour cell lines, for

example Caco-2 (Fogh, et al., 1977; Pinto, et al., 1983) and HT-29 (Zweibaum, et al.,

1983) cell lines. These cell lines have come into wide use as in vitro models for

studying intestinal enterocyte functions because of their ability to express relatively

high levels of digestive brush border enzymes and to display other structural and

functional characteristics of absorptive villus cells (Hauri, et al., 1985; Henning 1985).

Morphologically, differentiated Caco-2 cells are polarized columnar cells displaying

microvilli and tight junctions at their apical membranes (Pinto, et al., 1983). These

characteristics have been used advantageously to study general features of

processing and transporting membrane glycoproteins in polarized epithelial cells

(Beaulieu et al., 1989; Hauri, et al., 1985; Matter, et al., 1991), as has been the
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regulation of their expression in intestinal cells by growth factors (Cross and Quaroni

1991) and hormones (Henning, 1985).

2.3. DAD-1, the defender against cell death

In multicelullar organisms, programmed cell death or apoptosis is an obligatory event

occurring during normal cell differentiation, development, and tissue homeostasis of

mature organisms (Vaux, 1993). Most programmed cell death is called apoptosis:

this type of cell death is typically accompanied by morphological and biochemical

changes that occur irrespective of species or cell type. Apoptosis is associated with

blebbing of the plasma membrane, condensation of cytoplasm, compaction of

chromatin, and degradation of nuclear DNA and fragmentation of the cell into

membrane-bound apoptotic bodies (Wyllie et al., 1980).

In the last several years, it has been established that regulatory proteins (e.g., ced9

and bcI-2) and enzymatic activities (e.g., ced3 and interleukin 1-ß-converting enzyme

ICE-like proteases that control and mediate the progression of programmed cell

death are always conserved between vertebrates and invertebrates (Hengartener et

al., 1994; Chinnaivan et al., 1996)).

A human cDNA encoding a 113-residue hydrophobic protein designated as defender

against apoptotic death gene (DAD-1) was first cloned by Nakashima et. al. (1993)

and initially isolated as a mutation in a temperature-sensitive hamster cell line,

tsBN7, that undergoes apoptosis, whereas the wild-type copy of DAD-1 rescues

tsBN7 cells from apoptotic death. A point mutation in this protein introduces

apoptosis in tsBN7, and the mutant protein DAD-1 is not detectable six hours after

shifting the cells to the non-permissive temperature (39.5° C) (Sanjay et al., 1998).

DAD-1 protein is well conserved among vertebrates: human and hamsters express

identical DAD-1 proteins, which are 91% identical to DAD-1 in frogs (Nakashima et

al., 1993).
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In plants, expression of homologous DAD-1 from Arabidopsis and rice was sufficient

to complement a hamster apoptosis suppressor mutant. Furthermore, Northern blot

analysis showed that DAD-1 expression in Arabidopsis decreased in siliques during

maturation and the desiccation phase of the seeds (Gallois, et al., 1997). The DAD-1

gene maps to human chromosome 14q11-q12 and mouse chromosome 14 (Apte et

al., 1995).

DAD-1 protein is 40% identical in sequence to Ost2p, the 16-kDa subunit of the yeast

oligosaccryltransferase, and has been identified as an additional small subunit to the

other previously identified transmembrane subunits ribophorin I (66 kDa), ribophorine

II (63-64 kDa), and OST 48 (48-50 kDa) of mammalian oligosaccharyltransferase

(OST) (Kumar et al., 1994; Kumar et al., 1995; Silberstein and Gillimore 1997;

Kelleher and Gillimore 1997).

Mammalian oligosaccharyltransferase (OST) has been described as an integral

membrane protein of the endoplasmic reticulum (ER). This protein has an active site

exposed on the luminal face of the ER and catalyzes the transfer of reassembled

high-mannose oligosaccharides onto certain asparagine residues of nascent

polypeptides in the lumen of the rough endoplasmic reticulum (RER; Sanjay et al.,

1998).

In 1998, Sanjay and his co-workers demonstrated that the defect in the OST complex

at the non-permissive temperature also resulted in the underglycosylation of

secretory glycoproteins, and concluded that degradation of DAD-1 at the non-

permissive temperature not only affects the stability of OST48 and ribophorines but

also results in the functional inactivation of the OST complex. DAD-1 was shown to

be required for N-glycoslyation (Makishima et al., 1997), and the loss of DAD-1 in the

tsBN7 cell line reflects the essential nature of N-glycosylation in eukaryotes as

described by Kelleher and Gilmore (1997). However, blocking of N-glycosylation with

tunicamycin does not trigger apoptosis in mammalian cells (Makishima et al., 1997).
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Fu and co-workers (2000) found that the luminal domain of ribophorine II by itself

does not contain retention information, whereas the cytoplasmic and transmembrane

domains contain an independent endoplasmic reticulum signal.

On the basis of differential centrifugation and proteinase K digestions studies,

Makashima and his co-workers reported in 1997 that DAD-1 is an integral membrane

protein located in the ER, and that both its termini are located in the cytosol.

The topology of DAD-1 was predicted by Kelleher and Gilmore (1997). In their model,

the 113 residues of DAD-1 protein consists of a 28-residue N-terminal hydrophilic

segment followed by three hydrophobic segments that could function as

transmembrane spans. Furthermore, this protein lacks a cleavable signal sequence

and contains several polar residues in the third hydrophobic segment. In addition,

Kelleher and Gilmore demonstrated that DAD-1 protein is located in the rough

endoplasmic reticulum.

Using the two-hybrid method involving DAD-1 as bait, Makishima and co-workers

(2000) demonstrated the essential interaction of the C-terminal half of DAD-1 with

Mc1-1 protein (one of bc1-2 family which is known to prevent cell death). In this

study, when expressed, DAD-1 consistently bound well to Mc1-1 in COS cells.

Makishima et al. have also demonstrated the important role of the C-terminus of

DAD-1 in N-linked glycosylation in complementing the tsBN7 mutation.

2.4. The cadherin family and its diversity

Cadherins are a large superfamily of transmembrane glycoproteins that are

responsible for Ca2+-dependent cell-cell adhesion in vertebrates (Gumbiner et al.,

1988); they play an important role in organ morphogenesis and development

(Takeichi, 1988; Blanco et al., 2000) and in mediating cell sorting in model systems

(Nose et al., 1988). The first three cadherins discovered were named according to
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the main tissue in which they were found: E-cadherin is present on the surface of

many types of epithelial cells; N-cadherins on nerve, muscle and lens cells; P-

cadherin on cells in the placenta and epidermis. It has been demonstrated that

cadherins are composed of about 700-750 amino acid residues.

Recently, cadherins have been further divided into two groups based on their

extracellular domain features: the classical cadherins type, including classical

cadherins, desmosomal cadherins, and HPT/L1-cadherin; and non-classical

cadherins called protocadherins, including the vertebrate protocadherins,

Drosophilae fat and Drosophilae DE-cadherin (Suzuki, 1996; Umeura, 1998).

The large extracellular part of the polypeptide chain of the cadherins usually folds

into five domains, each containing about 100 amino acid residues. Four of these

domains are homologous and contain presumptive Ca2+ binding sites. The

extracellular domains of both cadherins and protocadherins consist of variable

numbers of characteristic repeat sequences (ectodomains) that function in calcium-

dependent cell adhesion (Wu and Maniatis, 2000). Recently, several studies have

demonstrated that the protocadherin subfamily shares the same general organization

as described in the classical cadherins and desmosomal cadherins, but that they

have six or more extracellular cadherin domains (EC): (Wu and Maniatis, 1999;

Strehl et al., 1998; Sago et al., 1995; Chun, 1999) and completely deviating

cytoplasmic tails (Suzuki, 1996). Furthermore, the extracellular part of the

protocadherins, most likely the N-terminal EC1-domain, is responsible for cell

adhesion (Hilschmann, 2001) and probably also for individual functions of different

subfamilies (Suzuki, 1996).

The typical gene structure of several cadherins has been described elsewhere

(Sorkin et al., 1991; Miyatani et al., 1992; Huber et al., 1996). This work shows that

the overall gene structures of classical cadherins are essentially the same, and that

they have two introns in the region corresponding to each cadherin repeat but that

the positions of the introns are not the same among the repeats. In contrast, the gene
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structure of protocadherins appears to be very different from those of classical

cadherins in that they have fewer introns than described for the classical cadherins.

Three protocadherin subfamilies, termed PCDHα, PCDHβ and PCDHγ, have been

identified on chromosome 5q31-q33 (Wu and Maniatis, 1999). They all have a

remarkable genomic organization: the EC and TM as well as part of cytoplasmic

domains are encoded by a single exon, arranged in a tandom array. This is in

contrast to the genomic structure of classical cadherins (Suzuki, 1996; Nollet et al.,

2000). Protocadherins form a cluster on mouse chromosome 18 that is different from

the clusters exhibited by classical cadherins (Obata et al., 1995).

Suzuki (1996) stated that the extracellular domain (EC) of cadherins share the

cadherin repeats that show the characteristic features of the third and fifth repeats

(EC3 and EC5) of the classical cadherins: EC3 has one amino acid deletion near the

C-terminus, and the DRE sequence in the middle of the repeat is replaced by a DFE

or DYE sequence. EC5 contains the characteristic four cysteine residues. In contrast,

the extracellular domain sequences of the protocadherins are very similar to each

other, and none of them contains the characteristic features of the EC3 or EC5 of the

classical type of cadherins (Sano et al., 1993).

Gumbiner (1996), and Greenwood et al. (1997) have showed that the cytoplasmic

domains of classical cadherins and desmosomal cadherins are moderately

conserved and interact with catenin protein. The latter links cadherins with the

cytoskeleton actin, which is crucial for the cell adhesion function, and they also

function in regulation of gene expression. By contrast, the cytoplasmic domains of

protocadherins do not interact with catenins. However, Sago (1995) has

demonstrated that the cytoplasmic domains of protocadherins interact with the

several cytoplasmic proteins which are different from known catenins, and the

characterization of these proteins should provide useful information about the

biological role of those protocadherins which are still elusive (Suzuki, 1996).
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Earlier studies by Behrens et al. (1985); Gonzalez-Mariscal et al. (1985) and

Gumbiner and Simons (1986) showed that the disruption of E-cadherin-mediated

adhesive contacts between cells prevents the assembly of tight junctions and

consequently abolishes epithelial polarity. Moreover, it has been shown that the loss

of polarized phenotype of carcinoma cells has been attributed to the loss of E-

cadherin function (Stetler-Stevenson et al., 1993).

In 1991, Vleminckx and co-workers demonstrated that the in vitro reexpression of E-

cadherin suppresses tumour invasiveness, and they termed this type of cadherin

invasion suppressor. Moreover, Kozyraki et al. (1996) have also demonstrated that

cadherins and their associated molecules such as alpha-catenin play a pivotal role in

epithelial carcinogensis. Miranda et al. (2001) mentioned that the newly synthesized

E-cadherin is targeted to the basolateral cell surface. This basolateral targeting of E-

cadherins in the cell due to the presence of a highly conserved dileucine motif in the

membrane proximal half of the E-cadherin cytoplasmic tail.

In contrast to the cadherin family, little is known about the function of the

protocadherins, e.g., their role in cell polarity. However, protocadherins seem to have

a number of functions. Very recently, Suzuki (2000) and Hilschmann et al. (2001)

described the central role of the protocadherins PCDHα, PCDHβ and PCDHγ in the

synaptogenesis governing morphogenesis in the brain that bridges the synaptic cleft

and the homophilic contact that determines which neurons will be connected and

which will not be. Recently, it has been shown that mutation in the novel

protocadherin PCDH15 causes Usher syndrome type 1F (Algramam et al., 2001).

2.5. Homo sapiens transmembrane protein BRI

BRI 1, 2 and 3 are members of a transmembrane BRI gene family. The Homo

sapiens BRI cDNA consists of 1843 nt, has an ORF located between 171 and 971

that encodes 277 residues (Vidal, et al., 2000). Different mutations in the BRI 2 gene
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cause rare neurodegenrative conditions which are termed familial British dementia

(BRI-L) and familial Danish dementia (BRI-D).

Familial British dementia (FBD), previously designated familial cerebella amyloid

angiopathy British type, is an autosomal, dominant disorder of undetermined origin

characterized by progressive dementia, spasticity, cerebellar ataxia, and onset at

around the fifth decade. FBD is also described as a rare neurodegenerative disorder

that shares features with Alzheimer`s disease, including amyloid plaque deposits,

neurofibrillary tangles and neural loss.

Immunohistochemical and biochemical analysis of the amyloid plaques and vascular

amyloids of FBD brains revealed that a four kDa peptide named ABri is the main

component of the highly insoluble amyloid deposits. In FBD patients, the ABri peptide

is produced as a result of point mutation in the usual stop codon of BRI gene that

maps to chromosome 13. This mutation produces a BRI precursor protein that is

eleven amino acids longer than the wild type protein. Mutant and wild type precursor

proteins both undergo furin cleavage between residues 243 and 244, producing a

peptide of 34 amino acids in ABri and 23 amino acids in the wild type (BRI) peptide

(Vidal et al., 1999; Vidal et al., 2000).

Recently, El-Agnaf and co-workers (2001) demonstrated that the intermolecular

disulfide bond in ABri and the C-terminal extension are required to elongate initially

formed dimers to oligomers and fibrils. Furthermore, the enhanced furin-mediated

processing of mutant BRI generates fibrillogenic peptides that initiate the

pathogenesis (Kim, et al., 1999).

Familial Danish dementia (FDD), also known as heredopathia ophthalmo-oto-

encephalica, was originally described by Strömgeren and collaborators, who

identified nine cases in three generations of a dominantly inherited disorder

originating in the Djursland pensinsula, northeast of Artus, Denmark (Strömgren et

al., 1981).
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FDD disorder is characterized by cataracts, deafness, progressive ataxia, varying

neurological symptoms and dementia. The latter is associated with paranoid

reactions and temporal disturbance of consciousness. Cataracts seem to be the first

manifestation of the disease, starting before the age of 30, whereas impaired hearing

normally develops 10 to 20 years later. Cerebeller ataxia occurs shortly after the age

of 40, followed by paranoid psychosis and dementia 10 years later.

Neuropathological findings include severe widespread cerebral angiopathy,

hippocampal plaques, and neurofibrillary tangles, similar to those of Alzheimer ’s

disease (Strömgern et al., 1981; Plant and Esiri, 1997).

Recently, Vidal et. al. (2000) have found that the 3´region of the BRI gene in the

Danish kindred contains 10-nt duplication (796-797) between codons 265 and 266,

one codon before the normal stop codon 267. This decamer duplication mutation

produces a frame-shift in the BRI sequence generating 34-C-terminal amino acids

that is are larger than the normal precursor protein. This mutation encodes a denovo

amyloidogenic peptide subunit, which is ultimately associated with a genetic defect in

the Danish kindred.

Finally, Kim and co-workers (2002) demonstrated that the intracellular accumulation

of amyloidogenic Adan or ABri peptides results in the neural damage leading to FDD

and FBD, respectively.

2.6. Accompanying tools for isolation of differentially expressed
genes

In higher eukaryotes, biological processes such as cellular growth and organogensis

are mediated by programs of differential gene expression. To understand the

molecular regulation of these processes, the relevant subset of differentially

expressed genes of interest must be identified, cloned and studied in detail

(Diatchenko, 1996). Identifying such differential gene expression is a frequent goal in

modern biomedical research, and as a consequence, numerous methods for isolation
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of differentially expressed genes have been developed (Table 1). Each of these

methods has advantages and disadvantages. The random sampling method refers to

selection of clones for analysis from an un-subtracted library on a random basis.

Although this method is simple and the clones obtained are full length, it is very labor

intensive and unlikely to obtain a complete spectrum of the differentially expressed

genes (Adams et. al.1991).

Subtractive cDNA hybridization has been described by Hedrick et al. (1984), Duguid

and Dinauer (1990), and Hara et al. (1991). It is used as a powerful method to

identify and isolate cDNAs of differentially expressed genes. The basic concept for

the subtractive cloning is a process called driver-excess hybridization. Nucleic acid

from which one wants to isolate differentially expressed sequences (the tracer) is

hybridized to complementary nucleic acid that is believed to lack sequences of

interest (the driver). Driver nucleic acid (mRNA) is present at a much higher

concentration (at least 10-fold) than tracer nucleic acid (cDNA); this is an indication of

the speed of the reannealing reaction. The driver and tracer nucleic acid populations

are allowed to hybridize, and only sequences common to the two populations can

form hybrids. The latter step is usually accomplished by using hydroxylapatite

chromatography (Hedrick et al., 1984), avidin-biotin binding (Duguid and Dinauer,

1990), or oligo (dT)30–latex beads (Hara et al., 1991). After hybridization, driver-tracer

hybrids and the excess unhybridized driver nucleic acids are removed. The

remaining nucleic acids can be used to prepare a library enriched in tracer-specific

clones. Several subtractive libraries of differentially expressed genes have been

constructed, e.g. a subtracted library enriched for gastrula-specific clones of Xenopus

laevis embryos using hydroxyapatite (HAP) (Sargent and Dawid, 1983), subtracted

library enriched for scrapie-modulated clones using biotinlyted driver by means of

affinity resin (Duguid et al., 1988), a subtracted library enriched for up-down-

regulated genes in X. laevis tail after thyroid hormone treatment using

photobiotinlated driver removal by phenol extraction (Wang and Brown 1991).

Although the subtractive cDNA hybridization technique requires large quantities of

mRNA, it is relatively insensitive and is difficult to perform frequently enough to
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isolate differences from complex tissues (Diatchenko, et al., 1996). This technique is

still a powerful tool for subtraction of eukaryotic differentially expressed genes.

However, additional levels of screening of the subtracted library can help increase

the sensitivity of the subtraction (St. John, et al., 1979: Mather et al., 1981; Sive et

al., 1989; Sagerström et al., 1997).

RNA fingerprinting by means of arbitrarily primed PCR (AP-PCR: Welsh, et al., 1995)

and mRNA differential display PCR (DD-PCR: Liang and Pardee, 1992) are

potentially faster methods for identifying differentially expressed genes. The

differential display method was used e.g. by Richard et al. (1995) to clone novel

intestine-specific genes whose expression is altered under conditions of villus

atrophy. However, both methods have a high level of false positives (Bauer et al.,

1994; Sompayac et al., 1995), are biased for high copy number mRNA (Bertioli et al.,

1995) and might be inappropriate in experiments in which only a few genes are

expected to vary (Sompayac et al., 1995).

A new PCR-based technique which does not require physical separation of single

strand (ss) and double-strand (ds) (cDNAs-) representational difference analysis

(RDA) was described for application on complete genomes by Lisitsyn et al. (1993).

This technique employs a positive selection approach in which target cDNA

fragments are sequentially enriched by favorable hybridization kinetics and

subsequently amplified by PCR. Compared to DD-PCR, cDNA RDA has the major

advantage that sequences common to both groups are eliminated. This greatly

simplifies the interpretation of results and identification of the differentially expressed

genes. However, this method does not resolve the problem of the great differences in

abundance of individual mRNA species and multiple rounds of subtraction are still

needed (Diatchenko et al., 1996).
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Technique
Detection
limit (%) Advantages Disadvantages Reference

Random <0.001 Simple; clones obtained Very labor-intensive; Velculescu et al., 1995

sampling are full length unlikely to yield

complete spectrum

of differentially
expressed genes

Differential 0.01 Allows simultaneous Difficult to optimize Liang et al., 1992

display comparison of multiple PCR conditions;

samples; very large number of
fast; small false positives;

amount of starting cDNA isolated is

material required; good not full length

for obtaining markers

Differential 0.05-0.2 Few false positives; Labor-intensive St. John and Davis 1997

screening clones obtained are full

length

Screening- 0.01 Likely to obtain clones of Labor-intensive Mather et al., 1981
subtracted particular interest

library with

unsubtracted

probe

Screening- 0.001 Very likely to obtain Labor-intensive Sive et al., 1989
subtracted clones of particular

library with interest
subtracted

probe

Table 1: Comparison of various techniques for gene isolation.

Different techniques and their detection limits are expressed in the form of the abundance

percentage of the rare class of genes that can be detected by a given method. The

advantages and disadvantages of each gene isolation method are also stated. (Modified

from Sägerström et al., 1997).
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In 1998, De Saizieu and co-workers and Ramsay and co-workers described a

number of microarray-based methods for the detection of differentially expressed

genes. These involve the arraying of PCR products or oligonucleotids corresponding

to all of the genes of the organism under study onto solid support such that the levels

of expression of each gene under any growth condition can be monitored by

hybridization with labeled RNA preparations. Although microarray technologies have

the potential to revolutionize the study of differential gene expression, problems with

this method have been described: 1) the application of the methodology is limited to

organisms whose genome has been sequenced, and 2) the method is insensitive in

comparison with PCR-based techniques.
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3. Materials

3.1. Bacteria, plasmids and mammalian cell lines

3.1.1. Host bacteria

GibcoBRL Life Technologies. Heidelberg:

ELECTROMAX DH10B™ cells

F’ mcr A ∆(mrr-hsdRMS-mcrBC)Φ80dlacZ∆M15 ∆ lacX74 deo R recA1 araD139

∆(ara, leu)7697gal/U gal/KI-rpsL nupG

Invitrogen, Netherlands:

TOP10F´E. coli

F´{lacIq10(TetR)}mcrA∆(mrrhsdRMSmcrBC)Φ80lacZ∆M15∆lacX74recA1araD139∆(a

ra-leu)7697galUgalKrpsL(StrR)endA1nupG

E. coli DH5αF´

F-Φ80dlacZ∆M15∆(lacZYAargF)U169 endA1 recA1hsdR17(rK
- mk

+)deoR thi-upE44λ-

gyrA96 relA1

3.1.2. Plasmids

Invitrogen, Netherlands:

pCR® 2.1 (3.9 kb) -TA cloning kit version K2; pCR® 2.1 (3.9 kb)- Topo cloning kit

version K2;  mammlian expression vector: pcDNA3 (5.4 kb)

Clontech, Heidelberg:

Mammlian expression vector: N-Terminal enhanced green fluorescent protein vector

pEGFP-N1 (4.7 kb)
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3.1.3. Monoclonal antibodies (Abs)

Monoclonal anti-SI (Hauri et al., 1985) was kindly provided by Prof. Hans-Peter

Hauri, Biozentrum, University of Basel, and Dr. Erwin Sterchi, Institute of

Biochemistry and Molecular Biology, University of Bern, Switzerland

3.1.4. Mammalian cell lines

American type culture collection, Rockville, USA:

Caco-2 cells order No. HTB-37

MDCK (NBL2) cells order No. CCL-34

COS-1 Cells order No. CRL-1650

3.2. Enzymes
S -1 cell & MDCK cells

 Boehringer Mannheim GmbH, Mannheim:

T4 ligase, restriction enzymes

MBI, Lithuania:

Restriction enzymes, Taq  DNA polymerase, First-strand cDNA synthesis kit (K 1612)

3.3. Chemicals and others

Amersham Pharmacia Biotech, Braunschweig:
35S-methionin (800 Ci/mmol), Alkophos direct labeling of DNA probes kit, CDP-Star

detection reagent (RPN 3682), Hybond N+ nylon membranes, protein A-Sepharose

Biorad laboratories, Richmond, CA, USA:

Phosphpo-imager screens, [SDS-gel electrophoresis equipments: glass plates,

combs, spacers, casting devices, gel chamber]
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Clontech, Heidelberg:

Human multiple Northern blots (MTN: PT1200-1), Human cancer profiling array-

orientation grid (PT3578-3)

C. Roth, Karlsruhe:

Glycerol, yeast extract, calcium acetate, sodium acetate, phenol, acryl amid Gel30,

SDS ultra pure, ethidium bromide, ethanol, isopropanol, latex gloves

Difco Laboratories, Detroit, MI, USA:

Bacto agar, bacto trypton, bacto yeast extract

DuPont and Sorvall Instruments, Bad Nauheim:

Sorvall centrifuges tubes

Dynal, Hamburg:

Dyna mRNA purification kit

Eastman Kodak Company, Rochester, New York, USA:

X-ray films Biomax MR

E. Merck AG, Darmstadt:

Ampicillin, acetic acid, ethanol, N,N-dimethyl formamide, ethidum-bromide, ethylene-

diamine-tetra acetic acid (EDTA), urea, isopropanol, potassium acetate, sodium

chloride, sodium citrate, sodium acetate, Coomassie brillant blue, formaldehyde,

TEMED, SDS, ammonium phosphate, dithiotheritol (DTT), triton X-100

Eppendorf Hamburg:

Microfuge tubes 1.5 ml, 1,5 ml safe lock, 0,5 ml safe-lock, 1,5 ml freeze ampules

Fluka, Neu-Ulm:

Chloroform, ammonium chloride
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Gibco BRL Life Technologies, Heidelberg:

Agraose, dulbecco ´s modified eagle medium (DMEM), streptomycin, penicillin,

methionene-free dulbecco,s modified eagle medium (denoted Meth-free medium),

fetal calf serum (FCS)

Invitrogen, Netherlands:

Fast Tract TM 2.0 kit version F for isolation of total RNA, subtractor kit version B

Millipore GmbH, Eschborn:

0.025-µm-type VS membrane, N+ nylon membranes

New England Biolabs, Schwalbach:

Alkaline phosphatase, T4 DNA ligase, RNase A, restriction enzymes

Qiagen, Hilden:

Qiagen plasmid midi kits

Roche Diagnostics GmbH, Mannheim:

DOTAP liposomal transfection reagent

Sarstedt ,Nümbrecht:

Microtiter plates, plastic petri dishes, flasks

Serva, Heidelberg:

Triton X-100

Sigma Chemie, München:

Kanamycin, ampicillin, sodium phosphate, 3-(N-Morpholino)-propansulfonic-acid

(MOPS), dimetyl-sulfoxide (DMSO), dithiothreitol (DTT), bromo- blue, polybrene,

pepstatin, leupeptin, aproptinin, molecular weight standards for SDS-PAGE, glycerol
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Whatman limited, Spring Maidstone, KY, USA:

3MM-chromatography papers

3.4. Instruments

Bachhofer GmbH, Reutlingen:

UV-light 365 nm, heat thermo block

Biorad laboratories, Richmond, CA, USA:

Phosphpoimager, power supplies

DuPont and Sorvall Instruments, Bad Nauheim:

Sorvall RC-5B centrifuges

Eurogentec, Belgium:

Easyjec basic (electroporator, electroporation cuvettes)

Heraeus Instruments, Osterode:

Biofuge 28RS centrifuge, Megafuge 1.OR

Leica, Wetzlar:

Fluorescence microscope type DM-IRB, Confocal microscope type TCS-SP

Schütt Labor Technik, Göttingen:

Eppendorf centrifuge 5415C, Haake DC 3 water bath, vortex

Whatman Biometra, Göttingen:

Gel drier typeDC-3, heat block
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4. Methods

4.1. Construction of the subtracted cDNA library from polarized
Caco-2 cells

An overview of the subtraction of the cDNA library (prepared from polarized Caco-2

cells) is given in Figure 2.

Figure 2:
Experimental
design for the
construction of
the polarized
Caco-2 cDNA
library

Polarized Coca-2 cells mRNA

RT PCR

cDNA

cDNA sequences common to both pools hybridize leaving
differentially expressed genes unhybridized

B B B BB B

Hybridization

Ligation into pCR2.1
followed by electroporation into host bacteria

DH10B

 A A A A
A A A A

A A A A

Biotinylation

B B B BB B

A A A A

A A A A

A A A A

A A A A

 T  T  T T

 T T  T T

SSSSSS
B B B BB B

Biotinylated sequences coupled to streptavidin and
removed by phenol- chlorofrom extraction

A A A A
T T T T

Single strand differentiated cDNA
T T T T

Polyadenlytion of the 3´  end cDNA

T T T T    5´3´   A A A A

Synthesis of the second strand cDNA

A A A A
A A A A
T T T T

      T  T  T T

Non-polarized Coca-2 cells mRNA
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4.2. Cell lines, cultures

4.2.1. Colon adenocarcinoma cells (Caco-2)

Caco-2 cells obtained from a male Caucasian patient were maintained in Dulbeeco’s

modified Eagle’s medium (DMEM) supplemented with 4.5 g glucose, 10% fetal calf

serum, 2 mM glutamine, 50 units/ml each of penicillin and streptomycin. This medium

was denoted Caco-2-complete medium.

4.2.2. COS-1 cells

COS-1 cells are similar to fibroblast cells, i.e. they are non-polar cells. These cells

were produced after transformation of CV-1 (an established line of simian cells which

are permissive for lytic growth of SV40) cell lines by origin-defective mutant of SV40-

virus codes the wild type T-antigen (Taq) (Gluzman, 1981). COS-1 cells were

maintained in Dulbeeco’s modified Eagle’s medium (DMEM) supplemented with 1 g

glucose, 10% fetal calf serum, 2 mM of glutamine, 50 units/ml each of penicillin and

streptomycin. This medium was denoted COS-complete medium.

4.2.3. Madin-Darby canine kidney cells (MDCK)

MDCK cells were produced by S. H. Madin und N. B. Darby in 1958. These cells

were isolated from adult, female cocker spaniel canine kidney epithelial cells.

Cultivation of these cells can produce polarized monolayer in invitro (Richardson et

al., 1981). MDCK cell lines were maintained in Dulbeeco’s modified Eagle’s medium

(DMEM) supplemented with 1 g of glucose, 10% fetal calf serum, 2 mM of glutamine,

50-units/ml of penicillin and streptomycin. This medium was denoted MDCK-

complete medium.
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4.3. Cultivation and storage of the cell lines

The cultivation of the cell lines was carried out in 10 ml of appropriate culture medium

incubated under the following conditions, 37° C, 5% CO2, 95% relative air humidity

using 100 mm culture plates. To maintain the cells, the cell culture was washed with

PBS, and 1-2 ml Trypsin/EDTA was added. This mixture was incubated under the

same conditions for 2-15 min. To stop trypsin activity, 8-9 ml of culture medium

(containing 10% fetal calf serum) was added. The cells were collected and plated

(1:4-6) on new culture plates. Additional culture medium was added to the cells to a

final volume of 10 ml. Finally, the cells were incubated under the same conditions.

1x  PBS:

8 g NaCl

1.44 g Na2HPO4

0.2 g KCl

0.24 g Na2HPO4

Typsin-EDTA / phenol red:

Reagent Mg/l

EDTA disodium salt 2H2O 22.1

KCl 400

NaCl 800

Na-bicabonate 580

D-Glucose 1000

Phenol red 2

Trypsin 1:250 500

Freeze medium:

1.8 ml DMEM

0.2 ml DMSO
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For long-term storage the cells were grown to 80% confluency and treated with

Trypsin/EDTA. Then 3 ml DMEM-Medium was added to the cells. The cell

suspension was then transferred into falcon tubes followed by centrifugation at 1,000

rpm for 5 min. The cell pellet was resuspended in 2 ml of freeze medium then

transferred into freeze-resistant ampoules. The cells were first acclimated at -80° C

overnight and then transferred into liquid nitrogen.

4.4. Subtraction hybridization

4.4.1. Isolation of mRNA from Caco-2 cells

The RNA preparation was conducted under sterile and RNase-free conditions.

Polyadnylated RNAs were isolated from polarized, differentiated (confluent) and non-

polarized (20-30% confluent) Caco-2 cells using a Fast Track 2.0 mRNA isolation kit

(Invitrogen). (Approximately 1 x 107 polarized and non-polarized Caco-2 cells were

used) .  The Caco-2 cells were prepared as described in 4.3. The cells were first

washed with 5 ml of cold PBS and collected in 50 ml falcon tubes. The cell pellet was

resuspended in 15 ml of Fast Track lysis buffer. Then the cell lysate was passed two

to four times through a sterile syringe fitted with an 18- to 21-gauge needle until the

cell lysate became clear. The cell lysate was incubated at 45° C for 15-60 min. The

NaCl concentration in the lysate was adjusted to a final concentration of 0.5 M by

adding 950 µl of 5 M NaCl stock solution. The latter was mixed by gentle inversion.

Next, the mRNA was isolated from the total RNA by adding 1 g of oligo (dT) cellulose

to the RNA suspension. To increase the binding efficiency of the mRNA to the oligo

(dT) cellulose, the mixture was rocked gently at room temperature for 60 min. The

RNA-oligo (dT) cellulose complex was precipitated by centrifugation at 13,000 rpm

for 5 min. The supernatant was carefully decanted from the resin beads. In the next

step the washing process of the resin beads was performed as follows: first, the resin

pellet was resuspended in 20 ml of binding buffer and the suspension was then
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centrifuged at 13,000 rpm for 5 min, and the supernatant containing the binding

buffer was removed. The SDS and contaminating RNAs (such as rRNA) were

removed from the mRNA by washing the resin beads in 10 ml of low-salt wash buffer.

The resin suspension was centrifuged at 13,000 rpm for 5 min. This step was

repeated three to four times until the buffer no longer bubbled. After the last wash,

the oligo (dT) cellulose volume was adjusted to a final volume of 800 µl. The oligo

(dT) cellulose suspension was transferred into specific spin-column/microfuge tube

and centrifuged at 13,000 rpm at room temperature for 10 sec. The liquid was

removed from the microfuge tube. This step was repeated five to six times until the

oligo (dT) was transferred completely into the spin column. The spin-column was

replaced into the tube for washing. Then the spin-column was filled with ~ 500 µl of

low-salt wash buffer. The buffer was mixed into the cellulose beads with a sterile

pipette tip. The tube containing the spin-column was centrifuged for 10 sec. The

washing step with low-salt wash buffer was repeated three times. In order to elute

and precipitate the mRNA, the spin-column was transferred into a new microfuge

tube and 200 µl of elution buffer was added to the spin column. The elution buffer

was mixed well into the cellulose beads with a sterile pipette tip. Then the tube

containing the spin-column was centrifuged for 30 sec. The mRNA elution step was

repeated again. Next, the eluted RNA was precipitated in ~400-µl by adding the

following components: 0.15 volume (~ 60 µl) of 2 M sodium acetate and 2.5 volume

(1 ml) of ethanol. The resulting mixture was frozen on dry ice until solid. The solid

mixture was thawed by centrifugation at 13,000 rpm, 4° C for 15 min. The ethanol

was decanted off and the traces of ethanol were removed with help of brief

centrifugation. The RNA pellet was resuspended in 50 µl of elution buffer. Finally, the

resuspended RNA concentration was determined using the following formula:

 [RNA] = (A260)(0.04µg/µl) D,

where A260 is the absorbance of the RNA molecules at 260 nm in a spectrometer. An

abosorbance of 1 unit at 260 nm corresponds to 0.04 µg/µl of RNA and D is the dilution

factor.
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Binding buffer:

5 mM NaCl

0.1 mM Tris-Cl pH 7.5

Low salt buffer:

2.5 mM NaCl

0.1 mM Tris-Cl pH 7.5

Elution buffer:

10 mM NaOAc pH 7.5

4.4.2. Subtraction of the differentiated cDNA

The polarized cDNA fragments were subtracted using the Subtractor® kit (Invitrogen)

following the manufacturer’s recommendations and described in the following steps.

All reagents were supplied with the kit.

4.4.2.1. Photobiotinlyation of the undifferentiated mRNA pool

In a sterile tube, 10 µg of undifferentiated mRNA (see 4.4.1) was resuspended with

30 µl dH2O. To the mRNA suspension, 30 µl of the photobiotin solution was added;

then the suspension was mixed and placed on ice followed by exposing the mixture

to light (200 W DUDUM) for 20 min. Next, the mixture was adjusted to a final volume

of 200 µl by adding the following components: 50 µl of RNase-free, 0.1 M Tris (pH

9.0) and 90 µl of sterile dH2O. The sample was then extracted with 200 µl water-

saturated 2-butanol. The resulting solution was centrifuged for 2 min and the upper

phase containing 2-butanol was decanted. To the lower phase, 30 µl of 2 M NaOAc

and 575 µl of ethanol were added and the mixture was then frozen on dry ice. This

was followed by centrifugation at 4° C for 10 min. The ethanol was decanted and the

pellet was washed with 80% cold ethanol followed by centrifugation at 4° C for 5 min.
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The pellet was then resuspended in 30 µl of sterile dH2O. To the suspension, 30 µl of

photobiotin was added, and the mixture was again exposed to the same light source.

This was followed by extraction of the biotinylated mRNA with 2-butanol. The last

step was repeated three to four times until the butanol layer was completely clear.

The biotinylated mRNA was then precipitated by centrifugation at 13,000 rpm for 10

min. Finally, the mRNA pellet was resuspended in 30 µl of sterile dH2O.

4.4.2.2. Synthesis of first-strand cDNA from differentiated mRNA

In a total volume of 16 µl, 1 µg of differentiated mRNA (see 4.4.1) was mixed with 1.0

µg of oligo (dT)25. The mixture was incubated at 70° C for 10 min followed by another

incubation at room temperature for 5 min. The mixture was then centrifuged for 30

sec. The following components were added to the pellet: 0.5 µl of placental

ribonuclase inhibitor, 5 µl of 5x RT buffer, 1.25 µl of 80 mM sodium pyrophosphate,

1.0 µl of 100 mM dNTPs, and 1.0 µl of reverse transcriptase. The resulting mixture

was incubated at 42° C for 60 min. The mixture vial was placed on ice, and the

following components were added: 2 µl of 0.5 M EDTA, 1 µl of tRNA, and 25 µl of

sterile water. Then the sample was extracted with 50 µl phenol-chloroform. The

resulting mixture was centrifuged for 2 min. The upper phase (aqueous layer)

containing the cDNA was transferred into a new tube. To the aqueous layer, the

following components were added: 53 µl of 4M NH4OAc and 265 µl of cold 96%

ethanol. This was then mixed and frozen for 10 min. The solid mixture was

centrifuged at 4° C for 15 min. The ethanol was decanted and the pellet was

resuspended in 100 µl of sterile water. The resulting suspension was centrifuged for

30 sec. The pellet was resuspended again by adding 100 µl of 4M NH4OAc and 400

µl of cold ethanol. This mixture was placed on ice until solid. The solid mixture was

centrifuged at 4° C for 15 min. The ethanol was decanted off, and the cDNA pellet

was resuspended in 50 µl of 0.5 N NaOH. Next, the suspension was incubated at 50°

C for 15 min. The following components were added to the suspension: 50 µl of

sterile water, 15 µl of 2 M NaOAc and 230 µl of ethanol. Then all was mixed and
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frozen on dry ice. The solid mixture was centrifuged at 13,000 rpm at 4° C for 10 min.

Then the ethanol was decanted off. Finally the cDNA pellet was resuspended in 30 µl

of sterile water.

4.4.2.3. Subtraction hybridization

At this stage, 30 µl of bioltinylated mRNA (see 4.4.2.1) was added to the

differentiated first-strand cDNA (see 4.4.2.2). The mixture of the nucleic acids was

precipitated by adding 9 µl of 2 M NaOAc and 175 µl of ethanol and by centrifuging it

at 4° C for 10 min. The pellet was washed with 500 µl of 80% ice-cold (0o C) ethanol

followed by centrifugation at 4° C for 5 min. The pellet was resuspended in 10 µl of

sterile dH2O. To the suspension, 10 µl of pre-warmed (42° C) hybridization buffer

was added. The hybridization steps were carried out by heating the hybridization

mixture at 100° C for 1 min followed by incubations at 68° C for 48h, and then at 55°

C for 5 min. To the hybridization mixture, 30 µl of 10 mM HEPS/EDTA buffer and 10

µl of streptavidin were added and then mixed gently by tapping the tube. The mixture

was centrifuged for 30 sec and then incubated for 10 min at room temperature. Then

60 µl of phenol-chloroform was added to the mixture, followed by centrifugation for 2

min. To the (lower) organic layer, 60 µl of HEPS/EDTA buffer was added; this was

mixed and then centrifuged for 2 min. The aqueous layer from this step was

combined with the previous aqueous layer. To the combined aqueous layers, 10 µl of

streptavidin was added; this was mixed and then centrifuged for 30 sec. The sample

was collected at this step from the bottom of the tube. The sample was incubated at

room temperature for 5 min, then extracted in 120 µl of phenol-chloroform. The

aqueous layer was transferred into a new tube, and the organic layer was then

treated by adding 50 µl of HEPS/EDTA buffer. This was mixed and then centrifuged

for 2 min. The upper phase (aqueous layer) was then combined with the previous

aqueous layer. The following components were added to the combined layers: 1 µl of

tRNA, 25 µl of 2 M NaOAc and 490 µl of ethanol. The mixture was freeze-dried and
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centrifuged at 4° C for 15 min. Finally, the pellet containing the single-strand cDNA

was resuspended in 10 µl of sterile dH2O.

4.4.2.4. Synthesis of the double-strand cDNA

The 3’ end of the single-strand cDNA was polyadenalyted using the following

mixture: 2 µg of the single strand cDNA, 2.5 µl of 10x reaction buffer, 2.5 mM of

dATP. The mixture was incubated at 94° C for 3 min and immediately transferred

onto ice. To this mixture, 1 µl of the terminal transferase (10U/µl) was added. The

mixture was incubated at 37° C for 20 min followed by another incubation at 70° C for

10 min. The second strand of the cDNA was synthesized and amplified by PCR. The

PCR reaction was carried out in 50 µl of reaction mixture: 10 µl of tailed cDNA, 1µl of

oligo-anchor primer (37.5 µM), 1 µl of dNTPs (10 mM each), 0.5 µl of Taq

polymerase, and 5 µl of 10x reaction buffer. The reaction was denatured at 95° C for

3 min and 30 cycles were performed at the following conditions: 94° C denaturing for

1 min, annealing at 55° C for 1 min, 72° C elongation for 1 min followed by further

elongation at 72° C for 5 min.

4.4.2.5. Ligation

The ligation of the insert to the vector was performed using the following mixture:

1 µl Vector DNA (25ng)

2-4 µl DNA (25ng/µl)

1-3 µl 10x ligation buffer

0.5-1 µl T4-ligase (5U)

The ligation mixture was incubated at 16° C overnight, and the ligation mixture was

then inactivated by heating at 65° C for 10 min, followed by spot dialysis using 0.025-

µm filters with a diameter of 25 -mm against 0.5x TE (pH 7.5) at 4° C for 2 h.
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4.4.2.6. Transformation of E. coli (DH10B)

One µl of the ligation reaction was mixed with 20 µl of host bacteria DH10B and

transferred into pre-cooled 0.2 cm gap microelectroporation cuvettes. Transformation

was accomplished by electroporation according to the manufacturer’s

recommendations. The cells were collected from the cuvette and diluted immediately

with 0.5 ml SOC medium. The diluent was incubated at 37° C for 1 h. The culture

was concentrated to 0.1 ml by centrifugation, and 50 µl each were spread onto LB

plates containing 100 µg/ml ampicillin, 40 µg/ ml of X-gal and 25 µg /ml of IPTG. The

plates were incubated overnight at 37° C, and the cells were counted on each plate.

SOC medium:

2 5 Tryptone

0.5 % Yeast Extract

10 mM NaCl

2.5 mM MgCl2

10 mM MgSO4

20 mM Glucose

LB agar:

10 g NaCl

10 g Bacto tryptone

5 g Bacto yeast extract

15 g Agar-Agar

pH 7.2, autoclave

LB medium:

10 g NaCl

10 g Bacto trypton

5 g Bacto yeast extract

pH 7.2, autoclave

After autoclaving and cooling to 50° C, the appropriate antibiotic was added:
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LB medium containing only 50-100 µg per ml ampicillin

LB agar containing 50-100 µg per ml ampicillin

Ampicillin stock solution: 100 mg per ml distilled water. Aliquots of 0.5 ml were made

and stored at -20° C.

The LB agar was poured in appropriate disposable petri dishes and stored at 4° C for

two to three weeks. For plating, 50 µl of bacterial cultures were spread on the LB

agar using sterile L-shaped Pasteur pipettes. Plates were incubated at 37° C

overnight.

4.5. Arraying and storage of the library

The individual white colonies were transferred manually into microtiter plates

containing 150 µl of LB medium and 100 µg ampicillin/ml. The bacterial cultures were

then incubated at 37° C by shaking, then at 225 rpm overnight. Finally, 35% glycerol

was added to the cultures and they were stored at -80° C.

4.6. Colony hybridization based screening

4.6.1. Arraying of the colonies onto nylon membranes

From the microtiter plates, individual colonies were transferred once onto the N+-

nylon membrane placed on LB-ampicillin agar and another to LB-ampicillin agar

containing no membrane. The positions of the colonies were determined on both

plates by the row and column numbers of the microtiter plates. The plates were

incubated at 37° C overnight.
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4.6.2. Preparation of the cDNA probes from cell cultures

4.6.2.1. Isolation of the mRNA from Caco-2 cells

Polyadnylated RNA was isolated from 30% confluent growing Caco-2 cells. The cell

cultures were washed twice with cold PBS. For the isolation of mRNA, a Dyna mRNA

isolation kit was used. The manufacturer’s recommendations were followed in

performing this assay as follows (in brief): the cell pellet was resuspended in 1-1.25

ml of Dyna lysis buffer and passed  two to four times through a sterile syringe fitted

with an 18-21-gauge needle. To the cell lysate, 250 µl of oligo (dT)25 was added, and

the mixture was rotated at 4° C for 5 min followed by centrifugation at 13,000 rpm for

5 min. The Dyna beads were then washed with 1.5 ml of Dyna LID wash buffer and

centrifuged at 13,000 rpm for 5 min. The bead pellet was washed twice with 1.5 ml of

Dyna wash buffer. Finally, the mRNA was eluted from the beads by adding 20 µl of

Dyna elution buffer followed by incubation at 65° C for 2 min.

All the reagents were supplied in the Dyna mRNA isolation kit.

4.6.2.2. Synthesis of the first-strand cDNA

First-strand cDNA synthesis kit (MBI) was used to generate the cDNA probes. The

procedure was performed according to the manufacturer’s recommendations. A total

volume of 11 µl containing 1 µg mRNA, and 0.2 µg random primer was incubated at

70° C for 5 min, then placed immediately on ice and centrifuged for 3 sec. The

following components were added to the mixture: 4 µl of 5x reaction buffer, 1 µl of

Ribonuclease inhibitor, 20 U/µl and 2 µl of 10 mM dNTP mix. The mixture was

incubated at 25° C for 5 min, and then 2 µl of M-MULV reverse transcriptase were

added. The mixture was incubated at 25° C for 10 min, 37° C for 1 h. Finally, the

enzyme reaction was heated at 70° C for 10 min.
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4.6.2.3. DNA probe labeling

An alkophos DNA direct labeling kit (Amersham) was used for the labeling of DNA

probes. The procedure was performed following the manufacturer’s

recommendations and using the kit-specific reagents as follows (in brief): 20 µl of

cross-linker solution was diluted with dH2O; the DNA probe was diluted to 10 ng/µl;

10 µl of the diluted DNA was denatured by heating for 5 min in boiling water bath

followed by incubation on ice for 5 min and centrifugation for 3 sec. The following

reagents were added to the cold DNA by mixing at each step: 10 µl of the reaction

buffer, 2 µl of the labeling reagent and 10 µl of the cross-linker working solution.

Finally, the reaction was incubated at 37° C for 30 min and used for the hybridization

process.

4.6.2.4. Colony hybridization

The hybridization process was carried out using Alkophos hybridization buffer

(Amersham) and by following the manufacturer’s recommendations as follows (in

brief): 0.125 ml/cm2  membrane of the hybridization buffer was pre-heated at 55° C

and added to the plastic bag containing the blots. Prehybridization was performed at

55° C in a shaking water bath (10 strokes per min) for 20 min. The prehybridization

buffer was replaced with new hybridization buffer and 5-10 ng of the labeled DNA

probe per ml of buffer was added. The hybridization process was performed at 55° C

overnight.

4.6.2.5. Post hybridization and stringency washing buffers

The blots were transferred into containers containing 10 ml of 55° C preheated

washing buffer (supplied with the kit). The primary washing process was performed

twice at 55° C for 10 min. Then the blots were transferred into a new container. The

secondary washing process was performed twice at room temperature for 5 min.
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After removing the excess secondary wash buffer, the filters were placed on prafan

membrane to perform the detection process.

The detection of the DNA probes was carried out by using a chemifluorescent CDR-

Star detection kit (Amersham) according to the manufacturer’s recommendations as

follows (in brief): 30 µl of detection reagent (supplied with the kit) was pipetted on the

blots. The detection period was performed for 2-5 min. Excess the reagent was

removed. The filters were transferred into plastic bags and exposed to a Kodak film

for an appropriate period of time. The positive colonies that show intensities ranging

from very weak to no signal were then analyzed for their insert lengths.

4.7. Isolation plasmid DNA from E. coli

The alkaline lysis protocol described by Maniatis (1996) was used for the recovery of

plasmids from bacterial host cells. Individual colonies were inoculated into 10 ml test

tubes containing 1.5 to 2 ml LB medium with an appropriate antibiotic and incubated

with shaking at 225 rpm at 37° C  overnight. The overnight culture was transferred

into 1.5 ml microfuge tube and centrifuged at 5,000 rpm for 5 min at room

temperature. The bacterial pellet was resuspended in 60 µl buffer 1 by vortexing; 200

µl of buffer 2 was then added and mixed by inversion three to four times.

Subsequently 150 µl of cold buffer 3 was added to this mixture and this new mixture

was mixed again. The reaction was centrifuged at maximum speed at 4° C for 15

minutes. The supernatant was transferred into a new microfuge tube followed by the

addition of 1 ml 96% ethanol. The DNA was precipitated by centrifugation at

maximum speed at 4° C for 20 min. The pellet was then washed with 500 µl of 70%

ethanol and centrifuged again at maximum speed for 5 min. Finally, the pellet was

air-dried and resuspended in a suitable volume of 1x TE (pH 8.0) and used for

restriction enzyme analysis.
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Buffer 1:

50 mM Glucose

50 mM EDTA

25 mM Tris-Cl     pH 8.0

Buffer 2:

0.2 M NaOH

1 % SDS

Buffer 3:

3 M KOAC        pH 4.8

TE buffer (10: 1):

10 mM Tris-Cl

1 mM EDTA       pH 8.0

4.8. Digestions of cDNA clones

To determine the insert size of the recombinant clones, cDNA clones were digested

with EcoRI in a total of 20 µl of the following: 25 ng DNA, 1 µl of 10x buffer and 5 U of

EcoRI. The restriction digestion analysis was performed on 0.8% agarose gel stained

with ethidium bromide and electrophoresed under the following conditions: 100 mA,

100 W. in 1x TAE buffer. The insert lengths were determined by comparing the DNA

patterns with EcoRI/HindIII lambda DNA marker (MBI).

TAE buffer:

40 mM Tris-acetat

1 % EDTA
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4.9. Sequencing of the recombinant plasmids

The sequencing reactions were performed by the Institute of Animal Reproduction at

the School of Veterinary Medicine Hannover and by the Institute of Veterinary

Medicine at the University of Göttingen.

Primers used for sequencing:

T7 promoter: 5´-TAATACGACTCACTATAGGG-3´

M13 reverse: 5´-GGATAACAATTTCACACAGG-3´

M13 forward: 5´-CTGGCCGTCGTTTTAC-3´

pEGFP: 5´-CACTGCTTACTGGCTTATC-3´

4.10. Isolation of large-scale plasmid DNA from E. coli

Two alternative protocols were used:

4.10.1. Plasmid DNA purification using the phenol-chloroform extraction

method

A classical alkaline lysis method for plasmid DNA preparation was followed as

described by Sambrook et al. (1989). One hundred ml of overnight culture was

centrifuged at 8,000 rpm, 4° C for 5 min using a sorval GSA rotor. The supernatant

was decanted and the pellet was resolved in 6 ml buffer then incubated at room

temperature for 10 min. Then 12 ml of buffer 2 was added and mixed. This was

followed by incubation at room temperature for 10 min. Then 9 ml of buffer 3 was

added, and the content was incubated on ice for 20 min. The reaction was

centrifuged at 12,000 rpm and 4° C for 30 min. To the supernatant, 15 ml of

isopropanol was added and centrifuged at 9,000 rpm and 4° C for 15 min. The

isopropanol was decanted and the pellet was resuspended in 300 µl TE containing

30 µl of RNase A. The reaction was incubated at 37° C for 30 min. Phenol-chloroform
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extractions were performed by adding equal volumes of 25/24/1

phenol/chloroform/isoamylcohol, respectively, to the DNA solution. The resulting

solution was mixed and centrifuged at 13,000 rpm for 5 min. Then the aqueous layer

was transferred into a new microfuge tube. An equal volume of chloroform/TE (1/8)

was added to the aqueous layer. This was mixed and centrifuged at 13,000 rpm for 5

min. The resulting new aqueous layer containing DNA was transferred into a new

microfuge tube. The following components were added to the aqueous layer: 30 µl of

3 M NaOAc and 0.7 volume of isopropanol. This mixture was mixed and centrifuged

at 13,000 rpm and 4° C for 10 min. Then the DNA pellet was washed with 500 µl of

70% ethanol and centrifuged at 13,000 rpm and 4° C for 10 min. Finally, the pellet

was air-dried and the DNA was resuspended in 500 µl of 1x TE buffer.

Buffers 1, 2, and 3 are described in 4.7.

4.10.2. Plasmid DNA purification using Qiagen method

Plasmid DNA was isolated by an alkaline lysis method using the Qiagen plasmid midi

kit.

4 .11. Isolation of the insert DNA from plasmid DNA

4.11.1. Restriction digestion

In order to isolate the insert DNA from plasmid DNA, the 5´and 3´ ends of the insert

DNA were excised from the recombinant pCR2.1 by cutting the flanking EcoR1 site

of the vector. The clones were digested with EcoRI in a total volume of 20 µl with 25

ng of DNA, 1 µl of 10x buffer and 5 U of EcoRI.
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4.11.2. Purification of DNA fragments from agarose gel

The restriction digestion analysis was performed on 0.8% agarose gel stained with

ethidium bromide and electrophoresed under the following conditions: 80 mA 100 W

in 1x TAE buffer. The insert lengths were first visualized under UV light (366 nm) and

compared to the DNA patterns of EcoRI/ HindIII lambda DNA maker (MBI). The

desired DNA fragments were excised from the agarose gel and transferred into new

eppendorf tubes and placed immediately in liquid nitrogen. The frozen agarose

blocks were then placed on a clean piece of parafilm and pressed between glass

slides. The agarose fluid was transferred into new microfuge tubes. An equal volume

of phenol-chloroform was added to the DNA solution, mixed and centrifuged at

13,000 rpm for 5 min. The upper phase was transferred into new microfuge tubes

and equal volumes of chloroform and TE were added to the upper phase, and then

mixed and centrifuged at 13,000 rpm for 5 min. The upper phase was transferred into

new microfuge tubes and the DNA was precipitated by adding 0.3 M NaOAc and 0.7

volume of isopropanol, mixed and centrifuged at 13,000 rpm at 4° C for 10 min. The

pellet was washed with 500 µl  70% ethanol and centrifuged at 13,000 rpm at 4° C for

10 min. Finally, the pellet was air-dried and the DNA was resuspended in 500 µl of 1x

TE buffer, and the concentration of the DNA was adjusted using spectrophotometer

at a wave length of 260 nm.

4.12. Cloning of DNA fragments in mammalian expression vectors

4.12.1. Cloning of pEGFP-N1 vector

The green fluorescent protein vector (pEGFP-N1, 4.7 kb) is one of the expression

vectors that permit fusion of the heterologous proteins into its N-terminus. The

enhanced fluorescent protein coding sequences in this vector are human codon

optimized and contain chromophor mutations which at excitation produce green

fluorescence detectable by fluorescence microscopy and emission wave lengths of
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380 and 440 nm. The fusion proteins are expressed under the control of the

immediate early promoter of human cytomegalovirus (CMV). pEGFP-N1 contains a

poly-linker site located immediately after the CMV site, at which it is possible to fuse

proteins into the desired restriction sites and to promote the expression of this protein

in living cells.

4.12.1.1. Preparation of pEGFP-N1 vector and ligation

The sequences encompassing the reading frames of the genes 530 and 203 were

first amplified by PCR using polarized Caco-2 cell cDNA as template and specific

primer pairs designed for cloning in pEGFP vectors. The primer pairs 230up and

203n were derived from the cDNA sequences of human DAD-1 (accession no. NM-

001344), and the primer pairs 530up and 530n were derived from the human brain

cDNA (accession no. AL110141). The primers 203n and 530n contain the BamHI

restriction site (GGATCC). The latter was substituted with the last base of each stop

codon. The PCR fragments were first cloned into the pCR2.1 vector and then excised

using EcoRI/BamHI restriction enzymes. These EcoRI/BamHI fragments were then

cloned to the EcoRI/BamHI overhangs of pEGFP vector and the complexity of the

resulting constructs was confirmed by sequencing as follows (in brief): pEGFP-N1

DNA was digested with EcoRI/BamHI in a total of 50 µl of the following: 2 µg DNA, 5

µl of 10x buffer and 6 U of EcoRI/BamHI. This was mixed and incubated at 37° C for

1h. The DNA was resolved on a 0.8% agarose gel, and a band of 4.7 kb was excised

and purified from the gel as described in 4.11.2. For ligation the desired

EcoRI/BamHI DNA fragment was ligated to the overhangs of the pEGFP-N1 vector

using:

1 µl Vector DNA (25 ng)

1 µl DNA (25ng/µl)

2 µl 10x ligation buffer

x µl T4-ligase (5U).
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The ligation mixture was incubated at 16° C overnight and then inactivated by

heating at 65° C for 10 min.

Primers used:

203up: 5´-GACTGCGAATTCGTTATGTCGGCGTCG-3´

203n:   5´-GGGATCCCAGCCAACAAAGTTCAT-3´

530up: 5´-GGCTTTCGAGGTAGGAGTCG-3´

530n:   5´-GGATTGCAAAAATTTTATTAAA-3´

4.12.1.2. Cloning of pcDNA3 vector

pcDNA3 is an expression vector currently used for transfection of mammalian cells.

The isolation and purification of the pcDNA3 plasmid DNA was performed as

described in 4.10, and the vector was digested with EcoRI as described in 4.11.1.

The ligation process and transformation of the ligation mixture into host bacteria was

performed as described for the cloning of pEGFP-N1 vector.

4.13. Preparation of competent bacteria

Competent bacteria were prepared according to a protocol published by Inoue et al.

(1990). The overnight cell culture containing E. coli DH5αF‘ was then inoculated into

250 ml SOB medium, and the cell concentration was adjusted to 0.6-OD600. The cell

culture was immediately transferred to ice and incubated for 10 min. This was

followed by centrifugation using a sorval GSA rotor at 5000 rpm, 4° C for 10 min. The

cell pellet was resuspended gently in 80 ml of ice-cold (0o C) TB buffer, followed by

the addition of 7% DMSO to the suspension. The cell suspension was incubated for

10 min on ice. Aliquots of 1-2 ml were then frozen in liquid nitrogen. Finally, the cells

were stored at -80° C.
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SOB medium:

2 % (v/v) Bacto trypton

0.5 % (v/v) Bacto yeast extract

10 mM NaCl

2.5 mM KCl

10 mM MgCl2

10 mM MgSO4

PH  6.7-7.0

TB buffer:

10 mM Pipes

55 mM MnCl2

15 mM CaCl2

250 mM KCl

pH  6.7

4.13.1. Transformation of E. coli using heat shock method

For transformation, E. coli DH5αF´ host bacteria were thawed on ice, and 50 µl of the

thawed bacteria was mixed with 2 µl of the ligation mixture and incubated on ice for

45 min. The transformation reaction was incubated at 42° C for 90 sec and

transferred immediately to ice. Next, 200 µl of LB medium was added, followed by

incubation at 37° C for 45 min. Then 50 µl of the cell culture was plated on LB-agar

containing 50 µg kanamycin/ml. The plates were incubated at 37° C overnight and

the growing cells were then analyzed for the presence of the inserts.
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4.14. Polymerase chain reaction (PCR)

Specific primer pairs were designed manually or by employing the Primer3 program

available at http://www-genome.wi.mit.edu/cgi-bin/primer/primer3 for the amplification

of the desired DNA fragment. The sequences of the oligonucleotides are given in

Table 3. The PCR reactions were carried out as described by Saiki et al. (1985,1988)

in a 50 µl reaction mixture: 50 ng of template DNA and 50 pmol of each primer, 5 mM

of dNTPs, 0.25 U of Taq polymerase. Samples were denatured at 95° C for 1 min,

and 30 cycles were performed as follows: denaturing at 94o C for 1 min, annealing for

1 min at a temperature dependent upon the specific primer pair, elongation at 72o C

for 1 min, followed by another elongation for 5 min. Then 5 µl samples were loaded

on 0.8% agarose gels stained with ethidium bromide, and finally the DNA was made

visible under UV light.

4.15. Northern blot

4.15.1. Isolation of total RNA from cell cultures

The RNA preparation was followed under sterile and RNase-free conditions.

Total RNA was isolated from cell cultures maintained as described in 4.3. The cells

were washed with cold PBS and resuspended in 200-µl aliquots of cold GIT solution.

The mixture was homogenized using a 21-gauge-syringe. To the cell lysate, 200 µl of

5.7 M CsCl/NaOAc buffer was added and mixed; this was followed by centrifugation

at 22,000 rpm at room temperature for 2 h. The RNA pellet was resuspended in 50 µl

of 0.3 M NaOAc and transferred into new microfuge tubes. To the RNA suspension,

125 µl of 96% ethanol was added and centrifuged at 4° C for 15 min. The RNA pellet

was washed with 1 ml of 70% ethanol, air-dried and resuspended in a suitable

quantity of TE buffer. An aliquot from the RNA suspension was then visualized on

0.8% agarose gel stained with ethidium bromide and electrophoresed under the
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following conditions: 100 mA, 100 W in 1x TAE buffer. Finally, the RNA concentration

was estimated using an RNA OD260 spectrophotometer.

GIT solution:

94.53 g Gaundium isothiocynat (GIT)

1.64 ml 3M NaOAc  pH 6.0

Top off to 200 ml, filter sterile

1.6 ml Mercapoethanol

CsCl-NaOAc solution:

955.97 g CsCl

0.83 ml 3M NaOAc

Top off to 100 ml, filter sterile

4.15.2. Northern blotting

About 20 µg total RNA was mixed with the following mixture: 60 µl deionized

formamide, 6 µl 10x MOPS buffer and 22 µl of 37% formaldehyde. The mixture was

incubated for 15 min at 55° C. The RNA mixture was resolved on 0.8% formaldehyde

agarose gel containing 0.8 g agarose gel, 12 ml 10x MOPS, 7 ml 37% formaldehyde,

and 5 µl 10% ethidium bromide. The gel electrophoresis was carried out at 70 volt

using 1x MOPS running buffer.

10x MOPS buffer:

0.2    M 3-morpholinorpanesulfonic acid   pH 7.0

50 mM NaOAc

10 mM EDTA
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4.15.3. Assemble of a capillary blotting stack

A tray was filled with 0.5-1 l of 20X SSC transfer buffer solution. Then a support such

as an electrophoresis tray was suspended across the sides of the tray. The gel was

laid on a clean sheet of Whatmann® 3MM filter membrane that had been pre-wetted

with 20X SSC and the ends of the sheet membrane were soaked in 20X SSC in the

tray. The gel surface was covered with Hybond N+-membrane (Millipore) to exclude

air bubbles between the layers. The surface of the filter was covered with three

sheets of Whatmann® 3MM filter membranes pre-wetted in 20x SSC. The

membranes were covered with a stack of absorbent material (paper towels) 10 to 20

cm high and then weighted with a glass plate on which a heavy weight (∼0.25 kg)

rested. The blot was left at room temperature overnight. Finally, the filter was baked

at 80° C for 2 h.

20x SSC:

3 M NaCl

0.3 M Sodium citrate

4.15.4. Northern hybridization

For Northern hybridization, the filter was first transferred into a hybridization glass

and the pre-hybridization procedure was performed in 10 ml of hybridization buffer at

55-65° C for 2h. The pre-hybridization buffer was then replaced with another 10 ml

pre-warmed hybridization buffer. Then, 8-10 µl of the desired 32P radioactivelylabeled

DNA probe was boiled at 95° C for 5 min, immediately transferred to ice and then

added to the hybridization buffer (1 x 107 CPM per 10 ml hybridization buffer). The

hybridization process was carried out at 55-65° C overnight. The hybridization buffer

was removed and the filter was washed twice with wash buffer at 65° C for 15 min.

The filter was wrapped with prafan membrane and exposed to a Kodak film

overnight. The quantitative analysis of the labeling intensities of the RNA transcripts

was then determined using a fluoro-S multi-imager-specific program. The probes



49

were then stripped from the filters by pouring a boiled 0.1% (weight/volume,w/v) SDS

on the blot and incubated at room temperature for 15 min with gentle agitation until

cold. The filter was then exposed to a Kodak film for detection of the removed probe.

Hybridization buffer:

0.5 M Na2HPO4     pH 7.2

7 % SDS

Wash buffer:

40 M Na2HPO4      pH 7.2

1 % SDS

4.16. Screening of the human multiple tissues Northern blots*

Human multiple tissues northern blots (MTN, Clontech) contains 2 µg poly A+ mRNA

isolated from the following tissues: brain, heart, skeletal muscle, colon, thymus,

spleen, kidney, liver, small intestine, placenta, lung, and peripheral blood leukocytes.

Manufacturer’s recommendations were followed in performing the hybridization

process. The filter was first transferred into a hybridization glass and pre-

hybridization was performed in 5 ml of ExpressHyb (Clontech) hybridization buffer at

42° C for 2h. The pre-hybridization buffer was changed with another new 5 ml pre-

warmed hybridization buffer. Then, 8-10 µl of the desired 32P-radioactively labeled

DNA probe was boiled at 95° C for 5 min. and immediately transferred to ice and

added to the hybridization buffer (1 x 107 CPM per 10 ml hybridization buffer). The

hybridization process was carried out at 42° C overnight. The hybridization buffer

was removed and the filter was washed twice with wash solution 1 at 42° C for

approximately 15 min, followed by a second wash in wash solution 2 for

approximately 40 min.

___________________________________________________________________

*Screening of the MTN was performed by Max Plank Institute, Hannover, Germany.
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The filter was mounted on a Whatmann® 3MM filter membrane and wrapped with

plastic wrap. then exposed to a Kodak film at -70° C for various times. The

quantitative analysis of the labeling intensities of the RNA transcripts was then

determined using the fluoro-S multi-imager-specific program.

The probes were then  stripped from the filters by pouring a boiled 0.5% (w/v) SDS

on the blot and incubated at room temperature for 15 min with gentle agitation until

cold. The filter was then exposed to a Kodak film to detect the probe.

Wash solution 1:

2x SSC

0.05 % SDS

Wash solution 2:

0.1x SSC

0.1 % SDS

4.17. Screening of human cancer profiling expression array

 The human cancer expression profiling array blot (Clontech) contains different

human cDNA isolated from several normal and cancerous tissues (breast, uterus,

colon, stomach, ovary, lung, kidney, rectum and thymus) of several individuals.

Manufacturer’s recommendations were followed in performing the hybridization

process as follows: 1.5 ml of the sheared salmon testis DNA was heated at 95° C for

5 min. and chilled on ice. The sample was then added to the 15 ml of pre-warmed

(60° C) hybridization solution (Clontech). The filter was pre-wet in dH2O and then

was pre-hybridized in 10 ml of Express HybTM at 65° C for 30 min. The hybridization

probe was prepared using 30 µg of Co-1 DNA, 150 µg of sheared salmon testis DNA,

and 50 µl of 20x SSC. To the mixture, 10 µl of 1 x 107 CPM/µl of the random prime
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32 P-labeled DNA fragment was added. The probe mixture was incubated at 95° C for

5 min followed by incubation at 68° C for 30 min. The probe mixture was added to the

5 ml of the pre-warmed hybridization buffer. The prehybrization buffer was removed

and the hybridization buffer containing the probe was added. The hybridization

process was carried out at 65° C overnight. The hybridization buffer was removed

and the filter was washed twice in 100-150 ml of pre-warmed solution I containing 2x

SSC and 0.5% SDS, followed by washing twice in pre-warmed solution 2 containing

0.2x SSC and 0.5% SDS. The washing process was carried out at 65° C for 30 min

in each case. The filter was transferred to a Whatmann® 3MM filter membrane and

wrapped with prafan membrane and exposed to a phosphoimager screen for various

periods of time. The quantitative analysis of the labeling intensities of the dots were

then determined using the fluoro-S multi-imager-specific program.

The probes were then stripped from the filters by pouring a boiled 0.5% (w/v) SDS on

the blot and incubated at room temperature for 15 min with gentle agitation until cold.

The filter was then exposed to a Kodak film for detection of the probe.

4.18. Transfection of COS-1 cells with DEAE-dextran method

COS-1 cells were cultured in the complete culture medium described above (4.2.2.).

Cells were transfected with 5 µg of the appropriate recombinant DNA using DEAE-

dextran essentially as described by Naim et al. (1991) as follows (in brief). One day

prior to the transfection, the confluent COS-1 cells were washed with PBS and

collected using 1 ml of Trypsin/EDTA, and the cells were further washed with PBS

and recultured in new dishes 1:6 with cover slips, followed by incubation at the same

conditions as described previously. The overnight cell cultures were washed with

transfection medium; then 5 ml of the transfection medium was added, and the new

mixture incubated for 15 min under the same conditions. During this time, 5 µg DNA

was mixed with 1.5 ml of transfection medium, and 9 µl of DEAE-dextran and the
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DNA mixture were incubated 15 min at room temperature. The transfection medium

was decanted off, and the previously prepared transfected DNA mixture was added.

The cells were further incubated for 90 min by continuous conversion of the culture

plates every 15 min. The transfection medium was removed from the cell followed by

the addition of 10 ml DMEM medium containing 10 ul of Chloroquin (50 mg/ml). The

cells were further incubated for 2-3 h, and the medium was replaced. Finally, the

cells were incubated for two to three days, and the location of the transected pEGFP-

recombinant DNA molecules in living cells were determined by confocal microscopy.

DEAE-Dextran:

50 mg/ ml dH2O DEAE-Dextran

Autoclaved, stored at 4° C

Chloroquin:

50 Mg/ml dH2O Chloroquin

Filter sterile, stored at -20° C

Transfection medium:

Dulbeeco’s modified Eagle,s medium (DMEM)

1 g Glucose

50 U/ml Pencillin and streptomycin

4.19. Transfection, Biosynthetic labeling, and immunoprecipitation
of transfected Caco-2 cell

Caco-2 cells were maintained in DMEM complete medium as described in 4.2.1. The

cells were washed with 1x PBS and harvested by centrifugation at 4° C for 2 min.

The cell pellet was resuspended in 4 ml of DMEM complete medium, and the cell
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suspensions were transferred in equal volumes onto the apical chamber (upper

surface) of 6.5 mm-diameter Transwell polycarbonate filters placed in six-well culture

dishes. For polarization, the cells were grown typically for five to six days prior to

transfection. Caco-2 cells were transfected with 2 µg of appropriate DNA using

cationic DOTAP liposomal reagent, a mixture of 2 µg of appropriate recombinant

DNA or plasmid DNA (as a control), 12 µl DOTAP reagent, and 22.5 µl of 1x HB

buffer was used per 35-mm culture well. The transfection mixture was incubated at

room temperature for 10-15 min. Parallel to this, Caco-2 cells were washed with

transfection medium (see 4.18). The DNA transfection mixture was added to each

apical chamber containing Caco-2 cells. The transfected cells were incubated at 37°

C, with 5% CO2 and 95% relative humidity for 90 min. The incubation was carried out

with gentle shaking of the culture dish every 15 min. Then the transfection mixture

was removed and 1.5 ml of DMEM complete medium was added. Finally, the cell

culture was incubated under the same conditions for 48 h.

HB buffer:

25 mM Tris

50 mM NaCl       pH 8.0

For the biosynthetic labeling process of the transfected Caco-2 cells, cells were

labeled for 6 h with 100 µCi of 35S methonine in methonine-free DMEM medium

containing 10% fetal calf serum, 50 units/ml pencillin, and 50 mg/ml streptomycin

denoted as Met-free medium. After labeling, the apical and the basolateral (the

reverse side of the filter) surfaces of each filter were rinsed once with cold DMEM

complete medium. For the protein immunopreciptation, 3 µl of the appropriate

synthetic antibodies were added to the apical or basolateral surfaces of each well.

The filters were then incubated at 4° C overnight. On the next day, the culture

medium containing the excess antibody mixture was removed. Then the upper and

lower surfaces of each well were washed 5 times with cold 1x PBS. A final volume of

500 µl of lysis buffer containing 5 µl protease inhibitors stock solution was applied to
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the apical surface. The cell lysis process was carried out by incubation of the cells at

4° C for 15 min. The cell lysate was then transferred into a new microfuge tube

containing 20 µl of protein A-Sepharose. Then the A-Sepharose protein binding

process was carried out by inverting the tube mixture at 4° C for 4 h to overnight.

Following immunoprecipitation, the protein A-Sepharose beads were washed three

times with cold buffer A followed by 3-fold washing with cold buffer B. The washing

processes were carried out by centrifugation of the protein A-Sepharose beads

suspension at 6,500 rpm and 4° C for 1 min. After the last wash, the pellet containing

the protein A-Sepharose beads was resuspended in 20 µl of 2x Laemmli buffer.

Finally, the protein was denatured and disassociated from the beads by incubation at

95° C for 5 min.

Lysis buffer 1:

25 mM Tris-Cl

50 mM NaCl

0.5 % Deoxycholate

0.5 % Triton-X

Protease inhibitors:

1 mg PMSF

1 µg Pepstatin

5 µg Antipain

5 µg Leupeptin

1 µg Aprotinin

100 µg Trypsin-Chymotrypsin inhibitor

Wash buffer A:

5 % Triton X-100

0.05 % Na-deocholate in PBS
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Wash buffer B:

500 mM NaCl

10 mM EDTA

5 % Triton X-100

125 mM Tris-Cl    pH 8.0

3x Laemmli buffer:

6 % SDS

30 % Glycerin

150 mM Tris-Cl        pH  6.8

0.02 % Bromophenol blue

150 mM DTT

4.19.1. SDS-PAGE of proteins

Proteins were separated under denaturing conditions using the SDS-PAGE

procedure described by Laemmli (1970). Sodium dodecyl sulphate (SDS) is an

anionic detergent which denatures proteins by "wrapping around" the polypeptide

backbone, and SDS binds to proteins fairly specifically in a mass ratio of 1.4:1. In so

doing, SDS confers a negative charge to the polypeptide in proportion to its length.

Two glass plates (one notched) were joined together with two lateral spacers.

Resolving gel was poured between the two glass plates. The gel was overlaid with

isopropanol to ensure a flat surface and to exclude air. After the gel had set (15 min)

the isopropanol was then rinsed with water. The stacking gel was poured onto the

resolving gel, followed by insertion of the comb into the stacking gel. The gel

assembly was allowed to set. After the comb was removed, the gel assembly was

transferred into an electrophoresis tank filled with electrophoresis buffer. The protein

samples and SDS protein marker were transferred into the stacking gel wells. The
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SDS-PAGE apparatus was connected, and electrophoresis was performed at 6 mA

overnight. The SDS gel was removed from the glass plates and the protein patterns

were fixed and stained with Coomassie brilliant blue buffer for 15 to 30 min. The

latter was removed and the gel was washed twice with destaining buffer for 15-30

min. The gel containing the protein patterns was then transferred onto Whattman®

paper and dried by air vacuum at 80° C for 2h. Finally, the gel was subsequently

exposed to a Biorad imaging screen for various time periods. The quantitative

analysis of the protein patterns were then determined using the fluoro-S multi-imager

specific program.

6% resolving gel:

16.5 ml dH2O

6.2 ml 30% Acrylamide

7.7 ml Tris-Cl   (pH 8.8)

310 µl 10% SDS

18.6 µl TEMED

310 µl 10% APS

Stacking gel:

15.6 ml dH2O

3.9 ml 30% Acrylamide

2.9 ml Tris-Cl   (pH 8.6)

230 µl 10% SDS

23 µl TEMED

230 µl 10% APS

Staining or fixing buffer:

0.1 % Coomassie brialliant blue

25 % Isopropanol

10 % Acetic acid
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10x SDS-PAGE running buffer:

25 mM Tris-Cl

250 mM Glycerin

0.01 mM SDS

Destaining buffer:

25 % Isopropanol

10 % Acetic acid

Top off to 1 l with dH2O
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5. Results

5.1. Subtraction hybridization

 The subtraction hybridization was performed as described in Methods (see 4.4)

using polarized, differentiated (confluent) and non-polarized (20-30% confluent)

Caco-2 cells. After synthesis of the double-strand cDNA using oligo dT primer, the

differentiated cDNA fragments were ligated into pCR2.1 vector. The ligation mixture

was electroporated to the host bacteria DH10B followed by growing the cells on the

LB agars containing ampicillin, X-gal and IPTG as a selective medium for the

recombinant plasmids. A total of 2,016 white colonies were generated and

transferred into microtiter plates containing LB medium and ampicillin, followed by

incubation overnight at 37° C. The bacterial cultures were then prepared for long-

term storage at -80° C by adding glycerol to a final concentration of 30-35%.

5.2. Screening of the library by colony hybridization

To determine the presence of differentially expressed genes in the library, a total of

1,056 colonies were analyzed by colony hybridization using labeled non-polar cDNA

isolated from non-confluent Caco-2 cells as a probe. Of these clones, 560 cDNA

clones showed no signals (an exemplary colony hybridization result is shown in

Figure 3).

Figure 3: An example of
colony hybridization library
screening.
Subtracted cDNA clones
obtained from differentiated
Caco-2 cells were transferred
onto nylon membranes and
hybridized with labeled non-
polar Caco-2 cDNA and
autographed. The black circles
indicate the positions of
polarized cDNA clones.
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5.3. Insert size

A total of 560 cDNA clones were analyzed to check for the presence of the

recombinant clones as well as the insert size of these clones. Analysis showed that

220 cDNA clones have an insert size >400 bp.

5.4. Database analysis

In order to identify novel or uncharacterized genes in the subtracted library performed

here, fifty-three randomly selected cDNA clones were sequenced and compared to

the updated version of nucleotide and protein databases (BLAST: Altschul et al.,

1997) available on the World Wide Web (http://www.ncbi.nlm.nih.gov/blast/blas.cgi).

Figure 4 summarizes the results of the identities of these cDNA sequences to the

database.

Figure 4: Gene distribution in polarized Caco-2 cell cDNA library.
Fifty-three cDNA clones were sequenced and compared to the nucleotide database. The
clones that showed homology to the database are indicated as percentages and are shown
at the bottom of the diagram. A. No identities to any sequence. B. Identities to known
sequences such as ribosomal RNA, Zinc finger protein, mitochondrial DNA, major
histocompatabilty DNA (MHC), transcription factor and apolipoprotein. C. Identities to
uncharacterized sequences. D. Identities to characterized sequences, e.g. GSα protein. E.
Identities to sequences containing uncharacterized proteins.

A
39%

B
40%

C
9%

D
6%

E
6%
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As shown in Table 2 of these genes e.g., the cDNA clone 432; this clone previously

showed 99% identities to both Homo sapines FLJ20383 ileal mucosa cDNA (3692

bp) (accession no. AK000390), and Homo sapines FLJ20124 colon cDNA (2,274bp)

(accession no. NM-017675). The latter encodes a hypothetical protein (560 aa).

However, the computer search analysis of this cDNA sequence revealed that this

gene contains no signal sequence for the translocation in ER.

Table 2: Database analysis of four selected cDNA clones.
Sequence homology of four cDNA clones isolated from the subtracted, polarized Caco-2 cell
library and the predicted protein locations of these genes in the cell.

Very recently, it has been demonstrated that the cDNA clone 432 shows 99% identity

to a newly submitted Homo sapines kidney cDNA sequence named protocadherin

LKC (4,088 bp) (accession no. AB047004). This gene was hypothesized to be a new

candidate gene for tumour suppression (Okazaki, et al. 2001, unpublished data).

Moreover, the pcLKC cDNA sequence includes both ileal and colon cDNA

sequences. However, the structural and functional analysis of this novel gene has

still not been realized. Another example for the gene homology of the subtracted

Clone Cellular protein locationE values /
Identities

          Sequence homology

Transmembrane protein
British Dementia (BRI)

55.6 % ER
22.2% Cytoplasm

11.1% Golgi
11.1% Mitochondria

 e-115 / 98% 78  2261835

cDNA
    bp

33% ER
203  Defender against cell death

 (DAD-1)
22.2% Plasma membrane

22.2% Vacuolar
22.2% Mitochondria

11.1% Golgi

0.0 / 97%699 113

aa

22.2% Cytoplasm

33.3% ER
 530   cDNA DKFZp564D0164 22.2% Golgi

22.2% Mitochondria

 e-109/ 90%656  ?

33.3% Golgi
33.3% Plasma membrane

33.3% ER

Protocadherin LKC kidney cDNA
Ileal mucosa cDNA
Colon cDNA (un-named protein)

 0.0 / 99%4088

 560

 432

2274
3692

 1310
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differentiated Caco-2 cDNA to the database is the cDNA clone 530. This clone

showed 90% identity to structurally and functionally uncharacterized human brain

cDNA (656 bp) (accession no. AL110141). The cDNA clone 78 showed 98% identity

to the human brain transmembrane BRI cDNA (1,835 bp) (accession no.

AF1524462). This gene encodes BRI protein (226 aa). The implication of this gene in

polarization events of epithelia is obscure.

Finally, the cDNA clone 203 showed 97% identity to DAD-1 protein (113 aa)

(accession no. NM-001344). However, the resulting genes subtracted from polarized,

differentiated Caco-2 cells including the previously known genes have not yet been

characterized at the molecular and protein levels.

5.5. Protein location of the clones 432, 530, 78, and 203 in the cell

To determine the location in the cell of the proteins of the four selected genes

summarized in Table 2, the deduced amino acids of these genes were analyzed

using the expasy protein prediction analysis program (http://psort.nibb.ac.jp/cgi-

bin/runpsort.pI). As summarized in Table 2, the prediction analysis results show that

these proteins are predominantly localized in the endoplasmic reticulum (ER) and

Golgi apparatus.

5.6. Expression of the clones 432, 530, 78, and 203 in Caco-2 cells

The verification of the authenticity of the subtractive hybridization probe generation

was accomplished by Northern blot analysis of selected cDNA clones. The mRNA

transcripts of the cDNA clones 432 (~546 bp), 530 (~350 bp), 78 (~974 bp), and 203

(~550 bp) were identified using Northern blot in polarized, differentiated (confluent)

and non-polarized (20-30% confluent) Caco-2 cells. Figure 5 shows the

autoradiograph with the transcripts of these cDNA clones in polar (P) and non-polar

(N) Caco-2 cells.
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The quantitative analyses of the transcript patterns were then evaluated relative to

cyclophilin (750 bp) or to RNA patterns before blotting as markers. The labeling

Figure 5: Expression of
the clones 432, 530, 78,
and 203 in Caco-2
cells.
Autoradiographs of the
Northern blot analysis
show the
overexpressions of the
clones 432, 530, 78, and
203 in polarized,
differentiated Caco-2
cells where total RNA
was isolated from
differentiated, polarized
and non-polarized Caco-
2 cells, and blotted on
nylon membranes, then
hybridized to a
radiolabeled 32p-DNA
fragment of these cDNA
clones. The quantitative
analysis of the labeling
intensities of each gene
transcript in both polar
and non-polar cells was
evaluated relative to
cyclophilin or to
ribosomal RNA (lower
panels) and illustrated in
the indicated diagrams.
P: polar, N: non-polar.
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intensities of the patterns were measured using phosphoimager. The analysis

revealed an 11-, 6.9-, 7.9-, and 1.7-fold overexpression of the genes 432, 530, 78,

and 203, respectively, in polarized, differentiated Caco-2 cells as compared to non-

polar cells (Figure 5, diagrams).

5.7. Expression of the clone 432 in human multiple tissue Northern
blot (MTN)

The tissue distribution of the cDNA clone expression was studied by using human

multiple tissue Northern blot and a radiolabeled 432-P32 DNA (~1,700 bp) probe. A

band of approximately ~4 kb was detected mainly in the colon, kidney, and liver, with

relatively low-level expression in the small intestine, while the remaining tissues

showed no gene expression (Figure 6). The quantitative analysis of the labeling

intensities of each tissue type was evaluated relative to the ß-actin marker and

revealed high expression of this gene in the colon followed by the kidney, liver and

small intestine (Figure 6).
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Figure 6: Expression of the clone 432 in human multiple tissue Northern blot (MTN).
The expression of the cDNA clone 432 was analyzed in MTN blot. Each lane contains 2 µg of
poly A+ RNA from the following human tissues: brain, heart, skeletal muscle, colon, thymus,
spleen, kidney, liver, small intestine, placenta, lung and peripheral blood leukocyte. The
hybridization was carried out as described in Methods (4.16) using radiolabeld, P32-432 DNA
fragment. The same membrane was stripped and hybridized to ß-actin. Quantitative analysis
of the labeling intensities of each organ was evaluated relative to ß-actin (lower panel). The
distributions of the gene expression in the tissues are shown in the related diagram. RNA
size standard is indicated in kb on the left of the blot.

5.8. Transcriptional analysis of the clone 432 in MDCK cells

To determine the pattern of the clone 432 expression in additional cell types, RNA

from polarized, differentiated (confluent) and non-polarized (20% confluent) Madin-

Darby canine kidney cells (MDCK) were analyzed by Northern blot analysis. The

hybridization process was carried out as described in Methods (4.15) using

radiolabeled 432-P32 DNA (~1,700 bp) as a probe. A strongly labeled band of

approximately ~4 kb was detected in polarized, differentiated MDCK cells, but the
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non-polar cells showed weak to no gene expression (Figure 7). The quantitative

analysis of the labeling intensities in both polar and non-polar cells was evaluated

relative to the labeling intensities of the ribosomal RNA before blotting and the results

revealed 95% overexpression of this gene in polarized MDCK cells compared to non-

polarized ones (Figure 7).

Figure 7: Expression of the cDNA clone 432 in MDCK cells.
Total RNA isolated from polarized and non-polarized Madin-Darby canine kidney cells
(MDCK) and blotted onto nylon membrane then hybridized with  P32-432 DNA fragment
(Upper panel). Quantitative analysis of the labeling intensities in polar and non-polar MDCK
cells was evaluated relative to RNA before blotting (lower panel) and illustrated in the related
diagram. RNA size standard is indicated in kb to the left of the blot.

5.9. Structural features of the protocadherin pcLKC

By employing the SOUSI analysis program (http://sousi.proteome.bio.tuat.ac.jp/cgi-

bin/adv_sousi.cgi), the full-length cDNA of pcLKC containing the entire reading frame

of 4,088 residues was analyzed, resulting in a signal sequence (23 aa residues);

LWLSCFLLPALVVSVAANVAPKF) located at position 6 of the amino acids from the

ORF as a signal for the translocation in ER (Figure 8A). A search of the blast
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database showed that pcLKC encompasses 111,827 bp on the human draft

sequence of chromosome 5 at the region of 5q35.2-q35.3. This sequence

conformation was then used to delineate the exon/intron boundaries of the pcLKC

gene. The structure consisted of 31 exons with the largest exon of 609 bp lengths

(Figure 8B).

Figure 8: Structure and protein analysis of protocadherin LKC.
A. Full-length pcLKC cDNA containing the entire reading frame of 4,088 bp encoding
1,311 residues. The signal sequence for pcLKC protein is located at position nt54-123.
B. pcLKC encompasses 111,827 bp on the human draft sequence of Chromosome 5.
This gene consists of 31 exons with the largest exon of 609 bp lengths. C. pcLKC
protein contains eight cadherin repeats in the extracellular domain (EC) with various
lengths of amino acid sequences where Ec1-8 contain 76, 97, 94, 92, 96, 97, 105 and
109 amino acid residues, respectively. A putative transmembrane domain (22 aa) and
a non-conserved cytoplasmic domain containing 105 aa are located on the C terminus.

B. Chromosome 5            158943 bp 270770 bp

A.

  5´ -

ATG    SS TGA

 AAAAAA-3´

397139  54-123bp 
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The pcLKC sequence was then analyzed  to delineate the protein structure of the

pcLKC by employing the Pfam program for protein database analysis

(http://www.sanger.ac.uk/cgi-bin/Pfam/getacc). This protein consisted of eight

cadherin repeats in the extracellular domain (EC) with various lengths of amino acid

sequences where EC1-8 contain 76, 97, 94, 92, 96, 97, 105 and 109 amino acid

residues, respectively. A putative transmembrane domain (22 aa), and a non-

conserved cytoplasmic domain contains 105 aa located at the C terminus (Figure

8C).

5.10. Expression of the novel cDNA clone 432 in human cancer
profiling array

To verify that the cDNA clone 432 sequence represents a functionally active gene, its

expression was analyzed by using microarrays representative of several cDNA

libraries isolated from cancerous and normal tissues from several individuals and by

using radiolabeled 432 DNA fragment (~1,700 bp) as a probe.

Figure 9 shows the autoradiogram representing the expression of this gene in normal

and cancerous tissues of the colon, kidney, stomach and rectum while in the

remaining tissues no gene expression was detected. The statistical analysis

performed by using the SigmaStat program version 2.03 revealed significant

reduction in the expression of this gene in cancerous tissues with a 5.98-fold

reduction in kidney tumours and an ~3-fold reduction in the colon and stomach

(Appendix 9.2A). The cancerous tissue of the rectum showed a relatively low

reduction (1.65; P=0.0088) in its expression (Figure 9). These observations suggest

that this novel gene plays a role in maintaining an organized and intact epithelial

layer and possibly in preventing tumour progression.
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Figure 9: Expression of the clone 432 in human cancer profiling array.
A. A microarray containing human normal and cancerous cDNAs isolated from
several organs of several individuals: breast, uterus, colon, stomach, ovary, lung,
rectum and thymus was hybridized with a P32-labeled fragment of the clone 432 at
65° C. Overnight. B. The densities of the dots were quantified using
phosphoimager.The results were then plotted diagrammatically as shown N, Normal:
T.,Tumour.
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5.11. Effect of anti-sense recombinant clone 432 on the cell polarity

Cell surface immunoprecipitation of surcase-isomaltase (SI) was performed  in order

to determine the role of the clone 432 gene in preserving polarized morphology of

epithelial cells. This protein is expressed naturally in differentiated Caco-2 cells.

Caco-2 cells were grown on membrane filters prepared and transfected with an

antisense 432pcDNA3 (Figure 10) or with a pcDNA3 control. Transfected Caco-2

cells were radiolabeled for 6 h and SI was immunoprecipitated from intact cells by the

addition of mAb anti-SI to either the apical or basolateral compartments.

Figure 10: Anti-sense 432-pcDNA3 vector map.
The 432 DNA fragment (1,700 bp) was ligated into the pcDNA3 expression vector. The
direction of the 432 fragment is indicated by the black arrow. in which the 3 prime end of the
insert is located after the CMV promotor of the vector.

The results showed that SI was found in the apical domain in both control cells and in

cells transfected with anti-sense-432 construct. On other hand, the basolateral
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domain in the transfected cells had increased levels of SI molecules at the

basolateral membrane as compared to the control (Figure 11A). The quantitative

analysis of the labeling intensities in both apical and basolateral domains were

evaluated relative to the control, showing a ratio of 1:1.7 targeting of the SI molecule

in the basolateral membrane in the control and 432-anti-sense cells, respectively

(Figure 11B). These observations suggest that the clone 432 has an effect on the

sorting behavior of SI.

Figure 11: Influence of protocadherin anti-sense construct on the sorting of SI in
Caco-2 cells. A. Caco-2 cells expressing wild type SI were grown on transmembrane filters,
transfected with pcDNA3 (Control) or 432-anti-sense construct, then labeled with (35S)
methioionine for 6 h followed by immunoprecipitation of SI from the apical (a) or basolateral
(b) membranes. The immunopripitates were subjected to SDS-PAGE. B. Quantification of the
proportions of the labeling intensities in (a) and (b).
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5.12. Structural features of the novel gene encoded by cDNA clone
530

In order to characterize the novel cDNA clone 530, the full-length cDNA (656 bp) was

analyzed using the expasy protein analysis program (http://psort.nibb.ac.jp/cgi-

bin/runpsort.pI). This revealed an open reading frame (ORF) with a length of 66

amino acid residues (Appendix 9.1.2). The start and stop codons of the reading

frame are located at the nt 423 and 623 of the cDNA, respectively (Figure 12a). A

search of the blast database showed that this cDNA encompasses 650 bp of the

sequence comprising the human draft sequence of chromosome 6 (668 bp) (Figure

12b). It appears that the first 6 bp from the cDNA are absent from the draft sequence

of chromosome 6. This sequence conformation was used to delineate the exon/intron

boundaries. The structure consisted two exons of 116 (122 if the first 6 nt are

included) and 534 bp lengths. However, exon 2 contained the entire reading frame of

200 bp.

Figure 12: Structural analysis of the clone 530.

a. cDNA clone 530 (656 bp) consisting an ORF of 200 bp positioned at nt 423-623
encoding 65 aa. b. Clone 530 maps on chromosome 6.

 3´5´

 cDNA (656bp)  nt 423 nt 623

 66 aa

1336672 bp         1336013 bp
Chromosome  6
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5.13. Expression of the clone 530 in human multiple tissue Northern
blot

The tissue distribution of the cDNA clone 530 expression was studied by using

human multiple tissue Northern blot and a radiolabeled 530-P32 DNA (~550) probe.

Northern blot analysis revealed ubiquitous expression patterns of the clone 530 with

approximately 1kb transcription length (Figure 13). Normalization of the labeling

intensities of each organ using the- ß-actin marker revealed high expression of this

gene in the kidney, spleen, heart and liver (Figure 13).

Figure 13: Expression of the clone 530 in human multiple tissue Northern blot (MTN).

The expression of the cDNA clone 530 was analyzed in MTN blot. Each lane contains 2 µg of
poly-A+ RNA from the following human tissues: brain, heart, skeletal muscle, colon, thymus,
spleen, kidney, liver, small intestine, placenta, lung and peripheral blood leukocyte. The
hybridization was carried out as described in Methods (4.16) using radiolabeled, P32-530
DNA fragments. The same membrane was stripped and hybridized to ß-actin. Quantitative
analysis of the labeling intensities of each organ was evaluated relative to ß-actin (lower
panel). The distributions of the gene expression in the tissues are illustrated in the related
diagram. RNA size standard is indicated in kb to the left of the blot.
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5.14. Expression of the clone 530 in human cancer profiling array

To determine if the 530 sequence represents a functionally active gene, its

expression was assessed using microarrays representative of several cDNA libraries

isolated from cancerous and normal tissues from several individuals and by using a

radiolabeled 530 DNA fragment (~550 bp) as a probe. The results showed ubiquitous

expression of this gene in the normal and cancerous tissues as shown in Figure 14.

Statistical analysis revealed an overexpression of this gene in most cancerous

tissues except in breast cancer, where a 1.423-fold reduction was observed (Figure

14; Appendix 9.2B).

   B.

Figure 14: Expression
of the clone 530 in
human cancer
profiling array.
A. A microarray
containing human
normal and cancerous
cDNAs isolated from
several organs of
several individuals:
breast, uterus, colon,
stomach, ovary, lung,
rectum and thymus
was hybridized with a
P32 labeled fragment of
the clone 530 at 65° C
overnight. B. The
densities of the dots
were quantified using
phosphoimager. The
results were then
plotted
diagrammatically as
shown in the diagram.
N: Normal, T: Tumour.
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5.15. Expression of the clones 530 and 203 in COS-1 cells

To analyze the subcellular localization of the cDNA clones 530 and 203 (DAD-1) in

living mammalian cells, transfection assay of COS-1 cells was performed. The

transfection of 203GFP and 530GFP constructs to COS cells was performed as

described in Methods (4.18). The expression of both genes was visualized in COS-1

cells using immunofluorecense microscopy; this demonstrated a cytosolic localization

of these genes in COS-1 cells (Figure 15).

      203EGFP                                                   530EGFP

Figure 15: Expression of the clones 203 and 530 in COS-1 cells.
The sequences encompass the reading frames of the cDNA clones 203 and 530 were
fused into a pEGFP-reporter gene. The resulting 203pEGFP and 530pEGFP constructs
were transfected to COS-1 cells, and the expression of each gene was visualized by
fluorescence microscopy.
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6. Discussion

6.1. Construction of the subtracted cDNA library from polarized
Caco-2

In this study, a subtractive hybridization technique was used to construct cDNA

library from polarized Caco-2 cells. This technique is particularly sensitive for the

isolation of genes that are expressed with low abundance in a specific cDNA library.

The sensitivity of this method for identifying low abundance mRNA is around 0.01%

of the total mRNA population (Rhyner et al., 1986; Sargent, 1987).

Next, the authenticity of the subtractive hybridization probe generation was verified

by Northern blot analysis of the selected cDNA clones. For example, the mRNA

transcripts of four cDNA clones denoted Nos. 432, 530, 78, and 203 (Table 2) were

identified in polarized, differentiated (confluent) and in non-polarized (20-30%

confluent) Caco-2 cells.

DNA and protein analysis programs were utilized to identify the coding regions and to

deduce the amino acid sequences of the characterized clones. Clone 530 for

example revealed a novel protein (66 aa) which is normally located in the ER and the

Golgi apparatus.

Clone 432 showed 99% identity to the novel uncharacterized human kidney cDNA

clone containing protocadherin LKC (pcLKC), suggesting a localization in the Golgi

apparatus and the plasma membrane. Clone 78 showed homology to brain

transmembrane BRI gene, previously known as a candidate gene for dementia

disorders. The functional analysis of this gene is not yet complete. This gene showed

55.6% localization in the ER. Clone 203 showed 97% identity to the DAD-1 protein

(113 aa) with 33% of protein location in the ER.
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In all, the results of the above database sequence comparison, Northern blot analysis

and the prediction of protein localization suggest that these genes play a role in

polarized sorting and maintenance of cell polarity .

6.1.1. Charcterization of clone 432

The expression of clone 432 was then assessed in another type of epithelia. MDCK

cells, like Caco-2 cells, undergo differentiation to a polarized phenotype. Northern

blot analysis revealed a band with approximately 4 kb in polarized MDCK cells, and

the quantitative analysis revealed a 95% overexpression of this gene in polarized as

compared to non-polarized MDCK. These observations suggest a role of this novel

gene in polarization events of different epithelia. The full-length transcript conforms

with that of the novel protocadherin LKC.

The question then arises as to whether this gene is tissue-specific. The results of the

human multiple tissue Northern blot (see 5.7) revealed a typical expression of this

gene especially in the colon followed by the kidney, liver and small intestine, whereas

other tissues showed no gene expression. Furthermore, the band of approximately 4

kb length confirmed the results obtained in epithelial cell cultures, and its transcript

corresponds to the length of the protocadherin LKC.

During the identification of the cDNA clone 432, the question of the identify and

characterization of the novel protocadherin pcKLC arose. By employing available

specific programs, it was determined that the pcLKC cDNA contains a signal

sequence located 6 aa directly after the start codon. The presence of this signal

sequence is important for the translocation in the ER. Furthermore, like the

protcadherins PCDHα, PCDHβ and PCDHγ (Wu and Maniatis, 1999), this gene maps

to chromosome 5 (5q35.2-q35.3) and is different from mouse protocadherins that

form a cluster on chromosome 18 (Suzuki, 1996; Nollet et al., 2000).
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The genomic organization of pcLKC showed that this new protocaherin consists of 31

exons, the largest of which contains 609 nt (Figure 8B). This is unlike other

protocadherins such as. PCDHα, PCDHβ and PCDHγ clusters all of which contain 15

or more tandemly-linked exons (of at least 2,400 nt in length) (Wu and Maniatis

2000), and also differs from the PCDH15 that contain 32 small exons. Moreover, the

pcLKC protein domain consists of eight cadherin repeats in the extracellular domain

with various lengths of amino acid sequences where Ec1-8 contain 76, 97, 94, 92,

96, 97,105,109 aa, respectively, one transmembrane domain (22 aa), and a non-

conserved cytoplasmic domain (105 aa). This is unlike other members of the

protocadherin family, e.g. PCDHα, PCDHβ and PCDHγ and mouse vascular

endothelial cadherin-2 (VE-cad-2) protein, which contain six ectodomins, and it also

differs from fly flamingo and fly fat proteins, which contain nine and 34 extracellular

domains, respectively. These findings indicate that this novel protocadherin has a

unique genomic organization.

Protocadherins represent a large family of non-classical cadherins, which are

structurally and functionally divergent from classical cadherins. Members of the

protocadherin family have been shown to be required for morphogenesis during early

development in lower vertebrate (Kim, et al., 1998). In higher vertebrates,

protocadherins are thought on the basis of expression data to be involved in a variety

of functions, including neural development and neural circuit and synapse formation

(Suzuki, 2000).

To determine whether the cDNA clone 432 has a role in maintaining an organized

and intact epithelial layer, the expression of this gene was analyzed in human normal

and cancerous tissues using microarrays representative of several cDNA libraries

isolated from normal and cancerous tissues from several individuals. Interestingly,

the significant 5.98-fold reduction in the expression of this gene in kidney tumours,

and the ∼3-fold reduction in colonic and stomach tumours tissues indicate that this

gene plays a role in maintaining an organized and intact epithelial layer and could

prevent tumour progression. Furthermore, anti-sense analysis in polarized Caco-2
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cells suggested a role of this gene in the polarized sorting of sucrase-isomaltase. The

alteration in the sorting behaviour of the SI molecule to the basolateral domain is

likely due to the loss of epithelial cell polarity. The loss of cell polarity was observed

previously with the disruption of E-cadherin (Behrens et al. (1985), Gonzalez-

Mariscal et al. (1985), Gumbiner and Simons (1986)).

Considered together, these data strongly suggest that this gene product is involved in

the organization and maintenance of epithelial cell polarity.

6.1.2. Characterization of the novel cDNA clone 530

A search of the blast database revealed a 90% homology of the cDNA clone 530

sequence to a submitted Homo sapines brain cDNA (656 bp), and the expasy protein

analysis showed several possible initiation codons. with the largest ORF consisting of

66 aa, which showed 33.3% prediction of protein location in ER. This gene maps to

chromosome 6.

The expression of this gene was analyzed in human multiple tissue organs, and

showed ubiquitous transcription (of approximately 1 kb) of this gene in various

tissues with relative high expression levels in kidney, followed by spleen, heart and

liver. This strongly suggests that the reading frame of this gene is not complete.

Further analysis e.g. screening human genome- specific libraries might complete it.

The ubiquitous expression of this gene suggests that it is necessary for cell

regulation process. For example, the DAD-1 protein was first described as a

ubiquitous protein which is expressed in most  tissues and is necessary to prevent

programmed cell death pathways (Lemieux, 1992).

The predicted protein localization in the ER does not confirm the expression data of a

pEGFP-fused construct in COS-1 cells. Here, a cytosolic localization was observed
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that could be due to two factors: first, this protein is too small (66 aa) to be expressed

using pEGFP as a reporter gene, and second, the pEGFP construct is misfolded and

undergoes degradation without affecting the EGFP.

To verify that this gene sequence represents a functionally active gene, the

expression of this gene was further analyzed by using microarrays representative of

several cDNA libraries isolated from cancerous and normal tissues from several

individuals and by using a radiolabeled DNA fragment consisting a sequence of ~600

bp as a probe. With the exception of breast cancer (Figure 14) significant

overexpression was detected in most other cancerous tissues. The reason for this

variation in the expression of this gene in different tissues is not clear. However, the

reduction in the expression of this gene in breast cancer suggests that it plays a role

in maintaining an organized and intact breast epithelial layer and could prevent

breast cancer progression.

6.1.3. Expression analysis of DAD-1pEGFP in COS-cells

A human cDNA encoding a 113-residue hydrophobic protein designated as defender

against apoptotic death gene (DAD-1) was first cloned by Nakashima et al. (1993).

DAD-1 was characterized as an integral endoplasmic reticulum membrane protein

(Kuittinen, 2000). In this study, the complete cDNA encoding DAD-1 was isolated

during an overexpression of this gene in differentiated polarized Caco-2 cells. The

reading frame of DAD-1 (113 aa) was fused to pEGFP-N1 (4.7 kb), then transfected

into COS-1 cells (see 4.18). The results indicate a cytosolyic localization of this

protein in the living COS-1 cell. This differs from the previously published results of

Kelleher and Gilmore (1997). The cytosolic localization of this protein in COS-1 cells

is not clear but it might be due to misfolding of the proteins during the cloning into

pEGFP vectors. In addition, the presence of abnormal vacuoles in the cells indicates

the cytotoxic effect of DAD-1 in COS-1 cells (Makishima, 2000). Finally, a more
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detailed analysis will be needed to definitely prove that DAD-1 expression is

restricted to the cytosol and to understand its role in the sorting of proteins.
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  7. Summary

Intestinal genes whose expression is regulated during development and

differentiation were identified and cloned from a Caco-2 cell library using a subtracted

cDNA probe. In a total 2,016 clones were generated and individually transferred into

microtiter plates. To determine differentially expressed genes in the library, 1,056

clones from the library were screened by colony hybridization using non-polar Caco-2

cDNA as a probe. A total of 560 clones gave signals in polar Caco-2 cells. Of these

clones 220 clones had more than 400 bp and were used for further analysis.

Randomly selected 53 cDNA clones were sequenced and compared to the updated

versions of nucleotide and protein database available in the Internet. Of these clones,

54% were of interest. The cDNA clone 432 showed 99% identity to the

uncharacterized novel kidney protocadherin LKC cDNA (4,088 bp), the novel cDNA

clone 530 showed 90% identity to a submitted cDNA sequence (656 bp), cDNA clone

203 showed 97% identity to DAD-1 protein (113 aa) and the cDNA clone 78 revealed

98% identity to brain BRI gene. Northern blot analysis showed an overexpression of

these genes in polarized Caco-2 cells as compared to non-polarized cells.

The coding region of (Clone 432) pcLKC contains a signal sequence for the

translocation in ER, maps to chromosome 5q35.2-q35.3 and consists of 31 exons.

The pcLKC protein possesses eight cadherin repeats in the extracellular domain, a

putative transmembrane domain, and a non-conserved cytoplasmic domain. The

expression of the cDNA clone 432 was analyzed in MDCK cells, a prototype of

epithelial cells, and revealed an overexpression in polarized cells as compared to

non-polarized MDCK cells. This result suggests an implication of this gene in

polarization events in epithelia.

Analysis of microarrays representative of several cDNA libraries isolated from

cancerous and normal tissues demonstrated a significant 5.98-fold reduction in the
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expression of this gene in kidney tumours, and an ∼3-fold reduction in colonic and

stomach tumours. This suggests that clone 432 plays a role in maintaining an

organized and intact epithelial layer and could prevent tumour progression.

Furthermore, anti-sense analysis in polarized Caco-2 cells suggested a role of this

gene on the polarized sorting of the sucrase-isomaltase.

Clone 530 was found to have a ubiquitous expression in human tissues. Unlike the

case for clone 432, a significant reduction in the expression of clone 530 was

observed only in breast cancer.

The homology of clone 530 to a submitted Homo sapines brain cDNA (656 bp)

revealed an ORF consisting of 66 aa with a 33.3% predicted ER localization. This

gene maps to chromosome 6. A fusion construct with pEGFP was created to observe

the subcellular localization of this gene in living COS-1 cells. Confocal microscopy

showed a cytosolic expression. However, further analysis of clone 530 by multiple

tissue Northern blot strongly suggested that the predicted 66 aa are only a part of the

full-length protein that encompasses a transcript of approximately 1 kb.

Clone 203 showed 97% homology to DAD-1 protein (113 aa). The complete reading

frame of this gene was fused to a pEGFP reporter gene and transfected in living

COS-1 cells. Confocal microscopy showed a cytosolic expression, in contrast to the

results of Kelleher and Gilmore (1997). The cytosolic localization of this protein in

COS-1 cells is not clear but it might be due to misfolding of the proteins during

cloning into pEGFP vectors.

In summary, the genes 432, 530, 78 and 203 encode potential protein candidates

that may be implicated in the modulation of protein trafficking in epithelial cells and in

the regulation of cell differentiation.
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Hiam Al-Bayati

Identifikation neuer Gene des Transport-und Sortierwegs

polarisierter menschlicher Darmepithelzellen

7. Zusammenfassung

Mittels einer subtrahierten cDNA-Sonde wurden intestinale Gene, deren Expression

während ihrer Entwicklung und Differenzierung reguliert wird, identifiziert und aus

einer Caco-2-Zellbank kloniert. Insgesamt wurden 2016 Klone erzeugt und einzeln in

Mikrotiterplatten übertragen. Um unterschiedlich exprimierte Gene in der Bank zu

bestimmen, wurden 1056 Klone der Bank durch Koloniehybridisierung mit nicht-

polarer Caco-2-cDNA als Sonde gescreent. Insgesamt 560 Klone wurden in polaren

Caco-2-Zellen nachgewiesen. Von diesen Klonen hatten 220 mehr als 400 bp und

wurden für die nachfolgenden Analysen verwendet.

Es wurden 53 zufällig gewählte cDNA-Klone sequenziert und mit den im Internet

verfügbaren aktualisierten Versionen von Nukleotid- und Protein-Datenbanken

verglichen. 54% dieser Klone erwiesen sich als interessant für eine weitergehende

Untersuchung. Der Klon 432 hatte eine 99%-ige Übereinstimmung mit der LKC-

cDNA (4088 bp) des noch uncharakterisierten neuartigen Nierenprotocadherins LKC,

und Klon 530 stimmte zu 90% mit einer cDNA-Sequenz (656 bp) überein, während

cDNA-Klon 203 eine 97%-ige Übereinstimmung mit dem DAD-1-Protein (113 AS)

aufwies, und der cDNA-Klon 78 zeigte eine 98%-ige Homologie mit dem-BRI-Gen

aus dem Gehirn. Die Northern-Blot-Analyse zeigte in polarisierten Caco-2-Zellen eine

Überexpression dieser Gene im Vergleich zu nicht-polarisierten Zellen.

Die kodierende Region der pcLKC (Klon 432) beinhaltet eine Signalsequenz für die

Translokation des Gens in das ER. Das Gen pcLKC entstammt dem Bereich 5q35.2-
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q35.3 und besteht aus 31 Exons. Die Expressiven des cDNA-Klon 432 wurde in

MDCK-Zellen, einen Prototype von epithelialen Zellen, untersucht und es ergab sich

eine 95% Überexpression in polarisierten Zellen verglichen mit nicht polarisierten

MDCK-Zellen. Dieses Ergebnis macht die Beteiligung des Gens bei der Polarisation

in Epithelialzellen deutlich.

Mit Hilfe der Microarray Analyse wurde bei einem Vergleich von an Krebs erkrankten

und gesunden Gewebe ein Rückgang der Genexpression dieses Gens um das

Fünffache in Nierentumouren und um das Dreifache in Dickdarm- und

Magentumoren beobachtet. Dieses Ergebnis lässt Rückschlüße auf die Rolle des

Protocadherins bei der Erhaltung einer intakten und organisierten Epithelischicht und

der möglichen Unterbindung einer Tumorfortentwicklung zu. Die Anti-Sense-Analyse

in polarisierten Caco-2 Zellen lässt ferner vermuten, dass dieses Gen einen Einfluss

auf die polarisierte Sortierung der Saccharase-Isomaltase zur apikalen Membran hat.

Der Klon 530 zeigte ein ubiquitäres Expressionsmuster. Im Gegensatz zu Klon 432

konnte hier eine signifikante Reduktion des Gens in Brustkrebsgwebe beobachtet

werden.

Die Homologie-Analyse von Klon 530 mit der BRI-cDNA (656 bp) wies einen ORF

von 66 AS auf, der mit einer Warscheinlichkeit von 33, 3% im ER lokalisiert ist. Das

Gen befindet sich auf Chromosom 6. Um die genaue subzelluläre Lokalisation des

Gens zu bestimmen, wurde ein Fusionsprotein aus Klon 530 und dem grün

fluoreszierenden Reportergen pEGFP kreiert. Dieses wurde in lebende COS-1 Zellen

transfiziert, Und per konfokaler Lasermikroskopie untersucht. Hierbei wurde deutlich,

daß Klon 530 ein cytosolisches Expressionsmuster zeigte. Die hier aufgeführten

Ergebnisse weisen stark auf einen unvollständigen ORF des Klon 530 hin. Es wird

angenommen, dass sich die vollstandige Transkriptlänge des ORF in Bereich von 1

kb bewegen sollte. Klon 203 hatte eine 97%-ige Homologie mit dem DAD-1 Protein.

Der komplette Leserrahmen (ORF) dieses Gens wurde mit dem Reportergen pEGFP

fusioniert und die Lokalisation des Gens in COS-1 Zellen untersucht. Auch hier ergab
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sich eine cytosolische Expression des Gens. Da dieses Expressionmuster

ungwöhnlich ist und nicht mit bereits beschriebenen Experimenten von Kelleher and

Gilmore (1997) übereinstimmt, wird eine Missfaltung des Proteins, etwa- ausgelöst

durch Klonierung in die Expressionvektoren, nicht ausgeschlossen.

Zusammenfassend kann angenommen werden, dass die Gene 432, 530, 78 und 203

potentiell für Proteine stehen, die am Protein-Trafficking in Epithelzellen beteiligt sind

und eine wichtige Rolle bei der Regulation der Zelldifferenzierung einnehmen.
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9. Appendix

9.1. Database cDNA sequences

9.1.1. Protocadherin LKC

The NCBI-submitted sequence of Homo sapiens PC-LKC mRNA for protocadherin

LKC, complete cDNA (4088 bp) isolated from human adult kidney (accession no.

AB047004). This gene has an ORF located at nt 39-3971 (i. d. BAB40777.1). The

start and stop codons are shown in boldface. The deduced amino acids of the protein

are shown below the cDNA sequence.

        1 gcctccgtgg gaaggggaca caggtccctg cggatgtgat ggcccagcta tggctgtcct
       61 gcttcctcct tcctgccctc gtggtgtctg tggcagccaa cgtggccccg aagttcctag
      121 ccaacatgac gtcagtgatc ctgcctgagg acctgcctgt gggtgcccag gccttctggt
      181 tggtagcgga agaccaggac aatgaccctc tgacctatgg gatgagcagc cccaatgcct
      241 acttcttcgc tgtcactccg aaaactgggg aagtgaagct ggccagcgct ctggactacg
      301 agacactcta cacattcaaa gtcaccatct ccgtgagcga cccctacatc caggtgcaga
      361 gggagatgct ggtgattgtg gaagatagaa acgacaacgc acccgttttc cagaacaccg
      421 ctttctccac cagcatcaac gagaccctgc ccgtgggcag tgtggtgttc tccgtgctgg
      481 ccgtggataa agacatgggg tctgcaggca tggtcgtgta ctccatagag aaggtcatcc
      541 ctagcactgg ggacagcgag catctcttcc ggatcctggc caatggctcc atcgtcctca
      601 atggcagcct cagctacaac aacaagagcg ctttctacca gctggagctg aaggcctgtg
      661 acttgggcgg catgtaccac aacaccttca ccatccagtg ctccctgcct gtcttcctgt
      721 ccatctccgt ggtggaccag cctgaccttg acccccagtt tgtcagggag ttttactcgg
      781 cctctgtggc tgaggatgca gccaagggaa cctcggtgct gacggtggag gctgtggatg
      841 gcgacaaagg catcaatgac cctgtgatct acagcatctc ctactccacg cggcccggct
      901 ggtttgacat cggggcagat ggggtgatca gggtcaacgg ctccctggac cgtgagcagc
      961 tgctggaggc ggatgaggag gtgcagctgc aggtcacggc caccgagaca cacctcaaca
     1021 tctacgggca ggaggccaag gtgagcatct gggtgacagt gagagtgatg gacgtcaatg
     1081 accacaaacc tgagttttac aactgcagcc tcccagcctg caccttcacc cccgaagagg
     1141 cccaagtgaa cttcactggc tacgtggacg agcatgcctc cccccgcatc cccatcgatg
     1201 acctcaccat ggtggtctac gacccggaca agggcagcaa tggcaccttc ctgttgtcgc
     1261 tggggggccc cgatgcagaa gccttcagcg tctccccgga gcgggcagcg ggctcagcct
     1321 ccgttcaggt gctggtgaga gtatccgcgc tggtggacta cgagaggcag acggcgatgg
     1381 cggtgcaggt tgtggccaca gactccgtca gccagaactt ctccgtcgcc atggtgacca
     1441 tccaccttag agacattaat gaccacaggc ccacgtttcc ccagagcttg tacgtcctca
     1501 cggtgccaga gcacagcgcc accggctctg tggtcaccga cagcatccac gccacggacc
     1561 cagacacggg cgcgtggggc caaattacct acagcctgct cccaggaaat ggggcagacc
     1621 tcttccaagt ggatcccgtc tcagggacgg tgacggtgag gaacggtgag ctgctggacc
     1681 gggagagcca ggccgtgtac tacctgacgc tgcaggccac agatggcggg aacctgtcct
     1741 cctccaccac actgcagatc cacctgctgg acatcaacga caatgcaccc gtggttagcg
     1801 gctcctacaa catcttcgtc caggaggagg agggcaatgt ctccgtgacc atccaggccc
     1861 acgacaatga tgagccgggc accaacaaca gccgtctgct cttcaacctg ctgcctggcc
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     1921 cctacagcca caacttctcc ttggaccctg acacagggct cctcagaaac ctggggcccc
     1981 tggacagaga ggccatcgac cccgccctgg agggccgcat tgtgctgaca gtgcttgtgt
     2041 ctgactgcgg cgagcctgtc ctcggcacca aagtcaatgt caccatcact gtggaggaca
     2101 tcaatgataa cctgcccatc ttcaatcagt ccagctacaa ctttacggtg aaggaggagg
     2161 atccaggagt gctagtgggc gtggtgaagg cctgggacgc ggaccagacg gaagccaaca
     2221 accgcatcag cttcagcctg tcggggagtg gtgccaacta cttcatgatc cgaggcttgg
     2281 tgctgggggc tgggtgggct gagggctacc tccggctgcc cccggacgtg agcctggatt
     2341 acgagacaca gcccgtcttc aacttgacag tgagtgctga gaacccagac ccccaggggg
     2401 gtgagaccat agtagacgtc tgcgtgaatg tgaaagacgt gaacgacaat ccccccaccc
     2461 tggatgtagc ctcactccgg ggcatccgtg tggctgagaa tggctcacag cacggccagg
     2521 tggctgtggt ggttgcctcg gatgtggaca ccagtgccca gctggagata cagcttgtga
     2581 acattctctg caccaaggcc ggggtcgatg tgggcagcct atgctggggc tggttctcag
     2641 tggcggccaa cggctctgtg tacatcaacc agagcaaagc catcgactac gaggcctgtg
     2701 acctggtcac gctggttgtg cgggcctgtg acctagccac ggaccccggc ttccaggcct
     2761 acagcaacaa tggaagcctc ctcattacca ttgaggacgt gaatgacaat gcaccctatt
     2821 ttctgcctga gaataagact tttgtgatca tccctgaact cgtgctgccc aaccgggagg
     2881 tggcttctgt ccgggccaga gacgatgatt cagggaacaa tggcgtcatc ctgttctcca
     2941 tcctccgagt agacttcatc tctaaggacg gggccaccat ccctttccag ggtgtcttct
     3001 cgatcttcac ctcctccgag gccgacgtgt tcgctgggag cattcagccg gtgaccagcc
     3061 tcgactccac tctccaaggc acctaccaag tgacagtcca ggccagggac agaccttcct
     3121 tgggtccttt cctggaagcc accaccaccc tgaatctctt caccgtggac cagagttacc
     3181 gctcgcggct gcagttctcc acaccgaagg aggaggtggg cgccaacaga caggcgatta
     3241 atgcggctct tacccaggca accaggacta cagtatacat tgtggacatt caggacatag
     3301 attctgcagc tcgggcccga cctcactcct acctcgatgc ctactttgtc ttccccaatg
     3361 ggtcagccct gacccttgat gagctgagtg tgatgatccg gaatgatcag gactcgctga
     3421 tgcagctgct gcagctgggg ctggtggtgc tgggctccca ggagagccag gagtcagacc
     3481 tgtcgaaaca gctcatcagt gtcatcatag gattgggagt ggctttgctg ctggtccttg
     3541 tgatcatgac catggccttc gtgtgtgtgc ggaagagcta caaccggaag cttcaagcta
     3601 tgaaggctgc caaggaggcc aggaagacag cagcaggggt gatgccctca gcccctgcca
     3661 tcccagggac taacatgtac aacactgagc gagccaaccc catgctgaac ctccccaaca
     3721 aagacctggg cttggagtac ctctctccct ccaatgacct ggactctgtc agcgtcaact
     3781 ccctggacga caactctgtg gatgtggaca agaacagtca ggaaatcaag gagcacaggc
     3841 caccacacac accaccagag ccagatccag agcccctgag cgtggtcctg ttaggacggc
     3901 aggcaggcgc aagtggacag ctggaggggc catcctacac caacgctggc ctggacacca
     3961 cggacctgtg acaggggccc ccactcttct ggaccccttg aagaggccct accacaccct
     4021 aactgcacct gtctccctgg agatgaaaat atatgacgct gccctgcaaa aaaaaaaaaa
     4081 aaaaaaaa

/translation="MAQLWLSCFLLPALVVSVAANVAPKFLANMTSVILPEDLPVGAQ
AFWLVAEDQDNDPLTYGMSSPNAYFFAVTPKTGEVKLASALDYETLYTFKVTISVSDP
YIQVQREMLVIVEDRNDNAPVFQNTAFSTSINETLPVGSVVFSVLAVDKDMGSAGMVV
YSIEKVIPSTGDSEHLFRILANGSIVLNGSLSYNNKSAFYQLELKACDLGGMYHNTFT
IQCSLPVFLSISVVDQPDLDPQFVREFYSASVAEDAAKGTSVLTVEAVDGDKGINDPV
IYSISYSTRPGWFDIGADGVIRVNGSLDREQLLEADEEVQLQVTATETHLNIYGQEAK
VSIWVTVRVMDVNDHKPEFYNCSLPACTFTPEEAQVNFTGYVDEHASPRIPIDDLTMV
VYDPDKGSNGTFLLSLGGPDAEAFSVSPERAAGSASVQVLVRVSALVDYERQTAMAVQ
VVATDSVSQNFSVAMVTIHLRDINDHRPTFPQSLYVLTVPEHSATGSVVTDSIHATDP
DTGAWGQITYSLLPGNGADLFQVDPVSGTVTVRNGELLDRESQAVYYLTLQATDGGNL
SSSTTLQIHLLDINDNAPVVSGSYNIFVQEEEGNVSVTIQAHDNDEPGTNNSRLLFNL
LPGPYSHNFSLDPDTGLLRNLGPLDREAIDPALEGRIVLTVLVSDCGEPVLGTKVNVT
ITVEDINDNLPIFNQSSYNFTVKEEDPGVLVGVVKAWDADQTEANNRISFSLSGSGAN
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YFMIRGLVLGAGWAEGYLRLPPDVSLDYETQPVFNLTVSAENPDPQGGETIVDVCVNV
KDVNDNPPTLDVASLRGIRVAENGSQHGQVAVVVASDVDTSAQLEIQLVNILCTKAGV
DVGSLCWGWFSVAANGSVYINQSKAIDYEACDLVTLVVRACDLATDPGFQAYSNNGSL
LITIEDVNDNAPYFLPENKTFVIIPELVLPNREVASVRARDDDSGNNGVILFSILRVD
FISKDGATIPFQGVFSIFTSSEADVFAGSIQPVTSLDSTLQGTYQVTVQARDRPSLGP
FLEATTTLNLFTVDQSYRSRLQFSTPKEEVGANRQAINAALTQATRTTVYIVDIQDID
SAARARPHSYLDAYFVFPNGSALTLDELSVMIRNDQDSLMQLLQLGLVVLGSQESQES
DLSKQLISVIIGLGVALLLVLVIMTMAFVCVRKSYNRKLQAMKAAKEARKTAAGVMPS
APAIPGTNMYNTERANPMLNLPNKDLGLEYLSPSNDLDSVSVNSLDDNSVDVDKNSQE
IKEHRPPHTPPEPDPEPLSVVLLGRQAGASGQLEGPSYTNAGLDTTDL"

9.1.2. cDNA DKFZp564D0164 (Clone 530)

The NCBI-submitted sequence of Homo sapiens mRNA; cDNA DKFZp564D0164

(from clone DKFZp564D0164) complete cDNA (656 bp) isolated from human brain

tissue (accession no. AL110141).

The full-length cDNA (656 bp) was analyzed using the expasy protein analysis

program. This revealed an open reading frame (ORF) with a length of 66 amino acid

residues. The start and stop codons of the reading frame are located at the nt 423,

623 of the cDNA and are shown in boldface. The deduced  66 amino acids of the

protein are shown below the cDNA sequence.

        1 ggggctttcg aggtaggagt cgactcctgt gaggtatggt gctgggtgcg gatgcagtgt
       61 ggctctggat agcaccttat ggacagttgt gtccccaagg aaggatgaga atagctactg
      121 aagtcctaaa gagcaagcct aactcaagcc attggcacac aggcattaga cagaaagctg
      181 gaagttgaaa tggtggagtc caacttgcct ggaccagctt aatggttctg ctcctggtaa
      241 cgtttttatc catggatgac ttgcttgggt aaggacatga agacagttcc tgtcatacct
      301 tttaaaggta tggagagtcg gcttgactac actgtgtgga gcaagtttta aagaagcaaa
      361 ggactcagaa ttcatgattg aagaaatgca ggcagacctg ttatcctaaa ctagggtttt
      421 taatgaccac aacaagcaag catgcagctt actgcttgaa agggtcttgc ctcacccaag
      481 ctagagtgca gtggcctttg aagcttacta cagcctcaaa cttctgggct caagtgatcc
      541 tcagcctccc agtggtcttt gtagactgcc tgatggagtc tcatggcaca agaagattaa
      601 aacagtgtct ccaattttaa taaatttttg caatccaaaa aaaaaaaaaa aaaaaa

/translation="MTTSKHAAYCLKGSCLTQARVQWPLKLTTASNFWQVILSLPVVFVDCLM
ESHTRRLKQCLQF."
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9.1.3. The defender against apoptosis (DAD-1)

The NCBI-submitted sequence of Homo sapiens defender against cell death 1

(DAD1), mRNA complete cDNA (699 bp) (accession no . NM_001344). This gene has

an ORF located at nt 67-408 (i.d. 1603). The start and stop codons are shown in

boldface. The deduced amino acids of the protein are shown below the cDNA

sequence.

        1 catccggtgt ggtcgacggg tcctccaaga gtttggggcg cggactggag taccttgcgt
       61 gcagttatgt cggcgtcggt agtgtctgtc atttcgcggt tcttagaaga gtacttgagc
      121 tccactccgc agcgtctgaa gttgctggac gcgtacctgc tgtatatact gctgaccggg
      181 gcgctgcagt tcggttactg tctcctcgtg gggaccttcc ccttcaactc ttttctctcg
      241 ggcttcatct cttgtgtggg gagtttcatc ctagcggttt gcctgagaat acagatcaac
      301 ccacagaaca aagcggattt ccaaggcatc tccccagagc gagcctttgc tgattttctc
      361 tttgccagca ccatcctgca ccttgttgtc atgaactttg ttggctgact cattctcatt
      421 tacttaattg aggagtagga gactaaaaga atgttcactc tttgaatttc ctggataaga
      481 gttctggaga tggcagctta ttggacacat ggattttctt cagatttgca ctttactgct
      541 agctctgctt tttatgcagg agaaaagccc agagttcact gtgtgtcaga acaactttct
      601 aacaaacatt tattaatcca gcctctgcct ttcattaaat gtaacctttt gccttccaaa
      661 ttaaagaact ccatgccact cctc

/translation="MSASVVSVISRFLEEYLSSTPQRLKLLDAYLLYILLTGALQFGY
CLLVGTFPFNSFLSGFISCVGSFILAVCLRIQINPQNKADFQGISPERAFADFLFAST
ILHLVVMNFVG"

9.1.4. Transmembrane protein BRI

The NCBI-submitted sequence of Homo sapiens transmembrane protein BRI mRNA,

complete cDNA (1853 bp) (accession no. AF246221). This gene has an ORF located

at nt 171-1004. The start and stop codons are shown in boldface. The deduced

amino acids of the protein are shown below the cDNA sequence.

        1 gcgagatccc taccgcagta gccgcctctg ccgccgcgga gcttcccgaa cctctcagcc
       61 gcccggagcc gctcccggag cccggccgta gaggctgcaa tcgcagccgg gagcccgcag
      121 cccgcgcccc gagcccgccg ccgcccttcg agggcgcccc aggccgcgcc atggtgaagg
      181 tgacgttcaa ctccgctctg gcccagaagg aggccaagaa ggacgagccc aagagcggcg
      241 aggaggcgct catcatcccc cccgacgccg tcgcggtgga ctgcaaggac ccagatgatg
      301 tggtaccagt tggccaaaga agagcctggt gttggtgcat gtgctttgga ctagcattta
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      361 tgcttgcagg tgttattcta ggaggagcat acttgtacaa atattttgca cttcaaccag
      421 atgacgtgta ctactgtgga ataaagtaca tcaaagatga tgtcatctta aatgagccct
      481 ctgcagatgc cccagctgct ctctaccaga caattgaaga aaatattaaa atctttgaag
      541 aagaagaagt tgaatttatc agtgtgcctg tcccagagtt tgcagatagt gatcctgcca
      601 acattgttca tgactttaac aagaaactta cagcctattt agatcttaac ctggataagt
      661 gctatgtgat ccctctgaac acttccattg ttatgccacc cagaaaccta ctggagttac
      721 ttattaacat caaggctgga acctatttgc ctcagtccta tctgattcat gagcacatgg
      781 ttattactga tcgcattgaa aacattgatc acctgggttt ctttatttat cgactgtgtc
      841 atgacaagga aacttacaaa ctgcaacgca gagaaactat taaaggtatt cagaaacgtg
      901 aagccagcaa ttgtttcgca attcggcatt ttgaaaacaa atttgccgtg gaaactttaa
      961 tttgttttaa tttgttcttg aacagtcaag aaaaacatta ttgaggaaaa ttaatatcac
     1021 agcataaccc caccctttac attttgtgca gtgattattt tttaaagtct tctttcatgt
     1081 aagtagcaaa cagggcttta ctatcttttc atctcattaa ttcaattaaa accattacct
     1141 taaaattttt ttctttcgaa gtgtggtgtc ttttatattt gaattagtaa ctgtatgaag
     1201 tcatagataa tagtacatgt caccttaggt agtaggaaga attacaattt ctttaaatca
     1261 tttatctgga tttttatgtt ttattagcat tttcaagaag acggattatc tagagaataa
     1321 tcatatatat gcatacgtaa aaatggacca cagtgactta tttgtagttg ttagttgccc
     1381 tgctacctag tttgttagtg catttgagca cacattttaa ttttcctcta attaaaatgt
     1441 gcagtatttt cagtgtcaaa tatatttaac tatttagaga atgatttcca cctttatgtt
     1501 ttaatatcct aggcatctgc tgtaataata ttttagaaaa tgtttggaat ttaagaaata
     1561 acttgtgtta ctaatttgta taacccatat ctgtgcaatg gaatataaat atcacaaagt
     1621 tgtttaacta gactgcgtgt tgtttttccc gtataataaa accaaagaat agtttggttc
     1681 ttcaaatctt aagagaatcc acataaaaga agaaactatt ttttaaaaat tcacttctat
     1741 atatacaatg agtaaaatca cagatttttt ctttaaataa aaataagtca ttttaataac
     1801 taaaccagat tctttgtgga tactattaaa gtaacattta agcctcaacc ttg

/translation="MVKVTFNSALAQKEAKKDEPKSGEEALIIPPDAVAVDCKDPDDV
VPVGQRRAWCWCMCFGLAFMLAGVILGGAYLYKYFALQPDDVYYCGIKYIKDDVILNE
PSADAPAALYQTIEENIKIFEEEEVEFISVPVPEFADSDPANIVHDFNKKLTAYLDLN
LDKCYVIPLNTSIVMPPRNLLELLINIKAGTYLPQSYLIHEHMVITDRIENIDHLGFF
IYRLCHDKETYKLQRRETIKGIQKREASNCFAIRHFENKFAVETLICFNLFLNSQEKHY"
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9.2. Statistical analysis data

(A)

Organ Difference N/C t-test-N, C

Normal, Cancer. Colon 2.62 (p= <0:001)

Normal, Cancer. Stomach 2.96 (p= <0:001)

Normal, Cancer. Kidney 5.98 (p= <0:001)

Normal, Cancer. Rectum 1.65 (p=0: 0088)

(B)

Organ Difference N/C t-test-N, C

Normal, Cancer. Breast 1.423 (p= <0:001)

Normal, Cancer. Uterus 0.924 (p= <0:001)

Normal, Cancer. Colon 0.68 (p= <0:001)

Normal, Cancer. Stomach 0.72 (p= <0:001)

Normal, Cancer. Kidney 0.73 (p= <0:001)

Normal, Cancer. Lung 1.43 0:034

Normal, Cancer. Ovary 1.2 0:177

Normal, Cancer. Rectum 0.6 (p= <0:001)

Normal, Cancer. Thyroid 0.5 (p= <0:001)

Table 3: Statistical analysis of the clones 432 (A) and 530 (B) in cancer profiling array.
N; Normal, C; Cancer
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9.3. Abbreviations and symbols

~ Approximately

< Greater than

° C Degree Celsius

µ Micro

aa, AS Amino acid, Aminosäure

BLAST Basic Local Alignment Search Tool

bp Base pair

CPM Count per minute

DOTAP N-(2, 3 Dioleoyloxy )-N, N, N,-Tri-methyl-ammonium methyl-

sulfate

DTT Dithiothreitol

EDTA Ethylene-diamine-tetra acetic acid

h Hour

IPTG Isopropyl-beta-D-thiogalactoside

kb 1000 bp

kDa Kilo dalton

min Minute

M-MULV Moloney murine leukemia virus

mRNA Messenger RNA

NCBI National Center for Biotechnology Information

nt Nucleotide

OD Optical density

ORF Open reading frame

rRNA Ribosomal RNA

sec Second

Tris Tris-hydydroxy-methyl amino-methane

tRNA Transfer RNA

x-gal 5-Bromo-4-chloro-3-indoxyl-beta-D-galactopyranoside
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