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ABSTRACT 

The majority of genes associated with retinal degenerations are expressed 

specifically in photoreceptor cells. To identiQ novel candidate inherited retinal 

degeneration genes, a differential screening strategy was designed to clone genes that are 

photoreceptor-specific in their retinal expression. In a pilot screen, 145 cDNAs fiom a 

norrnalized human retinal cDNA library were found to be differentially expressed. The 

clones were classified as putatively photoreceptor-specific within the retina and were 

sub-grouped based on sequence analysis into four categories; Known genes, ESTs, Novel 

cDNAs, and Uninformative inserts. 

One of the Novel cDNAs (MPDI), appeared to be photoreceptor-specific in its 

xetinal expression on the basis of initial in situ hybridization studies. Additional libraq 

screening identified a cDNA that was subsequently determined to be chimeric. The 5' 

portion was derived h m  a partially processed mRNA matching a predicted hurnan ORF of 

unknown func tion, CGI-67, containhg a putative a l p  hydrolase domain. 
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CHAPTER 1 



Introduction 

The marnrnalian retina is a specialized tissue that has evolved over millions of 

years that facilitates the conversion of photons into perceptible images. The retina is an 

ideal system for the study of neurobiology and disease as it is accessible and non- 

essentiai. Due to the importance of vision to our daily lives, the eye is also fiequently the 

subject of clinical attention. 

There are many genetic diseases affecthg the eye, including comeal dystrophies, 

glaucoma, optic atrophy and cataracts, but the class that is of particular hterest to me are 

photoreceptor degenerations. These retinai disorders, which present with a wide range 

of clinical phenotypes, are caused by mutations in a heterogeneous group of genes 

(Daiger et al., 2001). Photoreceptor degenerations are progressive disorders that result in 

impaired vision, and in the most severe cases, blindness. To date, 129 of the retinal 

degeneration loci have been mapped and 74 genes have been cloned (Daiger et al., 2001). 

Of the genetic diseases causing blindness, inhented retinal degenerations represent the 

largest subset for which genes have yet to be identified (Daiger et al., 2001) 

The selective pressure on visual acuity has resulted in a high degree of 

conservation of essential genes between different species. To identify genes responsible 

for inhented retinal degenerations (IRDs), we took advantage of the high degree of gene 

conservation between mouse and man. We designed a differential hybridization screen 

that would identiQ genes that are highly conserved and photoreceptor-specific in the 

retina. From the isolated candidates, a cohort was selected for M e r  characterization to 

determine if they are potentiai candidates for retinal degenerations. 



In this chapter, the structure and bc t ion  of the retina is described and related to 

photoreceptor degeaeration due to mutations in selected genes expressed in the 

photoreceptors. The use of mouse models and screening strategies will also be 

introduced. Chapter 2 describes the screening strategy that led to the isolation of MPDl 

and considers the implications of the other identified genes. Chapter 3 focuses on the 

preliminary analysis of MPDl and elaborates on its possible biological role. Chapter 4 

contains remarks on fuhue directions of the project. 

The mammalian neuroretina 

The structural organiz~tion of the neumretina has evolved to optimize the capture 

and transmission of a visual signal. The mammalian retina differentiates fiom the 

invagination of the forebrain neural ectoderm (Saha & Gralliger, 1992; Walls et al., 

1991). Through inductive signaüng, the invaginated neuroectoderrn forms an optic 

vesicle, which becomes the progenitor to the neuroretina and the retinal pigment 

epithelium (Henry & Grainger, 1990; Jean et al., 1998). The mature neuroretina is 

composed of nine different ce11 types that are organized into three parallel nuclear layen 

separated by two plexiform layers and forms a functional unit with the retinal pigment 

epithelium (Figure 1 - 1 A). Ganglion cells, bipolar cells amacrine cells, interplexifonn 

cells, horizontal cells, Muller's cells, astrocytes, r d  and cone photoreceptors are 

generally restricted to one of the three ce11 layers (Wechsler-Reya and Barres 1997). 

The ganglion cells are the first neurons to differentiate, and in the adult retina, are 

located most antenorly and irnmediately adjacent to the vitreous (Brown et al., 200 1). 

Their nuclei are located in the ganglion ce11 (OC) layer, while their dendrites synapse 
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Figure 1-1: Stmcture of the adult retina and photoreceptor cell 
(A) A section of a human retina stained with hematoxylin and eosin shows the four 
major nuclear layers; ganglion cell layer (GC), inner nuclear cell layer (IN), 
outer nuclear layer (ON), retinal pigment epithelium (RPE) The section dso shows 
two plexiforni layen; outer plexiform layer (OPL) and innet plexiforni layer (IPL). 
(B) Schematic of a single rod photoreceptor (modified h m  Clarke et al., 2 0 b )  



with the axons of bipolar, amacrine, and interplexiforrn cells located in the inner 

plexiform layer (Cohen, 200 1). 

GC axons travel dong the anterior surface of the retina and converge at the optic 

disk where they form the optic nerve and transmit the signal to higher visual centea of 

the brain for m e r  processing. The GC layer also contains some displaced amacrine 

ce11 nuclei (Oyster, 1999). 

The imer nuclear (IN) layer contains the nuclei of bipolar, interplexiforni, 

horizontal and most amacrine neuronal ce11 types as well as the nuclei of the two glial cell 

types, Miiller cells and astrocytes. Bipolar cells transmit the signal h m  photoreceptors 

to ganglion cells. Interplexiforni, horizontal and arnacrine cells modulate the signai, 

which the higher visual centers interpret as increased sensitivity, light intensity and 

contrast (Wilson, 1997). Müller cells are long retinal support cells that span fiom the 

base of the i ~ e r  limiting membrane of the posterior OC layer to the outerlimiting 

membrane of the outer nuclear (ON) layer. Astmcytes offer structural support by 

forming a scaf5old for neuronal processes. 

Photons entering the eye travel through the GC and IN layers before they are 

finally captured by opsin proteins in the outer segments of rod and cone photoreceptors in 

the ON layer. These are specialized neums that capture photons of light and convert 

them into a neurochemical signal which is then transmitted back to bipolar cells in the M 

layer. 



--.-- - L The retiaal pigment epithelium (RPE) lies between the outer segments and the 

choroid and consists of a single continuous layer of cuboidal cells that contain melanh 

pigment. The melanin pigment prevents light scattering resulting in increased resolution 

of the visual scene. In addition to improving visual resolution, the RPE maintains 

photoreceptor function by secreting factors that facilitate retinal survival, phagocytosing 

the tips of the outer segments and recycling phototransduction cascade components. 

This role is essential es retinal detachment fiom the RPE results in photoreceptor ce11 

death (Berglin et al., 1997; Guerin et al., 1993; Molday, 1998; Yau, 1994). 

The vertebrate photoreceptor 

The vertebrate photoreceptor has a highly specialized structure to facilitate the 

conve&on of light into a neurophysiological signal (Jindrova, 1998; Molday, 1998; Yau, 

1994). The photoreceptor ce11 can be divided into an synaptic terminal, ce11 body, inner 

segment and a specialized organelle called the outer segment which forms a functional 

unit with a retinal pigment epithelial ce11 (Figure 1 -1B) (Shuster & Farber, 1986). 

The phototransduction cascade begins in the outer segment of the vertebrate 

photoreceptor; an organelle that has evolved to capture single photons of light. 

The rod outer segment is composed of -1000 stacked membrane disks of which 90% of 

theù protein composition is rhodopsin (Momw et al., 1998; Papemaster & Dreyer, 

1974). Over t h e ,  the outer segments accumulate light-induced damage. To prevent the 

deterioration of fimction, the outer segment tips are king constantly phagocytosed by the 

retind pigment epithelium, while new disks are generated at the base of the outer 

segment (Anderson et al., 1978; Young, 1971; Young, 1976). 



The b e r  segment is the site of potein synthesis. The connecting cilium serves 

as a physical ôarrier selectively controlling the diffusion of membrane bound molecules 

between the innet and outer segments of the photoreceptor and also serves as a scafTold 

by which protein transport to outer segments is facilitateci (Defoe & Besharse, 1985; 

Horst et al., 1987; Horst et al., 1990; Muresan & Besharse, 1994; Peters et al., 1983; Tai 

et al., 1999). The inner segment is connected to the ce11 body, with the nucleus leading to 

the synaptic temiinal that transmits the captured signal away h m  the photoreceptor to 

bipolar cells. 

Rods and cones differ h m  each other both stnicturally and hctionally. The 

outer segments of cone photoreceptors are shorter, wider and functionally facilitate bright 

light and colour vision by expressing one of the three opsin genes called red, green and 

blue. (Nathans et al., 1986). The outer segments of rods are thinner, longer, rod shaped 

and express only one photopigrnent (rhodopsin), but are far more numemus than cones, 

and mediate monochromatic vision in dim light. 

Regional retinal variations 

The human &na contains 92 million rod photoreceptors and 4.6 million cone 

photoreceptors (Curcio et al., 1990). Theû distribution pattern differs in the three 

regions of the retina; the optic disk, macula and the peripheral retina. The optic disk is a 

region where axon nerve fibers of ganglion celis converge and exit the eye. This region 

is devoid of both photoreceptor cells and is known as the blind spot. Lateral to the optic 

disk is a region that appears lemon-yellow on a detached retina called the macula. Inside 

the macula is the fovea; a region of the primate eye that contains the majority of cone 



photoreceptors. Within the foveal region, each cone photoreceptor synapses with a single 

bipolar ce11 which is connected to a single ganglion ce11 (Rodieck, 1989). This 

arrangement allows for a high degree of resolution of color vision. The peripheral retina 

is composed primarily of rod photoreceptors, and in contrast to the foveal region, 

multiple rod photoreceptor cells are connected through bipolar cells to a single ganglion 

ce11 (Dearry & Burnside, 1986). This synaptic organization results in a visual field with 

low resolution but high degree of light sensitivity as the activation of any one rod 

photoreceptor will generate a signal. This adaptation makes rod photoreceptors ideal for 

dim light vision. 

Inherited ntinal degenerations 

The human eye is affected by a large number of diseases. One class of inherited 

eye diseases are retinal degenerations (IRDs), a heterogeneous group of diseases that 

cause progressive photoreceptor degeneration. The diseases involve progressive visual 

loss through the periphery, central or whole retinal region depending whether rod, cone 

or both photoreceptor types are afTected. The genes respomible for these phenotypes 

have been difficult to identify, because mutations in different photoreceptor specific 

genes can produce similar clinical phenotypes (Clarke et al., 2000b). Furthennore, allelic 

variants in one gene can produce different clinical phenotypes or a single mutation can 

have variable peneûance depending on the genetic background of an individual (Dryja & 

Berson, 1995). Our understanding of the mechanisms underlying the disease is growing, 

as 74 genes have been cloned for the 129 mapped disease loci (Daiger et al., 200 1). 

Increased understanding of the mechaaism of disease is also stixnulating the development 

of therapeutic strategies (Gregory-Evans & Bhattacharya, 1998). 



Retinal degeneratioas due to deficiency in the phototransduction cascade 

Defeîts in phototransduction genes were among the h t  to be associated with 

photoreceptor degeneration. An o v e ~ e w  of defects in some of the phoûansduction 

proteins will be described to illustrate causes of retinal disease. The photoîransduction 

cascade is an eiaborate series of events which converts photons of light into 

neumchemical signals. The rod phototransduction cascade begins with a photon of light 

king absorbed by rhodopsin; a protein that is covalently linked to a chromophore, 1 1 -cis 

retinal (Dratz et al., 1985). The incident light induces isomerization of 1 1 -cis retinal to 

1 1-tram retinal, which resdts in a conformational change in the rhodopsin molecule 

exposing G-protein binding sites that can then interact with transducin. Rhodopsin was 

the first gene cloned in the phototransduction cascade and is estimated to be associated 

with 840% of al1 known cases of retinitis pigmentosa (Dryja, 2001). Allelic variants 

have been associated with dominant retinitis pigmentosa (Dryja et al., 1990; Famir et al., 

1 WO), recessive retinitis pigmentosa (Kummanickavel et al., 1994; Rosenfeld et al., 

1992) and stationary night blindness (Sieving et al., 1995). 

Transducin is the second component in the phototransduction cascade and is a 

heterotrimeric protein composed of three subunits; a, P and y. The a subunit is specific 

to rod and cone photoreceptor cells, with rods and cones expressing their specific a 

subunit from separate loci (Kokame et al., 1 993; Lerea et al., 1989). Interaction of 

transducin with rhodopsin catalyzes the exchange of GDP for GTP on the a-subunit 

resulting in its dissociation fiom the protein complex and activation of cGMP 

phosphodiesterase. A mutation in the iod a subunit (GNATI) of transducin has been 



assockitad with autosomal dominant congenital stationary night blindness @ryja et al., 

1996; Dryja & Li, 1995). 

The third component in the phototransduction cascade is cGMP 

phosphodiesterase (PDE). It is a holoenzyme consisting of four subunits; a, p and two y 

(Farber, 1995). The two y subunits are inhibitory and dissociate upon binding of the 

GTP-bound a subunit of rod transducin (Artemyev, 1997; Artemyev et al., 1998; 

Granovsky et al., 1997). Both the a and $ subunits of PDE have catalytic activity that can 

hydrolyze cGMP to S'GMP. A decrease in intracellular cGMP resdts in closure of the 

cGMP gated cation channels (Shuster & Farber, 1986). Missense and nonsense 

mutations in the a and subunits of PDE have been associated with autosomal recessive 

retinitis pigmentosa (Bayes et al., 1995; McLaughlin et al., 1993) (Danciger et al., 1995; 

Huang et al., 1995; Saga et al., 1998). 

The cGMP cation gated channel is itself composed of a, p and y subunits and a 

mutation in the a subunit has been associated with autosomal recessive retinitis 

pigmentosa @ryja & Li, 1995). Intracellular cGMP is regenerated by membrane bound 

and soluble guanylate cyclases (Coccia & Cote, 1994). Both rods and cones use the same 

guany late cyclase (Liu et al., 1994b) and a homo y gous null mutation bas been 

associated with Leber congenital amaurosis (Perrault et al., 1996). These proteins are 

regulated by guany late cyclase activating proteins (GC APs). A mutation in GC AP 1 A has 

been associated with autosomal dominant cone dy strophy (Payne et al., 1 998). Closure of 

cGMP gated cation channels results in a transient hyperpolarization of the photoreceptor 

plasma membrane reducing the calcium influx at the synaptic terminal which reduces the 



glutamate neurotmsmitter release. Glutamate h ib i t s  postsynaptic neurons and its 

absence facilitates the propagation of the signal through the r e h  

The visual cycle is tenninated by the phosphorylation of rhodopsin at multiple 

serine/threonine residues at its C terminal end by rhodopsin kinase (Palczewski et al., 

1992). Phosphorylated rhodopsin retains some of its residual activity, but this activity is 

inhibited upon binding of arrestin. Arrestin binds the phosphorylated form of rhodopsin 

and sterically hinders the accessibility of transducin (Gurevich & Benovic, 1993; 

Palczewski et al., 19%; Puig et al., 1995). Nul1 mutations in arrestin and rhodopsin 

kinase cause Oguchi disease, a fom of night blindness. (Cideciyan et al., 1 998; Fuchs et 

al., 1995; Yamamoto et al., 1997). Transducin and phosphodiesterase subunits 

reassociate whea GTP is hydrolyzed to GDP by the intrinsic GTPase activity in 

transducin a subunit. 

Retiiial degenerations affecthg structpnl integrity of the photoreceptor 

Recently, genes that encode structural proteins have been identified that are 

associated with photoreceptor degeneration. These include, among others, two related 

transmembrane proteins, ROMl and peripherin. These two homologous proteins interact 

with each other and are localized at the rod and cone outer segment disk nms and are 

thought to maintain the outer segment integrity (Arürawa et al., 1992; Bascom et al., 

1993; Comelidé Molday, 1990; Moritz & Molday, 19%). Mutations in peripherin bave 

been associated with cone-rod dystrophy and autosomal dominant retinitis pigmentosa 

(Kohl et al., 1998). Mutations in ROMl have k e n  more difficuit to interpret. There is no 

strong evidence that mutations in ROMl alone cause disease in man, but ~oml" mice 



--z- -- - have been shown to have disorganised md outersegments and slow photoreceptor ce11 

death beginning at two months of age (Clarke et al., 2000a). There is evidence that a 

mutation in one allele of ROM1 in conjunction with a specific mutation in peripherin 

(L 185P) can lead to retinitis pigmentosa (Goldberg & Molday, 1996). 

There are other genes with broader tissue expression that have been associated 

with photoreceptor degeneration. Myosin VIla is an atypical myosin that localizes to the 

connecting cilium between the inner and outer segments of photoreceptors, the inner and 

outer hair cells of the cochlea, the apices of the retinal pigment epithelial cells, kiâney, 

luag and testes. Mutations in myosin VIIa have been associated with Usher syndrome 

type 1, characterized by profound congenital deafness, areflexia and progressive retinitis 

pigmentosa (Moller & Odkvist, 1989; Weil et al., 1995). It is believed that photoreceptor 

death, due to Myosin VI1 mutations, occurs fkom cytoskeletal abnormalities in the 

comecting cilium of photoreceptor cells. 

Usherin, cloned by Eudy et al., (Eudy et al., 1998) has been associated with Usher 

syndrome type II, and is characterized by moderate to severe sensorheural hearing loss 

and progressive retinitis pigmentosa (Adato et al., 2000; Dreyer et al., 2001 ; Weston et 

al., 2000). The role of ushenn in the photoreceptor is not well understood, but the 

possession of laminin epidermal growth factor (EGF) and fibronectin type II domains 

suggest that it may be a potential extracellular ce11 adhesion molecule or a matrix protein 

(Eudy et al., 1 998). 

Crumbs is a protein cloned in D. meIunoguster and mutations in its human 

homologue, CRB 1, have ken associated with RP 12, a severe form of autosomal 

recessive cetinitis pigmentosa CRI3 1 expression is restricted to neural tissues, being 



-...a- A- - detected only in the brain and retins @en Hollander et al., 1999). The role of CRI3 1 is 

not known. Based on the presence of 19 EGF-lüce domains, 3 laminin A G-like domains, 

and one C-type lectin domain together with CO-localization studies of the D. 

melanogaster homologue, it has been speculated that CRBl may be involved in cell-ce11 

interactions and in the maintanace of polarity (den Hollander et al., 1999; Wodan et al., 

1995). 

The rd mouse model 

For many decades, basic research on inherited retinal degenerations was largely 

based on severai animal models, most of them onginating h m  spontaneous mutations 

(HafeP et al., 2000). In the study of human autosornai recessive retinitis pigmentosa, the 

rd mouse has been the most extensively used animal model, until the arrivai of gene 

targeting technology. The autosomal recessive rd mutation l ads  to rapid ce11 death of 

rod photoreceptor cells, with degeneration progressing f?om the central region towards 

the peripheral retina (Figure 2-1) (Sanyal & Jansen, 1989). Rod photoreceptor cells 

begin to degenerate at P8 and by Pl 7 only 2% remain. Most rod photoreceptors are 

absent by P36 and al1 are absent by week seven. Cone photoreceptors have a slower rate 

of degeneration, 75% of cones remah at P17, and 1.5% of cone nuclei can still be 

detected at 1 8 monlhs (Carter-Dawson et al., 1978). The.rd mouse exhibits impaired 

enqmatic hc t i on  in cGMP phosphodiesterase due to a nonsense mutation leadhg to 

the accumulation of cGMP and dtimately rod photoreceptor ce11 death (Bowes et al., 

1990; Farber & Lolley, 1976). 
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Figlue 1 3 :  Cornparison of wt and rd mouse retina sections. 
Complete degeneration of the outer nuclear layer is apparent in the rd retina at P30. 
(Reproduoed h m  Lem et al.. 1992) 



The rd mouse mode1 provides a meam to evaluate the effects of the loss of 

photoreceptor cells in the retina. During P26-36 in the rd retina, there is no detectable 

loss of imer nuclear layer or ganglion ceii layer nuclei, although 99.9% of the rod 

photoreceptors have undergone apoptosis (Figure 2- 1 )(Carter-Dawson et al., 1 978), but 

there is evidence that the h e r  nuclear newons require healthy photoreceptors for normal 

development. Strettoi identified abnormal development of dendritic arborizations in the 

outer plexiform layer as early as P10, and confirmed that adult rd bipolar cells 

completely lack dendrites (Strettoi & Pignatelli, 2000). These fmdings corroborate 

observations where it was noted that synaptogenesis in the OPL ceases in the second 

postnatal week (Blanks et al., 1 974). 

Along with struchual changes to the inner nuclear neurons, the expression pattern 

of specific genes are altered. Pm6 expression wss noted to be increased two fold in the 

rd retina compared to the wt C57BL/6 retina at P20 and exhibits a more difise protein 

distribution (Jones et al., 1998b). In the normal retina, Pm6 is associated with neuronal 

differentiation (Chow et al., 1999; Collinson et al., 2000) and it was poshilated that the 

elevated level may reflect retinal reorganization in response to the photoreceptor ce11 

death (Jones et al., 1998b). One of the target genes of Pm6 is aB-crystalin, which has 

been associated with stress induced chaperonin fiinction and is also upregulated in the rd 

retina (Jones et al., 1998a). The rd mouse is an excellent mode1 to explore many 

biological questions, and 1 propose to implement it in a broad differential screen to 

identim photoreceptor-specific genes withh the retins. 



WeFview of semningstrategk to identity candidate genes for IRDs . 

There are two broad approaches to identa genes associated with monogenic 

diseases. One method is to use positional cloning to obtain candidates genes for 

mutational analysis. The ability to map the disease locus and n m w  down the 

chromosomal interval is dependent on the number of afTected individus. In the case of 

inherited retinal degenerations, this process is markedly complicated by genetic 

heterogeneity . 
The second strategy is to use a functional candidate gene approach. The objective 

of this strategy is to identify genes expressed in the affected tissues or cells such as in this 

case, photoreceptor cells), and characterize their expression profile. This approach is a 

global strategy to identify genes that are important to the fiction of the respective tissue 

and does not require direct investigation for a specific disease-causing gene. 

Involvement in disease cm subsequently be assesseâ when candidacy is supported by 

functional biology. This approach has k e n  used successfully by the M c I ~ e s  lab, leading 

to the identification of ROM 1 (Bascom 1992), CRX (Freund et al., 1997) and Chxl O (Liu 

et al., 1994a). Each involved screening retinal cDNA libraries. 

cDNA libraries cm be stratified to increase the likelihood of clonhg desired 

genes. In representative libraries, the abundance of the cDNAs reflects the abundance of 

the mRNAs in a cell. This is advantageous if a gene is expressed at relatively high levels 

and a gene specific probe is being used. If however, the gene has a low level of 

expression, one must screen a large nurnber of clones, which is labour intensive. 

Normaüzed libraries have near equal fkquencies of each mRNA population usu ly  

within a single order of magnitude (Soares and Bonaldo, 1998). The advantage of using 



-- - - this type of library is that the range of redundancy is limiteci. However the kinetic 

methods used to achieve this 'nonnalization' can result in elimination of rare clones 

while other abundant clones may not be efficiently eliminated. Normalization is also 

very efficient at reducing the number of repetitive sequences including A h  elements, 

which are abundant in directionally cloned human libraries (Lin & Sargan, 1997). 

Web bard tools and DNA sequence inventories 

The first step in establishing the candidate status of a cloned cDNA is to analyze 

its DNA sequence. There are a wide variety of computer based twls to help. BLAST 

(basic local alignment sequence tool) is an alignment algorithm that can be useci to 

compare novel sequences with previously cloned genes, providing important isights into 

identity and homology (Altschul et al., 1998). This tool can be used to search one of the 

most commonly used divisions of GenBank, the non-redundant (nr) database, which 

combines data h m  several sources while minimizing the redundant sequences. The nr 

nucleotide database is only one of sixteen divisions of GenBank; searches of additional 

databases such as the expressed sequence tag dBESTand high throughput genomic 

sequences (HTGS) databases can give information about the expression profile and 

genome map location respectively (Benson et d., 2000). The UniGene database 

containes clustered sets of nucleotide sequences h m  the EST database (Wheeler et al., 

2000) aligned by sequence overlap enabling assembly of longer composite sequences that 

correspond to gene tnurscripts. 

When a coding region has been identified, its preûicted translateci amino acid 

sequence cm be compared with protein sequence databases. Pmtein alignments, as 



compared to DNA sequence alignments are almost always more sensitive at identifying 

related sequences, as amino acids have chernical characteristics diat c m  be converted to 

functions of similarity (Pearson, 1998), while the cornparison of DNA sequences is based 

on the assessrnent of identity versus non-identity. 

There are different approaches to perfomillig protein alignments. The TBLASTP 

tool translates a nucleotide sequence and compares the output with the SWISS-PROT 

database. This is ideal for identiQing related proteins. If related proteins do not exist in 

the database, but partial matches exist, interpretation of the results cm be dimcult 

(Hoûnann et al., 1999). Proteins may have different domain arrangements and 

identifying regions of homology by 'consensus' domains is often a more sensitive 

method for identifjhg structural or functional elements. The Prohm database was 

designed for this purpose (Corpet et al., 1999; Sonnhammer & Kahn, 1994). Multiple 

aligned domain sequences are used to search for similarity to a specific query. The Pfam 

database has been constructed fkom the annotated RoDom domains and assigns higher 

values for more conserved residues thereby giving significant scores even for distantly 

rrlated sequences (Sonnhammer et al., 1997; Sonnhammer et ul., 1998). These web- 

based tools provide for rapid evaluation of large numbers of cloned cDNAs and were 

applied to the initial sequence analysis of the putative photoreceptor specific cDNAs. 



CHAPTER 2 

Identification of putative photoreceptor-specific genes 



Introduction 

Photoreceptor cells are the most specialized neurons in the mammalian &na, and 

are responsible for phototransduction initiation. The majority of genes associated with 

retinal degenerations are expressed specifically in the photoreceptor cells. To identie 

novel candidate IRD genes, we have designed a differential screening strategy to clone 

genes that are photoreceptor-specific. We arrayed 40,000 cDNAs fkom a normalized 

human retinal cDNA Library ont0 25 hi&-deasity retinal cDNA filters (1536 

clonedfilter). As a pilot study, one filter was probed with P26-36 wild type (wt) 

CS7BUdByJ and retinal degeneration (r& C3WHeJmouse total retinal cDNA probes. 

The rd mouse has a spontaneous mutation in the cGMP phosphdiesterase subunit, 

which leads to r d  photoreceptor degeneration within thirty days after birth (Carter- 

Dawson et al., 1978). Clones detected by the wild type probe, but not by the rd/' probe, 

are putative photoreceptor-specific within the retina. 

The pilot study of one filter identified 145 cDNAs that hybridized to the wild type 

but not the rd/' probe. These putative photoreceptor-specific cDNAs were partially 

sequenced and compared with the non-redundant (nr), dbEST and UniGene databases of 

Genbank (Altschul et al., 1997; Schuler, 1997). From sequence alignments, the cDNAs 

were sorted into four categories; Known, EST, Novel, and Uninformative. 

To evaluate the efficiency of the screen, clones from each of the four categories 

were M e r  characterized. This chapter reports the results of the pilot screen. 



-- -- - -  Materials and Methods 

Construction of high-density filter library arrays: 

40,000 clones fiom a normalized human retinal cDNA library N2b4HR and 

N2b5HR (Bonaldo et al., 1996) were randomly picked and maintained individually in 96 

well tissue culture plates in media consisting of 100 pghl  ampicillin, LB, and 15% 

glycerol (wh). One high density array was prepared in duplicate using a Biomek 1000 

robot which spotted cells ont0 the surface of a Hybond N nylon membrane (Amersham) 

overlaying a LB + 1 % agarose plate containing 100 kglm1 of ampicillin. The membranes 

were incubated ovemight at 37OC. Colonies were lysed and membranes were treated 

according to the manufacturer's directions. The plasmid DNA was cross-linked to the 

membrane by UV radiation and ce11 debris was removed using tissue paper soaked in 2x 

SSC with 0.1% SDS. Filters were then washed at room temperature in 2x SSC with 0.1% 

SDS, followed by a 2x SSC wash to remove excess SDS. 

Evaluation of libra y normalization 

Radiolabeling 

Inserts of individual control cDNA plasmids (Table 2- 1) were liberated by 

endonuclease digestion using the appropriate enzyme, resolved on a 1 % agarose gel, and 

purified using QiaEx II beads (Qiagen). 40-100 ng of DNA insert was labeled as 

described (Feinberg & Vogelstein, 1983) with d 2 p  dCTP using random hexarnes. The 
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labeled DNA was purified with a TE equilibrated GSO-150 Sephadex spin column 

(Pharxnacia) and quantitated with a Beckman LS6500 scintillation counter. 

Table 2-1 : Probes used for normalization assay 

Gene 

Red onsin 

- - - -  

Rhodopsin 1 B R ~  1 0.54kb 1 Our laboratory 
' Johns Hopkins University School of Medicine Dept. of Molecular Biology & Genetics 

. . .  

hWC18 
a-cone transducin 

, ROM1 
CHXlO 
CRX 

Room 804 PTB 725 North Wolfe Street Baltimore, Maryland 21205 
' Depamnent of Pediatrics Molecular Biology and Genetics Johns Hopkins University, HHMI PCTB 802, 
725 North Wolfe Street BALTIMORE, MARYLAND 2 1205 -2 18SU.S.A. ' Howard Hughes Medical Institute, Box 357370, University of  Washington, Seattle WA 98 195-7370 

Restriction 
site 
EcoRI 

Hybridization conditions 

Membranes were pre-hybridized for 3-5 hours at 42OC in 10 ml of 

prehybridization solution which consisted of 50% formamide (v/v), 1% SDS (w/v), 1 M 

NaCl and 0.1 5 mghl  sheared salmon spem DNA. Following pre-hy bridization, 1 x 1 06 

cprn/rnl of probe was added to each bottle containing 10 ml of hybridization solution 

(identical to the pre-hybridization solution except for the addition of 10% (wh) dextran 

sulphate). Membranes were allowed to hybridize to the probe at 42OC for 14- 1 8 hours. 

Following hybridization, the membranes were rinsed twice for 15 minutes with 2x SSC 

and once with 0 . 2 ~  SSC at 42OC. The membranes were then exposed to X-OMAT AR 

EcoRI 
EcoRI 
Pst1 
HincII 
EcoRi 

Insert size 

1.3kb 

Source 

Dr. Jeremv ~athans '  
1.7kb 
1.9kb 
0.8kb 
2.6kb 
1 ,Okb 

Dr. David vallez 
Dr. James ~ u r l e y ~  
Our laboratory 
Our laboratory 
Our laboratorv 
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A (Kodak) film with a cronexR lightning-plus intensifjhg screen (Dupont) at -70°C 

ovemig ht. 

RNA extraction and northern blot transfer 

To prepare RNA, mice were sacrificed by ceNical dislocation and the appropriate 

tissues were dissected in ice cold DEPC-treated l x  PBS (137 rnM NaCl, 2.7 mM KCI, 

4.3 mM Na2HP04.7H20, 1.4 mM KH2P04). Total retinai RNA was isolated from tissues 

using TRIzol Reagent (Gibco BRL). The RNA concentration was deterrnined by 

spectrophotometry and a 20 pl volume containing 10 pg of total RNA, 6.6% 

formaldehyde, 50% formamide and l x  MAE (0.04 M MOPS pH 7,0.01 M Sodium 

acetate, 0.001 M EDTA ) was denatured at 60°C for 10 minutes. The mixture was 

combined with 2 pl of RNase-fiee loading dye to a final concentration of 0.05% 

Bromophenol Blue, 0.05% Xyanol Blue, and 6% glycerol. Al1 samples were resolved on 

a 1% agarose gel containing 6.2% formaldehyde, lx MAE and 0.1 pglml ethidium 

bromide in 1 x MAE electrophoresis b d e r  at 35V for 14 hours. The gel was then 

destained in DEPC treated water for 2-4 hours and photographed. The gel was 

transfened overnight by capillary action with RNase-free 10x SSC ont0 a Hybond N 

nylon membrane (Amersham). The next day, the wells were marked with a pencil and the 

RNA was immobilized to the membrane by W cross-linking. 

Northern hybridization conditions 

Membranes were pre-hybridized for 3-5 hours at 42°C in 10 ml of 

prehy bridization solution which consisted of 3x SSC, 40% formamide (v/v), 10x 



Denhardt's solution, 0.1 5 mglm1 sheared salmon sperm DNA, 1 % glycine (wlv), and 50 

mM sodium phosphate b a e r  (pH 7.0). Following pre-hybridization, 1x106 cpmhl of 

probe was added to each bottle containing 10 ml of hybridization solution (3x SSC, 40% 

fornamide (vh), 10x Derihardt's solution, 0.1 5 m g h l  sheared salmon sperm DNA, 1 % 

glycine (wlv), 50 m M  sodium phosphate bufTer (pH 7.0) and 10% dextran sulphate 

(w/v)). The filters were incubated with the labeled probe at 42OC for 14- 18 hours. 

Following hybridization, the filters were rinsed twice for 15 minutes with 2x SSC and 

once with 0 . 2 ~  SSC at 42°C. The filters were then exposed to BioMaxMS (Kodak) film 

with a TransScreen HE (Kodak) intensifying screen at -70°C for 24-48 hours. 

Generation of total mouse retinal cDNA probe 

Animals were sacrificed by cervical dislocation and total retinal RNA was 

isolated fiom P26-P36 day old C57BW6ByJ (+/+) and C3WHeJ (rd-/-) mouse retinas 

using TRIzol Reagent (Gibco BRL). Fust strand cDNA was synthesized from 5 pg of 

total retinal RNA and 0.5 pg of oligo d(T) primer, using Superscript 11 reverse 

transcriptase as described by the supplier (Life technologies, Inc.) and treated with 1 pl of 

RNaseH (1 Uhl) at 37OC for 45 minutes. The reaction was ethanol precipitated twice, 

resuspended in ddH20, and al1 of the cDNA was labeled with a32~ dCTP using random 

hexarners as described above. 

Hybridization and washing conditions of bigh density membranes 

High-density membranes were pre-hybridized overnight at 42°C in a volume of 

10 ml. The pre-hybridization solution consisted of 3x SSC, 40% formamide (v/v), 10x 



Denhardt's solution, O. 1 5 mgmi sheared salmon spem DNA, 1 % glycine (wlv), and 50 

m M  sodium phosphate buffer @H 7.0). Following pre-hybridization, 1 x 1 o6 cprn/d of 

probe was added to each bottle containing 15 ml of hybridization solution, which was 

identical to hie pre-hybridization solution except for the addition of 10% dextran sulphate 

(w/v). Membranes were allowed to hybridize to the wt or r d -  probe at 42'C for 18 

hours. Following hybridization, the membranes were briefly rinsed twice with 2x SSC 

and once with 0 . 2 ~  SSC at room temperature. Additional washes were performed once 

with 200 ml of each preheated solutions A, B, then C, at 6S°C for 1 hour each in 

hybridization bottles with gentle rotation. Solution A contained t M NaCl, 50 m M  Tris- 

Cl (pH 8.5), 2 mM EDTA, and 1% SDS. Solution B consisted of 0.5 M NaCl, 50 m M  

sodium phosphate b a e r  (pH 6.5), and 0.5% SDS. Solution C was composed of O S  M 

NaCl, 50 m M  sodium phosphate bufYer (pH 8.5), 2 mM EDTA, and 0.5% SDS. 

Following the washes, the filters were briefly rinsed with 2x SSC at room temperature to 

remove excess SDS. The filters were then exposed to BioMax MS (Kodak) film with a 

TransScreen HE (Kodak) intensiQing screen for 92 hours at -70°C. 

Semi-quantitative RT-PCR with CkxlO and Rom1 specific primers 

Retinal cDNA was generated fiom the same RNA pool used for the differential 

screen with the same protocol used to generate the complex probe. The cDNA was 

subjected to amplification with Taq DNA polymerase using ChxlO and Rom 1 specific 

primers. The 50 pl reaction mixtures contained 0.5 of the wt or r d -  cDNA, 200 ng of 

each primer (Chxl OHDF and Chxl OHDR or MSFl and MSF2 (Table 2-2)), 200pM of 

each dNTP, 10 m M  Tris-HCl pH 8.0, 50 mM KCl, 0.01% gelatin, 1.5 rnM MgC12 and 8 
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ng BSA. The mixture was then heaied to 98°C for 10 min, and cooled to 80°C prior to 

the addition of 1 pl (10 U) Taq DNA polymerase. The 35 thermal cycles consisted of 

98OC for 45 s, 58OC for 1 min, and 72OC for 2 min. 7 pl aliquots were removed at 19,23, 

25,27,30,3 5 cycles. The bands were resolved on a 1 % agarose gel with 1 X TAE buffer 

(modified fiom Superscrip II reverse hanscriptse protocol (Life Technologies Inc.)) 

Sequence analysis of clones 

Putative photoreceptor-specific clones were picked from the library and 

inoculated into two 96 well plates containhg LB medium with 100 pg/ml ampicillin 

(Soares and Bonaldo, 1998). The clones were renamed with the prefix "MP" together 

with their coordinates in the two 96 well plates. This nomenclature will be used 

throughout. The one exception was arrestin which retained its original library name 

because it was omitted fiom the Mi? cohort, but was included in the analysis. The 

microtiter plates were grown ovemight at 37OC with gentie shaking. Individual clones 

were used to inoculate 5 ml LB + 1 00 pghl ampicillin cultures that were grown over 

night at 37°C. Plasmid DNA was isolated according to the QIAprep Spin plasmid Kit 

protocol (Qiagen). 1 pl of isolated plasmid DNA was separated on a 1% TAE agarose 

gel with 0.1 @ml ethidium bromide to visually estimate the concentration by 

cornparison to known amounts of bacteriophage A digested with HindIII (Life 

Technologies inc.). DNA sequencing was perfomed by The Core Molecular Biology 

Facility (York University, Toronto, Canada) and the Center for Applied Genomics 

(Hospital for Sick Children, Toronto, Canada). Al1 clones were initially sequenced using 

the T3 primer, which corresponds to the 3' end of most cDNAs in this library. The 



partial sequences genemted varying fiom 400 bp to 1 kb were filtered using 

RepeatMasker2 (http://flp.genome. washington.edu/tmp/) and then compared with the nr, 

dbEST, UniGene databases. cDNAs with no database matches to the T3 partial sequence 

were subjected to a second round of sequencing with the T7 primer. These sequences 

were then analyzed as outlined above. Clones with no matches from either T3 or T7 

sequences were grouped together in the 'Novel' category. Clones that aligned with 

sequences in dbEST were placed in the 'EST' category. Clones that aligned with the 

sequences of known or predicted genes were labeled as 'Known'. Clones that could not 

be sequenced or contained only repetitive sequences fiom both ends were labeled as 

'Uninformative', 

Cot-1 hybridization 

Human High Molecular Weight Cot-1 DNA (Life Technologies) was labeled with 

[d2p] dCTP as described for the cDNA in the differential hybridization protocol. A 

double stamped high-density filter spotted with MP cDNAs was pre-hybridized ovemight 

at 42°C in 10 ml of pre-hybridization solution. The pre-hybridization solution consisted 

of 3x SSC, 40% formamide (v/v), 10x Denhardt's solution, 0.15 mg/ml sheared salmon 

spem DNA, 1 % glycine (wh), and 50 mM sodium phosphate buffer (pH 7.0). 

Following pre-hybridization, 1 x 1 o6 cpm/ml of probe was added to the bottle containing 

10 ml of hybridization solution, which was identical to the pre-hybridization solution 

except for the presence of 10% dextran sulphate (wfv). The next day, the filter was 

washed twice in 2x SSC and once in 0 . 2 ~  SSC for 15 minutes at 42OC, and finally in O. I x 



--A--- - SSC with 0.1% SDS at 6S°C for 1 h. The filter was then exposed to X-OMAT AR film 

(Kodak) overnight at -70°C. 

Assessment of Alu-sx abundance in selected iibmries. 

The nucleotide sequence of the Ah-sx element isolated fiom MP2A 12 clone was 

compared to the MP cohort of clones as well as to libraries 178, 180 and 162 in the 

UniGene database (htt~://www.nc bi .nlm.ni h.eovRlniGene/l browse.c~i?ORG=Hs~using 

the BLAST algorithm. Sequence homology was considered if expect values were greater 

than 4x e-004. Library 178 is the normalized retinal cDNA library (N2b4HR) used for 

our differential hybridization (constnicted by Bento Soares and M. Fatima Bonaldo). 

Library 1 80 was generated by Clontech and contains normalized human fetal brain 

cDNAs. Library 162 contains representative female infant br in  cDNAs (constructed by 

Bento Soares and M. Fatima Bonaldo). 

Analysia of insert size and coding regioa in selected clones 

The insert size of a subset of 30 Kwwn, EST, Novel and Uninformative clones 

was detemined by PCR using; 40-100 ng of miniprep DNA, 200 ng of each T3 and T7 

primer, 200 pM of each dNTP, 10 mM Tris-HC1 pH 8.0, 50 rnM KCl, 0.0 1 % geiatin, 1.5 

mM MgC12, 8 ng BSA heated to 98OC for 10 min and cooled to 80°C prior to the addition 

of 1 pl (10 W) Taq DNA polymerase, followed by 35 thermal cycles consisting of DNA 

denaturation at 98°C for 45 s, primer annealing at 5S°C for 1 min, and DNA synthesis at 

72OC for 2 min. The T3 sequence of each Known cDNA was aiigned with the 

correspondiq full length or near fidl length mRNA sequence retrieved fkom GenBank 

using seqwncherTM software to determine the extent of coding and 3' UTR sequence. 
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This information, in addition to the data fiom the PCR reactions, allowed an approximate 

estimation of the amount of coding sequence in each Known cDNA clone. This data was 

then used to evaluate the sensitivity and specificity of cross hybridization between the 

mouse retinal probe and the human retinal cDNA library. 

Analysis of ~lccted Novel and EST clones 

Novel clones that contained a conserved polyadenylation signal AATAAA, 20- 

100 nucleotides upstream of the polyadenylation tail, and selected EST clones were fully 

sequenced and analyzed through sequencherTM 3.0 (Gene Codes Corporation 8 1  995) to 

detect open reading fiames (ORFs). To c o n f i  the presence of individual genes in 

human retina, RT-PCR was performed. Fust strand cDNA was synthesized as described 

for the total probe with 5 pg of total rethal RNA. The PCR reaction conditions used to 

generate 150-700 bp gene specific fragments with 1 pl of human retinal cDNA template 

were; 200 ng of each primer, 200 pM of each dNTP, 10 mM Tris-HCI pH 8.0,50 mM 

KCl, 0.01% gelatin, 1.5 m M  MgC12, 8 ng BSA heated to 98°C for 10 min and cooled to 

80°C prior to the addition of 1 pl (10 U) Taq DNA polymerase, followed by 35 thermal 

cycles consisting of 98°C for 45 s, 55°C for 1 min and 72°C for 2 min, followed by a 10 

min extension at 72°C. The primer sequences used to amplify the individual clones are 

listed in Table 2-2. 



Table 2-2: Primer pairs used for RT-PCR 
-A -- - - -ka 

Results 

Control for the normalization of the librrry 

The human retinal library was normalized by Bento Soares as descrihed by 

Bonaldo et al., (1 996). Before we initiated our differential hybridization screen, it was 

important to first determine the degree of normalization to ensure that a sufficient number 

of cDNAs would be sarnpled. Twenty-five high-density library filters were probed with 

seven known human retinal genes. The freguency of the clones within the normalized 

library was compared with their respective abundance documented in the literature (Table 

2-3). The degree of normalization obsewed ranged between 6 fold to 15 fold and the 

mean reduction was 9.922.7 (mean 2 SD). Rhodopsin, the most abundant retinal -A, 

was 8.3 fold reduced in our library (Table 2-3). 

Verifïcation of the wt and rd retinal RNA 

To idente  photoreceptor-specific genes by dflerential hybridization, wt and rd/' 

mouse retinal cDNA probes were used. Between pst-natal days 26-36, approximately 

99.7-99.9% of the rod photoreceptors have degenerated in the rdk mouse, while the 
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remainder of the neworetina remains morphologically intact (Carter-Dawson et al., 

1978). Therefore, within this t h e  fiame, the rd" retina is relatively devoid of 

photoreceptor mRNAs. Figure 1-2 depicts comparative light micrographs of wt and rd/' 

retinal sections at P30. The morphology of the rd" retina when compared to the wt at the 

same age is similar, except for the degeneration of the photoreceptor layer (Lem et al., 

19%). 

To corroborate the published information, retinal RNA extracted between P26- 

P36 was assayed by David Ng for the presence of rhodopsin mRNAs. A wt and rd" 

northem blot was probed with mouse rhodopsin, and transcripts were detected in the wt 

hurnan and mouse lanes but not in the rd/' lane (Figure 2-1). To assess the integrity of 

the inner nuclear (IN) layer and ganglion ce11 (GC) layer of the r& and wt retina, an 

aliquot of the same RNA preparation was subjected to semiquantitative RT-PCR with 

ChxlO and Rom 1 specific primers. ChrlO, an adult IN layer specific marker (Liu et al., 

1 994a), was detected in both samples at approximately the same level, while Rom 1, a 

photoreceptor-specific marker (Bascom et al., 1993), was readily detected at cycle 23 in 

the wt sample. A small amount of Rom1 PCR product could be detected only with 35 

cycles in the rd/' sample (Figure2-2). 

Differential Hybridization 

M e r  assaying for library normalkation, two replica filters were probed with wt 

and r d -  retinal cDNA probes. Of the 1,536 retina cDNA clones present on the filter, 266 

hybridized to the wt probe. Of these 266 clones, 145 did not hybridize with rd/- retinal 



Figure 2-1: A retinal northern blot probeci with bovine rhodopsin cDNA. 
Total RNA of wt and r&- mouse and wt human retina were separated by 
denahving foddehyde pl shown siaineci with cthiâiurn bromide in the left panel. 
The autoradiogram generateâ with labeled bovine rhodopsin cDNA is shown on the right. 
The multiple bands shown in the wt mouse and human lanes correspond to individual 
mRNAs generated h m  multiple polyadenylation sites. 
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Figure 2-2: RT-PCR of Roml and Ch10 Erom the rd and wt mouse retina RNA. 
cDNA generated from P26-P36 rd and wt mouse retina RNA was amplified using 
Roml and C M 0  specific primers. 7pl aîiquots were taken at cycles 19,23,25,27,30 
and 35 and resolved on a 1% agarose gel. 



Figure 2-3: Sample of tesults of the differential hybridization. 
Autodiognuns of duplicate high density filter arrays pmbed with wt and 
rd -/- retinal cDNA probes are show n on the left and nght panels, respective1 y. 
The blue arrows indicate putative photoreceptor-specific clones. 
The green m w s  indicate cDNAs which hybridized oaly to the rd/- probe. 



cDNA probe and were tentatively assigned as photoreceptor-specii';= in their retind 

expression. Figure 2-3 shows samples of the radiographs produced fiom the 

hybndization. Appendix 1 lists ail the putative photoreceptor-specific clones. Only three 

genes were identified more than once; 2-amino-3-ketobutyrate-coA ligase (MP2D6 and 

MPHlO), an EST with restricted expression (MP2B6 and MP2B8), and Rab2. 2amino- 

3-ketobutyrate-coA ligase and the EST were both represented by two cDNAs, while 

Rab2 was identified 9 times. The nine Rab2 cDNAs were composed of three independent 

clones as determined by restriction endonuclease digestion (data not shown). 

This result provided further evidence that the nomaiization of the library had been 

effective. 

Estimation of specificity 

From our partial sequencing, we directly detected Alu elements in 50 clones 

(Appendix 1) representing -35% of al1 the clones identified. A h  repetitive elements 

were found in 20% of the Known genes, 4 1% of EST clones, and 64% of the novel 

clones. There is a broad distribution of the different Alu family members with no specific 

family member bias (Table 2-4). 

To determine if Alu-only inserts were preferentially propagated in the library, ( A h  

length is - 300 bp) the inserts of 30 randomly selected clones were arnplified. The 

average insert size was detemiwd to be 1.64 20.34 kb (mean 4 SD). 

To estimate the total number of clones containing the A h  repetitive element, 1 

pro bed a filter containing the putative photoreceptor-specific clones with labeled Cot- 1 



--------- - Ta6;E Z4 Occurrence ofATi famiry etemënts in the cDNAs 
Alu farnily # of clones % of 145 PRS clones 

Two or more Alus 8 5 .5 
Total 49 33.7% 

Alu sub-family designations were assigned according to Repeahnasker designations 
(httpl/@.genome. washington.edulRM/RepeatMasker.htmI) 



DNA. Of the 145 PRS clones, 71 (50%) were detected by the Cot-1 probe and have been 

designated by the letter R in Appendix 1. 

We also compared the fiequency of the Alu repetitive elements in our library to 

three control libraries downloaded fiom the UniGene database. The frequency of Alu 

containing clones was calculated using the number of clones with significant identity to 

Alu-sx element in the numerator over the total number of sequence reads present in the 

library. This approach was used rather than using the total number of clones sequenced, 

because it would have been too labour intensive to identify and distinguish the clones 

with both T3 and T7 sequence reads. Using this method, the fiequency of the A h  

repetitive elements within the 145 clones was -1 8% which represents a 4.5 fold increase 

over the abundance of Alu containing clones fiom the starting NZb4HR library (library 

178) randomly sampled by NCBI (-4% A h  abundance). Two additional libraries were 

analysed for Alu abundance. A Clontech nomalized fetal brain library had 1% A h  

abundance (library 180) and a representative fetal brah library had 5.8% Alu abundance 

(library 162). These findings indicate that there was a selection bias towards Alu- 

containing cDNAs in our screen. 

To determine if the clones were identified due to conserved coding region, a 

sample of 14 known clones were analyzed for the presence of a coding region as 

extrapolated fiom the partial sequence and aligned gene sequence. Al1 14 clones 

contained 400 bp or more of coding region and five of them contained a repetitive 

element (data not show). These flndings suggested that cDNAs in the Known category 

of clones were identified due to homology in the open reading frame segments between 

the murine probe and human cDNA library. 



Summary of Screeo results 

The screen identified 145 putative photoreceptor cDNAs that were compared to 

the NCBI dbEST, non-redundant, and UniGene databases. Based on the alignments with 

these databases, the cDNAs were classified as Known, EST, Novel and Uninformative. 

There were 58 Known, 58 EST, 18 novel and 1 1 Uninformative clones identified 

(Appendix 1). Furthemore, clones in the Known and EST classes were subdivided into 

housekeeping, restricted and retina oniy categories based on their dbEST and UniGene in 

silico expression profiles. The clones were also subdivided based on presence or 

absence of repetitive elements; 50 of the 145 clones possessed an Alu element based on 

sequencing . 

Known clones 

The screen identified 58 cDNAs corresponding to known genes and predicted 

ORFs (Table 2-5). From my sequence analysis, 14 clones contained an A h  element and 

are distributed into three functional categories; signal, metabolic and unknown and are 

listed in (Table 2-5). 

Of the remaining 44 clones, two encode photoreceptor-specific genes: rhodopsin 

(MPDB) and arrestin (PR7A9). lncluding the two photoreceptor-specific genes, 8 

cDNAs have been detected in ten or fewer tissue-specific libraries and were categorized 

as havhg restricted expression pattern. The remaining 36 clones were classified as 

housekeeping as they appeared in a large number of tissues. For the non-Ah containing 
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Vacuolar rorting protein 
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Legend: Non-Rfu containing clones are highlighted in Md. The clone number h m  o w  original arrayed 
library (N2bSHR) is given in the PR column while the clone name assigned to the putative PRS clones, is 
given in the MP column. Accession corresponds to UniGene clusters or EST accession nurnbers. 
The number of libraries of different tissues in which the cDNA was dctected are given in the Tissues 
column. (Clones detccted in different libraries prepared h m  the same tissue were counted only once). 
Function i n d i m  the kmwn or predicted d e  of the protein. Mapping locus indicates the map position as 
detennined fiom the UniGene database. 



clones, the largest category consisting of 17 genes corresponding - to signal transduction 

cDNAs of which five genes have a restricted expression pattern based on the dbEST. A 

second category of 1 1 clones was involved in vesicle transport, of which nine represent 

Rab2. Four cDNAs correspond to genes with a metabolic function. Three widely 

expressed genes; Histone macroH2A1.2, generai transcription factor 11-1 and Integrase 

interactor 1 b protein yielded a categoty that could be described as DNA and RNA 

binding (Table 2-5). The structural category has one gene in it; gamma tubulin complex 

protein 2 (MPEZ), which is thought to be involved in cytoskeleton organization (Murphy 

et al., 1998). 

EST clones 

The screen identified 58 clones that were not recognized as previously known 

genes but were present in dbEST. These clones were placed into the EST category and 

are listed in Table 2-6. As determineci by dbEST and UniGene analysis, 16 clones occur 

only in retinal cDNA libraries, of which 9 contain Alu repetitive sequence. An additionai 

38 clones appear restricted to 10 or fewer single tissue libraries of which 10 contain Alu 

sequence. 

In the EST cohort, 27 clones are fiom known chromosomal locations and 6 map 

into IRD loci. These clones and the corresponding diseases are listed in Table 2-7. Of 

the six, only one contained an A h  repetitive element. MPC3 based on in silico expression 

profile appears to be the most interesthg candidate as it is an EST detected oniy in a 

retina library and maps iato the cone rod dystrophy 4 locus (Kylstra & Aylsworth, 1993). 
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11 E3 2A8 H8.1339 L NIA 

H8.28lW 
A1047876 
-7876 
Hs.116998 
A125681 5 
Aw8840$1 
H8.7076 
H8.250638 
6FS47793 
BFS47i93 
H8.36093 
H8.169461 
Hs.202181 
Hs. 144981 

8913-21.1 
6q2e-27 
6@6-27 
NIA 
NIA 
NIA 
14ql2q13 
12q24.32-tel 
NIA 
NIA 
20~13-tel 
1 S (?AC) 
NIA 
N/A 

Non-Ah containing clones are highlighted in bold. PR indicates the clone nurnber from the original arrayed 
libtary (N2b4HR). MF indicates the respective name assigned to the PRS clones. Accession column lists 
the UniGene cluster or EST accession number. Expression column indicates the in silico expression profile 
of the clones; expressed in the retina (R), in ten or fewer tissue types (L) or more than ten tissue types (H). 
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TaY61eZ;E Positional Candidate cDNAs foi hiiieriÏied Retinal Degenerations 

Clone Map Position Disease Locus Clone Classincation 
l q  . -  .4 S. 15 1 

MPC3 17pll.l- CACWCORD4 EST retins oniy Hs.40488 
qll.1 

MPClO 17q22.5-24 RP17 EST restricted Es.11067 

MPGll 1ûq24.l-24.2 USHIDNSHIF Known (housekeeping) Hs.100407 
MP2A5 1lp15 atrophia -ta EST retina only Hs.60797 
-8 2q31.2-32.2 LP26/BBSS EST restricted H9.13329 
MP2A9 8ql3-21.1 RD4 EST housekeeping Hs.118554 
MP2B6 6q26-27 RCD EST restricted Hs.33827 
MP2B7 1q31-32 AXPC1 Known (mt  ricted) Hs.25910 

Legend: Clones shown in bold do not contain Alu repetitive elements. Map position indicates the 
location of the cDNA as deternineci h m  UniGene database. Disease locus lists the disease acronym 
for which a gene has yet to be cloned; Retinitis pigmentosa (RP), Retinal degeneration (RD), Cone d 
dystrophy (CORD), Usher syndrome (USHID), recessive ataxia (AXPCI), retinal cone dystrophy 
(RCD). 



PR# MP# bacription 
2C10 82 Contains Alu repetiüve elements at both insert ends 

Could not be sequenced with T3 and T i  primers 
Contains Alu repetitive elements at both insert ends 
Was not sequenced 
No insert detected 
Could not be sequenced with T3 and T7 pnmem 
Could not be sequenced with T3 and T i  primers 
Clone could not be recovered, failed to gtow in ampicillin 
Clone could not be recovered, failed to grow in ampicillin 
Clone could not be recovered, failed to grau in ampicillin 
Clone could not be r8covemd, failed to grow in ampicillin 
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Uninformative clones 

There were 1 1 clones classified as Uninformative as listed in Table 2-8. 'These 

cDNAs were placed in this category because theù inserts could not be sequenced or were 

composed only of repetitive sequence. 

Novel clones and selected EST clones 

The initial screen identified 26 Novel clones that did not align with any known 

genes or ESTs in GenBank (0411999). Of these cDNAs, 17 contain A h  repetitive 

sequence. Al1 of the clones were analyzed as unknown, although during the course of my 

work, 8 of the novel clones could be reclassified as ESTs (08M001). The original 26 

Novel cDNAs with their current designations are given in Table 2-9. 

To determine if the Novel clones were genomic artifacts or bondde cDNAs, the 

cDNAs were grouped on the basis of the presence or absence of a polyadenylation signal. 

The 20-100 bp region upstream of the polyadenylation tail of each of the 26 Novel 

cDNAs was examined for the AATAAA polyadenylation sequence consensus, accepting 

either a perfect match or one variant in any of the six nucleotides (Chen et al., 1995; 

Takagaki et al., 1 989). Of the 26 clones, 9 had a polyadeny lation signal as indicated in 

Table 2-9. Of the remaining 17 clones, 13 contained sequences that deviated fiom the 

consensus by 2 or more residues, but did appear to possess aa adjacemt stretch of at least 

15 adenosines. The final four clones lacked a polyadenine tract such that the location of 

the upstream polyadenylation signal could not be pinpointed. 



Table=&!l: Novel and EST clones that-wen initialiy novel cDNAs 
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PR# MW Accniion ûasignrtion RT-PCR ORF PolyAaignrl PolyA tail 
-- 

N o v i  No No-T3 and T7 
Novel 
Novel 
EST 
Novel 
EST 
EST 
Novol 
Novel 
Novel 
Noval 
Novel 
Novel 
Novel 
Novel 
Novel 
EST 
EST 
Novd 
Novel 
Novd 
EST 
EST 
Novel 
Novd 
Noval 

No 
No 
No 
No 

260 Yes 
$30 Yœ 

No 
Yes 

208 Yes 
No 
No 
No 
Yes 
No 

238 No 
Yes 
No 

200 Y u  
No 

135 Y- 
287 Y- 

No 
No 
No 
No 

No-T3 only 
Yes 
Yes 
Yes 
Yes 
Ye8 
Y- 
Yes 
Yes 
No43 only 
Yes 
Y= 
Yes 
Yes 
Yes 
Yes 
Yes 
Y u  
Y9s 
Ym 
Ye8 
Y08 
Yes 
No ln  only 
Y08 

Legend: Non-Ah containing clones are highlighted in boid. PR indicates the clone number h m  out 
original arrayed library (N2b5HR). MP indicates the name assigned to the putative PRS clones. 
Designation describes the category o f  cDNA detennined by its in silico expression profile derived fiom the 
UniGene database. RT-PCR column lists the nsults of the RT-PCR performed on a select p u p  of  clones, 
PotyA signat indiates ctones ffiat contain a potyadenylation signat. PotyA taii indicates the clones that 
have a polyadenylation tail detecâed by sequencing and for those that do not, it indicates if both TI and T3 
sequence reads were inspected. 



Figure 24. RT-PCR results of selected Novel and EST clones 
Primer PCR conditions were optimisecl ushg genomic DNA and provided positive contrd 
for reaction conditions (lanes G) with each oligonucleotide set. Amplification of specific 
bands from retinal cDNA is shown in + lanes. No ceaction products were detected from 
DNAseI treated RNA that was incubated in the absence of reverse transcriptase as shown 
in - lanes. Amplification of cDNA with CM0 prime15 (Table 2-2) is shown as a positive 
control for the cDNA prepmtion. Size conmls (lKB ladder, Life Technologies) are shown\ 
in lanes indicated as L. 
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The full inserts of six of the clones that contahed a conserved polyadenylation 

signal were sequenced to detemine the preseace of the open reading frame (ORF). Five 

inserts had an ORF srnaller than 261 bp (Table 2-9). Only MPD4 contained an ORF of 

430 bp. To c o n f m  that Novel clones were not genomic artifacts, RT-PCR was 

performed on DNase 1 treated human retinal RNA using primer pairs that ampli@ 

fragments of 150-700 bp in length of non-repetitive regions of 10 of the Novel clones 

(Figure 2-4, Table 2-9). Al1 clones assayed with a polyadenylation signal were detected 

specifically from cDNA but no fiom control reactions without reverse transcriptase. 

Clone MPCS that does not contain a polyadeny lation signal was detected by RT-PCR, but 

clone MPG3 was not. Al1 primer pairs were able to ampli& genomic DNA with discrete 

bands of expected size, providing a positive control for the oligonucleotide sets. These 

results suggest that although majority of the Novel clones contah an A h  repetitive 

element, they are not genomic artifacts of the library. 



Evaluation of Normaiization 

The mRNAs of an eukaryotic ce11 cm be classified into three populations 

according to their abundince: prevalent, intermediate, and rare @avidson & Britten, 

1979) (Bishop et al 1974), class 1, II and III respectively. In a representative library, 62% 

of clones represent the prevalent and intermediate classes of clones while 38% of clones 

represent the rare tmnscripts (Davidson & Britten, 1979; Soares et al., 1994). An ideal 

normalized library is generated when the freguency of each cDNA in the library is 

equally represented regardless of whether it is derived nom a rare or a prevalent 

occurring mRNA species (Soares and Bonaido, 1998). The fiequency of complex clones 

becomes 95.4 % of the cDNA library population and the three classes of &As have 

similar fiequency, within one order of magnitude (Bonaldo et al., 1996) (Lemon & 

Lehrach, 1991). 

To evaluate the degree of library nonnalization we assayed for the presence of 

known human retinal genes fiom the prevalent and intermediate classes and compared 

their tibrary fieqtlfency with the in vivo ahdance (Table 2-3). By this assay, ail of the 8 

genes were reduced in frequency. We observed that the genes were reduced by an 

average of 9.9 + 2.7 fold. 

Soares and Bonaldo have estimated that to achieve ideai normalization, class 1 

and II tnurscripts should be reduced by 13.5 fold and class ïI1 transcripts should be 

enriched by 2.5 fold. We did not assay for the rare transcnpts; but fiom our analysis of 

the abundant transcripts, normalization occurred, aibeit to a sub-optimal level. 



Rhodopsin, the most abundant photoreceptor specinc mRNA, at 1% abundance (Nathans 

and Hogness, 1984). was reduced 8.3 fold to a hquency of 0.12% of the library, 

remaining the most abundant clone from our tested set. Although it has been previously 

show that abundant cDNAs are more ditticult to normalize than moderately expressed 

molecules (Bonalso et al., 1996; Soares et al., 1994), al1 of the sarnpled cDNAs, with the 

exception of red opsin (Table 2-3), appeared to be subopthally reduced. 

From the analysis of the putative photoreceptor-specific clones, we could M e r  

evaluate the efficiency of normalization. Out of 145 cDNAs, only three clones were 

identified multiple times. One of the clones, Rab2 was isolated nine times. Random 

probability can explain the presence of a clone twice in a sample of 1536 cDNAs, but the 

presence of nine clones in such a small cDNA population due to chance is highly 

unlikely. This suggests that Rab2 cDNAs were not effectively normalized, even though 

the library sampling of known photoreceptor genes suggested otherwise. The high 

number of Rab2 cDNAs is most likely a library artifact reflecting a small subpopulation 

of genes rather than an overall inefnciency in the normalization process. The kinetics of 

normalization depend on several factors, one of which is the in vitro transcription of short 

200 + 20 bp cDNA hgments that are used to anneal to single stranded full-length 

circular clones, so the duplexes can be retained by hydroxyapatite (HAP) columns 

(Soares and Bonaldo, 1998). Only single straaded plasmids flow through the column to 

constitute the nomaîized library. If however, the in vitro synthesis was inefficient for 

certain clones, then more single stranded plasmids of that transcript would pass through, 

and appear enriched in the cDNA population (Bonaldo et al., 1996). This may be one 

possible reason why Rab2 is over represented in this iibrary. Both of the other two 



multiply retrieved genes were identified only twice, a redundancy that is acceptable for 

ow screen. 

Evaluation of SpeciIieity 

By sequence analysis, 35% of the retrieved photoreceptor-specific clones 

contained an Alu repetitive element. Since the frequency of clones with Alu elements in 

the strting library is only -4%, the higher than expected frequency in the MP collection 

would suggest a selection bias by the probe. Because the sequence analysis was 

perfomed on only partidly sequenced clone inserts, Cot-1 hybridization was perfomed 

to determine if more clones contain repetitive elements. From the Cot-1 experiment, it 

appeared that 50% of our clones contain a repetitive element (Appendix 1). 

The Cot-1 fraction of the human genomic DNA consists largely of rapidy 

annealing repetitive elements of two broad categories; smail interspersed repetitive 

elements (SNES) and large interspersed repetitive elements (LINES) (Weiner et al., 

1986). The predominant repetitive element in the Cot-1 DNA hction is Ah, as it is the 

most abundant repetitive element composing at least 5% of the human genome mass 

(Houck et al., 1979; Jelinek et al., 1980; Shen et al., 1 99 1). Other families of repetitive 

elements are also present in this f'raction (Weiner et al., 1986). The heterogeneous 

composition of the labeled Cot-1 probe briags up the question of how informative it is to 

probe with Cot-1 to identify Alu element containhg clones, if it can hybridize to other 

repetitive elements? From sequence analysis, the predominant repetitive element in the 

clone population was Alu, such that 50 of 59 clones (85%) that contained other repetitive 
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elements also contained an Alu element. From these fïndings the predicted fraction of 

clones hybndizing to the Cot-1 probe that would not contain Alu sequences is 15%. 

For Alu repetitive elements to be specifically selected for by our differential 

hybndization stratrgy, it was possible that there may have been a low level of B 1 [mouse 

Alu-like elements] in the rd IN and GC layers relative to the intact wt retina. In our 

procedure, 5 pg of each wt and rd cDNA was wd,  label incorporation was c d e d  out 

with cornmn reagents and the same number of counts per min (cpm) per volume. 

Photoreceptors contribute approximately 70% of the total retinal RNA (Dr. Rod McInnes, 

personal communication), therefore by probing with the same number of cpm, the rd 

probe would be enriched by -3 fold for transcnpts present in the two swiving retinal 

layea. As a test, semi-quantitative RT-PCR was performed with Chri O-specific primers, 

but a 3: 1 (rd:wt) ratio was not observed, Figure 2-2. The intensity of ChxlO-specific 

bands was one to one when comparing rd to wt signals, requiring then that transcription, 

at least RNA polimerase II transcription, in the IN layer, where Chxi0 is expressed, was 

reduced. Nevertheless it appeared that the one to one ratio between the rd and wt IN 

layer tnuiscripts did facilitate differential hybridization as the screen identified rhodopsin 

and arrestin. We, however, did not assay additional IN layer or GC layer genes to 

deterxnine if this was a global phenornena. There is evidence that the inner nuclear 

newons need healthy photoreceptors to develop normally and that the rd retina has an 

altered transcription profile of some genes, but how that relates to the absence of B1 

elements in the M layer and OC layer of the rd retina is not clear. There is 

approximately 70% sequence identity between B 1 and Alu repetitive elements (Schmid, 

1982) and the B 1 elernent has k e n  shown to have differential expression in different ce11 



- ---- - - - . - lines, aithough the retina has not been assayed specifically ( Ryskov et al., 1985; Taylor 

et al., 1987). I t  is possible that in wt retina there is differential expression of the B 1 

repetitive elements between the photoreceptors and the other nuclear layers, causing a 

selection bias in the screen. It is also plausible that the transcriptionai profile of the B 1 

element may be altered in the rd retina. A class of clones that was not investigated in this 

thesis, but may be usefui in understanding the adaptations of the rd retina, are clones that 

were detected with the total rd retinal probe but not with the wt retinal probe. These 

. clones may represent genes that are upregulated in response to the photoreceptor 

degeneration. 

Evaluation of the putativeiy PRS cDNAs 

The differential hybridization screening strategy identified 145 cDNAs, putatively 

photoreceptor specific in their retinal expression, of which 50 cDNAs contained an Ali, 

element. My experiments indicate that the majority of Ah-containing clones were 

selected non-specifically due to an unexpected difference in the B 1 element expression 

between the rd and wt mouse retina. This sub-population is thus unlikely to be enriched 

for tnie photoreceptor specific cDNAs. The anaiysis of Novel clones identified ORFs of 

only 99 -260 bp. This very short length of potential homology to labeled mouse retinal 

probe M e r  supports that these clones were selected non-specifically. 

The higher than expecied percentage of Alu containhg clones increased as the 

bceadth of the in silico expression profile of the cDNAs decreased; in other words, the 

Novel category had the highest fraction of Alu-containing clones while the Known 

category the lowest. A h  repetitive elements have spread by retrotransposing through the 



genome, and it has been postdated that they prefer to insert into bighly expressed genes 

(Holmes-Son et al., 2001). One would thus have predicted that the distribution of A h  

sequences in the putative photoreceptor population to be opposite to what was detected. 

For a clone to be classified as Novel, by my criteria, it did not align with any sequence in 

GenBank cDNA databases at the t h e  f assesment and would be expected to be present in 

the library population at a very low fiequency. RT-PCR of retinal mRNA did detect the 

majority of assayed Alu-containhg Novel clones, implicating an expression level of at 

least low to moderate, which would suggest that the normalization process artifactually 

eliminates Alu-containhg clones out of the library population. 

From partial sequencing, the screen identified 95 non-Ah containing clones. The 

Cot-l hybridizations would further suggest that an additional twenty clones may be 

harboring an Alu element. Because the Cot-1 probe is complex and contains other 

repetitive elements, hybridization with the Cot-1 probe is not a specific criterion for 

determining Alu presence. One way of resolving the uncertahty is to repeat the 

hybridization with a single A h  probe at reduced stringency, as different Alu family 

members deviate from the consensus by only 14 % (Deininger et al., 1 98 1 ). 

The Known category of clones contains 44 non-Alu containhg clones where 77% 

of the cDNAs are expressed abundantly throughout the body. The high number of 

housekeeping genes that were identified in this differentid screen was unexpected, since 

this class of genes was expected to be elllninated by the rd' retinai cDNA probe. 

Because photoreceptors undergo a continuous process of outersegment disk biogenesis, it 

is possible that they have a increased levels enough upregdation of housekeeping genes, 

when compared to the rd'' retina, to differentially hybndize. Another possibility may be 
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that the rd'- retina, in response to the absence of photoreceptors, has initiated a global 

transcriptional down regdation of housekeeping genes. 

The screen did idenufy genes that are expressed in retina that are positional 

candidates for inherited retinal degenerations. This is a category of clones that should be 

pursued irrespective of A h  content. With the sequencing of the hurnan genome, more of 

the identified clones will become mapped. 

From the analysis of the Known clones general principles can be gathered by 

which to approach the analysis of the EST and Novel clones. The Known category 

contains known photoreceptor specific genes as well as housekeeping genes. The 

distinction between the two types of genes is the number of tissues in which they are 

expressed. The most interesting genes to pursue in m e r  analysis would be those from 

the non-Ah, Novel an EST clone categories that show restricted expression. 



CHAPTER 3 

Molecular characterization of MPDl 



Introduction 

To identi& novel candidate genes for retinal degenerations a differential hybridization 

screen was perfomed using wt and rdb mouse retinal cDNA probes. The pilot study of 

one filter containing 1,536 clones identified 145 cDNAs that were classified putatively as 

photoreceptor-specific in their retinal expression. A subset of these cDNAs was studied 

M e r ,  including novel cDNAs and EST clones. From my prelirninary analysis, one 

cDNA (MPDI), was expressed in human retina and was found on the basis of initial in 

situ hybridization studies to be photoreceptor specific in its retinal expression. Fulfilling 

our first criteria of photoreceptor-specificity within the retina, additional library screening 

was performed and a full-length cDNA was identified. This full-length molecule, 

however, was later deterrnined to be chimeric, consisting of two different cDNAs. The 3' 

end of this cDNA is fiom the 3'UTR of a known photoreceptor-specific gene, guanyIate 

cyclase activating protein 2 (GCAP2). The 5' portion of the cDNA is derived fiom a 

partially processed mRNA matching a predicted human ORF of unknown function, CGI- 

67. To determine if CGI-67 had any conserved motifs, the amino acid sequence was 

aligned with related sequences and it was determined to contain a putative hydrolase 

domain. The murine homologue, Cgf-67, was shown to have high expression in the 

murine retina, cerebellum, kidney, spleen and testes by northem blot hybridization. 

Homologues found in the fission and budding yeast, km46 and YNL320W, respectively, 

were characterized in greater detail to elucidate their involvement in the beml budS 

polarity establishment pathway in S. cerevisiw. 



Materials and methods 

Subcloning of MPDl 

The MPDI cDNA, orighally identified in the screen for retinal photoreceptor- 

specific genes contained an insert of 1.2 kb. A 242 bp A h S b  repetitive element was 

found at the 5' end of the insert. To generate a cDNA probe lacking this element, 

primers S-MT7 (5' AACTGCAGTTCCCTATAGTGAGTCGTATTA 3') and MPD 1 -R 

(S'GCTTCTAACTGCTGTGTGAC 3') were used to ampli@ by PCR a 3.5 kb fiagrnent 

containhg 500 bp of unique sequence fiom the most 3' end of the MPDlcDNA and the 

cloning vector (pT7T3-Pac). The reaction conditions used were 10-40 ng of MPDl 

cDNA temptate, 400 ng of each primer, 200 pM of each dNTP, 5 11 of 10x cloned Pfir 

DNA polymerase reaction buffer (200 mM Tris-HCI pH 8.8,20 mM MgS04, 100 mM 

KCI, 100 mM (N&)2S04, 1% Triton X-100 and 1 mglm1 nuclease-fkee BSA) in a 50 pl 

reaction volume. Samples were heated at 98OC for 10 min and cooled to 80°C prior to 

the addition of Pfi  DNA polymerase (2.5 U), followed by 35 chermal cycles at 98OC for 1 

min, 55°C for 1 min, and 72°C for 8 min, and a hal extension at 72°C for 10 min. PCR 

products were purified with QiaQuick PCR columns (Qiagen) and eluted in 50 pl of TE 

(10 mM Tris-HCI pH 8.0, and 1 mM EDTA, pH 8.0). In a 100 pl reaction volume, 2 pg 

of the purified product was combined with 1 pl of T4 polynucleotide kinase (10 U) 

(Amersham), 20 pl of T4 DNA Sx ligation buffer (250 m M  Tris-HCI (pH 7.6), 50 mM 

MgC12,5 mM ATP, 5 rnM DTT, 25% (wh) polyethylene glycol-8000)(GibcoBRL), 



- ------ incubated at 37OC for 30 &, and re-purified using a QIAquick PCR column. 8 pl of 

the 50 pl elute was self-ligated in a 20 pl volume using the Rapid DNA Ligation Kit 

(Boehringer). The ligation reaction proceeded for 15 min after which 50 pl of DHSa 

comptent cells (GibcoBRL) were transformed with 2 jd of the ligatior. mixture, plated 

on LB plates supplemented with 100 pg /d  ampicillin. Ampicillin resistant colonies 

were cultured in LB + ampicillin overnight at 37OC. Plasmid DNA was isolated and the 

insert size was determined by Srna1 and NotI endonuclease digestion and DNA 

sequencing. This clone was designated as MPDl-sub. 

Cloning of full Iengtb MPDl 

cDNA li brary screening 

To identiQ longer MPDl cDNAs, a representative hurnan retinal plasmid cDNA 

library constructed by Bento Soares was plated on to Hybond N+ (Amersham) 132 mm 

nylon filters, which were placed on top of LB + 100 pg/d ampicillin-containing plates. 

The ceus were spread on 10 plates at a density of 40,000 colony forming units (ch)  per 

plate. A second set, consisting of 10 filters plated at a density of 10,000 ch, was also 

prepared. The plates were incubated at 37OC ovemight and on the following day, replica 

filters were prepared by overiaying a new Hybond N+ nylon filter on top of the old filter. 

Even pressure was applied using a glas plate to ensure consistent colony transfer. The 

two sets of replica filters were placed onto fresh LB + ampicillin plates and were 

incubated at 37°C for 3-4 hours or until colonies appeared. The original filters were 

grown ovemight at room tempera- and then stored at 4OC. M e r  the 37°C incubation, 



the replica filters were transferred on to LB plates containhg 50 pgm1 chloromphenicol 

and incubated at 37OC for 12- 14 hours. The next &y, the colonies were lysed and treated 

accordhg to the membrane manufacturer's instructions, and the plasmid DNA was 

immobilized to the membrane by W cross-linking. The filters were soaked in 2x SSC 

for 5 min and then washed at 65OC for 60 min in 5x SSC, 0.5% SDS and 1 m M  EDTA to 

remove ce11 debris. 

Radiolabeling 

The MPDlaub insert was amplified with Taq DNA polymerase using T3 and T7 

primen. The reaction mixture used to ampli@ the 500 bp insert contained 10-40 ng of 

the MPDl-sub plasmid, 400 ng of each primer, 200 pM of each dNTP, 10 m M  Tris-HCl 

pH 8.0, 50 m M  KCI, 0.01% gelatin, 1.5 m M  MgC12 and 8 ng BSA. The mixture was 

then heated to 98OC for 10 min, and cooled to 80°C prior to the addition of 1 pl (10 U) 

Taq DNA polymerase. The 35 thermal cycles consisted of 98OC for 45 s, SS°C for 1 min, 

and 72OC for 2 min followed by a final 10 min extension at 72OC. The amplified insert 

was purified using a QiaQuick PCR column. 50 ng of DNA was labeled as described by 

Feinberg & Vogelstein (1983). 

Hybridization and washing conditions 

Both sets of replica filters were probed as described in Chapter 2 with Cot-1 

DNA. The filters were prehybridized ovemight at 42OC in 70 ml of prehybridization 

solution. The pre-hybridization solution consisted of 3x SSC, 40% formamide (vlv), 10x 

Denhardt's solution, 0.15 m g h l  sheared salmon spemi DNA, 1% glycine (wlv), and 50 



-- - mMsodiumphosphate bu& @tL 7.Q)- Foiiowing pre-hyboididon, 5x10~ cpm/mi of 

probe was added to the bottle containing 50 ml of hybridization solution, which was 

identical to the pre-hybridization solution except for the addition of 10% dextran sulphate 

(w/v). The next day, the filters were washed twice in 2x SSC and once in 0 . 2 ~  SSC for 

1 5 min at 42OC, and finally in O. 1 x SSC and 0.1% SDS at 6S°C for 1 h. The filter was 

then exposed to X-OMAT AR film (Kodak) overnight at -70°C. 26 positive clones were 

identified fiom the primary screen. Colonies were grown as previously described and 

plasmid DNA was isolated using the QiaSpin Plasmid Kit (Qiagen). 2 pl of plasmid 

DNA for each positive clone was digested with NotI, resolved on a 1% lx  TAE gel, 

transferred ont0 a Hybond-N membrane (Arnersham) and probed with 5x1 cpm/ml of 

MPDI-sub d 2 p  dCTP labeled insert in 10 ml of prehybridization and hybridization 

mixture as for in the primary screen. This secondary screen confirmed 1 1 of the original 

26 clones as positive. One of these cDNAs had an insert larger than the original MPDI 

cDNA. Plasmid DNA fiom the putative full-length clone was used to transform 

competent E. coli DHSa cells (Life Technologies). Colony lifts were prepared and the 

filters were treated according to manufacturer's instructions and probed with the MPDI- 

sub insert as for the library screen. The putative full-length positive cDNA clone, called 

MPD 1 -complete, was isolated and sequenced. 



-L-- -+-- . - - L RNA extraction and northem blot transfer 

CS7BLl6 mice were sacrificed by cervical dislocation and the appropriate tissues 

were dissected in ice cold l x  PBS treated with DEPC. The RNA was extracted and 

blotted as descnbed in Chapter 2. 

Northem hybridization conditions 

Filters were pre-hybridized for 3-5 hours at 42OC in 10 ml of  prehybridization 

solution which consisted of 3x SSC, 40% fornamide (vlv), 10x Denhardt's solution, 0.15 

m g / d  sheared salmon sperm DNA, 1 % glycine (wlv), and 50 mM sodium phosphate 

b d e r  (pH 7.0). Following pre-hybridization, 1 x 106 cpm/ml of probe was added to each 

bottle containing 10 ml of hybridization solution, which was identical to the pre- 

hybridization solution except for the addition of 10% dextran sdphate (wlv). Filters 

were allowed to hybridize to the probe at 42OC for 14-1 8 hours. Following hybridization, 

the filters were rinsed twice for 15 minutes with 2x SSC and once with 0 . 2 ~  SSC at 42°C. 

The filters were then exposed to X-OMAT AR (Kodak) film at -70°C. 

In situ hybridization protocol 

Probe preparation 

To generate antisense template for in situ hybridization, 10 pg of MPDI-sub 

plasmid DNA was linearized with S m d  ovemight at 25OC in the appropriate buffer. The 

next day, the sample was digested with proteinase K for 30 min at 37OC, diluted to 100 



pl, and 1pl - was run on a gel to confvm digestion. The plasmid was then purified using a 

QiaQuick PCR column. The DNA was eluted with 50 pl of elution WTer (5 rnM Tris-Cl 

pH8.0), ethanol precipitated and resuspended in 10 pl of DEPC treated water. The sense 

probe was prepared as described above and in parallel with the antisense DNA template 

except that the 10 pg of MPDI-sub was digested with Norl and incubated at 37OC. 

To prepare the antisense riboprobe, 1 pg of SmaI digested linearized DNA in a 

volume of 11 pl was combined with 4 pi of 5x transcription b a e r  (200 mM Tris-HCl 

(pH &O), 40 mM MgC12, 1 0 rnM spermidine-(HC1)3, 125 mM NaCl), 1 p! of 0.1 M DTT, 

1 pl of RNase inhibitor (Roche, Boehringer), 2 pl of 10x digoxygenin labeling mix 

(Roche, Boehringer) and 1 pl (20 U/pl) of T3 RNA polymenise (Roche, Boehringer). 

The reaction was incubated at 37OC for 1 hour. M e r  which, an additional 1 pl of T3 

RNA polymerase was added to the reaction and the incubation continued for an 

additional hour at 37OC. Following in vitro transcription, the RNA was precipitated with 

2.5 pl of 4 M LiCl, 2 pl of 0.2 M EDTA, and 75 pl of 100% EtOH, and then resuspended 

in 10 pl of DEPC ddH20. The sense Rboprobe was prepared in parallel with the 

antisense probe except that T7 RNA poiymerase (Roche, Boehringer) was added instead 

of T3 RNA polymerase. The probes were stored at -8W until needed. 

Arrestin probe was prepared fiom a cDNA provided by Jonathan Horsford fiom 

our laboratory as described above. DNA for the sense and antisense riboprobe was 

digested with SJil and NotI, respectfully. 

Clone AI627067, encoding mouse Mpdi, obtained fiom the I.M.A.G.E. 

consortium, was ordered and confimed by sequeacing. The nboprobes were prepared as 

described for UPDI-sub except to generate the antisense riboprobe, 10 pg of plasmid 



DNA was digested with Sfl at 50°C. To generate the sense riboprobe, 10 pg were 

digested with Notl at 37OC. 

Tissue preparation 

A human 8 month old eye was obtained fiom the Eye Bank of Canada (Ontario 

division) 5 hours post mortem and fuced in 50 ml solution of RNase fiee 4% PFA and 1 x 

PBS for 14 hours with gentle rotation at 4OC. The next day, the tissue was washed three 

tirnes for 2 h in Ix PBS treated with DEPC and then placed into a 30% sucrose solution 

also treated with DEPC for 14 hours at 4°C. The retina was detached tiom the sclera, cut 

into quarters, and transferred into Tissue-Tek O.C.T. compound (Sakura) for 30 min at 

room temperature, embedded in fiesh O.C.T. and fiozen in liquid nitrogen. Sections fut 

on a Jung Cryostat (14 pm thick) were placed ont0 silane-prepTM slides (Sigma 

Diagnostic). Cryosections were stored at -20°C. Mouse tissue preparations were done 

essentially as described above except the mice were sacrificed by cervical dislocation, 

and following tissue extraction on ice-cold lx  PBS treated with DEPC, the tissues were 

fkozen on dry ice for 0.5 - 4 h. 

In situ hybridization 

Al1 hybridizations were performed according to our laboratory's protocol 

developed by Jonathan Horseford. Ali solutions were prepared from DEPC dWiO 

unless indicated otherwise and al1 washes were conducted in 200 ml volumes at room 

temperature in g las  slide dishes (Wheaton), which were baked at 220°C for 6 hours to 

destroy al1 RNases. Slide containers were removed h m  -20°C storage and left 



unopened - . in their sealed containers at rwm temperature for 30 min before they were 

opened to avoid condensation. Cryosections were heated in a hybridization oven at 50°C 

for 20 min, fixed in 4% PFA for 20 min, l x  PBS for 20 min, and rinsed twice in lx PBS 

for 5 min. The slides were then treated with 400 pl of 10 m g h l  of proteinase K in 

200ml of 50 rnM Tris-HCl pH 8.0 and 5 mM EDTA pH 8.0 for 10 min, fixed in 4% PFA 

for 5 min and rinsed in lx PBS for 20 min. The slides were washed in DEPC dm20 for 

1 min, and acetylated in a 200 ml solution containing 625 pl of acetic anhydride, 448 pl 

of 1 0M sodium hydroxide, and 3.48 g of triethanolamine for 1 0 min followed by three 5 

min washed in PBS. Following fixation and acetylation, the slides were incubated in 

slide mailers containing 8 ml of prehybridization solution (50% formamide, Sx SSC, 5x 

Denhardt's solution, 0.25 mg/ml yeast R N A  and 0.5 m g h l  salmon sperm DNA) for 3- 

14 Hours at 60°C. 15 pl of each sense and antisease probe were added to 4 ml of 

prebridization solution, heated to 80°C for 5 min and placed on ice for 5 min and added 

to slide mailers. Hybridization occurred at 55OC overnight in a hybridization oven 

without agitation. 

Washing conditions 

After hybridization, the slides were removed from the slide mailers and placed in 

glass slide dishes for washing and RNase A treatment (al1 washes were carried out at 

37OC in 200 ml volumes unless stated othenvise). The consecutive treatments included 

once in 5x SSC at 5S°C for 15 min, 0.2~ SSC at 5S°C for 60 min, lx RNA (0.4 NaCl, 0.1 

M Tns-HC1 pH 7.5, and 0.05 M EDTA) for 10 min, Ix RNA with 400 pl of 10 mg/ml 

RNase A for 30 min, l x  RNA for 5 min, 2x SSC for 10 min and 0 . 2 ~  SSC for 10 min. 



Anti-digoxigenin AP antibody reaction conditions 

The following steps were carried out at room temperature. 200 ml washes were 

carried out in glas slide dishes and 8 ml incubations were conducted in slide mailers. 

Afier the washing and RNase A steps, the slides were incubated in 200 ml of NT ( 0.1 M 

Tris-HCl pH 7.5, and 0.15 M NaCl) for 5 min. Aftenvards, the slides were placed in 8 ml 

of 1% wlv blocking solution reagent (Roche, Boehringer) dissolved in NT for 60 min, 8 

ml of 1% (wlv) blocking solution containing a 1 :2000 dilution of anti-digoxigenin AP 

antibodies (Roche, Boehringer) for 60 min, followed by three 200 ml NT washes for 22 

min. The slides were then incubated in 8 ml of NTMT (0.1 M NaCl, 0.1 M tris-HCl pH 

9.5,0.05 M MgC12 and 0.15 Tween) for 10 min, and then treated with 8 ml of NTMT-L 

(25 ml NTMT and 0.03 g levamisole (Sigma)) for 5 min. The sections were then 

incubated in slide mailers ovemight in the dark in 8 ml of colour solution (per 25 ml 

NTMT, 35pl of NBT (Boehnnger) and 45 1 1  of BClP (Boehringer)). 

Mounting 

Following the overnight colour development, the südes were washed three times 

in l x  PBS at room temperature, each for IS min., and fixed for 2 hours at room 

temperature in 3.7 % formaldehyde, MEMFA (1 M MOPS pH 7.5,0.02M EGTA, 0.01 M 

MgS04). M e r  fuation, the slides were washed sequentially for 1 min in 200 ml of 30 %, 

70%, 90%, 100% ethanol, 1 : 1 xylene/ethanol aml twice for two min in 100% xylene. 

The slides were mounted with 1 : 1 xylene: permount and âried for 2-3 days in a 

fumehood. 



To c o n f i  experimentally that the 3' end of MPDl-complete is part of GCAP2 3' 

UTR, RT-PCR as described in chapter 2 was perfonned. A senes of primers were 

designed to test the continuity of cDNA between CGI-67 and MPDl UniGene clusteres 

and between GCAP2 and MPDl clustea. Six primer pair combinations were used for 

RT-PCR; MPD 1-5 1 7wF and MPD 1-2, MPD 1-5 17wF and MPD 1 -PAR, MPD 1 -799F and 

MPD 1-2, MPD 1 -799F and MPD 1 -PAR, GCAP2-3'F and MPD 1 -2, GCAP2-3 'F and 

MPD 1 -PAR (Table 3- 1). The location of these primers is depicted in Figure 3-3. 

Tabk 3-1: Primers used to confimi chimerization of MPD1-complete 

[ Primer narne 1 Sequence (5'*3') 1 

I GCAP2-3'F I TCAGGAGATCGAGACCATCC I 

MPD 1 -799F 
MPD1-517wF 
MPD 1 -PAR 
MPD 1 -2 

PAS-Haematoxyiin staining 

To determine the stage of expression for Cgi-67 in mouse testes, cryosections of 

mouse testes were taken out of -20°C storage and irnmediateiy tùced in Rossmen's 

fixative for 30 min at room temperature. The sections were then sequentially washed in; 

periodic acid for 5 min, ~ s e d  under running water for 5 min, Shiffs reagent for 15 min, 

Nised under running water for 5 min, placed into a Haematoxylin stain for 8 s, and rinsed 

under water for 5 min. This was followed with 5 min incubations in each 70%, 90% and 

GGACAAGATATGGCATTCGC 
TAACAGTACCGTGCAGTCAG 
CTGAGTACCCTCTGGAACTG 
GTCACACAGCAGTTAGAAGC 



1 00% ethanol, 1 : 1 ethanol: xy lene, and xy lene. Slides were mounted in 1 : 1 xy lene: --- - - L  - 

permount and dned. (This procedure was performed by the Pathology Department at The 

Hospital for Sick Children) 

CG147 multiple alignment 

The predicted translated MPD 1 -complete sequence was compared to the non- 

redundant database using BLASTP. Proteins with significant hornology were M e r  

analyzed using ClustalX. A phylogeny tree was graphed using TreeViewPPC. The 

protein accesion numbers are preserved in the sequence names used in Figure 3-6. 

Table 3-2: Programs and Websites used to perfonn sequence d y s i s  
. . . - . . . .- - - 

Tool References 
UniGene http://www.ncbi.nlm.nih.gov/UniGene/ 
Remet 
Ham 
BLAST 
2Ostructure 
TM-Finder 
sequencherm3 .O 
Gene WorksR2.1 
Clustalx 
TreeView PPC 

htt&www.sph.uth.tmc~edu/Ret~et 
http://www .sanger.ac.uk/cgi- bin/Pfam 
http://www.ncbi.nlm.nih.g~v/BLAST/ 
http://www.pbil.ibcp.ti/cgi-bin/secpred_consensus.pl 
http://www. bioinfo.sickkids.on.ca/cgimM 
Gene codes corporation 0 1995 
InteIliGenetics 0 199 1 
Gravon Institute of medical research @ 1997 
http://taxonorny.zwlogy.gla.ac.uWrod/rod/html 

Confirmation of bemlbud5 suppression by bem46 

The KYS6O (beml bud5) mutant, khdly provided by Dr. Alan Bender, was 

trmsformed with pDB20-hm46 (kindly provided by Dr. Maria Valencik), pBA l26V, 

pBA229V (kindly provided by Dr. Brenda Andrews) and pBA229-mpdl using the 



-s-LJ - lithium acetate method (Soni et al., 1993). Al1 the vectors have 2p origin of replication 

with an Ura selectable market expressed under a constitutive alcohol dehydrogenase 

promoter. Yeast transformants were streaked out in duplicate on SD-Ura- plates and 

incubated at 30°C and 37OC for two days, after which the plates were visually inspected 

for growth to determine if KYS6O temperature sensitive phenotype could be supressed by 

pDB20-bem46. Strains used are listed in Table 3-3. 

Sporulatioa of YNL32ûw::Kan 

The BY4743 YNL320w +/- stniin was obtained from American Type Culture 

collection (ATCC) and sporulated. YPD medium, 5 ml, was innoculated with a single 

BY4743 YNL320w " colony and grown overnight at 30°C. For sporulation, a 1 ml 

aliquot was then diluted in 10 ml of preSpo medium (0.8% (w/v) Bacto-yeast extract 

(w/v), 0.3% Bactopeptone (wlv), 10% dextrose (w/v)) and grown for 8 hours at 30°C. 1 

ml of the culture was then spun down, washed once with ddH20, resuspended in 5 ml of 

Spo medium (1 % potassium acetate (wh), 0.1 % Bacto-yeast extract (wlv), 0.05% 

dextrose (w/v)) and grown for 3-4 days at room temperature. 1 ml was then pelleted and 

resuspended in 20 pl of 0.5 m g h l  zymolyase-20T (ICN Biomedicals) and incubated at 

37OC for 6 min. The digestion was stopped with the addition 180 pl of 1 M sorbitol. The 

digested asci were dissected under a Leitz Laborlux dissecting microscope with an 

ALCATEL dissecting needle. Individual spores were assayed for lysine, methionine 

deficiency and kanarnycin resistance. Ail strains are listed in Table 3 3 .  



Table 3-3: Genotypes of S. cerevisiae strains 

a beml-2 bud5-498 ura3 
a beml-2 
a budS-498 
da ura3AOIura3AO Ieu2AO/Leu2AO met 1 SA0 1 /+ 
+/lys260 Ynl320w::Kan/+ 
a &A0 leu2A0 met 1 SA01 Ynl320w::Kan 
a ura3A0 leu2A0 lys2A0 Ynl320w: :Kan 
da ura3AOIura3AO leu2AO/leu2AO met 1 SA0 1 /+ 
+/lys2A0 Ynl320w::Kanl Ynl320w::Kan 
a u d A 0  leu2AO met t SA0 1 
a ura3A0 leu2A0 lys2AO 
a/a ura3AOIura3AO leu2AO/leu2AO met 1 SA0 1 /+ 
+/lys2AO 

A. Bender 
A. Bender 
A. Bender 
ATCC 

This study 
This study 
This study 

This study 
This study 
This study 

Phenotype assays of YM32ûw::Kan 

To confirm that the YNL32Ow::Kan strain was deleted in the YNL320w locus, 

gene specific primers YNL320w93 1 F (S'AACTCGAATCAAGCCCACAC 3') and 

YNL3 2Ow2OOïR (5 'CAGTAACTACGTGGCCGTGA 3 ') were designed to flank the 

YNL320w ORF. The genomic region of the last six strains listed in Table 3-3 was 

amplified in 50 pl reaction mixtures composed of 1 pl of yeast suspension (one yeast 

coiony resuspended in 100 pl of ddH20), 200 ng of each primer, 200 pM of each dNTP, 

10 mM Tris-HCI pH 8.0,SO mM KCI, 0.01% gelatin, 1 .S m M  MgC12 and 8 ng BSA. 

The reaction was then heated to 98OC for 10 min., and cooled to 80°C prior to the 

addition of 1 pl (1 0 U) Tuq DNA polymerase. The 3 5 thermal cycles consisted of; 98OC 

for 45 s, 57OC for 1 min and 72OC for 2 min followed by a 10 min extension at 72°C. 

PCR products were analysed an 1 % TAE-agarose gel. 



-z-- 4 -- - - - 
To characterize the mutants M e r ,  each of the six strains were grown to ODm 

0.6 in YPD and senally diluted in sterile dm20 to 10", 1 v2, 10-~,10~ and IO-? 5 pl of 

each dilution was spotted in triplkate on plates containing YPG, YPD, 4% NaCl-YPD, 

5% NaCl-YPD and grown at 23*C, 30°C and 37°C. The plates were grown for 2-4 days 

and were visually inspected for growth. Calcaf'lour staining to determine budding 

pattern was performed as described in Pringle et al. (Pringle et al., 1989). 



- - . , - -& -  - Results 

Preïiminary characterization of MPDl 

Northem blot analysis 

MPDI, one of the 145 putative retinal photoreceptor-specific cDNAs was selected 

to be characterized in detail based on prelirninary expression infimaiton. Analysis of the 

library origin of aligning clones listed in dbEST deterrnined that MPDI corresponds to a 

gene that is expressed in retina, lung, prostate, and thymus and belongs to the Hs.32804 

UniGene cluster. Based on its in silico expression profile, MPDl was classified as an 

EST with restricted expression. To determine the size of the MPDl mRNA transcript(s), 

the MPDI-sub insert (lacking the Alu-Sb element) was used to probe a human retinal 

northern blot. A single band of approximately 2.8 kb was detected in the human retinal 

lane, Figure 3 - 1 A. 

In situ hybridization 

To determine whether MPDI is photoreceptor-specific in its retinal expression, 

the MPDI-sub cDNA was used to generate digoxygenin sense and antisense riboprobes. 

The MPDI-sub antisense riboprobe signal was restricted to the outer nuclear layer and 

present in both rod and cone photoreceptor cells. The MPDI-sub signal \vas stronger in 

cone photoreceptoa than in rod photoreceptoa, Figure 3 - 1 B. The expression pattern was 

comparable to a know photoreceptor specific gene arrestin, Figure 3- 1 C. Hybridization 



antisense 

Figure 3-1: MPDl is expresscd in the retina 
(A) Human retinal northem blot probed with MPDI-sub. 
(B) In sini hybridization of human ntinal sections with MPDI-sub. Biack arrows 
indicate cone photoreceptor nuclei. (C) In siîu hybridization of human retinal sections 
with amstin, a known photoreceptor-specific gene. 



-- - 
of both genes was clearly specific as determined by complete absence of signal with their 

respective sense probes. 

Cloning of the fuU length MPDI 

Since only the 3' UTR of MPDl was identified during the original screen, 

MPDI-sub was used to probe a human representative retinal cDNA library to obtain a 

full-length cDNA. From 26 positive clones identified in the primary screen, 1 1 were 

positive &er the secondary screen, one of which contained an insert that corresponded to 

the estimated size from the human retinal northem blot analysis. The remainder of the 

cDNAs were much shorter in length corresponding to the original MPDl clone size. 

Because the probe was a 3' UTR hgment, additional sequence was not expected to be 

obtained from the remaining ten shorter clones. The putative full-length cDNA was hlly 

sequenced and analyzed using sequencherTM. The insert was 2,861 bp in length with a 

predicted ORF of 864 bp as shown in Figure 3-2. The MPDl complete cDNA contains 

three in fiame stop codons (in bold) upstream of the moderately conserved Kozak 

consensus beginning at nucleotide -9 (Kozak, 1987; Kozak, 1995), and a fully conserved 

polyadenylation signal beginning at position 2505 followed by a polyadenylation tail 

(Chen et al., 1995). This cDNA was named MPDI -cornpiete, Figure 3-2. 

Sequence anaiysis of MPDI -coqpIete 

The MPDI-complete clone was compared with the non-redundant database using 

BLAST. It was found to have 99% identity in the region of -300 to 857 bp to a human 

predicted gene, CGI-67 (XM-005587)(Lai et al., 2000). The sequence listed for CC367 



TGC CGC CGC TCC -312 
ACC GCC CCC CAC CGC GGC CGT TAC TCA CCA GAA CGC GAG CTC TTC TCC AGC ACC AGG GCC -388 
CGC GCG AGG CCA CAC TCG CGA GCG TGA GCG GGG CCC CTG GGG CGC CGC CGT CCT TCT TCG-248  
CCC CGC CGC CGC GGG CTG TAC CCC TGG TCC CCC CTC CTC TGT CGG GCC AGT CTG CAG GCG -180 
GAG AGA GTC CGA CGC CGC CCG CAC CGC GGA TCT CGC CTT GTG GAG CAC AGC CCG TCC GCT -120 
GCG GTT CTC TCT CGA CCC CTT CTC CCC CGC GCT TCC GCC CGC GCC CCT CAC GTC CAC ACC -60 
ATG AAT AAT C T T  TCA TTT AGT GAG CTA TGT TGC CTC TTC TCC TGT CCA CCT TGT CCA CGC 60 

AAG A T T  CCT TCA A M  l'TA GCC TTT f f G  CCA CCT GAT CCA ACT TAC ACA CTG ATG K T  CAT 120 
Z l K I A S K L A F L P P D P T Y T L M C D  

GAA AGC CGA ACC CGT TGC ACT TTA CAT CTG TCT G9A CGA CCA CAC TGC CAC TAT TCT TCT 180 
4 1 E S G S R W T L H L S E R A D W Q Y S S  

AGA CAA A M  GAT CCT ATT GAG TGT TTC ATG ACT AGA ACC ACT AAA CGC AAC AGA ATT CCT 240 

TGT ATG TTT GTA CGT TGT TCA CCC AAT GCG AAA TAC ACT TTA CTC TTC TCA CAT GGA AAT 300 
8 1 C M F V R C S P N A K Y T L L F S H G N  

GCT G l l  CAT CTT GGT CAA ATG AGC AGC I l l  TAC ATA CGA CTA GGA TCA CGC ATT AAT TGT 360 
1 0 1 A V O L G Q M S S F Y I G L G S R I N C  

CCT GAA AAT GTG A i T  ATA T A T  GGC CAA ATA CGC ACA CTA CCG TCT GTG CAT CTT CCT 
P E N V I Y C Q  I C T V P S V D L A  

GCT CGA TAT GAG ACT GCT GCT GTT ATT CTT CAT TCT CCT CTC ACT TCG GGA ATC CGA GTT 600 

GCC TTT CCT GAT ACC AAG M C  ACC TAC TCT TTT G4T GCA TTC CCA AAC ATT G4C AAA ATC 660 

2 0 1 A F P D T K K T Y C F D A F P N I O K I  
TCT M C  ATA ACC TCT CCA GTA TTA ATA ATT CAT CGG ACT CAA GAT GAA GTC A i T  CAC TTT 720 

2 2 1 S K I T S P V L I I H C T E ~ E V I D F  

TCA CAT CGC CTC CCA TTG TTT GAA CGT TCC CAA AGA CCT GTC GAG CCT CTC TGC GTï GAA 780 
2 4 1 S H G L A L F E R C Q R P V E P L W V E  

GGA GCA GGT CAC AAT GAT GTC CAA CTT TAT GCA CAC TAT C i l  GAA AGG TTC AAA CAC TTT 840 
2 6 1 G A G m N D V E L Y C Q Y L E R L K Q F  



TCT TGC TGA ACT GCA CTC TTT CGT M A  TAA CAT AAA ACC TGA AGG TTT TGT l T G  CAA ATC 960 
ATG TCA GTT GCC TTC ATA M T  GTA CAC GTA ATG ATT TCT TAA CAG ACT TAA TGA AGG TTT 1820 
TAA TTA CCA CAA CTA M A  ACT GCA M T  AAC ACT ACC GTG CAG TCA GCC TGT GTA A I T  TAT 1080 
A n  Tl? TTC TGT GAA ITT TTT TTT M C  ATC AAG ATC ACT ACT GTA TCA CAT l l T  M T  K T  1140 
ATA AAA T C .  AAT GCT GTA AAA GTA TTC CCA AAT CCT TTT GCA TAC TAC AAA CAA A T l  T A 1  1200 
AAA TAT T lT  TAA AAC ATC TCA ATA T A T  TAA ATC TTA TCC TGG AAT ACA ACT CTA ATA TTT 1260 
TGA AAA AAC CTA K T  ATC T M  ACC M T  TTA AGT ACT CAT AAT CGA ATC AAC TGT AAA AGA 1320 
GAT ï T A  A M  CCA TCC M G  TTC ACT AGA ATT M C  aA AAC CCT CTT GTA CAG CGA TAC AGC 1380 
T7T A M  CTT A n  TTA TTG T M  M T  ACA TTC M T  TiT CTC TAT ACT CTG AT1 ACA TAC ATT 1440 

F@aw 3-2: Sequence of MPDI-complete cDNA 
Numbers on the nght indicate nucleotide position (using the first A in ATG as + 1) and on the 
Ieft, -no acid residue position. The 5 in-frame stop codons and the start codon are shown 
in italics and bold. The Kozak sequence is underlined with consensus nucleotides in bold. 
The stretches of undediwd amino acid residues indicate conserved regions containing the 
putative catalytic tnad residues which a n  highlighted in red. Yellow shading indicates a 5' 
splice donor site where consensus nsidues are in bold. Blue shading indicates sequence 
mapping to chromosome 6p21.3. The blue shaded region shown underlined corresponds to a 
gap between CGl-67 and MPDl UniGene clusters. The polyadenylation signal sequence is in 
bold and underlined. 



Fïpm 3-3: Overview of MPDl cDNAs and primer binding sites 

MPDl 
(original clone) 

MPDI -sub 
(used for in siru) 

MPDI -coniplete 
(CG1-67: GCAPZ fusion cDNA) 

(chromosome 9) 

GîAP2 
(chromosome 6)  

Legend: 

Alu-sbfmgment 
MPDl UniGene cluster, Hs.32804 - Not round in UniGene 
CGI-67 UniGene cluster, Us. 12483 1 
Putative a$ hydrolase domain 

O GCAP2 UniGene cluster, Hs.778 
p Rimer binding site 



was 1,3 1 1 bp, which was shorter than MPDI-complete and does not contain a 

polyadenylation signal (Figure3 -3). 

The predicted open reading frame for CGI-67 is 293 amino acids while MPDI- 

complete encodes oniy 288 amino acids. In the region where the alignment ends, a 

conserved splice donor site was found between 853 and 861 bp in MPDI -complete 

sequence, suggesting that MPDI -complete maybe a partially processed &NA. The 

apparent partial processing of this cDNA resulted in the introduction of a premature stop 

codon in the predicted ORF of MPDI-complete, which leads to the replacement of two 

amino acids followed by a stop codon as compared with the CGI-67 database entry. 

To understand the genomic structure of MPDI-complete, its sequence was 

compared to the non redundant and bigh throughput genomic sequencing (htgs) database 

using BLAST. The most 3' 875 bp of MPDI-complete (highlihted in blue Figure 3-2) 

shares 99% identity with a BAC (AL0968 14) that maps to chromosome 6p 12.1-2 1.1. 

The 5' end of MPDI-complete, nucleotides 1 to 1656, aligned with a BAC (AC073 124) 

that mapped to chromosome 9. When the two BAC sequences were compared to each 

other using BLASTN, no significant identity outside of repetitive elements was found. 

The two genomic sequences also do not share overlapping alignment with MPDI- 

complete but converge precisely at position 1655, Figure 3-2. 

Expression analyses using the UniGene database revealed that the 5' and 3' 

segments of UPDI-complete have different expression profiles. Sequences that 

corresponded to the 5' end (with homology to CGI-67) originated fiom the brain, adult 

gemi cell, heart, kidney, h g ,  parathyroid, testes, tonsil and breast. Sequences that 

corresponded to the 3' end (containing the original MPDl sequence) however originated 



fiom the eye, lung, prostate and thymus. By comparing the CGI-67 and MPDl EST 

clusters, it was found that the two have overlapping tissue expression ody in the retina, 

and the lung. The alignment of dl available EST sequences with MPD1-complete 

generated two clusters of sequence separated by a 103 bp stretch from 1656-1 759 bp, 

underlined in Figure 3-2. Members of the CGL67 UniGene EST cluster (Hs. 12483 1) 

were examined for the presence of a polyadenylation signal and the MPDl 3' UTR 

cluster (Hs.32804) was analyzed with TBLASTX for homology to known protein 

sequence. None of the 32 CGI-67 ESTs contain a polyadenylation signal and none of 

the 12 MPDl ESTs shared sirnilarity with any known or predicted coding regions. 

When the non aligning100 bp region of MPDl-complete was fuither examined, a 

1 3 nucleotide poly adenine stretch fiom 1 702- 1 7 1 5 immediately followed by a 1 4 

nucleotide adenine rich region (at position 171 6- 1 730) was identified (Figure 3-2), but no 

adjacent polyadenylation signal was found. 

The location of MPDl sequence within the chromosome 6 BAC was analyzed in 

more detail and was found to be located 659 bp downstrearn fiom the stop codon of 

GCAP2, a known photoreceptor-specific gene (Payne et al., 1999; Surguchov et al., 

1997b) When the GCAPZ cDNA (NM-002098) and MPDI-complete sequences were 

aligned to the BAC (AL096814) using sequencherM3.0, the gap between the two cDNA 

sequence ends was 23 bp. Two primer pairs designed to ampli@ across the 23 bp gap 

were able to ampli& the predicted 673 bp and 941 bp hgments, coafvnwlg that the 

MPDl UniGene cluster is part of the transcriptional unit of GCAP2. There was no 

product observed h m  the RT-PCR reactions perfonned with primers designed to 



Figure 34: Testing chimerism of MPDI-coniplete 
Control PCR reactions were performed with genomic DNA (G) and MPDl-cornplete 
cDNA (C) as template. As indicated in the upper left panel, primer sets that included a 
forward GCAP2 specific primer were able to ampli@ ntinal cDNA while aii other 
tested combinations of primer sets that included CG167 forward primer and spanned 
the proposcd chimera boundary did not. Negative controls were perfonned with RNA 
that was DNAseI treated and incubated in the absence of reverse transcriptase and 
are show as -RT lanes. 



ampli@ across the putative chimenc site of MPDI-complete. The same primer 

combinations were able to ampli0 MPD1 -cornpiete cDNA (Figure 3-4). 

CGI-6 7 protein analysis 

To identiQ highly conserved regions in MPD 1 -cornpiete, multiple alignment 

analysis was performed with proteins in the SWISS-PROT database. Because CGI-67 

shows amino acid sequence alignment with related family members at its most carboxyl 

terminus, it was selected over MPD 1 -complete for the analysis. 

A multiple alignment of the most closely related homologues of CGI-67 fiom 

selected mode1 organisms shown in Figure 3-5, revealed a short Nly  conserved sequence 

(Y GQSIG) fiom residue 1 68- 1 72 and a similar less conserved motif GY G ASSG 

between resides 129-1 35, two conserved acidic residues aspartic acid (D) and glutarnic 

acid (E) at positions 245 and 246 and a conserved histidine-esparagine-aspartic acid 

(HND) motif at residues 264 to 266. 

To examine the putative function of the YGQSIG motif, the predicted amino acid 

sequence of CGI-67 was compared with the Pfam database. Pfam A database identified 

the region between residues 79-285 as a putative abhydrolase-2 domain which is found 

in phospholipases and carboxyl esterases (Pfam domain 02230). This domain 

encompasses enzymes that contain a triad of catalytic residues located on loops 

perfoming hydrolytic reactions on a wide variety of substrates. 

Over 30 related protein sequences in the protein database were identified and 

subjected to multiple alignrnent using Clustal X (data not shown). The multiple 

alignment identified amho acid conservation throughout the CGI-67 protein. The 
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Figure 3-5: Multiple alignmeni of selected CGI-67 members 
Selected proteins related to CGI-67 are shown aligned, where consewed arnino acids are 
higùlighted in yellow. The red bar defines the region of the a/$ hyddase domain. 



Figure 3-6: Pbylogeay tree of the CG167 family 
The protein name is composed of a capital letter denoting the species and a protein 
accession number or gene aame. H= H. sapian, M= M. muiculus, A= A. thalim, 
C= C. rlegans, D= D. noeIumgaster, Z = 2. mays, Sac= S. cerevisiae, Schi= S. 
pombe, Meso= Mesorhizobium loti. Mycoc Mycoplasllul qcoides, Pseu= 
Pseudomonas fluorescens, Strep= Stteptomyces coelicofor. 



conservation was highest towards the carboxyl terminus, fiom amino acid 87 to 283. A 

phylogenetic tree was compiled based on the multiple alignment with proteins that shared 

amino acid similarity to CGI-67 and the Pfam abhydrolase-2 domain (P02230) 

consensus. (Figure 3-6). 

CG147 related sequences in man 

CGT-67 has seven related predicted proteins in man. Five of the protein 

sequences were identified by alignment of the CGI-67 amino acid sequence to the non 

redundant database using BLASTP, and are listed in Table 3-4. The remaining two 

homologues were identified in our lab through an independant in silico screen s h o w  to 

have sequence similarity to a less related family member bem46-like protein 

(AAC26858) in D. melunoguster (David Ng M Sc. Thesis). CGI-RET partial ORF is 

predicted fiom the Hs.271684 UNGene cluster, which consists of three retinal ESTs 

(H86298, H86299 and R85569), derived from two independent cDNAs. The cluster 

maps to chormosome 14 and only 600 bp of the CGI-RET cDNA has been sequenced. 

To determine if the partial predicted CGI-RET amino acid sequence has a full-length 

homologue in man, the COI-RET amino acid sequence was compared to the non- 

redundant database using BLASTP. This approach identified the second homologue 

CAC35001. The CAC35001 protein is predicted fiom genomic sequence of an 

unordered contig from chromosome 20. By simple cornparison of the two sequences 

with CG1-67 using BLASTP, these two predicted proteins do not have significant identity 

to CGI-67 (Table 3-4). However when a multiple alignment using ClustalX was 

performed, these two predicted proteins were found to have the same linear residue 



-... &.. - 
conservation in the catalytic triad and have homology to more divergent members of the 

CG147 family (Figure 36). Interestingly, they are found to be more closely related to 

The majority of the CGI-67 homologues are abundantly expressed. The 

exceptions are CGI-67, CGI-RET and CAC35001. CGI-67 has a restricted expression 

pattern, CGI-RET has been detected only in a retinal library, and CAC3500 1 was 

predicted nom genomic DNA sequence, so at present it is not clear whether or where this 

gene is transcribed. 

Table 3-4: Table of CGI-67 homologues 

1 CAC35001 1 1 Unknown 1 20 1 1:no significant identity to 1 

Accession # 

CGI-67 
BAB 1 5709 
AAHOO 1 58 

Locus 

9 
NIA 

Identity and similarity to 
CGI-67 using BLASTP 
reference CGI-67 sequence 
1: 62% S: 77% AA: 15 1 

UniGene 

Hs. 12483 1 
Hs.325 166 

CAB98203 Hs.26765 Housekeepinp: - 15 1: 82% S: 93% AA: 239 4 

Hs.30007 1 

CGI-RET Hs.271684 Retina only 

Analysis of the mouse Cgi-67 ortholoye 

CGI-67 cDNA is most similar to mouse cDNAs fiom the mouse UniGene cluster 

Mm.28796. The ESTs fiom the Mm.28796 UniGene cluster were used to assemble a 

contig that was designated Cgi-67. The predicted open reading fiame has w t  been 

Tissue 
expression 
restricted 

A Housekeeping 

BAB55387 
BAA9 1553 

Housekeepinp; 

14 
CGI-67* 
I:no significant identity io 
CGI-67" 

*Sirnilady was initially identified by clustalX to D-AAC26858 (Figure3-6) 

Hs. 183528 
Hs.247452 

NIA 1: 68% S: 82% AA: 216 , 

Housekeeping 
Housekeeping 

NIA 
63321.3 

1: 26% S: 46% AA: 163 
1: 29% S: 49% AA: 93 
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submitted, so it has been designated Cgi-67. The Cgi-67 consensus cDNA has an ORF 

with 89% nucleotide identity and 91% amino acid identity to the CGI-67 predicted 

protein over 267 amino acids (Figure 3-5). 

To compare the tissue expression pattem between the mouse Cgi-67 and human 

CGI-67, an EST cDNA (AI627067) fiom the Mm.28796 UniGene cluster was obtained 

from the I.M.A.G.E. consortium. The insert was 900 bp, and 300 bp of the most 5' end 

represented the C-terminus of the predicted ORF (which encodes the second half of the 

putative alphahta hydrolase domain). The complete mouse EST clone AI627067 was 

labeled and used to probe a mouse multi-tissue northem blot (Figure 3-7). Cgi-67 

appears on the Northern blot as a broad band, most Iikely composed of two transcripts of 

3.5 kb and 3 kb. Cgi-67 is expressed in al1 tissues sampled although markedly higher 

levels of expression are observed in retina, cerebellum, kidney, spleen and testes. CGI- 

67 tissue expression derived from analysis of ESTs in dbEST reveals similarity to mouse 

Cgi-67 since the human gene is also expressed in the retina, brain, kidney, lung and 

testes. 

Mouse Cg667 in situ expression 

To analyze the spatial and temporal expression pattem of Cgi-67, the retina and 

testes sections were probed with a riboprobe generated from the entire EST clone 

AI627067. Cgi-67 mRNA was not detected in mouse retina but was readily detected in 

testes as s h o w  in Figure 3-8, most notably in the semineferous tubules of the testes. The 

pattern of staining wouid suggest that Cgi-67 is expressed in a stage specific marner. To 

identify the precise stage of expression, 14 pm serial tissue sections were prepared where 



Fi- 3-7: Mouse multi-tissue northern blot using Cgi-67 (A1627067) probe 



Sense Antisense 

Figure 3-8: Expression of Cgi-67 in mouse testes 
By in situ hybridization, Cgi-67 is expressed in the mouse testes 
in a stage-specific manner shown in panels B and D. Panels A 
and C show no detection with sense probe. 



Mpd 1-Dig 

14 c 
PAS 

14 (r 

Filn 3-9: PAS-Haematoxylin staining of mouse testes 
In situ hybridization with Cgi-67 (AI627067) and PAS-H staining of serial 
sections of adult mouse testes. 



------ one send section was used for in situ hybridization and the second was used for PAS-H 

staining (Russell, 1990). Cgi-67 is expressed in the differentiating phase of 

spennatogenesis see Figure 3-9, but the fixation protocol was insuficient to adequately 

preserve the morphology of the section to reliably identi@ the stage. 

Analysis of CGI-67 S. pombe homologue Bem46 

To evaiute if CGI-67 has a conserved function as well as sequence to k m  46 a 

complementation assay was developed. First, the fission yeast homologue S. pombe 

bem46 was analyzed in greater detail. CGI-67 shares 22% amino acid identity and 36% 

amino acid similarity with Bem46. Bem46 was previously identified as a high copy 

suppressor of the S. cerevisiae bemlbud.5 double mutant (Vdencik and Pringle 

unpublished). Beml budS is a temperature sentitive mutant? which at 37OC is unable to 

initiate bud formation and arrests as a large unbudded cell. Over expression of km46 

facilitates the mutant strain to a to establish a wildtype budding patem. To test whether 

CGI-67 can also rescue the beml bud 5 budding phenotype; the double mutant was 

transfonned with COI-67 in a high copy yeast plasrnid under the control of a constitutive 

alcohol dehydrogenase promoter. Although the rescue of beml bud5 bud formation could 

be achieved with bem46, over expression of CGI-67 was unable to rescue the phenotype 

(Figure3- 1 O). 

Analysls of CGC67 S cenvkiae homologue W 2 O W  

To determine if the S. cerevisiae km46 homologue YNU20w nui1 mutant 

(generated by casette insertion) has an observable phenotype, and to test whether CG167 



beml bud5 

37 OC 

beml bud.5 

Figure 3-10: Attempted rescue of the bemlbud.5 mutant 
( 1 )  positive control showing that ben1 bd.5 phenotype can be rescued 
when the strain is transformed with S. pornbe pDB20 bem46 on a high copy 2 p, 
plasmid. (2 & 3) negative controls showing transformations with BA126V and 
BA229V empty vectors. (440) are individualbeml bud5 mutant strains 
transformed witb human mpdlBA229 



over expression could complement the mutation, the heterozygous diploid strain was 

spodated to obtain dl homozygous mutant and wild type strains (Table 3-3). The 

deletion of the locus was confmed by PCR spanning the insertion cassette of 1.5 Kb 

which is larger than the 1 .O kb endogenous coding region (Figure 3-1 1). The six strains 

were then subjected to standard growth assays to determine whether the mutation resulted 

in an altered growth rate at 23T, 30°C, or 37°C when grown on 4%, 5% NaCl YPD 

media, and on YPG. No growth phenotype was observed under these conditions. The 

strains were also calcaflour stained to assay for budding pattem, but the mutant strains 

also exhibited wt budding pattern (Figure 3- 12). Consequently, complementation with 

CGI-67 was not performed. 



Figure 3-11: Confirmation of knock-out of tbe YNW2Ow locus 
Starting from the le& lanes 2-4 show amplification of wt YNL32ûw 
locus in the a, a and diploid strabs, respectively. Lanes 5-7 show the amplification 
of the deleted locus in the a, a and diploid strains. The detailed genotype of al1 
strains is described in Table 3-3. 



wt YNL320w:: Kan 

Figure 3-12: Calcafiour staining of the wt and YNL320w deleted strains. 
The left column of three panels shows wt a, a and diploid stralns stained with 
calcafiour. The nght column of three panels show the corresponding W 2 0 w  
deleted strains with awt calcaflour staining pattern. 



Discussion 

Idenacation of MPD1-complete as ehimeric cDNA 

The characteriration of MPDl-complete began with the assumption that the 

human expression analysis that was perfomed with MPDI-sd insert (the extreme most 

3' UTR of GCAP2) was representative of the encoded ORF in MPDI-complete. The 

MPDI-compfete cDNA was later determined to be a chimera between a predicted gene, 

CGI-6 7, and the 3' UTR of GCAP2. Because MPDkomplete is acnially a c himera of 

two different genes, each gene will be discussed separately. 

Surgachov identified GCAPZ as a duplicated copy of GCAPl occuring as a tail to 

tail array on chromosome 6 (Surguchov et al., 1997a). Both genes appear fùnctional and 

map into the locus for dominant cone dystrophy (COD3). Payne screened both GCAPl 

and GCAP2 fiom cone dystrophy patients for mutations. He was able to link dominant 

cone dystrophy (COD3) with GCAPl (Payne et al., 1998). In addition, GCAP2 was 

screened in 400 patients with inherited retinal degenerations but no disease associated 

mutations were found (Payne ci al., 1999). M y  in situ experiments with MPDI-sub 

confimed the expression pattern of GCAP2 to the outer segments of rod and cone 

photoreceptors with much higher expression in cone photoreceptors. 

Several lines of expimental evidence led me to conclude that MPD1-complete 

was a chimeric clone. Chimeric clones can occur as a result of multiple insert ligation 

during construction of cDNA libraries. From examination of submitted human genomic 

BAC DNA sequence, UPD1 itself aligned 23 bp downstream of the 3' most GCAP2 

sequence. While W D l  contains an obvious polyadenylation signal, the then current 



GCRPZ cDNA sequence did not. As the two cDNA sequences are so close to each other, 

the MPDl seqwnce could readily be the 3' UTR of GCAP2. Shce there was no 

overlapping sequence the colinearity could not be detected by alignment, such that the 

initial MPDI clone was classified as an EST with unknown function. Primer sets that 

spanned the MPDI-complete junction fiom the CGM7 portion to the MPD1-sub protion 

did not yield PCR products for cDNA fiom the retina although RT-PCR with GCAPZ 

specific and MPDl specific p h e n  readily produced products of sizes that included the 

23 bp stretch between the aligned genornic sequences. (Figure 3-4). Finally, that the 

conclusion was correct was supported by the in situ expression pattern localizing MPDI- 

sub to the h e r  segments of rod and cone photoreceptors in a manner similar as 

described for GCAP2 (Otto-Bmc et al., 1997). 

Characterization of the hydrolase domain 

The predicted coding sequence of MPDl-complete, with the exception of the most 

carôoxyl end, is identical to the predicted geae CGI-67. CGI-67 was initially cloned 

through the use of a comparative idonnatics approach designed to identify novel hurnan 

genes conserved in C. elegans (Lai et al., 2000). Although CG167 was a member of 1 50 

genes identified, additional details were not indicated. The informatics approach 

suggested that CGI-67 should be conserved in altemate species as well, so I initiated a 

cornparison of the COI-67 protein sequence with the non-redutldant database using 

BLASTP to identify orthologws in other organisms. This analysis revealed several 

genes with a highly conserved region that has homology to the a/fl hydrolase domain. 



=*-- --  The CX@ hydrolase domain was fnst descnbed by Ollis et al (1992) where the 

three-dimensionai structures of five enzymes, dienelactone hydrolase (Pathak & Ollis, 

1990) haloalkane dehalogenase (Franken et ai., 199 1 ), wheat serine carboxypeptidase II 

(Liao & Remington, 1990), acetycholinesterase (Sussman et al., 1991) and a lipase from 

Georrichum cundidum (Schrad, 1991) were compared by visual inspection. These 

hydrolytic enzymes with widely differing catalytic fwictions and phylogenetic origins 

were proposed to have originated fiom a cornmon aicestor where the selection pressure 

was to preserve the arrangement of the catalytic residues rather than a specidc substrate- 

binding site. The conserved elements in the new fold were M e r  refined as more related 

enzymes were crystallized. Currently, over 50 structures fiom this family have been 

solved (Heikinheimo et al., 1999) and based on additional refinements of the fold, 

subfamilies have emerged. 

The a / p  hydrolase domain has several charactenstic featwes. The most 

conserved feature of the fold includes a catalytic triad of residues located on loops. The 

nucleophile, acidic and histidine residues are conserved in linear order dong the peptide. 

The core of each fold is composed of eight beta-sheets connected by alpha- helices where 

the nucleophile (serine, cysteine or aspartic acid) is positioned d e r  strand B5, the acidic 

residue is almost always positioned af?er strand 87 and the Mly conserved histidine 

residue is located d e r  the last 8-strand. The histidine is located on a loop that can Vary 

in length and shape between members of the family (Nardini & Dijkstra, 1999). 

To accommodate different substrates, the fold has evolved to be very versatile. 

There cm be loops inserted in the center of the molecule usually at the C-temiinal end of 



strands B3,84,f!6,@7, p8 anywhere h m  a few amino acids to an entire domain. These 

insertions alter the substrate-binding site by specifying accessibility. 

The crystal structure of the dB hydrolase fold has not been solved for the CGI- 

67 farnily of proteins, and therefore the presence of the a / B  hydrolase fold in the CGI-67 

cluster is only presumed, based on the degree of amino acid conservation. There are, 

however, several features that make CGI-67 and its family members candidates for the 

a/fl hydrolase super family. The predicted catalytic amino acid residues are absolutely 

conserved within the homologous sequences suggesting strong selective pressure as 

would be expected if the residues were necessary for function. The linear order of these 

highly conserved residues corresponds to that of al1 members of the dB hydrolase super 

family. Furthemore the region around the nucleophile aligns with the nucleophilic 

elbow motif consensus G-X-S-X-O, the most conserved motif of the a/f3 hydrolase fold 

(Nardini & Dijkstm, 1 999). The two glycines facilitate a sharp angle necessary for the 

serine residue, performing the nucleophilic role, to access the substrate. The X amino 

acids are less stringently conserved. Interestingly, within the CGI-67 amino acid 

sequence, the nucleophilic elbow consensus, G-X-S-X-G, is found twice. A multiple 

alignment of selected homologous proteins indicates that, the second pentapeptide 

sequence is more conserved between the CGI-67 members than the first although the 

region surrounding the nrst pentapeptide motif is more conserved. In both occurances, 

the glycines and the putative catalytic serine are intact, such that both could participate as 

nucleophile. It would be interesring to see how these two elbows participate in the 

activity of the CGI-67 proteins. 



The fold that was first characterized by visual inspection of crystal structures 

exhibits such widely differing activities that it is difficult to predict the type of hydrolytic 

reaction that CG167 may carry out. The O-X-S-X-G consensus is most fiequently 

found in lipases and esterases, and it would thus be reasonable that biochemical analysis 

should begin with this consideration. 

There are seven predicted human homologues of CGI-67. Three of these are 

closely related to CGI-67 with a broad in silico-determined tissue expression pattern. To 

better clarify which genes have overlapping tissue expression; specific expression needs 

to be anaiysed in different ceIl populations. Of the other four genes, one that stands out 

as behg interesting to our laboratory is CGI-RET, it is the member with the most 

restricted expression pattern. Further analysis of its expression pattern and biochemical 

properties may be interesting, as it may have a specialized function in the retina. 

Expression analysis of additional CG147 famity memben 

The expression was analyzed of three members fkom the CGI-67 family cluster; 

Cgi-67 fkom M. mucuIus, km46 fiom S. pombe, and YNL320w from S. cerevisiae. The 

tissue expression of Cgi-67 was analyzed because the high amino acid identity, the 

comparable dbEST tissue expression profile, and phylogeny analysis suggested that it is 

the orthologw of CG'67. Although Cgf-67 has higher level of expression in mouse 

retina relative to most other tissues as determined by multi tissue northem blot analysis, 

in situ hybridization studies of this gene in the retina has not been successfbi to date. It is 

currently not clear whether that is a technical issue or a reflection of a low expression 

level in the retina. The mouse in situ probe (AI627067) was able to detect a signal in the 



mouse testes. Based on northem blot anglysis, this tissue shwed the highest level of 

expression. From the preliminary in situ results, the mouse gene is expressed in a stage 

specific manner in differentiating spermatids, but the precise stage must be confirmed by 

more rigorous methods. The mouse spennatogenesis cycle is composed of three phases; 

the proliferative, the meiotic, and the differentiating phase; each phase can be viewed on 

a single section in different regions of the semineferous tubules (Russell, 1990). Cgi-67 

is expressed in the last phase, during which the cell generates an acrosomal coat and a 

flagellum, and undergoes nuclear condensation. This phase is subdivided into 18 stages. 

These stages cm be differentiated fiom each other by morphological changes in the 

spermatids, which were not adequately preserved in my experimentr Optimization of 

this protocol would be useful for deteminhg the processes that are occwring at a 

specific stage and thereby further d e m g  the potential role for Cgi-67. 

The purpose of the assaying for the over expression of COI-67 in the bemlbud.5 S. 

cerevisiae mutant was to implicate a possible role for CG167 in cell polarity. While 

overexpression of a test gene bem46 did complement, CGI-67 was unable to complement 

the benrlbud5 S. cerevisiae mutant. There are several possible reasons for this negative 

result. Although CGI-67 was cloned in hime as confirmed by sequencing, it is possible 

that the COI-67 constnict was not properly translated. Experhents confixming the 

presence of CGI-67 protein in the S. cerevisiae bemlbud.5 cells were not perfomed. 

Also the two genes share limited sequence identity so that it is possible that the two genes 

have diverged to a degree, with only 22% overall identity where they can no longer 

complement each other's fuoction. The phylogeny analysis identified more closely 



rejated human proteins including CGI-RET which may be more suitable candidates for 

fiinire assays. 

The nul1 mutation of YNL320w revealed no obvious phenotype under my 

conditions. Negative results at this level of analysis does not mean that there are no 

situations under which YNL320w is essential. More accurate biochemical and metabolic 

analysis need to be done. Possible experiments to consider would include assaying for 

phenotypes in lipid metabolism or membrane trafficking as the consensus of the catalytic 

triad suggests a lipasdesterase function. 



CHAPTER 4 

Future Directions 



--= 
Future Directions for dütcrential sema of photoreceptor genes 

The differential hybribtion stmtegy was able to identifL known photoreceptor 

specific genes, but two features of the pilot screen suggested consideration of 

improvements for friture screens. Fht ,  the analysis of the Novel category revealed, that 

the majority of the Alu containhg clones were not identified due to nucleotide 

conservation of the coding region between mouse and man. They resuited from 

alignment of similar mouse and human repetitive sequences. Second, fiom the analysis 

of Known clones, -82% were broadly expressed, such that many clones clearly 

represented housekeeping genes. This leads me to question why such a large number of 

"undesùed" clones were identified. 

Differential expression of the B1 repetitive elements between the rd and wt 

mouse retina rnay be one possible explmation for the repeat element selection bias. To 

determine if the B 1 element is differentially expressed in the two retinas, wt and rd retinal 

RNA could be probed with an Ah-S element and the signai quantitated to determine 

whether this population differed between the two tissue types. If there is variability then 

one cm neutralize the B1 element by incubating with human Cot-1 DNA or with a single 

A h  fragment isolated fiom one of the MP clones. This strategy should eliminate the Alu 

selection bias in future screens. 

The second aspect of the screen was the identification of large number of 

housekeeping genes. It is unlikely that all  the abundantly expressed cDNAs have 

differential expression between the photoreceptor layer and the GCL and INL. For this 

reason the temporal expression profile of the rd retina should be M e r  evaluated. One 

can assay for this by extracthg RNA fiom the rd retina in younger mice and reprobing 



the identical filter. As al1 the putative PRS clones have been chanicterized, comparing 

the types of clones selected between the two time points may help to optimize a more 

approprite time point for tissue extraction. The expectation is that an analysis earlier in 

development wouid lead to fewer differences caused by accurnuiating ce11 loss. 

Future directions for studies of CG1167 

I hypothesize that one of the possible roles that CGI-67 plays in the ceIl is to 

establish or maintain ce11 structural polarity. This hypothesis is based on 1) the effect by 

the known functional homologue, Bem46 on the bem I bud5 cytoskeletal polarity 

deterrnining pathway in budding yeast 2) the occurance of the u/P hydrolase domain that 

is most closely related to the domains involved in the hydrolysis of lipids and esters and 

3) the detection of Cgi-67 expression in maturing spermatids. 

Both spermatogenesis and yeast budding, involve extensive reorganization of the 

ce11 membrane. This is interesthg given that the outer segments of photoreceptors 

undergo continuous disk shedding and regeneration. Because membrane remodeling is 

absolutely essential to the photoreceptor fhction, it is possible that CGI-67 or a related 

member may play an essential role such that there are serious enough consequences cause 

by mutations that lead to retinal disease. 



The eight related CG167 seguences in man are al1 candidates where, CGI-RET 

would appear, based on expression information, a protein that stands out. It has been 

detected only in a retinai library and it is most closely related to YNL320w. Cloning the 

full-length gene and repeating the rescw assay in the beml bud 5 mutant may be 

informative. 

Detailed analysis of YNL320w will likely be inciteful towards understanding the 

fimction of the CGI-67 family of proteins. The fvst critical expriment would be to 

confm that over-expression of YNL320w in a beml bud5 mutant is capable of 

suppressing the mutant budding phenotype. This will provide strong evidence that 

Bem46 and YNL320w are orthologous genes. With knowledge that the two genes have a 

similar effect, it would be interesting to produce a YNL320w genetic interaction map that 

defuies the complete set of synthetic lethal double mutant combinations for S. cerevisiae. 

YNL320w was generated by the international S. cerevisiae consortium fiom a founder 

strain that has a suitable genetic background to be used directly for this experiment. 

Based on preliminary experiments with a limited number of assay conditions, 

YNL320w was fond not to be essential for viability. This does not mean that it is a non- 

essential gene when another gene is deleted (a phenotype called "synthetic lethality"). 

Identifying synthetic lethal combinations often indicates significant in vivo interactions 

between gene products and serves as a starting point for more specific experiments. 1 

believe that this strategy wiil allow us to determine the genetic conditions under which 

this family with unknown hc t ion  has been so extensively conserved through evolution 

and allow us to rapidly evaluate whether the human homologues are good candidates for 

IRD. 
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Appendix 1 : List of ail putatively photorec&tor specific clones 

PR# MW Acc8mbl  Wlgnrtion MPPW ku8 A h  Cet- Kb 
1 

Hs. 180338 
Hs.80475 
Hs.32330 
Hs.77508 
Hs. 194709 
W92062 
Hs.33412 
Hs.235390 
AA058557 
Hs.281762 
Hs.60779 

Hs.5662 

H85993 
Aa019533 

W96142 
Hs. 1 17077 

Hs.267831 
Hs.255765 
Hs.259842 
Hs.43481 
Hs.16959 
Hs.153322 
Hs.40488 
Hs.03790 
Ai783709 
H85825 
Hs.113275 
Hs. 193780 
Hs.22795 
Hs.11067 
Hs.85963 

Hs.32804 
Hs.159971 

Aw271026 
Hs.90303 

Hs.155938 
Hs.247565 
Hs.133207 
Hs. 102276 
Hs. 12743 

Known 
Known 
EST 
Known 
Known 
EST 
EST 
Known 
EST 
EST 
EST 
Novel 
Known 
Uninformative 
EST 
EST 
Novel 
EST. 
Known 
Novel 
EST 
EST 
Known 
EST 
EST 
Known 
EST 
Known 
EST 
EST 
Known 
€sr 
EST 
EST 
Known 
Novel 
Known 
Known 
Novel 
EST 
Known 
Novel 
EST 
Known 
Known 
EST 
Known 
Novel 

7q22-q31.1 
15~22.1-22.2 
106323.3 
l4q22-qS3 
21q11.1 
14q22-23 
1 9q 1 3.4-tel 
NIA 
4q23.5-25 
8~23-p22 
NIA 
5q35.2-tel 
NIA 
NIA 
NIA 
N/A 
14q21 .O-21.5 
19q13.4 
NIA 
NIA 
N/A 
7q32-q36 
6~22.1-22.3 
2q11-11.1 
2q33 
17-1 1p-11.2q 
5q13.1-15 

6~11.2-21.1 
22q11.23 
NIA 
NIA 
16~13.2-13.3 
NIA 
N/A 
3q2l -q24 
129 11-12 
NIA 
7q21.2-21.3 
NIA 

wx 
sg R 

R 
Alu R 
Jbjo-sg 
Y R 

R 



Hs.13386 

AaO54142 
Hs.5599 
HS. 18442 
Hs.102402 
Aa017681 

Hs. 79025 
Hs.25313 
Aa71946l 
Aa053232 
Hs.6295 
Hs.23038 
Hs.223013 
Hs.150107 

Hs.171223 
Hs.250666 

Hs.231637 
Hs.210749 
Hs.111515 
Hs.32703 

Hs.1 O8812 

Hs. 1 73063 
Hs.4764 

Hs. 100407 

Hs.60617 
Hs.75258 
Hs. 189578 
R848453 
Hs.80926 

Hs.278589 
Hs.27f 503 
Hs.54609 
Aa018527 
Hs.99488 
Hs.202669 

Novel 
Known 
Novel 
EST 
Known 
Known 
Known 
EST 
Uninformative 
Novel 
Novel 
Known 
Known 
EST 
EST 
Known 
EST 
E n  
Esr 
Novel 
EST 
Known 
Uninformative 
EST 
Known 
Known 
EST 
Novel 
EST 
Uninformative 
Novel 
Known 
Known 
Novel 
Nove t 
Known 
Novel 
Known 
Ktiown 
Known 
EST 
EST 
Known 
Novel 
Known 
EST 
Known 
EST 
EST 
Known 



f!M M m -  AeÉ.uh D d g M t b  Ulrurjirqkrrir Al0 c~t-1 Kb 
n n 

1182 2A2 Hs.77510 Known 15q 14-15 R 1.5 
1164 2A3 W96240 EST Y R 
1167 2A4 Aw978975 EST R 
11810 2A5 Hs.60797 EST 1 1 ~ 1 5  SS R 
11C5 2A6 Hs.78305 Known 89 12.5-13 R 1.8 
11011 2A7 Novel R 
11 E3 2A8 Hs.13329 EST 
11F10 2A9 Hs.281584 EST 8~313-21.1 
1104 2A10 Hs.44426 Known 5q11.1-q11.2 R 
12A2 SA11 Hs.78305 Known 8q 12.5-13 
1267 2A12 Hs.78305 Known 8q 12.5013 
12C6 281 Hs.78305 Known 8q 12.5-13 
1207 282 Uninformative 
12010 283 Hs.78305 Known 8q 12.5-13 
12 E3 284 Hs.78305 Known 8q 12.5-13 
12F8 285 Hs.78305 Known 8q 12.5-13 
13A2 286 Aa047876 EST 6q26-27 
1387 2B7 Hs.25910 Known 1q31-q32 
1369 288 32b6 EST 6q26-27 
13E2 289 Hs.69192 Known 12q21.3-23 
13F8 2810 Hs.78305 Known 8q 12.5-13 
1361 2811 Hs.116998 EST 
1302 2812 Aa255915 EST 
13G3 2C1 Hs.78305 Known 8q 12.5-13 
1361 1 2C2 Hs.33791 Known 
14C4 2C3 Aw884041 EST 
14C12 2C4 Hs.111801 Known 7q22 
14012 2C5 Hs.7076 EST 14q12-ql3 
14 €3 2C6 Uninformative 
14F8 2C7 Uninformative 
15C4 2C8 Uninformative 
15C12 2C9 Hs.250838 EST 12q24.32-tel 
15D7 2C10 Novel 
15010 2 C l l  Novel 
15012 2C12 Novel 
15 €3 201 Uninformative 
15F8 2D2 Uninformative 
1568 203 Uninformative 
16C11 204 Hs.12514 Known 2q3 1.32.1 
1605 205 Hs.36093 Bi 20~13-tel 
1608 206 Hs.54607 Known 22q 1 2 4  3 
16011 2D7 Novel 
16 Et 208 Novel 
16F1 209 Hs.159461 EST 19 (PAC) 
l6F3 2010 Hs.202181 EST 
1608 2011 Hs.144981 EST 
16H3 2D12 Hs.87247 Known 
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