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Abstract

A 2.3 kb rat brain cDNA has been isolated which is homologous to human n-chimaerin 

cDNA, encoding a protein with similarity to the C1 regulatory domain of protein kinase C (N- 

terminal) and to the product of the human breakpoint cluster region gene (C-terminal). The 

extreme 5’ (500 bp) rat cDNA sequence is in opposite orientation to that of the human and this 

orientation was verified using RACE (rapid amplification of cDNA ends). As a result, the rat 

cDNA encodes a protein containing at the N-terminal 35 amino acid residues in addition to the 

299 amino acid residues encoded by the human cDNA. The latter polypeptide exhibits 97% 

sequence identity. The rat cDNA contains CACACCACAAACAC repeats (not found in the 

human) in the 3’ untranslated region. The concentration of the 2.3 kb rat brain mRNA increases 

progressively from embryonic day 15 to postnatal day 40. In situ hybridization analysis 

demonstrated mRNA expression in neurones of the hippocampus, cortex and the Purkinje cells 

of the cerebellum.

A related rat brain cDNA contains a unique 5’ EcoRI fragment, which hybridized to the 

5’ RACE products generated from rat brain mRNA using rat n-chimaerin specific primers and 

detected an mRNA smaller than n-chimaerin mRNA. A related human cDNA, H631.1, contains 

additional sequences at the 5’ end encoding a region with similarity to src homology 2 domain 

(SH2) and another identical to part of CRE-BP1 (cAMP response element binding protein-1). 

5’RACE confirmed the presence of a brain mRNA encoding n-chimaerin with the additional SH2 

domain. A partial human cDNA sequence encoding the SH2 and CRE-BP1 domains detected 

a 4 kb mRNA which in contrast to the n-chimaerin mRNA decreased with development in rat 

brain.

The results indicate the existence of multiple mRNAs encoding n-chimaerin as well as 

larger proteins containing the n-chimaerin sequence.
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1.1: Gene expression in the brain

The mammalian brain is a very complex organ, both in terms of function and anatomy. 

There is a large number of different neuronal and glial cell types. Several features of neurones 

are unique. They are highly polymorphic; each neuronal cell type has an extraordinary degree 

of specialization, making it necessary to have precise intracellular transport of proteins which 

are destined for axons, dendrites or synapses. Neurones have specialized and intricate 

synaptic interconnections. Gene transcription in the brain is more extensive, with a greater 

complexity of mRNA transcripts than in other organs. This could be due to the heterogeneity 

in cell types or to a high transcriptional diversity in individual neurones or glia. The brain has 

a higher complexity of both its nuclear and cytoplasmic RNAs than other tissues. It has been 

calculated that between 31% (rat) and 42% (mouse) of the unique sequence genome is 

expressed in brain RNA (Bantle et al., 1976; Chikaraishi et al., 1978). From additivity or 

sequential hybridizations, estimates of the levels of complexity of other adult tissues (liver, 

kidney) range from 22% to 10% (Chikaraishi et al., 1978). Furthermore, the nuclear RNAs in 

the brain, liver and kidney form a "nested" set of overlapping sequences. The brain contains 

the largest diversity; the liver contains a subset of the brain sequences and the kidney a subset 

of the liver sequences in addition to tissue specific sequences.

1.2: Development of the brain

The vertebrate brain originates embryonically from the neural tube. The ectoderm 

thickens and forms a pear-shaped neural plate in response to a signal from the dorsal 

mesoderm. A longitudinal neural groove appears and gradually deepens, eventually folding 

over itself. The neural tube is formed when the anterior and posterior neuropores close. 

Neuroepithelial cells of the neural tube give rise to the neurones, astrocytes, oligodendrocytes 

comprising the vertebrate central nervous system (CNS). The adult vertebrate CNS is 

composed of greater than approximately 109 neurones and glial cells (Hockfield et al., 1985). 

These are derived from a small number (approximately 104) of morphologically homogeneous 

neuroepithelial cells at embryonic day 10 in the rat.

1.2.1: Development of the cerebral cortex

In the developing cortex, four zones can be distinguished (Jacobson, 1978). They are 

(from external [pial] surface to the inner [ventricular] surface): the marginal, intermediate, 

subventricular and ventricular zones.

The marginal zone initially contains only cytoplasmic processes of cells whose nuclei 

are at deeper levels but later it becomes sparsely populated by neurones that form layer I of 

the cerebral cortex, which is the first cortical layer to develop.

The intermediate zone develops as a result of ingrowth of afferent axons and migration
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of cells to form the cortical plate. As the cells and fibres continue to invade this zone, the 

cortical plate undergoes progressive differentiation to form the definitive layers of the cerebral 

cortex.

The subventricular zone contains proliferating cells that mainly give rise to macroglia.

The ventricular zone containing the ventricular germinal cells is the first zone to 

develop. It gives rise to the other zones and disappears at an early stage of development. 

Neuroqenesis 

Origin

Neurones are generated exclusively in proliferative zones situated close to the 

ventricular or pial surface of the developing brain. After the last cell division, the young 

neurones (post mitotic) move to final positions where they continue to differentiate, grow axonal 

and dendritic processes and develop synaptic contacts with other neurones. Exceptions to this 

rule include the granule cells of the dentate gyrus of the hippocampal formation. These cells 

are generated in situ or in close proximity to their final residence.

Migration

The rate of migration of young neurones from the ventricular zone to the cortical plate 

is initially uniform but later becomes spread over a longer time. At late stages of histogenesis 

of the cortex, the cells have to migrate a longer distance and traverse a more complex terrain. 

At these stages, it was suggested that the migrating neurones use radial glial cells as guides 

(Rakic, 1978; Levitt et al., 1980; Rakic et al., 1988). Radial glial cells are the first class of glial 

cells to appear during development. They fan out from the ventricular and subventricular zones, 

where their cell bodies reside to the pial surface. These cells may assume different forms in 

other CNS regions (Bergmann glial cells in the cerebellum). The elongated processes of these 

glial cells appear to guide the young neurones. The radial glial cells ultimately disappear, many 

becoming transformed astrocytes. Immunohistochemical localization indicates that radial glial 

cells are present concomitantly with neurones, thus raising the possibility that at least two 

distinct populations of cell precursors compose the proliferative zones. Large numbers of radial 

glial cells are present in all brain regions during the peak of neuronal migration. During the 

entire period of cell migration to the neocortex, a single radial process can guide several 

hundreds of neurones which have originated from the same position in the ventricular zone.

Migrating neurones have to traverse the intermediate zone and at a later stage, the 

subplate zone before arriving at their final destination. The intermediate zone increases in 

thickness by addition of axonal fascicles of various origins. After most of these axons acquire 

their myelin sheet, the zone is transformed into subcortical white matter.

In later stages of embryonic development of the mammalian CNS, the subventricular 

zone is formed. It progressively diminishes during development. The subventricular zone gives 

rise to neurones as well as glia during prenatal development, while only glia are produced after
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birth. The neurones and glia originating from the subventricular zone migrate out through the 

white matter to the overlying grey matter.

Unlike non primate species that may display variable degrees of post-developmental 

neurogenesis, the full complement of neurones in the primate CNS seems to be attained during 

a restricted developmental period ending shortly after birth (Rakic, 1985).

Position

The final position of neurones in the cortex correlates with the time of neurone origin. 

Neurones destined for deeper cortical layers are generated earliest and are bypassed by those 

of the more superficial layers. The relationship between the time of neuronal origin and their 

laminar position is referred to as an "inside-out” gradient of neurogenesis. Several lines of 

evidence suggest that the basic properties of neurones such as their morphology and/or 

prospective synaptic contacts may be specified early, that is, determined before cells reach 

their final positions (Rakic et al., 1988). A similar conclusion has been drawn for the neuronal 

classes of the cerebellar cortex (granule cells, interneurones of the molecular layer and 

Purkinje cells).

1.2.2: Development of the cerebellum

The morphological development of the rat cerebellum has been studied by Altman 

(1982) using thymidine autoradiographic analyses. The time of origin of neurones of the 

cerebellum and the structures connected with it occurs with great precision. Cerebellar macro- 

and microneurones are produced in a sequential order.

Prenatal development of the cerebellum

The young neurones of the deep cerebellar nuclei are first seen in day E14 (embryonic) 

rat embryos. These become larger and more separated from the underlying neuroepithelium 

by day E15. From day E15, these cells become segregated from young Purkinje cells by a 

fibrous band. The first phase in cerebellar development ends on day E16 with the cessation 

of the production of Purkinje cells.

The second phase begins on day E17 and ends before birth. It is characterized by the 

formation of the external germinal layer (EGL) and the migration of Purkinje cells through the 

deep neurones towards the surface.

Postnatal development of the cerebellum

On the day of birth, the primitive cerebellar cortex is composed of the EGL, a thin band 

of fibres and a multicellular layer comprised of immature Purkinje cells. Beginning on postnatal 

day 4 (P4), the Purkinje cells are dispersed in a monolayer. A rapid increase in the area 

occupied by the molecular layer and the granular layer is observed, together with the initial 

increase and decline in the area occupied by the EGL. By day P21, the EGL has disappeared. 

Of the macroneurones derived from the ventricular epithelium, the deep nuclei
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neurones, which are the major output elements of the cerebellum, are generated first. The 

Purkinje cells representing the outflow link between the-deep nuclei and the cerebellar cortex, 

are produced next. The Golgi epithelial cells which are interneurones of the cerebellar cortex, 

are produced last. The microneurones are formed next: the basket and stellate cells, followed 

by granule cells. The EGL is displaced away from the layer of Purkinje cells as the molecular 

layer thickens. The production of cells of lower molecular layer (including basket cells) and of 

the upper molecular layer (including stellate cells) occurs in a sequential fashion. The majority 

of the basket cells are produced between days P6-7 and the stellate cells on days P8-11. 

Granule cell production occurs throughout the above period and ends on day P21.

After final mitosis, the granule cell body transforms from a nearly round shape in the 

superficial zone of the EGL to a horizontal bipolar form, with elongated processes at the outer 

border of the molecular layer (Rakic, 1971). The cell descends and as it does so, it assumes 

a pyramidal shape. It finally attains a round shape again when it lies deep to the Purkinje cell 

layer. During these transformations, the cell cytoplasm increases and contains a prominent 

Golgi apparatus, free ribosomes and microtubules. Longitudinally orientated microtubules 

concentrated in the vertical leading process disappear by the time the cell reaches the granular 

layer. The slender process loses most of its cytoplasmic organelles, acquires microtubules and 

together with the horizontal processes, forms the characteristic T-shaped axon. The axon forms 

synapses with Purkinje and stellate cell dendrites at a time when other granule cells are still 

migrating among them.

As the descending granule cells begin to gather under the growing Purkinje cells, the 

Purkinje cells become sandwiched between the growing molecular and granular layers. It is 

thus forced to assume a monolayer sheet with a hexagonal arrangement of cell bodies.

The latency between the time of origin and the time at which the various types of 

neurones attain their full differentiation varies. Some types such as Purkinje cells originate early 

but have a delayed and prolonged differentiation while others such as the cerebellar granule 

cells arise late but differentiate rapidly.

Neurodeqeneration

The development of the vertebrate CNS includes a phase of neuronal degeneration or 

"programmed cell death" during which a substantial part of the neurones initially generated die 

(Cowan et al., 1984; Williams et al., 1988). Many dying cells are young neurones. The 

incidence of death among different populations of neurones shows great variation in a single 

species. Within groups of neurones, the distribution of dying cells is uneven.

This degeneration allows the neuronal population to adjust to the functional needs of 

its projection field. In the same process, many neurones whose axons have grown to the wrong 

target or inappropriate region have also been eliminated. These phenomena play a major role 

in determining the form of the mature nervous system. Neurone loss could be viewed as
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improving the efficiency of information processing.

1.3: Cellular diversity in the brain

During the process of mammalian neural development, a plate of homogeneous cells 

divides and undergo morphological and genetic changes, giving rise to an adult nervous system 

composed of thousands of cells. The cells contain a wide variety of structures, physiology and 

a complex but precise series of connections among them. The number of molecularly distinct 

characteristics that differ among neurones is perhaps large enough to account for the 

anatomical and physiological differences observed among them (Hockfield and McKay, 1985).

The most basic form of cellular diversity is manifest in the division of cells into 

neurones and glial cells. Basic functional differences exist between these two groups. In 

addition, the origins of these neurones and glial cells appear very early and once committed 

to either neuronal or neuroglial cell line, the process appears irreversible.

Classically, neurones have been differentiated on the basis of morphology, including 

cell size, shape, afferent, efferent connections, location and staining characteristics. Neuronal 

soma size appears to be related to the length and degree of branching of the dendrites and 

axon that a nerve cell supports. The presence of large and small neurones is generally an 

indication of the presence of both neurones with axons projecting to distant targets and of 

neurones with locally ramifying axons. Variations in terms of shapes and extents of dendritic 

and axonal ramifications are also present. The characteristics of the dendritic field of a neurone 

are influenced by synapse formation on the dendrites. For example, there appears to be a high 

degree of specificity in the connections effected by different kinds of pyramidal cells. Pyramidal 

cells whose cell bodies reside in a particular layer of the cortex send their axons to only a 

limited number of predetermined sites. It is uncommon for the axon of a pyramidal cell to 

branch and innervate two disparate targets.

Two types of glial cells, namely astrocytes and oligodendrocytes are easily recognized 

when they are mature. Astrocytes contain glial filaments which are largely polymers of glial 

fibrillary acidic protein (GFAP). Hence, they are readily detected in tissue sections by 

immunohistochemical techniques using anti-GFAP antibodies. An oligodendrocyte’s main 

function is to myelinate axons. Myelin basic protein is one of the best characterized marker 

protein for oligodendrocytes. No glial filaments are present in oligodendrocytes. Two different 

types of astrocytes have been reported (Raff et al., 1983). Type I astrocytes have a fibroblast 

morphology, proliferate in culture (especially in response to epidermal growth factor) and do 

not bind ligands that bind to polysialogangliosides. Type 2 astrocytes have a process-bearing 

morphology, divide infrequently in culture and bind to above said ligands. Plasticity in the 

development of glial cells has been demonstrated (Raff et al., 1983). A glial progenitor cell in 

7 day old rat optic nerve can be induced to develop into a fibrous astrocyte if cultured in the
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presence of foetal calf serum or an oligodendrocyte if cultured in the absence of serum. In 

certain culture conditions, some of these cells acquire a mixed phenotype, displaying properties 

of both astrocytes and oligodendrocytes. The results suggest that astrocytes and 

oligodendrocytes develop from a common progenitor cell.

Immunocytochemical studies have provided evidence for the biochemical heterogeneity 

of neuronal populations through the localization of defined peptides, enzymes, receptors and 

other neuroactive substances. Monoclonal antibodies have been raised that recognize a variety 

of antigenic determinants present on different neuronal and glial subtypes in the developing and 

adult CNS.

Hockfield et al. (1985) have used the monoclonal antibodies to identify three classes 

of cellular elements in the developing mammalian nervous system: axons, early endothelial 

cells and radial glia. Monoclonal antibody Rat-202 recognizes an antigen present in early 

axons, growth cones and filopodia. It enabled the visualization of early growth cones in the 

CNS. Two types of growth cones in the developing dorsal horn are distinguished. The antibody 

permits the study of the structures contacted by the early axons.

Monoclonal antibody, Rat-401 recognizes many of the cells in the neural tube at E11. 

The antigen first appears in the developing rat CNS after neural tube closure, on E11. At first, 

it is restricted to punctuate areas along the pial surface. At days E11/early E12, the antigen is 

detected within the cells from the ventricular to the pial surface. Most of the cells in the neural 

tube are antibody positive. As neural development progresses, the antibody positive cells 

resemble the radial glial cells and antibody negative cells become apparent. Hence, most of 

the cells in the early neural tube share a common antigen that later is expressed by the radial 

glial cells and that a common Rat-401 positive progenitor cell gives rise to both neurones and 

glia.

Radial glial cells are specifically recognized by monoclonal antibody Rat-401 throughout 

the developing rat CNS. Unlike anti-GFAP (Levitt et al., 1980), the marker for radial glial cells 

in primates, antigens recognized by Rat 401 are restricted at later developmental stages to the 

radial glial cell and are absent in other cell types in the embryonic or adult CNS. Rat-401 

recognizes radial cells throughout the developing rat brain but not in the adult brain. Antigen 

loss was found to correlate with the end of the period of neuronal proliferation and migration. 

It thus recognizes a cell that is temporally and spatially suited to guide neuronal migration.

1.4: Abundance of genes In the brain

Classically, two methods have been utilized to address the question of how many 

genes the brain expresses. Both employed hybridization. Since hybridization is a bimolecular 

process, the rate at which a known concentration of nucleic acids forms hybrids is a function 

of the number of distinct molecular species in the reaction mixture.
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The first method is saturation hybridization in which trace amounts of radioactive single 

copy DNA are annealed to saturation with excess unlabelled RNA. The amount of DNA driven 

into RNA-DNA hybrids gives a direct measure of the percentage of the unique sequence DNA 

transcribed.

The second method is a kinetic measurement of the rate of annealing between 

complementary DNA (cDNA) and the poly(A)+ RNA used as template for the cDNA. The rate 

of hybridization of cDNA with its homologous poly(A)+ RNA in a diverse population can be 

compared to that of a pure RNA species of known complexity. One can estimate the sequence 

diversity of the poly(A)+ RNA population from these measurements.

Poly (A)+ RNA

Chikaraishi et al. (1979) have reported that about 4.8% of the unique sequence DNA 

is transcribed into poly(A)+ RNA which is equivalent to about 1.7X 108 nucleotides (the rat 

single copy genome is taken to be 1.8X 109 base pairs) assuming asymmetric transcription.

Milner et al. (1983) isolated 191 random cDNA clones prepared from rat brain 

cytoplasmic poly(A)+ RNA. The average size of rare mRNAs was found to be larger than the 

abundant species. In addition, they tend to be brain specific. The rarest, specific mRNAs 

average 5000 nucleotides. An estimate of 30 000 distinct brain mRNA species was given as 

opposed to the previous estimate of 150 000 species averaging 1500 nucleotides in length 

(Chikaraishi et al., 1979). The older estimate could be too high as it did not take into account 

the fact that rare brain specific mRNA species are much larger than the more abundant 

species. Furthermore, the sample size was relatively small and the cloning might have 

introduced some non-random effects, for example, sequences which are relatively difficult to 

clone might be contending factors in the underestimation.

PoMAVRNA

The above estimates are based on poly(A)+ mRNA. However, brain cytoplasmic 

ribosome-associated RNA lacking a poly(A) tail, termed poly(A)' RNA, had been observed 

(Chikaraishi et al., 1979). Bantle and Hahn (1976) had also shown that about 37% of the 

heterogeneous nuclear RNA complexity in mouse brain resided in nonpolyadenylated RNA. 

From saturation hybridization data, half the complexity resides in poly(A)+ RNA and half in 

poly(A)' RNA (Chikaraishi, 1979). Sequential additivity experiments suggest that the vast 

majority of complex poly(A)+ RNAs have different sequences from the complex poly(A)' RNAs. 

The two classes of RNAs represent nonoverlapping sets of genes. This in turn suggests that 

measurements relying solely on poly(A)+ RNAs could seriously underestimate the total 

complexity of a RNA population. These poly(A)* RNAs may function as genuine mRNAs since 

they can be released from large polyribosomes by puromycin and can be translated in vitro with 

the same molar efficiency as poly(A)+ mRNAs (Chikaraishi, 1979). Indeed, one example of 

poly(A)' RNAs is the histone mRNAs (Marzluff et al, 1988).
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In contrast to the hybridization experiments, in vitro translation experiments indicated 

that about one third of the proteins translated from poly(A)' RNA were also found among the 

poly(A)+ products, a major common protein being p-actin (Chikaraishi, 1979). The most 

abundant proteins are held in common but the majority of the detectable poly(A)' products are 

unique to the poly(A)' fraction. One must take into consideration the fact that mRNAs display 

shortening of the poly(A) tails during their half lives and that the analyses thus far could have 

divided this group of mRNAs into the poly(A)' fraction.

Chaudhari et al. (1983) have shown that the change in sequence complexity of nuclear 

RNA during postnatal development of the brain is largely due to the expression of genes 

specifying poly(A)' mRNAs and that the poly(A)' mRNAs appearing postnatally are specific to 

the brain. However, Brilliant et al. (1984) have found an individual genomic DNA clone whose 

transcript is poly(A)' and common to brain, liver and kidney. Their results suggest that although 

poly(A)' transcripts are important in the brain, there is at least a small class of poly(A)' RNAs 

which are neither brain-specific nor limited to postnatal expression.

Although most poly(A)' RNA might represent genes different from those of poly(A)+ 

RNA, long messages may be nicked during isolation and remain undetected by Northern blot 

analyses. Fung et al. (1991) have found by a sensitive nuclease protection assay that low 

levels of transcripts encoded by 2 different genomic clones that appear to be poly(A) RNAs are 

detected in poly(A)+ RNA. The integrity of two known poly(A)+ RNAs, those of tyrosine 

hydroxylase (2 kb) and sodium channel (9.5 kb) were assessed. After 2 cycles over oligo-dT 

cellulose, the tyrosine hydroxylase fractionated as poly(A)+ whereas the longer RNA 

fractionated as poly(A)' as assayed by nuclease protection. It is plausible that these poly(A)' 

RNAs are labile, brain-specific poly(A)+ RNAs that lose their poly(A) tails during isolation.

1.5: Diversity of genes

An alternative method using hybridization procedures has also been employed to 

characterize molecules that mark populations of developing neural cells, as well as those that 

might be important in developmental processes. Three classes of mRNAs have been 

established (Miller et al., 1987).

Class A includes those that are highly enriched in the nervous system and appear to 

be expressed largely in the newly differentiating cell populations. These suggest that these 

mRNAs encode proteins that carry out specialized functions of neurones. Ta1 form of a-tubulin 

is a representative of this class.

Class B of developmentally regulated mRNAs appears to be expressed in germinal cell 

layers at the time of neurogenesis. They may encode products that are involved specifically 

with the production of neuronal and/or glial cells from their precursors.

Class C of mRNAs has a more heterogeneous distribution and could encode proteins
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that perform "housekeeping" functions.

A large number of heterogeneously distributed brain peptides exists; this coupled with 

the vast protein-encoding potential of brain (Bantle et al., 1976; Chikaraishi, 1979; Chaudhari 

et al., 1983) suggest that many cell type-specific proteins may exist. More than 50% of the 

sequence complexity of brain RNA is represented by rarer mRNAs (Milner et al., 1983). These, 

though less abundant in whole brain, may be highly expressed in restricted cells because of 

their limited neuroanatomical distribution.

1.6: Examples of brain, tissue and neurone specific genes

The brain expresses large numbers of molecules. Unique isoforms of ubiquitous 

enzymes including protein kinase C (PKC) are found in the brain. Neurone specific enolase 

(NSE) and specific abundant membrane proteins such as myelin basic protein (MBP) and 

myelin proteolipid protein (PLP) are expressed in the brain. Myelin is the multilamellar 

membrane that wraps around axons and acts as an insulator facilitating transmission of nerve 

impulses. MBP and PLP are the major constituents of myelin in the CNS. MBP is associated 

with the cytoplasmic face of the myelin membrane and is thought to mediate myelin 

compaction. PLP is an integral membrane protein and might play a role in mediating 

interactions between opposing extracellular membrane surfaces.

During development of the vertebrate nervous system, overproduction of neurones is 

compensated for by naturally occurring neuronal death, which is regulated by their targets. 

Within targets, neurotrophic factors (NFs) are produced in limiting amounts and their release 

regulates both the timing and extent of innervation. The neurones that reach maturity are 

thought to have successfully competed for a target-derived, retrogradely transported 

neurotrophic factor present in the target fields. Neurotrophic factors have also been implicated 

in processes involving the proliferation and differentiation of neurones (Squinto et al., 1991). 

Thus, they may play additional roles both within and outside of the nervous system.

Microtubules are the most prominent cytoskeletal structures within developing and 

mature neurones. Microtubule-associated proteins in the nervous system promote microtubule 

assembly and stability and they might be involved in the establishment and maintenance of 

neuronal polarity. They are heterogeneous structures, being different from cell type to cell type 

within the brain. During the course of development, the relative abundance, molecular form and 

degree of post-translational modification of the microtubule-associated proteins change. 

Intermediate filament proteins also contribute to the formation of the cytoskeleton. An 

intermediate filament which is uniquely expressed in glial cells is glial fibrillary acidic protein 

(GFAP) whereas those expressed in neurones are neurofilaments.

Many receptor protein tyrosine kinases (PTKs) may be important in both development 

and maintenance of neural tissue. High levels of PTK activity is present in the nervous system.
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In vertebrates, PTKs may be involved in neural differentiation. Possible substrates for receptor 

PTKs include ion channels which play an important role in neuronal signal transduction.

Several of the above mentioned proteins are described briefly below.

S100

S100 is a 20 kD Ca2+ binding protein composed of highly similar a and p subunits 

(S100a and S100p). These proteins contained two Ca2+-binding regions known as EF hands. 

An EF hand contains invariant amino acid residues in a loop structure, preceded and followed 

by an a helix, the consensus sequence being DXDX2GX<j)X3E where X= any amino acid and 

hydrophobic. The loop functions as the actual Ca2+ binding site (Kligman and Hilt, 1988).

S100p is found in glial cells and Schwann cells in the nervous system whereas S100a 

is present in neurones at levels 10 fold lower than S100p (Allore et al., 1990). Bovine brain 

contains both S100a and S100P subunits in contrast to rat brain which contains only S100p 

subunit (Kuwano et al., 1986). The developmental changes of S100 mRNA in rat brain was 

examined by dot blot hybridization (Kuwano et al., 1984). A rapid increase in S100 mRNA was 

observed from postnatal days 10-20.

Recently, the S100P gene was cloned (Allore et al., 1990). It has 3 exons, the first 

specifies the 5’ untranslated region, while the second and third each encodes a single EF-hand, 

Ca2+-binding domain, Several potential regulatory transcription elements, including the cAMP 

responsive elements CRE and AP-2 are present in the promoter region.

S100 is implicated in the control of the cell cycle. Moreover, it shares sequence 

similarity with a number of proteins which are potential components of Ca2+ signal transduction 

pathways involved in the regulation of growth and differentiation. During the maturation of the 

mammalian brain, S100 protein accumulates and promotes viability, neurite extension and 

morphological differentiation in cultured neuronal cells (Allore et al., 1990).

Selinfreund et al. (1991) have demonstrated that S100p stimulate cellular proliferation 

of rat C6 glioma cells and astrocytes with no observable effect on neuroblastoma cell lines. The 

steady state levels of c-myc and c-fos protooncogene mRNAs were also elevated on addition 

of S100P to culture medium. S100p thus may be involved in the coordinate development and 

maintenance of the central nervous system by synchronously stimulating the differentiation of 

neurones and the proliferation of astroglia.

Neuron specific enolase

Two isozymes of enolase are found in the adult mammalian nervous system. The non

neuronal enolase (NNE) aa dimer is expressed in glial cells (as well as most adult non brain 

tissues), whereas NSE (yy dimer) is strictly localized to neurones. Immature migrating neurones 

contain NNE but after the neurones have arrived at their final destinations, a switch to NSE 

occurs. NSE is highly abundant. The cDNA sequence for rat NSE was determined (Sakimura 

et al., 1985). The mRNA is highly expressed from a single gene and transcriptional 5’ end
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heterogeneity is observed (Forss-Petter et al., 1986). NSE mRNA is expressed in 

midgestational rat foetal brain. There is an initial onset of synthesis preceding embryonic day 

14. A plateau is achieved at birth, followed by the postnatally activated NSE mRNA synthesis 

(Sakimura et al., 1985; Forss-Petter et al., 1986). The NSE mRNA accumulates at a faster rate 

than the mature NSE protein, indicating some translational control.

Neurofilament proteins and glial fibrillary acidic protein

There are four forms of intermediate filaments (IFs) in vertebrate brain. Neurofilament 

(NF) proteins are specific to neurones whereas GFAP is present in astroglia. There are three 

major NF proteins: NF-L (68 kD), NF-M (145 kD) and NF-H (200 kD). IF proteins contain three 

distinct domains, the most prominent is a highly conserved central "rod" domain, this domain’s 

organization being invariant. The rod domain has two similarly sized regions connected by a 

short spacer loop. Each region is characterized by a repeated pattern of 7 amino acid residues 

capable of forming a-helical arrays.

Sequence divergence in the amino terminal of GFAP with other IF proteins indicates 

a mediation of specific functions through this region. There is conservation of structural 

characteristics and some sequence conservation in the carboxyl terminal region (Reeves et al., 

1989), suggesting functional similarities. Regional differences in the amount of GFAP in 

astroglia depend primarily on the degree of expression of GFAP gene (Kitamura et al., 1987). 

There is heterogeneity among astroglia in terms of GFAP gene expression.

The whole promoter sequence and a single major transcriptional start site of the mouse 

GFAP gene have been determined (Miura et al., 1990). The 256 bp 5’ flanking region of the 

GFAP gene, found to confer astrocyte specific expression, contain three trans acting factor 

binding sites as detected by DNase I footprinting assays (GFI, II and III). Base substitutions in 

GFI and III abolished the cell-specific expression whereas mutations in GFII decreased 

promoter activity.

NF proteins are variably phosphorylated, mainly on serine residues. The degree of 

phosphorylation may be dependent on several factors: development, neurone location and 

intraneuronal microenvironment. The expression of NF proteins is developmental^ regulated. 

It was inferred, based on Northern blot analyses and transcription studies, that half of the 

developmental increase and most of the inter-regional variation in the levels of the NF-H mRNA 

are mediated through message stabilization (Lieberburg et al., 1989). One copy of NF-H gene 

is present in rat genome as opposed to two in human (localized on chromosomes 1 and 22). 

Myelin basic protein and myelin proteolipid protein

The 32 kb MBP gene (rat and mouse) has seven exons. Alternative RNA splicing 

generated four MBP mRNAs which share exons 1, 3, 4, 5 and 7. They differ by inclusion of 

second or sixth exon, or neither, or both in the mature spliced mRNA. A fifth form of MBP 

mRNA does not contain exons 2 and 5 but includes exon 6 (Roth et al., 1986, Newman et al.,
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1987) in the cases of rodents and humans. Other than phosphorylation, the only post- 

translational modification is the removal of the N-terminal methionine.

A single 15 kb rat PLP gene has seven exons. Two major PLP mRNAs of sizes 3200 

and 1600 bp are detected. The two mRNAs arose from differential polyadenylation. The larger 

mRNA contains a very long 3’ UTR. The developmental profile was determined by Northern 

blot analyses (Milner et al., 1985). Both PLP mRNAs are barely detectable in day P19 rat brain. 

However, the amount of the transcripts increases to a maximum at day P25-P30. In adult rat 

brain, the level of transcripts is 3 to 5 fold less than the maximal amount.

At the time of peak myelination, the time course parallels that of myelination. This 

suggests that the level of PLP is regulated by transcription of its mRNAs during myelination. 

5’ end heterogeneity is observed. For rat PLP there is one gene which generates six or more 

mRNAs that vary at 5’ and 3’ ends and one protein.

Microtubule-associated proteins

Microtubules are composed of a backbone of a- and p-tubulin polymer and a variety 

of microtubule-associated proteins (MAPs). Microtubule heterogeneity exists due to the different 

isotypes of both tubulin and MAPs.

Several species of MAPs exist in the mammalian brain. The locations of MAPI (350 

kD), MAP2 and MAP5 (320 kD) have been studied by in situ hybridization (Tucker et al., 1989). 

MAPI is a late MAP, appearing in the period when neurite outgrowth has largely ceased. It is 

thought to play a role in the stabilization of established neurites. The mRNA is present in both 

glia and neurones. MAP2 mRNA is present in neurones after their precursors have ceased 

dividing and have migrated from their zone of proliferation. The mRNA is detected in dendrites 

of the developing brain. MAP5 is an early MAP and is present at high levels in the embryonic 

brain. The level of transcripts decreases rapidly between day P7 and P10. It is the only major 

MAP to be found consistently in extending axons in situ. The MAP5 mRNA signal is high 

throughout the day E19 rat brain, even within the ventricular zone of the cerebral cortex. The 

extremely early appearance suggests a growth related role. Two isoforms can be seen on a 

SDS/polyacrylamide gel. The larger form is phosphorylated (Fischer et al., 1990). During brain 

development, the decrease in MAP5 levels was accompanied by changes in the relative 

amounts of the isoforms. The phosphorylated isoform decreased to almost undetectable levels 

in the adult brain.

MAPI and MAP5 are encoded by single mRNA species of sizes 10 and 11 kb 

respectively (Garner et al., 1990). They exhibit reciprocal patterns of expression during 

postnatal rat brain development. The level of the 10 kb MAPI mRNA shows a steady increase 

during the first 20 days of postnatal life whereas the 11 kb mRNA encoding MAP5 displays the 

opposite pattern of expression. Since the relative levels of the mRNA and the protein (for both 

MAPI and MAP5) parallel each other, the principal mode of control is at the transcriptional
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level. It was found from hybrid cell panel experiments that MAPI gene is located on mouse 

chromosome 2 whereas MAP5 gene is on mouse chromosome 13 (Garner et al., 1990). 

Neurotrophic factors

Brain derived neurotrophic factor (BDNF) (Leibrock et al., 1989; Hofer et al., 1990) and 

neurotrophin-3 (NT-3) (Hohn et al., 1990; Ernfors et al., 1990; Maisonpierre et al., 1990) have 

recently been cloned and shown to be structurally related to the prototypic neurotrophic 

molecule, nerve growth factor (NGF).

Sequence analysis revealed that as with NGF and BDNF, NT-3 has two precursor 

forms, which differ in the length of the amino terminal sequences. In size and charge, NT-3 

closely resembles NGF and BDNF. High amino acid conservation is found between the three 

members of the family. However, the neurotrophic activity of NT-3 is distinct from NGF and 

BDNF (Maisonpierre et al., 1990).

The expression of NGF mRNA (1.3 kb) is highest in the brain, heart and spleen; trace 

amounts are detected in other tissues. BDNF (2 transcripts of sizes 1.6 kb and 4 kb) has a 

more restricted pattern of expression, with highest levels in the brain. NT-3 transcript (1.4 kb) 

appears in all adult tissues, with the highest expression in kidney.

Examination of neurotrophic factor (NTF) gene expression in rat embryos revealed that 

all three NTFs display a dramatic increase in their expression levels between day E11-E12 

(Maisonpierre et al., 1990a). This timing coincides with developmental onset of neurogenesis. 

The three NTFs play developmental roles of particular importance to the nervous system.

Comparison of NT-3, BDNF and NGF expression within newborn and adult nervous 

system revealed that all three displayed discrete spatial and temporal differences. NT-3 mRNA 

expression is detected in the developing brain at day E15. A sharp increase was observed at 

birth and maximal levels were achieved at postnatal day 4. Two BDNF mRNAs of sizes 1.4 and 

4 kb were first observed at day E19 with a peak level at 2 weeks of age. NT-3 mRNA was 

expressed at high levels in the hippocampus and cerebellum. BDNF mRNA expression, on the 

other hand, is more widely distributed (Ernfors et al., 1990a). NGF mRNA levels do not show 

the differences exhibited by NT-3 and BDNF. The cells expressing mRNA for NT-3 and BDNF 

were identified by in situ hybridization (Ernfors et al., 1990b). NT-3, BDNF or NGF mRNA 

expressing neurones were located in a partially nonoverlapping pattern in the hippocampus. 

The different factors may predominantly support innervation of different sets of neurones during 

development and may also maintain innervation of factor-specific neurones in the adult. 

Neural receptor protein tyrosine kinase

A cDNA for a putative PTK, trkB was cloned from an adult rat cerebellar cDNA library 

(Middlemas et al., 1991). Sequence analysis indicated it likely to be derived from a gene for 

a ligand-regulated receptor closely related to the human trk oncogene. Northern blot analysis 

showed predominant trkB expression in the brain and detected multiple mRNAs. A full length
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receptor PTK (trkB.FL) and two C-terminally truncated receptors (trkB.H and trkB.T2) that 

contain the putative ligand-binding domain, the transmembrane domain and different 

cytoplasmic tails have been isolated. trkB.TI and trkB.T2 cDNAs diverge from trkB.FL at an 

identical site in their respective sequences, hence the possibility that the three cDNAs arise 

from alternative splicing of trkB mRNAs is very likely.

The three neurotrophic factors (NT-3, BDNF and NGF) bind similarly to the low affinity 

nerve growth factor receptor (NGFR) but BDNF and NT-3, in contrast to NGF, do not act via 

the high affinity NGFR (Squinto et al., 1991). Both BDNF and NT-3 bind to full length and 

truncated forms of trkB. The binding profile for the trkB receptor is of low affinity (Soppet et al., 

1991). trkB encodes an essential component of a functional receptor for BDNF and NT-3 but 

not NGF. Recently, Glass et al. (1991) demonstrated that the low affinity NGFR is not required 

for trkB mediated responses to physiologically appropriate doses of BDNF and NT-3.

The low affinity NGFR may modulate the binding of each of the neurotrophins to its 

appropriate trk receptor or mediate signal transduction via an independent pathway or be 

directly involved in initiating signal transduction. For instance, it might act to localize and 

concentrate the neurotrophins on the surface of the low affinity NGFR expressing cells. Or it 

may act as a "clearance" receptor which reduces the amount of neurotrophins (Squinto et al., 

1991). The tyrosine residue on trkB is rapidly phosphorylated in response to NT-3 or BDNF 

(Soppet et al., 1991). These factors may thus transmit neurotrophic signals by activating 

neuronal-specific tyrosine phosphorylation pathways. The binding and activation of receptor 

tyrosine kinases by the neurotrophins show utilization of signalling pathways similar to those 

activated by mitogenic growth factors (Squinto et al., 1991). Signals which initiate with the 

activation of receptor tyrosine kinases normally integrate into nonmitogenic transduction 

pathways in neurones. The signal transduction mechanisms utilized by neurones fundamentally 

resemble those employed by other cell types. Receptor tyrosine kinases are now implicated 

in the action of neuronal survival molecules.

1.7: Regulation of gene expression

Regulation of gene expression occurs primarily at the transcriptional and post- 

transcriptional levels. Expression of tissue-specific genes is predominantly regulated at the level 

of transcription as illustrated by S100 and myelin associated proteins (MAP). S100p mRNA 

steady state levels in C6 glioma cells are elevated by cAMP and glucocorticoids but decreased 

by phorbol esters (Kligman et al., 1988). MAPI and MAP5 mRNAs have different temporal 

expression patterns during rat brain development. This is in parallel to the appearance of their 

respective protein products (Garner et al., 1990). NSE mRNA expression parallels that of its 

protein till postnatal week 3. By then, the mRNA had peaked at adult levels but the protein 

continues to accumulate, suggesting regulatory mechanisms additional to transcriptional control



31

(Forrs-Petter et al., 1986). Translational control can be exerted by differential compartmentation 

of RNAs into polyribosomal and non-polyribosomal fractions.

1.7.1: Regulation at transcriptional level

The promoters and enhancers which control the transcription of protein coding genes 

in mammalian cells are composed of multiple genetic elements or modules (Dynan, 1989). 

Transcription is initiated by RNA polymerase II with two principal modes of control: the 

frequency of initiation and the site of initiation (Serfling et al., 1985). In most eukaryotic 

transcription units, a conserved AT rich motif was found about 30 bp upstream. This is termed 

the "TATA" box. Another consensus sequence GG(C/T)CAATCT (CAAT box) was found 

upstream of the TATA box.

Modular promoters

Promoters comprise discrete, functional modules. Each module has 7-20 bp of DNA 

and contains one or more recognition site for transcriptional activator proteins. At least one 

module functions to position the start site for RNA synthesis, usually the TATA box. However, 

many cellular genes do not contain obvious TATA boxes. The promoters of these genes can 

be categorized into two groups: GC rich promoters, found primarily in housekeeping genes; 

they usually contain several transcription initiation sites and potential binding sites for Sp1.

The second group of promoters contains no TATA box and are not GC rich. In contrast 

to the first group, these are not constitutively active but are differentially or developmentally 

regulated. They initiate transcription at only one or a few tightly clustered start sites, an 

example of this type of gene being the terminal deoxynucleotidyl transferase (TdT) gene 

(Smale et al., 1989).

In the murine TdT gene, a 17 bp element (TdT initiator sequence) directs accurate 

basal transcription. The 17 bp element includes the RNA start site. This transcription has been 

found to be activated strongly by a TATA box or by a heterologous promoter element in the 

absence of a TATA box. From in vitro experiments with SV40 21-bp repeats, it was found that 

either a TATA box or the initiator element is necessary to direct efficient and accurate 

transcription (Smale et al., 1990). The TdT initiator sequence is also present in the genomic 

sequences of both human and rat carboxypeptidase E (Alice Tay, personal communication).

The human transforming growth factor alpha (TGF-a) gene lacks a TATA box but 

contains a variety of motifs (Jakobovits et al., 1988). These include a series of consensus 

binding sites for the Sp1 transcription factor. Sp1 recognizes GGGCGG or its inverted 

complement CCGCCC (GC boxes) and it appears to play an important role in regulating 

transcription of many viral and cellular genes (Dynan et al., 1985). TGF-a differs from other 

members of the first group of promoters in that it directs transcriptional initiation from a single 

start site. However, the region in which TGF-a transcription initiates matches well to the
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consensus sequence for initiation sites specified by promoters containing the TATA box.

Additional promoter modules located 30-110 bp upstream of the start site regulate the 

frequency of transcriptional initiation.

Modular enhancers

Enhancers were originally defined as genetic elements that increased transcription from 

a promoter located at a distant position on the same molecule of DNA and which function in 

either orientation. The following criteria are met:

1: strong activation of transcription of a linked gene from the correct initiation (cap) site,

2: activation of transcription is independent of orientation

3: ability to function over long distances of greater than 1000 bp irrespective of position relative 

to cap site

4: preferential stimulation of transcription from the most proximal of two tandem promoters.

Enhancers are modular in nature. All the modules contain multiple, overlapping sites 

for different transcriptional activator proteins. Modules in turn can be subdivided into 

"enhansons". These are short DNA sequences that are the basic units of enhancer structure. 

Inducible enhancers

Examples include metallothionein (MT) genes of mouse and man. Several motifs exist 

in the upstream regions. These are involved in the transcriptional induction caused by heavy 

metal ions, glucocorticoid hormones and bacterial lipopolysaccharides. "Constitutive" sequence 

elements are interspersed among the regulatory ones. They include two CCGCCC elements 

present in an inverted configuration. Such motifs are also present in other cellular promoters 

and within several viral promoters such as those of herpes simplex virus thymidine kinase gene 

and SV40 early transcription unit. These are recognized by the positively acting transcription 

factor SP1.

Tissue-specific enhancers

Immunoglobulin (Ig) genes comprise several gene segments. During lymphoid cell 

differentiation, the Ig heavy chain (IgH) genes are assembled by fusion of one variable (V) 

gene segment to a diversity (D) and a joining (J) segment and separated by a large intron, to 

a constant (C) segment. Within the intron, a strong enhancer is present. This was the first 

genetic element identified to confer a cell-type specificity. The IgH enhancer is required for 

establishing stable transcriptional complexes in the early part of B cell differentiation. 

Subsequently, its presence is not required for the maintenance of transcription.

Interaction between enhancer and promoter

A variety of reporter gene constructs with different combinations of enhancers and 

promoters was compared by transient expression in mammalian cells. It was found that the 

combination of heterologous elements stimulated transcription as efficiently as constructs with
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homologous elements in their promoter and enhancer regions. This flexibility leads to the 

suggestion that the interaction between reporter binding sites in an enhancer position and the 

promoter is mediated by components of the general transcription machinery. This idea fits in 

with the increasing evidence that eukaryotic transcription factors usually do not bind to DNA 

cooperatively but nevertheless stimulate transcription synergistically.

Young-Sun et al. (1990) used in vitro transcription involving a derivative of the yeast 

activator GAL4 and the mammalian transcription factor ATF to show synergistic activation under 

conditions in which the binding sites for ATF and the GAL4 derivative are saturated. This 

synergy is a consequence of interaction of each of the bound activators with some component 

or components of the transcriptional machinery rather than with each other.

Carey et al. (1990) described synergistic activation by multiply-bound copies of GAL4 

derivatives. This result suggests multiple contacts with a single target or with multiple copies 

of a single target.

There are several candidates for target proteins that could interact with the activating 

domains of transcription factors. At least three different types of activating domains exist (acidic 

domains, proline-rich and glutamine-rich). Hence, it is unlikely that all transcription factors 

interact with the same target protein.

The highly conserved carboxy-terminal heptapeptide repeats of the largest subunit of 

RNA polymerase II have been postulated to be one such target. As enhancers and upstream 

promoter sequences have a very similar structure, it is possible that RNA polymerase II could 

function through an initial interaction with either type of control region. Where RNA polymerase 

first recognizes transcription factors bound to a remote enhancer, it might be brought closer to 

the promoter by transient looping and/or short range diffusion.

Looping model of gene activation

Two models have been proposed to explain the interaction of transcription factors with 

the general transcription apparatus.

In the looping model, the interaction of enhancers/upstream promoter elements with 

proximal promoter elements through proteins bound to DNA, stimulates the initiation of 

transcription. A looping out of the intervening DNA sequences (between remote sequences and 

proximal promoter elements) occurs.

In contrast to the above model, the scanning model proposes that RNA polymerase II 

(or a transcription factor) recognizes enhancers/upstream promoter elements, binds and then 

moves in either direction along the DNA backbone, until it encounters proximal promoter 

elements. At that point, a transcription initiation complex is formed.

Evidence has accumulated in support of the looping model. Heuchel et al. (1989) 

concluded that promoter usage is unaffected by enhancer position. If a scanning model were 

in existence, the promoter proximal to an enhancer would be preferentially activated. However,
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their results indicated otherwise and are compatible with a looping model. It has been 

demonstrated that enhancer sequences can stimulate transcription in trans (Muller et al., 1990). 

Again, this is consistent with a looping model, in which enhancers or promoter elements could 

stimulate transcription without covalent linkage to the gene as long as enhancer and promoter 

are in close proximity.

1.7.2: Regulation at the post-transcriptional level

Gene expression in eukaryotic cells can be regulated post-transcriptionally at the level 

of RNA processing, that is, with reference to the roles played by 5’ untranslated region (UTR), 

3’ UTR, 5’ m7Gppp cap (7-methylguanosine residues, joined to mRNAs by triphosphate 

linkages), poly(A) tail and alternative splicing of RNA transcript; at the level of mRNA stability 

and at the level of protein processing, translation and stability.

Alternative RNA splicing

Alternative splicing has been found to be a feature in several mRNAs. The mRNA for 

human tyrosine hydroxylase (TH) exists in one of four forms as a result of alternative splicing 

(Coker et al., 1990). Using polymerase chain reaction (PCR) analysis, the authors have 

determined that many human neuronal tissues express all four forms of human TH (hTH1-4), 

though hTH3 and 4 are expressed at lower concentrations. hTH2 displays marked tissue 

distribution; it is the only one of the four which is present in the pancreatic p-islet cells.

The high and low molecular weight forms of MAP2 are generated by alternative splicing 

and share the entire C-terminal tubulin binding domain as well as a short N-terminal sequence 

(Papandrikopoulou et al., 1989). The embryonic form of MAP2 lacks the cross linking sidearm 

sequences and the dendritic targeting signal of adult MAP2. Thus, alternative splicing has been 

utilized for the specific targeting or non-targeting of certain proteins.

The rat a-thyroid hormone receptor gene encodes at least three isoforms with different 

functions (Mitsuhashi and Nikodem, 1989). These isoforms are derived from alternative splicing. 

In rat brain, the receptor protein is encoded by the minor 5.4 and 6.8 kb mRNAs and the 

variant proteins by the major 2.6 kb mRNA. The two polyadenylation sites and subsequent RNA 

processing steps appear to contribute to the 3’ heterogeneity of these alternative mRNAs.

PCR was used to establish that the first exon of the human dystrophin transcript is 

different in brain and muscle, as is the case for rat (Feener et al., 1989). Dystrophin expression 

could be differentially regulated in these tissues by usage of distinct promoters. The 3’ end of 

the dystrophin transcript could be alternatively spliced to create isoforms differing at the 

carboxyl terminus. These alternative transcripts yield dystrophin molecules which may interact 

with different proteins of the tissues expressing dystrophin.

The structure of a novel secreted isoform of N-CAM (neural cell adhesion molecule) 

is established (Gower et al., 1988). The mRNA incorporates a novel sequence block (present
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as a discrete exon) into the extracellular domain, thus introducing an in-frame stop codon, 

prematurely terminating the coding sequence and generating a truncated N-CAM polypeptide. 

Stable transfectants expressing the truncated isoform accumulate it in the cytoplasm and 

release it to the culture medium, in contrast to cells transfected with cDNA encoding lipid-tailed 

N-CAM, the protein of which is expressed at the cell surface. Thus, alternative splicing can be 

utilized to direct an isoform of a protein to a different localization.

AATAAA sequence

At the 3’ end of most eukaryotic genes is the sequence AATAAA which is believed to 

be a signal for the addition of the poly(A) tail to the 3’ end of the transcribed mRNA. The 

sequence AATAAA most likely serves as a signal for a nuclease to clip the nascent RNA chain 

at a specific site some 10 to 15 bases further downstream. Poly(A)-polymerase than adds the 

poly(A) tail. Intact RNAs are not attacked by exonucleases because they are protected at the 

5’ end by the ’cap’ structure and at the 3’ end by the poly(A) tail. An mRNA might remain intact 

as long as its poly(A) is maintained at some minimal length.

AU rich sequences

The 3’ AU rich sequences present in short lived mRNAs, such as c-fos (Fort et al., 

1987; Wilson et al., 1988), GM-CSF (granulocyte-monocyte colony stimulating factor; Shaw et 

al., 1986) and c-myc (Brewer et al., 1988) act to direct rapid shortening of the 3’ poly(A) in a 

translation-dependent manner. The resulting de-adenylated (or oligoadenylated) RNA then 

forms a labile substrate for further degradation.

The c-fos mRNA is significantly stabilized after deleting or replacing an AU rich 

sequence at the mRNA 3’ end. Furthermore, deletion of the 3’ AU rich sequences sfows the 

poly(A) shortening rate. These results suggest that the 3’ AU rich sequences act to destabilize 

the mRNA by directing the rapid removal of the mRNA poly(A) tract. Wilson et al. (1988) 

proposed that the poly(A) tail and 3’ AU rich sequences are basepaired and that a polysome- 

associated nuclease cleaves at the mismatched regions. Since the c-fos poly(A) length 

becomes heterogeneous within a short time, it was suggested that c-fos poly(A) shortening may 

occur by random endonucleolytic cleavage. The frequency of mismatches within the basepaired 

region, the length of the AU-rich region and its distance from the site of polyadenylation may 

be factors influencing the rate of poly(A) tail shortening and hence the effective life of the 

mRNA.

Degradation of the c-myc mRNA proceeded in a 3’ to 5’ direction (Brewer et al., 1988), 

the first step being poly(A) shortening and the second, cleavage within the oligoadenylated 

mRNA body. This generates degradation products whose 3’ termini were located within the AU 

rich portion which disappeared soon after formation. It has been proposed that the poly(A) is 

degraded rapidly when it is no longer protected from nucleases by the poly(A) binding protein 

(PABP). PABP binds to poly(A) with high affinity but can also bind to heteropolymeric regions
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in mRNA. Such regions have been suggested to be prevalent in unstable mRNAs and that 

PABP can migrate off the poly(A) and onto these regions.

Stem-loop structure of histone genes

Replication-dependent histone genes differ from other mammalian genes in that they 

lack intervening sequences. The mRNAs also lack a poly(A) tail at the 3’ end. Instead a stem- 

loop structure: a 6 base stem with a 4 base loop is present. The only common structural 

feature among the 25 to 50 different histone mRNAs is the 3’ stem-loop structure, consistent 

with the finding that this structure is critical to post-transcriptional regulation of histone mRNA 

levels (Marzluff et al. 1988).

Three major requirements for the regulation of histone mRNA degradation when DNA 

synthesis is inhibited have been defined by Graves et al. (1987). First, the hairpin loop must 

be present at the 3’ end; second, the histone mRNA must be translated to the normal 

termination codon for the degradation response to be efficient, and the distance from the 

termination codon to the 3’ end is important in regulation; and third, no specific coding 

sequences between codons 20 and 130 are required for the degradation. Ross et al. (1987) 

showed that histone mRNA was degraded in a 3’ to 5’ direction by an exonucleolytic activity 

in a cell free system. Replacing the 3’ end with a poly(A) sequence stabilizes the mRNA. Thus 

the 3’ hairpin-loop must be at the end of the mRNA for the mRNA to be degraded in response 

to inhibition of the DNA synthesis. The recognition signal is most likely the 3’ hairpin loop 

which may protect the mRNA from degradation. The translation of this secondary structure 

makes the 3’ end of the mRNA accessible to the nuclease. 

mRNA secondary structure

The 5’ and 3’ UTRs of ferritin and the transferrin receptor play a part in the regulation 

of the gene products. The transferrin receptor serves as the chief means of iron uptake, and 

its biosynthesis is decreased when iron is abundant and increased when it is scarce. 

Conversely, ferritin, which sequesters iron in the cytoplasm, is synthesized at a higher rate 

when iron is abundant than when it is scarce.

The 5’ untranslated region (UTR) of the ferritin heavy chain mRNA contains a stem- 

loop structure called an iron responsive element (IRE) which is responsible for the iron- 

mediated control of ferritin translation. The IRE-binding protein (IRE-BP) binds to the IRE and 

acts as a translational repressor. It exists in two states, a high affinity state and a low affinity 

state (Haile et al. 1989). The IRE-BP was proposed to contain a single binding site for its 

cognate RNA. This site can exist in two configurations, depending on the status of at least one 

sulfhydryl pair, when oxidized, the site is available for low affinity interaction with a suitable 

RNA and when reduced, the site can interact with a higher affinity. Thus, at low iron 

concentrations, the high affinity interaction between the IRE-BP and the IRE in the 5’ UTR 

represses translation of the ferritin mRNA.
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Casey et al. (1988) have shown that the 3’ UTR of the mRNA for transferrin receptor 

was necessary and sufficient for iron-dependent control of mRNA levels. A synthetic 250- 

nucleotide fragment of the transferrin receptor cDNA containing 3 IREs has been identified by 

Casey et al. (1989) as being critical for iron regulation. Furthermore, deletion of a single 

cytosine residue from each of the 3 IREs in the synthetic regulatory element eliminates high 

affinity binding to the IRE-binding protein in vitro and results in low levels of iron-independent 

transferrin receptor expression, consistent with production of a constitutively unstable mRNA.

A similar iron-dependent interaction (to that of ferritin’s) between the IRE-BP and IREs 

in the transferrin receptor mRNA 3’ UTR has been proposed. At low iron concentrations, the 

high affinity interaction between IRE-BP and IREs would stabilize the mRNA against the action 

of a specific nuclease which was proposed to recognize sequences or structures within the 

regulatory region. Conversely, at high iron concentrations, the low affinity interaction between 

the IRE-BP and IREs would be insufficient to protect the mRNA from the nuclease.

Mullner et al. (1988) have proposed a different model from that above. The sequences 

of the IREs are not in the characteristic stem-loops but are engaged in other base pairing that 

stabilizes the alternative structure. This structure has a predicted energy close to the structure 

containing the IRE stem-loops. It was argued by Casey et al. (1989) that this alternative 

structure could constitute the nuclease target. The binding of the IRE-BP to IREs would favour 

the IRE containing structure in the equilibrium between the two alternative structures. The 

probability of the mRNA being a target for the nuclease is hence reduced. The findings of 

Casey et al. (1989) are completely consistent with the model proposed.

Translational control

The expression of a- and {3-tubulins illustrates gone regulation at the protein level. An 

autoregulatory pathway exists in which the apparent intracellular concentration of tubulin 

heterodimers (comprised of 1 a- and 1 (3-tubulin polypeptide) modulates the stability of tubulin 

mRNAs. Actively translocating p-tubulin mRNAs are targeted for degradation by recognition not 

of a specific RNA sequence but rather by co-translational binding (probably by the 

unpolymerized tubulin subunits themselves) to the amino terminus of newly synthesized p- 

tubulin immediately after the nascent chain emerges from the ribosome.

Yen et al. (1988) have determined that the first 13 translated nucleotides of a p-tubulin 

mRNA (which encode the first 4 amirio acids, Met-Arg-Glu-lle) are sufficient and necessary to 

confer autoregulated instability if present as the first translated nucleotides. Furthermore they 

must be associated with polyribosomes and translation must proceed past 41 codons. A model 

for autoregulated mRNA instability has been proposed. As the unpolymerized tubulin subunit 

pool is elevated, the initial event, that leads to regulated degradation of p-tubulin, is the 

interaction between the autoregulatory factor(s), possibly tubulin itself and the nascent amino- 

terminal tubulin tetrapeptide just as it emerges from the ribosome.
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There are two possibilities as to how this protein-protein interaction leads to 

degradation of the corresponding RNA, the first being that the binding event could activate a 

cellular RNase (which itself might be a peripheral ribosomal component). Alternatively, binding 

could induce a transient stalling of the ribosome that leaves the RNA in an exposed 

conformation that is a better substrate for non-specific nucleases. The model explains why 

RNAs that yield only short translation products fail to be autoregulated even though they are 

efficiently associated with the ribosomes. It is known that for bacterial ribosomes, 30 to 40 

amino acids are contained in a tunnel in the large ribosomal subunit, hence these many amino 

acids must be translated before the nascent Met-Arg-Glu-lle peptide would be accessible for 

binding by the autoregulatory factor(s).

1.8: Isolation of novel molecules

Classically, the isolation of brain-specific molecules involved tedious, repetitive and 

slow processes. Since most abundant brain proteins are also found in other tissues, the 

isolation of novel brain protein species entails several fractionations of brain and other tissues. 

More purification steps are required to bring the protein to homogeneity, after which the raising 

of an antiserum is required to establish brain specificity.

With the advent of molecular biology, the isolation of molecules of interest is greatly 

simplified. The two most common methods of isolation utilize cDNA libraries and are nucleic 

acid hybridization and immunological detection of specific antigens.

Screening by nucleic acid hybridization allows large numbers of cDNA clones to be 

analyzed simultaneously and does not require that cDNA clones be full length, nor does it 

require that an antigenically or biologically active product be synthesized in the host cell.

Recombinant DNA techniques have enabled workers to isolate and characterize 

molecules whose expression is correlated with the development and differentiation of the 

mammalian nervous system. Subtractive and differential hybridization techniques have been 

employed (Branks et al., 1986; Higgins et al., 1987; Miller et al., 1987). Subtracted cDNA 

probes are used to probe cDNA libraries for clones that correspond to mRNAs that are 

differentially regulated. A cDNA probe prepared from one type of mRNA is depleted of 

sequences that are present in a second type of mRNA by subtractive hybridization. When two 

preparations of mRNA share sequences that are present at different concentrations, differential 

hybridization is used. Examples of these pairs of RNAs include mRNAs extracted from control 

cells and cells that have been exposed to heat shock, drugs or hormones. 32P-labelled first 

strand cDNAs are synthesized in vitro using both mRNAs as templates. Most of the cDNA 

sequences correspond to mRNAs whose concentrations are not changed appreciably by the 

treatment. However, a minority of the cDNAs will be copied from mRNAs whose concentrations 

are significantly increased or decreased. The two cDNA probes are used to screen replicas of
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a cDNA library constructed from mRNA extracted from control cells (when searching for 

repressed mRNAs) or treated cells (searching for induced mRNAs).

Immunological methods using antibodies have also been utilized in the detection of 

proteins of interest. The key to success with this method lies in the quality of the antibody. It 

is essential that the antibody recognizes the denatured protein efficiently. Screening is more 

sensitive, if in addition, the antibody is derived from a polyclonal antiserum of high titre. Such 

antisera normally reacts with many different epitopes, hence the probability of detecting a cDNA 

clone that expresses a fragment of the protein of interest is increased. Monoclonal antibodies 

generally give a lower background when used as a probe. However, this advantage must be 

offset against the fact that the number of recombinants that can be detected is also reduced, 

since each monoclonal antibody can react with only one epitope.

Panels of monoclonal antibodies raised against crude neural protein preparations can 

be rapidly screened to find antibodies that show the desired neural specificity. Specific markers 

for differentiating neural cell populations have been utilized to screen for proteins of interest. 

Cell type specific markers have been generated for differentiated glial cells (Raff et al., 1983; 

Hockfield et al., 1985) and central nervous system, for example (Hockfield et al., 1985).

Recently, two other techniques, in situ hybridization and polymerase chain reaction 

have been developed and are described below.

In situ hybridization

In situ hybridization is a powerful technique which allows the detection and localization 

of specific nuclei acid sequences within a cell or tissue. Valuable information regarding the 

specificity of gene expression is obtained by this method. It is especially useful in cases where 

developmental studies entail knowledge of the type and number of cells expressing a particular 

gene or when the cell population expressing the gene of interest is proportionately low. In situ 

hybridization is a powerful complement to immunocytochemistry in cases where the cellular 

location of a gene transcript is different to location of an expressed protein.

Polymerase chain reaction (PCR)

PCR, an ingenious new tool, is based on a technique developed by Saiki et al. (1988). 

The procedure involves two oligonucleotide primers that flank the DNA segment of interest and 

repeated cycles of denaturing, annealing and DNA synthesis. These primers hybridize to oppo

site strands of the target sequence and are oriented such that DNA synthesis by the Taq 

polymerase proceeds across the region between the primers, thus doubling the amount of 

DNA. Moreover, the extension products themselves are complementary to the primers and 

hence are capable of being processed. In effect, the number of molecules generated at the end 

of n cycles is 2n.

Thus, a single molecule of DNA can be amplified and single copy genes extracted out 

of a complex mixture of genomic sequences and visualized as bands on ethidium bromide
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stained gels. PCR can also be utilized tor rapid screening and/or sequencing of inserts directly 

from individual plaques or bacterial colonies.

A modification of the normal PCR has been used to determine the 5’ sequences of 

many cDNAs (Frohman et al. 1988). The sequence of 5’ mRNAs may not be obtained since 

the cDNAs are often truncated. The modification is termed rapid amplification of cDNA ends 

(RACE). The RACE protocol generates cDNAs by using PCR to amplify copies of the region 

between a single point in the transcript and the 5’ end. The 3’ end of the first strand cDNA 

generated from reverse transcription is dA tailed using terminal deoxynucleotidyl transferase. 

From knowledge of a short stretch of sequence from an exon, a specific primer is designed. 

The other primer is so constructed as to contain some restriction sites to facilitate subsequent 

cloning and a poly dT tail that will hybridize to the dA tail at the 3’ end of the cDNA.

The above procedure as outlined above is not as efficient for the rapid characterization 

of multiple different cDNAs, primarily because the desired cDNA is not amplified exclusively and 

represents anything from a large fraction to < 1% of the material produced. One way to achieve 

increased specificity is to employ two successive amplifications using nested sets of primers 

(Frohman et al. 1989).

The RACE protocol yields substantial information about the cDNAs prior to cloning. The 

RACE products can be analyzed by Southern blotting to confirm the presence of desired 

products.

Taq polymerase has no 3’ to 5’ exonuclease ("proofreading") activity, but has a 5’ to 

3’ exonuclease activity during polymerization. The fidelity of Taq polymerase in the amplification 

reaction has been assessed (Saiki et al. 1988). The misincorporation rate per nucleotide per 

cycle for Taq polymerase has been estimated at 2X10 4. A limited number of errors are 

introduced thus by the use of multiple rounds of amplification. Hence, the sequence of a cDNA 

should be verified by comparison with several other cDNA clones.

The specificity of the Taq polymerase mediated amplifications can be affected by the 

extension time and the amount of enzyme present. It is found that an increase in both 

extension times and enzyme decreases the specificity of the reaction.

In making use of PCR as a tool, one should bear in mind the following: the exponential 

accumulation of PCR products is not an unlimited process. Eventually, a level of amplification 

is reached such that the amount of primer-template substrate is more than the amount of 

enzyme present is capable of completely extending in the given time. The efficiency of the 

reaction is thus compromised and the amount of PCR products increases in a linear fashion.

The presence of stable hairpin-loop structures, base compressions or high G+C content 

in the target DNA template can hinder the annealing and/ or extension of the primers. The use 

of 7-deaza-2’-deoxyguanosine (c7 dGTP) in PCR incorporates this structure destabilizing base 

analogue into the amplified DNA. The use of c7 dGTP in PCR can significantly increase the
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specificity of the reaction with nucleic acid templates that contain stable secondary structures 

and/or have compressed regions. However, incorporation of c7 dGTP during PCR can interfere 

with subsequent digestion by some restriction enzymes.

Due to the extreme sensitivity of the technique, care must be taken to minimize 

contamination from any source. Gloves must be worn and changed regularly during the course 

of the manipulations. Positive displacement pipettes are recommended to reduce contamination 

from solutions. In addition, it was found that UV irradiation (5 mins, short wavelength) of the 

PCR cocktail before addition of DNA to be amplified generally helped in containing the 

contamination problem (Sarkar and Sommer, 1990).

The diagnostic applications of PCR are evident in the prenatal diagnosis of sickle cell 

anaemia through amplification of p-globin sequences. In addition, PCR has simplified the 

analysis of genetic susceptibility. It has played a role in the identification of chromosomal 

abnormalities and specific somatic mutations in oncogenes and tumour suppressor genes in 

the study of cancer research. The detection of specific pathogen sequences by PCR promises 

to be important in infectious disease diagnosis and environmental testing, particularly where 

the pathogen is difficult to culture (Erlich et al., 1991).

1.9: n-chlmaerin

A human brain cDNA encodes n-chimaerin (Hall et al., 1990). A single cysteine-rich 

sequence CX2CX13CX2CX7CX7C in the N-terminal half of n-chimaerin shares approximately 50% 

identity with the corresponding sequences in the C1 regulatory region of protein kinase C 

(Nishizuka, 1989). The C-terminal half of n-chimaerin has 42% identity with the C-terminal 

region (amino acid residues 1050 to 1225) of bcr product (Heisterkamp et al., 1985). bcr is the 

product of the breakpoint cluster region gene involved in Philadelphia chromosome 

translocation.

n-chimaerin cDNA encodes a phospholipid-dependent phorbol ester receptor (Ahmed 

et al., 1990). It was established that the cysteine-rich motif containing region is responsible for 

this property. Further, it was established that this region also binds zinc (Ahmed et al., 1991).

It was decided to isolate the rat homologue of n-chimaerin in order to ascertain its 

existence and the degree of similarity. A rat n-chimaerin cDNA would also enable the study of 

developmental regulation using Northern blot analyses. In situ hybridization using rat brain 

sections could offer information regarding the expression pattern of the mRNA.

Recently, it was found that the carboxy-terminal of both bcr and n-chimaerin encodes 

a GTPase-activating protein (GAP) for the ras related GTP-binding protein, p21rac (Diekmann 

et al., 1991). This suggests that bcr could be a target for rac regulation. The situation for n- 

chimaerin is different, since the N-terminal part of n-chimaerin contains a cysteine-rich region 

which might regulate, via diacylglycerol/phorbol esters/zinc, the GAP activity of C-terminal part
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of n-chimaerin.

1.10: Protein Kinase C (PKC)

Protein kinase C consists of a family of closely related enzymes. Two groups of PKC 

genes designated as a, p (pi and pll) and y (group A) and 8, e and C (group B) have been 

identified based on the sequence similarity at several coding regions (Nishizuka, 1989). 

Structure

The structures of the PKC subspecies are shown schematically in Fig. 1 (adapted from 

Nishizuka 1988). The coding sequences of group A PKC cDNAs contain 4 conserved 

sequences (C1-C4) and 5 variable regions (V1-V5). The pi and pll subspecies derive from a 

single gene and differ from each other only in the V5 region but even in this region, the 

sequence homology is quite high. The pi and pll subspecies have been shown using partial 

genomic analysis to be derived from a single RNA transcript by alternative splicing.

The group B PKC differ from group A’s in that the C2 conserved region is not present. 

Since the group B PKCs are independent of Ca2+ for activity, it is likely that the C2 region is 

important for conferring the Ca2+ dependence of the group A PKCs. Recently, another member 

of the PKC family termed nPKC has been isolated (Majumbar et al., 1991). In common with 

the group B members, nPKC lacks the C2 conserved region.

Function

The amino-terminal half of each of the polypeptides containing regions C1 and C2, is 

the regulatory domain that interacts with Ca2+, phospholipid and diacylglycerol or phorbol ester 

(a synthetic analogue of diacylglycerol). The conserved region C1 of the PKC cDNAs except 

C-PKC, contains a tandem repeat of a cysteine-rich sequence, Cys-X2-Cys-X13(14)-Cys-X2-Cys- 

X7-Cys-X7-Cys, where X represents any amino acid. £-PKC contains only one set of the 

cysteine rich sequence. The cysteine rich sequence contains the consensus sequence of a 

’cysteine-zinc DNA-binding finger’ that is found in many metallo-proteins and DNA binding 

proteins that are related to transcriptional regulation. There is no evidence thus far which 

indicates that PKC binds DNA.

For the y subspecies of the rat brain PKC, various deletions and point mutations in this 

domain were constructed to change the cysteine residues (Ono et al. 1989b). The mutated 

proteins were expressed in Escherichia coli by using the T7 expression system. Radioactive 

phorbol 12,13-dibutyrate (TPA) binding analysis indicated that a cysteine-rich zinc-finger-like 

sequence was essential for PKC to bind phorbol ester and that one of the two sequences was 

sufficient for the phorbol ester binding. However, in the case of £ member of the PKC family, 

the £ subspecies expressed in COS-7 cells did not appear to exhibit binding activity to phorbol 

esters (Ono et al., 1989a).

Based on the fact that PKC substrate consensus phosphorylation site sequence
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contains basic residues on both the C- and N-terminal sides of the phosphorylated 

serine/threonine, House and Kemp (1987) identified a pseudosubstrate autoinhibitory domain: 

Arg-Lys-Gly-Ala-Leu-Arg-Gln-Lys in the N-terminal part of the protein.

The carboxy-terminal half containing the regions C3 and C4 constitutes the protein 

kinase catalytic domain. The C3. region contains a Gly-X-Gly-X-X-Gly-X16-Lys sequence, a 

typical structure for ATP-binding sites. The C4 region of the a and p but not the y species

contains a second consensus ATP-binding site sequence Gly-X-Gly-X-X-Gly (X) (Nishizuka,

1988; Kikkawa et al, 1989). The C3 region of the group B PKCs contains an ATP-binding site 

similar to those of the group A, with the exception of the £ species in which the third glycine 

residue is replaced by alanine. The significance of this second ATP-binding site is not known 

since the PKCs encoded by these genes have the same Km for ATP.

Enzymatic properties

The diversity of the sequence in the variable regions allows separation of the enzyme 

into several fractions upon chromatography on a hydroxyapatite column. The structure and 

genetic identity of some of these subtractions have been determined by comparison with the 

enzymes expressed in COS 7 cells after transfection with individual PKC cDNA-containing 

plasmids. Three subtractions, types I, II and III have been shown to correspond to y, p (pi and 

pll) and a-subspecies respectively (Kikkawa et al., 1989).

The PKC subtractions obtained from various tissues exhibit differences in enzymatic 

properties. PKC with y-sequence (type I) shows less activation by diacylglycerol but is 

significantly activated by micromolar amounts of free arachidonic acid. Activation by arachidonic 

acid does not require the presence of Ca2+ or phospholipid and diacylglycerol. PKCs with pi 

and pll sequence show substantial activity without added Ca2+ in the presence of diacylglycerol 

and phospholipid but respond much less well to arachidonic acid. PKC with a-subspecies (type 

III) shows properties apparently similar to y-subspecies and responds to high concentrations 

of free arachidonic acid only when Ca2+ is elevated. It is highly probable that some PKC 

subspecies may be activated at different phases of cellular responses by a series of 

phospholipid metabolites that successively appear subsequent to stimulation of the receptor. 

A summary of the above information is found in Table 1 (Nishizuka 1989).

nPKC is phosphatidylserine/diacylglycerol dependent but is independent of Ca2+. It also 

exhibits different substrate specificities from that of p-PKC. In addition, nPKC is inhibited by 

micromolar levels of fatty acyl-CoA, but not by free fatty acids (Majumbar et al, 1991). 

Distribution

A combination of biochemical, immunological and cytochemical procedures with 

subspecies specific antibodies was used to elucidate the relative activity and individual pattern 

of expression of multiple PKC subspecies in several cells and tissues (Kikkawa et al., 1989).

The y-PKC is expressed in the brain and spinal cord solely. Immunocytochemical
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studies with the y-subspecies-specific antibodies indicate that the highest enzyme activity is 

associated with the hippocampus, cerebral cortex, amygdaloid complex, cerebellar cortex and 

spinal cord. This subspecies appears to be localized in various neuronal cells, especially in the 

pyramidal cells of hippocampus, as well as in the cell bodies, dendrites and axons of Purkinje 

cells. It was also found from immunoelectron microscopic analysis that the y-subspecies is 

associated with most membranous structures present throughout the cell except for the 

nucleus. Mitochondria generally lack or poorly express PKC. The y-subspecies develops 

postnatally and reaches maximum activity in the rat, around three weeks after birth. It was 

speculated to play a role in specialized neuronal processes, such as long-term potentiation in 

the hippocampus.

PKCs with pi and pll sequence also display differential expression in the brain and 

many other tissues such as the pituitary gland and pancreatic islets. It is normal to find that the 

activity of the pi I subspecies far exceeds that of the pi subspecies. A clear, distinct cellular 

expression specific to each of the subspecies is apparent. In the rat cerebellar cortex, PKC with 

pi sequence is found mainly in the granular layer, whereas the pll subspecies is localized 

primarily in the molecular layer, apparently in the presynaptic nerve endings that terminate in 

the dendrites and cell body of the Purkinje cells.

PKC with a-sequence is found to be widely distributed in many tissues and cell types.

Immunofluorescent staining with a subspecies indicates that it is localized mainly in the granule

and Purkinje cells. Most tissues, including liver, kidney, spleen and testis, additionally contain

P-subspecies in variable ratios. In general, more than one subspecies of PKC is found in one 
cell type.

Feedback role

The synergistic interaction between PKC and Ca2+ pathways underlies a variety of 

cellular responses to external stimuli. There is much evidence to indicate that PKC exerts 

negative-feedback control over various steps of cell-signalling processes. In biological systems 

a negative feedback control frequently follows a positive signal. Hence, in short term responses, 

PKC could well decrease the concentration of Ca2+ as shown in Fig. 2 (adapted from Nishizuka 

1988). Physiological second messengers normally appear transiently. It has been suggested 

that PKC has a role in activating the Ca2+-transport adenosine triphosphatase and Na+/Ca2+ 

exchange protein, both of which remove Ca2+ from the cytosol. The receptor mediated 

hydrolysis of inositol phospholipids is often inhibited by PKC. The activation of the Ca2+- 

signalling pathway is thereby blocked. Persistent and high levels of Ca2+ levels have deleterious 

effects and can lead to cell death.

Such a negative feedback role is not confined to short term responses. It may be 

further extended to long term responses such as cell growth and proliferation. The receptor for 

epidermal growth factor is phosphorylated by PKC which results in a rapid decrease in high
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affinity binding of the epidermal growth factor as well as inhibition of the ligand induced tyrosine 

phosphorylation, to give a functionally down-regulated receptor. Under physiological conditions, 

the effect is probably transient since diacylglycerol rapidly disappears after formation. However 

if TPA (12-O-tetradecanoylphorbol-13-acetate), a synthetic analogue of diacylglycerol, is used 

to treat cells, the effect is prolonged. PKC is depleted from the cell due to susceptibility to 

calpain (calpain I, which is active at micromolar concentrations of Ca2+, cleaves PKC preferably 

in the presence of phosphatidylserine and diacylglycerol or TPA, suggesting that the activated 

form of PKC is the target of calpain action). Thus, the cell may be relieved of the negative 

feedback control of the growth receptor. Uncontrolled cell proliferation may occur under the 

influence of a mitogenic stimulus.

Gene activation

PKC may be involved in gene expression and some proto-oncogene activation. The 

c-fos protein is present at low basal levels in most cells but the c-fos mRNA and the protein 

are both induced rapidly by various external signals that include TPA. On stimulation of the cell, 

this protein undergoes more extensive post-translational modification and produces a 

heterodimer complex with another nuclear phosphoprotein, transcription factor AP1/c-jun 

(Nishizuka, 1989).

Studies of DNA affinity and mutagenesis have shown that this complex will bind to a 

specific enhancer that has the consensus sequence, TGACTCA, and stimulates transcription 

of certain genes such as those of metallothionein Ha and collagenase, as schematically seen 

in Fig. 3 (adapted from Nishizuka, 1989). It is likely that PKC is involved either directly or 

indirectly in the phosphorylation of these genes since they are frequently induced after 

treatment of cells with TPA. CRE-BP1 (see section 1.14), a nuclear protein with a leucine 

zipper structure, has been shown to be phosphorylated by PKC (Maekawa et al., 1989). The 

dimerized form of CRE-BP1 binds with high affinity to CRE (the cAMP response element; 

TGACGTCA). CRE is an inducible enhancer of the genes that induce transcription in response 

to increases in the cAMP concentration. CRE-BP1 could thus represent another target for PKC.

1.11: Breakpoint cluster region (bcr) gene
CML

Chronic myelogenous leukaemia (CML) is a clonal haematologic disorder and is 

characterized by the t(9q34:22q11) chromosome translocation which results in the translocation 

of the oncogene abl from chromosome 9 into the bcr gene on chromosome 22. The basic 

defect in CML is an increase in committed myeloid progenitor cells; this results in increased 

granulocytes in the bone marrow and blood. In over 95% of cases of CML, a shortened 

Chromosome 22 designated the Philadelphia chromosome Ph’ is present. As a result of the 

translocation, the oncogene abl is activated. The fused bcr-abl gene is transcribed and spliced
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into an 8.5 kb mRNA composed of bcr and abl sequences joined in frame. The chimaeric RNA 

is translated into a bcr-abl 210 kD protein with strong tyrosine kinase activity (Lifshitz et al.,

1988).

Structure of the gene

Heisterkamp et al. (1988a) have cloned and mapped the 130 kb bcr gene and found 

that the first exon is separated from the second by 68 kb. The first intron is larger in size than 

the remaining bcr genomic sequences which span a further 60 kb. Thus, a splice must occur 

over considerable distances with a large precursor mRNA synthesized. The fact that the first 

exon is successfully spliced to abl exon II indicates that abl exon II can accept different types 

of splices and that bcr exon I is a promiscuous donor (Heisterkamp et al., 1988a). Hybridization 

experiments have revealed the presence of three bcr gene-related loci segregated on 

Chromosome 22q11.2 (Croce et al., 1987). Two of these were molecularly cloned and

characterized (Heisterkamp et al., 1988b). Within the two bcr related genomic sequences,

fragments or the complete coding sequences of ^-glutamyl transpeptidase were found to be 

present. It is possible that these genes are located in a rearrangement-prone region of

Chromosome 22 and that other X-glutamyl transpeptidase genes and/or sequences on

Chromosome 22 have promoted unequal crossing-over events. 

cDNA

The bcr cDNA has been cloned and characterized (Heisterkamp et al., 1985; Hariharan 

et al., 1987; Lifshitz et al., 1988). At the 5’ end of the cDNA, a GC rich region is present which 

may be involved in extensive secondary structure. These regions can pair to form a stable 

secondary structure having a stem and loop with a Gibbs free energy value of -65.9 kcal/mol 

(Harihahan et al., 1987). Such structures may be involved in post-transcriptional regulation 

since increasing the secondary structure of a 5’ non-coding region has been shown to reduce 

the translational efficiency of eukaryotic mRNA (Pelletier and Sonenberg, 1985).

The bcr cDNA has 2 short open reading frames (14 and 18 codons) in the 5’ non

coding region. These open reading frames may modulate the level of expression of bcr and 

bcr-abl proteins at the translational level in a similar way to that of yeast GCN4 gene (Mueller 

and Hinnebusch, 1985). Yeast GCN4 gene has four short open reading frames in the 5’ 

untranslated region and is subject to translational regulation. Deletion of short open reading 

frames leads to greatly increased translation of message. 

mRNA

Two bcr transcripts of sizes 4.5 kb and 6.7 kb are detected. The relationship of the two 

transcripts is not clear as probes from various parts of the cDNAs hybridize to both mRNAs. 

However, the existence of a single bcr-abl transcript (8.5 kb) in cells bearing the translocation 

suggests that the extra sequences in the 6.7 kb transcript are not part of the hybrid transcript 

and thus would lie 3’ to the breakpoint. It is postulated that the 6.7 kb bcr transcript is
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generated by a more distal polyadenylation signal or an alternative splice in the 3’ region. 

Protein

The bcr open reading frame contains 1271 amino acids. A second sequence has a 

presumptive exon deleted (Lifshitz et al., 1988). The predicted molecular weight is 142 645 

daltons. Analysis of the amino acid sequence of the bcr reveals patterns seen in serine kinase 

substrates, namely Lys-Arg-X-X-Ser and Arg-Arg-X-Ser (Amson et al., 1989). The constellation 

Gly-X-Gly-X-X-Gly at amino acid position 164-169, followed by Lys in position 190 and 194 is 

also present (Lifshitz et al., 1988). This sequence fits a consensus ATP-binding site. 

Hydropathy analysis revealed none of the regions of marked hydrophobicity that are 

characteristic of transmembrane domains. No glycine residue is present at the N terminus of 

the protein (myristoylation of the N-terminal glycine residue leads to association with the inner 

surface of the cell membrane). This suggests that the bcr protein is not associated with the cell 

membrane.

A bcr product of 160 kD (kilodaltons) has been detected (Stam et al., 1987) by 

immunoprecipitation following in vivo phosphorylation. It was shown that the 160 kD product 

exhibits autophosphorylation activity and has the ability to phosphorylate an exogenously added 

substrate. The 160 kD associated kinase activity could exhibit specificity for serine or threonine. 

The 130 kD protein was also detected by Amson et al. (1989). Phosphoaminoanalysis of the 

130 kD protein shows that it is mainly phosphorylated on serine residues. By overexposure of 

the autoradiograph, a weak phosphorylation on threonine and tyrosine was also observed. 

Subcellular fractionation studies showed that the 130 kD bcr protein is present in the 

cytoplasmic fraction.

Li et al. (1989) have investigated the normal gene products of bcr and have found 

proteins of 190/185, 155, 135, 125, 108, 83 and 47 kD in several human cell lines using 

several techniques, including immunoprecipitation with two site-directed anti-bcr peptide 

antibodies.

Several factors could account for the failure of other groups to detect the additional 

proteins. These include the antibodies used and the glycerol gradient centrifugation 

fractionation procedure employed. Phosphoaminoacid analyses of the bcr proteins 

phosphorylated in vitro demonstrated the presence of phosphoserine and phosphothreonine. 

These results are consistent with that obtained by the investigators mentioned above. In 

addition to phosphoserine and phosphothreonine, significant amounts of phosphotyrosine was 

also detected on 185 kD, 155 kD and 125 kD proteins phosphorylated in vitro.

Dhut et al. (1988) have shown, using immunoprecipitation experiments employing a 

monoclonal antibody against a synthetic bcr peptide, that there are two normal bcr gene 

products, 130 kD and 160 kD. These two products are found in the cytoplasm of a range of cell 

types. Experiments done on the bcr-abl 210 kD polypeptide revealed that the intensity of
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labelling with methionine did not exceed that of the normal bcr products after the short pulse 

(3 hours). The results implied that in a Philadelphia chromosome positive cell, the rate of 

synthesis of the bcr-abl products is comparable to that of the normal bcr products. Thus, the 

Philadelphia translocation places the c-abl gene under the control of the bcr promoter.

Although both bcr mRNA species are expressed in a variety of cell types, in the B cell 

line Daudi, most of the mRNA consists of the 4.5 kb species. Lysates of Daudi cells, labelled, 

with 35S methionine, were immunoprecipitated with the bcr synthetic peptide. Only the 130 kD 

product was expressed which leads to the suggestion that the two protein products are 

separately encoded by the two mRNA species.

1.12: CRE-BP1 transcription factor

Two main signal transduction pathways are employed by eukaryotic cells, the first being 

mediated by protein kinase C (Nishizuka, 1989) as described above while the second involves 

activation of adenylate cyclase. The signal is conveyed to the nucleus with changes in gene 

transcription being an end result.

Palindromic DNA sequence TGACTCA (12-0-tetradecanoylphorbol-13-acetate [TPA] 

response DNA element [TRE] or AP-1 site) mediates transcriptional activation in response to 

the phorbol ester-activated, protein kinase C-dependent, signal transduction pathway. cAMP 

regulates the expression of a number of genes through a conserved promoter element which 

is closely related to TRE, termed CRE (cAMP response element; TGACGTCA) in response to 

the distinct cAMP-activated, protein kinase A-dependent signalling pathway. These two signal 

transduction pathways regulate multiple cellular responses and may act together with or in 

opposition to each other in a variety of cells (Ivashkiv et al., 1990). A number of protein 

transcription factors interact with CRE. These include ATF1-8 (there are 8 ATF’s [Hai et al.,

1989]), CREB and CRE-BP1 (described below).

CREB, a 43 kD nuclear phosphoprotein, has been shown to bind to CRE as a dimer 

and to be phosphorylated before activating transcription (Dwarki et al., 1990; Montminy et al.,

1990). It is the same as or closely related to the adenovirus transcription factor (ATF) that binds 

to the CRE in the regulatory regions of the adenovirus early genes (Maekawa et al., 1989).

Kara et al. (1990) have isolated from a human B cell cDNA library, a 1.2 kb cDNA 

clone for a DNA-binding protein, HB16, which recognizes the CRE sequence. A longer cDNA 

clone (3.7 kb) which contains the sequence of HB16, was isolated from a human foetal brain 

cDNA library and termed CRE-BP1 (Maekawa et al., 1989). This protein is 54 kD and quite 

distinct from CREB.

Ivashkiv et al. (1990) have isolated the murine homologue of CRE-BP1 (mXBP/CRE- 

BP2) from a spleen cell Xgt11 library. It shows near identity to CRE-BP1 with the exception that 

it does not contain a proline-rich domain (94 amino acid residues). This may reflect alternate
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usage of exons. Two other clones, isolated from a HeLa cell cDNA library, encode proteins with 

specific ATF/CRE DNA binding activity (Gaire et al., 1990). One of them (ATF-aA) is a deleted 

form of the other (ATF-a). Not only is there a high degree of conservation of the leucine zipper 

structure domains of the proteins, ATF-a and CRE-BP1, but also within the first hundred N- 

terminal amino acid residues. Hai et al. (1989) have isolated eight clones from a human 

osteosarcoma cell cDNA library (termed ATF 1 to ATF 8) whose protein products bind to ATF 

sites. One of these clones, ATF-2, is nearly identical to CRE-BP1, with 3 nucleotide changes 

leading to differences in 2 amino acid residues.

Structure of CRE-BP1

Nucleotide sequence analysis revealed a 1515 nucleotide open reading frame which 

encodes a protein of predicted molecular weight 54.5 kD.

The N-terminal region of GRE-BP1 is negatively charged, containing seven acidic 

amino acid residues. Thus, it could function as a transcriptional activation domain similar to 

yeast GCN4 and GAL4 transcriptional activator.

CRE-BP1 is efficiently phosphorylated by both protein kinase A and protein kinase C 

(Maekawa et al., 1989). Arginine and lysine flank the serine residue (position 121) at amino-i
and carboxy-terminal sides respectively. This could act as a site of phosphorylation by protein 

kinase C. The sequence, Lys-Lys-Ala-Ser at amino acid positions 97-100, matches the 

conserved sequences of the protein kinase A phosphorylation site.

In studies involving the murine homologue (mXBP/CRE-BP2), cDNA clones reveal 

different blocks of coding regions at the 5’ ends, suggesting alternative splicing as a means of 

generating a family of CRE-BP1 proteins (Ivashkiv et al, 1990).

The predicted amino acid sequence reveals a highly basic region, similar to the DNA- 

binding domain of c-Jun and related proteins, preceding a stretch of five leucines arranged as 

a heptad repeat. The leucine rich sequence showed strong amphipathy (Maekawa et al., 1989) 

and is characteristic of a leucine zipper. The sequences of these two regions are compared 

with the corresponding regions of CREB, c-Jun, c-Fos and the results indicate that CRE-BP1 

is more similar in overall structure to c-Fos and c-Jun than to CREB (Kara et al., 1990). 

Promoter region of human CRE-BP1

Utilization of S1 nuclease mapping and primer extension analysis reveals the presence 

of multiple transcriptional start sites in the promoter region (Nagase et al., 1990). No TATA box 

is detected. However, two CCAAT box sequences are located upstream of the RNA start site. 

Furthermore, 11 Sp1 binding sites are found within the promoter region. Sp1 binding sites are 

known to have a strong effect on the frequency of transcription initiation. In addition, two CREs 

and three unknown factor recognition elements were detected.

Expression of CRE-BP1 mRNA

Two mRNAs of sizes approximately 5 kb (major band) and 2 kb (minor band) were
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detected in lymphoid and non-lymphoid cell lines (Kara et al., 1990). The human 5 kb 

message was present in differing amounts in tissues such as*spleen, thymus, muscle, liver, 

kidney but was most abundant in brain. Widespread expression was detected within the brain. 

The murine homologue, mXBP/CRE-BP2, detected two mRNA species of 6.2 and 3.0 kb 

(Ivashkiv et al., 1990). Recently, Takeda et al. (1991) found an additional mRNA of 3.7 kb 

which is present only in the hippocampus, parietal and frontal lobes. The 3.7 kb mRNA species 

may encode mXBP/CRE-BP2 which does not contain the proline-rich domain.

Immunocytochemical analysis revealed a high expression of CRE-BP1 in the pyramidal 

cell layer of the hippocampus and the granular layer of the dentate gyrus (Takeda et al., 1991), 

suggesting a role for CRE-BP1 in signal transduction in the brain.

DNA binding properties

Gel-retardation assays were employed to detect the presence of two specific DNA- 

protein complexes (Maekawa et al., 1989). Since the leucine zipper represents the dimerization 

domain, it is probable that the two bands arise from the dimer and monomer forms of CRE- 

BP1.

The binding efficiency was studied using a series of oligonucleotides. The results 

indicate a decrease in CRE-BP1 binding with mutations in one or both halves of the CRE, in 

direct contrast to CREB, which can bind a half site CRE as a monomer, though the dimer is 

the transcriptionally active form (Montminy et al., 1990). The CRE sequence was preferentially 

recognized over the TRE.

Ivashkiv et al. (1990) suggested that mXBP can bind to DNA as a homodimer and that 

the leucine zipper has a possible role in mediating this binding. Heterodimer formation was 

observed for some of the ATF clones (Hai et al., 1989). Some, but not all combinations of ATF 

proteins form heterodimers that efficiently bind DNA.

Deletion of the leucine zipper structure abolished the DNA binding activities of the 

resulting fusion proteins (Kara et al., 1990). These studies lend added support to the idea that 

DNA binding requires the presence of the leucine zipper structure.

Interaction of CRE-BP1 with c-Jun

Coimmunoprecipitation studies, using an antibody raised against murine homologue 

of CRE-BP1, revealed interaction between CRE-BP1 and c-Jun but not CRE-BP1 and c-Fos. 

Furthermore, heterodimerization is shown to be mediated by the leucine zipper structure. The 

results contrast those of CREB where there is no interaction with neither c-Jun nor c-Fos.

These studies are supported by the experiments of Ivashkiv et al. (1990). It was shown 

that mXBP/CRE-BP2 complexes with c-Jun, heterodimer formation of which is dependent on 

intact leucine zipper structures in both proteins.

Role in cellular proliferation

The regenerating liver was used to study the control of cell proliferation (Takeda et al.,
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1991). DNA synthesis starts about 14 hours after partial hepatectomy and reaches a peak at 

24 hours. The kinetics of the CRE-BP1 mRNA increase in regenerating liver is consistent with 

the notion that CREtBPI may function as a regulator of hepatocyte proliferation in vivo.

Furthermore, an elevated expression of CRE-BP1 in gastric, oesophageal and 

pancreatic tumour samples was found. The adenovirus E1A protein can mediate transcription 

activation via interaction with a zinc-finger motif of promoter bound CRE-BP1, although E1A 

is not a sequence specific DNA binding protein (Takeda et al., 1991). Thus, overexpression of 

CRE-BP1 is involved in the formation of the above mentioned tumours. Alternatively, these cells 

show such a characteristic expression.

TRE versus CRE

The interaction of mXBP with c-Jun redirects c-Jun to bind to CREs preferentially over 

TREs as part of a mXBP-c-Jun complex (Ivashkiv et al., 1990). This is in contrast to the action 

of c-Fos, which increases the affinity of c-Jun to TREs as part of the c-Fos-c-Jun complex. Any 

changes in the concentration of these three proteins and any post-translational modifications 

will affect the relative amounts of the mXBP-c-Jun and c-Fos-c-Jun complexes. The resulting 

variations in binding of protein complexes to CREs and TREs would determine the relative 

expression of sets of genes which are cAMP or phorbol ester responsive.

1.13: src homology region 2 (SH2) domain

Cytoplasmic protein tyrosine kinases

Cytoplasmic protein tyrosine kinases (PTKs) represent a diverse and widely distributed 

group of enzymes. Examples of this group include the src, fps/fes and abl proteins. The 

association of cytoplasmic PTKs with the plasma membrane or cytoskeleton, their catalytic 

relationship to growth factor receptors and the mitogenic activity of their oncogenic 

counterparts, suggests that they participate in signal transduction in normal cells (Pawson,

1988).

The most striking homology among the cytoplasmic PTKs is a sequence of 

approximately 260 amino acid residues (alternatively termed src-homology region 1 [SH-1]) 

corresponding to the catalytic domain; also shared with receptor-like PTKs and 

serine/threonine-specific protein kinases.

Immediately N-terminal to the kinase domain is a sequence of approximately 100 amino 

acid residues present in p60csrc, p980fps and p145c abl and termed src homology region 2 (SH2) 

(Pawson, 1988). Other proteins which contain SH2 domains include phospholipase C (PLC)-yl 

(Stahl et al., 1988), p21ras GTPase-activating protein (GAP) (Vogel et al., 1988), p85 subunit 

of phosphatidylinositol (PI) 3’-kinase (PI3K) (Otsu et al., 1991) and tensin (Davis et al., 1991).

An alignment of the SH2 sequences reveals the presence of five well conserved 

sequences motifs (designated I to V), separated by more variable sequence elements (Koch
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et al., 1991). The variable regions generally contain one or more glycine or proline residues, 

suggesting that they form turns or hinges that connect the conserved subdomains. The 

sequence differences between distinct SH2 domains could affect the affinity with which they 

bind different tyrosine phosphorylated ligands.

The homology between fps/fes proteins and other cytoplasmic PTKs is apparently 

confined to the SH2 and kinase domains. However, there exists another domain, the SH3 

domain, in the c-src and c-abl proteins (Pawson, 1988). This domain is conserved in c-src, c- 

abl and p21ras GAP proteins, amongst others. The position of the SH2 domain with respect to 

the SH3 domain is not invariant, ie. it could either be N- or C-terminal relative to the SH3 

domain.

Binding of SH2 domains to autophosphorvlated growth factor receptors

Growth factor receptors and SH2 containing proteins form stable complexes; formation 

being dependent on prior growth factor binding and potentiated by autophosphorylation (Kaplan 

et al., 1990; Kazlauskas et al., 1990).

It has been shown that the SH2 domains of cytoplasmic signalling proteins such as 

PLC-yl, GAP, src and crk are sufficient for in vitro binding to activated growth factor receptors 

(Anderson et al., 1990; Margolis et al., 1990).

The amino terminal SH2 domain of PLC-y1 and GAP binds more strongly to EGF- or 

PDGF-receptors than the carboxy-terminal SH2 domain. Synergistic binding of both domains 

to PDGF-receptor was observed and may represent cooperative binding to multiple sites within 

the activated receptors.

The p-PDGF-receptor contains an ’insert’ within the kinase domain that is dispensable 

for kinase activity. Two sites of autophosphorylation located at Tyr751 (in kinase insert) and 

Tyr857 (in kinase domain) are present in human p-PDGF-receptor. An additional phosphorylation 

site at Tyr740 is predicted but not confirmed experimentally. When Tyr751 is replaced with Phe 

or when insert is deleted, the activated receptor fails to bind PI3K in vivo and in vitro (Koch et 

al., 1991). In contrast, a short peptide corresponding to a sequence in the mouse p-PDGF- 

receptor kinase insert containing Tyr740 and Tyr751 equivalents, can block PI3K binding to 

autophosphorylated p-PDGF receptor. SH2 domains of p85 PI3K subunit recognize a short 

peptide sequence within the PDGF-receptor kinase insert.

The SH2 domains of p85 subunit of PI3K, GAP and PLCy do not recognize identical 

tyrosine phosphorylation sites on the p-PDGF receptor. This implies that the sequences 

surrounding the phosphotyrosine residues are important in conferring specificities.

The EGF-receptor has no kinase "insert" but contains a long carboxy-terminal tail with 

several tyrosine autophosphorylation sites. It was found that a kinase negative EGF-receptor 

could bind PLC-y or GAP SH2 only when cross tyrosine phosphorylated by an active EGF- 

receptor kinase (Margolis et al., 1990). The importance of autophosphorylation is emphasized
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by the poor binding of a carboxy-terminal deletion of the EGF-receptor missing four 

autophosphorylation sites to these proteins.

A model has been proposed for interactions of PLC-yl with EGF-receptor (Koch et al.,

1991). On addition of EGF, the receptor is autophosphorylated, creating high affinity binding 

sites for the PLC-yl SH2 domains. Autophosphorylated tyrosines may interact directly with 

conserved positively charged residues within the PLC-yl SH2 domain. Activation of PI turnover 

requires the recruitment of PLC-yl to the membrane where its phospholipid substrate is 

located. PLC-yl associates with EGF-receptor, leading to PLC-yl tyrosine phosphorylation. The 

phosphorylated PLC-yl hydrolyzes PIP2, resulting in the formation of DAG and IP3.

Signalling and transforming proteins that share noncatalvtic SH2 domains

Experiments involving mutations/deletions in the SH2 domain of v-fps and v-src 

(activated forms of c-fps and c-src) mutants showed that the transforming activities are 

temperature-sensitive, defective or host-dependent (Hirai and Varmus, 1990a; b; c), thus 

implicating a role for the SH2 domain in regulating protein-protein interactions. Other examples 

illustrate this possibility.

The sequences of GAP and PLC-yl contain two closely related SH2 domains, 

suggesting that SH2 domains might be a common feature of proteins that bind activated 

receptor tyrosine kinases (Koch et al., 1991).

Additional supporting evidence was provided by v-crk viral oncogene. The p47fla0'crk 

oncoprotein contains an SH2 domain but no identifiable catalytic region. p47gag'crk does not 

therefore phosphorylate proteins at the tyrosine residues but does elevate phosphotyrosine in 

transformed cells. Under in vitro conditions, p479ag‘crk binds to phosphotyrosine-containing 

proteins from crk-transformed cells and from cells transformed by oncogenic tyrosine kinases. 

Dephosphorylation of p60v_src led to the loss of association between p479a*°* and p60v_src (Mayer 

et al., 1988; Matsuda et al., 1990). The catalytic domain of a cellular tyrosine kinase may be 

transactivated by the v-crk SH2 domain, enhancing v-crk’s ability to phosphorylate SH2-binding 

substrates. Alternatively, v-crk complex formation with specific tyrosine phosphorylated ligands 

may protect them from dephosphorylation or proteolysis, thus increasing their intracellular 

concentration. SH2 domains regulate protein-protein interactions by recognizing peptide 

sequences that encompass tyrosine phosphorylation sites as discussed below. High affinity 

SH2 binding occurs as a result of tyrosine phosphorylation of the relevant ligand.

Tensin, an actin-binding component of focal contacts and other submembranous 

cytoskeletal structures, contains a SH2 domain (Davis et al., 1991). The SH2 domain is 

speculated to play a role in translating tyrosine kinase or other regulatory signals into a direct 

effect on the structure of the cytoskeleton. Since tensin binds to actin filaments and tyrosine 

phosphorylated proteins, it may serve as the centre at which signalling complexes assemble, 

thus linking the cytoskeleton with the signal transduction pathways.
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Protein-protein interactions of SH2 domains

The SH2 domains of the src, abl and fps cytoplasmic tyrosine kinases have multiple 

functions, chief of which are the interaction with kinase domains to modulate catalytic activity 

and the involvement in substrate recognition (Koch et al., 1991).

Substitution of conserved residues in regions I, II or IV of the SH2 domain of c-src 

results in a modest increase in c-src enzymatic and transforming capacity, suggesting that the 

SH2 domain contributes to the repression of the kinase activity (Hirai and Varmus, 1990c; 

O’Brien et al., 1990). Conversely, the SH2 domain in v-src or v-fps (activated forms of c-src or 

c-fps) stimulates kinase activity, being essential for phosphorylation and binding of specific 

substrates. The transforming activity is stimulated by the SH2 domain in v-src and v-fps.

A model has been proposed for the possible protein-protein interactions of src SH2 

domains (Koch et al., 1991). The src SH2 domain interacts in cis with phosphorylated Tyr527, 

a site of negative regulation, thereby repressing kinase activity. Upon dephosphorylation of 

Tyr527, the resulting conformational change in the interactions of src SH2 and kinase domains 

leads to an increase in kinase activity. Proteins such as p130 are phosphorylated by the kinase 

domain. Phosphorylated p130 subsequently binds with high affinity to SH2 domains. It is likely 

that p130 corresponds to a protein whose phosphorylation by activated p60src requires the src 

SH2 domain with which it complexes in vivo (Moran et al., 1990).

Tyrosine phosphorylation of p62 requires the presence of the src SH2 domain. p62 is 

not obviously related to p60src and lacks detectable protein kinase activity in vitro (Moran et al.

1990). Tyrosine phosphorylated p62 subsequently binds with high affinity to the amino-terminal 

GAP SH2 domain (Koch et al., 1991).

Src has at least two important roles, the first being the phosphorylation of proteins 

regulating cell phenotypes; the second is to promote the formation of membrane-associated 

complexes that contain these signalling proteins.

Protein-protein interactions in signal transduction

On binding of a growth factor such as PDGF to its receptor, various activities at the 

plasma membrane occur, resulting in the stimulation of multiple signalling pathways. The 

principal mode of control appears to be the relocalization of cytoplasmic signalling proteins into 

heteromeric membrane associated complexes, whose formation is mediated by the SH2 

domain. A primary function of tyrosine phosphorylation may be to regulate the affinity with 

which these signalling proteins interact (Koch et al., 1991).

The cDNA cloning of SH2 proteins is facilitated by a new approach which involves the 

high affinity binding of the autophosphorylated carboxy-terminal tail of the EGFR to the SH2 

domains. This approach has resulted in the isolation of several known and novel SH2 proteins 

from a cDNA expression library (Koch et al., 1991).

Receptor and other tyrosine phosphorylated ligand interactions with SH2 domains serve
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as an effective point at which signal transduction can be blocked. The sequences of the SH2 

domains, with blocks of conserved residues separated by glycine and proline-rich elements, 

suggest that the SH2 domains have a mobile, floppy structure which become fixed on ligand 

binding (Koch et al., 1991).

Growth factor receptors activate signal transduction pathways specifically. Thus, the 

affinities between SH2 domains and receptors serve to regulate the cellular responses to 

growth factors.

1.14: p21 GTPase activating protein

There exists a number of small guanine nucleotide-binding proteins related to the ras- 

encoded oncoprotein, ras or p21ras (Bourne et al., 1990). The functions of this family of proteins 

are not fully understood but they are involved in many cellular processes, for example, directing 

ribosomal protein synthesis, mediating membrane signalling by hormones, controlling 

differentiation and cell proliferation and guiding vesicular traffic within the cells, ras GTPase 

activating protein (ras GAP), 120 kD, catalyzes the conversion of p21ras-GTP to p21ras-GDP 

resulting in a reaction rate far exceeding (about 100X higher) the intrinsic rates (McCormick,

1989).

A model in which GAP acts as both downstream effector and regulator of ras activity 

has been proposed by McCormick (1989). As a result of a signal input, p21ras in the plasma 

membrane exchanges bound GDP for GTP. p21ras-GTP is then able to interact with GAP, thus 

placing GAP at a specific site in the membrane where further interaction with other membrane 

components can occur. Membrane localization is necessary for the action of ras. The duration 

of the signal output is limited because GAP rapidly stimulates conversion of p21ras-GTP to 

p21ras-GDP, which is no longer bound by GAP. The interaction of p21ras-GTP and GAP 

simultaneously sends a signal and down-regulates signal input.

The site of interaction of GAP on p21ras was mapped (McCormick, 1989). The members 

of the ras family have different degrees of homology in their effector regions. The products of 

the rap-1 and rap-2 genes have the same effector regions as ras whereas the rho, rab-1, rab-2, 

rab-3 and rab-4 products differ in this region. The GTPase activity of ras is stimulated by ras 

GAP in contrast to rho, which has a different GAP (Dieckmann et al., 1991). There is also 

evidence of a specific GAP for p25rab3A (Burstein et al., 1991) and p21rap1 (Rubinfeld et al.,

1991). Thus, there might exist different types of GAPs specific to their respective substrates.
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Synthesis of rat brain cDNA library (lambda qt10)

cDNA was synthesized from 5 ug rat brain poly(A)+ free polyribosomal RNA using a

cDNA synthesis kit from Pharmacia. A brief summary is described below.

1. RNA was placed in a microcentrifuge tube and RNase-free water added to a total volume 

of 20 ul. It was heated at 65°C for 10 mins, then chilled on ice.

2. A First-Strand Reaction mix was briefly mixed to collect the solution at the bottom of the 

tube. 1 ul DTT solution was added, followed by the heat denatured RNA. It was mixed by 

pipetting up and down and incubated at 37°C for 1 hour.

3. A Second-Strand Reaction mix was spun briefly. The First-Strand reaction (33ul) was 

added to this tube in a total reaction volume of 100 ul. It was mixed by pipetting up and 

down.

4. It was incubated at 12°C for 1 hour and then at 22°C for another hour.

5. 1 ul Klenow fragment was added. Incubation was carried out at 37°C for 30 mins. A spun 

column was prepared according to Procedure D (below).

6. 100 ul phenol/chloroform was added. The tube was vortexed and centrifuged for 1 min.

7. The upper aqueous layer was collected and the cDNA purified on the spun column. The

column effluent should be used directly in Procedure B.

Procedure B: Addition of EcoRI adaptors

1. The following reagents were added to the spun column effluent from the previous step: 

EcoRI adaptor solution: 5 ul

ATP solution: 1 ul 

T4 DNA ligase: 3 ul

2. The reaction mixture was mixed gently, spun briefly and incubated at 12°C overnight.

3. The reaction was heated at 65°C for 10 mins to denature the DNA ligase, then chilled on

ice. 10 ul ATP solution was added, followed by 1 ul T4 polynucleotide kinase. It was mixed 

gently and incubated at 37°C for 30 mins. A spun column was prepared according to 

Procedure D.

4. 100 ul phenol/chloroform was added to the reaction. It was vortexed and then centrifuged 

for 1 min. The upper aqueous layer was collected and applied to the spun column

according to Procedure D.

5. The reaction mixture was ethanol precipitated and dissolved in 10 ul TE.

Procedure D: Preparation and use of spun columns

2 spun columns were used for each cDNA synthesis performed. Each column was

prepared as follows:

1. The spun column was inverted several times to resuspend the Sephacryl S-200 gel.



2. The column was set upright in a rack and allowed to settle into a continuous bed.

3. The top cap was first removed, followed by the bottom cap. The column was allowed to

drain but not to dry.

4. The ligation buffer was used to equilibrate the column.

5. The tube containing the column was centrifuged for 2 mins at 2000 rpm in a swing-out

bucket rotor.

6. The column was removed and placed upright in a rack.

7. The aqueous portion of the extracted cDNA sample was slowly applied to the centre of

the flat surface of the compacted bed.

8. A 1.5 ml microcentrifuge tube was placed in the bottom of a 15 ml Corex tube. The loaded

column was placed inside this Corex tube, with the tip of the column inside the

microcentrifuge tube. It was centrifuged again for 2 mins at 2000 rpm in a swing-out

bucket rotor.

9. The column was discarded and the effluent collected in the microcentrifuge tube was used

in the next step of cDNA synthesis.

The cDNA (1 ug/ul) was ligated into lambda gt10 arms using Stratagene’s lambda gt10 cloning 

system.

The ligation mix was as follows:

1 ul (1 ug) gt10 arms

2.5 ul of cDNA

0.5 ul 10X ligation buffer

0.5 ul 10 mM ATP (pH 7.5)

0.5 ul T4 DNA ligase 

10X ligation buffer: 500 mM Tris.CI pH 8, 70 mM MgCI2, 10 mM DTT 

The ligation reaction was placed at room temperature for 1 hour, then at 4°C overnight.

Giqapack Plus Packaging Protocol (Strataqene’s)

1. One set of extracts was removed from -70°C freezer and placed on ice.

2. The Freeze/Thaw extract was quickly thawed between fingers.

3. DNA (half of ligation mix) was added immediately to Freeze/Thaw extract and placed on , 

ice.

4. The Sonic extract was quickly thawed.

5. 15 ul Sonic extract was added to the Freeze/Thaw extract containing DNA.

6. The reaction mix was stirred, without introduction of air bubbles.

7. The tube was spun quickly.



8. The reaction mix was incubated at room temperature for 2 hours at 22°C.

9. The reaction mix was diluted by addition of 500 ul phage dilution buffer (SM).

10. 20 ul chloroform was added and the mixture stirred gently.

11. The tube was spun briefly to sediment debris.

12. The supernatant was next titered.

13. 0.2 ml of plating cells (C600 hfl) (prepared as described below) was adsorbed with diluted 

phage for 15 mins at 37°C. 3 ml melted top agarose was added and poured onto 

prewarmed agar plates. The plates were incubated overnight at 37°C. The agar and top 

agarose were supplemented with 0.2% maltose and 10 mM MgS04.

Library amplification

1. 50 ml LB supplemented with 0.2% maltose and 10 mM MgS04 was inoculated with a 

single colony from the bacterial host cell.

2. The culture was grown overnight at 37°C in a shaking incubator.

3. Cells were spun down in sterile conical tubes for 10 mins at 2000 rpm.

4. The media from the cell pellet was carefully decanted and the pellet gently resuspended 

in 25 ml of 10mM MgS04.

5. Large plates with LB agar supplemented with MgS04 and maltose (final concentrations 

10 mM and 0.2% respectively) were prepared. 1.2 ml of host cells were adsorbed to 105 

phage forming particles at 37° tor 15 mins.

6. Top agarose (containing 10 mM MgS04 and 0.2% maltose) was introduced into the phage 

and cells.

7. The mixture was poured onto the plates. They were incubated overnight at 37°C.

8. The plates were overlaid with 10 mis SM buffer and stored overnight at 4°C.

9. The bacteriophage suspension was recovered from each plate and pooled into a sterile 

Falcon tube. The plates were rinsed with additional 4-6 ml SM and the SM pooled 

together. CHCI3 was added to 5% v/v. The bacteriophage suspension was incubated at 

room temperature for 15 mins.

10. Cell debris was removed by centrifuging for 5 mins at 3000 rpm.

11. The supernatant was recovered and transferred to sterile glass bottle. CHCI3 was added 

to 0.3% and the library stored at 4°C.

12. The titer of the amplified library was checked using serial dilutions.

13. 7 ul of 100% DMSO (dimethyl sulphoxide) was added to 1 ml aliquots and the aliquots 

stored at -70°C.
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Preparation of plating cells

1. An overnight culture of C600 hfl cells (grown in the presence of 10 mM MgS04 and 0.2% 

maltose) was spun down at 2000 rpm for 5 mins.

2. It was resuspended in 0.5 volume 10 mM MgS04 and left on ice till ready for use.

Screening of rat brain lambda qt10 library

1. 1.2 ml of the plating cells was incubated with the appropriate number of plaque forming 

units at room temperature for 15 mins.

2. 5 ml of top agarose containing 10 mM MgS04 and 0.2% maltose was added to the mixture 

and poured onto prewarmed agar plates (with MgS04 and maltose)

3. The plates were incubated overnight at 37°C.

4. After incubation, the plates were left at 4°C for 1 to 2 hours to pick up moisture.

5. Two replica filters were taken. The nitrocellulose filters were laid on the plates for at least

1 min, then placed on 3 MM paper wetted with denaturing solution (1 min), neutralizing

solution (5 mins) and 2XSSC (1 min). They were baked in a vacuum oven (80°C) for 2 

hours.

Southern hybridization

Prehybridization and hybridization buffers contained:

6XSSC, 5XDenhardt’s, 0.01 M EDTA, 0.5% SDS, 100 ug/ml denatured salmon sperm DNA and 

10 ug/ml poly A.

Prehybridization of the filters were carried out at 60°C for at least 2 hours. The

prehybridization buffer (20 ml) was discarded and replaced by 10 ml hybridization buffer

containing the human n-chimaerin cDNA probe. The probe has been prepared by random 

priming according to the manufacturer’s (Boehringer Mannheim) instructions. Half of the label 

was used. Hybridization was at 60°C overnight. The filters were washed in 2XSSC, 0.1% SDS 

at 60°C for 30 mins, followed by a wash in 0.1XSSC, 0.1% SDS at 50°C for 30 mins. They 

were then dried on 3MM paper and exposed to film (Kodak) at -70°C.

32P-dCTP labelling using random primers (Boehringer Mannheim)

1. The linearized DNA was denatured by heating for 10 mins in a boiling water bath and

cooled on ice.

2. 3 ul dATP.dGTP.dTTP mixture (1:1:1) was added, followed by 2 ul reaction mixture and
I

5 ul (50uCi) of ^P dCTP, 3000 Ci/mmol.

3. ddH20  was added to make a final volume of 19 ul.

4. 1 ul Klenow enzyme was added and the reaction incubated at 37°C for at least' 30 mins.
\
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Purification of labelled probes

1. A column was made by plugging a 1 ml syringe with glass wool. The syringe was filled 

with Sephadex G-50 in TE (pH 8) and spun at 2000 rpm, 4°C for 5 mins to compact the 

Sephadex. Sephadex was added and the procedure repeated till the 1 ml mark was 

reached.

2. The column was equilibrated with TE (pH 8).

3. 80 ul of TE (pH 8) was added to the labelled probe.

4. The random priming reactants were added to the top of the column. The tube 

was centrifuged at 2000 rpm, 4°C for 5 mins.

5. The 32P-labelled DNA was collected in an eppendorf tube.

Small scale preparation of lambda phage DNA

1. A single plaque plug was picked from an agar plate containing plaque pure phage by 

means of a pasteur pipette and introduced into 50 ul of plating cells (suspended in 10mM 

MgS04). It was mixed by pipetting thoroughly, then left at room temperature for 5-10 mins.

2. 2 ml of prewarmed LB (with 10 mM MgS04 and 0.2% maltose) was added.

3. The mixture was shaken vigorously at 37°C for several hours until lysis was complete.

4. 100 ul CHCI3 was introduced. The tube was vortexed and centrifuged to sediment the cell 

debris.

5. The supernatant was transferred to a fresh tube. 100 ul CHCI3 was added and the phage 

stored at 4°C.

Large scale preparation of lambda phage DNA

1. An overnight culture of E.coli C600 hfl was grown in LB supplemented with 10 mM MgS04 

and 0.2% maltose.

2. 109 bacteriophage particles were adsorbed to 10 ml of overnight culture at room 

temperature for 5-10 mins.

3. It was then added to 1000 ml LB (with 10mM MgS04 and 0.2% maltose)

4. The flask was shaken vigorously at 37°C for 5-8 hours till lysis was achieved.

5. NaCI (3g/100 ml lysate) and CHCI3 (1 ml/100 ml lysate) were added.

6. The lysate was stored at 4°C overnight.

7. The lysate was centrifuged in Falcon tubes at 3000 rpm for 10 mins. The supernatant was

transferred to a fresh flask.

8. PEG was added such that the final concentration was 10% w/v. It was stirred at room 

temperature till complete dissolution.

9. The flask was placed on ice water for 60 mins.

10. The phage was collected by centrifugation in Falcon tubes at 3000 rpm, 4°C for 10 mins.
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11. The phage was resuspended in minimum volume of TM buffer.

12. The PEG-phage suspension was extracted with equal volume of CHCI3 in Falcon tubes 

by gently inverting for 1 min at room temperature.

13. The TM containing phage was centrifuged at 3000 rpm for 10 mins. The aqueous layer 

was removed and the interphase re-extracted by adding an equal volume of TM buffer.

14. Glycerol gradient centrifugation was achieved by adding 4 ml 40% glycerol to the bottom 

of a centrifuge tube. 4 ml of 5% glycerol was slowly added to it. The phage solution was 

then layered onto this.

15. Centrifugation was at 35 0000 rpm for 60 mins at 4°C.

16. The supernatant was decanted carefully. The pellet was resuspended in minimum volume 

of TM. RNase and DNase were added to final concentrations of 250 ug/ml and 12.5 ug/ml 

respectively.

17. 0.2 volume STEP buffer (0.5% SDS, 50 mM Tris.HCI, pH 7.5, 0.4 M EDTA) was added, 

followed by pronase (20 mg/ml) till final concentration of 0.5 mg/ml.

18. The reaction was incubated at 37°C for 15 mins.

19. The phage preparation was extracted with phenol/CHCI3 till a clear interphase was 

obtained.

20. A chloroform extraction was done.

21. The DNA was ethanol precipitated and collected by centrifugation at 4°C for 10 mins.

22. The DNA was washed with 70% ethanol, dried using Speedvac and dissolved in 50 ul TE.

23. 10 ul of the DNA was digested with EcoRI and a third of the digest checked on agarose 

gel before the rest was phenol extracted, ethanol precipitated and dissolved in 20 uI of TE.

Ligation of lambda digest to Bluescript BS SK-

1. 1,2 and 5 ul of the digested DNA was used in the ligation reaction.

2. The following were added to the DNA:

BS SK- vector cut with EcoRI (20 ng)

10X reaction buffer (2 ul)

5 mM ATP (2ul)

50 mM DTT (2 ul)

ddH20  to final volume of 19 ul

T4 DNA ligase (1 ul)

3. The ligation was left at room temperature for 5.5 hours.

4. 200 ul of ice cold competent cells were transformed by the addition of ligation mixes. The 

competent cells were prepared as described below:

a. An overnight culture of XL1-Blue cells grown in LB (containing 10 ug/ml tetracycline) was 

spun down gently at 2000 rpm, 4°C for 5 mins.
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b. The supernatant was poured off and the cell pellet resuspended in half volume of cold 50 
mM CaCI2. It was left on ice for 20 mins.

c. The cell pellet was spun down gently at 2000 rpm, 4°C for 5 mins.

d. The pellet was resuspended in a tenth volume of ice cold 50 mM CaCI2 and left on ice till
ready for use.

5. Half of the ligation mix was used for transformation. 200 ul of the competent cells was 

added to each half of ligation mix and left on ice for 1 hour.

6. The cells were heat shocked for 3 mins at 42°C and immediately left on ice for 2 mins.

800 ul of SOC or LB medium was introduced and the cells were left to recover at 37°C

for 1 hour in a shaking incubator (225 rpm).

7. The cells were spun down and most of the supernatant removed. They were resuspended 

and plated onto LB plates supplemented with ampicillin (100 ug/ml).

8. Replica filter was taken of each plate. The replica was laid onto LB/ampicillin plates which

had 100 ul X-gal (2%) and 40 ul IPTG (100 mM) spread on the surface.
/

9. The plates were incubated at 37°C for a few hours till the colour selection was complete.

10. White colonies were picked into LB supplemented with ampicillin and grown overnight at 

37°C.

11. Mini DNA preparations (B/D) were done to check for positive clones.

12. If there were any difficulties in obtaining positive clones, colony hybridization was used.

Colony hybridization

1. Nitrocellulose filters were used to lift bacterial colonies from the agar plates.

2. The filters were then laid on 3MM paper which had been saturated with denaturing 

solution (1 min), neutralizing solution (5 mins) and 2XSSC (1 min).

3. The filters were then dried in air, placed on clean 3MM paper and baked in a vacuum 

oven at 80°C for 2 hours.

4. Hybridization was carried out with the appropriate probes.

Ligation using Amersham’s DNA ligation system

1. The digested vector DNA and the DNA to be inserted were mixed together with 5-10 ul 

of 100 mM Tris-HCI, 5 mM MgCI2, pH 7.6.

2. 4-8 volumes of Solution A was added and mixed vigorously.

3. An equal volume of Solution B as the DNA solution was added (5-10 ul). The reaction was 

mixed well.

4. The mixture was incubated at 16°C for 30 mins.

5. Half of the ligation mix was used directly in transformation.
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Birnboim and Poly (B/D) plasmid preparation of DNA

1. 1.5 ml bacterial culture was spun down and the supernatant removed.

2. 100 ul of 5mg/ml lysozyme in B/D I was added and the culture left to lyse for 10 mins at

room temperature.

3. 200 ul of B/D II was next added and the mixture left on ice for 5 mins.

4. 150 ul of B/D III was introduced and the tube left on ice for a further 5 mins.

5. The tubes were spun at 4°C for 10 mins.

6. The supernatant was phenol/CHCI3 extracted once, then ethanol precipitated.

7. The ethanol precipitate was spun at 4°C for 10 mins.

8. The DNA pellet was washed with 70% ethanol and dried in a Speedvac, before dissolution 

in 30 ul of 0.1XTE/RNase.

9. 7.5 ul of DNA was used in restriction enzyme digest to determine the size of the insert (if 

any).

Large scale plasmid preparation of DNA

1. An overnight culture was set up by introducing 100 ul of bacterial stock in 10 ml 

LB/ampicillin and grown at 37°C.

2. The culture was added to 100 ml LB/ampicillin and grown at 37°C for 5 or more hours.

3. The culture was spun down in a Falcon tube.

4. The pellet was resuspended in 4 ml of 5mg/ml lysozyme in B/D I and left at room

temperature for 10 mins.

5. 8 ml B/D II solution was added and the mixture left on ice for 5 mins.

6. 6 ml B/D III solution was added and the mixture again left on ice for 5 mins.

7. The reaction mixture was centrifuged at 3000 rpm, 4°C for 20 mins.

8. The supernatant was carefully decanted into another Falcon tube.

9. Extraction with phenol/CHCI3 was repeated until a clear interphase was obtained.

10. The DNA was ethanol precipitated, spun for 20 mins at 4°C, dried in a Freeze drier and 

resuspended in TE (pH 8), 5.5 ml. The DNA solution was transferred to Corex tubes.

11. 2 ml 5 M NaCI and 2.5 ml 28% PEG were introduced.

12. The tube was left on ice for 1 hour.

13. It was spun for 20 mins, 15 000 rpm, 4°C in a J2-21 centrifuge.

14. The DNA was dried in a Speedvac.

15. The DNA was resuspended in a total volume of 800 ul TE (pH 8) and transferred to 2X1.5 

ml eppendorf tubes.

16. 1 ml cold ethanol was added to each tube. They were left at -70°C for 0.5 hour.

17. The ethanol precipitates were spun at 4°C for 10 mins and the DNA dried in a Speedvac.

18. The DNA in each eppendorf was dissolved in 100 ul TE.
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19. RNase was added to a final concentration of 1 ug/100 ul and the DNA incubated at 37°C 

for 1 hour.

20. The volume of the DNA was increased to 400 ul. The DNA was extracted with first 

phenol/CHCI3, then chloroform.

21. 0.1 volume of 3 M NaOAc (pH 5.2-5.5) and 2.5 volumes of ethanol were added. The DNA

was precipitated either at -70°C for 1 hour or -20°C overnight.

22. The DNA was spun at 4°C for 10 mins, washed with 70% ethanol and dried in a

Speedvac.

23. The DNA was dissolved in a final volume of 200 ul of TE.

Preparation of single stranded DNA

1. 300 ul of the appropriate overnight bacterial culture was introduced into 3 ml of 2XTY

medium and incubated at 37°C with shaking for 1 hour.

2. 15 ul of VCS M13 helper phage was inoculated and the culture left to grow at 37°C for a

further 6-8 hours.

3. The culture was transferred to two eppendorfs and spun down.

4. The supernatant was transferred to fresh tubes and spun a second time. The supernatant 

was again transferred to fresh tubes containing 250 ul of 3.5 M NH^Ac, pH 7.5, 20% 

PEG.

5. It was mixed and left at room temperature for 15 mins.

6. The tubes were spun for 10 mins.

7. The supernatant was pipetted off.

8. 200 ul TE, 1% SDS was added. The tube was vortexed.

9. Phenol/CHCIg was used to extract the DNA.

10. The DNA solution from the 2 tubes were pooled into 1. CHCI3 was next used to extract

the DNA.

11. 40 ul of 3 M NaOAc (pH 5.2-5.5) and 1 ml ethanol were added. The DNA was left at -70°C 

to precipitate for 1 hour.

12. The tubes were spun at 4°C for 10 mins. The DNA was washed with 70% ethanol, dried

and dissolved in 17.5 ul TE (pH 8).

13. 2.5 ul of the DNA was checked on an agarose gel before annealing to a sequencing 

primer.

Annealing reaction

The following were added:

2.5 or 7.5ul of single stranded template (depending on concentration)

1 ul T3 or T7 primer (1.25 ng); dependent on the vector
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1.5 ul Klenow reaction buffer 

ddH20  to 10 ul

The reaction was left at 55-60°C for 1 hour and left to cool slowly to room temperature before 

storing at -20°C or used for sequencing directly.

Sequencing protocol (Amersham International)

1. 2 ul of dN°/ddNTP (refer to Amersham’s protocol for the constituents) was added to the 

appropriate tubes marked G,A,T,C. The tubes were left in a centrifuge.

2. The annealed template/primer was spun down and 2 ul of 35S-dATP (1000 Ci/mmol) 

added.

3. 1 ul of Klenow fragment was added. The reaction was pipetted to mix thoroughly.

4. 2.5 ul of the annealed template/primer/label/enzyme mix was added to each of the 4 

tubes (G,A,T,C).

5. The tubes were spun to mix and initiate the 20 minute reaction.

6. 2 ul of chase solution was added. The tubes were spun to start the 15 minute reaction.

7. 4 ul of stop solution was added.

8. The DNA was denatured at 95°C for 3 mins before loading.

Sequencing gel

The sequencing apparatus in use came from LKB-Pharmacia. The plate to which the 

gel was to adhere was first cleaned with ethanol, then coated with 20 ml ethanol, 80 ul bind 

silane, 5 ml 10% HOAc. It was left to dry for a few minutes before the excess was removed by 

ethanol.

The temperature controlled plate was washed with ethanol, then coated with repelsilane 

to prevent gel adhesion and left to dry before excess was removed by ethanol.

To make a 4% acrylamide gel, the following components were mixed:

42g ultra pure urea dissolved in 80 ml ddH20, 10 ml 10XTBE and 10 ml 40% acrylamide (38%

acrylamide, 2% bisacrylamide).

The mixture was filtered and left at 4°C to cool. When the plates were ready, 80 ul

TEMED and 800 ul 10% APS were added to the acrylamide. The acrylamide was poured onto

the plates according to the manufacturer’s instructions. The plates were left for 1 to 2 hours to 

allow the acrylamide to set. The samples were loaded onto the gel after the plates have been 

equilibrated to 55°C and the gel run at a voltage of 1750-1950V.

The gel was fixed in 10% HOAc for 1 hour, then dried overnight before exposure to film 

(Kodak) at room temperature. The film was developed usually after an overnight exposure.
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Double stranded DNA template preparation for sequencing

1. 2X1.5 ml overnight bacterial culture were spun down. The pellet was resuspended in 100

ul of B/D I and left at room temperature for 10 mins.

2. 200 ul B/D II was added and the tubes left on ice for 5 mins.

3. 150 ul B/D III was added and the tubes again left on ice for 5 mins.

4. The tubes were spun at 4°C for 10 mins. The supernatant was transferred to a fresh tube.

RNase was added to a final concentration of 1 mg/ml. It was left to incubate at 37°C for

20 mins.

5. The DNA preparation was extracted once with phenol/CHCI3) CHCI3 and ethanol 

precipitated. The DNA was collected by centrifugation at 4°C for 10 mins.

6. The DNA from both tubes was dissolved in a total volume of 500 ul TE (pH 8). 500 ul of

1.6 M NaCI, 13% PEG was added. The DNA was mixed thoroughly and recovered by 

centrifuging at 4°C, 12 OOOg for 5 mins.

7. The pellet was dissolved in 400 ul TE (pH 8). The DNA was extracted twice with 

phenol/CHCI3 and once with CHCI3.

8. The aqueous phase was transferred to a fresh tube and 100 ul 10 M NH4OAc added. The

contents were mixed well. 2 volumes of ethanol was added and the tube stored at room

temperature for 10 mins. The precipitate was recovered by centrifugation at 4°C, 12 000 

rpm for 5 mins.

9. The supernatant was removed and the pellet washed with 200 ul 70% ethanol. The tube 

was vortexed briefly. The pellet was recovered by centrifugation at 4°C, 12 000 rpm for 

5 mins.

10. The supernatant was removed and the tube was stored open at room temperature till the 

last traces of ethanol had disappeared. The DNA was dissolved in 20 ul of TE (pH 8).

11. Alkaline denaturation was achieved by the addition of 2 ul of 2 M NaOH, 2 mM EDTA at 

room temperature for 10 mins.

12. Neutralization was performed by the addition of 2.2 ul of 3 M NaOAc (pH 5.5). The tube 

was vortexed before addition of 100 ul cold ethanol. Ethanol precipitation was carried out 

either at -70°C for 15 mins or overnight at -20°C.

13. The DNA was recovered by centrifugation at 4°C, 15 000 rpm for 10 mins. It was then 

washed with 70% ethanol, centrifuged to recover the DNA and dried before dissolution in 

14 ul TE (pH 8).

Annealing and sequencing using Sequenase kit (USB)

1. Annealing was performed according to manufacturer’s instructions. The following were 

added in the order shown:

7 ul DNA
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2 ul Sequencing buffer 

1 ul M13 reverse primer or -40 primer

The DNA was annealed at 65°C for 2 mins, then cooled slowly in a water bath to 

<35°C. It was chilled on ice till ready for use.

2. Eppendorf tubes were labelled G,A,T,C; filled with 2.5 ul of the appropriate Termination 

mix and capped. They were then incubated at 37°C.

3. The labelling mix was diluted 1:5.

4. Sequenase enzyme was diluted 1:8 with ice cold Enzyme Dilution Buffer.

5. The following were added in the labelling reaction:

10 ul of annealed DNA mixture

1 ul of 0.1 M DTT

2 ul of dilute labelling mix

0.5 ul of 35S-dATP(1000 Ci/mmol)

2 ul of diluted Sequenase Version 2.0

The contents were mixed and left at room temperature for 2-5 mins.

6. 3.5 ul of the labelling reaction was added to each of the termination tube (G,A,T,C). The 

contents were mixed and incubation continued for a further 5 mins.

7. The reaction was stopped by the addition of 4 ul of STOP solution.

8. The samples were heated to 75°C for 2 mins prior to loading.

Exo III/ Mung bean nuclease deletions

The Exo/Mung system produces unidirectional deletions. The technique takes 

advantage of Exo Ill’s requirement for double stranded DNA; Exo III will not digest 3’ single 

strand overhangs but will digest 3’ ends from blunt ends or 5’ overhangs. The polylinker in the 

Bluescript vector has 3’ restriction sites flanking 5’ and blunt restriction sites. To create 

deletions in the insert but not in the vector DNA the clones were digested with a 3’ and 5’ or 

blunt restriction enzyme followed by Exo/Mung treatment. H631.1, H631.1 Lg, rL5, rL12, rL8 and 

rL8’ were doubly digested with Sst I and Sma I. R00.92 was doubly digested with Sst I and Xba

I. The directional clone of r0092 (subcloned into BS SK+ cut with Hind III and Xba I) was

doubly digested with Hind III and Kpn I.

A number of time points was decided upon.

1. For each time point, 80 ul of 5X Mung bean buffer and 270 ul ddH20  were mixed in an 

eppendorf and kept on ice.

2. The following were added in the order shown: 

eg. 5 time points (1, 2, 4, 8 and 12 mins)

15 ug double digested DNA 

125 ul 2X Exo buffer
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25 ul 200 mM (3-mercaptoethanol 

ddH20  to final volume of 240 ul 

10 ul 100 U/ul Exo III

3. Timing was started as soon as Exo III was added.

4. 50 ul of the above was added to the Mung bean buffer at the stipulated times. The tube

was placed on dry ice till frozen.

5. When all the time points were reached, the tubes were placed in a Techne dri block set 

at 68°C for 15 mins.

6. After incubation, they were placed on ice.

7. 50-70 units of Mung bean nuclease diluted in 1X Mung bean buffer was added to each

time point.

8. The reaction was incubated at 37°C for 1 hour.

9. The reaction was phenol extracted once, then chloroform extracted before ethanol

precipitation overnight at -20°C.

10. The DNA pellet was spun down at 4°C for 10 mins, washed with 70% ethanol and dried

in a Speedvac. It was dissolved in 15 ul of TE (pH 8).

11. 5 ul of the DNA was checked on an agarose gel to determine the sizes of the deletants.

12. 1 ul of the Exo lll/Mung treated DNA was used in the ligation as below:

1 ul DNA

2 ul 10X T4 DNA ligase ligation buffer

1 ul 50 mM DTT

2 ul 5 mM ATP

2 ul T; DNA ligase 

12 ul ddH20

13. The ligation mix was incubated at room temperature for 4.5 hours.

14. Half of the ligation mix was used in transformation as before.

15. A population of the cells was picked and grown. After appropriate restriction enzyme 

digest, the DNA was analyzed on agarose gel. Clones containing the right sizes were 

picked and single stranded templates generated for sequencing.

Preparation of free polvribosomal RNA from rat brain (Hall and Lim, 1981)

All procedures were carried out on ice and solutions kept at 4°C, unless stated otherwise.

1. Embryonic rat heads/brains and adult rat forebrains were dissected and cut on ice into 

small pieces.

2. They were then homogenized by hand in 3 volumes (w/v) of TKMD, 0.25M sucrose.

3. The homogenate was transferred to Corex or polycarbonate tubes (depending on amount), 

spun in a J2-21 centrifuge at 11 500 rpm, 4°C for 15 mins.
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4. The supernatant containing the free polyribosomes was removed and kept on ice.

5. It was layered on discontinuous sucrose gradients (2 M sucrose-TKMD, overlaid with 1.5 

M sucrose-TKMD) in 27 ml heat sealable polyallomer tubes. 0.25 M sucrose in TKMD was 

used to fill the tubes.

6. The tubes were spun in a 70Ti rotor at 65 000 rpm, 4°C for 1.5 hours using a Beckmann 

L8-M ultracentrifuge.

7. The supernatant, the 1.5 M sucrose step and the interphase were removed by pipetting. 

The 2M step was poured off gently and the pellet drained.

8. The pellet was washed gently with sterile ddH20, drained and resuspended in 1 ml Buffer 

A.

9. The RNA solution was phenol extracted several times till a clear interphase was obtained. 

The polyribosomal RNA was ethanol precipitated.

10. The ethanol precipitate was centrifuged at 3000 rpm, 4°C for 30 mins.

11. The precipitate was washed in 70% ethanol, 25 mM NaOAc, dried in air and dissolved in 

200 ul ddH20. 3 volumes of cold ethanol was added. The RNA was kept at -70°C.

RNA gels and Northern analysis

1. A 1% agarose gel was made by melting 3 g agarose in 220 ml ddH20. The agarose was 

cooled to 60°C before addition of 30 ml 10X MOPS buffer and 50 ml 37% formaldehyde 

solution. It was mixed thoroughly before pouring.

2. The running buffer consists of 160 ml 10X MOPS buffer, 267 ml 37% formaldehyde and 

1173 ml ddH20.

3. 10 ug of RNA was resuspended in 5.5 ul ddH20. The RNA was heated at 65°C for 3 mins 

before quick quenching on ice. 10 ul deionized formamide was added, followed by 1 ul 

10X MOPS buffer and 3.5 ul 37% formaldehyde. 2 ul loading buffer was added. 4. The 

gel was blotted overnight onto Hybond N filter (Amersham).

5. The filter was soaked in 5% HOAc for 15 mins at room temperature.

6. The filter was transferred to a solution of 0.5 M NaOAc (pH 5.2), 0.04% methylene blue

for 5-10 mins at room temperature.

7. The filter was rinsed in ddH20  for a few minutes to remove excess stain.

8. Marker RNAs (28S and 18S rRNAs) appear as bands and the intensities of the bands can 

be used to quantitate the amount of RNA.

9. The prehybridization and hybridization solutions contained:

50% ultrapure deionized formamide

6X SSC 

5X Denhardt’s

100 ug denatured salmon sperm DNA
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10 ug/ml poly A

0.1% SDS •

Hybridization was carried out at 42°C overnight with 5 to 10X10® cpm of random primed 

^P-dCTP labelled probe..

10. The filters were washed in 2XSSC, 0.1% SDS at room temperature for a total of 20 mins 

(4 changes at 5 mins each), followed by a 30 minute wash at 50°C in 0.1XSSC, 0.1% 

SDS.

11. They were then dried on 3 MM paper and exposed to film (Kodak) at -70°C for an 

appropriate amount of time.

In situ hybridization 

Preparation of glass slides

Glass slides (BDH) were put into racks and subjected to the following procedures:

1. The slides were rinsed twice in ddH20.

2. They were immersed in 1 M HCI for 20 mins.

3. They were rinsed 5 times in ddH20.

4. The slides were then rinsed in sterile ddHzO.

5. They were immersed in 70% ethanol for 20 mins, then 100% ethanol for another 20 mins.

6. They were air dried, then wrapped in foil before being oven baked.

Polv-L-lvsine treatment

1. The sterile slides were immersed in 37.5 ug/ml poly-L-lysine aqueous solution for at least 

1 hour.

2. The coated slides were quickly rinsed in 2 changes of sterile ddH20.

3. The slides were left to air dry before storage in boxes containing silica gel.

Processing of tissue sections

Brains were removed from the animal and snap frozen in an isopentane/dry ice bath 

(-40 to-50°C). They were mounted onto cork discs and stored at -70°C. The brains were left 

to equilibrate in a Bright cryostat at least 12 hours prior to cutting. 12 urn thick tissue sections 

were obtained.

The tissue sections were subject to the following processes:

1. The sections were fixed in 4% paraformaldehyde in PBS for 5 mins.

2. They were rinsed twice in PBS.

3. The sections were immersed in 0.25% acetic anhydride in 0.1 M triethanolamine HCI (pH 

8), 0.9% NaCI for 10 mins.

4. They were then put through a series of ethanol washes:

70% ethanol, 1 min; 80% ethanol, 1 min; 95% ethanol, 2 mins; 100% ethanol, 1 min.

5. The lipids were removed by immersing the sections in 100% chloroform for 5 mins.
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6. They were further dehydrated in 100% ethanol, 1 min; 95% ethanol, 1 min.

7. The sections were dried in air and stored at -20°C.

The tissue sections were allowed to thaw and placed on wetted (with 2XSSC) 3 MM 

paper in a covered plastic dish. Prehybridization (2 hours) and hybridization (overnight) of the 

tissue sections were carried out at 42°C. The prehybridization buffer (100 ul per section) was 

discarded after 2 hours. The oligonucleotides were end labelled with NEN’s 3’ end labelling kit. 

The procedure was exactly the same as that in the kit’s. The 3’ end labelled oligonucleotide 

probe was denatured at 65°C for 3 mins before cooling on ice. 106 cpm of the probe was added 

to 50 ul of hybridization buffer per section. Parafilm was used to seal in the probe. The dish 

was sealed with tape to prevent drying.

The prehybridization solution contained:

50% ultrapure deionized formamide 

4XSSC

0.05M sodium phosphate buffer (pH 7)

5X Denhardt’s

0.1% SDS 

10 ug/ml poly A

100 ug/ml denatured salmon sperm DNA 

20 uM deoxyadenosine 5’-a-thio triphosphate

The hybridization buffer contained the same reagents with the exception of 

deoxyadenosine 5’-a-thio triphosphate. In addition, 5% Dextran sulphate and 50 mM DTT were 

present. After hybridization was complete, the tissue sections were placed in racks and washed 

in 1XSSC, 5 mM DTT at room temperature till the parafilms came off. They were then 

subjected to 2 changes (15 mins each) of 0.1XSSC at 55°C, 1X15 minute wash at 55°C in

0.2.SSC and finally 2 changes (60 mins each) in 1XSSC at room temperature. They were 

quickly dipped in ddHzO, dehydrated briefly in 70% and 95% ethanol. The sections were air 

dried before exposure to p-max Hyperfilm (Amersham) at -70°C for 5 to 7 days.

The 44 mer oligonucleotides GM1 and GM2 correspond to nucleotide position 1605 to 

1648 of the rat n-chimaerin cDNA. GM1 and GM2 are complementary to each other.

GM2: 5’GTGAACACACGCTTTCTGGTCCTGGTAATCCTGGGTGTTTATCA-3'

GM2 was used as a control.

The tissue sections were dipped in Amersham’s autographic emulsion LM-1 according 

to the procedures listed below:

1. A water bath was set at 43°C.

2. A 50 ml beaker (containing a glass rod) and the dipping vessel were placed in the water 

bath to equilibrate.

3. The equipment were placed in an accessible manner.
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4. The emulsion stock was opened and approximately 15 ml of the emulsion spooned into 

the beaker in the dark.

5. The gelled emulsion was stirred gently in the beaker using the glass rod.

6. The molten homogeneous emulsion was poured gently down the side of the dipping 

vessel until the vessel almost overflowed.

7. The emulsion was gently mixed with the glass rod and any bubbles allowed to rise to the 

surface of the emulsion.

8. Blank slides were dipped repeatedly in order to remove bubbles.

9. A slide was held between the thumb and forefinger and dipped vertically into the vessel 

so as to cover 3/4 of the area.

10. The slide was held vertically for 5 secs and then withdrawn from the vessel at a steady 

rate.

11. The slide was allowed to touch the rim of the vessel in order to avoid dripping.

12. The excess emulsion was drained by standing the slide on a pad of tissue paper.

13. The back of the slide was wiped free of emulsion.

14. The slide was placed, emulsion side up, on a chilled metal plate (chilled on ice-water).

15. The slides were left to gel for about 10 mins and left to dry in the dark for a few hours.

16. The slides were placed in light-proof boxes containing silica gel and the boxes sealed with 

black tape.

17. The boxes were kept at 4°C for a few weeks before developing.

Processing protocol for exposed LM-1 dipped slides 

Preparation of processing chemicals

1. Developer: The stock solution of Ilford Phenisol was diluted with distilled water ( 1 part 

developer to 4 parts water). It was used once and discarded.

2. Stop solution: A 0.5% w/v solution of acetic acid was prepared in deionized water.

3. Fix solution: A 30% w/v solution of sodium thiosulphate was prepared in deionized water.

The solutions were allowed to equilibrate to the chosen development temperature. The 

processing and washing solutions should be maintained within 2°C of each other. Slide boxes 

were removed from the refrigerator and allowed to equilibrate to room temperature at least 2 

hours prior to processing.

Processing

1. The slides were removed from the boxes and arranged in slide racks.

2. The developer, stop and fixer troughs were filled.

3. The racked slides were placed in the developer for 2 to 2.5 mins. The slides were agitated 

slightly.

4. The slides were removed and placed in the stop solution for 1 min.
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5. The slides were removed from the stop solution and placed in the fixer solution for 4 mins. 

The slide rack might be agitated slightly.

6. The slides were allowed to soak in the fixer for a further 4 mins.

7. The slides were washed in gently running tap water for 15 mins.

8. The slides were given a final wash in distilled water (2 changes for 15 mins each).

Staining for light microscopy

1. The washed slide was stained whilst wet in fresh methyl green pyronin Y solution (Sigma) 

for 10 mins.

2. The excess stain was washed off in deionized water.

3. The sections were dehydrated in 70% ethanol for 0.5 min.

4. They were dehydrated in 90% ethanol for 2 mins.

5. The sections were immersed in 100% ethanol for 4 mins in total (2 changes, 2 mins each).

6. The sections were cleared in xylene (2 changes, 2 mins each).

7. The sections were mounted in DPX (BDH).

Polymerase chain reaction (PCR)

The primers used in PCR were as follows:

MGD 819: 5’-ATCGATGGTCGACGCATGCGGATCCAAAGCTTGAATTCGAGCTCT17-3’

MGD 820: 5’-ATCGATGGTCGACGCATGCGGATCC-3'

It contains Sal I, Sph I and BamHI sites for cloning (the sites are underlined).

MGD 821: 5’-GGATCCAAAGCTTGAATTCGAGCTC-3’

It contains HindiII, EcoRI and Sac I sites for cloning (the sites are underlined).

Rat n-chimaerin specific primers:

LLHH4 (951 to 930 bp): 5’-TCCTTCAGAATTCAGACCTCTG-3’

LLHH3 (872 to 853 bp) with additional Xhol site (underlined):

5’ - AACT CG AGTTC ACG AGT GTT GT C AGGT C-3’

LLHH2 (473 bp to 453 bp) with additional Xba I site (underlined):

5’-ACT CTAGAGTAGCT CT ATTAGTTTTCCT-3’

H631.1 specific primers:

LLCH4 (1571 to 1550 bp) with additional Xho I site (underlined):

5’-AACT CG AGTTC AG AGTT GCT CTT CT AAC AA-3’

LLCH6 (1143 to 1124 bp) with additional Xho I site (underlined):

5’-AT CTCG AGCC AT G A AACT CT CTT CC AT A AT-3 ’

LLCH7 (981 TO 1002 bp) with additional Cla I site (underlined):

5’-CTATCGATCGCC AT GC AG AAG AAAT CT GGC-3’

LLCH9 (1449 to 1428 bp) with additional Xho I site (underlined):
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5’-ATCTCGAGTCTGTTTAAGGTTGTGTATCCT-3’

The reverse transcription and dA tailing methods were obtained from PCR protocols: 

A guide to methods and applications (eds: Innis, M.A.; Gelfand, D.H., Snninsky, J.J. and White, 

T.J.); pp 30-32.

Reverse transcription

1. The following were assembled on ice:

2 ul 10X RTC buffer (500 mM Tris-HCI pH 8.15 at 41 °C, 60 mM MgClg, 400 mM KCI, 10 

mM DTT, each dNTP at 10 mM)

10 units of human placenta RNase inhibitor 

1 ul of 10 uM oligo dT

0.5 ul (9 units) of AMV reverse transcriptase 

in a total volume of 4.5 ul

2. The poly (A)+ RNA, in 15.5 ul ddH20, was denatured at 65°C for 3 mins, quenched on ice

and added to above.

3. The reaction was incubated at 42°C for 1 hour, then at 52°C for 30 mins. It was kept at 

4°C.

The excess primers were removed using a Qiagen column (available from Diagen).

1. 1 ml of buffer QP was added to the cDNA.

2. A Qiagen tip-5 was equilibrated with 1 ml of buffer QP. Flow was triggered with a short

initial push using a syringe and adaptor provided.

3. The sample was applied onto the equilibrated Qiagen tip-5.

4. The Qiagen tip-5 was washed with 3X 1 ml of buffer QF. The remaining solution was 

forced out.

5. The cDNA was eluted with 0.8 ml of buffer QF. Flow was reinitiated with a short initial 

push. The remaining solution was pushed out.

6. The cDNA was precipitated with 0.8 volumes of isopropanol. The cDNA was incubated for 

10 mins on ice and centrifuged at 15 OOOg for 30 mins at 4°C.

8. The cDNA pellet was washed once with 80% ethanol, dried briefly and redissolved in 10

ul of ddH20  for dA tailing.

dA tailing

1. 4 ul of 5X tailing buffer (Bethesda Research Laboratories, Inc.), 4 ul of 1 mM ATP and 10 

units of terminal deoxynucleotidyl transferase (BRL) were added to the cDNA.

2. The reaction was incubated at 37°C for 30 mins and then at 65°C for 5 mins.

3. The dA tailed cDNA was diluted to 500 ul with TE (pH 8).

4. The cDNA was then ready for PCR using a modified protocol adapted from Mark Darlison
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Rapid amplification of cDNA ends (RACE)

1. For first round amplification, the following were assembled on ice:

10 ul of dA tailed cDNA

10 ul of 10X Taq polymerase buffer (Amersham’s)

16 ulof 1.25 mM dNTP mix

1 ul of MGD 819 (0.02 ug/ul)

1 ul of MGD 820 (0.2 ug/ul)

1 ul of LLHH4 or LLCH4 (0.2 ug/ul) 

ddH20  to 99.5 ul

2. The PCR cocktail was denatured at 95°C for 5 mins, then cooled to 72°C. 2.5 units of Taq 

polymerase (Amersham) was added and the reaction mix overlaid with 100 ul of mineral

011 (Sigma) at 72°C.

3. The reaction was annealed at 42°C for 2 mins and the cDNAs extended at 72°C for 40 

mins.

4. The reaction was then subjected to 30 cycles:

94°C for 40secs

58°C for 1 min 

72°C for 1.5 mins

5. The cDNAs were further extended for 15 mins at 72°C and then cooled to 4°C.

6. For second round of amplification, the following were assembled on ice:

2 ul of first round amplified products 

10 ul of 10X Taq polymerase buffer 

16 ul of 1.25 mM dNTP mix

1 ul of MGD 821 (0.2 ug/ul)

1 ul of LLHH3 or LLCH9/6 ( 0.2 ug/ul)

7. The cocktail was denatured at 95°C for 5 mins, then cooled to 72°C.

8. 2.5 units of Taq polymerase was added and the mix overlaid with 100 ul of mineral oil

(72°C).

9. The reaction was then subjected to 30 cycles of the following:

94°C for 40 secs

58°C for 1 min 

72°C for 1.5 mins

10. The cDNAs were further extended for 15 mins at 72°C and cooled to 4°C.
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For PCR using internal primers (LLCH7 and LLCH4 or LLCH9), the following conditions 

were used:

10 ul of dA tailed cDNA 

10 ul of 10X Taq polymerase buffer 

16 ul of 1.25 mM dNTP mix 

1 ul of LLCH7 (0.2 ug/ul)

1 ul of LLCH4 or LLCH9 (0.2 ug/ul) 

ddH20  to 99.5 ul

The cocktail was denatured at 95°C for 5 mins, then cooled to 72°C. 2.5 units of Taq 

polymerase was added and the mix overlaid with 100 ul of mineral oil (at 72°C). The reaction 

mix was subject to 30 cycles as above and extended at 72°C for 15 mins before cooling to 4°C.

TA cloning system: plasmid cloning kit for PCR hardcopies

The PCR products obtained can be ligated directly without any prior treatment. The 

ligation reaction contains the following:

6 ul sterile water (vial TA1)

1 ul 10X ligation buffer (vial TA2)

2 ul TA cloning vector (25 ng/ul)

1 ul PCR product

1 ul T4 DNA ligase (vial TA5)

The ligation was incubated at 12°C for 4 hours before transformation according to the 

manufacturer’s instructions.

TA cloning transformation

1. A water bath was equilibrated to 42°C.

2. 1 vial of SOC medium was warmed to room temperature.

3. The vial containing the ligation reaction was spun briefly and placed on ice.

4. 0.5 M p-mercaptoethanol (vial TA12) and one 50 ul vial of frozen competent E.coli cells 

were used for each ligation/transformation.

5. 2 ul of the 0.5 M jJ-mercaptoethanol was pipetted to each vial of competent cells and the 

mixture was tapped gently.

6. 1 ul of TA cloning ligation reaction was pipetted directly to the competent cells. The tube

was tapped gently to mix the contents. The remaining ligation mix was stored at -20°C.

7. The vial was incubated on ice for 30 mins.

8. The vial was then incubated for 60 secs, in 42°C water bath.

9. The vial was removed from the water bath and placed on ice for 2 mins.

10. 450 ul of prewarmed SOC medium was placed in each vial.

11. The vial was shaken at 37°C for 1 hour at 225 rpm.
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12. The vial was placed on ice.

13. The transformed cells were plated onto LB/agar containing kanamycin (50 ug/ml) which 

had 25 uI of X-Gal (40 mg/ml) spread on its surface.

14. The plates were incubated overnight at 37°C.

15. White colonies were selected for further analysis.

List of solutions

In general, all chemicals and reagents used either come from BDH or Sigma, unless specified. 

40% acrvlamide

380 g acrylamide (DNA-sequencing grade) and 20 g N,N’-methylenebisacrylamide were 

dissolved in 500 ml ddH20. It was stirred with resin at room temperature for at least 30 mins. 

It was filtered to remove resin and kept in the dark at 4°C.

0.1 M ATP (adenosine triphosphate)

60 mg ATP was dissolved in 1 ml ddH20  and the solution dispensed into small aliquots and 

stored at -70°C.

10% APS (ammonium persulphate)

0.1 g ammonium persulphate was dissolved in 1 ml of sterile deionized water and used the 

same day.

B/D I

B/D I consists of 50 mM glucose, 25 mM Tris.CI (pH 8) and 10 mM EDTA (pH 8).

B/D II

B/D II consists of 0.2 M NaOH and 1% SDS.

B/D III

60 ml of 5 M potassium acetate, 11.5 ml glacial acetic acid were added to 28.5 ml ddH20. 

Buffer A

0.1 M NaCI, 0.5% SDS, 5 mM EDTA (pH 8) and 10 mM Tris-HCI, pH 8.5.

50X Denhardt’s reagent

50X Denhardt’s reagent contains 5 g Ficoll (Type 400, Pharmacia), 5 g polyvinylpyrrolidone, 

5 g bovine serum albumin (Fraction V, Sigma) and ddH20  to a final volume of 500ml. The 

Denhardt's solution was filtered and stored at -20°C.

DNA loading buffer

6X buffer consists of 0.25% bromophenol blue, 0.25% xylene cyanol FF and 15% Ficoll (Type 

400, Pharmacia) in water.

1 M DTT (dithiothreitol)

3.09 g DTT was dissolved in 20 ml ddH20  and the solution dispensed into small aliquots. The 

DTT was stored at -20°C.



0.5 M EDTA

186.1 g disodium ethylenediaminetetraacetate.2H20  was dissolved in 800 ml of ddH20. It was 

stirred vigorously and the pH adjusted to 8 with NaOH. The solution was sterilized by 

autoclaving after volume was adjusted to 1 litre.

Ethidium bromide HO ma/mh

1 g ethidium bromide was added to 100 ml ddH20  and stirred for several hours to ensure 

dissolution. The container was wrapped in foil and stored at room temperature.

2X Exo III buffer

100 mM Tris-HCI, pH 8, 10 mM MgCI2, 20 ug/ml tRNA.

IPTG (Isopropvlthio-B-D-aalactoside)

A solution of IPTG was made by dissolving 0.5 g IPTG in 2 ml ddH20. The volume was made 

up to 2.5 ml and the solution dispensed into small aliquots and stored at -20°C.

LB medium (Luria-Bertani medium)

10 g bacto-tryptone, 5 g bacto-yeast extract, 10 g NaCI were dissolved in 950 ml ddH20. The 

pH was adjusted to 7. The volume was adjusted to 1 litre and the solution sterilized by 

autoclaving.

10X MOPS O-fN-morpholinolpropanesulfonic acid)

46.26 g MOPS sodium salt, 50 ml 1 M sodium acetate pH 7 and 20 ml 0.5 M EDTA (pH 8) 

were dissolved in a total volume of 1 litre. It was sterilized by autoclaving.

10X Mung bean buffer

300 mM sodium acetate, pH 5, 500 mM NaCI, 10 mM ZnCI2, 50% glycerol.

1X Mung bean dilution buffer

10 mM sodium acetate, pH 5, 0.1 mM zinc acetate, 1 mM cysteine, 0.1% Triton X-100, 50% 

glycerol.

dNTPs (deoxyribonucleoside triphosphates)

Each dNTP was dissolved in ddH20  to a final concentration of 1.25 mM. The solution was 

dispensed into small aliquots and stored at -20°C.

PBS (phosphate buffered saline)

5 PBS tablets were dissolved in 500 ml ddH20  and sterilized by autoclaving.

Phenol

Hydroxyquinoline was added to ultrapure phenol to a final concentration of 0.1%. The phenol 

was dissolved in 1 M Tris.HCI (pH 8) and the aqueous phase pipetted off till 10 ml was left. 

Sterile ddH20  was added such that a 10 fold dilution was achieved, p-mercaptoethanol was 

added to a concentration of 0.2%. Phenol/chloroform/isoamyl alcohol (25:24:1) were added in 

the ratio shown and stored in the dark at 4°C.

RNase that is free of DNase

RNase A was dissolved at a concentration of 10 mg/ml in 10 mM Tris.CI (pH 7.5), 15 mM Na



Cl. The RNase was heated to 100°C for 15 mins and allowed to cool to room temperature. The 

RNase was dispensed into small aliquots and stored at -20°C.

RNA loading solution

50% glycerol, 1 mM EDTA (pH 8), 0.4% bromophenol blue and 0.4% xylene cyanol. The 

solution was sterilized by autoclaving.

Salmon sperm DNA

Salmon sperm DNA (Sigma type III sodium salt) was dissolved in water at a concentration of 

10 mg/ml. The DNA was sheared several times by passing through a hypodermic needle. The 

DNA was then boiled for 10 mins and stored in small aliquots at -20°C.

Sephadex G50 in TE (pH 8.0)

Sephadex G50 (medium) was added to sterile distilled water. The swollen resin was washed 

with distilled water several times to remove soluble dextran. The resin was equilibrated in TE 

(pH 8.0), autoclaved (1 Olb/sq. in. for 15 mins) and stored at 4°C.

3 M NaOAc pH 5.2 (sodium acetate)

408.1 g Na0Ac.3H20  was dissolved in 800 ml ddH20  and the pH adjusted to 5.2 with glacial 

acetic acid. The volume was made up to 1 litre. The solution was sterilized by autoclaving. 

SM

5.8 g NaCI, 2 g MgS04.7H20, 50 ml 1 M Tris.CI (pH 7.5) and 5 ml 2% gelation solution were 

added together and dissolved in ddH20  ( 1 litre total volume). The solution was sterilized by 

autoclaving.

SOB medium

20 g bacto-tryptone, 5 g bacto-yeast extract and 0.5 g NaCI were dissolved in 950 ml ddH20. 

10 ml of 250 mM solution of KCI was added and the pH adjusted to 7. The volume was 

adjusted to 1 litre. The solution was autoclaved. Just before use, 5 ml of a sterile solution of 

2 M MgCI2 was added.

SOC medium

The SOB medium was allowed to cool after autoclaving. 20 ml of a sterile 1 M glucose solution 

was added to 1 litre of SOB medium.

20XSSC

175.3 g NaCI and 88.2 g sodium citrate were dissolved in 800 ml ddH20. The pH was adjusted 

to 7 and the volume made up to 1 litre. The solution was sterilized by autoclaving.

10X TBE (Tris-borate)

10X TBE was prepared by dissolving 108 g Tris base, 55 g boric acid and 40 ml 0.5 M EDTA 

(pH 8) in a total volume of 1 litre. The solution was sterilized by autoclaving.

TE (pH 8)

TE buffer consists of 10 mM Tris.CI (pH 8) and 1 mM EDTA (pH 8).
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TKMD

TKMD consists of 50 mM Tris-HCI, pH 7.6, 250 mM KCI, 5 mM MgCI2 and 1 mM DTT.

10X T, liaase ligation buffer

500 mM Tris-HCI, pH 7.5, 70 mM MgCI2, 10 mM DTT.

TM

50 ml 1 M Tris.CI (pH 7.5), 2 g MgS04 were mixed and the volume made up to 1 litre with 

ddH20. The solution was sterilized by autoclaving.

2XTY medium

16 g bacto-tryptone, 10 g bacto-yeast extract and 5 g NaCI were dissolved in 900 ml ddH20. 

The pH was adjusted to 7 and the volume made up to 1 litre. The solution was sterilized by 

autoclaving.

X-qal (5-bromo-4-chloro-3-indolyl-B-D-qalactoside)

X-gal was dissolved in dimethylformamide to make a 2% solution and stored at -20°C.



CHAPTER THREE 

RESULTS 

Rat n-chimaerin cDNA
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3.1: Isolation and sequences of rat cDNAs

A rat brain cDNA library was constructed from 5 ug of rat free polyribosomal poly(A)+ 

RNA. It was cloned into the EcoRI site of Xgt10 vector DNA. An initial screen of 2X10 000 

plaque forming units (pfus) with the human n-chimaerin cDNA probe (2.2 kb) produced no 

positives. A second screen of 2X30 000 pfus produced two positives termed r^L and rA,N. 

Another clone, rA.O, was isolated from a further screen of 10 000 pfus.

A small scale lambda DNA preparation was made in order to ascertain the sizes of the 

inserts. The DNA was restricted with EcoRI and analyzed on an agarose gel. RXL yielded two 

EcoRI fragments of 0.9 and 1.4 kb whereas r\N gave a single 1.35 kb fragment (Fig. 4a). On 

EcoRI digest of the rA.0 DNA, two fragments of estimated sizes 0.9 and 1.35 kb were observed 

(Fig. 4b).

Large scale preparations of the lambda clones were made. The cDNAs were subcloned 

into Bluescript (BS SK-) plasmid DNA which had been restricted with EcoRI. Both orientations 

of rAL and rA.N EcoRI cDNA fragments were obtained (their designations are as follows: for the 

1.4 kb fragment, the clones are termed rL5, rL12 and are in opposite orientations; for 0.9 kb 

fragment, the clones are rL8 and rL8’; for the 1.35 kb fragment, the clones are rN 47’and rN 

Q). The two fragments of rA,0 were subcloned into Bluescript BS SK- vector DNA which had 

been restricted with EcoRI; the 1.35 kb fragment subcloned was designated r 0 1.35. On EcoRI 

digestion of the plasmid r00.92 containing the subcloned 0.9 kb EcoRI fragment, two EcoRI 

fragments of 450 bp approximate size were obtained, showing the presence of an internal 

EcoRI site previously undetected in the lambda clone (Fig. 4c). There was difficulty in obtaining 

the opposite orientation of the 0.9 kb clone (opposite orientation with respect to the cloning 

vector used). Directional cloning was therefore used in order to achieve this. R00.92 was 

restricted with Hindlll and Xba I and subcloned into BS SK+ plasmid DNA restricted with the 

same enzymes.

Restriction maps of the cDNAs were generated which showed that the 1.35 kb insert 

of rA.N (Fig. 5a) has the same restriction map as the 1.4 kb insert of rA,L (Fig. 5b). The clone 

rA.L containing the 0.9 kb and 1.4 kb EcoRI inserts was subsequently sequenced and found to 

be rat n-chimaerin.

Single stranded templates of the cDNAs were generated and the ends of the cDNAs 

sequenced. On comparison with the human n-chimaerin sequence, the 1.35 kb cDNA of rA,N 

and the 1.4 kb cDNA of rAl are assigned to the 3 ’end and the 0.9 kb EcoRI fragment to the 

5’ end. The cDNA end sequences of rA.N and rAl were compared (refer Fig. 6a and b). Within 

the limits of sequencing errors (the end sequences of rA,N were only sequenced once), they 

represented the same sequence. Since the restriction maps of the EcoRI insert of rA,N and 1.4 

kb EcoRI fragment of rAl are the same, only the EcoRI fragments of rAl were fully sequenced 

in both orientations, using Exo III/ Mung bean nuclease to generate nested deletions (strategy
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Fig. 4a: Ethidium bromide stained agarose gel showing EcoRI inserts of clone rXL  (lane 1) 

and r^N (lane 2). Lane 3 contains a mixture of lambda Hindlll and OXHae III 

marker DNA. The sizes of the marker DNA fragments are indicated in the figure.

Fig. 4b: Ethidium bromide stained agarose gel showing EcoRI inserts of clone rXL (lane 1) 

and rX O  (lane 3).

Lane 2 contains OXHae III marker DNA.

Fig. 4c: Ethidium bromide stained agarose gel showing EcoRI inserts of clone r^O (lane 1) 

and plasmid r00.92 (lane 3). The EcoRI fragments of the plasmid r00.92 are 

highlighted by an arrow.

Lane 2 contains d>XHae III marker DNA.



Fig. 5a: Restriction map of the 1.4 kb EcoRI insert of rAN. 

  represents 100 bp.

Fig. 5b: Restriction map of the 1.4 kb EcoRI insert of rat n-chimaerin. 

  represents 100 bp.
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Alignment of:
D :\U\HHL\RLAM631.SEQ 

versus 
D :\U\HHL\~RN47'A .SEQ
K-tuple size = 3

272 bases from 2050 to 2321 
227 bases from 1 to 227

range = 20 Gap penalty = 3
v 2060v 2070v 2080v 2090v 2100v 2110v 2120v 2130v

RLAM631 ACACACGTATAAGCAGCACCCTGGCTGTTGCACTCTCATCCCTGTACCATACGCCAGCTCCACAGCAGTTCC— TTCCCAGCTTCC
AG CACAGCAGTTC TTCCCAGCTTCC

-RN47'A AGGCTCACAGCAGTTCGCGTTCCCAGCTTCC
10A 20A 30A

2140v 2150v 2160v 2170v 2180v 2190v 2200v 2210v
RLAM631 TCCTCTCAGACATAGTGCTTTGTCTTCAGCAGAAGCGAGA— CGTGTTTTCAGATG-TTACTTCAGTAAGCTTCCAATAAAAAT-

TCCTCTCAGACATAGTGCTT GTCTTCAGCAGAAGCGAGA CGT TTTTCAGA TTACTT GTAAGCTTCCAATAAAAA 
~RN47'A TCCTCTCAGACATAGTGCTT-GTCTTCAGCAGAAGCGAGACGCGTCTTTTCAGAGTCTTACTTACGTAAGCTTCCAATAAAAAGA 

40A 50A 60A 70A 80A 90A 100A 110A
2220v 2230v 2240v 2250v 2260v 2270v 2280v 2290v

RLAM631 GCACCACACAGCACTTTCCTGTTAAATTATTGGTTTT-CAACTGT-AAATTTATATTTTTACCTGGCA-TGCAGTTATTAATTTA 
GCACCACACAGCA TT CCTGTTAAATTATTGGTTTT CAACTGT AAATTTATATTTTTACCTGGCA TGCAGTTATTAATTTA 

-RN47'A GCACCACACAGCATTTCCCTGTTAAATTATTGGTTTTTCAACTGTCAAATTTATATTTTTACCTGGCAGTGCAGTTATTAATTTA
120A 130A 140A 150A 160A 170A 180A 190A 200A

v 2310v 2320v
RLAM631 TTAAATTTGGC--------CTCGTGCCGAATTC

TTAAATTTGGC CTCGTGCC
-RN47'A TTAAATTTGGCTCGTGCCGCTCGTGCC 

210A 220A

Similarity index = 90.411%

Fig. 6a: A nucleic acid alignment between rat n-chimaerin (RLAM631) and the 3' sequence (227 bp) 
of RN47'.

Alignment of:
D :\U\HHL\RLAM631.SEQ 

versus
D:\U\HHL\RNQ.SEQ 313 bases from 1 to 313

2321 bases from 1 to 2321

K-tuple size = 3 range = 2 0 Gap penalty = 3
1030v 1040v 1050v 1060v 1070v 1080v 1090v H O O v

RLAM631 AAAGGCGGATATTTCTGTGAACATGTATGA— GGACATCAACATTATCACTGGAGCGCTTAAACTGTACTTCAGGGATCTGCCAA
GAA G GGACATCAACATTATCACTGGAG GCTTAAACTGTACTTCAGGGATCTGCCAA

RNQ GAATTCGGCACGAGGGACATCAACATTATCACTGGAGAGCTTAAACTGTACTTCAGGGATCTGCCAA
10A 20A 30A 40A 50A 60A

lllOv 1120v 1130v 1140v 1150v 1160v 1170v 1180v
RLAM631 TTCCTCTCATCACCTACGATGCCTACCCCAAGTTCATAGAGTCTGCCAAAATTGTGGACCCTGATGAGCAACTGGAGACCCTTCA

TTCCTCTCATCACCTACGATGCCTACCCCAAGTTCATAGAGTCTGCCAAAATTGTGGACCCTGATGAGCAACTGGAGACCCTTCA 
RNQ TTCCTCTCATCACCTACGATGCCTACCCCAAGTTCATAGAGTCTGCCAAAATTGTGGACCCTGATGAGCAACTGGAGACCCTTCA

70A 80A 90A 100A 110A 120A 130A 140A 150A
v 1200v 1210v 1220v 1230v 1240v 1250v 1260v 1270v

RLAM631 TGAAGCACTGAGGTCTCTGCCGCCCGCCCACTGCGAGACGCTCCGGTACCTCATGGCACACCTCAAGAGAGTGACCCTTCACGAG
TGAAGCACTGAGGTCTCTGCCGCCCGCCCACTGCGAGACGCTCCGGTACCTCATGGCACAC TCAAGAGAGTGACCCTTCACGAG 

RNQ TGAAGCACTGAGGTCTCTGCCGCCCGCCCACTGCGAGACGCTCCGGTACCTCATGGCACAC-TCAAGAGAGTGACCCTTCACGAG
160A 170A 180A 190A 200A 210A 220A 230A

1280v 1290v 1300v 1310v 1320v 1330v 1340v 1350v
RLAM631 AAGGAGAATCTGATGAGTGC--------AGAGAACCTTGGGATCGTGTTTGGTCCAACCCTCATGAGATCACCAGAGCTAGACCCC

AAGGAGAATCT ATGAGTGC AGAGAACCTTGGGATCGTGTTTGGTCCAACC TCATGAGATCA C CTA
RNQ AAGGAGAATCT-ATGAGTGCCAGAGCCAGAGAACCTTGGGATCGTGTTTGGTCCAACC-TCATGAGATCAACGAGACTA

240A 250A 260A 270A 280A 290A 300A 310A

Similarity index = 93.851%

Fig. 6b: A nucleic acid alignment between rat n-chimaerin (RLAM631) and the 5' sequence (313 bp) 
of RNQ.
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map is shown in Appendix 1a and a full alignment of the sequences is presented in Appendix 

1b). Other clones were sequenced only in the sections differing from r^L.

The 1.35 kb fragment of rA,0 had the same restriction map as the 1.4 kb fragment of 

r\L (compare Fig. 5b with Fig. 7). The restriction map of the 5’ 0.9 kb fragment is the same as 

rXL at the 3’ end but diverged from rXL at the unique EcoRI site (computer generated restriction 

map of 0.9 kb fragment from sequence data is shown in Fig. 8). Refer to Figs. 8 & 9 for a 

comparison of the restriction maps of 5’ 0.9 kb fragment of r^O and rat n-chimaerin. The 

presence of a unique sequence terminating in an EcoRI site suggested that it could have arisen 

from a cloning artefact ie. ligation of two different, unrelated cDNAs. This possibility was 

subsequently investigated (see section 6.4). Since the 1.35 kb fragment is identical to n- 

chimaerin, only the 0.9 kb fragment was fully sequenced in both orientations using clones 

generated from Exo lll/Mung bean nuclease treatment and individually subcloned EcoRI 

fragments (in BS SK-). The strategy map is shown in Appendix 2a and the sequence is 

presented in Appendix 2b. Fig. 10 shows the alignment of the 5’ 0.9 kb sequence with rat n- 

chimaerin sequence.

3.2: Sequence comparison of human and rat n-chimaerin

The 2.2 kb human and 2.3 kb rat n-chimaerin cDNA sequences were compared (Fig. 

11) and had an overall similarity of 72.9% (DNAstar sequence analysis). From the comparison, 

the human sequence was found to differ greatly from the rat in the 5’ 480 nucleotides. To 

check for any rearrangements eg. snap back features, the extreme 480 bp of the human 

sequence was reverse complemented and compared with the 5’ 480 bp sequence of rat’s. A 

similarity index of 76.5% was then achieved (Fig. 12). Thus the human n-chimaerin sequence 

was reverse complemented at the 5’ end in relation to the rat n-chimaerin sequence. This was 

further investigated using polymerase chain reaction (see section 6.4) with rat brain mRNA as 

the starting material.

A long open reading frame (ORF) starts from nucleotide position 345 bp and ends at 

nucleotide position 1427 bp. The first methionine residue within this ORF is encoded by 

nucleotides 426 to 428. This ORF encodes a protein of 334 amino acid residues from the first 

methionine residue (Fig. 13a). There are four other short open reading frames upstream from 

the probable initiator methionine which contain methionines. The positions of the open reading 

frames are shown in Fig. 13b, with the first codon being methionine (22 to 78 bp; 48 to 131 bp; 

109 to 168 bp and 326 to 337 bp). The presence of these might reduce the translation 

efficiency of the protein (Mueller and Hinnebusch, 1985). The consensus sequence for the 

initiation of translation in vertebrates is (GCC)GCC(A/G)CCATGG (Kozak, 1987). The putative 

start site in rat n-chimaerin is assigned to that at nucleotide position 426. The sequences 

surrounding and containing it are: AGTATCAAAATGC. The sequence approximates to Kozak’s
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Fig. 7: Restriction map of the 1.35 kb EcoRI insert of rA.0. 
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Alignment of:
D :\U\HHL\RLAM631.SEQ 

versus
D:\U\HHL\~R05'.SEQ 
K-tuple size = 3

2321 bases from 1 to 2321 
763 bases from 1 to 763

range = 2 0 Gap penalty = 3

RLAM631
~R05'

RLAM631
-R05'

RLAM631
~R05'

RLAM631
-R05'

RLAM631
-R05'

RLAM631
-R05'

RLAM631
~R05'

RLAM631
-R05'

RLAM631
~R05'

RLAM631
~R05'

180v 190v 200v 210v 220v 230v 240v 250v
ATATAGAGCCCTGTTTAAAAAAAAAAAGGAAGAGAGAATTTGTGTGTTAATCGGCCTTGTGAAGAAGTGCTTCATCACCCTTCTG 

A CCT TTT GAG TTT XGT TTA G C G G GCTTCA G
GAATTCCTTTTTTTTTTTTTTTTTTT GAGGTTTTATGTTTTATAAAGTCAGAGCTGGCTGAGCTTCAGGGGTACA— G

10A 20A 30A 40A 50A 60A 70A
260v 270v 280v 290v 300v 310v 320v 330v
CACCTCCCTGTGCTCTGGTG TGTGGCGTGG------ CCACGGCTCTCTAGGTTAGGGCTCTGAGCTGGCTGCAGCATGCTC
CA C C G GGTG TGT TGG CCAC GC GAG TGG G T
CAACAGCTCAAGGAAGGGTGAAGCTGTCTGTTGGTCCCCACCACCGC r--------------- GAGTTGGGGAGGGGGTTTCA
80A 90A 100A 110A 120A 130A 140A

340v 350v 360v 370v 380v 390v 400v
ATGTGTTAGCTGAGTAGAGTTCACCGGCAGTCGCAG-------------GCTGATACAGGGTTTTTTGTTTTTTGTTTTTTGTTTT

AGCTGAG TCGCAG GCT A CAGGG T G G
TGCCAACAGCTGAGGCTCC------------TCGCAGCTCCCGGGCGATGCTCAAGCAGGGAGAGGGTGGTCACGGGGAGAGGGAA

150A 160A 170A 180A 190A 200A 210A
410v 420v 430v 440v 450v 460v

TCTATTCCTTTGAGTATCAAAATGCCA----------------------TCCAAAGAGT------ CCTGGTCGGGGAGGAAAACTAA
C TCCT G T A A TGC TCC CCTGG CTA

GC TCCTGAGGCTCCGACACTGCTGGCTTCTTCTCCCCACTCCTGTCCCTTTTCAGCACAGCCTGG-------------- CTAC
220A 230A 240A 250A 260A 270A 280A
470v 480v 490v 500v 510v 520v 530v 540v

TAGAGCTACAGTTCACAAATCAAAGCAAGAGGGCCGTCAGCAAGATTTATTGATAGCAGCCTTGGGAATGAAACTGGGTT-----
C CA A CAAAG AGG AGCAG GGGA A GGG

CCAGCTGGCCTGGGGCAGAGCAAAGGCCCAGG------------------------ AGCAGTGGAGGGAGGTGGATGGGGACAGAGC
290A 300A 310A 320A 330A 340A

550v 560v 570v 580v 590v 600v 610v
---------------CTCAAAAGTCGTCTGTGACAATCTGGCAACCTCTGAAACTCTTTGCTT----ATTCGCAGTTGACATCACT

CTC G G A TGGC C C AAC T C ATTC CATCACT
ACCAAGGGAAGGCCCTCGGCCCAAGGGAGGAGGGAAATGGCCCTCCCCCCAACAACTCCCCACTGAATTCC------- CATCACT

360A 370A 380A 390A 400A 410A 55ffA
620v 630v 640v 650v 660v 670v 680v 690v

TGTTAGAAGAGCAACTCTGAAAGAAAATGAACAAATTCCAAAATATGAGAAGGTTCACAATTTCAAGGTGCATACGTTCCGAGGG 
TGTTAGAAGAGCAACTCTGAAAGAAAATGAACAAATTCCAAAATATGAGAAGGTTCACAATTTCAAGGTGCATACGTTCCGAGGG 
TGTTAGAAGAGCAACTCTGAAAGAAAATGAACAAATTCCAAAATATGAGAAGGTTCACAATTTCAAGGTGCATACGTTCCGAGGG 

440A 450A 460A 470A 480A 490A 500A 510A
700v 710v 720v 730v 740v 750v 760v 770v 780v

CCACACTGGTGTGAATACTGTGCCAACTTCATGTGGGGCCTCATTGCTCAGGGAGTGAAATGTGCAGATTGTGGGTTGAATGTTC 
CCACACTGGTGTGAATACTGTGCCAACTTCATGTGGGGCCTCATTGCTCAGGGAGTGAAATGTGCAGATTGTGGGTTGAATGTTC 
CCACACTGGTGTGAATACTGTGCCAACTTCATGTGGGGCCTCATTGCTCAGGGAGTGAAATGTGCAGATTGTGGGTTGAATGTTC 

520A 530A 540A 550A 560A 570A 580A 590A
790v 800v 810v 820v 830v 840v 850v 860v

ATAAGCAGTGTTCCAAGATGGTCCCCAATGACTGTAAGCCAGACCTGAAGCACGTGAAGAAGGTGTATAGCTGTGACCTGACAAC 
ATAAGCAGTGTTCCAAGATGGTCCCCAATGACTGTAAGCCAGACCTGAAGCACGTGAAGAAGGTGTATAGCTGTGACCTGACAAC 
ATAAGCAGTGTTCCAAGATGGTCCCCAATGACTGTAAGCCAGACCTGAAGCACGTGAAGAAGGTGTATAGCTGTGACCTGACAAC 

A 610A 620A 630A 640A 650A 660A 670A 680A
870v 940v 950v880v 890v 900v 910v 920v 930v

ACTCGTGAAAGCTCACATCACCAAGAGGCCCATGGTGGTAGACATGTGCATCAGGGAGATCGAGTCCAGAGGTCTGAATTCTGAA 
ACTCGTGAAAGCTCACATCACCAAGAGGCCCATGGTGGTAGACATGTGCATCAGGGAGATCGAGTCCAGAGGTCTGAATTC 
ACTCGTGAAAGCTCACATCACCAAGAGGCCCATGGTGGTAGACATGTGCATCAGGGAGATCGAGTCCAGAGGTCTGAATTC

730A 740A690A 700A 710' 720' 750' 760'

Similarity index = 70.156%

Fig. 10: A nucleic acid alignment between rat n-chimaerin (RLAM631) and R05'. The internal EcoRI
site of R05' is underlined.
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Alignment of:
D :\U\HHL\RLAM631.SEQ 

versus
D :\U\HHL\H6312.SEQ

2321 bases from 1 to 2321 
2195 bases from 1 to 2195

K-tuple size = 3 range = 20 Gap penalty = 3
lOv 20v 30v 40v

RLAM631 GAATTCGGCA------------------ CGAGGACACTGATG AGC AG AGAAGAAAGC T T TC----
GAA C CGA TGAT AGC A A AGC TTC

H6312 GAATTCACAAGGAAAGAAAACCTATAGTGGTCTATGTCTGTCGA------ TGATATCTATTCAGCTAACACATGAGCATTCTGCCA
10A 20A 30A 40A 50A 60A 70A 80A
50v 60v 70v 80v 90v lOOv H O v

RLAM631  AGCAATGTGTCATTTGTCACAATTGTCAGGCTTTTTAAAAAAGGACTCCCAAAGAGAGATGCTGC------ ATGTTTTCTGT
AGCA G C T ACA GCT A AAA CCA GAGAG TG G ATG T

H6312 GGC AGC AC AGAACCC T AACC T AC AGAGA----- GCTGCAGAGAAACA---- CC ACGGAGAGGTGGAGG AGGAGGATGAAGC AC T T
90A 100A 110A 120A 13’0A 140A 150A

v 130v 140v 150v 160v 170v 180v 190v
RLAM631 GTTAACACAGACTGATTTCCTCTCCAGACT--------------- CTTTAAGTTTGCAGAAGCTTAAATATAGAGCCCTGTTTAAA

TTAA ACAGA CCAG CTTT TTT AAG TATA T TAAA
H6312 CTTAA-ACAGAGGTCGACTAA— CCAGCAAATTCTTCTTTCTTCCTTTTTTTTTCTTAAAGGGATC-TATATTCTAGCTTCTAAA

160A 170A 180A 190A 200A 210A 220A 230A
200v 210v 220v 230v 240v 250v 260v 270v

RLAM631 AAAAAAAAGGAAGAGAGAATTTGTGTGTTAATCGGCCTTGTGAAGAAGTGCTTCATCACCCTTCTGCACCTCCCTGTGCTCTGGT
AA A A AGAA TAA GAA AGT T T AC CTC T

H6312 AACTTGAGTCTGAACAGAAA--------- TAAAAA------- GAAAGAGTCGATGCTAACATACAAAACACTCAGCAT--------
250A 260A 270A 280A 290A

280v 290v 300v 310v 320v 330v 340v
RLAM631 GTGTGGCGTGGCCACGGCTCTCTAGGTT---------- AGGGCTCTGAGCTGGCTGCAGCATGCTCATGTGTTAGCTGAGT----

CTCTCT T AGG T A T G  A AT C T T  AGCT T
H6312 ------------------ CTCTCTTTATCATTTTTTAAAAGGCATGCAATTTTGACAAATGATACATTTCTAAAAGCTTTCTTCTC

300A 310A 320A 330A 340A 350A 360A
350v 360v 370v 380v 390v 400v 410v

RLAM631 ------ AGAG------------ TTCACCGGCAGTCGCAGGCTGATACAGGGTTTTTTGTTTTTTGTTTTTTGTTTTTCTATTCCTT
AGA TTC A ATAC G T T GTTT T G CCT

H6312 TATTCAAGATATTAATGTCCATTCTGAATGAAAGATGCCTACATACTGCCTGCAATCA GTTTCTAGCAACAGACACCCTA
A 380A 390A 400A 410A 420A 430A 440A
420v 430v 440v 450v 460v 470v 480v 490v

RLAM631 TGAGTATCAAAATGCCATCCAAAGAGTCCTGGTCGGGG-------AGGAAAACTAATAGAGCTACAGTTCACAAATCAAAGCAAGA
TGA C A GGT GGGG AGG AAACTAATAG GCT CAGTTCACAAATCAAA CAAGA

H6312 TGAAGCCCCTAGCAGGGAA------------ GGTGGGGGGAAGGGAGGGAAACTAATAGGGCTGCAGTTCACAAATCAAAACAAGA
460A 470A 480A 490A 500A 510A 520A

500v 510v 520v 530v 540v 550v 560v 570v
RLAM631 GGGCCGTCAGCAAGATTTATTGATAGCAGCCTTGGGAATGAAACTGGGTTCTCAAAAGTCGTCTGTGACAATCTGGCAACCTCTG

GGGCCGTCAGCAAGATTTATTGATAGCAGCCTTGGGAATGAAACTGGGTTCTC AAAGTCGTCTGTGACAATCTGGCAACCTCTG 
H6312 GGGCCGTCAGCAAGATTTATTGATAGCAGCCTTGGGAATGAAACTGGGTTCTCCAAAGTCGTCTGTGACAATCTGGCAACCTCTG

530A 540A 550A 560A 570A 580A 590A 600A
v . 590v 600v 610v 620v 630v 640v 650v 660v

RLAM631 AAACTCTTTGCTTATTCGCAGTTGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAATGAACAAATTCCAAAATATGAGAAGG
AAACTCTTTGCTTATTCGCAGTTGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAA GA CAAATTCCAAAATATGA AAG 

H6312 AAACTCTTTGCTTATTCGCAGTTGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAACGAGCAAATTCCAAAATATGAAAAGA
610A 620A 630A 640A 650A 660A 670A 680A 690A

670v 680v 690v 700v 710v 720v 730v 740v
RLAM631 TTCACAATTTCAAGGTGCATACGTTCCGAGGGCCACACTGGTGTGAATACTGTGCCAACTTCATGTGGGGCCTCATTGCTCAGGG

TTCACAATTTCAAGGTGCATAC TTC GAGGGCCACACTGGTGTGAATACTGTGCCAACTT ATGTGGGG CTCATTGCTCAGGG 
H6312 TTCACAATTTCAAGGTGCATACATTCAGAGGGCCACACTGGTGTGAATACTGTGCCAACTTTATGTGGGGTCTCATTGCTCAGGG

700A 710A 720A 730A 740A 750A 760A 770A
v 760v 770v 780v 790v 800v 810v 820v 830v

RLAM631 AGTGAAATGTGCAGATTGTGGGTTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCCAATGACTGTAAGCCAGACCTGAAGCAC
AGTGAAATGTGCAGATTGTGG TTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCC AATGACTGTAAGCCAGAC TGAAGCA 

H6312 AGTGAAATGTGCAGATTGTGGTTTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCAAATGACTGTAAGCCAGACTTGAAGCAT
780A 790A 800A 810A 820A 830A 840A 850A 860A

840v 850v 860v 870v 880v 890v 900v 910v
RLAM631 GTGAAGAAGGTGTATAGCTGTGACCTGACAACACTCGTGAAAGCTCACATCACCAAGAGGCCCATGGTGGTAGACATGTGCATCA

GT AA AAGGTGTA AGCTGTGACCT AC AC CTCGTGAAAGC CA A CAC AAG GGCC ATGGTGGTAGACATGTGCATCA 
H 6312 GTCAAAAAGGTGTACAGCTGTGACCTTACGACGCTCGTGAAAGCACATACCACTAAGCGGCCAATGGTGGTAGACATGTGCATCA

870A 880A 890A 900A 910A 920A 930A 940A
v 930v 940v 950v 960v 970v 980v 990v lOOOv

RLAM631 GGGAGATCGAGTCCAGAGGTCTGAATTCTGAAGGACTCTACCGAGTGTCGGGATTTAGTGACCTAATTGAAGACGTCAAGATGGC
GGGAGAT GAGTC AGAGGTCT AATTCTGAAGGACT TACCGAGT TC GGATTTAGTGACCTAATTGAAGA GTCAAGATGGC 

H6312 GGGAGATTGAGTCTAGAGGTCTTAATTCTGAAGGACTATACCGAGTATCAGGATTTAGTGACCTAATTGAAGATGTCAAGATGGC
950A 960A 970A 980A 990A 1000A 1010A 1020A 1030A

lOlOv 1020v 1030v 1040v 1050v 1060v 1070v 1080v
RLAM631 TTTTGATAGAGACGGTGAAAAGGCGGATATTTCTGTGAACATGTATGAGGACATCAACATTATCACTGGAGCGCTTAAACTGTAC

TTT GA AGAGA GGTGA AAGGC GATATTTCTGTGAACATGTATGA GA ATCAACATTATCACTGG GC CTTAAACTGTAC 
H6312 TTTCGACAGAGATGGTGAGAAGGCAGATATTTCTGTGAACATGTATGAAGATATCAACATTATCACTGGTGCACTTAAACTGTAC

1040A 1050A 1060A 1070A 1080A 1090A 1100A 1110A
v H O O v  lllOv 1120v 1130v 1140v 1150v 1160v 1170v

RLAM631 TTCAGGGATCTGCCAATTCCTCTCATCACCTACGATGCCTACCCCAAGTTCATAGAGTCTGCCAAAATTGTGGACCCTGATGAGC
TTCAGGGAT TGCCAATTCC CTCAT AC TA GATGCCTACCC AAGTT ATAGA TCTGCCAAAATT TGGA CC GATGAGC 

H6312 TTCAGGGATTTGCCAATTCCACTCATTACATATGATGCCTACCCTAAGTTTATAGAATCTGCCAAAATTATGGATCCGGATGAGC
A 1130A 1140A 1150A 1160A 1170A 1180A 1190A 1200A

1180v 1190v 1200v 1210v 1220v 1230v 1240v 1250v
RLAM631 AACTGGAGACCCTTCATGAAGCACTGAGGTCTCTGCCGCCCGCCCACTGCGAGACGCTCCGGTACCTCATGGCACACCTCAAGAG

AA TGGA ACCCTTCATGAAGCACTGA CTGCC CC GC CACTGCGA AC CTCCGGTACCTCATGGCACA CT AAGAG 
H6312 AATTGGAAACCCTTCATGAAGCACTGAAACTACTGCCACCTGCTCACTGCGAAACCCTCCGGTACCTCATGGCACATCTAAAGAG

1210A 1220A 1230A 1240A 1250A 1260A 1270A 1280A
1270v 1280v 1290v 1300v 1310v 1320v 1330v 1340v

Fig. 11.
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RLAM631
H6312

RLAM631
H6312

RLAM631
H6312

RLAM631
H6312

RLAM631
H6312

RLAM631
H6312

RLAM631
H6312

RLAM631
H6312

RLAM631
H6312

RLAM631
H6312

RLAM631
H6312

RLAM631
H6312

AGTGACCCTTCACGAGAAGGAGAATCTGATGAGTGCAGAGAACCTTGGGATCGTGTTTGGTCCAACCCTCATGAGATCACCAGAG 
AGTGACCCT CACGA AAGGAGAATCT ATGA TGCAGAGAACCTTGG ATCGT TTTGG CC ACCCT ATGAGATC CCAGA 
AGTGACCCTCCACGAAAAGGAGAATCTTATGAATGCAGAGAACCTTGGAATCGTCTTTGGACCCACCCTTATGAGATCTCCAGAA 

1300A 1310A 1320A 1330A 1340A 1350A 1360A 1370A
1350v 1360v 1370v 1380v 1390v 1400v 1410v 1420v

CTAGACCCCATGGCCGCCCTGAACGACATACGCTATCAGAGACTGGTGGTGGAGCTGCTTATCAAAAATGAAGACATTTTATTTT 
CTAGAC CCATGGC GC TGAA GA ATACG TATCAGAGACTGGTGGTGGAGCTGCTTATCAAAAA GAAGACATTTTATTTT 
CTAGACGCCATGGCTGCATTGAATGATATACGGTATCAGAGACTGGTGGTGGAGCTGCTTATCAAAAACGAAGACATTTTATTTT 

1380A 1390A 1400A 1410A 1420A 1430A 1440A 1450A
v 1440v 1450v 1460v 1470v 1480v 1490v 1500v 1510v

AGAGTTTTGACTTGAGGAGAAAAAGAAATGGTTTACAGATGAAGGAATGTTTTCTAGTAATTTAATTAGCTTCATTAGCTGAATT 
A A TTTT A TTGAGG GAAAA GAAATG TTTACAGATGAAGGAATGTTTT TAGTAATTTAATT GCT C TAGCTG ATT 
AAATTTTTAATTTGAGGGGAAAA-GAAATGTTTTACAGATGAAGGAATGTTTTATAGTAATTTAATTTGCTCCTGTAGCTGCATT 

1470A 1480A 1490A 1500A 1510A 1520A 1530A 1540A
1520v 1530v 1540v 1550v 1560v 1570v 1580v 1590v

GTTTCTTGGTTAGAGGTTTGGCCAAATACCCAGATTAAAATGAAGGAACTTCCTGTCATTTCTCTAGCACCGCTCAGCCGTCCTT 
TTTCTTG TTAGAGGTTTGG CA ATA CCAGATTAAA TGAAGGAACTT CTGT TTT T TAGCACCGCTCAGC GTC TT 

ATTTCTTGATTAGAGGTTTGGGCATATAACCAGATTAAAGTGAAGGAACTTTCTGTTGTTTTTGTAGCACCGCTCAGCTGTC-TT 
1550A 1560A 1570A 1580A 1590A 1600A 1610A 1620A

v 1610v 1620v 1630v 1640v 1650v 1660v 1670v 1680v
GTAAAACCGTGAACACACGCTTTCTGGTCCTGGTAATCCTGGGTGTTTATCATGTTAAGAGAAACTCAAGCTACTGCATGATTA- 
GTAAAAC GTGAACACACGCTTTCTGGT CT GTAATCCTGGGTGTTTATCA GTT AGAGAAACTCAAGCTA TGCATGATTA 
GTAAAACAGTGAACACACGCTTTCTGGTTCTAGTAATCCTGGGTGTTTATCACGTTCAGAGAAACTCAAGCTATTGCATGATTAG 
1630A 1640A 1650A 1660A 1670A 1680A 1690A 1700A

1690v 1700v 1710v 1720v 1730v 1740v 1750v 1760v
-CCCCTTTTTGGTGAGGAAACCCCATATTGAAGAATC-ACAGACTTGTTCCTGCACCATCTCTCTGTCCTGGGTTGTCTGTGGTT 
CCCCT T TGG AGGAAACCCCATA GAAGAA C ACA AC TG CCTGCACC CTCT GTCCTGGGT GTCTGTG TT 

CCCCCTATCTGGCAAGGAAACCCCATACAGAAGAAACAACAAACCTGCGCCTGCACCGCCTCTGCGTCCTGGGTAGTCTGTGCTT 
1720A 1730A 1740A 1750A 1760A 1770A 1780A 1790A

1770v 1780v 1790v 1800v 1810v 1820v 1830v 1840v
GTCACCCAGCATGCTTCCCAGAGTAAA-CTGTCATGACATTGCTTTTGGGGTCCATACCACTGGTTTCTGACGCTTGCACATGCG 
GT A CCAGCATG TTC CAGAGTAA CTGT TGAC TTGCTTTTGGGGTC AT CA TGGTTTCTGA GCTTG ACA 
GTAATCCAGCATGTTTCACAGAGTAAGCCTGTTGTGACTTTGCTTTTGGGGTCTATGTCATTGGTTTCTGATGCTTGTACAAA—  
1800A 1810A 1820A 1830A 1840A 1850A 1860A 1870A

v 1860v 1870v 1880v 1890v 1900v 1910v
CACACGTGCACACGTACTCACACACACACACATGC-------------------------ACATACACATACACACACATACACACC

CAC CACACACA ATG ACAT CATA AC CATA
------------------- CACGCACACACAAATGGATAAAACAGCACCTCTGGCTGTTACATTACCATAAAC---CATATCACAT

1880A 1890A 1900A 1910A 1920A 1930A 1940A
1920v 1930v 1940v 1950v 1960v 1970v 1980v

ACACACACACCACAAACACACACACACCACAAAC-------------ACACAAACACACTCACACCACAAACACGCACACACACAC
C ACA ACAAA C C ACA A C CAAA GCA A

GCCTACATTTTACAAATGATTTCTGGTTTCTCTTAGTTCTTCTCTAACATAGTACTTTCTTTCCAGCAAAA— GCAAAATGTGTT 
1950A 1960A 1970A 1980A 1990A 2000A 2010A 2020A

1990v 2000v 2010v 2020v 2030v 2040v 2050v 2060v
CACAAACACACTCACACCACAAACACGCACACACACACCACAAACACACTCACACACACACAGACACACACGTATAAGCAGCACC 

CA A T A AAA C CA A AAA ACACA A TAT A
TTCAGATTTGTTACTTTAATAAAGGTTATCCATACCAATAAAAAGTGTACAACACAGCATTTTCTGTTAAATTATTATTG-----
2030A 2040A 2050A 2060A 2070A 2080A 2090A 2100A

v 2080v 2090v 2100v 2110v 2120v 2130v 2140v
CTGGCTGTTGCACTCTCATCCCTGTACCATACGCCAGCTCCACAGCAGTTCCTTCCCA-----------GCTTCCTCCTCTCAGAC

GTT TCA T CA GTT TT GCTT AGA
------ GTTT----- TCAGTTGTAATTTGGTATTTTTTCTGGCATGCGTTTATTAATTTATTAAATTGGCTTTT------- AGAA
2150v

2110A
2160v

2120A
2170v

2170'2130A 2140A 2150A 2160A
2180v 2190v 2200v 2210v 2220v

ATAGTGCTTTGTCTTCAGCAGAAGCGAGACGTGTTTTCAGATGTTACTTCAGTAAGCTTCCAATAAAAATGCACCACACAGCACT 
ATA G A
ATAAAAAAAAAAAAAACGGAATTC 

2180A 2190A

Similarity index = 72.942%

Fig. 11: A nucleic acid alignment between rat and human n-chimaerin.
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Alignment of:
D :\U\HHL\~H6312.SEQ 

versus 
D :\U\HHL\RLAM631.SEQ

480 bases from 1 to 480 
480 bases from 1 to 480

K-tuple size = 3 range = 2 0 Gap penalty = 3

-H6312
RLAM631

-H6312
RLAM631

-H6312
RLAM631

-H6312
RLAM631

-H6312
RLAM631

-H6312
RLAM631

90v lOOv llOv 120v 130v 140v 150v
T TC AT TC AGAAT--------- GGACATTAATATCTTGAATAGAGAAGAAAGCTTTTAGAAATGTATCATTTGTCAAAATT

GAAT GGACA T A TGA AGAGAAGAAAGCTTT AG AATGT TCATTTGTCA AATT
GAATTCGGCACGAGGACACTGA----- TGAGCAGAGAAGAAAGC TTTCAGCAATGTGTCATTTGTCACAATT

10A 20A 30A 40A 50A 60A
160v 170v 180v 190v 200v 210v 220v

GCATGCCTTTTAAAAAATGAT----- AAAGAGAGATGCTGAGTGTTTTGTATGTTAGCATCGACTCTTTCTTTTTATTTC
G G CTTTT AAAAA G AAAGAGAGATGCTG TGTTTT T TGTTA CA GACT ATTTC
GTCAGGCTTTTTAAAAAAGGACTCCCAAAGAGAGATGCTGCATGTTTTCTGTGTTAACACAGACTG--------- ATTTC
70A 80A 90A 100A 110A 120A 130A

v 240v 250v 260v 270v 280v 290v 300v
TGTT-CAGACTC AAGTTTTTAGAAGCTAGAATATAGATCCCT— TTAAGAAAAAAAAAGGAAGAAAGAAGAATTTGC

T CAGACTC AAGTTT AGAAGCT AATATAGA CCCT TTAA AAAAAAAAAGGAAGA AGAA TTTG
CTCTCCAGACTCTTTAAGTTTGCAGAAGCTTAAATATAGAGCCCTGTTTAA-AAAAAAAAAGGAAGAGAGAA TTTGT
A 150A 160A 170A 180A 190A 200A 210A

310v 320v 330v 340v 350v 360v 370v
TGGTTAGTCGACCTCTGTTTAAGAAGTGCTTCATCCTCCTCCTCCACCTCTCCGTGGTGTTTCTCTGCAGCT--------

GTTA TCG CCT TGT AAGAAGTGCTTCATC CCT CT CACCTC C GTG CTCTG G
GTGTTAATCGGCCT-TGTG-AAGAAGTGCTTCATCACCCTTCTGCACCTCCCTGTG------ CTCTGGTGTGTGGCGTGG

220A 230A 240A 250A 260A 270A 280A
380v 390v 400v 410v 420v 430v 440v

------ CTCTGTAGGTTAGGGTTCTGTGCTGCCTGGCAGAATGCTCATGTGTTAGCTGAATAGATATCATCGACAGACAT
CTCT TAGGTTAGGG TCTG GCTG CTG CAG ATGCTCATGTGTTAGCTGA TAGA TCA CG CAG C 

CCACGGCTCTCTAGGTTAGGGCTCTGAGCTGGCTG-CAGCATGCTCATGTGTTAGCTGAGTAGAGTTCACCGGCAGTCGC
340' 350A 360'290A 300A 310A 320A 330A

v 460v 470v 480v
AGACCACTATAGGTTTTC------------- TTTCCTTGTGAATTC
AG C TA AGG TTT TTT TT T ATTC
AGGCTGATACAGGGTTTTTTGTTTTTTGTTTTTTGTTTTTCTATTCCTTTGAGTATCAAAATGCCATCCAAAGAGTCCTG 
370A 380A 390A 400A 410A 420' 430' 440'

Similarity index = 76.517%

Fig. 12: Figure showing the alignment of the reversed 5' (480bp) human n-chimaerin sequence with 
the corresponding region of the rat n-chimaerin sequence.
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MAPSEQ V5.20 RLAM631.SEQ(1, 2321) Reading frame: 3 Enzyme file 6RES.

GAATTCGGCACGAGGACACTGATGAGCAGAGAAGAAAGCTTTCAGCAATGTGTCATTTGTCACAATTGTCAGGCTTTTTA 80
AAAAAGGACTCCCAAAGAGAGATGCTGCATGTTTTCTGTGTTAACACAGACTGATTTCCTCTCCAGACTCTTTAAGTTTG 160
CAGAAGCTTAAATATAGAGCCCTGTTTAAAAAAAAAAAGGAAGAGAGAATTTGTGTGTTAATCGGCCTTGTGAAGAAGTG 240
CTTCATCACCCTTCTGCACCTCCCTGTGCTCTGGTGTGTGGCGTGGCCACGGCTCTCTAGGTTAGGGCTCTGAGCTGGCT 320
GCAGCATGCTCATGTGTTAGCTGAGTAGAGTTCACCGGCAGTCGCAGGCTGATACAGGGTTTTTTGTTTTTTGTTTTTTG 400
TTTTTCTATTCCTTTGAGTATCAAAATGCCATCCAAAGAGTCCTGGTCGGGGAGGAAAACTAATAGAGCTACAGTTCACA 480

m p s k e s w s g r k t n r a t v h k
AATCAAAGCAAGAGGGCCGTCAGCAAGATTTATIGATAGCAGCCTTGGGAATGAAACTGGGTTCTCAAAAGTCGTCTGTG 560 

s k q e g r q q d l l i a a l g m k l g s q k s s v
ACAATCTGGCAACCTCTGAAACTCTTTGCTTATTCGCAGTTGACATCACTTGTTAGAAGAGGAACTCTGAAAGAAAATGA 640 
t i w q p l k l f a y s q l t  s l v r r a t l k e n e
ACAAATTCCAAAATATGAGAAGGTTCACAATTTCAAGGTGCATACGTTCCGAGGGCCACACTGGTGTGAATACTGTGCCA 720 
q i p k y e k v h n  f k v h t  f r g p h w c e y c a n

ACTTCATGTGGGGCCTCATTGCTCAGGGAGTGAAATGTGCAGATTGTGGGTTGAATGTTCATAAGCAGTGTTCCAAGATG 800 
f m w g l i a q g v k c a d c g l n v h k q c s k m

GTCCCCAATGACTGTAAGCCAGACCTGAAGCACGTGAAGAAGGTGTATAGCTGTGACCTGACAACACTCGTGAAAGCTCA 880 
v p n d c k p d l k h v k k v y s c d l t t l v k a h
CATCACCAAGAGGCCCATGGTGGT AGAC ATGTGCATCAGGGAGATCGAGTCC AGAGGTCTGAATTCTGAAGGACTCTACC 960 
i t k r p m v v d m c i r e i e  s r g l n s e g l y r

GAGTGTCGGGATTTAGTGACCTAATTGAAGACGTCAAGATGGCTTTTGATAGAGACGGTGAAAAGGCGGATATTTCTGTG 1040 
v s g f s d l i e d v k m a  f d r d g e k a d i s v

AACATGTATGAGGACATCAACATTATCACTGGAGCGCTTAAACTGTACTTCAGGGATCTGCCAATTCCTCTCATCACCTA 1120 
n m y e d i n i i t g a l k l y f r d l p i p l i t y
CGATGCCTACCCCAAGTTCATAGAGTCTGCCAAAATTGTGGACCCTGATGAGCAACTGGAGACCCTTCATGAAGCACTGA 1200 
d a y p k f i e s a k i v d p d e q l e t l h e a l r
GGTCTCTGCCGCCCGCCCACTGCGAGACGCTCCGGTACCTCATGGCACACCTCAAGAGAGTGACCCTTCACGAGAAGGAG 1280 

s l p p  a h c e t l r y l m a h l k r v t l h e k e
AATCTGATGAGTGCAGAGAACCTTGGGATCGTGTTTGGTCCAACCCTCATGAGATCACCAGAGCTAGACCCCATGGCCGC 1360 
n l m s a e n l g i v f g p t l m r s p e l d p m a a
CCTGAACGACATACGCTATCAGAGACTGGTGGTGGAGCTGCTTATCAAAAATGAAGACATTTTATTTTAGAGTTTTGACT 1440 
l n d i r y q r l v v e l l i k n e d i l f

TGAGGAGAAAAAGAAATGGTTTACAGATGAAGGAATGTTTTCTAGTAATTTAATTAGCTTCATTAGCTGAATTGTTTCTT 1520
GGTTAGAGGTTTGGCCAAATACCCAGATTAAAATGAAGGAACTTCCTGTCATTTCTCTAGCACCGCTCAGCCGTCCTTGT 1600
AAAACCGTGAACACACGCTTTCTGGTCCTGGTAATCCTGGGTGTTTATCATGTTAAGAGAAACTCAAGCTACTGCATGAT 1680
TACCCCTTTTTGGTGAGGAAACCCCATATTGAAGAATCACAGACTTGTTCCTGCACCATCTCTCTGTCCTGGGTTGTCTG 1760
TGGTTGTCACCCAGCATGCTTCCCAGAGTAAACTGTCATGACATTGCTTTTGGGGTCCATACCACTGGTTTCTGACGCTT 1840
GCACATGCGCACACGTGCACACGTACTCACACACACACACATGCACATACACATACACACACATACACACCACACACACA 1920
CCACAAACACACACACACCACAAACACACAAACACACTCACACCACAAACACGCACACACACACCACAAACACACTCACA 2000
CCACAAACACGCACACACACACCACAAACACACTCACACACACACAGACACACACGTATAAGCAGCACCCTGGCTGTTGC 2080
ACTCTCATCCCTGTACCATACGCCAGCTCCACAGCAGTTCCTTCCCAGCTTCCTCCTCTCAGACATAGTGCTTTGTCTTC 2160
AGCAGAAGCGAGACGTGTTTTCAGATGTTACTTCAGTAAGCTTCCAATAAAAATGCACCACACAGCACTTTCCTGTTAAA 2240
TTATTGGTTTTCAACTGTAAATTTATATTTTTACCTGGCATGCAGTTATTAATTTATTAAATTTGGCCTCGTGCCGAATT 2320
C 2321

Fig. 13a: Map sequence of rat n-chimaerin showing the reading frame.
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MAPSEQ V5.20 RLAM631.SEQ(1,2321) Reading frames: 1 2  3

GAATTCGGCACGAGGACACTGATGAGCAGAGAAGAAAGCTTTCAGCAATGTGTCATTTGTCACAATTGTCAG GCTTTTTAAAAAAGGACTCCCAAAGAGA
 . + . + . + . + . + . + . + . + . + . + 100
CTTAAG CCG TG CTCCTG TG ACTACTCG TCTCTTCTTTC G A A A G TC G TTAC A C A G TA A A C A G TG TTA A C A G TC C G A A A A A TTTTTTC C TG A G G G TTTC TC T

e f g t r t l m s r e e s f q q c v i c h n c q a f  . k r t p k e r  
n s a r g h a e k k a t  s n v s  f v t  i v  r l  f k k g 1 p k r
i r h e d t d e q r r k l s a m c h l s q l s q f l k k d s q r e   .--- +--- .--- +----.--- +--- .----+--- .----j.--- .----+ — — --- 1 .--- \ --- .---- + — — .--- +

G A TG C TG C A TG TTTTC TG TG TTAACACAG ACTG ATTTCCrCTCCAG ACTCTTTAAG TTTG CAG AAG CTTAAATATAG AG CCCTG TTTAAAAAAAAAAAG G

C TA C G A C G TA C A A A A G A C A C A A TTG TG TCTG ACTAAAG G AG AG G TCTG AG AAATTCAAACG TCTTCG AATTTATATCTCG G G ACAAATTTTTTTTTTTCC

c c m f s v l t q t d f l s r l f k f a e a  . i . s p v . k k k g  
d a a c t 1 c . h r 1 I s s p d s 1 s 1 q k 1 k y r a l  f k k k k e  
m l h v f c v n t d  . f p l q t l  . v c r s l n i e p c l k k k r

A AG AG AG AATTTG TG TG TTAATCGGCCTTGTGAAGAAGTGCTTCATCACCCTTCTGCACCTCCCTGTGCTCTGGTGTGTGGCGTGGCCACGGCTCTCTAG
 .----+---- .---- +---- .---- +---- .---- +---- .---- +---- .---- +---- .---- +---- .---- +---- .---- +---- . + 300
TTCTCTCTTAAACACACAATTAGCCGGAACACTTCTTCACGAAGTAGTGGGAAGACGTGGAGGGACACGAGACCACACACCGCACCGGTGCCGAGAGATC

r - e n l c v n r p c e e v l h h p s a p p c a l v c g v a t a  1 
e r i c v l i g l v k k e f i t l l h l p v l w c v a w p r l s r  

k r e f v c  . s a l  . r s a s s p f c t s l c s g v w r g h g s l g

G TTAG G G C TC TG AG C TG G C TG C AG C ATG C TC ATG TG TTAG C TG AG TAG AG TTC AC C G G C AG TC G C AG G C TG ATAC AG G G TTTTTTG TTTTTTG TTTTTTG

CAATC C C G AG AC TC G AC C G AC G TC G TAC G AG TACACAATCG ACTCATCTCAAG TG G CCG TCAG CG TCCG ACTATG TCCCAAAAAACAAAAAACA AAAAAC

v r a l s w l q h a h v l a e . s s p a v a g . y r v f c f l f f v  
1 g 1 . a g c s m i m e  l s r v h r q s q a d t g f f v f c f l

g s e l a a a c s c v s  . v e f t g s r r l i q g f l  f f v f c

TTTTTC TA TTC C TTTG A G TATC AAAATG C C ATC C AAAG AG TC C TG G TC G G G G AG G AAAAC TAATAG AG C TAC AG TTC AC AAATC AAAG C AAG AG G G C C G T 

AAAAAG ATAAG G AAA C TC A TA G TTTTA C G G TA G G TTTC TC A G G A C C A G C C C C TC C TTTTG A TTA TC TC G A TG TC A A G TG TTTA G TTTC G TTC TC C C G G C A
f l f l . v s k c h p k s p g r g g k l i e l q f t  n q s k r a v  

f f y s f e y q n a i q r v l v g e e n .  . s y s s q i k a r g p s  
f s i p l s i k m p s k e s w s g r k t n r a t v h k s k q e g r

Fig. 13b: The four open reading frames upstream of the initiator methionine at position 426 are 
underlined.
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consensus for initiation of translation. This first methionine codon is absent from the human n- 

chimaerin cDNA sequence.

The 5’ untranslated region of rat n-chimaerin constitutes 425 nucleotides, whereas the 

3’ untranslated region consists of 895 nucleotides. There is a stretch of sequence at the 3’ 

untranslated region which contains a series of 6 CACACCACACAAACAC motifs (contained in 

sequences 1860 bp to 2060 bp) absent from the human cDNA sequence. If this sequence is 

deleted and the resulting rat 3’ untranslated sequence aligned with the human cDNA, a higher 

similarity index of 71.3% is observed (Fig. 14). R\N contains a 1.4 kb cDNA whose restriction 

map is identical to rat n-chimaerin’s. The Hind III fragment of rN47’ was subcloned into 

Bluescript BS SK- plasmid DNA (restricted with Hind III) and sequenced at the ends. The 

sequence obtained showed the presence of 4 CACACCACAAACAC motifs in the relevant 

region compared to 6 motifs in rat n-chimaerin (Fig. 15). The presence of only four motifs could 

be attributed to an inconsistency in the performance of the reverse transcriptase or to the 

natural occurrence of variable copies of this motif in the rat n-chimaerin cDNA.

There are two polyadenylation sites (nucleotide positions 2206 to 2211 and 2296 to 

2231) in the rat cDNA which are also conserved in the human cDNA. Both polyadenylation 

sites are utilized in the human sequence (Hall et al., 1990). The cDNA terminated 14 

nucleotides downstream of the conserved ATTAAA polyadenylation signal.

3.3: RNA secondary structure prediction

To analyze the possible 5’ RNA secondary structure, RNA fold program (PC/Gene) was 

employed. A secondary structure can be described as a mathematical graph. A face of a graph 

is defined to be any planar region bounded on all sides by edges. Exterior edges represent 

phosphodiester bonds between consecutive nucleotides. Interior edges represent base pairing. 

A face with a single interior edge is a hairpin loop. Faces with 2 interior edges are classified 

into 3 groups:

a) If the interior edges are separated by a single exterior edge on both sides, the face is called 

a stacking region.

b) If they are separated by a single exterior edge on one side but by more than one exterior 

edge on the other side, the faces are called bulge loops.

c) Otherwise, the face is called an interior loop.

Finally, a face with 3 or more interior edges is called a bifurcation loop.

The program does not fold fragments of more than 360 bp. The 5’ untranslated 

sequences of rat n-chimaerin constitute 425 bp, so it was decided to separate analysis into 2 

segments: 1 to 360 bp and 66 to 425 bp. The computer generated results are shown in Figs. 

16a & b. For a better visualization, hand drawn secondary structures are depicted in Figs. 16c 

& d as well. The energies of the structures predicted are -119.4 & -115.1 kcal respectively. The



98

Alignment of:
D :\U\HHL\H6312.SEQ 

versus 
D :\U\HHL\RLAM631.SEQ

2195 bases from 1 to 2195 
287 bases from 2035 to 2321

1880v 1890v- 1900v 1910v 1920v 1930v 1940v 1950v
H6312 TACAAACACGCACACACAAATGGATAAAACAGCACCTCTGGCTGTTACATTACCATAA ACCATATCACATGCCTACATTTT

ACA ACAC CA ACACA A G ATAA CAGCACC CTGGCTGTT CA T CAT ACCATA CA C ACA
RLAM631 CACACACACACAGACACACACGTATAAG-CAGCACC-CTGGCTGTTGCACTCTCATCCCTGTACCATACGCCAGCTCCACAGCAG 

2040A 2050A 2060A 2070A 2080A 2090A 2100A 2110A
1960v 1970v 1980v 1990v 2000v 2010v 2020v 2030v

H6312 ACAAATGATTTCTGGTTTCTCTTAGTTCTTCTCTAACATAGTACTTTCTTTCCAGCAAAAGCAAAATGTGTTTTCAGATTTGTTA
TTC CTT T C TCTC ACATAGT CTTT T T CAGCA AAGC A A GTGTTTTCAGAT GTTA

RLAM631 --------- TTCCTTCCCAGCTTCCTCC-TCTCAGACATAGTGCTTTGTCTTCAGCAGAAGCGAGACGTGTTTTCAGAT— GTTA
2120A 2130A 2140A 2150A 2160A 2170A 2180A 2190A

v 2050v 2060v 2070v 2080v 2090v 2100v 2110v 2120v
H6312 CTTTAATAAAGGTTATCCATACCAATAAAAAGTGTACAACACAGCATTTTC-TGTTAAATTATTATTGGTTTTCAGTTGTAATTT

CTT A TAA T CCAATAAAAA C ACACAGCA TTTC TGTTAAATTATT GGTTTTCA TGTAA TT
RLAM631 CTTCAGTAAGCTT-------- CCAATAAAAATGCACC-ACACAGCACTTTCCTGTTAAATTATT---GGTTTTCAACTGTAAATT

2200A 2210A 2220A 2230A 2240A 2250A 2260A
2130v 2140v 2150v 2160v 2170v 2180v 2190v

H6312 GGTATTTTTT-CTGGCATGCGTTTATTAATTTATTAAATT-GGCTTTTAGAAATAAAAAAAAAAAAAACGGAATTC
TATTTTT CTGGCATGC TTATTAATTTATTAAATT GGC T G GAATTC

RLAM631 TATATTTTTACCTGGCATGCAGTTATTAATTTATTAAATTTGGCCTCGTGCC-------------------- GAATTC
2270A 2280A 2290A 2300A 2310A 2320A

Similarity index = 71.331%

Fig. 14: A nucleic acid alignment between the 3' sequences of rat- and human n- 
chimaerin.

Alignment of:
D:\U\HHL\RLAM631.SEQ 2321 bases from 1 to 2321

versus
D:\U\HHL\~RN47'HI.SEQ 270 bases from 1 to 270

K-tuple size = 3 range = 20 Gap penalty = 3

1880v 1890v 1900v 1910v 1920v 1930v 1940v 1950v
CACACACACATGCACATACACATACACACACATACACACCACACACACACCACAAACACACACACACCACAAACACACAAACACA 

TACACATACACACACATACACACCACACACACACCACAAACACACACACACCACAAACACAC
TACACATACACACACATACACACCACACACACACCACAAACACACACACACCACAAACACAC-------

10A 20A 30A 40A 50A 60A
v 1970v 1980v 1990v 2000v 2010v 2020v 2030v 2040v

CTCACACCACAAACACGCACACACACACCACAAACACACTCACACCACAAACACGCACACACACACCACAAACACACTCACACAC
TCACACCACAAACACGCACACACACACCACAAACACACTCACACAC

-------------------------------------------TCACACCACAAACACGCACACACACACCACAAACACACTCACACAC
70A 80A 90A 100A

2050v 2060v 2070v 2080v 2090v 2100v 2110v 2120v
ACACAGACACACACGTATAAGCAGCACCCTGGCTGTTGCACTCTCATCCCTGTACCATACGCCAGCTCCACAGCAGTTCCTTCCC 
ACACAGACACACACGTATAAGCAGCACCCTGGCTGTTGCACTCTCATCCCTGTACCATACGCCAGCTCCACAGCAGTTCCTTCCC 
ACACAGACACACACGTATAAGCAGCACCCTGGCTGTTGCACTCTCATCCCTGTACCATACGCCAGCTCCACAGCAGTTCCTTCCC 

120A 130A 140A 150A 160A 170A 180A 190A
v 2140v 2150v 2160v 2170v 2180v 2190v 2200v 2210v

a g c t t c c t c c t Ct c a g a c a t a g t g c t t t g t c t t c a g c a g a a g c g a g a c g t g t t t t c a g a t g t t a c t t c a g t a a g c t t c c a a t a a a
AGCTTCCTCCTCTCAGACATAGTGCTTTGTCTTCAGCAGAAGCGAGACGTGTTTTCAGATGTTACTTCAGTAAGCTT 
AGCTTCCTCCTCTCAGACATAGTGCTTTGTCTTCAGCAGAAGCGAGACGTGTTTTCAGATGTTACTTCAGTAAGCTT 

200A 210A 220A 230A 240A 250A 260A 270A

RLAM631 
-RN47'HI

RLAM631 
-RN47'HI

RLAM631 
-RN47'HI

RLAM631 
-RN47'HI

Similarity index = 99.631%

Fig. 15: A nucleic acid alignment between rat n-chimaerin (RLAM631) and the 3' sequence of RN47' 
showing the presence of 4 CACA repeats in contrast to 6 for rat n-chimaerin.
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* RNA SECONDARY STRUCTURE PREDICTION. *

Done on RNA sequence R631.

Total number of bases is: 2321.Analysis done on bases 1 to 360.
1 ------------------------------------------------------

- Additional energy (in tenths of kcal/mole) for:
a) Stack : None.b) Bulge/interior loop: None.c) Hairpin loop : None.d) Multi loop : None. ,

- Maximum size (in bases) for bulge/interior loops is: 30.- Minimum size (in bases) for hairpin loops is: 3.- Maximum distance between base pairs: 1000.- Folding mode: REGULAR.

Energy of structure = -119.4 kcal

10 20 30 40 50--------------GA ACGAGG UG ---------A UCAGAUUCGGC ACAC AUGAGCA GAG AGAAAGCUU CAAU GUGUGAGUCG UGUG UACUCGU CUC UUUUUCGGA GUUA CACACGGCCACUUGAGA  AU —  AGGAAAAAA — CU A350 340 330 90 80 70 6

UCAUUUGU0

100  110 CCAAAGAGAGA UGUUUUGCUGCA ACGACGU------------------  -C
320 1

120 UUCUGUG U AGACAC A A30

VCUGAUUUC

40 150 160CUCU A GCCAG CUC UUUAAGUUU C GGUC GAG AAAUUCGAA A   - G

180 190 200 210 220 UAU GUUUAAAAAAAAAAAGGA AAU UGUUAA.-.^AGAGCCCU AGAGAG UUGUGUCUCGGGA UCUCUC GGCAC   UUGGA --- ---------310 300 290

230 240 250 260 G UUGUGAAGAA UU U - UUCU CUGCC GUGC CA CAC CC GCAC CCGG UGCG GU GUG GG CGUG C-------  -- - U -UCU UC280 270

Fig. 16a: RNA secondary structure prediction for rat n-chimaerin (1 to 360 bp).



* RNA SECONDARY STRUCTURE PREDICTION. *

Done on RNA sequence R63I.

Total number of bases is: 2 321.Analysis done on bases 66 to 425-

- Additional energy (in tenths of kcal/mole) for:
a) Stack : None.b) Bulge/interior loop: None.c) Hairpin loop : None.d) Multi loop : None.

- Maximum size (in bases) for bulge/interior loops is: 30.- Minimum size (in bases) for hairpin loops is: 3.- Maximum distance between base pairs: 1000.- Folding mode: REGULAR.

Energy of structure *= -115.1 kcal

10 • 20 30 <0.   —  --------- CUUUUU - . -U AAAGA - „ ^ UGUUUUUG UCA GG AAA AAAGGAC CCC GAG AUGCUGCAAAC AGU CC UUU UUUUUUG GGG CUC UACGACGU
A UAUG UU UUAUCUUUUUGUUU G UUUUUU ------ G ---- C350 340 330 320 260

0  UUCUGUG U AGACAC A  A60

70 80 90.CUGAUUUCCUCU A GCCAG CUC UUUAAGUUU C GGUC GAG AAAUUCGAA A.-------------  - G
250 100

110 120 130 140 150UAU GUUUAAAAAAAAAAAGGA AAUAGAGCCCU AGAGAG UUGUv,UCUCGGGA UCUCUC GGCAC   UUGGA ---240 230

160 170 180 190.UGUUAAUCG UUGUGAAGAA UU U - UUCU CUGCC GUGC CA CAC CC GCAC CCGG UGCG GU GUG GG CGUG C.     __ _ u -UCU uc
220  2 1 0  200

270 280A - AGUAGA
UGUGUUAGC UG ACAUAGUCG ACG ------310 300

290.GUUCAC GC CGGC A .------  UG

Fig. 16b: RNA secondary structure prediction of rat n-chimaerin (66 to 425 bp).
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• high energy involved and the few ramifications present in the secondary structures at the 5’ 

untranslated region could be a reason why the cloned human cDNA sequence was rearranged.



CHAPTER FOUR 

RESULTS 

Protein encoded by n-chimaerln cDNA
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Proteins encoded by human and rat n-chimaerin cDNAs have been expressed as 

fusion proteins using bacterial expression systems. These fusion proteins have exhibited 

biological activity: fusion proteins containing the cysteine-rich region have shown binding to 

phorbol esters (synthetic analogues of diacylglycerol) and zinc (Ahmed et at., 1990*1991). The 

carboxy-terminus of n-chimaerin fusion protein has been shown to be a GTPase-activating 

protein for the ras related GTP-binding protein, p21rac (Dieckmann et al., 1991).

Antibodies raised against the E. coli expressed fusion proteins recognize the pertinent 

fusion proteins and the naturally occurring brain n-chimaerin proteins. The predicted size of the 

protein is 38 kD but on the basis of immunological studies, the size of the naturally occurring 

brain n-chimaerin proteins is estimated at 47 kD. Post-translational modifications could have 

accounted for the discrepancy in size. Immunological studies are also being undertaken to 

further characterize the protein (Greg Michael, Clinton Monfries and Mabel Teo). The isolation 

and purification of the natural brain protein are also underway (Mabel Teo).

The above data serve to provide evidence that the assigned open reading frame is 

correct (as discussed below) and that the cDNA encodes a naturally occurring, biologically 

active protein.

4.1: Comparison between the proteins encoded by human and rat n-chimaerin cDNAs

The rat n-chimaerin cDNA encodes a 334 amino acid residue protein. The rat cDNA 

encodes an additional 35 amino acid residues at the extreme N-terminal on comparison with 

the human n-chimaerin cDNA. The first methionine encoded by nucleic acid residues 426 to 

428 is missing in the human n-chimaerin cDNA due to the rearrangement but present in the 

human genomic sequence (Smith et al., unpublished work). Using the human genomic and 

cDNA sequence data, the putative protein sequence was compared with the rat n-chimaerin 

protein sequence (Fig. 17). 97.3% sequence identity was observed. Only 10 amino acid residue 

changes are noted and of these, 6 are conservative changes.

It has been established that n-chimaerin encodes two domains, the N-terminal domain 

having sequence similarity to the cysteine rich region of PKC (protein kinase C) and the C- 

terminal domain being similar to the bcr (breakpoint cluster region) product (Hall et al., 1990). 

The nucleic acid alignments of rat and human n-chimaerin with the bovine PKC species, c-raf-1 

and A-raf-1 are shown in Fig. 18a. Amino acid residues that are identical with those of rat n- 

chimaerin’s are boxed. The cysteine residues which constitute the cysteine rich region are 

underlined in addition to being boxed. In general, there is greater amino acid similarity between 

rat n-chimaerin and the second cysteine-rich sequence of the protein kinase C species. For 

example, over a stretch of 61 amino acid residues (amino acid residue 75 to 135 of rat n- 

chimaerin), there is 36.1% similarity to the first cysteine-rich region of PKC-a compared to a 

figure of 42.6% for the second cysteine-rich region. With respect to the PKC-p and PKC-y
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D:\U\HHL\H6312RE.PRO from 1 to 334 
aligned with 

D:\U\HHL\RLAM631.PRO from 1 to 334
Gap penalty 4, Deletion penalty 12, PAMfile STANDARD.PAM 
97.3% identity in 334 aa overlap

lOv 20v 30v 40v 50v 60v 70v 80v
H6312RE MPSKESWSGRKTNRAAVHKSKQEGRQQDLLIAALGMKLGSPKSSVTIWQPLKLFAYSQLTSLVRRATLKENEQIPKYEKIHNFKVH 

MP SKE SWSGRKTNRA:VHKSKQEGRQQDLLIAALGMKLGS.KSSVTIWQPLKLFAYSQLTSLVRRATLKENEQIPKYEK:HNFKVH 
RLAM631 MPSKESWSGRKTNRATVHKSKQEGRQQDLLIAALGMKLGSQKSSVTIWQPLKLFAYSQLTSLVRRATLKENEQIPKYEKVHNFKVH 

10A 20A 30A 40A 50A 60A 70A 80A
90v lOOv llOv 120v 130v 140v 150v . 160v 170v

H6312RE TFRGPHWCEYCANFMWGLIAQGVKCADCGLNVHKQCSKMVPNDCKPDLKHVKKVYSCDLTTLVKAHTTKRPMWDMCIREIESRGL 
TFRGPHWCEYCANFMWGLIAQGVKCADCGLNVHKQCSKMVPNDCKPDLKHVKKVYSCDLTTLVKAH. TKRPMWDMCIREIESRGL 

RLAM631 TFRGPHWCEYCANFMWGLIAQGVKCADCGLNVHKQCSKMVPNDCKPDLKHVKKVYSCDLTTLVKAHITKRPMWDMCIREIESRGL 
90A 100A 110A 120A 130A 140A 150A 160A 170A

180v 190v 200v 210v 220v 230v 240v 250v
H6312RE NSEGLYRVSGFSDLIEDVKMAFDRDGEKADISVNMYEDINIITGALKLYFRDLPIPLITYDAYPKFIESAKIMDPDEQLETLHEAL 

NSEGLYRVSGFSDLIEDVKMAFDRDGEKADISVNMYEDINIITGALKLYFRDLPIPLITYDAYPKFIESAKI:DPDEQLETLHEAL 
RLAM631 NSEGLYRVSGFSDLIEDVKMAFDRDGEKADISVNMYEDINIITGALKLYFRDLPIPLITYDAYPKFIESAKIVDPDEQLETLHEAL 

180A 190A 200A 210A 220A 230A 240A 250A
v 270v 280v 290v 300v 310v 320v 330v

H6312RE KLLPPAHCETLRYLMAHLKRVTLHEKENLMNAENLGIVFGPTLMRSPELDAMAALNDIRYQRLWELLIKNEDILF 
: LPPAHCETLRYLMAHLKRVTLHEKENLM:AENLGIVFGPTLMRSPELD:MAALNDIRYQRLWELLIKNEDILF 

RLAM631 RSLPPAHCETLRYLMAHLKRVTLHEKENLMSAENLGIVFGPTLMRSPELDPMAALNDIRYQRLWELLIKNEDILF 
270A 280A 290A 300A 310A 320A 330A

Optimized score is 1681

Fig. 17: An amino acid alignment between the putative amino acid sequence of human n-chimaerin 
(H6312RE) and rat n-chimaerin.

rat n-chimaerin (75)
human n-chimaerin (75) 
PKC-alpha (31)
PKC-alpha (96)
PKC-beta (31)
PKC-beta (96)
PKC-gamma (30)
PKC-gamma (95)
c-raf-1 (133)
A-raf-1 (93)

K
Kk
s

0
0 
. N
T
T

rat n-chimaerin (104)
human n-chimaerin (104) 
PKC-alpha (60)
PKC-alpha (125)
PKC-beta (60)
PKC-beta (125)
PKC-gamma (59)
PKC-gamma (124)
c-raf-1 (160)
A-raf-1 (119)

V M

Fig. 18a: Comparison of rat and human n-chimaerin amino acid sequences with PKC-alpha,
beta, gamma species (Coussens et al., 1986), c-raf-1 and A-raf-1 
(Beck et al., 1987). The cysteine residues in the consensus sequence
CX2CX13CX2CX7CX7C where X is any amino acid are underlined. Identical amino acid residues 
with those of rat n-chimaerin's are boxed.
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species; for the first cysteine-rich region, a figure of 34.4% is obtained for both species. For the 

second cysteine-rich region, the figures are 41.0% and 34.4% respectively. The similarity to the 

c-raf-1 and A-raf-1 species are 33.9% each within a span of 133 amino acid residues (amino 

acid position 75 to 133).

The cysteine residues present in the cysteine-rich region are conserved as depicted 

in Fig. 18a. When conservative amino acid changes are disregarded, there is an increase in 

the similarity figures. For example, in the case of the first cysteine-rich region of PKC-a, the 

revised figure becomes 44.3%. Most of the conservative amino acid changes lie within the 

cysteine-rich region. For instance, a phenylalanine residue resides to the left of the first 

cysteine residue of the cysteine-rich region (at amino acid 49) of PKC-a, in place of a 

tryptophan residue in the rat and human n-chimaerin. This change is also mirrored in the other 

species under consideration.

Similarly, the amino acid alignments of rat and human n-chimaerin with bcr product and 

p85a, p85p (subunit of PI3 kinase that are substrates for tyrosine phosphorylated receptor 

kinases) are shown in Fig. 18b. Amino acid residues that are identical with those of rat n- 

chimaerin’s are boxed. Over a span of 172 amino acid residues (amino acid position 162 to 

334 of rat n-chimaerin), there is 41.9% similarity to the corresponding region of bcr, 25.6% 

similarity to p85a and 21.5% similarity to p85p. When conservative amino acid changes are 

taken to be the same, the similarity figures increased to 52.3%, 37.2% and 30.2% respectively.

4.2: Analysis of protein structure

The protein sequence of rat n-chimaerin was analyzed to determine the existence of 

membrane associated helices. The program is based on the method developed by Eisenberg. 

A 21 residue "window" is run along the selected protein sequence, generating a succession of 

21 -residue segments whose mean hydrophobicity <H> is computed from a table, which assigns 

to each type of amino acid a hydrophobicity value. The analysis (Fig. 19) shows the absence 

of a predicted membrane associated helix.

A hydropathy plot of the rat n-chimaerin protein sequence was completed (Fig. 20). 

Chou and Fasman (1978) had assigned amino acids as formers, breakers and indifferent for 

helical and p-sheet regions based on Pa and Pp values; Pa and Pp being the helix and p sheet 

conformational parameters. With a knowledge of the helix and p-sheet forming potential of the 

20 amino acids, it is possible to calculate the helical and p-sheet potential for any protein 

segment by simply averaging the Pa and Pp values of the residues in the segment under 

consideration. Residues in the protein that are not classified to be in the helix or p-regions are 

assigned to the coil conformation. Three consecutive residues having the a-conformation or two 

consecutive residues having the p-conformation but without the hydrogen bonding are 

considered to be in the coil state. The p-turn involves four consecutive residues in a protein
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rat n-chimaerin
human n-chimaerin
bcr
p85a
p85p

rat n-chimaerin
human n-chimaerin
bcr
p85a

p85P

rat n-chimaerin
human n-chimaerin
bcr
P85a
p85P

(162)

(162)

(1073)

(134)

(130)

(185)

(185)

(1096)

(157)

(150)

( 210)

( 210)

(1119)

(179)

(164)

K L V E A I E R T G L DlS Y R P E P P A

j v j s v j t i

M
P V

rat n-chimaerin (233) D A Y P K F I E S A K I V D P D E Q L E T L H E
human n-chimaerin (233) D A Y P K F I E S A K * „ D P D E Q L E T L H E
bcr (1143) E F Y P N F A E G I A L s D P V A K E S C M L N
P85a (202) A V S S E L I S L A P E V Q S S E E Y I QL * K
p85P (187) E A A A E A H R A L R E A A G P V G

rat n-chimaerin
human n-chimaerin
bcr
p85a

p85P

rat n-chimaerin
human n-chimaerin
bcr
p85a

p85P

rat n-chimaerin
human n-chimaerin
bcr
p85a

p85p

(257)

(257)

(1167)

(225)

( 2 0 2 )

(280) 

(280) 

(1190) 

(251) 

(228)_

(303)

(303)

(1213)

(274)

(253)

A L 
A L

R - 
K -

P A L E P
P

R V

S P E L D 
S P E L D
p s |̂e |k e 
- E N T E 
P D G T E

FPAASS------
RPPPPSPPPGGA
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rat n--chijdaerin (310) M A A L N D I R Y Q R
human n-chimaerin (310) M A A L N D I R Y Q R
bcr (1220) K L P AH P S Q P I T
p85a (306) A L P P K P P K - - -
p85p (296) A L P P K P P K T K P

rat n-chimaerin (321) L V V E L L I K N E D I L F
human n-chimaerin (321) L V V E L L I K N E D I L F
bcr (1231) M T D S W S L E V M S Q V Q
p85a (314) - P T T V A N N G M
p85f) (307) A P T GL A N G G -

Fig. 18b: Comparison of bcr-related sequences of rat and human n-chimaerin with p85ct, p85[3 (Otsu
et al., 1991) and bcr (Heisterkamp et al., 1985, Hariharan et al., 1987). Identical 
amino acid residues with those of rat n-chimaerin's are boxed.

• PREDICTION OF MEMBRANE ASSOCIATED HELICES *

Done on sequence RLAM631.

Total number of residues is: 334.
Analysis done on the complete sequence.
The method used is that of Eisenberg, Schwarz, Komarony and Wa l l .
•fH> stands here for the average hydrophobicity on a 21 residue segment.

No membrane associated helix is predicted in this protein.
None of the 21 residues segments of this protein has a <H> value greater or 
equal to 0.42 (1st condition of the method).

Fig. 19: Prediction of membrane associated helices on rat n-chimaerin.



110

R L f l n 6 3 1 . PRO<LENO.  R E N O>
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 •&? oc >
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Fig. 20: Hydropathy plot of rat n-chimaerin showing the hydrophobic region at the N-terminal.
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where the polypeptide chain folds back on itself by nearly 180°. It is these regions of chain 

reversals that give a protein its globularity rather than linearity. The predicted a-helices, J5- 

sheets, turns and coils are displayed in Fig. 20.

The Kyte and Doolittle method (Kyte and Doolittle, 1982) was also utilized in the 

analysis of the hydropathic character of rat n-chimaerin protein. The program uses a 

hydropathy scale in which each amino acid has been assigned a value reflecting its relative 

hydrophilicity and hydrophobicity. It continuously determines the average hydropathy of a 

moving segment as it advances through the sequence from the amino to the carboxyl terminus. 

A graphic visualization, tracking the hydrophilic and hydrophobic regions relative to a universal 

midline, is achieved. Information content is maximized when a window size of 7-11 residues 

is selected. From this method, there is only one hydrophobic region (27-35 amino acid residues 

from the N-terminal) in rat n-chimaerin. No membrane spanning helices are predicted, in 

concordance with the method of Eisenburg.

Potential phosphorylation and N-myristoylation sites in the protein sequence were 

shown (Fig. 21). There are two candidate threonine residues for cAMP- and cGMP-dependent 

protein kinase phosphorylation (positions 67 & 280), eight serine or. threonine residues for 

protein kinase C phosphorylation (positions 8, 12, 40, 67, 87, 154, 241 & 268) and four serine 

or threonine residues for casein kinase II phosphorylation (positions 20, 67, 253 & 280). The 

primary amino acid sequence also contains three potential sites for N-myristoylation (positions 

35, 39 & 108). A potential amidation site (position 8) is also located.

Possible side-chain interactions and the general characteristics of helices can be more 

readily visualized if the sequence is plotted on two-dimensional figures termed ’helical wheels’. 

The wheels are projections of the amino acid side chains onto a plane perpendicular to the axis 

of the helix. The perimeter of each wheel corresponds to the backbone of the polypeptide chain 

and the external spokes to the side chains. For an alpha helix with 3.6 residues per turn, 

adjacent side chains in the sequence are separated by 100° of arc on the wheel.

The first 35 amino acid residues at the N-terminal were analyzed thus (Fig. 22a). A 

hierarchical ranking of the 20 amino acids in their preferences to be in lipid contact was 

calculated (refer Table 2) (Argos et al., 1982). A helical wheel analysis of the predicted regions 

suggests which helical faces are within the protein interior and which are in contact with the 

lipid bilayer.

If amino acids with membrane-buried preferences less than 1.0 (Table 2) tend to 

cluster on one side of a helical wheel, then the lipid-forming and protein-formjng facing helical 

sides can be inferred. The helical faces were chosen such that the arithmetic difference 

between the number of residues N with a preference less than 1.0 on the 2 helical sides (N1- 

N2) was a maximum. In Fig. 22a, the first helical wheel for amino acid residues 1 to 18 has a 

maximum arithmetic difference of 4 (9-5) and the second helical wheel for amino acid residues
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(P) (P) (P)
I I I

1 M P S K E S W S G R K T N R A T V H K S N Q E G R Q Q D L L 3 0
I

NH2 

Myr Myr (P)
I I I

31 I A A L G M K L G S Q  K S S V T I W Q P L K L F A Y S Q L T 6 0

(P) (P)
I I

6 1 S L V R R A T L K E N E Q I P K Y E K V H N F K V H T F R G 9 0
I

^  Myr
I

91 P H W C E Y C A N F M W G L I A Q G V K C A D C G L N V H  K 120

121 Q C S K M V P N D C K P D L K H V K K V Y S C D L T T L V K 1 5 0  

(P)
I ' *

1 5 1 A H I T K R P M V V D M C I R E I E S R G L N S E G L Y R V 1 8 0

181 S G F S D L I E D V K M A F D R D G E K A D I S V N M Y  E D210 

211 I N I I T G A L K L Y F R D L P I P L I T Y D A Y P K F  I E240

(P) (P) (P)
I I I

241 S A K I V D P D E Q L E T L H E A L R S L P P A H C E T L R  270T>
271 Y L M A H L K R V T L H E K E N L M S A E N L G I V F G P T  300

I
(P)

301 L M R S P E L B P M A A L N D I R Y Q R L V V E L L I K N E  330 

331 DI  L F 334

Fig. 21: Figure showing the potential phosphorylation (P), amidation (NH2) and 

myristoyiation (Myr) sites of rat n-chimaerin.
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Thr 12

Glu5

Lys 4

GlyB Lys 11Helical wheel analysis of rat n-chhnaarin

From position 1 to 18
Pro 2

His 18

Trp7
Asn 13

Aro 14
Ser6

AiglO Ser3

Leu 30 Lys 10 Gin 28
Giu 23

Lsu 34

Fig. 22a:

Gin 22

Gin 27

Sar2B

Helical wheel analysis of rat n-chimasrin 

From position 19 to 35

Figure showing the helice wheels 
representing the N-terminal 35 amino 
acid residues of rat n-chimaerin. * 
represents amino acid residues with 
membrane buried propensities less than 
1.0. The sides of the helices suggested 
to face the protein interior are 
indicated by the double lines.

Lsu 29

ll»31

Ala 32

Gly 35 Asp 28 Lys 21

Aig25

rat n-chimaerin (1)
JT0419

KIECDG
MEHB2
IXBEIO

(31)
(13)
(13)
(9)

rat n-chimaerin (25) 
JT0419 (54)
KIECDG (37)
IXBEIO (33)

M|P S K E S W S| 
N H S K E T
K A A G Y K

GR K
N R *
G L R
S R *
R S K

- kE

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

Q Q

R Q 
P K

Q D 
Q D

■0r0A L G
S C F G R M Y

 V A V|̂ Lj L ^ j  V V I
F G D V A S D I G F E

Fig. 22b: Sequence similarity between the N-terminal 35 amino acid residues of rat n-chimaerin
and JT0419 (60 kD cysteine rich membrane protein), KIECDG (diacylglycerol kinase),
MEHB2 (melittin minor of honeybee) and IXBEIO (a-trans-inducing protein). Identical 
amino acid residues with those of rat n-chimaerin's are boxed.
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19 to 35 is 3 (7-4).

Table 2: The membrane-buried preference parameters for the 20 amino acids calculated from 

a 1125-residue database.

Amino acid Normalized preference value

Met 2.96
Leu 2.93
Phe 2.03
lie 1.67
Ala 1.56
Cys 1.23
Val 1..14
Trp 1.08
Thr 0.91
Ser 0.81
Pro 0.76
Tyr 0.68
Gly 0.62
Gin 0.51
Arg 0.45
His 0.29
Asn 0.27
Glu 0.23
Lys 0.15
Asp 0.14

The figure shows projections down the helical axis with successive C„ positions rotated 

to 100° along the projected peptide backbones. The directions of the projected side chains are 

indicated by spokes emanating from the wheel centre. Amino acids with membrane-buried 

propensities less than 1.0 are marked with a circle. The side of the helices suggested to face 

the protein interior is indicated by double lines. A search for similarity to the N-terminal 35 amino 

acid residues of rat n-chimaerin through the PIR protein database revealed 40% similarity to 

melittin amongst other sequences (Fig. 22b). Identical amino acid residues with those of rat n- 

chimaerin are boxed. Melittin, the principal component of bee venom, is a water soluble, 

strongly amphipathic polypeptide (27 amino acid residues). The C-terminal hexapeptide is polar 

and basic while the N-terminal residues are hydrophobic, in direct contrast to the N-terminal 

35 amino acid residues of rat n-chimaerin (refer to Fig. 20 which shows a hydropathy plot of 

rat n-chimaerin). Melittin can spontaneously integrate into natural and synthetic membranes and 

bind to phospholipids, the interaction of which alters the organization of membranes. This may 

account for the increased ion permeability of treated membranes. Melittin stimulates Na+ influx 

and Na-K pump activity (Rozengurt et al., 1981).

In addition to melittin, several other proteins also exhibit similarity to the N-terminal 35 

amino acid residues. JT 0419 is a developmental^ regulated cysteine-rich outer membrane 

protein from Chlamydia trachomatis (Clarke et al., 1988). KIECDG is a diacylglycerol kinase
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(Lightner et al., 1983). IXBE10 is an alpha trans-inducing protein from Variceila-Zoster virus.

Helical wheel analysis and similarity to melittin suggest that the amino-terminal region 

has the potential to form an amphipathic helix that may provide a hydrophobic face for 

interaction with other proteins or cellular membrane components.



CHAPTER FIVE 

RESULTS

Expression and developmental regulation 

of rat n-chimaerin
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5.1: Northern blot analysis

The forebrains of postnatal day 1,5,10,15,20,26,40 female Wistar rats (10 rats were 

killed for each time point) were dissected and free polyribosomal RNA obtained using the 

method of Hall and Lim (1981). The heads of embryonic day 15 (E15) rats (obtained from 3 

pregnant Wistar rats) were dissected and the free polyribosomal RNA prepared and purified. 

The brains of embryonic day 17 (E17) and embryonic day 20 (E20) (3 pregnant Wistar rats for 

each time point) were dissected and treated in the same way in order to generate free 

polyribosomal RNA (refer Methods and Materials).

10 ug of RNA (concentration determined from O D ^  readings) from each time point 

was loaded onto a 1% agarose/formaldehyde gel. The RNA was blotted onto Hybond-N 

membranes (Amersham) and stained with methylene blue to ensure equal amounts of the RNA 

samples relative to each other. Standardization of the RNA concentrations was achieved by 

comparison of the intensities of the 28S and 18S ribosomal markers. The concentrations were 

adjusted and the RNAs again loaded onto 1% agarose/formaldehyde gels. The process was 

repeated till approximately equal intensities of the ribosomal markers were observed (Fig. 23a).

Hybridization was carried out with random primed 32P-dCTP labelled BstXI fragment 

(corresponding to nucleotide positions 1157 to 1824 of rat n-chimaerin cDNA) of r 0 1.35 clone. 

The BstXI fragment does not contain the CACA repeats in the 3’ untranslated region (Appendix 

1b). These repeats, if included, hybridized non-specifically to a variety of RNA sequences 

resulting in a smear on the autoradiograph.

A predominant message (the n-chimaerin mRNA) of approximate size 2.4 kb was 

observed with three minor messages of sizes 5.3, 3.7 and 1.6 kb. The results from the 

Northern analysis (Fig. 23c) indicated a developmental increase in n-chimaerin and the minor 

mRNAs from E15 to postnatal day 40. A control cDNA, GAPDH (glyceraldehyde phosphate 

dehydrogenase), was hybridized to the blot. A Pst I fragment of GAPDH was random primed 

^P-dCTP labelled and hybridized to the RNAs (Fig. 23b).

The Northern blots were scanned using a Joyce Loebl centriscan 3 densitometer. The 

figures obtained for n-chimaerin were corrected based on the figures obtained for GAPDH and 

plotted on a graph (Fig. 23d). The graph shows an increase in rat n-chimaerin mRNA from E15 

to postnatal day 40. The mRNA level increased sharply from postnatal day 1 to postnatal day 

20. .

5.2: In situ hybridization analysis

In situ hybridization was used as a tool to investigate the cellular pattern of expression. 

This approach is more informative with regard to the number and type of cells expressing the 

mRNA than the Northern blot analysis. Since the Northern blot analysis indicated an increase 

in the amount of rat n-chimaerin mRNA with development, if was decided to look at expression
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E E E

15 1 7 20 1 5 10 15 20 26 40

Fig. 23a: Methylene blue stain of Northern blot containing 

rat head/brain/forebrain free polyribosomal 

RNAs from different ages of rats.

E15: RNA obtained from embryonic day 15 rat heads. 

E17 and E20: RNA obtained from embryonic day 17 and 

20 rat brains.

1 to 40: RNA obtained from postnatal day 1 to 40 rat 

forebrains.

10 ug of RNA was loaded onto each slot of a 1% 

agarose/formaldehyde gel. The amount of RNA was 

quantitated using methylene blue staining.

E E E

15 17 20 1 5 10 15 20 26 40

E E E

15 17 20 1 5 10 1 5 20 26 40

Fig. 23b: The blot shown in Fig. 23a was hybridized with 

a random primed 32P-dCTP labelled Pst I 

fragment of GAPDH, a control used for 

normalizing the RNA quantity. The positions of 

the 28S and 18S ribosomal RNAs are arrowed.

<4 Fig. 23c: Northern blot analysis.

The same blot was hybridized with random 

^  primed 32P- dCTP labelled Bst XI fragment of

r01.35 plasmid.

The positions of the 28S and 18S ribosomal 

RNAs are arrowed.
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in a younger rat (5 days old) and to compare with the adult (nervous system) in order to 

determine any brain regional or cellular differences. Expression of the n-chimaerin message 

in the adult and 5 day old rat brain was studied using in situ hybridization analysis. 

Hybridization of the sections were carried out at 12°C below the melting temperature (Tm) of 

the 44 mer oligonucleotides used: GM1 and GM2 (Tm 54°C). GM1 and GM2 are 

complementary to each other, GM1 being the antisense strand (refer Methods and Materials).

The oligonucleotides had been “ P-dATP 3’-end labelled and checked using Northern 

blot analysis to ensure that they hybridized to n-chimaerin mRNA with fidelity (see Fig. 24) 

before being utilized in the in situ hybridization analyses.

The sense oligonucleotide, GM2 did not give a hybridization signal above background. 

The non-specific labelling was very low and uniform in all the brain sections (adult and 

postnatal day 5). Specific labelling was detected with GM1. The distribution of the label was 

heterogeneous in the brain.

Aduit brain

Specific label was observed over cells of neuronal morphology. High numbers of silver 

grains were detected in the cortical neurones (refer Figs. 25 & 26). Cortical layer I, consisting 

of primarily neuronal processes and glial cells did not exhibit much labelling. Cortical layer IV 

had a lower intensity labelling when detected on autoradiographs. This is due to the smaller 

number of neurones. The neurones in this layer exhibits the same intensity of label (refer Fig. 

26).

The highest concentration of label was observed over pyramidal cells of the 

hippocampal formation. The polymorphic neurones present in the granular cell layer and the 

stratum molecular of the dentate gyrus exhibited labelling (refer Figs. 27 & 28). However, some 

neurones which are located near to the granule cell layer were found to be unlabelled (refer 

Fig. 27). The neurones of the stratum oriens and stratum radiatum were generally unlabelled. 

No labelling was detected in the choroid plexus, blood vessels, oligodendrocytes and other glial 

cells (refer Figs. 25 and 29).

The rat n-chimaerin mRNA was detected in neurones found in many regions of the 

brain; the intensity in these regions ranges from low to moderate. Restricted expression was 

detected in the cerebellum. On microscopic analysis, the n-chimaerin mRNA was found to be 

exclusive to the Purkinje cells (refer Fig. 30a). The control is shown for a comparison (Fig. 

30b).

Postnatal 5 day old brain

In the 5 day old rat brain, the distribution of label was similar to that observed for the 

adult. High expression of the mRNA was detected in the cortical neurones. Again high numbers 

of silver grains were present in the polymorphic neurones of the dentate gyrus (Fig. 31). A 

different part of the dentate gyrus is shown in Fig. 32. The hippocampal formation especially
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40 R R

i

Fig. 24: Northern blot analysis of rat brain RNAs with GM1 

and GM2 as probes.

40: 40 day old rat brain free polyribosomal RNA.

R: adult rat brain poly (A)+ free polyribosomal RNA.

The filter on the left was hybridized with 32P-dCTP 3’ end 

labelled GM1. The filter on the right was probed with 32P- 

dCTP 3’ end labelled GM2. The positions of the 28S and 

18S ribosomal markers are arrowed.



Coronal adult rat section (12 um) was hybridized with 35S-dATP 3 ’ end 

labelled GM1. Hybridization was detected in the large pyramidal neurones 

of cortex layer II. 20X magnification. No hybridization was 

detected in the blood vessel (middle of the bottom half of the photograph).

Coronal adult rat section (12 um) was hybridized with 35S-dATP 3 ’ end

labelled GM1. Hybridization was detected in the large pyramidal neurones

of cortex layer IV. 20X magnification.
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Fig. 27: Coronal adult rat section (12 um) was hybridized with 35S-dATP 3 ’ end

labelled GM1. Hybridization was detected in the neurones of the CA4 

formation and the dentate gyrus. Outside of the CA4 and the 

dentate gyrus, the neurones were unlabelled. 20X magnification.

k *  -

%

Fig. 28: Coronal adult rat section (12 um) was hybridized with 35S-dATP 3' end

labelled GM1. Hybridization was detected in the neurones of the CA2

formation. 20X magnification.
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Fig. 29: Coronal adult rat section (12 um) was hybridized with 35S-dATP 3 ’ end

labelled GM1. No specific hybridization was detected in the choroid plexus 

(on the left side of the photograph) and the glial cells of the white matter. 

20X magnification.

Fig. 30a: Coronal adult rat section (12 um) of the cerebellar cortex was hybridized

with 35S- dATP 3 ’ end labelled GM1. Hybridization was detected only in the

Purkinje cells. 20X magnification.
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Fig. 30b: Coronal adult rat section (12 um) of the cerebellar cortex was hybridized

with 35S- dATP 3’ end labelled GM2. No hybridization (above background) 

was detected. 20X magnification.

Fig. 31: Coronal 5 day old rat section (12 um) was hybridized with 35S-dATP 3’ end

labelled GM1. Hybridization was detected in the neurones of the dentate

gyrus. 20X magnification.
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Fig. 32: Coronal 5 day old rat section (12 um) was hybridized with 35S-dATP 3’ end

labelled GM1. Hybridization was detected in the neurones of the dentate 

gyrus. 20X magnification.

Fig. 33: Coronal 5 day old rat section (12 um) was hybridized with 35S-dATP 3’ end

labelled GM1. Hybridization was detected in the neurones of the CA3

formation. 20X magnification.
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exhibited high intensity labelling (refer Figs. 33 to 38). Various parts of the hippocampal 

formations are shown in the figures, eg. the CA1, CA2, CA3, CA4 (Ammon’s horn regions 1, 

2, 3 and 4) and the subiculum. Within the dentate gyrus, the stratum molecular and the 

granular layer show labelling. In contrast, and in agreement with the data obtained from the 

adult animal, only the Purkinje cells were found to be labelled in the cerebeHar cortex.

In general, the level of labelling in the neurones is increased from postnatal day 5 to 

adult. In the cerebral cortex of the rat at birth, the histoarchitectural organization is not finished. 

When all the large neurones have migrated, the stellate neurones and glial cells continue to 

proliferate and migrate in the deeper layers during the first postnatal weeks (Jacobson, 1972).

In the hippocampal formation, the formation of the pyramidal neurones of the Ammon’s 

horn is complete before birth in the rat. In the early postnatal period (the first week), gliogenesis 

continues while the pyramidal cells develop their dendritic arborization. During the second 

week, development of innervation and lamination occur in the hippocampus. By P15, there is 

development of the dentate gyrus with the maturation of the molecular layer and the 

connectivity between the mossy fibres and pyramidal dendrites in the stratum radiatum. Thus, 

at postnatal day 5, the dentate gyrus is still relatively immature.

In the cerebellum, there is considerable post-natal cellular proliferation. The cerebellar 

cortex, at birth, contains a population of "dormant” Purkinje and Golgi neurones and a 

proliferating external germinative layer. From PO to P15, granule cells migrate from the 

germinative zone to the granular layer through the molecular layer. At P3, the terminal 

branches of growing climbing fibres contact Purkinje cell bodies making transient synaptic 

connections. Later, at P12, Purkinje cell stomata will be wrapped by basket cell processes. By 

P15, the dendritic processes of Purkinje cells grow into the molecular layer. From the second 

week, the granular cell dendrites, Golgi neurones and terminals of the mossy fibres, form the 

cerebellar glomeruli in the granular layer of the cerebellar cortex. Hence, at postnatal day 5, 

the cerebellar cortex is quite immature. Although n-chimaerin mRNA is present in Purkinje cells 

at postnatal day 5, antibody staining may show more clearly changes in n-chimaerin protein 

in Purkinje cells as they mature and form connections.
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Fig. 34: Coronal 5 day old rat section (12 um) was hybridized with 33S-dATP 3’ end

labelled GM1. Hybridization was detected in the neurones of the subiculum. 

20X magnification.

Fig. 35: Coronal 5 day old rat section (12 um) was hybridized with 35S-dATP 3’ end

labelled GM1. Hybridization was detected in the neurones of CA1

formation. 20X magnification.
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Fig. 36:

■ L \  
► ■
w .

Coronal 5 day old rat section (12 um) was hybridized with 35S-dATP 3' end 

labelled GM1. Hybridization was detected in the neurones of the CA2 

formation. 20X magnification.

Fig. 37: Coronal 5 day old rat section (12 um) was hybridized with 35S-dATP 3’ end

labelled GM1. Hybridization was detected in the neurones of the CA3

formation. 20X magnification. .
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Fig. 38: Coronal 5 day old rat section (12 um) was hybridized with 35S-dATP 3’ end 

labelled GM1. Hybridization was detected in the neurones of the CA4 

formation. 20X magnification.



CHAPTER SIX 

RESULTS 

n-chlmaerin homologues
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6.1: Human H631.1 cDNA sequence

During the search for n-chimaerin variants, a human cDNA clone termed H631.1 was 

isolated from the same human retinal library which yielded human n-chimaerin cDNA (Christine 

Hall). A large scale preparation of the lambda clone was done and the DNA restricted with 

EcoRI. The EcoRI digest yielded two fragments of sizes 2240 bp and 450 bp (Fig. 39). The 

fragments were isolated and subcloned into Bluescript BS SK- plasmid DNA (which had been 

restricted with EcoRI) in both orientations (for the 2240 bp fragment, Lg, Lf are clones in one 

orientation; L, Lb are the clones in the opposite orientation; for the 450 bp fragment, Sa and 

Sb are clones in opposite orientation to each other). The larger clone was termed H631.1 and 

the smaller H631.1S.

Single stranded DNA templates were generated and the ends of the cDNAs 

sequenced. In the case of the 450 bp clone, the sequences obtained from both clones were 

enough to overlap (strategy map and sequence alignment shown in Appendix 3a and 3b).

Exo 11 I/Mu ng bean nuclease treatment was used to generate deletants from both 

orientations of the larger clone. These deletants were sequenced using Klenow polymerase and 

Sanger’s dideoxy sequencing protocol. In order to sequence fully in both orientations, double 

stranded DNA template of H631.1L was obtained. Sequencing using Sequenase Version 2 and 

internal primers (LLCH4, LLCH6, LLCH7 and LLCH9; refer Methods and Materials) was 

performed. The sequencing strategy map and the alignment of the sequences are shown in 

Appendix 4a and 4b. The full restriction map of H631.1 is depicted in Fig. 40.

The sequences of H631.1L and H631.1S were compared with the human n-chimaerin 

sequence (refer Figs. 41 ,42a & b). Identity of H631.1L to human n-chimaerin (H631.2) occurs 

from 627 bp to 1320 bp of H631.2 sequence. The sequences of H631.1S are identical to 

human n-chimaerin at two different regions. H631.1S contains duplicated human n-chimaerin 

sequences; the pertinent sequences being 1487 bp to 1611 bp and 893 bp to 1156 bp of the 

human n-chimaerin sequence (Fig. 42a & b).

The sequence of H631.1 was compared with the sequences in the Genbank and PIR 

databases. It was found that the extreme 5’ region of H631.1L is identical to a large part of 

CRE-BP1 (cAMP response element binding protein-1) cDNA sequence (Fig. 43). The 

corresponding amino acid alignment is shown in Fig. 44a. The amino acid alignment of 

H631.1L with that of rat n-chimaerin (Fig. 44b) shows that the first 58 amino acid residues of 

rat n-chimaerin are not present in the N-terminal 513 amino acids of H631.1L. The protein 

sequence encoded by H631.1L between nucleic acid residue 1020 to 1500 bp is unique but 

has similarity to src homology 2 domain (Koch et al., 1991). The best match is to the kinase 

related transforming protein (abl) with an overall similarity of 45% (refer Fig. 45). However, in 

some segments, for example, from amino acid residue 398 to 414 of H631.1L, the similarity 

is better with the first SH2 domain of GTPase activating protein (GAP) (overall similarity of
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Fig. 39: Ethidium bromide stained agarose gel showing the

fragments obtained from EcoRI digestion of the lambda clone 

of H631.1.

Lane 1: Lambda Hind III marker DNA.

Lane 2: Lambda DNA (0.1 ug)

Lane 3: Lambda DNA (0.2 ug)

Lane 4: Lambda DNA (0.5 ug)

Lanes 5 to 7: varying concentrations of EcoRI digest of 

H631.1 plasmid DNA.

The EcoRI fragments are highlighted by arrows.
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Fig. 40a: Restriction map of H631.1S.
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Fig. 40b: Restriction map of H631.1L.
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Alignment of:

D:\0\HHL\H6312.SEQ
versus

D:\U\HHL\H6311L.SEQ
1576 bases from 620 to 2195 
711 bases from 1530 to 2240

K-tuple size = 3 range = 2 0 Gap penalty = 3

H6312
H6311L

H6312
H6311L

H6312
H6311L

H6312
H6311L

H6312
H6311L

H6312
H6311L

H6312
H6311L

H6312
H6311L

H6312
H6311L

v 630v 640v 650v 660v 670v 680v 690v 700vATTCGCAGTTGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAACGAGCAAATTCCAAAATATGAAAAGATTCACAATTTCA 
A GTTGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAACGAGCAAATTCCAAAATATGAAAAGATTCACAATTTCA

AGAGAAAAGGTTGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAACGAGCAAATTCCAAAATATGAAAAGATTCACAATTTCA 
1540A 1550A 1560A 1570A 1580A 1590A 1600A 1610A

710v 720v 730v 740v 750v 760v 770v 780v
AGGTGCATACATTCAGAGGGCCACACTGGTGTGAATACTGTGCCAACTTTATGTGGGGTCTCATTGCTCAGGGAGTGAAATGTGC 
AGGTGCATACATTCAGAGGGCCACACTGGTGTGAATACTGTGCCAACTTTATGTGGGGTCTCATTGCTCAGGGAGTGAAATGTGC 
AGGTGCATACATTCAGAGGGCCACACTGGTGTGAATACTGTGCCAACTTTATGTGGGGTCTCATTGCTCAGGGAGTGAAATGTGC 
1620A 1630A 1640A 1650A 1660A 1670A 1680A 1690A 1700A
v 800v 810v 820v 830v 840v 850v 860v 870v
AGATTGTGGTTTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCAAATGACTGTAAGCCAGACTTGAAGCATGTCAAAAAGGTG 
AGATTGTGGTTTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCAAATGACTGTAAGCCAGACTTGAAGCATGTCAAAAAGGTG 
AGATTGTGGTTTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCAAATGACTGTAAGCCAGACTTGAAGCATGTCAAAAAGGTG 

1710A 1720A 1730A 1740A 1750A 1760A 1770A 1780A
880v 890v 900v 910v 920v 930v 940v 950v

TACAGCTGTGACCTTACGACGCTCGTGAAAGCACATACCACTAAGCGGCCAATGGTGGTAGACATGTGCATCAGGGAGATTGAGT 
ACAGCTGTGACCTTACGACGCTCGTGAAAGCACATACCACTAAGCGGCCAATGGTGGTAGACATGTGCATCAGGGAGATTGAGT 

CACAGCTGTGACCTTACGACGCTCGTGAAAGCACATACCACTAAGCGGCCAATGGTGGTAGACATGTGCATCAGGGAGATTGAGT 
1790A 1800A 1810A 1820A 1830A 1840A 1850A 1860A 1870A
v 970v 980v 990v lOOOv lOlOv 1020v 1030v 1040v
CTAGAGGTCTTAATTCTGAAGGACTATACCGAGTATCAGGATTTAGTGACCTAATTGAAGATGTCAAGATGGCTTTCGACAGAGA 
CTAGAGGTCTTAATTCTGAAGGACTATACCGAGTATCAGGATTTAGTGACCTAATTGAAGATGTCAAGATGGCTTTCGACAGAGA 
CTAGAGGTCTTAATTCTGAAGGACTATACCGAGTATCAGGATTTAGTGACCTAATTGAAGATGTCAAGATGGCTTTCGACAGAGA 

1880A 1890A 1900A 1910A 1920A 1930A 1940A 1950A
1050v 1060v 1070v 1080v 1090v H O O v  lllOv 1120v

TGGTGAGAAGGCAGATATTTCTGTGAACATGTATGAAGATATCAACATTATCACTGGTGCACTTAAACTGTACTTCAGGGATTTG 
TGGTGAGAAGGCAGATATTTCTGTGAACATGTATGAAGATATCAACATTATCACTGGTGCACTTAAACTGTACTTCAGGGATTTG 
TGGTGAGAAGGCAGATATTTCTGTGAACATGTATGAAGATATCAACATTATCACTGGTGCACTTAAACTGTACTTCAGGGATTTG 

1960A 1970A 1980A 1990A 2000A 2010A 2020A 2030A 2040A
v 1140v 1150v 1160v 1170v 1180v 1190v 1200v . 1210v
CCAATTCCACTCATTACATATGATGCCTACCCTAAGTTTATAGAATCTGCCAAAATTATGGATCCGGATGAGCAATTGGAAACCC 
CCAATTCCACTCATTACATATGATGCCTACCCTAAGTTTATAGAATCTGCCAAAATTATGGATCCGGATGAGCAATTGGAAACCC 
CCAATTCCACTCATTACATATGATGCCTACCCTAAGTTTATAGAATCTGCCAAAATTATGGATCCGGATGAGCAATTGGAAACCC 

2050A 2060A 2070A 2080A 2090A 2100A 2110A 2120A
1220v 1230v 1240v 1250v 1260v 1270v 1280v 1290v

TTCATGAAGCACTGAAACTACTGCCACCTGCTCACTGCGAAACCCTCCGGTACCTCATGGCACATCTAAAGAGAGTGACCCTCCA 
TTCATGAAGCACTGAAACTACTGCCACCTGCTCACTGCGAAACCCTCCGGTACCTCATGGCACATCTAAAGAGAGTGACCCTCCA 
TTCATGAAGCACTGAAACTACTGCCACCTGCTCACTGCGAAACCCTCCGGTACCTCATGGCACATCTAAAGAGAGTGACCCTCCA 

2130A 2140A 2150A 2160A 2170A 2180A 2190A 2200A 2210A
v 1310v 1320v 1330v 1340v 1350v 1360v 1370v 1380v
CGAAAAGGAGAATCTTATGAATGCAGAGAACCTTGGAATCGTCTTTGGACCCACCCTTATGAGATCTCCAGAACTAGACGCCATG 
CGAAAAGGAGAATCTTATGAAT GGAAT
CGAAAAGGAGAATCTTATGAATC----------- GGAATTC

2220A 2230A 2240A

Similarity index = 98.451%

Fig. 41: A nucleic acid alignment of human n-chimaerin and H631.1L.



This is Align H6311S.SEQ(1,451) with H6312.SEQ(1,2195) Ktuple: 3 Gap penalty: 3 Largest: 20
Alignment of:
A:\H6312.SEQ 2195 bases from 1 to 2195

versus
A:\H6311S.SEQ 451 bases from 1 to 451
K-tuple size = 3 range = 20 Gap penalty = 3

H6312
H6311S

H6312
H6311S

H6312
H6311S

H6312
H6311S

H6312
H6311S

H6312
H6311S

H6312
H6311S

650v 660v 670v 680v 690v 700v 710v 720v
TAGAAGAGCAACTCTGAAAGAAAACGAGCAAATTCCAAAATATGAAAAGATTCACAATTTCAAGGTGCATACATTCAGAG

ATTCA
GAATTCAATC

10A
730v 740v 750v 760v 770v 780v

GGCCACACTGGTGTGAAT— ACTGTGCCAACT— TTATGTGGGG---- TC TCAT TGC TC AGGGAGTGAA---ATGTGCA
AAT ACT GCCAACT TTA TCT T TGAA ATGT

TCA-------------AATGGACTC-GCCAACTCATTAAAGAAACCCACTTCTTCACAGTTTTTAGATGAAGGAATGTTTT
20A 30A 40A 50A 60A 70A

v 800v 810v 820v 830v 840v 850v
G ATTGTGGTTTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCAAATGACTGTAAGCCAGACTT-------- GA

ATT TTTG T A GCA T TT C GAT G C A CCAGA -T GA
ATAGTAATTTAA-TTTGCTCCTGTAGCTGCATTATTTCTTGATTAGAGGTTTGGGCATATAACCAGATTAAAGTGAAGGA

ACTTTCTGTTGTTTTTGTAGCAC-
160A
940v

80A 90A 100A 110A 120A 130A 140A 150A
860v 870v 880v 890v 900v 910v 920v 930v
AGCATGTCAAAAAGGTGTACAGCTGTGACCTTACGACGCTCGTGAAAGCACATACCACTAAGCGGCCAATGGTGGTAGAC 
A T T TGTA C CGCTCGTGAAAGCACATACCACTAAGCGGCCAATGGTGGTAGAC

-CGCTCGTGAAAGCACATACCACTAAGCGGCCAATGGTGGTAGAC 
190A 200A

980v 990v
ATGTGCATCAGGGAGATTGAGTCTAGAGGTCTTAATTCTGAAGGACTATACCGAGTATCAGGATTTAGTGACCTAATTGA
ATGTGCATCAGGGAGATTGAGTCTAGAGGTCTTAATTCTGAAGGACTATACCGAGTATCAGGATTTAGTGACCTAATTGA
ATGTGCATCAGGGAGATTGAGTCTAGAGGTCTTAATTCTGAAGGACTATACCGAGTATCAGGATTTAGTGACCTAATTGA

270A 280A
1060v . 1070v

AGATGTCAAGATGGCTTTCGACAGAGATGGTGAGAAGGCAGATATTTCTGTGAACATGTATGAAGATATCAACATTATCA
AGATGTCAAGATGGCTTTCGACAGAGATGGTGAGAAGGCAGATATTTCTGTGAACATGTATGAAGATATCAACATTATCA
AGATGTCAAGATGGCTTTCGACAGAGATGGTGAGAAGGCAGATATTTCTGTGAACATGTATGAAGATATCAACATTATCA

350A 360A
1140v 1150v

230A

310'

170A
950v

240'
1030v

320'
lllOv

960v

250A
1040v

330'
1120v

180'
970v

260'
1050v

340'
1130v

210 '

lOOOv

290'
1080v

370'
1160v

2 2 0 '  

lOlOv

300'
1090v

380' 
1170v

CTGGTGCACTTAAACTGTACTTCAGGGATTTGCCAATTCCACTCATTACATATGATGCCTACCCTAAGTTTATAGAATCT
CTGGTGCACTTAAACTGTACTTCAGGGATTTGCCAATTCCACTCATTACATATGATGCCT 
CTGGTGCACTTAAACTGTACTTCAGGGATTTGCCAATTCCACTCATTACATATGATGCCTCG- 

390A 400A 410A 420A 430A 440A
GAAT
-GAATTC
450A

Similarity index = 77.574%

Fig. 42a: Alignment of the whole H631.1S sequence with H631.2 sequence.

This is Align H6311S.SEQ(1,180) with H6312.SEQ(1400,2195) Ktuple: 3 Gap penalty: 3 Largest: 
Alignment of:
A:\H6312.SEQ 796 bases from 1400 to 2195

versus
A:\H6311S.SEQ 180 bases from 1 to 180
K-tuple size = 3 range = 2 0 Gap penalty = 3

v 1410v 1420v 1430v 1440v 1450v 1460v 1470v
H6312 TACGGTATCAGAGACTGGTGGTGGAGCTGCTTATCAAAAACGAAGACATTTTATTTTAAATTTTTA--------- ATTTGA

ATT AT T AAAT ATT
H631IS GAATTCAATCTCAAATGGACTCGCCAACTCATT 

10A 20A 30A
1480v 1490v 1500v 1510v 1520v 1530v

H6312 • GGGGAAAAGAAATGT-------------TTTACAGATGAAGGAATGTTTTATAGTAATTTAATTTGCTCCTGTAGCTGCAT
AAAGAAA TTT AGATGAAGGAATGTTTTATAGTAATTTAATTTGCTCCTGTAGCTGCAT

H6311S ----- AAAGAAACCCACTTCTTCACAGTTTTTAGATGAAGGAATGTTTTATAGTAATTTAATTTGCTCCTGTAGCTGCAT
40A 50A 60A 70A 80A 90A 100A

v 1550v 1560v 1570v 1580v 1590v 1600v 1610v
H6312 TATTTCTTGATTAGAGGTTTGGGCATATAACCAGATTAAAGTGAAGGAACTTTCTGTTGTTTTTGTAGCACCGCTCAGCT

TATTTCTTGATTAGAGGTTTGGGCATATAACCAGATTAAAGTGAAGGAACTTTCTGTTGTTTTTGTAGCACC 
H6311S TATTTCTTGATTAGAGGTTTGGGCATATAACCAGATTAAAGTGAAGGAACTTTCTGTTGTTTTTGTAGCACC 

120A 130A 140A 150A 160A 170A 180A

Similarity index = 88.272%

Fig. 42b: Alignment of the first 180 nucleotides of H631.1S sequence with H631.2 sequence.
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Alignment of:
D:\U\CHRIS\HSCREBP1.SEQ 1647 bases from 1 to 1647 

versus
D:\U\HHL\H6311L.SEQ 1010 bases from 1 to 1010

K-tuple size = 3 range = 2 0 Gap penalty = 3

HSCREBP1 
H6311L

HSCREBP1 
H6311L

HSCREBP1 
H6311L

HSCREBP1 
H6311L

HSCREBP1 
H6311L

HSCREBP1 
H6311L

HSCREBP1 
H6311L

HSCREBP1 
H6311L

HSCREBP1 
H6311L

HSCREBP1 
H6311L

HSCREBP1 
H6311L

HSCREBP1 
H6311L

HSCREBP1 
H6311L

260v 270v 280v 290v 300v 310v • 320v 330v 340v
AAACTGTGAAGAAGTGGGTTTGTTTAATGAGTTGGCGAGTCCATTTGAGAATGAATTCAAGAAAGCTTCAGAAGATGACATTAAA

GAAT TCAAGAAAGC T TCAGAAGATGACAT TAAA 
GAATTCAAGAAAGCTTCAGAAGATGACATTAAA 

10A 20A ■ 30A
350v 360v 370v 380v 390v 400v 410v 420v

AAAATGCCTCTAGATTTATCCCCTCTTGCAACACCTATCATAAGAAGCAAAATTGAGGAGCCTTCTGTTGTAGAAACAACTCACC 
AAAATGCCTCTAGATTTATCCCCTCTTGCAACACCTATCATAAGAAGCAAAATTGAGGAGCCTTCTGTTGTAGAAACAACTCACC 
AAAATGCCTCTAGATTTATCCCCTCTTGCAACACCTATCATAAGAAGCAAAATTGAGGAGCCTTCTGTTGTAGAAACAACTCACC 

40A 50A 60A 70A 80A 90A 100A 110A
430v 440v 450v 460v 470v 480v 490v 500v 510v
AGGATAGTCCTTTACCTCACCCAGAGTCTACTACCAGTGATGAGAAGGAAGTACCATTGGCACAAACTGCACAGCCCACATCAGC 
AGGATAGTCCTTTACCTCACCCAGAGTCTACTACCAGTGATGAGAAGGAAGTACCATTGGCACAAACTGCACAGCCCACATCAGC 
AGGATAGTCCTTTACCTCACCCAGAGTCTACTACCAGTGATGAGAAGGAAGTACCATTGGCACAAACTGCACAGCCCACATCAGC 
A 130A 140A 150A 160A 170A 180A 190A 200A

520v 530v 540v 550v 560v 570v 580v 590v
TATTGTTCGTCCAGCATCATTACAGGTTCCCAATGTGCTGCTTACAAGTTCTGACTCAAGTGTAATTATTCAGCAGGCAGTACCT 
TATTGTTCGTCCAGCATCATTACAGGTTCCCAATGTGCTGCTTACAAGTTCTGACTCAAGTGTAATTATTCAGCAGGCAGTACCT
t a t t g t t c g t c c a g c a t c a t t a c Ag g t t c c c a a t g t g c t g c t t a c a a g t t c t g a c t c a a g t g t a a t t a t t c a g c a g g c a g t a c c t  

210A 220A 230A 240A 250A 260A 270A 280A .
600v 610v 620v 630v 640v 650v 660v 670v 680v
TCACCAACCTCAAGTACTGTAATCACCCAGGCACCATCCTCTAACAGGCCAATTGTCCCTGTACCAGGCCCATTTCCTCTTCTGT 
TCACCAACCTCAAGTACTGTAATCACCCAGGCACCATCCTCTAACAGGCCAATTGTCCCTGTACCAGGCCCATTTCCTCTTCTGT 
TCACCAACCTCAAGTACTGTAATCACCCAGGCACCATCCTCTAACAGGCCAATTGTCCCTGTACCAGGCCCATTTCCTCTTCTGT 
A 300A 310A 320A 330A 340A 350A 360A 370A

690v 700v 710v 720v 730v 740v 750v 760v
TACATCTTCCTAGTGGACAAACCATGCCTGTTGCTATTCCTGCATCAATTACAAGTTCTAATGTGCATGTTCCAGCTGCAGTCCC 
TACATCTTCCTA TGGACAAACCATGCCTGTTGCTATTCCTGCATCAATTACAAGTTCTAATGTGCATGTTCCAGCTGCAGTCCC 
TACATCTTCCTAATGGACAAACCATGCCTGTTGCTATTCCTGCATCAATTACAAGTTCTAATGTGCATGTTCCAGCTGCAGTCCC 

380A 390A 400A 410A 420A 430A 440A 450A
770v 780v 790v 800v 810v 820v 830v 840v 850v
ACTCGTTCGACCAGTCACCATGGTGCCTAGTGTTCCAGGAATCCCAGGTCCTTCCTCTCCCCAACCAGTACAGTCAGAAGCAAAA 
ACTCGTTCGACCAGTCACCATGGTGCCTAGTGTTCCAGGAATCCCAGGTCCTTCCTCTCCCCAACCAGTACAGTCAGAAGCAAAA 
ACTCGTTCGACCAGTCACCATGGTGCCTAGTGTTCCAGGAATCCCAGGTCCTTCCTCTCCCCAACCAGTACAGTCAGAAGCAAAA 

470A 480A 490A 500A 510A 520A 530A 540A
860v 870v 880v 890v 900v 910v 920v 930v

ATGAGATTAAAAGCTGCTTTGACCCAGCAACATCCTCCAGTTACCAATGGTGATACTGTCAAAGGTCATGGTAGCGGATTGGTTA 
ATGAGATTAAAAGCTGCTTTGACCCAGCAACATCCTCCAGTTACCAATGGTGATACTGTCAAAGGTCATGGTAGCGGATTGGTTA 
ATGAGATTAAAAGCTGCTTTGACCCAGCAACATCCTCCAGTTACCAATGGTGATACTGTCAAAGGTCATGGTAGCGGATTGGTTA 

550A 560A 570A 580A 590A 600A 610A 620A
940v 95Ov 960v 970v 980v 990v lOOOv lOlOv 1020v
GGACTCAGTCAGAGGAATCTCGACCGCAGTCATTACAACAGCCAGCCACATCCACTACAGAAACTCCGGCTTCTCCAGCTCACAC 
GGACTCAGTCAGAGGAATCTCGACCGCAGTCATTACAACAGCCAGCCACATCCACTACAGAAACTCCGGCTTCTCCAGCTCACAC 
GGACTCAGTCAGAGGAATCTCGACCGCAGTCATTACAACAGCCAGCCACATCCACTACAGAAACTCCGGCTTCTCCAGCTCACAC 

640A 650A 660A 670A 680A 690A 700A 710A
1030v 1040v 1050v 1060v 1070v 1080v 1090v H O O v

AACTCCACAGACCCAAAGTACAAGTGGTCGTCGGAGAAGAGCAGCTAACGAAGATCCTGATGAAAAAAGGAGAAAGTTTTTAGAG 
AACTCCACAGACCCAAAGTACAAGTGGTCGTCGGAGAAGAGCAGCTAACGAAGATCCTGATGAAAAAAGGAGAAAGTTTTTAGAG 
AACTCCACAGACCCAAAGTACAAGTGGTCGTCGGAGAAGAGCAGCTAACGAAGATCCTGATGAAAAAAGGAGAAAGTTTTTAGAG 

720A 730A 740A 750A 760A 770A 780A 790A
v 1120v 1130v 1140v 1150v 1160v 1170v 1180v 1190v

CGAAATAGAGCAGCAGCTTCAAGATGCCGACAAAAAAGGAAAGTCTGGGTTCAGTCTTTAGAGAAGAAAGCTGAAGACTTGAGTT 
CGAAATAGAGCAGCAGCTTCAAGATGCCGACAAAAAAGGAAAGTCTGGGTTCAGTCTTTAGAGAAGAAAGCTGAAGACTTGAGTT 
CGAAATAGAGCAGCAGCTTCAAGATGCCGACAAAAAAGGAAAGTCTGGGTTCAGTCTTTAGAGAAGAAAGCTGAAGACTTGAGTT 

810A 820A 830A 840A 850A 860A 870A 880A
1200v 1210v 1220v 1230v 1240v 1250v 1260v 1270v

CATTAAATGGTCAGCTGCAGAGTGAAGTCACCCTGCTGAGAAATGAAGTGGCACAGCTGAAACAGCTTCTTCTGGCTCATAAAGA 
CATTAAATGGTCAGCTGCAGAGTGAAGTCACCCTGCTGAGAAATGAAGTGGCACAGCTGAAACAGCTTCTTCTGGCTCATAAAGA 
CATTAAATGGTCAGCTGCAGAGTGAAGTCACCCTGCTGAGAAATGAAGTGGCACAGCTGAAACAGCTTCTTCTGGCTCATAAAGA 

890A 900A 910A 920A 930A 940A 950A 960A
v 1290v 1300v 1310v 1320v 1330v 1340v 1350v 1360v

TTGCCCTGTAACCGCCATGCAGAAGAAATCTGGCTATCATACTGCTGATAAAGATGATAGTTCAGAAGACATTTCAGTGCCGAGT 
TTGCCCTGTAACCGCCATGCAGAAGAAATCTGGCTATCATA 
TTGCCCTGTAACCGCCATGCAGAAGAAATCTGGCTATCATAA 
A 980A 990A 1000A 1010A

Similarity index = 99.802%

Fig. 43: Nucleic acid alignment of H631.1L and human CRE-BP1.
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D:\U\HHL\HSCREBP1.PR0 from 95 to 430 
aligned with 

D:\U\HHL\H6311A.PRO from 1 to 336
Gap penalty 4, Deletion penalty 12, PAMfile STANDARD.PAM
99.7% identity in 336 aa overlap

HSCREBP1 
H6311A

HSCREBP1 
H6311A

HSCREBP1 
H6311A

HSCREBP1 
H6311A

lOOv llOv 120v 130v 140v 150v 160v 170v 180v
EFKKASEDDIKKMPLDLSPLATPIIRSKIEEPSWETTHQDSPLPHPESTTSDEKEVPLAQTAQPTSAIVRPASLQVPNVLLTSSD 
EFKKASEDDIKKMPLDLSPLATPIIRSKIEEPSWETTHQDSPLPHPESTTSDEKEVPLAQTAQPTSAIVRPASLQVPNVLLTSSD 
EFKKASEDDIKKMPLDLSPLATPIIRSKIEEPSWETTHQDSPLPHPESTTSDEKEVPLAQTAQPTSAIVRPASLQVPNVLLTSSD 

10A 20A 30A 40A 50A 60A 70A 80A
190v 200v 210v 220v 230v 240v 250v 260v

SSVIIQQAVPSPTSSTVITQAPSSNRPIVPVPGPFPLLLHLPSGQTMPVAIPASITSSNVHVPAAVPLVRPVTMVPSVPGIPGPSS 
SSVIIQQAVPSPTSSTVITQAPSSNRPIVPVPGPFPLLLHLP:GQTMPVAIPASITSSNVHVPAAVPLVRPVTMVPSVPGIPGPSS 
SSVIIQQAVPSPTSSTVITQAPSSNRPIVPVPGPFPLLLHLPNGQTMPVAIPASITSSNVHVPAAVPLVRPVTMVPSVPGIPGPSS 
90A 100A 110A 120A 130A 140A 150A 160A 170A

270v 280v 290v 300v 310v 320v 330v 340v 350v
PQPVQSEAKMRLKAALTQQHPPVTNGDTVKGHGSGLVRTQSEESRPQSLQQPATSTTETPASPAHTTPQTQSTSGRRRRAANEDPD 
PQPVQSEAKMRLKAALTQQHPPVTNGDTVKGHGSGLVRTQSEESRPQSLQQPATSTTETPASPAHTTPQTQSTSGRRRRAANEDPD 
PQPVQSEAKMRLKAALTQQHPPVTNGDTVKGHGSGLVRTQSEESRPQSLQQPATSTTETPASPAHTTPQTQSTSGRRRRAANEDPD 

180A 190A 200A 210A 220A 230A 240A 250A
360v 370v

EKRRKFLERNRAAASRCRQKRKVWVQS
EKRRKFLERNRAAASRCRQKRKVWVQS
£KRRKFLERNRAAASRCRQKRkVWVQS
"* Tm  —

L EKKAED L SSLNGQ L QSEVTL L RNEVAQ L
L EKKAED L SSLNGQ L QSEVTL L RNEVAQ L
L EKKAED L SSLNGQ L QSEVTL L RNEVAQ L

KQLLLAHKDCPVTAMQKKS
KQLLLAHKDCPVTAMQKKS
KQLLLAHKDCPVTAMQKKS

330A
430v

HSCREBP1 GYH 
GYH

H6311A GYH
Optimized score is 1459

Fig. 44a: Amino acid alignment between the N-terminal sequences of H631.1L and HSCREBP1. The region 
homologous with the cluster of basic amino acids in the human fos protein is underlined. 
Leucine residues in the leucine zipper structure are boxed (Maekawa et al., 1989).

Amino Acid Align (AANW) version 1.68
This is Align H6311L.PRO(l, 746) with RLAM631.PRO(1,334)

A:\H6311L.PRO from 1 to 746 
aligned with 

A:\RLAM631.PRO from 1 to 334
Gap penalty 4, Deletion penalty 12, PAMfile STANDARD.PAM
96.6% identity in 232 aa overlap

410v 420v 430v 440v 450v 460v 470v 480v
H6311L QRQPGTYTLALRFGSQTRNFRLYYDGKHFVGEKRFESIHDLVTDGLITLYIETKAAEYIAKMTINPIYEHVGYTTLNREPA

• K ’ K ; •
RLAM631 MPSKESWSGRKTNRATVHKSKQEGRQQDLLI

10A 20A 30A
490v 500v 510v 520v 530v 540v 550v 560v

H6311L YKKHMPVLKETHDERDSTGQDGVSEKRLTSLVRRATLKENEQIPKYEKIHNFKVHTFRGPHWCEYCANFMWGLIAQGVKCA 
M : . . : .:LTSLVRRATLKENEQIPKYEK:HNFKVHTFRGPHWCEYCANFMWGLIAQGVKCA

RLAM631 AALGMKLGSQKSSVTIWQPLKLFAYSQLTSLVRRATLKENEQIPKYEKVHNFKVHTFRGPHWCEYCANFMWGLIAQGVKCA 
40A 50A 60A 70A 80A 90A 100A 110A

v 580v 590v 600v 610v 620v 630v 640v
H6311L DCGLNVHKQCSKMVPNDCKPDLKHVKKVHSCDLTTLVKAHTTKRPMWDMCIREIESRGLNSEGLYRVSGFSDLIEDVKMA 

DCGLNVHKQC SKMVP NDC KP DLKHVKKV.SCDLTTLVKAH.TKRPMWDMCIREIESRGLNSEGLYRVSGFSDLIEDVKMA 
RLAM631 DCGLNVHKQCSKMVPNDCKPDLKHVKKVYSCDLTTLVKAHITKRPMWDMCIREIESRGLNSEGLYRVSGFSDLIEDVKMA 

120A 130A 140A 150A 160A 170A 180A 190A
v 660v 670v 680v 690v 700v 710v 720v

H6311L FDRDGEKADISVNMYEDINIITGALKLYFRDLPIPLITYDAYPKFIESAKIMDPDEQLETLHEALKLLPPAHCETLRYLMA 
FDRDGEKADISVNMYEDINIITGALKLYFRDLPIPLITYDAYPKFIESAKI:DPDEQLETLHEAL: LPPAHCETLRYLMA 

RLAM631 FDRDGEKADISVNMYEDINIITGALKLYFRDLPIPLITYDAYPKFIESAKIVDPDEQLETLHEALRSLPPAHCETLRYLMA 
200A 210A 220A 230A 240A 250A 260A 270A

v 740v
H6311L HLKRVTLHEKENLMNRN 

HLKRVTLHEKENLM: :
RLAM631 HLKRVTLHEKENLMSAENLGIVFGPTLMRSPELDPMAALNDIRYQRLWELLIKNEDILF 

280A 290A 300A 310A 320A 330A

Optimized score is 1182

Fig. 44b: Amino acid alignment between H631.1L and rat n-chimaerin sequences.
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H631.1L
v-abl
GAP
GAP
c-src
P85a
P85a
P85p
P85p
PLC gamma 1 
PLC gamma 1
p 4 7 9 a g - c r ) t

Tensin

(379) E F H G M IS
N A A

(178) RQ A G KS—K L D
(348) K Q E
(148) NPRGW Y F R R E S E R LN P E
(333) W Y W R E E V NE K L RD T A
(624 W N V S S N ENIL L RG K R
(326 W Y W R E E V NE K RD T P
(618) W Y V EE M SG K R
(550) W F H G TEYCIETG A PK L G AGRDG ERIL L
( 6 6 8 ) W Y H EH M L RV P R
(248) W Y W QG Q R
(573) W Y K P D I S KD R E

H631.1L
v-abl
GAP
GAP
c-src
p85a
p85a
p85p
p85p
PLC gamma 1 
PLC gamma 1
p 4 7 9 « 9 - e r t

Tensin

(399)

199)
(370)
(171)

(644)
(346)
( 6 8 8 )

(689)
(268)

R Q - P G T
S s - P G Q

R R - P G S
N T - P G D
T T - K G A
T K M H G D
S K Q - G C
S K I Q G E

S QR G C -
T F V G D
|R N E P N S
S I P - G D
S F R - G A

Q R S I S

L S V S E 
L A M  K V

Fig. 45: Comparison of SH2 domain sequences between PLC gamma (Stahl et al., 1988), pp60c "rc,
p85a, p85p (Otsu et al, 1991), v-abl (Reddy et al., 1983), GAP (Vogel et al., 1988), 
p 4 7 «*<rcrk (Mayer et al., 1988), tensin (Davis et al., 1991) and H631.1L. Identical amino 
acid residues with those of H631.1L are boxed together.
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42.5%). The similarity figures for the others are generally lower than the above. Identical amino 

acid residues with those of H631.1L are boxed. When conservative amino acid changes are 

disregarded, there is an increase in the similarity figures.

CRE-BP1 contains a natural EcoRI site which is also present in H631.1 (H631.1S and 

H631.1L are generated by EcoRI digestion). H631.1S is a rearranged n-chimaerin sequence 

and also contains a short stretch of CRE-BP1 sequence.before the EcoRI site. Based on 

nucleic acid alignments with human n-chimaerin, H631.1S appears to be a duplication of the 

3’ n-chimaerin sequences. Its sequence identity to part of CRE-BP1 (Fig. 46) leads to its 

positional assignment upstream of H631.1L (refer Fig. 49b) and shows that n-chimaerin 3’ 

sequence is present at the 5’ end of H631.1.

6.2: Human H631.1 mRNA expression

Free polyribosomal RNAs obtained from E15 to postnatal 40 day rat brains were 

loaded onto a 1% agarose/formaldehyde gel and blotted onto Hybond N membrane 

(Amersham). The positions of the 28S and 18S ribosomal markers are revealed by methylene 

blue staining (Fig. 47a). GAPDH was used as an internal control (Fig. 47b). The sequence 

encoding CRE-BP1 and SH2 domains (nucleic acid residue 1 to 1500 bp) was contained in a 

Nde l-EcoRI fragment and random primed ^P-dCTP labelled. It was used as a probe on the 

filter (Fig. 47c).

A predominant mRNA corresponding to size 4.9 kb (CRE-BP1 mRNA) was observed, 

together with two other minor mRNAs of sizes 3.8 and 1.6 kb. The results of the Northern 

analysis indicated a developmental decrease in concentration of the mRNA (4.9 kb) from E15 

to postnatal day 40 rat brain in contrast to that of rat n-chimaerin’s. The 1.6 kb mRNA 

appeared to be expressed at the same level throughout development whereas the 3.8 kb 

mRNA appeared to follow the same pattern of expression as with the major mRNA. The 3.8 

kb and 1.6 kb mRNAs appear to co-run with the same-sized mRNAs detected with the rat BstXI 

fragment of rO 1.35 plasmid probe.

The Northern blots were analyzed using a Joyce Loebl centriscan 3 densitometer. The 

figures for CRE-BP1 mRNA were corrected on the basis of the GAPDH mRNA figures and 

plotted on a graph (Fig. 47d). The graph showed a decline in the mRNA level from E15 to 

postnatal day 40.

6.3: R X O

The unique 5’ EcoRI sequence of r00.9E2 subclone DNA (which does not contain any 

n-chimaerin sequences) was random primed 32P-dCTP labelled and used as a probe in a 

Northern blot analysis (Fig. 48a). The result from the Northern analysis indicated a message 

(2.2 kb) slightly smaller than rat n-chimaerin’s (2.4 kb) (compare with Fig. 24). Thus the cDNA
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Alignment of:
D :\U\CHRIS\HSCREBP1.SEQ 

versus 
D :\U\HHL\~H6311S.SEQ

1647 bases from 1 to 1647 
451 bases from 1 to 451

K-tuple size = 3 range = 20 Gap penalty = 3

HSCREBP1 
-H6311S

HSCREBP1 
-H6311S

HSCREBP1 
-H6311S

HSCREBP1 
-H6311S

HSCREBP1 
-H6311S

lOv 20v 30v
GAATTCTGTGATAAG--------------------TTATTCAACTTATGAAATT
A TCTGT AAG TTA ACT AAAT

CATACATGTTCACAGAAATATCTGCCTTCTCACCATCTCTGTCGAAAGCCATCTTGACATCTTCAATTAGGTCACT AAATC
90A 100A 110A 120A 130A 140A 150A 160A

40v 50v 60v 70v 80v 90v lOOv llOv
CAAGTTACATGTGAATTCTGCCAGGCAATACAAGGACCTGTGGAATATGAGTGATG-ACAAACCCTTTCTATGTACTGC-GCCTG 
C T GT A TC CAG A A AAT T TGATG ACA TCTA C GCC
CTGATACTCGGTATAGTCCTTCAGAATTAAGACCTCTAGACTCAATCTCCCTGATGCACATG----- TCTACCACCATTGGCCGC

A 180A 190A 200A 210A 220A 230A 240A
v 130v 140v 150v 160v 170v 180v 190v 200v

GATGTGGCCAGCGTTTTACCAACGAGGATCATTTGGCTGTCCATAAACATAAACATGAGATGACACTGAAATTTGGTCCAGCACG 
GTGG G G TTT ACGAG GCT AAACA A A G  CACT AAT TGGT C

TTAGTGGTATGTGCTTTC ACGAGCGGT GCTACAA— AAACAACAGAAAGTTCCTTCACTTTAATCTGGTTATATGCC
A 260A 270A 280A 290A 300A 310A 320A

210v 220v 230v 240v 250v 260v
TAATGACAGTGTCATTGTGGCTGATCAGACCCCAACACCAACAAGATT--------------- CTTG AAAAACTGTGAAGAA
AA TCA CAG C C AA A ATT CTT AAAAACTGTGAAGAA

CAAACCTCTAATCAAGAAATAATG-CAGCTACAGGAGCAAATTAAATTACTATAAAACATTCCTTCATCTAAAAACTGTGAAGAA
330' 340' 400A

350v
350A 360A 370A 380A 390A

v 280v 290v 300v 310v 320v 330v 340v
GTGGGTTTGTTTAATGAGTTGGCGAGTCCATTTGAGAATGAATTCAAGAAAGCTTCAGAAGATGACATTAAAAAAATGCCTCTAG 
GTGGGTTT TTTAATGAGTTGGCGAGTCCATTTGAGA TGAATTC 
GTGGGTTTCTTTAATGAGTTGGCGAGTCCATTTGAGATTGAATTC 
410A 420A 430A 440A 450A

Similarity index = 54.098%

Fig. 46: A nucleic acid: alignment between -H631.1S with HSCREBP1.
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E E E

15 17 20 1 5 10 15 20 26 40

Fig. 47a: Methylene blue stain of Northern blot containing 

rat head/brain/forebrain free polyribosomal RNAs 

from different ages of rats.

E15 : RNA obtained from embryonic day 15 rat heads. 

E17 and E20 : RNA obtained from embryonic day 17 and 

20 rat brains.

1 to 40: RNA obtained from postnatal day 1 to 40 rat

forebrains.

10 ug of RNA was loaded onto each slot of a 1% 

agarose/formaldehyde gel. The amount of RNA was 

quantitated using methylene blue staining.

E E E

15 17 20 1 5 10 15 20 26 40

Fig. 47b: The blot shown in Fig. 47a was hybridized with 

a random primed 32P-dCTP labelled Pst I 

fragment of GAPDH, a control used for 

normalizing the RNA quantity. The positions of 

the 28S and 18S ribosomal RNAs are arrowed.

E E E

15 17 20 1 5 10 15 20 26 40

Fig. 47c: Northern blot analysis.

The same blot was hybridized with random 

<4 primed 32P- dCTP labelled Nde l-EcoRI fragment

of H631.1L plasmid (20 days’ exposure at -70°C 

with intensifying screen). The positions of the 28S 

and 18S ribosomal RNAs are arrowed.
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40 R R

Fig. 48a:Northern blot analysis of rat brain RNAs with EcoRI 

fragment of r00.9E2 as probe.

40: 40 day old rat brain free polyribosomal RNA.

R: adult rat brain poly (A)+ free polyribosomal RNA. 

^  Blot was probed with random primed 32P-dCTP labelled 

— EcoRI fragment of r00.9E2 plasmid (5 days’ exposure).

• . <4 The rat n-chimaerin message is approximately 200 bp larger.

The positions of the 28S and 18S ribosomal markers are 

arrowed.

*

D:\U\HHL\RLAM631.PRO from 1 to 334 
aligned with 

D:\U\HHL\~R05'.PRO from 1 to 253

Gap penalty 4, Deletion penalty 12, PAMfile STANDARD.PAM 

85.2% identity in 135 aa overlap

RLAM631 MPSKE

~R05' IPFFFFFFEVLCFIKSELAELQGYSNSSRKGEAVCWSPPPRVGEGVSCQQLRLLAAPGRCSSRERWTGRGKLLRLRHCWLLLPTP 
10A 20A 30A 40A 50A 60A 70A 80A

lOv 20v 30v 40v 50v 60v 70v 80v 90v
RLAM631 SWSGRKTNRATVHKSKQEGRQQDLLIAALGMKLGSQKSSVTIWQPLKLFAYSQLTSLVRRATLKENEQIPKYEKVHNFKVHTFRGP

: :. Q : : . : : G: : . : . W. : : : : : : : . SLVRRATLKENEQIPKYEKVHNFKVHTFRGP
~R05' VPFQHSLATQLAWGRAKAQEQWREVDGDRAPREGPRPKGGGKWPSPQQLP-TEFPSLVRRATLKENEQIPKYEKVHNFKVHTFRGP 

90A 100A 110A 120A 130A 140A 150A 160A 170A
lOOv llOv 120v 130v 140v 150v 160v 170v

RLAM631 HWCEYCANFMWGLIAQGVKCADCGLNVHKQCSKMVPNDCKPDLKHVKKVYSCDLTTLVKAHITKRPMWDMCIREIESRGLNSEGL 
HWCEYCANFMWGLIAQGVKCADCGLNVHKQCSKMVPNDCKPDLKHVKKVYSCDLTTLVKAHITKRPMWDMCIREIESRGLN 

~R05' HWCEYCANFMWGLIAQGVKCADCGLNVHKQCSKMVPNDCKPDLKHVKKVYSCDLTTLVKAHITKRPMWDMCIREIESRGLN 
180A 190A 200A 210A 220A 230A 240A 250A

Optimized score is 635

Fig. 48b: Amino acid alignment between rat n-chimaerin and the N-terminal sequences of rX.O.
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of rA.0 is not full length. An open reading frame starts from the first nucleotide. It can be 

deduced from the size of the mRNA that the 5’ untranslated region is quite short.

The 0.9 kb cDNA of rXO was found to encode a protein with a stretch of phenylalanines 

at the N-terminal. However, the open reading frame is incomplete. The protein encoded by the 

0.9 kb cDNA was compared with that of rat n-chimaerin (Fig. 48b). Its nucleic acid alignment 

with rat n-chimaerin starts at nucleotide position 600 of rat n-chimaerin which is approximately 

the position at which alignment of rat n-chimaerin with H631.1L starts.

The protein sequence encoded by the unique EcoRI fragment of rt.0 was compared 

with the PIR protein database. It has no direct counterpart in the database.

6.4: 5’ RACE (rapid amplification of cDNA ends)

In order to determine the correct orientation of the 5’ end of rat n-chimaerin mRNA and 

investigate 5’ heterogeneity (if any), PCR (polymerase chain reaction) was used. Direct 

sequencing of the PCR products generated from rat brain mRNA would reduce any cloning 

artefacts involved. A modified protocol obtained from Mark Darlison (personal communication) 

and Frohman et al. (1989) was used.

5’ end of rat n-chimaerin

Rat brain cDNA was reverse transcribed from rat brain free polyribosomal poly(A)+ RNA 

using oligo-dT as the primer. The cDNA was 3’-dATP end tailed using terminal deoxynucleotidyl 

transferase. A fiftieth of the cDNA was used as the template for a two step amplification 

procedure. In the first round of amplification, a universal RACE primer MGD 819 (61 bp) 

containing 6 restriction sites to facilitate subsequent cloning and a poly-dT tail at the 3’ end was 

employed together with MGD 820 (which contains 3 restriction sites identical to the extreme 

5’ end of MGD 819) and a rat n-chimaerin specific primer, LLHH4 (refer to Fig. 49 for positions 

and orientations of primers). The nucleotide positions of the primers are indicated in Methods 

and Materials. Subsequently, a fiftieth of the PCR products was subjected to a second round 

of amplification using primers internal to the first pair; MGD 821 (which contains 3 restriction 

sites identical to the other sequences in MGD 819) and a rat n-chimaerin specific primer 

(LLHH3) approximately 100 bp upstream of LLHH4.

The products of both the first and second amplifications were analyzed on a 1% 

agarose gel. No visible ethidium bromide stained bands were observed for the first round of 

amplification. However, for the second round of amplification, a series of bands ranging from 

1.3 kb to 300 bp was visible (refer Fig. 50a) including a predominant band of about 600 bp. 

The different sizes of the bands may be due to truncation during cDNA synthesis or the 

existence of alternate start sites for n-chimaerin mRNA. The different bands could also 

represent cDNAs with heterogeneous 5’ ends as discussed below. The gel was blotted onto 

Hybond N (Amersham) and hybridized overnight with random primed ^P-dCTP labelled EcoRI
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LLHH2 LLHH3 LLHH4jr____rr
N-terminal cysteine rich 

region bcr Ilk* region

Fig. 49a: A pictorial representation of the structure of rat n-chimaerin. The domains shown
to correspond to the cysteine rich N-terminal sequence which has similarity to the 
C1 domain of protein kinase C species and the product of the breakpoint cluster 
region. The diagram is drawn to scale. The positions and orientations of the rat 
n-chimaerin specific primers (LLHH2, LLHH3 and LLHH4) are indicated on the 
diagram but are not drawn to scale.

LLCH7

LLCH6

,LLCm

LLCH4

H631.1S CREBP1 SH2 n-chimaerin

Fig. 49b: A pictorial representation of the structure of H631.1. The domains correspond to
that of CRE-BP1, SH2 and n-chimaerin. The diagram is drawn to scale. The 
positions and orientations of the primers (LLCH4, LLCH6, LLCH7 and LLCH9) 
used in polymerase chain reactions are shown but are not drawn to scale.

unique riO  region n-chimaerin

Fig. 49c: A pictorial representation of the structure of rXO. The N-terminal domain has no
direct counterpart in the PIR protein database. The C-terminal corresponds to n- 
chimaerin. The diagram is drawn to scale.
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1 2 3  4 5  6 7 8 9

Fig. 50a: Ethidium bromide stained agarose gel of RACE PCR 

products generated from LLHH4 and LLHH3.

Lane 1: Empty.

Lanes 2 and 6: OXHae III DNA marker.

Lane 3: 1st RACE PCR products with LLHH4 as first primer 

(cDNA has been synthesized using oligo dT). The 

products were used for 2nd RACE PCR as shown in 

lanes 4 & 5.

Lane 4: 2nd RACE PCR with LLHH3 as second primer ( 2 ul 

of 1st RACE PCR products used).

Lane 5: As for lane 4 but 10 ul of 1st RACE PCR products 

used for reaction.

Lane 7: Same as for lane 3 except cDNA has been 

synthesized using LLHH4. The products were utilized 

for 2nd RACE PCR and shown in lanes 8 & 9.

Lane 8: 2nd RACE PCR with LLHH4 and LLHH3 as first and 

second primers (2 ul of 1st RACE PCR products 

used).

Lane 9: Same as for lane 8 except 10 ul of 1s1 RACE PCR 

used.

1 2 3 4 5 6 7 8 9

Fig. 50b: Southern blot analysis of isolated RACE PCR

products with EcoRI fragment of H631.2 as probe. 

The gel shown in Fig. 50a was blotted and the filter 

hybridized to random primed 32P-dCTP labelled EcoRI 

fragment of H631.2 plasmid.ftt
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fragment of human n-chimaerin cDNA. The rat n-chimaerin cDNA was not used as a probe 

since it comprised of two separately cloned EcoRI fragments in this region. The bands 

hybridized intensely resulting in a smear on longer exposure. A short exposure film is shown 

in Fig. 50b.

The PCR products were fractionated by gel electrophoresis and two fractions isolated: 

size 870bp or bigger and those smaller than 870 bp. The cDNA obtained was divided into two 

portions. One portion was doubly restricted with Hindlll, Xho I; the other with Sal I and Xho I. 

The Xho I site is present in LLHH3 and Hindlll, Sal I and EcoRI are present in MGD 821. 

Southern analysis of the restricted cDNAs indicated that there are no internal Xho I, Sal I and 

Hindlll sites in the PCR synthesized products and they could thus be cloned intact (Fig. 51). 

The Hindlll-Xho I and Sal l-Xho I fragments were subcloned into Bluescript BS SK II+ plasmid 

DNA restricted with the appropriate enzymes. Double stranded DNA templates were generated 

for sequencing using Sequenase Version 2 enzyme. Several clones were sequenced with all 

yielding the same sequence. The strategy map and the alignment of the sequence of one of 

these clones (SX23) are shown in Appendix 5a and 5b. The sequence of SX 23 was aligned 

with the rat n-chimaerin sequence (Fig. 52) and found to be identical except for four nucleotide 

changes. This could be due to the fidelity of the Taq polymerase enzyme and the nature of 

the polymerase chain reaction.

H631.1

A duplicate filter containing the 5’ RACE PCR products generated using LLHH4 and 

LLHH3 was hybridized to the Ndel-EcoRI fragment of H631.1L (which does not contain any n- 

chimaerin sequences). The results showed two hybridizing bands of approximate sizes 870 and 

850 bp. The sizes of the bands indicate that the cDNAs generated are sufficiently long to cover 

the sequences encoding the unique SH2 domain. This indicates that 5’ extended cDNAs of n- 

chimaerin derived from adult rat brain mRNA contain sequences hybridizing to the unique part 

of H631.1L. However, using LLHH4 and LLHH2 (a rat n-chimaerin specific primer) to extend 

the 5’ RACE products, no hybridization with the same probe was detected (Fig. 53). LLHH2 lies 

upstream of the break in similarity between rat n-chimaerin and H631.1L cDNA sequences. The 

hybridizing 870 and 850 bp cDNA bands were amongst a host of ethidium bromide stained 

DNA bands presumably containing n-chimaerin sequences (borne out by hybridization 

experiments with human n-chimaerin cDNA as described above). Hence, there would be great 

difficulty in subcloning H631.1L unique sequences. A different strategy was employed to 

confirm the existence of the sequences encoding the SH2 and n-chimaerin domains.

The same 5’ RACE PCR procedures were used as above except that in the first round 

of amplification, LLCH4 (a human n-chimaerin specific primer) was used. LLCH4 lies closer 

upstream to the break in sequence similarity than LLHH4 (refer Fig. 49 for position and 

orientation of primers). In the second round of amplification, LLCH9 or LLCH6 was employed
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1 2 3 4 5 6 7 8

Fig. 51: Southern blot analysis of isolated RACE PCR products 

generated from LLHH4, LLHH3 with EcoRI fragment 

of H631.2 as probe.

The 2nd RACE PCR products obtained using LLHPI4 as first 

primer and LLHPI3 as second primer were separated into 2 

fractions. The DNA in lanes 1-4 was obtained from the fraction 

containing DNA whose molecular weight (MW) was greater 

than 870 bp. The DNA from lanes 6-8 was obtained from the 

fraction containing DNA whose MW was less than 870 bp. 

Lane 1: Undigested PCR products.

Lanes 2 & 6: Xho I digested PCR products.

Lanes 3 & 7: Hind III and Xho I digested PCR products. 

Lanes 4 & 8: Sac I and Xho I digested PCR products.

Lane 5: OXHae III marker DNA.

The filter was hybridized with random primed 32P-dCTP labelled 

EcoRI fragment of H631.2 plasmid.
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Alignment of:

D :\U\HHL\RLAM631.SEQ 
versus 

D:\U\HHL\SX23.SEQ
2321 bases from 1 to 2321 

556 bases from 1 to 556

K-tuple size = 3 range = 2 0 Gap penalty = 3

330v 340v
RLAM631
SX23

RLAM631
SX23

RLAM631
SX23

RLAM631
SX23

RLAM631
SX23

RLAM631
SX23

RLAM631
SX23

RLAM631
SX23

260v 270v 280v 290v 300v 310v 320v
CACCTCCCTGTGCTCTGGTGTGTGGCGTGGCCACGGCTCTCTAGGTTAGGGCTCTGAGCTGGCTGCAGCATGCTCATGTGTTAGC

AGGTTAGGGCTCTGAGCTGGCTGCAGCATGCTCATGTGTTAGC 
AGGTTAGGGCTCTGAGCTGGCTGCAGCATGCTCATGTGTTAGC 

10A 20A 30 A 40A
350v 360v

50'
ATG
ATG
ATG

60A
440v

37Ov 380v 390v 400v 410v 420v
TGAGTAGAGTTCACCGGCAGTCGCAGGCTGATACAGGGTTTTTTGTTTTTTGTTTTTTGTTTTTCTATTCCTTTGAGTATCAAA 
TGAGTAGAGTTCACCGGCAGTCGCAGGCTGATACAGGGTTTTTTGTTTTTTGTTTTTTGTTTTTCTATTCCTTTGAGTATCAAA 
TGAGTAGAGTTCACCGGCAGTCGCAGGCTGATACAGGGTTTTTTGTTTTTTGTTTTTTGTTTTTCTATTCCTTTGAGTATCAAA 

70A 80A 90A 100A 110A 120A
450v 460v 470v 480v 490v 500v

CCATCCAAAGAGTCCTGGTCGGGGAGGAAAACTAATAGAGCTACAGTTCACAAATCAAAGCAAGAGGGCCGTCAGCAAGA 
CCATCCAAAGAGTCCTGGTCGGGGAGGAAAACTAATAGAGCTACAGTTCACAAATCAAAGCAAGAGGGCCGTCAGCAAGA 
CCATCCAAAGAGTCCTGGTCGGGGAGGAAAACTAATAGAGCTACAGTTCACAAATCAAAGCAAGAGGGCCGTCAGCAAGA 

140A 150A 160A 170A 180A 190A 200A 210A
520v 530v 540v 550v 560v 570v 580v 590v

TTTATTGATAGCAGCCTTGGGAATGAAACTGGGTTCTCAAAAGTCGTCTGTGACAATCTGGCAACCTCTGAAACTCTTTGCTTAT 
TTTATTGATAGCAGCCTTGGGAATGAAACTGGGTTCTCAAAAGTCGTCTGTGACAATCTGGCAACCTCTGAAACTCTTTGCTTAT 
TTTATTGATAGCAGCCTTGGGAATGAAACTGGGTTCTCAAAAGTCGTCTGTGACAATCTGGCAACCTCTGAAACTCTTTGCTTAT 

220A 230A 240A 250A 260A 270A 280A 290A
600v 610v 620v 630v 640v 650v 660v 670v

TCGCAGTTGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAATGAACAAATTCCAAAATATGAGAAGGTTCACAATTTCAAGG 
TCGCAGTTGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAATGAACAAATTCCAAAATATGAGAAGGTTCA AATTTCAAGG 
TCGCAGTTGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAATGAACAAATTCCAAAATATGAGAAGGTTCATAATTTCAAGG

310A 320A 330A 340A 350A 360A 370A 380A
690v 700v 710v 720v 730v 740v 750v 760v

TGCATACGTTCCGAGGGCCACACTGGTGTGAATACTGTGCCAACTTCATGTGGGGCCTCATTGCTCAGGGAGTGAAATGTGCAGA 
TGCATACGTTCCGAGGGCCACACTGGTGTGAATACTGTGCCAACT CATGTGGGGCCTCA TGCTCAGGGAGTGAAATGTGCAGA
TGCATACGTTCCGAGGGCCACACTGGTGTGAATACTGTGCCAACTCCATGTGGGGCCTCACTGCTCAGGGAGTGAAATGTGCAGA

390A 400A 410A 420A 430A 440A 450A 460A
770v 780v 790v 800v 810v 820v 830v 840v

TTGTGGGTTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCCAATGACTGTAAGCCAGACCTGAAGCACGTGAAGAAGGTGTAT 
TTGTGGGTTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCCAATGACTGTAAGCCAGACCTGA GCACGTGAAGAAGGTGTAT 
TTGTGGGTTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCCAATGACTGTAAGCCAGACCTGAGGCACGTGAAGAAGGTGTAT 

480A 490A 500A 510A 520A 530A 540A 550A
860v 870v 880v 890v 900v 910v 920v 930v

AGCTGTGACCTGACAACACTCGTGAAAGCTCACATCACCAAGAGGCCCATGGTGGTAGACATGTGCATCAGGGAGATCGAGTCCA 
AGCTGT 
AGCTGT

Similarity index = 99.281%.

Fig. 52: A nucleic acid alignment between rat n-chimaerin and SX23. The initiator methionine is 
boxed. The human sequence is rearranged upstream of 452 bp with respect to the rat's 
sequence.
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1 2 3

Fig. 53:Southern blot analysis of RACE PCR 

products generated from LLHH4, 

LLHH3; LLHH4, LLHH2 with Nde I- 

EcoRI fragment of H631.1L as probe.

Lane 1: OXHae III marker DNA

Lane 2: 2nd RACE PCR products obtained 

using LLHH4 as first primer and LLHH3 

as second primer.

Lane 3: 2nd RACE PCR products obtained 

using LLHH4 as first primer and LLHH2 

assecond primer.

The filter was probed with random 

primed 32P-dCTP labelled H631.1L Nde 

l-EcoRI fragment.

1 2  3 4

Fig. 54: Southern blot analysis of RACE PCR 

products generated from LLCH4, 

LLCH6; LLCH4, LLCH9 with Nde I- 

EcoRI fragment of H631.1L as probe. 

Lane 1: 1st RACE PCR products with LLCFt4 

as first primer.

Lane 2: <J>XHae III DNA marker 

Lane 3: 2nd RACE PCR products with LLCH4 

as first primer and LLCH6 as second 

primer.

Lane 4: 2nd RACE PCR products with LLCH4 

as first primer and LLCH9 as second 

primer.

The filter was probed with random primed 32P- 

dCTP labelled Nde l-EcoRI fragment of 

H631.1L plasmid.
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(LLCH6 being upstream of LLCH9). Both primers reside in sequences encoding the SH2 

domain of H631.1. A Southern blot analysis was performed using random primed 32P-dCTP 

labelled Nde l-EcoRI fragment of H631.1 plasmid DNA. Hybridization was observed only for the 

products generated using LLCH9 (Fig. 54). The RACE PCR procedures had worked for primer 

LLCH6 since a series of DNA bands had been observed on ethidium bromide stained agarose 

gels. Sequence divergence upstream of LLCH9 might account for the lack of signal. 

Alternatively, the sequence containing LLCH6 could have existed together with other sequences 

not containing LLCH6. The hybridizing signal of this might be too weak due to the low 

abundance and hence is not detected.

The RACE PCR products generated using LLCH4 and LLCH9 were subcloned using 

a TA cloning kit from Invitrogen. One of the products was termed CH99R (approximate size 

300 nucleotides). Double stranded DNA template was prepared and sequenced using 

Sequenase Version 2 enzyme. The sequence contains a long poly-A at one'end (poly-A having 

been added to the cDNA products to enable hybridization to the universal RACE primer MGD 

819) but the remaining sequences showed 97.5% similarity to the sequences encoding SH2 

domain of H631.1 (Fig. 55). Premature termination during the initial synthesis of cDNAs could 

be one possible explanation for the short sequence. Thus, the existence of SH2 with the n- 

chimaerin domain is confirmed by PCR analysis.

A PCR was also done using internal primers: LLCH 7 (present in CRE-BP1 

region) with LLCH 4 and LLCH 7 with LLCH 9. No visible ethidium bromide stained bands were 

observed. This result implied that the sequence encoding CRE-BP1 and SH2 domains may not 

coexist together in the mRNA sample used.

RXO

The unique 5’ EcoRI sequence of rXO was random primed 32P-dCTP labelled and used 

to hybridize to a Southern blot containing 1st and 2nd RACE PCR products (Fig. 56). The result 

showed hybridization of the 2nd RACE PCR products to the probe with about the same intensity 

as hybridization with rat n-chimaerin. Thus, rXO sequences lie upstream of n-chimaerin 

sequences and this leads to the possibility of multiple 5’ regions coexisting with n-chimaerin 

sequences in mRNA from adult rat brain.

6.5: Summary

The result of the Northern blot analysis showed the presence of a major mRNA (2.4 

kb) encoding rat n-chimaerin, together with several other smaller mRNAs. A steep increase in 

the amount of the 2.4 kb mRNA was observed from postnatal day 1 to 20. On the other hand, 

the result of a Northern blot analysis using a probe containing sequences encoding part of 

CRE-BP1 and the SH2 domain revealed the presence of a major mRNA (4.9 kb) which 

progressively decreased from embryonic day 15 to postnatal day 40.
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Alignment of:

D:\U\HHL\H6311L.SEQ 2240 bases from 1 to 2240
versus

D:\U\HHL\~CH99R.SEQ 81 bases from 1 to 81

K-tuple size = 3 range = 20 Gap penalty = 3

1370v 1380v 1390v 1400v 1410v 1420v 1430v 1440v
H6311L CTATATTGAAACCAAGGCAGCAGAATACATTGCCAAGATGACGATAAACCCAATTTATGAGCACGTAGGATACACAACCTTAAAC

AAACCAAGGCAGCAGAATACATTGCCAAGATGACGATAAACCCAATTTATGAGCAC TAGGATACACAACCTTAAAC 
~CH9 9R TAAACCAAGGCAGCAGAATACATTGCCAAGATGACGATAAACCCAATTTATGAGCACATAGGATACACAACCTTAAAC

10A 20A 30A 40A 50A 60A 70A
v 1460v 1470v 1480v 1490v 1500v 1510v 1520v 1530v

H6311L AGAGAGCCAGCATACAAAAAACATATGCCAGTCCTGAAAGAGACACATGATGAGAGAGATTCTACAGGCCAGGATGGGGTGTCAG
AGA

-CH99R AGACTCGAGAT

Similarity index = 97.531%

Fig. 55: A nucleic acid alignment between H631.1L and -CH99R. The Xho I site attached to 

the primer LLCH9 is underlined.

1 2 3 4 5 Fig. 56: Southern blot analysis of RACE PCR products

generated from LLHH4, LLHH3 with EcoRI fragment 

of r00.9E2 as probe.

Lane 1: Control. 1st RACE PCR products with LLHH4 as first

i primer but without any cDNA in the reaction.

Lane 2: Control. 2nd RACE PCR products with LLHH4 as first

primer and LLHH3 as second primer but without any

cDNA in the reaction.

Lane 3: OXHae III DNA marker.

Lane 4: 1st RACE PCR products with LLFIH4 as first primer.

Lane 5: 2nd RACE PCR products with LLFIH4 as first primer 

and LLHH3 as second primer.

The filter was probed with random primed 32P-dCTP labelled

EcoRI fragment of r00.9E2 plasmid. (3 hours of exposure at -

70°C with intensifying screen).
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. The data from the in situ hybridization experiments showed that the n-chimaerin mRNA 

is highly expressed in neurones present in the hippocampal formation and the cortical layers 

of the adult rat brain. Specific hybridization was detected in the Purkinje cells of the cerebellar 

cortex in the adult brain. Similar results were obtained when the brain of a 5 day old rat was 

used.

One can conclude that rat and human n-chimaerin are highly conserved both at the 

protein and DNA level on comparison with the appropriate sequences. There is a family of n- 

chimaerin containing sequences which differ at the 5’ sequences. Different domains are 

encoded by these 5‘ regions.

The human cDNA, H631.1L encodes a novel SH2 domain (refer Fig. 45) which is also 

present and highly conserved in rat. On the basis of 5’ RACE PCR, a further chimaerin mRNA 

variant (rAO) is present in rat brain. RAX) has an unique N-terminal domain which has no direct 

counterpart in the PIR protein database. A pictorial representation of the different domains is 

depicted (Fig. 49).



CHAPTER SEVEN 

DISCUSSION



156

Rat n-chimaerin cDNA has been isolated from a rat brain cDNA library by utilizing the 

human n-chimaerin cDNA as a probe. In addition to the rat n-chimaerin clone, one other rat 

cDNA was isolated (rXO). Sequence analysis showed that the rat homologue of n-chimaerin 

extends the amino terminus by 35 amino acid residues and shares very high sequence identity 

with the human n-chimaerin cDNA. RXO also contains these sequences in addition to a unique 

5’ stretch of sequences. A human cDNA clone, H631.1 has been found to encode part of CRE- 

BP1 and an unique SH2 domain in addition to n-chimaerin sequences.

The proteins encoded by both rat and human n-chimaerin cDNAs have been expressed 

as fusion proteins using bacterial expression systems. The fusion proteins thus generated have. 

been analyzed and found to possess biological activity. Specifically, the human n-chimaerin 

fusion proteins have been found to exhibit phorbol ester and zinc binding (Ahmed et al., 1990; 

1991). It has also been found that part of the carboxy-terminus of n-chimaerin fusion protein 

encodes a GTPase activating protein (Dieckmann et al., 1991). Antibodies raised against these

E. coli expressed fusion proteins recognize the pertinent proteins (Ahmed et al., 1990; 1991).

The naturally occurring brain rat n-chimaerin protein is in the process of being purified 

(Mabel Teo). The size of this protein is approximately 47 kD. Immunological studies are being 

carried out to further characterize the protein (Greg Michael, Clinton Monfries and Mabel Teo).

The above work constitutes evidence that the cDNA encodes a naturally occurring and 

biologically active protein and that the putative open reading frame is correct.

7.1: The N-termlnal cvsteine-rich region

Rat and human n-chimaerin cDNA contain a single cysteine-rich sequence 

CX2CX13CX2CX7CX7C (where X=any amino acid) in the N-terminal half of the protein. This 

cysteine-rich sequence shares approximately 38% identity with the first cysteine rich sequence 

and 48% identity with the second cysteine rich sequence in the C1 regulatory domain of protein 

kinase C (PKC). It is similar to C-PKC in that they have only one cysteine-rich region. However, 

at the amino acid level, the cysteine-rich sequences of n-chimaerin are more similar to those 

of p-PKC.

The cysteine-rich sequence contains the consensus sequence of a ’cysteine-zinc DNA 

binding’ that is found in many metallo-proteins and DNA binding proteins that are related to 

transcriptional regulators (Berg, 1990), ie. CX2CX13CX2C. However, the amino acid residues 

present between the cysteine residues are predominantly basic for the metallo- and DNA- 

b i nd i ng  p ro te i ns .  For  examp l e ,  GAL4 con t a i ns  the c ons ens us :  

CDICRLKKLKCSKEKPKCAKCLKNNWEC (Laughon and Gesteland, 1984; the amino acid 

residues are shown in single letter codes). Those present in n-chimaerin and PKC do not show 

as much basic character. There is as yet no evidence that PKC binds DNA. Perhaps the basic 

nature of these amino acid residues contributes in part to the DNA binding character of
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transcription factors containing the CX2CX13CX2C motif.

The C1 regulatory region in PKC (containing two cysteine-rich motifs, ie., 

CX2CX13CX2CX7CX7C) is implicated in the binding of diacylglycerol and phorbol esters in a 

phospholipid dependent manner. One of the two cysteine-rich sequences is sufficient for y-PKC 

to bind to phorbol ester (Ono et al., 1989b). Human n-chimaerin cDNA encodes a protein that 

binds phorbol esters in a specific manner analogous to PKC (Ahmed et al., 1990) suggesting 

a similar role in signal transduction. The £ subspecies of PKC contains one cysteine-rich region 

but does not bind phorbol esters (Ono et al., 1989a). However, this cysteine-rich region does 

not contain an asparagine residue at the position indicated as in CX2CX13CX2CX2N in contrast 

to n-chimaerin, which contains an asparagine residue at this position. An asparagine residue 

is also present in the second cysteine-rich region of the PKC subspecies a, (3 and y in the 

same position. A model of activation of PKC by TPA has been proposed by Gschwendt et al. 

(1991). However, in proposing the model, the authors have not taken into account the fact that 

the cysteine rich sequences of n-chimaerin bind zinc (Ahmed et al., 1991). Binding to zinc 

would have elicited a change in conformation. In the proposed model, looping of the cysteine- 

rich regions as a consequence of TPA binding is thought to remove the pseudosubstrate from 

the active centre. The second cysteine-rich region, containing an asparagine residue, might 

bind TPA with a higher affinity than the first cysteine-rich region. This asparagine residue might 

be essential for strong binding of TPA since an additional hydrogen bond can be generated 

between asparagine and the hydroxyl group at C20 of TPA (Gschwendt et al., 1991). There 

is conflicting evidence as to whether the model is feasible. On the one hand, it is supported by 

the results of Ono et al. (1989a) and Ahmed et al. (1990). Furthermore, it was found that DAG 

kinase (which does not contain an asparagine at the above position) does not bind to phorbol 

esters (Ahmed et al., 1991). On the other hand, the results of Ono et al. (1989b) did not 

support the model. One has to bear in mind, as mentioned above, that the binding of zinc to 

the cysteine rich sequences did not play a part in the proposal of the model.

7.2: The bcr-related C-termlnus

The C-terminal half of n-chimaerin has 42% identity with the C-terminal region (amino 

acid residues 1050 to 1225) of bcr protein. Recently, the two p85 proteins which are subunits 

(associated with non-catalytic activity) of PI3 kinase were isolated and sequenced (Otsu et al., 

1991). p85a and p85(3 contain sequences related to the C-terminal region of the bcr protein 

(amino acid residues 1073 to 1240), though the degree of similarity is not as high as that of 

n-chimaerin with bcr. The presence of related C-terminal sequences of bcr in several genes 

raises the possibility of a basic functional role of these C-terminal sequences which are 

encompassed by the roles of the whole bcr product.

Among the several products of bcr (Stam et al., 1987; Amson et al., 1989; Li et al.,
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1989), the 160 kD product has associated serine or threonine kinase activity and has the ability 

to phosphorylate exogenous substrates (Stam et al., 1987). p85 proteins do not contain any 

kinase activity (Escobedo et al., 1991; Otsu et al., 1991). When expressed, they bind to and 

are substrates for tyrosine-phosphorylated receptor kinases. Neither the C-terminal regions of 

bcr protein nor n-chimaerin contain kinase sequence similarity.

The C-terminal domains of bcr and n-chimaerin encode GTPase-activating protein for 

p21rac (Diekmann et al., 1991) which implied that bcr and n-chimaerin could be potential targets 

for regulation by rac. In chronic myeloid and acute lymphoid leukaemias, translocations 

involving bcr and c-abl result in the formation of a bcr/abl fusion protein (the p21rac GAP domain 

of bcr is absent) with deregulated tyrosine kinase activity (Konopka et al., 1984). Since 

translocation is a reciprocal event, it is possible that the rac GAP domain fused to the extreme 

N-terminal amino acid residues of c-abl protein is expressed in Philadelphia chromosome 

positive leukaemias. The normal bcr allele is also maintained in these leukaemias concomitant 

with the expression of the normal product. In the light of these new findings, a new assessment 

of the role of bcr in chronic myeloid and acute lymphoid leukaemias is needed, bcr might 

function in signal transduction.

The case for n-chimaerin might be different since it contains different domains at the 

N-terminus. In addition, it is not involved in translocations, with the corresponding formation of 

fusion proteins, n-chimaerin too might have a role in signal transduction as discussed in section 

7.9.

7.3: Potential n-chimaerin family

In addition to rat n-chimaerin, two other n-chimaerin containing clones which differ at 

the 5’ region were obtained. They are the rat brain cDNA clone, rA.0 and the human brain 

cDNA clone H631.1.

RXO contains a unique 5’ stretch of coding sequences upstream of the n-chimaerin 

sequences. This domain has no direct counterpart in the PIR database. The human cDNA 

clone, H631.1 contains an SH2 domain upstream of the n-chimaerin sequences. The existence 

of a rat cDNA containing SH2 encoding and n-chimaerin sequences has been inferred from 5’ 

RACE PCR. In both H631.1 and rXO clones, the amino acid sequence starts deviating from that 

of rat n-chimaerin’s at around the same position. The first 60 amino acid residues of rat n- 

chimaerin are different from the extreme N-terminal 140 amino acid residues of rXO whereas 

the first 58 amino acid residues of rat n-chimaerin differ from the extreme N-terminal 513 amino 

acid residues of H631.1L (which is identical to most of the CRE-BP1 sequence). Alternative 

usage of exons might have contributed to the presence of these clones (discussed in section 

7.6). H631.1 is similar to the p85 proteins in that they also contain SH2 domains and bcr 

related sequences. In the case of p85 proteins, the bcr-related sequences lie upstream of the
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SH2 domain. However, the position of the SH2 encoding sequences is not invariant within a 

molecule. In vav, a novel human oncogene, the sequences encoding the^SH2 domain lies 

downstream of the cysteine-rich sequences (CX2CX13CX2C/HX2CX6CX2H); it does not contain 

bcr like sequences though (Katzav et al., 1989). In H631.1 cDNA, four sets of distinct 

sequences exist in the order (from the 5’ end): sequences encoding most of CRE-BP1, 

sequences encoding an unique SH2 domain, PKC-like cysteine-rich region and bcr-related 

sequences.

The presence of additional domains in the different variants of n-chimaerin could 

suggest additional functions. In vertebrate proteins, it is now recognized that there exists 

repeated sequences or modules (usually between 40 to 100 amino acids) which correspond 

to single exons that have the same phase at their intron-exon boundary (Baron et al., 1991); 

an example of which appears in human low-density lipoprotein receptor (Sudhof et al., 1985a; 

b). Divergent evolution from a primordial gene by exon shuffling and duplication is facilitated 

by this phenomenon. One of the functions of modules appears to lie in the recognition and 

binding of other proteins, as in receptor-growth factor interactions and tightly controlled 

cascades of enzyme-catalysed proteolysis.

In order to meet the needs and functions of the organism, gene duplication, fusion 

events etc. could have led to the creation of multigene families; examples of which include actin 

(with the exception of yeast), myosin heavy chain (Winegrad et al. 1990; Karschmizrachi et al., 

1990) and dystrophin (Walsh et al., 1989). Gene families may evolve into superfamilies. Each 

new member of the family may then acquire an indispensable function. In mammals, analyses 

of actin N-terminal peptides from different tissues reveal at least six different isoforms (Alonso, 

1987). During species evolution, there is a progressive diversification of actin isoforms.

There is a strong conservation between rat and human n-chimaerin protein sequences 

(97.3%). n-chimaerin could well be a member of a multigene family; a characteristic of 

multigene families being a high degree of conservation between species. The human smooth 

muscle a-actin (aortic type) cDNA encodes a 375 amino acid mature polypeptide. The amino 

acid sequence matched those of bovine, rat and chicken a-actins (Kamada and Kakunaga,

1989). The coding sequences of cytoskeletal p-actin mRNAs are well conserved among higher 

vertebrates (Tokunaga et al., 1986). Strong amino acid sequence conservation is also found 

between human and rat cDNAs encoding myosin heavy chain isoform (90%) (Stedman et al.,

1990) and embryonic myosin heavy chain (97%) (Eller et al., 1989).

The high degree of protein sequence conservation is not unusual in brain proteins. For 

example, the rat brain 3.2 and 1.6 kb proteolipid protein mRNAs encode identical 277 amino 

acid proteins that are 99% identical to the bovine protein sequence (Milner et al., 1985). The 

rat brain p-subunit of S100 protein contains only 4 amino acid residue changes when compared 

to the bovine homologue (Kuwano et al., 1984). The rat and human S100p cDNAs are 85%
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identical in the protein coding regions (Allore et al., 1990).

High sequence conservation is not limited to the coding sequences. Rat and human 

n-chimaerin cDNAs display high similarities within the 5’ and 3' untranslated regions (76% and 

71% respectively; tor 3’ untranslated regions, comparison did not include the CA repeats). 

Again, this is in concordance with the pattern exhibited by members of the multigene families, 

actin , myosin and dystrophin for instance. The 5’ and 3’ untranslated regions of human p-actin 

cDNA are >80% similar to the corresponding regions of rat p-actin (Ponte et al., 1984). 

Similarly, the 5’ untranslated region of human and rat vascular smooth muscle a-actin cDNAs 

share 88% homology (Min et al., 1988). Strong sequence identity in the 5’ and 3’ untranslated 

regions are observed between the rat and human cDNAs encoding myosin heavy chain isoform 

(Stedman et al., 1990). Very high sequence identity was found between the 3’ untranslated 

sequences of chicken and human dystrophin cDNA. There is 90% homology in the 473 

nucleotides that follow the termination codon (Lemaire et al., 1988).

Strong selective pressures might be operating on non-translated segments of n- 

chimaerin mRNA since there is strong conservation of sequences in the untranslated regions. 

The 3’ untranslated region may be important as protein binding regulatory sequences 

analogous to the cases of c-fos and GM-CSF. In c-fos mRNA, the highly conserved sequences 

upstream of the polyadenylation site are thought to be involved in the short half-life of the 

mRNA (Fort et al., 1987; Wilson et al., 1988). The 3’ AU rich sequences of GM-CSF mRNA are 

highly conserved in evolution and operate at the post-transcriptional level to decrease the 

amount of transcripts (Shaw et al., 1986).

7.4: Possible role of CA repeats
Although the rat n-chimaerin cDNA isolated shares good sequence identity with the 

human homologue, even within the 5’ and 3’ untranslated regions, it contains a stretch of CA 

rich sequences at the 3’ untranslated region (contained in sequences 1860 bp to 2060 bp) 

which is absent in the human cDNA sequence.

A comparison of the CA rich sequences of rat n-chimaerin with sequences in the 

Genbank database revealed similarities to at least two mammalian cDNAs. The two are a novel 

mouse synaptosomal-associated protein, snap-25 (Oyler et al., 1989) and the gamma 

subspecies of rat protein kinase C (Ono et al., 1988). Snap-25 protein is widely but differentially 

expressed by specific diverse neuronal subpopulations of the mammalian nervous system. The 

CA rich regions of these reside in the 3’ untranslated regions as is the case for rat n-chimaerin. 

However, CA rich sequences are not restricted to mammalian species.

Similar CA motifs are present in SP60 of Dictyostelium discoideum (Haberstroth et al.,

1991). They grow as single cell vegetative amobae. A prespore gene encoding SP60, a spore 

coat protein, is developmentally and cAMP regulated. The amount of SP60 expression is
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drastically reduced upon deletion of one or two CA rich elements present in its 5’ promoter 

region. Duplication of the elements results in a dramatic increase in expression level. Spatial 

expression is also affected by deletions in CA rich elements, with accompanying reductions in 

the cAMP and developmental responses. Thus, the cis-acting elements (CA repeats) are 

involved in both developmental and cAMP induction, as well as proper spatial expression.

In the 3’ non-coding region of yeast H+-ATPase, similar CA rich motifs are present 

(Capieaux et al. 1989). There are indications that ATPase activity is subject to the control of 

cAMP (Foury and Goffeau, 1975).

From analogy, the CA rich motifs in the rat n-chimaerin cDNA sequence could also be 

involved in regulating the expression of rat n-chimaerin. Similar experiments involving reporter 

systems such as CAT constructs could be employed to study these CA motifs. As enhancer 

sequences act independently of the position and orientation, these CA repeats might be 

present in the genomic sequences of human n-chimaerin where they perform the same role 

as that of rat’s. CA repeats have been found in the human argininosuccinate synthetase gene 

(Yuille et al., 1990) and in the human glucose transporter gene 2 (Froguel et al., 1991). Further, 

CA containing sequences have been shown to hybridize to highly repetitive dispersed elements 

in human cell genome (Jeang and Hayward, 1983).

7.5: Expression

Northern blot analysis of rat n-chimaerin

The developmental expression of the rat n-chimaerin mRNA was studied from 

embryonic day 15 to postnatal day 40 using Northern blot analysis. Although the results 

indicate an increase in the most abundant 2.4 kb mRNA throughout this period, the increase 

is especially steep from postnatal day 1 to postnatal day 20. In addition, three other minor 

messages, of sizes 5.3, 3.7 and 1.6 kb, were also observed. They show an increase in the 

mRNA level from E15 to postnatal day 40.

The pattern of rat n-chimaerin mRNA expression could be analysed in relation with 

synaptogenesis. Expression of rat n-chimaerin mRNA occurs before neuronal migration is 

completed and formation of synapses. The histoarchitectural organization of the brain is 

incomplete in the cerebral cortex of the rat at birth. The stellate neurones and glial cells 

proliferate and migrate into the deeper layers during the first postnatal weeks (Jacobson, 1972). 

Synapse formation in the cerebral cortex of rat increases considerably from postnatal day 4 to 

a maximum between postnatal day 12 and 20 (Aghajanian and Bloom, 1967). The steep 

increase in rat n-chimaerin mRNA between postnatal days 1 and 20 parallels the pattern of 

formation of synapses.

The pattern of expression of n-chimaerin correlates with that of synaptophysin I (Knaus 

et al., 1986). A similar pattern of mRNA expression is also found in the case of snap-25 (25
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kD synaptosomal-associated protein) (Oyler et al., 1991) which could be involved in synaptic 

function in both mature and developing brain.

A similar pattern of expression is also found in noradrenaline (NA) in the rat cochlea 

(Gil-Loyzaga and Pares-Herbute, 1989). The postnatal development of NA was determined 

using high performance liquid chromatography coupled with electrochemical detection. NA 

concentrations rose rapidly between postnatal day 1 and 8 and from postnatal day 8 to 

postnatal day 30, it increased more slowly. On postnatal day 30, NA levels were around 5 

times higher than on postnatal day 1.

The pattern of expression of calmodulin-dependent cyclic nucleotide phosphodiesterase 

(CaM-PDE), studied in developing and rat brain using polyclonal antibodies, showed a dramatic 

increase during postnatal days 7-20 (Billingsley et al., 1990) together with parallel increases 

in the enzyme activity. CaM-PDE increases during the period of neuronal differentiation and 

active synaptogenesis.

The density of tritiated ethylenediamine tetrodotoxin (TTX)-sensitive Na+ channels 

increases from postnatal day 7 to postnatal day 20 (Mourre et al., 1987). Increases in density 

of TTX binding sites are associated with a change in affinity of the Na+ channels for this 

specific toxin. The development of TTX-sensitive Na+ channels seems to parallel the time 

course of synaptogenesis.

Since n-chimaerin contains a PKC-like cysteine-rich sequence, it would be interesting 

to compare its developmental profile with that of y-PKC ('f PKC mRNA has been localized to 

the brain; see section on in situ hybridization below). Studies of the developmental profile of 

y-PKC mRNA have established that the major transcript (4.1 kb) was most abundant in adult 
brain but hardly detectable in neonatal and embryonic brain (Sposi et al., 1989). A progressive

increase of this mRNA was observed from birth onwards. This pattern of mRNA expression is 

quite similar to that of n-chimaerin’s. This increase during mammalian ontogenesis suggests 

a role in mediating the development of neuronal functions.

Northern blot analysis of H631.1

The developmental profile of H631.1 was studied utilizing the sequences encoding part 

of CRE-BP1 and SH2 as the probe. The results indicate a major mRNA of 4.9 kb (which is the 

CRE-BP1 mRNA) (Maekawa et al., 1989). Two other minor mRNAs were also observed; 3.8 

and 1.6 kb. A different pattern of expression to that of n-chimaerin was obtained. The result 

showed a progressive decrease in the amount of the 4.9 kb mRNA from embryonic day 15 to 

postnatal day 40. The 3.8 kb message appeared to follow the same pattern of expression as 

the 4.9 kb mRNA. However, the expression of the 1.6 kb mRNA was constant throughout the 

period studied. These two minor messages appeared to co-run with those observed using the 

n-chimaerin probe. These messages could have contained sequences encoding the SH2 

domain and distinct from CRE-BP1. The pattern of expression of these minor messages did
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not correlate with that observed for rat n-chimaerin, however. The 1.6 kb message could be 

a CRE-BP1 mRNA which had been sized as 2 kb (Kara et al., 1990). The developmental profile 

of CRE-BP1 has not been studied by other groups to date.

The pattern of the mRNAs is not easily interpreted since the probe encodes part of the 

CRE-BP1 and the SH2 domains although the major CRE-BP1 mRNA is known to be 4 kb 

(Maekawa et al., 1989). Recently, it was found that a 3.7 kb mRNA was detected in the 

hippocampus, parietal and frontal lobes (Takeda et al., 1991). It is not clear whether the 3.7 

kb mRNA co-runs with the 3.8 kb mRNA mentioned above as the 4 kb mRNA as sized by 

Maekawa et al. (1989) appeared to correspond to the 4.9 kb mRNA. A clearer view could be 

obtained by only using the sequences encoding the SH2 domain as the probe in a 

developmental study. Again, the pattern of expression in the brain could be studied using in 

situ hybridization analyses. Comparisons could then be made between rat n-chimaerin, rXO and 

SH2 domain of H631.1.

In situ hybridization of rat n-chimaerin

From in situ hybridization analyses, it was found that neurones in the hippocampus, 

cortex and the Purkinje cells of the cerebellar cortex express high amounts of the n-chimaerin 

mRNA in both adult and 5 day old rats. As n-chimaerin contains a single cysteine-rich region, 

it would be appropriate to compare its distribution with that of other proteins containing 

cysteine-rich sequences. Its localization was not compared with that of bcr’s as there was no 

available in situ hybridization data with regard to bcr. bcr was most abundant in the brain 

though (Collins et al., 1987).

Of the different PKC subspecies, the distribution of the y subspecies most closely 

resembles the in situ hybridization pattern of n-chimaerin’s. y-PKC mRNA has been localized 

to the pyramidal cells and granule cells of the hippocampal formation, cells of the neocortex, 

especially layers II, IV and VI, pyramidal cells of the pyriform cortex and Purkinje cells of the 

cerebellum (Brandt et al., 1987). Immunohistochemical studies found that highest activity is 

localized in the hippocampus, cerebral cortex and amygdaloid complex (Nishizuka, 1989). In 

the monkey brain, the y subspecies appears to be localized to the nerve endings of the Purkinje 

cells. The distribution of y-PKC mRNA is in agreement with that of its protein. This pattern of 

expression is indicative of a role in the control of neurone-specific physiological processes, 

such as release of certain neurotransmitters, modulation of ion conductance and induction of 

synaptic plasticity.

The distribution pattern of n-chimaerin is similar to that of inositol 1,4,5-triphosphate 3- 

kinase mRNA (Mailleux et al., 1991). Stimulation of cell-surface receptors initiates hydrolysis 

of a membrane-bound inositol lipid leading to the production of diacylglycerol and inositol 1,4,5- 

triphosphate (IP3). IP3 and its phosphorylated metabolite, inositol 1,3,4,5-tetrakisphosphate are 

involved in the regulation of calcium flux (Berridge and Irvine, 1989).
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During the characterization of RNAs enriched in the plastic regions of the songbird 

brain, the canary homologue of n-chimaerin was found (George and Clayton, 1990). 97% 

amino acid identity was observed between the two proteins. In situ hybridization using the 

canary homologue revealed a largely neuronal distribution, with a particularly high concentration 

in the plastic song centre Area X. A fundamental role for n-chimaerin is suggested by the 

extremely high degree of conservation, perhaps as a component of signal transduction, as 

discussed below.

7.6: Possible causes of the presence of multiple n-chimaerin molecules
Alternative splicing

The presence of rXO and H631.1 encoding additional, different N-terminal domains 

suggests that they could have arisen from the alternative usage of 5’ exons. From human 

genomic work, the first exon was found to contain the first 707 nucleotides of the corrected 

human cDNA sequence (that is, including the reverse complementation and the deleted 41 

nucleotides; Smith, P., unpublished work). This exon is proposed to be divided into exon 1a 

(more 5’) and exon 1b (more 3’, that is, closer to the second exon). In the case of n-chimaerin, 

the whole of exon 1 was utilized. However, for rXO and the clone containing SH2 encoding 

sequences with n-chimaerin sequences, exon 1 a in effect becomes an intron. The case of the 

human c-myb gene (Shen-Ong et al., 1990) illustrates,this; a portion of an intron bounded by 

two exons is included as an additional coding exon. In the Drosophila nonmuscle myosin 

heavy-chain transcript, differential splicing occurs at the 5’ untranslated region (Ketchum et al.,

1990), generating two transcripts; the longer transcript containing an additional start codon 

upstream of the primary translation start site. The first exon (exon 1) is alternatively spliced by 

usage of two splice donor sites, one in the middle and the other at the end of exon 1. Use of 

the first donor site effectively removed the second half of the exon 1 sequences. A common 

acceptor site is present on exon 2.

Further examples include that of the chicken c-src gene (Dorai et al., 1991). Four 

unique 5’ exonic sequences (UE1, UE2, UEX and UEY) are present. With the exception of 

UE2, the rest are spliced to the previously characterized c-src exons 1 and 2. In the case of 

UE2, the upstream exonic UE2 sequences are spliced to a novel exon 1 a which is derived from 

a region in c-src known as intron 1.

. Nakagawa et al. (1991) have reported that additional subtypes of the inositol 1,4,5- 

trisphosphate receptor are expressed in a tissue- and developmentally-specific manner. These 

subtypes are generated from alternative splicing. As with the above examples, in some of the 

subtypes, sequences which are present as exons in one subtype, function as introns in another 

subtype. It has been found that transcription of rat and mouse proenkephalin genes is initiated 

at distinct sites in spermatogenic and somatic cells (Kilpatrick et al., 1990). Transcripts of sizes
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1.45 and 1.7 kb are expressed specifically in spermatogenic and somatic cells respectively. The 

authors have demonstrated that the transcription of the spermatogenic cell RNAs is initiated 

downstream of the somatic promoter in the first somatic intron.

In the case of n-chimaerin variants, exon 1b is spliced together with upstream exon 

containing SH2 sequences or rXO unique sequences. The exon 1b sequences are proposed 

to start with the sequences encoding the amino acid residues SLVR (refer Fig. 57). RkO 

protein sequence deviates from n-chimaerin at this juncture whereas sequence deviation of 

H631.1 from n-chimaerin starts upstream (2 amino acid residues) of this. Instead of "leaky" 

splicing, it is possible that the amino acid residues LT just before SLVR (in LTSLVR) are 

conserved in both n-chimaerin and SH2 protein sequences. Thus, the upstream exon 

sequences before exon 1b, for SH2 encoding sequences, would encode and end in the amino 

acid residues KRLT and, for sequences encoding rA,0, the amino acid residues TEFP. The 

exon 1a and 1b sequences would encode, at the juncture, SQLTSLVR for n-chimaerin.

During the process of confirming the presence of the SH2 domain with n-chimaerin in 

adult rat brain mRNA, amplification with the second SH2 specific primer LLCH6 yielded cDNAs 

that did not hybridize to the probe containing sequences encoding part of CRE-BP1 and SH2 

domain. Perhaps the Nde l-EcoRI probe employed does not contain enough SH2 encoding 

sequences to hybridize efficiently to the PCR products. The hybridization results suggest that 

sequence divergence could have occurred upstream or around LLCH6. A more likely possibility 

that could not be discounted is, that there are many other n-chimaerin related clones containing 

different N-termini, in addition to the one containing LLCH6 sequences. This possibility is partly 

confirmed by the isolation of a clone containing LLCH6 sequences (W.C. Sin, personal 

communication). The relative abundance of these other clones over that containing LLCH6 

could have led to a very weak signal on Southern hybridization. Thus, there might exist a whole 

family of n-chimaerin related proteins, each possessing a different N-terminal domain encoding 

a different function. This possibility is further supported by the presence of the minor messages 

in a Northern blot analysis using either rat n-chimaerin as a probe or the sequences encoding 

part of CRE-BP1 and SH2 domain.

The alternate usage of 5’ exons as a mechanism to explain the presence of different 

n-chimaerin related clones is well documented and can be supported by the experiments 

performed by Conboy et al. (1991). They have shown by utilizing PCR, that the gene of 

erythroid membrane protein 4.1, a multifunctional structural protein, exhibits diverse alternative 

splicing events. Considerable development-specific and tissue-specific heterogeneity are 

present, which could be accounted for by regulated splicing switches. An alternative splicing 

map was presented, detailing the multitude of polypeptide isoforms potentially generated by 

combinatorial splicing of nine alternate exons. Complex 5’ splicing events result in different 

mRNA isoforms that may initiate translation at different sites; generating elongated or truncated



Fig. 57: Proposed Alternative Splicing
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upstream exon sequences exon 1b

rA.O TEFP SLVR
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n-chimaerin .........  SQLTSLVR

LT: conserved in n-chimaerin and H631.1.
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amino-termini. It Is likely that alternative RNA splicing plays a major role in regulating 4.1 

isoform expression.

Other well known examples of alternative splicing resulting in mRNA heterogeneity 

include human tyrosine hydroxylase (Coker et al., 1990), neural cell adhesion molecule 

(Thompson et al., 1989) and dystrophin (Walsh et al., 1989). In most cases, alternative splicing 

gives rise to protein isoforms with extensive regions of identity and varying only in specific 

domains, thus allowing for the fine modulation of enzyme activity. It is also a means for 

regulating gene expression by giving rise to prematurely truncated open reading frames or by 

regulating the mRNA stability or translational efficiency through variability in the untranslated 

regions.

From the results obtained using polymerase chain reactions, sequences encoding the 

SH2 domain coexist with the n-chimaerin sequences. However, using PCR, the sequences 

encoding part of the CRE-BP1 protein do not seem to coexist with sequences encoding the 

SH2 domain and the n-chimaerin sequences in the adult rat brain free polyribosomal mRNA 

sample, as is the case in the clone H631.1. CRE-BP1 mRNA has been found to be most 

abundant in foetal brain membrane bound polyribosomal RNA. It is possible that CRE-BP1 

could exist with sequences encoding the SH2 domain in foetal rat brain membrane bound 

polyribosomal mRNA but it is quite unlikely, given the amplification potential of PCR. Since 

there is no internal EcoRI site separating the sequences encoding part of CRE-BP1 from those 

encoding SH2, the simplest explanation that they must have been ligated together from two 

unrelated cDNA sequences does not suffice. Rather, it is possible that during reverse 

transcription, a rare accident occurred involving the two unrelated mRNAs and it could be 

speculated that this event could have been brought about due to the high AG value and 

secondary structures present at the 5’ untranslated region. The clone H631.1 contains an 

EcoRI site present in CRE-BP1; upstream of this restriction site, the sequence contains a 

rearranged 3’ end of n-chimaerin. This stretch of sequences has been found to contain 

duplications of the n-chimaerin sequences.

It would be interesting to compare the patterns of mRNA expression specific to the 

clone rA,0, the clone encoding the SH2 and n-chimaerin domains and n-chimaerin. 

Comparisons of the translational patterns of expression of these clones would also help to shed 

light on the relationships between the various n-chimaerin related clones, in analogous fashion 

to that described above.

Stable RNA secondary structures

During polymerase chain amplifications, truncated cDNAs are often obtained. These 

could have arisen due to the highly stable secondary structures present at the 5’ end. A high 

value of approximately -120 kcal was predicted for the 5’ sequences of rat n-chimaerin. The 

optimal secondary structures drawn for the 5’ sequences display a few ramifications. These



168

might inhibit the action of the reverse transcriptase and cause premature truncation of the 

cDNAs.

The presence of these secondary structures might also contribute to the rearrangement 

of the human n-chimaerin sequence at the 5’ end. The reverse transcriptase could have been 

displaced from the mRNA and subsequently reattached wrongly. The human genomic 

sequences obtained (Smith, P., unpublished) showed that the human sequence is reverse 

complemented in its 5’ region with respect to the rat n-chimaerin cDNA sequence.

Since there is an internal EcoRI site in r^O, the possibility that the clone was derived 

from a ligation of two unrelated cDNAs exists. The 5’ polymerase chain reaction confirmed the 

presence in adult rat brain free polyribosomal mRNA of sequences encoded by the clone rA.0. 

From Northern blot analysis, the mRNA (2.2 kb) is about 100 to 200 bp smaller than n- 

chimaerin. Since the cDNA clone is approximately 2.1 kb, this means that rXO has a very short 

5’ untranslated region unlike that of n-chimaerin. 5’ RACE could be employed to determine the 

5’ untranslated sequences. One could also utilize the existing 5’ sequences to study the 

developmental profile and the expression of the mRNA in situ.

. The polymerase chain reaction proved to be very useful in elucidating the correct 

orientation of the 5’ rat n-chimaerin sequences and the validity of the clone rXO. Similarly, the 

sequences encoding the SH2 domain were deemed to be correct and upstream of the n- 

chimaerin sequences. Without the technique, the only other way to prove the existence of these 

clones would be a separate isolation from another conventional cDNA library. This would be 

most time consuming and labour intensive. The probability of isolating rarer n-chimaerin related 

clones is reduced using screening. Polymerase chain reaction could be used in experiments 

designed to isolate alternatively spliced isoforms of n-chimaerin once the exonic genomic 

sequences are isolated.

7.7: Possible translational regulation

The scanning model for initiation of translation proposes that the 40S ribosomal subunit 

binds at the 5’ end of the mRNA and then migrates along the mRNA till it reaches the first AUG 

codon in a favourable context for initiation (Kozak, 1989). Thus, the proximity to the 5’ end and 

the context of the AUG codon play an important part in translation. During translation, the 

migration of the preinitiation complex along the 5’ untranslated region of the mRNA requires 

the hydrolysis of ATP. The energy liberated could have been utilized to melt the secondary 

structures. Increased secondary structure within the 5' untranslated region of a eukaryotic 

mRNA reduces translational efficiency (Pelletier and Sonenberg, 1985). Oligodeoxynucleotide 

linkers inserted into the 5’ noncoding region of the thymidine kinase gene are expected to form 

hairpin loops on RNA transcription and hence to increase the secondary structure. Translation 

efficiency is decreased as the number of linkers is increased. mRNAs with excessive secondary
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structure in their initiation region are discriminated against by the eukaryotic translational 

machinery. Hence, it is possible that expression of rat n-chimaerin is regulated at the 

translational level since it contains a multitude of secondary structures at its 5’ untranslated 

region.

The sequences surrounding the start site (at nucleotide position 425 bp) conform well 

to the consensus sequence outlined by Kozak (1987). There are four small open reading 

frames upstream of the initiating methionine in rat n-chimaerin sequence; positions from 22 to 

78 bp; 48 to 131 bp; 109 to 168 bp and 326 to 337 bp. Recently, it was reported by Falcone 

and Andrews (1991) that the 5’ untranslated region and the sequences surrounding the start 

site play an important role in efficient initiation of translation in vitro. Their results also indicate 

that an efficient untranslated region (efficient in the sense that translation is increased for this 

leader sequence) can compensate for a compromised initiation sequence. It is conceivable that 

the four open reading frames present in rat n-chimaerin could contribute to translational 

repression. This inhibitory effect can be explained by proposing that the 40S initiation 

complexes bind at or near the 5’ end of the mRNA and must traverse the entire leader to reach 

the AUG codon (the scanning model). Two cases illustrate this possibility.

Multiple upstream AUG codons have been found to mediate translational control of 

yeast GCN4 for instance (Mueller and Hinnebusch, 1985). GCN4 encodes a transcriptional 

activator of amino acid biosynthetic genes in yeast that is regulated at the translational level 

by amino acid availability in the medium. The four open reading frames in the 5’ leader of 

GCN4 mRNA are essential for translational repression of GCN4. They prevent translation 

initiation at the GCN4 start codon under non-starvation conditions. In amino acid starved cells, 

the inhibitory effect of these open reading frames is reduced to allow translation of GCN4 to 

proceed. Under non-starvation conditions, ribosomes translate the 5’-proximal open reading 

frame 1, resume scanning and reinitiate downstream at open reading frames 2 to 4 and failed 

to reach the GCN4 start codon (Abastado et al., 1991). Under starvation conditions, ribosomes 

bypass the start codons at open reading frames 2 to 4 and reinitiate at GCN4 instead. In a 

similar manner (assuming that the pattern of transcriptional expression is the same as that of 

translation), expression of n-chimaerin might be activated in neural tissues and repressed in 

non-neural tissues .

In another set of experiments, Roy et al. (1990) introduced AUG triplets in the same 

frame or out of frame, upstream of the initiation codon of the porcine proopiomelanocortin 

mRNA. These codons were introduced either in the stem or loop of a naturally occurring hairpin 

structure. Their results suggest that when AUG codons were inserted out of frame, the 

translational efficiency was reduced for both cases (insertion in loop or stem). Mutant mRNAs 

directed the synthesis of more protein, possibly due to the decrease in the secondary structure.
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7.8: Possible membrane interaction of n-chimaerin

The first 35 N-terminal amino acid residues of rat n-chimaerin were plotted on "helical 

wheels" and an analysis of the predicted regions revealed that this region is amphipathic. No 

membrane spanning regions were predicted using the method of Eisenberg. A search through 

the PIR database revealed that the first 35 amino acid residues had similarity to melittin, 

amongst other sequences. Melittin (water soluble and amphipathic) can spontaneously integrate 

into membranes and bind to phospholipids. Hence, a possible role of the 35 N-terminal amino 

acid residues may be to attach the rat n-chimaerin protein to the membrane.

The presence of several myristoylation sites are predicted in n-chimaerin and the 

significance of these is discussed below in relation to a possible role in signal transduction.

7.9: Possible role in signal transduction

It is not clear what additional functions could be mediated by the unique N-terminal 

domain of rXO but one can speculate about the role of the SH2 domain present in H631.1 

based on data obtained from other SH2 containing proteins such as phospholipase C (PLC)

yi-
Localization to the membrane could be mediated through the SH2 domain present in 

H631.1. A model of interactions of PLC-yl with the activated EGF receptor has been proposed 

(Koch et al., 1991). This could be extended to the case of H631.1. Receptor 

autophosphorylation results from the addition of EGF, leading to the interactions between the 

high affinity binding sites and the SH2 domains of PLC-yl. Autophosphorylated tyrosines may 

interact directly with conserved positively charged residues within the PLC-yl SH2 domain. The 

SH2 residues may contact residues adjacent to the phosphotyrosine.

In the case of rat n-chimaerin, three potential N-myristoylation sites are present. The 

rare 14-carbon fatty acid myristate is covalently attached via a stable amide linkage to the a- 

amino group of N-terminal glycine residues (James and Olson, 1990). Protein N-myristoylation 

is an early event in acylprotein biosynthesis. It has been shown that inhibitors of protein 

synthesis block N-myristoylation, suggesting that myristoylation occurs co-translationally (Towler 

et al., 1988; James and Olson, 1990). Myristoylation of n-chimaerin could well lead to 

association of n-chimaerin protein with the membrane. Myristate is not in itself sufficient to allow 

stable integration into membranes or to target a protein to a unique cellular compartment since 

N-myristoylated proteins are not always membrane bound. Some are localized in intracellular 

compartments and some are associated with membranes (Gordon et al., 1991).

Several potential phosphorylation sites (including PKC phosphorylation sites) are also 

found within the rat n-chimaerin protein sequence. Membrane associated n-chimaerin could 

well dissociate from the membrane on kinase phosphorylation in an analogous manner to that 

of myristoylated alanine-rich C kinase substrate (MARCKS). MARCKS is a specific PKC
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substrate. For the effective binding of MARCKS to the membrane, myristoylation is a pre

requisite. PKC phosphorylation of MARCKS leads to the dissociation of MARCKS from the 

membrane (Thelen et al., 1991). On dephosphorylation, MARCKS again associates with the 

membrane. This cycle of membrane attachment and detachment represents a plausible 

mechanism of reversible membrane targeting. This mechanism might be employed by n- 

chimaerin in interacting with the signalling pathways.

7.10: Possible role In cvtoskeletal organization

Part of the C-terminal domains of bcr and n-chimaerin has been found to encode a 

p21rac GAP and has sequence similarity to p21rho GAP (Dieckmann et al., 1991). p21rac and 

p2i rh° are members of the ras superfamily. Differences exist among the protein sequences of 

p21rab1 GAP (Rubinfeld et al., 1991), p21ras GAP (Vogel et al., 1988), and that of bcr/n- 

chimaerin p21rac GAPs. Thus, these GAPs may have different functional roles.

Clostridium botulinum C3 is an exoenzyme that ADP-ribosylates an eukaryotic GTP- 

binding protein of the ras superfamily. The bacterially expressed product of human rhoC gene 

has been shown to be ADP-ribosylated by C3 (Chardin et al., 1989). C3 treatment of Vero cells 

results in the disappearance of microfilaments and in actinomorphic shape changes. Since C3 

does not appear to affect actin directly, the breakdown in filaments is probably a consequence 

of ADP-ribosylation of rho protein. Thus, the unmodified form of rho protein may be involved 

in cytoskeletal control.

In another study, Moll et al. (1991) reported that treatment of cells with cytochalasin 

B (which inhibits polymerisation of microfilaments by binding to the ends of the actin molecules) 

did not promote secretion as expected. In contrast, it prevents secretion in many cells. 

Cytochalasin B has also been shown to down regulate the expression of rac1 mRNA. The 

results are in agreement with the proposed role of rac proteins in exocytosis (Didsbury et al., 

1989). The state of the actin network influences the levels of rac1 mRNA through an as yet 

unelucidated mechanism.

Since p21rac GAP has sequence similarity to p21rh0 GAP and rho and rac each has a 

specific GAP, it can be inferred from these and the above that p21rho GAP and p21rac GAP/n- 

chimaerin are associated with a role in cytoskeletal organization.

7.11: Summary

The results of the experiments revealed the existence of a rat homologue of n- 

chimaerin which had sequence similarity to the cysteine-rich region of PKC and part of bcr. The 

sequence analysis showed an extensive identity within the DNA and amino acid level to human 

n-chimaerin even within the 5’ and 3’ untranslated sequences. This conservation between the 

two species indicates sequence constraints for interactions with other proteins, presumably
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functional. The human n-chimaerin sequence has rearranged 5’ sequences (including the start 

codon). The results of the polymerase chain reactions done on rat brain mRNA and the data 

derived from genomic DNA sequence analysis (Smith, P., unpublished) lend support to the 

above statement.

The rat cDNA contains a series of CA repeats in its 3’ non-CQding region which are 

absent in the human sequence. Similar CA repeats have been implicated to have a role in 

developmental and cAMP induction in the case of Dictyostelium discoideum (Haberstroth et al.,

1991). The rat homologue thus may also be regulated in a similar fashion.

The Northern blot analysis of n-chimaerin reveals a developmental pattern of mRNA 

expression which parallels that of synaptogenesis. Hence, n-chimaerin might well be involved 

in synaptic plasticity; an event in which the formation of new synapses and the removal of 

others occur. The similarity in localization of its mRNA with that of y-PKC suggests a role in the 

control of neurone-specific physiological processes.

The first 35 amino acid residues of rat n-chimaerin have an amphipathic nature. Thus, 

this segment could be involved in interaction with the membrane. The presence of an SH2 

domain in one of the n-chimaerin variants also points to membrane interaction.

A role in cytoskeletal organization is postulated based on the finding that part of the 

C-terminal domain of n-chimaerin is a p21rac GAP and the results of Chardin et al. (1989) and 

Moll et al. (1991). The GAP domain may interact with the PKC-like cysteine-rich region at the 

N-terminal. It had been shown that the latter domain binds phorbol esters (which are synthetic 

analogues of diacylglycerol) (Ahmed et al., 1990) and also zinc (Ahmed et al., 1991). Binding 

could elicit conformational changes in n-chimaerin. Perhaps the cysteine-rich region could 

modulate the activity of the GAP by binding to diacylglycerol and/or zinc.

Alternative splicing could account for the presence of the different domains in n- 

chimaerin variants, rXO and H631.1. Confirmation of the proposed alternative splicing 

mechanism awaits the results of the genomic analyses. These domains could encode different 

functions. The data from RACE PCR (using LLCH6 as second primer) point to the existence 

of a family of n-chimaerin related clones containing part of the unique SH2 domain.

Further investigations should lead to the elucidation of the many roles of the n- 

chimaerin variants. The n-chimaerin variants should be involved in signal transduction and 

cytoskeletal organization, among others, as postulated above.
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PROJECT R6312 scale 30
CONTIG 16

300v 600v 900v 1200v 1500v 1800v 2100v 2400v
RLAML8.SEQ -------- >

2'RL8'L.SEQ' <-----
2'RL87.SEQ ------------>
2'RL8A.SEQ --->

1'RL8'7.SEQ' <------------
RL8PST.SEQ  >
4'RL84.SEQ  >

1'RL810.SEQ  >
1'RL8N.SEQ  >
RLAMAG.SEQ  >
2'RL82.SEQ  >
RLAMAA.SEQ'---------------------------<--------
2'RL84.SEQ — >

RLAML8'.SEQ' <-------
RLAMJ20' .SEQ '  >
RLAML12 . SEQ  >
2'RL552.SEQ' <-------

10'RL515.SEQ' <-----
1'RL54.SEQ'------------------------------------ <---

RLAMJ37.SEQ'----------------------------------------- <-----------
2'RL5182.SEQ' <---------
2'RL5132.SEQ' <--------
2'RL1217.SEQ  >
2'RL1214.SEQ  >
2'RL1222.SEQ  >

1'RL59.SEQ' <--------
5'RL1272.SEQ  >
2'RL1215.SEQ  >
2'RL1213.SEQ  >
2'RL532.SEQ'--------------------------------------------------------<----------

5'RL1232.SEQ  >
2'RL5152.SEQ'------------------------------------------------------------- <----------

1'RL56.SEQ'-----------------------------------------------------------------<-----
2'RL51.SEQ' <-----

5'RL1218.SEQ------------------------------------------------------------------ ------- >
5'RL1222.SEQ ----- >

1' RL55 . SEQ ----- >
RL5HH.SEQ' <-------------
1'RL53.SEQ' <-------

RL5D.SEQ' <----------
2'RL1292.SEQ  >

RL5HX.SEQ  >

Appendix la: A sequencing strategy map showing the different deleted clones whose combined
sequences make up the sequence of rat n-chimaerin. The sequence is divided into 
two EcoRI fragments (1 to 946 bp and 941 to 2321 bp).
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PROJECT R6312

CONTIG 16

RLAML8(1,241) 
2'RL8'L(1,163)'

lOv 20v 30v 40v 50v 60v 70v
GAATTCGGCACGAGGACACTGATGAGCAGAGAAGAAAGCTTTCAGCAATGTGTCATTTGTCACAATTGTC 
GAATTCGGCACGAGGACACTGATGAGCAGAGAAGAAAGCTTTCAGCAATGTGTCATTTGTCACAATTGTC

consensus

RLAML8(1,241) 
2'RL8'L(1,163) 
2'RL87(1,325) 
2'RL8A(1, 78)

GAATTCGGCACGAGGACACTGATGAGCAGAGAAGAAAGCTTTCAGCAATGTGTCATTTGTCACAATTGTC
80v 90v lOOv H O v  120v 130v 140v

AGGCTTTTTAAAAAAGGACTCCCAAAGAGAGATGCTGCATGTTTTCTGTGTTAACACAGACTGATTTCCT 
AGGCTTTTTAAAAAAGGACTCCCAAAGAGAGATGCTGCATGTTTTCTGTGTTAACACAGACTGATTTCCT

AGATGCTGCATGTTTTCTGTGTTAACACAGACTGATTTCCT
TTAACACAGACTGATTTCCT

consensus

RLAML8(1,241) 
2'RL8'L(1,163)' 
2'RL87(1,325) 
2'RL8A(1,78)
1' RL8'7(1,308)'

AGGCTTTTTAAAAAAGGACTCCCAAAGAGAGATGCTGCATGTTTTCTGTGTTAACACAGACTGATTTCCT
150v 160v 170v 180v 190v 200v 210v

CTCCAGACTCTTTAAGTTTGCAGAAGCTTAAATATAGAGCCCTGTTTAAAAAAAAAAAGGAAGAGAGAAT 
CTCCAGACTCTTTAAGTTTGCAGAAG
CTCCAGACTCTTTAAGTTTGCAGAAGCTTAAATATAGAGCCCTGTTTAAAAAAAAAAAGGAAGAGAGAAT
CTCCAGACTCTTTAAGTTTGCAGAAGCTTAAATATAGAGCCCTGTTTAAAAAAAAAAA

CTTTAAGTTTGCAGAAGCTTAAATATAGAGCCCTGTTTAAAAAAAAAAAGGAAGAGAGAAT
consensus

RLAML8(1,241) 
2'RL87(1,325)
1' RL8' 7(1,308)'

CTCCAGACTCTTTAAGTTTGCAGAAGCTTAAATATAGAGCCCTGTTTAAAAAAAAAAAGGAAGAGAGAAT
220v 230v 240v 250v 260v 270v 280v

TTGTGTGTTAATCGGCCTTGTGAAGAAGTGCTT
TTGTGTGTTAATCGGCCTTGTGAAGAAGTGCTTCATCACCCTTCTGCACCTCCCTGTGCTCTGGTGTGTG
TTGTGTGTTAATCGGCCTTGTGAAGAAGTGCTTCATCACCCTTCTGCACCTCCCTGTGCTCTGGTGTGTG

consensus

2'RL87(1,325)
1' RL8'7(1,308)' 
RL8PST(1,271)

TTGTGTGTTAATCGGCCTTGTGAAGAAGTGCTTCATCACCCTTCTGCACCTCCCTGTGCTCTGGTGTGTG
290v 300v 310v 320v 330v 340v 350v

GCGTGGCCACGGCTCTCTAGGTTAGGGCTCTGAGCTGGCTGCAGCATGCTCATGTGTTAGCTGAGTAGAG 
GCGTGGCCACGGCTCTCTAGGTTAGGGCTCTGAGCTGGCTGCAGCATGCTCATGTGTTAGCTGAGTAGAG

CTGCAGCATGCTCATGTGTTAGCTGAGTAGAG
consensus

2' RL87(1,325) 
l'RL8'7(1,308)' 
RL8PST(1,271)
4'RL84(1,321)

GCGTGGCCACGGCTCTCTAGGTTAGGGCTCTGAGCTGGCTGCAGCATGCTCATGTGTTAGCTGAGTAGAG
360v 370v 380v 390v 400v 410v 420v

TTCACCGGCAGTCGCAGGCTGATACAGGGTTTTTTGTTTTTTGTTTTTTGTTTTTCTATTCCTTTGAGTA 
TTCACCGGCAGTCGCAGGCTGATACAGGGTTTTTTGTTTTTTGTTTTTTGTTTTTCTATTCCTTTGAGTA 
TTCACCGGCAGTCGCAGGCTGATACAGGGTTTTTTGTTTTTTGTTTTTTGTTTTTCTATTCCTTTGAGTA 

ATACAGGGTTTTTTGTTTTTTGTTTTTTGTTTTTCTATTCCTTTGAGTA
consensus

2'RL87(1,325) 
l'RL8'7(l,308)' 
RL8PST(1,271)
4'RL84(1,321)

TTCACCGGCAGTCGCAGGCTGATACAGGGTTTTTTGTTTTTTGTTTTTTGTTTTTCTATTCCTTTGAGTA
430v 440v 450v 460v 470v 480v 490v

TCAAAATGCCATCCAAAGAG 
TCAAAATGCCATCCAAAGAGTCCTGGTCGGGGAGG
TCAAAATGCCATCCAAAGAGTCCTGGTCGGGGAGGAAAACTAATAGAGCTACAGTTCACAAATCAAAGCA
TCAAAATGCCATCCAAAGAGTCCTGGTCGGGGAGGAAAACTAATAGAGCTACAGTTCACAAATCAAAGCA

consensus

RL8PST(1,271) 
4'RL84(1, 321)

TCAAAATGCCATCCAAAGAGTCCTGGTCGGGGAGGAAAACTAATAGAGCTACAGTTCACAAATCAAAGCA
500v 510v 520v 530v 540v 550v 560v

AGAGGGCCGTCAGCAAGATTTATTGATAGCAGCCTTGGGAATGAAACTGGGTTCTCAAAAGTCGTCTGTG 
AGAGGGCCGTCAGCAAGATTTATTGATAGCAGCCTTGGGAATGAAACTGGGTTCTCAAAAGTCGTCTGTG

consensus AGAGGGCCGTCAGCAAGATTTATTGATAGCAGCCTTGGGAATGAAACTGGGTTCTCAAAAGTCGTCTGTG

RL8PST(1,271) 
4'RL84(1,321) 
1' RL810(1,318) 
1'RL8N(1,245) 
RLAMAG(1,253) 
2'RL82(1,108)

570v 580v 590v 600v 610v 620v 630v
ACAATCTGGCAACCTCTGAAACTCTTTGC
ACAATCTGGCAACCTCTGAAACTCTTTGCTTATTCGCAGTTGACATCACTTGTTAGAAGAGCAACTCTGA

ATCTGGCAACCTCTGAAACTCTTTGCTTATTCGCAGTTGACATCACTTGTTAGAAGAGCAACTCTGA
TTTGCTTATTCGCAGTTGACATCACTTGTTAGAAGAGCAACTCTGA

ACTTGTTAGAAGAGCAACTCTGA
GA

consensus ACAATCTGGCAACCTCTGAAACTCTTTGCTTATTCGCAGTTGACATCACTTGTTAGAAGAGCAACTCTGA

4'RL84(1,321) 
1'RL810(1,318) 
1' RL8N (1, 245) 
RLAMAG(1,253) 
2' RL82(1,108) 
RLAMAA(1,256)' 
2' RL84(1,67)

640v 650v 660v 670v 680v 690v 700v
AAGAAAATGAACAAATTCCAAAATATGAGAAGGTTCACAATTTCAAGGTGCATACGTTGCGAGGG 
AAGAAAATGAACAAATTCCAAAATATGAGAAGGTTCACAATTTCAAGGTGCATACGTTCCGAGGGCCACA 
AAGAAAATGAACAAATTCCAAAATATGAGAAGGTTCACAATTTCAAGGTGCATACGTTCCGAGGGCCACA 
AAGAAAATGAACAAATTCCAAAATATGAGAAGGTTCACAATTTCAAGGTGCATACGTTCCGAGGGCCACA 
AAGAAAATGAACAAATTCCAAAATATGAGAAGGTTCACAATTTCAAGGTGCATACGTTCCGAGGGCCACA

AGGGCCACA
A

consensus AAGAAAATGAACAAATTCCAAAATATGAGAAGGTTCACAATTTCAAGGTGCATACGTTCCGAGGGCCACA 
710v 720v 730v 740v 750v 760v 770v

Appendix lb.
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l'RL810(1, 318) 
1' RL8N(1,245) 
RLAMAG(1,253)
2' RL82(1,108) 
RLAMAA(1,256)' 
2'RL84(1,67) 
RLAML8'(1,216)'

CTGGTGTGAATACTGTGCCAACTTCATGTGGGGCCTCATTGCTCAGGGAGTGAAATGTGCAGATTGTGGG
CTGGTGTGAATACTGTGCCAACTTCATGTGGGGCCTCATTGCTCAGGGAGTGAAATGTGC
CTGGTGTGAATACTGTGCCAACTTCATGTGGGGCCTCATTGCTCAGGGAGTGAAATGTGCAGATTGTGGG
CTGGTGTGAATACTGTGCCAACTTCATGTGGGGCCTCATTGCTCAGGGAG
CTGGTGTGAATACTGTGCCAACTTCATGTGGGGCCTCATTGCTCAGGGAGTGAAATGTGCAGATTGTGGG
CTGGTGTGAATACTGTGCCAACTTCATGTGGGGCCTCATTGCTCAGGGAGTGAAATGTGCAGATTGTGGG

TGGGGCCTCATTGCTCAGGGAGTGAAATGTGCAGATTGTGGG
consensus CTGGTGTGAATACTGTGCCAACTTCATGTGGGGCCTCATTGCTCAGGGAGTGAAATGTGCAGATTGTGGG

1' RL810(1,318) 
RLAMAG(1,253) 
RLAMAA(1,256)' 
RLAML8'(1,216)'

780v 790v 800v 810v 820v 830v 840v
TTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCCAATGACTGTAAGCCAGACCTGAAGCACGTGAAGA 
TTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCCAATGACTGTAAGCCAGACCTGAAGCACGTGAAGA 
TTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCCAATGACTGTAAGCCAGACCTGAAGCACGTGAAGA 
TTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCCAATGACTGTAAGCCAGACCTGAAGCACGTGAAGA

consensus TTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCCAATGACTGTAAGCCAGACCTGAAGCACGTGAAGA

l'RL810(1,318) 
RLAMAG(1,253) 
RLAMAA(1,256)' 
RLAML8'(1,216)'

850v 860v 870v 880v 890v 900v 910v
AGGTGTATAGCTGTGACCTGACAACACTCGTGAAAGCTCACA 
AGGTGTATAGCTGTGACCTG
AGGTGTATAGCTGTGACCTGACAACACTCGTGAAAGCTCACATCACCAAGAGGCCCATGGTGGTAGACAT
AGGTGTATAGCTGTGACCTGACAACACTCGTGAAAGCTCACATCACCAAGAGGCCCATGGTGGTAGACAT

consensus AGGTGTATAGCTGTGACCTGACAACACTCGTGAAAGCTCACATCACCAAGAGGCCCATGGTGGTAGACAT

RLAMAA(1, 256) ' 
RLAML8'(1,216)' 
RLAMJ20' (1,339) 
RLAML12(1,278)
2'RL552(1,218)' 
10'RL515(1,171)' 
1' RL54(1,122)'

920v 930v 940v 950v
GTGCATCAGGGAGATCGAGTCCAGAGGTCTGAATTC 
GTGCATCAGGGAGATCGAGTCCAGAGGTCTGAATTC

960v 970v 980v

GAATTCTGAAGGACTCTACCGAGTGTCGGGATTTAGTGAC
GAATTCTGAAGGACTCTACCGAGTGTCGGGATTTAGTGAC
GAATTCTGAAGGACTCTACCGAGTGTCGGGATTTAGTGAC
GAATTCTGAAGGACTCTACCGAGTGTCGGGATTTAGTGAC
GAATTCTGAAGGACTCTACCGAGTGTCGGGATTTAGTGAC

consensus GTGCATCAGGGAGATCGAGTCCAGAGGTCTGAATTCTGAAGGACTCTACCGAGTGTCGGGATTTAGTGAC

RLAMJ20' (1,339) 
RLAML12(1,278)
2'RL552(1,218)' 
10'RL515(1,171)' 
l'RL54(1,122)'

990v lOOOv lOlOv 1020v 1030v 1040v 1050v
CTAATTGAAGACGTCAAGATGGCTTTTGATAGAGACGGTGAAAAGGCGGATATTTCTGTGAACATGTATG 
CTAATTGAAGACGTCAAGATGGCTTTTGATAGAGACGGTGAAAAGGCGGATATTTCTGTGAACATGTATG 
CTAATTGAAGACGTCAAGATGGCTTTTGATAGAGACGGTGAAAAGGCGGATATTTCTGTGAACATGTATG 
CTAATTGAAGACGTCAAGATGGCTTTTGATAGAGACGGTGAAAAGGCGGATATTTCTGTGAACATGTATG 
CTAATTGAAGACGTCAAGATGGCTTTTGATAGAGACGGTGAAAAGGCGGATATTTCTGTGAACATGTATG

consensus CTAATTGAAGACGTCAAGATGGCTTTTGATAGAGACGGTGAAAAGGCGGATATTTCTGTGAACATGTATG

RLAMJ20' (1,339) 
RLAML12(1,278) 
2'RL552(1,218) ' 
10'RL515(1,171)' 
l'RL54(1,122)' 
RLAMJ37(1,321)'

1060v 1070v 1080v 1090v H O O v  lllOv 1120v
AGGACATCAACATTATCACTGGAGCGCTTAAACTGTACTTCAGGGATCTGCCAATTCCTCTCATCACCTA 
AGGACATCAACATTATCACTGGAGCGCTTAAACTGTACTTCAGGGATCTGCCAATTCCTCTCATCACCTA 
AGGACATCAACATTATCACTGGAGCGCTTAAACTGTACTTCAGGGATCTGCCAATTCCTCTCATCACCTA 
AGGACATCAACATTATCACTGGAGCGCTTAAACTGTACTTCAGGGATCTGCCAAT 
AGGACATCAACATTATCACTG

TACTTCAGGGATCTGCCAATTCCTCTCATCACCTA
consensus AGGACATCAACATTATCACTGGAGCGCTTAAACTGTACTTCAGGGATCTGCCAATTCCTCTCATCACCTA

RLAMJ20' (1,339) 
RLAML12(1,278)
2'RL552(1,218)' 
RLAMJ37(1,321) ' 
2'RL5182(1, 236) ' 
2'RL5132(1,224) '

1130v 1140v. 1150v 1160v 1170v 1180v 1190v
CGATGCCTACCCCAAGTTCATAGAGTCTGCCAAAATTGTGGACCCTGATGAGCAACTGGAGACCCTTCAT 
CGATGCCTACCCCAAGTTCATAGAGTCTGCCAAAATTGTGGACCCTGATGAGCAACTGGAGACCCTTCAT 
CGATGCCTACCCCAAGTTCATAGAGTCTGCCAAAATT
CGATGCCTACCCCAAGTTCATAGAGTCTGCCAAAATTGTGGACCCTGATGAGCAACTGGAGACCCTTCAT

AAGTTCATAGAGTCTGCCAAAATTGTGGACCCTGATGAGCAACTGGAGACCCTTCAT
CCCTGATGAGCAACTGGAGACCCTTCAT

consensus CGATGCCTACCCCAAGTTCATAGAGTCTGCCAAAATTGTGGACCCTGATGAGCAACTGGAGACCCTTCAT

RLAMJ20' (1,339) 
RLAML12(1,278) 
RLAMJ37(1,321)' 
2'RL5182(1, 236)' 
2'RL5132(1,224)'

1200v 1210v 1220v 1230v 1240v 1250v 1260v
GAAGCACTGAGGTCTCTGCCGCCCGCCCACTGCGAGACGCTCCGGTACCTCATGGCACACCTCAAGAGAG 
GAAGCACTGAGGTCTCTGCCGCCCGCCC
GAAGCACTGAGGTCTCTGCCGCCCGCCCACTGCGAGACGCTCCGGTACCTCATGGCACACCTCAAGAGAG
GAAGCACTGAGGTCTCTGCCGCCCGCCCACTGCGAGACGCTCCGGTACCTCATGGCACACCTCAAGAGAG
GAAGCACTGAGGTCTCTGCCGCCCGCCCACTGCGAGACGCTCCGGTACCTCATGGCACACCTCAAGAGAG

consensus GAAGCACTGAGGTCTCTGCCGCCCGCCCACTGCGAGACGCTCCGGTACCTCATGGCACACCTCAAGAGAG

RLAMJ20'(1,339) 
RLAMJ37(1,321) ' 
2'RL5182(1, 236)' 
2'RL5132(1,224) ' 
2'RL1217(1, 268) 
2'RL1214(1,256) 
2'RL1222(1,175) 
1'RL59(1,240)'
5' RL1272(1,243) 
2'RL1215(1,202)

1270v 1280v 1290v 1300v 1310v 1320v 1330v
TGACCCTTCACGAGAAGGAGA
TGACCCTTCACGAGAAGGAGAATCTGATGAGTGCAGAGAACCTTGGGATCGTGTTTGGTCCAACCCTCAT
TGACCCTTCACGAGAAGGAGAATCTGATGAGTGCAGAGAACCTTGGGATCGTGTTTGGTCCAACCCTCAT
TGACCCTTCACGAGAAGGAGAATCTGATGAGTGCAGAGAACCTTGGGATCGTGTTTGGTCCAACCCTCAT
TGACCCTTCACGAGAAGGAGAATCTGATGAGTGCAGAGAACCTTGGGATCGTGTTTGGTCCAACCCTCAT

ATCTGATGAGTGCAGAGAACCTTGGGATCGTGTTTGGTCCAACCCTCAT
ATCTGATGAGTGCAGAGAACCTTGGGATCGTGTTTGGTCCAACCCTCAT

TGATGAGTGCAGAGAACCTTGGGATCGTGTTTGGTCCAACCCTCAT
AGAGAACCTTGGGATCGTGTTTGGTCCAACCCTCAT

GATCGTGTTTGGTCCAACCCTCAT
consensus TGACCCTTCACGAGAAGGAGAATCTGATGAGTGCAGAGAACCTTGGGATCGTGTTTGGTCCAACCCTCAT 

1340v 1350v 1360v 1370v 1380v 1390v 1400v
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RLAMJ37(1,321)' 
2'RL5182(1,236) ' 
2'RL5132(1,224)' 
2'RL1217(1,268) 
2'RL1214(1, 256) 
2'RL1222(1,175) 
1'RL59(1,240)'
5'RL1272(1,243) 
2'RL1215(1,202) 
2'RL1213(1,274)

GAGATCACCAGAGCTAGACCCCATGGCCGCCCTGAACGACATACGCTATCAGAGACTGGTGGTGGAGCTG
GAGATCACCAGAGCTAGACCCCATGGCCGCCCTGAACGACATACGCTATCAGAGA
GAGATCACCAGAGCTAGACCCCATGGCCGCCCTGAACGACATACGCTATCAGAGACTG
GAGATCACCAGAGCTAGACCCCATGGCCGCCCTGAACGACATACGCTATCAGAGACTGGTGGTGGAGCTG
GAGATCACCAGAGCTAGACCCCATGGCCGCCCTGAACGACATACGCTATCAGAGACTGGTGGTGGAGCTG
GAGATCACCAGAGCTAGACCCCATGGCCGCCCTGAACGACATACGCTATCAGAGACTGGTGGTGGAGCTG
GAGATCACCAGAGCTAGACCCCATGGCCGCCCTGAACGACATACGCTATCAGAGACTGGTGGTGGAGCTG
GAGATCACCAGAGCTAGACCCCATGGCCGCCCTGAACGACATACGCTATCAGAGACTGGTGGTGGAGCTG
GAGATCACCAGAGCTAGACCCCATGGCCGCCCTGAACGACATACGCTATCAGAGACTGGTGGTGGAGCTG

GACTGGTGGTGGAGCTG
consensus

RLAMJ37(1,321)' 
2'RL1217(1,268) 
2'RL1214(1,256) 
2'RL1222(1,175) 
1'RL59(1,240) ' 
5'RL1272(1,243) 
2'RL1215(1,202) 
2'RL1213(1,274)

GAGATCACCAGAGCTAGACCCCATGGCCGCCCTGAACGACATACGCTATCAGAGACTGGTGGTGGAGCTG
1460v 1470v1410v 1420v 1430v 1440v 1450v

CTTATC
CTTATCAAAAATGAAGACATTTTATTTTAGAGTTTTGACTTGAGGAGAAAAAGAAATGGTTTACAGATGA
CTTATCAAAAATGAAGACATTTTATTTTAGAGTTTTGACTTGAGGAGAAAAAGAAATGGTTTACAGATGA
CTTATCAAAAATGAAGACATTTTATTTTAGAGTTTTGACTTGAGGAGAAAAA
CTTATCAAAAATGAAGACATTTTATTTTAGAGTTTTGACTTGAGGAGAAAAAGAAATGGTTTACAGATGA
CTTATCAA
CTTATCAAAAATGAAGACATTTTATTTTAGAGTTTTGACTTGAGGAGAAAAAGAAATGGTTTACAGATGA
CTTATCAAAAATGAAGACATTTTATTTTAGAGTTTTGACTTGAGGAGAAAAAGAAATGGTTTACAGATGA

consensus

2'RL1217(1,268) 
2'RL1214(1,256) 
l'RL59(1,240)' 
2'RL1215(1,202) 
2'RL1213(1,274) 
2' RL532(1,262)'

CTTATCAAAAATGAAGACATTTTATTTTAGAGTTTTGACTTGAGGAGAAAAAGAAATGGTTTACAGATGA
1480v 1490v 1500v 1510v 1520v 1530v 1540v

AGGAATGTTTTCTAGTAATTTAATTAGCTTCATTAGCTGAATTGTTTCTTGGTTAGAGGTT 
AGGAATGTTTTCTAGTAATTTAATTAGCTTCATTAGCTGAATTGTTTCTTGGTTAGAGGTTTGGCCA 
AGGAATGTTTTCTAGTAATTTAATTAGCTTCATTAGCTGAATTGTTTCTTGGTTA 
AGGAATGTTTTCTAGTAATTTAATTAGCTTCATTAGCTG
AGGAATGTTTTCTAGTAATTTAATTAGCTTCATTAGCTGAATTGTTTCTTGGTTAGAGGTTTGGCCAAAT

ATTAGCTTCATTAGCTGAATTGTTTCTTGGTTAGAGGTTTGGCCAAAT
consensus

2'RL1213 (1,274) 
2'RL532(1,262)' 
5' RL1232(1,233)

AGGAATGTTTTCTAGTAATTTAATTAGCTTCATTAGCTGAATTGTTTCTTGGTTAGAGGTTTGGCCAAAT
1550v 1560v 1570v 1580v 1590v 1600v 1610v

ACCCAGATTAAAATGAAGGAACTTCCTGTCATTTCTCTAGCACCGCTCAGCCGTCCTTGTAAAACCGTGA 
ACCCAGATTAAAATGAAGGAACTTCCTGTCATTTCTCTAGCACCGCTCAGCCGTCCTTGTAAAACCGTGA 

AAATGAAGGAACTTCCTGTCATTTCTCTAGCACCGCTCAGCCGTCCTTGTAAAACCGTGA
consensus

2'RL1213(1,274) 
2' RL532(1,262)' 
5'RL1232(1,233) 
2'RL5152(1,269)'

ACCCAGATTAAAATGAAGGAACTTCCTGTCATTTCTCTAGCACCGCTCAGCCGTCCTTGTAAAACCGTGA
1620v 1630v 1640v 1650v 1660v 1670v 1680v

a c a c a c g c t t t c t g g t c c t g g t a a t c c t g g g t g t t t a t c a t g t t a a g
ACACACGCTTTCTGGTCCTGGTAATCCTGGGTGTTTATCATGTTAAGAGAAACTCAAGCTACTGCATGAT
ACACACGCTTTCTGGTCCTGGTAATCCTGGGTGTTTATCATGTTAAGAGAAACTCAAGCTACTGCATGAT

CCTGGTAATCCTGGGTGTTTATCATGTTAAGAGAAACTCAAGCTACTGCATGAT
consensus

2'RL532(1,262)' 
5'RL1232(1,233) 
2'RL5152(1,269)' 
1'RL56(1,140)'
2'RL51(1,160)'

ACACACGCTTTCTGGTCCTGGTAATCCTGGGTGTTTATCATGTTAAGAGAAACTCAAGCTACTGCATGAT
1690v 1700v 1710v 1720v 1730v 1740v 1750v

TACCCCTTTTTGGTGAGGAAACCCCATATTGAAGAATCACAGACTTGTTCCTGCACCATCTCTCTGT 
TACCCCTTTTTGGTGAGGAAACCCCATATTGAAGAATCACAGACTTGTTCCTGCACCATCTCTCTGTCCT 
TACCCCTTTTTGGTGAGGAAACCCCATATTGAAGAATCACAGACTTGTTCCTGCACCATCTCTCTGTCCT

ACCATCTCTCTGTCCT
TCCT

consensus

5'RL1232(1,233) 
2'RL5152(1,269) 
1'RL56(1,140)' 
2' RL51(1,160)' 
5'RL1218(1,151) 
5'RL1222(1,217) 
l'RL55(1,157)

TACCCCTTTTTGGTGAGGAAACCCCATATTGAAGAATCACAGACTTGTTCCTGCACCATCTCTCTGTCCT
1760v 1770v 1780v 1790v 1800v 1810v 1820v

GGGTTGTCTGT
GGGTTGTCTGTGGTTGTCACCCAGCATGCTTCCCAGAGTAAACTGTCATGACATTGCTTTTGGGGTCCAT
GGGTTGTCTGTGGTTGTCACCCAGCATGCTTCCCAGAGTAAACTGTCATGACATTGCTTTTGGGGTCCAT
GGGTTGTCTGTGGTTGTCACCCAGCATGCTTCCCAGAGTAAACTGTCATGACATTGCTTTTGGGGTCCAT

TGGTTGTCACCCAGCATGCTTCCCAGAGTAAACTGTCATGACATTGCTTTTGGGGTCCAT
ATGCTTCCCAGAGTAAACTGTCATGACATTGCTTTTGGGGTCCAT

ATTGCTTTTGGGGTCCAT
consensus

2'RL5152(1,269) ' 
1'RL56(1,140)'
2' RL51(1,160)'
5'RL1218(1,151) 
5'RL1222(1,217) 
1'RL55(1,157) 
RL5HH(1,352)'

GGGTTGTCTGTGGTTGTCACCCAGCATGCTTCCCAGAGTAAACTGTCATGACATTGCTTTTGGGGTCCAT
1830v 1840v 1850v 1860v 1870v 1880v 1890v

ACCACTGGTTTCTGACGCTTGCACATGCGCACACGTGCACACGTACTCACACACACACACATGCACATAC 
ACCACTGGTTTCTGACGCTTGCACATGCGCACACGTGCACACGTACTCACACACACACACATGCACATAC 
ACCACTGGTTTCTGACGCTTGCACATGCGCACACGTGCACACGTACTCACACACACACACATGCACATAC 
ACCACTGGTTTCTGACGCTTGCACATGCGCACACGTGCACACGTACTCACACACACACACATGCACATAC 
ACCACTGGTTTCTGACGCTTGCACATGCGCACACGTGCACACGTACTCACACACACACACATGCACATAC 
ACCACTGGTTTCTGACGCTTGCACATGCGCACACGTGCACACGTACTCACACACACACACATGCACATAC

ACACGTACTCACACACACACACATGCACATAC
consensus

2'RL5152(1, 269)' 
2' RL51(1,160)'
5'RL1218(1,151) 
5'RL1222(1,217) 
1' RL55(1,157) 
RL5HH(1,352)'

ACCACTGGTTTCTGACGCTTGCACATGCGCACACGTGCACACGTACTCACACACACACACATGCACATAC 
1900v 1910v 1920v 1930v 1940v 1950v 1960v

ACAT
ACATACACACACATA
ACATACACACACATACACACCACACACACACCACAAACACACACACACCACAAACACACAAACACACTCA
ACATACACACACATACACACCACACACACACC
ACATACACACACATACACACCACACACACACCACAAACACACACACACCACAAACACACAAAC
ACATACACACACATACACACCACACACACACCACAAACACACACACACCACAAACACACAAACACACTCA

consensus ACATACACACACATACACACCACACACACACCACAAACACACACACACCACAAACACACAAACACACTCA

Appendix lb.
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5'RL1218(1,151) 
RL5HH(1,352)'
1' RL53(1,212)'

1970v 1980v 1990v 2000v 2010v 2020v 2030v
CACC
CACCACAAACACGCACACACACACCACAAACACACTCACACCACAAACACGCACACACACACCACAAACA

AAACACACTCACACCACAAACACGCACACACACACCACAAACA
consensus CACCACAAACACGCACACACACACCACAAACACACTCACACCACAAACACGCACACACACACCACAAACA

RL5HH(1,352)' 
l'RL53(1,212) 
RL5D(1,297)'

2040v 2050v 2060v 2070v 2080v 2090v 2100v
CACTCACACACACACAGACACACACGTATAAGCAGCACCCTGGCTGTTGCACTCTCATCCCTGTACCATA 
CACTCACACACACACAGACACACACGTATAAGCAGCACCCTGGCTGTTGCACTCTCATCCCTGTACCATA

CCCTGGCTGTTGCACTCTCATCCCTGTACCATA
consensus CACTCACACACACACAGACACACACGTATAAGCAGCACCCTGGCTGTTGCACTCTCATCCCTGTACCATA

RL5HH(1,352)'
1' RL53(1,212)' 
KL5D(1,297)'
2' RL1292(1,184)

2110v 2120v 2130v 2140v 2150v 2160v 2170v
CGCCAGCTCCACAGCAGTTCCTTCCCAGCTTCCTCCTCTCAGACATAGTGCTTTGTCTTCAGCAGAAGCG 
CGCCAGCTCCACAGCAGTTCCTTCCCAGCTTCCTCCTCTCAGACATAGTGCTTTGTCTTCAGCAGAAGCG 
CGCCAGCTCCACAGCAGTTCCTTCCCAGCTTCCTCCTCTCAGACATAGTGCTTTGTCTTCAGCAGAAGCG 

CTTCCCAGCTTCCTCCTCTCAGACATAGTGCTTTGTCTTCAGCAGAAGCG
consensus CGCCAGCTCCACAGCAGTTCCTTCCCAGCTTCCTCCTCTCAGACATAGTGCTTTGTCTTCAGCAGAAGCG

RL5HH(1,352)'
1' RL53(1,212)' 
RL5D(1,297)'
2'RL1292(1,184) 
RL5HX(1,124)

2180v 2190v 2200v 2210v 2220v 2230v 2240v
AGACGTGTTTTCAGATGTTACTTCAGTAAGCTT 
AGACGTGTTTTCAGATGTTACTTCAGTAAGACGTGTTTTCAGATGTTACTTCAGTAAGCTTCCAATAAAAATGCACCACACAGCACTTTCCTGTTAAA
AGACGTGTTTTCAGATGTTACTTCAGTAAGCTTCCAATAAAAATGCACCACACAGCACTTTCCTGTTAAA

AAGCTTCCAATAAAAATGCACCACACAGCACTTTCCTGTTAAA
consensus AGACGTGTTTTCAGATGTTACTTCAGTAAGCTTCCAATAAAAATGCACCACACAGCACTTTCCTGTTAAA

RL5D(1,297)' 
2'RL1292(1,184) 
RL5HX(1,124)

2250v 2260v 2270v 2280v 2290v 2300v 2310v
TTATTGGTTTTCAACTGTAAATTTATATTTTTACCTGGCATGCAGTTATTAATTTATTAAATTTGGCCTC 
TTATTGGTTTTCAACTGTAAATTTATATTTTTACCTGGCATGCAGTTATT
TTATTGGTTTTCAACTGTAAATTTATATTTTTACCTGGCATGCAGTTATTAATTTATTAAATTTGGCCTC

consensus TTATTGGTTTTCAACTGTAAATTTATATTTTTACCTGGCATGCAGTTATTAATTTATTAAATTTGGCCTC

RL5D(1,297)' 
RL5HX(1,124)

2320v
GTGCCGAATTC
GTGCCGAATTC

2330v 2340v 2350v 2360v 2370v 2380v

consensus GTGCCGAATTC

Appendix lb: Sequence analysis of rat n-chimaerin. A full alignment of the sequences of deleted 
clones of rat n-chimaerin.
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PROJECT R05' 
CONTIG 3

scale 15

RO092.SEQ 
2'09HX23.SEQ' 
2'09HX26.SEQ' 
5'09HX6.SEQ' 
ROO9E20.SEQ 
R009E2.SEQ'

150v 300v 450v 600v 75 Ov 900v 1050v

Appendix 2a: A sequencing strategy map showing the sequences of the deleted clones of rXO. 
The orientation of the sequence shown is 3' to 5' when compared to rat 
n-chimaerin.

lOv 20v 30v . 40v 50v 60v 70v
RO092(1,303) GAATTCAGACCTCTGGACTCGATCTCCCTGATGCACATGTCTACCACCATGGGCCTCTTGGTGATGTGAG
2'09HX23(1,28)' GAATTCAGACCTCTGGACTCGATCTCCC

consensus GAATTCAGACCTCTGGACTCGATCTCCCTGATGCACATGTCTACCACCATGGGCCTCTTGGTGATGTGAG

RO092(1,303)
consensus

RO092(1,303)
2'09HX26(1,46)'

consensus

RO092(1,303)
5'09HX6(1,261) 
ROO9E20(1,269)

80v 90v lOOv llOv 120v 130v 140v
CTTTCACGAGTGTTGTCAGGTCACAGCTATACACCTTCTTCACGTGCTTCAGGTCTGGCTTACAGTCATT
CTTTCACGAGTGTTGTCAGGTCACAGCTATACACCTTCTTCACGTGCTTCAGGTCTGGCTTACAGTCATT

150v 160v 170v 180v 190v 200v 210v
GGGGACCATCTTGGAACACTGCTTATGAACATTCAACCCACAATCTGCACATTTCACTCCCTGAGCAATG

TCCCTGAGCAATG
consensus GGGGACCATCTTGGAACACTGCTTATGAACATTCAACCCACAATCTGCACATTTCACTCCCTGAGCAATG

220v 230v 240v 250v 260v 270v 280v
ROO 92(1,303) AGGCCCCACATGAAGTTGGCACAGTATTCACACCAGTGTGGCCCTCGGAACGTATGCACCTTGAAATTGT
2'0 9HX26(1,46)' AGGCCCCACATGAAGTTGGCACAGTATTCACAC
5'09HX6(1,261)' GCACCTTGAAATTGT

AGGCCCCACATGAAGTTGGCACAGTATTCACACCAGTGTGGCC.CTCGGAACGTATGCACCTTGAAATTGT
290v 300v 310v 320v 330v 340v 350v

GAACCTTCTCATATTTTGGAATT
GAACCTTCTCATATTTTGGAATTTGTTCATTTTCTTTCAGAGTTGCTCTTCTAACAAGTGATGGGAATTC

GAATTC
consensus GAACCTTCTCATATTTTGGAATTTGTTCATTTTCTTTCAGAGTTGCTCTTCTAACAAGTGATGGGAATTC

360v 370v 380v 390v 400v 410v 420v
5'09HX6(1,261)' AGTGGGGAGTTGTTGGGGGGAGGGCCATTTCCCTCCTCCCTTGGGCCGAGGGCCTTCCCTTGGTGCTCTG
ROO9E20(1,269) AGTGGGGAGTTGTTGGGGGGAGGGCCATTTCCCTCCTCCCTTGGGCCGAGGGCCTTCCCTTGGTGCTCTG

consensus AGTGGGGAGTTGTTGGGGGGAGGGCCATTTCCCTCCTCCCTTGGGCCGAGGGCCTTCCCTTGGTGCTCTG
430v 440v. 450v 460v 470v 480v 490v

5'0 9HX6(1,261)' TCCCCATCCACCTCCCTCCACTGCTCCTGGGCCTTTGCTCTGCCCCAGGCCAGCTGGGTAGCCAGGCTGT
ROO9E20(1,269) TCCCCATCCACCTCCCTCCACTGCTCCTGGGCCTTTGCTCTGCCCCAGGCCAGCTGGGTAGCCAGGCTGT
R009E2(1,330)' CATCCACCTCCCTCCACTGCTCCTGGGCCTTTGCTCTGCCCCAGGCCAGCTGGGTAGCCAGGCTGT

consensus TCCCCATCCACCTCCCTCCACTGCTCCTGGGCCTTTGCTCTGCCCCAGGCCAGCTGGGTAGCCAGGCTGT
500v 510v 520v 530v 540v 550v 560v

5'0 9HX6(1,261)' GCTGAAAAGGGACAGGAGTGGGGAGAAGAAGCC
,ROO9E20(1,269) GCTGAAAAGGGACAGGAGTGGGGAGAAGAAGCCAGCAGTGTCGGAGCCTCAGGAGCTTCCCTCTCCCCGT
R009E2(1, 330) ' GCTGAAAAGGGACAGGAGTGGGGAGAAGAAGCCAGCAGTGTCGGAGCCTCAGGAGCTTCCCTCTCCCCGT

consensus GCTGAAAAGGGACAGGAGTGGGGAGAAGAAGCCAGCAGTGTCGGAGCCTCAGGAGCTTCCCTCTCCCCGT
570v 580v 590v 600v 610v 620v 630v

R009E20(1,269) GACCACCCTCTCCCTGCTTGAGCATCGCCCGGGAGCTGCGAGGAGCCTCA
R009E2(1,330)' GACCACCCTCTCCCTGCTTGAGCATCGCCCGGGAGCTGCGAGGAGCCTCAGCTGTTGGCATGAAACCCCC

consensus GACCACCCTCTCCCTGCTTGAGCATCGCCCGGGAGCTGCGAGGAGCCTCAGCTGTTGGCATGAAACCCCC
640v 650v 660v 670v 680v 690v 700v

R009E2,( 1,330)' TCCCCAACTCGCGGTGGTGGGGACCAACAGACAGCTTCACCCTTCCTTGAGCTGTTGCTGTACCCCTGAA
consensus TCCCCAACTCGCGGTGGTGGGGACCAACAGACAGCTTCACCCTTCCTTGAGCTGTTGCTGTACCCCTGAA

710v 720v 730v 740v 750v 760v 770v
ROQ9E2(1, 330) ' GCTCAGCCAGCTCTGACTTTATAAAACATAAAACCTCAAAAAAAAAAAAAAAAAAAGGAATTC

consensus GC TCAGCCAGC TC TGAC T T TATAAAACATAAAACC TCAAAAAAAAAAAAAAAAAAAGGAAT TC

Appendix 2b: Sequence analysis of rlO. A full alignment showing the sequence of rXO derived 
from its deleted clones. The orientation is 3' to 5' with respect to rat n- 
chimaerin.



202

PROJECT H6311S scale 10

CONTIG 1

lOOv 200v 300v 400v 500v 600v 700v
6311SB.SEQ -------------------------------------- >
6311SA.SEQ' <------------------------------------

Appendix 3a: A sequencing strategy map showing the overlap of sequences of H631.1S.

PROJECT H6311S

CONTIG 1

6311SB{1,343)
■ lOv 20v 30v 40v 50v 60v 70v 

CTTAAGGCAGGCATATATGTAATGAGTGGAATTGGCAAATCCCTGAAGTACAGTTTAAGTGCACCAGTGA
consensus CTTAAGGCAGGCATATATGTAATGAGTGGAATTGGCAAATCCCTGAAGTACAGTTTAAGTGCACCAGTGA

6311SB(1,343) 
6311SA(1,295)'

80v 90v lOOv llOv 120v 130v 140v 
TAATGTTGATATCTTCATACATGTTCACAGAAATATCTGCCTTCTCACCATCTCTGTCGAAAGCCATCTT

TCTCACCATCTCTGTCGAAAGCCATCTT
consensus TAATGTTGATATCTTCATACATGTTCACAGAAATATCTGCCTTCTCACCATCTCTGTCGAAAGCCATCTT

6311SB(1,343) 
6311SA(1,295)'

150v 160v 170v 180v 190v 200v 210v 
GACATCTTCAATTAGGTCACTAAATCCTGATACTCGGTATAGTCCTTCAGAATTAAGACCTCTAGACTCA 
GACATCTTCAATTAGGTCACTAAATCCTGATACTCGGTATAGTCCTTCAGAATTAAGACCTCTAGACTCA

consensus GACATCTTCAATTAGGTCACTAAATCCTGATACTCGGTATAGTCCTTCAGAATTAAGACCTCTAGACTCA

6311SB(1,343) 
6311SA(1,295)'

220v 230v 240v 250v 260v 27*0v 280v 
ATCTCCCTGATGCACATGTCTACCACCATTGGCCGCTTAGTGGTATGTGCTTTCACGAGCGGTGCTACAA 
ATCTCCCTGATGCACATGTCTACCACCATTGGCCGCTTAGTGGTATGTGCTTTCACGAGCGGTGCTACAA

consensus ATCTCCCTGATGCACATGTCTACCACCATTGGCCGCTTAGTGGTATGTGCTTTCACGAGCGGTGCTACAA

6311SB(1,343) 
6311SA(1,295)'

290v 300v 310v 320v 330v 340v 350v 
AAACAACAGAAAGTTCCTTCACTTTAATCTGGTTATATGCCCAAACCTCTAATCAAGAAATAATGCAGCT 
AAACAACAGAAAGTTCCTTCACTTTAATCTGGTTATATGCCCAAACCTCTAATCAAGAAATAATGCAGCT

consensus AAACAACAGAAAGTTCCTTCACTTTAATCTGGTTATATGCCCAAACCTCTAATCAAGAAATAATGCAGCT

6311SB(1,343) 
€311SA(1,295)'

360v 370v 380v 390v 400v 410v 420v
ACAGG
ACAGGAGCAAATTAAATTACTATAAAACATTCCTTCATCTAAAAACTGTGAAGAAGTGGGTTTGTTTAAT

consensus ACAGGAGCAAATTAAATTACTATAAAACATTCCTTCATCTAAAAACTGTGAAGAAGTGGGTTTGTTTAAT

6311SA(1,295) '
430v 440v 450v 460v 470v 480v 490v 

GAGTTGGCGAGTCCATTTGAGATTGAATTC
consensus GAGTTGGCGAGTCCATTTGAGATTGAATTC

Appendix 3b: Sequence analysis of H631.1S. A full alignment of the sequences of the clones
belonging to H631.1S.
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PROJECT H6311L scale 30
CONTIG 3

300v 600v 900v 1200v 1500v 1800v 2100v 2400vLG4'K.SEQ ----------->
H 631ILF.SEQ ------------>

LG4'2.SEQ ----------->
LG4'L .SEQ ------------>
LG4'Q.SEQ ----------->

LG4'11.SEQ ------------>
L5'2.SEQ' <-----------

LG8'5.SEQ  >
L10'3 .SEQ' <------------
L20'F.SEQ' <-----------

LIO'IOC.SEQ'------------------------------ <----------
~L4''7.SEQ  >

LI'4.SEQ' <-------------
L5'2C.SEQ'---------------------------------- <----------

L10' 12C.SEQ' <--------
-LCH6.SEQ  >
LCH7.SEQ  >

LG4'10.SEQ  >
LG4'12.SEQ  >
LG8'8.SEQ  >
L2'3.SEQ  >

-LCH4.SEQ  >
-LCH9.SEQ  >
LG4' 9. SEQ  >
LG4'U .SEQ  >
LG8'7.SEQ  >
LG8'3.SEQ  >
L30'F .SEQ'_________________________________________________________ <____________
L15'H .SEQ'---------------------------------------------------------- <------------
LG8' 4 . SEQ .  >

LG5'A6.SEQ  >
LG5'A12.SEQ  >

L20'B.SEQ'------------------------------------------------------------- <----------'
L30'B.SEQ' <-------
LlO'l.SEQ'---------------------------------------------------------------- <------

LG12'11.SEQ  >
H6311LB.SEQ' <---------------
LG10'2.SEQ  >
LG8'11.SEQ -------- >

Appendix 4a: A sequencing strategy map showing the overlap in sequences of the deleted clones
of H631.1L.



204

PROJECT H6311L
CONTIG 3

LG4'K(1, 310) 
H6311LF(1, 349) 
LG4'2(1, 323) 
LG4'L(1,334) 
LG4'Q(1,301) 
LG4'11(1,334)

10v 20v 30v 40v 50v 60v 70v
GAATTCAAGAAAGCTTCAGAAGATGACATTAAAAAAATGCCTCTAGATTTATCCCCTCTTGCAACACCTA. 

TCAAGAAAGCTTCAGAAGATGACATTAAAAAAATGCCTCTAGATTTATCCCCTCTTGCAACACCTA 
CAAGAAAGCTTCAGAAGATGACATTAAAAAAATGCCTCTAGATTTATCCCCTCTTGCAACACCTA 

AAGCTTCAGAAGATGACATTAAAAAAATGCCTCTAGATTTATCCCCTCTTGCAACACCTA
CTCTAGATTTATCCCCTCTTGCAACACCTA

GATTTATCCCCTCTTGCAACACCTA
consensus GAATTCAAGAAAGCTTCAGAAGATGACATTAAAAAAATGCCTCTAGATTTATCCCCTCTTGCAACACCTA

LG4'K(1,310) 
H6311LF(1, 349) 
LG4'2(1, 323) 
LG4'L(1,334) 
LG4'Q(1,301) 
LG4'11(1,334) 
L5'2(1,313)'

80v 90v lOOv llOv 120v 130v 140v
TCATAAGAAGCAAAATTGAGGAGCCTTCTGTTGTAGAAACAACTCACCAGGATAGTCCTTTACCTCACCC 
TCATAAGAAGCAAAATTGAGGAGCCTTCTGTTGTAGAAACAACTCACCAGGATAGTCCTTTACCTCACCC 
TCATAAGAAGCAAAATTGAGGAGCCTTCTGTTGTAGAAACAACTCACCAGGATAGTCCTTTACCTCACCC 
TCATAAGAAGCAAAATTGAGGAGCCTTCTGTTGTAGAAACAACTCACCAGGATAGTCCTTTACCTCACCC 
TCATAAGAAGCAAAATTGAGGAGCCTTCTGTTGTAGAAACAACTCACCAGGATAGTCCTTTACCTCACCC 
TCATAAGAAGCAAAATTGAGGAGCCTTCTGTTGTAGAAACAACTCACCAGGATAGTCCTTTACCTCACCC

GtTGTAGAAACAACTCACCAGGATAGTCCTTTACCTCACCC
consensus

LG4'K(1,310) 
H6311LF(1,349) 
LG4' 2(1,323) 
LG4'L(1,334) 
LG4'Q(1,301) 
LG4'11(1,3341 
L5'2(1,313)'

TCATAAGAAGCAAAATTGAGGAGCCTTCTGTTGTAGAAACAACTCACCAGGATAGTCCTTTACCTCACCC
150v 160v 170v 180v 190v 200v 210v

AGAGTCTACTACCAGTGATGAGAAGGAAGTACCATTGGCACAAACTGCACAGCCCACATCAGCTATTGTT 
AGAGTCTACTACCAGTGATGAGAAGGAAGTACCATTGGCACAAACTGCACAGCCCACATCAGCTATTGTT 
AGAGTCTACTACCAGTGATGAGAAGGAAGTACCATTGGCACAAACTGCACAGCCCACATCAGCTATTGTT 
AGAGTCTACTACCAGTGATGAGAAGGAAGTACCATTGGCACAAACTGCACAGCCCACATCAGCTATTGTT 
AGAGTCTACTACCAGTGATGAGAAGGAAGTACCATTGGCACAAACTGCACAGCCCACATCAGCTATTGTT
a g a g t c t a c t Ac c a g t g a t g a g a a g g a a g t a c c a t t g g c a c a a a c t g c a c a g c c c a c a t c a g c t a t t g t t
AGAGTCTACTACCAGTGATGAGAAGGAAGTACCATTGGCACAAACTGCACAGCCCACATCAGCTATTGTT

consensus

LG4'K(1,310) 
H6311LF(1,349) 
LG4'2(1,323) 
LG4' L (1,334) 
LG4'Q(1,301) 
LG4'11(1,334) 
L5'2(1,313)'

AGAGTCTACTACCAGTGATGAGAAGGAAGTACCATTGGCACAAACTGCACAGCCCACATCAGCTATTGTT
220v 230v 240v 250v 260v 270v 280v

CGTCCAGCATCATTACAGGTTCCCAATGTGCTGCTTACAAGTTCTGACTCAAGTGTAATTATTCAGCAGG 
CGTCCAGCATCATTACAGGTTCCCAATGTGCTGCTTACAAGTTGTgACTCAAGTGTAATTATTCAGCAGG 
CGTCCAGCATCATTACAGGTTCCCAATGTGCTGCTTAcAaGTTCTGACTCAaGTGTAaTTATTCAGCAGG 
CGTCCAGCATCATTACAGGTTCCCAATGTGCTGCTTACAAGTTCTGACTCAAGTGTAATTATTCAGCAGG 
CGTCCAGCATCATTACAGGTTCCCAATGTGCTGCTTACAAGTTCTGACTCAAGTGTAATTATTCAGCAGG 
CGTCCAGCATCATTACAGGTTCCCAATGTGCTGCTTACAAGTTCTGACTCAAGTGTAATTATTCAGCAGG 
CGTCCAGCATCATTACAGGTTCCCAATGTGCTGCTTACAAGTTCTGACTCAAGTGTAATTATTCAGCAGG

consensus CGTCCAGCATCATTACAGGTTCCCAATGTGCTGCTTACAAGTTCTGACTCAAGTGTAATTATTCAGCAGG

LG4'K(1,310) 
H6311LF(1,349) 
LG4'2(1,323) 
LG4'L(1,334) 
LG4'Q(1,301) 
LG4'11(1,334) 
L5' 2(1,313)' 
LG8'5(1,312)

290v 300v 310v 320v 330v 340v 350v
CAGCACCTTCACCAACCTCAA
CAGTACCTTCACCAACCTCAAGTACTGTAATCACCcAGGCAcCATCCTCTAacAGGCCAaTTGTCCCTGT
CAGTACCTTCACCAaCCTCAaGTACTGTaATCACCCaGGCAcCaTCCTCT
CAGTACCTTCACCAACCTCAAGTACTGTAATCACCCAGGCACCATCCTCTAACAGGCCAaTTGT
CAGTACCTTCACCAACCTCAAGTACTGTAATCACCCAGGCACCATCCTCTAACAGGCC
CAGTACCTTCACCAACCTCAaGTACTGTaATCACCcAGGCAcCATCCTCTAaCAGGCCAaTTGTCCcTGT
CAGTACCTTCACCAACCTCAAGTACTGTAATCACCCAGGCAcCATCCTCTAACAGGCCAATTGTCCCTGT

CCAGGCAcCATCcTCTAaCAGGCCaATTGTCCCTGT
consensus

H6311LF(1,349) 
LG4'11(1,334) 
L5'2(1,313)' 
LG8'5(1,312)

CAGTACCTTCACCAACCTCAAGTACTGTAATCACCCAGGCACCATCCTCTAACAGGCCAATTGTCCCTGT
360v 370v 380v 390v 400v 410v 420v

ACcAGgCccA
AcCAGGcCCATTTCcTCTTCTGTTACATCTTCCTAaTGG
ACCAGGCCCATTTCCTCTTCTGTTACATCTTCCTAATGGACAAACCATGCCTGTTG
ACCAGGCCCATTTCCTCTTCTGTTACATCTTCCTAATGGACAAACCATGCCTGTTGCTATTCCTGCATCA

consensus ACCAGGCCCATTTCCTCTTCTGTTACATCTTCCTAATGGACAAACCATGCCTGTTGCTATTCCTGCATCA

LG8'5(1,312)
consensus

430v 440v 450v 460v 470v 480v 490v
ATTACAAGTTCTAATGTGCATGTTCCAGCTGCAGTCCCACTCGTTCGACCAGTCACCATGGTGCCTAGTG
ATTACAAGTTCTAATGTGCATGTTCCAGCTGCAGTCCCACTCGTTCGACCAGTCACCATGGTGCCTAGTG

500v 510v 520v 530v 540v 550v 560v
LG8'5(1,312) . TTCcAGGAATCCCAGGTCCTTCCTCTCCCCAACcAGTACAGTCAGAAGCAAAAaTGAGATTAAAAGCTGC

consensus TTCCAGGAATCCCAGGTCCTTCCTCTCCCCAACCAGTACAGTCAGAAGCAAAAATGAGATTAAAAGCTGC

LG8'5(1,312) 
L10'3(1,355)' 
L20'F(1,348)'

570v 580v 590v 600v 610v 620v 630v
TTTGACCCAGCAACATCCTCCAGTTACcAATGGTGATACTGTCAAaGGTCATGGTAGCGGATTGGTTAGG

AAGGTCATGGTAGCGGATTGGTTAGG 
GGTCATGGTAGCGGAtTGGTTAGG

consensus

LG8'5(1,312) 
L10'3(1,355) 
L20'F(1,348)

TTTGACCCAGCAACATCCTCCAGTTACCAATGGTGATACTGTCAAAGGTCATGGTAGCGGATTGGTTAGG 
640v 650v 660v 670v 680v 690v 700v

A
ACTCAGTCAGAGGAATCTCGACCGCAGTCATTACAACAGCCAGCCACATCCACTACAGAAACTCCGGCTT
ACTCAGTCAGAGGAATCTCGACCGCAGTCATTACAACAGCCAGCCACATCCACTACAGAAACTCCGGCTT
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consensus ACTCAGTCAGAGGAATCTCGACCGCAGTCATTACAACAGCCAGCCACATCCACTACAGAAACTCCGGCTT

L10'3(1,355)' 
L20'F(1,348)'

710v 720v 730v 740v 750v 760v 770v
CTCCAGCTCACACAACTCCACAGACCCAAAGTACAAGTGGTCGTCGGAGAAGAGCAGCTAACGAAGATCC 
CTCCAGCTCACACAACTCCACAGACCCAAAGTACAAGTGGTCGTCGGAGAAGAGCAGCTAACGAAGATCC

consensus CTCCAGCTCACACAACTCCACAGACCCAAAGTACAAGTGGTCGTCGGAGAAGAGCAGCTAACGAAGATCC

L10'3(1,355)' 
L20'F(1,348)' 
L10' 10C(1,284) 
~L4''7(1,330) 
LI'4(1,362)'

780v 790v 800v 810V 820v 830v 840v
TGATGAAAAAAGGAGAAAGTTTTTAGAGCGAAATAGAGCAGCAGCTTCAAGATGCCGACAAAAAAGGAAA 
TGATGAAAAAAGGAGAAAGTTTTTAGAGCGAAATAGAGCAGCAGCTTCAAGATGCCGACAAAAAAGGAAA 

TTTTAGAGCGAAATAGAGCAGCAGCTTCAAgaTGCCGACAAAAAAGGAAA
CCGACAAAAAAGGAAA

AAAAAAGGAAA
consensus TGATGAAAAAAGGAGAAAGTTTTTAGAGCGAAATAGAGCAGCAGCTTCAAGATGCCGACAAAAAAGGAAA

L10'3(1,355)' 
L20'F(1,348)' 
L10' 10C(1,284)' 
~L4''7(1,330) 
LI' 4(1,362)'

850v 860v 870v 880v 890v 900v 910v
GTCTGGGTTCAGTCTTTAGAGAAGAAAGCTGAAGACTTGAGTTCATTAAATGGTCAGCTGCAGAGTGAAG 
GTCTGGGTTCAGTCTTTAGAGAAGAAAGCTGAAGACTTGAGTTCATTAAATGGTCAGCTGCAGAGTGAAG 
GTCTGGGTTCAGTCTTTAGAGAAGAAAGCTGAAGACTTGAGTTCATTAAATGGTCAGCTGCAGAGTGAAG 
GTCTGGGTTCAGTCTTTAGAGAAGAAAGCTGAAGACTTGAGTTCATTAAATGGTCAGCTGCAGAGTGAAG 
GTCTGGGTTCAGTCTTTAGAGAAGAAAGCTGAAGACTTGAGTTCATTAAATGGTCAGCTGCAGAGTGAAG

consensus GTCTGGGTTCAGTCTTTAGAGAAGAAAGCTGAAGACTTGAGTTCATTAAATGGTCAGCTGCAGAGTGAAG

L10' 3(1,355)' 
L20'F(1,348)' 
L10' IOC(1,284)' 
~L4"7(1,330) 
LI'4(1,362)'
L5'2C(1,260)' 
L10' 12C(1,243)' 
-LCH6(1,184)

920v 930v 940v 950v 960v 970v 980v
TCACCCTGCTGAGAAATGAAGTGGCACAGCTGAAACAGCTTCT 
TCACCC TGC TGAGAAATGAAGTGGCACAGO TGAAACAGC T TCT
TCACCCTGCTGAGAAATGAAGTGGCACAGCTGAAACAGCTTCTTCTGGCTCATAAAGATTGCCCTGTAAC 
TCACCCTGCTGAGAAATGAAGTGGCACAGCTGAAACAGCTTCTTCTGGCTCATAAAGATTGCCCTGTAAC 
TCACCCTGCTGAGAAATGAAGTGGCACAGCTGAAACAGCTTCTTCTGGCTCATAAAGATTGCCCTGTAAC 

CCTGCTGAGAAaTGaAGTGGCACAGCTGAAACAGCTtCtTCTGGCTCATAAAGATtGCCCTGTaAC 
GGCACAGC TGAAACAGC T TC T TC TGGC TCATAAAGATt GCCC TGT aAC 

CAGCTGAAACAGC T TC T TC TGGC TCATAAAGATTGCCC TGTAAC
consensus TCACCCTGCTGAGAAATGAAGTGGCACAGCTGAAACAGCTTCTTCTGGCTCATAAAGATTGCCCTGTAAC

L10' IOC(1,284)' 
~L4' '7(1,330) 
LI' 4(1,362)'
L5' 2C(1,260)' 
L10' 12C(1,243)' 
-LCH6(1,184) 
LCH7(1,255)

990v lOOOv lOlOv 1020v 1030v 1040v 1050v
CGCCATGCAGAAGAAATCTGGCTATCATAATACAGATGAATATAGACCTCCTGTTTGGAAATCTTACTTA 
CGCCATGCAGAAGAAATCTGGCTATCATAATACAGATGAATATAGACCTCCTGTTTGGAAATCTTACTTA 
CGCCATGCAGAAGAAATCTGGCTATCATAATACAGATGAATATAGACCTCCTGTTTGGAAATCTTACTTA 
CGCCATGCAGaAGAAATCTGGCTATCATAATACAGaTGAATATAGACCTCCTGTTTGGAAATCTTACTTA 
CGCCATGCAGAAGAAATCTGGCTATCATAATACAGATGAATATAGACCTCCTGTTTGGAAATCTTACTTA 
CGCCATGCAGAAGAAATCTGGCTATCATAATACAGATGAATATAGACCTCCTGTTTGGAAATCTTACTTA

CCTCCTGTTTGGAAATCTTACTTA
consensus CGCCATGCAGAAGAAATCTGGCTATCATAATACAGATGAATATAGACCTCCTGTTTGGAAATCTTACTTA

L10'10C(1,284)' 
~L4''7(1,330) 
LI'4(1,362)'
L5'2C(1,260)' 
L10' 12C(1,243)' 
-LCH6(1,184) 
LCH7(1,255)
LG4'10(1,170)

1060v 1070v 1080v 1090v H O O v  lllOv 1120v
TATCAGCTACAACAGGAAGCCCCTC
TATCAGCTACAACAGGAAGCCCCTCATCCTCGAAGAATTACCTGTACTTGCGAGGTGGAAAACAGACCAA
TATCAGCTACAACAGGAAGCCCCTCATCCTCGAAGAATTACCTGTACTTGCGAGGTGGAAAACAGACCAA
TATCAGCTACAACAGGAAGCCCCTCATCCTCGAAGAATTACCTGTACTTGCGAGGTGGAAAACAGACCAA
TATCAGCTACAACAGGAAGCCCCTCATCCTCGAAGAATTACCTGTACTTGCGAGGTGGAAAACAGACCAA
TATCAGCTACAACAGGAAGCCCCTCATCCTCGAAGAATTACCTGTACTTGCGAGGTGGAAAACAGACCAA
TATCAGCTACAACAGGAAGCCCCTCATCCTCGAAGAATTACCTGTACTTGCGAGGTGGAAAACAGACCAA

TcAtCCtAgaaGAaTTacCTGTaCTtGCGaggTGGAAAACAGACCAA
consensus

~L4''7(1, 330) 
LI' 4(1,362)'
L5' 2C(1,260)' 
L10'12C(1,243)' 
LCH7(1,255)
LG4'10(1,170)

TATCAGCTACAACAGGAAGCCCCTCATCCTCGAAGAATTACCTGTACTTGCGAGGTGGAAAACAGACCAA
1130v 1140v 1150v 1160v 1170v 1180v 1190v

AGTATTATGGAAGAGAGTTTCATGGCATGATCTC
AGTATTATGGAAGAGAGTTTCATGGCATGATCTCCAGAGAAGCAGCCGACCAGCTCTTGATTGTGgCTGA
AGTATTATGGAAGAGAGTTTCATGGCATGATCTCCAGAGAAGCAGCCGACCAGCTCTTG
AGTATTATGGAAGAGAGTTTCATGGCATGATCTCCAGAGAAGCAGCCGACCAGCTC
AGTATTATGGAAGAGAGTTTCATGGCATGATCTCCAGAGAAGCAGCCGACCAGCTCTTGATTGTGGCTGA
AGTATTATGGAAGAGAGTTTCATGGCATGATCTCCAGAGAAGCAGCCGACCAGCTCTTGATTGTGGCTGA

consensus

LI'4 (1,362)' 
LCH7(1,255) 
LG4'10(1,170) 
LG4'12(1,296) 
LG8'8(1,402) 
L2' 3(1,318)

AGTATTATGGAAGAGAGTTTCATGGCATGATCTCCAGAGAAGCAGCCGACCAGCTCTTGATTGTGGCTGA 
1200v 1210v 1220v 1230v 1240v 1250v 1260v

G
GGGGAGCTACCTCATCCGGGAGAGCCAGCGGCAGCCAGGGACCTACACTTTGGCTTTAAGATTTGGAAGT
GGGGAGCTACCTCATCCGGGAGAGCCAGCGgCAGCCAGGGaCCTACAcTTTGGCTTT

CGGGAGAGCCAGCGgCAGCCAGGGACCTACACTTTGGCTTTAAGATTTGGAAGT
GGaAGT
GaAGT

consensus

LCH7(1,255) 
LG4'12(1,296) 
LG8'8(1,402) 
L2'3(1,318) 
-LCH4(1,263) 
-LCH9(1,122)

GGGGAGCTACCTCATCCGGGAGAGCCAGCGGCAGCCAGGGACCTACACTTTGGCTTTAAGATTTGGAAGT
1270v 1280v 1290v 1300v 1310v 1320v 1330v

C AAACC AGAAAC T TC AGGC TC
CAAACCAGAAACTTCAGGCTCTACTACGATGGCAAGCACTTTGTTGGGGAGAAACGCTTTGAGTCCATCC 
CAAAcCAGAAACTTCAGGCTCTACTACGATGGCAAGCACTTTGTTGGGGAGAAACGCTTTGAGTCCATCC 
CAAACCAGAAAC T TCAGGC TC TAC TACGATGGCAAGCAC T T TGT TGGGGAGAAACGC TTTGAGTCCATCC 

CTACTACGATGGCAAGCACTTTGTTGGGGAGAAACGCTTTGAGTCCATCC 
TTGTTGGGGAGAAACGCTTTGAGTCCATCC
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LG4'9(1,365) 
LG4'U(1,272)

GGGGAGAAACGCTTTGAGTCCATCC
GGGAGAAACGCTTTGAGTCCATCC

consensus

LG4'12(1,296) 
LG8'8(1,402) 
L2' 3(1,318) 
-LCH4(1,263) 
-LCH9(1,122) 
LG4'9(1,365) 
LG4'0(1,272)

CAAACCAGAAACTTCAGGCTCTACTACGATGGCAAGCACTTTGTTGGGGAGAAACGCTTTGAGTCCATCC
1340v 1350v 1360v 1370v 1380v 1390v 1400v

ACGATCTGGTGACTGATGGCTTGATTACTCTCTATATTGAAACCAAGGCAGCAGAATACATTGCCAAGAT 
ACGATCTGGTGACTGATGGCTTGATTACTCTCTATATTGAAACCAAGGCAGCAGAATACATTGCCAAGAT 
ACGATCTGGTGACTGATGGCTTGATTAcTCTCTATATTGAAACCAAGGCAGCAGAATACATTGCCAAGAT 
ACGATCTGGTGACTGATGGCTTGATTACTCTCTATATTGAAACCAAGGCAGCAGAATACATTGCCAAGAT 
ACGATCTGGTGACTGATGGCTTGATTACTCTCTATATTGAAACCAAGGCAGCAGAATACATTGCCAAGAT 
ACGATCTGGTGACTGATGGCTTGATTACTCTCTATATTGAAACCAAGGCAGCAGAATACATTGCCAAGAT 
ACGATCTGGTGACTGATGGCTTGATTACTCTCTATATTGAAACCAAGGCAGCAGAATACATTGCCAAGAT

consensus ACGATCTGGTGACTGATGGCTTGATTACTCTCTATATTGAAACCAAGGCAGCAGAATACATTGCCAAGAT
1410v 1420v 1430v 1440v 1450v 1460v 1470v

LG4'12(1,296) GACGATAAACCCAATTTATGAGCACGTAGGATACACAACCTTAAACAGAGAGCCAGCATACAAAAAACAT
LG8'8(1,402) GACGATAAACCCAATTTATGAGCACGTAGGATACACAACCTTAAACAGAGAGCCAGCATACAAAAAACAT
L2'3(1,318) GACGATAAACCCAATTTATGAGCACGTAGGATACACAACCTTAAACAGAGAGCCAGCATACAAAAAACAT
-LCH4(1,2 63) GACGATAAACCCAATTTATGAGCACGTAGGATACACAACCTTAAACAGAGAGCCAGCATACAAAAAACAT
-LCH 9(1,122) GACGATAAACCCAATTTATGAG
LG4'9(1,365) GACGATAAACCCAATTTATGAGCACGTAGGATACACAACCTTAAACAGAGAGCCAGCATACAAAAAACAT
LG4'0(1,272) GACGATAAACCCAATTTATGAGCACGTAGGATACACAACCTTAAACAGAGAGCCAGCATACAAAAAACAT
LG8'7(1,384) GATAAACCCAATTTATGAGCACGTAGGATACACAACCTTAAACAGAGAGCCAGCATACAAAAAACAT
LG8'3(1,368) GTAGGATACACAACCTTAAACAGAGAGCCAGCATACAAAAAACAT

consensus GACGATAAACCCAATTTATGAGCACGTAGGATACACAACCTTAAACAGAGAGCCAGCATACAAAAAACAT

1480v 1490v 1500v 1510v 1520v 1530v 1540v
LG4'12(1,296) ATGCCAGTCCTGAAaGAGACACATGaTGaGaGaG
LG8'8(1,4 0 2) ATGCCAGTCCTGAAAGAGACACATGATGAGAGAGATTCTACAGGCCAGGATGGGGTGTCAGAGAAAAGGT
L2'3(1,318) ATGCCAGTCCTGAAAGAGACACATGATGAGAGAGATTCTACAGGCCAGGATgGGGTGTCAGAGAAAAGgT
-LCH4(1,263) ATGCCAGTCCTGAAAGAGACACATGATGAGAGAGATTCTACAGGCCAGGATGGGGTGTCAGAGAAAAGGT
LG4'9(1,365) ATGCCAGTCCTGAAAGAGACACATGATGAGAGAGATTCTACAGGCCAGGATGGGGTGTCAGAGAAAAGGT
LG4'U (1,2 72) ATGCCAGTCCTGAAAGAGACACATGATGAGAGAGATTCTACAGGCCAGGATGGGGTGTCAGAGAAAAGGT
LG8'7(1,384) ATGCCAGTCCTGAAAGAGACACATGATGAGAGAGATTCTACAGGCCAGGATGGGGTGTCAGAGAAAAGGT
LG8'3(1,368) ATGCCAGTCCTGAAAGAGACACATGATGAGAGAGATTCTACAGGCCAGGATGGGGTGTCAGAGAAAAGGT
L30'F(1,336)' AGAGaAAAGGT

consensus ATGCCAGTCCTGAAAGAGACACATGATGAGAGAGATTCTACAGGCCAGGATGGGGTGTCAGAGAAAAGGT
1550v 1560v 1570v 1580v 1590v 1600v 1610v

LG8'8(1,402) TGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAACGAGCAAATTCCAAAATATGAAAaGATTCACAa
L2'3 (1,318) tgACATCACTTGTTAGAAGAGCaACTCTGAAAGAAA
-LCH4(1,263) TGA
LG4'9(1,365) TGACATCACTTGTTAGAAGAGCAaCTCTGAAAGAAAACGAGcaAATTCCAAAATATGAAAAGATTCACAa
LG4'0(1,272) TGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAA
LG8'7(1,3 8 4) TGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAACGAGCAAATTCCAAAATATGAAAAGATTCACAA
LG8'3(1,368) TGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAACGAGCAAATTCCAAAATATGAAAAGATTCACAA
L30'F(1,336)' TGACATCACTTGTTAGAAGAGCAACTCTGaAAGAAAACGAGCAAATTCCAAAATATGaAAAGATTCACAA
L15'H(l,355)' TCACTTGTTAGAAGAGCAACTCTGAAAGAAAACGAGCAAATTCCAAAATATGAAAAGATTCACAA
LG8'4(1,361) GcaAATTCCAAAATATGAAAAGATTCACAA

consensus TGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAACGAGCAAATTCCAAAATATGAAAAGATTCACAA
1620v 1630v 1640v 1650v 1660v 1670v 1680v

LG8'8(1,4 02) TTTCaAGGTGCATACATTCAGAGGGCCACACTGGTGTGAATAcTGTGCCaAC
LG4'9(1,365) TTTCaAGGTGCATACATTCAGAGGGCCaCACTGGTGTGAaTACTGTGCCaACTTTATGTGGG
LG8'7(1,3 8 4) TTTCAAGGTGCATACATTCAGAGGGCCACACTGGTGTGAATACTGTGCCAACTTTATGTGGGGTCTCATT
LG8'3(1,368) TTTCAAGGTGCATACATTCAGAGGGCCACACTGGTGTGAATACTGTGCCAACTTTATGTGGGGTCTCATT
L30'F(1,336)' TTTCAAGGTGCATACATTCAGAGGGCCACACTGgTGTgAATAcTGTGCCAACTTTATGTGGGGTC*rCATT
L15'H (1,355)' TTTCAAGGTGCATACATTCAGAGGGCCACACTGGTGTGAATACTGTGCCAACTTTATGTGGGGTCTCATT
LG8'4(1,361) TTTCAAGGTGCATACATTCAGAGGGCCACACTGGTGTGAATACTGTGCCAACTTTATGTGGGGTCTCATT
LG5'A 6 (1,218) TCAAGGTGCATACATTCAGAGGGCCACACTGGTGTGAATACTGTGCCAACTTTATGTGGGGTCTCATT
LG5'A12(1,156) TCAGAGGGCCACACTGGTGTGAATACTGTGCCAACTTTATGTGGGGTCTCATT
L20'B(1,280)' GaGGGCCACACTGGTGTGAATACTGTGCCAACTTTATGTGGGGTCTCATT

consensus TTTCAAGGTGCATACATTCAGAGGGCCACACTGGTGTGAATACTGTGCCAACTTTATGTGGGGTCTCATT
1690v 1700v 1710v 1720v 1730v 1740v 1750v

LG8'7(1,384) GCTCAGGGAGTGAAaTGTGCAGATTGTGGTTTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCcAAATG
LG8'3(1,368) GCTCAGGGAGTGAAATGTGCAGATTGTGGTTTGAATGTTCATaAGCAGTGTTCCAAGATGGTCCCaAATG
L30'F (1,33 6)' GCTCAGGgAgTGAAATGTGCAGATTGTGgTTTgAATGTTCATAAGCAgTGTTCCAAGATGGTCCCAAATG
L15'H (1,355)' GCTCAGGGAGTGAAATGTGCAGATTGTGGTTTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCAAATG
LG8'4(1,361) GCTCAGGGAGTGAAATGTGCAGATTGTGGTTTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCAAATG
LG5'A 6 (1,218) GCTCAGGGAGTGAAATGTGCAGATTGTGGTTTGAATGTTCATAAGCAGTGTTCCAAGATgGTCCCAAATG
LG5'A12(1,156) GCTCAGGGAGTGAAATGTGCAGATTGTGGTTTgAATGTTCATAAGCAGTGTTCCAAGATgGTCCCAAATg
L20'B(1,280)' GCTCAGGGAGTGAAATGTGCAGATTGTGGTTTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCAAATG
L30'B(1,212)' ATGTGCAGATTGTGGTTTGaATGTTCATAAGCAGTGTTCCAAGATGGTCCCAAATG
L10'1(1,189)' TTCATAAGCAGTGTTCCAAGATGGTCCCAAaTG
LG12'11(1,338) AGATGGTCCCAAATG

consensus GCTCAGGGAGTGAAATGTGCAGATTGTGGTTTGAATGTTCATAAGCAGTGTTCCAAGATGGTCCCAAATG
1760v 1770v 1780v 1790v 1800v 1810v 1820v

LG8'7(1,384) ACTGTAAGCCAGACTTGAAGACTGTCAAAAaGGTGCACA
LG8'3(1,368) ACTGTAaGCCAGACTtGaAGACTGTCAAAAaGGTGCACAGCTGTGACC
L30'F(1,336)' ACTGTAAGCCAGACTTGAAgCATGTCAAAAAgGTGCACAGCTGTGaCCTTACgACGCTCgTGAAAGCACA
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L15'H(1,355)' ACTGTAAGCCAGACTTGAAGCATGTCAAAAAGGTGCACAGCTGTGACCTTACGACGCTCGTGAAAGCACA
LG8'4(1,361) ACTGTAAGCCAGACTTGAAGCATGTCAAAAAGGTGCACAGCTGTGACCTTACGACGCTCGTGAAAGCACA
LG5' A6 (1, 218) ACTGTAAGCCAGACTTgAAGCATGTCAAAAAGGTgCACAGCTGTgACCTTACGACGCTCGTgaAAGCACA
LG5'A12(1,15 6) ACTGTAAGCCAGACTTGAAGCATGTCAAAAA
L20'B(1,280)' ACTGTAAGCCAGACTTGAAGCATGTCAAAAAGGTGCACAGCTGTGACCTTACGACGCTCGTGAAAGCACA
L30'B(1,212)' ACTGTAAGCCAGACTTGAAGCATGTCAAAAAGGTGCACAGCTGTGACCTTACGACGCTCgTGAAAGCACA
LIO'1(1,189)' ACTGTAAGcCAGACTTGAAGCATGTCAAAAAGGTGCACAGCTGTGACCTTACGACGCTCGTGAAAGCACA
LG12'11(1,338) ACTGTAAGCCAGACTTGAAGCATGTCAAAAAGGTGCACAGCTGTGACCTTACGACGCTCGTGAAAGCACA

consensus ACTGTAAGCCAGACTTGAAGCATGTCAAAAAGGTGCACAGCTGTGACCTTACGACGCTCGTGAAAGCACA

L30'F(1,336)' 
L15'H(1,355) ' 
LG8'4(1,361) 
LG5'A6(1,218) 
L20'B(1,280)' 
L30'B(1,212)' 
L10'1(1,189) ’ 
LG12'11(1,338) 
H6311LB(1,407)' 
LG10'2(1,178)

1830v 1840v 1850v 1860v 1870v 1880v 1890v
TACCACTAAgCgGCCAATgGTGGTAGACATGTGCATCAGGgAgATTgAgTCTAgAgGTCTTAA 
TACCACTAAGCGGCCAATGGTGGTAGACATGTGCATCAGGGAGATTGAGTCTAGAGGTCTTAATTCTGAA 
TACCACTAAGCGGCCAATGGTGGTAGACATGTGCATCAGGGAGATTGAGTCTAGAGGTCTTAATTCTGAA 
TACCACTAAGCGgC
TACCACTAAGCGGCCAATGGTGGTAGACATGTGCATCAGGGAGATTGAGTCTAGAGGTCTTAATTCTGAA
TACCACTAAGCGGCCAATGGTGGTAGACATGTGCATCAGGGAGATTGAGTCTAGAGGTCTTAATTCTGAA
TACCACTAAGCGGCCAATGGTGGTAGACATGTGCATCAGGGAGATTGAGTCTAGAGGTCTTAATTCTGAA
TACCACTAAGCGGCCAATGGTGGTAGACATGTGCATCAGGGAGATTGAGTCTAGAGGTCTTAATTCTGAA

CGGCCAATGgTgGTAGACATGTGCATCAgGGAGatTGAGTCTAGAGGTCTTAATTCTgAA
GCATCAGGGAGATTGAGTCTAGAGGTCTTAATTCTGAA

consensus TACCACTAAGCGGCCAATGGTGGTAGACATGTGCATCAGGGAGATTGAGTCTAGAGGTCTTAATTCTGAA

L15'H(1,355) ' 
LG8'4(1,361) 
L20'B(1,280)' 
L30'B(1,212)' 
L10'1(1,189)' 
LG12'11(1,338) 
H6311LB(1,407) 
LG10'2(1,178)

1900v 1910v 1920v 1930v 1940v 1950v 1960v
GGACTATACC
GGACTATACCGAGTATCAGGATTTAGTGACCTAATTGAAGATGTCAAGATGG
GGAC TATACCGAGTATCAG
GGACTATACCGAGT
GGACTATACCGAGTAT
GGACTATACCGAGTATCAGGATTTAGTGACCTAATTGAAGATGTCAAGATGGCTTTCGACAGAGATGGTG
GGACTATACCGAGTATCAGGATTTAGTGACCTAATTGAAGATGTCAAGATGGCTTTCGACAGAGATGGTG
GGACTATACCGAGTATCAGGATTTAGTGACCTAATTGAAGATGTCAAGATGGCTTTCGACAGAGATgGTG

consensus GGACTATACCGAGTATCAGGATTTAGTGACCTAATTGAAGATGTCAAGATGGCTTTCGACAGAGATGGTG

LG12'11(1,338) 
H6311LB(1,407) 
LG10'2(1,178) 
LG8'11(1,245)

1970v 1980v 1990v 2000v 2010v 2020v 2030v
AGAAGGCAGATATTTCTGTGAACATGTATGAAGATATCaACATTATCACTGGTGCACTtaAACTGTACTT 
AGAAGGCAGATATTTCTGTGAACATGTATGAAGATATCAACATTATCACTGGTGCACTTAAACTGTACTT 
AGAAGgCAGATATTTCTgTGAACATgTATGAAGATATCAACATTATCACTgGTgCACTTAAACTGTACTt

t caACATTATCACTGGTGCACTTAAACTGTACTT
consensus AGAAGGCAGATATTTCTGTGAACATGTATGAAGATATCAACATTATCACTGGTGCACTTAAACTGTACTT

LGi2'11(1,338) 
H6311LB(1,407) ‘ 
LG10'2(1,178) 
LG8'11(1,245)

2040v 2050v 2060v 2070v 2080v 2090v 2100v
CAGGGATTTGCCAATTCCACTCATTACATATGATGCC
CAGGGATTTGCCAATTCCACTCATTACATATGATGCCTACCCTAAGTTTATAGAATCTGCCAAAATTATG
CA
CAGGGATTTGCCAATTCCACTCATTACATATGATGCCTACCCTAAGTTTATAGAATCTGCCAAAATTATG

consensus CAGGGATTTGCCAATTCCACTCATTACATATGATGCCTACCCTAAGTTTATAGAATCTGCCAAAATTATG

H6311LB(1,407)' 
LG8'11(1,245)

2110v 2120v 2130v 2140v 2150v 2160v 2170v
GATCCGGATGAGCAATTGGAAACCCTTCATGAAGCACTGAAACTACTGCCACCTGCTCACTGCGAAAcCC 
GATCCGGATGAGCAATTGGAAACCCTTCATGAAGCACTGAAACTACTGCCACCTGCTCACTGCGAAACCC

consensus GATCCGGATGAGCAATTGGAAACCCTTCATGAAGCACTGAAACTACTGCCACCTGCTCACTGCGAAACCC

H6311LB(1,407) 
LG8'11(1,245)

2180v 2190v 2200v 2210v 2220v 2230v 2240v
TCCGGTACCTCATGGCACATCTAAAGAGAGTGACCCTCCACGAAAAGGAGAATCTTATGAATC 
TCCGGTACCTCATGGCACATCTAAAGAGAGTGACCCTCCACGAAAAGGAGAATCTTATGAATCGGAATTC

consensus TCCGGTACCTCATGGCACATCTAAAGAGAGTGACCCTCCACGAAAAGGAGAATCTTATGAATCGGAATTC

Appendix 4b: Sequence analysis of H631.1L. A full alignment of the sequences of the deleted 
clones of H631.1L.
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PROJECT SX23 scale 10

CONTIG 1
lOOv 200v 300v 400v 500v 600v 700v 800v

SX23T3.SEQ -------------------->
SX23T7.SEQ' <---------------------------------------------

Appendix 5a: A sequencing strategy map showing the overlap in the sequences of clone SX23
achieved using two primers, T3 and T7.

CONTIG 1
lOv 20v 30v 40v 50v 60v 70v

SX23T3(1,181) AGGTTAGGGCTCTGAGCTGGCTGCAGCATGCTCATGTGTTAGCTGAGTAGAGTTCACCGGCAGTCGCAGG
consensus AGGTTAGGGCTCTGAGCTGGCTGCAGCATGCTCATGTGTTAGCTGAGTAGAGTTCACCGGCAGTCGCAGG

80v 90v lOOv llOv 120v 130v 140v
SX23T3(1,181) CTGATACAGGGTTTTTTGTTTTTTGTTTTTTGTTTTTCTATTCCTTTGAGTATCAAAATGCCATCCAAAG

consensus CTGATACAGGGTTTTTTGTTTTTTGTTTTTTGTTTTTCTATTCCTTTGAGTATCAAAATGCCATCCAAAG

150v 160v 170v 180v 190v 200v 210v
SX23T3(1,181) AGTCCTGGTCGGGGAGGAAAACTAATAGAGCTACAGTTCAC
SX23T7(1,415)' GTCCTGGTCGGGGAGGAAAACTAATAGAGCTACAGTTCACAAATCAAAGCAAGAGGGCCGTCAGCAAGA

con sensus AGTCCTGGTCGGGGAGGAAAACTAAT AGAGCT ACAGTTCACAAATCAAAGCAAGAGGGCCGTCAGCAAGA

220v 230v 240v 250v 260v 270v 280v
SX23T7(1,415)' TTTATTGATAGCAGCCTTGGGAATGAAACTGGGTTCTCAAAAGTCGTCTGTGACAATCTGGCAACCTCTG

consensus TTTATTGATAGCAGCCTTGGGAATGAAACTGGGTTCTCAAAAGTCGTCTGTGACAATCTGGCAACCTCTG
»

290v 300v 310v 320v 330v 340v 350v
SX23T7(1,415)' AAACTCTTTGCTTATTCGCAGTTGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAATGAACAAATTC

consensus AAACTCTTTGCTTATTCGCAGTTGACATCACTTGTTAGAAGAGCAACTCTGAAAGAAAATGAACAAATTC

360v 370v 380v 390v 400v 410v 420v
SX23T7(1,415)' CAAAATATGAGAAGGTTCATAATTTCAAGGTGCATACGTTCCGAGGGCCACACTGGTGTGAATACTGTGC

consensus CAAAATATGAGAAGGTTCATAATTTCAAGGTGCATACGTTCCGAGGGCCACACTGGTGTGAATACTGTGC

430v 440v 450v 460v 470v 480v 490v
SX23T7(1,415)' CAACTCCATGTGGGGCCTCACTGCTCAGGGAGTGAAATGTGCAGATTGTGGGTTGAATGTTCATAAGCAG

consensus CAACTCCATGTGGGGCCTCACTGCTCAGGGAGTGAAATGTGCAGATTGTGGGTTGAATGTTCATAAGCAG

500v 510v 520v 530v 540v 550v 560v
SX23T7(1,415)' TGTTCCAAGATGGTCCCCAATGACTGTAAGCCAGACCTGAGGCACGTGAAGAAGGTGTATAGCTGT

consensus TGTTCCAAGATGGTCCCCAATGACTGTAAGCCAGACCTGAGGCACGTGAAGAAGGTGTATAGCTGT

Appendix 5b: Sequence analysis of SX23. A full alignment of the sequence of SX23 generated
using two primers T3 and T7.


