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Abstract

The objective of this study was to test the hypothesis that the myc
proto-oncogene is involved in controlling the production of hormones in
the pituitary gland (PG) of rainbow trout. Myc expression was studied ini-
tially using a previously cloned genomic fragment from rainbow trout
(tmyc1l). The PG was shown to express an unusually small, 1.6 kilobase
(kb), c-myc related transcript that increases nearly two-fold as the fish
approach sexual maturity. The identity of the 1.6 kb myc transcript was
confirmed by constructing and screening a PG ¢cDNA library. Two c-myc
related clones were isolated and sequenced. One of these (tmyc2) was
shown to be expressed as a 1.9-2.0 kb transcript in the PG, brain and
heart but was not expressed in the liver. The second clone (tmyc3) is ex-
pressed in the PG (1.6 kb), but not in brain, muscle, liver or heart. Tmyc3
expression level in the PG is much greater than that of tmyc2. The tMyc3
protein shows extensive homology to tMycl (88%) whereas tMyc2 is more
divergent (72%). Southern blot analysis indicates that tmyc2 and tmyc3
are distinct c-myc genes. In situ hybridization and northern blot analysis
showed that tmyc3 is exi)ressed primarily in somatolactotrophs of the
intermediate lobe (IL) of the PG. Tmyc2 is expressed at similar levels in
both the IL and the pars distalis (PD). In vitro stimulation experiments
show that releasing factors, known to control cells in the PD, failed to
stimulate tmyc2 or tmyc3. However, Dopamine and norepinephrine (two
neurotransmitters known to control hormone release from the IL)

increased tmyc3 expression 2-5 times. Two other neurotransmitters (GABA
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and Serotonin) failed to stimulate tmyc3 expression. None of the neuro-
transmitters tested affected tmyc2 expression. These results suggest that
tmyc3 is involved in regulating expression of the somatolactin gene and

hypertrophy of somatolactotrophs.
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Chapter I

General Introduction

Oncogenes

The development of cancer is believed to be caused by a disturbance
in a relatively small number of genes (proto-oncogenes) that are involved
in maintaining or operating signal transduction and secretion pathways.
Conversion of a proto-oncogene to an oncogene, capable of neoplastic
transformation, occurs primarily through point mutations or inappropri-
ate expression (1,2). Classification of the transformation is divided into
three main groups; sarcomas (cancers of muscle, connective and neural

tissue), carcinomas (epithelial cells) and leukemias (blood forming tissue).

Studies leading to the discovery of oncogenes began with Rous (3)
who induced sarcomas in chickens by injecting them with millipore-
filtered tumor extract. The transforming agent was eventually shown to be
a retrovirus (4,5) that is now called Rous sarcoma virus (RSV). Infection of
a cell by a retrovirus leads to the reverse transcription of the viral RNA
genome into DNA, after which the DNA integrates into the host genome to
produce the provirus. The integration step can alter the function of host
genes and it can provide an opportunity for the virus to incorporate host
genes into its own genome. Integration is also essential for the continual

expression of viral genes (6).




RSV deletion mutants have been used to show that the transform-
ing ability of this virus is due to a single gene, called src (from sarcoma),
which is located at the 3' end of the RSV genome (4). Using the viral src
(v-src) gene as a probe it was later discovered that this gene occurs, and is
expressed, in a wide variety of invertebrate and vertebrate species includ-
ing Drosophila (7), fish (8), birds (9) and mammals (10). It is now clear
that v-src arose by transduction of genetic loci from the host genome and

hence did not originate in RSV, nor is it common to all retroviruses (6).

Since the discovery of src, approximately 60 oncogenes have been
isolated from retroviruses and tumor cell lines (11). Some of these genes
are known to code for transcription factors (myc, fos), hormone receptors
(erbA), growth factors (sis, fms), protein kinases (src, kit) and G-proteins
(Table 1). Some of the oncogenes initiate cellular transformation much
more frequently than others. Myc, and ras, for example, are associated

with all of the major forms of cancer described above (12).

The ability of myc to induce neoplastic transformation is largely due
to its involvement in signal transduction pathways. Two such pathways

that have been studied extensively are those that generate cAMP and

inositol trisphosphate (IP3 ). The realization that proto-oncogenes code

for, or maintain, the components of these signaling pathways has gener-
ated a considerable amount of interest in their relationship to basic
cellular functions, particularly those involving growth, development and

the hormonal control of these processes. The relationship between




Table 1

Examples of oncogenes that were isolated from retroviruses

ONCOGENE | VIRAL HOST FUNCTION TUMOR
erb-A chicken Thyroid hormone Leukemia
receptor
src chicken Tyrosine kinase (TK) sarcoma
kit cat TK sarcoma
ras Rat G-protein sarcoma
sis monkey growth factor sarcoma
myc chicken Transcription factor carcinoma
(TF)
fos mouse TF osteosarcoma

Oncogenes frequently initiate the formation of different types of tumors.
Myc, for example, also induces sarcomas and myelocytomas (1,2,11).




proto-oncogenes, signal transduction pathways and the endocrine system
is of special interest in view of the many physiological processes controlled

by the pituitary gland and other endocrine tissue.

The pituitary gland

The pituitary gland of rainbow trout consists of three, functionally
distinct regions: the anterior lobe (pars distalis), a large intermediate lobe
and a neural lobe that forms the core of the intermediate lobe (13, 14,
Fig. 1). The pars distalis is further divided into the rostral pars distalis,
consisting primarily of lactotrophs (prolactin-producing cells), and the
proximal pars distalis consisting of several cell types; the gonadotrophs
(gonadotropin hormone, GTH), thyrotrophs (thyroid stimulating hormone,
TSH), corticotrophs (adreno-corticotropic hormone, ACTH) and somato-
trophs (growth hormone, GH). The intermediate lobe consists of two cell
types. One of these, the melanotrophs, produces melanocyte stimulating
hormone (MSH) and the other, the somatolactotrophs, produces somato-
lactin (SL). The neural lobe consists entirely of nerve fibers that originate
from cell bodies located in the hypothalamus. These fibers form a stalk,
called the infundibulum, that connects the gland to the brain. Nerve
fibers also pass through the anterior lobe and are responsible for deliver-
ing to the gland neuropeptides and neurotransmitters that control the
release of all of the hormones referred to above. The neural-intermediate
lobe is unusually large in teleosts accounting for more than two thirds of

the gland, compared to less than 10% in higher vertebrates (13).



Figure 1. A sketch of a mid-saggital section of a pituitary gland from the
rainbow trout. The arrows mark the approximate border between the distal
lobe (Pars distalis) and the intermediate lobe. The gland is attached to the
hypothalamus (H) through the infundibulum (two projections at upper
left). The distal lobe is further divided into the rostral pars distalis (RPD,
stippled) that consists primarily of prolactin cells and the proximal pars
distalis (PPD, medium to dark shading) that consists of somatotrophs
(cells that produce growth hormone, GH), thyrotrophs (thyroid
stimulating hormone, TSH), corticotrophs (adrenal corticotropic hormone,
ACTH) and gonadotrophs (gonadotropic hormone, GTH). The intermediate
lobe (IL, clear) consists of melanotrophs (melanocyte stimulating
hormone, MSH) and somatolactotrophs (somatolactin, SL). Both lobes are
penetrated extensively by nerve fibers that originate from the
hypothalamus (NL, cross-hatch). Drawn from a tissue section produced in

this thesis and from other sources (13, 14,64).



5b



All of the hormones produced by the gland are under dual control.
The release of GH, for example, is stimulated by GH-releasing factor
(GRF) and inhibited by somatostatin. GRF will also stimulate the expres-
sion of the GH gene whereas somatostatin has the opposite effect (15).
This simple scheme is complicated by the fact that other substances can
also influence the release of GH; these include stimulation by the neuro-
transmitters dopamine (16) and inhibition by interleukin 2 (17).
Dopamine is also involved in controlling the release of MSH from melano-
trophs and prolactin from lactotrophs, although in this case the effect is

inhibitory (18,19,20). Other neurotransmitters, such as norepinephrine

(NE, 21), y-aminobenzoic acid (GABA, 22) and serotonin (ST, 23) are also

known to influence the production and release of MSH. Which of the posi-
tive or negative regulators dominate depends on complex interactions
between the hypothalamus and the prevailing hormonal environment of
the organism. Fluctuations in this environment can occur as the result of

diurnal cycles (24), exercise (25), sexual maturation (26) and stress (27).

Signaling pathways in the pituitary gland

Hormone release from the distal lobe of the trout pituitary gland is
controlled primarily by the cAMP or IP, pathways. The production and re-
lease of GH and ACTH occurs through the cAMP pathway (15) although
the release of ACTH from the cell can also involve IP; (28). The release of

the gonadotropins (GTH) and TSH occurs through the IP, pathway (29,30)

and prolactin synthesis and release appears to be controlled using both
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the cAMP and IP; pathways (19, 20). The control of MSH release from the

intermediate lobe is complex, involving several neurotransmitters, as de-

scribed above, and both the cAMP and IP; pathways (18). At present it is

not clear which pathway controls the release of somatolactin.

The cAMP pathway consists of a receptor, a trimeric G-protein,
which binds and hydrolyzes GTP, and adenylate cyclase (31). Binding of a
ligand to the receptor activates the G-protein which in turn stimulates
adenylate cyclase to catalyze the formation of cAMP from ATP. Cyclic AMP,
as a second messenger, activates protein kinase A (PKA), a ser-
ine/threonine-specific kinase that phosphorylates proteins located in the
cytoplasm and in the nucleus. Some of the cytoplasmic substrates for PKA
are themselves protein kinases that are involved in the metabolism of gly-

cogen. Nuclear substrates includes a Myc protein (32, 33).

The IP; pathway consists of a receptor, a G-protein and a phos-
phodiesterase (PDE). Binding of a ligand to the receptor leads to the
activation of PDE in a manner similar to the activation of adenylate cy-
clase in the cAMP pathway (34). PDE catalyzes the breakdown of inositol
phospholipid to IP; and diacylglycerol (DAG). IP; initiates the release of
calcium from internal stores and DAG activates protein kinase C (PKC).
PKC, and its isoforms, are believed to have at least 45 substrates located

in the cytoplasm and nucleus (35,36). One of the nuclear substrates for

PKC is known to be a Myc protein (37).




The extent to which the cAMP and IP; pathways are used in the

pituitary gland and the fact that both of these pathways are known to ac-
tivate the Myc protein suggests that this proto-oncogene may be involved
in regulating the production of pituitary hormones. The role of Myc may
be to activate gene transcription for a particular hormone or to maintain
and regulate gene transcription for components of the signal transduction
pathway. It may also be essential for maintaining the extensive cell
growth that occurs in some of the pituitary cells as the trout approaches

sexual maturity (38, 39).

The myc gene _family

The Myc family of proto-oncogenes codes for nuclear proteins that
are believed to function as transcription and replication factors (1,2).
Over-expression of these genes is associated with the development of car-
cinomas (40), sarcomas (41), and leukemias (42). This family consists of
at least four members: c-(cellular) myc (43), N-myc (44), L-myc (45) and

B-myc (46).

The myc oncogene was originally isolated from the genome of an
avian leukemia retrovirus and is referred to as v-(viral) myc (1). Subse-
quent studies with v-myc have confirmed that the retrovirus acquired the
myc gene from the avian host (43,47). C-myc is similar to v-myc except
that it contains both introns and exons, whereas v-myc consists entirely
of exon sequence. Human c-myc was used to isolate N-myc from a

neuroblastoma, L-myc from a lung carcinoma and B-myc from a rat brain
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cDNA library. Although L-myc was originally isolated from lung tissue it,
like N-myc, is expressed primarily in the brain and kidney. B-myc shares
this expression pattern to a limited extent, in that it is expressed at its
highest level in the brain, but it is also expressed in several other tissues.
Human c-, N- and L-myc genes are located on chromosomes 8, 2 and 1,
respectively (1). The human locus for B-myc has not been determined but

it is located on chromosome 11 in the rat (46).

Activation of the myc locus (converting it from a proto-oncogene to
an oncogene) can occur through a translocation, gene amplification or
proviral insertion within the host genome. Each of these events leads to
abnormally high levels of myc transcription. This occurs, in the case of
translocation and proviral insertion, because the myc coding region is
brought under the control of an active promoter. For example, transloca-
tions between c-myc and immunoglobulin loci (which are actively
transcribed) has been observed in lymphoid tumors where myc expression
is increased 10-fold (2). Gene amplification can increase the level of the
myc transcript to an even greater extent than translocation. In some
tumors the level can be 20-70 times higher than it is in the normal

cell (1).

All myc family members are encoded in a 3 exon structure with
large portions of the first and third exons constituting 5' and 3' untrans-
lated regions. In the case of B-myc the mature mRNA is derived entirely
from exon 2 (1). Table 2 summarizes the range of transcripts that have
been observed for the various myc family members. c-myc is expressed

9




with transcripts of 1.9 kilobases (kb) to 2.4 kb. L-myc produces the widest
variety of transcripts, ranging from 2.0 kb up to 3.8 kb. B-myc, consisting
primarily of exon 2 sequence, produces the smallest transcript of 1.3 kb.
The variety of c-myc and L-myc transcripts is due to alternative processing
of RNA precursors and to the existence of two or more promoters. c-myc is
known to have three promoters, two of which are located at the 5' end of
exon 1 and are responsible for the production of the 2.0 and 2.4 kb tran-
scripts (1). The multiple transcripts of L-myc are produced primarily
through alternative RNA processing or variations in the location of the

poly-adenylation signal (48).

Structure and _function of the Myc protein

The Myc protein belongs to the helix-loop-helix (HLH) and leucine
zipper (LZ) families of transcription factors that form an active complex
through dimerization (Fig. 2). Myc forms a heterodimer with a smaller
HLH protein called Max (49, 50). Dimerization is mediated by the carboxyl
end of the protein which contains the HLH and LZ motifs. Each member
of the dimer has a DNA binding site (the basic region, BR) on the amino
side of the HLH motif that binds specifically to the DNA sequence
GTGCAC (51). This sequence is an enhancer, often referred to as the Myc
binding site (MBS). The Binding of Myc to the enhancer makes it possible
for two trans-activation domains, at the amino terminus of the protein, to

interact with transcription factors IIH or IID (55). Once activated by Myc,
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Table 2

Messenger RNA transcripts of myc family members

Oncogene Transcript size (kb) CDS
c-myc 1.9 2,3
2.0 2,3
2.4 2,3
N-myc 3.0 2,3
L-myc 2.0 2
2.2 2
3.5 2,3
3.8 2,3
B-myc 1.3 2

The data shown was compiled from several sources (1, 46,48,77). The
third column gives the exon composition of the coding sequence (CDS)
in the mature mRNA.

11




Figure 2. A model of a transcription intiation complex being activated by a
Myc-Max dimer. Assembly begins with the binding of transcrition factor
TFIID to the promoter (P) followed by TFIIB. Once these factors are
assembled TFIIF, TFIIE, TFIIH and RNA polymerase II (POL II) joins the
complex. The Myc-Max dimer activates the complex when two
transactivation domains, located near the amino terminus of Myc, makes
contact with TFIIH or TFIID. This interaction leads to the phosphorylation
of POL II which then proceeds to transcribe the gene. The Myc-Max dimer
binds to an enhancer sequence referred to as the myc binding site (MBS).
The interaction between Myc-Max and the MBS is mediated by a basic
region (BR) located on each protein. Myc and Max dimerize though helix
(H1)-loop-helix (H2) and leucine zipper (LZ) motifs located near the

carboxyl end of each protein. Drawn from several sources (49,50,51,54).
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TFIIH or TFIID phosphorylates RNA polymerase II to initiate transcription
(53, 54). As indicated in Fig. 2, Max lacks the transactivation domains so
that Myc-Max dimers are able to activate transcription whereas Max-Max

dimers can function as Myc suppressers (55).

Although the model describes Myc-Max activation of transcription,
the Myc protein is also known to be associated with the activation of rep-
lication, and may involve the binding of a Myc dimer (or heterodimer) to
an origin of replication (2). The role of Myc as a replication factor has
been implicated in the induction of cellular proliferation (1,2) and hyper-

trophy (56,57).

Project objectives

The myc gene and the protein that it codes for have been studied ex-
tensively since it was first isolated in 1983 (47). A great deal has been
learned about the general expression profile of this gene, both in adult
tissues and during embryonic development, and about the structure and

function of the Myc protein.

However, very little is known about the activity of this gene family
in the endocrine system and, in particular, in the pituitary gland. This is
surprising in view of the many physiological processes that are controlled
by this tissue. A single paper has appeared that describes the stimulation
of myc expression by estrogen in the rat pituitary gland (58). However,

this study was carried out using dot blot analysis without northern blot
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validation. Consequently, it is not clear which family member was being
studied, nor was there any attempt to localize the expression to a specific
region or cell type. As a result, the authors were unable to draw any con-
clusions regarding the role that myc may have in controlling hormone

production in this tissue.

The main objective of this thesis is to examine the possibility that
the myc proto-oncogene is involved in controlling the production of hor-
mones in the pituitary gland of rainbow trout. This organism was selected
because of the extensive work that has been done to clarify the control of
hormonal release from the pituitary gland of salmonids, both in vivo

(24,25,38,59,60) and in vitro (61,62,63,64).

The experimental portion of the thesis is divided into four parts: A
myc expression survey of trout tissues (Chapter II); cloning of myc genes
from the pituitary gland (Chapter III); application of in situ hybridization
to localize myc expression to a specific cell type (Chapter IV) and In vitro
experiments to test various substances for their ability to either inhibit or

stimulate myc expression (Chapter IV).

The experiments in parts 1 and 2 were designed to answer two ques-
tions: first; is myc expressed in the pituitary gland of rainbow trout?
Second; if it is, which family members are present? The second question is
extremely important in view of the known diversity of the myc family. As
indicated above (Fig. 2), Myc function is understood for those family

members that are translated from exons 2 and 3, but is unclear for those

14




members, such as the B-myc protein, that are translated from exon 2

(thus lacking the dimerization motifs).

Information from part 3 is essential for the design of experiments in
part 4. This is particularly important for a tissue such as the gland, which
consists of many cell types, each of which is controlled by multiple factors
that originate in the hypothalamus, and in various other tissues of the

body, including the immune system.

The in vitro experiments in part 4 were included for several reasons:
First; the results of such experiments can be used to tentatively assign
the myc gene to specific signaling pathways and can be used to correlate
the expression of this gene with the production of a specific hormone.
Second; activation of the myc locus (converting it from a proto-oncogene
to an active oncogene) is known to be associated with an elevated expres-
sion level. Any substance that stimulates the expression of myc is a
potential candidate for the in vivo transformation of normal cells to a can-
cerous phenotype. Conversely, any substance that inhibits myc expression
may be useful as a tumor suppresser. Third; as indicated above, the Myc
protein is known to function both as a transcription and replication fac-
tor. The later role is not restricted to cell division but can involve
endopolyploidization, a process that can occur as part of cellular hyper-
trophy, where mitosis does not occur. Several of the cells in the pituitary
gland are known to increase in size during sexual maturation (26,64,
65,91) and it is possible that myc may have a role in stimulating the

growth of specific cells within the gland.
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Chapter I

Expression of the myc proto-oncogene in the rainbow trout

Introduction

Studies in mammals (rat and mouse) have shown that c-myc and
B-myc are expressed in a wide variety of cell types (46, 66), whereas L-myc
and N-myc transcripts appear predominantly in post-mitotic tissues such
as brain, kidney and heart (67, 68). In addition, some of these studies,
and others, have shown a general decline in myc expression after embry-
onic development, and that the levels remain low during growth and

maturation (66, 67, 68, 69).

Very little expression data are available for the pituitary gland as it
was not included in any of the studies cited above. At present, it is not
clear whether the myc proto-oncogene is expressed in the pituitary gland
of any vertebrate species, although there is some indication that it is ex-

pressed in the gland of adult rats (58).

A partial myc genomic clone has been isolated from the rainbow
trout (tmycl) and was shown to have extensive homology to c-myc of
higher vertebrates (70). Tmyc1 is expressed in the liver, but the expression
in other tissues was not examined. The work described in this Chapter
further characterizes the expression of c-myc in various trout tissues, in-

cluding the pituitary gland, during early growth and sexual maturation.
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Three myc transcripts are described, of which one is specific to the pitui-
tary gland and another is expressed only in the heart. Some of the results

in this chapter have been published (71).

Materials and Methods

Pituitary glands, brains, skeletal muscle, liver and heart were col-
lected from 200 g (12 months old) and 1.0 kg (24 months old) rainbow
trout. Ten individuals were sampled from each group. Pituitary glands
were also collected from four additional groups of fish weighing 25 g
(2 month old) to 600 g (18 months old). 10 to 40 glands were collected per
group. All fish were reared in outdoor tanks, fed standard fish pellets at
1% body weight/day, five days a week and were allowed to acclimate to the

tank for one week before tissue samples were collected. The water tempera-

ture ranged from 15° to 18°C.
Multiple tissue expression of myc

Total RNA was extracted from all tissues using the guanidinium-
acid phenol protocol (64). The RNA (20 pg/lane) was fractionated on a
1.2% agarose MOPS-formaldehyde gel and transferred to Genescreen in

10X SSPE (1.50 M NaCl, 1.15 mM NaH,PO, and 10 mM EDTA). The RNA

was crosslinked to the filter by exposing it to 254 nM UV radiation for
3 minutes. Filters were pre-hybridized in a buffer consisting of 5X Den-

hart's solution (0.1% Ficoll, 0.1% polyvinylpyrrolidone, 0.1% bovine serum
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albumin, fraction V), 5X SSPE, 0.3% SDS and 30% formamide for 2-4h at

379C. Hybridization was carried out in the same buffer and at the same
temperature for 24 h (73, 74). The filters were probed with a 475 bp EcoRI-
BamHI fragment tmycl (probe Mla, 62, Glossary). This fragment contains

nearly all of exon 2, excluding both the second intron and exon 3 of the

original clone. The probe was labeled to high specific activity (10° dpm/ug)
using an oligolabelling kit (75, Pharmacia, LKB). Filters were washed at
medium stringency, which consisted of one 20 min wash at 50°C in 1X

SSPE, containing 0.1% SDS. The filter was sealed wet in plastic bags and

exposed to X-ray film for 3 days at -80°C with intensifying screens. Tran-
script levels were quantified with a scanning densitometer (Hoefer

Scientific Instruments).
Expression of myc during sexual maturation

Total RNA was extracted from pituitary glands obtained from 25 g-
600g trout. The RNA (10 pug/lane) was fractionated, blotted to Genescreen
and probed for the expression of myc, using M1a, as described above. The
blot was exposed to X-ray film for 24 h and then stripped at 70°C, for 30
minutes, in a buffer consisting of TE (10 mM Tris, 10mM EDTA, pH 7.0),
1.0% SDS and 50% formamide. The blot was re-probed for the expression
of GH. The GH probe (GHa) is a 200 bp Kpn I- Hind III fragment from the
5' end of a cDNA clone isolated from rainbow trout (76). The blot was ex-

posed to X-ray film for 1h and the transcript levels of myc and GH were

18




quantified with a densitometer. Myc transcripts were standardized by di-
viding the total optical density (OD) of each band by the OD of the control
(GH) band in the corresponding lane. All ratios were then divided by the

value obtained for the smallest fish examined.
GH and myc expression ratio

Total RNA (10 pg) from the pituitary gland was fractionated, in du-
plicate, on a 2.5% agarose gel and transferred to Genescreen. The blot was
cut down the middle, and one half was probed for the expression of GH
and the other half was probed for myc expression. The two halves were
aligned and exposed to the same piece of X-ray film for 4 h. For a control,
both pieces were stripped, re-probed for the expression of GH and exposed
to X-ray film for 1h. The film was scanned and standardized as described

above.

Transcript sizes were estimated on all northern blots by construct-
ing a standard curve based on the migration of known size markers (28S,
18S rRNA and GH mRNA). Distance migrated (mm) was plotted as a func-
tion of log,, molecular size, where molecular size is the number of

nucleotides in the RNA.

Results

Fig. 3A shows the results obtained after probing an RNA blot for the

expression of myc in the pituitary gland (PG), brain, skeletal muscle, liver
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and heart from 200g and 1.0 kg trout. Bands appear in all tissues except
the muscle. The positions of the 28S and 18S ribosomal bands are indi-
cated for size markers. A photograph of the ethidium bromide-stained gel
is also included to verify that approximately equal amounts of RNA were
loaded per lane (Fig. 3B). The band in the liver is a 2.4 kb c-myc transcript
that has been previously described (70). The pituitary gland shows expres-
sion of transcripts that are approximately 1.6 kb (the major band) and 3.8
kb. A transcript of about 3.8 kb also appears in the brain; the heart shows
expression of a single 2.0 kb myc-related transcript. A densitometric scan
of this blot shows that the amount of the 1.6 kb pituitary transcript, in
the 200g fish, is approximately 3-fold greater than the liver transcript and
nearly 8-fold greater than the heart transcript. The major myc-related
transcripts in the PG, liver and heart appear to increase with the age of
the trout. The minor transcripts, in the PG and brain are expressed at ap-

proximately the same levels in both groups.

Fig. 4A shows the expression of the 1.6 kb myc transcript in pitui-
tary glands obtained from fish that ranged in size from 25 g to 600 g. The
expression of this transcript shows a gradual increase with age, reaching a
level in the 600 g fish that is more than double that observed in the 25 g
fish. Fig. 4b shows a comparison between the expression level of GH and
the 1.6 kb myc transcript in the pituitary gland. This result indicates that
GH expression is much greater than that of the myc transcript. The con-
trol (GH expression in both lanes) indicates that each lane contains

equivalent amounts of RNA in both experiments.
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Figure 3. Expression of the myc proto-oncogene in the Rainbow trout. (A)
The blot was probed with M1a, washed at medium stringency and exposed
to x-ray film for 3 days. The position of the 28S and 18S ribosomal RNA is
indicated. (B) Photograph of the ethidium bromide stained gel showing the

28S and 18S ribosomal RNA bands. Lanes 1: 200g trout, 2: 1.0 kg trout.
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Discussion

The results in this Chapter have shown that myc is expressed in the
pituitary gland, as well as in the brain, heart and liver of the rainbow
trout. Diversification of myc function is apparent, in that each tissue ex-
presses myc-related transcripts of different sizes. Some of these

transcripts may represent different family members.

The 3.8 kb transcript that appears in the brain and pituitary gland
is the same size as an L-myc transcript known to be expressed in rat
brain (1). The identity of the heart transcript is uncertain since both
c-myc and L-myc are known to have 2.0 kb transcripts. However, the
identity of the various transcripts can also be inferred, to some extent, by
the relative amounts of each transcript in the different tissues. Expres-
sion of c-myc in mammalian heart appears as a 2.4 kb transcript at a
level approximately 5-fold less than that observed in mammalian liver (1).
A similar trend appears in trout, since the amount of the heart transcript
appears to be much less than the liver transcript, suggesting that the

heart transcript is from a c-myc gene.

The size of the major pituitary transcript is similar to that of
B-myc, which is expressed as a 1.3 kb transcript in the rat (46). All of the
transcripts for the other myc family members are at least 1.9 kb in length

(1,77). However, B-myc expression in mammals is not tissue specific, as
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Figure 4. Expression of myc in pituitary glands from Rainbow trout of
different ages. (A) The .blot was probed with Mla, washed at medium
stringency, exposed to x-ray film, stripped and re-probed with GHa. Lanes:
1 (25¢g trout); 2 (200g); 3 (400g); 4 (600g). (B) Total RNA (10 ug) from the
pituitary gland was fractionated on a 2.5% agarose gel and transferred to
Genescreen. The blot was cut down the middle and one half was probed
with GHa and the other half was probed with Mla. The two halfs were
washed at medium stringency, aligned and exposed to the same piece of
x-ray film for 4h. For a control, both pieces were stripped and re-probed

with GHa.
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the 1.6 kb transcript appears to be in trout. It will be necessary to clone

and sequence the cDNA for this transcript in order to confirm its identity.

The fact that the expression level of the 1.6 kb pituitary myc tran-
script is much higher than that of the liver transcript is surprising and
suggests a major role in pituitary function. Moreover, the level of expres-
sion increases with the attainment of sexual maturation, indicating a

possible role in the growth and activity of gonadotrophs.

Interpretation of the results in this Chapter are complicated by the
difficulties involved in quantifying the results from northern blot analysis.
These problems are rooted in the fact that the response curve of the X-ray
film is non-linear for very short (< 1.0 h) and very long (> 48 h) exposures,
and is compounded by the fact that the effects of short and long expo-
sures depends greatly on the age of the isotope used to label the probe.
Short exposure non-linearity (SENL) can be dealt with by pre-flashing the
X-ray film (brief exposure to very low level light source) to ensure that the
response of the photographic emulsion is linear. However, the artifacts
due to SENL are negligible since most exposures are long enough to en-
sure a linear grain response. A more serious problem involves long
exposure non-linearity (LENL). In this case, the grains in the vicinity of
the radioactive source have been saturated, so that the band intensity, on
the X-ray film, is no longer a linear function of the radioactivity that is

Present.



Some workers (66,67) have attempted to deal with LENL by con-
structing a standard curve that gives the expected grain intensity, on an
X-ray film, for various amounts of RNA in each lane on the northern blot.
Such curves have shown that the response of the X-ray film is linear for
exposures of up to 3 days. However, these curves are of limited usefulness
since the exact age of the isotope is critical and is not likely to be the

same for the standards and the experimental northern blots.

Consequently, standard curves were not used in the present study.
Although northern blot analysis is extremely sensitive to variations in
RNA quantities, the effects of LENL make an exact comparison between
RNA transcript levels difficult. As a result, the transcript levels in this,
and later Chapters, are presented as approximations and reference to spe-
cific levels (i.e. 2.5-fold) are given for clarity of presentation and not for

numerical or statistical analysis.
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Chapter III
Cloning of myc family members from the pituitary gland of

rainbow trout

Introduction

Since the original isolation of v-myc in 1983 (47) the cellular
homologue of this gene (c-myc) has been cloned from a variety of organ-
isms, ranging from fish to human (1). The majority of these clones have
been isolated from genomic libraries in order to obtain the regulatory se-
quences at the 5'-end of the gene and information regarding the exon-

intron structure.

Few attempts have been made to clone these genes from cDNA
libraries, in order to study transcript variability from one tissue type to
the other. This is due, in part, to the fact that c-myc was shown to be ex-
pressed in mouse and human tissues as a single 2.4 kb transcript (58).
Interest in cloning these genes for expression studies has increased since
the discovery of L-myc, and the realization that this gene produces a wide
variety of transcripts (48). Moreover, expression studies of myc genes
during embryonic development showed striking differences in the spatial
and temporal expression of these genes (1,66,67). Post-embryonic expres-
sion surveys of myc expression in mice have indicated a diversification in
the function of the various family members. Some members, like c-myc

~ are widely expressed in mitotic and post-mitotic tissues, whereas, L-myc
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is more restricted, appearing primarily in post-mitotic tissues such as
lung, kidney or brain (1). The case of L-myc is interesting, in that it is re-
stricted to relatively few tissue types, but produces the widest variety of
transcripts (48). This diversity is likely the result of being expressed in a
complex tissue such as the brain where different transcripts may be pro-

duced to suite specific neurons.

The expression pattern of c-myc in trout appears to be more com-
plex than it is in higher vertebrates, with different sized transcripts
appearing in most of the tissues that have been examined (Chapter II).
Diversification of c-myc expression is also apparent within a single trout
tissue since the pituitary gland expresses 1.6 kb and 3.8 kb transcripts.
The 1.6 kb transcript is unusual in that all c-myc transcripts described to
date are at least 1.9 kb, although B-myc is known to produce a 1.3 kb
transcript. This could mean that the 1.6 kb transcript in the gland is pro-
duced from exon 2, as is the case for the B-myc transcript, or that it is a

c-myc with an unusually short 5' or 3' untranslated region.

This Chapter describes the cloning, expression and characterization
of two myc genes from the pituitary gland of rainbow trout. One of these
clones is the cDNA for the 1.6 kb transcript (tmyc3) and shows extensive
homology to tmycl. The second clone (tmyc2) is more divergent from
tmycl and has an expression pattern distinct from that of tmycl or

tmyc3. Portions of this Chapter have been published (78).
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Materials and Methods

Library Construction

Total RNA was extracted from the pituitary glands of ten 400 g
Rainbow trout, using guanidinium thiocyanate (72). Ten pg of this RNA

were fractionated on a 1.2% MOPS-Formaldehyde gel to confirm the unde-
graded state of the 28S and 18S ribosomal bands. Poly (A)* RNA was
extracted from the remaining sample using oligo-dT push columns
(Stratagene). The cDNA library was produced using the A-zap cDNA Kkit,
including Gigapack II Gold packaging extract (Stratagene). Complementary
DNA (cDNA) was synthesized using Moloney-Murine leukemia virus re-

verse transcriptase and cloned into the EcoRI (5) - Xhol (3’) site of A-zap

according to the manufacturer’s protocol.

The library was amplified once to a titer of 3.5 x 1010 pfu/ml before
being transferred to Genescreen Plus (DuPont) at a density of 50,000
plaques/filter according to the manufacturer’s protocol. The filters were
probed with Mla (Chapter II, 70). The probe was labeled to high specific
activity (10° dpm/pg) using an Oligolabelling kit (75, Pharmacia). Hybridi-
zation, stringency washes, and film exposures were as previously described

(Chapter II).

A total of 5.0 x 105 clones were screened, out of which 12 positives
were picked. A 1.6 kb (tmyc3) and a 1.8 kb clone (tmyc2) were selected for

sequencing based on previous northern blot analysis (Chapter II) and on
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restriction mapping. Sequencing was carried out manually and on an
Applied BioSystems (ABS) Inc. automated sequencer (373A) according to
the manufacturer’s protocol. Preparation of the plasmid was carried out
using an alkaline-lysis/PEG precipitation procedure supplied by ABS. Se-
quencing was begun at the 5’ and 3’ ends of the clone using the Reverse
and M13-20 primers. Additional primers were synthesized as sequence

data became available.
Sequence analysis

DNA and amino acid sequences were analyzed using a FORTRAN
program called LARK (written for the Macintosh at SFU). Sequence data
was aligned initially with LARK, but the final alignment was by visual in-
spection. The final alignments were used by LARK to determine percent

homologies.

RNA blots

Northern blot analysis of tmyc2 and tmyc3 expression was carried

out using Poly (A)* RNA isolated from the pituitary gland, brain, liver and
heart of 600 g trout as described for library construction. The RNA
(2 ug/ sample), containing 1 pg of ethidium bromide, was fractionated on
a 1.5% MOPS-formaldehyde gel. A lane containing 5 pg of total RNA was
included to provide the ribosomal RNA size markers. A second marker lane
contained 5 pg of an RNA size marker (Boehringer-Mannheim, cat. # 1062-
611). The gel was transferred to Genescreen Plus and probed sequentially

with the following fragments: a 450 bp Pstl-Pvull fragment from the middle
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of Tmyc2 (probe M2a), a 467 bp EcoRI-BamHI fragment from the 5' end of
Tmyc3 (probe M3a) and a 200 bp EcoRI-Pstl fragment of the translation
elongation factor 2 (EF) cDNA from rainbow trout (probe EFa), which
served as a loading control (This clone was isolated as a false positive in

the screening experiments). The blot was washed at high stringency (0.1X
SSPE, at 500C for 20 minutes) sealed in a plastic bag and exposed to

X-ray film for 3 days at -800C with an intensifying screen. Hybridization
conditions, sequential probing procedures, standardization of the data

and estimation of transcript sizes were described in Chapter II.

Southern Blots

DNA was extracted from the brain of a single trout by powdering the
entire brain (260 mg) on dry ice before adding it to 30 ml TNS (50mM Tris,

100 mM NaCl, 20 mM EDTA, 0.5% SDS). RNase IA (Pharmacia) was added

to a final concentration of 200 mg/ml and incubated at 37°C for 1 h. Pro-

teinase K was added to a final concentration of 0.5 mg/ml and the

incubation at 370C was continued overnight. The mixture was extracted
twice with 0.5 volume phenol-chloroform (1:1) and once with 1.0 volume
chloroform. 2.5 volumes of ice cold 95% ethanol was added to the recov-
ered aqueous phase and the precipitated DNA was spooled out of the
mixture using a glass rod. The DNA was washed twice with 70% ethanol
and dissolved in 1.0 ml TE (pH 8.0) overnight at room temperature (79).

The DNA was digested with EcoRI, BamHI, Pstl and combinations of these



three enzymes (20 pg DNA/reaction); extracted with 1.0 volume phenol-

chloroform, precipitated and dissolved in TE (pH 8.0).

DNA from each digest (10 pg) was fractionated on a 0.8% agarose
gel. DNA size markers (1.0 kb DNA ladder, GIBCO-BRL, 2 pg/lane) were
loaded into the first and last lane. After electrophoresis the gel was depu-
rinated in 5M HCI (7 minutes), denatured in 10N NaOH-1.5M NacCl (20
minutes), neutralized in 0.2M Tris-1.5M NaCl (pH 7.5, 15 minutes),
soaked in 10X SSPE (10 minutes) and transferred to Genescreen Plus

overnight. After transfer the blot was denatured (2 minutes), neutralized
(2 minutes) and baked for 30 minutes at 80°C (74,80). The blot was hy-
bridized sequentially, using the M2a and M3a probes, described above.
Hybridization conditions, buffers and X-ray exposures were as described in
Chapter II. The blot was probed first with M3a, washed at moderate strin-
gency (1X SSPE, 500C) and exposed to X-ray film for 3 days. It was
washed again at high stringency (0.1X SSPE, 500C), exposed to X-ray film
(3 d), then stripped before being reprobed with M2a. The blot was given a
single high stringency wash and exposed to X-ray film (3 d). Estimation of

DNA fragment sizes was carried out as described in Chapter II.

Results

Fig. 5 shows the restriction maps and sequencing strategies for
tmyc2 and tmyc3. The Xho I site was introduced as part of the cloning

strategy. Important areas of the Myc protein, described in Fig. 1, are also
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indicated. These include the transactivation domains (R1, R2}, the DNA-
binding basic region (B) and the HLH (H) and leucine zipper (Z) dimeriza-
tion motifs. The border between exons 2 and 3 is indicated with an arrow.
Tmyc2 is 1761 bp and contains an open reading frame beginning with a
start codon located at position 202 and terminating with a TGA stop
codon located at position 1396. The reading frame codes for a protein with
398 amino acids. This clone contains a 201 bp 5' untranslated region and
a 366 bp 3' untranslated region (Table 3). Tmyc3 consists of 1586 bp with
a 398 bp 3' untranslated region. A 5' untranslated region is missing, as
well as 18 bp from the beginning of the coding region. An open reading
frame is terminated at position 1185 by a TGA stop codon. Assuming the
start codon is located at -18 (Table 3), the reading frame will generate a
protein containing 401 amino acids. Table 3 also includes data on tmycl

for comparison.

The complete DNA sequences, and the deduced amino acid se-
quences, for tmyc2 and tmyc3 are shown in Figures 6 and 7. Both of these
clones contain the transactivation domains (regions 1 and 2), the DNA
binding region (BR) and the dimerization motifs (helix 1-loop-helix2, leu-
cine zipper) that are characteristic of all myc family members. The stop
codon (TGA), for both clones, is indicated by the asterisks and the border

between exon 2 and 3 is indicated with an arrow.

A comparison between the DNA sequences of tmyc2 and tmyc3 is

shown in Fig. 8. Overall, the homology between these two clones is 73%.
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Figure 5. Restriction maps and sequencing strategies for two myc cDNA
clones, tmyc2 (A) and tmyc3 (B), isolated from rainbow trout. The 5 end
of each clone is on the left (EcoRI site) and the coding region is indicated
by the solid rectangle. Important areas of the myc protein, described in
Figure 1, are also indicated. These include the transactivation domains
(R1, R2), the DNA-binding basic region (B) and the HLH (H) and leucine
zipper (Z) dimerization motifs. R3 and R5 are regions that show
interesting differences (or similarities) between tMyc2 and tMyc3. A fourth
region (R4), which is unique to tMyc2, is located at the exon 2/3 border

(arrow).
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Table 3

Numerical descriptions of three myc cDNA clones from rainbow trout.

GENE 5' START STOP CODING AA 3' TOTAL

tmycl 0 -9 1243 1251 417 47 1292
tmyc2 201 202 1396 1194 398 366 1761
tmyc3 0 -18 1185 1203 401 398 1586

Table values are in base pairs. 5' and 3' refers to untranslated regions at
each end of the clone. The locations for the start (ATG) and stop (TGA)
codons mark the positions of the first base in the triplet. The length of
the coding region (CODING) and the number of amino acids in the
protein (AA) are also indicated. The AA value shown for tmyc3 assumes
the start codon is located 18 bp beyond the 5' end of the clone. The
same adjustment was made for tmycl.
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The homology was also determined for three major areas of the DNA se-
quence. The first area, defined by the EcoRI-BamHI fragment of tmyc3, is
87% homologous; the second area (Pstl-Pvull fragment of tmyc2), is 62%
homologous; and the third area (Pvull-end) is 70% homologous. The
EcoRI-BamHI fragment was used as a probe for tmyc3 (M3a) and the PstI-
Pvull fragment was used as a probe for tmyc2 (M2a). The transactivation
domains and the dimerization motifs are located in the first and third

areas, respectively.

The low homology over the third area is due primarily to divergence
in the 3' untranslated region of tmyc2. A comparison of the available 3'
untranslated region from tmycl was compared to tmyc2 and tmyc3
(Fig. 9). Tmycl is missing a 15 bp sequence, present in tmyc2 and tmyc3,

adjacent to the stop codon.

The protein sequences for tMyc2 and tMyc3 are compared to other
Myc family members in Figs. 10 and 11, respectively. These comparisons
indicate that both tMyc2 and tMyc3 are much more closely related to
c-Myc than they are to the other family members. Although tMyc2 and
tMyc3 have diverged considerably from L-myc and N-myc (Figs. 10A,B and
Figs. 11A,B) there are four regions that show extensive homology. This is
seen most clearly for tMyc3 (Figs. 11A, B). These regions correspond to the
transactivation domains, an area near the exon 2/3 border and the di-

merization motifs. By contrast, both tMyc2 and tMyc3 show extensive
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Figure 6. DNA and deduced amino acid sequence for tmyc2. The
transactivation domains are indicated as regions 1 and 2. The DNA
binding basic region, helix-loop-helix and leucine zipper (plus signs) are
also inciated. The arrow marks the exon 2/3 border and the asterisks

mark the location of the stop codon.
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Figure 7. DNA and deduced amino acid sequence for tmyc3. The
transactivation domains are indicated as regions 1 and 2. The DNA
binding basic region, helix-loop-helix and leucine zipper (plus signs) are
also inciated. The arrow marks the exon 2/3 border and three asterisks
mark the location of the stop codon. The start codon is not present in this

clone.
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TTG GCG AGT AAA AAC TAC GAC TAC GAC TAT GAT TCT ATC CAG CCA TAT TTT TAT GTT GAC 62
LEU ALA SER LYS ASN TYR ASP TYR ASP TYR ASP SER ILE GLN PRO TYR PHE TYR VAL ASP
AAC GAA GAT GAG GAT TTC TAT CAC CAG CAG CCA GGA CAG ATT CAG CCA CCG GTT CCA AGC 122
ASN GLU ASP GLU ASP PHE TYR HIS GLN GLN PRO GLY GLN ILE GLN PRO PRO VAL PRO SER

Region 1

GAG GAC ATC TGG AAG AAA TTT GAG TTG TTC CCC ACT CCT CCT CTC TCC CCG AGC CGA CCA 182
GLU ASP ILE TRP LYS LYS PHE GLU LEU PHE PRO THR PRO PRO LEU SER PRO SER ARG PRO

TCA CTG TCT AGT ATT TTC CCA TCG AAT GCT GAC CAA CTA GAA ATG GTG ACC GAG TTT CTC 242
SER LEU SER SER ILE PHE PRO SER ASN ALA ASP GLN LEU GLU MET VAL THR GLU PHE LEU

GGG GAC GAC GTT GTA AAC CAG AGT TTC ATC TGC GAT GCC GAC TAC TCC CAA ACC TTC CTC 302
GLY ASP ASP VAL VAL ASN GLN SER PHE ILE CYS ASP ALA ASP TYR SER GLN THR PHE LEU

Region 2

AAG TCA ATC ATC ATT CAG GAC TGT ATG TGG AGC GGC TTC TCT GCC ACA GCC AAG TTA GAG 362
LYS SER ILE ILE ILE GLN ASP CYS MET TRP SER GLY PHE SER ALA THR ALA LYS LEU GLU

AAA GTG GTG TCT GAA AGA CTC GCA TCG CTC CAG GCT GCT AGG AAA GAT TCA GCC GTT GGC 422
LYS VAL VAL SER GLU ARG LEU ALA SER LEU GLN ALA ALA ARG LYS ASP SER ALA VAL GLY

GAC AAC GCA GGG TGT CCT ACT CGG TTG AAC GCA AAC TTC TTG GAG GAT CCG AAT ACT TCC 482
ASP ASN ALA GLY CYS PRO THR ARG LEU ASN ALA ASN PHE LEU GLU ASP PRO ASN THR SER

CCG TCA GTA ATT GTT GAT CCC TCA GTG GTC TTC CCC TAC CCA ATA ACT GAG ACT CCC AAA 542
PRO SER VAL ILE VAL ASP PRO SER VAL VAL PHE PRO TYR PRO ILE THR GLU THR PRO LYS

CCA AGT AAG GTG GCA CCA CCC ACG GAT TTG GCA TTG GAC ACC CCA CCC AAC AGT GGT AGC 602
PRO SER LYS VAL ALA PRO PRO THR ASP LEU ALA LEU ASP THR PRO PRO ASN SER GLY SER

AGC AGC AGC AGT GGT AGT GAC TCC GAA GAT GAT GAT GAG GAG GAA GAT GAT GAG GAC GAG 662
SER SER SER SER GLY SER ASP SER GLU ASP ASP ASP GLU GLU GLU ASP ASP GLU ASP GLU

GAG GAG ATA GAT GTC GTT ACT GTG GAG AAG AGG CAA GCG GTG AAG CGT GCG ACC CCA GCA 722
GLU GLU ILE ASP VAL VAL THR VAL GLU LYS ARG GLN ALA VAL LYS ARG ALA THR PRO ALA

CGT CAG AGA CCA GAC ATC ACA GTC CCC TTG TGG CTG AAG AGG TGC CAT GTC TCC ACC CAC 782
ARG GLN ARG PRO ASP ILE THR VAL PRO LEU TRP LEU LYS ARG CYS HIS VAL SER THR HIS

CAG CAC AAC TAC GCC GCC CAC CCC TCC ACA CGG CAC GAG CAG CCA GCT GTC AAA AGG CTG 842
GLN HIS ASN TYR ALA ALA HIS PRO SER THR ARG HIS GLU GLN PRO ALA VAL LYS ARG LEU

AGG CTG GAG AAC AGC AGC AGC CGG GTC CTC AAG CAG ATC AGC AGC ACA CGC AAA TGC TCA 302
ARG LEU GLU ASN SER SER SER ARG VAL LEU LYS GLN ILE SER SER THR ARG LYS CYS SER

Basic Region

AGT CCC CGG ACA TCG GAC ACG GAG GAC TAC GAC AAA AGA AGG ACT CAT AAT GTA CTG GAG 962
SER PRO ARG THR SER ASP THR GLU ASP TYR ASP LYS ARG ARG THR HIS ASN VAL LEU GLU

Helix 1

I J
CGC CAG CGG AGG AAC GAC CCA AGG CTG AGC TTT TTT GCT CTA CGG GAT GAG ATA CCG GAT 1022
ARG GLN ARG ARG ASN ASP PRO ARG LEU SER PHE PHE ALA LEU ARG ASP GLU ILE PRO ASP

Loop Helix 2

GTG GCC AAC AAT GAG AAG GCA GCC AAA GTG GTC ATC CTA AAG AAG GCT ACA GAG TGC ATT 1082
VAL ALA ASN ASN GLU LYS ALA ALA LYS VAL VAL ILE LEU LYS LYS ALA THR GLU CYS ILE

+ +
TAC AGC ATG CAG ACA GAT GAG CAG AGA CTA GTC AAC CTC AAA GAG CAA CTA AGG AGG AAA 1142
TYR SER MET GLN THR ASP GLU GLN ARG LEU VAL ASN LEU LYS GLU GLN LEU ARG ARG LYS

+
AGT GAA CAT TTG AAC AGA AGC TGG CAC AAC TGC AGA ACT CAT GTT TGA GCT CAA AGC GCC 1202
SER GLU HIS LEU ASN ARG SER TRP HIS ASN CYS ARG THR HIS VAL ***

» ATTGACTTATTGGACTCCGCATTTTTATGCAAGTTAAGACTTGGTGTGTATAGTTGATATTGAAATGCGAAAGTATGTT 1281
TTTTTTGGGGEGGGGGTGCTGTCTGATTTCAATGTTAAACTGACTCAATTGAAGTTATGGGCAGTAAAATATTTAAAGT 1360
TTATTTTTATTAATAAAATATAAAAAATAGGGCTACACATGTTGCATGCCCGATTCAAAATATGGATTTTATCTTTTCT 1439
ATATAATTACTGACTATTTTCTGAAATGTATTTTTGGATCTCAATTGTCTAGAAGTTCTGACACTTGTTTTCACTGAAT 1518

GGTTTTTCCATATTATGTTCATTTGAAATATAAATGCATTTCTTTT TAAAAAAAAARARRAAAAAAAAAA 1586
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Figure 8. Comparison of the tmyc2 and tmyc3 DNA sequences. The 5 end
of each clone begins at upper left. Four restriction sites are indicated. The
EcoRI-BamHI fragment was used as a probe for tmyc3 (M3a) and the Pstl-
Pvull fragment was used as a probe for Tmyc2 (M2a). The plus sign marks
the location of the start codon (ATG) on tmyc2 and the asterisks marks
the location of the stop codon (TGA) for both clones. The poly adenylation
signal (PAS) and the signal for marking an RNA for a short half life (SLM)

are also indicated.
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CTCCTTATCACACACGCTGGCAAGGATTAATTTGACTGGCTTGTTTGGAATACTTCTCACAATCTACGTTTTTGA
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WMWWMWATATMW
I
EcoRI--GTTTGGCG

AGTAMAAACTACGACT - - - - -~ ACGATTCTATTCAGCCATATTTTTATGTTGACAACGAAGATGAGGATTTTTAT
P DL L BT e it
AGTAAAAACTACGACTACGACTATGATTCTATCCAGCCATATTTTTATGTTGACAACGAAGATGAGGATTTCTAT

CACCAGGAACAAGGACAACTTCAGCCACCOOCTCC ATCTC AGA TTGAGTTGCTGTCCACT
I e
CACCAGCAGCCAGGACAGATTCAGCCACCGGTTCCAAGCGAGGACATCTGGAAGAAATTTGAGTTGTTCCCCACT

CCTCCTCTCTCCCOGAGTCOGCGACCATCACTG TCTAGTC T TTCCCTTCAACTTCTGACCAACTCGAMATGGTG
DELLEEL LR T R L LE 1 L LT
CCTCCTCTCTCCCCGAGCC - - ~GACCATCACTGTCTAGTATTTTCCCATCGAATGCTGACCAACTAGAARTGGTG

AC TTCTC GTTGTAAACCAGAGTTTCATCTGCGATGCCGATTACTCTCAAACCTTCCTCARG
LU PR D EC R LR SR TR
AACCGAGTTTCTCGGGGACGACGTTGTAAACCAGAGTTTCATCTGCGATGCCGACTACTCCCAAACCTTCCTCARG

Pstl
TCTA

TCATCATCCAGGACTGTA’ CAAGTTOGAAAMAGTGGTGTCTGAAAGA
VUL D e A AR T L]
TCAATCATCATTCAGGACTGTATGTOGAGCGGCTTCTCTGCCACAGCCAAGTTAGAGAAAGTGGTGTCTGAAAGA

CTOGCCTGTCTCCAAGCTGCTAGGAAAGAACCAGCTTTTAGCGACAACGCGGAGTOGACTACTACTCGGTTGAAC
LR L LT e TR g L LT

GCAAACTACTTGCAGGATCTGAACACATCCGOGTCCGAATGTATTGATCCCTCAGTGGCCTTTCCCTACCCAATT
R R I Sy e sy A ey
GCARACTTCTTGGAGGATCCGAATACTTCCCCGTCAGTART TG TTGATCCCTCAGTGGTCTTCCCCTACCCARTA
BamHI
ACTGATACTTCCAAATCAAGCAAGGTGARACCACCCACACGGATTTGGCATTGGACAACCCACCCCAACAGCAGT
PUE AT Y D TR gt TR FEEELEE T 1
"AAGGTGGCACCACCCA - -COGATTTGGCATTGGACACCCCACCCAA -CAGTGGT

AGAA’

CTC, GTGATGT
FLLLLUEELL LEL L WTHE LT

|
TCCGA, TAGAT

AGTAGCAGA
1L
AGCAGCAGCAXK

~GGAGAAGAGGCACGCAGAGTAAGCGGTGCGACCCCAACATGTCTGGGACCAGACATCACAGTCC
TULLECELLEE L L R B L LR
AAGCGGTG -AAGCG-TGCGACCCCAGCACGTCAGAGACCAGACATCACAGTCC

CCTTGTG- CTGAAGAGGTGCCATGTCTCCACCCACCAGCACAACTACGCAGCTCACT -COTCCACGOGGCACGAG
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ittt ot - - ~ T GCTA
e N N R A A AR R R PLLLEE VLt g
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AGAGACTAGTCAACTTCGAAGAGCAGCTAAGGAGGAARAGTGAACATTTGARACAGARGCTGTCCCGGCTACAGA
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AGAGACTAGTCAACCTCAAAGAGCAACTAAGGAGGAAMAGTGAACATTTGAA - CAGAAGCTGGCACAACTGCAGA

TTAA

TTCTCATGTTTGAGACCCAAAGCGGCATAGACTTTTTGACCTTATCGTTATTAATGCAAGTTAAGACA
Jik! (R s |
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SLM
TGGC TGATATTGC- AAGAAAAR, TCTTTT-TGATTTAA
I
TA"

LT i I}
TGGTGTGTATAGTTGATATTGAAATGC -GAAAGT - - - -ATG- - - ~TTTTTTT TGTCTGATT

ATT! TATGA-
L DIH
ATTTTTATTAATAAAATATAAA
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--N "AATTGAA - TTATCGGCAGTAAAATATTT = = = = = == = = =t T,
ELLCE FEEE CL FLLITD T Lt
TCAATGTT N TATTT:

"ATGAATGTTTTGAA - -- -~ AATAATTACTGAGTATTTC
Ny Lt
vl ATAATTACTGACTATTTT
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Ny 1111
TATGGATTTTATCTTTTCTAT:

~TACA
L L L]
AAATAGGGCTACACATGTTGCATGCCCGA!

ATATGGGTTTACATATGTTCCTCGA- - -~

CTAAAAATGTATTTTTGGATCTCAATTGTCAGGAAGTTCAGGCAGTATA
I RN AN A ANy [ I
CTGAA- ATGTATTTTTGGATCTCAATTGTCTAGAAG TTCTGACACTTGTTTTCACTGAATGGTTTTICCATATTA

-~ TTCATTTGAAATATAAATGCATTTCTTAACACTCCAAAAARAAAAAAAAAAA
LR LEL D R PEECEVELERTLEL G
TGTTCATTTGAAATATAAATGCATTTCTTTTTAAAAAAAAARAAAAAAAAAAA
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homology to human c-Myc throughout the protein sequence (Figs. 10C
and 11C), although tMyc2 shows more divergence in the middle portion of

the protein.

Fig. 12 shows a comparison between the amino acid sequences of
tMycl, tMyc2 and tMyc3. Important areas of the Myc protein, described in
Figs. 1 and 5 are shown. the leucine zipper is indicated with plus signs
and the border between exon 2 and 3 is marked with an arrow. The overall
homology between these three proteins is 65%, whereas the similarity is

76%.

A summary of comparisons of the three trout Myc proteins is shown
in Table 4. In general, tMyc3 shows extensive homology to tMycl whereas
tMyc2 shows more divergence. Regions 1 and 2 are highly conserved be-
tween all three proteins. The basic region (BR) is also highly conserved, as
is the HLH domain, between tMyc1 and tMyc3. However, there is extensive
divergence in this region between tMycl and tMyc2 (74% homology) as well
as between tMyc2 and tMyc3 (68% homologous). The leucine zipper shows
even greater divergence between tMyc2 and tMyc3 with only 55% homology
and between tMycl and tMyc3 with 62%. Regions 3, 4 and 5 define addi-
tional differences between these three proteins. R3 is part of a tandem
repeat, present in tMycl, which is not present in tMyc2 and tMyc3. R4
defines a second region that is partially deleted in tMyc2 but is conserved
in tmycl and tMyc3. 45% of the residues in this region are acidic in
tMyc2, as compared to 76% in tmycl and tmyc3. R5 is an area that con-

tains many substitutions in tMyc2, with the carboxyl end containing five
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Figure 9. A comparison between the 3' untranslated region of vtmycl with
tmyc2 (A) and tmyc3 (B) indicates that tmyc]1 is missing a 15 bp sequence

adjacent to the stop codon (TGA) that is present in both tmyc2 and tmyc3.
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tmyc2
tmycl

tmyc3
tmycl

TGAGACCCAAAGCGGCATAGACTTTTTGACCTTATCGTTATTAATGCAAGTTAAGACATGGCGTGTATAG

|
TGA

Lol L e L L L
‘ACCGGACTCCGCATTGTTA-TGCAAGTTAAGACTTGGTGTGTATA

TGAGCTCAAAGCGCCATTGACTTATTGGACTCCGCATTTTTA!

HH

TGCAAGTTAAGACTTGGTGTGTAT:
HHHHHH HI|IHHIIHHIHHHIIHH
GACTTGGTGTGTA
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Figure 10. Comparisons between the tMyc2 protein sequence and human
Myc family members. The sequences were aligned in pairs and the
homology determined at intervals of 10 amino acid residues, beginning at

the amino terminus of each protein. Tmyc2 was compared to L-Myc (A),

N-Myc (B) and c-Myc (C).
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Figure 11. Comparisons between the tMyc3 protein sequence and human
Myc family members. The sequences were aligned in pairs and the
homology determined at intervals of 10 amino acid residues, beginning at

the amino terminus of each protein. Tmyc3 was compared to L-Myc (A),

N-Myc (B) and c-Myc (C).
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Figure 12. A comparison between the amino acid sequences of three myc
proteins (tMycl, tMyc2 and tMyc3) from rainbow trout. The asterisks
indicate positions where all three proteins have the same amino acid. The
dots indicate positions where the amino acids are of the same type:
acidic, basic, polar uncharged and nonpolar residues. The transactivation
domains, located at the amino terminus of all myc family members, are
shown as regions 1 and 2 (R1, R2). The locations of the two dimerization
motifs are also shown. The first is the BR-HLH domain and the second is
the leucine zipper, which is indicated with plus signs. The border between

exon 2 and 3 is marked with an arrow.
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additional amino acids. The ratio of acidic/basic residues in this region
increases from 0.2 in tMycl to 0.6 in tMyc2. TMyc3 is nearly identical to

tMyc1 over this region.

Table 4 also shows a comparison between tMyc2 and human L-Myc.
Overall, the homology is low (30%) with a 49% similarity. This is reflected
in the homologies over several regions, except for region 4, which is 91%
homologous. A more detailed comparison of this region, between tMyc2
and other Myc proteins, is shown in Fig. 13. Region 4 appears as a highly
extended acidic domain, consisting primarily of glutamic and aspartic acid
residues, in all Myc proteins examined, except for tMyc2 and L-Myc. The
tyrosine (Y) to asparagine (N) substitution that occurs in L-Myc is conser-

vative.

Northern blot analysis of tmyc2 expression is shown in Fig. 14A.
This blot is probed with M2a, a fragment that corresponds to an area of
low homology (62%) between tmyc2 and tmyc3 (see Fig. 8). Tmyc2 is ex-
pressed as a transcript of 1.9 kb in the pituitary gland, and 2.0 kb
transcripts in the brain and heart. Two minor bands also appear in the
pituitary gland and brain at approximately 3.8 kb. The expression pattern
of tmyc3, using M3a at moderate stringency (Fig 14B), is similar to that
obtained with M1a, as described in Chapter II. A major band appears in
the pituitary gland at 1.6 kb with less abundant transcripts appearing in
the liver (2.4 kb) and in the heart (2.0 kb). At high stringency, tmyc3 ap-
pears only in the pituitary gland, and at a much higher level than is

apparent for tmyc2 (Fig. 14C). Signals from tmyc2 were not completely re-
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moved from the previous hybridization and are evident in this figure. The
3.8 kb transcript, clearly detected with the tmyc2 probe (Fig. 14A), appears
very faint and only in the pituitary gland. Fig. 14D, probed for the expres-
sion of the elongation factor, indicates approximately equal amounts of

RNA in each lane.

Southern blot analysis, with M3a at moderate stringency, indicates
the existence of multiple myc-related loci in the trout genome (Fig. 15A).
Washing the blot at high stringency reduces the number of bands to two
per lane (Fig. 15B). When the blot from Fig 15B is stripped and hybridized
with M2a, a different pattern emerges consisting of two bands per lane

(Fig. 15C).

The high stringency results, for the Southern blot analysis, were
used to construct restriction maps for tmyc2 (Fig. 16A) and tmyc3 loci
(Fig. 16B). These maps account for all of the bands shown in Figs. 15B
and 15C. Inspection of both maps shows that the band with the highest
optical density (OD), in each lane of Fig. 10B, is from tmyc3 whereas the
low density band is from tmyc2. Similarly, the high density bands in Fig.
15C are from tmyc2, whereas the low density bands are from tmyc3. Lane
3 of Fig. 15C shows a single band because both genes generate a 3 kb-Pstl
fragment and, accordingly, the bands OD is higher than the others. The
OD of the two bands shown in Fig. 15C, lane 2 are very similar. However,
comparing the density of the 15 kb band with that obtained with the

tmyc3 probe (Fig. 15B, lane 2) indicates that this fragment is from tmyc2.
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Table 4

Comparisons between several Myc proteins over regions that are crucial
to the normal function of the protein or that are unique to some of the
proteins shown.

Comparison| R1 R2 R3 R4 R5 BR HLH LZ Total

M1, M2 920 95 45 48 24 86 74 83 72 (80)
M1, M3 100 100 50 100 97 100 93 62 88 (93)
M2, M3 90 95 50 48 17 86 68 55 64 (76)
M2, L-Myc 67 70 - 91 24 50 34 22 30 (49)

Table values are percent homologies, except the values in parentheses,
which are percent similarities. Table headings are as defined in the text
and include regions 1 to 5 ( R1-R5), the basic region (BR), the helix-
loop-helix (HLH) and leucine zipper (LZ) dimerization motifs. The three
trout Myc proteins are abbreviated as M1 (tMycl), M2 (tMyc2) and M3
(tMyc3). A comparison between tMyc2 and the human L-Myc protein is
also shown.




Figure 13. A detailed comparison of region 4, at the exon 2/3 border,

between tMyc2 and other Myc proteins.
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Figure 14. Northern blot analysis of tmyc2 and tmyc3 expression in the
rainbow trout. A blot, containing Poly (A)* RNA was probed with M2a and
washed at high stringency (A). The blot was stripped and re-probed with
M3a and washed at moderate stringency (B) and at high stringency (C).
Finally, the blot was stripped and re-probed for the expression of the

elongation factor (D). Lanes: 1; pituitary gland, 2; brain, 3; liver, 4; heart.
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Figure 15. Southern blot analysis of c-myc loci in the rainbow trout. The
blot was probed with M3a and washed at medium stringency (A) and high
stringency (B). The blot was stripped and re-hybridized with M2a and
washed at high stringency (C). DNA, from a single individual, was digested
with BamHI (lane 1), EcoRI (lane 2), Pstl (lane 3), BamHI-EcoRI (lane 4),

BamHI-Pstl (lane 5) and Pstl-EcoRI (lane 6).
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Figure 16. Genomic maps arround the tmyc2 and tmyc3 loci. Southern
blot analysis was used to construct restriction maps for tmyc2 (A) and
tmyc3 loci (B). The 5 end of each clone is located at left. The coding
regions for each clone are indicated by the solid rectangle, the 5 and 3’
untranslated regions are indicated by open rectangles. The position, and
approximate size, of the tmyc3 intron is indicated by an arrow. Restriction

sites: BamHI (B), EcoRI (E), Pstl (P).
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The genomic maps indicate several differences in the area sur-
rounding each locus. There is an EcoRI site located 15 kb downstream
(towards the 3' end of the clone) from the 5' end of tmyc2. There is an
EcoRI site downstream from tmyc3 as well but it is only 3.5 kb from the 5’
end of this clone. Tmyc2 has a downstream Pstl site whereas tmyc3 does
not, and the upstream Pstl site in tmyc2 is very near the 5' end of the
gene, whereas the upstream Pstl site in tmyc3 is nearly 2 kb distant. The
length of intron 2 in tmyc3 was estimated to be 295 bp by comparing the
size of the low density BamHI-Pstl band (1100 bp, Fig 15C, lane 5) with
the known length of this fragment in the Tmyc3 clone (705 bp, Fig. 5). The

position of the intron is indicated by the arrow.

Discussion

Myc genes were cloned from the pituitary gland to determine the
identity of a c-myc-related transcript that appears in the gland, but not in
other tissues (Chapter II). The cloning experiments yielded two distinct
c-myc genes, tmyc2 and tmyc3, that have an overall homology of 73%.
The deduced amino acid sequences of these clones (tMyc2, tMyc3) contain
the transactivation domains and dimerization motifs that are characteris-
tic of all myc family members. A comparison of tMyc2 and tMyc3 with
other myc genes indicates that they are both more similar to c-Myc than
they are to other family members. TMyc2 and tMyc3 are of similar size,
but are shorter than tMyc1 (414 amino acids, 62) and c-Myc proteins from

higher vertebrates, which can be as long as 439 amino acids (1,46). In
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general, tMyc3 shows extensive homology to tMycl whereas tMyc2 is more

divergent.

The divergence of tMyc2, from tMycl and tMyc3, involved several ar-
eas including R3, R4, R5, the HLH and the leucine zipper. Homologies
over these areas ranged from 17% in R5 to 83% in the zipper region. Per-
haps the most interesting difference between tMyc2 and the other Myc
proteins is the loss of an extensive acidic domain on the carboxyl side of
the exon 2/3 border (R4). This region consists of numerous acidic residues
in c- N- and L-Myc proteins (43, 44, 45, 81, 82, 83), but the human (45)
and Xenopus L-Myc proteins (77) are nearly identical to tMyc2 in this re-
gion. Region 4 is believed to be part of a nonspecific DNA-binding
domain that may enhance specific, BR-HLH mediated DNA binding. Dele-
tion of the acidic residues at the exon 2/3 border reduces the efficiency of
chicken hematopoietic cell transformation (2). This may explain, in part,
why the transforming capability of human L-Myc is the lowest among the
known Myc family members (1). This could mean that tMyc2 is not onco-
genic and that, functionally, it is more closely related to L-Myc than it is

to c-Myec.

Northern and Southern blot analysis indicates that Tmyc3 is the
cDNA for the 1.6 kb transcript described in Chapter II. TMyc3 shows ex-
tensive homology to tMycl, although there are two areas that have
diverged. One is adjacent to the trans-activation domains (R3), where the
homology is 50%, and the other is the leucine zipper, where the homology

is 62%. Divergence is also apparent between tmyc3 and tmycl in the 3’
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untranslated region, where tmycl is lacking a 15 bp sequence adjacent to

the stop codon that is present in tmyc3.

Northern blot analysis demonstrated a distinct difference in the
size, amounts and expression patterns of tmyc2 and tmyc3 transcripts.
Tmyc2 transcripts are between 1.9-2.0 kb and appear at low levels in sev-
eral tissues, whereas tmyc3 is expressed as a single 1.6 kb transcript in
the pituitary gland but not in the other tissues examined. However, at
moderate stringency tmyc3-related transcripts appear in the liver and in

the heart.

The expression pattern for tmyc2 is unusual for a c-myc gene, in
that all c-myc transcripts that have been described appear in the liver at
levels 2 to 5 times higher than they do in the brain. By contrast, N-myc
and L-myc expression is 5 to 20 times greater in the brain than it is in
the liver (1). Although tmyc2 is clearly a c-myc family member, its expres-
sion level in the brain, compared to the liver or heart, is more similar to

that of L-myc or N-myc.

The expression pattern of tmyc3 is also unusual in that c-myc fam-
ily members are generally expressed in a wide variety of tissues. This
suggests that tmyc3, like tmyc2, has an expression pattern more like that
of L- or N-myc family members, which are usually restricted to one or two
cell types. However, it is possible that tmyc3 represents a pituitary gland-
specific myc gene that is common to many vertebrate groups. At present

there is no way to confirm this conclusion since this thesis represents the
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first attempt to characterize the expression of these genes in the pituitary

gland.

Southern blot analysis indicate that tmyc2 and tmyc3 represent dis-
tinct loci. Each of the restriction enzymes used, either singly or in pairs,
produced two bands per lane when the blot was probed for either tmyc2 or
tmyc3. Moreover, a genomic restriction map showed several differences in
the neighborhood of each locus. The analysis of Southern blots also con-
firms the transcript identities of tmyc2 and tmyc3. At high stringency, all
fragments on the Southern blot were identified as coming from tmyc2 or
tmyc3. Consequently, it is unlikely that any other tmyc2- or tmyc3-related

transcripts exist.

No attempt was made to distinguish between tmycl and tmyc3 in
the Southern blot analysis since the tmyc3 probe is 90% homologous to
tmycl. However, the divergence within the coding region and a small sec-
tion of the 3’ non-coding region, suggests that tmycl and tmyc3 are also
distinct loci. Confirmation will require additional sequence data from the

5' and 3' untranslated regions of both clones and from intron 2.

The somatic cells of the rainbow trout are known to be tetraploid al-
though for many of the loci they are considered to be functionally diploid
(84). This may account for the presence of two c-myc loci, and the fact
that other genes have been isolated in pairs from salmonids, including
gonadotropin, insulin-like growth factor, GH and vasotocin (85, 86, 87,

88, 89, 90). In some cases duplicated genes are functionally identical.

54




However, the two gonadotropin genes (GTH I and II} have diverged to such
an extent that they are not only controlled separately but they appear to
be expressed in different subpopulations of gonadotrophs (26). Tmyc2 and
tmyc3 may also be functionally distinct loci since they appear to have very
different expression patterns, whether they are compared between different
tissues or within the pituitary gland, where the transcript level of tmyc3 is
much higher than that of tmyc2. Moreover, the divergence between tmyc2
and tmyc3 suggests that these two genes are expressed in different cells,

or regions of the pituitary gland.

55




Chapter IV
Location and regulation of myc expression in the pituitary

gland of rainbow trout

Introduction

The cloning experiments in Chapter III have shown that the trout
pituitary gland expresses two distinct forms of the c-myc proto-oncogene.
One of these, tmyc3, is expressed at much higher levels than the other
(tmyc2) and the expression level appears to increase as the fish approach
sexual maturity. This suggests that tmyc3 is expressed primarily in the
gonadotrophs, since the activity of these cells is known to increase during
this period (26). However, some of the other cells within the gland, such
as the somatotrophs and somatolactotrophs, also become hypertrophic as

the fish approaches sexual maturity (64,65,91).

This chapter describes the use of in situ hybridization and northern
blot analysis in order to localize the expression of tmyc2 and tmyc3 to
specific regions of the gland, and a series of in vitro stimulation experi-
ments that tested the ability of certain releasing factors and
neurotransmitters to influence the expression of these genes. The results
show that tmyc3 is expressed primarily in the intermediate lobe and that
its expression level is stimulated 2 to 5-fold by dopamine and

norepinephrine.
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Materials and Methods

Fish Rearing Conditions

Rainbow trout were obtained from a local fish farm and kept in

indoor, circular tanks (4800 liter capacity) with a constant flow of de-

chlorinated water that had an average temperature of 150C. The fish were
not fed for several days after arrival and were given one week to acclima-
tize to the tank before any experiments were begun. Standard fish pellets
were given at 1% body weight/day, five days /week. The number of fish
kept in the tank varied with size; usually this meant 30 fish weighing 200-
400 g or 15 fish weighing 750-800 g. A part of the tank was covered with

black plastic to provide shade.

In Situ hybridization

A) Tissue preparation

Pituitary glands from five rainbow trout (750 g) were dissected out
into ice cold 4% paraformaldehyde (phosphate buffered, pH 7.0). After all
the glands were collected they were left in the fixative for 20 h at room
temperature. The glands were washed four times (15 min each) in water,
dehydrated through an ethanol series prior to embedding in Paraplast.

Sections were cut at 7 ym, mounted on slides that were coated with 2%

binding silane (3-aminopropyl-triethoxysilane) and baked at 620C for 1h.
The slides were de-waxed in xylene for 10 min (2 times), rinsed in 100%

ethanol for 5 min (2 times) and air dried.
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B) Pre-treatment

The sections were digested with proteinase K at 10 pg/ml (dissolved
in 50 mM Tris,10 mM EDTA and 10 mM NacCl, pH 7.5) for 10 min at 37°C.

The reaction was stopped by immersing the slides in cold (4°C) 4%
paraformaldehyde (5 min), followed by three washes (5 min each) in dis-

tilled water and dehydration through an ethanol series.

C) Pre-hybridization

The sections were prehybridized at 370C for 1h in a buffer consisting
of 5X SSC (0.75 M NaCl, 75 mM sodium citrate), 5X Denhardt's (0.1%
Ficoll, 0.1% polyvinylpyrrolidone, 0.1% bovine serum albumin, fraction V)
and 30% formamide. Prehybridization was in a volume of 50 ml under a

plastic coverslip or in 10 ml in a slide mailer.
D) Probe description and preparation

Three probes were prepared: M2a; M3b (a 200 bp EcoRI-Taqgl frag-
ment from the 5 end of tmyc3, shown in Fig. 5) and GHa. These
fragments were labeled with digoxigenin (DIG) using a random primer la-
beling kit that included DIG-UTP, from Boehringer-Mannheim (B-M). The

labeling reaction was set up as described by the manufacturer using 400

ng of DNA, a reaction volume of 20 ul, and incubating at 37°C overnight.
The reaction was precipitated with 2.5 ul of 4.0 M LiCl and 75 pul of 100%
ethanol. The dried pellet was either dissolved in hybridization buffer or in

TE (pH 8.0).
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E) Hybridization

Hybridization was carried out in the same buffer used for the pre-
hybridization. Labeled probe was added to the buffer to a final concentra-
tion of 2-5 ng/ul. Pre-hybridized slides were drained thoroughly before
adding 10-12 pl of hybridization buffer containing labeled probe and cov-
ered with a silanized (dimethyldichlorosilane) coverslip (22 X 22 mm). The

coverslip was sealed with rubber cement and the slide incubated in a hu-

midified chamber at 379C overnight.
F) Post-hybridization washes

The rubber cement was removed and the slides were soaked in 1X
SSC for 10 min. to allow a gentle detachment of the coverslips. The slides

were soaked at room temperature (RT) in 1X SSC for 5 min. (3 times) and

at 48°C for 20 min. (2 times) followed by a 5 minute rinse in 1X SSC

at RT.
G) Detection

Detection was according to the manufacturers protocol, using
alkaline phosphate-DIG antibody conjugate and a color substrate con-
sisting of X-phosphate (5-bromo-4-chloro-3-indolyl-phosphate) and NBT
(nitro-blue-tetrazolium). The activity of the DIG-antibody in the presence
of this substrate generates a purple précipitate. Slides were rinsed in 40
ml of Buffer 1 (B-M) for 2 min. (twice) followed by 30 min. in Buffer 2

(B-M) before incubating in DIG antibody (1:500 in Buffer 2) for 1h at RT.
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The slides were washed in Bufferl for 5 min (3 times) and in Buffer 3 (B-

M) for 5 min (2 times). The substrate-color reagent was applied and the

slides were incubated overnight at 40C in the dark. The reaction was
stopped by dipping the slides in TE (pH 8.0) and washing several times in
water, after which the sections were mounted in 50% glycerol and photo-

graphed.

The various procedures described above were adapted from several

sources (92, 93, 94, 95).

Northern blot analysis

Four pituitary glands were collected from 750 g trout and placed in
chilled phosphate-buffered saline (0.1M phosphate, 0.8% NaCl, pH 7.4)
and separated into distal and intermediate lobes. Total RNA was extracted
from the lobes, fractionated on a 1.2% agarose gel and transferred to
Genescreen as described (Chapter II). The blot was probed sequentially
with M2a, M3a, GHa and EFa. Hybridization procedures were described in
Chapter III, standardization of transcript levels was described in

Chapter II.

In Vitro Stimulation
A) Culture Medium
All experiments were carried out using RPMI 1640 (Gibco-BRL,

cat#22400-048) supplemented with penicillin (100 U/ml), streptomycin

(100 ug/ml) and fungizone (0.25 pug/ml), pH 7.4, osmolarity 300 mOsm as
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described (61, 62, 63). Glands were stimulated in this medium supple-

mented with 10-4 M vitamin C, but without the antibiotics.
B) Stimulation Compounds

The compounds used in these experiments included carp growth
hormone releasing factor (GRF, 1-29), thyroid stimulating hormone re-

leasing factor (TRF, Sigma), dopamine (DA, Sigma, H8502),
norepinephrine (NE, Sigma, A9512), y-aminobutyric acid (GABA, Sigma
A2129) and serotonin (ST, Sigma H9523). Stock solutions of GRF and TRF

were made, by dilution, at 10-® M in RPMI. On the day of stimulation 100

ml of the stock was added to 10 ml of the stimulation medium for a final
concentration of 10-8 M. Neurotransmitter stocks (20 mM) were made in a

vehicle consisting of 104 M vitamin C and 0.2 uM HCI. On the day of

stimulation 10 ml of the stock was added to 10 ml of stimulation medium

for a final concentration of 10-5 M.

C) Fish

Different sized fish were used for the various experiments: 200 g
trout for GRF, 350 g for TRF, 312 g for a null control, 800 g for a dopa-

mine time course and 400g for a neurotransmitter survey.
D) Culture

Pituitary glands were collected aseptically into chilled RPMI, par-

tially bisected along the sagittal axis and transferred to 24-well plates
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containing 500 ul RPMI at one gland per well. Each treatment group con-
sisted of 3 glands for each of 5-10 groups. The plates were incubated at
15-189C under a humidified atmosphere containing 5% C02/95% 02 for
4 days, as described (63). On the fourth day the glands were rinsed twice
in 500 pl stimulation medium and allowed to incubate for 1h in the final
change. Test compounds were added to the wells for the stimulation
groups and the controls received vehicle only. In a null experiment all
groups received vehicle. The glands were collected at the appropriate times

and frozen immediately on dry ice.
E) Northern blot analysis

Total RNA was extracted from the pituitary glands, fractionated on
a 1.2% agarose gel, transferred to Genescreen and probed as described in
Chapter III. The blots were probed sequentially with M2a, M3a, GHa and
EFa. Hybridization procedures were as described in Chapter III, standardi-

zation of transcript levels was described in Chapter II.

Results

Fig. 17A shows a section of the pituitary gland probed for the ex-
pression of the GH gene. The positive signal (purple color) is restricted
entirely to the known location of somatotrophs (64) and serves as a posi-
tive control for the in situ procedure. The spatial distribution of tmyc3
expression is shown in Fig 17B where the signal is restricted almost en-

tirely to the intermediate lobe. The results for tmyc2 are shown in
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Fig. 17C. The expression pattern is inconclusive owing to the low level at
which this gene is transcribed, although a very faint blue can be seen in
the intermediate lobe and to some extent in the anterior lobe as well. A
negative control, processed along with the other sections, but without a
probe, is shown in Fig. 17D. This control indicates that the reagents alone
do not contribute to the color seen in the other sections. Note that all
sections are from the same gland. Those shown in A, B and D are mid-
sagittal, whereas the one shown in 17C is more peripheral. This section is

rotated slightly counterclockwise relative to the others.

Northern blot analysis of RNA obtained from the distal and inter-
mediate lobes of the pituitary gland (Fig. 18) confirms the results obtained
with in situ hybridization. Fig. 18A shows a blot probed for the expression
of tmyc3 and indicates that the expression level of this gene is 8-fold
greater in the intermediate lobe (lane 2) than it is in the distal lobe
(lane 1). The two arrows mark the position of the 28S (top) and 18S ribo-
somal RNA. Expression of tmyc2 (Fig 18B) appears to be equal in both
lobes of the gland. Note that there is some tmyc3 signal remaining from
the previous hybridization. The band appearing just below the 28S ribo-
somal RNA is of unknown identity, though closely related to these myc
genes and apparently specific to the distal lobe. Fig. 18C shows negligible
contamination of the IL RNA with RNA from the distal lobe, since GH ex-
pression appears primarily in RNA from the distal lobe (lane 1). Finally,
the blot was probed for the expression of elongation factor 2 (EF) and the

results show that both lanes contain approximately equal amounts of
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Figure 17. Digoxigenin-in situ hybridization of tissue sections from
the pituitary gland of the rainbow trout. Sections were hybridized
\ with GHa (A), M3b (B), M2a (C) and without probe (D). All sections
| are from the same gland. Those shown in A, B and D are mid-
saggital, whereas C is more peripheral. This section is rotated
slightly counterclockwise relative to the others. Arrows mark the
border between the distal and intermediate lobes. Regions indicated

in A: Attachment site of the gland to the hypothalamus (1), rostral

pars distalis (2), proximal pars distalis (3), intermediate lobe (4),

i neural lobe (5).
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RNA (Fig 18D). Residual signals from GH and tmyc3 are evident in this

figure from previous hybridizations.

Exposing pituitary glands to GRF increased the expression of GH
2.6-fold over the control level without affecting the expression of tmyc2 or
tmyc3 (Fig 19A) The expression level of GH dropped 2.3-fold in the in vitro
control as compared to the in vivo group (Lane V). A similar drop also oc-
curred for the expression of tmyc3. A null control experiment (Fig. 19B)
indicates that the culturing system had a negligible affect on the expres-
sion of GH or tmyc3. Cross-lane standard deviations for these two
transcripts are 0.05 and 0.1, respectively. The maximum difference be-
tween any two lanes is 30%. Accordingly, any substance that failed to
stimulate (or inhibit) myc expression more than this amount was scored
as having no effect. Exposure of the pituitary glands to TRF had no effect
on the expression of tmyc2 or tmyc3 (Fig 19C) but exposure to dopamine
increased tmyc3 transcript level 5-fold after 24h (Fig. 19D). The GRF, TRF
and dopamine experiments were repeated once with similar results (Table

5). The results for the null control are from a single experiment.

In a separate experiment, dopamine and norepinephrine stimulated
the expression of tmyc3 nearly two fold after a 2 h exposure, whereas
GABA and serotonin had no effect (Fig. 20). After a 24 h exposure the
dopamine-induced tmyc3 transcript level remained higher than the con-
trol, but the tmyc3 level, in the norepinephrine group, returned to the
control level. Again GABA and serotonin had no effect. None of the neuro-

transmitters tested had any effect on the expression of tmyc2. This
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Figure 18. Northern blot analysis of RNA obtained from the distal and
intermediate lobes of the pituitary gland from rainbow trout. The blot was
probed sequentially with M3a (A), M2a (B), GHa (C) and EFa (D).
Residual signals from tmyc3 are evident in B and D from previous
hybridizations. Residual signals from GH also appear in D. The arrows
mark the location of the 28S (top) and 18S ribosomal RNA. Lanes 1:

distal lobe, 2: intermediate lobe.
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experiment was repeated once with similar results. Averaged values for
Tmyc3 are shown in the histogram. The values obtained from both ex-

periments are shown in Table 6.

Discussion

The pituitary gland, like all tissues, grows by two processes: an in-
crease in cell size (hypertrophy) and an increase in cell numbers
(proliferation). Hypertrophy is also associated with accelerated biosyn-
thetic activity of the cell. Cell proliferation in the pituitary gland of
rainbow trout is largely complete 30 days after the eggs have hatched, al-
though the gonadotrophs will begin to divide and grow several months
after hatching to initiate sexual maturation (26). During this time other
cells of the gland are maturing, among them the somatotrophs of the dis-
tal lobe (64,91) and the somatolactotrophs of the intermediate lobe (65),
both of which undergo extensive hypertrophy. The melanotrophs, of the
intermediate lobe, also increase in size in the juvenile and mature adult,
but this appears to be associated with color adaptation and not sexual
maturation. Trout that are reared in a dark-background environment
produce high levels of MSH in order to develop a darker body color. Under
these conditions the melanotrophs increase in size but can regress if the

fish are transferred to a light-background (96).

In Chapter II, the expression level of myc was shown to double in
the pituitary gland of trout as they approached sexual maturity, suggest-

ing that this gene may be expressed in the gonadotrophs. However, in situ
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Figure 19. Northern blot analysis of in vitro experiments that tested the
effect of GRF (A), the culturing system (B), TRF (C) and dopamine (D) on
myc expression in the pituitary gland of rainbow trout. The exposure
times (hours) are indicated above each lane. Lane V is an in vivo control.
The blots were probed sequentially with GHa, M2a, M3a and EFa.
Abbreviations: growth hormone (GH), tmyc2 (M2), tmyc3 (M3), elongation
factor (EF).
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Table 5

Results of in vitro experiments that tested the effect of growth hormone
releasing factor (GRF), thyroid hormone releasing factor (TRF),
dopamine (DA) and a null control (NC) on the expression of tmyc3 (M3)
in the pituitary gland of rainbow trout.

EXP GENE TIME POINTS (HR)
v 0 i ) 7 8 54 18

GRF1 GH | 23 1.0 ; 1.5 20 26 ; -

. M3 | 20 1.0 - 1.3 10 13 ] ;
GRF 2 GH | 25 1.0 1.0 1.3 22 20 ; ;

} M3 | 20 1.0 1.2 1.0 10 10 - ]

NC GH - 1.0 ) 0.9 10 09 1.0 ;

- M3 ] 1.0 ) 0.8 07 08 08 -
TRF 1 M3 ) 1.0 _ 1.2 09 08 14 15
TRF 2 M3 ; 1.0 ; 0.8 10 11 11 11 |
DA 1 M3 ] 1.0 1.3 1.0 2.5 - 5.0 |
DA 2 M3 ; 1.0 1.2 1.0 1.8 ; 3.5

Table values are standardized optical densities. Values of duplicate
experiments are shown for tmyc3 (M3) and GH. The null control was a
single experiment. Tmyc2 expression was not affected by any of the
treatments shown. The GRF experiments included an in vivo
control (V).
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Figure 20. Northern blot analysis of in vitro experiments that tested the
effect of several neurotransmitters on myc expression in the pituitary
gland of rainbow trout. Results are shown for the control (C), dopamine
(D), norepinephrine (N), GABA (G) and serotonin (S). The glands were
exposed to the neurotransmitters for 2h (first set) and 24h (second set).
Expression is shown for tmyc2 (M2), tmyc3 (M3) and growth hormone
(GH). The histogram shows standardized optical densities (ranging
between 1 and 2) for tmyc3. The values were averaged from two replicate

blots.
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Table 6

Results of in vitro experiments that tested the effect of several
neurotransmitters on tmyc3 expression in the pituitary gland of
rainbow trout.

EXPERIMENT | C D N G S C D N G S

1 10 16 18 15 12 10 19 1.1 15 14
2 10 19 17 12 12 10 16 08 12 1.1
MEAN - 18 1.8 13 12 - 1.7 09 13 1.2

Table values are standardized optical densities. The glands were exposed
to different neurotransmitters for 2 hours (first set) or for 24 hours
(second set). Each set has a control (C). Neurotransmitters tested
included dopamine (D), norepinephrine (N), y-aminobutyric acid (G) and
serotonin (S).
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hybridization and northern blot analysis of RNA from the distal and in-
termediate lobes, described in this chapter, have shown that the major
pituitary myc transcript (tmyc3) is expressed primarily in the inter-
mediate lobe. Therefor, tmyc3 is not likely to be involved in the prolifera-
tion or maturation of gonadotrophs. Moreover, the results of the in situ
hybridization show that tmyc3 is not expressed throughout the intermedi-
ate lobe but appears to have a peripheral distribution. This suggests that
tmyc3 is expressed primarily in somatolactotrophs, as the melanotrophs
are known to be distributed throughout the IL, whereas the somatolacto-
trophs are restricted to areas that border the neurohypophysial

tissue (97).

The pituitary gland is controlled by neurosecretions from the hypo-
thalamus (13,14,15). The results of in vitro experiments show that
dopamine and norepinephrine stimulate the expression of tmyc3 two- to
five-fold over control levels, whereas GABA and serotonin have no effect.
In addition, hypothalamic releasing factors (GRF, TRF) that control cells
in the distal lobe of the pituitary, have no effect on tmyc3 expression.

Dopamine and norepinephrine, at the concentrations used in the experi-

ments (103 M), are known to inhibit the release of MSH from
melanotrophs (101). If tmyc3 is expressed in these cells it cannot be di-
rectly involved in regulating MSH transcription. It is possible that it could

be involved in maintaining the cAMP or IP; pathways, since the replace-

ment rate of the various components will have to increase, with constant
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stimulation of the receptor, regardless of whether MSH release is up- or

down-regulated.

However, it is more likely that the results of the in vitro experiments
are another indication that tmyc3 is expressed primarily in the somatolac-
totrophs, where it may initiate hypertrophy of these cells, as the trout
approaches sexual maturity. A detailed comparison of the SL cells in im-
mature and mature salmon has shown that, in addition to the greatly
enlarged cytoplasm, the cell nucleus increases in size and changes from
an ovoid to a circular shape (65). This could mean that the DNA content
is increasing, since endo-polyploidization has been observed in other hy-

pertrophic cells (98).

The expression of c-myc is known to be high in proliferating cells,
during embryogenesis, and in actively dividing cells of an adult. This asso-
ciation has lead to the realization that the Myc protein can stimulate
replication as well as transcription. In vitro experiments have demon-
strated that exposure of quiescent cells to mitogenic stimuli leads to a
rapid induction of myc expression (99). A similar induction of myc expres-
sion has been observed in vivo during synchronized cell growth in the
regenerating liver (100). However, myc is expressed in post-mitotic cells as
well, where it is believed to function as a transcription factor (1,2). In the
special case of cellular hypertrophy, involving endo-polyploidization, myc
may function both as a replication and transcription factor, even though
the cell does not divide. Norepinephrine is known to induce hypertrophy in
cultured myocytes, and this is associated with the stimulation of c-myc
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expression (56). It is usually assumed that the primary role of this neuro-
transmitter in the pituitary gland is to inhibit the release of MSH from
the intermediate lobe (21,101), but it may also act as a trophic factor to
stimulate growth of somatolactotrophs or to maintain these cells in an

active state.

Dopamine's role is more problematic. The in situ results described
in this chapter show that this neurotransmitter can stimulate tmyc3 ex-
pression 5-fold, but there is no evidence linking the activity of this
neurotransmitter with cellular hypertrophy. However, it is known that
somatolactin and GH are closely related (65,102) and it is likely that these
two genes are controlled through the same signaling pathway, involving
similar ligands (103). Dopamine has recently been shown to stimulate the
release of GH through a cAMP-dependent pathway (16), suggesting that
this neurotransmitter may also be involved in stimulating the release of
somatolactin. If this is true, tMyc3 would have a dual role involving acti-
vation of the somatolactin gene and induction of somatolactotroph

hypertrophy.
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Chapter V

General Discussion

Although the basic function of the myc proto-oncogene is under-
stood to involve regulation of transcription and replication (1,2), its
interaction with signaling pathways is still unclear. The motivation for
examining myc expression in the trout is to clarify the expression pattern
of this gene family in the hope that it will provide some clues to its func-
tion in normal cellular and physiological processes. C-myc is often found
expressed in proliferating tissue such as the liver, whereas L-myc and N-
myc expression occurs predominantly in post-mitotic neural tissue (67).
These observations suggest the possibility that some of the myc family
members have become specialized as transcription factors whereas others

function primarily during replication.

Several studies have shown that myc expression is associated with
the activation of signaling pathways (33, 37, 104), and that it will co-
operate with other oncogenes, such as ras, to effect the transformation of
a cell (105). Observation of myc expression in the pituitary gland (PG),
which depends on at least two signaling pathways (15,29) could provide
many clues to the physiological conditions and factors that contribute to
the control of this gene family. Some of the factors controlling myc may
activate its role as both transcription and replication factor, in order to
regulate the hypertrophy that is known to occur in some of the PG cells

during sexual maturation (38,64,91).
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The results in Chapter Il showed that The myc proto-oncogene is
expressed in the pituitary gland, brain and heart of the Rainbow trout.
Moreover, the amount of the major pituitary transcript (1.6 kb) more than
doubles as the fish approach sexual maturity, suggesting that this gene
may be expressed preferentially in gonadotrophs. In addition, the tran-
script sizes varied between the tissues examined suggesting that there is
some diversification in myc function in trout, as observed for c-myc and
L-myc in higher vertebrates. Based on transcript sizes, it was concluded
that the pituitary gland expresses B-myc, L-myc or an unusual c-myc; the

brain expresses L-myc and the heart expresses either c-myc or L-myc.

Cloning experiments were carried out in order to confirm the iden-
tity of the major myc-related transcript that was observed in the pituitary
gland (Chapter III). Two c-myc related cDNA clones were isolated and se-
quenced. One of these (tmyc2) is expressed as 1.9-2.0 kb transcripts in the
PG, brain and heart but is not expressed in the liver. The expression of
the second clone (tmyc3) is restricted to the PG (1.6 kb), although at mod-
erate stringency, transcripts appear in the liver and heart. The tMyc3
protein shows extensive homology to tMycl (88%) whereas tMyc2 is more
divergent (72%). Tmyc2 contains three highly modified areas within the
coding sequence, one of which shows an extensive loss of acidic residues
that is uncommon in c-myc family members but appears in human and
Xenopus L-myc. Southern and northern blot analysis showed that tmyc2

and tmyc3 are functionally distinct c-myc genes.
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By combining in situ hybridization and northern blot analysis it was
possible to show that tmyc3 is expressed primarily, if not exclusively, in
the somatolactotrophs of the intermediate lobe. The expression of tmyc2,
by contrast, appeared in both the distal and intermediate lobes of the
gland (Chapter IV). The results of in vitro experiments indicated that the
expression of tmyc3 can be stimulated with dopamine and norepinephrine
but not with GABA, serotonin or hormone releasing factors that are
known to control cells in the distal lobe (Chapter IV). These results sug-
gested a dual role for tmyc3 involving stimulation of somatolactotroph

hypertrophy and activation of the somatolactin gene.

The implications of these results involves the presumed role of so-
matolactin in trout physiology and the mechanisms by which the myc
proto-oncogene is converted to oncogene status, thereby gaining the abil-

ity to transform cells.

Release of somatolactin, in salmonids, has been shown to increase
with attainment of sexual maturation (38,106,107), exhaustive exercise
(108) and with stress (108,109). Expression of myc was observed to in-
crease in the pituitary gland of trout as they approach sexual maturity
(Chapter II), suggesting a correlation with somatolactin release, consistent
with the results in Chapter IV. This conclusion is complicated by the fact
that somatolactin levels also increase as part of the stress response. Con-
sequently, it is not clear whether the increase in myc expression, observed
in Chapter II, is due solely to maturation or a combination of stress and

maturation. The release of SL during sexual maturation, and as part of
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the stress response, has been reconciled by the suggestion that SL is re-
quired for gluconeogenesis, in order to meet the energy requirements of
both processes, and may play a role in energy metabolism similar to that

of cortisol (107,109,110).

The trout that were used for the expression survey (Chapter II) were
allowed to acclimate for a week before the tissues were collected. This as-
sumes that small trout (25g) have the same stress threshold as do larger
trout (600g), and this may not be the case. However, the observed increase
in SL levels in stressed trout is extremely rapid, beginning within minutes
following the onset of stress and reaching peak levels within 1-2 hours
(109). The in vitro experiments in Chapter IV indicate that the expression
level of tmyc3, under the influence of dopamine or norepinephrine, in-
creases at a more leisurely rate, reaching maximal levels after 2-4 hours.
This suggests that the pathway controlling SL release during maturation
is separate from the pathway controlling its release during the stress re-
sponse. Alternatively, the increase in tmyc3 expression level may lag
behind the release of SL, but is sufficient to stimulate transcription of the

Sl gene, in order to replenish the level of stored SL in the cell.

The known rapid release of SL in stressed fish, has led to the sug-
gestion that release of this protein is a result of direct hypothalamic
stimulation, rather than a positive feedback stimulation involving cortisol
or vasopressin (109). The results of Chapter IV indicate that the release is
mediated by dopamine or norepinephrine but does not rule out the possi-

bility of feedback stimulation acting at the level of the hypothalamus.
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These results could be used to further clarify the role of somatolactin in
the stress response, and during sexual maturation, by determining dopa-
mine, norepinephrine, myc expression level and somatolactin release in

trout, of various ages, that are subjected to acute stress.

As described in Chapter I, the myc proto-oncogene is converted to
an oncogene through overexpression. This occurs primarily through inser-
tional mutagenesis or translocations, which bring the myc gene under the
control of a powerful promoter. The results in Chapter IV suggest that this
may also occur as the result of a chronic elevation in dopamine or
norepinephrine levels, leading to an overexpression of the myc oncogene.
A similar mechanism is known to occur in the induction of breast cancer,
where a lifelong exposure to estrogen leads to the overstimulation of the
myc oncogene (111). Moreover, elevated levels of dopamine, leading to
overexpression of myc, may represent a link between chronic stress and

the incidence of tumor formation in the human population (112).
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Conclusions

A study of myc expression in the rainbow trout has shown the

following:

1. Rainbow trout express two, functionally distinct, c-myc proto-

oncogenes (tmyc2, tmyc3]).

2. Tmyc2 is expressed in the pituitary gland, brain and heart, but not in
the liver. Expression and sequence analysis suggest that the function
of tmyc2 is more like that of L-myc, which appears primarily in brain

and lung.

3. Tmyc3 is expressed primarily in the pituitary gland but at a much

higher level than tmyc2.

4. Tmyc2 is expressed throughout the pituitary gland, whereas tmyc3 ap-

pears primarily in the somatolactotrophs of the intermediate lobe.

5. Tmyc3 expression is stimulated by dopamine and norepinephrine, and
may be involved in regulating hypertrophy of somatolactin cells and

expression of the somatolactin gene.

6. Chronic stress, or repeated exposure to substances that elevate dopa-
mine or norepinephrine levels, could lead to the formation of myc-

induced cancers.
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Glossary

¢DNA complementary DNA, made by reverse transcribing messenger

RNA.

c-myc Cellular myc, one of four known members of the myc oncogene
family. By convention the gene name is in lower case, and fre-

quently in italics.

Dysplasia Abnormality of development. Alteration in size, shape and

organization of adult cells.

EDTA Disodium ethylenediamine acetate, a calcium chelator.

Homology As applied to DNA or protein sequence analysis, any two se-

quences that are identical are defined as being 100% homologous.

Mla A 475 bp EcoRI-BamHI fragment from the 5’ end of tmyc1, a partial

genomic clone isolated from rainbow trout.

M2a A 450 bp Pstl-Pvull fragment from the middle of tmyc2, a cDNA

clone isolated from the pituitary gland of rainbow trout.

M3a A 467 bp EcoRI-BamHI fragment from the 5' end of tmyc3, a cDNA

clone isolated from the pituitary gland of rainbow trout

M3b A 200 bp EcoRI-Taql fragment from the 5 end of tmyc3.
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EFa A 200 bp EcoRI-Xhol fragment of the translation elongation factor

2, a cDNA isolated from rainbow trout.

myc An oncogene that is responsible for the formation of myelocytoma-
tosis, a cancer of blood forming cells generally referred to as a

leukemia.

Myc The protein coded for by myc. By convention the gene name is capi-

talized, without italics, when referring to the protein product.

MOPS (3(-N-morpholino)propanesulfonic acid, a buffer commonly used

for RNA gel electrophoresis, with an optimum pH range of 6.5-7.9.

mRNA Messenger RNA.

Poly(A)* Refers to adenine repeats that occurs at the 3’ end of most

messenger RNA.

PEG Poly-ethylene glycol, used to precipitate RNA.

Pfu Plaque forming units.

rRNA Ribosomal RNA.

tmyc1l Trout c-myc gene or cDNA.

tMyc1 The protein coded for by tmycl.




Oncogene Any gene that has the ability to transform cells to a cancerous

phenotype, characterized by neoplastic growth and dysplasia.
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